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OBJECTIVE METHOD FOR MEASURING THE LENGTH
OF WEDGE-SHAPED SPECTRUM LINES*

Z. Samsoni** and Z. Nagy***

(**Institute for Nuclear Research of the Hungarian Academy of Sciences, Debrecen, and
*** Central Research Laboratory of the Medical University, Debrecen)

Received December 18, 1973

A novel method and equipment have been developed to measure accurately the
length of wedge-shaped spectrum lines. The equipment, which contains two photo-
transistors in differential connection, permits a more accurate and objective measure-
ment of the length of spectrum lines. By moving the spectrum in front of the photo-
detectors the end-point of a spectrum line is determined with a zero-instrument con-
nected to the detectors. The photographic densities of the line and of the background
in a line-free section of the spectrum are detected separately by the two phototran-
sistors. The end of a line is assigned to the point where the instrument returns to the
zero position. The length of the shift can he read directly on a digital scale to an accu-
racy of 0.1 mm. Experimental errors in line length can he reduced to 7—9% from
13-15%.

The logarithmic sector method [1, 2], which has long been used in spec-
trography and the logarithmic filter method developed recently by us [3] are
readily applicable in rapid, orientative analysis. The spectra obtained under
these conditions consist of wedge-shaped lines proportional in length to the
logarithms of the original line intensities. Relative intensities or concentrations
can therefore he determined very simply by length measurements. With this
technique, however, the wedge-shaped lines, instead of having sharp bounda-
ries, disappear gradually in the background veil of the photographic plate,
and their visual evaluation is therefore subject to ambiguities, rendering the
length measurement inaccurate [4—13]. The experimental error depends on
various factors including the physiological state of the operator and his eyes,
the actual contrast-sensitivity of the latter, the illumination of the labora-
tory, etc.

It has been pointed out in one of our earlier papers [14] that the per-
formance of the logarithmic sector method can be greatly improved by length
measurements based on photoelectric end-point detection. The rapid advance-
ment in the application of semiconductors enabled us to design a relatively
simple device and to develop a method whereby the determination of line
length can substantially be increased in accuracy.

* Presented at the XVIIth Colloquium Spectroscopicum Internationale, Florence,
Sept. 16—22, 1973.
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2 SAMSONI, NAGY: LENGTH OF WEDGE-SHAPED SPECTRUM LINES

1. Principles and design

The equipment consists of two main parts:

(i) a projector table, which contains the photodetectors and the means
for length measurements, and can be mounted on the spectrum projector, and

(ii) an electrical power supply and a zero-instrument connected to an
amplifier.

A magnified section of the spectrum is projected onto the photoelectric
detector through a small circular diaphragm, the line to be measured is moved
in front of the diaphragm in the direction of decreasing intensities, and the
end of the line is located with the aid of the zero-instrument attached to the
photoelectric detector. The distance between the end-point thus obtained and

Fig. 1. Electronic block diagram of the LLL Densitometer

the base of the line, i.e. the length of the line, is determined with a measuring

thread which can be moved in a direction perpendicular to the line. The thread

is set to the base of the line and the displacement can be read on a digital scale.

The measuring apparatus is built into the pane of the projector table fitted

to the spectrum projector. The photodetectors are placed below, and the cir-

cular diaphragms adjustable according to the line width, above the pane.
The electronic block diagram of the equipment is shown in Fig. 1.

Phototransistors Tr and T2 act as photodetectors. Currents and i2
passing through these detectors and proportional to the intensities of incident
light, are converted into voltages and U2 proportional to the intensities,

using the current-voltage transducers Ci and C2 The difference in voltage is
produced by differential amplifier A, and measured with meter M, the zero
point of which can be set by adjusting the static basis current of transistor T2.
After its purpose, the device has been named LLL Densitometer (Loga-
rithmic Line Length Densitometer).
The equipment has been adapted to a Zeiss SP-2 spectrum projector,
but it can be mounted, of course, on any other type.

Acta Chim. (Budapest) 84, 1975



SAMSONI, NAGY: LENGTH OF WEDGE-SHAPED SPECTRUM LINES 3

2. Measurement of line length with LLL Densitometer

The diaphragm in front of the photodetectors is adjusted according to
the line widths in the spectrum projected onto the measuring table. The instru-
ment is set to zero at a position where both detectors are exposed to direct
light, i.e. to an exposure corresponding to the background veil of the pho-
tographic plate. Then the head enclosing the photodetectors is turned with a
handle into a position where the measuring detector is exposed to the projected
image of the line to be measured, and the reference detector to a line-free
section of the spectrum. By moving the spectrographic plate, the visually
observable end of the line is shifted to below the photodetector. The arm of the
zero-instrument departs from its position. The line is now shifted further to
find the point where the arm just returns to zero. (During this operation the
reference detector is always exposed to a direct light which corresponds to the
prevailing background veil.) The extent of shift, i.e. the length of the line is
determined by moving the measuring thread supplied with a digital readout
to the well-defined base point of the line. The equipment permits the measure-
ment of spectral lines at most 140 mm in length to an accuracy of 0.1 mm.

The method can also be applied to the evaluation of densely spaced
spectra where it cannot be ensured that the reference detector is always exposed
to direct light. In such cases the reference detector is barred from the incident
light, and a reference signal corresponding to the background intensity in the
vicinity of the end point of the line is produced electronically. The further
operations are the same as above.

3. Comparison of measurements with a mm-scale and LLL Densitometer

Recording conditions:

Spectrograph: Zeiss Q 24

Electrodes: C/Fe

Plate: Agfa Gevaert Sciencia 23 D 50 and 23 D 56

Logarithmic filter: 0.33 A/mm™*, Ni-Cr metal film on a quartz lens of

f= 200 mm

Diaphragms: 15, 25 and 50 pm

Exposure: 10—60 s

Excitation: AC-arc, 3—5 Amp (high-frequency ignition)

Imaging: Zeiss, three-step medium

Development: KODAK D-19, 4 min at 20°C
The performance of the LLL Densitometer was compared with that of visual
evaluation using a mm-scale, for measurements on the spectrum of iron.

*A = —log T

1* Acta Chim. (Budapest) 84, 1975



4 SAMSONI, NAGY: LENGTH OF WEDGE-SHAPED SPECTRUM LINES

The differences in line length were measured on 10 multiplet lines in the
spectra between 316.1 and 324.4 mm, which correspond to known relative
intensities. The measurements were performed by two different person.
A third person evaluated the same lines with an LLL Densitometer. The refer-
ence iron line at 321.7 fun, the intensity of which was taken to be 1.00, was
measured ten times in all spectra, the other lines were evaluated only once.
The calculated average differences in line length along with the corresponding
dispersions of measurements (s) for the various intensity groups are given in
Table I. The data include measurements on 10 iron lines in each of the 51
spectra taken on 12 plates.

Table |
Comparison of subjective and objective measurements of line length
Subjective Objective
\I/Vave- Line vistal Svaluation evaluation With LLLD
ength . 3
() intensity .
£ s (mm) srel% +s (mm) srel%

316.2 0,36 —18,7+ 11 59 —155+ 09 5.8
317.8 0.52 —14.3 + 0.8 5.6 —11.7 + 0.8 6.8
316.1 0.63 — 84+ 10 11.9 — 68 % 08 11.8
3175 0.69 — 84+ 09 10.7 — 6.3+ 0.6 9.5
3217 1.00 0.0+ 0.0 0.0+ 0.0
32.05 1.34 27+ 0.9 33.3 56+ 0.7 12.5
320.0 1.65 42+ 11 26.2 9.6 + 0.6 6.2
3244 1.93 8.0+ 038 10.0 98+ 0.7 7.2
323.9 2.22 103 + 0.1 9.7 128 + 0.7 55
322.2 4.90 26.1 + 0.9 34 272 + 09 33

The differences in line length, ZZ, measured in two ways, are plotted
against the logarithms of relative line intensities in Fig. 2.

A mm
Fig. 2. The differences in line length for the multiplet lines of the iron spectrum (Fe line at
321.7 nm, | = 1.00), as a function of the relative line intensity. « Densitometrie measure-

ments; O visual evaluation

Acta Chim. (Budapest) 84y 1975



SAMSONI, NAGY: LENGTH OF WEDGE-SHAPED SPECTRUM LINES 5

Full circles in the diagram denote densitometric results, whereas empty
circles indicate visually obtained data. It can be seen that the points corre-
sponding to instrumental measurements lie closer to the theoretical straight
line, and can therefore be regarded more accurate. A line is, in general, meas-
ured to be shorter by the subjective, visual method than with the instrument.
The dispersion ranges of objective and subjective measurements are compared
in Fig. 3, where the per cent dispersions assigned to the averages in the various
intensity groups are given.

Empty blocks in the histogram refer to instrumental, shaded blocks to
visual measurements.

3

Fig. 3. Dispersion ranges (srei%) of the differences in line length for the multiplets of the iron
spectrum. Empty blocks: densitometric measurements; shaded blocks: visual evaluation

4. Discussion

The experience concerning the equipment and the measuring method can be
summarized as follows. It is important to use clean, dust-free and unscratched
spectrum plates. To increase accuracy, the diaphragm should be as wide
as possible; spectra should therefore be taken preferably with a slit of 25 pm
or greater. With densely spaced spectra the use of one phototransistor and
electronic compensation, with lower line densities the use of two phototransis-
tors proved to be advantageous. For an operator with some practice, it takes
about 3—4 minutes to evaluate 10 lines.

A comparison of the results indicates that the objective measurements
with LLL Densitometer provide more accurate results than the subjective

Acta Chim. (Budapest) 84, 1975



6 SAMSONI, NAGY: LENGTH OF WEDGE-SHAPED SPECTRUM LINES

measurement of line length, since with the use of the equipment the relative
dispersion is decreased on the average by about 30—40%.

The equipment and the measuring method permits simple, fast and
objective evaluation of spectra taken with the use of a logarithmic sector of
logarithmic filter, because the LLL Densitometer adapter enables to determine
line lengths and to accomplish qualitative evaluation in one operation step.
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IRREVERSIBLE STRUKTURVERANDERUNGEN
VON H-FAUJASIT, H-MORDENIT UND H-KLINOPTILOLIT
DURCH THERMISCHE BEHANDLUNG UND
EINWIRKUNG VON WASSER

H. Beyer, J. Papp ud D. Karie
(Zentralforschungsinstitut fir Chemie der Ungarischen Akademie der Wissenschaften, Budapest)

Eingegangen am 12. Mérz 1973

Die durch thermische Vorbehandlung der NH4-Formen von Faujasit, Mordenit
und Klinoptilolit erhaltenen H-Formen und dehydroxylierten Zeolithe wurden nach
unter verschiedenen Bedingungen vorgenommener Rehydratisierung differential-
thermoanalytisch, thermogravimetrisch und z. T. réntgenograpisch untersucht. Es
wurde festgestellt, da die unter Wasserabspaltung verlaufende Dehydroxylierung hei
allen drei Zeolithen ein irreversibler Prozel ist und wahrscheinlich schon mit gewissen
Gitterumlagerungen einhergeht. Die dehydroxylierten Formen, insbesondere die des
Klinoptilolits, sind thermisch relativ instabil. Die sauren Zentren von H-Faujasit
werden bei Einwirkung von bei Zimmertemperatur sorbiertem Wasser umgebildet,
wobei ein noch die Faujasitstruktur zeigendes, thermisch aber auferordentlich insta-
biles Produkt erhalten wird. Diese bei den H-Formen von Mordenit und Klinoptilolit
nicht zu beobachtende Reaktion wird auf ein Herauslosen des grofiten Teils des Gitter-
aluminiums unter der Einwirkung der aus den eigenen Protonen der H-Form gebilde-
ten H3+-lonen zurickgefuhrt.

In der Wasserstoff-Form vorliegende Zeolithe sind fur viele Kohlen-
wasserstoffreaktionen aulRerordentlich aktive und in vielen Féllen auch selektiv
wirkende Katalysatoren (vgl. z. B. Venuto und Landis [1]). Ein direkter
Austausch der Kationen eines Zeoliths gegen Wasserstoffionen ist aber prin-
zipiell nur bei Zeolithen mit einem hohen Si/Al-Verhéltnis mdéglich, da nur diese
gegen Mineralsduren genugend bestdndig sind. Im allgemeinen werden deshalb
die Wasserstoff-Formen der Zeolithe durch thermische Zersetzung (Desaminie-
rung) der Ammonium-Formen dargestellt. An die Desaminierung schlief3t sich
hei hoheren Temperaturen eine im allgemeinen mit einer Verminderung der
katalytischen AKktivitdt einhergehende, unter W asserabspaltung verlaufende
und sich meistens mehr oder weniger mit der Desaminierung Uberlappende
Reaktion, die sog. Dehydroxylierung an.

In erster Linie haben IR-spektrophotometrische, thermogravimetrische
und differentialthermoanalytische Untersuchungen von Faujasit zu dem auf
Rabo et al. [2] sowie Uytterhoeven et al. [3] zurlickgehenden Reaktions-
schema

Acta Chim. (Budapest) 84, 1975



8 BEYER et al.. IRREVERSIBLE STRUKTURVERANDERUNGEN

NHi NHI
0
.0 y X A
\/°
A\ VA A
/\ [\ /\ /\
0o o o 0 0 0 0 0 A
+2NH3
H H
XI
\
Al V AL Si B (6]
/\ /\ I\
o o O o A 0o o0 o o
° IX
AV Al Ni® Al \VR C
/\ /\

0o o o/Xo o/Xo O o A

fir die Ammoniak- und Wasserabspaltung gefiihrt. Diese schematische Dar-
stellung gibt selbstverstdndlich den tetraedrischen Aufbau der Si042- bzw.
A104/2-Gitterbausteine und deren rdumliche Zuordnung zueinenander, die zu
mehreren, sich durch ihre Lage im Gitter unterscheidenden Arten von Sauer-
stoffbriicken fuhrt, nicht wieder.

Zwar wird das Reaktionsschema (1) in den seither in groBer Zahl erschiene-
nen Publikationen im wesentlichen akzeptiert, aber trotzdem finden sich in der
Literatur sowohl viele widersprichlich erscheinende experimentelle Angaben,
die aber heute wenigstens zum Teil auf unterschiedliche Austauschgrade und
Si/Al-Verhdltnisse der Zeolithe sowie auf nicht gleiche Arbeitsbedingungen bei
der thermischen Behandlung zuriickgefihrt werden kénnen, als auch von-
einander abweichende Auffassungen tGber Details dieses Reaktionsschemas.

Unbestritten ist, daB die Desaminierung reversibel verlduft [3, 4, 5].
Dagegen ist die Frage oft diskutiert worden, auf welche Weise die W asserstoff-
Form zu formulieren sei. Da einerseits im IR-Spektrum nicht die fur H30 +
charakteristischen Banden, aber zwei Valenzschwingungsbanden bei etwa 3545
und 3650 cm“1 auftreten, die auf an verschiedenen Gitterstellen lokalisierte
saure SiOH-Gruppen [Struktur B im Reaktionsschema (1)] zuriickgefiihrt wur-
den [3, 4,6, 7], andererseits aber diese Banden reversibel mit steigender Tem-
peratur schwacher werden [8], und sich bei Resorption von NH3die Ammo-
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nium-Form zurlckbildet bzw. bei Sorption von Pyridin [4, 6] die fur das
Pyridiniumion charakteristischen Banden zu beobachten sind, wurde das
Gleichgewicht
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angenommen [3, 4, 8], das sich mit steigenden Temperaturen nach rechts ver-
schiebt. Benesi [9] wiederum gibt an, dal sich die IR-Bande bei 3650 cm-1
auch direkt der reinen Bronstedsdure auf der rechten Seite der Gleichung (2)
zuordnen lasse. Olson und Dempsey [10] haben spéter an Hand von Rdntgen-
diffraktionsmessungen gezeigt, dal die Al-Atome des desaminierten Zeoliths
ebenfalls tetraedrisch von vier Sauerstoffatomen umgeben sind, so daR Schoon-
heydt und Uytterhoeven [l11] die im Reaktionsschema (1) angegebene
schematische Struktur B annehmen.

Durch IR-spektrophotometrische Untersuchungen von an H-Zeolithen
sorbiertem NH3 [3] bzw. Pyridin [4, 6, 12, 13] wurde festgestellt, dal mit
steigender Vorbehandlungstemperatur, besonders ausgeprdgt im Temperatur-
bereich uUber 500 °C, die Lewis-Aciditdt, von einem sehr geringen Wert aus-
gehend, auf Kosten der Konzentration der Brdnsted-Zentren ansteigt. Es muf
aber betont werden, dafR sich die in Abh&ngigkeit von der Vorbehandlungs-
temperatur ermittelten Absolutwerte fir die Konzentrationen der Lewis- und
Bronsted-Zentren in den Arbeiten der einzelnen Verfasser betrdchtlich unter-
scheiden und lediglich — aber auch nur innerhalb gewisser Temperaturberei-
che — die Tendenz ihres Verlaufes Ubereinstimmt.

Ein derartiger Verlauf der Bronsted- und Lewis-Aciditdt ist nun ohne
weiteres mit der Dehydroxylierung des H-Zeoliths gemdaR dem zweiten Schritt
des Reaktionsschemas (1) zu erkldren. Fir diesen Reaktionschritt spricht auch,
daB in dem Temperaturbereich tber 500 °C thermogravimetrisch eine Gewichts-
abnahme festzustellen ist, die der nach der Stéchiometrie des Reaktionssche-
mas (1) zu erwartenden Wassermenge entspricht, und ein schwach endothermer
Peak in der DTA-Kurve auftritt [6, 14].

Es muB nun bemerkt werden, daB sich alle bisher angefiihrten Arbeiten
ausschlieBlich auf den Zeolith Faujasit (Molekularsieb Y) beziehen und uber
derartige Untersuchungen an anderen Zeolithen auch nur sehr wenige Publi-
kationen vorliegen. Cannings [15] hat versucht, die Konzentrationen von
Lewis- und Bronsted-Zentren des bei verschiedenen Temperaturen im Vakuum
ausgeheizten H-Mordenits aus den IR-Banden von sorbiertem Pyridin abzu-
schétzen. Danach beginnt die Anzahl der Brdnsted-Zentren bei 400—500 °C
abzunehmen, wdahrend die zun&chst wesentlich geringere Konzentration der
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Lewis-Zentren bei 500 °C durch ein Maximum geht. Bemerkenswert ist, daR
Banden bei 1462 und 1455 cm-1 zwei verschiedenen Arten von Lewis-Zentren
zugeschrieben werden, und zwar der Struktur C im Reaktionsschema (1)
(starke Zentren) und der auf der linken Seite der Gleichung (2) angegebenen
Struktur (mittelstarke Zentren). In einer eingehenderen Untersuchung stellte
Karge [16] dagegen fest, daBR H-Mordenit — im Gegensatz zum Faujasit —
schon von vornherein die gleiche Anzahl von Brdnsted- und Lewis-Zentren
(bestimmt aus der Intensitdt der IR-Banden von sorbiertem Pyridin) enthélt.
Die Konzentration beider Zentrenarten nimmt iber 500°C ab, die des Brénsted-
Typs allerdings schneller. Zur Erklarung wird angenommen, daR eine thermisch
aktivierte Sorption von Pyridinmolekiilen an dreifach koordinierten Al-Ato-
men, wie sie auf der linken Seite der Gleichung (2) schematisch dargestellt
sind, vor sich gehen kann. Damit erscheint aber auch vom katalytischen
Standpunkt aus die reine Wasserstoff-Form von Zeolithen in einem anderen

Licht als bisher, da man nunmehr auch bei diesen — und zwar abh&ngig von
strukturellen Gegebenheiten des Zeoliths und der chemischen Natur des
Reaktanden — mit Lewis-Zentren rechnen muf.

Es liegt auf der Hand, daR sich aufgrund der dargelegten Vorstellungen
bei verschiedenen Temperaturen thermisch vorbehandelte NH4-Zeolithe aus-
gesprochen fir die Untersuchung der Rolle von Bronsted- und Lewis-Zentren
bei katalytischen Reaktionen eignen sollten, und es fehlt auch nicht an der-
artigen Untersuchungen (z. B. Turicevich und Ono [17], Ward [6]). Von
diesem Standpunkt aus ist es nun von auBerordentlichem Interesse, inwieweit
die Struktur C des Reaktionsschemas (1) stabil ist bzw. tatsdchlich vorliegt
und ob bzw. inwieweit der Dehydroxylierungsschritt reversibel verlduft. Es sei
vorausgeschickt, und in der Diskussion wird darauf ndher eingegangen, daf in
der Literatur in bezug auf diese fir die Deutung katalytischer Versuchsergeb-
nisse so wichtigen Fragen vollig widersprechende Angaben zu finden sind.

Um zur Klarung dieses Sachverhaltes beizutragen, haben wir die bei
verschiedenen Temperaturen vorbehandelten NH4Formen von Faujasit, Mor-
denit und Klinoptilolit auch nach der Resorption von Wasser thermogravi-
metrisch untersucht, denn bisher liegen nur am Faujasit ausgefihrte, zudem
nicht sehr eingehende und nicht mit der thermogravimetrischen Methode vor-
genommene Untersuchungen Uber die Reversibilitdit des Dehydroxylierungs-
schrittes vor.

Material und Methode

Die Untersuchungen erstreckten sich auf folgende Zeolithe:
1. Faujasit

a) Na20.AI1203.5,6 Si02, mikrokristallines Pulver, Hersteller: Farbenfabrik Wolfen,
DDR Handelsbezeichnung: Zeosorb ¥50, im weiteren als Faujasit-W bezeichnet.

b) Na20.A 120 3.4,3 Si02 mikrokristallines Pulver, sowjetisches Erzeugnis, im weite-
ren als Faujasit-SU bezeichnet.
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2. Mordenit

Na2 .A1203.10,5 Si02 mikrokristallines Pulver, Hersteller: Norton Chemical Process
Prod. Div. Handelsbezeichnung: Zeolon 100.

3. Klinoptilolit

a) ein in Ungarn natirlich vorkommendes Gestein, das zu etwa 70% aus Klinoptilolit
besteht und daneben noch Feldspat, Cristobalit und einen amorphen Anteil enthélt. Das
Si02: Al2D 3Verhédltnis betrdgt 10.26. Handelsbezeichnung: Klinosorb.

b) ein in Bulgarien in einer Reinheit von etwa 60% vorkommendes Klinoptilolit-
Mineral. Da sich dieses Material — abgesehen von dem etwas geringeren Klinoptilolitgehalt
und einer wesentlich geringeren Festigkeit des Gesteines — ebenso wie der ungarische Klinop-
tilolit verhielt, wird darauf im weiteren nicht gesondert eingegangen.

Die Zeolithe wurden durch lonenaustausch mit NH4Clund Auswaschen bis zur Chlorid-
Freiheit in die entsprechenden Ammonium-Formen Uberfihrt und als solche untersucht.
Der NH4-Gehalt der Zeolithe wurde bestimmt, indem das beim Erhitzen der Zeolithe auf etwa
650 °C in Freiheit gesetzte NH3 im Stickstoffstrom in Schwefelsdure tberfihrt und diese
zuriucktitriert wurde. Der Austauschgrad betrug 78% bei Faujasit-W, 69% bei Faujasit-SU,
90% bei Mordenit und etwa 85% bei Klinoptilolit.

Die thermogravimetrischen (TG) und differentialthermoanalytischen (DTA) Messun-
gen wurden mit dem »Derivatographen« der Fa. MOM bei Aufheizgeschwindigkeiten von
5,3—5,8 °C/min und mit der Zeit praktisch linearem Temperaturanstieg ausgefuhrt. Die
Zeolithe wurden in etwa 1 mm starker Schicht auf als Probebehé&lter dienende Pt-Teller auf-
geschuttet. Das Klinoptilolitgestein wurde pulverisiert mit Korndurchmessern unter 0,1 mm
eingesetzt.

Die Versuche wurden im allgemeinen in Sauerstoffatmosphére ausgefiihrt. Der bei
der endothermen Zersetzung der NH4-Form der Zeolithe entstehende Ammoniak wird unter
diesen Bedingungen — wahrscheinlich katalytisch an den aus Platin bestehenden Probebehél-
tern —verbrannt, so dafl dieser Schritt an einem stark exothermen Peak in der DTA-Kurve
gut erkannt werden kann.

In allen Féllen wurde zundchst der allergroBte Teil des physikalisch adsorbierten
(»zeolithischen«) und kristallwasserartig gebundenen Wassers durch eine 90-minutige isotherme
Ausheizung bei 180—190 °C entfernt, und erst danach wurde die Probe mit der vorgegebenen
Geschwindigkeit weiter aufgeheizt. Durch diese isotherme Vorbehandlung, bei der nur im
Falle des Faujasits auch schon eine — allerdings geringfligige — Zersetzung der NH4-Form
zu beobachten ist, wird eine zu starke Uberlappung der Abgabe des zeolithischen Wassers
mit der Freisetzung des NH3 vermieden.

Thermische Vorbehandlungen der Zeolithe wurden ebenfalls im Derivatographen
und unter gleichen Bedingungen vorgenommen. Die Proben wurden also ebenfalls 90 Minuten
bei 180—190 °C ausgeheizt und danach mit der vorgegebenen Geschwindigkeit bis auf die
gewlinschte Vorbehandlungstemperatur aufgeheizt und sofort aus dem Ofen entnom-
men. Von einem Teil dieser Proben wurden auch Rontgendiffraktogramme aufgenommen.

Da sich der Ausgangszustand der Zeolithe infolge der leichten Abgabe eines Teils des
physikalisch adsorbierten Wassers und einiger nicht oder nur schwer einzuhaltender Ver-
suchsbedingungen (Luftfeuchtigkeit, Anfangstemperatur des Ofens u.a.) nicht genau festlegen
14Bt, wurde in dieser Arbeit das Gewicht des bis 1000 °C flichtigen Zeolithanteils (zeolithisches
Wasser, Ammoniak, Strukturwasser) auf das Gewicht des bei 1000 °C geglihten, praktisch
strukturwasserfreien und bereits amorphen Zeoliths bezogen und in den Abbildungen und
der Tabelle | in mg/g angegeben. In den Abbildungen sind ebenfalls die sich aus dem gesondert
bestimmten NH4-Gehalt der Zeolithe und der Stéchiometrie des Reaktionsschemas (1) erge-
benden Mengen an Strukturwasser (untere gestrichelte Linie) und NH3+ Strukturwasser
(obere gestrichelte Linie) angegeben.

Ergebnisse

Die bei der Untersuchung des Mordenits erhaltenen Ergebnisse sind in
Abb. 1und Tab. | zusammengefalRt. Nach 90 minutiger isothermer Vorbehand-
lung bei 180 °C enth&lt Mordenit, wie aus Kurve | hervorgeht, noch etwas
zeolithisches W asser, dessen Desorption sich in der TG-Kurve mit der Abgabe
des bei etwas hdheren Temperaturen in Freiheit gesetzten NH3 lUberlagert.
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Die selbstverstdndlich endotherme NH3-Abspaltung ist aber sehr gut an dem
auf die katalytische Verbrennung des Ammoniaks zuriickzufiihrenden exother-
men Peak der DTA-Kurve zu erkennen. Beide Kurven zeigen, daB bei einer

200 300 400 500 600 700 800 900 1000

Abb. 1. DTA-Kurven (oben) und thermogravimetrische Kurven (unten) von NH4Mordenit

nach 90-minutiger isothermer Ausheizung bei 180 °C. I: ohne weitere Vorbehandlung; II:

nach Aufheizen auf 570 °C und nachfolgender Rehydratisierung bei 20 °C; I11: nach Aufheizen
auf 760 °C und nachfolgender Rehydratisierung bei 20 °C.

thermischen Vorbehandlung bis 570 °C die reine W asserstoff-Form des Morde-
nits entsteht. Bei noch hoheren Temperaturen setzt dann die Abspaltung von
Strukturwasser (Dehydroxylierung) ein.

Benesi [9] hat bei der thermogravimetrischen Untersuchung von NH4
Mordenit keine getrennten Stufen fir Desaminierung und Dehydroxylierung

Tabelle 1

Wassersorptionskapazitat in mg/g bei Zimmertemperatur

VQFEethn Ejé i Mordenit Klinoptilolit
8o * 114 60
570 190 67
760 174 52
880 148 —
1000 13** —

*NH4Form
** Rdntgenamorph
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erhalten, die Kurven fur Faujasit zeigen aber den gleichen Verlauf wie die,
die in dieser Arbeit weiter unten mitgeteilt werden. Da Benesi einen praktisch
N a+-freien, also zu 100% ausgetauschten Mordenit (ebenfalls Zeolon 100) ver-
wendet hat, ist es mdglich, daB ein bestimmter Anteil an Metallionen — &hnlich
wie beim Faujasit [13, 14, 18] — die Struktur des H-Mordenits stabilisiert.

Die bis 570 °C vorbehandelte NH4-Form des Mordenits, also die W asser-
stoff-Form, resorbiert bei Zimmertemperatur — wie aus Tab. | zu ersehen ist —
wesentlich mehr W asser als die NH4-Form. Das ist damit zu erklaren, dall inner-
halb des Gitters nunmehr auch der gréfRte Teil des Raumes fir die Adsorption
zur Verfigung steht, der vorher von im Vergleich zum Proton viel groeren
NFl4-lonen eingenommen wurde. Aus der thermogravimetrischen Untersuchung
der rehydratisierten H-Form (Kurve 11) folgt, dal nach der isothermen Vor-
behandlung bei 180 °C noch die relativ grofe Wassermenge von 18 mg/g im
Mordenit verbleibt, woraus geschlossen werden kann, daf die Bindung des
zeolitischen Wassers in der H-Form stérker als in der NH4-Form ist. Die TG-
Kurve oberhalb 550 °C, also die Abgabe des Strukturwassers, deckt sich mit
der der NH4-Form.

Nach einer thermischen Vorbehandlung bis 760 °C, nachdem also bereits
etwa 70% des Strukturwassers abgegeben sind, und anschlieBRender W asser-
resorption bei Zimmertemperatur ist nur eine geringfliigige Abnahme der
Sorptionskapazitit fur Wasser festzustellen (Tab. 1). Die TG-Kurve (l11) zeigt
jedoch einen ganz anderen Verlauf als die der NH4 bzw. H-Form, woraus folgt,
daBR die Dehydroxylierung unter diesen Bedingungen der Rehydratisierung ein
irreversibler Vorgang ist.

Bei hdheren Vorbehandlungstemperaturen ist eine Abnahme der Sorp-
tionskapazitat fir Wasser und zugleich — wie aus den in Abb. 2 in Form von

drA

Abb. 2. Intensitadten der Hauptlinien der Rdntgendiffraktogramme von thermisch vorbehan-
deltem und bei 20 °C rehydratisiertem NH4Mordenit.
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Striclidiagrammen angegebenen Intensitdten der Rdntgendiffraktionsbanden
zu ersehen ist — ein Verlust an Kristallinitat festzustellen. Der bei 1000 °C
geglihte NH4-Mordenit ist réntgenamorph.

Bei der Untersuchung des Klinoptilolits wurden weitgehend analoge
Ergebnisse erhalten, die in Abb. 3 und Tab. | angegeben sind. An dieser Stelle

°c
Abb. 3. DTA-Kurve (oben) und thermogravimetrische Kurven (unten) von NH4Klinoptilolit
nach 90-minutiger isothermer Ausheizung bei 180 °C. |: ohne weitere Vorbehandlung; II:

nach Aufheizen auf 570 °C und nachfolgender Rehydratisierung bei 20 °C; Ill: nach Auf-
heizen auf 760 °C und nachfolgender Rehydratisierung bei 20 °C.

sei nur vermerkt, daB die Zersetzung der NH4Form und die Dehydroxylierung
weniger scharfvoneinander getrennt und bei um 30—50 °C niedrigeren Tempe-
raturen verlaufen als im Falle des Mordenits. Weiterhin ergibt sich aus den
W assersorptionskapazitdten in Tab. | und aus den Rdntgendiagrammen in
Abb. 4, dall dekationisierter Klinoptilolit weit weniger thermisch stabil ist als
dekationisierter Mordenit.

Die mit Faujasit erhaltenen Ergebnisse sind in den Abb. 5—7 dargestellt.
Die TG-Kurven der NH4-Form beider untersuchter Faujasite (Kurve | in den
Abb. 5—7) zeigen den gleichen charakteristischen Verlauf wie im Falle des
Mordenits oder Klinoptilolits.

Die durch thermische Vorbehandlung bis 500 °C erhaltene W asserstoff-
Form des Faujasits resorbiert bei Zimmertemperatur — ebenso wie die des
Mordenits und Klinoptilolits — mehr Wasser (350 mg/g), als bei der voran-
gegangenen isothermen Desorption bei 180 °C von der NH4-Form abgegeben
wurde (289 mg/g). Bei der nachfolgenden Aufheizung (Kurve IV in Abb. 5
und 6) wird aber im Gegensatz zu den mit Mordenit und Klinoptilolit erhal-
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NHt ~ Klinoptilolit
(1) Feldspat
(2) Cristobalit

() (3) Quarz
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Abb. 4. Intensitdten der Hauptlinien der Réntgendiffraktogramme von thermisch vorbehan-
deltem und bei 20 °C rehydratisiertem NH4-Klinoptilolit. Angegeben ist ebenfalls die jeweils
intensivste Linie der drei Begleitminerale.

Abb. 5. Thermogravimetrische Kurven von NH4Faujasit-W nach 90-minutiger isothermer
Ausheizung bei 180 °C. I: ohne weitere Vorbehandlung; Il: nach Aufheizen auf 500 °C, NH3
Behandlung bei 20 °C und nachfolgender H30-Sorption bei Zimmertemperatur; 111: nach
Aufheizen auf 500 °C, H2-Sorption bei Zimmertemperatur und NH3Behandlung bei 20 °C
nach 24-stindigem Stehen; IV: nach Aufheizen auf 500 °C, H2-Sorption bei Zimmertempe-
ratur, 24-stindigem Stehen und Aufheizen auf 180 °C; IV/a.: wie Kurve IV, nur noch an-
schlieRende Behandlung mit NH3 bei 20 °C; V: nach Aufheizen auf 500 °C und Resorption
von Wasser bei 180—190 °C.
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tenen Ergebnissen nicht wieder die charakteristische Dehydroxylierungsstufe
der Wasserstoff-Form, sondern eine monoton abfallende Kurve erhalten.
Im Verlaufe der ausgefiilhrten Operationen muB also eine irreversible struk-
turelle Verdnderung eingetreten sein.

°c
Abb. 6. DTA-Kurve (oben) und thermogravimetrische Kurven (unten) von NH4Faujasit-SU
nach 90-minutiger isothermer Ausheizung bei 180 °C. I: ohne weitere Vorbehandlung; 11:
nach Aufheizen auf 500 °C, NH3Behandlung hei 20 °C und nachfolgender H2-Sorption
bei Zimmertemperatur; I11: nach Aufheizen auf 500 °C, H2-Sorption bei Zimmertemperatur
und NH3-Behandlung bei 20 °C nach 24-stidigem Stehen; IV: wie Kurve IIl, nur ohne
NH 3-Behandlung.

Um zu kldren, wann und unter welchen Versuchsbedingungen diese
Verédnderungen vor sich gehen und welcher Natur sie sind, wurde eine Reihe
von Versuchen vorgenommen. Die charakteristische Dehydroxylierungsstufe
trat auf, wenn die durch thermische Vorbehandlung bis 500 °C zu erhaltende
W asserstoff-Form unter Ausschlufl von Wasserdampf auf Zimmertemperatur
abgeklhlt oder bei Temperaturen von 180 190 °C (Kurve V in Abb. 5) bzw.
130 °C mit Wasserdampf gesdttigt (21 bzw. 77 mg/g) und anschliefend das
Thermogramm aufgenommen wurde. Die strukturellen Verdnderungen kdnnen
somit nur in Gegenwart von Wasser und bei Temperaturen unter 130 °C ein-
treten, und somit liegt der Schlufl nahe, da dafir eine vollstandige Ausfillung
des innerkristallinen Porenraumes mit Wasser eine notwendige Bedingung ist.

Um eine Zerstdrung der W asserstoff-Form wéahrend des Aufheizvorgan-
ges auszuschlieBen, wurde der entsprechend vorbehandelte H-Faujasit vor der
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thermogravimetrischen Untersuchung in eine NH3Atmosphdre gebracht.
Dadurch werden die nach der Vorbehandlung noch intakten Zentren der
H-Form in die NH4-Form (berfihrt und somit gewissermafen »fixiert«.
Wird die Wasserstoff-Form erst einer NH3Atmosphdre ausgesetzt
(Ruckbildung der NH4-Form), und 148t man erst danach Wasser sorbieren,
so erhdlt man bei der nachfolgenden thermogravimetrischen Untersuchung
erwartungsgemé&n nahezu den gleichen TG-Kurvenverlauf (Kurve Il in Abb. 5
und 6) wie im Falle des urspriinglichen NH4Faujasits, nicht aber dann, wenn

200 300 400 5000800 700 800 900 1000
\

Abb. 7. Thermogravimetrische Kurven von NHi-Faujasit-W nach 90-minutiger isothermer

Ausheizung bei 180 °C. I: ohne weitere Vorbehandlung; Il: nach Aufheizen auf 705 °C, HX-

Sorption bei Zimmertemperatur und nachfolgender Behandlung mit NH3 bei 20 °C; IlI:
nach Aufheizen auf 705 °C und nachfolgender Resorption von Wasser bei 180—190 °C.

die Wasserstoff-Form vor der NH3Sorption durch 20-stindiges Stehen (ber
30%iger Schwefelsdure bei Zimmertemperatur mit Wasserdampf geséttigt
(Kurven IIl in Abb. 5 und 6) oder vor der Ammoniakbehandlung auf 180 °C
aufgeheizt wird (Kurve IVa in Abb. 5).

Aus dem Verlauf dieser Kurven geht hervor, daB bei Zimmertemperatur
die W asserstoff-Form des Faujasit-W weniger stark als die des Faujasit-SU
durch kapillarkondensiertes Wasser angegriffen wird, dafl aber bei erhdhter
Temperatur auch im Falle des Faujasit-W eine TG-Kurve erhalten wird, die
die Dehydroxylierungsstufe nicht mehr erkennen laRt. Ein derartiger Faujasit
weist noch eine W assersorptionskapazitdt von 205 mg/g aufund zeigt nur einen
teilweisen Verlust an Kristallinitdt (Abb. 8).

Aus Abb. 7 ist zu ersehen, daB die Dehydroxylierung auch im Falle des
Faujasits ein irreversibler ProzeR ist. Der bis 705 °C erhitzte, schon weitgehend
dehydroxylierte NH4-Faujasit-W kann — wie Kurve Il zeigt — durch Wasser-
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dampfsorption bei 180— 190 °C bis zur Sdttigung nicht wieder in die H-Form
tUberfohrt werden, obwohl die sorbierte Wassermenge von 30 mg/g dafiir aus-
reichend wére. Bei 400 °C wird aus einem bei Zimmertemperatur mit W asser-
dampf gesdttigten Gasstrom nur sehr wenig Wasser (2—3 mg/g) resorbiert.
Diese Menge ist schon aus stéchiometrischen Grinden nicht fir eine Riuck-
bildung der H-Form ausreichend. W assersorption bis zur Sé&ttigung bei Zim-
mertemperatur fihrt ebenfalls zu keiner Rickbildung der Wasserstoff-Form,
vielmehr werden dabei auch noch hei der Vorbehandlungstemperatur von
705 °Cintakt gebliebene Zentren der H-Form angegriffen (Kurve Il in Abb. 7).

Abb. 8. Intensitdten der Hauptlinien der Rdntgendiffraktogramme von NH4-Faujasit ohne
Vorbehandlung und nach Aufheizen auf 500 °C, Sorption von Wasser bei Zimmertemperatur
und nachfolgendem Aufheizen auf 180 °C.

Diskussion

Die Desaminierung der in dieser Arbeit untersuchten NH4-Zeolithe ist
— wie fir NH4-Faujasit schon festgestellt wurde [3, 4, 5] — reversibel.

Die Desaminierung ist ein endothermer ProzelR [14, 19]. Die exothermen
Peaks in den DTA-Kurven in Abb. 1 und 3 sind auf die Verbrennung des in
Freiheit gesetzten NH3 zuriickzufihren. Venuto, Wd und Cattanach [20]
und Hopkins [21], die bei der Desaminierung im N2-Strom einen exothermen
Peak erhielten, dirften wahrscheinhch nicht unter vollstindigem AusschluR
von Sauerstoff gearbeitet haben.

Hickson und Csicsery [19] schlieBen aus DTA-Messungen, daR die
Desaminierung von NHA4-Faujasit in drei Stufen (Maxima bei 275, 370 und
430 °C) vor sich geht. Thermogravimetrisch konnte die Abgabe von chemi-
sorbiertem NH3in zwei Stufen beobachtet werden [5, 22].

Venuto, Wu und Cattanach [20] sowie Bolton und Lanewala [14]
haben fiur NH4-Faujasit auRerdem noch einen exothermen DTA-Peak bei etwa

Acta Chim. (Budapest) 84, 1975



BEYER et al.: IRREVERSIBLE STRUKTURVERANDERUNGEN 19

550 °C gefunden, der jedoch mit der Desaminierung nicht in einen direkten
Zusammenhang gebracht werden kann, da diese bereits bei 400 °C abgeschlos-
sen ist. Bei unseren Versuchen (s. Abb. 6) wurde ein solcher exothermer Peak
nicht festgestellt.

Unsere Versuche lassen auch keinen SchluB dariiber zu, ob im Falle des
Faujasits die NH3Abgabe in mehreren Schritten erfolgt, da diese sich mit der
Desorption des zeolithischen Wassers uberlappt und ein Teil des NH3 schon
wéhrend der isothermen Behandlung bei 180 °C in Freiheit gesetzt wird. Im
Falle des Mordenits und Klinoptilolits kénnte aber der vor dem — in Sauer-
stoffatmosphére! — exothermen Hauptberg liegende Peak mit einem Maximum
bei etwa 300 °C (Abb. 1 und 3) darauf hindeuten, dall die Bindungsenergien
(Gitterplatze) nicht fur alle NH4-lonen gleich sind.

Die charakteristische Dehydroxylierungsstufe in den TG-Kurven wird
stets — wie im Falle des Faujasits schon mehrmals festgestellt wurde [6, 14,
19, 21] — von einem schwach endothermen DTA-Peak begleitet. Beim Morde-
nit und Klinoptilolit schlieBt sich diesem endothermen Peak sofort, und zwar
noch im Bereich der Dehydroxylierung, ein exothermer an.

Es soll bemerkt werden, dal bei Faujasit die Dehydroxylierung mit
einem schwach positiven DTA-Peak einhergeht, wenn NH4-Faujasit nicht in
1 mm starker Schicht auf Tellern, sondern in etwa 12 mm starker Schicht in
einem Tiegel eingesetzt wurde. Vermutlich hat diese Erscheinung ihre Ursache
in dem zur Ausbildung des sog. »ultrastabilen Faujasits« fihrenden »deep-bed«-
Effekt [23—26]. McDaniel und Maher [18] haben im gleichen Temperatur-
bereich ebenfalls einen schwach exothermen Peak festgestellt, machen aber
keine Angaben Uber die Schichtdicke und andere in diesem Zusammenhang
interessierende Versuchsbedingungen.

Es gibt mehrere Hinweise dafiir, daB dehydroxylierter Faujasit thermisch
relativ instabil ist. Die Gesamtzahl der sauren Zentren beginnt z. B. nach
Ward [6] bei 550 °C, nach Hughes und White [12] bei 600 °C schneller
abzunehmen, als nach Reaktionsschema (1) zu erwarten wére, was auf einen
beginnenden Gitterzusammenbruch oder eine Gitterumlagerung hindeutet. Die
dehydroxylierte Form geht schon bei niedrigeren Temperaturen als Kationen-
formen in den amorphen Zustand Uber. Aus DTA-Kurven wurde ein Gitter-
zusammenbruch bei 850 °C [27] festgestellt. Es mufl aber bemerkt werden,
daB die Intensitdten der Rontgeninterferenzlinien schon bei wesentlich nied-
rigeren Temperaturen abzunehmen beginnen. In der Uiteratur finden sich auch
Hinweise darauf, da das Gitter schon bei Temperaturen unter 600 °C zusam -
menbricht [3, 18].

Das Gitter des dehydroxylierten Mordenits ist offensichtlich wesentlich
thermostabiler als das des Faujasits. Die Kristallinitdit — und damit parallel
die Sorptionskapazitdt — nimmt zwar mit dem Fortschreiten der Dehydroxy-
lierung etwas ab, aber noch bei 880 °C ist die Kristallstruktur weitgehend
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erhalten (Abb. 2). Allein mit dem hdheren Si : Al-Verhéltnis ist diese Thermo-
stabilitdt wohl nicht zu erkldren, denn dehydroxylierter Klinoptilolit ist bei
einem Si : Al-Verhéltnis von ebenfalls 5 wesentlich instabiler (Abb. 3).

Bei einer Gegentiberstellung der Temperaturbereiche, in denen das Git-
ter zusammenbricht, muB man selbstverstdndlich beriicksichtigen, dafl die
thermische Stabilitdt auch weitgehend vom Austauschgrad abhdngt und somit
Vergleiche nur bedingt mdglich sind. Beim Klinoptilolit ist noch zu beach-
ten, welche anderen Kationen im Zeolith verblieben sind, da nach unseren
Untersuchungen die Erdalkalimetall-Formen des Klinoptilolits — insbesondere
die Ca-Form — {iberraschenderweise wesentlich instabiler sind als die dehy-
droxylierte Form.

Die Details der strukturellen Verdnderungen, die bei der Dehydroxylie-
rung durch das Herauslésen eines GittersauerStoffs auftreten, sind noch nicht
geklart. Da einerseits Mordenit und Klinoptilolit nach dem Einsetzen des
Dehydroxylierungsprozesses einen exothermen DTA-Peak zeigen, andererseits
aber besonders beim Mordenit erst bei hdheren Temperaturen merkliche Ver-
&nderungen in den Rontgendiffraktogrammen und im der Sorptionskapazitat
festzustellen sind, vermuten wir, dafl sich die Struktur Cim Reaktionsschema
(1) sofort oder doch sehr bald durch eine Umlagerung des dreifach koordinierten
Al-Atoms — indem dieses vielleicht durch die Ebene der drei verbliebenen
O-Atome hindurchschwingt und in eine energetisch gunstigere Position kommt
—stabilisért. Bei hoheren Temperaturen und mit fortschreitender Dehydroxy-
lierung bricht dann schlieBlich das Zeolithgitter in einem bestimmten, von der
Struktur des Zeoliths abh&ngigen Temperaturintervall nach und nach zusam-
men.

Sollte die Struktur C (Reaktionsschema 1) existent sein, so ware eine
Reversibilitdit der Dehydroxylierung zu erwarten, auch wenn der Abstand
zwischen den beiden dreifach koordinierten Zentralatomen etwas grofRer ist.
Eine Irreversibilitdit wéare dagegen bei einer Umlagerung des Al-Atoms im
Gitter leicht zu erkldren. Somit kommt der — immer noch umstrittenen —
Frage, ob bzw. inwieweit der DehydroxylierungsprozeR reversibel ist, nicht nur
hinsichtlich der Verwendung der Zeolithe als Katalysatoren, sondern auch vom
theoretischen Standpunkt aus eine grofRe Bedeutung zu.

Ward [6, 8] sowie Hughes und White [12] haben aus der Intensitét
der IR-Banden von an sauren Zentren sorbiertem Pyridin geschlossen, dal
die im Verlaufe der Dehydroxylierung gebildeten Lewis-Zentren durch Wasser
wieder in Bronsted-Zentren Uberfuhrt werden. Das spricht aber nicht notwen-
digerweise fur eine Reversibilitdt des im Reaktionsschema (1) angegebenen
Dehydroxylierungsprozesses, da die erhaltenen Brdnsted-Zentren qualitativ
anderer Natur sein konnen. Offensichtlich ist das auch der Fall, denn die fir
zeolithische SIOH-Gruppen charakteristische, in der H-Form gut ausgebildete
Bande bei 3640 cm-1 wird durch Wasser nicht rickgebildet [4, 6, 12].

Acta Chim. (Budapest) 84, 1975



BEYER et al.. IRREVERSIBLE STRUKTURVERANDERUNGEN 21

Benesi [9] nimmt ebenfalls an, daB die Dehydroxylierung reversibel ist,
da nach Rehydratisierung von Mordenit bzw. Faujasit (dehydroxyliert bei 700
bzw. 800 °C) die wéhrend der Dehydroxylierung verloren gegangene katalyti-
sche Aktivitat fir die Spaltung von n-Butan bzw. Disproportionierung von
Toluol vollstdndig bzw. teilweise zurickgewonnen wird. Die nach der Rehydra-
tisierung festzustellenden Selektivitdtsverdnderungen sprechen aber auch in
diesem Falle dafir, daB nicht die urspringliche H-Form zuriickerhalten wird.
Durch Rehydratisierung eines bei 690 °C dehydroxylierten Klinoptilolits lassen
sich nur 3% des wéahrend der Dehydroxylierung eingetretenen AktivitatsVer-
lustes (katalytische Krackung von Propan) ruckgéngig machen, wobei auch
Selektivitdtsverschiebungen zu beobachten sind [28].

Bolton und Lanewala [14] vertreten ebenfalls die Meinung, die Dehy-
droxylierung sei reversibel, und zwar dann,wenn ein bei600°C dehydroxylierter
Faujasit beim Abklhlen auf 400 °C — also in dem Temperaturbereich, in dem
die Dehydroxylierung vor sich geht — einer Wasserdampf enthaltenden
Atmosphére ausgesetzt wird. Diese Annahme beruht auf der experimentellen
Feststellung, dal durch diese Behandlung die NH3-Sorption und die lonen-
austauschkapazitdt teilweise restauriert wird. Abgesehen davon, daR diese
zwei Eigenschaften nicht spezifisch fur die urspringliche H-Form des Faujasits
und somit wenig geeignet flr derartige Reversibilitdtsuntersuchungen sind,
kann die beschriebene Behandlung des Faujasits zu einem Herauslésen von
Al-Atomen aus dem Gitter fihren [26, 29], wodurch der sog. ultrastabile
Faujasit entsteht.

In der vorliegenden Arbeit wurde gezeigt, daB aus den drei untersuchten
dehydroxylierten Zeolithen die urspringlichen Wasserstoff-Formen weder
durch Resorption von Wasser bei Zimmertemperatur, noch durch Erhitzen
bis 400 °C in einem bei Zimmertemperatur mit Wasserdampf geséttigten Gas-
strom, noch durch Behandlung mit einer wéafrigen NH 3-Ldsung (in der die fur
eine eventuelle Rickbildung der NH4-Form erforderlichen lonen [NH4]+ und
OH~] in ausreichendem MaRe enthalten sind) rickgebildet werden kdénnen.
Damit soll selbstverstandlich nicht gesagt sein, daR die dehydroxylierten
Zeolithe mit Wasser nicht in irgendeiner anderen Weise reagieren kdnnen.
Die oben besprochenen Ver&dnderungen mehrerer Eigenschaften sprechen
ebenso wie der Verlauf der TG-Kurven der rehydratisierten Zeolithe fur eine
solche Reaktion, in deren Verlauf aber nicht die Oberflachenstruktur der
urspringlichen Wasserstoff-Form zurlickgebildet wird.

Cattanach, Wu und Venuto [5] geben ebenfalls an, dal alle Versuche,
die Wasserstoff- oder Ammonium-Form aus dehydroxyliertem Faujasit durch
Reaktion mit Wasser bei héheren Temperaturen oder durch Zugabe von NH3
und H2 bei Zimmertemperatur zuriickzuerhalten, erfolglos verliefen und im
allgemeinen zu einem vdlligen Verlust der Kristallinitdt und der Sorptions-
kapazitat fuhrten.
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In mehreren Arbeiten finden sich Hinweise auf die auflerordentliche
Instabilitdt des H-Faujasits gegenliber Wasser [5, 6, 23, 27, 30]. Bisher ist
aber noch nicht ndher untersucht worden, unter welchen experimentellen
Bedingungen diese zu einem amorphen Produkt fiihrende Reaktion mit Wasser
vor sich geht.

In der vorliegenden Arbeit konnte gezeigt werden, dall die H-Form von
Faujasit bei 130—200 °C gegeniiber bei diesen Temperaturen sorbiertem W asser
vOllig stabil ist. Dagegen sind die an der charakteristischen Dehydroxylierungs-
stufe in der TG-Kurve zu erkennenden sauren Zentren nicht mehr festzustellen,
wenn die H-Form bei Zimmertemperatur oder etwas dariiber liegenden Tempe-
raturen die maximale Menge an Wasser aufnimmt. Das dabei erhaltene Pro-
dukt ist noch weitgehend kristallin (Abb. 8), das Gitter ist aber derart thermo-
instabil, daR es schon bei Temperaturen oberhalb 250 °C zusammenbricht. Beim
Einbringen dieses Produktes in eine Na-lonen enthaltende Ldsung werden
Al-lonen ausgetauscht. Diese Befunde lassen sich gut mit dem von Kerr [23]
fir diese Reaktion angenommenen Schema vereinbaren, nach dem Al-Atome
— &hnlich wie bei den zur Bildung von ultrastabilen Faujasit fihrenden Ver-
fahren, aber in wesentlich gréRerem MaRe — durch Hydrolyse von Al—O—Si-
Bindungen aus dem Gitter herausgeldst werden. Es ist ja auch bekannt, daR
Faujasit zunehmend instabiler wird, wenn mehr als 50% des Gitteraluminiums
entfernt werden [31].

Fir die Sprengung der Al O—Si-Bindung ist aber offensichtlich nicht
nur Wasser erforderlich, da bei hdheren Temperaturen und im sorbierten
Zustand in ausreichender Menge vorliegendem Wasser keine Hydrolyse fest-
zustellen ist. Wir nehmen an, dafl bei vdlliger Ausfullung des innerkristallinen
Porengefliges mit Wasser die Protonen der H-Form H3+-loncn bilden kénnen
und Al gewissermafen durch die so als wdaRrige S&ure fungierende H-Form
selbst aus dem Gitter herausgeldst wird. Damit wdre auch zu erkldren, warum
die H-Form des an Al &rmeren, also gegen Sdure bestdndigeren Faujasit-W
gegeniiber Wasser stabiler ist und die H-Formen von Mordenit und Klinoptilo-
lit, deren Gitter sdurebestdndig sind, bei Sattigung mit Wasser keine Verdnde-
rungen zeigen.
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BEITRAGE ZUR KENNTNIS
{DER KRACKREAKTIONEN, Il

KINETIK DER KATALYTISCHEN KRACKUNG VON PROPAN SOWIE
re- UND i-BUTAN AN H-KLINOPTILOLIT

H. Beyer
(Zentralforschungsinstitutfir Chemie der Ungarischen Akademie der Wissenschaften, Budapest)

Eingegangen am 20. November 1973

Die kinetische Untersuchung der katalytischen Krackung von Paraffinen ist
&duBerst problematisch, da die zahlreichen Folgereaktionen der als primére Reaktions-
produkte auftretenden Olefine ein sehr komplexes Reaktionsgeschehen ergeben. Die
damit zusammenhéngenden Schwierigkeiten wurden umgangen, indem die Versuche
in einem Zirkulationsreaktor ausgefiihrt und die gebildeten Olefine aus der Gasphase
des Zirkulationssystems durch selektive Absorption stdndig entfernt wurden.

Als Katalysator wurde ein natirlich vorkommendes, zu etwa 61% aus Klinop-
tilolit-KristaUiten bestehendes Gestein verwendet. Der durch lonenaustausch in die
NH4Form Uberfuhrte Klinoptilolit wurde zwischen 460 und 690 °C thermisch vorbe-
handelt und gelangte so als H-Klinoptilolit mit unterschiedlichem Dehydroxylierungs-
grad zur Untersuchung. Mit zunehmender Dehydroxylierung geht ein steigender Ver-
lust an Kristallinitadt der Klinoptilolit-Kristallite einher, wahrend sich die »Sekundar-
struktur« des Gesteins nicht wesentlich &ndert.

Krackung und Dehydrierung der untersuchten Paraffine verlaufen stets, unab-
h&ngig von der Vorbehandlungstemperatur des Katalysators, nach einer Kinetik erster
Ordnung. Die scheinbaren Aktivierungsenergien der primdren Reaktionen sind unab-
ha&ngig von der Vorbehandlungstemperatur und fir einen gegebenen Reaktanden nahezu
gleich. Krack- und Dehydrieraktivitdt des Katalysators gehen mit steigender Vorbe-
handlungstemperatur hei 500 °C durch ein Maximum. Bei oberhalb des Maximums
liegenden Vorbehandlungstemperaturen tritt eine Verschiebung der Selektivitdt zu-
gunsten der Dehydrierreaktion ein. Das Verhdltnis der Geschwindigkeiten, mit denen
die 1- und 2-Bindung von n-Butan gespalten werden, ist unabhéngig von der Vorbe-
handlungstemperatur. Der Katalysator weist eine sterisch bedingte Selektivitat fur
n-Paraffine auf.

Aus den experimentellen Befunden wird geschlossen, dall die Dehydrierreaktion
und die Krackreaktionen Uber einen gemeinsamen aktiven Oberflaichenkomplex ver-
laufen, der durch Chemisorption des Reaktanden an den bei der Dehydroxylierung
entstehenden sauren Lewiszentren zustande kommt, an der Spaltung von C—-Bindun-
gen aber noch ein in Nachbarschaft zum Lewiszentrum befindliches saures Bron-
stedzentrum beteiligt ist.

Die Untersuchung der Kinetik der priméren Krackreaktionen st6ft im
allgemeinen deswegen auf Schwierigkeiten, weil die primdr gebildeten Olefine
zahlreiche Neben- und Folgereaktionen eingehen, wodurch das Reaktions-
geschehen auBerordentlich komplex und kompliziert wird. Die in solchen Fdllen
Ubliche Auswertung der kinetischen Kurven durch Extrapolation auf die Zeit
Null fihrt dabei nicht zum Ziele, da die stérenden Folgereaktionen meist um
mehrere GroBenordnungen schneller als die primdren Krackreaktionen verlaufen
und Reaktionsprodukte ergeben, die auch bei den primédren Reaktionen auf-
treten.
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In der ersten Mitteilung dieser Reihe [1] wurde daraufhingewiesen, daR
diese storenden Folgereaktionen im Prinzip ausgeschaltet werden kdnnen,
wenn mit einem Zirkulationsreaktor gearbeitet wird und die gebildeten Olefine
laufend aus der Gasphase entfernt werden. Am Beispiel der Krackung von
Propan wurde eine Methode beschrieben, bei der die als primédre Reaktions-
produkte gebildeten Olefine in einem in dem Zirkulationskreis eingebauten
Hydrierreaktor zu den geséttigten Verbindungen aufhydriert werden. Ein Nach-
teil dieses Verfahrens ist, dal damit die mit der Krackung stets parallel ver-
laufende Dehydrierung des Reaktanden nicht untersucht werden kann.

Bei den der vorliegenden Mitteilung zugrunde liegenden Untersuchungen
wurden die Olefine durch Absorption in Silbersulfat geldst enthaltender kon-
zentrierter Schwefelsdure aus der Gasphase des Zirkulationssystems entfernt
und die Kinetik der einzelnen primdren Krackreaktionen anhand des zeitlichen
Verlaufs der Partialdricke der paraffinischen Reaktionsprodukte und des gebil-
deten Wasserstoffs untersucht. Da ein noch einigermaRen (bersichtliches Reak-
tionsgeschehen am ehesten bei der Krackung kurzkettiger Paraffine zu erwar-
ten ist, wurden die Butane und Propan als Reaktanden eingesetzt.

Bis vor etwa einem Jahrzehnt fanden fir die katalytische Krackung von
Kohlenwasserstoffen fast ausschlieflich amorphe Alumosilikate als Katalysa-
toren Verwendung, seitdem gewinnen aber Zeolithe wegen ihrer in vielen
Fallen aulerordentlich hohen Aktivitdt und Selektivitdt auf diesem Gebiet
immer mehr an Interesse und Bedeutung. Allerdings beschrdnken sich bisher
die diesbezliglichen Untersuchungen im wesentlichen auf Faujasit [z. B. 2— 10]
und Mordenit [z. B. 2, 3, 6, 9, 11]. Daneben sind noch vereinzelt einige andere,
meist synthetische Zeolithe bei der Krackung paraffinischer Kohlenwasser-
stoffe eingesetzt worden, so z. B. Erionit [12, 13], Offretit [2, 12, 14], Gmeli-
nit [2], Chabasit [2], Stilbit [2] und die Zeolithe T [12] und L [6] sowie A
und X [15].

Von den Zeolithen, die in der Natur weit verbreitet, in groBen Lagern
und in relativ hoher Reinheit Vorkommen und somit auch vom technischen
Standpunkt aus von Interesse sind, ist Klinoptilolit noch nicht n&dher hinsicht-
lich seiner katalytischen Eigenschaften in bezug auf die Krackung von Paraf-
finen untersucht worden.

Nachdem wir in friheren Arbeiten [1, 16] gezeigt haben, daB Paraffine
an H-Klinoptilolit katalytisch gekrackt werden, sind in der vorliegenden Arbeit
die bei thermischer Vorbehandlung dieses Katalysators eintretenden struktu-
rellen Verdnderungen und die damit einhergehenden Verédnderungen der kataly-
tischen Eigenschaften Gegenstand der Untersuchung.

Apparatur und Versuchsausfihrung

Die in der vorangegangenen Mitteilung [1] angegebene Apparatur und Arbeitsweise
wurden bis auf folgende Modifikationen beibehalten:
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1. Der Hydrierreaktor wurde durch ein Sorptionsgefall ersetzt. Als Sorptionsmittel
wurde auf Bimsstein aufgebrachte konzentrierte Schwefelsdure verwendet. Um unter den
Yersuchsbedingungen auch Athylen weitgehend (bis zu Partialdriicken von weniger als 10 ~2
Torr) entfernen zu kdénnen, erwies es sich als notwendig, 20 Gew.% Silbersulfat in der Schwe-
felsdure zu l6sen und das Sorptionsmittel auf 0 °C abzukihlen. Frisches Sorptionsmittel wurde
im allgemeinen dann eingesetzt, wenn der Athylen-Partialdruck im Zirkulationssystem einen
Wert von etwa 10 ~2Torr erreichte. Propylen und hdhere Olefine waren bei dieser Versuchs-
fuhrung in der Gasphase nicht nachweisbar, d. h., die Partialdriicke lagen unter 10~3 Torr.

2. Da keine Hydrierung der Olefine vorgenommen wurde, unterblieb der Zusatz von
Wasserstoff zum Reaktanden.

3. Der aktive Katalysator wurde ebenfalls durch thermische Zersetzung der NH4-
Form eines in Ungarn natirlich vorkommenden Klinoptilolits erhalten, die thermische Be-
handlung wurde jedoch im Reaktor selbst durch im allgemeinen 2stindiges Ausheizen im
Yakuum (bis zu einem Druck von 10~3Torr) vorgenommen. Die Ausheiztemperatur wurde
jeweils nach Beendigung der bei verschiedenen Reaktionstemperaturen ausgefiihrten Krack-
versuche erhdht, ohne den Katalysator zu wechseln, d. h., daB dieselbe Probe, jedoch in zuneh-
mendem MaRe dehydroxyliert, zur Untersuchung gelangte.

Yersuchsergebnisse

Zur Demonstration der bei Entfernung der olefinischen Reaktionspro-
dukte zu erreichenden Ergebnisse sind in Abb. 1 bei der Krackung von Propan
an einem bei 543 °C im Yakuum ausgeheizten H-Klinoptilolit erhaltene Kon-

Abb. 1. Krackung von Propan an bei 543 °C vorbehandeltem NH4Klinoptilolit. Links: Reak-

tand und primére Reaktionsprodukte. Rechts: Sekundére Reaktionsprodukte sowie C- und

H-Defizit. Ausgezogene Kurven: Verbleib der olefinischen Reaktionsprodukte im System.

Gestrichelte, mit OS gekennzeichnete Kurven: Entfernung der olefinischen Reaktionsprodukte
durch selektive Absorption. Reaktionstemp.: 420 °C.
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versionskurven des Reaktanden angegeben und die Mengen der pro g Kataly-
sator gebildeten Reaktionsprodukte in Abhdngigkeit von der Versuchszeit
dargestellt. Die gestrichelten (mit OS gekennzeichneten) Kurven wurden bei
Entfernung der olefinischen Reaktionsprodukte, die ausgezogenen Kurven
beim Verbleib der Olefine in der Gasphase des Zirkulationssystems erhalten.
Links sind die Kurven fir den Reaktanden und fir die zu erwartenden primé-
ren Reaktionsprodukte, rechts die fur die sekundaren Reaktionsprodukte sowie
der zeitliche Verlauf des Wasserstoff- und Kohlenstoffdefizits angegeben.

Wie zu ersehen ist, sind bei Entfernung der Olefine — von einer sehr
geringen Athanmenge abgesehen — keine sekundaren Reaktionsprodukte

S

Abb. 2. Krackung von n-Butan an bei 510 °C vorbehandeltem NH4-Klinoptilolit und Entfer-
nung der olefinischen Reaktionsprodukte aus dem System. Reaktionstemp.: 408 °C.

nachweisbar. Die Kurven der primédren Reaktionsprodukte Wasserstoff und
M ethan lassen sich zudem durch die Geschwindigkeitsgleichung erster Ordnung
genau beschreiben. Wéahrend der Reaktion bleibt der Druck im Zirkulations-
system konstant und eine Produktablagerung ist in Ubereinstimmung mit
friiheren Ergebnissen [1] nicht festzustellen. Im Krackreaktor verlaufen also
praktisch nur die zu Methan und Athylen filhrende Krackung und die W asser-
stoff und Propylen ergebende Dehydrierung von Propan.

Dagegen laufen beim Verbleib der Olefine im Zirkulationssystem unter
sonst gleichen Versuchsbedingungen mehrere Folgereaktionen ab, die — wie
aus den betrdchtlichen H- und C-Defiziten zu ersehen ist — zur Ablagerung
kohlenstoffreicher Verbindungen auf der Katalysatoroberflache und damit zu
einer schon nach relativ kurzer Versuchszeit wahrnehmbaren Desaktivierung
des Katalysators fuhren.

Prinzipiell die gleichen Feststellungen wurden auch bei der Krackung
von n-Butan gemacht. Durch Entfernung der Olefine kénnen zu i-Butan und
Propan fuhrende Neben- bzw. Folgereaktionen zwar weitgehend, aber doch
nicht — wie aus Abb. 2 zu ersehen ist — vdllig ausgeschaltet werden. AuBer
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den in Abb. 2 angegebenen Reaktionsprodukten wurden bei diesem Versuch
bis zum Versuchsende noch 0,28 “iMol (0,4% des Gesamtumsatzes) i-Pentan
und 0,1 jtiMol (0,14%) n-Pentan per g Katalysator gebildet.

Da Propan und i-Butan, also die Produkte der Neben- bzw. Folgereak-
tionen (die Pentane sind wegen der sehr geringen Konzentrationen zu vernach-
l&ssigen), unter den Reaktionsbedingungen ebenfalls — wenn auch langsamer—
reagieren und Methan und W asserstoff ergeben, sind die experimentell bes-
timmten Partialdricke dieser Verbindungen zu korrigieren. Diese Korrektur
wurde zusammen mit der Auswertung der MeBwerte mittels einer elektro-
nischen Rechenmaschine auf folgende Weise vorgenommen.

Die Krackung von Propan und i-Butan sowie die Dehydrierung von
Propan verlaufen kinetisch — wie in dieser Arbeit noch gezeigt wird — nach
erster Ordnung. Fiir die Dehydrierung von i-Butan konnte zwar die Reaktions-
ordnung nicht genau bestimmt werden, fur diese Korrekturberechnungen kann
aber auch diese Reaktion als in erster Ndherung nach erster Ordnung ver-
laufend angesehen werden. Es gilt also

t

ni(l) = hI(,)fPI(*)

wobei sich der Index i auf die Reaktionsprodukte Methan und W asserstoff
und der Indexj auf die Reaktanden bezieht, die in diesem Falle Produkte von
Folge- bzw. Nebenreaktionen der re-Butankrackung sind. Die durch Krackung
bzw. Dehydrierung dieser Produkte gebildeten Wasserstoff- und Methanmen-
gen wurden berechnet, indem die bei der n-Butankrackung experimentell
erhaltenen Partialdruck—Zeit-Kurven von Propan und i-Butan numerisch
integriert und die erhaltenen Integralwerte mit den entsprechenden — in
getrennten Versuchen ermittelten — Geschwindigkeitskonstanten ktj multi-
pliziert wurden. Diese Wasserstoff- und Methanmengen wurden von den bei
der n-Butankrackung experimentell erhaltenen Werten abgezogen. Die sich
aufgrund der Stdéchiometrie ergebenden umgesetzten Propan- und i-Butan-
mengen wurden zu den experimentell erhaltenen Werten addiert. In Abb. 2
sind fur diese vier Verbindungen die bereits korrigierten, sich also nur auf die
Umsetzung von re-Butan beziehenden W erte angegeben.

Bei dieser Korrektur wurde der EinfluR des in wesentlich hdheren Kon-
zentrationen vorliegenden priméren Reaktanden (re-Butan) auf die Kinetik
der Krackung und Dehydrierung der Reaktionsprodukte (Propan und i-Butan)
vernachlédssigt. Dies ist zuldssig, da unter den Reaktionsbedingungen die
Bedeckung der aktiven Zentren — wie aus Massenbilanzen hervorgeht und
worauf auch die Kinetik erster Ordnung hindeutet — sehr gering ist.

Die Krackung der 1- bzw. 2-Bindung* sowie die Dehydrierung des

* Unter 2-Bindung ist die zwischen den C-Atomen 2 und 3 des n-Butans liegende Bin-
dung, unter 1-Bindung dagegen die zwischen den C-Atomen 1und 2 bzw. 2 und 4 zu verstehen.
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n-Butans kdnnen bei unserer Versuchstechnik anhand der Kurven, die den
zeitlichen Verlauf der Methan- bzw. Athan- und der Wasserstoffbildung
beschreiben, verfolgt werden. Diese Reaktionen verlaufen — unabhé&ngig von
der Vorbehandlung des Katalysators — stets nach erster Ordnung. Nach 5—6
ohne Regenerierung aufeinanderfolgenden Versuchen ist noch keine ins Gewicht
fallende Vergiftung des Katalysators festzustellen. Im Verlaufe der Reaktion
steigt der Druck im Reaktionssystem um etwa 3 Torr an, was darauf zurlck-
zufihren ist, daR n-Butan unter den Versuchsbedingungen merklich, und zwar
wesentlich starker als die leichteren Reaktionsprodukte, vom Sorptionsmittel
gebunden und mit Abnahme des Partialdruckes wieder desorbiert wird. Die
Geschwindigkeitskonstanten wurden deshalb in diesem Falle nicht (wie in [1])
aus der Steigung der nach der linearisierten Form der Geschwindigkeitsglei-
chung erster Ordnung dargestellten Geraden, sondern durch graphische Diffe-
rentiation der Kurven ermittelt, die den zeitlichen Verlauf der Bildung der
entsprechenden Reaktionsprodukte beschreiben.

Fir die Bildung von Propan und i-Butan ergibt sich ein von den priméren
Krackreaktionen abweichendes kinetisches Bild. Die Bildung von Propan ver-
lauft langsamer, die von i-Butan schneller als nach einer Kinetik erster Ord-
nung zu erwarten wdre. Hierbei spielt aber offensichtlich auch eine Vergiftung
des Katalysators bzw. ein autokatalytischer ProzeR eine Rolle, denn bei den
ohne Regenerierung aufeinanderfolgenden Versuchen nimmt die gebildete
Propanmenge stdndig ab, die i-Butanmenge dagegen zu.

Zundchst liegt der Gedanke nahe, daRR das gebildete Propan durch Hy-
drierung eines Teils des primd&r gebildeten Propylens noch wéhrend des Durch-
gangs durch den Krackreaktor entsteht. Diese Mdglichkeit muf3 aber u. a.
schon deswegen ausgeschlossen werden, weil zwar hinsichtlich der Propan-
bildung, nicht aber fur die Dehydrierung des Reaktanden eine Vergiftung des
Katalysators festzustellen ist. Bei der Bildung des i-Butans spielt anscheinend
der Partialdruck des in der Gasphase des Zirkulationssystems verbleibenden
Restdthylens eine Rolle. Untersuchungen Uber die zur Bildung von Propan
und i-Butan fihrenden Nebenreaktionen sind Gegenstand der folgenden Mit-
teilung.

Wird i-Butan als Reaktand eingesetzt, so verlduft nur die Methan als
primares Reaktionsprodukt ergebende Krackung nach einer Kinetik erster
Ordnung. Die W asserstoffbildung verlauft etwas schneller und ist kinetisch
nicht auswertbar, da die Menge des gebildeten W asserstoffs bei den ohne Rege-
neration aufeinanderfolgenden Versuchen von Versuch zu Versuch immer etwas
groRer wird. Auf die mdglichen Ursachen fiir dieses von Propan und n-Butan
abweichende Verhalten wird spdter noch eingegangen. Es sei noch vermerkt,
daB ebenfalls wie bei der n-Butankrackung Neben- bzw. Folgereaktionen auch
zur Bildung von Propan (3—4% des Gesamtumsatzes), des isomeren n-Butans
und von i-Pentanspuren fihren. Die durch Weiterreaktion dieser Sekundér-
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produkte entstehenden Mengen der auch als primdre Reaktionsprodukte auf-
tretenden Verbindungen W asserstoff und Methan wurden auf die bei der
n-Butankrackung schon dargelegte Weise berechnet und bei der Auswertung
berucksichtigt.

Abb. 3. Geschwindigkeit-konstanten der Krackung (CH4) und Dehydrierung (H2 von Propan

bei einer Reaktionstemperatur von 450 °C an deamminiertem NH4-Klinoptilolit (linke Ordi-

nate) und Krackselektivitdt (rechte Ordinate) in Abhé&ngigkeit von der Vorbehandlungs-

temperatur. Strich-Punkt-Kurven: nach Rehydratation des bei 536 °C vorbehandelten Kata-

lysators. Gestrichelte Geraden: nach Rehydratation des bei 690 °C vorbehandelten Kata-
lysators.

In Abb. 3sind die experimentell ermittelten Geschwindigkeitskonstanten
der Dehydrierung (H2 und Krackung (CH4) von Propan bei einer Reaktions-
temperatur von 450 °C sowie die Krackselektivitat in Abh&ngigkeit von der
Vorbehandlungstemperatur des Klinoptilolit-Katalysators dargestellt. Der bis
zu einer Temperatur von 690 °C ausgeheizte Klinoptilolit wurde bei Zimmer-
temperatur mit Wasserdampf gesdttigt und nach darauffolgendem Ausheizen
bei 536 und 690 °C nochmals als Katalysator eingesetzt. Die bei diesen Ver-
suchen erhaltenen Geschwindigkeitskonstanten sind in Abb. 3 zur Kenn-
zeichnung der Zusammengehdrigkeit durch gestrichelte Geraden verbunden.
Die Strich-Punkt-Kurven beziehen sich auf einen Klinoptilolit-Katalysator,
der zunéchst bei 536 °C ausgeheizt und danach bei Zimmertemperatur mit
W asserdampf geséttigt wurde.

In Abb. 4 sind die Geschwindigkeitskonstanten der Dehydrierung (H2
und Krackung von re-Butan (ausgezogene Kurven: CH4= Spaltung der 1-Bin-
dung; C2H6= Spaltung der 2-Bindung) sowie der Krackung von i-Butan
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(gestrichelte Kurve) bei einer Reaktionstemperatur von 450 °C in Abhé&ngigkeit
von der Vorbehandlungstemperatur des Katalysators dargestellt. AuBerdem
sind noch die Selektivitatskurven fiir die n-Butanreaktionen angegeben, die
den Anteil der beiden Krackreaktionen am Gesamtumsatz bzw. den Anteil

Abb. 4. Geschwindigkeitskonstanten der Krackung der 1-Bindung (CH4) und 2-Bindung

<C2H6) sowie der Dehydrierung (H2 von n-Butan und der Krackung von i-Butan (CH4,

gestrichelte Kurve) bei einer Reaktionstemperatur von 450 °C an deamminierten Klinop-

tilolit (linke Ordinate) und Krackselektivitdt (rechte Ordinate) in Abhdngigkeit von der
Vorbehandlungstemperatur.

Abb. 5. Arrhenius-Diagramme fur Dehydrierung (H2 und Krackung der 1-Bindung (CH4)
und 2-Bindung (C2He) von ra-Butan an bei 543 °C vorbehandeltem NH4Klinoptilolit.

der an der 1-Bindung angreifenden Krackreaktion an der durch Krackung
umgesetzten re-Butanmenge wiedergeben.

Die Geschwindigkeitskonstanten wurden jeweils fiir mehrere Reaktions-
temperaturen bestimmt und der Arrhenius-Gleichung entsprechend aufgetra-
gen. In Abb. 5sind als Beispiel die Arrhenius-Diagramme fiir die Dehydrierung
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und die Krackung der beiden Kohlenstoff-Bindungen des ra-Butans an einem
bei 543 °C vorbehandelten NH4-Klinoptilolit wiedergegeben. Aus diesen Dia-
grammen wurden die scheinbaren Aktivierungsenergien der einzelnen Parallel-
reaktionen mit einer Genauigkeit von im allgemeinen 1—2 kcal/Mol ermittelt.
In Tab. | sind die fir die scheinbaren AKktivierungsenergien der einzelnen
Reaktionen erhaltenen Werte angeflhrt.

Tabelle 1
___________________ ! Aktivierungsenergie in kcal/Mol
Reaktand VOszgrma[?dl'_ Krackung
Dehydrierung . .
1-Bindung 2-Bindung
462 37,6 34,4
494 34,3 33,0
532 36,6 34,3
581 33,7 32,3
624 33,4 31,7
'c3h 8 690 32,0 334
536* 33,9 31,1
690* 33,0 32,5
496** 34,8 32,1
536** 34,1 32,8
543 29,1 26,8 27,0
587 28,5 26,9 26,0
6-C4H 10 635 28,0 27,2 26,3
660 29,2 27,2 27,3
543 21,2
587 nicht 19,4
[-CaH 10 635 bestimmbar 20,2
660 20,8

* Nach Ausheizen bei 690 °C, nachfolgender Wasserdampfadsorption bei Zimmertem-
peratur und erneutem Ausheizen bei der angegebenen Temperatur

** Nach Ausheizen bei 536 °C, nachfolgender Wasserdampfadsorption bei Zimmer-
temperatur und erneutem Ausheizen bei der angegebenen Temperatur

Das als Katalysator verwendete Klinoptilolit-Gestein enth&lt an kristal-
linen Komponenten — wie die Rdntgendiffraktogramme zeigen — neben
Klinoptilolit noch geringere Mengen von Quarz, Feldspat und Cristobalit.
Montmorillonit ist offensichtlich nicht oder nur in geringen Mengen zugegen,
da der dafir charakteristische diffuse, breite Peak bei kleinen Reflexions-
winkeln nicht zu beobachten ist.
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Der Mindestgehalt des Gesteins an Klinoptilolit kann abgeschétzt wer-
den, wenn man annimmt, dal der beim Austausch gegen NH4-lonen maximal
zu erreichende Austauschgrad von 1,64 mVal pro g wasserfreie deamminierte
Substanz einem 100%igen Austausch entspricht und das Gestein — wofir
die Rontgenuntersuchungen sprechen — aufler Klinoptilolit keine ins Gewicht
fallenden Mengen ionenaustauschender Begleitminerale enth&lt. Unter Zugrun-

Abb. 6. Elektronenmikroskopische Aufnahme der Oberflaéche von thermisch nicht vorbehan-
deltem NH4Klinoptilolit.

delegung der Formel Me20 «A1203 + 10,8 Si02 die aus der chemischen Zusam -
mensetzung eines praktisch reinen Klinoptilolits erhalten wurde (siehe [17]),
errechnet sich somit der Klinoptilolit-Gehalt der wasserfreien NH4-Form zu
etwa 61%.

Das Klinoptilolit-Gestein ist — wie die in Abb. 6 wiedergegebene, nach
dem Kohlehiulleabdruckverfahren angefertigte elektronenmikroskopische Auf-
nahme der NH4-Form erkennen laR8t — ein Agglomerat von meist ldnglichen,
unregelméfigen Kristalliten mit Teilchengrofen von etwa 0,05 bis 1 /xm. Mit
steigender Yorbehandlungstemperatur, also zunehmender Dehydroxylierung
werden zwar die Ecken und Kanten der Kristallite zunehmend unscharfer,
Grole und Verteilung dieser Agglomerat-Teilchen &ndern sich aber nicht
wesentlich. Das ist aus der in Abb. 7 als Beispiel wiedergegebenen elektronen-
mikroskopischen Aufnahme der bei 700 °C vorbehandelten NH4-Form zu
erkennen.

In Ubereinstimmung damit ist die mit einem Quecksilberporosimeter
gemessene Makroporenverteilung (interkristallines Porenvolumen) praktisch
unabhdngig von der Vorbehandlungstemperatur. Durch Tempern der NH4
Form bei 700 °C wird das Maximum der Porenverteilungskurve lediglich von
210 A auf etwa 240 A (Porendurchmesser) verschoben.

Die bei — 196 °C aufgenommenen Krypton-Adsorptionsisothermen dndern
sich — wie aus Abb. 8 zu ersehen ist — ebenfalls nicht wesentlich mit der Vor-
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behandlungstemperatur. Die aus diesen Isothermen nach BET berechneten
OberflachengroBen liegen zwischen 39,8 und 31,4 m2g. Da Krypton bei
— 196 °C nicht in das Innere der Klinoptilolit-Kristallite einzudringen vermag,

Abb. 7. Elektronenmikroskopische Aufnahme der Oberflache von bei 700 °C vorbehandeltem
NH4Klinoptilolit.

Abb. 8. Krypton- (links) und Stickstoff-Adsorptionsisothermen (rechts) an bei verschiedenen
Temperaturen vorbehandeltem NH4-Klinoptilolit. Adsorpt-.Temp.: —196 °C.

handelt es sich hierbei um die Oberflache des Makroporenraumes, also haupt-
sédchlich um die &uRere Oberfliche der Klinoptilolit-Kristallite.

Die bei —196 °C aufgenommenen, in Abb. 8 ebenfalls wiedergegebenen
N2-Adsorptionsisothermen zeigen den fiir die Adsorption in Zeolithen charak-
teristischen Verlauf. Die Sorptionskapazitdt nimmt mit steigender Vorbehand-
lungstemperatur stark ab, was eine Zerstérung der Klinoptilolit-Struktur
anzeigt. In Ubereinstimmung damit stehen rontgendiffraktometrische Unter-
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suchungen. In Abb. 9ist die Peakfldche der intensivsten Reflektion (020-Ebene)
in Abhdngigkeit von der Vorbehandlungstemperatur dargestellt. Wie zu erse-
hen ist, tritt mit steigender Vorbehandlungstemperatur ein in den Ausmalien
mit der Verminderung der N2Adsorptionskapazitdt vergleichbarer Verlust an
Kristallinitat ein.

Abb. 9. Rontgendiffraktogramm-Peakflache der intensivsten (020) Reflexion am NH4
Klinoptilolit in Abhéngigkeit von der Vorbehandlungstemperatur.

All diese Beobachtungen zusammenfassend kann gesagt werden, dalR bei
der thermischen Behandlung der als Katalysator eingesetzten NH4-Form des
ungarischen Klinoptilolits die Kristallstruktur der Klinoptilolit-Kristallite
schon bei relativ niedrigen Temperaturen (dehydroxylierter Mordenit ist z. B.
wesentlich thermostabiler [18]) fast vollstindig zusammenbricht, die »Sekun-
darstruktur« des Gesteins aber praktisch unbeeinfluft bleibt.

Diskussion

Bei der thermischen Behandlung von NH4-Zeolithen entsteht — wie
Uytterhoeven u. Mitarb. [19—21], Ward [22, 23] und viele andere am Fau-
jasit des Y-Typs und Karge [24] am Mordenit durch IR-spektroskopische
und thermoanalytische Untersuchungen eindeutig festgestellt haben — nach
den folgenden schematischen Reaktionsgleichungen zundchst unter Abspal-
tung von Ammoniak die Zentren des Bronsted-Typs (A) enthaltende W asser-
stoff-Form des Zeoliths, die bei héheren Temperaturen unter W asserabspaltung
in die saure Zentren des Lewis-Typs (B) und basische Bronstedzentren (€) auf-
weisende sog. dehydroxylierte Form Ubergeht:
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Sowohl beim Faujasit als auch beim Mordenit, aber auch beim Klinopti-
lolit [18] Uberlappen sich die Temperaturbereiche, in denen diese beiden Reak-
tionen ablaufen, nur wenig. Es ist also zu erwarten, daB gewisse Schlisse Uber
die chemische Natur der aktiven Zentren zu ziehen sind, wenn die katalytische
Aktivitdt und Selektivitdt in Abh&ngigkeit von der thermischen Vorbehand-
lung der NH4Zeolithe untersucht wird.

Abb. 10. Kristallgitter des mit Klinoptilolit isostrukturellen Heulandits [25].

Klinoptilolit ist bekanntlich isostrukturell mit Heulandit, und man darf
deshalb die in Einzelheiten aufgeklarte Kristallstruktur dieses Zeoliths [25]
— die in Abb. 10 dargestellt ist — auch dem Klinoptilolit zugrunde legen.
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Die relative Instabilitdt des H-Klinoptilolits bei thermischer Behandlung ist
nun aufgrund dieser Struktur leicht zu erkldren, wenn man annimmt, daf bei
der Dehydroxylierung — entweder infolge einer entsprechenden Verteilung
der Al- und Si-Atome in Gitter oder durch hei den betreffenden Temperaturen
leicht vorstellbare Oberflachendiffusion von 0 2~-lonen — vornehmlich die
Brickensauerstoffatome aus dem Kristallverband heraustreten, die die in der
Heulandit-Struktur vorliegenden Schichten miteinander verbinden. In einem
solchen Falle ist zu erwarten, dall bereits der Austritt von relativ wenigen
Gittersauerstoffatomen eine betrdchtliche Instabilitdt des Gitters parallel zu
den Schichten zur Folge hat.

Es ist wiederholt festgestellt worden, dal die katalytische Aktivitdt von
NH4-Zeolithen mit steigender Vorbehandlungstemperatur durch ein Maximum
geht. Turkevich und Ono [26] beobachteten bei der Krackung von 2,3-Dime-
thylbutan an Y -Faujasit ein Maximum bei etwa 450 °C, wdhrend Hopkins [6]
bei der Krackung von re-Hexan und ra-Heptan an deamminiertem NH4—Y
und NH4—L Aktivitdtsmaxima bei etwa 550 °C konstatierte. Bei der Alkylie-
rung von Benzol [27] und der Disproportionierung von Toluol [3] an Y-Fau-
jasit wurde eine maximale Aktivitdt bei Vorbehandlungstemperaturen von
etwa 600 °C gefunden. Hickson und Csicsery [28] beobachteten bei der Iso-
merisierung von I-Methyl-2-4thyl-benzol und Didthylbenzol an Y -Faujasit ein
Maximum bei etwa 650 °C. Im Falle des Mordenits liegen die Aktivitditsmaxima
(Disproportionierung von Toluol, Krackung von re-Butan und n-Pentan) bei
noch hdheren Temperaturen, und zwar bei nahezu 700 °C [3].

Aus Abb. 3 ist zu ersehen, daR ein solches bei etwa 500 °C liegendes
Aktivitdtsmaximum auch bei der Krackung und Dehydrierung von Propan
an getempertem NH4Klinoptilolit auftritt. Als einfachste Erklarung fir die
Ausbildung dieser Maxima wdére anzunehmen, daR saure Brdnstedzentren (A)
katalytisch aktiv sind, denn die Zahl dieser Zentren muB ja infolge des konse-
kutiven Verlaufs der Reaktionen (1) und (2) mit steigender Temperatur durch

ein Maximum gehen. Diese Annahme ist aber nicht haltbar, da — wie IR-
spektrophotometrische [29, 30] und thermogravimetrische [18] Untersuchun-
gen gezeigt haben — die Deamminierung von NH4Klinoptilolit bereits bei

Temperaturen um 400 °C praktisch beendet ist und bei einer Temperatur von
500 °C, bei der das Aktivitdtsmaximum liegt, schon eine merkliche Dehydroxy-
lierung eingesetzt hat.

Auch im Falle des Faujasits liegen — worauf mehrere Autoren hinwei-
sen — die Aktivitditsmaxima bei betrdchtlich héheren Temperaturen als das
Maximum der Oberflachenkonzentration der Bronstedzentren, und zwar in
einem Temperaturbereich, in dem bereits eine partielle Dehydroxylierung vor-
liegt (s. auch [31]). Hopkins [6] nimmt deshalb an, daf ausschlieBlich oder
zumindest vorwiegend die am starksten sauren, also erst bei relativ hohen
Temperaturen gebildeten Brdnstedzentren aktiv sind. W é&re eine solche Inho-
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mogenitdtin der Sdurestdrke Ursache fir das Auftreten der Aktivitdtsmaxima,
so sollten Unterschiede in den scheinbaren Aktivierungsenergien der ablaufen-
den Reaktionen zu beobachten sein. Aus Tab. | ist jedoch zu ersehen, dal die
scheinbare Aktivierungsenergie fur die Propankrackung innerhalb der Fehler-
grenzen unabhédngig von der Vorbehandlungstemperatur ist. Die Aktivierungs-
energie fir die Dehydrierung des Propans scheint sogar mit steigender Vor-
behandlungstemperatur geringfigig abzunehmen, allerdings nicht nur in dem
in diesem Zusammenhang interessierenden Bereich bis 500 °C.

W ahrscheinlicher ist deshalb die von Lunsford [32] sowie Turkevich
und Ono [26] vertretene Auffassung, dall ein Zusammenwirken von Brénsted-
und Lewiszentren anzunehmen sei. Nach Lunsford wirken die Defektstellen
des Typs B (Reaktion 2) induktiv auf benachbarte Hydroxylgruppen und
erhdhen deren Sédurestdrke. Als katalytisch aktiv werden nur die so induktiv
aktivierten Bronstedzentren angesehen. Der Verlauf der Aktivitatskurven IaRt
sich dann damit erkldren, dafl die Zahl dieser aktiven Zentren im Temperatur-
bereich unterhalb des Maximums durch die Oberflaichenkonzentration der
Defektstellen, oberhalb des Maximums dagegen durch die der noch verbliebe-
nen Brénstedzentren limitiert wird.

Fir diese Annahme spricht, daR das Aktivitditsmaximum stets in dem
Temperaturbereich auftritt, in dem die Zeolithe bereits partiell dehydroxyliert
sind. Die verschiedenen Literaturangaben lassen leider keine weitergehenden,
quantitativen Beziehungen zwischen katalytischer Aktivitdt und Dehydroxy-
lierungsgrad erkennen und lassen auch keine genauen Vergleiche untereinander
zu, da z.T. betrédchtliche Unterschiede in den den Dehydroxylierungsgrad
mitbedingenden Faktoren, ndmlich in Zusammensetzung und Austauschgrad
der Zeolithe einerseits und bestimmten Temperungsbedingungen (Druck, Zeit-
dauer) andererseits bestehen. Hinzu kommt, dall bisher — und darauf hat auch
schon Ward [33] hingewiesen — dem bei hdheren Temperaturen eintretenden
partiellen oder totalen Zusammenbruch der Kristallstruktur dehydroxylierter
Zeolithe keine oder zu wenig Beachtung geschenkt wurde.

Es muB aber bemerkt werden, dal bei einigen katalytischen Reaktionen
an H-Zeolithen, z. B. bei der Cumolkrackung [26, 34], kein Maximum im
Bereich der partiellen Dehydroxylierung auftritt. Fur die Buten-Doppelbin-
dungsisomerisierung an H-Klinoptilolit [30, 35] wurde gezeigt, dal Aktivitat
und Oberflaichenkonzentration der Brdnstedzentren parallel verlaufen. Bei
diesen Reaktionen sind also — im Gegensatz zu den ein Aktivitdtsmaximum
aufweisenden Reaktionen — offensichtlich nur die Brdnstedzentren (A) als
aktive Zentren und ein reiner Carboniumionen-Mechanismus anzunehmen.

Wenn wir nun im folgenden den Versuch unternehmen, aus den dargeleg-
ten Versuchsergebnissen Rickschlusse auf einen mdglichen Reaktionsmecha-
nismus oder zumindest auf Teilschritte des Mechanismus zu ziehen, so muR
unbedingt auch der — wie aus den Abb. 3, 4 und 9 zu ersehen ist — weit-
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gehend parallele Verlauf des Aktivitdts- und Kristallinitdtsverlustes nach dem
Aktivitdtsmaximum Berlcksichtigung finden. Weiterhin ist dem Umstand
Beachtung zu schenken,daR die Krackaktivitdt mit steigenderVorbehandlungs-
temperatur schneller als die Dehydrieraktivitdt abnimmt, was sich in einer
Verschiebung der Selektivitdt des Katalysators zuungunsten der Krackreak-
tion duBert.

Nicht nur das Aktivitditsmaximum, sondern auch diese Selektivitats-
verschiebung lassen einen Zweizentren-Mechanismus als sehr wahrscheinlich
erscheinen. Die angefihrten experimentellen Befunde kdnnen widerspruchslos
erklart werden, wenn fir die Dehydrierung die Defektstellen (B), fur die
Krackung jedoch die Kombination eines sauren Brdnstedzentrums (A) mit
einer benachbarten Defektstelle (B) als katalytisch aktive Zentren angesehen
werden. Die Anzahl der fur die Krackaktivitdt verantwortlichen kombinierten
Zentren ist natlrlich zunédchst mit zunehmender Dehydroxylierung praktisch
nur von der Oberflaichenkonzentration der Defektstellen und nicht von der
der Bronstedzentren abhédngig. Erst wenn die Dehydroxylierung ziemlich weit
fortgeschritten ist, beginnt die statistische Wahrscheinlichkeit, daf sich in
Nachbarschaft einer neu entstehenden Defektstelle noch ein Brdnstedzentrum
befindet, schnell geringer zu werden. Damit erklart sich die nicht mit einer
Selektivitdtsverschiebung einhergehende Aktivitdtszunahme im Temperatur-
bereich unterhalb des Maximums und die Selektivitdtsverschiebung bei hdhe-
ren Dehydroxylierungsgraden. Auf den mit zunehmender Dehydroxylierung
fortschreitenden Zusammenbruch des Gitters und der damit verbundenen Ver-
ringerung der aktiven Defektstellen des Typs B ist offensichtlich zuriickzufih-
ren, daB auch die Dehydrieraktivitdt ein Maximum durchlduft.

In Ubereinstimmung damit steht, daR nach Ausheizen des Katalysators
bei 536 bzw. 690 °C (Punkt-Strich-Kurve bzw. durch gestrichelte Geraden ver-
bundene MeRpunkte inAbb. 3) und nachfolgender Rehydratation durch Adsorp-
tion von Wasserdampf bei Zimmertemperatur die maximale Aktivitdt nicht
wieder erreicht wird, denn der partielle Gitterzusammenbruch kann natirlich
nicht durch Rehydratation rickgédngig gemacht werden. Es hat jedoch den
Anschein, daB zumindest ein Teil der B- und C-Zentren, die in den nach einer
Vorbehandlung bei 690 °C noch intakten Bereichen der Kristallstruktur vor-
liegen, wieder in Brénstedzentren des Typs A Uberfiihrt werden kénnen, denn
nach Rehydratation und nachfolgendem Ausheizen bei 536 °C nimmt die
Geschwindigkeit der Krackreaktion um etwa 30% zu, wihrend die der Dehy-
drierung um einige Prozente abnimmt (s. Abb. 3).

Zweifellos interessant ist die Feststellung, daB das Verhdltnis der sich
auf die Spaltung der 1-und 2-Bindung von n-Butan beziehenden Geschwindig-
keitskonstanten innerhalb der Fehlergrenzen unabh&ngig von der thermischen
Vorbehandlung des Katalysators ist. Das weist darauf hin, daR die an den
verschiedenen Bindungen eines Kohlenwasserstoffmolekiils ansetzenden Spalt-
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reaktionen an gleichartigen aktiven Zentren ablaufen, erkldrt jedoch noch
nicht, daB die fir die Spaltung der sich in der Festigkeit unterscheidenden
beiden Bindungen erforderlichen Aktivierungsenergien gleich sind. Diese Uber-
einstimmung ist héchstwahrscheinlich einem der Oberflachenreaktion vor-
angehenden, geschwindigkeitsbestimmenden Reaktionsschritt, also der Chemi-
sorption des Reaktanden bzw. der Bildung des »aktiven Oberflaichenkomplexes«
zuzuschreiben. Das bedeutet, daR die Aktivierungsenergien der Oberflachen-
reaktionen im Vergleich zu der des Sorptionsschrittes sehr gering sind.

Die experimentelle Feststellung, daB sowohl bei der katalytischen Umset-
zung des Propans als auch bei der des n-Butans Dehydrierung und Krackung
ebenfalls jeweils anndhernd die gleiche scheinbare Aktivierungsenergie erfor-
dern, deutet darauf hin, daB Krack- und Dehydrierreaktionen tUber den glei-
chen »aktiven Oberflaichenkomplex« verlaufen. Daraus und aus den oben ange-
fihrten Uberlegungen (iber die Natur der aktiven Zentren folgt, daR der aktive
Oberflachenkomplex durch Chemisorption des Reaktanden an der Defektstelle
des Typs B gebildet wird, bei der Aufspaltung einer C-C-Bindung des Komple-
xes aber — im Gegensatz zur Dehydrierung — noch ein saures Brdnsted-
zentrum (A) am Mechanismus beteiligt ist.

Mit diesen SchluBfolgerungen ist auch die Kinetik der Krack- und Dehy-
drierreaktionen vertrdglich. Ausgehendvom Langmuirschen Adsorptionsmecha-
nismus ist bekanntlich leicht abzuleiten, daR die Bruttoreaktion nach erster
Ordnung verlduft, wenn die Chemisorption des Reaktanden der geschwindig-
keitsbestimmende Schritt ist und eine geringe Bedeckung der aktiven Zentren
vorliegt.

Seit langem ist bekannt, daB an den herkémmlichen Krackkatalysatoren
Paraffine mit tertidren C-Atomen wesentlich schneller als die geradkettigen
Paraffine mit gleicher C-Atomzahl gekrackt werden [36]. In Uberenstimmung
damit ist die scheinbare Aktivierungsenergie fur die Krackung von i-Butan
an H-Klinoptilolit geringer als die fir die re-Butanspaltung. Das ist zu erwar-
ten, da ja das am tertidren C-Atom gebundene W asserstoffatom reaktionsfahi-
ger als ein H-Atom eines sekunddren C-Atoms ist. Trotzdem wird aber an
H-Klinoptilolit — wie aus Abb. 4 zu ersehen ist — n-Butan viel schneller als
i-Butan gekrackt. Es liegt auf der Hand, dall diese Selektivitdt darauf zuriick-
zufihren ist, daB zwar geradkettige, nicht aber verzweigte Paraffine in das
durch die zeolithische Kristallstruktur gegebene Porensystem der Klinoptilolit-
Kristallite einzudringen vermdégen. Die Krackung von i-Butan verlduft also
nur an der mit etwa 30 m2g relativ kleinen &uBeren Oberflache der Kristallite,
und zwar mit einer Geschwindigkeit, die um mehr als eine GrdéRBenordnung
geringer als die der n-Butankrackung ist.

W é&hrend nun aber die Aktivitdt der n-Butankrackung mit steigender
Vorbehandlungstemperatur abnimmt, zeigt die entsprechende Kurve fir
i-Butan gerade einen entgegengesetzten Verlauf. Daraus folgt, daB mit zuneh-
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mendem Zusammenbruch des Kristallgitters mehr aktive Zentren fiir i-Butan
zugénglich werden, da die scheinbare Aktivierungsenergie gleich bleibt und
somit eine qualitative Verdnderung der aktiven Zentren auszuschlieBen ist.
Leider lassen unsere gegenwdrtigen Kenntnisse uUber die Art des partiellen
Gitterzusammenbruchs und die damit einhergehenden Verdnderungen der
Oberflachenstrukturen des Klinoptilolits vorerst nur rein spekulative Erkl&-
rungen dieses Effektes zu, auf die hier aber nicht eingegangen werden soll.

Die Kinetik der Dehydrierung von i-Butan konnte — wie schon
erwédhnt — nicht bestimmt werden. Offensichtlich reagiert das als priméres
Dehydrierprodukt entstehende i-Butylen noch wahrend des Durchgangs durch
den Krackreaktor oder am Katalysator in gréferen Mengen chemisorbiert
bleibend zu einem bereits ins Gewicht fallenden Teil unter Wasserstoffentwick-
lung weiter. Es kénnte sich dabei z. B. um einen Ringschluff und Dehydrierung
der cyclischen Verbindungen handeln. Es liegt auf der Hand, dal solche Folge-
reaktionen, die aus sterischen Griunden nicht im Kanalsystem, sondern nur
an der duBReren Oberflache der Klinoptilolit-Kristallite ablaufen kénnen, selbst-
verstandlich nur bei der Untersuchung von i-Paraffinen zu wesentlichen Kom-
plikationen fuhren.

Deamminierter Klinoptilolit dirfte auch vom technischen Standpunkt
aus von Interesse sein, da damit — im Gegensatz zu den bisher in Krackanlagen
verwendeten Katalysatoren — die n-Paraffine weitgehend selektiv gekrackt
werden und somit zu erwarten ist, dall die oft erwiinschten verzweigten Kohlen-
wasserstoffe in gréBeren Ausbeuten erhalten werden. Hinzu kommt, daR diese
Selektivitdt des Katalysators einfach durch Tempern bei bestimmten Tempera-
turen in sehr weiten Grenzen variierbar ist. SchlieBlich sei noch bemerkt, daf
das in Ungarn vorkommende Klinoptilolit-Gestein mit minimalen Selbstkosten
in praktisch beliebigen Mengen abgebaut werden kann und eine fur die direkte
Verwendung als Katalysator ausreichende Festigkeit aufweist.

*
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A study was made at 0 and 20 °C of the specific conductivity, as a function of
the composition, in mixtures of n-butylamine with methanol, ethanol, 1-propanol and
1-butanol. In these mixtures the conductivity exhibits a maximum in the amine mole
fraction range 0.05—0.15. It was found that of the alcohol-amine associates formed
in the mixtures, the electrolytic dissociation of complexes containing several alcohol
and only one amine molecule is of primary importance as regards the conduction of
current. With the rise of temperature the specific conductivity increases in mixtures
containing little amine, and decreases in those containing little alcohol. On the basis
of the difference between the association properties of alcohols and amines, this phen-
omenon is interpreted by the assumption of the Grotthus conduction mechanism.

The formation and properties of the mixed associates developing in mix-
tures of primary amines and normal primary alcohols have already been studied
by various methods. It turned out from these studies, and mainly from those
employing thermodynamic methods, that the presence of association complexes
ofthe type AB or AtBj must on all accounts be reckoned with in such mixtures
[1—3]. Examination of the static dielectric properties of the n-propylamine—
1-propanol and ra-butylamine-l-butanol mixtures revealed that the dielectric
loss factor (tan d) exhibits a sharp maximum in the concentration range
between amine mole fractions of 0.1 and 0.2 [4]. On this basis it may be pre-
sumed that the specific conductivity, which can be measured more easily by
classical electrochemical methods, also varies similarly as a function of the
composition. The present paper gives an account of these investigations.

Experimental

Mixtures of n-butylamine with methanol, ethanol, 1-propanol and 1-butanol were
measured at 20 and 0 °C in the complete concentration range from pure alcohol to pure amine.

Prior to use the amines (Fluka, analytically pure) were freed from water by distillation
over magnesium. The alcohols used (Reanal, analytically most pure) were water-free.

The specific conductivities of the mixtures were determined in a thermostatable cell
with a Radelkis OK 102/1 conductometer. In the range under consideration the apparatus
operates at a frequency of 80 Hz; its highest sensitivity is 0.05 /(S/scalc division. The mixtures
of various concentrations were prepared by mixing the components according to volume.
The experimental results are given in Tables I—IV, where C is the amine concentration in
mole/l, and Xamjne is the mole fraction of the amine.
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Discussion

It can be seen from the data in Tables I—IV that in the four systems
examined the specific conductivity varies in a similarway as a function of con-
centration. In spite of the fact that the magnitude of the conductivity decreases
rapidly with the increase of the molecular weight of the alcohol component,
therefore, in the evaluation of the results it is possible to talk in general of

Table |

Specific conductivity of methanol-n-butylamine mixtures

c x,/iS cm-1
mole/1 nfamire at 20°C at 0°C
0 0 1.66 3.32
0.481 0.020 182.98 174.96
1.082 0.046 225.93 214.85
1.683 0.075 188.57 166.27
2.754 0.133 123.15 136.00
5.050 0.290 45.19 50.06
6.733 0.450 21.26 25.25
7.855 0.589 6.97 7.31
8.978 0.766 0.66 0.77
10 100 1.000 0.178 0.40

Table 11

Specific conductivity of ethanol-n-butylamine mixtures

c x,v S eml
mole/1 wfamine at 20°C at 0°C
0 0 0.678 Lii
0.918 0.056 12.45 9.00
1.680 0.105 14.23 10.00
2.330 0.151 12.05 11.05
2.880 0.192 10.60 10.60
3.880 0.270 9.12 9.13
5.050 0.372 6.28 6.34
6.220 0.485 3.34 3.47
8.080 0.700 0.578 111
8.180 0.854 0.267 0.713
10.100 1.000 0.178 0.400
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Table 1M

Specific conductivity of 1-propanol-n-butylamine mixtures

c XJUuS 311
roleft wiamire at 20°C at 0°C
0 0 0.76 0.67
0.918 0.070 4.45 3.56
1.680 0.131 5.12 3.92
2.330 0.184 5.03 3.96
2.880 0.232 472 3.56
3.880 0.320 3.87 3.03
5.050 0.430 2.45 2.13
6.220 0.546 1.25 1.30
8.080 0.750 0.36 0.64
9.180 0.880 0.27 0.67
10.100 1.000 0.178 0.40
Table IV

Specific conductivity of 1-butanol—n-butylamine mixtures

c X /XS cm-1
molef1 wianine at 20°C at0°c
0 0 031 051
0918 0.085 1.60 1.49
1.680 0.133 1.69 158
2330 0.218 1.65 1.58
2.880 0.270 1.56 153
3.880 0.367 1.20 116
5.050 0.480 0.80 0.79
6.220 0.598 0.53 0.70
8.420 0.820 0.27 0.55
9.320 0.917 031 0.46
10.100 1.000 0.178 0.40

(It should be noted that the conductivities of the pure alcohols measured in this work
are somewhat larger than the literature values, probably because of the slight contamination
ofthe chemicals. However, this does not affect the findings relating to the observed phenomena).

alcohol-primary amine mixtures. The results measured at 20 °C are compared
in Figure 1. The specific conductivity can be seen to have a maximum in the
concentration range 1—2 mole/l. Inspection of the concentrations relating to
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these specific conductivity maxima, or more appropriately the concentrations
expressed in the mole fractions of the amine, it can be seen that the position
of the maximum on the mole fraction scale is shifted towards higher amine
contents with the increase of the molecular weight. This is shown in Table V.

|V| ------- methanol
200 . e ethanol
.I | --1-propanol
| \ -------- I-butanol
i\
150
‘£
100
50
\
Vv

2 4 6 8 10
¢ [mole /1]amine

Fig. 1. Specific conductivity of re-hutylamine-alcohol mixtures at 20 °C

The temperature dependence of the specific conductivity reveals that in
the range of low and medium amine concentrations the conductivity increases
with the increase of the temperature, whereas for mixtures with higher amine

Table V

Composition of mixtures exhibiting maximum specific conductivity at 20 °C

Mixture with max. specific

Component  accompanying conductivity
n-butylamine c .
niole/l -famine
Methanol 1.2 0.05
Ethanol 1.7 0.11
1-Propanol 1.8 0.14
1-Butanol 1.6 0.15
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contents the conductivity falls as the temperature rises. This can be seen in
Figures 2—5. These observations can be interpreted by consideration of the
association properties of alcohols and amines. Our hypothesis, which provides
a qualitative explanation for the experimental results presented, and at the

Fig. 2. Specific conductivity of n-butylamine-methanol mixtures

same time is not in contradiction with other experimental results relating to
alcohols, amines and their mixtures, is as follows.

In the liquid phase, pure alcohols consist of association complexes of
cyclic and chain form. It was earlier shown that in such systems the greatest
possible average degree of association is approximately 4, and this theoretical
conclusion was further confirmed experimentally [3, 5]. It was also found that
in the liquid phase ra-butylamine similarly contains associated molecules, but
the average degree of association in this system at 20 °C is only about 1.5.

Study ofthe mixed associates has so far shown that, although association
complexes of the type AB, B, ABtand AtBj may all be present, on pro-
ceeding from the pure alcohol towards the pure amine the average degree of
association decreases monotonously as a function of the composition. We feel
that this finding can justifiably be generalized to each of the mixtures exam-
ined. It follows simply from stoichiometric reasons and from what has been
said that (denoting the alcohol by A, and the amine by B) of the mixed
associates that oftype AtB must predominate in mixtures of low amine content.
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The maximum concentration of the association complex of type AB is
to be expected in the equimolecular mixture, or at a concentration close to this,
while in all probability the complex AB twill be present in significant amount
at concentrations close to the pure amine. The amounts of complexes of the

Fig. 3. Specific conductivity of n-butylamine-ethanol mixtures

type AtBj can not be too great, for if the combining of the amine and alcohol
associates were to be appreciable, then the monotonous decrease of the average

Fig. 4. Specific conductivity of n-butylamine-1-propanol mixtures
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Fig. 5. Specific conductivity of ra-butylamine-l-butanol mixtures

degree of association as a function of the composition would not be under-
standable. It appears from this physical picture and from the experimental
results that the maxima in the specific conductivities of the mixtures, at amine
mole fractions of 0.05—0.15, can be explained primarily by the electrolytic
dissociation of associates of the type AtB. A similar result is arrived at if the
possible structures of the associates are considered. The assumed structure of

the cyclic dimers is [6, 7]

R H
\ /N
N ,0—R  ormore probably: R—N—H—0—R
H/ \ H / \

It is difficult to conceive that an amine molecule would combine via a
triple hydrogen bond to an association complex consisting of several alcohol
molecules. We consider it more likely that the coupling takes place in the

following way:

J)—H-~-p—H— l....|—p—H ~—Ne
/
R7 R R R
or /H
H—NC
A /"R
O—H—0—H- ...)O—-H
R R R
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In all probability these associates possess a lower dissociation energy
than the cyclic dimers, and it thus seems an acceptable assumption that the
associates of the type A (B play a decisive role in the development of the
conductivity.

It must not be forgotten that, according to the Nernst—Thomson rule,
the degree of dissociation of weak electrolytes is the higher, the greater the
dielectric factor (relative permittivity; of the solvent, and this decreases from
the pure alcohol towards the amine [4]. It is probable, therefore, that the con-
centration of the associates capable of dissociation and the specific conductiv-
ity exhibit maxima at different compositions. If it is assumed that this effect
is quite considerable, then the experimental results can be interpreted merely
via the formation of cyclic dimers. This was pointed out in the discussion of
the dielectric properties of ra-butylamine—1-butanol mixtures [4]. Nevertheless,
as indicated in the literature [8], the Nernst—Thomson rule can be expected
to hold approximately only if the electrolyte also consists of ions in the solid
state. This is not so in the present case, and thus this rule can not be relied
upon sufficiently either. Here the electrolyte decomposes to ions by reaction
with the solvent, and can therefore be classified as a potential electrolyte.
Since the dissociation of potential electrolytes is a chemical process, the disso-
ciation depends much more on the chemical properties of the solvent than on
its dielectric constant.

To summarize, it can be said that the concentration dependence of the
specific conductivity of n-butylamine-alcohol mixtures can very probably be
explained by the presence of association complexes ofthe type AtB, containing
several alcohol molecules. We consider that the dissociation of the cyclic dimers
of type AB occurs to a much lower extent. The assumed mechanism of the
association and electrolytic dissociation is thus:

(ROH),, + RNH2~ (ROH~ARO-HgN+R  RNH3 + (ROH)nRO-~

If this stoichiometric equation is compared with the earlier [4] assumed
equation:
ROH + RNH2 RNH+ -OR ~* RNH3 + RO“

it is seen that there is no fundamental difference between the two conceptions.
The present conception is more general, and includes the earlier one too.

It is also wished to deal with the temperature dependence of the conduc-
tivity. It was seen in Figures 2—5 that the specific conductivity increases with
the increase of temperature at low amine concentrations, but decreases for
mixtures containing only a little alcohol. With the rise of temperature the
amount of mixed associates certainly decreases (the heat of mixing, interpreted
as the heat of the association reaction, is exothermic), and thus in low amine-
containing solutions the dissociation must increase considerably asthe temper-
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ature rises. In other words, this means that the electrolytic dissociation of
the associates of type A1tB is an endothermic process. In mixtures containing
little alcohol the change of the equilibrium of the electrolytic dissociation does
not compensate (and in principle it may even strengthen) the effect caused in
the conductivity of the mixture by the shift in the association equilibrium in
the case of a change of temperature.

Such a change in the conductivities of the pure amine and mixtures con-
taining much amine can he justified if the conduction in these proceeds simi-
larly to the Grotthus conduction mechanism, and so the proton exchange is
accelerated as a result of the larger association complexes present at the lower
temperature. This effect does not come about in the alcohols and the solutions
containing much alcohol, for besides the special association conditions of the
alcohols the average degree of association depends only very slightly on the
temperature [5].
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Calculated K — [<(Ax)2> + <(dy)2>]/(2r) values from spectroscopic data of
very approximate nature reveal that shrinkage effects cannot be the origin of the
apparent ring puckering of W3 9molecules determined in an electron diffraction study.

The electron diffraction study [1] of tungsten trioxide vapors shows the
trimeric species to be prevailing under the experimental conditions with anoz-
zletemperature of 1400 °Cin agreement with the findings of mass spectromet-
ric investigations [2, 3]. The most important conclusion from the electron
diffraction work by Hargittai et al. [1] is that the trimeric (W 033 molecules
have a six-membered ring structure (Fig. 1). An average value of 1.77 i 0.02 A
for the length of the tungsten-oxygen bonds was determined. The experimental
data could be better approximated with nonplanar ring models than with
planar ones. Figure 2 shows the experimental radial distribution together with
theoretical ones calculated for nonplanar (C3J) and planar (D3) ring configu-
rations. The ring puckering of the C3V model is characterized by the puckering
angle e in Fig. 3. The electron diffraction study emphasized that “the model
with C3Vsymmetry may be only one of a number of configurations of the six-
-membered ring structure of W3 9. Perhaps the structure of W39 may also
be described with a planar ring and D3hsymmetry with large shrinkage effects
caused by the enormous bending vibrations expected at this temperature.”

It was the aim of the present work to calculate shrinkages or rather the
quantities

K <(A)*Y + <(ny)2)
2r

for the W30 9ring structure to examine whether an average structure free from
shrinkage (this would correspond approximately to the ra parameters charac-
terized by distances between average positions of the nuclei [4]) could be
expected to be planar or nearly planar. In addition to the K values containing
the effect of the perpendicular vibrations, the mean parallel amplitudes
(I values) have been calculated and are presented here. The latter are expected
to be useful for future electron diffraction reinvestigations of the trimeric
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tungsten trioxide molecule. For a detailed description of the calculation pro-
cedures used the reader is referred to Cyvin’s hook [5].

From the beginning, however, the very approximate nature ofthe present
calculations must be emphasized. The most important difficulty arises from

—07
OK)

Fig. 1. Numbering of atoms in the W30 9 molecular model

Fig. 2. Experimental (E) and theoretical (Cjv and D) radial distributions of W30 9

Fig. 3. The puckering angle (e) of the C3V model of W30 9 determined to be 15—20° from
electron diffraction data [1]

the scarcity of reliable vibrational frequencies. On the basis of a matrix isola-
tion infrared spectroscopy study, for (W 03)3itself Weltner and McLeod [6]
present only three frequencies (out of the expected 17 active for the puckered
ring model) as positively identified, and even these three are not characterized
as to type, species and degeneracy. It might have been possible, however, to
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transfer force constants from similar molecules if reliable spectra had been
available. Frequencies for W 03and W309 (g, D3h) from JANAF Tables [7] do
not seem to be unambiguous enough and have not been used here. The fre-
quencies for WO0.2 [6, 7] seem to be reliable and those for tetrahedral W 04-
[7, 8] were also considered adequate because of the relative stability of this ion
as compared to the mixtures of the gaseous oxides.

The above considerations clearly stress the limitations of the present
calculations. On the other hand, the effects we are looking for, are relatively
large, as the variations of the W1...08 and W I...011 distances illustrate.
In the case of the planar ring these two types of distances are equivalent

Table |

Observed and calculated frequencies (cm 1) for (W03 3
(the geometrical parameters used are given in the text)

Calculated

Observed Puckered rin Planar rin:

force field force field
1024 1029 (E) 1035 (£")
941 951 (A) 980**(N/)
941 (E) 947**(dj")
9B1** (1) 942 (E")
932 928 (Ad 932**(Af)
860 887 (E) 8B %X
874 879 (Ad 885**(E")
826 827 (E) 832 (£")
487 507 (AX 389**(£")
402 (E) 380 (Af)
330 (Ad 304**(AT)

292 (E) 279 (£Y)
249 (E) 263**(A./)

248* ‘(Ad 260 (£
245 (Ad 242**(N1x")
212* ‘(Ad 226**(A1")

208 (E) 192 (£
192 (E) 192**(E")
19 (A 107**(E")
86 (E) 64 (AS)

* Observed by Weltner and McLeod [6] who give the following frequencies: 1024,
(941), (932), 874, (860), (848), (826), (776) and 487 (all in cm-1) with the values in parenthesis
marked W30 9 or W40 12

** Inactive in infrared
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(r 4.5 A). For the nonplanar ring models the W 1...08 and W 1...011
distances are not equivalent. According to the experimental data (cf. the radial
distribution in Fig. 2), the splitting is about 0.5 A or more. Accordingly, an
order of magnitude estimate of the shrinkages was expected to be revealing.

The calculations were performed on the basis of the data mainly for
W 02and WC>4~ and also ofintuition and experience. The influence of different
force fields and different geometrical parameter sets has also been checked.
Force field 1is close to having diagonal elements only, while force field 2 has
some reasonable interaction terms.

In spite of the very loose foundation, the calculated frequencies above
500 cm-1 showed, especially for the puckered ring model, remarkably good
correspondence to those of Welttner and McLeod [6]. Table I tentatively

Table 11

Calculated frequencies (cm 1) for (WOs)s
(the geometrical parameters used are given in the text)

Puckered ring Planar ring
a5 s Force field 1 NS
Aii 977 951 Al**: 950 980
950 928 788 947
881 879 250 304
686 507 229 242
301 330 A e 1031 932
259 245 429 263
140 119 E": 1031 1035
A**-. 1035 931 944 942
406 248 827 832
345 212 373 279
E: 1057 1029 257 260
944 941 162 192
898 887 Af**: 368 226
868 827 Af: 889 885
551 402 584 380
352 292 68 64
328 249 E"**: 827 885
263 208 611 389
229 192 313 192
89 86 112 107

** |nactive in infrared
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Table 111

Tentative |1 and K values (A) for (VP03)3 planar ring model
(the geometrical parameters used are given in the text)

Equilibr,
distance

1.870
1.680
3.455
3.708
4.535
2.744
2.967
4.875
2.920
5.135
5.822

Tentative | and K values (A) for (W 033, puckered ring

Force field 1
1400 °C

0.066
0.058
0.103
0.122
0.217
0.185
0.102
0.220
0.119
0.468
0.165

K

0.019
0.045
0.002
0.013
0.013
0.066
0.021
0.025
0.045
0.009
0.015

Table IVa

25°C

0.038
0.036
0.037
0.048
1.105
0.079
0.051
0.105
0.077
0.218
0.098

Force field 2
K
1400 °C 25°C
0.065 0.004
0.058 0.011
0.083 0.000
0.094 0.003
0.239 0.003
0.166 0.016
0.087 0.004
0.232 0.005
0.160 0.009
0.508 0.002
0.215 0.004

(the geometrical parameters used are given in the text)

Equilibr.
distance

1.870
1.680
3.455
3.609
4.205
2.744
2.757
4.781
4.542
4.976
2.961
2.961
4.300
5.697
5.798

Force field 1
1400 °C

0.066
0.058
0.103
0.108
0.271
0.174
0.124
0.126
0.245
0.188
0.118
0.118
0.507
0.246
0.214

K

0.018
0.043
0.001
0.008
0.015
0.046
0.025
0.006
0.015
0.008
0.044
0.025
0.025
0.014
0.009

25°C

0.038
0.036
0.045
0.053
0.118
0.082
0.064
0.060
0.110
0.087
0.062
0.061
0.218
0.111
0.098

Force field 2
K
1400 °C 25°C
0.067 0.004
0.058 0.008
0.100 0.000
0.107 0.002
0.303 0.003
0.160 0.009
0.124 0.005
0.154 0.001
0.272 0.003
0.200 0.002
0.157 0.008
0.157 0.005
0.558 0.005
0.287 0.003
0.281 0.002
Acta Chim. (Budapest) 84,
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1400 °C

0.019
0.058
0.002
0.013
0.016
0.088
0.022
0.029
0.051
0.012
0.020

1400 °C

0.018
0.059
0.002
0.008
0.019
0.071
0.025
0.010
0.019
0.012
0.051
0.032
0.032
0.020
0.014
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correlates the observed frequencies with those calculated for the puckered and
planar rings using force field 2. The frequency values are arranged in descending
order. Wertner and McLeod Observed the spectrum above 280 cm-1 only,
and, accordingly, there is no hint as to the reliability of our lowest frequencies.

Table Il gives our calculated frequencies with the two force fields for each
molecular model. Tables Il and IV (a, b) give the 1and K values calculated
Table 1Vb

Tentative | and K values (A) for (W 033 puckered ring .
(the geometrical parameters used are as follows: r(W=0) = 1.73 A, r(W—0) = 1.82 A,
<0=W =0 = 120°, <0-W -0 = 85° and <W -0 -W = 144°)
Calculated frequencies (cm-1):
944, 912, 867, 536, 374, 253, 135
953, 218, 187
1047, 937, 893, 800, 410, 318, 242, 209, 178, 93

Distance o e
. 1 =«
w 0 1—5 1.820 0.067 0.015
w==0 1—7 1.730 0.059 0.054
w. w 1—2 3.462 0.098 0.001
w. .0 1—4 3.439 0.115 0.006
w. .0 TF.8 4.178 0.285 0.019
0. .0 7—10 2.996 0.132 0.066
0..0 4—5 2.459 0.131 0.020
w. .0 1—11 4.739 0.166 0.011
0..0 4—7 4.348 0.237 0.020
0. .0 4—10 4.739 0.211 0.013
0. .0 —8 2.937 0.161 0.046
0. .0 4—11 2.937 0.161 0.029
o. .& 7—8 4.178 0.520 0.031
0..0 7—11 5.699 0.276 0.020
0. .0 10—11 6.623 0.309 0.014

with these force fields for the planar and two different puckered models, respec-
tively. The geometrical parameters used in the calculations the results of
which are presented in Tables I, Il, IIl and IYa are as follows

for puckered and planar rings:

r(W=0) = 1.68 A
r(W-0) = 1.87 A
<0=W =0 = 109.5°

<W —0—W = 135°
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and for the puckered ring in addition <0 —W—0 = 95°. The geo-
metrical parameters used for obtaining the results of Table IVb are pre-
sented in the same Table.

From the calculated K values (and without further calculation of ra
parameters or new radial distributions) it can be seen that the shrinkage
effects are by far not large enough to be the origin of the apparent ring pucker-
ing of the (W 033 molecules.

Financial support to BNC from the Norwegian Research Council for Science and
the Humanities is gratefully acknowledged.
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(Department of Biochemistry, L. Kossuth University, Debrecen)

Received December 18, 1973

Phenyl-2-0-methyl-/?-D-glucopyranoside (4),phenyl-3-0-mcthyl-/3-D-glucopyrano-
side (5), phenyl-4-0-methyl-/S-D-glucopyranoside (6), phenyl-4,6-di-O-methyl-jS-D-glu-
copyranoside (9), phenyl-2,4,6-tri-0-methyl-/?-D-glucopyranoside (17) and phenyl-3,4,6-
tri-O-methyl-jd-D-glucopyranoside (18) have been synthesized. Compounds 4, 5 and
6 were obtained from the corresponding partially methylated sugar acetates according
to the Helferich method, after saponification. The synthesis of compounds 9, 17
and 18 was carried out by methylating the products of the acid hydrolysis of C2- and
C3substituted benzylidene derivatives and subsequently debenzylating the methylated
products by catalytic hydrogenation. The hydrolysis of compounds 9, 17 and 18 afford-
ed 4,6-di-O-methyl-D-glucose (19), 2,3,6-tri-O-methyl-D-glucose (20) and 3,4,6-tri-
O-methyl-D-glucose (21), respectively, in good yield.

For the investigation of the mechanism of the action of emulsin, we have
prepared phenyl /S-D-glucopyranoside derivatives partially methylated on their
sugar moiety. These investigations have shown at the same time that syntheses
carried out through the /3phenylglucosides are more favourable than the
methods described so far in the literature, owing to the convenient way of
preparation of the intermediates and to the high yields of the individual steps.

Four isomers of the mono-O-methyl ethers of phenyl-/?-D-glucopyranoside
may exist. Of these, the 2-0- [1], the 3-0- [3, 4] and the 6-0-methyl [1, 5]
derivatives are known from the literature. The 2-0- and 3-0-methyl ethers were
obtained by the Koenigs-Knorr reaction of the corresponding acylhalo sugars
subsequent to saponification.

The simplified synthesis of these two isomers and of the so far unknown
phenyl-4-0-methyl-/?-D-glucopyranoside was made possible by our finding
that partially methylated sugar acetates can be prepared in a simple way by
methylation with diazomethane and that the products obtained, quite inde-
pendently of their anomeric configuration when treated by the Heirferich
method [6] in the presence ofp-toluenesulfonic acid, afford mixtures of anomers
of phenyl-tri-O-acetyl-mono-O-methyl-D-glucopyranoside rich in ~-anomers.
Of these mixtures, the /1-anomer can be separated simply by crystallization.

By this method we have prepared the corresponding phenyl-tri-O-acetyl-
mono-0-methyl-/J-D-glucopyranosides (1—3), from 1,3,4,6-tetra-0-acetyl-2-0-

*Part IV: Liptak, A., Seligmann, O.: Ber. (In press)
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methyl-a-D-glucopyranose (a) [7], from 1,2,4,6-tetra-0-acetyl-3-0-methy-/3-D-
glucopyranose (6) [8] and from 1,2,3,6-tetra-0-acetyl-4-0-methyl-/?-D-gluco-
pyranose (c) [7]. The saponification of these compounds according to Zemplén
gave the desired phenyl-mono-0-methyl-/5-D-glucopyranosides (4—86).

Of the theoretically possible six isomeric phenyl-/?-D-glucopyranoside-di-
O-methyl ethers, the syntheses of the 2,3- [4], 2,4- [9], 2,6- [1], 3.,4- [1] and
3.6- [1] isomers are already known.

The lacking sixth isomer, 4,6-di-O-methyl-D-glucopyranoside (8), was
synthesized from phenyl-2,3-di-0-benzyl-/?-D-glucopyranoside (d), described by
Micheel et al., [10]. On methylating d according to Kuhn [11], we obtained
phenyl-2,3-di-0-benzyl-4,6-di-0-methyl-/S-D-glucopyranoside (7) the catalytic
hydrogenation of which afforded the glucopyranoside 8.

The syntheses of 2 of the theoretically possible four tri-O-methyl isomers,
phenyl-2,3,4- [1, 12] and phenyl-2,3,6-tri-O-methyl-B-D-glucopyranoside [1],
which also confirm their structures have been described recently.

The synthesis of the other two isomers was made possible by the suc-
cessful preparation of plienyl-4,6-0-benzylidene-2-0-methyl- (9) and phenyl-
4,6-0-benzylidene-3-0-methyl-/?-D-glucopyranosides (10) in good yield by
treating compounds 4 and 5, with benzaldehyde and zinc chloride. By treating
compounds 9 and 10 with benzyl chloride in the presence of solid potassium
hydroxide, protective groups against acid hydrolysis were introduced in posi-
tions 2 and 3, respectively (compounds 11 and 12), and subsequently benzyli-
dene acetal was removed by hydrolysis with dilute acid. Thus we obtained
phenyl-3-0-benzyl-2-0-methyl-/3-D-glucopyranoside (13) and phenyl-2-O-ben-
zyl-3-0-methyl-/?-D-glucopyranoside (14).

On methylating compounds 13 and 14, respectively, we obtained the cor-
responding mono-O-benzyl-tri-O-methyl derivatives (15 and 16) which, after
removal of the benzyl groups by catalytic hydrogenation, afforded the phenyl-
2.4.6- tri-O- (17) and phenyl-3,4,6-tri-O-methyl-/S-D-glucopyranosides (18).

On the basis of its physical constants, compound 17 proved to be iden-
tical with phenyl-tri-0-methyl-/?-D-glucopyranoside obtained by Richtmyer
[13] by partial methylation of phenyl-/?-glucopyranoside. Thus, the synthesis
carried out by us confirms also the structure.

The hydrolysis of compounds 8, 17 and 18 with 0.25 M sulfuric acid
afforded 4,6-di- (19), 2,4,6-tri- (20) and 3,4,6-tri-O-methyl-D-glucose (21) in
very good yield. These three glucose methyl ethers proved to be identical with
authentic samples as regards their crystallographic and physical constants and
chromatographic properties. The structures of the compounds prepared are
shown in Fig. 1.

The IH-NMR spectra of all the six phenyl-/3-D-glucopyranoside methyl
ethers (4,5, 6,8, 17 and 18) recorded in deuterochloroform and deutero-
chloroform-deuterium oxide unequivocally prove their structures. The H-I
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Fig. 1. Structures of the compounds synthesized and the routes of synthesis. Ac = acetyl; Bn = benzyl;, DMF — dimethylformamide
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signals appear in the 3= 4.95 — 4.98 ppm range as doublets with a coupling
constant J120f 7.5 Hz, pointing to a trans-diaxial structure, i.e. to a/J-anomeric
configuration.

The chemical shifts of the OCH3 protons, in the C2 and C3isomers are
identical for the /J-anomeric configuration (d = 3.68 — 3.74 ppm), thus they
cannot be distinguished in this way. The C40OCH3 protons show absorption
at d = 3.55 — 3.57 ppm, and the C6OCH3 protons at $= 3.42 — 3.44 ppm,
thus they can readily be distinguished both from one another and from the C2
and C3isomers.

Experimental

Melting points were determined with a Kistner instrument and are uncorrected. Specif-
ic rotation was measured on a Bellingham-Stanley instrument. Kieselgel G (Merck) was
used in thin- layer chromatography. NMR spectra were recorded on a Varian A-60 A instru-
ment, using tetramethylsilane (&= 0) as internal standard.

Phenyl-3,4,6-tri-0-acetyl-2-0-methy -/?-D-glucopyraiiosi<le (1)

10.0 g of 1,3,4,6-tetra-0-acetyl-2-0-methyl-a-D-glucopyranose (a) [7] was converted
with 10.35 g of phenol and 140 mg of p-toluenesulfonic acid in vacuum at 100 °C into a homo-
geneous melt and kept at this temperature for two hours. After cooling, the melt was dissolved
in 300 ml benzene, the unreacted phenol extracted by shaking with 1.0 M sodium hydroxide
and the residue washed with water until neutral reaction. The benzene solution was dried over
sodium sulfate, evaporated in vacuum to a syrup and the residue crystallized from 30 ml
ethanol. Yield; 6.15 g (56.4%), m.p. 92—94 °C, [a]Jo: —56.2°. (¢ — 0.2%, in chloroform).

CI9H2409 (396.4) Calcid. C 57.57; H 6.10; Found C 58.10; H 6.12%.

Phenyl-2,4,6-tri-O-acctyl-3-0 -inethyl-/?- D-glucopyranoside (2)

10.0 g of 1,2,4,6-tetra-0-acetyl-3-0-methyl-/?-D-glucopyranose (6) [8] was treated with
10.35 g of phenol and 140 mg of p-toluenesulfonic acid as described for 1. The crude product
was recrystallized 3 times from 15 ml portions of ethanol. Yield: 4.30 g (39.4%), m.p. 147—
148 °C, [a]o: —52.8°C (c = 0.3%, in chloroform). From Ref. [3], m.p. 144—145 °C, [a]n:
—37.6° (in chloroform).

Ci9H 2409 (396.4) Calcd. C 57.57; H 6.10; Found C 57.42; H 6.06%.

Phenyl-2,3,6-tri-O-acetvl-4-0 -uiiTliyl-/)-D-glucopyranoside (3)

3.3 g of 1,2,3,6,-tetra-0-acetyl-4-0-methyl-/S-D-glucopyranose (c) [7] was treated with
3.4 g of phenol and 45 mg of p-toluenesulfonic acid as described for 1. The syrup, obtained
on processing the melt, was recrystallized 3 times from 8 ml portions of ethanol. Yield: 1.84 g
(51.0%), m.p. 86—88 °C, [a]ff: —40.8° (c = 0.5%, in chloroform). From Ref. [14]: m.p.
85—89 °C, [a]p: —39.9° (c = 3.03%, in chloroform).

CIH 2409 (396.4). Calcd. C 57.57; H 6.10; Found C 57.12; H 6.18%.

Phenyl-2-0-methyl-/?-D-glucopyranoside (4)

7.90 g of phenyl-3,4,6-tri-0-acetyl-2-0-methyl-/S-D-glucopyranoside (1) was saponified
in 70 ml of anhydrous methanol with 0.5 ml of 1.0 M sodium methylate according to Zemplén.
After allowing the mixture to stand for 14 hrs the solution was neutralized with a small amount
of glacial acetic acid then evaporated to dryness in vacuum. The crystalline residue was recrys-
tallized from 11 ml of water. Yield: 3.75 g (72.9%), m.p. 162 °C, [ccJu: —46.0° (c = 0.2%,
in water). Literature: m.p. 167—168 °C, [otjp: —63.0 (¢ = 1.0%, in ethanol).

C13H 180 6 (270.3). Calcd. C 57.78; H 6.71; Found C 57.09; H 6.61%.
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Phenyl-3-0-methyl-/?-D-glucopyranoside (5)

10.5 g of phenyl-2,4,6-tri-0-acetyl-3-0-methyl-/?-D-glucopyranoside (2) was saponified
in 100 ml of anhydrous methanol at room temperature with 1.5 ml 1.0 M sodium methylate.
After evaporating the reaction mixture to dryness the residual crystalline crude product was
recrystallized from 19 ml water. Yield: 6.76 g (94.4%), m.p. 151—153 °C; [a]ff: —58.2°
(c = 0.5%, in water). From Ref. [4]: m.p. 150—150.2 °C; [a]": —65.5° (e = 20%, in water)

C13H180e (270.3). Calcd. C 57.78; H 6.71; Found C 58.18; H 6.91%.

Phenyl-4-0-methyl-/?-D-glucopyranoside (6)

2.0 g of phenyl-2,3,6-tri-0-acetyl-4-0-methyl-/?-D-glucopyranoside (3) was saponified
in 30 ml of anhydrous methanol at room temperature with 0.4 ml 1.0 M sodium methylate.
After neutralization and evaporation the crude product was repeatedly recrystallized from
5 ml portions of water. Yield: 0.97 g (72.0%), m.p. 173 °C; [a]®d: —52.2° (¢ =0.22%, in
water).

C13H 180c (270.3). Calcd. C 57.78; H 6.71; Found C. 58.11; H 6.69%.

Phenyl-2,3-di-0-benzyl-4,6-di-0-methyl-/?-D-glucopyranoside (7)

3.00 g of phenyl-2,3-di-0-benzyl-/?-D-glucopyranoside (d) [10] was shaken in 25 ml
of dimethylformamide for 24 hrs with 9.80 g methyl iodide and 4.30 g silver oxide. On dilut-
ing the mixture with 150 ml chloroform, the silver halide formed precipitate was filtered off
and the filtrate was washed 3 times with 20 ml portions of a 1% potassium cyanide and
then 3 times with 20 ml portions of water. On drying over sodium sulfate the liquid was evap-
orated in vacuum to a syrup, which was then dissolved in 3 ml ethyl acetate and diluted
with 12 ml of petroleum ether until it turned turbid. Small silky crystals. Yield: 2.90 g (90.0%),
m.p. 56—57 °C, [<*][» —54.6° (c = 0.5%, in chloroform).

CBH306(464.5). Calcd. C74.40; H 6.94; —OCH313.38; Found C73.48; H 7.08; —OCH3
13.52%.

Phenyl-4,6-di-O-methyl-jS-D-glucopyranoside (8)

The solution of 2.70 g of phenyl-2,3-di-0-benzyl-4,6-di-0-methyl-/S-D-glucopyranoside
(7) in 50 ml of ethanol was hydrogenated for 24 hrs with 200 mg of palladium on charcoal.
The course of hydrogenation was followed by thin-layer chromatography in 9:1 benzene-
methanol. The Ry value of the initial compound (7) was 0.91, whereas that of the end prod-
uct (8) was 0.30.

The catalyst was removed by filtration and the filtrate evaporated to dryness in vacuum.
The solid residue was dissolved in 3 ml ethyl acetate and the solution diluted with 60 ml of
cyclohexane, affording white needle crystals. Yield: 1.35 g (81.8%), m.p. 130—131 °C, [a]!?:
—60.1° (c = 0.5%, in chloroform).

C14H 2006 (284.3). Calcd. C 59.15; H 7.09; Found C 59.86; H 7.12%.

Phenyl-4,6-0-benzylidene-2-0-methyl-/3-D-glucopyranoside (9)

3.24 g of phenyl-2-O-methyl-jd-D-glucopyranoside (4) was shaken for 16 hrs with 13 ml
benzaldehyde in the presence of 3.60 g zinc chloride catalyst. The reaction mixture was then
diluted with 100 ml of ice-water, the crystalline precipitate filtered and washed twice with
20 ml portions of water then twice with 20 ml portions of petroleum ether until it was free
of benzaldehyde. On crystallization from 115 ml methanol, yield: 3.86 g (90.0%), m.p. 210—e
212 °C, [<X]g: —67.5° (¢ =0.3%, in chloroform).

C20H,20G(358.4). Calcd. C 67.02; H 6.19; Found C 67.85; H 6.21%.

Phenyl-4,6-0-benzylidene-3-0-methyl-/?-n-glucopyranoside (10)

3.00 g of phenyl-3-O-methyl-/?-n-glucopyranoside (5) was suspended in 12 ml benzal-

dehyde and after the addition of 3.3 g zinc chloride shanken for 12 hrs. The jellified reaction
mixture was diluted with 50 ml of ice-water, the crystalline precipitate filtered and washed
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3 times with 20 ml portions of water then 3 times with 20 ml portions of petroleum ether until
it was free of benzaldehyde. On crystallization from 145 ml ethanol, yield: 3.77 g (95.0%),
m.p. 211 °C, M q: —46.2° (c = 0.2%, in pyridine).

C20H 2206 (358.4). Calcd. C 67.02; H 6.19; Found C 67.02; H 6.32%.

Phenyl-3-0-benzyl-4,6-0-benzylidene-2-0-methyl-$-D-glucopyranoside (11)

3.00 g of phenyl-4,6-0-benzylidene-2-0-methyl-/?-D-glucopyranoside (9) was benzylated

for 6 hrs at 100—105 °C with 19.1 ml benzyl chloride in the presence of 9.3 g powdered potas-
sium hydroxide. After cooling, the reaction mixture was diluted with 25 ml water, the precip-
itate filtered and washed twice with 20 ml portions of water then 3 times with 15 ml portions
of petroleum ether. The crude product was recrystallized from 250 ml methanol. Yield: 1.55 g
(42%), m.p. 180—182 °C, [a]B: —72.5° (c = 0.1%, in chloroform).

C2MH 20 6 (448.5). Calcd. C 72.30; H 6.29; Found C 72.84; H 6.29%.

Phenyl-2-0-benzyl-4,6-0-benzylidene-3-0-methyl-/?-D-glucopyranoside (12)

3.58 g of phenyl-4,6-0-benzylidene-3-0-methyl-/?-D-glucopyranoside (10) was treated
with 23 ml benzyl chloride and 11.2 g powdered potassium hydroxide as described for 11.
The crystalline crude product was recrystallized from 350 ml methanol. Yield: 4.25 g (94.7%),
m.p. 184-185 °C, [a]g: —56.2° (¢ = 0.4%, in pyridine)

CZMH 200 6 (448.5). Calcd. C 72.30; H 6.29; Found C 72.16; H 6.27%.

Phenyl-3-0-benzyl-2-0-methyl-/?-D-glucopyranoside (13)

2.30 g of phenyl-3-0-benzyl-4,6-0-benzylidene-2-0-methyl-/?-D-glucopyranoside (11)
was boiled for 1 hr in 50 ml ethanol containing 0.5 ml concentrated hydrochloric acid. The hot
solution was neutralized with sodium hydrogen carbonate and subjected to steam distallation.
The residue was evaporated to dryness in vacuum, and the crude product recrystallized twice
from 50 ml portions of cyclohexane. Yield: 1.20 g (64.7%), m.p. 108—111 °C, [a]n: —62.8°
(e = 0.3%, in chloroform).

C20H240 6 (360.4). Calcd. C 66.65; H 6.71; Found C 67.03; H 6.78%.

Phenyl-2-0-benzyl-3-0-methyl-jS-D-glucopyranoside (14)

The solution of 3.00 g of phenyl-2-0-benzyl-4,6-0-benzylidene-3-0-methyl-/S-D-gluco-
pyranoside (12) in 30 ml ethanol was boiled for 1 hr after the addition of 0.3 ml concentrated
hydrochloric acid. After neutralization with sodium hydrogen carbonate the mixture was
subjected to steam distillation. After cooling the distillation residue, the crude product was
obtained in a crystalline form. Recrystallization from 180 ml cyclohexane. Yield: 1.62 g
(67.2%), m.p. 122 °C, [a]jo: —63.1° (c = 0.2%, in ethyl acetate).

C20H240c (360.4). Calcd. C 66.65; H 6.71; Found C 66.92; H 6.41%.

Phenyl-3-0-benzyl-2,4,6-tri-0-methyl-/?-D-glucopyranoside (15)

720 mg of phenyl-3-0-benzyl-2-0-methyl-/?-D-glucopyranoside (13) was methylated
in 20 ml dimethylformamide with 6 ml methyl iodide and 6 g silver oxide, and subsequently
processed as described for 7. The solid crude product was crystallized from 3 ml petroleum
ether. Yield: 520 mg (68.0%), m.p. 69—71 °C, [a]a: ®-59.2° (c = 0.3%, in chloroform).

C2H206 (388.4). Calcd. C 68.02; H 7.27; Found C 67.86; Il 7.18%.

Phenyl-2-0-benzyl-3,4,6-tri-0-methyl-/S-D-glucopyranoside (16)

1.44 g of phenyl-2-0-benzyl-3-0-methyl-/S-D-glucopyranoside (14) was methylated
in 25 ml of dimethylformamide with 10 ml methyl iodide and 10 g silver oxide, and subse-
quently processed as described for 7. The syrup-like crude product was crystallized from 4 ni|
petroleum ether. Yield: 1.38 g (89.0%), m.p. 60 °C, [a]f?: —58.6° (¢ = 0.4%, in chloroform),

C2H 206 (388.4). Calcd. C 68.02: H 7.27; Found C 68.39; H 7.24%.
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Phenyl-2,4,6-tri-0-methyl-/?-D-glucopyranoside (17)

The solution of 500 mg of phenyl-3-0-benzyl-2,4,6-tri-0-methyl-/?-D-glucopyranoside
(15) in 10 ml of ethanol was hydrogenated in the presence of 100 mg palladium on charcoal
until the initial substance disappeared. The progress of the reaction was followed by thin-
layer chromatography. The i1/ value of the initial substance was 0.87 whereas that of the
end product was 0.62 (in 9:1 benzene—methanol). After removing the catalyst by filtration
the solution was evaporated to dryness in vacuum and the residue crystallized from 8 ml
petroleum ether. Yield: 320 mg (84.0%), m.p. 107—110 °C, [a]u: —54° (¢ = 0.1% in chloro-
form). From Ref. [13]: m.p. 108—109 °C, [a]!?: —57.5° (¢ = 2%, in chloroform).

CI8H206 (298.3). Calcd. C 60.38; H 7.43; Found C 61.02; H 7.34%.

Phenyl-3,4,6-tri-0-methyl-/?-D-glucopyranoside (18)

1.16 g of phenyl-2-0-benzyl-3,4,6-tri-0-methyl-/?-D-glucopyranoside (16) was hydro-
genated in 75 ml methanol in the presence of 50 mg palladium on charcoal until the initial
substance disappeared. The crystalline crude product obtained on precessing the mixture
was dissolved in 3 ml of benzene and diluted with 25 ml of petroleum ether. Yield: 604 mg
(67.5%), m.p. 84—85 °C, [a]Jo: —42.9° (c = 0.3%, in chloroform).

C1H,06 (298.3). Calcd. C 60.38; H 7.43; Found C 60.04; H 7.28%.

4,6-Di-O-methyl-D-glucose (19)

710 mg of phenyl-4,6-di-0-methyl-/?-D-glucopyranoside (8) was hydrolyzed in 70 ml
0.25 M sulfuric acid for 10 hrs at 100 °C. The hot reaction mixture was neutralized with
barium carbonate, and the filtrate evaporated in vacuum. The residue was crystallized from
ethyl acetate. Yield: 410 mg (82.0%), m.p. 159-160 °C, [a]$: +112° (c = 0.45%, in water).
According to literature [15]: m.p. 156—158 °C, [a]o: +101° (in water).

2,4,6-Tri-O-methyl-D-glucose (20)

600 mg of phenyl-2,4,6-tri-0-methyl-/?-D-glucopyranoside (17) was treated in 60 ml
0.25 M sulfuric acid in the way described for 19. The crude product was crystallized from pe-
troleum ether. Yield: 346 mg (78.0%), m.p. 123—124°C, [a]fj: +110° (c = 0.25%, in metha-
nol). From Ref. [13]: m.p. 123—126 °C, [a]™: +111° (c = 2%, in methanol).

3,4,6-Tri-O-methyl-D-glucose (21)

447 mg of phenyl-3,4,6-tri-0-methyl-/?-D-glucopyranoside (18) was treated in 45 ml
0.25 M sulfuric acid in the way described for 19. The crude product was crystallized from
petroleum ether. Yield: 246 mg (74.0%), m.p. 77 °C, [a]|$: +89° (c = 0.2%, in water). From
Ref. [16]: m.p. 76-77 °C, [a]b®: +92° (c = 2%, in water).

The NMR spectra were recorded in the Institute for Pharmacognosy of the Munich
University. Thanks are due to Prof. H. Wagner for his permission to use the instrument,
and to 0. Setigmann for help in evaluating the spectra. One of us (A. L.) is indebted to the
Alexander von Humboldt Foundation for a fellowship.
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The following minor alkaloids have been isolated from the ripe seeds of Amsonia
tabernaemontana Walt, in addition to the major alkaloid, tabersonine (I): (+)-1,2-
dehydroaspidospermidine (LU) (134 mg/kg), (—)-tetrahydroalstonine (M) (125 mg/kg)
and (—)-quebrachamine (IV) (12 mg/kg). At first, the developing crop contains only
a few tabersonine and also (-|]-)-vincadifformine (V). The latter undergoes complete
decomposition into (+ )-1,2-dehydroaspidospermidine in the crop during the formation
and ripening of the seeds. This process is accompanied by a great increase in the con-
centration of tabersonine in the seeds.

In 1954, Janost et al. [1] isolated tabersonine (1), an indole alkaloid [3]
with hypotensive activity [2], as the main alkaloid from the seeds of Amsonia
tabernaemontana W alt. Prat [4] also isolated (—)-tetrahydroalstonine (II)
from the seeds, in addition to tabersonine. As reported by us [5] earlier, taber-
sonine was found to be the major alkaloid in the ripe seeds of Amsonia taber-
naemontana grown in Hungary, too.

In the course of our recent work aiming at the isolation of the minor
alkaloids, (-f-)-1,2-dehydroaspidospermidine (HI) (134 mg/kg), (—)-tetra-
hydroalstonine (I1) (125 mg/kg) and (—)-quebrachamine (IV) (12 mg/kg) have
been obtained, in addition to tabersonine (1) (9.4 g/kg), from the ripe seeds of
Amsonia tabernaemontana grown in Hungary. For identification, the alkaloids
isolated earlier from the leaves of this plant [6, 7] were used as reference sub-
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stances. The minor alkaloids now isolated from the seeds were found to be
identical in every respect with the authentic samples.

HI v

Of the minor alkaloids, (-(-)-1,2-dehydroaspidospermidine (IIl) isolated
in the largest amount is an alkaloid of the aspidospermine type, its structure
being very similar to that of the major alkaloid, tabersonine (l); however, the
configuration of its centres of asymmetry (C5 Cl9and Cj2 is just the opposite.
In order to reveal the connection between the biosynthesis of the two alkaloids,
the alkaloid composition of the crop has been examined in consecutive periods
during the biological development of the plant. It was found that the devel-
oping crop contained initially tabersonine in a very low (hundredth per cent)
concentration and, among other alkaloids, also (-f-)-vincadifformine (V) was
present. The latter is an alkaloid of the aspidospermine type belonging to the
antipode series of tabersonine, similarly to (-f-)-1,2-dehydroaspidospermidine.
In the course of ripening, (-j-)-vincadifformine (Y) suffered decomposition
giving rise to (-|-)-1,2-dehydroaspidospermidine (llIl), while the concentration
of tabersonine (I) increased by several orders of magnitude in the crop, and
reached a maximum value in the ripe seeds after the total conversion of (+)"
vincadifformine. (Within the seeds, tabersonine is concentrated in the germ;
its concentration measured in the germ of the ripe seed was about 2%.) At the
same time, no (-j-)-vincadifformine could be detected any longer in the ripe
seeds.

\%

In view of the above observation, the biosynthetic pathways of taber-
sonine (I) and (-)-)-1,2-dehydroaspidospermidine (l11) can well he differentiated
from each other and it is also clearly seen that the biosynthesis of tabersonine
during the development and ripening of the seeds is accompanied by the con-
version of (-f)-vincadifformine into (-}-)-!,2-dehydroaspidospermidine.
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It is worth noting here that alkaloids of the aspidospermine and que-
brachamine type comprising centres of asymmetry with opposite configuration
also occur in great variety in the leaves of Amsonia tabernaemontana [6, 7, 8,
9, 10, 11], in which the major alkaloid is (-j-)-vincadifformine [8]. The latter
compound is converted into (-f-)-1,2-dehydroaspidospermidine in the leaves,
too, during the periods of flowering and development of the crop, as confirmed
unambiguously in our earlier experiments [8, 12]. Nevertheless, in the leaves
not all (-}-)-vmcadifformine is converted into (-f-)-1,2-dehydroaspidosperini-
dine, and the concentration of tabersonine remains there very low all the time.

Experimental

The investigations were carried out on plants of Amsonia tabernaemontana grown in
the Research Institute for Medicinal Plants, Budakaldsz, Hungary.

All m.p.s are uncorrected. The optical rotation values were measured with a Schmidt-
Haensch polariméter, the ultraviolet spectra were recorded with an Optica Milano CF 4R
spectrophotometer. During isolation, thin-layer chromatography was used for detection of
the alkaloids.

Isolation of the alkaloids

The seeds were beaten out from the ripe crop collected in November, 1972. 1 kg of the
ground air dried material was subjected to exhaustive extraction with methanol in a Soxhlet
type extracter for 10 hrs. The methanolic extract was concentrated to 1 1volume at reduced
pressure, then mixed with 3 10of 2% sulfuric acid and the residual methanol was removed at
room temperature under reduced pressure. In order to purify the diluted acid solution, it was
shaken with 2x 200 ml of benzene, then made alkaline and the alkaloids were extracted with
5X200 ml of benzene.

The benzene solution containing the alkaloids was dried, concentrated to a volume
of 50 ml under reduced pressure, then mixed with 50 ml of n-heptane and subjected to chro-
matographic separation on a column packed with 200 g of neutral aluminium oxide (Brock-
mann activity 1l1). Using 2 1 of a benzene—heptane (1:1) mixture, 9.4 g of pure tabersonine
base was eluted. For identification, it was crystallized from ethanol, m.p. 88 °C, [a]!? —360°
(in ethanol, c= 0.2), UV spectrum (in methanol): Amax 226, 298 and 328 nm. No m.p. depres-
sion occurred in admixture with authentic tabersonine [5].

The alkaloids retained on the aluminium oxide column were eluated with 1 1 of ben-
zene/ether (1:1) mixture. The evaporation residue of the eluate was a resinlike mixture (900
mg), which contained several components of alkaloid character. This mixture was dissolved
in 100 ml of benzene and the benzene solution extracted with 5x50 ml of 2% sulfuric acid
solution. The alkaloids appeared in the sulfuric acid phase, while the non-basic coloured com-
ponents remained in the benzene phase. The sulfuric acid solution was made alkaline and the
alkaloids were extracted with 5X50 ml of benzene.

The alkaloid mixture purified in the above manner (350 mg) was subjected to chro-
matographic separation on a column packed with 15 g of silica gel. The first portion (80 ml)
of benzene eluated 13 mg of a mixture which contained some tabersonine, besides, components
of non-alkaloid character.

The evaporation residue of the next benzene eluate (120 ml)was 12 mg of pure (- )-que-
brachamine, [aJo —110° (in ethanol, ¢ = 0.2). UV spectrum (in methanol): Araax 228, 286
and 293 nm; log e = 4.53, 3.84 and 3.83, respectively. M.p. (from n-heptane) 147 °C; no de-
pression occurred in mixed m.p. determination witb an authentic sample of (—)-quebrach-
amine [6].

The elution was then continued with a 1:1 mixture of benzene and ether. The evaporation
residue of the first eluate fraction (110 ml) gave 125 mg of pure (—)-tetrahydroalstonine;
this was crystallized from ethanol, m.p. 228 °C, [a]f? —107° (in chloroform, ¢ = 0.5). UV
spectrum (in methanol): Amax 226, 282 and 290 nm, log e = 4.61, 3.90 and 3.82, respectively.
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No melting point depression was observed in admixture with authentic (—)-tetrahydroalsto-
nine [7].

The next fraction (180 ml) of the benzene/ether (1:1) mixture was also evaporated to
obtain 134 mg of a colourless viscous oil; this proved to be pure (+)-1,2-dehydroaspidosper-
midine, [a]fj: +250° (in ethanol, ¢ = 0.5). UV spectrum (in methanol): Amax 222, 228 (sh)
and 262 nm; log e = 4.57, 4.45 and 3.99, respectively. After reduction with sodium borohy-
dride in hot ethanolic solution [6], (—)-quebrachamine was obtained as the main product,
while at 0°C (+)-aspidospermidine [6] was formed.

Finally a coloured mixture (26 mg) could still be eluated from the silica gel column
with methanol, which did not contain any of the alkaloids mentioned above.
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The glycoside antibiotic ristomycin A produced by Proactinomyces fructiferi
var. ristomycini contains one molecule of D-mannose and a tetrasaccharide side chain
connected separately to the aglycone moiety. The tetrasaccharide consists of the units
D-glucose, D-mannose, L-rhamnose and D-arabinose attached to one another according
to structure V.

Ristomycin was isolated in 1963 by Brazhnikova etal. [1] from a culture
of Proactinomyces fructiferi var. ristomycini. The antibiotic is highly effective
against Gram-positive microorganisms [2, 3], moreover, it can affect patho-
genic organisms resistant to penicillin, streptomycin or erythromycin.

It has been pointed out by Lavrova et al. [4] that ristomycin consists
of a mixture of two biologically active variants: ristomycin A and B, which
they have isolated in the form of the crystalline sulfates.

In their physical, chemical and biological properties, ristomycin A and
B have proved to be very similar to the previously known antibiotics ristocetin
A and B [5, 6].

The hydrolysis of ristomycin A or its aglycone with 6 N hydrochloric
acid gave three unknown amino acids — a, b and c. According to quantitative
analysis, the antibiotic molecule contains 1 mole of a and only one mole of
the total [7] of b and c.

The structure of amino acid a has been proved by IR and NMR spectro-
scopy and chemical degradation [8,10]. According to our investigations, amino
acid a, called ristomycinic acid, is a new aromatic di-aminodicarboxylic acid,
built up of a d-(—)-a-amino-4-hydroxyphenylacetic acid and an a-amino-2,6-
dihydroxy-3-methylphenylacetic acid connected by a diphenyl ether linkage
at their 5- and 4-positions, respectively.

On the basis of NMR spectroscopic studies and analogies with the struc-
ture of ristomycinic acid, a similar structure was suggested by Lomakina
et al. [10, 11] for amino acid b.

The hydrolysis of ristomycin A with 2% or 1 N hydrochloric acid gave
D-glucose, D-mannose, L-rhamnose and D-arabinose (molar ratio 1 :2 :1:1),
whereas the hydrolysate of ristomycin B contained D-glucose, D-mannose and
L-rhamnose in the molar ratio 1:1:1 [6, 13].
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When ristomycin A was hydrolyzed with 0.5 N hydrochloric acid at
100 °C for 4 hrs, in addition to the simple sugars mentioned earlier, a new
deoxyamino sugar could be isolated which was named ristosamine. According
to structural investigations it proved to be 2,3,6-trideoxy-3-amino-L-ribohexo-
pyranose [9].

The present work is a report on the results of our structural studies on the
oligosaccharide part of ristomicin A which is composed of simple neutral sugar
components.

The cleavage of peracetylristomycin A (€j53HI1g90-2N9) with hydrogen
bromide in glacial acetic acid or with 1,1-dichlormethyl methyl ether, followed
by treatment with acetic anhydride and silver acetate and subsequent saponi-
fication according to Zempilen’s method, revealed that the products contained
again only simple sugars — D-glucose, D-mannose, L-rhamnose, D-arabinose,
as shown by paper chromatography.

In 1967 Brazhnikova et al. [12], then Lomakina et al. [13] hydrolyzed
ristomycin A with 0.1 N hydrochloric acid at 100 °C for 1 hr and separated,
by means of a Sephadex G 25 column, the following glycosides and oligosaccha-
rides: D-Man-aglycone, D-Man-aglycone-D-Glu, aglycone-D-Glu-L-Rha, d-Glu-
D-Man (1), D-Glu-L-Rha (Il), L-Rha-D-Glu-D-Man (l11) and D-Glu-D-Man-D-
Ara (1V).

In the same way from ristomycin B the following components were
obtainable: D-Man-aglycone, D-Man-aglycone-D-Glu and D-Glu-L-Rha (II)
disaccharide.

This result gave information about the carbohydrate sequence, and the
conclusion was drawn that both in ristomycin A and B the sugar moieties are
attached to the aglycone at two places.

In our experiments, work-up of the acetolysis product of ristomycin A
on a Kieselgel G column led to the isolation of an octaacetyl-disaccharide and
a decaacetyl-trisaccharide. The octaacetyl-disaccharide after saponification in
absolute methanol with sodium methoxide was found identical with the disac-
charide | appearing among the products of partial hydrolysis. This sugar was
named ristobiose. The structure determination of this glucosido-mannose will
be outlined in the following discussion.

First, the disaccharide Il was identified. Our paper chromatographic
examinations proved its identity with rutinosé [14], known to occur frequently
in nature in glycoside form (Table I). The disaccharide Il isolated from risto-
mycin A gave, on acetylation in acetic anhydride in the presence of sodium
acetate or pyridine, a white amorphous product which, after recrystallization
from absolute ethanol, was in every respect (m.p., mixed m.p., [a]o, thin-
layer chromatography, IR spectrum) identical with an authentic sample of
rutinosé hcptaacetate (lla).

It follows from the identity of the disaccharide Il with rutinosé and from
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the results of Gorin and Perltin [14] that, in the tetrasaccharide side chain of
ristomycin A, L-rhamnose is atteched to D-glucose by an a-glycosidic linkage
at position C-6.

Il rutinosé R = H
lla heptaacetylrutinose R = COCH3

W hen ristomycin A (C107H 143049N9) itself was oxidized with periodic acid
and the isolated product hydrolized with acid, none of the sugar components
of the antibiotic could be detected in the hydrolysate. This proves that the
glucose unit (presumably with a pyranose structure), representing the centre
of branching in the tetrasaccharide side chain of the antibiotic, also contains
a vicinal diol group oxidizable with periodic acid.

Since the €-6 atom D-glucose is occupied by L-rhamnose, D-mannose can
only be linked to C-2 or C-4 (A or B in Fig. 1). A decision between these alter-
natives was achieved by the investigation of ristobiose (1) and the trisaccharide
with structure L-Rha-D-Glu-D-Man, which we named ristotriose (I11).

The hydrolysis of decamethylristotriose (llia), prepared by the Kuhn
methylation [15] of IlIl gave a mixture in which, by means of TLC, three
partially methylated sugars were detected: 2,3,4-tri-O-methyl-L-rhamnose,
2,3,4,6-tetra-O-methyl-D-mannose, and 3,4-di-O-methyl-D-glucose (Table I1I).

II: ristotriose R = H I: ristobiose R = H
Ilia: decamethylristotriose R = CH3 la: octamethylristobiose R = CH3
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It follows that in ristotriose (I11), D-mannose is linked to D-glucose in the
C-2 position. This is also proved by the fact that in the hydrolysate of octa-
methylristohiose (la), prepared by permethylation, besides 2,3,4,6-tetra-O-
methyl-D-mannose, only 3,4,6-tri-O-methyl-D-glucose can be found (Table I1);

GV

(B)

Fig. 1. Possibilities A and B for the linkage of D-mannose to D-glucose in the tetrasaccharide
side chain, as deduced from periodic acid oxidation

it is further shown by our observation that phenylosazones cannot be obtained
from | and Ill with phenylhydrazine [10, 16].

In enzymic hydrolysis, ristobiose (I) was hydrolyzed four times slower
than cellobiose by emulsin. This presumably indicates that | has the 2-O-a-D-
mannosido-D-glucose structure. The other trisaccharide, with structure d-G1lu-
D-Man-D-Ara (IV) has so far been obtained only in the form of decaacetyl-
trisaccharide (IVa) by the acetolysis of ristomycin A.

The NMR spectrum (in CDC13solution at 100 MHz) of the decaacetyl-D-
Glu-D-Man-D-Ara-trisaccharide (IVa) shows doublets at 86.37 ppm (J = 3.6 Hz)
and 5.78 ppm (J = 7.7 Hz). These signals can be unequivocally assigned to
the anomeric protons of the reducing end glucose unit in the a and ¢ configura-
tion, respectively (literature values [17] $6.34 (3 = 3.3 Hz) for a-, and $5.76
(J = 6.9 Hz) for /?-D-glucopyranose pentaacetate). The a : 8 ratio is about
1:2.5. Also, the fact that there are more (at least 12) acetyl methyl signals
in the <51.9—2.2 ppm region can only be explained on the basis of an anomeric
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mixture. The complexity of the remaining spectral regions does not allow to
deduce any kind of information concerning the interglycosidic linkages.

However, from the partial structures of the splitting products — risto-
triose and 2,3,4-tri-O-methyl-L-rhamnose found in the hydrolysate of per-
methylated ristomycin A — it can be assumed that one of the terminal groups

in the tetrasaccharide chain of the antibiotic is D-arabinose and the other is
L-rhamnose. In particular, if D-arabinose were attached to D-glucose, then the
latter would not be amenable to periodic acid oxidation. Similar considerations
also rule out a 1 —3 linkage of D-arabinose to D-mannose.

The exact linkage position of the arabinose unit was only determined
after the permethylation of ristomycin A. The only effective way of preparing
permethylated ristomycin A (C128H 18070N9) was the method of Hakomori [18].
The completeness of permethylation was checked by determination of the
methoxyl content. In the hydrolysate of the permethylated antibiotic TLC
showed the presence of 2,3,4,6-tetra-O-methl-D-mannose, 2,3,4-tri-O-methyl
L-rhamnose, 3,4-di-O-methyl-D-glucose, 3,4,6-tri-O-methyl-D-mannose, and
2,3,5-tri-O-methyl-D-arabinose. The presence of these two latter products
proves that in the tetrasaccharide side chain of ristomycin A the terminal
arabinose unit occurs in the furanoside form and is affixed to D-mannose by a
1 —»2 linkage. This statement is in agreement with reported data [20, 21]
indicating the extreme instability of arabinofuranosides.

On the basis of these and previous experimental results, structure ¥ can
be suggested for the part of the antibiotic ristomycin A built up of the neutral
sugar components.
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In the knowledge of the molar ratios [6, 13] of the simple carbohydrates
in ristomycin B and on the basis of composition of the products of partial
hydrolysis [12, 13], it can be assumed that the oligosaccharide side chain of
the component B of common biological origin and produced by the same strain,
differs from that of ristomycin A only by the absence of the 2-O-/]-n-arahino-
furanosyl-D-mannosyl part.

Experimental

Preparation of the di- and trisaccharides from ristomycin A

The di- and trisaccharides of ristomycin A have been isolated via hydrolysis with hydro-
chloric acid in a different way from the Soviet researchers [12] as follows.

In small portions ristomycin A (25.00 g) was dissolved in 500 ml of preheated 0.1 N
hydrochloric acid and refluxed for 1hr. The solution, after cooling, was neutralized to pH 4.0
with 200 ml of Dowex 2x3 (OH-) ion-exchange resin and the filtrate was poured slowly into
2500 ml of acetone, with stirring. The precipitate was filtered off, and the filtrate was passed
slowly through a column of Dowex 50x4 (H +) ion-exchange resin. Fractions 1—8 (100 ml
each) were collected, and 100—150 /[ of each of them was applied on chromatographic paper
and sprayed with aniline hydrogen phthalate reagent (105 °C, 10 min). Fractions 3—5 pro-
duced the most intense colour. The possible presence of aglycone was checked in every fraction
by means of Pauly reagent, but the reaction was found negative in every sample.

The combined fractions 3—5 were then neutralized to pH 7.0—7.5 with Dowex 2x4
(OH-) ion-exchange resin, and the solution was evaporated to 15 ml in vacuum. On dilution
of the remaining syrup to 150 ml with acetone, the mono- and oligosaccharides separated
as white precipitate. Only small quantity of rhamnose could be detected in the acetonic
mother liguor by means of paper chromatography, using the solvent system ethyl acetate-
acetic acid—-butanol—water (7:3:3:3).

The filtered precipitate was dissolved in 12 ml of the former solvent system, to which
some methanol and a few drops of distilled water had been added. The solution was applied
to a cellulose column (75 x2.3 cm) and developed with the solvent system used for paper chro-
matography (rate of flow 20 ml/hr = 4—5 ml/cm2hr); 10—15 ml fractions were collected.
According to paper chromatography, fractions 1—10 contained only monosaccharides. Frac-
tions 21—27, 34—46 and 51-70 gave, after evaporation in vacuum and precipitation with
acetone containing 5—10% ether, two different disaccharides having miscellaneous Upvalues
and a trisaccharide.

Rutinosé (121.4 mg) was isolated from fractions 21—27. [aJo —5.2° (c = 1, water).
C,H22010 (326.29). Calcd. C 44.17; H 6.79 Found C 42.76, 42.73; H 6.86, 7.38%.
Ristobiose (80 mg) was isolated from fractions 34—36. [a]Jo +54.3° (c = 1, water).
Cl2H20u (342.29). Calcd. C 42.11; H 6.47. Found C 41.62, 41.20; H 6.64. 6.35%.
Ristotriose (56 mg) was isolated from fractions 51—70. [a]Jo +36.6° (c = 1, water).
CI18H30015(486.42). Calcd. C 44.45; H 6.21. Found C 43.79, 43.82; H 6.73 6.68%.

Paper chromatographic investigation of the di- and
trisaccharides isolated from ristomycin A

The homogeneity of the di- and trisaccharides isolated from ristomycin A was checked
by paper chromatography using 100 /tg each of 1% aqueous solutions. The compositions were
checked after hydrolysis by paper chromatographic comparison with standard sugars. For
this purpose 1.0 mg each of the di- and trisaccharide was dissolved in about 10 mg of 2 N
H2504 and hydrolyzed at 100 °C in a sealed capillary tube for 2 hrs. From the hydrolysates
volumes containing 30—40 fig of the sugars were applied to chromatographic paper. The
chromatographic results are included in Table I.
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Table 1

Paper chromatographic datafor the di- and trisaccharides isolatedfrom ristomycin A

Sample
| 0.39
1 0.62
Rutinosé 0.62
11 0,25.
v 0.20
1V-hydrolysate 1.00 120 1.49
L -hydrolysate 1.00 1.20 2.19
Il1-hydrolysate 1.00 2.16
I-hydrolysate 1.00 1.20
D-Glucose 1.00
D-Mannose 1.20
D-Arabinose 1.47
L-Rhamnose 2.16

Solvent system: ethyl acetate-acetic acid-water (44:20:10). Detecting agent: 2%
aniline hydrogen phthalate solution in 1-butanol (105 °C, 10 min). Paper: Schleicher and
Schiill 2043b Mgl.

Acetolysis of ristomycin A

(A.) Crystalline ristomycin sulfate (2.0 g) was suspended, with cooling, in a mixture
of acetic anhydride (18.0 ml) and cone, sulfuric acid (0.2 ml) cooled to 0 °C, and the reaction
mixture was then allowed to stand for 14 days at room temperature. After the first day the
antibiotic dissolved to give a dark cherry-red solution. The solution was diluted with 10 ml of
glacial acetic acid and poured on 500 g of ice. The orange-yellow precipitate was filtered off,
washed acid-free with distilled water, and dried at room temperature in a vacuum desiccator
over calcium chloride—potassium hydroxide to give 2.12 g of the product. It was powdered,
extracted with three 50 ml portions of hot absolute benzene, and the combined benzene solu-
tions were evaporated to dryness in vacuum.

The mixture of sugar acetates obtained in this way was dissolved in 5.0 ml of absolute
benzene containing 6% absolute methanol and, in order to remove the aglycone, the solution
was passed through a Kieselgel G (Merck, according to Stahl) column (13 c¢cm long, 2 cm in
diameter) at a flow rate of 3 ml/hr. The sugar acetates left the column in 40 ml of eluate, which
was evaporated to dryness in vacuum at 35 °C, and the residue was dried at room temperature
over phosphorus pentoxide, to give 245.6 mg of the product.

(B.) When the acetolysis of ristomycin A (10 g) dried over phosphorus pentoxide
(to constant weight) was made according to method (A), only the decaacetyl-D-Glu-D-Man-
D-Ara trisaccharide (IVVa) could be isolated (212.8 mg), [a]Jo +125° (c = 1, absolute methanol).

C3MH500%5 (894.77). Calcd. C 49.66, H 5.63. Found C 49.88, 50.38; H 5.64, 561<0.

The decaacetyl-trisaccharide on saponification according to Zemplén [22] gave d-Glu-
D-Man-D-Ara trisaccharide (IV). After hydrolysis with 2 N H2S04, D-glucose, D-mannose and
D-arabinose were identified in the hydrolysate by paper chromatography (details described
above).
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Deacetylation and isolation of |

The sugar acetates (245.6 mg) obtained from the acetolysis of ristomycin A were dis-
solved in 10 ml of methanol, then deacetylated by Zemplén’s method [22] in the presence
of sodium methoxide to give 138.8 g of a product which, according to paper chromatography,
contained D-glucose, D-arabinose, L-rhamnose and the disaccharide |I. Compound | (133.4
mg) was separated from the monosaccharides by chromatography on a cellulose column with
the solvent system ethyl acetate-acetic acid—-butanol-water (7:3:3:3); [a]g +80° (c = 1,
water).*

CI2H20u (342.29). Calcd. C 42.11; H 6.47. Found C 41.70, 41.30; H 6.35, 6.64%.

In the 2 N sulfuric acid hydrolysate of I D-glucose (RG 1.00) and D-mannose (RG
1.20) were detected by paper chromatography. According to paper chromatography, the
non-hydrolyzed | (RG 0.40) proved to be identical with the disaccharide of structure d-Glu-d-
Man isolated from ristomycin A after partial hydrolysis [12, 13].

Octaacetate of the disaccharide |

Compound | (45.0 mg) was acetylated at 100 °C in a mixture of acetic acid anhydride
and sodium acetate to yield 25.0 mg of the octaacetate of I, which was recrystallized from
50% ethanol; m.p. 69—71 °C (Kofler), [a]f? +61.7° (c = 6.0, methanol).

Enzymic hydrolysis of the disaccharide |

Compound | (5.0 mg) and 3.0 mg of emulsin were dissolved in 1.0 ml of distilled water
and hydrolyzed in a thermostat at 37 °C. Aliquots of the solution, each containing 10 /Jg of
the hydrolysate, were chromatographed on Kieselgel-G thin-layer in the solvent system ethyl
acetate—acetic acid—water (44:20:10).In the hydrolysate of I, monosaccharides could only be
detected after 140 hrs. Under similar conditions the standard cellobiose hydrolyzed com-
pletely within 42 hrs.

Identity of the disaccharide Il with rutinosé

(A.) Compound Il (32.0 mg) was dissolved in 0.2 ml of acetic anhydride. After the
addition of 50.0 mg of sodium acetate, the mixture was heated at 100 °C for 2 hrs. The reaction
mixture was then poured into ice-water and the white precipitate (25.0 mg) was filtered off
and crystallized from absolute ethanol; m.p. 167 °C (Kofler); zggf —39.0° (¢ = 1.0, pyridine).
Authentic rutinosé heptaacetate has m.p. 167—169 °C; [a& —43.0° (e = 1.0 pyridine).
Mixed m.p. determination gave no depression (m.p. 168—170 °C, Kofler).

The IR spectrum (KBr) of the product was identical with that of authentic rutinosé
heptaacetate. Chromatography on Silicagel-G thin-layer in absolute benzene containing 5%
methanol using detection with 50% H2504 (150 °C, 10 min), also showed identical Rr values
for the acetylated product of disaccharide Il and an authentic sample of rutinosé heptaacetate.

(B.) Compound N (20.0 mg) was dissolved in a mixture of 0.30 ml pyridine and 0.30 ml
acetic anhydride, and allowed to stand at room temperature for 25 hrs. The reaction mixture
was poured into ice-water and worked up as described in ("A) to give 25.3 mg of the product.
Recrystallization from absolute ethanol gave m.p. 165—167 °C (Kofler); [«]0 —45.0° (¢ = 1.0,
pyridine), mixed m.p. with rutinosé heptaacetate was 165—170 °C.

Permethylation and hydrolysis of the disaccharide |

Compound | (51.30 mg) was methylated according to Hakomori [18] with methyl
iodide in dimethyl sulfoxide in the presence of sodium hydride to give 70.2 mg (80.41%)
of the octamethyl-disaccharide (la).

The IR spectrum of the compound had no hydroxyl band [19] at 3500 cm-1.

Compound la prepared as described above was subjected to methanolysis in a sealed
ampoule in 1 ml of 5% methanolic hydrogen chloride at 100°C for 2 hrs. After the ampoule
had been opened, the methanol was evaporated in vacuum, the methyl-glycosides were dis-
solved in 1 ml of 0.5 N HC1 and after the ampoule had been sealed, hydrolyzed at 100 °C for

The specific rotation of 2-O-a-D-mannosido-D-glucose recently synthesized by Dick
et. al. [Carb. Res. 36, 319 (1974)] was identical that of ristobiose.
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3 hrs. The contents ofthe ampoule were neutralized to pH 6.0 by means ofa small quantity of
Dowex 1x4 (HCO~) ion-exchange resin, and 2—5 /[ of the solution was chromatographed
on Kieselgel-G thin-layer in the solvent systems given in Table Il; for comparison standard
sugar methyl ethers were used

In the hydrolysate of la 3,4,6-tri-O-methyl-D-glucose (RTMG 0.73 and 0.71 in solvent
systems A and B, respectively) and 2,3,4,6-tetra-O-methyl-D-mannose (RTMG 0.94 and 0.95
in solvent systems A and B, respectively) were detected.

Permethylation and hydrolysis of the trisaccharide Il1

Compound 111 (97.5 mg) was methylated with methyl iodide according to Kuhn [15]
in dimethylformamide in the presence of active silver oxide. Methylation was repeated four
times to give 42.3 mg of the decamethyl-trisaccharide (llia). The IR spectrum of the com-
pound had no hydroxyl band [19] at ~-3500 cm -1.

The hydrolysis of Ilia was accomplished in the same as that of la. The chromatogra-
phic data are presented in Table II.

Table 11

Thin-layer chromatographic comparison of the partially methylated monosaccharides obtained
from la and llia

RTMG
Name
A B
la-hydrolysate 0.73 0.71
0.94 0.95
L a-hydrolysate 1.13 1.15
0.95 0.96
0.34 0.21
2,3,4,6-tetra-O-methyl-D-glucose 1.00 1.00
2,3,4,6-tetra-O-methyl-D-mannose 0.95 0.96
2,3,4-tri-O-methyl-L-rhamnose 111 1.15
3,4,6-tri-O-methyl-D-glucose 0.73 0.71
2,3-di-O-methyl-D-glucose 0.46 0.30
2,4-di-O-methyl-D-glucose 0.41 0.28
3,4-di-O-methyl-D-glucose 0.34 0.21

Thin-layer: Kieselgel-G (Activated for 1 hr at 105 °C). Solvent systems: A benzene-
acetone (1:4) -f 1% of cone, ammonium hydroxide; B methyl ethyl ketone saturated with
1% ammonium hydroxide. Detecting agent: 2% aniline hydrogene phthalate solution in
1-butanol (105 °C, 10 min)

In the hydrolysate of Ll a 3,4-di-O-methyl-D-glucose (RTMG 0.34 and 0.21 in solvent
systems A and B, respectively), 2,3,4,6-tetra-O-methyl-D-mannose (RTMG 0.95 and 0.96 in
solvent system A and B, respectively) and 2,3,4-tri-O-methyl-L-rhamnose (RTMG 1.13 and
1.15 in solvent systems A and B, respectively) were detected.

Preparation and hydrolysis of permethylristomycin A

Ristomycin A sulfate (2.30 g) was methylated three times according to Hakomori [18]
with methyl iodide in dimethyl sulfoxide in the presence of sodium hydride to give 270 mg
of permethylristomycin A. Repeated methylation did not increase the methoxyl content of
the compound.
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C,28H 190 2N9 (2662). Calcd. N 4.74; OCH3 24.75. Found N 4.66, 4.60; OCH, 25.30,
25.00%.

The hydrolysis of permethylristomycin A was effected as described for la and llia.
The partially methylated monosaccharides formed as a result of the hydrolysis were detected
by the procedure described in Table Il. The hydrolysate of permethylated ristomycin A
contained, in addition to the hydrolysis products of lla, 3,4,6-tri-O-methyl-D-mannose (RTMG
0.69 and 0.73 in solvent systems A and B, respectively) and 2,3,5-tri-O-methyl-D-arabinose
(JRTMG 1.05 and 1.04 in solvent systems A and B, respectively).

*

The authors wish to express their appreciation to Mr. L. Szitagyi for the exploratory
NMR work at 100 MHz.

REFERENCES

[1] Brazhnikova, M. G., Lomakina, N. N., Lavrova, M. F., Tolstykh, |.V.,Yurina, M. S.,
Kiyueva, L. M.: Antibiotiki 8, 392 (1963)

[2] Gauze, G. F., Kudrina, E. S., Ukholina, R. S., Gavrilina, G. V.: Antibiotiki 8, 387
(1963)

[3] Shorin, V. A., Pevzner, N. S., Shapovalova, S. P.: Antibiotiki 8, 396 (1963)

[4] Lavrova, M. F., Lomakina, N. N., Babenko, G. A., Brazhnikova, M. G.: Antibiotiki
9, 885 (1964)

[5] Phitip, J. E., Shenck, J. R., Hargie, M. P.: Antib. Ann. 699 (1956—57)

[6] Brazhnikova, M. G., Lomakina, N. N., Sztaricskai, F., Puskas, M., Makleit, S.,
Bognar, R.: Kém. Kézi. 27, 143 (1967)

[7]1 Brazhnikova, M. G., Lomakina, N. N., Lavrova, M. F., Muravyeva, L. |., Gavrilina,
G. V.: Directed Biosynthesis. Nauka, Moscow 1966 p. 252

[8] Lomakina, N. N., Zenkova, V. A., Bognar, R., Sztaricskai, F., Sheinker, Yu. N,
Turchin, K. F.: Antibiotiki 13, 675 (1968)

[9] Bognar, R., Sztaricskai, F., Munk, M., Tamas, J.: J. Org. Chem. 39, 2971 (1974)

[10] Lomakina, N. N., Bognar, R., Brazhnikova, M. G., Sztaricskai, F., Muravyeva,
L. I.: 7th International Symposium on the Chemistry of Natural Products, Abstract.
Zinate, Riga 1970 p. 625

[11] Lomakina, N. N., Yurina, M. S., Sheinker, Yu. N., Turchin, K. F.: Antibiotiki 17,
488 (1972)

[12] Brazhnikova, M. G., Lomakina, N. N., Muravyeva, L. I: 5th International Congress
of Chemotheraphy, Abstract. Vienna 1967 p. 759

[13] Lomakina, N. N., Muravyeva, L. |., Puskas, M.: Antibiotiki 13, 867 (1968)

[14] Zemplén, G., Gerecs, A.:’ Ber. 67, 2049 (1934);
Zemplén, G., Gerecs, A.: Ber. 68, 1318 (1935);
Zemplén, G., Gerecs, A.: Ber. 70, 1098 (1937);
Gorin, P. A. J., Pertin, A. S.: Can. J. Chem. 37, 1930 (1959);
Kamiya, S., Hama, M.: Agr. Biol. Chem. 31, 261 (1967)

[15] Kuhn, R., Trischmann, H., Low, |.: Angew. Chem. 67, 32 (1955)

[16] Bognar.: 7th International Symposium on the Chemistry of Natural Products, Pre-
Symposium 4. Chemistry and Mode of Action of Antibiotics. Riga 1970 p. 22

[17] Lemieux, R. U., Stevens, J. D.: Can. J. Chem. 43, 2059 (1965)

[18] Hakomori, S.: J. Biochem. (Tokyo) 55, 205 (1964)

[19] Bishop, C. T.: Can. J. Chem. 35, 1010 (1957)

[20] Whistler, R. L.: Methods in Carbohydrate Chemistry 5, 271, 285. Academic Press,
New York and London 1965

[21] Smith, F., Montgomery, R.: Chemistry of Plant Gums and Mucilages. Reinhold Pub-
lishing Corp., New York 1959 p. 80

[22] Zempién, G., Gerecs, A., Hadacsi, |.: Ber. 69, 1827 (1936)

Ferenc Sztaricskai
Rezsé Bognar 4010 Debrecen, Hungary.
M. Maéria Puskas

Acta Chim. (Budapest) 84, 1975



Acta Chimica Academiae Scientiarum Hungaricae, Tomus 84 (1), pp. 85—91 (1975)

DERIVATIVES OF 1,3,4-THIADIAZOLE AS POTENTIAL
SCHISTOSOMICIDES

Sh. A. Shams EI1-Dine* and O. Clauder
(Institute of Organic Chemistry, Semmelweis Medical University, Pharmaceutical Faculty,
Budapest)

Received February 14, 1974

Some 1,3,4-thiadiazole derivatives were prepared on isometric basis in analogy
with the corresponding antischistosomal thiazole compounds.

Although many nitro-substituted heterocyclic compounds, e.g. nitro-
thiazoles, nitroimidazoles and nitrofurans have antiprotozoal and antibacterial
properties, only very few of them are endowed with antischistosomal activ-
ity [1, 2]. Some years ago, Lambert, Wilhelm et al. [3—5] reported their
success in the introduction of a new potent clinical agent for schistosomiasis,
niridazole [I-(5-nitro-2-thiazolyl)-2-imidazolidinone] (I).

Since that time, several 5-nitrothiazolyl derivatives and related com-
pounds were synthesized and tested for schistosomicidal activity [6—9]. The
structure-activity relationship as well as their mode of action were investi-
gated [9, 10]. It has been reported that there are two types of antischistosomal
effects of nitroheterocyclic compounds [10]. One is observed with many struc-
turally unrelated compounds and is limited to reversible damage to the female
reproductive system. The other type of action is initiated by a reduction in
phosphorylase phosphatase activity, followed by a hepatic shift and the even-
tual partial or complete elimination of the parasite. This second type of effect
is exerted by compounds which have specific structural and conformational
characteristics in common, e.g. niridazole; among these compounds are trans-

*To whom all correspondence should be addressed; present adress: Pharmaceutical
Chemistry Department, Faculty of Pharmacy, Alexandria.
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5-amino-3-[2-(5-nitrofuryl)vinyl]-1,2,4-oxadidazole (I11) [11] and I-[3-[(4-nitro-
sol-naphthyl)amino]propyl] piperidine (I11) [12].

The hioisosterism known to exist between the thiazole and 1,3,4- thia-
diazole rings prompted us to prepare I-(5-nitro-1,3,4-thiadiazol-2-yl)-2-imida-
zolidinone (IV) and some related compounds in analogy to niridazole and its
derivatives, especially since the thiadiazole ring remained unexplored regarding
the antischistosomal activity.

v

The preparation of IV was first thought of to he achieved via the following
route:

Compound V was first claimed in the literature as prepared by the nitra-
tion of 2-amino-I,3,4-thiadiazole (VI) with fuming nitric acid at 40 °C [13].
However, the product has the same melting point (177 °C, d.) as 2-nitramino-
1,3,4-thiadiazole (VII) prepared by Kanaoka under similar conditions [14].
In our work, when the same procedure was applied to compound VI, the results
proved that the product was VII. It is acidic in nature and dissolves in sodium
carbonate solution with effervescence. The IR spectrum shows the following
characteristics.

1. The two strong bands at 3320 and 3130 cm-1 found in the spectrum
of the starting material VI (N—H str. of NH2) disappears and is replaced by
a strong band at 3100 cm-1 (N—H str. of —NH—).
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2. The strong band at 3140 cm-1 assigned to C—NO02sym. str. (compared
with other nitrothiadiazoles prepared in this work) is absent.

3. The strong band at 890 cm-1 (C—H of the ring) is still present [15].
This confirms the work of Kanaoka [14].

fuming HNQ3,40°C
0 HNQ NHNOa

VI Vi

VIl was also obtained when VI was treated in a similar way to that
followed in the preparation of 2-amino-5-nitrothiazole [16].

On the other hand, several attempts to prepare VI via molecular rear-
rangement of compound VIl by heating with sulfuric acid at 60 °C for 13 hrs
[17] or at 120 °C for 2 hrs [18] were unsuccessful. The product obtained
melted above 300 °C with decomposition [19]; its IR spectrum had the strong
band at 890 cm-1 assigned to C—H. These results can be explained by the
electron deficiency of the thiadiazole ring [17].

Thus, the following route was suggested for the preparation of com-
pound IV:

N—N N—N N—N

Compound”/Ill was first prepared by Back et al. [20] via the bromination
of VI in 40% HBr; however, the product was not isolated but diazotized
in situ to 2,5-dibromo-1,3,4-thiadiazole. In the present work, VIl was prepared
by treating VIwith bromine in acetic acid; it was isolated as a crystalline prod-
uct and subjected to microanalysis. The IR spectrum of this product shows
the following bands assigned to the primary amino group; 3350 v.s. 3100 v.s.
1600 s., and 1305 m cm-1; in addition, the two bands at 1225 m and 890 v.s.
cm-1 assigned to C—H are absent. Further confirmation of the structure was
obtained by preparing the N-acetyl derivative (XI) of this product.

Hr

\! HOAC VI

The preparation of compound 1X was first described in a U. S. patent
[21], and this was accomplished by treating VII1 with sodium nitrite and copper
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metal powder in hydrochloric acid. In our work further improvement of the
method of preparation and isolation of the product have been achieved. The IR
spectrum of this compound has two bands at 1540 v.s. and 1340 v.s. cm-1
assigned to C—NO2

Preparation of compound X was accomplished by the action of N-carb-
ethoxyethylenediamine X1l on compound IX. The IR spectrum shows a strong
band at 3350 cm-1 assigned to N—H str. of the secondary amino and mono-
substituted carbamate groups; amide | band appears at 1695 v.s. cm-1 and
amide Il band appears at 1550 v.s. cm-1, mixed with C—NO02asym. str.

IX  + h2n NHCOOfit X

Xl

A Hungarian patent described the preparation of I-(2-thiazolyl)-2-imida-
zolidinone XI1l by heating N-[2-[(2-thiazolyl)aminolethyl]-ethylJurethane XIV
with sodium ethoxide in absolute ethanol [22].

However, the presence of the nitro group on the electrondeficient thia-
diazole ring which may lead to its substitution by the strong nucleophilic
ethoxyl radical [23], in addition to the possibility of ring cleavage [24], have
led us to avoid the use ofthis procedure to prepare compound IV. A new method
was applied which consisted in heating X at a temperature above its melting
point for several hours. (Refluxing a solution of X in dimethylformamide for
several hours did not bring the reaction to completion).

The preparation of N-[2-[(5-nitro-1,3,4-thiadiazol-2-yl)-amino]ethyl]-
acetamide XY was accomplished by treatment of compound IX with N-acetyl-
ethylenediamine XVI. The IR spectrum shows amide | band at 1660 v.s. cm-1
and amide Il band at 1570 v.s. cm-1.

IX + h2n NHCOCHSs 02N NHCOCHSs
XVI XV
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N -[2-[(5-Nitro-2-thiazolyl)amino]ethyl]ethyl-urethane (XVIII) was pre-
pared by the action of X1l on 2-bromo-5-nitrothiazole (XVIII). The IR spectrum
has amide | hand at 1680 v.s. cm-1 and amide Il band at 1590 v.s. cm-1.

XVIHI XVII

Compounds XV and XVII were prepared to examine their antischisto-
somal activity in comparison with compounds IV and X. Investigation of the
activity of these compounds is in progress and the results will be discussed
elsewhere.

Experimental

M.p.’s are uncorrected. The IR spectra were obtained with a UNICAM SP. 1200
spectrophotometer.

2-Nitramino-I,3,4-thiadiazole (VII1)

A mixture of 1.01 g (0.01 mole) of VI and 0.8 ml nitric acid was added gradually to
6 g sulfuric acid at a temperature below 30 °C. The solution was stirred for 3 hrs at room tem-
perature, poured into 10 ml ice-cold water, and the yellow precipitate produced was filtered
off, washed with ice-cold water and dried to yield 0.73 g of VII, m.p. 175—177 °C (d).

2-Amino-5-bronio-I,3,4-thiadiazole (VIII)

A solution of 10 g (0.1 mole) of IV in 30 ml glacial acetic acid was mixed gradually with
17.6 g (0.11 mole) bromine in 6 ml glacial acetic acid, with shaking. The mixture was allowed
to stand for 3 days at room temperature and then poured into 200 ml water with continuous
stirring. The precipitated solid was filtered off, washed with water and recrystallized from 80%
ethanol using charcoal to give white needles melting at 184—185 °C; yield 85%.

CH2N3SBr. Caled. C 13.35; H 1.12; N 23.35; S 17.78; Br 44.4%. Found C 13.50;
H 1.10; N 23.80; S 17.10; Br 44.3%.

2-Acetamido-5-bromo-I1,3,4-thiadiazole (XI)

3.6 g (0.02 mole) of the amine VIwas heated gently with 15 ml acetic anhydride until
dissolution. The solution was refluxed for 30 min cooled and then poured into 100 ml cold
water with continuous stirring. The precipitate was filtered off, washed with water and crystal-
lized from 50% ethanol to obtain white needles, m.p. 245—247 °C, yield 75%.
CAH4AN30SBr. Calcd. C 21.62; H 1.80; N. 18.90; S. 14.40; Br 36.36%. Found C 22.10;
H 2.00; N 19.20; S 14.00; Br 35.90%.

2-Nitro-5-bromo-I,3,4-thiadiazole (1X)

1.3 g (0.02 mole) of copper metal powder suspended in a solution of 2.1 g (0.03 mole)
sodium nitrite in 20 ml water. This suspension was treated with two drops of hydrochloric
acid and stirred for 15 min. 1.8 g (0.01 mole) of the amine VI was dissolved in a mixture of
2 ml hydrochloric acid and 4 ml water by warming on a steam bath, and the solution was
added dropwise during a 15 min period to the previously prepared suspension with vigorous
stirring. During addition, the mixture became green, gas evolved and a yellowish green solid
separated. The mixture was stirred for 2 hrs, filtered and the precipitate dried in a desiccator.
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The solid was extracted repeatedly with ether, the ether extract was dried over Na2S04
filtered, and the ether evaporated to leave 1 g of dark yellow crystals. Repeated recrystalli-
zation from a mixture of ether and petroleum ether (60—80 °C) produced 0.9 g (43%) of
yellow crystals, m.p. 102—103 °C.

N-[2-[(3-Nitro-1,3,4-thiadiazol-2-yl)amine*]ethyl]ethyl urethane (X)

2.7 g (0.02 mole) of N-carbethoxyethylenediamine (XI) was added dropwise to a mag-
netically stirred solution of 2.1 g (0.10 moie) of IX in 20 ml tetrahydrofuran. Stirring was
continued for 2 hrs, and the solvent was evaporated under reduced pressure to leave a reddish
brown oily residue which was then placed on a silica gel column. Development of the column
with a mixture of benzene and acetone (8:2) gave a yellow crystalline product; this was recrys-
tallized from chloroform-petroleum ether (60—80 °C); m. p. 140—142 °C, yield 1.7 g (65%).

C,HUNB4S. Calcd. C 32.18; H 4.25; N. 26.81. Found C 32.05; H 4.40; N 26.53%.

I-(5-Nitro-1,3,4-thiadiazol-2-yl)-2-imidazolidinone (1V)

2.6 g (0.01 mole) of X was heated at 160—170 °C for 5 hrs. After cooling the brown
residue was suspended in ethanol and the suspension was filtered. The solid was repeatedly
washed with hot ethanol and then dried to yield 0.9 g (42%) of a brown amorphous product
which did not melt when heated to 320 °C.

C5HsN505S. Caled. C 27.91; H. 2.34; N. 32.50. Found C 27.50; H 2.50; N 32.10%.

N-[2-[(5-Nitro-1,3,4-thiadiazol-2-yl)amino]ethyl] acetamide (XV)

2 g (0.02 mole) of N-acetylethylenediamine (XVI) was added to a stirred solution of
2.1 g (0.01 mole) of IX in 20 ml ethanol during 20 min. The resulting reddish yellow solution
was stirred at room temperature for 1 hr, then the yellow precipitate which separated was
filtered off and washed with cold ethanol. A second crop was obtained by concentration of
the filtrate and washings under reduced pressure. The product was recrystallized from ethanol
as yellow needled melting at 228—230 °C with decomposition; yield 73%.

C,H,N%,S. Calcd. C 31.17; H 3.92; N 30.29. Found C 31.13; H 4.00; N 30.22%.

N-[2-[(5-Nitro-2-lhiazolvl)amino] ethyl] ethyl urethane (XVIII)

A magnetically stirred solution of 2.1 g (0.01 mole) of XVIII in 50 ml of a mixture of
ethanol and ether (1:i) was mixed with 2.7 g (0.02 mole) of X1l adding the compound dropwise
in a 20 min period. The mixture was stirred for 1 hr and then allowed to stand overnight to
give a yellow precipitate; a second crop was obtained from the mother liquor. Recrystalliza-
tion from a mixture of ethanol and ether gave 1.6 g (60%) of yellow crystals, m.p. 165—
167 °C.

C8HIN404S. Calcd. C 36.92; H 4.60; N 21. 53. Found C 37.00; H 4.80; N 21.50%.
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ALKALOIDS CONTAINING the INDOLO [2,3-c]
QUINAZOLINO [3,2-a]PYRIDINE SKELETON, IIP

3,14-DIHYDRORUTECARPINE

K. Horvath-Déra and 0. Crauder

(Institute of Organic Chemistry, Faculty of Pharmaceutical Sciences, Semmelweis Medical
University, Budapest)

Received March 29, 1974

3,14-Dihydrorutecarpine (3) was prepared from tryptamine (4 by means of
acylation with isatoic anhydride © followed by ring closure with ethyl formate. The
oxidation and N4 methylation of @ yielded rutecarpine ® and evodiamine @, respec-
tively. Rutecarpane ® and rutecarpene © have also been prepared from 3,14-
dihydrorutecarpine (3).

In our earlier paper [1] the synthesis and reduction of rutecarpine was
treated. It was stated that in rutecarpine the C3—N14 double bond cannot
be reduced selectively because of the extensive conjugation involving the whole
ring system. Its hydrogenation can be achieved only after decreasing the extent
of conjugation, for example, after the reduction of the lactam C=0 group.
Therefore 3,14-dihydrorutecarpine (s) could only he synthesized up to now.

Similarly to the synthesis of rutecarpine, it was already prepared through
the condensation reaction of N-formyltryptamine (7) and anthranilic acid @ [1].

(Fig. 1.

POCI,
C,HO

Fig. 1

A novel synthetic method have also been developed for the compound.
Tryptamine (T) was acylated with isatoic anhydride (F) [2] in melt, yielding
N-anthranoyl-tryptamide (7). This substance was already prepared by Asahina
and Ishimava [3] in ZnCI2—HC1 reduction of o-nitrobenzoyltryptamide (7).
Then N-anthranoyl-tryptamide (T) was subjected to ring-closure with ethyl
formate in a fusion reaction again, and 3,14-dihydrorutecarpine (7) was
obtained. (Fig. 2.)

*Part Il: Horvath-Doéra, K., Clauder, 0.: Acta Pharm. Hung. 44, Suppl. 80 (1974)
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Luckner [4,5] assumed that dihydrorutecarpine (3) is a key compound
in the biosynthesis of rutecarpine (?) and evodiamine (9). According to Johne
and Groger [6, 7], the N-methylation reaction necessary for the biosynthesis
of evodiamine (?) proceeds already in the anthranilic acid, rather than in the

HG(OE1)3

1

Fig.3
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dihydrorutecarpine (7). It can certainly be stated that, even if it has no
important role in the biosynthesis, both alkaloids can be prepared from it under
laboratory conditions.

Oxidation of 3,14-dihydrorutecarpine (?) with mercuric acetate yielded
rutecarpine (?), while the N14 methylation reaction carried out with formic
acid and formaldehyde resulted in evodiamine (?). Evodiamine (?) was iden-
tified on the basis of literature data (m.p., spectroscopic characteristics, etc.).
[8, 9, 10].

In the reduction of 3,14-dihydrorutecarpine (?) with LiAIH4 involving
the hydrogenation of the C=0 bond, rutecarpane (lo) was formed. Oxidation
of rutecarpane (to) with mercuric acetate yielded rutecarpene (). Rutecar-
pane (w) and rutecarpene (u) have already been prepared earlier [1] by the
reduction of rutecarpine (?) under various conditions. (Fig. 3.)

Experimental

Isatoic anhydride ©

The substance was prepared from anthranilic acid© (5.0 g, 0.036 mole) and ethyl chloro-
carbonate(15 m1,0.0125 M) according to the prescriptions given in Ref. [2]. Yield: 88%(5.159).
M.p. 246—248 °C (Lit. m.p. 243 °C [2]).

UV (etanol): Amax (log e): 242 (3.85); 315 nm (3.51).

IR: (KBr): 3300—2700 cm-1 (> NH cyclic dimer), 1775, 1735 cm-1 (v CO lactone),
760 cm-1 (y CH o-disubst.).

N-Athranoyl-tryptamide ©

Tryptamine base © (1.0 g, 0.0625 mole) and isatoic anhydride © (1.0 g, 0.00625 mole)
were ground together thoroughly in a porcelain mortar then kept on a paraffin bath at 100 °C
for 1 hr. The material first settled then foamed. After 1 hr treatment, it was crystallized from
absolute ethanol (10 ml). White crystals (1.5 g; yield: 86%). After recrystallization from etha-
nol, m.p. 156—157 °C (Lit. m.p. 157.5 °C) [3].

UV (ethanol): Amax (log e): 248 (4.03), 272 (3.79), 282 (3.82), 290 (3.80), 322 nm (3.59).

IR (KBr): 3470, 3390 cm-1 (v NH2, 3300 cm-1 (v NH indole), 1630 cm-1 (v CO acid
amide).

3,14-Dihydrorutecarpine ©

N-Anthranoyl tryptamide ® (1.5 g, 0.0054 mole) was refluxed with freshly distilled
ethyl formate (0.0225 mole, 3.0 ml) on a paraffin bath at 180 °C for 20 hrs. The excess ethyl
formate was distilled in vacuum. The oily residue was crystallized from acetone. 1.40 g of the
product was obtained. (Yield: 77%.) After recrystallization from ethanol, m.p. 178—179 °C.

UV (ethanol): Amax (log e): 272 (4.11), 290 nm (3.98).

IR (KBr): 3350 cm -1 (v NH), 1660 cm -1 (v CO acid amide), 745 cm -1 (y CH o-disubst.).

Rutecarpine ®

3,14-Dihydrorutecarpine © (0.15 g, 0.0005 mole) was blended thoroughly with 3%
acetic acid (6 ml). Mercuric acetate (0.40 g, 0.0013 mole) and EDTA disodium salt (0.45 g)
in 3% acetic acid (6 ml) were added to the suspension, then it was refluxed on a paraffin
bath at 110 °C in N2atmosphere for 5 hrs. The reaction mixture clarified first then a rubber-
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like material separated. The colour of the solution turned yellow. After cooling the solution
was made alkaline to pH = 8 with 2 M NH40H, then extracted with 1 X20 ml, then 3 X 10 ml
of chloroform. After drying it was evaporated to dryness in vacuum. A yellowish beige oil was
obtained; it could be crystallized from ethanol. 0.13 g of the product was obtained (yield
75%). M.p. 256—258 °C.

UV (ethanol): Amax (log e): 278 (3.88), 290 (3.92), 332 (4.48), 345 (4.54), 364 nm (4.44).

IR (KBr): 3350 cm-1 (v NH indole), 1660 cm-1 (v CO acid amide), 765, 725 cm-1
(y CH o-disubst.).

Evodiamine (?)

98% Formic acid (3 ml) was poured onto 3,14-dihydrorutecarpine (5 (0.08 g, 0.00025
mole) while cooling with water and stirring. The substance was dissolved forming a yellow
solution. 35% formaldehyde was added to it (4 ml). The solution became almost colourless.
It was stirred then on a water bath at 80 °C in N2 atmosphere for 5 hrs. The colour of the
solution deepened and turned orange. Concentrated hydrochloric acid (1 ml) was added to
it under cooling with ice, then evaporated in vacuum. Chloroform (30 ml) was poured onto
the residue and made alkaline with 2M NH40H while cooling in ice. The aqueous phase was
extracted with 3x20 ml of chloroform. After drying the chloroform solution was evaporated
in vacuum, yielding a beige dry foam. Purification was accomplished on a Kieselgehl H prepara-
tive layer. Developing mixture: benzene :ethyl acetate : methanol (4:2:1). 0.03 g of product
was obtained in 40% vyield. M.p. 270—271 °C.

UV (ethanol): Amax (log e): 268 nm (4.08), (acetonitrile): 272 (4.06), 280 (4.02), 291
(3.90), 335 nm (3.30).

IR (KBr): 3250 cm-1 (v NH indole), 1660 cm-1 (v CO acid amide), 745 cm-1 (y CH
o-disubst.).

Rutecarpane lo

Absolute ether (5 ml) was poured onto 3,14-dihydrorutecarpine (3) (0.05 g, 0.00016
mole), then LiAIH4 (0.03 g, 0.0008 mole) was added to it under continuous stirring. Then the
mixture was refluxed on a water bath and stirred continuously for 20 hrs. It was decomposed
with water (1 ml) then filtered. The precipitate was washed thoroughly with ether. After drying
the ether, it was distilled off, and a white solid residue was obtained (0.04 g). Yield: 93%.
After recrystallization from acetone: m.p. 165—168 °C.

UV (ethanol): Amax (log e): 283 nm (4.04).

IR (KBr): 3400 cm-1 (v NH indole), 3250 cm-1 (v NH sec. amine), 745 cm-1 (v CH
o-disubst.).

Rutecarpene 4

3% Acetic acid (3 ml) was poured onto rutecarpane () (0.05 g, 0.00018 mole) and
boiled for 5 minutes under continuous stirring. The substance did not dissolve completely.
After cooling the solution, mercuric acetate (0.20 g, 0.0006 mole) and a solution of the diso-
dium salt of EDTA (0.22 g) in 3% acetic acid (3 ml) were added to it. The mixture was kept
on a paraffin bath at 110 °C under N2atmosphere for 8 hrs. The colour of the solution turned
yellow and yellow crystals separated. The mixture was made alkaline with 2M NH40H while
cooling with ice then extracted with 1x20 ml, then 3x10 ml of chloroform. The chloroform
phase was dried then evaporated. 0.04 g of product was obtained. Yield: 83%. After recrys-
tallization from ethanol, m.p. 205—207 °C.

UV (ethanol): Amax (log e): 336 nm (4.28).

IR (KBr): 1640 cm-1 (v C=N), 760, 740 cm-1 (y CH o-disubst.).
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CIRCULAR DICHROISM, LXVI*

CHIROPTICAL PROPERTIES OF SOME MONO- AND POLYSUBSTITUTED PHENYL
GLYCOSIDES

A. Léevai“**, A. LiptakA |. Pinter=“*** and G. Snatzke*“

(aLehrstuhl far Slrukturchemie, Ruhr-Universitdt Bochum, bBiochemical Institute, L. Kossuth
University, Debrecen)

Received April 9, 1974

In contrast to compounds with the center of chirality bound to the phenyl
ring via a C-atom, for phenyl glycosides the substitution pattern of the aryl ring is
in general without any influence upon the sign of the Cotton effects, as long as these
substituents are not very strong perturbers. Both the 1B2Jand the 1Bla band CD are
negative for /S-glycosides and positive for the a-anomers. In the case of o-substituted
compounds steric and/or electronic effects may, however, change the sign of some
CD bands of the aromatic chromophore.

Numerous papers have been published on the Optical Rotatory Disper-
sion (ORD) and Circular Dichroism (CD) of purine and pyrimidine nucleosides
but the chiroptical behaviour of the phenyl glycosides have not received so
much attention [1—5]. Though several substituted compounds have been
investigated [3—5], they mostly contained either more than one group in the
phenyl ring or such substituents which act as strong perturbers, like C(=0)R
or NO2 In view of some rules which have been proposed for the correlation
between chiroptical properties and substitution patterns within the aromatic
ring [6, 7] it seemed interesting to measure the CD spectra of some simpler
phenylglycosides which have been synthesized by known methods [8, 9]. The
data are summarized in Table I.

Discussion

The determination of the configuration at the anomeric C-atom is usually
achieved with the help of Hudson’s isorotation rule [10] and from coupling
constants J\>2"in the NMR spectra of glycosides [11]. According to his rule,
/1-glycosides in the D-series are more levorotatory or less dextrorotatory than
the corresponding a-anomers. This rule is based on the fact that the acetal
chromophore of 2-alkoxytetrahydropyrane shows a positive plain ORD curve

*Part LXV: Snatzke, G., Graf, W ., Schlatter, H.-R., Luthy, Ch.: Helv. Chim.
Acta, 57, 1055 (1974)

** Permanent address: Institute of Organic Chemistry, L. Kossuth University, Deb-
recen, Hungary

*** Permanent address: Central Research Institute for Chemistry of the Hungarian
Academy of Sciences, Budapest

Acta Chim. (Budapest) 84, 1975



‘wiydy ey

'yg  (1sadepng)

S/6T

\4

VIl

VI

Xl

X1l

X111

XV

XV

Table 1

Circular dichroism data of different phenyl glycosides

R: Sugar component
X: Substituents in benzene ring

a-Series

R:
X-
R:
X-
R:
X*
R:
X-
R:

2 %

XAXRDXIXDXDXD XD XD XD X

Tetra-O-methyl-D-glucose
Hepta-O-acetyl-D-maltose
Hepta-O-acetyl-D-cellobiose
4’,6’-0-Benzylidene-D-glucose

2’,3’-Di-0-methyl-4°,6’-0-benzylidene-
D-glucose

: D-Glucose

: 4-CHs

: Tetra-O-acetyl-D-glucose
. 4-CHs

D-Galactose

: 4-CHs

Tetra-O-acetyl-D-galactose

. 4-CHs

Tetra-O-acetyl-D-glucose

. 4-CeHs

D-Galactose

: 4-C2Hs

Tetra-O-acetyl-D-galaetose
4-CdHs

D-Glucose

3CH

Tetra-O-acetyl-D-glucose
3CH

. D-Glucose

2-CHs

273 (+0.42), 266 (+0.55),
272 (+0.51), 265 (+0.65),
272 (+0.45), 265 (+0.58),
273 (+0.34), 266 (+0.44),

273 (+0.42), 266 (+0.54),
283 (+0.28), 275 (+0.37),
281 (+0.29), 274 (+0.40),
282 (+0.29), 275 (+0.40),
280 (+0.32), 273 (+0.45),

194 (+17.00)
280 (+0.26), 273 (+0.35),

221 (+3.68), 193 (+14.50)

281 (+0.30), 274 (+0.41),
280 (+0.34), 273 (+0.47),
221 (+5.00)

277 (+0.67), 270 (+0.77),
276 (+0.65), 269 (+0.73),

275 (+0.68), 269 (+0.77),

max ("®)

261 (+0.42), 218 (+2.36)
260 (+0.50), 232 (-0.08), 216 (+3.46)
259 (+0.43), 230 (-0.19), 217 (+2.91)
260 (+0.38), 216 (+4.96)

260 (+0.47), 216 (+6.38)
221 (+1.84)

236 (—0.06), 220 (+3.55)
270 (+0.36), 222 (+3.24)
268 (+0.39), 220 (+4.77),
268 (+0.30), 237 (-0.08),
268 (+0.35), 222 (+3.40)
267 (+0.42), 261 (+0.29),
220 (+2.00)

235 (—0.07), 220 (+2.83)
215 (+1.82)
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XVI

XV

XIX

XXI1

XXI1
XX
XXIV
XXV
XXVI
XXvn
XXV
XXIX
XXX
XXXI
XXXII
XXXM1

XXXV

DRDXDIXDXD P XDXDXDXDXDXD

><:U><Z><W_>_<?><JU_>_<;U.>.<IJ.>.<XJ_>_<

. Tetra-O-acetyl-D-glucose
: 2-CHa
. D-Glucose

4-Br
Tetra-O-methvl-D-glucose

. 4-Br

Tetra-O-acetyl-D-glucose

. 4-Br

D-Glucose

: 4-NO2

Tetra-O-acetyl-D-glucose

: 4-NO,

-Series

D-Glucose

2\3’-Di-0-methyl-D-glucose

Tetra-O-methyl-D-glucose

Hepta-O-acetyl-D-maltose

Hepta-O-acetyl-D-cellobiose

: Hepta-O-acetyl-D-lactose

: 4°,6°-0-Benzylidene-D-glucose

: 2,3-Di-0-methyl-4°,6,-0-benzylidene-D-glucose

. D-Glucose
: 4-CHs

Tetra-O-methyl-D-glucose
4-CHs

. Tetra-O-acetyl-D-glucose

: 4-CHs

: D-Glucose

: 4-C2Hs

. Tetra-O-acetyl-D-galactose
: 4-CoHs

275 (+0.37), 269 (+0.38),
284 (+0.17), 276 (+0.26),
283 (+0.23), 275 (+0.36),
282 (+0.17), 275 (+0.26),
303 (+1.27), 278 (+0.97),

290 (+1.91), 223 (+0.57)

273 (-0.35), 266 (—0.39),
273 (-0.54), 266 (—O0.61),
273 (-0.61), 266 (-0.73),
272 (-0.66), 265 (-0.81),
272 (-0.49), 265 (-0.59),
272 (—0.67), 265 (—0.81),
273 (-0,49), 266 (-0.56),
272 (-0.54), 266 (—O0.61),
282 (—0.35), 274 (—0.42),

281 (-0.45), 273 (-0.47),

280 (—0.34), 273 (—0.39),

234 (-0.10),
226 (+2.34)
225 (+3.39)
269 (+0.22),

219 (+0.70)

261 (—0.32),
261 (-0.48),
260 (-0.51),
259 (-0.56),
259 (-0.38),
259 (-0.58),
261 (-0.45),
260 (-0.46),
222 (—1.98)
222 (-1.65)
218 (—2.38)

220 (+3.00)

225 (+3.26)

217 (—1.46)
217 (—2.10)
217 (-2.14)
215 (—1.14)
214 (-2.09)
215 (—1.95)
220 (-0.44)

221 (-0.69)

281 (—0.36), 274 (-0.44), 268 (-0.37), 222 (-2.23)

280 (-0.40), 273 (-0.48), 267 (-0.36), 220 (-1.32)
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XLVII

XLV

XLIX

L

XDXDXDXDXDXDXDXDXIXDX DX DX DX DIX DX D

R: Sugar conponent
X: Substituents in benzene ring

D-Glucuronic acid methyl ester

: 4-CHs

Tetra-O-acetyl-D-glucose

: 3-CHs

D-Isorhamnose

: 2-CHs

Tri-O-acetvl-D-isorhamnose

1 2-CHs

D-Glucose

: 2-CHs

Tetra-O-acetyl-D-glucose

: 2-CHs
6’-Deoxy-6’-iodo-tri-0-acetyl-D-glucose
: 2-CHs

D-Glucose

: 4-Br
: Tetra-O-methyl-D-glucose

4-Br

: Tetra-O-acetyl-D-glucose

: 4-Br

: D-Glucose

: 2,4-(CHys)2

: Tetra-O-acetyl-D-galactose
1 2-[CH(CH3s)2],5-CHs

D-Glucose

: 3-CH3, 4C1

. Tetra-O-acetyl-D-glucose
: 3-CH3 4C1

: D-Glucose

: 2,45-(Chs

Tetra-O-acetyl-D-glucose

© 2,4,5-(Chs

~max("e)

281 (-0.37), 274 (-0.48), 269 (-0.43), 224 (-2.61)
275 (-0.75), 268-0.80), 220 (-2.14)

275 (-0.51), 269 (-.55), 220 (-1.80)

275 (-0.34), 268 (-0.36), 262 (-0.28), 220 (-2.71)
275 (-0.54), 269 (—0.62), 221 (—2.52)

275 —0.35), 268 (-0.37), 220 (-3.41)
275 (-(0. 55), 268 (-0.60), 262 (-0.49), 218 (-3.52)
283 (-0.25), 276 (-0.29), 224 (-1.72)

283 (-0.25), 276 (-0.28), 224 (-2.05)

282 (-0.24), 275 (-0.29), 268 (-0.22), 219 (—1.58)
282 (-0.14), 274 (—0. 14;, 220 (—2.53)

278 (-0.54), 270 (-0.57),225 (-2.86)

284 (-0.37), 276 (-0.44), 227 (—2.04)

283 (-0.39), 275 (-0.46), 270 (-0.37), 224 (—2.12)
295 (-0.56), 288 (-0.62), 234 (-0.63)

294 (—0.14), 285 (—0.18), 234 (—3.98)
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LI

LH

LIl

LIV

Lv

LVI

LVII

LVHI

LIX

LX

LX1

XOXTXDXDXDX DX DX XX D

. D-Glucose
: 2-Benzyl, 4-C1

Tetra-O-acetyl-D-glucose

: 2-Benzyl, 4-Cl1

Methyl-tri-O-acetyl-D-glucuronate

: 2-(CH3CO)

D-Glucose

© 4-N02

Tetra-O-methyl-D-glucose

: 4-N02

Tetra-O-acetyl-D-glucose

: 4-N02

D-Glucose

1 2-N02

. Tetra-O-methyl-D-glucose
: 2-N02

. Tetra-O-acetyl-D-glucose
: 2-N02

. Tetra-O-acetyl-D-glucose
: 2,6-(Cl)2 4-N02

Other glycosides

286 (—0.42), 278 (-0.50), 272 (-0.42), 266 (—0.20)
258 (—0.08:, 253 (—0.05), 230 (-4.95), 201 (+6.76)
285 (—0.36), 278 (—0.42), 268 (—O0.19), 259 (—0.05)
230 (—5.95), 203 (+14.14)

273 (—0.69), 266 (—0.84;, 260 (—0.64), 255 (—0.39)
228 (+0.62), 218 (—0.31), 210 (+1.06)

318 (-0.76), 218 (—1.04)

307 (-1.09), 219 (-1.34)

325 (-0.98), 216 (—2.03)

210 (-3.04)

342 (-1.47), 305 (+0.27), 279 (-0.63), 254 (+1.15)
210 (—3.24)

345 (—0.75), 304 (+0.26), 278 (—0.29), 254 (+0.36),

317 (+1.49), 281 sh (-1.02), 253 (-2.55), 228 sh (—1.51)
210(—3.04)
320 (+0.47), 222 (—1.97)

364 (-0.25), 348 (-0.21), 310 (+3.55), 298 (+2.87),
259 (—2.08), 240 (+1.03), 225 (—13.37)
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361 (-0.14), 345 (-0.10), 316 (+0.18), 307 (+2.98),
295 (+2.30), 264 (-1.90), 239 (+0.88), 215 (-18.19)

252 (—0.69), 226 (+0.90)
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for the (S)-, and a negative one forthe (R)-configuration, which then contrib-
utes either positively or negatively to the rotation at the NaD line [12].

This rule is violated, however, when there are such chromophores in the
molecule which themselves show at longer wavelengths Cotton effects of oppo-
site sign to that of the corresponding “background rotation” due to the acetal
chromophore. The most prominent examples of such an exception are the
pyrimidine glycosides [13].

The aromatic chromophore gives rise to only a very weak Cotton effect
within the 1B 2u absorption band, its sign depending on the substitution pattern
ofthe ring. For derivatives and analogues (LXIV) of mandelic acid the unsubsti-
tuted and the m-substituted compounds give Cotton effects of opposite signs
to those ofthe p- and o-substituted isomers [6]. However, in the case of phenyl-
alanine and its three hydroxy derivatives (LXV)p-substitution doesnot change
the sign of this Cotton effect, whereas the m- and o-hydroxy derivatives show
sign inversion [14]. This latter result is in agreement with theoretical calcula-
tions [14] in which it is assumed that the OR group is the main perturber and
the alkyl group can be neglected. The same result can, however, also be
obtained by taking into consideration only the “spectroscopic moments” of
the individual substituents and neglecting their magnitudes [7]. The difference
between Korver’s [6] and Hooker and Scheriman’s [14] results could be
explained by assuming that the “insulation” of the chromophore from the
center of chirality by a CH2group gives the theoretically predicted correlation
between substitution pattern and sign, whereas in the case of direct connection
between the benzene ring and the center of chirality, the different degrees of
hyperconjugation may change the conformational equilibria. This will in turn
influence the sign of the Cotton effect.

X X
LXIV LXV
R: H, CHs X: H, OH (o, m, p)

R': OH, OOH3 CH20H
X: H,F,Cl, Br, OCH3 (0, m, p)

As can be seen from Table I, the sign of the Cotton effect of substituted
phenylglycosides follows neither the pattern obtained for mandelic acid deriv-
atives [6], nor that of the tyrosines [14]: the CD curve within the 1B2u and
also the 1B lu transition is nearly uninfluenced by this substitution. Also, minor
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changes in the sugar moiety (methylation, acetylation, 4°,6’-benzylidene deriv-
ative formation, epimerization at C(4’), replacement ofthe OH at C(6’) by hy-
drogen or iodine, or oxidation to the uronic acid, glycoside formation at C(4’)
do not bring about drastic changes in the CD. From the synthesis and
enzymatic cleavage of these glycosides, as well as from NMR coupling constants
the configuration at the anomeric C-atom is known unequivocally, so this
lack of change of sign of the Cotton effect cannot be due to a wrong assign-
ment from a violated Hudson rule.

An explanation for this surprising fact may be given in the following
way. The empirical g-value [15], which is a measure of the spectroscopic
moment, is 4 to 6 for alkyl groups, chlorine and bromine, and 21 for OCHS3; the
main influence upon the electric transition moment vector will thus come
through the glycosidic linkage, and the same must hold for the Cotton effects.
It seems as ifin the case when the chiral center is linked to the phenyl chromo-
phore through a perturber of medium strength like oxygen, the substitution
pattern (provided that the other substituents are only weak perturbers) is
without pronounced influence upon the Cotton effect within the 1B2u and 1B lu
absorption bands. One can therefore safely determine the configuration at
C (I’) of substituted phenyl-D-glycosides from the CD: the 1B2u and the 1Blu
hand CD are positive for the a- and negative for the /5-glycosides. These Cotton
effects have thus the same signs as the background rotation caused by the
Cotton effect of the acetal chromophore, so they reinforce each other. It must
be emphasized, however, that any extrapolation of this rule to phenylglyco-
sides substituted by strong perturbers should not be tried without experi-
mental proof.

As noticed earlier [5], in the CD-spectra of many acetylated a-phenyl-
glycosides a very small but distinct negative Cotton effect appears at about
230 nm in between the two positive ones at around 275 and 220 nm.

Tsuzuki et al. [3] have described the chiroptical data of several nitro-
phenylglycosides and their acetates. Some of these compounds and their
methyl ethers were also available to us and we could not always reproduce
the CD curves published. For some of these compounds (especially the p-nitro-

Ae
phenylglycosides) the anisotropy factor g' = — is in the order of 10-4 and
e

smaller, and we have noticed that (at least with the dichrograph) artifacts
may be measured if the optical density is too high. Instead of the whole CD
band the instrument records correctly only the beginning of the steep rise
and the end of the band, but instead of climbing to the maximum it returns
to the base line in between. The CD curves given in Ref. [3] for the p-nitro-
phenylglycosides resemble very much those we have obtained with solutions
of too high optical density. These apparent three Cotton effects merge into
a single broader one if this “artifact” is eliminated by reducing either the con-

Acta Chim. (Budapest) 84, 1975



LEVAI et al.: CIRCULAR DICHROISM, LXVI 107

centration of the solution or the cell path. We could, however, confirm the
findings [3] that the long-wavelength Cotton effect ofthe a-glucoside is positive
and that of the /3-anorner is negative. Furthermore, between 210 and 220 nm
another Cotton effect of the same sign as around 310 nm could be detected.

If two additional chlorine atoms are introduced in o-, 0’-position (LX),
the sign and magnitude ofthe short-wavelength CD remain unchanged whereas
the long-wavelength CD, to which mainly the nitro chromophore contributes,
is inverted.

In the case of the o-nitro compounds our measurements agree with the
literature data [3]. It is interesting to note thatthe [3] signinversion of the CD
bands, observed upon by acetylating the OH groups of the glucose moiety,
does not take place for the methylated glucoside LVIIIl. Other than mere steric
reasons (e.g. orbital interaction between the acetoxy and the nitro chromo-
phores) must therefore be responsible for this fact. The CD data of some more
complicated arylglycosides are also listed in Table I, however, a detailed dis-
cussion must await the measurement of more analogues.

Experimental

All CD spectra were recorded on a Model 185 Roussel-Jouan dichrograph in acetonitrile
solution at concentrations of about 1 mg/cms in 2.00 to 0.01 cm cells at 20 °C.

G. S. thanks the Deutsche Forschungsgemeinschaft and the Fonds der Chemischen
Industrie for financial support of this work, Prof. B. Helferich, and Mr. S. Muller (Bonn
University) for many glycosides.
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REPARATION OF 1-PHENYLALANINE-(4-3H)
FROM p-CHLORO-1-PHENYLALANINE
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The resolution of acetyl-p-chloro-DL-phenylalanine was accomplished with
L-(+)-threo-I-(p-nitrophenyl)-2-aminopropanediol-(1,3). Catalytic hydrogenation and
catalytic tritiation of p-chloro-L-phenyl-alanine yielded L-phenylalanine, and L-phenyl-
alanine-(4-3H) having a molar activity of 8.76 Ci/mmol, respectively

Radioactive amino acids for use in biological research are usually pre-
pared in optically active forms. In modern biochemical research, optically
active amino acids with high specific activities, labelled with tritium in definite
positions are particularly important. Of the amino acids of biological impor-
tance, phenylalanine labelled with tritium could be prepared by a limited
number of suitable methods only.

Labelling of L-phenylalanine can be achieved by catalytic exchange of
hydrogen for tritium in the aromatic ring located farther from the optically
active center [1], by catalytic saturation of the double bond that can be formed
in ot-8 position in the alkyl chain [2, 3], or by a hydrogen-tritium exchange
reaction accomplished at the a-carbon atom, which can be carried out e.g., by
the so-called racemization technique [4]. The latter two techniques yield,
of course, a racemic product, whose antipodes must be separated by an appro-
priate resolution method.

In isotope exchange reactions, thus in the case of amino acids labelled
by the racemization technique [4], only very low specific activities can be
achieved, which strongly limit their application.

Gerday and Verly [2] elaborated a procedure for the preparation of
L-phenylalanine with high specific activity tritiated in the alkyl side-chain.
2-(Chloroacetylamino)cinnamic acid was subjected to catalytic tritiation with
subsequent enzymic resolution, yielding L-phenylalanine-(2,3-3H). The pro-
cedure is not suitable for preparative work, because of the small-scale opera-
tional characteristics of enzymic methods and of the low yield.

*Part IV: Acta Chim. (Budapest), 73, 23 (1972)
** Present address: Frédéric Joliot Curie National Research Institute for Radiology
and Radiohygiene, Budapest
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The above facts suggest that L-phenylalanine with high specific activity
can be prepared most appropriately by catalytic tritiation of the chemically
uniform, optically active phenylalanine derivative substituted by halogen
atom in the aromatic ring.

Birkofer and Hempel [1] carried out bromination of L-phenylalanine
with subsequent catalytic triation in alkaline medium and assumed that 2,4-
dibromo-L-phenylalanine and labelled phenylalanine of high specific activity
were obtained, respectively. In repeating their experiments, the bromination
step was found to yield various halogenated amino acid derivatives which
could not be separated by means of crystallization. Thus the preparation of
phenylalanine labelled with tritium in specific positions could not be achieved.
Our experimental findings were supported by the work of Faulstich et al. [5],
in which the authors studied the bromination of phenylalanine in detail. The
isomers formed in the reaction were separated on a column by the chroma-
tographic technique and identified. In this way, the preparation of L-phenyl-
alanine labelled with tritium in known positions could be achieved after
catalytic tritiation of the derivatives separated.

Since direct bromination of phenylalanine does not yield a uniform prod-
uct and the isolation of the isomers is troublesome, a different approach was
searched for. In the procedure described in the present paper p-chloro-DL-
phenylalanine was synthesized. A chemical method was elaborated for resolving
p-chloro-DL-phenylalanine; up to now, only the enzymic technique suggested
by Tong et al. [6] has been given in the literature for this purpose. The
enzymic resolution technique developed by them is suitable for the prepara-
tion of small amounts of amino acid derivatives only. Our research project
and the information on the biological activity of p-chloro-DL-phenylalanine
available in the literature [7—12] required the elaboration of a reproducible
large-scale chemical method for the separation of the antipodes of p-chloro-
DL-phenylalanine.

The experiments were accomplished in analogy to the procedures sug-
gested for the resolution of phenylalanine. Carbobenzoxy-p-chloro-DL-phenyl-
alanine and acetyl-p-chloro-DL-phenylalanine were prepared for use in the
resolution experiments.

The diastereomeric salt of carbobenzoxy-p-chloro-DL-phenylalanine for-
med with (—)-a-phenylethylamine was prepared first. In order to decide which
of the antipodes of carbobenzoxy-p-chloro-DL-phenylalanine was crystallized
in the resolution step, catalytic hydrogenation was applied in methanol in the
presence of Pd/C. Owing to hydrogenolysis of the carbobenzoxy group, L-phe-
nylalanine could be recovered from the salt in a single step; the hydrochloric
acid liberated was hound by (—)-a-phenylethylamine. The separation of car-
bobenzoxy-p-chloro-DL-phenylalanine with (—)-a-phenylethylamine vyielded
the D-phenylalanine, unlike in the case of carbobenzoxy-DL-phenylalanine,
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where L-phenylalanine was obtained under identical experimental condi-
tions [13].

The most suitable and reproducible resolution procedure was that involv-
ing the preparation of the diastereomeric salt of acetyl-p-chloro-DL-phenyl-
alanine and L-(-|-)-t/ireo-I-(p>-nitrophenyl)-2-amino-1,3-propanediol; salt for-
mation yields a diastereomeric salt in ethanol, which is readily purified.

In order to achieve the desired degree of purity, the salt was repeatedly
recrystallized from water. The diastereomeric salt was decomposed with dilute
hydrochloric acid, and refluxing with 31V hydrochloric acid was applied in the
deacetylation reaction. p-Chloro-L-phenylalanine was crystallized from the
reaction mixture at pH 5. The specific rotation of j>-chloro-L-phenylalanine
prepared by the described procedure was identical with the value determined
in the enzymically prepared product given in the literature [6]. Analogous
processing of the mother liquor of separation yielded p-chloro-D-phenylalanine
with only 80% optical purity, thus D-(—)-t/ireo-I-(p-nitrophenyl]-2-amino-I,3-
propanediol should be used in the resolution procedure when optically pure
p-chloro-D-phenylalanine is required.

The product obtained on resolution was checked by catalytic hydrogen-
ation of p-chloro-L-phenylalanine in the presence of Pd/C and potassium
hydroxide in methanol-water. The product obtained on hydrogenation was
chromatographically uniform, exhibiting identical specific rotation with that
of an authentic L-phenylalanine sample.

Phenylalanine labelled with tritium in the aromatic ring was prepared
from p-chloro-L-phenylalanine and its activity was found to be 8.7 Ci/mmol.
Catalytic tritiation was accomplished in a manner analogous to hydrogenation,
in a special vacuum apparatus constructed for tritiation reactions [14]. The
product obtained after purification was uniform, according to chromato-
graphic and radiochromatographic examination.

In parallel experiments the activities of the products obtained were 11.6
and 7.4 Ci/mmol. The variation in specific activity can presumably be attributed
to the different extent of heterogeneous catalytic isotope exchange reactions
between the solvent and tritium gas, owing to differences in the reaction times.

Experimental

In the TLC experiments DC-Alufolien Kieselgel (Merck) layers were used.
Developing solvent systems applied:

(A) ethyl acetate : pyridine : glacial acetic acid : water = 30:20:6: 11,
(B) ethyl acetate : pyridine : glacial acetic acid : water= 240:20:6 : 11,
(C) butanol: glacial acetic acid : water= 4:1:1.

Optical rotations were measured with a Schmidt—Haensch polariméter.
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The radioactivity measurements were carried out with a Packard Tri-Carb M 3375
liquid scintillation spectrometer.
The radiochromatograms were evaluated with a Berthold Dunnschicht Scanner LB

apparatus.
The melting points were determined with a Koffler block; the data are uncorrected.

1. Carbobenzoxy-p-chloro-DL-phenylalanine

p-Chloro-DL-phenylalanine (15 g, 75 mmol) was dissolved in 21V sodium hydroxide
(55 ml) and carbobenzoxy chloride (12 ml) and 2iV sodium hydroxide (22 ml) were added to
it cooling the reaction mixture with ice. The reaction mixture was stirred at room tem-
perature for 2 hrs the excess of carbobenzoxy chloride was extracted with ether and the pH
of the solution was adjusted to pH 1 with 6iV hydrochloric acid. The product separated
was filtered off, washed, dried and crystallized from ethanol (about 100 ml) with water.
Yield 20.0 g (89%). M.p. 156—158 °C, Kf 0.8 (B).

CIM1BCINO4 (333.77). Calcd. C 61.0; H 4.78; N 4.18; Cl 10.60. Found C 61.2; H 4.80;
N 4.20; Cl 10.55.

2. Resolution of carbobenzoxy-p-chloro-DL-phenylalanine with (-)-a-phenylethylamine

Cabobenzoxy-p-chloro-DL-phenylalanine (9.9 g, 30 mmol) and (—)-a-phenylethylamine
(5.4 g, 30 mmol) were dissolved in warm benzene (70 ml). The solution was allowed to stand
for 24 hrs, then the salt separated was three times recrystallized from 96% ethanol (50 ml).
Yield 3.8 g (55%). [a]b6= —39° +1 (c = 1, ethanol).

The salt (150 mg, 1 mmol) was hydrogenated in methanol (15 ml) in the presence of
Pd/C. At the end of the reaction the solution was filtered, evaporated and the residue was
applied to a Dowex 50W—X4 (H+) ion exchange resin column. 10% Ammonium
hydroxide eluent was used. The eluate was evaporated to dryness and the amino acid was
crystallized at pH 5. Yield 150 mg (87%). Ry 0.6 (C). [a]b3= +31.0° (c = 1.9, water);
M d = +4.7° (c= 1.9, 5N hydrochloric acid). Specific rotation of L-phenylalanine (1):
M 2= —34° (c = 1—2, water).

3. Acetyl-p-chloro-DL-phenylalanine

Acetyl-p-chloro-DL-phenylalanine was prepared from p-chloro-DL-phenylalanine (this
compound was prepared by the Erlenmeyer azlactone synthesis) in glacial acetic acid with
acetic anhydride [15]. Recrystallization was carried out from methanol/water, deviating from
the procedure described. M.p. 180—183 °C. Ry 0.75 (A).

CuHI2C1NO03 (241.68). Calcd. C 54.65; H 5.01; N 5.79; Cl 14.66. Found C 54.95; H
5.02; N 5.76; Cl 14.82.

4. Acetyl-p-chloro-L-phenylalanine. L-(+)-i/ireo-1-(p-nitrophenyl)-2-amino-1,3-propanediol

Acetyl-p-chloro-DL-phenylalanine (18.0 g, 74 mmoles) and L-(-|]-)-(/irco-I-(p-nitro-
phenyl)-2-amino-1,3-propanediol (15.7 g, 74 mmol) were dissolved in hot anhydrous ethanol
(I00 ml). After the crystallization starting immediately 50 ml of ethanol was added to the
warm mixture, which was then allowed to stand for 24 hrs. The salt separated was filtered
off and crystallized from hot water (300 ml). In order to achieve the required degree of purity,
crystallization was repeated 2—4 times, depending on the quality of the product obtained.
Yield 12.8 g (75%). M.p. 212—214 °C. [a]g = +52° + 3 (c = 1, water).

5. Acetyl-p-chloro-L-phenylalanine
The salt of acetyl-p-chloro-L-phenylalanine (10.8 g, 30.5 mmol) prepared in the above

manner was suspended in water (about 50 ml), then 1 N hydrochloric acid (120 ml) was added
to it slowly. After standing for some hours, the acetyl-p-chloro-L-phenylalanine separated
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was filtered off, washed with cold water and dried in vacuum. Yield 4.5 g (78%). M.p. 149—
153 °C, Rf 0.75 (A). [a]g +50° + 1 (c = 1, ethanol).

CnHI1CLL03(241.68). Calcd. C 54.65; H 5.01; N 5.79; Cl 14.66. Found 54.43; H 5.08;
N 5.71; CI 14.80.

6. p-Chloro-L-phenylalanine

Acetyl-p-chloro-L-phenylalanine (4.4 g, 22 mmol) was refluxed in 3iV hydrochloric
acid for 2 hrs. The hot solution was treated with charcoal then filtered and the pH was adjust
ed to 5 with concentrated ammonium hydroxide. The product separated was filtered of"
after cooling, washed with cold water and dried. Yield 2.8 g (68%). Ri 0.45 (A). [oc]n = —23°f
+ 1 (c = 0.5, water); [g]d = —3.5° (c= 2, 1V hydrochloric acid).

CH,,,C1N02(199.64). Calcd. C 44.64; H 5.12; N 6.95; Cl. 17.80. Found C 54.13; H 5.06;
N 7.02; ClI 17.76.

7. L-Phenylalanine

p-Chloro-L-phenylalanine (400 mg, 2 mmol) was dissolved in a mixture of methanol
containing potassium hydroxide (5 ml, 56 mg/ml) and water (10 ml), then it was hydrogen-
ated in the presence of Pd/C (80 mg). After the consumption of the theoretically calculat-
ed amount of hydrogen (48 mi STP) the catalyst was filtered off, the solvent was evaporated
and the product was charged to Dowex 50W—X4 (H+) ion exchange column in 21V hy-
drochloric acid. 10% ammonium hydroxide was used for the elution, the amino acid was
crystallized from hot_water after concentration in vacuum. Yield 290 mg (86%). R/ = 0.6
(C);R; = 04 (A). [alg= —33° 2 (c= 1, water).

8. L-Phenylalanine-(4-3H)

p-Chloro-L-phenylalanine (40 mg, 0.2 mmol) was allowed to react with carrier-free
tritium gas in methanol containing potassium hydroxide 1 ml, (43 mg/ml) in the presence of
Pd/C. The amount of tritium gas consumed at 655 Torr was 9.5 Ci (3.46 ml STP).

The catalyst was filtered off, washed with hot water and the solution was evaporated in
vacuo. The residue was dissolved in water and evaporated to dryness. This procedure was re-
peated twice again to remove the labile tritium. The residue was dissolved in 2N hydronhloric
acid and the solution was applied to a Dowex 50W—X4 (H+) ion exchange column. L-phenyl-
alanine-(4-3H) was eluted with 10% ammonium hydroxide. After evaporation of the eluent the
product was dried. Yield 27 mg (81%). Rj 0.4 (A); R™ 0.6 (C).

Specific radioactivity of the product was 53.05 mCi/mg, its molar activity was 8.76
Ci/mmol. The radiochemical purity of the product was higher than 99%.

*

«
The authors thank Dr. Cs. Omboly for the radioactivity measurements, Mr. A. Szabé
for the technical assistance in the radioactive operations, Mrs. K. Rarta and Mrs. Zs. Balogh
for measuring the specific rotation and for the elemental analyses.
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RECENSIONES

Nonhebel: Chemical Engineering in Practice
Wykeham Publications Ltd., London 1973

In the first chapter, the various fields of chemical engineering activity are surveyed.
Well-chosen statistical data (reviewing the financial figures for 20 of the 30 largest companies
in the world, and the structure of the chemical industry of the United Kingdom) help outline
the background of this activity.

In the second chapter (Chemical engineering operations) the fitting of the steps in
industrial processes is demonstrated on some simple illustrative process diagrams as models,
and indicates the frequency of application of the major chemical industrial operations. It
deals with the features of catalytic processes separately.

Chapter Il (Machines) described the characteristic types of machines required for
“mechanical operations”, more accurately, for their accomplishment (grinding machines,
mills, sieves, filters, centrifuges, separation devices, cyclones, scrubbers, driers).

Chapter 1V (Apparatus) reviews apparatus specific in chemical industry, such as reac-
tors, evaporators, crystallizers, rectifiers, absorption, adsorption, extraction and ion-exchanger
devices, and the apparatus designed for operation at high and very low temperatures. Beside the
conventional procedures the most modern ones are described, too, thus, for example, the
electrophoretic and reversed osmosis procedures are also included in the separating operations.

In Chapter V (Electrochemical operations) the operations conventionally not practised
in the “kitchen art” are dealt with: acetylene production in arch, production of calcium car-
bide, electrolysis of brine, production of fresh water based on electrodialysis of sea water, and
the performance of fuel cells is outlined, too.

The topics of Chapter VI (Biochemical processes) are, beside the classical fermentation
industry, the major up-to-date preservation processes in food industry and the production of
synthetic proteins. The problem of waste water treatment is also included here.

Chapter V11 (Design of complete plants) proves to be the most interesting for the reader.
Here the design stages of chemical industrial plants are followed, from the definition of the
problem to the evaluation of the variations and the analysis of the operational and capital
costs. The problems of safety measures are also treated here. The applicability of computers is
another interesting topics; an unambiguously positive opinion is expressed regarding the
design period. The opinions are already not so unanimous in the problem of on-line control
dealt with today so often. While reviewing the advantages provided, the negative features are
also indicated, mentioning even such less emphasized questions as that the operating personnel
may forget the technology.

In Chapters VIII and 1X (Case histories in chemical engineering |1 —II) the author
described first the synthesis of ammonia starting from the coke-based synthesis production to
the hydrocarbon decomposition (illustrated on naphtha reforming) processes, together with
the modern town-gas production problems.

In the second part (The launching of a new man-made fibre), the development and
technology of the production of polyester fibres are discussed.

The topics of Chapter X (The chemical engineer as manager) are the problems of man-
agement in chemical industry, primarily from technological and human points of view, including
the problems of foremen, plant managers, up to the managing of great enterprises.

Chapter X1 (Research and development) is devoted to the stages in technical develop-
ment, and it deals in detail with the utilization of inventions, further development of existing
procedures, and organization problems in reseerch.

Chapter X Il (Education and careers) treats education in chemical industrial knowledge
and attachment to the industrial life, and further studies. Perhaps this is the only chapter
closely related to the conditions in the United Kingdom; in spite of this, it will probably be
interesting for readers in other countries, too.
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The purpose of the hook was to provide a comprehensive picture of the engineering
problems for future chemical engineers. Implicitly it also calls attention to the importance and
usefulness of the individual disciplines to be studied.

It is a strikingly readable, small book providing a multilateral picture of chemical
engineering operations; the problems in natural sciences, technology and economics appear
together in the whole book.

Although the book is written for undergraduates, it can usefully be studied by teachers
and managers who wish to obtain a generalview of chemical industrial science, aswell as inter-
ested researchers not engaged in technology, but being in close co-operation with the chemical
industry.

K. Matolcsy

Recent Results in Chemistry, Yol. 18
Akadémiai Kiad6, Budapest, 1974

Volume 18 of “Recent Results in Chemistry” (“A kémia Gjabb eredményei”), published
in 1975 by Akadémiai Kiadé, comprises two treatises dealing with the investigation of surface
phenomena.

The first of these is a study of 156 pages, written by Géza Schay and Lajos Gyorgy
Nagy on “Adsorption of liquid mixtures on liquid/solid and liquid/vapour interfaces”, with 315
references and 23 figures. The paper deals essentially with the adsorption of non-electrolyte
liquid mixtures. Systems are investigated, for which physical exchange adsorption is to be
expected. They start in their considerations from excess adsorption, and assuming a uni-
molecular adsorption layer, calculate from it the quantity of the preferentially adsorbed compo-
nent at the interface. The authors discuss also the methods of determination of the surface
excess, which make possible the plotting of the excess isotherm over the total composition
range. This is in essence a mixture isotherm, representing the surface quantity of the pre-
ferentially adsorbed component at the ever completely covered interface. The authors of in-
ternational renown for their activity in this field, summarize also the results of their own work
in this treatise. They present the types of excess adsorption isotherms of liquid mixtures and
interpreted by them. The phenomena are theoretically interpreted on the basis of phenome-
nological thermodynamics, which, in the exact form shown and consistent expression, is sui-
table for the characterization of adsorption, proceeding both on liquid/solid and vapour- liquid
interfaces. Out of the practical aspects of the results the fact should be emphasized that
the determination of excess isotherms offers in this way a new possibility for the determina-
tion of adsorption capacity, the knowledge of which is indispensable e. g. in the adsorptive sepa-
ration of non-electrolyte liquids.

The second study of the volume is “Some recent methods of surface investigation”
(“A felilvizsgalat néhany GUjabb mddszere”) written by Lajos Gydrgy Nagy, Janos Soés and
Lajos Foti, a work of 136 pages, with 236 references, further complementing bibliography and
87 figures. The authors give an excellent survey of the most modern methods. Their aim is not
a review of all the methods of investigation of solid surfaces, but they wish to make acquainted
the reader only with those methods, which found application very recently, and are not yet
introduced in Hungary, with the exception of some special cases. The scanning electron micro-
scopic investon igatiof the micromorphology of surfaces is illustrated by several pictures. Low-
energy electron diffraction for the determination of surface structure and atomic arrange-
ment is discussed, but regrettably a discussion of modern field emission microscopy has been
omitted. On the other hand, methods for the determination of the element composition of sur-
face layers are treated with a claim to completeness. Thus, Auger-spectroscopy, electron micro
probe spectroscopy and the application of alpha-particle scattering and of ion-microprobe
spectroscopy are discussed, which sometimes give also information on the bond conditions
of the atoms. They deal further with Measurement and Evaluation of Surfaces by Evapora-
tive Rate Analysis (MESERAN), which makes possible the examination of the chemical
character of surfaces. For each method of investigation, the basic physical phenomena, the
working principle of the instruments are briefly described, and their possible applications are
illustrated by several examples. The high-level mode of discussion, which nevertheless is
easy to understand, testifies the careful work of the authors.

D. Kalle
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Electrophoresis and lIsoelectric Focusing in Polyacrylamide Gel

Advances of Methods and Theories, Biochemical and Clinical Applications
Editors R. C. Allen, H. R. Maurer. Walter de Gruyter, Berlin, New York, 1974 pp. 316

30 papers written by most competent authors, (grouped in 9 chapters) presented at the

first small conference of the “Blue Fingers” — experts of electrophoresis and isoelectric
focusing in polyacrylamide gel.
The “Blue Fingers” are the laboratory bench experts — whose fingers are usually

stained — while the “White Fingers” are the people who know the techniques just by hearsay,
and their main field of interest is theory.

PAGE and PAGIF vividly investigated at present arrived at a stage where standardiza-
tion is a prerequisite for routine work in biochemistry and clinical chemistry, because without
standardization it is impossible compare results between laboratories — often using past and
present methods.

Newly devised methods were developed, and the theoretical backgrounds of these
methods has laid. The aim of the conference wes to learn more abont each others’experiences.
The extent of single chapters are 20—30 pages, with the exception of Chapter 2.

Polyacrylamide Gel Electrophoresis: Theory and Practice of Optimalization and
Standardization.

— 90 pages and Chapter 9. Clinical Applications
— 40 pages.

In the opinion of the reviewer, theory and practice are well balanced throughout this
book, and the most important topics got adequate spaces.

Although the book is carefully edited and very pleasingly presented some misprints
remained in the text.

The book is to be welcomed as a good summary of the present state and knowledge of
PAGE and PAGIF, a copy should be available not only in the biochemical research laboratories,
butin the routine clinical laboratories as well.

M. PARKANY

Peter A. Rock, George A. Gerhold: Chemistry. Principles and Applications

W. B. Saunders Company, Philadelphia — London — Toronto 1974.
716 pages -)- 24 pages Appendix -j- 10 pages Index.

Though it is well known that the system of higher education in the United States is
rather different from the systems developed in general in Europe, it is nevertheless thought
necessary to emphasize this circumstance. Indeed, this explains that the fundamental knowl-
edge in natural sciences must be acquired in special pre-schools in so-called colleges, prior to
studies at the university in some special branches. Accordingly, the basic knowledge in chem-
istry must be acquired in the college by everybody, who later wishes to a tend more advanced
courses in a certain branch of chemistry at university level.

The present work is an attempt for a textbook, which summarizes basic but not ele-
mentary knowledges in chemistry, without consideration of the special field of practice or
research, in which the student learning from this work wishes or will be later active.

The greatest problem of the authors was to decide, what to include and in which extent
and depth in the textbook.

That this statement is not only a presumption of the referee, but has been the actual
concern of the authors, becomes indirectly clear from the preface, which informs us the opinion
ofhow many experts was asked with respect to the whole work or certain parts ofit.

The referee has the following opinion: the authors of the textbook took the view that
theory is incomparably more important than practical knowledge, and thus, out of the whole
extent of the textbook inorganic chemistry covers only 73 pages (10%), organic chemistry 29
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pages (4%), biochemistry 18 pages (2.5%) and nuclear chemistry 9 pages (1.2%), that is to
say, the descriptive part giving the practical facts, amounts only to 17.7%, at the end of the
book. However, it is worth-while to wonder how can a student understand e.g. the theory of
acids and bases, who wishes to acquire basic knowledge of chemistry from such hook, if he does
not possess yet practically any knowledge on any kind of acid or base.

However, the conceptual opinion of the referee in this matter is in no way directed
specifically against the textbook in question, because the rigorous separation of theory and
practice is an old tradition also in the European textbooks.

In the composing of the general chemical chapters the authors did perform a very
honurable work. These chapters are written indeed in accordance with the most modern con-
cepts, and the referee thinks that even in the present period of the rapid development of
sciences the book can be used to good advantage at least for 10 years, without becoming
outdated.

The authors promise in the preface to attemptto build the new knowledge logically and
didactically on materials already presented. It must he established objectively that this pro-
mise is actually fulfilled, though the referee found a few statements, which do not lean on
preliminaries. It must be stressed, however, that this is not characteristic of the work as a
whole. The selection, order and extent of the chapters of the textbook is rather instructive
and, therefore, is given in the following:

I. Quantum Chemistry
The atom (16 pages)
Atomic spectra and atomic structure (47 pages)
Molecules (17 pages)
Modern treatment of chemical bonding (42 pages)

Il. States and Properties of Matter
Gases (27 pages)
Crystals (30 pages)
Stoichiometry and chemical reactions (14 pages)
Liquids and solutions (12 pages)

II1. Thermodynamics
Principles of classical thermodynamics (42 pages)
Phase equilibria (20 pages)
Chemical equilibrium. Part I. Principles (27 pages)
Chemical equilibrium. Part Il. Applications to homogenous equilibria (35 pages)
Chemical equilibrium. Part I11. Applications to heterogenous equilibria (28 pages)
Electrochemistry (38 pages)

IV. Chemical Kinetics
Chemical kinetics. Part I. The reaction-rate law (27 pages)
Chemical kinetics. Part Il. The reaction mechanism (29 pages)

V. Chemistry of the Elements
The A-group metals (16 pages)
The metalloids (16 pages)
The non-metals (37 pages)
Coordination chemistry of the transition metals (57 pages)
Organic chemistry (29 pages)
Biochemistry (18 pages)
Nuclear chemistry (9 pages).

For a better understanding of the subject discussed, each sub-chapter closes with exer-
cises to be solved. The correct solutions are given at the end of the book. Similarly, the nice
get-up of the textbook, the neat and instructive use of the figures and the careful compilation
of the Appendixes deserve credit.

Appendix 1
The chemical atomic weights, 1961 (1 page)
Appendix 2
Base 10 logarithms (4 digit) (2 pages)
Appendix 3
Mathematical operations (5 pages)
Appendix 4
Sl units, fundamental constants and conversion factors (7 pages)
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Appendix 5

Thermodynamic data (2 page9)
Appendix 6

Answers to selected problems (6 pages)
Appendix 7

lonic radii in Angstroms (1 page)
Index (10 pages).

119

The referee cannot leave unsaid his opinion that it would be worth-while to publish the

textbook in Hungarian.

Acta Chim.

(Budapest) S4,
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ACTA CHIMICA
TOM 84-BbIM. 1

PESIOME

HOBbI1 06bEKTUBHbIN MeTOA ONpefeNieHNs A/IMHbI KTMHO06Pa3HbIX CNeKTPanbHbIX
nosoc

3. WAMLWOHWM n 3. HAOb

Bbin pa3paboTaH HOBbI cnoco6 U npubop ANA TOUYHOFO M3MEpPeHUs ANUHbI T. Has.,
«KNMHOOBPA3HbIX» CMNeKTpaibHbIX MOJoC.

OnucaHHbI Npubop No3BonseT 60nee TOUHOE, 06BHEKTUBHOE N3MepPeHWNe ANNHbI CMeKTpanb-
HbIX nonoc. Mpubop cofepxuTt fBa (hoToTpaH3ucTopa ¢ AndhepeHLnanbHbIM MOAKNIOYEHUEM.
MpoBoas NUHUIO [0 KOHLUaA nepej AeTeKTOPOM, KOHeyHas TOUKa ee MOXET 6biTb onpefeneHa ¢
NoMOLLbI0 HYynesoro npubopa, NPUCOEAUHEHHOrO K (hoToTpaH3ucTtopam. OAUH M3 TPaH3MCTOPOB
YyBCTBUTENEH K CBETY aKTyaNbHOr0 MOYepHeHWUs M3MepsemMoi CneKkTpanbHON Nonockl, a APYroi
K CBeTY NouyepHeHWa oHa TOl YacTu cnekTpa, rae He HabntogaeTcs nornaweHns. KoHew nonocsl
npubop curHanumsnmpyeT BO3BpalleHWeM B HY/NeBYIO no3uuyuio. CTeneHb CMeLLeHUs OTCUUTbIBAeT-
CA HENnocpeAcTBeHHO, C TOYHOCTLIO 0,1 MM, C NOMOLLbIO AUTUTANLHOTO cHeTyMKa. OLwnbKa nsamepe-
HUA ANWHBI Nonocbl B 13— 15% MoXeT 6biTb YMeHblleHa 40 7—9%.

HeoGpaTuMble CTPYKTYpHble MpeBpalleHns B H-tayasute, H-mopgeHuTe 1
H-kAuHONTUMONWTE, NpoTeKawlne noh [AelicTBMEM TepmMoo6paboTKU U nof
B/INSIHUEM BOfb

X. BEMEP, 4. MAMNM u 4. KANMO

H- v fernapokcMnIMpoBaHHble LLe0UTbl, NONyUYeHHble TepMooGpaboTKoil (haysasuTa, Mop-
AeHUTa 1 KnuHonTunonuta B NHg-opMe, nocne permapaTtayuu, MpoBefeHHON B pPasiMUHbIX
ycnoeusx, 6biAM MOABEPrHYThI WCCAEA0BAHMAM C MOMOLLLIO AU(depeHLManTepMmoaHanuTuyec-
KO0, TepMOrpaBMMEeTPUYECKOr0 U, YaCTUUHO, PEHTFeHOAHANMTUYEeCKOro MeTofoB. Bbino ycTa-
HOB/IEHO, YTO B C/llyyae BCeX TpeX LeoNUTOB MpPOLECC AeruApoOKCUNMPOBaHWSA, MPOTEKaWUii ¢
OTLLeNNeHNEM BOAbI, ABNSETCA HEOGPaTUMbIM U MPUBOAUT K HEKOTOPOi MepecTpoiike B pelleTke.
[eruipoKcunMpoBaHHble NPou3BoAHble — OCO6EHHO B C/ydae KAMHOMNTWUAONMTA — SBAAOTCA
TEPMUUYECKU OTHOCUTENbHO HecTabuNbHbIMW. Kucnble LeHTpbl H-(haysasuTa npu KOMHATHOM
TemnepaType U No4 BAUSHWEM BOAbl MPEBPALLAOTCA B TakMe MPOAYKTbI, KOTOpble, XOTS U Npo-
AOMKalT 061afaTh CTPYKTYpoii ¢ayssnWTa, 0ofHAKO, CTAaHOBATCA TEePMUYECKM BecbMa HecTa-
OMNbHBIMU. JTa peakuus, B KOTOPOW allOMUHUA KPUCTaNINYecKoi pelleTKn pacTBopseTcs nojg
BNMSHWEM MOHOB H30 +, 06pa3sylolymxcs M3 NpOTOHOB H-(hopmbl, 0fHAaKo, He Habnogaetca B
cnyuyae H-mopfeHWTa U H-KNMHONTUNONWTA.

O HeKOTOPbIX HOBbIX fJaHHbIX Peakuun KpekuHra, Il

KuHeMaTnKa KaTa/IMTMYECKOro KpeKMHra nponaHa, H- M n3obyTaHa Ha
H-knnHonTunonute

X. BEWEP

WccnenoBaHne KWHETUKWM KaTalUTMUECKOrO KpekUMHra napaguHOB fBAseTcs BecbMa
npo6aemMaTUyHbIM, T. K. oneduHbl, 06pasytolimecs B KaueCcTBe MepBMUYHbIX MPOSYKTOB peakuuu,
BCTYNaloT B MHOFOUYMC/IEHHbIE NOCNe0BaTe/lbHbIe Peakunum, YTo NPUBOAUT K YCI0XHEHUIO BCETO
MexaHu3Ma peakuuu. STu 3aTPyAHEHUs 6biIM NPeososieHbl TaKUM 06pa3oM, YTO UCCNefoBaHUA
NPOBOAUNNCH B LUPKYALMOHHOM peakTope 1 o06pasytolinecs oneduHbl HENPepbLIBHO Y AaNsaNUCh
CMOMOLYbI0 CEeNeKTUBHON aGcopbLnmM 13 ra3oBoit (hasbl LUPKYNALNOHHON CUCTEMBI.



B kayecTBe kaTanu3aTopa 6bin1 MCNONb30BaH MUHepan, cogepxaluii 61% kpuctannmra
KAMHonTMnonnTa. KAMHONTUAONMT, NpeBpalleHHbI ¢ NOMOLLbIO NOHHOTO 06MeHa B hopmy NH,,
nojsepranca npejBapuTencHO TepMuyeckoli 06paboTke B UHTepBane Temnepatyp 460 —690°C
NONYYeHHbI H-KAMHONTMAOAMT C pasnNWyHOli CTeneHblo AerMApOKCUNINPOBAHMA MNoABeprancs
fanbHelWwmnM nccnegoeaHuam. C Bo3pacTaHueM [LerMApPOKCUAUPOBAHUSA KPUCTaNNWUTbl KAWHO-
NTUNONUTA TEPAIOT CBOK KPUCTANJIMYHOCTbL, B TO BPEMA KaK«BTOPUYHOE CTPOEHME» MUHepana He
n3MeHseTcs.

KpeKnHr n gernapuposaHue M3y4veHHbIX napapuHOB, BCcerfa He3aBUCMMO OT TeMmrepa-
Typbl npefBapuTenbHoil 06paboTkM KaTanusaTopa, NpoTekaeT No nepBoMy nopaaky. Kaxy-
W Mecs IHeprny akTMBaLMnM NepBUYHbIX peakLuili He 3aBUCAT OT TeMNepaTypbl NpejBapuTeNbHOM
06paboTKM ¥ MOYTU paBHbl ANSA AaHHOr0 peareHTa. AKTUBHOCTW KaTanusaTopa B KPekuHre u
fernfpuposaHny C NOBblWEeHNEM TemnepaTypbl 06paboTKM OMUCHIBAKOTCA KPUBLIMU C MaKcu-
Mymom npu 500°C. Mpu Temnepatypax Bbllle 3TOF0 MakCMMyMa CeNeKTUBHOCTb CABUraeTcs B
nonb3y peakuyun perngpupoBaHus. OTHOLWEHMe CKOPOCTei pacuienneHus 1- n 2-cAseii H-6y-
TaHa He 3aBMCWT OT TeMnepaTypbl NpefBapuTenbHOW 06paboTkn. Katanusatop obnagaet cTepu-
YeCKOW CeneKTUBHOCTbIO K H-mapaguHam.

Ha ocHOBe 3KCnepuMeHTaNbHbIX aHHbIX ObIN0 3aKNI0YEH”, YTO peakuuu fernapuposaHuns
M KPeKWHra npoTekaloT yepe3 06 MiA KOMMNEKC Ha MOBEPXHOCTW, KOTOPbLIA 06pasyeTcs 3a cyeT
Xemucopoumnmn pearnpyrowero BelecTea Ha KUCAbIX LeHTpax JSlbtouca, o6pasyroLimxcs, B CBOK
oyepefb, Npu gernapokcunuposaHun. OfHako, B paciienneHnn csasnm C—C yyactue npuHumaet
W LueHTp bpéHwwTeaa, HaxoAALWMIACA B COCEACTBE C LLleHTPOM Jlbtouca.

CaolicTBa cMeceli cnupT-amuH, VII

DNeKTPOMNPOBOAHOCTL CMeceld H-GyTUiaMmnH — cnvpT
d. PATKOBWY n A. JIACNO

YpaenbHas MNPOBOAWMOCTb CMeCeil, COAepXalux B KayecTBe OfHOr0 W3 KOMMOHEHTOB
H-6YTUNaMWH 1 B Ka4ecTBe APYroro KOMNOHeHTa MeTaHo/, 3TaHon, 1-nponaHon uaun 1-6ytaHon,
6blna uccnefoBaHa B 3aBUCMMOCTM OT cocTaBa npu Temnepatypax 0 u 20°C. MMpoBOAUMOCTb
3TUX CMeceli UMeeT MaKCMMYM B MHTepBasie MONSpHbIX Aoneil amuHa 0,05—0,15. Bbino HaigeHo,
4TO CpefM CNMPTOBO-aMUHHbLIX accounatos, 06pasytoLMXcsa B CMecu, Auccoumanns Tex, Kotopble
COAEPXWNT Ha OAHY MONEKY/ny aMWHa HeCKOAbKO MOJIEKYN CnWpTa, ABNAETCA BaXHOW C TOUKM
3pEHMNsA 3NeKTPONpPoBOAHOCTU. MpK NOBbILWEHUN TeMNepaTypbl yAenbHas NPoBOAUMOCTb YBeu-
YMBAETCA B CMECAX, COfepXawmnx HeboNMblMe KONMNYEeCTBa cnupTa. OTW pasnnyunsg UHTepnpeTu-
poBasMCb Ha OCHOBE pPasnumMa Mexpay accouuaunmoHHbIMU XapakTepucTuKaMu CnupToB U amu-
HOB, Monaras MmexaHn3m NPOBOAMMOCTMW, NPeANO0XEHHbIi BNepBble [POTYCOM.

[Jedopmaumsa KonbLa rpvMepHbIX MOMEKYN TPEXOKUCH BoSib(pama
6. H. CUBMH, M. XAPTUTTAU, C. . CUBUH u U. XAPIUTTAU

Bennumubl K = [<(Ox2> + <(3y2>] (2r), paccymTaHHble M3 CMEKTPOCKOMUYECKUX faH-
HbIX BecbMa NpubAVKEHHOro xapakTepa, yKas3blBalOT Ha TO, 4TO aPheKT coKpaL,eHns He ABNA-
eTcA NPUYMHON cyulecTBytowWwen gedopmauny konbua monekynsl W30 9, o6Hapy>XeHHOW ¢ no-
MOLLbIO 3N1eKTPOHOrpamyeckoro aHanmsa.

MeTunoBble 3upbl yrnesogos, V

CVHTE3 4YaCTMYHO METUIMPOBAHHbIX Ha CaxapHOM 3BeHe MPOM3BOAHbLIX (heHWN
/3-O-rnokonupanosnga; nonyyeHve 4,6-gn-O-, 2,4,6-1on-O- un  3,4,6-Tpn-O-
MeTu1-O-T1I0KO3bI

Mn. HAHAWW n A. TNNTAK
Bbin ocywecTtBneH cuHTes qeHmn 2-0-(4), 3-0- (5), 4-0-(6), 4,6-an-O- (9), 2,4,6-Tpun-0O-

(17) wn 3,4,6-1pn-0-meTun-/3-0-rnrokonupaHo3ngos (18). CoefnHeHus 4, 5 n 6 6blNN NONYYEHDI,
MCXOA4A M3 COOTBETCTBYHOLWMX MapuvanbHO MeTUNMPOBAHHbLIX CaxapHbiX auetaTtoB 3a cyeT



oMblneHUs MetofoM Xenbgepuxa. CUHTE3 coeauHeHuit 9, 17 n 18 6bin OCYLWECTBAEH NYyTeM
Knucnoro ruaponusa 6eH3NNUAEeHOBbLIX MPOU3BOAHLIX, 3aMellleHHbIX Ha C2u C, yrnepofHbix ato-
Max, C AanbHeiWuM MeTUAUpOBaHWEM W AebGeH3NANPOBaHMWEM 3a CYET KaTanuTUYecKoro rua-
pupoBaHus. Tmaponns coeguHeHnii 9, 17 n 18 c xopowum BbIXxogoM AaeT 4,6-au-O- (19) 2,3,6-
Tpn-0- (20) n 3,4,6-Tpn-0-meTnUN-0-rnoKo3bl (21).

MoboyHble ankanonibl M3 3epeH Amsonia taberuaemontana Walt:
( r)-1,2-gurugpoacnugocnepMugmnH, ( )-tetparnapoanctoHMHuU(-)-keebpaxammH

b. XXAAOH, K. X. OTTA u . TETEHWU

Hapsagy ¢ OCHOBHbIM ankanouaoMm cnenbix 3epeH Amsonia taberuaemontana TabepcoHu-
HoM (1) 6biNn M301MpPOBaHbI Clefytolw e NoboYHble ankanonabl: (+)-1,2-gurugpoacnmjocnepMmm-
anu (111) (134, mr(kr), (—)-tetparngpoanctoHun (1) (125 mr/kr), (-)-kBebpaxamuu (1V) (12
MT/KT).

B Hauane co3peBaHuMs Nnogbl cofep>kaT Mano TabepcoHWHa U HapAaay ¢ HUM (-(-)-BUHKa-
andpgopmud (V). MocnefHnin Bo BpeMs pa3BUTMA U CO3peBaHMA NNOLOB pasnaraetcs Ao (+)-
1,2-gurugpoacnugocnepmuania. O4HOBPEMEHHO C 3TUM MPOUCXOAUT 3HAUYNTENbHOE BO3pacTaHue
KOHLeHTpaLumn TabepcoHmHa.

CTpYKTYypHOe uccnefoBaHMe aHTUBUOTUKA PUCTOMULMHA A

XMMUYECKOE CTPOEHME ONUIocaxapuiHoOM YacT PpUCTOMULIMHA A
®. CTAPUYKAM, P. BOTHAP n M. M. NYLWKAL

FNNKO3UAHBIA aHTMOUOTUK PUCTOMULLMH A, NoNyYeHHbIA U3 Proactiomyces fructuferi var.
ristomycini, cofepXut ofHy Monekyny D-maHHO3bl M TeTpacaxapufHyt 6GOKOBYI Lenouky,
NPUCOeANHEHHYIO OTAENbHO K arnMKOHOBOW 4acTu. TeTpacaxapufj COAepXWT 3BeHbs D-rnio-
KO03bl, D-MaHHO3bI, L-pamMHO3bl M D-apabuHO3bl, CBA3aHHbLIX APYT C APYrOM COrnacHo CTpykType V.

MpousBogHble 1,3,4-TUaLNa30ns KaK BO3MOXHble CKUCTOCOMULMNAbI
W. A WAMO 3/b-AAAH u O. K/IAYJEP

HekoTopble nMpou3BoAHble 1,3,4-TMaguazons 6biNM CUHTE3UPOBAHbI Ha M30CTepUYecKoit
OCHOBE MO aHanoruy C COOTBETCTBYIOLMMW aHTUCKUCTOCOMAaNbHbIMU TWA30NbHLIMU COeUHE-
HUAMN.

AnKanongbl ¢ KapkKacom MHA0M0]2,3-¢) XMHas3onuHo]3,2-a)nupunguHa, Il

3,14-OurngpopyTeKapnvH

K. XOPBAT-AOPA n O. KTAYEP

3,14-AurngpopyTekapnuH (3) 6bln MonyyeH w3 TpuntamumHa (4) aumnmpoBaHuem C no-
MOLWbIO aHrngpuga nsatokucnotsl (5) ¢ fanbHelleid LMKAnW3aLueil 3a cyeT 3TUOBOrO adupa
OpPTOMYPaBbUHON KNCNOTbI. OKUCNEHWEM coefjuHeHns 3 6bln nonyyeH pyTekapnuH (8), a metnnu-
poBaHueM Ha N14 — agoguamuH (9). N33, 14-gurngpopytekapnuHa 6biiv NOAyYeHbl TakKXe pyTe-
kapnaH (10) u pytekapnex (11).



LnpKynspHbiin guxponsm, XVI
XUPONTUYECKME CBOMCTBA MOHO- W MOMM3AMELLEHHbIX (PEHUNTIMKO3MA0B
A. IEBAU, A. TUNTAK, U. MUHTEP u . CHATLKE

B npoTMBOMONOXHOCTb COEAMHEHMAM TakoOro TWNa, B KOTOPbIX XMpanbHbIi LEeHTp npu-
coefinHsAeTCAa K 6eH30/IbHOMY KOJIbLy 4Yepe3 aToMm yrnepopa, B cayvyae GEeHWNTNMKO3NA0B 3aMe-
CTUTENN apomMaTUYecKoro Kofblia NMOCKOJIbKY OHW He 06/1afat0T CUAbHBLIM 3(P(EKTOM BO3MY L e-
HWS — He 0Ka3blBalT 3HAYUTENbHOro BAUAHUA Ha 3HaK addekta KotTtoHa. LA nonoc 1B2m un
‘B aBnseTca oTpuuaTtesibHbIM B cay4vae - UM MONOXKWUTENbHbIM B Cly4yae a-aHOMepoB. 3HaK
onpegeneHHblx nonoc L[ opTo3aMelieHHbIX COeAUHEHWI, OfHAKO, MOXET OblTb W3MEHEH W 3a
cyeT CTepUYeCKUX U/Mnun aneKTpocTaTuyecknx ahexkTos.

MeyeHble aMWHOKNCIO0ThLI U UX NPOU3BOAHbIE, V

PasgeneHve n-xnop-Ab-theHnnanaHunHa. MonydveHne b-teHnnanaHnHa-4-H3 m3
n-xnop-b-teHnnanaHnHa

0. KOBAY, U. TEMNAH n UN. ME3E

Auctun-un-xnop-D L-peHunananuH 6bin pasfeneH ¢ NOMowbi b-(-|-)-Tpeo-1-(N-HUTpO-
theHun)-2-amnHonponaHgmona-1,3. M3 n-xnop-b-eHnnanaHnHa ¢ NOMOLLbIO KaTaMTUYECKOrO
rMAPUPOBaHMA OblN NPUTOTOBNEH L-theHnNnanaHuH, a c NOMOLLbIO KAaTaIMTUYECKOro TPUTUPOBaHUSA
6bln nonyyeH b-theHunanaHuH-(4-H3) ¢ MmonspHoil akTMBHOCTLIO 8,76 Ci/MMONb.
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ION EXCHANGE EQUILIBRIA OF SOME MONO-
VALENT ANIONS

E. Fekete*and J. Inczédy

(Institute of Analytical Chemistry, University of Chemical Engineering, Veszprém)

Received June 25, 1974

The ion exchange equilibrium constants of chlorate, bromate, hydrocarbonate,
iodate, hydroxide referred to chloride were determined on Dowex 1X8 resin at 18, 28
and 38°C, and the free enthalp-change, enthalp-change and entrop-change values
calculated using the equation of Saimon, derived by thermodynamic statistical theory.

The order of the adsorption strengths of the common metal cations on
the sulphonic acid-type ion-exchange resin can be explained by the classical
thermodynamic theory of Gregor [1], or by the modified theory of Glueckauf
[2], however, there are no general rules at the anion-exchange equilibria, and
the adsorption strengths of the anions cannot be predicted generally on the
basis of the mentioned concepts.

Since it was shown earlier [3] that at the chromatographic separations
of components using an anion exchange column, the optimal conditions of the
separations can he calculated if the corresponding equilibrium constants are
known, the ion-exchange equilibrium constants of some monovalent ions re-
ferring to chloride ion (as reference ion) were determined at three different
temperatures. At the calculation of the ion-exchange-equilibrium constants
the theory of Salmon [4] was used.

According to the statistic thermodynamic theory of Salmon [4] the ion-
exchange constant of the A~ anion referring to chloride is expressed by the
following equation:

(1)

K is the mass-action ratio expressed with molefractions of the ions, T tem-
perature (K°), co and KT are constants.

*A *Cl
(2)

*A *Cl
x and x are molefractions in the resin and in the liquid phase respectively.
* Present address: Vegyim(veket Tervezé Vallalat, Budapest.
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Considering that in ion-exchange chromatographic separation the amount
of the eluted A~ is low compared to that of eluent ion Cl-, the K x value used
for informatory calculations can be derived from eq. (1). If x = 1,

Q0
log”™ a—€i= logKT +437 - (3)

Experimental

Reagent solutions. The all stock solutions were prepared from, e.g. chemicals using
deionized water as solvent. For preparation of the solutions of KCI, KC103 KBr03 K103
KHCO03 of 0.1 M the amount required of the dried salt was weighed and after dissolution in
ion-free water, diluted to the required volume. Carbonate-free potassium-hydroxide solution
was made according to prescription and the concentration controlled by titration.

lon-exchange resin: Dowex 1X8 (50—100 mesh) strong basic ion-exchange resin was
pretreated in the usual way [5] with acid and alkali solution, converted to Cl-form with 0.5 M
sodium-chloride solution and washed chloride-free with water. For the equilibrium experiments
0.5 g portion of the air-dried resin was used. The capacity of the air-dried resin was determined
by titration of the deliberated chloride ions from the resin sample, using the solution of the
anion in question for displacement. (See later.)

Equilibrium experiments [6]. Glass columns supplied with heating jacket and with
upper jacketed coil were used. For feeding of the columns, tap funnels at the top of the appa-
ratus were used. 0.50 g of the Cl-form air-dried resin was placed in the column, then solution
of given composition was poured slowly on the column by means of the tap funnel. The effluent
was collected in volumetric flask of 100 ml volume. The collected solution was analysed and
the mole fractions of the two competing ions in the resin phase calculated. Using the data:
mole fractions in the used original solution and the calculated mole fractions in the resin phase,
the exchange constant of the ion in question using eq. (2) was calculated. The experiments
were carried out with solutions of five different mole fractions of the ion investigated (0.15;
0.33; 0.50; 0.66; 0.83; 1.0) but of same total concentration (0.1 I\/l) and at three different
temperature. The solution containing the ion investigated at mole fraction 1 served for control-
ling the capacity of the resin sample. The analysis of the gathered effluent solution were
carried out in the following ways: The chloride ions were determined in the presence of chlorate,
hydrocarbonate ions argentometrically using fluoresceine as an indicator. In solutions where
K103, KBr03 or KOH were together with chloride, iodate, bromate, ions were determined
iodometrically, while hydroxide ions by acidimetric titration.

Results and discussion

Using the K values obtained from experimental mole fraction data,
log K was plotted against the inner mole fraction of the chloride ion (*ci) and
the log KT as intercept of the linear curve, while the oo from the slope of the
curve computed. See equation (1). The log KT values obtained at different
temperatures were plotted against 1/T, and assuming that the enthalpy change
was independent of temperature in the range investigated, using equation (4)
the molar enthalpy change AH of the reaction from the slope calculated.

AM
logKT= — 0.434----mm bC (4)
RT

Acta Chim. (Budapest) 84, 1975



Calculated thermodynamic data of various anion-exchange

ciog- -
c°
15

28
38

BrOg- -

18
28
38

ci-

ci-

I0g- - ci-

18
28
38

HCOg- -

18
28
38

OH- -

18
28
38

1%

ci-

ci-
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R is the gas constant (R = 1.987 « 10-3 kcal. degree-1). Using the general
thermodynamic functions, the free enthalpy values {AG) and the molar entropy
change were also calculated.

AG = -2.303 RT log KT (5)
AG = AH — TAS (6)

The calculated AG, AH and ZIS values are summarized in Table I.
As can be seen the decreasing order of the adsorption strengths of the
anions corresponds to the order of the increasing enthalpy change:

cio3 > Br03 > hco3 > io03 > OH-

The corresponding AH values are: —1.68; +0.505; +0.754; +1.89; +7.08
kcal.mole-1. The values of the entropy change show a similar tendency too.

The selectivity of the resin for all anions except hydroxide ions is in-
creasing with the inner mole fraction of the referring chloride ion. The be-
haviour of the hydroxide is opposite, corresponding to the fact that its hy-
dration affinity is larger than that of chloride ion. From the data can be also
concluded that the selectivity of the resin is lower for the ions investigated at
higher temperature.
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The molar polarization of nitrobenzene was studied in carbon-tetrachloride,
n-heptane and benzene solutions. It was found that the dipole association of nitrobenzene
increases with the increase of the nitrobenzene concentration. The results could be
described satisfactorily by the Sugden equation.

The electrostatic interactions occurring between polar molecules can
lead to dipole association. The monomer molecules in the associations can
figure in parallel or antiparallel arrangements. In the event of an antipar-
allel arrangement the' dipole moments of the monomer molecules are in
opposing directions, while in a parallel arrangement they lie in the same direc-
tion. For a completely antiparallel arrangement the orientation polarization
becomes zero, the associated dipoles mutually eliminate the effects of each
other, and the polarization will be equal to the sum of the electron and atom
polarizations. The distortion polarization is not affected by the dipole-environ-
ment of the molecule [1].

The phenomenon of dipole association can also be observed in solutions
of nitrobenzene in non-polar substances. In the present work a study was made
of nitrobenzene—earbon tetrachloride, nitrobenzene—n-heptane and nitro-
benzene-benzene mixtures. The relative permittivities and densities of the
mixtures were measured at 20°C as a function of composition. Our conceptions
relating to dipole association are based on molar polarization data.

Experimental

The relative permittivities of the mixtures were determined with a
Radelkis OH-301 universal dielectrometer, at a constant frequency of 3 MHz.
In our experience the relative permittivities of these systems at 20 °C with a
frequency of 3 MHz agree with the static relative permittivities. The thermo-
stable measuring cells provided by Radelkis were used in this work.

The densities of the pure substances were determined with a pycnometric
method, and in the knowledge of these, the densities of the mixtures were
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measured with an Austrian DMA OZC digital densimeter. The principle of this
latter instrument is as follows: the natural frequency relating to vacuum of the
resonator in the instrument changes if a gas or liquid enters the resonator.
The change depends on the density of the entering medium. The instrument
shows a period-time corresponding to the given frequency, and the density
can be calculated from the period-time. The constant of the instrument can be
determined from known density data, and thus it was necessary to perform the
pycnometric determination of the densities of the pure substances.

The mixtures of various compositions were prepared by mixing known
weights of the components. Our experimental results are given in Tables I, 11
and Il1. The symbols in the Tables are as follows: xA = mole fraction of nitro-
benzene, e = relative permittivity, and p = density.

Table 1

Relative permittivities and densities of nitrobenzene-carbon tetrachloride
mixtures at 20 °C as a function of composition

XA e Q(eni™g)
0 2.23 1.5942
0.1115 4.95 1.5495
0.2008 7.61 1.5103
0.2969 10.38 1.4740
0.3985 13.60 1.4327
0.4981 16.64 1.3959
0.5986 20.19 1.3558
0.6995 23.69 1.3168
0.7994 27.21 1.2781
0.8991 31.05 1.2393
1 34.74 1.1982

Discussion
The data in Tables I—IIl1 were used to calculate the molar polarizations

of the mixtures as a function of composition. The equation used was

P — g—1 . XAMa+ XB
sf- 2 Q

where P is the molar polarization, M the molecular weight, and x the mole
fraction; index A refers to nitrobenzene, and index B to the apolar substance.
The molar polarization data are given in Tables TY, V and VI and in Figs 1, 2
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Table 11

Relative permittivities and densities of nitrobenzene-n-heptane
mixtures at 20 °C as a function of composition

XA e e (gem-»)
0 1.90 0.6841
0.1050 3.44 0.7235
0.1996 4.98 0.7635
0.2991 7.29 0.8069
0.3951 9.85 0.8514
0.4944 12.29 0.9002
0.6348 17.55 0.9758
0.6944 20.00 1.0096
0.7993 24.48 1.0728
0.8979 29.74 1.1356
1 34.74 1.1982

Table I11

Relative permittivities and densities of nitrobenzene—benzene mixtures
at 20 °C as a function of composition

XA e B (gem-»)
0 2.28 0.8737
0.1049 4.82 0.9133
0.1994 7.23 0.9475
0.2987 9.95 0.9826
0.3974 13.10 1.0150
0.4960 16.59 1.0473
0.5947 20.00 1.0788
0.6946 23.74 1.1090
0.7939 27.42 1.1382
0.8914 31.00 1.1665
1 34.74 1.1982

and 3. The Tables also list the molar polarizations of nitrobenzene, calculated
via the relation

with the assumption of the additivity of the molar polarization.

Acta Chim. (Budapest) 84, 1975



LISZI: DIPOLE ASSOCIATION OF NITROBENZENE

Table IV

Molar polarization (P) of nitrobenzene-carbon tetrachloride
mixtures, and molar polarization (Pj\) of nitrobenzene
in the mixture, as a function of composition at 20 °C

XA P (cm3mole~2 et (cmBmole-2)
0 28.1 —
0.1115 55.2 271.0
0.2008 67.2 223.1
0.2969 745 184.4
0.3985 77.6 152.4
0.4981 83.3 139.1
0.5986 86.4 125.4
0.6995 88.7 114.8
0.7994 90.7 106.4
0.8991 92.5 99.8
1 94.3 94.3

Table V

Molar polarization (P) of nitrobenzene—n-heptane mixtures,
and molar polarization (Pj\) of nitrobenzene in the mixture,
as a function of composition at 20 °C

XA P (cmBnole-2) P4 (cmamole-2)

0 33.7 -

0.1050 63.5 317.1
0.1996 78.1 256.0
0.2991 89.7 220.6
0.3951 95.7 190.6
0.4944 97.7 163.2
0.6348 99.4 137.2
0.6944 99.2 128.0
0.7993 97.8 113.8
0.8979 96.2 103.3
1 94.3 94.3
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Table VI

Molar polarization (P) of nitrobenzene—benzene mixtures,
and molar polarization (Pa) of nitrobenzene in the mixture,
as a function of composition at 20 °C

XA P (cmBrmole-2) Pa (cnmBmole~2)

0 26.7 -

0.1049 50.7 255.8
0.1994 62.0 203.6
0.2987 69.7 170.7
0.3974 75.7 150.0
0.4960 80.3 134.8
0.5947 83.9 122.8
0.6946 87.0 113.6
0.7939 89.7 106.1
0.8914 92.1 100.0
1 94.3 94.3

The molar polarization of the mixture exhibits a similar tendency for all
three systems: compared to the ideal behaviour a positive excess, molar polari-
zation appears. This tendency is strongest in the re-heptane system, where the
molar polarization passes through a maximum as a function of composition.

The variation with concentration of the molar polarization of nitro-
benzene is even more characteristic. In these systems P A falls rapidly with the
increase of the mole fraction of nitrobenzene; this is indicative of a strong
decrease in the dipole concentration.

Fig. 1. Molar polarization of nitrobenzene— Fig. 2. Molar polarization of nitrobenzene-
carbon tetrachloride mixtures at 20 °C, as a re-heptane mixtures at 20 °C as a function
funtion of composition of composition
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Fig. 3. Molar polarization of nitrobenzene-benzene mixtures at 20 °C, as a function of com-
position

Solvent effect

The most striking consequence of the phenomenon known in the literature
as the solvent effect [1] is the difference of the dipole moments calculated from
the gas-phase and liquid-phase measurements. This difference can be ex-
plained by the interaction of the molecules of the solvent and the solute. In
concentrated solutions, however, the environment of the molecules of solute
consists not only of solvent molecules but of other solute molecules too. For
this reason it is usual to calculate the dipole moment from molar polarization
data extrapolated to ‘infinity dilute’ solution [2]. The dipole-moment values
calculated in this way, however, depend on the nature of the solvent. In many
cases ‘extrapolation to the gas phase’ can be performed by the empirical
formula of Sugden [3]:

PA= t+ P vap- P or- ™ - (3)
e+

where PAisthe molar polarization of the substance of interest in the solution,
Pvap is the corresponding value in the vapour phase, Por is the orientation
polarization of the substance, e is the relative permittivity of the mixture,
(e — 1)/(e -\- 2) is the ‘volume polarization’ and #Ais a constant.

The application of equation (3) to the systems under consideration is
shown in Fig. 5. The dashed line indicates the extrapolated value. The measured
data for the three systems lie on a straight line. The values extrapolated to
pure solvent are also given in the Figure. In carbon tetrachloride solution, n-
heptane solution and benzene solution the values of PAsa = 410, 438 and 409
cm3mole, respectively. According to Fairbrother [4] and Jenkins and
Sutton [5], the value of the constant A in equation (3) is dependent on the
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Fig. 4. Molar polarization of nitrobenzene as a function of composition in the systems under
examination. The dashed line indicates extrapolated values

Fig. 5. Molar polarization of nitrobenzene as a function of the volume polarization. The
dashed line indicates extrapolated values
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solvent and the temperature. ldentical A values were found for the three
systems studied in the present work. When extrapolated to (e — I)/(e + 2) = 1,
the value of the straight line in Fig. 5is Pe+ Pa-f A where Peand Pa are
the electron and atom polarizations of nitrobenzene. From the literature [2]
Pe= 29.24 cm3¥mole, and Pa= 3.8 cm3mole. Hence, from these values and
Fig. 4, A= 18 cm3¥mole.

The slope of the straight line defined by equation (3) is the orientation
polarization. The measurements on carbon tetrachloride, n-heptane and
benzene solutions indicate that the orientation polarization of nitrobenzene,
Pdiri is 509 cm3mole. If this value is accepted as valid for the vapour phase too,
then the permanent dipole moment of nitrobenzene can be calculated from the
Debye equation [2]:

-IE)or— n P- (4)
3kT
where NAisthe Avogadro number, p is the permanent dipole moment, K is the
Boltzmann constant, and T is the absolute temperature. From equation (4)
p = 4.24 D, which can be taken as identical with the value (4.2 D) determined
experimentally in the vapour phase [2]. This latter result similarly confirms
the validity of equation (3).

Equation (3) thus describes the molar polarization of nitrobenzene in
mixtures of variable relative permittivity, making possible extrapolation to
the vapour phase and hence the determination of the permanent dipole moment
of nitrobenzene. As regards the explanation of the strong decrease of PA, it
may be assumed that the nitrobenzene molecules, possessing a high permanent
dipole moment, form dipole associations with antiparallel arrangements. In
the following we consider the extent of dipole association in pure nitrobenzene.
For this certain simplifying assumptions are applied:

1. In pure nitrobenzene the molecules are present in the form of mono-
mers and of dimers in antiparallel arrangement.

2. The molar polarization of the dimers is twice the sum of the atom and
electron polarizations determined in the gas phase (and thus relating to mono-
mer molecules).

3. The molar polarization of the monomers is the value obtained from
equation (3) with extrapolation to the limiting case (e — I)/(e + 2) = 0.

4. The molar polarization is an additive property in the sense that the
sum of the molar polarizations of the components, weighed by the mole
fractions, gives the molar polarization of the mixture.

W ith these assumptions, the molar polarization of pure nitrobenzene is

Pm= Pi + (5)

1 X i
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where Pmis the molar polarization of nitrobenzene, P is the molar polarization
of the component, and x is the mole fraction; index 1 refers to the nitrobenzene
monomer, and index 2 to the dimer. If the values Pi = 543 cm3mole and
P2= 2.33 cm3mole are substituted into equation (5), we obtain

x1= 0.215 and x2= 0.785

W ith the above approximations, therefore, it turns out that at 20 °C pure
nitrobenzene contains 78.5% dimer in the antiparallel arrangement.
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Kinetic studies on the oxidation of cyclohexanone by chloramine-T in alkaline
media are reported. A first-order dependence on chloramine-T, cyclohexanone and the
alkali was observed. No effect of p-toluenesulfonamide was evident. A negligible effect
of ionic strength and a strong negative effect of methanol point to a mechanism involv-
ing interaction of the enolate ion of cyclohexanone with chloramine-T in the rate-
determining step. Various thermodynamic parameters and the isolation of the product
1,2-eyclohexanedione are in agreement with the proposed mechanism.

The kinetics of oxidation of cyclohexanone have been studied by a
number of authors using various oxidizing agents [1—8]. The present work is
an investigation of the kinetics and mechanism of cyclohexanone oxidation
by the less widely used but potent oxidant chloramine-T in alkaline media.

Experimental

The materials employed were of the highest purity available. An
E. Merck sample of cyclohexanone and a Koch-Light (England) sample of
/»-toluene sulfonamide were used. The chloramine-T solution was prepared as
reported earlier [9]. All other reagents were of analytical grade and bidistilled
water was used throughout the experiments. The reaction stills were blackened
from the outside. The progress of the reaction was followed by determining
unreacted chloramine-T indirectly, using ascorbic acid [10].

Stoichiometry

Different sets of experiments were carried out with varying chloramine-T
to cyclohexanone ratios in presence of 0.02M NaOH at 55 °C for 48 hrs. From
the results shown in Table I, it is concluded that 1 mol of cyclohexanone
consumes 2 mol of chloramine-T according to the following stoichiometric

* Correspondence should be addressed to this author.
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equation, yielding 1,2-cyclohexanedione, which was detected by a conventional
method [11].

2CH3C6H4S02N NaCl + CH,(CH24CO + H2 =
| i

= 2CH3C6H4S02NH, + OC-(CH24CO + 2 NaCl (1)
[ !

Table 1
Stoichiometric data

. 103 [cyclohex- . Stoichiometric ratio
10°jf) [CAT], anone] I0fjf, [CAT] [CAT]: [Cyclo-
M) hexanone]

0.5 0.0 0.5 —

1.0 0.5 0.0 2 1
15 0.5 0.5 2 1
2.0 0.5 1.0 2 1
25 0.5 15 2 1
3.0 0.5 2.0 2 1

[NaOH] = 0.02 w
Results

The oxidation of cyclohexanone by chloramine-T was studied over a
wide range of reactant concentrations at constant alkali concentration (Table
I1). A pseudo first-order dependence on chloramine-T was observed at all

Table 11
Effect of reactant concentrations on the rate

103x_[Chlor- 102x [Cyclohex- AXIO6 (s-1) at

amine-T]
(% *) %°C 40°C
0.6 0.6 4.15 5.80
0.8 0.6 4.34 6.22
1.0 0.6 5.14 6.29
1.2 0.6 4.80 6.45
1.6 0.6 4.99 6.77
2.0 0.6 5.14 6.91
1.0 0.4 3.37 4.30
1.0 0.8 6.60 8.71
1.0 1.0 7.41 9.02
1.0 1.2 9.25 11.3
1.0 1.6 11.7 15.2

[NaOH]=0.02 M
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initial concentrations of the reactants (Fig. 1). A linear increase of the pseudo
first-order-rate constant (k was observed with increasing cyclohexanone con-
centration. The second-order-rate constants calculated as k2 = kxj [cyclohex-
anone] give concordant values and thus establish a first-order dependence on the
cyclohexanone concentration.

Time in minutes

Fig. 1. First-order-rate plots at 35 °C, Fig. 2. Plots of log kl against log [OH- ].
[Chloramine-T] = 1.0x10“3M; [NaOH] = [Chloramine-T] = 1.0x10-3M; [Cyclohex-
= 0.02M and [Cyclohexanone] = 4, 6, 8, 10, anone] = 6xI10-3M
12 and 16 X10-3M in A, B, C, D, E and F,

respectively

The oxidation of cyclohexanone by chloramine-T was found to be
strongly dependent on the alkali concentration. At constant ionic strength
(fi, = 0.2), an increase in alkali concentration increases the rate constants
linearly. The plot of log kx against log [OH-] is a straight line (Fig. 2) with a
slope of unity establishing first-order dependence in [OH-].

The variation of ionic strength has an insignificant effect (Table I11) on
the rate constants, while the effect of methanol addition is negative (Table 1V).
p-Toluenesulfonamide, the reduction product of chloramine-T, however, had
no effect on the reaction rate.

The energy of activation (Eact), the frequency factor (A) and the entropy
of activation (JS+) were found to be 9.83 kcal.mol-1, 5.96x10° I2mol-2s-1
and —28.7 e.u., respectively, from rate measurements carried out at five
different temperatures (Table Y).

2 Acta Chim. (Budapest) 84, 1975



138 MUSHRAN et al.: MECHANISM OF CYCLOHEXANONE OXIDATION

Table 111
Effect of ionic strength on the reaction rate at 35°C

lonic strength foxX 106 (s-1)
0.02 5.14
0.04 5.22
0.06 5.37
0.08 5.49
0.10 5.83
0.12 5.87
0.42 6.83

[Cyclohexanone] = 0.6 f 10-2 jVvI; [Chloramine-T] = 1.Ox10-.3 M and [NaOH]
=002 M

Table TV
Effect of methanol on the reaction rate at 35°C

Methanol

®) fejXI0* (a-»)
None 5.14
5 441
10 3.84
15 3.16
20 2.58
25 1.69

[Cyclohexanone] = 0.6x10~2 M; [Chloramine-T] = 1.0X10-3 M and [NaOH]
=002 M

Table V
Effect of temperature on the reaction rate

Tez‘]?:’a' fe.xlO* (s-9) (IZXmGlIOKZXS-l) (lzxﬂ)ﬁl—?;es-l) (eslt.l)
) _
35 5.14 7.15 6.05 -28.7
40 6.45 8.97 5.91 -28.7
45 8.25 115 5.90 -28.7
50 10.6 14.7 5.96 -28.7
55 134 18.6 5.97 -28.7

[Cyclohexanone] = 0.6 X10-2 M; [Chloramine-T] = 1.0x10 3 M and [NaOH]
- 002 M
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Discussion

The base catalyzed oxidation of ketones clearly shows that the enolate
ion is involved in the oxidation by chloramine-T.

H2C— CH2 H2C—CH2
h2c p=0 + OH — ~ h2c ?|—o + h2o )
H2C—CH2 HZC—CHQ
Cyclohexanone keto form Cyclohexanone enol anion

In aqueous alkaline solutions, chloramine-T (CAT) hydrolyzes [12] to p-
toluenesulfochloramide (CAT’) and p-toluenesulfonamide (TSA) as follows:

CH3CeH4SO02N « NaCl + H20 ~ CH3C6H4S02N « HC1 + NaOH 3)

CAT CAT’
CH3CH4S02N « HC1 + NaOH A~ CH3CeH4502NH2+ NacClO 4)
TSA

It is, therefore, obvious that one of the three oxidizing species of chlor-
amine-T, viz. CAT itself or CAT’ or the CIO- ion may react with the enolate
ion in the rate-controlling step. Now, if CIO- ion is the main oxidizing species,
the reaction would involve an interaction between two similarly charged ions
and thus would correspond to a positive ionic strength effect which is contrary
to our experimental observations. Thus the possibility that the CIO- ion is the
reacting species, is completely ruled out.

The negligible effect of ionic strength points to the involvement of at
least one neutral molecule in the rate-controlling step. Further, the positive
dielectric constant effect observed shows that the rate-controlling step must
involve the interaction of a neutral molecule and a negatively charged ion.
Thus, the mechanism of the oxidation of cyclohexanone (S) by chloramine-T
may he represented by the following two schemes satisfying the above re-
quirements.

Scheme | with CAT’ as an oxidizing species:

S+ OH- SOH- fast (2)
CAT+ HD CAT'+ NaOH fast 3)
CAT' + SOH- —" Intermediate (X) slow ®)
X + CAT' —>mProducts fast (6)
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By applying the steady-state approximation to all the intermediates
formed, the following rate law is obtained:

d[CAT] _ k3ktk5[CAT][S][HX]
dt k_3_t+ k3k5[S]

The rate low derived (7) from scheme | predicts a zero-order dependence
in hydroxide-ion concentration which is contrary to the experimental results.
Thus the possibility that the reacting species is CAT’ and the oxidation process
proceeds according to Scheme I, is also completely ruled out

Scheme Il with CAT as an oxidizing species:

S+ OH- " SOH- fast %)
SOH- + CAT —“mIntermediate (X) slow 8
X + CAT —" Products fast 9

By applying the steady-state approximation to SOH~ and X and making
the assumption that fc_3> k 7 [CAT], the following rate is obtained:

ACAT] = 2*3*7 [CAT] [s] [OH-| 10
di k 3

The above derived rate (10) from Scheme Il predicts a first-order depend-
ence in cyclohexanone, chloramine-T and [OH-] ion concentration, which is
in agreement with the experimental observations. Thus, the oxidizing species
in this case is undoubtedly chloramine-T itself and the oxidation process does

proceed through Scheme II.
*
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UBER DIE MOGLICHKEITEN DER DIGITALEN
BESTIMMUNG DER PARAMETER DER KONTAKT-

KATALYTISCHEN HYDRIERUNG VON ATHYLEN, 111

DIE »SCHATZUNG« DER GESCHWINDIGKEITSKONSTANTEN
FUR DEN STATIONAREN FALL

P. Konig und P. Fejes

(Institut fir Isotope der Ungarischen Akademie der Wissenschaften, Budapest
und Institut fir Angewandte Chemie der Jozsef-Attila-Universitat, Szeged)

Eingegangen am 22 Maérz, 1974

Die Verfasser suchen in ihrer Mitteilung nach einer Antwort auf die Frage, ob
der Horiuti—PoLANYische Mechanismus der kontakt-katalytischen Hydrierung des
Athylens mit den Ergebnissen der in der Fachliteratur beschriebenen kinetischen Ver-
suche in Einklang zu bringen ist. Mit der Anwendung der Methode der stationdren
Annéherung haben sie die numerische Lésung der im I. Teil der Veroffentlichungen ab-
geleiteten Differentialgleichung den experimentellen kinetischen Kurven nach dem
Prinzip der nicht-linearen kleinsten Fehlerquadrate —gemadR der im Il. Teil der Mit-
teilungen erwdhnten Methode — angepalt.

Die strenge statistische Analyse der Ergebnisse der Optimalisierung hat die Er-
kennung der Gilltigkeitsgrenzen des Modells bzw. seine Weiterentwicklung ermdglicht.
Daraus ergeben sich zwei alternative Ndherungen, von denen die eine die Kinetik der
untersuchten Reaktion bei einer bestimmten Gemischzusammensetzung richtig be-
schreibt, die Wirkung bedeutender Anderungen der Gemischzusammensetzung aber
nicht zu widerspiegeln vermag, wéhrend die andere die leztere Erscheinung richtig
widerspiegelt, sich aber den einzelnen kinetischen Kurven nicht mit einer den strengen
statistischen Forderungen entsprechenden Genauigkeit anpaft. Es ist anzunehmen,
daR die Grundhypothesen des assoziativen Mechanismus richtig sind, aber eine Uber-
maéaRige Vereinfachung der tatsdchlichen Sorptionsverhdltnisse darstellen.

Einleitung

In der Entscheidung der Frage, ob die von uns uber einen Reaktions-
mechanismus gebildeten Modellvorstellungen zutreffend sind oder nicht, kann
die Schétzung der Parameter der aufgrund des Modells konstruierten theore-
tischen reaktionskinetischen Funktionen ein wertvolles Mittel bilden. Der Ver-
gleich der experimentellen und der mit Hilfe der geschédtzten Parameter er-
rechnten Kurven, d. h. die Untersuchung der Gite des Ausgleichs sowie der
Zuverldssigkeit und chemischen Realitdt der geschétzten Parameter an sich
vermdgen zwar keine hinreichenden Beweise zur Akzeptierung irgendeines
mechanistischen Modells liefern, zeigen aber — mit entsprechender Umsicht
durchgefihrt — die Untauglichkeit des Modells an, ja sie kdnnen sogar Hin-
weise auch betreffs der Weiterentwicklung des Modells oder der Planung des
kritischen Versuchs bieten.

In der vorliegenden Arbeit versuchen wir, die kinetischen Parameter der
kontakt-katalytischen Hydrierung des Athylens an Nickel, unter Verwendung
der Modellvorstellung von Horiuti—Polanyi [1], auf die oben erwé&hnte
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Weise [2] zu schétzen. Es wird der Versuch einer statistischen Bewertung der
Ergebnisse der Parameterschdtzung unternommen und geprift, welche Be-
deutung diese Ergebnisse hinsichtlich der Richtigkeit des zitierten Modells
besitzen.

Im Interesse des Gelingens der Parameterschidtzung mussen wir den
Versuchen gegenlber die den Gegenstand des Verfahrens bilden, ziemlich
strenge Forderungen stellen. Solche — einen relativ groBen Druckbereich um-
fassende, viele zusammengehdrige P- und i-MeBpunkte in Tabellenform, unter
genauer Bekanntgabe der experimentellen Bedingungen dartuende — Arbeiten
haben wir in der Literatur nur zwei gefunden [3, 4]. In beiden Versuchen wird
Athylen auf Nickelpulver bei 0°Chydriert. Die Versuchsbedingungen veran-
schaulicht Tabelle 1.

Tabelle |

Die charakteristischen Daten der zur Optimierung verwendeten kinetischen Versuche

Versuch 1 [3] Versuch 2 [4]

Menge des Katalysators, mg 273 3
Reduktionstemperatur des Katalysators, °C 400 480
Spezifische Oberflache, m2/g 29 -
Reaktorvolumen, cm3 161 65
Anfangszusammensetzung fiir Athylen, pj, kN/m2 4,58 14,30
Anfangszusammensetzung fur Wasserstoff, p9,

kN/m?2 8,93 14,08
Zahl der MefRpunkte 19 31
Halbwertszeit der Reaktion, s 36,6 4290
Instrument fur die Druckmessung Quecksilbermano-  Bourdon-Rdéhre

meter mit Torsionsfaden

Nach unseren Erfahrungen fiuhrt die iterative Optimierung nur von einer
bestimmten Umgebung des Minimums ausgehend zum Erfolg, und dieser Para-
meterbereich ist nicht allzu groR. Daher ist die richtige Wahl des Anfangs-
wertes des Parametervektors auf spekulativem Wege eine hoffnungslose Auf-
gabe. Mit iterativer Simulierung des Versuches aber 1aRt sich ziemlich schnell
ein Parametervektor finden, bei dem der Verlauf der berechneten und der ge-
messenen Kurve ein dhnlicher ist und das geniigt schon, um mit der iterativen
Optimierung beginnen zu kénnen.

Der gute Anfangswert setzt den Zeitanspruch der Parameterschédtzung
weitgehend herab. Aus dem gleichen Grunde ist es von wesentlicher Bedeutung,
die zur Optimierung verwendete Methode richtig zu wdhlen. Wir haben auch
mehrere Varianten der einzig in Betracht kommenden Gradientenmethode
ausprobiert, wie z. B. die Methoden von Gauss—Newton, Marquardt bzw.

Acta Chim. (Budapest) 84, 1975



KONIG, FEJES: KONTAKT-KATALYTISCHE HYDRIERUNG VON ATHYLEN, Il 143

Davidon—Fletcher—Powell [5] und von diesen das auf der sich an die
Namen der letzteren Autoren kniipfenden Methode beruhende »Flepomin-
Verfahren« [6] als am entsprechendsten befunden. Das Besondere an diesem
Vorgehen ist, daR die Inverse der UESSschen Matrix iterativ von einer beliebi-
gen positiv definitiven Matrix —in unserem Fall von der Einheitsmatrix aus-
gehend — angenéhert wird. Diese N&herung erfillt sich streng nur in unmittel-
barer Umgebung des Minimums, welcher Umstand die Konvergenz der Itera-
tion nicht beeinfluBt, doch ist eine so errechnete Kovarianz-Matrix — und
daher auch der Konfidenz-Intervall der optimalen Parameter — mit Vorbehalt
zu behandeln. Im weiteren haben wir, wenn die Abweichung nicht besonders
angegeben ist, die Werte des Konfidenz-Intervalls beim Zuverldssigkeitsniveau
0,95 mittels Invertierung der auf die Ubliche Weise ([2], S. 222) aufgebauten
(UESSschen) Matrix berechnet.

Auler den erwdhnten Tatsachen wird der Zeitbedarf der digitalen Para-
meterschdtzung durch die Fehlergrenze der in die Prozedur Theory einge-
bauten Integrier-Methode Mersn (S. [2]) und die Wahl der zur Terminierung
der Iteration vorgeschriebenen Bedingungen bestimmt. Beide Probleme stellen
auch an sich Optimumaufgaben dar; zu lockere Bedingungen fuhren zu fehler-
haften Ergebnissen, zu strenge verzégern die Optimierung zeitlich sehr. Die
Fehlerschranke haben wir bei einem Wert von 10~4 festgesetzt. Die Ublichen
terminierenden Bedingungen, wonach die Verdnderung der Zielfunktion bzw.
sdmtliche Parameter unterhalb einer gewissen Schranke zu liegen kommen,
haben sich nicht als zuverldssig erwiesen. Es ist ndmlich vorgekommen, dafl}
die Konvergenz fern vom Minimum lokal dermalen verlangsamt war, daB die
obigen Bedingungen ein Minimum anzeigten. Deshalb haben wir im allgemeinen
die Iteration dann beendet, wenn Uber die erwdhnten Bedingungen hinaus die
parallelen Ableitungen der Zielfunktion nach den Parametern kleiner ausfielen
als die vorgegebene Fehlerschranke der Integrierung.

Die Parameterschédtzung erfolgte an einer Rechenmaschine des Typs ICT
1905 und die ubrigen Berechnungen an der Klein-Rechenmaschine KFKI-
TPAI-8Kk.

Die Ergebnisse der Parameterschétzung

Die den Gegenstand der Parameterschdtzung bildenden experimentellen
Daten sind in Form von zusammengehdrigen Gesamtdruck- und Zeit-Wert-
paaren gegeben. Was die statistische Verteilung der MeRfehler anbelangt,
missen wir mit Vermutungen vorliebnehmen. In Kenntnis des Instrumentes
fir die Druckmessung nehmen wir an, daB der Fehler vom gemessenen Druck-
wert unabhdngig und normal verteilt ist. Die einzelnen MeRBpunkte wurden
mit identischem statistischem Gewicht berlicksichtigt.

Die Anfangswerte sowie die optimalisierten Werte der Parameter fur
das in der Mitteilung [1] behandelte Modell (im weiteren Modell A) sind in
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Tabelle 11

Die optimalen Parameter des Modells A*

Versuch 1 Versuch 2

Anfangswert Optimum Anfangswert Optimum
Parameter gi 3 433 £ ... (4,96)** 3 14600 +7 10e (3380)**
Parameter g2 0,5 1,73 + ... (4,26) 0,57 7,35+0,93 (0,91)
Parameter 3 0,02 0,0682+ ... (0,0189) 0,67 7710 £4 «106(1970)
Parameter st 100 100 + ... (5 7,9 21,7 +1,4 (1,5)
Zielfunktion S@) 540 20,37 5910 7,185
Streuung s=]11 8(®) 1,166 0,516
Zahl der Iterationen 5 74

* Die Umstédnde der beiden Versuche sind verschieden (s. Tab. 1), deshalb sind die als
unmittelbares Resultat ihrer Optimalisierung erhaltenen Parameter miteinander nicht ver-
gleichbar. Auf den Vergleich der aus ihnen errechenbaren Reaktionsgeschwindigkeitskonstan-
ten kommen wir in Tabelle VI zu sprechen.

** In Klammern: die Werte des durch das Flepomin-Programm gelieferten Konfi-
denzintervalls hei einem Zuverldssigkeitsniveau von 95%.

Beim Versuch 1 war die Invertierung der HESSschen Matrix wegen ihrer Singularitat
erfolglos.

Tabelle Il angefuhrt. Die Konfidenz-Intervalle der letzteren beziehen sich
auf ein Zuverldssigkeitsniveau von 95%.

Wie ersichtlich, sind die optimalen Parameter in sehr abweichendem
MaRe bestimmt. Besonders beim Versuch 2 ist der Widerspruch zwischen dem
Durchschnittsfehler des Ausgleichs und dem Konfidenzintervall der Parameter
rpr und 92 auffallend. Wenn die Eigenwerte der zum Optimum gehdrigen
Kovarianz-Matrix nach der Methode von Householder [7] bestimmt werden,
ergibt sich der grofRte Eigenwert in der GréRenordnung von 1014, was darauf
hindeutet, daB die HESSsche Matrix nahezu singulédr, d. h. das Problem Uber-
bestimmt ist. Auffallend ist auch, daR es zum Auffinden des Optimums des
besser konditionierten Versuches 2 bedeutend mehrerer lIterationen bedurfte
als im ersten Experiment. Es schien nicht wahrscheinlich, dafl dies nur die
Folge der ungiinstigeren Wahl des Anfangswertes des Parametervektors ist,
deshalb untersuchten wir die »Spurenlinie« der Optimalisierung, d. h. die
W erte der Parameter und der Zielfunktion nach den einzelnen Schritten der
Iteration (Tabelle 111).

Diese Daten zeigen, dafl mit fortschreitender Iteration nur die Parameter
91und tp3eine wesentlichere Anderung erfahren, und zwar so, daR ihr Verhaltnis
konstant bleibt. Die im Laufe der Iteration unverdnderten Parameterkombi-
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Tabelle 111

Veranderungen der Zielfunktion und der Parameter wahrend der Oplimalisierung
laut Modell A in Versuch 2

Zahl der

Iterationen s<p) A ®2 &3 € falvi
0 5910 3 0,57 0,67 79 0,223
8,41 8,04 6,51 3,77 21,2 0,468
10 8,19 7,39 6,22 3,40 20,3 0,461
20 7,61 13,4 6,74 6,64 21,3 0,469
30 7,36 35,7 7,06 18,6 21,8 0.521
40 7,25 112 7,09 59,9 21,7 0,535
50 7,22 1162 7,14 626 21,8 0,539
60 7,19 11 040 7,26 5880 21,7 0,533
70 7,19 14 700 7,33 7710 21,7 0,525
74 7,19 14 700 7,35 7710 21,7 0,525

nationen, mit den tatsdchlichen Reaktionsgeschwindigkeitskonstanten [1]
ausgedrickt, sind:

Y7— 77- 1 RT . K_2/K 3k4
ft = 4dk_2/k2= —=r ; ¢t = ——K 3k4; fF3Ifi = —meeee =
y Xv2 \% 2/
K 2K 3k4 ’

wo K2 die Gleichgewichtskonstante der W asserstoffadsorption bedeutet. Mit
anderen Worten: in den stabilen Paranieterkombinationen kommen k2 und
k~2, d. h. die Geschwindigkeitskonstanten der W asserstoffad- und desorption
nicht vor, sondern nur ihr Verhdltnis, die Gleichgewichtskonstante der Sorption.
Die chemische Ursache hierfiir dirfte darin liegen, daR die Geschwindigkeit
der Ad- und Desorption des W asserstoffs um eine GrdéRenordnung groRer ist
als die der Ubrigen Prozesse, infolgedessen weicht die Oberflichenbedeckung
02 fir Wasserstoff vom Gleichgewichtswert sehr wenig ab.

In dem bisher benutzten kinetischen Modell kann die chemische Realitat,
das 02= 02cleichgewicht so beriicksichtig werden, daB man anstatt der Glei-
chung (10) in Mitteilung [1]

MP, k) = kp2(1- 0,- 022- k-BlI =0 2)
schreibt. Die Ldsung der Gleichungen (10) in der Arbeit [1] mit dieser Substi-
tution ist folgende:

0i=vi T2 (3)
P -P°l
p— Pl—wi(p- Pt

ft YP—pi + p —pi
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Die zu lésende Differentialgleichung ist

dpP

— Y3@le\.
dt @l 5)

Die Bedeutung der in den Gleichungen des im weiteren B genannten
Modells vorkommenden Parameter ist folgende:

K RT . .
Wi Wi w K3ki= (i; (6)
K2K3 fi u* 9,2; v

dies sind gerade jene Kombinationen der Parameter des Modells A die sich im
Laufe der Iteration als konstant erwiesen.

Die optimalen Parameter des so abgeleiteten Modells B — auf analoge
Weise wie oben bestimmt — liefern die in Tabelle IV angefihrten Daten.

Ein Vergleich dieser Daten mit den entsprechenden Daten in Tabelle 11
bzw. 11l 14kt feststellen, dall die optimalen Werte der neu eingefuhrten Para-

meter einerseits wirklich in guter N&herung zu der durch die Zusammenhdnge
(6) bestimmten Relation mit den entsprechenden optimalen Parametern des
Modells A stehen, und andererseits in nahezu gleichem MaRe bestimmt sind.
Auffallend ist, dal der wesentliche Unterschied zwischen den Werten des mit
auf zwei verschiedenen Wegen berechneten Konfidenz-Intervalls geschwunden
ist.

Statistische Bewertung der Ergebnisse der Parameterschétzung

Der Erfolg der Optimalisierung und der numerische Wert der optimalen
Reaktionskonstanten an sich sind von geringerem Wert und gestatten nicht, zu
entscheiden, ob das mathematische Modell dem chemischen Vorgang ent-

Tabelle IV
Die optimalen Parameter des Modells B*

Versuch 1 Versuch 2
Parameter ipl 0,0244+0,0020 (0,0020)** 0,526 £0,050 (0,052)**
Parameter yx 368 £2,50 (2,50) 7,35 0,89 (0,93)
Parameter 103  +23 (24) 21,7 £1,4 (1,4)
Streuung s 1,129 0,506
F-Test F (Nv Ny0% F(16,8) = 5,48 [9] F(28,°0) = 2,15 [9]

s'h'sl s2s\iX= 1,58 s7sLm.« = 2,89

s~/SK.amin = 25,6

Abbe-Probe r0% 0,603 [13] 0,695 [13]
r 0,877 0,312

* Siehe die FuBnote von Tabelle II.
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spricht. Mit der statistischen Aufarbeitung der Ergebnisse mussen wir uns vor
allem davon lUberzeugen, wie gut der Ausgleich ist, d. h. in welchem Male das
mathematische Modell die experimentelle Kurve zu reproduzieren vermag und
dann die Zuverlassigkeit der optimalen Parameter von statistischem, wie auch
von chemischem Gesichtspunkt prifen.

Die Streuung des Ausgleichs (s, siehe Tabelle 1Y) und die Standard-
deviation des Versuchs (er) mussen miteinander in enger Beziehung stehen. Ist
der Ausgleich nur so fehlerhaft wie die Messung, so betrdgt der Erwartungs-
wert von »s« ff. Sofern uns eine Schétzung sK der Standarddeviation des Expe-
riments von unabhédngigen Versuchen zur Verfigung steht, empfiehlt Wil liams
den sog. FiISHERschen E-Test zum Vergleich der beiden Streuungswerte [8]. In
unserem Fall kennen wir die Streuung sK der Experimente nicht, kénnen aber
in Kenntnis der Versuchsbedingungen eine grobe Schédtzung versuchen. Ver-
such 1teilt nach dem Ablauf der Reaktion 9 MeRdaten fur den Gleichgewichts-
druck mit. lhre Streuung sKil(8) = 0,9 (in Klammern die Zahl der Freiheits-
grade). Nachdem wir hier den Fehler der Zeitrechnung unbertcksichtigt lieBen,
kann die Unsicherheit der Punkte der kinetischen Kurve nur gréfer als diese
sein. Im Versuch 2 sind die Ergebnisse von 7 Parallelmessungen zur Demon-
strierung der Konstanz der Stabiltdt des Katalysators mitgeteilt. Die Streuung
der Druckwerte betrdgt hier sKi2(6) = 0,3. Der Fehler der Druckmessung am
Torsionsmanometer betrdgt 0,1 Einheit (13 Nm~2) und so die Streuung der
Druckwerte an der kinetischen Kurve

01< ff2< 03.

Das Ergebnis des E-Tests ist in Tabelle IV ausgefiihrt. Wéahrend beim
Versuch 1 auch betreffs der minimalen Streuung gilt, daf

-70,95 ~  SI/SKfc

ist, mit anderen Worten die Wahrscheinlichkeit dessen, dalR der Fehler der
Anpassung signifikant groBer ist als die Streuung der individuellen Druckwerte,
kleiner als 5% betrdgt, ist dies beim Versuch 2 nicht einmal fur die geschétzte
obere Schranke der Standarddeviation erfillt.

Die Streuung ist ein Durchschnittswert und verrdt als solcher absolut
nichts dariuber, wie sich der Anpassungsfehler zwischen den einzelnen MeR-
punkten verteilt. Ist der Versuch in der Tat gleichwertig mit einer Exposition
des mathematischen Modells, so kdnnen wir fordern, daR die einzelnen MeR-
punkte ideal, ungeordnet um die auf sie angepafite theoretische Funktion zu
liegen kommen. In der Untersuchung der Erfullung dieser Forderung ist das
gewodhnlich verfolgte Verfahren — die gemeinsame Darstellung der MeRpunkte
und der mit den optimalen Parametern berechneten theoretischen Funktion
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(Abb. 1) — subjektiv und oft irrefuhrend. Eine wesentlich wertvollere Infor-
mation liefert in dieser Hinsicht die Analyse der Residualwerte der Fehler-
funktion [10, 11]. Werden die Residualwerte der Fehlerquadrate in der Ab-
hdngigkeit der berechneten Werte der abh&ngigen Variablen dargestellt, so
kénnen wir uns Uber die Anwendbarkeit des Modells, ja sogar uber die Natur
der eventuell vorkommenden Unzuldnglichkeiten ein Bild machen.

Abb. 1. Vergleich der MeRpunkte und der mittels der optimalen Parameter errechneten
theoretischen Funktion

Es scheint allgemeiner und anschaulicher zu sein, wenn statt dessen durch
Standardisierung der Unterschiede (yt —ft) eine mit Erwartungswert Null und
Streuung Eins charakterisierte Variable eingefuhrt und in der Abhédngigkeit
von der Reaktionskoordinate dargestellt wird. Auf diese Weise werden ndmlich
die unter verschiedenen Bedingungen erhaltenen MeRergebnisse miteinander
vergleichbar (Abb. 2). Wie ersichtlich, zeigen die MeRpunkte im Versuch 2
einen entschiedenen Gang, einen systematischen Trend, wdahrend dies im
Versuch 1 nicht der Fall ist.

Aber auch dieses demonstrative Verfahren ist nicht frei von den Fehlern
der subjektiven Beurteilung. Das Kriterium des Fehlens des systematischen
Trends der aufeinanderfolgenden Beobachtungen wurde von Abbe in die
mathematische Statistik eingefihrt [12]. Wir bilden den folgenden Ausdruck:
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—k<>*e

wo @ die Zahl der Freiheitsgrade und n die Zahl der MeRpunkte bedeuten.
Ist dieser Wert groBer als ein Tabellenwert rp, d. h. r > rp, so ist p die
W ahrscheinlichkeit des Fehlens des systematischen Trends [13]. Im Falle de

Abb. 2. Darstellung der standardisierten Residualwerte in Abhéngigkeit von der Reaktions'
koordinate

optimalisierten Messungen haben wir das Ergebnis dieser Untersuchungen in
Tabelle IV dargetan. Wie wir sehen, erfillt Versuch 2 auch diese Bedingung
nicht.

Die Ursache dessen, daB die statistische Bewertung der beiden Versuche
hinsichtlich der Beurteilung des hypothetischen Modells zu widersprechenden
Ergebnissen fihrt, kann einerseits darin liegen, dal die Hypothese nicht zu-
trifft, der erste Versuch aber zu ungenau ist, um dies nachweisen zu kdnnen,
oder andererseits darin, daB — obwohl die Hypothese zutrifft — wir im Ver-
such 2 die Grenzen ihrer Giltigkeit Uberschritten haben. Abbildung 2 ist zu
entnehmen, dalR ein betrédchtlicher Teil der MeRpunkte den groRen Konversio-
nen zugehdrt. Stellen wir aus der theoretischen Funktion (3—4) die mit Hilfe
der optimalen Parameter aus Versuch 2 errechenbaren Oberflichenkonzentra-
tionen dar (Abb. 3), so ist festzustellen, dall die Voraussetzung der stationaren
Né&herung, wonach QO0/Qt 0 sein sollte, nur bis zu einem W ert der Reaktions-
koordinate von etwa f = 0,8 erfullt wird. Versuch 2 enth&lt genigend MeR-
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1 (moO

Abb. 3. Die Verdnderung der mit den optimalen Parametern aufgrund der Zusammenhdnge
(3) und (4) berechneten Oberflaichenkonzentration des Athylens (©j) und Wasserstoffs (@2
mit fortschreitender Reaktion

punkte, um unter Weglassung der zu dem gréfReren Wert der Reaktionskoordi-
nate gehdrenden Punkte die Optimalisierung wiederholen zu kénnen. In
Tabelle V sind die optimalen Parameter und die Werte der statistischen Cha-
rakteristika des Optimums dargestellt, zu denen wir gelangen, wenn wir je-
weils die letzten 4 MeRpunkte des Versuchs nacheinander weglassen.

Wi e ersichtlich, erfahren die Werte der Parameter unter = 0,76 — den
Erwartungen gemaB — keine nennenswerte Anderung und unterhalb dieser
Grenze ist die Anpassung auch in statistischer Hinsicht entsprechend; sie er-
fullt sowohl die Kriterien von Fischer als auch die der ABBEschen Probe. Die
W irkung des Weglassens der zu einem gréBeren Wert als | = 0,76 gehdrenden
Punkte auf die Verteilung der gi-Werte der Optimalisierung veranschaulicht
das Diagramm 2/c in Abbildung 2.

Tabelle V
Die Veranderung der optimalen Parameter des Modells B und der den statistischen

Charakteristika des Optimums beim Versuch 2 wéahrend der Optimalisierung der verschiedenen
Konversionen entsprechenden Kurvenstiicke

Optimale Parameter

i ] s BA/.1) rirp
Vi % Vs
0,97 28 0,526 £0,050 7,35 +0,89 21,7+1,4 0,506 0,084 0,449
0,92 24 0,704+0,003 4,50 +0,06 299+2,4 0,332 0,203 0,951
0,83 20 0,788 +0,001 2,56 +0,01 40,6 £3,1 0,245 0,387 1,82
0,76 16 0,847+0,002 0,935+0,007 58,5+1,4 0,110 2,07 2,67
0,56 12 0,845 +0,004 1,091 +0,187 56,4+3,9 0,123 1,74 2,90
0,34 8 0,827 +0,016 1,96 +0,37 545+6,8 0,112 2,34 2,52
0,18 4 0,835+0,015 0,366+0,091 44,4+0,3 0,065 5,68 3,23

£ = Konversion; ® = Zahl der Freiheitsgrade
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Die Untersuchung der optimalen Reaktionsgeschwindigkeitskonstanten

Einen wesentlichen Schritt der Parametersch&tzungsverfahren bildet
die Berechnung der Konfidenzintervalle fur die als optimal befundenen Para-
meter. Die einzelnen Verfahren sind auch in dieser Hinsicht nicht gleichwertig.
Die sich aus der Benutzung des Flepomin-Programms ergebenden Probleme
wurden bereits weiter oben erwédhnt. Eine noch groRere Schwierigkeit bedeutet
der Umstand, daB die optimalen Parameter pund ijvon den wirklichen Reak-
tionsgeschwindigkeitskonstanten abgeleitete, zusammengesetzte Parameter
darstellen, wir aber in erster Linie die letzteren zum Gegenstand unserer
Untersuchungen machen missen. Die Standarddeviation der Funktionen der
optimalen Parameter kann durch Verwendung der Standarddeviationen der
unabhé&ngigen Variablen aufgrund der Formel

) 2m oM ®) T go.
QPi .

— wo m die Zahl der Parameter ist — berechnet werden [14]. Dieses Verfahren
fahrt aber in der Praxis nicht zu einem befriedigenden Ergebnis, weil die
Streuungen S(p der unabhangigen Variablen tp nur als grobe Schétzungswerte
des Erwartungswertes ap zu betrachten sind. Ein zweckentsprechenderes Ver-
fahren ist, die Kovarianzmatrix aus den partiellen Ableitungen nach den tat-
sachlichen Konstanten der Zielfunktion aufzubauen, und daraus die Kon-
fidenzintervalle der Reaktionskonstanten zu ermitteln.

Die optimalen Werte der Reaktionskonstanten, zusammen mit den auf
die letztere Weise bestimmten Konfidenzintervallen, finden sich in Tabelle VI.

Tabelle VI
Vergleich der optimalen Reaktionskonstanten der Modelle A und B
Modell A*
kx  10* «r 104 (fatfc 2 wl0® K.k,
No rrfnl mol «n2 mol e mol m2 mol
N ms N =s s N s
| 0,92 1,09 4,70 0,187 2,51 2,70
2 0,97 0,335 491 354 0,138 0,460
Modell B
k. =103
m2A
1 0,92 0,367 £0,798 0,551 +0,129 2,72 *45
2 0,97 0,335+0,118 0,139+0,034 0,460+0,029
2/b 0,92 1,65 +0,23 0,369+0,044 0,634+0,018
2/c 0,76 90,3 0,1 8,59 +0,01 1,241 +0,001

* Die HESSche Matrix

fidenzintervall nicht angegeben werden.

ist nahezu singuldr, nicht invertierbar, daher kann der Kon-
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Vergleichen wir die Reaktionskonstanten der beiden unter wesentlich
abweichenden Bedingungen durchgefuhrten Messungen unter Beriicksichti-
gung ihrer Zuverlassigkeit, so miissen wir feststellen, daR die Ubereinstimmung
hinsichtlich der einer gleichen Konversion zugehdrigen Werte Bl und B2jb
gut zu nennen ist. Als charakteristisch fur den ProzeR aber missen die in der
Zeile B2/c befindlichen Werte betrachtet werden, mit denen sich die experi-
mentelle Kurve zwischen den Werten f = 0 — 0,76 mit gleicher Genauigkeit
beschreiben 14Rt.

Diese Tatsachen sprechen unbedingt dafir, daR das untersuchte Modell
unter bestimmten Reaktionsbedingungen die Ergebnisse des Versuches zu re-
présentieren vermag. Eine allgemeingiltige Folgerung kénnte aber nur durch
die Auswertung von mehreren, bei unterschiedlicher Zusammensetzung und
Temperatur durchgefiihrten Experimenten gezogen werden.

Die Mitteilung [4] gibt aulRer den erwé&hnten Daten — leider in Gestalt
eines ausgeglichenen Diagramms — das Resultat von zwei bei 0 °C durchge-
fihrten Messungen bekannt, bei denen das Verhé&ltnis pi/pl von 4 : 1 bis 1: 4
reicht. Legt man Uber die Diagramme ein Netz und behandelt man die Schnitt-
punkte als »MeR«-Ergebnisse, so kann die Parameterschdtzung &hnlich wie
zuvor erfolgen (Tabelle VII).

Tabelle VII

Ergebnisse der aufgrund des Modells B durchgefiihrten Optimalisierung
der in der Mitteilung [4] angegebenen ausgeglichenen Kurvenschar

Gemischzusammensetzung Wi Kr .
der f/laeglsung - 8 mol em2 m2 mol s
feiV/m2 s N ms N s
li 12,52 52,99 0,232 0,257 0,412 1,42
12 13,44 40,16 1,34 . 106 3,02 - 106 0,286 1,09
13 13,32 27,87 2,21 - 103 1,01 - 104 0,214 1,06
14 14,30 14,08 1,25 - 10"5 9,23 - 10~5 0,418 0,799
15 27,10 13,48 8,48 - 10-7 2,56 - 10-7 83,8 1,83
16 39,96 13,60 4,06 - 10“7 7,80 - 10-7 17,9 1,71
17 53,48 13,40 2,69 w10-7 1,08 - 10-7 9,08 1,34

Dieselbe Methode haben wir fur die MeBwerte des friher schon bearbei-
teten Experiments Nr. 2 angewendet (s. Zeile 14). Auf diese Weise kann der
Fehler der oben erwé&hnten Methode in Betracht gezogen werden. Vergleicht
man die in der 14. Zeile der Tabelle VII und in Zeile B2 in der Tabelle VI ange-
fiuhrten Werte miteinander, so sieht man deutlich, daB die Methode — obwohl
beziglich ihrer Anwendbarkeit im groen und ganzen diskutabel — fir die
Bestimmung von Tendenzen zweifellos geeignet ist.
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Diese Tendenzen sind hinsichtlich der Gultigkeit des Modells B nicht im
geringsten glinstig. Dieses Modell — das im wesentlichen das Horiuti—
PoLANYische mechanische Modell auf die beschriebene Weise [1] vereinfacht
darstellt — vermag weder die reaktionskinetische Wirkung des W asserstoff-,
noch die des Athyleniiberschusses widerzuspiegeln.

Das Verhalten des Modells auf die Wirkung der Anderung der Zusammen-
setzung des Reaktionsgemisches kann auch geprift werden, indem man die
Anfgangsgeschwindigkeiten bei derselben Zusammensetzung fiir den experi-
mentellen bzw. theoretischen Fall vergleicht. Zu diesem Zweck haben wir die
aus den Diagrammen der Versuche 11—17 abgelesenen Druckwerte mit der
WHITACKERschen Methode [15] numerisch deriviert und die so ermittelten
Anfangsgeschwindigkeiten in Abbildung 4 als Funktion der Gemischzusammen-
setzung dargestellt; die Kurve wurde mit Exp. bezeichnet. Die Kurve B gibt
die Gestaltung der bei der &quimolaren Zusammensetzung mit den optimalen
B2/c-Parametern aus dem Modell B berechneten Anfangsgeschwindigkeiten
an. Wie wir sehen, entspricht die letztere den experimentellen Ergebnissen nur
in einer sehr engen Umgebung der &quimolaren Zusammensetzung.

Aufgrund unserer bisherigen Untersuchungen ist nicht festzustellen, ob
der Widerspruch zwischen Modell und experimentellen Tatsachen der Unrich-
tigkeit der urspriinglichen Horiuti—PoLANYischen Vorstellung oder aber der
von uns angewandten Vereinfachung zuzuschreiben ist. Von den letzteren
dirfte am ehesten die Vermutung, wonach die Oberflaichenkonzentration des
halbhydrierten Athylradikals 03<( 1 ist ([1], S. 210), einer Korrektur bedir-
fen. Diese Vereinfachung haben wir, gestitzt auf die spater von Miyahara
auch experimentell untermauerte Hypothese Horiutis eingefiihrt, wonach
die Oberflache des Nickels wahrend der Hydrierungsreaktion praktisch unbe-
deckt ist [16, 17]. Diese Feststellung steht in krassem W iderspruch zu der
aufgrund des Modells berechneten Oberflachenkonzentration (s. Abb. 3).
Gleichzeitig haben Cormack und Mitarbeiter [18] sowie Matsuzaki und Tada
[19] gezeigt, daB am Nickel unter den auch von uns experimentell untersuchten
Bedingungen, die Oberflaichenkonzentration des Kohlenwasserstoffs — in
Ubereinstimmung mit unseren Ergebnissen — 0,5 ist. Es liegen auch kon-
krete experimentelle Beweise dafiir vor, daB ein ansehnlicher Teil desvom Nik-
keikatalysator adsorbierten Olefins in balbhydrierter Form zugegen is [20, 21].

Die Berilicksichtigung dessen, daR die Oberflichenkonzentration des halb-
hydrierten Athylradikals 03 0 betragt, ist unter Beibehaltung der (ibrigen
Vereinfachungshypothesen auf zweierlei Arten mdglich:

1. In der Mitteilung [1] ist das Reaktionsschema (5a)—(5d) unverdndert
gultig, doch ziehen wir die Reaktionen 2 und 3 nicht zusammen (Modell C);

2. Die experimentelle Tatsache, daB das Athylen auf aktivem Nickel
praktisch keinen W asserstoff austauscht [3], berucksichtigen wir anstatt der
Annahme u(l)a 0 durch Einfihrung der Annahme r(2) ~ 0 (Modell D).
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Diese beiden Ndherungen des Problems lassen sich mathematisch folgen-
dermalen beschreiben:

Modell C

Die Gleichungen (9c), (9d) bzw. (2) in der Arbeit [1] werden den neuen
Bedingungen entsprechend umformuliert:

dNx= kIPI(l - 0, - 02- 032- K3kBBI " 0O 7)
dN2= k21 - 0X- 02- 03)2- k-D2" 0, (8)
wo 03= KRRB2 und k2k-2= K2 9)

Die Ldsung von (7, 8) unter Berlicksichtigung von (9) lautet:

U P- Pl— VI(P - Pi) (10)
ValP - Pi+ P - Pi+ Vi(P- P2)
mit = k*"KJcv
Die Deutung der ubrigen Parameter, der Ausdruck fir 0 3 sowie die zu
I6sende Differentialgleichung, stimmen mit den entsprechenden Ausdricken
des Modells B uberein (3, 5, 6).

Modell D

Die (7—9) entsprechenden Gleichungen:

dN\ = kIP,(1- 0OX- 02- 032- fc-,0,- kBR 2~ 0 (11)
dN2= k2 - 0, - 02- 032- k-D\~ 0 (12)
dN3= kBR2- kRD3A 0 (13)

mit k2Zk—=2= K2

Die L6sungen von (11—13):

0, = KBz~ k-\ (i+f*) +VHe—k-i[Ay(k3Iki+ 1)+ 6kXz+yz)—k_1(1+yz)]
(K3ka+1) + k3(1-Firz)

(14)
\
01 ve (15)
z(k- !+ k302
k3y 02 (16)

zk4(k_i -- k302

mit y = k(P —>»2 und r= K2P —p*“
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Die zu ldsende Differentialgleichung ist

dP RT

k40203, (17)
dt

Die optimalen Parameter der beiden Modelle und die statistischen Cha-
rakteristika des Optimums befinden sich in Tabelle V111, sowohl fir den voll-
stdndigen 2. Versuch, als auch fir den, den Konversionen zwischen 0 und 0,76
entsprechenden, die stationdren Verhéltnisse besser widerspiegelnden Bereich.

Zwischen den Modellen A, B, C und D kann mittels Vergleichs der
Streuungswerte — trotz ihrer betrdchtlichen Abweichungen — kein Unter-

Tabelle VIII

Ergebnisse der Optimalisierung des Bereichs bis £ — 0,97 sowie bis £ = 0,76
im Versuch 2 aufgrund der Modelle C und D

f= 0097 {= 0,76
, mol . m-
K, - T (3,39:+ 1,36) - 10-5 (1,43+£2,16) = 10-2
k, maN (2,89+0,74) . 10-5 (2,76+4,13) - 10-3
Modell C K3 2,51 +0,59 1,50+0,16
kt mol/s 0,908 0,158 4,08+0,43
Streuung: 0,508 0,113
0,084 121
/570,95 0,454 2,72
mol . m2
i 2,48+2,66) - 10"2 + . 10-
N as ( ) (1,48+0,47) - 10-3
mol/s (2,63+2,86) - 102 115+ 1,1
K, m2N (9,92+3,30) - 10 (4,10+1,85) - 10-«
Modell D* k3 mol/s 1,51+0,28 0,742 £0,240
k, mol/s 1,26+0,18 0,725 +0,229
Streuung: 0,453 0,282
u”0,95/(31/3k,2min) 0,106 0,268
H'oes 0,540 0,689

* Die Parameter fegj und Ze t sind weitgehend korreliert. Die Iteration ist im Minimum-
bereich dermaBen verlangsamt, dal sie aufgegeben werden mufRte, bevor sich die eingangs
erwahnte Voraussetzung — wonach die Ableitungen der Zielfunktion nach den Parametern
kleiner werden mussen als der Integrationsfehler — hatte erfiillen kdnnen.
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schied gemacht werden, da sie sich auf die Ergebnisse desselben Versuches
beziehen und so als sicher anzunehmen ist, dal die Statistik ihrer Streuungen
keiner E-Verteilung entspricht [22]. Beim Vergleich der Streuungen mit den
experimentellen Fehlern dagegen ist festzustellen, dall bei Bertcksichtigung
des Bereiches bis £ = 0,76 des Versuches, von den drei Modellen das Modell D
der E-Probe nicht geniigt. Zu einem &hnlichen Ergebnis gelangen wir auch
mit der ARBEschen Probe. Es zeigt sich, daB vom statistischen Gesichtspunkt
aus die Modelle B und C gleichwertig sind, wédhrend das Modell D die kinetische
Kurve bei einem so hohen Konfidenzniveau nicht zu reprdsentieren vermag.

Abb. 4. Abhangigkeit der gemessenen und der aufgrund der einzelnen Modelle berechneten
Anfangsgeschwindigkeiten von der Zusammensetzung des Reaktionsgemisches

Zu einer gerade entgegengesetzten SchluBRfolgerung gelangen wir da-
gegen, wenn wir untersuchen, wie sich die mit den zu £ = 0,76 gehdrenden
optimalen Parametern berechnete Anfangsgeschwindigkeit der Hydrierung in
der Abhé&ngigkeit von der Zusammensetzung des Reaktionsgemisches ge-
staltet. Aus Abbildung 4 erhellt, daB die Modelle B und C auch von diesem
Gesichtspunkt praktisch gleichwertig sind, w&hrend das Modell D die Tendenz
der Zusammensetzungsabhdngigkeit der Anfangsgeschwindigkeit richtig wie-
dergibt.

SchluBRfolgerungen

Unter Zugrundelegung des »assoziativen« Mechanismus der heterogen-
katalytischen Hydrierung des Athylens von Horiuti—Polanyi lassen sich
mehrere stationdre Modelle ableiten, die sich voneinander in der Beschaffen-
heit der vereinfachenden Hypothesen bzw. im MaRe der Vernachldssigungen
unterscheiden. Im Gegensatz zu der allgemein angewandten Praxis in der
Fachliteratur haben wir bei keinem einzigen Modell die Existenz eines elemen-
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tarén geschwindigkeitsbestimmenden Reaktionsschrittes vorausgesetzt. Was
das Verhéltnis der einzelnen elementaren Reaktionen anbelangt, bedienten
wir uns — im Interesse der Vereinfachung des Modells — nur dann vor-
ldufiger Hypothesen, wenn die Literaturdaten dies eindeutig unterstitzten.
Die numerischen Werte der optimalen Parameter und ihre Zuverldssigkeit,
sowie die bei der Optimalisierung beobachteten anderweitigen Erscheinungen
dagegen haben es uns ermdglicht, betreffs des Verhéltnisses der Geschwindig-
keiten der einzelnen elementaren Reaktionen, nachtrdglich Informationen
einzuholen und das Modell in diesem Sinne zu modifizieren. Die auf diese
Weise iterativ entwickelten Modelle B, C und D beschreiben die Ergebnisse
der kinetischen Versuche entsprechend den allgemein Ublichen Forderungen.
Die Kontrollberechnungen, die mit dem dissoziativen Modell von Farkas [23]
sowie mit dem bei der Hydrierung von Olefinen auf Palladiumkatalysator von
Ugo und Carra erwiesenen Rideal—EbEYschen Modell [24] durchgefihrt
worden sind, ergaben eine viel schlechtere Anpassung der theoretischen Kur-
ven an die experimentellen Punkte.

Die Analyse der Ergebnisse aber hat gezeigt, daB die Anpassung an die
einzelnen kinetischen Kurven nur im Falle der Modelle A —C die strengsten
statistischen Forderungen erfillt, wahrend die Abhdngigkeit der Anfangs-
geschwindigkeit von der Zusammensetzung des Reaktionsgemisches nur das
hinsichtlich des zuvor erwé&hnten Gesichtspunktes nicht entsprechende Modell
D richtig widerspiegelt.

Im Rahmen der Vorstellung von Horiuti—Polanyi ist es also nicht
gelungen, ein die am Nickel stattfindende Hydrierung des Athylens in jeder
Hinsicht richtig beschreibendes Modell zu finden. Es scheint nicht vollkommen
ausgeschlossen zu sein, dal das Modell D, nach Aufhebung der hier angewen-
deten Vereinfachungen, sowohl den zeitlichen Verlauf als auch die Abhéngig-
keit der Anfangsgeschwindigkeit der Reaktion zu beschreiben fahig sein wird;
trotzdem mufll es mit Vorbehalt behandelt werden, da dieses Modell mit den
in der Literatur beschriebenen Tatsachen im Widerspruch steht, wonach die
Ausbildung einer halbhydrierten Athylenschicht sowohl auf Nickel [21] als
auch auf Platin [25] relativ schnell stattfindet. Aufgrund unserer Unter-
suchungen ist offenbar, dall dieses negative Ergebnis die Folge des assoziativien
Modells und nicht der Unzul&nglichkeit des rechentechnischen Appara tes ist.
Aufgrund des Vergleichs der zu den verschiedenen Zusammensetzungens des
Reaktionsgemisches gehdrenden optimalen Sorptions- und Geschwindigkeits-
konstanten (s. Tabelle VII) ist als wahrscheinlich anzunehmen, dall die an der
Katalysatoroberflache herrschenden Sorptionsverhdltnisse wesentlich kom-
plizierter sind als das von dem Modell widerspiegelte Bild.

Im Lichte der neueren Untersuchungen kdnnen an der Katalysatorober-
flaiche sowohl der Kohlenwasserstoff als auch der Wasserstoff in mehrererlei
Sorptionszustdnden anwesend sein. Obwohl am Nickel die assoziative Chemi-
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sorption des Athylens vorherrscht, konnte doch auch die dissoziative Chemi-
sorption nachgewiesen werden [21], und an den Platinmetallen wird dieser
letztere Typ unter gewissen Umstianden iberwiegend werden [26]. Das Athy-
len wird in beiden Fé&llen an zwei Oberflaichen-Metallatomen gebunden, und
dies bedeutet, daB selbst an der mit Athylen bedeckten Oberfliche unbedingt
dem Wasserstoff zugéngliche, aktive Leerstellen Zuriuckbleiben. Diesen Um-
stand benutzten Rogers, Lih und Hougen, als sie Propylen und Butylen an
Platinkatalysator hydrierten, als Grundlage daflir, um ihre Versuche — unter
Berucksichtigung der kompetitiven und nichtkompetitiven Adsorption des
W asserstoffs — auszuwerten [27]. Ihre MeRergebnisse wurden auch von
Mezaki [28] und Kolboe [29] rechnerisch nachgeprift; von ersterem aufgrund
des assoziativen Mechanismus, unter der Annahme, daB die nichtkompetitive
W asserstoffadsorption gleichzeitig auch eine nichtdissoziative ist und von
letzterem unter Annahme einer dissoziativen Olefinsorption an zwei energe-
tisch unterschiedlichen aktiven Zentren. Die rechentechnische Methode von
Kolboe behandeln Mezaki und Draper skeptisch, anerkennen aber die Be-
rechtigung des aus der dissoziativen Adsorption beruhenden Modells [30].

Obwohl alle Autoren die Ergebnisse des erwdhnten Versuchs mit Hilfe
digitaler Parameterschdtzung bewerteten, erlaubt es der einzige mitgeteilte
statistische Parameter — die residuale Fehlerquadratsumme — nicht, einen
Unterschied zwischen den empfohlenen Modellen zu machen. Die experimen-
telle Arbeit umfallt einen sehr breiten Zusammensetzungs- und Temperatur-
intervall, teilt aber keine wiederholten Messungen mit; somit kann in Unkennt-
nis des tatsdchlichen MefRfehlers eigentlich auch nicht entschieden werden, ob
die Modelle wirklich den Versuch représentieren. Dazu kommt noch, daB alle
Autoren ihre kinetische Gleichung aufgrund der Konzeption von Hougen—
Watson mit der a priori Voraussetzung eines einzigen geschwindigkeitsbestim-
menden Reaktionsschrittes ableiteten, welcher Umstand hdchstwahrschein-
lich eine Ubermé&Rige Vereinfachung des tatsdchlichen Zustandes ist. Fraglich
ist ferner, ob es zuldssig ist, den kompetitiv und nichtkompetitiv sorbierten
W asserstoff als zwei unabhé&ngige Spezies zu behandeln und die kinetische
Formel der Hydrierung als Summe zweier Reaktionsgeschwindigkeiten aufzu-
schreiben, wo doch an der Metalloberflache der W asserstoff aller Wahrschein-
lichkeit nach eine einzige mobile Phase bildet, bzw. — wenn man auch die
Existenz des in molekuldrem Zustand sorbierten Wasserstoffs zuldBt — liegt
doch der Gedanke nahe, daB dieser nicht nur Uber die Gasphase mit dem
atomar chemisorbierten Wasserstoff in Wechselwirkung steht.

Alle diese Einwiénde andern nichts an unserer Uberzeugung, daf in der
Erforschung des Mechanismus der kontakt-katalytischen Hydrierung der
Olefine die komplexe Behandlung jener Weg ist, den wir weiter verfolgen
mussen. Hierzu stehen aber in der Fachliteratur nicht hinreichend Informa-
tionen zur Verfiigung, obwohl die Hydrierung des Athylens zu den am griind-
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liebsten untersuchten katalytischen Reaktionen gehdrt. Die Prazisitat der
MelRergebnisse bzw. die Art der Publikationen machen die Uberwiegende Zahl
der Daten von vornherein zur Verarbeitung mit Rechenmaschinen ungeeignet
und die wenigen Ubrigbleibenden Versuche verteilen sich einerseits unter
mehreren Katalysatoren, andererseits umfassen die jeweiligen Versuchsbe-
dingungen (Gemischzusammensetzung, Temperatur, Druck usw.) nur einen
sehr engen Intervall. In dieser Beziehung bilden nur die zuvor erwéhnten
Experimente von Rogers, Lih und Hougen [27] eine Ausnahme, deren Wert
aber durch das Fehlen von Parallelversuchen betrédchtlich herabgesetzt wird.
Zur Erzielung bedeutender neuer Ergebnisse bedarf es also umfassender, pra-
ziser und zweckmé&Rig gewdhlter Versuche. Die Rechentechnik stellt zwar ein
empfindliches und vielseitiges Mittel in der Erforschung der Reaktionsmecha-
nismen dar, wirklich wirksam aber kann sie nur werden, wenn sie mit der Ver-
suchsplanung gekoppelt zur Anwendung gelangt.
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The equation of the polarization curve has been deduced and analyzed for metal
ionization and metal-ion reduction proceeding in m steps, for the case when the process
is influenced only by charge transfer. The concentration of the intermediate at the
electrode surface has been calculated as a function of the electrode potential and of the
current density passing through the electrode.

In an earlier communication [1] a method has been given for the calcu-
lation of the polarization curves of metal ionization and metal ion neutrali-
zation processes taking place by charge transfer in several successive steps
(multistep process), for the case when the kinetics of the process are influenced
both by diffusion and charge transfer. In the course of these investigations,
the following processes have been studied:

ka1l 2
M M 4+ -j- n, e
@ ()
ka2 )
M Z+ M Zi+ -)- reae (n)
M -)+ ;== M zi+ + rije (i)
kki
W'"""“‘X)‘L =N M ozmE + nme
o @n)
where M is the metal, M z<+ are ions with charge number zt (i — 1, 2, ... i,

..m), njis the number of elementary charges transferred in the individual
steps, and ka, and hki are rate constants depending on the electrode potential.
The conditions under which the diffusion of the components does not
influence the kinetics of processes (I) — (m) have been given. Under con-
sideration of the fulfilment of these conditions, the present communication
gives the polarization curves of processes (I) — (m), and the concentrations of
the intermediate ions at the electrode surface when current passes through the
electrode, for the case when these are not influenced by diffusion.
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If we assume that the solution contains an excess of indifferent electro-
lyte, and that the intermediates do not react with each other or with other
components of the solution at the surface of the electrode, then, after a steady
state has been reached for electrode process (I) — (m), the following equation
can be written for the current density j:

J=Ji+ 124 eceji + ome+ jm— ji Q)
L,

where
j 1= kaicoo he, cio

jz — "02Cl10 k K6 C20 2)
li — kafc(fD0 Ki cio

jm = kamc(m-)0  “kmcnG

where jiis the current density due to the i-th electrode process, cQ is the
concentration (activity) of the metal at the electrode surface, which is taken
as unity in the case of a pure solid metal electrode, ci0is the concentration of
the M Zi+ ion at the electrode surface, cnoo is the concentration of the M Zm+
ion in the bulk of the solution (under the conditions selected, cm0 = cm,,).*

From the set of equations (2), alinear inhomogeneous system of equations
can be derived under consideration of Eq. (1), which can be solved for the
unknown j,cho, c20, .. . ci0, .. .c(m_1)0

Using this method, the following expression is obtained for the polari-
zation curve of electrode process (I) — (m) proceeding in m steps:**

m L
1=1
j i1 (©)
niff Kj Tkt
i=0 =1

where klo= 1. Thus relationship (3) relates to the case when the diffusion of
the components does not influence the rate and only transfer polarization

* If the electrode is made of an amalgam, c00 1, and the diffusion of the metal does
not affect the kinetics of the process if c00 = cm, where cOois the concentration of the metal
in the bulk of the amalgam.

** In the following, KOl in the equations of the polarization curves should be understood
as its product with a metal concentration of unity while, when compared with other rate
constants, kai is expressed in its own unit current density concentration.
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occurs. A similar relationship has been deduced by Hura [2] for @ multistep
redox process with n, = 1. Certain problems connected with the polarization
curves of processes of the type (I) — (m) have been discussed also by Losev
[3] for the case of n, = 1.

In the case of a multistep process with transfer polarization, only the
mpvs. Igj plot (where (pis the electrode potential) gives a straight line if the rate
constants for one of the steps are small compared to those of the other steps
[4] , or if strong cathodic or anodic polarization is used. If the rate constants of
the k-th step are low compared those of the other steps, i.e.:

(kkk + kak) <g (kn, + kai) i=1,2...m; i™k (4)

the following expressions are obtained for the apparent anodic (cc’) and cathodic
(/3") transfer coefficients:

k-1
<*k= nksk+ J?ni (5)
i=1
m
Bk= nk(l— + jy n, (6)
=y

where xk is the true transfer coefficient of the k-th step of electrode process
(I) — (m). If the rate constants are of the same order of magnitude and the
polarization of the electrode is sufficiently strong to attain the straight section
of the o vs. Igj curve, or in any other case when the anodic or cathodic polariz-
ation is sufficiently high, the apparent transfer coefficients are:

a = nhl B’= nm(l —am) ©)

where x1 and am are the true transfer coefficients of the first and the (m)-th
step. In this case, the kinetics of the electrode process are determined by the
first step of metal ionization (anodic process) or metal ion reduction cathodic
process.

It can be seen therefore from relationships (5) and (6) that if the linear
sections on both the anodic and cathodic polarization curves are due to the
relatively low rate constants ofthe same reaction step, the following expression
is valid for the sum of the apparent transfer coefficients:

XK+ BK— .o s (8)

similarly as in the case of the single-step mechanism. If this condition is not
fulfilled, then
xk + Bk~ zm 9)
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If the electrode process is not a multistep process, the approximate value of
the ratio oc/B” is always 1. In the case of a stepwise mechanism, the ratio
«7/9’ can only be equal or nearly equal to 1 if

k—1 m

2 n'= 2 10
1=1 I=fc+l (10)

and if the Eqs (7) are valid, and nx= nm.

The above considerations concerning a’ and R’ are suitable to establish
the existence of a stepwise mechanism.

On the basis of relationships (3)—(6), it can also be established that if the
kinetics of the process proceeding via m successive charge-transfer steps is not
influenced by diffusion, a maximum of m different linear sections can be ob-
served on the anodic and cathodic spvs. Igj curves [4.] The slopes ofthe straight
lines increase with increasing polarization, and the magnitude of the apparent
transfer coefficient decreases. The transfer coefficients of the linear sections
permit to determine, using relationships (5) and (6), which of the reaction
steps is rate-determining in the individual potential ranges. The number of
linear sections found experimentally is generally less than m, owing to the fact
the that feasible electrode potential (current density) range is not sufficiently
wide.

Losev et al. [3, 5, 6] found in their study of bismuth amalgam, in accord-
ance with the above, three linear sections on the cathodic polarization curve,
while two linear sections could be separated on the anodic polarization curve.

Under the conditions discussed earlier, i.e. if relationships (1) and (2)
are valid, the concentration of the intermediates at the electrode surface can
be calculated. For a process occuring in two one-electron steps, this concen-
tration has been given by Losev etal. [7]. In the general case discussed above,
the following expression is obtained for the concentration of the k-th inter-
mediate (ck) at the electrode surface:

m i -1 -1 m m \—1
cko ni [1 K [** + Y kks /] ot (4)
i=k+1 \p=k+I s=k Ji s=k+1 Ip=%+ /

where kk = 1.

Let us now investigate the possible variation of ck0 with the anodic
polarization. Forthe sake of simplicity, the case of cnto = 0 will be considered.
Then, from Eq. (11):

o (12)
dtp
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where
1
A= MN.aA  Jf k
p=k+1 s—k
from expression (11).
Under the condition given and with the notations used, j, A and di
fEp
' \
are always positive for anodic polarization, while 1 is always negative.
fep )
Accordingly, ckO increases with anodic polarization if
3A
A M j (13)
99. fep
while it decreases if
' 0A
A [o7 < j (14)
Sp iy
cko does not change with anodic polarization if
' 3A
{Fp fFp

It can he seen from the above relationships, and particularly from Eqs.
(13) and (14), that at low anodic polarization, the realization of condition (13),
i.e. the increase of ckO with anodic polarization, is to be expected, because the
value of A is relatively high and that ofj small. At higher anodic polarization,
condition (14) can be realized, i.e. in this case the concentrations of the M*k+
ions at the electrode surface decrease with anodic polarization. Condition (15)
may be realized, when the anodic polarization is sufficiently strong and the
condition nlixl = n(fctljfZk+1%

As can be seen from relationship (11), condition (14), i.e. the decrease of
ck0 with anodic polarization, can be realized only in the case of k = (m — 1),
when the anodic polarization is sufficiently high, and nix1< V m [3, 6]. If
this latter condition is not fulfilled, &m_”0 can only increase (n” > nmam)
or remain constant (n”~ = nmxm) under the given conditions when the
anodic polarization is changing. It should be mentioned, however, that when
the process is influenced also by diffusion, the value of ¢*r_u0 can decrease
also in the case of nlod = nmxm [8, 9].

REFERENCES

[1] /1. Kuw, N. dapkaw: SnekTpoxumus. 7, 1744 (1971)

[2] Hurd, R. M.: J. Electrochem. Soc. 109, 327 (1962)

[3] B. B. loceB: NTorm Hayku «3nekTpoxumus» ToMm 6. cTp. 65

[4] Mauser, H.: Zeitschr. f. Elektrochemie 62, 419 (1958); D. M. Mohilner:J. Phys. Chem.
68, 623 (1964)

Acta Chim. (Budapest) 84, 1975



166 KISS, FARKAS: KINETIC EQUATIONS, |

[5] B. B. lopopeukwuii, B. B. JloceB: dnekTpoxmumus, 3, 1192 (1967)

[6] Losev, ¥. V.: Electrochim. Acta 15, 1095 (1970)

[7]1 B. B. Noces, B. B. lNopogeukuniti: dnektpoxumus, 4, 1103 (1968); A. M. Monogos, B. B.
Noces: NTorn Hayku, «3nekTpoxumus», 7, 65 (1971)

[8] Kiss, L., Farkas, J., Féthi, A.: Magy. Kém. Foly. 79, 483 (1973); Acta Chim. (Buda-
pest) 82, 153 (1974) i

[9] Kiss, L., Farkas, J., Fothi, A.: Magy. Kém. Foly. 78, 202 (1972); Acta Chim. (Buda-

pest) 74, 123 (1972)

Laszl6 Kiss

1088 Budapest, Puskin u. 11—13. Hungary.
Jozsef Farkas P gary

Acta Chim. (Budapest) 84, 1975



Acta Chimica Academiae Scientiarum Hungaricae, 84 (2), pp. 167—180 (1975)
SYNTHESIS OF O-SUBSTITUTED HYDROXYLAMINES

E. Kasztreiner, G. Szilagyi, J. Kosary and Zs. Huszti

(Research Institute for Pharmaceutical Chemistry, Budapest)

Received February 5, 1973; in revised form, March 5, 1974

In the course of the preparation of O-substituted hydroxylamines possessing
histidine decarboxylase-inhibiting action, a novel procedure of dephthaloylation has
been worked out: the N-(substituted-oxy)-phthalimides were dephthaloylated by
primary amines instead of the hydrazine method known from the literature.

Advantages of the procedure consist in its wide utility, mild conditions, high
yields and in the fact that the method is useful in synthesizing also O-substituted
hydroxylamines containing groups sensitive to hydrazine, in favourable yields.

In a study of the reaction mechanism, N-alkyl-N’-(substituted oxy)-phthalamide
intermediates were successfully isolated. The following factors influencing the reaction
were studied: solvent, dilution, basicity of the primary amines and steric relations. Of
the compounds prepared, 2-hydroxy-5-carbomethoxybenzyloxyamine will be the sub-
ject of clinical trial.

In the living organism, histamine is formed from histidine by decarboxyl-
ation and this process is catalyzed by the enzyme-histidine decarboxylase [1].
As several diseases are evoked by histamine formed in pathologically high
amounts, our endeavour was the research of a histidine-decarboxylase in-
hibitor that might be therapeutically useful for reduction of the histamine
level. Of the compounds described in the literature, Brocresine (3-hydroxy-4-
brombenzyloxyamine) [2] is one of the best known substances for this purpose.
Other hydroxylamine derivatives were reported by Hamor et al. [3].

Several O-substituted hydroxylamines have been prepared for investi-
gation of this effect. Among the known methods [4], the following one [5]
seemed to he the most useful: reaction of an RX halide with N-hydroxy-
phtalimide, and isolation of the RONHZ2(Il) endproduct after dephthaloylation
of the N-(substituted-oxy)-phthalimide | obtained.

Advantages of this method are that the intermediates (I) are well-
crystallizable and the phthaloyl protecting group can be split off by means of
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hydrazine within a few hours. On the other hand, the use of the hydrazine has
the disadvantage that, because of its great nucleopnilicity, it may also react
with other functional groups (ester groups, mobile halogen atoms). Further-
more, the yield of the hydrazinolysis declines significantly when the scale of
the experiments is increased.

Therefore, we carried out the dephthaloylation under milder conditions.
Aliphatic primary amines proved to be very useful for this purpose and this
method could be generally employed for the synthesis of compounds of type II.
In the reaction of equimolar amounts of I and the primary amine, N-alkyl-
phthalimide (I11) is formed [6] in addition to the desired end product (Il);
however, if an excess of the amine is used, Il reacts further and N,N’-dialky]-
phtalamide (1V) is obtained.

NOR R'NH. RONHs -

NR

The overall reaction proceeds according to the mechanism of nucleo-
philic substitutions. (See on the next p.)

In the first step, the lone electron pair of the nitrogen atom of the amino
group attacks on the electrophilic carbon atom of the imide (I) and the
‘carbinolamine’ ‘A’ is formed in a reversible process. The imide bond of this
carbinolamine is split in an irreversible process to give an N-alkyl-N’-(sub-
stituted oxy)-phthalamide of type V. In this substance the amine, because of
its greater nucleophilicity, starts an intramolecular attack on the electrophilic
carbon atom of the hydroxamic acid bond and gives rise to the ‘carbinol-
amine’ ‘B’ in areversible process; this intermediate is then stabilized by elim-
inating RONH2 (I1) in an irreversible reaction. Simultaneously, N-alkylphthal-
imide (111) is formed that reacts further with the excess of the primary amine
to yield N,N’-dialkylphthalamide (IV),
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This reaction can also be effected with salts formed from primary amines
and organic acids, however, it fails with the salts consisting of primary amines
and inorganic acids. In the course of the reaction, the salt of Il with an organic
acid as well as N-alkylphthalimide are obtained even in the case when a molar
excess of the amine salt is present. In the reaction steps, the substances II, I11,
IV and V were isolated and their structures verified by spectroscopy. The
carbinolamines ‘A’ and ‘B’ could not be isolated so far.

During the study of the reaction, the role of some factors have been
investigated in detail.

Role of the solvent

When the reaction is carried out without solvent or in a polar solvent
(alcohols), the products Il and IlIl (or Il and IV) are obtained. When the
solvent is non-polar, e.g. benzene, the rate of the dephthaloylation reaction
decreases in the temperature interval from 8 to 12 °Cto such a degree that the
N-alkyl-N’-(substituted oxy)-phthalamides of type V are isolated in nearly
quantitative yield:

\Y
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These compounds are stable under the usual conditions for a long time,
but on pyrolysis (above the melting point) or on heating in a solvent they
undergo further transformation and give rise to the products Il and Il1l. When
the reaction is carried out in polar, aprotic solvent (e.g. in nitromethane), then
similarly, substances of type Y are obtained. It is to be noted that the inter-
action of | with secondary amines (e.g. morpholine, piperidine) also leads to
compounds of type ¥ in a high yield. However, on heating these latter sub-
stances, the starting material (I) is recovered.

The reaction takes a different course when | and a primary amine are
allowed to react in methanol (or ethanol), but at a great (200-fold) dilution
ratio, at a temperature between 5 and 10 °C. In this case, solvolysis becomes
prominent, and the esters of N-(substituted oxy)-phthalamic acids are ob-
tained:

ITOH/R'NH,
NOR )
a

\Y

The primary amine does not play a part in this reaction, for VI can also
be prepared from I and the appropriate alcohol, in the absence of any primary
amine. Compounds of type VI are relatively stable, but at temperatures above
the melting point they give back the starting substance (I) with the elimination
of the alcohol.

Role of the primary amine

The main driving force of the reaction is the difference between the
basicities of the entering and leaving amine. (The dissociation constants of
aliphatic primary amines and oxyamines differ by about 5 orders of magnitude.)

When the reaction is carried cut at atmospheric pressure, in aqueous or
alcoholic solution, with ammonia or primary aliphatic or alicyclic amines (e.g.
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n-butyl-, allyl-, re-amyl-, cyclopropyl-, cyclohexylamine), i.e. with strong bases,
then the reaction proceeds rapidly and easily. The same holds true ofthe highly
basic secondary amines (morpholine, piperidine). Here the reaction comes, of
course, to an end at Y.

The rate of reaction is not significantly influenced by an increase in the
length of the carbon chain. However, with amines containing bulky alkyl
groups (benzhydrylamine, t-butylamine), the time of reaction is considerably
longer — probably owing to steric hindrance — and compounds of type V
are isolated only in a low yield.

Accomplishment by primary amines of the dephthaloylation offers
several advantages:

(a) If the end product Il or its salt is insoluble in the reaction medium,
dephthaloylation is effected by such amines where 11l remains dissolved after
the reaction is over (e.g. n-butylamine). At the end of the reaction, Il (or its
salt prepared by the addition of an acid) is then isolated by filtration;

(b) when, hovewer, Il remains dissolved after accomplishment of the
reaction, the primary amine and its quantity should be chosen such that Il
or IV forming along with Il will be precipitated from the mixture (N-cyclo-
propylphthalimide, N,N’-dicyclopropylphthalamide) and Il is then obtained
from the filtrate;

(c) the mildness of the method is shown by the fact that it is useful also
in the synthesis of such products of type Il where there is a branching on the
carbon atom next to the oxyamine group Il c and g [7], although the yields are
moderate in this case;

(d) even in the presence of groups sensitive to hydrazine (e.g. ester group,
mobile halogen), the hydroxylamine derivatives are obtained by our method
based on aminolysis in a nearly quantitative yield.

It should be noted that the reactions of N-substituted phthalimides with
primary amines [8—14], for removal of the protecting phthaloyl group are
known from the literature. It is, however, evident that the reaction of I with
primary amines is in some respects different from the interaction of N-alkyl-
phthalimides with amines. The reaction of I with primary amines proceeds
under much milder conditions than the ring cleavage of N-alkylphthalimides
by amines. An additional difference is that | can be brought into reaction
with the salts consisting of aliphatic primary amines and organic acids;
N-alkylphthalimides do not react in this way.

To our knowledge, no other results have been published on the alcoholic
solvolysis of N-alkyl-phthalimides. In the meantime, Brown et al. reported
[15] that [I-(2-aminoxyethyl)-cytosine and I-(2-aminoxyethyl)-N(4)-methyl-
cytosine were prepared from the corresponding phthalimido compounds by
ammonia or methylamine, respectively, under pressure and this procedure
was used for N-methoxy-, N-butoxy- and N-benzyloxyphthalimide, too. How-
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ever, the reaction was not investigated in detail and it was only supposed
that the cleavage by methanolic ammonia of N-alkoxy-phthalimides could be
generally used for the synthesis of alkoxyamines.

Table | shows the substances prepared by this method [16]. It is evident
that the procedure is equally suitable for the synthesis of O-alkyl, 0-(sub-
stituted benzyl)- and O0-(heterocyclylmethyl)-hydroxylamines.

Although the method proved to be generally useful in our experiments,
in some cases the hydrazinolysis turned out to be more reasonable for obtaining
the endproduct Il (IIm, n). These and the substances prepared only by hydra-
zinolysis (llo, p) are shown in Table Il. Data of the corresponding inter-
mediates (I) are found in Table Il and those of type V in Table IV.

The majority of our compounds displayed an inhibiting effect against the
histidine-decarboxylase enzymes. The most active substances inhibited the rat-
stomach-histidine decarboxylase at a concentration of 5x 10 _e—10~7 mole in
vitro. In vivo, they proved to be effective in a dose of 15—45 mg/kg of body-
weight and significantly reduced the histamine level of ratstomach and ratlung.
Of the substances mentioned above, He (2-hydroxy-5-carbomethoxy-benzyl-
oxy-amine) had an antiinflammatory action, too, and the toxicological data
also proved favourable [17, 18].

Experimental

M.p.’s were determined on a Kofler block and are uncorrected.

Preparation of N-(substituted-oxy)-phthalimides (1)

To a mixture of N-hydroxyphthalimide (0.093 mole), the appropriate halide compound
(0.1 mole) and dimethylformamide (120 ml), a solution of abs. triethylamine (0.103 mole) in
dimethylformamide (30 ml) was added by drops at 5—10 °C, with stirring and cooling in ice-
water, during about 3 brs. The reaction mixture was allowed to stand 3 days and then poured
into 10% hydrochloric acid (600 ml) or into 600 ml of water, if the substituent R contained a
basic nitrogen atom. The crystals which precipitated were filtered off, washed with water and
recrystallized.

Preparation of 0-substituted hydroxylamines (I1)

1. By aminolysis

Method A:

The N-(substituted-oxy)-phthalimide (0.1 mole) was made to react with the primary
amine (0.1 mole) in ethanol (200 ml) and the pH of the mixture was then adjusted to Congo
blue by ethanolic hydrogen chloride solution. The precipitation of Il hydrochloride was com-
pleted by adding ether and the salt was filtered off and dried. From the filtrate, the N-alkyl-
phthalimide could be isolated in a nearly quantitative yield. In addition to elemental analyses,
the products were identified by IR and NMR spectra. The salts obtained were usually re-
crystallized from dry or aqueous methanol or ethanol.

Method B:

A mixture of the N-(substituted-oxy)-phthalimide (0.05 mole) and cyclopropylamine
(0.1 mole) was heated at 60 °C. After cooling, the mixture was triturated with 1IV HC1 and the
acid-insoluble part (N,N’-dicyclopropylphthalamide, yield 95 to 97%) was filtered off. The pH
of the acidic filtrate was adjusted to 7 to 7.5 by adding KHCO03 The precipitated material was
isolated by filtration (if solid) or by extraction with chloroform (if oil); subsequently, the
appropriate salt was prepared.
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2. By hydrazinolysis

A mixture of N-(substituted-oxy)-phthalimide (0.2 mole), hydrazine hydrate (0.2 mole)
and ethanol (200 ml) was boiled, with stirring, for 2 hrs. The reaction mixture was let to stand
overnight, the precipitated crystals (phthaloylhydrazine) were filtered off and washed with
ethanol. The ethanolic solution was acidified to Congo blue by ethanolic hydrogen chloride
and precipitation of the oxyamine hydrochloride was completed by adding ether. The crystals
were filtered off, washed and dried. Usually, the end-products were obtained in moderate to
good vyields.

Preparation of 4-nitrobenzyloxyamine by aqueous ammonia

A mixture of N-(4-nitrobenzyloxy)-phthalimide (0.03 mole) and 6% aqueous ammonium
hydroxide solution (150 ml) was stirred at room temperature for 6 hrs. The mixture was then
acidified to Congo blue and, after filtration, phthalamide could be isolated in a yield of 95%.
The filtrate was made alkaline with K2C03, extracted with ether and the etheral phase was
dried ever K2C03. After removal of the drying agent, 4-nitrobenzyloxy-amine hydrochloride
precipitated from the ethereal solution on the addition of ethanolic hydrogen chloride solution.

Reaction of N-(substituted-oxy)-phthalimides with amines in aprotic solvents

(A) In benzene

A mixture of the N-(substituted benzyloxy)-phthalimide (0.1 mole), the appropriate
amine (0.1 mole) and abs. benzene (400 ml) was stirred at about 10°C for 6 hrs. and allowed to
stand overnight. The crystals which precipitated were filtered off, washed with benzene and
ether and dried.

(B) In nitromethane

A solution of n-butylamine (0.74 g; 0.01 mole) in nitromethane (10 ml) was added
dropwise to a mixture of N-(4-nitrobenzyloxy)-phthalimide (2.98 g; 0.01 mole) and nitro-
methane (60 ml), with stirring, at 20 °C within 15 min. The mixture was stirred at room tem-
perature for 24 hrs, the crystals which precipitated were filtered off, washed with nitromethane
and ether, and dried to give N-(n-butyl)-N’-(4-nitrobenzyloxy)-phthalamide (3.03 g; 82.4%).

Pyrolysis of N-(n-butyl)-N-(4-nitrobenzyloxy)-phthalamide

N-(n-Butyl)-N’-(4-nitro-benzyloxy)-phthalamide (7.42 g; 0.02 mole) was heated for 15
min in an oil bath at 140—150 °C. The oil obtained was dissolved in chloroform, extracted four
times with aqueous hydrochloric acid and dried over MgS04.

After evaporation of the solvent, the residue was distilled fractionally to yield 3.62 g
(89.0%) of N-(/i-butyl)-phthalimide [19].

The aqueous acidic solution was saturated with K2C03, extracted with ether and the
ethereal phase dried over K2C03. From the ethereal solution, 4-nitrobenzyloxyamine hydro-
chloride was precipitated by ethanolic hydrogen chloride in a yield of 3.0 g (89.5%), m.p.
207-210 °C [3,6].

Reaction of N-(4-nitrobenzyloxy)-phthalimide with benzhydrylamine

A mixture of N-(4-nitro-benzyloxy)-phthalimide (2.98 g; 0.01 mole) benzhydrylamine
(1.84 g; 0.01 mole) and 60 ml of ethanol was boiled, with stirring, for 5 hrs. and let to stand
overnight. The precipitated crystals were filtered off, washed with cold ethanol and dried to
give 1.85 g (82%) of N-(4-nitro-benzyloxy)-phthalimide, m.p. 195—198 °C [1].

The filtrate was evaporated under reduced pressure, the residue dissolved in ether and
treated with ethanolic hydrogen chloride to yield 0.65 g (83.5%) of 4-nitrobenzyloxyamine
hydrochloride, m.p. 208 —210 °C [3, 6].

Reaction of N-(4-nitrobenzyloxy)-phthalimide with n-butylammonium acetate

A solution of N-(4-nitro-benzyloxy)-phthalimide (2.98 g; 0.01 mole) and n-butylammo-
nium acetate (0.02 mole) in ethanol (80 ml) was refluxed for 3 hrs. (The solution of n-butyl-
ammonium acetate was prepared by dissolving 1.46 g of n-butylamine in 15 ml of ethanol and
titrating potentiometrically with glacial acetic acid until the end-point.) About 80% of the
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Table 1
0-Substituted hydroxyl-

NOR + R'NHo RONHo (as hydrochloride)
M
Reac- Reac-

. Yield +

I R M Method* R’ in R*NH2 time  temp.  0p

hrs °C

a CHXH=CHCH2 A cyclo-CHS5 04 60  87.9
b 3-N024-CICeH3CH2 I2] A nCaHa 065 78 948
¢ 3-NO24-CICEH3CHMe A nC4H9 72 24 472
A nCH9 2 40 764
d  4-nC8HIN-3,5- (OCHI2CEHTH2 B tyolo.CH5 065 6o 793
A nCH9 4 65  84.0
e  2-OH-5-COOCH3-CeH 3CH2 A P
f  2-0H-3-NO,-5-CO2CH3-C6HZCH?2 A nCaH9 2 24 855
g Pyridyl-3-CHMe A nC4Hg 72 24 59.5
b 3-NO24-OHC(H 3CH2 A CBAXCH2 04 78 830
i 3-0H-4-NO2XC,H3CH2 A nCH9 4 65  68.0
i 3-N024-BrC6H3CH2 A nCaH9 04 78 810
K  3-N024-CH3C,H3CH2 A nCH, 05 65 790
| 4-OCH33,5-a2C6H2CH2 A nCH9 04 78 820
q Dibenzo[a,e]cycloheptatrien-5-yl A nC4H9 0.4 78 85.5
A nCH, 72 24 810
r - CBHXCH2 [20] A nCH9 1 60  89.0
A nCH9 065 78  87.9
s 3-NOLGHLCH2 [3 A CH2=CHCH2 065 65 792
t  4-NOZBHACH2 13l A oHe A B
U Pyridyl-2-CH2 [3] A nCH9 1 78 94.0
B cyclo-C3H5 0.3 100 721
. B nCHU 03 60 8L5
v Pyridyl-3-CH2 It] A nCSHu 24 24 990
B nC4H9 03 60 833

Notes: * For methods A and B, see Experimental
-j- Preparative yields
N Sulfate
x lIsolated as base; hydrobromide m.p. 182—185°C
M Known in the literature
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amine hydrochlorides

161-164

114-117
oil
146-149

196-200
157-162
182-185
198 200
179-184
176-179
195-197

275
(dec.)

Formula

c8nh2o6*

c8n 10cizh 20 3

clnh ,0cino4d

COH 1IN 04x

CAZWD
ch%in24
c,h%in24
CH8BrCIN2 3
C8HNnCIN20 4
C8H 10CINO2
clh Xcino

35.45

38.12

61.34
61.42

54.71
54.76

39.10

38.37
37.80

41.44

69.49

7.54

4.03

8.12
8.31

5.71
5.68

4.22

4.06
4.14

4.15

5.44

Found

10.43

11.12

3.79
3.74

7.07
7.12

10.01
7.12
12.78
12.68
10.02
12.02
5.44
5.32

Analysis, %
Cl- Cc
11.90 35.50
27.94 38.07
13,22
12.97 61.30

54.82
12.60 38.84
32.70
15.90 38.07
15.80 38.07
12.70
15.60 41.32
40.70
13.63 69.41

Acta Chim.

Calculated
H N

7.42 10.30
395 11.14
8.09 3.77
5.64 7.10
4.07 10.08

6.95
4.08 12.71
4.08 12.71

9.85
4.28 11.95

5.39
5.39 5.39
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ci-

11.75

28.05
13.05

12.70
33.20
16.10
16.10
12.90
15.85
41.20
13.65
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Table 11
O-Substituted hydroxyl-

O NOR NeH4 H2D RONH: (as hydrochloride;
U

n R Yioil)d’ ng Formula

m 2,3-(0OH).,-5-COXH3-C6H X H 2 72.9 330 CI3HLN 011+
(dec.)

n 2-OH-5XON(Et)2X eH3CH?2 82.5 41 clh Bho +
(dec.)

0 8-OH-quinolyl-5XH2 41.6 219-222 c10h cizn 202

p Uracil-5XH2 59.5 263-265 cbh8in3 3
(dec.)

Note: + Hydrogen tartarate

ethanol was evaporated in vacuum, the residue was shaken with dilute aqueous HC1, the oil
which separated was extracted with chloroform (3X60 ml) and dried over MgS04. After
removal of the drying agent, the filtrate was evaporated and then distilled fractionally to
give 1.3 g (65.0%) of N-(rc-biityl)-phthalimide [19].

The aqueous acidic solution was triturated with K2C03extracted with 4 X80 ml of ether
and the ethereal solution dried over K2C03.4-Nitrobenzyloxyamine hydrochloride was precipita-
ted from the solution as described above, to obtain 15 g (75.0%) of the product, m.p.
207 —290°C [3, 6].

Reaction of N-(4-nitrobenzyloxy)-phthalimide with anilinium acetate

A mixture of N-(4-nitro-benzyloxy)-phthalimide (2.98 g; 0.01 mole) aniline (0.95 g;
0.01 mole) and glacial acetic acid (1 ml) was heated for 1 hr. on a steam bath. The yellow
mixture containing a precipitate was triturated with cold ethanol (5 ml), the crystals were
filtered off, washed and dried to give 1.9 g (86.3%) of N-phenylphthalimide [22]. By treatment
of the filtrate with ethanolic hydrogen chloride and on the addition of ether, 1.66 g (81.2%) of
4-nitrobenzyloxyamine hydrochloride was obtained, m.p. 207 —210°C [3, 6].

Solvolysis of N-(4-nitrobenzyloxy)-phthalimide in methanol

(A) In the presencee of n-butylamine (in a 200-fold dilution)

A solution of n-butylamine (0.74 g; 0.01 mole) in methanol (10 ml) was added to N-
(nitrobenzyloxy)-phthalimide (2.98 g; 0.01 mole) dissolved in methanol (600 ml), at 3—5 °C,
with stirring, during 10 min. The reaction mixture was stirred at 5—10 °C for 4 hrs. and then
stored in a refrigerator for 2 days. The pearly crystals which precipitated were filtered off,
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amine hydrochlorides

Analysis, %
Found Calculated
C H N ci- C H N ci-

Oxygen Oxygen

43.10 4.82 3.84 48.61 43.06 4.73 3.86 48.50
Oxygen Oxygen

48.83 6.83 6.83 37.24 48.61 6.25 7.23 37.15

45.49 4,59 10.68 26.84 45.62 4.56 10.64 26.99

31.08 4.16 21.59 18.19 31.00 4.14 21.71 18.37

washed with methanol and dried to yield 2.5 g (76.0%) of methyl N-(4-nitrobenzyloxy)-
phthalamate.

The substance had m.p. 163—165 °C with the loss of methanol, then it became crystalline
again to form N-(4-nitrobenzyloxy)-phthalimide which, in turn, melted at 193—195 °C [3].

(B) Without n-butylamine

N-(4-Nitrobenzyloxy)-phthalimide (2.98 g; 0.01 mole) was stirred with anhydrous
methanol (600 ml) at 5—10 °C for 24 hours. The crystals were filtered off, washed with methanol
and dried to give 1.75 g (58.7%) of N-(4-nitrobenzyloxy)-phthalimide, m.p. 193—194° C [3,6].
The filtrate was evaporated and the residue taken up in ether; the crystals obtained were
filtered off and dried to yield 1.1 g (79.5%) of methyl N-(4-nitrobenzyloxy)-phthalamate; m.p.
first 163—165 °C, and then 193—194 °C after resolidification. The substance was identical with
that obtained in reaction A.

*

The authors are obliged to Dr. Sohar for the spectroscopical investigations, to Dr. E*
Toldy and Dr. L. Szabé for the analyses, and to Mrs. Mihdly Medvehazi, Y. Pap and
S. Orosz for the useful technical assistance.
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(1sadepng)

'v8

S/6T

“~® o0 O oC ®

CH3CH=CHCH2
3-NO.,-4-CIrll.,CH.,
3-NO.,-4-CIC6H 3CHMe

n [0-3,5-(QCH
9-0r 500, CHBGHICH
2-0H-3-N025-C0,CH3C,,HXCH.,

Pyridyl-3-CHMe
3-NO.,-4-HOC6H 3CH.,
3-OH-4-N02CeH 3CH2
3-N02-4-BrC,.H3CH,
3-N02-4-CH,0C6H 3CH2
4-OCH3-3,5-Cl.,CBH2CH2

,,H.,CLL

2,3-(0H)2-5-C02CH3-CeH 2CH,,

2-OH-5-CON(C2H5).,-C8H 3CH,

8-OH-quinolyl-5-CIL

Uracil-5-CH,,

Dibenzo[a,e]cycloheptatrien-5-yl

N - (Substituted-oxy) -phthalimides

Yield,

87.0
90.5
74.9
78.3
57.2
93.5

67.4
79.6
66.5
87.4
89.5
84.8
84.5

84.2

89.3

92.3
73.6

Table 111

Mg

110-113
194-195
153-157
105-107
204-206
210-213
(dec.)
102-105
190-193
190-191
196—200
196-197
167-169
189-191
(dec.)
166-169
(dec.)
214-216
(dec.)
228-231
224-227

o

Formula

C.ANO,
CIHCIND 5

CIHNCIND 5
C,H3INO(

clh 128

cl5h n 203
c1oh 10n 206
N5HI(N201
CIHBIND 5
CleH IN 206
ClBH uC1,N04
clh 13no7

N207207215
clth I2h 204

clh % o5
CZBHINO03

66.42

62.48
55.42

67.29
57.40
57.27
59.24
59.51
65.18
67.38

54.12
79.36

Found

5.18

4.08
3.29

4.65
3.21
3.24
3.86
3.95
5.50
3.79

3.15
4.38

Anab sis, %
N C
6.51 66.45
8.42
8.04
331
435 62.55
7.57 55.07
10.34  67.05
8.92 57.34
9.01 57.34
7.34
8.66 59.32
3.96
4.02 59.55
7.65 65.20
8.91 67.51
1453 54.28
3.99 79.52

Calculated

H

5.14

4.01
3.23

4.48
3.18
3.18
3.74
3.80
5.45
3.75

3.13
4.32

6.45
8.44
8.11
3.27
4.28
7.55

10.45
8.94
8.94
7.43
8.64
4.08
7.61
8.76

14.62
4.03

8.1

Ce 18 YINIFHLZSVA

SIANINVIAXOYAAH A3LNLILSENS-O 40 SISIHLNAS



‘wiyy ey

G/6T ‘v8 (1sadepng)

R1

CeH5

cbh 5

chh5
3-N02-C6H4
4-NO,CeH4
4-N02CeH4
4-N02C6H4
Pyridyl-2-
Pyridyl-3-

R*

nC4H9

cyclo-C3H5
Morpholino-
nC4H9
-CH2CH(CH3)-CeH5
nC4H9

Piperidino-

nC4H9

nC4H9

N-alkyl-N'-(substituted-oxy) -phthalamides

Yield,

%
H 812
H 849
. 752
H 682
H 712
H 825
78.4
H 786
H 773

Table IV

M.p.,
°c

105-107
102-104
108-110
104-107
153-154
135-137
151-154
117-119
94- 97

Formula

cloh Zh,03
A184187243
AMNH20 20 4
7194217345
724723730 5
CIH2IND 5
QoH2IN305
A187-217373

~18H2IN 30 3

70.02
69.68
67.05
61.54
66.52
61.56
62.54
66.14
66.01

Found

6.77
5.84
5.88
5.67
5.28
5.65
5.48
6.42
6.45

Analysis,

8.56
9.01
8.25
11.30
9.69
11.35
10.92
12.80
12.81

%

69.93
69.43
66.85
61.63
66.47
61.63
62.59

66.05

Calculated

H

6.79
5.95
5.98
5.79
5.32
5.79
5.49

6.43

8.40
8.94
8.16
11.24
9.70
11.24
10.95

12.85

e 18 ¥INIFHLZSVM

SAININVIAXOHAAH d3ILNLILSENS-O 40 SISIHLNAS

<0



180 KASZTREINER et al.: SYNTHESIS OF O-SUBSTITUTED HYDROXYLAMINES

REFERENCES

[1] Rapoport, S. M.: Medizinische Biochemie 1965, 465 (3rd edition), YEB Verlag Volk
und Gesundheit, Berlin

[2] Levine, R. J., Sato, T. L., Sjoerdsma, A.: Biochem. Pharmacol. 14, 139 (1965);
Levine, R. J.: Science 154, 1017 (1966)

[3] Hamor, G. H., Brestow, D. M., Fisch, G. W.: J. Pharm. Sei. 59, 1752 (1970)

[4] l'tvespaa, A. O.,, Marxer, A.: Chimia 18, 1 (1964)

[5] Martin, D. G., Schumann, E. L., Veldkamp, W., Keasling, H.: J. Med. Chem. 8,
456 (1965)

[6] Szitagyi, G., Kasztreiner, E., Kosary, J., Sohar, P.: Hung. Pat. 162,578 (1970)

[7] Nicolaus, B. J. R., Pagani, G., Testa, E.: Helv. Chim. Acta 45, 1381 (1962)

[8] Barber, H. J., Wragg, W. R.: Nature 158, 514 (1946)

[9] Spring, F. S., Woode, J. C.: Nature 158, 754 (1946)

[10] Wolfe, S, Hasan, S. K.: Can. J. Chem. 48, 3572 (1970)

[11] Nefkens, G. H. L.: Recueil 79, 688 (1960)

[12] Laliberte, R., Berlinguet, L.: Can. J. Chem. 38, 1933 (1960)

[13] Datta, N. K., Talukdar, P. B.: J. Indian Chem. Soc. 43, 461 (1966)

[14] Endres, W.: Arch. Pharm. 305, 671 (1972)

[15] Brown, D. M., Coe, P. F., Green, D. P. L.: J. Chem. Soc. C, 1971, 867

[16] Kasztreiner, E., Vargha, L., Szilagyi, G., Huszti, Zs., Borsy, J., Mészaros, E.,

Elek, S, Polgari, |.: Hung. Pat. 158,573 (1969);
Kasztreiner, E., Vargha, L., Szilagyi, G., Huszti, Zs.,, Borsy, J., Szakaly, J.,
Elek, S., Polgari, |.: Hung. Pat. 161,866 (1970);
Kasztreiner, E., Vargha, L., Huszti, Zs.,, Borsy, J., Szilagyi, G., Szakaly, J.,
Elek, S., Polgari, |I.: Hung. Pat. 161,867 (1970)

[17] Huszti, Zs.,, Kasztreiner, E., Kuarti, M., Fekete, M., Borsy, J.: Biochem. Pharm.
22, 2253 (1973)

[18] Huszti, Zs., Kasztreiner, E., Szilagyi, G., Kosary, J., Borsy, J.: Biochem. Pharm.
22, 2267 (1973)

[19] Sachs, F.: Chem. Ber. 31, 1225 (1898)

[20] Bauer, L., Shoeb, A., Agwada, V. C.: J. Org. Chem. 27, 3153 (1962)

[21] Mamalis, P., Jeffries, L., Price, S. A,, Rix, M. J., Outred, D. J.: J. Med. Chem. 8,
684 (1965)

[22] Graebe, C.: Chem. Ber. 29, 2802 (1896)

Endre Kasztreiner
Géza Szitagyi
Judit Kosary
Zsuzsa Huszti

1325 Budapest, P.O. Box 82. Hungary.

Acta Chim. (Budapest) 84, 1975



Acta Chimica Academiae Scientiarum Hungaricae, 84 (2), pp. 181—185 (1975)

STRUCTURAL INVESTIGATION OF FLAVONIDES

AND THEIR MODEL COMPOUNDS, VII

CALCULATION AND DETERMINATION OF THE IONIZATION POTENTIAL
OF 4- AND 4 MONOSUBSTITUTED CHALCONES

(SHORT COMMUNICATION)

Z. Dinya,* Gy. Litkei,* J. Tamas* and G. Czira™*
(Department of Organic Chemistry, L. Kossuth University, Debrecen* and

Central Research Institute of the Hungarian Academy of Sciences, Budapest**)

Received February 19, 1973

Applying mass spectrometric and quantum-chemical methods, the first ioni-
zation potential (Ip) of monosubstituted 4- and 4’-chalcones has been determined.
A direct linear equation is proposed between Ip values and energy coefficient of the
highest occupied molecular orbital. This equation can be generalized for aromatic and
unsaturated ketones. The peculiarity of functional Ip—a+ for 4- and 4°-R substituents
has been interpreted and the results have been brought into connection with the con-
jugation behaviour of molecules.

In an earlier communication [1], the quantum chemical calculation of
the first (vertical) ionization potential of 4-substituted acetophenones has been
reported. Calculations were performed on the basis of Koopmans’ [2—5]
theorem, using the HMO method [6], and a very good agreement was obtained
between the calculated and measured values.

The present communication reports on the mass spectrometric and the
theoretical determination of the ionization potential of monosubstituted
4-(I; R>’= H) and 4’-(/; R = H) chalcones:

o

No similar investigation of these compounds has been reported in the
literature.

Experimental and computational procedure

The preparation and physical constants of the compounds investigated
have been reported [7]. The mass spectrometric determination of the ionization
potentials was done by the ‘semilog plot’ technique [8], using a Model AEI
MS-902 mass spectrometer. lon acceleration voltage was 8 kV, the ionizing
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electron current 10 [iA. Benzene was used as reference substance, the ionization
potential of which was taken as 9.40 eV [9].

Computations were carried out by the HMO [6, 7] and the co-SCF-
LCAO-MO [10—12] methods according to a program written for an ODRA
1204 computer.

On the basis of Koopmans’ theorem [2—5], the first ionization potential
of a molecule is the negative value of the energy of the highest occupied
molecular orbital (HOMO):

Ip= - EHOMO 1)
HWO0" 0 can be given in the following form:
EHOVMO _ ao | “homo (2)
where a0 and Rg are constant parameters for the carbon atoms of benzene,
AHOMO is the energy coefficient of the highest molecular orbital.

From Eqgs (1) and (2), a direct relationship between I and ~HOMO can
be derived:

b = --(*» + 7THOM’R0) ?3)
For given values of xo and go
Ip= a+ bXh°mo (4)

In the calculation of Ip for acetophenones from Eq. (4), the values of
a= 7.1 and b— 2.5 given by Heilbronner et al. for aromatic hydrocarbons,
have been used [6]. The computations reported in this communication are
based also on an equation of type (4), but the values of a and b have been
newly determined.

Results and discussion

Experimental and HMO computational results are summarized in Table I.
These calculations were performed on the basis of the equation

Ip= 6.8 + 2.5%HOVO (eV) (5)
The measured and calculated values are in excellent agreement. As

compared to HMO data (Table 1), the results of co-SCF-LCAO-MO calculations
(co = 0.5) are higher by 0.8—1.2 eV, so that for these calculations the equation

Ip= 6.1 + 2.5%Hcwo (eV) (6)
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Table |

Measured and calculated (HMO) ionization potentials of monosubstituted
4- and 4'-chalcones

R- Ip {5\%’)** pHVD (eV) (A;J\PO R Ip ((555’** 1™ 0 (eV) (Ae\'/)\/'
-N(CH;). - - - -N(CH32 - 8.10 -
-NH. 8.15 8.45 0.3 - nh?2 — — —
-OH 8.54 8.56 002 -OH 8.20 8.23 0.03
-OCH: 8.47 8.50 003 -OCH: 8.14 8.15 0.01
-CH. 8.61 8.58 -0.03 -CH, 8.36 8.42 0.06
-H 8.59 8.58 -0.01 -H 8.59 8.58 —O00i
-Cl 8.70 8.74 004 -ClI 8.62 8.64 0.02
-Br 8.73 8.75 002 -Br 8.61 8.64 0.03
-1 — 8.77 — -1 — 8.70 —
-NO. 8.93 8.93 0 -NO., 9.10 905 -0.05

*Alp —Tp’EﬁC Ip.exp ** =H0B eV

is suitable. These equations can be generalized for &,/3-unsaturated aromatic
carbonyl compounds. By way of example, the calculated (HMO) and measured
Ipvalues are given for flavone (Il) and for 2’-hydroxychalcone (111):

(6] 0

'O-E"To) [

IP(ev) calculated: 8.70 eV 8.52 eY

IP(ev) measured: 8.74 = 0.05eY 8.41 + 0.05 eV

In these cases too there is a very good agreement between the experimen-
tal and calculated values. (In the case of 2’-hydroxychalcone (Il1), the intra-
molecular H-bond between 2°-OH and the carbonyl group has also been con-
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sidered in the calculations.) Experimental and calculated Ip values are plotted
in Fig. 1 as a function of the Brown-a+ values of the substituents [13].

Both the calculated and experimental values increase linearly with the
cr+ of the substituents. The character of the effects exerted by the substituents
in rings A and B on the Ipvalue is identical. Electron donor (a+ < 0) groups
decrease, whereas electron-withdrawing (cr+ >0) substituents increase the Ip
values relative to the unsubstituted chalcones. However, the substituents in

rings A and B do not act in the same measure. The slopes of the straight lines
are different: 0.4 in the case of4-R and 0.18 in that of4’-R, i.e. 4-R substituents
have a stronger effect on Ip than the 4’-R ones. This finding supports the
assumption that the vinylbenzene part is the primary charge carrier in the
ionized molecule. The very moderate slope of the curves can be interpreted by
the extended conjugation of the molecule. (The slope of the Ipvs. a+ straight
lines for parasubstituted benzenes and acetophenones is 0.9 [14].) This is
indicated also by the low Ip value (8.59 eV) of unsubstituted chalcone
(I; R = R”= H). (For comparison: Ipbenzene = 9.4 eV [9]; |pacetophenone =
= 95 eV [14]; /pvinylbenze,e = 9.0 eV [14].)

In the case of 2’-hydroxychalcone (Il1l), this conjugated system is still
more extensive, because, owing to the 2’-OH group, a resonance-stabilized
chelate system (IV) is to be expected [15], so that the Ip value must be low
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compared to chalcone (I, R = R’= H). Experimental results confirm this
assumption.

Our investigations were extended also to compounds of the flavone and
isoflavone type. These results will be reported in the near future.

REFERENCES

[1] Dinya, Z.: Acta Chim. (Budapest) 72, 323 (1972)

[2] Koopmans, T. A.: Physica 1, 104 (1933)

[3] Stheitwieser, A.: Molecular Orbital Theory for Organic Chemists, pp. 188. John Wiley
and Sons, New York, 1961

[4] Peacock, T. E.: Electronic Properties of Aromatic and Heterocyclic Molecules, pp. 26.
Academic Press, New York, 1965

[5] Tajima, S., Wasado, N., Tsuchija, T.: Tetrahedron Letters, 139 (1970)

[6] Heilbronner, E., Bock, H.: Das HMO-Modell und seine Anwendung, I—II1, p. 317.
Verlag-Chemie GmbH, Weinheim, 1968

[7] Dinya, Z., Bognar, R.: Acta Chim. (Budapest) 73, 453 (1972)

[8] Lossing, F. P., Tickner, A. W., Bryce, W. A.: J. Chem. Phys. 19, 1254 (1951)

[9] Baker, A. D., May, D. R., Turner, D. W.: J. Chem. Soc. (B) 22 (1968)

[10] Wheland, G. W., Mann, D. E.: J. Chem. Phys. 17, 264 (1949)

[11] Bergson, G.: Arkiv for Kem. 19, 181 (1962)

[12] Janssen, M. J., Sanchstrom, J.: Tetrahedron 20, 2339 (1964)

[13] Brown, H. C., Okamoto, Y.: J. Amer. Chem. Soc. 80, 4979 (1958)

[14] NSRDS-NBS. 26. lonization Potentials, Appearance Potentials and Heats of Formation
of Gaseous Positive lons (1969). U.S. Department of Commerce, National Bureau
of Standards

[15] Dinya, Z., Litkei, Gy.: Acta Chim. (Budapest) (In press)

Zoltdn Dinya

B 4010 Debrecen, Hungary
Gyo0rgy Litkei

Jozsef Tamas

1088 Eudapest, Puskin u. 11—13. Hungary.
Gébor czirA pest, gary

5 Acta Chim. (Budapest) 84, 1975






Acta Chimica Academiae Scientiarum Hungaricae, 84 (2), pp. 187—192 (1975)

TRIARYLMETHANES, VI*

REACTIONS OF NAPHTHOQUINONE DIPHENYLMETHIDES
WITH ORGANOMETALLIC COMPOUNDS
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Reactions of 1,2-naphthoquinone diphenylmethides with organometallic com-
pounds take place by 1,4-addition, except with 1-naphthyllithium where further sub-
stitution of the OH group by a l-naphthyl group occurs. 1,4-Naphthoquinone 4-di-
phenylmethide undergoes 1,2-addition followed by migration of the OH group to C-6.

It has been shown that methylmagnesium iodide reacts with 1,4-benzo-
quinone 4-diphenylmethide and 1,4-naphtoquinone 4-diphenylmethide (I) by
1,6-addition to give a[4-(I-hydroxyphenyl)]a,a-diphenylethane and x-[4-(I-
hydroxynaphthyl)]-(Z,a-diphenylethane (IVa) [2, 3], respectively. Phenyl-
magnesium bromide gave with these compounds, however, resins [3], but with
1,2-naphthoquinone 1-diphenylmethide (IlI) the product was I-(2-hydroxy-
naphthyl) triphenylmethane (Yb) [4, 5] through 1,4-addition.

We found that methylmagnesium iodide and phenylmagnesium bromide
react with 1,2-naphthoquinone 1-diphenylmethide (II) and 1,2- naphthoqui-
none 2-diphenylmethide (1) by 1,4-addition to vyield a-[I-(2-hydroxyna-
phthyl)]x,a-diphenylethane (Va), a-[2-(I-hydroxynaphthyl)]-x,x-diphenyle-
thane (Via), I-(2-hydroxynaphthyl) triphenylmethane (Vb), and 2-(lI-hydroxy-
naphthyltriphenylmethane (VIb), respectively. The IR spectra of these
compounds are compatible with the structures assigned to them (cf. Experi-
mental), and their UY spectra are similar to those of the respective carbinols
(Vc) [6] and (Vic) [6]; but they give no colour with cone. H2S04.

*For Part ¥, see Ref. [1].
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Phenyllithium reacts with Il and Ill in an analogous manner to give the
same compounds (Vb) and (VIb), respectively. With 1,4-naphtoquinone 1-di-
phenylmethide(l), however, this reagent as well as 1-naphthyllithium vyields
4-(l-phenylnaphthyl)- and 4-(l,l,-hinaphthyl)-diphenylmethanol (Vila) and
(VIIb), respectively. The m.p. of Vila differs from that of IVb; [5]. These
compounds give a green colour with cone. H2S04. The UV spectra of compounds
Vila and VIlb (cf. Table) and their IR spectra (cf. Experimental) are in
support of the assigned structure.

Repeating the reaction of phenylmagnesium bromide with 1,4-naphtho-
quinone 1-diphenylmethide (I) [3], we could isolate, by the use of column
chromatography, compound Vila. The formation of compounds Vila and Vb
in these reactions may be explained by a 1,2-addition to the keto group and
subsequent ionization, as shown in the following reaction sequence:

Ph-C-Ph Ph-O-

Ph-CI—Ph
OH
Yl
A= Li or MgBr
a: R = Pb: b: R = a-naphthyl
Compounds Il and IlIl react with a-naphthyllithium to give 1-(1’,2-

binaphthyl)-diphenyl-1"-naphthylmethane (VIII) and 2-(l,I’-binaphthyl)-di-
phenyl-1"-naphthylmethane (1X), respectively.
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R = icnaphthyl

The names for compounds VIII and IX are correct*, according to the follow-
ing numbering:

VI IX
1(1',2-binaphthy 1)dipheny 1- 2-(l,r-binaphthyl)diphenyl-
1"-naphthylmethane 1"-naphthylmethane

This reaction may be visualized as 1,2-addition on the carbonyl group
followed by the reaction of the resulting ionized compound with another
molecule of a-naphthyllithium as follows:

RXi

Ph-C—Ph Ph-C-Ph

R = Cf-napht hyl
Compounds VIII and IX gave no colour with cone. H2S04 and their IR
spectra have no OH bands.

* See on page 188
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Experimental

Melting points are uncorrected. The analyses were made by the Microanalytical
Laboratory, N.R.C.

Reaction of methylmagnesium iodide with 1,2-naphthoquinone 1-diphenylmethide (I1)

A solution of methylmagnesium iodide was prepared from methyl iodide (3.1 ml; 0.05
mole) in dry ether and a suspension of 1,2-naphthoquinone 1-diphenylmethide (3 g; 0.01 mole)
was added to it. After standing overnight and 3 hrs. reflux, the mixture was treated with cold
dilute hydrochloric acid. The ethereal extract of the reaction mixture was washed with 4%
sodium-carbonate solution and then with water, dried over Na2S04 and the solvent was evap-
orated. The remaining oil (Va) solidified under acetic acid (1.3 g; 40% of theoretical yield)
and was crystallized therefrom; m.p. 141 °C.

C2H,00 (324): Calcd. C 88.89; H 6.17;
Found C 88.75; H 5.80%.
IR spectrum (CC14): 3485 cm-1 OH, 1380 cm-1 CH3

Table of electronic spectra
NnaxnT (log e)

Compound
Vb 273 283 293 310 333
(4.00) (3.80) (3.63) (3.22) (3.27)
Ve [6] 257 385 295 320 340
(3.75) (3.85) (3.75) (3.40) (3.45)
Via 300 312 322 335
(3.73) (3.70) (3.62) (3.25)
Vib 295 302 315 322
(3.75) (3.73) (3.57) (3.53)
Vic [6] 290 310 320 350
(3.75) (3.60) (3.30) (2.50)
Vila 295
(4.08)
Vilb 298
(3.88)

Reaction of methylmagnesium iodide with 1,2-naphthoquinone 2-diphenylmethide (I11)

From a reaction as above, using 1,2-naphthoquinone 2-diphenylmethide (I1l) instead
of 11, a-[2-(I-hydroxynaphthyl)]-a, a-diphenylethane (Via) (1.6 g; s0%) was obtained.

C2H20 (324): Calcd. C 88.89; H 6.17;
Found C 89.15; H 6.04%.
Mol. wt. (electrothermal method: 334).
IR spectrum (in CC14) 3480 cm-1 (OH), 1385 cm-1 (CH3).

Reaction of phenylmagnesium bromide with 1,2-naphthoquinone 2-diphenylmethide (HI)

Phenylmagnesium bromide, prepared from bromobenzene (3 ml; 0.03 mole) in dry ether
(40 ml), and 1,2-naphthoquinone 2-diphenylmethide (I11) (3g, 0.01 mole) were mixed and
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allowed to stand overnight and then refluxed for 4 hrs. After treatment as above, the remaining
oil (VIb) solidified (2.5 g, 66%) under ethanol and was crystallized from xylene; m.p. 200 °C.

C2H,20d (386): Calcd. C 90.16; H 5.70.
Found C 90.67; H 5.90%.
IR spectrum (CC14: 3490 cm-1 (OH).

Reaction of phenylmagnesium bromide with 1,4-naphthoquinone 4-diphenylmethide (1)

In areaction as before, using 1,4-naphthoquinone 4-diphenylmethide (1) (3 g; 0.01 mole),
after evaporation of the solvents, an oil was obtained; this oil (Vila) was chromatographed
over alumina and eluted with n-hexane. The solid residue (VII) (0.4 g; 11%) that remained
after evaporation of the solvent was crystallized from xylene and melted at 174 °C (no de-
pression when mixed with the product of the next experiment).

Action of phenyllithium on 1,4-naphthoquinone 4-diphenylmethide (1)

To a solution of phenyllithium, prepared from bromobenzene (3 ml; 0.03 mole) in dry
ether (40 ml), a dry benzene suspension of 1,4-naphthoquinone 4-diphenylmethide (1) was
added. After standing overnight, the reaction mixture was refluxed for 4 hrs. It was then de-
composed with ice-cold dilute hydrochloric acid and extracted with ether. The ethereal extract
was dried over Na2s04, filtered and evaporated. The residual oil (Vila) solidified (2.1 g; 54)
under methanol and was crystallized from xylene; m.p. 174°C.

CAH”O (386): Calcd. C 90.16; H 5.7
Found C 89.95; H 5.8%.
IR spectrum (nujol mull): 3600 cm-1 (OH).

Action of phenyllithium on 1,2-naphthoquinone 1-diphenylmethide (IT)

From a reaction as before, using 1,2-naphthoquinone 1-diphenylmethide (I11) (3 g; 0.01
mole) an oily residue (Vb) was obtained that solidified (1.5 g; 40%) under ethanol and was crys-
tallized from acetic acid; m.p. 155 °C [5].

CAHMO (386): Calcd. C 90.16; H 5.68;
Found C 89.91; H 5.75%.
IR spectrum (CCl4): 3420 cm-1 (OH).

Action of phenyllithium on 1,2-naphthoquinone 2-diphenylmethide (111)

1,2-Naphthoquinone 2-diphenylmethide (I11) (3 g; 0.01 mole) and phenyllithium (0.03
mole), in a reaction as above, gave an oil (VIb) that solidified (2.1 g; 54%) under methanol
and was crystallized from xylene; m.p. 200 °C.

Action of 1-naphthyllithium on 1,4-naphthoquinone 4-diphenylmethide (1)

A suspension of 1,4-naphthoquinone 4-diphenylmethide (I) (3 g; 0.01) was added to a
solution of 1-naphthyllithium (prepared from 1-bromonaphthalene, (4.2 g; 0.03 mole) in dry
ether (40 ml). After standing overnight and 4 hrs. reflux, the mixture was treated with dilute
hydrochloric acid and extracted with ether. The ethereal extract was washed with 4% sodium
carbonate solution, then with water, dried over Na2S04 and evaporated. The residual oil was
subjected to steam distillation. The remaining viscous mass (VIIb) solidified [(1.1 g; 25%) under
toluene and was crystallized therefrom; m.p. 215 °C. It gave a green colour with cone. H2S04
but no colour with ferric chloride solution.

CBH240 (436): Calcd. C 90.83; H 5.50;
Found C 90.40; H 5.77%.
IR spectrum (KBr) 3420 cm-1 (OH).
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Action of 1-naphthyllithium on 1,2-naphthoquinone 1-diphenylmethide (I1)

From a reaction as before, using 1,2-naphthoquinone 1-diphenylmethide (I1) (3 g; 0.01
mole) and 1-naphthyllithium (0.03 mole), an oily residue was obtained, that was purified by
steam distillation after the usual treatment. The residual viscous mass (VIII) solidified (3.4
g; 66%) under ether and was crystallized from toluene; m.p. 178°C.

C43H 0 (546): Calcd. C 94.51; H 5.49;
Found C 94.61; H 5.7%.

Action of 1-naphthyllithium on 1,2-naphthoquinone 2-diphenylmethide (111)

In a reaction as above 1,2-naphthoquinone 2-diphenylmethide (M1) (3 g; 0.01 mole)
gave an oily residue that was purified by steam distillation. The residual viscous mass (1X)
solidified (3.3 g; 60%) under toluene and was crystallized therefrom; m.p. 235 °C.

C43H 30 (546): Calcd. C 94.51; H 5.49;
Found C 94.31; H 5.41%.
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The conformational analysis of some N,N’-dialkyl-1,5-diphenyl-diazabicyclo-
(3.3.1) nonanes is described. On the basis of IR, NMR and dipole-moment data it has
been shown that with an oxo group in position 9, the N,N’-dimethyl derivative exists
in a chair-boat conformation, while in the case of the N,N’-di-i-hutyl compound the
boat-boat form should also be considered. In the 9-hydroxy derivatives a strong intra-
molecular hydrogen bond between the OH and tertiary nitrogen stabilizes one of the
six-membered rings in the boat form.

Several substituted derivatives of 3,7-diazabicyclo-(3.3.1)-nonane are
known [la], which are also designated after Mannich [Ib] as ‘bispidines’. Des-
pite the great number of these compounds, only the conformation of N,N’-di-
methylbispidine has been examined [2], in contrast to alicyclic, [3] 3-aza-, [4]
and 9-aza- [5] -bicyclo-(3.3.1) nonanes, whose stereochemistries have been
thoroughly studied. Examination of the conformation of bispidine derivatives
permits to evaluate the role of nitrogen atoms in establishing a stable con-
formation, i.e. a decision concerning whether or not the chair-chair con-
formation ofthe bicyclo-(3.3.1) nonane skeleton [3] is altered upon replacement
of ring CH2groups by nitrogen atoms bearing various substituents.

Various 1,5-diphenylbispidines symmetrically substituted at their
nitrogen atoms were examined in order to determine both the conformation
of the two piperidine rings in the 3,7-diazabicyclo-(3.3.1) nonane skeleton and
the orientation of the substituents at the nitrogen atoms with respect to the
rings. This was done by an analysis of infrared and NMR spectral, as well as
dipole-moment data.

| R=CHs RR" =0 Il RR"=0

Il R=C(CH3)3, RR" =0 VI R’=H,R"=0OH
IV R=CH3 R'=H, R"= OH

V R=C(CH3)3, R' = H, R"= OH
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Results

Intense Bohlmann absorptions [6] appear at 2800—2700 cm-1 in the
infrared spectrum of I, Il, IV and V, which are absent in the spectrum of Il
and VI. These data provide useful information concerning the orientation of
the unshared electron pair of the nitrogen atoms.

Table |

Dipole moments of N,N'-substituted 1,5-diphenylbispidines;
benzene, 25.0 °C

Compound Dipole moment
©
N,N’-dimethyl-1,5-diphenylbispid-9-one | 3.34
N,N’-di-t-butyl-1,5-diphenylbispid-9-one I 3.86
5,7-diphenyl-1,3-diazaadamantan-6-one 11 1.94
N,N’-dimethyl-I,5-diphenylbispidin-9-ol v 2.66
N,N’-di-t-butyl-1,5-diphenylbispidin-9-ol \Y% 4.09

The experimentally determined dipole moments of compounds I—V are
listed in Table I. The dipole moment of compound VI, which is less important
for the discussion presented below, could not be determined because of solu-
bility difficulties.

The dipole moment values calculated for the possible conformations of
N,N’-dialkyl-1,5-diphenyl-bispid-9-ones are shown in Table IlI. The calcu-
lations were done by the usual vectorial addition of the corresponding bond or
group moments characteristic of dipolar bonds. The bond-moment values used
in the calculations are as follows: ficzo = 3.10 D [7], pmA3 = 0.80 D [8].
W hen calculating the dipole moments, the bond angles were considered to be
tetrahedral.

Table 11

Calculated dipole moments of the possible conformations
of N,N’-dimethyl-1,5-diphenylbispid-9-one (I)

Conformation™ ccC,, cc.,, CB, CBfia CB,, BBe«x BB BBaa
Dipole Moment (D) 217 253 343 351 217 253 463 351 217

* The symbols C, B, e, a, indicate the chair and boat conformation of the six-membered
ring, and the equatorial and axial position of the N-methyl group, respectively.

In the NMR spectrum of I and Il the methylene protons give quartets
at d 3.25 and 3.40, respectively. The protons of the R=CH3and R=C(CH3)3
groups give rise to sharp absorptions at $2.37 and 1.2 ppm, respectively. The
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NMR spectrum of Il merely consists of three lines: the C—CH2—N and
N —CH2—N protons give lines at d 3.82 and 4.27 ppm, while the phenyl
protons at d 7.30 ppm. The NMR spectra of IV and V show considerable
deviations from those of I and Il. Owing to the reduction of the C=0 group,
the CH2units of the two six-membered rings are anisochronous. Accordingly,
two quartets at different chemical shifts appear in the spectrum of IV and V
(Table 111).

Discussion
N,N’-dimethyl- and N,N’-di-t-butyl-I1,5-diphenylbispid-9-one (1 and II)

On the basis of comparing the experimental and calculated dipole
moments, one has to take three conformations into account in the elucidation
of the conformation of compound I. According to the data in Table II, the
experimentally found dipole moment of 3.34 D may correspond to the CB*,
CBO0Oe and BBea conformations. The CCce and CCea conformations built up of
the usually more stable chair conformation of six-membered rings are very
unlikely; the measured dipole moment of 3.34 D is considerably greater than
either one of the values calculated for the undistorted chair-chair confor-
mations (2.72 and 2.53 D). Owing to the mutual repulsion between the un-
shared electron pairs, a distortion of the chair-chair-conformation skeleton,
i.e. the symmetric receding of the two nitrogen atoms, would only slightly
alter the dipole moment calculated for the undistorted CCea conformation
(2.53 D). However, in the case of the CCei, conformation, the dipole moment
would in fact decrease, as here the unshared electron pairs of the nitrogen
atoms would assume a nearly parallel orientation and the calculated dipole
moment reaches its minimum (fx = 3.10 — 2x0.80 = 1.50 D) for the parallel
orientation of the unshared electron pairs. The experimental values strongly
favour a chair-boat conformation with one or two equatorial N-methyl groups,
the latter being indicated by the appearance of the Bohlmann bands. The
dipole moments calculated for the CBrg<and CBne conformations (3.43 and
3.51 D) satisfying the above requirements, are in good agreement with the
experimental value of 3.34 D. Though the calculated dipole moment of the

I, CB,.e I, CB»,e
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Table 111

NMR spectral data of NAN”-Disubstituted-\"-diphenylbispidines*

|
R=CH3

N-R

2.37; s, 6H
N’-R
CH** (ring 1)

3.25; q, 8H

zli“ab = 47.2Hz

CHTI (ring 2) Jab= 10.8Hz
N-CH2N -
H-9 -
CcH5 7.3; s, 10H

* o-scale, TMS internal reference; /bas is calculated from the equation v*-v* = Y(v4—vX)(v3—v2); Accuracy in J in +0.1 Hz.

** Midpoint of quartets

R=CI(ICH3S

1.21; s, 18H

3.40; q, 8H
zlizab = 43.2Hz
JaB=10.5Hz

7.3; s, 10H

3.82; q, 8H

4.27; s, 2H

7.3; s, 10H

v
R=chs

2.06; s, 3H
2.19; s, 3H

2.32; q, 4H
Z»AB = 61.3Hz
JAB = 12.0Hz

3.05; q,4H

naps = 9.8Hz
JAB = 10.0Hz

4.34; s, 1H

7.0—7.5; w, 10H

Vv
R=C(CHSS
0.97; s, 9H
1.05; s, 9H

2.44; q, 4H
zhMAb = 70.4Hz
JAB = 11.8Hz

3.25; q,4H
Z)VAB = 16.4Hz
JAB = 10.0Hz

4.24; s, 1H

7.0—7.5; m, 10H

\

3.20; bs, 8H

3.65; s, 2H
34; s, 1H

7.0—7.5; m, 10H

SANVNON [T'€€]-010A019VYZVIA-L'E *HOAYN ‘d3dIFHOS
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BBe(l conformation is close to the measured value, this conformation includes
two unfavourable structural units: rings in the boat conformation and axial
N—CH3 group, therefore, it may be ruled out. Consequently, the preferred
conformation of | is CB” or CBac or both, but anyhow a chair-boat con-
formation. The two chair-boat conformations found to be probable differ
only in the orientation of either of the two N—CH3 groups.

The correctness of these conclusions is supported by related confor-
mational analyses described earlier. Thus, DaRooge and Neumann [9] found
the dipole moment of 3-methyl-3-azabicyclo (3.3.1)nonan-9-one, 3-methyl-3-
azabicyclo-(3.2.1) octan-8-one, and N-methylpiperidone to be 2.89, 2.66 and

2.8)) D 2.(H 1) 2.9i 1)

2.91 D, respectively (cf. Scheme). These data unambiguously indicate that in the
case of N,N’-dimethyl-1,5-diphenylbispid-9-one the chair—hair conformation
may be ruled out since the moment ofthe N-methylpiperidone ring (2.7—2.9 D)
would be further decreased by the chair conformation of the other ring, in
contrast to the value of 3.34 D found experimentally.

Therefore, the other ring must be attached in boat conformation to the
piperidone ring in order to increase the electric dipole moment of the N-
methylpiperidone skeleton from 2.7—2.9 D to 3.3—3.4 D.

In the NMR spectrum of | a quartet corresponding to an AB type
spinsystem can be assigned to the methylene groups. The appearance of a single
AB quartet indicates that, owing to rapid ring inversion, time-averaged
chemical shifts are being observed. In principle arigid chair—boat conformation
would require two different quartets in the NMR spectrum, but the relatively
simple pattern observed can be attributed to a rapidly equilibrating CB BC
ring system.

The dipole moment of N,N’-di-i-butyl-I1,5-diphenylbispid-9-one (II) is
surprisingly higher than that of the corresponding N,N’-dimethyl derivative
(I). The slight difference between the dipole moments of N-methyl- and N-t-
butylpiperidine (0.80 D and 0.73 D) [8] cannot explain the considerable
difference between the dipole moments of I and Il. The nearly identical values
of the dipole moments of N-methyl- and N-t-hutylpiperidines make it possible
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to use the dipole moment values calculated for the possible conformations of |
(Table Il) for the evaluation, in a first approximation, of the preferred con-
formation of N,N’-di-t-butylbispidone.

Owing to the known conformation-holding character of the tertiary
butyl group, only conformations CCee, CBre and BBP, may be of importance
in the case of Il. Ofthese, a comparison of the calculated and measured dipole
moments rules out CCeeto leave the CBee and BB*econformations, for which
the dipole moments calculated by taking into account the dipole moment of
N-t-butylpiperidone [8], are 3.37 and 4.40 D, respectively. In the case of the
CBee conformation, a distortion of the ring (towards the half-chair—boat con-
formation) would further decrease the dipole moment. It appears, therefore
unlikely that a drastic deviation from the geometry ofthe regular six-membered

O 0

I, CBe,,

Scaled 3.371)

rings would cause this surprisingly high dipole moment. As the only ex-
planation, one must assume that Il exists also in the BBSe conformation of
higher dipole moment (4.40 D) and that there is an equilibrium between con-
formations CB” and BBee, wherein BB” appears in a considerable amount
(40—50%). This is a rather surprising result because no boat-boat confor-
mation has been observed so far in the field of bicyclo-(3.3.1) nonane deriv-
atives.

As in the case of I, the NMR spectrum of Il reveals a single regular AB
quartet assignable to the CH2 groups. This means that a fast conformational
equilibrium of the type CB ~ BC takes place similarly to the case of I.

Conformation of N,N’-dimethyl- and N,N’-di-t-butyl-1,5-diphenyl-
bispidin-9-ol

The difference between the conformation of I and Il concluded mainly
on the basis of dipole moment measurements, manifests itself strikingly in the
NMR spectrum of IV and V. The fact that a hydrogen atom and a hydroxyl
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group are attached to carbon atom 9 makes the magnetic environment of the
methylene groups in the two six-membered rings different. Hence it is evident
that the methylene protons of the two rings will show different chemical shifts
(Table Ill). The quartets at d 2.32 and 2.44 in the spectrum of IV and V,
respectively (Table Il1), can be interpreted in terms of the boat conformation
stabilized by intramolecular hydrogen bonding of one of the two rings of both

V. R = C(CH3)3

IV and V. This assumption is supported by the very similar shifts and coupling
constants of the corresponding quartet. The AB quartet for the other ring of
IV and V is consistent with fast or slow ring inversion.

A further piece of evidence for the conformation of IV and V with intra-
molecular hydrogen bonding is supplied by infrared spectroscopic data. The
spectra of both IV and V, taken in 0.1 M solution in CS2, reveal single O—H
absorption bands a 3325 and 3290 cm-1, respectively. On dilution of the
solutions (up to 0.001 M concentration) no absorption band appears at about
3600 cm "1, which is characteristic of monomeric 0 —H groups, while the ab-
sorption frequency of the hydrogen-bonded 0 —H groups remains unchanged.
Thus, the hydrogen bond is, in fact, intramolecular and rather stable.

Owing to the bond moments made obscure by the emergence of hydrogen
bonds, the experimental dipole moments of IV and V (2.66 and 4.09 D, respec-
tively) can be correlated only qualitatively with conformations. The high dipole
moment found in the case of V can be interpreted in terms of the nearly parallel
alignment ofthe dipolar bonds together with the corresponding bond moments.
Such a dipole arrangement is satisfied in the BB conformation of V. The con-
siderably lower dipole moment of 2.66 D for IV than that for V indicates
partial compensation of the bond moments within the molecule, which may
actually occur in the CB conformation of IV.

The two relatively sharp singlets in the NMR spectrum of VI (Table II1)
can be assigned to the methylene groups of fourC —CH2—N and one N—CH2—N
groups, which are approximately equivalent by coincidence. This spectrum,
too, proves that none of I, Ill, IV and V assumes an adamantane-type chair-
chair conformation with axial N-methyl group, because these latter give NMR
spectra of quite different line structure.
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Experimental

The compounds studied have been prepared by known procedures [10]. The infrared
spectra were recorded in KBr pellets on C. Zeiss UR-10 and MOM 2000 type instruments.

The nuclear magnetic resonance spectra were taken at 100 MHz (Varian HA-100) and
60 MHz (AEI-RS2) in chloroform or carbon disulfide solutions, using TMS as internal reference.

The dipole moments were measured in benzene solution at 25.0°C. The instrument used
and the method of evaluation have been described earlier [11].

*
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DIAMAGNETIC SHIELDING OF THE DIBENZOCYCLO-
HEPTATRIEN RING SYSTEM IN SOME ACYLAMINO-
MALONIC ESTER DERIVATIVES

P. SOHAR, J. KOSARY and E. K aSZTREINER

(Research Institute for Pharmaceutical Chemistry, Budapest)
Received December 5, 1973

In the NMR spectra of diethyl-2-formylamino- and 2-acetylamino-2-
(dibenzo(a,e)cycloheptene-5)-yl malonate (Ill: R = H; Me) a strong diamagnetic shift
of the ethyl and acyl (formyl and acetyl, respectively) protons was observed relative
to acylamidomalonic esters I, as a consequence of the anisotropic effect of the aromatic
rings.

The dibenzocycloheptatrien derivatives Il (R = H, Me) were obtained
by treating the chloro compound I with malonic ester derivative Il in dry N,N-
dimethylformamide in the presence of sodium hydride, because the usual
method [1] applying methanol as solvent and sodium methoxide as base failed
to afford Ill. The structure of the compounds obtained was proved unambig-
uously by their IR and NMR spectra (Table 1) as well as by the analytical
results.

According to the NMR spectra, the protons of the ethyl and acyl groups
show a strong diamagnetic shift in compound IlIl as compared to Il, owing to
the anisotropic shielding effect of the 1-electrons [2]. W ith space-filling atomic
models it has been shown that in the molecules of 11l both the ethyl and acyl
groups are in the anisotropic shielding cone of the double bonds of cyclohepta-
triene and the aromatic rings, as the group substituting the chlorine atom in
compound | is forced into a quasi-axial position.

In the spectrum of the formyl compound IIl (R = H) a coupling con-
stant of Jnh-ch<=0) = 1 Hz can be observed. A similar CH—NH coupling
(7 Hz) exists in both the formamidomalonic ester Il (R = H) and its N-acetyl
analogue.
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Table 1
IR bands [cm-2] in KBr
Compound
VNH Vas™—0 ,gC=0 amide | /2NH VG0
Il (R=H) 3330 1760 1735 1680 — 1500 1270, 1240, 1210,
1095, 1030
Il (R=Me) 3240 1755 1735 1635 — 1540 1230, 1165, 1155,
1020, 1010
Il (R=H) 3250 1758 1735 1650 — 1490 1275, 1260, 1230,
1090, 1040
Il (R=Me) 3380 1760 1730 1675 1505 1280, 1255, 1200,
1045, 1020
NMR signals in CDC13 [GtmS= 0 ppm]
<R scHsEy*  «CHEYV  «ch* $(= CHM) <SNH
Il (R=H) 7.61+ 1.03 3.97M 5.80 6.78 —6.8
Il (R=Me) 1.55 1.01 3.950 5.82 6.70 —6.5
Il (R=H) 8.3+ 1.30 4.31 5.300 — _7.8%%
I (R=Me) 2.08 1.29 4.29 5.230 - —7.40
zlan-w (R=H) 0.7 0.27 0.34 - - —1.0
Ab6h-ni (R=Me) 0.53 0.28 0.34 — — —0.9

* triplet, J = 7 Hz
A in position 5 in Ill, and methine proton in Il
V quartet, J = 7 Hz
0O the methylene protons are not equivalent, therefore, the quartet shows a further AB
splitting (All part of an ABX, multiplet)
+ doublet, J - 1 Hz,
O doublet J = 7.5Hz
** 2Xdoublet. J = 75 Hz and ~ 1 Hz

Experimental

The melting points are uncorrected. IR spectra were recorded with a Perkin-Elmer 457,
and NMR spectra with a Varian A-60D spectrometer.

Diethyl-2-acylamino-2-(dibenzo[a, e]cycloheptene-5’)-yl-malonate (111; R-Me)

A 50% slurry of NaH in mineral oil (1.5 g) was added to dry N,N-dimethylformamide
(5 cm3), and the stirred mixture was reacted at 5 °C with a solution of Il (6.52 g) in N,N-di-
methylformamide (10 cm3). The reaction mixture was stirred at room temperature until no
more hydrogen evolved (4 hrs). Then compound | [3] (7.17 g, 95% purity) was added at 0—5 °C
in small portions and stirring of the reaction mixture was continued at room temperature for 5
hrs. The solution was poured into water (100 cm3) and was extracted with ethyl acetate after
acidifying with 10% HC1 to pH 6. The residue, obtained after evaporating the solvent, was
recrystallized from ethanol to give Il (R = Me) (4.3 g; 63%), m.p. 132 °C.
(C,4HABN05H. Calcd. C71.0; H 6.20; N 3.44%,;
Found C 70.55; H 6.22; N 3.47.

Diethyl-2-formylaraino-2-(dibenzo[a, e]cycloheptene-5’)-yl-malonate (111; R= H)

The reaction was carried out as described for 111 (R = Me), using Il (R = H) as starting
material. 9.0 g (76.5%) of Il (R = H) was obtained, m.p. 135—137 °C.
(CBHAN05, Calcd. C70.4; H 5.85; N 3.56;
Found C70.0; H 5.29; N 3.56%.

The authors wish to thank A. Furjes for technical assistance.
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4-S-SUBSTITUIERTE 2,6-DINITROANILINE?™

E. PALOSI, K. HaRSANYI und G. HEJA

(Pharmazeutische und Chemische Werke CHINOIN)
Eingegangen am 10. Januar 1974

Es wurden in Stellung 4 mit Methylthio-, Methylsulfinyl- bzw. Methylsulfonyl-
gruppen substituierte N,N-Dialkyl-2,6-dinitroaniline (2) aus S,S-Dimethyl(4-hydroxy-
phenyl)sulfoniumsalz (4) als Ausgangssubstanz bergestellt.

W ir deuten den S&urecharakter des 2,4,6-Trinitrophenols (»Pikrinsdure«)
sowie den S&urederivat-Charakter der anstelle der Hydroxylgruppe Chlor bzw.
eine Aminogruppe enthaltenden Verbindungen aufgrund der auf den arom ati-
schen Ring ausgedehnten Vinylogie, der Phenylogie. Es sind neuerdings
mehrere, dem Pikramid (la) dhnliche Verbindungen als hervorragende Herbi-
cide (Ib: PlanavinR; Ic: Oryzalin; Id: Treflan1) bekannt geworden [1]; charak-
teristisch fir sie ist, daB sie alle N,N-disubstituierte 2,6-Dinitroaniline sind, die
in Stellung 4 eine stark elektronenanziehende Gruppe enthalten.

la;: A= N02 R = H

Ib A= S02CH3; R = n-C3H7
Ic: A= SO2NH,; R = n-C3H7
Id: A= CF3; R = n-C3H7

Zur Unterstiitzung dieses Zusammenhanges setzten wir uns das Ziel,
N,N-disubstituierte 2,6-Dinitroaniline herzustellen, in denen der elektrische
Charakter des para-Substituenten durch minimale Strukturdnderungen beein-
fluRt werden kann. Um dieses Prinzip zu verwirklichen, versuchten wir, in
Stellung 4 schwefelhaltige Gruppen einzufithren, in denen der Schwefel in ver-

* Teil der Doktorarbeit von E. Palosi
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schiedenen Oxydationsstufen vorliegt. Unsere zweite Zielsetzung dabei war
eine Synthese, welche eine weitgehende Variierung der Substituenten der aro-
matischen Aminogruppe ermdglicht.

OuN

2
2a: B = SCH3
2b: B = SOCH3
2c. B= S02CH3

Da mehrere Vertreter der Verbindungsgruppe 2c bekannt sind (z. B.
R und R’= n-C3H7 in diesem Fall ist 2c = Ib), untersuchten wir alternative
Mdéglichkeiten zu ihrer Herstellung, wobei folgendes festgestellt wurde:

a) Infolge der elektrophilen Eigenschaft der O,0’-Dinitrogruppen ist die
primare Aminogruppe mit S&ureamid-Charakter nachtraglich nicht alkylier-
har.

b) Die primédre Aminogruppe kann mit Aminen bzw. Aminsalzen nicht
in eine nukleophile Austauschreaktion gebracht werden.

¢) Das in Reaktion gebrachte sekundare Amin wird durch den Toluol-
sulfonsaureester von 8a, d. h. 8b nur mit schlechter Ausbeute aryliert (8a ist
2c analog, enthalt jedoch anstelle der Aminogruppe eine Hydroxylgruppe).
Aus dem Methylather von 8 (8c) konnte — im Gegensatz zu einzelnen Literatur-
angaben [2] — kein 2c gewonnen werden. In beiden Reaktionen wurden be-
trachtliche Mengen von 8a, der Verbindung mit phenolischem Hydroxyl, frei-
gesetzt.

Aus diesen Befunden ergab sich, dall sich als Weg zu einer prinzipiell
verallgemeinerungsfdhigen Herstellungsweise von Verbindungen des Typs 2
allein die nukleophile Austauschreaktion von Aminen und Halogenbenzol-
derivaten bietet. Unter Anwendung dieser Reaktion fihrten wir die Synthese
von Verbindungen des Typs 2c durch [3].

Im weiteren mufBten wir die Vorstellungen beziglich der Einfihrung der
Nitrogruppen im Endschritt verwerfen. Obwohl die Grundverbindung 2c
(R, R’ = H) auf diesem Weg hergestellt wurde [4, 5], erschien das Verfahren
bei 2a (R, R’ = H) aufgrund der Mitteilung von A. M. Simonow et al. [6]
nicht aussichtsreich. Die genannten Verfasser beobachteten bei der Mono-
nitrierung des jD-Tosylamidothioanisols eine betrdchtliche Sulfoxydbildung.
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AuRerdem sind bei der Nitrierung von Thiophenoldthern die Spaltung der
C—S-Bindung [6, 7] und der Austausch der Thiomethylgruppe gegen eine
Nitrogruppe [8] bekannte Nebenreaktionen.

Eine weitere Schwierigkeit gegentber der Nitrierung von Acylanilinen
ergab sich in unserem Fall daraus, dafl wir beim Nitrieren der die gewlinschte
tertidre Aminogruppe enthaltenden Verbindung auch mit einer Desalkylie-
rungsreaktion rechnen mufBten [9]. Eine derartige Reaktion beobachteten wir
beim Nitrieren von 4-(N,N-Dipropylamino)-phenyl-methylsulfon 3a; nach der
Einfihrung einer Nitrogruppe (3b) erhielten wir beim weiteren Nitrieren, unter
Abspaltung der einen Propylgruppe das N-Nitroderivat 3c.

SO02CH3

3
3a: R,R’= n-C3H7, D= H
3b: R,R’= n-C3H7, D= NO2
3c: R= n-C3H7, R\ D = NO02

Aufgrund unserer Vorversuche und Literaturangaben wdhlten wir den
Weg der Nitrierung des entsprechenden Sulfoniumsalzes zur Verwirklichung
unserer Zielsetzung. Bekanntlich [10—12] kénnen ndmlich S,S-Dimethyl-S-
phenylsulfoniumsalze mit guter Ausbeute nitriert werden.

Als Ausgangsmaterial zur Herstellung von Verbindungen des Typs 2
erschien das aus Phenol, Dimethylsulfoxyd und Salzsduregas gewinnbare S,S-
Dimethyl-(4-hydroxyphenyl)-sulfoniumchlorid 4 [13] am besten geeignet, da
die Herstellung von Sulfoniumsalzen, die am aromatischen Ring in para-
Stellung halogensubstituiert sind, wesentlich komplizierter ist [14].

4 setzt sich in konzentrierter schwefelsaurer Losung in das Sulfat um,
das mit der berechneten Menge von konzentrierter Salpetersdure das S,S-
Dimethyl-2,6-dinitro-4-thio-l1,4-benzochinon 5 liefert. Die Verbindung 5 ist
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bereits seit ldngerer Zeit bekannt, jedoch wurde ihre Herstellung ziemlich
umstandlich geldst [8, 15].

Bei kurzzeitigem Kochen von 5 mit Halogenwasserstoffen in waRriger
Loésung entsteht quantitativ 2,6-Dinitro-4-(methylthio)phenol 6a [8, 13b].

Beim Oxydieren von 6a mit Wasserstoffperoxid in essigsaurer Ldsung
entsteht, in Abhédngigkeit von der Menge des Wasserstoffperoxyds, entweder
2,6-Dinitro-4-(methylsulfinyl)phenol 7 oder 2,6-Dinitro-4-(methylsulfonyl)-
phenol 8 mit Ausbeuten Uber 90%.

Der Austausch der phenolischen Hydroxylgruppe gegen Chlor ist ein
h&ufiges Verfahren auf dem Gebiete der heteroaromatischen Verbindungen. In
der aromatischen Reihe ist die Herstellung von Pikrylchlorid aus Pikrinsdure
mit Phosphoroxychlorid in Gegenwart von Pyridin [16] sowie die Herstellung
von verschiedenen Nitrochlorbenzolen aus Nitrophenolen, mit Thionylchlorid
in hohem UberschuR und Dimethylformamid als Katalysator [17], bekannt.

Gegenlber den bisher bekannten Verfahren fanden wir es vorteilhafter,
den Austausch der phenolischen Hydroxylgruppe mit Phosphoroxychlorid in
Dimethylformamid vorzunehmen. Das chlorierende Agens ist das bekannte
Addukt aus Phosphoroxychlorid und Dimethylformamid [18]. Der Vorteil des
Verfahrens liegt darin, daR kein UberschuB an Phosphoroxychlorid bendtigt
wird; das 2,6-Dinitro-4-(methylthio)chlorbenzol 9a, das 2,6-Dinitro-4-(methyl-
sulfinyl)chlorbenzol 9b sowie das 2,6-Dinitro-4-(methylsulfonyl)chlorbenzol 9c
entsteht mit fast quantitativer Ausbeute. Das Uberschiissige Dimethylforma-
mid tritt nicht mit dem entstandenen Chlorbenzolderivat in Reaktion, in
Gegensatz zu Beobachtungen an anderen Beispielen [19].
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a

9
9a: B = S€H3
9b: B = SOCHS3
9c: B = S02CH3

Die Aminolyse der Yerbindungen 9 liefert die entsprechenden Anilin’
derivative 10 mit hervorragender Ausbeute.

B

10
10a: B = SCH3; R,R’= n-C3H7
10b: B = SCH3; R,R’= (—CH2-)5
lOc: B = SCH3; R,R’= (—CH2—)4
I0d: B = SOCH3; R,R’= n-CH7

Unter den (Methylthio)-nitroanilinen war bisher nur das 2-Nitro-4-
(methylthio)anilin bekannt, das durch hydrolytische Methylierung der Thio-
cyangruppe erhalten wurde [20].

W ir oxydierten die 2,6-Dinitro-4-(methylthio)aniline mit recht guter
Ausbeute in essigsaurer Losung mit 1 Mol Wasserstoffperoxyd zu den ent-
sprechenden 4-Methylsulfinylderivaten 2b, mit Uberschiissigem W asserstoff-
peroxyd zu den 4-Methylsulfonylverbindungen 2c.

Das Interessante bei der letzteren Reaktion ist, daB selbst bei Uber-
schissigem W asserstoffperoxyd nur das Sulfon entsteht und keinerlei N-Oxyd-
bildung zu beobachten ist. Dieser Befund ist umsomehr beobachtenswert, da
— gemdR den Beobachtungen mehrerer Forscher — die Reaktivitdt gegenlber
W asserstoffperoxyd in essigsaurer LOsung in der Reihenfolge tért. Amin
Sulfid Azinstickstoff Thiolschwefel Athylenbindung ]> aromatische
Bindung abnimmt [21].

In unserem Fall sind fur das Ausbleiben der Bildung von N-Oxyd die
stark elektrophilen Substituenten des Ringes verantwortlich. Diese machen
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Tabelle 1
Zeichen Benennung Losungsmittel Schmecltz:punkt
10a 2,6-Dinitro-4-(methylthio)-N,N-dipropylanilin Butanol ol
10b  I-(2,6-Dinitro-4-methylthio)-phenylpiperidin Athanol 99-101
10c  I-(2,6-Dinitro-4-methylthio)-phenylpyrrolidin Athanol 93- 9%
I0d  2,6-Dinitro-4-(methylsulfoxyl)-N,N-dipropylanilin Athanol 86- 87
Ib  2,6-Dinitro-4-(methylsulfonyl)-N,N-dipropylanilin Isopropylalkohol 150-151

das einsame Elektronenpaar des Stickstoffs der Aminogruppe unféhig, eine
dative Bindung zu bilden, In Abwesenheit solcher Gruppen kann die selektive
Bildung des S-Oxyds nicht geldst werden. So erhielten z. B. Karpenko et al. [22]
bei der Oxydation von (jD-Dimethylaminophenyl)-tert. butylsulfyd mit Wasser-
stoffperoxyd (p-Dimethylaminophenyl)-tert. butyl-sulfon-N-oxid.

Aus den Ergebnissen der Ausprifung einiger unserer Verbindungen —
wofur wir dem AuBenhandelsunternehmen Medimpex und der Dow Chemical
Co. zu Dank verpflichtet sind — konnte unsere Ansicht Gber den Zusammen-
hang zwischen Wirkung und Struktur bestdtigt werden. Ein weiteres Ergebnis
unserer Arbeit ist das neue, fir industrielle Durchfiihrung geeignete Synthese-
verfahren des bekannten Herbicids Ib.

Wir danken Herrn I. Remport fir die Mikroanalysen und Frau Dr. T. Kubinyi sowie
Frl. J. Kun und M. Wundelte flr die Teilnahme an der Durchfihrung der Versuche.

Experimenteller Teil

Die angegebenen Schmelzpunkte sind unkorrigiert.

2,6-Dinitro-4-(methylthio)phenyl-p-toluolsulfonat (sb)

Zu der in 30 ml trockenem Aceton geldsten, mit kaltem Wasser gekihlten L&sung von
6,2 g (0,027 mol) 2,6-Dinitro-4-(Methylthio)phenol (6a) und 3,8 ml Tridthylamin wird unter
Rihren eine Losung von 5,15 g (0,027 mol) Tosylchlorid in 15 ml trockenem Aceton tropfen-
weise zugegeben. Das Reaktionsgemisch wird bei Raumtemperatur weitere 3,5 Stunden lang
gerthrt. Die abgeschiedenen Kristalle (Tridthylammoniumchlorid) werden abfiltriert und das
Filtrat eingedampft. Der Ruckstand wird mit Wasser verrieben und filtriert. Es werden
9,53 g (92%) 6b erhalten. Nach Umkristallisieren aus Nitromethan, Schmp. 186—187 °C.

Analyse CH4H 13 0 682 (384,39)
Ber. C 43,70%, “H 3,16%, N 7,30%, S 16,68%
Gef. C 43,87%, H 3,29%, N 7,10%, S 16,50%
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Analyse
S Aus- h Gefund
Umkristallisiert aus beute Berechnet efunden
0,
’ C H N s c H N s
97
Methanol 97 48,47 5,08 14,13 10,78 48,80 5,06 13,97 10,80
Athanol 99 46,63 4,62 14,83 11,32 45,91 4,23 1465 11,05

Athanol-W asser 82 47,03 5,81 12,76 9,73 46.93 5,67 12,40 9,79
Isopropylalkohol 91,5

2.6-Dinitro-4-(methylsulfonyl)phenyl-p-toluolsulfonat (sb)

2,47 g (0,00645 mol) ¢b werden in 70 ml Eisessig geldst und mit 2 ml 23%igem Wasser-
stoffperoxyd 2 Stunden lang auf dem Wasserbad erwé&rmt. Danach wird filtriert und ein-
gedampft. Es werden 2,27 g (84,5%) sb erhalten. Schmp. nach Umkristallisieren aus Essig-
saure 180—181°C.

Analyse CHUHIN20 9S2 (416,39)

Ber. C 41,32%, H 2,91%, N 6,73%, S 15,40%

Gef. C 41,48%, H 3,01%, N 6,63%, S 1538%

2.6- Dinitro-4-(methylsulfonyl)-N,N-dipropylanilin (Ib)

Ein Gemisch aus 1,25 g (0,003 mol) sb, 0,9 ml (0,0066 mol) Dipropylamin und 15 ml
abs. Alkohol wird 1,5 Stunden lang im Sieden gehalten. Die Ldsung wird im Vakuum einge-
dampft, der Rickstand mit 10 ml Wasser versetzt und mit 2X 10 ml Chloroform ausgeschittelt.

Zur walrigen Losung werden 660 mg (0,00324 mol) S-Benzylthiuroniumchlorid zuge-
geben. Es werden 215 mg (21,2%) p-Toluolsulfonsdure-S-benzylthiuroniumsalz erhalten.
Schmp. 171—173 °C.

Die chloroformische Ldsung wird eingedampft und der dlige Riickstand aus Isopropyl-
alkohol umkristallisiert. Es werden 250 mg (24,1%) lb erhalten. Schmp. 150—151 °C.

Das alkoholische Filtrat wird eingedampft und der Rickstand aus Athylacetat um-
kristallisiert. Es werden 245 mg (31%) sa erhalten. Schmp. 220—222 °C.

Reaktion von 2,6-Dinitro-4-(methylthio)phenyl-p-toluolsulfonat mit Dipropylamin

3,85 g (0,01 mol) eéb und 3,4 ml (0,025 mol) Dipropylamin werden in 50 ml Benzol
geldst und 3 Stunden lang im Sieden gehalten. Die benzolische Lésung wird eingedampft,
der Ruckstand in Chloroform aufgenommen, die Losung mit 2 n Salzsdure, mit Wasser, mit
5%iger Natriumhydrogencarbonatlésung und wiederum mit Wasser gewaschen und Uber
Natriumsulfat getrocknet. Nach dem Eindampfen der Ldsung werden 1,6 g (76%) 2,6-Di-
nitro-4-(methyl-thio)phenol (sa) erhalten. Nach Umkristallisieren aus Methanol Schmp. 100—
103 °C. (Literaturwert [8] Schmp. 108 °C.)

2.6- Dinitro-4-(methylsulfonyl)anisol (sc)

Zu einer aus 1,15 g (0,05 mol) Natrium und 400 ml abs. Methanol hergestellten Natrium-
methylatldsung werden 14 g (0,05 mol) 2,6-Dinitro-4-(methylsulfonyl)chlorbenzol (9c) gegeben
und das Reaktionsgemisch wird 3 Stunden lang im Sieden gehalten. Nach dem Eindampfen
wird der Ruckstand mit Wasser behandelt. Es werden 11,05 g (80%) 8c erhalten. Nach Um-
kristallisieren aus Methanol Schmp. 199—201 °C.

Analyse C8H8N2 7S (276,23)

Ber. N 10,15%

Gef. N 10,16%

Aus sc entsteht mit Dipropylamin in methanolischer Lésung bei 8stiundigem Sieden
die Verbindung sa mit phenolischer Hydroxylgruppe (Ausbeute 95,5%).
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4-(Methylsulfonyl) -N,N-dipropylanilin (3a)

a) Das Gemisch von 38 g (0,1 mol) (p-Chlorphenyl)-methylsulfon [23] mit 150 ml
Dipropylamin und 1 g Natriumjodid wird im Rohr 25 Stunden lang bei 250 °C gehalten. Das
Reaktionsgemisch wird eingedampft und der Riuckstand in Chloroform aufgenommen. Die
chloroformische Lésung wird mit verdinnter Salzsdure und mit Wasser gewaschen und Uber
Natriumsulfat getrocknet. Nach dem Abdestillieren des Chloroforms wird der élige Rickstand
mit abs. alkoholischer Salzs&ureldsung versetzt und die erhaltene Ldsung eingedampft. Die
erhaltenen Kristalle werden aus Isopropylalkohol umkristallisiert, wobei 21,3 g (73%) 3a-
Hydrochlorid erhalten werden. Schmp. 165—171 °C.

Analyse C13H2C1NO02S (291,84)

Ber. C 53,50%, H 7,60%, N 4,80%, CI“ 12,15%, S 10,98%

Gef. C 53,68%, H 7,64%, N 5,02%, CI*“ 12,35%, S 11,20%

10 g des salzsauren Salzes werden in 50 ml Wasser suspendiert, mit 2 n NaOH alkalisch
gemacht und mit Chloroform extrahiert. Nach dem Trocknen und Eindampfen werden 8,2 g
Oliges 3a erhalten.

NMR (CDC13) r = 9,1 ppm Triplett (6H) (Methyl)

8,3 Multiplett (4H) (Methylen)

6,7 Multiplett (4H) (Methylen)

7,0 Singulett (3H) (Methylsulfonylmethyl)
2,2—3,45 Multiplett (4H arom.)

b) Ein Gemisch von 2,65 g (0,015 mol) (p-Aminophenyl)-methylsulfon [24], 3,32 ¢
(0,015 mol) PropyLp-1oluolsulfonat [25] und 1,5 g pulverisiertem Kaliumhydroxid wird
1 Stunde lang auf dem Wasserbad und anschlieBend 3 Stunden lang im Olbad bei 110—120° C
gehalten. Nach dem Abkuhlen wird Wasser zum Reaktionsgemisch gegeben und es wird mit
Chloroform extrahiert. Nach dem Eindampfen des Extraktes wird der harzige Rickstand mit
Ather behandelt und die dabei abgeschiedenen Kristalle werden abfiltriert. Es werden 0,7 g
des Ausgangsstoffes zurickgewonnen. Die &dtherische Ldsung wird eingedampft, der 0lige
Ruckstand mit abs. alkoholischer HCI-L6sung behandelt, die Lésung eingedampft, der Rick-
stand aus Isopropylalkohol umkristallieiert. Es werden 1,5 g 3a-Chlorhydrat erhalten (Schmp.
176—178 °C).

2-Nitro-4-(methylsulfonyl)-N,N-dipropylanilin (3b)

a) Zur Lo6sung von 0,25 g (0,001 mol) 4-(Methylsulfonyl)-N,N-dipropylanilin (3a) in
2.5 ml Eisessig werden 0,22 ml (0,005 mol) 95%ige Salpetersdure zugegeben. Die Lésung wird
24 Stunden bei Raumtemperatur stehen gelassen und anschlieBend in 25 ml Wasser gegossen.
Das abgeschiedene Ol wird mit Benzol ausgeschiittelt. Die benzolische Ldsung wird mit
Wasser, mit Natriumcarbonatlésung und wiederum mit Wasser gewaschen und getrocknet.
Nach dem Eindampfen werden 0,15 g (50%) dliges 3b gewonnen.

NMR (CDC13) r = 9,15 ppm Triplett (6H) (Methyl)

8,4 Multiplett (4H) (Methylen)
6,8 Triplett (4H) (Methylen)
6,92 Singulett (3H) (Methylsulfonylmethyl)
15—2,9 Multiplett (3H arom.) (1,2,4-trisubstituierter Benzol-
ring)

b) Zur Lésung von 2,36 g (0,01 mol) 2-Nitro-4-(methylsulfonyl)chlorbenzol [26] und
1.06 g (0,0105 mol) Dipropylamin in 20 ml abs. Alkohol werden bei Siedentemperatur 1,06 g
(0,0105 mol) Triathylamin tropfenweise zugegeben. Die Ldsung wird weitere 6 Stunden lang
bei Siedetemperatur gehalten und anschlieBend eingedampft. Der Rickstand wird in Chloro-
form aufgenommen, die Ldsung wird mit verdinnter Salzsdure und mit Wasser gewaschen
und eingedampft. Das NMR-Spektrum des 6ligen Rickstandes (2,8 g 3b, 93,5%) ist identisch
mit dem Spektrum der nach a) hergestellten Verbindung.

2,N-Dinitro-4-(methylsulfonyl)-N-propylanilin (3c)

Zur Losung von 2,55 g (0,01 mol) 4-(Methylsulfonyl)-N,N-dipropylanilin in 35 ml Eis-
essig werden unter Rihren bei 5—10°C 5 ml konz. Salpetersdure tropfenweise zugegeben.
Die Losung wird 2 Stunden lang bei 50°C geriihrt und anschlieBend in Eiswasser gegossen.
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Die abgeschiedenen Kristalle werden zweimal aus Alkohol umkristallisiert. Es werden 1,9 g
(63,5%) 3c erhalten. Schmp. 98—102 °C.

Analyse CI10H 13N306S (303,28)

Ber. C 39,73%, H 4,33%, N 13,90%, S 10,85%

Gef. C 40,06%, H 4,23%, N 14,02%, S 10,99%

NMR (CDC13) T = 9,10 ppm Triplett (3H) (Methyl)

8,30 Multiplett (2H) (Methylen)
5.4— 6,05 Multiplett (2H) (Methylen)

6,80 Singulett (3H) (Methylsulfonylmethyl)
14— 27 Multiplett (3H arom.)

2.6- Dinitro-4-(methylthio)phenol (6a)

114,3 g (0,6 mol) S,S-Dimethyl-(4-hydroxyphenyl)-sulfoniumchlorid 4 [13] werden in
120 ml konz. Schwefelsédure geldst. Unter Rihren und Eis—Kochsalz-Kiihlung wird — hei
Temperaturen unterhalb 10 °C — tropfenweise Nitriersdure (bestehend aus 90 ml [1,2 mol]
konz. Salpetersidure [Dichte 1,4] und 270 ml konz. Schwefelsdure) zugegeben. Das Reaktions-
gemisch wird Uber Nacht stehen gelassen, dann 1,5 Stunden lang bei 90 °C gehalten und nach
dem Abkihlen in Eiswasser gegossen. Die ausgeschiedenen gelben Kristalle (5) werden abfil-
triert und mit Wasser gewaschen. Die feuchten Kristalle der Verbindung 5 werden in 540 ml
konz. Salzsiure geldst, 540 ml Wasser werden zugegeben und die Losung wird eine Stunde
lang im Sieden gehalten. Das beim Abkiihlen erstarrende rote Ol wird abfiltriert und mit
Wasser sdurefrei gewaschen. Es werden 108 g (78%) 6a erhalten, Schmp. 105—107°C. (Litera-
turwert [8] Schmp. 108 °C.)

2.6- Dinitro-4-(methylsulfoxyl)phenol (7)

Zur Suspension von 23 g (0,1 mol) 6a in 200 ml Eisessig werden 8,7 ml 39%iges Wasser-
stoffperoxyd (0,1 mol) gegeben und das Reaktionsgemisch wird 1,5 Stunden lang auf dem
W asserbad erwéarmt. AnschlieRend wird es im Vakuum eingedampft, der Rickstand mit Was-
ser behandelt, die abgeschiedenen Kristalle werden abfiltriert und mit Wasser gewaschen.
Es werden 23,19 (94%) 7 erhalten. Schmp. 153—154 °C. (Literaturwert [8] Schmp. 150 °C.)

2.6- Dinitro-4-(methylsulfonyl)phenol (8a)

a) Zur Suspension von 69 g (0,3 mol) 6a in 210 ml Eisessig werden 52,5 ml 39%iges
W asserstoffperoxyd (0,6 mol) gegeben. Das Reaktionsgemisch wird 1 Stunde lang auf dem
W asserbad erwdrmt, wobei zundchst eine Ldsung entsteht und alsbald die Kristalle der Ver-
bindung 8a abgeschieden werden. Nach dem Abkuhlen werden die Kristalle filtriert und mit
W asser gewaschen. Es werden 75 g (95,5%) 8a erhalten; Schmp. 221—222°C. Durch UmKkristal-
lisieren aus Athylacetat wird der Schmelzpunkt nicht verandert.

Analyse C7THeN2-,S (262,20)

Ber. C 32,06%, H 2,30%, N 10,69%, S 12,23%

Gef. C 32,24%, H 2,55%, N 10,88%, S 12,16%

b) 28 g (0,1 mol) 9c werden in 100 ml Dimethylformamid geldst und eine L6sung von
10 g (0,25 mol) Natriumhydroxyd in 20 ml Wasser zugegeben. Die Losung wird 1 Stunde lang
im Sieden gehalten und nach dem Abkuhlen mit 10%iger Salzsdure angesduert. Nach dem
Filtrieren, Waschen mit Wasser und Trocknen werden 20 g (77%) 8a erhalten. Nach Um-
kristallisieren aus Athylacetat Schmp. 220—221°C. Die gemaR a) und b) hergestellten Sub-
stanzen 8a sind véllig identisch.

2.6- Dinitro-4-(methylthio)chlorbenzol (9a)

23 g (0,1 mol) 6a werden in 40 ml Dimethylformamid gel6st. Unter Rihren und Kihlen
mit Eiswasser werden 9,2 ml (15,35 g; 0,1 mol) Phosphoroxychlorid tropfenweise zugegeben.
Das Reaktionsgemisch wird im siedenden Wasserbad 1 Stunde lang geriihrt. Nach dem Abkih -
len wird es auf Eis gegossen. Die abgeschiedenen orangefarbigen Kristalle werden filtriert und
mit Wasser gewaschen. Es werden 24 g (96,5%) 9a erhalten. Schmp. 117—119°C. Umkristal-
lisieren aus Methanol dandert den Schmelzpunkt nicht.

Analyse CTH5CIN2) 4S (248,65)

Ber. Cl 14,26%, S 12,89%, N 11,27%

Gef. Cl 14,57%, S 12,94%, N 11,06%
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2,6-Dinitro-4-(methylsulfoxyl)ehlorbenzol (9b)

Das Gemisch von 12,55 g (0,05 mol) 9a, 50 ml Eisessig und 4,5 ml 38%igem Wasser-
stoffperoxyd (0,05 mol) wird 1 Stunde lang auf dem Wasserbad erwdarmt. Die Ldsung wird
im Vakuum eingedampft und der Rickstand mit Wasser behandelt. Nach dem Filtrieren und
Trocknen werden 11,82 g (89,5%) 9b erhalten. Aus Methanol umkristallisiert betragt der
Schmelzpunkt 127—128 °C.

Analyse CTH5CIN206S (264,65)

Ber. C 31,77%, H 1,90%, N 10,59%, CI 13,40%, S 12,11%

Gef. C 31,87%, H 1,75%, N 10,76%, CI 13,39%, S 12,12%

2,6-Dinitro-4-(methylsulfonyl)chlorbenzol (9c)

a) Zur Suspension von 24,85 g (0,1 mol) 9a in 100 ml Eisessig werden 18 ml 38,5%iges
Wasserstoffperoxid (0,2 mol) zugegeben. Das Reaktionsgemiseh wird 1 Stunde lang auf dem
Wasserbad erwdrmt. Zu dem noch warmen Gemisch werden 100 ml Wasser zugegeben. Die
abgeschiedenen blaRgelben Kristalle werden filtriert und mit Wasser gewaschen. Es werden
25,8 g (92%) 9c erhalten. Schmp. 201—203 °C. (Literaturwert [3b] Schmp. 201—203 °C.) Bei
der Schmelzpunktbestimmung im Gemisch miteiner authentischen Substanz tritt keine Depres-
sion auf.

b) Zur Suspension von 26 g (0,1 mol) 8a in 50 ml Dimethylformamid werden unter
Riuhren und Kihlen mit Eiswasser 9,2 ml (15,35 g; 0,1 mol) Phosphoroxychlorid tropfenweise
zugegeben. Das Gemisch wird 1 Stunde lang bei Raumtemperatur und eine weitere Stunde
lang auf dem siedenden Wasserbad geriuhrt. Nach dem Abkihlen wird die Lésung auf Eis
gegossen, die abgeschiedenen Kristalle werden filtriert und mit Wasser gewaschen. Es werden
27,13 g (97%) 9c erhalten. Schmp. 202—204 °C.

2.6- Dinitro-4-schwefelsubstituierte-N,N-Dialkylaniline (10)

Die alkoholische oder isopropylalkoholische Ldsung von 1 Mol 2,6-dinitro-4-schwefel-
substituiertem Chlorbenzol und 2 Mol des entsprechenden Amins oder 1 Mol des Amins und
1 Mol Tridthylamin wird 2 Stunden lang im Sieden gehalten. Nach dem Abkihlen kristallisiert
die Verbindung 10 in bestimmten Fallen. In anderen Fallen muB das Reaktionsgemisch ein-
gedampft werden; durch Behandeln des Riickstandes mit Wasser wird 10 abgetrennt und
anschliefend wird umkristallisiert. Die Angaben der hergestellten Verbindungen sind in Tab. |
enthalten.

2.6- Dinitro-4-(methylsulfonyl)-N,N-dipropylanilin (Ib)

a) 15,6 g (0,05 mol) 10a werden in 80 ml Eisessig gelost und 9 ml 38%iges Wasser-
stoffperoxyd werden zugegeben (0,1 mol). Die Lésung wird 1,5 Stunden lang auf dem Wasser-
bad erwdrmt und dann im Vakuum eingedampft. Der Rickstand wird mit Wasser behandelt,
filtriert und mit Isopropylalkohol gewaschen. Es werden 14,30 g (83%) Ib erhalten. Schmp.
150—151 °C.

b) Zur Losung von 3,30 g (0,01 mol) 10d in 16 ml Eisessig wird 1 ml 38%iges Wasser-
stoffperoxyd (0,01 mol) zugegeben und die Lésung wird 1 Stunde lang auf dem Wasserbad
erwarmt. Das Reaktionsgemisch wird wie bei a) verarbeitet. Es werden 3,1 g (90%) Ib erhal-
ten. Schmp. 150—151 °C.
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BASISCHE ESTER MIT ANTIARRHYTHMISCHER
WIRKUNG

K. Harsanyi, G. Héja und D. Korbonits

(Pharmazeutische und Chemische Werke CHINOIN)
Eingegangen am 10. Januar 1974

Es wurden auf verschiedenen Wegen Ester der allgemeinen Forme
Ar-COO(Cli29nN+H2R (6) von therapeutischer Bedeutung hergestellt. Wahrend bei
Ar = 3,4,5-Trimethoxyphenyl und n = 2 aus dem S&ureamid (9) unter der Wirkung
von Sdure der basische Ester gebildet wurde, konnte die O N-Acylwanderung bei
der Esterbase nicht durchgefiihrt werden.

Basische, sekundé&re oder tertidre Aminogruppen enthaltende Ester von
aromatischen Carbonsduren gelangten zuerst als Lokalanédsthetika zu einer
Rolle in der Heilkunde. Einige charakteristische Vertreter dieser Gruppe sind
Hexylcain 1 [1], Monocain 2 [2] und Parethoxycain 3 [3]. Erst spdter wurde
es in der therapeutischen Praxis bekannt, daB diese Lokalanésthetika das
Auftreten des arryhthmischen Zustandes hemmen. Unter den Forschungs-
ergebnissen der letzten 10 Jahre kann man von den zu dieser Verbindungs-
gruppe gehdrenden, die Arbeit des Herzmuskels und die Durchstrémung der
Kranzarterie steigernden Préparaten des Hexobendin 4 [4] und das Diphenyl-
amylate 5 [5] erwé&hnen.
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Als Fortsetzung unserer Forschungen auf diesem Gebiet mit 3,3-Di-
phenylpropylamin-Derivaten [6] setzten wir uns das Ziel, sekundidre Amino-
gruppen enthaltende Ester gemdR der allgemeinen Formel 6 herzustellen. In
dieser Formel wurden fir R — vor allem aufgrund unserer friheren Ergebnis-
se [6] — Aralkyl- bzw. Cycloalkylgruppen gewé&hlt; diese wurden mit der
Isopropyl-Gruppe ergédnzt, die in den neuerdings in der Medizin sich einen
Platz erobernden /3-Blockern eine Rolle spielt. Zur Veresterung wurden vor
allem aromatische Carbonséduren, und zwar analog zu 4 und 5 Alkoxybenzoe-
sduren verwendet, jedoch wurden, mit Ricksicht auf die bekannte gefaRer-
weiternde Wirkung der Nikotinsdure [7] auch heteroaromatische Carbonsduren
einbezogen. Zwischen den Alkohol- und Aminofunktionen waren — der bis-
herigen Praxis (s. 1—5) entsprechend — C;— C4 Ketten eingeschaltet.

©
Ar—COO—(CH2,—NH,—R HO—(CH2),—N -R
|
A
6 7a: A = H
7b: A = CH,CcH5

Zur Herstellung der Verbindungen I—XXII wurden mehrere, im wesent-
lichen bekannte, Verfahren verwendet. Es soll bemerkt werden, dall sekundare
Aminogruppen enthaltende Alkohole nur dann mit Acylierungsmitteln Ester
bilden, wenn ihre Aminogruppe — am einfachsten durch Salzbildung — aus
der Acylierung ausgeschlossen werden. Die Salze der Aminoalkohole wurden
mit Sdurechlorid (Verfahren A) oder in Gegenwart von den W asseraustritts-
fordernden Mitteln, mit Sdure (Verfahren B) verestert.

Nach einem bekannten Verfahren werden das Sdurechlorid und das Salz
des Aminoalkohols in der Schmelze in Reaktion gebracht [8]. Da der Vorgang
die hohere Temperatur der Schmelze nicht bendtigt, hielten wir es fur glnstiger,
die Reaktion in Ldsung (z. B. in Athylacetat) durchzufihren, wobei das Salz
des Aminoalkohols in situ gebildet wurde. In aromatischen Kohlenwasser-
stoffen als Lésungsmittel wurde die Veresterung — nach der Bildung des Séaure-
chlorids — durch Einfihren des Aminoalkohol-Salzes bewerkstelligt.

Zur unmittelbaren Veresterung mit Sduren (Verfahren B) wurden p-
Toluolsulfonsdure in Benzol [9] oder N,N’-Carbonyldiimidazol in Tetrahydro-
furan [10] verwendet.
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An der Blockierung der Aminogruppe kommt auBer der Salzbildung
noch irgendeine leicht abspaltbare Schutzgruppe in Frage. So wurde der
tertidre Aminoalkohol 7b verwendet, da dessen Acylierung eindeutig nur am
O-Atom erfolgen kann. Das Entfernen der Benzylgruppe wurde durch Hydro-
genolyse des salzsauren Salzes 8 in Eisessig [11] durchgeflihrt (Verfahren C).

CHsCeHe H
Al—COsICHi),,—HN Ar—CO —N—(CH3s),,—OH
R
n=2a
e
8 a "

Bei den Acylderivaten von Beta- und Gamma-Aminoalkoholen ist die
Acylwanderung bekannt. lhre Richtung ist in saurem Medium das O-Acylsalz,
wahrend in basischem Medium die N-Acylverbindung (S&ureamid) gebildet
wird [12]. Die Umwandlung der Sdureamide 9 in 6 durch Acylwanderung
wurde durch Erwédrmen mit salzsaurehaltigem Athylacetat durchgefiihrt (Ver-
fahren D). Obwohl wir die Ausldsung des entgegengesetzten Vorganges nicht
beabsichtigten, stellten wir bei der biologisch &uRerst aktiven Verbindung I11
(s. Tabelle 1) auch die Base dieser Verbindung her, um ihre Stabilitdt bzw. ihre
eventuelle Umsetzung bei basischem pH zum Saureamid des Typs 9 zu unter-
suchen. Letzteres kdnnte ndmlich hinsichtlich der intestinalen Resorption von
Bedeutung sein. Die Base aus Ill konnte isoliert werden, jedoch gelang es
weder durch Erwdrmen mit Lésungsmittel, noch durch basische Katalysatoren,
daraus das Saureamid 9 zu gewinnen.

Die Abhéngigkeit der O —= N-Acylwanderung vom Substituenten bei N-
bzw. O-acylierten Derivaten von 1,2-Aminoalkoholen, im Gegensatz zum ent-
gegengesetzten Vorgang, wurde bereits durch Reasenberg und Goldberg [12]
beobachtet, ohne jedoch eine theoretische Erkldrung des Vorgangs zu geben.

Die Stabilitdt der Base von Il (Ar = 3,4,5-Trimethoxyphenyl), die Ab-
wesenheit der O —% N-acylwanderung steht in vollem Einklang mit dem
Additions-Eliminationsmechanismus dieses Vorganges, welcher der bimoleku-
laren nukleophilen Substitution, z. B. der Hydrolyse der Ester &hnlich ist. Bei
letzterem Vorgang ist die Wirkung des Substituenten auf die Hydrolyse-
geschwindigkeit des aromatischen Carbonsdureesters wohlbekannt (sie be-
trdgt bei p-N02Benzoesdureester das 525fache der Geschwindigkeit beim
p-OCH3-Ester [13]). Diese Wirkung ergibt sich aus dem Geschwindigkeits-
unterschied bei der Addition des nukleophilen Agens (OH~) am Kohlenstoff
der Estercarbonylgruppe. Bei einem weniger stark nukleophilem Agens
gelangt dieser Unterschied noch mehr zur Geltung. Folglich verdankt die
Base von Ill ihre Stabilitdt dem Trimethoxybenzoesdure-Strukturteil, da der
zur O =+ N-Acylwanderung bendtigte Additionsschritt am Aminocarbonyl-
Kohlenstoff infolge der elektronstolRenden Eigenschaft der Methoxygruppe(n)
nicht Zustandekommen kann. Auch der entgegengesetzte Vorgang beim
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No. Ar
i 3,4,5-Trimethoxyphenyl
i 3,4,5-Trimethoxyphenyl
ui 3,4,5-Trimethoxyphenyl
v 3,4,5-Trimethoxyphenyl
\V 3,4,5-Trimethoxyphenyl
\ 3,4,5-Trimethoxyphenyl
VIl 3,4,5-Trimethoxyphenyl
VIl 3,4,5-Trimethoxyphenyl
I1X 3,5-Dimethoxy-4-hidroxy-
phenyl
X 3,4-Dimethoxyphenyl
Xl 3,4-Dimethoxyphenyl
X1l 3,4-Dimethoxyphenyl
X111 3,4-Dimethoxyphenyl
XIV 2,4-Dichlorphenyl
XV 2-Chlor-5-sulfamoyl-
phenyl [23]
XVI 3-Sulfamoyl-4-chlorphenyl
[24]
XVII 3-Nitro-4-chlor-5-sulfa-
moylphenyl [25]
XVIII 3-Pyridil
XIX 3-Pyridil
XX 3-Pyridil
XXl 2-Furyl
XXI1 3-Methyl-5-phenyliso-
xazol-4-yl
* XC1

Sé&ureamid 9 (Ar =

N NN NN

N W W N

N

N NN NN

Tabelle |

Die Verbindungen stehen unter Patentschutz

Phenetyl
Isopropyl
Cyclohexyl

3,4-Dimethoxy-
phenylathyl

Cyclohexyl
Cycloheptyl
Cyclopentyl
Cyclohexyl
Cyclohexyl

Isopropyl
Isopropyl
Cyclohexyl

3,4-Dimethoxy-
phenylathyl

Cyclohexyl
Cyclohexyl

Cyclohexyl

Cyclohexyl
Phenetyl
Cyclohexyl

Isopropyl
Cyclohexyl

Cyclohexyl

Lit.
n
und
R

17
17
18
19

20

12
21

18
17
22
20
19

18
18
18

18
17
18
17
18

18

Ver-
fahren

Ab
Ab

Ab

Ab
Ad
Ab
Ad

Ba
Ab
Ab
Ab
Ab

Ba

Ab

Ad

Ba
Ab
Ab
Ab
Ad

Ab

Verbin-
dungen
S'

beute
%
57
48
79
41

68
20
33
30

10
40
35
18
23

19

31

45
54
52
43
14

25

Schmp.
OC p

183-186
169-174
209-211
149-151

173-174
176-180
162-166
148-150

210-213
188-190
168-172
176-178
138-140

209-211
216-219
260

248 Z.
215

150
152-158
205-207

141-144

3,4,5-Trimethoxyphenyl) kann leicht gedeutet werden: in

diesem Fall ist die Wirkung des Substituenten des aromatischen Ringes —
&hnlich wie bei der sauren Hydrolyse der Ester — bei dem Protonenangriff
beginnenden Vorgang unbedeutend (die Hydrolysegeschwindigkeit des p-N02-

Benzoesaureesters ist das

[14]).
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Ar-COO-(CH,,)n-NH.,-RX~

Analyse
c H N ci- S
No.

Ber. Gef. Ber. Gef. Ber. Gef. Ber. Gef. Ber. Gef.

60,67 60,53 6,62 6,7 3,54 3,54 8,96 9,2 i
53,97 54,10 7,25 7,11 4.2 4,33 10,62 10,89 "n
58,15 57,56 7,56 7,65 3,75 4,34 9,5 9,65 in
57,95 57,7 6,63 6,5 37 2,98 7,77 7,87 v
58,83 59,5 7,79 7,79 3,61 3,64 9,14 8,91 \Y%
58,79 58,26 7,79 7,9 3,61 3,31 9,14 8,9 VI
56,85 5596 7,29 7,27 3,90 4,07 9,87 9,62 Vil
59,77 59,33 8,03 7,97 3,49 3,52 8,83 8,61 Vi
56,84 57,05 7,30 7,15 3,90 4,26 9,87 9,79 IX
55,35 55,60 7,3 7,29 4,61 4,38 11,66 11,45 X
56,68 57,26 7,61 7,15 4,4 4,66 11,15 11,04 Xl
60,4 60,9 798 8,01 3,92 4,04 9,91 9,88 X1
59,1 57,9 6,62 7,19 3,29 3,04 8,3 7,75 X1
51,08 51,91 5,72 5,80 3,97 3,95 30,16* 30,55* XV
4534 45,2 5,58 55 7,05 7,09 8,92 8,59 XV
4534 45,91 5,58 5,64 7,05 7,22 8,92 8,36 XVI

9,50 9,56 16,03* 16,47* 725 7,38 XVII

56,1 56,1 585 6,6 8,27 7,3 20,6 19,83 XVIHI
52,5 51,4 6,65 638 838 859 22,2 21,07 XIX
54,0 53,9 715 79 1145 11,31 14,5 15,41 XX
57,03 5786 735 74 5,12 5,10 12,95 12,69 XXI
62,54 6230 691 6,93 7,68 7,65 9,72 9,67 XXII

Die Synthese der Ester 6 wurde ferner durch Alkylierungsreaktionen,
aus 10 und Aminen [15] (Verfahren E) sowie aus 11 und dem Natriumsalz der
Carbonsdure [16] (Verfahren F) in dipolarem aprotischem Ldésungsmittel be-
werkstelligt.

©
Ar—COO—(CH.)n—Cl Cl—(CH,)n—NH,—R
10 1
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Die hergestellten Verbindungen sind in Tab. | zusammengefallt. Beson-
ders die Verbindung 11l besitzt eine in medizinischer Hinsicht nutzbare anti-
arrhythmische Wirkung. Angaben uber die Wirksamkeit der Verbindungen
sollen an anderer Stelle verdffentlicht werden.

Wir sind Herrn Professor L. Szekeres fir die pharmakologischen Untersuchungen,
Herrn I. Remport fir die Mikroanalysen und Frdulein M. WuNDELE fur die Ausfihrung der
experimentellen Arbeit zu Dank verpflichtet.

Experimenteller Teil

Die Schmelzpunkte sind unkorrigiert.

2-Cycloheptylaminoéthanol

In einem mit wasserabscheidendem Aufsatz versehenen Kolben wurden 56,1 g (0,5 mol)
Cycloheptanon und 30,5 g (0,5 mol) Athanolamin in 200 ml Chloroform gelést und bis zum
Abscheiden der berechneten Wassermenge im Sieden gehalten. Nach Abdestillieren desLdsungs-
mittels wurde der Rickstand im Gemisch von 200 ml Methanol und 20 ml Wasser mit 10 g
Natriumborhydrid reduziert. Nach 1-td4gigem Stehen wurde die Ldsung in 250 ml 10%ige
Salzsdure gegossen und bei vermindertem Druck eingedampft. Der Ruckstand wurde in Was-
ser aufgenommen, mit 40%iger Natronlauge alkalisch gemacht und das abgeschiedene Ol mit
Chloroform extrahiert. Nach Abdestillieren des Chloroforms wurde der Rickstand im Vakuum
fraktioniert. Hauptfraktion Kp.: 120—128°C/0,8—1 Hgmm.

ng: 1,4895, Ausbeute: 43,6 g (55%)

Verfahren A
a) 2-Cyclohexylaminoéthyl-3,4,5-triniethoxybenzoat- Hydrochlorid (111)

6,92 g 3,4,5-Trimethoxybenzoylchlorid und 5,4 g 2-Cyclohexylamino&thanol-Hydro-
chlorid wurden trocken vermischt und 1 Stunde lang auf dem Wasserbad erhitzt. Nach dem
Abkihlen wurde das Gemisch mit 25 ml wasserfreiem Athanol verrieben und abgesaugt. 9,9 g
(88%) Ill. Schmp. 203—208 °C. Aus wasserfreiem Athanol umkristallisiert Schmp. 207—
209 °C.

b) 2-Cyclohexylaminodthyl-2-chlor-5-sulfamoylbenzoat-Hydrochlorid (XV)

6,3 g 2-Chlor-5-sulfamoylbenzoylchlorid und 4,4 g 2-Cyclohexylamino&thanol-Hydro-
chlorid wurden in 50 ml wasserfreiem Athylacetat bis zum Aufhoéren der Gasentwicklung im
Sieden gehalten. Nach dem Eindampfen wurde mit Aktivkohle geklart und umkristallisiert.
1,05 g (11%) XV. Schmp. 216—219 °C.

¢) 2-Cyclohexylaminoé&thyl-3,4,5-trimethoxybenzoat- Hydrochlorid (I11)

2,86 g 2-Cyclohexylaminoathanol wurden in 30 ml wasserfreiem Athylacetat geldst und
Chlorwasserstoffgas wurde bis zum Erreichen von pH 1 in die Ldsung eingeleitet. Danach
wurden 4,61 g 3,4,5-Trimethoxybenzoylchlorid zugegeben und das Gemisch wurde unter Rih-
ren 8 Stunden im Sieden gehalten. Nach dem Abkiihlen wurden 6,9 g (92,5%) Il abgeschieden
Schmp. 207—209 °C.

d) 2-Cyclohexylaminoéthyl-3,4,5-trimethoxybenzoat-Hydrochlorid (I11)

Auf 2,12 g 3,4,5-Trimethoxybenzoesdure wurden 10 ml Toluol gegossen und 1,19 g
Thionylchlorid wurden zugegeben. Das Gemisch wurde bis zum Aufhéren der Gasentwicklung
im Sieden gehalten. Die erhaltene Lésung wurde zu einer Suspension von 1,8 g 2-Cyclohexyl-
aminodthanol-Hydrochlorid in 3 ml Toluol gegossen und bis zum Aufhdren der Gasentwick-
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lung im Sieden gehalten. Die nach Abkilihlen ausgeschiedenen Kristalle wurden abgesaugt, mit
wasserfreiem Athanol gewaschen und aus 96%igem Athanol unter Klaren mit Aktivkohle
umkristallisiert. 2,96 g (79%) III.

(Anstelle von Toluol wurde auch Benzol als Ldsungsmittel verwendet.)

Verfahren B
a) 2-Cyclohexylaminoathvl-3,4,5-trimethoxybenzoat-Hydrochlorid (111)

2,0 g 3,4,5-Trimethoxybenzoeséure, 1,8 g 2-Cyclohexylaminoathanol-Hydrochlorid und
4,0 g p-Toluolsulfonsdure wurden in 40 ml Benzol 12 Stunden unter RuckfluR im Sieden
gehalten. Nach dem Abkuhlen wurde die Losung mit 10 ml 15%iger Natriumcarbonat-L&sung
und anschlieBend mit 10%iger Salzsdureldsung ausgeschittelt. Ans dem salzsauren Ldsung
wurden 0,67 g (19%) Ill abgeschieden (Schmp. 210 °C).

b) 2-Cyclohexylaminoéthyl-3,4,5-trimethoxvbenzoat-Hydrochlorid (111)

Eine Ldsung von 1,05 g 3,4,5-Trimethoxybenzoesdure in 10 ml abs. Tetrahydrofuran
wurde unter Kihlen tropfenweise zu einer Lésung von 0,8 g N,N’-Carbonyldiimidazol in 20 ml
abs. Tetrahydrofuran gegeben. AnschlieBend wurde 0,5 Stunden bei Raumtemperatur und
1 Stunde bei 50 °C gertihrt. Das nach dem Eindampfen zuriickgebliebene Ol wurde mit 0,8 g
2-Cyclohexylaminoédthanol-Hydrochlorid in 20 ml Toluol versetzt und 15 Stunden im Sieden
gehalten. Nach dem Abkihlen wurden 0,4 g (21%) Ill abgeschieden.

Verfahren C
2-(N-Benzyl-N-cyclohexylamino)athyl-3,4,5-trimethoxybenzoat-Hydrochlorid (8,

Ar = 3,4,5-Trimethoxyphenyl, n — 2, R = Cyclohexyl)

2,3 g 3,4,5-Trimethoxybenzoylchlorid und 2,7 g 2-(N-Benzyl-N-cyclohexylamino)-
athanol-Hydrochlorid (7b, R = Cyclohexyl, n = 2) [26] wurden in 30 ml Toluol bis zum Auf-
hdren der Gasentwicklung im Sieden gehalten. Der nach dem Eindampfen erhaltene Rick-
stand wurde zweimal aus wasserfreiem Athanol umkristallisiert. Ausbeute 2,5 K (55%), 8.
Schmp. 180—182 °C.

Analyse:

Ber. C 6471 H 7,38 N 3,02 CI* 7,64

Gef. C 64,78 H 7,52 N 2,98 CI* 7,41

2-Cyclohexylaminodthyl-3,4,5-trimethoxybenzoatHydrochlorid (I11)

14 g 2-(N-Benzyl-N-cyclohexylamino)athyl-3,4,5-trimethoxybenzoat-Hydrochlorid
wurden in 35 ml Eisessig geldst und in Gegenwart von Palladium-Kohle hydriert. Die Reak-
tion verlief sehr rasch. Nach Abfiltrieren des Katalysators wurde die Ldsung eingedampft.
Es wurden 1,0 g (90%) IIl erhalten.

Verfahren D
N-(2-Hydroxydathyl)-N-cyelohexyl-3,4,5-trimethoxybenzamid (9)

(Ar = 3,4,5-Trimethoxyphe-
nyl, n = 2, R = Cyclohexyl)

4,3 g 2-Cyclohexylaminodthanol und 3,04 g Tridthylamin wurden in 50 ml abs. Pyridin
gelost. Bei 25—30°C wurde eine Losung von 6,92 g 3,4,5-Trimethoxybenzoylchlorid in 20 ml
abs. Pyridin tropfenweise zugegeben. Das Gemisch wurde weitere 3 Stunden bei 50 °C gerthrt
und bei vermindertem Druck eingedampft. Der Rickstand wurde in Chloroform geldst, mit
Wasser gewaschen und wieder eingedampft. Aus Diisopropyldther wurde, unter Klaren mit
Aktivkohle, umkristallisiert. Es wurden 3,35 g (30%) des Benzamidderivats erhalten. Schmp.
125—128 °C.

Analyse: CI184,N05 (337,41)

Ber. C 64,07 H 8,07 N 4,15

Gef. C 64,25 H 8,04 N 4,25

Im IR-Spektrum meldet sich eine starke OH-Bande bei 3420 cm-1 und eine Amid-
bande bei 1620 cm-1.
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2-Cyclohexylaminoathyl-3,4,5-trimethoxybenzoat-Hydrochlorid (I11)

B 1 g N-(2-Hydroxyathyl)-l-cyclohexyl-3,4,5-trimethoxybenzamid (9) wurden in 20 ml
Athylacetat gel6st und mit HCI-Gas gesattigt. Nach 1-stiindigem Sieden wurden 0,75 g (66%)
111 abgeschieden.

2-Cyclohexylaminoathyl-3,4,5-trimethoxybenzoat

40 g 2-Cyclohexylaminoathyl-3,4,5-trimethoxybenzoat-Hydrochlorid (I11) wurden in
200 ml Wasser bei 40—45° C suspendiert, mit 40%iger Natriumhydroxydlésung auf pH 8 ein-
gestellt, mit Chloroform ausgeschuttelt und die organische Phase im Vakuum eingedampft.
Der Rickstand wurde aus Petrolather unter Kldren mit Aktivkohle umkristallisiert. Es wur-
den 32,1 g farblose Kristalle erhalten; Schmp. 48—50 °C. Zur Reinigung wurde die Substanz
in 100 ml Dichlormethan geldst, mit 30 ml 2 re Natriumhydroxydlésung durchgeschuttelt und
die Dichlormethanphase wurde eingedampft. Der Rickstand wurde aus Petroldther umkristal-
lisiert. Ausbeute 21,3 g (60%) der Base von IllI, Schmp. 51—53 °C.

Analyse CIBHZMN 05 (337,41)

Ber. C 64,07 H 8,07 N 4,15

Gef. C 64,27 H 7,94 N 4,17
Im IR-Spektrum meldet sich eine intensive Cabonylbande bei 1705 cm-1.

Umlagerungsversuche

1 g der Base von Il und 0,05 g Natriummethylat wurden in 25 ml Ldsungsmittel
16 Stunden auf dem Wasserbad erhitzt; es wurde keine Verdnderung beobachtet. Als Ldsungs-
mittel wurden Athylacetat, Benzol, Pyridin, Methylathylketon, Sulfolan, Dimethylformamid,
Athanol, Isopropyldather, N-methylpyrrolidon-2 verwendet.

Beim Rihren von 1 g der Base in 25 ml 2 re Natriumhydroxydlésung bei 50 °C wurde
der Ester hydrolisiert.

Verfahren E
2-Cyclohexylaminoéthyl-3,4,5-trimethoxybenzoat-Hydrochlorid (111)

5,95 g Cyclohexylamin wurden in 10 ml Dimethylsulfoxyd gelést und eine Ldsung von
55 g 2-Chloréathyl-3,4,5-trimethoxybenzoat (10; Ar = 3,4,5-Trimethoxyphenyl, re= 2) [15]
in 20 ml Dimethylsulfoxyd wurde zugegeben. Das Gemisch wurde 8 Stunden auf dem Wasser-
bad erwdrmt und anschlieBend eingedampft. Der Riickstand wurde in Chloroform geldst, mit
Wasser gewaschen und die chloroformische Phase mit HCI-Gas gesattigt. Mit Ather gefallt
wurden 2,3 g (31%) Il erhalten.

Verfahren F
2-Cyclohexylaminoathyl-3,4,5-trimethoxybenzoat-Hydrochlorid (1H)

1,7 g Natrium-3,4,5-trimethoxybenzoat, 1,45 g N-(2-Chlorathyl)cyclohexylamin-
Hydrochlorid (11; R = Cyclohexyl, n = 2) [27] und einige Natriumjodid-Kristalle wurden
in 30 ml Dimethylformamid gelést. Das Gemisch wurde 24 Stunden auf dem Wasserbad
erwdrmt, die nach dem Abkuhlen abgeschiedene Substanz abfiltriert und das Filtrat einge-
dampft. Der Riickstand wurde aus 96%igem Athanol unter Kldaren mit Aktivkohle umkristal-
lisiert. Es wurden 0,75 g (27%) HI erhalten.
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RAPID SYNTHESIS OF OXYTOCIN

(SHORT COMMUNICATION)

L. Kisfaludy and |. Schen
(G. Richter Chemical Works, Budapest)

Received July 29, 1974

In the structure-activity-relationship studies of biologically active
peptides, the synthesis of analogs plays an important role. Rapid and simple
methods are greatly needed from this point of view. We have recently reported
a novel method of peptide synthesis [1], in which, with or withoutisolation, and
simple purification of the intermediates, it is possible to control every step of
the synthesis and the required time for the synthesis of medium-size peptides
is approximatively one day. To demonstrate the applicability of this method,
now we wish to report the novel and rapid synthesis of oxytocin in detail. The
required time for the synthesis of the protected nonapeptide was 10 hrs with
an overall yield of 39%.

Experimental

General. Melting points were taken on a dr. Tottoli (Biichi) apparatus and are uncor-
rected. The optical rotations were determined on a Perkin-Elmer 141 photoelectric polariméter.
The tic was run on Kieselgel nach Stahl, using the following solvent systems: (1) EtOAc:
(pyridine: AcOH: water = 20 :6 :11) = 9:1; (2) EtOAc : (pyridine : AcOH : water =
= 20:6:11) = 4:1; (3) EtOAc : (pyridine : AcOH : water= 20:6:11) = 3:2; (4
chloroform : n-hexane: AcOH = 8 :1: 1. The amino acid analyses were performed on a BioCal
200 analyzer using Chromex UA 8 resin.

Synthesis of Z-Cys(Bzl)-Tyr(EOC)-lle-GIn-Asn-Cys(Bzl)-Pro-Leu-Gly-NH2 To a solu-
tion of 0.62 g (4 mmol) Gly-NH8HBr and 0.84 ml (6 mmol) of TEA in 6 ml DMF, 0.80 g (2
mmol) of BOC-Leu-OPFP [2] were added and after 5 min the solvent changed to 20 ml chloro-
form. This solution was extracted with 10% citric acid solution and with 5% NaHCO03solution,
both saturated with NaCl. After drying, the solvent was evaporated and the protected dipeptide
(Ry = 0.5) was dissolved in 5 ml of freshly prepared 60% HBr/dioxane. After 5 min the di-
peptide « HBr(Ry = 0.15) was precipitated and washed with dry ether then redissolved in the
mixture of 20 ml chloroform and 1 ml DMF. The pH was adjusted to 8.5 by means of TEA.*
To this solution was added 2.1 g (4 mmol) of BOC-Cys(Bzl)-Pro-OPFP prepared according to
[2] (m.p. 74—75°C; R} = 0.7; analysis: calcd. C 54.1; H 4.7; N 4.9; found C 55.0; H 4.7; N
5.0%; (ad= —82.1°, ¢ = 1, dioxane), and the excess of active ester was removed by tri-
turation of the evaporated reaction mixture with ether. The isolated tetrapeptide (Ry = 0.45;
m.p. 161—162 °C) was treated with 10 ml of 60% HBr/dioxane and the free tetrapeptide
(Ry = 0.35) isolated by means of dry ether was dissolved in 10 ml of DMF. To this solution
16 g (4 mmol) of BOC-Asn-OPFP [2] was added and after 5 min the protected pentapeptide
(Ry = 0.25) was isolated by trituration of the evaporated reaction mixture with chloroform.
The deprotection was carried out by means of 13 ml HBr/dioxane and after 12 min the free
peptide (Ry = 0.3) was isolated in the usual way, then dissolved in 15 ml of DMF. To this

* Before the acylation reactions in every step, it is important to adjust the pH of the
solution by means of TEA and to maintain this value during the reaction.
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solution 1.65 g (4 mmol) of BOC-GIn-OPFP [2] was added, and after 25 min the solvent was
removed and the protected hexapeptide (R/ = 0.5) obtained by trituration of the residue with
chloroform, was treated with 15 ml of 60% HBr/dioxane for 12 min. The free peptide (L
= 0.25) obtained by means of dry ether treatment, was dissolved in 15 ml of DMF and to this
solution 2.4 g (6 mmol) of BOC-Ile-OPFP [2] was added. After 25 min, working in the same
manner as described above, 1.05 g (55% yield based on BOC-Leu-OPFP) of isolated, protected
heptapeptide (R) = 0.6) was obtained. 0.45 g (0.47 mmol) of the protected heptapeptide was
treated with 20 ml of 50% HBr/dioxane and the free peptide (R/ = 0.2) was isolated in the
usual way then redissolved in 8 ml DMF. To this solution 1.56 g (3 mmol) of BOC-Tyr(EOC)-
OPFP (m.p. 160—161°C; R} = 0.75; (a)B = -23.5°, ¢ = 1, EtOAc) was added and after 25
min the resulting gel was precipitated and isolated by means of ethanol. The protected octa-
peptide (Ry = 0.7) was treated with 20 ml of 50% HBr/dioxane for 13 min and the free octa-
peptide (R| = 0.3) obtained by means of dry ether was dissolved in 6 ml of DMF. In the last
cycle 1.53 g (3 mmol) of Z-Cys(BzI)-OPFP [3] was used in the acylation step for 25 min and
tbe protected nonapeptide was isolated by means of methanol. Overall yield: 0.47 g (39%).
M.p.: 257—258°C, R) = 0.3, R/ = 0.75, (a)B = -46.4° (c = 1.2 DMF).

Deprotection and oxidation. 250 mg of the protected nonapeptide obtained was selec-
tively deprotected: first, the ethoxycarbonyl group was removed in liquid NH3** (yield: 90.7%,
R/ = 0.70) then the other protecting groups in one step in the usual way [4]. After oxidation
in the presence of H20 2 the crude product was once purified on CM-Sephadex column and
after liophylization 51.1 mg peptide was obtained with a total activity of 17.520 IU.
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** In the presence of sodium metal, a side reaction was observed, as indicated by amino-
acid analysis.
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PE3IOME

MoHOOOMEHHOE paBHOBECME HEKOTOPbIX MOHOBANEHTHbIX aHMOHOB
3. ®EKETE u . UHLUEAN

Bbinyu onpegeneHbl KOHCTaHTbl MOHOOOMEHHOro pPaBHOBECUA XNOPaTHbIX, OGPOMATHBbIX,
rmapokapb60oHaTHbIX, NOAATHLIX U TMAPOKCUNbHBIX WOHOB MO OTHOLIEHWUIO K XNOPUAHBLIM WUOHAM.
M3meHeHUa nposogunncs Ha cmone [loyakc 1x 8 npu Temnepatypax 18, 28 n 38°C. Ha ocHoBe
ypaBHeHns CanMOHa, BbIBEEHHOr0 MCX0AS U3 TeOpUM CTAaTUCTUYECKON TepMOAWHAMUKW, Bbinn
paccyuTaHbl BeNWYUHbI WU3MEHEHWS CBOGOAHOW 3HTaNbMWW, a TaKXe BeNNYUHbI U3MEHeHUs
JHTaANbNUU W 3HTPONUMK.

AunnonbHaa accoumnalma HUTPOGEH30/1a B HEMOIAAPHbLIX PacTBOPUTENAX
. nucn

MonspHas nonspusayns HUTpo6GeH3ona Gbina MccrefoBaHa B YeTbIPEXXI0PUCTOM Yrie-
pofe, H-renTaHe u B GeH3one. Ha OCHOBe pe3ynbTaToOB UCCNEefOBaHWUl MOXHO 3aKOUYUTb, 4TO
AUMONbHAA accoumayms HUTPOGEH301a YCUNUBABTCA C YBEMUYEHWEM KOHLEHTpauuu HUTPO6eH-
3o0na. Ans onucaHWs pe3ynbTaToOB NMPUrOAHLIM OKa3anocb ypaBHeHue CyrpeHa.

MexaHn3M OKUCNEHUA LMKIOreKcaHoHa XiopaMuHoOM-T
C. M. MYWPAH, P. CAHEX n A. K. BOY3

Bbl0 NMpoBEAEHO KMHETUYECKOe N3yUYeHUe OKUCIEHMUS LIMKNOreKCaHOHa X10paMUHOM-T B
uenoyHoit cpefe. Bbina oGHapyXeHa 3aBUCMMOCTbL MepBOro NOpsAAKa Mo XnopamuHy-T, LUKNO-
reKCaHoHy U Wenoun. n-TonyoncynbhoHamug He okasbiBan, 04HAKO, HUKAKOro BAUAHUSA. He-
3HAUMTENbHbI 3HEKT UOHHOW CUMbI U CUNLHBLIA OTPULATENbHbIA 3PdEKT KOHLEeHTpaLuM MeTa-
HOMa yKa3blBalOT Ha TO, YTO peakuus NpoTekaeT MO MexaHW3My, BK/OUYaKOLieMy, B KayecTBe
CTyNeHU onpefensiolleii CKOPOCTb peakLun, B3aUMOAelCTBME IHONBLHOTO aHWOHA LMKIOreKca-
HOHa C X/JI0paMUHOM-T. Pa3nuuHble TEPMOAMHAMMUYECKME NMApPaMeTpbl, a TakXe pe3ynbTaTbl U30-
NMPOBAHUS KOHEYHOTo NpoAyKTa — 1,2-LUKNOreKcaHAMOHa — MOATBEPXAAT NPeAN0XEeHHbI
MEeXaHU3M.

O BO3MOXHOCTAX AUTUTA/IbBHOINO OMpPejeneHns napameTpoB KOHTAKTHO-
KaTa/IMTUYEeCKOro rugpuposaHuna atunexHa, Il
OueHKa KOHCTaHT CTauMOHapHON CKOPOCTU peakLmmn
M. KEHUT » M. ®EAELW
Bbln paccMOTpPeH BOMPOC O TOM, 4YTO MexaHu3Mm XopuyTu [MoAsHU, NPUNUCHIBAEMbIiA

KOHTaKTHO-KaTaNMTUYECKOMY TMAPUPOBAHMIO 3TUNEHA, B KAKOW CTeneHW cornacyertcs ¢ nuTtepa-
TYPHbIMW KMHETUYECKUMMU [AaHHbIMU. MCNonb3ys MeTof CTauMOHapHbIX KOHLeHTpauuidi ans



KOMMOHEHTOB, aAcop6upyeMblX Ha KaTanuM3aTope, UYWUCNEHHOe peLleHue AuddepeHLnanbHOro
YypaBHEHWs, BbIBEAEHHOTO B MePBOIi YacTyu 3TOW cepum COOBLLEHNIA, COMOCTABNAAN C IKCNEPUMEH-
TaNbHbIMU KUHETUYECKMMMW KPUBLIMUW, MPUYEM OLeHKA NapaMeTpoB NPOM3BOAMNACL C MOMOLLbIO
MeToAa HeNNHeRHbIX HaAUMEHbLI WX KBapaToOB W Ha OCHOBE MPUHLMUNOB, U3/I0XKEHHbIX BO BTOPOW
4yacTu 3TOW cepun CoO6LLEHNIA.

CTpornii cTaTUCTUYeCKNii aHanu3 pesynbTaToB ONTUMAanM3aLuu No3BoseT OMo3HaBaHuWe
rpaHuL, cnpaBeAMBOCTY MOAENM, a TaKXe ee fanbHellluero pasBuTus. PesynbTatom cnyxar Asa
BO3MOXHbIX NMPUGNNXKEHUA 3TOW NPOGAEMbI, NepBOe N3 KOTOPbIX MPaBUIbHO OMUCHIBAET KMHETU-
Ky M3y4aemoii peakLuu nNpu KakoM-TO OMpeAeneHHOM COCTaBe CMecu, HO He cnoco6Ho oToGpa-
XaTb BAUSHWUA 3HAYMTENbHbIX W3MEHEHUI cocTaBa, B TO BPeMs KaK BTOPOE MPUGNMXKEHUE XO-
powo oTpaxaeT nocnefHee, 04HaKO, He NpuUneraeT K OTAE/bHbIM KMHETUYECKUM KPUBbLIM C TOY-
HOCTblO, COOTBETCTBYHOLLE CTPOrMM CTAaTUCTUYECKMM Tpe6oBaHUAM. MOXHO nonaratb, 4TO
OCHOBHbI€ MOJ/IOXEHUS acCOLMATUBHOIO MexaHW3Ma MpaBu/bHbl, 04HAKO, NPUBOAAT K 4pe3mep-
HOMY YNpOLLEHUID LeACTBUTENbHLIX YCNOBUIA copGLun.

O KWHETUYECKUX YPaBHEHMAX MHOroCTaguiHbIX 3/1EKTPOAHbLIX Mpoueccos, |
N. KAW n N. dAPKALL

BbiNO BbIBEEHO M PAcCMOTPEHO YpaBHEHWe MONSPWU3aLUOHHOW KpPUBOW ANS MHOrO-
CTaAWiiHOM MOHMW3aLWMU METaNNo0B M BOCCTAHOBMAEHMS MeTai/NMYecKUX WOHOB ANA c/lydyas nepe-
Hanps>keHus nepexoga. Hamm Gbina paccyMTaHa KOHLEHTPALUs NPOMEXYTOUHbIX NPOAYKTOB Y
MOBEPXHOCTM 3/1eKTPOAA B 3aBUCUMOCTU OT MOTEHLMaNa 31eKTpoa, TO ecTb OT MAOTHOCTH ToKa
anekTpoga.

MonyuyeHne 0-3aMelLleHHbIX FTUAPOKCUNAMUHOB, |

d. kacTpeiiHep, r. cunaau, . kowapu, x . XYCTU u m. koptu

B xofde nonyyeHus 0-3aMelyeHHbIX TMAPOKCUNAMUHOB, 06/1afaloWmUX 3H3NM-NapannsytoLum
BNNSHMEM Ha TUCTUAUH-AeKap6oKcunasy, n3 M-(3aMeLyeHHbIX OKCU)-hTanbMMUAOB Gbln HalifeH
HOBbI MeTOA AedTanoMIMpPoBaHns, CYLLHOCTL KOTOPOTO 3aKA0uaeTcs B TOM, YTO BMECTO ruzapa-
3WHOBOTO CMoco6a, U3BECTHOTO B NUTepaType, ANs yAaneHus (HTanoun-rpynnbl 66111 UCNONb30-
BaHbl MEPBUYHbLIE aMUHBbI.

MpeuMyLLecTBO AaHHOTO MeToAa 3aK/nto4yaeTcs B BO3MOXHOCTU €ro LUMPOKOro WCMONb3o-
BaHWA, NMPOBEAEHWM peakLuuMn B MATKUX YCNOBUSAX, BbICOKUX BbIX04aX, a TakXe BO3MOXHOCTM
UCMNONb30BaHNSA ANA MONYUYEHUS C XOPOWMUMU BbiXxofamu O-3aMeLieHHbIX TMAPOKCMAMUHOB, CO-
AepXaWux rpynnbl, YyBCTBUTENbHbIE K TUAPA3UHY.

B xofe uccnefoBaHMs MexaHU3Ma peakyuu yaanocb U30MMpoBaTh AnamMuibl N-ankuni- u
Ir(3aMeleHHbI OKCU)-(hTaneBoil KUCNOTbI. BblN0 WCCNefoBaHO BAWSHUE PacTBOpUTENs, pas-
6aBneHus, OCHOBHOCTb MEPBUYHBLIX aMUHOB U UX CTepUYECKUX YCN0BUiA Ha X0Z4 peakunu. Cpeau
M3YUYeHHbIX COEAWHEHWI 2-TMAPOKCU-5-KapbOMeTOKCU-6eH3NNOKCUHAMUH Bbll HanmpaBfneH Ha
KAMHWYECKUE UCCNeJOBaHNs.

TpuapunmeTtaHbl, VI

Peakuyn HaTOXMHOH-AN(EHUIMETUAOB C OpraHOMETa/I/INYECKUMIA
COELVHEHNSIMU

A. ®. MOXAMEJZ 3/IKACYE®, ®. M. E. ABAE/Ib-METENA u C. M. M. 3N13EVH

Peakuyuns 1,2-HaTOXMHOH-AUDEHUIMETUAA C OpPraHOMeTaN/IMYECKUMMN  COEAUHEHUAMM
NPOUCXOAUT COrNacHo MexaHusmy 1,4-npucoeanHeHuns. Vicknouyenne npegcrtasnset l-HadpTun-
NUTWiA, rae Habnwpaetca AanbHeliwee 3amewieHue rpynnsl OH 1-HadTunnosoit rpynnoi. 1,4-
HadToXNHOH-4-gudeHnnMeTUs pearmpyet no MexaHusmy 1,2-npucoefuHeHns ¢ nocnegytoLlei
murpayueint rpynnsl OH k C-6.



KoHdopmaumsa 3,7-gnazobmnuymkno [3.3.1] HoHaHoB, |
M. WEWBEP n K. HALOP

Bbln onucaH KOH(pOPMaLWOHHbIA aHann3 HekoTopbiX JMM-guankun-1,5-guteHnn-guasa-
6uumkno [3.3.1] HoHaHOB. Ha ocHoBe faHHbIX MK 1 AMP cnekTpocKonuu, a TakXxe AUNONbHbIX
MOMEHTOB, 6bl10 NokKasaHo, 4to MM-gUMETUN NPOU3BOAHbLIE C OKCOFPYynnoil B MONOXEHW U
HaxofAAaTcA B KOH(opMauuu cTyn-saHHa, B TO BpeMs Kak B cnydyae M]M-au-tpet-6yTnn npous-
BOAHbIX CneflyeT CUMTATbCA TakXe M C KOH(hopMmalueli BaHHa-BaHHa. B 9-rmgpokcm npoussoj-
HbIX, Mexy OH 1 TpeTWYHbIM a30TOM 06pa3yeTcs CUAbHbLIA WHTPAMONEKYNAPHbIA BOLOPOAHbIA
MOCTWK, KOTOpPbI/ CTabunnsmpyeTt OfHO M3 LWECTUUYNEHHbIX Konewy B opMe CTyna.

AnamarHnTHoe cMeLleHne CUCTEMbI ,CWI66H3OLI.I/IKI'IOFEI'ITanI/IE‘HOBOFO KO/ibUua B
HEKOTOPbIX MPOM3BOAHbLIX auniaMnMHOMaI0HOBOIO eqompa

M. WOXAP, 1. KOWAPWN n 3. KECTPEWHEP

B AMP cnekTpax AuaTuUn-2-gopMuUNamMnHO- 1 2-aletTmnamumHo-2-(ambeH3so/a,e/unKnoreH-

TeH-5")-un-manoHatos (I1l, R = H, Me) Habnwogaetcqd CWUNbHOE AMaMarHUTHOE CMelleHue
3TUMbHbLIX W auubHbIX (POPMUN U aLeTu, COOTBETCTBEHHO) MPOTOHOB — MO CPABHEHUIO C alu-
aMnomanoHoBbIMu ahupamu Il — BCcneAcTene aHM30TPOMHONO 3(hheKTa apoMaTUUHECKUX Konel,.

4-8-3aMelleHHble 2,6-AMHUTPOAHUINHA
3. MANOLWMU, K. XAPWAHWN n . XENA
Ncxops u3 3,8-gumeTtun-(4-rugpokcudeHunn)-cynspoHnesoid conu (4), 6bin npoBefeH

cuHTe3 IM,MY-guankun-2, 6-4UHUTPOAHUINHOB, 3aMeLLeHHbIX B MOMOXEHUN 4 MeTUATUO-, MeTUN-
CYNbMUHUN- U METUNCYNbHOHUN-TPYNNamMu.

OCHOBHbIe 3hUpbl C aHTUAPUTMUYECKUM 3(DGEKTOM
K. XAPLWAHW, T. XEVS u 4. KAPBOHWY

3mpbl Ap—CO02(CHNn NH2—R (6), nmetolue TepaneBTUUYECKOe 3HaYeHue, 6bIAn nony-
YeHbl pasfMyHbIMKU NyTAMKU. XOTSA B Cnydvae amupga kKucnotol (Ap = 3 4, 5-TpumeToKcudpeHnn n
n= 2) (9) nog BAUSHWEM KUCNOTbl 06pasyeTcs OCHOBHON 3dup, OAHAKO, MWrpauuio auuna
0-*-N 13 ocHOBaHMS 3hupa OCYLLEeCTBUTb HE YAanocChb.
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ULTRAVIOLET AND VISIBLE REGION
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According to international book reviews, this series is highly useful in both structure
research and chemical analysis. This applies especially to problems of analytical
character or structure determination encountered in the pharmaceutical, dye and
other industries, i.e. in organic chemical industry in general. A great advantage of
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TANDEM TITRATOR

K. Ikrényi
(Edtvos Lorand University Petrology - Geochemistry Department)
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A titrator was developed which can expand the conductometric volumetric
determinations on the fields of acid-basic, redox, precipitation, complexometric and
chelatometric titrations. The construction of the differential recording conductometric
titrator (Tandem Titrator) consists of a double titrant-delivery system, a differential
conductivity meter, two conductometric 'ell- and a recorder. By means of new end-
point indications the tandem system mal es possible the considerable elimination of
matrix effects and determination of two coi \ponents in a simple titration.

1. Introduction

The construction of a conductometric titrator was purposed which can
extend the conductometric end-point detection on wider fields of volumet-
ric determinations.

The conductance can be measured by direct current and alternating
current. In case of d.c.-measuring technique non polarizable electrodes [1],
cells with auxiliary electrodes (e.g. [2]), or reversible redox electrodes with
low voltage [3] are used for elimination of undesirable effect of electrode
polarization. K on1ratjsch suggested the use of alternating current for decreas-
ing of polarization. Low-frequency a.c. compensational (bridge) method or
continuously measuring conductivity meter are used for determination of
admittance, however, the high-frequency conductance or susceptance also can
be measured by bridge connection (e.g. double T-bridge [4]). The oscillometric
indication is limited by the available section of function between the observed
sign and concentration (e.g. [5] 14. tabulation). Because the conductivity of
sample is not given only by the ion to be titrated, maybe the absence of end-
point detection can be realized. For this reason, disregarding the d.c.- and high-
frequency methods, the indicator unit of the titrator in the following is a low
frequency conductivity meter where the concentration of ions and the con-
ductivity are linear proportional in first approximation.

The conductometric titrations are not very far current on the field of

applied analitical chemistry, the reason for this can be summarized in the
following:
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230 IKRENYIl: TANDEM TITRATOR

W hen the change of conductivity of titrating reaction is significantly less
than the conductivity of sample solution to be titrated (e.g. redox titration
in strong acidic medium, complexometric titration in buffered medium etc.),
the end-point of titration can be observed poorly, or the endpoint detection
does not occur.

Not only the titration reaction causes the change of conductivity during
the titration but other effects too (dilution, change of temperature, change
of dissociation, secondary reactions etc.) which result deformations on the
linear section of titration curve, and the uncertainty of end-point evaluation
can arise.

The change of conductivity in certain analytical reactions, i.e. the change
of conductivity per gram equivalent, can be a rather low value, the indication
is not sensitive (e.g. some ligand change reactions, molecule reactions etc.).

The temperature compensation (e.g. [6], [7] with aid of thermistor) and
the initial conductivity compensation [7], [14] are solved by means of expe-
dient conductometer constructions. Titration with relative concentrated
titrant is used to eliminate the dilution, hut this can damage the accuracy.

The overseas (e.g. Leeds and Nortrup Co., Industrial Instruments Inc.
etc.) and the European (e.g. Radiometer, Metrohm) firms put in circulation
titrators which can operate with the aid of conductometric indication too,
but these instruments constitute a subordinate part beside the titrators based
upon potentiometric indication.

The above-mentioned troubles were purposed to be eliminated on the ba-
sis of differential measurement which is easy to find at the constructions of
analytical chemical instruments. Accordingly, the difference between two,
approximately identical systems is measured, which systems differ from each
other only at the sample or the adequate component of sample. The sign of
expedient difference meter can be a differentiated sign which is a change ratio
or differential ratio to the interested variable, e.g. the concentration of sample
to be determined. On the other hand, the derivative method, which is often
used in the instrument techniques (e.g. potentiometric titrators), results in the
differential of sign in the function of time (e.g. R-C circuit and inductive
derivative unit).

The titrimetry measuring between two titration systems originates from
Cox [8], and this is used with the aid of thermometric indication according
to Bark’s book of reference [9].

Two fundamental constructions of automatic titrators have formed:
pre-set and recording constructions. According to Robinson’s [10] and
Lingane’s [11] initiative works numerous types of automatic titrators
appeared till now. The buret of pre-set titrators differs from the traditional
buret only in the use of valve which delivers the flow of titrant, and it is
controlled by the measured electrochemical sign. The recording titrators have
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a unit delivering uniformly the titrant which is a plunger buret in general.
Although high accuracy (0.10—0.05%) is promised by the manufacturing
firms in the specification of pre-set titrators, the problems of the pre-set system
arise during the analytical chemical practice. The pre-set sign according to
the end-point can be different in the case of different samples, therefore the
value of this sign should be worked out experimentally from time to time.
The use of titrators to record the titrating curve proves to be more advanta-
geous when these problems appear. All the same, the pre-set titrators are
current because they supply a lot of titrimetric exercices under satisfactory
accuracy and they are cheeper than the recording titrators.

The possibility of pre-set conductometric titrator was proposed by
Delahay [12] where the titrant delivery was controlled by the derivated
conductivity sign, but the conductometric titrators are made in recording
construction above all, because of mentioned problems of conductometric
indications. An example of this is the titrator in the following, the experi-
mental character of the titrator needs, as a matter of course, to be suitable
for recording.

2. Instrument

A differential conductometric recording titrator was made on the above-
mentioned conceptions. It consists of a double titrant-delivery unit, two
conductometric electrode pairs immersing into the titrating pots, a recording
conductivity meter measuring the difference between the two cells, which was
named Tandem Titrator. The technical nomenclature uses the English ‘tandem™"
word on double-series systems, the titrator in the following measures the con-
ductivities of cells in series but contrary sign connection.

2.1. Tandem Titrator

The development of model of Tandem Titrator was carried out by the
scheme in Fig. 1.

The 1 motor drives the 2 screw spindle on which the 3 threated runner
feeds the 5 plungers of the 4 burets. The quantity of titrant untill the stop
of titration, i.e. the total path of plunger feed, can be adjusted by the 6 limit
switches. A deviation between the zero point of the two plungers can be
produced by the 7 calibrated screw. The rate of delivery and the uniform
motion of feed adjusting in advance are guaranteed by the 9 regulator unit
which is connected with the 8 tachometer generator and is fed back to the
motor. The burets get the titrant from the 10 pots and feed into the 11 titrat-
ing beakers. An analogous electrical sign proportional to the quantity of
titrant is supplied by the 12 helical potentiometer which is driven by the
2 screw spindle with the 13 gearing (like the Kateman’s system [13]). The
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Fig. 1. Tandem Titrator

14 conductometric electrodes immerge into the titrating beakers, the cell
constants of which are equal. The 15 stirrers supply the intensive and identical
mixing of sample solutions. The difference between the conductivities of solu-
tion is measured by the 16 differential conductivity meter, its sign gets to the
first channel of 17 recorder, the analogous voltage of titrant volume gets to
the other channel from the 12 helipot.

The construction like this makes possible to registre two variables, the
conductivity and the titrant volume, in the function of time on the graph,
i.e. the kinetic investigation of the titrating reaction can be made possible.
The Kkinetic titration curve is generally needed developing a new volumetric
determination.

2.2. Interfluxional Buret

The recording titrators operate with motor-driven plunger burets in
general (e.g. Metrohm Dosimat 415, 535, Beckman Automatic Titrator,
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Radiometer Autoburette ABU 13). The burets like these have a two-way cock
on their top. At the one-way position of cock the titrant can be sucked into the
buret from the pot containing the titrant, at the second-way position of cock
the titrant can be fed into the sample. A dead-space is formed between the
cock and the upper position of plunger, wherefrom the titrant can be rinsed
out only by repeated, periodic washing or elimination of plunger. The solution
in the dead-space can soil, dilute the titrant. Therefore, an Interfluxional Buret
was developed for the Tandem Titrator in which the solution streaming
through the stem of plunger flows into the one direction, to the titrating
beakers. When the titrant is changed, the previous titrant can be frontally
displaced with water and with a new titrant. An example of implementation of
Interfluxional Buret is shown in the Fig. 2, where the 20-ml-volume buret
has a hollow stem and plunger. There are ground-glass-surface valves in the
2 plunger and before the 1 output aperture, a 3 drop of quicksilver increases
the weight of valve for the fast closing. The 2 valve is closed and the 1 valve
is opened during the titration, when the burets are filling, the 1 valve closes
and the 2 valve opens the interflux of titrant through the stem of plunger into
the buret. The Interfluxional Buret like this works in vertical installation.
For the perfect operation of Interfluxional Buret not only the slight friction
and good closing should be assumed but the fast, exact closing of valves too.

The reliable operation of the ground-glass plunger buret (Fig. 2) can be
reached by the use of an internal lubricant. 5—25% glycerol in the titrant
was mostly used as an internal lubricant. The glycerol is well soluble in
aqueous and some non-aqueous media, it is generally indifferent during the
acid-basic precipitation and complexometric titrations. The sulphuric and
phosphoric acid were used as internal lubricants at the titration with strong
oxidant because a great deal of oxidimetric titrations are effected in the strong
acidic medium.

2.3. Differential Conductivity Meter

The typical problem of low-frequency conductometric titration is pre-
sented when the conductivity of medium is higher then its change during the
titration. Mueller and his collaborators developed an initial conductivity-
compensation system [7] which is a T-bridge-type conductivity meter. The
conductivity sign of cell can be set to zero before the titration with an ampli-
tude-independent phase shift in the zero-compensating branch of bridge,
moreover, this conductivity meter was supplied with an automatic thermistor
controlled temperature compensation too.

According to the requirement of liquid chromatography, the conductivity
difference of the clean eluent and of the eluate is needed to measure. By reason
of Duhne’smethod [14], four low-frequency conductometric cells are connected
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Fig. 2. Interfluxional Buret

in a Wheatstone bridge, and the output sign ofthe bridge isrectified, smoothed
and registered.

In the case of high-frequency conductometry, the principle of differential
measurement is adopted in multiple way. The Cruse’s oscillometric instru-
ment [15] realizes to measure the frequency difference between two units,
which operate one by one comparing capacitive and inductive cells.

The expedient conversion of a commercial instrument seemed to be
practical instead of making a new conductivity meter. The scheme of a con-
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ductivity meter is visible in the Fig. 3.1. The voltage of 1 oscillator passes
through the 2 transformer to the measuring circuit. The 4 devided resistor
is connected cyclically with the 3 conductometric cell. The voltage decreasing
on the resistor gets through the 5 amplifier and the 6 rectifier to the 7 meter
or recorder output. The stability of system is assured by the 8 negative feed-
back.

The scheme of the conversed instrument is shown in the Fig. 3.2. The
inductive connection of oscillator is carried out by the 9 phase-inverter trans-
former which devides the sign of the oscillator into two equal amplitudes but
contrary phase signs. These signs get to the 10 and 11 cells, the resultant
current of two cells flows through the resistor which is connected between
the earthing point and the centre of secondary circuit of transformer. When
a variable resistor (13) is switched on instead of one cell with the 12 switch,
the instrument works as a zero-compensating conductivity meter.

Fig. 3.1. Conductivity Meter
Fig. 3.2. Differential Conductivity Meter
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2.4. Electrode Pairs

The measuring electrodes consist of two platinum, or slightly platinized
platinum sheets which are insulated by plastic. The cell constants of the
approximately equal electrode pairs can be equalized by platinazing. The
platinazing of the electrode pair with less cell constants is being continued
until the difference of conductivity proves to be of minimum value in the
same solution. According to the differential measurement the formation of
cells does not matter, only to keep the approximately uniform cell constant
values is needed in practice.

The distance between the electrodes and the wall of beaker, and the
quality of beaker influences the conductivity. This effect decreases when the
distance between the electrodes and the wall increases. The titration with
fixed beakers and electrodes is recommended for the accuracy.

3. Titrations with Tandem Titrator

The examples of acid-basic, precipitation, redox or complexometric
titrations will be shown for demonstration of end-point detection which are
made possible by the Tandem system. The titration curves in the figures are
copies of the registered titrating graphs. The volumetric determinations by
Tandem Titrator can be grouped according to the end-point detection in
the following:

1. end-point detection by preventive elimination,

2. end-point detection by the reaction difference between the titrated
media,

3. end-point detection by the concentration difference of components
to be determined,

4. end-point detection by differential indication,

5. end-point detection by the concentration difference of titrants,

6. determination of two components by the adequate combinations of
end-point detections during a titration (Tandem titration).

The differential conductivity meter measures the difference of conduc-
tivity between two cells without sign. It is the same for the indication of
titration whether the differential conductivity increases or decreases during
the titration. The general effects of the buffer influences, the changes of
complex stabilities, dissociation, solubility etc. are aften so complicated that
that titrating curve of tandem titrimetry doesn’t consist of straights during
a certain titration. But the unambiguous and significant change of sign in
the end-point (break-point, step or maximum) is definitive in the respect of
titration.
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3.1. Titration by Preventive Elimination

The two titrating beakers contain the same aliquot parts of sample and
the solutions required for titration (acid, basic, buffer, water etc.). If the ion
to be titrated is preventively eliminated from the one beaker by means of
a masking reagent, the registered A differential conductivity sign of Tandem
Titrator originates only from the titrating reaction, it doesn’t change during
the over-titrating phase.

An example of end-point detection by preventive elimination is in the
Fig. 4, where ferri ions are measured by the complexometric titration. The
end-point detection like this is proposed when the titrating straights become
curves according to the change of matrix in case of a traditional conducto-
metric titration, and so the end-point detection can become doubtful. For
this reason the matrix effect is decreased by the preventive elimination
above all.

3.2. Titration by the Reaction Difference between the Titrated Media

The titrant can react not only with the ion to be determined but with
other ions of sample solution too, however, this can be avoided by the adequate
selection of matrix.
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In case of example in Fig. 5 the solution contents silicate ion beside
sulphate ion too. The matrix of one test solution is acidic, thus the titrant
(BaCl2 solution) reacts only with the ion to be titrated (sulphate ion) and in
the basic medium of other solution it can also react with the other ion of
matrix (BaSi03 precipitate). This difference arises as a well defined sign on
the curve of differential conductivity where the different behaviour of matrixes

Fig. 5. End-point detection by the reaction difference of titrated media

is shown by the significant change of over-titrating phase. This phase is not
always a linear straight because the conductance of solutions changes in dif-
ferent ways at the different matrixes (e.g. the second phase of titrating curve
in the Fig. 5).

The difference of titrating reactions can be used to titrate two equal
solutions with different quality reagents. In consequence of the theoretical
and practical problems, the determination like this wasn’t carried out.

3.3. Titration by Concentration Difference of Component to be Determined

At this end-point detection the samples contain the ion to be determined
in known different quantities. In the case of example in Fig. 6, the one beaker
includes no chloride ion, the other includes an aliquot part, so the differential
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Fig. 6. End-point detection by the difference of concentration

conductance changes during the argentometric titration, but during the over-
titrating phase it doesn’t change.

An example of redox titration is shown in Fig. 7 where the one titrating
beaker contains the double quantity of ion to be determined (ferro ion) than
the other one. The end-points belonging to the two concentrations can he well
evaluated on the curve of vanadatometric titration. Two parallel titrations
are made by the end-point detection of additive difference, which increases
the accuracy of determination. If the conductance of sample solution is
strongly influenced by the matrix, the aliquot part of sample gets into the two
beakers, and the adequate quantity of the ion to be determined is added into
the one beaker (e.g. FeSO,, solution constitutes the additive difference at the
Fe2+ titration of attacked slag). In this way the second part of titration
makes possible the factoring of titrant.

3.4. Titration by Differential End-point Detection

Ifthe concentration difference mentioned with the method in point 3.2.
is strongly decreased (theoretical infinitesimal small value), the differential

Acta Chim. (Budapest) 84, 1975



240 IKRENYI: TANDEM TITRATOR

end-point detection is carried out. The Tandem Titrator basing on differential the
principle is avaiable for registration of the titrating curve derivated by the con-
centration. The significant change of sign on the differential curve is expected
only at the periphery of end-point, thus the more sensitive stage of instru-
ment is useful. If the conductance curve in the function of titrant quantity

Fig. 7. End-point detection by additive difference

has a break or step change at the end-point, the derivated curve forms a step
or maximum curve, respectively.

The acidimetric titrations of sodium hydroxide in the Fig. 8.1., and
potassium bicarbonate in the Fig. 8.2. were carried out by hydrochloric acid
with differential indication. The required titration difference is made by a
screw (Fig. 1.7) which feeds a little the plunger of one buret before the titra-
tion. This buret has a preference to the other, if in this manner the difference
of two, parallel shifted titrations is measured, according to the Cox’s titra-
tion [8]; this procedure eliminates mostly the disturbing effects forming during
the titration.
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3.5. Titration by the Concentration Difference of Titrants

If the two equal samples are titrated by the titrants which have a little
different concentration from each other, a reagent differential end-point
detection is formed. The concentration difference between the two solutions

Fig. 8. End-point detection by differential indication

isn’t constant, as it was seen in the previous point, hut it increases during the
delivery of titrants. The conductivity is differentiated not by the concentra-
tion but by a linear function of concentration.

An example of acid-basic titration on the Fig. 9 is shown for the use
of reagent differential end-point detection. The conformation of differential
titrating curves in the Figs. 8 and 9 can be explained by the Fig. 10. The
conductances of the individual cells (kj and k.,) and the differential conduct-
ances (Ax and d2) are illustrated by the examples of acid-basic titrations,
in the Fig. 10.1. in case of differential indication, and in the Fig. 10.2. in case
of reagent differential end-point detection. The end-points are pointed out
from the buret 2 in the Fig. 8.1, 8.2. and the buret 1 in the Fig. 9.
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Fig. 9. End-point detection by the difference of titrant concentrations

3.6. Tandem Titration

Measurement of two components during one titration with the Tandem
Titrator is named serial or tandem titration of an example of which is seen
in the Fig. 11 in case of argentometric titration of a solution containing chlo-
ride and bromide ions. In one sample solution the silver chloride and bro-
mide precipitate in the neutral medium. In the other solution the ammonium
hydroxide hinders the precipitation of silver chloride (preventive elimination),
only the silver bromide precipitates. The differential conductance doesn’t
change to the total precipitation of silver bromide (the first straight of titrat-
ing curve), hereupon there is a change of sign in consequence of the reaction
difference between the chloride precipitation and the ammine-complex forma-
tion of silver, and the diverse behaviour of silver nitrate in the basic (ammo-
nium acetate ammonium hydroxide buffer) and weakly acidic (ammonium
acetate-acetic acid buffer) media is indicated by the change of sign after the
total precipitation of chloride (the third straight of curve, matrix difference).

The selection of adequate titrants and masking agents and the combina-
tion of end-point detection methods can make the Tandem Titrator available
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Fig. 10. Relation between the titrating curves of conductometry and Tandem titrimetry

to determine two components simultaneously during a single titration in the
same solution. The method makes possible not only the faster determination
but a more exact result than the individual titrations of two components.

4. Summary

A differential conductometric titrator, the Tandem Titrator, was con-
structed which consists of a double titrant-delivery unit, two conductometric
cells, and a recording low-frequency differential conductivity meter. The
titrant is fed by two interfluxional, internally lubricated ground-glass burets.
The conductance difference of two cells is measured by a converted conductiv-
ity meter.

The Tandem system makes some new end-point detection possible,
decreases the matrix effects, can titrate two components simultaneously and
extends the conductometric methods on wider fields of titrimetry.
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Fig. 11. End-point detection at the Tandem titration

REFERENCES

Palmer, R. F., Scott, A. B.: J. Am. Chem. Soc. 72, 4821 (1950)

Taylor, R. P., Furman, N. H.: Anal. Chem. 12, 241 (1960)

Muzsnay, G., Kékedy, L.: Acta Chim. Acad. Sei. Hung. 27, 21 (1961)

Hall, L. J., Bigson, J. A.: Anal. Chem. 23, 966 (1951)

Pungor E.: Oszcillometria és konduktometria. Akadémiai Kiad6é, Budapest 1963

Blake, G. G.: Anal. Chim. Acta 15, 342 (1956)

Mueller, T. R., Stelzner, R. W., Fisher, D. J., Jones, H. C.: Anal. Chem. 37, 13
(1965)

Cox, D. C.: J. Am. Chem. Soc. 47, 2138 (1925)

Bark, L. S., Bark, S. M.: Thermometric Titrimetry. 31—32. Pergamon Press, London
1969

Robinson, H. A.: Trans Electrochem. Soc. 92, 445 (1947)

Lingane, J. J.: Anal. Chem. 20, 285 (1948)

Delahay, P.: Anal. Chem. 20, 1215 (1948)

Kateman, G., Stornebrink, B. J.: Anal. Chem. 36, 253 (1964)

Duhne, C.,, Delta, O. S.: Anal. Chem. 34, 1074 (1962)

Cruse, K., Ricke, H. B., Huber, R.: Forschungberichte d. Wirtschafts- und Verkehrs-
ministeriums Nordrhein-Westfalen. Nr. 309. Westdeutscher Verlag, Kéln und Opladen
1956

Karoly Ikrényi; 1088 Budapest, Muzeum krt. 4/a, Hungary

Acta Chim. (Budapest) 84, 1975



Acta Chimica Academiae Scientiarum Hungaricae, 84 (3), pp. 245— 257 (1975)

UBER DEN MECHANISMUS
DER AN NICKELPULVER KATALYSIERTEN
HYDROGENOLYSE VON BUTAN

A. Sarkany, L. Guczi und P. Tétényi
(Institut fur Isotope der Ungarischen Akademie der Wissenschaften, Budapest)

Eingegangen am 6. Juni 1973

Die Hydrogenolyse von u-Butan und 2-Methylpropan wurde an Nickelpulver als
Katalysator im Temperaturgebiet 150—260°C untersucht. Das Molarverhdltnis des
Wasserstoffs zum Kohlenwasserstoff wurde bei den Versuchen zwischen 10 und 3
variiert. Die Selektivitdt der Reaktionskomponente wurde als Funktion des Wasser-
stoffpartialdrucks, der Temperatur und der katalytischen Aktivitat studiert. Die
Selektivitdt der Hydrogenolyse (Spr) wéachst mit steigendem Wasserstoff-Partialdruck,
mit der Abnahme der katalytischen AKktivitdt und der Reaktionstemperatur. Durch
Propan-1-14C, Zwischenproduktmarkierung wurde bestédtigt, daR die nichtselektive
Hydrogenolyse von n-Butan und 2-Methylpropan durch das Fehlen des Gleichgewichtes
der Zwischenproduktadsorption erkldrt werden kann. Die Versuchsergebnisse weisen
darauf hin, dal an Nickel »stark« dehydrierte Kohlenwasserstoffradikale entstehen
kénnen, die an der Oberflache schnell weiterreagieren.

1. Einleitung

Der Mechanismus des katalytischen Hydrospaltens gesdttigter Kohlen-
wasserstoffe wurde in friheren Untersuchungen iberwiegend durch Hydro-
spalten von Athan [1—7] und Propan [8—12] an verschiedenen Ubergangs-
metallen, hauptsdchlich an Ni studiert. Ein Vergleich der kinetischen Para-
meter zeigt, dal kein Unterschied bei der Wechselwirkung beider Koh-
lenwasserstoffe mit der Oberflache aufzufinden ist, Der geschwindigkeit-
bestimmende Schritt ist zwar in beiden Fallen der Bruch der C—€ Bin-
dung an der Oberfldche, beim Propan kdnnen die Geschwindigkeiten der
Spaltung der C— Bindung und der Desorption des Athans unter gewis-
sen Versuchsbedingungen verglichen werden. Durch Radiokarbon-Markie-
rung wurde bewiesen, daB der Mechanismus der Hydrogenolyse bei grof-
massigem Zerfall der Paraffinkette durch die Annahme »starker« und
»schwacher« Wechselwirkungen [12] der Kohlenwasserstoffe mit dem Nickel-
katalysator erkldrt werden kann. Kemball und Mitarb. kamen zu gleichen
SchluBRfolgerungen an Eisen [13] bzw. an hochaktiven Platinfilmen [14].

In der vorliegenden Arbeit wird tUber die Hydrogenolyse von Butan
berichtet. Anderson [8, 9] und Shephard [10] fanden, daR die Hydrogeno-
lyse von Butan und Propan an Nickelfilmen bzw. an Ni-haltigen Katalysa-
toren nicht selektiv ist, d. h., das Spalten in Uberwiegendem Male zu Methan
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als Hauptprodukt fihrt. Hansel [15,16] und Kochloefl [17] stellten dagegen
fest, daB die Demethylierung einiger gesdttigter Kohlenwasserstoffe (z. B.
n-Oktan, n-Dekan) bis zu nicht zu hoher Konversion selektiv verlduft. Die
bisherigen Ergebnisse deuten darauf hin, daf die Verteilung der Zwischen-
produkte bzw. die Verschiedenheit der Selektivitdt eng mit dem Verhéltnis
der unterschiedlichen Oberfldchenintermedidren [30] verbunden ist. Unsere
Untersuchungen zielen auch darauf ab, die Gultigkeit des x-Mechanismus
(Spaltung der C-C Bildung am Kettenende), wie er von Kikuchi [18, 19],
Matsumoto [20, 21] und Kochloefl [17] an Nickel enthaltenden Katalysa-
toren bestimmt wurde, fur trédgerfreie Ni-Katalysatoren beim extensiven
Hydrospalten zu kontrollieren und andererseits den Mechanismus des Hydro-
spaltens durch Propan-l-14C-Zwischenproduktmarkierung zu erforschen.

2. Experimenteller Teil

Fir die Versuche verwendeten wir ein vollstindig aus Glas verfertigtes
Umlaufsystem [22], wie es in friheren Mitteilungen (vgl. [7, 12]) beschrieben
wurde. Der Ablauf der Reaktion und die Radioaktivitdt der markierten Kom-
ponenten wurden durch Radiogaschromatographie bestimmt. Proben von
1,0 ml bei jedem Partialdruck wurden an einer 6 m langen Sé&ule, gefullt mit
Squalan (18 Gew.%) auf Chromosorb-W bei 15 °C getrennt. Die Kohlenwasser-
stoffe wurden durch mehrfache Destillation gereinigt. Die Reinigung des
W asserstoffs erfolgt mittels Diffusion durch eine erhitzte Palladiumhdlse. Der
Nickelpulver-Katalysator wurde durch die Reduktion von Nickelhydroxyd
mit Wasserstoff (50 ml/min) bei 350 °C hergestellt. Die spezifische Oberfldche
betrug 3,6 m2g.

3. Ergebnisse

Die Hydrogenolyse von n-Butan wurde im Temperaturgebiet 160 —
260 °C bei verschiedenen Mischungsverhéltnissen W asserstoff: re-Butan durch-
gefiuhrt. Das Molverhdltnis des Wasserstoffs zum Kohlenwasserstoff wurde bei
den Versuchen meistens zwischen 10 und 3 variiert. Abb. 1 zeigt typische
Kurven. Beide Zwischenprodukte (Propan und Athan) weisen ein Maximum
auf. Die Geschwindigkeitsgleichung der Hydrogenolyse wurde bestimmt als
fAn-But = k'pn-BUpH2 Die Reaktionsordnungen sind in der Tabelle I zusam-
mengestellt. Wasserstoff hemmt bei tiefer Temperatur die Hydrospaltung des
Butans. Bei 263 °C wdachst die Reaktionsgeschwindigkeit in dem untersuchten
Partialdruckbereich mit steigendem W asserstoff-Partialdruck. Dieser Effekt
ist noch bedeutender bei der Hydrogenolyse von re-Hexan [23]. Man kann auf
Grund dieser Experimente weiterhin feststellen, dall die Reaktionsordnung
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Abb. 1. Die Hydrogenolyse von n-Butan am Nickelpulver bei 252 °C

Tabelle |

Temperaturabhéngigkeit der Reaktionsordnungen
bei der Hydrogenolyse von n-Butan

T°C Ph An-But a b
167 20—222 5—30 0,98 -1,6
182 34- 200 10—22 0,97 —0,7
182 250-350 10 — —0,97
202 32—183 10-24 0,99 —0,03
227 34-192 12—32 0,98 0,00
245 38—201 11—43 0,97 0,00
263 42- 72 15 — +0,13
263 122-183 15 — 0,00

bezuglich des Wasserstoffs nur in einem engen Partialdruckbereich als kon-
stant betrachtet werden kann und mit steigendem W asserstoff-Partialdruck
noch negativer wird. Die scheinbare Aktivierungsenergie des n-Butan-Hydro-
spaltens betrdgt etwa 131 ~ 5 kJ «M ol'l (aus den Anfangsgeschwindigkeiten
im Temperaturbereich 197—250 °C bestimmt). Die Anfangsgeschwindigkeit
des n-Butan-Hydrospaltens ist 2,8—3-mal groRer als die des Propans [12] un-
ter dhnlichen Bedingungen. Die Reaktivitdt des 2-Methylpropans ist 1,2—1,5-
mal groBer als die des n-Butans. Die erhaltene Aktivierungsenergie unter-
scheidet sich nicht bedeutend von der des n-Butans [12].
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Die Selektivitdt der Hydrogenolyse des n-Butans wurde als Funktion
des W asserstoffpartialdrucks, der Temperatur und der katalytischen Aktivitat
untersucht. Die Selektivitat fir die Komponente S, 1aRt sich folgenderweise
ausdriicken [18]:

nW iiidtn ,

Wi

<

wobei Wi die Geschwindigkeit des i Kohlenstoffatome enthaltenden Kohlen-
wasserstoffes darstellt. In den Abb. 2 und 3 bzw. in Tab. Il sind die auf die
Anfangsgeschwindigkeiten extrapolierten Werte der Selektivitdten angefihrt,
die fir SPrund Sai im Verlauf der Zeit Maximalwerte, fir Sjviet dagegen einen
Minimalwert besitzen.

Abb. 2. Die Verdnderung der Selektivitat als Funktion der Wasserstoff-Konzentration
(renBut= 1,47 X 10~4 Mol, o — Athan, ------ Propan, 0 — Methan)

Die Selektivitat fiir das Propan wéachst, fiir Athan und Methan vermin-
dert sie sich, wie Abb. 2 und 3 zeigen, mit steigendem W asserstoff-Partial-
druck und mit der Abnahme der Reaktionstemperatur.

Die Abnahme der katalytischen Aktivitat verursacht eine &hnliche W ir-
kung, d. h., die Selektivitdt fur das Propan Hydrospalten nimmt zu. Die
Ergebnisse sind in Tab. Il zusammengestellt. Die Anderung der Aktivitit des
Katalysators wird durch die Anfangsgeschwindigkeit der Butanabnahme
charakterisiert. Aus Tab. | geht hervor, daB die Reaktionsgeschwindigkeit in
bezug auf n-Butan, zumindest bis zu nicht zu groBer Konversion, nach einer
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Abb. 3. Die Selektivitdt der Kydrogenolyse von ra-Butan als Funktion der Temperatur
(n“But= L47X10-0 Mol, O — NH, = 7,81 X 10-4 Mol, g — rPHr = 15,6X 10“* Mol)

Tabelle 11

Die Selektivitdt und die Anfangsverteilung der Produkte des n-Butan-Hydrospaltens
als Funktion der katalytischen Aktivitat

No e 38 S Lo @ i S
1
i 2,34 wl0-» 0,31 9,9 0,22 7,0 2,58 82,9 36,4
3 1,42 0,49 17,2 0,17 6,1 2,18 76,6 29,6
4 1,04 0,59 22,2 0,15 5,7 1,91 72,3 25,0
5 8,305 = 10-10 0,68 27,4 0,14 5,6 1,65 66,8 19,7
6 6,12 0,73 30,1 0,13 54 1,56 64,4 17,2
7 5,706 0,81 35,5 0,12 54 1,34 59,0 11,7
8 3,61 0,85 39,1 0,11 53 1,20 55,4 8,1
9 2,55 0,88 42,4 0,09 4,7 1,09 52,8 51
10 1,63 091 43,8 0,08 3,9 1,09 52,2 4,2
1 1,05 0,93 45,2 0,07 3,6 1,05 51,1 3,9
12 723 ml10-” 0,96 46,8 0,04 2,0 1,05 51,2 2,2
13 6,36 0,97 47,8 0,02 14 1,03 50,8 15
14 5,19 0,98 48,5 0,01 0,9 1,02 50,5 1,0
15 4,22 0,98 49,0 0,01 0,6 1,01 50,3 0,6

* Errechnet aus der Gleichung Cher= 0,5 (C,—C3); T = 158 °C, n°n.But = 6,82 X
10"5 Mol, r°Ur = 6,86 X 10~4 Mol.
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Abb. 4. Zeitabhdngigkeit des Logarithmus der Butankonzentration bei 158 °C, i»h. = 6,8 X
10“4 Mol)

Reaktion erster Ordnung ablduft. Wie aus Abb. 4 ersichtlich ist, ergab die
logarithmische Transformation dennoch keinen linearen Zusammenhang, der
unserer Meinung nach hauptsdchlich durch Vergiftung der Oberflache durch
die Bildung von Kohlenstoffdepositen erklart werden kann. Nach jeder Unter-
suchung wurde die Zirkulationsanlage bis auf etwa 10“5Torr abgesaugt und
die Oberfliche mit Wasserstoff abgespult. In jedem Fall erschien, wie auch
die unteren Kurven der Abb. 4 zeigen, Methan und um eine GréRenordnung
weniger Athan in der Gasphase. Die katalytische Aktivitit erreichte den
friheren Wert trotz des Abspllens der Oberflaiche mit Wasserstoff nicht. Auf
Grund dieser Experimente kann man nicht entscheiden, ob der irreversible, mit
dem Wasserstoff wenig reaktive Teil aus graphitartigen Materialien [24,25]
oder Fldchen- bzw. eindimensionalen Polymeren [26] besteht.

Zur Untersuchung des Reaktionsmechanismus wurde eine Propan-
I-14C-Markierung verwendet, die vor den Versuchen in 1—2 Molprozent zum
Butan gemischt wurde. Die spezifische Aktivitdt des Propans, pprwar [,2mCi/
mMol.

Das Hydrospalten des n-Butans la8t sich bei der Annahme, daB das
C-C Bindungsspalten nur an den Kettenenden erfolgt, nach folgendem Schema
darstellen:

[C4* [C3]g [C2],
I A 1 |
11 ,[c2]a -=u i
[C3a— 4 1 “
[caL — - [cil.nn [CJa
| o 1
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Abb. 5. Die spezifische Radioaktivitit des Propans und Athans in Hydrogenolyse von n-Butan
als Funktion der Zeit
Bezeichnungen: «, 218 °C; O, 221 °C; 0, 235 °C; A, 249 °C; But= 3,2x 10-4 Mol; nH, =
9,68X 10_4 Mol; rfPr = 4,41x10“6 Mol; +, 182 °C, n»But = 1,59x 10-4Mol; n’Hs = 16,32X
10~4 Mol; nfr = 4,6 X 10- 6 Mol

Der Position der Markierung entsprechend gAt~ 1/2gpr wenn Athan nur
aus Propan entstehen kann. Die Yersuchsergebnisse sind auf Abb. 5 und 6
dargestellt. Die spezifische Radioaktivitdt des Propans nimmt ab, da aus
rc-Butan (hzw. aus 2-Methylpropan) laufend das unmarkierte Produkt entsteht
und somit sich die Konzentration des Isotops im Propan vermindert. Parallel
mit dieser Neigung 4ndert sich die spezifische Aktivitit des Athans, die nur
bei grofRem W asserstoff-Partialdruck und bei niedrigen Temperaturen an den
theoretischen Wert herankommt. (Siehe Kurven in Abb. 5 wo bei T = 182 °C,
H2HC ~ 10, SPr 1, bzw. auf Abb. 6 wo bei T = 188°C, H2ZHC ~ 12,
SPr 1.) Mit steigender Temperatur weicht die spezifische Radioaktivitédt
des Athans bedeutend von dem theoretischen Wert ab. Eine in Tendenz &hn-
liche Kurve bekamen wir (sieche Abb. 6) mit 2-Methylpropan-Propan-I-14C-
Mischung.

Der Unterschied in den spezifischen Radioaktivitaiten zwischen Athan
und Propan (gAt <[ 1/2j%r) deutet an, dass sich das entstehende Athan auch
auf andere Weise als in einer Konsekutivreaktion bilden kann. Diese Mdg-
lichkeit versuchten wir auf Grund der Bruttogeschwindigkeiten zu prifen.
Athan kann sich namlich aus n-Butan durch das Spalten der C C-Bindung
zwischen dem zweiten und dem dritten Kohlenstoffatom auch in einem Schritt
bilden. Aus der Bruttogeschwindigkeiten l4Bt sich im Falle iv3= 0 und in
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Abb. 6. Die spezifische Radioaktivitiat des Propans und Athans bei der Hydrogenolyse von
2-Methylpropan
0, 225 °C; O, 238 °C; niB = 3,22 x 10~4 Mol, = 9,87 X10-4 Mol; npr = 4,3X10-6 Mol;
+, 188°C; rfiB = 2,3X 10“4Mol; rfHr = 28,2x 10“4Mol; fPr = 2,4x 10~6 Mol

Tabelle 111

Anfangsverteilung der Komponenten bei der Hydrogenolyse von n-Butan bei £1/-= 0

ot — W Anfangsverteilung in Mol%

u

e Mot Mol ,E]\'J E I~ CH4 cHe CH8 CzH l'er
168 19,38 m10-4 531 +10-4 1,01 53,0 49 422 5,4
172 755 «10-4 171 « 10~4 1,00 52,1 34 44,3 3,9
172 7,19 <104 1,63 *io-4 1,00 52,2 4,3 43,4 44
172 6,63 m10-4 1,75 m10-4 1,01 52,7 51 42,1 5,3
183 20,21 «10-4 535 «10-4 1,02 54,7 8,0 37,2 8,7
194 7,39 +10-4 1,59 m10-4 1,01 53,0 4,7 42,1 5,4
194 6,95 + 10-4 1,71 m10-4 1,01 53,5 55 40,9 6,2
194 2493 «10-4 163 +10 4 1,03 50,7 1,4 478 14

Coer = 0,5(Cj—C3

Kenntnis der Propan- sowie der Methankonzentration, dem oben angefihrten
Schema entsprechend, die Athankonzentration berechnen [18].

Wenn die Reaktion nur an dem Kettenende ablauft, bildet sich mit dem
Verbrauch des Butans in gleicher Menge Methan und Propan bzw. Athan und
2 Methan. In der Tabelle 111 sind die auf den Zeitpunkt Null extrapolierten
Werte der berechneten und der experimentell ermittelten Athankonzentratio-
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nen angefiuhrt. Fast in jedem Fall sind die berechneten Anfangskonzentratio-
nen des Athans groRer als die in den Versuchen bestimmten Werte, obwohl
die aus der Bilanzgleichung berechneten und die experimentell bestimmten
Geschwindigkeiten der Butanabnahme in Einklang waren. (Siehe die vierte
Spalte in Tabelle Ill. Wir missen bemerken, daB die berechneten Werte des
Athans kleiner sind, wenn direkte Athanbildung vorkommt.) Der Unterschied
zwischen den berechneten und bestimmten Werten wéchst mit steigender
Temperatur, vermindert sich aber, wie aus der Tabelle Il hervorgeht, mit der
Abnahme der katalytischen Aktivitdt. Die Bedingung iv3= 0 wurde durch
Athan-14C-Markierung kontrolliert. Etwa bis 205 °C konnten wir Methan-14C
nicht anweisen.

Die Moglichkeit der direkten Athanbildung wurde auch durch Hydro-
spalten von 2-Methylpropan untersucht. Diese Ergebnisse sind in Tab. IV

Tabelle IV
Anfangsverteilung der Komponenten bei der Hydrogenolyse von n-Butan und 2-Melhylpropan

Anfangsverteilung in Mol%

Komponente T°C Mol W&, s1 - o cha
n-C.HDO 257 2,21 «10“8 29,3 4,9 65,7
i-C4H10 253 2,20 m10-* 30,6 4,5 64,8
n-C4H,0 247 1,27 « 10-8 34,1 4,0 61,8
i-C4Hio 242 1,22 m10-8 34,8 4,1 61,0
n-C4H,0 231 4,87 «10“9 36,1 2,1 61,7
i-C4H,0 228 4,89 m10-9 37,7 18 60,4
n-C4H]10 217 2,32 « 109 45,6 0,9 53,4
i-C4HX 218 2,61 « 10“9 44,1 13 54,6

n°,= 1,55 «10-4 Mol, nUi= 16,2 « 10*“4 Mol

angefuhrt. Die Spektren der bestimmten Anfangskonzentrationen unterschei-
den sich nicht sonderlich von dem Komponentenspektrum des n-Butans (bezo-
gen auf die gleichen Butanabnahme). Sie stimmen mit den friheren Unter-
suchungen [18—21] iiberein und zeigen, daR die direkte Athanbildung aus
n-Butan, d. h. die Spaltung in der /5-Position nicht vorkommt.

Neben dem Hydrospalten tritt Isomerisierung des n-Butans bzw. 2-Me-
thylpropans nicht ein. Die Annahme, dall die Isomerisierung, d. h. die Umla-
gerung der Paraffinkette an der Oberflache stattfindet, aber die nachfolgende
Hydrogenolyse der Isomerkette gunstiger ist als die Desorption, scheint
logisch zu sein. Diese Erkldrung wendete Kikuchi in seiner Arbeit [19] an.
Er fand, dalR sich die Isomerisation von n-Pentan an hochaktivem Iridium
nicht abspielt, obwohl Iridium nach Angaben von Boudart [27] bei der
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Isomerisation von Neopentan aktiv ist. Durch Hydrospalten von Propan-
1-24C untersuchten wir die Mdglichkeit der Umlagerung der Karbonkette mit-
tels der spezifischen Radioaktivitdten der Komponenten im Temperaturgebiet
zwischen 180—300 °C. Wenn die Isomerisierung parallel mit der Hydrogeno-
lyse von Propan-I-14C auftreten sollte, dann muB gem&R dem unteren Schema
anfangs gAt= 0,5gpr sein, wahrend der Reaktion verdndert sich aber das
Verhéltnis @ gpt zwischen 0,5 und 1 abhdngig von dem Propan-2-14C-Teil.

1— 14C Hy(:n AAt/APT C 1 E£*Met/f?Pr  P.tt/i'pr O C.. 1 ?Met/-Pr
enolyse o
genows V, .. V. V2 A v,-b
Isomeri-
sierung ©))
Hydro-
genolyse 1 0] 1 0~4/3

Abb. 7 zeigt die typische Kurve. Die Auswertung der Versuchsergebnisse
zeigt, daB das Verhdltnis OAYpPr im Mittelwert, abgesehen vom MeRfehler,

t (min) "

Abb. 7. Zeitabh&ngigkeit der Konzentration und der spezifischen Radioaktivitdt der Pro-
dukte der Hydrogenolyse von Propan-1-14C (nfj, = 8,2x10 -4 Mol)
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nicht gréRer als 0,5 ist, d. h., die Isomerisierung nicht ablduft bzw. der iso-
merisierte Teil in der GroBenordnung des MefRfehlers liegt. Die Standard-
abweichung von pa4(Gpr betrug in diesen Versuchen 3—4 X10'2

Diskussion

Die Temperatur, hei der die Hydrospaltung des n-Butans an Nickel-
pulver beginnt, liegt etwa bei 160 °C, sie liegt um 20 °C tiefer als beim Propan
[12]. Die Reaktionsordnung bezlglich des Wasserstoffs ist bei gleicher Tem-
peratur im Falle des n-Butans weniger negativ, als bei Athan [7], Propan [12]
und negativer als bei n-Hexan [23], was durch die Erleichterung der Adsorp-
tion mit steigender Anzahl der Kohlenstoffatome erklart werden kann. Diese
inhibierende Wirkung des Wasserstoffs wurde auch bei Austauschreaktionen
[22, 28, 29] gesdattigter Kohlenwasserstoffe festgestellt. Bei 263 °C erreicht die
Beaktionsordnung jedoch einen positiven Wert. Wir nehmen an, daB sich
die Bedeckung fur W asserstoffwegen der exothermen Adsorption mit steigender
Temperatur vermindert und dadurch die Dissoziation des Wasserstoffs aus
dem Kohlenwasserstoff in groBem MaRe auftritt. Ein Teil der entstehenden
stark dehydrierten Radikale nimmt an der Reaktion nicht teil, d. h. »die arbei-
tende Oberfliche« vermindert sich wegen Selbstvergiftung.

Die Hydrogenolyse des n-Butans lduft nur bei tiefen Temperaturen und
bei groRen Uberschiissen des Wasserstoffs (siehe Abb. 5 und 6) selektiv ab.
Die Versuchsergehnisse bestdtigen, daR nicht nur die Temperatur und der
Partialdruck des Wasserstoffs, sondern auch das Vorleben des Katalysators
die Selektivitat des Hydrospaltens beeinfluRen. Es wurde bestatigt, dall die
Paraffinkette auch bei weitgehender Spaltung nur am Ende des Kohlen-
wasserstoffgerustes erfolgt. Wir konnten keinen solchen Hinweis finden, der
eine direkte Athanbildung oder sogar Isomerisation aus n-Butan annehmen
1aRt. Bei gleichen Anfangsgeschwindigkeiten deutet die Verteilung der aus
n-Butan bzw. 2-Methylpropan entstehenden Spaltprodukte nicht auf einen
Unterschied des Reaktionsmechanismus hin. Der Unterschied in der Vertei-
lung ist wahrscheinlich auf die verschiedenen Temperaturen zurickzufiuhren.
Bemerkenswert ist weiterhin, daB die aus Bruttogeschwindigkeiten berech-
neten Anfangskonzentrationen des Athans fast in jedem Fall gréBer sind als
die experimentell ermittelten Werte. In diesem Fall ist der Unterschied
im Reaktionsmechanismus zu suchen.

Die Abweichung der spezifischen Radioaktivitit des Athans von der des
Propans bestétigt, daB die Geschwindigkeiten der Desorption und der Ober-
flachenreaktion bei den Zwischenprodukten [12] verglichen werden kdnnen.
Diese Ergebnisse sind in Einklang damit, daB an Nickel stark dehydrierte
Kohlenwasserstoffradikale entstehen koénnen, die mit der Gasphase nicht in
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Adsorptionsgleichgewicht sind, daB die unmarkierten Propanradikale an der
Oberflache mit Umgehung (der Gasphase) weiterreagieren kénnen. Dies deutet
darauf hin, da fir die an der Hydrogenolyse teilnehmenden Kohlenwasser-
stoffe mindestens zwei Sorptionszustdnde [30] angenommen werden kénnen

(e (g

it it it
[Ck [C3k [Ck
it it it
[Ck > [kk tk k

von denen die letztere [C,k Form eine stirkere Chemisorption mit kleinem
H/C-Verhéltnis, die vorletzte dagegen eine lockere Oberflachenspecies dar-
stellt. Gemd&R dem modifizierten Schema existiert das Gleichgewicht zwischen
den Radikalen [C,]JQund [C/],,2nicht, wenn die Besetzung der Oberflache durch
W asserstoff klein ist, d. h. in Form [C,]Ja die Flydrogenolyse der Kohlenstoff-
Bindung gunstiger ist als die C-Ni-Bindungen.

Auf Grund unserer Experimente kdnnen wir weiterhin feststellen, dal
die Anderung der Selektivitit mit den geometrischen Uberlegungen von
Ponec [31] und Anderson [32] im Einklang steht. Mit der Abnahme der
Koordinationszahl der aktiven Zentren (das heit, mit steigendem Wasser-
stoff-Bedeckungsgrad oder mit der Anhdufung des Karbondeposits an der
Oberflache) wird die Formation der in groBem Masse dehydrierten, in »deep«
Hydrospalten teilnehmenden Kohlenwasserstoffradikale zurlickgedrangt. Die
niedrige Reaktionstemperatur oder der groRe Wasserstoff-Partialdruck
begunstigt demzufolge die selektive,sich andern Kohlenstoffkettenende abspie-
lenden C-C-Bindungsspaltung. Die Yersuchsergebnisse bestdtigen, wie es mit
der Propan-1-4C-Zwischenproduktmarkierung bewiesen wurde, daR die Bil-
dung des Athans unter solchen Bedingungen auf die Einstellung des Adsorp-
tionsgleichgewichts des Zwischenprodukts Propan zurickzufihren ist. Mit
steigendem Dissoziationsgrad der Kohlenwasserstoffradikale nimmt das Malk
des extensiven Hydrospaltens zu, d. h., die Selektivitdt ist klein. Diese Erschei-
nung kann unserer Meinung nach mit der Annahme erkl&rt werden, dafl die
Geschwindigkeiten der Desorption und der Oberflaichenreaktion der stark
chemisorbierten Kohlenstoffradikale vergleichbar sind.
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The n-electronic structures and spectra of disubstituted benzenes containing two
different halogen atoms have been calculated by the MIM and PPP methods.

The MIM energies and wavefunctions as well as the PPP spectral data, charge
densities, bond orders, and n-contributions to the dipole moment of hetero-disubstituted
halobenzenes are compared with the results obtained for mono- and homo-disubstituted
compounds.

The same accuracy has been achieved in the calculation of hetero- and homo-
disubstituted as well as monosubstituted compounds, using the same starting param-
eter system.

1. Introduction

Only a few calculations are to be found in the literature for the ji-elec-
tronic properties of hetero-dihalobenzenes. Pariser—Parr—Pople (PPP)
calculations [1, 2] have been reported for fluoro- and chlorobenzenes [3, 4]
but according to our knowledge the hetero-disubstituted halobenzenes bear-
ing bromo and iodo substituents, have not yet been treated. Molecules in Mole-
cules (MIM) calculations [5, 6, 7] for hetero-dihalobenzenes were not made
at all.

The purpose of the present work is to investigate the applicability of
the above two approximations and the parameters used for the calculation
of mono- and homo-disubstituted halobenzenes [8, 9] to hetero-disubstituted
derivatives.

2. MIM method
2.1. Method of calculation

The version of the MIM method used has been described previously [8].
The calculation was performed on the same model used for the homo-dihalo-
benzenes [9j: the benzene ring was considered as acceptor and the halogen
atoms as donors. The energies of electronic transitions and the corresponding
wavefunctions were calculated.
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The charge transfer (CT) energies were determined by three different
methods: the point charge [2], the charged sphere [1], and the Mataga—
Nishimoto [10] approximations.

The starting values used are collected in Tables | and Il. Table | con-
tains the valence-state ionization potentials (f®, electron affinities (A ),
effective nuclear charges (Z;t), one-center repulsion integrals (y”) and the
bond distances (rcm). The 1" values of the halogen atoms were calculated by

Table |
Starting parameters

I z2ic @ vV oEv) vy V) v &) ran (A)

c 325 [n] 11.16 [12] 0.03 [12] 1J.13 [12] 1.40 [17]

F 520 q11] 34.00 12.61 [13] 21.39 [15] 1.30 [17]

ci 6.10 [U] 24.37 11.34 [14] 13.03 [15] 170 [17]

Br 760 [U] 17.8 10.5 [13] 7.3 [16] 1.86 [17]

i 760 [U] 18.35 9.55 [13] 8.80 [16] 205 [17]
Table 11

Diagonal elements of the interatomic matrix and interaction elements between the CT states

Fluoro Chloro
Donor (D) .
Point Sphere M. N. Point Sphere M. N.
}I'él, Tél 7.161 7.736 9.274 7.058 7.576 8.856
Td ta 8.640 8.770 9.876 7.960 8.105 9.195
t éo, ]’éa 8.271 8.512 9.726 7.735 7.973 9.110
rD rD 7.531 7.995 9.424 7.284 7.708 8.940
(To2-T1> (Tk - To) 0.641 0.448 0.261 0.390 0.229 0.147
Energies of benzene (eV) 4.881 6.077
Bromo lodo
Point Sphere M. N. Point Sphere M. N.
]'_E) , L} 6.566 7.104 8.460 5.968 6.322 7.559
TI . TD 7.322 7.437 8.700 6.591 6.689 7.784
'I'k ? Tk 7.133 7.353 8.640 6.436 6.597 7.728
180 , IB 6.755 7.187 8.520 6.124 6.414 7.615
(< -<)< (Id, ~ "0)) 0.328 0.144 0.104 0.270 0.159 0.098
Energies of benzene (eV) 6.738 Ref. [19]

Acta Chirn. (Budapest) 84, 1975



MARTIN, KISS: CALCULATION OF THE ~-ELECTRONIC STRUCTURE 261

means of Kwiaticowski’s formula [18], i.e. the experimental first ionization
potential of the corresponding alkyl halide was taken as A . The details of
Table | show that, contrary to the expectation, the yu(i values do not change
monotonously with increasing atomic number. Wherever possible (F, CI),
the data used were taken from the Hiisze —Jaffe tables [12] which appear
to be the most reliable. The data series commonly used in the literature do
not change monotonously with the atomic number of halogen atoms [16, 28].
Although monotonously changing data series can also be found in the litera-
ture [29], they require, however, entirely different R resonance-integral
values and the results obtained are not better either. Also the effective nuclear
charge does not change monotonously with the atomic number, it is identical
for Br and | for both Slater [11] and Burns [30] charges. In this work we
used the Slater values. Table Il contains the diagonal elements of the inter-
action matrix (the experimental energies of the first three benzene bands
measured in cyclohexane solution, and the calculated CT energies) as well as
the interaction elements between the CT states. The lower index of D denotes
the position of substitution, while the upper index of T refers to the CT transi-
tions belonging to the two different excited benzene states.

The resonance integral of the carbon—halogen bond (B"3f was taken as
a variable parameter with values —1.0, —1.5 and —2.0 eV.

2.2. Results and discussion

2.2.1. Energies of electronic transitions

As an example, the calculated energies of the first two n—n* transitions
of hetero-dihalobenzenes for some different substituent pairs for which experi-
mental data are to be found in the literature are given in Figs 1—3 as a func-
tion of B*c and Rwce The experimental energies are indicated as horizontal lines
in the figures. The M denotes the resonance integral belonging to the bond
involving a halogen atom of smaller atomic number, while Bw relates to that
of greater atomic number. The results for ortho-, meta- and para-derivatives
are given in Figs 1, 2 and, 3, respectively, and in all cases the three approxima-
tions used are indicated. It can be seen that the transition energies depend
almost linearly on B*c and Rw in the interval considered. It can be established
that acceptable results are obtained in the B interval between —1.0 and —2.0
eV but to give a fixed B value characteristic of a substituent, seems arbitrary.
For this reason, the energies calculated by the three approximations are shown
in Table Il for all compounds with the values that have given the best results
for the mono- and homo-disubstituted derivatives [8, 9]. This allows a com-
parison with the results of the mono- and homo-disubstituted derivatives on
a uniform basis. The experimental data of Table Ill refer to cyclohexane
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Approximation

1

Table 111

Energies calculated by the M IM method

Calculated energies (€V)

Point

(-1?C-F) (-Bc-a) (ev) (1.0) (1.5)

I-fluoro-2-chlorobenzene

I-fluoro-3-chlorobenzene

I-fluoro-4-chlorobenzene

(-Bc-F) (~Bc-Br) (eV)

I-fluoro-2-bromobenzene

1-fluoro-3-bromobenzene

1-fhioro-4-bromobenzene

(~Bc-F) (—RBc-1) (eV)

I-fluoro-2-iodobenzene

I-fluoro-3-iodobenzene

I-fluoro-4-iodobenzene

-0.2%
4.717
5.658

-0.298
4.717
5.718

—0.294
4.710
5.582

(1.0) (1.9)

—0.311
4.688
5.552

—0.312
4.688
5.616

—0.309
4.679
5.473

(1.0) (1.0

-0.200
4.745
5.536

—0.201
4.745
5.583

—0.199
4.739
5.477

Sphere
3

(1.0) (1.5)

—0.277
4.724
5.758

—0.278
4.724
5.798

—0.275
4.717
5.704

(1.0) (15)

—0.289
4.695
5.693

—0.290
4.695
5.737

—0.287
4.687
5.634

(1.0) (1.0

—0.188
4.751
5.694

—0.188
4.751
5.730

—0.187
4.745
5.645

(1.5)

(1.5)

(1.5)

M N.

—0.447
4.654
5.724

—0.451
4.654
5.778

—0.443
4.638
5.653

—0.460
4.635
5.692

—0.463
4.635
5.751

—0.455
4.617
5.616

-0.349
4.682
5.733

-0.351
4.682
5.783

—0.346
4.669
5.667

Acta Chim.

(2.0)

(2.0)

(1.9)

Experimental
energies (eV)

5

(4.592)
4.558
5.794

(4.592)
4.558
5.767

(4.500)
4.476
5.767

(4.583)
4.661
5.876

(4.580)
4.661
5.821

(4.484)
4575
5.713

(Budapest) 84,
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[20]

(241
[20]
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[21]
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[21]
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Approximation

1

(—RBc-Cl) (—Rc-BT) (eV)

I-chloro-2-bromobenzene

I-chloro-3-bromobenzene

I-chloro-4-bromobenzene

(-Bc-a)(-Bc-d (eV)

I-chloro-2-iodobenzene

I-chloro-3-iodobenzene

I-chloro-4-iodobeiizene

(—Rc-Br) (~Bc-1) (eV)

I-bromo-2-iodobenzene

I-bromo-3-iodobenzene

I-bromo-4-iodobenzene

Acta Chim. (Budapest) 84, 1975

Table 111 (continued)

Calculated energies (€V)

Point

(15) (1.5)

-0.420
4.621
5.432

-0.424
4.621
5.573

—0.416
4.599
5.299

(15 (1.0

—0.313
4.674
5.446

—0.315
4.674
5.557

-0.311
4.660
5.340

15 Q.0

—0.327
4.647
5.382
5.964

-0.329
4.647
5.526

-0.325
4.630
5.265

Sphere
3

(1.5) (1.9

—0.392
4.631
5.583

—0.396
4.631
5.682

—0.389
4.611
5.476

(1.5) (1.0)

—0.294
4.683
5.601

—0.296
4.683
5.685

-0.292
4.670
5.512

(1.5) (1.0

—0.306
4.657
5.554
6.149

—0.308
4.657
5.654

—0.304
4.641
5.455

M N

(20) (2.0

—0.586
4.564
5.580

—0.593
4.563
5.689

—0.578
4.530
5.457

(2.0) (1.5)

—0.479
4.608
5.624

—0.483
4.608
5.716

- 0473
4.583
5.518

(2.0) (1.

-0.491
4.590
5.594
6.297

0.496
4.590
5.695

—0.486
4.563
5.483

Experimental
energies (eV)

3

4.575
5.834

4.575
5.848

4.525
5.535

4.900
5.276
5.904

4.768
5.102

Ret.

[21]
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solutions and the data in brackets are the 0-0 band energies of the lowest
n-n* transitions in vapour spectra. Since the calculation reproduces the latter
values, as expected, the agreement with these is generally better. The cal-
culated energies ofthe mono-halobenzenes vary with the atomic number of the
halogen atom in the same order as the experimental values of the 0-0 bands,
the experimental band maxima, however, do not follow the predicted order.
The wavenumbers of 0-0 bands for the first r-electronic transitions in mono-
halobenzenes (cm-1) are F: 37 819, Cl: 37 052 [31], Br: 36 997, I: 36 760 [32].
The same order was reported by Petrusica [33] for the second and third
bands of mono-halobenzenes as well as the first bands of homo- an hetero-
disubstituted derivatives. In spite of these discrepancies we used the energies
of the band maxima as experimental values since the 0—8 band for more
complicated compounds is often not available. Consequently, the experi-
mental values cannot be considered as accurate. For this reason a simple
calculation was made to estimate the error of the experimental data used.
The mean deviation of the energy of the band maximum from the 0 0 band
was calculated for some mono- and disubstituted compounds and found to be
about 4% for the first two bands.

The calculated and experimental energies of disubstituted derivatives
are always smaller than those of the corresponding monosubstituted com-
pounds. Comparison of the isomers shows that the calculated energy of the
first band for the ortho and meta compounds is the same and always higher
than that of the para isomer. This is in complete accordance with the experi-
mental data except for I-bromo-2-iodobenzene which seems to be a similar
exception as 1,2-diiodobenzene [8] where the experimental energy of the first
band is larger than that of the meta derivative. This anomaly of the experi-
mental data is probably caused by steric hindrance owing to the large size
of the substituents. The change in the molecular geometry and in the overlap
between the bonding electrons are the results of steric interaction. With
decreasing overlap, the corresponding resonance integral decreases. To verify
this, calculations have been carried out with reduced B values and a modified
geometry. According to the results, the distorted geometry hardly influences
the calculated energies, but the reduction of B strongly increases the transition
energies (one B unit changes the first band energy by about 0.5 eV). This
seems to justify the above assumption.

The data of Table 11l show that it is possible to obtain satisfactory
results for hetero-disubstituted derivatives by using B values tested with
mono- and homo-disubstituted compounds. In most cases the best results are
obtained with the Mataga—Nishimoto approximation, whereas the largest
deviations between the calculated and experimental values are generally
found with the point-charge approximation. The greatest difference between
the experimental and calculated energies occurs for the second band of 1-chloro-
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GL6T

Energy (eV)

I-fluoro-4-bromobenzene

—0.455
4.617
5.616
6.420
6.514
9.680

10.113
9.194
9.045

1-chloro-4-bromobenzene

—0.578
4.530
5.457
6.354
6.490
9.603
9.743
9.159
8.887

1-bromo-4-iodobenzene

—0.486
4.563
5.483
6.342
6.483
9.242

Table IV

Wavefunctions calculated by the MIM method

Approx.
F- ie-u%

“he-v wo Vb 1u

M. N. .976
961

-.046
15 .193

.021

2.0 —.088
-.143

—.194
138

M. N. .970
.946

—.009
2.0 .240

.004

2.0 —.099
-.208

—.222
.068

M. N. .973
.945

.014
2.0 .244

.001

15 —.145
—.200

—.180
.087

Vie,.

.852

447
.198

—.185

.001
.810

.506
.264

—.135

—.009
.796

.520
.251

—.183

YELW

—.120

.935

222

—.249

—.150

921

337

—.126

-.138

.901

.351

-.217

Wave function

»A»'

—.010
—.351

.873
—.243

.235

—.001

—.392

.843
-.325

72

.008

—.377

.827
—.317

271

*4'

122
—.217

.104
.929

.255

.168
-.293

119
.859

.367

79
—.314

128
.897

.220
3.49

Wt Di

126

—.132

941

.285

192

-.196

.813
514

214

—.227

.884

181

319

-.161
178

.899

175

322

—.136
—.280

877

147

.354

—.174
—.101

.901
.908

Vi "i«

-.216

.266

—.211

916

—.215

237

—.427

.846

—.206

279

—.237
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1-bromo-4-iodobenzene

—0.304
4.641
5.455
6.266
6.406
7.876
7.947
6.808
6.890

I-bromo-4-iodobenzene

-0.325
4.630
5.265
6.232
6.534
7.565
7.867
6.310
6.803

Sphere 979
.010

15
.041
1.0 -.109
—.166
Point .976
.013

15
-.159
1.0 —.090
—.114

.944

.266

—.193

.028

.939

.281

—.196

.013

-.008

.701

.643
.306

-.047

-.009

.613

.280
337

-.658

.108

.781

490

—.372

112

752

517

.394

.007

—.340

.637
—.484

494

.008

—.338

.625
—.606

—.359

.163

—.379

.067
799

433

175

—.435

527
.688

170

231

-.269

.820

449

.239

—.264

.801

481

120

.500

—.418
—.150

734

126

.567

478
—.195

.630

—.210

498

—.222

.812

—.219

.535

-.228

784
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270 MARTIN, KISS: CALCULATION OF THE it-ELECTRONIC STRUCTURE

2-bromobenzene (6.89% of the experimental value). Thus the error of the
calculated energy is not much greater than the uncertainty of the experi-
mental values.

2.2.2. Wavefunctions

The wavefunctions for para-bromohalobenzenes calculated by the
Mataga—Nishimoto approximation and the results for para-bromoiodo-
benzene obtained by the point-charge and charged-sphere approximations are
given in Table IV as examples. The CT states give only small contributions
to the wavefunctions belonging to the first four energies. The results obtained
are consistent with the experimental band assignment, viz., the ground state
of benzene gives the largest contribution to the ground-state configuration
y0, and the order of largest contribution to the excited configurations y3—
is B.u, Blu, Elu, Elu,. At relatively large CT energies the CT states do not
mix with benzene states to such an extent that the order of the electronic
transitions of benzene should change. The contribution of CT states to the
first four excited configurations always increases with decreasing electro-
negativity of the halogen atom.

At low CT energies and B values, strong mixing between the benzene and
CT states can be expected, as observed for diiodobenzenes calculated with
the point-charge and charged-sphere approximations [9]. A similar mixing
of states can be expected for the bromoiodobenzenes. In the point-charge
approximation this mixing occurs for all three isomers at Ric values o f—1.0 and
— 1.5 eV; in the charged-sphere approximation, on the the other hand, there
is no mixing because of the larger starting CT energies. For this reason the
point-charge approximation gives poorer results in this case.

3. PPP method

3.1. Method of calculation

The PPP method was used in the same way as before [4, 8] to determine
the charge density and bond order matrix, the singlet transition energies,
the polarization directions and the magnitude and direction of the n-electron
contribution to the dipole moment.

The starting data are collected in Table I. For Rcc —2.39 eV was taken
as in Ref. [8]; the B”c and Rw values are given in Table V. These R values
are identical with those used for homo-dihalobenzenes, obtained as the best
values in a ~-variation calculation [4, 8]. The two-center repulsion integrals
were calculated by the Mataga—Nishimoto approximation [10].
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Spec'ral data calculated by the PPP method

Compound
Y
1

I-fluoro-2-chlorobenzene

RcF  — —2-20
Rca — —2.20
I-fluoro-3-chlorobenzene

gcF = —2.20
gca — —2.20

I-fluoro-4-chlorobenzene

gcF = —2.20
gca — —2.20

I-fluoro-2-bromobenzene

gcF = -2.20
ReBr = -1-80
I-fluoro-3-bromobenzene

RcF = -2.20
gcBr = —1-80

I-fluoro-4-bromobenzene

RcF = —2.20
gcBr = —1-80

I-fluoro-2-iodobenzene

gcF = -2.20
gu =-1-40

I-fluoro-3-iodobenzene

gcF = —2.20
réo =~TO

I-fluoro-4-iodobenzene

RcF = —2.20
ft:, -1,40

Table V

Calculated

E V) f
2 3

4605 0.029
5.594  0.149
6.482 1.184
6.581 0.861
4635 0.017
5.716  0.104
6.442 1.231
6.554  0.895
4539  0.060
5.621  0.343
6.735 1.084
6.761  0.903
4615 0.026
5.548 0.171
6.388 1.069
6.528  0.759
4.640 0.015
5.658  0.155
6.330 1.070
6.488 0.774
4559  0.050
5.564  0.381
6.672  0.922
6.674  0.740
4.600 0.027
5.397 0.216
6.148  0.608
6.346  0.539
4.624 0.015
5.465 0.256
6.157  0.652
6.209  0.407
4546  0.044
5413 0.414
6.259  0.169
6.488  0.363

4

33.3
320.0
29.4
119.8

143.9

29.3
157.0
249.1

90.0
0.0
0.0

270.0

23.9
326.8
32.2
123.4

154.4

19.1
155.6
248.4

90.0
0.0
0.0

270.0

198.1
337.8

53.5
160.0

340.7
187.1
133.9
214.9
90.0
0.0
270.0
0.0

Experimental

E (eV)
5

4.558
5.794

4.558
5.767

4.476
5.767

4.661
5.876

4.661
5.821

4.575
5.713

Acta Chim.

IgE
6

3.18
4.00

3.00
3.93

3.06
3.74

3.08
3.95

3.00
3.90

3.02
3.85

7

0.036
0.240

0.024
0.204

0.028
0.132

0.029
0.216

0.024
0.192

0.025
0.168
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Compound
Rca (e
fev Eeb/?
1
10 I-chloro-2-bromobenzene
Rca =-2.20
gcBr = -1-80
11 I-chloro-3-bromobenzene
Rca = —2.20
geBr = —1.80
12 1-chloro-4-bromobenzene
geci = —2.20
o8 = 8
13 1-chloro-2-iodobenzene
BOd = -2.20
ge\ =-1.40
14 I-chloro-3-iodobenzene
gca =-2.20
B = < o
15 1-chloro-4-iodobenzene
Rca = —2.20
gd = —1.40
16 I-bromo-2-iodobenzene
gcBr = -1-80
geci =-1.40
17 1-bromo-3-iodobenzene
geBr = — 1-80
gei = —1.40
18 I-bromo-4-iodobenzene
&8 = ®&
gei = ~ 1-40
Acta Chim. (Budapest) 84, 1975

E@EV
2
4.585
5.474
6.280
6.483

4.614
5.627
6.177
6.423

4.526
5.478
6.666
6.672

4571
5.353
6.066
6.306

4.599
5.469
5.997
6.173

4.516
5.354
6.275
6.483

4.578
5.316
5.983
6.251

4.603
5.455
5.873
6.126
4.533
5.304
6.264
6.432

Calculated

/
3

0.033
0.169
1.140
0.712

0.018
0.116
1.168
0.730

0.055
0.464
0.943
0.773

0.033
0.188
0.796
0.491

0.017
0.209
0.826
0.394

0.049
0.484
0.156
0.287

0.027
0.188
0.840
0.416

0.013
0.194
0.838
0.352

0.041
0.510
0.159
0.106

Table V (continued)

20.7
306.7
31.8
122.2

160.6

42.8
150.1
241.7

90.0
0.0
0.0

270.0

194.9
321.7
224.5
151.0

346.8
195.2
141.6
232.0

90.0
0.0
270.0
0.0

203.8
136.7

40.3
146.1

336.6
201.1
142.2
235.1
90.0
0.0
270.0
0.0

E (eV)
5
4575
5.834

4.575
5.848

4.525
5.535

4.900
5.276
5.904

4.768
5.102

Experimental
|g E
6
2.50
4.12

2.60
3.08

2.62
4.13

2.81
4.00
4.40

3.13
4.26

0.008
0.312

0.010
0.029

0.010
0.324

0.016
0.240
0.600

0.032
0.432

Ref.

[21]

[21]

[21]

[21]
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3.2. Results
3.2.1. Transition energies

The experimental and calculated spectral data for all hetero-dihalo-
benzenes are shown in Table Y. The calculated energies arc given only for the
four lowest singlet transitions. The energies of the hetero-disubstituted deriva-
tives are always lower than those of the two corresponding monosubstituted
compounds. The same trend is observed for the experimental values, excepting
the bromoiodobenzenes. An explanation for the extreme values of 1l-bromo-
2-iodobenzene is given in Section 2.2.1. A comparison of the isomers shows
that the calculated energy of the first band decreases in the order meta, ortho,
para, while the experimental energies for the ortho- and meta-derivatives are
the same but for the para isomer lower. From Table Y it is obvious that, by
applying the R”c values used for mono- and homo-disubstituted derivatives,
the energies can be obtained with nearly the same accuracy for all the com-
pounds investigated: the greatest deviation of the first band occurs with
1- bromo-2-iodobenzene (6.57%), while for the second band with 1-chloro-
2- bromobenzene (6.17%).

3.2.2. Oscillator strengths and polarization directions

Table V contains the calculated oscillator strengths together with the
experimental ones obtained from the equation / = e/41 700 [22]. The calcu-
lated values are in satisfactory agreement with the experimental data.

In Table V the calculated polarization directions are given by the angles
(a) measured in clockwise direction from the bond axis of the halogen substitu-
ent having the higher atomic number. The calculated polarization directions
are not identical with those of the homo-disubstituted benzenes because of
the hetero substitution.

3.2.3. Charge densities and bond orders

In Table VI charge densities on the halogen atoms (q ) and the bond
orders of the carbon halogen bonds (p~c) are given. The rows of the Table
give the and pRc values for a halogen atom in that compound which con-
tains the atom given in the heading of the Table as second substituent. Simi-
larly to the homo-dihalobenzenes, the charge density and bond-order values
do not show an unambiguous correlation with the atomic number of the
halogen. This is caused by the deviation of the starting parameters from the
monotony. In groups of different halogen-atom pairs the charge densities and
bond orders are as expected. The charge density on the substituent in meta
position is near to that of the monosubstituted derivative, while in ortho-
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and para positions it is greater. The order of charge densities is ortho  para ">
meta.

Figure 4 shows, as examples, the molecular diagrams of the three chloro-
bromobenzene isomers and those of para halogenobromobenzenes. The charge
density on the ortho-carbon atom is the largest while that in meta position is
the smallest, and the other possible cases being between this two extremes:
oo}o-pRfom)>p m]>m m.

3.2.4. Dipole moments

In Table Y11 the components of the a-electron contribution to the dipole
moment (fay, fiz) as well as the magnitude (fi in Debye units) and the direction
(d) of their resultant are given; $is the angle in clockwise direction from the
bond axis of the halogen substituent having the greater atomic number. The
position of the molecule in a Cartesian system of coordinates is shown in
Fig. 5. The calculated values show the expected changes. On comparison with
the experimental data [23] it is apparent that the calculated values are smaller
owing to the neglect of ct contributions, but are larger than would be expected
on the basis of mr-electron contributions only, considering the experimental
difference between the dipole moments of alkyl and phenyl derivatives. For
mono-halobenzenes both the calculated and experimental dipole moments
have the maximum value for chlorobenzene, using the B*c values of Table Y
giving best fit for the spectral data. If identical R*c values are used, the n-
electron contribution increases monotonously with the atomic number of the
halogen. As the same RBRc values were used for the calculation of both dihalo-

Table VI
Charge densities and bond orders of the

F a
ortho meta para ortho meta para
9of 1.9299 1.9249 1.9282 1.9305 1.9254 1.9288
Pf-c 0.2614 0.2763 0.2671 0.2601 0.2752 0.2656
a 4c\ 1.9236 1.9182 1.9219 1.9242 1.9187 1.9225
Pci-c 0.2729 0.2882 0.2784 0.2717 0.2872 0.2771
Br ?Br 1.9410 1.9364 1.9397 1.9415 1.9370 1.9403
PBr-C 0.2384 0.2528 0.2434 0.2371 0.2516 0.2417
| 4 1.9530 1.9490 1.9519 1.9535 1.9495 1.9525
pI-C 0.2114 0.2250 0.2160 0.2100 0.2238 0.2143
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ortho

1.9292
0.2638

1.9227
0.2757

1.9401
0.2413

1.9523
0.2139

Br
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Ur

b)

19188

Fig. 4. Molecular diagrams of some bromohalobenzenes

Br

meta

1.9256

0.2747

1.9188
0.2869

1.9368
0.2517

1.9494
0.2238

para

1.9280
0.2676

1.9216
0.2792

1.9393
0.2443

1.9517
0.2168

ortho

1.9282
0.2669

1.9215
0.2790

1.9390
0.2443

1.9513
0.2169

meta

1.9255

0.2748

1.9186
0.2871

1.9367
0.2519

1.9492
0.2242

Acta Chim.

para

1.9273
0.2695

1.9207
0.2815

1.9385
0.2465

1.9509
0.2190

(Budapest)

84,

1.9250
0.2756

1.9176
0.2886

1.9356
0.2537

1.9483
0.2261

1975
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S/6T

Cl

Br

F
Cl

Br

-1.59
—2.03
-1.69
-1.41
-1.81
-1.63
1.49
-1.85
—1.72
-1.55

ortho

©o o o o o

13
-0.02
0.07
0.12
0.21
0.09

iy = 0.83
xy = 1.07
iy = 0.89
tiy - 0.74

1.59
2.03
1.69
141
1.82
1.63
1.50
1.86
1.73
1.55

—0.82
—1.05
—0.87
—0.72
— 1.06
-0.87
-0.72
— 0.87
—0.72
—0.72

Table YII

Components of the 51-electron contribution to the di
and the direction of their resultant calculat

méta

Hz

0.48
0.61
0.50

-0.42

liz

liz

th

0.33
0.44
0.53
0.72
0.81
0.59

= o9
= 0.62
. 051

= 043

0.95
1.22
1.00
0.84
111
0.98
0.90
112
1.08
0.93

le moment_and
by the PPP et

o O O o

-0.23

—0.04
0.12
0.20
0.36
0.16

the magnitude (in units
e mag (in Debye )

para

o O O o

-0.13
-0.02

0.07
0.11
0.21
0.09

0.96
1.24
1.03
0.85

o O o

0.26
0.04
0.14
0.23
0.41
0.18

ortho

30.0
30.0
30.0
30.0
25.9
29.4
32.7
33.6
36.9
334

6 =

[
1

b=

meta

60.0
60.0
60.0
60.0
47.5
56.8
66.2
69.7
78.4
69.4

: 180.0
180.0
180.0
180.0

para

0.0
0.0
180.0
180.0
180.0
180.0

9.2
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benzenes and mono-halobenzenes, here too the largest T-contribution is
obtained for the chloro derivatives. The corresponding experimental values,
however, decrease with the atomic number.

[16]
[17]

[18]
[19]

[20]
[21]
[22]
[23]

[24]
[25]
[26]
[27]
[28]
[29]
[30]
[31]
[32]
[33]

+Y
Fig. 5. Coordinate system used in the calculation of halobenzenes
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REAKTIONSKINETISCHE BEITRAGE
ZUR UNTERSUCHUNG DER RINGSCHLUSSREAKTION
VON CARBATHOXY-2-(3-CHLORPHENYLAMINO)-
ATHYLACRYLAT

L. Szotyory, A. Ujhidy und |. Szabé
(Forschungsinstitutfir Technische Chemie der Ungarischen Akademie der Wissenschaften)

Eingegangen am 26. September, 1973

Es wurde die Reaktionskinetik der RingschlufRreaktion von I-Carbdthoxy-2-(3-
chlorphenylamino)-dthylacrylat in verschiedenen Konzentrationen und bei verschiede-
nen Temperaturen studiert. Als Reaktionsmedium diente das Diphyl mit einem Gehalt
von 10% Paraffindl. Der Reaktionsablauf wurde durch Abwégen der nach verschiedenen
Reaktionszeiten ausgeschiedenen festen Substanz verfolgt. Es wurde die zeitliche
Anderung der Konzentration des Endproduktes, des 3-Carbéthoxy-4-hydroxy-7-chlor-
chinolins graphisch dargestellt und es wurden Maximumkurven erhalten, woraus auf
konsekutive Reaktion geschlossen werden konnte. Aus diesen Kurven wurden die
Geschwindigkeitskonstanten mit drei verschiedenen Methoden ermittelt. Aus den
letzteren wiederum wurden die Konstanten des Arrheniusschen Zusammenhanges be-
stimmt. Es wurde versucht, den Unterschied zwischen den Resultaten bei Konzen-
trationen von 5 und 10% mit einem Salz-Effekt zu erkléren.

Die in Stellung 4 mit einer Alkylamino-Gruppe substituierten Chinolin-
Derivate besitzen eine bedeutende physiologische Wirkung und werden seit
den vierziger Jahren als wirksame Arzneimittel gegen die Malaria verwen-
det [1—4]. Zu ihrer Herstellung kann im allgemeinen das Verfahren von Gould
und Jacobs [5] verwendet werden, wonach die |I-Carb&thoxy-2-arylamino-
acrylester einer RingschlufRreaktion unterworfen, die entstandenen Verbin-
dungen hydrolysiert und decarboxyliert werden und anschlieBend wird die
Hydroxyl-Gruppe in Stellung 4 durch den gewilinschten Substituenten ersetzt.

Die RingschlufRreaktion geht auf die Einwirkung von Wéarme vor sich.
Nach Literaturangaben [1—3, 5] liegt die optimale Temperatur der Reaktion
bei 240—250 °C, deshalb verwendet man als Ldsungsmittel Diphenyléther,
Diphyl oder Mineraldlfraktionen mit héheren Siedepunkten. Im obigen Tem-
peraturbereich l&duft die RingschlufRreaktion in 15—60 Minuten mit guter
Ausbeute ab.

Im Laufe unserer Arbeit versuchten wir, durch Bestimmung von reak-
tionskinetischen Daten, die Richtigkeit des von Raychaudhury und Basu [6]
spekulativ festgestellten Reaktionsmechanismus zu bestdtigen. AuBerdem
hielten wir es fir notig, den zeitlichen Verlauf der Reaktion in der Umgebung
der von Gould und Jacobs [5] vorgeschlagenen Temperaturwerte festzu-
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stellen, auch deswegen, weil das Produkt der RingschlufRreaktion hitzeemp-
findlich, und die Bestimmung der optimalen Reaktionsbedingungen nur auf
diese Weise madglich ist.

Die Reaktion kann wie folgt formuliert werden:

H
X=m-chlor: (I) X=7-chlor: (II)

Der Substituent X steht in der Reaktionsgleichung fir Chlor, Fluor,
Methoxy- oder Phenoxy-Gruppe, fir schwefelhaltige Gruppen, Amino-, Acetyl-
und die Nitro-Gruppe. Die Art und Stellung dieser Gruppen am Ring kdénnen
die physiologische Wirkung des Endproduktes, die Geschwindigkeit der Ring-
schlufRreaktion sowie die gebildete Menge der Nebenprodukte stark beein-
flussen.

Yom pharmakologischen Gesichtspunkt ist das Chinolin-Derivat, das
Chlor in Stellung 7 enthdlt, eines der wirksamsten. Deshalb wurde die Ring-
schlufRreaktion wvon I-Carbdthoxy-2-(3-chlorphenylamino)-athylacrylat ge-
priuft, deren Endprodukt 3-Carbdthoxy-4-hydroxy-7-chlorchinolin war.

Da die Reaktion intramolekular verlduft, arbeitet man zweckmdlRig in
stark verdinnter Lésung, um intermolekulare Nebenreaktionen zu vermeiden.
Der zeitliche Verlauf der Reaktion wurde zwischen 230 255°C in 5- und 10%-
iger Losung der Verbindung (1) verfolgt. Als Lésungsmittel wahlten wir 10%
Paraffindl enthaltendes, frisch destilliertes Diphyl. Da das Endprodukt in
Diphyl kalt unléslich ist, die Zersetzungsprodukte dagegen ldslich sind, er-
folgte die Ermittlung des Umsatzes durch Wdagen des wahrend der Reaktion
ausfallenden Endproduktes.

Auf Grund der IR-Spektren und dunnschichtchromatographischen
Bestimmungen von (I1) wurde festgestellt, daR die Menge der in intermoleku-
laren Reaktionen entstehenden, unléslichen Nebenprodukte vernachléssig-
bar ist.

Die Auswertung der Ergebnisse wurde dadurch erleichtert, dal die Ring-
schlufRreaktion praktisch unumkehrbar ist. Unter bestimmten Bedingungen
konnte eine Ausbeute von 97,0% an Verbindung (Il) erreicht werden. Mit der
Verldngerung der Reaktionszeit nahm aber die Ausbeute ab. Dies kann da-
durch verursacht werden, wie Raychaudhuki und Basu [2] nachgewiesen
haben, dalR das primére Produkt (Il) hitzeempfindlich ist. Erhitzt man dieses
namlich l&ngere Zeit in Diphyl, so erfolgt eine teilweise Umsetzung zu 7-Chlor-
I-athyl-1,4-dihydro-4-oxochinolin-3-carbonsdure (l1l), 7-Chlor-4-dthoxy-chi-
nolin (IV) bzw. 7-Chlor-I-4thyl-1,4-dihydro-4-oxo-chinolin (V).
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(6] OC:zHs (6]

V)

Die Bestimmung der Geschwindigkeitskonstanten der Zersetzungsreak-
tion bei verschiedenen Temperaturen ermdéglichte einerseits die Auswertung
des abklingenden Abschnittes der Kurven, die die zeitliche Konzentrations-
&nderung des primdren Produktes zeigen, andererseits ergab sich die Geschwin-
digkeitskonstante der Zersetzungsreaktion direkt durch die Wiederauflésung
des abgetrennten primdren Produktes und durch zeitliche Verfolgung seiner
thermischen Zersetzung.

Auswertung der Ergebnisse

Es wurden die im Laufe der Messungen festgestellten Werte der Kon-
zentration des priméren Produktes in Abhédngigkeit von der Zeit dargestellt
und wir erhielten im Falle der Konzentration 0,153 Mol/1 (5%) die Kurven
auf Abb. 1, bei der Konzentration 0,305 Mol/1 (10%) die auf Abb. 2; Uber
240 °C zeigen die Kurven ein Maximum.

Bei der Auswertung der Kurven gingen wir von der Vermutung aus, daf
die Reaktion konsekutiven Charakter hat, sowohl die primdre Reaktion als
auch die sekundéren Reaktionen I. Ordnung, und die sekunddren Reaktionen
mit den Zersetzungsreaktionen des priméren Produktes identisch sind. Die
Zersetzungsprodukte sind in Diphyl l6slich. DaBR die primére Reaktion I.
Ordnung ist, wird durch den intramolekularen Charakter dieser Reaktion

Abb. 1. Anderung der Konzentration des primaren Produktes in Abhangigkeit von der Zeit,
bei der Konzentration von 0,153 Mol/1 (5%)
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Abb. 2. Anderung der Konzentration des primaren Produktes in Abhangigkeit von der Zeit,
bei der Konzentration von 0,305 Mol/1 (10%)

unterstitzt. Nach Raychaudhuri und Basu [6] ist der erste Reaktionsschritt
der Zersetzungsreaktion die Spaltung der Esterbindung C—O:

Da dieser Schritt vermutlich die langsamste Phase der konsekutiven
Zersetzungsreaktion ist, kann der ganze Prozell kinetisch nach dem folgenden
Schema behandelt werden:

D ()

A - o+ B — o9 - [C E (IV)

) ) (Ha)

Unter Voraussetzung dessen, dall sowohl die 1. als auch die 2. Reaktion
von erster Ordnung ist, gelangt man zur folgenden Reaktionsgeschwindig-
keitsgleichung:

cB= kl cAo m[e~bl e~bl ] ; (1)
k2 A
und k, = Reaktionskonstanten,
ca0 = Anfangskonzentration der Substanz A,
cB = Konzentration der Substanz B im Zeitpunkt (.
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Nach dem Einsetzen von cB = ycAo erh&lt man fur die Zeitabhdngigkeit
der Ausbeute (y) der Substanz B den folgenden Zusammenhang:

Y = e \e~Kklt — . (2)
k2- Kk,

Wenn man die Derivierte der Gleichung (2) Null gleichsetzt und an Stelle
von « den der maximalen Ausbeute entsprechenden Zeitwert t0 einsetzt, so
erhalt man den Ausdruck:

dy = ; W, e KO+ ekA=Q ©))
dt k2 K\ KA K\

Ersetzt man das Verhéltnis k2kl1 durch K, so gelangt man zur transzendenten
Gleichung

kjto(K - 1) = InK. (4)

Die Auswertung der Resultate wurde mit folgenden Methoden durch-
geflhrt:

a) Da am Anfang der Reaktion die die Geschwindigkeit der Zersetzungs-
reaktion bestimmende Konzentration des Produktes (Il) im Vergleich mit der
von (1) gering ist, und ferner nach Raychaudhuri und Basu bzw. unseren
Beobachtungen die Zersetzung von (ll) im untersuchten Temperaturintervall
langsam verlduft, wurde die Zersetzungsreaktion im ersten Abschnitt (bis zur
Halbwertszeit) als vernachldssigbar betrachtet. So wurde die auf Grund der
die Konzentrationsdnderung des Primdarproduktes beschreibenden Kurve
ablesbaren Halbwertszeit berechnete Geschwindigkeitskonstante als Kon-
stante der priméren Reaktion angesehen. Nach Bestimmung des den Kurven-
maxima entsprechenden Zeitwertes und Einsetzen des letzteren in die Glei-
chung (4), lésten wir die Gleichung dann mit einem Rechner und erhielten
die Werte, die in der Tabelle I mit kia and k2a bezeichnet sind. Diese Methode
konnten wir naturlich nur bei den Maximum kurven anwenden.

b) Wir bestimmten den Wert von k1 auf die unter Punkt a) erwéhnte
Weise und unter Verwendung des zur 60. Minute gehdrenden Wertes cB, berech-
neten wir mit Hilfe der Gleichung (1) die Werte von k2 (in der Tabelle k2b).
So konnte jede Kurve ausgewertet werden.

c) Das einmal bereits isolierte priméare Produkt (Il) I6sten wir erneut
auf und nach dem Erwédrmen von verschiedener Dauer auf verschiedene Tem-
peraturen bestimmten wir durch Zurickwégen des Riuckstandes die Geschwin-
digkeit der thermischen Zersetzung. Unter Voraussetzung einer Reaktion
erster Ordnung ermittelten wir die Geschwindigkeitskonstanten kZauf Grund
des Zusammenhanges

cb = CBOee~ Kctm (5)
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Unter Verwendung der so erhaltenen k2ZGWerte und der einzelnen Punkte
der entsprechenden Kurven wurden mit Hilfe der Gleichung (1) die genaueren
W erte der Geschwindigkeitskonstante der primdren Reaktion (klc) bestimmt.
Die Kurvenpunkte muRBten so gewdahlt werden, dal} sie sich auf dem ansteigen-
den Abschnitt der Kurven befinden, in der Nahe des Maximums, wo die Kon-
zentration des priméren Produktes durch beide Geschwindigkeitskonstanten
bedeutend beeinfluft wird.

Tabelle 1

Gemessene und berechnete Reaktionsgeschwindigkeitskonstanten
bei verschiedenen Konzentrationen und Temperaturen

Konz. Temp. kia ~2a KjS «c Ke
[Mol/1] 061 [°cl [min [min [min-1] [min 31 [min 7
230 0,0351 - 0,672 - 10-3 0,0361 0,715 =10-3
235 0,0815 — 0,900 - 10-s — —
0,153 5 240 0,1230 7,231 -10-4 1,034 . 10“3 0,1352 1,150 - 10-3

245 0,2665 9,087 - 10-5 1,373 - 10-3 — —
250 0,3745 2,982 . 10~3 2,382 - 10"3 0,3998 2,550 - 10-3
255 0,4529 5,134 =10-3 4,503 - 10-3 — —

230 0,0295 — L o O» 0,0308 8°5 o=
235 0,0513 — 2,022 - 10“3 —
0,305 10 240 0,0949 1,414 =10-6 2,367 - 10“3 0,0960 2,417 - 10-3

245 0,1690 2,243 «10“3 2,570 - 10-3 - —
250 0,2634 2,400 - 10-3 3,660 - i0-3 0,3020 3,796 - 10-3
255 0,2948 6,992 - 10"4 5,310 =10-3 — —

Die Abweichung zwischen den Geschwindigkeitskonstanten fir die 5-
und 10%ige LOsung ist vermutlich mit dem sog. »Salz-Effekt« zu erkldren.
Wenn die den RingschluRR ergebende zyklische, aktivierte Komplexverbindung
weniger solvatiert ist als das Ausgangsmolekil, so wird der Ablauf der Reak-
tion durch die Konzentrationserhéhung gehemmt, da sich an der Solvatation
auch die Ausgangsmolekiile beteiligen, und dadurch die Bildung eines akti-
vierten Komplexes erschwert wird.

Zur Unterstliitzung unserer Vermutung fohrten wir die Reaktion auch in
Gegenwart von substituierten Anilin-Derivaten mit verschiedener Elektronen-
verteilung d. h. verschiedenen Dipolmomenten durch. Bei einer Temperatur
von 240 °C, unter Anwendung einer L&sung von 0,153 Mol/l1 (5%ig), wobei
die Menge der Anilin-Derivate im Reaktionsgemisch 25 Mol % betrug, wurden
die in Abb. 3 gezeigten Kurven erhalten.

Wie ersichtlich, nahm die Reaktionsgeschwindigkeit in jedem Falle ab.
Mit zunehmender Dielektrizitdtskonstante bzw. Polarisierbarkeit der Anilin-
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Derivate verstadrkte sich der Effekt in geringem Male. Dies scheint unsere
Vorstellung tUber den »Salz-Effekt« zu unterstitzen.

Zur Feststellung der Richtigkeit der in Tabelle | angefihrten Werte der
Geschwindigkeitskonstanten zeichneten wir unter Verwendung der Werte-
paare —ko fur verschiedene Temperaturen die cB-t-Kurven auf und beob-
achteten, in welchem MaRe sie die experimentell erhaltenen Punkte anndhern.
Als Beispiel wird in Abb. 4 eine Reihe solcher Kurven vorgestellt, die bei
250 °C und bei einer Konzentration von 0,305 Mol/1 (10%) ausgemessen wur-
den. Die Tendenz des Kurvenverlaufcs war auch in den tbrigen Fdllen &hnlich.

Aus dem Ablauf der auf Abb. 4 gezeigten Kurven ist ersichtlich, daB die
experimentell ermittelten Punkte am besten durch die mit der Auswertungs-
methode c aufgezeichnete theoretische Kurye angenédhert werden. Die geringe
Abweichung der Kurve b wurde durch die Vernachldssigung der Zersetzungs-

0.175
0.150
~ 0125
(0]
5 0.100
cD
° 0.075 I
/A O B +ohne Zusatstoff
0.050 I/I p Omit 25 Tol /o p-Toluidin
----- 0 mit 25 molQ« Anilin
0025 Amit 25 mol %e m-Chlor-
anilin
0 i 1 1 n
10 A
Zeit  [min]

Abb. 3. EinfluR von verschiedenen Zusatzsubstanzen auf die Reaktionsgeschwindigkeit

Abb. 4. Annaherung der experimentell ermittelten Punkte unter Verwendung der nach den
verschiedenen Methoden erhaltenen Reaktionsgeschwindigkeitskonstanten
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reaktion am Reaktionsanfang verursacht, wahrend die verhdltnismé&Rig starke
Abweichung der mit der Methode a aufgezeichneten Kurve der Ungenauigkeit
der Bestimmung der Maximum-Stellen zuzuschreiben ist. Die kla-Werte sind
in der Regel kleiner als die klc-Werte, was gleichfalls mit der Vernachlassigung
der Zersetzungsreaktion im Bereich der Halbwertszeit zu erklédren ist.

Unter Verwendung der mit der Methode c erhaltenen Angaben wurden
die Funktionen lg k — 1/T zur Bestimmung der Konstanten der Arrhenius-
schen Gleichung

E*
K= A me RT (6)
aufgezeichnet (Abb. 5).

Abb. 5. Graphische Bestimmung der Arrheniusschen Konstanten

Die mit der graphischen Methode berechneten Daten sind in Tabelle Il
angefihrt.
Tabelle 11

Nach der graphischen Methode bestimmte Konstanten der Arrheniusschen Gleichung

Konz. . A E*
[Mol] 4] Reaktion [min 5 [Kcal/Mol]
0,153 5 Primar 1,08 « 1024 63,84

Sekundar 3,3 ec10n1 33,28
0,305 10 Primar 2,15 » 102 59,28
Sekundar 9,7 e10s 19,60

Die angefiuhrten Werte sind natlrlich Durchschnittswerte fir den Be-
reich von 230—250 °C, da wir die Bertcksichtigung der zwar geringen aber
existierenden Temperaturabhdngigkeit der Konstanten A und E* vernach-
l&ssigt haben.
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Experimenteller Teil

Durchfihrung der Versuche

Die entsprechende Menge (90 bzw. 95 g) von 10% Paraffindl enthaltendem Diphyl wurde
in ein 200 ml fassendes hitzebestdndiges, mit Schliff versehenes zylindrisches Glasgefal einge-
wogen. Gas GefdR wurde dann mit einem Deckel verschlossen, der mit Thermometer, Rih-
rer, Gaseinleitungsrohr und Dosierstutzen ausgerustet war. Der Ruhrer wurde in Gang gesetzt
und das GefaR in ein elektrisch beheiztes Olbad getaucht. Wir lieBen durch den Luftraum des
GefdBes mit einer Geschwindigkeit von 20 1/h Argongas durchstromen und erhdhten die Tem-
peratur im GefdR um 2—3°C uber die geplante Versuchstemperatur. Dabei wurde daflr Sorge
getragen, dall die Erwdrmungsgeschwindigkeit am Ende der Aufheizung etwa 2—2,5°C/Min.
betragen soll. Danach erfolgte die schnelle Zugabe des abgewogenen und auf 160 °C vorge-
wéarmten geschmolzenen I-Cardthoxy-2-(3-chlorphenylamino)-dthylacrylats. Nach einigen
Sekunden stellte sich die gewlinschte Temperatur ein, die wegen der niedrigen Warmekapazitat
des Systems gut geregelt werden konnte. Die Temperatur des Gemisches wurde fir die ge-
wiinschte Dauer beim entsprechenden Wert gehalten, unterdessen wurde intensiv gerihrt.
Zur Unterbrechung der Reaktion wurde dann schnell 50 ml kaltes 10% Paraffindl enthaltendes
Diphyl zum Gemisch gegeben. Gleichzeitig wurde das heife Olbad entfernt und zwecks Kiihlung
des ReaktionsgefiaRes durch ein kaltes, stark geriihrtes Olbad ersetzt. Das abgekiihlte Gemisch
wurde Uber Nacht stehen gelassen, um die vollstdndige Ausféllung des Niederschlages zu er-
reichen. AnschlieBend folgten die Filtration auf einer G4-Fritte, das Waschen mit Petroldther
bis zur Diphylfreiheit, Trocknen im Vakuum bei 100 °C und die Auswaage.

Versuchsmaterial

Das technisch reine 93—94%ige I-Carbdthoxy-2-(3-chlorphenylamino)-athylacrylat
wurde aus Petroladther umkristallisiert und im Vakuum bei 45°C getrocknet. Zur Priifung der
Reinheit des Materials wurde der Schmelzpunkt bestimmt (Schmelzpunkt: 54 —56 °C).

Das als Ldosungsmittel verwendete Diphyl wurde vor den einzelnen Versuchen im Va-
kuum frisch destilliert. Als Rohstoff fir die Vakuumdestillation diente technisches Rohdiphyl
oder ein Filtrat aus vorangehenden Versuchen. Das als Ldsungsmittelsubstanz verwendete
Paraffin6l war wasserklar und analytisch rein.
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SYNTHETIC LINEAR POLYMERS, XXXII*

CHANGES IN THE DIPOLE MOMENT OF POLYMER HOMOLOGOUS
COMPOUNDS AS A FUNCTION OF THE MOLECULAR WEIGHT**

I. GECZY
(Research Institute for Textile Industry, Budapest)
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The specific mean-square dipole moments of poly-(trifluorochloroethylene) and
of polyene oligomeres with a phenyl end-group change linearly with the reciprocal
molecular weight. Thus, under the given conditions, these polymers do not form second-
ary structure. The mean dipole moments of the repeating units of these polymers have
the values of 0.12 D (—CFC1—CF2—) and 1.02 D (—CH= CH—), respectively. In the
cases of polyene oligomers with dimethylamine end-group, poly(y-benzyl-L-glutamate)
and phenylsiloxane ladder polymers deviations from the linearity are observed. On this
basis the existence of a secondary structure can be assumed in these series of compounds.

Introduction

It has been shown earlier that the investigation of the optical rotation
[I, 2] and dipole moment [3] of dissolved macromolecules as a function of the
size of the molecule may give certain information as regards the molecular
state and secondary structure. It was found [2] that for the detection of the
secondary structure the specific rotation [oc] and the specific mean-square
dipole moment (WM ) can be conveniently used since the optical rotation
is closely related to the dipole moment of the molecule [4]. It has been shown
[1, 2, 3] that, in general and thus also in a number of the cases studied, there
is a linear relationship between the value of [«] or fiZM and reciprocal molec-
ular weight. The intercepts of the straight lines thus obtained, which are
characteristic of the repeating units [5], are different if the orientation and
rotation of the otherwise identical repeating units differ, as e.g. in the case
of linear and cyclic poly(dimethylsiloxanes) [6], linear maltodextrins and
cyclic Schardinger dextrins [1] as well. Using the data of Goodman et al. [7—
10], we have shown that deviations from the linearity [2] indicate the existence
of secondary structure. This is in complete accordance with the results of
Goodman et al. [7—10] obtained earlier by means of another method.

* Synthetic linear polymers XX X1: Koloriszt. Ert. 13, 272 (1971); Acta Chim. (Buda-
pest), 79, 133 (1973).

** Presented at the jubilee session of the Macromolecular Committee of the Hungarian
Academy of Sciences, Budapest, 11th December 1973.
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Recent investigations

Since the above results concerning the specific mean-square dipole
moment were based thus far only on a rather limited number of experimental
data (on 8 polymer homologous series), we have now extented our considera-
tions on the dipole moments to further polymer homologous series on the basis
of literature data. The data used in the present study are listed in Table I.

Table |

Dipole moments of the members of some polymer homologous series
po and the data used for the gak):/ulations

Poly-(trifluorochloroethylenes):
—(CFC1—CF2p— (fractionated samples)

» M MD)* (1/M)xl0-4 I p 7M)xio-5
4.3 500 0.545 20.0 0.2970 59.4
6.0 700 0.56 14.3 0.3136 44.8
7.7 900 0.59 11.1 0.3481 38.6
9.5 1100 0.595 9.1 0.3540 32.3
*See [11]
Polyenes:

X—(CH=CH)p—c f (benzene. 25°C)
XH

x = —N(CH33
b Mol. wt. i-(D)* (1/M)x 10-4
1 99 6.24 101.0 38.94 0.393
2 125 7.67 80.0 58.83 0.471
3 151 8.24 66.2 67.90 0.450
4 177 8.50 56.5 72.25 0.366
* See [12]
P Mol. wt. au (1/M)x10-4 a fam
1 132 3.60* 75.8 12.98 0.097
158 3.80** 63.3 14.44 0.091
236 4.16*** 42.4 17.31 0.073
* See [12] ** See [13] *** See [14]
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Table I (continued)
Poly(y-benzyl-i-glutamates) :
;- [=NH--CII-CO 4, (CHCIj containing 1—2%

B dimethylformamide, 20°C,
(CH.)2 -COOCH, fractionated samples)

b m X 10B* m * (UMxI0-7  ZXC3 Jiam

426 93.4 1090 107.1 1.180 12.6

639 140 1560 71.4 2.434 17.4

1096 240 2600 41.7 6.760 28.2

1379 302 3160 33.1 9.986 32.1
See [15]

Phenylsiloxane ladder polymers:

—Si—O0—
n | (in benzene)
!
—Si—O0—1I...
L I Jon
VK 10% (VAXI0- v ICB
0.89 9.0 112.40 0.9
1.27 9.0 78.74 0.7
2.14 16 46.73 1.2
2.79 25 35.84 24
3.67 30 27.25 24
4.56 50 21.93 51
7.08 74 14.12 7.7
8.75 80 11.43 7.4
10.7 100 9.35 9.9
16.7 130 5.99 11.3
335 220 2.98 154

* See [16—18]
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In our further calculations only such data have been used for application
where at least three values were available within the same polymer homol-
ogous series. A part of the data, in contrast to our earlier investigations,
refers not only to homogeneous, well-defined oligomeric compounds but also
to fractionated samples with an average molecular weight. Thus the relation-
ships established up to the present can be generalized to a greater extent.

On the basis of the dipole moment values to be found in the literature
we have calculated the specific mean-square dipole moment of the individual
oligomeric compounds and polymer fractions. These are also given in Table I.
Similarly to our method applied earlier, the values obtained were plotted
against the reciprocal molecular weight. The results are shown in Figs 1—4.

Fig. 1. Specific mean-square dipole moments of poly(trifluorochloroethylenes) as a function
of the reciprocal molecular weight

Fig. 2. Specific mean-square dipole moments of polyene oligomers as a function of the re-
ciprocal molecular weight (phenyl end-group: curve 1; —N(CH32 end-group: curve 2)
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Fig. 3. Specific mean-square dipole moments of poly(y-benzyl-L-glutamates) as a function
of the reciprocal molecular weight

Fig. 4. Specific mean-square dipole moments of phenylsiloxane ladder polymers as a function
the reciprocal molecular weight

Discussion

The Fig. 1 and the straight line number 1 of Fig. 2 indicate that the
points lie with a good approximation on a line. Consequently, the relationship

established earlier, which is essentially a special form of the equation
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mwhere ¢>is a specific quantity (see [3] and [5]), is also valid in the interval
studied for polyene oligomers with phenyl end-group and for poly-(trifluoro-
chlorethylene). Fig. 1 shows also the constants (slope: m and intercept: b)
of relationship obtained by the method of averages. The intercept of the
straight line 1 Fig. 2 was determined graphically. Its value is also given
in Fig. 2.

From the straight line in Fig. 1 and from the straight line number 1 in
Fig. 2 the conclusion can be drawn that in the examined interval, under the
given experimental conditions, neither poly(trifluorochloroethylene) nor
polyene oligomers with phenyl end-group do form secondary structure. Table
Il indicates the mean dipole moments (/u) of the individual repeating units
for infinitely high molecular weight polymers calculated on the basis of con-
stants b obtained from the intercepts.

Table 11

Mean dipole moment of the repeating units of polymers not forming any
secondary structure under the given conditions, in the case of M = oo

l\_/lor!tecu]!atrh Value of tant

i i weight of the alue of constan _

Repeating unit repegating unit b V(=
M)

—(CFCI—CF,)— 116.5 11.4x 10~5 012 D

-(CH=CH) 26.0 4X10-2 1.02 1)

(benzene, 25°C)

A case quite different from the above is that of polyene oligomers with
dimethylamine end-group (curve 2, Fig. 2). The plot here yields a curve
passing through a maximum. Similarly, deviation from the linearity can be
observed in the cases of poly(y-benzyl-L-glutamate) at 20°C in chloroform
containing 1—2% dimethylformamide (Fig. 3) and phenylsiloxane ladder poly-
mers in benzene (Fig. 4). As already pointed out [2], this indicates that, under
the given experimental conditions, a secondary structure is formed. The exist-
ence of this secondary structure in phenylsiloxane ladder polymers was suc-
cessfully proved by experiments as well, by Tsvetkov et al. [16—18].
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The densities of some oligo- and polyacenaphthylenes obtained in different ways
were determined. The oligomer prepared in the iodine-initiated solid-state oligomeri-
zation had the highest density. Its X-ray powder diffractogram was resolved into its
Gaussian components. The diffraction angles corresponding to the Gauss maxima were
indexed as a monoclinic unit cell, using a= 11.7, b= 7.62, ¢ = 9.82 Aand B = 90° as
parameters. The space group is P 2,.

The atomic coordinates of the threo and erythro-acenaphthylene monomeric
units were computed by minimizing the conformational energies. The conformational
energy of the polymer chains was built up from either three or erythro segments com-
puting it as a function of the dihedral angles (9", €8 between the monomeric units of
the main chain.

No regular polymer chain can he formed from merely erythro segments because
of steric hindrances. The function of conformational energy of threo isotactic chain has
four local minima; the deepest one corresponds to a 2, helix. Three regular chains of
minimum energy were obtained for syndiotactic polymers having 2t and 4t helices as
well as a series of symmetry centres. The 2, helical structure corresponds to the oligo-
mer cell representing the absolute minimum of the energy. 2, helix and the series of
symmetry centres are built up very similarly to each other and can be derived from the
monomeric structure by small translations i.e., they may be isomorphous with the
monomeric structure.

The polymer consisting of a combination of erythro and threo segments has a 2j
helix structure too hut the energy of the chain is much higher then that of pure threo
chains.

In our previous paper [1], results from structural investigations of
acenaphthylene (ACN) monomer crystals were reported. The possibility of
topotactic solid-state polymerization was demonstrated due to monomer
molecules capable of free rotation in the lattice at room temperature. Similar
results were obtained indirectly from X-ray diffraction and infrared spectros-
copy [2]. It was established that the acenaphthylene polymer produced in
the liquid state by radical, i.e. thermal initiation, showed a more irregular
structure than that produced in the solid state by riadiation initiation or in
the liquid state by Ziegler—Natta-type catalysts. The most regular structure
was obtained in oligomers formed in the solid state by initiation with iodine.

Barrales-Riejnda and Pepper [3] established that in polymers pre-
pared by thermal initiation or, in the liquid state, by initiation of BF3, mono-
mer units of both threo and erythro conformation were present in spite of the
fact that the erythro conformation could not form individual polymer chains
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due to steric hindrances. As they demonstrated, the polymer chains were more
flexible than was expected, i.e., their segmental length was smaller than that
expected on the basis of dimensions of the nomomer units.

Story and Canty [4] drew the conclusion from spectroscopic data of
polyacenaphthylene that monomer units of three conformation were present
in the polymer as either isotactic or syndiotactic chains. In our previous
work [2], it was supposed by X-ray diffractograms and infrared spectra that
the ordered oligomer was likely to have a threo isotactic structure with 21 or
3X helix.

Studying the chemically induced polymerization of ACN [5], the product
was found to remain in isomorphism with the monomer up to 16—18 per cent
of conversion at 60°C. The previous investigations of polyacenaphthylene have
been followed in order to give a more correct interpretation of the forced iso-
morphism and phase diagram of the polymer/monomer system. For a more
unambiguous evaluation of the experimental results, the reported X-ray dif-
fraction and infrared spectroscopic data [2] are supplemented by density
measurements and conformation analysis.

Experimental and calculation methods
Density measurements

Density of polymers was determined by flotation method in aqueous
CaCL solution. Since the polymers are fine powders, densities are given as
averages of two limit values, due to certain technical reasons. The upper limit
corresponds to the density of the liquid in which all polymer particles raised
from the bottom of the vessel after 120 minutes, whereas the lower limit repre-
sents an unequivocal sedimentation on the bottom of the vessel after 120 min-
utes. A density was accepted when the difference between the two limit values
did not exceed 0.008 g ecm :. The flotating liquid was thermostated for
25 + 0.01°C. Its density was measured by the picnometric method.

Calculation of the conformation energy

Conformation of the polymer was calculated by a computer program
(POLYMER) based on the method of be Santis et al. [7]. Atomic coordinates
are presented in a polar coordinate system related to the preceding atoms
according to the pattern of Fig. 1. L- is a vector (valence) from the atom
i— 1 to the atom i; ©(is the valence angle between Li_1and L (; i is the
dihedral angle between the L; 2— Lt x and the L, x— Li planes (trans-
position = 0°).
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Table |

Xj

Atomic coordinates of threo-dimethylacenaphthylene

299

. X, @ ® I O 16 we o R
1 —0.7782 —0.0068 2.1141 1.538 111.651 54.514 3
2 —1.1826 —0.0083 0.6446 1.556 111.651 0 3
3 —2.4355 —0.0360 —0.0052 1.524 108.145 115.495 2
4 —2.4644 —0.0253 —1.4259 1.412 132.793 —118.555 2
5 —1.2513 —0.0063 —2.1805 1.421 118.565 0.142 2
6 0.7782 0.0068 2.1141 1.429 120.719 179.158 2
7 1.1826 0.0083 0.6446 1.524 105.388 - 62.664 2
8 2.4355 0.0360 —0.0052 1.412 132.793 — 0972 2
9 2.6444 0.0252 —1.4259 1.421 118.565 — 0.144 2
10 1.2513 0.0053 —2.1805 1.429 120.719 —179.158 2
1 —0.000 0.0000 —0.1089 1.402 107.113 60.341 2
12 0.0000 0.0000 —1.5178 1.416 120.213 —179.811 2
13 —1.2594 —0.7941 2.7126 1.100 101.121 —124.372 1
14 —3.3437 —0.0428 0.5719 1.076 120.153 178.802 1
15 -3.4047 —0.0129 —1.9505 1.077 120.3296 —  2.027 1
16 -1.2989 0.0053 —3.2541 1.075 119.353 — 0.172 1
17 1.259%4 0.7941 2.7126 1.100 116.346 169.863 1
18 3.3437 0.0428 0.5719 1.076 120.153 —178.802 1
19 3.4047 0.0128 —1.9505 1.077 120.329 2.027 1
20 1.2989 —0.0054 -3.2541 1.075 119.353 0.172 1
21 1.3567 1.2589 2.7688 0.0 0.0 0.0 4
22 1.3567 —1.2589 2.7688 1.538 111.651 54.514 4
In Tables I and 11, atomic coordinates of threo and erythro acenaphthy-

lene monomer units are presented in a perpendicular Descartes coordinate
system (A) with the Cn atom in its origin or in a polar coordinate system
(Fig. 1) related to the preceding atoms. Atomic coordinates of Tables | and Il
were calculated by a computer program (CONFORM) [1] using the West.
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Table 11

Atomic coordinates of erythro-dimethylacenaphthylene

[ X, @ Y< (&) A L @A Si () q@ e
1 —0.7809 0.0375 2.1180 1.544 119.403 173.441 3
2 11826  —0.0002 0.6458 1.557 118.333 00 3
3 —2435%5  —0.0403 -0.0052 1.526 107597 - 120.090 2
4 24644  —0.0258  -1.4259 1.413 132.737 126.196 2
5  -1.2513  —0.0057  -2.1749 1.421 118.590 1.974 2
6 0.7762 0.0479 21199 1.426 120355  —178.416 2
7 1.1826 0.0347 0.6473 1.528 105.355 60.480 2
8 2.4355 0.0238  -0.0052 1413 132.940 0.673 2
9 2.4644 0.0168  —1.4259 1.421 118.677 0.181 2
10 1.2513 0.0049  —2.1749 1.426 120529 179.268 2
1 0.0000 0.0022  -0.0994 1.398 106.948 - 54552 2
12 0.0000 0.0000  -1.5143 1.415 122.218 1.339 2
13 —12183 -0.7773 2.7044 1.095 98.724 123.142 1
14 33436 -0.0424 0.5749 1.078 118.590 179.603 1
15 —34023  —00177  -1.9541 1.076 120.556 2.334 1
16 —12871 0.0046  -3.2527 1.078 119.795 0.033 1
17 12191  —0.7722 2.6979 1.007 113547  — 63.692 1
18 3.3436 0.0343 0.5745 1.077 119.929 139.367 1
19 3.4023 00102  -1.9542 1.076 120557 0.107 1
20 12871  —0.0043  -3.2527 1.078 119795  — 0.242 1
2 15222 1.2221 2.7739 0.000 0.000 0.000 4
22 1.5250 12112 2.8021 1.544 119.403 178.441 4

Fig. 2. Numbering of the acenaphthylene monomeric unit and the reference system of the
polar coordinates
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heimer—Hendrickson—Wiberg method for three- and erythro-dimethyl-
acenaphthylene models. Numbering of atoms and construction of the polar
coordinate system is illustrated in Fig. 2.

The monomer units characterized in this way were incorporated into
6-membered chains (Cj-C2—C{-C2 and changes in the energy corresponding
to a monomer unit were determined as a function of the dihedral angle for
the C2—C[ bond.

The monomer units were supposed rigid and their rotation energy around
the bond, the repulsion, attraction and electrostatic energies within the mole-
cule and between the chain segments were calculated. The individual energies
were calculated by the following functions:

Epoiy= — 2 vyu {1— cos [na (<P, -<pNe +

Ry L R4; 332 '

+ E e,j U - 2he 43 + 7 q,ql
Ru Rij)

where Vfj the potential barrier of the rotation around the C2—C{ bond (kcal/
mole),
rijj eq. 3 forthe C2—C( bond,
(pij the dihedral angle,
(fij the dihedral angle at the minimum-energy state,
Rjj the distance between the atoms i and j (A),
Rlj the sum of van der Waals radii of the atoms i and j (A),
etf the potential corresponding to the distance of minimum energy
(R°ij) between the atoms i and j (kcal/mole),
the electric charge of the atoms calculated by the method of
Del Re [8] in electrons,
e® the dielectric constant.
Each chain segment consists of one monomer unit in the isotactic model
and a pair of monomer units relating with a mirror to each other (where 9
coordinates have an opposite sign) in the syndiotactic model.
Parameters of the energy functions in the POLYMER program are sum-
marized in the Table III.

Results

Densities and packing coefficients calculated on the basis of molecular
increments of Slonimskii et al. [9] are presented in Table IV for polymers
prepared in different ways. It can be stated that radical polymers or products
prepared in the liquid state have lower density than those prepared in the
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Table 111

Parameters of the potential functions used in POLYMER
and CONFORM programs

ool L2nrue _
p i |ARIJ) ].Rrj"l + n + T (tolj - vb))n)
Rij=Ri R" eij  neiejl(ei "h )
2
Atom Type (keallmole) @
Hydrogen 1 0.0085 120
Carbon (sp2) 2 0.0880 1.85
Carbon (sp3) 3 0.0880 1.85
e’ = 35

Parameters of the CONFORM program

Etot = Y Z k e(lij 11j)- + 2 E «/h (tlijji; — thjjk)- -(- £poi
T ft, . . N
of bond (mdyR/A) ® (keaflmole) tpijwil
1—2 5.0 1.08 —
1-3 4.6 1.094 —
2—2 7.0 1.396 6.0 0.2
2-3 45 1.509 0.46 0.3
3-3 4.4 1512 0.138 0.3
Type of o
bor%/cﬁ) angle (mdynh,& rad- 2 vl
1-2-2 0.66 120.0
2-2-2 0.40 120.0
2-2-3 0.40 120.0
1-3-2 0.24 109.5
1-3-3 0.24 109.5
2-3-3 0.40 109.5
3-3-3 0.40 109.5

solid state or by ionic mechanism. A corresponding degree of regularity is also
found in the diffractograms [2].

A diffractogram of an oligomer formed in the solid state by iodine initia-

tion and multiplied by L pisillustrated in Fig. 3. The diffractogram was graphi-
cally resolved into elementary Gaussian peaks represented by dotted lines.
Locations of maxima of the 18 Gaussian peaks could be indexed according
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Table IV

Densities and packing coefficients of poly- and oligoacenaphthylene

Densi Packin
Product @ cm-t}:) cosfficient
Radical or thermal init. in liquid 1.154 0.6525
Ziegler—Natta init. in liquid or
Radiation init. in solid 1.178 0.6661
lodine init. in solid (oligomer) 1.223 0.6919
Table V

Crystallographic data of oligoacenaphthylene

a= 117 A Fcel| = 874.0 A3 Space group = P2,
b= 76A gm = 1.223 gcm-3 PO00 = 320
c= 98 A oc —1.229 gcm-3 M =86
B = 90 deg. 4 =4

to the monoclinic crystal structure.* Table Y contains the cell data of the space
group, while data for the indexed lines are presented in Table VI.

On the basis of inclination angles of the axes, the elementary cell of the
polymer was found to be a pseudo orthorhombic lattice consisting of four
monomer units. Since 020 is the line of highest relative intensity (010 and
030 lines are missing), the cell is presumably of space group P2, and the axis
2t corresponds to the chain axis of the polymer. In this case, the chain period
would be 3.8 A which could not be arranged by insertion of a monomer unit
into the chain. Thus the period of the chain comprises 2 monomer units to-
gether. According to Natta [10], it can be supposed that the highly regular
chain consists of syndiotactic segments.

The conformation energy of a i/ireo-isotactic polymer is plotted in Fig. 4
against the dihedral angle tpv The curve has four local minima at 2, 150, 208
and 283.5 degrees. The energy barriers between the minima are classified into
two different pairs, their magnitude makes an interchange of the two kinds
of chain impossible. Even the energy barriers within the pairs of minima are
quite high. Characteristic data of polymer chains corresponding to the minima
are collected in Table VII. The chain of lowest energy (qtq = 208°) is similar

*The determination of cell parameters using only small amounts of reflections is un-
certain. The degree of accuracy of the data given in Table V can be estimated by the same
values of the calculated and measured densities as well as of the calculated and measured
reflection angles expressed by their sinus in Table VI. The space group with the smallest
symmetry was chosen, accepting only the symmetry elements found by systematic absence of
reflections (2,) P2Ym and orthorhombic P 22,2 are also possible space groups, however, they
are rather unprobable, as they are unfavourable from the point of the close packing of chains
(s. A. I. Kitaigorodskii: Organic Chemical Crystallography, Interscience, N.Y. 1961).
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Fig. 3. X-ray diffractogram of oligoacenaphthylene prepared by iodine initiation multiplied
by Lp. Dotted lines illustrate the Gaussian components of the curve

J<ig. 4. Conformation energy of the isotactic t/ireo-polyacenaphthylene as a function of the
dihedral angle opl (Etotal)

Ada Chim. (Budapest) 84, 197~t
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20

(ceg)

8.0
11.6
15.2
18.8
23.0
24.8
274
29.2
30.6
32.4
35.2
37.8
41.2
42.4
43.8
45.0
46.4
48.0

100
90
120

332

Table VI

Peak maxima and Miller indices of gaussein components
in the diffractogram of oligoacenaphthylene

sind

0.0062
0.0108
0.0175
0.0266
0.0397
0.0460
0.0560
0.0635
0.0697
0.0833
0.0915
0.1049
0.1239
0.1310
0.1392
0.1466
0.1535
0.1655

index

001
101
200
002
020
021
311
103
400
222
130
123
204
232
403
304
332
004

sinZo

0.0066
0.0110
0.0176
0.0264
0.0398
0.0463
0.0561
0.0638
0.0697
0.0837
0.0942
0.1035
0.1232
0.1333
0.1390
0.1452
0.1553
0.1650

Table VII

index

112
202
212
221
013

322

214
323
024
314
601

sinZo

0.0404
0.0440
0.0571
0.0639
0.0693

0.1057

0.1341
0.1387
0.1453
0.1551
0.1651

Minimum-energy positions of polyacenaphthylene

(keal/mole)

21.67
22.46
17.35
32.86

17.20
27.04
21.61

63.22

Re
A
1.939
0.987

0.737
0.566

0.785
1.196
2.597

1.207

(0]
()

52.06
140.80
166.91
107.61

175.53

89.6

167.53

D

A

1.912
1.759
2.100
2.391

3.614
3.667
2.600

3.807

Tﬁpe of

elix
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521

Note

isotactic three

305

sinZ9

0.0573

0.1060

0.1289

0.1563
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PACN 210

Fig. 5. Structure of the lowest-energy chain of isotactic ikreo-polyacenaphthylene

Fig. 6. Conformation energy of syndiotactic direo-polyacenaphthylene as a function of
dihedral angles 9 and <2 I,evei lines refer to energy differences of 5 kcal/mole. First line
corresponds to 40 kcal/mole (f?total)

to the structure of that characterized by 2, helix in a previous paper (Fig. 5).
However, the period of the polymer chain is considerably smaller than 3.8 A
of the diffractograms.

In Fig. 6, the conformation energy of t/ireo-syndiotactic poly-ACN is
plotted against dihedral angles gr and 2. Characteristic data of the polymer
chains corresponding to the minima of this symmetrical diagram are also
collected in Table VII. Because of the symmetry conditions of the diagram
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PACN 90/0 T-S

7. Structure of the syndiotactic ihreo-polyacenaphthylene chain of dihedral angles of
0/SO deg.

It. Structure of tbc syndiotactic t/ireo-polyacenaphthylene chain of dihedral angles of
60/120 deg.
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I'ig. 9. Structure of the syndiotactic i/irco-polyacenaphthylene chain of dihedral angles of
100/100 deg.

Fig. 10. Structure of a minimum-energy prythro-thrpo-\H)l\acenaphthylene chain
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(2 perpendicular mirror planes), three kinds of polymer chains correspond
to the ten minima. Dihedral angles of 0/90,0/ —90; 60/120,—60/—120,60/— 120,
—60/120; and 100/100, —100/—100 refer to polymers characterized by a series
of symmetry centres (Fig. 7); by 4Xhelix (Fig. 8); and 2r helix (Fig. 9) re-
spectively.

For isotactic chains of erythro segments, no value of angle yielded a chain
which had the atoms of its third fifth monomer units not excessively close
to the first one. Only a single such site was found in polymer chains consisting
of pairs of erythro and threo monomer units. Its data are also included in
Table VII. However, conformation energy is rather high, thus the structure
of the monomer unit must be changed in the presence of such a segment.
Because of the steep potential hollow, no rotation is possible around the bond.
The polymer is demonstrated in Fig. 10.

Discussion

Packing coefficient of the polymer with the highest density (i.e. the
oligomer) is comparable to that of crystalline monomer (0.6971) or, in general,
the crystalline aromatic compounds. Molecular volume of the amorphous
polymer calculated from the atomic volumes of Slonimskii [9] and that of
van Krevelen and Hoftyzer [11] is quite the same. The corresponding den-
sities are 1.055 g *cm 3and 1.012 g mcm-3 (according to Slonimskii and van
Krevelen resp.) are essentially lower than the lowest measured value. By
calculating the density of the amorphous polymer from that of the oligomer,
which is still crystalline [11], 1.069 g * cm-3 was obtained. It is only slightly
higher than that estimated by the atomic volumes. It can, therefore, reason-
ably he supposed that the oligomer prepared by iodine initiation has a high
degree of crystallinity. It seems to be proved by the good agreement between
densities calculated from cell data and measured by the flotation method.
On the contrary, the density of the most disordered polymer formed in the
liquid state by radical initiation is even considerably higher than that esti-
mated for the amorphous polymer.

In powder diffractograms of poly- and oligo-acenaphthylenes, two
peaks are always present (d, = 3.8,d, = 5.3 A) [2]. The former one corresponds
to the translation unit of the chain period, i.e. to the elongation D along the
helix axis with a repeated turning by @ angle. From the result of conforma-
tional analysis those values are accepted to approximate the realities which
fullfil this condition.

This condition is not met in isotactic polymers as appears from the data
of Table VI, while is realized in two syndiotactic polymers (dihedral angles
0/90 and 100/100), and in the polymer built up from threo and erythro segments.
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The three-polymer structure is very similar (Figs 7, 9 and 10) in spite of the
great difference in the steric arrangement of the atoms. Construction of the
polymer chain assigned to the minimum point of conformation-energy func-
tions of syndiotactic polymer chains approximates the 2, helix, thus, it is most
likely that this is the polymer chain which forms the crystal lattice of the
oligomer prepared by iodine initiation. The crystal lattice having the 2, helix
angle placed in the 21 axis of the lattice is shown in Fig. 11. It was checked
by calculations that atomic distances between the adjacent chains were not
smaller than the sum of van der Waals radii of the atoms.

PACN 100/100 T-S P2,

Fig. 11. Location of the lowest-energy syndiotactic t/ireo-polyacenaphthylene in the unit
cell of the oligomer

An additional feature of the chain shown in Fig. 9, is that it can be
related directly to the crystal lattice of the monomer. This relation is con-
spicuous when the chain axis of the polymer is parallel to the axis x of the
monomer crystal (7.679 A) and intersects the plane y—z at the point of
y = 0.25, 2= 0.25. In this case, monomer units of the polymer are shifted,
with respect to their locations in the monomer crystal, in the plane of the
molecule towrard the chain axis of the polymer. This polymer chain can, there-
fore, remain isomorphous with the monomer crystal without any difficulties.
H owever, the slight differences between the two structures make the existence
of a whole isomorphous series impossible. Thus the isomorphism is limited
in time according to the observations [5].

In the isotactic model, the polymer chains are extremely rigid. The
energy barrier between two adjacent conformation state (e.g. between 21 and
4, helix) exceeds 20 kcal/mole. In the syndiotactic model, however, the energy
barriers between the minima are as low as 5 to 10 kcal/mole. Although a poly-
mer chain is capable of transformation from one conformation state to another
in solution (sequential lengths are relatively small), the energy harrier is too
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high and prevents the realization of the same conformation along the whole
chain during the precipitation which would be needed for the crystallization
(tertiary nucleation [12]). The ‘particle size’ estimated by the line widths is
about 30 A, indicating that at least one monomer unit of an average periodicity
of 20 has a conformation different from that of the main chain. For an actual
polymer, therefore, only the average periodicity of the chains and their fitting
as cylinders appear in diffractograms (10.8 A). The latter identity period is
consistent with the plane diagonal a Cc of pseudo-orthorhombic oligomer cell,
suggesting a tetragonal arrangement of the ordered polymer (dihedral angle
of 60/120 dg.).

The wave number of C-H valence vibrations in infrared spectra depends
on the interaction between the H atoms bonded the adjacent C atoms. Story
and Canty [4] tried to determine the conformation of the main chain of poly-
acenaphthylene by means of the infrared spectrum of Cis- and irans-decalene.
Frequencies of the C H valence vibration of the main chain are in the range
of 2800 to 3000 cm-1. Polymers formed in the liquid state by Ziegler —Natta
catalysts show a composite band of several lines [2]. Oligomers and polymers
prepared in the solid state by iodine and radiation initiation, respectively,
give a relatively broad band at about 2900 cm~4 This band has a higher
frequency than that of trans-decalene (2842 cm-1) but lower than that of
cis-decalene (2924 cm ]). Within the three-monomer unit H—€—C-H dihedral
angle is 54 deg. while that within the polymer chain agrees in magnitude with
the dihedral angle of the main chain, i.e. 100 deg. for 100/100 conformation.
The two hydrogen atoms in the ring may vibrate at a lower frequency since
the dihedral angle is smaller (is nearer to the trans-situation). On the other
band, its frequency may also be higher because of the increasing effect of the
five-membered monomer ring on the frequency. This is the reason of over-
lapping of the two bands. The vibration of higher frequency (V' = 2955 cm-1)
observed for less regular polymers may presumably be associated with the
erythro segments. At the same time, the vibration frequency of / = 2855
cm 1 (a shoulder for TiCl3and a peak for Ziegler catalysts) may correspond
to the CH vibration of isotactic segments of 0/90 conformation having a di-
hedral angle of 208°.

By comparison of the above data, it can be stated that the polymer
formed in the solid state by radiation-induced polymerization is a three threo
syndiotactic chain with 2Xhelix structure — solely due to the solid-state
reaction — which structure is occasionally replaced by chain segments with
centres of symmetry, being similar to the 2t helix. The oligomer prepared in
the solid state by iodine initiation is highly crystalline, consisting of micro-
crystals of pseudo-orthorhombic cells of monoclinic P2Xspace group in form
of a threo threo syndiotactic 23 helix chain.
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The properties of porous magnesium fluoride obtained by the action of hydro-
fluoric acid on a solution of magnesium sulphate are described. Samples of magnesium
fluoride calcined at various temperatures were investigated for catalytic properties in
some model reactions. Some conclusions concerning the nature of acid sites on the
magnesium-fluoride surface are given.

Magnesium fluoride, owing to its high thermal stability, chemical inert-
ness, revealed, among others, by its resistance to calcination in oxygen and
relatively high hardness (6 on Mohs’ scale), is a substance well adapted for
use as catalyst support. Despite these merits, we know of but a single paper [1]
on the preparation of magnesium fluoride in porous form. That investigation
was restricted, however, to the adsorptive properties of magnesium fluoride
xerogel dried at 120—150°C. There is still a lack of data relating to the prop-
erties of porous MgF2 calcined at the higher temperatures essential for
catalysis. Nor are there data available on the capability of the MgF2 surface
to catalyze chemical reactions.

Magnesium fluoride catalysts for our catalytic investigation were pre-
pared by the action of hydrofluoric acid on a solution of magnesium sulfate.
After preliminary tests, we decided on a 40% MgS04 solution to which, on
heating to 40°C, we added a 40% solution of hydrofluoric acid. The precipitate
was left in contact with the mother liquor for 24 hrs. The remaining solution
was then decanted and the precipitate washed with distilled water, dried
at 105°C for 5 hrs, and divided into portions which were calcined, respectively,
at 315, 400, 500, 700, 900 and 1100°C in an atmosphere of air.

The surface area of the MgF2 preparation was determined chromato-
graphically with a 212C Perkin-Elmer sorptometer. The carrier gas was helium,
the adsorbate nitrogen.

The catalytic activity of the MgF2 sample was studied in the reaction
of cumene cracking as well as in that of cyclohexene isomerization and the
concomitant reaction of hydrogen disproportionation. The conditions of
measurements were the same as those described in Ref. [2]. In all cases,
the catalytic activity was expressed in terms of the product kK of the Bas-
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sett— Habgood equation [3]. The total surface acidity was measured cliro-
matographically by titration with pyridine at the temperature where the
catalytic activity tests were performed. However, assessment of the occur-
rence of Broensted acid sites was based on titration at the same temperature
(315°C) with 2,6-lutidine by the method recently proposed by Benesi [4]
for selective poisoning of proton centres.

The surface area of the magnesium fluoride preparations calcined in the
300—500°C range amounted to some tens of m2g. Upwards of 400°C, however,
some slight decrease in surface area was observed (Table 1). Upwards of 500°C,
intense sintering of the fine pores takes place and the surface area decreases
drastically. Sintering in the temperature range investigated (300 1100°C) is
accompanied by an increase in bulk density by nearly 20%. Nevertheless,
the increase in compactness of the sample apparent as an increase in bulk

Table |

Surface area and bulk density of magnesium fluoride preparations

Temperature Surface area Bulk density
Catalyst r°c] Colour [™7g] fglcmy]
MF-3 315 Darkish sand-coloured 40.5 0.89
MF-4 400 Sand-coloured 40.8 0.91
MF-5 500 Light sand-coloured 334 0.95
ME-7 700 Orange-pink 5.0 0.99
MEF-9 900 Pinkish 0.8 1.01
MFE-11 1100 Light cream-coloured 0.3 1.05
Table 11
Surface acidity of the investigated preparations,
determined by ‘chromatographic titration at 315°C
Titration with 2,6-lutidine Titration with pyridine
Catalyst
[umol/g] [/xmol/mZ [fimol/g] [jUmol/m2
MF-3 13.3 0.33 17.2 0.42
MF-4 8.7 0.22 495 1.21
MF-5 0.0 0.00 0.0 0.00
MF-7 0.0 0.00 0.0 0.00
MF-9 0.0 0.00 0.0 0.00
MF-11 0.0 0.00 0.0 0.00
A-9.5/VIII* 1.1 0.01 26.9 0.20

* Alumina with a surface area of 134 m2g, for details see Ref. [2].
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density, is in no simple relation with its mechanical resistance. The latter
property was found to increase only up to a thermal processing temperature
of 700°C, whereas a further rise in temperature led to a decrease in mechanical
resistance.

The surface properties of magnesium fluoride were found by us to present
certain similarities with those of active alumina (Table Il1). The Lewis nature
of their surface is, however, less marked than in the case of alumina, where
proton acidity is negligible. As it is shown by titration with 2,6-lutidine
(which, for steric reasons, undergoes specific adsorption at the Broensted acid
sites [4]), the total surface acidity of MgF2contains a contribution from proton-
donor centres. The latter, in the present case, may consist of an admixture
of surface-hydroxyl groups introduced in the process of preparation whose
ionization ability is enhanced by neighbouring electronegative fluorine atoms.

The results listed in Table 111 show that the most active of the magnesium
fluoride preparations, namely the catalyst MF-3, is markedly less active with
regard to cumene cracking than the silica-alumina catalyst of the cracking
reaction. However, the cracking activity values referred to unit surface area
of the catalyst suggest that the concentration of proton-donor centres on the
surface of magnesium fluoride is high.

Contrary to their rather low cracking activity, the low-temperature
magnesium fluoride preparations (MF-3 and MF-4) reveal a considerable
activity in another model reaction of acid catalysis, viz. of isomerization
cyclohexene to methylcyclopentenes, taking place on alumina with the par-
ticipation of Lewis centres [5]. MF-4 is markedly the more active preparation
of the two, whereas with regard to the amount of bonded 2,6-lutidine, the

Table 111

Catalytic activity of the investigated preparations
in ‘the process of cumene cracking at 315°C

Catalyst r mol 4 r mol "1 __
LgsatmJ ~m2satmJ

MF-3 9.32 2.3
MF-4 -0.36 0.1
MF-5 0.00 0.0
ME-7 0.00 0.0
MF-9 0.00 0.0
MF-11 0.00 0.0

A-9, 5/V 111 0.00 0.0

Standard I* 15.94 0.7

* Commercial silica—alumina catalyst, for details see Ref. [6].
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Table TV

Catalytic activity of the investigated preparations in skeletal isomerization
and hydrogen- disproportionation reactions at 315°C

Isomerization Hydrogen disproportionation
Catalyst .F mol ™ r mol 1 r mol |
Lg»«iml [m2satm]j LgsatmJ Krr\_mgsnailim J
MF-3 0.85 2.1 0.82 2.0
MF-4 2.67 6.5 0.51 1.3
MF-5 0.00 0.0 0.00 0.0
MF-7 0.00 0.0 0.00 0.0
MF-9 0.00 0.0 0.00 0.0
MF-11 0.00 0.0 0.00 0.0
A-9.5/VIII 2.03 15 0.37 0.3

situation is reversed. This would suggest that, in the case of MgF., too, the
isomerization of cyclohexene proceeds at Lewis acid sites.

Preparations MF-3 and MF-4 were also found to be effective catalysts
of the concomitant reaction of hydrogen disproportionation (transformation
of cyclohexene into the corresponding saturated hydrocarbon and simulta-
neous formation of ‘coke’ — a product poor in hydrogen).

In order to characterize more closely the nature of the MgF., surface,
we have performed assays for the presence of active sites promoting model
reactions such as ethanol dehydration, oxidation of iodides to iodine, nitrous
oxide decomposition and oxidative dehydrogenation of ethylbenzene. Alumina,
depending on the manner of its preparation, is a catalyst of all these reactions,
although the oxidation of iodide anions [2] takes place only on alumina sam-
ples containing a well defined admixture of sulfates. Magnesium fluoride turns
out to be active only with respect to alcohol dehydration; hence, its surface
contains no centers active in the other reactions mentioned.

Conclusions

(i) On the surface of magnesium fluoride, Lewis as well as Broensted
acid sites are present; the contribution of the latter to the total acidity of the
catalyst is higher than on alumina but lower than on silica-alumina catalyst.

(if) On calcination at about 500°C the acid sites of magnesium fluoride
undergo destruction; such thermal processing deprives MgF2 of its activity
as catalyst for cracking and skeletal isomerization of hydrocarbons and for
hydrogen disproportionation.
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4-Alkylidene(4H)pyran has been prepared by the reaction of diazoalkanes with
4-thiopyrones. 5,6-benzoflavone with phenyl- or benzyl-magnesium halides afforded
4,4-diphenyl or 4,4-dibenzyl derivatives, while this compound with p-methoxyphenyl-
magnesium bromide, and 2-methylchromone with phenylmagnesium bromide afforded
the corresponding 4-hydroxy-compounds.

2-Styrylchromones were found to react thermally or photochemically to give
maleic anhydride or naphthoquinone adducts.

4-Pyranylideneacetamides and 4-(aminoalkylidene)-pyrans are known to
be potent drugs [2, 3]. We tried to prepare 4-pyranylideneacetic acid estertype
compounds by reacting carbethoxymethyltriphenylphosphonium halide with
9-xanthone, 2-chloro- and 2-bromo-xanthone, 2,6-dimethyl- and 2,6-diphenyl-
4-pyrone, flavone, and 5,6-benzoflavone, but obtained only the starting sub-
stances. This result was not unexpected owing to the low reactivity of the
carbonyl group. When ethyl- or methyl-triphenylphosphonium iodide was
tried with these same compounds, the starting ketones were also obtained
together with ethyl- or methyl-diphenylphosphine oxide la or b [4].

4-Pyranylideneacetic acids were, however, prepared by the action of
diazoacetic acid ester on thiopyrones in the presence of copper bronze and
subsequent saponification of the esters obtained. Thus, 2-chloro- and 2-bromo-
xanthylideneacetic acids (Ila and b. R = H) and 2-(p-chlorostyryl)-4-chrom-
enylideneacetic acid (I1l. R = H) were prepared.

CHCOOR
CHCOOR

a: X ==CIl, b X=Br

*Part VI, see Ref. [1].
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2-Methyl-4-thiochromone with diazomethane, as usual, gave dithiol
methylene ether (IV).

The change of the carbonyl group into an ethylenic group could also be
effected by changing the former into a thiocarbonyl group followed by treat-
ment with copper bronze. Thus 2,2’-dichloro- and 2,2’-dibromo-9,9’-dixan-
thylidenes (Va and b) were obtained.

a: X=C1 b: X=Br

2-Nitro-4-xanthione, when treated in the same way, afforded 2-nitro-
4-xanthone, perhaps by atmospheric oxidation, while 2-(p-chlorostyryl)-
4-thiochromone was recovered unchanged.

5,6-Benzoflavone, when treated with benzylmagnesium bromide, afforded
4.,4-dibenzylflavone (VIb) instead of the expected 4-hydroxy derivative which
we intended to dehydrate to the corresponding 4-benzylidene-5,6-benzo-
flavone.

Half of the amount of the Grignard reagent afforded both VIb and un-
changed henzoflavone. The double substitution may be due to the increased
reactivity of the initially formed, ionized Grignard complex (A) because of
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direct attachment of the reaction center to two aryl groups and conjugation
with a third phenyl group (cf. ionization of triarylmethanes [5]).

®0MgX

This explanation is supported by the reaction of phenylmagnesium
bromide with 2-methylchromone (one phenyl group less) which gave 2-methyl-
4-phenylchromen-4-ol (VII), and the action of p-methoxyphenylmagnesium
bromide on 5,6-benzoflavone where the p-methoxyphenyl group will partially
neutralize the positive charge on C-4 preventing further attack and enabling
the formation of compound VIII.

R = C6LLOCH3 (p-)

2-(0-, m-, or p-chlorostyryl)-4-chromone, when boiled with maleic an-
hydride in xylene, afforded adducts IX (cf. Ref. [6]).

The ort/io-chloro derivative, on hydrolysis with sodium hydroxide,
afforded the corresponding dicarboxylic acid. From a similar reaction using
naphthoquinone with 2-(o-chlorostyryl)-4-chromone, we obtained the cor-
responding adduct X.

IX

The same reaction could be effected photochemically by irradiation of
2-styryl-4-chromone and maleic anhydride in the presence of benzophenone
as sensitizer, leading to adduct IX (H instead of CI) [6].
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Experimental

Melting points are uncorrected and have been measured on a Kofler microscope. Micro-
analyses were performed by the Microanalytical Laboratory, N.R.C., Egypt. The IR spectra
were measured in KBr. Light petroleum used, b.p. 70 -80°C, unless otherwise indicated.

Reaction of carlethoxymethyltriphenylphosphonium bromide with 4-pyrones

2,6-Dimethyl-, 2,6-diphenyl 4-pyrone, 2-boromo- and 2-chloro-xanthone, 5,6-benzo-
flavone, N-methyl- or N-ethyl-pyridone in dry dioxane, when treated with a solution of carbe-
thoxymethyl-triphenylphosphonium bromide [7] in absolute ethanol in the presence of sodium
ethoxide, were recovered unchanged.

Reaction of methyl- ar.d ethyl-triphenylphosphonium iodide with 4-pyrones

When a solution of flavone, 5,6-benzoflavone, xanthone, 2-chloro-, 2-bromo- or 2-nitro-
xanthone in dioxan was added to a solution of methyl- or ethyl-triphenylphosphonium iodide
in absolute ethanol, in the presence of lithium ethylate, only methyldiphenylphosphine oxide
(m.p. and mixed m.p. [4]: 108°C) or ethyldiphenylphosphine oxide (m.p. and mixed m.p. [4]:
121°C) was isolated.

Reaction with ethyl diazoaeetate

N mixture of 2-chloro-, 2-bromo-xanthone, or 2-(p-chlorostyryl)-thiochromone (0.015
mol) with ethyl diazoaeetate (4.5 ml) in dry xylene (125 ml) was refluxed for 30 min in presence
of copper bronze (3.5 g) under carbon dioxide atmosphere. The reaction mixture w*as filtered
and evaporated to dryness. The residue was dissolved in a mixture of ethanol (125 ml) and
sodium hydroxide (45 ml 8% solution), refluxed for 2 hrs, concentrated and acidified with
hydrochloric acid. The corresponding carboxylic compounds were obtained.

2-Chloroxanthione gave lib in 65°0 yield; m.p. 191°C (ethanol). C,-H@10., (272.5).
Calcd. C 66.05; 1 3.30; Cl 13.03. Found C 66.53; H 3.74; Cl 13.08°0. IR 1700 cm*“1(COOH),
3450 cm -1(0OH).

2-Bromocanthione gave Xlbin 70% yield; m.p. 180 —1°C (decomp.) (benzene). C153H9Br03
(317). Calcd. Br 25.24. Found Br 25.20%.

2-(p-Chlorostyryl)-4-thiochromone gave Il in 42% yield: m.p. 272°C ClyH n C10., (324).
Calcd. Cl 10.94. Found CI 10.00%.

Reaction of diazomethane with 2-methyl-4-thiochromone

2-Methyl-4-thiochromone (0.5 g, 0.0028 mol) in dry benzene (50 ml) was added to a
solution of diazomethane (from 30 g nitrosomethylurea). The reaction mixture was kept in the
ice chest for 2 days and then at room temperature for another 2 days. The solvents were
distilled off and the residual solid (0.3 g, 25%) was crystallized from ether (colourless crystals).
4,4°-di-(2-methylchromenylidene)-4,4’-dithiol methylene ether (IV) melted at 168°C.
Co,H,8.,S,, (366.) Calcd. C68.85; H 4.92; S 17.9. Found C68.83; H 5.05; S 17.43%. IR 770 enr1l
(CH2.

Action of copper bronze on thiones

A mixture of 2-chloro-, 2-bromo-, 2-nitro-xanthone or 2-(p-chlorostyryl)-4-thiochromone
(0.008 mol) in dry xylene (100 ml) with copper bronze (2.5 g) was refluxed for 8 hrs. The reaction
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mixture was filtered while hot and a solid was formed on cooling. It was crystallized from the
proper solvent.

2-Chloroxanthione gave Va in 45% vyield; m.p. 308°C [8] (xylene); IR 1085 cm-1
(Cl), 1620 cm"1 (>C= C<).

2-Bromoxanthione gave Vb in 40% yield; m.p. 300°C (xylene). C26H 14Br20> (518).
Calcd. Br 30.89. Found Br 30.21%. IR 1070 cm"1(Br), 1620 cm“1(>C=C<).

2-Nitroxanthione gave 2-nitroxanthone but 2-(p-chlorostyryl)-4-thiochromone did not
react.

Reactions of Grignard reagents with 2-methylchromone and with 5,6-benzoflavone

A solution of 2-methylchromone or 5,6-benzoflavone in dry benzene was added to a
cold solution of arylmagnesium halide and the reaction mixture was refluxed for 4 hrs, cooled
and decomposed with a mixture of crushed ice and dilute hydrochloric acid. The mixture was
extracted with ether and the ethereal extract was evaporated. The residue was crystallized from
the proper solvent.

5,6-Benzoflavone (2.7 g; 0.01 mol) with (i) phenylmagnesium bromide (0.03 mol), after
4 hrs of refluxing gave 4.4-diphenyl-5,6-benzoflavone (Via) (1.5 g; 37%); m.p. 190 ~1°C
(methanol). C;ilH20 (410). Calcd. C 90.73; H 5.37. Found C90.57; H 5.26%. IR showed no OH
or C—O bands.

The same reaction, when repeated using 0.015 mol of phenylmagnesium bromide, gave
the starting substance.

(if) Benzylmagnesium chloride (0.03 mol), after 4 hrs'of refluxing gave 4,4-dibenzyl-5,6-
benzoflavone (VIb) (2.0 g; 46%); m.p. 128°C (methanol). C3H20 (438). Calcd. C 90.41;
H 594. Found C 90.45; H 5.68%. IR showed no OH or C= 0 bands.

(iii) Benzylmagnesium chloride (0.015 mol), after 10 hrs of refluxing afforded VIb (0.5 g;
12%) and 1.6 g of unchanged 5,6-benzoflavone.

(iv) p-Methoxyphenylmagnesium bromide (0.03 mol), after 4 hrs of refluxing afforded
4-(p-methoxyphenyl)-5,6-benzoflavone-4-ol (VIII) (2.1 g; 55.3%); m.p. 165°C (methanol).
C26H2003 (380). Calcd. C 82.10; H 5.26. Found C 82.27; H 5.04%. IR 3445 cm"1 (OH).

2-Methylchromone (3.2 g; 0.02 mol) with phenylmagnesium bromide (0.1 mol), after 4
hrs of refluxing gave 4-phenyl-2-methylchromen-4-ol (VII); m.p. 177°C (methanol); (0.8 g;
16%). CIfiH 140 2 (238). Calcd. C 80.67; H 5.88. Found C 81.03; H 5.76%. IR 3450 cm*“1(OH).

2-(o-, in-. and j>-chlorostyryl)-4-ehromone

To a solution of 2-methyl-4-chromone (1.5 g; 0.009 mol) in absolute ethanol (50 ml),
chlorobenzaldehyde (1.5 g; 0.01 mol) and sodium metal (0.2 g; 0.009 mol) were added. The
reaction mixture was filtered after 12 hrs. The solid was washed with alcohol and then boiled
with aceticacid (5 ml) and filtered.

2-(o-Chlorostyryl)-4-chromone crystallized from benzene to give 69% yield, yellow
crystals; m.p. 191°C. C1H,,C10., (282.5). Calcd. C72.1 H 3.89; Cl 12.57. Found C 72.22: H 4.46;
Cl 12.23%. IR 1080 cm-1 (Cl), 1620 cm"1 (>C=C<), 1675 cm"1 (>C=0<). NMR $6.3
(CH= CH, doublet, 15 cps), b 6.83 Q>CO—CH = C, singlet), aromatic protons higher than §7.0.

2-(m-Chlorostyryl)-4-chromone; m.p. 162°C (benzene) in 65% yield. (Found C 72.31;
H 4.00; Cl 12.20%). IR 1085 cm*“1(Cl), 1670 cm"1(>C = C<), 1675 cm"1(>C = 0<).

2-(p-Chlorostyryl)-4-chromone, 226°C (benzene), was obtained in 61% vield. (Found C
72.16; H 4.14; Cl 12.62%). IR 1095 cm“1(Cl), 1670 cm*1(>C = 0<).

A solution of 2-(o-, m- or p-chlorostyryl)-4-chromone (0.01 mol) and maleic anhydride
(4 g; 0.04 mol) in xylene (30 ml) was refluxed for 12 hrs, concentrated and cooled. The pre-
cipitate formed was isolated, washed with ethanol and crystallized from xylene.

2-(o-Chlorostyryl)-4-chromone gave adduct IXa in 43% yield; m.p. 270°C (xylene).
C21H 13C105 (380.5). Calcd. C 66.23; H 3.42; Cl 9.33. Found C 66.70; H 3.72; Cl 8.99%. IR
1655 cm -1(>C= 0) 1730 and 1760 cm"1(-CO -0 - CO-).

Compound IXa. when hydrolyzed with sodium hydroxide in aqueous methanol and
acidified with hydrochloric acid, affordidthe corresponding dicarboxylic acid in 60% yield; m.p.
257°C (methanol). C,,H,5C10e (398.5). Calcd C 63.80; Il 3.76. Found C 63.93; H 3.73%. IR
1720 cm-1 (COOH), 3100 cm-1 wide band (OH).

2-(m-Chlorostyryl)-4-chromone gave adduct IXb in 67% yield, m.p. 240°C (xylene).
(Found CI 8.75%.) NMR b 2.05 (H2 doublet, 3 cps), 02.93 (H3 doublet, 3 cps), 6 3.40 (Il,,
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324 ELKASCHEF et al.: 4-PYRONES, VII

doublet, 3 cps), $3.91 (H5doublet, 9 cps), & 7.78 (Ht, doublet, 9 cps), aromatic protons higher
than S 7.0.

2-(p-Chlorostyryl)-4-chromone gave adduct IXc in 70% vyield, m.p. 230°C (decomp.)
(xylene). (Found CI 9.40%.) IR 1655 cm“1(>C=0), 1785 cm'1(-C0-0-C 0-).

Formation of the p-naphthoquinone adduct

2-(o-Chlorostyryl) chromone (0.01 mol) and p-naphthoquinone (0.015 mol) were fused
together for 10 hrs under carbon-dioxide atmosphere. The fused mass, after cooling, was
extracted with xylene. The xylene was evaporated and the residual oil solidified under ether to
give adduct X in 90% vyield; m.p. 250°C (ethanol). C>H 17C101(440.5). Calcd C 73.55; H 3.85.
Found C 73.75; H 4.07%.

Photochemical preparation of the maleic acid anhydride adduct

2-Styrylchromone (3 g; 0.012 mol), benzophenone (3 g; 0.016 mol) and maleic acid
anhydride (5 g; 0.05 mol) were irradiated with an HPK 125 W Philips lamp for 50 hrs in dioxane
(350 ml). The solvent was evaporated and the residual solid (IX, H instead of Cl) (0.2 g; 5%)
crystallized from xylene; m.p. and mixed m.p. [6] 246°C.
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Acetylierte Alkyl- und Aryl-I-thio-/?-D-gluco- und -galaktopyranoside (1—13)
werden durch Dichlormethyl-methylather/ZnCI2 zu a-Acetochlor-D-glucose (l1l) bzw.
a-Acetochlor-D-Galaktose (IV) gespalten.

Versuche mit Disacchariden zeigten, dal die Spaltung selektiv ist: die unbe-
rihrte Zuckerkomponente wurde in Form ihres Acetochlor-Derivats mit guter Ausbeute
isoliert.

Das einzige schwefelhaltige Nebenprodukt der Spaltung ist — je nach dem
Aglykon — das entsprechende S-Alkyl- bzw. S-Arylthioformiat (VII und IX); letzteres
wird jedoch unter den angewendeten Reaktionsbedingungen quantitativ zu S-Dichlor-
methylthiophenol (VIII) halogeniert. (Die Nebenprodukte wurden mittels einer kombi-
nierten gaschromatographischen-massenspektrometrischen Methode identifiziert.) Dem-
gemanR ist es wahrscheinlich, dal die Thioglykoside unter der Wirkung von Dichlor-
methyl-methyldther/ZnCl2 — unabhdngig von der Natur des Aglykons — einer »Gluco-
syl-S-Spaltung« unterworfen werden, wobei der entsprechende Acetohalogen-Zucker
vermutlich Gber einen Sulfonium-Komplex (X) gebildet wird. Modellversuche zeigten,
daB die aus dem Reagenten in Nebenreaktionen gebildete Salzsdure als Glykosidspalter
praktisch keine Rolle spielt.

GemdlR unseren friheren Untersuchungen werden die acetylierten Alkyl-
und Aryl-O-glykoside der Mono- und Disaccharide durch a-Dihalogendther
selektiv gespalten, wobei die Zuckerkomponente in Form ihres Acetohalogen-
Derivats mit guter Ausbeute isoliert werden kann [1]. Das Verfahren konnte
auch bei einigen natiirlichen Glykosiden der Flavonoid-Reihe mit Erfolg ange-
wendet werden [1, 2].

In der vorliegenden Arbeit berichten wir Gber die selektive Spaltung von
Thioglykosiden mit Dichlormethyl-methylather. Bekanntlich sind die Thio-
glykoside — mit Ausnahme ihrer sauren Hydrolyse [3] — reaktionsfahiger
als ihre Sauerstoff-Analoga. Sie werden durch Brom oder Chlor (in organischem
Losungsmittel) leicht gespalten [4]. Diese Spaltung ist auch prédparativ wert-
voll, besonders flr die Herstellung von /LAcetobrom-Derivaten und schwer
zugdnglichen Furanosyl-haloiden [5]. Die hohere Reaktivitat der Glykosid-
Bindung von Thioglykosiden wird auch dadurch bestédtigt, dall sie sich mit
Quecksilber(I1)- oder Silbersalzen von Carbonsduren in die entsprechenden
1-O-Acyl-Derivate umsetzen [6]. Demgem&BR konnte erwartet werden, daB
acetylierte Thioglykoside auch mit Dichlormethyl-methyl&dther in Reaktion
treten.

7 Acta Chim. (Budapest) 84, 1975



326 FARKAS et al.: SELEKTIVE SPALTUNG VON THIOGLYKOSIDEX

Tabelle 1
CHrOAc CHroAc
OAc OAc
| L
Reaktions- Herauspréaparierte Verbindung 111
Metho-
Y de zeit temp. Aus- Schmp. * .
Min. oC beute, °oc [a]D (in CHClg)**
%

CH3 (1) A 55 75 66 71—73 + 166.3° (c = 0,41)
CH3CH,, 2 A 60 70 64 73—74  + 166,9° (c = 0,39)
(CH3),CH @ A 60 70 55 71—72  +1649° (c= 0,45)
CH3—CH2—CH2—-CH,— (4) A 65 75 57 72—73 + 165,3° (c = 0,41)
(CH32XCH—CH2— G A 60 70 52 71—72  + 164,6° (c = 0,44)

A 50 75 42 71—73 + 166,2° (c = 0,40)

(9 r <6)
A 60 70 46 71—72  + 165,5° (c = 0,39)

(c > > - <7 »

* Literaturwert: 73—74 °C [10]
** Literaturwert: +167,8° [10]

Unsere Versuche zeigten erwartungsgemé&f, daB acetylierte Alkyl- und
Aryl-l-thio-/J-D-glucopyranoside (I; 1—7) und -I-thio-/3-D-galaktopyranoside
(I1; 8—13) unter der Einwirkung von Dichlormethyl-methyldther und wasser-
freiem Zinkchlorid leicht gespalten werden, wobei aus dem Reaktionsgemisch
a-Acetochlor-D-glucose (I1l1) bzw. a-Acetochlor-D-galaktose (IV) mit guter
Ausbeute isoliert werden kann. Die diesbezuglichen Reaktionsdaten sind in
Tab. | und Il zusammengefalit.

Nach unseren Versuchsergebnissen mit Disaccharid-Derivaten (V; 14 —16)
werden Thioglykoside in Gegenwart von Dichlormethyl-methyldther und
ZnCIl2 selektiv gespalten, wobei das Acetochlor-Derivat der Zuckerkompo-
nente (VI) entsteht. Unter den in Tab. 11l angefuhrten Versuchsbedingungen
bleibt ndmlich die Glykosidbindung des Disaccharid-Teils praktisch unberuhrt.

Zwecks Feststellung der Bruttogleichung der Glykosidspaltung mit
Dichlormethyl-methyldther wurden die Nebenprodukte der Reaktion mit
einer kombinierten gaschromatographischen—massenspektrometrischen Me-
thode bestimmt. Bei der Spaltung von Athyl-2,3,4,6-tetra-0-acetyl-I-thio-/?-
D-glucopyranosid (2) wurden als Nebenprodukte Salzsiure, Methylchlorid,
Methylformiat und S-Athylthioformiat (VII) nachgewiesen; eine Athylchlorid-
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Tabelle 11

SELEKTIVE SPALTUNG VON THIOGLYKOSIDEN

* Literaturwerte: 75—76 °C [11]; 82- 83 °C [12]
** |iteraturwert: +212,25° [11, 12]
*** Sirupartiges Produkt

GL

Cellobiosyl- (14)

Lactosyl-  (15)
Maltosyl-  (16)
7*

\Y%

Reaktions-
Me-
tho-
de zeit temp.

Min. °C

B 60 50—60
c 60 50—60
D 60 50—60

Aus-
beu-

te,

%

82

57

39

Tabelle 111

gef.

186—187

119—120

117—118

Vi

Herauspréparierte Verbindung VI

Schmp. °C
Lit.
178
187—188 [13]
200—201

120- 121 [14]

118—120 [15]
125

Ada Chim.

327
Wd (in CHCY
gef. Lit.
+ 72,8° + 73°
(c= 02) [13]
+ 85,8° +83,9°
(c = 0,32) [14]
+ 157,4° + 159,5°
(c = 0,35) [15]
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Bildung erfolgte selbst in Spuren nicht. Die ersten drei der genannten Produkte
sind Ergebnisse der nachfolgenden Reaktionen:

CI,CHOCH, ----- HClI + CH,CI + CO

CI2CHOCH3 — »HCI + HCOOCHS3

und entstehen infolge der durch ZnCI2 katalysierten Zersetzung bzw. Hydro-
lyse (durch das in Spuren stets gegenwdrtige Wasser) des Reagenten. Als
wirkliches Nebenprodukt der Glykosidspaltung kann in diesem Fall also allein
das S-Athylthioformiat (VII) betrachtet werden.

HC—SC2H5
o - s—aHa*

Vil VIl

Daraus folgt, dal die Alkylthio-Gruppe ausschlieflich in der Form von
S-Alkylthioformiat erscheint. Der gleiche Befund ergab sich friher bei der
Spaltung von Zucker-didthylmerkaptalen mit Dichlormethyl-methyldther [7].

Bei der Reaktion von Phenyl-2,3,4,6-tetra-0-acetyl-I-thio-/3-D-gluco-
pyranosid (7) mit Dichlormethyl-methyldther konnte — aufler den Produk-
ten der obengenannten Nebenreaktionen — nur eine Schwefelverbindung mit
der Bruttoformel C7HeSCI2 nachgewiesen werden, die sich auf Grund von
Modellversuchen und ihres Massenspektrums als S-Dichlormethylthiophenol
(VIII) erwies. Es konnte bestdtigt werden, dall VIII ein Umsetzungsprodukt
des erwarteten S-Phenylthioformiats IX ist, da letztere Verbindung unter den

Bedingungen der Spaltungsreaktion durch Dichlormethyl-methyldther zu
VIIl halogeniert wird:

CbCHOCHS3 HeoocLw

I1X VII?

Demgem&B erscheint die Thiophenyl-Gruppe der Phenylthioglykoside —
analog zu den Alkylthioglykosiden — in Form des Derivats VIII (bzw. IX).

Der Reaktionsmechanismus der Spaltung von Thioglykosiden kann also
auf folgende Weise formuliert werden:
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Es kann angenommen werden, dal die Reaktion Uber den Sulfonium-
Komplex X verlduft, und dal der Acetohalogen-Zucker durch »Glykosyl-
S-Spaltung« gebildet wird (d. h. der nucleophile Angriff richtet sich auf das
glykosidische Kohlenstoffatom). Das Intermedidrprodukt Xla, welches den
»Aglykon-Teil« enthélt, wird dann in Methylchlorid und den entsprechenden
Ameisensédurethiolester gespalten. Dieser Mechanismus ist unabhdngig davon,
ob Y eine Aryl- oder Alkylgruppe darstellt. Die Mdglichkeit der »Alkyl-S-
Spaltung« von Alkylthioglykopyranosiden kann ausgeschlossen werden, da das
entsprechende Alkylchlorid nicht unter den Nebenprodukten der Reaktion
erscheint und nicht einmal Spuren des Thioameisensdure-O-methyl-esters
X1l gebildet werden.

In der Glykosidspaltung mit Dichlormethyl-methyldther und ZnCIl2 wird
in den Nebenreaktionen Salzsdure entwickelt. Deshalb versuchten wir, die
Rolle der Salzsdure in der Thioglykosidspaltung zu kldren. Ist die Salzsdure
fir die Eildung des Acetohalogen-Zuckers verantwortlich, so muf3 als Neben-
produkt Thioalkohol (bzw. Thiophenol) entstehen. Diese Verbindungen konn-
ten zwar nicht unter den Nebenprodukten der Glykosidspaltung entdeckt
werden; es konnte jedoch nachgewiesen werden, daR z. B. das Athanthiol
unter den Reaktionsbedingungen der Glykosidspaltung in das S-Athylthio-
formiat VII umgesetzt wird:

COHESH + CI2CHOCH3 C2H5—S—CH—OCH3  CH3C1+C2H5—S—CH

|
(@] 0

VII

wéhrend Thiophenol Uber S-Phenyltliioformiat 1X das S-Dichlormethylthio-
phenol VIII liefert:

IX VI

Diese Versuche bestdtigen die unidirektionale selektive Zersetzung des
Intermedidrprodukts Xla, wé&hrend Intermedidrprodukte vom Dialkoxy-
chlormethan-Typ, die bei der Reaktion von Alkoholen mit Dichlormethyl-
methyl&ther entstehen, in zwei Richtungen gespalten werden, wobei zwei
Alkylchloride und zwei Alkylformiate entstehen [1, 8].
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Demgem&B konnte die eventuelle Rolle der Salzsdure in der Glykosid-
spaltung nicht geklart werden. Zu diesem Zweck wurden Modellversuche
durchgefihrt. Die Verbindungen 2 und 7 wurden unter den Reaktionsbedin-
gungen der Glykosidspaltung mit ZnCIl2 und trockenem gasformigem Chlor-
wasserstoff in Reaktion gebracht, wobei die Thioglucoside in unverdnderter
Form mit einer Ausbeute von 80% zurtickgewonnen wurden. (Es soll bemerkt
werden, dall die Verbindung 2 in Form eines Gemisches mit ihrem a-Anome-
ren isoliert wurde.) Daraus konnte gefolgert werden, daR die selektive Bildung
der Acetochlor-Zucker vor allem auf die unmittelbare Reaktion der Thio-
glykoside mit Dichlormethyl-methyl&ther zurlckzufihren ist, wéahrend die
Salzsdure als glykosidspaltendes Reagens keine oder nur eine &uferst unter-
geordnete Rolle spielt.

Die einfache und selektive Spaltung von Thioglykosiden mit Dichlor-
methyl-methyldther ist auch deshalb beachtenswert, weil sie in der Synthese
von Disacchariden Anwendung finden kénnte. Neuerdings wird ndmlich die
Synthese von reduzierenden Disacchariden Uber Thioglykoside als vorteilhaft
angesehen; im letzten Reaktionsschritt erfolgt dabei die selektive Spaltung
der Tliioglykosid-Bindung [9].

Experimenteller Teil

Die Herstellung der ndtigen Thioglykoside erfolgte nach bekannten Methoden. Die
Synthese von 2 und 8 wurde nach Sakata und Mitarbeitern [16] durchgefiihrt, wahrend das
Verfahren von Purves [17] zur Herstellung von 7, 14, 15 und 16 angewendet wurde. Alle
tbrigen Thioglykoside wurden nach dem Verfahren von Cerny und Mitarbeitern [18, 19] syn-
thetisiert. 10, 11 und 12 sind chromatographisch einheitliche Sirupe.

Die Reinheit der Thioglykoside und der Acetochlor-Zucker wurde diinnschichtchroma-
tographisch geprift (auf Silicagel G, Produkt der Firma REANAL). Zum Chromatographieren
wurde ein Gemisch aus Toluol und Ather im Verhaltnis von 2 : 15 verwendet; die Chromato-
gramme wurden mit 5% Schwefelsdure enthaltendem Athylalkohol bei 145 °C entwickelt.

Spaltung der Thioglykoside

Verfahren A. 1 g Thioglykosid wird mit 2,5 ml Dichlormethyl-methylather, in Gegen-
wart von 0,1 g wasserfreiem ZnClI2 unter den in Tab. | und Il angefihrten Bedingungen in
Reaktion gebracht. AnschlieBend wird das Reaktionsgemisch in Vakuum zur Trockne einge-
dampft und der Riickstand in Ather geldst. Diese Losung wird wiederum im Vakuum einge-
dampft und der zuriickbleibende Sirup in Chloroform aufgenommen. Diese Ldsung wird mit
Eiswasser, eiskalter KHCO.,-L6sung und wiederum mit Eiswasser saurefrei gewaschen, mit
MgSO, getrocknet und aufs neue im Vakuum eingedampft. Der sirupartige Rickstand wird
aus Ather/Petrolather umkristallisiert.

Verfahren B. 1 g Thioglykosid 14 wird mit 2,5 g Dichlormethyl-methylather und 0,1 g
wasserfreiem ZnCl2auf dem Wasserbad erwdrmt (Einzelheiten siehe in Tab. 111). Der Halogen-
Zucker wird aus dem im Vakuum eingedampften Reaktionsgemisch mit Chloroform herausge-
I6st und die Lésung nach dem Entsauern und Trocknen (wie bei Verfahren A beschrieben) im
Vakuum eingedampft. Der feste Rickstand wird mit Ather verrieben, abgesaugt und aus
Benzol umkristallisiert.

Verfahren C. 1 g Thioglykosid 15 wird nach Verfahren B gespalten (Einzelheiten siehe
in Tab. 111), mit dem Unterschied, dal der nach dem Eindampfen der chloroformischen
Loésung erhaltene Rickstand aus abs. Alkohol umkristallisiert wird.

Verfahren D. 1 g Thioglykosid 16 wird nach Verfahren A mit Dichlormethyl-methyl-
&ther in Reaktion gebracht (Reaktionsbedingungen s. Tab. Ill1). Der Unterschied gegeniiber
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Verfahren A besteht darin, dal der nach dem Eindampfen des Reaktionsgemisches im Vakuum
erhaltene Rickstand in Ather aufgenommen wird. Die Lésung wird nach dem Entsduern
und Trocknen im Vakuum einkonzentriert und anschlielend soviel Petroldther zugegeben, bis
eine Tribung entsteht. Die Kristallisation wird durch 24stindiges Kuhlen auf 0°C zu Ende
geflhrt.

Untersuchung der Nebenprodukte der Glykosidspaltung

Die Analyse der die Nebenprodukte enthaltenden Ldsungen wurde auf einem Massen-
spektrometer Typ AEI MS-20 durchgefihrt, der mit einem Gaschromatographen verbunden
war. Wenn es zur ldentifizierung der Struktur notig erschien, wurd e auch die Bruttoformel der
lonen bestimmt, durch genaues Messen ihrer Masse auf einem Massenspektrometer Typ MS-902
hoher Auflésung. Zum Gaschromatographieren wurde eine 1,5 m hohe Glassdule verwendet:
die Fullung war Diatomeenerde CQ (KorngréRe 100—120 mesh), die mit 3% Silicon-Kautschuk
(Typ SE-30) benetzt war.

Bestimmung der Nebenprodukte bei der Spaltung von Thioglucosid 2

1 g des Thioglucosids 2 wird mit 2,5 ml Dichloromethyl-methyldther und 0,1 g wasser-
freiem ZnCl2 55 Minuten lang auf einem Wasserbad bei 75°C gehalten. Die leichtflichtigen
Nebenprodukte der Reaktion werden mit einem Uber Silicagel getrockneten Stickstoffstrom
aus dem Reaktionsgemisch ausgetrieben. Die mit dem Stickstoffstrom entweichenden konden-
sierbaren Stoffe werden anschlieBfend in einem mit Aceton/Kohlensdureschnee gekiihlten Gas-
wéscher kondensiert und das erhaltene Produkt bei 90°C gaschromatographiert. Die Probe
enthé&lt in einem Verhdltnis von ungefdhr 50—50% Methylchlorid (charakteristische Spitzen
m/e 50, 36) und Methylformiat (m/e 60, 31). Die Spektren der beiden Substanzen waren mit
den Literaturangaben [20] identisch. Der Rickstand im Kolben wird in 10 ml Chloroform auf-
genommen, mit Eiswasser, eiskalter KHCO03L6sung und wiederum mit Eiswasser saurefrei
gewaschen, anschliefend getrocknet, filtriert und im Temperaturbereich von 90—150°C gas-
chromatographiert. AuRer dem Loésungsmittel und Methylformiat enthalt die Probe S-Athyl-
thioformiat VII.

Charakteristische Spitzen vom VII (70 eV): m/e 90,0140 (M+, 100%, C3H60S); m/e
62,0195 (M+-CO, 8%); m/e 61,9825 (M+-C 9H,, 25%); m/e 61,0100 (M +-COH, 10%); m/e
60,9739 (M +-C2H5, 34%); m/e 46,9956 (M-43, 90%, CH3).

Prifung der Nebenprodukte der Spaltung des Thioglucosids 7

1g 7 wird mit 25 ml Dichloromethyl-methyldther und 0,1 g ZnCI2 1 Stunde lang auf
dem Wasserbad bei70°C gehalten. Die flichtigen Nebenprodukte werden wie bei 2 angegeben
mit Stickstoff ausgetrieben und kondensiert. Einzelheiten der gaschromatographisch-massen-
spektrometrischen Untersuchung siehe bei 2. In der Probe wurden in ungefdhr gleichen Mengen
Methylchlorid und Methylformiat gefunden; m/e-Angaben s. oben.

Das im Kolben zuriickgebliebene Reaktionsgemisch wird im Vakuum (20 Torr, Wasser-
bad 40°C) eingedampft. Der sirupartige Rickstand wird in 10 ml Chloroform aufgenommen, die
Ldsung wie bei 2 sdurefrei gewaschen, getrocknet und im Temperaturbereich von 130—170°C
gaschromatographiert. Die Probe enthdlt eine einzige schwefelhaltige Verbindung mit der
Bruttoformel C7HG@GCL> Charakteristische Spitzen: m/e 194 (i, 22%); m/e 192 (M+, 36%); m/e
159 (i, 32%); m/e 15679869 (M-35, 100%, C7H6SC1); m/e 121 (157-HC1, 19%); m/e 109 (30%);
m/e 77 (21%).

Die Fragmentation zeigt, dal die Verbindung S-Dichlormethylthiophenol (VIII) ist.

Reaktion von S-Phenylthioformiat (IX) mit Dichlormethyl-methylatlier

0,3 ml S-Phenylthioformiat [21] werden mit 25 ml Dichlormethyl-methyléatlier und
0,1 g wasserfreiem ZnClI2 1 Stunde lang bei 70 °C auf dem Wasserbad gehalten. Das Reaktions-
gemisch wird wie bei 7 beschrieben verarbeitet.

Die chloroformische Ldsung des Rickstands enth&lt, nach den Ergebnissen der gas-
chromatographisch-massenspektrometrischen Untersuchung (ausgefuhrt wie bei 7), nur S-
Dichlormethylthiophenol (VIII) (m/e-Werte siehe oben).

Reaktion von Thiophenol mit Dichlormethyl-methyldther

0,3 ml Thiophenol werden, wie bei S-Phenylthioformiat beschrieben, mit Dichlormethyl-
methyldther/ZnCI2 in Reaktion gebracht; das Reaktionsgemisch wird auf analoge Weise ver-
arbeitet.
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In der chloroformischen Lésung des Rickstandes konnte allein S-Dichlormethylthio-
phenol (VI1II) nachgewiesen werden. (Die Analysenbedingungen und die gefundenen m/e-Werte
waren mit den bei der Verbindung 7 angefihrten identisch.)

Reaktion der Verbindung 2 mit ZnCL/Salzsdure

1 g der Verbindung 2 wird in 20 ml wasserfreiem Chloroform geldst, 0,2 g wasserfreies
ZnCl2 werden zugegeben und ein langsamer Strom von trockenem Chlorwasserstoffgas wird 1
Stunde lang durch das Reaktionsgemisch unter Erwdrmen auf dem Wasserbad auf 70°C ge-
leitet. Anschliefend wird die Losung mit Eiswasser, KHCO:iL6sung und wiederum mit Eis-
wasser gewaschen und im Vakuum bis zur Trockne eingedampft.

Der sirupartige Riickstand kristallisiert unter der Wirkung von warmem Ather. Das
Produkt (0,82 g, 82%) ist halogenfrei und schmilzt bei 72—74°C; [d]lg = —74,3° (c = 1,2, in
Chloroform). Die Ausgangsverbindung 2 (das R-Anomere) schmilzt bei 81—82°C; [a]o =
= —24,4° (in Chloroform) [18]. Auf Grund des optischen Drehungsvermdégens ist das Reak-
tionsprodukt eine Mischung aus 34% 2 und 66% des «-Anomeren.

CuH,409S (392,4). Rer. S 8,17; gef. S 8.07.

Der Anomerengemisch-Charakter des Produkts wird auch durch das in CDC13 aufge-
nommene NMR-Spektrum angezeigt. Im Spektrum wurden die Dublette beider anomeren
Protonen (H-% und H-Ig) beobachtet:

H-la 5,76 ppm, J| 2 5,0 Hz

H-1"3 4,58 ppm, Jj2 8,5 Hz

Reaktion der Verbindung 7 mit ZnCL/Salzséure

1 g 7 wird in 20 ml Chloroform geldst und unter den bei 2 angefiihrten Redingungen
mit ZnCL/HCI in Reaktion gebracht. Die chloroformische Lésung wird entsduert und in
Vakuum abgedampft. Der sirupartige Riickstand wird in warmem Ather geldst. Reim Stehen
der LOsung im Kuhlschrank kristallisieren 0,8 g (80%) unverdndertes 7 aus; Schmp. 118°C,
[ot]D = —40,5° (c = 0,74, in Toluol). (Lit. Schmp. 118°C, [a]Jo = —40,1° (in Toluol) [22].) Im
Gemisch mit dem Ausgangsmaterial zeigt sich keine Scbmelzpunkterniedrigung.
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THE REACTIVITY OF THE CARBONYL GROUP
IN FLAVONOID COMPOUNDS, I

KINETIC STUDIES ON THE FORMATION OF 2,4-DINITROPHENYLHYDRAZONF.S

E. R. David and R. Dognak

(Organic Chemistry Department of the Kossuth Lajos University, Debrecen)

Received January 12, 1974

The reactivity of the C=0 group in flavonoid compounds as a function of the
structure (degree of oxidation) and the substitution conditions were studied in their
reactions with 2,4-dinitrophenylhydrazine by means of the ultraviolet spectrophotom-
etry. The carbonyl group of the unsubstituted flavanone was found to exhibit the
greatest reactivity. The hydroxyl substituent at the carbon atom adjacent to the
carbonyl group will lower the reactivity of both the flavanone and 2’-hydroxychalcone
derivatives, owing to chelate formation. Substituents in para position related to the
carbonyl group will modify the rate of the 2,4-dinitrophenylhydrazone-formation
reaction in accordance with their -j-7 or —1 effects.

Several methods have been known for the analytical detection and deter-
mination of the carbonyl group [1—4]. The most frequently applied one is
the measurement accomplished in the form of the 2,4-dinitrophenylhydrazone
derivative, since aldehydes and ketones form poorly soluble coloured precipi-
tates with 2,4-dinitrophenylhydrazine in aqueous or alcoholic solutions, which
can be measured gravimetrically or by back-titration [2, 5].

Particularly in the determination of carbonyl compounds available in
small amounts only, the spectrophotometry is very advantageous, since
2.4- dinitrophenylhydrazones have a characteristic absorption band in the
340—420 nm range with a high molar absorbance; it shows a considerable
bathochromic shift in alkaline medium [5—10].

In the investigation on the reactivity of the carbonyl group in flavonoid
compounds with different oxidation levels [11, 12] as a function of their
structures and substitution conditions, the favourable properties of the
2.4- dinitrophenylhydrazone-formation reaction have been utilized. The 2,4-di-
nitrophenylhydrazones of the flavonoid compounds examined have not been
isolated, but extracted with n-hexane and the factors influencing the reactivity
of the carbonyl group have been evaluated from the reaction rate constants
calculated from the kinetic curves constructed on the basis of the increase
in the absorbance measured at the actual Jitax.

Quantitative and unambiguous accomplishment of the reaction [13, 14,
15] was ensured by adjusting a proper ratio of the concentrations of the acid,
the reagent and the flavonoid compound.
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The data obtained were checked by comparing the spectroscopic data
of some 2,4-dinitrophenylhydrazones prepared in pure state previously, which
were also utilized in establishing the quantitative accomplishment of the
reaction.

Experimental

1. Preparation of 2,4-dinitrophenylhydrazones

The flavonoid parent compounds were prepared according to literature
prescriptions. Their 2,4-dinitrophenylhydrazones were prepared by the diglyme
method of H. J. Shine [7]. The majority of the 2,4-dinitrophenylhydrazones
precipitated immediately from the reaction mixture, they were filtered off,
then washed with ethanol with aqueous ethanol. The crystals were dried at
room temperature and identified on the basis of the melting- point values and
the elemental-analysis data.

2. Spectrophotometric studies on 2,4-dinitrophenylhydrazones

The UY spectra were recorded with a Unicam SP 800 recording spectro-
photometer in 5 « 10~5M concentration. The spectral data are given in Table
Il. (Since the substances are poorly soluble in ethanol, the Amax values given
for ethanolic solutions refer to cold-saturated solutions.)

Table |

Melting-point and elemental-analysis data
of 2,4-dinitrophenylhydrazones offlavonoid compounds

o B colar e
Mp. °c N%

flavanone- orange 251—52* 13.86 13.98
3-hydroxyflavanone- red 256-8** 13.33 13.46
5-hydroxyflavanone- orange-red 258—9 13.33 13.50
7-hydroxyflavanone- dark red 245—6 13.33 13.05
1-thiaflavanone- yellow 234—35 13.33 13.90
flavone- red 280—1 12.69 12.78
chalcone- orange 247—8*** 14.44 14.8
2’-hydroxychalcone- orange-red 235- 7 13.86 13.72
4-hydroxychalcone- dark red 239-41 13.86 14.05
4’-hydroxychalcone- ochre-yellow 232—5 13.86 13.88
4-nitrochalcone- red 230-5 16.13 16.30
2’-benzyoxychalcone- orange 246—7 11.36 10.96

* R. Mozingo, H. Adkins: J. Am. Chem. Soc. 60, 669 (1938). M.p. 254—55°C
F. KAl1ay, G. Janzsé, |. Koczor: Tetrahedron 23, 4317 (1967). M.p. 252—55°C
** F. Ramirez, C. D. Telefus:J. Org. Chem. 34, 377 (1969). M.p. 257°C
*** J. D. Roberts, Ch. Green:J. Am. Chem. Soc. 68, 214 (1946). M.p. 247—8°C
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250 275 300 325 350 A00 50 500
nm
Fig. 1. Spectra of 2,4-dinitrophenylhvdrazones of flavonoid compounds in 5 « 10~5M dioxane
solutions

Fig. 2. Spectra of flavanone, flavanone 2,4-dinitrophenylhydrazone and 2,4-dinitrophenyl-
hydrazone in 5 ¢« 10-5M dioxane solutions

The data in Table Il, as well as Figs 1 and 2 show that the spectra of
the 2,4-dinitrophenylhydrazones of flavonoid compounds are almost independ-
ent of the structure of the starting material (flavanone, chalcone, etc.), but
can clearly be distinguished from those of the starting materials and the
reagent, 2,4-dinitrophenylhydrazine, as well. Substituents in various positions
will also modify the spectrum to an insignificant extent only (Figs 1, 2).

3. Kinetic runs

In the kinetic runs the difference in the solubilities of the reagent and
the products in n-hexane was utilized [6]. The 2,4-dinitrophenylhydrazones
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formed could easily be separated from the reagent present in a great excess
by extracting the sulfuric acid ethanolic solution with n-hexane. The coloured
hexane solution proved to be quite stable, thus the spectra of the neutral, pure
2,4-dinitrophenylhydrazones could be measured with satisfactory repro-
ducibility.

Table 11

Spectral data of 2,4-dinitrophenylhydrazones of flavanoids in different solvents

2’4-%8;;20(?&%“)/'_ Dioxane Chloroform Emﬂ
UBX e Amex e

2,4-dinitrophenylhydrazine 346 16 400 347 15 100 348.5
flavanone- 386 30 500 390 31 500 390
5-hydroxyflavanone- 375 29 750 375 29 000 376
3-hydroxyflavanone- 384 30 000 390 29 000 392
7-hydroxyflavanone- 389 30 000 395 29 500 398
1-thioflavanone- 380 29 500 382 29 000 382
chalcone-(benzalacetophenon e) 392 32 000 396* 32 500 396*
2’-hydroxychalcone- 388 31 000 392 30 500 392
2’-benzyloxychalcone- 393 31 500 394 30 500 394
4’-hydroxychalcone- 390 32 500 398 32 500 400
4-hydroxy chalcone- 398 30 700 400 30 500 405
4,4’-dibromochalcone- 391 31 800 390 31 500 395

*J. D. Roberts, Ch. Green:J. Am. Chem. Soc. 68, 214 (1946). Amax [EtOH] = 395 nm.
C. Djerassi, E. Ryan:J. Am. Chem. Soc. 71, 1000 (1949). Jirax [CHC13] = 398 nm

Therefore, the initial concentrations of the flavonoid compounds were
chosen so as to achieve quantitative extraction of the 2,4-dinitrophenyl-
hydrazones formed with n-hexane, even at the end of the reaction.

For this purpose, 5 m10 4M ethanolic solutions of the flavonoid com-
pounds were used, to which a sulfuric acid-ethanolic solution of the reagent
was added in 1:1 volume ratio. (Optimum acid concentration was 1.5M.)
The time elapsed from combining the solutions was clocked with a stop-watch
and, depending on the rate of the reaction, 1 ml samples were pipetted into
10 ml of n-hexane in 1-, 5-, 10- or 20-minute periods. After shaking the mixture,
the absorbance of the n-hexane phase was measured at 390 nm. The reference
solution was the reagent treated in the same way. (1 ml of the reagent -f 1 ml
of pure ethanol extracted with 10 ml of n-hexane showed £30= 0.2.) The
r<agent can be used for about one weak only; its absorbance was checked daily.

The 1 10 2,4-dinitrophenylhydrazine reagent was prepared with
various acid constants (0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 4.0 and 5.0 iVf), and the
reaction rate was found to be almost identical with acid contents in the 1.5—

Acta Chim. (Budapest) 84, 1975



DAVID, BOGNAR: THE REACTIVITY OF THE CARBONYL GROUP, | 339

2.5 M range. Below and above these acid concentrations, however, the rate
of reaction decreased considerably. In less acid solutions, the reagent separated
on storage, while at higher acid concentrations the decrease in the free base
concentration presumably hindered the rapid accomplishment of the reaction.
In addition to these facts, the absorbance of the reference solution was in-
creased by the higher acid content. Thus the optimum acid content was con-
sidered to be 1.5 M. The measurements were carried out at 23 ~ 0.05°C.

Reagent for the kinetic runs

Reagent-grade 2,4-dinitrophenylhydrazine (1.980 g) was dissolved in
reagent-grade concentrated sulfuric acid (15 ml). Distilled water (20 ml) was
added to it. After cooling, its volume was made up to 100 ml with purified
ethanol.

Evaluation of the results

It can be seen in Fig. 3 that, in addition to the 2,4-dinitrophenylhydra-
zone formed in the reaction, the chalcone was also transferred from the sulfuric
acid-ethanolic solution into the n-hexane extract. The well-defined isosbestic
point in the spectrum confirms the presence of an equilibrium system, in which
the decrease in the chalcone concentration with time is in equilibrium with
the increase in the concentration of the 2,4-dinitrophenylhydrazone formed.

Fig. 3. The equilibrium system of chalcone 2,4-dinitrophenylhydrazone in the n-hexane
extract, as a function of time
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Similar equilibria have generally been observed in the formation of 2,4-dinitro-
phenylhydrazones of other chalcone derivatives examined.

In the case of flavone and flavanone derivatives, only the 2,4-dinitro-
phenylhydrazones formed are soluble in n-hexane, thus the isosbestic point
could not be utilized and only the absorption spectrum of the dinitrophenyl-
hydrazone was measured, being proportional to the concentration.

On the basis of spectrophotometric data, the kinetic curves have been
constructed and the half-times and rate constants calculated (Table I11).

Table 111

Rate constants of 2,4-dinitrophenylhyd.razones of some f lavér,oids at 23 + 0.05°C

Compound K (min-1) m10-3 Compound K (min-1) «10-3
flavone- 255.00 chalcone 155.00
1-thiaflavanone- 153.00 2’-benzyloxychalcone- 153.00
3-hydroxyflavanone- 15.00 2’-hydroxy-4-methylchalcone- 9.48
5-hydroxyflavanone- 3.82 2’-hydroxy-4-chlorochalcone- 9.0
flavone- 0.18 2’-hydroxychalcone- 6.95
5-methoxyflavanone- 43.6 2’-hydroxy-4-methoxychalcone-
2’,4-dihydroxychalcone- 0.38

Since the changes in the concentration of the acid and that of the reagent
being in a large excess were negligible as compared to the change in the con-
centration of the dinitrophenylhydrazone formed, considered as a function
of time, the reaction was found to follow a pseudo first-order kinetics, which
was verified by the identical half-times of flavonoid compounds with different
initial concentrations.

The evaluation of the rate constants suggests that the 2,4-dinitrophenyl-
hydrazone derivative is formed in a well-measurable, relatively rapid reaction,
in both the flavanone and the chalcone series. In the case of flavone and the
sterically hindered ortho-substituted flavonoids, the reaction is very slow.
(For example, the amount of the flavone 2,4-dinitrophenylhydrazone deriva-
tive was only 50% even after a 260-hr reaction period.)

The substituents in para position will (Fig. 4), of course, affect the rate
of the reaction in accordance with their enhancing or lowering action on the
electron density of the «-carbon atom with decreased electron concentration,
brought about by the polarization of the carbonyl group, depending on their
positive or negative inductive and mesomeric effects. When, however, the
reaction-rate values are plotted against the constants d and <%+, total and
unambiguous linearity cannot be established, which makes necessary the deter-
mination of new substitution constants in the flavonoid series.

Acta Chim. (Budapest) 84, 1975



DAVID, BOGNAR: THE REACTIVITY OF THE CARBONYL GROUP, I 341

The plot of the logarithm of the reaction- rate values of the 2,4-dinitro-
phenylhydrazone-formation reaction as a function of the basicity constants
{pK"Yi) determined by us previously [16, 17], shows that the substitution
and structural effects equally appear in the case of both constants, but in
opposite ratios. That is, the less basic the carbonyl group of a compound
(e.g. flavanone), the higher the rate of the formation of the 2,4-dinitrophenyl-
hydrazone derivative, while with increasing basicity (e.g. flavone) the reaction
rate will decrease.

hour

Fig. 4. Reaction rate curves of substituted 2’-hydroxychalcone 2,4-dinitrophenylhydrazone
derivatives

The reaction will be quite hindered below a certain limit, that is, where
the electron cloud of the oxygen atom will completely shield the positive
charge at the a-carbon atom, owing to the high polarity (cross-conjugation,
substitution effect), and where no positive charge can develop at the a-carbon
atom, because of the cross-conjugation effect (e.g., 7-hydroxyflavone, 4-di-
methylaminochalcone). In the formation of dinitrophenylhydrazones, the
steric effects hinder the nucleophilic addition reaction to a far larger extent
than the solvolytic action in the basicity (Fig. 5, compounds 2, 3, 4, 5, 6, 7).

This is also confirmed by the decreased reaction rate of 3-hydroxy- and
5-hydroxyflavanone and 2’-hydroxychalcone. By all means, when the basicity
constant values, p/(BH+, are plotted as a function of the logarithms of the
rate constants of the 2,4-dinitrophenylhydrazones formed, the inverse pro-
portionality is apparent (Fig. 5).

The method developed for kinetic measurements seems, according to
the experiences, to be suitable for investigating the reactivity of the carbonyl
groups in not only flavonoid, but in other types of compounds, too, as well as
for the determination of new substitution and steric constants in the knowledge
of the basicity constants. These comparative studies can be accomplished
relatively simply with 2—3-mg samples.
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K BH

5. The logarithms of 2,4-dinitrophenylhydrazone reaction rates as a function of the
basicity constants
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CVHTE3 U VCC/IEAOBAHVE CBOIVCTB PACTBOPOB
NMPBUTBLIX COINOJ/IMIMEPOB TMOJIMBH10BOI O
CrPTA C NoamsBmMHMNIMNPPOSTIMAOHOM

TAWLWMYXAMEJOB C. A., KAPABAEB A. L., ®Y3ANMOB LU, TAPVH T.IT.,
TUNNAEB P. C. n YCMAHOB X. V.

(CCCP, TawkeHTCKuiA focyfapCTBEHHbIA YHUBEpCUTeT UM. B. W. JleHuHa)
16. 1V. 1973

PagnauMoHHO-XMMNYECKUM METOAOM CUHTE3WPOBaHbl MNPUBUTLIE  CONOAUMEpDI
NOAVBUHWIOBOIO CNMUPTA C NOIMBUHUNNUPPONNAOHOM B3aBUCUMOCTU OT A03bl 06/1yUYeHNS,
npupoabl N KOHUeHTpauumn pactBoputens. MonyyeHHble NPOAYKTbl MAEHTUDWNLUPOBAHbI
mMeTogom VK-cnekTpockonuu.

Mpn un3yyeHWM TemnepaTypHON 3aBUCUMOCTM BA3KOCTU PacTBOPOB MPUBUTbIX
CONONUMEPOB 0OHAPYXeHbl aHOManbHble W3MEHEHWs BA3KOCTW, BblpaxawLlimecs B
NOABMEHNMN 3KCTPEMASIbHbIX TOYEK Ha KPMBOW BA3KOCTMW. Mofo6HOe ABNeHNEe 06BACHEHO C
TOYKMN 3PEHUSA BO3MOXHOCTU KOH(OPMALMOHHOr0o nepexofa MakpoMoneKyn NpuUBUTbIX
COMOMIMMEPOB OT arpermpoBaHHol hopMbl B hOPMY CTaTUCTUYECKOT0 Ky 6Ka.

COp6LUMOHHLIM 1N KanopuMeTPUYECKUM WCCNeOBaHWEM MOKa3aHOo, YTO aKT npwu-
BMBKW BUHUANUPPOAMAOHA K MOJMBUHUIOBOMY CNUPTY MNPUBOAUT K YMNJOTHEHWUIO
CTPYKTYpbI nonumMepa

Cpeoy NpvBMTBLIX COMOMMMEPOB nonveBuHWNOBoro cnvpta (MBC) onpege-
NEHHbIA Hay4yHblA 1 NPaKTUYECKWUIA MHTepeC MpeacTaBnsieT cuctema MBC-nonu-
BMHUANMppPonuacH (MBI1). B nuTepaType cBeAeHUs1 06 3TOM CUCTEME OTCYTCTBYHOT.
[JaHHble NpvBUTbIE CONOMUMEPBLI, OyAy4Yn COCTaB/EHHLIMU U3 BOLOPACTBOPUMbIX
No/IMMEPOB, MPEACTaB/ISHOT MHTEPECHbIA OOLEKT C TOYMKW 3PEHWST MCC/ef0BaHUS
CBOWCTB PacTBOPOB BBWAY BO3MOXHOCTW 3HAUUTESIbHOMO MEXLEMHOro B3auMMo-
[efCcTBNA CerMeHTOB Pas3/IMYHON XUMMYECKO Npupobl. MoaToMy B aHHOM paboTe
NPUBOSATCA pPesy/ibTaTbl CUHTE3a MPUBUTBLIX comnonimmvepos MNMBC—IIBI n nsyde-
HVS1 CBOWCTB WX PacTBOPOB C MPUWB/EYEHNEM psiga (3MKO-XMMUYECKMX METOLOB.

OKCrMepuMeHTa/IbHasA  4yacTb.

Vcnonb3oBani NpPoMbILLIEHHBIN 06pasel, MBC npomsBoacTBa EpeBaHCKOro
3aBoja «[MonNMBUHMMIALETAT» C XapakTepUCTUYECKOM BA3KOCTLIO [w] B BOge Mpu
25°C, pasHoii 0,74, n cofepXaHneM aueTaTHbIX rpynn 4,2%. BuHunnupponunaoH
OUMLLI/IN BaKYyMHOW MeperoHkoin npu 82—84°C 8 Mm. pT. CT., no 15070, d5
1,0448. CvHTe3 NpuBUTBLIX COMOIMMEPOB OCYLLECTB/IS/IN PagvaLiOHHbIM METOLOM C
MCMNo/b30BaHWEM raMma siydeit NcTouHrKa CofdnyTem OfHOBPEMEHHOrO 061yYeHUs
CMec/ nonmMmMepa u MoHoMepa B MHTepBasie o3 06/1yyeHms ot 0,1 go 0,5 Mpag npu
MOLLHOCTM [03bl 67 paf/cek. MpUBUBKY MPOBOAWIM B BakyyMe, B MPUCYTCTBUK
pacTBOpUTE/EN, B KAYeCTBE KOTOPbIX MCMO/b30B/IM METAHO U AMOKCaH, TaK Kak
npeaBapuTenbHO Oblla YCTaHOBNEHA HM3KasA 3EKTUBHOCTL MPUBMBKMA  MNPU
MPOBeEHNN peakumn B Macce. puBeC B BECE MCXOAHOI0 MoMMepa OMnpeaensv
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nocne SKCTpaKuMM peakLUOHHOM CMecuM X0pothiopMoM, B pesysibTaTe KOTOporo
yaananca romo-MBri.

MK-cnekTpbl 006pa3uoB CHUAMaIM Ha [ABYX/Tly4EBOM  CreKTpohoTOMETPpE
UR—10 B 06nactsix 3800—=2600 cm~] (npusma mn3 LiF), 2000 700 cv-1 (npvsma
13 NaCl) n 700—400 cm-1 (npusma 13 KBr). Obpasupl ans cHaTna VIK-crnekTpos
roToBMIM MpeccoBaHeM ¢ KBr no 06LUEeNpUHATON METOAMKE.

XapaKTepuCTUYeCKMe BA3KOCTU 06pasLoB  M3MEPS/IM B Karu/isspHOM
BMCKO3MeTpe Tuna Y66enofde, [ONyCKaloLleM MocnefoBaTe/lbHOe pa3basrieHve
uccresyeMoro pacteopa B CamMOM BUCKO3MMeTpe [1].  XapaKTepucTUYeCKYyHo
BS3KOCTb HaxXOAWAM MO AaHHbIM MPUBELEHHON BS3KOCTU 3-X—4-X pas3baBrieHui,
3KCTPanosisiumein K Hy/neBOMY 3HAYEHUK KOHLIEHTpauMu pacTBopa.

CopbLUMOHHbIe CBOICTBA MCC/IEAOBa/IM HA BbICOKOBAKKYMHOW YCTaHOBKE
Tvna Mak—BaHa ¢ KBapLeBbIMU NpyXuHamu [2].

TennoBble 3deKTbl ONpefensiiM NPy MOMOLLM MUKPOKa/IOpUMeTpa Tuna
LLlotkm [3]. Bce mccneaoBaHnst NpoBOAWMAM TepMocTaTupoBaHmem npn 25°C.

PesynbTaTbl U WX 06CYXAeHUe

[JaHHble NPMBUTOA COMO/IMMEPM3ALMM MPU UCXOAHOM COOTHOLIEHMM JIBC :
:BlM = 1:2 n 30% KOHUEHTpaUMK pPacTBOPUTENA OT Beca MOHOMEpPa B 3aBUCU-
MOCTW OT J03bl 00NyYeHUs MpeAcTaBneHbl Ha puc. 1 Kak BMAHO, npwvBec rocne
3KcTpakumm romo-lNBI1 noBbiwaeTcsa B vHTepBane o3 0,2—0,5 Mpag v 3Haun-
TeNbHasi KOHBEPCUS MOHOMEPA, M3PacX0f0BaHHOMO /151 MPUBWTOM COMOMMMEPU3a-
umn, Habnogaetes npu gose 0,5 Mpag, Cyas no pesynbtatam, NpYiBMBKa B Mpu-
CYTCTBMM MeTaHo/a NPOTeKAaEeT 3HAUUTESTLHO 3(IhEKTUBHEE, YeM B ClyHae JUOKCaHa.
Tak, npu gose 06ny4veHust 0,5 Mpag npmBecbl cocTaBnsAloT 147 n 19% cooTBeT-
CTBEHHO, YTO MOXHO OOBACHUTL pPa3MUMAMM B MOMSPHOCTU N paguaLMoHHO-

Puc. 1. BnmsHue p[o3bl 061y4eHMs U Npupofbl pacTtBopuTens Ha npuemBky BIM k TMBC.
MBC :BM =1:2, MouwHocTb 06n. 67 pag/cek. 1- meTaHon, 2-AMOKCaH (KOHLEHTpauus pacT-
Boputena 30% OT Beca MOHOMepa).
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XMMUYECKUX BbIXOA0B CBOGOAHLIX PafMKasioB 418 STUX pacTBopuTeneid. OfHaKo, B
060MX Cryyasix BbICOKasA pafuauMoHHas YyBCTBUTE/IbHOCTb MOHOMepa Mo cpas-
HeHWto ¢ MNBC npmBoauT K 06pa3oBaHUI0 3HAUNTE/bHBIX KO/IMYECTB rOMOMOosIMMe-
pa, OCOGEHHO MPU HU3KUX Ao3ax 06/1y4veHUs, Korda 3peKTUBHOCTL MPUBUBKU
HM3Kas. Vicnonb3oBaHWe e 03 06ydeHnst cBbile 0,5 Mpag faeT HepacTBopu-
Mble MPoAyKTbl, Tak Kak MNBC 1 ocobeHHO MBI 0THOCATCA K CLUMBAOLLMMCH MOA4
JecTBMEM U3yYeHUs nonumepam [4]. Ha puc. 2 npvBefeHbl JaHHbIE M0 CUHTE3Yy
npwu go3se 0,4 Mpag B 3aBUCUMOCTU OT KOHLIEHTPALMW PacTBOPUTENA. DU JaHHbIe
NMOKasbIBaKOT, YTO C YBENIMYEHEM KOHLIEHTpaLUMM MeTaHo/1a NPUBEC CHaYana pacTeT
[0 KOHUeHTpauun pacteoputens 30%, a 3aTeM M/1aBHO MafaeT. ECTECTBEHHO, YTO

i ,cm4

Puc. 2. BnanaHue KOHUeHTpauun pactsoputens Ha npususky BIM k MBC. NMBC : BMN =1:2.
MouwHocTb 065. 67 pap/cek. [Jo3a o6n. 0,4 Mpag. 1- meTaHon, 2- guokcaH (KOHUeHTpauus
pacTBopuTens B MpPoOLEHTax OT Beca MOHOMepa)

YMeHbLLEHME MNPUBECA C YBE/IMYEHMEM KOHLIEHTpaLMW PacTBOPUTENA CBA3AHO C
pa3baBneHneM peakuMOHHOW CMecn. B criyyae gmokcaHa HU3Kas 3(peKTUBHOCTb
NMPUBMBKU YKa3bIBAET, UTO JaHHbI PaCTBOPUTESTb HE MOXKET CYXXUTb CEHCUOUN-
3aTopom npvemBkM Bl K MNBC.

Ha puc. 3 npuBegeHbl NK-CcnekTpbl NpuBUTbIX cononivmepos MBC- MBI,
a Takke MNBC wn IMBI1. NonHoe oTHeceHWe YacToT gnsA MNMBC K COOTBETCTBYHOLLMM
BMAam KonebaHwin caenaHo B [5]. B cnekTpe MBI MMeOTCS Noockl MOrIOWEHMS
Ba/IEHTHbIX KOMe6aHUA TMAPOKCUIbHBLIX [PYMM, BK/OYEHHbIX B BOAOPOLHYHO
CBA3b, MaKCUMyM MOI/IOLLEHNSA KOTOpPbIX Haxogutca npu 3500 cm-1, BasleHTHble
CH —2980 cm-1, B obnact 1680 cM*“1 nposiBNstoTcs BasieHTHble C = O koneba-
Hus, B obnactm 1495 mn 755 cm“1 nposiBnsatoTcs KonebaHusa umkna B, Odedop-
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Puc. 3. NK-cnekTpbl MBC, MBI 1 nx npusutbix cononnmepos. 1—MBC; cononinmepsbl, CUHTE-

3MpoBaHHbIe B NpUcyTcTBuM metaHona; 2—0,2 Mpag; 3—3,0 Mpag; 4—0,4 Mpag, 5—0,5 Mpag;

6—T1BTI1; cononMmMmepsl, CAHTE3UPOBaHHbIE B MPUCYTCTBUMN fUoKcaHa; 7—0,2 M pafa;8—0,3 Mpag;
9—0,4 Mpag; 10—0,5 Mpag.

MauMoHHble KonebaHus CH2 CH rpynn vMmeloT XxapaKTepHble MOr/IOLWEHNA B
o6nactn 1500—31 300 cm-1. Obnactb 1292 cm/1 oTHOCKTCA K AedhopMaLMOHHBLIM
KonebaHusM LUMKa, a 0bnactb 855 cM-1 K BasieHTHbIM CC KosebaHUsM. Xapak-
TepHoI ocobeHHocTb0 B VK-criekTpe TMBI SBASeTCS Hanvuve MOr/IoLeHNs B
o6nactn rmgpokcuabHbIx rpynn (3700—3200 cm“l), KOTOpoe CcBSA3aHO, Mo-
BUAVIMOMY, C NPUCOEAMHEHVEM TUAPOKCW/IbHBIX TPYMM Ha KOHLAX MaKpOMOJIeKY
roMonosiMMepa BC/ieACTBME 6OMbLLOA rMapodmnibHOA criocobHocTy MBI, Oedop-
MauMoHHble KonebaHusa OH rpynn nposiensatotcs B o6nactm 1100—1000 cm-1.
Mpu npuemBke BIT Kk MNBC B VK-crnekTpax Mo/yyeHHbIX MPOLYKTOB WMMEKOTCH
Monockl MOrJoLLEHNs, XapaKTepHble Kak ans MNBC, Tak n ansa MBI, Kak BugHo,
C yBe/IMYEeHUEM [03bl 06/TyUeHUST PacTeT MHTEHCMBHOCTb BaslEHTHBLIX KOie6aHuWin
C = O rpynn 1 HeCKO/IbKO YMEHbLLIAETCH MHTEHCMBHOCTL Ba/IEHTHBIX KO/iebaHWiA
OH rpynn, BK/IOYEHHbIX B BOLOPOAHYHO CBSA3b. HesHaumTesibHOE YMEeHbLLeHue
WHTEHCMBHOCTW MOMOCHI NOM/OLLEHUS TMAPOKCUSIbHBIX TPYMM MOXHO O6BLACHUTH
TeM, YTO B MPOLECCe MPVBUBKM, BC/IEACTBME Ha/MUMSA NPUMECEld BOfbl B peakLOH-
HOIM cpefe, NMPOUCXOAUT YBENMYeHNEe CKOPOCTW 00pbIBa LEMM ¢ 06pa3oBaHMEM Ha
KoHuax npwusuToro MBI OH rpynnbl, NOrmoLeHNe KOTOPbIX HaKIadbIBaeTca Ha
nornotueHne OH rpynnbi MBC. An1a 06pa3LoB, MoMy4YeHHbIX NPU OAHOM 1 Tol Xe
WHTErpasibHOM [03e 06/y4YeHWsl, MHTEHCMBHOCTb MOJI0C MOFJIOLIEHWST MPUBUTOIO
MBI HeCKONBbKO HUXKe B Crlyvae NPUMEHEHUA B KaYeCTBE pacTBOpPUTENSA AMOKCaHa,
YeM METaHOMa, YTO MOATBEPXKAAET [aHHble CuHTe3a. BBuay TOro, 4ro nosiochl
nornoweHna 1680 n 1100 cm-1 o4veHb YyBCTBUTENBHBLI K cofepykaHuto TBIM v MNBC
B COMOJSIMMEPE, 3TW MO/0ChI MOTYT 6bITb UCMOMb30BaHbl B KAYeCTBE aHa/IMTUYECKMX
ONA KO/IMYECTBEHHOIO OMpPefesieHNs cocTaBa COoro/IMMEPOB.

KauecTBeHHOe M3yyeHVe pacTBOPMMOCTM MOKas3asio, YTO CUMHTE3NPOBaHHbIE
npuBuTbLIe cononvepbl MBC—TIBIT pacTBOpAOTCA MNP HarpeBaHUW B BOAE»
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MOHO3TaHOMlAMUHE, ANMETUN(OPMaMmMie, B CMECU BOAbl WU MeTaHoNa (1 : 1), BoAbl
N YKCYCHOW KWCMOTbI (1 : 1), a B MypaBbUHOW KWC/IOTe PacTBOPSIOTCA MPU KOM-
HaTHOM TemnepaType. XapaKTepUCTUYECKY BSA3KOCTb [?7] MPUBUTLIX COMOSIMME-
pOB V3MEPSiIN B BOAE, MypaBbUHOW KUC/IOTE 1 CMECK BOAbI C AUMETUHOPMaMIUAOM.

Kak BugHO u3 puc. 4, [?7] NpvBUTLIX COMO/IMMEPOB B BOAE MeHblue [r7]
ncxogHoro MNBC. OueBnaHO, 3TO CBA3AHO C TeM, YTO B BOAHbIX pacTBOpax rmapo-
(hoBHOCTb YrNEeBOLOPOAHOr0 Ckeneta MakpomMonekyn MBC no OTHOLLEHWIO K BOAE
NPUBOAUT K MOTepe UX rmbkocTW. osToMy npu NpuBmMBKe 6osee TMOKKX Lenei
MBI »eCcTKOCTb OCHOBHbIX Liereid YMeHbLUAeTC W [17] NpuBUTBLIX COMOSIMMEPOB
CHaYa/1a yMeHbLLIAETCS, a3aTeM OCTaeTCs MOCTOSIHHOM, UTO MOXET CNY>XMWTb yKasa-
HVeM Ha CYLLIECTBOBaHME B pacTBOPe KOMMNaKTHbIX MaKpPOMOMEKYNSAPHBIX K/Ty6KOB.
Mpn pgoGaBneHUn xe gumetTungopmamuga (AMEP) B BoAHbIA pacTBOpP BS3KOCTb
ncxogHoro MBC (puc. 5) BHavasie HECKOSIbKO YMEHbLLAETCS, a 3aTeM pacTeT fo
MaKCUMa/IbHOTr0 3HaYeHWUs, MOC/Ie Yero MMEET MeCTO MafeHue BA3KOCTU. XOpPOLLO
n3BecTHO, yto MBC npeacTaBnsieT COOOM >KECTKOLIEMHbIA MOMMMEpP, CKeneTHas
YKECTKOCTb KOTOPOro 06YC/10B/IEHA BHYTPU-U MEXMONEKYNAPHBLIMA BOLOPOAHBIMU
cBazamn. B npucytctBun OM®P rmnbkocTe Makpomoriekyn MBC, no-sugnmMomy,

20 AO 60 80 100
nenr,/.

Puc. 4. iameHeHne [??] pacTBOpPOB NpuBUTLIX cononmmepos MBC—IBI B Bofe.

HD

Puc. 5. VameHenune [?;] MBC, MBI 1 ux NpMBUTbIX COMNONIMMEPOB B CMeLUaHHbIX BOAHO-AMMe-
TMnopMmamMuaHblx pactsoputenax. 1 — MBC, 2—5,5% MNBM, 3—10,5% MNBM, 4—14,0%
nBen, 5-17,5% nNBMN, 6 — MBIM.
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[O/MKHA yBeNMumuBaThes, Tak Kak AM® umeeT rpynnbl, CriocobHble B3amMMogen-

.0
CTBOBaTb KaK C MeTWeHOBbIMK rpyrnnamu MBC, Tak u rpynny = N —C<f

CNOCOOHYH0 06pa3oBbIBaTh BOAOPOAHbIE CBSA3M C MMAPOKCU/IbHBIMU Fpynnamm nosu-
Mepa. MosTomy nepBoHavasibHOe BBeaeHe AM® 6yaeT cnocob6CcTBOBaTb MOBbILLE-
HUIO TMOKOCTW, M BA3KOCTb HECKOMbKO YMeHbLUaeTcs. [asibHelillee yBenmMyeHue
OM® B cmecn yBenuuut conbBataumio MNBC mMonekynamm pacTBOpUTeSis, B pe-
3yNnbTaTe 4Yero 00beM MaKpPOMOMEKYNSAPHOr0 KybKa YBEIMUUTCA U TeM CaMbIM
BA3KOCTb Takke yBenmuntces. Takue adekTbl Habntogatotes v gna MBI, B cny-
Yae e NPUBUTLIX COMOIMMEPOB [y ] HAYMHAET pacTu cpasy npu gobasneHnn MO,
0YEBUAHO, 3@ CHET OAHOBPEMEHHOI COMbBATaLMM OCHOBHbIX M GOKOBLIX Lienei npu-
BMTOro cononmmepa. CHIDKEHVE e BAKOCTU NpU B0/bLLMX cofepXkaHnsax AM®
ABNAETCA C/EACTBMEM CTPEMIEHUA MaKPOMOSIEKY/T MPUBUTBLIX COMOSIMMEPOB K
06pa3oBaHM0 KOMMAKTHbIX CTPYKTYP, TaK KaK M30bITOK AM® HaumHaeT urpatb
ponb ocaguTens.

B BOAHbIX pacTBOpax JaHHbIX MPUBUTBIX COMOSIMMEPOB BO3MOXKHO TaKXKe
BHYTPUMOSEKY/ISIPHOE  B3aUMOLENCTBUE MEXAY TUAPOKCWIbHBIMK  Fpynnamm
OCHOBHbIX Lernei 1 KapboHWbHLIMW FpynnamMmmy fakTaMHbIX LWKI0B GOKOBbIX
ueneii. BO3MOXHO, YTO MMEHHO 3TUM OGCTOATENIbCTBOM OOBLACHAIOTCS AaHHble
pvc. 6, corflaCHO KOTOpPbIM \uj MeXaHWYeCKMX CMeCei 3TUX MOSIMMEPOB B BOAE
COBMajaloT C afauTUBHLIMW 3HAYEHVAMW, a YBe/IMYeHWE MONEeKY/IAPHOro Beca
MBI B cMeck MoYTK He M3MEHSET [tj] BogHOro pacTBopa CMecK MoIMMEPOB, Kak
3TO BWAHO U3 puc. 7.

Ha puc. 8 npeactaBneHa TemnepaTypHas 3asucumoctb [17] MBC, MBI, ux
MEXaHNYEeCKOM CMec 1M NpuBUTLIX conosimmepos NMBC—BI B Boge. 13 pycyHKa
BWAHO, YTO A/19 FOMOMO/IMMEPOB U UX CMecU [, MMHENHO M3MeHsieTcs ¢ HeboMb-

Puc. 6. iameHeHune [??] mexaHunueckoii cmecu MBC ¢ MBI B Boge, 0T cooTHoweHus MBC v MBM.

0.8 _Q_ n -rr—

)4 0.5 0.6 07
M

Puc. 7. N3ameHeHune [?;] mexaHunyeckoit cmecn MBC ¢ MBM (cooTHoweHue (1 : 1) oT Monekynap-
Horo Beca lBTI1, B BoAe.
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LM OTpuULaTeSIbHbIM TeMMEPaTyPHbIM Koa(hduumeHToM. NS NpUBUTBLIX CONOMN-
MepOB 3Ta 3aBMCUMOCTb BbIPaXKeHa CUSIbHEE U XapaKTepu3yeTCs Ha/IM4YMeM U3sioMa
npsmMbIx npy 30°C. ObpaLlaeT Ha cebst BHYMaHVE, YTO Moc/e JOCTUXKEHUSA TOUKM
M310Ma BA3KOCTb MOYTU He M3MeEHsieTcs. O4YeBMAHO, YTO Ha/MuMe TaKOoM TOUKM
CBUAETENLCTBYET 06 ONpeaesieHHOM KOH(hOPMaLMOHHOM NpeBpaLLeHUn B CTPYKTYpe
MaKpOMO/IEKY/T MPUBUTBLIX cononunviepoB. [oHaoc [6] B psge paboT nokasas, YTo
Ha/IMumMe 3KCTPEMasTbHbIX TOUEK HA KPYBbIX TEMMEPaTYPHO 3aB1CMOCTY BASKOCTU
NPUBUTLIX COMOSIMMEPOB 0BYC/IOB/IEHO PaspyLLEHVEM arperMpoBaHHON CTPYKTYpbI
MaKpOMO/IeKY/T MPUBUTBLIX COMOMMMEPOB C MOCNEAYHOLLMM MPUOBPETEHMEM CTPYK-
Typbl CTaTUCTMYECKOr0 K/ybka. [eiCcTBUTE/IbHO, B PacTBOpax MypaBbUHOM
KMC/OTb! KpYBasi TEMMEPaTYPHOM 3aBUCMMOCTU BA3KOCTU MPUBUTLIX COMO/IMMEPOB
MNMBC—TIBI1 xapaKTepusyeTca YETKO BbIPaXXEHHbIM MUHUMYMOM W MaKCUMYyMOM
B obnactn 35 -40°C (puc. 9).

ECTeTCTBEHHO, YTO pas/IMuHbLIA XapakTep MNPOsSB/EHNST KOHOPMALMOHHOIO
nepexofja B BOAE M MypaBbWHOW KWC/MOTe CBS3aH C Pas/IMyHOi MPUPOA0A 3TUX
pacTBOpUTENEN.

08I

Puc. B. N3meHeHue [?/] MBC, MBM, nx MexaHW4YeCcKON CMeCM M MPUBUTLIX COMOAMMEPOB OT
TemnepaTypsbl, B Boge. 1— NBC, 2 —mexaHunuyeckas cmecb MNBC ¢ MBM 1: 1), 3—5,5% MBI,
4-10,5% nBM, 5-14,0 nNBM, 6-17,5% MNBM, 7- MNBM.

Ha puc. 10 npvBefeHbI M30TepMbI COPOLMM MapoB BoAbl MPUBUTLIMA COMOSIN-
mepamn NMBC—TIBIM, 13 KOTOPOro BMAHO, YTO copbumoHHasi crocobHocTb MBC
6nm3ka K Takosoi gna MBI, OgHako copbums napoB Bodbl NPUBUTLIMK CONOMN-
Mepamy MeHbLLIE M0 CPaBHEHWIO C rOMOMNOJIMMEPamMu, YTo 6osiee 3aMETHO NP 60/1b-
wmx cogepkaHmax MBI B npuBuToM cononumepe. B Toxe Bpema MNBC pacTeops-
eTCcs B BOfE C MOJIOKUTE/bHBIM TeryioBbIM 3(NHEKTOM HECKO/IbKO GOMbLLMM, YeM
MBI, kak 3To cnegyeT M3 puc. 11 [NMpuBUTbLIE CONOVMMEPbLI PACTBOPATCA C
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Puc. 9. 3ameHeHue [??] MBC, MBI 1 nx NpuBUTbIX CONOJIMMEPOB OT TeMMNepaTypbl, B MypaBbu-
Holt kucnote. 1— MNBC, 2—5,5% MNBM, 3—10,5% NBM, 4—17,5% MNBM, 5 — MNBM.

Puc. 10. M3oTepmbl cop6bumm napos Bofbl MBC, MBI © MX NpuBMTbIMM conofMMmepamu« 1 —
nBcC, 2—9,0% nNBM, 3-12,5% MNBM, 4-17,5% NBM, 5-NBMN.

Puc. 11. /i3meHeHne TennoT pacTBOpeHMa NpueuTbIX cononumepos NMBC—IIBIT B Boge.
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MeHee NONOXKUTENNbHbLIM TemnI0BbIM 3QPEKTOM, YeM FOMOMO/IMMEPBI. TaknM 06pas3omMm,
COPOLMOHHBIE faHHblE M TensoBble 3tipeKTbl KOPPENUpPYT ApYr C APYrom U yKa-
3bIBAlOT Ha YMIOTHEHWE CTPYKTYpPbl MOMMMEPa C YBE/IMHEHVEM CTEMEHW MPUBMBKM.

Summary

Graft copolymers of polyvinyl alcohol with polyvinylpyrrolidone have been synthesized
by a radiation-chemical method, varying the irradiation dose, the nature and concentration
of the solvent. The products obtained have been identified by IR spectroscopy.

The temperature dependence of the viscosity of the graft copolymers is anomalous;
viscosity curves revealing extrema are observed. This phenomenon is interpreted in terms of a
possible change in the conformation of the graft copolymer, from an aggregative form to a
random coil state.

Sorption and calorimetric experiments have shown that in the process of grafting
vinylpyrrolidone to polyvinyl alcohol, a more compact polymer structure is obtained.
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PasHoCTHbIV ,,tandem” TuUTpomeTp

K. NKPEHWN

PE3FOME

KoHcTpyupoBaH npu6op Ans TUTPOBaHUSI, MO3BOMSIOLLMI pacluMpuTb 06nacTb onpege-
NEHNS 3NeKTPONPOBOAHOCTU MPU KUC/IOTHO-0CHOBHOM, 0CaAUTE/IbHOM, KOMIJ/IEKCO- UM Xenarto-
METPUYECKOM U OKUC/INTE/IbHO-BOCCTAHOBUTENIbHOM TUTPOBaHMSX. B Llensix cozgaHus KOHAyK-
TOMETPUYECKOrO TUTPOMETPA C KOHCTPYKLMEN perucrpaumm pasHoOCTW 3/1eKTPONpPoBOLHOCTel
(T. H. PasHOCTHOro unmn «tandem» TUTPOMETPA) HAMU M3TOTOB/IEHbI: PA3HOCTHLIN KOHAYKTOMETP,
[Be fUeliKn 4N M3MepeHUst 3/1EKTPONPOBOAHOCTY U NMOPLLUHEBbLIE NPOTOUHbIE GHOPETKM C BHYTPEH-
Heil cmaskoi. HoBble MeToAbl 0603HaYeHUs (perncTpauum) KoHua TUTpoBaHWUS Mnpu «tandem»
cuUCTEMe MO3BOMAKOT 3HAYMTENbHOE YCTPaHEHWE BIMSIHUA UCXOAHbIX BELLECTB, a TaKXe onpefe-
NeHve 4BYX KOMIMOHEHTOB MPW OLHOM TUTPOBAHUMW.

MexaHu3M rMAporeHonn3abyTaHa Ha MopoLLKo06pa3HOM HUKENEBOM KaTa/in3aTope
A. WWAPKAHDb, 1. TYUWN n M. TETEHU

Bbln M3yyeH rugporeHoNn3 H-6ytaHa n 2-MeTUANPONaHa Ha MopoLUKO06pasHOM HUKene-
BOM KaTanmsaTope B WHTepBasie Temnepatyp 160—260°C. OTHoLleHMe BOAOPOA/YrneBOAOPOS,
n3meHsanocb B npegenax ot 3 o 10. CeneKTVBHOCTbL 06pa30BaHUSA NPOAYKTOB peakLumu ucche-
[JoBanacb B 3aBMCUMMOCTM OT MapuuasibHOro AaBfieHUss BOAOPOAA, TemnepaTypbl U aKTUBHOCTU
KaTanusatopa. CefleKTMBHOCTb ruaporeHonusa (SPr) yBennuvBaeTcs € yBe/MYeHneM napumaib-
HOrO0 aBneHns BOLOPO/a, & aKTMBHOCTb KaTanm3atopa ¢ yMeHbLUeHeM TeMnepaTtypbl. Ha ocHose
MeYeHOro NPOMEXYTOYHOro MpoAyKTa nponaH-1-Cl4 6b110 0Ka3aHOo, UYTO HECeleKTUBHbIA rng-
poreHonu3 H-6yTaHa M 2-MeTuANponaHa MoXeT ObITb 06bACHEH OTCYTCTBMEM aACOPOLMOHHOIO
paBHOBECUSI NMPOMEXYTOYHOro NpogykTa. Ha OCHOBe aKcrepuMMeHTasIbHbIX faHHbIX 6bl10 yCTa-
HOBJ/IEHO, YTO Ha HUKefle 06pasytoTCA «CUNbHO» AErMApPUPOBaHHbIE YTr1eBOLOPOAHbIE pPafuKabl,
KOTOpble 3aTeM ObICTPO pearnpytoT Ha MOBEPXHOCTM.

PacueT N-3MeKTPOHHOrO CreKTpa W 3/1eKTPOHHOIO CTPOEHUS TeTEpPO-AUranoreH-
6eH30/10B

A. MAPTUH un A . K1l

C nomoubto MeTogoB MIM 1 PPP 6bin paccumTaHbl A-31eKTPOHHAas CTPYKTypa U CReKTp
OmM3amelLleHHbIX 6eH30M0B, cofepXKallmx ABa PasMUHbIX raoniHbIX aTtoMma.

MonyyeHHble sHeprun MIM 1 Bo/THOBbIE (hYHKLMK, @ TaKXe CNeKTpasibHble gaHHble PPP,
NAOTHOCTb 3apsaa, NOPSAA0K CBA3N U BKIAA A-3/1eKTPOHOB B AUMNO/bHbIA MOMEHT CPaBHUBANNCH C
pesynbTatamu, NosyYeHHbIMW A1 MOHO- M FOMO-AM3aMeLLEeHHbIX FanoreH6eH30M10B.

BbIf0 ycTaHOB/IEHO, YTO NapamMeTpbl, pa3paboTaHHble ANS pacyeTa rasoreH6eH3010B U
€JMHO 1CMOMb30BaHHbIE, AAOT Pe3yNbTaTbl C NOYTU OAMHAKOBOM TOYHOCTLIO KaK B C/ly4vae retepo-
[AV3aMeLLieHHbIX MPOU3BOAHbIX, TaK U B C/Tly4ae MOHO- U FOMO-AM3aMeLLeHHbIX MPOU3BOAHbIX.



KuHeTUuYecKMe faHHble ANA UMKAM3aumMmn 1-Kap6eToKeu-2-/3-xnopdeHnnammHo/-
aTunakpunaTa

N. COTEPW, A. YAXNAW n N. CABO

KnHeTUKa peakumy LMKM3aumm 1-Kap6eToKemn-2-(3-X/10pdeHnIaMuHo) - aTunakpunara
6blna nccneaoBaHa Npy PasfnMUHbIX KOHLEHTpaUUaX U Temnepatypax. Cpefoit peakuum cayxmun
AvdeHnn, codepxkalumii 10% napaduHOBOro Macna. 3a XOf0M Peakuun Creauamn rno U3MeHeHuo
BO BpPEMeH/ Beca BbleNsIoLLIErocs TBepaoro BellecTBa. KOHLEHTpaLysl KOHEYHOro npoayKTa
peakuun 3-KapbeTOKCU-4-TMAPOKCU-7-XNIOPXMHONMHA 6blna M306paXkeHa B 3aBUCMMOCTM OT
BpeMeHU. Bbin MoMyYeHbl KpUBbIe C MAaKCMMYMOM, YKasblBaloLLMe Ha NpoTeKaHue nocneaoBa-
TeNbHbIX peakumii. OTcloga Tpemsi pasfMUHbIMKA MeTofaMu Gbi onpeaeseHbl apPeHNnYCoBCKUE
NOCTOSIHHbIE. BbIN0 NPOBEPEHO NPEAMOooXKeHe 0 TOM, YTO MPUUMHON OTKNOHEHWUS MOJyYeH-
HbIX Pe3yNbTaToB B Clyyae 5 1 10%-bIX KOHLEHTPALWIA ABISETCA COMEBOM IGEKT.

CVIHTETMYECKNE NMHENHbIe nosimMepbl, XXXI |

M3meHeHne OMMNONLHOrO MOMEHTa  MOJIMMEPrOMOSIOrUYECKNX COG,D'VIHGHVII‘/’I B
3aBNCMMOCTU OT MOMEKY/IAPHOIo Beca

W. rELN

Y[enbHbIA KBagpaTUYHbIA AUNONbHbLIA MOMEHT MOAU-(TPUDTOPXNOP3TUEHA) U NOSINEHO-
BbIX O/IMFOMEPOB C KOHLEBOW rpynnoii C6H6 M3MeHSIIOTCA IMHENHO B 3aBMCMMOCTM OT 06paTHOi
BE/IMUMHbI MOSIEKY/IIPHOrO Beca. M03TOMY B [aHHbIX YCM0BUAX 3TU MOAMMEPbI He 06pasyroT
BTOPUYHON CTPYKTYpbl. CpefHWii AUNOMbHbIA MOMEHT 3BEHa, MOBTOPSIOLLErocs B 3TUX MOUMe-
pax, paeeH 0,12 D gna (—CFC1—CF2—) n 1,02 D gna (—CH = CH—). B cny4ae nosveHoBbIX
0/IMrOMepPOB C AUMETWU/IAMUHHOM KOHLEBOW rpynnoii, nonu-y-6eH3vn-b-rnytamara u nonmvepos
theHMICUNIOKCaHa NoJo6HOe rpadryeckoe N306paXKeHe MPUBOANT K OTK/IOHEHWIO OT JIMHENHOCTU.
Ha ocHOBe 3TOro, B C/lydae 3TWUX COEAUHEHWI CnefyeT cumTaTbesl ¢ 06pas’oBaHVeM BTOPUYHBIX

CTPYKTYP.

CTpYKTYpHble MccneaoBaHWs nonvaleHahTUNEHCB
®. YEP u [b. XAPAMU

Bblna onpegeneHa NAOTHOCTb O/INFO- M NoAMALEHA(TUNEHOB, MOYYEHHbIX Pa3INYHbIM
cnoco6om. PeHTreHoBcKasi gndppakTorpaMmma 0nmMromepa, ¢ HambosblUel M0THOCTbIO, MPUro-
TOB/IEHHOIO B TBEPAON (hase MOAOBbIM MHULMMPOBAHWEM, pasfensiiaCb Ha raycCoBCKUE MUKMK.
JndhpakLUMoHHbIe Yr/ibl, COOTBETCTBYIOLUME MaKCUMyMaM, UHIEKCUPOBASIUCL COOTBETCTBEHHO
MOHOK/MHHbIM KpUcTasiflam ¢ pasMmepamm sidelikm a = 11,70, b = 7,62 nc = 9,82 A u c yriom
HakoHa B ™ 90°. MpocTpaHcTBeHHan rpynna P2,.

C MOMOLLBIO MUHUMaNU3aumm KOH(OPMaLNOHHON 3HePruM ObIiNM paccyMTaHbl aTOMHble
KOOPAMHATbI 3pUTPO M TPEO MOHOMEPHbIX €ANHULL. McXo4a M3 CerMeHTOB ABYX TWMOB, Obl1 Mo-
CTPOEH MONMMEpP C 130- N CMHAMOTAKTUYECKON LIENOYKON, a TaKXe Oblna paccumMTaHa KoHdopma-
LMOHHAsA 3HePrvs NOSIMMEPHON LEMOYKM B 3aBMCUMOCTM OT YI/10B MCKaXXeHUS OCHOBHOM LEenu
(<y,, (@). N3 3pnTPO CermeHTOB — BCNEACTBUE CTEPUYECKMX NPENSATCTBUIA — He yaasiocb MOCTpo-
WTb MOMIMMEPHYIO LIEMOYKY. B cnyyae Tpeo M30TaKTUYECKMUX Lieneli KOH(hopMaLoHHas sHeprus
06/1aa€eT YeTbIpbMA MECTHBIMU MUHMMyMaMK. onMMepHas LiernoykKa, 0THocsWwascs K Hanbonee
rny60KoMy MUHMMYMY, NMpeAcTaBnsieT co6oM 2, rennkc. B cnydvae CMHAMOTAKTUYECKUX MOMW-
MEpOB MOJlyyeHa LEenoyka ¢ 3 MUHMMaIbHbIMU 3HEPTUSIMU: TENIMKC 2,, TeIMKC 4, U C psgoM
LeHTpa cuMmMeTpun. MennKe 2, — abCoMOTHbIA MUHUMYM 3HEPrMM — COOTBETCTBYET suelike
onuromepa. ennkce 2, 1 pag LeHTpa CMMMETPUN NPUBOAUT K LiENOYKam NogobHOro CTpoeHUst. 3tn
LLenoYKM MOFyT ObITb MOJTyYeHbl U3 CTPOEHUS KpuUCTasila MOHOMEpa C MOMOLLbI0 TPAHCASALMOH-
HOrO ABWXEHUST HEGO/bLLON CTEMEHW; Fe/IMKC 2, MOXeT 6bITb M30MOPMHbLIM C KPUCTa/T/IOM MOHO-
Mepa.

P KombuHaumsa apnTpo 1 TPeo CErMeHTOB TakKXKe MOXKET MPMBECTU K renvkey 2,. OgHako,
cofiep>XXaHne 3Heprumn 3HaUNTeNIbHO MPEBbLILLIAET 3HEPTUI0 UNCTbIX TPEO LIENOYeK.



KaTtanuTtuyeckne cBoiicTBa q3T0pI/ICTOFO MarHumsa
M. BOMLMKOBCKA, P. ®EAOPOB un B. KYLWUHCKW

BblnM OnMcaHbl CBOICTBA MOPUCTOro (TOpUAA MarHus, MoslyuYeHHOro fAeiCTBMEM TUApPO-
(hTOPMCTOI KMCMOTbI HA PacTBOp Cy/Nbgata MarHus. O6pasilibl (ITOPUCTOr0 MArHus, KasbLUHU-
pOBaHHble MPU PasIMUHbIX TemrepaTypax, 6bIM UCCNEfoBaHbl C TOUKMN 3pEHUSI UX KaTanuTu-
YECKMX CBOWCTB B HEKOTOPbIX MOAENbHbIX peakuusiX. [MpUBOASTCS HEKOTOpble 3aK/oueHUs
OTHOCUTE/IbHO MPUPOAbI KUCNOTHBLIX MECT Ha MOBEPXHOCTU (YTOPUCTOTO MarHus.

4-Mupoxbl, VII
HekoTopble peakunn 4-nN1MpoHoOB
M. A. ®. 3IbKAWE®, ®. M. E. ABAE/Ib-METEN[, K. E. M. MOXTAP n ®. A. TA[

4-AnknnungeH(4H)NnpaH MOoXeT O6biTb MOSyYeH B3aUMOAENCTBMEM [AMa30a/IkaHOB C
4- TuonupoHamu. 5,6-BeH30thNaBoH, pearvpys ¢ rasioreHugaMu eHun- i 6eH3nIMarHums, jaet
4,4-pndheHnn- nnun 4,4-anbeH3nN-npon3BogHble. B3anmopeiicTBre ¢ 6poMMAOM M-MeTOKCUEHWU-
MarHusi 3TOro COeAMHEHUs, a TakXe 2-MeTWUIXPOMOHA C 6pPOMMUAOM (eHUIMArHUS NPUBOAUT K
06pa3oBaHNI0 COOTBETCTBYHOLLUX 4-TUMAPOKCU-COEAMHEHWIA.

CeneKTMBHOe pacLLenIeHNeTMONIMKO3MA0BC NOMOLLBIO ANXI0PMETU-METUIOBOIO
ampa
. PAPKALW, P. BOFHAP, M. M. MEHbXEPT, A. K. TAPHAW, M. BUXAPU n . TAMALL

AUETUIMPOBaHHbIE ankum- U apun- 1-tno-/3-0-rnoKo- un -ranakronupaHosungsl (1—13) ¢
NOMOLLbI0 ANX/I0PMETU-METMN0BOI0 athmpa /ZnCl2 paclyennsaoTes 40 a-aueTox1op-b-rnoKosbl
(111) w cr-auetoxnop-D-ranakTtosbl (1V).

CornacHo wuccnefoBaHVAM C fucaxapyaHbIMU MPOU3BOAHBLIMK pacLUensieHre SBAseTcA
CENEKTMBHbIM: C XOPOLUMM BbIXOAOM MOXeT ObITb M30/IMPOBAHO aLeTOX/10p-NPON3BOLHOE Hesa-
TPOHYTOr0 CaxapHOro KOMMOHEHTa.

Mpu pacwensieHnn raMkosnga eaMHCTBEHHbIM MOG0YHBbIM MPOLYKTOM, COAepXKallum
cepy, — B 3aBMCVMMOCTW OT arfiMkoHa — SiBNsieTcs S-ankun- n S-atuntuogopmmat (VI n 1V);
nocnefHUn, ofHaKo, B NMPUMEHSEMbIX YCMIOBUSAX peakLMn KONNMYECTBEHHO ranoreHusnpyeTcs ao
5-  puxnopmetuntmodeHona (VIII). MobouHble NPoayKTbl 6blIM MAEHTUHNLMPOBaHbLI C MOMOLLBHD
KOMOUHMPOBAHHOI0 a30BOXPOMAaTOrpafmuyeckoro M macc-CreKTPOMeTpPUYecKoro metoga. Ha
3TOW OCHOBE Ka)XKeTCs BEPOSATHbIM, UTO TUOTNKO3WABLI MO BMSHUEM AUX/TOPMETUN-METUIOBOI0
atmpa /ZnCl2 — He3aBMCMMO OT NPUPOAbI arIMKOHa — pasnaralTcsl C «S-a/IKUMbHbIM OTLLemN-
NeHvem», 06pa3yst COOTBETCTBYIOLLME aLeTOrasloreHoBble caxapa 4Yepes, M0 BCe BEPOATHOCTH,
KOMM/ieKC Tuna cynbgoHmnyma (X).

ViccnepoBaHns Ha MOJefIbHbIX COEAMHEHUAX MOKasblBalOT, YTO CONsAHasA KWUCNoTa, Bbl-
Jenswowanca B No60YHON peakumu, NPakTUYeCKN He UrPaeT PO peareHTa, pacLuensisioLLero
rIMKO3UA.

VccnefoBaHue peaKuMOHHOM CMOCOGHOCTM KapGoHWbHOM rpynnbl h/1laBOHOUAHBIX
coeanHeHui, |

ViccnefoBaHMe KMHETUMKX 00pa3oBaHust  2,4-AUHUTPOEHUITNAPA30HA
E. P. JABWNA n P. BOTHAP

PeakUMoHHasA CMOCO6HOCTb (h1AaBOHOMAHBLIX COeAVHEHWIA, 3aBUCALLAA OT CTPYKTYpbl
rpynnbl C = O (0T CTeNeHN OKMUCIEHUS)) U OT 3aMecTUTeneld, Bblna uccrefoBaHa Ha MpUMepe
B3aMMOfecTBUA C 2,4-AMHUTPOCEHUNTUAPA3UHOM C MOMOLLLID MeTofa Y CneKTPOCKOMUM.
Bblno HalgeHo, YTo HambosbLUas peakLMOHHas Cnoco6HOCTb KapboHULHONM rpynnbl Habnwaa-
eTca B C/lyvae He3aMelLeHHOro (hfiaBaoHa. 3amelleHne TMAPOKCUIOM MOJIOXKEHUS], COCEAHErO C
Kap6oHWIOM, — BC/eACTBME 06pa30BaHMs BHYTPEHHEr0 XenaTa — YMEHbLUAET PeaKLMOHHYHO
CMOCcO6HOCTb Kak (h1iaBaHOHa, Tak U 2 -rMAPOKCUXAIKOHA. 3aMecTUTeNN, HaxoAsLwmecss B napa-
MOMOXEHUN K KapGOHWLHOW rpynne, B COOTBETCTBUM € UX +1 wnnm —1 adhheKTamu, U3MeHsIOT
CKOpOCTb peakuuy o6pasoBaHust 2,4-AUHUTPODEHNITNAPA30HA.
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SsTUDY OF THE VISCOSITY OF METAL CHLORIDE-

-H20 AND METAL CHLORIDE-HC1-H 20 SYSTEM S

E. Berecz

(Department of General and Physical Chemistry, Technical University of Heavy Industries,
Miskolc)

Received April 2, 1973

The results are given of a comparative study of the viscosity of ternary metal
chloride (mainly alkali metal and alkaline earth metal chloride)-HCI-H2 systems,
and of their constituent binary systems. From the course of the viscosity vs. concen-
tration curves for the individual binary aqueous systems, and from the extent and
trend of the changes in the viscosity of the binary systems when the third component
(salt or acid) is added, conclusions are drawn on the structure and their concentration
dependence in the binary and ternary systems. An analytical correlation and a method
of relatively high accuracy, applicable on the basis of the proposed binary equation
[p =/(m sajt)] are given for the calculation of the viscosity in ternary metal chloride-
-HC1-H2D systems.

This work involves the study of ternary electrolyte systems of the type
metal chloride—HC1-H20 with the aim of gaming a deeper insight into their
structural properties. Appropriately selected properties are investigated ex-
perimentally in the whole of the stable concentration interval up to saturated
solutions. In this way it is hoped to throw light on the structural conditions,
mainly of moderately concentrated and concentrated solutions, for which rel-
atively few data are available. It was considered that, besides the present
state of structural research on ternary solutions, the best possibilities are pro-
vided by suitable, reliable comparative examinations permitting a uniform
systematization on a fixed experimental basis. The model systems were chosen
so as to contain either a given anion (alkali metal chloride, alkaline earth metal
chloride, MnCIl2 HC1; or MnS04, NiSO,, MgS04, H2S04) or the same cations
(MnS04MnCIl2 MgCI2MgS04, H2S04HC1). In this way the effects of cations
or anions with different charges, radii and electronic structures can be dis-
tinguished from one another.

At the same time, the study of ternary solutions is treated as a method
of obtaining more detailed information on the structure of the constituent
binary systems. A study is made of how the addition of a third component
affects the properties of the original binary system, as a function of the con-
centration of the latter. Further, a comparison is made of the interrelations
of the property changes resulting from temperature variation in the binary
system, or from the addition of the third component.
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354 BERECZ: STUDY OF THE VISCOSITY

Our conclusions based on such results and relating to the viscosity were
published earlier [1]. The present publication describes a comparative study
of the viscosity of ternary metal chloride (mainly alkali and alkaline earth,
metal chloride)-HCI—-H2 systems and their binary constituent systems
earlier investigated in the whole of the concentration interval for which the
system is stable at the given temperature [2]. In addition to conclusions on
the structure of the solutions, a method and equation of relatively high accur-
acy, applicable on the basis of the binary r]vs. msait equation found, are given
for the calculation of the viscosity of the ternary metal chloride-HCI-H20
systems.

General study of the viscosity of metal chloride-H20 systems

Figures 1 and 2 present the viscosities of the individual metal chloride
solutions at 25 °C as a function of concentration* [2—4]. It can be seen that
the course of the r] vs. m curves depends very strongly on the nature of the
metal ion, and mainly on its charge and size.

In this respect the charge of the ions is the decisive factor. For cations
of a given charge, and with a given anion, the viscosity vs. concentration curves
each run in close and similar, definite bands, even when there are fairly large
differences in cation radius (see the shaded bands in Fig. 1). Naturally, for
a given concentration a larger viscosity generally relates to a smaller metal
ion; this is always the case for univalent cations at not too high concentrations.
The smaller cation has a higher field, and can thus exert a relatively larger
effect on the water molecules in its vicinity. It is an obvious consequence of
this that at a given concentration the smaller metal ion, together with the
larger hydrate sheath developing around it, can move only with more difficulty
and with a relatively higher activation energy as a result of a mechanical
shear force acting on the solution.

Figures 1 and 2 show that the curve depicting the concentration depend-
ence of the viscosity of HC1 runs in the band of the curves for the univalent
metal chlorides. This indicates that, as regards the viscosity, the H3+ ion
behaves to a certain extent like any other univalent cation (this is supported
by the fact that the viscosity vs. concentration curve for the H2S04 for in-
stance, lies in the band of the rj vs. m curves for the sulfates of the univalent
metal cations). Nevertheless, particularly as regards the concentration de-
pendence, the effect of the H30 + ion differs from those of univalent mono-
atomic ions with inert gas configurations. For example, although the hihci
curve remains within the band, its course is so much flatter that, similarly to

*This means in practice the concentration interval from m = 0.2 to saturation, since
we do not deal with a detailed investigation of the very dilute solutions.
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356 BERECZ: STUDY OF THE VISCOSITY

the 1] vs. mNHIci curve, it no longer corresponds to the dimensions of the H30 +
ion (rion = 1.12 A).

In the case of the chlorides of the univalent monoatomic ions with inert
gas configurations the conditions are quite clear: the situation of the viscosity
curves within the band is a monotonous function of the cation radius at all
concentrations (see Fig. 3, which shows the variation of the viscosities of the
individual univalent metal chlorides as a function of the cation radius at m =
= 0.5). This points to the fact that for a given charge the hydration effect too
must be an unambiguous function of the size of the cation with an inert gas
electron configuration. This is also the case for the chlorides of divalent mono-
atomic ions with inert gas configurations.

At the individual concentrations, however, the r] values corresponding
to the radii of the complex cations (NH4, H30 +) do not lie on the rj vs. rcation
curves for the chlorides of the univalent monoatomic ions with inert gas con-
figurations (see e.g. points A and B in Fig. 3), and the situation is the same for
the monoatomic ions with non-inert gas configurations. As a consequence,
although the viscosity curves for the complex cations lie in the appropriate
hand, in dilute solution they are situated in positions corresponding to a smaller
cation size. Thus, for HC1 the rj vs. m curve does not lie in the position corre-
sponding to the radius of H30 +, but runs closer to the curve for NaCl. This
effect is even more pronounced for NH,C1, where the rj vs. m curve lies close
to that for KC1. Indeed, at higher concentrations the curves for both of these
complex cations assume a different character from those for the monoatomic
ions with inert gas configurations (Fig. 2).

Thus, in the case of complex ions the hydration number (however this
is defined or determined) cannot simply be calculated from the charge and the
ionic size, and even in the case of the same ionic size, the hydration of complex
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ions differs from that of monoatomic ions with the same charge. It is obvious,
therefore, that in these cases the hydration depends not only on the charge
and the ionic size, but also on the shapes of the ions, determined by electronic
structures which no longer have inert gas configurations.

In this respect there is also a certain difference between H30+ and NH".
Of these two, only the NHA4 is the ion in advance existent and truly composite
ion; H30 + comes about only in solution, where it is always present, as a mono-
hydrated primary complex of H +. The further hydration of H3 +, therefore,
is essentially the hydration of a ‘positively-charged water molecule’; this
breaks up the water structure to a relatively greater extent, being more posi-
tively hydrated* than some monoatomic ions of the same size. At the same
time NH” is atruly composite ion, which may exist in solution in a non-hy-
drated form too. The hydration of NH” can proceed‘regularly’, at most being
more strongly directed to a definite extent by the electron configuration de-
veloped. In practice in the firsthydrate sphere this means more water molecules
than the maximum number which can fit geometrically into a layer of spheres
with a thickness equal to the diameter of the water molecule, beginning at
a distance determined by the radius; the reason is that there is a possibility
for the deeper penetration of 4 water molecules in the direction of the faces of
the tetrahedron.

As a result of these factors, at least in more dilute solutions, H30+ be-
haves as a more structure-breaking and more positively hydrating ion than can
he expected from its size; on the other hand, compared to its size and charge,
NH4 behaves as a less structure- making, and less negatively hydrating ion.

The situation is similar with the monoatomic ions with non-inert gas
configurations, e.g. Ni2+, Cu2+, Zn2+, Mn2+, etc. As regards the concentration
dependence in these cases the charge is similarly the fundamental factor; the
individual rjvs. m curves for the chlorides (and sulfates) of the divalent metals
are much steeper (Fig. 1) than those for the univalent metal ions. The size is
not the only other factor, however: a role is also played by the effect of the
electronic structure. All this is well illustrated by the set of curves in Fig. 1.
The viscosity relating to identical concentrations of the chlorides (and sulfates)
of divalent metal cations with non-inert gas configurations (Ni2+, Mn2+, Zn2+,
Cu2+), does not vary according to the sequence corresponding to the simple
increase in ionic radius: Mg2+ —»Cu2+ —»Zn2+ —=Ni2+ —»Mn2+ —»Ca2+;
the observed variation is in accordance with the sequence Mg2+ [Ne] —=

*The different terminologies applied to structure-breaking or positive hydration, and
structure-making or negative hydration result from the different attempts by various authors
to approximate and interpret the phenomenon of hydration [5]; even if they are not identical,
at least they relate to similar or very close physical concepts (breaking and making of the water
structure refer to the hydrate layer more distant from the ion, while positive and negative
hydration to the hydrate layer closest to the ion, but at the same time the heat of hydration
is characteristic of the interaction of the ion with the entire bulk of water).
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— Ni2+ [Ar]3d8 —=Mn2+[Ar]3d5 —mCa2+[Ar] —=2Zn2+[Ar]3d10. For the ions
with non-inert gas configurations, therefore, the 3d electron number sequence
clearly passes through a minimum. As a consequence, at given concentrations
the viscosity curve for ZnCl2 strongly deviates from the band between the
curves for MgCI2 and CaCl2 into the region of lower viscosities. This indicates
that in the case of the different cations with non-inert gas configurations there
arise various forces and hence possibilities of ion—solvent coupling (these con-
trol the hydration conditions, and accordingly the ordering and viscosity con-
ditions for a given charge and concentration), in which the smaller ion has not
a larger, but a smaller force than the larger ion. Similarly as for the composite
ions, the ion-solvent interactions will be much more directed than in the case
of the ions with inert gas configurations. Consequently, the correlation between
the ionic size and the viscosity may exhibit a different, and even opposite
tendency to that observed in the ions with inert gas configurations.

It is clear from Fig. 1 that strong effects are exerted on the viscosity
not only by the charge, size and electronic structure of the cations, hut also
by the charge and size of the anion, and also its electronic structure in relation
to its nature as a complex ion or a monoatomic ion with a non-inert gas con-
figuration. This is shown by the fact that, as already pointed out above, at a
given concentration the viscosity sequence of the individual cations is different
for the sulfates (complex anion) from that for the chlorides (monoatomic anion).
Further, the line of the rjvs. m curves are very different in the case of 1—1 type
(e.g. NaCl) and 1—2 type (e.g. Na2S04) electrolytes containing the same cation.

Equation relating to the concentration dependence of the viscosity
of aqueous metal chloride solutions

To a good approximation the following relation has been found to hold
for the dependence on concentration* of the viscosity of binary aqueous metal
chloride solutions under isothermal conditions:

Vi Vo - Am (m+ B)eO8= (ABm + Am2)eQ8= (Dm + Am2) enB
Vo

~specific
(1)
In terms of the molal specific viscosity rj', Eq. (1) assumes the form
N = Vsp = Vb = A + R) ecm* (2)
m mrio

*In these investigations the concentration is always expressed in molality, so that
the numerical concentration values be independent of the temperature.
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Table 1
Compourd CaIiO?A)mdiLs A X 10~ B Dx 103= A B X 103 Cx10»

LiCl 0.65 9.0 14.78 133 0.19
NacCl 0.95 135 5.41 73 0.14
HC1 1.12 — — 61.5 0

(1.03)
KCI 1.33 5.26 —1.77 —9.3
INH,C1 143 3.75 —0.32 —12

(1.35)
RbCl 1.48 6.94 —4.76 —33 —0.60
CsClI 1.69 7.78 —54 —42 —0.25
MgCI2 0.65 108 3.24 350 5.59
CaCl2 0.99 66 3.94 260 3.42
MnCI2 0.80 775 4.65 360 2.72
MnSO, 0.80 240 2.17 520 22.32
H204 112 9.26 19.44 180 0

where r]0is the viscosity ofthe solvent. The values of the constants in the equa-
tion for a temperature of 25 °C are given in Table I.

Similarly to the equation of Lengyel [6], which operates with concen-
tration units of mol/l, Eq. (1) gives an exponential dependence on the concen-
tration. It differs from Lengyel’s equation in that it contains one constant
more (although as we shall see, two of its constants, A and B, are related by

the expression AB = D), and the concentration exponent in the exponential
term appears not to the first, but to the third power.
Table 11 illustrates the accuracy of Eqs (1) and (2), based on our own

data [2], and on those of Lengyei, et al. [3] and of other authors [4].

In addition to apparently having three constants, the use of Eqs (1) and
(2) also has other advantages: the isothermal dependence of the viscosity on
the concentration is described as a temperature-independent function of the
molality; because of the smallness of constant C, it is worth taking into con-
sideration only at higher concentrations (and essentially only in the case of
strongly positive hydration); and most important of all, in dilute or moderately
concentrated solutions the equations can be brought into very simple forms,
and the constants can be determined graphically from only two measured
viscosity data (indeed, this is also so for ternary systems, to which, as will be
seen later, the equations can readily be applied).
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LiCl

1.021

1.021

1.164
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1.325
0.15

1.496

1.505
0.60

1.695
1.709
0.83

1.927
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NacCl

0.978
0.971

—0.68

1.077
1.073
—0.37

1.199
1.200

0.08

1.349
1.352

0.22

1.525
1.533
0.52

Table 11

KC1

0.890
0.890

0.896
0.896

0.913
0.911

—0.22

0.939
0.937

—0.21

NH4C1

0.886

0.887

0.884
0.886

0.23

0.888
0.892
0.45

0.896
0.905

0.910
0.924
1.54

CsCl

0.869
0.864
—0.58

0.850
0.847
—0.35

0.846
0.844
—0.24

0.855
0.856

0.12

0.882
0.881

—0.11

0.918
0.918

0

1.014
1.021

0.69

MgCI2

1.312
1.303
—0.69

1.996
1.952

—2.20

3.005
2.991
—0.46

4.902
4.893
—0.18

8.41
8.89
5.71

CaCl2

1.189
1.186
—0.25

1.591
1.614
1.45

2.240
2.242
0.09

3.219
3.227
0.25

4.81
4.93
2.49
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In not too concentrated solutions e 1, and to a good approximation

M= — =1+ ABT + Am2
Vo
and

voron Ao = AB 4~Am D - Am (4)
m fl0m

which is the equation of a straight line.

In essence, therefore, Eq. (4) linearizes the rj vs. m viscosity equation,
and makes possible the determination of the value of D = AB by linear extra-
polation of the rj vs. m straight line to infinite dilution (m —0), where

AB =D =), ®)

the molal specific viscosity relating to infinitely dilute solution. Its value and
its dependence on the radii of the monoatomic cations practically agree with
the coefficients of the Jones-Dole equation for alkali metal chloride solutions
at 25 °C [7]. Similarly,
for m = 1 we have

(vm=i= D + A = AB + A (6)

and this means that the value of the coefficient B is

B = J*Lhn=l-—1 7
A

In the above sense, therefore, the values of A, B and AB — D can be
obtained for an aqueous solution of any metal chloride if the value of rf is
determined at m = 1 and at some other m value*, and rffla = D = AB is
determined by linear extrapolation after joining of the two points with astraight
line.

Fig. 4 presents the rj' vs. m straight lines, their courses relative to one
another, and the rfx sequence.

Of course, all that has been said above holds not only for the metal chlo-
rides, but also for other salts. This is illustrated by the straight lines for various
salts to be seen in Fig. 5.

* 1t is obvious from Eq. (4) that the relatively low difference of r] and rj0in dilute so-
lutions leads to the error in the value of rf being the greatest in such solutions. In the calcula-
tions it is reasonable to take the other m as larger than 1, and to select it in the range of medium
viscosities and concentrations (for not too positive or negative hydration: m  1—5; for very
positive hydration in the case of univalent ions: m col 1—4; and for divalent ions: m = 0.6—2).
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Once A and B have been calculated in the above simple manner, C too
can be calculated. From Eq. (2) for any m 1 (preferably m > 1):

In (rj'ym = In [A(m + B)] + Cm3
from which

In v In

c- A (m -L B) D 2.303 v
- m3 ~md= 15 Am 4D (8)
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The signs of the r'm values relating to the chlorides of different metal
cations obviously provide useful and clear-cut information on the structure-
breaking or structure-making nature of the metal cation for a given anion:
the values of the former lie in the range of positive r'm, and those of the latter
in the negative r)m region.

At the same time, from the relative sequence of the individual values
and from the magnitude of their values it is similarly possible to estimate the
extents of the hydrating abilities of the cations, again for a given anion. This
is mainly of importance as regards the complex ions, in the present case HH h
and NH4.

The .Dnci and 6 Nh4ci values do not lie on the monotonous D vs. mono-
atomic ion radius curve (Fig. 6) (in the same way as seen above for the viscosity
values of NHACL and HC1, which did not lie on the monotonous viscosity us.
monoatomic ion radius curve for solutions with m = 0.5 plotted in Fig. 3);
the D values for HC1 and NHA4CLlie on the curve only if a smaller ionic radius
is taken. All this permits the conclusion that, at least as far as the viscosity is
concerned, the values of the ‘effective’ ionic radii of H30 + and NHJ are not
the generally accepted 1.12 and 1.43 A [12], but the lower values of 1.03 and
1.35 A, respectively.

In this way, therefore, it is possible to express an opinion as to the ‘effec-
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Table HI
i]‘;0 =D (keal O?IW
LiCl 0.133 Li+ —121 (120—136)
NacCl 0.07 Na+ —98 ( 94—114))
KC1 — 0.01 K+ —80 ( 75— 94)
NH,C1 —0.013 NH+ —79 ( 87)
RbCI —0.033 Rb" —71 ( 69— 87)
CsCl —0.043 Cs+ —63 ( 61— 80)
MgCI2 0.35 Mg2+ —470 (490)
CaCl2 0.26 Ca2+ —375 (410)

tive’ ionic radius (which, in addition to the charge, is now the exclusive deter-
mining factor as regards the hydration) of those ions for which the radius can-
not he calculated from simple considerations of geometry and electronic struc-
ture.

At the same time, the rf vs. m straight lines are also of use inasmuch as
they can give a certain amount of information on the tendency of the concen-
tration dependence of the structure-breaking or structure-making behaviour
of the individual ions, and in relation to one another too.

It is clear from Fig. 2 that the dependences of the rf values on the con-
centration for the chlorides of H3 + and NH4 differ from those for the chlo-
rides of the univalent monoatomic ions with inert gas configurations. The
curves for HC1 and NHA4CL solutions are flatter than those for the other salts,
showing the difference already referred to above, between the viscosities of
the composite and the not composite univalent cations.

That the sequence and values of rfa>t, are in fact measures of the hydrat-
ing ability is illustrated by their comparison with the hydration energies, so
far regarded as one of the most characteristic measures of the hydrating ability.

Table 111 lists the 77 /= D, values found for the metal chlorides ex-
amined, and the hydration energy values for the corresponding cations [12].
It can clearly he seen from the Table that the tendencies of changes in the rja>,
values for the individual metal chlorides and the ZIHhy({r. values for the
individual corresponding ions agree. The basis of our calculations of the in-
dividual hydration energies consisted not only of conclusions drawn from the
direct experimental results, but also of speculative considerations setting out
from different, of necessity simplifying, assumptions. Accordingly, it may be
considered as to whether the 77 psdata obtained from the direct experimental
results can be regarded as more objective than the hydration energies for the
characterization of the hydrating ability, in the same way as the mobilities
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corresponding to the conductivities of infinitely dilute solutions more objective-
ly characterize the electric migration abilities of the ions as compared to one
another.

In order to obtain a better understanding of the physical meaning of
the constants A, B and AB — D, they have been plotted in Fig. 6 as a function
of the ionic radius for the univalent monoatomic ions. It can be seen from the
Figure that the value of AB = D changes sign at rcation = 1.3 A. For metal
chlorides this value is the boundary between structure-breaking and structure-
making effects.

The change in the sign of D was due to the change in sign of B as a func-
tion of the cation radius, and thus it must clearly he characteristic of the ion-
solvent interaction. Accordingly, A should be characteristic of the other basic
interaction in the electrolyte solutions, the ion-ion interaction. This assump-
tion is supported by the fact that, although its value varies according to a
maximum-minimum curve, it always remains positive, the sign not changing
with the variation of the cation radius.

This fact is noteworthy from the aspect that if the ion-ion interactions
are considered merely as the effects of pointlike charges on one another, then
the constant characteristic of this in the rJvs. m equation should not vary with
the ionic radius in the positive range. However, since A does vary with the
ionic radius, in the manner shown in Fig. 6, it is our view that we cannot speak
of ‘pure’ion-ion interactions in the solution. In the consideration of the ion—on
interactions too it is absolutely necessary to reckon with the shielding effect
of the hydrate sphere formed by either positive or negative hydration around
the ion as a result of the ion—solvent interactions. Because of the different
natures of the two types of hydration mechanism, this shielding effect will not
be the same for positively and negatively hydrating ions.

For example, Li+ is the smallest univalent cation and is hydrated the
most strongly (positively). The bound water molecules give rise to the greatest
extent of shielding. The resulting ion-ion interaction will thus be less than for
the larger Na+. With the increase of the ionic radius, the value of A, character-
izing the resulting ion-ion interaction, also increases.

In the case of the negatively hydrating ions, the value of A (i.e.the result-
ing ion-ion interaction) becomes much smaller than for the positively hydrat-
ing ions, but this similarly increases to a slight extent with the increase of the
ionic radius. In our view the cause ofthis is that these exert a structure-making
effect around their nucleus on their formation from the monomer. Thus, ‘struc-
tured’ [8] water is formed, which is more ordered than the monomer was. The
shielding effect of this structure appears to be larger even than for positively
hydrating ions. With increasing ionic radius (Rb+, Cs+, Cl-), however, the
size of the ion also becomes too large to fit into the cavities in ‘structured’
water [11], and thus these can no longer develop original ‘structured’ water.
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Instead, their size leads to the distortion of the water structure formed. Con-
sequently, the shielding effect too becomes somewhat smaller, and so the
ion—on interaction increases to a slight extent with the ionic radius.

In essence, therefore, A is not characteristic of the ‘pure’ion-ion inter-
action either, but rather of the ion-ion interaction affected by the hydrate
sphere resulting from hydration. Thus, it is even possible to draw conclusions
on the extent and nature of the hydration from the dependence of A on the
ionic radius. This is also supported by the line of A, since the minimum of the
A vs. rion curve lies just on the structure-making — structure-breaking bound-
ary. D = AB = rfn Bjones-Doie is this a function of both ion—on and ion-
solvent interactions, and this can account for the unidirectional deviation of
5—15% in its value from that of the B coefficient in the Jones-Dole equation
which is characteristic only of the ion—solvent interaction.

Of the two first, and at the same time main determining constants of
viscosity equation (1), therefore, (in contrast with the Jones-Dole equation)
only one, A, depends exclusively on one effect, the ion-ion interaction in
solution. The other main determining constant, D, is a function of two effects.
Thus, neither of the two main determining constants of the equation relates
exclusively to the ion—solvent interaction.

At the same time, as seen from Table | and Figure 6, the value of C for
univalent monoatomic ions varies as a function of the ionic radius in a similar
way as does A, with the difference that the sign too is changed. This indicates
that C cannot be a term characteristic of either only the ion-ion or only the
ion-solvent interaction. In the first case, even if it does not always increase
monotonously, the value of C should at least always he positive. In the other
case, in solutions so concentrated that the value of C becomes appreciable,
there is no longer any free water present; indeed, in general the geometrically
possible first hydrate sphere is no longer always complete. Here, therefore,
similarly to the model of Lengyel [5], a more complex cation-solvent-anion
interaction must be assumed. This is characterized by the fact that with the
increase of the concentration the water molecules in the hydrate sheath, which
are bound increasingly more strongly and which have an increasing permanent
dipole moment, come increasingly under the effects of two ions. Some sche-
matic possibilities for this are depicted in Figure 7. With regard to the orien-
tation and displacement polarizations too, they act and exert their field-de-
creasing effects increasingly as polarized dielectrics, and as permanent di-
poles fixed ever more strongly between the two charges. This field-decreasing
effect is relatively the strongest when small ions of high charge (and thus of
high field) are present. The value of C is visibly the greatest in the case of
MnSO04 (Table 1), where both ions are divalent and in addition the cation is
still relatively small, being the smaller when the charge is lower and the ion
is larger. In this case negative C values appear.
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It was earlier mentioned that effects are also exerted on the viscosity vs.
concentration function by the charge and size of the anion accompanying the
metal cations. This is illustrated by Figs 1 and 2, and by a comparison of the
rn'a values of the corresponding salts. It can be seen from the Fig. 4 that the
rf vs. m straight line for KC1 lies below that for HC1, and in more dilute so-
lutions is in the negative range. At the same time, in the case of K2S04 (contain-
ing a divalent anion) the straight lines lie above those for H2S04, while even
in dilute solutions they are only in the positive range. The negative hydration
effect of K +is thus compensated, and even outweighed by the positive hydra-

Fig. 7

tion effects of the univalent F_, which has the same size, and of the divalent
S04~, similarly of the same size. That the charge is in fact a stronger factor
than the size, as regards the viscosity, is clearly shown by the fact that an
increase of ca. 75% in the ionic radius as observed from the ratio rF-/rso,~ =
= 1.36/2.30 » 0.6 would rather promote the negative hydration effect, but
nevertheless the value for K2504 (0.205) is roughly twice as large as that
for KF (0.11).

All this shows that the viscosity of electrolyte solutions cannot in essence
be interpreted on the basis of only the properties of the individual ions [7].
They cannot be broken down merely to increments from the individual ions,
as can be done in the case of the conductivity of dilute solutions, for these
measurable, and possibly calculable viscosities depend on the combined effects
of the two ions on each other and on the solvent water; parts are played in
this by the charge, size and electronic structure of each of the individual ions
involved, and also by their concentrations. All this points to the conclusion
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that the negative and positive hydration of the individual cations, and the
assessment of this, cannot be separated completely from the properties of the
accompanying anion (or cation). Nor can they be separated completely from
those properties of the solvent system, the concentration dependence of which
isunder investigation. It thus appears that the structure-breaking or structure-
making nature of the given ion cannot be regarded as a characteristic feature
of absolute validity from every point of view; it can be considered only as
a good, essentially qualitative factor, which is not entirely independent of the
conditions.

General study of concentration and temperature dependences
of the viscosity of ternary solution systems of the type
metal chloride-HCI-H2

The viscosity vs. concentration diagrams of the ternary electrolyte so-
lution systems of the type metal chloride-HCI-H2 can be classified in three
types (Fig. 8). As regards the ternary systems examined here at 25 °C, the
hydrochloric acid solutions of chlorides containing positively hydrating cations
are included in type I. Within this, the hydrochloric acid solutions of those
metal chlorides whose metal ions hydrate positively to only a weak or a mod-
erate extent are included in type I/a (e.g. Na+), whereas if the metal ion
shows strong positive hydration, the solution is classified in type 1/6 (e.g. Li+.
M g2+, Ca2+). For both binary and ternary solutions of these:

At] — 7  ~solvent —yi~salt =~acid) ~ 0 (9)

At the same time, the hydrochloric acid solutions of the chlorides of
negatively hydrating cations (e.g. K+, NH/, Cs+) are classified in type II.
For these solutions:

At — T ~solvent — / ( msalb "»acid) 3= 0 (10

However, the outlined types of ternary viscosity vs. concentration dia-
grams are of more general validity: they refer not only to hydrochloric acid
solutions of metal chlorides, hut also to other salt-acid—water systems of the
type KxAy-H-Av-H 20.

Apart from the simple systematization, the classification into types has
a deeper aim and use. On this basis, ions can be unambiguously categorized
from the view point of their positive or negative hydration. This is of impor-
tance practically, as regards the possible pre-estimation of ternary concentration
dependences and values of the viscosity for systems which have not been ex-
amined in the complete concentration interval. This is also possible on the basis

Acta Chim. (Budapest) 84, 1975



BERECZ: STUDY OF THE VISCOSITY 369

of' several viscosity data for the ternary system if by chance (particularly for
ions which are complex or of a non-inert gas configuration), for which it was
shown above that the extent of hydration does not depend exclusively on the
charge and the geometry of the ions sufficient, or sufficiently accurate data
are not available in the constituent binary systems, or if the conclusions to
be drawn from the various properties or from the property vs. concentration
diagrams do not unambiguously give the possibility of classification into one
or the other group.

In the manner to he seen from the basic diagram of the classification into
types (Fig. 8), in the metal chloride-HCI-H20 systems oftype I/othe addition
of a third component to an aqueous solution of any concentration always in-
creases the original viscosity of the initial binary solution in the entire ternary
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concentration interval. In the event of the addition of a salt as the third com-
ponent, the increase is relatively the stronger, the greater the concentration
of the initial binary hydrochloric acid solution. At the same time, in the case
of types 1/6 and Il the addition of HC1 or salt to binary aqueous salt or hydro-
chloric acid solutions, respectively, does not unconditionally increase the vis-
cosity of the initial binary aqueous solution. Depending on the line of the vis-
cosity curve, which is determined by the nature of the salt the addition can
also lead to a decrease.

In metal chloride—hydrochloric acid—water solution systems of types
1/6 and Il, therefore, there will be an inversion of the viscosity change induced
by the HC1 (salt) added as third component, as a function of the concentration
of the original binary salt (acid) solution.

If the concept of the isothermal concentration coefficient is introduced
to characterize the viscosity conditions prevailing in complete generality in
ternary systems of the type MxAy—HZA,—H 20, then the isothermal salt con-
centration coefficient of the viscosity change for the binary aqueous solution
of the acid IFAS s

dexAy . *HZAMt ()

and the isothermal acid concentration coefficient of the viscosity change for the
binary aqueous solution of the salt MxAy is

R =  c—r

4 [9™hzav J™MXxAy,i

Both a and B are functions of the nature of the dissolved compounds,
the salt concentration, the acid concentration and the temperature. For every
binary acid concentration for systems of types lja and 1/6:

x> 0 (13)

For every binary salt concentration for systems of types Ila and 11:

>0 (14)
For systems of type II:
a < 0ifmH,A,~ rn'Bft' (15)
and for systems of type I/b:
BR< OifmMxAy - mii"Ay (16)
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where 4 (mI~ ") is the isothermal inversion acid concentration (salt con-
centration) referring to the viscosity, i.e. that concentration of the binary aqueous
HzA v(M xAy) solution where the isothermal salt (acid) concentration coefficient
oc(B) changes sign.

In the examined systems of type metal chloride—HC1-H20 an m \"f
concentration is observed for the systems KCI-HCI-H20, NH4CI-HC1-H20

and CsCI-HCI-H2, and an n concentration for the systems LiCl—
HC1-H2, MgCI2HCI-H20 and CaCI2HC1-H2, for the latter at concentra-
tions close to saturation (at 25 °C is 18.9, 5.1 and 6.6 for LiCl, MgCI2

and CaCl2 respectively).*

* In the classification into types, and correspondingly in the examination of the minv>1
values too, it is always necessary to take into consideration the effect of temperature. For
example, our studies under polythermal conditions on the MgCI2-HC1 —H20 system show that
mMgcii increases with the temperature. At 35 °C it can still be found in the unsaturated con-
centration range stable at the given temperature, but at 50 °C it lies outside this range. For
the MgCI2HCI-H2 system at 50 °C, therefore, B > 0.
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Comparisons between systems containing different cations and evalua-
tions can be performed very descriptively if, for example, the isothermal acid
concentration coefficient /34is plotted as a function of the salt concentration
(Fig. 9/a). It can be seen from the Figure that the R4 vs. msait curves can be
broken down into practically linear sections.

The linear sections with different slopes show up particularly clearly in
the cases of LiCl, MgCI2 and CaCl2 i.e. the chlorides containing the very posi-
tively hydrating cations, where the point of intersection of the descending
third section with the /?( = 0 axis is the isothermal inversion salt concentration

However, they can also be observed unambiguously in the case of
chlorides containing negatively hydrating metal ions (e.g. Cs+) which exhibit
smaller relative changes (Fig. 9/b).

The line of the binary r} vs. msait curves themselves (Figs 1 and 2) has
already shown that the structure of the solution, which determines the value
of r], varies constantly from dilute solution up to saturation. The curves in
Fig. 9, indicating the extent of the viscosity change on the addition of the
third component, and which can be broken down sharply into three linear
sections, clearly demonstrate that the change in the structure of the binary salt
solution is not uniform, even if the salt concentration is uniformly increased.
Within a given, definite concentration interval the extent of the structural
change is constant, but the extents of the structural changes corresponding
to the individual concentration intervals are not the same in the different
concentration intervals. In our case, therefore, each of the three linear sections
observed in the Bn= /(msait) curves points to the structure dominating in
that given binary solution concentration interval. At certain limiting concen-
trations, these structures transform into other dominating solution structures,
characterized by different slopes of the straight lines B,, = f(m sait).

The fact that various dominating structure intervals can exist in binary
metal chloride solutions as the concentration varies, and that the structure
does not change monotonously as a function of concentration, is supported
by other evidence. Thus, in concentrated solutions sharp and sudden changes
are observed too in the concentration dependences of other properties similarly
providing information on the solution structure. Examples are the M and N
functions [1] characterizing the mutual connection of the addition of the third
component and the activation enthalpy, activation entropy and temperature
change. In addition to all this, it must be emphasized that the effect of the
decrease of /4 and the inversion in the third section occurs only in the cases
of those salts the viscosities of which are very high in concentrated solution,
and which separate from their saturated solutions with crystal water (LiCl.H20,
MgCl2.6 H2, CaCl2.6 H20). The third, descending sections of the Bv vs. msait
curves for these solutions indicate, therefore, that in the corresponding con-
centration interval ofthese systems there appearsto begin a new prearrangement
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of a solution structure similar in a statistical sense to the solid phase separat-
ing from the solution.

It is clear from the above that an isothermal inversion salt concentration
mMYy relating to the viscosity occurs when HC1 is added to a very concen-
trated aqueous solution of a metal chloride the cation of which has a very high
hydration ability (Li+, Mg2+, Ca2+), and for which, as a consequence of this
and of the dielectric effects discussed, the viscosity of aqueous solutions in-
creases very strongly in the more concentrated range as a result of the increase
of the salt concentration.

The isothermal inversion in viscosity change observed in solutions of
such high concentration and viscosity can he explained as follows. In these
concentrated solutions, which contain strongly positively hydrating cations,
the original water structure has completely disappeared, i.e. there is no longer
any “free water” at all present. Thus, when HC1 is added to the ion—hydrate
structure it can less dissociate. It rather undergoes physical dissolution, and
remains as a charge-free, quasi-inert gas complex. This loosens the structure
which has formed, and at the same time, by increasing the distance between
the ions, decreases the ion—on interactions. Indeed, it also decreases both
factors of the dielectric polarization, and thus a viscosity-decreasing effect
arises.

This interpretation is supported by a number of observations. (1) With
such ions and in such a high concentration range the value of the specific
electric conductivity is increased by added HC1 to only a very slight extent,
and the molar conductivity too barely changes. This indicates that the HC1
fails to dissociate, and thus there is no increase in the number of charge carriers
and no possibility of proton conduction. (2) In contrast to what is observed
with moderately concentrated salt solutions, on the addition of HC1 the overall
molar volume of the binary salt solution will no longer increase, but will de-
crease to a slight extent, or at least hardly change [8], in the same way as
for any other physical dissolution (e.g. when an inert gas dissolves in water,
etc.). (3) The vapour pressure [9] indicates that in this very concentrated so-
lution the original total (here Ph2o = Ptotai) vapour pressure of the binary salt
solution will increase on the addition of HC1, and not decrease as happens in
dilute and moderately concentrated salt solutions. This is a sign that, as the
dissociation of HC1 is slight, a process occurs similar to the salting-out phenom-
enon observed on the dissolution of inert gases in salt solutions.
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Method for calculating the viscosity of ternary
metal ehloride-HCI-H20 systems

Many attempts have been made to devise viscosity equations by means
of which the values of the viscosity can be given for concentrations at which
measurements have not been carried out.This is of great importance as regards
technological practice. Atthe same time, the validity ofthe equations obtained,
or in many cases the deviations from them, can lead to a deeper understand-
ing of the structure of the given solution.

In our earlier investigations [10] use was made of the method of zda-
NOVSKII, based on the additivity of kinematic fluidities, for the calculation
of the viscosity of ternary solution systems. We developed this method so as

to eliminate the use of the troublesome volume fraction for simpler practical
application. We were able to derive an equation of simple form, by means of
which the viscosity of a given three-component solution can be calculated to
a good approximation in the knowledge of the density of the solution and the
viscosities and densities of the two-component solutions with the same con-
centrations as the concentrations of all the dissolved substances.

The equation has the very great advantage that it contains no terms at
all which have no physical meaning. The basic relation used is the equation
on the basis of which measurement is performed with the flow viscosimeter.
Further, the viscosity of the three-component solutions can be given in the
knowledge of the density and viscosity data for the binary solutions.

A basic condition of the calculation of the viscosity of the ternary so-
lution with this method, however, is the effective knowledge of the viscosities
of the component binary systems in the possible full binary concentration
intervals. At the same time, the method is no longer applicable for certain
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ternary concentrations; these are the concentrations for which the correspond-
ing binary salt solutions do not exist, the solubility of the salt in water being
too low at the given temperature [10].

However, this latter drawback can also be eliminated, and in the above
method a much higher accuracy can be attained by applying to the ternary
systems the viscosity equations of types (1) and (2) relating to the binary
systems. This has the added advantage that it does not necessitate the cum-
bersome use of volume fractions either, hut operates with the molality in the
ternary solution too.

Equation (2) is applied to the ternary systems by regarding the individual
ternary solutions of concentration mMgy + mu,\v.= mx as quasi-binary
solutions for which the ratio mMA /m.HAv is constant (see the quasi-binary
curves relating to points 1, 2, 3 and to the ternary point P in Fig. 10, for which
the ratios A/mHav are in turn 3/1, 1/1, 1/3 and 3/2). Equation (2) can
thus be written for any such quasi-binary curve, or similarly to (4) for a mod-
erately concentrated solution

Tjl Df 4+ slfTn” 17)
where
= Dt = AtBt (18)

and subscript t refers to the ternary solution.

In connection with the system LiCI-HC1-H2, Fig. 11 presents the n vs.
m functions for the binary LiCI-H2 and HC1-H2 systems, and also the
ternary vs. m£ functions for the quasi-binary systems corresponding to the
ratios mMA ly"ay = 3/1, 1/1 and 1/3 (similar results are given by the other
MxCly—HC1-H20 systems too). The Figure shows that on analogy with (4),
expression (17) does in fact hold, and for moderately concentrated ternary
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solutions, where C can still be neglected, the function tjternary vs. ms is a straight
line. The limiting value of this, obtained by linear extrapolation to = 0,
gives Dt = rji,,, relating to the given value of mMci [THa

Both D, and At (and thus naturally Bt too) are obtained from the in-
dividual binary D and A values as mean values weighted according to the
concentrations mMy and mHAy relating to the ternary solutions under ex-
amination:

OIMxAy ' -*"MxAy + ""HzAv ' -"HzAv
(19)
m MxAy + m HzAv

m MxAy > "M xAy + m HzAv '~ "HzAv
(20)
m MxAy + m HzAv
where mu e, toTRa, T My

This means, therefore, that if we wish to calculate the viscosity of any
ternary solution (e.g. that with the concentration denoted by point Pt in
Fig. 10) in the knowledge of the binary A and D values, then the values of At
and Dtmust be determined from (19) and (20), and substituted into (17). (The
effective knowledge of the binary viscosities is thus not necessary.)

In the knowledge of the molal specific viscosity fft in the equation, the
other ternary r\' values for this same i»MIAy/,nHIAT can be obtained by a
simple graphical method. The points relating to the A[ value obtained by cal-
culation and the nttw = DtiM value referring to zero T% according to (17)
are joined by a straight line. In this manner, therefore, taking into account
what was said in the derivation of the binary viscosity equation, the rjl values
can be determined by a simple graphical procedure for the complete ternary
system. Two isothermal viscosity measurements are made for each of the two
binary systems constituting the ternary system, in the range of moderately
high concentrations, when C is not appreciable. It is advantageous for one
of these measurements to be made in the vicinity of mL- = 1, and the other at a
moderately high ternary concentration.

V. v0
Vo, mE

vt =

while the viscosity r]t of any ternary solution of appropriate concentration is
given on the basis of

Vt = Vtmz Vo-\-Vo= VoHmz + 1) (21)

Table IV gives an insight into the relatively high accuracy, the good
applicability and the limitations of the graphical method in the ternary system.
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Table IV
i pealed.
nealt mecid ijmesed. [ 0% 5, 21] A%

2 8 10 1.70 1.73 1.76 1.73 1.76

5 5 10 2.18 2.17 —0.46 2.28 4.59

8 2 10 2.85 2.60 —8.77 2.86 0.35

2 6 8 1.60 1.59 —0.62 1.61 0.62

4 4 8 1.80 1.85 2.78 1.89 5.00

6 2 8 2.10 2.10 0.00 2.19 4.29
]/ICl—HC1—H 2D 1 5 6 1.32 1.34 151 1.34 151
3 3 6 1.55 1.56 0.65 1.57 1.29

5 1 6 1.77 1.79 1.13 181 2.26

1 3 4 121 121 0.00 121 0.00

2 2 4 131 131 0.00 131 0.00

3 1 4 1.40 1.40 0.00 141 0.71

1 1 2 1.08 1.08 0.00 1.08 0.00

2 8 10 1.50 1.398 —6.80 1.373 —8.47

5 5 10 1.36 1.329 —2.28 1.276 —6.18

8 2 10 1.20 1.260 5.00 1.188 —1.00

2 6 8 1.28 1.260 —1.56 1.249 —2.42

4 4 8 1.20 1.186 —1.17 1.168 —2.67
CsCl—HC1—H2 6 2 8 1.09 -1.113 211 1.092 0.18
1 5 6 1.17 1.173 0.26 1171 0.09

3 3 6 1.07 1.072 0.19 1.067 —0.28

5 1 6 0.96 0.970 1.04 0.967 0.73

1 1 3 4 1.05 1.049 —0.10 1.049 —0.10
2 2 4 0.98 0.985 0.51 0.984 0.41

3 1 4 0.92 0.920 0.00 0.920 0.00

1 1 2 0.93 0.925 —0.54 0.925 —0.54

Of course, if the concentration is so high that the simple graphical so-
lution can no longer be applied, the goal can be achieved analytically; in this
case the Ct value must also he taken into consideration. On analogy with (2),
we can here arrive at a general equation suitable for the calculation of the
viscosity of the ternary solution system. In accordance with (2), for any quasi-
binary ratio T Mpg /TH2Ay we have for a ternary system

Vt= (D, + Atm,)ectmi (22)
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If it is taken into account that in the expanded series all terms to the power
two or more can to a good approximation be neglected, then we obtain the
relation

fft= D,ecimi + Atmrectmi = D, (1--Ctm%) At{\ + Ct
).« I ms-f-DtC/mho+ A/Ctm% (23)

If, for simplicity’s sake, the binary salt solution system is denoted by
the subscript 1 and the binary hydrochloric acid system by subscript 2, and
Cttoo is calculated on the analogy of (19) and (20), then we arrive at the equa-
tion
m, Dx+ m2Do miAx+ m2A2 j

1 m

Wt r +
mE ms J
1 miD1+ m2Do mxCj -(- m2C2
m% -f-
i ms mE
mxA X+ M2A2 mxCx+ m2C2 )
+ Comi (24)
1 ms ms ]

From this, the desired ternary viscosity equation is

iiijD1 m2D2
Vt = m1A 1+ m2A2

+

[1?! Cxm\ f- D2C2m| -)- (D2Cx - DxC2) mxm2] ms +
[AxCxmf A2C2m\+ (A2C1l-f- C2mxm2] (25)

+

The first two terms on the right-hand side of Eq. (25) are identical with
the linear ternary viscosity equation (17). If this is denoted by X:

miD1+ m2D2
A — F 1712 A x - Tty A 2 (26)
TTlv

Equation (25) can then be written in the following form:
nt= X X (mlCa+ m2C2 m% (27)

In our case, for the ternary metal chloride—HCI-H.,0 systems, taking into
account that c2 = Chci- h2o = 0, we have

rif= X --X CxTxt\— X (1 Clmlmf) (29)
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The accuracy and applicability of the ternary viscosity equations (25)
(29) are similarly illustrated for several metal chloride—HC1-H20 systems

by the data in Table IV.

[1]
[2]

[3]
[4]

(5]
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CONDENSED ANALOGUES BY THEIR NMR SPECTRA

P. SoHAR, Gy. OcSKAY* and L. YARGHAf

{Research Institute for Pharmaceutical Chemistry, *Research Institute for Organic Chemistry,
Budapest)

Received October 31. 1973

The syn and anti isomers of 2-acylfuranoximes, being unsubstituted at C-3, can
be easily distinguished by their PMR spectra. The anisotropic effect of the oxime group
brings about a strong paramagnetic shift of the H-3 singlet in the relative to the anti
isomer (I& " 0.75 ppm).

In our previous publications we described the synthesis [1] and structure
determination [2] ofthe isomeric ketoximes ofdifferent 2-acylfuran derivatives (I)
by their UV and IR spectra. In the present paper the possibility of distinguish-
ing the stereoisomers by their PMR spectra is discussed.

NOH

The theoretical possibility is based on the observation that the PMR
spectra reveal the paramagnetic shift of those protons which are sterically
closed to the oxime group. This phenomenon is a consequence of the aniso-
tropic effect of the adjacent oxime group [3, 4], as can be seen e.g. in the case
of the dioximes Illa—, where the signal of the H-4 and/or H-10 protons is
shifted [4].

According to these data, first of all the signal of H-3 and that of the
protons of the R group should be shifted differently in the syn and anti isomers
of the ketoximes |I.

As an example the spectra of the two isomeric benzofuryl-2-methyl-
ketoximes (llia, b) are discussed. In the 60 MHz spectra - taken in hepta-
deuterodimethylformamide on a VARIAN 60D spectrometer — the chemical
shift of the methyl group is practically identical in both isomers (d = 2.47
ppm), but the signal of the H-3 ring-proton is shifted differently (Figs 1 and 2).
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H
c
I
rfCH3(10) [ppm] 0.99 1.32 181
SCH (4) [ppm] 3.07 2.99 2.38
H H
CH3
0 N—OH

In the syn isomer Ilia the chemical shift of this proton is d = 7.95 ppm,
whereas in the anti isomer Illb d = 7.20 ppm. This difference of 0.77 ppm
makes an unambiguous identification of the structures possible. The relative
value of the shifts dH-3 (syn) OH-3 (anti) corresponds to the expectation,
as the anisotropic effect of the oxime group causes a strong paramagnetic
shift in the syn isomer.

A weaker paramagnetic shift of the signal of the H-7 proton can be
observed too in the spectrum of the syn isomer, shown by the extension of
the complex ABCD multiplet (which can be analyzed by a computer only)
towards higher frequencies. In the spectrum of Ilia the multiplet appears
between 425 and 475 Hz, whereas in the spectrum of Illb between 425—470
Hz (Figs 1 and 2).

The shift and the shape of the OH signal differs in these spectra too
(in the case of the syn isomer the sharp signal appears at 8= 4.0 ppm and in
the anti isomer the broad signal appears at $= 4.15 ppm). Nevertheless this
difference cannot be used for determining the structure, as in the case of mo-
bile protons both the chemical shift and the shape of the signal are temperature-
and concentration-dependent and are altered by the water content of the
solvent too.

Acta Chim. (Budapest) 84, 1975



SOHAR et al.: DISTINCTION BETWEEN SYN AND ANTI KETOXIMES 383

I"ig. 1. Part of the 60 MHz PMR spectrum of syn benzofuryl-2-methylketoxime (llia) wilb
the signals of ring protons 3—7 in DMF-d,

Fig. 2. Part of the 60 MHz PMR spectrum of anti benzofuryl-2-methylketoxime (Illb) with
the signals of ring protons 3—7 in DMF-d,
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The influence of current density, temperature and pH on cathodic polarization,
the corrosion resistance of the electrodeposit towards atmosphere and the grain size
of the deposit have been studied on electrodeposited cobalt from some cobalt baths.
Increase of C. D. increases the polarization and decreases the grain size of the deposit.
The rise of temperature of the bath is found to decrease the polarization and corrosion
resistance but to increase the grain size. Lowering of the pH of the bath causes the
deposit to become less corrosion resistant and bigger in grain size.

It has been shown earlier that there exists a relation between cathodic
polarization and the structure of the deposit [1 4]. It is generally agreed that
electrodeposited metals are crystalline, and the external appearance and size
of the grains depends mainly on the rate at which the crystals grow and on
the rate of the formation of fresh nuclei. If the conditions are such as to favour
the rapid formation of crystal nuclei, the deposits will be fine-grained, if the
tendency is for the nuclei to grow rapidly, relatively large crystals form and
the deposits become rough in appearance.

Some work on the electrodeposition of copper and cobalt has been done
in this laboratory in which the impurity content [5], porosity, adherence and
microstructure [6] of the deposits as well as the plating characteristics [7] of
various electroplating baths under different conditions have been studied.
Not much work on the electrodeposition of cobalt in terms of polarization
measurements and structural studies seems to have been done as compared
to nickel [8 12] and other electrodeposited metals. The relation between
cathodic polarization and texture of an iron-cobalt alloy electrodeposit has
been studied by Rotinyan [13] and others. The growth textures of cobalt
electrodeposits in relation to magnetic properties [14], the orientation types
which can exist in cobalt electrodeposits [15], structure and mechanism of
the cobalt metal obtained by electrocrystallization [16, 17] have been previous-
ly studied.

In the present study the cathodic polarization, the grain size of cobalt
electrodeposits and their interrelation as well as the corrosion resistance of
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the deposits have been investigated using various electrolytic baths. The
variable parameters were current density, temperature and pH of the elec-
trolytic solutions.

Experimental

All chemicals used were Analar (B. D. H.) products. Fresh solutions
prepared in doubly distilled water were used for each experiment. The cathodes
of copper strips of 10x2 cm, were etched, washed, dried and then dipped in
carbon tetrachloride for some time and again washed and dried before being
used for plating purposes. Carbon anodes impregnated with paraffin wax
were used throughout the entire study of electrodeposition. Polarization
measurements were made in a Haring cell [18] made of perspex which provided
better means for measuring the electrode potential. The cell was immersed
in a thermostat. Potential and current measurements were made with the
potentiometer and 1 ohm standard resistor.

For measuring cathodic polarization, the connection to the cathode was
made by an agar-agar bridge, whose tip, drawn into a capillary of approxi-
mately 1 mm diameter, was pressed lightly against the electrode. Thus, the
error due to the potential drop through the electrolyte was minimized. All the
measurements were made with unstirred solutions. After 25 min of deposition,
cathodic polarization was observed to attain a steady value and it was meas-
ured then. The value was considered steady if it did not change more than 1 mV
in 10 min. The cathodic polarization was determined by noting the difference
of cathode potential at the given current density and the potential when no
current was flowing through the electrolytic bath.

X-ray powder diffraction photographs of the cobalt electrodeposits
were taken using a Philips X-ray tube and a powder camera with circular film
for determining the grain size of the deposits, but the patterns showed sharp,
smooth diffraction rings, indicating grain sizes of the order of 10-5 to 10~3cm.
W ithin this range the rings were insensitive to size changes, making exact
measurements of the diameters impossible. Consequently, an optical micro-
scope was used to measure the grain size (or the size of more than one crystal
looking like one unit system and appearing as a grain) of the deposit. For each
sample of the electrodeposit observations at five different places were taken
and the mean value was taken for the average grain size of the deposit.

Corrosion resistance of the deposits is expressed as the reciprocal of the
number of spots revealed by the ferroxyl test per square centimeter of the
tested deposit.
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The compositions of the plating baths used were as follows:

Nos Bath Syrgfbol Composition of bath
bath (0]
I All sulfate bath S 332 CoS04-7HXD and 30 H3BO3
2 All chloride bath (Wesley
type) C 298 CoCloms HD and 30 H3BO3
3 W att’s bath W 319 CoS04¢7 H20, 45 CoCl2-6 HD
and 30 H3BO3
4 Sulfate bath with Mg present SM 165 CoS04¢7 H20, 85 Na2S04
175 MgS04¢7 HD and 35 H3B03
5 Sulfate bath with glycerol SG 332 CoS04¢7 H20, 30 H3BO3 and
20 glycerol
6 Sulfate bath without boric
acid (H3BO3) SWB 332 CoS04«7HD only

The volume of the solution was always selected so that it covered cathode area
of 2.5x2 cm2in the electrolytic cell.

Results and discussion

The cathodic polarization observed in the all sulfate bath (S) was greater
than that in the all chloride hath (C) for each value of the current density

(Table ).
Polarization is due to any slowness of the electrode process and usually in

the deposition of metals onthe cathode. It is mainly a concentration polariza-
tion [19] produced by the decrease of the cations concentration in the cathode
Table |
Cathodic polarization data for different elecrolytic baths
Copper; cathode pH of baths (S), (C) and (W) 2.0, 2.5 and 1.9, respectively

Cathode current Cathodic polarization (v)

No. ("Aeﬂjs,:% Tem?oerf M Al sulfate All chloride Watt's bath
bath () bath (C) W)

1 1.192 35 0.3333 0.1992 0.2808
2 2221 35 0.3662 0.2307 0.3250
3 3.110 35 0.3997 0.2593 0.3464
4 6.016 35 0.4549 0.3105 0.3902
5 9.104 34 0.4980 0.3417 0.4213
6 12.028 35 0.5233 0.3609 0.4502
7 3.110 20 0.4712 0.3219 0.4268
8 3.110 50 0.3207 0.1957 0.2702
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compartment. As the C. D. is increased, the rate of discharge of ions at the
cathode is enhanced, resulting in more diminution of the cation concentration
near the cathode, which increases the polarization. This is supported by the
results obtained for baths (S), (C) and (W) for the electrodeposition of cobalt
(Nos 1—6, Table 1). The thickness ofthe diffusion layer adjacent to the cathode
surface is appreciably decreased by increasing temperature, thus the rate
of diffusion of metal ions (i.e. Co2+ ions) to the cathode is increased, conse-
quently, the polarization is decreased (Nos 7 and 8, Table 1I).

Variation of cathodic
polarization with log

Fig. 1

The deposition of Ni, Co and Fe is always accompanied by the discharge
of hydrogen at the cathode and the observed deposition overvoltage is said to
be due to hydrogen overvoltage. The large polarizations in the case of iron
group metals are attributed besides concentration polarization, to some slow
stage in the discharge process occurring between hydrated ions in the vicinity
of the cathode and stable atoms on the electrode surface. The variation of
cathodic polarization with the logarithm of the current density is found to be
a linear function (Fig. 1), suggesting that in the electrodeposition of cobalt
the rate-determining step for polarization is the discharge of the ions at the
cathode. Either the dehydration of the ions is slow or the actual neutralization
of the cation is slow. According to Glasstone [20], the metal is first deposited
in a metastable state; the conversion of this form of the metal to the stable
state is the rate-determining process.

The value of Table Slope b has been calculated for different electrolytes
(Table 11), using the following equation

W = a+ blogl

where W is the overpotential, | is the current density and the constant a is
the intercept of the overpotential vs. log (current density) curve (Fig. 1).
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Table 11
Nos Plating bath '”t%gem Tafe;;lope
| AH sulfate bath (S) 0.3125 0.1769
2 Al chloride bath (C) 0.1750 0.1710
3 W att’s bath (W) 0.2700 0.1550

The protective value of the electrodeposited coating depends to a large
extent on the porosity of the deposit. The corrosion resistance data (Table I11)
have been calculated in terms of the spots revealed by the ferroxyl test method
and expressed as follows

Corrosion resistance —
No. of spots per cm2

Deposits obtained from bath (C) are found to show a high degree of
resistance to corrosion, even up to thickness of 9.36 /t(Nos 2 and 13, Table III).
The minimum corrosion resistance is obtained in the case of the deposit from
bath (SG) (No. 6, Table Ill). The addition of glycerol to the sulfate bath (S)
increases the viscosity of the solution, thus the diffusion of cobalt ions to the
cathode is retarded and the rate of formation of crystal nuclei is considerably

Table I11
Corrosion resistance of cobalt electrodeposits

Current density used = 3.110 A/dm2

No. Plating bath pH of bath Temzjoeg)ature -I-tgle(;kggsgsﬂf Corrosion resistance
1 S 20 35 56.20 1.25
2 C 2.5 35 56.20 Approaching to oo (very high)
3 W 1.9 35 56.20 3.57
4 SWB 20 35 56.20 3.12
5 SM 2.9 35 56.20 0.48
6 SG 21 35 56.20 0.23
7 S 2.0 50 56.20 0.83
8 S 20 20 56.20 1.66
9 S 11 35 56.20 0.42
10 C 11 35 56.20 0.42
1 S 6.0 35 56.20 Approaching to oo (very high)
12 S 20 35 9.36 0.83
13 C 2.5 35 9.36 Approaching to oo (very high)
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Table IV

Microscopic examination of grain size and nature of cobalt electrodeposit

Plating
bath

S

SWB

EU)

Ecn

c.d2
(Aldm2)

1.192

3.110

0.016

12.028

3.110

6.016

3.110

3.110

3.110

3.110

3.110
3.110

3.110

3.110

Temper-

ature

)

35

35

35

35

35

35

20

20

50
50

35

35

pH of
bath

2.0

2.0

2.0

2.0

2.5

2.5

1.9

2.0

2.0

1.9

2.0
1.9

11

11

Grain
size

w

3.00

2.50

2.14

2.14

1.87

1.50

3.00

2.14

1.87

3.00
2.50

3.33

Nature of electrodeposit

Smooth surface with bulbs of average
size 27.5 p uniformly distributed over
the entire surface

Smoother and more even than No. 1

Smoother and more even than No. 2,
having pits of average size 27.5 p
distributed over entire surface

Similar to No. 3, having pits over
entire area

Much smoother and more even than
No. 2, no bulbs or pits on the surface

Smoother than No. 5, maximum
smoothness and evenness among
deposits 1—14

Smoother than No. 2, almost similar
to No. 3

Clusters of bulging bulbs of average
size 30 n almost uniformly distrib-
uted over entire surface

Smoother and more even than No. 2
and 11

Smoother and more even than Nos
7, 9 and 12

Coarser and more uneven than No. 9

Coarser and more uneven than No.
10

Coarser and more uneven than No. 2,
nodules of average size 15 p almost
uniformly distributed over entire
surface

Coarser and more uneven than Nos
5 and 6

affected, giving more porous deposits. Therefore, the corrosion resistance de-
creases enormously.

The electrode-posited film obtained from W att’s hath (W) is found to

show a rather good resistance to corrosion (No. 3, Table IlIl) and is less re-
sistant than the deposit from the chloride hath (C). Deposits from the sulfate
bath without boric acid (SWB) are much more corrosion resistant than de-
posits from sulfate baths with added boric acid (S) (No. 4, Table Ill1). De-
posits from the electrolytic bath (SM), with magnesium are found to show a
poor resistance to corrosion (No. 5, Table
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Lowering the temperature of the bath is found to cause the deposits to
become more corrosion resistant (No. 8, Table Ill). This might he due to the
decrease in the rate of crystal growth with the decrease of temperature of the
hath, producing less porous deposit. The lowering of the pH of the bath in-
hibits the precipitation of basic salts, therefore, the deposits will be more po-
rous as only an insufficient amount of colloidal oxides will he available for
adsorption on the crystal nuclei [21], which leads to the production of smooth
deposits, hence the corrosion resistance is expected to decrease (Nos 9, 10,
Table 111). Deposits at pH 1.1 from bath (C) show deterioration to a large
extent in the corrosion resistance in comparison to deposits at pH 2.5 from
bath (C), and deposits at pH 6.0 from hath (S) give an enormous improvement
in corrosion resistance in comparison to deposits at pH 2.0 from bath (S) (No.
11, Table I11).

The relationship between overpotential and log (C. D.) is linear for baths
(S), (C) and (W) (Fig. 1), indicating the frequent formation of new nuclei [9],
therefore, smooth and fine-grained deposits are produced (Table IV).

The relatively higher values of cathodic polarization suggest nucleation
and lower values the crystal development as the predominant process [22]. As
the C. D. is increased, cathodic polarization is found to increase (Table 1),
hence the rate of formation of fresh nuclei is increased, giving smoother and
finer grained deposits. Thus, reduction in grain size is distinctly observed
(Nos 1—3, Table IV). The minimum value of grain size is found in the deposits
from chloride bath (C), consequently, an extremely smooth and even surface
is obtained (No. 6, Table 1V).

The decreasing of the hath temperature increases the polarization (No. 7,
Table 1), hence smoother deposits are obtained and the grain size is reduced
(Nos 9, 10, Table 1V). The decrease of the pH of the bath increases the grain
size of the deposits, therefore, coarser and rougher deposits are produced (Nos
13, 14, Table V).

Grateful acknowledgements are made to the State Council of Scientific and Industrial
Research, U. P., for the award of a research grant.
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The infrared spectra of tungsten oxides of the composition W03 x (1 > x > 0)
have been investigated. In the range of x < 0.1, oxides with triclinic, monoclinic, ortho-
rhombic and tetragonal lattices are formed, and in spite of their deviation from the
composition W 03, these oxides are generally called the polymorphous modifications
of W03 All the four oxide types of different symmetry may be stable at room tempera-
ture, depending on the thermal treatment and impurities. Since the spectra of the
various modifications differ more or less from each other, an infrared spectrophoto-
metric investigation of the oxide generally called W 03 must determine the modification
of the substance in question.

The number and the symmetry type of the possible vibrations have been deter-
mined by a factor group analysis of the oxides of D,/,, D,/,, Ch and C- symmetry. The
two strong bands in the spectra of the oxide modifications are indicative of the fact
that the molecular vibrations of the WO,, octahedral element dominate in the oxides,
thus, in first approximation the oxides can be considered as distorted modifications of
the ideal RO3 lattice (O/,). Accordingly, the character of the infrared bands has been
determined by means of the correlation 0/, —D,/, -» 1)./, -* C-. The extent of splitting
of the 2Flu mode increases in the direction of tetragonal “mtriclinic transformation,
i.e. with increasing distortion.

The frequency shift of the vW—O vibrational bands of highest frequency is in
close relationship with the value of x, i.e. with the number of oxygen vacancy sites,
so that conclusions can be drawn from the spectra on the kind and structure of the
oxide. Moreover, the correlation between frequency and oxygen deficiency represents
that borderline which separates the series of W03 x (1 > x > 0) oxides with regard
to the mode of incorporation and structure of the oxygen vacancy sites. The IR spectrum
also indicates sensitively the development of the so-called super-lattice 2x W20058 —

— WA(Q, 116’

One of the decisively important technological steps in production of
tungsten filaments is the reduction with hydrogen of ammonium paratung-
state-5.hydrate, and of the tungsten trioxide formed from it, to metallic
tungsten. During this process, several stable, intermediate oxides appear
between the W 03and the W states. Considerable research efforts are extended
on elucidating the conditions of their formation, and on crystallographic and
morphological study of their structures. It is common knowledge that the
composition of the substance called tungsten trioxide does not correspond
in general exactly to the ratio of 1W :3 0, the number of oxygen atoms being
always somewhat less than three. Accordingly, the general formula can be
written as WOs x. Since a certain oxygen deficit is needed for the formation
of the various crystal modifications, and, in essence, this means reduction,
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the “polymorphous modifications of tungsten trioxide” too will be regarded
in our discussion as reduced oxides. The conform with the general terminology
use in the literature, the expression ‘polymorphous modifications of W03
will be used, keeping in mind, however, that the oxides in question can in fact
be fitted into the series of the reduced oxides W03 x (1 ;> * > 0).

The polymorphous modifications of W 03 are more or less distorted var-
iants of the Re03 type cubic lattice (PTbT) [1]. The elementary unit of the
various modifications is the octahedron, with the metal atom in its center
being surrounded by six oxygen atoms, in an arrangement deviating more or
less from regular. The polymorphism of W 03 has been widely studied [2—10].
These studies show that between 40 and 17 °C the triclinic, between 17 and
330 °C the monoclinic, between 330 and 640 °C the orthorhombic, and above
740 °C the tetragonal modifications are formed. Thus, the symmetry of the
W 03 crystal lattice is considerably influenced by the temperature.

It is also known that contaminations shift the characteristic temperatures
of polymorphous transformations in the direction of lower temperatures, so
that modifications forming at higher temperatures can be made stable also
at room temperature by the incorporation of an appropriate amount of foreign
ions [10]. Consequently, all four crystal forms of W03 may be stable at room
temperature.

In practice, the differentiation of the orthorhombic from the monoclinic
modification is rather important since, when cooled to room temperature,
the ammonium salts used for the preparation of W03, e.g. ammonium para-
tungstates, afford in general a substance of monoclinic or orthorhombic struc-
ture, depending on the contaminant and on the ignition temperature. How-
ever, upon thermal treatment above 1000 °C or in the case of sufficiently high
contaminant concentrations, triclinic or tetragonal forms may also occur at
room temperature.

Therefore, when investigating W 03, e.g. by infrared spectrophotometry,
the modification in which the substance is present must be definitely estab-
lished, because, as will be seen, the spectra of the various modifications differ
more or less from each other. On the other hand, the infrared spectra are known,
conclusions can be drawn on the modification of the W 03 investigated, and
this can be used when studying the transformation properties of W 03.

Though the infrared and Raman spectra of W03 have been studied by
several authors 111 —15], in the predominant part of these works the X-ray
diffraction background is missing, i.e. it remains obscure which modification
is present. Rocchiccioli-D eltcheff and Lecomte [11] only assumes that
the W 03for which the spectrum has been recorded is present in the monoclinic
form, Mattes and Schréder [14] indicate a rhombic structure, while other
works [12, 13, 15] do not at all specify the modification of W 03. With the
aim of eliminating the uncertains connected with the structures and the
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spectra, the infrared spectra of the W 03 modifications have been studied.
These investigations were extended also to the more strongly reduced inter-
mediate oxides.

Experimental

The oxide modifications were made available by Dr. Gads6. The sam-
ples were crystallographically well defined test substances of X-ray diffrac-
tion studies [10]

Preparation procedures

Triclinic: Thermal treatment of monoclinic W03 in air, for 50 hrs in
a sealed quartz tube at 1200 °C. On mild crushing the larger crystal grains
formed gave a pure triclinic modification.

Monoclinic:Ignition of purity ammonium paratungstate-5.hydrate, prod-
uct Tungsram, in a stream of air at 950 °C for 5 hrs.

Orthorhombic: Ignition of ammonium paratungstate-5.hydrate, product
Tungsram, at 600 °C for 5 hrs.

Tetragonal: Ignition of W03 with 0.08 mol Si02 content at 540 °C
for 2 hrs.

Reduced oxides: Tungsram products formed in the reduction of tungsten
trioxide with hydrogen.

The infrared spectra of the samples were recorded with a Model Perkin-
Elmer 225 spectrophotometer in a KJ pellet. Spectra are shown in Figs 1 and
2, and the wavenumbers of the absorption bands are listed in Tables I and II.

200 400 600 800 1000 _11200 1400 1600 1800

Fig. 1. Infrared spectra of W 03modifications 1. Cubic, 2. Tetragonal, 3. Orthorhombic, 4. Mon-
oclinic, 5. Triclinic
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Fig. 2. Infrared spectra of reduced tungsten oxides 1. W20053W0290), 2. W100u((WO,,.90)

Table 11

3. Wi, (W02,), 4. WO,

Infrared wavenumbers of reduced tungsten oxides

20158
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Interpretation of the infrared spectra of tungsten oxides
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w ) ¥
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900
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wo2

450
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In the lattice of tungsten trioxide, the tungsten atoms are not in the
center of octahedra but are dislocated in the direction of one of the axes, thus
causing a waviness of the planes in which the tungsten atoms are arranged,
as e.g. in the tetragonal modification [10]. If the dislocation has finite compo-
nents in two or in all three directions, a waviness in space is developed, and
the orthorhombic or the monoclinic and triclinic modifications of still lower
symmetry are formed [10]. Table Ill summarizes the characteristic structural
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Table 111
Crystallographic data of W03 modifications

Modification Cubic* Tetragonal Orthorhombic Monoclinic Triclinic
Cell parameters a=5.25 A a=3.740 A a=3.835 A a=7.30 A
c=3.91 A b=7546 A b=7517 A b=7.52 A
c=3.837 A ¢=7.285 A ¢=7.69 A
/9=90° 90’ <x=88.9°
/9=90.9°
y=90.9°
Space group Pm3m—Oft pJrim D\h Pwab Dbi P2lla— Pl—c}
Number of molecules,
Z 1 2 4 4 8
From Wyckoff’s
table
Tungsten positions 1(a) 2(c) 4(d) 4(e) 8(0
Oxygen positions 3(d) 2(c), 4(d) 4(d), 8(e) 12(e) 24(0
Site symmetry
Tungsten oh Ca/ cs c, C.
Oxygen D4ft D cs, G Ci Q
References [10] [10] [10] [10]
[16] [17] [18] [191

* Fictive data obtained by assuming an ideal R03type structure

data of the W 03 modifications, with special regard to the requirements of the
infrared spectroscopic study.

No W03 built up from perfectly regular W 0e polyhedra, i.e. W03 of
cubic structure, has been prepared so far. However, as will be seen later, since
the spectroscopic characteristics of all modifications can be traced back even-
tually to the cubic structure, Table 111 contains also those data which would be
characteristic of cubic W 03, if such a modification existed.

As in other crystalline systems the number and symmetry type of the
vibrations in the case of tungsten trioxide can be determined by the method
of Bhagavantam and Venkatarayudu [20], under the assumption that the
homologous atoms of the crystal lattice vibrate in-phase (k = 0), which makes
possible counting on a single lattice. Using the correlation method recommended
by Fateley et al. [21] in the factor group analysis of the various W 03 modi-
fications (Tables IV—VII1), it is found that, according to the selection rules
valid for crystalline systems, with the decrease in symmetry of the W03
crystal lattice, theoretically 3, 14, 45, and 93 normal vibrations are to be
expected in the given order, disregarding the acoustic modes arising from the
translation of the crystal as a whole.
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Table IV

Factor group analysis of cubic W03

Transl. Acoustic Crystal Vibrational
species species coeff. coeff.
3 | 3 2
_ | 1

“m O/, (oxygen)
+ 1F,U
Table V

Factor group analysis of tetragonal W03

Transl. Acoustic Crystal Vibration.
species species coeff. coeff.
J— J— 2
— — 1 1
T(z) | 3 2
— — 1 1
— — 1 1
— — 2 2
T(X,y) | 6 5

Correlation: CNe-> DAh (tungsten, oxygen)
C2z #>D4h (oxygen) The results of C2 C2, C2 correlations are identic? |

Fvior— g+ 1AM+ 2A2AJ+- 1BIU+ 1B ~b

Table VI

Factor group analysis of orthorhombic W03

4" 5-Eu

Activity
IR R

Activit
IR E

Dih Transl. Acoustic Crystal  Vibrational ivi
Facstgercig;"“p species species co):eﬁ. coeff. I'?\?C“VI%
As — 7 7 +
A — — 5 5
FIfj — — 7 7 -
Bui T(2) 1 5 4 +
Bog — — 5 5 +
B T(y) 1 7 6 +
B3g — — 5 5 +
B3U T(x) 1 7 6 +
Correlation: Cs O—Xy>'l’)2] (tungsten, oxygen)
c1 D:h (oxygen)
[vibr. = 1rg + + 4EMU+ 5EZQ + 6jBU+ 5B3 -f- 61i3,
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Table VII

Factor group analysis of monoclinic W03

DX Transl. Acoustic Crystal Vibrational Activity
Factor group species species coeff. coeff. IR R
species
12 12 -
B9 - - 12 12 .
Au T(2) I 12 n +
Bu T(x,y) 2 12 10 +

Correlation: C, —C,/, (tungsten, oxygen)
rvibr. = 12yig + 12Bg ' 11Au + 10Bu

Table VIII

Factor group analysis of triclinic W03

Ci Transl. Acoustic Crystal Vibrational Activity
Factor group species species coeff. coeff. IR R
species
48 48 4-
AB T(X,y, 2) 3 48 45 .

Correlation: C, —C, (tungsten, oxygen)
rvihr. = 48Mg + 45Au

Table IX

Activity of the vibrational species of tungsten trioxides

wo, Infrared active Raman active Inactive
Cubic on n - 1s
Tetragonal D- 2A,,U+ 5Eu 2Aig + 2Eg 1AW . 1Blu + 1B.u
Orthorhombic D2 4BIU+ 6B,u+ 6B 4Ag 4~ 4" 5Au
Monoclinic C2, 11Au +~ 10Bu 12Ag + 12Bg
Triclinic ¢ 45Au 48Ag _

It is apparent from Table IX that of the vibrations obtained many are
inactive, however, particularly in the case of the modifications of lower sym-
metry, a great number of infrared-active normal vibrations are left, compared
to which substantially fewer bands appear in the spectra.

An inspection of Fig. 1 immediately reveals a common feature of the
spectra of the polymorphous modifications, viz. that essentially the absorption
curves consist of two intense hands. On the other hand, their shape and split-
ting, i.e. the fine structure of the spectra, is characteristic of the given modifica-
tion.
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This is not surprising: it has been shown in connection with the study
of the infrared spectra of molybdates and tungstates built up from octahedra
[22, 23] that the normal frequencies of polymetallogenates consisting of M 06
elements, can also be deduced from the normal vibrations of the octahedral
XYe molecules, under consideration of the symmetry degradation determined
by the polyanion and its crystal group, and the corresponding changes in the
spectra, e.g. splitting, etc. Thus, regardless of the crystal point group of the
W 03 modification, the vibrations of the elementary unit, the octahedron,
will dominate the spectra. Therefore, as a first approximation, the two intense
bands exhibited in the spectra of all polymorphous modifications, can be con-
sidered in essence as corresponding to the cubic lattice of the Re03type, i.e.
to the infrared active modes Hu(rX—Y) and FIlu(dX—Y) connected with
the vibration of a single octahedron. With decreasing symmetry, or rather
with increasing distortion, these bands are split, and the lower is the symmetry
of the given modification, the higher will be extent of splitting.

Let us now consider spectrum 1in Fig. 1. In the plotting of this spectrum,
the frequencies calculated by Ohwada [15] have been taken as a basis. These
calculations assume an ideal structure of the Re03type, i.e. a cubic lattice.
Accordingly, Table | contains the frequencies of 815 and 390 cm-1 correspond-
ing to the two F1U modes of ‘cubic W03, calculated by normal co-ordinate
analysis [15].

For the assignment of the bands of the different modifications and for
the determination of the vibrational species, first the correlation table must

Table X

Splitting of the species of the 0/, point group in the various factor groups

Cubic Tetragonal Orthorhombic Monoclinic Triclinic
Ok &ih Aa(c? cm(crM) Cl

4 Acta Chim. (Budapest) 84, 1975
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Tabic XI

Correlation table of infrared active vibrations

be constructed, which gives the splitting of the irreducible representations of
the OJj point group, corresponding to the cubic lattice, in the factor groups
A./,, D2h, Ch and C,, characteristic of the W 03 modifications. The number of
these species in Table X can be further reduced by neglecting the Raman and
inactive modes, to obtain thus Table X1, which corresponds to the correlation
table containing only infrared-active representations.

W ith the aid of correlation Table X I, conclusions can be drawn on the
species of the vibrational modes produced by the two active (F1) and the
one inactive (F2) modes of the cubic lattice in the crystal lattice of new sym-
metry, formed in the course of transformation. Accordingly, orientative in-
formation may be obtained from Table | on the possible character of band
splittings in the spectra of the modifications of lower symmetry. At the same
time, the table gives an illustrative picture on the band systems characteristic
of the modifications, on the basis of which a possibility offers itself for the
determination of the crystal structure, or more exactly, of the cell symmetry
of tungsten trioxides of unknown origin and structure.

As has already been shown, the stretching frequencies of the terminal
W —O bands are closely connected with the structural properties of tungstates
and molybdates built up from octahedra, and any structural change will result
primarily in a change of the frequencies in question [22—24]. It can be seen
from Table | that the )>W-0 vibrational bands of highest frequency in the
polymorphous W 03 modifications are gradually shifted towards higher fre-
quencies, namely in the direction corresponding to the tetragonal — triclinic
transformation. Before any conclusions are drawn from this phenomenon,
it should be recalled that the composition of the modifications prepared by
thermal treatment from pure W 03 does not correspond in any of the cases
exactly to the ratio of W/O = 1/3, and thus, neither is the valency of tungsten
in these modifications exactly six. It could also he said that the expression
tungsten trioxide is not exact since the oxygen deficit in the crystal lattice
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Table XII

Numerical values characteristic of rhe oxygen index of tungsten oxides

Oxide Vg'fe{‘jk{g;'g‘g‘r?e V\fo,ii* Oxygen/tungsten
Triclinic 6 —5.995 0 —0.005 3 —299
Monoclinic 5.995—5.97 0.005—0.015 2.995—2.985
Orthorhombic 597 —5.94 0.015—0.030 2.985—2.970
Tetragonal 594 —5.78 0.030—0.10 2.970—2.89
ADQAGS 5.80 0.10 2.90
WieOjg 5.44 0.28 2.72
wWo, 4.00 1.0 2.0

of the oxide modifications increases in the direction of the transformation
triclinic —» tetragonal, and the composition varies within the limits
NN 2999 a—y WO2990.

Let us now try to correlate the above frequency shift to the tungsten
valency ranges corresponding to the different W 03 modifications, or, in W 03_x,
to the changes of the limits of x, i.e. to the vacancy concentrations calculated
from these. The valency ranges characteristic of the triclinic, monoclinic,
orthorhombic and tetragonal modifications and the values of x are summarized
in Table X 11, whereas the vacancy concentration ranges have been given by
Gadoé [10]. These values were taken as basis for the plotting of Figs 3 and 4.

From the course of the curves in the figures, determined by the change
in frequency, it can be easily understood, why the cubic W 03 could not be
prepared so far. The figures indicate clearly that the stability ranges of the
triclinic, monoclinic, orthorhombic and tetragonal forms are well defined,
while the range corresponding to the formation of the regular cubic lattice
falls into an undefined area. Indeed, in the cubic W 03 the valency range of
tungsten would involve values of 5.78 —0, and on the other side, vacancy
concentration would also exceed all limits, which, naturally, is impossible.

If W03 with oxygen vacancy sites is regarded as an ™xWOs ‘tungsten
bronze’, the polymorphous modifications can be considered according to Gado
[10] as (H)XW 03= W 03 x hole-bronzes. However, according to this concept
and under consideration of Figs 2 and 3, it becomes evident that for the for-
mation of cubic W 03 at least x = 0.12 vacancy sites are needed, i.e. the va-
lency of tungsten should decrease below 5.76. However, the corresponding
oxygen deficit would presumably produce a stress in the W 03”x lattice, so
that it would disintegrate before the last member of the oxide series, the cubic
O/, lattice, can be formed. Instead of this, an oxide structure is formed accord-
ing to an older concept is the blue oxide or W20053 however, actually it is
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Fig. 3. Relationship between the ranges of x in W03 x and the i<¥—O vibrational frequencies
of the modifications

Fig. 4. Shift of the vW—O vibrational frequencies depending on vacancy concentration

characterized by a sheared crystallographic structure and differs slightly from
the above composition [10], but is more stable under the given conditions.

The infrared spectra of the reduced tungsten oxides are substantially
poorer in bands (Fig. 2) than the spectra of the tungsten trioxide modifications.
W ith decreasing tungsten valency, the transmittance of the KJ pellets pre-
pared from an identical amount of the sample decreases gradually, and the
base line approaches per cent transmission zero with increasing steepness.
The emergence of the hands from the base line, i.e. the intensity of the bands
decreases also gradually, and is the lowest for W 03. However, the frequency
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0:W in WOX

Fig. 5. Change of the W—O0 stretching vibration frequencies as a function of the change in
the oxygen index:

A) Triclinic E) Blue oxide W2003
B) Monoclinic Wo03 F) Wi X»
C) Orthorhombic G) WO,

D) Tetragonal

of the band maxima can be established even in the case of W02 with satis-
factory accuracy (Table II).

Characterizing the oxides with the general formula W03 _X1 " * > 0),
the valency regions and the corresponding x values are given in Table XII.
Thus, from the point of view of oxygen deficiency, tungsten trioxide modifi-
cations and reduced oxides have been arranged in a unified system. Naturally,
it does not mean any difference in principles that oxygen deficiency ranges
have been assigned to the trioxide modifications [10], while definite values
to the reduced oxides.

As has been done in the case of W 03modifications, we shall now examine
how the changes in the oxide structure can be characterized by the stretching
frequencies of the terminal W—O bonds, which are most sensitive to the changes
of structural properties [22—24], considering now all the tungsten oxides
falling into the 1[> x >-0 range as a unified system. When the highest fre-
quency bands of the W -0 stretching vibrations are plotted against one of the
oxygen indexes, e.g.the O : W ratio, the relationship shown in Fig. 5is obtained.
The total range relevant to the trioxide modifications is marked with a
dotted line. When the mean value of this region, marked with a solid line,
is taken as basis, it can be seen that the frequency decreases gradually from
the triclinic to the tetragonal modification, i.e. to x 0.06, and starting from
the reduced oxides, the frequency increases rapidly. The rW—©O vibrational
frequency belonging to the phases changes according to a distinct maximum
curve. Remarkably, some of the known physical properties of tungsten oxides
exhibit a behaviour similar to that shown in Fig. 5, from which it might be
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Table X1M

Change of some physical characteristics of the oxide series

Oxide JDenslly (gg?rsng%;g)lefgfgyc W 0 cml
Triclinic 7.29 (W03 905
Monoclinic ] 7.17 (WOr98) 15.30 (W03 900
Orthorhombic | 870
Tetragonal 7.14 (WO,.%) 832
W2005 7.16 0.2 925
A18749 7.78 1.2 940
WO, 10.82 33 950

assumed that the phenomena can be traced back to some common cause, e.g.
to a property of material structure. According to Table X IIl, the minima of
the density [25] and thermal dilatation [26] similarly fall into a region near
the composition of the tetragonal oxide.

Figure 5 divides the 1 X 0 range into two sections, and this, as will
be seen, can be correlated with detailed structural information gained mainly
from X-ray investigations. According to Gado and Magnélti [27], W 03 can
dissolve oxygen deficiencies in small concentrations as point vacancies and,
according to Fig. 5, between da-values of 0 and 0.06 this distorts the basic
Re03type lattice. On the other hand, in the 1  x 0.06 region, the higher
oxygen deficiency results in a more extensive lattice rearrangement. Thus,
when oxygens are withdrawn from the stoichiometric W 03, isolated defect
sites are first created, and the polymorphous modifications of the trioxide are
formed. Subsequently, the vacancies are ordered in the lattice of tungsten
trioxide, producing the so-called sheared structures [10,28]. The first independ-
ent phase of this region is W20058+0.02 [10]. The formula of the blue oxide
has been given in this way, because the composition can vary actually from
W 022to W028 [29, 30], and the composition W2005 belongs to the idealized
structure of the oxides between these limits. As a summary, the conclusion
has finally been drawn that the minimum exhibited in Fig. 5 constitutes a
partition from the aspect of the mechanism and structure of the incorporation
of oxygen deficiency.

The oxide of composition W 100116, corresponding to spectrum 2 in Fig. 2,
has not been discussed so far. In this oxide the valency of tungsten and the
oxygen deficiency are identical with those in the blue oxide, therefore, as far
as Fig. 5is concerned, the conclusions relevant to the blue oxide remain valid.
According to the X-ray investigations of Gado [10], it differs from W2003 in
that the elementary cell has doubled in direction b. Its formation might be
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caused by the ordering of oxygen vacancy sites or impurities. The infrared
spectrum support the assumption that the structure of W400116 is in essence
the same as that characteristic of W2005g, but its rW—© vibrational band at
925 cm-1 has split, owing to effects accompanying the doubling of the cell.
It can be seen, therefore, that even if no concrete structural information
can be obtained from the infrared spectra recorded in this narrow region, with
the aid of suitably selected spectral characteristics, or rather their changes,
orientative information may be gained about certain problems. Thus, it can
he established among others, at what compositions does some structural mod-
ification occur in the substance. Curves similar to those in Fig. 5 can readily be
interpreted with the aid of subsequent X-ray data, and thus, curves of this
type often complement the results of X-ray diffraction studies [22—24].
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The mass spectrometric behaviour of aminooxy-acetic acid and some of its de-
rivatives is discussed.

The fragmentation of the free aminooxy acid is more complicated than that of
glycine. In the derivatives, the fragmentation of every bond of the straight chain occurs,
providing detailed information about the sequence of atoms in the molecule.

In the case of anilides numerous rearrangements have been observed, among
them methylene and methyl group migration.

Introduction

The mass spectrometric study of a-aminooxy acids and their derivatives
is interesting owing to the practical importance of these compounds: 1. certain
derivatives have pronounced tuberculostatic effects [1]; 2. incorporation into
chains of peptides with biological activity permits studies on “structure-effect”
correlations [2]. A detailed study of the mass spectral behaviour may help
to elucidate structural problems of this group of compounds by mass spec-
trometry.

In the present paper the electron impact-induced fragmentation and
rearrangement of eight representative compounds of approximately 200 de-
rivatives prepared so far, described by the general formula XYN-0-CH2CO0-R
are discussed.

Results and discussion

The mass spectra of the simplest member of this group, aminooxyacetic
acid, and of the analogous a-amino acid, glycine [3], are shown in Fig. 1. The
mass spectrum of the latter is very simple owing to the fragmentation direct-
ing effect of the amino group, and the fragments arise from a single fission of
the C—€ bond leading to alternative fragments from which the charge is pref-
erentially localized in the ‘aminopart’. The fragmentation of compound I
results in a number of fragment ions, which are produced from the molecular
ions in competitive and consecutive dissociation processes. The decomposition
pattern based on the elemental composition of the fragment ion determined
by exact mass measurements is presented in Scheme 1.
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Compounds examined:

)\I—O—CHa-(Ii—R

R
| H H OH
I
I
v
\Y%
Vi
Vil (CH32C\ HN—NH?2
VIl H H HN—O—CHr)nCH3

It is characteristic for the fragmentation that, beside water elimination,
fissions ‘a’ and ‘c’ occur as competitive primary fragmentation pathways,
while fission ‘d” (loss of NH and N H3) takes place only in secondary dissociation
processes (leading to ions at m/e 31 and 29). The m/e 60 ion is produced from
the molecular ion via a McLafferty rearrangement (y-H migration) process.

The presence of the diverse fragmentation pathways is in accordance
with the weaker basicity of the aminooxy group in a-aminooxy acids: the lo-
calization of the positive charge on this group is less frequent than that on the
amino group of amino acids, and thus the fragmentation is not directed ex-
clusively by the aminooxy group even in the case of the free acid [4].

This is true even more for the derivatives, which show considerably dif-
ferent mass spectrometric behaviour than does compound I. The molecular ion
of the anilide of aminooxyacetic acid (I1) shows a high stability (Fig. 2a).
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Fig. 1. 70 eV mass spectra of glycine fa, ref. [3]) and compound | (b)
(Isotope peaks are not shown in the figures)
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Here, similarly to acetanilide, the main fragmentation pathway is the forma-
tion of the aniline molecular ion at m/e 93. Furthermore, fission ‘d’ (loss of
NH or NH3) takes place as a primary process. In the formation of the m/e 135
ion arising from cleavage ‘c’ with H migration, the proton transfer most prob-
ably occurs through a six-membered cyclic transition state (y-H transition).
Hence the structure of the resulting ions differs from that of the molecular
ion of acetanilide. The homolytic version of fission ‘c’ leads to the ion at m/e
134. Owing to its radical character, this ion is less stable and decomposes in a
number of fragmentation pathways (see Fig. 2a). Among these processes the
elimination of a CO molecule also occurs, indicating its strong tendency to
rearrangement. The latter process leading to the m/e 106 ion can be rationalized
in terms of methylene group migration:

Further decomposition of the m/e 106 ion (loss of HCN) renders route a
more probable.

In the mass spectrum of acetanilide the m/e 106 ion does not appear,
indirectly supporting that the structure of the (M—1) + ion of acetanilide (1%)
differs from that of the m/e 134 ion observed in the mass spectrum of com-
pound II.

The ion at m/e 119 corresponds to the molecular ion of phenylisocyanate
and by elimination of CO gives rise to the CeH5N+ nitronium cation at m/e 91.

For compound Il the main primary fragmentation process is the elimi-
nation of ketene from acetyl group. Further decompositions lead to the same
ions as does the fragmentation of compound Il (see Fig. 2b). The differences
in the relative abundances of the common ions of compounds Il and Il may
be due to the different pathways of their origins and to the different stabilities
of the neutral parts produced.
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In the mass spectrum of compound IV an exceedingly large number of
peaks appear (see Fig. 3), owing to the presence of the ori/io-methoxy group
(ortho effect). Several peaks are found to be doublets, e.g. the peaks at m/e 134
and 121 correspond to ions C8HgNO+ and GjtfifNOI in an abundance ratio
of 2 :1 and to ions CTH™NO + and CgH9 + in the ratio of 3 : 1, respectively.
Using the numerous metastable peaks detected in the mass spectrum, a detailed
fragmentation scheme and a number of interesting decomposition pathways

Fig. 3. 70 eV mass spectrum of compound IV

were deduced. Part of the main dissociation processes is completely analogous
to those for compound Il: from the m/e 164 ion, which is the methoxy substitut-
ed version of the m/e 134 ion observed for compound Il, the elimination of CO
also occurs, giving rise to an ion at m/e 136. The loss of CH2 from the m/e
164 ion yields the ion at m/e 134 corresponding to that of compound Il. The
known fragmentation series characteristic for o- and />-anisidines [5] is also
present in the spectrum:

-CH,
123 108----x->80

*

Some particular rearrangements have also been observed. The m/e 150 is
capable of losing a methane molecule:

OCH3
m/e 150
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The loss of CHO from the ion at m/e 149 is followed by the elimination
of CO. This process appears to involve methylene migration:

:CH2

m/e 92 m/e 120

The following process is interpreted by methyl group transfer:

These rearrangements cannot be observed in the mass spectrum of
o-methoxyacetanilide.

The mass spectra of compounds V to VIII show molecular ions but their
abundances depend strongly on the nature of substituents (Figs 4 to 7). The
fragmentation of these compounds is much simpler than that of the former.
Although some of the spectra contain a great number of fragment peaks, e.g.
the mass spectrum of compound VIII, most fragments are formed by simple
homolytic cleavage of the skeleton or by fission with H-transfer. As none of

Acta Chim. (Budapest) 84, 1975



416

Acta Chim.

(Budapest)

TAMAS et al.. MASS SPECTRA

Fig. 4. 70 eV mass spectrum of compound V

Fig. 6. 70 eV mass spectrum of compound VII
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Fig. 7. 70 eV mass spectrum of compound VIII

the groups exerts a dominant fragmentation-directing effect, the splitting of
almost every bond of the straight chain may occur.

Therefore, detailed information about the sequence of atoms in the mol-
ecule can be obtained from the high resolution mass spectra of these com-
pounds. The mass spectra of compounds Il and IV also contain a large amount
of information, but the structural correlations are more complicated because
of the great number of rearrangements.

Some rearrangement reactions were also found in the mass spectra of
compounds V to VIII, of which the following are worth mentioning. In the
case of compound VI the ion at m/e 257 is formed from the molecular ion via
elimination of a neutral part of elemental composition C2H2N20 2. This process
involves a skeletal rearrangement similar to the observed loss of S02 with
arylsulfonamides [6].

Experimental

The mass spectra were obtained on an AEl MS-902 double focusing in-
strument, operating at 70 eV. The compounds were introduced via the direct
insertion probe, the temperature of the ionization chamber was 160°—180 °C.
The exact mass measurements were carried out with an accuracy of 2—3 ppm.
Compounds | to VIII were prepared according to Ref. [7].
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pH-metric studies are described on the interaction of oxovanadium(lV) with
picolinic acid in the absence and presence of some dicarboxylic acids (oxalic, phthalic
and maleic acids) at 30+0.5 °C (ji = 0.1 KNO03). The formation of 1:1 as well as 1:2
(V02+: picolinic acid) complexes (log iGyiA = 5.93 + 0.02 and log -KMAr — 5.24 + 0.11)
are indicated by these studies. The equilibrium constant for the reaction, VOA+ +
+ H2 "+VO(OH)A -~ H+ has been calculated as 3.97+0.08 in the 1:1 V 02+-pico-
linic acid system. The formation of 1:1: 1 mixed ligand complexes is shown in the
ternary systems studied and their formation constants have been evaluated.

Introduction

pH-metric studies on the systems, V 02+—aminopolycarboxylic acids
and V 02+-dicarboxylic acids were described in earlier communications [1, 2]
from these laboratories. In the present communication, potentiometric studies
on the interaction of vanadyl ion with picolinic acid in the absence and pres-
ence of an equimolar concentration of dicarboxylic acids (oxalic, phthalic
and maleic acids) have been described. Such studies do not appear in the liter-
ature, although spectrophotometric and polarographic studies on the 1 :1
V 02+-picolinic acid system have been reported [3].

Experimental

A stock solution of vanadyl sulphate (BDH) was prepared with bidistilled
water and standardized as described in an earlier communication [1]. Solutions
of picolinic (Fluka purum), oxalic (AnalaR BDH), phthalic (BDH) and maleic
(Burgoyne) acids were prepared by direct weighing and standardized poten-
tiometrically against a standard KOH solution. The pH-titrations were carried
out at 30+0.5 °C with a Cambridge pH-meter standardized against a 0.05 M
solution of potassium hydrogen phthalate (AnalaB BDH). The ionic strength
of all the solutions was kept constant (p = 0.1 KNOs) by adding 5 ml of 1 M
potassium nitrate to each solution and using low concentrations of the ligand
and the metal ion. The final volume was always kept constant (50 ml) by dilut-
ing with required volume of bidistilled water.
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Results and discussion

Curve 1, Fig. 1 represents the potentiometric titration of picolinic acid
with 0.1 M KOH and exhibits a sharp inflection at m = 1 (where m represents
the No. of moles of base added per mole of the metal ion). The dissociation
constant k ofthe acid was calculated by the method of Chaberek and Martel 1
(4]. The pk was found to be 5.28+ 0.02.

Fig. 1. Potentiometric titration curves of the normal and mixed-ligand chelate systems of

oxovanadium(IV) with picolinic and oxalic acids as ligands. Curve 1, picolinic acid; 2,1 : 1

VO(IV)-picolinic acid; 3, oxalic acid; 4, 1 : 1 VO(IV)-oxalic acid; 5, 1:1:1 VO(IV)-oxalic

acid—picolinic acid; 6, 1 : 2 VO(IV)-picolinic acid; m = moles of base added per mole of metal
ion

Curve 2, Fig. | represents the potentiometric titration of the solution
containing equimolar quantities of vanadyl sulphate and picolinic acid and
exhibits a weak inflection at m = 1 followed by a buffer region terminating
in a second inflection at m 2. The first inflection may be attributed to the
formation ofa 1 :1complex and the reaction may be represented as:
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The second inflection at m = 2 probably indicates the formation of a hydroxo
derivative and the reaction may be indicated as:

The poor inflection at m = 1 shows that the formation of 1 : 1 chelate and its
hydrolysis overlap with each other. The formation of the above species is sup-
ported by the analysis of the potentiometric data given below:

In the initial stages the reaction may be represented as:

V02+ + HA A~ VOA+ + H+ (iii)

where HA stands for the picolinic acid. The equilibrium constant, Kj of the
reaction may be expressed as:
[YOA+] [H+]

[V02+] [HA] (1)

The formation constant, Kma of the chelate may be given by:

Kma — [VoA+ (2)
[VO02+] [A"]

The dissociation constant k of the acid may be expressed as:

j [H+] TA~] (3)
[HA]

If TMrepresents the total concentration of all the metal species, TAthat of
various ligand species and if ToH be the concentration of the base added to
the reaction mixture during the titration, it may be shown that:

TM= [VO02+] + [VOA] (4)
ToH + [H+] = [VOA] + [A-] (5)
TA = [HA] + [A-] + [VOA] (6)

In the pH range studied, concentration of OH and the hydrolyzed species
of the vanadyl ion were negligible as compared to other species present in the
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reaction mixture. From the above relations it may be shown that:
[HA] = TM- TOH - [H +] 7

and [V02+] = (TM- TOH- [H+]) @1+ — ) ®)
[H+J

The concentrations of other species present in the solution may be determined
algebraically from equations (4)—(6) and also the values of Kx and K”"a- The

calculated values are pK 1= 1.35+ 0.02 and log Kma = 5.93+ 0.02.

Hydrolysis of the (1:1) chelate

A gradual increase inthe values of logXMAatm > 0.2, probably indicates

that the normal 1 :1 chelate undergoes hydrolysis with the formation of a

hydroxo complex and the solution becomes more acidic than it would be in

the absence of hydrolyzed species. The hydrolytic reaction may be represented
as:

YOA+ + HO ~ VO(OH)A + H+ (iv)

The hydrolysis constant, Kh may he expressed as:

[VO (OH) A] [H+]
[VOA+] (9)

The overall reaction in the system may be written as:
V02++ HA + HOD ~ VO(OH)A + 2H+ (vi)
The equilibrium constant for this reaction may be given by:

= _[VO(OH)A] [H+I
[VO02+] [HA] v '
The following equations are obtained from the usual material balance:
rM= [V02+] + [VOA+] + [VO(OH)A] (11)
Ton + [H+] = [VOA+] + 2[VO(OH)A] + [A-] (12)
Ta = [HA] + [A-] + [VOA+] + [VO(OH)A] (13)
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Combination of equations (1), (3) and (11) (13) gives:

a[vV02+]+ + b[V02+] - ¢c =0 (14)
K
where a = Ky 2 + and
[H+] [H+]
K

c=(2Tm-T oH-[H+]) 1
[H+]

After determining the concentration of free vanadyl ions, concentrations of
other species present in the equilibrium mixture can be calculated from the
above equations and also the values of Ky, and Kh(—log Ky, = 3.97+ 0.08 and
-log KH = 3.32+ 0.08).

When two moles of picolinic acid are titrated in the presence of a single
mole of vanadyl sulphate (Fig. 1, curve 6), a sharp inflection at m = 2 is ob-
served and this may be attributed to the formation of 1 : 2 (metal :ligand) com-
plex in accordance with the equation:

YOA+ + HA A~ VOA2+ H+ (vi)

Equilibrium constant K2 of the reaction may be expressed as:

K = [VOAZ [H+] (15)
2 [VOA+] [HA]
K, the equilibrium constant of the overall reaction:
Y02+ + 2HA ~ VOA2+ 2H+ (vii)

may be defined as:
[YOAZ][H +]2
[VO2+] [HA]2

Assuming that only mononuclear metal chelate species are formed in the sys-
tem, the following equations are obtained for maintaining the material balance:

rM= [V024] + [VOA+] + [VO(OH)A] + [VOA7] 17)
Tow + [H+] = [VOA+] + 2[VO(OH)A] + 2[VOAZ + [A~] (18)
Tn = [HA] + [A-] + [VOA+] + [VO(OH)A] + 2[VOAZ] (19)

In the pH range studied, concentrations of OH- and hydrolyzed species of
the vanadyl ion were negligible in comparison with those of other species
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present in the solution. Using the equations (1), (3), (10) and (17) (19), it
may be shown that:
o[YO02+]2- 6[VO02+] + ¢c= 0 (20)

KH

where a = — b=2+ 2TM _TOH [H+]) [H4] [H+?

[H+]2

and ¢= (2TM—TOH- [H+]) 1+ H+]

Computation of the equilibrium concentration of the free vanadyl ions present
in the solution could be made by solving equation (20). The concentration of

other species can then be calculated and the values of —log K = 1.39+ 0.11
and —log K2 — 0.04+ 0.11 could thus be determined from the various points
of the titration curve.

Stability of (1 :2) chelate

Formation constant, iGma2°f the 1 :2 complex and the overall stability
constant B2 of the metal chelate may be defined as:

AS [VOAZ] 21)
[VOA+] [A-]

IVOAjiL .

md BI=" [vo2+ [A-]2

Using expressions (3), (15) and (16), it may be shown that,
(23)

and A (24)

The values of log Kma2and log R2were found to be 5.24+ 0.11 and 11.17+0.11
respectively.

Mixed ligand chelates

Curve 3, Figs 1, 2 and 3 represents the potentiometric titration of the
dicarboxylic acids with KOH and curve 4, Figs 1, 2 and 3 of vanadyl sulphate
in the presence of an equimolar concentration of oxalic, phthalic or maleic
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Fig. 2. Potentiometrie titration curves of
the normal and mixed-ligand chelate systems
of oxovanadium(lY) having picolinic and
phthalic acids as ligands. Curve 1, picolinic
acid; 2, 1:1 VO(IV)-picolinic acid; 3,
phthalic acid; 4, VO(IV)—-phthalic acid; 5,
1:1:1 YO(IV)-picolinic acid-phthalic acid;
m = moles of base added per mole of metal ion

425

Fig. 3. Potentiometrie titration curves of
the normal and mixed-ligand chelate systems
of oxovanadium(lY) with picolinic and ma-
leic acids as ligands. Curve 1, picolinic acid;
2, 1:1VO(lV)-picolinic acid; 3, maleic acid;
4, YO(IV)-maleic acid; 5, 1:1:1 VO(IV)-
picolinic acid-maleic acid; m = moles of base
added per mole of metal ion

acids, respectively. The calculation of dissociation constants of acids, equilib-
rium, chelate formation and hydrolysis constant for 1 : 1V 02+ — dicarboxyl-
ic acid systems have been described in an earlier communication [2] (Table I).

Curve 5, Figs 1, 2 and 3 represents the potentiometric titration of vanadyl
sulphate in the presence of an equimolar concentration of picolinic acid and
one of the dicarboxylic acids (H2L) used. It can be inferred from the comparison

Table |

Dissociation constants of the ligands and equilibrium and hydrolysis constants of 1:1
V 02+-oxalic acid chelate

ngand pkil
Oxalic acid 1.66+£0.05
Phthalic acid 2.89+0.02
Maleic acid 2.23+£0.02

pk2 - bg X, - log &
3.90+0.02 0.91+0.07 4.49+0.02
5.04+0.01 - —
5.97+0.04 — —
Acta Chim. (Budapest® 84, 1975
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of curve 5 with the composite curve representing the titrations of the free
ligand and the binary system that the formation of a mixed ligand chelate,
MAL, is the only possibility in the mixed systems studied. Further, from the
analysis of the potentiometric curves and the stability constants determination
of the chelates VOA+,VOL and VOAL-, it may be shown that at the initial
stages of the titration of 1 :1:1VO2+—exalic acid-picolinic acid system, the
concentration of mixed ligand chelate VOAL- is lower than that of VOL and
the formation of the mixed ligand chelate, therefore, occurs through the forma-
tion of 1:1 VO02+—exalic acid chelate. However, in other cases viz. V02+—
picolinic acid-phthalic acid and V 02+-picolinic acid-maleic acid systems, the
mixed ligand chelate formation occurs through the formation of 1:1 V 02+
—picolinic acid chelate.

(i) Calculation of equilibrium constant for VO2+—exalic acid—picolinic acid
system

In the vanadyl sulphate—exalic acid system, formation of 1:1 V02+—
oxalic acid chelate may be represented as:

VO02++ HL A VOL + 2H+ (viii)

where H2L represents the dicarboxylic acid. The equilibrium constant of the
reaction may be expressed as:

[VOL] [H+]2

(25)
[VO2+] [ILL]
The hydrolytic reaction may be represented as:
VOL + HO ~ VO(OH)L- + H+ (ix)
and the overall reaction in the system may be written as
V02++ H2Z + HoO”* VO(OH)L- + 3 H+
The equilibrium constant for this reaction may then be given by
VO(OH)L H+]3
[VO(OH)L] [H+] (26)

[V02+] [H2L]

The acid dissociation constants, fcjand k2of the dicarboxylic acids may be given
by
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The formation of the mixed ligand chelate may be represented as
vVOL + HA~ VOAL- + H+ (xi)

and the overall reaction for the formation of the mixed ligand chelate may be
written as:

V02+ + HZ + HA VOAL- + 3 H+ (xii)
If K' and K" be the equilibrium constants of the reactions (xi) and (xii) re-

spectively then
[VOAL-] [H+]

[VOL] [HA] (e7)
[VOAL-] [H+]3 28)

[VOo2+] [H2L] [HA]

Other pertinent equations are
TM= [V02+] + [VOL] + [VO(OH)L-] + [VOAL-] (29)
Ton + [H+] = 2[vOL] + 3[VO(OH)L-] + 3[VOAL~] + [HL~] +
+ 2[L2-1+ [A-] (30)
TA= [HA] + [A-] + [VOAL-] (31)
TL= [HZA] + [HL-] + [L2-] + [VvOL] + [VO(OH)L-] +

+ [VOAL-] (32)

where T1 represents the total concentration of the oxalic acid. In a 1:1:1
reaction mixture of vanadyl sulphate, oxalic acid and picolinic acid, it may be
shown from the above equations that

a[V02+]-+ b[VO02+]- ¢c=0 (33)
K" kKU k"kfy
where a = b= 2XY + Y .
[H+]2  [H+]4 [iizY [H+]

and c=(3TM~TOH [H+])XY

here X = 1 + & ijZ and Y = 1+
[H+]  [H+]= [H+]
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(if) Calculation of formation equilibrium for the systems,\ 0 2+—picolinic acid—
phthalic or maleic acids

As shown above, the formation of 1 : 1V 02+—picolinic acid chelate may

be represented as
V02+ + HA~ VOA++ H+

The formation of the mixed ligand chelate, in these cases, may be represented as:
VOA+ + H2L ~ VOAL- + 2H (xiii)

or overall reaction for the formation of the mixed ligand chelate may he written

as
V02+ + HA + H,L YOAL- + 3 H+ (xivA

If K" and K" be the equilibrium constants of the reactions (xiii) and (xiv) re-

spectively then

< [VOAL 1[Il ]2
[VOA+] [H2L] (34)

and
[VOAL-] [H+]3

[V02+] [HA] [H2]

(35)

Other pertinent equations are
TM = [V02+] + [VOA+] + [VO(OH)A] + [VOAL-] (

ToH + [H+] = [YOA+] + 2[VO(OH)A] + 3[VOAL-] + [HL_] +
+ 2[L2_]1+ [A-] (37)

TA = [HA] + [A-] + [VOA+] + [VO(OH)A] + [VOAL-] (38)
TL= [H,L] + [HL-] + [L2~] + [VOAL-] (39)
where TL represents the total concentration of the dicarboxylic acids used as

secondary ligands. In a 1 :1: 1reaction mixture of vanadyl sulphate, picolinic
acid and a secondary ligand, it may be shown that

a[vo02+]2+ 6[V02+] c¢= 0 (40)
wherea= 9 & 1_ + 1 kik2 Kh
[H+] [H+] [H+]2 [H+]2
b= XY + X + J foj k2 Y
[H+]2

and c= (3TM TOH [H+])XY
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X and Y have the same notations as indicated earlier. Computation of the
equilibrium concentration of free vanadyl ions present in the reaction mixture
could be made by solving equations (33) and (40). Concentration of other
species can then be determined and the values of K' and K".

Stability of 1 :1 :1 mixed ligand chelates

The stability constant of the ternary complex in the V 02+—exalic acid-
picolinic acid system may be defined as

[VOAL-]

-KVIAL
[VOL] [A7]

and may he determined by the expression

K'
I‘<MAL

However, in case of systems, V 02+—picolinic acid-phthalic or maleic acids,
formation constant may be defined as

[VOAL-]
MAL [VOA+] [L2~]

and may be determined by the expression

K"
KN K.

K MAL

The overall stability constant of the mixed ligand chelate

K [VOAL-]
MAL [V02+] [A-] [L2]

may be calculated from the expression

K
K kyk2

"MAL —

The values of equilibrium and chelate formation constant of the ternary chelates
are presented in Table II.
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Table 11

Equilibrium and chelate formation constants of mixed-ligand chelates

SstEm -log k- -log k- g el log Kb
V 02oxalic acid-picolinic acid 1.35+0.07 0.44+0.07 5.75+0.07 10.40+0.07
V 02+-picolinic acid-phthalic acid 4.38+0.14 3.73+0.14 3.55+0.14 9.48+0.14
V 02+-picolinic acid-maleic acid 3.60+0.12 2.95+0.14 4.60+£0.12 10.53+0.12

In case of VO2+—exalic acid—picolinic acid system (curve 5, Fig. 1), a
sharp inflection at m = 3 may be attributed to the complete neutralization
of both the protons of oxalic acid and one of picolinic acid liberated as a result
of chelation in accordance with the equation:

COOH
yoz2+ + | -3H +
COCH

Complete formation of the mixed ligand chelate thus occurs at m —3. How-
ever, in other cases no inflection at this stage indicates the decomposition of
the mixed ligand chelate into other species, which is also supported by the
gradual decrease in the values ofthe stability constants ofthe ternary chelates
at m 1.6 and 1.4 having phthalic and maleic acids respectively as second-
ary ligands.

The data show the following order of stability ofthe mixed ligand chelates
in terms of the secondary ligands:

maleic acid > phthalic acid.

This is in accordance with their relative basicities as observed in the case of
binary complexes also.

The authors are grateful to Prof. R. C. Mehrotra, Head of the Chemistry Department,
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A thermal desorption apparatus involving a furnace and detector of special
design was constructed to determine the amount and forms of hydrogen sorbed on
hydrogenation catalysts. A commercial platinum resistance thermometer was built
into the detector. A special procedure was employed to coat the external surface of
the ceramic cover of the resistance in the measuring chamber with a platinum catalyst
of high sensitivity and long life-time. The sensitivity of the detector is two orders higher
than that of thermal conductivity cells. The reproducibility of the results obtained
with the apparatus is good, the differences from the average value being within 10%.

On traditional and copper-promoted Raney nickels both weakly and strongly
bound hydrogens were detected, while athird type of hydrogen was also observed on
catalysts prepared from Ni-Mg and Ni-Zn alloys. On these latter catalysts the total
amount of hydrogen is substantially less than on those prepared from Ni-Al alloys.

Further examinations in this field are in progress.

Introduction

The catalytic properties of hydrogenation catalysts are closely connected
with the hydrogen sorbed on their surfaces during their preparation and reac-
tions. Many methods have been developed to determine the amount of hydro-
gen and to study the nature of sorption. In the chemical [1, 2] and electro-
chemical [3] procedures the catalyst surface may also undergo chemical trans-
formation, and thus the results can be somewhat uncertain. The hydrogen
sorbed on electrically conducting metal filaments has been investigated in
vacuum by flash-desorption [4].

The adsorption and desorption properties of granular catalysts have
been examined by Cremer €t al. [5] and Schay et al. [6], with the material
packed in a chromatographic column.

A thermal desorption procedure (TPDM: temperature-programmed de-
sorption method) and apparatus applicable to powder catalysts too have been
developed by Cvetanovic etal. [7—9]. This procedure contains the character-
istics of both the gas chromatography and the flash techniques. The catalyst
containing the adsorbate is heated at constant rate in an inert-gas flow by
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indirect heating, and the desorbed gas is determined by the measurement of
thermal conductivity.

W ith the spreading of the measurement method, many similar apparatus-
es have been constructed [10—12]. For detection Illinger and Rivin [13]
and Ertl and Kuppers [14] employed a mass-spectrometer, and Ruzicka
et al. [15] a combustion-chamber detector. Unemura [16] and Ruzicka et al.
[15] incorporated a DTA block into the apparatus in order to accommodate
the sample under investigation.

The TPDM meant a step forward in adsorption-desorption research,
for it permits the quantitative and qualitative determination of the hydrogen
sorbed on a catalyst. It also has other advantages:

1. the apparatus is simple;

2. itis applicable to the study of both metallic and non-metallic materials
in powder form;

3. it permits the joint kinetic treatment of the chemisorption and the
surface reaction;

4. in certain cases it permits the joint kinetic treatment of the desorp-
tion and the surface reaction;

5. the conditions approximate better to those of the catalytic reactions
than they do in the flash filament method.

Thermal desorption investigations can have two aims:

a) a fundamentally physico-chemical one, the establishment of the
kinetics and mechanism of the desorption;

b) the practical understanding of the gas—solid interactions on poly-
crystalline industrial catalysts.

The second of these aims is substantially the easier to attain; it is merely
necessary to ensure several experimental conditions which in practice are
readily achieved and reproducible. Examples of these:

constant-rate gas flows;

minimal volume in the sample holder, and between the sample holder
and detector;

constant heating rate (and which can be regulated over a wide range);

stable operation of the detector.

Experimental

In accordance with the above requirements, we have designed and built
an apparatus with which thermal desorption measurements can be carried out
reproducibly and with satisfactory accuracy. An outline of the apparatus is
given in Fig. 1.

The flow rates of the gases from the cylinders (A) are stabilized with a
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n

Fig. 1. Thermal desorption apparatus

pneumatic feed-control (B) and a capillary (D) before the differential manom-
eter (C). The argon carrier gas is freed from oxygen with a diatomaceous earth-
supported copper-copper(l) oxide catalyst at 200 250 °C. The moisture in
the carrier gas is removed by freezing-out, and then by adsorption on columns
packed with silica gel and molecular sieve (E).

The carrier gas next passes into the quartz sample holder vessel (F), the
form and dimensions of which were determined on the basis of our experimental
results. The argon comes into contact with the catalyst sample after passing
through the jacket, where it is heated up to the temperature of the sample.
The catalyst is arranged in a thin (1—2 mm) layer at the bottom of the tube,
so that the diffusion and back-adsorption are decreased to the minimum. Above
the catalyst there is just sufficient space for the carrier gas to pass through
unimpeded.

The dimensions and thermal insulation of the furnace (G) were chosen
so as to allow several measurements daily. The diameter of the ceramic body
supporting the heated filaments is only a few mm larger than that of the sample
holder vessel. Accordingly, the heat transfer is good, but the thermal capacity
of the system is minimal. Thermal radiation outwards is inhibited by three
concentric cylinders made of bright aluminium.

During measurement the furnace is covered with an asbestos plate, and
thus the air between the cylinders is at rest and acts as an insulator. After
the measurement this cover is removed and air is blown through the furnace
from below (H). In this way the temperature falls from 1000 °C to room tem -
perature in about 1 hour.
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Fig. 2. Block-diagram of Desorptometer

Fig. 3. Construction of the detector

After freezing-out with solid C02 (I) the hydrogen-containing carrier
gas passes into the detector (J). The known volume of hydrogen necessary to
calibrate the detector is passed into the carrier gas flow by means of the gas-
meter tap (K). In order that the form ofthe calibration signal should approx-
imate better to that of the broader desorption peaks, a mixing vessel too (L)
was inserted after this tap.

After leaving the detector the gas mixture (Ar -f- 02 passes into the
open air via a soap-film flowmeter (M), a buffer vessel (N) and a capillary (0).

The rate of heating of the furnace is regulated with a Programik 2029
(MIKI) temperature-programming apparatus (P).

The detector signal and the catalyst temperature are recorded with a
double-pen recorder (R), and so the temperatures of the peak maxima can
readily be determined. The temperature of the catalyst is measured with a
Pt—Pt/Rh thermocouple (S).

The detector and the related electronic system (T) incorporated are
known as the Desorptometer (U).

A block-diagram of the electrical part of the Desorptometer is shown in
Fig. 2. The current generator and the regulator of the thermostat are provided
with the appropriate potential from a mains D. C. supply feed.

Fig. 3 presents a section of the brass detector block.
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A platinum resistance thermometer (A) is used in the detector for the
detection and quantitative determination of hydrogen. The external surface
of the ceramic cover of the resistance in the measuring arm is coated with
platinum black (B) by a special procedure. A Pt filament, possibly coated with
platinum black, was earlier employed in combustion chamber detectors. These
Pt filaments aged rapidly, they were unstable, and in addition their activities
and sensitivities did not attain the desired values. On the sensing device of
the combustion chamber constructed there is platinum catalyst of high surface

Detector and D.C.Supply

Current Generator . W heatstone Bridge

Fig. 4. Detector and D.C. supply

and activity (B), which well endures the relatively high operating temperature.
W hen used under the prescribed conditions its life-time is about 2 years. After
this it can be regenerated in about 3 hours.

The argon carrier gas containing the hydrogen to be measured is mixed
with oxygen in the mixing chamber (C), and the resulting gas mixture then
passes through the comparator (D) and measuring (E) chambers of the detec-
tor. In the measuring chamber the hydrogen is oxidized. The heatreleased causes
the temperature, and hence the resistance, ofthe internal Pt filament thermom -
eter to change.

The thermal resistance couple is connected into a W heatstone bridge
(Fig. 4). The current flowing across the bridge is supplied by a constant-current
generator, the main element of which is an integrated-circuit amplifier (A).

6* Ada Chim. (Budapest) 84, 1975



436 HEISZMAN et al.. COMPLEX STUDY OF NICKEL SKELETON CATALYSTS, I

The current flowing across the bridge is led through a reference resistance,
and the resulting potential drop is compared with the potential of a Zener
diode (B). The error signal is increased 100 times by the amplifier, which reg-
ulates the current of a power transistor (C) so that the bridge current is con-
stant and independent of the resistance of the bridge elements. The bridge
current can be controlled with a potentiometer (D) connected into the emitter
of the transistor and can be checked on a read-off meter (E). The output of
the null resistances is connected into the recorder arm, and thus the bridge
current does not alter during the zero balancing. At the same time the bridge
current heats the Pt resistances to ca. 400 °C, and in this way the temperature
of the catalyst on the external surface can be maintained at the optimum base
value.

Thermostat regulator

Regulator Power amplifier

Fig. 5. Thermostat regulator

As mentioned already, the detector is placed in a thermostat. The elec-
trical connection of the thermostat is depicted in Fig. 5. It consists of two main
parts: a temperature regulator and an amplifier. The temperature-sensing
device is a Pt resistance here too. The potential drop resulting on this is com-
pared with the potential of a Zener diode (A). The error signal is led into an
integrated-circuit amplifier (B), the output of which passes to a two-stage
transistor power amplifier (C). An interesting feature of the connection is
that there is no special heating body, the detector block being heated by the
dissipation heat of the power transistor. The temperature of the thermostat
can be regulated with a potentiometer (D). The current of the final transistor
(and at the same time the operation of the regulator) can be checked on an
instrument (E). The temperature of the thermostat is 80+ 0.1 °C.
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Results and discussion

Besides hydrogen, the detector is suitable for the determination of any
other combustible gas or vapour. To establish the optimum operating condi-
tions of the detector, we studied the effects of the potential and strength of
the heating current and the flow rates of the carrier gas and the oxygen on the
size of the detector signal. The results are given in Figs 6- 8. With a view to
the maximum stability and reproducibility, the apparatus was operated un-

25 35 45 55 65 75 80
ufv]
100 200 300
| (mA]

Fig. 6. Variation of the size of the signal corresponding to the addition of 1 cm3hydrogen with
the heating current of the detector

VLcm3 Ar/min]
Oxygen flow rate m 6cm3/min
Heating current « 300 mA
Hydrogen added ; 1cm3

Fig. 7. Variation of the height of the detector signal with the flow rate of the argon carrier gas
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der conditions where any change in the conditions was accompanied by the
relatively lowest change in the detector signal. Such parameters were

Ar carrier gas flow rate: 30 cm3min
02 flow rate: 6 cm3min
heating current: 80 Y =, 300 mA

The detector signal is directly proportional to the amount of hydrogen
up to an added volume of hydrogen of 2.5 cm3 (Fig. 9). The linearity was not
investigated at higher hydrogen concentrations, since calibration too was
made for every thermal desorption recording, while in addition the lower

2 A 6 8 10
V[cm302/ mini

Argon flow rate : 30 cm3/min
Heating current 300 mA
Hydrogen added lcm3

Fig. 8. Variation of the size of the detector signal with the flow rate of the oxygen

0.5 1.0 1.5 2.0 25
V [cm3H2]
Argon flow rate ®m30 cm3/min
Oxygen flow rate : 6 cm3/min

Heating current: 300 mA

Fig. 9. Variation of the size of the detector signal with the amount of hydrogen added
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hydrogen concentration range was selected for additions on the basis of the
sensitivity of the apparatus and the hydrogen contents of the catalysts.

According to Dimbat et al. [17], the sensitivity of thermal conductivity
detectors in gas-chromatography is given by

mV-cm3
mg
where
S = sensitivity
F = area of the signal [cm2]
E = sensitivity of recording apparatus [mV/cm]
V = flow rate of carrier gas [cm3min]
U = reciprocal of paper rate [min/cm]
m = mass of sample [mg].

On this basis the sensitivity of our detector is 2.5X 10smV.cm3.mg-1,
whereas that of thermal conductivity measuring cells in general is 2 X 103mV.
.cm3.mg-1, i.e. about 2 orders lower.

The performance of the apparatus can be illustrated by the following
examples.

A study was made of the hydrogen sorbed on skeleton nickel catalysts
prepared from alloys ofvarious compositions. The starting alloys were obtained
by melting the appropriate metals together in an induction furnace. Their
compositions are listed in Table 1.

The alloys were ground, and the 0.124 mm grain fraction from samples
1 and 2, and the 0.063 mm fraction from samples 3 and 4 were taken to pre-
pare catalysts.

Samples 1 and 2 were treated at 50 °C for 2 hours with 20 wt.% NaOH,
sample 3 at 115 °C for 15 min with 30 wt.% NaOH, and sample 4 at 60 °C
for 20 min with 40 wt.% NaOH. The catalysts were next washed with distilled
water until neutral, and then stored under distilled water.

Table |

Composition of the starting alloys

Sample Ni Al Other
No. wt. %] [wt. %] [Wt. %J
| 48 52 0
2 46.5 52 1.5 Cu
3 43 0 57 Mg
4 32 0 68 Zn
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Fig. 10. Desorptogram of nickel skeleton catalyst

The thermal desorption recordings of the samples are presented in Figs
10 13. The conditions of the recordings were as follows:

argon carrier gas flow rate: 30.3 cm3Imin
oxygen flow rate: 6.0 cm3Imin
heating rate: 12 °C/min
detector heating: 300 mA
detector temperature: 80 °C.

The results of the measurements are given in Table II.

In agreement with earlier data [16, 18—21], the experimental data
indicate that there is both weakly and strongly hound hydrogen on the tradi-
tionally-prepared Raney nickel (Fig. 10). As a result of the presence ofa small
amount of copper promoter, the amount of the Huy form on the catalyst in-
creases considerably (Fig. 11), suggesting that the copper in this concentration
is presumably incorporated into the nickel lattice and increases the number
of active centres necessary for the existence of the Hy sorption phase.

It is striking that the hydrogen contents of the catalysts prepared from
alloys containing magnesium and zinc are substantially lower than those of
the catalysts prepared from the traditional aluminium alloys (Figs 12 —13).
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Fig. 11. Desorptogram of copper-promoted nickel skeleton catalyst

Fig. 12. Desorptogram of skeleton catalyst prepared from Ni-Mg alloy
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Fig. 13. Desorptogram of skeleton catalyst prepared from Ni-Zn alloy
Table 11

Results of thermal desorption measurements on the catalysts

Hydrogen desorbed / Temperature of peak

A Total
S?\lmo[.)le [em3g] / ma® um hydrogen
[cm»/g]
I 1" 1ni
I 29/102 25/271 0 54
2 18/82 62/232 0 80
3 6.8/95 19.1/185 4.6/385 30.5
4 3.5/80 2.8/225 0.6/720 6.9
Table 111
Reproducibility of thermal desorption results
Catalyst 1 2 3
Raney nickel Desorbed hydrogen [cm3g] 43.6 39.9 46.1
(freshly prepared Average [cm3g] 43.2
here) Diff. from aver. [%] +0.9 —7.6 + 6.7
Degussa B 113a Desorbed hydrogen [cm3g] 62 62 68
(age unknown) Average [cm3g] 64
Diff. from aver. [%] —3.1 —31 + 6.2
Degussa B 113;, Desorbed hydrogen [cm3g] 71.5 72.0 75.0
(age unknown) Average [cm3g] 72.8
Diff. from aver. [%] —1.8 —11 + 3.0
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It is characteristic for these catalysts that they also contain a third type of
hydrogen, which is desorbed at a relatively high temperature.

An examination was made of the reproducibility of the results obtained
with the apparatus. The data in Table Ill show that the difference from the
average is less than 10%.
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Interactions of ethylene, cyclohexene and 1-hexene with platinum catalysts
were investigated. The reactions can be interpreted in terms of hydrogen dispropor-
tionation, resulting in hydrogenation and hydrogenolysis on the one hand and hydro-
gen-deficient products, both in the gas phase and on the surface, on the other hand.
Unsaturated hydrocarbons suffered dissociative adsorption on the metal displacing
a part of retained hydrogen. New evidence has been obtained to suggest that adsorp-
tion via single bonds leads to hydrogenation-dehydrogenation whereas multiple bonding
leads to hydrogenolysis and retention of hydrocarbons. The selectivity of the hydro-
genolysis/hydrogenation reactions was different with platinum black and platinum-on-
silica catalyst; probably these processes require different active sites. Retention of
hydrocarbons was the main cause of catalyst deactivation; removal of retained species
required oxygen treatment; hydrogen treatment was less efficient. The extent of all
these phenomena was found to be dependent on the hydrocarbon structure. Retention
and reactivation were also studied in radiotracer experiments.

Introduction

It is well known that metal catalysts may lose their catalytic activity
during interactions with hydrocarbons. This phenomenon may be correlated
with the accumulation of carbon-rich species on the surface. Unfortunately,
very few systematic studies have been carried out in this field, and even fewer
studies have been made under conditions of catalytic reaction, although proc-
esses of deactivation are inseparable from other surface processes occurring
on the catalyst and the problem is of great practical importance.

It is reasonable to assume that retained surface species shown by radio-
tracer studies [1] on supported metal catalysts represent the first step in the
formation of carbonaceous surface residues. It has been suggested that car-
bon-metal triple bonds may play an important role in the primary carbonizing
process [2]. The formation of C4 and Cespecies has been detected during studies
of ethylene retention on metal films [3] and it is clear that, with the further
polymerization of these species, the products soon reach a state where the size
of the molecule alone could prevent it being desorbed into the gas phase.

Very little is known about the precise nature of surface carbonaceous
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residues. Surface polymers of graphitic and non-graphitic structure have been
observed by LEED [4, 5] and electron microscopic studies [6, 7]. There is data
on the influence of the structure of the hydrocarbon reactants on the rate of
deactivation; it is considerably more rapid with stretched chain (all-trains)
polyenes, indicating that they combine more readily with each other than those
of cis- or cyclic structures [8].

Methods of preventing the accumulation of surface deposits and of effect-
ing their removal have been studied in order to preserve catalytic activity:
these studies have not been systematic. It is known that the presence of hydro-
gen may result in the maintenance of a fairly constant level of catalytic activ-
ity [8, 9].

The removal of irreversibly adsorbed species may require more vigorous
treatment. This depends on the nature of the surface species to be removed;
e.g. irreversibly chemisorbed benzene can be desorbed by hydrogen treatment
[10]; similar treatment may be of use in restoring catalytic activity lost during
interactions with ethylene [11]. Surface polymers usually require extensive
oxygen treatment, which results in a more complete and rapid restoration of
activity [12]: this is the common practice in large scale industrial processes.

It is obvious that phenomena concerning deactivation, retention and
reactivation are closely related to the more general problem of the interaction
of hydrocarbons with the catalyst surface. Thus we present our results in this
field which were obtained essentially by the same methods and under the same
conditions as were applied to the study of hydrocarbon reaction mechanisms
[8] and to hydrogen interactions over platinum catalysts [13]. Our interpre-
tation and discussion are therefore on a common basis. Thus, the study of dif-
ferent aspects of the same phenomenon may help towards a better understand-
ing of the central problem, i.e. hydrocarbon reactivity on platinum catalysts.

Our studies comprised the investigation of the effect of small amounts
of oxygen present during catalytic reactions and the influence of hydrocarbon
structure and type of reaction, hydrogen-consuming or hydrogen-producing,
on deactivation and reactivation phenomena. Our studies also included the
comparison of the behaviour of supported and unsupported platinum catalysts,
in an attempt to determine whether spillover hydrogen had any marked effect,
and some radiotracer experiments concerning accumulation and removal of
retained species. The results of these studies together with earlier data serve
as a basis for discussion.

Experimental

Apparatus: Experiments were carried out in a pulse-flow microcatalytic reactor coupled
directly to a gas chromatograph as described in detail in [13]. In the radiotracer experiments
the gas phase radioactivity was measured by using a proportional counter [13] while catalyst
radioactivity was monitored by a liquid scintillation method reported earlier [14]. All exper-
iments were performed at 360 °C.
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Catalysts: A platinum black catalyst prepared from H2PtCI6 [13] as well as a 5%
Pt/Si02 [11] catalyst were used. The catalysts were pretreated by heating in oxygen and then
hydrogen as described previously [13].

Materials: Ethylene, cyclohexene and 1-hexene were used as model compounds [13].
The size of the hydrocarbon pulses was selected so that they contained approximately identical
numbers of molecules.

Results

Ethylene was selected for the study of the effect of oxygen and of the
support. Self-hydrogenation, hydrogenolysis and retention of ethylene were
observed which resulted in the formation of ethane, methane and carbonaceous
residues. Evaluation of the results has been made by calculating the amounts
of individual products as well as the ratio of ethane to methane; thus we ob-
tained data on both activity and selectivity of the catalysts.

a) The effect of oxygen on the catalytic activity

The last stage of the standard pretreatment of the catalysts was usually
their treatment with hydrogen which should remove any oxygen present on
the platinum surface and replace it by hydrogen. It was of interest to learn
whether the presence of oxygen caused any change in the direction of reaction.
This was done by comparing the composition of products from ethylene reac-
tions in the presence of pure and oxygen-containing helium.

W ith each successive 0.5 ml (N.T.P.) injection of ethylene on to the
catalyst the activity decreased in a similar manner to that observed previously
[11, 15]. The results in Fig. 1 show that with freshly-prepared platinum black
(0.06 g), deactivation, as determined by yields of methane and ethane, for

Hydrocarbon Pulse Number

Fig. 1. Deactivation of Pt-black by 0.5 ml pulses of ethylene at 360 °C: 0.06 g catalyst: fresh
sample for A and B. A, helium flow 60 ml min-1 containing 0.25% 02 B, helium flow 60 ml

|
min-1, pure. « CH4, O C2H6 0 C2H4, X retention, + selectivity, ?ﬁf
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ethylene self-hydrogcnation and hydrogenolysis was slower when a helium
carrier-gas stream containing 0.25 vol.% of oxygen was used, than with pure
helium. A slight decrease in the catalyst selectivity, as defined by the C2He/CH 4
ratio in the product, was observed during deactivation; the only difference
worth mentioning was between the first two pulses: in the absence of oxygen,
more methane was produced on the fresh catalyst.

b) The comparison of platinum black and plalinum-on-silica
catalysts

The essentially identical phenomena observed with and without 0.25%
oxygen in the carrier gas allowed this study to be performed using oxygen-
containing gas. Since deactivation was slow the detailed behaviour of the
systems could be observed. Fig. 2 presents the sequence of the deactivation
at 360 °C for a platinum-on-silica catalyst. It can be seen that apart from a
relatively rapid loss of activity (by the tenth injection 93% of the ethylene was
recovered unchanged cf. 0% for the first injection), a marked change in
selectivity was observed during deactivation. On clean catalysts initial pulses
of ethylene produced mainly ethane by self-hydrogenation. The proportion of
ethane increased in the next pulse and subsequently decreased from pulse to
pulse (Fig. 2). We propose that the reason for this maximum in the ethane
yield is the availability of hydrogen, for hydrogenation, resulting from the
further breakdown of species derived from the initial dissociative adsorption.

The composition of the products resulting from the injection of ethylene
on to platinum black (0.16 g) was remarkably similar to that observed with
the 5% Pt/Si02 catalyst (Fig. 3), although the platinum black differed from
the supported catalyst in that small quantities of hydrogen were always ob-
served after ethylene injections (not shown in the figure).

A striking difference manifests itself in the selectivity (C2HGCH4) of the
two types of catalyst. With platinum black, the extent of self-hydrogenation
was considerably higher even with freshly regenerated catalysts. On supported
platinum, the selectivity passed through a maximum with deactivation. The
decrease of selectivity after the maximum was similar to that observed with
unsupported platinum during deactivation.

The injection of 10 ml of air on to any of the deactivated catalysts re-
sulted in a considerable restoration of the catalytic activity for self-hydrogena-
tion, hydrogenolysis and retention (Figs 2 and 3). Further injections of ethyl-
ene resulted in a progressive deactivation of the catalystto approximately the
same level of activity and selectivity as for each fresh catalyst. When deactiv-
ated Pt black or Pt/Si02catalysts were treated at 360 °C in a flow of hydrogen
(25 ml min-1) for 10 min, only partial restoration of the activity for self-hydro-
genation and hydrogenolysis was achieved. It may be noted that both catalysts
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Hydrocarbon Pulse Number

Fig. 2. Deactivation and regeneration of 5% Pt/Si02catalyst during its interaction with ethyl-
ene. t = 360 °C; 0.05 g catalyst; 0.5 ml ethylene pulses: pretreatment, catalyst in air, then
10 min H2flow, 20 min He Hony. A, fresh catalyst; B, after 10 ml pulse of air; C, after 10 min

CH
H, flow. « CH4, O CoH,, O C2H4, X retention, + selectivity, C%—|6

Hydrocarbon Pulse Number

Fig. 3. Deactivation and regeneration of Pt-black in reaction with ethylene, t= 360 °C:
carrier gas He, containing 0.25% 02at 60 ml min-1. Pulses of 0.5 ml ethylene: pretreatment,
2 X 10 ml air then H2flow for 10 min. A, fresh catalyst; B, after 10 ml air; C, after H2flow for
11 min. H, present among products in all cases. Traces C02 after B. « CH4 O C2H6, O C2H4,

+ selectl.vi'ty, C%é:f

maintained their characteristic behaviour with regard to product composition
and selectivity during repeated treatments. However with platinum black,
traces of carbon dioxide were observed following the injection of a pulse
of air on to the catalyst. Because of the presence of small amounts of oxygen
in the carrier gas, prolonged exposure of the catalyst in a carrier gas stream
at elevated temperature also brought about the restoration of catalytic activ-
ity. No regeneration of activity was observed at room temperature using the
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Fig. 4. Regeneration of the Pt/Si0O2catalysts used for Fig. 1 by prolonged He containing 0.25%
02at 360 °C. A, helium -f- oxygen; B, effect of _30 ml air pulse. « CH4, 0 C2H6, O C2H4, X re-
tention
flow of oxygen-containing helium. In Fig. 4, the effect of different durations
of carrier gas flow on the activity and selectivity ofa platinum-on-silica catalyst
is shown together with the effect of a 30 ml pulse of air. Continuous treatment
by oxygen at a low partial pressure was less efficient in regenerating a catalyst
than was a smaller volume of oxygen at a higher partial pressure. Similar

results were obtained with platinum black.

c) Radiotracer studies of retention and regeneration phenomena

It can be seen that retention of hydrocarbons accompanied catalyst
deactivation. This phenomenon was investigated by using [14C]-ethylene as
a tracer. A fresh sample of platinum black was deactivated in the usual manner
by injection of [14C]-ethylene. The extent of deactivation can be seen in Table I.

Table |

Reaction and retention of [ UC]-ethylene on a Pt-black catalyst

Catalyst: 0.06 g Pt-black, No pretreatment: heating to 50 °C in air, then in He-flow to
360 °C: t = 360 °C (except when specified): Hydrocarbon: 0.5 ml 14C2H 4 with radioactivity:
4650 counts in proportional gas counter

Product composition, o Radioactivity (counts)
Pulse No. Retention
CH4 C.H. cH, recovered retained (%)

1 10.8 255 325 31.2 2740 41
] 0.8 5.7 87.9 5.6 4450 45
hi* 0.2 0.3 99.5 — 4630 —

v 0.3 0.8 96.3 2.6 4460 4
\Y, 0.2 0.4 96.7 2.7 3800** —

* 300 °C
** CH4 flow increased; radioactive counts only approximate
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Table 11

Deactivation of platinum black catalyst with alternate pulses of [ UC]-ethylene and
inactive ethylene

Catalyst: 0.06 g Pt, pretreated with 10 ml air, 6 min. H2 flow at 360 °C. Temperature:
360 °C. Hydrocarbon: 0.5 ml [14C]-ethylene, radioactivity: appr. 19500 counts in a propor-
tional gas counter

No. of pulse and Product composition 04

startin B adioactivity, counts
hydrocarbon o CH CH.
I UC,H4 1.9 9.8 88.2
300 1400 15,600
Il CH4 0.5 2.1 97.4

llackgrounci

11 AC2H 4 0.5 1.2 98.3
— 200 17,600
IV CH, 0.6 0.7 98.7

jackgrounil

These results also show the retention of radioactive hydrocarbon on unsupport-
ed platinum. The retention data calculated from the chromatographic traces
are closely similar to those calculated from radioactivity measurements using
a proportional counter coupled to the exit from the chromatograph [11, 15].

The problem of whether species retained by the catalyst might interact
with gas phase hydrocarbons [16] was studied by introducing alternate radio-
active and inactive pulses of ethylene on to a platinum black catalyst. Table
Il shows that while deactivation proceeded in the usual manner, the radio-
activity of the products leaving the catalyst corresponded exactly to that of
hydrocarbon which had been introduced, i.e. an inactive pulse of ethylene
introduced after a radioactive pulse acquired Nno radioactivity from retained
surface species.

It has been shown recently [14] that tritium retained by platinum black
catalysts can be detected by immersing samples in a liquid-scintillator and
counting the radioactivity. A similar procedure, using [14C]-C2H 4 as tracer,
was used to determine whether carbon still remained on the catalyst after it
had been reactivated in air.

Following deactivation with five 0.5 ml pulses of [14C]-ethylene, the
catalyst was cooled to room temperature and a few mg placed in a standard
scintillation counting liquid [14]. Retained radioactive surface species caused
counting with an observed rate of 1470 counts min-1 mg-1. The remainder
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Comparison of catalyst deactivation and regeneration with ethylene, cyclohexene
and 1-hexene

t = 360°C; 0.16 g Pt-black, carrier gas: 60 NTP ml/rain He + 0.25% 02

Experiment

Pulse 1. (on fresh
Pt-black)
Starting material, %
Reacted %
Retention %
Relative extent of
reaction:

Pulse No. 10
Starting material, %
Reacted %
Retention %

Relative extent of
reaction:

Pulse No. 18
Starting material, %
Reacted %
Retention %

Relative extent of
reaction:

Deactivated Pt
Starting material, %
Reacted %
Retention %

Relative extent of
reaction:

S

Regenerated with
10 min 11o flow
Starting material, %
Reacted %
Retention %
Relative extent of
reaction:

S

Deactivated Pt
Starting material, %
Reacted %
Retention %

Relative extent of
reaction:

Regenerated with air
slug:
Starting material, %
Reacted %
Retention %
Relative extent of
reaction:

Acta Chim. (Budapest)
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Ethylene
One pulse:
0.5 ml = 22 juhole

28.6
41.1 (5.8+ 35.3)*
30.3

1.0

96.0
4.0 (1.2+2.8)*
0

0.10

95.1
4.9 (1.6+3.3)*
0

0.12

90.0
10.0 (2.4+7.6)*
0

0.25

94.7
5.3 (L.5+ 3.7)*

0.13

10 ml

37.0

39.4 (7.8+ 31.6)*
23.6

0.98

1975

Starting hydrocarbon

clohexene
ne pulse:
25 fd = 24 jumole

0
88.8 (0.1+88.7)*
11.2

1.0

26.5 (1.5+73.5)*
73.5
0

0.83

93.0
7.0 (0.04+7.0)*
0

0.08

91.6
8.4 (0.1+8.3)*

0.095

35.9
64.1 (0,6+63.5)*

0.72

97.4
2.6 (0+ 2.6)*

0.03

15 ml
0.7
99.3 (0.7+98.2)*

11

1-Hexene
One pulse:
3 — 24 juhole

77.7
22.3 (3.3+9.2 + 10.8)*

1.0

98.0
2.0 (12+ 0.4+ 0.4)*

0.09

98.0
2.0 (1.2+ 0.4+0.4)*

0.056

95.6
4.4 (1.4+0.9 + 2.1)*
0

0.20

97.3
2.7 (L.7+ 0.4+0.6)*

0.12

10 ml
74.6
25.4 (3.5+ 10.3+ 11.6)*

1.10
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Table 11l. (continued)

Starting hydrocarbon

i clohexene 1-Hexene
Experiment Ollzwg]%ﬁlns%: %ne pulse One fulse:
05 ml =22 //mole 25 /N= 24 jlLinde 3 (1= 24 //mole
Deactivated Pt
Starting material, % 96.0 85.2 96.8
Reacted % 4.0 (1.2+ 2.8)* 8 © * 3.2 (1.6+0.7+0.8)*
Retention % e — —
Relative extent of
reaction: 0.10 0.165 0.14
Regenerated with air
slug 20 ml 15 ml 10 ml
and 10 min HO flow
Starting material, % 30.9 0.03 69.5
Reacted % 43.8 (13.9+ 29.9)* 96.7 (0.1+96.6)* 30.5 (4.7+15.4+10.4)*
Retention % 25.3 3.3 —
Relative extent of
reaction: 11 1.07 1.36

*The “reacted” values mean the sum of transformation products observed. In parentheses,
individual types of products are shown. The meaning of numbers in the parentheses is as follows:
for ethylene: (methane% methane%);
for cyclohexene: (cyclehexane% + tenzene%);
for 1-hexene: (hydmger.olysis picducts% + hexane% + cehy dregouted products%)

of the platinum catalyst was heated to 360 °C in air and maintained at this
temperature for 5 min. Although this treatment was more severe than when
pulses of air were used to regenerate the catalyst, subsequent scintillation
counting of the catalyst showed that it still gave an activity of 90 counts
min-1 mg-1, thus clearly indicating that some carbon-14 still remained on the
catalyst.

Radioactivity measurements determined by gas-proportional counting
of [14C]-ethylene and liquid scintillation counting of the catalyst could not he
directly compared with each other, due to different counting efficiencies in
the two systems. Electron microscopic studies of carbon depositions from
COolefins [6] indicated that‘amorphous’carbon tends to accumulate in ‘patches’
on the catalyst and consequently, self-absorption of the [14C]-6eta-particles
would affect the final counts obtained for the regenerated catalyst.

d) The effect of substrate structure on deactivation and regeneration

Catalyst deactivation and reactivation were also investigated with two
other olefins, namely cyclohexene and 1-hexene. Cyclohexene gave substantial
yields of benzene but only a small amount of cyclohexane with little or no
hydrogenolysis; the products from 1-hexene contained lower molecular weight
hydrocarbons, hexane, hexadienes and benzene formed in hydrogenolysis,
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hydrogenation, dehydrogenation and cyclization reactions, respectively. It
was shown previously that 1-hexene deactivates platinum black much more
rapidly than cyclohexene [6]. The results shown in Table Ill indicate that
identical numbers of moles of the straight-chain olefins, ethylene and 1-hexene,
brought about similar deactivation. Much more cyclohexene was necessary
for the same loss of activity, and hydrogen was much more effective in reactiva-
tion of the catalyst than was the case with ethylene or 1-hexene. Air and air +
hydrogen treatments had similar efficiency in restoring catalytic activity.
In the latter case, the activity might even reach a higher level than the initial
value. It has to be noted that whereas high retention was observed with ethyl-
ene much lower retention was found with C6-hydrocarbons, although the very
complex character of the gas chromatogram made strict quantitative eval-
uation difficult in the case of 1l-hexene.

Discussion

All three olefins introduced on to platinum catalysts underwent signif-
icant reaction. All reactions observed represented some sort of hydrogen dispro-
portionation resulting in hydrogen-rich and hydrogen-deficient products by
comparison with the hydrocarbon reactants.

The fact that hydrogen disproportionation reactions occur implies disso-
ciative adsorption of hydrocarbons. Hydrogen removed from the hydrocarbon
during this process form a common pool with the residue of the originally re-
tained hydrogen. The surface at this stage can be visualized as covered partly by
hydrocarbon residues and by partly hydrogen atoms. The catalyst surfaces
always contained hydrogen at 360 °C as shown by radioactive tracer studies
[13], even after oxygen treatment. The surface reaction represented the com-
bination of these fragments in ratios which depart from the initial ratio.

This proposal is supported by experiments with tritiated catalysts [13].
W hen hydrocarbons reacted over them, each fraction contained radioactivity.
Tritium in dehydrogenated species proves that extensive dissociation occurred:
surface species may lose more hydrogen than is necessary to form a particular
dehydrogenated product; tritium in the hydrogenated products supports our
suggestion of a common hydrogen pool on the surface and disproves direct
hydrogen transfer from one molecule to another without participation of the
surface hydrogen.

W hen ethylene was introduced on to a tritiated platinum black the small
hydrogen peak was radioactive [17]. This indicated that retained surface hy-
drogen did participate in forming molecular hydrogen (which represents a
peculiar sort of recombination of surface fragments), in other words, ethylene
interaction with the surface involved also displacement of hydrogen.
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The analysis of the product distributions yields further information. The
amounts of dehydrogenated and hydrogenated products should according to
our postulate correspond to each other. Unfortunately no exact material
balance could be calculated because both hydrogen supply and products in-
volve surface species for which the amounts can only be estimated approximate-
ly. With ethylene, no hydrogen deficient product appeared in the gas phase:
the absence of acetylene was confirmed experimentally. The hydrogen-defi-
cient products must, therefore, have been surface residues, and this explains
the high retention values for ethylene when compared with Ce-hydrocarbons.
W ith the latter, benzene (or hexadienes) represent(s) a thermodynamically fa-
voured dehydrogenation product.

The specific radioactivity of the methane formed on a tritiated catalyst
is about twice as high as that of ethane (and about five times as high as that
of molecular hydrogen) [17]. This suggests that most of the H2molecules must
have originated from dissociated ethylene and approximately twice as much
of hydrogen came from the common pool to one molecule methane as to ethane.
This leads to the conclusion that whereas ethane formation may be represented
by associative adsorption followed by the uptake of two hydrogens, methane
was formed from species multiply bonded to the surface formed as a result
of extensive dissociation. This, in turn, is evidence that the two types (at least)
of adsorption suggested previously [1,2] may have occurred under the present
conditions as shown schematically in Fig. 5. The participation of dissociatively
adsorbed ethylene species in ethane formation (i.e. the interconversion shown
in brackets in Fig. 5) is not excluded in this argument.

On the basis of literature data, multiple-bonded species may be regarded
as responsible for both hydrogenolysis [18, 19] and retention or deactivation
[1, 2].

H * H +2H
\ C,H6(g)

* *
H2C= CH2 (g) <
Ho Comm C—H
g
JN SN,
H—c— c—*

Retention

Fig. 5. Schematic representation of reaction possibilities of ethylene on platinum. -)f denotes
active sites without their exact specification
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It is reasonable to assume that hydrogenation and hydrogenolysis occur
at two types of sites (Fig. 5). It has been suggested that there is a preference
for the formation of multiple-bonded species on ‘edges’ and ‘corners’ [20]. It
is reasonable to suggest that these two types of site were present on our cata-
lysts. Their amounts were different on supported and unsupported platinum.
Pt/Si02 having smaller distribution of metal particle sizes must have more
‘edges’ and ‘corners’ and it exhibits much higher methane formation at about
the same overall conversion of olefin than unsupported platinum. The deacti-
vation of these sites is more rapid than that of ‘flat plane sites’; this causes
a change in selectivity during subsequent reactions. It is not yet clear how
these two types of site are correlated with the different catalytic activities of
various crystal planes observed by Somorjai et al. [5].

The presence of hydrogen during the initial stages of dissociative hydro-
carbon adsorption slows down the production of multiple-bonded surface spe-
cies [8]. Spillover hydrogen from supported platinum is ineffective in this
respect. Figs 2 and 3 show essentially identical courses of deactivation in both
cases.

Cyclic hydrocarbon structures do not favour the formation of multiple-
bonded surface species; therefore deactivation is much slower with cyclohexene
and virtually no hydrogenolysis occurs. Residues formed from cyclohexene are,
presumably, of singly bonded to the surface and hydrogen is much more effec-
tive inremoving them, than in the case of linear hydrocarbons, see Table III.

It has been shown that retained species can be displaced by gas phase
hydrocarbons only to a limited extent [16]. Under our conditions, gas phase
ethylene was not able to cause detectable displacement of retained ethylene
species (see Table I1).

The effects of oxygen are, by comparison, opposite to those observed
with hydrogen. The presence of small amounts of oxygen in the helium carrier
gas caused only a minor decrease in the rate of deactivation, whereas oxygen
injections had a marked effect on the removal of retained species. Oxygen
may perhaps act according to a Rideal-Eley mechanism arriving from the
gas phase and oxidizing carbonaceous residues. This effect was practically
independent of the catalyst type and hydrocarbon substrate; thus results
obtained in the presence of small amounts of oxygen were essentially the same
as those using pure helium.

As indicated by radiotracer experiments, oxygen treatment may leave
some surface carbon which is present in thick patches and/or carbon ‘whiskers’
[7]; the presence of such strongly bonded carbon does not, to any larger degree,
influence the catalytic activity.

The decrease of selectivity on both catalysts during deactivation shows
that after a certain amount of hydrocarbon had been converted dehy-
drogenation activity decreases somewhat faster. This may be due partly to the
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growth of carbonaceous species from the corners on to the flat plane regions,
partly to the depletion of hydrogen on the surface, preventing desorption.
Little retention accompanies deactivation in this region. The similar behaviour
of ethylene and 1-hexene suggests that, in both cases, adsorbed species may
combine with each other, giving perhaps polyenic type polymer species as
proposed earlier [8].

The experimental work serving as a basis of this paper has been carried out in the Chem-

istry Department, The University, Glasgow. One of us (Z. P.) thanks the IAEA for a Fellow-

ship.

[17]
[18]

[19]
[20]

The authors express their gratitude to Professor P. TETENYI for valuable discussions.
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TIN(IV) COMPLEXES OF SCHIFF BASES
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AND AMINOALCOHOLS
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Derivatives of the type SnCl4.SBH2 and SnCI4SBH22 have been synthesized
by the reaction of tin(1Y) chloride with the title Schiff bases in 1:1 and 1:2 molar
ratios, respectively, in dry benzene. The products have been obtained in almost quanti-
tative yields and in a state of sufficient purity. Their IR spectra have been recorded
and conductance data show them to be non-electrolytes.

Introduction

In recent years, the preparation and characterization of several tin(1V)
complexes with monodentate, bidentate and multidentate Schiff bases have
been reported [1 10]. However, reactions of tin(1Y) chloride with the Schiff
bases derived from the condensation of o-hydroxyacetophenone with amino-
alcohols such as 2-aminoethanol, Il-amino-2-propanol, 3-aminopropanol,
2-aminobutanol and 2-methyl-2-aminopropanol having the donor system,
HO —N —OH, do not seem to have been studied so far. In the present paper,
reactions of tin tetrachloride with these Schiff bases are described. The Schiff
bases may be structurally represented by the following general formula (l):

OK
C=NROH
CH3
|
CH3
(where R = —(CH22—, - CH2CH-, -(CH23~, -CH(C2H5CH2- or

—C(CH32CH2—).

* Chemistry Department, R. B. S. College, Agra, India.
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Experimental

Materials and methods

The reactions were carried out under strictly anhydrous conditions. Benzene (BDH)
was first refluxed over sodium wire for several hours and then distilled azeotropically with
ethanol. Tin(lY) chloride (Reidel) was kept over copper turnings and redistilled before use.
Dimethylformamide (BDH) was fractionally distilled under reduced pressure and the distillate
mixed with about 12% (by volume) of dry benzene. After removal of the benzene-water azeo-
trope, the DMF was again distilled under reduced pressure (551 °C/35 mm) to obtain
benzene-free DMF. It was first shaken with pre-ignited, anhydrous alumina powder (BDH
chromatographic grade) and then decanted. The middle fraction boiling at 55+1°C/35mm
was collected and stored in dark, stoppered pyrex flasks. The specific conductivity of the
solvent was found to be 0.5—1.5 «10-7 ohm-1 cm-1 at 25+1 °C.

Preparation of Schiff bases

Schiff bases from o-hydroxyacetophenone were prepared by dissolving equimolar a-
mounts of the appropriate hydroxyalkylamine and o-hydroxyacetophenone in benzene and re-
fluxing the solution for several hours, followed by the removal of water-benzene azeotrope.
The products were distilled before use; their analyses and physical characteristics are recorded
in Table 1.

Preparation of tin(l1Y) complexes

Reactions of tin(1Y) chloride with the Schiff bases in 1 :1 and 1 :2 molar ratios have
been carried out. Tin(lY) chloride was dissolved in benzene and the calculated amount of the
Schiff base was slowly added with constant shaking. An exothermic reaction took place and
the solid compound separated immediately. In the cases where the Schiff base was found to be
insoluble in cold benzene, it was first dissolved by refluxing and the solution was then cooled.
After decanting the solvent, the resulting solids were repeatedly washed with benzene. The
solvent was then removed under reduced pressure and the products were finally dried at 40—
60°/0.5 mm for 2—3 hrs. The resulting derivatives were insoluble in most common organic
solvents, bit soluble in DMF. Analyses, physical properties and rnohr conductance values of
these compounds are given in Table II.

Analyses and physical measurements

Tin was estimated in the compounds gravimetrically as tin oxide. Chlorine was de-
termined as silver chloride and nitrogen by the Kjeldahl method.

Conductance measurements were made with a Tesla RLC bridge using a cell having
the cell constant 0.74 cm-1.

The infrared spectra of the Schiff bases and their complexes in nujol mulls were recorded
on a UR-10 double beam IR Spectrophotometer in the region 4000—400 cm-1.

Results and discussion

The molar conductance values, as determined in DMF at 10“3M con-
centration and 25+ 1 °C, fall in the range 8.31 9.87 ohm-1 cm2mole-1
(Table 11), indicating that these derivatives behave as non-electrolytes in
DMF. Their molecular weights could not be determined on account of their
scarce solubility in common organic solvents.

The 1:1 and 1:2 molar ratio reactions have been found to yield
SnCl4.SBH2and SnCI4SBH2)2 derivatives, respectively (where SBH2 = Schiff
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No.

Schiff base

Table |

Schiff bases and their analyses

Appearance

2-Hydroxy-N-(a-methyl-salicylidene) ethylamine yellow solid

(CIOH 1NO2)

2-Hydroxy-N-(a-methyl-salicylidene) propyl-
amine (CnHINO02

3-Hydroxy-N-(a-methyl-salicylidene) propyl-
amine (CuHINO02

I-Hydroxymethyl-N-(a-methylsalicylidene)
propylamine (C,2HINO02)

I-Hydroxy-l-methyl-N-(a-methylsalicylidene)
propylamine (C12H 1IN 02*

yellow solid
yellow solid
highly viscous

yellow liquid

yellow liquid

Physical characteristics

M p-, °C B. p. °C/mm

94-96  149—152/0.1 0.2

89-92  164/1.2

75—76 160/0.5-0.6

— 137—138/0.3 - 0.6

— 91—92/0.1—0.2

* Used to distinguish the products having the same molecular formula

C
Found
(Calcd.)

67.15
(67.01)

68.85
(68.37)

68.18
(68.37)

69.72
(69.55)

69.64
(69.55)

Analysis, %

H
Found
(Calcd.)

7.85
(7.31)

co

(=)}
[%2]

o

(7.82)

8.45
(8.27)

8.43
(8.27)

N
Found
(Calcd.)

7.60
(7.81)

7.40
(7.25)

7.45
(7.25)

6.93
(6.76)

6.64
(6.76)
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G/6T ‘v8 (i1sadepng)

10.

Tin tetra-

chloride,
g

1.84

1.14

2.93

1.34

2.26

1.40

1.80

3.04

1.30

1.14

These compounds were used to

Schiff base,

g

cloh I3ho2
1.26

cloh 3ho2
157

c,hlno?2
2.17

c,hlno?2
2.00

c,,hIn<V
1.67

c,,hlno?
2.09

C,H,NO.,
1.43

cl2h Ilno?2
4.85

C,.,H,NO,*
1.03

C,H,NO.,*
181

Synthesis and characteristics of tin(1V) Schiff base complexes

Molar
ratio

distinguish the products having

Tabic 11

Compound, yield (g),
appearance

SnCl, (C10H 13NO2
(3.11), reddish white solid

SnCl, (CI0H1NO22
(2.62), reddish white solid

SnCl, (C,,HINO02
(5.09), yellow solid

SnCl, (CnHIIN022
(3.30), yellow solid

SnCl, (CnHIBN02*
(3.67), yellow solid

SnCl4 (CuHIN 022
(3.49), yellow solid

SnCl, (C,,,HINO02
(3.23), pale yellow solid

SnCl4 (CI2HINO,)2
(7.90), pale yellow solid

SnCl4 (C,.,HINO.)*
(2.17), yellow solid

SnCl, (C,,UJN02.*
(2.95), ye’low solid

Sn
Found
(Calc. )

26.60
(27.00)

19.01
(19.18)

26.61
(26.16)

18.63
(18.35)

25.86
(26.16)

18.40
(18.35)

25.22
(25.38)

17.77
(17.60)

25.17
(25.38)

17.43
(17.60)

the same molecular formula

Analysis (%)

cl
Found
(Calc.)

32.43
(32.29)

22.87
(22.95)

30.99
(31.30)

2211
(21.96)

31.27
(31.30)

21.91
(21.96)

30.29
(30.36)

21.06
(21.05)

30.83
(30.36)

21.02
(21.05)

Found
(Calc.)

3.21
(3.18)

4.60
(4.52)

2.97
(3.08)

4.16
(4.32)

3.04
(3.08)

4.26
(4.32)

2.93
(2.99)

4.26
(4.15)

2.97
(2.99)

4.03
(4.15)

Molar
conductance
(ohm-Jem2
mole-1)

8.31

8.60

8.36

8.60

8.41

9.87

8.31

8.60

8.50

8.70

“le 19 HONIS 297
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base having the donor system HO —N —OH). With increasing concentration
of the Schiff base, derivatives of the type SnCI4SBH22could only be isolated.

Co-ordination of the azomethine nitrogen to the tin atom is indicated by
the shift of the rC = N vibration towards higher frequencies. In the IR spectra
of Schiff bases, a strong hand due to rC= N appears at about 1610 cm-1,
whereas in the tin complexes this band is observed at about 1640 cm-1 (Table
I11). A similar shift to higher frequencies has been reported in tin(IV) complex-
es of salicylideneanilines [3]. If only the nitrogen of the ligand co-ordinates
the metal atom in the 1:1complex will he pentaco-ordinated. However,
hexaco-ordinated complexes in the case of tin(lY) have been reported to
he more stable. Kogan et al. [3] have shown the formation of 1 :2 complexes
only between tin(lY) chloride and the Schiff bases from salicylaldehyde and
aromatic amines. In these cases, co-ordination of nitrogen to the metal has
been suggested giving an octahedral geometry to the complex and the phenolic
OH does not co-ordinate. A similarreaction of tin(IV) chloride with salicylalde-
hyde has also been reported to yield a 1 :2 complex only [11]. Co-ordination
takes place through the carbonyl oxygen, and the oxygen of the OH group
of salicylaldehyde does not co-ordinate. In these cases, lack of formation of
the 1:1 complex indicates the unstable nature of the pentaco-ordinated state
of the tin atom. This leads us to conclude that the 1:1 complexes posses octa-
hedral geometry, which is possible if one of the oxygen atoms of the ligand
moiety co-ordinates to the metal atom. Since it has already been reported that
phenolic oxygen does not co-ordinate, it can be assumed that in these cases the
alcoholic oxygen atom takes part in the co-ordination. The 1:2 complex of
tin(1V) chloride with ethyl alcohol [12] also supports this fact.

Tabic 111

Infrared absorption frequencies (cm~1) of the Schiff bases and their in(1V) complexes

Schiff base rc=N 'TV) complex =5 Sn 0
1610s SnCI4. CjOH 13Nu 2 1644s 405s

SnCl4.(C10H 13NO'2)2 1640s 4055

cuh I5n 02 1614s SnCI4.CHUH 16N 02 1640s 407s
SnCI4.(CnH1N 022 1640s 408s

cuh 5no2* 1610s SnCl4.CuH INOo* 1640s 405s
SnCl4.(CnH 15N 022* 1640s 406s

¢ 12h 17n o 2 1607s SnCl4.CIHIN 02 1642s 405s
SnCl,.(CIZH1/NO22 1630s 405s

c12n 17n o 2* 1605s SnCl4.C1I2H 1IN 0 2* 1640s 406s

* Used to distinguish the products having the same molecular formula
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In the IR spectra of these complexes, co-ordination of the alcoholic oxy-
gen to the metal can be inferred by the appearance of a strong band in the
region 405 cm-1 (Table Ill). Similar bands in the region 460—400 cm-1 have
been assigned to Sn O in the case of tin(lY) complexes with oxygen donor
ligands [11, 13 17].

Thus in view of the observed non-electrolyte nature of the products and
the predominant hexacovalency of tin(lY), the 1 :1 complexes may be re-
presented by the general formula Il.

a

The 1:2 complexes may similarly be represented by the general structure Il
giving an octaco-ordinated environment to the central tin atom:

Octaco-ordinated complexes of tin(IV) have been reported with a variety of
ligands such as 8-hydroxyquinoline [18], tropolone 119] and phthalocyanine
[20].

The dodecahedral geometry for tin tetranitrate [21] has been confirmed
on the basis of X -ray crystal studies and D2Zdsymmetry has been suggested”
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ACETOLYSIS OF O-TETRAACETYL-I—DEOXY»I—(2\4’—DI—

NITROPHENYLHYDRAZINO)-d-GLUCOPYRANOSE

(SHORT COMMUNICATION)

A. Gerecs

(Department of Chemical Technology, Edtvés Lorand University, Budapest)

Received March 1, 1974

In the acetolysis of 2,3,4,6-0-tetraacetyl-1-deoxy-1-(2°,4’-dinitrophenylhidra-
zino)-/?-D-glucopyranose (1) (AcD, AcOH, NaOAc, 100 °C), 2,3,4,5,6-O-pentaacetyl-D-
glucose-2’,4’-dinitrophenylhydrazone (Il) is not the only product. O-Tetraacetyl-D-
gluconic 1.5 >- lactone-2’,4’-dinitrophenylhydrazone is formed as a by-product
and anomerization also takes place, depending on the acetic acid content of the reaction
mixture; this process is fast in acetic acid but slow in acetic anhydride. The /1-anomer
of I is a chromatographically pure, crystalline substance, the a-anomer could be detected
by means ofpaper chromatography only in amorphous mixtures. They suffered acetol-
ysis in acetic anhydride yielding compound Il; the reaction is fast in the case of the
former substance, and slow for the latter, as shown paper chromatographically.

In a previous paper [1] we have reported on the possibility of the con-
version of 2,3,4,6-0-tetraacetyl-I-deoxy-1-(2’,4,-dinitrophenylhydrazino)-D -
glucopyranose (l) into 0-pentaacetyl-D-glucose-2",4,-dinitrophenylhydrazone
(I) with acetic anhydride in the presence of sodium acetate catalyst. Sub-
sequently the progress of the reaction was followed by measuring the change
in specific rotation, which permitted a comparison of the stabilities of the
pyranose ring in different I-deoxy-I-(arylhydrazino)-pyranose derivatives [2].

In the acetolysis of I, the specific rotation is always lower than expected
i.e. that of Il. It has been established that the acetic acid content of acetic
anhydride affects the rate of the reaction, but the cause of this was not
investigated then. Some recent experimental observations related to this
phenomenon are described here.

Some results of the experiments carried out at various acetic anhydride
to acetic acid ratios are shown in Fig. 1.

It can be seen from the results that the overall reaction rate decreases
with increasing acetic acid content and, slower process becomes predominant
after the initial faster reaction.

The acetolysis experiments were carried out in a reaction mixture with the following
composition: paper chromatographically pure compound | (0.200 g), acetic anhydride or a
mixture of acetic anhydride and acetic acid (20 ml), anhydrous sodium acetate (0.100 g).
Temperature 100 °C. The specific rotation of I and Il are [aJo = 0.0° (c = 1) and [a]f5 =
= -|-83.0° (e = 1), respectively, in the given reaction mixture.
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In acetic acid medium (in the absence of sodium acetate), compound |
is converted at 100 °C within 15—20 min into an equilibrium mixture (I11)
having a specific rotation of [a]Jro = +30° (Fig. 2). This is evidently the equi-
librium mixture of the two anomers. The anomerization also takes place in
acetic anhydride at 100 °C, but at a significantly lower rate, as shown in Fig. 2.
The curve representing the course of the reaction indicates presumably the
sum of the increase in specific rotation brought about by the anomerization
and a limited acetolysis reaction.

The formation of an equilibrium mixture was confirmed by the following experiments,
too. A solution of I (1.00 g) in acetic acid (100 ml) was heated at 100 °C for 2 hrs, thus [a]o =
= 0.0° —= 31°. The solution was concentrated in vacuum and mixed with water; the product
was separated and dried, yielding IIl (1.00 g). This was extracted with ice-cold methanol
(3x3 ml). The insoluble residue was IV (0.45 g), [a]b® = +0.04° (AcOH, ¢ = 1). The residue
from the methanolic solution was an amorphous substance (V), with [«]d = +43° (AcOH,
e = 1)- Based on the composition of I (C20H210i;Nj), calcd. N 10.60; found N 10.54; 10.57%.
Compound 1V, like V, is converted within 30 min in acetic acid at 100 °C into a mixture of
specific rotation fJd = +30°.
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The above substances and mixtures have been subjected to paper chromatographic
examination, using Whatman 3 paper, and a developing mixture consisting of re-hexane and
methyl ethyl ketone in 100 : 16 volume ratio. 0.1 ml of a 0.1% solution of the substance to be
tested was applied at the starting line, and the dried paper was sprayed with liV NaOH after
developing for a 5 1/2 hr period. Compound | produced an elongated brown spot, Rf = 0.49,
while Il gave a circular brown spot, Rf = 0.83. In the chromatograms of Ill, IV, V, character-
istic circular red spots with Rf = 0.76, 0.73 and 0.74, respectively, were observed indicating
the presence of the a-anomer, in addition to the spot due to I.

The anomer mixture Y has been subjected to further fractionation by
dissolving it in benzene, then precipitating the various fractions from the solu-
tion with carbon tetrachloride. The pure a-anomer could not be obtained in
this way either, only a mixture enriched in the a-anomer, as indicated by the
value of specific rotation and the paper chromatographic test. V (1.60 g) yielded
an amorphous fraction (VI) (0.167 g) with a specific rotation of [a]Jro = +51.5°
(AcOH, ¢ = 1).

After the acetolysis of V (99.73% Ac2, NaOAc, 4 hrs at 100 °C), the
red spot indicating the presence of the a-anomer did not disappear. On the
contrary, in the acetolysis of | (98.35% Ac02 NaOAc, 4 hrs at 100 °C), this
red spot was not observed, while a brown spot with Rf = 0.67 represent-
ing by-product YII appeared. This proved to be identical with O-tetraacetyl-D -
gluconic-<l1,5)-lacton-2",4,-dinitrophenylhydrazone obtained as the by-product
in the acetylation of | carried out in the presence of quinoline or pyridine [3],
and this was the main product in the oxidation of | [4]. Its structure has been
verified by NMR investigations [4].

Lactone-hydrazone VII was also isolated in the following way: the raw product (5.1 g)
obtained on acetolysis of I (5 g) (97.77% AczO, NaOAc, 4 hrs at 100 °C) was dissolved in ethyl
acetate (20.4 ml) and petroleum ether (27 ml) was added to it, resulting in the separation of
crystalline raw VII (0.63 g, 12.5%). M.p. 190—193 °C, [a]jS = +46.7° (CHC13 c = 1.00).
After recrystallization from methanol, m. p. 193—194.5 °C, mixed m. p. with authentic sample
194 °C. The R tvalue was also identical with that of the authentic sample.

C20H2013N (526.428). Calcd. C 45.63; H 4.21; N 10.64. Found C 45.38; 45.42; H 4.40;
4.48; N 10.65; 10.60%.

After isolating VII, the raw hydrazone Il was obtained (3.9 g, 71%). M. p. 108—112 °C,
MB = +87.5° (CHC13 e = 1).

*

The author thanks Mrs. M. Barta for the valuable technical assistance and to Mrs.
Dr. M. Balogh for the microanalyses.
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The main product of the addition of glycine to o-tolualdehyde in the presence
of aqueous sodium hydroxide is <hreo-/3-o-tolylserine, while the by-product formed in
small amounts is eryt/iro-jS-o-tolylserine. The ester derivatives of both compounds can
be reduced to the corresponding aminoalcohols with boron hydrides in high yield.

The derivatives of /3-phenylserine and the corresponding aminoalcohols
have been extensively studied because of the similarity of their structures to
those of biologically active compounds. It has been known for more than 80
years that the addition of glycine to benzaldehyde in the presence of aqueous
sodium hydroxide leads to /1-phenylserine via the corresponding Schiff base
[1, 2, 3], but the actual configuration of the compound, which is identical
with that of threonine [4], was determined only in 1950. According of sub-
sequent studies, erythro-/?-phenylserine can also be isolated in small amounts
[5, 6]; during the first hour of the reaction period, its amount is nearly equal
to that of the threo isomer, but on further standing the erythro-isomer is con-
verted into the threo compound almost completely [7]. This interesting phenom -
enon is probably due to an isomerization process taking place via retrograde
aldol addition [8]. Direct addition of glycine to hydroxybenzaldehydes cannot
be carried out; the hydroxy and dihydroxy-~*-phenylserines can be prepared
only in the reaction of the appropriate benzyloxybenzaldehydes with glycine
in the presence of potassium hydroxide. Here the main product of the reaction
is again the threo isomer [9]. Addition of glycine to p-nitrobenzaldehyde can
be achieved in the presence of calcium hydroxide, however, in this case only
the threo isomer has been isolated [10].

In the knowledge of these results, our aim was to study the reaction of
tolualdehydes with glycine.

In the case of o-tolualdehyde the reaction proceeds in a manner quite
similar to that of benzaldehyde, and 48% threo- and 4.5% erythro-/3-o-tolyl-
serine are formed under the usual conditions. The configuration ofthe diastereo-
mere can be assigned on the basis of the characteristic Rf values, being higher
for the threo isomer [7, 8] in the system applied, as well as by the IR spectra,
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in which a band characteristic of the erythro isomer appears at 840—834 cm”1
[o1.
In order to prepare the appropriate aminoalcohol, t/ireo-yS-o-tolylserine
(1) was converted into the crystalline IN-acetyl-i/ireo-/j-o-tolylserine ethyl ester
(H), and the product was reduced with complex hydrides. Lithium aluminium
hydride suggested for the reduction of phenylserine esters in the literature
[6, 11] could not be utilized here, since even in inverse application of the re-
ducing agent the main product formed was i/ireo-I-(o-methylpheny])-2-ethyl-
amino-1,3-propanediol. By the use of calcium or sodium borohydride, how-
ever, the desired product, f/ireo-lI-(o-methylphenyl)-2-acetyl-amino-I,3-pro-
panediol (Il) could be obtained in high yield; subsequent hydrolysis with

NaOH
2
CHs
"
CI—CII—COOH
H nh2
CH3
|
SOCI2 HCI
Cl H HO
C—C—COOC:Hs. CIZ—CIZ—CH20H
H nh2
CHa
\Y% \2
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hydrochloric acid resulted in t/ireo-1-(o-methylphenyl)-2-amino-I,3-propane-
diol (IV). In the reaction of Il with thionyl chloride i/treo-3-chloro-3-(o-methyl-
phenyl)-2-acetyl-amino-propionic acid ethyl ester (V) was formed in a manner
characteristic of the threo isomer, similarly to the corresponding phenylserine
derivative [5] but in a higher yield, with presumably unchanged configuration
[12]. It is well known that N-acetyl-eryt/iro-/3-phenylserine ethyl ester forms
oxazoline with inversion under similar conditions [13]. It is noteworthy that
in the threonine series, both diastereomers can he converted into oxazoline
[14, 15].

The 2,3-di- and triacetyl derivatives of IV have also been prepared.
Erythro-R-o-tolylserine, like the threo isomer, can he converted into N-acetyl-
erythro-3-o-tolylserine ethyl ester (VI), which yields eryt/iro-lI-(o-methylphe-
nyl)-2-amino-l,3-propanediol (VII) on reduction with calcium borohydride
and subsequent hydrolysis of the raw product:

H H
L
C—C—CH20H

|
HO NH2

CH3

Vi

Experimental

Threo- and erythro-/?-0-tolylserine

Sodium hydroxide (3.62 g) and glycine (4.55 g) were dissolved in a mixture of water
(15 ml) and ethanol (2 ml) at 0 °C, then o-tolualdehyde (14.7 g) was added to it and stirred
at 0°C for 15 min. The mixture solidified into a crystalline mass; this was heated to 30 °C
and the homogeneous melt obtained was refrigerated overnight followed by the addition of
concentrated hydrochloric acid (7.4 ml). The crystals separated were filtered off; 9.67 g of
product was obtained. M. p. 192—195 °C (d.) The substance was dissolved in water (100 ml)
and precipitated with ethanol (100 ml); the precipitate was filtered off, yielding threo-R-o-
tolylserine (5.70 g). M. p. 203—204 °C (d.). Yield: 48%. The Rj value is 0.56 on a Kieselgel-HF
layer, in a developing mixture consisting of butanol, acetone, ammonia and water (8 : 1 : 1: 6).

CI10H 13NO3 (195.2). Calcd. C 61.53; H 6.71; N 7.17. Found C 61.45; H 6.24; N 7.29%.

The product (1 g) separated from the mother liquor was dissolved in water (10 ml).
Addition of ethanol (20 ml) afforded erythro-RB-o-tolylserine (0.53 g). M. p. 201 °C (d.). Yield:
4.5%. The Ry value is 0.44 on a Kieselgel-HF layer, in a developing mixture consisting of
butanol, acetone, ammonia and water (8 : 1:1:6).

CIOHI2NO3 (195.2). Caled. C 61.53; H. 6.71; N 7.17. Found C 61.55; H 6.63; N 7.16%.

N-Acetyl-threo-/?-o-tolylserine ethyl ester

Threo-R-o-tolylserine (26.8 g) was refluxed in absolute ethanol (500 ml) for 5 hrs while
introducing hydrochloric acid into the solution. This was evaporated to dryness in vacuum,
then the oily product obtained (48.9 g) was dissolved in water (100 ml), then 1% sodium car-
bonate solution (450 ml) and acetic anhydride (25 ml) were added dropwise during a 15 min
period while stirring vigorously at 0 °C. After stirring for 1 hr the precipitate separated was
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filtered off. 23.80 g of product was obtained after drying. M. p. 161—165 °C. After recrystalliza-
tion from ethanol (150 ml) 20.85 g of the substance was obtained. M. p. 174—175 °C. Yield:
57%.

CMHIND 4 (265.3). Calcd. C 63.38; H 7.22; N 5.28. Found C 63.18; H 7.42; N 5.37%.

Threo-I-(o-methylphenyl)-2-ethylamino-I,3-propanediol

A solution of LiAIH4(1.30 g) in absolute ether (60 ml) was added dropwise to a solution
of N-acetyl-i/ireo-/?-o-tolylserine ethyl ester (2.65 g) in ether (60 ml) under nitrogen atmosphere
while stirring. A slight increase in the temperature of the solution could be observed. The
mixture was stirred at room temperature for 3 hrs, then water (5 ml) was added; the precipitate
separated was filtered off and the ethereal mother liquor was evaporated to dryness, the residue
(1.25 g) was filtered with benzene. Weight after drying: 0.90 g. M. p. 91—93 °C. Yield: 43%.
After recrystallization from benzene, m. p. 95—96 °C.

CI2HINO02 (209.3). Calcd. C 68.89; H 9.14; N 6.68. Found C 68.41; H 9.24; N 6.26%.

The inorganic precipitate was dissolved in 2N hydrochloric acid (100 ml), the solution
was made alkaline, filtered, then extracted with 3x50 ml of ethyl acetate; the extract was
evaporated to dryness, the crystalline residue (0.35 g) was filtered with benzene. 0.25 g of threo-
I-o-methyl-phenyl-2-acetylamino-1,3-propanediol was obtained. M. p. 194—195 °C. Yield: 11%.

Threo-I-(o-methylphenyl)-2-acetyl-amino-1,3-propanediol

(a) CaCl2-2 HXD (2.2 g) was dissolved in absolute ethanol (75 ml) and a solution of
NaBH4 (1 g) in absolute ethanol (75 ml) was added dropwise at —50 °C under cooling with
dry ice-acetone and stirring. N-Acetyl-tJireo-R-o-tolylserine ethyl ester (2.65 g) was added to
the mixture, and it was stirred at —20 °C for 7 hrs, then refrigerated overnight. The sodium
chloride precipitate was filtered off, the mother liquor was evaporated to dryness, and the
residue was taken up with IN hydrochloric acid (20 ml). The crystals separated were filtered
off and washed with ethanol. 2.22 g of the product was obtained. M. p. 200—201 °C. Yield:
100%. After recrystallization from absolute ethanol, m. p. 203—204 °C.

CIHIN 03 (223.3). Calcd. C 64.58; H 7.67; N 6.27. Found C 64.24; H 7.73; N 6.19%.

(b) When the reduction was carried out in tetrahydrofuran (100 ml) with the same
amounts of reagents at 30 °C for 8 hrs, 1.90 g of the product was obtained. M. p. 198—200 °C.
Yield 85%.

(c) A solution of NaBH4 (0.5 g) and N-acetyl-i/ireo-o-tolylserine ethyl ester (1.33 g)
in absolute ethanol (100 ml) was stirred at room temperature for 8 hrs, then allowed to stand
overnight at room temperature and evaporated to dryness in vacuum. The crystalline residue
was mixed with UT hydrochloric acid (15 ml) and filtered off. After drying the weight of the
product was 1.01 g. M. p. 193—194 °C. Yield 91%. After recrystallization from absolute etha-
nol, m. p. 203—204 °C.

Threo-1-(o-methylphenyl)-2-amino-1,3-propanediol

T/ireo-1-o-methylphenyl-2-acetylamino-I,3-propanediol (1 g) was hydrolyzed with 2iV
hydrochloric acid (10 ml) on a boiling water bath for 1 hr, the solution was clarified with car-
bon, made alkaline with 22V sodium hydroxide solution (13 ml), extracted with ethyl acetate
(3x20 ml) and the extract evaporated to dryness. A crystalline substance (0.74 g) was ob-
tained, it was filtered with benzene. After drying the weight of the product was 0.61 g. M. p.
102—106 °C. After recrystallization from benzene (60 ml), the weight of the product was
0.45 g. M. p. 115—117 °C. Yield 56%.

CiOH19NO2 (181.2). Calcd. C 66.30; H 8.34; N 7.75. Found C 66.26; H 8.38; N 8.04%.

N,N,0-Triacetyl-threo-I-(o-methylphenyl)-2-amino-I,3-propanediol

T/ireo-1(o-methylphenyl)-2-acetylamino-I,3-propanediol (0.2 g) was dissolved in ab-
solute pyridine (1 ml), and acetic anhydride (1 ml) was added while cooling with ice. The
solution was allowed to stand overnight at room temperature, evaporated to dryness in vacuum,
the residue was dissolved in ether (40 ml), washed with IN hydrochloric acid (2x10 ml) and
water (2 X 10 ml), and the ethereal solution was concentrated after drying. 0.16 g of crystalline
product was obtained. M. p. 114—115°C. Yield 58%.

CIBH2IN 02 (307.3). Calcd. C 62.54; H 6.89; N 4.56. Found C 61.91; H 6.85; N 4.45%.
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Threo-1-(o-methylphenyl)-2-acetyl-amino-3-acctyl-oxy-propanol

T/ireo-l-(o-methylphenyl)-2-amino-I,3-propanediol (0.5 g) was suspended in absolute
benzene (22 ml) and acetyl chloride (0.74 ml) was added while stirring at room temperature.
The mixture was stirred at room temperature for 1 hr, and ice-water (19 ml) was added. The
agueous phase was separated, the pH was adjusted to 8 with concentrated ammonia solution
(1 ml) under cooling, and extracted with ether (3x25 ml). The ethereal solution was dried,
then evaporated to dryness; the residue was crystallized from benzene. 0.31 g of the product
was obtained. M. p. 136—137 °C. Yield 43%.

CI4H1N 04 (265.3). Calcd. C 63.36; H 7.22; N 5.28. Found C 63.47; H 7.05; N 4.99%.

N-Acetyl-erythro -7 -f>-tolvFerine ethyl ester

The substance was prepared from eryihro-/3-o-tolylserine similarly to the procedure
applied for the corresponding threo isomer. Yield 61%. M. p. 126—127 °C (ethanol).
CI4HIN 4 (265.3). Calcd. C 63.38, H 7.22; N 5.28. Found C 63.48; H 7.38; N 5.39%.

Erythro-1-(o-methylphenyl)-2-amino-1,3-propanediol

It was prepared from N-acetyl-erythro-/S-o-tolylserine ethyl ester similarly to the pro-
cedure used for the corresponding threo isomer. The reduction step was carried out with calcium
borohydride in ethanol. Yield 45%. M. p. 102—103 °C (from benzene).

CI0H19NO2 (181.2). Calcd. C 66.30; H 8.34; N 7.75. Found C 66.50; H 8.42; N 7.86%.

Threo-3-chloro-3-(o-methylphenyl)-2-acetyl-amino-propionic acid ethyl ester

N-Acetyl-(hreo-/?-o-tolylserine ethyl ester (0.5 g) was stirred with thionyl chloride (5 ml)
at room temperature for 30 min, then the solution was poured into 10% sodium carbonate
(50 ml) under cooling. The precipitate separated was filtered off, dried and crystallized from
benzene-petroleum ether. Weight: 0.20 g. M. p. 95—97 °C. Yield 38%.

C14H 18CINO03 (283.7). Calcd. C 59.27; H 6.39; ClI 12.46; N 4.93. Found C 58.98; H 6.36;
Cl 12.15; N 5.14%.

*

The author thanks the Microanalytical Department of the Institute for the micro-
analyses, and Dr. P. Sohak for recording the infrared spectra.
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Arylidene-ius(phenylacetamides) [2] are key compounds in the synthesis
of l-aryl-1,4-dihydro-3(2H)-isoquinolinones [1] having significant biological
activity. Previously, extensive investigations dealt with the formation of these
compounds from arylacetonitriles or arylacetamides [3]. The aim ofthe present
study was to elucidate whether the method is also suitable for the synthesis
of derivatives carrying alkyl group(s) at the methylene groups of the bis-
amide. On the basis of kinetic measurements [2], an unfavourable effect of
the chain branching at the ot-position could be expected on the reaction pro-
ceeding between the aromatic aldehyde and the nitrile, presumably because
of steric reasons:

ArCHO + 2 Ar'CR1R2CN ArCH(NH-CO CR1IR2-Ar,)2

The reaction was accomplished in anhydrous acetic acid, in the presence
of concentrated sulfuric acid catalyst. The data of the new 6is-amide deriva-
tives are shown in Table I.

As it can be seen in the Table, alkyl substitution in the a-position signif-
icantly reduces the yield of the 6£s-amide. The hindering effect is particularly
striking in the case of disubstitution, when a prolonged reaction period is
necessary for the formation of the product with benzaldehyde. It is worth
noting that the chain length of the alkyl substituent strongly influences the
extent of conversion. Another interesting feature of this reaction is that methyl
and phenyl substituents give rise to nearly the same reduction in yield.

Benzylidene-6is(phenylisobutyramide) has also been synthesized from
isobutyramide by Gitbert’s method [4], but the yield was even lower (29%)
than in the acetic acid procedure.
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Table |
INH —CO —CR1R 2- C6H5
Ar-CH<
ANH —CO—CR'R2—C6H5

Arylidene bis (phenylacetamides)

Reaction Analysis
Yield M p_* °c Calcd./found
R1 R2 At ) % (Solvent of cryst.)
time, temp.

e ee c H N

H H C6H5 (3) 24 20 75 — — — —
Me H CfiH5 24 20 35 224 77.69 6.79 7.25
(DMF) 7759 675 7.24
Me Me c6H5 168 20 31 167—68 78.22 7.29 6.76
(EtOAC) 78.14 744 6.71
Me Me p-no2 cthb 24 20 25 183—85 75.16 6.77 3.15
(EtOH) 7496 6.37 3.14
iPr H CeH5 24 40 26 260—62 78.70 7.77 6.35
(MeOH) 78.77 8.14 6.52
iPr H p-NO02- CeH5 48 40 17 279 7144 6.83 8.62
(DMF) 7153 7.06 8.75

iPr Me CeH5 48 40 — — — — —
Bu H CeH5 72 20 8 226—28 79.09 8.14 5.95
(DMF-EtOH) 78.82 8.16 6.16
C,H5 H c,,H5 48 20 36 271—72 82.34 5.92 5.49
(PrOH) 82.54 6.38 5.29
CeH5 H p-N02—CdH5 48 20 33 302—03 75.66 5.26 7.56
(DMF) 75.70 551 7.44

* Melting points are uncorrected

Experimental
Materials a-Phenylpropionitrile was prepared according to the procedure proposed
by Mohasza [5]. The other nitriles were synthesized Tabanko and Perky’s [6] method in
DMSO solution.

Bis amides
These were synthesized as described formerly [3].
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PE3FOME

VccnegoBaHne BA3KOCTM cucTeM xnopug Metaina - H.,0 n xnopug Metanna
- HC1- H20

3. BEPEL,

ViccnenoBaHbl BSI3KOCTU BOAHbLIX M COMSIHOKUC/IbIX PacTBOPOB X/IOPUAOB LLEMOYHbIX U
pefKo3eMeNbHbIX MeTas/IoB.

Ha OHOBe CpaBHUTE/ILHOTO M3Y4YeHUs1 XOAa KPUBbIX BA3KOCTb — KOHLEHTpauus Ans
GUHapHbIX CMeceid, a TaK)Xe Ha OCHOBE BEeMIMUMHBLI U HamnpaB/eHUs! N3MEHEHWI BSA3KOCTH, MPo-
NCXOAALLUMX NpU [06aBNEHUN TPETbEro KOMMOHEHTa K GMHapHbIM pacTBopaMm, Gblin chenaHbl
3aK/Il0UEHNST OTHOCUTENIbHO CTPYKTYPbl PACTBOPOB, a TaKXe MX 3aBUCUMOCTY OT KOHLIEHTpauum
B OMHAPHbIX U TPOMHbIX CUCTEMAX.

Vicxoast M3 nonyyveHHOl 3aBUCMMOCTY BA3KOCTU OT KOHLEHTpauun Ansi 6UHapHbIX CMe-
ceit, BbUM NPeLIoXKeHbl aHAIMTUYECKME U FpatMuecKue MeTodbl pacyeTa BSI3KOCTW 1S TPOW-
HbIX CUCTEM.

OTnyme CUH-KEeTOKCMMOB 2-aLI.I/II'IbepaHOB 0T NX aHTU-U30MEPOB, a TaKXXe Uux
KOHAEHCMPOBaHHbIX aHa/10roe C rMomMoLlbko CreEKTPOB AMP

M. WOXAP, b. OYKAW n /1. BAPTA

CVH- 1 aHTU-130Mepbl 2-auundypaHOKCUMOB, He3aMeLLeHHbIX B MOJIOXKEHUN 3, MOryT
ObITb IEFKO pPa3/iMyeHbl C MOMOLLLID CneKTpoB AMP. CuHrneT H-3 cuibHO CMeLleH mapamar-
HWTHO B CNydYae LLIH-M30Mepa Mo CpaBHEHUIO ¢ aHTU-u3omepoM (Af sa 0,75 ppm), BcreacTsue
AHN30TPOMHOro adheKTa OKCUMHOWM Fpynnbl.

ONeKTPornokKpbITUe KobanbTa, |l
MNMonapusauma Katoda M pasMepbl 3epeH MOKPbITUA

P. O. CPUBACTABA n C. KYMAP

BbIN0 MCCNefoBaHO BAMSIHWME MMOTHOCTM TOKa, TeMnepatypbl U pH Ha nonsipusaumio
KaTofia, CTOMKOCTb K KOPPO3UM 3/1eKTPOMOKPbLITUS NOf, BAWSIHMEM aTMocgepbl M Ha pasmepsbl
3ePEH 3/IEKTPOMNOKPbITUS KOBa/lbTa B HEKOTOPbIX BaHHAX 3/1€KTPOMOKPbLITUS KobasibTa. YBenuye-
HMe MOTHOCTV TOKa YBeNMUMBAET MOMSIPM3ALMI0 M YMeHbLUAeT pasMmepbl 3epeH MOKPbITUS.
lMoBbiLLIeHNE TeMMePaTypPbl BaHHbI YMEHbLLIAET NOMAPM3ALMI0 U CTOMKOCTb K KOPPO3UM U yBeNu-
UMBaeT pa3Mepbl 3epeH. YMeHbllieHe pH BaHHbI BbI3bIBAET MOHMMKEHME CTOMKOCTU K KOPPO3uUn 1
yBe/IMYeHne PasMepoB 3epeH.



MK Kkone6atesnibHble 4acTOTbl BOCCTAHOBMEHHbIX okucnoB WO x (1~ x>0

A. B. Knul

Bbinn nccnegoBaHbl MK cnekTpbl 0KMCN0B Bosbtpama ¢ coctaBom W 03_x (1 > X > O).
B nHTepBane 0 < x < 0,1 06pasytoTca OKUC/bI C TPUKIMHHOW, MOHOK/IMHHOM, OpPTOPOM6U-
YeCKO W TeTparoHasIbHOM KPWUCTa/I/IMYECKON peLleTKOW, WM, HECMOTPSA Ha OTK/IOHEHWEe OT Co-
ctaBa W03 uMx 06bI4HO Ha3blBatOT MoAMMOpPGHbIMA Moaudukaumsammn «WO03». Bce aTn yeTbipe
TMna OKWCNOB C Takoli CUMMETPVENR — B 3aBUCMMOCTU OT TEPMUYECKON 06paboTKKU 1 npumMecen —
MOrYT 6bITb CTabWUNbHLIMM U NPU KOMHATHOW Temnepatype. T. K. CEKTPbl pa3/iMYHbIX MOAM-
(hrKaunin B 6onbLUER UM MeHbLUEA CTeneHW pasnuuyaroTcs, To noatomy npy MK cnektpodoTo-
MeTPUYECKOM UCCe0BaHNM OKMCNa, 06bI4HO HasbiBaemoro W 03 Heo6X04MMO BbISICHUTb, C KaKol
MoanduKaLlmen nmeem aeno.

C nomoLblo aHanm3a aktopa rpynnoBoii cummetpum Dlh, D&t CR n G- moryT 6biTb
onpegeneHbl BO3MOXHOE YMC/0 KonebaHuii u Tvn cCUMMeTpUN. [1Be CU/bHble NOM0ChI NOrI0LWEeHNS
3TMX OKMCNOB YKa3blBAlOT Ha TO, YTO B OKUCNAX JOMUHUPYIOT MONEKYNSPHble KoebaHUs OKTa-
afepHoro anemeHtTa W06 u, T. 0., B NepBOM NPUBINMXEHUN OKMC/bI MOTYT paccMaTpuBaTbCs Kak
MNCKaXeHHble MogumKkaumm naeanbHom pelleTkn Tuna Re03 B COOTBETCTBMM C 3TVM XapakTep
MK nonoc MoxeT 6bITb onpefesieH ¢ MoMowbio Koppensuun On-mlN.n—Nar G- CTeneHb
paciienneHns uvactotbl 2HLL B HanpaBneHWy TpaHCOPMaLMOHHOIO NpeBpalleHus TeTparo-
Ha/IbHON B TPUK/IMHHYIO CTPYKTYPY, T. €. B COOTBETCTBUM C YBEIMYEHUEM WCKaXXEHWUS, MOBbl-
LuaeTcs.

CABWI HaMBbICLLUMX YacTOT M00C KonebaHns vw _0 CTPOro cBA3aH €O 3HaA4YeHMeM X, T. e. C
uncnom mect getpektoB WO kucnopoga. T. 0., HA OCHOBE CMEKTPa MOXHO 3aK/N04MTb O Tune
okucna, T. e. 0 CTpoeHMn. OAHOBPEMEHHO C 3TUM, 3aBUCUMOCTb MEXAY 4acToTol U AedheKTom
KUC0poja yKasbIBaeT Ha pa3inyumns B cnocobe BCTpanBaHus AedheKTOB KMCA0POaa N UX CTPOEHUN
B pagy okmcnoB W03 x (1 > x > 0). VK cneKTp 0KasbIBaeTcs YyBCTBUTENbHBLIM U NS 06paso-
BaHWA T. Ha3. cBepxpewleTkn 2 x W20038= W400116.

MaCC-CI'IeKTpOMeTpVI‘-IECKOE nccnegoBaHMeE MnpomsBogHbIX a-aMUHOOKCU-
Kap60HOBbIX KNCNOT

M. TAMALL, 10. XETEJIOLW-BAUAA, N. JAHUYYU u 1. KU GANY AU

MpMBOAMTCA Macc-CNeKTPOMETPUYUECKOe NoBedeHne O-aMUHOOKCUYKCYCHOW KUCNOTbI U ee
HEKOTOPbIX MPOM3BOAHBIX, 3aMeLLEHHbIX Ha Kap6oKcuie, a Takke Ha Kapb6oKcuie M ammHo-
rpynne. dparMeHTauusi cBo60AHON KWUCNOTbI MPOTEKAET ropasfo C0XKHee, YeM dparMeHTauus
ravuyMHa. Macc-CrnekTp NpPou3BOAHbIX — BCEACTBYE PACNpPOCTPaHeHMsi (pparMeHTaLyn Ha Bce
CBSI3N CKeNeTa OTKPbITONA LIenoYKy — cHaGXaeT MoApo6HbIMM CBEAEHMAMMU OTHOCUTE/IbHO MO-
pAgKa aTomoB BMofeKyne. B cnyyae aHUAMgoB Gbiv 06HAPYXKeHbl MHOrMe MpoLecchbl nepe-
rpynnupoBoK, Cpean KOTOPbIX credyeT YNOMsiHyTb MUFpauuio MeTWieHa 1 MeTuna.

pH-MeTpuryeckoe McCnefoBaHVe CMELLAHHBIX JIMFAHAHbIX XenaToB CKCOBaHAAMS
(1V) ¢ NWKOMWHOBOW W HEKOTOPbIMW AMKapPGOKCUIBHBIMU - KUCI0TaMu

C. M. CUHI n W. M. TAHAOH

OnvcblBaloTcA pH-mMeTpuyeckne wuccnefoBaHUSA B3auMOAencTBMA okcoBaHaana(ly) c
NUKOSIMHOBOM KWUCMOTOM B MPUCYTCTBMM U OTCYTCTBMU HEKOTOPbIX ANKAPO60KCUNbHBIX KUCNOT
(wasenesas, Tanesas, ManenHosas kucnotbl) npu 30 + 0,5°C (0 = 0,1 KNO03). Bblio 06Hapy-
)KeHO 0bpasoBaHMe KOMMIEKCOB ¢ cocTaBoM kak 1: 1, Tak 1 1 :2 (VO+2: NKOANHOBas KMCIoTa)
1 onpegeneHbl X KOHCTaHTbI cTabunbHocTh: log Kma = 5,93 + 0,02 n log KmAr — 10,52 +
+ 0,11. KoHcTaHTa paBHoBecusl peakumn VOA+ + H2D  VO(OH)A + H+ 6blna paccuntaHa B
cucteme ¢ coctaBoMm 1 : 1 (YO+2:nnKonvMHoBa KucioTa) n pasHa 3,97 + 0,08. B TPeXKOMMOHEHT-
HbIX cucTemax 6bu10 06HapyXeHO 006pa3oBaHMe KOMMNEKCOB CO CMELLaHHbIMW NuraHgamu c
coctaBoM 1:1:1. Bblam onpegeneHbl UX KOHCTaHTbl CTabU/IbHOCTU.



KomnnekcHoe wuccnefoBaHue KaTa/in3aTtopoB C HUKENEBbIM CKENETOM, |

TepMOfECOPOLMOHHDBI MeTof M YCTaHOBKA NSt UCCMEAOBAHUS TUAPUPYIOLLMX
KaTa/M3aTopoB

. XENCMAH, K. MAVEP, . BEKALWW n M. METPO

Bbina paspaboTtaHa TepMofecop6LMOHHAs YCTaHOBKa ANs ONpefesieHust Konm4yecTsa U
thopm Bogopoza, COPOGMPOBAHHOIO Ha MMAPUPYIOLLUX KaTanmusaTtopax. B Held 6binv ncnonb3oBa-
Hbl MeYyb, CNeLnasibHOW KOHCTPYKLMKU, U AETEKTOP CO BCTPOEHHbLIMM TOProBbIMU TepMOMETpamMu
COMPOTMBEHMS MMAaTUHBL. Ha BHELUHIOW MOBEPXHOCTH KepaMWUYecKoro MOKpbITUS COMpOTUBIe-
HUSl, HaxoAsLLEerocsi B U3MepUTeNbHONM sidelike, cneuuasibHbIM METOAO0M HaHOCWMW MIaTUHOBBIN
KaTasm3aTop BbICOKOI YyBCTBUTENIbHOCTU Y MPOAO/DKUTENILHOTO BPEMEHU XM3HW. UyBCTBUTENb-
HOCTb fleTeKTOpa Ha ABa Mopsiika MpeBbIlLAeT YYBCTBUTENIbHOCTb siueeK TEemnsonpoBOAHOCTY.
Bocnpou3BoAMMOCTb Pe3y/bTaToB, MOJlyYaeMblX Ha YCTaHOBKE, Y[OB/ETBOPUTENIbHA U OTKJI0-
HEHWsA OT CpPeaHMX BENMYMH He MpeBblwatoT 10%-0B.

Ha 06bl4HOM 1 MOAN(ULMPOBAHHOM Mefblo HUKene PeHes 6bl1 06HapyXeH cnabo u
CWU/IbHO CBA3aHHbIM BOAOPOL, a Ha KaTanmsatopax, NpuroToBeHHbIX 13 cnnasoB Ni—Mg 1 Ni—
Zn, 6b1710 06HAPYXXEHO TPU pasUUHbIX Tuna Bogopoda. O6Llee KOMMUYECTBO BOAOPOAA Ha Mo-
CnefHUX KaTanusaTopax 3HaunTeNlbHO MeHbLLe, YeM Ha obpasuax u3 cnnasos Ni—2Zn.

MpoBoasATcs fanbHelilve MccnefoBaHUA B 3TOW 0bnacTu.

B3aumMofelicTBME He3aMELLEHHbIX  YI/IEBOLOPOAOB C  M/IAaTMHOBbLIMU
KaTa/iM3aTopamn: MPOTEKAOLLME peakuuu, PeTeHLUs, [e3aKTuBaLus
N pereHepayus

3. MAAJ, C. x. TOMCOH, . BEEB 1 H. xx. M3KKOPKWHAEW /b

BbIf10 UccnefoBaHO B3aMMOAEACTBME 3TUMEHA, LIMKIOTeKcaHa U 1-reKceHa ¢ NNaTVHOBbIMM
KaTanusatopamu. [NpoTekawoLye peakumn 06BACHSATCS, C OAHOW CTOPOHbI, AMCMNPOMNOPLMOHN-
poBaHVeM BOAOPOJAA, NMPUBOAALLMM K FMAPUPOBAHUIO U TMAPOFeHONN3Y, a C ApYroli CTOpHbI, K
06pa3oBaHuNi0 BOAOPOAHO-YOeAHEHHbIX NMPOAYKTOB KaK B ra3oBoil (hase, TaK WU Ha MOBEPXHOCTU.
HaHacblILLeHHble YT/1eBOLOPOAbI NMPETEPreBaOT AUCCOLMATMBHYIO afcopbLmio Ha MeTasfe, Bbi-
TECHSIS1 YaCTb yepXX1BaemMoro Bogoposa. bbinv nonyyeHbl HOBbIE JOKa3aTeIbCTBA B M0/b3Yy TOrO,
yTO aacopbLMa Ha OAUHAPHON CBS3M MPUBOAUT K FMAPUPOBaHMNIO-AErMAPUPOBaHUIO, B TO BpeMs
Kak MHOrokpaTHble CBA3V NPUBOAAT K MMAPOreHOIN3Y 1 3afepXXUBaHMIO YrneBofoposos. Cenek-
TMBHOCTb K peakuusM TuAporeHonvsa UM rufpoBaHus Oblia pasnyHOi Ha KaTanmsaTopax
NAaTUHOBOM YepHU WM MMATWHbI Ha CUMMKarese; BepPOSATHO, ANsi MPOTeKaHUsi 3TUX MPOLEeccoB
TpebyOTCS pas/iMuHble aKTVBHbIE LEHTPbI. 3afepXXuBaHue YrieBOAOPO0B SABSETCA OCHOBHOW
NPUYMHOIA Ae3aKTMBaLMUN KaTanmaTopa; yAaneHue yaepXXMBaeMbIX YacTul, TpebyeT 06paboTKm
Kucnopogom. O6paboTKa BOLOPOAOM SIBNSETCS MeHee aPeKTUBHON. BbIno HaigeHo, YTo npoTe-
KaHWe BCeX 3TMX MPOLLECCOB 3aBUCUT OT CTPYKTYPbl YIr1eBOAOPOLOB. 3ajepXXuBaHue 1 peakTmuBa-
LUu1s 6bINn UCCNefoBaHbl TakXke C NOMOLLbH PagMoaKTUBHON METKM.

Komnnekcbl 0108a(1lY) ¢ wmngoBbIMA OCHOBaHUAMMW, MOMYYEHHbIMA U3
0-rMAPOKCMALLETOPEHOHA M aMUHCCNUPTOB

O. M. CUHI, P. H. MPACAAL n N. N. TAHAOH

MpounsBogHble Tvna SnCl4- SBH2 n SnCI4SBH22 6binv cvHTE3MpoOBaHbl Ha OCHOBE
peakummn xnopuga onosa(ly) ¢ wngdoBbIMA OCHOBAHUSIMU C MOJISIPHLIMU OTHOLLUEHUSIMU KOM-
noHeHToB 1:1m 1:2, B cpede cyxoro 6eH3ona. Pe3ynbTupytoLime NposyKTbl 6biv MONYYeHbl C
MOYTU KOMMYECTBEHHBIM BbIXOOM U B COCTOSIHUM C NMPUTrOAHOM YMCTOTOW. Bbinn cHATbI nx UK
cneKTpbl. [aHHble N0 NPOBOAVMOCTY YKa3bIBAtOT Ha TO, UTO OHU SIBMSIKOTCA HE3NEKTPOUTAMM.



CuHTE3 Tpeo- U 3pUTPO-/3-0-TOSIUICEPUHA U €ro MPOU3BOAHbLIX

A. XArouw

Mpy NPUCOEANHEHUM TIULMHOB K 0-TONYyaNbAernay B NnpucyTCTBUN HATPUEBOI LLEMoUn, B
KauecTBe I/1aBHOr0 NPOAYyKTa 06pasyeTcs TPeo-, a B KauyecTBe MoGOYHOro MpoAyKTa, B He6osb-
LLIOM KO/UYECTBE, — 3PUTPO-/?-0-ToNMMCePUH. CNOoXKHbIE 3PUPbI ITUX ABYX COeAMHeHWii ¢ 6op-
rMAPUIHBIMK KOMMJ/IEKCAMX BOCCTAHAB/IMBAKOTCA C XOPOLLUMM BbIXOAOM /0 COOTBETCTBYHOLLMX

aMWUHOCNNPTOB.
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According to international book reviews the series

ABSORPTION SPECTRA IN THE ULTRAVIOLETAND VISIBLE REGION
started in 1959 —is highly useful in both structure research and chemical analysis.
Our Publishing House now offers you a new series on infrared spectra!

ABSORPTION SPECTRA
INFRARED REGION

Editor of the series L. Lang
Introductory volume written by S. Holly and P. Sohar

Though the scientific literature has several series dealing with the same field, naturally
none of them strives for completeness, and overlapping is very small. The present
series is concerned with very recent spectra, including those which are not given in
the original papers. The Introductory Volume gives a detailed discussion ofthe char-
acteristic frequencies affording ample guidance for the practical spectroscopist.
The most important technical information is also included.

In English . Approx. 320 pages per volume
17 x23 cm . Loose-leaf cloth binders

AKADEMIAI KIADO BUTTERWORTH LIMITED
Budapest London

A co-edition, — distributed in the socialist countries by Kultdra, H-1389 Budapest P. O. B. 149;
in all other countries by Butterworth Limited, London
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ABSORPTION SPECTRA IN THE
ULTRAVIOLET AND VISIBLE REGION

Series edited by L. LANG

According to international book reviews, this series is highly useful in both structure
research and chemical analysis. This applies especially to problems of analytical
character or structure determination encountered in the pharmaceutical, dye and
other industries, i.e. in organic chemical industry in general. A great advantage ot
this collection is that the spectra published may, in many cases, directly be used for
solving the particular problems in question

The series dealing with ultraviolet and visible spectra was started by the Publishing
House of the Hungarian Academy of Sciences in 1959, and by now the project has
got as far as Vol. 18 The editors invite the users of the collection to contribute to the
success of this work by submitting for publication spectra of new compounds.

Each volume con'ains about 400 pages spectra graphs and tables of about 190 com-
pounds + indexes.

Cumulative index: 1—V. VI—X X—XV

AKADEMIAI KIADO ACADEMIC PRESS
Budapesi New York

The whole series is a co-edition, — distributed on the American Continent by ACADEMIC
PRESS New York, in all other countries by KULTURA, H-1389 Budapest, P. O. B. 149



JOURNAL OF THERMAL
ANALYSIS

An international forum for communications on thermal investigations

Journal of THERMAL ANALYSIS has an international Editorial Board, the members of
which are distinguished specialists from all over the world.

AIMS AND SCOPE

The main subjects covered are: thermogravimetry, derivative thermogravimetry5
differential thermal analysis, dilatometry, differential scanning calorimetry, thermo-
metry, evolved gas detection, evolved gas analysis, multiple techniques and miscel-
laneous thermal methods (including the thermal method with various instrumental
techniques), instrumentation for the thermal method. Papers dealing with these
subjects are published in the following sections: Original Research Papers, Short
Communications, Special Reviews, Bibliography Section, Modern Instruments. The
Special Reviews section is reserved for papers that have been published in greater
detail in some journal for a special branch of scientific field or industry.

Papers submitted to the journal may deal with any field of chemistry, metallurgy or
mineralogy, e.g. they may deal with inorganic, organic or polymeric materials and
they may cover biochemical, mineralogical or metallurgical applications.

Journal of THERMAL ANALYSIS is published bimonthly comprising about 720 pages per
year. Size: 17X25 cm.

Journal of THERMAL ANALYSIS is published jointly by

AKADEMIAI KIADO HEYDEN & SON LIMITED

Budapest London
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AND RADIOANAIYTICAI
LETTERS

An International 3ournal for RAPID
Communication in Radiochemistry
and Radioanalytical Chemlstry

AUTHORS

ELSEVIER SEQUOIA SA. AKADEMIAI KIADO

LAUSANNE BUDAPEST



ACTA ALIMENTARIA

ACADEMI1AE SC1ENHARUM HUNGARLCAE

publishes original papers in the field of food science and technology (physico-
chemistry, chemistry, analysis, biology, microbiology, enzymology, engineering,
automation and economics related to fundamental principles of the production,
preparation, preservation, packaging and examination of foods) in English.

Contributions to ACTA ALIMENTARIA are regularly abstracted or indexed in
all reference journals.

ACTA ALIMENTARI A is as arule a quarterly. Four issues make up a volume of
some 400 to 500 pages yearly.
Subscription rate per volume: US $32.00

AKADEMIAI KIADO, H-1363 Budapest, P.O.B. 24

—IPlease enter my/our subscription for
mACTA ALIMENTARIA for one volume

A_f IPlease enter a standing order for
II -ACTA ALIMENTARIA, beginning with
VAN DATE oo
AKADEMIAI KIADO Please send a specimen-copy free of charge
Publishing House of the N A M E cooooevvovveeneesssssssssssesssssssssssssssssssss

Hungarian Academy of Sciences
BUDAPEST
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JOURNAL OF RADIOANALYTICAL
CHEMISTRY

International journal dealing with all aspects of nuclear analytical methods

Journal of Radioanalytical Chemistry has an international Editorial Board, whose
members are distinguished specialists from all parts of the world —from Moscow
to San Diego, from Prague to Tokyo.

The main subjects covered are:

Activation analysis

Radiometric analysis

Radioreagent analysis

Radiometric titration

Isotope dilution analysis

Beta, gamma X-ray and neutron absorption and backscattering
Analytical separations involving radionuclides

Instrumentation and automation for radioanalytical chemistry

Journal of Radioanalytical Chemislry provides the reader with important and up-to-
date information on research being carried out all over the world. Data and Biblio-

graphy Sections and a section entitled Laboratory of the Issue help to serve this
purpose.

Journal of Radioanalytical Chemistry appears generally in three or four volumes per

year of some 480 to 500 pages each, published in several issues in English, French
or German. Size: 17x25 cm.

Journal of Radioanalytical Chemistry is published jointly by

AKADEMIAI KIADO ELSEVIER SEQUOIA
Budapest Lausanne



The Acta Chimiea publish papers on chemistry, in English, German, French and
Russian.

The Acta Chimiea appear in volumes consisting of four parts of varying size, 4 volumes
being published a year.

Manuscripts should be addressed to

Acta Chimiea
Budapest 112/91 Mi(iegyetem

Correspondence with the editors should be sent to the same address.

The rate of subscription is $ 32,00 a volume.

Orders may be placed with “Kultira” Foreign Trade Company for Books and
Newspapers (1389 Budapest 62, P.O.B. 149 Account No. 218 10990) or with representa-
tives abroad.

Les Acta Chimiea paraissent en frangais, allemand, anglais et russe et publient des
mémoires du domaine des sciences chimiques.

Les Acta Chimiea sont publiés sous forme de fascicules. Quatre fascicules seront réunis
en un volume (4 volumes par an).

On est prié d’envoyer les manuscrits destinés & la redaction & I’adresse suivante:

Acta Chimiea
Budapest 112/91 Mf(iegyetem

Toute correspondance doit étre envoyée & cette mérne adresse.

Le prix de I'abonnement est de $ 32,00 par volume.

On peut s’abonner & I’Entreprise pour le Commerce Exterieur de Livres et Journaux
sKultdrati (1389 Budapest 62, P.O.B. 149 Compte-courant No. 218 10990) ou & I’etranger
chez tous les représentants ou dépositaires.

«Acta Chimica» n3gatoT TpakTaTbl M3 061aCTM XUMWUYECKON HayKM Ha PYCCKOM, (hpaH-
LLY3CKOM, aHFIMACKOM UM HEMELKOM A3blKax.
«Acta Chimicat) BbIXOAAT OTAeNbHbIMU BbiNyCKaMy pa3Horo obbvema. 4 BbiMycka COCTaB-
NAT OAUH TOM. 4 TOMa Ny6AMKYIOTCA B TOA.
MpeaHasHayeHHble A4NA Ny6nMKaumm pykonucu cnepyet HanpasBnaTb NO afpecy:

Acta Chimiea
Budapest 112/91 Mi(iegyetem

Mo aToMy Xe ajpecy HanpaBiATb BCAKYI KOPPECMOHAEHUMWIO ANA pefakuuu.

MoanucHas ueHa — $ 32,00 3a Tom.

3akasbl MpUHUMaeT NpeanpuATUe MO BHELWHelW Toproene KHUT u raset ttKultdra» (1389
Budapest 62, P.O.B. 149 Tekywmuii cuyet Ne 218 10990) mnm ero 3arpaHu4Hbie npeacTaBu-
TeNbCTBA M YNOJHOMOYEHHbIE.
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