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LIGAND SUBSTITUTION
AND COMPLEX STRUCTURE, XIlII

NMR SPECTRA OF DIAMAGNETIC Ni(ll)-SCHIFF-HASE COMPLEXES
J. Csaszar,* T. Szaboée* and Gy. Dombi**

(* Department of General and Physical Chemistry, A. Jézsef University and
** Department of Organic Chemistry, A. J6zsef University, Szeged)

Received December 22, 1974

The NMR spectra of the chelate complexes Ni[HSAI-N-n-alkyl]2 have been
studied. From the variation of the spectra with the solvent, concentration and tem-
perature, conclusions have been drawn on the nature of the equilibria in inert solvents,
under the assumption that, depending on the temperature, a paramagnetic tetra-
hedral species may also be formed in the solutions of re-alkyl compounds.

Compounds of the type bis(N-n-alkylsalicylaldiminato) nickel(ll) (in the
following Ni[HSAI-N-R]2 compound 1) are known to have a irores-square-
planar structure in the solid state with their dipole moments close to zero.
The compounds are diamagnetic, thus the central ion has a singlet ground
state [1—9]. In non-coordinating solvents, they are slightly paramagnetic
[10—12], this fact is attributed to molecular association [13—20]. In the
paramagnetic associates the nickel(ll) ion of triplet ground state is penta-
(square pyramidal) or hexa-coordinate (strongly distorted octahedral). In such
solvents the amount of associated species is low, except for the case of the
N-methyl derivative. In coordinating solvents, such as pyridine, the com-
pounds are paramagnetic to an extent corresponding to two electrons: bis-
pyridine adducts can be isolated from the solution, and all properties of the
adducts are the same as those of hexa-coordinate compounds [21—23].

This paper is concerned with the NMR spectra of chelate complexes of
the type Ni[HSAI-N-R]3 where R = n-alkyl, C2-C6 and Cg.

Experimental

. The complexes were prepared by reacting the parent compound bis(salicylaldehydato)-
mckel(ll) «2H2 with the appropriate alkylamine, on the basis of literature data [10, 24]
or by analogous processes. The crude product was recrystallized from acetone. The Zn2[HSAI-
N-n-C6H 13]4 complex was prepared and purified according to Chartes [25].

1 Acta Chim. (Budapest) 88,1976



2 CSASZIR et al.: LIGAND SUBSTITUTION AND COMPLEX STRUCTURE, XI1I

The NMR spectra were recorded on a 60 MHz JEOL C-60 HL spectrometer, by using
TMS as external standard. The solvents, temperature range and concentrations will be given
in the discussion.

As a typical example, the figures show the results obtained with the re-hexyl deriva-
tive; the conclusions for the other compounds are more or less analogous.

Results and discussion

The properties of Ni[HSAI-N-CH3]2 in solution are so different from
those of the other members of the homologous series, owing to the extensive
association, that a separate paper has been devoted to this compound.

In the spectra of compounds containing lower re-alkyl groups (C2to C4),
relatively sharp signals correspond to the various kinds of protons, with a
usually well resolved fine structure (Table 1).

Table 1

The signals of Ni[HSAI-N-n-alkyl]2 compounds [|n 6 (ppm)]
in carbon disulfide solution at 25 C

a overlapping signals

Acta Chim. (Budapest) 88,1976



CSASZAR et al.: LIGAND SUBSTITUTION AND COMPLEX STRUCTURE, XlII 3

Fig. 1. PMR spectrum of Ni[HSAI-N-C2H5]2 in CS2 at 25°C

500 400 300 200 100 0

Fig. 2. PMR spectrum of Ni[HSAI-N-n-C3H,]2 in CS2 at 25°C

The signals of the N-alkyl substituent appear in the range of 0.8—3.6
ppm, with an increasing chemical shift in the order of methyl, ...y-, B- and a-
methylene groups. The different chemical shifts of the protons in different
positions with respect to the azomethine nitrogen clearly reflect the decreasing
effect of the nitrogen atom along the carbon chain. The signals of alkyl protons
are split as expected (J — 7 Hz, see Figs 1 and 2); but with higher homologues

1* Acta Chim. (Budapest) 88,1976



4 CSASZAR et al.: LIGAND SUBSTITUTION AND COMPLEX STRUCTURE, XIII

Hz
500 400 300 200 100 0

) (ppm)
Fig. 3. PMR spectra of Ni[HSAI-N-ri-COH13]2in CS2at 25°C; cx= 0.14 M, c2—0.24 M

500 400 300 200 100 0

Fig. 4. PMR spectrum of Zn2[HSAI-N-ra-CéHi:,]i in CS2 at 25°C; c= 0.14 M

the signals are broader and blurred, and their fine structure is more difficult

to observe (Fig. 3).
The region of aromatic protons contains two groups of signals; this part
of the spectrum is, in our opinion, characteristic of an A2B2spin system,

Acta Chim. (Budapest) 88, 1976



CSASZAR et al: LIGAND SUBSTITUTION AND COMPLEX STRUCTURE, XIII 5

Table 11

Concentration dependence of the signals [in 8 (ppm)] of various protons
of the n-hexyl complex in carbon disulfide at 25°C

a HSAI-N-n-C6H 13
b overlapping signals
¢ 8 (ppm) values of the diamagnetic zinc complex at a concentration of '0.14 mol/1

t

Acta Chim. (Budapest) 88,1976



6 CSASZAR et al.: LIGAND SUBSTITUTION AND COMPLEX STRUCTURE, XIlII

which indicates the magnetic equivalence of two pairs of protons. Neverthe-
less, this conclusion should be supported by theoretical calculations.

The signals of azomethine protons are less sharp, they can be found
above 7.8 ppm.

In the spectrum of the Zn2[HSAI-N-n-CeH 13]4 derivative (Fig. 4, Table
M), which is also diamagnetic in solution, one can observe all the resonance

0 Q05 010 015 0.20 0.25 0.30
cone, (mol/l)

Fig. 5. Concentration dependence of the proton chemical shifts of the n-hexyl derivative
in CS2 at 25°C

lines that can be found in the spectrum of the corresponding nickel(Il) chelate.
The most striking difference between the spectra i& in the range of aromatic
protons (see Fig. 3). The a-methylene and azomethine signals of the zinc
complex are much sharper, and the spectrum, unlike that of the correspond-
ing nickel(ll) chelate, is independent of the concentration.

In Table Il the chemical shifts of the Schiff-base, HSAI-N-n-C6H 13, are
also shown. The NMR spectra of the ligand molecule, the diamagnetic zinc
complex and of the nickel(ll) complex are extremely similar. In the spectrum
of the ligand the aromatic proton signals appear in the expected range, further-
more, the signal of the azomethine proton is not split, and the signal of the
a-methylene protons is split only into a triplet. These facts suggest that in
solution the ligands of the complexes under study are present in the enolimine
form, similarly to the Schiff-bases of aniline derivatives [26, 27].

Acta Chim. (Budapest) 88,1976



CSASZAR et al.: LIGAND SUBSTITUTION AND COMPLEX STRUCTURE, XlII 7

The NMR spectra of the nickel(ll) chelates under study are sensi-
tive to the concentration. With increasing concentration the signals of «-
methylene, but particularly of azomethine protons are shifted down-fields
(Fig. 5). These signals become strongly broadened, and the fine structure of
the «-methylene signal is gradually blurred. The small shift of /3-methylene
signal is opposite in direction.

In inert solvents the Ni[HSAI-N-n-alkyl]2complexes are partially pres-
ent in associated form. The concentration dependence of the spectrum is
a consequence of a contact interaction between the unpaired electrons of the
paramagnetic nickel(ll) ions of the molecular associates and the nuclei of the

IFig. 6. a- CH2 signal of Ni[HSAI-N-re-CeH 13]2 in different solvents at 25°C; ¢ = 0.14 M

ligands. It has been shown [28, 29] that in Ni[HSAI-N-R]2chelates the dipolar
shifts can be neglected, and that the tetra-coordinate (tetrahedral), penta-
coordinate and hexa-coordinate species are characterized by different contact
shift patterns [28—31]. With the pyridine adducts of the N-ethyl and N-re-
propyl derivatives investigated by us, La Mar [32] has detected the presence
of a penta-coordinate, square pyramidal, paramagnetic intermediate form
besides the strongly distorted octahedral bispyridine adduct. The difference
in contact shift between the two species appears most characteristically in the
aromatic 5-H signal, for which even the direction of shift is different. The
contact shifts of azomethine and a-methylene protons of the bispyridine
adduct and penta-coordinate chelates [31] are negative and by 1—2 orders
of magnitude higher than those of the other protons; the shifts of /3-CH2 and
/3-CHj protons are positive.

If the above facts are combined with the observation that the number
of paramagnetic species also containing penta-coordinated, or, in the higher
associates, hexa-coordinate nickel(ll), is very small in comparison with the
number of diamagnetic molecules, and that their relative proportion increases
only to a minor extent with the concentration, it becomes understandable

Acta Chim. (Budapest) 88,1976



8 CSASZAR et al.: LIGAND SUBSTITUTION AND COMPLEX STRUCTURE, XIlII

why also the azomethine or «-methylene signals are only slightly concentra-
tion-dependent in the average spectrum, and why the shifts in the other signal
are even smaller.

In various inert solvents different NMR spectra can be obtained (Table
I11). In these spectra, except for the signals of the terminal methyl protons,

Table 111

Signals of the hexyl derivative [in % (ppm,)] measured
in various solvents at 25°C; ¢ = 0.14 mol/l

Proton ; _ b
Solvent CH, (y-U-CH, B-CH, a-CH2 Ring protons CH=N
cs. 0.89a 1.36 1.79 3.18 6.24 6.89 8.0 2.641
3.30 6.36 7.01a
341 6.49
CXl14 0.83 1.43 1.75 3.88 6.46a 7.04 9.7
0.95 7.14
1.00
CC14 0.91a 1.39 1.78 4.06 6.36a 7.02 116 2.238
6.48 7.15a
CDCH. 0.90a 1.40 1.89 4.32a 6.29 7.13 12.2 4.806
6.45 7.44
6.59
CD3COCD3 0.90a 1.42 1.7 5.65 6.24 7.32 13.11 20.70
1.00 6.36 7.45a
6.48
CDXN 0.91a 1.42 — 457 6.25 7.19 141 37.5
6.37 7.32a
6.50

a overlapping signals
b dielectric constants (at 20°C) of the corresponding undeuterated solvents

the shapes and chemical shifts of all resonance signals show certain variation
with the solvent. The degree of association, i.e. the relative proportion of
penta- and hexa-coordinate species present beside the diamagnetic square-
planar form, varies with the solvent, and this variation has, as discussed
above, a significant effect on the spectrum. The solvent effect is most pro-
nounced in the shifts of the azomethine and «-methylene signals (Fig. 6.) It
is clear from the data of Table Il that an unambiguous correlation can be ob-
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Table IV

a overlapping signals
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served primarily between the signal of azomethine protons and the dielectric
constant of the solvent, but similar tendencies appear in connection with the
dipole moment. Presumably, the differences in averaged shielding of the pro-
tons are due to the presence of different associates in various solvents, but
it cannot be excluded either that there is a variation in the extent of coupling
between the azomethine and «-methylene protons.

Since the degree of association decreases with increasing temperature
one can expect a decrease in linewidth, and a variation in the chemical shifts
similar in sense to the effect of decreasing concentration. The widths of azo-
methine and a-methylene signals indeed decrease with increasing temperature,
and the triplet structure ofthe latter signal becomes gradually more distinguish-

ing. 7. Chemical shifts of a-CH2and CH= N protons of Ni[HSAI-N-n-C6H3]2 as functions
of the temperature; ¢ = const.

able. These signals are, however, shifted downfield above ca. 50°C. With the
exception of the methyl signal, the chemical shifts of all signals depend more
or less on the temperature, and with the ring protons even the fine structure
is changed (Table IV, Fig. 7).

It is known that the R=a-branched derivatives, which are, primarily
for steric reasons, tetrahedral in the solid state, form, in inert solvents, a
ternary equilibrium system involving associated (paramagn.), monomeric
square-planar (diamagn.) and tetrahedral (paramagn.) species. At lower
temperatures the formation of paramagnetic associates, at higher temperatures
that of the paramagnetic tetrahedral species is preferred [3, 28]. On this basis
it is assumed that the above changes observed in the NMR spectra can be
attributed to the fact that although the amount of paramagnetic associates
decreases with temperature, the probability of formation of paramagnetic
tetrahedral species increases in parallel. Accordingly, also in the solutions of
the complexes of re-alkyl derivatives the above mentioned ternary equilibrium
system is present above a certain temperature.
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INVESTIGATION OF HYDRATION
OF MACROMOLECULES, I

MEASUREMENT OF SELF-DIFFUSION OF WATER
IN SOLUTIONS OF POLYVINYL ALCOHOL

Gy. Inzelt and P. Grof

(Department of Physical Chemistry and Radiology, Edtvds L. University, Budapest)
Received March 20, 1975

Self-diffusion coefficient of water in solutions of polyvinyl alcohol (PYA) has
been determined at two temperatures (25 and 35°C) in the concentration range between
0 and 10 w/w%. Determinations were made using open-end capillary method without
stirring. Water was labelled with 180 isotope, analysis has been performed by mass
spectrometry.

It has been stated that self-diffusion coefficient of water decreases propor-
tionally to increasing PYA concentrations in the given concentration range, at both
temperatures. Energy of activation of self-diffusion was found to be 45 + 1.4 kcal/
mole. Hydration number of PVA has been calculated; it was found identical at both
temperatures, i.e. 3.7—4 molecules of H2D per OH group, depending on the shape
factor. The density of solutions grew proportionally to the concentration of the macro-
molecule. Specific volume of PVA was found to be 0.7344 cm3g at 25°C and 0.7628
cm3g at 35°C. The viscosity of solutions increased markedly with increasing PVA
concentration; the energy of activation of viscous flow has been found to be 7.4 + 0.4
kcal/mole.

Introduction

The more or less exact study of hydration of macromolecules has a past
of about forty years. Owing to their vital importance, mainly the study of
various proteins and nucleic acids represented particular interest. The inter-
pretation of the results of these investigations is, however, very difficult, as
it is obvious e.g. from the review monography of Ling [1]. One of the main
problems is the complexity of the systems to he studied, in particular, that
even their structure is not known exactly and, they contained in several cases
other components in addition to the macromolecular substance and water.
Thus, the supposed amount of combined water could not be ascribed to indi-
vidual functional groups, and e.g. even the hydration of a peptide chain can
not he regarded as a problem solved. Additional difficulty of interpretation
arises from the fact that different authors applied different single methods of
the several possible ones giving each different type of information; and further,
that different authors applied different models for calculation of hydration
number.* Consequently, if the extent of hydration of given functional groups

* Hydration number is the average amount, of water per unit weight or structural
unit of macromolecule that is bound to the latter and moves together with it in solution.
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is to be determined (this seems to be the most important question in this
subject) macromolecules with identical structure have to be chosen as model
substances containing one type of group to be considered with respect to
hydration. In addition, it is advisable to use several methods of measurement
sensitive against the extent of hydration, for the investigation of each system.

Polyvinyl alcohol has been selected as the first model substance for our
series of investigation. This was justified by the assumption that the study
of aqueous solutions of polyvinyl alcohol (abbreviated hereinafter through
PYA) by appropriate methods allows to estimate the amount of water bound
by one hydroxyl group.

The present paper summarizes our results obtained in the study of self-
diffusion coefficient of water. This was studied in PYA solution in the con-
centration range between 0 and 10 w/w% at 25 and 35°C. Viscosity and
density of the solutions have also been measured.

Experimental

Polyvinyl alcohol and its fractionation

A commercial product called Rhodoviol 16/20 has been used as polyvinyl alcohol; it
was previously partially fractionated by re-propanol in order to remove low molecular weight
fractions. The weight average molecular weight after fractionation was determined by light
scattering 110,000 + 10%. Acetate content: about 2 mole%.

Bidistilled water was used for its dissolving. The concentrations have been determined
by measuring their dry substance content. Average error of concentration measurements
was +0.1 rel.%. The salt concentration of the solutions was less than 5x10-5 with respect
to actual PVA concentration, as determined by flame photometry.

Selection of an isotope label

180 was used for labelling water since — according to our own measurements — in
this case exchange reactions between water and alcoholic OH groups should not be taken
into account. Any exchange would make impossible to evaluate self-diffusion of the labelled
molecules. No isotope effect occurs if 180 is used.

Diffusion method

Self-diffusion coefficient was measured by the open-end capillary method without
stirring. The experimental technique and the method of calculation of self-diffusion coef-
ficient was described in the paper of Erdey-Gruz et al. [2] and its references. Correction
for capillary length (Gergely et al. [3]) was negligible as compared with other sources of
experimental error. The accuracy of thermostating was +0.01°C.

Hydration number was calculated according to Wang’s equation [4]:

~ _Al=1_ [«(vp+ H/d)+ n]w+ 4 n
0

where D' denotes self-diffusion coefficient of water measured in the solution; DO that of
pure water; a a constant depending on the shape of the molecule; Vp the apparent specific
volume of the given macromolecule in solution; dO the density of water; H the hydration
number expressed as g of water per g of dissolved substance; w the weight fraction of macro-
molecule in the solution; A(and A, minor correction factors which can be calculated theo-
retically.
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Analysis of labelled solutions

Isotope composition of water obtained by vacuum distillation from solutions has
been determined by a mass spectrometer Type MI-1311 by measuring the ratio of ion inten-
sities of H2180/H2100.

Viscosity measurements

Viscosities of solutions have been measured by Hoppler-viscosimeter, at 25, 30 and
35 + 0.05°C.

Density measurements
Densities were determined by picnometer method at 25 and 35 + 0.01°C.

Results and discussion

Self-diffusion coefficient of water (more exactly, the value of ~ - AX)

No
in solutions of polyvinyl alcohol decreases proportionally to the weight frac-
tion at both temperatures. The energy of activation of self-diffusion of
water (AHjf) in PY A solutions is equal to that of self-diffusion of pure water,
within the limits of experimental error. Values of self-diffusion coefficient and

energy of activation have been summarized in Table I. Our data indicate that

Table 1

Self-diffusion coefficient of water in PVA solutions at 25 and 35°C

PVA

conc(e;)t)r ation (Dcnéz.s%g? (2?2.317%—) (kcaAI?mDole)
0.00 2.57 = 0.024 3.49 £ 0.15 49+ 08
3.93 1.95 + 0.103 2.48 £0.15 44+ 14
6.01 1.69 = 0.051 — —
7.69 1.54 + 0.077 1.99 + 0.10 47+ 13
9.20 1.25 + 0.078 — —
9.56 1.30 = 0.104 — —

Every data in the Table is the average of 5—9 measurements. Errors given are standard
deviations of the mean

the WANG-equation (1) is valid also for PV A-water systems, in agreement with
data concerning aqueous solutions of ovalbumin [5] and DNA [6]. It should
be noted that in our case, since PVA contains no ionic groups, only obstruction
and direct hydration effects should be considered. The condition that the
diffusion coefficient of the macromolecule should be much lower than that
of water is also fulfilled (the former being approximately 2x10-7 cm2s at
25 °C [7]).
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In order to be able to determine hydration number from Eq. (1), it is
necessary to know the specific volume of macromolecules as well as the shape
factor a. According to our measurements, the specific volume of PVA is
constant in the concentration range investigated, its value being 0.7374 cm3g
at 25°C and 0.7628cm3g at 35°C. Data on specific volume of solutions have
been summarized in Table II.

Table 11

Specific volume of aqueous PVA solutions
at different temperatures

concErth‘ation (r}rﬁ!’%) (c\rg%)
(%)
0.00 1.004 1.006
3.93 0.9932a 0.9960a
6.01 0.9884 0.9919
7.69 0.9831 0.9878
9.20 0.9795 0.9831
9.56 0.9785 —

a The relative error of specific volumes is £0.6%

The greatest problem arises from the correct selection of the shape
factor a. The original derivation was related to rotational ellipsoids being
impermeable and large as compared with solvent molecules and having dif-
ferent axis ratios. Since random coils of PYA molecules are probably perme-
able for water molecules, two extreme a values were selected for calculation
of hydration number. The value of a = 1.500 belongs to spherical molecules
and & = 1.667 to rod-like ones. Hydration numbers calculated by both values
are to be seen in Table Ill. In our case, with identical hydration positions and

Table 111

Hydration numbers of hydroxyl groups of PVA
for different values of a at 25 and 35°C

H (mole HD per OH group)

T (°0O)
a= 1500 a= 1667
25 4.0 £ 0.3 3.7+ 03
35 40+ 0.7 3.7+ 0.6
Deviations were calculated as the error of the straight line —--——- Ai vs w
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no hydration at the vinyl chain of the polymer, hydrate water can be assigned
to alcoholic OH groups, thus the average number of water molecules bound
by one hydroxyl group has been given. It should be noted, however, that this
is an average value only, since inter- and intramolecular association of macro-
molecules through hydroxyl groups has also to be taken into consideration
[7, 8]. The extent of association can be regarded as constant in our concentra-
tion and temperature range. This is supported by the change of specific volume
of the solutions being proportional to concentration, and especially by the fact
that although the viscosity of solutions (rj) increases very markedly with
increasing PYA concentration, the energy of activation of viscous flow (AH?
can be regarded as a constant value (cf. Table 1Y). Consequently, if the degree

Table IV

Viscosity of aequous PVA solutions at different temperatures

PVA

oo ) &) B (kealimole)
(%)
0 0.8941 0.8019 0.7250 -
3.93 219+ 02  17.9(5)+ 02  14.6(6) + 0.1 73+ 03
6.01 825+ 0.8 _ 54.8 + 0.5 75+ 03
7.69 223.0 + 2.2 176.0 + 2.0 149.(7) + 1.0 73+ 03
9.20 479.(5) + 5.0 — 316.(2) £3.0 76+ 04
9.56 _ — _ _

of association is known, the real amount of water molecules bound by one OH
group can be simply calculated.

Since the decrease of self-diffusion coefficient of water is much lower
than the increase of viscosity, the product Drj increases considerably as a
function of concentration. Consequently, self-diffusion of water is not related
to macroviscosity but to the microviscosity of its surrounding. According to
our other results [8], the product of self-diffusion coefficient of water and the
microviscosity calculated from the variation of dielectric relaxation time of
water will give a constant value with better approximation. The theoretical
interpretation of such a microviscosity is, however, not yet clear in all respects.

Hydration numbers determined by us are in good agreement with the
qgualitative suggestion of M. Nagy on the basis of viscosity measurements [9]
according to which PV A is strongly hydrated in aqueous solutions. A similarly
good agreements is obtained with quantitative data of Sponsler et al. [10]
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gesting 3 water molecules per OH group as the theoretical hydration

number of hydroxyl groups. This was also verified by X-ray diffraction and

IR

for

absorption studies of protein-water systems.

*

The authors are indebted to Drs. 0. Kaposi, K. Ujszaszy and Mrs. Zs. Balthazar
kindly accomplishing mass spectrometric analysis as well as to Dr. M. Nagy for valuable

discussions.
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KOMPLEXBILDUNGSVERMOGEN VON NICKEL MIT
I-HYDROXYATHAN-I,I-DIPHOSPHONSAURE

R. Rautschke, G. Lux und U. Schlosser

(Martin-Luther-Universitat, Sektion Chemie, Halle (Saale), DDR)
Eingegangen am 23. September 1974
Umgearbeitet am 13. Juni 1975
Nickelionen bilden in wé&Rriger Lésung mit I-Hydroxydéthan-I,I-diphosphon-
saure Komplexe, die in Abhédngigkeit vom pH-Wert unterschiedlich protoniert sind.

Mit Hilfe spektralphotometrischer Methoden konnten die Gleichgewichtskonstanten
sowie die Protonierungskonstanten fur NiH,Y, NiHY~ und NiY2- bestimmt werden.

Einleitung

I-Hydroxyé&than-I,I-diphosphonsdure bildet als mehrzdhniger Ligand
eine Reihe von léslichen Komplexen mit vielen Metallionen [1—9].

Das Auftreten von Komplexen mit verschiedener Zusammensetzung ist
auf die unterschiedliche Beteiligung der Sauerstoffatome der Phosphonsdure-
gruppen an der Komplexbildung zurickzufiithren. Die Komplexliganden sind
die Dissoziationsstufen der Sdaure

-0 H H
= C—P =0 O\:P—&—Q/ZO
el cr||3 OH HY é‘B\Q‘|
(H4&) (HBr-)

-0 OH 0- -0 H 0-
p-& P=0
ds'cH

L oL
HOy Ca-S \ OH 0§/

HO OH OH

(H.2Y 2) (HY3)
-0 OH O0-
\ I I
0=P -C-P=0
I \
-Oy CH3 O0-
(Y*-)
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Mit ihnen bauen sich Einkernkomplexe auf, wenn jeweils nur eine
Phosphonsduregruppe in die Komplexbindung eintritt. Zweikernkomplexe
mit viergliedrigen Chelatringen entstehen aus einem Liganden und zwei
Metallionen. Weiterhin sind Einkernkomplexe mit sechsgliedrigen Chelatrin-
gen bekannt. Die Vielfalt der méglichen Komplexe erhéht sich durch die mehr
oder weniger ausgeprdgte Protonisierung der genannten Einkern- bzw. Zwei-
kernkomplexe.

AuBerdem wird besonders fiur die Komplexe mit Calcium, Magnesium,
einigen Nebengruppenelementen sowie seltenen Erden die Beteiligung der an
den Kohlenstoff gebundenen Hydroxylgruppe diskutiert [1 3, 4, 5, 9].

Versuchsbedingungen

Gerate: Begistrierendes Spektralphotometer DK-2A (Beckman)

pH-MeRgerdt MV 11 (Clamann & Grahnert) mit Glaselektrode und Kalomelelektrode.
Substanzen: I-Hydroxyéthan-l,I-diphosphonsdure (chemisch rein), NiS04+7H,0 p. a.,

NIiCL, « 6H2 p. a., NaOH p. a.

Die Probelésungen wurden aus 0,03 molaren wéalrigen Stammldsungen der 1-Hydroxy-
athan-l,I-diphosphonsdure (HEDP) bzw. der Nickelsalze hergestellt. Zur Einstellung des
jeweiligen pH-Wertes diente 3n NaOH.

Die spektralphotometrische Messung erfolgte bei Raumtemperatur (22°C).

Ergebnisse und Auswertung

Das Absorptionsspektrum des [Ni(H.,0)6]2+-lons weist drei Absorp-
tionsmaxima bei 395, 665 und 725 nm auf. L6ésungen, die Nickelionen und
den Komplexbildner HEDP im molaren Verhéltnis 1: 1 enthalten, ergeben in
Abhéngigkeit vom pH-Wert die in Abbildung 1 dargestellten Spektren. Aus
dem Auftreten isosbestischer Punkte (Tabelle I) ist auf das Vorhandensein
isolierter Gleichgewichtsstufen zu schlieBen. Den Spektren in Abbildung 1 ist
zu entnehmen, daB die Natur der in Ldsung vorliegenden Verbindungen uber
einen groRen pH-Bereich von 2,55—11,80 erhalten bleibt. So verschiebt sich
bei niederen pH-W erten das Extinktionsmaximum nur geringfiigig von 398 nm
auf 412 nm, bleibt aber dann im pH-Bereich 6,0—11,8 konstant bei 412 nm.
Eine Anderung des Absorptionsverhaltens erfolgt erst oberhalo pH 11,8. Es
entsteht ein weiterer Komplex, dessen Auftreten durch zwei isosbestische
Punkte bei 401 nm und 728 nm angezeigt wird, jedoch im Rahmen der vor-
liegenden Untersuchung nicht charakterisiert wurde.
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Abb. 1 Absorptionskurven von Mischungen der 0,03 mol Ni2+-Ldsung mit 0,03 mol HEDP-L6sung (1 : 1) bei verschiedenen pH-Werten
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22 RAUTSCHKE et al.i KOMPLEXBILDUNGSVERMOGEN VON NICKEL

Tabelle |

Lage der Isosbestischen Punkte fir Ldésungen von NiSOJHEDP
(NisOt 0,015 mol/l, HEDP 0,015 mol/l)

pH-Bereich nm
3,45—8,15 357
3,45—8.15 391
Isosbestische Punkte 1 49 —8,15 554
3,45—8,15 662
3,45—8,15 960
Isosbestische Punkte 2 11,8—12,0 401
11,8—12,0 728

Zur Bestimmung der Zusammensetzung des in der Ldsung bei pH-
W erten unterhalb pH 11,8 vorliegenden Komplexes diente die Methode der
kontinuierlichen Variation [10]. Die Ergebnisse zeigt Abbildung 2, in der die
bei drei verschiedenen Wellenldngen ermittelten Extinktionsdifferenzen der
komplexhaltigen Ldésungen gegenliber einer reinen Nickelsalzlosung gleicher
Konzentration in Abhédngigkeit vom Molenbruch des Nickels aufgetragen
sind. Alle drei Kurven besitzen ihr Maximum beim Molenbruch 0,5, so daB
die Existenz eines 1 : 1-Komplexes als bewiesen angesehen werden kann und
Komplexzusammensetzungen in anderen molaren Verhdltnissen auszu-
schliefen sind.

Nach Schwarzenbach [11, 12] kénnen die Kurven durch eine Glei-
chung der Form

AE=em

beschrieben werden.
Hierin sind

K = Gleichgewichtskonstante

¢ = Konzentration der Stammldsungen
X — Molenbruch

Sm = Eab — EI Eg

ei’ By = Extinktionskoeffizienten der Ldésungen NiClg bzw. HEDP
Zusdatzlich ermittelt man auf graphischem Wege die Steigung der Kurven im
Punkte x = 0 bzw. x = 1. Dafur gilt
Kc2

e
m Kc+ I
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Dieser Ausdruck dient als zweite unabh&ngige Beziehung. Einsetzen der
experimentellen Werte und Loésen der Gleichungen fiihrt auf den Wert Ig K =
= 3,3 fur die Gleichgewichtskonstante der Reaktion

Ni2+ + H2Y 2~ ~ NiH,Y.

Abb. 2. Extinktionsdifferenzen AE fiur Ldsungen verschiedener Zusammensetzung von Ni2+
(0,03 mol) und HEDP (0,03 mol) bei A= 407, 412 und 748 nm

pH

Abb. 3. Absorptionsmaximum bei A= 412 nm von Mischungen der 0,03 mol Ni2+-Ldsungen
mit 0,03 mol HEDP-Lésung (1 : 1) in Abhé&ngigkeit vom pH-Wert

Die in der Abbildung 1 diskutierte Konstanz der Lage der Absorptions-
maxima im pH-Bereich von 2,55—11,80 ist jedoch mit einer wesentlichen
Erhéhung der Extinktion verbunden (Abbildung 3). Es treten deutlich drei
Stufen hervor, die den unterschiedlich protonierten Komplexen NiH2Y,
NiHY- und NiY2- zuzuordnen sind.

Die Konstanten fir die Protonierungsgleichgewichte zwischen den
Komplexen NiH2Y, NiHY- und NiY2- sind aus der in Abbildung 4 dar-
gestellten pH-Wert-Abhéngigkeit der Extinktionen bei den Wellenldngen der
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isosbestischen Punkte zu ermitteln. Die Protonierungsgleichgewichte lassen
sich durch das Massenwirkungsgesetz beschreiben:

[NiH2Y] _ [NiHY~]
NHY  [NiHY-][H+] NIHY [NiY2-]J[H +]'

Unter der Voraussetzung gleicher Konzentration der im Gleichgewicht
befindlichen Komplexe gilt

Abb. 4. Abhangigkeit der Extinktion an den isosbestischen Punkten A= 354, 391, 401, 662
und 728 nm vom pH-Wert

das heiflt zur Bestimmung der Konstanten genigt die Kenntnis des pH-
W ertes, fur den diese Forderung zutrifft. Nach Vareille [13] ergeben sich
diese pH-Werte aus der folgenden Betrachtung:

[NIHY-] = [NiY2] = 5

¢ = Ausgangskonzentration an Metallsalz.
Daraus folgt fir die Extinktion beim gesuchten pH-Wert

C

= (eNiHY~ + £NiY2-)
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Dann ist

E C(ANIHY ——h -EnfY2-) 5

wobei 1?nihy und Eniy.~ jene Extinktionen sind, bei denen diese Komplexe
vollstdndig vorliegen. Man findet so durch einfache Mittelwertbildung aus
den Extinktionskurven bei den Wellenldngen der isosbestischen Punkte die
Gleichgewichtskonstante des dem isosbestischen Punkt vor- bzw. nachge-
lagjrten Gleichgewichts.

Aus der Abbildung 4 ergeben sich folgende Werte:

lg -Knih2Y= 55 lg Knihy- = 10,0

Diese Werte gestatten die Berechnung von zwei weiteren Komplex-
bildungskonstanten. Die Beziehungen daflr lauten:

ANiIH2Y = AN iHy /AN HY_ 'K 5

IYH+ _ IAHY3- ITSVYi- V-

A NiHY = ANGHY -IANiY 2 «JVv4
K3 und K4 sind die Dissoziationskonstanten der HEDP und wurden der
Arbeit von Wada und Fernando [8] enthommen. Es ergeben sich

S LA S B
g Y= 9 N4 [HY 3]
[NILHY-] _ 52
d
o o v [Ni2+] [Y 4]

Im untersuchten pH-Bereicli 2,55—11,80 sind auBer den beschriebenen
1:1-Komplexen Verbindungen mit anderen molaren Verhdaltnissen nicht
erhalten worden, da beim Erreichen des molaren Ni/HEDP-Verhaltnisses von
2 : 1 stets ein Niederschlag ausfiel. Dies steht in Ubereinstimmung mit den
Ergebnissen von Wada und Fernando an Komplexen von HEDP mit
Kupfer [9].
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KINETICS OF THE DECOMPOSITION OF ot-FORMYL-2-HYDROXYDEOXYBENZOIN
TO 2-HYDROXYDEOXYBENZOIN

V. Szabé and M. Zsuga*

(Institute of Applied Chemistry, Kossuth Lajos University, Debrecen)
Received July 29, 1974

A kinetic study of the decomposition of a-formyl-2-hydroxydeoxybenzoin-enol
(1) to 2-hydroxydeoxybenzoin has shown that this decomposition is inhibited by
hydroxide ions. It is assumed that the inhibition consists essentially in shifting of the
dissociation equilibrium Il ~ 11l in the presence of the hydroxide ions towards Ill,
and the di-anion thus produced is inactive.

The activation energy and entropy of the decomposition reaction, as well as
the equilibrium constant of the above dissociation equilibrium have been determined.

In our preceding communication [1] it has been reported that, under
the experimental conditions used by us, the alkaline decomposition of iso-
flavone can be separated kinetically into two reaction steps: ring opening
beginning with nucleophilic An2 addition, followed by the much slower decom-
position to 2-hydroxydeoxybenzoin. The rate determining step of the decom-
position of isoflavone to 2-hydroxydeoxybenzoin is just the decomposition
of a-formyl-2-hydroxydeoxybenzoin-enol (IlI) to 2-hydroxydeoxybenzoin;
therefore, the kinetical investigation of the said conversion is very important
in the elucidation of the whole decomposition process.

Our present work deals with these kinetic investigations.

Experimental

The kinetic measurements were made by the spectrophotometric method [1]. AUNICAM
SP 800 B spectrophotometer was used for recording the spectra and effecting the kinetic meas-
urements, using aqueous sodium hydroxide solutions of various concentrations (0.02—1 M)
and aqueous ethanolic NaOH solutions. The ionic strength of the solutions was adjusted, in
aqueous medium with potassium chloride, and in the solutions containing alcohol with
NaC104, to a constant value (I = 1).

Twenty minutes after the starting of the reaction, ring cleavage was complete under
the given experimental conditions, and the measurement of the decomposition process began
only afterwards [1].

Results and discussion

The spectrum of the enol (II) or rather the enolate (ll1lI) of a-formyl-
2-hydroxydeoxybenzoin [1], formed during the cleavage of the isoflavone
ring, changes slowly in alkaline medium in the direction of the spectrum of

*This paper has been written on the basis of the dissertation of M. Zsuga.
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2-hydroxydeoxybenzoin phenolate (IV) (Figs 1, 2), so that the change of the
spectrum corresponds to a decomposition process to 2-hydroxydeoxybenzoin
phenolate (IV). The decomposition reaction has been repeated under pre-
parative conditions. The progress of the reaction and its final state were fol-
lowed by thin-layer chromatography. The preparative experiments fully
supported the results of the spectrophotomctric measurements.

Fig. 1. Spectrum of isoflavone in H2 — spectrum of a-formyl-2-hydroxydeoxyben-
zoin-enol in 0.1 N NaOH spectrum of 2-hydroxydeoxybenzoin in 0.1 N NaOH
....... .C=5+10-5M

Fig. 2. Changing of the spectrum of a-formyl-2-hydroxydeoxybenzoin in alkaline medium
at 35°C
At= 1hr; C= 5¢10-s M; [OH-]1= 06 M

The kinetic study of the decomposition reaction was carried out at the
wavelength 290 nm. The apparent reaction rate constant (fed) was calculated
in the same way as described in our earlier paper [1].

W ith the aid of the apparent reaction rate constants (fed), the extinction
values belonging to the various points of time have been calculated [1]. The
good agreement between the measured and calculated extinction values
(cr= +2.7 «10~3 absorption unit) proves that under the given experimental
conditions the decomposition process can be regarded as a pseudo-first order
reaction.

The dependence of the apparent reaction rate constants of the decom-
position on the hydroxide ion concentration [OH-], of the medium is shown
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in Fig. 3. (The average relative error of the apparent reaction rate constants
is 6= +3.0%.)

Investigations of the ring opening reaction of isoflavone [1], the dehy-
dration reaction of 2-hydroxyisoflavone [2] and the catalytic hydrogenation
of isoflavone in alkaline medium [3] have led to the conclusion that in alkaline
medium the reactions shown in Scheme 1 are to be expected.

Since the kinetics of the decomposition reaction were studied after the
ring opening reaction (t > 20 min), when equilibrium of the ring cleavage had

been attained and since the equilibrium 11 ~ 11l is established according to
our experiences [2] instantaneously, the reaction system shown in Scheme 1
can be simplified; the dissociation equilibrium Il ~ IIl is to be regarded as

the pre-equilibrium of the decomposition to 2-hydroxydeoxybenzoin pheno-
late (IV). Under the conditions of the experiment, the reaction system contains
practically only II, 111 and IV [1], so that the decomposition reaction of o
formyl-2-hydroxydeoxybenzoin-enol (llI) to 2-hydroxydeoxybenzoin pheno-
late (IV) can be described by the following reaction mechanism:

I+ OH- I+ HO
K
— >IV + HCOO-
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Fig. 3. Dependence of the kd constants on [OH ] o mo mo mo mo at 35°C; -

............. at 25°C; — -——-——-1-——-1-—at 20°C
Since
K = m and i ( = - te
(1] [11] [OH-]

where Kw = ionic product of water,
and Cb= [H] + [IHN] + [IV],

i.e. Cbis the total concentration of the organic component.
Expressing [II] from Eqgs (2) and (3):

[1] = Cc* -
K [OH-] + Kw ) K [OH ]+ Kw

where C* = Cb— [IV].

Kw
d[v] K[ = -k —
dt KAOH-] + Kw
If [OH-] = const., then the apparent reaction rate constant is:
K Kw
kd K [OH ]+ Kw
and
1 _ K*[0H-] 1
kd K K
where
Kw
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1/ka plotted as a function of [OH-] gives a straight line (Fig. 4), which
means that the apparent reaction rate constant is, in accordance with Eq. (7),
inversely proportional to [OH-]. Thus, hydroxide ions inhibit the decomposi-
tion of a-formyl-2-hydroxydeoxybenzoin-enol (Il) to 2-hydroxydeoxybenzoin
phenolate (1V); this is the opposite of the effect of hydroxide ions catalyzing
the decomposition of /3-diketones in alkaline medium [5].

The inhibitive effect of the hydroxide ions has been interpreted similarly
as in the catalytic hydrogenation of isoflavone [3] in alkaline medium and
in the dehydration reaction of 2-hydroxyisoflavanone [2], by the shifting of
the Il ~ 11l dissociation equilibrium in the direction of the upper arrow. This

Fig. 4. Dependence of I/k™ on [OH ]
— [ %---% at 20°C; -x-x-x-x-x- at 25°C; -0-0-0-0-0- at 30°C;........... at 35CC

inhibitive effect is a further confirmation of our observation made in several
chemical reactions [2, 3] that the di-anion-Ill is very stable in alkaline medium;
it is not converted either to isoflavone or 2-hydroxydeoxybenzoin phenolate
(IV), and cannot be reduced even by catalytic reaction.

W ith the aim to study the hydrolytic character ofthe decomposition
reaction, the change of the decomposition rate was investigated, at constant
hydroxide ion concentration and ionic strength, as a function of the alcohol
concentration. It has been found that kd increases in linear proportion with
the alcohol concentration (Fig. 5). Since the ionic strength was constant, the
increase of kd can only be interpreted by a decrease in the hydroxide ion
activity caused by the change in the activity of water, so that this experi-
mental series affords additional proof for the inhibite effect of hydroxide
ions [4, 8].

On the basis of Eq. (7), the rate constants of the decomposition reaction
have been determined, at various temperatures, from the axis intersections
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of the straight lines shown in Fig. 4, and the equilibrium constants of the dis-
sociation Il ~ 111 from the slope of the lines. From the reaction rate constants
determined in aqueous alkaline medium at various temperatures, the activa-

Fig. 5. Dependence of on the alcohol content of the solution at 20°C
C= 5¢10“5M\ [OH-]= 0.05 M

tion parameters of the decomposition reaction have also been calculated.
A value of E* — (20.00 + 0.04 kcal mole-1 has been obtained for the activa-
tion energy, and a value of AS* = (—11.50 1.4) cal mole- hdegree“ 1 for
the entropy of activation. The reaction rate and equilibrium constants are
summarized in Table I.

Table |

The reaction rate constants and dissociation constants of the decomposition
of a-formyl-2-hydroxydeoxybenzoin-enol to 2-hydroxydeoxybenzoin
at various temperatures

T (°K) « 103 K+ +10-1 K *10M4
293 1.078 + 0.21 1.1448 9.85
298 196 *0.15 0.6736 8.56
303 3.276 + 0.17 0.4262 8.06
308 589 +0.03 0.3751 7.84

The values of the ionic product of water have been taken from the literature [8, 9]

The activation entropy of the decomposition process shows [7] that the
transition state of the decomposition from 1l is not much more complicated
than 1l. It seems therefore probable that, similarly to the alkaline cleavage
of diketones [5], decomposition proceeds through the intermediate products
V1 and VII, formed from both Il and its oxo form V [10]; the formation of VI
and VIl isinstantaneous, while their decomposition to 2-hydroxydeoxybenzoin
phenolate (IV) is a much slower process (Scheme 2).
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\4 \Y% Vil

The presence of the intermediate products VI and VII is also indicated
by the fact that formic acid is formed in the decomposition of isoflavone in
alkaline medium [6], and its formation cannot be interpreted neither from Il
nor from the oxo form of Il (V) without a new nucleophilic attack.
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The transformations of three isomeric unsaturated alcohols (allylcarbinol,
crotyl alcohol and methylvinylcarbinol) were studied by an impulse technique on
thermolite-supported platinum, palladium and rhodium, and on Raney-type copper,
nickel and zinc catalysts in the presence of hydrogen at 100—400°C. The main reac-
tion directions (isomerization to oxo compound and hydrogenation to saturated alcohol)
were followed as functions of the various experimental parameters. Conclusions were
drawn from the experimental results about the mechanism of the isomerization.

1. Introduction

Metal catalysts are known to catalyze not only the hydrogenation of
unsaturated alcohols, but also their isomerization to oxo compounds [1—6].
A survey of the literature relating to the process reveals that the individual
metal catalysts have not been subjected to comparative study under identical
experimental conditions, nor has the mechanism of the isomerization process
been investigated.* Similarly, no reference was found to the examination of
the metal-catalyzed isomerization by an impulse technique method.

Accordingly, we set out to study the isomerization of three isomeric
unsaturated alcohols (allylcarbinol, crotyl alcohol and methylvinylcarbinol)
on thermolite-supported platinum, palladium and rhodium catalysts (in the
following; Pt/T, Pd/T and Rh/T) and on Raney-type nickel, copper and zinc
catalysts (in the following: Ni/Al, Cu/Al and Zn/Al). Thermolite is a support
employed in gas chromatography; it is a fire-resistant clay, consisting pre-
dominantly of calcium magnesium silicate. The examinations were carried out
by an impulse technique in the presence of hydrogen as carrier gas, at 100—
400°C, at atmospheric pressure. As a consequence of the presence of hydrogen,
hydrogenation to saturated alcohols also occurred.

W ith regard to the study of the mechanism of the isomerization process,
examinations were carried out on thermolite, on a carrier-free rhodium cata-
lyst, on a platinum-carbon catalyst, in the absence of hydrogen (with helium

* While the present report was being written, a paper was published by Eadon and
Shiekh [7] about an investigation of the mechanism of the copper-catalyzed isomerization
of a./?-uiisaturatcd alcohols.
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as carrier gas), and on catalysts poisoned with pyridine. An investigation was
further made of the transformations of the main products (butyraldehyde,
methyl ethyl ketone, 1-butanol and 2-butanol) under the same experimental
conditions as used for the unsaturated alcohols.

2. Results
2.1 Transformations of the unsaturated alcohols on thermolite

When the transformations of the three model compounds were studied
on thermolite at 100—250°C, it was found that they underwent considerably
less conversion than on the catalysts. Allylcarbinol proved to be completely
stable; the conversions of methylvinylcarbinol and crotyl alcohol at 250°C
were 30% and 50%, respectively, while at 185°C practically no conversion
was obtained. In the case of methylvinylcarbinol, fragmentation occurred,
whereas part of the crotyl alcohol isomerized at 250°C to allylcarbinol (7%)
and methylvinylcarbinol (8%). It should be noted that the formation of the
isomeric oxo compounds, butyraldehyde and methyl ethyl ketone, was not
observed on a thermolite support. These experimental data thus show that
there can be no doubt about the correctness of the suggestion as regards the
isomerizing effect of these supported metal catalysts, leading to the formation
of oxo compounds.

2.2 Main directions of transformation

The experimental data are presented in Figs 1—16, which show the
variation of the product composition with temperature in the transformations
of the three model compounds on the six catalysts. The amount of product
formed varies as a function of temperature according to a maximum curve;
this can be explained by their further conversions. The study of these latter
processes was not part of this programme.

The following more important conclusions can be drawn from the experi-
mental data.

In the course of the transformations of the three model compounds,
the products shown in the schemes below are formed.

In the cases of allyl carbinol and crotyl alcohol:

CH,=CH-CH2-CH2 OH CH3CH2CH2-CHO

CH3-CH =CH-CH2-OH CH3-CH2-CH2-CH2OH
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Figm3. Fig. 4.
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Figs 1—5. Variation of the product composition as a function of temperature in the trans-
formation of allylcarbinol (1: allylcarbinol; 2: butyraldehyde; 3: 1-butanol; 4: crotyl alcohol,;
5; dibutyl ether)

In addition to these products, the formation of the following compounds can
also be observed: dibutyl ether,* crotonaldehyde, 2-butanol and methyl ethyl
ketone.

*The ether-formation process has been reported in an earlier paper [8].
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Figs 6—10. Variation of the product composition as a function of temperature in the trans-
formation of crotyl alcohol (1: crotyl alcohol; 2: butyraldehyde; 3: 1-butanol; 5: dibutyl
ether; 6: crotonaldehyde)

In the case of methyl vinyl carbinol:

CH3-CH-CH2CH 3
CH3-CH-CH = CH2
OH
OH
CH.-C—CH9-CH,
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The main reactions are thus hydrogenation to saturated alcohols and
isomerization to the corresponding oxo compounds. Additionally, isomeriza-
tion of the unsaturated alcohols from one tQ another is observed (Figs 2, 3).

2.3 Transformation rate of the unsaturated alcohols

Our experimental data on the rates of transformation of these unsatu-
rated alcohols permit the following conclusions. The transformations of all
three unsaturated alcohols are considerably faster on the metals of the eighth
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Figs 11—16. Variation of the product composition as a function of temperature in the trans-
formation of methylvinylcarbinol (3: 2-butanol; 2: methyl ethyl ketone; 1. methylvinyl-
carbinol)

column of the periodic system, mainly because of the rapid hydrogenation
of the carbon-carbon double bond (cf. Figs 5, 10, 15 with the others). An
interesting, characteristic change can be observed in the rate of hydrogenation
of the compounds on platinum metals. The transformation of methylvinyl-
carbinol (Figs 11—13) is slower than those of the other two isomers (Figs
1—3, 6—8), probably as a consequence of the shielding effect of the secondary
hydroxyl group on the carbon—arbon double bond. On copper the trans-
formation of allyl carbinol is slower (Fig. 5) than those of the two «,/S-unsatu-
rated alcohols (Figs 10, 15); this can be well interpreted via the mechanism
of the isomerization (see later).

2.4 Activity and selectivity of the catalysts

On the basis of literature data, the catalysts employed can be divided
into two main groups. The metals belonging to the eighth column of the
periodic system are good catalysts of the hydrogenation of the carbon—earbon
double bond, while copper and zinc mainly exhibit activity in the hydrogena-
tion of the oxo group.

At low temperature Pt/T, Rh/T, Pd/T and Ni/Al catalyze the hydro-
genation of the unsaturated alcohols to butanols with relatively high selec-
tivity (Figs 1—4, 6 —9, 11—14). In the cases of Cu/Al and Zn/Al the hydro-
genation proceeds with significantly lower selectivity and only at higher
temperature (Figs 5, 10, 15, 16). Since these metals do not adsorb hydrogen
below 300°C [9], in our view the saturated alcohols are formed by hydro-
genation of the oxo compounds resulting from isomerization.

Acta Chim. (Budapest) 88,1976



42 BARTOK, TOROK: STUDY OF THE ISOMERIZATION

Pd/T (Figs 2, 7, 12), Rh/T (Figs 3, 8, 13) and Cu/Al (Figs 5, 10, 15)
proved the most active catalysts in the isomerization of the unsaturated
alcohols examined. Zn/Al catalyzed the isomerization of methylvinylcarbinol
(Fig. 16) much better than those of the other two alcohols. The selectivity of
isomerization was generally higher for the two a,/3-unsaturated alcohols than
for allylcarbinol.

2.5 Effect of the thermolite support

W ith regard to the nature of the active centres responsible for the cata-
lytic reactions, a study was made of the transformation of crotyl alcohol on
pyridine-poisoned Rh/T, on carrier-free rhodium, and on pyridine-poisoned
rhodium. These experiments led to the following conclusions.

The isomerizing selectivity of Rh/T is significantly greater than that of
the support-free catalyst. At the same time the hydrogenating selectivity of
the rhodium catalyst is higher than that of the Rh/T.

In the presence of pyridine (a 1: 1 crotyl alcohol -F pyridine mixture)
the active sites of the Rh/T responsible for the isomerization are appreciably
poisoned, the rate of formation of butyraldehyde decreasing to a half.

Pyridine decreased both the isomerizing and the hydrogenating activities
of the rhodium catalyst, but to a smaller extent than in the case of Rh/T.
The rate of adsorption of pyridine is probably higher than that of crotyl
alcohol; by this means the pyridine decreases the active surface accessible to
the crotyl alcohol, and accordingly the isomerizing and hydrogenating activ-
ities of the catalyst both decrease.

Since isomerization does not occur on the thermolite support itself, and
proceeds only at a low rate on the carrier-free rhodium, the Rh/T catalyst must
possess active centres which are different from the foregoing. This is shown
among others by the fact that the rate of isomerization is lowered by the
presence of pyridine, while the isomerization takes place only in the presence
of hydrogen.

2.6 Effect of the carrier gas

W ith the aim of the elucidation of the effect of the hydrogen carrier gas
on the isomerization of the unsaturated alcohols, experiments were also per-
formed on Pt/T, Pt/C, Ni/Al and Cu/Al in the presence of helium as carrier gas.
The experimental data obtained in the case of crotyl alcohol are given in
Fig. 17, which shows the maximum yields of the main products under various
experimental conditions. The main conclusions to be drawn from these exami-
nations, apart from the fact that hydrogenation does not proceed in the ab-
sence of hydrogen, are as follows.

In a helium atmosphere the Pt/T catalyst actually lost its activity (see
Fig. 17). The transformation of crotyl alcohol is slow, while'butyraldehyde is
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not even formed in traces; thus the presence of hydrogen is a determining
factor as regards the occurrence of the isomerization.

In the case of Cu/Al the carrier gas does not exert an effect on the rate
of transformation, but the composition of the product does change. It appears
that in the presence of this catalyst, too, hydrogen plays a part in the iso-
merization to butyraldehyde, its role, however, being different from that in
the case of Pt/T.

Very little isomerization was observed in the presence of hydrogen on
Ni/Al. It was earlier assumed that in the absence of hydrogen (by repressing

H2 He H2 He H2 He H2

Fig. 17. Maximum yields of the main products from crotyl alcohol at 100—300°C, on various
catalysts, in the presence of hydrogen and helium carrier gases (2: butyraldehyde; 3: 1-buta-
nol; 6: crotonaldehyde; 4: allylcarbinol -f- methylvinylcarbinoi)

the hydrogenation) Ni/Al would catalyze the isomerization of the unsaturated
alcohols by means of intramolecular hydrogen migration. The experimental
data now reveal that this assumption was not confirmed.

In the presence of helium on Pt/T and Pt/C methylvinylcarbinoi suffered
fragmentation, and isomerization did not occur.

2.7 Dehydrogenation of saturated alcohols

Since the saturated alcohols could presumably be intermediates, the
dehydrogenation of 1-butanol and 2-butanol to butyraldehyde and methyl
ethyl ketone was studied under the experimental conditions applied in the
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Fig. 21.

case of the model compounds. The experimental data are given in Figs 18 23.
For the sake of better comparison, the Figures present the temperature
dependence of the yields of the corresponding oxo compounds not only for
the two alcohols, but also for the three unsaturatcd alcohols. It can be seen
from the experimental data that the oxo compounds are generally formed at
a higher rate by isomerization of the unsaturated alcohols than by dehydro-
genation of the corresponding saturated alcohols. The difference in rate is
most striking in the case of Rh/T and Pd/T. Based on these experimental data,
however, the possibility of the above mechanism cannot be excluded on Pt/T
and Ni/Al, particularly since the rates of hydrogenation of the unsaturated
alcohols are very high on these catalysts. The possibility of this mechanism
is similarly supported by the experimental data presented in Fig. 24. It can
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Figs 18—23. Variation of the yields of butyraldehyde and methyl ethyl ketone in the iso-
merization of the corresponding unsaturated alcohols and the dehydrogenation of the satu-
rated alcohols (1: % butyraldehyde from allylcarbinol; 2: % butyraldehyde from crotyl alco-
hol; 3: % butyraldehyde from 1-butanol; 4: % methyl ethyl ketone from methylvinyl-
carbinol; 5: % methyl ethyl ketone from 2-butanol; 6: equilibrium conversion curve of the
1-butanol-butyraldehyde process, calculated from thermodynamic data; 7: equilibrium con-
version curve of the 2-butanol-methyl ethyl ketone process, calculated from thermodynamic
data)

Fig. 24. Variation of the product composition as a function of temperature in the trans-

formations of methylvinylcarbinol and 2-butanol on Pt/C (1; % 2-butanol from methyl-

vinylcarbinol; 2: % methyl ethyl ketone from methylvinylcarbinol; 3: % methyl ethyl

ketone from 2-butanol; 4: equilibrium conversion curve calculated for the 2-butanol-methyl
ethyl ketone process)

be seen that on Pt/C the rate of dehydrogenation of 2-butanol is higher than

the rate of isomerization of methylvinylcarbinol.
On Cu/Al and Zn/Al, too, the rates of isomerization of the unsaturated
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alcohols are in some cases comparable with the rates of dehydrogenation of
the saturated alcohols, but since the activities of these catalysts are low in
the hydrogenation of the carbon—earbon double bond, the route via the
intermediate is probable only in the system copper catalyst—allylcarbinol.

3. Discussion

3.1 Reaction mechanisms presumable theoretically

The possible mechanisms of isomerization of the unsaturated alcohols
are presented below.

1. Formation of oxo compounds by 1,3 intramolecular migration of
hydrogen atoms or ions. These processes are schematically outlined for the
three chemisorbed substrate molecules as follows

2. The isomerization can be interpreted by means of the following inter-
molecular mechanism which takes place through some hydrogen transfer
processes:
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The main point of the isomerization process is- the intermolecular de-
hydro-hydrogenation taking place through an unsaturated oxo compound as
intermediate. The presumption of this reaction mechanism is justified con-
vincingly by the experimental results quoted earlier [7].

3. According to this mechanism the isomerization of the unsaturated
alcohols to oxo compounds is accomplished with the participation of the
chemisorbed hydrogen — i.e. with intermolecular mechanism —, with high

probability via complexes of Tt-allyl type. These processes are outlined below
for the three model compounds.
Jsomerization of allylcarbinol and crotyl alcohol:

Isomerization of methylvinylcarbinol:

In these reaction mechanisms use was made of the mechanism proposed
by TwiGG [10] to explain the double bond migration in olefins, which is proved
experimentally and hereby accepted in the literature. In the case of unsatu-
rated alcohols the final step of the process is the rearrangement of the enol
form of the oxo compound to the oxo form. This change can similarly take
place with the participation of chemisorbed hydrogen, or via a four-membered
transition state with intramolecular 1,3 hydrogen migration, depending on the
experimental conditions.
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4. The formation of the oxo compounds can also be explained by the
catalytic dehydrogenation of the saturated alcohols produced in the hydro-
genation of the unsaturated alcohols:

CH3 CH=CH"CH20H
H, CH3~CH2CH2CH 2H CH3-CH 2CH 2CHO

CH2=CH-CH2CH 20H

CH2=CH-CH CH3_"C H 3-CH2 CH CH3 CH3-CH2C,CH3
o I |
OH OH 0

Based on the experimental results reported in the previous section —
utilizing some other observations and statements from the literature — the
isomerization of the unsaturated alcohols can be suitably interpreted to a first
approximation by one or other of the four reaction mechanisms.

3.2 Mechanism of the isomerization on platinum metals

The majority of the experimental data obtained with the platinum metal
suggest mechanism 3. In the absence of hydrogen the isomerization process
does not take place (Fig. 17), which is clearly in opposition to mechanisms
1 and 2, while confirming the realistic nature of mechanisms 3 and 4. How-
ever, the equilibrium conversions of alcohol dehydrogenation (Fig. 20) cal-
culated from the thermodynamic data, and the experimental data referring
to the dehydrogenation of the alcohols (Figs 18—20) do not confirm the
validity of mechanism 4 in most cases. Mechanism 4 achieves a certain degree
of probability only in the platinum-catalyzed isomerizations of allylcarbinol
and methylvinylcarbinol (Fig. 18). This latter can be explained by the rapid
hydrogenation of methylvinylcarbinol, and by the thermodynamically fa-
voured dehydrogenation of the secondary alcohols. The experimental data
found on Pt/C (Fig. 24) confirm this.

3.3 Mechanism of the isomerization on NijAl catalyst

Our experimental results indicate that Ne/Al1 behaves differently from
the thermolite-supported platinum metal catalysts in the isomerization of
unsaturated alcohols, in spite of the fact that, similarly to the platinum
metals, it chemisorbs hydrogen and is very active in the hydrogenation of
the carbon-carbon double bond (Figs 4, 9 and 14). Ni/Al displayed very low
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activity in the isomerization of crotyl alcohol and allylcarbinol (Fig. 21), in
contrast with the platinum metals, while at the same time it had the same
activity as the platinum metals in the isomerization of methylvinylcarbinol;
it can be concluded from these experimental facts, that the mechanism is
different from that of the platinum metal-catalyzed isomerization. Based on
the appropriate calculated equilibrium conversion curve (Fig. 20) and the
experimental data relating to the dehydrogenation of 2-butanol (Fig. 21),
the isomerization of methylvinylcarbinol to methyl ethyl ketone on Ni/Al
can be interpreted by mechanism 4. From another aspect this same mechanism
is supported by the low degree of isomerization of allylcarbinol and crotyl
alcohol, which is a consequence of the thermodynamically unfavoured nature
of the second part-step of the consecutive process.

3.4 Mechanism of the isomerization on Cu/Al and Zn/Al catalyst

The isomerization of allylcarbinol to butyraldehyde on Cu/Al isexplained
by mechanism 4. Under the experimental conditions applied here this catalyst
is capable of hydrogenating the chain-terminating carbon-carbon double
bond [11], while the occurrence of the second part-process is supported by
both the thermodynamic and the experimental data (Fig. 22).

The majority of our experimental data obtained in the isomerization of
crotyl alcohol can be interpreted with mechanism 2. Since copper does not
chemisorb hydrogen, the possibility of mechanisms 3 and 4 is eliminated, in
spite of the fact that certain of our experimental data (Fig. 17) suggest that
the presence of hydrogen (in a manner as yet unclarified) exerts an effect
on the process. The probability of mechanism 4 is mainly contradicted by the
formation of significantly more butyraldehyde than expected on the basis of
the equilibrium constant of the second part-process of mechanism 4. (The
possibility ofthe first part-process does exist in principle, since copper catalyzes
the isomerization of crotyl alcohol to allyl carbinol.) In addition to the above,
mechanism 2 is confirmed by the following data: the investigations of Eadon
and Shiekh [7]; the fact that, even though at a lower rate, the isomerization
does proceed in the absence of hydrogen; and the big amount of the croton-
aldehyde formed (Fig. 10). A mechanism different from that of the isomeriza-
tion of allylcarbinol is indicated by the rates of isomerization of the two
a,/?-unsaturated alcohols which are considerably larger than that for allyl-
carbinol, the reason for this being that the first part-process according to
mechanism 2 — dehydrogenation of the a,/J-unsaturated alcohols — is signif-
icantly more favoured even thermodynamically than that of a,y-unsaturated
alcohols.

Mechanism 2 is similarly applied to explain the isomerization of methyl-
vinylcarbinol to methyl ethyl ketone on Cu/Al and Zn/Al. Mechanism 3 can
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obviously be eliminated, while at the same time the occurrence of mechanism
4 is not supported either by theoretical considerations and our experimental
data. The dehydrogenation of 2-butanol on Cu/Al is significantly slower
(Fig. 22) than the isomerization of methylvinylcarbinol on the same catalyst,
while on Zn/Al the occurrence even of the first part-process of mechanism 4 is
impossible [12]. It is to be noted that on Cu/Al the dehydration of 2-butanol
to butenes is considerably faster than its dehydrogenation (at 300°C the
dehydration proceeds with a 60% conversion).

In connection with the reaction mechanism variants outlined above, it
should be noted that at the present stage of our experimental work the individ-
ual mechanisms can be confirmed only approximatively. The understanding
of the detailed mechanisms of these processes is obstructed not only by the
lack of various complex experimental data, but also by the fact that even
within the main types one can conceive various reasonable variations, with
numerous, not too well understood elementary steps, associated further with
the problematics and complexity of the mechanisms of considerably simpler
catalytic processes on metals.

4. Methods

The compounds examined (allylcarbinol, crotyl alcohol, methylvinylcarbinol, 1-buta-
nol, 2-butanol, butyraldehyde and methyl ethyl ketone) were commercial products. They
were purified by fractional distillation, and their purities were checked by GC.

Catalysts. Pt/T, Rh/T, Pd/T and Pt/C (metal content 10%) were prepared as described
previously [13, 14]. The Raney-type catalysts were prepared from aluminium alloys (grain
size 0.2—0.4 mm) containing 30% active metal [15]. The carrier-free rhodium catalyst was
also prepared by a literature method [16] (specific surface: 57 m2e+g_1).

Description of the experimental method. The investigations were carried ont by an
impulse microreactor technique. The measurements were repeated several times; the repro-
ducibility was satisfactory. The technique described previously [13] was modified only in
so far as the microreactor was constructed from Rasotherm glass, and its internal diameter
was 6 mm. The quantity of thermolite-supported catalyst used was 1 ml, while that of Raney-
type and Pt/C catalysts was 0.2 ml. The active metal contents of the catalysts were approxi-
mately the same. 60 mg of the carrier-free rhodium catalyst was employed. The microreactor
was attached to a Carlo-Erba GY gas chromatograph. The chromatographic conditions were
as follows:

Column: Two 1 m glass columns, 4 mm in internal diameter, connected in series. The first
contained 15% polyethylene glycol (M.W. 20,000) on thermolite (grain size 0.2—0.3

mm), and the second 15% tris(cyanoethoxy)propane (Fractonitrile 111) on the same

support.

Carrier gas: 60 ml hydrogen (or helium) per minute.
Temperature of thermostat: 120°C.

Detector current: 140 mA.

Amount of sample injected: 0.005 ml.

The peaks of the chromatograms were identified with the aid of the
appropriate authentic substances, and evaluated quantitatively via calibra-
tion curves. The chromatogram of a mixture containing all the starting com-
pounds and products, obtained under the chromatographic conditions de-
scribed above, is given in Fig. 25.
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min

25. Chromatograms of the unsaturated alcohols studied, and their isomerization and

hydrogenation products (1: butyraldehyde; 2: methyl ethyl ketone; 3: 2-butanol; 4: methyl-

[14]

[15]
[16]

Mihaly Bahtok
Istvan Torok

vinylcarbinol; 5: 1-butanol; 6: allylcarbinol; 7: crotyl alcohol)
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Schiff-bases of salicylaldehyde and 2-, 3- and 4-aminophenol have been studied-
A reaction occurring in n-butanol is explained by the partial decomposition of the
Schiff-base and the formation of quinonamine.

In earlier communications [1, 2] we discussed the absorption spectra
of aromatic Schiff-bases and the effect of the solvent on the spectra. In polar
solvents an advance band of medium intensity between 400 and 450 nm was
interpreted as due to the tautomeric equilibrium [3, 4] of the Schiff-base
molecule.

This paper deals with the Schiff-bases obtained from salicylaldehyde
and 2, 3- and 4-amino phenol (I).

Experimental

The Schiff-bases described here are easily prepared by mixing stoichiometric quantities
of salicylaldehyde and an aminophenol, dissolved in methanol. Melting points and analyses
are listed in Table I.

Absorption spectra were recorded on a Beckman DU, infrared spectra with a Perkin
Elmer 200 spectrophotometer; proton resonance spectra were recorded on a JEOL 60 MHz
instrument at 25°C, in CD30D, using TMS as external standard.
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Results

The pattern of the spectra is similar to those of other aromatic Schiff-
bases. In methanol four groups of bands are discernible between 430 and 450,
338 and 350, 267 and 270, 225 and 230 nm, respectively. In anon-polar solvent
the advance band between 430 and 450 nm is absent (cf. Table I, Fig. 1).
The further three groups of bands are due to the excitation processes of the
azomethine group and of the aromatic system [5]. The intensity of the advance
band in the case of the 4-OH derivative in n-alcohols (Cj—€5) is a function

Fig. 1. Spectrum of HSAI-4-OH-aniline in benzene (a) and in methanol (b)

of the dielectric constant of the solvent (Fig. 2a); in a mixture of methanol
and benzene this intensity changes according to Fig. 2b. Similar results are
obtained with the 2- and the 3-OH derivatives. The constant [6, 7] for the
benzenoid/quinonoid equilibrium measured in methanol/benzene mixture at
25°C is K = 2.76, 1.06 and 1.92 for the 2-, 3-, and 4-OH derivative, respec-
tively.

Table | shows the infrared and the PMR data of the compounds. A great
number of bands emerge in the infrared spectra; the main frequencies can be
identified with certainty. A number of maxima appear in the range between
2500 and 3000 cm-1, these correspond to the vibrations of the aromatic CH-
groups and to those of the intramolecularly associated OH-groups.

A complex pattern of bands due to the aromatic protons, in the PMR
spectra recorded in CD30D, is found between 6.5 and 7.6 ppm; between 8.7 and
8.9 ppm the signal of the azomethine proton can be seen. Owing to rapid
exchange, no OH signal is observed in the CD30D solution. The position of
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Schiff-base

HSAI-2-OH-aniline

HSAI-3-OH-aniline

HSAI-4-OH-aniline

a uncorreeted

c%

186.0 73.62
(73.58)

128.9 73.62
(73.57)

139-0 73.62
(73.60)

b the values found are in parentheses
c first line in methanol second line in solution
d calculated according to the least squares method as described in Ref. [1]

ein KBr pellets

in CD30D at 25°C

Table |

Analyses and spectral data of Schiff-bases

Analysis*

H %

4.75
(4.71)

4.75
(4.69)

475
(4.71)

N %

6.60
(6.57)

6.60
(6.55)

6.60
(6.51)

~452
3.28

~425
2.50

~430
2.60

Band maxima0
A (nm) and Ige

347 269
4.08 4.00
357 270
4.03 3.98
338 267
3.98 3.98
342 268
4.07 4.04
348 270
4.20 3.91
350 268
4.14 3.93

~226

~225

~230

Infrared

frequencies®
Kd

vC=N vC—0

276 1634 1278

1.06 1622 1290

192 1626 1282

dCH=N*
(ppm)

8.89

8.68

8.71
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the azomethine proton signal is nearly unaffected by the substituents on the
aniline ring. This is due to the fact that the aniline part is turned out of the
plane and thus no conjugation with the CeH4OH)CH = N moiety is possible,
consequently, the electron donor effect of the substituents is restricted.

The position and intensity of the advance band, the value of the equi-
librium constant, the infrared rC= N frequencies and the chemical shift of
the CH = N proton change in the sequence 2 >4 >e 3, in accordance with the
electron donor effect of the OH-substituent. The vC—O frequency changes
in the sequence 2 < 4 < 3, as expected.

The butanol solutions of the Schiff-bases studied change their colour
from a light yellow to red-brown when allowed to stand. A similar change

Fig. 2. Variation of the intensity of the advance band of HSAI-4-OH-aniline as a function
of the dielectric constant, in alcohol (a) and in methanol (b)

occurs is re-propyl- and re-amyl-alcohol, but the rapidity of this change de-
creases in the sequence re-butanol re-amyl > re-propyl alcohol. In diffuse light
and in the dark, this conversion takes place in the same way and to the same
extent.

The spectra of the 4-OH-derivative in re-butanol recorded after 0, 40,
72, 144, 168 and 216 hrs are shown in Fig. 3. From the variation of the ab-
sorbance at 338 and 350 nm, a first order rate constant of K = 2.2 X10“5sec- 1
can be calculated [9]; in the case of the 3- and the 2-OH derivatives more
complex processes take place.

Of the Schiff-base components, only the butanol solution of amino-
phenol shows a change similar to that found with the Schiff-base itself. The
product thus formed can be isolated. The spectrum (Fig. 4) of the product
(m.p. 135°C, not sharp) recovered after leaving the Schiff-base stand for
240 hrs deviates from that of the parent substance only in the domain between
450 and 500 nm, where a medium, additional absorption can be seen. The
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Schiff-base molecule is not decomposed, or only to a very low extent. This
statement is supported by

a) the infrared spectrum of the product, where the rC=N frequency
of the Schiff-base is sharply in evidence at 1620 cm*1;

Fig. 3. Spectrum of HSAI-4-OH-aniline dissolved in n-butanol after 0 (a), 44 (b), 72 (c),
144 (d), 168 (e), and 216 (f) hrs

Fig. 4. HSAI-4-OH-aniline. (a) In methanol; (b) in rabutanol, fresh solution; (c) spectrum
in methanol of the product isolated from the n-butanol solution after 7 days
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b) the PMR spectra of the parent Schiff-base and its product, which
are practically the same (in CDC13the CH=N proton signal is at 8.60 ppm
in both cases);

c) thin layer chromatography,* which does not unequivocally reveal
the presence of on aldehyde or amine.

The change of 4-aminophenol (m.p. 184°C) is very pronounced (the m.p.
of the product is 135°C) (Fig. 5). The sharp ultraviolet bands become com-
pletely slurred, and in the visible range very intense broad bands appear.

Fig. 5. 4-OH-Aniline. (a) In methanol; (b) in n-butanol after about 10 min.; (c) in n-butanol
after 20 hrs; (d) spectrum in methanol of the product isolated from n-butanol solution after
7 days

We suppose that the Schiff-base in solution is decomposed to a smad
degree. The amine component thus formed is then converted into a compoun-
that shows the intensive colour characteristics of aminophenols and pre
sumably a quinonoid structure. This is supported by the existence of such
a transformation for aminophenols and by the fact that in the case of a Schiff-
base molecule there is no possibility for the formation of a quinonoid struc-
ture. Further evidence in favour of this supposition is the fact that, among
the Schiff-bases of substituted anilines, only the OH-derivatives show this
transformation and the rate of the change decreases in the 4 ]> 2 3 order.

Attempts at the separation and identification of this small amount of
a supposedly quinonoid product have failed. However, there are two findings

* For the TLC analyses our thanks are due to Dr. J. Weisz, Department of Organic
Chemistry Jézsef A. University.
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that seem to support our assumption. The reaction product of the Schiff-base
with NiAc2yields the well-known chelate Ni[HSAI-4-OH-aniline]2; when this
is decomposed by hydrogen sulfide, the original Schiff-base can he recovered
from the solution. Also we find that when the end-product of the Schiff-
base, sealed in a glass tube under 10 6to 10 7Torr, is slowly heated, the orig-
inal, orange-red Schiff-base separates and can be identified by its melting
point.
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2-Phenyl-4H-1,3-benzthiazin-4-one derivatives (I) give with Grignard reagents,
depending on the organic group of the latter, 4-hydroxy-2,4-substituted-4ii-1,3-
benzthiazines (HI) and 2,2-substituted-3,4-dihydro-2ii-1,3-benzthiazin-4-one (Il1) de-
rivatives. The structures of compounds 1l were verified by their hydrolysis products.

Since only derivatives substituted in position 2 of 1,3-benzthiazine are
known, the aim of our present work was the synthesis and chemical and
pharmacological investigation of 2,4-substituted 1,3-benzthiazine derivatives.

2-Phenyl-4ii-1,3-benzthiazin-4-one (la) [1] and 2-phenyl-6,7-dimethoxy-
4H-1,3-benzthiazin-4-one (Ib) [2] were found to he suitable starting materials.
The latter compound was synthesized according to Szabs and Vinkxer in
a good yield from 2-phenyl-6,7-dimethoxy-41f-1,3-benzthiazine by oxidation
with chromium trioxide in anhydrous acetic acid solution.

The oxo-derivatives of | were allowed to react with various Grignard
reagents. In principle, the formation of both structures Il and 11l is possible
by addition to the conjugated bond —CO—N = C—. Compounds of type Il
by 1,4-addition, and subsequent iminohydrin —»amide tautomerization i.e.
actually by saturation of the —C= N— bond.

Our experiences are summarized in the scheme on p. 62.

W ith phenylmagnesium halide, probably owing,to the higher space
requirement of the phenyl group, only 4-hydroxy-2,4-diphenyl-4ii-1,3-benz-
thiazine derivatives of type Ill were obtained.

It is remarkable that Ib with benzylmagnesium halide, gave besides
compound lie, the benzal derivative IV. The latter is probably formed from
the non-isolable intermediate product Illc by the elimination of water.

Presumably, the reaction proceeds also with alkylmagnesium halides
(Q = Et, n-Bu) in both directions, but the compounds of type IlIl formed are
further converted, and only the corresponding compound of type Il could
be isolated.

* Parts of this paper were presented at the Conference of the Hungarian Chemical
Society, Debrecen, 1971.

Acta Chim. (Budapest) 88,1976



62 SZABO, VARGA: 2,2- AND 2,4-SUBSTITUTED 1,3-BENZTHIAZINES

a R=H
b R= OMe
QMgX

8 qi. . ro:fV

0
11 11
a R=H; Q= Et a R=H; Q= Ph
b R=H; Q=CHZXh b R=0OMe, Q=Ph
C R=OMe;, Q=Et [c R=OMe, Q= CH>h]
d R= OMe; Q= 5-Bu
e R=0OMe; Q= CHZBh
(-H:0)
MeO. j-l
o © b
CH—PIi
v
The structures of the compounds Il and Il prepared have been verified

by IR and NMR investigations [3], supported by elementary analyses.

The structures of compounds Ilia and Illb have also been proved by
preparative method. In anhydrous benzene solution, compound Illb is con-
verted by dry hydrogen chloride almost quantitatively into an unstable com-
pound of immonium salt structure. The conversion is introduced by the
formation of an orange-yellow benzthiazinium salt (Y), precipitating from the
benzene solution when hydrogen chloride is introduced; however, compound
V cannot be isolated, because it is immediately dissolved with the formation
of the immonium salt. For this compound, structures VI and VII are both
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possible, but no decision can be made between them on the basis of the IR
spectra. The iminothioether structure VII, which is stabilized by mesomerism
due to the non bonded electron pairs of the sulfur atom, seems much more
probable.

IX VI

It should be mentioned that compound Illb gave also with aqueous
hydrochloric acid the same compound of immonium salt type, but in a lower
yield, because this salt is hydrolyzed in aqueous solution, being converted,
with the formation of ammonium ion, into S-(benzoyl)-4,5-dimethoxy-2-mer-
captobenzophenone (VIII).

Similarly, compound llia was converted into the corresponding immo-
nium salt; its IR spectrum also has the band at 2830 cm-1, characteristic of
imino salts.

The formation of compound VIII is not conclusive for structure VI or
V1l of the immonium salt, because it can be formed from either, but as a hydrol-
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ysis product it proves the 2,4-disubstituted-4JZ-1,3-benzthiazine structure of
IIl. Therefore, by the debenzoylation of compound VIII, 4,5-dimethoxy-
2-mercaptobenzophenone (IX) has been prepared, and converted with benzo-
nitrile and dry hydrogen chloride in anhydrous ether solution into the authen-
tic compound VIlb. On the basis of its chemical and physical properties and
IR spectrum, this compound proved to be identical with the immonium salt
of structure Vllb.

The conversion Il —VII is not reversible, because the reaction in even
weakly alkaline solutions does not give the benzthiazine derivative Ill but, due
to hydrolysis of compound VII, the S-(benzoyl)-2-mercaptobenzophenone
derivative is obtained.

Owing to their high instability, 2,4-substituted-4-hydroxy-4jFf-1,3-benz-
thiazine derivatives (I11) are unsuitable for pharmacological testing.

Experimental

M.p.’s are uncorrected

1. Modified preparation of 2-phenyl-5,7-dimethoxy-4H-1,3-benzthiazin-4-one (Ib)

28.5 g (0.1 mole) of 2-phenyl-6,7-dimethoxy-4.H-1,3-benzthiazine [4] was dissolved in

100 ml anhydrous acetic acid and, under continuous stirring, a cold solution of 18 g (0.18
mole) chromium(VI) oxide prepared by dissolution in a warm mixture of 10 ml of water,
110 ml of glacial acetic acid and 25 ml of acetic anhydride, was added at such a rate that
the temperature of the reaction mixture remained between 22 and 25°C. Stirring was then
continued for another hour, and the mixture was poured into 600 ml of water. The reaction
product which separated was filtered off, washed with water and dried in a desiccator.
Recrystallization from ethanol gave felty needles (18.2 g; 61%), m.p. 194°C; no melting
point depression was found in admixture with an authentic sample [2].

2. 2-Ethyl-2-phenyl-3,4-dihydro-2H-1,3-benzthiazin-4-one (Ha)

1.2 g (0.005 mole) of 2-phenyl-4H-1,3-benzthiazin-4-one was suspended in 100 ml

anhydrous ether, and 0.025 mole of ethylmagnesium bromide dissolved in 40 ml ether was
added. The mixture was allowed to stand for 30 min. It was then shaken with cold, saturated
aqueous ammonium chloride solution, and the reaction product was extracted with ether.
The solution in ether was dried over anhydrous sodium sulfate, and the solvent was evaporated.
Crystallization of the residue gave colourless prisms, m.p. 174—176°C (from ethanol). Yield:
0.26 g (19.5%).

CleH 15NOS (269.35). Calcd. C 71.34; H 5.61. Found C 70.90; H 5.88%.

3. 2-Bsnzyl-2-pli8nyl-3,4-.lihydro-2H-1,3-benzthiazin-4-one (Hb)

1.2 g (0.005 mole) of 2-phenyl-4if-1,3-benzthiazin-4-one was suspended in 40 ml of
anhydrous tetrahydrofuran, a solution of 0.025 mole benzylmagnesium chloride in 40 ml
tetrahydrofuran was added, and the mixture was allowed to stand for 30 min. The volume
of the mixture was then reduced in vacuum to 15 ml. From here on, the producere was the
same as described in Experiment 2. The yield of product was 0.52 g (38.2%). Crystallization
from benzene-petroleum ether gave colourless prisms, m.p. 164—167°C.

C2IH INOS (331.44). Calcd. C 76.10; H 5.17. Found C 76.40; H 4.91%.
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4. 2,4-Diphenyl-4-hydroxy-4H-1,3-benzthiazine (llla)

1.2 g (0.005 mole) of 2-phenyl-4//-1,3-benzthiazin-4-one was suspended in 40 ml of
anhydrous tetrahydrofuran, and a solution of 0.025 mole phenylmagnesium bromide in 40 ml
tetrahydrofuran was added. From here on, the procedure was the same as described in Ex-
periment 2. The yield was 1.2 g (95%), colourless needles, m.p. 138—140°C from ethanol.

C20H JBNOS (317.39). Caled. C 75.68; H 4.76. Found C 75.65; H 4.81%.

5. 2-Ethyl-2-phenyl-6,7-dimethoxy-3,4-dihydro-2H-1,3-henzthiazin-4-one (lie)

45 g (0.015 mole) of 2-phenyl-6,7-dimethoxy-4ff-1,3-benzthiazin-4-one was dissolved
in 450 ml of anhydrous tetrahydrofuran, and 0.075 mole of ethylmagnesium bromide dis-
solved in 40 ml of ether was added. Processed as described in Experiment 2, the yield was
1.15 g (23.5%), colourless prisms, m.p. 144—147°C (from ethanol).

Ci8H1aN 03S (329.40). Calcd. C 65.63; H 5.81. Found C 66.34; H 6.14%.

6. 2-(n-Butyl)-2-phenyl-6,7-dimethoxy-3,4-dihydro-2H-I1,3-benzthiazin-4-one (lid)

15 g (0.005 mole) of 2-phenyl-6,7-dimethoxy-4fi-1,3-benzthiazin-4-one was dissolved
in 150 ml of anhydrous tetrahydrofuran, and a solution of 0.025 mole n-butylmagnesium
iodide in 40 ml ether was added. Processed as described in Experiment 2, the yield was 0.35 g
(19.5%), colourless plates, m.p. 151—152°C (from ethanol).

C20H2NO3S (357.48). Calcd. C 66.58; H 6.48; S 8.97. Found C 65.91; H 6.96; S 9.17%.

7. 2-Benzyl-2-phenyl-6,7-dimethoxy-3,4-dihydro-211-1,3-benzthiazin-4-one (lie)
and 2-phenyl-4-benzal-6,7-dimethoxy-4H-1,3-benzthiazine (1V)

1.2 g (0.004 mole) of 2-phenyl-6,7-dimethoxy-4//-1.3-benzthia/.in-4-one was dissolved
in 120 ml of anhydrous tetrahydrofuran, and a solution of 0.02 mole benzylmagnesium chlo-
ride in 30 ml ether was added. Thereafter the procedure as described in Experiment 2 was
followed. The reaction product was chromatographed on a silica gel column with benzene-
petroleum ether solvent mixture. Two identifiable products were obtained:

0.40 g (27%) of compound IV, orange yellow plates, m.p. 111 —113°C (from ether).

CBHINO02ZS (373.45). Calcd. C 73.96; H 5.13. Found C 73.68; H 5.28%.

0.46 g (28.6%) of compound lie, colourless prisms, m.p. 234—235°C (from chloroform-
ethanol).

CZBH2IN 03S (391.47). Calcd. C 70.56; H 5.41; N 3.58. Found C 70.54; H 5.37; N 3.66%.

8. 2,4-Diphenyl-6,7-dimethoxy-4-hydroxy-4H-1,3-benzthiazine (l1lb)

15 g (0.005 mole) of 2-pheny]-6,7-diinethoxy-4//-1,3-benzthiazin-4-one was dissolved
in 150 ml of anhydrous tetrahydrofuran, and 0.025 mole of phenylmagnesium bromide dis-
solved in 30 ml of ether was added. Processed as described in Experiment 2, a yield of 0.77 g
(40.5%) was obtained, colourless plates (from ethanol), m.p. 168 —170°C.

CZHIN 03S (377.44). Calced. C 70.00; H 5.07. Found C 69.89; H 5.59%.

9. Preparation of S-(benzimido)-4,5-dimethoxy-2-mercaptobcnzophenone hydrochloride (V1Ib)
in anhydrous medium

A solution of 0.75 g (0.0002 mole) 2,4-diphenyl-6,7-dimethoxy-4-hydroxy-4ff-1,3-
benzthiazine in 40 ml dry benzene was saturated with dry hydrogen chloride gas. The orange-
yellow crystalline precipitate separating at the beginning of the introduction of hydrogen
chloride was quickly dissolved. The orange-yellow solution was evaporated to dryness in
vacuum, the residue was dissolved in chloroform and the product precipitated by adding
dry ether to the solution; lemon-yellow crystals (0.78 g; 95%), m.p. 158—159°C (d.).

CZH20CINO3S (413.93). Calcd. C 63.84; H 4.87; Cl 8.57. Found C 62.92; H 4.46; ClI
9.17%.
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10. S-(benzimido)-2-mercaptobenzophenone hydrochloride (Vila)

0.64 g (0.002 mole) of 2,4-diphenyl-4-hydroxy-4H-1,3-benzthiazine was dissolved in
20 ml of 17% hydrochloric acid and the solution boiled for 20 min. After cooling, the crystals
which separated were filtered off, washed with 10% HC1, and dried in a desiccator to obtain
0.69 g (95.8%) of the product, pale yellow plates, m.p. 194—195°C (d.) (from ethanol con-
taining 5% HC1).

C20H 18C1INOS (355.87). Calcd. C 67.50; H 5.10; N 3.94; Cl 9.96. Found C 66.87; H 4.90;
N 3.83; Cl 9.96%.

11. Preparation of S-(benzimido)-4,5-dimethoxy-2-mercaptobenzophenone hydrochloride (VIib)
with aqueous hydrochloric acid

0.38 g (0.001 mole) of 2,4-dipheny 1-6.7-dimctho\y- I-liydro\y-4//-1.3-benzthiazine was
dissolved in 20 ml of 17% hydrochloric acid, and the solution was boiled for 20 min. Processed
as described in Experiment 10, the yield was 0.41 g (89.2%), yellow prisms, m.p. 155—157°C
(from ethanol containing 5% of hydrochloric acid). With the product of Experiment 9 it
gave no m.p. depression.

CZH20CINOSS (413.93). Calcd. C 63.84; H 4.87; N 3.38. Found C 63.03; H 5.04; N
3.53%.

12. S-(benzoyl)-4,5-dimethoxy-2-mercaptobenzophenone (VIII)

2.07 g (0.005 mole) of 2-(benzimido)-4,5-dimethoxy-2-mercaptobenzophenone hydro-
chloride was dissolved in 100 ml of water and the solution was heated to the boiling point.
After cooling, it was extracted with ethylacetate to obtain 1.15 g (62%) of colourless prisms,
m.p. 129—130°C (from 50% ethanol).

C2H1s04S (378.42). Calcd. C69.82; H 4.79. Found C 69.70; H 4.91%.

13. 4,5-dimethoxy-2-mercaptobenzophenone (1X)

0.95 g (0.0025 mole) of S-(benzoyl)-4,5-dimethoxy-2-mercaptobenzophenone was dis-
solved in nitrogen atmosphere in 5 ml of warm 5% ethanolic sodium hydroxide. After cool-
ing, the solution was acidified with 10% HC1 and extracted with ether. The ether extract
was washed several times with 5% Na2C03solution and dried over anhydrous Naz04 then
the ether was evaporated. The residue was a non crystallizing yellow oil. Thin-layer chromatog-
raphy indicated a homogeneous substance; it gave with lead acetate solution a positive
mercaptan reaction. The product was dried over phosphorous(V)oxide in vacuum.

CI5H 140 S (274.32). Calcd. C 65.67; H 5.14. Found C 66.89; H 5.45%.

Its p-nitrobenzoate was obtained as yellow crystals, m.p. 131—131.5°C (from ethanol).

CZ2HIMN06S (423.43). Calcd. N 3.31. Found N 2.98%.

14. Synthesis of S-(beiizimido)-4,5-dimethoxy-2-mercaptobenzophenone hydrochloride (Vl1Ib)

0.22 g of 4,5-dimethoxy-2-mercaptobenzophenone and 0.10 g of benzonitrile were
dissolved in 3 ml of dry ether and, under cooling, the solution was saturated with dry gaseous
hydrogen chloride. The solution was allowed to stand for 2 days and the solvent evaporated
in the vacuum of a water pump. The residue was dissolved in a mixture of ethanol and chloro-
form, and the product was precipitated by the addition of ether to obtain yellow crystals,
m.p. 153—155°C (from ethanol containing 5% HC1). It gave no m.p. depression with VIlb
prepared in Experiments 9 and 11; the IR spectra of the three products were identical.

CZH20CINOSS (413.93). Calcd. C 63.84; H 4.87; Cl 8.57. Found C 62.90; H 5.22; CI
8.96%.
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Cyclic and acyclic N-methyl-oligopeptides, simplified griselimycin analogues of
potential antimicrobial activity, were prepared from simple amino acids. For the eluci-
dation of structure-activity relationships, the effect of the number and configuration
of amino acids and N-methylamino acids as well as that of cyclization was studied.
The most potent molecules: cyclo[b-leucyl-L-prolyl-L-leucyl-L-valyl (or N-methyl-
-L-valyl)-L-prolyl-N-methyl-D-leucyl-glycyl]; L-threonyl-L-leucyl-L-prolyl-L-leucyl-L-
-valyl(or N-methyl-L-valyl)-L-prolyl-N-methyl-D-leucyl-glycine and N-acetyl-cyclo[I>
-threonyl-L-leucyl-L-prolyl-L-leucyl-L-valyl (or N-methyl-l,-valyl)-L-prolyl-N-methyl-D-
-leucyl-glycyl] had minimum inhibitory concentrations in the range of 6—50 ,ug/ml
against Mycobacterium tuberculosis H,.RV, and 20—50 /ig/m| against Candida albicans,
in vitro.

In an earlier communication [1] we reported the synthesis of acyclic
N-acyl oligopeptides of potential antimicrobial activity, built up from fatty
acids, basic, aromatic amino acids, and valine or leucine. In the present work
cyclic and acyclic N-methyl-oligopeptides, simplified griselimycin analogues,
were prepared. Griselimycin is a macrocyclic peptide antibiotic, isolated by
French scientists [2] (Fig. 1). It exhibits antimicrobial activity according to

N-Acetyl-MeVal-Pro(4-Ir<ms-Me)-cyclo [MeThr-Leu-Pro(4-ir<ms-Me)-Leu-MeVal-Pro-MeLeu-Gly]
neogriselimycin

Fig. 1. Structure of griselimycin

Table 1. Instead of aromatic or basic amino acid moieties, it consists of a
cumulated number of N-methyl-amino acids and 4-irans-methyl-prolines.
Selective hydrolysis of the N-terminal N-acyl-N-methyl-L-valine residue of the
side chain gave neogriselimycin, which served as starting material in the syn-
thesis of semi-synthetic griselimycins. Besides penicillins and cephalosporins,
this was the first time that non-toxic peptide antibiotic derivatives of 100-fold
activity as compared with griselimycin itself, could be prepared (Fig. 2) [3].

For the elucidation of structure-activity relationships the effect of the
number and configuration of the amino acids and N-methyl-amino acids, as
well as that of cyclization was studied. The peptides prepared are listed in
Table Il, together with their antimicrobial activities.
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D
(CH32CH —CH —CO—neogriselimycin
N
/ .
CH3 (CHj),, CH3

Fig. 2. Structure of the most potent semi-synthetic griselimycin analogues

In the course of their preparation the amino group was protected by
carbobenzoxy and benzyl groups, and cleaved by catalytic hydrogenolysis,
the carboxyl group by methyl ester formation. The molecules were built up
by stepwise synthesis and fragment condensation, applying DCC and the mixed
anhydride method. The active ester procedure which led to good yields in the

Table 1
Antimicrobial activity of griselimycin (11072 R. P.) [2]

Min. inhib. concn.,

Test organism (ighil
Mycobacterium tuberculosis H3RV 1-5
Mycobacterium tuberculosis Vy 0.5—1
Mycobacterium species ATCC 607 0.25—0.5
Sarcina lutea ATCC 9341 0.36
Streptococcus faecalis ATCC 9790 >250
Bacillus subtilis ATCC 6633 >250
Escherichia coli ATCC 9637 >250
Pseudomonas aeruginosa >250

preparation of peptides described in the earlier paper [1], did not furnish
appreciable yields in this series of peptides. The N-methyl-amino acids were
prepared by forming Schiff bases with benzaldehyde, reducing them with
sodium borohydride, and methylating the obtained N-benzyl-amino acid [9].
The benzyl group was retained as an N-protective group. Unfortunately, though
the N-benzyl group could easily be cleaved by catalytic hydrogenolysis in both
peptides, namely N-benzyl-N-methyl-L-valyl-L-proline methyl ester and
N-benzyl-N-methyl-L (or D)-leucyl-glycine methyl ester, it could not be
removed from the tetrapeptide N-benzyl-N-methyl-L-valyl-L-prolyl-N-methyl-
D-leucyl-glycine methyl ester. When carbobenzoxy group was used instead,
this group proved to be highly sensitive to acid; in both tetrapeptides 12 and
30 it was cleaved spontaneously in aqueous IN HC1, together with the methyl
ester group. In this side reaction the ratio of the free peptide could amount
to 80%. Most probably this special sequence of amino acids, as well as the
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Table 11

Peptide

Pro-Meleu- Gly-OMe
MeVal-Pro-Meleu-------OMe
Val-Pro-Meleu- Gly-OMe
MeVal-Pro-Meleu- Gly-OMe
Leu-MeVal-Pro-Meleu-—- OMe
Leu- - -Val-Pro-Meleu- Gly-OMe
Leu-MeVal-Pro-Meleu- Gly-OMe
Leu-Pro-Leu-MeVal-Pro-Meleu--— OMe
Leu-Pro-Leu- - -Val-Pro-MeLeu-Gly
Leu-Pro-Leu-—- Val-Pro-Meleu- Gly
Leu-Pro-Leu-MeVal-Pro-Meleu- Gly
cyclo(Leu-Pro-Leu- - -Val-Pro-MeLeu-Gly)
cyclo(Lel-Pro-Leu- - -Val-Pro-Meleu- Gly)
cyclo(Leu-Pro-Leu-MeVal-Pro-Meleu- Gly)
Thr-Leu-Pro-Leu- - -Val-Pro-MeLeu-Gly.DCHA
Thr-Leu-Pro-Leu-—-Val-Pro-Meleu- Gly.DCHA
Thr-Leu-Pro-Leu-MeVal-Pro-Meleu- Gly.DCHA
N-acetyl-cyclo(Thr-Leu-Pro-Leu-— Val-Pro-MeLeu-Gly)
N-acetyl-cyclo(Thr-Leu-Pro-Leu-— Val-Pro-Meleu- Gly)
N-acetyl-cyclo(Thr-Leu-Pro-Leu-MeVal-Pro-Meleu- Gly)
N-palmitoyl-Thr-Leu-Pro-Leu- - -Val-Pro-Meleu- Gly.DCHA
N-palmitoyl-cyclo(Thr-Leu-Pro-Leu- - -Val-Pro-Meleu- Gly)
lauryl-val-Pro-Thr-Leu-Pro-Leu- - -Val-Pro-Meleu- Gly
lauryl-val-Pro-cyclo(Thr-Leu-Pro-Leu-—- Val-Pro-Meleu- Gly)

Minimid inhibitory Ooncentxation against

Gram-
positive
micro-
organisms
Jig/ml

>100
>100
>100
>100
>100
>100
>100
>100
>100
>100
>100
>100

12

Gram-
negative
micro-or-
ganisms

iig/ml

>100
>100
>100
>100
>100
>100
>100
>100
>100
>100
>100
>100
>100
>100
>100
>100
>100
>100
>100
>100
>100
>100
>100
>100

Fungi,
fig/ml

M . tub
H37R v

Argiml

>100
>100
>100
>100
>100
>100
>100
>100
>100
>100
>100
>100
12
50
>100

>100
25
10
>100
>100
>100
>100
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simultaneous presence of proline and at least one N-methyl-amino acid,
resulted in an electron distribution where the carbobenzoxy group behaved
like a p-methoxycarbobenzoxy group, which could easily be cleaved in acid
media [7]. IR measurements confirmed the assumption that the by-product
was in a zwitterion form. The characteristic CO frequency of acids did not
appear between 1730 and 1760 cm-1, nor did the CO frequency of the ester
group at 1720 cm-1. This unusual phenomenon is going to be investigated
further.

In the course of the synthesis of peptides containing two N-methyl
groups, first the simple tripeptide, carbobenzoxy-L-valyl-L-prolyl-D-leucine
methyl ester, was prepared, and subsequently methylated in the presence of
NaH with methyl iodide, in dimethylformamide. The completion of methyla-
tion was checked by IR and NMR spectroscopy.

In peptides containing a single N-methyl-amino acid moiety, the original
strategy utilizing N-benzyl-N-methyl-D-leucine was retained.

Cyclization was effected at concentrations of 1 mole/10 ml dichlor-
methane, by means of DCC, and its completion was checked by IR spectros-
copy, in both the lactone and the peptide bond formation. In the course of
the decarbobenzoxylation of the protected cyclo-octapeptides by catalytic
hydrogenolysis, however, the lactone ring also suffered cleavage. Consequently,
in the following the protected acyclic octapeptide was decarbobenzoxylated,
the free amino group acetylated, and finally the lactone was formed, after
saponification of the ester group. In a similar way in the cyclo-octa- and cyclo-
decapeptides, containing palmitoyl or lauryl-D-valyl-L-prolyl side chain
(70 and 75) the lactone was formed in the last step.

In the course of the syntheses intermediary substances were rather dif-
ficult to handle, mostly owing to their high solubility in organic solvents.
In several cases they had to be characterized in the form of their DCHA or
HC1 salts.

Assessing the structure-activity relationship of the peptides synthesized,
it is apparent that up till heptapeptides (6, 63, 31, 13, 65, 33, 15, 67, 51, 36
and 20) all acyclic peptides are devoid of antimicrobial activity. If the hepta-
peptides, smaller by one amino acid residue than the neogriselimycin cycle,
are cyclized, both cycloheptapeptides (37 and 21) exhibit antibacterial activity
against Gram-positive microorganisms (12 and 26 /zg/ml) Candida albicans
(50 and 20 “ig/ml) and Mycobacterium tuberculosis Hi7Rv (12 and 50 /xg/ml),
but only if the N-methyl-leucine moiety is of D-configuration. The molecule
containing N-methyl-L-leucine (52) is devoid of antimicrobial activity. The
potency of 37 is not enhanced if the molecule contains an additional N-methyl-
amino acid in the form of N-methyl-L-valine (21).

N-terminal chain-elongation by L-threonine led to octapeptides which
are effective even in the acyclic form (43 and 27). Similarly to the cyclic hepta-
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peptides, the N-methyl-L-leucine-containing acyclic octapeptide (58) was
inactive, and additional N-methyl-amino acid (27) did not enhance the potency
of 43 either. The antimicrobial activity of the acyclic substances was rather
striking, as all macrocyclic peptide antibiotics described in the literature
(staphylomycin [4], etamycin [5], etc.), including griselimycin [2], were in-
active in the open chain form. In actinomycins the opening of one of the two
lactone rings is sufficient to reduce activity to a minimum [6]. In our case
even the acyclic octapeptide, containing one single unnatural amino acid,
exhibited antimicrobial activity (43), while the more sophisticated acyclic
form of griselimycin was devoid of any potency. Consequently the mode of
action of our molecule is assumed to be different. This hypothesis is supported
by the fact that acyclic and cyclic palmitoyl-octapeptides (69 and 70), as well
as those having an N-lauryl-dipeptide side chain (74 and 75) were devoid of
antimicrobial activity, although this was the way which had led to the most
potent semi-synthetic griselimycins.

The formation of a lactone ring in octapeptides 42 and 26 did not result
in molecules of enhanced potency, and the cyclo-octapeptide, built up solely
from L-amino acids (57), was equally devoid of any potency.

It may be concluded that we succeeded in synthesizing highly simplified
griselimycin analogues exhibiting considerable antimicrobial potency (Table
I11). Seven residues in cyclic, and eight residues in acyclic form are sufficient

Table 111

Min inhibitory concn.
Compound M. tub B. subtilis Fungi
Agiml ~g/ml iig/ml
Griselimycin [2] 1-5 >250 >250
Neogriselimycin [3] 0.005 >250 >250
cyclo(Leu-Pro-Leu-—- Val-Pro-Meleu-Gly) (37) 12 50 12
cyclo(Leu-Pro-Leu-MeVal-Pro-Meleu-Gly) (21) 25 20 50
Thr-Leu-Pro-Leu- - -Yal-Pro-Meleli-Gly.DCHA (43) 12 20 6
Thr-Leu-Pro-Leu-MeVal-Pro-Meleu-Gly.DCHA (27) 25 20 6
N-Ac-cyelo(Thr-Leu-Pro-Leu-— Val-Pro-Meleu-Gly) (42) 25 >100 25
N-Ac-cyclo(Thr-Leu-Pro-Leu-MeVal-Pro-Meleu-Gly) (26) 50 >100 10

for an active molecule. One single unnatural amino acid, N-methyl-D-leucine,
is essential for antimicrobial activity; if it has L-configuration, the molecule
loses its potency. Introduction of one additional N-methyl-amino acid, N-
methyl-L-valine, did not enhance the potency. Formation of a lactone ring
did not affect antimicrobial activity, while the addition of an N-acyl- or
N-alkyl side chain led to molecules devoid of potency.
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Experimental

Thin-layer chromatograms were run on “Silica Gel for TLC According to Stahl” or
on “Kieselgel HF24+366 nach Stahl fir Dunnschicht” plates with chloroform-methanol 9 : 1
(jR/7]), ethyl acetate-pyridine-acetic acid-water 30 : 20 : 6 : 11 (Rpu), chloroform-acetone
8 : 2 (jRpni), and chloroform-acetone 9 : 1 (Rpiy). The spots were revealed with ninhydrine,
1% p-nitrobenzoylchloride-pyridine (in the case of N-methyl-amino acids), Cl2tolidine, or
UV light (by incorporating a fluorescent indicator in the thin-layer), and iodide vapor.

Silica gel column chromatography was carried out on “Kieselgel Reanal 1/14 for Chro-
matography”.

Organic extracts were dried over anhydrous sodium sulfate and evaporations were
carried out under reduced pressure in a rotary evaporator.

Acid hydrolysates of the peptide derivatives were prepared using 6N HC1 (110°C/16 hrs.)
and the amino acid composition of the hydrolysates was determined either qualitatively or
quantitatively with gas chromatography or by means of an amino acid analyser, respectively.

M.p.’s are uncorrected.

Starting materials. Carbobenzoxy amino acids and amino acid methyl esters were pre-
pared according to general procedures, and the N-lauryl- and N-benzyl-N-methyl-amino acids
by the method of Quitt et al. [9].

Intermediates and end products were purified with chromatography, recrystallization,
repeated precipitation, and preparative TLC.

Microbiological assays (Table 11) were carried out by serial dilution and the agar diffu-
sion method on the following test organisms: Mycobacterium tuberculosis H3RV (Dubos’
medium), apathogenic Mycobacteria, Bendo pyogenes, Escherichia coli GR, Shigella sonnei,
Sarcina lutea, Staphylococcus Duncan, Streptococcus faecalis, Bacillus subtilis, Haemophylus
group, pathogenic and apathogenic fungi, and Candida albicans.

General procedures (Table 1V)

Method A : DCC coupling

The appropriate methyl-amino acid- or methyl-peptide hydrochloride (10 mmoles) in
dichloromethane (100 ml) and triethylamine (10 mmoles) was coupled at 0°C for 12 hrs with
a protected amino acid or a protected peptide, respectively (10 mmoles), in the presence of
DCC (10 mmoles). The precipitated DCU was filtered off, and the filtrate diluted with di-
chloromethane (100 ml).

Up till tripeptides the solution was washed with UV HC1, 5% NaHCO03solution, water,
dried over sodium sulfate and evaporated to dryness under reduced pressure.

From tetrapeptides on, however, the washings were omitted, and the concentrated
solution was purified by rapid silica gel chromatography, to avoid the decomposition of the
protected peptides.

Method B: Mixed anhydride method

The appropriate protected amino acid (50 mmoles) was suspended in a mixture of THF
(80 ml) and triethylamine (50 mmoles) and, at —40°C, ethyl chloroformate (50 mmoles) was
added over a period of 30 min. The mixture was stirred at —5°C for min, refrigerated to
—20°C, and a suspension of the methyl-amino acid hydrochloride (50 mmoles) in THF (60 ml)
and triethylamine (50 mmoles) was added over a period of 15 min. The mixture was stirred
at —5°C for 5 hrs, and allowed to stand at room temperature overnight. The THF was evap-
orated under reduced pressure, the dry residue dissolved in chloroform (400 ml), washed
with 0.11V HC1 (2 X200 ml), 5% NaHCO03solution (2 x200 ml) and water (200 ml) dried over
Na2504 and evaporated to dryness under reduced pressure.

Method C: Hydrogenolysis
A solution of Z-peptide-OMe or Bzl-peptide-OMe (10 mmoles) in MeOH (100 ml) and

HC1 (10 mmoles) was hydrogenated at room temperature in the presence of 10% palladized
charcoal (1.0 g). The filtered solution was evaporated to dryness at reduced pressure.
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Formula

Bzl-Meleu-Gly-OMe

BzIl-MeLeu-Gly-OMe
Meleu-Gly-OMe - HC1
MeLeu-Gly-OMe - HC1

Z-Pro-Meleu-Gly-OMe

Leu-Pro-Leu- - -Val-Pro-Meleu-Gly

Pro-Meleu-Gly-OMe - Hcl
Z-Pro- - -leu- - - -OMe
Pro- - -leu=——- OMe ®HC1
Z-Val-Pro---leu- - - -OMe
Z-MeVal-Pro-Meleu- - - -OMe
Z-MeVal-Pro-Meleu ® DCHA
Z-MeVal-Pro-Meleu-Gly-OMe
MeVal-Pro-Meleu-Gly-OMe ®HC1
Z-Leu-MeVal-Pro-Meleu-Gly-OMe
Leu-MeVal-Pro-Meleu-Gly-OMe ®HC1
Z-Leu-Pro-OMe
Z-Leu-Pro « DCHA
Z-Leu-Pro-Leu-MeVal-Pro-Meleu-Gly-OMe
Leu-Pro-Leu-MeVal-Pro-Meleu-Gly-OMe « HC1
Leu-Pro-Leu-MeVal-Pro-Meleu-Gly
Cyclo(Leu-Pro-Leu-MeVal-Pro-Meleu-Gly)
Z-Thr-Leu-Pro-Leu-MeVal-Pro-Meleu-Gly-OMe
Thr-Leu-Pro-Leu-MeVal-Pro-Meleu-Gly-OMe « HC1
N-Ac-Thr-Leu-Pro-Leu-MeVal-Pro-Meleu-Gly-OMe
N-Ac-Thr-Leu-Pro-Leu-MeVal-Pro-Meleu-Gly
N-Ac-cyclo(Thr-Leu-Pro-Leu-MeVal-Pro-Meleu-Gly)
Thr-Leu-Pro-Leu-MeVal-Pro-Meleu-Gly « DCHA
Z-Val-Pro.....cccovvennns OMe
Z-Val-Pro DCHA
Z-Val-Pro-Meleu-Gly-OMe
Val-Pro-Meleu-Gly-OMe « HC1
Z-Leu- - -Val-Pro-Meleu-Gly-OMe
Leu-—- Yal-Pro-Meleu-Gly-OMe « HC1
Z-Leu-Pro-Leu- - -Val-Pro-Meleu-Gly-OMe
Leu-Pro-Leu- - -Val-Pro-Meleu-Gly-OMe « HC1

Cyclo(Leu-Pro-Leu- - -Val-Pro-Meleu-Gly)

Z-Thr-Leu-Pro-Leu-
Thr-Leu-Pro-Leu-
N-Ac-Thr-Leu-Pro-Leu-
N-Ac-Thr-Leu-Pro-Leu-
N-Ac-cyclo(Thr-Leu-Pro-Leu-
Thr-Leu-Pro-Leu-
Z-Thr-Leu-Pro-Leu-

Z-Leu-

Leu-
Z-Leu-Pro-Leu-
Leu-Pro-Leu-

- -Val-Pro-Meleu-Gly-OMe

- -Val-Pro-Meleu-Gly-OMe « HC1

- -Val-Pro-Meleu-Gly-OMe

- -Val-Pro-Meleu-Gly

- -Val-Pro-Meleu-Gly)

- -Val-Pro-Meleu-Gly

- -Val-Pro-Meleu-Gly «

Z-Val-Pro-MeLeu-Gly-OMe
Val-Pro-MeLeu-Gly-OMe « HC1

- -Val-Pro-MeLeu-Gly-OMe

- -Val-Pro-MeLeu-Gly-OMe « HC1

- -Val-Pro-MeLeu-Gly-OMe

- -Val-Pro-MeLeu-Gly-OMe « HC1

DCHA
DCHA

Leu-Pro-Leu---- Val-Pro-MeLeu-Gly
Cyclo(Leu-Pro-Leu- - -Val-Pro-MeLeu-Gly)

Z-Thr-Leu-Pro-Leu- - -Val-Pro-MeLeu-Gly-OMe

Thr-Leu-Pro-Leu- - -Val-Pro-MeLeu-Gly-OMe « HC1

N-Ac-Thr-Leu-Pro-Leu-— Val-Pro-MeLeu-Gly-OMe
N-Ac-Thr-Leu-Pro-Leu- - -Val-Pro-MeLeu-Gly
N-Ac-cyclo(Thr-Leu-Pro-Leu- - -Val-Pro-MeLeu-Gly)

Thr-Leu-Pro-Leu- - -Val-Pro-MeLeu-Gly « DCHA
Z-Thr-Leu-Pro-Leu- - -Val-Pro-MeLeu-Gly « DCHA
Bzl-MeVal-Pro........ccoco..... OMe
BzIl-MeVal-Pro
BzIl-MeY al-Pro-Meleu-Gly-OMe
MeVal-Pro-Meleu------ OMe « HC1
Z-Leu-MeVal-Pro-Meleu------ OMe
Leu-MeVal-Pro-Meleu- - - -OMe mHC1
Z-Leu-Pro-Leu-MeVal-Pro-Meleu- - - -OMe
Leu-Pro-Leu-MeVal-Pro-Meleu- - - -OMe « HC1
N-Palm-Thr-Leu-Pro-Leu- - -Val-Pro-Meleu-Gly-OMe
N-Palm-Thr-Leu-Pro-Leu-—- Val-Pro-Meleu-Gly DCHA
N-Palm-cyclo(Thr-Leu-Pro-Leu--—- Val-Pro-Meleu-Gly)
Lau-val DCHA
Lau-val-Pro « DCHA
Lau-val-Pro-------- -Thr-Leu-Pro-Leu- - -Val-Pro-Meleu-Gly-OMe
Lau-val-Pro- - - ----- -Thr-Leu-Pro-Leu- - -Val-Pro-Meleu-Gly
Lau-val-Pro- - - - - cyclo(Thr-Leu-Pro-Leu-— Val-Pro-Meleu-Gly)

Solvents: a MeOH; b treated with petroleum ether; ¢ ethylacetate-petroleum ether; d ethylacetate; e ether; f MeOH-petroleum ether

Method

G)m>+/amm—o+o>o>m>mmOmIO>G‘)mO+o>(‘)+mmc.')rrl:\:O>G)m(‘)+(‘))>(')+m)>I'I'IG)ITIIO)>G)I'I'IO+I'I'I>O>O+mUwOw>O>OOCUCU>

58.5*

28.0*
81.9
96.5
98.8

48.3*

43.2*
59.2
69.4
96.2

66.7*

69.8*
85.2
95.1
91.1
69.2
40.7

49.7*
79.0
93.1

64.8*
66.0
90.1
82.4
96.0
90.0
65.0
66.4

39.3*
96.0
86.4

Table IV

Physicochemical data of the peptides

M.p.,
°c
174* -36.6
173* -36.0

168* + 345

T4b

66e
65e
245p
138d

295*
129-34*

63*

72

52b

90b

oil
96 —7b

113b

207

oil
42'

129

72*
oil
74»
95b
oil
116 —7b

105-10~
206’
162'
oil

oil
71"
112
148’
68*
190
183"

134<

- 79

- 075

- 79

-62.4

-54.2

-65.2
-60.2

- 50

-81.4

-63.6

-64.3
-63.2

- 5.05

-28.62
-47.20
-40.3

-105.8
-105.8

-58.9

o
1

0o o
Inun

(‘)0
"o,

2.19

01

01

= 04

= 01
= 01

=01

0.1

0.1

=01
= 01

= oo

A

(2SN &) ]

= 01

CHC13

CHC13

MeOH

EIOH

CHC13

MeOH

MeOH

MeOH
MeOH

MeOH

MeOH

MeOH

MeOH

MeOH
MeOH

MeOH

MeOH
CHC13
MeOH
MeOH

MeOH
MeOH

MeOH

MeOH
MeOH
MeOH

MeOH

MeOH

0.8

0.8

0.0

0.0

0.8

0.01 0.9

0.92

0.92

0.1 0.7

0.8

0.82
0.9

0.0 0.86
0.9
0.8
0.9

0.9

0.83
0.5
0.9

0.0 0.76
0.87
0.9

0.9

0.85
0.5
0.9
0.76
0.87
0.8
0.9

0.9
0.5

0.0 0.9

0.8 0.7

01

0.18

0.55

0.85
0.82
0.8
0.8

rf

0.8
0.8
0.0
0.35

o
3

ol

w

OCO000000000
rRPrNOOO®E 0O

0.1

0.83
0.18
0.75
0.4

0.75

0.1
0.7
0.1
0.7

0.7

66.60

66.60

61.70

63.80

63.00
68.01

53.40

74.68

Required, %

7.84

9.31

8.32

12.50

9.40
1211
7.45

10.10
8.82

8.35
12.10
12.15

7.74

12.47
13.33

11.38

13.00
12.40

7.98
12.49
12.51

12.72
13.58

11.52

13.23
12.12
1101

12.50
10.62
12.52

12.72
13.58

11.52

13.23
12.55
11.01

10.80
11.55
10.13
10.73
6.03
7.46

11.80

* Overall yield including former steps where no yield was indicated.

ei-

10.2

12.8

Analysis

Formula

c 17h 26n ,0 3

ci7h 26n 20 3

Found, %

8.70
8.75
8.62

61.42 7.55
CIEHZIND 4 - HC1
C20H28N 205 63.70 7.30
63.70 7.30
CIHBND 3 ®*HC1
CBH3MN De 63.20 7.86
CBH3IND, *DCHA 67.90 9.42
cZ2lh 3 4o5 . HC1
C,MH4N5H,, « HC1
CIH ,6N,05 « DCHA

c3h 6/n 708 « HC1
c3h 6Bn 708

QoHeoNeOj,

C4H ,Ni0,, « DCHA
C,+L,N,Os « DCHA
C20H 36N 405 « HC1
CBH4MN50c « HC1

c3/h 6n ,08 « HC1
C3dHGNT78

CIH TN jo

C40H 70N9O 10 mDCHA
C48H 70N80 12 « DCHA

C20H 36N405 « HC1 53.78 8.60
c¥ 5En 508
C,6H4MN%0e « HC1

C3MH@ENT 8 « HC1
C36H 63N 8

C40H 70NBO 10 mDCHA
CH8H N8 12« DCHA

C2H46N40 5 « HC1
c3lh 64n 60 7 « HC1
C56H10(4,,0um . DCHA

Cj.HANO, « DCHA 74.30 12.20
C,HnANe,0, « DCHA

9.37
9.27
9.57

9.02
11.80
7.30
7.30
9.55
8.64
8.05
11.72

11.65

12.08
13.21

11.25

12.75
12.19

7.81
12.33
11.91

1251
13.31

11.52

13.51
12.41
10.07

11.98
11.00
12.85

12.95
13.65

11.69

10.20
11.01
9.80
10.50
5.87
7.61

11.50

ci-

9.80

12.55
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Method D: Methylation of the protected tripeptide 9

Sodium hydride (90 mmoles) was washed twice with ether (2 X30 ml)s*nd added in
portions into a solution of the protected tripeptide 9 (20.5 mmoles) in dry methylformamide
(150 ml) at 0°C. As the evolution of hydrogen ceased, methyl iodide (90 mmoles) was added
dropwise to the stirred solution, which was then allowed to stand for 3 days at room tempera-
ture. The semi-solid mixture was poured in portions on crushed ice, and extracted with di-
chloromethane, washed with IN HC1 (2 x200 ml) and water (200 ml), dried over Na2504 and
evaporated to dryness at reduced pressure. The oily residue was used without purification
in the next step.

According to the IR and NMR spectra, methylation was complete. No NH-signals
could be found in the IR (3300 cm-1) or NMR spectrum, only N—CH3 signals were present
at 6 = 3.0 and 2.9 ppm, corresponding to the N-methyl group of the valine and leucine resi-
dues, respectively, as well as OCH3-signals, due to the methyl glycinate group, at 6 = 3.8 ppm.

In TLC the spot of the product failed to appear with Cl2tolidine, but could be detected
with iodine vapour or in UV light. The chromatogram of its acid hydrolysate gave a single
yellow spot upon spraying with ninhydrine reagent, indicating the presence of proline. No
spots characteristic of valine or leucine could be visualized with 1% p-nitrobenzoylchloride-
pyridine reagent.

Method E: Saponification

The appropriate protected peptide methyl ester (40 mmoles) was saponified for 2 hrs
at room temperature with 20% methanolic NaOH (20 ml). In more dilute solution the reaction
was long drawn-out, and by-products were formed. As the C-terminal was either glycine,
proline or N-methyl-leucine, no hydantoin formation or racemization was observed. The end
of the reaction was checked by TLC. The reaction mixture was diluted with water (200 ml)
and the impurities, having higher Rp values than the product, were removed by extraction
with ethyl acetate (2 X100 ml). The pH of the aqueous layer was adjusted to pH 3, and ex-
tracted with chloroform (2 X100 ml). The combined chloroform extracts were dried over
Na2504 and evaporated at reduced pressure.

Formation of DCHA salt. The oily residue was dissolved in ether (150 ml) and DCHA
(5.5 ml). The crystals of the DCHA salt were formed upon standing for several days.

Method F: Formation offree C-terminal from the DCH salt

The appropriate protected peptide DCHA salt (10 mmoles) was dissolved in a mixture
of water (45 ml) and UT HC1 (11 ml). The aqueous solution was extracted with dichloro-
methane (3 X100 ml), the combined extracts dried over Na204 and concentrated under
reduced pressure to 50 ml. This concentrate was used without purification in the next step.

Method G: Cyclization

The appropriate peptide, having a free amino and carboxyl group, or a free hydroxyl
and carboxyl group (1 mmole) was cyclized for 3 days at room temperature in dichloromethane
(10 ml) with DCC (1 mmole). The reaction mixture was kept for 24 hrs at 0°C, the DCU removed
and the solution evaporated to dryness under reduced pressure. The oily residue solidified
after treatment with petroleum ether. The formation of the cycloheptapeptide cycle was con-
firmed by the NH frequencies at 3270 cm-1, and by the lack of a frequency characteristic
of COOH groups in the IR spectrum (1730—1760 cm-1). The formation of the lactone ring
in the cyclo-octapeptides was supported by the NH frequencies at 3270 cm-1 and the lactone
frequency at 1705 cm-1 in the IR spectrum. The N-acetyl methyl protons appeared at 6 =
= 2.15 ppm in the NMR spectrum.

Method H: Acetylation

Threonyl-peptide methyl ester (0.92 mmoles) was acetylated for 24 hrs at room tem-
perature with acetic anhydride (2 ml) in methanol (5 ml). The mixture was poured on ice-
water (100 ml) and extracted with ethyl acetate (3x50 ml). The combined extracts were
washed with 5% Na2C03solution (50 ml) and water (50 ml), dried over Na2S04and evaporated
to dryness in vacuum. The residue was used without purification in the next step.
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Method 1: Active ester method

Compound 39 (5 mmoles) in the base form was coupled in a mixture of dichloromethane
(50 ml) and triethylamine (5 mmoles) at room temperature for 72 hrs with palmitic acid
p-nitrophenyl ester (5 mmoles). The mixture was evaporated to dryness at reduced pressure,
washed with water, dried, washed with ether, and used without purification in the next step.

*

The authors’ thanks are due to the Analytical Department (head: J. Szava) for the
analyses, to P. Sohar and S. Méhesfalvi for the IR and NMR spectra, to I. Koczka for the
microbiological assays and to E. Cseszar for technical assistance.

Symbols

Abbreviations

Ac acetyl

Bzl benzyl

DCC dicyclohexylcarbodiimide

DCU dicyclohexylurea

DCHA dicyclohexylamine

Lau lauryl

Meleu N-methyl-D-leucine

MeVal N-methyl-L-valine

palm palmitoyl

THF tetrahydrofuran

TLC thin-layer chromatography

z carbobenzoxy

The abbreviations for L-amino acid residues and their derivatives, as well as their
mode of use are in accordance with the suggestions ofthe Committee on Nomenclature adopted
by IUPAC (J. Biol. Chem. 247, 977 (1972)). D-amino acids are abbreviated in small letters
(D-Leu = leu, whereas: b-Leu = Leu).
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ELECTRON DEFICIENT HETEROAROMATIC
AMMONIOAMIDATES, VI*

THE SYNTHESIS AND SOME REACTIONS OF 10-AMINOACRIDINIUM SALTS
AND 2V-(10-ACRIDINIO)-AMIDATES

B. Agai and K. Lempert

(Department of Organic Chemistry, Technical University, Budapest)
Received March 6, 1975

9-Phenylacridine and acridine were N-aminated with O-mesitylenesulfonyl-
hydroxylamine. The resulting ]V-(10-acridmio)-amides of type 1 were transformed into
pseudobases of type 2, iV-(]0-acridino)-amidates of type 6, the related compounds
7 and the hydrochlorides (5) of the former. Some reactions of the pseudobases have
also been studied.

A bDbrief report by Japanese authors [1] on the anomalous reaction of
acridine with hydroxylamine-O-sulfonic acid prompts us to describe our
amination studies of acridine and 9-phenylacridine with O-mesitylenesulfonyl-
hydroxylamine (“MSH”) [2] and some reactions of the resulting IV-amino
derivatives.

The key compound for the synthetic studies described in the present
paper was 10-amino-9-phenylacridinium mesitylenesulfonate (la) which was
obtained by treating 9-phenylacridine with MSH. Acridine and MSH reacted
similarly to yield Ib.

When methanolic or ethanolic solutions of la were treated with IN
NaOH or NH40H, the corresponding 9-alkoxy derivatives (2a and 2b, re-
spectively) were obtained. The reactivity of the latter is as expected for typical
pseudobases. Thus 2a and 2b, when refluxed in the presence of alkali with
ethanol and methanol, respectively, furnished equilibrium mixtures of 2a and
2b, easily detected by NMR. With hydrochloric acid both 2a and 2b were
transformed into 10-amino-9-phenylacridinium chloride (lc). Furthermore,
2a reacts with the CH acid nitromethane to yield 3.

Characteristic violet colourations are observed when the pseudobases
2a and b are refluxed with a solvent such as gasoline or toluene. When refluxed
with nitromethane, the initial violet colouration disappears at the pace as 2a
is converted into 3. Prolonged refluxing with chlorobenzene also causes the
violet colour to disappear, because 2a is transformed, probably via 1V-(10-acri-
dinio)-amide (4), into 9-phenylacridine.

When an aqueous solution of la is treated with alkali, a violet amorph-
ous product is obtained resisting all attempts at crystallization. The pseudo-

*Part V: Fetter, J., Lempert, K. Moller, J.: Tetrahedron, 31, 2559 (1975)
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base structure 2c and the ammonioamide structure 4* are both in agreement
with the reactions of this product, viz. that it yields 2a and 3, when treated
with methanol and nitromethane, respectively, and that, when refluxed with
chlorobenzene, it is transformed into 9-phenylacridine.

Reduction of la with NaBH4 is analogous to its reaction with alcohols
in that it is again the C-9 atom which is attacked by the nucleophile, to yield
the product 10-amino-9-phenyl-9,10-dihydroacridine.

The (acylamino)acridinium salts of type 5 are obtained by acylation
of the aminoacridinium salts of type 1, or the corresponding pseudobases 2.
Interestingly, reaction of the pseudobase 2a with ethyl chloroformate gives
Ic rather than the expected 5d. Treatment of the type 5 compounds with
a base furnishes the acridinioamidates of type 6. iV-(9-Phenyl-10-acridinio)-
-iV-phenylthiocarbamoylamide 7 has been synthesized by allowing 2a to react
with phenyl isothiocyanate.

R Ph OR'
a: R —Ph, X = 2,4,6-Me3C6Hr803 a: R— Me
b: R=H, X =24,GMe3CeH2503 b: R'= Et
¢: R=Ph X=C1 ¢c: R'=H

Ph CH2NOj Ph S

o O o = ™M

s Vv
1 A ®
NH. e:XIl HN. A) CIo
CA
R'
3 4 5

R = Ph, R'= Me
R=Ph, R'=Ph
R=H, R'=Ph
R=Ph, oS

o o e

* Heterocyclic ammonioamides are, in general, unstable and furnish 1,2,4,5-tetrazine-
type dimers (cf. [3]), which are in equilibrium with the monomeric forms. Dimer formation
appears unlikely in the case of 4 for steric reasons.
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a: R=Ph, R'= Me
b: R= Ph, R'= Ph
c: R=H, R=Ph

Experimental

10-Amino-9-phenylacridinium mesitylenesulfonate (la)

MSH (~ 4.7 g; 22 mmoles), dissolved in CH2Ck (30 ml), was poured into a solution
of 9-phenylacridine (%.1 g; 20 mmoles) in CH2CL (30 ml). Heat was evolved, and the mixture
started to boil. After the vigorous reaction had subsided, the mixture was kept for 1 hr at
room temperature and evaporated to d?/ness. The residue was dissolved in ethanol (30 ml),
EtOAc (80 ml) was added, the insoluble impurities were removed by filtration, and ether
200 ml) was added to precipitate 5.0 g (55%) of the greenish yellow crystals of la, m.p.
78—180°C (from EtOH-EtOAc-Et20).
CioH1sN2 « C*HnOgS (470.58). Calcd. N 5.95; S 6.81. Found N 6.16; S 7.05%.

10-Aminoacridinium mesitylenesulfonate (Ib)

An ethereal solution (140 ml) of MSH (~ 7.5 g; 35 mmoles) was rapidly mixed with
an ethereal solution (100 ml? of acridine (5.4 g; 30 mmoles). The mixture immediately became
greenish opaque and crystallization of the product started within a few minutes. The mixture
was allowed to stand overnight to yield 89 g (75%) of Ib, greenish yellow crystals, m.p.
233—234°C (from EtOH).

CisHuN2 * GHuU 0 3S (394.50). Calcd. N 7.10; S 8.13. Found N 7.54; S 8.02%.

10-Amino-9-phenylacridinium chloride (lc)

_ Methanolic suspensions of the pure pseudobases 2a or 2b (see below) were saturated
with dry HC1 gas. The resulting solutions were evaporated to dryness in vacuum and the
K;Imgul_elsEtrl(%Jrated with ether to furnish Ic in theoretical yield, m.p. 257—259°C (d.; from

eOH-Et20).

CigH15CINe (306.79). Calcd. O 12.72; N 10.05. Found Cl 12.36, N 9.96%.

10-Amino-9-mcthoxy-9-phenyl-9.10-dihydroacridine (2a)

IN_aqueous NaOH (s m? was added by drops to a methanolic (15 ml) solution of la
§_2.35 ; 5.0 mmoles) to yield 1.4 g (93%) of a light-brown crystalline product which was
I\I/Itglgl) off and washed with water until neutral. M.p. 129°C (d.; from a large amount of

eOH).

CoH18N20 (302.38). Calcd. C 79.44; H 6.00; N 9.26. Found C 79.63; H 6.07; N 9.40%.
6 31 I\CIJI\KI/E) (CDCI3 TMS): 67.65—6.9 ppm (m, 13 H, ArH); 3.98 ppm (s, 2H, NH2); 2.95 ppm
s, 3H, .

. When heated to the b.p., a toluene or gasoline solution of 2a turned violet; the colour
disppeared, when the solutions were allowed to cool.
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Thermal decomposition

A solution of 2a (1.0 g; 3.3 mmoles) in PhCI (20 ml) was refluxed for 1.5 hr. The result-
ing colourless solution was evaporated to dryness in vacuum, and the residue was recrystallized
from EtOH to yield 0.6 g (73%) of 9-phenylacridine which, by m.p., mixed m.p., IR spectra
and TLC, proved identical with an authentic sample.

10-Amino-9-ethoxy-9-phenyl-9,10-dihydroacridine (2b)
This compound was obtained similarly to 2a. The yield was 85%, m.p. 134°C (from

Ca1H20N20 (316.41). Calcd. C 79.72; H 6.37; N 8.85. Found C 79.78; H 6.36; N 8.75%.

The colour reactions of 2b were identical with those of the 9-methoxy analogue (2a).

NMR (CDC13 TMS): a4 7.6—6.75 ppm (m, 13 H, ArH); 3.85 ppm (s, 2 H, NH2); 3.08 ppm
(qu, 2 H )| 112 ppm (t, 3H, 3 = 7 Hz, OEt).

Reaction of la with aqueous alkali

_An aqueous solution (50 ml) of la (2.35 g) was treated with 5% aqueous NaOH (40 ml%
to 3/Ie|d a violet amorphous precipitate (1.25 g) which was washed with water until neutra
and filtered off. All attempts at purification of the product failed.

] When the product was triturated with methanol at room temperature, the violet colour
disappeared and cream-coloured crystals were obtained which, according to the IR spectra,
m.p.’s and TLC, proved identical with authentic 2a.

When the amorphous product was boiled up with nitromethane, the violet colour
fqradually d|$aﬁpeared and, after evaporation of the solvent and recrystallization of the residue
rom PhCI-light petroleum, pure 3 (IR, mixed m.p., TLC) was obtained. )

When the amorphous product was boiled for a few minutes with PhCI, the violet
colour gradually disappeared, and crystals of 9-phenylacridine (IR, mixed m.p., TLC) deposited
on allowing the solution to cool.

10-Amino-9-nitromethyl-9-phenyl-9,10-dihydroacridine (3)

A mixture of 2a (1.0 g; 3.3 mmoles) and nitromethane (15 ml) was refluxed for 1 hr.
The hot solution turned initially violet and later green. The excess solvent was evaporated
in vacuum and the residue recrystallized from PhCI-light petroleum to yield 0.95 g (90%)
of 3; green crystals, m.p. 160°C (@

CooH,,N302 (331.36). Calcd. 72.49; H 5.06; N 12. 68. Found C 72.65; H 5.19; N 12.71%.
6 2H NI\II\I/I-IR)(CDCB TMS): §7.7—s.8 ppm (m, 13 H, ArH); 5.1 ppm (s, 2 H, CH2; 3.95 ppm
S ) ).

A Partial conversion of 2a into 3 took place even on recrystallization of 2a from nitro-

methane.

10-Amino-9-phenyl-9,10-dihydroacridine

A methanolic solution (15 ml) of la (2.35 g; 5.0 mmoles) was mixed with an aqueous
solution (10 ml) of NaBH, (0.22 g; 6.0 mmoles). Gas was evolved, the solution became colour-
less, and the product started to precipitate. Crystallization was completed by the addition
of water (80 ml) to yield 1.2 g (88s%) of the reduction product, fine colourless crystals, m.p.
182—184°C (from EtOH).

CloH1(N\2 (272.34). Calcd. C83.79; H 5.92; N 10.92. Found C 83.52; H 5.98; N 10.85%.
@ NI\%R (CDCls, TMS): $7.45-6.75 ppm (m, 13 H, ArH); 5.2 ppm (s, 1 H, 9-H); 3.7 ppm
H, NH2.

10-Acetylamino-9-phenylacridinium chloride (5a)
and _\-(9-pheiiyl-10-arridinio)-acetaiiiidate (6a)

(a) A mixture of la (4.7 g; 10 mmoles), NaOAc (1.0 g; 12 mmoles) and AcD (10 ml)
was stirred for 1hr at 80°C. The solvent was distilled off and the residue triturated with water
EO ml). The insoluble yellow product was dried and taken up in methanol (_%5 ml), and dry
C1 gas was introduced into the suspension until a clear solution resulted. The solvent was
distilled off and the residue recrystallized from EtOH-ether to yield 2.1 g (59%) of 5a, greenish
yellow crystals, m.p. 285—288°C.
CiH17CIND ﬁ48.82. Calcd. CI© 10.17. Found Cl© 10.35%.
IR (KBr): v NH 3400-3300, vc=0 1690 cm 'l
NMR (CDC13 TMS): 6 8.7 ppm (d, 3 = 9 Hz, 2 H, 4-H + 5-H); 8.5-7.4 ppm (m, 11 H,
other ArH’s); 2.75 ppm (s, 3 H, Ac).
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(b; A mixture of le (52.0 g; 6.5 mmoles) and AcD (6 ml) was boiled until a clear solu-
tion resulted transiently and, after about 2 min, the product started to crystallize. A thick
crystalline paste was obtained when the mixture was allowed to cool. Ether was added and
the product (2.25 g; 100%), m.p. 285—288°C, identical according to the IR spectra with
the product obtained as described under (a), was filtered off.

(c) An aqueous solution (50 ml) of 5a (}1.7_5 g; 5 mmoles) was treated with 1 N aqueous
NaOH (10 ml), and the mixture was extracted with CH2Cl (50 ml) to yield, after conventional
work-up and recrystallization from toluene, 1.24 g (73%) of 6a, m.p. 222—224°C,

CaHIeN2D (312:3@. Calcd. C80.74; H 5.24; N 8.97. Found C80.51; H 5.24; N 8.90%.

IR (KBr): no i>C=0 band.

NMR (CDC13 TMS): $8.85 ppm (d, J = 9 Hz, 2 H, 4-H + 5-H); 8.2-7.35 ppm (m,
other ArH’s); 2.42 ppm (s, 3 H, ACF))

and iV-(9-phenyl-10-acridinio)-benzamidate (6b)

(a) The pseudobase 2a (0.3 g; 1 mmole) was shaken for 5 min with PhCOCI (2 ml),
and the mixture was heated for 5 min at 130—140°C. A thick paste was obtained which,
after being allowed to cool, was diluted with ether to yield 0.4 g (97%) of 5b, greenish yellow
crystals, m.p. 252°C (EtOH-ether).

CoeH29CIN2D (410.88). Calcd. C 8.63; N 6.82. Found Cl 9.00, N 6.82%.

IR (KBr): rC=0 1675 cm"1

(b) A mixture of Ic (0.3 g; 1.0 mmole) and PhCOCI (2 ml) was heated for 5 min at
140°C and worked up as described above to yield 0.4 8 (97%) of sb, identical, according to
the IR spectra, with the product obtained as described under (a).

(c) A solution of 5b (0.4 g; 9.7 mmoles) in a mixture of MeOH (2 ml) and water (5 ml)
was treated with 1 N aqueous NaOH (2 ml) to yield 0.25 g (70%) of 6b, orange coloured
crystals, m.p. 248—250°C (from aqueous EtOH).

CosH ,eND (374.42). Calcd. C83.40; H 4.85; N 7.48. Found C83.48; H 4.96; N 7.37%.

IR (KBr): no i'C=0 band.

NMR (CDC13 TMS): $8.85 ppm (d, 3 = 9 Hz, 2 H, 4-H + 5-H); 8.65-8.45 ppm (m,
2 H, PhCO, o-protons); 8.2—7.45 ppm (m, 14 H, other ArH’s).

Attempted ethoxycarbonylation of 2a

A mixture of 2a (0.6 g; 2 mmoles) and ethKI chloroformate (5 ml) was heated for 1 hr
at 110°C. The mixture remained heterogeneous throughout. It was allowed to cool, and the
greenish yellow crystalline product (0.5 g; 82%) was filtered off and washed with ether. Accord-
ing to its m.p. (256—258°C) and IR spectrum it proved to be identical with an authentic
sample (see above) of Ic.

iV-(10-Acridinio)-benzamidate (6c)

A mixture of Ib (3.95 g; 10 mmoles? and PhCOCI 920 ml) was heated for 5 min at
170°C. Ether (80 mI% was added, after cooling, to the resulting dark solution to precipitate
a38ummy product. The supernatant was decanted and the residue triturated with two portions

ml, éach) of ether and dissolved in MeOH (40 ml). The solution was made slightly alkaline

EH 9) with 10% aqueous NaOH. Water (120 ml) was added under ice-cooling to obtain 15 g
1%) of ec, orange coloured c(r}/stals, m.p. 273—275°C (d.; from aqueous MeOH).

C20H14N20 %298.23). Caled. C80.51; H 4.73; N 9.39. Found C 80.04; H 4.87; N 9.25%.

J1-(9-Phenyl-10-acridinio)-\-phenylthiorarbanioylamHle (7)

A solution of 2a (1.5 g; 5.0 mmoles) in dioxane (20 ml) was treated with PANCS (1.5 ml;

12 mmoles) for 20 min at 40—45°C. A red solution resulted from which the product soon

started to crystallize. The mixture was allowed to stand overnight, and the J)roduct 1.7 g;
84%), red needles, m.p. 147°C (from nitromethane or 1-butanol) was filtered off.

C6H19N3S (405.50). Calcd. C 77.01; H 4.72; N 10.36. Found C 77.46; H 4.44; N 10.57%.

The spectra were obtained with the aid of a MOM (Hungarian Optical Works, Buda-

pest) Type 2000 IR and a Perkin-Elmer Type R12 (60 MHz) NMR spectrometer, respectively.

*

Thanks of the authors are due to Mrs. |. Balogh-Batta and Dr. P. Kolonits and
staffs for the microanalyses and spectra, respectively.
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THE SYNTHESIS AND SOME REACTIONS OF iV-(2-PHTHALAZINIO)- AND
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The synthesis, thermo- and photolysis of the title compounds are described.

In continuation of our studies into the chemistry of electron deficient
heteroaromatic ammonioamidates, we have synthesized A-(2-phthalazinio)-
-benzamidate (4a). Phthalazine was allowed to react with O-mesitylenesulfonyl-
hydroxylamine [1] to give 2-aminophthalazinium mesitylenesulfonate (la).**
The sulfonate was transformed into the chloride (Ib) by treatment with hydro-
chloric acid in hot ethanol. When heated with an excess of hot benzoyl chloride,
Ib gave 2-(benzoylamino)-phthalazinium chloride (3a). Alternatively, the latter
product was prepared by treating the crude dimer 5a of (2-phthalazinio)-amide
2a) — obtained by alkaline treatment of either la or Ib — with benzoyl
chloride. 3a and 4a were mutually interconverted by treatment with alkali
and aqueous hydrochloric acid, respectively.

The benzamidate 4a is thermally unstable: when subjected to vacuum
sublimation it partly rearranges into I-(benzoylamino)-phthalazine (6) [2],
partly suffers elimination of benzoylnitrene to yield phthalazine, and partly
decomposes to furnish a product of unknown structure. Attempted photolyses
in de-aerated acetonitrile, ethanol and dichloromethane solutions gave un-
tractable tarry mixtures of photodecomposition products.

1,4-Diphenylphthalazine was obtained by the adaptation of the method
of Staunton and Topnam [3]. 2,4-Diphenyl-I(2R)-phthalazinone (7) was
treated with phenylmagnesium bromide, and the resulting 1,2,4-triphenyl-
-2-phthalazinium bromide (8) was transformed with the aid of hydrazine into
the desired product. This method proved in our hands superior to those
reported in the literature [4, 5]. Amination of 1,4-diphenylphthalazine was
effected with O-mesitylenesulfonylhydroxylamine, and the resulting sulfonate
(Ic) was converted, via crude 5b and 3b into 4b, similarly to the procedure
described above for the non-phenylated series.

*Part VI: Agai, B., Lempekt, K., preceding paper.
** A by-product, GHeN2 probably 2-(imin6metbylene)-benzonitrile was obtained in
the form of its mesitylenesulfonate in this reaction.
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Thermolysis of 4b furnished 1,4-diphenylphthalazine; the benzoyl-
nitrene thereby eliminated rearranged partly into phenyl isocyanate, which
was detected in the form of ethyl IV-phenylcarbamate. Part of the isocyanate
was hydrolyzed to aniline, and small amounts of benzonitrile were also detected
among the volatile thermolysis products.

Photolyses of 4b in de-aerated benzene, EtOH and dichloromethane
furnished mixtures of tarry products which, in some cases, contained small
amounts of diphenylphthalazine, according to TLC. Photolysis of 4b in di-
chloromethane in the presence of oxygen furnished 40% of 1,2-dibenzoyl-
benzene; this behaviour parallels that of 1,4-diphenylphthalazine-IV-oxide [5].
In addition, some benzoyl chloride, obviously formed by a free radical reaction
with the solvent, was also obtained. The formation of 1,2-dibenzoylbenzene
in the photolysis of 4b does not take place via diphenylphthalazine, since the
latter is stable towards UV irradiation even in the presence of oxygen.

XH2

a: R=H, X=246-Me3C6H2503
: R=H, X=C1
c. R—Ph, X= 24,6-Me3C6H2003

R R
€ H
N .N C-
1 1 0Ol r
%1 L\ Ph 4."]XT)l P1h
R R

2-4,a: R= H. b: R=Ph

R
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Experimental

2-Aminophthalazinium mesitylenesulfonate (la)

An ethereal solution (250 ml) of O-mesitylenesulfonylhydroxylamine [1] (¢8 mmoles)
was added at room temperature to a mixture offhthalazme (Il g;" 85 mmoles), chloroform
(30 ml) and ether gZO ml). The oily precipitate (20.1 g; 69%) turned rapidly crystalline on
scratching, m.p. 95°C (from .

Ci7H19N303S. 1.5 HD (372.45). Calcd. N 11.28; S 8.61. Found N 11.38; S 8.50%.

The dry residue of the mother liquor of crude Ia was taken up in acetone (10 ml) and
allowed to stand at room temperature to yield 1.35 g of a colourless _crystalline product, m.p.
183—184°C (from CHC13-Hght petroleu.my, which is probably identical with the mesitylene-
sulfonate of 2-(iminomethylene)-benzonitrile.

CI7H,8N20$§ 0.34). Calcd. C61.81; H 5.49; N 8.48. Found C62.17; H 5.85; N 8.12%.

IR (KBr): j>C=N 2160 cm"1

2-Aminophthalazinium chloride (Ib)

a) A mixture of la (2.0 g; 5.8 mmoles), ethanol (15 ml) and 37% a%J. HC1 (1.5 ml)
was refluxed for 2 min to yield 0.6 g (57%) of Ib, m.p. 208°C (d.; from EtOH) on cooling.
GsHsCINs (181.62). Caled. C52.91; H 4.44; Cl 19.52; N 23.13. Found C 52.52; H 4.39;
Cl 19.97; N 23.30%.
(b) A mixture of crude 8,8a,16,16a—tetrahidrogl,2,4,5]-tetrazino[6,|-a; 3,4-a’]di-
phthalazine (5a, see below) (3.1g; 10.7 mmoles), ethanol (20 ml) and 37% a%u. HC1 (4 'ml)
\IIEV?CS)H)eatEd as described under (a) to yield 35 g (91%) of Ib, m.p. 208—209°C (d.; from

2-(Bcnzoylamino)-phthalazinium chloride (3a)

(a) A mixture of Ib (25 g; 13.9 mmoles) and benzoyl chloride (5 ml; 43.5 mmoles
was heated for 20 min at 145—150°C (bath temperature). Evolution of started at 90°C,
and the mixture turned dark. The mixture was allowed to cool, and ether (30 ml) was added.
The solvent was decanted from the ummydproduct which was triturated with another portion
of ether (15 ml). The solvent was decanted and the residue refluxed for 5 min with EtOH
(15 ml) whereby it gradually became crystalline on scratching. The mixture was allowed to
cool, and crystallization of the product was completed by the addition of ether (50 ml) in
portions. 3.40 g (86%) of 3a, m.p. 213—214°C (d.; from EtOH) was obtained.

C,sH,2 (285.74). Calcd. Cl 12.41; N 14.70. Found Cl 12.96; N 15.07%.

IR (KBr): vC=0 1680 cm“ 1

(b) A mixture of crude 5a (see below) (0.5 g; 1.7 mmole) and PhCOCI (2 ml; 17 mmoles)
was treated and worked up as described under (a) to(}/ield 0.5 g (51%) of 3a, m.p. 216°C (d.).

(c) A mixture of JV-(2-phthalazinio)-benzamidate (4a, see below) (0.1 g; 0.4 mmole),
ethanol 81 ml) and 37% aqu. (0.2 ml) was boiled up. Crystallization of the product started
ou cooling and was completed by the addition of ether (1 vol). The yield of 3a, m.p. 215°C
(d.). was 0.1 g (87.6%).
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8,8a,16,16a-Tetrahydro-[l,2,4,5]tetrazino[6,l-a; 3,4-a’]diphthalazine (5a)

(a) 10% aqu. NaOH (10 ml; 2.8 mmoles) was added by drops under continuous stir-
ring to a mixture of la §8.0 g; 23.2 mmoles) and water (100 ml). A brown amorphous product
precipitated gradually from the initially almost clear solution. The mixture was kept for
1/2 hr on a steam bath, and the product (2.7 g; 80%), m.p. 204°C (d.) was filtered off, after
the mixture had been allowed to cool. L

The product resisted all attempts at recrystallization.

(b) The chloride 1b was similarly transformed into 5a.

iV-(2-Phthalazinio)-benzamidate (4a)

10% aqu. NaOH (5 ml; 14 mmoles) was added by drops to an aqueous solution (120 ml)
of the chloride 3a (3.0 g; 10.6 mmoles) to yield 1.85 (71%) of a crystalline product, m.p. 213—
214°C (d.; from dioxane-light petroleum?.
15H 14N (249.26). Calcd. C72.27; H 4.45; N 16.86. Found C71.95; H 4.45; N 17.19%.
IR (KBr): no rNH band.
NMR (CDC13 TMS): 6 9.55 ppm (m, 1L, 1-H); ~ 83 ppm (m, 3 H, 4-H + Ph, o-pro-
tons); ~ 81 ppm (m, 4 H, 5-H-8 H); 7.5 ppm (3 H, Ph, m- and p-protons).

Vacuum sublimation

The benzamidate (4a) was sublimed at 1 torr at 180—250°C (bath temperature), and
the sublimed product was examined by TLC (adsorbent: Kieselgel G; solvent: benzene-metha-
nol, 5:1; detection: iodine vapour and aqu. KeHgls spraK . shown by comparison with
authentic samples, the product consisted of a mixture of unchanged 4a, phthalazine, 1-(benzoyl-
amlno);ghthalazme (6) and a compound of yet unknown structure. _

n authentic sample of 6 was obtained as described in the literature [2].

1,4- Diphenylphthalazine

The Grignard reagent, obtained from bromobenzene (17 ml; 0.16 mole) and metallic
Mg (4.0 g; 0.17 mole) in THF (60 ml), was added by drops, within 3 min, to a warm solution
of 2.4-dipheny1-1(2//)-ph:halazinone (7) [Ie]. A vigorous reaction took place. The resultin
brown solution was refluxed for 9 hrs, allowed to stand overnight, and decomposed wit
saturated aqueous NH4Cl solution (100 ml). The aqueous layer was extracted with 4 portions
of THF (15 ml, each), and the combined THF solutions were worked up in the conventional
manner to yield an OI(ij product (8).

The [atter was dissolved in a mixture of EtOH (50 ml) and 99% N2Hs « HD (15 ml),
and the solution was gradually heated to its b.p. After the vigorous evolution of gas had
ceased, the mixture was refluxed for 10 hrs and allowed to stand overnight to yield 10.6 g
of diphenylphthalazine, m.p. and lit. m.p. [4, 5] 194°C, as the first crop. A less pure secon
crop (8.0 g, m.p. 189°C) was obtained by treating the dry residue of the mother liquor with
benzene (40 ml) and light petroleum (20 ml). Total yield: 43.6%.

2-Amino-l,4-diphenylphthalazinium mesitylenesulfonate (Ic)

An ethereal solution (60 ml) of O-mesitylenesulfonylhydroxylamine [1] (" ,33 mmoles
was added at room temperature to a solution of 1,4-diphenylphthalazine (8.4 g; 29.8 mmoles
in chloroform (100 mlz. Heat was evolved. The mixture was kept overnight at room tempera-
ture, and about 2/3 of the solvent was evaporated. 2 Volumes of ether were added to precipi-
tate 14.2 g (95.5%) of Ic, m.p. 167°C, which was pure enough for use in the following experi-
Ir_ner:]ts. A slample was purified for analysis by reprecipitating it from its CHC13 solution with
ight petroleum.

80C29H27N30$ 2 HD (533.71). Calcd. C65.28; H 5.86; N 7.88. Found C 65.41; H 5.33;
N 7.80%.

2-Benzoylamino-l,4-diphenylphthalazinium chloride (3b)

(a) An aqueous (90 mlg suspension of crude Ic (8.0 g; 16 mmoles) was treated with
the solution of NaOH (0.8 g; 20 mmoles) in water (10 ml) to yield a red precipitate of 45¢
(94%) of the dimer sb, m.p. 135—138°C, which resisted all attempts at recrystallization.

(b) Benzoyl chloride (8 ml; 69 mmoles) was cautiously mixed with crude 5b (5.7 g;
9.6 mmoles). Heat was evolved and a crystalline product was formed. The mixture was heated
for 1 hr at 150°C (bath temperature). After being allowed to cool, the mixture was triturated
with ether (20 ml), and the product was filtered off and thoroughly washed with ether to
obtain 6.5 g (79.6%) of 3b, m.p. 261°C (from EtOH).
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CZH20CINID (437.93). Caled. C 74.05; H 4.60; A 8.09; N 9.60. Found C 74.36; H 4.68;
d 828; N 9.31%-
IR (KBr): rC=0 1680 cm“1

iV-(l,4-Diphenyl-2-phthalazimo)-benzami<late (4b)

A mixture of 3b (0.5 ?5 1.2 mmole), EtOH (5 ml), water (15 ml) and 10% aqueous
NaOH (2 ml) was stirred for 15 min to yield 0.4 g (88%) of 4b, m.p. 168—169°C (from 85%

aqueous EtOH).
06 C/ZH]_CN * HD (419.49). Calcd. C 77.31; H 5.05; N 10.02. Found C 77.28; H 5.38;
N 9.64°/.
IR (KBr): no vC=0 band.

Photolysis

A solution of 4b (0.50 g; 1.3 mmole) in CH2C12 (400 ml) was irradiated through Pyrex
for 48 hrs with a high pressure mercury immersion lamp (HPK 125, Philips) while a continu-
ous stream of O, was Introduced. The solvent was evaporated until crystallization started.
Ether (4 ml) was added, and the product which, accordln?. to its IR spectrum, proved to be
identical with 1,2-dibenzoylbenzene (0.15 q; 39.4%) was filtered off.

(od )The filtrate of the product was strongly acidic (pIL 1). and it contained benzoyl chloride
odour).

No 1,2-dibenzoylbenzene could be detected in the reaction mixture by TLC, when
1,4-diphenylphthalazine was irradiated for 30 hrs under the above conditions.

Thermolysis

) (a) 4b was kept for 1 hr at about 200°C_(bath temperature). The residue was dissolved
in EtOH and subjected to TLC under the conditions as described above for the vacuum subli-
mation products of 4a. In addition to unchanged 4b, only 1,4-diphenylphthalazine could
be detected as the thermolysis product. ]

(b) In order to examine the volatile by-products, 4b was kept successively between
180—200, 200—220 and 220—260°C (bath temperature), for 1 hr, each, and the volatile
products were separately collected. The first fraction contained the water of crystallization
of the starting 4b in practically pure form. The second fraction was taken up in EtOH and
subjected to TLC (conditions as above); it proved to be a mixture containing small amounts
of ethyl iV-phenylcarbamate. The third fraction was subjected to GLC analysis and was found
to contain aniline and benzonitrile. The non-volatile residue was, according to TLC, a mixture
of unchanged 4b, 1,4-diphenylphthalazine and more degraded decomposition products of
unknown structure.

*

IR spectra were taken by Miss M. Csirke, microanalyses were performed by Mrs.
Zauer-Csul1sG, and the GLC analysis was performed by Dr. S. Bekassy.
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UBER DIE SYNTHESE
YON NEUEN ISOCHINOLINON-DERIYATEN
MIT BIOLOGISCHER AKTIVITAT
(KURZE MITTEILUNG)
Gy. Deak, K. Gall-lIstok und L. Sterk

(Institut fir experimentelle Medizin der Ungarischen Akademie der Wissenschaften,
Budapest)

Eingegangen am 6. April 1975

Bei der Untersuchung der zu I-Aryl-1,4-dihydro-3(2fi)-isochinoliiionen fiihren-
den Kondensationsreaktion von aromatischen Aldehyden und Aralkylnitrilen wurde
festgestellt, daR das Verfahren zur Synthese von 4-mono- oder dialkylsubstituierten
Derivaten sowie im aromatischen Ring methoxy-substituierten Derivaten geeignet ist.

Beim Studium von Kondensationsreaktionen in nichtwdéRrigen Medien,
katalysiert durch Lewis- und Protonsduren, wurde friher festgestellt [1], daR
Phenylessigsdurenitril bzw. Phenylacetamid in polyphosphorsaurem Medium
mit aromatischen Aldehyden in Reaktion tritt, wobei mit guter Ausbeute
I-Aryl-1,4-dihydro-3(2f/)-isochinolinon gebildet wird. Auch wurde festge-
stellt [2], daB einige der durch uns synthetisierten Verbindungen eine bemer-
kenswerte biologische AKtivitdt besitzen, namentlich eine antikonvulsive
Wirkung. Diese Beobachtung ist umsomehr interessant, als — aufgrund der
biologischen Prufungen — die genannten Isochinolinon-Derivate als eine neue
Gruppe von Verbindungen mit antikonvulsiver Wirkung betrachtet werden
kdénnen.

Im weiteren wurde festgestellt [3], daB diese Verbindungen auch aus den
entsprechenden Aryliden-bis(sdureamiden) hcrgestellt werden kénnen. Auf-
grund theoretischer Uberlegungen nahmen wir an, daR in der Reaktion zwi-

IN H - CO—CH2—C6H N
ArCH<
\NH —CO- CH2- CeH>

h2so4acoh PPA

PPA

+ cbh.ch2- conh
X = CI, Me, NO2
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sehen Nitril bzw. S&ureamid und Aldehyd als Zwischenstufe ebenfalls das bis-
Amid gebildet wird, und daB das Endprodukt 1-Arylisochinolinon aus dessen
Umwandlung entsteht.

Die Reaktion wurde urspriinglich nur mit Benzylcyanid durchgefihrt.
Bei der kinetischen Untersuchung der Reaktion [4] wurde auch die Reaktions-
fahigkeit von Benzylcyaniden und Phenylacetamiden untersucht, die in der
a-Stellung einen oder zwei Alkylsubstituenten enthalten.
suchungen wurden mehrere, in Stellung 4 substituierte Isochinolinon-Derivate

2’,6°-diCl
3’-NO,

2\6’-diCl

R1

Et

iPr

iPr
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R2

Me

Me

T

R3

7-Me

R2

Fiar diese Unter-

Tabelle 1

Herstellung von I-Aryl-1,4-dihydro-3(2H)

Verhaltnis it Tomn.

Nitril : Al-

dehyd st 1 °c
I 1 1 120
| 1 3 120
| 1 2 120
2 1 5 120
11 1 120
11 4 130
11 2 130
11 6 120
2 1 3 120
2 1 3 120

Aus-

beute,

%

72

66

22

33

13

60

58

20

92

64

Schmp. Lsgm.
der Umkrist.

191
EtOAC

207
EtOH

199
EtOH

203
CéHe

150
Benzin

193
EtOH

173
EtOH

194
EtOACc

278-80
Dioxan

310
Dioxan
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aus dem entsprechenden Nitril und Benzaldehyd hergestellt. Unter Berlck-
sichtigung der Neigung des Benzyliden-bis(phenylacetamids) zur Cyklisation
wurden diese Isochinolinon-Derivate auch aus den betreffenden bis-Amiden
hergestellt [5]. Der Vergleich der direkten Reaktion aus Nitril und Aldehyd
und jener aus bis-Amid sowie ihrer Ausbeuten scheint jedoch unsere frihere
Annahme, wonach das bis-Amid ein Zwischenprodukt der aus Nitril und
Aldehyd ausgehenden und zu Isochinolinon fihrenden Reaktion ist, nicht zu
b statigen. Es gelang uns ndmlich, 4-Butyl-lI-phenyl-1,4-dihydro-3(2H)-isc-
chinolinon — wenn auch mit schlechter Ausbeute — aus dem entsprechenden
Nitril und Aldehyd zu gewinnen, wogegen Benzyliden-bis(a-phenylcapron-
sdureamid) in Polyphosphorsdure ausschlieflich zu Sdureamid (und Aldehyd)
zersetzt wird und keine Cyklisation erfolgt.

Bei den in der vorliegenden Arbeit beschriebenen Untersuchungen steck-
ten wir uns das Ziel, die RingschluRreaktion auf solche I-Aryl-1,4-dihydro-
3(2if)-isochinolinone auszudehnen, die in Stellung 4 mono- oder dialkyl-
substituiert sind. AuRerdem beabsichtigten wir, Methoxyderivate der Grund-
verbindung herzustellen. AufRer dem Interesse in chemischer Hinsicht dachten

-isochinolinonen aus Nitril und Aldehyd

Analyse Bemerkung
CIH16N,,03  (296,33) Ber. C 68,91 H 5,44 N 9,45 Aus bis-Amid
Gef. C 68,94 H 5,68 N 9,56 77% [3]
A187187273 (310,35) Ber. C 69,65 H 5,85 N 9,03
Géf. C 69,31 H 5,99 N 9,18
CIBHIF3NO  (319,33) Ber. C 67,71 H 5,05 N 4,39
Gef. C 67,88 H 4,98 N 4,13
CIBH18N2D 3 (310,35) Ber. C 69,65 H 5,85 N 9,03 Aus bis-Amid
Gef. C 69,41 H 6,12 N 8,96 46% [3]
CIH INO (277,37) Ber. C 82,29 H 6,90 N 5,05
Gef. C 82,39 H 7,15 N 5,03
CIH16CINO  (285,78) Ber. C 71,44 H 5,64 N 4,90 Cl 12,42
Gef. C 71,35 H 5,69 N 5,09 Cl 12,40
CIMH16FNO (269,32) Ber. C 75,79 H 5,99 N 5,20 F 7,05
Gef. C 75,88 H 6,19 N 5,27 F 7,04
CZHINO (313,40) Ber. C 8431 H 6,11 N 4,46
Gef. C 84,64 H 6,19 N 4,37
n15n-107242~3 (337,17) Ber. N 8,31
Gef. N 8,50
C,5H,,C1,NO (292,17) Ber. C 61,66 H 3,80 Cl 24,27
Gef. C 61,35 H 4,05 Cl 24,30
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wir dabei auch an die Mdglichkeit der Synthese neuer, potentiell biologisch
aktiver Verbindungen.

Die Daten der aus oc-alkylierten Arylacetonitrilen und aromatischen
Aldehyden erhaltenen Produkte sind in Tab. | zusammengefaRt.

Aus der Tabelle ist ersichtlich, daB die entsprechenden Isochinolinon-
Derivate aus den in a-Stellung methylierten oder dimethylierten Nitrilen mit
einer Ausbeute von 60—70% erhalten wurden. Ein Vergleich mit den Aus-
beuten der analogen, jedoch in Stellung 4 unsubstituierten Verbindungen [1]
zeigt keinen wesentlichen Unterschied. Eine wesentliche Verringerung der
Ausbeute tritt jedoch ein, wenn die Nitrilkomponente in a-Stellung eine Athyl-
oder lIsopropylgruppe enthé&lt. Interessanterweise ist die Ausbeute auch bei
der benzylsubstituierten Verbindung &hnlich schlecht.

Vor allem aus pharmakologischen Uberlegungen heraus (zwecks Steige-
rung der Lipidléslichkeit) winschten wir Derivate mit Chlor in den Stellungen
2’ und 6’ herzustellen. Dabei war auch interessant, ob die beiden Substituen-
ten in ortho-Stellung die Reaktion nicht hindern, da frither bereits festgestellt
wurde [3], dal das 2’-Nitroderivat auf diesem Weg nicht hergestellt werden
kann. Wie aus Tab. | ersichtlich ist, trat weder beim 2,6-Dichlor-, noch beim
2,6-Dichlor-3-nitrobenzaldehyd eine beobachtbare sterische Wirkung auf. Die

Tabelle 11
Herstellung von I-Aryl-1,4-dihydro-6,7-dimethoxy-3(2H)-isochinolinonen

Real tions-
Verhiltnis zeit Temp. Ausbeute, Schmp. Lsgm.
R R1 R2  Nitril : Aldehyd % der Umkrist.
St. °C
H H H 2 1 | 120 75 205
EtOH
3’,4’-diOMe H H 2 1 I 120 75 180—82
C6H 6
4’-NO, H H 2 1 2 120 49 198-200
EtOH
H Pr H 11 2 120 29 189
EtOH
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Klarung der Frage, ob 2-Nitrobenzaldehyd aus sterischen Grinden nicht mit
Benzylcyanid in PPA reagiert, oder ob es vielleicht unter den Reaktions-
bedingungen zersetzt wird, erfordert weitere Versuche.

Die bedeutende Wirkung von Methoxygruppen in Stellung 6 und 7 am
Isocliinolin-Gerist auf die biologische Aktivitat der Verbindung (z. B. Papave-
rin) brachte uns auf den Gedanken, &hnliche Derivate der Isochinolinone her-
zustellen. Die Ergebnisse sind in Tab. Il zusammengefaRt.

Aus der Tabelle ist ersichtlich, daR die Gegenwart der Methoxygruppen
das aus friheren Versuchen [5] sich ergebende Bild im wesentlichen nicht ver-
&ndert: das in Stellung 4 eine ldngere Alkylgruppe (Propyl) enthaltende Pro-
dukt konnte nur mit schlechter Ausbeute hergestellt werden. Um die in der
Tabelle angefiihrten Ausbeuten zu erreichen, mufite unser allgemeines Syn-
theseverfahren etwas modifiziert werden. PPA wurde auf 90 °C erhitzt, das
Nitril zugegeben und das Gemisch weitere 5 Minuten lang bei 90 °C gehalten.
Der Aldehyd wurde dann nicht auf einmal, sondern in drei Portionen, im
Laufe von 30 Minuten zugegeben. AnschlieRend wurde wéhrend der in der
Tabelle angefliihrten Reaktionszeit bei 120 °C gerthrt und das Reaktionsge-
misch aufgearbeitet. Bei der Reproduktion des bereits friher beschriebenen
6,7-Dimethoxyderivats wurde beobachtet, daB die Temperatur wéhrend des
Ruhrens bei 120 °C spontan bis 150 °C anstieg. Durch Verhinderung dieses
Temperaturanstiegs mittels Temperaturregelung konnten die Ausbeute sowie
der Schmelzpunkt des Produkts erhdht werden.

I-Aryl-1,4-dihydro-3(2H)-isochinolinone

50 g Polyphosphorséure 1 : 1 [1] wurde unter Rihren auf 90 °C erhitzt, 50 mmol
Nitril zugegeben und das Gemisch 5 Minuten lang bei 90 °C gehalten. Danach wurde der
Aldehyd im Verhdltnis gem&B Tab. | bzw. Il zugegeben, die Temperatur bis 120°C erhoht,
und es wurde wéhrend der in den Tabellen angefihrten Reaktionszeit geriuhrt. Die viskose

aus aromatischen Aldehyden und 3,4-Dimethoxyphenylcarbonitrilen

Analyse Bemerkung

Lit. Schmp. 198 °C
Ausbeute 50% [1]

(343,39) Ber. C 66,46 H 6,16 N 4,08

Gef. C 66,39 H 6,32 N 4,01

CiTHieND 5 (328,33) Ber. C 62,20 H 4,91 N 8,53
Gef. C 62,19 H 5,53 N 8,52

cXh2no3 (324,40) Ber. C 73,82 H 7,13 N 4,30
Gef. C 73,69 H 7,25 N 4,28
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heife Losung wurde in Wasser gegossen, mit konz. NH,OH alkalisch gemacht und wenn
ndtig das gummiartige Produkt zerrieben, bis es zu Pulver zerfiel. Danach wurde filtriert,
mit Wasser neutral gewaschen, getrocknet und aus dem in den Tabellen angefiihrten Lésungs-
mittel umkristallisiert.

Herrn Istvan Nagy sei an dieser Stelle fiir seine wertvolle technische Mitarbeit gedankt.
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REDUCTION OF DICARBOXYLIC ACID ESTERS
WITH DIISOBUTYLALUMINIUM HYDRIDE

G. Kraiss, M. PoVARNY and K. Nador

(Department of Chemistry, Veterinary University, Budapest)
Received February 8, 1975

Reduction of diethyl homophthalate, diethyl phthalate, diethyl cis-1,2-cyclo-
hexanedicarboxylate and diethyl glutarate with 1—4 equivalents of diisobutylalumi-
nium hydride is reported. The crude reduction products were analyzed by gas chro-
matography. Reduction of diethyl homophthalate and diethyl phthalate with 3 equiv-
alents of diisobutylaluminium hydride led to selective lactol formation.

Recently we have reported [1] a selective reduction of diethyl homo-
phthalate to 3-hydroxyisochromane with 3 equivalents of diisobutylalumi-
nium hydride (DIBAH). We have now extended this study to the reduction
of dicarboxylic acid esters with 1-4 equivalents of DIBAH.

The dicarboxylic acid esters were treated in toluene, at low temperature,
with 1-4 equivalents of DIBAH. After hydrolysis and concentration, the
crude reduction products were analyzed by gas chromatography.

Reduction of diethyl homophthalate (I) with 1 or 2 equivalents of
DIBAH led to 3-hydroxyisochromane (Il) in a low yield. Homophthalic
ester-aldehyde or dialdehyde were absent. Reaction with 3 equivalents of
DIBAH afforded 100% of 3-hydroxyisochromane (Il), as shown by GLC.

DIBAH
Product

1 eq. 2 eq. 3 eq. 4 eq.

% % % %
Diethyl homophthalate (1) 87.5 53.4 - -
3-Hydroxyisochromane (II) 10.7 425 100 33.0
Homophthalic alcohol (111) — - — 67.0
Other (unidentified) 3.6 41 — —
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3-Hydroxyisochromane was, however, slowly reduced to homophthalic alcohol
(111) under our conditions when | was treated with 4 equivalents of DIBAH
(see Table 1I).

Similar treatment of diethyl phthalate with 14 equivalents of DIBAH
led to analogous results. The only difference was that the reduction of diethyl
phthalate also afforded phthalide (VI) as a by-product (Table I1).

DIBAH

Product 1 eq. 2 eq. 3 eq. 4 eq.

% % % %

Diethyl phthalate (IV) 92.0 68.0 - -
Phthalide (V1) — 25 17.0 115
Lactol (V) 8.0 29.5 82.0 20.0
Phthalalcohol (VI1I) — — — 63.5
Other (unidentified) — — 1.0 5.0

Reduction of diethyl phthalate with three equivalents of DIBAH was
less selective for lactol formation than the reduction of diethyl homophthalate.
I-Hydroxy-1,3-dihydroisobenzofuran (V) was identified by GLC comparison
with an authentic sample prepared by the reduction of phthalide with one
equivalent of DIBAH.

A similar series of reduction of diethyl cis-l,2-cyclohexanedicarboxylate
(V1) with 1-4 equivalents of DIBAH did not lead to selective lactol forma-
tion. The GLC data are listed in Table III.

1-Hydroxy-perhydroisobenzofuran (IX) and cis-1,2-hydroxymethylcyclo-
hexanecarboxylic acid lactone (X) were separated by chromatography on
silica gel using chloroform as eluant. The spectrum of the lactol IX had strong
infrared absorption bands at 3450 ¢cm-1 (OH), 1130, 1050 cm-1 (C—0O-—C),
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Table 111
DIBAH
Product

1 eq. 2 eq. 3 eq. 4 eq.
% % % %
Diethyl cis-1,2-cyclohexanedicarboxylate (VIII) 70.7 32.3 - —
1-Hydroxy-perhydroisobenzofuran (I1X) 18.0 335 38.0 12.9

Cis-1,2-hydroxymethylcyclohexanecarboxylic acid
lactone (X) 8.8 19.1 20.0 6.9
Cis-1,2-bis(-hydroxymethyl)-cyc]ohexane (XI) - — 35.2 66.5
Other (unidentified) 1.6 35 6.8 3.0

0.9 115 - —
— — — 10.7

and the lactone X had 1785 cm-1 (C= 0). Jones oxidation [2] of 1-hydroxy-
perhydroisobenzofuran (IX) gave the lactone X as shown by GLC.

Examination of the reduction of diethyl glutarate was carried out
similarly. The yields obtained were low (10-20% of crude material) and the
reduction did not show selectivity for lactol formation.

Reduction with 1 equivalent of DIBAH afforded 2-hydroxytetrahydro-
pyran (XIV), valerolactone (XIIl) and a large amount of unidentified product.
Diethyl glutarate is the unique example of diesters examined which gave
the totally reduced product, i.e. 1,5-pentanediol (XV), in a few per cent yield,
on treatment with no more than 2 equivalents of DIBAH. Application of
4 equivalents of DIBAH led mainly to 1,5-pentanediol.

COOEt CHIOH
(t!H - DIBAH r
COOEt OH CHZ20H
Xl X1 XIV XV

2-Hydroxytetrahydropyran (X1V) was identified by comparison with an
authentic sample prepared from 3,4-dihydro-2H-pyran by acid hydrolysis [3].

The GLC data are not listed, because they are not sufficiently informa-
tive in consequence of the low yields.

The results reported show that selective lactol formation has occurred
only in the case of aromatic dicarboxylic acid esters (phthalate and homo-
phthalate).

The selective formation of lactols may be reasonably explained by the
mechanism shown below.
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Since phthalic ester-aldehyde and dialdehyde were absent from the
reaction products, it can be suggested that ring closure had taken place
yielding the intermediate XVII. Lactol V could have arisen from intermediate
XVIIl or from phthalide (VI). As diethyl phthalate could also be detected
besides V and VI, the intermediates XVII and XVIII should be more sensitive
against the H® attack than the starting material. The main reaction pathway
seems to be XVII — XVIII —»V, because the reduction of diethyl phthalate
with 1 or 2 equivalents of DIBAH gave phthalide only in traces.

Experimental
Reduction of dicarboxylic acid esters with DIBAH

To a stirred solution of 0.05 mole of dicarboxylic acid diethyl ester in 100 ml of dry
toluene there was added slowly 0.05—0.2 mole (1—4 equivalents) of diisobutylaluminium
hydride in dry toluene (1 : 1) at —60°C, during 20—60 min. The reaction mixture was stirred
for an additional hour at —60°C and then allowed to warm up to —10°C. At this temperature
200 ml of saturated sodium potassium tartrate solution was added; the organic layer was
then separated and concentrated. The crude reduction products were analyzed on a Chrom
Il type gas chromatograph (80 cmX5 mm Apieson M column at 205°C).
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DEVELOPMENT
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MANUFACTURE OF OTTO ENGINE FUEL
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The quantitative indexes of the graphs representing the individual variants
of Otto engine fuel manufacturing processes (thermal and catalytic cracking, reform-
ing, synthetic processes), i.e. the graph elements, the path lengths, the number of
cycles, plotted as a function of the time of introduction, show similarly to distillation
an increasing trend, approaching a maximum. The change in octane number of the
fuels produced has an identical trend.

Development of the manufacture of Otto engine fuel

It became clear early in automobile age, beginning at the turn of the
century, that the exponentially growing number of cars would create fuel
demands, that cannot be met either quantitatively or qualitatively by the
production of gasoline obtained by the distillation of crude petroleum.**

Experiments started already in the second decade of our century on the
production of motor fuel by the chemical conversion of the heavier fractions
of petroleum. As a result of the experiments, new, advanced technologies
have been introduced in the refineries, approaching the desired quality require-
ments.

In the following Otto engine fuel technologies — characteristic of the
development — will be presented up to the 1950’s (Figs 1—11). The curves
of development shown in Figs 12, 13 and 14, are based on counting the graph
elements. The figures were arranged in chronological order according to the
year of realization of the individual technologies and the number of graph
elements was plotted as a function of the years.

1. Cracking

It has been recognized early in the petroleum refining industry, based
on directly fired distillation, that upon heating the residue after topping the
light fractions, a light fraction can be obtained again. This operation became

*Part | of the series (Distillation) see: Acta Chimica (Budapest) Tomus 72, pp.
77—91 (1972), contains the definitions of symbols used here
** |In 1911, the demand for gasoline in the USA exceeded that for kerosene. ([10] p. 99.)
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general practice, particularly to increase the yield of kerosene. The essence
of the phenomenon, the cracking of the molecules, was recognized already in
1855 by Sittiman, and proved experimentally by Berthelot in 1867 [10].
Refineries of the last century were cracking depending on the market situa-
tion (demand for kerosene). The apparatus is essentially the old: direct-fired
still pot and condenser ([10] p. 390). The processes aimed at producing of
gasoline were based on the principle of cracking.

1.1 Thermal cracking

The first gasoline producing process used industrially has been developed
by Burton et al,, and was protected by several patents. It was not the crude
oil, but gas oil, or the fraction between light and heavy fuel oil that was
cracked under pressure. Thermal cracking was carried out in a directly fired
still. The first plant of this kind was built in 1912 by Standard Oil Co. of
Indiana ([12] p. 136). The graph of the process is shown in Fig. 1. The graph
is uniflow, open.

The main drawback of Burton’s process, besides being discontinuous,
is overheating at the walls of the still, which could not be eliminated by the
innovations introduced. Therefore, experiments were conducted to replace the
pot by pipe cracking, following the example of pipe stills. Patents were filed
for several processes of this kind, and some of these were actually realized
(Holes-Hanley, Cross, Dubbs). Out of these, Dubbs4 process will be shown
here, which, after several modifications, is still in use today. An advantageous
characteristic is of the “clean recirculation” : the heavier part of the cracked-
product is recycled for thermal cracking. The first plant of this kind was built
in the USA in 1920—21 ([3] p. 219). Figure 2 shows the graph of the initial
realization of a plant of this system. The base stock is fed into the dephlegma-
tor, where it is mixed with the condensate from the crack vapours. The mixture

Fig. 1. Burton’s thermal cracking process. USA. 1912
(According to Williamson—Doun: American Petroleum Industry. Il. Fig. 4-4)
Theoretical graph. Reactor: rt cracking still. Allactors: a, dephlegmator, a2 cooler, a3 sepa-
rator. Conduits: s, gas oil, s2tar, s3 crack vapour, s4 reflux, s5 gasoline vapour, s, gasoline,
s7 crack gasoline, se crack gas
Type of graph: uniflow, open
Number of graph elements: 12
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petroleum

st

Cracking
residue

as

Fig. 2. Cracking plant, system Dubbs, USA. 1920—1921
(According to Bell: American Petroleum Refining, Fig. XI1Il. 9)
Theoretical graph. Reactor: r, pipe-still. Allactors: a, dephlegmator, a2 expansion chamber,
a3 condenser, a4 reflux collector, a5reflux pump, a6 cooler, a, separator, as, a9 pumps. Con-
duits: s4 crude petroleum, s2 substance for cracking, s3 cracked substance, s4 crack product,
s5 crack residue, s6 dephlegmator head product, s7reflux, s8 crack product, s9 crack gasoline,
s10 crack gas
Type of graph: uniflow cyclic (cumulated)
Number of graph elements: 24

is cracked in a pipe still under a pressure of 15—20 atm. The cracking residue,
separating from the cracked substance in the expansion chamber, is lead
away, while the vapours are directed to the dephlegmator. The head product
of the dephlegmator is condensed. One part of the condensate is the reflux,
and its main part is the crack product, from which the non-condensing gas
is separated in a separator. The graph is cyclic, cumulated.*

The Dubbs process has been further developed. A process of this type
is the system of Universal Oil Products, which differs from the above in that
the substance to be cracked, together with a recirculated part of the cracked
substance, are separated in the fractionating column into light and heavy
distillates, and these are cracked in separate pipe stills at temperatures depend-
ing on the nature of the substance. The process was bought and applied in
1930 by several companies. Its graph is shown in Fig. 3. The graph is cyclic
and consists of the cumulated connection of two cycles.

To achieve maximum gasoline yield, wherever possible, a second frac-
tionating tower and a third furnace are inserted in Dubbs-type ([1] p. 265).

* Recent investigations show that there are certain frequently occurring types among
the so-called ‘cocurrent cyclic’ graphs. These are:

1. cumulated cyclic graphs, in which the cyclic processes are connected with each
other at a common angle point (see Figs 2 and 6);

2. conjugated graphs, in which the angle points of a wrapping circle are connected
by internal cycles;

3. isolated cyclic systems, where the constituent cyclic processes are connected by
directed edges between the angle points (see Figs 4 and 9).
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Steam Feed oil

Fig. 3. Variant of system Dubbs by Universal Oil Comp. 1930
(According to H. Ruf: Kleine Technologie des Erddls. Fig. 110)
Theoretical graph. Reactors: rj heavy oil furnace, r2 light oil furnace, r3 reaction chamber.
Allactors: A fractionation column, a, flash chamber, a2 stripping column, a3, a4 coolers, a5
reflux receiver, a6 a, pumps, a8 cooler, a9 separator. Conduits: s4 feed oil, s2 heavy oil, s3
cracked heavy oil, s4light oil, s5 cracked light oil, s6 cracked substance, s7 crack vapour, s8
crack residue, s9head product of fractionation column, s10 reflux, sn crack product, s12crack
gasoline, s13 crack gas, s14 steam, s16 recirculated fraction
Type of graph: cyclic, cumulated
Number of graph elements: 33

The graph of such a plant is shown in Fig. 4. Cracking is conducted to coke.
The graph is cyclic, with two isolated cycles.

In the processes described, the cracking of oil is carried out in a so-called
mixed phase (liquid and vapour phase). At the end of the 1920’s vapour phase
cracking processes were introduced. The feed is kerosene or gas oil, and thermal
cracking is performed at high temperatures and low pressures. The Gyro,
de Florenz and Pratt processes belong into this group. Gasoline manufactured
by these processes has good antiknock characteristics, but owing to its high
degree of unsaturation, it has a tendency to polymerization. Vapour phase
cracking became an important intermediate operation of petrolchemistry
(pyrolysis), but it was short-lived in the production of gasoline, and was
replaced in the 1930‘s by catalytic processes ([3] p. 222).

1.2. Catalytic cracking processes

The petroleum refining industry of the USA increased its gasoline out-
put more than 4 times and the output of cracked gasoline more than 9 times
from 1919 to 1929 ([12] p. 395). In 1936 the output of cracked gasoline already
exceeded the production of straight-run gasoline ([10] p. 191). The reason for
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Crack gas

Fig. 4. Cracking plant system Dubbs with coke. USA. About 1940
(According to Winnacker—Kichler: Chemische Technologie. Vol. I. Fig. 111-36)
Theoretical graph. Reactors: r(coke furnace, r2light oil cracking furnace, r3heavy oil crack-
ing furnace, r4 reactor chamber. Allactors: A,, A2 fractionation column, alLcoke separator,
a2 stripper, a3 stabilizer column, a4 condenzer, a5 cooler, ae separator, a7, a8 pumps. Conduits:
Sj toped petroleum, s2 heavy oil reflux, s3 coking product, s4 crack vapour, s5head product
of Aj, s6light oil, s, cracked light od, s8 heavy oil, s9cracked heavy oil, s10 cracked mixture,
su heavy oil reflux, s2fuel oil, s13coke, sl4head product of A2 sl5stable gasoline, sl6 gasoline
vapour, s17 reflux, s18 crack gas, s19 crack vapour
Type of graph: uniflow, cyclic
Number of graph elements: 37

the increase in cracked gasoline production is, in addition to the higher gasoline
yield, the higher octane number. Catalytic processes have steadily gained
ground. In the USA, the 1960 production of thermal cracking plants was
2.2 million bbl/day, while that of the catalytic plants 4.6 million bbl/day
([4] p. 195).

Though the effect of catalysts in thermal cracking has been known for
decades, the development of a suitable catalyst and technology required the
research work of several years.

The first process that proved to be satisfactory on industrial scale was
developed by Houdry, and the first plant of this kind was started up in
1937 in the Paulsboro refinery of the Sun Oil Co. The process was operated
with a fixed-bed, granular catalyst. Naphta, kerosene or gas oil were used
as starting materials. The graph of the process is shown in Fig. 5. After heat-
ing in a pipe still, tar is separated from the vapours evolved, which are then
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Fig. 5. Catalytic cracking Houdry's fixed bed process. Sun Oil Co. Paulshoro. 1937
(According to Nelson: Petroleum Refinery Engineering. Fig. 245)
Theoretical graph. Reactors: T furnace, r2 converters (I, I, 111). Allactors: a, pump, a2 heat
exchanger, a3 tar separator, a4 tar cooler, a. gas oil cooler, a6 gasolin cooler, a7 separator,
agreflux pump, a9turbocompressor, al0 air heater, A fractionation column. Conduits: s4feed
oil, s2feed oil vapour, s3cracked vapour, s4 gas oil, s5crack gasoline vapour, s6écrack gasohne,
s7 crack gas, s8 tar, s9 air, s10 flue gas
Type of graph: uniflow, cyclic (isolated and cumulated)
Number of graph elements: 42

introduced into one of the three reaction chambers filled with grained catalyst,
for the cracking. After a certain period the reaction stops, owing to coke-
formation, and the next chamber is switched on. The catalyst in the chamber
switched off is regenerated: coke is burned off with hot air, and the chamber
is blown out with steam. The cracked substance passes into the fractionating
tower, the bottom product of which is cracked gas oil, and the head product
cracked gasoline. The graph is cyclic, it consists of three cumulated and
isolated cycles.

The equipment of the Houdry plant is complicated, the path of the gas
is directed by programmed automatic control valves. The fixed-bed processes
are increasingly replaced by moving-bed processes, where thermal cracking
and regeneration of the catalyst are carried out in separate zones. The catalyst
circulates in the system, the process is continuous. There are two kinds of
moving-bed processes. In one of them, granulated catalyst is used, the moving
of which was solved first mechanically, and later pneumatically. This principle
was realized by the Socony Vacuum Co. in the so-called “Thermophor Catalytic
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Fig. 6. Termophor catalytic cracking mowing bed process (T.C.C.) Socono Vacuum Comp
USA. 1943
(According to Winnacker—Kiichler: Chemische Technologie. Vol. I. Fig. 111-42)
Theoretical graph. Reactors: r, pipe still, r2reactor, r3regenerator. Allactors: A fractionation
tower, a4 tar separator, a2 condenser, a3 pump, a4 condenser, a5 separator, a6 reflux pump,
a, compressor, a8 air heater. Conduits: s4 feed oil, s2 feed oil vapour, s3 cracked substance
liquid, s4 cracked substance gas, s5circulating oil, sehead product of tower A, a, reflux, s8
fuel oil, s9crack gas, s10crack gasoline, sl4catalyst, s12air, s13flue gas, sl4tar. Storage: t4con-
densate collector, t2 transfer tank, t3 catalyst tank
Type of graph: uniflow, cyclic (cumulated)
Number of graph elements: 41

Cracking” (T.C.C. Airlift) process in 1943. The graph of the process is shown
in Fig. 6. The feed gas is oil or heavy oil, which is heated in a pipe still to
400 —450°C. The non-evaporating part is separated. The vapour is introduced
into the reactor, in which cracking takes place. In the lower part ofthe reactor,
oil is blown off with steam from the catalyst, and passes into the fractionating
tower for the separation of the products. The head product of the column is
cracked distillate and gas. The catalyst, free of oil, drops from the reactor into
the regeneration zone, where coke is burned off with air. The regenerated
catalyst is raised pneumatically into the container above the reactor, from
where it passes into the reactor. The graph is cyclic, and is composed of three
cumulated cycles.

The second group of moving bed processes uses a vortex bed with fluid-
ized catalyst. A process of this kind was realized in 1941 by Kellog Corp. in
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Fig. 7. Catalytic cracking fluidized bed process. Kellog Co. — Standard Oil. 1941
(According to H. Ruf: Kleine Technologie des Erddls. Fig. 124)
Theoretical graph. Reactors: r, catalyst regenerator, r2 reactor. Allactors: aj compressor,
a2 a3 cyclones, a4 condenser, a6 separator, A fractionation column. Conduits: st feed oil, s2
steam and air, s3catalyst with deposited coke, s4 regenerated catalyst, s5 air, s6 catalyst flue
gas, s7 catalyst powder, s8 crack vapour with catalyst, s9 catalyst powder, s10 crack vapour,
Sj, flue gas, s12 fuel oil, s13residue, sl4 head product of A, si5reflux, s16 crack gas, s17 crack
gasoline
Type of graph: uniflow, cyclic (cumulated and isolated)
Number of graph elements: 27

collaboration with the Standard Oil Development Co. The graph of the process
is shown in Fig. 7. Cracking and regeneration of the catalyst takes place in
separate zones, on the fluidized substance. Catalyst powder is separated by
a cyclone from the cracked substance leaving the reactor, which passes then
to the fractionating tower, where it is fractionated into its components. The
head products of the column are cracked gasoline and gas. The graph is cyclic,
and consists of three cumulated and an isolated cycles.

Later, the fluidization apparatus has been simplified by combining the
reactor with the regenerator (Kellog-Orthoflotv).

2. Reforming

In thermal and catalytic cracking, olefins are also formed increasing the
octane number. Though this increase is considerable, it is insufficient for mo-
dern engines, which need an octane renumberg of 100 or higher. Gasoline of this
quality can he produced by the structural conversion of hydrocarbons. One
group of these processes, in which aromatic hydrocarbons are formed, is called
reforming. Aromatization can be achieved by thermal or catalytic reforming.

2.1. Thermal reforming is similar to thermal cracking processes. Its feed
stock is generally naphtha, which is ‘reformed’ by heating at an adequate
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Crack
gas

Polyform
gasoline

Fig. 8. Thermal reforming, polyforming. Pan American Refining Corp  Texas City. 1935
(According to H. Ruf: Kleine Technologie des Erddls, Fig. 130)
Theoretical graph. Reactor: r, reforming furnace. Allactors: a, pump, a2 cooler, a3, a4 pumps,
ab cooler, a6 residue stripper, a7 cooler, a8 separator, a9 pump, al0 cooler, /1, absorber, A2
fractionation tower, A3 stabilizing column. Conduits: s, naphta, s2 liquid gas, s3 lean gas,
s4 basic substance, s5 reformed substance, s6 bottom product of A2 s7 cooling oil, s8 head
product of A2 s9stable polyform gasoline, s10 head product of A3 s,, reflux, s12 s13residues,
s14 crack gas
Type of graph: uniflow, cyclic
Number of graph elements: 37

temperature and pressure in a furnace of special design. To avoid cracking,
the reaction product is rapidly cooled dawn and fed into the fractionating
tower. The head product of the tower is the ‘reformate’ containing besides
aromatics substantial quantities of olefins, both of which increase the octane
number. The process was used in several variants. One of these is polyforming,
where reforming is coupled with polymerization, by feeding liquefied gas to
the base stock. A plant of this kind was built in 1935 by the Pan American
Refining Co. in its Texas City refinery ([7] p. 188). The graph of the process
is shown in Fig. 8. The graph is cyclic, a cumulated cooling cycle and a residue
stripping cycle are coupled to the large reforming cycle.

2.2 Catalytic reforming

In its ‘Hydroforming‘ plant, built in 1940 in Leuna, the |I. G. Farben
Industrie began to manufacture toluene from hydrocarbons. The process is in
essence catalytic reforming in the presence of hydrogen. During World War I1,
several plants of this kind were built in the USA for the production of TNT.
From these were developed the platforming process, using Pt-catalisator
deposited on A120 3-S02gel. In all these processes a hydrogen atmosphere is
maintained. The first plant of this kind was started up in 1949 by tbe Old
Dutch Refining Co., Michigan ([7] p. 229). The graph of platforming is shown
in Fig. 9; it is cyclic, two isolated cycles being coupled to the main produc-
tion cycle.
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Naphta

Fig. 9. Catalytic hydroforming. Platforming. OIld Dutch Refining Co. Michigan. 1949
(According to H. Ruf: Kleine Technologie des Erddls. Fig. 133)
Theoretical graph. Reactors: r, catalyst chamber 1., r2 catalyst chamber 1l., r3 catalyst
chamber I11. Allactors:} a, feeding pump, a2 heat exchanger, a3 condenser, a4 receiver, a5
pump, a6 cooler, a, pump, ag preheating furnace, a9 preheating furnace, al0 preheating fur-
nace, au cooler, al2 separator, al3 condenser, al4 separator, al5 pump, al0 cooler, A4 pre-
fractionation column, A2 fractionation column. Conduits: s4 feed, s2 mid product of A4, s3
head product of A4, s4reflux, s5bottom product of A4, s6path of platforming, s7 platformed
product, s8circulating H2gas, s9platformed product, s10 head product of A2 sldreflux of A2
sl2 stable reformed gasoline
Type of graph: uniflow, cyclic (isolated)
Number of graph elements: 47

3. Polymerization, alkylation

In the cracking and reforming processes, a substantial amount of satu-
rated and unsaturated C,—€4hydrocarbons is formed. The gas was used initially
as fuel. Research aimed at better utilization, has led to the manufacture of
high-quality gasolines by the polymerization and alkylation of the gases.

3.1. Polymerization

The first successful attempt at the utilization of the gases was the poly-
merization of low molecular weight olefins. Polymerization can be performed
thermally or by the use of catalysts.
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Polyformed
gasoline

Fig. 10. Catalytic polymerization. Universal Oil Products. 1939

(According to Ullmann Enzyklopedie. 3rd Ed. Yol. 6. Fig. 57)
Theoretical graph. Reactors: r, alkaline washer, r2 catalyst tower. Allactors: at aqueous
washer, a2pump, a3cooler, A, depropanizer column, a4propane cooler, A2debutanizer column,
a5 butane cooler, a6 pump. Storage: t4 feeding tank. Conduits: s4 raw material mixture, s2

polimerizate, s3 propane, s4 propane-free product, s5 butane, s6 polymer gasoline
Type of graph: uniflow, cyclic (cumulated and isolated)
Number of graph elements: 28

Thermal polymerization processes did not find widespread industrial
application. Already in the 1930’s, they were replaced by catalytic methods.
Hydrogen fluoride or sulfuric acid can be used as catalyst. However, ortho-
phosphoric acid is the most preferred catalyst, which is used with an inorganic
support (kieselguhr, asbestos, etc.). The graph of this type of plant is shown
in Fig. 10; it is cyclic, consisting of several (cumulated and isolated) cycles.
Upon the polymerizate gives upon hydrogenation, a fuel with an octane
rating of over 100. This product played an important role in World War 11
as an aviation fuel ([12] p. 630).

3.2. Alkylation means

In the petroleum refining industry alkylation means the process of link-
ing olefins with isoparaffins. The alkylation process was discovered (1932 —35)
in the USA by Ipatieff and Sines (U.O.P.); it can be performed thermally
or catalytically with sulfuric acid. Several other companies have attained the
same results. The first plant of this type was built in 1938 by Humble Oil Co.
in Baytown, Texas. Several alkylating plants have been built in the USA,
some of which used HF as catalyst; however, in most cases sulfuric acid was
applied ([12] p. 602).
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Alkaline and
aqueous washing

Fig. 11. Catalytic alkylation, sulfuric acid process. MW. Acllog Co. 1938

(According to Ullmann Enzyklopedie. 3rd Ed. Vol. 6. Fig. 58)
Theoretical graph. Reactors: r, emulsion circulator, r2 alkaline washer. Allactors: at self-
cooler, A4 depropanizer column, a2 propane cooler, a3propane separator, a4 acid separator,
ab circulating pump, a6i-C4 cooler, A2i-C4 column, A3 debutanizer column, a, butane cooler,
a8 butane tank, Adend-product column, a9cooler, al0 tank, a4l i-C4tank, al2i-C4 cooler. Con-
duits: s4feed, s2 sulfuric acid, s3 emulsion, s4 propane-free emulsion, s5 propane, s6 propane
reflux, s7 acidic emulsion, s8 alkali, water, s9 spent alkali, s10 neutral substance, s14, s12 i-C4,
s13 i-C4 reflux, s14i-C4 free substance, s15 butane, s16 alkylate, s17 light alkylate, s18 heavy

alkylate, s19 spent acid
Type of graph: uniflow, cyclic (multiply cumulated, isolated)
Number of graph elements: 59

On otherwise identical principles, the plants were built in different
variations with respect to partial design features. Figure 11 shows the graph
of the Kellog Co. process. The graph is cyclic, consisting of several cycles with
cumulated connections.

In November 1939, six sulfuric acid plants produced 3500 bbl/day of
aviation fuel ([12] p. 632).

4. Conclusions

4.1. With the exception of the graph of Burton’s discontinuous process
(1912), the graphs of the manufacture of Otto engine fuel are cyclic, consisting
of a varied combination of several process steps, to be traced back on plant
management considerations. Figure 12 was plotted from data summarized
in Table I, gives the changes of the maximal path lengths, and of the cyclic
processes of graphs as a function of the time of introduction of the processes.
Similarly as has been established in the course of the investigation of distil-
lation [20], the diagram shows that the complexity of the technologies approaches
a maximum in the course of its development.

4.2. 1t can be seen from Fig. 12 that in the majority of the processes
investigated, the two complexity indexes of the technologies scatter widely
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Table 1
Data of the graphs of Otto engine fuel manufacture
(see Fig. 12)

Fig. Year of No. of Path No. of
No. introduction System cycles lengths el%fmaggls
| 1912 Burton (Williamson) | 5 16
2 1920/21 Dubbs (Bell) 2 10 29
3 1930 Dubbs (Universal) 4 12 38
8 1935 Pan American 4 16 43
5 1937 Houdry (Sun Oil) 3 15 42
1n 1938 Kellog Co. 7 16 48
10 1939 Universal Oil 4 14 32
4 1940 Dubbs 5 14 42
7 1941 Kellog Co. 4 17 35
6 1943 Socony 4 12 46
9 1949 Old Dutch 3 23 48

around the trend line of development at about 1940, i.e. the time of World
W ar Il. The same fact is shown by Fig. 13, plotted from the data of Table II.
This phenomenon can ascribed to the fact that Otto engines were designed for
steadily increasing compression ([13] p. 26), the operation of which needs suitable
high octane gasoline. (Table IV and Fig. 14 show the increasing demand with
respect to octane number.) Naturally, the refineries wanted to meet market
demands as soon as possible. Competition attained its goal at about the same
time (World War 11) as can be seen from Table III.

Fig. 12. Number of maximum path length and cycles in the graphs of Otto engine fuel
manufacture (see Table I)
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Fig. 13. Trend of the increase in the number of operational units and conduits of Otto engine
fuel manufacture as a function of the years (see Table II)

4.3. In Fig. 13, the graph elements are separated into curves of develop-
ment of reactors, allactors, storage tanks and pipings. The trend line of all
graph elements shows an ascending tendency, as mentioned already under
4.1; the trend line of the reactors (curve A) ascends to the smallest extent,
while that of the allactors (curve C) to a much greater extent. This shows that
in the process group investigated an increasing number of physical operations
have been applied in the course of development, while chemical processes main-
tained an almost constant number.

4.4. In Fig. 13 the scatter of the data from Figs 7, 10 and 11 around the
trend lines (C, D, E) is remarkable. This can be attributed to the peculiarities
of the discussed technologies.

Fig. 14. Change in octane number as a function of the years (see Tables Ill and 1V)
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Table 11
Number of graph elements
(see Fig. 13)

Fig. Year of

No. lnllri(:)dnuc- System Edges Allactor Reactor Storage* Total
I 1912 Burton (Williamson) 8 3 I 4 16
2 1920/21  Dubbs (Bell) 15 | 4 29
3 1930 Dubbs (Universal) 21 10 3 4 38
8 1935 Pan American 23 13 | 6 43
5 1937 Houdry (Sun Qil) 22 1 2 7 42
u 1938 Kellog Co. 33 16 2 8 59
10 1939 Universal Oil 18 8 2 4 32
4 1940 Dubbs 23 10 4 5 42
7 1941 Kellog Co. 19 6 2 8 35
6 1943 Socony 24 3 10 46
9 1949 Old Dutch 26 17 3 5 51

* Including the storage units of incoming and outgoing substances, not shown in
the figures

Figure 7 is the graph of the fluidized-bed catalytic cracking process of
Kellog Co. ([4] p. 191). The reactor and the unit for catalyst regeneration
fulfil several tasks. In the reactor, the feed is evaporated by the heat content
of the hot pulverized catalyst introduced into the reactor and, at the same
time, the reaction takes place in the fluidized bed. The catalyst powder and

Table 111

Technical and economical indexes
of the chemical conversion technologies of petroleum*

Year of Gasoline Octane

introduction System yield (%) number
1912 Burton (Williamson) 20—35 -
1920 Dubbs (Bell) 40-35 65—75
1930 Dubbs (Universal) 50—65 70-74
1937 Houdry (Sun Oil) 30-50 77—81
1941 Kellog Co. 40—60 —83
1943 Socony 40-60 79—83
1949 Old Dutch 90 85—95

* From Tables 111-33 and [11-39 of w innacker—ICachier: Chemische Technologie,

Vol. |
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coke are separated from the cracked vapours in a cyclone built into the reac-
tor. The powder sinks to the bottom of the reactor, from where it is trans-
ported by an air current to regeneration. Air blown into the regenerator burns
off coke from the catalyst, the temperature of which increases to 600°C. The
regenerated catalyst powder is separated with a cyclone built into the regen-
erator from the flue gas. This means that the cyclones had to be drawn separate

Table 1V

Change in the octane number recommended by the LJ S. Bureau of Mines
(see Fig. 14)

Octane number
Year

(engine)
1928 (regular) 56
1934 (regular) 69
1939 (regular) 73
1946 (regular) 75.9
1946 (premium) 80.9

in the graphs. The regenerated catalyst sinks under its own weight into a com-
municating tube, from where it is carried by the feed oil stream into the reac-
tor. It can be seen that no separate heating equipment is needed to provide
for the required cracking temperature, and the catalyst is self-circulating in
the system, without the need of any transportation equipment. Consequence:
the diminution of graph elements. Fig. 10 represents, as has been seen, the
catalytic polymerization process of Universal Oil Co. From the C3C4 olefin
mixture, the polymerizate is formed in a single run over the catalyst at a pres-
sure of up to 100 atm. The unreacted gases are separated in two columns. The
bottom product of the second column is polyform gasoline of high octane
number. Thus, the number of the essential pieces of equipment is reduced
to three.

Figure 11 represents catalytic alkylation. The process is not simple: it
combines olefins with i—€4 by heterogeneous catalysis, in which the catalyst
is more than 90% sulfuric acid. The reaction takes place in an emulsion and
is followed by separation, neutralization and washing. The unreacted hydro-
carbons are separated in rectification columns, and finally, the end-product
is also separated into two parts: light and heavy alkylates. This brief descrip-
tion explains also the high number of graph elements. These examples as well
as the regular trend-curve sections, prove the effect of the constituting opera-
tions produced on the process. This effect appears in the mathematical model
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of the evolution diagramm in that way, that the trend-curves of the operation
unities and conduits are best expressed by the exponential function (Fig. 13)

C

y(x) = a-\-b ~ x

where y the number of graph elements, a, b, c constants, x the number of the
years.
The curve approaches to the limit a -|- 6, if

*-*m00

The constants of the function may he counted with the method of M. Korach
[22].

4.5, The introduction of technological graphs offers the possibility to
represent numerically the development of chemical plant system types by
mapping the generally increasing trend of the number of elements.
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PE3IOME

JluraHgHoe 3amelleHne W cTpoeHme Komnsekca, Xl

MMP cnekTpbl AMaMarHWTHbIX KOMMnekcoB ocHoBaHui LWudda ¢ Ni(ll)
. UACAP T. CABO u I. JOMOW

Bblin cHATBI M uccnefoBaHbl MMP crniekTpbl XenatHbIX Komnnekcos Tuna Ni [HSAI—
N—H—ankmn]2 Ha OCHOBe 3aBWCMMOCTU CMEKTPOB OT PacTBOPWUTENSA, KOHLEHTpauuu u Tem-
nepatypbl OblM chenaHbl 3aKIOYEHUS OTHOCUTENBHO MPUPOfbI PaBHOBECHBLIX CUCTEM, YCTa-
HaB/IMBAIOLLMXCS B MHEPTHBIX PACTBOPUTENAX, Mofiaras, YTo B 3aBUCKMOCTM OT TEMNEePaTypbl U B
pacTBOpax H-afKU/bHbIX COEAVHEHWA MOryT 06paSOBbIBaTbCﬂ napamMarHuWTHble TeTpasgpu-
Yeckue TUMbl MOMEKYII.

Vi3yyeHne rugpatauun makpomonekyn, |

KoadduuneHT camoanddysnn Boabl B BOAHbIX pacTBOpPax NONUBUHMIOBOIO CNMpTa
A. WH3ENT un M. TPO®

KoachmupmeHT camoimddysnn BoAbl B BOAHBLIX pacTBopax MOMMBUMHUAOBOIO CnupTa B
nHTepBase KoHueHTpauuii 0—10 Bec. % 6bin u3MepeH npu 25 1 35°C, 1Ucnonb3ys MeTof Kanui-
nfapa ¢ OTKPbITbIM KOHLOM. Boga 6bina MeyeHa Ol8 1 cofep>kaHne M30Tonos Obl10 ONpeseneHo ¢
MOMOLLIbIO Macc-CneKTpOMeTpum.

KoaththmumneHT camoguddysnn Bodbl IMHEAHO YMEHbLIAETCA C A06aBNEHNEM NBC. DHEPrus
akTuBauum camogmdpysmy Bofbl paBHa (4,5 = 14) kkan/monb. Bbino HaiigeHo, 4To CTeneHb
ruaparauun pasHa 3,7—4 Monekynam Bofbl Ha OAHY FMAPOKCU/IbHYHO Fpynmny B 3aBUCMMOCTM OT
(hopMbI MaKpOMOJIeKy/ibl. [NOTHOCTb PAcTBOPOB JIMHENHO YBENIMYMBAETCA C KOHLEHTpaumeil
MaKpoMOneKy . Y AenbHblil creuuduyecknii 06bem nec paseH 0,7344 u 0,7628 cm3r npu 25
35°C, COOTBETCBEHHO.

BA3KOCTV PacTBOPOB 3HAYNTENbHO YMEHBLLAKOTCA C KOHLEHTpaLWed, 0aHaKo, aHeprus
aKTVUBALMN NAMMHAPHOTO TeyeHUs ABMAETCA MOCTOAHHOW W pasHa (7,4 + 0,4) Kkan/monb B
M3y4eHHOM WHTEepBane KOHLEeHTpauuii.

O6pa3zoBaHe KoM IeKcaMex gy HUKenem u 1-rugpokcunatan-1,1-amocthoKncnoToii
P. PAYTLLUKE, . IOKC u Y. WW/IOCCEP

B BOAHbIX pacTBOpPax MOHbI HUKeNs 06pa3ytoT KOMM/IEKChl € 1-rmapokcnaTas-1,1-Andoc-
(hOKMCNOTOM, KOTOpble, B CBOK OuYepedb, NMPOTOHUPYIOTCA B PA3/INYHOW CTEMEHW B 3aBUCMMOCTM
oT pH. C nomoLubto CrneKTpohoTOMETPUYECKOTO MeTofa Oblin OnpefeneHbl KOHCTaHTbl paBHO-
BECUS W KOHCTaHTbl NPOTOHMPOBaHUA Ans kommnsiekcoB NiH2Y, NeHY~ un Noy” 2



ParwienneHne retepokonbua wn3ohnaBaHOUAOB C MOMOLLbIO HYKJ/1e O(UNbHbIX
peakTtusos, Il

KWHeTUKa pasnoxXeHns a-QgopMuN-2-ripoKCcuUAe3oKcMbeH3onHa A0 2-TUAPOKCHU-
Ne30KCUGeH30MHa

B. CABO n M. XYTA

Wccnemys KUHETUKY pasnoXeHWs a-(popmun-2-rifpoKcnae3okcnbeHsonH-eHona (11)
[0 2-TUAPOKCUE30KCUBEH30MHA, 6bIN0 YCTAHOBEHO, UTO TMAPOKCU/IbHBIE MOHBI MPENSTCTBYHOT
pasnoXeHWo. [lonaraeTcs, YTO CYLIHOCTb MHTMGMPOBAHUS 3aK/OYaeTcsl B TOM, UYTO AuCCOLMa-
umoHHoe paBHoBecue 11 Il cMeluaeTcs mop AeiiCTBMEM TMAPOKCUIIbHBIX MOHOB B Hanpas-
neHun 06pasosaHus 111, 1 obpasytoliniics TakuM 06pa3OM AWAHWOH SIBASIETCS HEMHAKTUBHBIM.

Bblnn onpegeneHsbl danee 3HepPrus 1 SHTPOMNMS aKTUBALMU peakLuuu pasnoXeHus, a Tak-
)K€ KOHCTaHTa BbILLEYKa3aHHOTO AMCCOLMALIMOHHOIO PaBHOBECUS.

MccnepoBaHne un30oMepusalnMnM  HeHacblWeHHbIX CNUPTOB Ha MeTa/l/InYyecKux
KaTtasinm3atopax C MNOMOLbH I/IMI'IyI'IbCHOI7I TEXHUKN

M.5BAPTOK n W. TEPEK

C MOMOLLBIO UMMY/bCHOV TEXHUKW BblM UCCNeA0BaHbI NPEBPALLEHNS TPeX W30MEPHbIX
HEHACbILLEHHbIX CMNPTOB (anuNKapbuHON, KPOTWAOBbIA CNMPT U METUBWMHWIKAPOWMHON) B
NnpuUCyTCTBUWN BOAOPOAa, B MHTepBane temneparyp 100—400°C Ha nnaTUMHOBLIX, NanfaguneBblX,
poAveBbIX, a TaKXe MefiHbIX, HUKENEBLIX U LIMHKOBBIX KaTanusatopax Tuna PeHes, ¢ TepMonuT-
HbIM HocuTeneM. OCHOBHbIe HanpaB/eHna peakuuy (M30Mepu3aLmnsa 4o OKCOCOeAMHEHNSA U TUAPW-
poBaHVe [0 HAaCbILEHHOro cnmpTa) 6biM UCCNefoBaHbl B 3aBUCHMOCTU OT pPas/IMyHbIX KCnepu-
MeHTa/IbHbIX NapamMeTpoB. Ha OCHOBe 3KCMepUMeHTaNbHbIX JaHHbIX OblN chenaHbl 3aKI0YeHNSs
OTHOCWTE/IbHO MexaHu3Ma W30Mepu3auuu.

VccnepoBaHue WnG(oBbIX OCHOBAHWUIA CannLMI0BOTO0 anbiernia caMmuHogeHonaMm
. BANOT u W. YACAP
BblNK UccnefoBaHbl WNG(OBLI OCHOBAHUS CAMULMIOBOTO anbaernaa ¢ 2-, 3- 1 4-aMuHo-

heHonamn. ViameHeHWs, HabntofaeMble B H-6YTaHONLHOM PacTBOpe, OGBLACHAITCA HaCTUYHBIM
pacnafioM LWUQHOBLIX OCHOBaHUA M 06pa3oBaHUEM XMHOHAMMHA.

MonyueHne 2,4- n 2,2-3aMeweHHbIX 4H-1,3-6eH3TMa3nMHOB
. CABO u WU. BAPTA
MponssodHble 2-heHnn-4H-1,3-6eH3TnasnH-4-oHa (1), B3aUMOAEIACTBYA C peareHToMm
prHbAPa — B 3aBWCMMOCTW OT OPraHWYeckoi rpynmnbl NOCneAHero — fatoT 4-ruapokcun-2,4-

3amelleHHble 4H-1,3-6eH3TnasuHbl (111) 1 2,2-3amellieHHble npoussBogHble 2,3-anrnapo-4//-1,3-
6eH3TMasnH-4-oHa (I1). MpoaykTbl rnaponusa coeguHeHns (111) nogTBepX4alOT ero CTPOeHMe.

CuHTe3 N-MeTI/II'IOfII/IFOI'IE‘I'ITVI,U'OB c I'IOTEHLI'I/IaI'IbHOVI aHTI/IMI/IKpO6HOI7I aAKTUBHOCTbHIO
0. WTBEPTELUKW un LW. BAKOC
Linknnyeckme v aumknmyeckme N-METUNOAUTONENTUAbLI, YNPOLLEHHblE aHanorn rpu-

3e/IMMNUMHa C I'IOTEHLI,I/Ia]'IbHOVI aHTVIMVIKpO6HOI7I aKTUBHOCTbIO, ObIIN NPUroToBNEHbl N3 NMPOCTbIX
aMUHOKMCNOT. N4 onpefeneHns 3aBUCUMOCTU aKTUBHOCTU OT CTPYKTYpbI 6b1N10 N3y4eHo BINA-



H/Ee 4ucna WU KOH(UTypaumm ammHOKUCIOT U N-MeTUNaMUHOKMCIOT, a TakXe LMKIn3auuu.
Cnesytowe monekynbl: uukno(b-neyuun-b-nponun-b-neyumn-b-sannn(nnun N-metun-b-san-
nun)-b-nponun-M-meTtunn-0-neyuunrnuumn), b-tpeoHun-b-neyuyun-b-nponun-b-neyumn-b-sa-
nmn(unn  M-metun-b-sanun)-b-nponun-M-metun-0-neyumn-ravgud m- N -auetun-uukno(b-
TpeoHun-b-neyumn-b-nponun-b-neyuun-6-sanun(unn M-metun-M-anun)-b-nponun-Mi-metun-
O-meTun-O-neyunn-ranunn) Heo6XoauMbl B MUHKMMAaIbHON MHIMOMPYIOLWEA KOHLEHTpauMn B
obnactn 6—50 r/mn npoTme Mycobacterium tuberculosis H3/RVu B o6nactyt 20—50 r/mMn npoTus
Candida albicans, in vitro.

ANeKTPOHOAEULUTHBIE TeTepoapoMaThiecKue aMMoMHMo-amMmugaThl, VI

CUHTe3 M HekoTOpble peakuuu 10-eMUHOAKPULUHOBLIX CONel W
N-(10-akpngnHmno)-ammngaToB

B. ATA n K. TEMNEPT

AKPUAWH 1 9-(heHNNaKpuanH 6binn J1-aMMHMPOBaHbI C MOMOLLGKD 0-Me3nTuneHcynbo-
HUNrnapokcmnamuHa. Pépasytomecs N-(10-akpuauHuo)-amuiplT (1) 6bianm npespaLeHbl B
ncesfoocHoBaHUA (2), a N-( 10-akpuanHmo)-amunaatbl (6) B coeauHeHve 7 NojobHOro cTpoeHus, a
TaKXKe WX TUAPOXNopuabl. Bbiv MCCNefoBaHbl TakKe HEKOTOpPble pPeakLuu 2-NCeBooCHo-
BaHWI.

JNeKTPOHOAEULNTHBIE TeTepoapoMaThyeckue amMoHMo-amuaatbl, VII

CwuHTes 1Y-(2-pTtanasmumo)- n N-(1,4-gudeHmnn-2-pranasnHmo)-6eH3amMmaaTtoB n mx
HEeKOTOpble peakLuu

K. TEMNEPT un K. 3AY3P

OnuvcbiBaeTCA CUHTE3, TEPMONN3 U CbOTOI'IVIB YNOMAHYTbLIX B 3arnasuu COG,U,MHGHMI‘;I.

BoccTaHoOBMEHNE 3DMPOB  AMKAPGOKCUMBbHBLIX KWUCMOT € FUAPUAOM
ANN306yTUNANTIOMUHUSA

r. KPAVC, M. MOBAPHU n K. HALOP

Bbifio onMcaHO BOCCTAHOBMIEHWE AMATUATOMOMTaNaTa, AU3TUA LMC-1,2-LMKNoreKcaHam-
KapGoKcunata v AU3aTUNrNyTapaTa 3a cYeT 1—4 9KBUBIEHTOB rvApuaa AMM306YTUNANIOMUHMS.
Chblpble MPOAYKTbl BOCCTAHOB/IEHUS BblIM aHaNM3MPOBaHbI C MOMOLLbLIO Fa30BO/ XpoMaTorpa-
(un. BoccTaHOBNEHWe AMATMA ToMoTasata 3 SKBUBa/ieHTaMu TUAPUAA AUM306YTUNAIIOMUHIS
MPUBOAUT K CENEKTMBHOMY 0GpPa3oBaHWIO N1aKTOMa.

Pa3BuTue NPOMbIWAIEHHOCTM padMHUPOBaHUA HepTU, U306pakeHHOe B CBeTe
Teopuun rpadgupoBaHus, Il

Mpou3BOACTBO roptoyero Ans MmoTtopa OTTO
M. KOPAX u /1. XAWKO

KonnyecTBeHHbIE NapameTpbl FpadiikoB HEKOTOPbIX MePeMEHHbIX MPOLLECCOB MPOW3BOJ-
CTBa FOPHOYEro A1 MOTOpoB OTTO (TEPMUUECKMIA 1 KAaTa/IMTUYECKNIA KPEKUHT, PUGOPMUHT, CUH-
TETUYECKME METOAbl), @ VMEHHO: rpatafieMeHThbl, [AMHbI Npo6era, UYMCN0 LMPKYIALUOHHBIX
MPOLLECCOB, BbIPAXEHHbIE B 3aBUCHMOCTM OT BPEMEHU MOAAu — B COMMIaCUW C MEPEroHKoW —
06MaZatoT BO3pacTalOLLel TeHAEHLVel, NpubanxKatoLLeiics K MakcuMymy. W3meHeHWe oKTaHo-
BOr0 4uMc/ia NPOW3BOAVIMOrO FOPHOYEro MPOUCXOANT B OAHOM HarpaBneHun.






The Acta Chimica publish papers on chemistry, in English, German, French and
Russian.

The Acta Chimica appear in volumes consisting of four parts of varying size, 4 volumes
being published a year.

Manuscripts should he addressed to

Acta Chimica
H-1521 Budapest, Hungary

Correspondence with the editors should be sent to the same address.

The rate of subscription in $ 32.00 a volume.

Orders may be placed with “Kultdra” Foreign Trade Company for Books and News-
papers (1389 Budapest 62, P.O.B. 149. Account No. 218 10990) or with representatives
abroad.

Les Acta Chimica paraissent en fran”ais, allemand, anglais et russe et publient des
mémoires du domaine des sciences chimiques.

Les Acta Chimica sont publiés sous forme de fascicules. Quatre fascicules seront réunis
en un volume (4 volumes par an).

On est prié d’envoyer les manuscrits destines a la redaction & I’adresse suivante:

Acta Chimica
H-1521 Budapest, Hungary

Toute correspondance doit étre envoyée a cette mérne adresse.

Le prix de Tabonnement est de $ 32,00 par volume.

On peut s’abonner & I’Entreprise pour le Commerce Exterieur de Livres et Journaux
«Kultira» (1389 Budapest 62, P.0.B. 149. Compte-courant No. 218 10990) ou & I’étranger
chez tous les représentants ou dépositaires.

«Acta Chimica» U3[alOT TPaKTaTbl U3 06/1aCTU XMMUYECKON HAYKW HA PYCCKOM, (paH-
LLy3CKOM, aHI/INACKOM U HEMELKOM fi3blKaXx.

«Acta Chimicab BbIXOAST OTAENMbHBIMA BbIMYCKaMW PasHOro o6bema. 4 BbiMycka COCTaB-
NAT O4MH TOM. 4 TOMa Ny6ANKYITCS B rog.

MpefHasHaueHHble ANs My6G/MKauMyM pyKOMUCU cnefyeT HanpaBasTbh MO afpecy:

Acta Chimica
H-1521 Budapest, BHP

Mo aToMy >Ke afpecy Hanpas/iATb BCAKYH KOPPECMOHAEHUMIO ANA  pefakuum.

MognucHas ueHa — $ 32,00 3a TOM.

3akasbl NpUHUMAaeT NPeANPUHATUE NO BHELLHel TOProB/e KHUM U raseT «Kultdrab (1389
Budapest 62, P.O.B. 149. Tekywuii cyeT Ne 218 10990) unm ero 3arpaHvyHble NpescTaBu-
TENbCTBA W YNONHOMOYEHHbIE.



Reviews of the Hungarian Academy of Sciences are obtainable

AUSTRALIA
C. B. D. Library and Subscription
Service
Box 4886, G. P. O.
Sydney N. S. W. 2001
Cosmos Bookshop
145 Acland St
St. Kilda 3182

AUSTRIA
Globus
Hochstadtplatz 3
A -1200 Wien XX

BELGIUM
Office International de Librairie
30 Avenue Marnix
1050-Bruxelles
Du Monde Entier
162 Rue du Midi
1000 —Bruxelles

BULGARIA
Hemus
Bulvar Ruszki 6
Sofia

CANADA
Panndnia Books
P. O. Box 1017
Postal Station “B”
Toronto, Ont. M5T 2T8

CHINA
CN PICOR
Periodical Department
P. O. Box 50
Peking

CZECHOSLOVAKIA
Mad’arska Kultura
Néarodni trida 22
11S 66 Praha
PNS Dovoz tisku
Vinohradska 46
Praha 2
PNS Dovoz tlace
Bratislava 2

DENMARK
Ejnar Munksgaard
Norregade 6
DK—1165 Copenhagen K

FINLAND

Akateeminen Kirjakauppa
P. O. Box 128
SF-00101 Helsinki 10

FRANCE

Office International de
Documentation et Librairie
48, Rue Gay-Lussac

Paris 5

Librairie Lavoisier

11 Rue Lavoisier

Paris 8

Europériodiques S. A.

31 Avenue de Versailles
78170 La Celle St.-Cloud

16. 1V. 1976

at the following addresses:

GERMAN DEMOCRATIC REPUBLIC

Haus der Ungarischen Kultur
Karl-Liebknecht-Strasse 9

DDR-102 Berlin

Deutsche Post

Zeitungsvertriebsamt

Strasse der Pariser Kommiine 3—4
DDR-104 Berlin

GERMAN FEDERAL REPUBLIC

Kunst und Wissen
Erich Bieber
Postfach 46
7 Stuttgart s

GREAT BRITAIN

Blackwell’s Periodicals

P. O. Box 40

Hythe Bridge Street

Oxford OXI 2EU

Collet's Holdings Ltd.

Denington Estate

London Road

Wellingborough Northants NN8 2QT
Bumpus Haldane and Maxwell Ltd.
5 Fitzroy Square

London WIP 5AH

Dawson and Sons Ltd.

Cannon House

Park Farm Road

Folkestone, Kent

HOLLAND
Swets and Zeitlinger
Heereweg 347b
Lisse
Martinus Nijhoff
Lange Voorhout 9
The Hague

INDIA
Hind Book House
66 Babar Road
New Delhi |
India Book House
Subscription Agency
249 Dr. D. N. Road
Bombay

ITALY
Santo Vanasia
Via M. Macchi 71
20124 Milano
Libreria Commissionaria
Via Lamarmora 45
50121 Firenze

Sansoni

JAPAN
Kinokuniya Book-Store Co. Ltd.
826 Tsunohazu 1-chome
Shinjuku-ku
Tokyo 160-91
Maruzen and Co. Ltd.
P. O. Box 5050
Tokyo International 100—31
Nauka Ltd.-Export Department
2-2 Kanda
Jinbocho
Chiyoda-ku
Tokyo 101

KOREA

Chulpanmul
Phenjan

NORWAY
Tanum-Cammermayer

Karl Johansgatan 41 —43
Oslo |

POLAND
WAgierski Instytut Kultury
Marszalkowska 80
Warszawa
BKWZ Ruch
ul. Wronia 23
00—840 Warszawa

ROUMANIA
D. E P
Bucure fti
Romlibri
Str. Biserica Amzei 7
Bucurefti

SOVIET UNION

Sojuzpechatj — Import
Moscow

and the post offices in
each town

Mezhdunarodnaya Kniga
Moscow G—200

SWEDEN
Almagvist and Wiksell
Gamla Brogatan 26
S-101 20 Stockholm
A. B. Nordiska Bokhandeln
Kunstgatan 4
101 10 Stockholm | Fack

SWITZERLAND
Karger Libri AG.
Arnold-Bocklin-Str. 25
4000 Basel II

USA
F. W. Faxon Co. Inc.
15 Southwest Park
Westwood, Mass. 02090
Stechert-Hafner Inc.
Serials Fulfillment
P. O. Box 900
Riverside N. ]. 08075
Fam Book Service
69 Fifth Avenue
New York N. Y. 1003
Maxwell Scientific International Inc.
Fairview Park
Elmsford N. Y. 10523
Read More Publications Inc.
140 Cedar Street
New York N. Y. 10006

VIETNAM

Xunhasaba
32, Hai Ba Trung
Hanoi

YUGOSLAVIA
Jugoslavenska Knjiga
Terazije 27
Beograd
Forum
Vojvode Milica 1
21000 Novi Sad

Index: 26.007



ACTA
CHIMICA

ACADEMIAE SCIENTIARUM
HUNGARICAE

ADIUVANTIBUS

V. BRUCKNER, GY. DEAK, K. POUINSZKY,
E. PUNGOR, G. SCHAY, Z G. SZABO

REDIGIT
B. BHNGYEB

TOMUS 88 FASCICULUS 2

AKADEMIAI KIADO, BUDAPEST
1976

ACTA CHIM. (BUDAPEST) ACASA 2 88 (2) 115-215 (1976)



ACTA CHIMICA

A MAGYAR TUDOMANYOS AKADEMIA
KEMIAl TUDOMANYOK OSZTALYANAK
IDEGEN NYELVU KOZLEMENYEI

SZERKESZTI

LENGYEL BELA

TECHNIKAI SZERKESZTOK

DEAK GYULA és HARASZTHY-PAPP MELINDA

Az Acta Chimica német, angol, francia és orosz nyelven kézdl értekezéseket a kémiai
tudomanyok korébél.

Az Acta Chimica valtozé terjedelm( fuzetekben jelenik meg, egy-egy kotet négy flzet-
b6l &ll. Evente éatlag négy kotet jelenik meg.

A kozlésre szant kéziratok a szerkeszt6ség cimére (1521 Bp., Miiegyetem) kiildend6k.

Ugyanerre a cimre kildend6 minden szerkesztdségi levelezés. A szerkeszt6ség kéz-
iratokat nem ad vissza.

Megrendelhetd a belféld szamara az Akadémiai Kiadénal (1363 Budapest, pf. 24.
Bankszamla 215 11488), a kulféld szdmara pedig a Kultira Konyv- és Hirlap-Kilkeres-
kedelmi Véallalatnal (1389 Budapest 62, pf. 149. Bankszamla: 218 10990) vagy kulfoldi
képviseleteinél és bizomanyosainal.

Die Acta Chimica verdffentlichen Abhandlungen aus dem Bereich der chemischen
Wissenschaften in deutscher, englischer, franzdsischer und russischer Sprache.

Die Acta Chimica erscheinen in Heften wechselnden Umfanges. Vier Hefte bilden einen
Band. Jéahrlich erscheinen 4 Bénde.

Die zur Verdffentlichung bestimmten Manuskripte sind an folgende Adresse zu senden:

Acta Chimica
H-1521 Budapest

An die gleiche Anschrift ist auch jede fur die Redaktion bestimmte Korrespondenz zu
richten. Abonnementpreis pro Band: $ 32.00.

Bestellbar bei dem Buch- und Zeitungs-AuBenhandels-Unternehmen »Kultarait (1389
Budapest 62, P. O. B. 149. Bankkonto Nr. 218 10990) oder bei seinen Auslandsvertretungen
und Kommissiondren.



Acta Chimica Academiae Scientiarum Hungaricae, Tomus 88 (2), pp. 115—123 (1976)

THIN-LAYER pH-CHROMATOGRAPHY OF MONO- AND
DIBASIC ORGANIC ACIDS ON BUFFERED SILICA GEL
LAYERS

M. Bidlo—Ilgloy
(Research Institute for Pharmaceutical Chemistry, Budapest)

Received March 16, 1975

The equation of pli-Rf curve was derived in the case of mono- and dibasic acids
and it was stated that on the basis of the pH-i?y curves mono- and dibasic acids can be
distinguished from each other. Dissociation constants can be calculated from the data of
pH-ffy curves with a good approximation. Experimental proofs for the theoretical corre-
lations were provided by the TLC on buffered silica gel of o-phthalic, 3,5-dinitroben-
zoic, p-nitrobenzoic and p-methoxybenzoic acids.

Organic electrolytes form a great and important group of compounds
investigated chromatographically. Experimental data show that the Rf value
of dissociating compounds is a function of the pH of the chromatographic
system. On the basis of these data a special method, the so-called pH-chro-
matography has been developed. The essence of this method is the following:
the investigated substance is developed in the same solvent system, but each
strip of the stationary phase is adjusted to a given pH by previous buffering.
The Rf values are plotted against pH graphically. Characteristic curves are
obtained, on the basis of which it can be determined, whether the investigated
unknown compund has an acidic, basic or amphoteric character or it is neutral.
Another advantage of this method is that the separation of certain dissociating
compounds, often very similar in character, can be improved by the suitable
selection of the pH.

Theoretical relations and practical application of pH-chromatography
were elaborated in the area of paper chromatography. The method gained
special importance in the paper chromatography of different antibiotics.
[1, 2, 3,4, 5,6] Many compounds of other types have been investigated and
theoretical conclusions have been drawn from the experimental results.
[7,8 9 10, 11, 12]

The basic equations of partition chromatography were used for the deri-
vation of pH—"-correlation. As it iswell known the Rf value is a function of
the partition coefficient:

4s

Rf= — — )
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116 BIDLO-IGLOY: THIN-LAYER pH-CHROMATOCRAPHY

where represents the cross section of the mobile phase, g$is the cross section
of the stationary phase and a is the partition coefficient (a = Cu/cm, where cm
is the solute concentration in the mobile phase and c$is the solute concentra-
tion in the stationary phase. (Denoting the ratio qgiw/gs by ‘fc’) Eq. (1) can be
written as follows:

«/ = (2)
K a

In the case of dissociating substances the coefficient is a function of pH.
The a = /(pH) function was studied by Gotumbic [7], Waksmundski and
Soczewinski [9] and the following relationship was obtained:

a= a0 (3)

where a0is the partition coefficient of the undissociated acid and Kdis the
dissociation constant of the acid.
Substituting Eq. (3) into Eq. (2) we obtain:

K K
= d K+ *o(l + Kd.10P") ' @)
K x0 K '

[H+]J

Eq. (4) isthe equation for pH —fly-curves of monobasic acids. Such curves are
shown in Figs I, 2.

In a previous work [13] Eq. (4) was used to determine the dissociation
constant of acids. It emerges from this equation, that by increasing [H +]
the Rj value approaches alimit value, because if [H +] Kd, the ratio fQ/[H +]
can be neglected beside 1, so

Rr:—lzl']b—;o =R"'° (5)

Rf Ois the Rf value of the undissociated acid. Rf Ocan be determined from the
pH Ry-curve, since the curve reaches a constant fly-value after a given de-
crease in the pH of the stationary phase; the change of the fly value in this
part of the curve is less than the experimental error. This constant Rf value
is equal to Ryjoin Eq. (5).

By suitable transformation of Eq. (5) we obtain:

6
Rf.0 ©
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Dividing the numerator and denominator of the fraction in Eq. (4) by ‘fc and
using Eq. (6) we get the following expression:
R7.0 R7.0
Rf = . (?)
1+(1- Rf,0 mKd.10pH
1+(1 —R f,0) [H+]

Eq. (7)issuitable forthe quantitative determination of the dissociation constant.
This can be done in several ways. One of these, which was applied in a previous
work [13] is based on the determination of the inflexion point of the pH —in -
curve. When Eq. (7) is twice differentiated as the function of pH and the second
differential quotient is made equal to zero, it can be stated, that the curve
has its inflexion point at the following pH value:
1
pH infl (8)
«70) * K«

It means, that
pKd= pHinfl + Ig(I—Rf,0) .

By means of pHinf| (determined from the curve graphically) and RfO the
value of pKd can be determined. Egs (7) and (8) reveal that at the inflexion
point the value of Rftjnfiis equal to Rf,J2, so that the graphical differentiation
of the curve is not necessary. The pH-value of the inflexion point is the pH-
value corresponding to Rj = R/,012.

Another possibility of determining Kdis to determine the point of the
curve, where Kd = [H +]. On the basis of Eq.(7)the value of Rf, at this point,
can be written as:

m Rf,o (10)
Rf,0
The pH-value corresponding to Rj is equal to the pKdvalue of the acid.
The described considerations were extended to dibasic acids.

At the partition chromatography of a dibasic acid the following equilibria
exist:

[H2ATm [H2H]S [H+]s + [HH-]S

[HA-)M [Hd~]s 4 [H+]s+ [A*-]s m (D)
The concentration of A2~ in the mobile phase can be neglected. a0 denotes
the partition coefficient of the undissociated acid, B0 denotes the partition
coefficient of HA~ between the stationary and mobile phases. Kxand K2are

the dissociation constants of the acid.
The value of the partition coefficient is as follows:

[H21]5- [HA s 4- [A2 ]s
[H2H]M+ [BA-1M

(12)
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118 BIDLO-IGLOY: THIN-LAYER pH-CHROMATOCRAPHY

The value [IL4-]s must statisfy the following equations:

A [l e HAb o« [HHs - AR 13)
[H2A]S

The partition coefficients are:

= IM k fo = [H"-]s (14)
(H2ATm O (M)

Using equations (12), (13), (14) we obtain: ([H +] denotes the hydrogen ion
concentration of the stationary phase)

[H+] + K, + Ki-Ka
[H+]
X= (15)
[H+] | K,
ao Ro
The jRy-value on the basis of Eq. (2):
Rf = ) (16)
KrK?2 K\K 2
[H+] + K 1+ [H+] + K1+
H
‘ot [H+] e ]
[H+] + K, S Stk
X0 Ro X0 Ro

In the pH By-curve of dibasic acids we found two horizontal parts (see
curves of pbthalic acid in Figs 1and 2). It can be seen from Eq. (16), that at
the pH values, where [H +] K2 but Kv we may do some neglections:

Rf [H 4] ! K ! 1&) = Rf,2- (17)
+1 ’ 1+ °=
1+ K, [H+] K K
Kk [H+] K Ro
a0 Kr Ro

Eqg. (17) means, that the Upvalue in this area is practically independent of the
pH, the curve is within these pH-limits horizontal, the Rf value measured
here is denoted as Ry2 At pH values, where [H +] Kx K we may do neg-
lections in Eq. (16) again:

| 1 1
Rf o Ko e [/,i. (18)
K, [H+] . Kr 1+T
A [HH j « K_ [H+]
«w Kr Ro « Kr
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In this area, too, the Rf value is practically independent of the pH. The curve
is horizontal. The measured here is denoted as Rf,v

Eq. (16) makes possible to determine dissociation constants. Using the
right side of Eq. (17) and (18) Rf can be expressed as

Rf = (19)

[H+] + KL+ KIK2
[H+]

REE 1y RE2 ag

17 rr 1 A=nt

At the point, where [H+] = Kx(pH = pKr) the corresponding Upvalue (Rf)
can be calculated according to the following equation:

- 20
RY = 2K, + K2 (=)
1+
ri. 1 + R-f,2
1-r,l  1—=r:
Considering that Kx K2 we may allow the following approximation:
1
R b
1+
ri. 1 + R-f,2
1—rl x—W2

Having read RfAandRy2from the pH —Rf curve we are able to calculate Rf
and then read the corresponding pH value from the curve; this pH is equal
to pK=

Similarly, when [H+] = K2 (pH —pK?2), the corresponding Rf value
(R**) can be expressed as

1
Rf* Ko+ 2n (22)
+ -
1+ 1+ 2 (1-Rf2)
Rfi  m0 Rt 2 Kr Rtz
i-Rf, 1 Rf,2

The pH value corresponding to Rf* is equal to pK2

Experimental

_ Experimental evidence for the correlations described above was given by silica gel
thin-layer chromatographe/. The advantage of this method is its wide range of applicability,
some experimental difficulties, however, may arise. As it is well known, silica gel itself behaves
like a buffer against acids an bases. While in Eaper chromatography the buffering of the sta-
tionary phase can be carried out by simple soaking of the paper in a buffer solution, inTLC on
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120 BIDLO-IGLOY: THIN-LAYER pH-CHROMATOGRAPHY

buffered silica gel it is not enough to replace water by a buffer solution when preparing the
plates, especially, when we want to perform quantitative determinations. When silica gel is
suspended in a buffer solution, it behaves in such a way, that the pH value of the stationary
phase prepared from the gel will not be equal to that of the original buffer solution. Therefore
the pH of the suspension must be adjusted each time to the desired value by titration. The
preparation of the plates was done as follows.

Buffer solutions were prepared in pH range between 1.5 and 8.0. In the range of 2.5—
8.0 suitable mixture of 0.1 M citric acid and 0.2 M Na2H P04 were used, at pH values below
2.5 the solutions of 0.1 M sodium citrate and 0.1 M HC1 were mixed in the necessary proportions.
The pH values of the bufferswere measured on a Radelkis type pH meter,using glasss electrode;
the accuracy was +0.02 pH unit. Then 30 g Kieslegel HFa) was suspended in 200 ml of buffer
solution and allowed to stand for an hour at room temperature After an hour the pH of the
suspension was measured and the required buffer component (HC1, citric acid, Na2H P04 or
0.1 N NaOH solutions) was mixed in small portions into the suspension, until the pH of the
suspension was adjusted to the original pH value of the buffer. Then the suspension was allowed
to stand for a day. Measuring the pH value on the next day we found that it did not change,
so the silica gel and the buffer were in equilibrium. The buffer solution was then removed from
the silica gel by decantation until only 70 ml remained on the 30 g Kieselgel. This suspension was
used for the preparation of the plates by means of a CAMAG apparatus. The thickness of the
layer was 300 [i. The plates were air-dried at room temperature for a day.

Chromatographic investigations were carried out with the following aromatic acids;
phtnalic acid (PA), p-methoxybenzoic acid (PMBA), 3,5-dinitrobenzoic acid (3.5-DNBA) and
p-nitrobenzoic acid (PNBA). 50—100 pg of the acids were applied using methanolic solutions.
Development was carried out in diethyl ether and diisopropyl ether, respectively, saturated
with the respective buffer solution in advance. The plates were developed in grinded chroma-
tographic tanks. The distance of the solvent front from the origin was 15 cm and was marked
before beginning the development. The detection of the spots was carried out by means of an
UV lamp at 254 nm. Ky values were calculated and plotted against pH.

Discussion

pH —R/ curves can be utilized for quantitative evaluation only if the
chromatographic solvents used had been perfectly chosen. That means that
the -R/,0 value (in the case of dibasic acids R/tl) must not be very near to 1.0,
because in this case the accuracy of measurement is poor. The other condition
is that the Rf value approaches to zero at pH values higher than 7, because
this proves that the completely dissociated form of the acid did not enter into
the mobile, organic phase. This is a support for the correctness of the assump-
tion described in the theoretical part. These conditions were fulfilled in the
case of diisopropyl ether by each of the four acids, but in the case of diethyl
ether were met only by phthalic acid and p>-methoxybenzoic acid. The Rf 0 of
nitro acids was very near to 1.0 in diethyl ether.

Experimental data are summarized in Tables I and Il. Each Rf value
is the average of 3 parallel chromatographic runs. The deviation between
two parallel Rf values was below 0.03.

Plotting Rf against pH is shown in Figs 1 and 2. It can be seen that
the curve of the o-phthalic acid shows two steps, whereas the curve of mono-
basic acids only one. Characteristic data were calculated from the curves
according to the methods described in the theoretical part. Dissociation con-
stants obtained this way were compared to the values given in the literature
(see Tables Il and 1Y). K values were found in Beilstein: Handbuch der
organischen Chemie 9, 389, 414 and 793; 10, 155.
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Table 1

121

Rf values of o-phthalic and p-methoxybenzoic acid in saturated diethyl ether at different pH

pH

1.61
2.05
2.55
3.05
3.43
4.07
4.49
5.02
6.05
7.02
8.15

values

o-phthalic acid

0.91
0.90
0.88
0.83
0.72
0.53
0.51
0.17
0.02

Table 11

p-methoxy-
benzoic acid

0.91
0.90
0.90
0.91
0.90
0.91
0.87
0.76
0.35
0.08

values of acids in buffer-saturated diisopropyl ether

pH Phthalic acid
161 0.39
2.05 0.37
2.55 0.34
3.05 0.29
3.43 0.23
4.07 0.16
4.49 0.15
5.40 0.02
6.05 0.02
7.02 0
8.15 0

PMBA

0.70
0.70
0.71
0.70
0.68
0.64
0.59
0.29
0.10

0

0

Table 111

PNBA

0.85
0.85
0.84
0.83
0.72
0.60
0.44
0.10
0.02

0
0

at different pH values

3,5-DNBA

0.80
0.78
0.74
0.64
0.45
0.27
0.15
0.02
0

0

0

Characteristic data and calculated pK” values of monobasic acids compared with the pK” values
given in the literatures

Acid

PMBA (in diethyl ether)
PMBA (in diiprop ether)
3,5-DNBA (in diiprop ether)
PNBA (in diiprop ether)

pHinfl

5.6
51
35
43

Kl.0

0.91
0.70
0.80
0.85

L

0.83
0.54
0.67
0.74

pKd calcd.

with pHijnfi
4.65
4.58
2.80
3.48

pK<i calcd.
with LLL

4.60
4.50
2.90
3.50

pKd lit.

4.50
4.50
2.77
3.42
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Table TV

Characteristic data and calculated pKuy values of phthalic acid, compared with pK” values given
in the literature

Solvent R, 2 *[* i PF pK, pKx lit Pkt lit
Diethyl ether 0.91 0.51 0.84 0.35 29 4.65 2.89 441
Diiprop ether 0.39 0.16 0.30 0.11 29 4.60

Fig. 1. pll-ify curves of o-pbthalic aridp-met- Fig. 2. pK-Rf curves of o-phthalic, p-metho-
hoxybenzoic acid in buffer-saturated diethyl xybenzoic, 3,5-dinitrobenzoic acid and p-nit-
ether robenzoic acids in buffer-saturated diisopropyl

ether

An advantage of the described method is that it allows the elucidation
of the acidic character of an unknown compound, which may be present
in the sample only in small amount and cannot he isolated in pure solid state.
W hether the compound is a monobasic or dibasic acid can be stated in this
way and the dissociation constants can be determined with good approxima-
tion, as it was shown in Tables Il and IV. These data may facilitate the iden-
tification of the unknown compound. In the case of a known acid it can be
calculated what Rf value can be expected at a given pH of the stationary
phase, so a suitable pH for the chromatography can be chosen.
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Thermal degradation of poly-styrene-dimethyl-silane has been studied by pyrol-
ysis gas chromatography. The composition and distribution of the volatile pyrolysis
products show that the decomposition of this polymer is governed by the same rules as
that of polystyrene and polydimethyl-silane. This observation is a further confirmation
of our previous experiences on poly-alkylene-siloxanes and polyvinyl-silanes. The
presence of the silicon atom does not influence importantly the decomposition mecha-
nism of the hydrocarbon chain.

In arecentwork we have introduced a new concept to explain phenom-
ena of thermostability [1], which we called ‘energetic retardation effect’.
There are two relevant groups of observations made by many authors: (i)
the intrinsic thermostability (which seems to be mostly of kinetic and not ther-
modynamic in nature) is very often not in a close and simple correlation with
bond structure, and (ii) the kinetics of degradation can be described by a simple
kinetic equation only in the simplest cases, e.g. if degradation occurs by simple
depolymerization. The second observation can also be expressed by stating
that degradation is often not a simple, thermally activated reaction [2], thus
the activation energy has no meaning in the classical sense, and that the kinetic
equation cannot be obtained simply in terms of remaining weight fraction or
conversion [3]. As an explanation we have proposed, in contrast to the theory
of chemical (or thermal) activation, that during the heat treatment a simple
physical interaction between the transmitted energy and the macromolecule
may be anticipated, consequently, on account of ‘trapping’ or ‘cageing’ of
energy or dissipation by a non-destructive mode, sufficient localization on one
or another bond occurs at a much higher temperature than it would if equipar-
tition in the Boltzmannian sense were valid. Thus at a critical temperature
— where ‘cages’ are opened or another way is found by the system to Ilift
energetic retardation — degradation suddenly occurs at a high rate, being
affected not only by the excess thermal energy ‘pumped’ into the system
at this critical temperature. As the activation energy is usually determined
by measuring the temperature dependence ofthe reaction rate, this apparently
strong effect of heating just above this critical temperature results in an appar-
ently high activation energy ofthe order of 100 kcal mol"1or higher.
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In several papers we tried to clarify the influence of the silicon atom or
a siloxane unit on the thermal stability and the mechanism of polymer degra-
dation. We have shown that poly-alkylenesiloxanes are degraded just like
polyalkylenes and siloxanes separately [4]; polyvinyltrimethylsilane and
polyvinylphenyldimethylsilane are degraded according to the scheme of
polypropylene [5] and copolymers of the last two substances with styrene
behave again like the separate homopolymeric systems [6]. The series of these
experiments is now completed with results on polystyrenedimethylsilylane,
PSDS, to be reported in this paper. Conclusions will be drawn on all the
polymers mentioned regarding the influence of silicon. Owing to its relatively
large mass, silicon is extremely interesting from the point of view of the ener-
getic retardation effect, therefore, we found it necessary to obtain information
on its role in the degradation of PSDS.

Experimental

PSDS was synthesized according to Nefedow et al. [7] from a mixture of dimethyldi-
chlorsilanes and styrene in tetrahydrofuran by the reaction with metallic lithium. The com-
ponents were added in equimolar amounts, which, according to analytical results, were retained
also in the polymer. The data of elemental analysis and the values calculated for the equimolar
amounts of the components are:

Calcd. C 74.04; H 8.64; Si 17.28.
Found C 70.97; H 8.35; Si 17.09%.

The PSDS samples were pyrolyzed by the technique used in this laboratory [8]. For the
separation of pyrolysis products an OY-HO1 coated glass capillary column was used. The number
of benzylene and silylene parts in the product has been counted on the basis of the gas chroma-
tographic retention data and the relative responses given in a modified flame ionization detector
sensitized for silicon [9].

Results and discussion

The results of pyrolysis at 400°C are shown in Fig. 1, where weight frac-
tions of the products, normalized to styrene, are plotted against the retention
time. The gas chromatographic separation was carried out on a column OY—1
as the stationary phase, using a temperature program of 10°/min from 40 to
260°C. The retention time of some standards are marked on the retention
time scale. The silylene and benzylene content of the other products are given
as well. The mole ration of styrene and the sum of the other products proved
to be 1:1at 350°C and 1:1.7 at 400°C.

The following conclusions are of importance.

1. Neither oligomers of styrene, nor those of dimethylsilylene are to be
observed, which demonstrates that true alternating copolymerization has
occurred. Dimeric and trimeric styrene and cyclic dimethylsilylene penta-
and hexamers were checked and found to be absent.
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2. The predominant product of pyrolysis seems to be styrene, which
means that primary chain cleavage — at least up to 350°C — occurs at the
Si-C-bond, and styrene-ended macroradicals always split off styrene as does
polystyrene. As this produces silicon-ended macroradicals too which cannot

Relative amount

Fig. 1

split off any starting monomer, large amounts ot silylene and benzylene con-
taining molecules are formed on account of some hydrogen migration, transfer
or back-biting mechanism.

3. As well known, hydrogen migration is favoured in slicicon-containing
molecules and also during pyrolysis, as in the case being effected by electron-
impact too [10]. The same holds true here for the formation of H2Si(CH3)2
which is the product of two such steps.
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4. The mole ratio of styrene and all the other products is about 1 :1 at
350°C, which again supports the conclusion of paragraph 2. This ratio is shifted
to 1 :17 at 400°C in favour of non-styrene compounds, showing that at higher
pyrolysis temperatures, the rates of formation and decomposition of silicon-
ended macroradicals become higher.

5. The fact that H2Si(CH3)2 which requires double hydrogen transfer,
and the compounds which contain one or two benzylene units are formed
together demonstrates the relatively high stability of silicon-ended free radi-
cals, a know fact in silylene chemistry.

Conclusion

The main finding of the present study is that the presence of the silicon
atom in the substituted hydrocarbon chain does not appreciably influence the
general properties of this chain, since the decomposition of this macromolecule
(which may he considered as a polystyrene-polysilylene copolymer) are gov-
erned essentially by the same factors as that of pure polystyrene and polysily-
lene. The inductive effect of the silicon or any other interaction of this atom
with the a-phenyl group seems to have no importance from the point of view
of thermal degradation. No interaction with silicon influencing the decomposi-
tion has been observed in our previous works either [4—6], thus the generali-
zation seems justified that the enhanced thermal stability of silicon-containing
organic polymers or copolymers may be attributed to the higher mass of the
silicon atom, and probably not any quantum-chemical interaction due to
empty d-orbitals. This finding confirms the existence of the energetic retar-
dation effect. In addition, no polymers of this type follow simple degradation
kinetics, which again can be explained by this picture.
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AMINOPHTHALAZINONE DERIVATIVES, I

REACTION OF AMINO ALCOHOLS WITH 4-CHLORO-I (2H)-PHTHALAZINONE
K. KORMENDY

(Institute of Organic Chemistry, E6tvés L. University, Budapest)
Received January 6, 1975

4-Chloro-l (2H)-phthalazinone (1) reacts with relative ease with amino alcohols to
give 4-(hydroxyalkylamino)-1(2ip)-phthalazinone derivatives (5). The reactivity of 1,
which is known to be stable to amines [3, 4], is enhanced by the formation of transi-
tory amino alcohol addition. The reactivity-increasing role of alcohol addition is proved
by the fact that 1 gives the corresponding aminophthalazinone derivative (5k) with
diethylaminoethylamine in ethylene glycol solution at 150°C in 20 hrs in a yield of
55%, whereas under identical conditions but in the absence of ethylene glycol no
substitution occurs.

Several experiments aiming at the preparation of 4-amino-l1(2H)-
phthalazinone derivatives have been carried out in the past [1, 2, 3, 4], yet no
generally applicable synthesis is known; thus this group of compounds has
remained practically inaccessible. The purpose of the series starting with the
present paper is to assist in improving this situation. In addition to being a
preparative contribution, this work serves also a practical purpose, as some
members known so far of this new group of compounds exhibit considerable
biological activity.

4-Chloro-I(2if)-phthalazinone (1), a compound readily obtainable from
phthalic acid hydrazide, seems to be an ideal starting material for the synthesis
of 4-N-substituted aminophthalazinone derivatives (5). One example is the
observation of Stephenson [1] made as early as 1944, according to which 1
could be converted with aqueous ammonia at about 200°C to 4-amino-1(2H)-
phthalazinone (2). A sintilar successful reaction was reported in 1967 by
Kohter [2], who obtained the analogous 4-liydrazino derivative (3) with
100% hydrazine hydrate in an excellent yield. However, attempts to general-
ize the reaction remained unsuccessful. Haworth and Robinson [3] found
4-chloro-I(2Ji)-phthalazinone (1) completely resistant to diethylaminoethyla-
mine, and recently Fritsch and Peters [4] had the same experience in the
attempted reaction with aniline. Our own experiments confirmed the state-
ments published in the literature; heating of 1 with diethylaminoethylamine
for 20 hours at 150°C did not convert the compound to 4-(2-diethylaminoethyl-
amino)-1(2H)-phthalazinone (5k).
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(48%) (90%)

According to one of our earlier observations [5], 1 and ethanolamine
give very easily 4-(2-hydroxyethylamino)-l(2i/)-phthalazinone (5a), the so-
called R-ty-pe open desmotrope of spiroxazone. Therefore, this conversion has
been studied more extensively. It has been found that the substitution process
proceeds with relative ease giving various yields, depending on the structure
of the amino alcohol; in general, the reaction is satisfactory from the prepar-
ative point of view (see Table I).

The poor reactivity of the chlorophthalazinone (1) is due to its structure,
because halogens linked to a C-atom adjacent to a double bond, similarly to
vinyl halides, are hardly accessible to substitution reactions. The high stability
of 1 to alkali solutions (practically no change when boiled with 5% sodium
hydroxide for 10 hours) can be attributed to this structure. Hitr and Enrtich
[6] reported in 1971 that the rate constant of the nucleophilic substitution
process between 1 and sodium methoxide is by orders of magnitude lower, than
the substitution rate constant of 1,4-dichlorophthalazinone, known as areactive
compound [3].

According to data in the literature [7] and our own experiences [5, 8],
the C = N groups of various heterocycles (among others, spiroxazone deriva-
tives) can reversibly add nucleophilic reagents (e.g. water or alcohols). We
explain the considerable increase in exchangeability of the chlorine atom in
chlorophthalazinone (1) in the presence of amino alcohols, on the basis of the
facts mentioned above, by transitory alcohol addition (e.g. 1 — 6); the vinyl
halide character of 1 ceases by the addition, so that the chlorine atom becomes
more mobile.

The activating effect of alcohol addition is supported by the fact that 1
reacts with diethylaminoethylamine in the presence of ethylene glycol to give
4-(2-diethylaminoethylammo)-1(21f)-phthalazinone (5k) in 55% yield, whereas
in the absence of ethylene glycol no substitution takes place under identical
experimental conditions. At the same time this experiment makes probable
that the amino alcohol (e.g. ethanolamine) molecule adds to the C = N double
bond of 1 primarily by means of its hydroxyl group (—*6a), while amine addi-
tion (-1-6a’) seems to be considerably less, or might totally be absent.

Acta Chim. (Budapest) 88, 1976



KORMENDY: AMINOPHTHALAZINONE DERIVATIVES, | 131

ba

According to our assumption, the substitution reaction may proceed
with 2- and 3-amino alcohols by two routes (A and B). According to mecha-
nism A, the transitory adduct 6a formed, e.g., with ethanolamine, gives an
a-type spirane (7a) in an intramolecular reaction [5], and this is tautomerized
in alkaline medium (by the action of the excess amino alcohol) to the non-
cyclic /3-tautomer (5a). Reaction route B presumes an intermolecular inter-
action (6a —»8a), and the process is terminated by the decomposition of the
amino alcohol adduct (8a —»5a). This latter mechanism (B) may prevail,

2 Acta Chim. (Budapest) 88, 1976



132 KORMENDY: AMINOPHTHALAZINONE DERIVATIVES, |

Table 1

Reaction of 4-chloro-1-(2H)-phthalazinone (1) with amino alcohols (4) and with diethylamino-
ethylamine (4k)

Amine (4), product (5) Reaction
Note
R. Rs “i"r‘epefc’ﬂ‘ “}:“rev Yield, %
a H —(CH22—O0H 170 6 88
b H —(CH23—O0H 190 6 69
c H -(CH240H 180* 5 95
d H —(CH25—0H 180* 5 86
e H -(CH260H 180* 5 92
f H -CH2CH(CH3-0OH 160 10 83
g H -CH(CHY5-CH20H 180 14 24
32 70
50 — polymer
h H -C(CH32CH20OH 170 50 4.2%*
i CH3 —(CH,,),,—OH 160 6 46.1**  about 34%
8 46.4** phthalic acid
12 46.5** hydrazide by-
product
i Ph —(CH22—0H 160* 12 —
K H —(CH22—N(C,HY), 150 20 -
20 55 in ethylene

glycol solution

* Under reduced pressure or in inert gas atmosphere
** 0On the basis of chlorine determination

and plays indubitably a role in the reaction with ethylaminoethylamine in
ethylene glycol solution (where the formation of an ethylene glycol adduct
of type 6 is possible), further in the cases of 4-amino-Il-butanol (4c), 5-
amino-l-pentanol (4d) and 6-amino-l-hexanol (4e).

2-Amino-l-butanol (49) and particularly 2-amino-2-metliyl-l-propanol
(4h), shielded sterically at the N-terminal, are less reactive (cf. Table I). Since
I-amino-2-propanol (4f), containing a secondary hydroxyl group, also readily
reacts with chlorophtlialazinone, successful substitutions can be expected
mainly with amino alcohols which are not shielded at the N-terminal; the
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process is less influenced by the primary or secondary character of the amino
alcohol. A substitution with lower conversion (46%), but proceeding rapidly
(within 6 hours at 160°C) can also be achieved with 2-methyl-aminoethanol,
which is of the secondary amine type (4i). In the case of 4i, the lower yield is
not due to steric reasons, but to an undesired side reaction (formation of
phthalic acid hydrazide); such side reactions were not observed in the case of
amino alcohols containing primary amino group. 2-Anilinoethanol (4j) practi-
cally fails to react with chlorophthalazinone under the given experimental
conditions (160°C, 12 hours).

The most important infrared spectral data of the hydroxyalkylamino-
phthalazinone derivatives (5) prepared are listed in Table Il. The chemical
properties and tautomeric transformations of the new compounds will be
discussed in a following part of this series.

Table 11
The most important bands in the IR spectra of aminophthalazinone derivatives (5) recorded
in KBr pellets
VOR V coanmi(ie VAX 6 NH <. bt
5b 3450—2800 1639 1591 1559 1077 780
1475 1533
5c 3400—2750 1647 1588 1540 1078 782
1480 1558
5d 3400—2750 1647 1589 1540 1046 782
1481 1558
5e 3400—2800 1648 1590 1559 1080 780
1480 1541
5f 3450—2700 1644 1585 1550 (ah) 781
1480 1539 1128
59 3400-2800 1647 1597 1553 1050 773
1482 1542 (sh)
5h 3400-2800 1650 1596 1564 1062 787
1481 1543
5i 3300-2700 1641 1609 — 1080 790
1582
1496
5k  vNH: 3334 1662 1597 1557 — 762
v N Hamide: 1500
3200—2400 1487
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Experimental

M. p. ’s were determined with a Boetius micro melting point apparatus. Infrared spectra
were recorded in KBr pills with a spectrometer Model UR-10 (Zeiss, Jena).

4-Chlorophthalazinone (1)

This compound was prepared from phthalic acid hydrazide, according to the method of
Radulescu and Georgescu [9] in phosphorus oxychloride solution with phosphorus penta-
chloride, in 93% yield; after recrystallization from glacial acetic acid (300 ml solvent per 20 g
of raw product) colourless needles, m. p. 276—278°C (lit. m. p. 274°C, sublimation).

C8H6CIN2 (180.6). Calcd. Cl 19.6 Found CI 19.5, 19.6%.

IR spectrum: v NH 3250—2750; v COamjje 1670; v Ar 1610, 1592, 1490; 1,2 aromatic
disubstitution 775 cm-1.

Stability to alkali solution. 4-Chlorophthalazinone (0.18 g; m. p. 276—278°C) was
dissolved in 5% NaOH solution (10 ml) and boiled for 10 hrs. Neutralization after cooling gave
back 0.17 g of unchanged substance, which melted completely up to 270°C; as shown by the IR
spectrum, it did not contain a detectable quantity of phthalic acid hydrazide. The aqueous
mother liquor gave slightly positive chloride reaction.

Calcd. Cl 19.6 Found 19.5%.

4-(2-Hydroxyethylamino)-I(2if)-phthalazinone (5a; /3-type isomer of spiroxazone [5])

A mixture of 180 g (1 mole) of 4-chlorophthalazinone and 305 g (5 moles) of ethanolamine
was gently refluxed 6 hrs in a flask equipped with an air cooling tube. The suspension dissolved
in about 1 hr. The excess of ethanolamine was distilled off at reduced pressure (10—20 torr);
about 150 g of ethanolamine can be recovered in this way. The distillation residue was diluted
with 3 liter of water. The colourless, crystalline substance which separated was filtered off and
washed with water to obtain 166—180 g (81—88%) of the product. From a large quantity
of water, it crystallized in colourless needles, containing no trace of chlorophthalazinone; m. p.
254—256°C. The IR spectrum was identical with that of an authentic sample prepared as
described in the literature [5].

4-(3-Hydroxypropylamino)-1(2fl)-plithalazinone (5b; /3-type isomer of homospiroxazone [5])

According to the process described above (190°C; 6 hrs), 4-chloropthalazinone (18.0 g;
0.1 mole) and 3-aminopropanol (37.5 g; 0.5 mole) gave 15.1 g (69%) of 5b. From water, it
crystallized as colourless, thin needles, m. p. 193—194°C.

CuHIN3D2(219.2). — Calcd. C60.3; H 6.0; N 19.2. Found C 60.4; H 5.9; N 19.3%.

IR spectrum: see Table II.

4-(4-Hydroxybutylamino)-I1(2Jf)-phthalazinone (5c)

In a flask equipped with a reflux condenser, a mixture of the chlorophthalazinone
(3.6 g; 0.02 mole) and 4-amino-l-butanol (6 g; 0.066 mole) was heated for 5 hrs. at 180°C and
100—150 torr pressure. The homogeneous melt was diluted with 100 ml of water. After neutrali-
zation and short standing the colourless crystals were filtered off (4.42 g; 94.8%; no halogen
present) and recrystallized; from water: colourless, elongated plates; from ethanol: prisms;
m. p. 214—216°C.

CI2H 18N 2(233.3). Calcd. C61.8; H 6.5; N 18.0. Found C 61.6; H 6.4; N 18.2%.4|

IR spectrum: see Table II.

4-(5-Hydroxypentylamino)-1(2ff)-plithalazinonc (5d)

A mixture of the chlorophthalazinone (3.6 g; 0.02 mole) and 5-amino-I-pentanol (6 g;
0.058 mole) was heated 5 hrs as described above, at 180°C and 150—200 torr pressure. Dilution
with water gave 4.90 g (86.4%) of a colourless powder, containing only traces of halogen, which
crystallized from ethanol in small needles, m. p. 179—180°C.

C,3HIN302(247.3). Calcd. C63.1; H 6.9; N 17.0. Found C62.8; H 6.8; N 17.1%.

IR spectrum: see Table II.

4-(6-Hydroxyhexylamino)-1(21J)-phthalaziiione (5e)

In a small ground flask fitted with an air condenser, a mixture of 6-amino-I-hexanol
(3 g; 0.026 mole) and chlorophthalazinone (1.8 g; 0.01 mole) was heated on an oil bath for 5
hrs. at 180°C and 60—80 torr pressure. The melt was mixed with water (100 ml), neutralized
with hydrochloric acid, and the solid which separated was filtered off to yield 2.41 g (92%) of
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the raw product, which was free of halogens. It was sparingly soluble in water. Colourless pow-
der, m. p. 180—182°C (from ethanol).

CuHi9N3® 2(261.3). Calcd. C 64.3; H 7.3; N 16.1. Found C64.1; H 7.2; N 16.3%.

IR spectrum: see Table II.

4-(2-Hydroxy-2-methylethylamino)-1(2H)-phthalazinone (5f)

A mixture of chlorophthalazinone (9.0 g; 0.05 mole) and I-amino-2-propanol (18.7 g¢;
0.25 mole) was gently boiled for 10 hrs and the excess of amino alcohol removed by distilla-
tion on a water pump. The solid residue was suspended in water, filtered off and washed with
water to obtain 9.13 g (82.8%) of the product. Recrystallization from much water gave colour-
less, small needles, m. p. 231—233 °C (recrystallization observed between 200 and 210 °C).

CuHI3N302(219.2). Calcd. C 60.3; H 6.0; N 19.2. Found C 60.5; H 6.1; N 19.3%.

IR spectrum: see Table II.

4-(I-Ethyl-2-hydroxyethylamino)-I(2ii)-phthalazinone (5g)

Chlorophthalazinone (9.0 g; 0.05 mole) was suspended in 2-amino-Il-butanol (22.25 g;
0.25 mole), and gently boiled in a flask equipped with an air condenser tube, for the time given
in Table 1. After cooling, the reaction mixture was diluted with much water, the crystals which
separated were filtered off and washed with water until free of chloride. The chloropthalazinone
content of the samples was assayed by determining the chlorine content.

Composition of the mixture

Reaction )

time, hrs. ci% 1. % 59, %
14 15.0 76 24
32 5.8 30 70
50 polymer

Purification. 1.40 g of the mixture (chlorophthalazinone content 30%) was acetylated
in 30 ml of abs. pyridine with 3 ml of acetic anhydride at room temperature. On the next day,
water was added to the clear solution, and pyridine was removed by vacuum distillation. The
air dry product (1.70 g) was suspended in chloroform (30 ml), the undissolved chlorophthal-
azinone was removed by filtration, the filtrate was evaporated to dryness and the distillation
residue hydrolyzed by boliling for 5 hrs with a mixture of water (30 ml) and cone. HC1 (9 ml).
The acid solution was evaporated in vacuum, and the residual salt was recrystallized from a
large amount of water. Colourless plates; yield 0.80 g; m. p. 246°C.

C,2H16N302(233.3). Calcd. C61.8; H 6.5; N 18.0. Found C 61.6; H 6.4; N 18.1%.

IR spectrum: see Table II.

4-(1,1-Dimethyl-2-hydroxyethylamino)-1(2H)-phthalazinone (5h)

A mixture of 2-amino-2-methyl-I-propanol (22.25 g; 0.25 mole) and chlorophthalazinone
(9.0 g; 0.05 mole) was gently boiled for 50 hrs, then diluted with 500 ml of water. The solid
product which separated (5.45 g) was filtered off, and washed with water until free of chloride.
On the basis of its halogen content (Cl 17.6%) the material was a mixture of chlorophthalazi-
none (91%) and 5h (9%). This corresponds to 4.2% vyield in the mixture. The mixture was
purified in the same way as 4-(1l-ethyl-2-hydroxyethylamino)-1(2H)-phthalazinone. Recrys-
tallization from a large amount of water yielded microscopic prisms (0.38 g; 3.26%), m. p.
270—271°C.

CI2H 15N302 (233.3). Calcd. C61.8; H 6.5; N 18.0. Found C 61.9; H 6.6; N 18.8%.

IR spectrum: see Table II.

1-1Y-Methyl-(2-hy<In>xyethyl)-amino]-1(2//) -phthala/.inonr (5i)

A mixture of chlorophthalazinone (9.0 g; 0.05 mole) and 2-methylaminoethanol (15 g;
0.2 mole) was gently boiled for the time given in Table |. After cooling, the syrup was diluted
with water (200 ml), and evaporated in vacuum, while raising the temperature of the bath
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gradually to 100°C. The solidifying mass was suspended in a small amount of water, filtered
off and washed with water. (From the alkaline mother liquor 2.78 g (34.3%) of phthalic acid
hydrazide, identified on the basis of its IR spectrum, separated on acidification with hydro-
chloric acid.) Yield: 5.05—5.10 g (46.1—46.5%), depending on the duration of heating. Re-
crystallization from water or from ethanol gave colourless needles, m. p. 138—139 °C.
CnHI3N302(219.2). Calcd. C 60.3; H 6.0; N 19.2. Found C60.2; H 6.1; N 19.4%.
IR spectrum: see Table I1.

Reaction of chlorophthalazinone with 2-anilinoethanol

A mixture of anilinoethanol (4 ml; about 0.03 mole) and chloropthalazinone (1.8 g;
0.01 mole) was heated on a bath at 160°C and about 60 torr pressure for 12 hrs. The mixture
which solidified on cooling, was suspended in 50% aqueous ethanol, filtered, and the solid
washed with 50% ethanol. As shown by the IR spectrum, the resulting colourless, crystalline
substance (1.75 g) was unchanged chlorophthalazinone.

4-(2-Diethylaminoethylamino)-1(2H ) -phthalazinone (5k)

(a) A mixture of anhydrous diethylaminoethylamine (5 ml) and chlorophthalazinone
(0.90 g; 0.005) mole was boiled for 20 hrs. The amine was removed by vacuum distillation, the
solid residue suspended in water and filtrred. 0.85 g of unchanged chloropthalazinone was
obtained, which was identified on the basis of the IR spectrum.

(6) A mixture of chlorophthalazinone (4.5 g; 0.025 mole), diethylaminoethylamine (6.4 g;
0.05 mole) and ethylene glycol (20 ml) was heated for 20 hrs on a bath at 150°C. The volatile
components were removed on a water pump, distilling from a bath of 190—200 °C. The dis-
tillation residue, which solidified to a hard resin on cooling, was covered with 250 ml of water;
this caused disintegration into a colourless powder. The substance obtained on filtration
(1.43 g) was unchanged chlorophthalazinone. The volume of the aqueous filtrate was reduced by
evaporation to about 50 ml, and made alkaline with solid sodium hydroxide. The emulsion
produced crystallized on rather long standing to yield 3.63 g (55.4%) of the product. Recrystal-
lization from hot water and clarification with activated carbon gave colourless prisms, m. p.
168—170 °C.

CuH20N40 (260.3). Calcd. C64.6; H 7.7; N 21.5. Found C 64.7; H 7.5; N 21.3%.

IR spectrum: see Table II.

The author’s thanks are due to Dr F. Ruff for his help in the evaluation of the infrared
spectra. The elementary analyses were made in the microanalytical laboratory (leader: Dr. H.
Medzihradszky). The BRISTOL Laboratories (USA, Syracuse, N. Y.) supported our work by
supplying the starting materials. Their help is gratefully acknowledged.
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BASICHE DERIVATE VON GLUTAMYLPEPTIDEN, 111

Gy .Szé6kan und A. Kotai

(Institutfir Organische Chemie der L. E6tvés Universitat, Budapest)

Eingegangen am 20. Januar, 1975

Es wurden die basischen Glutamylpeptide: a- und y-Tri-L-glutaminsdure-tetra-
-(2-dimethylamino-athyl)-amid (XIV; n — 3 und XVI; n = 3), a-Tetra-L-glutaminsdure-
-penta-(2-dimethylaminoéthyl)-amid (XIV; n = 4), a-Penta-L-glutaminsdure-hexa-
-(2-dimethylamino-athyl)-amid (XIV; n = 5), a-Tri-[L-glutaminsdure-y-(2-dimethyl-
amino-dthyl)-amid] (XX; n — 3) und L-Pyroglutamyl-L-glutaminsdure-di-(2-dimethyl-
amino-athyl)-amid (XVIII) hergestellt, und zwar durch Umsetzung der entsprechenden
zwei, drei, vier bzw. finf und sechs aktive Estergruppen enthaltenden Carbobenzoxy-
-L-oligoglutaminsdure-Derivate (LU, VI, VIII, X) mit berechneten Mengen von 2-Di-
methylamino-&thylamin und darauffolgender hydrogenolytischer Abspaltung der
Schutzgruppen.

Die Verbindungen IIl, VI, VIII, X wurden aus den entsprechenden Derivaten
der i.-Glutaminsaure aufgebaut, deren Carboxylgruppen, die in die Peptidbindung nicht
einbezogen werden sollten, in Form von /j-Nitrophenylestergruppen geschitzt waren.
Die peptidische Verknipfung der Komponenten erfolgte durch Aktivierung der freien
Carboxylgruppe der acylierenden Komponente durch Bildung eines gemischten An-
hydrids. Eine in einem Fall beobachtete Nebenreaktion wird diskutiert.*

In unseren friheren Mitteilungen [1, 2] hatten wir Gber die Synthese der
isomeren 2-Dimethylamino-4thylamide und des bis-Dimethylamino-&thylamid
der L-Glutaminsdure, weiterhin der in verschiedenen Stellungen mit 2-Dim-
ethyl-amino-athylamin amidierten Derivate der a-und y-L-Glutamyl-L-glutamin-
sédure berichtet. Als Fortsetzung dieser Arbeit berichten wir jetzt Gber die
Synthese der mit 2-Dimethylaminodthylamin 3, 4,5, 6 fach amidierten Deri-
vate einiger Oligopeptide der L-Glutaminsdure und Uber ein basisches Derivat
der Pyroglutamyl-L-glutaminsdure

Die mit 2-Dimethylamino-dthylamin zwei- und dreifach amidierten
Glutamyl-glutaminsduren (XIV, XVI, XX; n = 2) wurden schon [2] aus den
entsprechenden, geschitzten, zwei bis drei aktive Estergruppen enthaltenden
Glutamyl-glutaminsdure-Dcrivaten hergestellt.

Die aktive Estergruppen enthaltenden, geschitzten L-Glutamyl-L-glut-
aminsdure-Derivate (W, VI, X; n = 2) wurden aus solchen L-Glutaminsdure-
Derivaten aufgebaut, deren Carboxylgruppen, die in die Peptidbindung nicht
einbezogen werden sollten, mit p-Nitrophenol verestert waren [2]. Wir haben
gefunden, dal die Umsetzung der aufgezdhlten Komponenten zu den entspre-
chenden Dipeptidderivaten durch Anwendung der Methode der gemischten
Anhydride mit recht guter Ausbeute verlduft. Die hergestellten, aktive Ester-

*Die in dieser Arbeit gebrauchten, abgekiirzten Bezeichnungen der Aminoséuren,
A.minoséuresreste, Schutzgruppen und Reagenzien richten sich nach dem Vorschlag derlUPAC-

IUB Commission in Biochemical Nomenclature (siehe z. B. J. Biol. Chem. 241, 527, 2491
(1966).
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gruppen enthaltenden, geschitzten L-Glutamyl-L-glutaminsdure- Derivate wur-
den dann unter ganz milden Reaktionsbedingungen mit 2-Dimethylamino-
&thylamin zu den entsprechenden basischen Amidderivaten umgesetzt (XIII,
XV, XIX; n = 2) [2].

Im Laufe unserer neueren Untersuchungen gelang es uns, dieses oben
beschriebene Prinzip fiur die Synthese der basischen Derivate von Glutamyl-
oligopeptiden zu verwenden.

Die aktive Estergruppen in hdéchster Zahl enthaltenden, geschitzten
a-Glutamyl-oligopeptide (I11) wurden mit der “stepwise” Methode aufgebaut.
An die entsprechenden C-terminalen Peptidkomponenten, deren Carboxyl-
gruppen in Form von p-Nitrophenylestern geschiitzt waren, wurde Carbo-
benzoxy-L-glutaminsdure-y-p-nitrophenylester (1) [1] angeknipft:

Z—Glu—OH HBr . H-hGlu -ONp Glu ONp
LoNp ONp

| 1] 11
(n=234,5 m=n—)

HBr/AcOH

Z--Guw ONp

Aus diesem geschiitzten Derivat kann die folgende C-terminale Komponente
der Serie durch Acidolyse mit HBr/AcOH gewonnen werden. Die Serie wurde
bis zur Gliederzahl n = 5 fortgesetzt.

Wir haben gefunden, dal gute Ausbeuten hei der Peptidknipfung sich
durch Anwendung der Methode der gemischte Anhydride erreichen lieRen,
besonders dann, wenn zur Bereitung des gemischten Anhydrids des Carbo-
benzoxy-L-glutaminsdure-y-p-nitrophenylesters Chlorameisensédure-isobutyl-
ester eingesetzt wurde.

Die C-terminalen Peptidkomponenten bzw. deren Hydrobromide (II)
waren aus den bereits hergestellten Carbobenzoxy-geschiitzten Derivaten
(111) durch Einwirkung von Bromwasserstoff-Eisessig gewinnbar. Beim Ver-
diinnen des Reaktionsgemisches mit Ather fiel das Hydrobromid in kristalliner
Form aus und lieB sich dann in Acetonitril, nach Zusatz von Tridthylamin, mit
Carhobenzoxy-L-glutam insdure-y-p-nitrophenylester (1) durch Anwendung
der Anhydrid-Methode glatt zu dem entsprechenden Endprodukt umsetzen,
das sich beim Verrihren des Reaktionsgemisches mit verdinnter Salzséure
gleich in kristalliner Form ausschied.
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Bei der Analyse der erhaltenen Oligopeptidderivate wurde auf die quan-
titative Bestimmung der p-Nitrophenylestergruppen stets grofBes Gewicht
gelegt. Diese Bestimmung lieR sich mit groer Genauigkeit auf spektrosko-
pischem Wege durchfihren, ndmlich durch Ermittlung der Extinktion bei
400 nm in 0,11V Natronlauge. Nach dem Erfolg dieser Versuche waren wir
bestrebt, auch einige andere Glutamylpeptide herzustellen, z.B.: y-Glutamyl-
peptide, Pyroglutamylpeptide und solche a-Glutamylpeptide, deren C-termi-
nale a-Carboxylgruppen in Form von Benzylestern Vorlagen.

Z—(ilu—ONp  HBr.H- -Glu—ONp Z— Glu— ONp
+
OH -ONp -ONp
v Vi
(B=2,3; m—n—)
HBr/AcOH
-Glu—ONp

(NP

Vi
Z—AIJ ----- CH—COOH . HBr . H--Glu -ONp Z—N----OH-CO-  -Glu -ONp
) /CIHZ -ONp ,CH2 LONp
0 g QrrC!
2 H2
VH 1 VI (m=1,2)
Z—Gu—OH HBr.H -Gl -OBzl -Glu- -OBzl
LoNp ONp I-ONp
1 1X X
{n=2,3; m=n—)

Zum Ankniupfen der N-terminalen Komponente wurden Carbobenzoxy-L-
glutaminsdure-a-p-nitrophenylester (IV) [2], Carbobenzoxy-L-glutaminséure-
y-p-nitrophenylester (I) [1] und Carbobenzoxy-L-pyroglutaminsdure (VII)
[3] angewandt.

In den ersten zwei Fallen wurden die friher hergestellten Hydrobromide
(V, 1), im dritten Fall wurde das a-L-Glutamyl-(y-p-nitrophenylestor)-L-glut-
aminsdure-a-benzyl-y-p-nitrophenylester-hydrobromid (1X; m = 2) jetzt als
C-terminale Komponente gewdhlt. Nach unseren Erfahrungen kann dieses
Hydrobromid (IX; m = 2) aus Carbobenzoxy-a-L-glutamyl-(y-p-nitrophenyl-
ester)-L-glutaminsdure-a-benzyl-y-p-nitrophenylester (X; ra= 2) durch Aci-
dolyse gewonnen werden:
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7 Glu— Glu— OBz HBr/AcOH HBr .H— Glu— Glu— OBzl
I-ONp I-ONp L TFA -ONp 1-ONp
2. aquiv. HBr
X (0= 2) IX (m= 2)

Wir haben gefunden, dall nur eine sehr beschrédnkte Einwirkungsdauer —
einige Minuten — des Bromwasserstoff-Eisessigs zur Herstellung des Hydro-
bromids notwendig ist [2]. Es war aber vorteilhafter, nach der Methode von
Khosla et al. [4] fur die selektive Acidolyse Trifluoressigsdure zu benttzen.
Bei dieser Methode verlduft die Spaltung der Carbobenzoxy-Gruppe ohne
Acidolyse der Benzylestergruppe. Nur in einem einzigen Fall konnte die
Entstehung eines unerwiinschten Nebenproduktes dieser Reaktionen beobach-
tet werden: bei der Herstellung des Pyroglutaminsdurederivates (VIII; m = 1)
wurde aus der Mutterlauge als Nebenprodukt Carbobenzoxy-L-pyroglutamin-
sdure-p-nitrophenylester (XII) [5] isoliert. Dies wird verstandlich, wenn man
annimmt, dall aus der anzuknipfenden C-terminalen Komponente (Va) durch
intramolekulare Acylierung wenig Pyroglutaminsdure-p-nitrophenylester und
p-Nitrophenol entsteht (Va  XI + HONp). Letzteres wirde dann mit dem
aus der Carbobenzoxy-L-pyroglutaminsdure hergestellten gemischten Anhydrid
sofort weiter reagieren.

H—GIlu—ON TEA H—=mGlu—ONp HN------- CH—COONp
P + HONp
I-ONp I-ONp rr
er ¢
H2
V (n=1) Va X1
Z—N——CH-COOH 1 gemisch. Anh. Z—N--— CH—COONp
ACH2 2. HONp ICH 2
er 64 o~ ¢
H2 H2
VII X1l

Es gelang uns, die Amidierung der Glutamyloligopeptidderivate (111, VI, VIII,
X) durch Einwirkung der berechneten Menge von 2-Dimethylamino-dthylamin
(Q-NH2in den Formeln) in Essigester bei Raumtemperatur. Die in Essigester
weniger l6slichen Komponenten wurden durch Zusatz von etwas Dimethylform -
amid in Lésung gebracht. Die auf diese Weise hergestellten, mehrere 2-Di-
methylamino-athylamid-Gruppen enthaltenden Oligopeptidderivate fielen
unmittelbar (oder nach Zusatz von Ather) aus dem Reaktionsgemisch als
Kristallprodukte an. Zum SchluBR wurde die N-terminale Schutzgruppe (und
die C-terminale Benzylestergruppe) der gewonnenen basischen Oligopeptid-
derivate durch Hydrogenolyse entfernt:
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Die Reinheit und lIdentitdt der Produkte und Endprodukte wurde durch
Elementaranalysen, Infrarotspektren, titrimetrisch bestimmten Aquivalent-
zahlen, elektrophoretischen und chromatographischen Untersuchungen und
schlieBlich durch Abbau mit Leucinaminopeptidase vielseitig gepruft.

Uber weitere enzymatische Untersuchungen der hergestellten basischen
Derivate von Glutaminsdure-oligopeptiden wird in anderen Mitteilungen [6]
berichtet.

Beschreibung der Versuche

Die Aquivalentzahl der beschriebenen basischen Amidderivate wurde durch Titrierung
ihrer Losung in 99,9%iger Essigsdure mit einer 0,1 N essigsauren Perchlorsidurelésung unter
Anwendung von Kristallviolett als Indikator [1, 2] bestimmt.

Bestimmung der p-Nitrophenylester-Gruppen [2]

Es wurde die Extinktion einer Lésung von 1,0 mg der zu untersuchenden Substanz in
25 ml 0,11V Natronlauge bei 400 nm gemessen. Das als Vergleichssubstanz herangezogene p-
Nitrophenol hat bei dieser Wellenldnge eine molare Extinktion von 18400.

Bestimmung der Rp-Werte

durch Dunnschichtchromatographie an Silikagel-G (Stahl, Merck).
Ldsungsmittel:

1 = n-Butanol-Essigsdure-Wasser 4:1:5
2 = sek-Butanol-85%-igc Ameisensaure-Wasser 75 :15:10
3 = Propanol-Wasser 7 : 3
4 = n-Butanol-Essigsdure—Wasser 4:1:1
5 = n-Butanol-Essigsdure-Pyridin-Wasser 30 : 6 :20 : 24
6 = n-Butanol-Essigsdure—Pyridin-Wasser 30 : 60 : 20 : 24
7 = Essigester-Pyridin-Eisessig-Wasser 60 : 20 : 60 : 11
8 = Acetonitril-Essigsdure-Chloroform 6:1:3
9 = Chloroform-Essigsdure 95 :5
10 = n-Butanol-Dimethylformamid-Essigsdure-Pyridin-Wasser 15 :15 :60 : 20 : 24

Die elektrophoretische Charakterisierung der Syntheseprodukte erfolgte bei 1500 V, pH 1,8
und einer Laufzeit von 1,5 Stunden [6]. Als Trdgermaterial diente Whatman-I-Papier.

Der enzymatische Abbau der Syntheseprodukte wurde mit Leucinaminopeptidase unter
Standardbedingungen durchgefiihrt und elektrophoretisch untersucht [6].

Allgemeines Verfahren zur Herstellung aktive Estergruppen enthaltender Glutamylpeptide

Eine stark gertihrte und gekuhlte (—20°C) Lésung von 2,01 g (5,0 mmol) Carbobenzoxy-
-L-glutaminséure -y-p-nitrophenylester (I) [1] und 0,70 ml (5,0 mmol) Tri&dthylamin in 35 ml
Acetonitril wird tropfenweise mit 0,70 ml (5,0 mmol) Chlorameisensédure-isobutylester, nach
20 Minuten mit 50 mmol des entsprechenden Aminosdure- oder Peptidester-hydrobromids in
mehreren Portionen und abermals tropfenweise mit einer Lésung von 0,70 ml (5,0 mmol)
Tridthylamin in 5 ml kaltem Acetonitril versetzt. Man riihrt noch zwei—drei weitere Stunden
bei —20 °C und vermengt das Gemisch mit 300 ml 0,05N Salzsiure. Das kristallin ausgeschie-
dene Produkt wird am néchsten Tag abfiltriert, mit Wasser gewaschen, getrocknet und schlieR3-
lich umkristallisiert.

Allgemeines Verfahren zur Herstellung von mit aktiven Estergruppen vollig veresterten
Glutamylpeptidester-hydrobromiden

Eine Suspension von 1 g Carbobenzoxy-glutamylpeptidester in 3 ml Eissessig wurde bei
Raumtemperatur mit 3 ml 30%iger Bromwasserstoff-Essigsdure versetzt und die klare Ldsung
nach 30—60 Minuten in 100 ml Ather gegossen. Nach einigen Tagen wurde der Niederschlag
abfiltriert, mit Ather gewaschen, im Vakuumexsiccator iiber Atzkali und konz. Schwefelsiure

getrocknet.
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a-L-G Iutamyl-(y-p-nitrophenylester)-]>gIutaminszi%u re-di-p-mtrophenylester-hydrobromid

wurde nach dem allgemeinen Verfahren aus Carbobenzox%/-a-L-glutam¥l-(X-p-nitrophenyl-
ester)-L-glutaminsaure-di-p-nitrophenylester (111; m = 2) [2] hergestellt. Ausbeute 0,9° g
(96,9% d. Th.). Schmp. 106-109°C; [a]g = —6,1° (c = 2,1; Dimethylformamid). Rp =

= 0,4(3), 0,5(1).
( Zi(\l 1Br (720,5). Ber. C46,6; H 3,6; N 9,7; Br 11,1; ONp 57,1. Gef. C45,9; H 4,0;
N 9,6; Br 10,4; ONp 56,5%.

Carbobenzoxy-a-tri-L-glutaminsaure-tetra-p-nitrophenylester (I11; n = 3)

Es wurden nach dem allgemeinen Verfahren aus Carbobenzoxy-L-glutaminsaure-y-p-
nitrophenylester (1) _und a—L-GIutamyl-%-p-nitrophenylester)-L-?Iut_amlnséure-di-_-_nltro-
henylester-hydrobromid (11; n = 2) 3,6 § (70% d. Th.) dés aus Acetonitril umkristallisierten
erg)epg%%?%vates gewonnen. Schmp. 185—186 °C, [a]f) = —25,2° (c = 2, Dimethylformamid);
CAMH 402N, (1023,8). Ber. C55,1; H 4,0; N 9,5; Z 13,1; ONp 54,0. Gef. C54,7; H 4,2;
N 8,9; Z 13,1; ONp 53,8%.
Charakteristische Banden des IR-Spektrums (KBr-Tablette): Vvaq_q (COONp):
1765 cm-1, Va=q (2): 1700 cm-1, Vg=q (Amid-1): 1645 cm-1.

a-Tri-L-glutaminsaure-tetra-p-nitrophenylester-hydrobromid (I1; m = 3)

wurde nach dem allgemeinen Verfahren aus Carbobenzox(}/-a-tri-L-glutaminsaure-tetra-p-
nitrophenylester (111; m —3) hergestellt. Ausbeute 0,72 g (71% d. Th.).” Schmp. 166—168 °C;
Md = —142° (c = 0,7; Dimethylformamid); Rp = 0,47 4?\]

CEHIND 18Br (970,7). Ber. C48,2; H 3,7; N 10,1; p 56,9. Gef. C48,0; H 4,0; N 9,8;
ONp 55,3%.

Carbobenzoxy-a-tetra-L-glutaminsaure-penta-p-nitrophenylester (I11; m = 4)

Es wurde nach dem allgemeinen Verfahren aus Carbobenzoxy-L-glutaminsaure-y-p-
nitrophenylester (1) _und a-tri-L-Glutaminséure-tetra-p-nitrophenylester-hydrobromid (l1;
i = 3) 3,89 (60% d. Th.) des aus Acetonitril umkristallisierten etrapegtldderlvates gewinnen.
Schmp. 169—171°c; Md = —19,6° (c = 1,0; Dimethylformamid); Rp = 0,9(4).
oN 5(252;5]02\19 (1274,0). Ber. C54,6; H 4,1; N 9,9; ONp 54,2. Gef. C 54,8; H 45; N 9,3;

,00.
P Charakteristische Banden des IR-Spektrums (KBr-Tablette): (COONp): 1768
cm-1, ve=0(2): 1700 cm-1, va=q (Amid—I): 1650 cm-1.

a-Tetra-L-ghitaminsaure-penta-p-nitrophenylester-hydrobromid (Il; m = 4)

wurde nach dem allgemeinen Verfahren aus 1 mmol Carbobenzoxy-a-tetra-L-glutaminséure-
-penta-p-nitrophenylester (111; m = 4) hergestellt, und aus Tetrahydrofuran-Ather umkri-
stallisiert. Ausbeute 0,859 (70% d.Th.). Schmp.; 157—159°C. [a]Jo = —11,2° (c= 2; Dimethyl-

formam(i}taiai| Rf = 0,3853 . 0,2(4é.
AB02NBr (1219,9). Ber. C 49,2; H 3,8; N 10,4; Br 6,5, ONp 56,5. Gef. C 49,9;
H 4,2; N 10,2; Br 6,1; ONp 54,4%.

Carboxybenzoxy-a-penta-L-glutaminsaure-hexa-p-nitrophenylester (I11; n — 5)]

wurde nach dem allgemeinen Verfahren aus Carbobenzoxy-L-glutaminséure-y-p-nitrophenyl-
ester il) bzw. aus dessen gemischtem Anhydrid und a-Tetra-j,-glutaminséure-penta-p-nitro-
phenylester- hydrobromid (11; m = 4) hergestellt. Die aus Acetonitril-Ather dreimal umkri-
stallisierte Substanz wog 0,51 g (44% d. Th.ii Schmp. 166—167 °C.
CEHEIOINN (1524,3). Ber. C 54,6; H 3,9; ONp 54,6. Gef. C 54,2; H 4,3; ONp 53,2%.
Charakteristische Banden des IR-Spektrums (KBr-Tablette): rc=o(COONp): 1765
cm-1, rc=0(Z;: 1700 cm-1; Ve=o(Amid—): 1645 cm-1.

y-L-Glutamyl-(a-p-nitrophenylester)-L-glutaminsdure'di-p-nitrophenylester-hydrobromid
V; m= 2)
wurde nach dem allgemeinen Verfahren aus Carbobenzoxy-y-L-glutamyl-(a-p-nitrophenylester)-
-L-glutaminsaure-p-nitrophenylester (VI; m = 2) hergestellt. Ausbeute 0,69 g (73,8% d. Th.).

Schmp. 152—155 °C.
CHHB) INBr (720,4). Ber. ONp 57,7. Gef. ONp 56,9%.
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Carbobenzoxy-y-tri-L-glutaminsaure-tetra-p-nitrophenylester (J11: n = 3)

Es wurden nach dem allgemeinen Verfahren (L6sungsmittel: Acetonitril-Dimethyl-
formamid 3 :1) aus Carbobenzoxy-L-glutaminsaure-a-p-nitrophenylester (IV) und y-L-Glut-
amyl-(a-jo-nitrophenylester)-L-glutaminsaure-di-p-nitrophenylester-hydrobromid (V; m = 2) 4,1
g (79,8% d. Th.) des aus Athanol und einmal aus Acetonitril umkristallisierten Tripeptid-
derivates gewonnen. Schmp. 185—187 °C; [«]a = —31,0° (c = 2; Dimethylformamid).

C4M 41020N, (1023,9). Ber. C 54,9, H 4,0, N 9,5, ONp 54,0. Gef. C 55,1, H 4,2, N 8,9,
ONp 53,7%.

Charakteristische Banden des IR-Spektrums (KBr-Tablette): it=0(COONp): 1765
cm-1; ve_0(Z): 1700 cm-1; Vc=o(Nmid—!")'» 1645 cm-1.

Carbobenzoxy-L-pyroglutamyl-L-glutaminsaure-di-p-nitrophenylester (VIII; m= 1)

wurde nach dem allgemeinen Verfahren aus Carbobenzoxy-L-pyroglutaminsaure (VII) (L6-
sungsmittel: Acetonitril-Bimethylformamid 10:1) und L-Glutaminsdure-di-p-nitrophenylester-
hydrobromid (II; m = 1) [2] hergestellt. Die aus Athanol umristallisierte Substanz wog 1,15 g
(36,4% d. Th.). Schmp: 179—180 °C. [a]jo = —40,5° (c = 2; Dimethylformamid).

C30H 20iNi (644,5). Ber. C 56,9; H 4,1; N 8,8; ONp 42,7. Gef. C 57,2; H 4,4; N 8,5;
ONp 41,9%.

Charakteristische Banden des IR-Spektrums (KBr-Tablette): rc=C)(COONp): 1765 cm-1;
rc=o0 (Amid—I): 1660 cm-1; roCNCO: 1765 und 1700 cm-1.

Aus der Mutterlauge der Kristallisation war Carbobenzoxy-L-pyroglutaminsaure-p-
nitrophenylester (XIl) nach zweitagigem Stehen ausgeschieden. 0,50 g (26% d. Th.). Schmp:
138—140°. dd = —51,0 °C (c = 1,09; Tetrahydrofuran). Literaturangabe [5]: Schmp. 140—
141°; [a]fy = —50,6 °C (c = 1,01; Tetrahydrofuran).

CI9H 160 N2 (384,3). Ber. C 59,5; H 4,2, N 7,3, ONp 31,8. Gef. C 59,5, H 46, N 7.1
ONp 31,2%.

Charakteristische Banden des IR-Spektrums (KBr-Tablette): Vgq=g (COONp): 1765
cm-1; roCNCO: 1780 und 1702 cm-1; Vg=q(Z): 1690 cm-1.

a-L-Glutamyl-(y-p-nitrophenylester)-L-glutaminsaure-a-benzyl-)'-p-nitrophenylester-hydro-
bromid (IX; m = 2)

Verfahren A. Man versetzte eine Ldésung von 1 g (1,2 mmol) Carbobenzoxy-a-L-glut-
amyl-(y-p-nitrophenylester)-L-glutaminsdure-a-benzyl-y-p-nitrophenylester (X; n = 2) in
5 ml Eisessig mit 5 ml 30%igem Bromwasserstoff-Eisessig und gofR nach 4 Minuten die klare
Losung zu 200 ml Ather. Nach zweitdgigem Stehen wurde der ausgeschiedene flockige Nieder-
schlag abfiltriert, mit Ather gewaschen und im Vakuumexsiccator iiber Atzkali und konz.
Schwefelsdure getrocknet. Ausbeute 0,65 g (69,5% d. Th.). Schmp. 150—151 °C; [a]pj =
= —219 °C(c = 1,5; Dimethylformamid); Rp = 0,77(6).

C2H2ZN40uBr (689,3). Ber. C 50,5, H 4,2, ONp 40,0. Gef. C 51,0. H 4,5, ONp 39,4%.

Charakteristische Banden des IR-Spektrums (KBr-Tablette): tt=0(COOBzl): 1740
cm-1; i>c_o(COONp): 1760 cm-1; v*=0o(Amid—I): 1650 cm-1; c(Amid—II): 1530 cm-1.

Verfahren B. Eine Ldsung von 1 g (1,2 mmol) Carbobenzoxy-a-L-glutamyl-(y-p-nitro-
phenylester)-L-glutaminsaure-a-benzyl-y-p-nitrophenylester (X; n = 2) in 12 ml Trifluoressig-
saure lieR man drei Stunden bei 38 °C stehen und trieb danach das Ldsungsmittel bei Unter-
drick ab. Der Rickstand wurde mit 1 ml 30%igem Bromwasserstoff-Eisessig verriuhrt und
die klare Lésung in 200 ml Ather gegossen. Nach einigen Tagen wurde der Niederschlag ab-
filtriert, mit Ather gewaschen, im Vakuumexsiccator iiber Atzkali und konz. Schwefelséure
getrocknet und aus Eisessig-Ather umkristallisiert. Ausbeute 0,60 g (65,2% d. Th.), Schmp.
154—155 °C; rRp = 0,93(7).

Ber. C50,5, H 4,2, ONp 40,0. Gef. C50,8, H 4,5, ONp 39,3%.

Carbobenzoxy-a-di-L-glutamyl-(y-p-nitrophenylester)-L-glutaminsaure-a-benzyl-y-p-nitro-
phenylester (X; re= 3)

wurde nach dem allgemeinen Verfahren aus Carbobenzoxy-L-glutaminsaure-y-p-nitrophenyl-
ester (1) und a-L-Glutamyl(y-p-nitrophenylester)-L-glutaminsaure-a-henzyl-y-p-nitrophenyl-
ester-hydrobromid (IX; m = 2) hergestellt und aus Athanol umkristallisiert. Ausbeute 2,6 g
(53,0% d. Th.).
Schmp. 166—168 °C, Jd = —39,6° (c = 1,0; Dimethylformamid), Rp = 0,49(7).
CAH4Ne0 18(992,0). Ber. C58,2, H 4,4, ONp 41,6. Gef. C 58,0, H 4,7, ONp 40,7%.
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Charakteristische Bauden des IR-Spektrums (KBr-Tablette): j>=0(COOBzl): 1730
cm-1; rc=0o(COONp): 1765 cm-1; Vg=q(Z): 1695 cm-1; rc=0(Amid—I) 1655 cm-1; rpj—
(Amid—II1): 1530 cm-1; imh‘ 3300 cm-1.

Carbobenzoxy-L-pyroglutamyl-a-L-glutamyl-(y-p- nltrophenylester) L-glutaminséure-di -p-nitro-
phenylester (VIII; m = 2)

wurde nach dem allgemeinen Verfahren (Lésungsmittel: Acetonitril-Dimethylformamid 10 : 1)
aus Carbobenzoxy-L-pyroglutaminséure (VII) und a-L-Glutamyl(y-p-nitrophenylester)-L-
glutaminséure-di-p-nitrophenylester-hydrobromid (II; m = 2) hergestellt. Die aus Athanol
zweimal umkristallisierte Substanz wog 1 g (37,4% d. Th.). Schmp. 100—102 °C.

C41H 20]7N 6 (884.6). Ber. C 55,6; H 4,1; N 9,5; ONp 46,8. Gef. C54,8; H 4,2; N 9,4;
ONp 45,9%.

Charakteristische Banden des IR-Spektrums (KBr-Tablette): i>c_C)(COONp): 1165
cm-1; i>t=o(Amid-l): 1660 cm-1; VOCNCO- 1765 und 1700 cm-1.

Allgemeines Verfahren zur Amidierung von aktive Estergruppen enthaltenden Carbobenzoxy-
glutamylpeptiden mit 2-Dimethylamino-athylamin

Man 16st 1,0 mmol des aktive Estergruppen enthaltenden Carbobenzoxy-glutamylpep-
tids in 10—20 ml Essigester, dem man — falls die Substanz in Essigester schwer l&slich ist —
einige ml Dimethylformamid zufiigt. Die mit Eis gekihlte und gerihrte Ldésung wird trop-
fenweise mit 0,12 ml (1,0 mmol) 2-Dimethylaminodthylamin pro aktive Estergruppe ver-
setzt, weitere 2 Stunden geriihrt und nachher bei Raumtemperatur 24 Stunden stehen ge-
lassen. Man kihlt das Gemisch mit Eis wiederum ab, filtriert nachher das ausgeschiedene
Kristallgut und wéscht mit Ather das beigemengte p-Nitrophenol heraus.

Carbobenzoxy-a-tri-L-glutaminsaure-tetra-(2-dimethylamino-athyl-amid (XI11; n = 3)

Es wurden nach dem allgemeinen Verfahren aus Carbobenzoxy-a-tri-L-glutaminsdure-
tctra-p-nitrophenylester (I11; n = 3) 0,75 g (91,5% d. Th.) des aus Dimethylformamid-Essig-
ester umkristallisierten, amidierten Produktes gewonnen. Schmp. 200—201 °C; dd = —24,1°
(c = 1,1; N-Salzsdure); [a]Jo = —18,1 °C (c = 1,0; Trifluordthanol); [oc]pj = —13,1° (e = 0,9;
Trifluoressigsdure), Rp = 0,17(5); 0,26(6).

C3HENIt08 (820,1). Ber. C 57,1; H 84; N 18,7; Aquivalentzahl 205,0. Gef. C 56,8
H 8,5; N 19,0%; Aquivalentzahl 204,9.

Carbobenzoxy-a-tetra-L-glutaminséure-penta-(2-dimethylamino-athyl)-amid (X M: n = 4)

Es wurden nach dem allgemeinen Verfahren aus Carbobenzoxy-a-tetra-b-glutaminsédure-
-penta-p-nitrophenylester (Ill; n = 4) 0,86 g (84,4% d. Th.) des aus Dimethylformamid-
Essigester umkristallisierten Umsetzungsproduktes vom Schmp. 208—209°C gewonnen.

Md= —27,5° (c= 2; N Salzsdure); Md = —13,6° (c = 0,9, Trifluordthanol);
Rp = 0,13(5).

(1019,3). Ber. C 56,2; H 8,4; N 19,2; Aquivalentzahl 203,8. Gef. C 55,9;
H 8,3; N 18,8%; Aquivalentzahl 205,5.

Carbobenzoxy-a-penta-L-glutaminsdure-hexa-(2-dimethylamino-athyl)-amid (XIIl; n = 5)

Es wurde nach dem allgemeinen Verfahren (Ldsungsmittel: Dimethylformamid) aus
Carbobenzoxy-a-penta-L-glutaminsdure-hexa-p-nitrophenylester (Il1l; n = 5) 1 g (82% d. Th.)
des aus Dimethylformamid-Essigester umkristallisierten, amidierten Produktes gewonnen.
Schmp. 218—220 °C. Rp = 0,15(6).

C5H 108N, 7012 (1218,6). Ber. C56,2; H 8,5; N 19,5%. Aquivalentzahl 203,1. Gef. C 56,0
H 8,2; N 19,1%; Aquivalentzahl 203,8.

Carbobenzoxy-p-tri-1-glutaminséaure-tetra-(2-dimethylamino-athyl)-ami<l (XV; n = 3)

Es wurden nach dem allgemeinen Verfahren aus Carbobenzoxy-y-tri-L-glutaminséure-
-tetra-p-nitrophenylester (VI; n= 3) 0,70 g (85,4% d. Th.) des aus Dimethylformamid-
Essigester umkristallisierten, amidierten Produktes gewonnen. Schmp. 208—209 °C. Rp =
= 0,18(5); 0,25(6).

CEHENu08 (820,1). Ber. C 57,1, H 8,4, N 18,7, Aquivalentzahl 205,0. Gef. C 56,9,
H 8,6, N 18,8; Aquivalentzahl 204,6.
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Carbobenzoxy-a-di-L-glutamyl-[y-(2-dimethylamino-&thyl)-amid]-L-glutamin8&aure->*
-(2-dimethylamino-athyl)-amid-a-benzylester XIX; n = 3)

Es wurden nach dem allgemeinen Verfahren aus a-Di-L-glutamyl(y-p-nitrophenylester)-
-L-glutaminsdure-a-henzyl-y-p-nitrophenylester (X; n — 3) 0,65 g (72,5% d. Th.) des aus
Essigester-Methanol-Ather umkristalhsierten amidierten Derivates gewonnen. Schmp.
174—175 °C. [oda = —14,7° (c = 1,02; Dimethylformamid); Rp = 0,39(7).

C42H(ISND 9(839,7). Ber. C 60,0; H 7,7; N 15,0; Aquivalentzahl 279,9. Gef. C59,1; H 8,0;
N 15,4%; Aquivalentzahl 279,2.

Charakteristische Banden des IR-Spektrums (KBr-Tablette): rc=o(CXKBrl): 1735
cm-1; ve=0(Z): 1700 cm-1; rc=o(Amid—I): 1645 cm-1; i>N_c(Amid—I1): 1528 cm-1; vNH:
3300 cm-1.

Carbobenzoxy-L-pyroglutaniyl-L-glutaminsdure-di-(2-dimethylamino-athyl)-amid (XVII)

Eine eiskalte und gertihrte Lésung von 1,27 g (2 mmol) Carbobenzoxy-L-pyroglutamyl-
-L-glutaminséure-di-p-nitrophenylester (VIII; m = 1) in 10 ml Essigester und 5 ml Dimethyl-
formamid wurde mit 0,48 ml (4 mmol) 2-Dimethylamino-dthylamin tropfenweise versetzt,
dann das Gemisch bei —20°C noch 4 Stunden weiter gerihrt, schlieBlich Gber Nacht bei 0 °C
stehen gelassen. Die Losung wurde bei 0,2 Torr Druck eingedampft, dann der Rickstand mit
Ather ausgefallt, aus Athanol-Ather umkristallisiert. Ausbeute 0,72 g (68,6% d. Th.). Schmp.
154—156 °C; [a]Jo = - 47,8° (c = 2,0; Methanol).

CreHm06"8..(532,6). Ber. C 58,6; H 7,5; N 15,8; Aquivalentzahl 266,3. Gef. C 58,4;
H 7,4; N 14,9%; Aquivalentzahl 265,4.

Charakteristische Banden des IR-Spektrums (KBr-Tablette): i0cNCO: 1190 und 1705
cm-1;rc=0 (Amid I): 1645 cm-1; Pn-CHs,CHs: 2765, 2790, 2820 cm-1.

Allgemeines Verfahren zur Abspaltung der N-Sehutzgruppe

Durch eine geschuttelte Lésung von 0,6 mmol des Carbobenzoxy-glutamylpeptids in
15 ml Methanol 148t man in Gegenwart von 0,2 g 10%iger Pd-Aktivkohle so lange einen W as-
serstoffstrom streichen, bis das heraustretende Gas kohlendioxydfrei geworden ist. Das Filtrat
wird bei Unterdriick eingedampft und der Rickstand aus Athanol-Ather umkristallisiert.

a-Tri-L-glutaminsdure-tetra-(2-dimethylamino-athyl)-amid (XI1V; n = 3)

Aus dem geschitzten Derivat XIIlI (n = 3) wurden 0,35 g (84,9% d. Th.) der Verbindung
X1V (ra = 4) gewonnen. Schmp. nicht charakteristisch. Rp = 0,10(6). Nach den elektrophore-
tischen Reinheitsuntersuchungen ist XIV (n = 3) eine einheitliche Substanz.

C3IH63N1106(685,9). Ber. C54,3; H 9,2; N 22,4. Gef. C54,1; H 9,0; N 22,2%.

a-Tetra-L-glutaminsdure-penta-(2-dimethylamino-athvl)-amid (XIV; n  4)

Aus dem geschitzten Derivat X1l (n = 4) wurden 0,41 g (77,2% d. Th.) der Verbindung
X1V (n = 4) gewonnen. Schmp. 160 °C; Rp = 0,08(6).

C40H 80N 1408 (885,2). Ber. C 54,2; H 9,1; N 22,1. Gef. C53,9; H 9,3; N 21,8%.

Nach den elektrophoretischen Reinheitsuntersuchungen ist XIV (n = 4) eine einheit-
liche Substanz.

Der enzymatische Abbau mit Leucinaminopeptidase wurde unter Standardbedingungen
[6] durchgefuhrt. Im enzymatischen Hydrolysat wurden nur L-Glutaminsdure-y-(2-dimethyl-
amino-dthyl)-amid und 2-Dimethylamino-&thylamin gefunden.

a-Penta-L-glutaminsdure-hexa-(-2-dimethylamino-athyl)-amid (XIV; n = 5)

Aus dem geschiitzten Derivat in Dimethylformamid-Athanol-Methanol wurden 0,59 g
(90,0% d. Th.) der Verbindung XIV (n = 5) gewonnen. Schmp. ~ 165° (Zers.). Rp = 0,35(10).

CAHI9N 12010 (1084,4). Ber. C54,2; H 8,9; N 21,9. Gef. C53,9; H 8,7; N 21,7%.

Nach dem elektrophoretischen Reinheitsuntersuchungen ist XIV (n = 5) eine einheit-
liche Substanz.

Der enzymatische Abbau mit Leucinaminopeptidase wurde unter Standardbedingungen
durchgefuhrt. Im enzymatischen Hydrolysat wurden nur L-Glutaminsdure-y-(2-dimethyl-
amino-dthyl)-amid und 2-Dimethylamino-athylamin gefunden.
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>-Tri-1,-glutaminsUure-tetra-(2-<limethylamino-Uthyl)-anii<l (XVI; re= 3)

Aus dem geschitzten Derivat (XV; re = 3) wurden 0,40 g (97,2% d. Th.) der Verbindung
XVI1 (n = 3) gewonnen. Rp = 0,11(6).

Nach den elektrophoretischen Reinheitsuntersuchungen ist XVI (re = 3) eine einheit-
liche Substanz.

C3iH&NNn06(685,9). Ber. C54,3; H 9,2; N 22,4. Gef. C54,4; H 9,3; N 22,1%.

a-Tri-[L-glutaminsdure->’(2-dimethylamino-athyl)-amid] XX; re= 3)

Aus dem geschitzten Derivat (XIX; re = 3) konnten nach dem allgemeinen Verfahren
die Carbobenzoxy- und Benzylester-Schutzgruppen in einer Stunde entfernt werden. Man
erhielt 0,3 g (81,5% d. Th.) der Verbindung XX (n = 3). Rp = 0,15(1).

Nach den elektrophoretischen Reinheitsuntersuchungen ist XX (re = 3) eine einheit-
liche Substanz.

CZH&NP, (614,8). Ber. C52,5; H 8,5; N 20,4. Gef. C52,0; H 8,1; N 19,9%.

Der enzymatische Abbau mit Leucinaminopeptidase wurde unter Standardbedingungen
durchgefuhrt, im enzymatischen Hydrolysat wurde nur L-Glutaminsdure-y-(2-dimethylamino-
athyl)-amid gefunden.

L-Pyroglutamyl-L-glutaminsdure-di-(2-dimethylamino-athyl)-amid (XVIII)

Aus dem geschiitzten Derivat (XVII) wurden 0,23 g (96,2% d. Th.) der stark hydrosko-
pischen Verbindung XVIII gewonnen. Schmp. 150—152 °C.

Nach den elektrophoretischen Reinheitsuntersuchungen ist XVIII eine einheitliche,
ninhydrinnegative, chlorpositive Substanz.

C1BH3AUN® 4(398,5). Ber. C54,2; H 8,6; N 21,1. Gef. C53,9; H 8,9; N 20,9%.

Wir danken auch an dieser Stelle fir die Durchfihrung der zahlreichen Mikroanalysen
Frau H. Medzihradszky-Schweiger, Frau S. Kutassi, weiterhin fir die IR-spektroskopi-
schen Aufnahmen und ihre Auswertung Herrn F. Ruff. Flr die gewissenhafte experimentelle
Mitarbeit sei Frl. A. Schwartz, Frl. M. Dukai, Frau E. Peteri und Herrn J. Koskosi eben-
falls gedankt.
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Condensation of aliphatic and aromatic acid amides with formaldehyde and
3,4-dimethoxythiophenol in pyridine gave 2f/-1,3-benzothiazine derivatives. This is a
new process for the synthesis of 2ff-1,3-benzothiazine and its 4-substituted deriva-
tives.

Chemical investigations on 1,3-benzothiazines have been in progress
for about 20 years. Of the two theoretically possible isomers (I and Il), only
the preparation of 4i/-1,3-benzothiazine (I), and-its substituted and 2,3-
dihydro derivatives have been achieved.

Up to the beginning of our work, we did not find reference in the liter-
ature to the synthesis of 2fi-l1,3-benzothiazine and its 4-substituted deriva-
tives. An investigation of this problem seemed therefore interesting.

The desired 2if-1,3-benzothiazine derivatives (Va, b, ¢) have been pre-
pared in pyridine as solvent, by the condensation of aromatic or aliphatic
acid amides (Ill) and 3,4-dimethoxythiophenol (IV) with formaldehyde, in
the presence of phosphorus oxychloride as the dehydrating agent.

CH20
CH3 " ASH CH30"
pocl, t
+ INH?2
oc Py-
CH3(V CH30X
Q r
Q
v 11 \Y%
4 Q=H
b Q= Me
¢ Q=Ph
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Cyclization experiments with other aldehydes remained unsuccessful.
The structures of the 2fi-1,3-benzothiazine derivatives obtained were
verified by elementary analysis, hydrolysis experiments, and on the basis of
their IR and NMR spectra. (Spectroscopic data are given in Tables I and Il.)

Table |
IR data proving the structure of the compounds Va-c, VIII and IX (KBr pellets), cm~1

Compound V(= ltlH) pbandO i»b(a:n:dN Methoxy bands Aromatic bands
band
Va-hydro 3100-2000*
chloride diffuse
1950-1850 — 1630** 2840, 1260 1590, 1535,1500, 1490,
broad 1200, 1175 1440, 840, 810
Vb — — 1550 2840,1270-1260, 1615,1590,1500,1470,
1170, 1040 875, 800
Ve — — 1545 2840, 2820,1270— 1595, 1500,870, 830
1260,1065,1030 800, 735, 720
1595, 1580,1560, 1500
vm — 1655-1645 — 2840,1270,1210, 895,875, 865,810,790,
1170, 1060-1050 730, 720,710,690
IX — — — 2835,1250,1235, 1590, 1580,1505,880,
1170,1145, 1020 845, 800, 770

* The diffuse absorption has maximum at about 2550 cm-1
** C=N+ band of the immonium group

Table Il
NMR data ofcompounds VV a-c, VIll and IX, in deuterochloroform solution, ppm (BIMS—Oppm)

ArH
.. > O(:C VvV ArH
Compound  ACH, dOCH, OCH, (c-4) ?(V ) (© o6 m' [Hz]
(Vi) (C_E) x
Va-hydro — 3.85 s, 3H 5.05 9.00 7.69 7.25 — —
chloride* 4.00 s, 3H s, 2H s, 1H s, 1H s, 1H
Vb 2.37 3.88 4.50 — 7.00 6.73 — —
s,3H s, 6H s, 2H s, 1H s, 1H
Ve — 3.70 s, 3H 4.70 — 6.90 6.78 — 410—470
3.95 s, 3H s, 2H s, 1H s, 1H 5H
VI — 3.75 s, 6H 4.05 — 6.90 6.70 — 420-470
3.80 s, 6H s, 2H s, 2H s, 2H 10H
IX 3.88 4.22 6.83** 7.02** 7.05%*
— s, 12 H s, 2H — d, 2H d, 2H 2xd, 2H —

* Solvent: DMSO—d6; the signal SN+H merged into the S OH signal of the water
content of the solvent, was observed at about 4.05 ppm.

** ABX spectrum, where the symbols A, B and X correspond to the ring protons at
C—6, C—5 and C—2, respectively, and 143 = 8 Hz, 1ax = 2 Hz, IBX= 2 O Hz.
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As expected, 2H-I,3-benzothiazine derivatives (Va, b, c) are stronger
bases than 4J/-1,3-benzothiazines. Their hydrochlorides are readily soluble
in water, and are not hydrolyzed to the corresponding base. With picric
acid, they form well crystallized picrates.

In order to prove the structure, the 4-phenyl-2Ji-1,3-benzotliiazine
derivative (Yc) was hydrolyzed by heating for 6 days in a sealed tube in vacuum
with 15% aqueous hydrochlorid acid solution at 100°C; the end of the reaction
was indicated by the disappearance of the orange-yellow colour of the benzo-
thiazinium chloride (VI). Of the hydrolysis products of the 2.H-1,3-benzothia-
zine ring, the 2-mercaptobenzophenone derivative (VII) and formaldehyde
condensed in acid medium to give the thioacetal derivative VIII, which was
isolated. The vC — O band appearing at 1665—1655 cm-1 in the IR spectrum
of VIII proved the presence of the benzoyl group, while the signal of an inten-
sity corresponding to two protons and appearing at 4.25 ppm in the NMR
spectrum, afforded evidence for the thioacetal (—S—CH2—S—) structure. For
comparison, we used the NMR spectrum of the thioacetal derivative IX,
prepared by the condensation of the thiophenol derivative IV and formalde-

-S-CH 2- S— signal at 4.25 ppm

CHY" CHIX SH
HC1 H,0
Ve '$A o0 r) + CLWIO + W®

Anhlci9 >

CHQ OH30" N ~¢

1
Ph Ph
VI VII

After the termination of our investigations, a paper published by Gruber,
et al. [1] reported the synthesis of 2,4-disubstitued 21/-1,3-benzothiazine deri-
vatives by the thermolysis of 2-(arylthio)-2-(trifluoromethyl)-4-(isopropyl)-oxa-
zolin-5-one derivatives.

Presumably, our cyclization reactions lead through intermediate prod-
ucts to the 2.H-1,3-benzothiazines. Studies on the course of the reaction are in
progress and will be reported in our next communication.
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Experimental

M.p.s. are uncorrected.
IR spectra were recorded with a Perkin-Elmer 457 instrument. NMR spectra were obtained
at room temperature with a JEOL 60-HL (60MHZz) spectrometer, using TMS internal standard.

1. 6.7-1)imrthoxy-2//-1.5-benzothiazine (Va)

0.45 g (0.01 mole) of formamide, 0.03 g of potassium carbonate and 0.9 ml of 35%
aqueous formaldehyde were dissolved with heating in 5 ml of pyridine. After cooling, 1.7 g
(0.01 mole) of 3,4-dimethoxythiophenol and, under constant stirring and cooling, 2 ml of
phosphorus oxychloride were added to the solution, which was then allowed to stand. The
mixture was heated for 30 min on a boiling water bath, and it was then decomposed by pour-
ing it on ice. The mixture was made alkaline with sodium carbonate, it was extracted with
ether, and the solvent and pyridine were evaporated in vacuum. The residue was dissolved
in benzene, extracted with 10 ml of 10% HC1, the solution was made alkaline with sodium
carbonate and extracted with ether. The ether extract was dried over anhydrous sodium sulfate.
The solvent was evaporated and the residual colorrless oil, which proved to he chromato-
graphically homogeneous, was dissolved in 1 ml of ethanol and precipitated as the picrate
(0.05 g); yellow crystals, m. p. 189—191°C (d.) (from ethanol).

CleH 14N40 S (438.37). Calcd. C 43,84; H 3.22; N 12.75; S 7.31. Found C 43.44;H 3.15;
N 12.26; S 7.59%-

The hydrochloride forms orange-yellow crystals, m. p. 194—195°C (d.) (from ethanol-
ether).

C10H 12CINO2S (245.73). Calcd. C 48.87; H 4.92; Cl 14.43. Found C 48.46; H 5.04; Cl
14.05%.

2. 4-Methyl-6,7-dimethoxy-2ii-1,3-benzothiazine (Vb)

0.59 g (0.01 mole) of acetamide, 0.03 g of potassium carbonate and 0.9 ml of 35%
formaldehyde were dissolved with heating in 5 ml of pyridine. After cooling, 1.7 g (0.01 mole)
of 3,4-dimethoxythiophenol was added, and the mixture was condensed with 2 ml of phosphorus
oxychloride and processed as described for Experiment 1. The aqueous solution obtained in the
hydrochloric acid extraction was heated for 30 min on a boiling water bath. The viscous, oily
reaction product was converted to the picrate (0.11 g), yellow crystals, m. p. 195—196°C (d.)
(from ethanol).

C,™M 16N40 7S (452.4). Calcd. C45.13; H 3.57; N 12.38. Found C45.21; H 3.72; N 12.20%.

The base liberated from the picrate appeared as pale yellow crystals, m. p. 110—111°C
(from ethanol”.

C,HIN02S (223.28). Calcd. C59.17; H 5.87; N 6.27. Found C 58.99; H 5,90; N 6.29%.

The hydrochloride formed yellow crystalls, m. p. 190—191°C (d.) (from ethanol).

CnH,ACINO2ZS (259.75). Calcd. C50.51; H 5.43; N 5.39; Cl 13.61. Found C50.64; H 5.68;
N 5. 39; Cl 13.55%.

3. 4-Phenyl-6,7-dimethoxy-2H-1,3-benzothiazine (Vc)

1.21 g (0.01 mole) of benzamide, 0.03 g of potassium carbonate and 0.9 ml of 35%
formaldehyde were dissolved in 5 ml of warm pyridine. After cooling, 1.7 g (0.01 mole) of
3,4-dimethoxythiophenol and 2 ml of phosphorus oxychloride were added, as described for
Experiment 1, and the mixture was processed similarly. The hydrochloric acid extract was
heated 1 hr on a boiling water bath. The product was isolated as the picrate (0.1 g), yellow
crystals, m. p. 222—223°C (d.) (from ethanol).

C,«H,d0,N4S (514.24) Calcd. C 51.39; H 3.53; N 10.89; S 6.24. Found C 51.60; H 3.70;
N 10.65;'S 6.10%.

The base liberated from the picrate gave pale yellow prisms, m. p. 142—143°C (from
ethanol).

C,6H,sN0 2S (285.35). Calcd. C 67.34; H 5.30; N 4.91. Found C 67.50; H 5.47; N 4.75%.

The hydrochloride appeared as orange-yellow' crystals, m. p. 182—183°C (d.) (from
ethanol, ether).

(yCJﬁH,,.ClNozs (321.82). Calcd. C59.71; H 5.01; CI 11.02. Found C 59.85; H 5.20; CI
11.12%.
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4. Hydrolysis of 4-diphenyl-6,7-dimcthoxy-2if-1,3-benzothiazine (Vc)

0.285 g (0.001 mole) of 4-phenyl-6,7-dimethoxy-2if-1,3-benzothiazine was dissolved in
15 ml of 15% hydrochloric acid, and the solution was heated on a boiling water bath, in a tube
sealed under vacuum, for 6 days, until the disappearance of the orange-yellow colour of 4-
-phenyl-6,7-dimethoxy-2H-1,3-benzothiazinium chloride. After cooling, the mixture was
extracted with benzene, the benzene extract was washed with water and dried over anhydrous
sodium sulfate; the solvent was then evaporated. The residue was crystallized from methanol to
obtain bis(2-benzoyl-4,5-dimethoxyphenylmercapto)methane (VI1II) (0.2 g), pale yellow prisms,
m. p. 161—161.5 °C (from methanol).

C31H 280 652 (560.60) Calcd. C 66.41; H 5.03. Found C 66.10; H 4.98%.

5. Bis(3,4-dimethoxyphenylmercaplo)methaiie (1X)

0.17 g (0.001 mole) of 3,4-dimethoxythiophenol was dissolved in 10 ml of ethanol; 0.5 ml
of 37% formaldehyde and 5 ml of 10% HC1 were added, and the reaction mixture was heated to
the boiling point. After cooling, it was diluted with water and the reaction product extracted
with benzene. The solvent was evaporated and the residue crystallized from ethanol (0.10 g);
colourless needles, m. p. 123—124°C (from ethanol).

CI7H2004S2 (352.46) Calcd. C57.93; H 5.72; S 18.19. Found C 57.59; H 5.87; S 18.43%.

*

The authors are grateful to (Mrs.) Dr J. Szabs (Pharmateutical Chemical Institute) for
the microanalyses, and to (Mrs.) Dr. B. Csakvari and Mr. A. Farjes (Pharmaceutical Research
Institute) for their help in recording the spectra.
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The Koenigs—K norr reaction of benzyl 2,3,4-tri-0-benzyl-/?-D-glucopyranoside
(2) with a-acetobromomaltose (4) gave the trisaccharide derivative (5) in 68% yield.
After removal of the protecting groups, reduction with NaBH4 and acetylation gave
the alditol derivative (8). In the NMR spectrum of 8 the slightest chemical shift induced
by Pr(fod)3was observed for Ct—H, thus the determination of the steric position of this
hydrogen atom was possible. Deacetylation of 5 followed by benzalation, benzylation
and hydrogenolysis with LiAIH4—AI1C13 gave the fully benzylated trisaccharide (12)
containing only a single primary free hydroxyl group. The structures of the products
were proved by the IR and NMR spectra.

For an NMR spectroscopic examination of the rare earth complexes of
higher-membered oligosaccharides, we needed a trisaccharide derivative
containing different types of bonds, as well as interglycosidic linkages of dif-
ferent anomeric configurations. For this purpose O-a-D-glucopyranosyl-
(1 —4)-0-/3-D-glucopyranosyl-(I — 6)-D-glucose was synthesized. Two methods
are known in the literature for the preparation of the peracetyl derivative of
this trisaccharide: the Koenigs—Knorr [1] and the orthoester syntheses
[2].

These known methods were unsuitable for us to obtain intermediates
with a potential possibility of further transformation into higher-membered
oligosaccharides. The synthesis starting with benzyl 2,3,4-tri-0-benzyl-/j-o-

glucopyranoside (2) — made by the stereoselective hydrogenolysis [3, 4] of
benzyl 2,3-di-0-benzyl-4,6-0-benzylidene-/?-D-glucopyranoside (1) [5] with
LiAIH4-AICI3 in 92% vyield — satisfies the above-mentioned requirement.

The structure of 2 was confirmed by the NMR spectrum of the methyl ether
derivative (3), too, prepared by the procedure of Kuhn et al. [6]. The pro-
tons of the OCH3 group appear as sharp singlets with a chemical shift of
0 — 3.39 ppm; this is in good accordance with the published values [3, 7, 8].

The reaction of 2 with a-acetobromomaltose (4) [9] in 1:1 benzene-
nitromethane in the presence of Hg(CN)2 catalyst afforded the benzyl glyco-
side of the partially acetylated and benzylated trisaccharide (5) in a yield of
67.8%. The 60 MHz NMR spectrum of 5 is of higher order, direct assignation
being impossible; from among the three anomeric protons only the signal as-
signable to the a-linkage of the maltose moiety is separated from the others.
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The signals of the two /S-glycosidic linkages are shielded mainly by the AB
quartets of the benzyl protons. At the same time in agreement with the ana-
lytical data and chromatographic examination, the NMR spectrum unequivo-
cally proved the purity of the crystalline 5. Catalytic debenzylation of 5 with
palladium-on-carbon in ethyl acetate followed by saponification with Zemp-
1en's method [10] resulted in the amorphous trisaccharide (6). The acetylation
of 6 yielded the corresponding hendecaacetate (7), a compound reported in
the literature [1]. The reduction of 6 with NaBH4followed by acetylation gave
crystalline 1,2,3,4,5-penta-0-acetyl-6-0-(hepta-0-acetyl-/?-maltosyl)-D-glucitol
(8). The NMR spectrum of 8 recorded in CDC13in the presence of Pr(fod)J [11]
showed that from among the two interglycosidic linkages the shift induced
was slightest for the proton of the /3-glycosidic bond. It appeared at 0 = 3.41
ppm, differentiated from the signals of the protons of the skeleton and the
a-glycosidic linkage, the coupling constant being Jr2 = 8.5 Hz, characteristic
of a trans diaxial steric relation.

In the same way, the anomeric configuration of the glycosidic linkage
formed in the synthesis of 5 was also exactly identified.

The crystalline compound 9, obtained by the saponification of 5, was
converted into the corresponding benzylidene derivative (10). Benzylation of
the crystalline 10 with benzyl bromide and NaH in DMF resulted in crystal-
line benzyl 2,3,4-tri-0-benzyl-6-0-(2,3,6,2°,3,-penta-0-benzyl-4’,6,-0-benzyli-
dene-/?-maltosyl)-/?-D-glucopyranoside (11). The structure of 11 was confirmed
by its IR and NMR spectra. Hydrogenolysis of 11 with LiAIH4AICI3reagent,
similarly to all the 3-0-benzyl-4,6-0-benzylidene-D-glucopyranoside deriva-
tives examined by us [3,4], gave with stereoselective ring cleavage a fully-
benzylated trisaccharide (12) containing free hydroxyl only at the primary
carbon atom of the non-reducing end-group. This compound (12), with only
one free hydroxyl group and with protecting groups which are readily remov-
able under mild conditions, is very suitable for further transformation into
higher-membered oligosaccharides.

The structure of 12 was proved by methylation to 13 and the NMR
spectrum of the latter. The protons of the —OCH3 group appear at d = 3.42
ppm as a singlet, this value being characteristic of the chemical shift of the
6-O-methyl group.

Experimental

M. p. ’s were determined on a Kofler hot-stage apparatus and were uncorrected. Optical
rotations were measured with a Polamat (Zeiss) automatic photoelectric polariméter. NMR
spectra were recorded on a Varian A60A (60 MHz) and a Jeol MH-100 (100 MHz) instrument
using TMS as internal standard. The thin-layer chromatographic examinatons were carried
out on silica gel (Kieselgel G; E. Merck, Darmstadt). 50% sulfuric acid was used for detection.

*Pr(fod)3 stands for tris(2,2-dimethyl-6,6,7,7,8,8,8-heptafluoro-3,5-octanedionato)
praseodymium(II1).
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Benzyl 2,3,4-tri-0-benzyl-/?-D-glucopyranoside (2)

To a solution of 1 [6] (3 g) in 1:1 ether-dichloromethane (60 ml) 1 g of LiAIH4 was
added in 3—4 portions over a period of 10—12 min at room temperature with stirring, and the
mixture was slowly heated to reflux. To the hot reaction mixture A1C13 (3 g) in ether (30 ml)
was added in portions over a period of 30 min, and refluxing was continued for 2 hrs until 1
could no longer be detected. After cooling, the excess of LiAIH4 was decomposed with ethyl
acetate (8—10 ml) and AI(OH;3was precipitated by the addition of water (cca. 15 ml). After
dilution with ether (50 ml) the organic layer was separated, washed with water (3 X20 ml),
dried over Na2504 and evaporated. Recrystallization of the crystalline residue gave pure 2
(2.76 g; 92%), m. p. 106 °C (lit. [12] m. p. 105-106°C); [a|D -11.5° (c = 2.1, chloroform)
(lit. [12] [a]D —9.2° (c = 1.0, chloroform)). Rj 0.42 (benzene-methanol, 97 : 3).

C3¥H 306 (540.6). Calcd. C 75.53; H 6.71. Found C 75.44; H 6.63%.

Benzyl 2,3,4-0-benzyl-6-0-methyl-/?-D-glucopyranoside (3)

A mixture of 2 (1.0 g), methyl iodide (1.25 ml) and Ag2 (1.25 g) in 15 ml of dimethyl-
formamide was shaken for 24 hrs. After dilution with chloroform (50 ml) the mixture was
filtered, the filtrate was successively washed with 1% KCN solution (3x20 ml) and water
(3X20 ml), dried (CaCl2) and evaporated. Crystallization from cyclohexane (7 ml) afforded
3 (0.92 g; 90%), m. p. 122-124 °C; [a]D —21.6° (c = 1.05, chloroform). Rf 0.69 (benzene-
methanol, 98 :2).

NMR: 6 = 7.31 ppm (m, 20 H, aromatic); 5.18—4.40 (m, 9 H, 4 benzyl, 1 anomeric);
3.85—3.40 (m 6 H, skeleton); 3.39 (s, 3 H, OCH3.

C3H 3B0M (554.6). Caled. C75.76; H 6.90. Found C 74.89; H 6.69%.

Benzyl 2,3,4-tri-0-benzyl-6-0-(hepta-0-acetyl-/?-maltosyl)-jd-D-ghicopyranoside (5)

Compound 2 (2.16 g; 4 » 10_4 moles) was dissolved in a mixture of benzene (60 ml) and
nitromethane (60 ml) and the solution was concentrated at atmospheric pressure to 40 ml.
After cooling to 40 °C, Hg(CN)2(1.01 g; 4 « 10-4 moles) and 4 (2.79 g; 4 « 10-4 moles) were
added, and the mixture was stirred at 40 °C with the exclusion of moisture. After 2 hrs TLC
indicated the absence of the starting material (2). The inorganic salts were removed from the
cooled solution by filtration, the filtrate was evaporated and the residue dissolved in chloro-
form (100 ml). The mixture was filtered and the filtrate successively washed with 5% KI
solution (3 X20 ml), water (2 x 30 ml), dried (Na2S04) and evaporated. The residue was crys-
tallized from ethanol (40 ml) and then recrystallized three times to yield pure 5 (2.85 g; 67.8%),
m. p. 146—147 °C; [a]D +33.6° (c = 2, chloroform).

NMR (in CDC13): 6= 7.55—7.16 (m, 20 H, aromatic); 5.26 (d, 1 H, C9—H, J = 2
Hz); 5.50—3.30 (m, 28 H, skeleton and benzyl protons); 2.20—1.83 (m, 21 H, 7 Ac).

C6oH7002 (1159.2). Calcd. C 62.26; H 6.09. Found C 62.20; H 6.24%.

0-a-D-glucopyranosyl-(l 4)-0-/?-D-glucopyranosyl-(I “m 6)-/?-D-glucopyranose (6)J

Compound 5 (2.0 g) was hydrogenated in 120 ml of ethyl acetate in the presence of 10%
palladium-on-carbon (0.2 g) for 24 hrs until no more hydrogen was absorbed and the starting
material (4) disappeared. The catalyst was removed by filtration and the filtrate evaporated to
dryness. In order to get rid of the last traces of water, dry benzene was repeatedly distilled
from the residue. The syrupy product (1.32 g; 96%) obtained was dissolved in abs. methanol
(50 ml) and saponified with 0.0M NaOCH3 solution (0.5 ml). The methanolic solution was
deionized with Dowex 50—8X ion exchange resin and evaporated. The yield of the amorphous
product was 0.81 g (93%). [a]Jo +62° (c = 1.2, water). Rf 0.26 (n-butanol-pyridine-water,
6:4:3).

C18H30 16(504.4). Calcd. C 42.89: H 6.40. Found C 43.50; H 6.21%.

0-[2,3,4,6-Tetra-0-acetyl-a-D-glucopyranosyl-]-(I 4)-0-[2,3,6-tri-0-acetyl-/?-D-gluco-
pyranosyl-]-1 (-» 6)-0-1,2,3,4-tetra-O-acetyl-/?-D-glucopyranose (7)

Compound 6 (210 mg) was acetylated with acetic anhydride (3 ml) and sodium acetate
(200 mg) for 1 hrat 95 °C. After cooling, the reaction mixture was poured into ice-water. The
dusty material which precipited was crystallized from ethanol (38 ml) to obtain 314 mg (78.3%)
of 7, m. p. 239-240 °C; [a]D +60.1° (c = 0.43, chloroform). (Lit. [1] m. p. 242 °C, lit. [1] [a]D
+ 42.5° (chloroform). Rf 0.31 (benzene—methanol, 95 : 5).
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6-0-(Hepta-0-acetyl-B-maltosyl)-1,2,3,4,5-penta-0-acetyl-D-glucitol (8)

100 mg of 6 was reduced with NaBH4 (50 mg) in water (2 ml) for 16 hrs. After neutrali-
zation with acetic acid the solution was evaporated to dryness. The traces of water were removed
by repeated addition and distillation of methanol (5 X 20 ml). The residue was dried over P25
and acetylated at room temperature with acetic anhydride (5 ml) in pyridien (5 ml). The
mixture was then poured into ice-water and extracted with chloroform (50 ml). The organic
layer was washed with 0.5M sulfuric acid (3 X20 ml) and water (5 X40 ml) until neutral. After
drying over Nazs04 and evaporation of the solvent, the syrupy residue was crystallized from
ethanol (5 ml) to yield 8 (160 mg; 80%), m. p. 148—149 °C; [a]D +47° (c= 0.25, chloroform).

C42H 50 28 (1010.9). Calcd. C 49.89; H 5.78. Found C 50.25; H 6.12%.

NMR (with 2 : 1 proportion of 8 and Pr(fod)3in CDC13): $= 3.41 (d, 1 H,J = 8.5)Hz);
1.82, 1.53, 1.50, 1.41, 1.30, 1.28, 1.20, 1.18, 1.15, 1.10, 1.02, 0.83 (singlets, 12 Ac).

Benzyl 2,3,4-tri-0-benzyl-6-0-(/3-maltosyl)-/?-D-glucopyranosi<le (9)

Compound 5 (2.5 g) was saponified in abs. methanol (25 ml) with 0.1JV NaOCH3solution
(0.5 ml). After standing for 24 hrs the beginning of spontaneous crystallization was observed.
Recrystallization from methanol (15 ml) afforded 9 (1.04 g; 75.2%), m. p. 113—114 °C; [a]D
+ 50.5° (c = 0.5, pyridine). Ry 0.41 (benzene—methanol, 8 : 2).

C4eH 530 16 (864.9). Calcd. C 63.86; H 6.52. Found C 64.20; H 6.41%.

Benzyl 2,3,4-tri-0-benzyl-6-0-(4,,6'-0-benzylidene-/3-inaltosyl)-/S-D-glucopyranoside (10)

Compound 9 (1.57 g) was shaken with benzaldehyde (10 ml) and ZnCI2(3.0 g) for 6 hrs.
The mixture was poured into ice-water, the aqueous phase was separated and the residue was
rubbed with 20 ml of petroleum ether. The crude product was crystallized from ethanol (12 ml)
to gave compound 10 (1.52 g; 87.8%), m. p. 111—113 °C; [a]B +30.5° (c = 1.0, pyridine).
Rf 0.59 (benzene-methanol, 8 : 2).

C53H6001e (953.0). Caled. C 66.69; H 6.43. Found C 67.15; H 6.42%.

Benzyl 2,3,4-tri-0-benzyl-6-0-(2,3,6,2',3'-penta-O-benzyl-4',6'-0-benzylidene-/3-maltosyl)-
-/S-D-glucopyranoside (11)

Compound 10 (1.43 g) was dissolved in DMF (7 ml) and stirred with 0.5 g NaH for 1 hr.
The solution was then cooled in an ice-bath and treated with benzyl bromide (2 ml). Stirring
was continued for further 12 hrs at room temperature. The mixture was poured into 50%
aqueous ethanol; the syrupy material which separated soon solidified. Crystallization from
ethanol (30 ml) gave 11 (1.04 g; 50.4%), m. p. 95—96 °C; [a] ® +45° (c = 0.65, chloroform).

C8H 90016 (1403.6). Calcd. C 75.29; H 6.46. Found C 74.67; H 6.38%.

NMR (in CDC13: 8 = 7.26 (m, 50 H, aromatic), 552 (s, 1 H, benzylidene), 5.08—3.30
(m, 39 H, skeleton and benzyl protons).

Benzvl 2.3,4-tri-0-benzyl-6-0-(2,3,6,2",3",4'-hexa-0-linzyl-/i-mall«syl)-D-glucopyranoside
(12)

1.0 g of 11 was dissolved in a 1:1 mixture of ether and dichloromethane (40 ml) and
treated with LiAIH4 (0.3 g) and a solution of A1C13 (0.9 g) in ether (15 ml). After 2 hrs TLC
indicated the absence of starting material. Compound 12 was isolated in the same way as
described for 2. The syrupy product was crystallized from ethanol (12 ml). The yield was 0.62 g
(62%), m. p. 81—82°C; [a]D +41° (c = 0.75, chloroform).

IR (KBr): 3500—3200 cm-1 (broad, polymeric OH).

C8H 2016 (1405.6). Calcd. C 75.27; H 6.50. Found C 75.70; H 6.52%.

0.2 g of 12 was methylated according to Kuhn’s procedure, as described for 3. The syrupy
product was purified by preparative thin-layer chromatography with 95 : 5 benzene—methanol
as the eluant to give 13. The IR spectrum of 13 does not contain hydroxy band.

NMR (in CDC13: 8 = 3.42 ppm (s, 3 H, OCH2J).

The authors’ thanks are due the Alexander von Humboldt Foundation for the Perkin
Elmer 700 IR spectrophotometer presented to us as well as to 0. Setigmann (Institute of
Pharmacy, University of Munich) for the 60 MHz, and to Dr. L. Szitagyi (Institute of Organic
Chemistry, University of Debrecen) for the 100 MHz NMR spectra.

Acta Chim. (Budapest) 88, 1976



Pal

NANASI et ab 0-ed-GLUCOPYRANOSYL-(1  4)-0/S-d-GLUCOPYRANOSYL-(1  6)-d-GLUCOSE

REFERENCES

159

Nichols, Jr., S. H., Evans, W. L., McDowell, H. D.: J. Am. Chem. Soc. 62, 1754

(1940)

Kochetkov, N. K., Khorltin, A. J., Bochkov, A. F.: Tetrehedron 23, 693 (1967)

Nanasi, P., Liptak, A.: Magy. Kém. Folydirat 80, 217 (1974)
Liptak, A., Jodal, l., Nanasi, P.: Carbohyd. Res. 44, 1 (1977)
Kilemer, A.: Ber. 92, 218 (1959)

Kuhn, R., Trischman, A., Léw, Il.: Angew. Chem. 67, 32 (1955)
Rathbone, E. B., Stephen, A. M.: Tetrahedron Letters 1970, 1339

Gros, E. G.,, Mastronardi, |I. O., Fraska, A. R.: Carbohyd. Res. 16, 232 (1971)

Fischer, E. G., Armstrong, E. F.: Ber. 35, 3153 (1902)

Zemplén, G.: Ber. 59, 1254 (1926)

Sievers, R. E., Rondeau, R. E.: J. Am. Chem. Soc. 93, 1522 (1971)
Zissis, E., Fletscher, H. G.: Carbohyd. Res. 12, 361 (1970)

Nanasi

Andras Liptak H-4010 Debrecen POB 14.,
Loérant JANOSSY

Acta Chim. (Budapest) 88, 1976






Acta Chimica Academiae Scientiarum Hungaricae, Tomus 88 (2), pp. 161—165 (1976)

SYNTHESIS OF THE NEW AMINO ACID 7-CARBOXY-
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The synthesis of the new amino acid y-carboxyglutamic acid (Gla) and some of
its derivatives is described. The key compounds, Boc- and Z-DL-Gla(OiBu)20BzlI, were
prepared by condensation of di-t-butyl malonate and the corresponding protected
dehydroalanine.

The new amino acid y-carboxyglutamic acid (Gla*) has recently been
discovered in the N-terminal, Ca2+ binding region of prothrombin, a vitamin
K-dependent clotting factor [1, 2]. This amino acid gives prothrombin the
Ca2+ binding ability being necessary for its activation, i.e. its proteolytic
transformation into the enzyme thrombin. Abnormal prothrombin, induced
by vitamin K antagonists, that does not bind Ca2+, contains Glu residues
instead of Gla. Apparently, the modified glutamic acid, Gla, can be an essential
ingredient in the prothrombin molecule as well as in the other vitamin In-
dependent clotting factors (VII, IX, X).

In this paper we describe the synthesis of a1—Gla and some of its
derivatives.

As the most obvious route to Gla, the reaction of malonic ester with a
suitable protected O-tosyl-serine, /3-chloroalanine and dehydroalanine deriv-
ative, respectively, was studied.** The protecting groups for malonic acid and
for the amino acid component were selected in view of the requirements of
peptide synthesis, namely, selectively removable protecting groups were used
for blocking the a-amino function of Gla as well as its x- and y-carboxyl groups.
Thus, di-t-butyl malonate was allowed to react with the appropriate Boc- or
Z-amino acid benzyl ester. As each version of these condensations seemed to
proceed via the dehydroalanine derivative, this reaction is described in detail.

Boc-Ser-OBzl (1) prepared from Boc-Ser [5] was converted into Boc-
Dha-OBzIl (2) via Boc-Ser(Tos)-OBzl. In benzene solution, di-t-butyl malonate

* Amino acids and amino acid derivatives are written in their abbreviated forms as
recommended [3]. The following additional symbols have been used: Gla = y-carboxyglutamic
acid, Dha = dehydroalanine, DOHA = dicyclohexylamine, TFA —trifluoroacetic acid.

** Meanwhile a paper was published by H. R. Morris et al. [4] giving a scant account of a
similar synthesis of nt-Gla, i.e. preparation of Z-DL-Gla(OBzl)20BzIl from Z-DL-Ala(Cl)-OBzI
and its conversion to DL-Gla. HBr. In January 1975, Dr. Morris kindly provided us with the
manuscript of this paper and a sample of synthetic Gla.
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[6] was allowed to react with 2 at a molecular ratio of 3 : 2 in the presence of
sodium di-t-butyl malonate. The ensuing Boc-DL-Gla(OtBu)2-OBzl (3) was
isolated in crystalline state. With 85% formic acid the Boc group of 3 could
he selectively removed [7]. H-DL-Gla(OtBu)2-OBzl (4) thus obtained was isolated
as crystalline oxalate (4a). Both hydrogenolysis and alkaline hydrolysis of 3
afforded Boc-DL-Gla(OiBu)2OH (5) which could be crystallized as the DCHA
salt (5a).

(without isolation)

"*® »BOC-Dha-0BzI ity " dailt% BOC-DL-Gla(0iBu)20Bzl
e *H-DL-Gla(0iBu)20BzI
BOC-DL-Gla(QiBu)20BzI 2 2 . BOC-DIL-Gla(OiBu)2OH

BOC-DL-Gla(OiBu)20OH

In a similar way, Z-Dha-OBzl (6) prepared from Z-Ser(Tos)-OBzl [8]
was converted into Z-DL-Gla(OiBu)20Bzl (7). Z-DL-Gla(OtBu)2OH (8) was
obtained from 7 by alkaline hydrolysis, and was crystallized as the DCHA salt
(8a). Hydrogenolysis of 8 gave the crystalline H-DL-Gla(OiBu)20OH (9).

Z-Ser-OH Z-Ser-OBzl Z-Ser(Tos)-OBzl

Z-Dha-OBzl d-"bé;tyl +lonite> Z-DL-Gla(OiBu)20OBzl
an ts 'N'a-salt A

EtOAc

Z-DL-Gla(OiBu)20Bzl KOHMH> Z-DL-Gla(OtBu)2-OH

Z-DL-Gla(OiBu)2OH - HiPd >H-DL-Gla(0iBu)3-OH

Removal of the blocking groups of either 5 or 9 with TFA yielded DL-Gla
in the form of a trifluoroacetate. After lyophilization, an amorphous non-
hygroscopic material was obtained with a low TFA content (0.15—0.25 equiva-
lent) which could be crystallized from aqueous ethanol. Crystalline DL-Gla
(10) had a sharp decomposition point, 156.5—157°C, and seemed to be homo-
geneous in TLC and electrophoresis.

Experimental
All m. p. ’s are uncorrected. Thin-layer chromatograms were run on Silica gel G in the
following solvent systems (composition by volume): (1) ethyl acetate-pyridine-acetic acid-
-water (120 : 20 : 6 : 11); (2) ethyl acetate-pyridine-acetic acid-water (240 : 20 : 6 : 11), (3)
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ra-butanol-acetic acid-water (3:1: 1); (4) ethyl acetate; (5) ethyl acetate-n-hexane (1 : 3);
(6) ethyl acetate-n-hexane (1 :5). All evaporations were carried out in a rotary evaporator
under diminished pressure, after drying the organic solutions over Na2so,,.

Boc-Ser-OBzl (1)

Boc-Ser [5] (20.5 g; 100 mmoles) and DCHA (21 ml; 102 mmoles) were dissolved in
benzene (250 ml) and after the addition of benzyl bromide (10 ml; 97 mmoles), the clear solu-
tion was refluxed for 6 hrs. The DCHA-HBr which separated was filtered off and the filtrate
washed successively with liv HCI, JI/ NaHCO03 and water, dried and evaporated. The oily
residue (25 g; 85%) showed a single spot in TLC: Rj 0.86—0.94.

Its structure was supported by the IR and NMR spectra.

Boc-Dha-OBzl (2)

To a solution of 1 (24.2 g; 82 moles) in ethyl acetate (200 ml) tosyl chloride (15.6 g;
82 mmoles) was added at 5—8°C, followed by triethylamine (23 ml; 164 mmoles). After stand-
ing at room temperature overnight, the mixture was refluxed for 10 min, then cooled and the
salts which precipitated were filtered off. The filtrate was washed successively with
1M NaHCO03 and water, then dried and evaporated. The residue was applied onto a column
(Kieselgel 40, 0.063—0.200 mm, Reanal, Budapest; 400 g) and eluted with a mixture of ethyl
acetate-n-hexane (3 : 1), to obtain 18.2 g (80%) of 2, R/0.68—0.72.

Its structure was supported by the IR and NMR spectra.

Boc-DL-Gla(OiBu)2-OBzl (3)

Di-i-butyl malonate [6] (13 g; 60 mmoles) was dissolved in benzene (100 ml) and, after
chilling to —5°C, sodium hydride (0.4 g 50% dispersion in oil; 8.7 mmoles) was added with
caution. When the evolution of hydrogen ceased, the solution was refluxed for 10 min and was
mixed, after cooling, with a solution of 2 (11.1 g; 40 mmoles) in benzene (400 ml). The resulting
solution was concentrated to half volume and allowed to stand at room temperature overnight.
The mixture was neutralized with acetic acid (0.6 ml), diluted with benzene (300 ml), and
washed successivelywithlM citric acid, IM NaHCO03and water, then dried and evaporated to
dryness. The residue was dissolved in light petroleum (300 ml) and seeded with pure 3 (ob-
tained in a previous experiment by column chromatography on Kieselgel 40 with ethyl ace-
tate-n-hexane (1 :5)). After cooling overnight, the crystals were filtered off, washed with
light petroleum and dried to obtain 13.5 g (68%) of 3; m. p. 112—114 °C, Rf 0.38—0.42.

C26H 308N (493.48). Calcd. C 63.26; H 7.96; N 2.83. Found C 63.09; H 7.97; N 2.82%.

DL-Gla(OiBu)20Bzl. (COOH;2 (4a)

A suspension of 3 (0.5 g; 1 mmole) in 85% formic acid (17 ml) was stirred for 1 hr. The
clear solution was diluted with water (50 ml), the unchanged starting material (about 0.02 g;
49%) was filtered off and the filtrate concentrated. The residue was re-evaporated with water,
dried by destination with benzene and dissolved in ether (10 ml). On the addition of a slight
excess of ethereal oxalic acid, 4a separated. After filtration, washing with ether and drying.
0.31 g (64%) of the desired compound was obtained, m. p. 104—106 °C, Rf 0.85—0.90.

C23H B0 10N (483.50). Calcd. C57.13; H 6.88; N 2.90. Found C 57.25; H 6.92; N 2.88%.

Boc-DL-Gla(OfBu)2OH. DCHA (5a)

(a) Alkaline hydrolysis. Compound 3 (1.35 g; 2.8 mmoles) was dissolved in 0.5N metha-
nolic potassium hydroxide (5.6 ml) and the solution was stirred for 4 hrs. After adding acetic
acid (0.3 ml), the solvent was evaporated, the residue dissolved in ethyl acetate and washed
with 1iV HC1 and water, then dried and the solvent was evaporated. The oily residue was dis-
solved in ether (5 ml) and combined with a slight excess of ethereal DCHA. The solution was
treated with n-hexane until turbidity appeared and was then stored in a refrigerator. 1.38 g
(84%) of 5a deposited as crystals, m. p. 166—168 °C, Rj 0.85—0.92.

C3H30 8N2(584.77). Calcd. C 63.67; H 6.88; N 2.90. Found C 63.80; H 6.95; N 2.95%.

(6) Hydrogénolysis. A solution of 3 (2.45 g; 5 mmoles) in tetrahydrofuran (20
hydrogenated in the presence of palladized charcoal. When hydrogen absorption was completed,
the catalyst was removed by filtration, and the filtrate was evaporated to yield 2 g (99%) of 5
which could be converted into the DCHA salt as described above.
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Z-Dha-OBzI (6)

A solution of Z-Ser(Tos)-OBzl [8] (24.2 g; 50 mmoles) in ethyl acetate (200 ml) was
treated below 10°C with diethylamine (5.3 ml; 51.5 mmoles). Stirring was continued without
cooling for 3 hrs. The salts which precipitated were filtered off, and the filtrate was washed
successively with 1JVHC1, 10V NaH C03and water, then dried and evaporated. 12.76 g (82%) of

6 was obtained as a thick oil, which solidified under n-hexane in a refrigerator, m. p. 57—60 °C
R6 0.62—0.68.

Z-DL-Gla(OiBu)2-0Bzl (7)

Di-i-butyl malonate [5] (3.25 g; 15 mmoles) was dissolved in benzene (20 ml) and
treated with sodium hydride (0.092 g; 1.95 mmoles) as described in the preparation of 3. The
solution thus obtained was combined with 6 (3.11 g; 10 mmoles) in benzene (10 ml). After
standing overnight, the mixture was neutralized with acetic acid, evaporated, and the residue
was applied onto a column made with 100 g of Kieselgel 40 (0.063—0.200 mm, Reanal, Buda-
pest) in a mixture of ethyl acetate-n-hexane (1 : 5). Elution with the same mixture afforded
4.33 g (82%) of 7 as a pale yellow oil, Rjr0.45—0.50

Z-DL-Gla(OfBu)2OH. DOHA (8a)

Compound 7 (1.48 g; 2.8 mmoles) was dissolved in 0.5M methanolic potassium hydroxide
(5.6 ml) and stirred for 4 hrs. After neutralization with acetic acid the solvent was evaporated
and the residue dissolved in ethyl acetate (20 ml;, washed successively with 1JV HC1 and water
then dried and evaporated to give 8. This was dissolved in ether (15 ml) and the solution was
combined with a slight excess of ethereal DCHA, then saturated with n-hexane (about 100 ml).
On cooling 8a crystallized (1.12 g; 64.7%), m. p. 135—137 °C, By 0.42—0.47.

CHHA0 8N 2 (618.79). Calcd. C 65.99; H 8.79; N 4.53. Found C 65.84; H 8.86; N 4.57%

DL-Gla(OIBu)20H (9)

Compound 8a (1.1 g; 1.77 mmoles) was distributed between ethyl acetate (10 ml) and
1V H2S04 (10 ml). The organic layer was washed with 1JV H2S04 and water, then dried and
evaporated. The remaining oily 8 was dissolved in dioxane (10 ml) and hydrogenated in the
presence of palladized charcoal. When the consumption of hydrogen stopped, the mixture was
diluted with water (3 ml) and the catalyst was filtered off. The fitrate was evaporated to give
white powder which was triturated with ether, filtered and washed with ether. 0.33 g (58%) of 9
was thus obtained, m. p. 143—145 °C, 1770.15—0.25.

Ct4H20 6N «H2 (321.46). Calcd. C 52.30; H 8.46; N 4.36. Found C 52.67; H 8.49;
N 4.20%.

DL-Gla (10)

Boc-DL-Gla(OiBu)2-OH (5, 0.806; 2 mmoles) or DL-Gla(OIBu)2OH (9, 0.642 g; 2 mmoles)
was dissolved in TFA (4 ml) and kept at room temperature overnight. The TFA salt of 10
(0.60 g; 98%) which precipitated on treatment with ether was dissolved in water (20 ml) and
lyophilized. This procedure was repeated three times and the material thus obtained (0.40 g)
was dissolved in water (2 ml) and ethanol (2 ml) was added. The crystals were filtered off,
washed with a small portion of ethanol, ether and, after drying, separately with water (3 X0.3
ml); 0.19 g (50%) of 10 was obtained. A second crop of Gla (0.08 g; 20%) of the same purity
was isolated, from the combined organic filtrates by dilution with ether; m. p. 156.5—157 °C
(d.), R'j 0.28—0.34. Paper electophoresis of 10 in a pyridine acetate buffer of pH 6.5 showed a
single ninhydrine-positive spot at a mobility relative to Asp, Rf 1.35—1.40. On a JLC—5AH
amino acid analyser a retention time of 21 min was obtained for Gla (35 and 52 min for Asp
and Glu, respectively), using LC—R-I resin (column: 50 cm), at 40 °C, in 0.2/17sodium citrate
buffer (pH 3.25) at a flow rate of 100 ml/hour.*

CoHO AN (191.14). Calcd. C 37.70; H 4.75; O 50.22; N 7.32. Found C 37.67; H 5.00;
O 50.20; N 7.23%.

*These experiments were kindly performed by A. Patthy.
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The Pummerer rearrangement of type Il thioanhydrohexitol sulfoxides to the
corresponding glucothioseptanose derivatives (IV) is described. Further oxidation of the
dimesyl derivative 1Va gave a mixture of two sulfoxide isomers (V). Deacetylation of the
tri-O-acetate IVb afforded 2,5-anhydro-6-deoxy-6-thip-D-glucothioseptanose VII.

In earlier papers of this series [1—4] we described the synthesis of dif-
ferently substituted 1,6-thioanhydrohexitols. Now we report on the possibility
of converting these compounds (1) via their sulfoxides (I1) by the Pummerer
rearrangement [5] into hexose derivatives (1V).

As a model compound 2,5-anhydro-3,4-di-0O-methylsulfonyl-I,6-thioan-
hydro-D-glucitol S-oxide (lla) was used, which could be obtained from la by
oxidation with sodium periodate [4], hydrogen peroxide [4] or m-chloroper-
benzoic acid. When a solution of Ila in acetic anhydride was heated at 50°C
for 3 hrs, the starting material was completely converted, and the Pummerer
rearrangement product IVa could be isolated in ayield of 73%. As the sulfoxide
group in lla is flanked by two methylene groups, theoretically four isomers
can be formed in this reaction, containing the acetyl group at C-1 (D-glucose)
or at C-6 (L-gulose), and either axially (a) or equatorially () oriented. Accord-
ing to the NMR spectrum of IVa only one isomer was fromed, as the signal of
the newly introduced acetoxyl group appeared as a singlet at $2.20 ppm.
The signal of H-3 gives a doublet of doublets at 0 5.33 ppm and H-4 a doublet
at 0 5.72 ppm, similarly to compound la [1]. The signal of H-2 which appears
in the spectrum of la as a multiplet (due to the prevailing Jh2iJr ,2an<l-N.3
couplings) gives in the case of the acetoxy derivative IVa a distinct doublet of
doublets at d 4.73 ppm, indicating substitution of one proton at C-lI by the
acetoxyl group. The a-orientation of this group was established from the fol-
lowing data. From among all signals of the parent compound la, only that of
the axially oriented H-6' proton was shifted significantly (d 3.15 — 3.45 ppm)
in the acetoxy derivative IVa, besides the signal of the H-I proton, being gemi-
nal to the acetoxyl group. This strong downfield shift can only be explained
by a sterically close Isyn axiaV arrangement of the acetoxyl group at C-I to

*Part IV: Acta Chim. (Budapest) 86, 285 (1975)
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the axial H-6' proton. On the other hand, the two doublets of H-6 (2.49 ppm)
and H-6' (3.47 ppm) appear with different shapes, as that of the equatorially
oriented H-6 proton gives broad signals, due to long-range coupling [4] with
the similarly equatorially oriented H-l1 proton (J10 > 0). According to these
considerations, the product of the Pummerer rearrangement is I-O-acetyl-2,5-
anhydro-6-deoxy-3,4-di-0-methylsulfonyl-6-thio-a-D-glucothioseptanose (IVa).

Despite the fact that the sulfur atom of the original thio ether link is
already part of a monothioacetal group in compound IVa, it can be oxidized
to the sulfoxide Va. Nevertheless, in this case the two theoretically possible
isomers, containing an equatorially and axially oriented S—O bond are formed
in a ratio of about 1:1, as indicated by the NMR spectrum in which the acet-
oxyl group gives two singlets at 02.12 and 2.20 ppm. The two isomers differ
in the shift of the mesyl groups as well but, due to overlapping, only three of
them can be indicated at d 3.37, 3.43 and 3.47 ppm. All efforts to separate
these two isomers failed.

The sulfoxide mixture Va was submitted to the Pummerer reaction to
convert it into the dialdehydothioacetal VI. No rearrangement took, however,
place at 50 °C or at 80°C. At 110°C the starting material was consumed after
8 hrs, but the product, which could only be isolated as a chromatographycally
pure solid foam, decomposed on standing at room temperature.

As IVa could not be deacetylated with sodium methoxide without further
decomposition of the molecule, the synthesis of the corresponding 1,3,4-tri-O-
acetyl derivative IVb was attempted. As intermediate the sulfoxide lib was
needed, which was prepared from the 3,4-dihydroxy derivative Ic [2] by oxi-
dation and subsequent acetylation (lc —lie —*1lib), or by a reversed order
of these reactions (lc _> Ib — lib). It is worthwile mentioning that treatment
of Ic with sodium periodate resulted in exclusive oxidation of the sulfur atom
and no splitting between the two vicinal hydroxyl groups did occur. McCormick
and McErhinney [6] Observed a similar selectivity when oxidizing 3,4-dihyd-
roxytetrahydrothiophene with periodate.

The diacetylsulfoxide lib proved to be more resistant to the Pummerer
reaction than the dimesyl analogue lla, as no reaction took place at 50 °C. At
80 °C the rearrangement was completed in 5 hrs and the hexose derivative
IVb could be isolated as a colorless syrup in 90% yield. The gluco configuration
of this compound was proved by its NMR spectra, confirming location of the
newly introduced acetoxyl group at C-lI. The spectrum is similar to that of
IVa, the doublet of H-I appearing at d 5.40 ppm, whereas H-2 gives a doublet
of doublets at $4.70 ppm, completely separated from the multiplet of H-5 at
6 4.35 ppm. The H-6 and H-6' protons give two doublets of doublets at $2.51
and 3.42 ppm, respectively; the former appear as broad signals, due to the
prevailing long-range coupling with H-1 (JIt6 ]> 0). The three singlets of the
acetoxyl groups can be detected at $2.18, 2.16 and 2.13 ppm, respectively.
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When oxidation of the thioacetal IVb to the corresponding sulfoxide
Vb was carried out similarly to the conversion of the dimesyl analogue (IVa
to Ya), only a syrupy product was obtained which decomposed rapidly on
standing at room temperature.

Deacetylation of the triacetate IVb by sodium methoxide afforded 2,5-
anhydro-6-deoxy-6-thio-D-glucothioseptanose (VII) as a water-soluble, amor-
phous material.

The sulfones Ilia and Illb remained unchanged under the conditions of
the Pummerer rearrangement even at 110 °C.

la. R= Ms lla R= Ms llia R= Ms
Ib R= Ac lib R= Ac Illb R= Ac
Ic R= lie R=H Illlc R=
IVa R= Ms Va R= Ms
IVb R= Ac Vb R=Ao0

Experimental

M. p. ’s are uncorrected. TLC was effected on microscope slides coated with Silica Gel G.
Spraying with a mixture of 0AM potassium permanganate and 1M sulfuric acid (1 : 1) and
heating to 105 °C wasused for detection. The NMR spectra were recorded at 60 MHz with a
Varian A-60D spectometer, using CDC13 solutions with TMS as internal standard, at room
temperature. All evaporations were carried out in a rotary evaporator under reduced pressure,
after drying the organic solutions over sodium sulfate.

2,5-Anhydro-3,4-di-0-methylsulfonyl-1,6-thioanhydro-D-glucitol S-oxide (Ha)

A solution of compound la [1,2] (3.2 g) in dry chloroform (32 ml) was treated with
m-chloroperbenzoic acid (83.5% purity, 2.26 g). The temperature of the reaction mixture
rose to 50 °C. After 1 hr it was poured, with stirring, into a slurry of potassium carbonate
(7 g) in acetone (100 ml). The solid material was filtered off and washed with dry acetone. The
combined filtrates were evaporated and the residue was recrystallized from 5% aqueous sodium
hydrogen carbonate solution to yield 2.13 g (63.7%) of lla; m.p. 190—192°C, alone as well as
in admixture with an authentic sample [1, 2].
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3,4-Di-0-acetyl-2,5-anhydro-l,6-thioanhydro-D-glucitol S-oxide (llb)

A solution of the dihydroxy-S-oxide lie (0.18 g) in pyridine (0.5 ml) was treated with
acetic anhydride (0.4 ml). The reaction mixture was kept at room temperature for 2 days
and was then evaporated. The residue was mixed with ether, filtered off and recrystallized
from ethyl acetate-light petroleum to yield pure MNb (0.13 g; 50%), m.p. 128—130 °C, alone
and in admixture with an authentic sample [4].

2,5-Anhydro-1,6-thioanhydro-D-glucitol S-oxide (lie)

A solution of compound Ic [2] (0.32 g) in methanol (10 ml) was treated with a solution
of sodium periodate (0.46 g) in water (4 ml). The slurry which formed immediately was stirred
for 1 hr at room temperature. The precipitated salts were filtered off and washed with metha-
nol. The residue of the evaporated filtrate was dissolved in water (2 ml) and treated with metha-
nol (2 ml). After keeping the mixture overnight at—>5 °C, the precipitated material was fil-
tered off. The filtrate was evaporated, the residue re-evaporated with ethanol, and filtrated
with acetone to yield pure Mc (0.25 g; 70%); m.p. 170—171°C; KfO.60 (ethyl acetate-ethanol
(2 :1); dd—23° (c = 1, water).

C6H 1004S (178.21). Calcd. C 40.44; H 5.66; S 17.99. Found C 40.35; H 5.61; S 17.68%

3,4-Di-0-acetyl-2,5-anhydro-1,6-thioanhydro-D-glucitol S,S-dioxide (lllb)

A solution of the dihydroxysulfone Illc (0.39 g) in pyridine (2 ml) was treated with
acetic anhydride (1 ml). After keeping the reaction mixture at room temperature overnight,
it was poured into water. The precipitate was filtered off and recrystallized from water to
yield Illc (0.28 g; 50%), m.p. 166—168 °C, alone and in admixture with an authentic sample [4].

?,5-Anhydro-1,6-D-glucitol S,S-dioxide (l1lc)

A solution of compound Ic [2] (1.52 g) in acetic acid (10 ml) was treated with 33%
aqueous hydrogen peroxide (3 ml). After 3 days at room temperature the reaction mixture
was evaporated and twice re-evaporated with water. The solid residue was mixed with ethanol
and filtered off to yield Illc (1.25 g; 64.4%), m.p. 133—135 °C; [a]Jo—23° (c = 1, water).

C6H 10055 (194.21). Calcd. C 37.11; H 5.19; S 16.51. Found C 36.95; H 5.25; S 16.52%.

1-0-Acetyl-2,5-anhydro-6-deoxy-3,4-di-0-methylsulfonyl-6-thio-a-D-glucothioseptanose (I1Va)

A solution of the sulfoxide Ha (6.7 g) in acetic anhydride (70 ml) was heated at 50°C
for 4 hrs. The residue obtained after evaporation was recrystallized from acetic acid (5 ml)
to yield compound IVa (5.65 g; 73.5%); m.p. 154—155°C (d.); Rj 0.75 (water std butanol),
0.5 (carbon tetrachloride-ethyl acetate 1:1); [a]y 154° (c = 1, chloroform), + 170.5°
(c = 1, DMF). The compound could be recrystallized from methanol, but the m.p. decreased
to 137—140 °C.

NMR data: <55.72 (d, H-4), 555 (d, H-I), 533 (2 x d, H-3), (4.73 2 x d, H-2), 4.70
(m, H-5), 3.47 2 x d, H-6"), 249 (2 X d, broad, H-6), 3.24 and 3.20 (2 x s, mesyl CH3),
2.20 ppm (s, acetyl CH3). Coupling constants: 2= 2,J23= 7, J34= 3, J45~ 0, J56~"
<x2.5,J5¢ = 25,1, e> 0Hz

CI10H 180953 (376.43). Calcd. C 31.91; H 4.29; S 25.56. Found C 32.12; H 4.45; S 25.40%.

1,3,4-Tri-0-acetyl-1,5-anhydro-6-deoxy-6-thio-a-D-glucothioseptanose (IVh)

A solution of compound lib (2.62 g) in acetic anhydride (26 ml) was heated at 80 °C
for 5 hrs. After evaporation and re-evaporation with ethanol the residue was dissolved in
chloroform and washed with water, aqueous sodium hydrogen carbonate and water. Evapora-
tion of the dried solution afforded IVh as a colorless syrup (2.7 g; 90%); [a]Jo + 95° (c = 1,
chloroform).

NMR data: <5566 (d, H-4), 5.40 (d,H-l), 5.38 (2 X d, H-3), 470 (2 X d, H-2), 4.35
(m, H-5), 3.42 (2 x d H-6"), 251 (2 x d, broad, H-6), 2.18, 2.16 and 2.13 ppm (3 x s, acetyl
CH3J). The coupling constants are, within the limit of error, identical with those of compound
1Va.

CIH1eO,S (304.31). Calcd. C 47.35; H 5.30; S 10.53. Found C 47.16; H 5.15; S 10.32%.
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I1-0-Acetyl-2,5-anhydro-6-deoxy-3,4-di-0-
-methylsulfonyl-6-thio-cc-D-glueothioseptanose S-oxide (Va)

Compound IYa (3.8 g) was dissolved with gentle heating in acetic acid (100 ml). 33%
aqueous hydrogen peroxide (1.1 ml) was added to the cooled solution and the reaction mixture
was allowed to stand at room temperature overnight. Then it was evaporated below 30 °C
and the residue washed with water to yield compound Va (3.63 g; 92.6%); m.p. 148—150 °C
(d.); [a]o + 165° (c = 1, DMF); Rj 0.10 (carbon tetrachloride-ethyl acetate 1:1; the spot
can be detected with potassium iodide).

C10H 1601053 (392.43). Calcd. C 30.60; H 4.11; S 24.51. Found C 30.78; H 4.09, S 24.78%.

2,5-Anhydro-6-deoxy-6-thio-D-glucothioseptanose (V)

A solution of compound IVb (1.4 g) in dry methanol (15 ml) was treated with 4.37V
sodium methoxide (1.2 ml). After 1 hr at room temperature the solution was neutralized with
17V HC1 and evaporated. The residue was purified by column chromatography on silicic acid
(ethyl acetate) using ethyl acetate-ethanol (5 :1) for elution. The fractions of Rj 0.55 were
evaporated to yield VIl as a solid foam (0.55 g; 67%); [aJo + 66° (c = 1, water; no mutaro-
tation was observed). Compound VII reduced Fehling’s solution immediately at room tem-
perature.

CeH 1004S (178.21). Calcd. C 40.44; H 5.66; S 17.99. Found C 40.19; H 5.89; S 17.72%.
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THE OXIDATIVE REARRANGEMENT
OF CHALCONES RY THALLIUM(II)NITRATE, V*

THE SYNTHESIS OF 3-HYDROXYRETUSIN-8-METHYL ETHER AND NEW
SYNTHESIS OF RETUSIN AND ITS 8-METHYL
ETHER, THREE NATURAL ISOFLAVONES FROM TROPICAL WOODS

L. Farkas and A. Wolfner

(Research Group for Alkaloid Chemistry, and Institute for Organic Chemistry,
Technical University, Budapest)

Received April 16, 1975

The synthesis of 7,8-dihydroxy-4’-methoxyisoflavone (retusin, 1),4’,8-dimethoxy-
7-hydroxyisoflavone (8-0-methylretusin, 2) and 3’,7-dihydroxy-4’,8-dimethoxyisofla-
vone (3’-hydroxy-8-0-methylretusin, 3) was accomplished by oxidative rearrangement
of the corresponding chalcones by T1(N03)3 as the key step.

From the heartwood of Dalbergia retusa, a tree indigenous to Panama,
two new isoflavones, 7,8-dihydroxy-4,-methoxyisoflavone (1), named retusin
and its 8-methyl ether (2), the first natural isoflavones possessing this particular
oxygenation pattern, have been isolated by Jurd et al. [2] in 1972. The struc-
tures of these isoflavones have been determined by spectroscopic and chemical
means, as well as by identifying the phenyl benzyl ketone obtained from the
degradation of retusin (1) with 2,3,4-trihydroxyphenyl 4’-methoxybenzyl [5]
ketone prepared by synthesis. This ketone was recyclized to 1 and also con-
verted to 8-0-methylretusin (2) by selective benzylation (at C7-0) of its diace-
tate followed by deacetylation methylation and debenzylation [2].

In 1974 1 and 2 have been re-isolated by Hayashi and Thomson from
the heartwood of the tropical tree Dipteryx odorata [3] along with a new
component, 3’,7-dihydroxy-4’,8-dimethoxyisoflavone (3’-hydroxy-8-0-methyl-
retusin, 3). The structure 3 has been deduced from spectroscopic evidence;
its synthesis has not been reported.

In this paper we describe the utilization of the oxidative rearrangement
of chalcones by thallium (I1l) nitrate (TTN) [4] for the first synthesis of 3
and for convenient new syntheses of 1 and 2.

For the synthesis of retusin (1), first 2-hydroxy-3,4-dibenzyloxyaceto-
phenone [5] was condensed with anisaldehyde to give the chalcone 4. The use
of gallacetophenone was precluded by its oxidizability. In order to increase
solubility in methanol and avoid side reactions, 4 was converted to its acetate
(5). This was treated in methanol with TTN to give the acetal 16 by oxidative
rearrangement [6]; this was not isolated, but deacetylated and cyclized by
acid to 7,8-di-O-benzylretusin (10). Catalytic debenzylation of 10 afforded
7,8-dihydroxy-4’-methoxyisoflavone (1), which was identical in every respect

*For Part IV, see ref. [1].
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with natural retusin (m.p'., mixed m.p., IR and NMR spectra, further the m.p.
of the diacetate (11)).

A similar sequence starting with 4-benzyloxy-2-hydroxy-3-methoxyace-
tophenone [5] and comprising the chalcone 6, its acetate 7 and 7-0-benzyl-8-0-
methylretusin (12), afforded 4’, 8-dimethoxy-7-hydroxyisoflavone (2) identi-
fied by its UV spectrum and the m.p. of its acetate (13) with natural 8-0-
methylretusin. Synthetic 2 showed a slightly higher m.p. (228—229°C) than
the natural product (223 —224 °C).

In order to accomplish the synthesis of 3, the above acetophenone was
condensed with 3-benzyloxy-4-methoxybenzaldehyde [7] to give the chalcone
8. Oxidation of its acetate (9) gave rise to the isoflavone 14, which was de-
benzylated to 3’,7-dihydroxy-4’,8-dimethoxyisoflavone (3). The synthetic
sample was identified with natural 3’-hydroxy-8-0-methylretusin by m.p.,
mixed m.p., IR spectrum and by the m.p. of the diacetate (15).

R1 R2 R3 R1 R2 R3
4 PhCH, H H 1 H H H
5 PhCH, CH3CO H 2 H CH3 H
6 CH3 H H 3 H CH3 OH
7 CH3 CH3CO H 10 PhCH, PhCH, H
8 CH3 H PhCH,0 I CH3CO CH3CO H
9 CH3 CH3CO PhCH,0 12 PhCH, CH3 H
13 CH3CO CH3 H
14 PhCH2 CH3 PhCHD
15 CH3CO CH3 CH3CO,,

16
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Experimental

3,4'-Dibenzyloxy-2'-hydroxy-4-methoxychalcone (4)

To a solution of 3,4-dibenzyloxy-2-hydroxyacetophenone (4.7 g) [5] and anisaldehyde
(5 ml) in hot ethanol (100 ml) 50% aqueous potassium hydroxide (100 ml) was added and the
mixture heated for 15 min on a steam bath. To the cooled solution ice was added and it was
neutralized with 10% HCL. The precipitate was separated and recrystallized from methanol—
—acetone 1:1 (400 ml) to give 4.4 g (76%) of the almost pure chalcone; orange needles, m.p.
140—141 °C (from acetic acid).

C30H 2805 (466.5). Calcd. C 77.23; H 5.67. Found C 77.27; H 5.71%.

2 -Acetoxy-3 .4 -(libenz>loxy-4-methoxychalcone (5)

Acetylation of 4 (3.0 g) with acetic anhydride in pyridine gave, after recrystallization
from ethanol, compound 5 (2.4 g, 72%) as yellow needles, m.p. 131—132 °C.
CH 2 6(508.5). Calcd. C 75.57; H 5.55. Found C 75.29; H 5.57%.

7,8-Dibenzyloxy-4'-methoxyisoflavone (10)

To a solution of 5 (2.3 g) in 50 ml of dry methanol and 50 ml of chloroform, T1(N033 «
«3HD (2.5 g) was added in portions over a period of 30 min at about 40 °C. After 4 hrs the
reaction mixture was filtered, neutralized with IN NaOMe, filtered again and evaporated to
a small volume. After the addition of water, the organic material was extracted with chloro-
form, the solvent evaporated, the residue dissolved in methanol and boiled, after the addition
of a few of IN NaOMe, for 15 min. After acidification with 10% aqueous HC1, boiling was
continued for 1 hr. The product separated on cooling and was recrystallized from methanol
to obtain small, colorless needles (0.58 g, 31%), m.p. 116—117 °C.

C30H 2405 (464.5;. Calcid. C 77.57; H 5.21. Found C 77.26; H 5.35%.

7,8-Dihydroxy-4'-methoxyisoflavone; retusin (1)

Catalytic hydrogenation of 10 (0.58 g) in the presence of palladium-on-charcoal in
acetone gave, after repeated crystallizations from methanol, compound 1 (73 mg; 21%)
as colorless prisms, m.p. 247—249 °C (lit. [2] m.p. 249 °C).

7,8-Diacetoxy-4'-methoxyisoflavone; retusin diacetate (11)

Acetylation of 1 (50 mg) gave the diacetate (48 mg; 83%) as colorless needles, m.p.
165—166 °C (from methanol (lit. [2] m.p. 166 °C).

4'-Benzyloxy-3 ,4-dimethoxy-2'hydroxychalcone (6)

Reaction of 4-benzyloxy-2-hydroxy-3-methoxyacetophenone (4.7 g) [5] with anisal-
dehyde (4.0 ml), as described for chalcone 4, gave after two recrystallizations from acetic
acid compound 6 (3.7 g; 57%) as orange plates, m.p. 143—145°C.

C24H 20 5(390.4). Calcd. C 73.83; H 5.68. Found C 74.01; H 5.93%.

2'-Acetoxy-4/-benzyloxy-3',4-dimethoxychalcone (7)

Acetylation of 6 (1.0 g) gave yellow crystals (0.7 g; 61%), m.p. 88—89 °C (from metha-
nol).
CHH2406(432.5). Calcd. C 72.21; H 5.59%. Found C 72.09; H 5.61%.

7-Benzyloxy-4',8-dimethoxyisoflavone (12)
Transformation of 7 (2.6 g), as described for 4, in MeOH-CHCI3 (4 : 1, 50 ml) gave

almost pure 12 (1.0 g; 43%); colorless plates (from methanol), m.p. 135—136°C.
C2H 2005 (388.4). Calcd. C 74.21; H 5.19. Found C 66.75; 4,72%.
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7-Acetoxy-4',8-dimethoxyisoflavone; 8-O-methylretusin acetate (13)

Catalytic debenzylation of 12 (0.58 g) in acetone and acetylation of the product afforded
after two recrystallizations from ethanol compound 13 (0.10 g; 20%) as colorless needles, m.p.
123—124 °C (lit. [2] m.p. 124—125 °C).

4',8-Dimethoxy-7-hydroxyisoflavone; 8-O-methylretusin (2)

Deacetylation of 13 (50 mg) with NaOMe gave 2 (34 mg) as colorless prisms of m.p,
228—229 °C (lit. [2] m.p. 223—224 °C).

3,4'-Dibenzyloxy-3',4-dimethoxy-2'-hydroxycha]cone (8)

Reaction of 4-benzyloxy-2-hydroxy-3-methoxyacetophenone (5 g) [5] with 3-benzyloxy.
-4methoxybenzaldehyde (6 g) [7], as described for chalcone 4, gave after three recrystalliza-
tions from acetic acid orange plates (2.9 g; 34%), m.p. 138—139 °C.

C3H206(496.5). Calcd. C 74.98; H 5.68. Found C 74.87; H 5.73%.

2'-Acetoxy-3,4'-dibenzyloxy-3',4-dimethoxychalcone (9)
Acetylation of 8 (1.8 g) gave colorless plates (1.7 g; 92%), m.p. 152—153 °C (from acetic
acid).
C3H 3007 (538.6). Calcd. C 73.59; H 5.61. Found C73.79; H 5.60%.

3',7-Dihenzyloxy-4,,8-dimethoxyisoflavone (14)

Transformation of 9 (1.5 g) in methanol-chloroform (1 : 1, 100 ml) gave pure 14 (0.69 g;
50%), m.p. 151—152.5 °C, unchanged on recrystallization from methanol.
C3IH 206 (494.5). Calcd. C 75.29; H 5.43. Found C 75.29; H 5.30%.

3',7-Diacetoxy-4',8-dimethoxyisoflavone; 3'-hydroxy-8-0-methylretusin diacetate (15)

Catalytic debenzylation of 14 (0.50 g) in acetone and acetylation of the product yielded,
after recrystallization from methanol, compound 15 as colorless needles (0.13 g), m.p. 168—
170°C (lit. [3] m.p. 163-165 °C).

3'7-Dihydroxy-4',8-dimethoxyisoflavone; 3'-hydroxy-8-0-methylretusin (3)

Deacetylation of 15 (50 mg) with NaOMe gave colorless prisms (26 mg), m.p. 207—
209 °C (from methanol) (lit. [3] m.p. 208—210 °C).

*

We are grateful to Dr. L. Jurd (Berkeley, U.S.A.) and to Prof. R. H. Thomson (Aber-
deen, Scotland) for samples of the natural products.
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5-Vinylbicyclo(2.2.1.)heptene-2 can be isomerized to 5-ethylidenebicyclo(2.2.1.)

heptene-2 by Co(N2(PPh33 in toluene solution at 50—70°. The following rate law
was found to apply:

d [vbh] k4K ,K 2K 3K 5 [Co] [vbhY
dt  ~ K5[S] [PPh3] + K,K5[S]

where [Co], [vbh], [PPh3] and [S] are the concentrations of the catalyst, 5-vinylbicyclo
(2.2.1) heptene-2, triphenyl phosphine and the solvent, respectively. The 1,3 hydrogen
shift is assumed to proceed through a s-allyl mechanism.

Introduction

Since the discovery that 5-ethylidenebicyclo (2. 2. 1.) heptene-2* [1]
can be used for the ethylene-propylene mixed polymerization giving terpoly-
mers, which contain double bonds suitable for vulcanization, and exhibit bet-
ter properties than the ethylene—propylene co-polymer, more attention was
paid to its preparation. The isomerization of vbh to ebh (2) is presently the only
way for large scale production which may be considered since vbh can be
prepared with the Diels-Alder reaction from butadiene and cyclopentadiene

(1) [2]

endo

vbh ebh

both which are formed in large amounts in gasoline pyrolysis.

ebh = abbreviation for 5-ethylidenebicyclo(2.2.1.)heptene-2
vbh = abbreviation for 5-vinylbicyclo(2.2.1.)heptene-2
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Fvozdeva et al. [3] have found, that the isomerization of vbh can be
carried out at 20° with high reaction rate and practically 100% vyield using
metallic potassium in liguid ammonia. Using NaAl20 3 as a catalyst at 40° high
yields could be achieved, too [4]. Fe(CO)5was used successfully for the same
isomerization in hydrocarbon solvents at 80 200° under argon [5], and
Ziegler-type catalysts composed from cobalt(ll) acetylacetonate and trialkyl-
aluminium were also very effective [6].

Encouraged by our earlier results of isomerization of hexenes catalyzed
by Co(N2(PPh33 [7] we applied this catalyst also for the isomerization of
vbh to ebh.

Results and discussion

The kinetic measurements were carried out in toluene at 50—70° and
the reaction was followed by GLC. Besides the exo- and endo-isomers of ebh
(which were not determined separately) less than 1% ethyl-bicycloheptadiene
was found as the only by-product.

The results of a typical experiment are shown in Fig. 1 plotting the
reciprocal concentration of vbh againts reaction time. The straight line obtained
indicates a second order dependence on vbh. The reaction rates obtained at
varying catalyst concentrations can be seen in Fig. 2. The straight line sug-
gests a first order dependence with respect to catalyst concentration. High
concentrations of added free triphenyl phosphine reduce the reaction rate;
the effect of added PPh3is shown in Fig. 3.

If no triphenyl phosphine is added the following empirical rate equation
(3) results:

d [vbh] _

kobg[Co(Na)(PPh3)3 bh]* .
" obg[Co(Na)(PPh3)3] [vbh] &)

ko

Performing experiments at different temperatures and determining the
corresponding kobs values the following activation parameters were calcu-
lated:

ZIEa = 25.0 kcal.mole-1
zlH* = 24.3 kcal.mole"1
JS* = 4.0 cal.mole-1.K-1

Experiments showed that at temperatures between 50—70° and in
aromatic solvents, like benzene or toluene, Co(N2)(PPh3)3 looses dinitrogen in
a fast and irreversible reaction (4).

fast

Co(N2)(PPh3)3+ (S) C°(S)(PPh3)3+ N2. (4)
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[catalyst] (Tol€.r1)x10r

Fig. 1. A typical vbh isomerization experiment Fig. 2. The influence of catalyst concentra-

catalyzed by Co(N )(PPh3)3 Solvent: 10 ml  tion on the isomerization rate of vbh.
toluene; catalyst concentration: 3.9 X 10-2 Solvent: toluene; vbh concentration:
mole ¢ 1_1; olefin concentration: 0.419 mole 0.419 mole ¢ 1-1; temp. 60°

I-1; temp. 60°

[PPh3](mole.r1)*102

Fig. 3. The influence of free added phosphine on the reciprocal reaction rate. Solvent: toluene;
catalyst concentration: 4.9 X 10~2mole « | -1; vbh concentration: 0.42 mole «1-1; temp. 6

Reaction (4) could not be reversed even at 50 atm dinitrogen pressure. The
reaction was followed by the evolution of N2 and by the vanishing intensity
of the infrared N,N stretching frequency. No signals in the IH-NMR spectrum

attributable to Co-H bonds were found.

Based on the kinetic data the following mechanism is suggested:

Co(S)(PPh33  Co(S)(PPh32+ PPh3
Co(S)(PPh324- vbh  Co(t>6A)(PPh32 + (S)
Co(i;AA)(PPh32+ vbh Co(tM)2(PPh3)2
Co(r6A)2(PPh3)2-it>- Co(t;bA)(e6A)(PPh3)2
Co(i;6A)(eAA)(PPh32  vbh Co(VAA)2(PPh32 + ebh

®)

(6)

7
®)
)
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If reaction (8) is regarded as the rate determining step the reaction rate may
be expressed by Eqg. (10)

d [vbh]

| k4[Co(v6h)2APPh3)7 . (10)
t

The total amount of cobalt [Co] is present in the reaction mixture in the follow-
ing forms:

[Co] = [Co(S)(PPh33] + [Co(S)(PPh3)2] + [Co(«M)(PPh3)2] +
[Co(ush)2PPh3)Z + [Co(n6/1)(e6/1)(PPb3)2] (11)

and the concentrations of the different species depend on the equilibria (5),
(6), (7) and (9) as shown in Egs (12) —(15).

K [Co(S)(PPh3)2] [PPh3]

(12)
[Co(S)(PPh3)3]
K [Co(t>M)(PPh3)a] [S] (13)
2 [Co(S)(PPh3)2] [vbh]
[Co(»6fe)2(PPh3)2] 14)
K3 [Co(vbh) (PPh3)2] [vbh]
K [Co(t?6h)2 (P P h3)2] [ebh] 15)

5 [Co(vhb)(ebh) (PPh3)Z [vbh]

Substituting Eqs (12)—(15) into Eq. (11) the dependence of Co(u6h)2(PPh3)2
on the total catalyst concentration may be obtained (16).

[Co] [Co(tM)2PPh3yz LPPN3IIS] [S] . v,
KAK 3 [vbh]2  K2K3[vbh]2 = K3 [vbh]
[ebh] 6)
K 5 [vbh]

(10) and (16) lead to Eq. (17) for the rate expression.
d [vbh] [Co] [vbh]2
dt “ K5[PPh3][S] + KX5[S] KX 2K5[vbh] +
k ~ K ~ K , [Co] [vbh]2
K MK -jK - Jvbh]2+ K jK 2K 3[vbh] [ebh]
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If K2and K3are assumed to be small, Kxmay be determined from the phosphine
inhibition experiments. If no phosphine is added, Eq. (12) may be written
in the form (18) since [Co(S)(PPh3)3] = [Co] — [PPh3],

[PPh8]2
(18)
[Co] [PPh3
Using free added phosphine Eq. (18) modifies to Eq. (19)
K PPhA PPh3] + [PPh3]Jadd
[PPh"] {[PPh3] + [PPh3Jadd} 19

1 [Co] - [PPh3

where [PPh(] is the phosphine concentration originating from the catalyst
complex if free added phosphine is present. Using Eqs (18) and (19) Kx can
he calculated and its value is included in Table I.

The assumption, that constants K2 and K3 are small simplifies (17) to
Eq. (20) which is in accordance with the experimental results obtained:

d [vbh] [Co] [vbhf
dt K5[S] [PPh3] + K.K"S]
H H H H
\ /
[0 T\
R e ). @
0 Co vy
H

Concerning the fine mechanism of vbh isomerization several plausible
pathways may be suggested. One ofthese isrepresented in Eq. (21) according
to which the C—H bond of the cobalt—elefin complex at the allylic position
undergoes oxidative addition to Co(O) giving a hydrido Tr-allyl cobalt(ll)
complex. 1,3 Hydrogen shifts in m-allyl complexes [8] are well documented
and we suggest this as the most probable mechanism of vbh isomerization.

Table |

The rate constants Ted® at different temperatures and the equilibrium constant K1 and degree
of dissociation at 60° .

o “obs X 103 Kr X 102 degree of
Temp. (°C)  (mole-A 2ec_1) (mole 1-1) dissociation (%)

50 1.62
60 5.22 6.95 68*
70 15.65

*at 4.9 X 10_2 mole -1 catalyst concentration
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Experimental
Preparation of 5-vinylbicyclo(2.2.1.)heptene-2 (vbh)

vbh was prepared according to the literature [2]. A mixture of 330 g (6.1 mole) buta-
diene and 200 g (3.33 mole) freshly prepared cyclopentadiene were condenzed at —10° into
an autoclave. 0.5 g hydrochinone was added and the reaction mixture was kept at 140—145°
for 2—4 hrs. After cooling the product was distilled over a filled column (50 cm) and the
fraction at 70—75785 mmHg (30—35 g, 85—90%) was collected. This was further purified
through preparativ GLC (6 m tricresyl phosphate column, 130°) giving vbh in 99.5% purity,
which consisted of 21% endo-and 79% exo-isomer.

The preparation of Co(N(PPh2)2

This was prepared by known method [9] using cobalt(ll) acetylacetonate and diethyl
aluminium ethoxide.

The isomerization of vbh

Into a thermostated reaction vessel, equipped with a serum cap and a bulb containing
a weighed amount of the catalyst, the prepurified solvent and vbh were injected with a hypo-
dermic syringe, stirred magnetically and the catalyst added by a bulb. Atregular time intervals
samples were taken, treated with Na2C03 and analysed by GLC (6 m tricresyl phosphate co-
lumn, 130°).
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SOLVENT
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The piperidinolysis in chlorobenzene of 5-nitro-, 5-chloro-, 2-methyl-, and
unsubstituted 8-acetoxyquinoline and p-nitrophenyl acetate was studied. The high
reactivity of the quinoline esters, the strictly second order kinetics, and the effect of
substituents on the reaction rate were interpreted as results of intramolecular general
base participation by the tertiary nitrogen.

Since the active sites of several proteolytic enzymes lie in hydrophobic
locations [1], enzyme model investigations in non-hydroxylic solvents [2—4]
are in some respect more relevant than similar studies in water [5]. As a model
reaction, the aminolysis of p-nitrophenyl acetate (p-NPA) in chlorobenzene
was studied, which takes place according to a two-step mechanism, involving
the rate determining collapse of a zwitterionic tetrahedral intermediate [3]:

?..

ester + amine —C—o- products

HN+

I\

The slight acceleration effect of pyridine on the rate of this reaction was shown
to be a general base catalysis [4].

The reactions of esters with aliphatic amines in this solvent followed a

two-term rate equation [3, 4]:

base

----------------- —= (fc2[Amine] -f- k3[Amine]2) [Ester] . (2)

In this paper we wish to report kinetic data on the piperidinolysis in
chlorobenzene of substituted 8-acetoxyquinolines (I—IV), systems in which a
tertiary nitrogen atom is in suitable position to catalyze the reaction. For
comparison, the reaction of p-NPA was studied.
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Experimental

Materials. Chlorobenzene and piperidine were distilled prior to use. Quinoline esters
and p-NPA were prepared from the hydroxy compounds according to literature methods.
Melting points [6—9] and analytical data for the esters are given in Table I.

Kinetics. All the kinetics were performed spectrophotometrically with a UNICAM
spectrophotometer SP 800 connected to a RADELKIS Recorder OH-814/1, in 3-ml Teflon-
stoppered, 10-mm fused silica cells, contained in the thermostated cell holder. In all runs, at
least 15-fold excess of amine over the ester (initial concentration 10_4M) was used. The reac-
tions were followed to ten half-lives, and the rate constants were calculated in the usual manner.
Analysis of the infinity spectra showed that the production of phenolic compounds was quan-
titative.

Table |

Melting points and analytical data

Ester Mp., °c m,l_;)i,t,"’c aRneafl'ysoi;
| 54.5-55.5 56—57 6
ii 63.5-65.5 63—64 7
hi 83—84 82—84 8
A\ 112-113 a
p-NPA 78- 79 79 9

Calcd. for CuH8N24: C, 56.89; A, 3.44; N, 12.07. Found: C, 56.52; H, 3.75; N, 12.31%

Results

In the presence of a great excess of amine over ester, all spectrophoto-
metrically determined rate constants (reons) were found to be pseudo-first
order.

[Amine] M

Fig. 1. kob] [Amine] vs. [Amine] plot for the piperidinolysis of p-NPA in chlorobenzene
at 25 °C
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Fig. 2. fObs vs- [Amine] plot for the piperidinolysis of I in chlorobenzene at 25 °C

[Amine] M

Table 11

185

Second and third order rate constants for the piperidinolysis of the esters in chlorobenzene at

25°C; pKn values for the leaving groups of the esters in 75% ethanol-watera at 25 °C

Ester fe2,M - r8-1
| 5.35.10%2
" 250 - 10“3
hi 2.60-i0-1
v 2.24 .10

p-NPA 350 .10-2

“Schulman, S. G., Gershon, H.:
bKovi, P. J., Mitter, C. L., Schuitman, S. G.: Anal. Chim. Acta 62, 59 (1972);

ksf

8.20 - 10-1

proton

11.30

11.63b

10.45
7.10

89+
4

pKa

proton gained

4.33
4.45b
3.68
2.80

J. Phys. Chem. 72, 3692 (1968);

0in 50 % ethanol-water, Cohnen, L. A.,Jones, W. M.: J. Am. Chem. Soc. 84, 3397 (1963)

The reaction of p-NPA follows Eq. (2); the /cObs/[Amine] vs.

[Amine]

plotis linear, and has a non-zero intercept (Fig. 1). Piperidinolysis of the quino-
line esters, however, follows strictly second order kinetics, the kobSvs. [Amine]
plot being linear with zero intercept (Fig. 2). Rate constants along with litera-
ture pKadata are listed in Table 11.

Rate constants for the reactions of p-NPA and | determined at different
temperatures, and enthalpies and entropies of activation obtained from the
rate values are given in Table II1.
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Table 111

Rate constants for the piperidinolysis ofp-NPA and | in chlorobenzene at different temperatures;
activation parameters at 25 °C

t, °c t t
NHMb -Nshh
20.1 25.0 38 203 449  Kealimole e u.
p-NPA 102fe2 M-1s-1 2.75 3.50 4.14 7.12 8.70 7.8 39
k3 M-2S-1 0.80 0.82 0.91 1.08 1.11 2.2 52
| 1042 m -~ -1 4.46 5.35 7.59 10.0 12.2 7.0 41
Discussion

The high reactivity of the esters of 8-hydroxyquinoline to water was
explained by an intramolecular nucleophilic catalysis mechanism [8, 10]
involving the reversible formation of a highly reactive acylammonium in-
termediate:

On the other hand, for the aminolysis reactions in 90% dioxane-water [11]
and in water [6], an intramolecular general base catalysis by the tertiary
nitrogen was suggested:

CH3

The data in Table Il show that in the reactions of quinoline esters term
k3 of Eq. (2) is undetectable, and only the least reactive compound 11 has a
k3value lower than that of the ‘active ester’p-NPA.

The introduction of an electron-withdrawing substituent in the 5-posi-
tion ofthe quinoline ring of —IV results in increased reactivity. The reactivity
sequence for these compounds (NO, > ClI > H) is the same as for the pyr-
rolidinolysis of p-substituted phenyl acetates in this solvent [3]: the weaker
basic the leaving phenoxy group, the higher the reactivity of the ester.

Acta Chim. (Budapest) 88» 1976



KOMIVES et at: NEIGHBOURING GROUP PARTICIPATION IN THE AMINOLYSIS 187

Similarities in the kinetic behaviour of the esters | —IV suggest that they
react with the same mechanism. The strictly second order kinetics not observed
so far for reactions of esters with aliphatic amines in chlorobenzene, as well
as the high reactivity of quinoline esters can only he explained by the catalytic
participation of the neighbouring tertiary nitrogen.

The efficiency of this intramolecular catalysis should clearly depend on
the basicity of the nitrogen atom. Therefore, it is striking that the ester with
the most basic nitrogen has the lowest reactivity. This finding can be explained
by the different solvent effect on the influence of the substituents on the pKa
value of the phenolic hydroxyl group and the tertiary nitrogen atom. Changing
the solvent from protic to dipolar aprotic results in an increased sensitivity to
substitution of the phenolic pKa [12], but it does not alter that of a tertiary
nitrogen base [13]. Thus, the reactivity sequence for compounds I—IV is de-
termined primarily by the more sensitive phenolic basicities.

General base catalysis may be subjected to steric hindrance [14], yet
nucleophilic catalysis is much more sensitive to steric factors: e.g., introduction
of a methyl substituent in the 2-position of pyridine causes complete loss of
nucleophilicity [15]. Since the tertiary nitrogen of Il remained catalytically
eflective despite the presence ofa C-2 methyl group, it can act only as a general
base, i.e. according to Eq. (4).

The activation parameters shown in Table 111 are also in accordance with
the mechanism proposed: their values for the second order rate constant of
p-NPA and | are characteristic of bimolecular reactions, while those for the
third order rate constant of p-NPA are consistent with a termolecular mecha-
nism [16].
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The reaction of pyrylium perchlorates (ld-g) and benzenesulfonohydrazide
furnishes pyrazolinylmethyl ketones (4d-4f) or mixtures of the phenylsulfonylhydra-
zones of the pyrazolinylmethyl ketones (4b, 4c), and pyridiniosulfonamidates (2b, 2c).
When treated with acids, the ketones 4 are converted, depending on the nature of the

substituents R, into a variety of products, such as pyrylium salts, pyridiniosulfonami-
dates and pyrazoles. Alkaline treatment of 4c, too, gives the amidate 2c.

The Schneider synthesis [1, 2] of iV-(I-pyridinio)-amides 2 (e.g., Z =
= Ph), based upon the reaction of pyrylium salts (1) with hydrazines, has
been shown [3] to involve the intermediacy of monohydrazones (3) of enedi-
ones. An alternative mode of cyclization of the latter may lead to the formation
of (2-pyrazolin-5-yl)methyl ketones (4) which, once formed, may not be
transformed into the pyridinioamides 2 any more [2].

1 g 2 (a—e: Z= PhS02

R* R< R® R2 R« R®
a Ph Ph Ph a Me Ph Ph
b Ph H Ph b Me m—O02NCrH4 m—0 2NCeH4
C Me Ph Ph ¢ Me p-0,NCeH4 p- okhc,h4
d Me m—0XNCrH4 m—O0 2NCeH 4 d Ph Ph p—oZchi4
e Me P—0XNCeH4 p—O0,NCeH 4 e Ph Ph p—BrCeH4
f Ph Ph p—oZc,h 4
g Ph Ph p—BrC6H 4

*Part VII: K. Lempert and K. Zauer, Acta Chim. (Budapest) 88, 81 (1976),
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R4
NH-Z
3
4 (a—f: Z = PhSCg

R2 R< Re
a Me Ph Ph
b Me m—0 2NCeH4 m—O02NCeH4
c Me p- ONC6H4 p—oZhcth4
d Ph Ph p- 02NCeH4
e Ph Ph p-BrCcH4
f P BrCGl4 Ph Ph

When pyrylium salts la-c were allowed to react with benzencsul-
fonohydrazide, the corresponding (I-phenyl-sulfonyl-2-pyrazolin-5-yl)methyl
ketones 4 (Z = PhS02 (or their phenylsulfonylhydrazones) were obtained as
the only products [4]. One of these ketones (4a), when refluxed with a mixture
of acetic and perchloric acids, was smoothly transformed into 2a, constituting
thereby the first example of the ring transformation of a pyrazolinylmethyl
ketone into a pyridiniosulfonamidate [4].

In the present paper we wish to describe further examples of such ring
transformations which may be induced both by acids and bases.

The starting (I-phenylsulfonyl-2-pyrazolin-5-yl)methyl ketones 4b-f
were obtained by allowing to react the pyrylium perchlorates Id-g with
excess benzenesulfonohydrazides. In several cases, depending on the nature
of the substituents R2 R4and R6, the phenylsulfonylhydrazones were obtained
rather than the free ketones 4, and the corresponding pyridinioamidates 2 or
their perchlorates were obtained as by-pioducts (see Experimental). The
phenylsulfonylhydrazones were converted into the ketones 4 by refluxing
their HCOOH solutions. Treatment of 4c-phenylsulfonylhydrazone with etha-
nolic NaOH furnished, involving 1 : 2 elimination of the side-chain and of a
proton attached to €-4, and subsequent dephenylsulfonation, 3,5-bis(p-
-nitrophenyl)pyrazole [5]. This is analogous to the behaviour of 4a-oxime under
similar conditions [6].

In all cases in which R2and R6of the starting pyrylium salts (1) are not
identical, the formation of either or both of two isomeric ketones 4 could be
expected. The structures of the ketones actually formed from Id and le fol-
low from the position of their vC = O bands in the IR spectrum which clearly
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proves that both a-carbon atoms are of the saturated aliphatic type. The
structure of the ketone obtained from If, on the other hand, must be 4d, since
one of the products resulting on treatment with HCKO4AcOH (see below) is
3(5)-p-nitrophenyl-5(3)-phenylpyrazole, which proves that one of the uresubsti-
tuted phenyl groups is part of the side chain. A mixture of the expected two
ketones 4e and 4f was obtained from Ig. Owing to its poor solubility in 1-
-propanol, 4f could be isolated in pure form. The structure of the latter follows
from the nature of its photolysis products: 3,5-diphenylpyrazolium benzene-
sulfonate, (3,5-diphenyl-4-pyrazolyl)phenyl sulfone and p -brornoacetophenone
(c.f. Ref. [7]).

Attempts to prepare the ethylene hemithioketal of 4c by allowing to
react the ketone and 2-mercaptoethanol in refluxing toluene in the presence
of p-toluenesulfonic acid, or in HCOOH in the presence of BF3 failed: the
pyridinioamidate 2c was obtained instead of the expected product. In order
to clarify the reason of the different behaviour of 4a [6] and 4c under the
conditions of ketalization, the action of acids on 4c was studied.

W hen treated with HC104in AcOH at 110°C or refluxed with p-toluene-
sulfonic acid in toluene, 4c was transformed into 2c. The same transformation
was brought about by ethanolic NaOH at room temperature. The latter trans-
formation was unexpected, since type 4 ketones are, in general, transformed
by bases (in addition to a variety of other products) into pyridines, rather than
into pyridinioamides and pyridinioamidates, respectively. (C.f. the reaction of
4e -f- 4f and KOH described below, and Ref’s [6] and [8].)

4b was similarly converted into 2b, when refluxed with p-toluenesulfonic
acid and 2,2-dimethoxypropane in dioxane—MeOH. The behaviour of 4d is
more complex: when heated with HC104in AcOH, it furnished If, 3,5-diphenyl-
pyrazole and 2d. The mixture of the two isomeric ketones 4e and 4f, when
similarly treated gave Ig as the main product, and traces of the amidate 2e.
On treatment with ethanolic KOH, 4e -f- 4f was converted into 2-(p-bromo-
phenyl)-4,6-diphenylpyridine.

Experimental
Synthesis of pyrylium salts

(a) 70% HC104 ag. (1 ml) was added by drops under cooling and continuous stirring
into a solution of m-nitroacetophenone (2.0 g; 12 mmoles) in Ac20 (5 ml). The resulting orange-
yellow solution was kept for 48 hrs at room temperature. EtOAc was added to precipitate
0.72 g (13.7%) of Id, orange-yellow crystals, m.p. 228—230 °C, which were chemically pure
without recrystallization.

Ct8H 13CIN20 9 (436.76). Calcd. Cl 8.12; N 6.41. Found Cl 8.29; N 6.40%.

IR (KBr): 1635 (pyrylium), 1535 + 1355 (j>N0 2, 1095 cm-1 (rC1040).

(6) A mixture of 1,3-diphenyl-2-propen-l-one (1.04 g; 5 mmoles), p-nitroacetophenone
(0.84 g; 5 mmoles), trityl perchlorate (1.70 g; 5 mmoles) and AcOH (5 ml) was refluxed for
30 min. The dark green solution was allowed to stand for 2 days at room temperature, and
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the green crystals of If (1.56 g; 69%) were filtered off; m.p. 259—262 °C (from DMF-EtOH),
lit. [9] m.p. 260—26TC.

(c) When p-nitroacetophenone was replaced by p-bromoacetophenone, lIg, m.p. 271—
272° (from AcOH-MeNO02), lit. [10] m.p. 272 °C, was similarly obtained in 77% yield.

Reactions of pyrylium perchlorates (Id—g) with benzenesulfonohaydrazide

(a) A mixture of Id (0.3 g; 0.69 mmole), benzenesulfonohydrazide (0.45 g; 2.6 mmoles),
CH2C12 (3 ml) and EtOH (2 ml) was stirred at room temperature until, within a few min,
a clear red solution resulted. The dry residue was recrystallized from EtOAc-EtOH to yield
0.15 g (37%) of 2b-perchlorate, m.p. 255—257 °C.

IR (KBr): norC=0 band; j~NO2 1535 + 1360, vC104©: 1100 cm*“1.

Treatment of the perchlorate with ethanolic NaOH furnished 2b, m.p. 261—262°.
Molecular composition (established by high-resolution mass spectrometry): C24HI8N40OeS.

IR (KBr;: 1630 (pyridinium), 1530 + 1350 (FNO02, 1280 + 1140 cm-1 (rONS02.

MS (70 eV, 280 °C), principal peaks: 490 (M+-, 0.4%), 349 (M — PhS02 15%), 335
(M — PhSON; 62%), 319 (3%), 305 (5%), 303 (349 — N 02 12%), 289 (335 — N02 100%),
243 (289 — NO02; 40%), 242 (20%), 157 (30%), 141 (PhS02+\ 30%), 12&26(9%), 114 (11%)),

94 (20%), 93 (30%), 77 (140%), 51 (40%), 39 (10%). Metastables: 349 - 303, 335 - —womr >

305, 335 ~46> 289, 289 243.

The filtrate of crude 2b-perchlorate was diluted with 5 volumes of HCOOH and refluxed
for 1 hr to yield 0.07 g (20%) of 4b, m.p. 185—186°C (from AcOH).

C2H 20N407S (508.50). Calcd. N 11.02. Found N 11.16%.

IR (KBr): rC=0 1715, rN02 1535 + 1360, j>S02 1360 + 1175 cm-1

(6) Benzenesulfonohydrazide (1.5 g; 8.7 mmoles) was added to a suspension of le [11]
(1.0 g; 2.4 mmoles) in a mixture of CH2C12(15 ml) and MeOH (12 ml). The mixture was shaken
for a few minutes at room temperature until a clear red solution resulted. The dry residue of
the latter was recrystallized from DMF-EtOH to yield 0.86 g of 4c-phenylsulfonylhydrazone.
Addition of EtOH to the filtrate furnished a mixture (0.3 g) of the above product and 2c
which was worked up by TLC (adsorbent: Kieselgel Merck; solvent: benzene—AcOH, 20 : 3)
to yield 0.07 g of 4c-phenylsulfonylhydrazone (Rj = 0.58) and 0.18 g of 2c (lij = 0).

4c-phenylsulfonylhydrazone, purified by extraction of its contaminants with boiling
EtOH and boiling AcOH, total yield 58.5%, m.p. 214—215 °C.

C30H BN g0852(662.70). Calcd. C 54.38; H 3.96; N 12.69. Found C 54.30; H 3.86; N 12.58%

IR (KBr): vNH 3235, vN02 1535/1520 d + 1360, rS02 1350 + 1175 cm-1

2c, yield 11.3%, m.p. 239—241°C (from DMF-EtOH).

C2H ,8N40085 (490.49). Caled. C58.77; H 3.70; N 11.43. Found C 58.75; H 3.70; N 11.35%.

IR (KBr): vN02 1525 + 1350, roNS02 1285 + 1135 cm -1

4c-phenylsulfonylhydrazone (0.1 g; 0.15 mmole) was refluxed with HCOOH (0.5 ml)
for 90 min. to yield 0.07 g (92%) of 4c, m.p. 239—240 °C (from EtOH-pyridine).

C2H 20N407S (508.50). Calcd. C56.69; H 3.97; N 11.02. Found C 56.77; H 4.27; N 11.00%.

IR (KBr): rC=0 1710, vN0O2 1530/1520 d + 1350, rS02 1350 + 1170 cm-1

4c-phenylsulfonylhydrazone (0.2 g; 0.31 mmole) was stirred at room temperature for
24 hrs with 0.2JV ethanolic NaOH (88 ml). The originally red solution gradually turned yellow.
The dry residue was triturated with water; the insoluble material was separated by centrifug-
ing, dried and recrystallized from EtOH to yield 0.065 g (65.5%) of 3,5-bis(p-nitrophenyl)-
pyrazole, m.p. 266—268°, lit. [5] m.p. 266 °C.

(c) A suspension of If (0.5 g; 1.1 mmole) and benzenesulfonohydrazide (0.6 g; 3.5
mmoles) in EtOH (5 ml) was stirred at 50°C for 1 hr. A clear solution was transiently formed
from which the light green crystals of crude 4d,0.52g (91%), soon started to separate. Recryst-
allization from MeNO2EtOH furnished cream coloured crystals, m.p. 215—216 °C.

COH2N05S (525.57). Caled. C 66.28; H 4.41: N 7.99; O 15.22. Found C 66.60; H 4.72;
N 8.14; O 14.97%.

IR (KBr): vC=0 1690, i>N02 1520 + 1360, vS02 1350 + 1175 cm*“1

(d) Ig and benzenesulfonohydrazide furnished under similar conditions a mixture of
4e and 4f (total yield 46%). When repeatedly extracted with boiling EtOH or 1-propanol,
pure 4f (11%), m.p. 194—196 °C (from AcOH), was obtained as the insoluble residue.

COH2BrN2 35 (559.47). Calcd. C 62.29; H 4.14; N 5.01; 4e + 4f, found C 62.17; H
4.40; N 4.88%.

4f, IR (KBr): rC =0 1690, i>S02 1355 + 1170 cm-1
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Photolysis of 4f*

A nitrogen-purged CHC13solution (625 ml) of 4f (1.25 g; 2.24 mmoles) was irradiated
with a high-pressure mercury immersion lamp through pyrex until, according to TLC, the
starting 41 completely disappeared (3 hrs). The dry residue was taken up in CH2CI2 Overnight
0.065 g (8%) of crystalline (3,5-diphenyl-4-pyrazolyl) phenyl sulfone [7], m.p. 302 °C, deposited.
The dry residue of the filtrate was taken up in benzene to yield 0.028 g (8%) of 3,5-diphenyl-
pyrazolium benzenesulfonate, m.p. 228— 234 °C, as the insoluble residue. An authentic sample,
obtained by allowing to react 3,5-diphenylpyrazole and benzenesulfonic acid in EtOH, had
m.p. 229—234 °C.

Ne (KBr): rNH 3200-2400, rS03© 1180, 1050, 605 cm -1

The mother liquor of the sulfonate was chromatographed on a column of A120 3. (Sol-
vents: benzene—EtOAc, 4 : 1, and EtOAc.) One of the fractions contained p-bromoa cetophe-
none (3%), identified as its 2,4-dinitrophenylhydrazone, m.p. and mixed m. p. with an authen-
tic sample 230°C, lit. [12] m.p. 235—237 °C.

Reactions of the ketones 4

(a) A mixture of 4c (0.35 g; 0.69 mmole), 70% aq. HC104 (1 ml) and AcOH (1 ml)
was heated for 15 min at 110 °C and poured into water. The precipitate was filtered off, washed
with water, dried and stirred for 30 min with benzene at room temperature. The insoluble
part was recrystallized from EtOAc to yield 0.16 g (47.5%) of 2c, identical according to m.p.
and IR spectra with a sample obtained as described above.

(b) 4c was refluxed with toluene for 20 hrs in the presence of a catalytic amount of
p-toluenesulfonic acid. According to TLC, the starting 4c was completely converted at this
point into 2c.

(c) 4c (0.02 g) was stirred with 0.21V ethanolic NaOH (9 ml) at ambient temperature.
(At elevated temperatures profound decomposition takes place.) The mixture turned dark.
0.011 g (75%) of 2c, identified by its IR spectrum, was obtained.

(d) A mixture of 41» (0.20 g; 0.4 mmole), p-toluenesulfonic acid (0.01 g), 2,2-dimethoxy-
propane (2.5 ml), anhydrous MeOH and dioxane (5 ml, each) was refluxed for 4 hrs to yield
0.07 g (35%) of 2b, identified by its IR spectrum, as the insoluble residue.

(e) A mixture of 4d (0.5 g; 0.95 mmole), 70% ag. HC104 (1.8 ml) and AcOH (10 ml)
was heated for 15 min at 110 °C and poured into water. The precipitate was filtered off, washed
with water, dried and stirred for 30 min with benzene (100 ml). The insoluble residue was
%tsra%tseﬁcwith boiling DMF and washed with hot EtOAc to yield 0.05 g (10.5%) of 2d, m.p.

COH2IN3D 4S (507.48). Calcd. C68.63; H 4.17; N 8.28. Found C 68.50; H 4.31; N 7.92%.

IR (KBr): W02 1515 + 1350, vONS02 1280 + 1130 cm-1

When EtOH was added to the DMF solution, 0.14 g (33.0%) of If, identified by m.p.
and IR spectra with an authentic sample (see above), was obtained.

Alternatively, 2d (0.075 g; 15%) was isolated from its mixture with If by decomposing
the latter with boiling 0.51V ethanolic KOH (8 ml).

The dry residue of the original benzene solution was worked up by TLC (adsorbent:
Kieselgel G, Merck; solvent: benzene-CHCI3EtOAc, 8:1:1)to yield 0.03 g (12.5%) 3(5)-p-
-nitrophenyl-5(3)-phenylpyrazole, m.p. 274—276 °C, lit. [13] 272—275°C, and 0.05 g (10.5%)
2d, m.p. 255—257 °C.

(/) A mixture (1.0 g; 1.8 mmole) of 4e + 4f was heated with 70% ag. HC104 (4.2 ml)
in AcOH (13 ml) for 15 min at 110 °C, and poured into water. The crystalline precipitate was
filtered off, washed with water, dried and triturated with benzene. The insoluble residue was
recrystallized from MeNO2AcOH to yield 0.3 g (34%) of lg, identified by m.p. and IR spectra
with an authentic sample (see above). The dry residue of the benzene solution (0.01 g), m.p.
248—251 °C, proved, according to its IR spectrum, to be identical with 2e.

IR (KBr): j>©ONS02 1285 + 1135 cm"1.

g) A mixture of 4e -f- 4f (2.5 g; 4.5 mmoles) was refluxed for 30 min. with 0.3N etha-
nolic KOH (600 ml). About 9/10 of the solvent was distilled off, and the solution was poured

*The authors are indebted to Mr. T. LorXnd for having performed this prelim inary
experiment.
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into water. The solid product was recrystallized from EtOH-EtOAc to yield 0.66 g (33%)
of 2-(p-bromophenyl)-4,6-diphenylpyridine, m.p. 151—153°, lit. [10] m.p. 154 °C.

The authors are indebted to Dr. F. Ruff and Dr. Medzihradszky-Schweiger and
staffs for the IR spectra and microanalyses, respectively, and to Dr. J. Tamas for the mass
spectrum.
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ZATION OF MONOALKYL ITACONATES*
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Regularities of the solvent polymerization of monobutyl and monooctyl itaco-
nates and their copolymerization with acrylonitrile were studied; the initiation was
effected by azobis (isobutyronitrile) or gamma-irradiation. The main characteristic
kinetic parameters of the homopolymerization were determined. Results of the homo-
polymerization were determined. Results of the copolymerizations have proved unam-
biguously that the higher the polarity of the solvent, the greater its interaction with the
monomers. The medium-dependent dissociation of the free carboxyl groups considerably
influences the course of the polymerization and copolymerization.

Monoalkyl itaconates as olefin dicarboxylic acid derivatives may supply
valuable new theoretical information about the relationship between structure
and polymerization reactivity. Further, while several publications deal with the
homopolymerization of itaconic acid [1] and itaconic diesters [2, 3], no data
are available for monoalkyl itaconates except for those reporting on some of
their applications in preparative organic chemistry [4].

The present paper covers the kinetic regularities of the y-irradiation-
induced and azobis-isobutyronitrile (AIBN)-initiated polymerization of /3-mo-
nobutyl and /S-monooctyl itaconate and their copolymerizations with acrylo-
nitrile (AN) in various solvents.

Experimental

The monomers were synthesized on the analogy of /3-monomethyl itaconate [4]. Before
use, |8-monobutyl itaconate (MBI) and /9-monooc.tyl itaconate (MOI) were recrystallized from
a 1:3 mixture of benzene and petroleum ether (m.p. 41°C) and from pure petroleum ether
(m.p. 58 °C), respectively. Kinetic measurements of polymerization were performed by di-
latometry, usually in tetrahydrofuran (THF) solution of 50% w/w. The polymers from both
monomers were precipitated by light petroleum. Molecular weight determination of the poly-
mers was made in THF solutions at 25 °C. The radiation-induced polymerizations were also
carried out in THF solutions by y-irradiation from a 60Co source.

Copolymerizations with AN were conducted in various solvents, namely in THF,
acetic acid and benzene. The copolymer products were soluble in chloroform as contrasted
with the homopolymers. The composition of copolymers and relative reactivity ratios of the
monomers were determined by the Kjeldahl method and by the Fineman-Ross method,
respectively.

* Paper presented at the IUPAC International Symposium of Macromolecules, Madrid,
September 19, 1974.
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Results and discussion

Kinetic curves of the polymerization of MBI and MOI are shown in
Figs 1 and 2, respectively, with the same initiator concentration at different
temperatures.

0 PO 80 120 160 200
t (min)

Fig. 1. Kinetic curves of the polymerization of MBI at different temperatures, with the same
initiator concentration. (Numbering of the curves corresponds to that in Table 1)

0 40 80 120 160 200
t (min)

Fig. 2. Kinetic curves of the polymerization of MOI at different temperatures, with the
same initiator concentration. (Numbering of the curves corresponds to that in Table 1)

The rate of polymerization as a function of temperature gives 14.42 and
14.31 kcal/mole for the overall activation energy of MBI and MOI, respectively.
These values are relatively low in comparison with the usual activation ener-
gies (e.g. that of the polymerization of methyl methacrylate is 19.5 kcal/mole
[6]). Since the activation energy of initiation by AIBN (Fin) is 30.8 kcal/mole,
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it follows from the above data that the difference between the activation energy
of propagation (Ep) and termination (1/2 Et) is

Ep— 1/2 Et — — 0.98 kcal/mole for MBI and
Ep — 1/2 Et= — 1.09 kcal/mole for MOI.

The unusual negative or very small values of (Ep — 1/2Et) may lead to the
conclusion that the activation energy of termination is very high due possibly
to steric hindrance by the bulky substituent, as well as to the electrostatic
repelling power arising from the partial dissociation of the carboxyl group
beside the growing radical. In addition, the high Et value and a probable
disproportionation mechanism of the termination step are supported by the
relatively low values of the characteristic viscosity, shown in Tables | and II,
where the other directly obtained experimental data are also included. Fig. 3
presents the overall polymerization rates at 60 °C, plotted against the square
root of the initiator concentration; the relation appears to be linear in both
cases. The characteristic viscosities of the polymer products decrease in
proportion with the increase of temperature and the initiator concentration.
The latter proportionally suggests that chain transfer to the monomer is not

Table 1

Characteristic data of the polymerization of R-monobutyl itaconate initiated by azobis
(isobutyronitrile)

AIBN Monomer Rate of poly-
No. = Temp. °C concentration, concentration, merization, M .
mole/1 mole/1 m;lle;llos*ec 9/100 ml
1 45 0.124 2.54 1.85 0.10
2 50 0.124 2.53 2.79 0.09
3 55 0.123 2.52 3.95 0.07
4 60 0.123 2.51 5.18 0.06
5 65 0.123 2.49 6.44 0.05
6 60 0.017 3.11 3.87 0.08
7 60 0.029 3.11 5.51 —
8 60 0.057 3.11 7.96 0.07
9 60 0.114 3.11 10.8 0.06
10 60 0.201 3.11 14.3 0.06
11 60 0.180 1.45 1.03 0.05
12 60 0.123 1.98 1.89 0.06
13 60 0.046 2.51 5.18 0.07
14 60 0.043 3.11 9.929 0.06
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Table 11

Characteristic data of the polymerization of B-monooctyl itaconate initiated by azobis
(isobutyronitrile)

AlBN Monomer "I S R M
No. Temp. °C concentration,  concentration, V . 100 4/100 mi
mole/1. mole/1 mole/l sec
| 40 0.106 2.34 1.87 0.31
2 45 0.108 2.33 2.58 0.28
3 50 0.127 2.32 3.67 0.25
4 55 0.107 2.30 4.47 0.23
5 60 0.111 2.29 6.65 0.19
6 60 0.014 2.29 2.64 0.29
7 60 0.032 2.29 3.12 0.28
8 60 0.084 2.29 4.81 0.21
9 60 0.185 2.29 6.91 0.16
10 60 0.266 2.29 7.97 0.15
1 60 0.418 0.72 0.56 —
12 60 0.236 111 1.10 0.18
13 60 0.187 1.49 2.05 0.10
14 60 0.131 191 4.10 0.25

characteristic of the kinetics of polymerization of either monomer. Fig. 4
shows the polymerization rate as a function of the monomer concentration at
60 °C. It is clearly seen that the rates of homopolymerization of MBI and
MOI are proportional to the square of the monomer concentration. Such a
guadratic function is not rare [6], the exponent of the monomer concentration

0.2 0.4
VX (moUl)1/2

Fig. 3. The rate of polymerization as a function of the initiator concentration at 60 °C
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M 10
Fig. 4. The rate of polymerization as a function of the square of monomer concentration
at 60 °C
2
ZoM03 mol/l

Fig. 5. Duration of the inhibition period as a function of the concentration of Banfield-radicals

is higher than the unity for great many monomers in their kinetic equations
and even an exponent of 2 is not exceptional. For the further characterization
of the kinetics of polymerization, the rate of the initiation step was also de-
termined by means of the Banfield-radical which has proved suitable for such
purposes [7]. Fig. 5 represents the inhibition period (i,) plotted against the
concentration of inhibitor (z0) demonstrating that this relation is linear. The
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Table 111

Kinetic data of the polymerization of B-monobulyl itaconale inhibited by Banfield -radicals

. L Rate of poly- Rate of

AIBN Inhibitor Inhibition merization, initiation,

No. concentration, concentration, period, V * 105, V{10

mole/l mole/1 sec mole/l sec mole/l sec
1 0.056 — — 7.34 9.01
2 0.058 0.009 1000 7.23 8.57
3 0.057 0.0014 1560 7.12 8.97
4 0.056 0.0019 2 100 6.91 9.05
5 0.057 0.0024 2 700 6.90 8.89
6 0.055 0.0028 3090 6.91 9.06

Table IV

Kinetic data of the polymerization of R-monooctyl itaconate inhibited by Banfield-radicals

L o Rate of poly- Rate of

AIBN Inhibitor Inhibition merization, initiation,

No. concentration, concentration, period, v 106, \i 107

mole/1 mole/1 tf, sec mole/l sec mole/l sec
1 0.014 - - 5.03 6.67
2 0.107 0.0019 1440 4.95 13.19
3 0.104 0.0026 2 700 4.33 9.63
4 0.108 0.0036 5400 411 6.66
5 0.109 0.0044 6 900 3.90 6.37
6 0.106 0.0051 7980 3.20 6.39

other experimental conditions are collected in Tables Ill and IY. From the

rate of initiation and from the overall rate of the process,

kp/kt?2 can be calculated when the concentration of the monomer is known:

kp/ktl2

8.1 «10“3 mole-3/2iit3/2sec-i/2 (for MBI at 60 °Q

kp/k1/2 = 11.7 « 10"3 mole-3/2lit3/2sec- 1,2 (for MOl at 60 °C).

The ratios of the propagation constant (kp) to the termination constant
(kt) are quite high for both monomers indicating a relatively high reactivity of
the growing radical. According to the experimental results, the chain length of
the ester group in the monoalkyl itaconates does not influence appreciably the
magnitude of kp/ktll2. As the rate of initiation is known, the radical utilization
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factor can be calculated. The decomposition constant (kd) is calculated for
AIBN at 60°C, according to Tobolsky and applied for the utilization factor:

/aibn — 0-90 (for MBI at 60°C)
/aibn = 0-40 (for MOI at 60°C).
Fig. 6 shows the kinetic curves of the y-radiation-induced polymerization
of MBI and MOI at the same dose rate at different temperatures. It can be

seen that the rate of polymerization does not depend on the temperature. In
view of the Arrhenius law, it means that

Ep- 12Et=0
since Ein = 0, in both cases. It also suggests a relatively high activation energy

of termination which is in good agreement with the experimental data of the
AIBN-inc(uced polymerizations. Fig. 7 shows the linear relation between the

15

10

120 240 360
1(min)

Fig. 6. Kinetic curves of the radiation-induced polymerization”of MBI and MOI at different
temperatures, with the same dose rate. (MBI: +60 °C; © 50 °C; A 40 °C; MOI: X 65°C;0'55°C;
e 45 °C)

Fig. 7. Rate of the radiation-induced polymerization of MBI and MOI as a function of the
dose rate at 60 and 65 °C, respectively
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rate of the radiation-induced polymerization and the square root of the dose
rate. The experimental conditions and the characteristic data of the polymer
products are presented in Tables ¥ and VI. The molecular weights of both

Table V

Characteristic data of the polymerization of R-monobutyl itaconate initiated by gamma-irradiation

Monomer Rate of poly-

No. Temper- Dose rate, concentration, merization, hi
ature, °C r/hr « 10< mole/l o%/hr g/100 ml
| 40 2.04 3.16 3.57 0.33
2 50 2.04 3.14 3.57 0.32
3 60 2.04 3.11 3.57 0.31
4 60 1.48 3.11 2.97 0.31
5 60 3.03 3.11 4.32 0.29
Table VI

Characteristic data of the gamma-radiation-induced polymerization of R-monooctyl itaconate

Monomer Rate of poly- .

No. Temper- Dose rate concentration, merization, hi
ature, °C r/hr « 10« mole/l % /hr g/100 ml

| 45 2.04 2.33 4.5 0.20
2 55 2.04 2.30 45 0.14
3 65 2.04 2.28 45 0.14
4. 65 1.48 2.28 2.7 0.13
5 65 3.03 2.28 4.8 0.20

polymers formed in the high-energy radiation-induced polymerization are
essentially independent of the dose rate and temperature.

Composition curves for the copolymerization of MBI with AN are shown
in Fig. 8 using acetic acid, tetrahydrofuran and benzene as solvent. It is
readily seen that the azeotropic composition of the copolymerization curves
is shifted by the solvent in the sequence: acetic acid, tetrahydrofuran, benzene.
The same is valid for the MOI/AN system (Fig. 9).

The relative reactivity ratios and Q-e values are collected in Table VII.
It is found that the V values of MBI and MOI are getting more negative with
the above-mentioned shift of the azeotropic composition indicating that the
dissociation of the free carboxyl groups is getting higher depending on the
solvent. It is also revealed by Table VII that a change in the solvent from ben-
zene to acetic acid markedly alters the copolymerization constants. Under the
copolymerization conditions employed, the free carboxyl groups of the MBI
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Fig. 8. Composition curves for the copolymerization of MBI in various solvents, (A Acetic
acid, o tetrahydrofuran, + benzene)

Fig. 9. Composition curves for the copolymerization of MOI in various solvents. (J1 Acetic
acid, o tetrahydrofuran, + benzene)

Solvent

Benzene
Tetrahydrofuran
Acetic acid

rAN

0.15
0.20
0.25

Table VII

Monobutyl itaconate

rMBI

0.72
0.42

0.20

Ombi

0.92
0.45
0.30

eMBI

—0.29
—0.37
—0.53

rAN

0.20
0.30
0.40

Monooctyl itaconate

0.88
0.45

<Mol cmol
0.90 —0.12
0.37 —0.21
0.18 —0.58

and MOI molecules may presumably be present in a more or less dissociated
state, depending on the solvent, according to the following pattern:
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ch2 coor CH2—COOR
CH2=CI CH2:CI

(IZOOH COO- + H+

ch2 coor ch2 coor
-CH2C- + Ch2 c

(I:oo- + H+ COO- + H+

Accordingly, a part of the molecules involved in the polymerization becomes
free radical with negative charge, acting as a definite electron donor. This is
supported by the Q-e values as well. In addition, the negative shift of the ‘e’
values may also be explained by an interaction of the solvent molecules with
the monoalkyl itaconate molecules, controlled by the polarity of the solvent,
resulting probably in a hydrogen-bonded complex, after breaking down the
original hydrogen bonds in itaconate dimers:

rf2C- -CH2

1
HO—c —C—CH2COOR

H2C- -CH2 H2

O=0

This effect causes a partial ionization of the carboxyl groups enhancing
the electron density on the C = C double bond. This explains why the ‘e’
values of MBI and MOI are getting more negative, while the Q values are
reduced in the same sequence. It may probably he due to the fact that the
complex formed from monoalkyl itaconate and the solvent has reduced mobil-
ity in the reaction with the radical, owing to steric hindrances.
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G. A. Gorokhovskii: Dispersion Polymers and Metals in Dynamic Contact

Kiev, Naukova Dumka, 1972. pp. 152 X (in Russian)

Plastics are widely used in the modern technical design of frictioning mechanical
constructions. This fact emphasizes particularly the significance of the physicochemical and
mechanical phenomena occurring at the surface of metals in contact with plastics.

The study of such phenomena is difficult because the moving connections function
under complicated external forces. Besides, frictioning metal-plastics surfaces constitute a
heterogeneous system. The monograph of G. A. Gorokhovskii discusses the mechanism of
surface dispersion of dynamically contacting plastics and metal surfaces in detail. Modern
methods which have been elaborated by the author are described. These make it possible to
control such processes and hence permit advantageous alterations in the structure and mechan-
ical properties of the contacting layers.

The problems discussed in the monograph can be divided into two close connected
sections. In the first part the author gives a survey on the relationships of the surface disper-
sion processes taking place on the dynamic contact of polymer and metal surfaces as well ori
the parallel structural changes with particular emphasis on the mechanochemical process
at the boundary layers. Among these processes a novel feature of the mechanically degraded
active polymer is described — namely, it activates the dispersion of the solid metal surface.
These phenomenon play an important role in the processing technologies of metals.

In the second part the author describes in detail the effect of the external low-molecular
medium on the dispersion of contacting polymer-metal surfaces. A particularly detailed descrip-
tion is given of the effect of gaseous, organic and electrolytic media on the structural changes
on the contacting surfaces and on the mechanochemical processes at the interlayers.

I. Physicomechanical properties of polymers and metals.

Il1. Dispersion of and structural changes in polymers due to frictional load.

I11. Dispersion of and structural changes in metals in dynamic contact with polymers.

IV. Effect of the medium on the dispersion of contacting polymers and metals.

V. Mechanism of surface dispersion in moving, hinged plastics metal joints.

The book was written for scientists and engineers, particularly for materials specialists
and those interested in physicochemical mechanics.

Gy. Hardy

Trends in Macromolecular Science. Midland Macromolecular Monographs. Vol. 1.

Edited by Hans Georg Elias. Gordon and Breach Science Publishers, London, New York,
Paris 1973. pp. 131.

This volume contains the lectures which were given at the Scientific Symposium held
on the occasion of dedication of the Midland Macromolecular Institute.

The first part of the book carries the dedication addresses and a description of the
Midland Macromolecular Institute. One can perfectly agree with the program of the newly
established institute. (Synthesis of macromolecules of industrial and biological significance,
their reactions, physical properties, supermolecular structure and processing).

Two short lectures by Nobel Prizewinner Professor P. J. Filory (The Challenge to
Macromolecular Science, Molecular Configurations in Bulk Polymers) are followed by Profes-
sor Ch. G. Overberger’s summary of his investigation on the synthesis of polymers contain-
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ing biologically active groups and their behaviour as polymer reagents, entitled “Organic
Chemistry of Macromolecules”. In the lecture of Professor M. Calvin the chemical composition
and formation of the secondary and tertiary structures of polypeptides and polynucleotides
as well as their biological functions in the living cell, self-organizing behaviour, physicochem-
ical problems of cell formation and the chemistry of life in molecular and supermolecular
aspects of cellular systems are briefly outlined.

“Polymers in Medicine” is the title of the lecture of D. J. Lyman. He gives a description
of the behaviour of plastics in contact with the cardiovascular system in the living organism
and explains the possibilities of achieving a better compatibility. These experiments are very
promising from the viewpoints of the replacement of damaged organs and diseased tissues.

The paper by E. H. Andrews “Sructure-Property Relationships in a Polymer” gives
an idea about the control of the structure of solid polymers at a higher than the molecular
level and about the way of achieving the desired physical properties.

The last lecture in the book is that by T. A1frey, “Mechanical Fabrication of Thermo-
plastic Polymers”. It deals with those factors which are at our disposal for influencing the
properties of a polymeric end-product (uni-and biaxial orientation, composites: fiber reinforce-
ment, multi-layer films).

Most of the speakers are pioneers of the areas of macromolecular science they have
surveyed. Particularly valuable parts of their lectures are those which review the historical
background of the area and expound the present trend of evolution. The initation of this
series of monographs is a welcome event and the specialists expect its continuation with great
interest.

Gy. Hardy

Advances in Polymer Science. Vol. 12.

Springer Verlag, Berlin—Heidelberg—New York, 1973. pp. 190, 63 Figures.

Four reviews are published in volume 12 of the series Advances in Polymer Scienc.

The review by K. Osaki “Viscoelastic Properties of Dilute Polymer Solutions” gives a
good survey on the theories and experimental methods concerned with this field. Particularly
valuable are the chapters about the viscoelastic properties of infinitely dilute solutions of
flexible polymers and about the viscoelastic behavior determined in a wide frequency range,
because these can be considered as the first surveys of these topics. The author points out
properly that in the last decade sufficient experimental data have been accumulated about the
conditions influencing the behaviour of polymer solutions namely, about the effects of fre-
quency, different polymers and solvents, temperature and molecular weight. The comparison
of these data with the theories consolidated hitherto makes it necessary to investigate the
hydrodynamic properties of dissolved polymer molecules and to describe on molecular basis
the behaviour of dissolved polymer molecules at high frequencies.

W. L. Carrick in his review, entitled “The Mechanism of Olefin Polymerizations by
Ziegler-Natta Catalysts” undertakes a difficult task. On these catalyst systems many reports
and large volumes of comprehensive books have already been published. The cocatalyst
interactions, the nature of active sites, the polymerization mechanism, the activation of ole-
fins and the stereoregularity are the problems which are promised by the author to be elucidat-
ed. Answers are furnished for all these problems but without supporting the statements by
suitable experimental evidence. Hence, not too much is told to readers who are experienced
in macromolecular chemistry.

The survey of C. Tosi and Ciampelli, “Applications of Infrared Spectroscopy to Ethy-
lene-Propylene Copolymers” is an excellent and systematic summary of information on the
title subject which is scattered here and there in the literature. The most outstanding chapters
are those about the structural analysis of C2—C3random copolymers, the distribution of C2
and C3units, the crystallinity and the infrared analysis of C2—C3 diene terpolymers.

The “ESR Study of Photodegradation of Polymers” by K. Tsuji is important from
both the theoretical and the practical points of view. After a short introduction on the funda-
mental steps in the photodegradation of polymers, a systematic description follows about the
radicals which are produced under UV irradiation on different polymers and are detectable
by ESR spectroscopy. The knowledge of the structure of these different radical products
furnishes important information about the mechanism of photodegradation processes for
several polymers. This information is essential for the photostabilization of polymers or to
produce polymer systems which are decomposing under the influence of light.
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The four reviews included in Volume 12 of Advances in Polymer Science are indeed
concerned with important and timely problems of polymer physics and chemistry. The work
of specialists interested in the subjects covered by this volume can be greatly promoted by
these surveys.

Gy.Hardy

13 — Kernresonanzspektroskopie. J. T. Cierc, E. Pretsch and S. Sternhell:
Methoden der Analyse in der Chemie, Vol. 16.

Akademische Verlaggesellschaft, Frankfurt am Main, 1973, pp. 142.

A very useful book. Part of the Analytical Methods in Chemistry Series of the German
Academic Press, this small-size, hard cover volume gives the organic chemist readable intro-
duction to the basic principles, and a practical guide to the use of the Fourier tansform car-
bon-13 NME method.

Since the advent (in the early 70’s) of commercially available, computer-controlled
Fourier transform (FT) NMR instruments, 13 NMR (or CMR) spectrometry has become a
powerful research tool. Its successful application in organic and hioorganic studies is widely
documented in a fast growing body of publications. Although similar in many respects to the
more familiar proton NMR, Fourier transform carbon-13 resonance offers a number of distinc-
tive new features that may extensively be exploited to enhance the amount and quality of
chemical information. Most of these features are related to the novel experimental technique
termed Fourier transform NMR method. When initiating his knowledge in carbon-13 NMR
spectroscopy, the chemist has therefore to learn some basic FT instrumentation and experi-
mental techniques in addition to the fundamental correlations between 13C NMR spectral
parameters — chemical shifts, coupling constants, relaxation times — and chemical structure.
The existing texts by Levy and Nelson (Carbon-13 Nuclear Magnetic Resonance for Organic
Chemists) and by Stothers (Carbon-13 NMR Spectroscopy) provide excellent introduction
and reference sources on these matters. This new book, nevertheless, seems to fulfil an impor-
tant task: it is aimed mainly at initiating the first steps of the novice in this new field. Clarity
rather than completeness, outline style instead of detailed explanations are the virtues that
had helped the authors in achieving their goal.

The book may be divided into two major sections. Three introductory chapters give a
first insight into the basic principles of a pulsed Fourier transform NMR experiment, explain
the importance and nature of relaxation processes and provide some general information
on carbon-13 chemical shifts and 13C — 41 coupling constants. The remaining four chapters
are devoted to practical aspects of CMR. This section of the book includes (in that order) a
brief description of various types of heteronuclear 13C — {111! double resonance experiments,
a presentation of NMR solvents, solvent effects on carbon-13 chemical shifts and reference
substances, extensive tables of chemical shifts for the major classes of organic compounds,
including additivity parameters and easy-to-use simple formulas to predict shift values for
individual carbons. By far the greatest in volume (83 pages), this chapter is introduced with
a brief discussion of the basic assignment techniques and the data tables for each class of
compounds are complete with references to leading articles. The final chapter deals with some
fundamental aspects of Fourier transformation, selection of experimental parameters, practi-
cal hints for data acquisition and major instrumental requirements.

L. Radios

P. Sykes: Reaktionsaufklarung. Methoden und Kriterien der organischen Reak-
tionsmechanistik

Verlag Chemie Physik Verlag, Weinheim, BRD Taschentext. Band 8. 1973

Die erste Ausgabe des Buches erfolgte in englischer Sprache im Verlag Longman
Group Ltd. (London) im Jahre 1972 und kann als Ergdnzung des weitverbreiteten, in vielen
Auflagen erschienenen Buches des Verfassers (Reaktionsmechanismen der organischen Chemie
— eine Einfuhrung. 5. Aufl. Verlag Chemie, 1972) betrachtet werden. Es werden hier die
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Methoden und Wege behandelt, deren Anwendung bzw. Befolgung die Aufklédrung des Mecha-
nismus der untersuchten Reaktion ermdglicht. Der erste Abschnitt erdrtert die Bedeutung
der kinetischen Daten und gibt ein kurzgefaltes (insgesamt etwa 40 Seiten), gut nutzbares
Bild uber das zu Verfigung stehende, Chemiker jedoch fir den nicht immer ubersichtliche
Kenntnismaterial. Der zweite Abschnitt behandelt die Anwendungsmadoglichkeiten markierter
Verbindungen, der dritte die verschiedenen Verfahren zum Untersuchen der reaktiven Inter-
medidre. Die Zusammenhdnge zwischen Mechanismus und Stereochemie werden in einem
relat'v groReren Umfang behandelt, zunéchst allgemein und danach an Beispielen von Substi-
tutions-, Additions-, Eliminations- und Umlagerungsreaktionen. Im finften Abschnitt werden
Zusammenhénge zwischen Struktur und Reaktions bereitschafterdrtert; hier wird die Ham-
mett-Gleichung sowie die lineare Beziehung der freien Energie diskutiert. Im letzten Abschnitt
wird — anhand von konkreten Beispielen — die mihsame, aufregende, letzten Endes jedoch
stets eine hohe intellektuelle Genugtuung bereitende Arbeit der Aufkldrung des Reaktions-
mechanismus vorgefuhrt. Das Buch ist im dem fir den Verfasser cbarak teritistisclicrv klaren
Stil geschrieben und 1&4Rt sich mit GenuR lesen. Es ist héchst lobenswert, da der Verlag Che-
mie dieses Buch nun auch den nur deutsch lesenden Chemikern zugdnglich gemacht hat.

Band 15. Herausgegeben von H. Friebolin. NMR-Spektroskopie. Eine Einfithrung mit Ubun-
en. 1974.

g Im ersten Augenblick erscheint es als ein fast unmdogliches Unterfangen in einem Um-
fang von nur 210 Seiten ein umfassenden Bild der Kernresonanzspektroskopie zu geben, dieser
gegenwdértig in der chemischen Forschung bereits unerldRlichen physikalischen Methode der
Strukturaufkldarung, die wahrend ihrer 25jadhrigen Laufbahn einen fabelhaften Aufstieg erlebt
hat und deren Ergebnisse in Hunderten von Bichern behandelt wurden. Nach dem Lesen des
Buches uberzeugt man sich dennoch, daR seine Verdffentlichung in der Taschentext-Folge
ein gute ldee war. Der Leser gelangt zu einem wertvollen Kenntnismaterial und lernt nicht
nur die Grundprinzipien und wichtigsten Anwendungsmdglichkeiten der NMR-Spektroskopie
kennen, sondern auch einige vollig neue, spezielle Ergebnisse, so z.B. die Protonenresonanz-
spektroskopie an Hochpolymeren, die 13C-Resonanzspektroskopie und kann sogar uber die
zur Zeit nur begrenzt angewendeten “chemical-shift” -Reagenzien lesen. Die Ubungsbeispiele
im zweiten Teil erleichtern das Uben dieser wichtigen Methode, wéahrend die Literaturverzeich-
nisse am Ende der einzelnen Abschnitte zur allgemeineren Orientierung Hilfe leisten. Das
Buch sollte seinen Platz auf dem Bicherregal eines jedem organischen Chemikers finden, der
Interesse fir das Neue hat.

Gy.Deak

I. Routh: Experiments in Organic and Biochemistry
W. B. Saunders Co., Philadelphia — London — Toronto 1974 VIII + 172 pp.

The linking together of the two large disciplines, chemistry and biochemistry, in the
course of university teaching, is not without its problems both from the scientific and the
didactical point of views. As far as practical work is concerned, a special problem is posed by
attempts at an intensive utilization of the generally very little time granted for this in the
curricula; this means the selection of experiments that can be carried out with simple equip-
ment yet are really instructive and of a high level.

Those who are acquainted with “Essentials of General, Organic and Biochemistry”
by Routh, Eyman, and Burton (2nd ed. 1973) will peruse this newer, short book with much
interest since it approaches the same domain from the practical side.

The dominance of an organic chemical view is obvious at the first glance; this is reflected
by the arrangement of the chapters of about equal length, viz.: 1. Introduction to laboratory
techniques. 2. Introduction to organic compounds. 3. Hydrocarbons. 4. Alcohols, ethers, al-
dehydes and ketones. 5. Acids, salts, esters, amides and amines. 6. Heterocyclic compounds.
7. Carbohydrates. 8. Lipids. 9. Proteins. 10. Nucleic acids. 11. Enzymes. 12. Digestion and
metabolism-13. Body fluids. 14. Drugs.

However, also the experiments in organic chemistry contain work of biochemical re-
levance, e.g. 7. — 9. Fermentation of carbohydrates.

Generally the experiments are started with some preparative task and this is followed
in every case by a manysided study of the properties of the substances involved. This is a
very valuable feature of the book and one which raises it above the level held by most of a
similar kind. Yet we think that the usefulness of this book is due primarily to the question-
answer sections which follow the experimental parts. These form a link between the theoretical
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problems of chemistry and biochemistry and thus ensure that the carrying out of the experi-
ments will be more than simple mechanical work according to directions.

Among the experiments choice by preference and amplification on the basis of individual
experiences are possible. The whole work is easy to survey so that it can be recommended for
use by those who do not study chemistry or biochemistry as their principal subject, e.g. for
medical or agricultural students.

Numerous formulas and figures make this book very expressive and easy to handle.

P. NANASI

I. Hargittai: The Electron Diffraction Interatomic Distance* First part of Yol. 21.
of the series “A kémia legUjabb eredményei” (in Hungarian)

Akadémiai Kiad6, Budapest, 1974. pp. 173.

The accurate geometry of small and medium size molecules can be studied with the
aid of electron diffraction in the gas phase, combined with the methods of spectroscopy. The
molecular geometry can be described in terms of the interatomic distances obtained from the
“radial distribution” and refined in a proper least squares adjustment of the weighted function
of the “molecular intensity”. Theoretically, a rigid molecule consisting of n atoms can be
constructed from n(n-1)/2 interatomic distances (i.e. in the gas phase there is no way to fix
the molecules in a vector space as it can be done in the crystalline state), if the number of atoms
is no more than 20—30 and if these distances are free of distorsion. In practice, however, the
“equilibrium” interatomic distances differ from the “average” interatomic distances measured
by electron diffraction, owing to the rotational and vibrational movements of the molecules.
Among the vibrational effects the well-known “shrinkage” effect might be mentioned, which
has the greatest influence upon the observed interatomic distances. On the other hand, e.g.
the internal rotation of the molecules is not only a source of problems, but it is of great impor-
tance in structural chemistry revealing the conformational equilibria in the gas phase. The
problems are due to the fact that the number of the most probable conformers, especially if
the number of atoms is great, increase the disturbing coincidences between the identical or
nearly identical interatomic distances formed between different kinds of atoms. This “burden”
of the electron diffraction might generally be eliminated by the complex application of the
results of microwave and IR spectroscopy.

These questions of the gas electron diffraction method are discussed in the well-written
booklet of Hargittai. In the first chapter he presents a good comparison of the methods
of diffraction and spectroscopy from the point of view of the accurate determination of the
interatomic distances and molecular geometry. In the second chapter the author deals with
the theory (using clear mathematics) and technique of the gas electron diffraction method,
using his own rich contribution to both the technique and structure analysis as examples.
The third chapter presents a description of the so-called “average structures”. The fourth
and fifth chapters are devoted to the discussion of the problems of vibrational effects and
large-amplitude intramolecular motions. The sixth chapter gives several examples for the suc-
cessful combination of data obtained by electron diffraction and spectroscopy in the analysis
of molecular structures. The booklet is concluded by an ample list of references.

It is a pleasure to recommend this work to anyone (especially to erystallographers,
quantum chemists, spectroscopists etc.) who are interested in the analysis of molecular struc-
tures by electron diffraction in the gas phase. It is highly recominendable to translate this
booklet into English or any other foreign language.

A. KALMAN

J. Schormulter:Lehrbuch der Lebensmittelchemie. Zweite, vollig neubearbeitete
Auflage
Springer-Verlag, Berlin—Heidelberg—New York 1974, 831 Seiten

Die Lebensprozesse des menschlichen Organismus sind mit stdindigem Stoff- und Ener-
gieverbrauch verbunden. Der Mensch bendtigt also stets Lebensmittel, und zwar, in engem
Zusammenhang mit dem Anstieg der Bevdlkerung der Erde, immer mehr und immer bessere
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landwirtschaftliche Produkte und Lebensmittelerzeugnisse, welche die mit den zeitgemdfRen
Erkenntnissen der Erndhrungswissenschaft konformen Bedirfnisse auch qualitativ vollig
befriedigen. In der gegenwadrtigen Entwicklungsphase der Lebensmittelchemie, die sich
zwangslaufig mit der Herkunft, der quantitativen und qualitativen Zusammensetzung, der
Herstellung, Konservierung und Kontrolle der Lebensmittel befaBt, handelt es sich folglich
nicht allein um die zur Beurteilung der Reinheit, der Unverfélschtheit usw. unerlédRlichen
Parameter sowie um die zu Verdnderungen derselben fihrenden Auswirkungen der Produktions-
und Industrieverfahren, sondern es missen auch jene Verdnderungen erschlossen werden, die
verschiedene physiologische und nichtphysiologische Faktoren in den Rohstoffen und Fertig-
produkten hervorrufen sowie die Mdglichkeiten ihrer Verhinderung, damit die Lebensmittel-
technologie diese Erkenntnisse nutzbar machen kann. Die Lebensmittelchemie muR bestrebt
sein, die Zusammenhdnge zwischen der Struktur der in den Lebensmitteln vorkommenden
Verbindungen und ihren organoleptischen Eigenschaften, sowie Zusammenhénge zwischen
Struktur und physiologischer Wirkung zu klaren. Aus dem Gesagten folgt, dal die moderne
Lebensmittelchemie angewandte Biochemie ist, die mit der Erkenntnis rechnet, dal Lebens-
mittel dynamische Systeme, sich stdndig verdndernde Stoffe, Produkte von Lebensprozessen
sind, die der Aufrechterhaltung von Lebensprozessen dienen; zugleich muB es aber die zeit-
gemale Lebensmittelchemie auch ermdglichen, das gesamte — oft enzyklopddische — Kennt-
nismaterial auffindbar zu machen, das den Fachmann fir den Kampf gegen die auch gegen-
wartig vorkommenden MiRbrduche mit Lebensmitteln ristet. Alldies ist eine groBe und
&duBerst komplexe Aufgabe, deren zufriedenstellende Lésung noch durch verschiedene didak-
tische Uberlegungen erschwert wird, namlich durch die Leiirgangvorschriften des betreffenden
Landes bzw. der betreffenden Hochschule, fiir die das Lehrbuch der Lebensmittelchemie
bestimmt ist.

Professor Schormuleer, dieser seit dem Erscheinen seines Buches leider verschiedene,
hervorragende Fachmann und Wissenschaftler, emeritierter Professor des Lehrstuhls fur
Lebensmittelchemie und Lebensmitteltechnologie der Technischen Hochschule Berlin-Charlot-
tenburg, verdffentlichte sein Lehrbuch erstmals 1961, fundiert auf griindliche Erwdgungen
aller Erfahrungen eines langen, erfolgreichen Lebens, spater arbeitete er das Werk vollig um,
unter Beriucksichtigung der stirmischen Entwicklung der Theorie und Praxis, und diese zweite
Auflage gelangte 1974 in die H&nde der interessierten Leser. Im Werk sind, Uber lebensmittel-
chemische Kenntnisse im engeren Sinne, auch die Technologien kurz zusammengefal3t, welche
die Zusammensetzung und Qualitdt der Lebensmittel unmittelbar beeinflussen; gesetzliche
Bestimmungen zur Regelung der Qualitdt und des Vertriebs von Lebensmitteln sind ebenfalls
kurz berihrt. Biochemische Beziehungen werden nur im notwendigsten AusmaR und in sol-
chen Féllen erdrtert, wo ihre Kenntnis zum Verstdndnis des Vorgangs unerldBlich ist (z.B.
Ranzigwerden, Antioxidanzien). Die skizzenhafte Behandlung des juristischen und biochemi-
schen Kenntnismaterials wird dadurch ermdglicht wie das vom Verfasser selbst, im Vorwort
der zweiten Auflage auch betont wird — daR diese Fragen ausfihrlich in Arbeiten anderer Kol-
legen behandelt werden.

Das ubrigbleibende, immer noch gewaltige Kenntnismaterial gliedert sich in zwei
Hauptteile: im ersten Teil behandelt der Verfasser — nach einem kurzen historischen Uber-
blick — die chemischen Komponenten der Lebensmittel (Proteine, Lipide, Kohlenhydrate,
anorganische Bestandteile, Vitamine, Enzyme), die Grundlagen der Erndhrungswissenschaft,
die allgemeinen Erzeugungsmethoden der Lebensmittel, die physikalischen und chemischen
Verfahren der Lebensmittelkonsevierung und die Lebensmittelfarbstoffe; dieser Teil umfalt
312 Seiten, d. h. also, die kleinere Halfte des Buches. Der zweite Teil enthélt die ausfuhrlichere
Erdrterung der tierischen Lebensmittel, der Speisefette und -6le, der Lebensmittel pflanzlichen
Ursprungs, innerhalb der letzteren der GenuRmittel, d.h. alkoholische Getrdnke, Gewdrze,
Kaffee, Tee, Kakao und Schokolade, Tabak — und endlich wird Trinkwasser und Industrie-
wasser, Luft und Gebrauchsgegenstdnde (z.B. Kichengeschirr, Verpackungsmaterial, zuge-
lassene Farbstoffe zum Fdarben derselben usw.) behandelt. Die chemischen und technologi-
schen Kenntnisse werden durch gut gewdhlte Wirtschaftsdaten ergdnzt und durch Tabellen
der wichtigsten Zusammensetzungsparameter veranschaulicht. Das Verstdndnis der Techno-
logien wird durch schematische Darstellungen der Prozesse und der Maschinen und durch
Bilder erleichtert. Gegenuber der ersten Auflage erfolgte nicht allein eine bemerkenswerte
Modernisierung des gesamten Materials, sondern es wurden zahlreiche neue Kapitel zugefiigt,
wie z.B. die Ausfuhrungen tber kalorienarme und kalorienreiche Lebensmittel, die Protein-
versorgung der Welt, einige in neuerer Zeit erkannte Bestandteile der Lebensmittel, die Fleisch-
produktion und der Fleischkonsum, das Gewicht des Tabaks usw. Das Literaturverzeichnis
(179 Hinweise) sollte dem weiteren Studium, der Erweiterung der Kenntnisse dienen, es ent-
hélt jedoch — wie bereits in der Rezension der ersten Auflage bemerkt wurde — nur die wich-
tigsten Publikationen der westlichen Welt und kann deshalb die erstrangig wichtige, der
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internationalen wissenschaftlichen Zusammenarbeit dienende, edle Aufgabe der allgemeinen
Information nicht erfiillen. Die technische Ausfiilhrung, der Druck und die auBere Erscheinung
des Buches lobt die Arbeit des Verlags.

L. Telegdy-K ovats

Handbuch der Starke in Einzeldarstellungen 1X —1. (Eine Monographiereihe,
herausgegeben von H. Ullmann) R. A. Schutz: Die Rheologie auf dem Starke-
gebiet

(121 Seiten, 54 Abbildungen, 3 Tabellen, Literaturverzeichnis)

Die allgemeine Entwicklung der makromolekularen Chemie sowie die stetig zunehmen-
de Anwendung von Starke und starkehaltigen Rohstoffen in der Lebensmittel-, Textil-, Papier-,
Futter- und pharmazeutischen Industrie wirft stindig neue theoretische und praktische Pro-
bleme auf, deren Ldsung auf die Fachleute des Gebiets wartet. Deshalb begriiBen wir das
Erscheinen der neuen Monographie ;iber die Theologischen Fragen auf dem Stdrkegebiet, die
in der durch Professor Ullmann angeregten Serie erschien.

Die ersten zwei Abschnitte der Monographie behandeln einige Grundfragen der allge-
meinen Rheologie und geben eine Ubersicht Gber die wichtigsten rheometrischen Methoden.
Der dritte Abschnitt befalRt sich mit der Rheologie verdinnter Starkelésungen, wobei beson-
deres Gewicht auf die SchluBRfolgerungen gelegt wird, die aus den Theologischen MeRergebnis-
sen hinsichtlich der physikalisch-chemischen Eigenschaften der Starke gezogen werden koén-
nen. Die abschlieBenden drei Abschnitte behandeln des Schliisselvorgang der Stdrkeanwen-
dung, ndmlich die Verkleisterung, wobei einerseits dieser Vorgang und seine Rheologie, ander-
seits die Theologischen Eigenschaften der verkleisterten Starke erdrtert werden.

Es hat viele Vorteile, daR die Monographie die Grundbegriffe der Rheologie und die
Grundlagen der Rheometrie beinhaltet. Auf dem Stérkegebiet arbeitende finden dadurch
kurz und logisch aufgebaut die wichtigsten theoretischen Anweisungen sowie die Gesichtspunk-
te fur die Wahl des MeRverfahrens und des MeRinstruments. Besonders hervorzuheben ist
dabei das Bestreben des Verfassers, die Grenzen der empirischen MeRverfahren und die Vor-
teile und Notwendigkeit der Anwendung der absoluten Rheometrie klar vorzufithren. Aus
dieser vorteilhaften Lésung folgt jedoch auch das Problem, da der Verfasser — infolge des
beschrankten Umfangs der Monographie — in vielen Féllen gezwungen war, die mathemati-
sche Behandlung stark zu vereinfachen und unter den MeRverfahren stark zu selektieren.

Recht gut gelungen ist die Beschreibung der mit dem Verkleisterungsvorgang in Zu-
sammenhang stehenden Theologischen Erscheinungen. Ein groRes Verdienst dieses Abschnittes
ist, dal der Verfasser, auch aufgrund eigener Erfahrungen, die theoretischen Kenntnisse
und Prifmethoden gut;mit den Bedurfnissen der Praxis vereinigen konnte. Allein der Lebens-
mittelwissenschaftler hat vielleicht das Gefihl, daB die Rheologie einiger starkehaltiger kom-
plexer Systeme, die in der Lebensmittelindustrie Vorkommen, mehr Raum verdient hétte.
Ich denke dabei vor allem an St&rke-Zucker-Protein-Lipid-Komplexsysteme, die besonders
in der Sulwaren-, Getreide- und Futterindustrie von Bedeutung sind.

Ein reichhaltiges, zeitgemd zusammengefaltes Material findet der Leser Uber die
Theologischen Eigenschaften der verkleisterten Starke. In diesem Abschnitt ist auch die Be-
handlung der Theologischen Eigenschaften verschiedener Starkederivate wertvoll.

Der Abschnitt iber die viskoeldstischen Eigenschaften verkleisterte Stdarke enthalten-
der Systeme macht mit neuen, duBerst wertvollen und interessanten Ergebnissen und Proble-
men bekannt.

Das reichhaltige Literaturverzeichnis ist — trotz seines beschrédnkten Umfangs —
jenen Lesern gut behilflich, die sich in Einzelfragen zu vertiefen wiinschen.

Es ist zu erwarten, dal die Fachleute in der Starkeforschung und -Verarbeitung die
neue, in ihrer Auffassung zeitgemafRe Monographie von Schutz mit viel Interesse und Nutzen
lesen werden.

R. Lasztity
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Recent Development in the Chemistry of Natural Carbon Compounds. Volume VI

Editors: R. Bognar, V. Bruckner and Cs. Szantay, Akadémiai Kiad6, Budapest, 1975.
198 pages

Volume VI of this series contains valuable reviews of three different domains of organic
compounds.

One of these domains is covered by the first review by E. Winterfeld, titled “Ap-
proaches to Camptothecin” (p. 11—34, 123 formulas and 29 references to literature). In this
review the experiments for the synthesis of camptothecin are surveyed by the author.

The compound camptothecin has been isolated in the middle of the sixties by W. Wal1i
et. al. from the bark of Camptotheca acuminata. Its structure was established and the pharma-
cological investigations detected its activity against leukaemia.

Owing to this remarkable physiological effect several research teams dealt with the
total synthesis of the compound. The problem was rather complex because in addition to
building up the heterocyclic ring system also an extremely reactive a-hydroxylactone group
must be formed.

In the first part of the review the author presents a survey of investigations carried
out concerning the synthesis of the chromphore of camptothecin then describes the total
syntheses of camptothecin performed in different ways by six research teams. Of these various
syntheses that carried out by the author and his research team is of particular interest because
the key issue in this synthesis consists in the “in vitro” realization of the indole-quinoline
conversion similar to the actual biogenesis of the compound.

The final part of the review reported experimental results which though they did not
lead to the total synthesis of camptothecin still resulted in interesting intermediates.

In the review discussing this very actual problem literature available up to the begin-
ning of 1973 is taken into account. However, on considering the intensive research activity on
this field, as mentioned also by the author, novel results of researches can be expected soon.

The second review by A. Kirasek and O. Weinbergova (p. 35—134, 7 tables, 226
numbered and several no-numbered formulas, 420 references to literature) carries the title
“The Pyrrolysidine Alkaloids” . This review is an up-to-date summary of monographs published
earlier concerning the pyrrolysidine alkaloids and of other publications which appeared until
1973/1974. The dynamic and impressive nature of the review is due to the included ontstanding
results of the authors themselves in the field of the chemistry of pyrrolysidine alkaloids and
of the investigation of their biological effects. In order to facilitate the systematization of the
ramified mass of data the review is divided into five chapters and a number of subchapters.
The accumulated knowledge is discussed by the authors in the individual chapters along a
consequent structural scheme and in a perceptible way. The brief introduction comprising
three pages is very informative. Chapter Il contains the description of the structure determi-
nation, stereochemistry and absolute configuration, further the synthesis of the so-called
necines (mono-, di- and trialcohols possessing a pyrrolysidine or 1,2-didehydropyrrolysidine
skeleton).

In Chapter 111 the most important knowledge concerning the structure, stereochemistry,
absolute configuration and synthesis of the extremely sensitive so-called necic acids having a
complicated structure (mono-, di- and trihydroxy- saturated or unsaturated mono-, di- and
tricarboxylic acids, their stereoisomers and/or mono- or dilactones which are CI0 adipic acid
derivatives, C5 acids, derivatives of a-isopropylbutyric acid, C6 C8 or C10 derivatives of glu-
taric acid) is summarized.

In Chapter IV, in turn, the structure and absolute configuration, further the synthesis
and biosynthesis of the pyrrolysidine alkaloids are discussed. Besides the ester-type alkaloids
formed from necines and necic acids also free necines occur in certain plants. The authors deal
at first with these free necines then with the esters according to the following consecutive
order bases on the structures: monoester, non-cyclic diester, and macrocyclic diester alkaloids.
These latter are systematized according to the number of members (12, 13, 11) of the macro-
cycle. Chapter IV is terminated by the description of the physical and spectroscopical proper-
ties of the pyrrolysidine alkaloids. Throughout the review, the authors point to the still un-
solved problems of structural, mainly stereostructural nature and to unrealized syntheses, sum-
marizing in this way the necessity or possibilities of further researches.

The biological propertes are discussed in Chapter V by describing and investigating the
mutagen, carcinogen and anti-tumor effects and the mechanisms of these effects.

The third domain of organic compounds is represented by the review “Advances in the
Synthetic Chemistry of Glucosaminides” by A. Ya. Khorlin and S. E. Zurabyan (p. 136—190,
3 tables, 145 formulas and 229 references to literature).
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The structure elucidation and the synthesis of the aminosugar-containing oligosaccha-
rides of prominent biological importance is one of the domains of carbohydrate chemistry
exhibiting the most dynamic development. Though some earlier monographs dealing with
the synthesis of the glycosides of 2-amino-2-deoxy sugars are already available, the publication
of an up-to-date review was timely and very useful — just because the rapid advances in re-
search.

The review of the authors comprises the literature of the synthesis of glycosaminides
available up to the first half of 1973, following a logical, well constructed critical order of
discussion. After a short survey of the production of alkyl and aryl glycosaminides the appli-
cation of the Koenigs-Knorr reaction is treated in detail. An interesting remark of the authors
is (supported also by the data reported by them in the review) that extended, systematic
investigations concerning the role of the aglycone components are lacking though the Koenigs-
Knorr reaction, as an almost classical method, is most frequently used also at present.

The best elaborated part of the review is the discussion of the chemistry of 2-substituted
glyco-(2°,T :4,5)-2-oxazolines and its use in the synthesis of glycosaminides. This is not a
mere chance because significant results were attained in this field just by the laboratory of the
authors. The next chapters deal with the problems of the synthesis methods of |,2-cis-2-amino-
2-deoxyglycosides just under development, with the achievements attained in the enzymatic
synthesis of the aminosugar-containing oligosaccharides and with the preparation of S- and
N-glycosaminides.

The presented 229 references may help significantly the studies of researchers active
in this field.

On reading carefully the critical remarks concerning the deficiencies of the individual
methods and the limits of their applicability, and comparing the number of the already syste-
matically produced oligosaccharides presented in the accurately constructed tables of the
review with the number of native carbohydrates whose structure has been elucidated hut
whose actual synthesis has not been carried out up to the present, the magnitude of the prob-
lems in the chemistry of carbohydrates which are still to be solved is quite apparent. There-
fore, in our opinion a significant peculiarity of this review is its inspiring nature.

S. Makleit

Atlas of Thermoanalytical Curves

Volume 4. Edited by G. Liptay, Akadémiai Kiad6, Budapest 1975 (With 75 diagrams)

In the last decades the use of thermal analysis has become a widespread and important
tool for almost all types of research in technical and natural sciences and for industrial routine
tests. The various methods of thermoanalytical procedures play a significant role in fields extend-
ing from the investigation of biological materials to the study of reactions taking place in
solid phase and in melts.

The discovery of the novel method of derivative thermogravimetry by Hungarian scien-
tist (F. Paulik, J. Paulik and L. Erdey) and the development of the novel complex instru-
ment (the derivatograph) represented an important step in the advance of thermoanalytical
methods.

A significant advantage offered by this instrument is that thermogravimetric (TG),
derivative thermogravimetric (DTG), differential thermoanalytical (DTA) and even thermo-
dilatometric (TD) measurements can be carried out at the same time under identical experi-
mental conditions.

In order to permit the comparison and evalution of results obtained in various labora-
tories with various instruments, it was necessary to standardize the parameters of investiga-
tion.

The international team that has undertaken the preparation of the derivatographic
atlas of various substances by investigations carried out under standardized conditions has
performed indeed a praisable work.

The recently published Volume 4 comprises a collection of thermograms of 75 inorganic
salts, metal complexes, organic acids, organic analytical reagents, minerals and natural bio-
logical materials, obtained by derivatography under accurately specified experimental con-
ditions, with remarks and references to the literature. Volumes 1—4 published thus far contain
a total of 275 thermoanalytical diagrams of various substances.

7% Acta Chim. (Budapest) 88, 1976



214 RECENSIONES

The collection is extremely useful for all control and research laboratories possessing a
thermobalance and carrying out thermal investigations.

The amount of data (weight of substance, rate of heating, reference substance, material
of crucible, puritiy of sample, ets.) supplied with each diagram makes possible the comparison
of the diagrams with the results of measurements carried out with a thermobalance of any type.

The book is a laudable example of successful international cooperation and sincere
praise is due to the scientists working in the laboratories of various countries who performed
the investigations and produced the measured data. Also the merits of the editor and his asso-
ciates for their organizing and editorial activities, as well as those of Akadémiai Kiadé must
be acknowledged here; they have made possible the successive publication of the extremely
useful material comprising a great amount of important information.

J. Inczédy

G.J. Moody, J. D. R. Thomas: Practical Electrophoresis

Merrow Publishing Co. Ltd., England 1975, 104 pages, 22 figures, 9 tables.

The book consists of 12 chapters. After explaining basic principles, it discusses all the
main variants of electrophoretic methods used in practice. It deals with paper and cellulose
acetate membrane electrophoresis, and with different variants of gel electrophoresis, such as
starch, acrylamide and agar gel electrophoresis, further with the special fields of gel electro-
phoresis, thus with immune electrophoresis, isoelectric focussing and isotachophoresis. The
last chapter of the book discusses problems of non-aqueous and mixed-medium electrophoresis.

The book, illustrated by clear, critical, nicely constructed figures, gives very useful in-
formation for all those who wish to introduce or adapt some form of electrophoresis under their
own conditions. In particular, it will be of valuable help for clinical laboratories.

The Appendix of the book summarizes the electrophoretic products of 20 predominantly
British companies. The book is complemented by 104 references, including many modern
data. The subject index of 6 pages is rather informative.

T. Dévényi

Topics in Current Chemistry (Fortschritte der chemischen Forschung) Vol. 56.
Theoretical Inorganic Chemistry

Springer Verlag, Berlin, Heidelberg, New York 1975. pp 159.

The 56. volume of Topics in Current Chemistry includes 4 articles three of them discuss
topics which are of interest from the coordination chemistry point of view and the fourth one
contributes to our knowledge in the field of plasma chemistry.

The first review (66 pages with 210 references) is entitled “Continuum Effects Indicated
by Hard and Soft Anti-bases (Lewis Acids) and Bases” and written by Ch. K. Jsérgensen.
The review starts with a historical introduction into the subject mentioning some problems
connected to chemical affinity, complex formation constants, the Pearson concept on hard
and soft acids and bases, and preparative chemistry. In the second chapter the author deals
with spontaneous deviations from the highest symmetry available in the case of copper (I1),
palladium (I1), mercury(ll), lead(ll) complexes.Then in a chapter each he mentions some prob-
lems connected to electric dipolar polarizability, and the efficiences of quantum chemistry
for the more involved understanding of bonding in complexes. In the final chapter softness
parameters, hydration and ionization energies are discussed. Emphasis has been laid among
others on Ahrland’s softness parameters, Klopman’s approach, and on the ionization energies
of valence eletrons, partly filled shells, and inner shells.

The second article (24 pages with 74 references) written by H. Brunner and entitled
“Stereochemistry of the Reactions of Optically Active Organometallic Transition Metal
Compounds” describes the stereochemical results obtained with the new optically active orga-
nometallic compounds, subdivided according to the stereochemical outcome into retention,
inversion, racemization and epimerization reactions. Among the retention feactions the ligand
transformations and sulphur dioxide insertion are discussed. Role change of ligands. Walden
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inversion and carbon monoxide insertion are described as inversion reactions. Most of the new
organometallic compounds are optically stable in solution, and the solutions retain their opti-
cal rotations unchanged for long periods of time. Some complexes, however, are configuration-
ally labile in solution, their rotational value decrease without participation of other reagents.
Examples of this kind are treated in subchapters entitled “Dissociation Reactions” and “Intra-
molecular Epimerization Reactions”. The racemization and epimerization reactions that occur
when optically active organometallic complexes interact with other reagents are described in
a separate subchapter.

The third article (47 pages with 122 references) is entitled “Dynamics of Intramolecular
Metal-Centered Rearrangement Reactions of Tris-Chelate Complexes” and written by L. H.
Pignotet. Since several reviews have appeared in the last 10 years which deal with inter-
and intramolecular rearrangement reactions of metal complexes the author limited his review
to intramolecular metal-centered rearrangement reactions of six-coordinate tris-chelate com-
plexes. After a brief introduction the author describes the dynamic nuclear magnetic resonance
technique which permits detailed mechanistic conclusions via the observation of site inter-
changes. Then he outlines in some detail the various intramolecular rearrangement mechanisms
and modes which tris-chelate complexes can undergo: mechanism via idealized transtition
states and permutational rearrangement reactions. The next chapter gives the results of the
experimental studies on a) tris(dithiocarbamates), b) tris(tropolona’es), c) tris(/3-diketonates),
d) mixed ligand complexes, and e) miscellaneous tris(didentates).

The author explains the results by considering the effect of ground state geometry as
determined from X-ray data on the kinetic parameters and mechanism of rearrangement,
and finally discusses the influence of electronic configuration on the dynamics.

“A Theoretical Approach to Heterogeneous Reactions in Non-Isothermal Low Pressure
Plasma” is the title of the fourth article (21 pages with 67 references) and is written by S.
Vefrek. The purpose of the author of this review article is to develop and verify a reasonably
simplified theoretical approach to heterogeneous reaction in a non-isothermal low pressure
plasma. He considered a simple statistical model of the plasma which has brought about a
better understanding of the dependence of the chemical composition of the plasma on energy.
The author discussed the chemical transport in low pressure plasma and described how the
theoretical approach helped in planning experiments. The main subjects of the review are the
theoretical aspects of plasma chemical vapour deposition (CYD) processes, and further the
use of the sputtering technique, CVD of the solid in the plasma, as well as the direct oxidation
and nitridation of solid surfaces by the plasma. It is also shown in the article that plasma of
intense low pressure discharges offers new techniques of crystal growth.

The first, second and third articles can be highly recommended primarily to chemists
active or interested in the field of coordination, inorganic and organometallic chemistry, the
fourth one to those working in high temperature chemistry or in solid state physics and tech-
nology.

E. KOROS
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ACTA CHIMICA

TOM 88-BbITl. 2

PE3IOME

ToHKoco0MHas pH-xpomaTorpagmMsi MOHO- U JUOCHOBHbLIX OpraHMYecKUX KUCNOT
Ha 6ydepHOM cfoe cunmkarens

M. BMNANO-UTNOon

YpaBHeHue KpuBoii pH—Ry 6b1710 OnpeaeneHo B Clyyae MOHO- U AMOCHOBHBIX KUC/OT 1
ObUIO HalifeHO, UTO Ha OCHOBE KPUBbLIX pH—R" MOHO- M VMOCHOBHbIE KUCIOTHI MOTYT 6bITb OT-
AMYeHbl Apyr OT Apyra. KoHCTaHTbl AUccouManyy MOryT ObiTb paccuMTaHbl Ha OCHOBE KPUBbIX
pH—Hf ¢ xopowum npubamkeHueM. TeopeTUUecKue 3aBUCUMOCTU [EMOHCTPUPOBAIUCH
3KCMEPUMEHTaNIbHLIMU aHHbIMU TCX Ha GydepHOM cunmKarene 45 CefyroLmuxX opraHuyeckmnx
KUCnoT: o-(pTanesast, 3,5-AMHUTPOBEH30IHAs, N-HATPOGEH30MHAs U M-METOKCMBEH30lHas
KMCNOTbI.

O(PheKT KPEMHMEBOr0 3aMelleHMs Ha TEePMUYECKYk CTabwu/ibHOCTb MOSIMMEPOB
T. CEKEM u M. BTIAXO

Tepmuyeckas AerpafiaLus NoAUCTUPON-AUMETUNCUIAHA Bbifia UCCMEA0BaHA C MOMOLLbIO
NUPONUTUYECKOI ra30Boi XpomaTtorpagum. CocTaB U pacrnpefefieHne neTyunx npogyKToB nupo-
NN3a YKasblBalOT Ha TO, YTO Pas3foXeHWe fAaHHOro MosMMepa MpPOTEKaeT COracHO TeM e
3aKOHOMEPHOCTSIM, HaGMtofaeMbiM B PasfNoXeHUM MOAMCTMPONA U NONMAMMETUACUNaHA. 3To
3aK/IIOUEHVe SBASETCS AabHEMLUIMM MOATBEPXAEHWEM 6Gosee paHHUX HabGMIOfeHWiA aBTOPOB B
CNyy4ae MNOMMANKUNEHCUIOKCAHOB U MOMUBUHUICKANAHOB. MpUCYTCTBME aToMa KPEMHUS MpUH-
LMNNa/bHO He 0Ka3blBAET B/IMSHWS HA MEXAHWU3M Pa3/ioKeHWs YINeBOAOPOLHON LIENoUKM.

Mpon3BofHble aMuHoTanasnHoHa, |

Peakuna amuHocnupTtoB ¢ 4-xnop-1(2H)-pTanasmuHoHOM
K. KEPMEHAN

4-Xnop-1(2H)-dtanasnHoH (1) cpaBHUTENLHO NErko pearvpyeT ¢ aMMHoOCcNUpTaMu, faBas
npyu 3TOM MpPou3BOAHbIE 4-(TMapoKcHankunammnHo)-1(2H)-pranasmHoHa (5). PeakLMOHHOCTb
COeAnHeHns |, 40 CMX MOP M3BECTHOrO CBOel CTabWUMbHOCTbIO MO OTHOLLEHWIO K amuHam [3, 4],
MOBBILLAETCA 32 CYET MPOMEXYTOYHOr0 NPUCOESMHEHNS aMUHOCMUPTOB. PO/ CINPTOBOIO MPUCO-
efHeHNSA B YBE/IMYEHUN PeaKLMOHHOV CMOCOBHOCTM MOATBEPXKAAETCA TeM, YTO coeguHeHune 1 ¢
[AN3TUIAMUHOITUIAMUHOM B 3TUNEHTIMKONLHOM pacTeope npu 150°C, 3a 20 yacos faet ¢ 55%-
bIM BbIXOZOM COOTBETCTBYIOLLIEE NPOM3BOAHOE aMMHOMTaNa3MHOHa (5K), B TO BPeMA Kak 6e3 aTu-
NEHTIMKONA B TEX XKEe CaMbIX IKCMEePUMEHTANTbHBIX YCNOBUAX 3aMELLIEHNE He MPOUCXOANT.

OCHOBHble MeNTUAHbIE MPOM3BOAHbIE TTyTaMUHOBOW KucnoThl, Hl1
Ob. COKAH 1 A. KOTAW

Mpoun3BoaHble Kap606eH30KCW-b-0MrornyTaMMHOBOV KMCIOTbI, COofepallime fge, Tpu,
YyeTblpe UM NATb U LWeCTb akTUBHBIX ampHbIX rpynn (111, VI, V111, X) nogsepranncb B3aumo-
[leCTBMIO C PacyeTHbIM KO/INMYECTBOM 2-AUMETUNAMUHO-3TUNAMUHA, & 3aTeM Mpou3BOAUNOCH



rMAPOreHONMNTUYECKOE OTLLEMNNEHWE 3aWUTHBLIX Tpynmn. Tak 6binv NonyyeHbl cregytoLime 0CHOB-
Hble MenTuAbl FNyTaMUHOBOA KWCNOTbI: TeTpa-(2-AMMeTUNamnHO3TUN)-amug a- u y-Tpu-L-
rnytamuHoBoi kucnotel (XIV, n = 3 n XVI, n = 3), neHTa-(2-4UMETUNAMUHOITWN)-aMUS,
a-TeTpa-b-rnytammnHoBoi kucnotel X1V, n = 4), rekca-(2-gumetnnammHoaTnn)-amvaa-neHTa-b-
rnyTamuHoBoli kucnotel (XIV, n = 5), a-Tpu-[b-rnyTaMMHOKNCALIA-Y-(2-4UMETUAAMUHOITIN)-
amng] (XX, n=3) n gu-(2-gumetunammnHOaTMN)-aMug  b-nupornytamuna-b-rnyTaMMHOBON
KUCNOTbI.

Coegmuerus 111LVI, VI 1 X 6binn NofyyeHsbl U3 TaKnX NPOU3BOAHBLIX L-rnyTammnHOBOM
KMCNOTbI, B CNy4Yae KOTOPbIX CBOBOAHbIE KApPOOKCU/bHbLIE TPyMMbl 6bINM 3aLMLLIEHBI N-HATPO-
theHnnaupHbIMKM rpynnamu. Obpa3oBaHWe NeNTUAHONV CBA3W MPOMCXOAWIO 38 CYET CMELLaHHOro
aHrugpuga, 06pasoBaHHOr0 C y4actMemM Kapb60oKCW/IbHON CBOBOAHOWM Fpynmnbl auuavMpytoLero
KOMMOHeHTa. HTepnpeTupyeTcs NoboyHas peakumns, HabnogaemMas B OfHOM U3 Clly4aes.

MonyueHne nponssBogHbiXx 2H—1,3-6eH3TnasmHa, |
. CABO, 1. ®OAOP, N. BAPTA u M. LUOXAP

KoHzeHcauma anugartnyecknx n apoMaTMyecKUX amuioB KUCMOT ¢ hopMasibAerniom B
NUPULOHOBOM pacTBOpe MpPMBOAWUT K 06pa30oBaHUI0 MNpou3BOAHbIX 2H-1,3-6eH3TvasnHa. 310
HOBbIN cnocob nonyyeHus 2H-1,3-6eH3TnasnHa 1 ero 4-3aMeLLeHHbIX NMPOV3BOAHBIX.

CwuHTe3 0-a-0-rnokonupanosnn-(1-+4)-0-|0-M-rnrokonupaHosnn-(1-+6)-0-
, rNoKo3bl

n. HAHAWW, A. TUNTAK »n 1. AHOWWN

Peakumnsa KéHure—KHoppa ans 6eHsun 2,3,4-tpu-0-6eH3un-/3-0-rnokonupaHosuga (2)
¢ a-auetobpomomanbTo3oi (4) AaeT TpucaxapuaHoe npoussogHoe (5) € 68%-biM BbIXOLOM.
Mocne ynaneHwa salWMTHLIX TPYNn ¢ nocneaytoLwmm socctaHosneHem NaBH4 v auetununposa-
HMeM 6blfIM MONMyYeHbl MPOU3BOAHBIE anbanTons (8). B cnektpe AMP coeauHeHns 8 He6oMbLUON
Xumuyecknin casur 3a cyet Pr(fod)3 6bin1 06HapyxeH npu C4—H, u, T.0., CT/10 BO3MOXHbIM
ornpefeneHune CTepuyeckoro pacrnonoxenus C4—H. [eaueTunvpoBaHue 5 C NOCNEAYHOWUM
6eH3anmMpoBaHmeM, 6eH3MIMPOBaHMEM U TMAPOreHONN30M C MOMOLLb0 peakTuBa bIAIHA—AICI3
[,aeT NOMHOCTbIO 6EeH3UIMPOBaHHBbIV Tpucaxapua(12), cogepallnii TONbKO OfHY NEPBUYHYIO CBO-
GO%HyFO rMapoKcunbHyto rpynny. CTpyKTypa MpoLyKTOB 6bina foKa3aHa Ha OcHoBe mx WK
n AMP cnektpos.

CWHTe3 HOBOW aMWUHOKMWCNOTbI — Y-Kap6oOKCUTTyTaMUHOBOW KUCIOTbl U ee
NpPOu3BOAHbIX

L. BAKOC n A. OXAC

OnucbiBaeTCH CUHTE3 HOBOW aMWHOKWUCIOTbI — Y-Kapb6OKCMIyTaMUHOBON KWCNOTbI
(Gla) n ee HekoTopbIX Mpou3BOAHbIX. KntoueBble coeguHeHuss Boe- n Z—DL—Gla(OtBu)2
OBzl 6b1nM NPUrOTOB/EHDI 38 CUET KOHAEHCALMN AN-TPErn-6yTua-ManoHaTa ¢ COOTBETCTBYOLM
6/10KMPOBaHHBIM AerngpoanaHuHOM.

eKcMTOMOBbIE MPOM3BOAHbIE, cofepKaline 1,4-oKcaTMaHoBOe Kosfblo, V

MeperpynnupoBka Mymmepepa ans cynbhOoKCUAOB
M. KYCMAH n M. LWOXAP

OnwcbIBaeTcs NeperpynnupoBka MymmMepepa TUOaHTNAPOreKCUTOMbHBIX CYNb(OKCUA0B
Tuna Il [0 COOTBETCTBYIOLMX MPOM3BOAHLIX rAKoTMocenTaHo3bl (V). Mpu  panbHelwem
OKWMCNEHUN OUME3NNBHBIX NMPOU3BOAHBLIX 1Va 06pasyeTcs CMech ABYX CY/b(OKCUAHBIX N30MEpPOB
(V). feauetunuposaHue Tpu-O-aletarta 1\V/0 npuBoguT K 06pa3oBaHuWIO 2,5-aHrnap-6-4eokcn-6-
TMo-O-rntokoTrocentaHosbl (VII).



OKucnUTeNbHas NeperpynnmMpoBKa XasKOHOB C MOMOLL b0 HUTpaTa Tannus (Ll ),y

CnHTe3 8-MeTMNO0BOTO ahmpa 3'-ruapocuMpeTy3mHa U HOBbI CUHTE3 peTy3nHa U ero
8-MeTMNOBOro 3(hupa — Tpex NPUPOAHbLIX W30(MNABOHOB TPONWUUYECKOW APEBECUHbI

. ®APKAW n A. BO/Ib®HEP

CvHTe3 7,8-aurnapokcu-4'-meTokcumsohnasoHa (petysuHa, 1), 4',8-anMeToKcu-7-rngpo-
KcumsoghnaBoHa (8-0-meTunpeTysuHa, 2) u 3',7-guruapokcu-4’,8-aumetokcunsodnasoHa (3'-
rMapoKcK-8-O-MeTunpeTysnHa, 3) Oblal OCYLLECTBEH Ha OCHOBE OKWCAMTENbHOW Neperpynnu-
POBKM COOTBETCTBYHLLMX Xa/IKOHOB € nomowbto T1(NO32 Kak Ko4eBOl CTyMEHMW.

KunHeTn4yeckme nccnegoBaHne nsoMepumsannm 5-BuHUN6MLUMKI0 (2.2.1.) renteHa-2,
KaTanmsmpoBaHHoii Co(N2) (PPh3)3

. KOBAUY, B. MPULKOB, . WUMNEWEP u /1. MAPKO

5-BuHnnbuumkno(2.2.1)renteH-2 nomepusyetca nog snusHnem Co(N2(PPh33s pactso-
pe Tonyona npu 50—70°C B 5-3tununaeH6uumkno(2.2.1)renteH-2. CkopocTb peakuuu 6Gbina
Bblpa)XeHa CMefyoLWmm ypaBHEHVEM:

d [vbh] _ k4K ,K2K3K5[Co] [vbh]2
dt K5[S] [PPh3 + K2K5[S]

rae [Co], [vbh], [PPh3] u [S] 0603Ha4alOT KOHLEHTpaLMU KaTtanus3atopa, S5-BUHUNOGULUMKIIO-
(2.2.1)renteHa-2, TputheHUnocthuHa 1 pacTBOpUTeNs, COOTBETCTBEHHO. Monaraetcd, yto 1,3
CMeLLEHMe BOLOPOAa NPOTEKaeT Mo S-ananabHOMY MeXaHu3Mmy.

YuacTue cocegHUX TFpynn B aMWHO/IM3e 3PUPOB B HErMAPOKCU/bLHBLIX Tpynnax

T. KEMUBEL, A. ®. MAPTOH n ®. IYTKA

BbIn M3y4yeH NUNepuANHOIN3 5-HUTPO-, 5-X10p-, 5-MeTUN- N He3aMeLLEeHHbIX 8-aLeToKCH-
XULONUHA W N-HUTpOeHunaueTata B xnopbeH3one. BbiCOKas peakTUBHOCTb XWHOMUHOBbLIX
3(mpoB, CTpOrnii BTOPOI MOPSAOK KMHETUKU, a TakkKe BAWSHUE 3aMeCcTUTeNeil Ha CKOpOCTb
peakuuu OblM MHTEPMPeTUPOBaHbl Ha OCHOBE y4yacTus 1-a3a-a30Ta B KauyecTBe WHTpamone-
KYNSPHOTr0 OCHOBaHUSA.

SneKTpoHoAehUUNTHbIE TFeTepoapomaTuyeckne ammoHumo-amugatbl, VIII

CnHTe3 M-(nupuanHo)-6eH3oncynbHoHaMmngaToB C MOMOLW b TPaHCHOPMUPOBAHUSA
kKonbua [(1-heHnncynbpoHUN-2-NNPa30NnH-5-nn)-meTUN]-KeTOHOB

M. NEMNEPT-WPETEP n K. TEMMEPT

Mupunumy-nepxnopatsl (Id—g), B3aMmopgeiicTBys ¢ 6eH30MCYNb(OHTMAPA3MAOM, Mpe-
BpaLlatoTea B (MMpasuaMHUAMeTUN)-KeToHbl (4d—f), a TakxKe JaloT CMecb (peHmncynb(QOHmnrM,q-
pa3oHa keToHa 4b 1 4c ¢ COOTBETCTBYIOLLMM NUPUAMHUOCYNb(OHAMUAATOM (2b, 2¢). TMog Bnus-
HWEM KWUCNOTbl KETOHbLI 4, B 3aBWCMMOCTW OT MPUPOAbl 3aMecTuTens R, fatOT pasfiMuyHble Mpo
OYKTbl: MUPUAWIAHBIE  COMKW, NUPUAMHOCYNbOHAMMAATEI WU nupasonbl. CoefuHeHune 4c  NoA
B/IMSIHMEM LLENOYM MpeBpaLlaeTcd B aMupar 2c.



VccnenoBaHue nonuMepusaumy U conosvMepusauun /JMOHOANKUNANTaKOHaTOB
B pacTBope

K. HUTPAN, HTYEH HIOK JTAH n Ob. XAPAWN

BbINn M3yyeHbl 3aKOHOMEPHOCTW MONMMEPM3aLUM B PacTBOPE B Clydae MOHOBYTUUTa-
KOHaTa ¥ MOHOOKTWINTAKOHAaTa, WHULMPOBAHHOM a30-6I/IC-FVI306yTI/IpOHI/ITpVII'IOM) u '7-06nyde-
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COMPUTER SIMULATION OF ZONE REFINING

E. Brandt-Petrik,* L. Cser* and J. Nagy*

(Technical University of Budapest)

Received May 17, 1974

Zone melting has been used for the purification of organic liquids. Using test
data, a simple simulation for zone melting has been carried out.
The method helps predict the probable efficiency of further experiments.

Zone melting, whose first important application was in the purification
of materials used in semiconductor technology, is now widely utilized for the
purification of metals, organic and inorganic compounds.

After the process of zone melting had been clarified experimentally [1],
theoretical principles were discussed and conclusions were drawn [2, 3, 4].
The field of zone melting has grown rapidly, hundreds of chemicals have been
raised to new levels of purity by zone refining.

We have performed zone melting to remove micro-impurities from organ-
ic solvents. The results of the experiments with benzene and the apparatus
used have been described [5].

The concentration distribution upon normal freezing is exponential and
can be described by the equation

c = kx0(1-g) 1)

in which c is the impurity concentration in g fractions of the sample length
and x0is that in the original liquid.
The effective distribution coefficient K can be read directly from the

nomogram plotted using the above equation if the values of—C and g are
known. X°

The basic differential equation to be considered as the mathematical
model of zone refining, was derived independently by Reiss [6], and Lord [7],
in the form of

- den(@) - [c,_!(z+ 1) —en(r)]dz 2)
K
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218 BRANDT-PETRIK et a].. COMPUTER SIMULATION” ZONE REFINING

Fig. 1. Nomogram for values of the distribution coefficient k

I = zone length;
z = distance covered by the molten zone;
cn(z) = concentration after the ra-th zone step, as a function of z;
cn—i(z) = concentration after the (n-1)-th step and
K = effective partition coefficient.

The equation describes the situation up to a length of z—LO—1, i.e.
until the zone reaches the end of the rod. From this on, normal freezing begins.

The solution of the differential equation of zone refining is very compli-
cated [1], thus it can only be evaluated numerically by high-speed computers.

In order to describe zone refining theoretically, we have attempted to
find a simple model to simulate the process (melting, freezing). The advantage
of this approach is that the initial concentration along the solidified rod does
not have to be constant.

Fig. 2. Model of the simulation

ActaChim. (Budapest) 88,1976
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Fig. 3. Block diagram

In Fig. 2 ci denotes the initial concentration distribution in the solidified
rod.

The principle of the simulation is that the average concentration (ca)
is calculated in the molten zone of length I. After the zone has moved on by
distance d, the solute will be separated in an amount of kcad and in concentra-

1* ActaChim. (Budapest) 88,1976



220 BRANDT-PETRIK et al.. COMPUTER SIMULATION OF ZONE REFINING

tion kcaat the front of the rod. The amount of material in the zone changes by

the same quantity but an amount c,d of melts to it from the zone end.
Provided that region d moves on in a finite number of steps and that

solidification at the zone end is independent of melting at the front, the average

Fig. 4. Computed curves of distribution Fig. 5. Computed distribution curves

concentration in the travelling molten zone can be calculated by substracting
the solidified, and by adding the molten portions.

The zone then moves on in a step of d until it reaches the end of the rod.
The molten material of a zone length at the end of the rod is solidified via
normal freezing with the corresponding concentration distribution.

The algorithm of the simulation is shown in the block diagram of Fig. 3.
The program was written in ALGOL language (Odra code).

The parameters obtained in the zone refining of benzene have been used in
the computations; the results are plotted in Figs 4 and 5.

On comparing the experimental and computed distribution curves, the
following can be established:

1. The concentration distribution upon normal freezing (if K is known
from the experiments) agrees well with that determined experimentally;

2. The calculated distribution curves for zone refining are of the same
type as the experimental ones, but are more smoother and more characteristic;
This indicates that the parameters affecting the process in the real zone are
subject to certain fluctuations (both the zone length and the partition coeffi-
cient), which causes slight fluctuations in the distribution, too;
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3. If the simulation is performed with the kK value determined experi-
mentally, the concentration at the beginning of the rod and the type of the
concentration distribution are in agreement with the experimental results;

4. In principle, after 2—3 passes, computation with the true parameters
can simulate additional passes in order to decide the degree of purification that
can be achieved and whether it is economical carry on zoning.

5. It was possible to simulate combined zoning, consisting of one nor-
mal freezing and three zone melting passes. The conditions of the experiments
did not permit 10 subsequent passes, but in this way it was possible to compare
the effect oftenfold zoning with that ofthe combined process.

To evaluate the error of simulation, the impurity levels before and after
refining were computed and compared. In principle, the values should be
identical but with different distributions.

Since in the simulation procedure the zone moved on in finite steps of
d, the summation disclosed a smaller amount of impurity at the end than at
the beginning of computed zoning.

The high-speed computer permits very small d steps, thus the relative
theoretical error of the method is around a few hundredth of one per cent and
only rarely increases to the order of 0.1%.

Simulations may supplement and assist in experiments, but can never
replace them. Their significance lies in revealing the nature of the process and
in permitting to predict the probable outcome of further experiments.
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REACTION OF n-HEXANE AND WATER VAPOUR
ON SUPPORTED NICKEL CATALYSTS AT 1 ATM*
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(Department of Physical Chemistry and Department of Chemical Technology, Technical
University, Budapest)

Received November 21, 1974, in revised form April 16, 1975

It was found experimentally that the composition of the product mixture
formed in the decomposition of n-hexane by water vapour corresponds to the equi-
librium composition in the temperature and conversion ranges employed on catalysts
of two different grain sizes (the undecomposed hexane being regarded as a diluent gas).

Apart from methane, no compounds with carbon atom chains shorter than that
of the n-hexane were found among the reaction products (disregarding the cracking
at higher temperatures, above 570 °C).

Unsaturated and aromatic hydrocarbons did not influence the operation of
the catalyst.

Introduction

The industrial utilization of the catalytic conversion of low-boiling petrol
cuts with water vapour is of ever greater economic importance all over the
world. At the relatively low temperature of 500°C the reaction can be used
to prepare a gas mixture rich in methane and hydrogen, which can be
further employed for various purposes.

The industrial procedures are generally carried out in the temperature
range 400—535°C, and in the pressure interval 1—25 atm. Since the overall
reaction is slightly exothermic under such conditions, the reagents are pre-
heated to the appropriate temperature and led through a catalyst bed in a
thermally insulated reactor. The heat evolved is sufficient to maintain the
reaction, and the process does not require further heat input.

The composition of the product mixture leaving the reactor is controlled
by the equilibrium corresponding to the conditions. Since every system which
contains the same elements in the same proportions leads to the same thermo-
dynamic equilibrium, no matter how complicated the starting compounds,
the equilibrium composition of the end-products can be established in advance
if the pressure, temperature and C : H : O proportions of the starting com-
pounds are known. (If the system also contains an inert gas, then this must
naturally be taken into consideration.)

* The work described was supported by the High Pressure Institute.
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224 TRAPLY et al.: REACTION OF n-HEXANE AND WATER VAPOUR

If a paraffin hydrocarbon and water vapour are heated above 400°C,
only carbon monoxide, carbon dioxide, methane, hydrogen, water and possibly
solid carbon can be present in measurable amounts in the equilibrium mixture.
At higher temperatures the equilibrium is shifted in the direction of hydrogen
formation, and at lower temperatures in the direction of methane formation.
The formation of carbon in the reaction is not desirable. Equilibrium carbon
formation in the given temperature interval can be avoided by appropriate
selection of the hydrocarbon :water vapour ratio of the initial mixture. If the
transformation of the hydrocarbon in the reaction is not complete (with the
exception of the case when the starting hydrocarbon is methane), the ‘equili-
brium composition’ of the reaction mixture cannot be established in the pre-
vious manner, since the system at equilibrium may not contain hydrocarbons
with molecular weights higher than that of methane. However, if it is assumed
that the original hydrocarbon is present in the system merely as an inert
diluting gas, then a pseudoequilibrium composition of the end-products can
be established in advance in this case too. Naturally, the ‘equilibrium’ compo-
sition is then a function not only of the pressure, the temperature and the
starting composition, but also of the degree of conversion.

There is no clear-cut standpoint as regards the mechanism ofthe reaction.
It was earlier assumed that adsorption of the hydrocarbon is followed by split-
ting of the carbon chain on the surface of the catalyst, and the residual carbon
chain fragments then react with water vapour [1].

That the decomposition of hydrocarbons by water vapour takes place
via hydrocarbons of lower molecular weight appears to be supported by the
plant and pilot-plant observation that, in the course of the deactivation of the
catalyst bed, hydrocarbons of various chain lengths, but mainly olefinic, are
present before the appearance of the undecomposed hydrocarbon in the
product.

From recent results [2—6] it was concluded that the decomposition of
hydrocarbons by water vapour at higher pressures (15—30 atm) first leads
to the formation of hydrogen and carbon monoxide; these then interact to
yield methane. In parallel with the reactions mentioned, a number of authors
[1, 3, 7—9] have also observed establishment of equilibrium in the water gas
reaction. The exact kinetics of the reaction have not been clarified, however.

The aim of the research reported in the present paper was to establish
the catalytic properties of a 15% nickel on alumina catalyst with the aid of
n-hexane - water vapour model reaction at 1 atm.
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Experimental
Apparatus

The investigations were carried out in the apparatus to be seen in Fig. 1. The catalyst
was placed in a quartz reactor, and the temperature was measured with the thermocouple
in the concentrically attached quartz capillary. The water vapour was fed from a flask under
the reactor, by the aid of boiling with a given electric power. Nitrogen saturated with hexane
was introduced to the water vapour.

Fig. 1. Experimental apparatus

The gas mixture leaving the reactor was passed through a dry-ice trap, where the
water vapour and unreacted hexane condensed, and the rate of the product gas was then
measured with a wet drum meter. The gas rates given in the Experimental section refer to
room temperature and to the state saturated with water vapour. Samples were taken from
the reaction mixture at intervals, and their compositions were determined gas-chroma-
tographically.

n-Hexane of 99.5% purity was used in the experiments; the main impurity was cyclo-
hexane. The distilled water had been boiled immediately before use. The nitrogen used as
carrier gas was taken from a cylinder and was freed from oxygen by passage through a copper-
containing catalyst.

The catalyst employed had a grain diameter of 3.6 mm, and contained 15 wt.% nickel
on alumina. It was prepared by Leunawerke (GDR) on the basis of a procedure elaborated
in the High Pressure Institute. It was used either in the original grain size, or after crushing
to 0.6—0.8 mm. The specific surface of the catalyst, as determined by the BET method,
was 150 m2g; the nickel surface, measured by hydrogen chemisorption, was 3.6 m2g; and
the total pore volume was 0.282 cm3g. The pore distribution was as follows:

Pore radius (A) Pore volume (cm3
0-10 0.0684
10-20 0.048
20—40 0.094
above 40 0.072

The pore distribution was determined by oxygen adsorption at liquid nitrogen
temperature. The Kelvin equation was used without correction.
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226 TRAPLY et al.: REACTION OF n-HEXANE AND WATER VAPOUR

Variation of catalyst activity as a function of time in the n-hexane
decomposition reaction

From the aspect of evaluation and comparison of the experimental
results, it is essential that the activity of the catalyst should possibly not
change during each experiment, and that the activities of the catalysts used
in different experiments should as possible be the same.

0.04 -

0.00

hrs

Fig. 2. Variation of the activity of the catalyst in the n-hexane - water vapour reaction

Measurements were always made with fresh catalyst, to ensure as far
as possible identical initial states.

After addition of the appropriate amount of catalyst, a stream of hydro-
gen was passed through the reactor while it was heated up to the appropriate
temperature. Only after this was the reaction mixture let into the catalyst bed.

The rate and composition of the product gas were measured, and from
these the volume flows of the individual components were calculated, together
with the degree of conversion relating to n-hexane.

It was found in the experiments that the activity of the catalyst ini-
tially decreased, and then reached some constant value after being used for
about one hour.

Figure 2 shows the degrees of conversion measured at 420 °C as a function
of the duration of the experiment on 1.25 g of the catalystwith a grain diam-
eter of 3.6 mm. The gas mixture was admitted at a rate of 930 cm3min. It
contained water vapour and n-hexane in a mole ratio of 12 : 1.

Temperature distribution in the catalyst bed

The temperature of the catalyst bed used in the n-hexane - water
vapour reaction was not the same at every point. Temperature-drops of
10-50 °C were observed along the catalyst bed, depending on the conversion
and on the input rate. For this reason the temperature distribution in the
catalyst bed was determined in a number of cases. The temperature of an
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cm

Fig. 3. Temperature distribution along the reactor in the ra-hexane - water vapour reaction.
Feed rate: 940 cm3min; catalyst: 1.25 g; H20: n-hexane = 17:1

experiment was subsequently taken as the lowest temperature measured in
the differential catalyst layer.

Figure 3 shows two characteristic temperature distributions as a function
of the length of the reactor. The amount of catalyst employed in the experi-
ment was 1.25 g, the input rate was 940 cm3Imin, and the water vapour:
hexane mole ratio in the feed mixture was 17 : 1.

Equilibrium calculations

The equilibrium concentrations of the products and the water vapour
were calculated as a function of the degree of conversion and of the tempera-
ture, on the assumption that the unconverted hydrocarbon is present as an
inert diluent gas.

Figure 4 gives the equilibrium product distribution in vol.% (referred
to the dry gas mixture) in the decomposition of n-hexane by water vapour, as
a function of the degree of conversion at various temperatures; the composition
of the feed mixture was 18 :3:1 = FI2D :N2:n-hexane. The same values are
depicted in Fig. 5 as a function of the temperature, at various degrees of con-
version.

The equilibrium concentration of carbon dioxide initially increases rapidly
with the conversion, but later barely changes. Below a conversion of 10%
the equlibrium concentration of carbon dioxide is practically independent of
the temperature in the range 400—550 °C, and at higher conversions, too, the
temperature dependence is slight. Up to about 500 °C the amount of carbon
dioxide in the equilibrium mixture increases to a small extent, but after this
decreases.
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Fig. 4. Variation of equilibrium composition with the conversion. Mole ratio of feed mixture
H2 : N2 ra-hexane = 18 :3:1

The equilibrium concentration of methane depends strongly on both the
conversion and the temperature. At constant temperature the concentration
of methane initially increases only very slightly with the increase of the con-
version, but the concentration increase is later very rapid. With elevation of
the temperature, the initial section with low slope extends to an ever larger
range of conversion. This means that at constant conversion the equilibrium
concentration of methane falls with the rise of temperature. It can readily be
seen from the diagrams that at conversions below 10% under the given feed
conditions at temperatures above 450 °C the equilibrium methane concentra-
tion is extremely low so that the equilibrium product mixture practically
does not contain methane.

The equilibrium concentration of carbon monoxide rises with the increase
of both the conversion and the temperature. Even at a conversion of 20%
and a temperature of 550 °C, however, the concentration does not reach 1vol.%

Up to a conversion of about 20% the equilibrium concentration of hydro-
gen runs fairly parallel to that of carbon dioxide, increasing steeply with in-
crease of the conversion. As a result of a further increase in the conversion,
the value passes through a maximum and falls fairly uniformly, corresponding
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Fig. 5. Variation of equilibrium composition with temperature. Mole ratio of feed mixture
H2D :N2 n-hexane = 18 :3:1

to the formation of methane. Up to a conversion of about 10% the equilibrium
concentration of hydrogen is practically independent of temperature, but at
higher conversions it rises with the increase of temperature.

Variation of the feed composition naturally also affects the equilibrium
composition of the product. A decrease in the water vapour concentration of
the feed mixture results in increases in the concentrations of the products
methane and carbon monoxide, and decreases in the concentrations of hydro-
gen and carbon dioxide. Of these components, methane and hydrogen are the
most sensitive to the feed composition (above a certain water vapour concentra-
tion). Figure 6 shows the equilibrium concentrations of carbon dioxide and
methane as a function of the degree of conversion for a feed mixture of com-
position H20 : N2:n-hexane = 15 :3 : 1.

Results and conclusions

Temperature dependence of the decomposition of n-hexane by water vapour

The temperature dependence of the decomposition of n-hexane by water
vapour was studied on catalysts with two different grain diameters (3.6 and
0.6—0.8 mm).
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Fig. 6. Equilibrium concentrations of the carbon-containing components in the dry gas
mixture. Mole ratio of feed mixture H20 : N2: n-hexane = 15:3:1

In these experiments the reaction was begun at a comparatively low
temperature, where it already proceeds at a measurable rate: 400—420 °C.
The volume flows of the product components formed during the reaction were
determined after establishment of the steady state at various temperatures.

t°c

Fig. 7. Variation of carbon dioxide concentration of the product mixture as a function of

temperature on catalyst grains 3.6 mm in diameter. Empty and full symbols are measured

on equilibrium points taken in the direction of increasing and decreasing temperature
respectively. Feed rate: 930 cm3min; catalyst: 1.26 g; H2: n-hexane = 175 :1
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The temperature dependence of the reaction was measured with feed
mixtures containing various mole ratios of re-hexane and water vapour (1 : 4—
1:18), and attemperatures increasing and decreasing in the range400—550°C.

In the range of low conversions at temperatures between 400 and 550 °C,
the products of the reaction for both catalyst grain sizes were carbon dioxide

Fig. 8. Temperature dependence of the concentrations of the carbon-containing products

on catalyst grains 0.7 mm in diameter. Empty and full symbols are measured on equilibrium

points taken in the direction of increasing and decreasing temperature, respectively. Feed
rate: 920 cm3Imin; catalyst: 1.26 g; H2: n-hexane = 17 : 1

and hydrogen, with some carbon monoxide and methane. With increasing
conversion, the concentrations of the products methane and carbon monoxide
also increase.

W hen the reaction mixture was fed into an empty reactor at 400—580 °C,
no transformation at all was observed. The mixture left the reactor unchanged.

Figure 7 shows the carbon dioxide concentration (expressed in vol.%)
of the product mixture formed on 1.26 g of catalyst with a grain diameter of
3.6 mm, as a function of temperature. The equilibrium values corresponding
to the given reaction conditions are also indicated in the diagram. The con-
centration of methane is not plotted, for in the entire measurement series the
conversion remained below 15%, and thus the equilibrium and experimentally
measured concentrations of methane did not attain 0.1 vol.% . The concentra-
tion of carbon monoxide is not shown for similar reasons.

Figure 8 gives the values (in vol.% ) ofthe carbon-containing components
of the product formed on 1.26 g of the catalyst fraction with a grain diameter
of 0.6—0.8 mm, as a function of temperature. The values corresponding to the
equilibrium composition are similarly given in this diagram.

The activities of the catalysts with the different grain sizes both exhibit
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hysteresis as a function of temperature; this means that in a certain tempera-
ture interval the degree of conversion of the reaction and the composition of
the product depend on the direction from which the temperature is approached.
In the direction of increasing temperature a lower degree of conversion was

Fig. 9. Variation of the degree of conversion with the temperature on 1.26 g catalyst with
a grain diameter of 3.6 mm. Experimental conditions as in Fig. 7

Fig. 10. Variation of the degree of conversion with the temperature on 1.26 g catalyst with
a grain diameter of 0.7mm. Experimental conditions as in Fig. 8

observed than if the same temperature was approached from above (Figs
9 and 10).

It can be established that for both grain sizes the composition of the
reaction product in the temperature and conversion ranges employed on these
catalysts had a value corresponding to the equilibrium composition. This
means, therefore, that the rate-determining step is the reaction between hydro-
carbon and water vapour, and that the equilibrium between the primary
products formed sets in very rapidly, even at the lowest conversions. Con-
clusions as to the sequence of consecutive steps in the reaction can thus not
be drawn from these experiments.
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The shape of the methane concentration curve in Fig. 8 is of interest.
If the measurement is performed in the direction of increasing temperatures,
the concentration of methane in the product mixture scarcely changes. This
is a consequence of the fact that while the degree of conversion increases with
the increase of temperature, at the same time the equilibrium concentration
of methane decreases to roughly the same extent; this results in a curve the
shape of which barely changes in the Figure. If the measurement is carried
out in the direction of decreasing temperatures, the concentration of methane
increases for a time in accordance with the higher conversion values and the
lower temperature, and then, below a certain conversion, falls rapidly. Overall,
therefore, as a result of the two opposing effects we obtain a curve with a
maximum.

On comparison of the measurements made on the two sizes of catalyst
grains (Figs 9 and 10), it can readily be seen that at lower temperatures the
two catalysts act roughly identically (kinetic interval); then, above a certain
temperature (430—440 °C), the gas production of the catalyst with the smaller
grains increases compared to the value observed for the larger grains.

This phenomenon can be explained in that at temperatures around
430 °C a pore-diffusion appears on the coarser-grained catalyst, and with the
elevation of the temperature this becomes increasingly more significant.

Studies on the change of the carbon atom number

In the conversion interval 0.02—0.40 in the concentration range employed
on the two types of catalyst, apart from methane no other hydrocarbon, either
saturated or unsaturated, was ever observed below 570 °C.

At temperatures higher than 570 °C, various hydrocarbons, mainly ole-
finic, with chain lengths less than that of hexane appeared in the product gas.
In such cases a considerable deposit of soot was also observed in the catalyst
bed and on the walls of the reactor.

The explanation of the phenomenon is that at higher temperatures
hexane may also undergo thermal decomposition, resulting in the occurrence
of such compounds.

Effect of impurities

A study was made of the effects of aromatic and olefinic hydrocarbon
impurities on the activity of the catalyst. Benzene was used as an aromatic
compound, and cis-2-pentene as an unsaturated hydrocarbon.

These compounds were mixed with hexane in the saturator, in an initial
concentration of about 5% . The composition varied during the experiment, in
consequence of the differing volatilities.
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The compounds were not observed to exhibit any modifying effect on
the catalyst.

Other types of hydrocarbons did not appear in the reaction mixture in
the case of benzene. The temperature employed in the experiments is already
high for the hydrogenation of benzene and the equilibrium is shifted in the
direction of benzene formation, and thus benzene is rather formed from the
cyclohexane impurity present in the ra-hexane.

In the case of pentene as impurity, some pentane can also be detected in
the mixture, but no other hydrocarbon can be observed here either.
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The controlling step in the decomposition of propane, n-octane and iso-octane
by water vapour on an alumina supported nickel catalyst is the reaction of the hydro-
carbon and water vapour. Equilibrium is established between the reaction products
and the unreacted water vapour at various hydrocarbon conversions.

In the reaction of hydrocarbon and water vapour on a magnesium silicate
supported catalyst the composition of the product gas apparently corresponds to the
equilibrium composition only under conditions where the formation of methane is
practically insignificant. In all other cases in the decompositions of both the octanes
and propane by water vapour, the catalyst produces much more carbon dioxide and
hydrogen than the equilibrium values, and much less methane.

Up to a certain temperature limit, and at various conversions, compounds
containing more than one carbon atom were not found among the reaction products.
The various normal and isoparaffins reaching the surface of the catalyst are thus able
to leave it only in a totally disintegrated state, in the form of compounds containing
only a single carbon atom.

At 450 °Cthe products are formed from the hydrocarbons in question at the
same rate, and therefore the rates measured on the model compounds can be used
to draw conclusions on the rates of reaction of hydrocarbon mixtures with water
vapour too.

Introduction

In an earlier publication [1], a study of the reaction of n-hexane with
water vapour at 1 atm on aluminium oxide supported nickel catalysts, was
reported. It was found that in the decomposition of n-hexane by water vapour
the step controlling the reaction is that between n-hexane and water vapour,
while under the conditions employed equilibrium was established between the
reaction products at all conversion values.

The aim of the present work was to extend the investigations relating to
n-hexane to other paraffins, n-octane, iso-octane and propane were selected
as model compounds.

* The work described was supported by High Pressure Institute.
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Experimental

Apparatus

Investigations were made in the apparatus described earlier [1], with the difference
that when propane was fed, its flow rate was measured with a differential manometer; when
feeding octane, however, the liquid hydrocarbon was injected by means of a peristaltic pump,
vapourized and then mixed with the water vapour.

Since the cross sections of the elastic silicone rubber tubes necessary for the peristaltic
pump changed continuously after use, as a consequence of the swelling effect of the hydro-
carbons, and the tubes finally deteriorated completely, an indirect method was employed:
the pump was used to feed water into a vessel, fitted with two outlets, which was completely
filled with the appropriate liquid hydrocarbon. The water was admitted through one of the
outlets so as to form a layer under the hydrocarbon; since the two liquids are practically
immiscible, a volume of hydrocarbon equivalent to the volume of water was expelled through
the other outlet.

The reaction products were analyzed by a gas chromatograph.

The n-octane and iso-octane used were of p. a. purity. The distilled water fed had
previously been boiled out. At the beginning of the experiments the propane used contained
7% ethane and 3% butane -)- isobutane. These impurities were taken into account in the
measurements by determining the average carbon atom number of the gas mixture and using
this value in the calculations. During use of the propane, the composition of the gas mixture
did not remain unchanged: the concentration of the more volatile ethane decreased, whereas
the gas mixture became enriched in butanes, which are less volatile than propane. The
average carbon atom number in the experiments varied in the range 2.96—3.08.

Catalysts

One of the catalysts examined was the same as that used in the experiments with
n-hexane; grains about 3.6 mm in diameter, containing 13 wt.% nickel supported on alumina.
The physical parameters of the catalyst were given earlier [1].

Experiments were also carried out with a magnesium silicate supported nickel catalyst.
This was prepared by Ni(N032Mg(N03)2 impregnation of an enstatite based support,
followed by heat treatment and reduction. The product contained 6—7% nickel. The fraction
with a grain diameter of 2.0—2.5 mm was used in this work.

Experimental method

Fresh catalyst was taken for every experiment. It was placed in the reactor and
heated up to the appropriate temperature in a stream of hydrogen, and the reaction mixture
was then admitted to the catalyst bed.

After establishment of the steady state, the rate and composition of the product gas
were measured. These were used to determine the partial volume flows (relating to 25 °C and
1 atm) of the components produced by the catalyst in unit time, and the degree of conversion
of the hydrocarbon was calculated.

In each experimental series (a fixed amount of catalyst and a fixed feed rate), the
composition of the product mixture was measured at several temperatures, first in the
direction of increasing temperatures, and then in the direction of decreasing temperatures.

Material balance calculations

The material balance was primarily established to check the correctness
of the experimental results.

If the residual unreacted liquid hydrocarbon and the water are removed
from the product gas, then the following material balance can be written for
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the carbon-containing components:

vCO2 + vCO + “n“®CH4 (1)

vt is the rate of flow of the product gas, and Vgo2 t>co and vCH4 the partial
rates of the corresponding components, expressed in cm3min; nin the equation
is the number of carbon atoms present in one molecule of the liquid hydro-
carbon.

The amount of hydrogen formed in unit time during the reaction can be
calculated from the following relation:

1
vt + vcoi —3 VCHI
n
VHi — (2)
1
3+
n

If the residual hydrocarbon is not removed from the product gas (as in
case of propane), then the total volume of the product gas is related as follows
to the partial volumes:

U— 4 v@2— vC = v° 3)

where v° is the feed rate of propane.
The amount of hydrogen formed in the reaction can be calculated from
the following relation:

(2« + 1) (vt- )+ (re- 1) (vCo2 3dCnh4 VA

VHz =
6n

The material balance was given by consideration of the following reac-
tions:

CnA.2ZH2+ 2nH2D = n C02+ (3n + 1) H2 (5)
CnH2!+2-)-nHD = nCO+ (2n + 1) H2 (6)
C02+ 4 H2"A CH4+ 2HD (7
CO + 3 H2N CH4+ HX (8)

The experimental results could in general be well described by equations
(1) (8). For example, the standard deviation of the propane feed rate, cal-
culated via equation (3), was 1.3 cm3min, while at the same time the estimated
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uncertainty of the measurement of the propane feed rate was + 1 cm3min.
Only in a few exceptional experiments, carried out under extreme conditions,
could it be shown that a material imbalance was caused by some other reaction
(carbon deposition or cracking).

In the knowledge of the hydrocarbon feed rate and the amounts of
carbon dioxide, methane and carbon monoxide formed in unit time, the degree
of conversion (x) was calculated from the following relation:

x = focOa+ yCHa+ vco) _ 1000/
nv°

Experimental results
Investigations on alumina-supported nickel catalyst
Reaction of octanes and water vapour

In the study of the decompositions of n-octane and iso-octane by water
vapour, the results were similar to those obtained earlier for the reaction of
n-hexane with water vapour.

The results of measurements made at increasing and at decreasing tem -
peratures do not agree: a catalyst proved more active at a given temperature
if it was approached from higher temperatures than in case of approaching
from the direction of lower temperatures (Fig. 1).

In these experiments, too, the reaction rate was controlled by the rate
of decomposition of the hydrocarbon, while the reaction products (the unde-
composed hydrocarbon being treated as a diluent gas) were present in concen-
trations corresponding to the equilibrium composition (Fig. 2).

Fig. 1. Variation of the degree of conversion with the temperature in the decompositions of

n-octane and iso-octane by water vapour on 5.0 g catalyst. Feed rate: 1020 cm3min;

HX: octane = 17 : 1. The empty and filled symbols are points measured in the direction of
increasing or decreasing temperature, respectively
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Fig. 2. Amounts of carbon-containing components formed from 1 mol octane fed, as a function
of temperature. Feed rate: 1020 cm3min; H2 :octane = 17 :1; catalyst: 50 g

00 02 0A 0.6 0.8 10

Fig. 3. Equilibrium amounts of products formed from 1 mol octane fed in the octane - water
vapour reaction, as a function of the conversion. H2 : octane = 20 :1
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Fig. 4. Variation of the equilibrium composition of the dry gas mixture with the temperature
H2 : octane = 20 :1

Figure 3 shows the equilibrium amounts (expressed in mol) of the prod-
ucts formed from 1.0 mol octane, at a molar feed ratio H2 :C8H18 = 20 : 1,
as a function of the conversion, and Fig. 4 the composition of the equilibrium
product (expressed in vol.%) as a function of the temperature at various
degrees of conversion. These diagrams too are similar to the equilibrium
product distribution in the n-hexane —water vapour reaction. At low conver-
sions in the temperature interval of 400—500°Cthe main products of the reac-
tion are again carbon dioxide and hydrogen; methane and carbon monoxide
are formed in negligible amounts. With the increase of the conversion, the
methane concentration ofthe equilibrium product also increases, at the expense
of the carbon dioxide and hydrogen concentrations. At 400 —480 °C the amount
of carbon monoxide increases to only a very slight extent with the increase
of the conversion or the temperature, but at higher temperatures the tempera-
ture dependence becomes increasingly steeper.

Increase of the water vapour concentration in the feed mixture suppresses
the formation of both methane and carbon monoxide, similarly as in the
decomposition of n-hexane by water vapour.
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When experiments were carried out at low conversions, apart from the
unreacted substances, the product contained practically only carbon dioxide
and hydrogen corresponding to the equilibrium. The investigations were
therefore extended to a conversion range where the formation of methane, too,
was appreciable.

Figure 2 shows the rates of formation of the carbon-containing products
in the re-octane —water vapour and iso-octane —water vapour reactions under

Fig. 5. Equilibrium amounts of products formed from 1 mol propane fed in the propane-water
vapour reaction, as a function of the conversion. H2 : propane = 7.5 :1

similar experimental conditions, referred to an octane feed of 1.0 mol, as a
function of the temperature. The diagram also indicates the equilibrium values
corresponding to the given experimental conditions at some temperatures.

From Figs 1 and 2 it can be established that, within the limits of experi-
mental error, the reactions of re-octane and iso-octane with water vapour on the
catalyst under the same experimental conditions proceed with the same
conversions; the product compositions are also identical, and correspond to
the equilibrium composition.
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Cracking of octanes

At temperatures below 500 °C, apart from methane, no other hydrocar-
bons were formed in the decompositions of the two octanes with water vapour.
At temperatures above 500 °C, on the other hand, cracking was observed in
all cases, even at the highest feed ratio used (H2 :C8H18 ~ 30). It must be
noted that the concentration of the cracking products (ethane, ethylene,

30 \

o000
RTINS

Fig. 6. Variation of the equilibrium composition of the dry gas mixture with the temperature.
H2 : propane = 75 :1

propylene, pentane, pentene) was at most a few tenths of a percent, but the
deposition of carbon was at times very considerable. For example, with a feed
ratio of H20 : C8H18 = 8 : 1at 550 °Cfor 1—2hrs at relatively low conversions
(6—7%), the deposition of carbon was so extensive that the catalyst grains
underwent disintegration.

The possibility of formation of lower molecular weight hydrocarbons
was examined at low flow rates, at a conversion of 80—90%, on a longer
catalyst bed. It was found that in experiments below 500 °C, apart from
methane, no hydrocarbons with chain lengths shorter than that of the feed
hydrocarbon were formed in the decompositions of the two octanes with
water vapour.
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Reaction of propane and water vapour

Figures 5 and 6 show the equilibrium amounts (expressed in mol) of the
products formed from 1 mol propane fed in the propane - water vapour re-
action, at a feed ratio HXD :propane = 7.5 : 1.

The equilibrium product distribution is yery similar to that observed
in the decomposition of hexane or octane by water vapour. At low conversions
the main products of the reaction here too are carbon dioxide and hydrogen.

to

0.8

0.6
X

0.2
0.0

Fig. 7. Variation of the degree of conversion with the temperature in the decomposition
of propane by water vapour on 8.1 g catalyst. Feed rate: 990 cm3min; H2 :propane = 8.8 :1

Hysteresis was also observed in the experiments with propane. In
measurements carried out in the direction of decreasing temperatures, the
catalyst decomposed the propane with higher conversion than when measure-
ments were made in the direction of increasing temperatures. In these experi-
ments too equilibrium was established between the reaction products, even at
a conversion of 50—60%. This shows that at a given feed composition and
pressure the composition of the product depends only on the temperature and
the conversion of the hydrocarbon. Here again mainly carbon dioxide and
hydrogen were formed at low conversions in the temperature range employed,
together with some methane and carbon monoxide.

The decomposition of propane by water vapour was studied at high
conversions (60—80%) on an 8 g catalyst bed at 375—450 °C, and the results
are illustrated in Figs 7 and 8. Figure 8 also shows the equilibrium amounts
of the carbon-containing components formed under the given conditions from
1 mol propane fed. It can be seen that at conversions higher than 60% the
catalyst produces somewhat more carbon dioxide and less methane than the
equilibrium amounts. Under the given conditions the equilibrium and exper-
imentally measured quantities of carbon monoxide are very low compared
to those of the other product components, their absolute values being of the
same order as the measurement errors. The difference between the experimen-
tally measured and equilibrium values is not too large, never attaining 10%.
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Fig. 8. Temperature dependence of the amounts of carbon dioxide and methane formed in
the propane - water vapour reaction from 1 mol propane fed. Feed rate: 990 cm3min;
H2 : propane = 8.8 :1; catalyst: 81 g

The equilibrium composition was the product composition observed at a tem -
perature higher by 20 °C than the lowest temperature measured in the catalyst
bed.

Cracking was not observed in the temperature range 350—600 °C in the
decomposition of propane by water vapour. However, considerable deposition
of carbon occurs here too if the water vapour : propane ratio is low.

Decomposition properties of various hydrocarbons

The decomposition properties of the individual hydrocarbons were
studied at various feed compositions.

Figures 9 and 10 show the degrees of conversion observed in the direction
of decreasing temperatures in the decompositions of the octanes and propane
by water vapour, as a function ofthe feed composition; to facilitate comparison,
the composition is given as the mole ratio water vapour : carbon atom. The
curves depicted are made up of values interpolated to 400, 450 and 500 °C
from the appropriate experimental curves. The experiments were carried out
on 1.25 g catalyst, with a total feed rate of 1000 + 20 cm3min (calculated for
a gas state assumed to be at 25 °C and 1 atm).

As a function of the water vapour concentration of the feed, the amount
of octane or propane decomposed passes through a maximum. For the hydro-
carbons studied, the maximum transformation occurs in the interval HO : C =
= 2-3.

Figures 11 and 12 show the amounts of carbon dioxide formed from 1 mol
octane or propane fed, as a function of the mole ratio H2 : C ofthe feed mix-
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Fig. 9. Variation of the degree of conversion

with the feed composition in the decompositions

of the octanes with water vapour. Feed rate:
1000 + 20 cm3min; catalyst: 1.25 g

H20/C

Fig. 11. Variation of the amount of carbon

dioxide formed from 1 mol octane fed, with

the feed composition, in the octane —water

vapour reaction. The symbol I refers to

n-hexane. Feed rate: 1000 + 20 cm3min;
catalyst: 1.25¢g
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Fig. 10. Variation of the degree of conver-

sion with the feed composition in the de-

composition of propane by water vapour.

Feed rate: 1000 + 20 cm3min; catalyst:
125 g

Hjo/c

Fig. 12. Variation of the amount of carbon

dioxide formed from 1 mol propane fed, with

the feed composition, in the propane- water

vapour reaction. The symbol Mrefers to n-hex-

ane. Feed rate: 1000 + 20 cm3min; catalyst:
125 g
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ture. Also depicted are the amounts of carbon dioxide formed in the n-hexane -
water vapour reaction under similar experimental conditions, at one feed
composition.

It is interesting to observe that at a medium temperature, 450°C, in
the concentration range H2 :C = 2—3, a fixed amount of carbon dioxide
is formed from a given amount of hydrocarbon, regardless of how many carbon
atoms the hydrocarbon contains.

Investigations on magnesium silicate-supported nickel catalysts

The reactions of the octanes and propane were also studied on a magne-
sium silicate-supported nickel catalyst.

Reactions of octanes and water vapour

No differences were observed in the experiments with n-octane and
iso-octane. Under given experimental conditions the catalyst decomposed the
two octanes with the same conversion, and the reaction products too were
the same.

At low conversions this catalyst too produced mainly hydrogen and
carbon dioxide, with some methane and carbon monoxide. Here again the
composition of the product is rather close to the equilibrium composition
(regarding the undecomposed hydrocarbon as a diluent gas).

If a higher conversion was achieved by decreasing the flow rate, when
the methane concentration at equilibrium is also appreciable, the composition
of the product mixture was not the equilibrium one: the catalyst produced
somewhat more carbon dioxide and hydrogen and less methane than the

Fig. 13. Variation of the degree of conversion with the temperature in the decomposition
of n-octane by water vapour on a magnesium silicate-supported catalyst. Feed rate:
1020 cm3min; HD : C = 3.1 :1; catalyst: 25 g
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equilibrium quantities. The amount of carbon monoxide formed in the reaction
is very low, and is very sensitive to the accuracy of the analysis, the difference
from the equilibrium value having the same order as the experimental errors.

Figures 13 and 14 give the conversions of n-octane measured on 2.5 g
catalyst with a grain diameter of 2.0 2.5 mm and the amounts of carbon

Fig. 14. Temperature dependence of the amounts of carbon dioxide and methane formed
from 1 mol n-octane fed on a magnesium silicate-supported catalyst. Feed rate: 1020 cm3min;
H2D :C= 31:1; catalyst = 25 g

dioxide and methane (expressed in mol) formed from 1 mol of n-octane fed,
as a function of the temperature.

Figure 14 also shows the equilibrium product distribution corresponding
to Fig. 13.

When the measurements were made at still higher conversions, the dif-
ference from equilibrium was even more marked (Figs 15 and 16).

Reaction of propane and water vapour

The results of experiments with propane were very similar to those ob-
served in the decompositions of the octanes with water vapour.

At low conversions, when mainly carbon dioxide and hydrogen arc formed
in the reaction, the controlling step of the reaction is only the decomposi-
tion of the hydrocarbon; the concentrations of the products are close to the
equilibrium product distribution.
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Fig. 15. Variation of the degree of conversion with the temperature in the decomposition
of n-octane} by water vapour on a magnesium silicate-supported catalyst. Feed rate:
1030 cm3min; H,0 : C= 3.1 :1; catalyst: 5.0 g

—4 1
350 400 450 500
t °C

Fig. 16. Temperature dependence of the amounts of carbon dioxide and methane formed
from 1 mol n-octane fed on a magnesium silicate-supported catalyst. Feed rate: 1030 cm3min;
H2 :C= 3.1:1; catalyst: 5.0 g

Wi ith increasing conversion, however, the composition of the product
in the decomposition of propane on the magnesium silicate supported cat-
alyst does not correspond to the equilibrium composition either. Compared
to the equilibrium amounts, the catalyst produces more carbon dioxide and
hydrogen and less methane.

Figures 17 and 18 show the amounts of carbon dioxide and methane
formed from 1 mol propane on 5.0 g catalyst at two different feed compositions,
and the amounts corresponding to equilibrium. The corresponding conversions
are given in Fig. 19, as a function of the temperature.
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Fig. 17. Temperature dependence of the amounts of carbon dioxide and methane formed
from 1 mol propane fed on a magnesium silicate-supported catalyst. Feed rate: 950 cm3min;
H2 :C= 27 :1; catalyst: 50 g

Fig. 18. Temperature dependence of the amounts of carbon dioxide and methane formed
from 1 mol propane fed on a magnesium silicate-supported catalyst. Feed rate: 920 cm3min;
H2 :C= 3.9:1; catalyst: 50 g

Fig. 19. Temperature dependence of conversion values corresponding to Figs 17 and 18
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Discussion

From the experimental results obtained on the magnesium silicate-sup-
ported catalystit may be concluded that for all of the hydrocarbons examined
the reaction of the hydrocarbon with water vapour is composed of two steps.
In the first step of the reaction, the hydrocarbon and water vapour interact
in a strongly endothermic process to give hydrogen and carbon dioxide with a
little carbon monoxide. Then, in the second step the primary reaction products
interact, with the formation of methane and water vapour.

The assumed reaction steps are thus:

CnH2,+2+ 2n H20 = nC02+ (3n + 1) H2 (5)

CO02+ 4H2= CH4+ 2HX )

The small amounts of carbon monoxide always present in the reaction

mixture at the temperatures employed may be formed from the hydrocarbon
in parallel to the carbon dioxide:

ChHX.. + nH2 = n CO - (2n -f- 1) H2 (6)
or in the water gas reaction:

C02+ H2= CO + HXD 9)

It is very difficult to establish which of the oxides of carbon is formed
first, for the catalyst promotes not only the hydrocarbon - water vapour,
but also the water gas reaction. In the temperature interval under consid-
eration, however, the equilibrium of the water gas reaction is shifted in the
direction of carbon dioxide and hydrogen, and even a very small amount of
carbon monoxide is sufficient for equilibrium to be established. Not even this
gives exact information as to the excess of the appropriate oxide of carbon
compared to the equilibrium amount, as the uncertainty of the analysis is
comparable to the amount of carbon monoxide.

Overall, it may be stated that in the decompositions of these hydrocar-
bons by water vapour carbon dioxide, hydrogen and a small quantity of carbon
monoxide first leave the surface of the catalyst, their relative concentrations
roughly corresponding to the values calculated from the water gas equilibrium.

In the second step of the reaction, methane is formed according to equa-
tion (7) as a result of the interaction of carbon dioxide and hydrogen formed
in the first step. Naturally, the carbon monoxide too may react with hydrogen
to yield methane:

CO+ 3H2= CH4+ HX (8)
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but because of the low equilibrium concentration of carbon monoxide this
amount is insignificant in practice.

The experiments on the two types of catalysts therefore exhibit a substan-
tial difference in the rate of formation of methane. On the aluminium oxide
supported catalyst the rates of the water gas reaction and the methane for-
mation reaction following decomposition of the hydrocarbon are high, and
equilibrium of the product components and the unreacted water vapour is
established even at the highest hydrocarbon conversions. On the magnesium
silicate supported catalyst the equilibrium of the water gas reaction is well
approximated to, even at high hydrocarbon conversions, hut the approach of
the methane formation reaction to equilibrium is slow, and at high hydrocar-
bon conversions the deviation from the equilibrium ofreaction (7) is significant.
From the results of measurements on the magnesium silicate supported cata-
lyst, where the amount of carbon dioxide in the product mixture increases
compared to the equilibrium value with the increase ofthe conversion, whereas
that of methane decreases, it naturally does not follow that with the increase
of the conversion the departure from equilibrium is all the grater.

For the experiments illustrated in Figs 17 and 18, the apparent equilib-
rium constant calculated from the composition of the departing gas:

1€y .. yCHj * YHrp2
Yco2 - W~

is compared in Table | with the thermodynamic equilibrium constants at
various degrees of conversion.

It is readily seen that the quotient KnmeaSdIK p increases with the temper-
ature, and thus the composition approaches that at equilibrium. Even at a
hydrocarbon conversion of 88%, however, the apparent equilibrium constant
is only about one tenth of what would be expected at the given temperature.

No difference was found in the experiments with n-octane and iso-octane.
Accordingly, it may be assumed that other isomeric paraffins also behave sim-

Table |
tec x Knieasd Kp H20/Cfeed “hmeasd
kp
400 0.35 42.4 1340 0.032
425 0.47 187 417 27 0.045
450 0.56 9.5 140 0.068
450 071 115 140 0.082
475 0.82 4.2 50.3 39 0.085
500 0.88 21 19.2 0111
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ilarly. This is apparently not supported by the findings of Pnirtips et al. [2],
who mixed unspecified ‘branched-chain hydrocarbons’to an equimolar mixture
of hexane and heptane, and then decomposed this reaction mixture with water
vapour. At partial conversions it was found that hydrocarbons with molecular
weights lower than those of the feed hydrocarbons appeared in the reaction
mixture. The hydrocarbon fragments were reported to comprise only a small
fraction ofthe products. The other conditions of the experiment do not emerge
from the article, however, and it is possible, therefore, that the cracking of one
or other of the components began under the given conditions, and this resulted
in the appearance of the hydrocarbon fragments.

In the laboratory the catalysts can be studied more conveniently with
pure hydrocarbons than with hydrocarbon mixtures. Industrial reactors for
the decomposition of hydrocarbons, however, are generally fed with mixtures.
On the basis of the investigations reported it can be stated that from studies
with a model substance (e.g. propane) conclusions may be drawn with certainty
on the rate of transformation of a hydrocarbon mixture, for at the temperature
most favourable for the reaction (450 °C) the products were formed at the same
rate from all four hydrocarbons examined, in the case of a fixed H20/C ratio.
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TIN (IV) DERIVATIVES OF SCHIFF BASES DERIVED
FROM PENTANE-2,4-DIONE AND AMINOALCOHOLS

O. P. singh*and J. P. Tandon

(Chemical Laboratories, University of Rajasthan, Jaipur, India)
Received November 28, 1974,
in revised form July 22, 1975

Reactions of tin(lV) chloride with Schiff bases of the general formula
CH3C(OH)=CHC(CH3=NROH (where R = (CH22 CH2CH(CH3), (CH23 and CH-
-(C2H5CH2 have been investigated at different stoichiometric ratios. The resulting
products SnCI4{SRH2 and SnCI4SBH22 (where SBH2 represents the Schiff base
molecule) have been isolated in almost quantitative yields. Tentative structures are
proposed on the basis of elemental analyses, IR spectra and conductivity measurements.

Introduction

The reactions of tin(lY) chloride with nitrogen containing ligands have
been studied [1—3]. In earlier communications [4—5] from this laboratory,
the reactions of tin(1V) chloride with the Schiff bases derived from benzal-
dehyde or o-hydroxyacetophenone and aminoalcohols have been reported and
several new derivatives isolated for the first time. However, the reactions of
tin(1Y) chloride with the Schiff bases derived from pentane-2,4-dione and
aminoalcohols have not been investigated so far. It was, therefore, considered
of interest to undertake studies of the resulting tin(1V)-Scliiff base derivatives
of general formulae SnCI4SBH2 and SnCI4(SBH22 (where SBH2 is a Schiff
base (1) obtained by the condensation of pentane-2,4-dione with aminoalcohols
such as 2-aminoethanol-I, I-aminopropanol-2, 3-aminopropanol-l and 2-amino-
butanol-1) having the central metal atom in a 6- and 8-coordinate environment
respectively.

HsC

G—OH

HC

£=N—R—OH

H3C
(where R = (CH22 CH2CH(CHJ), (CH23and CH(C2H5CH?2)
* Chemistry Department, R. B. S. College, Agra, India
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Experimental

All reactions were carried out in a glass apparatus with interchangeable quickfit joint,
under strictly anhydrous conditions. Benzene (BDH) was first refluxed over sodium wire
for several hours and then distilled azeotropically with ethanol. Tin(IV) chloride (Reidel)
was kept over copper turnings and redistilled before use. Dimethylformamide (BDH) was
purified as described earlier [4]. The middle fraction boiling at 55 + 1°C/35 mm was collected
and stored in blackened and stoppered pyrex flasks. The specific conductivity of the solvent
was found to be 0.5—1.5 X 10-7 ohm-1 at 25 + 1°C.

Preparation of Schiff bases

Schiff bases of pentane-2,4-dione were prepared by mixing the reactants, i. e. pentane-
-2,4-dione and an aminoalcohol in a 1: 1 mole ratio in the presence of benzene and refluxing
for several hours, followed by the removal of water-benzene azeotrope. These were distilled
before use and their analyses and physical characteristics are listed in Table 1.

Table 1
Physical properties and analyses of the Schiff bases
Analysis (%)
No. Schiff base State and m.p. (°C)  B. p. (°C/mm) c H N

Found Found Found
(Calcd.) (Calcd.) (Calcd.)

l. Pentane-2,4-dione-2- Yellow solid 114-115/0.2 58.83 9.25 9.58
-hydroxyethylimine 71—72 (58.72) (9.15) (9.77)
(CHINO02

2. Pentane-2,4-dione-2- Viscous yellow
hydroxy-I-propylimine liquid 112/0.3 61.35 9.86 8.83
(C8H 13N Oj) (61.12) (9.62) (8.90)

3. Pentane-2,4-dione-3- Pale yellow 110—111/0.3 61.01 9.78 8.78
hydroxy-I-propylimine crystalline (61.12) (9.62) (8.90)
(C8H BN 02)* solid 81—82

4. Pentane-2,4-dione-I- Deep yellow 111/0.4 62.97 9.81 8.01
hydroxy-2-butylimine liquid (63.16) (9.94) (8.18)
(CHIMNO02

* Used for distinguishing between compounds of the same molecular formula

Preparation of tin(1V) complexes

The reactions of tin(lY) chloride with the Schiff bases have been carried out at mole
ratios of 1: 1 and 1: 2. Tin(IV) chloride was dissolved in benzene and the calculated amount
of the Schiff base was then slowly added with shaking. An exothermic reaction took place
and the solid compound separated immediately. After decanting the solvent, the resulting
solids were repeatedly washed with dry benzene and the products dried under reduced

ssure. These have been found to be insoluble in most of the common organic solvents
soluble in DMF. The details of their analyses, their physical properties and molar con-
ductance are reported in Table II.
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Table I

Synthesis and characteristics of tin(1V) Schiff base complexes

Tin et ) Analysis (% Molar
Icr;lloride Schiff base (g) Mole ratio Componu:t(i,reyleld @ sn al N z:;hn::itacn;el
(9) Found (Calcd.) Found (Caled) Found (Calcd.) mol-1)
125 chlho? 1:1 SnCI{CMHINO02 28.78 35.37 3.44 8.31
0.68 (1.93), white solid (29.43) (35.20) (3.47)
0.76 CHI3NO02 1:2  SnCIACHIN022 2141 25.64 4.88 7.11
0.97 (1.73), brown semisolid (21.72) (25.98) (5.12)
158 cth o2 1:1 SnCI4C8HINO02 28.00 34.38 3.20 6.72
0.95 (2.53), white solid (28.44) (34.02) (3.35)
157 cth o2 1:2 SnCl4C8HBN022 20.98 24.97 4.64 6.85
1.90 (3.4), yellow semisolid (20.66) (24.72) (4.87)
118 cth ho2* 1:1 SnCl4C8H1N02* 27.99 3342 345 8.41
0.71 (1.75), yellow semisolid (28.44) (34.02) (3.25)
0.74 CBH[eNO2* 1:2  SnCl4CHIBN022* 20.40 24.49 4.82 8.60
0.89 (1.59), yellow semisolid (20.66) (24.72) (4.87)
135 cth Tho?2 1:1  SnCI4CHINO2 27.12 32.48 3.33 831
0.88 (2.23), white solid (27.51) (32.92) (3.24)
1.05 ch Iho?2 1:2  SnCI4ACHIN022 19.50 2311 4.60 8.81
138 (2.27), pale yellow solid (19.70) (23.57) (4.64)
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Analytical methods and physical measurements

Tin was determined gravimetrically as tin oxide, chlorine as silver chloride and
nitrogen by Kjeldahl’s method.

Conductance measurements were made using a Tesla RLC bridge, using a cell with
a constant of 0.74 cm-1.

The infrared spectra of the ligands and the complexes were recorded is nujol mull
on a Perkin Elmer 337 Grating 1R Spectrophotometer in the 4000—400 cm-1 range.

Results and discussion

The low molar conductance values falling in the range of 6.72—8.81
ohm-1 cm2 mol-1 (Table Il), determined in DMF at 10~3 M concentration
and 25 + 1°C indicate the nonelectrolyte nature of the complexes. Their limited
solubilities in common organic solvents, however, did not permit the determi-
nation of their molecular weights.

All the ligands have been shown to form 1:1 and 1:2 complexes,
SnCl4 (SBH2 and SnCI4SBH22 when the benzene solutions of the reactants
are mixed together. The reactions at mole ratios of 1 : 3 and higher have been
found to give SnCI4SBH22type of derivatives only.

The IR spectra of the Schiff bases show a carbonyl absorption within
the range of 1680—1660 cm-1 characteristic of the keto form. Another medium
intensity band is observed at ~ 1601 cm-1 and this may be due to the conju-
gated, hydrogen bonded carbonyl, the C = C and the C = N vibrations. In the
metal-Schiff base complexes these peaks are observedin nearly the same region.

As the Schiff bases possess the functional group NOH and if only the ni-
trogeniscoordinated to the metal atom, the 1:1 complex will be pentacoordinate.
However, in the case of tin(I1V), hexacoordinate complexes have been reported
[6, 7] to be more stable and Kogan et al. [8] have shown the formation of a
1:2 complex only in the reaction between tin(IV) chloride and the Schiff
bases of pentane-2,4-dione with aromatic amines.

A similar hexacoordinate environment for tin(1Y) can be postulated in
the derivatives synthesized during the course of the present investigations.
This is only possible if the oxygen of the alcohol group may also coordinate to
the metal atom forming a Sn<—0 bond. This is reflected in the 400—460 cm '1
region of the IR spectra of tin(lY) complexes with oxygen donor ligands
[9—12]. However, owing to the lack of facilities for recording the spectra in
this range, this could not be observed in these complexes.

Thus in the SnCI4SBH2 type complexes, a coordination number of six
with an octahedral geometry seems to be possible (I1).
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-OH
cl cl
W
Cl—sn—cl
=N—R-OH

In the SnCI4SBH22 type derivatives, the central metal atom may

probably be octacoordinated [4, 5, 13—16] and can be represented by the
following structure (I11).
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An equation for the polarization curve of the ionization of a metal and the
neutralization of the metal ion proceeding by a multistep mechanism is given for
the case when a complex-forming agent is present in the solution and the consecutive
steps involving electrochemical and chemical reactions as well as diffusion of the
product, occur at rates of the same order of magnitude. The kinetic parameters
corresponding to a given rate-determining step have been derived.

In a former communication [1] we have given a relationship for the
polarization curve of m consecutive electrode processes. We have assumed that
there is an excess of inert electrolyte in the solution and the intermediates of
the reaction practically do not diffuse away from the electrode surface and do
not react with each other or with the components of the solution. These
conditions ensure that only consecutive processes occur and the intermediates
are consumed only in first order reactions. Under these conditions steady-

state polarization curve can be described equation (1).

1~ 1 - Cr

;' riJ/ hi 7 h*

i=i =0

(1)

where kko — 1, kki and ka<are the rate constants of the corresponding electrode
processes which are exponential functions of the electrode potential.

Equation (1) isvalid also for consecutive processes in which one or sever-
al steps are not electrochemical but chemical reactions. This expression leads
to correct results also when the first or the last of the consecutive processes is
the diffusion of the starting substance or of the final product. However, for
these non-electrochemical steps is n¢= zm.

In an electrolyte containing a complex forming substance it is unlikely
that the ionization of the metal or the neutralization of the metal ion in the
complex should occur in one step if the coordination number of the complex
in solution and also the charge number of the central metal atom are higher
than one [2, 3]. According to the Franck-Condon effect, it is to be expected
that the activated complexes of the cathode and the anode processes (partiéi-
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pating in the gain or loss of the electron) will have the same structure [4].
On the basis of this assumption and considering that possible adsorption of
the ligands on the metal surface before the ionization of the metal, the ioniza-
tion of the metal and the neutralization ofthe metal complexes can be described
by the following consecutive processes [5],

M+v, K"-4 (M K%n)0 mn
K
M K*»~)0» M +)0 + 1
. ( ) T ( )0+ 2xe (m
(M X <f-7)+)0+ (v2- V)Kn~ [ (M *<r"n)+)0 (1)
£
(M KE-*>+)0" (M Xg-**)+)0+ (*~ *i)e (1v)
(M KM +)0+ (v- v2Kn (M K iz=m)+)0 V)
K
(M Klz=mn)+)0 M A r““0+ 4))
where M is the metal or the metal ion, is the ligand ion (n = 0, 1, 2) and

Vj, v2and v are the numbers of ligands bound, z1and z are the charge numbers
of the metal ion; the rate constants* are written above the arrows that indicate
the direction of the reactions, the subscript ‘o’ refers to the components at the
surface of the electrode. The overall process (I)—(VI) involves consecutive
chemical (1), (I11) and (V), electrochemical (Il) and (IV), and diffusion pro-
cess (VI). Obviously, all the consecutive processes occur on the surface of the
electrode and if Kn is present in high concentration, this concentration does
not change during the process. Therefore, steps (I), (I11) and (V) can be re-
garded as first order reactions and the ligand concentration ckcan be included
into the rate constant. If expression (1) is applied to process (I)—(VI), the
equation of the polarization curve can be given as

zX (fcj karkskaak- ct — kxkki k3kki ks cMK)
Xk3k J se<r)(zklH+ zjty + XklkkkscP 'z)(zkai+ (z—zx)k3) + KIKKbrkkl (zX +\)

(3)
where cmk is the bulk concentration of the complex ion produced.
* The rate constant of diffusion is zX. In the case of a rotating disc electrode
X = 0.62 FD23v~lle (2a/)12 )

where D is the diffusion coefficient of the product, v is the kinematic viscosity of the
solution and / is the number of revolutions of the electrode [6].
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Equation (3) is valid if all the rate constants are of the same order of
magnitude and the reactants are adsorbed only on an insignificant fraction of
the electrode surface. If the rate constant of any step is significantly lower than
those of the other steps, this ‘slow step’ will determine the kinetics of the
process and for the reactions preceding the slow step an equilibrium will be
established. The kinetic parameters for process (I)—(Y1) (kinetic order with
respect to the ligand and the apparent transfer coefficient) are shown in
Table | for various rate-determining steps. It is clear that conclusions concern-
ing the rate-determining step of the process may be drawn from the slope of the
polarization curve and from the reaction order with respect to the ligand even
in only the anodic or cathodic polarization curve is studied. It cannot be
decided on the basis of the parameters in Table | whether step (Y) or (VI) is
rate-determining. However, even in this case a decision is possible according

Table 1
Kinetic order with respect Apparent transfer
Slow reaction to K*~ coefficient
step
anodic cathodic anodic cathodic
| n — n) 0 z
i vi —(V—Vi) w9 ox] (z  Z1(X2)
hi *9 —O'—VZ) (*—*i)
v Va2 -(v-v2 + (%)< (1— a1 (—=1)
\Y% v 0 z 0
VI v 0 z 0

to how the polarization curve is affected by the stirring of the solution. If the
rate increases with increasing speed of stirring or upon faster rotation of a
disc electrode, then the polarization is of the diffusion type, whereas the lack
of such an effect points to reaction polarization. Thus in the former case step
(V1) and the latter case step (V) is rate-determining.

If in a solution of the ligand, the ionization of the metal and the neutral-
ization of the metal ion occur via one charge transfer reaction, then the
process can often be described [7] by reactions (1), (I1), (I111) and (VI). On
applying relationship (1) or (3) to this four-step process, the following equation
is obtained for the polarization curve.

Ma,n3cE — kikk,hcMK
- - Kk k 4)
h + kj + kxkk, + -4 »
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if 2 = .j,v2= vand a2= a. In Table Il are listed the kinetic parameters
referring to reaction series of (I), (1), (111) and (YI) for the case when
one of the steps is ‘slow’. On the basis of the kinetic parameters it can be
decided also in this case which of the reaction steps determines the rate
of the process. Possible deviations from the parameters shown in Tables | and
Il may be caused not only by the circumstance that several processes have
comparable rate constants but also the fact that the surface concentration of
the activated complex ofthe charge transfer reaction is affected by the electrode
potential [7].

Table 11
Kinetic order with respect Apparent transfer
Slow reaction to K~n coefficient
step
anodic cathodic anodic cathodic
| n — (v— Vi) 0 2
1 (% — ml) az (1— «)*
hi \ 0 2 0
VI v 0 2 0

Expressions (3) and (4) demonstrate that in the case of a process occurring
via steps (I) — (Y1), the effect of diffusion can always be eliminated by the
well-known rotating disc electrode [8, 9, 10] since jt“ 1will always be given by
correlation.

Fri=A + B f-7* (5)

where the reciprocal of A defines the equation of the polarization curve deter-
mined by process [(I)—(V1)] unaffected by diffusion.

As we have shown previously [10], the anodic dissolution of copper in
anhydrous acetic acid containing chloride ions proceeds via the sequence

()—(I)—(111)—(V1).
REFERENCES

[1] Kiss, L., Farkas, J.: Magy. Kém. Foly., 80, 542 (1974); Acta Chim. (Budapest) 84,161
(1975)

[2] Koryta, J. (ed. Delahay, P.): Advances in Electrochemistry and Electrochemical
Engineering, Yol. 6, p. 289. Interscience Publ. 1967

[3] Kravtsov, V. I.: Elektrodnye processy v rastvorakh kompleksov metallov. l1zd. LGU.
1969

[4] Libby, W. F.: J. Phys. Chem., 56, 683 (1952)

[5] Kolotyrkin, Ja. M.: Usp. Khim., 31, 322 (1962)

[6] Kiss, L., Varsanyi, L. M.: Magy. Kém. Foly., 80, 29 (1974); Acta Chim. (Budapest)
81, 61 (1974)

[7] Kravtsov, Y. l.: Electrokhim., 9, 1702 (1975)

Acta Chim. (Budapest) 88,1976



KISS, VARSANYI KINETIC EQUATIONS, Il 263

[8] FruMkin, A., Teodoradze, G.: Z. Elektrochem., 62, 251 (1958)
Jahn, D., Yielstich, J.: Electrochem. Soc., 109, 849 (1962)
[9] Kiss, L., Varsanyi, L. M.: Magy. Kém. Foly., 80, 225 (1974); Acta Chim. (Budapest)
83, 165 (1974)
[10] Kiss, L.,Varsanyi, L. M.: Magy. Kém. Foly., 81, 43 (1975); Acta Chim. (Budapest) 85, 399
(1975)

Laszlé Kiss

H-1088 Budapest, Puskin u. 11—13.
Magda Varsanyi

Acta Chim. (Budapest) 88,1976






Acta Chimica Academiae Scientiarum Hungaricae, Tomus 88 (3), pp. 265—273 (1976)

INFRARED SPECTROPHOTOMETRIC INVESTIGATION
OF ALKOXYSILANE-CHLOROSILANE CONDENSATION
REACTIONS, 1

IR METHOD FOR ANALYSIS OF REACTION MIXTURES
E. Matrai and S. Dobos

(Hungarian Academy of Sciences, Central Research Institute for Chemistry, Laboratory for
Inorganic Chemistry, Budapest)

Received April 26, 1975

IR spectrophotometry was used for the determination of all components in
the condensation reaction of dimethyldichlorosilane with dimethyldiethoxysilane,
dimet,hyldi-/t-propoxysilane or dimethyldi-sec-butoxysilane. The spectra of the com-
ponents expected in the course of the reactions were recorded separately and in their
respective mixtures. Analytical bands suitable for their determination were selected
and characterized from the point of view of quantitative applicability too.

Introduction

Organosilicon compounds with different groups, e.g. alkoxysilanes and
chlorosilanes condense in the presence of catalyst according to the follow-
ing equation:

=Si—OR + CI-Si= -catalyst>=Si—O0—Si= + RC1 (1)

This reaction is called sometimes as heterofunctional condensation and leads
to the formation of siloxane polymers while a by-product of small molecular
weight eliminates. The method is a reasonably simple way for the preparation
of polysiloxanes even in the case of a special — e.g. asymmetrical — struc-
ture too [1].

In connection with this process the main aspects of investigations were
the search of the most advantageous catalyst on one side and the clearing up
the way of action of the catalyst on the other side [2, 3]. The path of the pro-
cess, the different reaction steps, however, are still obscure probably because
of the lack of an appropiate analytical method.

Some analytical methods have been applied to investigate this type of
reactions, they did not give, however, sufficient information in details on the
process, moreover they required at the same time some lenghty preparations.
Andrianov et al. followed the reaction of organosilicon acetates with chlo-
rosilanes by conventional chemical methods, namely by the titration each of the
functional groups of the starting materials and those of the expected products
in each samples [4]. Csakvari and others studied the condensation of alkoxy-
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chlorosilane where the evolved product was gaseous alkylchloride. The
process was followed by measurement of this only product by repeated
weighting after freezing it out in a deeply cooled receiver [3, 5]. In other cases
only the composition of the end-product was analyzed by means of gas chroma-
tography, NMR or IR spectroscopy and from these results conclusion was
drawn on the path of the reaction or on the side reactions [2, 6].

Our aim was to develop an IR spectrophotometric method for the simul-
taneous determination of as many components of the reaction mixture as
possible all over the process. Infrared spectrophotometry offers a lot of advan-
tages. It isreasonably rapid, easy to perform and is suitable for both qualitative
and quantitative analytical purposes. From the point of view of kinetic meas-
urements it has an additional advantage; an IR measurement does not inter-
fere with the reaction examined unlike e.g. to gas chromatography.

Here we report on an infrared analytical method worked out for three
systems, namely for dimethyldichlorosilane(D)—dimethyldiethoxysilane
(DoEt): dimethylchlorosilane—dimethyldi-ii-propoxysilane(Dopr)? and di-
methyldichlorosilane—dimethyldi-sec-butoxysilane(DoBut) systems.

In these systems we had to consider the presence of the following com-
ponents: One of the starting materials in every case was D, the other partner
was DoEfo DoPr and DoButi respectively. The additional components expected
were  dimethylethoxychlorosilane(DoEt,ci)5 dimethyl-re-propoxychlorosilane
(Dopr.ci) and dimethyl-sec-butoxychlorosilane(DoBut.ci) respectively, fur-
thermore ethyl chloride, n-propyl chloride or sec-butyl chloride as well as the
siloxane polymer produced independently of the starting mixture.

Experimental
Instrumentation

AH infrared spectra were taken by a Perkin—ElImer Model Typ 225 infrared spectro-
photometer. The spectra of the materials in cyclohexane solution were recorded in the region
of 1400—400 cm-1.

The error of the wave number data was smaller than +1 cm-1 for sharp bands.

The samples examined were placed in Csl-liquid cell of 0.05—0.1 mm path width.
The reference cell was a Csl-micrometer cell which contained only the solvent.

As the samples were corrosive and hydrolyzed readily the cell has to have been stoppered
tight. The cell constructed was covered by a thick silicone rubber gasket put between the
two metallic plates at the spacer around the side of the windows. The vulcanized silicone
rubber made a perfect proof and it did not disturb the measurements because it was soluble
neither in cyclohexane nor in the organosilicone compounds. It could be pulled off easily
from the plates at the disassembling of the cell.

Materials
Dimethyldichlorosilane was obtained from commercial sources and it was further
purified by distillation using a fractionating column. Dimethyldiethoxysilane, dimethyldi-n-

-propoxysilane and dimethyldi-see-butoxysiiane were prepared according to Nagy et al. by
treatment of dimethyldichlorosilane with the suitable alcohol in the presence of pyridine
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or aniline [7]. Dimethylalkoxychlorosilanes were obtained by the partial alcoholysis of
dimethyldichlorosilane with the respective alcohol. n-Propyl chloride and sec-butyl chloride
were synthetized by the method of Copenhaver from the suitable alcohol and cone, sulphuric
acid and zinc chloride [8]. Reagent grade cyclohexane was used as a solvent both in IR-
measurements and in the condensation reaction.

Spectra and analytical bands of the components

In order to follow the pathway of all the components during the reaction
independent analytical bands had to be found for each of the materials.
However, due to the similarity of the chemical composition and spectra of

Fig. 1. Spectrum of (CH3ZSICl, in cyclohexane solution (cD:0.2 M)

the reactants it was not an easy task. The spectra of the components expected
in the reactions of the three systems studied arc to be seen on Figs 1, 2, 3 and
4. The analytical bands of the materials are designed with black on the figures.
One of the components of the ethoxy-system, ethyl chloride leaves the reaction
mixture being gaseous at room temperature; for this we did not care for its
IR determination. On the other hand in the course ofthe condensation reaction
a mixture of linear and cyclic siloxanes of different polymerization degree is
formed thus, these siloxanes also could not be modelled in advance.

Compounds examined belong to the most fundamental materials of the
organosilicon chemistry, therefore they have been examined already from a lot
of aspects. The IR spectra of all these materials are known except dimethylal-
koxychlorosilanes. Numerous communications deal with the assignment of
their IR spectra.

Absorptions characteristic of D are the asymmetrical and symmetrical
Si—Cl stretching frequencies at 535 cm-1 and at 465 cm*“1 The Si—Cl bands
were the basis of the analytical method for the determination of D as impurity
in trimethylchlorosilane [9].
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Fig. 2. Spectra of (CH32Si(OC2H52 and (CHJSi(OCHYHCI in cyclohexane solution
(cDOBt;0.2M ; cDOBtcl: 0.2M)

The CH-rocking frequency of the Si—OR group is suitable for analysis
which appears in the region of 1150 —1170 cm "1in the spectra of every Dor
examined [10, 11, 12].

The Dorci-s have three analytical bands suitable for analysis in these
systems. The Si—ClI stretching frequency appears at 485 cm-1 in the case of
Dor,ci's and the CH-rocking frequency at quite the same wave number like in
the spectra of the respective Dor-s. Dor,ci cOmpounds have one band more
at 660—650 cm*“1 which seems to be suitable for analytical purpose. This
band can probably be assigned to the SiC2stretching frequency on the basis of
assignment of other compounds with similar —Si(CH3)2skeleton.

The analytical bands of the alkyl chlorides to be measured are the C—Cl
stretching frequencies in the region of 730—560 cm-1 [13, 14]. In the case
of rapropyl chloride the C—CI stretching vibration usable lies at 730 cm*“land
in the case of sec-butyl chloride at 610 cm-1.

In spite of its utility IR method is not very sensitive, however, to dis-
tinguish in molecular weight of the siloxane polymer. There was no unique
analytical band for the quantitative determination of siloxanes in these sys-
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Fig. 3. Spectra of (CH325i(OC3H 7)2and (CH32Si(OC3H7CI and C3HT7CL in cyclohexane solution
(cDJrr: 0.2M; crorr & 0.2M; cpr_ci: 2M)

terns. Qualitatively they could be followed in the region of 1000—1100 cm-1,
in the range of the asymmetrical Si—O~-Si stretching frequencies, as it will
be shown in the second part.

The spectra taken on the synthetic mixtures of different composition
show the absence of any intermolecular interactions either with the solvent or
other components. The analytical bands chosen follow Berr’s law, thus, they
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Fig. 4. Spectra of (CH32Si(OC4H92 (CHJ3Si(OC4H9CI and CAHOCL in cyclohexane solution
(cDOBut* 0.2M; CooButci- 0.2M', CRU-ci: 2JVi)

are usable for quantitative measurements. Lower detection limit was deter-
mined in the respective mixtures at each analytical bands. The analytical bands
and the detection limit belonging to them are summarized in Table 1. Figs
5, 6, and 7 show the spectra of the synthetic mixtures of D—DoEb D —Dopr
and D—DoBut systems. The analytical bands are designed with black and
with the letters of Table I.
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Table |

Analytical bands ofthe compounds

Lower detection

Compounds Band (cm-1) Intensity limit (c[M])*
(CH3)2sICl, 535 (E) VS 9 «10-4
465 (F) m 3 mio-3
(CH3)2Si(0OC2H 5), 1165 (A) m 5+10-3
(CH3)2Si(0C2H 5)Cl 1165 (B) m 1+10%2
660 (C) m 5 « 10" 3
485 (D) S 2 +10%3
(CH3)2Si(0OC3H 7)2 1150  (A) m 2 ¢ 10" 2
(CH3)2Si(0C3H 7)ClI 1150 (B) m 2 +10-2
665 (C) m 5 «10%3
485 (D) S 2 103
C3H 7C1 730 (G) m 2 102
(CH3)2Si(0C4H 9)2 1170 (A) m 3 eio-3
(CH3)2Si(0OC4H9)CI 1170 (B) 38 °+8
6601 (C) m 6 mio-3

650J
485 (D) s 8 ©°r8
C4H9C1 610 (G) m 1 m10-2

* Calculated for 0.1 mm path width

The analytical bands of n-propyl chloride and sec-butyl chloride (band G)
appear separately in the synthetic mixtures. The analytical band of D at
535 cm-1 (band E) also appears separately in the spectra of the three systems,
thus D can be easily and exactly determined at this band. The band at 465
cm-1 of D (band F) and that of Dqr.ci at 485 cm-1 (band D) overlapp par-
tially, thus the determination of these two compounds encounters difficulties
at the mentioned bands. Fortunately there is another analytical band for
Dor,ci at 660 cm-1 (band C) like for D at 535 cm-1 (band E). Dor-s have
only one analytical band at 1150—1170 cm -1 unfortunately at quite the same
wave number like the respective Dor.cd For this reason Dor-s can be deter-
mined quantitatively by using the concentration of the respective Dqrci
calculated at another isolated peak e.g. at 660 cm“1. (The absorbance at band
B calculated from the known concentration of Dor,ci was substracted from
the total absorbance determined at band A, B.)
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Fig. 5. Spectrum of a synthetic mixture of the components of D—Dgqei system in cyclo-
hexane solution (cD: 0.1M; cDOEt: 0.2M; CooEt,ci: 0.2M)

Fig. 6. Spectrum of a synthetic mixture of the components of D—DoPr system in cyclohexane
solution (cD: 0.1M; CgOPr: 0.2M; Q)Orr,ci: 0.2M; cpt-Q\: O.66M)

¢ (cm-1)

Fig. 7. Spectrum of a synthetic mixture of the components of D—D But system in cyclohexane
solution (eD: 0.15M; cDOBut: 0.2M; cDOEutci: 0.2M: cBut_cl: 0.66/1I")
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The informations obtained illustrate the utility of IR spectrophotometry

for the analysis of these reaction mixtures, and this method seems to be
applicable to study the condensation processes.

(1
[2]
[3]
(4]
[3]
[6]
(7]
(8]
[9]
[10]
[11]
[12]
[13]

[14]
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Fe-Cl3-catalyzed condensation of dimethyldichlorosilane with dimethyldi-sec-
-butoxysilane was studied. Infrared spectrophotometry was applied to follow the
process. It was found that the reaction consists of two steps. The first is a very rapid
radical exchange between the difunctional alkoxysilane and chlorosilane producing
dimethylalkoxychlorosilane. This compound is the starting monomer of the consecutive
condensational step. It has been established that the condensation is irreversible and
practically absent of side-reactions.

Introduction

In the first part ofthis series we have described an infrared spectrophoto-
metric analytical method for three alkoxysilane—ehlorosilane systems. The
method is suitable for the determination of the compounds expected in the
condensation reaction. In our present work this method was applied to follow
the FeCl3-catalyzed condensation of dimethyldichlorosilane (D) with dimethyldi-
sec-butoxysilane (D obui)-

Considerations on the possible reaction path

From the point of view of preparation of longer chain linear or cyclic
siloxanes monomers at least difunctional have of practical importance. For
this reason we studied the condensation of difunctional compounds.

The spectrophotometric method enabled us to study the different pro-
cesses occurring in the reaction mixture. For this reason it seemed to be
advisable to think over the probable reaction steps and side-reactions as well as
the products expected in their course.

From the monomers with alkoxy and chlorine functional groups poly-
siloxanes arise, the respective alkyl chloride eliminates according to the simplest
reaction path described in some publications [1, 2, 3].
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CH3 CH3

| |
N RO —Si—OR + reCl Si-C| catalyst

| (I
CH3 CH3

CH3 CH3
| |

(2n - 1) RC1+ RO-[Si-0](2~rjrSi-C1l (1)
| |
CH3 CH3

Beside this an other condensation process can also be supposed from these
starting materials. FeClI3 has been widely used as a catalyst in the field of
organosilicon chemistry. Thus, it can be supposed that this catalyst offers
advantageous conditions to the reaction of monomers containing identical
functional groups, namely to the self-condensation of dialkoxysilanes. They
react with the elimination of ether:

CH3 CH3 CH3
cataly st I I
NRO Si OR--—mn 1)R2 + RO [Si-OASi OR 2)
| !
CHS CH3 CH3

Under the applied experimental conditions this reaction may proceed
further. Ethers and chlorosilanes, which are present in the reaction mixture,
may react with each other producing siloxanes and alkyl chloride [4]:

CH, CH, CH, CH,
| |
nR.0+ nCIl—[Si—0]"—Si- nRC1+ nRO—[Si-O]— [Si- (3)
| |
CH, CH, CH, CH,

Thus two different paths with the same end-products can be supposed
for the formation of siloxanes.

In addition an other type of reaction was observed in the course of some
investigations performed from other aspects in similar organosilicon systems.
It was established that organosilicon compounds containing both the chlorine
and alkoxy groups in the same molecule disproportionate already at room
temperature [5, 6]. Van Wazer and Moedritzer pointed out that a radical
exchange occurs in the mixture of di- or trifunctional organosilicon halides
and dimethylamino- or methoxy- or ethoxysilanes without a catalyst, and
this reaction reaches an equilibrium after 8—17 hrs and at high temperature
(120°C) [7, 8]. In our system also a catalyst is present and this fact may modify
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the results mentioned above. In spite of that following radical exchange
reaction had to be presumed;

CH3 CH3 CH3
| | |
NnRO-Si~OR + reCl-Si ClI 2reR O -Si-Cl (4)
| | |
CH3 CH3 CH3

An additional reaction should be taken into consideration, namely the
hydrolysis of chlorosilanes. This undesirable sidereaction usually occurs in a
few per cent even in spite of the most careful manipulation.

From the scope of the difunctional systems the FeCl3-catalyzed conden-
sation of D with DoBut was chosen as a model process. The reason for this
choise was that in this system the low-molecular product of the condensation,
sec-butyl chloride of relatively high boiling point (67.3 °C) does not leave the
system at the temperature (60°C), where the reaction proceeds with a moderate
rate.

Experimental

The condensation reaction was carried out under constant stirring in a 100 cm3
jacketed reaction vessel thermostated to 60°C. The reaction mixture contained the cyclo-
hexane solution of the starting materials, D and DoButin 2 M concentration each and 1 weight
per cent anhydrous FeCI3. In six hrs the reaction had completed. Time by time samples were
withdrawn from the reaction mixture, without opening the vessel, by a hypodermic syringe
through a silicon rubber stopper. To stop the reaction, samples in a small vessel were
quenched by putting them into melting ice.

The process was followed by infrared spectrophotometry. The concentration of the
components were calculated from the IR-spectra on the basis of Beer’s law. Calibration
curves were taken for each components at their respective analytical bands (see Part 1I).
The peak height was determined by the base-line technique, only in one case we had to
characterize the band intensity by integral absorbance which was calculated mathematically.
The adsorbance data were corrected to 0.1 mm cell width in every case. These values were
plotted against the concentration of the compounds. Figs 1, 2, 3 and 4 show the calibration
curves.

The linear dependence of the absorbance on the concentration data was characterized
by the correlation coefficient (r) calculated by the method of least squares. By this method

Table |

Correlation coefficients of calibration curves, standard and mean deviations of measured data

Compound An::\lyéir%a_l1 band, r ) (S/O)
(CH3siClI2 535 (E) 0.9957 7.9 2.99
465 (F) 0.9965 7.1 2.54

(CH32Si(0C4H92 1170 (A) 0.9987 8.3 3.16
(CH32si(0C4H9CI 1170 (B) 0.9973 9.6 3.63
660 (C) 0.9986 3.6 1.30

485 (D) 0.9974 5.6 1.89

C4H oC1 610 (G) 0.9983 2.6 1.01
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we calculated also the equation of the straight line of best fit of the measured data points.
The linearity of our calibration curves indicates the validity of Beer’s-law, for each compound
r > 0.99 was obtained. (Table 1)

The standard deviations (s) and the mean deviations (s/t) of the data were calculated
to estimate the precision of the analytical method outlined and the reliability of a typical
analytical application.

The data are given in Table I.

Fig. 1. Calibration curves of dimethyl Fig. 2. Calibration curves of dimethyldi- j

dichlorosilane sec-butoxysilane
Fig. 3. Calibration curves of Fig. 4. Calibration curves
dimethyl-see-butoxychlorosilane of butyl chloride

ActaChim. (Budapest) 88,1976



MATRALI et el.: ALKOXYSILANE—CHLOROSILANE CONDENSATION REACTIONS, Il 279

Results and discussion

The reaction between D and DoBut was carried out under the conditions
described in the experimental part. In the thermostated reaction mixture the
reaction was started by the addition of the catalyst. We checked the spectra
of the reaction mixture time by time and tried to interpret the changes of the
spectra by taking into consideration the supposed side-reactions too.

Fig. 5. Spectra on the samples withdrawn from the reaction mixture of D and DOBut a. Oth
minute, b. 2th minute, c. 90th minute, d. at the end of the reaction

On part a of Fig. 5 spectrum of the sample can he seen which was taken
from the mixture before adding the catalyst, on b that in the 2, on cthat in
the 90th minute and finally on d at the end of the reaction. The characteristic
analytical hands are designed with black and with the letters of Table I.

The following changes on the spectra were observable:

At the beginning of the reaction only D and DoBut were in the mixture
(spectrum a). Comparing spectrum a with b, however, it could be seen that
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the characteristic peak of D at 535 cm-1 (band E) disappeared almost com-
pletely inthe second minute, although no butyl chloride has been formed yet.
Furthermore the band at 1170 cm-1 (hand A, B) characteristic of the CH-
vibrations of sec-butoxy group seemed to he unchanged. Simultaneously a
strong band appeared at 485 cm-1 (band D) and a doublett hand at 660 —
650 cm-1 (band C). These two new bands and the CH-rocking frequency at
1170 cm-1 continuously decreased, then entirely disappeared during the
reaction (spectra c and d), while the characteristic band of butyl chloride at
610 cm-1 (band G) appeared and increased. The strong and wide peak in the
region of 1100—1000 cm -1 showed the formation of Si—0 —Si bonds.

It could be concluded that simultaneously with the disappearing of the
analytical band of D anew compound was formed immediately after the begin-
ning of the reaction. This compound was recognized as dimethyl-sec-butoxy-
chlorosilane (DoBut,ci)- One °f its analytical hands lies at 1170 cm-1 (band B),
the other two one at 660 cm-1 (band C) and at 485 cm-1 (band D).

This result is consistent with the findings of the authors mentioned
above [7, 8]. Although they investigated systems containing compounds of
higher reactivity (e.g. ethoxy-, methoxy- or dimethylamino compounds) than
the sec-butoxy substituted one, we have found that the radical exchange
reaction proceeded also in the mixture of D and DoBut without any catalyst,
and it also led to an equilibrium. The reaction is described by equation (4)
where R = C4H9. We determined the equilibrium constant at 60 °C approach-
ing the equilibrium from both sides; its value was found to be about 10-4 for
the process starting from the compound in the right-hand side of equation (4).
Obviously the equilibrium lies well in the direction ofthe conversion to DoBut,ci-

Under the conditions of the condensation that is at 60 °C in the presence
of the catalyst the radical exchange reaction proceeded much more rapidly.
The system attained similar state with the catalyst in about two minutes as
without a catalyst in about fifty hours. In the presence of the catalyst the
radical exchange even more progressed since the quantity of DoBut,Cl formed
was immediately consumed by condensation. Due to its high rate the first
step, the radical exchange, could not be followed by the IR-method. However
the consecutive condensation of its product, DoBut,Cl was a much slower
step, thus it could be followed easily.

We performed three experiments which aimed to verify whether the
formed DoBut,Cl was the starting monomer of the condensation producing
siloxane-polymers. In the first experiment the mixture of D and DoBut was
thermostated at 60 °C for 60 hrs before adding the catalyst. Within this time
the equilibrium was set up. The equilibrium mixture contained practically
only DoBut,ci- The condensation was initiated by the addition of the catalyst.

In the second experiment the catalyst and the reactants were added
together to the reaction mixture.
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In the third case the starting material was a synthetized DoButCb
consequently the mixture did not contain D and Dobui at all.

The course of the three reactions is illustrated in Fig. 6. The consumption
of butoxy groups was calculated from the peak height at 1170 cm-1. The
curves going upwards show the rise of butyl chloride calculated from the peak
height at 610 cm-1. The three curves correspond satisfactorily which indicate
the identity of the reactions. The monomer is DoBut,ci in all the three cases.

Fig. 6. Paths of reactions of D with DOBut ar|d that of DOBut Cl---------------- — reaction in
the equilibrium mixture of D and DOBut, --------------- reaction of D with DOBut without
the previous setting of the equlibrium, — ¢« — ¢« — reaction of )gsutd

DoBut,Cl monomer can follow the same routes as the monomers contain-
ing two identical functional groups. It is also supposed that it takes part in
reactions analogous to reaction (1) or (2)—(3), i.e.:

N RO—Si—Cl ctayss RO -tSi-0JASi-Cl + (n- 1) RCl (5)
| | |
| | |
n RO—Si—Cl “tlyE n/2 C1-Si—O0 -Si-Cl + n/2 R,0 (6)
R0 + CI-[Si—0],-Si- caaly R0O-[Si-0],-Si + RC1 @)
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If the two steps of the homofunctional condensational route [reactions
(6) — (7)] occur, di-sec-butylether(But20) and chlorine terminated oligomers
also should be found in the reaction mixture. Figure 7 shows the spectrum of
the cyclohexane solution of But2. The band at 1330 cm-1 is the only one
which does not overlap any bands of the other components, thus it would be
suitable for analysis in this system. But under the concentration conditions

of the reaction this band was not sharp and strong enough to state unambig-
uously from the IR spectra alone whether But2 was in the reaction mixture
even in a small quantity at all.

To solve this question we performed low temperature IR measurements.
At the temperature of liquid nitrogen (—190 °C) the peak height considerably
grows and the overlapping bands split in some cases, thus, the stronger bands
of But2 might be noticed in the case of small concentration. The low tempera-
ture measurements showed that no But2 was present in the mixture. This
result was supported by gas chromatographic measurements too. For the GC
measurements the quenched samples of the reaction mixture could be used
only after extracting the catalyst and the corrosive components with water.
In the mixture But2 could be detected by gas chromatography, its quantity,
however, was only of 0.01 per cent referred to cyclohexane.

This result verify the absence of the homofunctional condensation step.

On the other hand it could be noticed from the subsequent spectra of
the reaction mixture that all of the three analytical bands of Dor,ci decreased
in the course of the reaction, however, with not the same rate. The SiC2 fre-
quency at 660 cm -1 decreased more slowly than the characteristic band of SIiOR
at 1170 cm-1. Beside its decrease the Si—€l band at 485 cm-1 widened towards
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Fig. 8. The shift of the Si—Cl stretching frequency in the course of the condensation of
dimethyl-sec-butoxychlorosilane. a. curve 1: Oth minute, curve 2: 60th minute, curve 3: 240th
minute, b. differential spectrum belonging to curve 2

the smaller wavenumbers, and then shifted to 470 cm-1. (Figure 8a). At
the end of the reaction all of these bands disappeared.

In agreement with previous finding [9], the hand at 470 cm-1 was found
to be the Si-Cl stretching frequency of the linear oligomer formed in the con-
densation. The shift of the Si-Clband in the course of polymerization provided
us with the possibility to determine the concentration of the monomer and the
oligomers separately.

The intensity of the overlapping peaks at 485—470 cm*“1was proportion-
al to the total quantity of the Si-Cl groups. These two Si-Cl hands never
separated in the course of the reaction, therefore the total concentration of
the Si-Cl groups was proportional to the area of these absorptional bands, that
is to the integral absorbance. This was calculated from the data.

The amount of the terminal Si—€lgroups of the linear oligomer chains
was determined by differential spectra. We recorded the spectra of the reaction
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mixture against the cyclohexane solution of DoButci (monomer) and butyl
chloride. In the reference solution the concentration of DoBut.ci was chosen
equal to that of the sample. Thus, the peak height at 470 cm-1 was proportion-
al to the concentration of the oligomer Si—€l group because of the complete
compensation of the peak at 485 cm-1. In Fig. 8b the differential spectrum
can be”seen corresponding to curve 2 of Fig. 8a.

The concentration of the Si-Cl groups present in the monomer equals
to the difference between the two former ones.

The analytical band at 1170 cm-1 (band B) was suitable for the quanti-
tative determination of Dor.ci without any difficulties all over the course of
the reaction. The third band at 660 cm-1 (band C) could be also used up to a
60 per cent conversion. The wavenumber and intensity of the SiC2 stretching
vibrations also depends on the degree of polymerization [9]. For the last third
period of the reaction the continuous shift of this band extended to a very
wide region, and meanwhile the band was overlapping other ones.

In the last period of the reaction the equilibration of the formed silox-
anes could be observed. This process was noticed in the region of 1000 —1100
cm-1 where the appeared Si-O—Si vibrations were still changing when the
functional groups had been used up already. The changes of the Si-O-Si
vibrations could not be followed accurately, however, in this system because
of overlapping of the bands.

Finally the reversibility of the condensation step was studied. We
modelled the backward reaction in two systems.

Mixtures of a cyclic siloxane (octamethylcyclotetrasiloxane) and butyl
chloride as well as that of alinear siloxane and butyl chloride were therm ostated
under the conditions of the condensation in the presence of the catalyst for
five hours. Process indicating reversibility did not occur, bands characteristic
of Si—€l or Si—OR groups did not appear. The only effect which could be de-
tected was the equilibration of the originally homogeneous siloxane by the
action of the catalyst.

On the basis of this result we supposed that the condensation of DoBut.ci
formed by radical exchange follows only the heterofunctional route [reaction
(5)]. This fact may be taken as proved if the concentration of the components
corresponds to the material balance characteristic the of heterofunctional route.
This can be written by two equations:

ctotal Si-Cl = ctotal Si-OR (8)

ctotai Si-Cl + CRCL = ctotai Si-OR + CRCL = constant 9)

In Fig. 9 the changes of concentrations of the materials are plotted
against time. The quantity of Si-OR groups was measured at 1170 cm*“1, the
total concentration of Si-Cl bonds was calculated by integral absorbance.
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Amount of Si-Cl bonds being in oligomers was determined from differential
spectra, and the concentration of monomer Si-Cl was given by the difference
of the two formers. Concentration of formed butyl chloride was measured
at 610 cm-1.

It can be seen that the curve illustrating the change of the concentration
of butoxy groups corresponds well to the curve illustrating the total concentra-

Fig. 9. Change of concentration of functional groups during the reaction of DoBut a> curve 1:

concentration of Si—OR, curve 2: concentration of total Si—Cl, curve 3: concentration of

monomer Si—Cl, curve 4: concentration of oligomer Si—Cl, curve 5: concentration of butyl
chloride, curve 6: balance of materials of the reaction

tion of Si-Cl groups. This shows that equation (8) holds all over the course of
the reaction, with other words the quantity of Si—€lI groups equals that of the

Si-OR groups.
Curve 6 illustrates the current sum of the concentration of the total
chlorosilanes and that of the formed butyl chloride. Table Il contains the

same data. It can he seen that the sum of the concentration of the starting
materials and end-products is really constant during the reaction except the
first few minutes. (In the first minutes a small percentage of the chlorosilanes
hydrolyzed as it could be expected.)

The results obtained can be extended to the reactions of dimethyldichlo-
rosilane with other difunctional alkoxysilanes, namely with dimethyldiethoxy-
silane and dimethyldi-n-propoxysilane. Some qualitative experiments were
performed in these systems too. It was pointed out that the starting dichloro-
silane and dialkoxysilane were transformed to the respective alkoxychloro-
silane both underthe conditions of the condensation and without the catalyst.
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Table M

Material balance for the heterofunctional route

Time, min Cmtﬂm Bt Sum
0 3.27 - 3.27

i 3.00 0.31 3.31

7 2.39 0.51 2.90
15 2.07 0.74 2.81
30 1.39 0.98 291
60 1.40 1.36 2.76
92 1.27 1.44 2.71
124 1.13 1.62 2.75
180 0.86 1.86 2.72
210 0.68 (1.78) (2.46)
270 0.33 2.49 2.82
333 — 2.78 2.78
393 — 2.74. 2.74

is process is also an equilibrium reaction shifted considerably to the direction
alkoxychlorosilanes. Also in the case of these systems the formed alkoxy-

chlorosilanes take part in the condensation reaction.

(8]
(9]
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Syntheses of N-(3-Carboxy-4-hydroxyphenylsulfonyl)-Gly and the corresponding
derivatives of Ser, Tyr and Orn (11—V), as well as their O-acetyl, carbomethoxy and
some hydrazide derivatives (VI—XY ) are described. 111, IV, VII and VIII were found
to be active against a number of microorganisms.

Introduction

Previously salicylates and some salicylsulfonamide derivatives were
found to have hypoglycaemic and other pharmacological activities [1—8].
Recently we have reported the synthesis of some N-salicylsulfonyl-amino
acids which were expected to possess some biological activities [9]. However,
the effect of variations of the functional groups in both the salicylic and amino
acid moieties on the biological and pharmacological activities has not yet
been studied.

The present investigation involved the synthesis of some O-acetyl,
Carbomethoxy and Carboxyhydrazide derivatives (I1—XVII) and studies of
their microbiological activities.

Results and discussion

N-(3-Carboxy-4-hydroxyphenylsulfonyl)-amino acids (11—V) were read-
ily prepared by the reaction of 5-chlorosulfonyl salicylic acid (I). [10] with
the appropriate amino acid in ether-sodium hydroxide medium. All N-salicyl-
sulfonyl-amino acid derivatives were chromatographically homogeneous
(detection with benzidine), and gave a violet colour with FeCI3. IR (Il) v,,aX:
1180, 1175, 1360 (S02: 3390, 3420 (SO02NH); 1690 (Ar-COOH); 1310, 1360,
(R—COOH); 1120, 3420 (Ar—OH) and OH/COOH hydrogen bond, and 1080,
1030, 910, 840, 800, 720, 610 cm-1 (1,2,4-trisubstituted benzene) confirming
the structure of (Il1). The IR spectra, chromatographic, electrophoretic and
elemental analyses of 11—V were consistent with the structures given (cf.

Acta Chim. (Budapest) 88,1976



288 EL-NAGGAR, GAAFAR: N-SALICYLSULFONYL-AMINO ACID DERIVATIVES, Il

Table |

iV-(3-(,urboxy-4-hydroXVphenylsulfanyl)-aniino

Compound R2 and amino acid

(Type) R R. residue Yield, % M. p., °C
11—(A) H OH H; Gly- 84 309-310°
IH1—(A) H OH —CH20H; DL-Ser- 72 340°

charred
1V - (A) H OH P—CH2—CaH4—OH; L-Tyr- 66 292—294°
V-(B) H OH DL-Orn- 80 282—284°
VI-(A) COCH3 OH H; Gly- 81 350°
VII-(A) COCH3 OH —CH20COCHS3; DL-Ser- 60 60-64°

hygroscopic
VI1l-(A) COCH3 OH P mCH2—C8H,,—OCOCH3 73 350°
IX-(B) COCH3  OH IISLT-gr_n- 70 295-298°
X-(A) H OCHS3 H; Gly- 92 290-294°
X1—(A) H OCH3 —CH20H; DL-Ser- 60 280-282°
X11-(A) H OCH3 P—CH2—CcH4—OH; L-Tyr- 66 277—280°
X 11-(P) H OCH3 DL-Orn- 61 350°
XIV-(A) COCH3 OCH3 H; Gly- 73 269-271°
XV-(A) H noh3 H; Gly- 78 196-200°
XVI-(A) H nzh3 —CH2OH; Ser- 75 200-202°
XVI1-(B) H N,H3 orn- 67 207—210°

[aJo For IV: —9.8 (c = 0.5, methanol); YW: -12 (c= 1, DMF); XIN: -16.5 ¢c= 1,

Table 1). Complete acid hydrolysis of Il [9] gave a ninhydrin-positive spot of
glycine.

N-(3-Carboxy-4-acetoxyphenylsulfonyl)-Gly (VI) was prepared by the
acetylation of 1. In the case of Ser and Tyr, acetylation of I1l and IV required
the use of excess acetic anyhdride, when the hydroxyl groups of both the sal-
icyl and amino acid residues were acetylated. Spot tests for compounds
V 1—IX showed the absence of hydroxyl, and the structures of the compounds
were confirmed by elemental analysis and IR spectroscopy.

N-(3-Carbomethoxy-4-hydroxyphenylsulfonyl)-Gly-OMe (X) was pre-
pared by dissolving Il in a cooled solution of dry methanol, and adding pure
thionyl chloride. Esterification of Ill and IV containing Ser and Tyr was
effected using the same conditions as in the synthesis of X. The methyl esters
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acid derivatives

Analysis %, Calcd./Found

a/ Aem Formula (Mol. wt.)
C H N

0.57 5 choho,s 39.2 3.25 5.09
(275.23) 39.5 3.55 5.12

0.47 7 CIH uNOSS 39.34 3.60 4.57
(305.26) 39.85 3.61 4.59

0.49 53 CIBHINOS&S 50.31 3.92 3.66
(371.35) 50.64 421 3.92

0.5 5 42.85 3.75 5.26
(500.49) 42.95 3.86 5.27

0.85 un C,HuUNOS& 41.63 3.46 4.40
(319.27) 41.65 3.63 4.45

0.71 10.5 cldh Ino10s.h 20 41.27 4.17 3.44
(407.33) 41.35 4.19 3.54

0.83 6.8 51.53 4.79 3.06
(465.42) 51.63 4.95 3.11

0.83 7 44.80 3.89 4.54
(616.56) 45.01 3.99 4.68

0.53 6 CuHINOT7S 43.56 4.29 4.62
(303.29) 43.86 4.59 4.65

0.54 6.3 c,lhlno& 43.15 4.49 4.19
(333.31) 43.25 4.50 421

0.63 55 c,8 hob 52.8 4.64 3.42
(409.41) 53.11 4.65 3.45

0.58 7.4 C,,H,eND 1252 45.97 4.52 4.87
(754.57) 46.15 4.75 511

0.64 6 clhitnod 43.23 4.50 4.20
(333.31) 4333 4.60 4.45

0.65 - clh Ihb5%s 35.64 4.29 23.10
(303.29) 35.75 4.32 23.75

0.7 — 36.03 4.53 21.02
(333.32) 36.26 4.68 21.13

0.72 - C 10H 26N 80 652 39.72 4.52 1951
(574.58) 39.83 4.56 19.63

dioxane)

(X—XI1) were shown to be homogeneous and no side reactions were observed.
IR (X) tEax: 1440-1330 (COOCH3); 1130, 1305, 1360 (S02); 3440 (SO2NH);
1220 —40, 3440 (Ar—OH); 1080. 1030, 910, 840, 800 and 720 cm-1 confirming
the structure of X. All the methyl esters gave positive hydroxamate reactions.

The synthesis of N-(3-Carbomethoxy-4-acetoxy-phenylsulfonyl)-Gly-
OMe (XIV) was achieved by acetylation of the methyl ester X. The attempted
esterification of the acetoxy derivative V1 failed; the reaction led to partial
deacetylation and a mixture containing three different unseparable compo-
nents was obtained. The methyl ester X was readily acetylated to give XIV
in 73% vyield; the product contained neither free hydroxyl nor carboxyl
groups.

Previously several sulfohydrazides have been investigated and found
to be effective as antituberculosis drugs [11—13]. Therefore, some N-salicyl-
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sulfonyl amino acid hydrazides were prepared and investigated in our labo-
ratory. Hydrazinolysis of the methyl ester X gave the hydrazide XV contain-
ing two hydrazide groups in both the salicylic and amino acid moieties. The
synthesis of the hydrazide derivatives of serine was easily achieved and the
hydroxyl groups of the seryl or salicyl residues were not affected. Similarly,
the serine peptide hydrazides were previously synthesized using the same
procedure [14].

Compounds Il —XVII are now prepared and characterized for the first
time.

N-(3-carboxy-4-hydroxyphenylsulfonyl)-DL-Ser (lIl) and L-Tyr (IV)
and the corresponding O-acetyl derivatives (VII and VIII) were found to be
active against Bacillus subtilis, Esch. coli, Staphilococcus aureus, but inactive
against Proteus vulgaris and Azotobacter crococcum. The remaining carbomethoxy
and hydrazide derivatives were found to be inactive against all the tested
microorganisms. Other pharmacological studies are still in progress.

Experimental

Rfx [15]: n-butanol-pyridine-acetic acid-water (15 :10 :3:12). E: pyridine-acetate
buffer pH 5.6 600 V, 2 hr. [15].

N-(3-Carboxy-4-hydroxyphenylsulfonyl)-Gly (11)

Glycine (1.7 g; 0.023 mole) was dissolved in water (20 ml) and 2N sodium hydroxide
(25 ml) was added to the solution. The reaction mixture was cooled to 0 °C, and a solution
of 5-chlorosulfonylsalicylic acid (1) [10] (5.4 g; 10.023 mole) in 25 ml ether was added dropwise
during 30 min. The temperature of the reaction mixture was maintained at 0°Cuntil the
addition had been completed and the reaction mixture was shaken for additional 4 hrs at
20 °C. The solution was cooled at 0°Cand acidified with 6N HC1 to Congo Red indicator.
Some crystalline material was filtered off and the solution concentrated in vacuum. The
residual material was crystallized from methanol and the soluble N-(3-carboxy-4-hydroxy-
phenylsulfonyl)-Gly precipitated from methanol-ether.

N-(3-Carboxy-4-hydroxyphenylsulfonyl)-DL-Ser (11) and -L-Tyr (IV)

These compounds were prepared as described for II.

N2N5-Di-(3-carboxy-4-hydroxyphenylsulfonyl)-DL-Orn (V)

DL-Ornithine HC1 (3.369 g; 0.02 mole) was dissolved in water (30 ml), 2N sodium
hydroxide (40 ml) was added and the mixture cooled to 0 °C. A solution of 5-chlorosulfonyl-
salicylic acid (1) (9.8 g; 0.042 mole) in ether (50 ml) was added in portions, while maintaining
the temperature of the reaction mixture at 0 °C and the pH at 9—10. The reaction mixture
was shaken for additional 4 hrs and processed as described for M.

N-(3-Carboxy-4-acetoxyphenylsulfonyl)-Gly (V1)

Compound M (1.9 g; 0.007 mole) was dissolved in acetic anhydride (15 ml) and 5 drops
of cone. H2S04 were added. The reaction mixture was heated to 50—60°C.The mixture was
allowed to cool, water (50 ml) was added, and after stiring the solvent was evaporated in
vacuum. The crude product which separated was filtered off and recrystallized from
methanol-ether.
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N-(3-Carboxy-4-acetoxyphenylsulfonyl)-DL-Ser (Ac) (VII); -L-Tyr (Ac) (VIIIl) and di-DL-Orn
(IX)

These compounds were prepared starting from LI —V (0.007 mole) acetic anhydride
(25 ml) and cone. H2S04 (8 drops), using the procedure described for VI. The products
(VII—Vili) gave negative tests for hydroxyl.

N-(3-Carbomethoxy-4-hydroxyphenylsulfonyl)-Gly-OMe (X) -DL-Ser-OMe (XI), -L-Tyr-OMe
and N2N5-di-DL-Orn-OMe (X1I)

M—V (0.001 mole) was dissolved in absolute methanol (60 ml), cooled to —10°Cand
pure thionyl chloride (0.022 mole) was added by drops. The temperature of the the reaction
mixture was kept at —5°Cduring the process of addition and stirring was continued for
additional 3 hrs, at room temperature. The mixture was allowed to stand for 24 hrs at 20 °C
and the solvent evaporated in vacuum. Methanol was added and re-evaporated several times,
then the crude product was recrystallized from methanol-ether. The products (X—XIII)
were chromatographically homogeneous (detection with benzidine) and had positive hydrox-
amate reactions.

N-(3-Carbomethoxy-4-acetoxyphenylsulfonyl)-Gly-OMe (X1V)

Compound X (2.1 g.; 0.007 mole), was added to a mixture of acetic anhydride (12 ml)
cone. H20,; (5 drops); the rest of the procedure was described for (VI).
The material was crystallized from methanol to give white needles.

N-(3-Carboxyhydrazide-4-hydroxyphenylsulfonyl)-Gly-N2H3 (XV)

Compound X (0.006 mole) was added gradually to hydrazine hydrate (8 ml) and the
reaction mixture was refluxed for 2 hrs. The solution was concentrated in vacuum and the
residual material poured into crushed ice. The crude product was filtered off and recrystallized
from water-acetic acid. The product (XV) was chromatographically homogeneous (detection
with benzidine and silver nitrate).

N-(3-Carboxyhydrazide-4-hydroxyphenylsulfonyl)-DL-Ser-N2H & (XV1)

Compound X1 (0.8 g; 0.025 mole) was dissolved in dry methanol (30 ml) and hydrazine
hydrate (2.5 ml) was added. After standing for 24 hrs at room temperature and 5 hrs at
0°C, the solvent was evaporated in vacuum, another portion of methanol was added and
then re-evaporated. The residual material was crystallized from methanol-acetone (1:1).

N2,Ns-(3-Carboxyhydrazide-4-hydroxyphenylsulfonyl)2-Orn-N2Hz (XVII1)

Compound XIM1 (1.1 g; 0.002 mole) was added gradually to warm hydrazine hydrate
(10 ml); and the rest of the procedure was as described for XV.
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OXAZEPINES AND THIAZEPINES, IP
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REACTION OF 2-AMINOTHIOPHENOL WITH CHALCONES SUBSTITUTED IN RING B
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The reactions with 2-aminothiophenol of sixteen chalcones (I—XVI), variously
substituted in ring B, have been studied in hot, anhydrous toluene. In the majority
of the cases, i. e. with 1—X, the /?-phenyl-/?-(2-aminophenylmercapto)propiophenones
(XVII—XXVI) are formed: with X1 and XH mixtures of the corresponding propio-
phenone (XXVIlI and XXVHI) and 2,3-dihydro-2,4-diphenyl-1,5-benzothiazepine
derivatives (XXXIX and XL) are obtained: the presence of strongly electron-with-
drawing substituents (XIII XVI) leads to 1,5-benzothiazepines (XLI—XLIV). Boiling
of the /?-phenyl-/S-(2-aminophenylmercapto)-propiophenones (XVII—XXVIII) in the
presence of acetic acid catalyst in methanol, converts these compounds into 2,3-di-
hydro-2,4-diphenyl-1,5-benzothiazepines (XXIX—XL).

The synthesis of dihydro-1,5-benzothiazepines by the reaction of 2-ami-
nothiophenol with a, /l1-unsaturated ketones is described in the literature
[2—5]. Ried and Marx [2] studied the reaction of 2-aminothiophenol with
thienyl analogues of chalcones. They found that in the presence of piperidine
catalyst a nucleophilic addition occurred between the /l-carbon atom of the
unsaturated ketone and the mercapto group to give /I-(2-aminophenylmercap-
to)-ketones which could be converted by means of hydrochloric acid catalyst
into the corresponding dihydro-1,5-benzothiazepines. When the hydrochloride
of 2-aminothiophenol was made to react with a, /3unsaturated ketones, the
thiazepines were obtained in a single step. Muskalo [3] prepared N-substituted
dihydro-1,5-benzothiazepines which contained an unsaturated bond in posi-
tion A3 by the reaction of N-substituted 2-aminothiophenols with a, /?-unsat-
urated ketones. Hideg-Hankovszky and Hideg [4] synthesized 2,3-dihydro-
1,5-benzothiazepine derivatives by boiling /?-methyl-vinyl-pyridyl ketones,
heterocyclic acrylophenones, pyridyl-acrylonaphtones and 2-acrylidenetetra-
line-l-ones with 2-aminothiophenol in xylene solution.

Stephens and Fierd [5] described the reaction of unsubstituted chal-
cone (1) with 2-aminothiophenol. The two compounds were allowed to react
in methanolic solution in the presence of piperidine catalyst, to obtain /S-phenyl-
/9-(2-aminophenylmercapto)-propiophenone (XVII) (m.p. 134—135°C,vC = O
1670 cm-1). Boiling of XVII in methanolic solution containing a catalytic

* Part 1, see Ref. [1]
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amount of acetic acid, converted XVII into 2,3-dihydro-2,4-diphenyl-1,5-
benzothiazepine (XXIX) (m.p. 114-115 °C, vC = N 1613 cm -1J).

In the course of earlier work concerning the chemical transformations
[6, 7] and the spectral characteristics [8, 9] of chalcones and chalcone epoxides,
we studied the effect of the substituents of the aromatic ring upon the electron-
ic structure of these molecules and, through this, upon the direction of their
chemical reactions. Partly in connection with these works, partly as a contin-
uation of other investigations on the synthesis, structure elucidation and
chemical conversions of benzothiazepines, we have now studied the reactions
of I-amino-2-mercapto compounds with chalcones. In this paper the reactions
of 2-aminothiophenol with chalcones, variously substituted in their ring B,
will he reported.

I, XVII, XXIX: R = H IX, XXV, XXXVII: R = 4-Cl1

M, xvni, XXX: R = 4-CH3 X, XXVI, XXXVni: R = 2.6-(Cl)2
W, XIX, XXXI: R = 3-OCH3 X1, XXVII, XXXIX: R = 2-OCH3
IV, XX, XXXMN: R = 4-OCH3 XM, XXVIII, XL: R = 2C1

V, XXI, XXXIII: R = 3,4-(0OCH32 X1, XLI: R = 3-N02

VI, XXII, XXXIV: R = 3,4,5-(0CH33 X1V, XLII: R = 4-N02

vn, XXII, XXXV: R = 3,4-0CH2 XV, XbIM: R = 2,4-(Cl)2

vm, XXIV, XXXVI: R = 3Cl XVI, XLIV: R = 3,4-Cl))2

The primary aim of these experiments was a study of the effect of sub-
stituents in ring B of the chalcone on the pathway ofthe reaction. The reactions
had to be carried out without catalysis since, as shown by the results reported
by Ried and Marx [2], the presence of catalyst can markedly alter the course
of these reactions, and this effect had to be precluded. This is why we chose
reaction conditions similar to those described by Hideg-Hankovszky and
Hideg [4].
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Physical constants and analysis data of B-phenyl-8-(2-aminophenylmercapto)-propiophenones

M. p., °C
142— 143
149— 150
106— 107
124-125
143-144
125-126
128— 129
107— 108
138— 139
178— 179
92— 93
101-102

Yield,

72.
63.
63.
68.
71.
64.
70.
70.
63.
62.
16.

21.

% Overall formula

C2H 19ONS
czhZons
C2ZH210 NS
czh2o?hs

czh Zodns
czZh Do s
C2IHisONSC1
cZlh Bonsci
c2HITONsa2
cZzh 2okhs
cZlh Bonsci

Table |

Molecular
weight

333.
347.
363.

363.

393

423

377.
367.
367.
402.
363.

367

36
39
39

39

41

44

37
80
80
26
39

.80

75

76

72.
72.

70.

68

70.

68
68
62
72

68

.67
.08

72
72
22

.08

47
47
.68
72

47

Calculated

5.78
5.78
5.85
5.91
5.03
4.93
4.93
4.22

5.78

w

w

W oW W w

Analysis, %
N
.20 75
.03 75
.85 72.
.85 72
.56 70.
30 68
71 70
83 68.
83 68
.48 62.
.85 72
.83 68

.60
.96

63

.28

.04

.49

97

.80

54

.58

.87

Found

(SIS

.79
.02
.88
.74
91
.93
11
.07
.04
.32
.92

.98

.29

.14

.94

.99

.64

41

.58
.01
.81
.59
.94

.89
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Sixteen chalcones variously substituted in ring B were boiled each for
3 hours in anhydrous toluene with a small excess of 2-aminothiophenol and,
depending on the substituent, the following compounds were obtained. From
unsubstituted chalcone (lI), from chalcones with electron donor substituents
(11-V11) or from those with slightly electron-withdrawing substituents
(V1H1—X) only /S-phenyl-/S-(2-aminophenylmercapto)-propiophenones (XVII
XXVI1) were obtained. From compounds with a methoxyl group (XI) or chlo-
rine (XII) in position C-2, a mixture of the propiophenone (XXVII, XXVIII,
and 2,3-dihydro-2,4-diphenyl-1,5-benzothiazepine (XXXIX, XL) was formed
due in part,probably, to steric effects. However, in the case of strongly electron-
withdrawing substituents (XIII XVI) only the 1,5-benzothiazepines (XLI—
XLI1V) were isolated. These different pathways of the reaction with 2-amino-
thiophenol, shown by chalcones with substituents of different electronic
character can be interpreted as being due to the significant change in electron
density on the /3-carbon caused by the substituent [8, 9] which thus enhances,
or weakens, nucleophilic addition on the mercapto group and also affects the
rate of the condensation step. Thus, in the presence of strong electron acceptor
substituents (X111 —XVI1) condensation is also accomplished during boiling in
toluene.

The /3-phenyl-/3-(2-aminophenylmercapto)-propiophenones (XVII—
XXVII) were converted into 2,3-dihydro-2,4-diphenyl-1,5-benzothiazepines
(XXIX —XL) by boiling them in anhydrous methanol in the presence of acetic
acid catalyst.

Table 11
JR and UV spectral data of B-phcnyl-R-(2-aminophenylmercapto)-propiophenones

Infrared
Ultraviolet

vC= 0 [em"] v NH2 [cm-1] WMex [nmJ Pg <)

XVII 1682 3349, 3442 310 (3.75), 242 (4.31)
XVIII 1680 3530, 3445 310 (3.70), 242 (4.38)
XIX 1682 3354, 3444 308 (3.69), 284 (3.73), 242 (4.29)
XX 1680 3360, 3460 310 (3.66), 238 (4.45)
XXI 1676 3344, 3443 308 (3.66), 282 (3.81), 242 (4.42)
XXII 1677 3339, 3420 312 (3.67), 242 (4.39), 204 (4.77)
XX 1677 3346, 3443 294 (3.88), 242 (4.38), 204 (4.77)
XXIV 1677 3360, 3460 308 (3.82), 244 (4.30)
XXV 1680 3360, 3461 312 (3.98), 228 (4.51)

XXVI 1682 3359, 3462 320
XXVII 1680 3341, 3440 308
XXVI 1679 3357, 3442 310

3.62), 243 (4.38)
3.68), 282 (3.81), 242 (4.37)
3.79), 242 (4.38)
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XXIX
XXX
XXXI
XXX
XXXTII
XXXIV
XXXV
XXXVI
XXXv n
XXXvra
XXXIX
XL

XLI
XLl
XLII

Xuv

M. p., °c
115— 116
114—116
104-105
127— 128
118—119
145-146
133— 134
104-105
128— 129
119—120
168— 169
148— 149
168— 169
180-181
181— 182
172— 173

Physical constants and analysis data of 2,3-dihydro-2,4-diphenyl-1,5-benzothiazepines

Yield,

74.4
84.6
75.4
63.8
65.9
70.2
65.9
74.4
74.7
68.0
35.3
20.4
52.7
77.7
70.3
73.0

% Overall formula

C2IH ITNS
C22H19NS
c22h 1% ns
c22h 1% ns
c23h 2lo2n's
c24h 280 3n's
c22h 1To2n's
c2lh I6nsci
c2lh 6nsci
c2lh insci2
c2h 1% ns
C2IH leNSCI
C2IH 160 2N 25
A2IHIB NS
c2lh Insci2
c2lh nsci2

Table

Molecular
weight

315.
329.
345.
345.
.40

375
405

359.
349.
349.
384.
345.
349.
360.
360.
384.
384.

35
37
37
37

42

36
79
79
24
37
79
34
34
24
24

79.96
80.24
76.52
76.52
73.60
71.11
73.54
72.01
72.01
65.62
76.52
72.01
69.97
69.97
65.62
65.62

Calculated

5.39
5.77
5.50
5.50
5.60
5.67
4.73
4.57
4.57
3.90
5.50
4.57
4.44
4.44
3.90
3.90

Analy sis, %

N c
4.44 79.86
4.25 79.78
4.05 76.32
4.05 76.51
3.73 73.86
3.45 71.06
3.89 73.11
4.01 71.71
4.01 72.62
3.64 65.59
4.05 76.40
4.01 71.10
7.77 69.74
7.77 70.34
3.64 65.32
3.64 65.84

Found

5.45
5.93
5.66
5.67
5.74
5.75
4.84
4.64
4.63
3.98
5.63
4.62
4.56
4.51
3.93
4.01

4.38
4.19
3.99
4.02
3.82
3.51
3.82
3.98
3.93
3.77
4.04
4.08
7.62
7.69
3.63
3.59
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298 LEVAI, BOGNAR: OXAZEPINES AND THIAZEPINES, Il

In Table Il infrared and ultraviolet spectral data of the /S-phenyl-/S-(2-
aminophenylmercapto)-propiophenones (XVII- XXVIII), and in Table IV
those of the 2,3-dihydro-2,4-diphenyl-l1,5-benzothiazepines (XXIX—XLIV)
are shown. The C = O and NH2bands appearing in the infrared spectra of
XVII—XXVIIl, and the —C = N— bands of XXIX—XLIV unequivocally
prove that these compounds have the structures ascribed them. In the infrared
spectra of XXIX—XLIV no NH band is found: this also proves that the double
bond is not in the /Imposition.

The assigned structures of compounds XVII, XXI, XXV, XXXI and
XXXVI have also been confirmed by 1H—NMR spectroscopy: the data are
shown in Table V.

Table IV
IR and UV spectral data of 2,3-dihydro-2,4-diphenyl-I,5-benzothiazepines

Infrared Ultraviolet
vC= N [ecm-1] Auwax [nm] (log e)
XXIX 1608 336 (3.63), 260 (4.27)
XXX 1610 336 (3.72), 261 (4.32)
XXXI 1608 338 (3.62), 262 (4.27)
XXXII 1609 335 (3.75), 261 (4.34), 231 (4.33)
XXXIII 1608 335 (3.67), 291* (4.01), 261 (4.32), 237 (4.29)
XXXIV 1606 330 (3.65), 261 (4.32)
XXXV 1604 330 (3.75), 296* (4.09), 261 (4.36)
XXXVI 1609 335 (3.64), 261 (4.29)
XXXVII 1609 340 (3.64), 262 (4.30)
XXXVIII 1610 335 (3.57), 262 (4.22)
XXXIX** 1608 335 (3.70), 264 (4.35)
XL 1610 335 (3.66), 262 (4.24)
XLI 1611 342 (3.66), 262 (4.39)
XLII** 1611 323 (3.96), 265 (4.46)
XL 1610 340 (3.56), 265 (4.18), 236 (4.18)
XLIV** 1610 340 (3.62), 264 (4.25), 236 (4.25)

* shoulder
** UV data recorded in dioxane

Experimental

M. p.’s are uncorrected.

The UV spectra were recorded in ethanolic solutions, with the exception of XXXIX,
XLIH—XLIV, with a UNICAM SP 800 instrument: the IR spectra were obtained (in KBr
pellets) with a UNICAM SP 200G instrument, The NMR spectra were recorded with a JEOL
MH 100 instrument in deuterochloroform (internal standard TMS &= 0 ppm), at room
temperature.
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Table V
IH-NMR spectra (6 ppm)

Aromatic — CH— —CH, — —NH, 2 OCH,
XVH 6.40—7.92 m 473t 3.62 q 420 s -
XXI 6.32—7.79 m 461t 3.60 q 395s 3.68 sand 3.75 s
XXV 6.39—7.88 m 4.68 t 3.56 q 418 s —

The NH2signal is extinguished by D2

Aromatic J h- —CH,— OCH,
XXXI 6.78—8.04 m 4.90 q 2.84—3.40 m 3.68 s
XXXVI 6.85-8.02 m 4.86 q 2.78-3.37 m —

These spectra are not affected by D2

The chalcones were prepared by the condensation of acetophenone and substituted
benzaldehydes in aqueous ethanolic solution in the presence of sodium hydroxide catalyst,
as described in the literature [10—14].

/1-Phenyl-/?-(2-aininophenylmercapto)-propiophenones

The chalcone (I—X) (10 mmoles) and 2-aminothiophenol (12 mmoles) were dissolved
in dry toluene, and refluxed for 3 hrs in an apparatus provided with a water separator: the
solvent was then removed under reduced pressure. The residue was recrystallized from
methanol: in this way the compounds XVII—XXVI were obtained (Tables | and II).

The chalcones X1 and XII gave a mixture of the corresponding propiophenone (XXVII
and XXVIII) (Tables I and 11) and 1,5-benzothiazepine (XXXIX and XL) (Tables 111 and
IV): this mixture was separated by fractional crystallization from methanol. From the
chalcones X111—XVI the 1,5-benzothiazepines (XLI XLIV) were prepared (Tables I11 and IV).

2,3-Dihydro-2,4-diphenyl-1,5-benzothiazepines

iS-Phenyl-j3-(2-aminophenylmercapto)-propiophenone  (XVII—XXVIII) (0.5 ¢) was
refluxed for 1 hr in a mixture of anhydrous methanol (20 ml) and glacial acetic acid (1 ml).
The product which separated after cooling was recrystallized from methanol: in this way
compounds XXIX—XL were obtained (Tables IIl and IV).

*

The authors’ thanks are due to Drs. E. R. David, S. Szabé and L. Szitagyi for
recording the spectra and for their help in the interpretation: to Mrs. E. Hajnal for her
technical assistance and to the staff of our Analytical Laboratory for the micro analyses.
Thanks are expressed to the Hungarian Academy of Sciences for grants in support of these
studies.

6* Acta Chim. (Budapest) 88,1976



300 LEVAI, BOGNAR: OXAZEPINES AND THIAZEPINES, |1
REFERENCES
[1] Lévai, A., Bognar, R.: in “Topics in Flavonoid Chemistry and Biochemistry” (ed. L.
Farkas, M. Gabor, F. Kallay) Akadémiai Kiadé Budapest, and Elsevier Publ. Co,
Amsterdam 1975
[2] Ried, W., Marx, W.: Chem. Bér., 90, 2683 (1957)
[3] Muskalo, L. K.: Zh. Obschh. Khim., 28, 507 (1958)
[4] Hideg-Hankovszky, O., Hideg, K.: Acta Chim. Acad. Sei. Hung., 68, 403 (1971)
[5] Stephens, W. D., Field, L.: J. Org. Chem., 24, 1576 (1959)
[6] Litkei, Gy., Bognar, R.: Kémiai Kdzi., 34, 249 )1970)
[7] Litkei, Gy., Bognar, R., Dinya, Z.: Acta Chim. (Budapest), 71, 403 (1972)
[8] Dinya, Z., Bognar, R.: Kémiai Kozi., 37, 1 (1972)
[9] Dinya, Z., Litkei, Gy., Bognar, R., Matyas, Gy.: Magy. Kém. Foly., 78, 504 (1972);
Acta Chim. (Budapest) 77, 323 (1973)
[10] Frederick, J., Dippy, J., Lewis, R. L.: Rec. trav. chim., 56, 1000 (1937); C. A. 32,
521 (1938)
[11] Bradsher, C. K., Brown, F. C., Blue, W. B.: J. Amer. Chem. Soc., 71, 3570 (1949)
112] Ishiwata, S., Suzuki, K.:J. Pharm. Soc. Japan, 70, 195 (1950)
L13] Davey, W., Gwilt, J. R.:J. Chem. Soc., 1957, 1008
L14] Davey, W., Tivey, D. J.: J. Chem. Soc., 1958, 1230
Albert Lévai

H-4010 Debrecen.

Rezs6 Bognar

Acta Chim. (Budapest) 88,1976



Acta Chimica Academiae Scientiarum Hungaricae, Tomus 88 (3), pp. 301—308 (1976)

SYNTHESIS OF OLIGO-/?-L-ASPARTIC ACID
DERIVATIVES
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The synthesis of oligo-/?-L-aspartic acid derivatives (la, b) containing up to
six aspartic acid residues is described. Benzyloxycarbonyl and i-butyl ester groups
were used to protect the amino and carboxyl groups, respectively. The peptide bonds
were formed by the dicyclohexylcarbodiimide method. Column chromatography on
silica gel was used to purify the protected peptides with 4—6 aspartic acid residues
(IVc—e). Free oligopeptides (Vila—e) were prepared by treatment with trifluoroacetic
acid followed by catalytic hydrogenation. The protected derivatives (IVa—e) were
characterized by TLC. The purity of the free oligo-/S-L-aspartic acids was checked
by means of TLC and high voltage paper electrophoresis.

The demand for monotone oligopeptides of well-defined structure con-
taining y-glutamic acid or /9-aspartic acid residues has been increased recently
in the fields of biochemical and physicochemical investigations. Pteroyl-
oligo-y-L-glutamic acids are the major forms of folic acid (vitamin Be) [1] and
the biological and pharmacological activity of pteroyl-L-aspartic acid is also
well known [2]. The syntheses by different methods of oligo-y-L-glutamic
acids with up to seven glutamic acid residues have been described in a previous
paper [3]. From a comparison of the optical rotatory dispersion spectra of these
model compounds with that of natural poly-y-D-glutamic acid, conclusions
have also been drawn concerning the secondary structure of this macro-
molecule [4].

In order to obtain more detailed information about the chiroptical prop-
erties of monotone oligopeptides built up from y' or /1-linked amino acid
residues, we have synthesized a series of oligo-/?-L-aspartic acid derivatives
(la,b). The preparation of pteroyl-oligo-/?-L-aspartic acjds is also in progress.

The synthesis of [O-L-aspartyl-L-aspartic acid \‘atribenzyl N-benzyl-
oxycarbonyl-/?-L-aspartyl-L-aspartate has been described by Y oung . [5].
No oligo-/S-L-aspartic acids with more than two aspartic acid residues, however,
have been reported as yet.

On the basis of experiences in the syntheses of oligo-y-L-glutamic acids
[3], we have chosen the benzyloxycarbonyl and i-butyl groups for the protection
of the amino and carboxyl terminals, respectively.

Derivatives of aspartic acid used as starting materials in the syntheses
were a-i-butyl N-benzyloxycarbonyl-L-aspartate dicyclohexylammonium salt

Acta Chim. (Budapest) 88,1976



302 KAJTAR et al.. OLIGO-JS-1-ASPARTIC ACID DERIVATIVES

X —NH-—CH—COOY la: X = Z,Y = Bul,n=0 4
Ib: X =Y = H; n=0-4
CH2
|
COoO- “nh- ch- cooy'
CH,
I
60) —NH-CH-COOY
|
CH, 1
cooy

(I1) [6] and di-t-butyl L-aspartate hydrochloride (lI1) [7,8]. The synthesis of
the oligo-/?-L-aspartic acids was accomplished according to the general scheme
summarized below [9].

Z— Asp—OBul I HC1 *H Asp— OBuUl dcci Z-r -Asp—OBuU
| OH *DCHA+ i-OBUL  (ch.en) ! -OBu*
1 1] IYa, n = 1
Z—Asp OBul HC1 +H— Asp—OBu' becl
LOH «DCHA ' —OBulcHn)

| Va—d, n = 2—5

z- -Asp OBu1l
! OBul
n+i
IVb—e, n = 2—5

z- -Asp— OBul 90% TFA -Asp OH

1 — OBul - 1 ,0H

IYa e, n= 1—5 Via—e, n = 1—5

H.,/Pd

------ >H- -Asp OH
OH

-m o+

Vila-e, n= 1-5

Selective fission of the benzyloxycarbonyl group of the protected oligopeptide
derivatives 1Va—e was effected by catalytic hydrogenation (palladium(10%)-
on-charcoal) in the presence of hydrochloric acid, and the appropriate oligo-
peptide ester hydrochloride salts (Va—d) were obtained in good yields (85—
100%). After failing in an attempt at preparing the protected dipeptide deriv-
ative (IVa) by means of «-i-butyl N-carbobenzoxy-L-aspartate pentacliloro-
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phenyl ester [10] as acylating agent, we chose the dicyclohexylcarbodiimide
method [11] for building the peptide bond. While the protected derivatives
IVa and IVb were obtained in high chromatographic purity after crystalliza-
tion, the protected oligopeptides with 4—6 aspartic acid residues (IVc—e) had
to be purified by column chromatography on silica gel. The free oligopeptides
Vila—e were prepared by removing the i-butyl and benzyloxycarbonyl
groups of the protected derivatives IVa—e by treatment with 90% trifluoroace-
tic acid for 3 5 hrs [3], followed by catalytic hydrogenation.

Table 1

Synthesis of oligo-R-i-aspartic acids (Vila—e)

Starting materials Intermediates

Compound IVa—e (mmole) Via—e Ef (b) Yield, %
Vila 2.18 0.35 92.5
Vb 1.11 0.30 74.5
Vile 1.34 0.25 93.5
vud 0.56 0.20 90
Vile 0.49 0.15 87

Characterization and purity control of oligo-/?-i.-aspartic acid derivatives
(a) t-Butyl N-benzyloxycarbonyl-oligo-R-h-aspartates (1Va—e)

The protected oligo-/J-L-aspartic acid derivatives are crystalline substances
with well defined melting points. Their purity was checked by TLC (Fig. 1)
on silica gel (DC-Alufolien, Kieselgel 60 F24, Merck), using a solvent mixture
of ethyl acetate—eyclohexane (1 :1) capable of separating the protected
derivatives containing different numbers of aspartic acid residues. Each pro-
tected peptide showed one single chlorine-positive spot of significantly dif-
ferent Rfvalue indicating the homogeneity of these substances. The analytical
data were also in good agreement with the calculated values.

(b) t-Butyl oligo-R-L-aspartate hydrochlorides (Va—d) (Table I1)

The hydrochloride salts are gel-like substances having no definite melting
points. As they could not be obtained as crystalline substances, their purity
was controlled in an indirect way. Starting from the homogeneous protected
derivatives IVa—e, the removal of the benzyloxycarbonyl group was followed
by TLC on silica gel (DC-Alufolien, Kieselgel 60 F~, Merck), using the above
solvent mixture. In this mixture the hydrochloride salt derivatives showed only
one ninhydrine-positive spot of a lower Rf value than the chlorine-positive
spot of the appropriate protected derivative, indicating the completeness of the
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Fig. 1. Thin-layer chromatogram of i-butyl N-benzyloxycarbonyl-oligo-/S-L-aspartates (IVa—e)

on silica gel (DC-Alufolien, Kieselgel 60 FZ4 Merck) in ethyl acetate—eyclohexane (1 : 1),

detected by the chlorine-tolidine test. Ktvalues: IVa 0.57, IVb 0.49, IVc 0.39, IVd 0.32 and
IVe 0.25.

catalytic hydrogenation in each case. The gel-like hydrochloride salts were
thoroughly dried in a vacuum desiccator over cone. H2S04 and KOH, and
characterized by chlorine analysis and TLC using different solvent mixtures.

Table Il
Chromatographic and analytical data of t-butyl oligo-R-1-aspartate hydrochlorides (Va—d)

cl 9% Chromatography (i?/)*
Compound Formula Mol. wt.
Calcd. Found Solvent f Solvent g
Va C20H 30N 207 « HC1 452.7 7.85 8.10 0.52 0.58
Vh c2n 4N 3010 - HC1 624.0 5.70 6.20 0.43 0.48
Ve C3H 62N 40 13 « HC1 795.3 4.45 4.80 0.36 0.43
vd CH4H NS0 le « HCL 966.6 3.65 4.40 0.23 0.31

* Kieselgel G nach Stahl, Merck

(c) Oligo-B-b-aspartic acids (Vila—e) (Table I11)

The oligo-/?-L-aspartic acids are amorphous solids with some water con-
tent hound so strongly that it could not be removed even at 100°C in a vacuum
desiccator over cone. H2504 (or P20 5 and KOH. The data ofelemental analysis,
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VIII.
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Vvild
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Physical constants and analytical data of oligo-R-i-aspartic acids (Vila—e)

TLC (Rf)

solvent

Id
(0.5|L(/( HC1)

+ 185 (c 2.0) 0.30
+6.0 (c 2.0) 0.25
+161 (c 1.0) 0.0
+6.1 (c 1.0) _

+ 8.7 (c 2.0) _

1Relative to aspartic acid

0.50

0.45

0.40

0.35

High voltage
electrophor.

RfY
p}s 1.8« PH 6.5s

0.40

0.30

0.20

0.15

1.30

1.30

1.30

2 Acetic acid-formic acid-water (80 : 20 : 900)

3Pyridine-acetic acid-water (100 : 3 : 894)

Table 111

Formula

c,h no7
CBHIN2D 7+ 1/2HD

CIHITND 1)
CIHIN3010 « I/2H 0

CIHZN,0On
CIH2N4,3 « [/2HoO

C0OHZMNSOle
C20H2ZNSOle m1/2H,0

CZH3IN® 19 « 1/2HD

Mol. wt

248.2
257.2

363.3
372.3

478.3
487.3

593.4
602.4

708.5
717.5

Calcd

38.7

37.35

39.65
38.7

40.15
39.4

40.5
39.85

40.7
40.2

C %

Found

38.0

38.9

39.85

Calcd

4.85
5.10

4.7
4.85

4.65
4.75

4.6
4.7

4.55
4.65

H, %

Found

5.7

5.05

5.05

4.9

4.95

Calcd

113

10.9

11.55
11.3

11.7
115

11.8
11.6

11.85
11.7

N. %

Found

9.4

9.7

10.65

10.4

11.0
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ranging over relatively small intervals (C 38.7—40.7%; H 4.85—4.55%;
N 11.3—11.85%, calculated for the water-free substances) are not characteris-
tic of the purity of the free acids Vila—e with water content. In consequence
of this difficulty, the oligo-/3-1-aspartic acids were characterized by TLC using
different solvent mixtures and especially high voltage electrophoresis on
W hatman 3MM paper at 1500 V, pH 1.8 and 6.5. According to these investi-
gations, the free acids may be said to be satisfactorily pure, meaning that
degradation products due to peptide bond cleavage in the course of the 90%
trifluoroacetic acid treatment, or other contaminations containing t-butyl
groups, can only be detected to a very small extent. Analytical data and Rj
values are summarized in Table 11 together with the values of optical rotation.
The investigation of the chiroptical properties of the synthesized oligo-/S-L-as-
partic acid derivatives will be reported elsewhere.

Experimental

M. p.’s are uncorrected and were taken on a Tottoli apparatus. The optical rotations
were measured with an OPTON-REPM 12 spectropolarimeter (Xenon high pressure lamp).
Before microanalyses, the samples were dried in a vacuum desiccator over P20 5for 8—10 hrs
at a temperature selected according to the melting point of the substance in question. Thin-
layer chromatograms were made on silica gel (Kieselgel-G nach Stahl, Merck) or DC-Alufolien
(Kieselgel 60 F24, Merck) using the following solvent mixtures:

a) n-butyl alcohol-pyridine—acetic acid—water(30 : 20 :6 : 24)

b) n-butyl alcohol-pyridine—acetic acid—water (3 :5:3:3)

¢) n-butyl alcohol-pyridine—acetic acid—water (4 :7 :4:9)

d) n-butyl alcohol-acetic acid-water (4:1 :1)

e) ethyl acetate-cyclohexane (1 : 1)

f) ethyl acetate—eyclohexane (3 : 2)

g) acetic acid—water (1 :9)

Starting materials
oc-r-Butyl N-benzyloxycarbonyl-L-aspartate dicyclohexylammonium salt (11)

From 575 g of a-t-butyl /3methyl N-benzyloxycarbonyl-L-aspartate, prepared by
the method of Gregory et al. [6], 45 g (52%) of a-i-butyl N-benzyloxycarbonyl-L-aspartate
dicyclohexylammonium salt was obtained, m. p. 118—119 °C; [a]i) —2,4° (c 1.0, ethanol).
The physical constants reported in the literature [6] are: m.p. 119—120 °C; [a]B —2.5°
(c 1.0, ethanol).

Di-t-butyl (.-aspartate hydrochloride (I11)
Starting from 13.3 g (0.1 mole) of L-aspartic acid — according to the method of R oeske
[8] — 11.0 g (39%) of the hydrochloride 111 was obtained, m. p. 149—150 °C. (The m. p.
reported by Taschner et al. [7] is 151—152 °C.)
Tri-a-i-butyl N-bcnzyloxycarbonyl-/?-di-L-aspartate (IVa)
155 g (30.7 mmoles) of a-i-butyl N-benzyloxycarbonyl-L-aspartate dicyclohexyl-
ammonium salt was dissolved in acetonitrile (120 ml) and a suspension of 9.4 g (33.4 mmoles)

of di-t-butyl L-aspartate hydrochloride in 80 ml acetonitrile was added to the solution. After
2 hrs stirring the dicyclohexylammonium hydrochloride was filtered off and, at 0 °C, 6.32 g
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(30.7 mmoles) of dicyclohexylcarbodiimide was added to the filtrate. After 2 hrs stirring
at room temperature the reaction mixture was allowed to stand overnight. Dicyclohexylurea
was filtered off and the solution evaporated under reduced pressure. The remaining oil was
dissolved in ether (120 ml), washed with ice-cold 0.5N H2504 (2 x 40 ml), 10% NaHCO03
solution (3x40 ml) and 10% NaCl solution (40 ml), then dried (Na2S04) and evaporated
to dryness. The remaining oily substance was recrystallized from a mixture of ether (35 ml)
and petroleum ether (60 ml) to give 11.4 g (67.5%) of the protected dipeptide (IVa); m. p.
70—72 °C, [Jd —23.0° (c 1.0, dimethylformamide).

CtgH4IN20e (550.65). Calcd. C 61.05; H 7.7; N 5.1. Found C60.7; H 7.65; N 5.15%.

General methods
(A) Preparation of t-butyl oligo-/S-L-aspartate hydrochlorides (Va—d) (Table I1).

The t-butyl N-benzyloxycarbonyl-oligo-/i-i.-aspartates (IVa—e) were dissolved in
methanol (5—10 ml per mnrole) and hydrogenated at room temperature and atmospheric
pressure over prehydrogenated palladium (10%)-on-charcoal catalyst (50—100 mg per
mmole) in the presence of 1.2 equivalent of hydrogen chloride, until the evolution of car-
bon dioxide ceased (2—5 hrs). After removal of the catalyst, the solution was evaporated
to diyness and the remaining solid gel-like substance dried in a vacuum desiccator over
cone. H2S04 and KOH. The yields ranged from 85 to 100%.

(B) Syntheses of i-butyl N-benzyloxycarbonyl oligo-/i-1.-aspartates (IVb—e)

10 mmoles of i-butyl N-benzyloxycarbonyl-L-aspartate dicyclohexylammonium
salt (I1) was dissolved in acetonitrile (30 ml per 10 mmoles) and a solution of 10 mmoles
of the appropriate t-butyl oligo-/?-L-aspartate hydrochloride (Va—d) dissolved in acetonitrile
(20—30 ml per 10 mmoies), was added to the first solution. After stirring at room temper-
ature for 2 hrs the dicyclohexylammonium hydrochloride w'as filtered off and 10 mmoles
of dicyclohexylcarbodiimide were added to the filtrate at 0°C. After another 2 hrs stirring
at room temperature, the mixture was allowed to stand overnight. The dicyclohexylurea
was filtered off and the filtrate evaporated under reduced pressure. The remaining oil was
dissolved in ether (100—150 ml) and the solution washed with ice-cold 0.51V H2504 (3x50
ml), 10% NaHCO03 (3x50 ml) and water (50 ml), then dried (Na2S04) and evaporated to
dryness.

Protected tripeptide derivative (IVb, n = 2)

The crude product prepared from 38.5 mmoles of the starting materials Il and Va
as described above, was purified by crystallization from a mixture of ether and petroleum
ether. Yield: 21.0 g (75.5%), m. p. 93—95 °C, [a]fj —22.1° (c 1, dimethylformamide).

CIHBN 0 12 (721.85). Caled. C 59.9; H 7.65; N 5.8. Found C 60.55; H 8.50; N 5.95%.

Protected tetrapeptide derivative (IVc, n = 3)

From 16 mmoles of the starting materials Il and Vb, a crude product (13.6 g) was
obtained, which was purified by column chromatography on silica gel (Kieselgel 60, Merck;
42x2.5 cm), using a mixture of ethyl acetate-cyclohexane (1:1) as eluant. The fractions
containing the chromatographically pure product were collected to obtain, after crystallization
from a mixture of ethyl acetate, ether and petroleum ether, 9.8 g (68.5%) of the crystalline
tetrapeptide, m. p. 97—99 °C, [a]d —19.3° (c 1.0, dimethylformamide).

C44H63N40 15 (893.05). Caled. C 59.2; H 7.65; N 6.25. Found C59.3; H 7.9; N 6.85%.

Protected pentapeptide derivative (1Vd, n = 4)

From 10 mmoles of the starting materials Il and Vc, 9.8 g of a crude product was
obtained which was purified by column chromatography on silica gel (Kieselgel 60, Merck;
40x2.5 cm), using a mixture of ethyl acetate-cyclohexane (1 : 1) as eluant. The fractions
containing the chromatographically pure product were collected and evaporated to dryness
to give 80 g (75%) of an amorphous substance, m. p. 121—123 °C, [a]Jo —18.7° (c 1.0,
dimethylformamide).

C52H 8IN50 18 (1064.25). Calcd. C 58.7; H. 7.65; N 6.6. Found C 58.9; H 7.85; N 6.85%.
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Protected hexapeptide derivative (IVe, n = 5)

From 415 mmoles of the starting materials Il and Vd, after evaporation of the aceto-
nitrile solution, a solid product was obtained, which could only be dissolved in chloroform.
According to the general procedure described above, another solid (3.6 g) was obtained which
was purified by column chromatography on silica gel (Kieselgel 60, Merck; 42 x2.5 cm) using
the above mixture as eluant. The fractions containing the chromatographically pure product
were collected to yield 3.2 g (54%) of IVe, m. p. 157—162 °C; [¢dd —20.0 (c 1.0, dimethyl-
formamide).

C«OHmO2IN, (1235.44). Calcd. 58.5; H 7.7; N 6.8. Found C 57.65; H 7.8; N 7.15%.

(C) Preparation of the oligo-/S-L-aspartic acids (Vila—e) (cf. Table I)

The appropriate i-butyl N-benzyloxycarbonyl oligo-/S-L-aspartate (0.4—2.5 mmoles)
was dissolved in ice-cold 90% trifluoroacetic acid (15—25 ml per mmole) and kept at 0°C
for 1 hr, and at room temperature for further 2—4 hrs. The cleavage procedure was followed
by means of TLC (Table Ill), and continued until a single chlorine-positive spot could only
be detected on the layer. The solution was then evaporated under reduced pressure (bath
temperature 35 °C) and the residue taken up in dry ether. The precipitated solid was filtered
off, washed with ether and dried in a vacuum desiccator over cone. H2504 and KOH.

The N-benzyloxycarbonyl-oligo-/5-L-aspartic acids were dissolved in methanol (30—50
ml per mmoles) and hydrogenated at room temperature and pressure over prehydrogenated
palladium (10%)-on-charcoal catalyst (100—150 mg per mmoles) until the evolution of carbon
dioxide ceased (1—3 hrs). After removal of the catalyst, the solution was evaporated under
reduced pressure and the remaining solid dried in a vacuum desiccator over cone. H2504
and KOH. The overall yields ranged from 75 to 95%. Physical constants and analytical data
of the oligo-/S-L-aspartic acids Vila—e are summarized in Table III.

*

We wish to thank Mrs. H. Medzihradszky-Schweiger, Mrs. J. Kajtar, Mrs. S.
Kutassi, Mrs. M. Dercsényi and Mrs. A. Lovasz for the microanalyses. Technical assistance
by L. Mohai is greatly appreciated.
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The basicity of the carbonyl group in 1-thiaflavones, 1-azaflavones and -flavan-
ones, and the rates of formation of the 1,2-dinitrophenylhydrazones have been deter-
mined. In the compounds studied the basicity of the carbonyl group increases in the
sequence O < S < NH, while the nitrogen in 1-azaflavanone lowers the basicity of
the carbonyl group owing to its precedence during protonation. The rates of formation
of the 2,4-dinitrophenylhydrazones decrease in the order O > S > NH; in the
attempted proton-catalyzed reaction of 1-azaflavone, owing to the presence of the
enolic tautomer form, the hydrazone is not formed at all. [s]

Thiaflavonoids and azaflavonoids (2-phenyl-4-quinolone and 2-phenyl-
2,3-dihydro-4-quinolone) are analogues of the natural flavonoid compounds
widely distributed in the vegetable kingdom. The influence of the S and N
atom in the hetero ring on the UV spectral characteristics [1] and on the
reactivity of the carbonyl group in these compounds [2] has been studied.

Few data can be found in the literature on the physical and chemical
properties of thia- and azaflavonoids. For the characterization of their reactiv-
ity we have utilized the dependence of the basicity of the C = 0 group and
the reaction rate of 2,4-dinitrophenylhydrazone formation [3] on the hetero
substitution, determined according to the method described in an earlier com-
munication [4].

As it is known, aromatic ketones are coloured when dissolved in a strong
mineral acid. This phenomenon, halochromy, is due to the ionic form resulting
from protonation of the carbonyl group [5, 6, 11].

The proton acceptor character of the C = 0 group, i.e. its basicity, is a
measure of its polarization depending on the structure and substitutions, thus
it allows the determination of the relative electron density of the carbonyl

group.
Experimental

Of the compounds studied, the thia analogues were prepared according to [7], the aza
derivatives according to [8] or [9]. The UY spectra were recorded with a UNICAM SP 800
instrument at concentrations of 1 «10-4 or 5 « 10-5 M. The spectral data of the compounds
studied are shown in Table I. The 2,4-dinitrophenylhydrazones of the compounds were
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prepared as described in a former communication [3]. The rate of hydrazone formation was
also determined according to the method described previously.

The melting points, the spectral data of the 2,4-dinitrophenylhydrazones, and the
reaction rates are shown in Table II.

Table 1

UV spectral data offlavanone, flavone, and the 1-thia- and 1-aza analogues

Nmax (ethanol)
Compound

band 1 () band 11 (g) band 111 (g)
Flavanone 320 (3650) 252 (9400) 214 (30800)
I-Thiaflavanone 348 (3400) 256 (7850)* 240 (30300)
1-Azaflavanone
(2-phenyl-2,3-dihydro-4-quinolone) 373 (3450) 260 (8000)* 235 (26500)
Flavone 298  (21600) 252 (17400) 215 (17000)*
I-Thiaflavone 345 (7600) 265 (15200) 225 (11500)
I-Azaflavone (2-phenyl-4-quinolone) 333 (9400) 256  (38200) 210 (35500)

* shoulder

Table 11

Melting points and spectral data of 2,4-dinitrophenylhydrazones; reaction rate constants
determined at 25 °C

Compound Mp., °c Amax (dioxane) fc/e-1.10-3
Flavanone-2,4-DNPH 250-252* 383 (27400) 255.00
1-Thiaflavanone-DNPH 235—237 385 (24600) 153.00
I-Azaflavanone-DNPH 242-244 408 (21400) 316.00
Flavone-2,4-DNPH 283—285 425 (26400) 0.18

* R. Mozingo, H. Adkins: J. Am Chem. Soc., 60, 669 (1938) mp. 254—255 °C
F. Kaltlay, G. Janzso, |. Koczor, Tetrahedron, 23, 417 (1967) 252—255 °C

Determination of basicity constants

The ethanolic (5% ethanol) aqueous sulfuric acid solution were freshly prepared by
dilution of analytical grade 99.5% sulfuric acid. The HO values for the various sulfuric acid
concentrations given in g/1 were calculated using the original Hammett base, the unsubstituted
chalcone related to the flavonoids [6]; these being known, the basicity of the flavonoids and
of their analogues were obtained by means of the formula [6, 10]:

PKBH+= HO+ logiBHI. = HO+ log-+r SB
CcB Ebh+ — 6
where HOis the acidity value of the ethanolic aqueous sulfuric acid solution, and the quotient
] is the ratio between the concentrations of the protonated form and the free base at

t-B
a given value of HO.

These concentrations were determined by spectrophotometry since there is an essential
difference between the absorptions of the ionic and non-ionic forms (Table I1I).



Compound

Flavanone
I-Thiaflavanone

1-Azaflavanone

Flavone
1-Thiaflavone
1-Azaflavone

* 1.985%
*** shoulder

Absorption spectral data and calculated basicity constants of the neutral (B) and

H2504

255
235

235

253

265
255

rex

(11000)
(29000)

(25000)
(22000)
(20000)

(3400)-

** 96.5%

(@) p.KBL+ calculated at 250 nm

(b) pX RH+ calculated at 235 um and 310 nm

Table 111

(BH+) forms offlavonoids and flavonoid analogues

B form*

325
265
355
260
375
302
350
320

H2504

w

(3800)
(9000)***
(3400)
(8000)***
(4000)
(23600)
(8000)
(12000)

295
255
480
250

250
265
265

*mex

(18200)
(18000)

(4000)
(14000)

(20000)
(38000)
(30000)

« pH =2

BH+ form=*

410
307

285

348

380
315

the protonated

(3600)
(9000)

(2000)
(30000)

(9200)
(18000)

—6.5

—5.65
—6.75
—0.65
—1.52
-1.15
+ 1.82

PxBn+

+ 0.02

0.05
+ 0.09
0.05
0.05
0.05
0.06

I+

+ + + o+

(@)
(b)

e 18 diAvyad
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Figs 1, 2, 3, and 4 show the changes in the spectra due to protonation, i.e. to the
emergence of the ionic form. The curves obtained at various sulfuric acid concentrations
intersect at an isosbestic point, proving the existance of an equilibrium system [6, 10].

In this system, the equilibrium is shifted toward complete protonation when the
concentration of the sulfuric acid is increased, remaining then unaffected by further increase
of the concentration. (In the case of flavanone we found that the curve recorded at 99.5%
sulfuric acid concentration did not pass through the isosbestic point; also the character of
the curve was entirely different from the spectra recorded in more dilute sulfuric acid solutions.
This curve certainly has no connection with protonation.)

225 250 275 300 325 350 400 450 nm

Fig. 1. Effect of the concentration of sulfuric acid on the spectrum of flavanone (1 « 10-4 M

Fig. 2. Effect of the concentration of sulfuric acid on the spectrum of 1-thiaflavanone
(1 +10~4M)
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Fig. 3. Effect of the concentration of sulfuric acid on the spectrum of flavone (5m0 5M)

Fig. 4. Effect of the concentration of sulfuric acid on the spectrum of 1-thiaflavone (5 « 10-5 M)

When the extinction values read at a given wavelength on the curves that pass through
the isosbestic point are plotted as a function of H,,, a so-called titration curve can be drawn.
The HO pertinent to the bisection point (inflexion) of this curve gives the pKBH+ value
sought. The basicity constants thus calculated and the molar extinction values at the wave-

lengths used in these calculations are shown in Table I1I.
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Discussion

According to the data in Table | replacement of the hetero oxygen in
flavanone by sulfur or nitrogen causes a bathochromic shift of all the three
bands as compared with flavanone, while the intensities change only slightly.

Most conspicuous are the bathochromic shift of band | and its broaden-
ing; this is due to increased participation of the non-bonding electrons of the
hetero atom in conjugation. Substitution by S and NH causes a shift of 528
nm and -)-53 nm, respectively.

The changes in the spectra of the analogues of flavone are not so une-
quivocal. The ‘two-band spectrum’ can be found also here in every case, yet
substitution produces not only a bathochromic shift, but also the intensity
ratios are changed, thus spectra of different character are obtained. Substitu-
tion by S and NH causes a shift of only 48 nm and 36 nm, respectively, of
band I, while the intensity of band Il is more than doubled as compared with
the intensity of band Il of flavons.

A similar anomaly is observed as a result of substitution with NH, in
the reactivity of the C = 0 group. Flavanone and thiaflavanone have rela-
tively low basicity. 50% ionization is achieved with sulfuric acid concentrations
as high as about 70% . This low basicity must be due — as suggested by the
spectra taken in sulfuric acid, (Figs 1 and 2) — to solvatation of a non-bonding
electron pair of the hetero atom in flavanone and 1-thiaflavanone, in addition
to protonation of the C = 0 group. Accordingly, the spectra reveal the pres-
ence of two equilibrium systems, one of them corresponding to solvatation
(lower H2504 concentrations), and the other to protonation of the C = O
group higher concentrations:

HOSOaOH HOSOaOH
a b c
According to Table 11l the proton affinity, i.e. the basicity, of the

C = O group in the flavanone series changes in the sequence NH ]> S ]> O.
The abnormally high basicity of the compound containing the NH group is
conspicuous, and its explanation was found by a detailed study of the spectra.
In contradistinction to the cases of flavanone and 1-thiaflavanone increasing
concentrations of sulfuric acid did not cause a shift and higher intensity of
band | (longer) wavelengths of 1-azaflavanone; on the contrary, the intensity

Acta Chim. (Budapest) 88,1976



DAVID it »1. FLAVONOID COMPOUNDS, II 315

decreased, and in concentrated sulfuric acid the band completely dissappeared.
(Fig. 5). This we ascribe to the circumstance that the protonated non-bonding
electron pair of the nitrogen atom cannot participate in the conjugation (c).
This supports our earlier view [3] according to which, and at variance with
Gaffild’s [14] ORD and CD investigations, band 1 in all the flavanone anal-
ogues is an ‘ortho charge transfer’ band. The pXBH+ values calculated from
the intensity changes of band | and 11l thus reflect the protonation of the

Fig. 5. Effect of the concentration of sulfuric acid on the spectrum of 1l-azaflavanone
(1 +10-4M)

NH group pKx= —0.65 instead of that of the C = O group, whereas pK2 =
= —6.75 obtained from the intensity values of the 250 nm band gives the
basicity of the C = O group.

The basicities of the compounds in the flavone series are much higher
than those of the flavanone homologues, and this supports the idea of a quasi-
aromatic character of the y-pyrone and thiapyrone structures [13, 15]. This
high basicity well represents the change in the energy state of the a-electron
system during protonation. At the same time, no change in the spectrum of
l-azaflavone is detectable when the concentration of sulfuric acid is increased;
in this way the basicity of this compound cannot be determined either.

Similarly negative results were obtained when the preparation of the
2,4-dinitrophenylhydrazone of 1-azaflavone was attempted. As shown in
Table Il, even 1-thiaflavone-DNPH could not be isolated, though an increase
of its concentration in the course of kinetic measurements could be clearly
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followed. Thus, in the case of derivatives which contain sulfur, the reaction
rates in the flavone and flavonone series are as expected. The sulfur atom, owing
to its electron donor character, increased the charge density on the carbon
atom of the carbonyl group, therefore it decreased the rate of the proton-
catalyzed nucleophilic reaction. In the case of 1-thiaflavone this rate-decreas-
ing effect is so strong that, though the progress of the reaction can be detected

Fig. 6. Effect of pH on the spectrum of l-azaflavone (5 ¢ 10-5 M)

by spectroscopy, the reaction would require several weeks, therefore the cal-
culation of its rate is not feasible.

In spite of its electron donor character, the NH group caused an increase
of the rate of the reaction between l-azaflavanone and 2,4-dinitrophenyihydra-
zine. This can be explained by the fact that in the proton-catalyzed reaction
also the NH group is protonated, therefore the hetero atom plays no part, or
has a positive role, during the hydrazone formation.

The same effect should be expected in the case of l-azaflavone. Here,
however, the formation of hydrazone was not detected either by preparative
or by kinetic methods. Similarly negative results were obtained in every one
of the usual colour tests for flavonoids, as well as in reactions used for the de-
tection of the C = O group [11, 12, 13]. These negative experiments as well
as irregularities in the basicity determinations and in the ultraviolet spectra
taken in ethanol, prompted us to study, within narrow pH intervals, the pH-
dependence of the spectrum of 1-azaflavone. As shown in Fig. 6, three pH
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regions can be distinguished on the basis of these spectra, which obviously
correspond to different structural forms. If the intensity measured at the
Awax points is plotted as a function of pH, the existence of these three states
is quite conspicuous (Fig. 7).

All this and the negative results mentioned above support our view: the
presence of the enolic tautomer form must be taken into consideration in these

Fig. 7. Change of the intensity at Amax 265 nm and 310 nm of the spectrum of 1l-azaflavone
as a function of the pH.

compounds, and the pH-dependent changes in the spectrum suggest the follow-
ing structural transformation:

PH <3 3 PH-=12 Ph”™ 12

In Fig. 6 the curves drawn for pH 1 and pH 2 show the protonated BH +
form, the curves for pH 3—12 are those of the enolic tautomer form, and the
curves for pH 12 and pH 14 suggest dissociation of the enolic form. On the
basis of the curves obtained in buffers, the basicity of the carbonyl group is
+ 1-82, which is very high compared with the basicity of flavone. This high
value explains the readiness for enolization.
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Concurrent rearrangements of 2-(N-methyl)-(15N)-nitraminothiazole and 2-N-
-(D3methyl)-nitraminothiazole, as well as of 2-(N-methyl)-nitraminothiazole with
natural isotope content and 2-(N-D3methyl)-(15N)-nitraminothiazole have been
studied. The results indicate a partially intermolecular, partially intramolecular
mechanism of rearrangement of 2-thiazolylInitramines to give the corresponding 5-nitro
derivatives.

The detection of solvent and substrate isotope effects and general acid
catalysis in the rearrangement of N-2-thiazolylnitramines [1] has shown that
the rearrangement of these heteroaromatic nitramines, yielding the correspond-
ing 5-nitro derivatives, involves a special mechanism different from that of
the aromatic nitramine rearrangement. The present paper records the results
of an investigation on the mechanism of the rearrangement of thiazolylnitra-
mines.

The intra- or intermolecular character is one of the most interesting
questions of aromatic rearrangements, thus also of the nitramine rearrange-
ment. Recent investigations have shown [2] that for the aromatic nitramine
rearrangement both inter- and intramolecular pathways can be claimed.
Among the previous studies on the rearrangement of heteroaromatic nitra-
mines in the pyridine series an intramolecular pathway was indicated in the
presence of 15N-labelled NO2ions [3]. Nitration of the added mesitylene [4],
or taking the molecular distances into consideration [5] led the investigators
to the conclusion that the nitramine rearrangement in the thiazole series was
an intermolecular reaction.

However, recent investigations of aromatic rearrangements have shown
that the above mentioned data are insufficient for decision of the intra- or
intermolecular character. The 15N labelling technique cannot be used as a
criterion for distinguishing in this respect if the rate of an exchange reaction
between the substrate and the labelled ion is far greater than that of the rear-
rangement [6]. On the other hand, nitration of the added scavenger is also
attributable to electrophilic attack by the protonated substrate [7].
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The question can be settled by concurrent rearrangements of two dif-
ferent derivatives of the same compound [2]. A requirement in using this
method is that the rates of rearrangement of the two derivatives must be
similar. For this reason, concurrent rearrangements of isotopic isomers of the
same compound labelled in two different positions [8] can be expecially instruc-
tive. Therefore the 15N 02 and/or CD3labelled analogues of 2-(N-methyl)-
nitraminothiazole have been synthesized and rearranged concurrently. The
compounds are listed in Table I.

Table |
R z Mol. wt.
1 CH3 no?2 159
2 H 1sN02 146
3 CH3 5no2 160
4 CD3 15N 02 163
5 CD3 no?2 162

A purely intramolecular rearrangement of an equimolar mixture of
3 and 5 will not alter the distribution of the molecular weights, which can
be well followed by MS, as the rearranged sample would also contain the com-
ponents of mol. wt. 160 and 162 in 1 : 1 proportion. On the other hand if the
N 02 migration is only intermolecular, the components of mol. wt. 159, 160,
162 and 163 will be formed with equal probability. Thus the appearance of
the components of mol. wt. 159 and 163 is characteristic of the intermolecular
character of the process, and from their relative abundance the ‘degree of
intermolecularity’ [2] can be concluded.

Similarly, in the course of the concurrent intramolecular rearrangement
of an equimolar mixture of 1 and 4, the distribution of the molecular weights
would not change (159 :193 = 1:1), whereas a pure intermolecular rearran-
gement process could produce the same distribution, as the above mentioned
intermolecular reaction. Here the intermolecular character of the process and
its degree can be detected by the appearance and relative abundance of the
components of mol. wt. 160 and 162.
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Experimental
2-(N-methyl)-nitraminothiazole (1)

This compound was prepared according to pickey et al. [5]; m. p. 269 °C (lit. m. p.
269 °C).

2-(1B5N)-nitraminothiazole (2)

2-Aminothiazole (1.0 g; mmoles) was dissolved at +5—+10 °C in 1 ml of 96% sulfuric
acid; to the solution there was added a solution of K15N 03 (1.03 g; 10 mmoles) and 96%
sulfuric acid (1 ml). The solution was maintained at 0— —5 °C for 10 min and stirred with
1 ml of ethanol for 10 min. It was poured onto 5 g ice, the white crystals which separated
were filtered off by suction, washed with water and dried to obtain 366 mg (2.5 mmoles)
of the product m.p. 198 °C.

Dimethyl sulfate-Dc

2 ml of CD30OD was added by drops into 4.64 (40 mmoles) of chlorosulfonic acid at
—15 °C, then the mixture was fractionated. B. p.2f, 124—126 °C. Yield: 1.92 g (14.5 mmoles).

2-(N-methyl)-(15N)-nitraminothiazole (3)

2-(15N)-nitraminothiazole (2) (182 mg; 1.25 mmole) was dissolved in a solution of
0.2 g (2 mmoles) Na2C03in 5 ml of water, then dimethyl sulfate (274 mg; 2.16 mmoles) was
added by drops to the solution. It was then stirred for 2 hrs. After standing overnight it was
filtered by suction, washed with water and dried over P20 6. Yield: 153 mg (0.96 mmole),
white crystals, m. p. 268 °C.

2-(N-D3methyl)-(15N)-nitraminothiazole (4)

2-(15jN)-Nitrarninothiazole (182 mg; 1.25 mmole) was dissolved in a solution of 0.2 g
(2 mmoles) Na2ZC03 in 5 ml of water, then D6-dimethyl sulfate (280 mg; 2.12 mmoles) was
added dropwise into the solution. It was stirred for 2 hrs. After standing overnight it was
filtered by suction, washed with water and dried over P25 Yield: 140 mg (0.86 mmole);
m. p. 267 °C.

2-(N-D3methyl)-nitraminothiazole (5)

2-Nitraminothiazole (180 mg; 1.25 mmole) was dissolved in a solution of 0.2 g (2 mmoles)
Na2C03 in 5 ml of water, then Dc-dimethyl sulfate (280 mg; 2.12 mmoles) was added into
the solution. After stirring 2 hrs, the mixture was kept overnight at room temperature.
The white crystals which separated were filtered off, washed with water and dried over
P2 5. Yield: 148 mg (0.92 mmole), m. p. 268 °C.

Concurrent rearrangements of (1) and (4), and of (3) and (5)

A mixture of the appropriate quantities (0.31 mmole) of the two nitramines was
dissolved in 0.5 ml of 96% sulfuric acid at 0°C, then the solution was thermostated to
25 + 1°Cfor 2 hrs. It was then pured onto 3 g of ice, and naturalized to pH 7 with a saturated
solution of sodium carbonate. The yellow crystals were filtered off and recrystallized twice
from glacial acetic acid.

Mass spectrometric measurements

The mass spectra of the starting materials and those of the rearrangement products
were obtained with an MH—1303 type, single-focussing mass spectrometer. In the experiments
50 eV ionizing electron energy and an ion accelerating potential of 2kV were used. The tem-
perature of the ionization chamber was about 150 °C. A direct sample inlet technique was
applied; the temperature of the sample holder was about 100—110 °C.
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Results and discussion

The partial 50 eV mass spectra of the starting materials (1, 3, 4, 5), the
rearrangement product of 1 (compound 6) and those of the compounds result-
ing from the concurrent rearrangements (7, 8) are recorded in Table I1I.

Table 11

Partial (50 eV) mass spectra of compounds 1, 3, 4 and 5 and the rearrangement products (6, 7, 8)

lonic abudances, %

-
C X .0H 3
Ccom- + T nC 02N~ HCH3
pounds NO2 Type of ions
1 3 (1BN02) 5 (CD) 4(](5:&)(’5,) 6 (from 1% (fmm71+4) (from83+5)

Mol. wt. 159 160 162 163 159 159— 163 159— 163
165 25 13 l.i
164 2.9 3.2 2.9 17
163 3.8 48.1 29.9 14.2
162 2.5 53.4 2.9 15.8 353 M+
161 25 3.1 2.0 4.6 3.2 35
160 3.1 45.3 5.5 145 30.5
159 46.4 2.3 90.1 311 14.1

m/e

118 5.0 5.2 11 1.0
117 7.1 7.5 15 14
116 100.0 100.0 215 21.4 (M—NO02+
115 4.9 5.7 4.5 35 2.8 33 3.4
114 6.4 7.0 37 21 19
113 100.0 100.0 51.3 225 23.5

* See Ref. [5]

Taking the natural isotope abudance into account, it can be established
from the spectra that the deuterium content in CD3group is about 98.8—99%
and the 15N label of the NO2group is about 96%. The intensity of the peaks
given for the N-nitro compounds is expressed in percentage of the total ion
current of the (M—NO02)+ type ions. For the peaks of the rearranged samples
the abundances are given in percentage of the total abundance of the molecular
ions with different m/e ratios. The M +#(M—NO02+ abundance ratio is about
0.5 for the starting N-nitro compound and is about 1.8 for the rearranged
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products. This difference is due to the lower stability of the molecular ions of
the former isomers and gives an opportunity to follow the progress of the
rearrangement reaction. It can be established that both samples (7 and 8)
contain products characteristic of intermolecular rearrangement, but their
abundance is less than that of the compounds having molecular weights which
correspond to the starting material. Thus the rearrangement shows a mixed,
partially infra- and partially intermolecular character.

Table 11l shows the calculated ionic abundances arisen ifthe concurrent
rearrangement of 3 and 5 would be only inter- or intramolecular, finally for
the case when the proportion of the frequency of the intra- or intermolecular
reaction is 1:1. As Table 111 shows, this last calculated ratio approaches well
the measured values.

Table 111

Study of the intra- or intermolecular character of the rearrangement on the basis of mass shifts
in the mass spectrum of compound 8

lonic abundance, %

mle Calculated
Measured
intramol. intermol. intra :inter= 11
165 l.i l.i l.i
164 1.7 2.3 2.6 25
163 14.2 3.1 22.7 13.0
162 35.3 45.3 23.9 35.0
161 35 4.5 35 3.8
160 30.5 42.6 22.8 33.0
159 141 2.16 22.3 13.0

The abundance ratio measured for the concurrent, rearrangement
producing 7 from 1 + 4 can also be well approached by supposing the equal
frequency of the intra- and intermolecular rearrangements. Thus the degree
of intermolecularity for the rearrangement of 2-(N-methyl)-nitraminothiazole
is about 50%.

The partial intramolecular mechanism of the reaction can be interpreted
similarly to the case of N-methyl-N-nitroaniline derivatives [2]. Thus the
intramolecular part of the rearrangement takes place within a solvate cage,
by direct collapse of the protonated aminothiazolyl- and nitronium-fragments,
while dissociation and later recombination of these fragments results in the
intermolecular portion of the rearrangement.

*

One of the authors (G. T.) thanks the Humboldt Stiftung for a fellowship for 1973/74
in Bochum, Germany.
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RECENSIONES

Extraction Chromatography

Edited by T. Braun, and G. Ghersini. Journal of Chromatography Library; Volume 2
(pp. 566, 629 references). Akadémiai Kiadd, Budapest 1975

The actual research profile of a scientific or an operational domain cannot be always
deduced ethymologically from its designation. Itself an historical survival of pioneer days,
the word ‘chromatography’ was restricted once to the separation of coloured organic substances.
On the other hand, the name ‘extraction chromatography’ looks like a synonym of the term
‘partition chromatography’ used since about 30 years; in fact, it is used for the designation
of a much narrower field, viz. of inorganic ion analyses by reversed phase partition chroma-
tography. Here also the cause is to he found in an evolutionary process; it was not the profes-
sional scientists of partition chromatography who have expanded their study to include
inorganic ions but rather the ‘extraction analysis’ of inorganic analysts has taken advantage
of the excellent possibilities offered by the chromatographic column; thus the method has
become known in the literature under the name ‘extraction chromatography’ and is the
chromatographic variant of inorganic analysis by extraction.

This we felt appropriate to explain by way of introduction because the work to be
reviewed offers much more than the ‘explained’ designation suggests: but those who — based
upon a word for word evaluation of the title — expect a comprehensive discussion of the
correlations of liquid-liquid extrcation and chromatography will not be disappointed either.

Chapters 1—5, and 13—15, about 70% of the book, will be of interest for every
expert in chromatography. Chapters 6, 11, and 12 deserve the attention of many inorganic
analysts; the remaining 15% of the book deals with special topics: analytical problems
concerning the actinides, the lanthanides, fission products and radio-toxicology.

Already in the first chapter a very laudable feature of this book leaps to the eye.
Beyond the mere deduction of theoretical relationships, a very careful analysis of the signif-
icance of the parameters, and of the influence of the constants involved in the formulae
is given, notably of the influence exerted upon the numerical value of the quantity charac-
terized by the formula. It draws attention to factors that cause a significant change only
when extreme experimental conditions prevail while within a precisely circumscribed set
of experiments they can be left out of consideration. Such a discussion method, which
transcends the qualitative presentation of the correlations, requires the knowledge of the
numerical values of the physical constants involved in the equations. The various chapters
of this work are unusually abundance in information of this kind. For data not included
in the relevant Tables, references to the literature are given; finally, if no notice of the
experimental determination of some factor has been published up to the time the book went
to press, the authors draw special attention to such a deficiency. — Incidentally, in the first
chapter a very clear and expert presentation is given of the changes in thermodynamic
activities due to the special circumstances preyailing in a chromatographic column and of
the dynamic factors of the chromatographic process.

The first half of the second chapter shows the classical mathematical approach to
the chromatographic operation proceeding via assumed static, theoretical plates of equilibria.
For the reader who now enters this field the first time it will be, perhaps, a bit inconvenient
that the interpretation of the theoretical number of plates isleft to the second chapter, yet
the numerical value of the “HETP” and the static and dynamic factors which affect it are
mentioned in the first chapter already. — The second half deals with the striking analogies of
inorganic ‘extraction analysis’ and extraction chromatography, and with the practical
possibilities of an exchange of information made possible by these analogies.

From a general view of chromatography, the third chapter is a very wealth of infor-
mations on useful techniques, devices and formulae. All the tricks can be learnt from this
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chapter of what chromatographers call the art of column packing. The methods of how to
standardize the support material, the approved methods of how to apply the stationary
phase, the selection of optimum overall dimensions of the column and optimum parameters
for its operation are described, and in a manner made very informative by figures and tables.

The fourth and the fifth chapters describe, first generally then in detail the stationary
parts of the device, i.e. the support material and the extractants on it. In our opinion,
this sequence would have been didactically preferable to the one in the book, i. e. stationary
phase, then support material, for the discussion of the role of these two. Otherwise,
these chapters give a faultless exposition of the theme.

In an imposing manner the sixth chapter evidences that nowadays for nearly every
column in the Periodic Table, from the alkalies to the- halogens, an extraction chroma-
tographic technique has been elaborated for the separation of the elements in the group. Perhaps
the authors should have given in this chapter a more detailed description of the preparation
samples and of the detection of the various elements (ions), since with these details added,
awider public would have been Table to critically evaluate the complete chain ofanalytical steps,
i. e. sample preparation, chromatography, detection and measurement, and to compare this
technique with other, traditional or novel, analytical methods. As pointed out in the book,
its eleventh chapter is, actually, related to the theme of the fourth, yet presents in itself a
full picture of the equilibrium and dynamic aspects of the formation of metal chelates, of
their partition in solvents, and of the chromatographic utilization of this partition. The
chapters which discuss the enrichment of trace impurities by a factor of up to 10e, or those
which inform about redox reactions performed on a chromatographic column, all merit the
attention of analysts in general, while the studies described in the last chapters on the use
of closed-cell or permeable solid synthetic foams as supports, on the control of apulsat-
ing flow of the eluent, and on generally valid theoretical and practical relationships
between laminar (paper, thin-layer)- and coiumn-chromatography embody valuable progress
in chromatographic science as a whole.

In connection with the generally well balanced edition of this book some critical remarks
might be appropriate. The reader misses the harmony of the various nomenclatures used
in the individual chapters and a uniform list and explanation of the symbols since this would
have prevented writing the same correlation, e. g. for the number of theoretical steps, differently
in the various chapters; at the same time a given letter, e.g. the Greek beta denotes various
concepts in various chapters. Also the volume of the work is unnecessarily enlarged by repeated
definition, and symbolization qf concepts. It would have been well to use a uniform notation
of the valence of metal ions: calcium is Ca2+. Ca(ll). or even Ca: this last form, without the
charge given, leads to the formula, to be seen on p. 98, bordering on the incorrect, viz.
Ca < NH4

The typographical aspect of the book conforms to the puritanic forms now very much
in vogue. This seems to be an unavoidable prerequisite of speedy production and tolarable
price. Even so, perhaps by the more frequent utilization of italics, some typographical variety
and better arrangement might have been attained. There are very few typographical errors,
and only one of them that on p. 17, distorts the sense: in the term Illlorgllllag the slash is
missing, thus K seems to be the product and not the quotient of the two concentrations.
The text is easy to read, line drawings, and tables are clearly printed and yield maximum
information.

The book adds valuable knowledge, a host of numerical data and correlations to our
chromatographic experience, thus helps the planning, control, and evaluation of tests, by
numerical calculation. Neither are valuable hints lacking on how operations might be best
carried out in practice; also the description of the substances used is nearly complete in the
various chapters.

This thorough introduction to extraction chromatography offers new possibilities
for a broad public of inorganic analytical chemists; scientists in some special fields are spared
the pains of collecting the vast, and often hardly accessible literature. Finally, its clear,
smooth style should also be mentioned in praise of this book.

A. Uskert
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Topics in Current Chemistry, Vol. 53, Gas-Phase Electron Diffraction

Springer Verlag, Berlin—Heidelberg—New York 1975

This book is an excellent appraisal for the electron diffraction method as a modern
and efficient tool in structural chemistry as it presents an abundance of interesting and well-
organized structural information collected by this technique. In fact, the title of the volume
is somewhat unfortunate and not informative enough since it is the results and not the
technique that are described and discussed.

The volume consists of three independent chapters that are connected by the expertise
of the authors in the fields reviewed and their successful attempts to look for empirical trends
in the compound series discussed. The three chapters are the following.

Arne Haatand: Organometallic Compounds Studied by Gas-Phase Electron Diffraction,
pp. 1—23 (with 114 references, 2 Tables, 11 Figures)

As stated by the author, selected groups of compounds are dealt with in the Chapter
and the emerging structural patterns are discussed in terms of simple molecular orbital
theory, the valence shell electron pair repulsion model and nonbond interactions. The
compounds of beryllium, magnesium, boron, and aluminium, cyclopentadienyl derivatives
of other main-group elements, and also of the transition elements are considered. In addition
to presenting the structutal information gained by electron diffraction (and originating
primarily from the Oslo school), correlation is sought and shown between the electron
diffraction results and information from other techniques including theoretical calculations,
and also between structural and physical-chemical properties.

Lev Vitkov and L. S. Knaikin: Stereochemistry of Compounds Containing Bonds
between Si, P, S, Cland N or 0,.pp. 25—70 (with 234 references, 28 Tables, 12 Figures)*

The stereochemistry of a very large class of compounds is covered, viz. molecules
with Si—N, P—N, S—N, CI—N, Si—O0, P—0O, S—O0, CI—O bonds. The unique character
of the structural properties of these compounds originates from what is interpreted to be
djr—pjr interactions between the third row and second row elements.

Apparently all the data on gas-phase molecular geometry obtained by either electron
diffraction or microwave spectroscopy, and published to date, are collected. A concise
presentation of the main structural results on the basis of the original papers is given. The
authors successfully aim at classifying and generalizing the available data in terms of the
classical structural theory rather than presenting arguments in favour of one or the other
of the current theories. The Chapter is concluded by a short discussion dealing with some
interesting steieochemical patterns shown by the bond angles at three-coordinate nitrogen
and two-coordinate oxygen. Some variations in the bond distances are also considered.

Akimichi Yokozeki and Simon H. Bauer: The Geometric and Dynamic Structures
of Fluorocarbons and Related Compounds, pp. 71—119 (with 313 references, 26 Tables, 15
Figures)

Gas-phase structural data on fluorocarbons and related compounds are collected and
discussed focusing attention to the effects of fluorine for hydrogen substitution in hydro-
carbons and related substances.

After a short review of fluorine for hydrogen substitution effects in di- and triatomic
species, a survey of C—F bonds, which have been investigated, is given. The effect of fluorine
for hydrogen substitution on the rest of the molecule is also examined in detail. Special
attention is paid to the important phenomena of intramolecular motions and related internal
rotations about single bonds. Comments on selected inorganic fluorides conclude the Chapter.

One is surprised by the abundance of structural data on C—F bonds, and also, as
a result of the authors’ careful work, which apparently was an investigation on its own, by
the abundance of interesting patterns and correlations that emerge as the changes in the
number of fluorine atoms attached to the central carbon atom, the carbon hybridization
state and environmental factors are examined.

The editors and the publisher have to be congratulated for compiling this volume
of authoritative, critical and interesting reviews of very rapidly developing areas of structural
chemistry and for publishing it with a speed that favourably compares with journal articles.

I. Hargittai

* A more consistent way of putting the authors’ name would have been, e.g. Lev
V. Vilkov and Leonid S. Khaikin.
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PE3IOME

CuMynsiuMsi npolecca 30HHOFO TMaBfieHUsI ¢ MOMOLLbl0 3BM Ha OCHOBe €ro
MaTeMaTMUecKoi Mopenu

3. BPAHAT-NETPUK, . YEP n N. HAOb

30HHOE MNMaBfieHWe 6bUI0 WMCMOMBb30BAHO [ OUUCTKU OPraHUYECKUX HKUAKOCTEN.
Vicnonb3ys Npo6Hble AaHHble, Gblla NpoM3BefeHa MPOCTas CUMY/ALMA 30HHOTO MaBNeHMs.
MeToz no3BonseT npefckasaTb BEPOSTHYH 3HEKTUBHOCTb Ja/bHEMLLNX IKCMNEPUMEHTOB.

PeaKUusi OKTaHOB U MNponaHa ¢ BOASAHbIM MapoM Ha HWKeNeBOM KaTanmsaTope ¢
HocUTeneM Mofa faBfieHWeM 1 atm

r. TPAMN, Ab. MAPAAT, fb. PAL, M. WUTEMHFACHEP u [b. CEKEMN

Peakuveid, onpegenstoLieli CKOPOCTb MNpoLecca pasnoXkeHWs MponaHa, H-OKTaHa W
M300KTaHa C MOMOLLbIO BOASHOTO Mapa Ha HWKeNeBOM KaTasv3aTope C HOCWUTENeM OKWUCK anio-
MWUHUA, ABNAETCA peakuua Yrnesofiopofa C BOAAHbIM MapoM. [Mpyu pasfnMuHbIX KOHBEPCUAX
YreBoopofoB MeXAy NPOAYKTaMu peakuMn U HerpopearvpoBaBLLUUM BOAAHLIM MapoMm ycTa-
HaB/IMBAETCA PaBHOBECHE.

B akcnepuMeHTax, MPOBEAEHHbIX Ha KaTanuM3aTopax C HOCUTENeM CUAMKata MarHus,
COCTaB ra3oBblX NPOAYKTOB /Wb B TAKUX YCNOBUAX COOTBETCTBOBAN PaBHOBECHOMY COCTaBY,
npy KOTOpbIX 06pasoBaHVWeM MeTaHa MPaKTUYECKM MOXHO npeHebpeyb. Bo Bcex gpyrux cny-
Yyaax, KaK /19 OKTaHOB, TaK U 411 MponaHa, npy pasfioXXeHWn nx BOASHLIM Napom Ha Katanu-
3aTope, obpasyeTcs ropasfo 6osblie — Mo CPaBHEHWIO C PaBHOBECHBIMU BENIMYMHAMU — [BYO-
K1CK yrnepofa, BOAOPOAA Y ropasfo MeHblle MeTaHa,

Cpeayn NpogyKTOB peakuuW, 40 OMNpeAeneHHoV TeMnepaTypbl, NPy PasnnyHbIX CTEMEHsX
KOHBEPCWM He ObINo HalifeHO coefyHeHWs, cofepxKallero 6onee ogHoro atoma yrnepoga. T. o.,
HOpManbHble 1 M3onapauHOBbIE YT1eBOLOPOAbI C ANVHHON UV KOPOTKOM LIEMOYKOA, nonagas Ha
MOBEPXHOCTb KaTanm3aTopa, yAanaTcs C Hee NMLlb B COBEPLUEHHO PacLuensieHHOM COCTOSIHUN,
B BU[E COEAVHEHWS, COLEPXALLEro efnHCTBEHHbIV aTOM yriepoja.

O6pa3oBaHne MPOAYKTOB U3 MCCNefOBaHHbIX YrnesoAopofoB npu 450°C npoTekaeT ¢
0MHAKOBOI CKOPOCTbI, W MO3TOMY NOMAraeTcs, YTO Ha OCHOBE CKOPOCTEW, U3MEPEHHbIX Ha
MOJENbHbIX COeAUHEHNSX, MOXHO CYAWTb O CKOPOCTAX peakuuil BOASHOr0O mapa cO CMecAamu
YreBof0pPOLOB.

PeaKuus H-rekcaHa C BOASIHbIM MapoM Ha HUKENIeBOM KaTa/im3aTope ¢ HOCUTe/eM
npu JaBneHnyn 1 atm

r. TPAMAW, Ab. NMAPAAT, Ob. PAL, M. WUTEAHTACHEP u [ib. CEKEW

Ha ocHoBe aKCnepyMeHTabHbIX faHHbIX Obl10 YCTAHOB/IEHO, YTO HA M3Y4YeHHOM KaTanun3a-
TOpe — He3aBMCKMO OT pa3mepa 3epeH — B UCCef0BaHHOM UHTepBasie TeMnepaTyp W KOHBEPCUiA,
COCTaB NPOAYKTOB-peaKL v, 06pasyoLLmMxca Npy pasnoxXeHnn H-rekcaHa ¢ NOMOLLbIO BOAAHOTO
mapa, COOTBETCTBYeT pPaBHOBECHOMY COCTaBy, paccmaTpuBas HepasnoXeHHblli rekcaH B Ka-
YecTBe pa3baBsAOLLEro rasa.

Cpean NpoAyKTOB peakuun, MOMWMO MeTaHa, He Obiin HalifieHbl COeAVHEHMS C YACNOM
YrNepoaHbIX aTOMOB, MEHbLUMM YeM B H-TeKcaHe, UCK/4asa KPEKMHT, NPOTEKatOWMiA TONLKO Mpu
NOBbLILWEHHBIX TeMMnepartypax, Bbiwe 570°C.

HeHacbILeHHbIe M apoMaTUYecKue YrieBofopodbl He OKasblBaloT BAWUSHWSA Ha paboTy
KaTanm3aTopos.



CoegnHeHnsa onosa(lyY) ¢ wngpdoBbIMKM OCHOBaAHUSMKW, 06pa3oBaHHbIMWU U3
neHTaH-2,4-gMoHa M amMMUHOCNUPTOB

O. M. CUHI n AX. N. TAHAOH

Peakuun xnopuga onosa(lyY) c wnddoBbIMA OCHOBaHUAMU C 06LWei hopmynoit CH3C-
-(OH) : CHC(CH3 : NROH (rge R = -(CH22, -CH2CH(CH3-, -(CH23 n —CH(CH}H -
CH2) 6binn unccnefoBaHbl, WUCMOMb3YA PasnMyHble CTEXMOMETPUYECKME COOTHOLLEHUS KOMMO-
HeHTOB. PesynbTaTytolwime npofdyktbl SnCl4 SBH2 n SnCI4SBH22 (rpe SBH2 npegcrasnset
MOJIEKY /bl LIM(KOBOT0 OCHOBaHWS) 6biNM M30/IMPOBaHbI C MOYTU KOMMYECTBEHHLIMW BbIXOAAMU.
Ha ocHOBe pe3ynbTaToB 3/eMeHTapHOro aHanusa, WK crnekTpoB v KOHAYKTOMETPUYECKUX W3-
MEpeHWA NpeafiaraloTcs HEKOTOPblE BEPOSATHbIE CTPYKTYPbI.

O KUHETMYECKUX YPaBHEHUAX MHOTOCTaAMiHbLIX 3MeKTPoAHbIX npoueccos, |l

N, Knw v n. M. BAPWAHN

BbifI0 BbIBEAEHO M PACCMOTPEHO YpaBHEHME KPUBOI MOASpU3aLMW 411 MHOTOCTaauiiHol
MOHM3aLMN METAIOB M BOCCTAHOB/IEHUS| META/IMYECKMX WOHOB, A1 TaKOro c/yuas, Korja
pacTBOpP COAEPXXMUT KOMMIEKCO06pasytoLiye KOMMOHEHTbI. Ha KMHETUKY MpoLecca BAKUSIOT BCE
nocnefoBaTe/bHbIe CTaguu, CPeau KOTOPbIX UMEKOTCS 3/1IeKTPOXMMUYECKME U XUMUYECKUE PeaK-
UMK, a TaKxe Anty3ns KOHEUHOro NMPOAYKTa MOHM3aUMU. Bbiny onpedeneHbl KMHETUYECKUE
napaMeTpbl, NMo/yYalolmMecs B Clyyae OfHOW 3aMedIeHHON CTaguu.

MK cnekTpodoTOMEeTPUYECKOE UCCNeA0BaHNE peaKUUM KOHAEHCALUM aKoKeucu-
NaHoB ¢ XxjopcunaHamu, |

MpumeHeHne meToda WK ansa aHanusa peakuMOHHOW cMecK
3. MATPAU u WW. A0OBOLL

Ha ocHoe UK cnekTpotoTomMeTpun 6bi1 paspaboTaH aHaNIUTUYECKWiA MeTOf onpeaesne-
HUS BCEX KOMMOHEHTOB B PeaKLMW KOHAEHCALMW, NpOTEeKaolel Mexay AuMeTunguxnopcuna-
HOM W OUMETUIAUITOKCUCUNAHOM, AUMETWUN-AU-H-MPOMNOKCUCUNAHOM, a TakKXe AUMETWN-An-
BTOP-6YTOKCMCUNAHOM. BbINN CHATHI CMIEKTPbI YMCTLIX KOMMOHEHTOB, OXMAAEMbIX B XOfje peak-
UMK, @ TaKXKe UX COOTBETCTBYHOLLMX CMeceil. Bblfin BbIGpaHbl MOAOCH! NOT/OWEHNS, NPUTOAHbIE
ANA aHAMTUUECKUX LeNeid, KOTOpble M 6bIM OXapaKTepu3oBaHbl AN KOMMYECTBEHHBIX W3-
MepeHuii.

MK crnekTpohoTOMeTPUUECKOE UCCIeg0BaHNe peakuum KOHAeHCaunM aiKOKCUCH-
naHoB c xnopcunaHamu, Il

Peakuns KOHAEHCAUUM AWMETUNAUXAOPCUMNAHA C AUMETUN-AU-BTOP-6YTOKCKM-
cunaHom

3. MATPAW, WI. AOBOW un T. CEKEN

Bbina uccnefoBaHa KOHAEHCaUWUA LUMETUNAUXIOPCUNAHA C AUMETUN-AMN-BTOP-BYTOKCK-
cunaHom, katanusuposaHHas FeCl3 3a npoueccom cnegunu ¢ nomowpo VMK cnekTpogoTo-
MeTpuun. PesynbTaTbl YKa3biBalOT Ha TO, YTO peakuus npoTekaeT B ABYX CTyneHsX. Ha nepsoii
CTYMEHU MPOMCXOAUT OYeHb ObICTPbIli 06MeH pafuKanoB Mexay OUYHKLMOHaNbHbIM aiKOK-
CHCWTGHOM 1 X/T0PCWIAHOM, KOTOPbIA NPUBOAUT K 06pa30BaHUMI0 AVMETUNAIKOKCUXI0pCUIaHa.
370 coeavHeHWe MpeLCcTaBsfeT co60 UCXOAHbI MOHOMED A1 CNeAyoLLeil CTYNeHN KOHAeHca-
umn. BbIN0 YCTaHOB/EHO, YTO KOHAEHCALMA ABNSETCA HEOOPaTUMOI peakumeid. MpakTnyeckn He
MpOTeKaeT APYrMX MOBOYHbIX peakLmid.



CUHTE3 HEeKOTOPbIX MPOU3BOAHBLIX N-canuuuncynboHun-aMmmHokucnoT, Il
A. M. 3/Ib-HATTAP 1 M. M. FAAGAP

Bbin onucaH cuHTe3 M(3-kapbokcu-4-ruapokcudeHmnncynb@oHun) Gly n cooTBeTCcTBYIO-
Wwux nponssogHbix Ser, Tyr u Orn (I11—V), a Takxe ux O-aueTun, Kap60OMeTOKCU N HEKOTOPbIX
rngpasngHeix npounssofgHbiX (VI—XVII). Bbino HailgeHo, yto coeguHenus I, 1V, VII n VIl
ABNAIOTCA aKTUBHbIMWU MPOTUB MHOTUX MUKPOOPraHu3MoB.

CWHTE3 NPOU3BOAHbLIX 0NUMb/3-b-acnaparMHOBOW KWUCAOTbI
M. KANTAP, M. XONMOWW n X. PENAON

OnucbliBaeTCA CUHTE3 MPOM3BOAHbLIX 0NKUro-,6'-L-acnaparnHoBoli kucnotel (la, b) ¢ uncnom
0CTaTKOB acnaparnHoBOW KWCNOTbl A0 wWecTW. BeH3nnokcukap6oHUNbHAs W TpeT-6yTun-
3upHasa rpynnsl 6bIAM UCMNOMb30BaHbI ANA 3aWUTbl aMUHO U KapbOKCUbHLIX Tpynmn, cooT-
BETCTBEHHO. MMenTufHble cBA3M 6bINNM 06pa30BaHbl C MOMOLLLIO ANLUKNOTeKCUNIKApPOOAMMMULHOTO
meTofa. KonoHHasa xpomatorpatua Ha cunukarene 6blna MCNosb3oBaHa ANs 04YUCTKM 610KMpoO-
BaHHbIX MENTUAOB C OCTaTKaMu acnaparnHoBoW kucnotel oT 4 o 6 (IVc—e). CBO6OAHbIE ONUTO-
nentugbl (Vila—e) 66111 NpUroToBneHbl 06paboTKOl TPUPTOPYKCYCHOM KUCNOTON C Nocneayto-
WMM KaTaNUuTUYeCcKUM ruapuposaHnem. bnokuposaHHble nponssofHble (IVa—e) 6b11n oxapak-
Tepu3oBaHbl ¢ nomowbio TCX. Yuctota cBOOGOAHLIX 0NUr0-/?-L-acnaparMHOBbIX KUCAOT KOH-
Tponuposanacb ¢ nomouwblo TCX U BbICOKOBO/ILTHOIO O6YMaxKHOro afekTpodopesa.

OKcasenuHbl 1 ThasenuHsbl, Il

MonyyeHune 2,3-gurngpo-2,4-pneHnn-1,5-6eH30TMa3eNMHOB Ha OCHOBe peakuumu
B3aMMopfencTBna 2-aMuHOTUO(eEHONAa C «B» KONbLOM 3aMelieHHbIX
XanKoHOB

A. NTEBAW n P. BOTHAP

Bbina nccnefoBaHa peakuus B3auMofeiicTBMA 16 XanKOHOB, 3aMeLleHHbIX Pa3fnyHbIM
o6pasom B «B» konbue (I—XVI), ¢c 2-ammHOTMOEHOIOM, NpoTeKatowas B abCONOTHOM TONYONb-
HOM pacTBope. BbiNo ycTaHOBNEHO, YTO B flaHHbIX YCNOBMUAX peakuun B 60/bLINHCTBE CNy4yaes
(1—X) obpasyetcs cmech /1-pcHUN-/"-(2-aMUHODeHUIMepKanTo)-nponuoteHoHoB (X V II—XX V1),
B ABYyX cnyuyaax (X1, XI1l) cooTBetcTByOWMX nponuoeHoHoB (XXVII, XXVIII), ¢ nponssoa-
HbIMW 2,3-aurnapo-2,4-gudennn-1,5-6eHsotmasenmda (XXXIX, XL). Mpu Hanuumm cunbHbIX
3N1eKTPOHOaKLEeNTOpPHbIX 3amecTuteneit (X111 —XVI) obpasywTtca 1,5-6eH3oTuazenuusl (XLI,
XLIV). [?-deHun-/3-(2-amnHopeHnnmMepkanTo)-nponmogeHoHbl (XVII—XXVIIl) B a6c. me-
TaHONMbHOM PacTBOPEe W B NPUCYTCTBUM YKCYCHOW KWCNOTbl, KAK KaTanusatopa, Npu KMNsaYyeHun
npespawiatotcs B 2,3-aurnapo-2,4-gugeHnn-1,5-6eHsotmasenuHbl (X X1X—XL).

VMccnegoBaHue peakLMOHHOM CNOCOOHOCTU KapboHUNbHOW rpynnbl p/1aBOHONAHbIX
coeguHennin, Il

OCHOBHOCTb (hN1aBOHHbIX U (hplaBaHOHHbIX aHaNnoroB
P. E. ABUA, T. 9HXO, . BAJINHT u P. BOFHAP

Bbinn onpeaeneHbl OCHOBHOCTb Kap6OHUNLHOW rpynnbl 1-Twa- u 1-asatnaBoHOB W (hna-
BAHOHOB, a TaKXe CKOpOoCTb 006pa3oBaHua (2,4-AUHUTpPOEHUN)-TugpasoHa. B U3yUYeHHbIX
COEMHEHNAX OCHOBHOCTb KapbOHWAbHOW rpynnbl yBeAWYMBaeTCA B CleAyloleM nopajke
O< S < NH, B T0 Bpemsa kKak a3oT l-azathnaBaHOHa, BC/AeACTBME MEPBUYHOW NPOTOHU3ALUU
YMeHbLIaeT OCHOBHOCTb KapboHWNbHOW rpynnbl. CKopocTb 06pa3oBaHua (2,4-AnHNTPOGEHUN)-
rngpasoHa, B CBOIO O4epedb, YMeHblUAeTCA B crefywolem nopsgke O > S > NH, a B cnyyae
1-a3athnaBoHa, M3-3a NPUCYTCTBUA 3HOMbHOW TayTOMepHOW dopMmbl, 06pa3oBaHue eHUNTrng-
pa3oHa B NPOTOHHOKATaNM3MPOBaHHOW peakLun Boo6LEe W He NpoTekaeT.



MeperpynnupoBka N-HUTPONPOU3BOAHbLIX 2-aMWUHOTWA30MA, KaTan3npoBaHHas
kucnotamm, |l

ViccrnefoBaHve XxapakTepa MeperpynnupoBKy 2-TWasosiuil  HUTPaMUHOB

. TOT, A. HEMELW, WN. TAMALL n WN. BOJIb®OP/A

Bbina wuccnefoBaHa KOHKypupywouwas neperpynnuposka 2-(1\'-metun)-(Ne5-HT'pa-
MHHOTWasona un 2-M-(03-meTun)-HUTpaMmnHoTMa30nA, a Takxe 2-(IFY-MeTun)-HUTpPaMUHOTMA30NA
C NpUpoAHbIM cofepxaHuem nsotona u 2-(1\'-0:Mmetun)-(Ne5)-HUTpammHoTHasons. PesynbTathl
YKa3blBalOT Ha YaCTUYHO WHTEPMONEKYNAPHbIA W 4aCTUYHO WHTPaMONEeKYNApPHbIA MexaHWu3Mm
neperpynnupoBKN 2-TWa3onun HWTPaMWHOB, MNPUBOAAWMIA K 06pa3oBaHW0 5-HUTpOMpown3-
BO/HbIX.
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GAS CHROMATOGRAPHIC ANALYSIS
OF A MIXTURE OF N2 CO, C02 CI2, HC1 AND
COCI2 USING A GAS DENSITY BALANCE DETECTOR

G. Alexander and G. Garzo

(Hungarian Academy of Sciences Central Research Institute
for Chemistry Laboratory for Inorganic Chemistry) »

Received June 17, 1974

Separation of the title compounds by injecting two samples on two columns is
reported. Separation and detector conditions required by the corrosive nature of the
mixture are discussed.

Introduction

During the reductive chlorination of alumina containing ores, metal
chlorides as A1C13, SiCl4 and FeCl3 are retained in a cold trap. The effluent gas
after the cold trap is usually a mixture of nitrogen, carbon dioxide, hydrogen
chloride, chlorine and phosgene.

According to our present knowledge the complete separation of this
mixture on a single column at ambient or higher temperatures is impossible.
For the separation ofa similar gas mixture H. Runge used [1] a 9 m long column
packed with 5% Aroclor 1232 on Haloport F. No separation was obtained for
N2 and CO, separation for (N2+ CO) and C02and for C02and HC1 resp. was
rather poor even on this extremely long column.

The method proposed by P- K. Basu et al. [2] has utilized three columns
and three detectors in series for the separation and quantitative determination
of argon, nitrogen, carbon monoxide, carbon dioxide, chlorine and phosgene.

The first column contained 15% Kel F on a PTFE packing. Argon, nitro-
gen, carbon monoxide, and carbon dioxide were eluted as one combined peak
while chlorine and phosgene were separated. The gases eluted from the first
column passed on to the second column which was packed with silica gel and
gave a combined peak of argon, nitrogen and carbon monoxide and separated
peaks for carbon dioxide and chlorine. The argon, nitrogen and carbon mon-
oxide were then separated by the third column.

The method recommended here for the separation of the title compounds
requires two injections into two columns from each gaseous sample and the
chromatograms are detected and recorded separately.

The analytical method reported utilizes a gas density balance detector in
order to avoid filament corrosion by Cl2and especially by HC1. The GDB detec-
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tor enables further the quantitative evaluation of the chromatogram without
any calibration procedure. Details of the quantitation of the chromatogram
are not included in this paper.

Experimental

Analyses were performed on a Carlo Erba Model C gas chromatograph, modified accord-
ing to Fig. 1. Pressure regulator, gas sampler, and column switching valve were Carlo Erba
products, while gas density balance detector was a Gow Mac Model 11—625 coupled to the
TC power supply of the apparatus. The filament current in the detector was 185 mA.

Separation conditions and their discussion

Informations on the separation are given in Table I.

The mixture was injected first to column A. When the chromatogram has
been recorded, the carrier gas was directed to column B and a second injection
was performed.

Table |

Column A Column B
Column material PTFE tubing PTFE tubing
Lengthx ID 3mx 4 mm 43 m x4 mm
Support material Chromosorb WAW
Stationary phase 240 cm length Porapak R

Aroclor 1232, 20% and 60 cm
length nitrobenzene 20% in

series
Column temperature ambient ambient
Carrier gas IleN2 mixture; volume ratio H2N 2 mixture; volume
"1 ratio 1:1
Flow rate;
measuring 70 inl/min 70 ml/min
reference 140 ml/min 140 ml/min
Separated: (Nj + CO + CO02; HC, d,,; N2, CO; CO02
COC1,
Irreversibly retained — IICl; Cl,; COC1,

A highly inert support material, preferablv PTFE is recommended in the
literature for the gas chromatography of chlorine and hydrogen chloride [1, 2].
Successful use of a diatomaceous earth support was also reported [3]. According
to our experiments the symmetry of the chlorine and hydrogen chloride peaks
was approximately the same on a heavily loaded Chromosorb W (acid washed)
support and on a lightly loaded Haloport F (PTFE) support. As powdered
PTFE is soft and difficult to pack properly into the column, Chromosorb WAW
was chosen.
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The best separation for (N2-f- CO -|- C02—-hydrogen chloride-chlo-
rine at ambient temperature was achieved with Aroclor 1232 and nitrobenzene
as the stationary phases. However, on the former the separation of the (N2 -
+ CO -f-C02-hydrogen chloride, while on the latter that of hydrogen chlo-
ride-chlorine was rather poor. Mixing the two phases, separation could be
optimized. On the basis of the additivity of adjusted retention data while
mixing the phases, the relative length of column sections packed with nitro-
benzene and Aroclor respectively — required for the optimum separation —
were calculated.

The separation of nitrogen and carbon monoxide on Porapak R is not
complete at room temperature even on a 430 cm long column. To achieve com-
plete separation, 0 °C column temperature is needed.

The choice of the carrier gas is crucial point for the method if a GDB
detector is used. The detector demands the use of a carrier gas having consider-
ably different MW compared to the compounds to be detected. Therefore the
use of conventional carrier gases, as nitrogen (MW: 28) and argon (MW: 40)
should he excluded. (MWco: 28; MWCO : 44 and MW HCL: 36.5).

From the operating principles of the GDB [4] it comes further, that the
optimum carrier gas flow rate for hydrogen and for helium is 300 ml/min and
for Freon 1.2 (MW: 121) 5 ml/min. Both the extremely high and extremely low
gas velocities are disadventageous for the separation. A hydrogen-nitrogen gas
mixture proved to be a satisfactory carrier gas in both respects.

Because of the corrosive nature and the water solubility of chlorine and
hydrogen chloride a thoroughly dry system is needed for the analysis. Besides
the drier tubes indicated in Fig. 1, traces of water were to be removed from time
to time by injecting SiCl4into column A. This was especially important, when
small amounts of hydrogen chloride were to be detected. Besides there was also
a column conditioning effect with hydrogen chloride. Several hydrogen chloride
injections (some hundred microliters) were required each day before consistent
quantitative values were obtained.

1 A B

Fig. 1. Block diagram of the gas chromatograph used. 1: Carrier gas supply; 2: drier tube

filled with 5A molecular sieve; 3: drier tube filled with Sicapent; 4,5: pressure regulators; 6,7:

manometers; 8: flow regulator; 9: gas sampling valve; 10: sample injection port; 11: column
switching valve, A, B Columns; 12: GDB detector

1* Acta Chim. (Budapest) 88,1976
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Fig. 20 shows typical chromatogram of a 0.9 ml sample containing nitro-
gen, carbon monoxide, carbon dioxide, hydrogen chloride, chlorine and phos-
gene on the Aroclor—itrobenzene column. In Fig. 2b the chromatogram of
nitrogen, carbon monoxide and carbon dioxide on the Porapak column at

Results

ambient temperature is demonstrated.

Fig. 2. a) Chromagotram on column A: 1. N2+ CO + CO02 ,. HC1, 3. ClI2 4. COCI2 b) Chro-
matogram on column B: 1. N2 2. CO, 3. CO,. Sample volume: 0.9 ml; temperature: am-
bient; carrier gas: 70 ml/min

Substance

E' + SO so
HCI

CI2

COC12

n2

Cco

@,
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Column

W w w > > > >

Elution time
(min)

0.9
1.2
2.3
4.1
1.2
2.3
8.3
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After the injection of approximately 50 Cl2containing samples, no dete-
rioration of the Porapak column was observed.

Oxigén and carbon monoxide if both were present would interfere with
one another. However, oxygen is quite unlikely to be present in the product
gases of a reductive chlorination.

Table 11 shows the elution times observed for the different components.

The relative amounts of the nitrogen, carbon monoxide and carbon
dioxide were calculated from the chromatogram on column B. This informa-
tion enabled the quantitative evaluation of the chromatogram on column A.

The same separation could have been performed with one injection only
if two columns and two detectors had been connected in series. However, in
this case GDB should have been avoided and two TC-s to be used.

The authors thank Mr. F. Tirr for his valuable technical help.
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pHMETRIC STUDIES ON TERNARY SYSTEMS:
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Mixed chelate formation in a system containing vanadyl ion, 8-hydroxyquino-
line-5-sulfonic acid (HQSA) and tiron or chromotropic acid salt (CS) has been studied
pH-metrically at an ionic strength of 0.1 M (KNO03) and 30+0.5 °C. Stability constants
of the resulting 1:1:1 mixed ligand complexes have been determined and in terms
of the secondary ligands found to decrease in the order: chromotropic acid > tiron.

Introduction

The literature records some studies on ternary chelates with 8-hydroxy-
quinoline-5-sulfonic acid as one of the ligands [1—7]. In an earlier communi-
cation [8], pH-metric studies on the interaction of oxovanadium(lY) with
salicylic (SA), 5-sulfosalicylic (SSA) and 8-hydroxyquinoline-5-sulfonic (HQSA)
acids in the presence of SA, SSA, phthalic and maleic acids were described.
In the present paper these studies have been extended to the ternary systems
V 02+-HQSA-dihydric phenolic compounds.

Experimental

A stock solution of vanadyl sulfate was prepared. 8-Hydroxy-quinoline-5-sulfonic acid
(Kodak) was recrystallized from water and weighed out directly for each investigation on
account of its low solubility. Solutions of tiron (E. Merck) and chromotropic acid salt (E.
Merck) were prepared by direct weighing; their purity was checked by potentiometric titra-
tions against 0.1 M KOH. The titrations of solutions containing tiron and CS were carried out
under an inert atmosphere of purified nitrogen owing to their sensitivity to atmospheric oxi-
dation. The pH measurements were carried out at 30+0.5 °C with a Cambridge pH-meter
standardized with 0.05 M potassium hydrogen phthalate.

The following pH-metric titrations were performed:

1. 10 ml (0.025M) ligand.

2. 10 ml (0.025 M) each of the ligand and vanadyl sulfate [VOX :ligand, 1:1]

3. 10 ml (0.025 M) each of the primary and secondary ligands and vanadyl sulfate
[y02+ :primary ligand :secondary ligand, 1:1:1].

The ionic strengths of all solutions were kept constant (ft = 0.1 KNO03 by adding 5 ml
1 M potassium nitrate to each solution. The final volume was increased to 50 ml before each
titration.

Results and discussion

The potentiometric titration curves for 8-hydroxyquinoline-5-sulfonic
acid (Curve 1, Figs 1 and 2), tiron (Curve 3, Fig. 1) and chromotropic acid salt
(Curve 3, Fig. 2) exhibit well defined inflections at m = 1 (where m represents
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m=moles of base added
per mole of metal ion per mole of metal ion

Fig. 1 Fig. 2.

the amount of base (mole) added per mole of the metalion), followed by another
poor inflection at m = 2 in the case of HQSA and long steep buffer regions in
the case oftiron and CS in the high pH region, indicating two separate neutrali-

zation steps. The values of the dissociation constants of these ligands have been
taken from the literature (Table I).

Table 1

Dissociation constants of the ligands, and equilibrium and hydrolysis constants
of the 1:1 VO*+-HQSA chelate

Ligand pfq p|_|| —log Kj —log KH
8-Hydroxyquinoline-5-sulfonic acid 4.06 [8] 8.49 [8] 2.07 [8] 5.79 [8]
Tiron 7.56 [12] 12.48 [2]

Chromotropic acid salt 5.34 [12] 15.60 [2]

As reported earlier [8, 9], the potentiometric titration curves of vanadyl
sulfate with KOH in the presence of an equimolar concentration of HQSA
[8] (Curve 2, Figs 1 and 2), tiron [9] (Curve 4, Fig. 1) and chromotropic acid
[9] (Curve 4, Fig. 2) may he explained on the basis of the formation of the
normal 1:1 chelate and its further conversion into the corresponding mono-
hydroxo derivative.
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A comparison of curves 5, Figs 1 and 2, representing the potentiometric
titration of vanadyl sulfate in the presence of equimolar concentrations of
HQSA (HZ2A) and one of the dihydric phenolic compounds with the composite
curve representing the titrations of the free ligand and the binary system, indi-
cates that the formation of a 1:1:1 mixed ligand chelate, MAL is the only
possibility in the ternary systems studied. Further, from the analysis of the
potentiometric titration curves and the stability constants it may he inferred
that the mixed ligand chelate formation occurs through the formation of a
1:1Y02+-HQSA chelate.

The lowering of curves, which is a measure of mixed ligand chelate for-
mation, occurs after m = 1.0 in the system, V 02+—HQSA—tiron and m = 1.2
in the V02+-HQSA-CS system. This probably indicates that the formation
of the mixed ligand chelate takes place in overlapping steps. This receives sup-
port from the analysis of the potentiometric data given below.

The formation ofa 1 :1:1mixed ligand chelate in the above systems may
be described as

YOA + HZL ~ YOAL2- + 2H+ (@)
and the overall reaction for the formation of the 1:1:1 ternary chelate as
V02++ H2A+ H,L ~ YOAL2- + 4H + (i)

If K'and K" are the equilibrium constants of reactions (i) and (ii), respectively,
then

K,= [YOAL2] [H+]2

[VOA][H2L] ()
and
E,  [VOAL2][H+*
[VO2+][H2A][H2L] 2)

IfTM TAand TLrepresent the total concentrations of the metal, the primary
and secondary ligand species, respectively, and TOH is the concentration of the
base added to the reaction mixture during the titration, the following material
balance equations are obtained.

TM= [VO02+]+[VO(OH)+]+ 2[{VO(OH)}!+]+ [VOA]+
+ [YO(OH)A~]+ [VOAL2]

TA= [H2A]+ [HA-]+ [VOA]+ [VO(OH)A-]+ [VOAL2-] (4)
Ti= [H2ZL]+ [VOAL2] (5)

TOH + [H+]= [VO(OH)+]+ 2[{VO(OH)}2+]+ 2[VOA] +
+ 3[YO(OH)A-]+4[VOAL2]+ [HA“] (6)
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In the pH range studied, the concentrations of OH-, A2-, HL- and L2- were
negligible compared with those of the other species present in the reaction
mixture. However, the concentrations of the hydrolyzed species of the free
vanadyl ions were taken into account, since chelation in these cases also occurs
at pH > 3.5. For this purpose, values of the hydrolysis constants reported by
Rossotti and Rossotti [10] have been used.

In the above 1:1:1 systems, it may be shown that:

a[v0 2+]13+ 6[Vv0 2+]2+ c[V0 2+] d=0 )
where
2x H0-6- 2Kp , K.,
+
[H+]2 [LLI [H+]3
2X10-68-S 10 ;
b= 1+211 M, 2 o
[H+]2 [H+] [H+] [H+]2 [H+]3
10- 6.0 K
b —— o+ (1 + 1+ 21,
[H+] [H+] I [H+]
K

d= (4TM TOH [11+]) 1+
H+]

Here klis the first dissociation constant of HQSA, and Kxand KH are the equi-
librium and hydrolysis constants, respectively, of the 1:1 V02+—HQSA
chelate. The equilibrium concentration of the free vanadyl ions present in the
reaction mixture may be determined by solving Eq. (7) by Newton—Raphson
method [11]. The concentrations of other species involved in the equilibrium
relations can then be calculated from the above equations together with the
values of equilibrium constants K' and K".

Stability of the 1 :1:1 mixed ligand chelates

In these systems, the stability constants of the ternary complexes can be
defined as:
[YOAL2-]

LMAL (8

[VOA][L2T

K
K

MAL K[ Kt (9

where K/ is the equilibrium constant defined by Eq. (i), and k[ and k2 are the
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dissociation constants of the dihydric phenolic compounds. Further, the
overall stability constant of the 1:1:1 mixed ligand chelate,

VOAL2
I(;/IAL [ ] (10y
[VO02+][A2-][L2-]
may be calculated from the expression
. K"
K
M AL AqK, k[ K (n)

where K' represents the equilibrium constant of the overall reaction (ii). The
values of the equilibrium and chelate formation constants of the ternary com-
plexes are presented in Table II.

Table 11

Equilibrium and chelate formation constants
of mixed ligand chelates

System -log K’ -log K" log Kmal log KMAL
V02+-HQSA-tiron 4.48+0.07 6.55+0.07 15.56+0.07 26.04+0.07
V03+-HQSA-CS 5.06+0.04 7.13+0.04 15.88+0.04 26.36+0.04

In these systems, a poor inflection atm ~4 probably indicates the decom-
position of the mixed ligand chelate into another species, which is supported
by a gradual decrease in the values ofthe stability constants ofthe ternary che-
lates at 2.0.

In the pH range of 5 6, the titration curves rise above m = 4. This may
be explained by the formation of the monohydroxo derivative (VO(OH)A™)
of the 1:1VO02+—HQSA chelate and of the hydrolyzed species of the free
vanadyl ions along with the formation of the ternary chelates. The concentra-
tions of these species were also taken into account during the calculation of the
ternary systems.

A comparison of the data given in Table IT indicates the following stabil-
ity order of the ternary complexes with regard to the secondary ligand: chro-
motropic acid > tiron; this is in accordance with their relative basicities.

We thank Prof. R. C. Menrotra and Prof. K. C. 5osni (Chemistry Department, Uni-
versity of Rajasthan, Jaipur) for providing the necessary facilities and the authorities of J. Y.
College, Baraut (Meerut) for encouragement.
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The IRspectra of addition compounds of some symmetrical trinitrobenzene
derivatives with aromatic compounds are analysed in order to investigate the type
of interaction. The shifts in the NH2 bands of aromatic amines and asymmetric N02
bands of the symmetrical trinitrobenzene derivatives are considered to differentiate
between CT complexes and molecular complexes. Solvent effects is also studied to
clarify the nature of the reaction between picryl chloride and aromatic amines.

Introduction

The formation of molecular complexes of the charge-transfer type was
previously studied by several authors [1—A4] taking a number of aromatic
compounds including amines with different basicities as donors, and trinitro-
benzene or picric acid as acceptors. The recent work on charge-transfer com-
plexes of picric acid [1] with amines revealed that there is a possibility for the
formation of proton transfer compounds with moderately basic amines. The
type of interaction with aromatic amines can be disclosed by investigating the
NH2 NO02 and yc_Hbands in comparison to those of the individual molecules.

In the present investigation the possibility of proton transfer or salt for-
mation is greatly reduced by using 2,4,6-trinitrobenzene derivatives contain-
ing CH3 OCH3 or Cl substituents in position 1 instead of the OH group of
picric acid.

Mulliken [5] on investigating the benzidine—,3,5-trinitrobenzene molec-
ular compound, showed that the structure of such compound is that the
—NH2group is positioned between two —N 02groups which favours bonding
between the —NH2 and —NO2 groups.

Nakamoto [6] attributed the absorption bands within the 400 —600
nm region in the visible spectra of sym-trinitrobenzene-aniline derivatives to
intermolecular charge-transfer resulting from an inter-benzenoid overlap of the
jr-orbitals.

Powel and HUGSE [7] on studying the hexamethylbenzene-picryl chlo-
ride molecular complexes found that both picryl chloride and hexamethyl-

*Tanta University.
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benzene molecules are planar except for the ori/io-NO,, groups of picryl chloride
which are forced out of plane ofthe ring due to steric effect of the chlorine atom.

In the present investigation, the IR spectra of some addition products of
sym-2,4,6-trinitrobenzene derivatives with aromatic compounds, essentially
amines of different basicities, are investigated.

Experimental

1. Trinitrobcn/.cne derivatives: 2,4,6-trinitrotoluene [8], 2,4,6-trinitroanisol [9] and
2,4,6-trinitrochlorobenzene [10] were prepared as described in the literature; they were purified
by repeated crystallization from an appropriate solvent.

2. Amines: the solid amines were obtained from the commercial sources and purified
by repeated crystallization from the appropriate solvent till constant m.p. The liquid amines
were purified by vacuum distillation; the head and tail portions were rejected.

3. The addition compounds were prepared by mixing hot saturated equimolar ethanolic
solutions of the donor compound (condensed ring hydrocarbon or aromatic amine) and the
trinitrobenzene derivatives. From the hot saturated solutions the compounds separated as
fine crystals having yellow, organe-yellow, organe or red colour. Some compounds were crystal-
lized from solvents of different polarities viz. acetone, chloroform, benzene, dioxane and
methanol.

4. Ethanol used as solvent was purified according to the method of Manske [11].
Other solvents were purified by recommended procedures [12].

5. The IR spectra of the addition products were recorded for solid thin films between
two NaCl plates or as KBr discs on a Unicam S.P. 200 infrared spectrophotometer.

Results and discussion

A detailed study of the different parts of the spectra in which changes
occur, due to the addition compound formation, would he discussed.

The acceptor molecules used are sym-trinitrobenzene derivatives and the
donor molecules are naphthalene, anthracene, or substituted aniline deriva-
tives of varying basicity.

| r 11

Compound (I) could act as a good acceptor compared to (ll) since the
sym-trinitrobenzene portion would suffer less electron donation from the —CH3
group than the OCH3 group.

Salt formation in the case of (I) and (Il) is highly improbable while
with (I11) the possibility for covalent compound formation is liable when
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using strongly basic amines. This suggestion is based on the study carried out
by Rayan and Humfray' [13] who measured the rate of nucleophilic substitu-
tion of the picryl chloride using a number of amines.

The bonding in the addition compounds formed takes place through
jt — jt* or n — je* interactions. The latter occurs with aromatic amines when
the - NH2group is positioned facing one ofthe —N 03groups. The type of addi-
tion compound formed will depend on the charge density on the donor system.

It is supposed that the aromatic trinitro compounds (1), (Il1) and (I1l)
could bound with the amines through two types of interaction namely, . je*
or jt — jt* in addition to the n —jrx. The possibility for intermolecular hydro-
gen bonding between the amino and nitro groups should not be excluded.

(@) n — jt* bonding (b) « — jt* and n — jt* bonding

TNT, compound (I)

The addition compounds obtained are typical examples of charge-trans-
fer complexes in which TNT is a strong electron acceptor.

i) Bands due to rCHj and rNHz are observed within the 2900—3000
and 3200 - 3500 cm”1 regions. The vCHs are not apparently changed while
the pNH2band acquire a slight red shift compared to the free amines indicating
the formation of a weak intermolecular hydrogen bonding between the —N 02
group and —NH2group of the amine or an intermolecular charge transfer of
the n — .~ type.

ii) Bands of the asym —NO02vibrations are more splitted in the molec-
ular complex. They are also shifted to higher or lower frequencies. The bands
due to the syrn —N O02vibrations are splitted indicating a greater differentiation
in the characteristic bond energies of these group. The —N 02 groups involved
in H-bonding with the —NH 2group orthose displaying increased charge accept-
ance from the donor molecule, especially of the n — je* type, would lead to
bands at lower frequencies. The —N 02 groups leading to bands at higher fre-
quency would be less polarized in the molecular complex through decreased
charge transfer to them from the benzene ring. This would take place under
specific increased charge migration to the —N O02groups involved in the inter-
molecular hydrogen bonding with the —NH?2 groups.
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Fig. 1. Potentiometrie titration curves of normal and mixed ligand chelate systems of VO (IV)
havin 8-hydroxgqumo||r_1e-5-sulphon|c acid and tiron as ligands. Curve 1, HQSA; 2,1 :1
VO (R/) — HQSA, 3, tiron; 4., 1:1 VO (IV)-tiron; 5, 1:1:1 VO (IV) — HQSA-tiron

Fig, 2. Potentiometrie titration curves of normal and mixed ligand_chelate systems of VO (I
having 8-hydroxyquinoline-5-sulphonic acid and chromatotropic acid (CS) as ligands. Curve
HQSA; 2, 1:1VO (IV) — HQSA; 3, CS: 4, VO (IV)-CS; 51 :1:1VO (IV)-HQSA-CS
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iii) The rc_N and yc_H are slightly influenced indicating a weak inter-
action between components of the addition compound.

The addition compounds formed have low m.p.’swhich is characteristic’
of molecular complexes. Also the compounds display different colours as shown
in Table 1.

TNA, compound (I1)

This type of addition compounds also represent an example of charge-
transfer complexes. The spectra of the addition compounds show some shifts
compared to the individual components.

i) Bands due to the vOCHa an<i vnnh2are still observed but those for the
VNHi acquire slight red shifts as in case of the addition compounds with (I)
and can be explained on the same basis.

ii) The bands due to the asym. —N O2vibrations are more splitted com-
pared to the parent compound (Il). However the sym —N O02bands are sharp
as in (Il). The rc_Hand yc_Nbands are nearly unaffected indicating weaker
interaction than (l1). The same trends of colour observed with components of
group (I) are obtained in the case of group (ll). Also the melting points of
group (Il) are lower than the parent compound, (c.f., Table I).

The spectral shifts in (I11) are smaller compared to (l) indicating a weaker
acceptor character of the former. This, as stated above, is due to the higher
donor character of the OCH3 group compared to the —CH3 group.

TNCB, compound (111)

From the spectral changes with the compounds obtained, the reaction of
(1) with aromatic amines would lead to the formation of two types of
compounds.

i) Compounds involving covalent bonding leading to derivatives of the di-
phenylamine type

Rayan and Humfray [13] stated that covalent addition compounds are
formed by the reaction of (IlIl) with aromatic amines of moderate or high
basicities. The N-atom of the amine would act as an attacking nucleophile
for the polarized C-Cl bond which results in the removal of the Cl atom giving

NO02

NOo
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Table 1
Some important IR bands of TNT and TNA and their

Acceptor TNT
Compound
complexed m.p.°C  *Colour ! WNH2 WNQ: asym sym
A. Condensed ring:
Anthracene 156 0. R. 1562 1544 1518 1353  _

Naphthalene — — —
B. Substituted aniline:

0-OCH3 79 0] 3450 3125 1558 1545 1525 1362 1343
p-OCH3 78 R 3150 2860 1562 1545 1532 1358 1342
0-CH3 76 R 3150 2950 1563 1550 1530 1364 1345
m-CHj 77 0 3120 2940 1560 1545 1530 1360 1340
p-CH3 74 R 3100 2900 — 1545 1520 1360 1340
H 69 R 3410 3150 1560 1542 1526 1355 1340
o-Cl 79 Y 3500 3110 1558 1545 1525 1560 1342
m-Cl 77 0 3500 3110 1557 1543 1522 1360 1341
b -Cl 72 R 3150 2950 1560 1542 1522 1358 1340
p-Br 61 0 3110 2900 1560 1550 1523 1360 1339
P-1 69 0 3450 2950 1562 1546 1530 1358 1340
0-COOlI 79 Y 3125 2990 1560 1540 1529 1357 1340
p-COOH 85 Y 3500 3100 1560 1545 1525 1365 1345
m-NO02 — Y 3500 2950 1560 1545 1530 1360 1346
p-N02 71 Y 3495 2990 1560 1545 1530 1362 1342
0-NO, 75 Y 3500 3125 1560 1545 1525 1360 1342
C. Acceptor 86 — 1550 — 1520 1360 —

— = not recorded; ?= not readily identified *Y = yellow; O = orange, R = red

a salt of the type, or a similar sort of bonding. This explanation is accepted on
account of the spectral changes observed with some compounds including
strong basic amines these can be summarized in the following.

i) The C-Cl band at 710 ¢ n rlin the spectrum of (I1l1) isno moreapparent.

i) NH2bands are shifted to lower values being those of the —NH+—
structure.

iii) The asym —NO2bands are shifted to higher values due to decreased
mesomeric shift from the aromatic ring to the —N 02groups under the influence
of the positive charge on the NHZ2centre.
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addition products with aromatic amines

Acceptor TNA

Compound

complexed m.p. °C  Colour ANH2 t>N02 asym I'NOz sym

A. Condensed ring:
Anthracene — — — — — — — - —
Naphthalene 79 Y 1560 1545 1522 1360 —

B. Substituted aniline:
0-OCH 84 R ? 3160 1560 1545 1525 1358 1340
p-OCH3 77 R 3360 3140 1558 1542 1530 1356 1340
0-CH3 85 Y 3450 3120 9 1538 1520 1355 1320
m-CH., 79 R 3500 3120 1560 1538 1520 1357 1338
p-ch3 82 O.Y 3450 3110 1555 1537 1521 1352 ?
H 79 O.Y 3150 2950 1560 1542 1522 1355 1320
o-Cl 83 Y — 2940 1560 1540 1525 1356 1318
m-Cl 74 0 3120 2930 1558 1540 1520 1357 1320
p-Cl 75 0 3450 2980 — 1540 1520 1360 1340
p-Br 85 0 3500 3100 1558 1538 1522 1355 ~ —
P- 79 0 3400 2950 1560 1540 1518 1350 —
0-COOH 83 Y 3400 3120 1560 1540 — 1357  —
p-CCOH 82 Y 9 3120 1560 1540 1525 1365 1355
m-N02 76 Y 3400 3120 — 1540 — 1365 —
p-NO, 63 Y 3400 3110 1558 1540 — 1357 —
0-NO, 83 Y 3500 2950 1562 1542 1525 1357 1340

C. Acceptor 68 — — 1560 1542 1520 1357  —

Wavenumber
Fig. 3.
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Table 11
Some IR bands of TNCB and its addition

TNCB X OOCH3 POCH3  OOB mCH3  p-CH, H od md

(A0 " n

3270 3200 2995 3300 3500 2780 3320 3380

2280 2320 — 2350 2575 2400 3100 2995

1560 — 1558 — — — — —
1556 1520 1543 1540 1540 1535 1550 1545 1545
1545 — - — 1520 1520 1520 — —
1352 1328 1340 1340 1348 1338 1340 1345 1348
788 780 765 760 780 780 760 760 780
83 140 160 156 122 162 178 159 132

Y 0 R 0 R 0 0.Y. 0 Y

— = not recorded; ?= no readily identified; *R = red, Y = yellow; O= orange

ii) Addition compounds involving CT only

This comprises addition compounds formed with the nitro derivatives of
aniline. The spectral behaviour of such compounds pecalls that observed
with molecular complexes of (I) and (II).

The bands due to the —NH2 groups are still present and the —NO02
bands are splitted as in (lll) itself. The same trends of colours observed with
compounds (I) and (Il) were also formed.

The relatively high m.p’sobserved for this group of addition compounds
which is higher than the parent compound supports the idea of salt formation
(Table I1).

Solvent effect

To give further supports for the nature of the reaction between picryl
chloride and aromatic amines the reaction was carried out in solvents of differ-
ent polarities. The IR spectra of the resulting compounds were recorded and
analysed in the light of the above findings. With p-anisidine (high basicity)
and p-nitro aniline (low basicity) the reaction was found to be the same
giving covalent bonding for the former and addition compounds with the
latter. On the contrary, aniline gave different products depending on the sol-
vent used. Commonly covalent bonding between aniline and picryl chloride
occurs in polar solvents while solvents of low polarities yield molecular com-
plexes.
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products with aromatic amines

p-A p-Br p-1 0-COOH  P-COOH m-N02 P-NO, o-NOj Assignment
3390 3308 ? 3500 3360 3300 3320 3374 »NH, (as)
3030 3087 2310 2380 3100 2320 2300 3090 vNH, (s)
1560 — — — — 1560 1555 1565
1540 1555 1545 1545 1555 1538 1540 1553 —NO02 (asym)
— ? ? — 1540 1520 1510 1517
1340 1340 1340 1355 1345 1345 1342 1345 —NO, (sym)
765 750 770 770 775 750 760 750 y-CH (111)
168 186 179 — 197 218 78 m.p. °C
R Y 0 0 Y Y Y 0 Colour*
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The influence of the surface heterogeneity of the adsorbent on the formation
of a multilayer in gas adsorption is discussed, taking into account the full form of the
BET equation as the local adsorption isotherm. In numerical calculations, a new
method for evaluating the energy distribution function was used.

Introduction

The BET equation is still regarded as the basic equation describing
multilayer adsorption of gases on homogeneous solid surfaces. Attempts have
made also to use this equation in describing multilayer adsorption on hetero-
geneous surfaces. McMillan [1], Zettlemoyer and Walker [2], and Hill
[3] were the first to introduce the concept of surface heterogeneity into the
BET equation. Next, Honig [4], Levin [5], Cerofolini [6, 7] and Rudzniski

al. [8 10] investigated multilayer adsorption on heterogeneous surfaces,
assuming local BET behaviour of the adsorbed phase and some analytical
expressions for the energy distribution functions.

The most recent and theoretically most advanced results are those of
Dormant and Adamson [11] who used a correct energy distribution evaluated
on grounds of the local BET isotherm. They accepted the customary form of
the BET equation,

Ch (Xe: [ )ﬂ-[f(?-c.(e) X _)q (1)

where Qt(x,e) is the relative surface coverage, ¢ = (l/c')exp is the

BET constant, Xis the relative pressure dmeis the adsorption energy and the
constant c' is connected with the molecular partition functions of the mole-
cules adsorbed in the first and subsequent layers. Using Eq. (1) as the local
adsorption isotherm in the Haisey Taylor equation [8], the following
expression was obtained for the overall adsorption isotherm

Jommert
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where %) is the energy distribution function normalized to unity. If the ad-
sorbed amount Nt(x) is used instead of 0,(x) in Eq. (2), the energy distribution
obtained is multiplied by the monolayer capacity Nm, i.e. Xi(e) = Nmx(e).

The purpose of the paper of Dormant and Adamson [11] was to show
how the BET equation can be used to characterize the energetic heterogeneity
of the adsorbent, and to provide a detailed example of the error incurred
in accepting the parameter c¢' as giving a correct energy distribution function
x(e,c'). Next, this function ~(e,c') was used for evaluating the average adsorp-
tion energy according to the following equation:

emax
sx(e, c’)de
emin

Howver, it is a well known fact that the customary BET equation pro-
vides a poor agreement with the experimental data at higher relative adsor-
bate pressures even in the case of highly homogeneous surfaces. This fact was
discussed by a great number of investigators, and numerous modifications of
the BET equation were made during the last thirty years [3, 12, 13].

We shall be concerned here with the theories offering improvements of
the BET equation, based on more realistic models of the mechanism of multi-
layer formation. Among the theories concerning the mechanism of secondary
adsorption and accepting the BET adsorption model, those of Anderson
[12] and Brunatjer et al. [13] seem to be most interesting. They have devel-
oped, though in different ways, the following modification ofthe BET equation

c(s)kx

0,(x, €)
[1--kx][1 c(e) *kx —kx]

©)

where the factor 0 <[ K 1is the correction for a finite number of layers which
can be formed on the adsorbent surface. This constant is a measure ofthe attrac-
tive force field of the adsorbent. The basic assumption of the above mentioned
theories can he expressed as follows: the thermodynamic properties of the ad-
sorbate in the multilayer differ from those in the hulk liquid, owing to the
long-range effect ofthe adsorbent force field. Thus, it may be expected that the
varying force field on a heterogeneous surface will affect the formation of multi-
layer on heterogeneous surfaces.

The purpose ofthis paperisto investigate theoretically how far the mecha-
nism of multilayer adsorption is affected by surface heterogeneity. In our stud-
ies we shall use a simple numerical method for evaluating the correct energy
distribution functions.
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Theoretical

In order to investigate the influence of heterogeneity on the formation
of the multilayer, we shall use the best-fit procedure. The best-fit procedure is
often used in theoretical investigations.

Let us first consider a homogeneous surface and assumed Eq. (3) to hold
for this surface. Parameters Nm, ¢’ K can be found by fitting Eq. (3) to the
experimental data for an adsorption system investigated.

Now consider Eq. (2) with Eq. (3) as the local adsorption isotherm. Tak-
ing some set of the parameters Nm, c', K (parameter c'is practically constant for
different patches of the surface [141; we shall evaluate this value theoretically
[11, 15, 16], however, parameter Nmis practically identical with that evaluated
for a homogeneous surface [6, 17]), we can evaluate the corresponding energy
distributions ~(e, c¢', k), then the theoretical overall adsorption isotherms
0t(x, c', k) related to the energy distribution obtained. In this way we get a
class of the theoretical overall adsorption isotherms determined by all physi-
cally significant values of the parameters Kk and c'. From this class we choose
the isotherm which gives the best agreement with the experiment. We assume
the values K and c' and the corresponding energy distribution as the correct
values for this adsorption system. Later, we shall compare the two K values
obtained in the homogeneous and heterogeneous surface approximation.
From this comparison we shall deduce information about the influence of
heterogeneity on the formation of multilayer on a heterogeneous surface.

There remains to he considered the mathematical problem connected
with the evaluation of the energy distribution %(e) from the experimental data.
The problem of finding the energy distribution ~(e) from experimental data has
been considered by a number of investigators [11, 15, 16, 18 20]. We used in
our calculations a numerical method which seems to be a little simpler than
the previous methods. In principle it is similar to the well-known methods for
evaluating the function %(e), i.e. those of Adamson [11, 21], Van Dongen [18]
and recently Cerofolini [7] and Rudzinski and Jaroniec [15, 16, 19, 20, 22].
This method is very convenient for the numerical evaluation of parameter K
for a heterogeneous surface, which requires multiple calculations of the energy
distribution function.

Let us consider the general form of the integral adsorption isotherm

&t(x) = ,[ 0,(x, e) x(e) de 4)

0

where Q is the range of possible variations in the adsorption energy e. To this
purpose we introduce the following transformation:

£=m (5)
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where/(t) is a function defined in the interval ( -1,1), which meets the follow-
ing conditions:

/I(—1!) = emin and /1 1) = «max (6)

In the above Q = (emin, emax).
Then, Eq. (4) may be rewritten as

et(x)= j o(x,Ne)x{f{t))f-{t)dt D

Let us suppose that the local adsorption isotherm &t(x, f(t)) may be transformed
to the following form

H(x) S(t)
B(x) t ©)

where the functions B(x), H(x) and S(t) satisfy the conditions:
IB{x) I> 1; H(x) > 0 and S(t) > 0 9)

Below we shall show that Langmuir’s monolayer adsorption isotherm, and the
multilayer adsorption isotherms based on the BET model can be transformed
into form (8). As known, these isotherms are most often used in the description
of local adsorption [6—11, 15—17, 19—23], therefore, in the mathematical
considerations we shall limit ourselves to transform (8).

We expand the function ~(/(i))S(t)/'(i) into a set of orthogonal Legendre
polynomials P,(i)

X(H(1)-S(W) 1) =2 c'pM (10)

where PZi) have the form,
pm o 1y (n)

From Eqgs (7)—(11) we get

= f Pj(t)dt
H(x) i—o 1 B(x) —t 0= 0

(12

The integrals of Eq. (12) may be evaluated analytically, using the following

recursive relation
. : PI(B (X)) li-iw  for i=1,2,. .. (13)
iP.-i(B(x)) P.-1((*))
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where
|
P,(i) dt
0] a4
B(x) —t
and
B(x 1
1Qgx) = In (x) (15)
B(x) 1
Further, we shall replace the sUm in Eq. (12) hy its iV-th partial sum
B .{x) ¥ .
2 Clli(x (16)
H(x) i=o ()

The above equation yields a system of linear equations if we consider the func-
tion O{x) and H(x) for different values of x

=2 Ciw for j =0,1,...,N a7
B\Xj) i=o
The matrix system of the Ij(Xj) (i,j = 0, 1,.. N) is deduced from recursive
relation (13) -(15). From Eqgs (5) and (10) we obtain the following expression
for the adsorption energy distribution

1=0

Coefficients C; being found from the solution of system (17).

Let us now use transform (8) for the Langmuir and BET adsorption iso-
therms. For convenience of mathematical notation we shall express the mono-
layer and multilayer adsorption isotherms in the form of one equation. For this
purpose, instead of using the relative pressure x = p/ps (ranging from 0 to 1)
it is much more convenient to define and use an “enhanced pressure*

[1 (fac)"]

[1  kx] (19)

Y (x) n (kX)].: kx
(ranging from 0 to -)-00). In the above n is the number of adsorbed layers. In
fact, the monolayer and multilayer adsorption isotherms based on the localized
adsorption model, expressed in terms of y(x) and e, assume the particularly
simple form
A 1ny(a:) y(x)

dlInx —¢€

v C exp
> RT

B, (X, €) (20

The last equation for different parameters n and K gives the Langmuir equation
and the well-known BET equations: for A= 1and n = 1 Eq. (20) reduces to
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the Langmuir equation; for K = 1 and n 1 it gives the BET equation for a
finite number of layers and fork = land n = oo the customary BET equation.
For K £(0,1), n = oo the modified BET isotherm (3) is obtained.

Recently, Sokolowski et al. [15, 24] showed that the solution ofthe integ-
ral adsorption equation in the range of average and high pressures is practically
independent of the maximum adsorption energy emax. Thus, we assumed the
integration range Q = (emin, oo0). Using Eq. (20) and the integration range of
(emin, °?)i and introducing the notation in Eq. 4

RTIn 1 1L (21

TEI 2a

where a = exp(emir/RT), we obtain the following expression for the overall
adsorption isotherm
finyx) f _xX(m)dt

¢ 20yW | . /
Oln x _JI Yy [ 1

el(.) - 2RTVM (22)

In the above, transform (21) is the result of transformation of the integration
range (emin, -|- oo) to the interval (—1,1) according to conditions (6). It is
known that in the interval (—1,1) the orthogonal Legendre polynomials are
definite. These polynomials are very convenient in numerical calculations, be-
cause integrals (14) can be obtained analytically.

By comparing Eqs (8) and (20), we find the analytical forms of the func-
tions B(x), H(x) and S(t)

dy{x)

B(*>- 2ay{x) +1 K») - 2¢
c' c dx

(23)
'*y=m 1 r 1 S(t) = 1
It can be seen that these functions satisfy the requirements of Eq. (9). These
functions are used to evaluate the coefficients C-in linear system (17). Consider-
ing Eqs (18) and (21), we obtain the following final expression for the adsorp-
tion energy distribution

%Ee) — 2aRT exp RT YyC.P, 1 2aexp R_Te (24)

1=1

Results and discussion

The numerical method for evaluating the energy distribution function
has been applied to two adsorption systems: argon on rutile at 85 K, and argon
on Aerosil at 77.5 K.
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The first of these systems has been investigated extensively by a number
of authors [11, 15, 16, 25] and its properties are well documented. We have
chosen this system to compare the results provided by our numerical method
with the results obtained previously by other investigators. Among them, the
numerical results of Dormant and Adamson Seem to be the most accurate
[11]. The Dormant—Adamson method [11] is a method of successive appro-
ximations, which has been tested by comparing it with the calorimetric results
of Drain and Morrison [25] extrapolated to the zero temperature limit. Un-
fortunately, there are two limitations of this method. Firstly, it is very time-
consuming and secondly, Dormant and Adamson accept the customary form
of the BET equation; in other words, they assume that parameter K in Eq. (3)
isequal to unity. This is a rather crude assumption and leads to strong disagree-
ment with experiment at higher relative coverages. This was probably the rea-
son why Dormant and Adamson have taken the experimental points from the
coverage region corresponding mainly to monolayer adsorption, i.e. the points
below 1200 cm3g at S.T.P. With such limitations on the experimental data,
our numerical method yields essentially similar results to those of Dormant
and Adamson.This is shown in Fig .1 where the short-dashed line denotes func-
tion Xi(e) calculated from experimental points below 1200 cm3g according to
Eq. (24), the long-dashed line corresponds to function (e) calculated from all
the experimental points and the solid line represents the function of Dormant
and Adamson. In numerical calculations of these functions the constant was
used c' as evaluated by Dormant and Adamson [11].

If all the experimental data, including those in the region of multilayer
coverage, are taken into account, the energy distribution takes a form which
is slightly different from that shown in Fig. 1.

Now the question arises of which energy distribution is more realistic.
For this reason we have evaluated the appropriate theoretical adsorption iso-
therms for the whole pressure region using both our and the Dormant —
Adamson energy distribution. The comparison of the theoretical and experi-
mental isotherms is shown in Fig. 2. It seems that our theoretical isotherm yields
the same agreement in the low-pressure region, and a much better one in the
region of very high coverages. Therefore, we feel that the energy distribution
evaluated from Eq. (24) using all experimental points is more realistic.

For a further illustration of our method, we have chosen the system argon
on delta alumina (Aerosil) at 77.5K, investigated experimentally and theoreti-
cally by Nicotaon and Teichner [26]. The specific surface area of delta
alumina, consisting of discrete, spherical, nonporous particles (Aerosil Degussa
P 110 C 1), measured by nitrogen adsorption, was equal to 98.5 m2g.

Thus this system involves the same adsorbate (argon) but a different solid
surface. In addition, the system was investigated at very similar temperatures.
In the case of this particular system our numerical method is illustrated in more
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Fig. 1. The energy distribution functions xA8 f°r tAe adsorption system argon-rutile at

85 K. Solid line: function ~1(e) obtained by Dormant and Adamson [11], short-dashed line:

function ~(e) calculated from the experimental points below 1200 cm3g at S.T.P., long-dashed

line: function er) calculated from the whole adsorption isotherm. The two last functions

XAe¢) were calculated according to Eq. (24). All functions xAe) are normalized to monolayer
capacity Nm, i.e. Zl(e) = NmX(e)

_ig *

Fig. 2. Theoretical adsorption isotherms N t(x) vs. log x for argon on rutile at 85 K, obtained
from our function ~(e) (long-dashed line) and from the Dormant—Adamson function er)
(solid line in Fig. 1).
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Fig. 3. Energy distribution functions Xi(e) f°r the adsorption system argon-aerosil at 77.5 K.

Dashed lines: functions Xi(e) calculated for different numbers of layers formed, viz. n = 2, 3,

5, oo; solid line: function xA8) f°r the best-fit parameter of k = 0.68. All functions Xi(e) are
normalized to monolayer capacity and have been calculated according to Eq. (24)

Fig. 4. Theoretical adsorption isotherms for argon on aerosil at 77.5 K, plotted for the whole

pressure region. Solid line: Nt(x) calculated from the function xAe) obtained for k = 0.68 (see

Fig. 3), short-dashed line: theoretical isotherm calculated according to Eq. (1), long-dashed
line: theoretical isotherm calculated according to the Eq. (3)
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detail. We have accepted the form of the BET equation, assuming a finite
number of layers formed on the adsorbent surface, i.e. the form where parame-
ter K does not appear. In the numerical procedure K in Eq. (20) is taken to be
equal to unity.

Assuming n = 2, 3, 5and n = oo, we have evaluated the related energy
distribution functions, which are shown in Fig. 3. Using these distributions, we
have evaluated the theoretical adsorption isotherms corresponding to the
functions ;jgq(g) in Fig. 3. It is interesting to note that the best agreement with

X=P/Ps

Fig. 5. Theoretical adsorption isotherms from Fig. 4 for the monolayer pressure region

experiment would appear for 2 <[ n < 3, if the number of layers were treated
statistically. Parameter n was treated in that sense in the paper of Nicotlaon
and Teichner [26], who have found that this number does not exceed 2.52.
This fact can be regarded as additional support for the reliability of our method.

Next we used the modified form of the BET equation, which can be ob-
tained from Eq. (20) for n = oo and K £ (0.1). It is noteworthy that the best
distribution function, i.e., function ~(e) calculated for kK = 0.68 (see Fig. 3),
lies between those evaluated for n = 2 and n = 3.

When compared with previous results, this is consistent with the sugges-
tions of Nicotaon and Teichner. In a direct way, the reliability of this result
can be checked by comparing the appropriate theoretical isotherm with the
experimental data. Figures 4 and 5 show that the agreement is satisfactory.
The parameters of the theoretical adsorption isotherms shown in Figs 4 and
5 are summarized in Table 1.
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Table |

Parameters of the theoretical adsorption isotherms
shown in Figs 4 and 5

Isotherm equation (m/g) K corc’
BET, Eg. (1) 37.05 1.00 c= 49
BET, Eq. (3) 41.10 0.71 c= 44
Eq. (22) 415 0.68 ¢'= 4000

The numerical data reported show the importance of the modified BET
equation in the investigations of multilayer adsorption on heterogeneous sur-
faces. The widely used method of Dormant and Adamson does not allow to
introduce this improvement. This was the reason why we have developed a
simple numerical method for evaluating heterogeneity effects.

The study of argon adsorption on Aerosil, assuming homogeneous and
heterogeneous surface approximations, gave but slightly different values of
parameters K and n (see Table I, and the discussion referring to Fig. 3). Thus
the heterogeneity of the adsorbent surface has no definite effect on the number
of adsorption layers formed. The positive aspect of this conclusion is that it may
facilitate future theoretical studies of multilayer adsorption on heterogeneous
surfaces.
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N-(2-hydroxy-l-naphthalidene)-/5-alanine (H2N/SA) forms solid chelates with
La(lll), Ce(lll), Pr(ll), Nd(lHl), Sm(lIl) and Gd(lll). The magnetic moments and
infrared spectra of these chelates are discussed. Some ligand-exchange reactions of
these chelates have been studied.

Introduction

Metal chelates of some tridentate Schiff bases [1] have been studied in
this laboratory. A survey of the literature [2] indicates that no systematic
study of the chelates of N-(2-hydroxy-I-naphthalidene)-/?-alanine with La(lll),
Ce(lll), Pr(lil), Nd(I11), Sm(Ill) and Gd(lIl) has been carried out. It was
therefore considered interesting to perform physicochemical investigations
on these chelates. The result of these studies are discussed in this communi-
cation.

Fig. 1. Where M stands for La(lll), Ce(lll), Pr(11l), Nd(IIl), Sm(lll) and Gd(lII)

Experimental

Materials

La(lll), Ce(l), Pr(lil), Nd(l11), Sm(II1) and Gd(Ill) nitrates and EDTA were of
analytical reagent grade. 2-hydroxy-l-naphthaldehyde was a Fluka /S-alanine (L.R.) a BDH
product.

Molecular weights were determined ebulliometrically, using a Gallenkamp semimicro
ebulliometer. Magnetic susceptibility measurements were made on a Gouy apparatus, using
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Table |

Analyses, yields, molecular weights and values of N-(2-hydroxy-l-naphthalidene)-

Analysis

Composition of chelate* Y(i)zd Found (%)
C H N Metal
H[La CZBH2ZND 6] 76 53.92 3.61 4.42 22.22
H[Ce CBH2N A] 74 53.81 3.63 4.44 22.39
H[Pr CBH2N20d] 69 53.76 3.59 4.45 22.47
H[Nd CZH2N,06] 79 53.49 3.59 4.45 22.88
H[Sm CZHZND 6] 7 52.91 3.60 4.39 23.61
H[Gd CZBHZN20c] 79 52.39 3.52 4.29 24.48

* Bis N-(2-hydroxy-l-naphthalidene)-/9-alanine M(IIl); where M represents La, Ce, Pr,
Nd, Sm or Gd.

mercury (I1) tetrathiocyanatocobaltate as a reference [3]. Infrared spectra in nujol were recorded
on a Perkin Elmer Spectrophotometer using a sodium chloride prism.

Synthesis of HNjdA. Equimolar quantities of 2-hydroxy-l-napht,haldehyde (3.4 Q)
and /9-alanine (0.9 g) were dissolved in ethanol and water, respectively, and their solutions
were mixed. Two drops of piperidine were added to the mixture, which was then refluxed for
2hrs. The yellow solution obtained was allowed to stand overnight in a refrigerator for crystalliza-
tion. The yellow crystals thus separated were recrystallized from ethanol. The yield was found
to be quantitative, m.p. 180 °C.

Analysis:

Calcd. for [CHINO03] C 69.13; H 5.34; N 5.76.

Found C 68.92; H 5.11; N 5.69%.

Synthesis of rare earth chelates. A solution of the rare earth nitrate (0.02 M) in 80%
ethanol was slowly added to an ethanolic solution of H2N/9A (0.023 M) and the mixture was
thoroughly mixed. To this mixture, dilute ammonia (1 : 20) was added dropwise till a flocculent
yellow mass was formed. Stirring was continued for 5—6 hrs, and after allowing to stand, the
solution was filtered, washed with hot ethanol, dried and preserved in a vacuum desiccator.
The yields, analyses and magnetic moments are summarized in Table I. The chelates prepared
show a 1: 2 metal-ligand stoichiometry.

Ligand replacement reactions. The Bis N-(2-hydroxy-l-naphthalidene)-/Lalaninato-
inetal chelate (0.01 M) thus synthesized was added to a suspension of EDTA (0.01 M) in
water and the mixture was heated on a water-bath for 3 hrs. On cooling the solution, the
H2N/9A separated out was extracted into chloroform. On concentrating and cooling the aqueous
solution, crystals of the EDTA-chelate were obtained which were separated, dried and pre-
served in a vacuum desiccator.

On cooling the concentrated chloroform extract, crystals of H2N/9A were obtained and
the yield was found to be almost quantitative in all cases.

Results and discussion

The metal chelates under investigation do not display sharp melting
points but they decompose above 225 °C without melting, giving oxides at
460 490 °C. These compounds are insoluble in water as well as in common
organic solvents.
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B-alanine chelates of rare earths

Molecular weight

caled. (%) pef{ 3553-“:'(-) at
C H N Metal Found Calcd.

54.11 3.70 451 22.37 610 620.9 -

54.01 3.53 4.50 22.52 612 622.1 2.23
53.94 3.53 4.49 22.62 609 622.9 3.33
53.65 3.51 4.47 23.02 615 626.2 3.58
53.13 3.47 4.42 23.77 621 632.3 1.56
52.56 3.44 4.38 24.59 625 639.2 7.90

The broad band present in the IR spectrum of the ligand at 2575 c¢m-1
attributed to the carbonyl group is absent in the spectra of the chelates. Strong
bands at 1690 cm-1 and 1600 cm™1 are due to rC=0 and rC= C respectively.
On chelation, the ligand shows no shift in the rC=0 although a decrease in
this frequency on chelation with some transition metals has been reported in
the literature. However, in the spectra of the rare earth chelates of salicylalde-
hyde [4] and acetoacetanilide [5] also, no shift in the carbonyl frequency is ob-
served on chelation.

Bis N-(2-hydroxy-I-naphthalidene)-/3-alaninatolanthamim (I11)was found
to be diamagnetic. The magnetic moments (spin-free values, Table I) obtained
experimentally for the remaining rare earth chelates are in fair agreement with
the values reported for typical lanthanide sulfates [6]. These values suggest
that the lanthanide ion resembles approximately the free ion as far as the f-
electrons arc concerned.
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Drop volumes at moderate speed of drop formation measured in non-equilibrium
systems were compared with those measured in the equilibrium systems and with data
calculated from literature correlations for the case of an equilibrium. The dependence
of drop volume upon the concentration of transferring solute was found to be the same
in the equilibrium as in the non-equilibrium system under the experimental conditions
used.

Drop size is an important factor determining the rate of mass transfer
across an interface. Drop formation as a process determining the drop size has
been studied experimentally and theoretically by many authors. However, the
process is very complex and is not yet fully understood. Almost all data available
in the literature relate to systems without mass transfer. It is the purpose of
the present work to partly fill this gap.

Experimental

The dependence of drop volume on the concentration of transferred solute was investi-
gated in the system water-acetic acid-benzene (acetic acid as the transferred component, was
added to water only; water was the dispersed phase). Water and benzene (originally of analyti-
cal grade) used in the experiments have always been twice fractionally redistilled. The second
redistillation has been performed no more then two days before the experiment. Of course,
both liquids have been mutually saturated. Benzene has been in contact only with glass parts
of the apparatus except the external walls of the nozzle. Great care was taken to avoid any
contamination of materials and of the apparatus.

The experimental apparatus was of a conventional type. A vertical glass column of 90
mm inner diameter and approximately 400 mm in height was provided with a rectangular
jacket for circulating benzene at 25 °C temperature. The drops were formed at stainless steel
nozzles made of hypodermic needles sharpened on a watchmaker’s lathe. The nozzles were
microscopically examined and were rejected if not sharp and free from defects under a 48-fold
magnification. The inner diameters of the nozzles were measured in the same way to within
0.003 mm. The nozzle was connected with a glass syringe by polyethylene tubing and it was
submerged in the fluid field 9 to 11 mm. The syringe was joined to the apparatus which allows
the liquid of dispersed phase to flow at a constant and slow rate.

All drops were formed at the volumetric flow-rate of the dispersed phase of 0.0121 cm’/s.
Concentrations were determined at the instant of drop detachment from the nozzle.

Ten to twelve drops were measured, but it was found that one drop is quite sufficient
to obtain reproducible results.
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Results and discussion

The measured drop volumes were compared with the data calculated
from semi-empirical correlations given by Scheele and Meister [1] and by
Chazal and Ryan [2]. Further, the theoretical dependence of drop volume
under quasi-static conditions (see Harkins and Brown [3]) was included into
the comparison. Equilibrium values of physical properties of the system were
used when evaluating the drop volumes from the above correlations in spite of
the known fact that the interfacial tension of a non-equilibrium system may

Fig. 1 Comparison of measured and calculated drop volumes. C* Volumes given by the nozzle

of the wetted inner diameter d = 0.1527 cm with negligible concentration in the continuous

phase, cg= 0; O d —0.1375 cm, system in equilibrium; « d= 0.1375 cm cq= 0; O d =

0.1068, ag= 0; 0 d = 0.0875, og = 0. Line | represents the quasistatic volume, line Il the

Chazal-Ryan correlation, line 111 the Scheele-Meister correlation. Full lines correspond to
d= 01375 cm

differ considerably from its equilibrium value, (cf. Valentine [4]). We have
used the values of interfacial tension given by Harkins and Humprey [5]
corrected so as their limit should coincide with the value recommended in
International Critical Tables [6] for the zero concentration level.

The comparison of measured and calculated data is shown in Fig. 1.
It can be seen that surprisingly, under the present experimental conditions the
data referring to equilibrium and non-equilibrium systems do not differ from
one another. Thus mass transfer has no effect on the volume of a drop formed
except in so far as it influences the physical properties of the system. Simulta-
neously, all three relationships chosen describe the trend of the concentration
dependence ofthe drop volume quite well. Thus it is possible to predict the drop
volume in non-equilibrium systems using correlations derived for equilibrium
systems. This is important because there are no correlations in the literature
dealing with non-equilibrium systems, which frequently occur in chemical
engineering practice, while there exist a number of correlations for equilibrium
systems.
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Symbols

d inside diameter of nozzle,

ca molar concentration of acetic acid in benzene (continuous phase),
Op molar concentration of acetic acid in water (dispersed phase),

Vp drop volume

REFERENCES

[1] Scheele, G. F., Meister, R. J.: AIChE J., 14, 9 (1968)

[2] chazar, L. E. M, Ryan, J. T.: AIChE J., 17, 1226 (1971)

[3] Harkins, W. D., Brown, F. E.: J. Amer. Chem. Soc., 41, 499 (1919)

[4] varentine, R. S.: Ph. D. Thesis, University of Washington, Seattle, 1963
[5] Harkins, W. D.,, Humprey, E. C.: J. Amer. Chem. Soc., 38, 242 (1916)

[6] International Critical Tables, McGraw Hill, New York 1928

Véaclav Vacek; Institute of Inorganic Chemistry, Czechoslovak Academy
of Sciences, 256 08 ftez near Prague

Prokop Nekovar; Chem. Engng. Dept., Prague Inst, of Chemical Technol-
ogy Suchbatarova 5, 166 28 Prague 6.

Acta Chirn. (Budapest) 88,1976






Acta Chimica Academiae Scientiarum Hungaricae, Tomus 88 (4), pp. 371—373 (1976)

INVESTIGATION OF MOLECULAR INTERACTIONS
IN TWO COMPONENT SYSTEMS: CHLOROFORM-
ACETONE AND CHLOROFORM-METHYL
ETHYL KETONE

(SHORT COMMUNICATION)

Sheo Prakash, R. Singh and N. Prasad
(Chemical Laboratories, University of Allahabad, Allahabad, India)

Received April 28, 1975

The molecular interactions in the binary systems chloroform—acetone and chloro-
form-methyl ethyl ketone were studied on the basis of ultrasound velocity measure-
ments. The adiabatic compressibility, intermolecular free length and available volume
variations with the composition of the mixture have been demonstrated. The excess
free length and the excess compressibility are found to be negative.

Introduction

Attempts have been made by Fort and Moore [1], Piotrowska [2],
Reddy etal. [3], Kaulgud [4] and Prakash etal. [5] to study the behav-
iour of binary liquid mixtures by measuring sound velocity and calculating
the allied parameters. We report the results of a study of the liquid mixtures
chloroform-acetone and chloroform-methyl ethyl ketone. The parameters
reported are adiabatic compressibility, intermolecular free length and the
available volume.

Experimental

The instrument and the method for the measurement of sound velocity have beeen
described previously [6]. The frequency used was 5 MHz and the temperature was maintained
at 22+0.1 °C. The liquids were AR grade BDH products and were further purified by standard
methods. The densities compared well with the literature values. The liquid mixtures of differ-
ent mole fractions were prepared by adding the appropriate volumes to dry volumetric flasks.
After stabilization, the mixtures were transferred to the ultrasonic cell and the velocity was

measured. The densities were measured by the pyknometric technique. The probable error in
the measurement of sound velocity was 0.15%.

Results and discussion

The adiabatic compressibility (B), the free length (Lf) and the available
volume (Va) were calculated from the following equations:

1
B v2p
Lf - KR12
V,,=V
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Mole fraction of chloroform

Fig. 1. Velocity and compressibility in the systems (CH32CO—€HCI3 and methyl ethyl
ketone-CHCI3

where v is the sound velocity in solution at any concentration, v,, = 1600
m/sec, V the molar volume and K a known temperature-dependent constant.

The results are shown in the form of graphs. Figure 1illustrates the varia-
tions in velocity and compressibility with the composition of the mixture,
while in Fig. 2 the free length and available volume are plotted against the mole
fraction of the common liquid chloroform. The nature of the curves is such that
it demonstrates the non linear behaviour of the mixtures with regards to the
values of v, B, Ly and Vawith changing composition of the mixtures.

The available volume curve is concave to the mole fraction axis, showing
that the change is positive. The free length decreases in both cases with increas-
ing mole fraction of chloroform. Whereas in the chloroform—acetone system
the excess free length is negative, it is positive in the chloroform-methyl ethyl
ketone system. The sign of excess compressibility for the former system is
negative, while that for the latter is positive at first and becomes negative
later on. According to Fort and Moore [1], the interaction is stronger if the
excess compressibility is negative. This suggests that there is strong interaction
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Fig. 2. Free length and available volume in the systems (CH32C0-CHC13 and methyl ethyl

ketone-CHCI3

between chloroform and acetone, through a hydrogen bond, a fact which is
supported by the observations of McGrashan and Rastogi [7], Nigam and
Manht [8]. The latter have, demonstrated the existence of interaction between
CHC13 and (CH3)2CO on the basis of interchange energy and viscosity values.
There exists some interaction between chloroform and methyl ethyl ketone too
and it is stronger when the mole fraction of chloroform is higher.

[1]

REFERENCES

Fort, H. J., Moore, W. H.: Trans. Faraday Soc., 61, 2102 (1965)

Piotrowska, A.: Rocz. Chem., 39, 437 (1965)

Reddy, K. C., Subrahmanyam, S. V., Bhimsenachar, J.: J. Phys. Soc. Japan, 19, 559
(1964)

Kaulgud, M. V.: Zeits. Phys. Chem., 36, 365 (1963)

Prakash, S., Srivastav, S. B., Prakash, O.: J. Chim. phys. 12, 115 (1975)

Chaturvedi, C. V., Prakash, S.: Acta Chim. (Budapest) 72, 289 (1972)

McGlashan, M. L., Rastogi, R. P.: J. Phys. Chem., 65, 314 (1961)

Nigam, R. K., Maht, B. S.: Ind. J. Chem., 9, 1255 (1971)

Sheo Prakash

R.
N.

Singh Chemical Laboratories, University of Allahabad, Allahabad,
Prasad India.

Acta Chim. (Budapest) 88,1976






Acta Chimica Academiae Scienliarum Hungaricae, Tomus 88 (4), pp. 375—393 (1976)

COMPLEX STUDY OF NICKEL SKELETON CATALYSTS, VI.

METALLOGRAPHICAL STUDY OF NOVEL NON-PYROPHORIC
NICKEL SKELETON CATALYSTS

S. BEKASSY, J. Petro, E. Kristyak,* A. Csanady** and A. KALMAN***

(Department of Organic Chemical Technology, Technical University, Budapest
*Department for Technology and Materials Science,
Technical University, Budapest
**Research Institute for Non-Ferrous Metals Budapest
***Central Research Institute of Chemistry of the Hungarian Academy of Sciences, Budapest)

Received June 11, 1975

Metallographie, electron microscopic and X-ray diffraction studies were made
on Ni—Si, Ni-Al-Si, Ni—-Mg and Ni-Zn alloys and on the non-pyrophoric skeleton
catalysts prepared from them.

It was found that, in spite of relatively rapid cooling, the phase structures of
the alloys correspond to the conditions depicted in the phase diagrams. The alkali used
for dissolution purposes first attacks the phases containing the more inactive metals.
In the course of catalyst preparation the inactive metal is not leached out completely,
and intermetallic compounds too remain in the catalysts. The electron micrographs
illustrate the indefinite surface geometries of the catalysts with higher hydroxide
contents.

The structure of the skeleton catalyst prepared from the Ni Mg alloy differs
from the other structures. It remains not an intermetallic compound, but unalloyed
magnesium unchanged after dissolution, and there is a large amount of crystalline
Mg(OH)2 in the catalyst.

Introduction

Apart from the conditions of alkaline leaching the properties of skeleton
catalysts depend to a large extent on the structure of the initial alloy and on
the distribution of the alloying elements. The activity of catalysts prepared
from alloys are affected appreciably by the nature and proportions of the phases
constituting the alloy, the compositions and properties of the intermetallic
compounds and by the dimensions of the individual crystallites.

For example, in a study of Raney nickel Fasman and Pushkarieva
[1] found that a substantially more active catalyst can be obtained from
alloys predominantly containing the intermetallic compound NiAl3than from
those mainly containing Ni.,Al3: the activity was proportional to the NiAI3
content of the alloy (the activities of the catalysts were determined in the
hydrogenation of cinnamic acid and o-nitrophenol). The catalyst obtained by
leaching an alloy consisting mainly of Ni2AlI3sorbed more hydrogen on its sur-
face. The connection between the alloy structure and the catalytic activity has
been dealt with by Mason [2] and by Sassoulas and Trambouze [3]. In the
hydrogenation of acetone, the latter authors found the catalyst prepared from
the alloy consisting mainly of Ni2AI3to be more active than that prepared from
NiAl3.
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Particularly well applicable to the study of skeleton catalysts are those
methods which permit examination of both alloys and catalysts: X-ray dif-
fraction, electron microscopy and derivatography. Other methods can be used
to study only the initial alloys or the catalysts. While metallography is suitable
for discernment ofthe phase structures ofthe alloys (and ofthe different solubil-
ities of the phases in alkali), only the catalysts can be examined with thermo-
desorption and thermomagnetic measurements.

In earlier papers [4 6] we reported studies by thermal methods on new
types of catalysts prepared from Ni—Si, Ni-Al-Si, Ni—-Mg and Ni—Zn alloys.
We now wish to report a study of these catalysts and of the starting alloys by
metallography, electron microscopy and X-ray diffraction. For purposes of
comparison, studies were also made on the Degussa B 113 catalyst, and on the
Merck Ni-Al alloy, which is suitable for preparation of the traditional, pyro-
phoric Raney nickel.

Metallographie examination [7] serves to reveal the macrostructures,
phase proportions, crystallite dimensions, etc. of alloys. As regards their physi-
cal properties (hardness, colour, light reflection, etc.), the phases of a polished
piece of metal differ from one another. Depending on the method of examina-
tion, lighter and darker, and possibly coloured areas can be observed through
a microscope. It may be possible to distinguish the phases more readily after
etching in an appropriate solvent.

Numerous authors have dealt with the metallographic examination of
Ni—Al alloys containing 40 —50 wt % nickel, which are suitable for catalyst
preparation. It has been found that the alloy is not homogeneous, but con-
tains phases corresponding to the intermetallic compounds NiAI3 and Ni2AI3
and a eutectic containing about 5wt % nickel [8 10]. An intermetallic com-
pound NiAl also occurs in alloys of higher nickel content, but this cannot be
decomposed with alkali [3].

A number of authors have found that the phases with higher aluminium
contents are more reactive towards alkali than are those containing less alu-
minium [3, 10, 11], while the fastest to dissolve is the eutectic Al- NiAI3
[9, 12]. On this basis, Freel et al. were even able to dissolve NiAl3selectively
[10]. However, the view also exists that there is no difference between the rates
of dissolution of NiAl3 and Ni2AI3 [13].

Opinions are even more divided as regards the changes occurring in the
course of the alkaline dissolution. Presnyakov et al. [9, 12] and Aleikina
et al. [11] found that intermetallic compounds with increasingly higher nickel
contents are formed during the leaching process and the pure nickel is produced
via these. According to Mason [2], Freel et al. [10] and Littman and B liss
[14], however, new intermetallic compounds are not formed; dissolution
begins at preferential sites within the phases, progresses with a sharp boundary
line, and gradually extends to the entire phase. Depending on the extent of
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leaching, the remnants of the original phase can be observed even in the final
catalyst.

The scanning electron microscope [15—17] is suitable for investigation of
the surfaces of solid substances, e.g. the morphology of powders. A resolution
equal to the diameter of the electron beam scanning the sample (about 10 nm
in the average modern instrument), and pictures with a very high depth of
focus can be obtained.

Transmission electron micrographs of traditional Raney nickel were first
published by Schechter [18]. The pictures show pock-holed surfaces, with
pores 50 —100 nm in size. Yasamura [19] found particles of the freshly pre-
pared catalyst to be pyramidal in shape. According to Knappwost and Mader
[20], the sponge-like macroparticles of Raney nickel consist of nickel particles
and amorphous aluminium oxide hydroxide.

Systematic studies by scanning electron microscopy were carried out by
Robertson et al. [21]. Their results show that two crystalline phases can be
found in Raney nickel: needle-shaped bayerite (A120 3 «3H20), the amount of
which depends on the stoichiometric proportion of the alkali used for dissolu-
tion, is situated on the nickel particles, which have no characteristic shape. To
a certain extent their results are in contradiction with the findings of Yasa-
mura, and Knappwost and Mader, in their view because changes take place
in the structure of the catalyst as a result of the heat involved under the condi-
tions of transmission microscopy.

The most information on the internal structure of the alloys and catalysts,
the nature of the individual phases, and the changes taking place during disso-
lution, can be obtained from X-ray diffraction studies [22].

In this way, Lidorenko et al. [23] found that high-temperature dissolu-
tion leads to the formation of fine crystals in which there is a strong distortion
of the lattice. At low temperatures, a structure differing considerably from
this is produced; the original crystal lattice of the Ni2AI3is retained (in place
of the face-centred cubic lattice characteristic for nickel). K1yuchnikov et al.
[24] followed the alkaline leaching by X-ray diffraction. They found that
complete removal of the aluminium from the intermetallic compound Ni2AI3is
very difficult, but the presence of NiAlI3 promotes the leaching process.

Combined X-ray diffraction and metallographic studies were used by
Presnyakov et al. [12] to follow the changes occurring during dissolution.
They found that the process of leaching consists of two stages. The alkali first
attacks the eutectic of high aluminium content and removes it completely from
the alloy. The first microdefects and cracks next appear on the crystallites of
the phases corresponding to the intermetallic compounds; with the growth of
these defects, increasingly more significant lattice defects and distortions are
produced, until finally the lattice of nickel atoms in the intermetallic compound
collapses completely.
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Experimental

Optical micrographs were prepared on a Reichert Me F microscope, at magnifications
of 100 and 550 times. Appropriate pieces of the alloys were ground and polished in two, mutu-
ally perpendicular planes, and the reflections of the surfaces were then examined. To enhance
the differences between the phases and to follow the alkaline leaching, the samples were also
photographed after etching with 10 wt% NaOH solution. The samples were kept in alkali
solution at about 60 °C for sufficient time for the change to be readily perceptible.

Electron micrographs were taken with a JEOL JSM-U3 scanning electron microscope,
at magnifications of 3000 and 10,000 times. An accelerating potential of 25 kV and a current
of (0.2—0.5) X 10~u A were used. The setting angle of the sample holder was 45°. The alloy and
catalyst powders were fixed to the sample holder with conducting silver paint, and were
examined after coating with a conducting layer of vaporized gold.

The X-ray diffraction patterns were recorded with a Philips PW-1050 large-angle
powder diffractometer fitted with a Geiger-Miller counter, in automatic operating mode, with
Cu Ka radiation (A= 0.15418 nm) filtered with a nickel disc, in the interval of 20 =5—60°.
More important data on the recordings: scan rate 20 = 0.5°/min; time constant of the in-
tegrator circuit 8 sec; chart paper flow rate 800 mm/hr. Recordings on samples containing zinc
and nickel had to be made up to 20 = 100° in order to obtain evaluable patterns.

Alloys of the new types of catalysts were prepared by melting the components together
in an induction furnace. Technical metals were used as base substances. Alloys containing
silicon can simply be melted together without any danger of oxidation, and can be heated well
above their melting points. In this way highly fluid alloy melts were obtained, which can be
poured into moulds without any danger, or can be dripped into running water and thus cooled
rapidly to room temperature.

In the preparation of magnesium- and zinc-containing alloys, the melts were covered
with a protective layer because of the low boiling points and ready tendencies of these metals
to undergo oxidation. In the case of Ni-Mg alloys a protective salt mixture [25] was used to
impede oxidation, while for Ni-Zn alloys finely divided charcoal was employed. These alloys
were always cooled down together with the crucible, under running water.

The alloys were ground to the appropriate dispersity in a vibration mill: the fraction
with a particle size smaller than 63 pm, separated on a sieve series, was used for catalyst prep-
aration. The inactive component was leached with NaOH solution between 40 and 120 °C,
and the catalyst was then washed until neutral, and stored under distilled water. The exact
conditions of leaching were determined so that the catalysts should have maximum activity
in the hydrogenation of model compounds [26]. The nickel contents of the alloys and catalysts
were reported earlier [5].

Prior to measurements, the catalysts were dried at room temperature in air. Because
of its pyrophoric nature, the Degussa Raney nickel could not be examined directly, and thus
it was freed from hydrogen under silicone oil [6] as described by Csdbes et al. [27].

Results and discussion

The starting Ni—Al alloy for the Degussa Raney nickel could not be stud-
ied metallographically, as it was available only in the form of powder; accord-
ingly, for comparative purposes the literature data [10] were relied upon.

It can be stated in general of the phase compositions of our alloys that,
with the exception of the Ni-Zn alloy, they approximate to the equilibrium
structures shown in the phase diagrams [28] (equilibrium could not be estab-
lished completely during the rapid cooling). The photographs clearly dem-
onstrate that the structures of the two perpendicular sections are the same; the
phase proportions agree, and at most the dimensions of the elementary crys-
tals differ a little. Samples taken from different parts of the alloy bulk show
the same picture, thus the alloys were homogeneous.
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c

Fig. 1. Optical micrographs of a Ni-Si alloy; a 100 X, b 550 X, ¢ after NaOH etching, 550 X

The Ni-Si alloy (Fig. 1) is practically a single, uniform phase; only a little
eutectic is present between the large, intergrown crystals, and few holes are
visible. The alkali dissolves primarily the dark eutectic; the light, NiSi2-(f-)
phase is attacked at the edges and at the cracks between the intergrown crys-
tals.

The Ni-Al-Si alloy (with a composition of 40 wt % Ni-55 wt % Al-5
wt % Si) has a characteristically peritectic structure (Fig. 2): a lighter sheath
is arranged around a somewhat darker central nucleus (crystals separating out
primarily from the melt) in the light phase; this sheath is formed from the
crystals with participation of the melt in a solid phase peritectic reaction. The
eutectic comprises 15 20% of the alloy. Comparison cannot be made with
the equilibrium state, for the phase diagram [29] shows the conditions only
above 600 °C. In the course of the etching the eutectic and the peritectic phase
dissolve rapidly and strongly, and because of this the light reflections of the
phases change and the peritectic part will be darker. The alkali attacks the
primary crystals which have become light too (on practically their entire sur-
face), and small holes form on them.
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C

Fig. 2. Optical micrographs of a Ni-Al-Si alloy; a 100 X, b 550 X , c after NaOH etching, 550 X

a b
Fig. 3. Optical micrographs of a Ni-Mg alloy; a 100 X, b 550 X
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C

Fig. 4. Optical micrographs of a Ni-Zn alloy; a 100 X, b 550 X, c after NaOH etching, 550 X

a b
Fig. 5. Scanning electron micrographs of Merck Ni-Al alloy powder; a 3000 X, b 10,000 X
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a b
Fig. 6. Scanning electron micrographs of a Ni—Si alloy powder; a 3000 X, b 10,000 X

a b
Fig. 7. Scanning electron micrographs of a Ni—AI-Si alloy powder; a 3000 X, b 10,000 X

In the Ni-Mg alloy (Fig. 3), the light crystals of NiMg2are surrounded by
approximately the same amount of dark phase, of a typically eutectic nature.
The interesting ordering of the light crystals is striking. On alkaline etching the
eutectic begins to dissolve; for a long period the large NiMg2 crystals remain
unchanged, and the overall picture does not change.

The structure ofthe Ni-Zn alloy (Fig. 4) differs to the greatest extent from
that expected on the basis of the phase diagram. Although the photographs
show two phases macroscopically, small inclusions are also present inside both
phases. One reason for the formation of the inclusions may be that the melt can
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a b
Fig. 8. Scanning electron micrographs of a Ni-Mg alloy powder; a 3000 X, b 10,000 X

a b
Fig. 9. Scanning electron micrographs of a Ni-Zn alloy powder; a 3000 X, b 10,000 X

be held only a little above its melting point because of the high vapour pressure
of zinc. As the X-ray diffraction results (Fig. 19) indicate the presence of only
two intermetallic compounds, it is probable that the inclusions are small units
of the other phase. On etching, the alkali dissolves practically only the light
phase (thus this is the NiZn3-phase), and the reflections of the phases therefore
change: after etching the light phase will be dark, and vice versa.

Based on the electron micrographs, it can be said in general of the
dispersity of the alloy powders that they are strongly heterogeneous: particles
of every size from several ten fim down to below 1 /im can be found in them.
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a b
Fig. 10. Scanning electron micrographs of Degussa B 113 Ni-Al catalyst; a 3000 X , b 10,000 X

b
Fig. 11. Scanning electron micrographs of a Ni—Si catalyst; a 3000 X, b 10,000 X

The Ni—Mg alloy is comparatively finer, containing particles smaller than 1 4T
in a higher proportion.

The shapes of the individual particles and the natures of their surfaces
differ in the alloys of different types. The particles of the Merck Ni-Al alloy
(Fig. 5) are angular; well-defined apices and edges develop on grinding, and a
lamellar structure can he observed at certain sites. These signs of brittle frac-
ture can be seen even more markedly in the very readily grindable Ni-Si alloy
(Fig. 6): the particles have glassy, conchoidal, flaked surfaces. The surface of
the Ni-Al-Si alloy powder (Fig. 7) is similarly a little conchoidal, hut the edges
and apices are strongly rounded. The particles of the Ni-Mg alloy (Fig. 8) have
irregular shapes; both brittle-fractured and rounded formations are to be oh-
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served on them. The small, fine particles tend to adhere together into larger
agglomerations. The powder of the Ni-Zn alloy (Fig. 9) contains strongly worn-
down particles; the alloy is hard, and its grinding lasts a long time. The surface
of the particles is ribbed in places; this may develop from the essentially differ-
ent hardnesses of the alloy phases.

When a thick suspension of the catalyst stored under liquid was trans-
ferred onto the sample holder, no suitable preparation was obtained. Drying of
the caked material always yielded a compact, cracked layer, which did not
give information on the individual particles. To prevent caking, individual
particles were transferred onto the surface of the sample holder by deposition
from a highly diluted catalyst suspension.

a b
Fig. 12. Scanning electron micrographs of a Ni—Al-Si catalyst; a 3000 X, b 10,000 X

The shape and nature of the particles of the Degussa Raney nickel (Fig.
10) were unchanged compared to those of the alloy, but they were generally
smaller. The fine granularity readily discernible on the larger surfaces is char-
acteristic: besides some independent, presumably adherent pieces, there are
many small particles which belong to the grain.

Well-defined individual particles could not be separated from the Ni-Si
catalyst (Fig. 11) even by sedimentation, it consists of lumps in the suspend-
ing liquid too. In spite of this, it can be well seen on the micrograph (e.g. at
the edges) that the material is an agglomeration of very fine individual par-
ticles. The Ni-Al-Si catalyst (Fig. 12) consists of adherent spherical particles
with no definite geometry; the metallic part is covered by a mass of hydroxides,
the presence of which was also confirmed by derivatographic measurements
[6]. The Ni—Mg catalyst (Fig. 13) adheres into larger particles; the surfaces of
these are uneven and strongly hydroxidic. Derivatograms show that the cata-
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a b
Fig. 13. Scanning electron micrographs of a Ni-Mg catalyst; a 6000 X, b 10,000 X

a b
Fig. 14. Scanning electron micrographs of a Ni-Zn catalyst; a 3000 X, b 10,000 X

lyst contains nearly 50% Mg(OH)2 [6], and the X-ray diffraction pattern (Fig.
18b) reveals that a considerable proportion of this is present in the crystalline
state.

The Ni-Zn catalyst (Fig. 14) can be readily separated into individual
grains by sedimentation. The surfaces of the particles are strongly featured;
in the course of the leaching the inactive component was removed to various
depths. The plate-like parts formed on the surface of the catalyst grains break
down in places owing to mechanical effects during leaching; part of the
material consists of fine particles, which sediment out with difficulty. In places
cavities of greater depth too can be seen, their size being below 1 pm.
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The X-ray diffraction patterns (Figs 15 —19) are so arranged that the
patterns of an alloy type and the catalyst prepared from it appear side by side.

In the presence ofthe two intermetallic compounds indicated by the phase
diagram (NiAl3 and Ni2Al3), the presence of NiAl cannot be detected in the
Merck Ni—Al alloy (Fig. 15a), for its reflections coincide with those of Ni, Al3.
The metallic aluminium in the eutectic is indicated by the weak reflection
visible at 20 - 38.50° (d = 0.2338 nm).

In general terms, the X-ray diffraction patterns of our own alloys corre-
spond to the phase diagrams. With the exception of the Ni—Zn alloy, in every
case there appears a reflection of weak intensity, indicative of the presence
of a small amount of residual unalloyed inactive metal. This can be regarded
as natural only for the Ni—-Al-Si and Ni—Mg alloys, where the inactive compo-
nent with its lower melting point is one of the components of the eutectic.

In the case of the Ni-Si alloy (Fig. 16a), where we worked with the alloy
of composition corresponding practically to the intermetallic compound NiSi2
i.e.to the limit of the Si-(%-) phase,the presence of residual unchanged silicon
cannot be established with complete certainty, because of the coincidence with
the lines ofNiSi2 This is, however, strongly suggested by the double lines (reflec-
tion coincidence) to be seen at 20 47.3° (d = 0.1922 nm) and at 20 = 56.45°
(d = 0.1630 nm). However, nickel is present in traces in the Ni—Si alloy; this
is indicated by the small peak at 20 = 44.32° (d 0.2044 nm).

On the above basis, the conclusion must be drawn that in the case of the
Ni—Si alloy, although the highest temperature attained during the alloying is
well above the liquidus curve, holding at this maximum temperature for
5 10 min is probably not sufficient for completion of the process. This finding
agrees with the observations of Omarov et al. [30]: an alloying time of 10 min
is not enough in the preparation of a Ni-Al alloy, it being advisable to keep
the material in the molten state for 30 40 min.

It is worth mentioning that there are only Ni—Al compounds (NiAl3 and
Ni2Al3) in the Ni—-AI-Si alloy (Fig. 17a); the diffraction pattern does not con-
tain lines characteristic of either Ni-Si or Ni-Al-Si compounds.

Special attention was paid to the structural examination of the Ni-Zn
alloy, for the added reason that on grinding the comparatively hard alloy sepa-
rated into fractions of different natures. The X -ray diffraction patterns also con-
firmed our observation that the parts relatively richer in zinc can be ground
more easily (Fig. 19a). The fraction which is more difficult to disaggregate
(Fig. 20a) is poorer in zinc, and in many cases is completely unsuitable for cata-
lyst preparation.

Only the lines of the NiZn compound appear in such ‘residual’ Ni-Zn
alloys. In contrast with NiZn3 this compound can hardly be decomposed even
with strong alkali. For comparison, the diffraction pattern of the alloy contain-
ing 45 wt % nickel is also shown (Fig. 20b). This composition corresponds al-
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Fig. 15. X-ray diffraction patterns of Merck Ni—Al alloy and Degussa B 113 catalyst

Fig. 16. X-ray diffraction patterns of a Ni-Si alloy and catalyst
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Fig. 18. X-ray diffraction patterns of a Ni Mg alloy and catalyst

Acta Chim. (Budapest) 88,1976

389



390 BEKAS3Y et al.. COMPLEX STUDY OF NICKEL SKELETON CATALYSTS, V

Intensity

Intensity *.

Fig. 20. X-ray diffraction patterns of Ni-Zn alloys; a grinding residue of alloy containing 35
wt% nickel (nickel content about 40 wt%), b alloy containing 45 wt% nickel
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most exactly to the limit of the 1= phase, and barely differs from the stoichio-
metric NiZn composition.

In the diffraction pattern of the Degussa Raney nickel (Fig. 15b) only
the two strong bands characteristic of nickel can be seen; there is no longer any
intermctallic compound in the catalyst.

It is a common feature of our own catalysts that not even the strongest
lire of nickel appears sharply at 20 = 44.54° (d = 0.2034 nm) in the X-ray
diffraction pattern. In the majority of cases, only a low-intensity, very broad,
diffuse hand is indicative of free nickel, while for the catalysts prepared from
the Ni-Zn alloy no nickel bands can be seen at all; this is primarily due to
strong overlap from the intense, fairly diffuse line of the NiZn compound at
20 = 43.36° (d = 0.2087 nm).

Such an uncertain occurrence of the nickel line can be explained in that
the size of the nickel crystallites formed on leaching is just on the limit
of the X-ray-amorphous range, or below it, and as demonstrated by thermo-
magnetic measurements [5], their amount is low. Approximate calculations
were carried out to establish the size of the crystallites from the broadening of
the reflections. For our own catalysts this value lies in the interval of 5—7 nm,
while the size ofthe crystallites ofthe Degussa Raney nickel is about 5nm. Liter-
ature data [31—34] indicate that the crystallite size of Raney nickel is be-
tween 4 and 10 nm.

X-ray diffraction patterns of our catalysts also show that intermctallic
compounds also are retained after leaching. In the case of the Ni-Zn catalyst
(Fig. 19b) only NizZn, which is poorly soluble in alkali, remains; NiZn3 disap-
pears completely during the leaching.

In the Ni-Si catalyst (Fig. 16b) a part of the NiSi2, which dissolves well
in alkali, remains unchanged. Lines of Ni2Al3appear in the diffraction pattern of
the catalyst prepared from the Ni—AIl-Si alloy (Fig. 17b), whereas the nickel is
released completely from the compound richer in aluminium, NiAI3 during
leaching. Indirectly, these results also point to the different solubilities in
alkali of NiAlI3 and Ni2AI3.

The inactive components remaining unalloyed were leached completely
from these alloys with alkali.

Similarly as with the Degussa Raney nickel, in these three catalysts the
X -ray diffraction patterns did not reveal hydroxides formed from the inactive
metal, although the derivatograms [6] indicate that there are such hydroxides
in the catalysts, in amounts at around the limit of detection by X-ray diffrac-
tion.

Results differing from the above were obtained for the catalysts pre-
pared from the Ni-Mg alloy (Fig. 18b). The intermctallic compound NiMg., in
the alloy disappears completely in the course of leaching, while a proportion
of the unalloyed magnesium in the eutectic remains present in the catalyst.
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The catalyst also contains a significant amount of Mg(OH)2 This is a conse-
quence of the fact that Mg(OH)2is not an amphoteric substance; it is only
weakly soluble in alkali, and on its formation, therefore, the bulk of it remains
inside the catalyst or separates out on the surface from the solution. Exactly
the same results regarding the structure of the Ni-Mg catalyst were obtained
by thermal studies [5, 6].

The results of our investigations show that the alloys suitable for the
preparation of skeleton catalysts are not homogeneous systems: various phases
develop in them, which may be intermetallic compounds of the catalytically
active and inactive components, eutectics, or pcritectic formations. The na-
tures and quantities of the phases depend on the nature of the inactive compo-
nent and, for a given alloy, on the quantitative proportions of the active and
inactive component. The structure of the alloy is appreciably affected by the
alloying parameters too: the highest temperature attained, the duration of
maintenance at the highest temperature, and the rate of cooling.

The different effects of the inactive components aluminium, silicon, mag-
nesium and zinc used together with nickel can be explained in part by the
differences in the structures of the alloys. It was found that when different
inactive components are used, eutectics and intermetallic compounds of dif-
ferent compositions (e.g. NeA13 NiSi2, NiMg2 Nizn3) are formed, the physical
and chemical properties of which also differ. According to the supersaturation
theory, one of the sources of the excess free energy accumulating in solid sub-
stances on preparation is the presence of different phases, and the supersatura-
tion of the phases. The catalytic activity is frequently proportional to the excess
free energy. The different catalytic properties of catalysts prepared from the
various alloys can be attributed in part to this reason, and in part to the dif-
ferent degrees of decomposition of the individual phases by alkali.

From the results, a correlation can be demonstrated between the condi-
tions of catalyst preparation and the structure of the initial alloy. The greater
the amount of an alkali-resistant intermetallic compound in the initial alloy
(e.g. Ni,Al3), the higher the temperature, the longer the time, and the more
concentrated the alkali required for liberation of the total amount of the active
component. Our new types of catalysts often contained residual undecomposed
intermetallic compound, as a sign of the insufficiency of leaching but this
residual alloy plays an important role in the development of the non-pyropho-
ric properties of the catalysts. It also emerged from our studies that the phase
least decomposed by alkali is in the Ni—Zn alloy; the NiZn—phase is practically
unsuitable for catalyst preparation.

Analysis of the structure of a given alloy, and of the catalyst prepared
from it, in accordance with the above aspects, brings us nearer to an under-
standing of the processes occurring on preparation of skeleton catalysts, and
of the resulting catalytic properties.
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The mechanism of the platinum-catalyzed isomerization of 2-methyloxacyclo-
alkanes (2-methyloxirane, 2-methyloxethane, 2-methyltetrahydrofuran, 2-methyl-
tetrahydropyran) has been studied. A microreactor technique in combination with gas
chromatography, a pulse technique, served as the experimental method. The model
compounds were studied in a carrier gas stream of hydrogen and helium, on platinum
catalysts on thermolite and carbon supports, and also on ammonia-poisoned catalysts.
Examinations were further carried out with the reaction products and with a number
of compounds assumed as intermediates. The experimental data indicate that the
mechanism of isomerization of the oxacycloalkanes depends on the number of atoms
in the ring, on the catalyst and on the reaction conditions, and differences exist in the
mechanisms of formation of aldehydes and ketones. In the formation of aldehydes a
significant role is played by the catalyst sites with electrophilic character. In the for-
mation of ketones the role of the platinum catalyst and the hydrogen chemisorbed on
the catalyst as well as the participation of secondary alcohols as intermediates has been
experimentally demonstrated.

Introduction

Earlier investigations confirmed the general character of the isomeriza-

tion of oxacycloalkanes to oxo compounds [1 3]. It has also been found that
of the 2-alkyloxacycloalkanes, oxiranes and oxethanes in the presence of hy-
drogen and a platinum catalyst give rise to both aldehydes and ketones; in
addition, isomerization is observed, leading to the formation of unsaturated
alcohols, as is hydrogenolysis, resulting in the formation of saturated alcohols
[3]. These processes are shown in the following schemes forthe case of 2-mcthyl-
oxirane and 2-methyloxacyclobutane:

5*

chi=ch-(’Hi- oh - * - CH3—CH2—CH2—0OH
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In the five- and six-membered cyclic ethers the isomerization leads
mainly to the corresponding ketones.

Examination of the pertinent literature reveals that only the first steps
have been made as regards the study of the mechanism of oxacycloalkane iso-
merization [4, 5].

Investigation of the mechanism of the changes is complicated by the
fact that the formation of the products in the transformation of oxacycloal-
kanes can be explained by various primary and secondary processes, i.e., simul-
taneous and consecutive changes, as is illustrated by the scheme for 2-methyl-
oxacyclobutane.

In the present paper an account is given of our studies on the mechanism
of the platinum-catalyzed isomerization of 2-methyloxacycloalkanes, utilizing
the possibilities afforded by the pulse technique. The transformations of four
model compounds (1, 2, 3 and 4) were studied on thermolite as a catalyst
support (in the following T ; this is a support of diatomaceous earth type used
in GC (GC = gas chromatography)), on Pt/T and Pt/C catalysts (C = active
carbon support) in hydrogen and helium as carrier gas, and on ammonia-poi-
soned catalysts.

Detailed examinations were also performed with a number of compounds
assumed as intermediates, under the same experimental conditions as for the
model compounds: unsaturated alcohols, saturated alcohols and the end-prod-
ucts. A study was similarly made of the transformation of 2-methylfuran,
under the same experimental conditions as for 3.

M ethods

Compounds studied. Of these 1 was a product of BDH, while 2, 3 and 4 were prepared
by known methods [6—8]. Before use, the starting materials were purified by distillation, and
their purities were checked by GC and IR.

Catalysts. The catalysts were prepared as described earlier [9]. In the experimental
work 1 ml of the Pt/T catalyst, containing 10% platinum metal, and 0.2 ml of the Pt/C catalyst
containing 18.5% platinum metal, were used. The active metal contents of these two catalysts
were approximately the same. Measurements were made between the sixth and thirtieth
pulses, where the activities and selectivities of the catalysts were approximately constant.
They were next activated [9], and the measurement series repeated.

Experimental method. The examinations were performed by a pulse microreactor
technique. The previously described pulse technique [9] was modified only in that rasotherm
glass was selected as the material for the construction of the microreactor. The internal diam-
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eter of the microreactor was 6 mm. The microreactor was attached to a Carlo Erba GV gas

chromatograph. Chromatography conditions:

Column: Two 1 m glass columns, 4 mm in internal diameter, connected in series; the first
contained 15% polyethyleneglycol with a molecular weight of 20,000, on thermolite
with a grain size of 0.2—0.3 mm; the second contained 15% tris(cyanoethoxy)propane
(Fractonitrile I11) on the same support.

Carrier gas: 60 ml hydrogen/min, or 60 ml helium/min.

Thermostat temperature: 120 °C.

Detector current: 140 maA.

Injected sample: 0.005 ml.

Peaks were identified using authentic substances, and were evaluated quantitatively via
calibration curves.

Results

At the beginning of the experimental work it was found that in the tem -
perature interval employed the catalyst supports were practically inactive in
the transformations of 3 and 4. Thermolite, however, was active in the case of
1 and 2, which at 250 °C underwent a transformation of about 50%, with the
formation of mainly the corresponding aldehydes and unsaturated alcohols.
On Pt/T and Pt/C the conversions were considerably higher, and large differ-
ences could also be observed in the directions of the reactions. From this re-
spect there can be no doubt as to the correctness of the conclusions drawn with
regard to the isomerizing effects of the supported metal catalysts. The varia-
tion in the activity of the Pt/T was studied as a function of the number of
pulses. From the fifth up to about the thirtieth pulse, the activity and selec-
tivity of the catalyst proved practically constant. Since the activity of the
catalyst was relatively constant between two activations, measurements could
be carried out with the necessary accuracy. In spite of the fact that the cata-
lysts were activated under similar conditions, it could be observed that effects
arising in the activation of the catalysts did have a substantial influence on
their surface states, and thus on their activities and selectivities.

In the case of 2 on Pt/T, a study was made of the effect of the contact
time on the product composition. The contact time was controlled by varying
the length ofthe catalyst bed and the rate of flow ofthe carrier gas. The experi-
mental data show that the selectivity to butyraldehyde formation is inversely
proportional to the contact time (see Table 1).

The nature of the active centers responsible for isomerization to aldehydes
and ketones was investigated by studying the transformation of oxacycloal-
kanes on ammonia-poisoned Pt/T and Pt/C. The experimental data are given
in Tables Il Y.

The results show that ammonia does not affect the hydrogenating abil-
ities of the catalysts, and at the same time does not poison those active sites
of the catalysts which are responsible for the formation of ketones. Ammonia
does have an effect, however, on the formation of the aldehydes. On the basis
of these experimental data it can be stated that there is a certain difference
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Table 1

Transformation of 2-melhyloxethane as a function of the length of the catalyst bed

Selectivity (mol%)a

Catalyst Pt/Th

Carrier gas Hydrogen

Temperature (°C) 230

Catalyst bed length (mm) 10 6 3 1

Conversion (%) 9% 93 65 30
Butyraldehyde 12 12 18 26
Methyl ethyl ketone 9 9 10 12
1-Butanol 19 21 25 21
2-Butanol 5 5 6 8
Crotyl alcohol 0 2 3 0
Allyl carbinol 2 3 5 0
Decomposition productsO 53 48 33 33

Symbols in the Tables.

a Selectivity is based on 100 mol of the compound reacted

b Pt T 1 ml; Pt/C 0.2 ml; hydrogen flow 60 ml/min; injection 0.005 ml
¢ Composition of gaseous decomposition products not examined

d Experimental data before ammonia treatment

e Experimental data after ammonia tratment

f Experimental data after desorption of ammonia

Table 11

Transformation of 2-methyloxirane on ammonia-poisoned catalysts"”

Selectivity (mol%)a

Catalyst, temp. (°C) Pt/T, 250 Pt/C 250
Carrier gas Hydrogen Hydrogen
d e f d e
Conversion (%) 80 70 16 100 100
Propionaldehyde 33 21 30 0 0
Acetone 12 17 14 47 43
1-Propanol 12 10 12 0 0
2-Propanol 3 4 3 9 12
Decompn. productsO 40 48 41 44 45

between the mechanisms of isomerization of the cyclic ethers to aldehydes and
to ketones. In the isomerization to aldehydes a significant role is played by
those active sites of the Pt/T which can he poisoned with ammonia.

The above findings are substantiated by the experimental data in Tables
VI and VI, which illustrate the roles of the platinum catalyst supports. On
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Table 111

Transformation of 2-methyloxacyclobutane on ammonia-poisoned catalystsb

Selectivity (mol%)a

Catalyst, temp. (°C) Pt/T, 250 Pt/C, 250
Carrier gas Hydrogen Hydrogen
a e f d e
Conversion (%) % 920 92 75 78
Butyraldehyde 15 10 16 3 min.
Methyl ethyl ketone 9 9 9 30 26
Crotyl alcohol + allyl carbinol 6 6 6 0 0
1-Butanol 16 19 15 17 20
2-Butanol 4 6 6 3 4
Decompn. productsO 50 45 48 47 50
Table IV
Transformation of 2-methyltetrahydrofuran on ammonia-poisoned catalysts"
Selectivity (mol%)a

Catalyst, temp. (°C) Pt/T, 300 Pt/C, 300

Carrier gas Hydrogen Hydrogen
d e f d e
Conversion (%) 80 76 5 77 87
Methyl propyl ketone 54 54 56 64 66
Decompn. products0 46 46 44 36 34

Table V
Transformation of 2-methyltetrahydropyran on ammonia-poisoned catalysts’s
Selectivity (mol%)a

Catalyst, temp. (°C) Pt/T, 300 Pt/C, 300

Carrier gas Hydrogen Hydrogen
d e f 4 e
Conversion (%) 74 80 80 87 R
Methyl butyl ketone 53 50 55 57 50
Decompn. productsO 47 50 45 43 50
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Tabic VI

Effect of the support on the transformation of 2-methyloxirane

Selectivity (mol%)a

Catalyst Pt/Th Pt/Cb

Carrier gas Hydrogen Hydrogen

Temperature (°C) 150 20 250 300 350 150 20 250 300 350
Conversion (%) 10 30 64 j P 10 15 %5 84 10 10
Propionaldehyde 33 30 33 @ 32 7 0 5 0 0 0
Acetone 20 26 12 1 10 54 44 47 36 20
1-Propanol 35 21 12 7 3 0 5 0

2-Propanol 2 3 3 0 0 33 15

Decompn. product0 10 20 40 50 80 13 31 44 64 80

Table VII

Effect of the support on the transformation of 2-melhyloxelhane

Selectivity (mol%)a

Catalyst Pt/Th Pt/Cb
Carrier gas Hydrogen Hydrogen
Temperature (°C) 20 250 300 20 250 300
Conversion (%) 60 94 10 45 75 0
Butyraldehyde 13 17 6 " 3 0
Methyl ethyl ketone 8 8 6 33 30 34
1-Butanol 38 17 5 23 17
2-Butanol 0 3
Crotyl alcohol 0 0
Allyl carbinol 0 0
Decompn. products0 23 47 83 26 47 66

Pt/C not containing centers poisonable with ammonia, the isomerizations of
1 and 2 are shifted towards the formation of the ketones. The essence of this
finding isnot affected by the experimental fact that the rate of decarbonylation
of the aldehydes increases when the temperature is raised.

Experiments on Pt/T and Pt/C were also carried out to isomerize the
oxacycloalkanes in the presence of helium as carrier gas in order to establish
the effect of the hydrogen used as carrier gas. The main conclusions to he drawn
from these investigations, apart from the fact that hydrogenolyeis does not
proceed in the absence of hydrogen, are as follows.

In the presence of helium as carrier gas, transformation is observed only
for 1 and 2, 3 and 4 are not undergoing isomerization in this temperature
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Table VIII

Effect of the carrier gas on the transformation of 2-methyloxirane

Selectivity (mol%)a

Catalyst, temp. (°C) Pt/Cb, 250

Carrier gas Helium Hydrogen

Conversion (%) 75 84
Propionaldehyde 5 0
Acetone 65 47
1-Propanol 0 0
2-Propanol 5 9
Decompn. productsO 25 44

Table IX

Effect of the carrier gas on the transformation of 2-melhyloxethane

Selectivity (mol%)a

Catalyst ptiyb Pt/Ch

Carrier gas Helium* Helium

Temperature (°C) 20 250 300 250 300 350

Conversion (%) 60 % 10 2 0 0
Butyraldehyde 22 17 8 0 0 0
Methyl ethyl ketone 0 3 0 14 15
Crotyl alcohol 10 2 0 0 0
Allyl carbinol 30 30 15 0
1-Butanol 1 4 1 0
2-Butanol 0
Methyl vinyl ketone 0 20 15
Decompn. productsO 33 40 70 100 66 70

*Trace amounts of crotonaledhyde also is formed

range in the absence of hydrogen. Information on the effects of the carrier gas
in the case of 1 and 2 is given by the experimental data in Tables VIII
and IX.

The absence of hydrogen did not exert an appreciable effect on the rate
of transformation of 1. This experimental observation points to the role of
intramolecular processes in the platinum-catalyzed isomerization oi 1.

The experimental data in Tables VIl and IX deserve particular attention.
In the case of 2 the conversion too is smaller on Pt/C in the absence of hydro-
gen. Similarly to 3 and 4, therefore, the presence of hydrogen is the determining
factor as regards the formation of the ketones. Although a little methyl ethyl
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Table X

Transformation of 2-methylfuran and 2-methyltetrahydrofuran

Selectivity (mol%)a

Catalyst Pt/Th

Carrier gas Hydrogen

Compound 2methylfuran 2methyltetrahydrofuran

Temperature (°C) 20 250 300 350 20 250 300 350

Conversion (%) 46 62 70 74 6 4 67 8
Methyl propyl ketone 54 60 33 13 50 64 70 43
2-Pentanol 9 3 0 0 35 9 0 0
Decompn. productsO 19 27 63 83 15 27 30 57
2-Methyltetrahydrofuran 18 10 4 4 — — — —

ketone is formed, this is connected with the presence of strongly-bound hydro-
gen which isnot removed from the catalyst. The significance of hydrogen is also
supported by the formation of methyl vinyl ketone, which appears in the ab-
sence of hydrogen. On Pt/T the conversion does not decrease in the presence of
helium, which can be explained by the formation of butyraldehyde and allyl
carbinol, catalyzed by the electrophilic centres.

The determining role of the chemisorbed hydrogen in the isomerization
of oxacycloalkanes to ketones is further supported by the course of the hydro-
genolysis of 2-methylfuran, which is similar to the isomerization of 3 (Tahié X).

Since the unsaturated and saturated alcohols may well be intermediates,
under the experimental conditions used for 2 and on the same catalyst, a study
was made ofthe isomerization of crotyl alcohol, allyl carbinol and methyl vinyl
carbinol, and of the dehydrogenation of 1-butanol and 2-butanol to butyral-
dehyde and methyl ethyl ketone, respectively [10]. The experimental data are

Fig. 1. Variation of the butyraldehyde yield Fig. 2. Variation of the methyl ethyl ketone

as a function of temperature. (1: % Butyral- vyield as a function of temperature. (1: °/0

dehyde from allyl carbinol; 2: % butyral- Methyl ethyl ketone from methyl vinyl car-

dehyde from crotyl alcohol; 3: % butyral- binol; 2: °0 methyl ethyl ketone from sec-

dehyde from 1-butanol; 4: % butyraldehyde  butanol; 3: % methyl ethyl ketone from
from 2-methyloxethane) 2-methyloxethane)
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presented in Figs 1 and 2, which show the changes in the yields of the two oxo
compounds as a function of the temperature.

Discussion

An examination was made of the reality of the four routes which can be
assumed in principle to explain the isomerization of the oxacycloalkanes to
oxo compounds. By way of introduction these four reaction mechanisms are
outlined below.

1. The formation of oxo compounds by the intramolecular migration of
hydrogen atoms or ions. According to this mechanism, which can be regarded
as 1,3-hydrogen migration via a four-center transition state, the formation of
butyraldehyde and methyl ethyl ketone can be pictured in the following way:

2. The formation of oxo compounds can also be interpreted by means
of an intermolecular mechanism, with the participation of chemisorbed hydro-
gen. In this mechanism the first step is the dissociative chemisorption of the
substrate molecule. The transition state is stabilized by the attack of chemi-
sorbed hydrogen on the spatially less shielded carbon atom of the substrate:
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3. The formation of oxo compounds can in principle also be explained

by the further isomerization of the unsaturated alcohols produced in the iso-
merization of the oxacycloalkanes:

It should be noted that the unsaturated alcohols undergo mutual isome-
rization [10]. This isomerization too can take place according to two main types,
intramolecularly with 1,3-hydrogen migration via a four-center transition state,
and with the participation of sorbed hydrogen [10].

4. The formation of the oxo compounds can further be explained by the

catalytic dehydrogenation of the saturated alcohols produced in the hydro-
genolysis of the oxacycloalkanes:

On the basis of the experimental results, the isomerization ofthe oxacyclo-
alkanes on Pt/Y and on Pt/C can be appropriately interpreted by one or another
of the above four reaction mechanisms.

The isomerization of oxiranes and oxethanes to aldehydes can be ex-
plained by mechanism 1. Thus, on ammonia-poisoned catalysts, the rate of
aldehyde formation decreases. Again, the formation of aldehydes is also ob-
served in the absence of hydrogen. Nor is the possibility of this mechanism ex-
cluded in the isomerization of oxiranes to ketones.

According to our earlier experimental work [3], the assumption of mecha-
nism 3 is particularly realistic in the case of 2-methyloxethane. The thermo-
dynamic data indicate that isomerization accompanied by the formation of the
corresponding unsaturated alcohols is favoured only in the case of 1 and 2.
Our experimental data show, however, that the formation of unsaturated alco-
hols can be observed only in the transformation of 2. It can be seen from the
experimental data in Figs 1 and 2 that the oxo compounds are formed at a
higher rate by the isomerization of a,/3-unsaturated alcohols than by the dehy-
drogenation of the saturated alcohols. However, comparison ofthese experimen-
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tal data with the data of Figs 1, 6 and 11 of an earlier paper [10] does not
prove conclusively the reality of mechanism 3, for on Pt/T in the presence of
hydrogen the rate of hydrogenation of the unsaturated alcohols is very high.
Further, in the temperature interval favouring the isomerization of 2 the equi-
librium unsaturated alcohol + H 2 saturated alcohol is shifted in the direc-
tion of formation of the latter.

We have seen that as regards isomerization accompanied by the forma-
tion of ketones the presence of hydrogen is favourable and in certain cases is
indeed the determining factor. Thus, in the absence of hydrogen the isomeriza-
tion process does not occur for 3 and 4, which quite clearly speaks against
mechanism 1, while it confirms the reality of mechanisms 2 or 4. The greater
probability of this latter mechanism can be explained by the rapid hydrogenol-
ysis of the oxacycloalkanes to give secondary alcohols, and by the thermody-
namically favoured dehydrogenation of the secondary alcohols. This latter is
proved not only by the experimental data in Table X, but also by the IR
data regarding the platinum-catalyzed isomerization of 2-methyltetrahydro-
furan [11].

Mechanism 4 is similarly supported by the experimental data of Fig. 24
in Ref. [10]. It can be seen there that on Pt/C the rate of dehydrogenation of
2-butanol is higher than the rate of isomerization of methyl vinyl carbinol.

On the above basis the bulk of our experimental data permit to propose
the mechanisms below for the isomerization of the four model compounds.

The formation of the aldehydes can be explained by the participation of
the electrophilic centers of the catalyst. Thus, on Pt/C the formation of alde-
hydes is minimal, while on thermolite, which contains merely electrophilic
centers, the formation of ketones is of minor importance in the presence of
electrophilic centers the strained three- and four-membered cyclic systems split
more easily along the C— bond adjacent to the substituent, as a consequence
of the -(-1 effect of the methyl group. This splitting is accompanied by the for-
mation ofthe corresponding aldehydes. It should be noted that our experimen-
tal data do not invalidate the reality of mechanism 4.

Recause of their considerable stability, the five- and six-membered cyclic
ethers do not split on chemisorption on the electrophilic centers of the catalyst.
These systems can be opened only by chemisorbed hydrogen, with the forma-
tion of bydrogcnolysis products. This process is accompanied by the formation
of secondary alcohols, which for stereochemical reasons are more favoured as
a consequence of the attack on the primary carbon atom. In 1 and 2 the for-
mation of the ketone in the presence of hydrogen on both Pt/T and Pt/C can in
all probability be explained with this same mechanism.

However, our experimental observations do not rule out mechanism 2,
especially at higher temperatures. At the same time, it must not be forgotten
that in the absence of hydrogen (in the presence of helium as carrier gas) the
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(CHr),. .CHs
we cf

*: active center of the catalyst

*: electrophilic center of the Pt/T catalyst

rate of isomerization of 1 to acetone is considerable, nor that a certain amount

remains on the catalyst and may facilitate the isomeriza-

of hydrogen always
tion by acting as a cocatalyst.

Our experimental results were also analyzed on the basis of the Balandin

multiplet theory. In the course of this work many problems arose, and at the

it is not possible to draw unambiguous conclusions. In addition,

present stage
further complex studies are necessary to understand the finer mechanisms cata-

lytic processes and to interpret the catalytic activity.
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CONVERSIONS OF TOSYL AND MESYL
DERIVATIVES OF THE MORPHINE GROUP, XIV*

A NEW METHOD FOR THE PREPARATION OF “DEOXYMORPHINE E**
AND DIHYDRODEOXYMORPHINE D”

S. Makleit, S. Berényi and R. Bognar
(Department of Organic Chemistry, Kossuth Lajos University, Debrecen)

Received April 14, 1975

A new convenient and mild method has been developed for the preparation of
deoxymorphine E and dihydrodeoxymorphine D, by the reduction of 3-0-acetyl-6-0-
tosylmorphine with LiAlH4 and by further catalytic reduction of the deoxymorphine
E thus obtained.

Simple and efficient methods are known for the synthesis of deoxy-
codeine (Zl7-deoxycodeine, deoxycodeine E). The lithium aluminium hydride
reduction of 6-0-tosylcodeine yields deoxycodeine E in a reaction without
allylic rearrangement [1, 2]. On the other hand, the LiAlH4reduction of halo-
gen derivatives with pseudocodeine structure (/S-chlorocodide, bromocodide,
iodocodide) involves allylic rearrangement to give deoxycodeine E [3], in ac-
cordance with the steric structures of the initial compounds and the stereo-
chemical requirements of reactions of type Sn2’.

In contrast, only one practicable method has been published for the prep-
aration of deoxymorphine E; this consists of the demethylation with pyridi-
nium chloride of deoxycodeine E, prepared by one of the above routes [4].

However, in our experience demethylation reactions attempted in various
ways in the case of morphine alkaloids, in general do not proceed satisfactorily.

In the course of our investigations dealing with the synthesis and nu-
cleophilic substitution reactions of the 6-O-tosyl and 6-O-mesyl derivatives of
the morphine group, we reported [5] anew method for the preparation of dihy-
drodeoxymorphine D. This became possible after achieving the synthesis of
3-0-acetyl-6-0-tosyldihydromorphine, wunknown wup to then, the LiAIHA4
reduction of which gave dihydrodeoxymorphine D.

3-0-Acetyl-6-0-tosyl- and 6-O-mesylmorphine have also been synthesized
earlier [6], and their nucleophilic substitution reactions have been investigated.

Our present communication reports on the lithium aluminium hydride
reduction of 3-0-acetyl-6-0-tosylmorphine, which can be readily effected and

affords a mild method of preparing deoxymorphine E (|).The latter compound

*Part X1Il: R. Bogar, S. Makleit,J. Knoll, S. Berényi, G. Horvath: Comm. Dept.
Chem. Bulgarian Acad. Sei. 8, 203 (1975) and Kémiai Kozi. 44, 1 (1975).
** 3-Hydroxy-4,5a-epoxy-7,8-didehydro-17-methylmorphinan.
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can be methylated with diazomethane to give deoxycodeine E (||), or hydro-
genated to yield dihydrodeoxymorphine D (IlI).

The reduction of 3-0-acetyl-6-0-tosylmorphine with LiAIH,, in the
present case the elimination of the C-6 hydroxyl group, can be effected easier

and thus in a better yield than the similar reaction of 3-0-acetyl-6-0-tosyl-

morphine also described by us, owing to the presence of the allylic system. In

view of the fact that the catalytic reduction of the Al double bond is quanti-
tative, this method affords at the same time a novel and improved mode of

preparation of dihydrodeoxymorphine D (Desomorphine).

The reactions mentioned are shown in the following scheme.

iiumOTs
OrH3
HjC

OCOCHS3

OH
11
Experimental
Deoxyinorphine E (1)

A solution of 3-0-acetyl-6-0-tosylmorphine (4.0 g) in dry THF (40 ml) was added drop-
wise, with stirring and under nitrogen stream, to a solution of LiAll14(0.6 g) in dry THF (40 ml),
and the mixture was refluxed for 3 hrs. The excess of LiAIH4was decomposed first with ether
saturated with water, then with water saturated with ether. The organic phase was separated
and the aqueous phase extracted with ether (2X 30 ml). The combined organic phase was
extracted with 7.5% hydrochloric acid solution (3x40 ml). The combined acid solution was
made alkaline with ammonium hydroxide and extracted with ether (3 X 50 ml). The ether
extracts were combined, dried, evaporated, and the residue crystallized from a small amount
of benzene to obtain 1.0 g (45%) of the product, m.p. 140—142 °C; lit. [4] m.p. 143—144 °C
(subl.); [a]D-65° (0.5, ethanol); lit. [4] kJd-67.2° (1.31, ethanol).

Deoxycodeine E (I1)

Deoxymorphine E (100 mg) was dissolved in a small quantity of ether, and an excess
of diazomethane in ether was added. The reaction mixture was allowed to stand 48 hrs in
refrigerator. It was then evaporated to dryness, the residue was dissolved in chloroform (20 ml),
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and washed with 5 ml of a 2% sodium hydroxide solution, then with 2x5 ml of water. After
drying, the solution was evaporated to dryness. The gum thus obtained had the same Rf
value as authentic deoxycodeine E in TLC. M.p. of hydrochloride: 238 °C; lit. [2] m.p. 239 °C.

Dihydrodeoxymorphine D (111)

Deoxymorphine (I) (1.0 g) was hydrogenated in methyl alcohol (30 ml) in the presence
of Pt02 (0.2 g) till saturation (1 hrs). The residue, obtained after the removal of the catalyst
by filtration and evaporation of the solution, was crystallized from ether to yield 0.95 g of
the product, m.p. 182- 185 °C; lit. [5] m.p. 184—185 °C; []D-76° (0.5, ethanol); lit. [a]p-
-75.3° (1.46, ethyl acetate). *

The authors wish to thank Section | of Natural Sciences of the Hungarian Academy of
Sciences ai d the Chemical Factory Alkaloida of Tiszavasvari for sponsoring this research.
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PYRIMIDINES AND CONDENSED DERIVATIVES, IV* **

IV(2)-ACYLISOCYTOSINES, SOME RELATED
IMIDAZO[I,2-a]PYRIMIDINEDIONES AND AZA ANALOGUES.
SYNTHESIS, SPECTRA AND TAUTOMERIC STRUCTURES

Gy. Hornyak, B. Agai, L. Sz6cs and K. Lempert

(Institute of Organic Chemistry, Technical University, Budapest)

Received May 16, 1975

Series of potentially tautomeric and non-tautomeric JV(2)-acylisocytosines,
l-acyl-2,3-dihydro-5(lii)- and -7(lii)-imidazo[l,2-a]pyrimidinones, imidazo[l,2-a]pyri-
midinediones and their aza analogues have been synthesized. The sites of acylations of
isocytosines, 2,3-dihydro[l,2-o]pyrimidinones and their aza analogues have been estab-
lished by spectroscopic and/or chemical means. The predominant tautomeric forms of
the potentially tautomeric compounds have been established.

In Part I [2] we have reported on the UV and IR spectra of isocytosines
(Types1 3, R, R',R3 H),related imidazo[l,2-a]pyrimidinones and of some
of their aza analogues, all of fixed tautomeric structures, and on the tauto-
meric structures of potentially tautomeric compounds of the above types
(e.g. 1, R3= H, and 2, R1= H). In the present paper we wish to discuss the
effects of acyl groups on the spectra of non-tautomeric (R, R, R3~ H) com-
pounds oftypes 1 3 (R = ac) as well as on the tautomeric structures of poten-
tially tautomeric compounds of types 1 (R ac, R3= H) and 2 (R = ac,
R1= H). Since the site of attachment of acyl groups introduced by acylation
into isocytosines and 2,3-dihydro-5(IH)- and -7(lli)-imidazo[l,2-a]lpyrimidi-
nones (4, 5, R = H) may he ambiguous (see below), several imidazo[l,2-0]-
-pyrimidinediones (6 8)and aza analogues 9 (R = Ac), 10 (R = Ac) and 11
have been included into the present study.

Syntheses of non-tautomeric compounds of types 2 (R=ac),
5(R=ac), 6(R"H), 8(RVH), 11 and 19 (RVH)

According to the literature [3], acylation of isocytosines may lead to 0-
-acyl derivatives in addition to or instead of the normal iV (2)-acylation products
[4].The synthesis of compound 2 (R1= R6= R' = Me, R = Ac) by acetyla-
tion of the isocytosine 2 (R1= R6= R'= Me, R = H) [1] is therefore, in
itself, not structure proving. Since, however, the IR spectrum (KBr) of the
product exhibits tivo carbonyl bands (merged into a single very broad band
between 1670 and 1640 cm-1),none of them being shifted above 1700 cm-1,

*Part 111: see [1]
** Partly based on the Diploma Thesis of L. Szécs, Technical University, Budapest,1971.
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the product has to be an iV-acetyl derivative in which the newly introduced
acetyl group is not attached to N(3). The only possible structure for the
product is, therefore, 2 (R1= R6= R' = Me, R = Ac).

Acetylation of 5 (R = H) [5], mentioned recently by Reiter et al. [6],
does in itself not prove the structure of the product either but, in combination
with IR evidence (two carbonyl bands, both below 1700 c m 1), firmly estab-
lishes structure 5 (R = Ac), aconclusion reached earlier on the basis of NMR
evidence [7].

2,5(lii,31i)-Imidazopyrimidinediones 6 (R = H) have been synthesized
by Russian investigators by three different methods: (1) ammonia-induced
{8, 9] or thermal [10] cyclization of iV (2)-(sc-halogenoacyl)-isocytosines (Type

‘Acta Chim. (Budapest) 88, 1976



HORNYAK et al.. PYRIMIDINES AND CONDENSED DERIVATIVES, IV 415

1, R3= R'= H, R = a-halogenoacyl), (2) base-catalyzed condensation of
(3-oxo esters with IV-unsubstituted glycocyamidines [11, 12], or (3) with N-un-
substituted oc-guanidinoacids [8]. None of these syntheses is structure proving
in itself,* nor does any one of them establish the tautomeric structures of the
resulting products. When, however, the gross structure 6 is accepted for the
products, their tautomeric structures may be deduced from the following obser-
vations: (a) methylation of 6 (R = H, R6= R7= Me, Re = Et) takes place
at N(l), as shown by the base-catalyzed degradation of the product [13],
and (6) the UV spectrum of the non-tautomeric methylation product 6 (R =
R1= R7= Me, R6= Et) is practically identical with those of the potentially
tautomeric compounds 6 (R = H) [14].

We have devised a structure proving synthesis for Type 6 compounds of
fixed tautomeric structures (i.e. R ~ H), based on aminolyses of oxodihydro-
pyrimidylacetamides 12 (R5= H, Re = Me and R5-)- R6= [CH.]4 or the
corresponding ethyl esters with primary amines [1].

Synthesis of a 2,7(3H,8/i)-imidazo[l,2-a]lpyrimidinedione (8, Rl = H,
R8 = Me) of fixed tautomeric structure has been achieved by chloroacetylation
of 1 (R = R'"= R° = H, R3= RH= Me) [15], and ring closure of the result-
ing iV(2)-chloroacetyl derivative. An essentially identical synthesis of 8
(R3= H, R8= Me) without isolation of the intermediate cliloroacetyl deriva-
tive has been earlier performed by Russian authors [10]. None of these syntheses
is structure proving in itself, because they could have equally well led to 13.
However, the observation that the ring closure product is converted by acid-
or base-catalyzed hydrolysis into the uracil derivative 14 (R3 = Me) [10], fur-
nishes the required proof of structure both for the end-product and the inter-
mediate chloroacetyl derivative. Additional proof for the attachment of the
chloroacetyl group to N(2) in the latter comes from the UV spectrum (Table
IV, compound No. 6) which is in agreement with the presence of a conjugated
chromophore system. Further proof comes from reasoning by analogy: chloro-

13 14 15

* For the type (1) syntheses this becomes evident by considering that, in general, not
even the site of attachment of the halogenoacyl groups has been rigorously proved. Thermal
cyclization of the a-bromoacetyl derivative of 6-methylisocytosine (1, R = R'= R3= R5=
= H, R6= Me), however, furnishes two isomeric imidazo[l,2-a]pyrimidinediones [10] —
obviously one of Type 6 and the other of Type 7—, whence it follows unequivocally that the
a-bromoacetyl group is attached to iV(2) in the starting compound.
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acetylation of 1 (R = R'= R3= R° = H, R® = Me) also leads to an JV(2)-
-chloroacetyl derivative (compound No. 2 of Table IV) in which the site of at-
tachment of the chloroacetyl group has been rigorously proved by chemical
means (see below).

Compound 8 (R3= R8= Me) has been obtained similarly [10].

For the synthesis of compound 11 see Ref. [16].

The synthesis of a 2,5(3H,81li)-imidazo[l,2-a]pyrimidinedione (19,
R7= R8= Me) of fixed tautomeric structure has been achieved by chloro-
acetylation of compound 2 (R1= R6= Me, R = R' = H), and ring closure
of the resulting _/V(2)-chloroacetyl derivative without isolation of the latter.
The alternative structure for the product, with the carbonyl group shifted
from position 2 to position 3, is ruled out on the basis of the IR spectrum
which exhibits two Amide | bands at comparatively low wave numbers.

UV spectra

The UV spectra of the non-tautomeric compounds mentioned in the pre-
vious section belong to four different classes. Fig. 1 shows the characteristic
spectra corresponding (1) to the conjugated chromophore system oi the Type

o] £
MAVINN'® @
Kb 2 (R=Ac, RER6=R=Me)
in EHOH
\rn -«— 5 (R=Ac) in dioxane
I o\ V
\A - -6 (R-n-Bu, R¥=R6=H,R7=Me)
\\ W in EtOH
* VY j\ ———-8 (R}H, Ro=fe)
in EtOH
5 nn
1
LINA\
I\
9. W
200 300 A00

N [nm]

Fig. .UV spectra of a Type 2 N(2)-acylisocytosme and some imidazo [1,2-a] pyrimidine deriv-
atives of Types 5, 6 and 8 (non-tautomeric eompo
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10

11

12

to structure 6

(6]

[18]

[18]

[1]

[1]

(1]

Table |

UV spectra and positions of the vC=0 bands of compounds 4 (R= Ac) and 6 (conjugated chromophore)

Type

4*

Ac

Me*

n— Bu*

HOC2H4—*

PhCH2—*

R3

OH

OH

Ro R7
Me H
H Me
Br Me
-(CH 24
H Me
-(CH 24
H Me
Et Me
Et Me
H Me
-(CH24
-(CH 24

Solvent

EtOH or
dioxane

EtOH
EtOH
EtOH
EtOH

buffer,
pH= 6.1

EtOH

buffer,
pH = 6.1

buffer,
pH= 6.1

buffer,
pH= 21—
—10.30
EtOH
EtOH

EtOH

tmax (I°ge)

240 (3.86); 282 (4.04)

234

244

244

228

238

(3.88); 283
(3.92); 296
(3.90); 287
(3.98); 280

(4.03); 278

(4.00)
(4.08)
(3.98)
(3.83)

(3.84)

244 (4.12); 288 (3.88)

237

246

239

230

236

236

(4.06); 278

(4.06); 281

(4.06); 285

(4.07); 280

(4.04); 282

(4.00); 282

(3.86)

(3.84)

(3.92)

(3.94)**

(3.90)

(3.92)

[14]

[14]

[14]

[14]

Aloge

+0.18

+ 0.12

+ 0.16

+ 0.08

—0.15

-0.19

—0.24

—0.20

-0.22

—0.14

—0.13

-0.14

—0.08

IR (KBr)
t>C=0, cm-1

1690+1675

1695 + 1680
1695 + 1670
1665 (b)

1780 + 1760 (d) and
1710 (1695, sh);
1765 (1790, sh) and
1710%**

1785 + 1765 (d)
and 1700

1785 + 1760 (d)
and 1690****

1760 + 1710
1750 + 1675

1750 + 1680

* Fixed tautomeric structure. All other compounds listed are potentially tautomeric, their predominant tautomeric forms corresponding
***% CHC13 solution

** Shoulder at 242 (3.74)

*** DMSO solution

e 18 MYANYOH
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Table 11

UV spectra and positions of the vC=0 bands of some Type 2 (R=Ac), 5 (R=Ac), 7,9 (R=Ac), 10 and 11 compounds

No Type Substituents
i 2 R=Ac, Rl R'=Rc Me
2. I-Methyl-4( 1H)-pyrimidinone
3 5 R=Ac [6]
4. R=R3H, R5Me
7
5. R H, R&=R5Me
6. R=R5Me, R3>=H

(Cross-conjugated chromophore)

Solvent

EtOH

dioxane

H,.0 (pH 6)
EtOH

dioxane
EtOH™*
dioxane*
buffer (pH 4.1)
buffer (pH 6.1)
EtOH

dioxane

224

224

217

211

220

224

(4.41);
(4.36);

(4.36);

*%

(4.39;

(4.26);

"rex (1oge)

242 (4.18)
242 (4.16)
240 (4.17) [171
251, sh [61
247 (4.03), sh
248 (3.95), sh

260 (4.06)

263 (3.92), sh [14]

257 (3.89), sh [14]

258 (3.84)

253 (3.81)

vc=0 (KBr)

1650 (b)

1695 + 1665

1795, w + 1765 (d) and
1715, vw + 1665;
1765 (1795 sh) and 1710%**

1760 + 1660

8TV
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10.

11

12.

13.

R=Ac, RZ=R'=H, R6=Me

9 R=Ac, R=H, R'= —CH40Ac,
"=Me

R=Ac, R2= R'= Rf= Me

2,6-Dimethyl-5(2//)-as-triazinone

1c R=Ac, R7= AcO

26 5-Acetyl-2-methyl-5,6,7i8-tetra-
hydro-3//-pyrimido [l,2-6]-as-
-triazin-3-one

11

*The considerable differences between the spectra taken in EtOH and dioxane may be explained by assuming a tautomeric equilibri-

Table 11, continued

EtOll1

EtOH

dioxane

EtOH

EtOH

dioxane

EtOH

dioxane

219 (4.41);

210 (4.38);

224 (4.44)

214 (4.35);
sh

214 (4.29);
(3.86), sh

236 (4.02), sh

242 (3.90), sh
246 (4.10)

244 (4.07); 265 (3.81),
sh [24]

239 (4.37)

233 (4.15); 263 (3.85),

230 (4.10), sh; 265

um 7 (R=H) r 8 (R8H) which is shifted to the leftin EtOH and to the right in dioxane (cf. Table I11)
** The spectra have not been determined below 230 nm, and the compounds have been assigned Type 8 structures in Ref. [14]

*** DMSO solution

1720 + 1645

1740 (ester) + 1730 + 1665

1670 + 1650 (d)

1730 (ester) + 1690 + 1660

1695 + 1635

1770 + 1665

Al 'SIAILVAIYIA AISNIANOD ANV SINIAIWIY AL 38 18 YYANYOH

6TV



420 HORNYAK et al.: PYRIMIDINES AND CONDENSED DERIVATIVES, IV

6 compounds, (2) to the chromophore system of the Type 8 (R8" H) com-
pounds which contain a semicyclic C= N double bond attached to the pyrimi-
dine ring, and (3) to the two types of cross-conjugated systems, 2 (R = Ac),
and 5 (R = Ac) and 11 respectively. (See also Tables I I11). The difference
between the latter two types is that, while the carbonyl groups of the five-
-membered rings in 5 (R = Ac) and 11 are, as a result of ring formation, approx-
imately coplanar with the pyrimidine ring, the acyl group of 2 (R = Ac)
is forced by steric interactions into a plane which is almost perpendicular to
that of the pyrimidine ring. Conjugation between the double bond system of
the ring and the lone pair of the acylamino group is therefore sterically prohib-
ited and, as a result, the spectrum of 2 (R = Ac) is identical — both as to its
shape and the 2max (log s) values with that of I-methyl-4(Ifi)-pyrimidinone
[17]. The spectra, of 9 (R = Ac, R2= R'= Re= Me) and 2,6-dimethyl-5-
-(2ii)-as-triazinone [24] are, of course, also identical with the latter (see
Table I1).

Inspection ofthe UY spectra ofthe four Type 6 compounds of fixed tauto-
meric structures (compounds 9- 12 in Table 1) reveals that they are extremely
similar to those of the non-acylated Type 1 and Type 4 compounds [2] both as
to the positions and the intensities of the absorption bands. The A log e rule
[2], derived for the non-acylated Type 1 and Type 4 compounds and their ana-
logues, is valid also for the Type 6 compounds demonstrating, on the one hand,
once again the unsensitivity of the conjugated chromophore system of the
4(3H)-pyrimidinone ring to variations of the nature of the substituents attached
to C-2 [2], and serving, on the other hand, as a firm tool for establishing the
tautomeric structure of potentially tautomeric compounds of Type 6 (com-
pounds 5 8 in Table I; see below) and of the point of attachment of the acetyl
group in Type 4 (R = Ac) (compounds 1-3 of Table I) and Type 1 (R = Ac)
compounds (Table 1V; see below).

The UY spectra of the non-tautomeric compounds of Type 2 (R = Ac),
5 (R = Ac) and 11 ,as well as of I-methyl-4-(IH)-pyrimidinone which serves

Table 111
UV spectra and positions of the vC=0 bands of Type 8 (I\' Me) compounds

R3 Solvent Imai (I°ge) Aloge t-c=0 (KBr)
EtOH 215 (4.37); 269 (4.08) —0.29 1745 vw, 1690
H dioxane 214 (4.35); 262 (4.08) —0.27 (1720 eh) and
ag. buffer, pH 2—9.85 * 267.5 (4.11) [14] 1635 (1645 sh)**
Me ag. buffer, pH 2—9.85 * 269 (4.11) [14]

*The spectra have not been determined below 230 nm
** Same in CHC13solution
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as the model compound for 2 (R = Ac), are shown in Table Il. Both 5 (R = Ac)
and 11 have only one well-developed absorption band (around 220 nm); one,
respectively two further bands may be recognized as shoulders on the long-
wave side of the main band. These spectra are rather similar to the spectra of
Type 2 (R~ Ac), 5 (R~ Ac), 9 (R~ Ac) and 10 (R #4Ac) compounds re-
ported earlier [2].

The UV spectra of two Type 8 compounds (R8 = Me) are shown in Table
I11. Two well separated bands are present as in the spectra of the compounds
discussed in Table | and those of the Type 15 and 16 compounds described
earlier [2]. Both bands of the compounds 8 (R8 = Me) are, however, hypso-
chromically shifted which, on the one hand, permits the Type 8 compounds to
be easily distinguished from those listed in Table | and, on the other hand,
demonstrates the profound effect of the acyl group attached to the imino ni-
trogen atom on the electron distribution.The positions of the absorption bands
as well as the A log e values of the Type 8 compounds are practically identical
with those of compound 17 [19], but the A log e values of these compounds are

considerably smaller than those (—0.52 — -0.74) found earlier for the Type
15 and 16 compounds.
) ) )

The UY spectra of the compounds 8 (R3= H, R8= Me; see Table III)
and 19 (R7 = R8 = Me;see Experimental) differ markedly which demonstrates
that, in spite of the apparently identical chromophore systems, the mode of
anellation ofthe two rings has a marked influence on the actual electron distri-
bution. Since the UV spectrum of19 (R7= R8= Me) has three absorption bands
in the near UV region, the A log s rule can not be applied. A similar but less
pronounced effect of the mode of anellation on the UV spectra has earlier been
observed in the case of the Type 15 and 16 compounds [2].

Orientation in the acylation of Type 1 (R= H) isocytosines and
Type 4 dihydroimidazopyrimidinones (R = H)

Acylation of Type 1 (R H) isocytosines may, in principle, yield any of
three or (if R3 = H) four isomeric products in which the acyl group is attached
to ivV(l), JV(2), IV(3) and 0(4), respectively. The 0- and 3-acyl derivatives
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Table IV

UV spectra and positions of the vC=0 bands of N (2)-acylisocytosines 1 (R=ac)

No 1 It R' | R3 Rs
1[20] Ac H H H
2% C1CHXO H H H
3* Ac H 1 n-Bn
4* CICH2CO H I n-Bu
5[10] Ac H Me I
6 C1CH2CO H Me H
7 Ac Me Me H

R«

Me

Solvent

Dioxane

EtOH

Dioxane

*x

MeOH

Dioxane

EtOH

Dioxane

EtOH

235

226

238

244

246

221

218

224

1224

(4.00);
(3.94);
(3.89);
(3.98);

(3.95);

(4.18);
(4.21);
(4.15);

(3.83);

* For chemical proof of the site of attachment of the acyl group, see text
** The solvent has not been stated in Ref. [3]

286

286

278

292

291

274

270

273

272

278

(3.88)
(3.91)
(3.88)
(3.90)
(3.95)
(3.99)
(4.14)
(4.15)
(4.13)

(3.70)

Bl
(31
(31

Zlloge

—0.12

—0.03

—0.01

0.09

-0.04

—0.06

-0.02

—0.13

vC=0 (KBr)

1650 (h)

1645 (b)

1665 ()

1690 + 1645

1650 (b), sh at 1680
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should be easily identifiable on the basis of their UY and IR spectra, since the
former contain an aromatic chromophore system and no C= O group, while the
latter have a diacylamino moiety partly incorporated into the pyrimidine ring.
Acylation of Type 4 dihydroimidazopyrimidinones (R = H) can lead only to
1- and 8-acyl derivatives which are the bicyclic analogues of N(2)- and 1-acyl
derivatives ofthe Type 1 (R = H) isocytosines. The UY spectra lend themselves
as a tool for distinguishing between the two alternatives in both series since,
depending on the site of attachment of the acyl group, they should resemble
either those of the compounds listed in Table | or that of compound 18 (see
below). The latter statement might, in principle, be invalid for potentially
tautomeric iV-acylisocytosines, e.g. 1 (R = acyl, R' and/or R3 = ), since the
latter could exist as the Type 2 (R = acyl) and 3 (R = acyl) tautomers as well.
Clearly, the UV spectra should permit ready distinction between the latter
three alternatives.

The UV spectra of acyl derivatives of a series of Type 1 (R = H) isocyto-
sines and of Type 4 (R = H) dihydroimidazopyrimidinones are shown in Tables
IV and I, respectively. The spectra are essentially identical with those of com-
pounds 9 —12 of Table | for which the presence of a conjugated chromophore
system has been proved by synthesis (see above), and differ sharply from that of
compound 18 (see below). Consequently, acetylation of compounds 1 (R = H)
and 4 (R = H) has taken place at iV(2) and JV(1),* respectively, and even the
potentially tautomeric N(2)-acylisocytosines do exist, at least predominantly,
as the tautomers of structure 1 (R = acyl). A possible exception to the latter
generalization is furnished by compound 6 of Table 1V whose absorption bands
are shifted hypsochromically as compared with those of the remaining com-
pounds of Tables I and IV to such an extent that their positions almost coin-
cide with those of the compounds 8 (R8 = Me) (Table Ill). Moreover, one of
the Amide | bands of the compound in question is also shifted towards higher
wave numbers which would be difficult to rationalize on the basis of a Type 1
structure. The possibility of compound 6 of Table IV to exist at least in part
as the Type 3 tautomer cannot, therefore, be ruled out.

Acetylation may again be seen not to affect the validity of the A log e
rule [2] hut, in some instances, acetylation appears to cause a slight bathochro-
mic shift of the shorter, or a slight hypsochromic shift of the longer, wavelength
absorption band.

Additional evidence for the site of attachment of the acyl groups in com-
pounds 3 and 4 of Table 1V comes from the observation that sulfonation of the
latter furnishes heteroaromatic O-sulfonyl derivatives which can occur only
if the acyl groups were attached to N(2) [3]. The site of attachment of the chlo-

* A similar conclusion has been derived for compound No. 1 of Table | on the basis of
NMR evidence [7].
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roacetyl group in compound No. 2 of Table IV, on the other hand, follows from
the result of ring closure of this compound, which leads to compound 7 (R =
= R3= H, R5= Me) obtained also by structure proving synthesis (see below).

Synthesis and tautomeric structures of further imidazopyrimidinediones

The potentially tautomeric 2,5(lii,3ii)-imidazo[l,2-a]pyrimidinediones
6 (R = H) (compounds 5 and 6 of Table I) have been obtained [1] similarly
to their analogues of fixed tautomeric structures (compounds 10 —12 of Table
1) — by ammonolysis of Type 12 oxodihydropyrimidylacetamides or the cor-
responding ethyl esters.* The observations that the UV spectra (1) of the
products obtained by the ammonolysis method and by ring closure of iV-chloro-
acetylisocytosines [8 10], and (2) of the non-tautomeric and potentially
tautomeric Type 6 compounds are identical, prove that the iV-chloroacetyliso-
cytosines are IV(2)-acyl derivatives, and that the predominant form of the
potentially tautomeric 2,5(lif,3fi)-imidazo[l,2-a]pyrimidinones (compounds
5 8 of Table 1) are, indeed, of Type 6.

The IR spectra of the potentially tautomeric and non-tautomeric com-
pounds of Type 6 (Table 1) differ in that the latter exhibit two singlet vC= 0
bands, while in the spectra of the latter at least the higher wave number
vC= 0 band is a doublet. This may indicate that the potentially tautomeric
compounds exist partly in the form of the Type 19 tautomers.

The potentially tautomeric 2,7-imidazopyrimidinedione 7 (R = R3 = H)
N 8 (R3= R8= H) (compound No. 4 of Table Il1) has been obtained by ring
closure of JV(2)-cbloroacetyl-6-mcthylisocytosine 1 (R = C1CH2C0, R' = R3=
R5= H, R° = Me; compound No. 2 of Tabic IV) as well as by ammonolysis
of the ethyl oxodihydropyrimidineacctate (21). The latter has been obtained by
the reaction ofethyl thioureidoacetate [21] with diketene (cf.[22]), and methyla-
tion of the resulting 2-thiouracil derivative 20. Since reaction of diketene with
monosubstituted thioureas may furnish either 1- or 3-substituted 2-thiouracils

*For an alternative mode of synthesis of compound No. 5 of Table I, see Ref. [8];
for the syntheses of compounds No’s 7—9, see Ref’s [8—10, 12, 13].
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[1, 22], the orientation in the reaction with ethyl tliioureiiloacetate had to be
established. This was accomplished by hydrolysis of 21 to the uracil derivative
14 (R3 = H) which proved different from the known isomeric 6-methyl-3-uracil-
acetic acid [1].

The UY spectrum of compound No. 4 of Table Il is dependent on the
nature of the solvent: in ethanol it corresponds to the cross-conjugated form
7, while in dioxane it exhibits the characteristics of the Type 8 compounds,
both as to the positions and the intensities of the absorption bands (and, of
course, their A log e values). Since in the KBr- and DMSO IR spectra both
Amide | bands appear as doublets, compound No. 4 of Table Il apparently
exists as a mixture of the Type 7 and Type 8 tautomers, both in the crystalline
state and in DMSO solution.

The 1-methyl derivative 7 (R = R5= Me, R3= H) (compound No. 6 of
Table Il) was obtained by allowing to react 6-methyl-2-methylamino-4(31/)-
-pyrimidinone (1, R = Re= Me, R' = R3= R5= H) and chloroacetic an-
hydride. The structure of the product of this non-structure proving synthesis
follows by analogy and from spectral properties (see Table Il). In agreement
with its fixed structure, the Amide | bands of this compound are not split
into doublets, and the UY spectrum remains essentially unchanged when the
solvent ethanol is replaced by dioxane.

Aza analogues of the N(2)-acylisocytosines 2 (R = ac)
and dihydroimidazopyrimidiiiones 4 (R — Ac)

The 6-aza analogues of the isocytosines exist predominantly in the cross-
conjugated form, with the exception of such cases in which the conjugated or
exocyclic form is fixed by substitution of the mobile hydrogen atoms [2];
compound 17 may serve as an example for such an exception. Acylation of the
cross-conjugated 6-azaisocytosines or, named more systematically, 3-amino-5-
-(2if)-as-triazinones 9 may lead, if R, R5= H, in principle to no less than four
isomeric derivatives: the N(2)-, iV(3)-, IV(4)- and O-acylation products. The
latter two should be easily identifiable on the basis of their IR spectra (cf.
the analogous acylation of isocytosines discussed above).

Acetylations of 9 (R = R' = R2= H,R° = Me)and of9(R = R2= H,
R' = CH2CH2H, R6 = Me) furnish acetyl derivatives in which the newly
introduced acetyl group is, according to the IR spectra, attached neither to
IV(4), nor to 0(5). (In the second case acetylation of the side chain hydroxyl
group takes place in addition to 7V-acetylation.) The choice between the remain-
ing alternative structures 9 (R = Ac, R2= H, Re= Me, R'= H and

-CH,CH2 Ac, respectively) and 9 (R2= Ac, R = H, R6= Me, R’ = H and
—CH2CH20AC, respectively) can be made by comparison of the UY spectra of
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Fig. 2. UV spectra of 2-acyl-5(2ff)-as-triazinones

the products with that of the acetyl derivative of9 (R -j- R' = [CHZ[4 R2= H,
R° = Me). The latter is shown by its IR spectrum to be neither an 1V(4)-, nor
an 0(5)-acetyl derivative, whence 18 follows as the only acceptable structure.
Since the UV spectra of the two acetylation products (compounds 7 and 8 of
Table Il) mentioned above are totally different from that of 18, they are cer-
tainly iV(3)-acetyl derivatives (9, R = Ac, R, R2 and R6 as stated above).

The considerable differences between the UV spectra of 18 and the type
9 (R = Ac) compounds are another indication of the sensitivity of the electron
distribution of the cross-conjugated chromophore system to variations of the
nature and positions of the ring substituents. The spectra of compounds 18
and 22- 24 [23] - which, in a broad sense, all are 2-acyl-5(2H)-as-triazinones
- are, on the other hand, quite similar (see Fig. 2).

Acetylation of 10 (R = H, R8 = OH) furnishes a diacetyl derivative in
which one of the acetyl groups is attached to the oxygen atom which has orig-
inally been part of the hydroxyl group, while the other is, according to the
IR spectrum, not attached to the other oxygen atom, nor to N(4). As a conse-
quence, 10 (R = Ac, R8= OAc) is the only acceptable structure for this com-
pound (No. 11 of Table Il), and this structure is in agreement also with the UV
spectrum.
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10 (R = H, Rs = OH), the cyclic aminocarbinol form of the aldehyde 9
(R = - CH.,,CHO, R2= R' = H, R6= Me) has been obtained by acid-cata-
lyzed hydrolysis of its dimethyl acetal at room temperature.* No spectroscopic

indications are available for the existence of appreciable amounts of the alde-

hyde form. The aldehyde 9 (R CH2CHO, R2= R' =H, R° = Me), or its
cyclic form, could not be obtained by oxidation of the corresponding 9 (R =
— C2H40H, R2= R' = H, R° = Me) [16], since the latter suffered a glycol
type cleavage to 9 (R = R'= R2= 1II, R6= Me) when treated with hot

aqgueous KM no0O4 or the Pb(OAc)4-pyridine complex [27].

The tetrahydropyrimido[l,2-6]-as-triazinone 25 [16] is also acetylated
at N(o) since, according to its IR spectrum, the resulting product is not an
O-acetyl derivative, neither does it contain a diacylamine moiety. In agree-
ment with the greater departure from planarity of the hexahydropyrimidine
ring as compared with that of the imidazolidine rings of the Type 5 (R = Ac)
and Type 11 compounds, the UV spectrum of the acetylated product 26
(compound No. 12 of Table 11) resembles those of compounds 1, 2 and 10 of

Table 11I.
Experimental

3,6-Dimethyl-2-methylammo-4(3H)-pyrimidinone(l, R=R5= H, K = R3= R1=Me)
A mixture of 3,6-dimethyl-2-methylthio-4(3if)-pyrimidinone [29] (1.7 g; 10 mmoles)
and methylammonium acetate (4.5 g; 50 mmoles) was kept for 2 hrs at 140—150 °C (bath
temperature). On cooling, most of the mixture turned crystalline. The product was filtered off
and washed with ether to yield 1.3 g (85%) of the title compound, m.p. 213—214 °C (EtOH).
C,HUN3D (153.2). Calcd. C 54.88; H 7.24; N 27.43. Found C 54.85; H 7.25; N 27.05%.

N(2)-Acyl-isoeytosines 1 (R = ac)and2(R = ac)

(a) A mixture of 6-methylisocytosine 1 (R = R'= R3= R5= H, R° = Me) [15]
(2.5 g; 20 mmoles), anhydrous dioxane (20 ml) and chloroacetyl chloride (5 ml; 63 mmoles)
was refluxed for 30 min and evaporated to dryness in vacuum. The residue was dissolved in
water (20 ml), and the solution was treated with NaHCO3 until neutral, to yield 2.0 g (50%)
of 1 (R = CICH2XO,R'= R3= R5= H,R6= Me), m.p. 197 °C (d.) (from DMF; second m.p.,
after resolidification, above 260 °C (d.).
C,H8CIN30 2 (201.6). Calcd. C41.70; H 4.00; N 20.84. Found C 41.92; H 4.22; N 20.62%.

* At elevated temperatures the aminocarbinol is readily dehydrated by aqueous HC1
to 2-methyl-3(5H)-imidazo[l,2-6]-as-triazinone, see Experimental.
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NMR (DMSO-d0): 6 » 9.5 (bs, 2H, disappears on addition of D.,0, NH’s); 6.0 (s, 1H,
5-H); 4.45 (s, 2H, COCHXCI); 2.2 (s, 3H, 6-Me).

(b) 3,6-Dimethylisocytosine (1, R = R'= R3= H, R3= R6= Me) [15] (2.8 ¢;
20 mmoles), NaHC03(2.1 g) and chloroacetyl chloride (10 ml) were thoroughly mixed, and the
mixture was allowed to stand 2 hrs at room temperature. The excess chloroacetly chloride was
distilled off in vacuum. The oily residue turned crystalline when triturated with water (20 ml)
and furnished 1.7 g (39%) of 1 (R = CICH2XO, R'= R5= H, R3= R6= Me), m.p. 177 °C
(from MeOH; second m.p., after resolidification, above 215 °C (d.).

C8H 10CIN302(215.6). Calcd. C 44.56; H, 4.67; Cl 16.44. Found C45.18; H 4.38; Cl 16.71%.

The NMR spectrum in DMSO-deis in agreement with the presence of two tautomeric
forms (Type 1 r Type 3): d 6.05 + 5.65, (both s, summing up to 1H, 5-H’s); 4.4 (s, 2H;
COCHZ2CI); 3.4 + 3.3 (both s, summing up to 3H, IV-Me’s); 2.3 + 2.1 (both s, summing up to
3H, 6-Me’s).

(c) IV(2)-Acetyl-6-methylisocytosine (R = Ac, R'= R3= R5= H, R6= Me) has
been obtained as described in Ref. [20].

NMR (DMSO-d6): &€~ 13 (bs, 2H, disappears on addition of DD, NH’s); 598 (s, 1H,
5-H); 2.2 (s, 6H, 6-Me + Ac).

(d) JV(2),3,6-Trimethylisocytosine (1, R = R5= H, R'= R3= RG= Me) (1.0 g;
6.5 mmoles) was refluxed for 2 hrs with Ac2 (10 ml) containing 1 drop of cone. HC1. The
mixture was evaporated to dryness in vacuum and the residue recrystallized from CCl4 to
yield 1.1 g (87%) of 1 (R = Ac, R'= R3= RG= Me, R5= H), m.p. 129—130 °C.

CO9H 13N 30, (195.2). Calcd. C55.37; H 6.71; N 21.53. Found C 55.57; H 6.71; N 21.58%.

(e) 1,IV(2),6-Trimethylisocytosine (2, R = H, R1= R'= RG= Me) [lj (153 g¢;
10 mmoles) was refluxed for 2 hrs. with acetic anhydride (20 ml). The excess anhydride was
distilled off in vacuum and the residue triturated with ether to yield 1.5 g of 2 (R = Ac,
R1= R'= RG= Me), crystalline powder, m.p. 196 °C (from CHC13-Hght petroleum).

COH I13ND 2(195.2). Caled. C 55.38; H 6.71; N 21.53. Found C 55.43; H 6.79; N 21.39%.

I-Acetyl-2,3,6,7,8,9-hexahydro-5(IH)-imidazo[2,I-b]quina7.oline 4 (R = Ac, R3 I,
R° + R7= [CHZA).

4 (R =R3= H, R6-f R7= [CHZ4) [1] (3.0 g; 13 mmoles) was refluxed for 1 hr
with acetic anhydride (10 ml) to yield, after the solution had been allowed to cool, 1.0 g (31%)
of the title compound, m.p. 214 °C (from Ac2).

CI2H 1N 2(222.3). Calcd. C61.79; H 6.48; N 18.02. Found C 61.55, H 6.36, N 18.09%.

3-Acetylamino-6-methyl-5(2H)-as-triazinone (9, R - Ac, R2= R' = H, RG= Me).

A mixture of acetic anhydride (20 ml) and 3-amino-6-methyl-5(2H)-as-triazinone [19]
(0.5 g; 4 mmoles) was refluxed for 20 min to yield, after the mixture had been allowed to
cool, 0.4 g (61.5%) of the title compound, colourless crystals, m.p. 303 °C (from AcQ).

C6H8N40 2 (168.15). Calcd. C 42.84; H 4.79; N 33.32. Found C 42.71; H 4.86; N 32.66%.

3-[!V-(2-Acetoxyethvl)-N-acetylainino]-6-methvl-5(2H)-as-triazinone (9. R = Ac, R2=
= H, R' = —C2H40Ac, Rg= Me).

A mixture of acetic anhydride (5 ml) and 3-(2-hydroxyethylamino)-6-methyl-5(2H)-as-
-triazinone [16] (0.34 g; 2 mmoles) was refluxed for 20 min and evaporated to dryness in
vacuum. The residue was crystallized from gasoline to yield 0.4 g (78%) of the title compound,
m.p. 108—109 °C (from gasoline).

C10H 14N404 (254.25). Calcd. C 47.24; H 5.55; N 22.04. Found C47.14; H 5.61; N 22.48%.

3-(N-Acetyl-N-methylamino)-2,6-dimethyl-5(2H)-as-triazinoiie (9, R = Ac, R- = R'=
R6= Me).

9 (R=H, R2= R'= RG= Me) [26] (0.7 g; 45 mmoles) was refluxed for 2.5 hrs
with acetic anhydride (5 ml) to which one drop of cone. ag. HC1 had been added. The solution
was evaporated to dryness in vacuum and the crystalline residue triturated with ether to yield
0.5 g (57%) of the title compound, m.p. 94—96 °C (from CCl4).

C8H 1N402(196.2). Calcd. C 48.97; H 6.17; N 28.56. Found C 48.84; H 6.29; N 28.25%.

Ethyl 6-methyl-4-ox0-2-thioxo-3,4-dihydro-1(2H)-pyrimidineacetate (20)

Diketene (9.1 ml; 120 mmoles) was added by drops to a refluxing solution of ethyl
thiohydantoate [21] (8.7 g; 54 mmoles) in AcOH (40 ml). The mixture was refluxed for further
10 min and allowed to cool. Water (5 ml) was added by drops to precipitate 7.1 g (58%) of 20,
colourless plates, m.p. 210 °C (from water).

CIAI]N2,S (228.3). Caled. C 47.35; H 5.30; N 12.28, S 14.05. Found C 47.36; H 5.56;
N 12.15; S 14.21%.

UV (EtOH): 219 (4.16); 274 (4.13).
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6-Methyl-4-0x0-2-thioxo-3,4-dihydro-1(2H)-pyrimidineacetic acid

The above ethyl ester (1.0 g; 4.4 mmoles) was refluxed for 15 hrs with 20% aq. HC1
(40 ml) to yield 0.6 g (68%) of the acid, colourless crystalline powder, m.p. 263—265 °C (from
water).

C™MH8N2 35 (200.2). Calcd. C 41.89; H 4.02; N 13.99; S 16.01. Found C 41.97; H 4.31;
N 13.67; S 15:51%.

amido-N-Butyl-6-methyl-4-0x0-2-thioxo-3,4-dihydro-1(2H)-pyrimidineacetamide

The ester 20 (1.14 g; 5.0 mmoles) was refluxed for 4 hrs with butylamine (10 ml). The
excess amine was distilled off in vacuum and the oily residue crystallized from DMF-H2 to
yield 1.0 g (78%) of the butylamide, m.p. 244—245 °C.

CnHIN 2 (255.3). Calcd. C51.75; H 6.71; S 12.56. Found C 51.70; H 6.72: N 12.70%.

UY (EtOH): 220 (4.26); 276 (4.18).

IR (KBr): vC=0 1695 and 1665 cm "1

6-Methyl-2,4-dioxo-3,4-dihydro-1(2H)pyrimidineacetic acid (14, R3= H).

A solution of 20 (0.3 g; 1.3 mmole) in a mixture of IN NaOH (1.4 ml) and water (3 ml)
was treated with Mel (0.2 ml; 3.2 mmoles) under continuous stirring at room temperature
(2 hrs). The mixture was evaporated to dryness, and the residue (a mixture of 21 and Nal)
was refluxed with 20% HC1 (4 ml) for 8 hrs. The solvent and excess reagent were distilled off
in vacuum and the oily residue crystallized from water in the presence of charcoal to yield
0.18 g (75%) of 14 (R3= H), colourless needles, m.p. 263—264 °C (d.) (from H2).

C7H8N20 4 (184.2). Calcd. C45.64; H 4.38; N 15.21. Found C 45.72; H 4.24; N 15.65%.

UV (EtOH): 208 (3.91); 264 (4.02).

IR (KBr): vC=0 1745, m, 1700, b vs.

M.p. of the isomeric |,2-dihydro-4(3H) derivative 254—255° [1]; UY (EtOH): 206
(3.94); 260 (3.96).

2,5(1H, 3H)-Imidazo[l,2-a]pyrimidinediones (6)

(a) For the syntheses of compounds 5, 6 and 10 of Table |1 by ammonolysis and butyl-
aminolysis of the appropriate Type 12 compounds, see Ref. [1]. 2-Hydroxyethyl- and benzyl-
aminolysis of the ethyl ester corresponding to 12 (R5 R6= [CHZ4) did not furnish the ex-
pected Type 6 compounds; instead, the isocytosine derivatives 1 (R = H; R5-F R6= [CHZ2J4,
R = HOC2H4— and PhCH2—, R3= —CH2CONHC2H40H and —CH2CONHCHZ2Ph, respec-
tively) were obtained [1].

(b) The solutions of the above isocytosine derivatives in 20% aq. HC1 (10 parts)
were refluxed for 30 min and evaporated to dryness in vacuum. The residues were triturated
with 10% aq. Na2C03to yield 90—92% of the corresponding Type 6 compounds.

6, R = HOCH4—, R3= H, R6-- R7= (CH24, m.p. 1765 °C (from water).
Ci2HiSN D 3 (249.3). Calcd. C 57.82; H 6.07; N 16.86. Found C 57.91; H 6.20; N 17.09%.
6, R = PhCH,—, R3= H, R6+ R7- (CH24, m.p. 177°C (from i-PrOH).

CIHIN3 2(295.4). Calcd. C 68.66; H 6.44; N 14.13. Found C 68.77; H 6.12; N 14.18%.

5-Methyl-2,7(IH, 3H)-imidazo[l,2-a]Jpyrimidinedione (7, R —R3= H, R5= Me)

(a) Sodium (0.46 g; 20 mmoles) and, subsequently, compound 20 (4.56 g; 20 mmoles)
were dissolved in anhydrous EtOH (20 ml). Mel (2 ml; 32 mmoles) was added, and the mixture
was allowed to stand overnight at room temperature and evaporated to dryness in vacuum.
The colourless residue (compound 21 -(- Nal) was dissolved in anhydrous EtOH, and the
solution was saturated at 0 °C with dry NH3. BF3-etherate (0.2 ml) was added as a catalyst,
and the mixture was heated in a sealed tube for 10 hrs. at 145—150 °C to yield, after being
allowed to cool, 2.9 (79%) of 7 (R = R3= H, R5= Me), colourless crystalline powder, m. p.
305—306 °C (d.; from H2).

The product contained one molecule of water of crystallization which was not removed
even by sublimation at 250 °C/0.1 torr.

CHMN3oe+H.,0 (183.2) Calcd. C 45.90; H 4.95; N 22.94. Found C 45.77; H 4.99;
N 23.08%.

(b) 1 (R = CICH2O, R'= R3= R5= H, R6= Me; see above) (0.5 g; 2.5 mmoles)
was refluxed for 30 min with dry tetraline (10 ml). The solvent was distilled off in vacuum
and the crystalline residue triturated with ether to yield 0.2 g (44%) of 7 (R = R3= H,
R5= Me), m.p. 305 °C (d.) which, according the IR spectra, proved identical with the product
obtained as described under (a).

1,5-Dimethyl-2,7(1H, 3H)-imidazo[l,2-a]pyrimidinedione (7, R = R5= Me, R3= H).
A mixture of 1 (R = R6= Me, R' = R3= R5= H) [15] (1.4 g; 10 mmoles) and chloro-
acetic anhydride (2.0 g; 12 mmoles) was kept for 3 hrs at 130— 140 °C (bath temperature).
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The resolidified melt was dissolved in MeOH (20 ml) and treated with ethereal diazomethane
solution in order to liberate the product from its HC1 salt. The solvents were distilled off in
vacuum, and the residue was recrystallized from MeOH to yield 0.6 g (34%) of the title com-
pound, m. p. 322°C (d.).
C8HON0 2(179.2). Calcd. C 53.68; H 5.07; N 23.47. Found C 53.43: H 5.06; N 23.64%.
NMR (DMSO-d6): O02.20 (s, 3H, 5-Me); 3.06 (s, 3H, 1-Me); 4.68 (s, 2H, CH.CO); 5.74
(s, 1H, 6-H).

5.8- Dimethyl-2,7(3H, 8H)-imidazo[l,2-a]pyrimidinedione (8, R3= H, R8= Me).

1 (R = CICHXO—, R' = R5= H, R3= R6= Me; see above) (0.8 g; 3.7 mmoles)
was heated for 5 min at 180 °C (bath temperature). The melt solidified on cooling. It was
thoroughly pulverized and sublimed at 200 °C/0.1 torr to yield 0.3 g (45%) of 8 (R3= H,
RH= Me), m.p. 258—260 °C (d.), lit. [10] m.p. 261—262 °C.

C8HIND 2 (179.2). Calcd. C 53.62; H 5.06; N 23.45. Found C53.74; H 5.44; N 23.68%.

7.8- Dimethyl-2,5(3H, 8H)-inGdszo[l,2-a]pyrimidinedione (19, R7= R8= Me).

(a) 1,6-Dimethyl-2-methylthio-4(IH)-pyrimidinone [1] (1.7 g; 10 mmoles) was added
to ammonium acetate (3.85g; 50 mmoles) preheated to 120 °C, and the mixture was kept at
160—170 °C (hath temperature) until the evolution of methanethiol ceased (about 2 hrs).
The melt gradually solidified during this period. The product was pulverized and washed
with acetone to yield 1.1 g (85%) of the title compound, colourless crystals, m.p. above 350 °C
(d.; aqueous acetone), lit. [30] m.p. 329 °C (d.). (The synthesis described in the literature was
not structure-proving.)

(b) A mixture of the above product (1.0 g; 7 mmoles) and chloroacetic anhydride (1.3
g; 7.5 mmoles) was heated for 3 hrs at 130—140 °C (bath temperature). The resulting crystal-
line product was dissolved in methanol (60 ml). Freshly prepared ethereal diazomethane was
added in portions until the total amount of the title compound was liberated from its hydro-
chloride. Part of the solvent was evaporated, and the mixture was filtered to yield 0.7 g (56%)
of the title compound, colourless crystals, m.p. 275—277 °C (d.; DMF).

C8HINI (197.2). Calcd. C53.62; H 5.06; N 23.45. Found C 53.64; H 5.09; N 23.53%.

IR (KBr): 1745 and 1700 cm '1(b). UV (dioxane): 242 (4.08); 274 (3.71). UV (EtOH):
210 (3.91); 246 (3.96); 272 (3.66).

7-Acetoxy-5-acetyl-2-methyl-6,7-dihydro-3(5H)-imidazo[l,2-b] -as-triazinone
(10, R = Ac, R7 AcO).

(a) A mixture of 6-methyl-3-methylthio-5(2fi)-as-triazinone (1.57 g; 10 mmoles),
anhydrous ethanol (10 ml) and 2,2-dimethoxyethylamine (1.2 g; 11.4 mmoles) was refluxed
for 4 hrs and evaporated to dryness in vacuum. The oily residue was triturated with light
petroleum to yield 2.6 g (99%) of 2,2-dimethoxyethylammonium 6-methyl-3-methylthio-as-triazin-
-5-olate,* colourless needles, m.p. 112—120° (d. (from FtOH-light petroleum).

COH 18N40 3S (262.3). Calcd. C 41.21: H 6.92. Found C 41.32; H 6.25%.

(b) When the above product (or the original oily residue) was heated at 150 °C (bath
temperature) for 1 hr, vigorous evolution of methanethiol took place. The solid product was
recrystallized from a small amount of methanol to yield 1.1 g (52%) of 3-(2,2-dimethoxyethyl-
amino)-6-methyl-5(2H) -as-triazinone (9, R2= R'= H, R = [MeO]J2CH2CH2—, R6= Me)
colourless crystalline powder m.p. 220—222 °C.

C8H 14N40 3S (214.2). Calcd. C 44.86: H 6.59; N 26.16. Found C 44.98; 11 6.42; N 26.09%.

UV (EtOH): 210 (4.38); 244 (3.84).

IR (KBr): vC=0 1660 cm"1

(c) The above product (2.0 g; 9.4 mmoles) was stirred with N ag. HC1 (25 ml) for 10
hrs room temperature. The mixture was evaporated to dryness in vacuum, and the brownish
oily residue was triturated with acetone until it turned crystalline. The resulting hydrochloride
was triturated with 10% ag. Na2C03 to yield 0.6 g (77%) of 7-hydroxy-2-methyl-6J-dihydro-
~3(5H)-imidazo [1,2-b]-as-triazinone (10. R = H, Rv= OH), colourless crystalline powder,
m.p. 240—241 °C (d.) (DM F-acetone).

C6H8N40 0(168.15). Calcd. C. 42.85; H 4.79; 33.32. N Found C 42.96; H 4.82; N 33.18%.

UV (EtOH): 208 (4.38); 250 (3.84).

(d) The above product (0.3 g; 1.8 mmole) was refluxed for 30 min with a mixture of
AcOH and Acd (3 ml, each). The resulting brown solution was evaporated to dryness in va-
cuum, and the residue was recrystallized from a small amount of water to yield 0.17 g (37%)
of 10 (R = Ac, R7= AcO), colourless crystalline powder, m.p. 180- 181 °C.

C10H 12N404 (252.23). Calcd. C 47.61; 11 4.79; N 22.21. Found C47.49; H 4.87; N 22.07%.

* C/. Ref. [16].
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2-Methyl-3(5H)-imidazo[l,2-b]-as-triazinone

(a) 3-(2,2-Dimethoxyethylamino)-6-methyl-5(2H)-as-triazinone (1.0 g; 4.7 mmoles)
was refluxed for 10 hrs with 20% ag. HC1 (15 ml). The mixture was evaporated to dryness
in vacuum to yield 0.45 g (64%) of the title compound, colourless crystalline powder, in.p.
above 300 °C (from water).

CHHEN40 (150.14). Calcd. C 47.99; H 4.03. Found C 47.52; H 4.00%.

UV (EtOH): 212 (4.22); 246 (3.82); 308 (3.69).

IR (KBr): v YC—H (five-membered ring) 3100, vC=0 1630 cm-1.

(b) 10 (R = H, R7= OH) (0.3 g; 1.8 mmole) was refluxed for 1.5 hr with 20%
ag. HC1 (10 ml). The mixture was evaporated to dryness in vacuum. The residue was triturated
with a small amount of 10% aq. Na2C03 and slightly acidified with AcOH to yield. 0.2 g
(75%) of a product which, according to m.p’s and IR spectra, proved identical with the sub-
stance obtained as described under (a).

2-Acetyl-6-methyl-3-pyrrolidino-5(2H)-as-triazinone (18)

(a) A mixture of 6-methyl-3-methylthio-5(2fi)-as-triazinone (1.57 g; 10 mmoles) and
pyrrolidine (10 ml) was refluxed for 20 hrs and allowed to stand overnight to yield 1.6 g (89%)
of 9 (R2= H, R1 R'= [CHZ4 R6= Me), m.p. 298—300 °C (d.) (from MeNO.,).

C8H 12N40 (180.2). Calcd. C 53.32; H 6.72; N 31.09. Found C 53.52; H 6.63; N 31.20%.

(b) The above product (1.5 g) was refluxed for 1 hr with a mixture of Ac20 (20 ml)
and pyridine (0.5 ml). 1.1 g of unchanged starting compound was recovered when the mixture
was allowed to cool. The filtrate was evaporated to dryness in vacuum and the resulting yellow
gum was extracted with boiling gasoline (20 ml). The product, 0.1 g (20%, based on unrecovered
starting material), crystalline needles, m.p. 104—105 °C (from gasoline), separated on cooling.

CiOHi4N409 (222.2). Calcd. C 54.05; H 6.35; N 25.22. Found C 54.11; H 6.44; N 25.66;
24.95%.

UV (anhydrous dioxane): 222 (4.04); 244 (4.05); 257 (4.08).

IR (KBr): vC=0 1725 -f 1708/1700, d.

For comparison [23]:

22, UV (anhydrous dioxane): 242 (4.18); 264 (4.19).
IR (KBr): vC=0 1745 - 1685.

23, UV (anhvdrous dioxane): 238 (4.14); 264 (4.24).
IR (KBr): vC—O 1765 + 1675.

24, UV (anhydrous dioxane): 232 (4.18); 255 (4.06).
IR (KBr): vC=0 1760 + 1690.

5-Acetyl-2-methyl-5,6,7,8-tetrahyclro-3H-pyrimido[l,2-b]-as-triazin-3-one (26)

A mixture of 25 [16] (0.32 g; 2 mmoles), acetic anhydride (5 ml) and one drop of cone.
HC1 was refluxed for 1 hr and evaporated to dryness in vacuum. The crystalline residue was
triturated with ether to yield 0.25 g (62%) of 26, m.p. 127—128 °C (from CCl4).

CO9Hi2N40 2 (208.2). Calcd. C 51.92: H 5.81; N 26.91. Found C 51.81; H 6.04; N 27.07%.

*

The authors are indebted to Mrs. |I. Balogh-Batta and staff for the microanalyses, to
Drs. P. Kotonits and P. Sonar and staffs for the IR, to Dr. P. Sonar for the NMR and to
Dr. L. Lang and Dr. F. Ruff and staffs for the UV spectra.*
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AND -7-/5-SOPHOROSIDE

L. Farkas, A. Katman and A. Wolfner

(Institute of Organic Chemistry, Technical University, Budapest and Central Research
Institute of the Hungarian Academy of Sciences, Budapest)

Received June 10, 1975

The 7-0-/S-gentiobioside and 7-0-/S-sophoroside of formononetin have been
synthesized and found to be different from aformononetin-7-0-glucosyl-glucoside isolated
from Cladrastis platycarpa.

From the bark of Cladrastis platycarpa, a tree growing in Japan, Imamura
et al. recently isolated a glucosyl-glucoside of formononetin (1) with the struc-
ture of the disaccharide unspecified [2]. Since among the numerous possible
glucosyl-glucoscs only gentiobiose (6-0-/3-D-glucopyranosyl-glucose) and sopho-
rose (2-0-/?-D-glucopyranosyl-glucose) have been reported to be associated
with flavonoids [3], it was plausible that one of these may be the sugar moiety
of the above mentioned glycoside.

In order to verify this assumption, we have prepared formononetin-7-O-
/5-gentiobioside (2) and -7-O-sophoroside (3) by coupling formononetin (1)
with the corresponding oc-acetobromosugars, followed by saponification of the
resulting glycoside acetates (4 and 5, respectively). Both 2 and 3 were clearly
distinct from the natural product both by m.p., IR and chromatographic
mobility. Dr. H. Imamura kindly provided us with the information that he
had obtained evidence showing the sugar component of the natural product
to be laminaribiose (3-0-/?-D-glucopyranosyl-glucose). Since he also informed
us that a synthesis of formononetin-7-0-/2-laminaribioside was in progress, we
did not pursue our investigations any further.

H

/S-gentiobiosyl
jS-sophorosyl
hepta-O-acetylgentiobiosyl
hepta-O-acetylsophorosyl

abwn e
U000 AD

*For Part XII, see Ref. [1]
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Experimental

7-Hydroxy-4’-methoxyisoflavon-7-0-/?-gentiobiosideheptaacetate (4)

A solution of 1 [4] (0.30 g) and a-acetobromogentiobiose [5] (0.5 g) in anhydrous pyridine
(610 ml) was stirred with silver oxide (0.20 g) and anhydrous calcium sulfate (Drierite) at room
temperature for 3 hrs. The reaction mixture was filtered into 15% aqueous acetic acid (30 ml).
The precipitate was collected, dried and triturated with chloroform (20 ml). The undissolved
aglycon was separated, the chloroform evaporated, and the residue crystallized first from
ethanol and then from ethanol-chloroform to afford the product (0.17 g; 17%) as colourless
prisms, m.p. 215—215.5 °C.

C42H,60 21 (886.8). Calcd. C 56.77; H 5.23. Found C 56.72: H 5.25%.

7-Hydroxy-4’-methoxyisofSavoiie-7-0-/?-genlio!]iaside, Formononetin-7-0-/?-gentiobioside (2)

Compound 4 (123 mg) was boiled with 0.01 N sodium methoxide (5 ml) for 10 min.
After neutralization with acetic acid the solution was filtered and evaporated to about 1/3 of
its original volume. The product was collected and recrystallized from methanol to afford 2
(12 mg) as small, colourless needles, m.p. 188—191 °C.

C2ZH3D 4 + 2HoO (628.57). Calcd. C 53.50; H 5.77. Found C 53.86; H 5.59%.

6-Hydrox-4’-methoxyisoflavone-7-0-/?-sophoroside heptaacetate (5)

Coupling of 1 (0.3 g) with a-acetobromosophorose [6] (0.5 g), as described for 4. afforded
5; after repeated recrystallizations from ethanol the product was colourless needles, m.p.
199 201°.

CA2HA® 2 (886.8). Calcd. C 56.77; H 5.23. Found C 56.70; H 5.34%.
7- Hydroxy-4’-methoxyisoflavone-7-O-jO-sophoroside (3)

Deacetylation of 5, as described for 2, gave 3 as colourless needles (from MeOH), m.p.
213- 216 °C.
C23H30 14+2H20 (628.57). Calcd. C 53.50; H 5.77. Found C 53.24: H 5.47%

*

We are indebted to Dr. imamura for a sample of the the natural product and for com-
municating his unpublished results.

REFERENCES

[1] Farkas, L., worfner, A.: Acta Chim. Acad. Sei. Hung., 67, 109 (1971)

[2] Imamura, H., Hibino, Y., Ohashi, H.: Phytochemistry 13, 757 (1974)

[3] wagner, H.: in “Progress in the Chemistry of Natural Products”, 31, 159 (1974)

[4] Farkas, L., Major, A., Pattos, L., Varady, J.: Chem. Ber., 91, 2858 (1958)

[5] Takiura, K., Honda, S., Endo, K., Kakeni, K.: Chem. Pharm. BU”.| 20, 438 (1972)
[6] Freudenberg, K., sofrf, K. Chem. Ber., 69, 1245 (1936)

Lordand Farkas,
Andras KALMAN H -111l1 Budapest, Gellert tér 3.
Andrds Wolfner

Acla Chim. (Budapest) 88, 1976



Acta Chimica Academiae Scientiarum Hungaricae, Tomus 88 (4),pp. 435—436 (1976)

NOVEL TYPE PHOTOISOMERS
FROM iV-(4-METHYL-3-QUINAZOLINIO)-AMIDATES*

(PRELIMINARY COMMUNICATION)

J. Fetter/ K. Lempert‘land J. MObbeks

(“Department of Organic Chemistry, Technical University, Budapest, Hungary und
ODepartment of Chemistry, Odense University, Odense, Denmark)

Received January 2, 1976

Irradiation in ethanol of the title compounds gives rise to the formation of
isomers by formal 1,3-shifts of the acylnitrene groups from nitrogen to carbon.

The photochemistry of iV-(3-quinazolinio)-amidates (l), such as compound
1A (= I, R2= R4 - Me, R = OEt), has been described in Ref. [1]. We have
now isolated a photoisomer I11A (Il1l1; R2= Me), m. p. 160—162°C, in 5% yield
in addition to HA (Il; R2= Me) on irradiation of Ar purged ethanol solutions
of IA with a high pressure Hg immersion lamp through Pyrex. Analogous
products, viz. 11B (IlI; R2 = H) (23%, m. p. 165°C) and I1IB (IIl; R2= H)
(7%, m. p. 176 —177°C) have been obtained on irradiation of IB (I; R2= H,
FA = Me, R = OEt).

The structure assignment of compounds IIIA and B is based (1) on the
presence of hands at 3420, 1730. 1225 and 1035 ¢cm” 1, and 3400, 1725, 1215 and
1035 cm™” 1, respectively, in the KBr IR spectra; (2) on the virtual identity of
the EtOH UV spectra of compounds I1A. 1IB. I1IA and IIIB; (3) on the NMR
and (4) mass spectra.

z H2C COZEt
] 1

N A nnh

I: 7;= Me v

I: Zz CH, NH-COOEt

$7.35, s, 5-H + 8-H; 6.45, bs, exchangeable,
4.5 Hz (s, after addition of D20), 4-CH2N;
430,q, + 1.35,t,J = 7Hz, COOEt; 2.85, s, 2-Mo. IlIB (DMSO -de + CDC13):

*Part XI of Electron Deficient Heterocyclic Ammonioamidates, and Part IlIl of
JV-(3-Quinazolinio)-amidates, For Parts X and Il, respectively, see Ref. [1J.
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d8.97,s,2-H; 7.60,s,5-H; 7.30,s,8-H; 6.25,s,0CH2; 4.75,s -f d,J = 3.5Hz,
4-CH2N (with NH partially deuterated); 4.07, q, + 1-2,t,J = 7 Hz, COOEL.

Mass spectra (70 eY, 100 °C). IlIA: m/e 289: 93% (M), m/e 288: 6% (a),
m/e 260: 8% (b), m/e 244: 12%, m/e 242: 6% (c), m/e 216: 100% (d), m/e 202:
79% (e), m/e 189: 13% (f), m/e 188: 20%, m/e 187: 25%, m/e 174: 2%, m/e:
161: 3%. I1IB: m/e 275: 78% (M), m/e 274: 6% (a), m/e 246: 8% (b), m/e 230,
14%, m/e 228: 10% (c), m/e 202: 100% (d), m/e 188: 32% (e), m/e 175: 16% (f),
m/e 174: 24%, m/e 173: 12%, m/e 160: 13%, m/e 147: 12%; with metastable

peaks corresponding to the processes M-+ — M+ -+d, Mr* —e, a—b, b—>c,
b—»d and d—fin both series.
The formation of the type Ill photolysis products is without precedence

in the photochemistry of heterocyclic ammonioamidates, and only a single
comparable reaction is known in the related iV-oxide series, i.e. the gas phase
photoisomerization of 2-picoline-iV-oxide into 2-pyridinemethanol induced by
irradiation with 3261 A light [2]. Two mechanisms may be considered in order
to rationalize the formation of the type Ill products: (a) photolysis of the N—N
bond of the starting compounds | (R1= Me), and insertion of the resulting
excited singlet nitrene into a C—H bond of the 4-methyl group of the quina-
zoline fragment Il (Z= Me); (b) tautomerization of the starting compound (the
hydrogen atoms of the 4-methyl group of IIIA are rapidly exchanged in
CD30D solution at room temperature [3]), and subsequent sigmatropic [1, 3]
shift of the ethoxycarbonylamino group of the resulting type IV tautomers.
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TOM 88—BbIlN. 4
PE3IOME

MasoBoxpomartorpaguyeckmnin aHanms cmecn N2, CO, CO.,, CI2 HCl n COC12
NCMONb3ys [AEeTEKTOP rasoBOi MMAOTHOCTM

. ANEKCAHAEP un I'. TAP30

BbiNo OnucaHo pasfeneHue 3arfiaBHbIX COeAVHEHWA nofadeli AByX 06pasLioB Ha ABe
KONOHHBI. O6CYXJatoTCA YCNOBMA PasfieNleHns 1 AeTeKTMPOBaHWs, NpeabABifeMble BCNeACT-
BME KOppoAupytoLLeli Npupogbl CMeCH.

pH-MeTpuyeckoe uccnefoBaHne TPOMHbIX CUCTEM: OKcoBaHaauii(ly)
8-rMapOKCUXUHOMNH-5-CyNb(OHOBAsA KUC0Ta - AUTMAPOGEHONbHbIE COEAUHEHUS

C. M. CUHI v AX. n. TAHAOH

O6pa3oBaHMe CMeLIaHHOro XenaTa B CUCTEMe, COdepiKalleli BaHafW/bHbIA WOH, 8-rng-
POKCUXMHONMH-5-CYNb(DOHOBYO KUCNOTY M TUPOH WAW COMlb XPOMOTPOMOBO KUCMOTbI, 6bLI0
uccneaoBaHo pH-meTpuyeckn Npu MOHHOW cune, pasHoli 0,1 (KNO3 wm 30 + 0,5°C. Bbiin
onpefieneHbl KOHCTaHTbI CTabUNBLHOCTM 06pa3yoLLerocs KOMM/IEKCca co CMELLaHHbIMU NIraH4amMm,
ccoctaBoM 1:1:1. BblN0 HailgeHo, YTO, C TOUYKW 3PEHNSA BTOPUYHBIX IMFaHA0B, CTabWIbHOCTb
YMEHbLIAETCA B CMiefytolWwem psaay: XpoOMOTPOMoBas KUCnoTa > TUPOH.

MK cnekTpooToMeTPUYECKOE WCCefOBaHNE KOMI/IEKCOB C MepeHocoM 3apsiga
HEeKOTOPbIX MPOU3BOAHLIX CUMMETPUYHOIO TPUHUTPOBEH30/1a C apoMaTUUYeCKUMMU
COEANHEHMAMM

A. M. XUHOABEM, A. M. T. HACCAP u P. M. UCCA

WK cnekTpbl NPOAYKTOB MPUCOEAUHEHUS HEKOTOPbIX MPOU3BOAHBLIX CUMM. TPUHUTPO-
6eH30/1a C apOMaTUHECKUMU COeAVMHEHNAMW aHaI3MPYHOTCA C Lenblo BbIACEHUA TUNa B3anMO-
pelicteusa. Cosury nonoc NHj apomaTMyecknx aMMHOB U acMMMeTpUYHbIX nosioc N 02 nponssog-
HbIX CUMM. TPUHWUTPOGEH30Ma MO3BOMSAKT OT/IMYUTL KM3 OT MOMIEKYNAPHLIX KOMMIEKCOB. bbin
uccnefoBaH Takxke a(heKT pacTBOPUTENS AN BbIACHEHWUSA NPUPOAbLI PeakLun Mexay MnuKpui-
XNOPULOM U apoOMaTUYECKUMU aMUHAMMU.

MHoroc/noiiHasi afcopbuus rasoB Ha reTeporeHHbIX TBEPAbIX MOBEPXHOCTSAX:
mecTHoe B3T nosefeHue afcopGupoBaHHOW (asbl

M. APOHEL, n B. PYA3NHCKWN

BblN0 06CYX/EHO BNMAHNE TeTepOreHHOCTN MOBEPXHOCTM afcopbeHTa Ha 06pasoBaHie
MHOFOMOJIEKY/IIPHOTO C/I0S B Fa30BOW aAcopbuuu, MCMonb3ys MOMHYH (hopMy YpaBHEHUs
BEST B KayecTBe MECTHOI afCcOPOLMOHHON M30TEPMbl. B uUMCMeHHbIX pacyeTax 6bin UCMO/b30-
BaH HOBbIi METOZ OMpefe/eHNs 3aBUCUMOCTW PacrpefeneHns 3Hepruu.



XenaTbl peaKo3eMebHbIX MeTannoB ¢ M-(2-rugpokcu-1-HadyTanugeH)-/?-anaHuHOM
A. fI. O3A, 6. P. CUHIBM u P. K. MEXTA

bl-(2-M'mppokeun- 1-HagTanuaeH)-/(-anaHnH obpasyeT TBepable xenatol ¢ La(lll), Ce(lll),
Pr(l11), Nd(I11), Sm(lll) n Gd(I11). O6yxaaTca BENYUHLI MArHUTHbLIX MOMEHTOB U WK-
CMEKTPbI 3TUX XeNnaToB. bblW MCCnesoBaHbl TaK)Ke HEKOTOPble peakuun NUMraH4HOro 3amelle-
HUA 3TUX XenaTos.

KomnnekcHoe uccnefoBaHne HUKeNEBbIX KaTanm3aTopos, VI

NccnepoBaHne MeTannuuyeckoid CTPYKTYpbl HENUPOPOPHbIX HUKENeBblX
KaTanus3aTopoB HOBOro Tuna

W. BEKALULIN, M. METPO, 3. KPULWITbLAK, A. YAHAAU u A. KANbMAH

MeTannorpamyeckum, 3n1eKTPOHHO-MUKPOCKOMWNYECKUM W PeHTIeHO-AN(hPaKLMOHHbIM
MeTofamu 6bim m3yueHbl cnnasbl Ni—Si, Ni—AI—Si, Ni—Mg 1 Ni—Zn 1 npuroTtos/ieHHble
M3 HUX HEMUPOGOpHbIE KaTann3aTopbl.

HecmoTpa Ha OTHOCMTENbHO ObICTPOE OXNaxaeHuwe, (ha3osas CTPYKTypa CrniasoB Co-
OTBETCTBYET YC/OBMAM, YKa3aHHbIM Ha Auarpamme cocTosHuiA. LLlenoub cHavana atakyet ¢hasbl,
coepxallme 6onblUMe KONMYeCTBa HeaKTUBHOroO MeTanna. Mpu NpuroToB/iEHNW KaTann3aTopoB
HEaKTMBHbI/ MeTaN/l He BbllenaynBaeTCAd MOMHOCTBIO, TaK YTO B HEM OCTAtOTCA W MHTepMe-
TaNIMYECKNE COBAVHEHUSA. ONeKTPOHHO-MUKPOCKOMUYECKME CHEMKM HarnsgHoO MOKasbiBaloT
HeonpeseneHHY0 MOBEPXHOCTHYKO TeOMETPUIO KaTann3aTopoB, COAepXalmx 60/bluve Konu-
yecTBa rMpOOKMCU.

CTpykTypa katanusatopa u3 cniasa Ni—Mg OTK/OHSETCH OT OCTaNbHbIX. Mocne Bbile-
Na4NBaHNs OCTAETCA HEM3MEHHbIM HE MHTEPMETA//IMYECKOE COEAMHEHME, a He/ervpoBaHHbIi
MarHuii, M B KaTa/M3aTope Haxogutca 60nblioe konuyectBo Mg(OH)2 kpucTtanimueckoi

CTPYKTYpbI.

MccnegoBaHne npeBpalleHWini AMOMOB W LUKANYECKUX 3upoB, XXXVIII

MexaHnsm wnsomepusaLunm OKcaLUKIOaNKaHOB, KaTal’IVISVIpOBaHHOVI nnaTuHoiM
M. BAPTOK

Bbin uccneoBaHW MeXaHM3M M30MepU3aLM 2-MeTUOKCALMKI0aIKaHOB (2-MeTUMOKCU-
paH, 2-MeTW/OKCETaH, 2-MeTUNTETParnapodypaH, 2-MeTUATeTParuaponmpaH), Kataan3upoBaH-
HOVi NMNaTMHO. B KayecTse 3KCMepUMEHTabHOro MeToda 6Gblna NCMoNb30BaHa MUKPOPEeaKTop-
Has TexHWKa, KOMOMHMPOBaHHAs C ra3oBOW XpomaTorpagveii, TexHrKa UMNynbca. MogesbHble
COBAVHEHWS GbINM UCCNIE0BAHBI B TOKE ra3a-HOCUTENs BOAOPOAA U Feansi, B NPUCYTCTBIAV MiaTy-
HOBbIX KaTa/n3aTOPOB Ha TEPMOJINTHOM U YrO/IbHOM HOCUTENISIX, @ TAKXKE B MPUCYTCTBUM KaTa-
N3aTOpOB, OTPaBMeHHBIX aMMUaKoM. Bbini NpoBefeHbl MCCneoBaHNA NPOAYKTOB peakuuu, a
TakxkKe psafa COeAMHEHWI, MONMaraemMbiX MPOMEXYTOUYHbIMU NPOAYKTaMU. IKCMepUMEHTASbHbIE
[aHHble YKa3blBaKOT Ha TO, YTO MEXaHW3M M30Mepu3aLni OKCALMKI0aKaHOB 3aBUCUT OT uncna
aTOMOB B KOJlblLie, OT MCMOMb3YEMOr0 KaTasn3aTopa W OT YCoBWiA NPOBEAEHNS peakLun. Bbino
TakXe YCTaHOBMEHO, YTO B MexaHW3Max 06pa3oBaHUs aNbAernioB W KETOHOB CyLLECTBYHOT
pasnuuuns. BaxHylo posib B 06pa30BaHWM abferaoB UrpatoT Takre LEeHTPbl Ha KaTaiusaTope,
KOTOpble 06/13faloT 3MEKTPO(PUILHBIM XapaKTepoM. JKCMEPUMEHTaIbHO TakXe 6blia nof-
TBEPXK/JeHa BaXHas ponb MAaTWHOBOTO KaTanv3aTopa, BOLOPOAA, XEMWUCOPBMPOBAHHOTO Ha
KaTanu3aTope, a TakxXe y4acTUsi BTOPUYHBIX CMIMPTOB B KAUYECTBE NMPOMEXYTOUHbIX NPOAYKTOB B
npolecce 06pa3oBaHUs KETOHOB.



WccnegoBaHme TO3UAbHBIX U Me3U/IbHbIX MPOM3BOAHLIX B MOP(UHOBOM pagy, XIV

HoBblii MeTOA NonydYeHus f[e3okKcukogenHa-E
W. MAKMEWT, W. BEPEHW u P. BOFHAP

Bbin pas3paboTaH HOBbIA, IETKO OCYLLECTBMMbIA METOZ, MOSTyUYeHuUs [1e30KCUMOpguHa-E 1
avruapogesokeumopia-D  nytem BoccTaHoBneHus 3-0-aueTun-6-0-TosunmopgmHa  LiAIHA
N faNbHELLINM KaTa/IMTUYECKUM BOCCTaHOB/IEHMEM MOMYYEHHOTO fe30KcumopduHa-E.

MUPUMUANHBI U X KOHAEHCMPOBaHHbIe NPON3BOAHbIE, IV

M (2)-aunMnM30LUTO3NHbI, HEKOTOpPble POACTBEHHbIe UMKUAa3o [1,2-a]-nupumu-
OVHAWOHbLI U asa-aHanoru. CUHTe3, CMeKTPbl W TayTOMepHbIe CTPYKTYpb

Ob. XOPHSAK, B. ArAW, N1. CEY u K. IEMMNEPT

Bbinn  cMHTE3MpOBaHbl Cepun MNOTEHUWaIbHO TayTOMEpHbIX W HeTayToMepHbiX N(2)-
auunmsouuTosnHos, l-aumn-2,3-gurugpo-5(1H)- un -7(W)-ummpaso [1,2-a] NMPUMUAMHOHOB,
ummgaso [1,2-a] NMPUMMAMHAMAHOB M WX asa-aHanoroB. Ha OCHOBE CMEKTPOCKOMMYECKMX
[aHHbIX WM/MAN XMMUYECKMM NyTemM Obinv OnpefeneHbl MecTa auuanpoBaHUS W30LMTO3MHOB,
2,3-qurnapo [1,2-a] NIMpMMUANMHOHOB 1 UX a3a-aHanoros. Bbina onpegeneHa TakXxe JOMUHUPYHO-
Lwas TayTomMepHasa (opma MoTeHUManbHO TayTOMEPHbIX COeAVHEHUIA.

CwuHTe3 n3oiaBoHrntoko3ngos, X1l

CnHTE3 (hOPMOHOHETUH-7-/?-TeHUunobuosnga n -7-/?-cooposnga
Nn. ®APKALU, A. KAJIbMAH n A. BOJIb®HEP

Bblnn cuHTE3MpoBaHbl 7-0-/3-reHumobuosung n 7-0-/?-cohoposus POPMOHOHETMHA. Bbino
Ha/iZleHo, YTO OHW OT/IMYAKOTCA OT (POPMOHOHETUH-7-0-rNOKO3UATNOKO3WA], WU30MMPOBAHHOIO
13 Cladrastis platycarpa.
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