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The hydrodechlorination reactions of Aldrin, of its epoxide Dieldrin, and of
Toxaphene were studied in C2ZH50H—NaOH solution at 50 bar H2 130 °C, using 61%
Ni on Kieselguhr catalyst. The stoichiometry of these heavy multifunctional species
follows the rules established for simple low-molecular weight compounds. Concerted
(i.e. multiple) reactions, in which intermediate species do not desorb, are typical:

For Aldrin:

_HC ( C2HMNCIs > C[sH t2Cl4

+3H2 -2HCI +3H2 -2HC1

First, an olefinic group in a molecule hydrogenates (an epoxide is not affected at these
conditions) in a step simultaneous with removal of a highly active geminal dichloride.
The molecule then readsorbs to loose in one step its olefinic chlorine atoms and to hydro-
genate that olefinic bond. The last highly unreactive chlorines to be removed are the
aliphatic chlorines, and the consequence of their very low reactivity is that Dieldrin,
Aldrin, and Toxaphene are not readily completely stripped to the corresponding hydro-
carbon skeletons.

Introduction

We have recently reported on the catalytic hydrodechlorination of
1,1-Bis (p-chlorophenyl)-2,2-dichloroethylene (p, p’ DDE) [1, 2], the corre-
sponding ethane {pp'DDD) [1], and a typical polychlorinated biphenyl (PCB)
mixture [3]. These studies were conducted in both the gas and liquid phase
over supported Pd and Ni catalysts. Olefinic and aromatic chlorine were
shown to be highly reactive, as these carbonchlorine bonds acquire a distinct
double bond character when chlorine a-electron delocalization occurs on the
catalytic site [4].

Hydrodechlorination of DDE olefinic chlorines is a concerted process, i.e.,
a number of reactions occur without the need for intermediate species desorp-

* Present address: Mobil Research Corp., Princeton, N. J.
** Present and permanent address: Institute of Isotopes, Hungarian Academy of
Sciences, Budapest, Hungary
*** To whom correspondence should be addressed.
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H LI o
\ / \ |
C=( cl

/ cl r >

tion, for example, removal of both chlorines of DDE is followed by rapid hydro-
genation ofthe dechlorinated olefin, all as one step without desorption of inter-
mediates. Of course, reactions may or may not be stepwise on the surface.
Aromatic hydrodechlorination [1—3] is on the other hand, a stepwise process,
and has a lower hydrogen dependence than the olefinic reaction. Weiss and
K rieger [5],in astudy ofthe Pt catalyzed hydrodechlorination of 1,2-dichloro-
ethylenes, vinyl chloride, and the corresponding chloroethanes showed that
olefinic chlorine was much more reactive than aliphatic chlorine. Olefinic
hydrodechlorination was, again, a precursor to hydrogenation of the olefin.

Horner etal [6], using Raney-Nickel in the liquid phase, established the
following activity sequence for aliphatic hydrodechlorination:

H
—CH2C1< —CHC1< —C—C— < —C—clI 2
Cl CI Cl

Both aliphatic chlorines in DDD [2] are removed in a concerted manner similar
to that observed by Weiss et al. [7] in the concerted Pt-catalyzed hydrodechlo-
rination of CCl4 directly to methane.

Stcric influences were observed to control the selectivity and relative rates
of ortho to (meta plus para) PCB hydrodechlorination [3]. Chlorine substituted
ortho to the ring juncture inhibits planarity of chlorinated biphenyl molecules
and hence adsorption favorable for the hydrodechlorination reaction.

We now present the results of studies on the hydrodechlorination of the
organochlorine pesticides Aldrin, Dieldrin, and Toxaphene which illustrate
combined steric and substitutional effects and the resulting stoichiometry.

The structures of Aldrin and its corresponding epoxide Dieldrin are:

Acta Chim. Acad. Sei. Hung. 102, 1979
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cl 01

Toxaphene is a complex mixture of polychlorinated hydrocarbons,
typically 67—69% chlorine by weigth, prepared by the chlorination of cam-
phene. The structure of camphene (C10H 16) is:

Holmstead et al. [8] have reported that over two thirds of the components of
commercial toxaphene are C10H 18 XC1Xcompounds where the double bond has
been saturated during chlorination. Isomerization also occurs during chlorin-
ation. A typical component which has been isolated from a representative
toxaphene mixture [9] is a heptachlorobornane i.e.,

cl

As a further example of the chemical complexity of toxaphene, Smith [10]
has calculated that the number of toxaphene isomers possible without stereo
isomers, and assuming that the double bond has been chlorinated without
rearrangement of the carbon skeleton, is 8640.

Experimental

Technical-grade chemicals were used in these studies. Samples of Aldrin and Dieldrin
were donated by Shell Development Company, Modesto, California, and Toxaphene by Hercules
Inc., Wilmington, Del. Experiments were carried out,using ateflon lined autoclave. The detailed
description of this equipment and the experimental technique used are found elsewhere [2].

1* Acta Chim. Acad. Sei. Hung. 102, 1979



4 LAPIERRE et at: HYDRODECHLORINATION OF ALDRIN, DIELDRIN AND TOXAPHENE

GC—MS techniques were used to characterize the reactants and products. The equip-
ment used was a Perkin—Elmer 900 gas chromatograph interfaced with a DuPont 21—491
double focusing mass spectrometer. Separations were carried out on a 9'X1/2" 3% OV-17
on 80—100 mesh Chromosorb W column and a 5' X1/8" 3% OV-1 on 80— 100 mesh Chromosorb
\Y column.

The electron impact mass spectra of Aldrin and Dieldrin have been interpreted by Safe
and Hutzinger [12]. The fragmentation patterns of both compounds are characterized by
retro Diels-Alder (RDA) reactions accompanied by or preceded by expulsion of Cl or HCL
Similar spectra were obtained on Aldrin and Dieldrin reaction products. Fragments due to
RDA reactions were much less intense from Aldrin products where the non-chlorinated olefin
had been saturated. However, since the spectra were characterized by RDA reactions, no in-
formation could be obtained identifying which chlorine was removed during hydrodechlorina-
tion.

Fig. 1. Chromatograms of Toxaphene and its hydrodechlorination products (OV-1 column with
MS partial identification of components)

Figure 1shows OV-1 chromatograms of the Toxaphene reactant used and its typical reac-
tion products, respectively. Better separation of productswas obtained using the OV-17 column
as indicated in Fig. 2. Compounds are partially identified by mass spectroscopy.

Holmstead et al. [8] have presented the mass spectra of two Toxaphene components,
one a C10H UC17 compound and the other a C10H,0C18 compound. Their results show that for
both compounds no molecular ions are observed in both Cl and E| spectra but rather M —CI4
ions are the heaviest species observed. This behavior is due to loss of one geminal chlorine atom
from perchlorinated carbon atoms to form stabilized carbonium ions. As these chlorines are
replaced by hydrogen during reaction, molecular ions should be observed. Therefore, at high
conversion, chlorine number identification of Toxaphene products should be accurate, since
geminal chlorines should be completely hydrodechlorinated, due to their reactivity. On the
other hand, at low conversion, product analyses as well as the unreacted Toxaphene analyses
will have serious distribution errors based on molecular weight mass determinations by mass
spectrometer. The delineations for the higher chlorine numbers shown in Figs 1 and 2 are
based on best judgment and contain some level of error. We indicate this by labeling the chlo-
rine numbers 4 Cl & + for example.

Ada Chirn. Acad. Sei. Hung. 102, 1979



LAPIERRE et al..: HYDRODECHLORINATION OF ALDRIN, DIELDRIN AND TOXAPHENE 5

Results

Comparative hydrodechlorination reactions of Aldrin and its correspond-
ing epoxide Dieldrin are illustrated by data in Figs 3 and 4, respectively.
These experiments "were made, using a 61% Ni on Kieselguhr (Girdler G49)
catalyst, which is an active catalyst for the. hydrodechlorination of DDE and
PCB’s. In these experiments 100 g of 2wt % solutions ofthe reactant in ethanol
(containing NaOH 10% in excess ofthat needed to neutralize the HC1 produced
by removal of 6 atoms of chlorine) were reacted in the teflon autoclave over
50 mg catalyst at 130 °C and 50 bar H2 Figures 3 and 4 show plots of relative

0V -17GC-MS Analysis of Toxaphene Hydrodechlorinafion
Products

0c I 10 j 2d I 3C  1ACI&+| 5CIS+

Fig. 2. Chromatogram of Toxaphene hydrodechlorination products (OV-17 column with MS
partial identification of components)

mole fraction of the identified speciesvs. reaction time. Considering only the
identified products, the apparent stoichiometry for the Aldrin experiment
suggested by the results in Fig. 3 is

A -+2H2 )
C"HgClg Hel CHELLls o1 clh 1kid

ALDRIN
—2HC1\ +3H2 -2Ho\ +3h2
\ \
C12i115CI13 A*12A1 62

Correspondingly for the Dieldrin experiment in Fig. 4
H2
C.H,CLO > C,.H,Ch¥ CI1H 10CI40
-HCI — HCl
This behavior can be explained as follows.

Acta Chim. Acad. Sei. Hung. 102, 1979



6 LAPIERRE et al.. HYDRODECHLORINATION OF ALDRIN, DIELDRIN AND TOXAPHENE

The factthat Aldrin initially hydrogenates and loses one chlorine, whereas
Dieldrin initially only loses one chlorine indicates that the nonchlorinated
olefin in Aldrin is hydrogenated in the initial step. We know from our work

Fig. 3. Distribution of hydrodechlorination products of Aldrin as a function of time

10 100 1000 10000
Reaction time (min.)

Fig. 4. Distribution of hydrodechlorination products of Dieldrin as a function of time

with 1,2 dichloroethylene [5] and DDE [1, 2] that hydrodechlorination at an
olefinic bond precedes hydrogenation of an originally chlorinated olefinic bond,
which is consistent with the results observed here. The first step is not hydro-
genation of the dichloroethylene moiety but of the ethylene moiety along with
removal of the geminal chlorine. Initial hydrogenation of the unchlorinated

Acta Chim. Acad. Sei. Hung. 102, 1979



LAPIERRE ct al.. HYDRODECHLORINATION OF ALDRIN, DIELDRIN AND TOXAPHENE 7

olefin with the concerted removal of one chlorine suggests that Aldrin (I) is
adsorbed mainly in the configuration shown below and that reaction proceeds
at its points of contact*.

Cl c

This configuration allows hydrodechlorination of one of the two geminal chlo-
rines to proceed along with the hydrogenation reaction without desorption of
intermediate, which is typical of the concerted behavior observed with hydro-
dechlorination systems. The resulting first step product (II) contains aliphatic
chlorines (one secondary chlorine adsorbed) which are highly unreactive
compared to the olefinic chlorines. However, the data show that this species

wl cl

does react to a small extent, since C12H 12C14 (I11) is formed in a single step.
One can postulate that adsorption of Il and Ill in an inverted position at the
olefinic chlorine accounts for the production by concerted steps of C12H 1C13
(IV) and CIH leCI2 (V).

Subsequent removal of either an adsorbed or unadsorbed chlorine was
not documented experimentally and this would be unfavored. Higher reaction
severities would be needed to show significant quantities. Dieldrin, (VI) as
noted, is not hydrogenated initially, but a broad spectrum of dechlorinated
reaction products results. One pathway, analogous to Aldrin, accounts for the
major products shown in Fig. 4 as shown below.

Removal of one olefinic chloride could also account for the large amounts
of CIH10C140 (Villa and VUIDb) that are produced from C1H9CIS0 (VII).
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Stepwise removal of olefinic chlorine atoms was observed by Weiss and
Krieger for 1,2-dichloroethylene hydrodechlorination, where vinyl chloride
was a measurable intermediate.

A similar set of experiments was carried out with Toxaphene. Experi-
mental conditions and estimated product distribution are found in Table I.
Table 1
Toxaphene hydrodechlorination at 100 °C 50 BAR

4—6 wt % Toxaphene in ethanol; 10 gm Toxaphene gm catalyst
(Ni on Kieselguhr)

Reaction time (hr) 2 4 19
Chlorine atoms/molecule Distribution (%)

0 16.5 32.4 37.2
| 21.4 29.0 25.8
2 29.9 20.3 24.2
3 9.4 2.8 1.2
4 8.5 11.6 10.5
5 5.5 2.0 11
6 6.1 1.9
7 1.5
8 1.2

Based on its 68% (wt) chlorine, the original Toxaphene contained an average of 7.8 chlo
line atoms per molecnle

These results show that most of the chlorine was easily removed in the first
two hours and then only minor changes were noted as time progressed. These
results are consistent with an adsorbed configuration for the representative
heptachlorobornane as follows.

W ith such configuration geminal chlorines and those linked directly to the
surface can be easily removed hut other aliphatic chlorines would be relatively
inactive.
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A similar pattern of successive hydrodechlorinations has been observed
when other polychlorinated pesticides were exposed to the elements over a
period of several years. Carlson et al. [13] reported that Mirex, a polyring
dodecachlorodecane, yields compounds in which hydrogen has replaced one
or two chlorines (as well as oxygenated derivatives). Our catalyzed hydro-
dechlorination is analogous to this process of natural degradation.

*

The results presented here are part of a United States Environmental Protection Agency
funded study “Catalytic Conversion of Hazardous and Toxic Chemicals”, EPA Grant R
802-857-01. The work by Mr. LaPierre has been done in partial fulfillment of the requirements
for the Ph. D. in Chemical Engineering at Worcester Polytechnic Institute.
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Possibility of quantitative determination of four minerals of different origin
with different physical characteristics [Zettlitz kaolin, Szegilong paper kaolin, Urkat
quartz and Swedish feldspar (orthoclase)] was investigated by infrared spectroscopy
and X-ray powder diffraction. Decrease of the particle size and change of the disorder
of the crystalline state of the samples were carried out in a vibrating ball mill. Correla-
tion functions between the average particle size of the samples and quantitative data
derived from the infrared spectra and X-ray diffractograms, respectively, are presented.

Recently, considerable attention has been drawn to the detection and
quantitative determination ofthe crystalline minerals by infrared spectroscopy
and X-ray powder diffraction. Both methods have some advantages but both
of them contain several sources of error. According to the experience, however,
a little more qualitative and quantitative information could be in some special
cases obtained by infrared spectroscopy than it is to be accomplished by X-ray
powder diffraction. While characteristic O—H stretching vibrations of the
clay minerals could be easily interpreted in the infrared spectra of the amor-
phous soil, no proper X-ray diffractograms could be obtained from the same
sample [1]. Investigations of a hyalopilitic system could be also carried out by
infrared spectroscopy, and the glazier phases of the material could be separated
from the crystalline ones based on their absorption bands [2, 3].

Quantitative phase analysis of the minerals with X-ray powder diffraction
was developed by Alexander et al., Naray-Szabé and Péter, and Chung
[4—10]. It was based on the evalution of the reflection peak of the internal
standard samples.

The main problem of the quantitative determination of minerals with
both infrared spectroscopy and X-ray powder diffraction is that the most
important factors for the quantitative analysis (intensity of an absorption
band and a peak in the diffractograms) are the function of the particle size and
the crystalline state of the sample. In the infrared spectra of the crystalline
minerals, due to the effect of crystalline state, some absorption bands become
wider while others sharper, and occasionally some are split into several bands
by the degenerate vibration.
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Another serious problem is the particle size ofthe sample to be investigat-
ed by infrared spectroscopy. It is well-known that decreasing the particle size
of a sample, an increase of the absorbance of the characteristic bands can be
obtained. If the samples are ground by intensive vibration grinding to a so-
called “amorphous state”,the shape of the absorption bands will appear as a
characteristic shape ofthe completely amorphous phase [11—13].

In the X-ray powder diffractograms the position of a reflection peak
refers to the quality of the sample while the area of the peak related to any
properly selected internal standard is a measure ofthe quantity ofany minerals.
The intensity of certain line depends on the particle size of an individual crystal
unit of the solid sample in both the Debye-Scherrer and diffractometer tech-
niques. Consequently, in the investigation of samples of the same origin but dif-
ferent crystalline states and particle sizes, the areas of the properly selected
peaks may differ considerably. Ifthe particle size is unknown and the crystalline
states of the samples used for the calibration curve are different, 100% error
may be easily accomplished in the quantitative determination.

In this work effects of the change of the particle size and crystalline state
of some minerals on the infrared spectra and X -ray powder diffractograms are
discussed in detail.

Experimental

The infrared spectra were taken on a Zeiss Model UR-10 spectrophotometer in KBr-pel-
let without compensation. Pellets were prepared under strictly identical conditions to allow
for the comparison of the different spectra. wx

A dilution method was used to prepare the pellets and to minimize the error of
weighing. One mg sample was imbedded in 800 mg potassium bromide. The X-ray powder
diffractograms were taken on a Model 1051 Philips wide-angle powder diffractometer at
1.5405 A wave length (CuKaaverage). All the diffractograms were recorded on 0.5 g samples
The samples were subjected to intensive shaking for a long period to avoid the orientation ef-
fect.

100 g air-dry sample was ground in a 1-liter vibration ball mill. The total grinding time
was 10 days. Samples were taken daily and the infrared spectra and X-ray powder diffracto-
grams were recorded. The particle size of the unground and samples ground for 10 days were
determined by an automatic particle counter (Classimat Leitz, Wetzlar, GFR) and also from
electron microscopic pictures.

Table | shows the characteristic wavenumbers in the infrared spectra and peaks in the
X-ray powder diffractograms.

Table 1
Infrared
X-ray
Sample wavenumber assignments A
cm-1
Kaolins 3705, 3630 O —H stretching vibration 7.16
Quartz 800 Si—0 symmetrical stretching vibration 3.346
695 Si—0 bending vibration
Feldspar — — 6.463

No proper infrared absorption bands were found for feldspar
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Results and discussion

Van der Marel and Zwiers [14] pointed out that the infrared absorp-
tion band at 3705 cm-1 is the stretching vibration of 0 —H groups located
between the octahedral and tetrahedral layers, and the absorption band at
3630 cm-1lisan O—H stretching vibration within the octahedral layers. These
two different O—H groups can only be analysed by infrared spectroscopy.

Change ofthe absorbance at 3705 cm-1 as a function of the grinding time
passes through a maximum [15—17]. The degree of disorder in the crystal
lattice of the kaolins due to the grinding was characterized by intensity ratio
of the two 0 —H stretching vibration bands. It was proved by X-ray powder
diffractograms, electron microscopic pictures and thermal measurements that
the ratio of the absorption bands is higher in a poorly ordered kaolin than in
the well ordered original one.

The average particle size of the kaolins sampled daily was calculated by
the semi-empirical exponential function of Aljavdin [21]. The correlation
function for the Zettlitz kaolin was found to be the following:

y = 0'20-(-1""1- 0.48 (1)
and for the Szegilong paper kaolin

y = 0.0225F + 0.64 (2)

where:y = absorbance ratio of two 0 —H stretching vibrations (calculated
from the infrared spectra)

(y — ~3630cT-M3705¢CT-)

d — average particle size of the samples.

The curves of the functions are shown in Figs 1 and 2.

It can be seen from the hyperbolic curves that below the 3/im particle
size limit there is a considerable change in the state ofthe crystalline structure.
By comparing the two correlation functions and the shapes of the curves it
can be established that a more pronounced decrease of the regularity of the
well ordered crystal lattice of Zettlitz kaolin is obtained in an equal grinding
period as in the originally poorly crystallized paper kaolin. In the quantitative
determination of kaolins a much better accuracy and reproducibility can be
achieved above a particle size of 3 fim and below this limit the determination
will be rather uncertain.

The changes in crystallinity of a mineral by grinding can be most precisely
followed by X -ray powder diffraction. According to experience the peak height
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of a basal reflection changes with the decrease of the particle size and the peak
area can be assumed to be constant. Therefore, the decrease of a selected peak
area is caused by an increase of the structural lattice disorder. The degree of
the order in crystallinity (*) was derived from the ratio ofthe peak areas of the

Fig. 1. Absorbance ratio (y) calculated from the IR spectra vs. average particle size (d) (Zettlitz
kaolin)

Fig. 2. Absorbance ratio (y) calculated from the IR spectra vs. average particle size (d) (Szegi-
long paper kaolin)

original and ground samples at a properly chosen basal reflection in the X-ray
powder diffraction patterns (see Table I).

The correlation functions between the average particle size (d) and the
order of the crystal lattice (ic) are as follows: (Fig. 3)

* = 0.88 dl/2— 0.11 )
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for Zettlitz kaolin, and
* = 0.128 d2+ 0.36 4

for Szegilong paper kaolin,
where x — the degree of the order derived from the X-ray diffractogram.

It follows from Eqs 3 and 4 that below the 2 pm particle size limit
there is a larger change in the basal reflection peak of Zettlitz kaolin while
above this limit, due to the parabolic function, the order in the Szegilong paper
kaolin decreases considerably. The explanation lies in the fact that the harder

Fig. 3. Degree of order (k) calculated from the X-ray diffractograms vs. average particle size
(d) (Zettlitz kaolin and Szegilong paper kaolin)

Zettlitz kaolin breaks into smaller pieces at first, but later the primary particles
adhere to secondary agglomerates and a decrease in the disorder of the lattice
is observed. These phenomena are well represented by the square root function,
since the value of x does not change greatly at a larger particle size (> 3 /tm).

This condition is reversed with the paper kaolin, which is originally
poorly crystallized, because there is a considerable amount of amorphous ma-
terial at the beginning of the grinding and the decrease of the order becomes
slight in the smaller particle size range.

It was concluded from the results of both analytical methods (infrared
spectroscopy and X-ray powder diffraction) that the degree of crystal lattice
order essentially depended on the decrease of the particle size, especially be-
low the 2 pm limit. By comparing the x vs. d and the y vs. d functions, it
can be seen that the quantitative determination of the minerals by X-ray
powder diffraction is more inaccurate than using the infrared method, due to
the lack of “constant sections” in the curves. Therefore, samples of strictly
identical particle size and crystalline states may be compared only.
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It must be noted that each of the samples investigated by infrared and
X -ray methods contained well crystallized and poorly crystallized fractions as
well. The ratio of these fractions was shifted by grinding towards the poorly-
crystallized state but the completely amorphous state has not been achieved
yet. It was proved by investigating samples ground for 10 days that the posi-
tion and intensity of the reflection peaks could be well measured.

Similar investigations were performed on the Urkdt quartz and the
Swedish feldspar (orthoclase). The determination ofthe well crystallized quartz
in the presence of the amorphous one has been investigated by many scientists
[2, 17, 22, 23]. The infrared spectroscopic determination is based on the ab-

Fig. 4. Absorbance ratio (y) calculated from the IR spectra vs. average particle size (d) (Urkut
quartz)

sorbance ratio at 802 cm-1 (Si—O symmetrical stretching vibration) and at
695 cm -1 (Si—O0 bending vibration) due to the fact that there is only one ab-
sorption band at 800 cm-1 in the amorphous quartz. Subsequently, if the
sample contains amorphous fractions, the ratio of "“orct-/263bcT-1 (j) *
higher [2].

As a function of the average particle sizey was found as follows: (Fig. 4)

y = —0.228d2+ 7.0 (5)

It can be seen from the shape of the curve that the decrease of crystal-
linity of Urkat quartz was continuous up to a value ofy = 7.0 which was the
assymptote of the function. The extent of the change was smaller at the smaller
particles than at the larger ones.

Because of the possibility of the inaccuracy of the quantitative determi-
nation, due to the uncertain amorphous part of quartz, samples of identical
particle size fractions and crystalline state can be only used for the measure-
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ments [22, 23]. A linear function was found between the average particle size
(d) and the order of the quartz (x) defined above as: (Fig. 5)

*= 0.20d + 0.37 (6)

According to Eq. 6, it can be realized that there is no proper range for
the quantitative determination of quartz due to the lack of a standard section
in the curve. Consequently, the amount of quartz in a silicate or a soil sample

Fig. 5. Degree of order () calculated from the X-ray diffractograins vs. average particle size (d)
(Urkat quartz)

can not be determined more accurately by X-ray powder diffraction than by
infrared spectroscopy.

By investigating a properly selected infrared band ofthe Swedish feldspar,
it could be established that during grinding of the mineral first a milling and
later, due to the mechanochemical reactions, agglomeration takes place [15].

A closer look at the phenomenon of grinding of feldspar can be obtained
by the X-ray powder diffractian pattern. A polynomial function was found
between the average particle size (d) and the order (x) of the feldspar samples
as follows (Fig. 6):

* = 0.03d25+ 0.22 ©)

The shape of the curve in Fig. 6 shows that below the 2 /an particle size limit
only small changes in the order of the crystalline state are obtained and this
makes the quantitative determination by means of X-ray powder diffraction
possible.

It can be concluded that the quantitative determination of minerals by
infrared spectroscopy and X-ray powder diffraction can only be carried out
on samples of strictly identical partical size and order of the structure. It is
seen from the equations that valuable informations can be obtained from the
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18 HLAVAY, INCZEDY: SOLID CRYSTALLINE MINERALS

curves of absorbance ratio vs. grinding time for the original quality and state
ofthe different minerals. The curves help us to choose the most suitable particle
size range for quantitative determinations.

Fig. 6. Degree of order (x) calculated from the X-ray diffractograms vs. average particle size (d)
(Swedish feldspar)

*

The authors greatly appreciate the help of Dr. K. JONAS and Dr. S. Elek for taking the
infrared spectra and X-ray diffractograms.
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The interfacial tension and film forming ability of hydrocarbon fractions con-
taining porphyrins are studied in water/benzene systems. A correlation of these charac-
teristics to porphyrin, nitrogen, and hetero element content, and C/H ratio is attempted.
Afeso-tetraphenyl-porphyrin, the vanadium- and the nickel complex are used as ref-
erence. It has been found that compounds with high hetero element content in natural
hydrocarbon, mainly those with high oxygen content, decrease interfacial tension,
while highly conjugated, unsaturated hydrocarbons decisively enhance film-formation.
The possible role of porphyrins is depending not only on concentration but type too.

Introduction

In addition to their role in the settling of geochemical questions, the
porphyrins are important because the origin of a number of problems in oil
production and processing is just of what type and concentration they are
present in crude oils.

Lottermoser [1], Morrel [2], Uren [3] and their colleagues found,
in the first third of this century, that the formation of some water-in-oil
emulsions was caused by asphaltene-type components, among them by high-
molecular weight compounds containing heteroelements. Subsequently,
Denekas [4], Dodd [5], Dunning et al. [6] stated that vanadyl and nickel
porphyrin complexes were the principal components of these natural surfac-
tants. Baker [7], then Hodgson, and Hitchon [8] suggested that, owing to
their surfactant character, the porphyrin complexes, like other polar com-
pounds, help the natural hydrocarbons to migrate in aqueous phase.

The film forming ability of crude oils was discussed first by Dunning
[6] and Denekas [4]. Riesberg, and Doscher [9] found that displacement
efficiency of oils greatly depends on the presence of rigid films which form at
water/oil interface. Later Denekas et al. [10] proved that in the case of petro-
leum containing polar compounds in great concentration, the spontaneous im-
bitition rate of water by porous media is lower than it would be otherwise.
It was Dodd [11], however, who ultimately recognized that the cause of the
phenomenon which adversely affects displacement efficiency is, on the one
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hand, the great viscosity and the non-newtonian character of the rigid film
formed at the water/oil interface, and on the other hand, the possibility that
this film may plug the cross-section of free flow in hydrocarbon formations.

Results and discussion

The purpose of this study was to look for a correlation between the
porphyrin content of various kinds of Hungarian crude oils or of various petro-
leum fractions and interfacial tension, and film-forming ability respectively.
Therefore, the porphyrin content of the substances studied had to be deter-
mined, qualitatively aswell as quantitatively, before everything else. Therefore,
the porphyrins to be found in petroleum samples were concentrated, then the
complexes were identified by means of standard spectrophotometric methods
[12, 13].

The same types of petroleum were investigated as dealt with in the papers
previously mentioned. In order to avoid repetition, the reader is referred also
to Figure 1 in that communication; this figure can serve as a guide to the
origin, and to the place of a given hydrocarbon fractions in the system of sepa-
ration.

A certain measure of contradiction between data in the literature unes-
capably suggested that decrease of interfacial tension, and film-forming ability
of the hydrocarbon fractions were due also to compounds other than porphy-
rins. Therefore, the hydrocarbon fractions obtained by separation were studied
even if they contained only traces of porphyrins.

The pendent drop method [14] was used to measure the interfacial tension
and film-forming ability of hydrocarbon fractions. Since the consistence of
these hydrocarbon fractions precluded direct use of the water-hydrocarbon
system, interfacial tension was determined on the basis of the specific proper-
ties of drops which were formed in the aqueous phase, from a solution in benzene.
The hydrocarbon content of these solutions was 5 g dm-3 in every case.

The reference is the a0 of the pure benzene-water system. Results are
presented as the change in time, of the difference zJer = a0 — Gx between the
interfacial tensions of the two systems. To attain the equilibrium value gener-
ally 40 minutes were needed.

In order to lay the preliminary data for our study, the interfacial tensions
of the original petroleum samples in benzene were determined first; then the
Aa values were measured for the extracts, for the fractions obtained by deas-
phaltation and, finally for the fractions eluated from silicagel columns [13].

As examples taken at random, the Aa curves for the original petroleum
samples are shown in Fig. 1, while Figs 2 and 3 show such curves for the asphal-
tene-free fractions, and iso-octane asphaltenes respectively, which are separated
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Fig. 1. /1(7 of the petroleum samples studied, as a function of time

Soluble in iso-octane

iso-octane acetonitrile

Fig. 2. Aa of iso-octane soluble fractions of acetonitrile extracts as a function of time. The
fractions were eluated from silica gel columns by iso-octane (a) and acetonitrile (b)

by different solvents (iso-octane, cyclohexane and acetonitrile) on silicagel
columns wetted with acetonitrile.

No statement valid for all the samples can be found upon the data ob-
tained. The findings, which reveal a tendency; suggest specificity both accord-
ing to the oil type and to the nature of the fraction (functional group or type
of compound). General conclusions can be summarized as follows.
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a) The interfacial tension of benzene/water system was decreased most
by samples from Nagylengyel, which contain the greatest amount of porphyrin
and of asphaltenes among the Hungarian crude oils.

b) The interfacial tension measured for the benzene/water system is
hardly at all affected by the other petroleum samples which contain porphyrins
in relatively low concentration.

c) The extracts obtained with acetonitrile appear in the sequence as
shown for crude oils in Fig. 1.

Insoluble iniso-octane
cyclohexane acetonitrile

Fig. 3. Ao of iso-octane asphaltenes of acetonitrile extracts as a function of time. The fractions
were eluated from silica gel columns by cyclohexane (a) and acetonitrile (b)

d) Subsequent to removal of asphaltene with iso-octane, the interfacial
activity of asphaltenes is always greater than rest of the extracts soluble in
iso-octane.

e) The chromatographic fractions eluated with acetonitrile are more
active, as a rule, than the other ones.

After all, interfacial tension of a benzene/water system is decreased most,
in every case, by hydrocarbon fractions which are enriched also in prophyrins.

The film-forming ability was observed visually. At retraction of the ob-
served drop of solution into the capillary, at a certain dimension of the drop
of a substance that tends towards film-formation, its surface scintillates and
creases: a rigid film appears upon it. The specific character of the petroleum
and the concentration of the film-forming substances determine [15] at which
point during retraction this phenomenon is observable.

The statements that can be put forward concerning the film-forming
ability of samples are the following.
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a) Film-forming ability was observed at 35% of the hydrocarbon frac-
tions tested.

b) Only one among the initial petroleum samples, i.e. the Hungarian
petroleum marked L-143, and every fraction of it give a positive result.

¢) With a few exceptions, a strong tendency to form a film is evident in
the case of iso-octane asphaltenes and their column chromatographic fractions.

d) Constituents soluble in iso-octane, and their column chromatographic
fractions, show a film-forming ability only in a few instances.

In the further course of these studies a correlation was sought, by means
of mathematical statistics, of the equilibrium interfacial tension, of the frac-
tions to porphyrin content as well as to the elementary composition of the
fractions.

The evaluation, carried out by means of non-parametric statistical meth-
ods, subsumed the set of data obtained by cross checks on parameters
measured for 45 hydrocarbon fractions. The dimension of the matrix construct-
ed for this purpose was 45 X 7, the set of data was standardized for the sake of
homogeneous derivation.

The non-parametric statistical method was resorted to partly because the
relative paucity of samples: the rank correlation coefficients according to
Spearman, and the so-called conformance factors according to Kendall, were
determined.

The related data are collected in Table I, and shown in Figs 4 and 5.
Dots in the figures mark substances which show also a film-forming ability.

Table |

Conformance factors according to the Kendall method

Act cporphyrin
cporphyrin 0.379 -
cN 0.402 0.776
cS+0 0.626 0.320
C/H 0.502 0.444

These data reflect the following general picture.

a) No correlation, expressible in numerical terms, of interfacial activity
and film-formation to the porphyrin content of fractions, can be composed in
the domain studied.

b) Tendency towards film-formation is due to the presence of highly
conjugated, unsaturated hydrocarbons (C/H ratio 9.5—13) which contain also
much nitrogen (0.8 —3 per cent), occasionally much sulphur and oxygen.
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c) Compounds of high sulphur and oxygen contents in the natural
hydrocarbons decrease the interfacial tension. Among these, certainly com-

pounds of high oxygen content play a decisive and important role (Kendall
coefficient 0.626).

Fig. 4. Aa and film-forming tendency, as functions of porphyrin content (a), and of nitrogen
content (b)
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Fig. 5. Aa and film forming tendency, as functions of the sulphur, oxygen content of the frac-
tions (a), and of the C/H ratio (b)

All the fractions studied contain porphyrin, but this porphyrin content
varies within a relatively narrow range. This is the most likely cause why no
definite numerical correlation of porphyrin content to interfacial activity can
be found. Yet there manifested the tendency of hydrocarbon fraction within

Acta Chim. Acad. Sei. Hung. 102, 1979



LAKATOS-SZABO: INTERFACIAL PROPERTIES OF PETROPORPHYRINS 25

one sort of petroleum enriched in porphyrins in the course of fractionation to
decrease interfacial tension most, respectively the tendency, among the several
petroleum samples (the one marked L-143 excepted), of fractions, with higher
prophyrin and asphaltene content to be more active and more liable to form
film.

In order to prove this, we measured the quilibrium interfacial tension of
meso-tetraphenyl-porphyrin, and of its vanadyl- and nickel-complexes at up to
100 ppm solutions in benzene, against distilled water. These data are collected
in Figure 6, and they unequivocally demonstrate that interfacial tension is not
appreciably affected by porphyrins present at concentrations below 30—40

ppm.

Fig. 6. Aa as a function of the concentration of meso-tetraphenyl-porphyrin and its complexes

Above this limit, however, their interfacial activity suddenly increases,
especially that of metal complexes. As data obtained show, free porphyrins do
not decrease considerably the interfacial tension.

If porphyrins at low concentrations (< 30 ppm) do play some essential
role in the decrease of interfacial tension, they cannot be but carboxylated
pigments. Structural investigations in the fractions studied here do not show
their presence (the products of the degradation of hemin during sediment accu-
mulation and transformation are easily decarboxylated and stabilized as
ethio-porphyrin [16]). It seems more probable that there is a relation between
porphyrin content and film-formation ability. The porphyrin ring is highly
conjugated, has a high content in a hetero element (nitrogen, 8—10 per cent),
its configuration is planar with eight peripheral groups which are oriented
prone on the water interface. It is very probable that the compression (dimi-
nution of the dimension of the drop) of the interfacial layer in the presence of
such compounds is accompanied by an irreversible change: the formation of a
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rigid film. The only fact contradictory to this supposition is found with petro-
leum from Lovaszi. The porphyrin content in this sample is one of the lowest,
yet the oil as well as its fractions have a strong tendency to form rigid films
at water/oil interface. All in all, at one point the results of these tests divulge
the contradiction when some authors consider the role played by porphyrins
in interfacial phenomena to he decisive [4 6] and others deem this role to
he negligible [17]. Obviously, this contradiction can be resolved by considering
first the type, and second the concentration of porphyrins present in petroleum.

REFERENCES

[1] Lottermoser, A., Calantar, N.: Kolloid Z., 48, 362 (1929)

[2] Morret,J. C, Egloff, G.: Colloidal Chemistry of Petroleum, in Alexander, J.: Colloid
Chemistry, Chemical Catalog Co., New York, 1931

[3] Uren, L. G.: Petroleum Production Engineering, Oil Field Exploration, McGraw-Hill,
New York, 1939

[4] Denekas, M. O, Carlson, F. T., Moore, J. W., Dodd, C. G.: Ind. Eng. Chem., 43,
1165 (1951)

[5] Dodd, C. G., Moore, J. W., Denekas, M. O.: Ind. Eng. Chem., 44, 2585 (1952)

[6] Dunning, H. N., Moore, J. W., Denekas, M. O.: Ind. Eng. Chem., 45, 1759 (1953)

[7] Baker, E. G.: B. AAPG, 46, 76 (1962)

[8] Hodgson, G. W., Hitchon, B.: Proc. Comm. Mining Cong., 8th Publ., 5, 9 (1966)

[9] Riesberg, J., Doscher, T. M.: Producers Monthly, 21, 43 (1965)

[10] Denekas, M. O., Mattax, C., Davis, G. T.: Trans. AIME, 216, 330 (1959)

[11] Dodd, C. G.: J. Phys. Chem., 64, 544 (1960)

[12] Lakatos-Szabo, J.: Doctoral thesis, University of Chemical Engineering, Veszprém,
1975

[13] Lakatos-Szabé J.; Acta Chim. Acad. Sei. Hung., 98, 1 (1978)

[14] Fordham, S.: Proc. Roy. Soc. (London), 194 A, 1 (1948)

[15] Wagner, O.: MTA OBKL, 1, 31 (1965) (in Hungarian)

[16] Hodgson, G. W., Baker, B. L., Peake, E.: Geochemistry of Porphyrins, in Nagy, B.,
Colombo, U.: Fundamental Aspect of Petroleum Geochemistry. Elsevier, New York,
1967

[17] Burgoyne, A. T., Caudle, B. H., Kimbler, O. K.: Soc. Pet. Eng. J., 2, 60 (1974)

Julianna Lakatos-Szabo H-3515 Miskolc — Egyetemvaros POB. 2.

Acta Chim. Acad. Sei. Hung. 102, 1979



Acta Chimica Academiae Scientiarum Hungaricae, Tomus 101 (1—2), pp. 27—37 (1979)

MOSSBAUER SPECTROSCOPIC STUDY OF THE
ELECTRON STRUCTURE OF IRON DIOXIME
MIXED COMPLEXES

L. Koregz, A. A. Saghier, Cs. VAarhelyi and K. Burger

(Department of Atomic Physics, and Institute of Inorganic and Analytical Chemistry, L. Edtvds
University Budapest, Department of Chemistry, Babes—Bolyai University Cluj)

Received July 5, 1978

Accepted for publication October 18, 1978

The Méssbauer study of iron dioxime mixed complexes formed with monodentate
nitrogen bases and molecular orbital calculations based upon experimental parameters
was used for the determination of the effect of the ligand exchange on the electronic
structure, i.e. upon the population of a- and n-orbitals, and the effective charge of the
iron central atom.

Introduction

M dssbauer spectroscopy is an adequate method to follow changes in the
electron structure of iron complexes. Several papers [1, 2, 3] deal with the
M dssbauer study of iron dimethyl glyoxime and its derivatives. Also some
nioxime complexes of iron have been studied [4, 5] as well as a number of iron
chelates in which the ligands of the chelate ring are hound via nitrogen to the
iron [6, 9].

Our aim in this work was the Mdssbauer spectroscopic study of the mixed
iron complexes of dimethyl glyoxime, cyclo-hexanedione-dioxime (nioxime),
cyclo-heptanedionedioxime (heptoxime), cyclo-octanedione-dioxime (oc?ox-
ime), and iso-propyldione-dioxime (propoxime) with unidentate N-donor ligands
(pyridine, picoline, aniline and their derivates) in order to define the effect of
the various chelating agents and unidentate ligands exerted upon the electron
structure of iron.

All the six coordination sites of iron are occupied by nitrogen donor
atoms in the systems studied. Based on X-ray investigations of some iron
complexes [12] and of the analogous copper, nickel and cobaltcomplexes [13]
it can be assumed that in all the complexes studied, the nitrogen donor atoms
of the dioxime ligands surround the iron in a close to square-planar geometry
and the pyridine, picoline or aniline ligands occupy the axial positions. As an
example, the structure of a nioxime complex [12] is shown in Fig. 1. In all of
these complexes the dioxime ligands are held together, and stretched out in
the plane, by O—H —O bridges.
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Fig. 1. The structure determined by X-ray diffraction [12] of the Fe(ll) (niox. H)2 (imidazole),
complex

Result and discussion

M dssbauer isomer shifts (6) and quadrupole splittings (JIE) of the com-
plexes investigated are collected in Table I. Some data from the literature are
also included. Our data agree well with those reported in the literature. The
only exception is the lower quadrupole splitting of the bis (dimethyl-glyoxi-
mato)-iron-dipyridine complex than that given in the literature.

The quadrupole splittings of the iron(ll) complexes are so high that they
could be mistaken to belong to high-spin iron(ll) or even low-spin iron(lIl)
species. In order to distinguish between the possibilities the magnetic suscep-
tibility of the mixed complexes was measured, and the results indicated that
the mixed complexes of iron(ll) were diamagnetic and thus the central atom
was a low-spin iron(ll). The isomer shift values are in agreement with this.
This statement is supported by the fact that the isomer shifts of the two ana-
logous mixed iron(lll) complexes studied are smaller and their quadrupole
splittings are significantly higher than those of the other complexes.

A comparison of Mdssbauer data which reflect the effects of various
ligands shows that the electron structure of mixed complexes containing pyri-
dine or its derivates is not very sensitive to changes in the chelate or in the
monofunctional ligand. The greatest change in isomer shift is 0.07 mm/s (accu-
racy of measurementis ;£0.015 mm/s), that of quadrupole splitting is more aus-
picious: 0.3 mm/s. This shows that the co-ordination of the nitrogen of various
dioxime ligands to the iron is nearly equally strong. The substitution of
an unidentate axial ligand exerts about the same effect upon the parameters
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Table 1

Méssbauer parameters of some iron-dioxime mixed complexes
Isomer shifts referred to the spectrum of iron recorded at room temperature

Fe(ll)(dmg),(py)t *+5H2

Fe(11)(dmg)j(/?-pic)j

Fe(ll)(dmg),(y-pic)j 11,0

Fe(Il)(niox.H)j(py)j * HjO

Fe(l1)(niox.H)j(/?-pic)j mH20

Fe(I1)(uiox.H)&(""/-pic)j * H.O

Fe(ll)(octox.H)2(py), * 1/2HjO
Fe(ll)(octox.H)2(/?-pic),, - HD
Fe(ll)(octox.H).(}*-pic). - H.O
Fe(ll)(heptox.11)2(py)2 - H.O
Fe(ll)(heptox.H)2(/?-pic), - H.O
Fe(l1Xpropox.H)2/?-pic)2
Fe(ll)(propox.H),(5'-pic)2
Fc(ll)(octox.H)2(aniline)2
Fe(ll)(octox.H)j(CH 3aiiiline)2
Fe(ll)(octox.H).(p-Cl-aniline).
Fe(ll)(octox.H2)(p-Rr-aniline)2
Fe(ll)(octox.H)2p-1-aniline)2
Fe(ll1)(dmg)2(py)2Br .- 3 HBr
Fe(l11)(dmg).(py)2l =2 HI

* Ref. [1]
** Ref. [4]

JOK

0.24
0.21*
0.25
0.23*
0.22
0.24*

0.18
0.21**
0.20

0.20
0.22
0.22
0.22
0.22
0.20
0.21
0.11
0.16
0.23
0.23
0.23
0.04
0.04

AE

1.54
1.67*
1.66
1.62*
1.81
1.70*
1.76
1.79**
1.80

1.72

1.67
1.72
1.81
1.63
1.80
1.80
1.78
0.43
0.44
0.21
0.26
0.26
2.95
2.97

0.32
0.29*
0.32
0.33*
0.28
0.29*
0.26
0.28**
0.25
0.28**
0.27
0.28**
0.29
0.28
0.28
0.29
0.29
0.27
0.27
0.24
0.23
0.31
0.32
0.32
0.09
0.11

80 K

AE

1.52
1.69*
1.63
1.66*
1.77
1.78*
1.75
1.79**
1.80
1.74**
1.72
1.78**
1.67
1.71
1.75
1.59
1.76
1.80
1.72
0.47
0.46
0.28
0.26
0.26
3.01
3.01

29

as the substitution of the dioxime ligand, though the latter forms a chelate ring
ofrather pronounced conjugation with the iron atom.

A linear correlation was found between the isomer shift and quadrupole
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splitting values (Fig. 2) in the case of pyridine mixed complexes with various
dioximes. This reflected the following order in the rr-acceptor strengths of the
dioxime ligands: dimethyl-glyoxime < heptoxime <[ octoxime < nioxime.
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In the y-picoline complexes, however, the isomer shift 6, and quadrupole
splitting values AE are independent of the dioxime ligand. The greatest de-
viation in the isomer shift values is 0.01 mm/s and 0.09 mm/s in the quadrupole
splittings. This phenomenon suggests that there exists a greater interaction
ofthe two types ofligands, this interaction is reflected in the greater quadrupole
splittings, too. This dual phenomenon can he interpreted as follows. Theoretical
considerations [10] and experimental data [11] show that electron density on

Fig. 2. Correlation of isomer shift and quadrupole splitting in mixed pyridine complexes of iron
with various dioximes, at room temperature; 1= nioxime, 2 = octoxime, 3 = heptoxime,
4 = dimethyl glyoxime

the heteronitrogen differs but very little in pyridine and in /3-picoline complexes,
while in y-picoline complexes jr-electron population is increased. According to
NQR measurements [11] this change amounts to 0.04 electrons, while the
er-population remains unchanged. The jr-acceptor ability of the nitrogen of the
y-picoline ring is diminished because of the increase of the population on the
A-orbital, therefore an increase of back-coordination from dxz and dyz orbitals
towards the equatorial dioxime ligands occurs. The latter effect can compensate
the former one. Thus the s electrons are shielded in the same extent. This means
that the isomer shift does not change the quadrupole splitting, however, gets
a positive increment, thus becomes greater.

According to a molecular orbital scheme, the formers can be interpreted
as follows. The coefficient of the d orbital of iron does not change in the linear
combination of the appropriate orbitals while in the ligand orbital the signif-
icance of the planar ligand is increased at the expense of that of the axial one.
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Considering energy levels, it can be said that owing to the changes in s -axial
and sa-planar levels the position of the a-level of the ligand is changed: the
ligand si-orbital assumes the character ofthe planar ligand in a greater measure.

Comparing the data relevant to complexes in which only the axial ligands
are substituted, the quadrupole splittings follow in the sequence

PY < RB'Pic < y-pic>

in dimethyl-glyoxime, -heptoxime- and -octoxime mixed complexes. In the
case of nioxime complexes a different sequence is evident, viz.

Y-pic < py < [3-pic,
and with propoxime complexes we found the following sequence:
py < y-pic < jS-pic.

It is to be supposed that these differences are due to steric reasons. The
MO model calculations given in Table Ill1 lead to similar results. These data
show that the character of o-donor or a-acceptor ability of pyridine, /3-picoline
and y-picoline depends on the nature of the equatorial ligand.

In the case of complexes with aniline or one ofits derivatives as an axial
ligand, low quadrupole splittings occur which deviate considerably from the
former figures. AE decreased from 1.5—1.8 mm/s to 0.26—0.47 mm/s. Complex-
es with halogen substituents in the ligand have the lower values.

The extremely great decrease in quadrupole splittings reflects an increase
in symmetry of charge distribution around iron(ll). Low AE values point to
a near octahedral charge distribution: the six nitrogens become very similar
and their distance from iron nearly the same. The significantly higher quadru-
pole splittings of pyridine mixed complexes can be explained with distances
much greater between pyridine nitrogens and iron than those between dioxime
nitrogens and iron, the former being 2.05 A, the latter 1.91—1.97 A. This
distortion is probably due to steric reasons. A slight deviation occurs also in
the isomer shifts. This is smaller for the ~liline- and p-methyl-aniline com-
plexes, and greater for p-chloro-, p-bromo-, and p-iodoaniline complexes, than
for those discussed above. This correlation suggests that electrophile halogen
substituents favour fa-interaction.

The changes in occupancy of a- and cr-orbitals due to substitution of
ligands were calculated from the Mdssbauer parameters, using a method partly
obtained from the literature [1, 9] and modified in our earlier work [7, 8]. We
assumed in these calculations, that the sign of the quadrupole splitting of the
complexes is positive. This supposition was justified, since Dale et al. [5], by
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having subjected Fe(ll)(niox)2(py)2 to an external magnetic field, obtained
positive sign for AE. Since the Mdssbauer parameters of the other complexes
are but slightly different from those of the complex mentioned, and since also
their inner coordination sphere is similar, it is highly probable that also the
sign of the splitting isthe same. Based on the molecular orbital model mentioned
above the positive sign turns up because the dxy orbital is non-bonding and
accommodates two electrons while the dX2and dy2 are bonding orbitals partly
belonging to the ligands. The latter two would only compensate for the positive
sense of dxv when completely filled and when belonging entirely to the iron
atom.

The method of calculations is given later; the results are compiled in
Tables Il and Ill. The calculations aimed at the characterization of the changes
brought about in the population of a- and o-orbitals of the central iron atom,
and in the effective charge by the substitution of a ligand in the separate sys-
tems. Accordingly, in Tables Il and 111, the At.' figures give the variations in
the populations of Tr-orbitals, the Aoc figures those in that of tr-orbitals, and
Arj figures those in the effective charge, all compared to a reference complex.
The reference complexes are selected so as to enable us to follow separately the
effect of substitution of both monodentate (pyridine base) and chelating
(dioxime) ligands on the a- and the n-interactions. Correspondingly, Table Il
shows the effect of the substitution of a dioxime upon the electron structure of
the central iron atom of mixed complexes vrith pyridine (compounds 1—4),

Table 11

Changes of the population on the n-orbital (zla’), on the G-orbital (zla)
and of the effective charge (Arj) of the iron atom due to the dioxime ligand substitution

Ja' Ja J77
Compound 300 K 80 K 300 K 80 K 300 K 80 K
1 Fe(ll)(dmg)2(py)2 «5 H20 0 0 0 0 0 0
2 Fe(ll)(niox.H)2py)2 * H20 -0.06 -0.06 -0.10 -0.21 +0.16 + 0.17
3  Fe(ll)(octox.H)2Apy)2 + I/12H0O -0.04 -0.03 -0.04 -0.08 +0.08 + 0.11
4  Fe(ll)(heptox.H)2Apy).,, * H20 002 -0.03 -0.05 .0.02 +0.07 0.05
5 Fe(ll)(dmg)2(/?-pic)2 0 0 0 0 0 0
6 Fe(ll)(niox.H),(/?-pic), « H..O w -0.05 -0.07 0.04 0.04 +0.09 + o0.11
7 Fe(ll)(heptox.H)2(/?-pic)2 « H20 -0.03 0.04 -0.01 0.01 +0.04 + 0.05
8 Fe(ll)(heptox.H)2(/5-pic)2 « H20 -0.03 -0.03 0.07 - 0.06 + 0.10 + 0.09
9 Fe(Il)(propox.H)Z/?-pic), -0.05 0.05 -0.04 -0.07 +0.09 =+ 0.12
10 Fe(ll)(dmg)s(y-pic)j « H20 0 0 0 0 0 0
11 Fe(ll)(niox.11)Zy-pic)2 * HoO 0 -0.01 4007 +006 -0.07 —0.05
12 Fe(ll)(octox.H)2y-pic)2 « H20 0 0 0 +0.02 0 -0.02
13 Fe(ll)(propox.H)2(;-pic)2 001 ~-0.01 -T0.04 -0.06 -0.03 -0.05
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Table 111

Changes due to the substitution of the axial ligand, on the population of the n-orbital ( la )
of the (j-orbital (/la) and in the effective charge (d¢ij) of the iron atom

Ja* Ja Ar,
Compound

300 K 80 K 300 K 80 K. 300 K 80 K
1  Fe(ll)(ding)2py)2+5H2 0 0 0 0 0 0
2 Fe(ll)(dmg)2/?-pic)2 + 0.01 0 -0.12 0.09 + 011 +0.09
3 Fe(ll)(dmg)2y-pic)2+ H20 -0.02 -0.04 -0.20 -0.15 +0.22 +0.19
4 Fe(lll)(dmg).,(py)2Br =3 HBr -0.19 -0.22 -0.89 -0.91 + 108 + 113
5  Fe(ll)(dmg)2(py)2l « 2 HI -0.19 -0.20 -0.91 0.94 + 110 + 114
6 Fe(ll)(niox.H)2(py)2+- H2 0 0 0 0 0 0
7 Fe(ll)(niox.H)2(/?-pic)2 « 1120 +0.02 -0.01 -0.06 -0.03 + 0.04 +0.04
8 Fe(ll)(niox.H)2y-pic)2+ H2 + 0.04 +0.01 0.02 + 0.01 -0.02 - 0.02
9 Fe(ll)(octox.H)2(py)2ml1)21i20 0 0 0 0 0 0
10 Fe(ll)(octox.H)2(/9-pic)2 mH.O +0.02 -0.01 -0.07 0.02 +0.05 + 0.03
11 Fe(ll)(octox.H)2(y-pic)2 - H20 +002 -0.01 -0.01 -0.05 -0.01 +0.06
12 Fe(ll)(heptox.H)2(py)2« H2 0 0 0 0 0 0
13 Fe(ll)(heptox.H)2/9-pic)2 0 0 -0.14 -0.14 +0.14 +0.14

f3-picoline (compounds 5—9), and y-picoline (compounds 10 13). As discussed
earlier, and reflected by the experimental Mdssbauer parameters, the similar
behaviour of pyridine and /J-picoline complexes and the different behaviour
of y-picoline are more pronounced in the calculated data, indicating a stronger
interaction of the two kinds of ligands in the latter systems.

Table Il demonstrates the effect of monodentate ligands in systems with
the same dioxime ligand. For each system the mixed complex with pyridine
serves as a reference compound. It is to be seen that the effect on the electron
structure of iron in the expected order py B-pic y-pic is realized only in the
dimethylglyoxime mixed complexes. In the systems stabilized by a hydrocar-
bon ring within the ligand, other, presumably steric, effects render connexions
more involved.

It must be noted that parameters in Tables Il and IIl are calculated
from experimental Md&ssbauer parameters which show comparatively small
deviations, thus a finer appreciation of weak interactions can not be expected
on the basis of these either.

In Table 11l the data pertinent to the two iron(lll) mixed complexes
studied (compounds 4 and 5) are compared with those of the analogous iron(ll)
complexes. These data show that oxidation of the central iron atom brings
about a significantly greater decrease of electron density on er-orbitals than
on Tm-orbitals. The result of the overall interaction is a one-electron change in
the effective charge of the iron atom.
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Table IV

Analysis data of the complexes

I{zn Nitg&gen

Calc. Found Calc. Found

1 Fe(ll)(dmg)2(py)2+«5H20 10.45 10.10 15.72 15.30

2 " Fe(ll)(dmg)2/9-pic), 11.82 11.30 17.80 17.20
3 Fe(l1)(dmg)2(}'-pic)2 * H20 11.39 11.24 17.10 16.90

44 Fe(l11)(dmg)2(py)2Br « 3 HBr 7.28 7.43 10.96 10.80
5 Fe(l11)(dmg)2(py)2l <2 HI 6.75 6.52 10.16 10.26

6 Fe(ll)(niox.H),(py)2*H2 10.90 10.35 16.34 16.10

7 Fe(1l1)(niox.H)2(/?-pic)2 « H ,0 10.29 10.71 15.50 15.20

8 Fe(Il)(niox.H)X)'-pic)2 « H20 10.29 10.36 15.50 15.20

9 Fe(ll)(octox.H),(py)2 m1/2H,0 9.64 9.50 14.50 14.66

10 Fe(ll)(octox.H)2(/5-pic)2 « H20 9.40 9.24 14.04 13.80
11 Fe(ll)(octox.H)2(p-pic)2 mH 20 9.40 9.36 14.04 14.22
12 Fe(ll)(heptox.H)2(py)2*H20 9.79 9.66 14.73 14.66
13 Fe(ll)(heptox.H)2(/?-pic)2 « H2D 10.30 10.20 15.50 15.36
14 Fe(ll)(propox.H)2(y-pic)2 10.57 10.33 15.90 15.77
15 Fe(Il)(propox.H)2(y-pic)2 10.57 10.66 15.90 15.87

Experimental

Methods, published earlier [14—21] for the preparation of analogous cobalt complexes
were applied for the preparation of the dioxime mixed complexes investigated. lron(ll) com-
plexes were synthesized in an atmosphere of nitrogen gas free of oxygen. The complexes were
analyzed for iron and nitrogen. The results, together with calculated figures, are collected in
Table TV. The agreement between the two sets of figures is satisfactory, the deviations remain
within the limits of error of measurement.

The recording of the Modssbauer spectra was carried out as described in a previous com-
munication [8], at room temperature, and at the temperature of liquid nitrogen. The source
was cobalt-57 diffused into copper (Amersham, England). A computer was used for the evalua-
tion of the spectra. The isomer shift figures refer to the elementary iron at room temperature.
M dssbauer parameters were reproducible within +0.015 mm/s.

The magnetic susceptibility of the complexes was measured by the Faraday method
[22]. AIll the iron(ll) complexes were found to be diamagnetic. The magnetic susceptibility of
iron(111) compounds was not measured.

Methods of calculation

The changes caused by ligand substitution in the population of a- and
yr-orbitals were calculated from Md&ssbauer parameters determined experimen-
tally. For this purpose a simple MO-model [1, 7] was adopted in which the
symmetry of the complexes was nearly octahedral. Then the o-bonding molec-
ular orbitals are the following:
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>i* + Bi-]fbK + <) + Yi-% («2+ 3+ + (ft)
*2pz2 + 12 ai)
*3px + Y2JY K - O05)
<Py + Yo'pf s <)
a4 + A3 T r~1+ J4)+ Y3YITS + ff3+ °5 + “e)

a 5d x»-y* + y4y K 406 °3 <h%

Fig. 3. Structural formula of Fe(ll)(dimethyl-glyoxiine.H);(pyridine)2

where a represents the coefficients of the atomic orbitals of iron, B the orbitals
of the axial (pyridine base) ligands, y those of the planar (dioxime) ligands.

The numeration of the ligands is shown in Fig. 3. In a first approximation
it may be supposed that substitution of axial ligands does not affect the orbitals
of the planar ligands, viz. 8yl — 0, and vice versa: changing the ligands in the
plane, 68j = 0. With obvious suppositions concerning the changes of a and B
and disregarding the overlaps, from normal conditions, it follows that the
degrees of filling up of atomic orbitals can not change independently one from
the other, hut only in a definite ratio. For instance, owing to the effect of
substitution of axial ligands the change of the charges on orbitals 4s, 4p. and
3d.2 will he in-the ratio
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Zla2 : A% Axt=1:3:2
[ I i5 symbolized by Ax, then the overall change of the charge on cr-bonding

iron orbitals can be written as Ax = 12Ax, or. to express also the configuration
(3d24s4p3)2)x.

Fig. 4. Interpretationary diagram of Mdssbauer isomer shifts of molecules with electron struc-

ture 3d,!(3d24s4p3)2xwhere q is the effective charge of the iron atom. Left-hand ordinate = elec-

tron density at the nucleus of the iron atom (value diminished by 11 873, according to conven-
tion), in a,,3units, where a0 = first Bohr radius of the hydrogen atom.

Back-coordination can be expected from jr-bonding i.e. from 3dxz, 3dyz
and 3dxy orbitals. Like the alteration of o-bonding, also this can be characterized
by one parameter, viz. Aoc’ = An. Thus, in the case adduced as an example, the
electron structre of the iron atom can be written in the form 3d',(3d24s4p3)2x

The two parameters of Mdssbauer spectra, i.e. isomer shift and quadrupole
splitting are functions of the electron structure. A given electron structure
determines Mdssbauer parameters, but inversely this is not so: a given set of
parameters can account for many kinds of electron structures. Assignement
can be rendered more specific by some assumption concerning electron struc-
ture, e.g. that the electron structure of the iron in these molecules is
3dn(3d24s4p3)2X The figures for n and x, respectively and the changes of these
Zloc and A<x can be determined. Figure 4 shows the correlation of isomer shift
with the parameters n and x based on the structure suggested. When it is
supposed that the effective charge q of the iron atom in the complex is a small
positive value 0 <[ g< 1, then isomer shift reflects the change of back-coordi-
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nation: represented by n, and is insensitive to that of the coordination repre-
sented by x (the tangents to the curves are between g — 0 and q = 1 nearly
horizontal). The quadrupole splitting is, however, significantly affected by x.
The change of isomer shift and of quadrupole splitting (d — d0and AE — AEQ0Q)
referred to an initial complex can be brought into correlation with the change
of coordination and back-coordination (of Ax and zla’) as follows:

O— 60= 1.05Z1«’ and
AE AEO0O= —1.2da— 1.84a’

For the latter equation the contribution of one electron to the quadrupole
splitting is taken to be 3.6 mm/s. Similar considerations help us to find anal-
ogous correlations in the case of substitution of planar ligands. Results of such
calculations are collected in Tables Il and I11I.
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3-Oxo-l-iminoisoindoline (3) yields with monosubstituted alkylhydrazines amino-
phthalazinone derivatives (5) substituted at the N(2) position whose structures have
been also confirmed in a preparative way. Substitution at N(2) hinders the exchan(];e
of the amino group for hydrazino group, therefore the pathway 3 —5 —6 is unsuitable
for an extension of the Ksnhier synthesis [1]. Compound 3 with iV,iV-disubstituted
alkyl and cyclic alkylenehydrazines (e.g., iV-aminopiperidine) gives hydrazonoisoindoli-
nones (9) in satisfactory ?’/]ields; these can be converted with hydrazine hydrate and with
methylhydrazine and 2-hydroxyethylhydrazine into the hydrazinophthalazinone de-
rivatives having the structures 10 and 11, respectively. 4-Aminophthalazinone (4) and
the hydrazinophthalazinones (10) prepared can be methylated at N(2) by means of
dimethyl sulfate.

Of the hydrazine derivatives of phthalazine, the hydrochlorides of
1-hydrazinophthalazine and 1,4-dihydrazinophthalazine are available commer-
cially as important hypotensive agents (Apresolin and Nepresol, Ciba AG).
According to Kohler [1] et al., 4-hydrazino-I(2ii)-phthalazinone (1) also pos-
sesses a marked hypotensive effect.

There are several possibilities described in the literature [1] for the
synthesis of hydrazinophthalazinone (1). Of these, the syntheses starting
from 4-clilorophthalazinone (2 — 1) and from 3-oxo-l-iminoisoindoline through
aminophthalazinone (3 —4 —»1) have preparative importance. 3-Oxo0-1-imi-
noisoindoline (3) was allowed to react with hydrazine first by Elvidge [2];
the product was assumed to be phthalimidrazone (9; Q = NH2). Correction
of the structure was made by Ksohler, showing that the product was 4-amino-
phthalazinone (4).

In our studies on the hydrazinolysis of 3-oxo-l-iminoisoindoline (3), it
was established that the first step of the complex conversion, the formation of
aminophthalazinone (3 —%4), was a rapid reaction, whereas the final step
(4 —= 1) was very slow and practically did not take place at room temperature.
It can he concluded that the hydrazinolysis of 3-oxo-I-iminoisoindoline at room
temperature (the yield being 64% according to Flitsch [3]), or preferably the

* Part 1V, Acta Chim. Acad. Sei. Hung. 99, 81—95 (1979)
** Results of the diploma theses (Budapest, 1972 and 1976) are used.
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reaction suggested by us including a short refluxing (yield 85—90%), are the
best syntheses for aminophthalazinone known today.

Koéhler [1] regarded the conversion 4 —1 with 100% hydrazine hydrate
in 5 h as complete; however, our observations indicate that refluxing for about
25— 30 h is necessary to achieve the formation of a uniform reaction product
as shown by the IR spectra (complete development of the bands at 3300 and
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990 cm -1, characteristic ofthe hydrazino compound, requires about this period
of time). Since hydrazinolysis of 4-chlorophthalazinone is practically complete
in 5h, this method (2 —* 1) is the most suitable for the preparation of hydrazino-
phthalazinone.

3- Oxo-l-iminoisoindoline (3) yields with monosubstituted alkylhydra-
zines aminophthalazinones substituted at the N(2) position (5). In these com-
pounds, in contrast with 4-aminophthalazinone (4), the exchange of the amino
group by means of hydrazine hydrate (5 — 6) cannot be accomplished in the
usual way [I].The substitution reaction is hindered, probably owing to preclud-
ed aromatization due to the presence of the substituent at N(2). (To elucidate
this assumption it may be mentioned that the aromatic 1.4-dichlorophthalazine
is much more prone to participating in substitution reactions than 4-chloro-
phthalazinone is [3, 4]. In basic media, even if to a limited extent, the enolized,
aromatic tautomeric forms of 4-chlorophthalazinone (2) and 4-aminophthalazi-
none (4) must be considered, and these, on the analogy of the above facts,
must be more reactive than the acid amide forms. This may be responsible for
the reactivity of 2 and 4 towards hydrazine hydrate.)

The monosubstituted hydrazine can be incorporated into the phthalazi-
none skeleton is two ways: substituent R may assume position N(2) or N(3).
Earlier, the alkylation of 4-(2-hydroxyethylamino)-I(2H)-phthalazinone (the
so-called /3-spiroxazone) was studied in detail, and N(2) alkylation was con-
firmed by preparative [5], IR, NMR [6] and MS [7] evidence. The monomethyl
derivative formed in the methylation of aminophthalazinone with dimethyl
sulfate (4 —»5a) is entirely identical with the compound obtained from the
3 —=5a reaction. This identity in itself substantiates the N(2) position of substi-
tuent R in compounds of type 5, but decision between the two possible structur-
al isomers, 5 and 5% was also made in a preparative way.

When fused with veratraldehyde, compounds 5a and 5b give readily
crystallizing condensation products (7). The Schiff bases can be decomposed
into the starting aminophthalazinones 5a and 5b by acid hydrolysis, which
excludes any possibility of a 5 —« 5’transisomerization during the fusion proc-
ess. Since only structure 5 containing a primary amino group is capable of
condensation, group R is certainly in position N(2).

4- Aminophthalazinone (4) and its derivatives substituted at N(2) (5a,
5b) react with phenyl isocyanate to give phthalazonylphenylurea derivatives
(8). Compounds 4 and 5a yield only the monophenylcarbamoyl derivatives
even with a high excess of phenyl isocyanate, therefore the structure of the
product can be only 8 or 8’; the actual structure depends on the fact whether
the aminophthalazinone reacts with the tautomeric form containing the endo-
cyclic or exocyclic C = N group. Although the structural isomer 8’ cannot be
definitely excluded on the basis of the present knowledge, still structure 8
seems to he more probable, since the tautomer containing the endocyclic
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C = N group was found to be the more stable form according to the literature
[3] and our own observations [8, 9, 12].

In the reaction of iV,iV-disubstituted alkylhydrazines (e.g., iV,iV-dimethyl-
hydrazine) and cyclic alkylenehydrazines (IV-aminopiperidine, IV-aminohomo-
piperidine, iV-aminomorpholine) with 3-oxo-l-iminoisoindoline (3), products of
the phthalimidrazone type (9) are formed. Correctness of the structure is con-
firmed by the appearance of phthalimide on acid hydrolysis. When compounds
9 are refluxed with hydrazine, they transform into hydrazinophthalazinones
of structure 10 with the elimination of ammonia. A small amount of amino-
phthalazinone (4; 5—25%) formed in the by-reaction hardly affects the ex-
cellent yield of the synthesis (70—93%). The main product of the hydrazinol-
ysis effected with the more basic methylhydrazine is 4-amino-2-methyl-
I(2if)-phthalazinone (5a), owing to an extensive transamination process;
therefore the yield of derivatives 11 is significantly lower (31—42%). The simi-

Ada Cliim. Acad. Sei. Hung. 102, 1979



KORMENDY ct at: AMINOPHTHALAZINONE DERIVATIVES 43

lar solubility properties of 5a and 11 present another preparative problems,
making the separation difficult. Synthesis of compounds 11 can also be achieved
through the methylation of 10. A significant improvement in the yield was
observed only in the case of lid (75% instead of 31%), yet methylation is to
be considered the better method, as no by-product hard to eliminate interferes
with the isolation.

In the literature [1], the melting point of hydrazinophthalazinone (1) is
given erroneously. Compound 1 melts first at 235—240 °C with the evolution
of gas, then becomes crystalline again and the second melting occurs at 268—
269 °C. The thermally treated hydrazinophthalazinone proved to be amino-
phthalazinone according to the IR spectrum and elemental analysis. According
to our experience, only the hydrazinophthalazinone is thermally unstable, the
other hydrazine derivatives (10. 11) were stable at the melting point.

Most of the hydrazinophthalazinones and their derivatives prepared in
the course of the present work are regarded as possessing the tautomeric struc-
ture containing endocyclic C = N group(6N 11 1540—1528cm-1). Exceptions are
dimethylhydrazmophthalazinone (10a; ONH 1560 cm-1) and (iV-morpholino-
amino)phthalazinone (I0d; dNH 1552 cm-1), in which the strikingly high 6NH
bands do not exclude the tautomeric exocyclic structure. The tautomerization
of hydrazinophthalazinones xvill be discussed in a forthcoming part of this
series of papers.

Ada Chim. Acad. Sei. Hung. 102, 1979



44 KORMENDY et al.. AMINOPHTHALAZINONE DERIVATIVES

9, 10,11 Q

0

Experimental

M.p.’s were determined on a Boetius micro-hot-stage. The IR spectra were recorded in
KBr pellets with a UR-10 (Zeiss, Jena) spectrophotometer.

0-Cyanobenzamide

It was prepared from phthalamide by Braun’s method [10], using acetic anhydride
for dehydration, in 40—50% yield; m.p. 188—189.5 °C (lit. m.p. 172—173 °C).
CBHAND (146.2). Calcd. N 19.2. Found N 19.2%.
261 IT: vNH, 3360, 3177; VCN 2229; rCOamjje 1659; <GNH2 1622; 1,2-disubstituted Ar ring
cm-1.
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3-Oxo-l-iminoisoindoline (3)

Alkaline cyclization of o-cyanobenzamide [10] was advantageously replaced by a fusion
process. In an open test tube, o-cyanobenzamide (15 g) was melted on a silicone oil bath at
220 °C (10—15 min). The slightly coloured melt crystallized on cooling, the yield of 3 being
100%; m.p. 203- 204 “C (1it. [10] m.p. 203 °C).

GsHeNjO (146.2). Calcd. N 19.2. Found N 19.3%

IR: vNH 3258, 3100—2000; i>QQrrick and i>C=N 1719, 1669; <GNH 1525; 1,2-disubst.
Ar ring 752 cm-1.

4-Amino-I(2/f)-phthalazinone (4)

(a) A mixture of 3-oxo-l-iminoisoindoline (3; 1.46 g; 0.01 mole), 100% hydrazine hydrate
(1.5 ml) and ethanol (20 ml) was gently heated. The components dissolved rapidly, and soon
colourless needles separated from the solution. After boiling for 5 min, the thick suspension
was diluted with water and filtered (1.42 g; 88.2%). The crude product melted at 264—266 °C
with sublimation. After sublimation in vacuum, the m.p. was 273—274 °C (1it. m.p.’s 266 °C,
[3], 271—273 °C [11] and 274 °C [1]). According to the IR spectrum, the product was identical
with the substance obtained by the ammonolysis of chlorophthalazinone [11].

(6) 4-Hydrazinophthalazinone (0.50 g) was fused in a bath of 270—280 °C until gas
evolution ceased (10—15 min); the product was recrystallized from water, using decolourizing
carbon, to obtain colourless needles (0.22 g), m.p. 267—269 °C; after sublimation in vacuum
the substance had m.p. 273—274 °C. According to the IR spectrum, it was identical with the
substance obtained according to (a).

(c)The same compound was obtained as a by-product from the hydrazinolysis of phthal-
imidrazones 9, in 5—25% vyield (see there).

C3H,NY (161.2). Caled. N 26.1. Found N 26.2%.

IR: i'NH and rNH, 3400 2800: i'COanick 1645; <6NH 1565; 1,2-disubst. Ar ring 760 cm-1.

4-Amino-2-methyl-1(2H)-phthalazinone (5a)

(a) 3-Oxo-l-iminoisoindoline (1.46 g; 0.01 mole) was mixed with methylhydrazine (2 ml).
A greenish yellow solution resulted with spontaneous warming and strong evolution of am-
monia; cooling gave a deposit of crystals. After dilution with water (30 ml), the colourless
product (1.26 g: 71.9%; m.p. 158—160 °C) was filtered off. It is well soluble in water and etha-
nol, moderately soluble in chlororom. Colourless needles were obtained from a small amount of
ethanol, or big prisms from a mixture of chloroform and ether; m.p. 162—163 °C.

(b) Aminophthalazinone (16.1 %; 0.1 mole) was dissolved in 4% aqueous NaOll (1000 ml)
with gentle heating, and dimethyl sulfate (37.8 g; 0.3 mole) was added dropwise, with mechani-
cal stirring. Next day the crystals were filtered off. Further amounts of the product were ob-
tained from the mother liquor after evaporation. Yield: 16.3 g (92.8%); m.p. 160—162 °C.
Colourless prisms were obtained from a mixture of chloroform and ether, m.p. 162—163 °C.
According to the IR spectrum, the product was identical with the substance prepared accord-
ing to (a).

J (c) The same compound was obtained in about 50% vyield in the reaction of phthal-
imidrazones 9 with methylhydrazine (see there).

COHINI (175.2). Caled. N 24.0. Found N 24.1%.

IR: rNH, 3376, 3310, 3200; )COarice 1619; vC=N 1570; <6NH, 1647; 1,2-disubst. Ar
ring 785 cm-1.

Reaction of 5a with hydrazine hydrate

The compound remained unchanged after refluxing with 100% hydrazine hydrate for
60 h.

Condensation of 5a with veratraldehyde (7a)

A mixture of 5a (0.175 g; 1 mmole) and veratraldehyde (0.332 g; 2 mmoles) was fused,
and the yellow melt was crystallized from ethanol to obtain yellow crystals, m.p. 171—173 °C.

CIBHIN 3(323.4). Calcd. CHX 19.2. Found CHI 18.9%.

IR: rCHmet[10%] 2832; i'C=Ngcjdff 1648; >COamijde 1617; rC=N1574;vC  OmethOxyl 1257,
1022; 1,2-disubstituted Ar ring 751 cm-1.
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Hydrolysis

The condensation product 7a was boiled with 10% hydrochloric acid for a few minutes.
The solution was then repeatedly evaporated to dryness with water. The evaporation residue
was recrystallized from a mixture of chloroform and ether to give colourless prisms, m.p.
162—163 °C. According to the IR spectrum, the substance was compound 5a.

4-Aniino-2-(2-hydroxyethyl)-1(2/1)-phthalazinoiie (5b)

A mixture of 3-oxo-I-iminoisoindoline (1.46 g; 0.01 mole) and 2-hydroxyethylhydrazine
(3 ml) was heated on a water bath until the evolution of ammonia ceased (15 min). The yellowish
syrup was dissolved in water (30 ml); crystals separated from the solution on standing. Yield:
1.43 g (69.7%), colourless needles or plates (from water), m.p. 205—206 °C.

CioHNN30p (205.2). Calcd. N 20.5. Found N 20.7%.

IR: jNHo and vOH 3386, 3330, 3228; rCOarick 1627; pC=N 1570; <GNH21652; vc -0
1072; 1,2-disubst. Ar ring 735 cm-1.

Condensation of 5b with veratraldehyde (7b)

A mixture of veratraldehyde (0.332 g; 2 mmoles) and 5b (0.205 g; 1 mmole) was fused
until the release of water was complete. Sulfur-yellow prisms were obtained from ethanol, m.p.
171—173 °C.

CIHIND, (353.4) Calcd. CHY 17.6. Found CH 17.8%.

IR: rOH 3438; vCHrrethoxyl 2837; vC= HShiff 1639; vCOanriceand pC=N 1620, 1574;
vC—Onmehtoxyi 1270, 1028; vC—Oa/@h0i 1028; 1,2-disubst. Ar ring 743 or 755 cm-1.

Hydrolysis

Compound 7b decomposed into vertaraldehyde and compound 5b when refluxed with
dilute hydrochloric acid (m.p. 205—206 °C).

Phthalazonylphenylureas
4-Phenylureido-1(2H)-phthalazinone (8a)

4-Aminophthalazinone (4; 0.80 g; 5 mmoles) was refluxed with phenyl isocyanate
(1.19 g; 0.01 mole) in dry dioxan (30 ml) for 8 h, with the careful exclusion of moisture. After
dilution with water, a colourless powder separated which was filtered off, washed with water
and cold ethanol (100 ml) to obtain 1.39 g (nearly 100%0) of 8a. The compound had no melting
point; sublimation occurred at 300 310 °C.

CI5H 1N40 2 (280.3). Calcd. N 20.0. Found N 20.1%.

IR: VNH 3350—2700; vCOamjde, urea 1662; ~"NH 1568, 1525; 1,2-disubst. Ar ring 755;
monosubst. Ar ring 740, 689 cm-1.

4-Phenylureido-2-methyl-1(2H)-phlhalazinone (8b)

4-Amino-2-methyl-1(2i7)-phthalazinone (5a; 0.88 g; 5 mmoles) was dissolved in hot
anhydrous dioxan (30 ml) and allowed to react with phenyl isocyanate (1.19 g: 0.01 mole).
After refluxing for about 30 min, the separation of colourless 8b started from the yellowish
solution. The reaction mixture was refluxed for 5 h, diluted with water (200 ml), the product
was filtered off and washed with hot ethanol (50 ml). Yield: 1.14 g (77.6%), m.p. 276 —278 °C;
t2h8e5 n;%I; l;zg:pidly crystallized into needles then underwent sublimation, leaving no residue, at

ClI6H 14N40 2 (294.3). Calcd. N 19.0. Found N 18.9%. B

IR: i»NH 3340- 2800; vCOurea 1687; ~COarice 1645; vC=N 1588; ONH 1525 or 1561;
1,2-disubst. Ar ring 759; monosubst. Ar ring 750, 691 cm-1.
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4-Phenylureido-2-phenylurethano-1(213)-phthalazinone (8c)

A mixture of phenyl isocyanate (0.60 g; 5 mmoles) and 4-amino-2-(2-hydroxyethylzl-
I(2H)-phthalazinone (5b; 0.41 g; 2 mmoles) was refluxed in anhydrous dioxan (10 ml) for 2 h.
Separation of the colourless reaction product from the yellow solution started from the begin-
ning of refluxing. The mixture was diluted with water (100 ml), the crude product was filtered
off, washed with water and ethanol to obtain 0.55 g, (62%), m.p. 220—221 °C (d.). After re-
crystallization from dioxan, the colourless needles had m.p. 223 225 °C (d.).

GAH2INGD 4 (443.5). Calcd. N 15.8. Found N 16.0%.

IR: pNH 3270; rCOurethare 1732; rCOurea 1685; rCOarice 1653; rC=N 1588; <5NII 1553;
pC—Oester 1227, 1065; 1,2-disubst. Ar ring 755; monosubst. Ar ring 755, 693 cm-1.

Phthalimidrazone derivatives (9)
3-Oxo-I-(2,2-dimethylhydrazono)isoindoline (9a)

3-Oxo-l-iminoisoindoline (2.92 g; 0.02 mole) was refluxed with iV,IV-dimethylhydrazine
(2 ml) in ethanol (20 ml) for 2 h. After the addition of some water the yellow solution was eva-
porated to dryness in vacuum; yellow crystals were obtained on recrystallization from aqueous
ethanol (3.11 g; 82.3%), m.p. 132- 134 °C.

C)0H,,N30 (189.2). Calcd. N 22.2. Found N 22.4%.

1R: pNIl 3300-2600; vN—CH3 2822, 2790, 2777; rCQimick 1726; pC=N 1640; 1,2-di-
subst. Ar ring 775 cm-1.

Hydrolysis

Compound 9a was dissolved in 10% cold hydrochloric acid. The colourless crystalline
substance (m.p. 233—235 °C, with sublimation) which deposited on short boiling was identical
with phthalimide as shown by the IR spectrum.

3-Oxo-I-(iV-pipcridinoimino)isoindoline (9b)

A mixture of IV-aminopiperidine (5.00 g; 0.05 mole), 3-oxo-l-iminoisoindoline (7.30 g;
0.05 mole) and ethanol (50 ml) was refluxed for3 h. A yellow solution formed rapidly and strong
evolution of ammonia was observed. The substance which separeted on dilution with water
(300 ml) (10.65 g; 92.9%; m.p. 145—147 °C) was crystallized from aqueous ethanol to give
yellow needles, m.p. 147—148 °C.

CI3HIBNI (229.3). Calcd. N 18.3. Found N 18.4%.

IR: pNH 3190; pN—CH2 2822; pCOnjck 1721; rC=N 1648; 1,2-disubstituted Ar ring
779 cm-1.

3-0Ox0-1-(iV-homopiprridiiioimino)isoindoliiie (9¢)

3-Oxo-I-iminoisoindoline (7.3 g; 0.05 mole) was refluxed with IVV-aminohomopiperidine
(5.7 g; 0.05 mole) in ethanol (50 ml) until the evolution of ammonia had ceased (3 h). On the
addition of water (300 ml), yellow crystals separated (10.95 g; 90.1%; m.p. 116 —118 °C).
Yellow needles were obtained from aqueous ethanol; m.p. 118—119 °C.

C4H,,N3 (243.3). Calcd. N 17.3. Found N 17.4%.

IR: pNH 3170; rN CH22818; rCOirrick 1709, rC=N 1640; 1,2-disubst. Ar ring 765 cm-1

3-Oxo-I-(IV-morpliolinoimino)isoindoline (9<1)

A mixture of 3-oxo-l-iminoisoindoline (7.3 %; 0.05 mole) and iV-aminomorpholine (5.1 g;
0.05 mole) was refluxed in ethanol (50 ml) until the evolution of ammonia had stopped (3 h).
The solution turned rapidly yellow, and separation of the relatively Poorly soluble 9d started
after boiling for about 30 60 min. After dilution with water (200 ml), the crude product was
filtered off (10.60 g; 91.7%), m.p. 203—204 °C. Yellow needles were obtained on recrystalliza-
tion from ethanol; m.p. 203 - 204 °C.

Ci2HI3N30 2(231.3). Caled. N 18.2. Found N 18.2%.

IR: pNH 3182; pN—CH2 2838; rCOirlick 1722; rC=N 1642; rC-0 1112 or 1097 cm-1
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4-Hydrazino-I(2H)-phthalazinone (1)

(a) Compound 1, when prepared from 4-chlorophthalazinone with 100% hydrazine
hydrate according to KOHLER [1] (reflux for 5 h), was only contaminated with traces of chlorine.
The reaction took place in a similarly satisfactory yield (about 90%) when more dilute (e.g.,
72%) hydrazine hydrate was used. After clarification with activated carbon, pale cream needles
were obtained from water; m.p. 235—240 °C, (with the evolution of gas). When the tempera-
ture was slowly increased, the melt crystallized and melted again at 268—269 °C (i.e. at the
m.p. of aminophthalazinone).

(6) A mixture of 4-aminophthalazinone (4, 1.6 g) and 100% hydrazine hydrate (20 ml)
was refluxed in a flask equipped with a reflux condenser. The samples (1 ml each) taken from
the solution in 5-h periods were diluted with water to tenfold volume. The IR spectrum of the
crystalline product which separated varied in the different samples. Complete development
of the bands at 3300 cm-1 and 990 cm-1, characteristic of hvdrazinophthalazinone, was ob-
served only after refluxing for 25—30 h.

CBHBN40 (176.2). Calcd. N 31.8. Found N 31.9%. .

IR: vNH and t>NH2 3400—2700; rCOarick 1658; <5NH, 1625; ONH 1530; rC=N 1592;
1,2-disubst. Ar ring 778 cm-1.

Hydrazinolysis of phthaliinidrazone derivatives (9)
4-(2,2-Dimethylhydraziiio)-1(2H)-plithalazinone (10a)

A mixture of 3-oxo-I-(2,2-dimethylhydrazono)isoindoline (9a; 3.78 g; 0.02 mole) and
72% hydrazine hydrate (4 ml) was refluxed in ethanol (40 ml) for 6 h in aflask equipped with
a reflux condenser. The intensely yellow solution slowly became colourless with the evolution
of ammonia. After the addition of water, the solvent and the excess hydrazine were evaporated
in vacuum. The solid residue was suspended in some water, neutralized with hydrochloric acid
and filtered off to obtain the product (3.78 g; 92.6%; m.p. 195—199 °C). It crystallized as long
colourless needles from water, which disintegrated into a powder when heated slightly (e.g.,
under a lamp); m.p. 199—201 °C.

CIOH IN4O (204.2). Calcd. N 27.4. Found N 27.6%. .

IR: t-NH 3222, 3300—2700; vN—CH3 2818, 2773; i'COanrice 1640; rC=N 1588; ONH
1560; 1,2-disubst. Ar ring 753 cm-1.

The combined mother liquors yielded 0.16 g (5%) of aminophthalazinone (m.p. 270—
271 °C) on evaporation.

4-( N-Piprridinoamino)-1(2//)-piithalazinone (10b)

A mixture of 3-oxo-I-(A-piperidinoimino)isoindoline (9b; 2.29 g; 0.01 mole) and 72%
hydrazine hydrate (2.5 mlg]was refluxed in ethanol (25 ml) for 6 h. The solution which became
colourless was diluted with water (300 ml) and neutralized with hydrochloric acid. The crude
product was 1.95 g, m.p. 221—224 °C. Needles with fan-shaped arrangement were obtained
from aqueous ethanol (2 : 1), plates from much water (1.72 g; 70.4%), m.p. 230—232 °C.

Ct3H18N4 (244.3). Calcd. N 22.9. Found N 23.0%.

IR: rNH 3250, 3192: rNHarmice 3450-2600; vN—CH2 2821, 2803; rCOanice 1641; <5NH
1534; <SNHamicke 1563; rC=N 1590; 1,2-disubst. Ar ring 784 cm-1.

The mother liquors yielded a by-product (0.40 g; 24.8%) which was identified as 4-
aminophthalazinone (4) (m.p. 269—272 °C).

4-(iV-Homopiperidinoamino)-1(2H)-phthalazinone (10e)

3- Oxo-1-(JV-homopiperidinoimino)isoindoline (9c; 14.58 g; 0.06 mole) was refluxed with
72% hydrazine hydrate (15 ml) in ethanol (100 ml) for 6 h. The solution was then diluted with
water (I00O ml), neutralized with hydrochloric acid and the crystalline product was filtered
off (12.62 g; 81.5%). Colourless prisms were obtained from ethanol; m.p. 198—200 °C.
C,AH18ND (258.3). Calcd. N 21.7. Found N 21.6%.
. IR: rNH 3270, 3210; t-NHaride 3380—2600: vN -C H 22823; rCOarick 1640; rC=N 1590;
ONH 1528; <5NHaice 1560; 1,2-disubst. Ar ring 742 cm-1
y 4- Aminophthalazinone (1.38 g; 14.3% m.p. 269—272 °C) was isolated from the mother
iquor.
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4-(iV-Morpholinoamino)-1(2//)-phthalazinone (10d)

A mixture of 3-oxo-I-(iV-morpholinoimino)isoindoliiie (9d: 2.31 g; 0.01 mole) and 72%
hydrazine hydrate (2.5 ml) was refluxed in ethanol (25 ml) for 6 h. Water was added to the
almost completely colourless solution, and the solvent was evaporated in vacuum. An agueous
suspension of the solid residue was neutralized with hydrochloric acid and filtered off to obtain
the crude product (2.23 g; m.p. 213—217 °C); colourless prisms after recrystallization from
much ethanol (1.93 g; 78.4%), m.p. 225—227 °C.

C,,,HAND, (246.3). Calcd. N 22.7. Found N 22.7%.

IR: >NH 3232; 3195; vNHarride 3400-2700; vN-CHJ 2834; rCOanjce 1649; <SNHanice
1572; <GNH 1552; vC=N 1602; rC -0 1112; 1,2-disubst. Ar ring 786 cm™1

4-Aminophthalazinone (0.26 g; 16.2%, m.p. 269—273 °C) was obtained from the com-
bined mother liquors.

4-(2,2-Dimethylhydrazino)-2-methyl-1(2H)-phthalaziiione (11a)

(a) 3-Oxo-1(2,2-dimethylhydrazom)isoindoline (9a; 3.78 g; 0.02 mole) was refluxed with
methylhydrazine (4 ml) in ethanol solution (30 ml) for 15 h. After evaporation in vacuum, the
viscous residue was extracted with hot petroleum ether (b.p. 80—120 °C) to obtain 1.83 g
(42.0%)colourless salt-like crystals, m.p. 111 —112 °C. The component poorly soluble in petro-
leum ether was 4-amino-2-methyl-I(2H)-phthalazinone (5a: 1.71 g; 53.1%), m.p. 162—163 °C.

(fe) Compound 10a (2.04 g; 0.01 mole) was dissolved in cold methanolic (100 ml) potas-
sium hydroxide (5.6 g) to give a solution with a reddish brown colour. Dimethyl sulfate (5 ml)
was added dropwise under mechanical stirring, the mixture was allowed to stand for 1 h, then
evaporated to dryness in vacuum. The red solid mass was extracted with dichloromethane at
room temperature and the extract was evaporated. The strongly coloured evaporation residue
gave the methylated product (1.05 g; 48.1%0) as a pale yellow syrup after extraction with hot
ether. Colourless crystals were obtained from petroleum ether; m.p. 111 —J13°C. According
to the mixed m.p. and IR spectra, the product was identical with the compound prepared
according to (a).

CmHIMNA (218.3). Caled. N 25.7. Found N 25.7%.

IR: i'NH 3238; vN-C H 32819, 2774; rCOanice 1638; vC=N 1578; <6NH 1535; 1,2-disubst.
Ar ring 730 cm™1

(a) 3-Oxo-I-(iV-piperidinoimino)isoindoline (9b, 4.58 g; 0.02 mole) was allowed to react
with metrgllhydrazine (4 ml) in ethanol (30 ml). After refluxing for 15 h, the solution was
evaporated in vacuum. The evaporation residue was extracted with hot petroleum ether
(2x100 ml; b.p. 80—120 °C). The substance which seﬁarated from the solution and the in-
soluble residue of the extraction were 4-amino-2-methyl-1(2H)-phthalazinone (2.03 g; 58%;
m.p. 162—163 °C). After filtration, the petroleum ether solution was evaporated to dryness
and the solid residue crystallized from water, to obtain colourless needles. The hydrate had
m.p. 59—62 °C. The substance became sticky when dried at room temperature over phosphorus
pentoxide in vacuum. On drying first at 56 °C and then at 78 °C, a crystalline substance was
obtained, m.p. 89—91 °C; yield: 1.90 g (36.8%).

(b) Compound 10b (0.488 g; 2 mmoles) was dissolved in methanolic (20 ml) potassium
hydroxide (1.2 g). Dimethyl sulfate (1.0 ml) was added to the yellow solution under stirring,
then the methanol was evaporated in vacuum. The solid residue was extracted with cold
dichloromethane. From the evaporation residue of the dichloromethane solution (about 0.5 g)
the methylated product was extracted with hot petroleum ether (b.p. 80—120 °C) (0.228 g;
44.1%). Colourless needles were obtained on recrystallization from water; m.p. 89—90 °C
(after drying).

CHHIBNAD (258.3). Calcd. N 21.7. Found N 21.8%.

IR: iNH 3200; i'COarice 1630; vC=N 1573; ONH 1535 cm"'1

(a) A mixture of 9e (4.86 g; 0.02 mole) and methylhydrazine (4 ml) was refluxed in etha-
nol (30 ml) for 15 h. The evaporation residue of the solution was extracted with hot petroleum
ether to obtain a yellowish syrup (2.15 g; 39.5%), well soluble in hydrochloric acid; the com-
pound could not be crystallized in the base form. The acid solution was evaporated to dryness

4 Acta Chim. Acad. Sei. Hung. 102, 1979



50 KORMENDY et al.: AMINOPHTHALAZINONE DERIVATIVES

in vacuum to yield colourless crystals, which would be readily recrystallized from a mixture
of ethanol and ether. The hydrochloride had m.p. 121—123 °C. The substance poorly soluble
in gasoline was 4-amino-2-methyl-I(2H)-phthalazinone (1.90 g; 54.3%; m.p. 162—163 °C¥.

(6) Dimethyl sulfate (2.5 ml) was added dropwise, with stirring, to a solution of 10c
(1.20 g; 5 mmoles) in methanolic (50 ml) potassium hydroxide (2.8 g). After standing for 1 h,
the solution with deepening colour was evaporated to dryness in vacuum, and the dry residue
was extracted with cold dichloromethane. After the removal of the solvent the dark brownish-
red resin was treated with hot ether to obtain a yellow honey-like material (0.50 g; 36.8%),
which was converted into the hydrochloride as described in (a). Recrystallization from a mix-
ture of ethanol and ether gave colourless crystals, m.p. 120—122 °C. This product was identical
with the substance made according to (a).

CIH,,0N40 « HC1 (308.8;. Calcd. Cl 11.5; N 18.1. Found Cl 11.8; N 18.0%.

IR: rNH 3200; i>NH+ 3100—2000; rCOarice 1652; rC=N or <5NH 1588; 1,2-disubst.
Ar ring 775 cm-1.

4-(\-Mnrpliolinoamino)-2-melhyl-1(2 //)-phthala/.inone (lid)

(a) A solution of ad (4.62 g; 0.02 mole) and methylhydrazine (4 ml) in ethanol (30 ml)
was refluxed for 15 h. After evaporation to dryness in vacuum the residue was treated with
hot petroleum ether (b.p. 80—120 °C) (2x150 ml) to obtain a crystalline dproduct (1.61 g;
31.0%), m.p. 98—102 °C. Recrystallization from water gave colourless needles, m.p. 103—
105 °C. After drying in vacuum over phosphorus pentoxide at 78 °C, the m.p. increased to
144—1455 °C. The other product, poorly soluble in petroleum ether, was 4-amino-2-methyl-
1(2iT)-phthalazinone ﬁ2.15 g; 61.5%; m.p. 162—163 °C).

6) Compound 10d (0.492 g; 2 mmoles) was methylated with dimethyl sulfate (1.0 ml)
in methanolic (20 ml) potassium hydroxide (1.2 g) solution. The reaction mixture was processed
in the usual manner (extraction with dichloromethane, then with petroleum ether) to obtain
the methyl derivative (0.390 g; 75.0%). Recrystallization from water gave colourless needles
m.p. 144—1455 °C (after drying at 78 °C in vacuum over phosphorus pentoxide). The substance
was identical with that prepared according to (0).

CI3H18N40 2 (260.3). Calcd. N 21.5. Found N 21.6%.

IR: vNH 3285, 3239, 3210; rCOamice 1642; rC=N 1570; <5NH 1535; rC—O 1105; 1,2-di-
subst. Ar ring 772 cm-1.

*

The authors’ thanks are due to Dr. F. Ruff for his help in recording and evaluating
the IR spectra. Elemental analyses were made in the Microanalytical Laboratory of the De-
partment (head: Dr. H. Medzinradszky). The starting materials were supplied by the BRIS-
TOL Laboratories, Syracuse, N.Y., USA; their help is gratefully acknowledged.
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Treatment of trans(a)- or Cis(/?)-4-hydrrxyisoflavan (la, 1b) with tosyl chloride
in pyridine gives, instead of the expected tosylates, the same isoflavan-4-(I-pyridinium)
tosylate (1va). The anion of 1va is exchangeable for other anions. Reductive methods
convert 1va to isoflavan (vi1) and 4-[I-(1,4-dihydropyridyl)]isoflavan (v 111); in alkaline
medium it can be converted to isoflav-3-ene (I).

During the last decade syntheses of various C4-substituted isoflavans of
biological activity have been reported. Carney et al. [1] described contracep-
tives of the 3,4-diphenylchroman type. The preparation of such derivatives
with similar bioactivity has also been reported by German [2, 3] and Indian
[4—6] authors. These syntheses involved either coumarin derivatives, or the
Grignard reaction of isoflavone with phenylmagnesium bromide. In the latter
case the 4-phenyl-4-hydroxyisoflavans formed upon dehydration gave isoflav-
3- ene derivatives. Catalytic hydrogenation completed the syntheses of the
4- phenylisoflavan derivatives.

In the present paper the syntheses and propertis of a heteroaryl analouge
of these diphenylchromans is described.

Sodium borohydride reduction of isoflavanone gave a mixture of the
4-hydroxyisoflavan epimers. In our experiments — despite the claimed stereo-
specificity [7, 8] — about 30% of irans-4-hydroxyisoflavan (la) and 70% of
the corresponding cis derivative (Ib) was obtained at room temperature. These
compounds are separable in the form of their acetates by crystallization [9,
10].

4-Hydroxyisoflavans (la, Ib or their mixtures) in dichlormethane failed
to react with an equimolar amount of tosyl chloride and triethylamine [11].
In triethylamine solution, however, the reaction resulted in the formation of
isoflav-3-ene (Il) almost exclusively.

Sodium alcoholates of la and Ib — in accordance with literature data
[12] — also failed to give the tosylates or Il. In further experiments, a mixture

* Presented in part at the Fourth Hungarian Bioflavonoid Symposium, “Topics in
Flavonoid Chemistry and Biochemistry” (Eds L. Farkas, M Gabor and F. Kairay), p. 139.
Akadémiai Kiad6, Budapest and Elsevier, Amsterdam 1975.
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Table I

Melting points of various isoflavan-4-(l-pyridinium) salts (V)

Compound Anion (X~) Melti[’g%f‘)i nt
IVa TsO- 136-7
\Y ci- 232-5
A\ I- 171-2
vd cion 182
Ve picrate 163

of la and Ib was treated with tosyl chloride in dry pyridine [13]. The reaction
mixture contained some unchanged starting material as well as Il, and a new
compound. This new compound was shown by PMR and elemental analysis to
he the pyridinium salt IVa. The tosylate anion of IVa could be readily exchanged
for other anions, corroborating the structure. The melting points of these new
salts are summarized in Table 1.

4-Hydroxyisoflavans give neither IVa with pyridine, nor Il with triethyl-
amine. These products are formed only in the presence of tosyl chloride and
the corresponding base, suggesting the transitory formation of the tosylate I11.
Triethylamine and pyridine converts Ill into Il and 1Va, respectively.

In order to obtain data concerning the mechanism of this “tosylation”
reaction, la and Ib were treated separately under the above conditions; the
reactions led to the formation of the same product, IVa. PMR and melting point

H(. A/

(IVa, V) R

(Vi) R

Fig. 1. Structure of the dihydropyran ring in 1Va, V and VIII
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PVIMDISB ~ —omoemee hTri I

Scheme 1

determinations showed the identity of products from la and Ib. On the basis
of these experiments the formation of tosyl esters (111) of the alcohols la and Ih
is probable. Owing to the mesomeric effect of the tosyloxy group, this com-
pound can decompose to give the carbonium ion VI and the tosylate anion.
The carbonium cation is then attacked by the non-bonding electron pair of
pyridine, so that the pyridine ring occupies the position farther away from the

C3phenyl group. The process therefore results in the formation of the same 1Va
either from la or Ib.
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Table 11

PMR data ofla, Ib and VIII*

Position of Number of ) )
Compound protons Cher(rgggll)shlft OOUF(’H%)”S"- Configuration
1
c2 2 4.16—4.52 m 4-OH (a’)
Ib c3 1 3.32-351m J34= 35 3-Ph (e)
acetate c4 1 5.89d
O-acetyl 3 1.78 s cis
c2 2 4.20-4.32 m 4-OH (&)
la c3 1 3.12-3.28 m J34= 65 3-Ph (e)
acetate c4 1 6.11 d
O-acetyl 3 190 s trans
c2 2 4.32—4.62 m
c3 1 3.80-4.05 in
Vb C. 1 —
aH 2 8.68-8.71
/il 2 7.81-7.95
yH 1 8.31-8.43
c2 2 40 -4.4 in
VIl C3 1 3.10-3.36 in = 81 3-Ph (e)
C4 1 55d 4-Py (e")
all 2 40 —44 m trans
/w 2 40 —44 m
yH 2 28 m

* Solvent: DMSO-d,,; reference: sodium 3-trimethylsilylpropionate

Triethylamine, however, is astronger base than pyridine. In triethylamine
solution the proton of VI is removed by the solvent yielding II.

The structures of IVa and V have been studied by PMR spectroscopy.
The protons of the pyran ring in IVa and V form an ABMX system, similar
to the one found in 3,4-disubstituted chromans [14, 15, 19]. The structures of
such compounds can be characterised by theJ MX coupling constants, represent-
ing the steric relations of C3—H (M) and C4—H (X). Unlike the case of 4-hy-
droxy- and 4-acetoxyisoflavan derivatives, the C4-proton is strongly influenced
by the C4—N + substituent, resulting in a strong paramagnetic shift in com-
pounds such as IVa and V. Because of this shift, the signal of C4—H appears
in the aromatic region together with aromatic protons, making direct PMR
structure determination impossible.
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In order to overcome the problem of PMR structure determination, Vb
was reduced to the corresponding 1.4-dihydropyridil deriv ative (VII1) by the
Na,S20,j method [20, 21]. This reduction of known mechanism leaves the stereo-
chemistry at C3and C4unchanged, therefore this may be regarded as identical
in IVa, V and VIIIL. In the latter compound the C4—H shows a doublett in the
PMR spectrum (6 = 5.5 ppm, J34= 8.1 Hz). This means that C3—H and
C4—H are in frans-diaxial position, indicating the diequatorial relation of the
aromatic C3 and C4-substituents in IVa and V (Fig. 1).

The Pd/C hydrogenation of isoflavan-4-(l-pyridinium) salts takes with
a C4—N bond cleavage, similarly to that observed in IV-benzylpyridinium
salts [16]. Vb upon Pd/C hydrogenation gives isoflavan (VII) in an almost
quantitative yield. In dilute alkaline solution Vb decomposes to pyridine and
isoflav-3-ene (11). Both reaction corroborate the structure assignments of IVa
and V.

Experimental

M.p.’s are uncorrected. PMR spectra were recorded on a JEOL LNM MH 100 in-
strument. The TLC adsorbent was of a Merck DC-Alurolle Kieselgel F-254 type; developing
solvent systems: benzene: ethanol = 96 : 4, and petroleum ether: ethyl acetate =91:9.

Trans-4-acetoxyisoflavan and cis-4-acetoxyisoflavan

Isoflavanone (17.92 g; 0.08 mole) was reduced with sodium borohydride in ethanol at
room temperature. The mixture of the resulting 4-hydroxyisoflavans was then acylated by the
usual methods [7, 17] (pyridine, Ac2) to obtaine a mixture of the cis- and irans-4-aeetoxyiso-
flavans (19.15 g; 89.5%), m.p. 60—65 °C. The mixture was then fractionated by crystallization
from a 10 : 1 mixture of petroleum ether : ethyl acetate to yield 8 g (41.8%) of cis-4-acetoxy-
isoflavan m.p. 94—95 °C (lit. [7] m.p. 93 °C), and 1.75 g (9.15%) of traris-4-acetoxyisoflavan,
m.p. 72—73 °C (lit. [18] m.p. 72—73 °C). The PMR data are shown in Table II.

Cis-(B) -4 hydroxyisoflavan (Ib)

Cis-4-acetoxyisoflavan (2.68 g; 0.01 mole) was dissolved in ethanol (20 ml) and 0.011
mole of sodium hydroxide (0.58 ml of a 50% solution) was then added. The solution was refluxed
for 5 h* and worked up as given in the literature [7] to obtain 2.0 g (88.5%) of Ib, m.p. 75 °C
(lit. [19] m.p. 75 °C).

PMR: J34: 3.0 Hz (CDC13) (lit. [19] J34 2.9 Hz).

Trans (a)-4-hydroxyisoflavan (la)

Trans-4-acetoxyisoflavan (1.34 g; 0.005 mole) was dissolved in ethyl alcohol (10 ml) and
0.0055 mole (0.29 ml of a 50% solution) of sodium hydroxide was added. The solution was
refluxed for 5 min.* The usual work-up gave 1.0 g (88.5%) of la, m.p. 96 97 °C (lit. [18] m.p.
97—97.5 °C).

PMR J34: 8 H., (CDC13) (lit. [18] J34 8.0 Hz).

* The rates of hydrolysis are very different for cis- and ir<ms-4-acetoxyisoflavan deriva-
tives. This fact provides a possibility of attaining a high yield in the preparation of la. This
will be reported elsewhere.
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Isoflavan-4-(l-pyridinium)p-toluenesulfonate (IVa)

4-hydroxyisoflavan (0.92 g; 0.004 mole) (mixture of the cis- and trans isomers, or either
the pure cis or trans compound) was dissolved in dry pyridine (4 ml) and cooled to 0 “X.
p-Toluenesulfonyl chloride (1.14 g; 0.006 mole) was then added, the mixture was allowed to
react at 0 °C for 1 day, and poured in to water (20 ml). The solution was extracted with 3x10 ml
of ether, and then with chloroform. The etheral solution contained the unchanged starting ma-
terial, as well as isoflav-3-ene (TCL). The chloroform solution was dried over MgS04and diluted
with 30 ml of ethyl acetate. The white crystals wich separated were collected (IVa); 1.26 ¢
(68.4%), m.p. 136—137 °C.

C2H,,sN04S (459.5). Calcd. C 70.58 H 5.48; S 6.98; N. 3.05. Found C 69.49; H 5.28
S 6.99; N 2%*99%.

Isoflavan-4-(l-pyridinium) chloride (Vb)

IVa (0.46 g; 0.001 mole) was dissolved in 10 ml of CHC13saturated with water. This solu-
tion was then shaken with 2 g of powdered calcium chloride for 10 min, filtered, and the chloro-
form solution was diluted with 10 ml of ethyl acetate. The crystals which separated were col-
lected by filtration to obtain 0.28 g (86%) of Vb, m.p. 232—235 °C.

C20H 18NOC1 (328.8). Calcd. N 4.32; Cl 10.94. Found N 4.28; Cl 10.77%.

Isoflavan-4-(I-pyridinium) iodide (Vc)

Compound IVa (0.46 g; 0.001 mole) was dissolved in 50 ml of dry acetone. Sodium iodide
(1.5 g) was added, and the mixture was shaken for 1 h, filtered, and the filtrate concentrated
to 5 ml. Dilution with 10 ml of water resulted in the separation of yellow crystals, 0.25 g (61%),
m.p. 171 —172 °C.

C20H ,8NOI (415.3). Calcd. N 3.37; | 30.56. Found N 3.40; I 30.30%.

Isoflavan-4-(l-pyridinium) picrate (Ve)

A solution of IVa (0.46 g 0.001 mole) in 10 ml of water was mixed with a 2% aqueos
solution of picric acid by adding the latter dropwise until the separation of crystals was com-
plete. The product 0.48 g; (92%) had m.p. 163 °C.

C2eH 20N 408 (516.48). Calcd. C 60.46; H 3.86; N 10.06. Found C62.74; H 4.60; N 10.10%.

Isoflavan-4-(l-pyridinium) perchlorate (Vd)

Compound IVa (0.46 g; 0.001 mole) was dissolved in 10 ml of water, and 60% perchloric
acid was added dropwise until the separation of white crystals was complete. The product
was 0.38 g (99%) of white crystals, m.p. 182 °C.

C20H IBNOSCI (373.8). Caled. C 62.26; H 4.72; N 3.63. Found C 61.27; H 4.70; N 3.55%.

4-T1-(1,4-Dihydropyridyl)]isoflavan (VI1II)

To an aqueous solution of (0.324 g 0.001 mole) of Vb there was added 0.32 g of anhydrous
sodium carbonate, and the solution was cooled to 0 °C. Nitrogen was passed through the solu-
tion during the 10-min period of the addition of 0.66 g sodium dithionite dissolved in 20 m
of water. The reaction mixture was then allowed to stand for 2 h, and the white mass of crys-
tals was filtered off under nitrogen, washed with water, and dried to obtain 0.21 g (71%) of
VIIl, m.p. 86-88 °C.

C20H 19NO (289.6). Calcd. C 83.04; H 6.57; N 4.84. Found C 82.82; H 6.46; H 4.95%.

Catalytic hydrogenation of Vb

Compound Vb (0.324 g; 0.001 mole) was dissolved in 30 ml of ethyl alcohol and 0.3 g
Pd/C (10% Pd) was added to the solution. Hydrogenation was continued until the absorption
of 24.5 ml hydrogen (about 60 min). The catalyst was then removed by filtration and the solu-
tion evaporated in vacuum to leave an oil. Crystallization from 80% aqueous ethyl alcohol gave
0.20 g (96.2%) of isoflavan (VII), m.p. 55—56 °C (lit. [7] m.p. 54—55 °C).
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Alcaline decomposition of Vb

Compound vb (0.97 g; 0.003 mole) was dissolved in 10 ml of water, and 0.0033 mole of

sodium hydroxide (0.132 g of NaOH in 1 ml of water) was added. After 30 min,the solid, which
deposited was removed from the orange solution by filtration. Crystallization from 80% ethyl
alcohol gave 0.22 g (28.7%) isoflav-3-ene (I1), m.p. 89—90 °C (iit. [18] m.p. 90—91 °C).
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In the course of the resolution of racemic 6-phenyl-2,3,5,6-tetrahydro-imidazo-
[2,1-b]thiazole, the physical properties of the racemate, the pure enantiomers and of
a composition containing the enantiomers in 3 : 1 ratio were found to be different in
both the solid state and in solution. The relatively stable molecular complex containing
the antipodes in 3 : 1 ratio is called an ‘anomalous racemate’.

In an earlier paper [1] we reported the resolution of racemic 6-phenyl-
2,3,5,6-tetrahydro-imidazo[2,l-6]thiazole (R, S-l), a compound with antihel-
mintic effect.

The optical isomers were separated by means of 0,0-dibenzoyl-f? A -tartaric
acid (DBTA); the method in outline is shown below.

, DBTA AR —1)

(2RS 1)SH d-(2RS I)aqg.soln. AU252A

[@—a)R—I + S -1]
(1 a)R,S *1+ a(S-I)

where amax = 0.7.

According to our experience, the neutral DBTA salt of R-l can not be
obtained in yield higher than 70%, either by the methods given in the literature
[3—6] or by the procedure employed by us.
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However, the factor limiting the yield is not the solubility of the salt, as
indicated by the following experiments.

(a) The neutral salt of R-I1 formed with 0,0-dibenzoyl-R,R-tartaric acid
is practically insoluble under the experimental conditions of the resolution
process.

(b) The enantiomer R-1 can be recovered with DBTA from a series of
isomeric mixtures prepared from the racemate and pure R-I, and in each case
the yield is determined exclusively by the deviation of the composition of the

Mp
or

90
60
70
50
50

Y
0
20
10

100 90 80 70 60 50
S-isomer content, %

Fig. 1. Dependence of the melting point on the composition

solution from the 3S : 1R ratio of the enantiomers. (However, in aqueous solu-
tion, in the presence of a mineral acid, the excess isomer can be separated from
the racemate in high purity and in satisfactory yield [1].)

In order to explain the experimental observations, the dependence of
the melting point of the compound on the optical purity was first examined
(Fig. 1).

The melting point curve with two minima does not agree with the shape
of melting point curves characteristic of true racemates well known from the
literature [7]. Strikingly, one of the minima (MI) on the curve numerically
agrees with the isomeric composition remaining in solution during the resolu-
tion process.

In the IR spectra recorded in KBr pellets, the intensities of the doublets
at 1595 cm“land 1585 cm-1 also show extreme values at 75% S-I enantiomer
content (Fig. 2a).

The thermal behaviour of the samples was then examined. The results of
the evaluation of the DSC and TG curves are summarized in Table I. The heat
consumption observed during the DSC experiments is the sum of the heats of
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Fig. 2. Intensities of the bands at 1585 cm-1 and 1595 cm-1 in the IR spectra of compound 1
vs. the antipode content (a) in KBr; (6) in CHC13

melting of S-1 and R,S-1 and of the heat of dissolution of R,S-1 in the melt*
Assuming that these heat quantities are additive in proportion to the ratio of
the enantiomers, in the knowledge of the heats of melting of the pure enantio-

Table 1

Thermal analysis data and dissolution heat values

DSC analysis Tg analysis
s’ir%p?ef ontent Max. | Max. Il Qmestred  vdleeoc. Step | Step 11 Step 111
% temperatire C° Joulelg till 250 °C  till 400 °C  till 620 °C
I 100 59.5 - 91.56 - 67% 16% -
2 97 56.5 — 104.16 -17.22 25% 56.5% 12%
3 95 56.5 — 82.00 10.92 28% 47% 10%
4 90 56.5 64.0 88.62 9.66 21.5% 55% 13%
5 86 55.0 68.0 84.00 -17.64 18% 57% 14%
6 81 55.5 74.0 88.20 -16.80 19.5% 49% 13.5%
7 78 56.5 78.5 68.88  —38.22  16% 51% 14%
8 75 56.0 82.0 89.46 -19.74 24% 41-5% 11.5%
9 72 55.0 82.0 89.46 15.54 19% 47.5% 11.5%
10 69 54.5 84.0 81.90 -31.92 15.5% 49% 14.5%
11 66 53.0 85.5 91.56 -41.16 15.5% 49% 12.5%
12 61 53.0 86.5 77.28 -42.00 17% 44.5% 14%
13 55 — 90.0 64.68 -58.80 13% 47% 14.5%
14 50 — 90.5 127.26 — 18.5% 42% 14%
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mers and the racemate, the heats of dissolution belonging to the individual
compositions can he calculated according to the following correlation:

~dissolution ~ Omeasured  %0Qs—1 (1 Aj) Qr,s—

where x is the mole fraction or weight fraction.

W hen the heats of dissolution calculated ((“dissolution) are plotted as a
function of the composition, the curve has a local maximum at 78% S-isomer
content (Fig. 3).

Fig. 3. Calculated heat of solution vs. composition

There is an interesting difference in the thermogravimetric behaviour
of solid samples of different compositions. As seen from Table I, compound 1
undergoes decomposition, more accurately, loss of weight, in two steps. Accord-
ing to the microanalytical investigations (see Table 11) and spectra, no dramatic

Table 11

Microanalytical data

Composition of
samples 1and 14
before heating

Sample 1 after Sample 14 after
heating to 250 °C heating to 250 °C

c 64.7% 62.48% 59.60%
H 5-9% 5.66% 6.00%
N 13-7% 13.72% 11.82%

change in the structures of the substances took place during these processes.
The difference in the weight loss of the pure enantiomer and the racemate can
he attributed to the different tensions of the two substances. The weight loss
of the sample with the critical compositions (3S : 1/1-1) (Table I, No. 8) is
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rather similar to that of the real racemate, wich indicates a certain extent of
similarity between the two substances.
The results of the X-ray diffraction investigations* on the pure S-I

isomer, the racemate and the 3S : IK-1 samples are shown in Table Ill. The
Table 111
X-ray data
R-l i R,S-I 1 3S:1R-1

i(A) <A t.% J(A) N%
10.799 23.4 10.695 16.8
9.302 10.5
8.838 12.7 8.733 5.8
8.170 16.5 8.170 6.3
7.237 13.7 7.369 6.5 7.132 9.5
6.651 2.5 6.421 29.0
5.801 4.4 6.188 34.5 5.771 4.2
5.433 25.4 5.535 4.5 5.407 27.4
5.394 13.5 5.063 3.7

5.181 35
4.839 22.4 4.844 44.5 4.818 17.4
4.741 87.8 4.624 13.5 4.716 76.8

4.572 9.0
4.483 100.0

4.436 48.8 4.436 24.5
4.329 68.3 4.308 46.3
4.243 100.0 4.227 32.0 4.227 76.8
4.141 100.0 4.151 30.0
4.030 8.8 3.948 5.0 4.008 4.2
3.976 6.3 3.890 7.0 3.928 13.2
3.723 12.2 3.735 36.0 3.717 30.5
3.630 7.8 3.630 7.0 3.630 19.5
3.414 42.9 3.463 7.0 3.411 29.5
3.393 62.9 3.371 16.0 3.376 38.4
3.324 58.0 3.000 17.4

data indicate that the crystallographic parameters of the three solid samples
are different, that is, even the crystal form is altered at the 3S : 1R-1 composi-
tion.

*The X-ray diffraction spectra were recorded by L. Bognar (Department of Mineralogy,
Eo6tvos Lordnd University, Budapest).
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During an investigation of the conditions of optical isomerism in malic
acid, Fredga [8] found a molecular complex with a composition deviating
from the 1 : 1 isomeric ratio; this he named “anomalous racemate”. The exis-
tence of this material was confirmed by the melting point vs. composition dia-
gram and by X-ray powder diagrams.

On the basis of the preparative facts and instrumental examinations it is
now concluded that the substance investigated by us exists not only in the form
of the optically pure isomers and the racemate, but also in the form of an asso-
ciate with deviating physical properties, its composition being 3S : 1R (or its
mirror image 3R :1S). On the analogy to Fredga’s work, this molecular com-
plex is also called an “anomalous racemate”.

The surprisingly low yield of the resolution process, however, can not be
explained by the existence of such a molecular associate if it exists only in the
solid state. It was thus assumed that this type of complex must also be present
in relatively concentrated solutions, used under the conditions ofthe resolution.

In Fig. 2b, the doublets at 1595 cm-1 and 1585 cm-1 in the IR spectra
of samples with various ratios of the isomers in chloroform solutions are plotted
as a function of the composition. The course of the curve is analogous to that
obtained with the solid samples, thus confirming the assumption.

The existence of the molecular complex depends on the pH ofthe solution
and on the nature of the solvent. Weak acids, like DBTA, can not decompose
the 3 : 1 complex ofthe enantiomers in aprotic solvents (e.g. CHC13or CH2C12),
therefore the yield of resolution can not be increased above the given value
under such conditions.

In protic solvents, on the effect of strong acids, the complex undergoes
dissociation and the pure enantiomer can be separated in nearly 100% vyield
(see the method of selective liberation in Ref. [1]).

In his paper dealing with resolution processes, Wilen [9] listed four
factors wich determine the yield of resolution. The existence of anomalous
racemates should be regarded as a fifth parameter to be considered in planning
a resolution processes.

Experimental

6-Phenyl-2,3,5,6-tetrahydro-imidazo[2,l-6]thiazole was supplied by Chemical Works
Gedeon Richter Budapest; the optical isomers were prepared from it according to the method
described in our previous paper [1].
The samples with various isomeric compositions were made by evaporation to dryness
in vacuo of methanolic solutions prepared from substances weighed on an analytical balance.
M.p.’s were determined with a Biichi melting point measuring apparatus.
The IR spectra were recorded with a Perkin-Elmer 237 spectrophotometer in KBr
pellets or in 0.1 mole/litre chloroform solutions.
Thermal analyses were effected with a DuPont 990 Thermal Analyser DSC and a
951 Thermogravimetric Analyser apparatus (rate of heating: 10 °C/min.)
X-ray diffraction diagrams were obtained with a Siemens Cristalloflex powder diffractom-
eter in a Cu tube.
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The title compound (1) on refluxing with Br2HBr in ether—acetic acid rearranges
to I-methyl-19-norcholesta-1,3,5(10)-triene-6-one (2), together with two other isolable
compounds (3) and (4;. These compounds have been identified on the basis of spectral
properties and comparison with authentic samples in known cases. A possible mechanism
for the conversion 1 -» 2 is suggested.

In an attempted preparation of 3/f-acetoxy-7-a-bromo-5 a-cholestan-6-

one (5), follow ing the literature procedure [I],the title compound (1) was heated
under reflux with bromine and HBr (as catalyst) in ether-acetic acid for 22
hours to furnish compounds with melting points of 140 (2), 169 (3) and 163 °C
(4). The structures of these compounds were established by their spectral
properties and by comparison with authentic samples where available.

C«HIT7

= <= 2 R =CHS3;
G R=H; R'= CHn

I
n,
if

5 R=H; R'=Br

5*
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Compound 2 (negative Beilstein test) has the formula C2H 400, a compo-
sition supported by its mass spectrum (M + 380, C2Z/H400). This composition
suggests the loss of the acetate function and possible aromatization of ring A.
The IR spectrum gave hands at 3030w (C=C—H), 1680s (C= C—C=0) and
1585 cm-1 (C=C, aromatic); the IR spectrum did not show the presence of
acetate or hydroxyl group. The presence of a conjugated carbonyl group was
also evidentin the UV spectrum ofthe compound with m.p. 140 °C (Amax 255 nm
and a weak band at 335 nm). The presence of an aromatized ring (ring A)
permits two possibilities, viz. (2) and (6). The NMR spectrum was decisive in
determining the structure of this compound. The NMR spectrum (60 MHz;
CDC13) gave signals at delta 7.9d,d (1H, J — 8 Hz, ortho coupled and 3 Hz,
meta coupled, C4—if), 7.26m (2H, C2—H and C3—H), 2.43s (3H, Cl—Me),
2.5m (2H, merging with the Cl-methyl signal, COCH.,), 0.71s (3H, C13—Me),
0.83 and 0.90 ppm (other methyl protons). The downfield signal at d 7.9 ppm
d.d for 1 proton is compatible with a beta proton relative to a carbonyl group
as in structure 2. The NMR spectrum of 2 compared with that of 1-methyl-I-
carboxymethyl-4-tetralone (7) [2], in the latter case, the beta proton relative
to the carbonyl group, as expected, appeared at a relatively lower field. From
the NMR values the compound of m.p. 140 °C has been assigned structure 2
rather than that of its isomer 6.

The compound with m.p. 169 °C was identified as 5 a-cholestane-3,6-
dione (3) by its spectral properties and by comparison with an authentic
sample [3]. The formation of 3 from 1 involves the intermediacy of 4 and 8,
which has been experimentally substantiated [3].

The compound with m.p. 163 °C has been identified as 3 /?-acetoxy-5 a-
bromocholestan-6-one (4) by comparison with an authentic sample [3].

The aromatization of ring A requires the presence of three potential sites
of unsaturation in rings A and B [4, 5]. Further, in the presence of a 6-keto
function, aromatization of the ring does not involve a C5-cationic and subse-
quent spiro cationic intermediates [6]. Keeping these observations in view, a
possible mechanism for the conversion 1 —2 is in Scheme 2. This shows in-
volvement of4 and 8, which were individually shown to provide the aromatized
product 2 under similar reaction conditions.

Experimental

All melting points are uncorrected. IR spectra were determined in KBr with a Perkin—
Elmer 237 Spectrophotometer. NMR spectra were run in CDC130n a Varian A 60 instrument
with SiMe4 as internal standard. UV spectra were taken in 95% ethanol on a Beckman DB
Spectrophotometer. Thin-layer chromatographic plates were coated with silica gel. A 20%
aqueous solution of perchloric acid was used as the spraying agent. Light petroleum refers
to the fraction boiling at 60—80 °C.
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I-Methyl-19-norcholesta-1,3,5(10)-trien-6-one (2)

To a solution of 3/?-acetoxy-5o0c-cholestan-6-one (1) (5.8 g) in either (80 ml) and acetic
acid (15 ml) was added dropwise a bromine solution (2.5 g of bromine in 25 ml of acetic acid)
over a period of 30 min. The reaction was catalyzed by the addition of HBr (1 ml, 48%) and
the mixture heated under reflux for 22 h. The ether was removed under reduced pressure and
the acetic acid solution diluted with water to turbidity. It was extracted with ether and the
ethereal solution washed with water, sodium bicarbonate solution (5%) and water, and dried
over anhydrous sodium sulfate. Removal of the solvent gave an oil (ca. 5 g) which was chro-
matographed on silica gel (100 g, NCL, Poona). Fractions of 20 ml were collected. Eluates
from light petroleum-ether (15 : 1) gave 2, recrystallized frdm light petroleum (0.8 g',m.p.
140 °C.

C2/H400. Calcd. C 85.2; H 10.5. Found C 84.9; H. 10.2%.

Further elution with the same solvent system (9 : 1 gave 3 /?-acetoxy-5a-bromo-
cholestan-6-one (4,, recrystallized from light petroleum (70 mg;, m.p. 163 °C; pmax 1740 s
(CHjCO0-0), 1715 s (C=0) and 1240 s (acetate); 0 5.3 br (1H C3-H, axial), 24 d (J = 7
Hz, 2H, C7-H,), 2.01s (3H, CH3COO), 1.0 s (3H, CIO—Me), .070 s (3H, C13—Me), 0.91 and
0.85 ppm (other methyl protons).

Continued elution with the same solvent system (4 : 1 gave the dione (3) [3], (120 mg),
m.p. and m.m.p. 168 °C; 1710 s (C=0); 6 2.1—2.7 br (7TH,C2 H2 C4—H2 C5—H,C7 4)),
0.90 s (3H, CIO—Me), 0.70 s (3H, C13—Me), 0.85 and 0.80 pp.m (other methyl protons.

The bromoketone (4), when subjected to the same reaction condition afforded 2 and 3.

*

We are grateful to Professor W. Rahman, Head, Department of Chemistry, for provid-
ing the necessary faiclities and to the Department of Atomic Energy, Government of India,
for financial assistance to one of us (NZK).
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Thermo-instable hydrogels of poly(vinyl aclohol) (PYA) with different structure
have been prepared by using dioxane as a precipitant which has been exchanged against
water after gelation has taken place The solubility measurements were carried out on
temperatures between 298 and 353 K. Calculations based on experimental results allowed
to distinguish two types of junction points with different energies. Through changes
brought about in the gel structure by the gradual breaking of the junction points exchang-
ing water against n-propanol-water mixtures additional information can be obtained.
Increasing the n-propanol concentration, gel solubility increases and the differences
between the two characteristic energies diminish. These statements were supported
by the results of thermomechanical measurements.

Introduction

Poly(vinyl alcohol), PVA, is a watersoluble synthetic macromolecule
which forms gels easily under favourable conditions, e.g. in a concentrated solu-
tion. The reversibility of this process suggests that no chemical bonding is in-
volved in the network formation.

Gel formation can occur in pure aqueous solution but also as the result of
various additives, e.g. dyes, aromatic compounds with several hydroxyl
groups, certain precipitating agents (glycerol, ethylene glycol) [1, 2]. Probably,
the latter only promote the formation of the physically linked junction zones
among the polymer chains without being directly involved in their develop-
ment. No detailed data concerning the action of such additives are available.

One of the most important papers on this subject is given by Shibatani
[3] dicussing the formation of PVA gels via binary association at suitable sites
on the polymer chain and it was stated that the formation of active centers is
the rate-determining process. According to his results, a stereo-block composed
of five to ten syndiotactic units can he regarded as a site of crosslinking.

* Presented before the Committee on the Physics of Plastics, Hungarian Academy of
Sciences, October 1977.
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Other studies show that in solvent—precipitant systems first a micro-
phase separation takes place followed by an organization process in the polymer
rich regions. This, in turn, produces crystallites with average dimensions of
30 to 70 nm [4].

Takahashiand Hiramitsu [5] and Ogasawara etal. [6] consider PV Ato
be a copolymer consisting of atactic sequences and ofsyndiotactic ones inclined
to form crystallites, which are responsible for the formation ofthermoreversible
gel. The crystallites which consist of syndiotactic sequences are the junction
sites in the network; the size of such crystallites can be deduced from the melting
point of the gel, using an equation proposed by Takahashi.

The bonding strength of the junction points can be determined from the
melting temperatures of the gels (Tm'), assuming the gel polymer solution
transition to be an equilibrium process. Thus, Gembitskii etal. [7], using
Ferry equation [8], found 75.4 kjmol-1 for the bonding energy, while Taka-
hashi and Hiramitsu [5] and Shibatani [3] reported 109 kjmol-1 and
545 kjm ol-1, respectively.

The relatively great scattering of the above data can be explained partly
by the differences in the experimental methods, partly by the diversity of PYA
samples studied. The importance of this fact becomes clear if we accept the
general opinion that the gelling is caused by the syndiotactic regions of the
chains. This is supported by the observation that the PVA rich in syndiotactic
sequences is practically insoluble in water due to the strong interaction between
the polymer chains of such type of tacticity.

So far, few experimental data have been reported on the structure of
physically bonded PYA gels. According to electron microscopic studies by
Obolonkova et al. [9], globules between 90 and 110 nm in average size form a
network in PVA-watersystems, whilein PV A-glicerol-water systems aggregates
with an average cross section of 50 to 60 nm are first arranged in bundles and
then gave a cell-like network.

This short survey shows that despite of the diverse studies concerning
PV A gels, their behaviour is still far from being well understood.

This paper is concerned with the solubility properties of PVA hydrogels
with different supermolecular structures produced by systematically modifying
the conditions of gels formation. The investigation of solubility seems to be
useful, providing an insight into the nature of gel — polymer solution transition
for thermolabile gels and it can give some information on the distribution of
bond energies, too.

Experimental

Materials. The gels were prepared from a commercial PVA Rhodoviol 16/20 (Rhone-
Poulenc, Paris). The acetate content of the sample was reduced to about 0.3 mol% by hydrol-
ysis in a 2 :8 mixture of methanol and water, in the presence of NaOH andNa2S03. The homo-
geneity with respect to molecular weight was increased by removing the fraction of the lowest
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molecular weight (about 10%). The average molecular weight of the sample thus prepared

was determined by means of ultracentrifuge (Mw — 80 x 103) and viscosimetry (M,, =
= 83 x 103.

Anal))/tical grade (REANAL products) dioxane and n-propanol were used.

Preparation of PVA hydrogels. The structure of the PVA hydrogels was modified by
varying the concentration of the polymer and dioxane, latter used as precipitant. PVA was
dissolved in a dioxane-water mixture of known composition in a flask fitted with a reflux
condenser at 368 to 373 K. After complete dissolution the heated solution was poured into a
horizontal plexiglass cell, covered with a plexiglass plate and placed into a desiccator contain-
ing a 1 : 1 mixture of dioxane and water.

In order to follow the process of gel formation, the turbidities of the solutions were
measured with a Spectromom 360 type spectrophotometer. Gelation was allowed to proceed
until a practically constant turbidity was reached. The time required for gelation varied be-
tween 4 and 21 days, depending on the composition of mixture.

Then dioxane was replaced by distilled water. In the solution of the aqueous gels no
dioxane could be detected by interferometry, indicating that the solvent exchange proceeded
completely. The gels were stored in distilled water at room temperature.

In order to characterize the aqueous gels the approximate dimensions (effective radius,
r) of the supermolecular inhomogeneities were determined by means of the DQ method proposed
by Sakurada et al. [10]. This method can also be applied for PVA hydrogel films, as it was
shown by Nagy et al. [11], since their electron microscopic study proved that the supermolecu-
lar inhomogeneities have nearly spherical form. The turbidities of 2 mm thick gel films were
measured against water with a Spectromom 360 spectrophotometer, at wavelengths of 430
and 700 mm. The r value characteristic of the gel structure and its changes were calculated
from the quotient DQ of the two turbidity values according to the DQ vs. r correlation dis-
cussed by Sakurada.

For determination of the polymer content, the swelling medium adhering to the sur-
face of the gel sample was removed with filter paper and the weights of the sample were measur-
ed in this state and after drying to a constant weight in vacuum at 333 K.

The accuracy of this method was +1% . The degree of swelling of the polymer (Qw)
i.e. the amount of solvent bound by 1 g dry polymer, together with the volume fraction of
the polymer (v,,) in the gel was determine from the polymer content. Calculating t2 values,
the volumes of the polymer and the solvent were considered to be additive [12].

The gels were also characterized by constant C, determined from mechanical measure-
ments [13]. This quantity is proportional to the number of elastically effective network chains
and to the modulus of elasticity [14].

The characteristic of the gels studied are listed in Table I, parallel with the composition
of the system under gelation («"pyg, w™Moxane)- The producibility of the gel preparation is dem-
onstrated in the case of the gel with «oxare = 0.50 and u>pyA = 0.04. The gel preparation
was reproducible within 5—10%, depending on the methods used for their characterization.

Table |
PVA hydrogel
On gelation
1 month 1 year
dioxane MPVA o~ r c ) r c
of medium of system (am) (KN m-*) ti (nm) (KN n»-*)

0.48 0.04 0.0287 200 4.0

0.48 0.06 0.0477 280 17.3 0.0484 275 18.0
0.48 0.10 0.0715 200 40.3 0.0714 200 41.6
0.50 0.04 0.0299 290 2.8 0.0292 — 3.2
0.50 0.04 0.0292 — 2.7 0.0282 — 3.0
0.54 0.04 0.0301 210 2.8
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Methods
Solubility measurements of PV A hydrogels

A gel sample of known weight and polymer content was placed into the
sample holder of a jacketed glass vessel, then a known amount of water or
n-propanol-water mixture was added. The liquid was stirred magnetically.
The temperature was kept within +0.1 K by means of an ultrathermostat.
Studies were carried out between 298 and 353 K.

The amount of the dissolved PVA in the solution was determined as a
function of time for each temperature. After a certain interval (3 to 5 days
depending on the temperature) the PVA concentration became constant,
subsequently, the temperature was raised in 2.5 or 5.0 K increments.

For the quantitative determination of PVA the colour reaction in aqueous
PV A-12-K 1 system in the presence of boric acid was used [15]. Extinction
coefficient of the solution was measured at 4= 685 nm, and the PVA con-
centration was determined from a calibration curve. The reproducibility of
the method was within +2 %.

Thermomechanical measurements on PV A hydrogels

In or’der to compare the results obtained from solubility measurements,
the unilateral compression ofthe gelsunder constant loading was determined as
a function of temperature. The gel sample and the inert medium, (paraffin oil)
in a glass cuvette were placed into a thermostated glass vessel and a constant
loading (69 Nm*“2) was applied by a suitably shaped metal plate placed upon
the surface of the gel; at this load the deformation of the sample was homoge-
neous until the yield point was reached. The changes in the size of the gel
sample were determined with a RrineZZ-microscope (magnification 25 X ) within
+0.02 mm accuracy. This was done every 15 min at first, and later every hour.
Deformation equilibrium was usually attained after 24 hrs; subsequently, the
temperature nras raised in 2.5 or 5.0 K increments. The gel sample was a
10 x1OxIO mm cube, test being carried out under the same conditions. Par-
affin oil was chosen as the inert medium because it does not dissolve the
polymer and does not mix >vith the swelling medium of the gel.

The shape of the termomechanical curves and the flow point values
provide information about the temperature-dependent structural changes.
Characteristic temperature values of the curves were reproducible with an ac-
curacy of 1—2 K.

Results and discussion
Solubility of PVA hydrogels

It was expected that the extremely time-consuming solubility studies
carried out under equilibrium conditions would furnish information about the
energy distribution of the junction sites in the thermolabile gels of various
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structures. After a certain period (48—96 hrs) the rate of dissolution falls to
zero and a constant concentration is reached (Fig. 1).

In order to verify that the amount of polymer dissolved at various tem -
peratures do not involve fractionation by molecular weight, the molecular
weights of these “fractions” have been determined by ultracentrifuge, at
temperatures 328, 338 and 350 K, and the Mw values were 74x103 75x103
and 78 X 103 respectively. The systematic error of the determination of M wand
the fact that the samples were derived from comparatively homogeneus sample,
excluded the possibility of fractionation by molecular weight.

10 20 30 40 50 60 70 80 90 100
1/3600 ()

Fig. 1. The amount of PVA dissolved at a given temperature as a function of time

Fig. 2. The relative amount of PVA dissolved as a function of time

To elucidate the correlation between polimer content and gel structure,
the temperature dependence of the solubility of the gels prepared at the same
dioxane content (tCdioxane = 0.48) but various PVA concentration and the solu-
bility of the original PVA film (v2= 1.0) were compared. Figure 2 shows a set
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of curves which represent the relative amount of PYA (mrei) dissolved at dif-
ferent temperatures (mrej = m/mO0, where m is the amount of PYA dissolved
and mOis the initial content of PVA in the system). The structural differences
between these gels are shown primarily by their termal stability, i.e. by the
amount of PVA dissolved at the maximum temperature applied in the experi-
ments. Gels with polymer content v2= 0.0477 and v2= 0.0287 are completely
dissolved at 348—350 K, while for gel with v, = 0.0715 mrei= 0.67, and for
the PVA film mrt\= 0.37.

Fig. 3. Logarithm of the relative amount of PYA dissolved as a function of the reciprocal
temperature

W ith increasing temperature the junction zones are gradually rearranged
and broken down, and the polymer molecules thus released are dissolved by
the solvent present in great excess. The amount of PVA dissolved at a given
temperature (c) can be correlated with the bonding strength of the junction
points. An attempt is made to calculate, by analogy to the heat of dissolution,
the energy characteristic of the forces at the junction sites. The logarithms of
the constant PVA concentration (c) or of the corresponding mre| values were
plotted against 1/T. This is illustrated for different gels in Fig. 3. In all
experiments, functions composed of two linear sections with different slopes
were obtained. This means that within a given temperature range the energy
needed for disrupting the junction sites is nearly constant and there is a tem-
perature range where the disruptions do not involve significant dissolving.

On the basis of this findings it seems that the structure of these gels
consists of two types of junction sites with different bond energies, which can
be characterized by the slopes or apparent energies (E1and E2) calculated by
the analogy to the heat of dissolution of solids (Table Il). These values, of
course, are not absolute measures of the binding forces in the junction sites,
still they give valuable information about changes in the structure of these
gels.
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Table 11
Q@ Er e?
(kd mol-) (kJ mol-1)
0.0287 74.1 90.3
0.0477 97.6 132.3
0.0715 130.2 142.4
1.0 75.4 150.3

The data in Table Il also show that increasing the polymer content, the
strength and homogeneity of the gel structure also increase.

Two gels prepared with the same polymer content, (icPVA = 0.04), but
with different dioxane concentrations wdioxane= 0.50 (gel 1) and tcdioxane= 0.54
(gel 2), were selected for further investigation of the structure of PVA hydro-
gels. These gels differ in their supermolecular organization. The gel 2, prepared
with greater dioxane content is most probably built of globular elements with
greater bond energy due to the pre-existing order of polymer solution prior to
gelling.

Competitive interactions for hydrogen bonds were utilized to detect the
differences in the supermolecular structure of these gels. The swelling medium
of the gel (the water) was replaced by n-propanol-water mixtures (MPrOH=
= 0—0.4). The composition of the n-propanol-water mixtures in equilibrium
with the gel was determined by refractometry.

Due to the structural changes in the polymer solvent interactions, the
degree of swelling by weight of the gel (Qw) as a function on n-propanol con-
centration passes through a maximum (Table I11).

Table 111
»'PrOH gel 1 gel 2
0.0 28.1 23.9
0.06 27.9 23.9
0.12 29.3 25.9
0.25 29.9 25.6
0.35 25.5 22.5
0.40 22.2 20.7

The appearance of the synergetic effect in these mixtures are in good
agreement with the results reported by Nagy et al. [16, 17].

So solubility experiments were also carried out in n-propanol-water
mixtures corresponding to the swelling medium of the gel, in order to explore
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the structure-breaking effect of «-propanol. The results for gel samples 1 and
2 are shown in Figs 4 and 5.

Curves with different slopes are also observed for the aqueous gels, indi-
cating the presence of two types of junction sites with different bond energy.
This step-like character disappears for the more homogeneous gel 1 already at
WprOH = 0-06, while in the case of gel 2, tcPrOH= 0.12 is needed for the homo-
genization of the junction sites.

308 318 328 338 348
T K

Fig. 4. Relative amount of PVA dissolved from gel 1 as a function of the temperature, at various
n-propanol contents

308 318 328 338 348
T K

Fig. 5. Relative amount of PVA dissolved from gel 2 as a function of the temperature, at
various rapropanol contents
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The n-propanol considerably enhances the solubility of both gels up to
MiprOH = 0.25, where this effect is reversed. A further increase ofthe n-propanol
content diminishes the solubility of the gel. This isin agreement with the results
of swelling measurements and with literature data [16, 17].

The temperatures of incipient and complete dissolution and the apparent

energies El and E2calculated from the log mrel vs. — plot are collected in Table
V.
Table IV
‘I'dempiarature( o)f
issolution (K E
Gel MPrOH o (kJ rﬁbl ) (k3 mol 1
incipient complete
I 0.0 313 338 165.8 183.4
0.06 308 331 92.9 —
0.0 313 348 191.3 230.3
2 0.06 305 333 170.4 191.3
0.12 298 323 122.0 —

These data clearly demonstrate the differences in the structures of these
gels. n-Propanol at a weight fraction of 0.06 suffices to disrupt and homogenize
the junction sites in gel 1. Gel 2, produces from a solution containing more pre-
cipitant and a preformed structure, it contains more intramolecular bonds and
its structure is more heterogenous with respect to the junction sites. In this
case the process of homogenization has also appeared at higher n-propanol
contents, but the formation of a bond type of the same energy occurs only
above ropioH = 0.12.

Thermomechanical study of PVA gels

In order to complete and support the results of solubility measurements,
thermomechanical studies have been carried out on gel 1 and 2. The relative

1Al
equilibrium deformation -r— ¢ 100 plotted against the temperature resulted
I %o

in similar curves to those of solubility data (cf. Figs 4 and 5). As the n-propanol
content increases, the deformation of the gel begins at gradually lower tem-
peratures and the step-like behaviour ofthermomechanical curves depending on
the bond energy distribution inside the gels disappears at different n-propanol
concentration, i.e. in the case of gel 1 at wproH= 0.06, and gel 2 above m>proH —
= 0.12, respectively. This tendency is reversed at reproH = 0.25 because the
gel structure becomes more stable in consequence ofchangesin the polymer—
solvent interactions.
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Fig. 6. Thermomechanical curves of gel 1 at various concentrations of n-propanol

Fig. 7. Thermomechanical curves of gel 2 at various concentrations of rt-propanol

The results have been in good agreement with the data of solubility meas-
urements supported that the junction sites of these PYA hydrogels could be
characterized by two different energies.

*

The author wish to express their thanks to dr. P. Kovacs for the UC molecular weight
determinations.
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The first six members of the homologous series of polyethylene glycol dodecyl-
ethers have been prepared in gas chromatographic purity. It has been found that these
compounds can be prepared in better yields and higher purity by means of repeated
Williamson syntheses than by an alternate method from dodecyl tosylate. Polyethylene
glycol containing at most three glycol units can be used for the synthesis.

Introduction

When reacting dodecyl alcohol with ethylene oxide, no uniform product
is obtained: the resulting nonionic tenside is always a mixture of polymer
homologues. The first reaction step yields ethylene glycol monododecylether,
which, reacting with a further ethylene oxide molecule, is converted into
diethylene glycol monoether, etc.:

B—OH + CH,—CH2 B—O—CH2—CH2—o0H
\
0]

R—O—CH2—CH2—0OH + CH2—CH2— B—0O—(CH2—CH2—0)2—H
B—(© CH,—CH2,—o0oH + CH2-CH2— R—O0 (CH,—CH2—0),+l—H

(B = —CIHX)

In each step ofthe reaction ethylene oxide reacts with a primary alcoholic
hydroxyl group. Since thehydroxyl groups of the starting alcohol and of the
resulting glycol ether have approximately the same reactivity, it can be expect-

* Paper presented at the Conference of the Hungarian Chemical Society, Debrecen
1977
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ed that ethylene oxide reacts simultaneously with both types of hydroxyl
groups (i.e. a consecutive competitive reaction takes place), and the reaction
product is therefore a mixture of various oxyethylated derivatives of dodecyl
alcohol. The ratio of these oxyethylated homologues in the products may vary
with the reaction conditions (temperature, catalyst, etc.).

Accurate determination of the concentrations of the components may
often be important, since the distribution constants calculated from these con-
centrations allow conclusions to be drawn on the rates of the partial reactions
[1]. The colloid chemical properties, which affect the applicability of tensides,
also depend on the distribution of homologues [2].

It is a basic requirement in quantitative analysis that all the homologues
should be accessible for analysis, i.e. a method should be found for the prepara-
tion of the reaction chain (homogeneous tenside). Homogeneous tenside is an
oxyethylated product containing only one polymer homologue [3].

Ofthe methods suitable in principle for the preparation of homogeneous
tensides based on dodecyl alcohol, the simples way, oxyethylation of dodecyl
alcohol

R—OH + (CH2—CH2, — R—O—(CH2—CH,—0),—H,

0]

as discussed above, always leads to a mixture of homologues; therefore it is
inapplicable for our purposes.

For similar reasons, the synthesis starting from sodium dodecanolate
and monochloroethylene glycol derivatives

R—O—Na+ Cl—(CH ,-CH2—0),—H - R—O—(CH2—CH,—0),—H +

+ NaCl

must also be discarded, since the chlorinated ethylene glycol derivatives are
usually prepared by the oxyethylation of ethylene chlorohydrin, which again
leads to the formation of homologues [4].

Two reactions appear to be suitable from the practical point of view;
one is a Williamson synthesis from dodecyl chloride and the appropriate mono -
sodium ethylene glycolate

H—(0—CH2—CH2n—ONa + CI—R — R -O—(CH2—CH2—0O)m—H + NacCl,

and the other from dodecyl tosylate and the appropriate monosodium ethylene
glycolate.
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H—(O—CH2-C H 2,—ONa

K —O—(CH3—cH 2—0),,—H

Accordingly, these syntheses have been studied to determine their applicability
for the preparation of homogeneous tensides of gas chromatographic purity.

Method

The Williamson synthesis was effected in two different ways.
(1) The polyethylene glycol chain was built up from the monosodium
salts of lower (m — 1—3) glycols and dodecyl chloride.
Cl2HxC1 -f Na— (0—CH2—CH2m—OH — CI2H5—(0—CH2—CH2m—OH -f
+ NacCl
| 1 11
The hydroxyl group of the resulting ethylene glycol monoether was replaced

by halogen via treatment with thionyl chloride, and the desired chain length
was attained by repeating the Williamson synthesis, using this alkyl chloride.

I+ soci2— CIH5—(0—CH2—CH2m_1—0—CH2—CH2—Cl
v
(2) According to the second method, the appropriate polyethylene glycol
chain was prepared first (again by Wailliamson synthesis, in which the
maximum value of n and m was 3),
Cl—(CH2—CH2—0),,— CH2—-CH2-Cl + 2 Na—0—(CH2—CH,—0)m—H —
- HO—(CH2—CH2—0)2m+n+1l—H + 2 NaCl
and then its monosodium glycolate was allowed to react with dodecyl chloride.
The characteristics of the homogeneous tensides prepared are shown in Table
I. The purity of the products was checked by gas chromatography. The product

was accepted as pure only when its gas chromatogram had one peak under the
given experimental conditions [5].
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Table 1

Homogeneous tensides prepared by Williamson synthesis

Formula " . Boiling point Yioe/ld,
K/Pa °C/mmHg °
C12H 250 -C H 2CH2-0H 1 0 417/13.3 144/0.1 65
C12H 25(0 -C H 2CH2)?-0 H 2 0 437/13.3 164/0.1 57
C12H 25(0 -C H 2CH23-0 H 3 0 451/13.3 178/0.1 38
C12H 25(0 -C H 2CH2)4-0 H 2 2 461/ 6.7 188/0.05 50
C,jH25(O -CH 2CH25-0H 2 3 486/ 6.7 212/0.05 23
CJ2H 25(0 —CH2CH,)6-O H 3 3 506/13.3 233/0.1 26

where
m is the number of glycol units in the first step
n is the number of glycol units in the second step

From dodecyl tosylate, the monoethers of ethylene-, diethylene- and
triethylene glycols were prepared only, through the corresponding monosodium
glycolates, since the obtained products proved to be inappropriate even after
repeated distillations, as gas chromatographic test materials. The yields of the
first three tenside homologues prepared by the tosyl ester method are shown
in Table II.

Discussion

According to the results of Williamson syntheses in two ways, the first
three members of the homologous series of polyethylene glycol monododccyl
ethers can be synthesized directly from commercially available ethylene glycol,
diethylene glycol and triethylene glycol of appropriate quality. The prepara-
tion of higher polyethylene glycol chains, and Williamson synthesis therefrom
yields tensides of insufficient quality. Although tetraethylene glycol of gas
chromatographical purity was successfully prepared, owing to the more severe
reaction conditions necessary for the further synthesis, not only the condensa-

Table 11

Homogeneous tensides prepared from dodecyl tosylate

Boiling point Yield
Formula % ’
K/Pa °C/mmHg 0
CI2H250-C H 2CN20 -H 425/26.6 152/0.2 40
C12H 260-(C H 2CH2)2-H 436/13.3 163/0.1 34
C12H 260-(C H 2CH2)3-H 452/13.3 179/0.1 13

Acta Chim. Acad. Sei. Hung. 102, 1979



SALLAY et at.: HOMOGENEOUS TENSIDES 89

tion reaction, but also the preparation of monosodium glycolate required higher
temperatures. The amounts of by-products increased and, as shown by the gas
chromatogram, even after several distillations the product was contaminated.
In the case of polyethylene glycols containing more than four units, even the
polyethylene glycol could not be prepared in gas chromatographic purity. The
procedure is further complicated by the fact that for longer ethylene glycol
chains the boiling point of polyethylene glycol is close to that of the monoether,
therefore, their separation is imperfect.

W ith increasing polyethylene glycol chain the yield decreases. In the
synthesis starting from tosyl ester, the yield is lower than in the Williamson
synthesis, even for the first member of the homologous series. Although the
reaction conditions are substantially milder in the former case (80— 100 °C in-
stead of 140— 160 °C), the product is much more contaminated, and further
purification does not yield gas chromatographically uniform product.

It can be stated therefore that for the preparation of homogeneous dode-
cyl alcohol-based tensides, a multistep Williamson synthesis is more preferable,
provided that polyethylene glycols longer than tetraethylene glycol are not
applied in the individual reaction steps.

Experimental

Preparation of polyethylene glycol dodecyl ethers by Williamson synthesis

Ethylene glycol (or di- or triethylene glycol) (2.5 moles) was placed into a four-necked
flask equipped with reflux condenser, gas inlet tube and dropping funnel. Under nitrogen
atmosphere, 0.5 moles (11.5 g) of metallic sodium was added at 80 °C. The temperature of the
solution was raised to 140—160 °C, then 0.5 moles of dodecyl chloride was added and the
mixture stirred at 140—160 °C for 20—25 h. The precipitated salt was filtered off, the two
phases of the reaction mixture were separated, and the upper phase was fractionally distilled
in vacuum.

Preparation of tetra- (or hexa-) ethylene glycol

Thionyl chloride (3 moles) was placed into a four-necked flask equipped with a stirrer,
and 3 moles of diethylene glycol was added gradually to the boiling reaction mixture. When
the temperature of the mixture reached 130 °C, it was stirred for 30 min and then fractionated.
The main fraction (82%) had b.p. 176 —178 °C. To 0.5 moles of /J,jS'-dichlorodiethyl ether
prepared as described above, 1 mole of monosodium (diethylene)glycolate was added, and the
reaction mixture was stirred at 140—160 °C. The precipiatted salt was filtered off and the
filtrate fractionally distilled in vacuum. The main fractions were tetraethylene glycol (41%),
386—389 K/20 Pa (113—116 °C/0.15 mmHg), and hexaethylene glycol (17%), 481 K/6.7 Pa
(208 °C/0.05 mmHg).

Preparation of polyethylene glycol dodecyl ether from tosyl ester
To a solution of 0.5 moles of monosodium ethylene (di- or tri-) glycolate prepared as
described above, 0.5 moles of dodecyl tosylate [6] was added at 80 °C. The mixture was main-

tained at 80—100 °C for 20 h, then the precipitated solid was filtered off, the filtrate separated,
and the upper phase fractionally distilled in vacuum.
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A simple and effective preparation of the 3’(R)-hydroxycyclopentenone inter-
mediates for the syntheses of prostaglandins E, and E2is reported. Also discussed is
the mechanism of the rearrangement of the 2’-hydroxycyclopentenone derivatives
into the 3’-hydroxy analogues.

During the last years a few elegant methods have been developed for the
syntheses of hydroxycyclopentenones of type 1 [1—13]. Among these, special
interest is attached to those which lead to optically active compounds (la, b)
[7—13], because the latter can be conveniently transformed to prostaglandins
Ej and E2via the conjugate addition of organometallic derivatives.

Recently, Froyd [3] reported a useful method for the synthesis of the
racemic hydroxycyclopentenone la by the kinetically controlled ring opening
of the racemic epoxyketone 5a with a base, followed by rearrangement of the
2’-hydroxycyclopentenone derivative 6a to the thermodynamically more stable
3’-hydroxy compound (la). Most recently, Piancatelli and Scettri have
described a modified procedure for the conversion of 2’-hydroxy compounds
to the racemic 3’-hydroxy cyclopentenones, using column chromatography on
neutral or basic alumina [6, 14].

Although the above authors had no direct evidence for the possible mech-
anism of the rearrangement, they presumed that the reaction proceeded via
a dehydration hydration sequence, with the initial formation of a cyclopenta-
dienone derivative (8), which immediately underwent hydration to give the
3’-hydroxycyclopentenone.

In the course of our studies on the chemistry of prostaglandins, it was
of interest to learn whether this method was adaptable for the synthesis of
optically active prostanoid synthons (la, b) too. If so, the proposed mechanism
of the rearrangement must be erroneous, because the intermediate (8) postulat-
ed in the crucial step is an achiral compound.
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OH
HO
[
a: X—Y = G=C,
H H
b: X—Y = CH2—CH?2

Scheme 1

In order to investigate and answer this question, we prepared the hitherto
unknown optically active 2’-hydroxycyclopentenone derivatives 6a, b, using
the above methods. The synthetic route is outlined in Scheme I.
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First, the optically active unsaturated lactol 2 was converted, by con-
densation with ylide derived from 4-carboxybutyltriphenylphosphonium
bromide and sodio methylsulfinylmethide, to the corresponding cyclopentenol
derivative 3 [15]. Epoxydation with t-butyl hydroperoxide and vanadyl
acetylacetonate [5, 16] gave selectively the a-epoxyalcohol 4a, which was
oxidized with Jones reagent to the corresponding epoxyketone 5. Exposure of
the latter to an ethereal solution of triethylamine furnished, via the kinetically
formed enolate, the 2’-hydroxycyclopentenone 6a.

The intermediate of the prostaglandin Ej-type synthon 6b was prepared
in a similar manner, starting with the catalytic reduction ofthe optically active
a-epoxyalcohol 4a, followed by the oxidation of the resulting saturated com-
pound (4b) with Jones reagent. On treatment with triethylamine the epoxy-
cyclopentanone 5» underwent elimination to yield the 2’-hydroxycyclopente-
none 6b.

The steric course of the reaction steps and the assignment of configura-
tions at the ring carbon atoms of the intermediates were based on NMR and
CD studies.

The crucial step in the synthesis of the 2’-hydroxyenones 6 was the tran-
sition metal-catalyzed epoxidation of the cyclopentenol 3 by t-butyl hydro-
peroxide. Here, we could isolate only one product, and NMR analysis suggested
that its configuration was the required all-cis (4).

Upon exposure ofthe epoxyketone 5 to a base, the (I’'R,2’R)-stereoisomer
of the 2’-hydroxycyclopentenone 6 was formed*. CD studies confirmed the
structural assignments.

For the conversion of the 2’-hydroxycyclopentenones into the 3’-hydroxy
analogues, we used essentially the same procedure asPiancantelliand Scettri
did. The cyclopentenone 6 was adsorbed on alumina (Brockmann grade III,
basic) and, after standing overnight, the compound was eluted. The conversion
proceeded with a high degree of stereochemical control, because from 2°(/?)-
hydroxy compounds we obtained optically pure 3’(R)-hydroxycyclopentenones
(1) in excellent yields.

The absolute configurations of the chiral centers in compounds la, Ib
and 6b, deduced from the synthesis, were also supported by a comparsion of
their CD spectra with those of natural pyrethrolone (10) [17] and another
hydroxycyclopentenone derivative of very similar constitution and known
absolute configuration (11) [18]. All these substances show a weaker (at 320—e
330 nm) and a stronger (at 220—230 nm) Cotton effect of opposite sign in the
investigated spectral range (Table I).

The CD maxima can be assigned to the n-n* (R-band) and n-n* (K-band)
electronic transitions, respectively, of the non-coplanar a,/?-enone chromophore

*The reasonable assumption was made that the configuration at C-1" is retained in
the course of this elimination (cf. Ref. [4]).
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HO

10

in the cyclopentenone ring. The signs of the CD maxima in the spectra of
compounds la, Ib and la THP ether are the same as those of 3’(R)-11 and
opposite to those of 4(S)-10 [18]. As the chirality of all these molecules is de-
termined only by the configuration of the chiral center, the absolute configura-
tion of la, Ib and la THP ether must be 3’(jR).

The 2-cyclopentenone ring can assume two chiral conformations which
are mirror images of each other. These conformations are equally populated
in the case of 2-cyclopentenone itself and its achiral derivatives. However,
the position of the equilibrium between the two possible forms of enantiomeric
ring conformation, i.e. the preferred absolute conformation of a chirally substi-
tuted (at C-4 and/or C-5) 2-cyclopentenone, is determined by the configuration
of the chiral center(s). The correlation between the ring conformation (i.e. the
chirality of the enone chromophore) and the signs of the R- and K-band Cotton
effects [19] are shown in Fig. 1. (The ring is viewed from the direction of the
axis of the 0=C bond.)
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R-band
Cotton (~ 320 nm)
K-band
effects (~ 230 nm)
10 (4S) R1=H, r2=oh. R3=H
11 (3'4) R1=0H, r2= h, R3=H
la (3'A) R1=0H, r2= h, R3=H
Ib (3'4) R1=0H, r2= h, R3=H
6b (I'R, 2'R) RXH, R.,=0OH. R3=(CH2eCOOCH

Fig. 1

According to the above rule [19], the position of the hydroxyl group at
C-4 and C-3’in the preferred conformation of the model substances 10 andll,
as well as in la and Ib, should be pseudoaxial. Based on this assumption, also
the configuration of 6b can be determined. In this compound there is an
-methoxycarbonyl-hexyl side chain at C-I’ beside the hydroxyl group at C-2\
The two substituents are cis to each other. Supposing the alkyl group to be in
pseudoequatorial position, like in natural prostaglandin E 3[20] and in its stereo-
isomers [19], we may conclude that the hydroxyl group at C-2’is pseudoaxial
in this molecule, too. The signs of the Cotton effects found in the CD spectrum
of 6b can thus be correlated with its 1’(R),2’(R) configuration. (The position of
the hydroxyl group relative to the enone chromophore is opposite to that found
in compounds la and Ib. The identical configurational sign of the chiral center
C-2’in all the three compounds is due only to the rules of the CIP conventions.
The opposite absolute conformation of the cyclopentenone ring in la and Ib
on the one hand, and in 6b on the other, is reflected in the opposite signs of the
Cotton effects in 6b and in la and Ib.)

It is of interest to note that the configurational correlation of substituted
2-cyclopentenone derivatives can only be based on a comparison of their CD
(or ORD) spectra. The signs of the [a]o values are unsuitable for this purpose.
As can be seen from the data of Table I, 4(S)-10 is dextrorotatory as well as
3’(R)-la or 3’(R)-Ib. although their CD spectra are nearly mirror images. The
sign of the optical rotation at 589 nm is very sensitive to the relative intensity
of the two ultraviolet Cotton effects of opposite sign. In the case of 10 and 11
the quotients of the values of the K-band and R-band CD maxima are smaller
than 5, whereas in the spectra ofla, Ib, la THP ether and 6b this value is larger
than 5. The sign of the optical rotation at the sodium D line of the former sub-
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stances is determined by the R-band Cotton effect, which is the weaker one,
hut relatively stronger than in the other compounds. In the CD spectra of the
compounds investigated by us, however, the farther K-band Cotton effect is
relatively more intense, and therefore the sign of the rotation at 589 nm is
determined by its sign.

From the stereoselectivity of the rearrangement, the possibility of a
reaction proceeding via dehydration-hydration steps can be ruled out. In the
alternative mechanism involving addition-elimination of hydroxide ion, from
the 2’(Ji)-compounds we should have got the corresponding 3’(S)-hydroxy-
cyclopentenones via the (2’S,3’S)-dihydroxy intermediate. Therefore, we
woidd like to propose a reaction path involving the attack of alumina virtually
exclusively from the a-side of the 2’(jR)-hydroxycyclopentenones (6), giving
rise to an ester type intermediate (7) in the primary step, which then undergoes
elimination to produce the thermodinamically more stable 3’(R)-hydroxy
compound (1).*

We could furthermore demonstrate that the rearrangement with a cyclic
ester mechanism might proceed stereospecifically. Here, the rearrangement was
carried out by Stork’s method elaborated also for the racemic 2’-hydroxy-
cyclopentenones. This method consists in the formation of an acetal interme-
diate, which then undergoes elimination to give the 3’-hydroxy derivative.
Treatment of the 2°(i?)-hydroxycyclopentenone 6 with an ethereal solution of
anhydrous chloral led to the corresponding hcmiacetal (9), which upon addition
of triethylamine, afforded the optically pure 3’(R)-hydroxycyclopentenone 1.
The yields were comparable with those obtained by the above method.

The successful synthesis of prostaglandin synthons greatly expands the
synthetic utility of this simple and convenient method, for the rearrangement
results not only in the conversion of a 2’-hydroxycyclopentenone to the corre-
sponding 3’-hydroxy analogue, but also accomplishes this task in a highly stereo-
selective fashion.

Experimental

IR spectra were obtained with a Spectromom 2000 spectrometer. NMR spectra were
recorded at 60 MHz, with TMS internal standard, on a Perkin Elmer R12 spectrometer. MS
measurements were taken on a JEOL JGC-20K and JMS-01SG-2 combined GC/MS system.
(lonizing energy 74 eV, acc. voltage 10KV, ionizing current 200 A). Circular dichroism spectra
were determined by means of a Jobin-Yvon dichrograph Model-11l in quartz cells of 1mm length
at room temperature.

(-)-Methyl [7-(5-hydroxy-2-cyclopentenyl)]-5(Z)-heptenoate (3a)
This compound was prepared, according to the method reported for the racemic com-
pound by Giiieco and Reap [15], from (-)-cis-2-oxybicyclo[3,3.0]oct-6-en-3-0l (2).
[all —78° (c = 1.1, methanol).

*Very recently, a mechanism via enolate ion was proposed for this rearrangement:
Scetri, A., Piancatelli, G.,, D’Auria, M., David, G.: Tetrahedron, 35, 135 (1979).
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(-)-Methyl [7-(5-hydroxy-2,3-<x-epoxycyclopentyl)]-5(Z)-heptenoate (4a)

To a stirred solution of 31.5 g (0.14 mole) of the cyclopentanol derivative 3a and 0.4 g
of vanadyl acetylacetonate in 285 ml dry benzene, there was added dropwise 30 g (0.33 mole)
of freshly prepared t-butyl hydroperoxide [20], and the resulting solution was refluxed for
4 h. The solution was cooled to room temperature, filtered, the solvent evaporated and the
residue was purified by filtration through a short columm packed with silica gel, using ben-
zene-ethyl acetate 3 :2 as eluent, to obtain 27.65 g (82%) of the epoxycyclopentanol 4a
[21]; [ot])5 —8° (c = 1.0, methanol). (For the racemic compound, see Ref. [5]).

C,3H 2004 (240.3). Cald. C. 64.95; H 8.39. Found C 64.76; H. 8.22%.

IR (film): 3450, 1740, 1370 1220, 1170, 1100, 1060 cm ™1

NMR(CC14): $1.7—2.6 (11H, m), 3.5 (2H, d,J = 5Hz), 3.7 (3H, s), 5.5 (2H, m).

MS: M+ 240 (5), m/e 222 (6), 209 (7), 192 (8), 149 (16), 148 (14), 141 (20), 140 (90),
136 (12), 135 (40), 125 (41), 119 (25), 117 (20), 100 (19), 99 (14), 98 (28), 95 (25>, 93 (28), 91
(36), 83 (40), 81 (100), 80 (100), 79 (90), 67 (70), 55 (50), 43, (48), 41 (90).

(- )-Methyl [7-(2,3-a-epoxy-5-0xo0-cyclopentyl)] -5(Z)-heptenoate (5a)

A solution of 4.2 g (0.042 mole) of chromium trioxide and 3.6 ml of cone, sulfuric acid
in 30 ml of water was added to a stirred and cooled solution of 5.35 g (0.023 mole) of the
epoxycyclopentanol 4a in 60 ml of acetone, during 3 h at —10°C. After stirring for further 1 h
at —10°C, the reaction mixture was treated successively with 6 ml of isopropanol, 80 ml of
saturated sodium carbonate solution (pH ~ 6), and then extracted three times with ether
(400 ml). The combined ethereal extracts were washed with brine and dried over anhydrous
magnesium sulfate. Removal of the solvent in vacuum afforded 4.25 g (80%) of the crude
epoxyketone 5a*; [a]lg —63° (c = 1.0, methanol). (For the racemic compound, cf. Ref.[5].)

IR (film): 1740, 1340, 1220, 1160 cm*“2

NMR (CC14: 8 1.7-2.5 (11H, m), 3.6 (5H, s), 5.5 (2H, m).

R-(-)-Methyl [7-(2-hydroxy-5-0x0-3-cyclopcntenyl)]-5(Z)-heptenoate (6a)

Triethylamine (3 g; 0.029 mole) was added dropwise to a stirred solution of the epoxy-
ketone 5a (2.75 g; 0.0115 mole) in 1 : 1 ether-methylene chloride (25 ml) and the reaction
mixture was allowed to stand overnight. After evaporation of the solvent, ether (30 ml) was
added and the resulting solution was succesively washed with IN HC1, water, brine and then
dried over anhydrous magnesium sulfate. Removal of the solvent in vacuum afforded 2.6 g
(95%) of the crude 2’-hydroxycyclopentenone 6a; [a]g —40° (c = 1.0; methanol). A sample
of this product was purified by filtration through silicic, acid using benzene-ethyl acetate
(3 :2) as eluent to obatin pure 6a; [a]l]g —43° (c = 1.0; methanol). (For the racemic compound,
cf. Ref. [5].)

CISH 180 4 (238.27). Calcd. C 65.54; H 7.61. Found C 65.44; H 7.49%.

IR (film): 3400, 1740, 1710, 1370, 1220, 1170, 1120 1060 cm“1l

NMR(CC14): 8 1.6-2.6 (9H, m), 3.6 (3H, s), 5 (1H, m), 5.5 (2H, m), 6.15 (1H,d,J = 7
Hz), 7.55 (1H, dd, J = 3 Hz).

MS:M+ 238 (15), m/e 220 (18), 219 (100), 206 (25), 205 (15), 189 (27), 188 (40),160
(42), 146 (57), 140 (45), 133 (60), 123 (44), 119 (25), 107 (42), 97 (90), 81 (60), 80 (45), 67 (60),
55 (65), 41 (65).

f?-(4-)-Methyl [7-(3-hydroxy-5-oxo-cyclopentenyl)]-5(Z)-heptenoate (la)

Procedure A: To a stirred suspension of alumina (20 g; Brockmann grade | basic) and
water (0.9 ml) there was added a solution of 1.2 g (5.05 moles) of the 2’-hydroXycyclopentenone
6a in ether (20 ml) and the resulting mixture was stirred at room temperature overnight. The
reaction mixture was transferred onto a column and eluted with ethyl acetate-methanol
(10 : 1); the solution was then concentrated to yield 1.0 g (83%) of the 3’-hydroxycyclopente-
none la; [a]Jo +12° (c = 1.0, methanol). (Lit. [9] [alg +11.2°; ¢ = 1.92, methanol;.

*The epoxyketone decomposed thermally upon attempted distillation. Attempts at
purifying the crude epoxyketone by chromatography resulted in an elimination reaction which
gave a 1 :1 mixture of the 2’-hydroxycyclopentenone 6 and 3’-hydroxycyclopentenone 1.
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IR(film): 3400, 1745, 1710, 1640, 1360, 1320, 1240, 1230, 1200, 1140, 1040 cm '1

IVMR(CC14): $1.4-2.6 (8 H,m), 2.85 (2H, in), 3.7 (3H, s), 4.8 (1H, m), 5.45 (2H, t,
J = 5Hz), 7.05 (1H, m).

MS:JVi+ 238 (7), m/e 220 (100), 208 (6), 207 (21), 192 (8), 189 (30), 188 (40), 161 (16),
160 (56), 147 (23), 146 (63), 133 (46), 131 (12), 121 (23), 119 (52), 118 (20), 117 (20), 107 (22),
105 (20), 95 (24), 94 (54), 91 (38), 85 (23) 79 (36), 67 (38), 55 (28), 43 (64), 41 (48).

Procedure B: Anhydrous chloral (1.2 g; 8.2 mmoles) was added dropvise to a stirred
solution of the 2’-hydroxycyclopentenone 6a (1.7 g; 7.2 mmoles) in dry ether (10 ml), and the
reaction mixture was allowed to stand at room temperature for 16 h. Triethylamine (2 g;
19.4 mmoles) was added and the mixture was stirred at room temperature for 1 h. Evaporation
of the solvent in vacuum left a yellow oil (3 g), which was chromatographed on silicic acid
(benzene-ethyl acetate 3 :2) to give the 3’-hydroxycyclopentenone la (1.2 g; 71%); [alg
4-11.5° ( =1.0, methanol). The tctrahydropyranyi ether derivative of la was prepared by
the standard method; [a]3* -f20° (c = 2.32, methanol,.

IR (NaCl,: 1740, 1720, 1640, 1360, 1200, 1150, 1130, 1080, 1030, 990.

NMR(CC1,;: 0 0.95 (3H, t, J = 7 Hz), 1.1—2.5 (14H, m), 2.8 (2H, m), 3.7 (3H, s),
39 (2H, t,J = 6 Hz), 47 (2H m) 5.4 (2H, m), 7.05 (1H, m).

(—)-Methyl [7-(-5-hydroxy-2.3-a-epoxycyclopentyl)]-heptanoate (4b)

The epoxycyclopentanol 4a (10 g; 0.041 mole) was mixed with"0.5 g of 5% palladium-
on-charcoal in 30 ml of methanol, and the mixture was stirred under a hydrogen atmosphere
(1 atm) until the theoretical amount of hydrogen (1 1) had been absorbed. The catalyst was
removed by filtration and the solvent evaporated in vacuum to give 9.8 g (98%) of the oil
epoxycyclopentanol 4b; [alfy —10° (c = 1.0, methanol). (For the racemic compound, cf.
Ref. [5];

C,3H,,204 (242.3;. Calcd. C 64.43; H 9.15. Found C 64.27; H 9.22%.

IR (film;: 3450, 1740, 1370, 1220, 1200, 1170, 1070 cm"1

NMR(CDC13): $1.2- 1.8 (10H, m), 1.9—2.5 (5H, m), 35 (2H, d, J = 5 Hz), 3.7 (3H,
s), 3.8 (1H, m).

MS:M+ 242 (cl), m/e 241 (5), 224 (6), 211 (10), 208 (8), 193 (18), 192 (22;, 180 (14),
164 (20), 144 (9), 143 (34), 125 (12), 122 (10), 121 (20), 112 (11), 111 (32), 110 (14), 109 (28),
107 (12), 101 (16), 100 (100), 99 (26), 96 (38), 95 (34), 87 (48), 84 (38), 83 (40), 82 (32), 81 (42),
74 (40), 71 (20), 69 (42). 67 (42), 56 (42), 54 (62), 44 (46), 42 (72).

(—)-Methyl [7-(2,3-0c-epoxy-5-oxo0-cyclopentyl)]-heptanoate (5b)

The epoxycyclopentanol 4b (5.3 g; 0.022 mole) was oxidized wdth standard Jones reagent
(45 ml), as described for 4a to obtain the epoxyketone 5b in 75% yield;* [a]g —56° (c = 1.0;
metahnol). (F'or the racemic compound, cf. Ref. [5].)

C13H,,004 (240.3). Calcd. C 64.98; H 8.39. Found C 64.56; H 8.15%.

IR(film): 1740, 1370, 1240, 1200, 1170, 1000 cm -1

NMR(CDCIj): 6 1.3—1.8 (10H,m), 2.1—2.5 (3H, m), 2.58 (2H, s), 3.7 (3H, s), 3.8
(2H, s).

R-(—)-Mcthyl [7-(2-hydroxy-5-0x0-3-cyclopentyl)]-heptanoate (6b)

The epoxyketone 5b and triethylamine were allowed to react according to the method
described for 6a, to obtain the 2’-hydroxycyclopentenone 6b in 93% vyield; [« g —48° (c = 1.0,
methanol). (For the racemic compound, cf. Ref. [5].)

ci3H,004 (240.3). Calcd. C 64.97; H 8.39. Found C 64.72; H 8.28%.

IR (film): 3400, 1740, 1715, 1370, 1270, 1200, 1170, 1120, 1040 cm~-".

NMR(CDC13): $1.2—1.8 (10H, m), 2.1—2.5 (3H, m), 3.7 (3H, s), 3.95 (1H, m), 5.05
(1H, m), 6.15 (1H, d, J = 6 Hz), 7.52 (1H, dd, J = 3 Hz).

MS;M+ 240 (10), m/e 222 (14), 209 (11), 208 (11), 190 (16), 162 (9), 143 (12), 121 (12),
111 (19), 109 (12), 107 (10), 98 (100;, 95 (21), 84 (35), 80 (17), 67 (20), 55 (31), 41 (38).

* Other oxidation methods (e.g. with manganese dioxide, barium manganate) were
unsuccessful.
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I{-(—)-Methyl [7-(3-hydroxy-5-oxo-cyclopentyl)] -heptanoate (Ib)

The 2’-hydroxycyclopentenone 6b was converted into the 3’-hydroxycyclopentenone
derivative Ib as described for la (Procedure A or B) to obtain the product in 75% and 65%
yield, respectively; [a]EJ +17.2° (c = 1.0; ethanol); m.p. 62 °C (ethyl acetate). (Lit. [11]
W d +17.28°; ¢ = 0.49, methanol; m.p. 60—61 °C).

IR(KBr): 3350, 1740, 1700, 1370, 1330, 1310, 1210, 1170, 1100, 1080 c¢m -1

NMR(CDC13): 8 1.2— 1.6 (8H, m), 2-2.8 (6H, m), 3.7 (3H, s), 3.9 (1H, m), 4.9 (1H, m),
7.15 (1H, m).

MS:M+ 240 (6) m/e 224 (4), 223 (21), 222 (58), 209 (7), 208 (15), 191 (42), 190 (100),
172 (15), 163 (32;, 162 (46), 149 (24), 137 (15), 136 (26), 135 (24), 122 (25), 111 (30), 110 (22),
97 (30), 96 (48;, 95 (72), 94 (26), 93 (20), 87 (16), 79 (32), 67 (42), 55 (54), 43 (74), 41 (82),
39 (38).

( )The tetrahydropyranyl ether derivative of Ib was prepared by the standard method;
[a]ld +22° (c = 1.0; methanol).

IR(NaCl): 1735, 1715. 1640 1360, 1200, 1150, 1130, 1080, 1030, 990.

NMR(CC14): ©0.95 (3H,t,J = 7 Hz), 1.1—1.9 (14H, m), 2-2.4 (6H, m), 3.7 (3H, m),
3.9 (2H,t,J = 6Hz), 4.7 (2H, m), 7.05 (1H, m).

MS-M+ 324 (<1), m/e 240 (36), 239 (10), 235 (12), 223 (78), 222 (15), 191 (24), 163
(20), 149 (5), 85 (100), 84 (20), 79 (25), 41 (40).

*

The authors’ thanks are due to llona Batrta, Pal Kolonits, Tibor Matter and Aron
Szol1esi for the elemental and spectral analyses. Financial assistance from Chinoin Pharma-
ceutical and Chemical Works Ltd, Budapest, is gratefully acknowledged.
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In continuation of our studies into anomalous reactions of halogen deriva-
tives with nulceopliiles [1], triphenylmethyl chloride (la) was allowed to
react with sodium methoxide in 2,2-dimethoxypropane to obtain, in addition
to the normal methanolysis (Ib) and hydrolysis products (Ic), the cine product
2 (probably a mixture of the o- and p-isomers), the reduced product Id, and
ditrityl peroxide (DTPO) [Experiments 1 and 2, Table I] which, with the ex-
ception of compound 2, were identified by comparison (TLC, IR) with

Ph3C—X Ph2CH C6H4—OMe p-Ph3C—C6H4—CHPh2
la: X = ClI 2 3
Ib: X = OMe
lc: X = OH
Id: X = H

authentic samples. Compound 2, a reluctantly crystallizing oily product,
was characterized by its JH NMR [CDC13; ¢ 3.75s (MeQO), 5.50s (Ar3C—H),
6.6—7.45m (14H, ArH’s)] and IR spectra [KBr; 840, 810 and 790 cm -1;
the spectra of compounds Ib and Id have no bands in this region]. The fully
aromatic dimer 3 [2] was not obtained in any of the experiments.

In Experiments 5—8, run in the presence of nitro-or m-dinitrobenzene, the
yields of compound Id and of DTPO were found to decrease significantly, where-
as the yield of compound Ib increased which, together with the structures of
these products, appears to indicate that, in contrast to compound Ib, com-
pound Id and DTPO are formed via intermediate radical anions and radicals,
as shown in Scheme 1. This appears to be the first case of the formation, in-
duced by sodium methoxide (or, in fact, by any similar, hardly oxidizable
nucleophile), of radical anions from an arylmethyl halide containing no nitro
group in p-position (cf. Ref. [4]).
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Scheme 1. Formation of triphenylmethaue (R H = I1d) and DTPO (= R—0O—O

SIMIG, LEMPERT: FORMATION OF ELECTRON TRANSFER PRODUCTS

R—Hig + CH300 ~ (R-HIg)0, + CH.0- R-+ Higo + CH-

R + CH.,00 -* R-H + CHjO0

R- + CH300 -* R:0 + CH®- R:0 —-—?=mR-H
R-Hlg + CHD @~ (R-HIg)0, + CH®

R-+ CHOY R-H + CHXY

R-+ 02 R O O- +R™> R O O -R

R = (C6H53C— Y = —C(CH3)20CH3

the radical anion—adical mechanism (cf. Ref. [3])

Table |

Reaction of triphenylmethyl chloride (la) with sodium
methoxide in 2,2-dimethoxypropane (DMP)

Products and yields (isolated), %

Run

No.g b le 2 Id DTPO
Ib) 27.8 152 9 205 > 2
2b) 29.7 15.4 10.2 16.7 5.4
30 32.9 17.1 7.1 21.0 _e
4c 326 18.0 55 19.4 _e>
5b,f) 375 8.6 <8e) 11.4 —)
6b.0 37.3 20.1 <2.4B 115 )
7b,i) 43.4 24.8 <4q) 15.0 _8)
8b, j) 44.8 12.2 <1 43 ~e)

Total yield,

lo

6S.5
77.4
78.1
75.5
57.5h)
71.3
83.2h)
62.3

R) via

" Mixtures of la (1.0 g), NaOMe (4 equivalents) and DMP were refluxed for 1h and worked

up by fractional crystallization (DTPO) and preparative TLC (lb

b) In air

d, 2)

¢) Under nitrogen
d) No attempt was made to isolate compound 2 in Run 1
O Not formed in isolable amounts
f) In the presence of 1 mole of PhNO., for 1 mole of compound la
O Since compound 2 and PhNO02 had almost identical /v. values in the system used, the
latter was removed by steam distillation
h) Yield of compound 2 not included
In the presence of 2 moles of PhNO, for 1 mole of compound la
In the presence of 1 mole of m-dinitrobenzene for 1 mole of compound la: considerable
amounts of tarry products were formed
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Topics in Current Chemistry, Vol. 73

Organic Chemistry, 271 pp.

Springer Verlag, Berlin, Heidelberg, New York 1978

The series contains comprehensive papers offering a survey of the present state and
future trends in modern chemical research. The authors of the individual papers are active
workers in the special fields discussed. The present volume contains four independent papers
dealing with organic chemistry.

W. S. Sheldrick: Stereochemistry of Penta- and Hexacoordinate Phosphorus Derivatives.
The largest development in the stereochemistry of phosphorus compounds has been achieved
in the field of penta- and hexacoordinated derivatives. These compounds could hardly be
examined earlier owing to their instability and volatility. In the last decade, however, the
availability of stable phosphoranes containing one or two rings, as well as the development
of electron diffraction and X-ray diffraction techniques have brought about several new results
in structure elucidation. In this paper, the stereochemical examination of penta- and hexa-
coordinated phosphorus derivatives effected by diffraction methods is discussed. After a dis-
cussion of the configuration of pentacoordinated phosphorus derivatives and the theory of
bonding, the paper deals with acyclic, monocyclic, spirobicyclic, condensed cyclic and tricyclic
phosphorus derivatives and some hexacoordinated phosphorus compounds — ionic and non-
ionic complexes and the results obtained up to 1976 in the determination of their structures
are described. A critical survey of the ample literature is completed by tabular summary
of the data.

P. Caubére: Complex Bases and Complex Reducing Agents. New Tools in Organic
Synthesis. In the paper consisting of two chapters the author discusses his own results. The
starting point of the examinations has been the observation that certain aromatic nucleophilic
substitution reactions cannot be achieved with sodium amide acting as a base in a given
solvent and with a given nucleophile agent, yet the reaction takes place readily on the addi-
tion of certain activating agents (alcoholates, enolates). Results of several experiments have
confirmed that in these reactions the real active agent is the “complex base” formed from
sodium amide and the activating agent. The reactions evoked by means of the complex bases,
the role of the nature of the activating agent, the solvent and the optimum ratio of the activat-
ing agent and sodium amide are discussed in detail.

In the second chapter, the principle of activation of sodium amide is extended to the
case of reductions effected with sodium hydride. Although the detailes of the general rule
deduced from these studies await yet elucidation, a large number of the practical examples
given provide useful information for the synthetic organic chemists inspiring further applica-
tion of the method.

J. C. Jutz: Aromatic and Heteroaromatic Compounds by Electrocyclic Ring-Closure with
Elimination. In the synthesis of oligo- and polycyclic aromatic and heteroaromatic compounds,
increasingly widespread application is found by the method of electrocyclic ring-closure,
induced thermally, accompanied by elimination. The prototype of these reactions is the Ziegler-
Hafner azulene synthesis, where trialkylainine containing a fulvenoid decapentaene structural
part yields azulene on heating by electrocyclic ring-closure and the split-off of dialkylamine.
In the development of oligo- and polycyclic aromatic systems, a cyclization of hexatriene—
cyclohexadiene type takes place. The most various I-dialkylainino-1,3,5-hexatrienes can be
converted thermally into benzene derivatives with the release of dialkylamine. The field of
application of this cyclization reaction has been greatly extended by realizing that 1-dialkyl-
aminohexatrienes, in which the double bond is formally the part of an aromatic or hetero-
aromatic system, can also be readily subjected to cyclization. i.e. ring annelation can be achieved.
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Further possibilities are provided by the fact that nitrogen atoms can substitute one or
two carbon atoms in the chain of 1-dialkylaminohexatrienes, hence six-membered hetero-
aromatic systems can be obtained in this way. The paper gives a systematic and detailed sur-
vey of the theory of the reaction and its applications.

H. Schwarz: Some Newer Aspects of Mass Spectrometric Ortho Effects. The ortho effect
was applied earlier only in diagnostic work in the mass spectrometric structure elucidation of
organic compounds, for the identification of 1,2-disubstituted cis structural parts. In the
present paper the author reports on the most recent examinations aiming at the elucidation
of the mechanism of the ortho effect and related secondary conversions. The short, concise
paper containing a large literature provides valuable help for researchers dealing with mass
spectrometry.

J. Csaszar

Topics in Current Chemistry, Vol. 74

Organic Coumponds9Syntheses, Stereochemistry, Reactivity 133 pp.

Springer Verlag, Berlin, Heidelberg, New York 1978

The present book of the series (cf. previous book review) contains four comprehensive
papers dealing with organic chemistry.

F. VOGTE, G. Hohner: Stereochemistry of Multibridged, Multilayered and Multistepped
Aromatic Compounds. Transannular and Electronic Effects. In connection with the structure
elucidation of cyclophanes (aromatic rings connected by two bridges), analogues with particular
structures have been recently prepared: (a) aromatic rings linked by three or more bridges
(multibridged phanes); (b) coupling of several aromatic rings by means of bridges characteristic
of phanes so as to make the aromatic rings to form layers above each other (multilayered
phanes); (c) connection of aromatic rings by means of bridges ensuring stepwise arrangement
of the aromatic rings above each other in the systems developed (multistepped phanes).
These rigid, sometimes strongly stressed systems are particularly suitable for studies of intra-
molecular steric and electronic interactions. The present paper provides a short, concise
summary of these special phanes, their spectroscopic studies and their geometry, on the basis of
the most recent literature data, that is, papers published between 1960 and 1977.

E. S. Lewis: Isotope Effects in Hydrogen Atom Transfer Reactions. The paper deals
with hydrogen atom transfer reactions which can be characterized by the general formula
A* -j- H:X “mA:H -f X* where A* or X* or both are organic free radicals. Hydrogen atom
transfer is frequently occurring in organic reactions taking place through free radicals. Since
this means the least complicated substitution reaction for the organic chemist, it has been
studied in detail, yet several questions have remained unsolved. Studies on the isotope effect
in hydrogen atom transfer reactions can be accomplished experimentally and the transition
states of the reactions do not give rise to special difficulties in the investigations either; these
can also be studied. In aseries of systems, which can be characterized by a constant intrinsic
barrier, any of the three values, intrinsic barrier, isotope effect and exothermicity, can be
calculated in the knowledge of the two other data by the modified Marcus equation, or by
means of the hyperbolic correlation not deduced theoretically, but easier to apply. The paper
reports on these investigations.

R. J. Lemire, P. G. Sears: N-Methylacetamide as a Solvent. Special attention has been
paid to the Armethylamides of lower carboxylic acids since 1951, when their very high dielec-
tric constants were published. Since then these compounds have gained importance as new,
non-aqueous solvents, as they can be purified relatively easily and their properties can well be
combined. The member of the group studied in greatest detail is iV-methylacetamide (NMA).
The author collected the experimental results and classified them. The main chapters of the
paper give a good picture of the thorough work of the authors: Synthesis and purification;
Structure of NMA in the gaseous phase and in solid state; Physical properties and structure
of liquid NMA; Electrochemistry (e.g., ion transport, behaviour of electrodes in NMA, etc.);
Solutions (solubility of electrolytes and non-electrolytes, cryoscopic measurements in NMA);
Solvatation; Reactions in NMA. The chapters contain the large majority of literature data in
addition to ample references, thus the paper is interesting not only for those already employing
NMA and requiring a summary of its properties, but for all who want to find a non-aqueous
solvent with excellent and well-known properties.
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J. Gasteiger, C. Jochum: EROS, A Computer Program for Generating Sequences of
Reactions. For long, the application of computers in chemistry was limited to numerical cal-
culations. Recently, the possibilities of this modern technique have also been applied for the
solution of chemical problems, such as the design of syntheses, determination of correlation
between structure and acitivity and the elucidation of molecular structure from spectroscopic
data. These were characteristically such problems, which had been thought to be soluble only
by the human mind; the most interesting and most colourful is the design of synthesis paths
for organic compounds. In the computer treatment of chemical reactions, mainly the illustra-
tion of the molecules and the reactions was assumed to be required. Since illustration of the
molecules is more or less a technical task, the central problem was the illustration of chemical
reactions. In the systems developed earlier, the synthetic reactions were obtained by combin-
ing those known before, thus these systems can be regarded as a library in a computer. The
authors with a larger team started tbe development of a computer program suitable for the
design of syntheses in 1972. The molecules are represented by BE matrices (bond and electron
matrices), the reactions are represented by R-matrices. Since the R matrix can also be formed
entirely formally, this method is suitable for the production of any possible reaction, irre-
spective of the fact whether siuch a reaction is really known or is perfectly new. First the
CICLOPS (Computers in Chemistry, Logic Oriented Planning of Syntheses) program was
developed for the design of syntheses and, on the basis of the favourable experience obtained
with it, the EROS (Elaboration of Reactions for Organic Synthesis), a new synthesis-planning
program has been evolved. The authors shortly review the method and present some illustrative
examples of its applicability.

At the end of the book, the Author Index of Vols 26—74 of the series is given.

J. Csaszar

Recent Results in Chemistry, Vol. 41 (In Hungarian); Editor Béla Csakvarl,
Akadémiai Kiad6, Budapest 1978

P. Moéritz: Calculation-technical Methods for the Examination of Phase and
Chemical Equilibria

220 pages, 376 references

The summary of the content of this book is not a formality in this case because the author
has dealt with a much broader field here than what one would expect from the title. This
book contains not only useful calculation methods, but also valuable literature surveys, im-
portant discussions, good establishments and remarks of the physicochemical characteristics
of gases and mono- and multicomponent liquids.

Chapter 1 establishes the fundamentals of the theory of corresponding states and a
discussion of efforts making it both more exact and more general. In the next chapter the
author reviews the most important approximate methods for the calculation of characteristics
which determine the critical states of liquids. These methods make use of the number of car-
bon atoms in a homologous series of compounds or of certain physical quantities (e.g. polari-
zab'lity, molar refraction, etc.). Next, some simple methods suggested by the author are intro-
duced. The topic of Chapter 3 is the calculation of the vapor pressure of liquids. Here is given
a very good summary of the equations in the literature for the calculation of this quantity.
Also discussed are two simpler methode suggested by the author. One of these methods is
based on the use of atomic and bond increments, while the other is based on the atomic group
increments. In the next chapter, where the examinations of the gaseous state are reviewed,
tabulated summarizations give a very good survey of the gas equations suggested in the litera-
ture. Very remarkable are the author’s optimalizations of the constants of the van der Waals
equation which result in somewhat different hut better constants than the well known ones.
Also important is that new state parameters are suggested with these new constants, which
behave like the critical state parameters of gases, allowing higher accuracy to be obtained.
The next chapter deals with the calculation of surface tension and a new calculation method
is described, using atomic and bond increments given by the author. The connection of surface
tension to viscosity is also examined.
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Chapter 6 deals with the calculation of some characteristics of multicomponent liquid
mixtures and a computer program is described to determine the equation of the correct boiling
point curves. This program finds the optimum values of six constants. The problems discussed
here are important in chemical engineering.

The topic of the next chapter is the calculation of the equilibrium conversions from the
equilibrium constants. A good calculation method is described, the essence of which is that
the equilibrium constants are rewritten with the molar ratios of the reactants and products
and the equations obtained are reduced to zero and minimized.

The last chapter deals with the methodology of the determination of phenomenological
relations. A computer program isgiven for the examination of the homogeneityof measured data
and for the determination of the largest homogeneous sub-set. Another program is written on
the basis of a new method for the examination of the significance and for the detection of
systematic trends in the column and rows of tabulated experimental data. Next, there is a very
good description on the choice of a function best approaching the measured data. A method
is introduced to approach the measured data by multivariable nonlinear functions. Also a
computer program is written for this purpose which finds the optimum values of the param-
eters of a function. Another calculation method is suggested to determine the equation of
afamily of curves depending on parameters. This method, in essence, deals with the parameters
on two levels: as common and group parameters. Finally, methods are given to optimalize
physico-chemical models, which is mathematically the determination of the extreme value of
scalar vector functions. The author’s simple procedure, which is a modified simplex method,
has the advantages of the known ones (grid, gradient and search) and can be used to solve
numerous problems. The flow chart and the text of the program are given and also the results
obtained on some model functions.

This book is a very well written, outstanding work. All the literature surveys are clear
and concise, and contain important additional comments in the discussed details. The presen-
tation of the chemical and mathematical problems are very understandable, and their treat-
ment and solution can be easily followed. The author’s own results, which are remarkable,
both from practical and theoretical points of view, are well incorporated into this book. The
calculation-technical methods discussed in the last chapter and the computer programs will
be very useful tools to solve various problems. Although the author raises and solves numerous
problems from the point of view of chemical engineering practice, I am convinced that the
subjects dealt with in this book can also be successfully applied in other fields of chemistry.

J. Toeth and P. Erdi: The Models, Problems and Applications of Formal Reac-
tion Kinetics

125 pages, 230 references

Formal reaction kinetics, the topic of this book, is a discipline of reaction kinetics which
does not deal with microscopic mechanisms of chemical reactions, even when one of the models
is applied in reaction kinetics. On the other hand, formal reaction kinetics — even in the
consequences of its abstraction — is not only an applicable mathematical theory, but also an
applied one in other areas of sciences in addition to chemistry, e.g. in biology. One of the main
aims of the authors in writing this book was to introduce and discuss the possible models of
formal reaction kinetics and their applicability in various fields of sciences.

In Chapter 1 of the book the authors define the basic concepts with formulations of
formal reaction kinetics and they introduce the applicability of these on a “composed chemical
reaction” of the Volterra—Lehotka type. After giving the definitions, they make various
supplements and restrictions in order to obtain the models of the composed chemical reaction.
Eight such models are identified in this book depending on the nature of changes and on the
choice of time and space of events as continuous or discrete.

The topic of Chapter 2 is the discussion of the stochastic models of the composed chemi-
cal reaction satisfying the generalized law of mass action. The most detailed treatment is given
on the model of continuous time and discrete space of events, which is justified by the fact
that this model is the most realistic, the best established and also the most frequently used
one among the stochastic models. Then the Kolmogorov differential equations referring to the
transition probability and absolute distribution functions of the Markov process are introduced
and there is also a discussion of the methods used to solve these equations. This survey is
more systematic and more complete than in the literature.
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In Chapter 3 the authors deal with the deterministic models. The majority of this
section is given to the Wilhelmy—Guldberg—Waage model or, as it is defined in the formal
reaction kinetics, to the deterministic model of continuous time and continuous space of
events. Beside the detailed treatment of this model there are also some mathematically im-
portant results here, a brief section is presented on enzyme kinetics and on the methods of
concluding the elementary reactions from concentrations versus time curves.

The topic of the next chapter is the comparison of the various models. In the last
chapter there is a short survey on the application of the formal reaction kinetics. The chemical
applications (enzyme kinetics, oscillation reactions, etc.) and the physical applications are
mentioned only very briefly. The main emphasis of this section is given to the applicabilities
for constructing models for population dynamics, for the propagation of epidemics and for
microbiological and genetical processes.

In this book the authors discuss the models of the formal reaction kinetics with their
treatments on a mathematically well established basis. They introduce not only the past
changes in this field, but also point to recent ones and to vivid problems. They make valuable
contributions, e.g. they managed to demonstrate that the model of continuous time and dis-
crete space of events for the composed chemical reaction fulfilling the generalized law on mass
action is a generalized Markov process and that most of the processes applied in the chemistry
and biology are its special cases. The book contains 230 citations, but it is a pity that only
one third of those belongs to chemistry and biochemistry, which is too little for a book written
for this series. | think that a more striking emphasis of the chemical aspects and that examples
of the sometimes too abstract discussions would have been advantageous for this book.

F. Gaiser
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ACTA CHIMICA

TOM 102—BbIN. 1

PE3IOME

MMapoAexIopMpoBaHne anbipuviHa, AMebapuHa U ToKcadeHa
P. 6. TAMNWEPPE, 3. BUPOH, N. NYUWN, B. . KPAHNX, A. X. BEUC

Peakuuns ruapofexnopupoBaHns anbApuHa, ero anokcuja — AuenbipuHa 1 TokcadeHa
6blna nccnefosaHa B pacteope C2H-,OH —NaOH npu 50 6apax H2 130°C u, ncnonb3ys HUKe-
NeBblil KaTanmsatop Ha Kusenbrype ¢ cogepxaHmem Hukens 61 %. CTeXromMeTpus aTUX TAXeNbIX
MYNbTUPYHKLUMOHANbHBIX YacTWL, cnefyeT npasBuiam, OnpefefieHHbIM A8 NPOCTbiX 06pa3LoB
C HWU3KUM MONEKYNSPHbIM BECOM. TUMMUYHLIMU ABAAKOTCA CUMHXPOHHbIE (T. €. MHOrOCTYMneHYa-
Tble) peakuun, B KOTOPbIX MPOMEXYTOUYHbIe NPOAYKTbI He fecopbupytoTca. Tak Hanpumep, Ans
anbipuHa:

BHauane ruapupyetcs oneduHoBas rpynna B Monekyne (SMOKCWUA He 3aTparnBaeTcs npu aTux
YCNOBMAX) 1 OfHOBPEMEHHO C 3TUM MPOUCXOAMUT BblAeNEHME BbICOKO aKTUBHOFO FeMUHANbHOTO
avxnopuaa. Monekyna satem peafcop6upyeTcs U Ha OfHOI CTYNeHU TepsieT CBOM 0nedUHOBbIE
aToMbl X/lopa W rMapupyeTcs No oneduHOBON CBA3W. ocneAHUMU, HaMMeHee PeakTUBHbLIMM
X70pamMun, KOTOpble BbIAENANOTCSA, SBNAIOTCA anudaTuyeckme Xnopbl. BCNeAcTBME MX OueHb
HU3HOW PeaKTUBHOCTU, AUENbAPWUH, anbApUH W TOKCA(eH, He NIErKOo MOMHOCTLI0 NWIIUTL CO-
OTBETCTBYIOLLETO YrNeBOJOPOAHOIO CKeneTa.

VICTOYHVKN MOrpeLIHOCTeli KOMIMUECTBEHHOIO OMPEAeseHUs] TBEPLAbIX
KPUCT/I/INYECKUX MWHEPASIOB C MOMOLLB0 VK CheKTpocKonmu

M. XNABAW n 4. UHLUEALW

BbINM M3yyeHbl BO3MOXHOCTW KOMMYECTBEHHOrO onpefeneHus ¢ nomouwpto MK cnektpo-
CKOMWYECKOTO W PeHTreHo-AngdpakLMOHHOTO METOA0B YeTbipeX MUHEPaNoB pasfIMYHOro npo-
NCXO0XAEHUS U (M3NYECKMX CBONCTB KAaoNMHM3 (LeTanTua), cerm BymMaxKHbll KaonuH u3 Cera,
NnecoK 13 YpKyTa, LUBeACKUIA 3eMNSIHOW OpToKnac). V3meHeHue pa3mepoB 3epeH 06pasLoB U
OpraHu30BaHHOCTU KPUCTANINYECKOrO COCTOSIHUA ObiN0 LOCTUTHYTO C MOMOLLB U3MOoJa B
BMOPALMOHHON NapoBOli MenbHULE.

Bbinn onpefeneHbl KoppenupyolMe 3aBUCUMOCTA KOIMYECTBEHHbIX NapameTpoB, On-
pefieneHHbIX U3 VK CnekTpoB UM PeHTreHorpamm, oT pasmepa 3epeH nomona.

VccnepoBaHve CBOICTB MOBEPXHOCTEN pasgena B CUCTEMAax
NeTponopgMpUHOB C BOAOA M 6GEH30/10M

. NAKATOW-CABEO

PaccmMaTpuBaloTCs MOBEPXHOCTHbLIE HATSXXEHUs W CNOCOBHOCTbL K 06pa3oBaHWi0 MNeHOK
B CUCTEMax YrneBoAopoAHbIX (pakuWii 6GoraThlX MNOPMUPUHOM, BbIAENEHHBLIX W3 XapaKTep-
HbIX OTEYECTBEHHbIX HedTeld, ¢ BOAOW 1 6eH30N10M. Bblfn CAenaHbl MOMNbITKYU onpefeneHns 3asm-
CUMOCTU 3TUX BENIMYMH OT COAEPXKAHMA MOP(UPUHA, a30Ta, reTepoaTomMoB W OTHoleHus C/H Bo
(pakunax. B kadyecTBe CpaBHWUBAEMO MOAENN UCMONb30BaAN Ne30-TeTpaheHUNNopHUpnH, a



TaKXe ero BaHafiMeBble W HUKeNeBble KOMMEKChl. BblN0 YCTaHOBNEHO, YTO COEAMHEHUS Mpu-
POAHbLIX YrNEeBOAOPOAOB C GOMbLIMM COAEpXaHWeM retepoaTtomMa YMeHblUalT MOBEPXHOCTHOE
HaTsHXKeHMe, a Cnoco6HOCTb M 06pa3oBaHWI0 MAEHOK MOXET 6biTb MpuMnucaHa NPUCYTCTBUIO
HEHAaCblLLLeHHbIX YTNeBoJopoAoB. 3MeHeHMe 060MX NMapamMeTpoB MOBEPXHOCTeN pasaena cosna-
[aeT C U3MEHEeHNeM COAepXKaHus NMopdupnuHa B OTAENbHbLIX YTeBOAOPOAHbLIX PPaKLMAX.

WccnegoBaHne 3MeKTPOHHOMO CTPOEHUSI CMELLAaHHbIX KOMIM/IEKCOB
)KeNe30-AVOKCUM C TOMOLLBIO crieKTpocKonun Meéccbayapa

N. KOPELU, A. A, CATUEP, 4. BAPXEW un K. BYPTEP

C nomowibio napameTpoB MéEccbayapa CMeLlaHHbIX KOMMIEKCOB >ene3a-fUoKcMMa ¢
OJHOKMCNbIMW a30THLIMA OCHOBAaHWAMMU, a TakXe, UCXOAS U3 AaHHbIX, PACCUUTAHHBIX U3 HUX C
nomotlbto Metoga MO, 6bIn0 06CYXAEHO BAWSHWE OTAENbHbIX MUTaHAOB Ha 3/1IEKTPOHHOE CTpoe-
HUWe LeHTpasbHOro atoma Xenesa (Ha 3aceneHne a nn OpoUT U AP PeKTUBHBIN 3apag).

Mpoun3BogHble amnHodTanasnHoHa, V

CuHTe3 4-rugpasnHo-1(2H)-¢pTanasmHoHoB
K. KEPMEHAW, K. A. lOXAC n E. TEMBEPKOBWY

3-OKco-1-uMUHOM30UHAONMH (3), pearupys C MOHO3aMELLEHHbIMWA anKUArMApasMHaMm
[laeT Npou3BoAHble aMUHOo(TanasnHoHa (5), 3aMeLleHHble B nonoxeHnn N(2), CTPYKTypa KOTO-
pbiXx Gblna NOATBEpXAeHa MpenapaTMBHbIM MNyTeM. 3amelieHue npu N(2) akpaHupyeT 06MeH
aMUHOTpYNnbl Ha TUAPa3MHOBYH Tpynny, no3toMy nyTb 3 -5 —6 ABNSAETCA HENpUroa-
HbIM AN NPoAo/KeHWs cuHTesa Kéxnepa [1]. CoefuHeHMe 3 1 ero ankun-Au3amelleHHble U
LUMKAMYECKNE anKUNeHTnapasuHbl (Hanp., iV-aMnHonunepuanH) o6pasyoT ruapasuHoOU30MHA0NM-
HOHbI (9) C YA0BNETBOPUTE/IbHBIM BbIXOAOM, KOTOPble MOTYT ObiTb NPEBPaLLeHbl C MOMOLLbIO rMapa-
3MHruapaTa, METUATMAPasnHa U 2-TUAPOKCUATUATMAPa3NHA B NPOWU3BOAHbIE TUApasMHodTana-
3MHOHA CO CTPYKTYpOi 10 M 11, COOTBETCTBEHHO. AMUHO(TANAa3MHOH (4) U NOMYYeHHble ruapa-
3nHoTanasnHoHbl (10) MeTunnpytoTcs B nonoxeHnn N(2) ¢ MOMOLWbLIO AUMETUACYNbdaTa.

CuHTe3 coneli m3ornaBaH-4-(1-nupugnuHns)
B. CABO, N. BOPEEN u E. AHTAN

O6paboTKka Tpawc(a.)-u /wc(/3)-4-rngpokcumnsodnasaHos (la, 1b) xnopucteim TO3MNOM B
nUpuaMHe NpPUBOAUT — BMECTO OXMWAAeMbIX TO3MNAaTOB — K OAUHAKOBOMY M30(hnaBaH-4-(1-
nupngnHnii)-tosunaty (IVa). AHMOH coeguHeHns IVa o6MeHMBaeTCs Ha ApYyrue aHWOHbI. Boc-
CTaHOBUTENbHble MeToAbl npeBpawatoT IVa B nsotnasan (VII) n 4-[1-(1,4-gurngpo)-nupngnn]-
nsonasaH (VII1); B To BpeMs KakK B LLENOYHbIX CPeAax OH MOXeT OblTb MpeBpaLleH B 130(hNaB-
3-eH (I).

HoBbIli aHOMasIbHbIA pauemaT

N. TEKE, M. A4, 3. ®OTALWIUN, &. GENT, W. TAN u 4. CTATUC

B xopge nccnegoBaHnin pasgeneHns 6MONOrMYecKn akTUBHOrMO pauemara 6-peHnn-2,3,5,6
TeTparngpo-umngaso[2,1-o]tnasona HabnwLaNUCb HEOObIYHbIE PACXOXAEHUS KakK B TBEpLOM
COCTOSIHWM, TaK W B pacTBOPe MeX/Jy CBOWCTBaMM palemara (MAM YACTOro aHTMNoAa) u palema-
Ta C cOCTaBOM aHTunogos 3:1.

BbIN0 HalfeHo, YTO NpY TAKOM COOTHOLUEHWU aHTUMNOAO0B 06pa3yeTcsd OTHOCUTENLHO CTa-
6UNbHBIA MONEKYNAPHbLIA KOMNEKC, Ha3BaHHbIA aHOMalbHbIM paLeMaToM.



ApomaTtusauma konbua A B 3/?-aceToKcu-5a-xonectaH-6-oHe

M. C. ABMAL n H. 3. XAH

3arnaBHoe coeguHeHue (1) npu kunsyeHun ero ¢ Br2—HBr B cmecu ahup-yKcycHas
KMUCnoTa npeTepneBaeT neperpynnupoBky, Aasas 1-metun-19-Hopxonecta-1,3,5(10)-TpneH-6-oH
(2), BMecTe ¢ ABYMSA ApYTUMU U30ANPYEMbIMU coeauHeHnamu (3) n (4). NaeHTuduumnpoBaHmne aTux
COeIMHEHNI 6bINI0 NMPOM3BELEHO HA OCHOBE WX CMEKTPa/bHbIX CBOWCTB W CPaBHEHWEM CO CTaH-
[JapTHbIMM 06pasyaMm W3BECTHOrO0 CTPOoeHUs. TMpMBOAUTCA BO3MOXHbIA MeXaHW3M npespa-
wenms (1) —(2).

WNccnegosaHuve reneii NOMNBMHWIIOBOIO cnupta C BOAOPOAHLIMU CBA3AMMN,

WccnepgoBaHne pacTBOPUMOCTU
N. ObEPAW 3AENEHW, M. HAAQb u N. BOTHAP

TepMuyeckn HecTabubHble rMAPOreny NOANBUHUAOBOIO CNMPTA C Pa3NINYHON CTPYKTY PO
6blNM NPUTOTOB/EHbI, UCNOMb3YA AMOKCAH B KayecTBe BblCAAMTENS, KOTOPbIV Obln 3aMeHeH Ha
BOAY Moc/fe TOro, Kak Npou3oLwuno reneobpasosaHue. VismepeHnsa pacTBOPUMOCTM MPOU3BOAUIUCH
npu temnepaTtypax mexgy 298—353°K. PacyeTbl, OCHOBaHHble Ha 3KCMEpPUMEHTa/IbHbIX pe-
3ynbTaTax MO3BOMAT pasnuuyaTbh Ba TUNa TOYEK NPUAWMAHUSA B FeNfxX C pPasfNyHbIMU 3Hep-
rMaMm.

Vcxoas M3 N3MeHEeHW B CTPYKTYPeE refif 3a CHeT MOCTENEHHOro pas3pbiBa ToYeK npuanna-
HUA C NOMOLLbIO 3aMEHbI BOAbl HA CMECW H-MponaHona ¢ BOAOW, MOryT 6bITb NOMyYeHbl JONOAHM-
TeNbHble CBeeHUA. YBennunBasa KOHLEHTpauuio //-nponaHona, yBennynBaeTcs pacTBOPUMOCTb
rens upasnnmyuuns mexay ABYMS XapakTepHbIMU 3HEPTUAMU YMeHbLUAOTCA. STU3aKN0YeHNs Noa-
TBEPXKAATCA pe3ynbTaTaMy TepMOMEXaHUUYECKNX U3MEPEHUIA.

nOI'Iy'-IEHI/Ie FOMOreHHbIX TeH314oB

M. cANNAW, . MOPTrOW, /1. ®APKALI, U. PYCHAK U B. BAPTA

BbiNU MOMyYeHbl LWIECTb MepBbIX YNEHOB FOMOOTMYECKOro psAa adupa A0AELWN0BOro
crnuMpTa ¢ NOAWUTANKONEM C ra3oBOXPOMaTorpaMyeckoii YMCTOTOW. BbIN0 YCTaHOBMEHO, YTO C
MOMOLLBI0 CMHTE3a BMNnuamMcoHa Kenaemble COeAMHEeHMs MOYYaloTCs C NYULUM BbIXOAOM M
UNCTOTOM, UeM UCXOAS M3TO3MN0BOTO hMpa AOAELUNOBOr0 CNUPTa. [ 15 CUHTE3a NCNONb30Bancs
NOAUITUNEHTIMKONb C MAaKCUMa/IbHLIM YMC/IOM TIMKOMbHbBIX eAWHUL, PaBHbIM TPEM.

3aMeyaHusi K MexaHusmy MeperpynrnupoBKU MPOU3BOAHLIX 2°-
rMAPOKCMUMNKIIONEHTAHOHOB, MPUBOASLWEN K 3-rMapoKcuMaHanoram

CTepeoKOHTPONIMPYeMbIli CUHTe3 npocTarafiaHauH CUHTOHOB

N. HOBAK, M. POXAWU, M. KAUTAP u 4. CAHTAU

OnucbiBalOTCA MNPOCTble M 3PPeKTUBHbIE NYTU NPUroToBAEHMS 3°(/?)-TMAPOKCULUKNO-
NEeHTaHOHOB, ABAOLLUXCSA NPOMEXYTOUYHbIMU NPOAYKTaMy B CUHTE3e npocTarnaHimHos E, n E,.
Takxxe 06CyX/[aeTca MexaHusMm neperpynnupoBKK 2’-TMAPOKCULMKNONEHTAHOHOB, NPUBOASA-
el K ero 3’-rugpokcuaHanoram.
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The lattice constants of calcium-copper hydroxylapatites were found to decrease
with increasing copper content of the samples, resulting from the contraction of the
unit cell volume. The contraction in crystal dimensions could be observed in the electron
microscopic patterns of the samples. The introduction of Cu3+ into calcium hydroxyl-
apatite, CalqPO4)6OH)2, results in the formation of solid solutions.

Calcium hydroxylapatite, (CaHA), Cal0(PO46(OH)2 the major inorganic
constituent of the human skeletal system [1], belongs to an isomorphous series
of compounds known as apatites. It forms solid solutions with isomorphic
copper hydroxylapatite, (CuHA), Culo(PO4)6OH)3 due to the closeness of the
ionic radii of Ca2+ (0.99 A) and Cu2+ (0.72 A) [2]. The Ca2+ — Cu2+ replace-
mentin CaHA is of extreme biological significance as it explains the mechanism
of incorporation of copper into the human skeletal system according to the
following equation:

Calo(PO4BOH)2 + n.Cu2+ -* Cald nCu, (POABOH)2+ nCa2+

As part of the physico-chemical studies on calcium-copper hydroxylapatites,
the present communication deals with X-ray and electron-microscopic studies.

Experimental

The details of preparation and identification of CaHA, CuHA and Ca—CuHA in the
form of solid solutions were reported earlier [3]. The X-ray diffraction pattern of powdered
samples were obtained with a NORELCO powder diffractometer employing Ni-Filtered Cu Ka
radiation with a graphite monochromator. Sharp peaks separated by less than 0.1 degree
(2 0) can be resolved with a 0.006 inch entrance slit at a scan rate of 1 degree (20) per minute
using a tube voltage of 50 kV and a current of 20 mA. The composition and unit cell dimen-
sions of calcium-copper hydroxylapatites and their solid solutions are given in Table I.
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Table 1

Composition and unit cell dimensions of calcium-copper hydroxylapatites
and their solid solutions

Wit% Atom ratio Lattice Unit
Sa’\rpfle Molecular formula (ca+cu parameter cell
Ca Cu p a . volume
| 39.80 - 18.61 Cal)(PO4)e(OH)2 1.68 9.37 6.88 523.1
2 27.39 16.06 17.41 Car.3Cu27(P04)e(OH)2 1.67 9.26 6.81 505.7
3 2148 23.66 16.89 Ca59CUALPOAEO11)2 167 914 674 4876
4 14.76 32.30 16.30 Cad2Cu5.8P04e(0H )2 1.67 9.03 6.68 471.7
5 6.02 4352 1553 Cal8CuAP04H0H)2 167 892 660 4548
6 — 5125 1500 Cul(PO4EOH)2 167 883 653 4409

The inherent error in the lattice parameter is #0.01 A

Results and Discussion

The results of chemical analyses of the sample obtained by applying a
method specially worked out for this purpose [4] are given in Table |. Based
on the fact that 1 mol of the sample has a total of 10 g atoms of calcium and/or

copper, the molecular formulae of the samples were calculated from the results
Ca Cu

of columns 2—3 and included in column 5 of Table I. The atom ratio,---------------
per mol of sample was ~ 1.68 (theoretical 1.67). The molar volume of the end
members and those of the intermediate samples, which lie within the range of
end members, indicate the formation of homogeneous solid solutions [5]. The
homogenity and crystaleinity of the samples were further confirmed by the
lattice parameters ofthe samples. It is a well-established fact that all the mem-
bers of the apatite family exhibit a hexagonal crystal structure belonging to
the hexagonal bipyramidal class 6/m (spaces group C6/J [6]. The lattice param -
eters show unit cell contraction consequent upon the introduction of the
smaller Cu2+ ion (0.72 A) in the apatite lattice. The decrease in crystal dimen-
sions could also be observed in the electron-microscopic patterns of a repre-
sentative set of samples.

The authors are grateful to Prof. G. Ferraris, University of Torino, Italy, for the
technical assistance provided with the X-ray diffraction spectra, to Prof. Dr. R. B. Condrate,
Associate Professor, New York State College of Ceramics, Alfred University, U.S.A., for the
Electron-micrographs and to the University Grants Commission for a research grant.
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It was found that small amount of CF3COOH or NaN3 can be extracted into
nitrobenzene when a moderate amount of 1,10 phenanthroline chelate cation was pres-
ent in the aqueous phase. The absorbance of the extract at Amax was found to be
proportional to the CF3COOH (518 nm) respectively to the NaN3 (516 nm) concentra-
tion in the aqueous phase. To obtain optimum conditions for the determinations, various
factors were studied: the pH’s of the solution, the effect of the concentration of 1,10-
(phenanthrolin)iron(ll) chelate and buffer solution, the shaking time, the stability
of the color, the presence of the diverse ions. The chemical formulae of the extracted
outer-sphere complexes were found to be: Fe(phen)3CF3C0OO0)2 and Fe(phen)3(N3)2

Several methods have been reported for the colorimetric determination
of inorganic azides [1—4], but most of them require preliminary treatment and
distillation of the sample. There are no data available about the colorimetric
determination of small amounts of trifluoroacetic acid.

In the course of our investigations on outer-sphere complexes it has been
observed that if a considerable excess of tris(l,IO-phenanthroline)iron(ll)
chelate is added to an aqueous solution containing a small amount of trifluoro-
acetic acid or inorganic azides, tris(l,10-phenanthroline)iron(ll) trifluoroace-
tate or tris(l,10-phenanthroline)iron(ll)azide can be extracted into nitro-
benzene. The absorbance of the organic layer is proportional to the amount
of trifluoroacetic acid or azide present in the aqueous phase. So, by measuring
the absorbance of the organic phase it was possible to determine small amounts
of trifluoroacetic acid or inorganic azides.

Experimental

A 0.01 M solution of tris(l,10-phenanthroline)iron(ll) sulfate was prepared by dissolv-
ing analytical grade iron(Il) ammonium sulfate and 1,10-phenanthroline in water containing
a few drops of sulfuric acid. The trifluoroacetic acid solution was standardized against sodium
hydroxide. NaN3 of analytical grade was used without further purification. Nitrobenzene was
purified by distillation before the extraction.
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The spectrophotometric measurements were made on a VSU Zeiss lena model spectro-
photometer. The pH measurements were performed using a Seibold pH meter. A horizontal
shaker was used for the extraction.

Results and Discussion
Absorption spectra

The absorption spectra of the nitrobenzene phase obtained by the above
procedure are shown in Figs 1 and 2. It can be seen that the presence of
CFgCOOH and NaN3in the aqueous phase leads to a considerable increase in
the absorbance of the organic phase. The absorbance maxima of the extracts
are at 515—518 nm.

Fig. 1. Absorption spectra of the nitrobenzene phase for the system Fe(phen)|+—CF3COOH.
Curve 1: [CF3COOH] = 4Xx10“4 M, [Fe(phen)§+] = 4Xx10~3 M, [KH,PO.] = 0.05 M,
pH = 4.4,/ = 1.0 cm; Curve 2: reagent blank, reference: nitrobenzene

71 (nm)

Fig. 2. Absorption spectra of the nitrobenzene phase for the system Fe(phen)|+—NaN3.
Curve 1; [NaN3] = 1xl0“3M, [Fe(phen)|+] = 8xl0“3M, [KH2P04] = 0.06 M, pH = 7.5,
I = 1.0 cm; Curve 2: reagent blank; Curve 3: nitrobenzene, reference: air
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Effect of the pH

The extraction of trifluoroacetic acid was performed at various pH values
of the aqueous phase. Fig. 3 shows that the degree of extraction of CF3COOH
is the highest and remains constant in the pH range of 3—5. In more acidic
solutions (pH <7 2.5) the absorbance trends to decrease presumably because
of the decomposition of the phenanthroline iron(ll1) complex. In more alkaline
solutions (pH ]> 7) the absorbance increases by about 15%. Therefore, we
applied a borax buffer (pH = 9.5), but the reproducibiliy of the results was
poor. The effect of pH on the system Fe(phen)3—NaN3is shown in Fig. 4.
The degree of extraction is about the same in the pH range of 7—9.

Effect of tris(l,10-phenanthroline)iron(ll) concentration

The absorbance of the nitrobenzene phase in the presence of CF3COOH
is constant at chelate concentrations above 2x 10~3M. At least a 8 to 10-fold
excess of the phenanthroline chelate over trifluoroacetic acid is necessary to

Q6
04
Q
30 50 70
pH

Fig. 3. Effect of pH on the extraction for the system Fe(phen)|+CF3COOH. [CFjCOOH] =
= 25x10-4 Af, [Fe(phen|f] = 3x10_a Af, [KHjP04] = 0.05 Af, reference: reagent blank

Fig. 4. Effect of pH on the extraction for the system Fe(phen)3+NaN3 [NaN3] = 1X10 3 Af
[Fe(phen)|+] = 8 X 10-3 Af, [KI112P04] = 0.05 Af, reference: reagent blank
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obtain quantitative recoveries. The chelate concentration was kept at 3X
X 10~SM to study the Fe(phen)3+—CF3COOH system. Fig. 5 shows the effect
of chelate concentration on the extraction of NaN3. The iron chelate should be
maintained at a 6-fold or higher excess over the azide.

Effect of shaking time

Shaking time for the extraction of CF3COOH varied from 0.5 min to
30 min. It appears that a 1-minute shaking is enough to achieve complete
extraction. The absorbance of the nitrobenzene phase in the presence of NaN3
was measured as a function of shaking time from 1 to 70 min. After 10-min

[M] x-io3

Fig. 5. Effect of the tris(phenanthroline)iron(ll) concentration on the extraction of NaN3
[NaN3] = 8 X10-4M, [KH2P04] = 0.02 M, pH = 7.0

shaking the results are reproducible but the degree of extraction is a little lower
than that after a 1-hr shaking. In this case, however, the separation of the two
layers must be performed by centrifugation.

Effect of buffer concentration

Aqueous Fe(phen)3+— CF3COOH solutions buffered at pH 4.4 with a
phosphate buffer remained unchanged within the concentration range of
0.04—0.2 M. In a series containing 8 X10~3M Fe(phen)3+and Ix 10~3M NaN3
(at pH = 7) the variation of phosphate buffer within the limits 0.02—0.25 M
did not affect the degree of extraction.

Stability of colour

The absorbance of the extracts was measured as a function of time.
The colour of the two extracts was very stable and did not change over 24 hrs
for Fe(phen)3+—CF3COOH and 48 hrs for Fe(phen)3+—NaN3.
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Reproducibility and precision

The reproducibility of the methods proposed was estimated considering
the results of n sample solutions for the two systems. The mean value of the
absorbance of each extract and the standard deviations are given in Table I.
It is obvious that the reproducibility of the system Fe(phen)3+— CF3COOH is
much better than that of the Fe(phen)3+—NaN3system.

Table |

Mean absorbances and standard deviations

Fe(phen)!+-C F sCOOH Fe(phen)! +—NaN,
n A g n A a
10 0.386 0.005 9 0.202 0.007

Anion interferences

A series of anions were checked for possible interference by adding
NH,F, NaCl, CH3COOH, Na2504 and NaNO03to a solution containing 2.5 X
X 10~4M CF3COOH. The solution obtained was normally extracted. The results
are given in Table II.

Table 11

Determination of CFfiOOH in the presence of different ions
(CFjCOOH concentration 2.5 X10-4 M)

Added salt Concentation g

(%)

n h 4f 1.4X10-3 100
1.22x 10~2 101

CHaCOOH 25x 10-3 99
2.2X10-2 100

Na2Ss04 25X 10-3 100
2.5X10-2 99

NacCl 2.5X10-3 102
NaNO03 1x io-4 103

Sulfide ions interfere in almost every method of azide determination
[1—4]. Unfortunately, sulfide also interferes in the present method. The organ-

Acta Chim. Acad. Sei.Hwuny. 102, 1979



118 ILCHEVA, TODOROVA: ANALYTICAL APPLICATION OF OUTER-SPHERE COMPLEXES

ic layer turned black and in about 15 min iron sulfide precipitated. The rate
of reaction between tris(l,10-phenanthroline)-iron(ll) and sulfide ion strongly
depends on the pH. At pH = 7 when HS~ ions predominate, the absorbance
of the solution practically remaines constant for more than two hours. This
fact shows that only S2_ enters the inner coordination sphere of tris-(1,10-
phenanthroline)iron(ll) giving the final black precipitate.

Recommended procedure for the determination of CF3COOH

Mix 15.00ml of tris(l,10-phenanthroline)iron(ll) sulfate solution (Ix
X10-2 Af), 5.00 ml phosphate buffer solution (0.5 Af) and 0.4—4.0 ml tri-
fluoroacetic acid solution (5.0 X 10~3 M). Dilute the resulting solution to 50.00
ml with doubly distilled water and adjust the pH 4.4. Extract a 25.00 ml
aliquot with 10.00 ml nitrobenzene for 5 min. After 30 min, trasfer the organic
layer to a flask containing 1 g of anhydrous sodium sulfate and shake it vigor-
ously until the solution becomes transparent. Measure the absorbance at 518
nm using a reagent blank solution as reference. Beer’s law is obeyed in the
range of 3x10 -5—4x10-4 M trifluoroacetic acid.

Fe (phen)3

Fig. 6. Composition of the extracted species Fe(phen)3(CF3C0OOQ0)2 « [CF3COOH] +
+ [Fe(phenl3] = 2x10 3 M, A= 490, 518 and 540 nm
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Recommended procedure for the determination of sodium azide

Mix 20.00 ml of tris(l,10-phenanthroline)iron(ll) sulfate solution (1.0 X
X 10~2 M), 2.5 ml phosphate buffer (0.5 M KH2 04 pH = 7) and 0.25—2.00
ml sodium azide solution (I.Ox10-2 M). Dilute the resulting solution to 25.00
ml. Extract an aliquot of 20.00 ml with 15.00 ml nitrobenzene for 1 hr. After
15—20 min centrifuge the solution and run off the organic layer into a test
tube. Add 1 g of anhydrous sodium sulfate and shake it vigorously to remove
the traces of water. Measure the absorbance of the solution at 516 nm in a
3 cm cell using a reagentblank as a reference. Beer’s law is obeyed in the range
0f 2X 10~4—7X 10~4 M NaN3in the aqueous phase.

Composition of the extracted species

The composition of the extracted species for the two systems was found
to be 1 :2 according to the continuous variation method (Figs 6 and 7). This
suggests that the chemical formula of the extracted species can be represented
as Fe(phen)3(CF3C00)2 and Fe(phen)3(N32 Rao and Sarma [5] proposed
another mechanism for the 1,10-phenanthroline azide complex: first ferroin

10 8 6 4 2 0
Fe (phen)**

Fig. 7. Composition of the extracted species Fe(phen)3(N3)j ¢« [NaN3] -f [Fe(phen)|+] =
= 0.83XI0“2M, pH = 7.0
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forms the outer-sphere complex Fe(pheii)3(N3)2and extracts into nitrobenzene.
Then the two azide ions enter the inner coordination sphere of ferroin, displa-
cing one o-phenanthroline molecule and the final extracting species remains
Fe(phen)2(N3)2 The proposed mechanism, however, is in contrast with all the
other similar systems, viz. Fe(phen)3(SCN)2 [6], Fe(phen)3(C104)2 [7],
Fe(phen)3(C6H50)2 [8] and Fe(phen)3(CCl3c60)2 [9].

The authors are indebted to Professor M. T. Beck, L. Kossuth University Debrecen
for stimulating discussions.
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The liquid-liquid partition of Fe(phen)3CF3C0OO0)2 and Fe(phen)3CCI3C0OO0)2
in nitrobenzene, as a function of ligand concentration was studied. Taking into consider-
ation that only the neutral outer-sphere complex was extracted the ratio of the total
concentration of the metal ion species, as well as the ratio of the outer-sphere complex
concentrations in the two phases was foudn. The estimated outer-sphere stability
constants are kx — 1.1 X 102;f2= 8 x 10 for Fe(phen)3CF3COO)2and kx = 4.2 x 103;
fe2= 4.3 X 102 for Fe(phen)3(CCI3COO)2 Having in mind the present study, as well
as the other results the following order for the outer-sphere association of Fe(phen)3+

could be given:
ccikoo- > CF3COO-> ch3oo-.

The analytical application of Fe(phen)3(CF3C00)2 and Fe(phen)3-«
¢ (CCI3COO0)2 based on outer-sphere coordination to tris(l,10-phenanthro-
line)iron(Il) has been described [1, 2]. The determination of outer-sphere
stability constants of Fe(phen)3+ with CCI3COO_ and CF3COO~ in water
saturated with nitrobenzene is of certain importance for solvent extraction

processes.

Experimental
Preparation and standardization ofthe solutions

A 0.01 m solution of tris(l,10-phenanthroline)iron(l1) sulfate was prepared by dissolv-
ing analytical grade iron(ll) ammonium sulfate and 1,10-phenanthroJdine in water containing
a few drops of sulfuric acid. Trifluoroacetic acid and trichloroacetic acid solutions were standard-
ized against sodium hydroxide. Nitrobenzene was purified by distillation and saturated with
bidistilled water before use.

Apparatus

The spectrophotometric measurements were performed on a YSU Zeiss Jena model
and CF-4A spectrophotometers, using 1 cm glass cells. The pH’s were measured with a Seibold
pH meter. A horizontal shaker was used for the extraction.

A constant ionic strength in the aqueous phase was maintained with KI112P04. For the

system Fe(phen)3—CF3COO~, 1 = 0.2 and for Fe(phen)3—CCIOO-, 1 = 0.15.
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Procedurefor Liquid-Liquid Partition of Tris(l,10-Phenanthroline)iron(Il)
in the Presence of Trifluoroacetic Acid

In a 50.00 ml volumetric flask suitable amounts of I,10-phenanthroline-iron(ll), tri-
fluoroacetic acid and KH2P04 at / = 0.2 were mixed [1]. The pH was adjusted 5.0. A 25.00
ml aliquot was extracted with 10.00 ml nitrobenzene for 5 min. After 30 min, the organic layer
was transferred to aflask containing 1 g anhydrous sodium sulfate. The solution was vigorously
shaken until transparent. The absorbance of the organic layer was measured at 518 nm using
a reagent blank solution as reference.

Procedurefor Liquid-Liquid Partition of Tris(\,\Q -phenanthroline)iron(Il)
in the Presence of Trichloroacetic Acid

In a 50.00 ml volumetric flask suitable amounts of ferroin, trichloroacetic acid and
KH2P04were mixed at 1 — 0.15 and pH = 4.0 [2]. An aliquot of 20.00 ml was extracted with
10.00 ml nitrobenzene for 5 min. After 30 min the organic layer was transferred to a flask
containing 1 g anhydrous sodium sulfate and it was shaken vigorously. The absorbance of the
organic layer was measured at 515 nm using a reagent blank solution as reference. The extrac-
tion procedure was performed in the dark, because the intensity of the colour decreases rapidly
in sunlight.

Determination ofthe Molar Absorptivity of Fe(phen)3(CF3COO)t in Nitrobenzene

25.00 ml of a solution containing 4 X 10_s—8 X 10~s m Fe(phen)|+ and CF3COOH
in excess (4 x 10-3 —38 X 10-3 m) at1 = 0.2 (KH2P04) and pH =5.0, was extracted with
nitrobenzene and the absorbance of the organic iayer was measured. The aqueous phase was
treated in a silica bowl with concentrated HNO03 and H2504 [3]. The total iron concentration
was determined in the aqueous phase left after the extraction [4]. The results of 20 analyses
were treated statistically and the 95% confidence interval of the molar absorptivity was found
to be (12.30 + 0.06) x 10s.

Determination ofthe Molar Absorptivity of Fe(phen)3(CCI3C00)2in Nitrobenzene

Exhaustive extractions were performed in the following way. Series of solutions were
prepared containing different amounts of ferroin (5 X 10~5—10 X 10_i m) and a large excess
of CCI3COOH (2 x 10-3 M) at I = 0.15 (KH2P04) and pH = 5.0. An aliquot of 10.00 ml
was extracted with 10.00 ml nitrobenzene. The layers were allowed to separate and the organic
layer was transferred to a 25.00 ml volumetric flask. The extraction procedure was repeated
with the aqueous layer. The organic extracts were combined and diluted in a 25.00 ml volumet-
ric flask with nitrobenzene. The absorbance was measured against a reagent blank solution for
every ferroin concentration. Taking into account the dilution factor, the molar absorptivity
of outer-sphere complex was calculated. For a set of six observation the 95% confidence inter-
val of the molar absorptivity was found [5] to be (8.13 + 0.08) X 103

Results and Discussion

The formation of the outer-sphere complex can be represented by reac-

tions:
Fe(phen)3+ -)- X - Fe(phen)3 X + 1)
Fe(phen)3X + f- X - Fe(phen)3X2 2)
where X - is CCI3COO~ or CF3COO~.

W ith the molar absorptivity of the neutral outer-sphere complex and
the absorbance of the organic phase at a given ligand concentration, the ratio
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of the total concentrations of the metal species in the two phases can be ex-
pressed as (Figs 1 and 2):

[Mxdorg _ M2A[X~]ag ™
[MX2lag+ [MX]ag+ [M]ag " J.Ri[x]aq
0
M is Fe(phen)3+ and B2= K1~ K 2 were
K _ [Fe(phen)3X +] R = [Fe)phen)3 X 2]
1 [Fe(phen)i+] [X-] ° 2 [Fe(phen)3X+][X-]
A _ [MXJayg

2 [MXZ2ag -
If Kj and K2are inserted into Eq. (3), after some rearrangement the following

expression can be obtained:

1[X-]j= + (4)
AX1:®

Fig. F q as a function of ligand concentration for the system Fe(phen)3—CF3COO-~;
[Fe(phen)3] = 7 X10-6 M

Tx »103

Fig. 2. q as a function of the ligand concentration for the system Fe(phen)3—CCI3COO—
[Fe(phen)3] = 8 X 10~6 M
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The value of X - to a good approximation is equal to the total X concentration
(Tx”~ TM).
1
1 + ()
BzTx

A is obtained from the horizontal part of the curve (Figs 1 and 2). In Figs 3
and 4, the left-hand side of Eq. (5) is shown as a function of the total ligand
concentration. Table | summarizes the results obtained for both systems.

It is noteworthy that the extraction measurements did not show evidence
for outer-sphere complex formation between tris(l,10-phenanthroline)iron(Il)
and H2PO” ions, the reason of which is not clear as yet. This was shown by
experiments [1] on the effect of phosphate buffer on the extraction of tri-
fluoroacetic acid. It was found that the variation of phosphate buffer between
0.02 and 0.25 M did not affect the degree of extraction.

Developing an extraction procedure for trichloroacetic acid Yamamoto,
Kumamuru and Uemura [2] found that solutions buffered at pH = 4 with
phosphate gave constant results over the concentration range of 0.04—0.16 M.
In the determination of perchlorate ions by solvent extraction with 1,10-phen-

Fig. 3. (920 — ])TX as a function of 1)Tx for the system Fe(phen)3—CCI3COO
[Fe(phen)3] = 8 X10-5M

Fig. 4. (A2/s — 1)TX as a function of 1/Tx for the system Fe(phen)3—CF3COO
[Fe(phen)3] = 7x10~5M
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Table |

Stability constants and other datafor the outer-sphere complexes Fe(phen)3X 2

Outer-sphere A Molar

complex (nm) absorptivity K,
Fe(phen)3(CF3C00)2 518 12.30 x10 3 1.1 X102 8X10
Fe(phen)3(CCI3C0OO0)2 516 8.11 X103 4.2x102 4.3 X102

anthroline-iron(ll), it was found [6] that even considerable amounts of phos-
phate ions did not interfere. Phosphate ions do not interfere in the selective ex-
traction of hexafluoroarsenate [7] or hexafluoropliosphate [8] with ferroin.

The results of this work show that outer-sphere complex formation of
Fe(phen)3+ is the strongest with large anions, similary to other outer-sphere
complex cations, e.g. Co(NH?3)j]+, CO(en)3+, Co(dip)3+, Co(phen)3+ [9, 10, 11,
12]. Considering this and the results in Table I, we can write the following order
for the outer-sphere association of Fe(phen)|+

CCiX00- > CF3C00- 8§ ch3coo-

These results can hardly be explained by the electrostatic attraction between
the inner-sphere complex and the ligand only. It is evident that hydration and
solvation of the species may play a very important role too.

L4

The authors are indebted to Professor M. T. Beck, L. Kossuth University, Debrecen,
for stimulating discussions on the outer-sphere complexes.
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Debenzorutecarpine (5) was converted into dehydrodebenzoevodiamine hydro-
iodide (6) with methyl iodide. When treated with ammonia compound 6 yielded the
debenzoevodiaminic acid ammonium salt (7) through ring cleavage; while reduction
produced debenzoevodiamine (11). The synthesis of 11 has also been realized by start-
ing from 1,2,3,4-tetrahydro-l-oxo-/7-carboline (9) and A;-methyl-/3-alanine ethyl ester
(12). The intermediate in the synthesis, debenzoevodiaminic acid ethyl ester (13), was
prepared in the form of its hydrochloride. Compound 13 also yielded debenzoevodiamine
(11) after cyclization and reduction. The structures of the compounds prepared have
been confirmed by elemental analysis, ITV, 1R, '"H—NMR and MS spectroscopic data

In our previous paper [1] the preparation of a new rutecarpine deriva-
tive, the so-called debenzorutecarpine (5) and reduction investigations on its
were described.

As a continuation of this work, the synthesis of debenzoevodiamine (11)
was to be achieved. The studies were continued in two directions; (i) the con-
version of debenzorutecarpine (5) into debenzoevodiamine (11), and (ii) the
direct synthesis of debenzoevodiamine (11) were attempted.

M ethylation of the N(14) nitrogen of rutecarpine (1) was described by
N akasato et al. [2]: dehydroevodiamine (2) was formed with dimethyl sulfate
in benzene. This compound is one of the intermediates in the evodiamine (4)
synthesis described by Pachter et al. [3].

Dehydroevodiamine hydrochloride (2) transforms into retsinine (3) under
the effect of bases; the latter can be hydrogenated catalytically to obtain evo-
diamine (4)

Methylation of debenzorutecarpine (5) could be effected in satifactory
yields with a large excess of methyl iodide in nitrometliane. The reaction
took place at room temperature and debenzorutecarpine methyl iodide (6),
also referred to as dehydrodebenzoevodiamine hydroiodide (6), separated from
the reaction mixture in a crystalline state.

* Part VIII; Acta Chim. Acad. Sei. Hung., 99, 43 (1979)
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mle

Fig. 2

Mass spectrometric investigation of compound 6 indicated that the cor-
responding base (8) (M + 253, base peak) and H I were formed during evapora-
tion. The molecular ion corresponding to the base (8) has a significant stability.
On the basis ofthe spectrum, demethylation takes place to a slight extent only
{see peak M-14 in Fig. 2). The subsequent path of fragmentation is similar to
that of dehenzorutecarpine (5) [1], the formation of the fragment ion of
169 m/e with a tetrahydro-/3-carboline skeleton is the most significant step here
too.

In the IR spectrum of 6, the carbonyl vibration of the acylamidinc group
shifts from 1700 cm-1 observed in 5to 1730 cm -1, owing to the presence of a
positive charge due to quaternization.
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In the 41— NMR spectrum, the N+—CH3 group appears at d 4,12 as a
singlet. The triplet signal of the methylene protons of rings C and D indicates
the high flexibility of these rings and rapid interconversion of the conformers.

Dehydrodebenzoevodiamine hydroiodide (6) was then allowed to react
with ammonia. Surprisingly the expected ring cleavage did not take place and
no debenzorethsinine was formed. The structural investigation ofthe substance
obtained (7) has shown that in the case of dehydrodebenzoevodiamine hydro-
iodide (6) the amide bond of the lactam ring was split and, after rearrangement
of the double bond, the ammonium salt of debenzoevodiaminic acid (7) was
formed.

In accordance with this, in the IR spectrum of 7 the characteristic ab-
sorption of the carboxylate anion (1560 cm-1) appears and can be evaluated
sufficiently well. In the I1H—NMR spectrum the signal of N—CH3 was shifted
to 6 2.93, in accordance with the elimination of the positive charge from the
N atom.

This type of ring cleavage has not been described in the literature either
for rutecarpine (1) or evodiamine (4). Upon alkaline treatment of the alkaloids,
in addition to norharmane [4—6], IV-methylanthranilic acid is formed from
evodiamine (4) while anthranilic acid from rutecarpine (1).

In the synthesis of cis and trans-hexahydrorutecarpine, the two appro-
priate open-chain aminocarboxylic acids were prepared as intermediates; these
yielded the desired compounds on further cyclization [7].

In the preparation of debenzorutecarpine (5), the open-chain debenzoru-
tecarpic acid could not he either detected or prepared. Supplementary ring
cleavage experiments were carried out under both acidic and alkaline condi-
tions. In both cases the starting compounds of the synthesis, i.e. 1,2,3,4-tetra-
hydro-l-oxo-/9-carbolinc (9) and /9-alanine (10) were recovered.

In continuation of investigations on dehydrodebenzoevodiamine hydro-
iodide (6), the quaternary compound was subjected to reduction. In the reac-
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tion effected in methanol with NaBH4, debenzoevodiamine (1) was formed
in satisfactory yield.

During spectroscopic investigations of compound 11, in the mass spec-
trum the molecular ion was at 255 m/e (base peak), in accordance with the for-
mula given. The appearance ofthe M -1fragment and its nearly 100% intensity
indicate the presence of the C(3) proton. This was also confirmed by the
IH—NMR spectrum. The signal of the C(3) proton appears as a singlet at
b 5.60. The chemical shift of the signal of He—C(5) is very large in this case,
viz. 5.08. This indicates that here, similarly to 3,14-dihydrodebenzorutecarpine
[l1j and irans-hexahydrorutecarpine [8] examined earlier, a conformer predom -
inates in the solution in which the He—C(5) and C=0 groups are coplanar.

The synthesis of debenzoevodiamine (11) was also realized by analogy to
the synthesis of debenzorutecarpine (5) [1]: here the condensation partners
were 1,2,3,4-tetrahydro-l-oxo-jS-carboline (9) and I1V-methyl-/S-alanine ester
(12) [9]. Chromatographic monitoring of the reaction revealed that the conden-
sation took place in two steps. First the open-chain aminocarboxylic acid com-
pound (13) was formed and this gradually transformed into the cyclic state.
Reduction of the amount of POCI3employed, and stopping of the reaction at a
mixture permitted the isolation of the open-chain intermediate, debenzoevo-
diaminic acid ethyl ester (13) in the form of its hydrochloride.

Spectroscopic examination of compound 13 unambiguously confirmed the
structure expected. In the IR spectrum, the stretching vibration of the ester
carbonyl appeared at 1720 cm “1. The diffuse absorption between 3300—2700
cm-1 refers to the amidinium chloride unit. In the IH—NMR spectrum the
signals of the ethyl ester —O—CH2—€H 3 group protons were identified at
1.31 (t, 3H) and 4.24 (q, 2H).

Subsequently the isolated debenzoevodiaminic acid ethyl ester hydro-
chloride (13) was refluxed further in the presence of POC13in benzene solution.
The reaction was monitored chromatographically, then the reaction mixture
was processed and dehydrodebenzoevodiaminc hydrochloride (14) was isolated.

The analytical data of compound 14 agreed perfectly with those of the
product of the reactions effected without isolation of the intermediate. Since
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Fig. 5

compound 14 differs from dehydrodebenzoevodiamine hydroiodide (6) only
in the nature of the halogen, the spectroscopic data were also the same.

Dehydrodebenzoevodiamine hydrochloride (14) was then subjected to
reduction in the manner discussed earlier, and debenzoevodiamine (11) was
again obtained.

Experimental

Debenzorutecarpine methyl iodide (6)

Debenzorutecarpine (5) (3.00 g, 0.012 mol) was dissolved in nitromethane (200 ml).
Freshly distilled methyl iodide (40 ml, 0.6 mol) was added and the mixture was allowed to stand
in a dark place at room temperature for 2 days. Yellow needles separated during standing. The
mother liquor was concentrated to 2/3 volume and the new crystals formed were filtered off.
Recrystallization from ethanol (3.38 g, 70.7%). M.p. 268—270 °C.

C16H [eN 301 (381). Calcd. C 47.24, N 11.02, I 33.35; Found C 47.10, N 11.03, | 33.30%.

UV (EtOH) Amax(log e): 242 (4.06); 328 (4.16); 340 (4.00) nm.

IR(KBr): 3520, 3450, 3300 (vNH); 1730 (i>C=0); 1615 (vC=N) cm -1

'"H-NM R (CF3COOH): H2-C (6) and H2-C(16) 3.30 m (4H); H2 C(5) and H2-C(15)
4.24 t(2H), 4.48 t, (2H); N+-CH34.12 s (3H); H-C (9, 10, 11, 12) 7.2-7.8 m (4H); NH
9.76 s (1H).

MS: M +: 253, 252, 228, 198, 196, 169 m/e.

Ammonium salt of debenzoevodiaminic acid (7)

Debenzorutecarpine methyl iodide (6) (0.57 g, 0.0015 mol) was dissolved in concentrated
ammonium hydroxide (25.0 ml). Compound 6 was dissolved with a yellow colour, then the
solution turned into white. It was then extracted with chloroform (2 X 50 and 8 X 25 ml).
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The combined chloroform phases were dried over ignited Na2S04, then filtered. After evapora-
tion to dryness, a yellow solid was obtained, which was crystallized from acetone to yield
white needles (0.32 g, 74.4%). M. p. 156—158 °C.

C15H 206N 402 (288). Calcd. C 62.5, N 19.44; Found C 62.3, N 19.50%.

UY (EtOH): Amax(log e): 242 (4.43); 320 (4.45) nm.

IR(KBr): 3440, 3200— 2700 (rNH and NH4); 1660 (rC=N); 1560, 1400 (i>COO-) cm -1

41—NMR (CD30D): H2—C(16); H2-C(6) 2.66 t (2H) and 2.7 t (2H); H2-C(15),
H2—C(5) 3.51 t (2H) and 3.62 t (2H); N-CH 32.92 s (3H); H-C (9, 10, 11, 12) 6.95-7.55 m
(4H).

MS: M+ 271 m/e.

Debenzoevodiamine (11)

Debenzorutecarpine methyl iodide (6) (0.381 g, 0.001 mol) was dissolved in methanol
(40 ml), and NaBH4 (0.38 g) was added in small increments. After the evolution of hydrogen
had ceased, the deep yellow solution turned into almost colourless, and it was then refluxed
on a water bath for 1 hr, and evaporated to dryness in vacuum. The solid residue was dissolved
in 2M HC1 (3 ml) then made alkaline with 271/ NaOH (4 ml). The alkaline solution was extracted
with chloroform (1 X 30 and 4 X 25 ml), the combined chloroform fractions were dried over
ignited Na2S04, filtered and evaporated to dryness in vacuum. The residual yellowish-brown
oil crystallized under the effect of ethanol; the white crystals were recrystallized from ethanol
(0.22 g, 86.2%). M. p. 240—242 °C.

C,6H,7N30 (225). Calcd. C 70.75, N 16.47; Found C 70.8, N 16.45%.

UY (EtOH): Amax(log e): 226 (4.40); 274 (3.95); 282 (3.96) nm.

IR(KBr): 3280 (rNH); 1630 (vC=0) cm'1

JH—NMR (CDC13): H2—C(16) 2.56 t (2H); H2—C (15) and Ha-C (5) 2.8—3.4 m (5H);
He—C(5) 5.08 m (1H); H—C(3) 5.60 s (1H); H-C (9, 10, 11, 12) 7.00—7.55 m (4H); NH 8.30 s
(1H); N—CH32.41 s (3H).

MS: M+ 255, 254, 212, 211, 170, 169 m/e.

Debenzoeyodiaminic acid ethyl ester. HC1 (13)

1,2,3,4-Tetrahydro-l-oxo-/?-carboline (9) (0.93 g, 0.005 mol) was dissolved in a mixture
of anhydrous benzene (12.5 ml) and P0C13(4 ml). After dissolution of the substances, N-
methyl-/?-alanine ethyl ester (12) was added dropwise. The mixture was then refluxed on a
water bath for 3 hrs. The solvent was distilled in vacuum and 15 ml of water was added.
The mixture was made alkaline with concentrated NH40H and the alkaline solution was
extracted with chloroform (2 X 40 and 3 X 20 ml). The combined chloroform fractions were
dried over ignited Na2S04and filtered. A thick oil was obtained after distillation of the chloro-
form, this was crystallized from acetone. The white crystals were recrystallized from some hot
ethanol (1.5 g, 68.8)%. M.p. 187— 189 °C.

C|M 2N 30 2Cl1 (335.5). Calcd. C 60.80, N 12.51, Cl 10.58; Found C 60.95, N 12.70, CI
10.30%.

UV (EtOH): Amax(log e): 242 (4.12); 324 (4.30) nm.

IR (KBr): 3300—2700 (vNH indol and amidinium); 1720 (rC=Oester); 1680
(™ “ ~amidinium) cra

41—NMR (CDC13+ CD30OD(9 :1)): EtO-1.31 t (3H); 4.24 q (2H); H2—C(16) 2.96 t
(2H); H2—C(6) 3.14 t (2H); H2—C(5) and H2-C (15) 3.64 m (2H) and 3.76 t (2H);” N—CH3
3.97 s (3H); H—C(9, 10, 11, 12) 7.05—7.65 m (4H).

MS: M+ 299 mle.

Dehydrodebenzoevodiamine hydrochloride (14)

a) 1,2,3,4-Tetrahydro-l-oxo-/S-carboline (9) (3.72 g, 0.02 mol) was dissolved in a mixture
of anhydrous benzene (50 ml) and POCI3 (20 ml). 1-methy1-/1-alanine ethyl ester (12) (3.1 ml,
0.04) mol was added under cooling. The mixture was refluxed on a water hath for 5 hrs. After
the reaction period the solution was cooled and a yellow crystalline substance separated, this
was filtered off, washed with benzene and recrystallized from methanol (4.1 g, 71%). M.p.
181—184 °C.
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b) Debenzoevodiaminic acid ethyl ester hydrochloride (13) (0.35 g, 0.001 mol) was
dissolved in a mixture of anhydrous benzene (15 ml) and POCla(4 ml). The clear solution was
refluxed on a water bath for 2 hrs. After cooling, yellow crystals separated, these were filtered
off and recrystallized from ethanol (0.25 g, 82.7%). M.p. 182—184 °C.

Cl6H 16N 0C1 (289.5). Calcd. C 62.10, N 14.50, ClI 12.20; Found C 62.3, N 14.31, Cl
12.00%.

°UV(EtOH): vmax(log e): 242 (4.06); 326 (4.16) nm.
IR (KBr): 3520, 3450 (vNH); 1730 (vC=0); 1615 (j>C==N) cm -1.
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Two major components of the cabbage armyworm’s sex pheromone, (Z)-II-
hexadecenyl acetate and (Z)-ll-heptadecenyl acetate, were isolated, identified and then
synthesized employing the stereoselective W ittig-olefination as the key step.

The existence of a female sex pheromone in the cabbage armyworm
(Marnestra brassicae L., Lepidoptera, Noctuidae) was evidenced by two
research groups [1, 2]. Recently, Bestmann el al. [3, 4], and Martin et al. [5]
have identified and synthesized the major component of the pheromone as
(Z)-1l-hexadecen-l-yl acetate (la), but the minor component(s) remained
still unknown. The present work was completed in order to achieve a more de-
tailed knowledge of the chemical nature of all components in the pheromonal
secretion of female Marnestra brassicae.

The moths used originated from a laboratory culture maintained on a se-
misynthetic diet [6] at 28 °C and 60—80% rel. hum. The pupae were sexed and
the emerging adults were held at a reversed 18/6 light/dark photoregime.

The isolation of the pheromone was made by excising the abdomen tips
of approximately 300 calling virgin females and extracting them in hexane.
Beside this method, Porapak Q collection of volatiles originating from about
160 3 to 5 days old females was also conducted [7].

In our laboratory bioassay the precopulatory behaviour response of males
was monitored. Walking with wing fanning and flying were chosen as the key
responses. In every repetition four 3 to 5 days old unmated males were used
and at every test this treatment was replicated at least 15 times. Data were
also corrected for basic activity.

Gas chromatographic analysis of the concentrated hexane extract showed
a multicomponent mixture, which consisted of two major components in a
95 : 5 ratio.

The principal component proved to be (Z)-ll-hexadecenyl acetate (la),
as recently reported by Bestmann et al. [3, 4]. The minor component had a
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longer retention time on the non-polar silicone column, and it was assumed
that it might have a structure similar to la, but a higher molecular weight.

The GC—MS analysis of the extract exhibited a characteristic mass
spectrum ofthe minor component and indicated that the molecular weight was
296. Furthermore, there was a dominating fragment at m/e 236 resulting from
the loss of CHgCOOH from the molecularion. A weak but typical ion for acetat-
es was also present at m/e 61 (CH3COOH,/"). Signals at m/e 192 and 96 indicated
that the unsaturation in the long-chain acetate was in position 11. (For details,
see Experimental.)

Because the molecular weight of the compound indicated a chemical
composition of CI9H 380 2, and the mass spectrum was very similar to the spec-
trum of la, we synthetized the (Z)-ll-heptadecenyl acetate (Ib), and run its
spectrum. The two spectra showed excellent agreement, which proved that the
minor component of the pheromone system was (Z)-ll-heptadecenyl acetate
(I1b).

The method used for the preparation of the pheromone components (la
and Ib) is shown in Chart I. The hydroxyl group of 11-bromo-undecen-I-ol
(2; X = H) was protected by conversion to the tetra-

Chart |
R (CH24—-C=C—(CH0)%~—CHo O—C—CH3
i | |
H H 0
la; R = H
Ib; R = CH3
P(C,H5S
B r— (CH2U—o X (CeHHFP -(CH2Qu-O XBre
2 3
R —(CH2,—CHO
R—(CH24—C= C—(CH210- OX la —b
1 1
H H
4 5

hydropyranyl ether (2; X=THP) [8], which was then treated with triphenyl-
phosphine.

The resulting triphenylphosphonium salt (3; X=THP) was converted to
an ylide with sodium methylsulfinylmethide in dimethyl sulfoxide and allowed
to react with hexanal (4; R=CHJ3) to form the tetrahydropyranyl ether of
(Z)-1l-heptadecen-I-yl acetate (5; R=CH3; X=THP). Subsequent refluxing
with acetyl chloride in acetic acid cleaved the protecting group to form the
desired (Z)-ll-hcptadecen-I-yl acetate (lb).
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In an alternative synthetic route, the bromohydrin (2; R=H) was trans-
formed by treatment with ethyl vinyl ether into the ethoxy ether derivative
[2; X=CH(CH3J3)OEt], which was treated with triphenylphosphine. The result-
ing phosphonium salt [3; X=CH(CHJ3OEt] was made to react with potassium
metal predissolved in hexamethylphosphoric triamide to form the ylide, and
this was condensed with hexanal to give the ethoxy ether derivative of (Z)-II-
heptadecenyl acetate [5; R=CH3; X=Ch(CH3)OEt]. Removal of the protect-
ing group by reaction with an acid in methanol, followed by acetylation af-
forded the pheromone component Ib.

The method of preparing the main component of the sex attractant (la)
was somewhat more direct. Acetylation ofthe bromohydrin (2; R=H), followed
by treatment with triphenylphosphine afforded the triphenylphosphonium
salt (3; X=Ac). This was converted to the corresponding ylide using sodium
methylsulfinylmethide, which was allowed to react with pentanal (4; R=H)
to give (Z)-ll-hexadecen-l-yl acetate (la).

The above synthesis was simpler than the previous one [4], but the yield
was rather moderate (25%, based on the phosphonium salt used).

The stereochemical homogeneity of the samples was proved by gas
chromatography and TLC analysis (AgNO03-impregnated silica gel). The sub-
stances (la and Ib) were homogeneous as judged by VPC with <2 % impurities
present.

In laboratory bioassays, a mixture of la and Ib in the natural ratio
(9.5 : 0.5) induced a 50% response at a 4.2 ng dose, whereas by la alone the
same response could be elicited only with 47 ng. Compound Ib tested alone
though exhibited some activity, a 50% response could be achieved only by a
dose of about 350 ng.

Reside proving the synergistic effect of Ib, our laboratory bioassay was
not suitable for clarifying other aspects of biological function(s) of the compo-
nents; for completing this more extensive field testing is needed.

Although there are a number of other Noctuidae in which multicompo-
nent pheromone systems have been identified [9, 10], this is the first report of
a pheromone mixture containing two acetates of which the first has an even
numbered and the second on odd numbered carbon chain.

Experimental

Boiling points are uncorrected. IR spectra refer to films and were determined on a
Spektromom 2000 spectrometer. NMR spectra were recorded in CCl4 solutions at 60 MHz,
with TMS internal standard, on a Perkin Elmer R12 spectrometer. GLC analyses were per-
formed on a Pye 105 gas chromatograph (4% SE-30 and 6% OV-210 on chromosorb W 60—
80 mesh, 2 mm X 2 m glass column; carrier gas He; 195 °C), GC/MS measurements were taken
on a JEOL JGC-20K and JMS-OISG-2 combined system (ionizing energy 75 eV, acc. voltage
10 kV, ionizing current 200 A). Compounds 2 (R=H) and 4 were obtained commercially and
purified by standard procedures.
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11-Broino-l-undecyl acetate (2; X = Ac)

Ac20 (15 ml; 0.15 mole) was added to a solution of 11-bromo-l-undecanol (30 g; 0.12
mole) in dry benzene (100 ml) and the mixture was allowed to stand overnight at room temper-
ature. Removal of the solvent and distillation of the residue gave 31.4 g (90%) of 2 (X = Ac),
b.p. 120 °C/0.1 mm; vmax 1735, 1360, 1230, 1040 cm -1; $1.3 (18H, m), 1.96 (3H, s), 3.35 (2H,
t,J = 7 Hz), 395 (3H,t,J = 7 Hz).

11-Acetoxy-l-undecyl-triphenylphosphonium bromide (3; X = Ac)

A mixture of the bromide 2 (X=Ac; 30 g; 0.1 mole) and tripenylphosphine (26 g¢;
0.1 mole) in dry acetonitrile (100 ml) containing anhydrous potassium carbonate (1 g) was
refluxed on a water bath for 15 h. The reaction mixture was cooled, filtered and the aceto-
nitrile evaporated. The residue was extracted three times with dry ether (300 ml) and dried in
vacuum at room temperature overnight to obtain 45.3 g (80%) of 3 (X=Ac) as a pale yellow
material; vmax 1740, 1360, 1240, 1150, 1040 cm*“1; $1.2 (14H, m), 1.5 (4H, m), 2 (3H, s), 3.5
(2H, m), 4 3H,t,J = 7 Hz), 7.7 (15H, m).

(zZ)-ll-Hexadecen-I-yl acetate (la)

To a solution of sodium methylsulfinylcarbanion (prepared from 2.5 g; 0.13 mole of
sodium hydride) in dimethyl sulfoxide (30 ml) was added a solution of 11-acetoxy-l-undecyl-
triphenylphosphonium bromide (3; X=Ac; 20 g; 0.036 mole) in dimethyl sulfoxide (40 ml)
with stirring at room temperature. After the mixture had been stirred for 30 min, the dark
orange solution of the resulting ylide was cooled to +5 °C and pentanal (4.0 g; 0.04 mole),
in dimethyl sulfoxide (10 ml) was added. The suspension was stirred for 10 h at room temper-
ature, then poured into water, and the resulting mixture was extracted with hexane (200 ml).
The organic phase was washed succesively with water, 5% sulfuric acid, water, aqueous sodium
hydrogen sulfate, water and then dried over magnesium sulfate. The hexane was evaporated
and the residue fractionally distilled to afford la (2.5 g; 25%), b.p. 120—122 °C/0.25 mm
(lit. [4] 108 °C/0.1 mm); vmax 1740, 1380, 1365, 1235 ¢m -1; 6 0.9 (3H,t, J = 7 Hz), 1.3 (20H,
m), 2 (7TH, s + m), 4.05 (2H, t, J = 7 Hz), 5.35 (2H, m).

GC: Rt 11.9 min.

MS: M+ 282 (<1), m/e 223 (31), 138 (15), 124 (21), 110 (43), 97 (96), 83 (100), 82 (75),
70 (57), 69 (69), 57 (13), 55 (99), 44 (69), 42 (57), 28 (53).

11-Bromoundecan-l-ol tetrahydropyranyl ether (2; X = THP)

A mixture f 59 (0.059 mole) of dihydropyran, 10 g (0.04 mole) of 11-bromo-l-undeca-
nol, and 3 drops of cone. HC1 was stirred at room temperature overnight. The mixture was then
stirred a few minutes with solid potassium carbonate, dried (MgS04) and concentrated in
vacuum to give 105 g of 2 (X=THP); $1.25—2.2 (24H, m), 3.5 (6H, m), 45 (1H, m). This
was employed for the next step without further purification.

11-(2-Tetrahydropyranyloxy)-l-undecyl-triphenyl-phosphonium bromide (3; X = THP)

The bromide 2 (X=THP) (13 g; 0.039 mole) was added to a solution of triphenyl-
phosphine (11 g; 0.04 mole) in dry acetonitrile (30 ml) and heated under reflux for 10 h, in
the presence of potassium carbonate (0.5 g). The mixture was filtered, concentrated in vacuum
and then vigorously shaken with ether followed by decantation (three portions of 100 ml
each). The remaining residue was dried in vacuum at room temperature overnight to obtain
19 g (82%) of 3 (X=THP); 4 1.2-2 (24H, m), 3-4 (6H, m), 45 (1H, m), 7.5-8.3 (15H, m).

(Z)-1l-Heptadecen-I-ol terahydropyranyl ether (5; R = CH3: X = THP)

Sodium methylsulfinylcarbanion (dimsylsodium) was prepared in the usual manner
from sodium hydride (1.1 g; 0.037 mole) and dimethyl sulfoxide (15 ml). A solution of Il-(2-
tetrahydropyranyloxy)-l-undecyl-triphenylphosphonium bromide (3; X=THP) (10.5 g; 0.017
mole) in dry dimethyl sulfoxide (20 ml) was added with stirring at room temperature. The
mixture turned dark orange; it was stirred for 0.5 h at 50 °C and then a solution of freshly
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distilled hexanal (1.7 g; 0.017 mole) in dimethyl sulfoxide (5 ml) was added. All these opera-
tions were carried out under an argon atmosphere and the solutions were introduced through
a rubber septum. The mixture was strirred at room temperature for 5 h, the reaction was then
quenched by adding water (30 ml) with cooling, and the resulting solution was extracted with
hexane (150 ml). The hexane solution was washed successively with water, 5% sulfuric acid,
saturated sodium chloride solution and dried. Removal of the solvent gave 5 (R=CH3;
X=THP), (4.65 g; 82%); 0 0.9 (3H, t, J = 7 Hz). 1.1-1.7 (28H, m), 1.9 (4H, m), 3.5 (4H,
m), 45 (1H, m), 5.25 (2H, t,J = 6 Hz).
C2H120j. Calcd. C 78.04; H 12.51. Found C 77.86; H 12.37%.

(Z)-l1l-Heptadecen-l-yl acetate (Ib)

A solution of the tetrahydropyranyl ether (5; R=CH3; X=THP; 5.7 g; 0.016 mole),
acetic acid (10 ml) and acetyl chloride (3 ml) was refluxed for 4 h and then allowed to stand
overnight. The solution was poured into ice and extracted with hexane (100 ml). The ethereal
extract was washed with water and dried over MgS04. After removal of the solvent, the residue
was distilled to give oily Ib (2.6 g; 52%); b.p. 122—126 °C/0.25 mm; vmax 1740, 1380, 1360,
1230, 1040 cm -1; 00.9 (3H,t,J = 7 Hz), 1.3 (22H, m); 2 (7H, s+ m), 4.05 (2H, t,J = 7 Hz),
5.35 (2H, m).

C,H, 02 Calcd. C76.97; H 12.24; Found C 76.72; H 11.98%.

GC: Rt 15.4 min.

MS: M+ 296 (<1), m/e 236 (27), 192 (5.2), 152 (10), 138 (14), 124 (17), 110 (39), 96
(76), 83 (37), 82 (81), 69 (42), 61 (12), 55 (69), 43 (46), 28 (100).

I-Bromo-Il-(I-ethoxy-ethoxy)undecane [2; X = CH(CH3)OETt]

To a cooled mixture of 11-bromo-l-undecanol (10 g; 0.04 mole), and freshly distilled
ethyl vinyl ether (3.6 g; 0.05 mole) was added 2 drops of cone. HC1, and the resulting solution
was stirred at room temperature for 1 h. The mixture was then stirred a few minutes with
solid potassium carbonate, filtered and the excess of ethyl vinyl ether was evaporated in vacuum
to leave 11 g of 2 [X=CH(CH?J3)OELt], a viscous, yellowish oil; $1.3 (24H, m), 3.45 (6H, m),
4.65 (1H, q,J 6 Hz). The compound suffered thermal decomposition upon attempted dis-
tillation.

1I-(I-Ethoxy-ethoxy)-l-undecyl-triphenylphosphonium bromide [3; X=CH (CH23)OEt]

The bromide 2 [X=CH (CH3OETt; 9.69 g; 0.03 mole] was added to a solution of triphenyl-
phosphine (7.86 g; 0.03 mole) and potassium carbonate (0.5 g) in dry acetonitrile (40 ml),
and the mixture was heated under reflux for 16 h. After filtration, the solvent was evaporated
in vacuum and the residue shaken with ether followed by decantation (two 150-ml portions).
The viscous residue was dried in vacuum overnight to obtain 13 g (74%) of 3
[X=CH(CH?J3OELt]; 6 1.3 (24H, m), 3.45 (6H, m), 4.65 (1H, gq,J = 6 Hz), 7.5-8.3 (15H, m).

(Z).1-(I-Ethoxy-ethoxy)-ll-heptadecenol [5; R = CH3 X = CH(CHJ3)OETt]

Potassium metal (1.4 g; 0.036 g-atom) was added with stirring to dry hexamethyl-
phosphoric triamide (40 ml) and the mixture was stirred at room temperature for 1 h under an
argon atmosphere. A solution of the phosphonium bromide 3 [X=CH(CH3)OEt; 11.7 g;
0.02 mole] in dry hexamethylphosphoric triamide (15 ml) was added and the mixture was
stirred at room temperature for 1 h in vacuum in order to remove the dimethylamine generated
in the reaction. Then freshly distilled hexane (2 g; 0.02 mole) was added dropwise at 0 °C
and the resulting mixture was stirred at room temperature for 8 h. The reaction was quenched
by adding water with cooling and the solution was extracted with hexane (150 ml). The organic
phase was washed successively with water, cold 5% sulfuric acid, water, agqueous sodium hydro-
gen sulfite, saturated brine, and dried over magnesium sulfate, finally concentrated in vacuum
to give 5 [R=CH3; X=CH(CHJOEt; 4.4 g; 67%]; €09 (3H,t,J = 7 Hz), 1.3 (28H, m),
3.5 (4H, m), 465 (1H, q, J — 6 Hz), 5.45 (2H, m). This product was used in the next step
without further purification.
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(Z)-1l-Heptadecen-I-yl acetate (Ib)

To a solution of the ethoxy ether 5 [R=CH3; X=CH(CH3J3OEt; 5 g) in methanol
(20 m1) was added 4 drops of cone. HC1, and the resulting solution was stirred at room temper-
ature for 4 h. The mixture was then poured into water and extracted with ether. The ethereal
extract was washed with water, dried (M gS04), concentrated and the residue distilled in vacuum
to give (Z)-ll-heptadecen-l-ol (5; R=CH3; X=H; 25 g, 58%), b.p. 165 °C/0.25 mm; vmax
3400, 1380, 1050 cm-1; 6 0.9 (3H, t, J = 7 Hz), 1.3 (22H, m), 2 (4H, m), 3.5 (2H, m), 4.5
(1H, m), 5.3 (2H, m).

CAH"O. Calcd. C80.24; H 13.47. Found C80.04; H 13.35%.

Acetic anhydride (3 ml) was added to a stirred, ice-cooled mixture of the alcohol 5
(R=CH3; X=H; 25 g) in dry pyridine (5 ml). After 3 h at room temperature, the solution
was poured onto ice and the resulting mixture was extracted with ether. The organic phase
was washed successively with water, 5% sulfuric acid, water and dried. The residue obtained
after removal of the solvent in vacuum was distilled to give Ib (2.25 g; 42% based on the
ethoxy ether used), b.p. 122—125 °C/0.25 mm. The compound proved to he identical with the
one prepared above.
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In spite of the fact that various methods are known for the synthesis of
the sulfoxides of sulfur-containing heterocyclic compounds [2—5], the prep-
aration of benzothiazepine sulfoxides are hardly mentioned in the literature.
Very few representatives of such derivatives have yet been described; these
were synthesized by the sodium periodate oxidation of the corresponding

Table |

Physical constants and analysis data ofthe compounds prepared

Compound

2,3-Dihydro-2-phenyl-
1,4-benzothiazepin-
5(4H)-one-1-oxide

2,3-Dihydro-2-phenyl-
1,5-benzothiazepin-
4(5H)-one-l-oxide

2,3-Dihydro-2-phenyl-
3-methyl-1,5-benzo-
thiazepin-4(5H)-
one-l-oxide

2,3-Dihydro-2-phenyl-
3-acetamino-l,5-
benzothiazepin-
4(5H)-one-l-oxide

2-Phenyl-3-bromo-I,5-
benzothiazepin-
4(5H)-one-l-oxide

* For Part V, see Ref.

Mp,,
c

290
decomp.

201-
202 (d.)

276-277

267-268

171-172

(1

Yield,
%

63.4

77.8

56.6

76.9

76.3

Overall
formula

CIHH1sO,NS

CieH 10,N S

CleH 180 8N S

CITIIIOO3N S

Analys g 0
Calculated Found
N S N S
5.16 11.80 5.02 11.74
5.16 11.80 5.09 11.57
491 11.22 4.86 10.86
8.56 9.75 8.61 9.71
9.19 4.03 9.11

CuH 1002NSBr 4.01
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benzothiazepines [6—8]. By means of the oxidation of benzothiazepines with
hydrogen peroxide only sulfones have hitherto been obtained [9—11].

Recently Magnia [12] worked out a simple and convenient method for
the synthesis of penicillin and cephalosporin sulfoxides with the help of oxida-
tion with hydrogen peroxide in the presence of formic acid or acetic acid.
This procedure has now been applied for the preparation of benzothiazepine
sulfoxides. 2,3-Dihydro-2-phenyl-l,4-benzothiazepin-5(4R)-one, 2,3-dihydro-2-
phenyl-1,5-benzothiazepin-4(5if)-one, its 3-methyl and 3-acetamino derivatives
and 2-phenyl-3-bromo-I,5-benzothiazepin-4(5ii)-one, respectively, were allow-
ed to react with hydrogen peroxide in the presence of formic acid; the prod-
ucts were the corresponding sulfoxides (I—V) (Table 1). The sulfoxide charac-
ter of the compounds prepared is unequivocally proved, besides the analyses,
by the rS= 0 bands appearing in their IR spectra at about 1040 and 1070 cm -1.
Sulfone formation was not observed; this is in accordance with the results of
Maginia obtained for penicillin and cephalosporin derivatives [12].

Experimental

M.p.’s are uncorrected.
IR spectra were recorded with a Perkin-Elmer 283 instrument in KBr discs.

Oxidation of Benzothiazepines — General Procedure

Benzothiazepine (10 mmoles) was dissolved in dichloromethane (150 ml) and 30%
hydrogen peroxide (12 mmoles) and formic acid (40 mmoles) were added to the solution. The
reaction mixture was stirred for 7 h at room temperature. The solvent was then evaporated
in vacuum and the residue crystallized from ethanol to obtain the product as white crystals
(Table 1).

The author’s thanks are due to Dr. Z. Dinya for the IR spectra and to the Hungarian
Academy of Sciences for financial support of this research.
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Dissociation and recombination rate constants of benzoic acid and ten deriva-
tives have been determined using Ruetschi’s indirect polarographic method in the
presence of azobenzene and/or p-nitraniline, respectively. The quantitative data obtained
are correlated with structural considerations.

Introduction

In a previous paper [1] we have reported on the acid-base behaviour of
benzoic acid and some derivatives based on the direct polarographic investiga-
tion of the kinetic current of H +-ions formed in the equilibrium reaction:

HA H+ + A- (1)
kr

characterized by the acidity constant

Ka (2)

kd and kr being the dissociation and the recombination rate constants, respec-
tively. However, with very weak acids the kinetic hydrogen wave appears at
too negative potentials, being masked by the supporting electrolyte. In this
case Ruetschi’s indirect method [2, 3], in accordance with the Weber—
Koutecky theory [4] can be applied. It is based on the property of some or-
ganic compounds, like azobenzene [2, 3], orp-nitraniline [5] (mediators), which
in the presence of H +-ions yield double reduction waves (Fig. 1). The first wave
is determined both by the rate of the dissociation of the weak acid present and
diffusion, allowing the evaluation of the respective rate constants, kd and «r,
respectively. The second wave is diffusion-controlled and corresponds to the
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144 GYARFAS et al.: INDIRECT POLAROGRAPHIC STUDY

Fig. 1. The double reduction wave of azobenzene (1) and of p-nitraniline (2) in the presence of
benzoic acid. Experimental conditions: see in the text

reduction of the organic mediator compound unaffected by protons. The limit-
ing current of the first wave is given by the equation [2]:

rK akd
- os7mpr2a L3 5 g7 m ?)
kt\12 ‘ [A]
where
K= 0.627 +10-3nFm24\ 56 (4)
DH+[H+] + Dha [HA
. DHr[H4] [HA] -
D
[A"]
++ Df
5 dh K 5 .
. (6)
L+ (A
Ka
D Du,+
NI | 474 "
Dha 1 -Dha D ha

This indirect method can be applied to electrochemically inactive weak acids.
The kinetic current can be observed if it differs from the diffusion current at
least by 10%, i.e.:

i/id < 0.9 (8)

Considering equation (3), the above inequality can be written in the form:

| kdAa Dm
1 [A"] D ha

A= 0.87 <9 . ©)]
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Since in general 3 s and Dn+jDHA~ 3, condition (9) is equal to :
KK-.
< 4. (10y
[A*]

The minimal value of Ain equation (9) being A > 1/100, it follows that with the
indirect polarographic method electrochemically inactive acids with 5 >
> PKa > 10 can he investigated. Equation (3) is valid if the dissociation re-
action (1) is pseudo-monomolecular, and the recombination one is monomolec-
ular. This condition is fulfilled if the investigations are performed in well
buffered solutions containing a large excess of anion (at least ten times the
concentration of the acid). In order to avoid the influence of the electric field
of the electrode on the rate of dissociation, the thickness of the reaction layer
(/n), i.e. the distance traversed by the H +-ions during their mean lifetime should
he considerably greater than the diffuse part of the electric double layer (O):

li»B (11)

The minimal value of the bulk anion concentration is 10“2 M, otherwise the
concentration of the anions in the reaction layer [A~]Mwould differ consider-
ably from that in the solution. At these relatively small concentrations the
effective thickness of the reaction layer is small, relationship (11) obeys only
in more concentrated supporting electrolyte. The best results have been ob-
tained in 1.9 M LiCl. In this case

y 2 4.94X10-6 12
U fDh+ = 3.7x10 7cm
kia-1 | 1.6 X 10X 2.3 x 10~2
1000e/cT 2 1 1000 X3EX5x 1.38 x 10-le 298
8eANAI = | 8x 3.14(4.8x 10-10)26.023 X IOBX 1.93

= 1.4X10~8cm, respectively. The symbols have their usual meaning [6].

Experimental

Benzoic acid and ten derivatives were investigated in 2 X 10~3 M concentration in
1.9 M LiCl in 85% aqueous ethanol (to decrease the strength of the acids) at 25° in the presence
of either azobenzene (2.5 X 10-3), or p-nitraniline (2.0 x 10-3 M), (mediators). The support-
ing electrolyte contained the respective Na-salts of the acids in 2.3 X 10~3 M concentration.
The reduction waves of the organic mediators have been recorded with an LP-55 Type Pola-
rograph using an EZ-2 Type recorder. A water-jacketed H-cell was used with a S.C.E. reference
electrode and an agar bridge containing sat. KCL In the course of the corresponding experi-
ments the drop time varied between 2.30 and 4.70 s. Constant mworking temperature of 25;t
0.05 °C was assured using an U-10 Type thermostat. The acidity constants in the conditions
of our experiments were determined potentiometrically using a Préacitronic MV 85 electronic
potentiometer (Dresden).
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Results and Discussion

The dissociation rate constant has been computed from equation (3)
using the drop time method [2]: the variation of the kinetic current (first wave)
being followed as a function of drop time (the same capillary), (Fig. 2). In this

Fig. 2. The variation of the kinetic current of p-nitraniline (first wave) in the presence of
benzoic acid as a function of drop time. Drop timesins: 1 — 4.71; 2 —4.21; 3 — 3.75; 4 — 3.10;
5 —260; 6 - 2.30

case
K = const. m2I3t{l6 (12
and since
mtl = const. (13)
equation (3) becomes:
ithT= cont. [A-] (14)

0.87 M {K afed)i/2

Fig. 3. Variation of it}2 a a function of i (equation 14) for the p-nitraniline — benzoic acid
system

Thus kd can be calculated from the slope of the line it112 vs. i. (Fig. 3). The
experimental data obtained are given in Tables | and II, respectively.
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R @-Iéé COOH

2-Cl
4-C1
4-Br
2-CH3
3-CH3
4-CHs
3-011
4-0U
4-OCll3
2-NH2
3-NH,
4-NH2

R Qi COOH

2-Cl
4-C1
4-Br
2-CH.,
3-CHs
4-CH,
3-OH
4-011
4-OCHs
2-NHj
3-NH2
4-N11j

GYARFAS et al.: INDIRECT POLAROGRAPHIC STUDY

Table |

Experimental data obtained in the presence of azobenzene

ilj/*
(Equation 14)

(1.23 £ 0.22)»" £
- (0.596 0.069)i
- (0.665 + 0.018)»
-(0.585 0.095)»
-(0.851 0.083)»
(1.490
-(2.402
(0.885
(3.84
(3.07
-(1.22
(2.10
- (355 %

HoH O+ W

I+

0.092)»

0.025)»
0.12)» *
0.24)» +
0.31)»" +
0.18)i +
0.24)»" +

+ +
I+

I+

0.063)»"

(8.73 + 0.62)
+ (7.47 £ 0.21)
+ (957 + 0.071)
(6.84 + 0.28)
+ (11.64 + 0.35)
+ (9.54 + 0.19)
+ (15.05 + 0.32)
+ (9.93 + 0.091)
(15.29 + 0.31)
(12.83 + 0.64)
(8.56 + 0.86)
(21.30 + 0.96)
(14.23 + 0.62)

+

+

Table 11

Statistical data

r S,,
-0.956 +0.113
0.980 +0.033
-0.9993 +0.011
0.962 +0.057
-0.986 +0.058
0.9965 +0.034
0.9978 +0.033
-0.9984 +0.015
-0.9982 +0.031
0.991 +0.072
-0.940 +0.101
0.986 +0.128
0.9955 +0.033

Experimental data obtained in the presence of p-nitraniline

i«/*

(Equation 14)

(1.304 £ 0.096)»
(0.41 £ 0.11)i +
- (0.622 + 0.080)»
- (0.562 + 0.018)»
-(0.87 £ 0.11)» *
(1.414 £ 0.052)»
-(2.19 + 0.25)»
(0.875 £ 0.066)»
(4.25 0.48)» *
-(3.04 = 0.16)»
-(2.07 0.23)i
(2.06 = 0.12)i
(2.91 £+ 0.27)»" %

[ S
H+ o+ o+

I+

+ (19.26 + 0.59)
(18.63 + 0.91)
+ (2459 + 0.79)
+ (12.766 + 0.097)
(17.81 + 0.74)
+ (17.91 + 0.31)
(18.03 + 0.15)
+ (13.76 = 0.34)
(29.03+ 2.30)
(39.12 + 1.31)
(22.77 + 1.34)
(30.04 + 0.91)
(14.68 + 1.47)

Ada Chim.

Statistical data

r s.
0.981 +0.107
-0.910 +0.410
0.968 +0.139
0.998 +0.020
0.968 +0.146
-0.998 +0.044
0.9803 +0.100
-0.9889 +0.066
0.9815 +0.147
-0.994 +0.14
-0.971 +0.193
-0.971 +0.129
0.9871 +0.080
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In order to calculate kd from equations (14) and (7) the values of the
diffusion coefficients DHAand DH+ must be known. The former has been cal-
culated from the Einstein— Smoluchowski equation:

n o _ 2.96x10-
HA—

7] being determined with a Hoppler viscosimeter. DH+ was also determined
experimentally from the reduction waves ofthe H +-ions of HC1 solutions in the
same medium, using the Ilkovic equation:

i= (2.864 + 0.070)x 10 -% — (0.53 + 0.21)x10-«
r= 0.9980 SO0= + 0.27X10-6

(i and SOin pA; cin mol/l). From the slope of the regression line the value of
DH+ = 4.94X10~6cm2_1 has been calculated. The rate constant values
obtained, together with the diffusion coefficient and the acidity constant values
(determined potentiometrically), respectively, are given in Table IIl. The cor-
relation between the rate constants and constitution is reflected by the linear
relationship between Ka, kd or kr and the substitution coefficient [7], respec-
tively (Fig. 4):
Table HI

Experimental diffusion coefficient, acidity constant and rate constant values

Indexes A and N refer to azobenzene and/or p-nitraniline, respectively

RS ST S R v S L o o (3 el

H 1.888 2.12 3.54 1.67 3.22 1.52
2-Cl 1.854 19.16 0.63 0.034 3.49 0.18
4-C1 1.853 4.45 5.79 1.30 6.62 1.49
4-Br 1.830 4.28 7.69 1.80 6.19 1.45
2-CH3 1.696 1.92 7.34 3.82 7.20 3.75
3-CH3 1.714 1.76 2.70 1.53 3.00 1.70
4-CH3 1.714 1.27 1.44 1.13 1.73 1.36
2-OH 1.890 81.64 — — — —
3-OH 1.903 2.79 5.36 1.92 5.48 1.96
4-OH 1.980 0.61 1.26 2.07 1.03 1.69
4-OCH3 1.805 0.93 1.27 1.37 1.30 1.40
2-NH2 1.919 0.62 1.30 2.13 0.45 0.74
3-NH2 1.924 1.37 1.97 1.44 2.03 1.48
4-NHj 1.924 0.32 1.14 3.57 1.71 5.33
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a (substituent constant) dependence. Mediators used: A — azobenzene;
B — p-nitraniline. The compound investigated (R in R—CeH4—COOH); 1 — H; 2 —4 Cl;

10-4 OCH3
lg Ka= (0.987 + 0.058) Ig Kd(N)- (9.06 = 0.20)
r= 0.987 SO= + 0.049
lg Ka= (0.947 = 0.098) Ig Kd(A) - (9.01 + 0.34)

r= 0.963 S0= + 0.083

lg Ka= (1.329 + 0.035)cr — (6.03 + 0.10)
r= 0.9979 S0= + 0.026

lg kd(N) = (1.386 + 0.065)cr + (3.516 + 0.013)
r= 0.9924 S0= + 0.039

lg fod(d) = (1.37 + 0.12)<r + (3.517 % 0.025)
r= 0975 S0= + 0.072

The reaction constants calculated from the slope of the regression lines have
appropiate values: Pks= 1.33; g&I(N) = 1-37. This is consistent with the fact
that the meta and para substituted benzoic acid derivatives manifest a normal
behaviour [8], i.e. the rate determining step of the recombination is the diffu-
sion-controlled mutual approach of the H + and A- ions, respectively, until a
critical distance with the formation of a so-called latent ion-pair (H +agA~).
The corresponding rate constant is practically identical for all the derivatives

Acta Chim. Acad. Sri. Hung. 102, 1979



150 GYARFAS et al,: INDIRECT POLAROGRAPHIC STUDY

investigated (kv= 1.60 X 109M _1s_1), regardless of the substituent and the
nature of the mediator organic compound used. Deviations from the Ka— kd
parallelism appear owing to the orto-effect of some substituents (o-Cl, 0-NH,),
as well as in the case of p-NH 2benzoic acid. Salicylic acid cannot be investi-
gated by this method, since its pKais lower than 5.

The smaller value for kr obtained in 1.9 M LiCl, compared with that de-
termined in 0.05 M LiCl (kr= 2.35X1010M-1s_1) is due to the increased
viscosity of the former solution, as well as to the destruction of the normal
structure of water, which in more concentrated LiCl solutions ()>1 M) is appre-
ciable [9]. Beside this, Li+-ions owing to their high charge density, exert a
strong polarization effect on the carboxyl group. Contrary to the expectations
the ka values are approximately three times smaller than those obtained in
0.05 M LiCl. The observed linear correlation between the dissociation rate
constants and the substituent constants a of the weak acids, as well as the
fact that the reaction rate constants (g) obtained are nearly independent on
the mediator used indicate, that in this case, from the chemical steps proceed-
ing the electrode reaction, the dissociation of the weak acid is rate determin-
ing. If the protonation of the mediator would be the rate determining step
(Mairanovskii [10]), the parameters of the kinetic current would depend on
the nature of the mediator used, and not on that of the weak acid.
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The anodic dissolution of copper has been studied by means of a rotating ring
disc electrode in diphosphate media at pH 8.6 and 4.8. The ionization of copper occurs
in a stepwise mechanism, under the conditions studied, i.e. in two one-electron steps.
The changes hereby ensuing in pH and in the composition of the complex which partic-
ipates in the reaction significantly affect the kinetics of the process.

Copper baths which contain diphosphate (pyrophosphate) are used ex-
tensively in recent years. Accordingly, quite a number of communications [1,
2] deals with the details of the cathodic process that occurs in diphosphate
baths; with its mechanism and also with the various parameters which affect
this process. Comparatively few in number are the papers which discuss the
anodic process in this bath [1, 3, 4]. These papers deal chiefly with the passiva-
tion of copper anodes, respectively, with the prevention ofthis, in a diphosphate
medium.

No data in the literature reveal whether the anodic dissolution of copper
in diphosphate media occurs, like in sulphuric acid [5] or in perchlorate [6],
as two one-electron steps in series, therefore the study of this point has
been the aim of the present investigations.

A rotating ring disc electrode was used in these experiments. The disc
electrode was made of electro-deposited copper, the ring electrode was platinum.
The radius of the disc electrode was 0.25 cm. The chemicals used were analyti-
cally pure.

The glass apparatus was one described in an earlier paper [7]. Measure-
ments were carried out potentiostatically by means of a double potentiostat.
The electrode potentials given below refer to normal calomel electrode poten-
tial.

The tests were carried out in mixtures of a 0.5 mol «dm-3 solution of
K4P20 7and a 0.25 mol «dm -3 solution of K2SO.,, at pH 8.6 and 4.8. Sulphuric
acid was used to adjust the pH of the medium to 4.8. Most of the experiment,
were carried out at pH 8.6 since this is the pH of the diphosphate solutions
used in industrial practice [1].
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Results

Polarization curves recorded in the pH 8.6 solution, at 20, 40, and
60 °C, at 520 r.p.m. are shown in Fig. 1. As expected, the rate of anodic disso-
lution at the same e potential of the electrode increases with temperature.
The initial sections of the curves are linear; the Tafel constants bvary between
45 mV (20 °C) and 50 mV (60 °C). With higher current intensities the curves
will deviate towards the ordinate; at higher electrode potentials e passivation
occurs. A variation of the number of revolutions of the disc electrode does not
affect the shape of the curves.

Figure 2 shows the changes ofthe oxidation limiting current IRat the ring
in a function of anodic disc current, at 60 °C and at various r.p.m. of the elec-

Fig. 1. Polarization curves on copper disc electrode at 520 r.p.m. at different temperatures
20 °C(1) 40 °C(2) 60 °C(3) the composition of solution 0.5 mol «dm-3 K¢P207 + 0.25
mol «dm-3. pH = 8.

Fig. 2. Oxidation limiting current on the ring electrode vs. anodic disc current”at pH = 8.6
and 60 °C. R.p.m. were 140 min-1 (1), 290 min-1 (2), 520 min-1 (3), and 1080 min-1 (4) the
composition of solution: 0.5 mol «dm-3 K4P207 -(- 0.25 mol «dm-3 K2S0¢4
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Ig 1d

Fig. 3. Polarization curves on a copper disc electrode at pH = 4.8 and 40 °C. R.p.m. were
140 min-1 (1), 520 min-1 (2), and 1080 min-1 (3) the composition of solution 0.5 mol «dm-3
K4P207 -f- 0.25 mol «dm-3 K2S04

trode. The curves belonging to the various r.p.m. do not coincide: the limiting
currents increases at higher r.p.m. The IR vs | curves approximate a course
parallel to the abscissa at an intensity value where the evs Ig | curve deviates
from the linear; cf. curve 3 in Fig. 1. There is a correlation between IR and I,
similar to that shown in Fig. 2, also at lower temperatures, but the limiting
currents IR are smaller and cannot be measured accurately.

Polarization curves for pH 4.8 at 40 °C and at various r.p.m. are shown
in Fig. 3. These are shifted towards more negative potentials when r.p.m.
increases. This suggests that the kinetics of anodic dissolution is affected also
by diffusion process.

Also IRvalues have been determined and found to be lower by a factor
of 5 at pH 4.8 than at pH 8.6, other conditions being equal. When I = 3 ... 4
mA, IR= 1... 3/j.A therefore IRfigures are not well reproducible: yet it is
certain that with higher disc current also IR increases.

Discussion

That copper is dissolved by a stepwise mechanism also in diphosphate
media [8] is suggested by the experimental results given on Figures 1 and 2;
notably by the slopes of the polarization curves and by the dependence of the
limiting current at the ring as a function of the disc current, on the r.p.m. of
the electrode. The very low limiting current measured on the ring electrode
suggests that the rate of diffusion of Cu+ ions, or that of the Cu+-complex,
into the bulk of the solution is much lower than the rate of oxidation of Cu+ to
CuT+.

The polarization curve of a metal ionization process which proceeds in
two one electron steps, if the solution does not contain the ions of the given
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m etal, is described, for the conditions just explained, by the following corre-
lation [8]:
2T K,

1+ -bl -
X,

where j stands for current density; fa, /ck. stand for the rate constants of the
ith anodic and catodic charge transfer processes (i = 1, 2), X2stands for the
rate constant of diffusion of the Cu2+-complex. In the case of a rotating disc

electrode this is

/2n 12 —_
X2= 0.62 D%3v-1* [12= xnfi12 5
160 ()

where D2is the diffusion coefficient of the given metal ion; vis the kinematic
viscosity of the solution; and/is the r.p.m. of the electrode. The rate constants
of the elementary reaction steps depend on the electrode potentials as follows.

. . a, Fb
kaj — kai exp -
RT

(3)
kki= K, exp — @ ke £= 1,2
RT

where kB and kk(are the respective rate constants when s = 0, thus their value
depends also on the reference electrode used; af is the transfer coefficient,
the other symbols are usual.

The shape of the polarization curves recorded at pH 8.6 is invariant to
changes of r.p.m. of the electrode, this prompts the conclusion that

K,< X 2. (4)

At not too high anodic current densities the Tafel constant bofthe polar-
ization curves varies between 45 mV and 50 mV in the function oftemperature.
This indicates that

Kt> K » (5)

Thus, under given conditions, the equation of the polarization curve can
be written, on the basis of correlations (1) and (3), as
RT K RT
Ig o+ In (6)
1+ «F ka, kea 1+ *2)F

Experimental results give a2= 0.29 — 0.32.
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Instead of the inequality (5),

fokl <§ K, (?)

is realized when anodic polarization is increased, because the potential is shifted
towards the positive direction. Thus, in conformity with correlations (I) and
(3), the polarization curves becomes steeper. It must be noted, however, that
this is not the only cause why the polarization curve becomes steeper in the
case here studied but also because the passivation of the metal surface begins,
as already mentioned.

Also the polarization curve recorded at pH 4.6 can be interpreted in terms
of a stepwise mechanism, on the basis of the Eq. (1). That the polarization
curve is effected by the r.p.m. of the electrode suggests that inequality (4)
are not fulfilled and that

Ak, W2 (8)

It is supposed that inequality (5) subsist also in this instant if anodic
polarization is not too great. At any further increase of anodic polarization
correlation (1) does not suffice any more. Then kinetics is affected most prob-
ably by the solubility of the complex formed at the anode surface and by
the partial blocking of the electrode surface with the precipitated salt layer.

The comparison of the polarization curves belonging to 40 °C, shown in
Figs 1 and 3, allow also the statement that, potentials being the same, the
ionization of copper proceeds at a higher rate at pH 8.6 than at pH 4.8. Ac-
cording to experimental data (cf. Fig. 3), the ionization of copper occurs at
more positive potentials when pH is 4.8, and the exchange current of this
process is higher than in a solution of pH 8.6. Also inequality (8) refers to this,
and is in accordance with the statement [10] that protonated complexes are
more easily reducible than the unprotonated ones. According to data in the
literature [11] the copper complex formed in diphosphate solutions at pH 4.8
consist chiefly of

CuH2AP2D 7)2-
and at pH 8.6, of
Cu(PsO 79*-
ions only.
Thus experimental results show that the rate of the cathode process
increases and that of the anode process decreases in consequence of the proto-
nation of the diphosphate (with the decrease of pH).

Experimental data suggest that the ionization of copper also in diphos-
phate media takes place in two one-electron steps. The details of this mecha-
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nism cannot be clarified on the basis of available data. Thus, for instance, it
can be surmised that the adsorption of the ligand precedes the charge transfer
and that the stable copper complex in the solution is formed in a chemical
reaction coupled with the charge transfer [9] process.
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Intrinsic viscosity vs. molecular weight relations are reported for several polymer
types, measured under conditions pertinent to routine gel permation chromatography.
In possession of the data, the universality of two calibrating methods in gel permeation
chromatography could be confirmed.

The easiest way to determine the molecular weight of a macromolecular
material is to measure the intrinsic viscosity of the sample and calculate the
molecular weight via the KUHN-MARK-HOUW INK relation:

M = (1)

where K and a are constants at a given temperature in the solvent used. These
constants (often called the KMH-constants) are enumerated in international
tables [1] or monographs [2] for many polymer types under different condi-
tions, therefore, the routine estimation of the molecular weight average of the
most frequently used polymers is easy for the industrial laboratories. The molec-
ular weight average obtained is the so called viscosity-average molecular
weight and is defined as:

M, (2)

This average falls between the weight- and the number-average molecular
weights of the polydisperse sample, and if the polydispersity is not high, it
is roughly equal to the weight average. Having no KM H-constants at disposal
for the material tested, they can be determined by absolute measurements of
the molecular weight and the intrinsic viscosity of several fractions of the poly-
mer and, according to Eq. (1), the log [tj] vs. log M plot yields the desired fac-
tors (the slope of the straight line is a, while the intercept gives log K).

The KMH-constants are often used in the practice of gel permeation
chromatography. The universal calibration according to Benoit [3] applies
the product of the molecular weight and the intrinsic viscosity of the samples.
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Hence the molecular weight can be directly obtained if the KMH-constants
are known for the material examined by GPC. For this reason, many measure-
ments were carried out in the last years to obtain KMH-constants for the con-
ditions which are most frequently used in gel permeation chromatography
[tetrahydrofuran (THF), 298 K and 1.2,4-trichlorbenzene (TCB), 403 K].

The aim of this work is to report on several series of measurements in
GPC-solvents and give experimental KMH-constants for further use. On the
basis of viscometric data also the universality of the “universal” calibrations
used in GPC could be confirmed.

Experimental
Viscometry

The viscosities were measured by a modified Ubbelohde-type capillary viscometer;
the geometry of this device was chosen so that the dynamic factors could be neglected. (The
length of the capillary was 20 cm and the inner diameter 0.3 mm.) The volume of the measuring
bulb was 1 cm3. Thus quantities of solutions as small as 3 cm3 could be tested in this apparatus.
Dilutions were carried out in the solution reservoir of the device. The times of effusion were
measured at four concentrations: 0.5—0.4—0.3—0.2 g/100 cm3, and the viscosity numbers
(specific viscosity per concentration) were plotted against the concentration and extrapolated
to zero concentration by a least-squares method.

The measurements were performed in thermostated vessels in THF solution at 298 K
and in TCB solution at 403 K. The KMH-constants were obtained by linear regression of the
log [t] vs. log M values of the fractions. The calculations were performed on a HP 9830 pro-
grammable calculator.

Gel Permeation Chromatography

The GPC measurements were performed in two GPC instuments. A WATERS GPC
200 apparatus worked at 403 K with TCB solvent equipped with 5 Styragel columns (6.5 X 103,
2.5 X 103 9 X 102 100, 25 nm). The GPC runs at ambient temperature were performed in an
apparatus constructed in this Institute using THF as a solvent and three Styragel columns
(104, 103 and 3 X 10! nm respectively). The volume of the syphon counter was 5 cm3 in the
former apparatus and 1.67 cm3s in the latter; the flow rate was 1 cm3min in each case.

Materials

The THF solvent was of REANAL analytical grade and was distilled from CuCl crystals
to destroy its possible peroxide content. TCB was purchased from MONTEDISON in “puro
erba reagente” quality. It was used without further purification, using “Santonox R” as a
stabilizer.

The polymer materials were as follows.

Polystyrene fractions of known molecular weights were purhased from WATERS. The
polyethylene fractions were produced and characterized by S.N.P.A. (France). The polypropylene
fractions were made by Baker-Williams fractionation of an industrial polymer and characterized
by viscometry in tetrahydronaphthalene to estimate the molecular weights of the fractions.
(For the KMH-constants for these measurements see Ref.[4].) Poly(ra-alkyl methacrylate)
fractions (where alkyl is ethyl, buthyl and octyl) together with equimolar random and alter-
nating copolymer fractions of styrene with these alkyl methacrylates were made and character-
ized in the Institute of Macromolecular Chemistry, Czechoslovak Academy of Sciences; the
detailed characterization of these fractions was given elsewhere [5]. Also the poly(vinyl chloride)
fractions were delivered by this institute.

For constructing the GPC universal calibration curves, WATERS polypropylene
oxide fractions and REANAL raparaffins were used, too.

Acta Chim. Acad. Sei. Hung. 102, 1979



SAMAY: KUHN—MARK—HOUW INK CONSTANTS 159

Results

KM I plots

In Figs 1, 2 and 3 the log [77] vs. log M plots are shown for the different
methacrylate homo- and copolymers, measured in THF at 298 K. In the upper
parts of the Figures the regression lines and the confidence limits are shown for
the alternating and random type copolymers ofthe same chemical composition.
These lines show that on the basis of our mesurements no difference can be
observed between the KMH plots for the two types of copolymers, therefore,
a common regression line was drawn for all copolymer fractions of the same
composition, irrespective of the sequential structure of the molecules. These
lines are shown together with the measured points in the lower part of the
Figures together with the homopolymer points.

In Fig. 4 the data of further measurements are shown for THF at 298 K,
viz. the KMH plots for PYC and polystyrene. For comparison, the data for
polystyrene measured at 403 K in TCB are also indicated together with the
confidence limits (on a 95% level of significance) of the least-squares fit to
these four points (dotted line). The points obtained at 403 K fall close to the
other points, therefore, it can be supposed that the same relation is valid for
both the high-temperature and low-temperature measurements in this case.

Fig. 1. Kuhn-Mark-Homvink plot for poly(ethyl methacrylate) (1) and poly(styrene-co-ethyl

methacrylate) alternating (2) and random (3) copolymers in THF at 298 K. The upper part

shows the regression lines and the confidence intervals of the alternating (------- ) and random
(---) copolymers
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Log M

Fig. 2. Kuhn-Mark-Houwink plot for poly(butyl methacrylate) (1) and po!y(styrene-co-butyl

methacrylate) alternating (2) and random (3) copolymers in THF at 298 K. The upper part

shows the regression lines and the confidence intervals of the alternating (-—— ) and random
(---) copolymers

Log M

Fig. 3. Kuhn-Mark-Houwink plot for poly(n-octyl methacrylate) (1) and poly(styrene-co-n-

octyl methacrylate) alternating (2) and random (3) copolymers in THF at 298 K. The upper

part shows the regression lines and the confidence intervals of the two copolymer types:
------- alternating,.......random
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Fig. 4. Kuhn-Mark-Houwink plot for poly(vinyl chloride) (1) and polystyrene (2) in THF at

298 K. 3 — the points for polystyrene measured in TCB at 403 K, ------- regression line for

points measured at 298 K, ------- regression line for all polystyrene points, ... confidence
interval of the regression line for the four high-temperature polystyrene points

Fig. 5. Kuhn-Mark-Houwink plot measured at 403 K in TCB for polyethylene (1), polypropyl-
ene (2) and polystyrene (3)

Hence a common relation for all the points for polystyrene was also calculated
and drawn in the Figure by a dashed line.

In Fig. 5 the high-temperature measurements in TCB are illustrated for
polyethylene, polypropylene and polystyrene samples.

The KMH-constants together with the f(a) values in Eq. (3) (see later)
are summarized in Table I. For polystyrene also the data calculated for low-
and high-temperature measurements, are indicated in parentheses.
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Table |

Kuhn-Mark-Houwink constants and relatedf(a) values

Material a K 102 cm8g f(a) Conditions
0.76 0.609
Polystyrene 0.6215
(0.74) (0.832)
Poly(ethyl-methacrylate) 0.67 1.549 0.7004
Poly(butyl-methacrylate) 0.75 0.503 0.6323 THF
Poly(octyl-methacrylate) 0.56 5.556 0.9000 298 K
Styrene/ethyl methacrylate copolymer 0.56 10.500 0.8931
Styrene/butyl methacrylate copolymer 0.80 0.370 0.5859
Styrene/octyl methacrylate copolymer 0.64 2.394 0.7759
Poly(vinyl chloride) 0.70 4.480 0.7047
0.64 2.80
Polystyrene — TCB
(0.74) (0.832)
Polypropylene 0.83 0.74 - 403 K
Polyethylene 0.67 6.14 —

For the common polymer types (polystyrene, polyethylene, polyvinil
chloride and polypropylene) some data can be found in handbooks [1, 2].
The scatter ofthe data reported for the same material under the same conditions
is large; thus our data can be considered as reliable in comparison with the
literature values.

Application of the datafor GPC purposes

Many attempts have been made in gel permeation chromatography to
find a universal calibration curve, which would be independent of the test ma-
terial. Two of the methods are accepted and widely used, namely calibration
according to Benoit, where the product of the molecular weight and the in-
trinsic viscosity is treated as a universal size parameter, and the Coll—
Prusinowsky [6] calibration, which expresses the universal size parameter,
Q, with the help of the Ptytsin-Eisner equation:

Q = Mfo]/f(a) 3)

where

f(a)= 1- 2,63 -2a~ 1+ 2,86 2°~ 1-Y
3 3 J
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Fig. 6. Universal calibration according to Benoit for the high-temperature GPC apparatus;
1 — polyethylene, 2 — polystyrene, 3 — polypropylene, 4 — poly(propylene oxide), 5 — n-
paraffin

Fig. 7. Universal calibration according to Benoit — A, and Coll and Prusinowsky — B for

the room-temperature GPC apparatus; 1 — polystyrene, 2 — poly(vinyl chloride), 3 — poly-

(ethyl methacrylate), 4 — poly(butyl methacrylate), 5 — poly(n-octyl methacrylate),6 — poly-

(styrene-co-ethyl methacrylate), 7 — poly(styrene-co-butyl methacrylate), 8 — poly(styrenc-
co-n-octyl methacrylate), 9 — squalane
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W ith many data at disposal, the universality of these calibrating methods
can be confirmed. In Fig. 6 Benoit’s universal calibration is shown for the
high-temperature apparatus, while both types of calibration curves are given
for the low-temperature apparatus in Fig. 7.

The universality of Benoit’s calibration both at elevated and ambient
temperatures is clearly seen from the Figures, and the Coll—P rusinowsky
method is also confirmed for low-temperatures.

On the basis of these measurements, it can be supposed that both cali-
brations are equivalent from the point of view of universality, nervertheless,
they are not equivalent from the point of view of their applicability. If the lat-
ter method is used, also the KM H-constants must be known in addition to the
directly measured intrinsic viscosity of the sample of species, and these con-
stants must he taken either from the literature or determined by tedious and
time-consuming measurements. Conversely, the use ofthe Coll-Prusinowsky
calibration requires knowledge of the KMH exponent for the test material,
therefore, for example with automatic viscosity detection of the eluate, this
latter calibration does not directly give molecular weights. Thus, for routine
purposes Benoit’s calibration is recommended.

The author is indebted to Dr.J. PodeSva and Dr. J. Janca, Institute of Macromolec-
ular Chemistry, Czechoslovak Academy of Sciences, for the well characterized polymer frac-
tions.
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The variation of the linear correlation factor of dielectric polarization (g) was
determined experimentally for several associated liquids in carbon tetrachloride using
the Kirkwood-Frohlich equation for solutions. The fluid structures of these systems
were analyzed in the light of the results obtained. The non-ideal behaviour of the so-
called nonpolar solvents in dielectric measurements is pointed out.

Introduction

One of the important problems in liquid state physics is that concerning
the structure of multimers in associated liquids in the pure state and in differ-
ent solvents. The tools available are generally the concentration dependence
of the dielectric constant, the infrared absorption bands or the position of the
hydroxy peak in the N.M.R. spectra. The I.R. and N.M.R. studies do not
give any information concerning the alignment of neighbouring solute mole-
cules, which is essential for the full knowledge of the configuration of the mul-
timer species. It was pointed out by Cole [1] that the Kirkwood-Frdhlich [2]
linear correlation factor of dielectric polarization g is a measure of the short
range intermolecular forces that lead to dipole-dipole interactions.

The factorg cannot be explicitly calculated from its statistical-mechanical
expression [2] due to unknown parameters like the mutual dipole orientations
and the number of nearest neighbours. However, an experimental determina-
tion of g could give quantitative information regarding intermolecular asso-
ciation in polar liquids [3—5]. The basis of the experimental determination of
the linear correlation factor g for various concentrations of polar solutes such
as alcohols, acids and amines is the Kirkwood-Frohlich relation extended to
solutions:

9kT (2e + erf o F 1 3% 1 O x(Sj — 1)
97 ganfizx, (eu+ 2)2(2e £1) L 2e+ ex
3x2®.,(ex- 1) W
2e + &
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a) b)

Fig. 1. Correlation between the molecular dipole vector and the neighbouring dipoles

where ® is the molar volume of the solution; eis the dielectric constant of the
solution; xris the mole fraction of the pure solvent, x2that of the solute and
ea the dielectric constant of induced polarization of the polar component in
the pure state, g is the dipole moment of the solute in the gaseous state.

The static dielectric behaviour of monohydric alcohols and their solutions
in nonpolar solvents have been studied with special reference to the variation
ofg [6—11] but no such extensive studies were made on carboxylic acids, phe-
nols and amines. Prior to studying the polarization of specific complexes of
tertiary systems of these acids and amines, we have investigated the variation
of g with the concentration in a low dielectric solvent such as carbon tetra-
chloride.

M aterials and Methods

The dielectric measurements were carried out using a Toshniwal RL09 dipole meter at
a frequency of 300 kHz with the cell temperature controlled at 35 + 0.1 °C. The refractive
indices were measured using an Abbe refractometer. The phenols were first treated with anhy-
drous sodium sulfate and distilled at reduced pressure. The amines were shaken with KOH
pellets and distilled before use. AnalaR acetic acid was recrystallized and distilled to eliminate
absorbed moisture. BDH AnalaR carbon tetrachloride was used as the solvent.

Results and Discussion

The results are shown in Table I.

The value ofg is directly related to the correlation between the direction
of a molecule and the molecules in the immediate neighbourhood. The multi-
mers which give g 1 have a positive correlation and the aggregates have a
parallel orientation due to dipole-dipole interactions and they are named
a-multimers.

The multimers whose dipole-dipole interactions lead to a negative cor-
relation (an anti-parallel orientation) resulting in g < 1 are referred to as
/3multimers. Several early investigators [12, 13] have found that the concentra-
tion dependence ofg for monohydric alcohols can be represented by a graph
showing a minimum and Oster’s theoretical curve [14] for associated liquids
is generally obeyed. However, in the interpretation of the curves there is no
unanimity. Dannhauser and Cole [15] proposed a model in which the a-mul-

Acta Chim. Acad. Sei. Hung. 102, 1979



SABESAN et al.:

Variation ofe, n, Q¢ ® and g with the concentration of solutes in carbon tetrachloride

Solute

Acetic Acid

Aniline

Pyridine

3-Methylbutan-1-01

LINEAR CORRELATION FACTOR OF DIELECTRIC POLARIZATION

Concen-
tration
(mol/1)

1.0

1.4
1.6
18
2.0
25

0.2
0.4
0.6
0.8
1.0

14
1.6
18
2.0

0.1

0.2
0.4
0.6
0.8

12
14
1.6
1.8
2.0

0.2
0.4
0.8

15
2.0
25

Table |

2.2630
2.2755
2.2955
2.3105
2.3180
2.3655

2.2955
2.3305
2.3580
2.4020
2.4455
2.5780
2.6508
2.6880
2.7230

2.2680
2.3280
2.4580
2.5430
2.6530
2.7830
2.8880
3.0180
3.1280
3.2680
3.3780

2.2392
2.2548
2.2912
2.3874
24212
2.5460
2.7072
2.8736

1.4469
1.4448
1.4435
1.4421
1.4410
1.4378

1.4556
1.4582
1.4608
1.4636
1.4659
14721
1.4751
1.4782
1.4798

1.4461
1.4469
1.4480
1.4491
1.4501
1.4512
1.4524
1.4534
1.4544
1.4556
1.4568

1.4490
1.4482
1.4475
1.4457
1.4445
1.4418
1.4391
1.4368

1.519
1.499
1.496
1.491
1.485
1.469

1.550
1.535
1.527
1.520
1.512
1.488
1.475
1.459
1.448

1.562
1.552
1.549
1.531
1.526
1.516
1.512
1.505
1.492
1.477
1.474

1.552
1.538
1.524
1.494
1.477
1.437
1.394
1.355

(]

95.49
94.56
93.82
93.11
92.27
90.49

98.48
98.70
98.43
98.18
97.94
97.92
98.08
97.84
98.21

98.01
98.22
97.40
97.64
97.19
96.82
96.21
95.76
95.69
95.63
94.95

98.69
99.26
99.34
101.37
99.85
100.53
101.18
101.88

167

0.26
0.23
0.27
0.28
0.27
0.30

1.69
121
0.94
0.91
0.89
0.96
1.02
0.89
0.91

1.01
0.99
0.97
0.87
0.80
0.88
0.86
0.87
0.86
0.86
0.85

0.87
0.69
0.60
0.62
0.58
0.61
0.65
0.70
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Table I (contd.)

Concen-
Solute t(:ﬁglcl)ri) e n Q [O) N
3.0 3.0868 1.4346 1.319 102.33 0.76
35 3.4092 1.4318 1.276 102.87 0.85
4.0 3.7862 1.4295 1.236 103.62 0.95
0.1 2.2236 1.4492 1.560 97.90 0.56
0.2 2.2392 1.4489 1.553 97.66 0.62
0.4 2.2938 1.4478 1.547 96.40 0.73
0.8 2.3848 1.4462 1.536 94.82 0.83
1.0 2.4654 1.4450 1.528 93.49 0.88
Methanol 15 2.6552 1.4425 1.516 91.30 1.03
2.0 2.8840 1.4401 1.498 89.27 1.14
2.5 3.2038 1.4373 1.475 87.27 1.29
3.0 3.4638 1.4356 1.470 85.37 1.38
35 3.8070 1.4337 1.455 83.41 1.47
4.0 4.2750 1.4305 1.438 81.22 1.59
0.1 2.2340 1.4510 1.542 99.30 0.86
0.2 2.2548 1.4517 1.535 99.47 0.89
0.4 2.3172 1.4535 1.522 99.44 0.95
0.8 2.4212 1.4570 1514 98.42 0.99
Phenol 1.0 2.4836 1.4595 1.504 98.44 1.01
15 2.6708 1.4628 1.485 99.69 1.05
2.0 2.8632 1.4670 1.458 97.83 1.23
25 3.0920 1.4718 1.438 97.28 1.26
3.0 3.3728 1.4764 1.417 96.67 1.33
35 3.5860 1.4803 1.400 96.00 1.36
4.0 3.9656 1.4850 1.367 96.34 1.47
0.1 2.2756 1.4512 1.545 99.39 0.85
0.2 2.3172 1.4525 1.543 99.37 0.77
0.4 2.4160 1.4555 1.533 99.69 0.70
0.8 2.5980 1.4605 1.520 99.84 0.65
1.0 2.7072 1.4635 1.514 99.85 0.64
4-Chlorophenol 15 2.9828 1.4698 1.499 99.91 0.64
2.0 3.2012 1.4759 1.486 99.98 0.61
25 3.4872 1.4820 1.467 100.38 0.62
3.0 3.8044 1.4885 1.439 101.48 0.64
35 4.1476 1.4949 1.427 101.36 0.65
4.0 45012 1.5014 1.411 101.53 0.66
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Concentration of solutes in carbon tetrachloride (mol/l)

Fig. 2. Variation of g with the concentration of solutes in carbon tetrachloride

timers were open chains of all sizes. At low concentrations, it has been presumed
that (Bmultimers do exist resulting in a dip in the g values. However, Borde-
WK [6, 16] proposed a 1, 2—4 model for alcohols, in which the a-multimers
are cyclic tetramers with out-of-plane O—H. . .0 bond and the /S-multimers
are present as closed dimers at low concentrations. This is in contrast with the
conclusion of Ibbitson and Moore [17] and Belttamy and Pace [18] from
I.R. studies that the smallest multimers are generally linear. The rapid fall
ofg in methanol and 3-methylbutan-I-ol as the concentration is decreased can
be explained assuming the conversion of a-multimers to /?-multimers. As a
closed dimer will have a negligible g value, in contrast to what is observed here,
it may be concluded that an open dimer with restricted rotation around the
H-bond can adequately represent the /3-multimer.

In carboxylic acids the predominance of cis-configuration and the copla-
narity of the C—CH3bond with the carbonyl bond will minimize the deviation
of the bond angle from the ideal value, if cyclic dimers are formed. However,
in phenols, the H-bond is stronger in cyclic multimers than in cyclic dimers
since the deviation from the ideal bond angles is smaller in the former. The low
g values in 4-chlorophenol indicate that these cyclic /3multimers are stabilized
in the 0—H. ..0 plane. The concentration dependence of g for phenol also
indicates that the equilibrium between a-multimers and (3-multimers is stabiliz-
ed compared to alcohols, due to the stronger acidity of the former.
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One major obstacle in the interpretation of fluid structure is the non-
ideal behaviour of the so-called nonpolar solvents. For example, we have shown
[4] that the dependence of g on the concentration of acetic acid is different in
different solvents which are considered inert. It has been found that g increases
in the order hexane cyclohexane > carbon tetrachloride benzene (Fig.
1 of Ref. 4). The self-associated monomer-dimer equilibrium of the solute acetic
acid is highly concentration dependent in cyclohexane since the monomers are
not stabilized and hence leave more terminal groups. However, the low and
almost constant g values in carbon tetrachloride and benzene suggest that the
monomer is stabilized by association with solvent species. Similar results were
obtained by Campbell et al. [19], Fletcher [20], Mullens et al. [21] and
Bordewijk et al. [22] for alcohols.

The behaviour of aniline and pyridine is characteristic of an ideal, weakly
associated system. The higher values of g at low concentrations of pyridine
and aniline may perhaps be due to the interaction of the lone pair of electrons
of the nitrogen atom with the positive charge of the carbon in carbon tetra-
chloride.
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The oxyethylation of dodecyl alcohol catalyzed by magnesium perchlorate has
been investigated in an oxyethylating apparatus based on the measurement of volume
flow. It has been established on the basis of the gas-chromatographic analysis of product
composition that the distribution is of the Flory type and is virtually independent of
catalyst concentration and reaction temperature. Compared with a reaction mixture
catalyzed with potassium hydroxide, the distribution is more favourable. The catalytic
effect of magnesium perchlorate can be explained by complex formation between mag-
nesium ions and ethylene oxide.

Oxyethylation reactions never lead to a uniform product, because the
reactivity of the glycol hydroxy group formed in the reaction is almost the
same as that ofthe initial compound. As the product of a consecutive, competi-
tive reaction series, a mixture of homologues with different extents of oxyethyl-
ation is formed. Thus, the properties of an oxyethylated non-ionic tenside
will depend not only on the quantity of ethylene oxide taken up by 1 mol of
the initial compound (on the average degree of oxyethylation), but also on the
concentration of the individual homologues, i.e. on the product distribution.

The individual distributions measured can by characterized the closeness
of their approach to the theoretical distributions deduced from kinetic con-
siderations. Thus, two fundamental types can be ditinguished, viz. the Flory
[1] and the Weibull—Nycander—Gold [2, 3] distribution. In the general
case, it is expedient to calculate the distribution coefficients according to
Natta and Mantica [4].

In a GFR patent [5] published in 1977, Weibull and Thorsell describe
a new type of catalyst for the oxyethylation of compounds containing active
hydrogens of various types. Instead of the usual basic or acidic catalysts, they
used neutral inorganic salts (magnesium perchlorate, calcium perchlorate,
etc.) as catalyst. They found that the distribution of the molecular weight of
the products obtained is more favourable than in the case of basic catalysts,
and the reaction mixture does not contain by-products characteristic of mix-
tures obtained with acidic catalysts. They did not investigate the type of distri-
bution and the effect of the reaction conditions on oxyethylation and on the
products.
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In this work concerned with the oxyethylation of dodecyl alcohol in the
presence of magnesium perchlorate, we investigated the type of molecular
weight distribution in the product mixture and the effect of reaction conditions
on oxyethylation and on the product.

Experimental

The experiments were carried out in the oxyethylation apparatus used earlier [6],
based on the measurement of volume flow. For one oxyethylation 0.02 mol of dodecyl alcohol
was used. The product composition was determined by the direct gas chromatography of the
reaction mixture [7]. The main gas chromatographic characteristics are listed in Table I.

Table |

Parameters ofgas-chromatographic analysis

Chromatograph Model Chrom-31

Column Stainless steel, 06 mm, length 1.4 m 10% SE 301 on
Chromosorb W AW DMCS (60—80 mesh)

Temperature 190-290 °C, 10 °C/min

Detection Flame ionization

N2flow rate 45 cm3min

The compositions measured were compared with the theoretically calculated distributions
Flory distribution [1]:

where Xj is the mole fraction of the i-th homologue, v is the average degree of oxyethylation
Weibull—Nycander-G old distribution [2, 3]:

v= —clInx0— (c — 1)(1 — x0)

*I= (73T)71 - *0~ 7T [(1 - c>Inx°]11

where xnis the mole fraction of the initial substance in the reaction mixture, c is the distribu-
tion coefficient calculated according to Weibull, Nycander and Gold. The distribution
coefficients determined separately for each component (c() have been calculated according to
Natta and Mantica [4]:

=° =n (ek~cj)
k=0
Kep]

Results and Discussion

The variation of ethylene oxide uptake with reaction time is shown in
Fig. 1. The ethylene oxide uptake under different reaction conditions (temper-
ature, catalyst concentration) is proportional to the reaction time.

In all the cases the distribution of the oxyethylated products is of the
Flory type [1] (Fig. 2), which is clearly shown also by the fact that the distri-
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Fig. 2. Distribution of oxyethylated reaction products

Fig. 3. Variation of the distribution with the average degree of oxyethylation (10% catalyst,
100 °C)
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Table 11

Effect ofthe degree of oxyethylation on the distribution (100 °C, 10% catalyst)

*0

\ c a
m ealed. (F)  ealed. (W) m ealed. (F)  ealed. (W) m
0.57 0.74 0.544 0.565 0.544 0.334 0.322 0.358 0.970 0.103
1.17 1.08 0.322 0.310 0.322 0.359 0.363 0.348 1.030 0.230
1.70 1.03 0.188 0.182 0.188 0.332 0.310 0.305 0.930 0.288
2.27 1.02 0.106 0.103 0.106 0.230 0.235 0.233 1.030 0.279
3 *
C c4
m ealed. (F) ealed. (W) m ealed. (F)  ealed. (W)
0.015 0.017 0.013 1.66 0.000 0.002 0.001 -
0.036 0.083 0.086 3.64 0.000 0.024 0.035 —
0.129 0.149 0.151 0.84 0.005 0.063 0.108 2.8
0.190 0.201 0.207 1.07 0.034 0.114 0.124 5.5
v = average degree of oxyethylation (mol ethylene oxide/mol initial alcohol)
m - - measured
Xj = mole fraction of the i-th component
calcd.(F) = calculated (according to Flory [1])

ealed.(W) = calculated (according to Weibuix, Nycander and Gold [2, 3])
c distribution coefficient (according to Weibull, Nycander and Gold [2, 3])
distribution coefficient (according to Natta and Mantica [4])

ci

*1
ealed. (F)

0.092
0.212
0.263
0.266

ealed. (W)

0.083
0.210
0.261
0.264

0.97
0.77
0.78
0.95
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%)

5*
10*
15*

§**

10**

2.26
2.27
2.50
2.27
1.93

*100 °C
** 140 °C

0.93
1.02
1.03
0.93
1.03

0.094
0.106
0.087
0.106
0.150

ealed. (F)

m

0.188
0.190
0.201
0.194
0.180

*0

0.104
0.103
0.082
0.103
0.145

ealed. (F)

Table W

Effect ofcatalyst concentration (c”) on oxyethylation

*«

0.201
0.201
0.213
0.201
0.174

0.094
0.106
0.087
0.106
0.150

ealed. (W)

0.203
0.207
0.216
0.207
0.176

m

0.245
0.230
0.227
0.237
0.234

ealed. (W)

*1

ealed. (F)

1.10
1.07
1.00
1.06
1.15

0.236
0.235
0.205
0.235
0.280

0.048
0.034
0.051
0.119
0.078

ealed. (W)

0.242
0.233
0.203
0.233
0.276

*4

ealed. (F)

0.113
0.114
0.134
0.114
0.084

0.92
1.03
0.95
1.00
1.21

ealed. (W)

0.110
0.118
0.123
0.118
0.091

0.270
0.279
0.259
0.275
0.277

3.94
5.50
0.98
0.69
1.74

xt

ealed. (F)

0.266
0.266
0.256
0.266
0.270

ealed. (W)

0.273
0.264
0.253
0.264
0.267

0.94
0.95
0.98
0.96
1.06
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Fig. 4. Comparison of the distribution of reaction mixtures catalyzed by KOH and Mg(C104)

bution coefficients calculated according to Weibull, Nycander and Gold
[2, 3], and Natta and Mantica [4], are close to unity (0.9—1.1) (only the
value of c4 differing in some of the cases).

(The figure shows only the distribution calculated according to Flory,
because at a value of c~ 1 the Weibull—Nycander—Gold distribution is
practically the same.)

W ith increasing degree of oxyethylation, the character ofthe distribution
(F1ory) does not change, but the maximum shifts to the right and the distri-
bution becomes broader (Table Il, Fig. 3).

The distribution is not affected by the concentration of the catalyst
(Table 111).

Moreover, the distribution is virtually independent of the temperature
(Table IIl).

The product distributions obtained with magnesium perchlorate and
KOH were compared (Fig. 4). It has been established that the product distri-
bution with Mg(C1042 catalyst is more favourable than in the case of KOH,
because the quantity of initial substance is considerably lower and the distri-
bution is narrower. In both cases there is no important by-product formation.
In the case of magnesium perchlorate no subsequent neutralization is needed.
Under identical conditions (140 °C, 5% catalyst) the rate of oxyethylation with
Mg(C104)2is half of that of the reaction with KOH [in the case of 0.088 mol
EO/min mol KOH and 0.036 mol EO/min mol Mg(C104)2].

The catalytic effect of magnesium perchlorate can be attributed to com-
plex formation between magnesium ions and ethylene oxide. Perchlorate ions
have no effect on the reaction. This is proved by the fact that when alkali
perchlorates insoluble in dodecyl alcohol (Na, K) are solubilized with crown
ethers, the salt introduced in this way has no catalytic action, because the
alkali ion included in the crown compound cannot form a bond with ethylene
oxide, while the perchlorate ion has no catalytic effect.

Acta Chim. Acad. Sei. Hung. 102, 1979



SALLAY et al.: OXYETHYLATION OF DODECYL ALCOHOL 177

REFERENCES

[1] Frory, P. J.: J. Am. Chem. Soc., 62, 1561 (1940)

[2] Weibull, B., Nycander, B.: Acta Chem. Scand., 8, 847 (1954)

[3] Gold, L.: J. Chem. Phys., 20, 1651 (1952); 28, 91 (1958)

[4] Natta, G., Mantica, E.: J. Am. Chem. Soc., 74, 3152 (1952)

[5] Ger. 2 639 564 (1977)

[6] Rusznak, L, Morgés, J., Sallay, P.: Wisscnsch. Zeitschrift T. U. Dresden, 20, 743 (1971)
[7] Farkas, L., Rusznak, I., Morgés, J., Sallay, P.: Kolorisztikai Ertesits, 16, 198 (1974)

Péter Sallay
Jen6 Morgés
Laszl6 Farkas
Istvan Rusznak

H-1502 Budapest, M(egyetem rkp. 3.

Acta Chim. Acad. Sei. Hung. 102, 1979






Acta Chimica Academiae Scientiarum Hungaricae, Tomus 102 (2), pp. 179 —185 (1979)

STRUCTURE INVESTIGATION OF SUBSTITUTED
SCHIFF-BASE DERIVATIVES

Al Kiss,1M. Révész,2J). Csaszar2and M. |. Ban2

("Institute of Physical Chemistry, Technical University, Budapest,
2lnstitute of General and Physical Chemistry, JATE, Szeged)

Received July 5, 1978
In revised form October 16, 1978

Accepted for publication November 22, 1978

The electronic absorption band appearing between 400 and 450 nm in the spectra
of substituted benzylidene-anilines is interpreted in terms of approximate quantum
chemical calculations and attributed to the quinonoid structure formed by hydrogen
bridge in Schiff-base derivatives where the aldehyde ring has a hidroxy group in o-
or p-position.

Introduction

Spectroscopic studies on Schiff-bases deal primarily with the interpreta-
tion of the electronic transitions between 200 and 400 nm [1, 2]. From the
behaviour of these bands conclusions are drawn to the electronic structure and
the geometry ofthe molecules. Much less information is available on the electron-
ic transitions above 400 nm. The electronic spectra of substituted benzylidene-
anilines show in nonpolar solvents three band systems, in the spectral ranges
between 220—240 nm, 260—290 nm and 310—360 nm, belonging to n — n*
transitions. Substituents and solvents have considerable influence only on the
longest wavelength transition.

In highly polar hydrogen-bridging solvents an additional band between
400 and 450 nm of medium intensity appears [3]. This band can be attributed
to the quinonoid structure formed by hydrogen bonding [4]. The band appears
only in spectra of derivatives where the aldehyde group has a hydroxy substit-
uent in 2- (or 4-) position (Fig. 1). In the former case intramolecular and in
the latter intermolecular hydrogen bond is assumed. The hydrogen bond
formation is very likely reducing the charge density on the oxygen atom of the
hydroxy group in the aldehyde ring, and if the aniline ring bears no strong
electron acceptor substituents, the azomethine nitrogen atom will bind the
phenolic hydrogen thereby accomplishing the quinonoid structure. In the mix-
ture of polar and non-polar solvents an equilibrium between the benzenoid and
quinonoid forms is set (Fig. 2).

It seems that all the effects which favour the formation of the quinonoid
structure will increase the intensity of the new band. This band is dependent
on the nature of the substituent in the aniline ring and quite independently
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Fig. 1. Electronic absorption spectrum of unsubstituted (X =H) salicylidene-aniline in various
solvents (1: in benzene, 7: in methanol, 2—6: in methanol-benzene' mixtures)

Fig. 2. Two forms of salicylidene-aniline (A: benzenoid structure, B: quinonoid structure)

of the substituents — others than hydroxy group — on the aldehyde ring it
does not appear when the aniline ring has a strong electron acceptor group on it.

From the spectra the conclusion can be drawn that the necessary condi-
tions for the appearance of the band between 400 and 450 nm are as follows: i)
the presence of —OH group in o- or p-position on the aldehyde ring, and ii)
sufficiently large charge density on the azomethine nitrogen this being depen-
dent mainly on the substituent of the aniline ring.

In order to obtain further informations on the problem raised, quantum
chemical calculations* by the PPP and CNDO/2 approximations have been
performed.

* The observation mentioned has not been interpreted by former calculations [5].
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Experimental

The Schiff-base derivatives were prepared by reacting stoichometric quantities of 2-
and 4-hydroxy benzaldehyde and substituted anilines in methanolic solutions. The crude
products were purified by recrystallizations from methanol and their purities checked by m.p.
and C, H-assays. The absorption spectra were taken by using BECKMAN DU and SPECORD
UV-VIS spectrophotometers.

Calculations

First PPP calculations on the electronic spectra of benzylidene-anilines
having different substituents on the aniline ring have been carried out. As
examples the calculated and experimental spectral data for the unsubstituted
salicylidene-aniline and the p-chloro derivative are given in Table I. It can be

Table |

Electronic transitions_(energies in eV, oscillator
strengths in parentheses)

1 2.
Exp. Calcd. Exp. Calcd .
Salicylidene-aniline 3.625 4.015 4.492 4.881
(0.138) (0.509) (0.174) (0.458)
Salicylidene-4-chloroaniline 3.594 3.997 4.575 4.729
(0.282) (0.631) (0.275) (0.406)

seen that the substituent effect by the p-chloro group is well represented in
the calculations: the 340 nm hand shows slight red shift and intensity increase
on the substitution. Similar substituent effect could be observed and calculated
in case of methyl and hydroxy groups and also in o- and m-substituted deriva-
tives. However, the PPP calculations reproduces only the spectra in nonpolar
media and are not able to give any information on the band over 400 nm.

By substitution only very slight changes in the 7t-charges occur either
on the azomethine nitrogen or on the oxygen atom ofthe hydroxy group on the
aldehyde ring (Table Il). It seems that the charges on the aldehyde ring and
on the azomethine group are not very sensitive to the changes in the aniline
ring.

The charge distributions of the enol- and keto-forms of 2-hydroxy-
benzylidene-aniline have been calculated by the CNDO/2 method [6]. The
geometry of the enol- (benzenoid) form is known from the literature [7] hut
that of the keto-(quinonoid) form had to he approximated by analogues. The
bond distances and angles in the aniline ring of the quinonoid form were sup-
posed to be equal to those in the benzenoid form, however, these structural
data for the aldehyde ring were taken from those of butadiene and acrolein [8].
By presuming a symmetry plane bisecting the bonds C4—C2 and C4—C5,
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Table M
f-charges

Molecule g, 5™

N. 0.
Salicylidene-aniline -0.253 0.189
Salicylidene-2-hydroxy-aniline -0.254 0.184
Salicylidene-3-hydroxy-aniline -0.249 0.188
Salicylidene-4-hydroxy-aniline -0.245 0.188
Salicylidene-2-chloro-aniline —0.252 0.186
Salicylidene-3-chloro-aniline -0.250 0.188
Salicylidene-4-chloro-aniline —0.248 0.188
Salicylidene-4-methyl-aniline —0.248 0.188

closing of the aldehyde ring was achieved by the simultaneous variation of
the bond distances and bond angles (Fig. 3). The C—C bond distances in the
benzene rings of 2-hydroxy-benzylidene-aniline were taken to be 1.397 A. For
the two forms of 2-hydroxy-benzylidene-aniline the calculated net charges on
the atoms numbered as in Fig. 4 can be found in Table I11.

Fig. 3. Bond lengths and bond angles in the aldehyde ring of the quinonoid form of salicyl-
idene-aniline (presumed symmetry plane is indicated by broken line)

His Hio

H25 H24

Fig. 4. Numbering of the atoms in salicylidene-aniline
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Table LW

Net charges by CNDO/2

Benzenoid form

-0.069
0.224
-0.071
0.040
-0.035
0.034
0.136
-0.186
0.121
-0.037
0.021
-0.016
0.021
-0.038
-0.277
0.009
-0.005
-0.005
-0.007
-0.033
-0.001
-0.007
-0.007
-0.007
-0.001
0.192

-130.687555 a. u.

2.911 Debye

Quinonoid form

-0.100
0.270
-0.081
0.050
-0.037
0.036
0.169
-0.221
0.134
-0.038
0.020
-0.011
0.020
-0.038
-0.328
0.011
-0.007
-0.004
-0.011
-0.002
0.004
-0.004
-0.004
-0.005
0.002
0.172

-130.581973 a. u.

2.549 Debye

183

The charge density values of the benzenoid form come up to expectations:
on the C-atoms of the benzene rings there are small charges which are negative
on the 3, 5, 10, 12 and 14 atoms (in o- and p-positions to the —OH and =N
groups) and positive on the 4, 6, 11 and 13 atoms (in m-position to the —OH
and =N — groups). The largest polarization effect occurs on the —OH group,
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the negative charge on the O-atom being significantly greater than the positive
charge on the H-atom. This is in accordance with the loosened character of the
proton of the hydroxy group observed experimentally. There is also consider-
able charge onthe N-atom and somewhat smaller positive charge on the C-atom
of the azomethine group.

The experimental dipole moment of the unsubstituted salicylidene aniline
is 2.39 D [9]. This value is in good agreement with that (2.30 D) calculated by
vectorial addition from experimental values for benzalaniline and o-hydroxy-
benzaldehyde [10]. The dipole moments ofthe two forms calculated by CNDO/2
(4. column in Table 1V) show close resemblance to those calculated from ex-

Table 1V
Dipole moment (in Del
Substance P ¢ byes) .
Exp. Calcd. This work
Salicylidene aniline 2.39a) 2.30b)
quinonoid form 2.8a) 2.55
benzenoid form 273) 291

*>Minkin, V. I. et al: Doki. Akad. Nauk. USSR, 145, 336 (1962)
b) Makary, A.: Unpublished result

perimental data (3. column in Table IV) though they are in reversed order.
Unfortunately the small difference in the experimental values of the two forms
does not allow establishing the real trend in the change of dipole moments.

The quinonoid form is found by the CNDO/2 calculations to be less stable
than the benzenoid one the difference in total electronic energies being ~0.1
a.u. (Table Ill). Though there are larger charges on the atoms of the quinonoid
form, still the resulting dipole moment of it is smaller than that of the benze-
noid form. By comparing the charge distributions, it can be seen that the
charges on the C2and 0 15 atoms as well as on the azomethine nitrogen of the
quinonoid form are larger than those on the corresponding atoms in the ben-
zenoid form. On the other hand, the positive charge on the H2% atom of the
keto-form is smaller than that of the enol-form. The absolute value of the
difference in the charges is smaller for the covalently bonded N-—H atoms in
the quinonoid form (0.049) than for the covalently bonded O—H atoms in
the benzenoid form (0.085). From this fact, one can come to the conclusion
that the H2atom is bound by the N-atom ofthe quinonoid form more strongly
than by the O-atom of the benzenoid form. The appearance and the intensity
of the new band over 400 nm is very likely in close relation with the shift of
the equilibrium between the two forms, in favour of the quinonoid form, by
the effects mentioned earlier.
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Die Untersuchung der Verédnderung der Spektren von 3-Hydroxy-flavanon und
3-Amino-flavanon in Abhangigkeit vom pH zeigte, daB beide Verbindungen sich in
alkalischen Pufferlésungen in Derivate hdoherer Oxidationsstufen, namentlich in
3-Hydroxy-flavon bzw. 3-Amino-flavon umsetzen. Es wurde festgestellt, dal der Prozefl3
eine irreversible, basenkatalysierte, durch Luftsauerstoff hervorgerufene Oxidation ist.

Die natirlichen und synthetischen Flavonoidverbindungen kénnen auf
Grund der Oxidationsstufe der die zwei aromatischen Ringe verbindenden
Propankette in verschiedene Gruppen eingeordnet werden [1, 2, 3]. Alle Fla-
vonoide verfiigen uUber ein charakteristisches UV -Spektrum mit gut definierten
Banden [3, 4], wodurch sie voneinander gut unterschieden werden kdnnen.
Diese spektralen Eigenschaften sind gleichzeitig auch dazu geeignet, Flavo-
noidverbindungen mit verschiedenen Oxidationsstufen in Oxidations- oder
Reduktionsvorgédngen zu verfolgen.

Bei den Untersuchungen der Verdnderung der Spektren von den in Stel-
lung 3 mit einer Hydroxyl- bzw. Aminogruppe substituierten Flavon- und
Flavanonderivaten mit dem pH-Wert und der Stabilitdt haben wir gezeigt,
daB — unter bestimmten und verh&ltnismé&Rig einfachen Bedingungen — das
3-Hydroxy-flavanon und das 3-Amino-flavanon sich in einer Pufferlésung mit
alkalischem pH irreversibel zu einer einheitlichen Verbindung mit einer héheren
Oxidationsstufe, zu 3-Hydroxy-flavon bzw. 3-Amino-flavon oxidiert. Wir
haben die Oxidation nicht nur spektrophotometrisch sondern auch auf pré-
parativem Wege nachgewiesen.

Experimenteller Teil

Die zu den Spektrenaufnahmen verwandten Substanzen wurden auf die von uns friuher
beschriebene Weise hergestellt [5]. Die Spektren wurden mit einem UNICAM SP 800 Spektro-
photometer gemessen, die athanolischen Stammlésungen mit einer Konzentration von 1.10_s M
wurden entsprechend verdinnt. Zur pH-Messung wurde ein METHROM-Apparat und eine
kombinierte Glaselektrode mit “U” Bezeichnung angewandt. Die Pufferldsungen wurden nach
Britton—Robinson bereitet [6]. Die kinetischen Messungen wurden in Pufferlésungen mit
einer Konzentration von 1.10-1 bzw. 5.10-6 M durchgefuhrt [7].

Acta Chim. Acad. Sei. Hung. 102, 1979



188 DAVID et al.: OXIDATION DES 3-HYDROXY- UND 3-AMINO-FLAVANONS

Zur praparativen Kontrolle des Oxidationsvorganges wurden etwa 500 mg 3-Hydroxy-
flavanon bzw. 3-Amino-flavanon. HCI in 25 ml Athanol bzw. in 25 ml 2N &thanolischer Natron-
lauge unter gelinder Erwdrmung geldst. Die &thanolische L6sung des 3-Hydroxy-flavanons
wurde auf pH 11 eingestellt und nach etwa einstindigem Stehen wurde die Ldsung mit einigen
Tropfen konzentrierter Salzsdure angesduert. Analog wurde auch die alkalische Ldsung des
3-Amino-flavanons behandelt. Die leicht sauren Lésungen wurden in Vakuum kalt konzentriert
und die ausgeschiedenen Substanzen aus Athanol kristallisiert. Die erhaltenen Produkte,
3-Hydroxy-flavon bzw. 3-Aminoflavon. HCI wurden spektrophotometrisch und durch Schmelz-
punktsbestimmung identifiziert.

Ergebnisse und Diskussion

Die Veranderung der UV-Spektren in Abhangigkeit des pH-Wertes

Die Spektrendaten des 3-Hydroxy-flavons sind in Tabelle I angegeben.

Das Spektrum zeigtin einer Pufferlésung mit saurem pH keine wesentliche
Verédnderung im Vergleich mit der in dthanolischer Lésung gemessenen Kurve,
eine Verschiebung des pH in den alkalischen Bereich bringt jedoch eine bedeu-
tende Verdnderung des Charakter des Spektrums mit sich (Abb. 1). Wenn die
alkalische Pufferlésung angesduert wird, kann das unverdnderte Spektrum
des 3-Hydroxy-flavons gemessen werden.

Die Verédnderung des UV-Spektrums mit dem pH-Wert ist auf die Dis-
soziation der Cj-Hydroxylgruppe zuriickzufiihren. Wéahrend die Absorption der
molekularen Form in das Gebiet der kiurzeren Wellenldngen féllt (344 nm),
absorbiert die ionische Form bei la&ngeren Wellenldngen (405 nm).

Die Spektren des 3-Hydroxy- und des 3-Amino-flavanons sind in &tha-
nolischer Lésung sehr dhnlich, unterscheiden sich aber wesentlich von dem
Spektrum des 3-Hydroxy-flavons (Tabelle I).

Das Spektrum des 3-Hydroxy-flavanons zeigt im pH-Bereich von 1 bis
8 praktisch keine Verdnderungen, in einer Pufferlosung Gber pH 9 jedoch er-

Abb. 1. Spektrumveranderung des 3-Hydroxy-flavons in einer Pufferlésung mit alkalischem
pH. M: 1+10-4; (1) pH 7; (2) pH 8; (3) pH 9; (4) pH 10; (5) pH 11

Acta Chim. Acad. Sei. Hung. 102, 1979



DAVID et al.. OXIDATION DES 3-HYDROXY- UND 3-AMINO-FLAVANONS 189

Tabelle |
Spektrendaten von 3-Hydroxy-flavon sowie 3-Hydroxy- und 3-Amino-flavanon
(M: 1+10~9
3-Hydroxy-fl«von 3-Hydroxy-flavanon 3-Amino-flavanon « HCI
Athanol 0.0UT NaOH Athanol 0,01n NaOH Athanol 0,011V NaOH
344 (4,10) 405 (4,13) 322 (3,53) 405 (4,13) 320 (3,62) 360 (3,95)
306 (4,00) 320 (3,60)* 252 (3,94) 320 (3,60)* 253 (4,06) 305 (3,78)*
243 (4,18) 275 (4,00)* 216 (4,46) 275 (4,00)* 216 (4,48) 245 (4,30)
216 (4,28) 235 (4,26) 235 (4,26)

* Inflexion

scheint die auch bei 3-Hydroxy-flavon auftretende neue Band hei 405 nm (Abb.
2). Die Zunahme der Extinktion dieser Bande mit der Zeit ist gut zu verfolgen.
Somit kénnen die zu den einzelnen pH-W erten gehdrenden kinetischen Kurven
erhalten werden (Abb. 3 und 4).

Wenn man die Pufferlésungen des 3-Hydroxy-flavanons mit einem pH
von 10—12 nach der Stabilisierung der Extinktion mit Salzsdure anséuert
(Abb. 3), wird das Spektrum des 3-Hydroxy-flavons erhalten. Dies weist da-
rauf hin, daB in der alkalischen Pufferlésung ein Oxidationsvorgang vor sich
geht und die Verdnderung des Spektrums eine Folge der durch Oxidation ein-
getretenen Strukturverdnderung ist.

Aus den auf Grund der Zunahme der Extinktion der Bande bei 405 nm
konstruierten Kurven (Abb. 4) kann die vom pH abhédngende Stabilitdtskon-
stante des 3-Hydroxy-flavanons bzw. die vom pH abh&ngende Oxidations-
geschwindigkeit berechnet werden (Tabelle 11). AuBerhalb des alkalischen
pH-Bereichs geht die Oxidation weder in polaren, noch in apolaren Ldsungs-
mitteln vor sich.

Abb. 2. Spektrumverénderung des 3-Hydroxy-flavanons in einer Pufferlésung mit alkalischem
pH. M: 1+10“4; (1) pH 7; (2) pH 8; (3) pH 9; (4) pH 10; (5) pH 11
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Abb. 3. Zeitliche Veranderung des Spektrums von 3-Hydroxy-flavanon in einer Pufferldsung
nach Britton-Robinson mit einem pH von 10. M: 1.33 ¢« 10-4; t = 0 (1); Zli = 15 Min. (2);
Spektrum der nach 160 Min. angesauerten Ldsung (3)

Abb. 4. Zunahme der Extinktion der Bande bei 405 nm des 3-1lydroxy-flavanons in Abhéngig-
keit von der Zeit in Pufferlésungen mit pH-Werten von 8, 7, 9, 10 und 11

Tabelle 11
Geschwindigkeit der vom pH abhangenden Oxidation des 3-Hydroxy- und 3-Amino-flavanons
(t=25C°)
3-Hydroxy- . 3-Amino-
pH Kesec-l «10-2 ﬂavg\non g;o pH x esecl « 10-i flavanon %
9 0,145 26
10 2,655 86 10 1,590 36,4
11 7,179 100 1 6,020 69,8
IN NaOH 10,425 100 11,8 25,300 100
2N NaOH sehr schnell 100 IN NaOH sehr schnell 100

Acta Chim. Acad. Sei. Hung. 102, 1979



DAVID et al.: OXIDATION DES 3-HYDROXY- UND 3-AMINO-FLAVANONS 191

Abb. 5. Zeitliche Veranderung des Spektrums von 3-Amino-flavanon «HCI in einer Puffer-
I6sung nach Britton-Robinson mit einem pH von 10. M: 1.05 « 10~4;t = 0 (1); At = 5 Min.
(2); Spektrum der nach 100 Min. angesduerten L6sung (3)

Ein &hnlicher Oxidationsvorgang wurde auch bei der Untersuchung der
vom pH abhédngenden Spektrumverédnderung des 3-Amino-flavanons beo-
bachtet.

Das 3-Amino-flavanon ist als Base eine sehr labile Verbindung und kann
nur in Form des Chlorhydrats aufbewahrt werden. Die Base wird in Gegenwart
von Luftsauerstoff oxidiert und je nach den Bedingungen kdnnen als Beak-
tionsprodukte 3-Hydroxy- bzw. 3-Amino-flavon nachgewiesen werden. AuBer
der Oxidation kann also auch von der Hydrolyse der Aminogruppe gesprochen
werden. In Ldésung kann die Anwesenheit von Ammonium mit Hilfe des
Nessler-Beagens nachgewiesen werden.

Die Hydrolyse muR hier der Oxidation vorausgehen, weil unseren spektro-
skopischen Messungen nach 3-Amino-flavon — in oxidierter Form — unter
den von uns angegebenen Bedingungen nicht hydrolysiert wird.

Dementsprechend entsteht im pH-Bereich von 9—11 neben 3-Hydroxy-
flavon nur eine kleine Menge 3-Amino-flavon, wéhrend nach den spektrophoto-
metrischen Messungen bei pH-Werten lGber 11 nur 3-Amino-flavon in einer
sehr schnellen Beaktion gebildet wird (Abb. 5 und 6, bzw. Tabelle II).

Beschreibung des Mechanismus des Oxidationsvorganges

Die Oxidation des 3-Hydroxy- und 3-Amino-flavanons kann man sich
&hnlich wie die Oxidation der a-Hydroxycarbonylverbindungen, der sogenann-
ten Acylcarbinole, vorgestellen. Diese Verbindungen bilden im alkalischen
Medium ein tautomeres “Endiol” bzw. “Endiolat-dianion”, die befdhigt sind,
dulerst schnell zu den entsprechenden Dicarbonylverbindungen zu oxidieren
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Abb. 6. Zeitliche Verdnderung des Spektrums von 3-Amino-flavanon «HCI in einer Puffer-
I6sung nach Britton-Robinson mit einem pH von 11,8. M : 1 m10~4; t = 0 (0); At = 2 Min.
(1, 2, 3, 4); Spektrum der nach 30 Min. angesduerten Ldsung (5)

bzw. sich unter den gegebenen Umstdnden weiter umzuwandeln [8]. Eben
deshalb ist die wichtigste Eigenschaft der Endiole das Reduktionsvermdgen,
sie werden auch “Reduktone” genannt. Die Oxidation der Endiole kann auch
in neutralem oder leicht saurem Milieu unter verh&ltnism&Rig milden Redin-
gungen (z. B. Luftsauerstoff) vor sich gehen, wahrend das im alkalischem Me-
dium entstehende Endiolat-dianion noch leichter oxidiert wird [9].

Die Oxidation des 3-Hydroxy-flavanons im alkalischen Medium kann
nach unserer Annahme wie oben beschrieben werden, aber die Oxidation geht
nach den Spektrenmessungen nur in Pufferlésung mit verhé&ltnisméaRig hohem
pH vor sich, was nahe legt, dall die Bildung der tautomeren Endiol-Form eine
Voraussetzung ist:
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Im alkalischen Medium wird dann das entstandene Endiolat-dianion zu
dem entsprechenden Diketon bzw. zu seiner stabileren Form, zu 3-Hydroxy-
flavon oxidiert, das in alkalischer Pufferloésung das Spektrum der ionischen
Form gibt.

3-Amino-flavanon liefert — je nach dem pH — zwei Oxidationsprodukte:
das 3-Hydroxy-flavon bei niedrigem pH (pH 9—10) und das 3-Amino-flavon
hei hoherem pH (tiber pH 11). Zwischen pH 10 und 11 kann man beide Produk-
te finden. Weil die Bildung des 3-Amino-flavons mit groBerer Geschwindigkeit
als die des 3-Hydroxy-flavons vor sich geht, kann angenommen werden, dal}
die a-stdndige Aminogruppe die Bildung der tautomeren enolischen Form
beginstigt und dadurch die Geschwindigkeit des Oxidationsvorganges erhdht
wird:

Die Bildung des 3-Hydroxy-flavons zwischen pH 10 und 11 kann folgen-
dermafen angegeben werden:
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Einen dhnlichen Oxidationsvorgang haben wir auf Grund der Spektren-
messungen auch bei den im Ring “B” in Position C4, mit einer Hydroxy- bzw.
Methoxygruppe substituierten 3-Hydroxy-flavanonderivaten bzw. beim
3-Cyclohexylamino-flavanon beobachtet. Bei diesen Verbindungen entstand
— bei gegebenem pH-Wert — einheitlich und irreversibel das entsprechend
substituierte Derivat des Produktes mit hoherer Oxidationsstufe.
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Studies on the through conjugation of sulfur atom over silicon and on the exis-
tence of “through-bond” interaction between sulfur atoms in compounds containing
S—Si and S—Si—S bonds do not give unambigous results if only aliphatic or alicyclic
compounds are investigated by UV spectroscopy. Therefore the investigations were
extended to the UV spectra of compounds containing Ar—Si—S grouping in order to
draw conclusions on the basis of the changes observed in the spectra of the aromatic
systems. An interaction of the sulfur atoms with the aromatic system may be deduced
from the spectra. The extent of this effect is similar in the analogous silicon and carbon
derivatives. On the other hand, the bathochromic shift of the a and p bands for the
silicon compounds indicates that the lone pairs of sulfur atom can form a conjugative
connection with the aromatic ring, making use of the vacant silicon d orbitals. The
degree of the effect of the lone pairs is rather similar to that of chlorine in the analo-
gous derivatives.

Introduction

In our previous paper[l] astudy ofthe ultraviolet spectra ofsome aliphat-
ic and saturated cyclic compounds containing S—Si or S—Si—S bond was
reported. The interpretation of the ultraviolet spectra and our conclusions
were supported by PES results. The absorption band found between 220 and
240 nm in the spectra was shown to have n— a* character. The n — a*
transition has a hypsochromic shift in the spectra of silicon compounds as
compared with the spectra of the corresponding carbon derivatives; this can
be explained by (d — p)n interaction between the lone pair of the sulfur atom
and the vacant silicon d orbital.

Consideration of a through conjugation of the sulfur atoms over silicon
or of a through-bond interaction between sulfur atoms did not lead to any
unambiguous result. The spectra of the compounds belonging to the series
(CH3CH2S)nSi(CH34_n differ from one another only in the intensity of the
bands, indicating the isolation of the sulfur atoms. On the other hand, in
compounds where the two sulfur atoms are far from each other (in 1 and 4
positions), only a weak shoulder can be observed in the region 220 to 240 nm.
This experimental fact points to the mutual effect of the near sulfur atoms.
No unambiguous conclusions can be drawn on the basis of photoelectron
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spectral data, either. According to these spectra, the degeneration of the n
levels of sulfur atoms in S— C— S bond is raised; the levels are split in a small
degree. This slight splitting, however is within the experimental error.

In this paper we return to this problem and try to give a correct answer.
Our hypothesis is the following. The investigation of the far interactions in
aliphatic systems is troublesome because of the relative simplicity and insen-
sibility of the ultraviolet spectra. Aromatic systems are, however, very sensi-
tive to the effect of mobile lone pairs. Thus, e.g. the spectrum of benzene is
entirely “distorted” in the case of CBH5SH owing to a very strong charge trans-
fer interaction. Therefore our recent conclusions are based on the ultraviolet
spectra of aromatic systems with Si—S or S—Si—S fragment in the molecule.

Experimental

Compounds 1—9 in Table | were prepared by the reaction of the appropriate alkyl-
mercaptan and chlorosilane derivatives in the presence of triethylamine in benzene solution
[2, 3]. The purity of the compounds was checked by gas chromatography and by determination
of the silicon content.

The UV spectra were recorded with a Spektromom 201 instrument in it-hexane using
quartz cells of 1 and 0.2 cm thickness. The ultraviolet maxima of the compounds and the inten-
sities of the absorption bands are summarized in Table I.

Results and Discussion

The UV spectra reflect the aromatic structure. The «band with vibration-
al fine structure (between 260 and 270 nm) and the p band (between 216 and
223nm) can readily be distinguished. For some compounds, the position of the B
band can also be observed; in other cases the position of the maximum can be
concluded from the shape of the spectrum.

The spectra of the linear, the five-membered and six-membered cyclic
compounds do not show characteristic differences. The spectra of mono-
and diphenyl compounds differ from each other — as expected — first of all
in intensity, which increases for the diphenyl derivatives. In addition, a slight
bathochromic shift is observed for the diphenyl derivatives in comparison
with the monosubstituted compounds; the shiftis 1to 7 nm in the p band and
somewhat smaller in the a band. This fact indicates conjugation of the phenyl
groups in a small degree, through the silicon atom.

The spectra of compounds 8 and 9 indicate that an increase ofthe number
of sulfur atoms results in the increased intensity of the bands.

Table Il gives a comparison of the ultraviolet maxima of some compounds
with the general formula CeH5Si(CH3X2 (X = CH3, F, Cl, SC2H5 [4, 5].
A bathochromic displacement can be seen from the data for silicon compounds
as compared with the analogous carbon derivatives. This is caused by the in-
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Table |

UV maxima and intensities ofthe compounds investigated

(The asterisk indicates a shoulder at the given position)

Compound

— S CHs

ClIjCHjS ~ yPh

CHJCHjS~ \ph

CH,CH,SN* ~Ph

CHjCHjS / \w

(CHSCH1S)aSiPh

a band

[nm] |g«
273 2.79
266 2.91
260* 2.94
272 2.55
273 2.86
272 2.44
266 2.58
274 2.88
267 3.05
274 2.45
266 2.61
273 2.85
266 2.99
261 3.01
272 2.44
265 2.59
273 2.70
266 2.84

CT band

[nm]

236*

245*

245*

245*

245*

245*

238*

240*

lg«

3.43

3.05

3.55

3.13

3.50

3.24

3.43

p band
[ lgs
220 4.15
218 4.14
223 4.27
217 3.88
221 4.20
220* 3.86
222* 4.28
216* 3.91
218*

197

B band

)

194

198

192

197

194

195

‘ge

4.73

4.44

4.83

4.52
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Table 11

UV datafor some methylphenylsilanes
("max in nm)

; ; i i PhSI(CH3
- PhC(CHs)3 PhSI(CH3)3 PhSi(CH3F2 PhSi(CH3CI2 PhSi(CH3Br2 oens,

Amax [[+] Amax Ige Amax Ige Amax Ige Amax Ige Amax Ig 3

266 2.07 270 2.10 270 2.66 272 2.58 273 2.52 272 2.44
a 263 2.13 265 2.24 264 274 265 2.68 266  2.64 265 2.59

257 2.20 258 2.26 258  2.60 259 2.56 260  2.55

251 2.14 252 2.23 253*  2.39 254*  2.37 255*  2.39

cT 238* 3.24
b 208 398 211 400 211 383 216 3.88 218 373 216 3.1
R —185 —101 —192

ductive effect of the silicon and (d — p)n bond between the silicon atom and
the phenyl group. The difference ofthe spectra with the variation of substituent
X can be explained by the change in the inductive effect of X; in addition, the
lone pair of X can form a conjugative connection of varying extent with the
silicon [5]. On the basis of the data in Table Il it is evident that the effect of
—SC2H5 groups is about the same as that of chlorine.

The spectra differ from those of benzene derivatives with weak substit-
uents in the disappearance of the minimum between the a and p bands, thus
a monotonic increase of the extinction coefficient is observed towards the short-
er wavelengths. Since the intensity of n — cr* transitions expected in this
regions is much smaller [1], these cannot be responsible for the disappearance
of the minimum. Thus the formation of a new band in the range of 230 to
250 nm seems to be a reasonable assumption, which is supported by the ap-
pearance of ashoulder in the spectra. Figure 1 and Table 111 give an explanation
for the formation of this band. The data for the carbon derivatives in the Table
were taken from the paper of Fehnel and Carmack [6].

For COH5SC2H5a very intense band is observed at 256 nm, which can be
attributed to charge transfer interaction of the lone pair of sulfur with the
phenyl group. The a band appears in the spectrum only as an inflexion at
270 nm. If the aromatic ring is isolated from the sulfur atom, the intensity of
the CT bands will gradually decrease and a usual spectrum of aromatic char-
acter will develop. It can be seen that one carbon atom is not enough to isolate
the aromatic ring, but the intensity of the CT band will diminish and the a
band begins to appear. In the case of tw'o carbon atoms, the CT band is no
longer observed and at the same time the fine structure of the a band can be
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Fig. 1. The appearance of the CT band in the presence of various isolating groups

Table 111

UV maxima (in nm) and intensities of aromatic systems containing sulfur

PhSCHZH3 PhCHZSCHZH3 Ph(CH2SCHXTH3 PhSI(CH3)(SCHH32
Band
~max ige "vinax Ioe AmX mgE Amax lge
270* 3.40 265 2.40 268 2.15 272 2.44
260* 2.58 265 2.25 265 2.59
a 259 2.35
253 2.28
248 2.22
CT 256 3.90 240 3.90 - 238
p 210 212 3.95 216* 3.91

distinguished. The isolating effect of a silicon atom is roughly equivalent to
that of carbon. Although the distance between the aromatic ring and the sulfur
atom is larger in the presence of a silicon atom, at the same time the size of the
lone pair ofthe sulfur is increased [7] because of the smaller electronegativity
of silicon; therefore the extent of CT interaction remains unchanged.
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The influence of the donor extracting agent and the solvent with respect to
adduct formation, containing one or two molecules of the synergist, has been followed.
Some considerations are expressed about the mechanism of the synergic extraction
with mixtures of a chelate- and a donor extracting agent.

The extraction with mixtures containing a chelate extracting agent of
/9-diketone type and neutral organo-phosphorus extracting agents or hetero-
cyclic nitrogen-containing bases has been the subject of numerous studies.
It has been established that in a number of cases the simultaneous formation
of adducts is possible, which contain one or two molecules of the donor extract-
ing agent [1—10].

The questions about the adduct formation in the organic phase are not
quite clear yet, despite the analysis in some of the investigations [1—6] of a
number of factors affecting this process. Consequently, the present paper is
an attempt, on the basis of known experimental data analysis, to give a more
complete picture about the influence of some ofthese factors on the composition
and stability of the adducts formed in the organic phase.

The adduct formation in the organic phase may be expressed by the
following equations:

MXn+ S A~ MX,,S 1)
MXn+ 2SA M X nS2 (2)
MX,S + S "~ MX,S2 ©)
with equilibrium constants, for equation (1), 82 for equation (2) and § for

equation (3), respectively. In the above equations MXnis a metal chelate and
S is a donor extracting agent (synergist).

When a certain chelate extracting agent is employed (thenoyltrifluoro-
acetone is used in most studies), the composition and stability of the adducts
formed depend not only on the synergist but also on the organic solvent em-
ployed. If more inert solvents are applied, which hardly react with the donor
extracting agent, one could expect that the predominating adducts would
contain two molecules of each synergist, as these solvents almost do not hinder
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coordination of the donor molecules to the metal chelate. And vice versa, the
concentration of adducts containing two molecules of synergist will decrease
with the increase of solvation ability of the solvent employed. In this case,
the formation of both adduct kinds will be hindered, but but the second donor
molecule would be hampered much more. Therefore, the constant 82would be
higher, the more basic the synergist used and the more inert the organic solvent.
The constant Rxwill be altered in the same manner, however, it would decrease
more slowly than R2in the transition from a more inert to a more active solvent.
Consequently, the ratio between the equilibrium constants R2ARi which actually
represents the equilibrium constant B will be greatest in the application of the
most inert solvent and the most basic synergist and will decrease with the
increase of solvation ability of the solvent.

The above considerations may be illustrated by the experimental results
of various authors, included in Table I. The Table gives data on the extraction
of different metals with mixtures of thenoyltrifluoroacetone(HTTA) and donor
extracting agents. Unfortunately, the Table includes only a small part of the
experimental data known to us, mainly concerning the synergic extraction of
rare earths, as in most publications the synergists and solvents used were few
in number which offers no possibility of following their influence on the for-
mation of the adducts. Furthermore, in some cases, the equilibrium constant of
only one ofthe adducts (Rx or B2 was determined although at least for the lan-
thanides the formation of both kinds of adduct has been established [6—8].
Despite these restrictions, the analysis ofthe data compiled in Table I confirmed
the considerations expressed. The latters are confirmed also by the data on the
synergic extraction with participation of the chelate extracting agents 1-phen-
yl-3-methyl-4-acyl-5-pyrazolones which likewise are /5-diketones [10]. This
offers a possibility to draw a conclusion that the adduct formation in the or-
ganic phase is a stepwise process. Presumably, a complex is primarily formed
which contains one molecule of synergist by replacing (partly or completely)
of the water coordinated to the metal chelate [6, 8]. Then, depending on the
conditions under which the extraction takes place, the addition of a second do-
nor molecule will be possible.

As far as the rare earth elements are capable of forming both kinds of
adducts (Table | contains a relatively large number of experimental data on
the extraction of europium with mixtures of HTTA and different synergists in
various solvents), it is of interest to follow the relationship between the con-
stants Rland B2 obtained in the extraction of europium. Figure 1lillustrates the
relationship log B2= f(log BR). It is evident that the relationship under con-
sideration represents a straight line, while the constants R1and B2 are related
by the equation log 2= 1.8 log Bx— 0.60.

An almost identical relationship is obtained by the statistical interpre-
tation of the stability constants. Since statistically B j8 = 4, B~ = 1/4 B1 and
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Adduct

La(TTA)3Sm

Eu(TTA)3Sm

Tm(TTA)3Sm

La(TTA)3Sm
Nd(TTA)3Sm
Gd(TTA)Sm
Lu(TTA)3Sm

Am(TTA)sSm

Ca(TTA)Sm

Sr(TTA)jSm

TBP

TOPO
DBSO
DPSO

Equilibrium constants

Cyclohexane
Ligand
1°gRI logA

TBP
MIBK — —

TOPO - —
TBP - -
DBSO — —
MIBK

QUIN - -
DPSO — —

TBP 5.2 8.2
TOPO 6.84 11.32

2,2DIP - _
2,2DIP 5.22 7.76
2,2DIP — -

2,2DIP 5.99 9.06

TBP — —
DBSO - -
MIBK — _

TOPO — —
TBP - -
MIBK _ _

TOPO — —
TBP - -
MIBK — _

— Tributylphosphate

— Trioctylphosphine oxide
— Dibutyl sulphoxide

— Diphenyl sulphoxide

Table |

B2 and B of thenoyltrifluoroacetonate adducts of some metals

logR

3.0
4.48

2.54

3.07

Carbon tetrachloride

*0gA

4.83
2.0

7.49
5.36
5.09
1.71
3.48

5.39

5.64
5.52

5.06
4.97
1.8

5.64
4.11
1.83

5.39
3.76
1.80

logA

9.33
2.9

12.26
8.96
8.58
2.34
5.16

7.23

7.63
8.86

8.89
8.48
2.4

10.68
8.22
2.66

9.78
7.23
2.60

logR

4.50
0.9

4.77
3.60
3.49
0.63
1.68

1.84

1.99
3.34

3.83
3.51
0.6

5.04
4.11
0.83

4.39
3.76
0.80

logA

4.77
521
6.38
6.49

MIBK
QUIN
2,2DIP

Benzene

log B» log/?  logA

8.60 3.04
7.13 2.86
5.35 2.18
6.70 1.93
6.71 1.50
8.59 2.21
8.63 2.14

5.40
3.63

1.16

Chloroform

logA

7.60
5.40

1.52

— Methyl isobutyl ketone

—Quinoline

—2,2-Dipyridil

log R

2.20
1.77

0.36

Reference
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Fig. 1. Dependence of log 82 on log /1, in the extraction of Eu with mixtures of HTTA and
various synergists. (1) TOPO; (2) TBP; (3) DBSO; (4) QUIN; (5) MIBK; (6) DPSO. Solvent:
CC14 (open circles); C6H6 (closed circles); CHC13 (squares)

BiR = Riltherefore B2= 1/4R1o0flog R2= 2 log Rx— 0.60. However, the similar-
ity of the linear relationships is not a sufficient proof that the statistical
operations are valid for the systems discussed since the small deviation of the
slope of the experimentally obtained relationship from the slope ofthe theoreti-
cal relation ship is due to the significant deviation of the ratio BjR from the
theoretical value. Indeed, the data contained in Table | show that in most cases
the ratio RjR differs significantly from the value four, which confirms the
statement that the systems under consideration are not ideal.
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OXIDATIVE REARRANGEMENT OF CHALCONES
WITH THALLIUM(IIT) NITRATE, X*

IS NITRATION A SIGNIFICANT SIDE REACTION IN THE OXIDATION
OF 2’-1IYDROXYCIIALCONES WITH TIIALLIUM(IIl) NITRATE? (A POLEMIC)

S. Antus, L. Fabkas and A. Gottsegen

(Research Group of Alkaloid Chemistry of the Hungarian Academy of Sciences, Budapest)

Received October 12, 1978
Accepted for publication November 25, 1978

Gottlieb and co-workers claimed that the rearrangement of 2’-hydroxychal-
cones with methanolic T1(N03)3 followed by treatment with acid or alkali provided,
instead of the expected isoflavones 2a—c, their 2’-nitro congeners 3a—c. We found
that under standard conditions nitrated products did not form at all.

We have found and applied in the synthesis of a large number of naturally
occurring isoflavonoids the method according to which simple 2’-hydroxychal-
cones are smoothly converted by thallium trinitrate (TTN) in methanol into
I,2-diaryl-3,3-dimethoxypropan-l-ones which, on acid- or base-catalyzed ring
closure, give the corresponding isoflavones [1—6].

For supporting the structures of the natural isoflavones 2h and 2i
Gottlieb et al. [7] attempted the synthesis of their methyl- and ethyl ethers
by our method. Under non-specified conditions but with reference to our
publications [2], they claimed to have obtained from the chalcones la—c the
corresponding 2’-nitroisoflavones 3a—oc, instead of the desired products 2a—c.

Since no such reaction has been observed in our laboratory, we subjected
the same chalcones, and several more (2d g) of the same substitution pattern,
to our standard oxidation procedure (TTN in methanol). Because of their poor
solubility, le—g were oxidized in a mixture of trimethyl orthoformate-metha-
nol [3]. The non-isolated acetals (I,2-diaryl-3,3-dimethoxypropan-l-ones) gave
on treatment with sodium methoxide [14] the expected isoflavones 2a—g.
The analytical and spectroscopic data (especially PMR) supported the expected
structures and excluded the presence of a nitro group at position 2’. Dealkyla-
tion of 2a—d resulted in 3’,4°,7-trihydroxyisoflavone (2j) [15] which we also
obtained by catalytic debenzylation of 2g. Debenzylation of 2e in turn gave
calycosin (2h) [16], whereas by the same procedure 2f gave 3’-methoxy-4’,7-
dihydroxyisoflavone (2i) [17]. TLC of the crude products obtained from the
oxidative rearrangement did not show any traces of a by-product.

* For Part I1X, see Ref. [1]
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OR:

OR;:
3
Ri r2 Rs
a Et Me Et
b Et Et Me
C Me Me Me
d Et Et Et
e P1.CH: Me PI.CH:
f PliCH, PLCH Me
g PL.CH. PLOH PLCH:
li n Me H
i Il H Me
j H il H

W e conclude therefore that if the experiments are carried out under the
conditions specified by us [2], the oxidative rearrangement of 2’-hydroxychal-
cones with TTN does not result in the formation of nitroisoflavones.

In the syntheses of the required chalcones, the appropriate acetophenone
derivative (i.e. for la, Ib and Id 2-hydroxy-4-ethoxy- [8], for Ic 2-hydroxy-4-
methoxy- [9], for le, If and Ig 2-hydroxy-4-benzyloxyacetophenone [10]) was
condensed in alkali with the corresponding aldehyde (for Ib and la vanillin and
isovanillin ethyl ethers [11, 12], for Ic veratraldehyde, for Id protocatechualde-
hyde diethyl ether [13]).

Experimental

The purity of all compounds was checked by TLC and their structures were confirmed
by IR and PMR spectra. PMR spectra were recorded on a Perkin-Elmer R-12 (60 MHz)
spectrometer in CDCI13; IR spectra were obtained in KBr discs with a Spectromom 2000.
M.p.’s were determined on a Kofler micro-hot-stage.
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2a
2b
2c
2d
2e
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Table |

Physical and analytical data ofchalcones la —g

M.p., °C Solvent
129-130 EtOH
120-121 EtOH
154-156 EtOH
121—123 EtOH
157-160 CéHe
172-174 AcOH
137-138 CBH 6

(e}
Calcd.

C ik
70.16 6.48
70.16 6.48
68.78 5.77
70.76 6.79
77.23 5.62
77.23 5.62
79.68 5.57

Table 11

Mol. formula

N20M2215
C20H 2205
CieHigOs
A21724N5
N30-"26"5
~3072675
N36730M5

Found
C H
70.09 6.40
69.68 6.60
68.65 5.46
71.43 6.99
77.23 5.62
76.76 6.01
79.74 5.67

Physical and analytical data ofisoflavones 2a—g

Mm.p., °C Solvent
135-136 MeOH
150-152 McOH
164-165* MeOH
125 126 MeOH
126-128 EtOH
119-120 MeOH
123-125 McOH

[15] m. p. 163—165 °C

Calcd.
C H

70.57

70.57 5/
69.22 5.1.
71.17 6.20
77.57 5.21
77.57 5.21
79.98 5.22

OR3

Mol. formula

0’0"-20"5
720-"20"5
v-ieHieOs
C2iH20 6
3012415
NF3012476
36728"5

Found
C H
70.39 6.09
71.08 6.28
68.70 4.85
71.04 6.26
77.26 5.13
77.07 5.12
79.21 5.21

Yield,

%

46
27
69
29
50
26
50

Yield,
%

38
44
46
22
15
25
23

Method

Method

> > > >

w
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General method of preparating the chalcones
(c/. Table I)

Equimolar amounts (0.01 mole) of the appropriate aldehyde and acetophenone were
stirred in 15 ml ethanol with 7.5 ml of 25% aqueous NaOH for 24 h at room temperature
(Method A), or at 70 °C for 3 h (Method B); the mixture was acidified with 10% HC1, the solid
separated, dried and recrystallized from the solvent given in Table I.

General method for the synthesis of isoflavones by oxidative rearrangement
of the starting chalcones and subsequent ring closure

(c/. Table I1)

A stirred solution of the chalcone (1 mmole) and TTN «3 H20 (1.1 mmole) in methanol
at room temperature (Method A), or in a mixture of trimethyl orthoformate-methanol (2 : 1)
at 39 °C (Method B) was allowed to react; the reaction was followed by TLC. After the disap-
pearance of the chalcone, the reaction mixture evaporated at 30 °C. The oily crude product
was dissolved in chloroform, extracted with water, the organic layer was dried and the solvent
evaporated. The residue was boiled in 10 ml 0.1 JV sodium methoxide for 15 min. The iso-
flavone precipitated on cooling; it was recrystallized from the solvent given in Table II.

3°,4”,7-Trihydroxyisoflavone (2j)

(a) 2a—d (1 mmole) was refluxed in a mixture of 3 ml hydriodic acid and 1.5 ml acetic
anhydride for 10 h, poured into a saturated solution of NaH S03, the precipitated substance
was separated, washed with water and dried. Recrystallization of the crude product from
methanol gave 2j, m.p. 275—278 °C (lit. [15] m.p. 245—248 °C).

(b) Hydrogenation of 240 mg of 2g in 20 ml ethanol was carried out in the presence of
Pd/C catalyst until the calculated amount of hydrogen had been absorbed. After filtration
and partial evaporation an isoflavone precipitated, which gave no m.p. depression with 2j
obtained by procedure (a). The m.p. (176—177°) of the triacetate prepared from the isoflavone
synthesized above agreed with the literature value (m.p. 175—177 °C [15]).

3’,7-Dihydroxy-4’-methoxyisoflavone, calycosin (2h) £

Catalytic debenzylation of 2e resulted in 2h, m.p. 247—249 °C (lit. [16] m.p. 248—
249 °C, from methanol). No depression was observed with an authentic sample of calycosin.

4°7-Dihydroxy-3’-mcthoxyisoflavone (2i)
Catalytic debenzylation of 2f gave 2i, m.p. 190—192 °C (lit. [17] m.p. 191—192 °C.

Spectra were kindly recorded by Drs. P. Kolonits and E. Baitz-Gacs and micro-
analyses were made by Miss K. Ofalvi and Mrs. S. Viszt. We thank Dr. M. Négradi for his
interest and heplful discussions, and Dr. A. Wolfner for a sample of calycosin.
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J. C. Johnson: Amino Acids Technology — Recent Development — Chemical
Technology Reviews No. 108

Noyes Data Corporation, Park Ridge, New Jersey, USA, 1978

X1l + 369 pages

In the 108th volume of the well-known series, Chemical Technology Reviews, the
author discusses 253 US patents published since 1974, dealing with the synthetic and micro-
biological preparation of amino acids, as well as with their application. The patents between
numbers 3,787,287 and 4,060,603 are dealt with here.

The book contains 11 larger chapters (unnumbered) and three indices.

— Amino Acids — Preparative Methods .
— Amino Acids and Peptides — Uses
— Aliphatic Amino Acids

— Hydroxyaliphatic Amino Acids

— Sulfur-containing Amino Acids

— Diamino Acids

— Monoamino Dibasic Acids

— Heterocyclic Amino Acids

— Aromatic Amino Acids (of Proteins)
— j.-Dopa

— Other Aromatic Amino Acids

— Company Index

— Inventor Index

— US Patent Number Index

The book seems to be very useful primarily for chemists working in this field of industry.
Its applicability is two-fold. One hand, it discusses the individual procedures in such a great
detail — also giving actual prescriptions — that the original text is no longer required; on
the other hand, it presents literature data which are not entirely obtainable from periodicals.
The most comprehensive and most extensive information on the technical knowledge of
world is offered by the US patents.

This book greatly helps orientation in the large subject and will serve as an excellent
guide. The author himself very clearly lists in 15 paragraphs the importance of the US patent
literature; the following items can be cited:

5. Patents, unlike periodical literature, are bound by definition to contain new infor-
mation, data and ideas.

6. It can serve as a source of new ideas in a different but related field, and may be out-
side the patents protection offered the original invention.

11. Patents provide an excellent starting point for the next investigator.

Acta Chim. Acad. Sei. Hung. 102, 1979



212 RECENSIONES

The author emphasizes aspects of application in a comprehensive and detailed discus-
sion, with special reference to actual new methods. It is noteworthy that most of these patents
are used in industry.

Direct application of amino acids and peptides in pharmacy and nutrition has gained
increasing importance all over the world, for both man and animal. The use of some amino
acids (e.g., tryptophan, threonine, etc.) has achieved extraordinary significance in certain
countries in the feeding of animals. In human therapy, special amino acids and combinations
of amino acids are known.

For these reasons, all books, reviews, etc., which treat the pertaining literature in a com-
prehensive manner are very important for chemists concerned with amino acids is practice;
the present book will be read by them — in the reviewer’s opinion — with particular benefit.

G. Gall

Structure and Bonding, Vol. 35

Editors: J. D. Dunitz, J. B. Goodenough, P. Hemmerich, J. A. lbers
C. K. Jorgensen, J. B. Neilands, D. Reinen, R. J. P. Williams

Springer-Verlag, Berlin—Heidelberg—New York, 1978, pp. 176

This new volume of Structure and Bonding contains the following four review articles
J. F. Labarre: Conformational Analysis in Inorganic Chemistry: Semi-Empirical Quantum
Calculation vs. Experiment.

The stated purpose of this paper is “to demonstrate that ... the CNDO/2 and extended
CNDO/2 formalisms are definitely reliable tools for theoretical conformational analyses in
inorganic and coordination chemistry.” This is indeed amply demonstrated on several examples
F3P BH3 and its methyl derivatives as well as similar other Lewis adducts, inorganic ring
systems, transition metal complexes, etc. As a remarkable theoretical result, the importance
of through-space interactions is emphasized. In spite of these nice results, however, the reader
has the feeling that a more critical discussion, including examples where the CNDO method is
less satisfactory, would be more convincing. Also, inclusion of other semiempirical calculations
would have covered the title better than did the presentation of only CNDO results.

D. B. Cook: The Approximate Calculation of Molecular Electronic Structure
as a Theory of Valence

The aim of this paper is to develop a method which, beyond the capability of calculating
molecular properties, is interpretable and can be used as a theory of valence. The author’s
main concept is that “it is, for example, more important to understand the physical processes
occurring on bood formation than it is to be able to compute the corresponding bond energies
accurately.”

The general discussion starts with the variational principle. Following this, constraints
arising from a given model and from numerical approximations are discussed. In the end, the
author arrives at a fairly plausible model: Generalized Hybrid Orbitals (GHO) The basic
difference between these GflO’s and the familiar hybrid orbitals is that no a priori symmetry
is built in: e.g. the generalized sp3hybrid orbitals in ammonia are different for the NH bonds
and for the lone pair, respectively. Direction and optimal exponents of the GHO’s are deter-
mined by energy minimization.

It seems doubtful, whether the GHO’s can be of any practical use in ab initio calcula-
tions: even from the point of view of interpretability, the familiar LCAO method, if the trans-
formation to localized orbitals is carried out, is readily interpretable. On the other hand, the
suggested method, as stressed also by the author, may have advantages in NDO (Neglect of
Differential Overlap) type approximate calculations.

The paper is written in an exceptionally elegant style and is certainly an enjoyable
piece of reading for chemists interested in theoretical chemistry.

Acta Chirn. Acad. Sei. Hung. 102, 1979



RECENSIONES 213

D. W. Smith: Applications of the Angular Overlap Model

The angular overlap model (AOM) is a simple, approximate method for the calculation
of orbital splittings in transition metal complexes. The splittings are expressed by parameters
directly related to rr-, n> and ~-bonding.

The scope of the paper can be best seen from the following section headings: 1. Intro-
duction; 2. d-d Spectra; 3. f-f Spectra; 4. Other Spectra and Optical Properties; 5. Magnetic
and E.S.R. Properties; 6. Miscellaneous Applications; 7. Concluding Remarks.

Because the underlying theory is not even outlined and the applications are listed in
a very concise form, the paper is hardly understandable for the average reader. However,
with its 164 references, the review is certainly useful for specialists who want to have a good
literature survey of the subject.

C. Furlani and C. Cauletti: He(l) Photoelectron Spectra of d-Metal
Compounds

This is an excellent review on photoelectron (P. E.) spectroscopy of transition metal
complexes, listing results up to 1977. In the introduction, the fundamentals of P. E. spectros-
copy are summarized in a clear, easily readable form, and its relative merits and limitations,
as compared to electron absorption spectroscopy, are discussed.

Recent results are then discussed in two sections. The first one deals with carbonyl,
trifluorophosphine complexes, sandwich complexes, mixed carbonyl-cyclopentadienyl and
carbonyl-arene complexes of d-metals in low oxidation states. The second section discusses
results on complexes of metals in higher oxidation states with more electronegative ligands,
like oxo and halide complexes, nitrogen, oxygen and sulfur containing complexes, amide
complexes, etc.

Detailed P.E. data on a huge number of complexes are compiled in six tables, and 120
references are listed.

G. Fogarasi

Philip S. Bailey: Ozonation in Organic Chemistry, Volume |
Olefinic Compounds

Plenum Press, New York and London

The 39th volume written by Philip S. Bailey, of this Monograph Series edited by
Harry H. Wassermann, is an excellent comprehensive treatise making available in one
convenient source our complete knowledge of today concerning the reactions of ozone with
organic substances. An effort is made to show the development of the present-day thought
about the still existing problems of the mechanism of these reactions.

Volume | starts with a description of ozone itself, giving a historical background of
its action on organic compounds, followed by a study of the mechanism of these reactions.
The book clearly shows the development of the step-by-step mechanism of classical ozonolysis,
pointing out the remaining, yet unsolved questions of the detailed mechanism.

The ozonolysis of olefins is treated in chronological order, starting from the ozone attack
to the final products, in both liquid- and gas-phase reactions.

No doubt, this book covering more than 700 references will serve as an indispensable
source of information to all chemists dealing with ozone chemistry.

Chapters: Introduction; The Ozone Molecule; Ozonolysis of Olefins: Introduction, Ini-
tial Ozone Attack and Adduct, The Peroxidic Products, Routes to Peroxidic Products, Com-
petitions in Peroxidic Product Formation, Routes from Peroxidic to Non-peroxidic Products;
“Anomalous” Ozonolysis of Olefins; “Special” Liquid-Phase Ozonolysis; Electrophilic Ozone
Attack on Olefins. Epoxides and Other “Partial Cleavage” Products; Gas-Phase Ozonation of
Olefins; Overview and New Developments.

J. Reiter
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ACTA CHIMICA

TOM 102—BbIN. 2

PE3IOME

PeHTreHOBCKMNE W 3MeKTPOHO-MUKPOCKOMHbIE MCCMefoBaHMS
rMAPOKCUMALIETATOB KaslbLMs-Meau

n. H. NATEAb n C. B. X. PAO

MoCTOs\HHbIE peLleTKN FMAPOKCMIanaTUTOB KanbLmsa-MeL/N YMEHbLUAKOTCS C YBENYEHNEM
cofepXaHus Meau B o6pasiie, NPUBOAA K COKpalleHU0 06beMa efuHUMYHOW sivelikn. Cokpa-
LieHMe pa3MepoB KpucTansia Habnihanoch Ha ChbeMKaxX 06pas3uoB C MOMOLLLH 3/IEKTPOHHOIO
MUKpockona. BeegeHune Cu+2B rugpokcunanatut kKanbums CalPO4HEOH)2 npuBoguT K 06-
pa3oBaHW0 ero TBepAblX PacTBOPOB.

AHa/IMTNYeCKoe NPMMEHEHNE HEKOTOPbIX BHeLIJHECCbeprIX KOMTIJ/1EKCOB

CnekTpooToMeTpUUeCKoe onpegeneHne TPUPTOPYKCYCHOW KUCNOTbI
N HeopraHM4eckux asvaoB 3KcTpakuuein 1,10-heHaHTPONMNH-XKENE30M

n. WNYEBA n I'. TOAOPOBA

YCcTaHOBNEHO, YTO Manble KonmyectBa CF3COOH n NaN3akcTparnpytTcs HUTpob6eH30-
NoOM ecnu BofHas (asa COAepXUT 3Ha4YMTeNbHbIA KM36bITOK Fe(phen)|+. Abcopbumsa opraHu-
yeckoro akctpakta (npu A= 518 nT) nponopunoHanbHa KoHueHTpayum CF3COOH B BogHOIA
thase nnm KoHueHTpauum NaN3(npu A= 516 nw). [na ycTaHOBAEHUS ONTUManbHbIX YCNOBUIA
onpegeneHus, 6b110 MCCNeL0BaHO BANAHMUE Pa3IMUYHbIX (pakTopoB: pH, KoHUeHTpauuu Fe(phen)|+,
KOHLeHTpauun 6ydepHOro pacteopa, BPEMEHU BCTPAXMBAHWA, YCTOMYMBOCTU OKpallWBaHUS,
MeLLatoLero BAMAHNSA NOHOB. Y CTaHOB/IEH COCTaB 3KCTParmpytowWwmxca BHeWHeCHepHbIX KOMI-
nekcoB: Fe(phen)3(CFsCO0)2u Fe(phen)3 (N32

KOHCTaHTbI CTOMKOCTM BHELLHEC(HEPHbIX KOMIIEKCOB
Fe(phen)3(CF3CO0O)2 n Fe(phen)3(CCI3CO0)2

n. WNYEBA, I'. TOAOPOBA u M. TEOPITMEBA

Mi3yyeHa 3KCTparMpyemocTb BHeLWIHectepHbiX KomnaekcoB Fe(phen)3CF3C0O0)2 un
Fe(phen)3CCI3CO0)2 B HNTPOGEH30N B 3aBMCMMOCTU OT KOHLEHTpauum nuraHga. Tak Kak B
opraHmyeckyt a3y aKCTparmpyercsi HelTpanbHbIii BHELWHECHepHbIM KOMMNaeKe, 6binn onpe-
[eneHbl KO3((ULMEHT pacnpefenieHnss KOMMAEKCHOro MeTal/IM4eckoro KaTMoHa U KOHCTaHTa
pacnpefeneHns HeMTpPaNbHOrO KOMM/eKca MexAay AByMs (hasamu.

PaccunTaHbl BHelWHec(epHble KOHCTaHTbl cToikocTu: ana Fe(phen)CF3C00)2 K, =
= 11X H02n K2= 8x KO; ana Fe(phen)3—(CC13C0O0)2K, — 4,2x KO2n K2= 4,3x K2 Pe3ynb-
TaTbl HACTOALLMX UCCNE0BaHNA, a TaKXXe HEKOTOpble APYrie JaHHble NMOKa3blBalOT, YTO CTEMeHb
BHeLIHeC(hepHO accoumaumm KOMMNNeKcHOro katmoHa Fe(phen)8+ ymeHbluaeTcsi B pagy

CCI18C0O0- > CFC0O0O~ > cH3xo00-



[e36eH30-Nnpon3BoAHbIE aflKa/iouA0B CO CKeeToM WHA0MO [2,3-C] XMHA30/1MHO
[3,2-6] nupnguHa, IX

[e36eH303BoAMaMUH
3. MAN, K. 1OPAHE-XOPBAT ,[. TOT, O. KNAYJEP n . TAMAL

N3 pe3beH3opyTekapnuHa ¢ MOMOLWbLIO MeTUunmMoauga 6bin nonyyeH Aernapo-ae3deH303Bo-
AvHamuH-rngponang (6). NMpu amMmMoHWIAHON 06paboTKe coefuMHeHMe 6 C pacKpbiTUEM KOMbla
npespalaeTcs B aMMOHUIAHYIO CONb fe36eH303B04MaMWHOBON KMCNOTbI; @ NpU BOCCTaHOBNEHUU
faeT gesbeHsoasogmamuH (11). CuHTe3 11 6bin ocyulecTBneH, mcxoga ns 1,2,3,4-TeTparngpo-1-
0Kco-/5-kap6onuHa (9) n Ar-metun-/?-anaHnH-3TMN0BOrO ampa (12). MNpoMeXyToUHbIA NPOAYKT
CMHTE3a — 3TWNOBbLIN 3UpP Ae36eH309BOANAMUHOBOM KUCNOTbI (13) 6bln NPUTrOTOBAEH B BUAe
confHokmcnol conn. CoefuHeHve 13 nocie 3akpbiTUS KONbLa M BOCCTAHOBNEHMA TakXXe faeT
coefmHeHune 11. CTpoeHMe NONYYEHHbIX COeANHEHNI Bbl0 NOATBEPXKAEHO C MOMOLLLIO 3/1eMeHTap-
Horo aHanusa, Yo, MK, AMP—H 1n MC-cnekTpOoCKONNYECKNX NCCNeA0BaHNIA.

MonoBoli (hepOMOH KamyCTHOM amMepuKaHCKOW MOJIKOBOM ryceHuubl. Mamestra
brassicae: W3onupoBaHue, MAEHTUMULMPOBAHME W CTEPEOKOHTPONMPYEMbII
CUHTE3

N. HOBAK, m. TOT, . BAJIIA n Y. CAHTAMU

[lBa OCHOBHbIX KOMMOHEHTa MOJI0BOr0 (PEPOMOHA KamyCTHOW aMepuKaHCKO MonKoBoi
ryceHuubl, (Z)-l1-rekcageueHun auetaT u (Z)-l11-rentageyeHnn auetaTt 6bliM U301MPOBaHbI,
NAEHTU(ULMPOBAHbI, @ 3aTEM CUHTE3MPOBaHbI, MPUMEHSS CTEPEOCENEKTUBHOE 0NedUHUPOBaHME
BuUTTUra, Kak KIOYEBYIO CTYMNeHb.

MonsiporpahMyeckoe WCCMELOBAHUE PABHOBECUSI KMWCI0TA-OCHOBaHUE
HEKOTOPbIX MPOU3BOAHLIX GEH30MHOM KUCMOTbI

E. AbAPO AL, 5. TEKEW wn N. KEKEAW

KOHCTaHTbl CKOPOCTM AuccoumaunyM v peKoMGUHaLUM GeH30HON KUCNOTbl N ee AecaTu
NPOU3BOAHbIX BblN ONpefeneHbl, UCMOMb3Ys KOCBEHHBIA nonsporpaduyeckuii Metos ProTwm B
npucyTcTBUM azobeH3ona W/Mnm N-HUTpoaHWNUHa. KonmuecTBeHHble AaHHble KOppenupyTcs
CO CTPYKTYpOW.

M3ydeHne aHOAHOro pacTBOPeHUs MedM B NMPOocdaTHbIX pacTBopax
P. K. ACTAXOBA, N. CANIMA, N. ®APKALL n . KXW

C nomoubi0 BpalaloLWerocsd AWCKOBOTO 371eKTpoAa C KO/MbLOM W3y4vanocb aHOoAHOe
pacTBOpeHMe Meau B BOAHbIX pacTBopax nupodgocharta npu pH = 8,6 n 4,8. MonyyeHHble faH-
Hble YKa3blBAKT Ha TO, YTO B U3YUYEHHbIX 9KCNEPUMEHTAbHbIX YCNOBUAX NOHU3ALMA Mean npep-
cTBanseT co60i mpouecc, 3aknyvarLWwmnincs B AByX nocnefoBatenbHbIX O4HO3MEKTPOHHBIX pe-
akumax (ctyneHuaTblii MexaHusm). Mpu n3meHeHWn pH pacTBopa, BCNeACTBUE W3MEHEHUS CO-
CTaBa KOMMIEKCOB, YYacTBYHOLWMX B 3NEKTPOLHbIX peakumax, CyLLeCTBEHHO M3MEHAOTCA KMHe-
TWYeCKne napameTpbl peakuuu.

MN3mepeHne koHcTaHTbl KyHa—Mapka—XoyBMHKa [ HEKOTOPbIX
NoOJIMMEPOB M WX MCMOMb30BaHME B Teflb-MPOHMKAIOLLEA XpomaTorpadum

r. WAMAR
MpepcTaBneHa 3aBUCMMOCTb XapaKTepUCTMUEeCKOi BSA3KOCTU OT MONEKYNSAPHOrO Beca He-

KOTOPbIX MOMMMEPOB, W3MepeHHas Mpu YCNOBUAX PYTUHHOW reb-NPoHMKAlOLLEA XpoMaTorpa-
(un. C MoMoLLb0 NPUBEAEHHbIX AaHHbIX 40Ka3aHa YHUBEPCANbHOCTb BYX METOAO0B KaNMGPOBKM.



WccnegoBaHve hakTopa SIMHEMHON KOPPENsuun LU3NIEKTPUYECKOD
nonsApusaLmMn n CTPYKTYpPbl >KUAKOCTEN

P. CABECAH, P. BAPAAXAPAAH u M. CATYPYMYP®U

Vi3ameHeHVe hakTopa NMHENHOW KOppensunun AuaneKTpuYeckoi nonsapusauyum (g) 6bino
onpeseneHo 3KCNepUMeHTaNbHO A5 HEKOTOPbIX acCOLMUPOBAHHbLIX XWAKOCTE B YeTblpex-
XNIOPUCTOM Yrnepofe, Ucnonb3ys BoipaxeHne Képksyga—®dpénuxa gns pactsopos. Ha ocHoBe
MoNyYeHHbIX Pe3yNbTaToB Gblna aHaNM3MpoBaHa XUAKas CTPYKTypa aTUX cucTeM. Bbino caena-
HO 3aK/YeHWe 0 HewufjeanbHOM MOBEAEHUM T. Ha3. anonsfipHbIX PacTBOPUTeneil B AU3NEKTPU-
YECKMUX W3MepeHUsX.

WccnegoBaHue pacnpedenieHns NMpPOAYKTOB B X0o4e OKCUITU/IMPOBaHWSA
[OAELMK/IOBOr0 CNMPTa, KaTa/IM3MpPOBaHHOIO MepX/10paToM MarHus

M. WAMNAU, . MOPTOW, 1. ®APKALW u U. PYCHAK

OKCU3TUNMPOBAHME [0flELUNIOBOTO CNMUPTA, KaTanu3upoBaHHOE MNepxnopaToM MarHus,
6GbINIO UCCNe0BaHO B YCTaHOBKE OKCUMITUAMPOBAHUSA U3MEpeHNeM 06beMHOI0 NoToKa. Ha ocHoBe
rasoBoXpomartorpaduyeckoro OnpeaeneHUs cocTaBa NMPOAYKTOB 6bl10 YCTAaHOBMEHO, YTO 3TO
pacnpefeneHne tuna ®NOTU W NPaKTUYECKU He 3aBUCUT OT KOHUEHTpauuM KaTanusatopa u
TemnepaTypbl peakuuu. CpaBHMBas C PeaKLMOHHON CUCTEMOI, KaTann3MpoBaHHOM LLEN0YbIO
Kanus, AaHHoe pacnpegeneHve Gonee 6naronpuaTHo. KaTanuTuyeckoe BAMsHWE Nepxniopata
MarHus 06bscHsAeTcs 06pa3oBaHMEM KOMMIECKa MeX 1y MOHAMU MarHus U OKUCNOM 3TU/EHA.

ViccnepoBaHne CTPYKTYpbl MPOM3BOAHBLIX 3aMeLLeHHbIX OCHoBaHWi LUudda
A. V. KWW, M. PEBEC, . YUACAP u M. U. BAH

Monockl 3aneKTPOHHOI abcopbuun, nossnatoumeca B obnactm 400—450 HM B crnekTpax
3aMeLleHHbIX OeH3MNNAEHAHUIMHOB, UHTEPNPETMPYIOTCA HA OCHOBE MPUOBAMXKEHHbIX KBaHTOBO-
XMMMWYECKMX pPacyeToB M NPUNUCLIBAIOTCA XUHOUAHON CTPYKTYpe, 06pasytoLeiica 3a cyeT BOAO-
poOAHOro MOCTMKA B OCHOBaHuAX Ludda, cogepxawux rugpokCunbHY0 rpynny B opTo- UK
napa-nonoXeHnax B anbAernaHoM Konblie.

CnekTpohOoTOMETPMUECKOE UCC/E0BAHNE OKUCNEHUS
3-rugpokKen- U 3-aMMHOIaBaHOHOB, KaTa/IM3MPOBAHHOIO OCHOBaHUSIMU

E. P. ABWA, P. BOTHAP, M. PAKOWW n b. I'. CABEO

Mpu MCCNeAoBaHUM WU3MEHEHMIA CMEeKTPOB 3-TMAPOKCU(NaBaHOHA W 3-aMMHO(NaBaHOHa
B 3aBUCMMOCTM OT pH 6bi0 HailaeHo, UTo B 6y(hepHOM pacTBOpe U LenodHbIM pH 06a coeanHe-
HWUSA NpeBpaLLatoTCs B NPOM3BOAHbLIE C GO/Ee BbICOKON CTEMeHbl0 OKUCNEHUs, a UMEHHO B 3-TWA-
POKCU(HNABOH U 3-aMMHO(NABOH, COOTBETCTBEHHO. BbIN0 HalfeHo, UTo B MPUCYTCTBUM KNCNOPOAA
BO3/lyXa NpoLecc ABNAETCH He0BPATUMOIA peakLimeii OKUCNEHNS, KaTanm3npyemMoil 0CHOBaHUAMMY.

ViccnepoBaHme coegMHeHWiA, cogepxkawimx cesasm Si—S m S—Si—S, ¢
nomowlplo Y® cnektpockonuu, U

ApomaTunyeckme CoeanHeHUs
T. BECMOPEMW, M. 3/1b-KEPI u . HAJb
M3yyeHne MpOMyCKHOro COMPSXEHMSi aTOMOB Cepbl Yepe3 KPeMHU W CyllecTBOBaHMe

B3aUMOLENCTBUI «MPOMYCKHOW CBA3W» MeXAY aToMaMun Cepbl B COEANHEHUAX, COAepXKaLLUX CBA3N
S—Sin S—Si S He faeT 0fHO3HAYHbIX Pe3yNbTAaTOB MPU UCCNef0BaHUN C NOMOLLbIO Y D chek-



TPOCKONUU MWL anudaTUUecKUX U anuuUKINYecKUX CcoeaunHeHunii. Mo3aToMy uccnefoBaHus
GblNIN PAcNpPOCTPaHeHbl HA Y ® CMEKTpPbl CoeaNHEHWI C rpynnoit Ar—Si—S ¢ LeNbio BbIACHEHNS
npoGnembl, NCXOAA M3 U3MEHEHWiA, HabMOAaeMbIX B CMEKTpax apomatudyeckux cuctem. O B3a-
MMO/e/iCTBUM aTOMOB Cepbl C apoMaTUYecKoil CUCTEMOM MOXHO CYAWUTb MO [aHHLIM CMEKTPOB.
MposiBneHne atoro sadekra ABASeTCA NOAO6HLIM B aHANOTUUYHbLIX NPOU3BOAHLIX KPEMHUS W
yrnepoga. C Apyroi cTOpoHbl, 6aTOXPOMHbIA CABUF ay P MONOC AN KPEMHUEBbIX COEAMHEHUI
YKa3blBaeT Ha TO, YTO OfIHOUHbIE Napbl 3N1EKTPOHOB aTOMa Cepbl YUacTBYIOT B COMPSXKEHUN C apo-
MaTMUYECKUM KOMbLIOM, NCMONb3Ys CBOGOAHbIE d-0p6UTany KpeMHus. CTeneHb BAUSHWUSA OAUHOY-
HbIX Map [0BOMbHO-TAKM MOA06HA HAa6N0AAaeMO B aHANOrMUHBIX XMOPUCTbIX NPOU3BOAHbIX.

HeKkoTopble BOMPOCbI CUHEPTMYECKOl/ 3KCTPAKLUN CMECSMU XeNaTHbIX
N [OHOPHbIX 3KCTPArupyloLmnx peareHToB

n. AYKOB n 1. TEHOB

BblN0 UCCNEA0BAHO BAUSHME JOHOPHOIO 3KCTPArupytoLero peareHTa U pacTBopuTens Ha
o6bpaszoBaHue aaaykTa, COAEPXallero oAHy WAW [Be MOMEKY/bl CUHepructa. MpuBOAATCA He-
KOTOpble COOGPAXEHWUs OTHOCUTENbHO MeXaHM3Ma CUMHEepPruYeckoi aKCTpakLuyM CMecsMu xenat-
HbIX U [IOHOPHbIX 9KCTPArMpytoLL X peareHTos.

OKuMCnUTeNIbHAs MeperpynmnupoBKa Xa/lKOHOB C HUTpatom Tannus(Ll), X

ABNSAETCA-IN  HUTPOBaHME 3HAYMTE/IbHON MO60YHON peakUMeid B OKUCIEHUU
2’-rMApoKCMXanKoHoB HuTpaTom Tannua(Ll)? (Monemnka)

Ww. AHTYW, n. ®APKALW un A. TOTCETEH

FoTNM6 W COTPYAHMKM HALIAWU, YTO NPW NeperpynnupoBke 2’-TMAPOKCUXaNKOHOB B Me-
TaHonbHOM pacTBope T1(N033 ¢ nocnegytouein KACNON MAM WeNoYHOW 06paboTKol, BMECTO
0XWaeMblX WU30(hNaBOHOB 2a—C, 06pas3ytoTca M3 2’-HUTPONpPoOU3BOAHble 3a—c. Hamu Gbino
HalifleHo, YTO NPM CTaHAAPTHbIX YCNOBMAX MPOAYKTHI HATPOBAHUS COBCEM He 06pasytoTcs.
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Outer-sphere hexakis(DMSO)chromium(l1l) complexes have been studied in
water and DMSO.

On the basis of solubility measurements in aqueous medium at 25 °C the stability
constants were determined at the value of / = 1. The following results have been ob-
tained:

F-: Rl < 0.2;
NOa: /9, = 5, B, = 19;
SCN-: R1= 3, B, = 60.

The order of stability in DMSO is

NO3 < CHO7 < SCN-.

During recent years, several papers have been published on outer-sphere
complexes of Cr(DMSO)U (henceforth M3+) with various ligands. Some papers
deal with methods of preparation, determination of the composition of indi-
vidual compounds [1—3]; others draw conclusions on the structure of the
compounds by using different methods. Spectrochemical studies deal with
the symmetry of M3+ and have unambiguously demonstrated an octahedral
symmetry [4—6]. Glavas et al. [7] determined thermochemical properties of
the nitrate, perchlorate and halides of M3+ by derivatography. Only qualitative
data are available as far as the solubility of these compounds is concerned [2];
no data have been found on their stability. The compounds described in the
above papers (nitrate, perchlorate, halides) can be prepared in the solid state
with relative ease.

In the present work, we have studied the effect of thiocyanate, nitrate
and perchlorate ligands on the solubility and determined the stability constants
of the outer-sphere complexes formed with the participation of these ligands
by means of solubility measurements. At the same time, quantitative data
have been obtained with respect to the solubility of the slightly soluble complex
salts used in our experiments.

1 Acta Chim. Acad. Sei. Hung. 102, 1979
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Experimental

1. Materials

Preparation of M(NO03)3 solutions. M(NO03)3 served as the starting material prepared
by a well-known method from Cr(NO03)3 «9H2 [1]. Ashley et al. [9] reported a very slow
water-DMSO exchange in the inner coordination sphere. The chromium to DMSO ratio in
the compounds synthesized by them was only 1 :5.1—1 : 5.9. The statements of Ashley et al.
have been supported by our own experiments, too; M (NO03)3 prepared according to Ref. [1]
contained water impurity in each case.

Since our experiments were disturbed by the presence of water as well as the eventual
iron impurity of the starting substances, we have developed a procedure for purification.
As a result of this, we succeeded in the preparation of an iron-free solution with a chromium
to DMSO ratio equal to 1 :6. The principle of this purification process is that inert M3+ does
not interact with sodium hydroxide, but a mixed chromium(ll1)-DMSO-aqua complex con-
taining water in its inner coordination sphere gives a precipitate under the effect of NaOH,
consisting of chromium(l11)-hydroxide. Sodium hydroxide brings about also the precipitation
of iron(l11) ion impurities. After filtration the solution is iron-free and the total amount of
chromium is bound to six molecules of DMSO. The solution was then re-acidified to pH < 3
and used in further experiments.

Preparation of Cr(DMSO)e(CIO}) 3

The solution of M nitrate purified as ahove was mixed with a solution of sodium per-
chlorate; M(C10¢)3 precipitated because its solubility in water is low. The precipitate was
filtrated, washed nitrate-free with distilled water and dried at 105 °C.

Preparation of Cr(DMSO)eBr3

M(C104) was dissolved in DMSO and a solution of potassium bromide in DMSO was
added in a 1 :3 mole ratio. (The solubility of KBr in DMSO is 65 g dm-8 [10].) The resulting

MBrs3 is very slightly soluble in DMSO. The precipitate was filtrated, washed with DMSO
and dried.

Further chemicals used:

NaF p.a. product of First Chemical Industria
NaSCN purum product of REANAL.

NaNO03 p.a. product of REANAL.

NaC104 « H20 puriss. product of REANAL.
KNO3 p.a. product of REANAL.

KSCN p.a. product of REANAL.

KC104 p.a. product of MERCK.

KBr p.a. product of REANAL.

DMSO puriss. product of REANAL.

2. Instruments

Dual beam Perkin—ElImer 402 recording spectrophotometer.
Warburg apparatus.

3. Solubility measurements

a) Measurements in aqueous medium

Solubility measurement is a well known method to establish the extent of complex
formation [11]. We investigated the solubility of M(C104)3 in the presence of various ligands.
A constant ionic strength had to be ensured for the measurements, therefore, preliminary
experiments were carried out to select an appropriate compound. 200 mg M(C104)3 was shaken
in each run, first in 25.0 cm3 water, then in 25.0 cm3 total volume, with increasing amounts
of 1 mol dm-3 sodium thiocyanate, sodium nitrate and sodium fluoride added. The shaking
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Fig. 1. Solubility of M(C104)3 in water, in the presence of various ligands, (t = 23 °C, ionic
strength is not constant)

400 500 600 700
N (nm)

Fig. 2. Spectra of saturated M3+ solutions in aqueous NaSCN solutions of various concentra-
tions. (i= 25°C, 7 =1 mol dm-3, adjusted with NaF). NaSCN concentrations (from bottom
to top in the Figure): 0, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.8, 1.0 mol dm-3;d = 1cm" ly

was performed in a Warburg apparatus at 25 °C. After the dissolution equilibrium had been
established, a rapid filtration followed, then the concentration of dissolved chromium com-
plexes was measured spectrophotometrically. Figure 1 shows the effect of various ligands.

It has been shown that the complexing effect of fluoride ion is much less than that of
nitrate and thiocyanate ligands.

Preliminary experiments were carried out also to determine the time necessary for equi-
libration. 200 mg M(C104)3 was shaken in each run with a 0.5 mol dm-3 sodium thiocyanate
solution for 20, 40, . .. 120 min. These runs indicated an optimum period of 60 min. This time
is sufficient for reaching dissolution equilibrium without observable substitution of DMSO
in the inner coordination sphere.

On the basis of these preliminary experiments, the measurement of solubility was carried
out as follows.

200 mg of M(C104)3 was place into a stoppered flask, then a total amount of 25.0 cm3
was added of solutions of sodium thiocyanate and sodium fluoride as well as of sodium nitrate
and sodium fluoride in various mole ratios. The suspensions were shaken for 1 hr at 25 °C in
a Warburg apparatus. After filtration, the absorption spectra were determined. The solubility
of M(C104)3 in bidistilled water was measured under analogous conditions.

1* Acta Chim. Acad. Sei. Hung. 102, 1979



218 AKOS-SZABO et al.. OUTER-SPHERE COMPLEXES

Figure 2 shows the spectra of solutions containing thiocyanate and fluoride in various
ratios as examples.

The absorption maxima at 444 nm were used for evaluation (e = 31.6 mol-1 dm3cm-1)
[12].

b) Measurements in DMSO

Preliminary experiments were carried out in DMSO, too, to determine the optimum
experimental conditions, like in case a. It was shown that the order of solubility in DMSO is

MBr3< M(NO033< M(C1043< M(SCN)3

On this basis, we studied the solubility with MBr3. The concentration of dissolved
M-compounds was determined by means of the absorption maximum at 443.5 nm (e = 335
mol-1 dm3 cm-1 [12]).

Calculation of Stability Constants of Complexes from
Solubility Data

Earlier studies [12] indicate that outer-sphere complexes of M3* with the
given anions possess an identical visible spectrum independent of the ligand.
Thus, the following equations can be written for solute concentrations calculat-
ed from the spectra considering the complex product and the solubility product
of the perchlorate salt (assuming the formation of ML2+ and ML” outer-sphere
complexes):

S = [M3+] [ML2+] [ML~~] (S denotes the solubility);
[ML2+]
1 [M3+][L~]
[m 1 2]
[M3+] [L~]2
Ko,cto. = [M3+][C10l]3= 5.43x10-»

After rearrangement and substitution we obtain the following expression:

12754
Y = - = B1+ Ne -]

-Kag.cio, -IA J

If the plot of the left-hand side (Y) against [L-] gives good straight line, the
system can be described adequately by assuming M, ML and ML2 and the
intercept gives directly B1 and the slope gives R2. (This was found in water if
[SCN-]1” 0.3moldm-3, [NO”] ~ 0.5 mol dm-3). At higher [L~] values, even
the introduction of another stability constant B3 does not help to approximate
the experimental values better. This does not mean that it is necessary to as-
sume the formation of further (1 : 4, 1 :5 etc.) complexes but there is rather
a significant change in the medium which cannot be described quantitatively.
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Results and Discussion

1. Solubility determination in pure solvents

The solubility of slightly soluble salts has been determined in water and
DMSO at 25°C, by the method described in the Experimental. Results are
summarized in Table I.

Table 1

Solubilities of some salts of Cr(DMSO)%+ in water
and pure DM SO

t = 25 °C, no other salt added

Solubility (mol dm-3)
Solvent

M(C104), M(NOs), MBr,
H,0 2.85x10-3 >1 >
DMSO 1.40x10-* 1.91x10-* 7.46x10-*

2. Effect of anions on the solubility of M(C104) 3 in aqueous medium

a) Effect offluoride ions. It has been found that fluoride ions too increase
the solubility of M(C104)3. Figure 1 shows that there is a slight but unmistak-
able increase in the solubility when even large amounts of fluoride ion are
added. Our measurements indicate that B4<C 0.2 mol-1 dm3. The assumption
of the MF2+ complex is supported also by kinetic measurements [12]. Further
experiments involved sodium fluoride to ensure a constant ionic strength
because the complexing ability of fluoride is lower by an order of magnitude
than that of the other ligands studied. The formation of an MF2+ complex was
always taken into consideration.

b) Effect of nitrate ions. According to the solubility studies described in
the “Experimental” section, the solubility was measured spectrophotometri-
cally in 0, 0.1, 0.2, ... 1.0 mol dm*“3 sodium nitrate solutions with a constant
ionic strength of I —1 mol dm 3(adjusted with sodium fluoride). The following
values have been obtained for the complex products (Fig. 2):

A = 5; R2= 19.

Using these values, the solubility as a function of ligand concentration has been
re-calculated. The experimental data fit well to the calculated curve up to a
ligand concentration of 0.5 mol dm *“3 (Fig. 4).

c) Effect of thiocyanate ions. Similarly to nitrate ions, the solubility was
determined also in sodium thiocyanate solutions of 0, 0.1, 0.2, . .. 1.0 mol dm*“3
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concentration, at a constant ionic strength of I =1. The following values were
obtained for the stability constants (Fig. 3):

?i= 3; R2= 60.

The reliability of results has been checked here, too, by fitting the calculated
curve to the experimental points (Fig. 4). The fit is very good up to a concen-

Fig. 3. Determination of the complex products in aqueous (a) M3+ + NO03 and (b) M3+
+ SON- systems (t = 25 °C, 1 =1 mol dm-3, adjusted with NaF)

IL-T1 (mol dm'3)
Ft;. 4. Comparison of experimental and calculated solubility values for checking the complex
products in (a) M3+ + NOj and (b) M3+ + SCN- systems. Symbols denote experimental
points, solid line: solubility plot calculated with the constants determined in this work
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tration of [SCN~] ~ 0.3 mol dm-3; on this basis the error in calculating the
complex products can be estimated to be less than 10%.

d) Effect ofperchlorate ions. The eventual complexing effect of perchlorate

has been checked by solubility studies in sodium perchlorate solutions of various

Fig. 5. Solubility of M(C104)3 under the effect of NaC104 in aqueous medium (I = 25 °C, | =
= 1mol dm-3, adjusted with NaF). Symbols denote experimental results, solid line: solubility
curve calculated from the solubility product Ko CiOt = 5.43 X 10-9

concentrations. To do so, the solubility values at various perchlorate concentra-
tions have been calculated on the basis of the solubility products measured in
a 1moldnr3 NaF solution. These values were plotted as a function of the
perchlorate concentration. Calculated and measured values fit each other well
indicating that no outer-sphere complex is formed with perchlorate ions. The
results are shown in Fig. 5.

e) Comparison. The data obtained for the four systems studied indicate

the following order as far as the stability of outer sphere-complexes is con-
cerned:
ClOr < F- NOjf < SCN-

3. Effect of anions on the solubility of MBr3in DM SO

Both perchlorate and thiocyanate ions increase the solubility of MBr3in
DMSO. CIO 4 and SCN- increase the solubility by factors of 9 and 15, respec-
tively, at a 1mol dm-3 concentration. This can also he interpreted in terms of
the formation of outer-sphere complexes. The calculation of stability constants
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from the concentration dependence of solubility was, however, not possible,
because of the large scatter of experimental data.

The solubilities of M(N03)3 and M(C104)3 are too high to permit to deter-
mine stability constants by this method. Thus, only the following relative sta-
bility order can be given

NOTr ClOr < SCN-.
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The kinetics of the reaction of Cr(H20)n(D M S0)|in complexes with water and
dimethyl sulfoxide, as well as the effect of nitrite ions and carbon dioxide on the rate
of these processes were studied. The kinetic equation of solvolysis in the case of r= 6
and the reaction mechanism were determined. The penetration of both water and DMSO
into the coordination sphere is accelerated by both nitrite and carbon dioxide in the case
of n = 2—6, whereas if n — 0, aquation is not catalyzed by either nitrite or C02
The accelerating effect is interpreted in terms of the enhanced reactivity of carbonato-
and nitrito chromium(l11) complexes, presumably formed in a rapid pre-equilibrium.
The appearance of new ligands in the coordination sphere obviously loosens the chro-
mium-oxygen bonds. The stability constant of the Cr(H2)60CO02H)2+ complex has
been determined on the basis of kinetic data.

The inert hexaaquachromium(lll) ion reacts surprisingly readily with
some oxyanions. Rapid complex formation with sulfite [1], iodate [2], nitrite
[3], and chromate [4] has been demonstrated spectrophotometrically, that
with molybdate [5] both spectrophotometrically and conductometrically. The
assumption of an interaction with hydrogen carbonate ions is justified by its
catalytic effect observed in the reaction between thiocyanate and chro-
mium (I11) [6]. Since the anions mentioned rapidly exchange their oxygen
atoms with those of water molecules, it is obvious to assume that rapid com-
plexing occurs without cleavage of the original chromium-oxygen bond, via the
exchange ofoxygen atoms between coordinated water molecules and oxyanions:

(H20)5—Cr—OH|+ + OXOTl #=t(H20)6—CrOX0<3">+ + H2 (1)

This mechanism is identical with that between pentaamminemonoaqua-
cobalt(lll) and nitrite, proven by means of 180 isotope [7]. Such evidence,
however, has not yet been reported for chromium, and this is the reason why we
decided to study this system. A chromium complex was selected in which there
is an inert chromium-oxygen bond like in the aqua complex hut the ligand
— unlike water — is unable to exchange its oxygen atoms rapidly with the
oxyanions mentioned. If our hypothesis is correct, no rapid complexing should
he observed. The chromium complex of dimethyl sulfoxide (DMSO) is suitable
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for this purpose. Infrared spectroscopy points to the coordination of dimethyl
sulfoxide to chromium through its oxygen atom [8]. It is also well known that
the rate of oxygen exchange in DMSO is very small [9].

Equilibrium data with respect to the solvation of chromium (111) in water,
DMSO and the mixture ofthese two solvents are well known [10]. No quantitative
data have so far beenreported, however, on the kinetics ofthe processes involved.
The presentpaperdealswith the kinetic study ofthese processes aswell as with the
detailed study ofthe effect of nitrite ions and carbon dioxide on these reactions.

Experimental

Materials

Commercial DMSO (Reanal, technical grade) was purified by vacuum distillation
just before the experiments. Hexaaquachromium(lll) perchlorate was prepared from chro-
mium (V1) oxide in a perchloric acid medium by its reduction with hydrogen peroxide. It was
stored a 1 mol dm-3 aqueous solution containing also perchloric acid.

Hexakis(DMSO)chromium(lll) was prepared as its nitrate salt by the following pro-
cedure. Crystalline chromium(l11) nitrate was dissolved in a tenfold molar amount of dimethyl
sulfoxide. Carbon dioxide was bubbled through the solution for 2—3 hrs. Then it was heated
up to 100 —105 °C and mixed at this temperature for 6—8 hrs. A green oily material was ob-
tained after cooling; upon adding absolute ethanol, well filtrable light green crystals precipi-
tated. This substance was purified further as described in Ref. [11]. Further materials: HC104,
HNO3 NaNO03 NaN02 C02gas and N2gas were of analytically pure grades. These substances
were used without further purification.

Methods of Kinetic Studies

Reactions were followed spectrophotometrically at 25 °C, except for the measurement
of the activation energy, where the temperature was varied. Water was used as the solvent
in aquation reactions and DMSO in the anation processes; in some cases mixtures of DMSO
with water were applied. The hydrogen ion concentration in DMSO solutions was adjusted by
means of perchloric acid whereas the ionic strength by sodium perchlorate. Nitric acid and
sodium nitrate were used for this purpose in agueous solutionsbecause the DM SO-chromium(lIl)
complex gives a very slightly water-soluble salt with perchlorate ion [11]. The hydrogen ion
concentration in DMSO solutions was regarded as equal to the analytical concentration of
acid added. The concentration of C02was varied by saturating the reaction mixture containing
all components except for the chromium complex by a gas mixture consisting of known
amounts of carbon dioxide and nitrogen. The concentration of C02 dissolved in DMSO was
determined by bubbling nitrogen through the solution. The C02leaving was absorbed in a KOH
solution and measured gravimetrically as barium carbonate. It was shown that the solubility
of C02in DMSO is independent of the hydrogen ion concentration in the concentration range
applied for kinetic measurements.

The reaction was started by adding chromium complex to the mixture. It was carried out
in athermostated, air-tight, stoppered cuvette. The spectrum of the mixture was recorded perio-
dically on a Perkin—ElImer 402 spectrophotometer. A typical group of spectrais shown in Fig. 1.

The log (Aa—Ai) values at 460 nm (Aa is the absorbance in equilibrium, At that at
t time) gave a straight line as a function of the time, at least in the initial section of the time
scale. The slopes of these line gave the apparent first-order rate constants. If this condition
was not fulfilled, the initial slope of the absorbance vs. time curve (640 nm) was taken as the
measure of the initial rate. These two quantities are related to each other by the following
definition:

The value of Ae in Eqg. (2) is not equal to the difference of molar absorbances referred to the
total chromium(I11) in the equilibrium and the starting mixture, respectively, but is rather
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Fig. 1. Spectrum of a Cr(H2)jS+ + DMSO reaction mixture as a function of time.
[Cr(H20 )|+] = 0.025 mol dm-8, [H+] = 0.02 mol dm-3, 1 = 1.0 mol dm-3,d = 1cm

the difference between the molar absorbances of hexaagqua- and mono(DMSO)pentaaqua-
ehromium(l11). Since this latter complex has not been isolated in the pure state, the value
of Ae was estimated on the basis of available literature data [10] and our own measurements
as As = 7 = 1. If this value of 7 £ 1is substituted into Eqg. (2) for Ae, the rate of penetration
of the first DMSO molecule can be calculated. This is possible because two conditions are ful-
filled with respect to the system studied. If e,, is the molar absorbance of a mixed-ligand com-
plex containing n DMSO molecules, k,, is the rate constant of the reaction between the same
complex and DMSO (0 n 6), then

' Eq” 62
ki k2%

As was verified by model calculations, the values of kt, fs, fc, (however large or small they are)
do not influence the determination of k,. The variation ofen(n > 2) does not influence the
accuracy of determination of kv either, if the model does not contain an unrealistically large
e2 value (such as e2 > IQe,).

The value of kl cannot be determined in such systems if — e0< e2—el and also
if fej < ®2, k3 If, however, fe, -y k,, fe3, . .. fc6, then, provided that Ae = ee — e0, the values

of k, can be calculated correctly. In this case the symbol should represent at least a twenty-
fold difference.

Results and Discussion

Solvolysis of Cr(H.,0)\+ in DMSO

The kinetic parameters of the noncatalytic reactions have been deter-
mined first. To ensure a carbon dioxide-free medium, nitrogen gas was bubbled
through the solution. The initial rate does not change observably if the ionic
strength increases 0.1 to 1.0 mol dm “3. In spite of this fact, the ionic strength
was kept constant in further experiments. Figure 2 shows that the initial rate
is directly proportional to the concentration of chromium (l11) ions. An inverse
proportionality is valid for hydrogen ions (Fig. 3). The intercept of the plot
in Fig. 3 has a positive value, indicating that the kinetic equation should
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Mr3*M 02

Fig. 2. Rate of the noncatalytic reaction Cr(H20)3+ + DMSO as a function of chromium
concentration. [H+] = 0.02 mol dm-3, 1 = 1.0 mol dm-3 NaC104 A= 640 nm

Fig. 3. Rate of the noncatalytic reaction as a function of the reciprocal hydrogen ion con-
centration. [Cr(H2)|+] = 0.025 mol dm-3, 1 = 1.0 mol dm-3 NaC104, A= 640 nm

contain a term independent of the proton concentration. The following kinetic
equation describes the experimental results:

I ICr(H2°)e+] = [Cr(H,0)I+](/c + k'[H+1"]) 3)
dt

Ift =25 °C,and 1=1 mol dm "3 the values of the constants in Eq. (3) are as
follows:

K= 84X10_smin-1, k' =52X10"6min"1moldm"3.

The difference between the initial rates calculated by means of this equation
and found experimentally is not larger than 10%. If the hydrogen ion concen-
tration is 0.01 mol dm*“3, the activation energy of the reaction is 129 kJ mol"1
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The results can be interpreted in terms of two simultaneous pathways:

Cr(H20)jj+ + DMSO products 4)
Cr(H20)3 ~zriCr(H2)50H2 +H+ (5)
Cr(H.,0)050H 2+ + DMSO products (6)

Rapid pre-equilibrium (5) is so much shifted to the leftin the [H+] range stud-
ied (K = 3.5x10-4 mol dm*“3) that only 0.1—1% of the total amount of
chromium is present as the monohydroxo complex. In spite of this fact, the
rates of steps (4) and (6) are comparable. This is in agreement with the fact
known from the literature that the substitution reactions of monohydroxo-
chromium(l11) are faster by 2—3 orders of magnitude than those of the hexa-
aqua complex [12].

Effect of Carbon Dioxide on the Rate

It was observed that the rate of formation of DM SO-chromium(lIl)
complexes increases in the presence of carbon dioxide. Figure 4 shows the
initial rates together with the ratio of the initial rates of the catalytic and
noncatalytic reactions as a function of the C02concentration. This figure dem-
onstrates that solvolysis in a DMSO-solution saturated with C02is nearly
four hundred times faster than without C02 under otherwise identical con-
ditions. If the concentration of hydrogen ions increases, the rate of the catalytic
reaction decreases. The quantitative correlation is depicted in Fig. 5 where the
initial rates are plotted as a function of the reciprocal hydrogen ion concentra-
tion. The partial reaction order with respect to chromium is 1. The ionic strength
has no observable effect in this case, either.

We have determined the energy of activation for the overall process
accelerated by CO02 Since the solubility of C02 changes considerably as a
function of the temperature, the following procedure was applied. We saturated
the liquid mixture containing no chromium complex with C02 at 25 °C, then
cooled the almost full cuvette to the required lower temperature. Reaching
this value, we added a small volume of concentrated chromium(l11) solution to
the mixture. Thus, the temperature effect was studied at constant C02 concen-
tration in the 10—25 °C temperature range. Since the catalytic process is about
four hundred times faster than the noncatalytic one, the value obtained
(Ea = 62 kJ mol“1) corresponds to the energy of activation of the catalytic
process. This is less than one half of the activation energy of the noncatalytic
process.
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Fig. 4. Reaction rate as a function of the [C02] concentration. Right hand axis shows the ratio
of the catalytic and noncatalytic reaction. [Cr(H20)jj+] = 0.025 mol dm-3, 1 = 1.0 mol dm-3
NaC104, [H+] = 0.005 mol dm-3, A= 640 nm

Fig. 5. Rate of reaction catalyzed by carbon dioxide as a function of [H+]_1, [Cr(H20)|+] =
= 0.025 mol dm-3, [C02 = 0.165 mol dm-3, I = 1.0 mol dm-3, A= 640 nm

The experimental results allow to write the following equation for the
catalytic process:

d[Cr(H20)f+] KrK[CO02]
. [Cr(H20)?+] (7)
di [H+] + K[CO02]
Equation (7) can he transformed as follows:
[H+] = 10cl[Cr(H20)t+] - Kv
[coz [Cr(H20)t+] (8)
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Considering also Eq. (2), the values of the constants in Eq. (8) can be deter-
mined using the method of least squares: = 0.393 min“land K = 0.0425.
Re-calculating the initial rates with these constants, a good agreement was
found with the experimental data. The full lines in Figs. 4 and 5 correspond
to calculated and the symbols to experimental values. Kinetic evidence is in
agreement with the following simple mechanism, in the first step of which a
carbonato chromium complex is produced in a rapid reaction:

Cr(H2)i+ + C02 (HD)5Cr(0CO2H)2+ + H+ 9)

This carbonato complex reacts with DMSO much more rapidly than the hexa-
aqua complex:

(H20)5Cr(0C02H)2+ + DMSO — products (10)

Considering that an amount of H + equivalent to that of ML is formed and the
concentration of [ML] can he neglected as compared with [L]x of carbon di-
oxide, the following expression is obtained for the equilibrium constant of (9):

K  ML(HT + ML)
(MT - ML) LT 1

Here HT denotes the hydrogen ion concentration added, Mx the total con-
centration of chromium and ML that of the carbonato complex formed.
Rearranging Eq. (11), we obtain

ML2+ MLHT+ MLLTK — MTLTK = 0 (12)

The quadratic term ML2can be neglected. Then the concentration of the car-
bonato complex will be:

liMy Lx
Hx -(- KLT

ML = (13)

The rate of reaction will be the product of the carbonato complex concentration
and rate constant kv If Eq. (13) is multipled by the rate constant of process
(10), we obtain an equation identical to that found experimentally (i.e. Eq. 7).
The contribution of the noncatalytic reaction to the overall rate is not signif-
icant. If HTis large, the importance of K LT in the denominator decreases and
the initial rate as a function of the carbon dioxide concentration can be approx-
imated by a straight line. This is shown in Fig. 6, where initial rates observed
for a H+ concentration of 0.10 mol dm*“3 are plotted as a function of the C02
concentration.
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Fig. 6. Reaction rate as a function of the C02 concentration. [Cr(H20)§+] = 0.025 mol dm-3
I — 1.0 mol dm-3 NaC104 [H+] = 0.10 mol dm-3, X = 640 nm

200

100

[NOjI

Fig. 7. Reaction rate as a function of the nitrite ions concentration. The right hand axis shows
the ratio of the rate constants of the catalytic and the noncatalytic reaction. [Cr(H20)|+] =
— 0.025 mol dm-3, [H+] = 0.50 moldm '3/ 1 = 1.0 mol dm-3 NaC104, X= 640 nm

Effect of Nitrite ion on the Rate

If the values of Ig (A,, — At) are plotted as a function of time in the
case of the reaction catalyzed by nitrite ions, the points determine a straight
line up to a conversion of 60%. This permits to calculate apparent first order
rate constants. Since sodium nitrite suffers alkaline hydrolysis, a higher acid
concentration had to be applied to avoid the formation of chromium hydroxo
complexes. Because of the decomposition of nitrite to gaseous products, the
acid concentration could he increased up to a certain limit. Figure 7 shows the
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rate as a function of the nitrite ion concentration. The figure contains also the
ratio of the rate constants of catalytic and noncatalytic reactions. It can he
seen that nitrite in a concentration of 0.2 mol dm-3 increases the reaction rate
by a factor of almost 200. As opposed to the plot observed with C02 no sat-

Fig. 8. Rate of the reaction catalyzed by nitrite ions, as a function of [H+]_1. [Cr(H20)j|+] =
= 0.025 mol dm-3 [NOj] = 0.10 mol dm-3, I = 1.0 mol dm-3 NaC104, 4= 640 nm

uration appears here. If the enhancement of the reaction rate is interpreted
in terms of the rapid formation of a nitrito complex (like in the case of carbon
dioxide) then the straight line suggests a smaller stability for the nitrito com-
plex, the constant of which cannot be determined even from the kinetic data.
According to Fig. 8, at constant nitrite ion concentration, the rate is directly
proportional to the reciprocal hydrogen ion concentration. The following
equation describes the rate of solvolysis in the presence of nitrite:

SN HOW k= [CHHDH (6 V [H ] R2INOK [HA]) (1)

where k2 = 5.4x 10“2min-1;t = 25°C; 7 - 1.0 mol dm-3 (NaC104).

The effect of nitrite can be attributed to the formation of a nitritochro-
mium (111) complex without cleavage of the original chromium-oxygen bond,
which has an enhanced reactivity. The dependence of the rate on the hydrogen
ion concentration indicates that the concentration of the nitrito complex
decreases with increasing acidity. It can he concluded that free nitrite ions and not
their protonated forms are in equilibrium with the hexaaquachromium (111) ion:

H+ + NO7 HNO2 (15)
Cr(Ha0)3+ + NO7 s=+ Cr(H20)50N 02+ + H2 (16)
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The oxygen ofthe water molecule leaving the complex comes from the nitrite ion.

No nitrito complex formation can be observed spectrophotometrically in
a dimethyl sulfoxide medium. The equilibrium [13] and kinetic [14] behaviour
of the process has been studied in aqueous medium. It was shown that the
reaction assumed above, although not instantaneous is unusually rapid as
compared with other substitution reactions of chromium(lll). The cleavage
of the chromium-oxygen bond in the nitritochromium (l111) complex requires
less energy than in the hexaaquachromium (Ill) complex. This is supported
by the value of activation energy determined in the presence of 0.1 mol dm-3
nitrite ion, which is equal to Ea = 90 kJ mol-1.

Effect of NO*~ and CO. on the Coordination and Elimination of the Second,
Third, ... n-th (up ton - 5) DMSO Molecule

It has been shown experimentally that C02and N 02~accelerate not only
the reaction between hexaaquachromium(lll) and DMSO — i.e. the incorpora-
tion of the first DMSO molecule into the coordination sphere of chromium —
but also that of further DMSO molecules. In order to study this problem, a
water— DMSO—chromium(lll) system has been chosen as the starting mate-
rial, in which — according to Ashley [15] — the average number of both water
and DM SO molecules in the coordination sphere is equal to three. The corre-
sponding concentration is 6.4 mol dm-3 DMSO in water. If further DMSO is
added to the equilibrium mixture corresponding to n = 3, the new equilibra-
tion is much more rapid in the presence of carbon dioxide and nitrite ion than
without them. The equilibrium system n = 3 contains mainly mixed-ligand
complexes (water and DMSO). The concentration of hexaaquachromium (I11)
is negligible, thus its reactions should not be considered. If we add water to
the n = 3 equilibrium system, the equilibrium is shifted in the reverse direction.
This occurs at a higher rate if the solution contains carbon dioxide or nitrite
ions. Figure 9 shows the reaction of the n — 3 equilibrium system with water
and DMSO. The spectrum of a solution without any nitrite remains unchanged
for 400 min. In the presence of nitrite, the same period is sufficient for a con-
siderable change to occur. The experiment proves that both C02 and NO/*
accelerates the coordination and elimination of the 2nd, 3rd, ... n-th DMSO
molecule, respectively. Elimination prevails with n <T 5.

Aquation of Cr(DM S0)\+

Aquation is a very slow process at room temperature. The spectrum of the
reaction mixture at various reaction times is shown in Fig. 10. Three isosbestic
points can be found on the groups of spectra indicating that only the starting
Cr(DMSO)g+ and the final product are present in significant concentrations at
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Fig. 9. Reaction of an equilibrium mixture with water and DMSO for h = 3. [DMSO] = 6.4
mol dm-3, [Crg+3 = 0.025 mol dm-3, [H+] = 0.50 mol dm-3, [NOj7 = 0.10 mol dm-3,
A= 640 nm.

+ DMSO: 1 volume of reaction mixture -«

-f- 3 volume of DMSO;

+ H20: 1 volume of reaction mixture +

-f- 3 volume of H2

all times, and intermediate mixed complexes do not accumulate in observable
ammounts. A straight line is obtained if Ig (A, — A,) at any appropriate
wavelength is plotted as a function of time. No isosbestic points are found at
higher hydrogen ion concentrations ([H4] ]> 0.01), neither is the plot of
Ilg (A, — Am) against time a straight line. This can be explained by the slow
incorporation of the first water molecule at low hydrogen ion concentrations
as compared with that of subsequent water molecules. This is not surprising
since the hydroxo complex produced by deprotonation of the mixed water-
DMSO complex formed in the first step reacts much more rapidly than the
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aqua complex. This is in agreement with the general behaviour of chromium
complexes. The increase of hydrogen ion concentration suppresses the formation
of hydroxo complexes, thus the rate of subsequent steps decreases. The inter-
mediates have an appreciable absorption, thus no isosbestic points appear in
the spectrum.

The first order rate constant of aquation of Cr(DMSO)g+ in water is
Aag = 6.6 K10 5min“l(att = 25°C, I =2.0 mol dm“3 NaN03, pH =3.5).
This rate does not increase if sodium hydrogen carbonate, carbon dioxide or
sodium nitrite is added. This means that the aquation of Cr(DMSO)®+ ions is
not catalyzed by carbon dioxide or nitrite ions.

The results indicate that C02 and NO~T show a catalytic effect on the
processes occurring in the DMSO—chromium (111)—water system if the coordi-
nation sphere of chromium contains water molecule(s) too. This is indirect
evidence supporting the mechanism of oxygen exchange mentioned in the
Introduction since this is the only possibility of rapid complexing via oxygen
exchange. In this case a carbonato and nitrato complex is produced in a rapid
pre-equilibrium and the appearance of a new ligand in the coordination sphere
loosens the chromium—oxygen bonds. This is evidenced by the significant
decrease of the activation energy of the Cr(H2)j|~ -f- DMSO reaction in the
presence of nitrite ions and especially carbon dioxide.
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The reactions of asymmetrically disubstituted ureas with chloromethylene-
dimcthylammonium chloride were investigated. The resulting carbamoylamidinium
chloride could not be isolated in the crystalline state but the products of their decom-
position formed on thermal treatment, on treatment with atertiary base and on hydrol-
ysis, have been identified, their structures elucidated and their formation explained.
According to the experimental results, direct iV-acylation seems to be probable.

In a previous paper [1], the reactions of symmetrically disubstituted
ureas with chloromethylenedimethyl-ammonium chloride and chlorodimethyl-
aminomethylenedimethyl-ammonium chloride were described. It was found
that in the first case IV-carbamoylformamidinium chlorides, in the second case
IVjIV’-diarylchloroformamidinium chlorides were formed

O=0

+ nr)l=N(CH,).CI N—C—NH

CH=N(CHj)Xx r

3

+ (CH3N—"C— N(CH32C)°
L

When considering the similar reactivities and structures of reagents 1 and
2 and their different space requirements, the formation of compounds 3 and 4
can be explained as follows. On the analogy of the acylation of ureas, the first
step of the reaction is assumed to be the acylation of the carbonyl oxygen with
either of the reagents; however, stabilization of the O-acyl intermediate takes
place in different ways: in the case of 1 an 0 —»iV acyl migration occurs, where-
as with 2, having a larger space requirement, the process is oxygen chlorine
exchange by disproportionation. It must be noted that in the case of 1 there is
no reason why to exclude the possibility of direct acylation at the urea nitro-
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gen. Unfortunately, the same product (3) is formed in either reaction path,
owing to the equivalence of the nitrogen atoms.

It was expected that a study of the reactions of a series of asymmetrically
disubstituted ureas with amide chlorides would yield further data to substan-
tiate one or the other of the reaction paths outlined above.

According to the working hypothesis, if there is a sufficiently large differ-
ence between the basicities of the urea nitrogens, the formation of a homoge-
neous product can be expected, whose structure is unambiguously dependent on
whether 0- or N-acylation has first occurred. (The basicity of the nitrogens in
ureas can be compared by the pKa values of the corresponding amines, as
shown by Mukaiyama in a kinetic examination of the thermal dissociation of
ureas in solution [2]). Our concept is illustrated by the reaction equations
below. (In the formulas, an arrow pointing to the nitrogen atom represents the
electron donating character of Rx, while an arrow of opposite direction denotes
the electron-withdrawing nature of R2)

RE>-NH—C—NH-—»-Kr + CI-CH=N(CH3Xle - -

_®
Ri-»-NH—C—NH->—R 2
——1 0 2C10
O—CH=N(CHsb NHU

Ri-KNH—C—N— R:
Ri-*-NH—Ci=N »-Kr 1

-*\ © Cl9 O CH
A CHZN(CHa)z
®N(CH32C1S
3
Reaction path with O-acylation (1)
]
Rl—NH—(HD—NH->-R2 + CI—CH=N(CH32XCle R->-N—C—NH-*—K2
CH
QcHaxct
3

Reaction path with IVV-acylation (1)

On the basis of the two reaction paths it can be concluded that the
relative basicity of the nitrogen atoms is of importance, since this will deter-
mine the direction of the stabilization of the immonium salt intermediate,
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i.e. the direction of the 0 —N acyl migration in the case of O-acylation,
or the site and result of direct nucleophilic attack in the iV-acylation reac-
tion path.

The above two reaction paths yielding the different isomers 3 and 3’,
should, of course, be regarded as limiting cases, which have reality only if there
is a significant difference between the pKavalues. When these are in the same
order of magnitude, certainly an isomeric mixture is obtained, irrespective of
the mechanism of formation.

The urea-amide chloride reactions were effected with three groups of
asymmetric derivatives:

(a) iV-phenyl-iV’-methylurea, iV-phenyl-iV’-butylurea, iV-phenyl-iV’-cyclohe-
xylurea, -/V»4-nitrophenyl-IV’-cyclohexylurea;

(b) iV-phenyl-iV’-4-chlorophenylurea, A'-phenyl-7V’-3,4-dichlorophenylurea,
7V-phenyl-4-tolylurea, iV-phenyl-4-anisylurea, iV-4-tolyl-./V,-3,4-dichlorophenyl-
urea, iV-phenyl-ivV’-d-nitrophenylurea;

(c) 7V-2-pyridyl-iV,-phenylurca, iV-2-pyridyl-iV,-4,-chlorophenylurea, N-2-
pyridyl-JV’-butylurea.

The reagents were allowed to react in equimolar ratio in anhydrous chlo-
roform at 25 °C. After cautious evaporation of the solvent viscous substances
were obtained in the case of ureas in groups (a) and (b) these were purified by
washing with ether, but none of them could be crystallized. The accomplish-
ment of the reaction was checked by the determination of the chloride ion
content of the product, and by its IR spectrum recorded in chloroform. Two
intense bands, characteristic of the carbamoylamidinium structure, could
always be found at 1710—1740 cm-1 and 1670— 1690 cm“1 in the spectra.
These data and PMR spectroscopy did not yet reveal whether the products had
structure 3 or 3’,and whether they were uniform or a mixture ofisomers. There-
fore a chemical method of identification was needed. Earlier it was found that
compounds of type 3 gave unambiguously isocyanate and iV-aryl-iV’iV’-di-
methylformamidinium chloride on thermal decomposition. This reaction seemed
to be suitable for the solution of the problem, since formamidinium chlorides
are very stable and their identification makes possible drawing conclusions
regarding structure 3 or 3.

3 L% Ki*-N=C=0 + R.--NH—CH—N(CH:)iCL"
4

3 - - > K2-AN=C=0 + Ri-*-NH—CH=N (CH,).C1°
4
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Thermal decomposition of the carbamoylamidinium chlorides was ef-
fected in tetrachloroethane at reflux temperature (140 °C). The course of the
reaction was followed by the IR spectrum of the solution observing the intense
absorption of the isocyanate formed at 2260—2270 cm-1. It was found that
the N ,N’-diaryl derivatives completely decomposed on refluxing for 20— 30
min, while the iV-aryl-iV’-alkyl compounds required a reflux time of several
hours to achieve complete decomposition. After the accomplishment of the
reaction, the solvent was evaporated in vacuum and the trisubstituted form-
amidinium chlorides were crystallized from the residue with acetone. They were
identified by determination of their ClI- content and by comparison (m.p., IR)
with authentic samples prepared from the corresponding amine and chloro-
methylenedimethylammonium chloride.

The results are summarized in Table I.

As readily seen from the Table, in the cases where the difference in the
K- values of the Nxand N2atoms exceeded two orders of magnitude, the prod-
ucts expected on the basis of the O-acylation mechanism were formed. In the
case of compounds 3f, 3g, 3i, and 3j, this difference was between 0.5 and 1.3;
here a mixture of amidinium chlorides was obtained, which is not in contra-
diction with either of the mechanisms assumed, although the mixture ratios
calculated on the basis of the Cl- content rather support JT-acylation (Table
I1). The behaviour of the o-tolyl derivative is remarkable: here the pKavalues
are practically the same, yet the product is not a mixture but a homoge-
neous compound acylated at the nitrogen atom adjacent to the phenyl
group. This can be explained by the strong steric hindrance of the ortho
methyl group.

Table 11

Composition of mixtures of N -aryl-N,N'-dimethylformamidinium chlorides

Calculated ratio in the mixture, %

No. Cl.- %
I 1"

3f 189 4-CI—C,H4ANH CH= N(CH3s):C1- CsHSNH CH=N(CH:3):C1-
10% 90%

3g 162 3,4-ChC,H3NH CH=N(CH3)Cl- CsHsN H - CH=N(CH3),C1-
58% 42%

3i 181 C,HtNHCH=N(CH3)Cl2- 4-CH3 C,HiCH=N(CH:s)a -
15% 85%

3j 170 C,HjNH CH N(CHs)C1- 4-CH3 - CeHsCH=N(CH3)Cl-
18% 82%
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On the basis of the results of thermal decomposition, the predominating
character of the O-acylation mechanism could be advocated — without
excluding direct N -acylation — ifit were sure that no rearrangement can occur
under the vigorous conditions (140 °C) used. In order to decide this problem,
the identification of the primary product of the urea amide chloride reaction
had to be attempted. Earlier it wasreported that the solvolysis ofthe crystalline
carbamoylamidinium chlorides prepared by the amide chloride reaction of
symmetric diarylureas yielded the starting diarylureas [1]. It was assumed that
there may be a possibility for the splitting of the C=N + bond without the
cleavage of the C—N bond, depending on the strength of the bonds which can
be attacked hydrolytically, and on the conditions of the hydrolysis.

Rn— H—C—NH—=R:
Kr>-N—C—NH-—=*B.

CIZH H20 5 O
0]
e,ﬂ,(CHa)zcl.u If
3 —NH->-R:
CHO
6

W hen the products were treated with alcohol at ambient or reflux tem -
peratures the starting ureas (5) were recovered in each case, but when the
hydrolysis was effected with water under mild conditions, in some cases the
iV-formylurea of type 6 could be prepared. The two sharp CO bands in the IR
spectra (between 1730 and 1680 cm-1) and the CHN analysis data did not yet
allow decision which of the N-atoms was carrying the formyl group; therefore,
identification was achieved by comparison with authentic samples prepared
in an independent way. These were made from the appropriate isocyanates
and formanilides by refluxing them in anhydrous toluene.

RINCO + RaNHCHO RINH—C—N—R:
1
0 CHO
0
I
RINHCHO + RaNCO RiIN-C—NH-R:
CHO

Thus in the case of compounds 3f, 3i and 3j it could be established that
the formyl group, and consequently the primary dimethylaminomethlyene
group, were attached to the more basic nitrogen atom.
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(o]
R -N—C—NH->-Rj Ri-*-N—C—NH -R:
|
CH Heo CHO
W(CIhcl .
.
f Ri= CoHs, R2 = 4-C1— C6Hi
i Ri= 4-CHj— CsHL Rz = CeHs

j Ri= 4-CHjO— CeHi, R2=CrH.i
2-CHj—CcH., R2= (VH,

K R,

Compounds 6 prepared were not entirely homogeneous; they contained
10—20% of the other isomer, as shown by the data in Table Il. In the methyl-
and methoxy-containing ureas if compounds 3 and the hydrolysis products
6 were mixtures of isomers, this was indicated by the PMR spectra. On the
basis of the integrated signal, the approximate ratio of the isomers could also
he calculated (Table I11).

Table 111

PMR data of carbamoylamidinium chlorides and their
hydrolysis products in CDCI3solution (“tms = 7)

3 6
o] N(CH,), CH, or CH,0 CH, CH,0

{ 2.60; 3.50

1 2.65; 3.53 2.27; 2.38 2.30; 2.40
25%/75% 20%/80%

j 2.67; 3.56 3.75; 3.80 3.78; 3.83
15%/85% 19%/81%

K 2.55; 3.45 2.12 2.25

The spectra were recorded in CDC13 using TMS as internal standard; the
values are given in d units.

The distant doublet of the N(CH3)2 group is insensitive to the presence
isomers, but the methyl and methoxy groups produce two singlets, and
the isomeric ratio calculated on this basis is in accordance with the com-
position ofthe mixture calculated from the CIl- content of the formamidinium
chlorides.
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Unfortunately, in the case of 3a, 3b and 3c, gentle hydrolysis remained
unsuccessful, and ureas 5 could be isolated on heating. Compounds 3d and 3h
suffered hydrolysis immediately after dissolution in water, however, here again
only ureas 5 were formed.

This evidence points to the 7V-acylation mechanism, but it isnot sufficient
alone; therefore, further possibilities were tried to support this concept: the
decomposition of compounds of type 3 was examined on the effect of triethyl-
amine.

oY lu- O; e
. " 1V,
Ri-*-N—C—N-*-R; TEA Rr-*-N-rC—N—<-R2
CH -TEN-HC1 CH®
" |
gN(CHa)zCIo N(CH3)2

R2-4VCO + Ri-*-N=CH— M(CH3.

In the case of compounds 3c, 3d, 3f, 3g, 3h, 3i and 3j, the decomposition took
place already at room temperature. The resulting isocyanate in the reaction
mixture was allowed to react with aniline and thus identified in the form of
urea. In this way, it could be established that in all cases the isocyanate con-
taining the less nucleophilic nitrogen atom had been formed on disproportiona-
tion with triethylamine, which yielded further evidence for the direct IV-acyla-
tion (Table IV).

Table TV

Decomposition of carbamoylamidinium chlorides with triethylamine

R—NH—C—NHCeH6

No. Ri R, 0 °C Notes

3’c 4-CH3 -CsH4 3,4-Cl,—CsH3 3,4-Cl, GsH3 214-217

37d CsHs 4-N02—CsH4 4-N0O2 GCsH4 204-207

3°f CsHs 4-C1  CsHu4 4-C1—CsHq4 237-240 Little
C,HsNHCONHCG6EH5

3’g CsHs 3,4-Cl2—CsH3 3,4-Cl2GiH3 215—218

3’h CeHu 4-NO02 GCsH4 4-N02—CeH4 203-205

3’ 4-CH3 CsH4 CsHs CsHs 236-238  Little
C,HSNHCONH
4-CH3CsH¢

3% 4-CH30 —GsH4 C,Hs CeHs 236-239  Little
CGHSNHCONH
4CH30CeH1
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Now an explanation was sought for the appearance of such decomposition
products on thermal decomposition of compounds oftype 3’ which were contra-
dictory to the IV-acylation mechanism (I1). The following working hypothesis
was constructed: in the primary reaction, the amide chloride attacks at the
more basic N-atom, and the resulting carbamoylamidinium chloride can
undergo dissociation on the effect of heatlin two ways. According to the first,

I
the expected splitting of the tertiary —N—C= 0 bond takes place with the

formation of the trisubstituted amidinium chloride containing the electron
donating group and the isocyanate carrying an electron-withdrawing substit-
uent; these two compounds react then with each other at the temperature of
the decomposition (140 °C), whereupon the two groups mentioned are inter-
changed (Pathway A).

Ri—.\y  XIl—Ri Ri-*-NH—C'H—r@G'Haklee Rr*-NH—CH—-N(C:H3)?2
r n A
CH - + = ] N-*—32
. 0 Cls
IN((Ih)2iT K2—NCO

R2—i\H—CH=N(CH3Xle
+
Ri-*-XCO

According to Pathway B assumed, the exchange of groups is preceded by
an intramolecular rearrangement through an urethidinone ring. As a piece of
evidence for this, one experiment is mentioned here, which was effected with
3,4-dichlorophenyl isocyanate and IV-4-tolyl-1V’-dimethylformamidinium chlo-
ride at reflux temperature in tetrachloroethane. The exchange of the groups in
question certainly took place. This reaction will be discussed in detail in a fol-
lowing paper; here any suggestion about even the mechanism is omitted. How-
ever, the result of the experiment supports the concept that the reactions of
ureas with amide chlorides take place not by 0-, but by IV-acylation mechanism.

Finally, a strange but unambiguous reaction is to be reported, which
takes place between ureas belonging to group (c) and chloromethylenedi-
methyl-ammonium chloride. The reaction was carried out as described above,
and in each case a white crystalline substance separated in a short time which,
on the basis of the Cl- content and comparison with samples prepared in an-
other way, proved to be IV-2-pyridylium-1V,, IV’-dimethylformamidinium di-
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chloride (8). Thus the reaction yielded a product independent of the nature of
R2 being a good example for the case how the N-2 atom in the pyridine ring
can direct the attack of the electrophilic reagent.

+ ci—e'H =x(CHas).
Cl°

7a Ki2= CrHs
b K2= 4-Cl1— GiH4
c R=CHs

NH—CH=N(CH3):Cle + E2NCO

8

The site of the primary reaction is the most basic N atom, the nitrogen
in the pyridine ring; the resulting very reactive immonium salt effects then
the intramolecular acylation of the neighbouring acyl nitrogen. The presence
of the protonated pyridine ring gives rise to spontaneous splitting of the adja-
cent N— CO bond even at room temperature, thus 8 is formed. Such a directing
action of the pyridine ring has been described in the chlorosulfonation of
iY-phenyl-TV’-2-pyridylureas [3].

Experimental

1. Ureas were prepared according to the following general procedure;

The amine (0.1 mole) in anhydrous benzene (50 ml) was mixed with the isocyanate
(0.1 mole) in benzene (50 ml) added dropwise. The reaction mixture was allowed to stand for
1 day, the crystalline substance which separated was filtered off, washed with benzene and dried

1.1 iV-phenyl-iV’-methylurea m.p. 150-151 °C; lit. m.p. 150 °C
1.2 iV-phenyl-iV’-butylurea 129-130 °C " 130 °C
1.3 iY-3,4-diehlorophenyl-1V’-4’-tolylurea 258-260 °C

1.4 iV-phenyl-iV’-nitrophenylurea 205-208 °C " 209 °C
1.5 iV-phenyl-1V’-cyclohexylurea 162-165 °C

1.6 iV-phenyl-iV’-4-chlorophenylurea 240-243 °C

1.7 iV-phenyl-iV’-3,4-dichlorophenylurea 215-217 °C

1.8 iV-cyclohexyl-iV’-4-nitrophenylurea 163-168 °C

1.9 iV-phenyl-iV’-4-tolyhirea 216 °C

1.10 7V-phenyl-iy’-4-anisylurea 193-194 °C

1.11 iV-phenyl-iV’-o-tolylurea 199-200 °C

1.12 iV-phenyl-iV,-2 -pyridylurea 180-181 °C

1.13 1V-4-chlorophenyl-ivV’-2’-pyridylurea 203-204 °C

1.14 iV-butyl-ivV’» ’-pyridylurea 82-84 °C
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2. The reaction of ureas and chloromethylenedimethylaniinonium chloride was effected
in all cases with the same quantities under identical conditions: the latter reagent was prepared
from DMF and phosgene “in situ”, as follows.

A solution of dimethylformamide (1.53 g; 0.021 mole) in chloroform was added dropwise
to a 0.5 inole/litre solution of phosgene in chloroform (40 ml), under cooling in ice; the urea
(0.02 mole) was then added and the mixture was stirred at 25 °C for 1 h. The solvent was
evaporated in vacuum, the residue washed with anhydrous ether and dried over NaOH in
a vacuum desiccator.

Characteristic data of the carbamoylainidinium chlorides (3) are the following:

3a Calcd. CI- 14.69. Found C1“ 14.85%.
IR (CHC13): I-CO 1725 cm™1; rC= N 1680 cm -1

3b Caled. ClI- 12.52. Found Cl~ 12.90%. +
IR (CHC13) 1725 (vCO); 1680 cm- 1 (i>C=-N).
3¢ Calcd. CI- 9.18. Found CI" 9.72%. +

IR (CHCI3): 1725 (vCO); 1680 cm" 1 (rC= N).
3d Calcd. CI- 10.18. Found CIl- 10.60% +

IR (CHC13): 1725 (rCO); 1675 cm=* 1 (i-CO=N).
3e Calcd. ClI- 11.47. Found CI- 12.10%. +

IR (CHC13): 1720 (i-CO); 1675 cm- 1 (vC= N).
3f Calcd. Cl- 10.50. Found CI- 10.85%. +

IR (CHC13): 1730 (vCO); 1680 cm=*1 (VC= N).

3. Thermal decomposition of carbamoylamidiniuin chlorides

Compound 3 (0.01 mole) was refluxed in anhydrous tetrachloroethane (20 ml) until
the i"-“N= C =0 band of isocyanat appearing at 2260 cm- 1 in the IR spectrum remained un-
changed in the samples taken. The reaction mixture was then cooled, the solvent evaporated
in vacuum and the residue crystallized from acetone. The yields calculated for the mixtures
and obtained for the homogeneous substances exceeded 90%. TLC of the acetone mother liquor
indicated the presence of some diarylurea contaminants and the spot of the amiditie salt was
observed near the start line.

Data of the iV-aryl-iV'.JV’-dimethylformamidinium chlorides obtained in this way are
shown in Table I.

The IR spectra were compared with authentic spectra; the samples were prepared from
the amide chloride solution described in Section 2 and from the appropriate aromatic amine.

In the IR spectra the amidinium C=N band appears at 1690 1710 cm-1 in all cases.

4. Hydrolysis of carbainoylamidiniuin chlorides

Compound 3 (0.01 mole) was stirred with water (30 ml) at room temperature for 1 h.
A white, fluffy precipitate separated, this was filtered off, washed with water and dried.

7V-forinyl-]V-pliciiyl-/V’-4-cliloroplienylurea (6f) from 3f M.p. 108 110 °C (about 10% 6°f
isomer). M.p. of the authentic sample; 120 °C.

C14HuCIN20, (274.5). Calcd. C61.20; 11 4.00; N 10.20. Found C61.25; H 4.05; N 10.22%.
IR (KBr):* 3180 (i'NH); 1730, 1690, cm- 1 (i'CO).
PMR (CDC13): $7.12-7.54 m (9H,ArH); 8.75 s (1H;CH).

Y -foimyl-Vitolyl N'-phenyliirea (6i) from 3i

M.p. 102—103 °C (about 20% 6°i isomer). M.p. of the authentic sample: 109 —110 °C.
CisHhN202 (254.02). Calcd. C 70.86: H 5.51; N 11.02. Found C 70.21; H 5.69; N 11.12%.
IR (KBr): 3320 (i>NH); 1690, 1710 cm* 1 (i>CO).
PMR (CDCIz): 6 7.04-7.52 in (9H;ArH); 8.8 s (1H,CH): 2.30 s (20%), 2.40 s (80%)
(CH3).

iV-formyl-./V-4-anisyl-iV’-pheiiylurea (6j) from 3j

M.p. 90 °C (about 19% 6°j isomer). M.p. of the authentic sample 101 —102 °C.
C15H14N203 (270). Caled. C66.66; H 5.18; N 10.37. Found C 66.25; H 5.23; N 10.51%.
IR (KBr): 3260 (i’'NH); 1695, 1710 cm- 1 (>>CO).
PMR (CDCI3): 06.9 7.46 m (911,ArH); s.85 s (LH,CH); 3.78 s (19%), 3.83 s (81%)
(CH:0.).
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N-formyl- T-pilenvl-.V'-2-t<ilylurea (6k) from 3k

M.p. 74—75 °C; m.p. of the authentic sample 76—78 °C.
Ci5sH14N202 (254). Caled. C 70.86; H 5.51; N 11.02. Found C 70.65; H 5.65; N 10.77%.
IR (ICBr): 3220 (i-NH); 1730, 1690 cm*1 (rCO).
PMR (CDC13: 6 7.0-7.57 m (9H,ArH); s.6 s (1H,CH); 2.25 s (3H,CH3).

Preparation of the authentic IV-formylurea samples

Formanilide (0.01 mole) and the aryl isocyanate (0.01 mole) were refluxed in anhydrous
toluene (20 ml) for 3 h. The solvent was evaporated in vacuum and the residue crystallized
from alcohol.

Both possible IV-formylureas were prepared by this method.

5. Decomposition of carbamoyl amidinium chlorides with triethylamine

Compound 3 (0.01 mole) in anhydrous chloroform (20 ml) and triethylamine (0.015
mole) were allowed to stand at room temperature for 0.5 h. Aniline (0.01 mole) was then added
and, after standing for 2 h, the solvent was evaporated in vacuum and the residue crystallized
from alcohol. The urea formed was identified on the basis of the m.p. and IR spectrum
(Table 1Y).
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The derivatives of hexacyanoferrate(lll) anion formed with quaternary phos-
phonium cations have been prepared, and their tH-NMR spectra have been recorded
in CDC13 and D,-DMSO. On the basis of the spectra the nature and mechanism of the
interactions between the anion and cation in solution have been discussed.

Introduction

In contrast with previous assumptions, paramagnetic compounds, with
some exceptions, give rise to acceptable NMR spectra [1, 2, 3]. These spectra
and the measured chemical shifts permit conclusions to be drawn on the struc-
ture of complexes and the distribution of unpaired electrons.

For the interpretation of the nucleus-electron interactions in transition
metal complexes containing unpaired electrons, several mechanisms have been
proposed. They can be divided into two main groups, which both may cause
signal shifts.

The contact (Fermi) interaction is an interaction between the nucleus
and the electron density of the unpaired electrons (spin density) at the site
of the nucleus [4]. The spin density at the resonating nucleus, or more generally
on the ligand, may change in many ways [5]. Depending on the symmetry of
the orbital involved in electron delocalization, the basic types of a- and s -de-
localization mechanisms can be distinguished [6, 7].

The shift due to the pseudo-contact or dipole interaction arises from a
direct magnetic dipole-dipole interaction between the spins of the unpaired
electrons and the resonating nuclei [5, 3]. The actual form of the relationship
which describes the pseudo-contact shift is determined by the magnitudes of
the correlation time of the molecular rotation (tc), the electron spin — lattice
relaxation time (Tle) and the Landeg factor [7,8]. When T1(  xc, the equation
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can be given [7, 9] as

AV R*S(S +
v 45 kT

1) 3cos2Gj— 1
(&4 + 4gt) (gn —gx) (1)

where B is the Bohr magneton,

5 is the resultant spin,

K is the Boltzmann constant,

T is absolute temperature,

g|l and gz are the components of theg tensor parallel with or perpendic-
ular to the main axis of the molecule,

R {is the distance between the paramagnetic central nucleus and the
ith proton, and

Oi is the angle between the main axis of the molecule and the vector R t.

A simplified form ofthe equation is
— =F(gu,gl)[G.F.] (2)

where the “geometric factor”, G. F., is
[G.F.] = (3 co0s20, - 1)«I3 3)

The shifts due to the above two mechanisms can be separated by various
methods [7, 3], but their application gives satisfactory results in relatively
few cases.

Although it has been known for a time that shifts can be observed in the
NMR spectra of diamagnetic cations if their solution contains paramagnetic
anion [10, 11, 12], this method was utilized only recently for the investigation
of ion associations. These investigations had to explain why only one signal
(or signal group) can be assigned to the equivalent proton groups, i.e. the pro-
tons in dia- and paramagnetic environments do not separate [13, 14], and it
was also necessary to answer the problem whether the ion pairs are subjected
to both types of interaction, or to the pseudo-contact interaction only [13, 5].
The results have shown that a weak covalent interaction also occurs between
the cation and anion of the ion pair. The two components of the shift are,
however, very complicated to determine for the case of ion pairs [15, 16, 17].

The measured shifts can be used to draw conclusions on the geometry of
the ion associate [14, 18, 19, 20, 15, 21], and to determine association constants
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[18, 22, 23, 24]. It is to be noted that the calculation of the latter is very
complicated, and in many cases, when the association of ions with unequal
charges are investigated, the results are unsatisfactory [18, 23, 24].

Results

The preparation and analysis of the complexes were described in one of
our previous papers [25]. The present paper deals with the IH—NMR investiga-
tion of the following compounds:

[(C4H93PCH3]3[Fe(CN)e] N MJ[Fe(CN)e]
[C4H 94P 13[Fe(CN)e] - M]|[Fe(CN)e]
[(CAH93PCH2CHCH2]3[Fe(CN)e] - Mi[Fe(CN)e]

[(C4H93PCH2CeH 5]3[Fe(CN )e] = M*[Fe(CN)e]
[(CeH53PCH2CeH 5] 3[Fe(CN)e] - M]|[Fe(CN)e]
[(CeH 54 ]13[Fe(CN)e] = M3[Fe(CN),,]

The spectra of the complexes were measured at 32 °C in two solvents
(CDC13and De-DMSO), at various concentrations, on a Varian-T 60 instrument.
The concentration range was determined by the evaluability of the spectrum,
i.e. by the solubility of the complex. The above solvents have substantially
different donicities, enabling the association conditions in the solution to be
investigated over a wide range.

The chemical shifts of the resonance signals were related to the spectrum
of the same cation in the same solvent in diamagnetic environment. (In the
presence of diamagnetic anion, i.e. halides or [Co(CN)e]3-, the resonance
frequencies of the cation protons were found to be concentration independent.)
The signals of the various proton groups were assigned on the basis of intensities
and literature data. The multiplet line systems were resolved by spectrum
analysis using coupling constants.

It is known that unpaired electrons cause line broadening. With the
complexes studied, the extent of broadening was relatively small, in accord
with the experimental results of other authors [26, 27] obtained on the com-
plexes containing iron(l11) central atoms of low spin number. Since for all line
groups the shift was calculated from the most prominent, characteristic line,
the deviation of shift differences was 4 Hz.

For the various solvents and proton types the shift differences (zI?")
measured in the solutions of the complexes with different concentrations
(Raoult) are given in Table I.
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Table |

Concentration dependence of shift differences (Ari) in [R3PR’]s[Fe(CN)e] complexes

Cation Solvent
cdcil
M,
1 1 1 1 1
( G GCi—C,—Ci)sP+—Co
| I N 1
Ds-DM SO
CDCls
At

101 1 1
(_C4.C3-C2C )4+

1 1 1 1
D&6DMSO
Mo CDCls
HA Hb
1 1 /
BasP+—Co—C=C
| \
HC D6-DMSO

Concentration
CR « 10*

0.65
6.5
13.0

0.82
8.5
16.5

0.65
6.4
12.7

0.82
8.1
16.2

0.65

13.0

0.82
8.2
16.4

Cx

44
70
84

10
26
42

44
55

10
22
36

42
62
78

20
32

c2-¢c 3

14
28
42

16
30

c2-¢ 3

16
24
41

10
20
30

Avf (Hz)

c4

12
27
39

16
30

12
20
38

17
29

c4d

24

15
23

10
20
32

86
102
118

16
26
40

HA

12
24
38

15
23

0S¢
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M5

CDC13

D6DMSO

De-DMSO

De-DMSO

Table I (continued)

0.8
4.0

0.79
7.8
157

8
16
26

phenyl
p-m

INPRFS

Gc—C&
12
20
38

4
10
20

phenyl

0

i6
26

c4d

12
20
38

4
10
20

benzyl
m-p

[N

C,

74
88
106

15
22
34

benzyl

0

4
10
14

14
16
20
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Discussion

In interpreting the chemical shifts, it appeared worth studying the
changes in the shifts ofcertain characteristic proton groups upon the effectofdif-
ferent cations. Thus, the conclusions were drawn from the resonance frequencies
of the protons for which the shift is large, or the corresponding line can be
readily identified in the spectrum. For this purpose, the most appropriate
protons were those attached to the Cxor C4 atoms of butyl chains, and to the
fourth substitutent COof the phosphorous atom. The chemical shift differences
of these protons, measured in the two solvents at various concentrations, are
shown in Figs 1, 2 and 3.

As the diagrams indicate, the shifts strongly vary with the concentration
of the complexes, and they are positive in all cases. This is in agreement with
the results of other authors on the same anion [18, 28,4]. The occurrence ofshift
in itself already proves the existence of ion pairs, and to a first approximation
it can be assumed that the shiftis due completely to pseudo-contact interaction.

According to equation (1), the positive shift implies that g+ for
the [Fe(CN)e]3~ anion. The anisotropy of the g factor, which is unexpected on
the basis of the symmetry of the anion, can be interpreted only by the argu-
ments given by Waitker [29].

Fig. 1. Chemical shifts for the Co protons
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0.01 0.05 01 015
C,

Fig. 2. Chemical shifts for the CLprotons

Fig. 3. Chemical shifts for the Ci protons

Acta Chim. Acad. Sei. Hung. 102, 1979



254 PAPP, KVINTOVICS: TRANSITION METAL CYANO COMPLEXES, VIII

Furthermore, it can be seen that the shifts are the largest for the C0and
C4protons (i.e. for the protons closest to phosphorous, which have the most
acidic character). The shifts of protons C2—C3 are about the half of the above,
and that of C4is approximately the same.

It also surprising that the shifts of all proton groups are higher in CDC13
than in D6-DMSO. This ismost probably due to the different solvatation abilities
of the two solvents. In CD€13 of low dielectric constant (and low donicity) the
formation of ion pairs is much easier than in D6DMSO of relatively high
dielectric constant (and donicity).

It is known that if only a pseudo-contact interaction occurs in an ion
pair, the sequence of shifts e.g. on the protons of the butyl chain of quaternary
ammonium cation is Av(Cx) > A v{C2) > zIv(C3) >ZIr(C4) [13]. As in our case
the sequence of shifts is different, another type of interaction can be assumed.

The chemical shift ratios for the four cations (containing butyl groups)
studied here were calculated and normalized to the shift of the C4 protons
(Table 11). These ratios also give the experimental ratios of the geometric
factors [G.F.] for the ion pairs.

Comparison of the above data of tetrabutylphosphonium cation with the
literature data obtained for tetrabutylammonium cation [13], taking into ac-
count that the C—P bond length is greater than the C—N bond length, indi-

Table N

The experimental [G.F.] ratios

S o W McC) r 4v(Co
Cation == * Magi) *  AVC)
CDCl, D.-DMSO CDCl, D.-DMSO CDCl, D,,-DMSO
0.32 0.40 0.27 0.29 0.96 1.00
Ml 0.40 0.62 0.39 0.62 0.89 0.77
0.50 0.71 0.46 0.71 0.86 0.75
0.36 0.80 0.27 0.70
M2 0.44 0.83 0.36 0.77 — —
0.57 0.89 0.53 0.81
0.33 0.78 0.21 0.67 2.05 1.78
M3 0.45 0.80 0.39 0.70 1.65 1.30
0.54 0.83 0.49 0.73 151 1.25
0.24 0.50 0.24 0.50 1.48 1.88
M* 0.31 0.63 0.31 0.63 1.37 1.39
0.45 0.77 0.45 0.77 1.26 1.31
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cated substantial differences between the data obtained in two ways, and no
reasonable ion-pair distance could be found that would satisfy the experimental
results. This implies that the measured shifts cannot he interpreted on the basis
of pseudocontact interaction alone.

Consequently, it can be stated that the observed chemical shifts are caused
by the net result of two types of interaction.

On the basis of Figs 1, 2 and 3, certain conclusions can alsobe drawn on
the geometry of the ion pairs. The sequence of shifts for the COprotons is the
same (M3> M4 > MJ) in the two solvents, and it does not change when the
differences are taken between the shifts measured in the two solvents. There

Fig. 4. Two possible “rigid” ion-pair models

may he two types of the relative orientations of the formally octahedral anion
and the cation of C3vsymmetry, not taking into account that the cation may
be attached to a peak, edge or face (Fig. 4).

If geometry “A” is correct then, owing to the pseudo-contact interaction,
the shifts of the other protons of the group starting with CQshould be even
greater than that of the COprotons themselves. Since this is not the situation
even for the allyl or benzyl group, it is probable that the ion pair geometry
“B” is closer to the reality. The picture is not modified appreciably if certain
contact effect causing opposite shift is taken into account, since e.g. in the case
of a delocalization the spin density decreases very rapidly from the central
atom along the alkyl chain [16]. Therefore, it can be assumed that there is no
spin density on C4, and thus the shift of the protons attached is caused by the
pseudo-contact interaction alone.

The extent of shift is substantially influenced by changes in the structures
of ion pairs or aggregates formed in solution [23, 24]. In dilute solutions the
formation of mainly 1 : 1ion pairs and larger aggregates can also be assumed.
It is also evident that in aggregates the extent and quality of interaction is
not the same as in ion pairs. Investigations [23] have shown that when the
magnitudes of chemical shifts of the individual proton groups vary with con-
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centration but their ratios remain the same, this proves that the ion pair ge-
ometry is essentially concentration invariant.

In contrast, it can be seen from the data of Table Il that in our case the
ratios of shift change with concentration, which also implies that the extent
and nature of interactions has changed. This explains why no method could be
found for the separation of the shifts due to the two types of interaction, and
why attem pts to calculate association constant have also failed.

The mechanism of the electron delocalization causing the contact inter-
action is very difficult to find. In this respect there are theoretically two pos-
sibilities for the systems investigated. It cannot be ruled out that the unpaired
electron on the d orbital on the central atom increases with the empty 4s or
with an appropriately oriented 3d orbital of phosphorous. This change can be
detected by Mdssbauer spectroscopic measurements on frozen solutions. (Such
investigations are in progress with samples enriched in 5/Fe.) The mechanism
of delocalization can be detected in a different way if it affects the bonding
properties of the CN ligand, and thus observable changes take place in the
Pcn vibrational frequencies. If the non-bonding d orbitals of iron(l11) take part
in the interaction, any change in the metal-cyanide back-coordination involves
a change in the itN frequency. If, on the other hand, an intermediate inter-
action takes place between the CN*“ ligand and the cation, the CN- group will
occupy a bridge position, which also affects the \en vibrational frequency (to
an even higher extent).

In the infrared spectra of the CDC13and D6-DMSO solutions with various
concentrations the bands of terminal CN groups appear at 2110 cm-1. Other
t-cN bands also appear in the spectra at wavenumbers higher by 50— 100 cm*“ 1,
indicating the presence of bridging CN* ions. Consequently, the delocalization
proceeds very probably through an interaction between the cyanide ligands
and the cation protons in the systems investigated. It is known from literature
data [15] that an interaction of this type may produce a spin density sufficient
to cause the contact interactions observed here.
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In the ion associations of [Fe(CN)5P(C,,Hs)3]2—anion with quaternary phospho-
nium cations, the extent and nature of the interactions between the anion and cation,
and between the protons of the P(C6H5)3ligand and the central atom have been studied.

Introduction

As known, the extent of pseudo-contact interaction in paramagnetic ion
pairs is very much influenced by the symmetry of the anion. To determine how
the extent of interaction changes with respect to the octahedral hexacyano-
ferrate(l11) anion in the substituted derivatives of this anion, various quater-
nary phosphonium compounds of [Fe(CN)5P(CeH53]2_ ion were studied here
by IH-NMR methods. As in these compounds the anion itself is asymmetric,
a larger shift of resonance frequencies could be expected to occur.

Results

The measurements were carried out at 32 °C in CDC13 and D6-DMSO
solutions of different concentrations, on a Varian T60 instrument. The spectra
were evaluated by the method described in our previous paper [1]. The shifts
of the resonance signals of P(CeH53ligand were related to the resonance signals
of the non-complexed ligand measured in the same solvent. For the measure-
ments the following complexes were prepared [2, 3]:

[(C4H 8)3P CH3]2[Fe(CN)5P P h3] Mi[Fe(CN)sPPh3]
[(C4H 94 ]2[Fe(CN)5PPh3] - MJ[Fe(CN)5PPh3]
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Cation

M,

(-c4c3c22cl)Pp+-cO

1 1 1 1

M2
1

Table 1

Chemical shifts ofprotons in the ion associates of [R3PR’]2[Fe(CN)5P(CeH3)3] complexes

i

101 1
(—CA—C3—Cj—Ca—)P+

1111

1
Ru® +—C,—

Or

Solvent

CDC13

De-DMSO

CDC13

D6-DMSO

CDC13

D 6-DMSO

Concentration
CK. 10¢

14
7.2
135

18
91
183

1.0
13.0
199

13
132
259

13
6.6
131

15
7.6
152

22
58
70

24

30
38

14
28
41

cation

Qj—C3

n2* C3

C.

18
31

14
24

S&H

10
36

c4

17
21

13
24

)

26
32
42

10
26

Co

78
97
106

86
102

10
22
36

14

3

588

8@!\)

25
36

14
22

anion

136
142
154

140
148
160

148
176
180

132
140
168

144
156
164

136
148
156
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M4

M3

I—.(:— cs—cj—

CDC13

De-DMSO

CDCls

D,-DMSO

CDCL

D.-DMSO

Table | (continued)

0.8
4.1
12.4
24.8

0.7
10.0
20.1

0.9
12.7
25.5

0.6
9.7
19.5

0.8
12.3
247

phenyl

20
24

Q-C3 c,
4 4

10 14
24 28
38 43

2 3

8 10

20 23
34 36

benzyl-phenyl

14
22

Co
38
50

64
82

14
18

44

20

66

20
28

40
62
72

30
40

10
22

150
160
170

148
158
166

144
186
200

134
152
164

138
154

182

132
144
156
172

380
400
408

324
332
338

350
352
354

305

316
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[(CAH93PCH2CHCH2]2[Fe(CN)5PPh3] s M3[Fe(CN)5PPh3]
[(C4H93PCH2CeH 5]12[Fe(CN)PPh3]  « MI[Fe(CN)sPPh3]
[(COH53PCH2CEH5]2[Fe(CN)sPPh3] A MI[Fe(CN)5PPh3]
[(C6H5P]2[Fe(CN)5P P h3] = MS§[Fe(CN)sPPh3]

The chemical shifts of the various protons of cations are given in Table I.
In the spectra of the ion pairs formed with cations M1to M4, the signals
of the para-protons of P(C6H 5)3ligand could not be identified. It isvery probable
that this signal appears in the region of aliphatic protons; this is also supported
by literature data [4]. In answering this question measurements on phospho-
nium cations containing no aliphatic chain could also be applied to advantage.

Discussion

The experimental results were interpreted on the basis of the shifts in
the signals of the CQ C4and C4protons of derivatives formed with cations M1
to M4 (Fig. 1, 2 and 3).

Comparing the measured shifts with the corresponding data of hexacyano-
ferrate(l11) anion [1] we have found that the magnitudes of shifts are nearly
the same. This apparent contradiction can be resolved ifthe electronic structure
ofthe [Fe(CN)5P(CeHs)3]2~ anion is investigated from the aspects of the mecha-
nisms causing the shifts, with particular regard to the fact that the magnitude
of pseudo-contact interaction depends, in addition to the symmetry of the
anion, on other factors, too. To a first approximation it can be stated, of course,
that the ion-pair geometries in the ion associates of the two anions are most
certainly different, but this does not explain the almost identical shifts. In this
respect the unpaired electron of the central metal atom plays a much more
important role.

In the [Fe(CN)6]3_ anion the back-coordination effect of the d electrons
of the metal is the same toward all cyanide groups. When, however, a CN~
group is substituted by a ligand of stronger rr-acceptor character, the electron
distribution changes. If there is a strong delocalization in the direction of the
new ligand, a relatively low unpaired spin density remains on the central atom.
Consequently, the pseudo-contact interaction will be smaller than in the com-
plexes in which the unpaired electron is localized on the metal atom [5].

The shifts of [Fe(CN)5P(CeHs)3]2—derivatives, regarding the cations, are
similar in many respects to those of hexacyanoferrate(lll) derivatives. Also in
this case, the COand C4 protons have the largest chemical shifts, but the dif-
ference Av(CQ — ZIj*Cjl is higher here. The measured shifts are always larger
in CDC13 than in De-DMSO, owing most probably to the different solvatation
abilities of the two solvents.
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B

Fig. 1. Chemical shifts of C,, protons

Fig. 2. Chemical shifts of Cj protons
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Fig. 3. Chemical shifts of C4 protons

Regarding the individual lines, there are further differences between the
derivatives of the two anions. Although the sequence of the shifts of COprotons
is the same, the shift of the COproton of the M3 derivative is extremely high,
and the sequences of the shifts of C4and C4 protons are opposite for the two
anions. In the complex of cation M5the COprotons have the largest shift, and
the two types of phenyl protons show nearly the same shift, indicating that the
latter are equivalent with respect to the geometry of the associate. Conse-
quently, the ion-pair geometry is the same as with the other cations. This also
applies to cation M6.

Taking into account the shifts of C2, C3 and C4 protons, too, it can be
derived from the calculated geometric factors that the resonance frequencies
are determined by the combined effect of the pseudocontact and contact inter-
actions which cause positive (in the direction of higher fields) and negative
shifts, respectively.

The mechanism of contact interaction can be assumed to be the same as
with hexacyanoferrate(lll) derivatives [1]; the assumption has been proved
again by infrared investigations in solution phase. The arguments concerning
ion-pair geometry and the concentration dependence of shifts are also the same
as in the previous paper [1]. The only difference is that the relative positions

Acta Chim. Acad. Sei. Hung. 102, 1979



PAPP KVINTOVICS: TRANSITION METAL CYANO COMPLEXES, IX 265

of cation and anion can now be determined with confidence, since the former
must approach the anion from the side opposite to the P(COH5)3ligand (Fig. 4).

The experimental data show a strong interaction between the P(COHD5)3
ligand and the iron(lll) central atom. According to Table | the shifts are
positive for all protons, i.e. the signals of ortho, meta and para protons are
uniformly shifted towards higher fields. The sequence of shifts can be interpret-
ed on the basis of investigations on model compounds containing P(CeH53
ligand [6, 7, 8] as follows. If a pseudo-contact interaction is assumed to exist,
the sequence of the ligand protons, on the basis of the theoretical geometric

Fig. 4. Suggested structure for the [(C4H94P]+ [Fe(CN)jP(CEH5)3]- ion pair

factors, will be ortho ]>meta > para. As the observed sequence (para >
1> ortho meta) is different, the phenomenon cannot be attributed to pseudo-
contact interaction alone.

On the other hand, if only a contact interaction is present, the sequence
of shifts depends on the symmetry of the orbitals involved in delocalization.
For a type delocalization the sequence is ortho meta para, i.e. the extent
of shift decreases with increasing distance from the central atom, which is
again different from the observed sequence. Finally, for n delocalization the
sequence is para )> ortho ]> meta, hut the chemical shift of meta protons is
negative, i.e. the resonance signal appears at lower field than in diamagnetic
environment.

The observed sequence of signals agrees with the one caused by n delocal-
ization, the observed shifts of meta protons are, however, positive for all
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iron(l1l) complexes studied. It can therefore he assumed that the shifts are
influenced by n delocalization, with a simultaneous pseudo-contact interaction,
the extent of which is sufficient (small proton — central atom distances) to
overcompensate the negative contact shifts of meta protons. On the basis of
these qualitative considerations the tendencies of the experimental data can be
interpreted satisfactorily.

The results of the investigations carried out so far indicate that in these
systems, in addition to the dipole interaction between the central atom and the
protons of the cation, there is a weak covalent interaction between them, i.e.
the unpaired electron is delocalized to a certain extent. This may be one of the
explanations of the fact generally observed in preparative chemistry that
chemically unstable complex anions (i.e. sensitive to oxidation or hydrolysis),
which do not exist in the form of alkali metal compounds, can be prepared
with bulky organic cations.

The quantitative interpretation of experimental data, on the basis of
calculations on ion-pair geometry, is in progress.
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Linear microdensitometer of classical optical arrangement has been designed
for wide range measurements. The linearity, reproducibility and range of the optical
density measurements and data acquisition has been investigated.

The improved detection system, the direct supply of optical density data and the
method of the adjustment of the optics ensure accurate and reproducible measurements.
The logics for the search of preselected lines and optical density extreme on them make
the analysis quicker and more reliable.

Introduction

The development of the methods of the emission spectroscopy has made
the improvement of the radiation detection indispensable. The modern excita-
tion and dispersion techniques cannot be fully exploited because of the limited
potentials of the detection.

The photographic method, which has a great information recording capac-
ity, could not become the ultimate one of the detection, because its accuracy
and resolution were not attained by those of the optical density (absorbance)
measurement. This can be explained by that that the basic design of the ma-
jority of the microdensitometers for spectrography is some fifty-year old and
therefore they cannot cope with the increased demands.

It has been found, that the characteristic curve of certain spectral plates
was linear to the high exposures up to S =4 [1].

However, this wide range cannot be used because ofthe poor performance
of the microdensitometers over S = 2 [2]. The study of the problems of optical
density measurement, stich as range, linearity and reproducibility and the
requirement of fast evaluation of spectra in large numbers led to designing of
a precise, automatic densitometer of classical arrangement.

* Previous paper: Zimmeh, K., Heltai, Gy.: Acta Chim. Acad. Sei. Hung., 100, 319
(1979).

Papers of this series are simultaneously published in Magyar Kémiai Folyéirat in
Hungarian.
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Some problems of the optical density measurement

The quantitative information recorded on spectral plates and films is
in the form of optical density. The useful range of the photographic response
to the exposure is S = 0—4 [1]. The geometrical resolution attainable with
spectral plates is a few micrometers even at perfect exposure and development
technique. The performance of the microdensitometer must meet or possibly
surpass these data.

The classical microdensitometer, which is based on the optical system and
arrangement of the microscope can cope with these demands on the range and
resolution, if its parameters are properly chosen. Optical density can be
measured up to S = 4, if the sensitivity ofthe light detection and the intensity
of the illumination of the object are sufficient and the stray light, which deter-
mines the upper limit of the range of the measurement, is reduced to 0.01% of
the total flux. The two former factors determine the minimal size of the measur-
ing slit, which for some practical reasons (e.g.: linearity of the optical transfer,
graininess of the emulsion etc.) must be as narrow as 5 micrometers in effective
width (projected on the film).

The portion of the stray light in the transmitted flux depends not only
upon the quality of the optical system, but upon the structure of the spectrum
as well. The finer it is, the harder is its contrast with the background, the more
is the portion of the stray light. Two commercial microdensitometers and the
microdensitometer described here were tested for stray light. The improved
optical system and the introduction of complementary filters resulted in a
reduction of the stray light with two orders of magnitude [2].

A very important prerequisite of the quantitative microdensitometry is
the linearity, that is the response of the instrument be strictly proportional to
the absorbance ofthe object. The non-linearity of the instrument can be caused
by the error in the electronic response [3] or by that in the optical setting. The
linearity of the optical transfer is influenced by the partial incoherence of the
light source, which is unavoidable, if incandescent lamp is used. In spite of that
linearity can be ensured, if the measuring slit in the image plane transmits a
homogeneous flux over its whole size [4, 5].

This implies that in order to ensure the linear optical transfer the slit
should be chosen the narrowest so that the variations in the structure of the
spectrum lines be then relatively large compared to the size of the slit and so
the partial incoherence of the light source has no impact on the optical transfer.
The minimum attainable measuring slit width, which is equivalent to the im-
pulse response width of the optical system is determined by the imaging optics

[5]:

NA
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where Ais the wave-length of the illumination and NA is the numerical aperture
of the objective. In the case of the generally used 10 X-magnification objective
the minimal slit width is about 2 microns. This value is much smaller than the
detail changes within a line and comparable with the resolution of the emul-
sions. The observation on different spectrum lines have suggested an optimum
effective slit width of 5 microns.

Reproducibility is a basic demand on quantitative densitometry. Apart
from the instability of the illumination [2], which can be eliminated, the defocus
is the greatest problem. It has been shown [4], that reproducibility can be
maintained within the focal tolerance. This is relatively small:

6 (focal tolerance) = -——--—-.
2 *NA

It is about 1 micrometer in the case of a 10 X imaging objective and consider-
ably smaller than the thickness of a spectral emulsion. Therefore the reproduc-
ibility depends upon the precision of the visual focusing.

To study the dependence of reproducibility upon focusing spectrograms
with well characterized thin single lines or with continuous spectrum were
measured with this microdensitometer. It has been observed that the visual
focus tolerance is generally quite great, about £20 rim over the whole magnifi-
cation range (10 X —50 X).

Figs la and Ib show the measured optical density of a single line in de-
pendence on the defocus of the imaging objective. The error due to the visual

Fig. 1. The effect of the defocus of the objective on the optical density measurement of spectral
lines of a) 25 fini, b) 50 /mi width. Objective: 10 X, measuring slit: 5 fim wide
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setting of the objective increases with the optical density. This is more marked
in the case of thinner lines. The curves show maximum, which belongs to the
optimum focus. If objects of uniform absorbance are measured, the focus at
the minimum value is the right one (Fig. 2). The problem of the defocus of the
substage condenser is as important as that of the objective. At its best setting
the measured optical density ismaximum on single lines (Fig. 3), and minimum
on background or continuous spectrum. The uncertainties and errors intro-
duced by visual focusing are caused by slight misalignment ofthe optical system.

Fig. 2. The effect of the objective defocus on the optical density measurement of continuous
spectrum. Objective: 10 X, measuring slit: 5/an wide

Fig. 3. The dependence of the optical density measurement upon the defocus of the substage
condenser. Objective and condenser: 10 X, measuring slit: 5 fim wide, width of the spectrum
line: 25 4T
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However, it is possible to adjust the optics precisely, if the objective is not
visually focused but its working distance is set according to the maximum ab-
sorbance value measured on asingle line. The substage condenser can be similarly
set optimum.

Description of the microdensitometer

Taking into consideration the up-to-date requirements on precise and
high resolution measurements a reliable, advanced microdensitometer has been
built (Fig. 4). The optical system is based on that of the widely spread Zeiss
Jena Schnellphotometer, which has been improved and the imaging/measuring
optics have been partly redesigned (Fig. 5).

Fig. 4. The microdensitometer with the measuring, control and recording electronics

Fig. 5. The optical arrangement of the microdensitometer; 1 halogene lamp, 2 lamp condenser,

3 field diaphragm, 4 heat filter, 5 green filter preslit, 6 aperture diaphragm, 7 substage con-

denser, 8 object (plate, film), 9 objective, 10 measuring slit, 11 collecting lens system, 12 red
filter, 13 light measuring device
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The optical arrangement of the instrument

The optical system of the single-beam microdensitometer is based on
the Koehler-type illumination and microscope projection system. The light
intensity transmitted by the object (8) is measured by a silicon photo-
diode (13).

In this design the illumination system was devoted so much importance
as the image projection part. In order to get sufficient light intensity even at
high-resolution measurements, a single filament 100 watt halogen lamp (1)
is used, which is operated on a DC power supply with 0.01% stabilization. A
poor quality lamp condenser can introduce flare. To avoid this detrimental
effect a compound condenser (2) was placed in front of the lamp. In order to
ensure the Koehler-type illumination of the object iris diaphragms were fitted
both just in front of the lamp condenser (3) and in the rear focal plane (6) of
the substage condenser (7). The former controls the size of the image of the
light source and that of the object field. The object field is specified by the
NA of the objective (9). The greater the magnification, the smaller is the size
of the illuminated field. It is very important that the image of the lamp con-
denser should fill the aperture of the substage condenser to obtain the maximum
photometric efficiency. If the diaphragm is not narrowed to the required extent
it gives rise to the stray light from the areas directly not used in the image
plane.

The iris diaphragm situated in the rear focal plane of the substage con-
denser is the efficient aperture of both the condenser and objective.

In order to eliminate the heat hazard at the object a heat filter (4) was
placed in front of the first iris diaphragm. A green filter preslit of maximum
transmittance at 9= 550 nm (5) was fitted to improve the definition of the
objective and as a part of the complementary filter system.

The image of the object is projected on a white screen in the primary
plane, in the centre of which is the square measuring slit (10). This can be
continuously varied between 1— 10 mm in height and between 0.1—2.0 mm
in width. The magnification of the sample in the primary image plane is be-
tween 10 X —15X depending on the objective in use. So the effective size of
the measuring slit can he adjusted between 2—200 pm. Just behind the measur-
ing slit a compound lens system (11) was placed to focus all the transmitted
flux on the surface of the silicone PIN diode.

A red filter (12) is situated in front of the detector to ensure its maximum
spectral sensitivity and to reduce the stray light in combination with the green
filter preslit.

All the internal surfaces has been painted matt-black or covered with
black paper.
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Measurement of optical density

The transmittance of the object is measured by a silicon PIN photodiode.
The linearity of the response of this device has been checked over 4 decades
of the incident light, the deviation has not exceeded 0.5%. This is superior to
that of a photomultiplier tube, which showed acceptable linearity only over
two orders of magnitude. Moreover the high speed measurements with photo-
multiplier are unreliable because of drift, memory-effect and fatigue of the
device. The problem of the lower output at the same incident flux in the case
of the photodiode has been overcome by using an operational amplifier of very
good stability. In this way as small as 100 pm 2 effective measuring slit can be
used at the illumination with a 100 watt halogen lamp.

The intensity of the current of the photodiode is proportional to the
transmittance of the object. A logarithmic amplifier is used to develop the
optical density values from the input signals. This circuit makes use of the
relationship between the base-emitter voltage and the collector current of the
transistor. It operates over 4 decades of the input signals with a log conformity
0f 0.5%. The output is displayed in the form of true optical density on a 3 1/2
digit panel meter.

The accuracy of the optical density measurement has proved approx.
0.2% in the range of S = 0—1, and 0.3% up to S — 3.

The reproducibility is 1% over 2 hours of operation.

Automatic evaluation of spectra

In order to simplify the measurements and improve the reliability of the
acquisition of spectrum data the scanning and the resolution of the image of
the spectrum are realized in discrete steps, whose length is equal to the width
of the slit. For the search of the location of the preselected lines and of the
maximum value of their optical density storing and comparing circuits have
been developed.

The object stage is driven by a stepper motor through a backlashfree
leadscrew. The pitch of the leadscrew and the transmission between it and
the motor were so chosen that the distance made by the stage at a single
step is 5 microns. So the spectrum lines can be quite finely resolved, gener-
ally into 8—10 points, which is the prerequisite for the reliable extreme
searching.

The stage is moved with a speed continuously variable between 0.05—
1.00 mm esec-1, the number of the steps taken is added and displayed.

Related to a chosen line the location of 16 different lines can be stored
in the memory in the form of step numbers and at following scannings these
lines can be automatically searched in the order of the step numbers. It is
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imperative that the reference line and the exposure conditions (e.g. dispersion)
remain unchanged.

The extreme searching logic makes one of the most tiring and time-
consuming job in spectrum evaluation obsolete. The principle of its operation
is shown on Fig. 6. The electronics have a one step memory, the content of

p+f++++fH+b++-H--H-

Fig. 6. Scheme of the searching of the optical density maximum on a spectral line

which is continuously compared to the instantaneous measurement value.
If the latter exceeds the stored one, the memory is erased and the new, higher
signal gets stored. The process goes on until the maximum is reached. This
value with the respective coordinate givenin step numbers is then ready to be
displayed and recorded. The search for background minima is similar, but in
this case decreasing signals are processed.

Complete acquisition of the chosen 16 lines with the determination of
their optical density maximum and the background lasts about 5 minutes.

Data handling

The optical density data are digitally displayed. The coordinates of the
measurement points related to the stage movement are also supplied.
A punch tape recorder and a printer were fitted to the instrument for

further data processing.
*
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Methods for the determination of the parameters of blackening curve are dis-
cussed. For the graphical determination of the y-value as well as density values and
SLL essentially the Churchill preliminary curve method was used. A computer prog-
ramme has been elaborated for the determination of constants ¥ and k of the /-trans-
formation. The programme is based on the iteration calculation considered to be the
most reliable principle by Torok and Zimmer.The values of the filter constant usually

agree with the average of the value Al, with an accuracy of 0.001 when applied the
y and k values calculated by the programme. This accuracy is perfectly satisfactory for
practical demands.

Introduction

A precondition of spectrographic analysis is to know the so-called inten-
sity-scale blackening curve [1] expressing the relation between logarithm inten-
sity (Ilg 1 = Y) of the light illuminating the photographic emulsion and the
density S. For the determination of this intensity-scale blackening curve it is,
of course, necessary to have the intensity scale well-defined at suitable wave-
lengths. For this purpose such a light source radiating with stable intensity is
needed which produces line spectrum at the wave-lengths of all analysis lines.
The stability of the light sources used for analytical chemical purposes usually
isnot able to fulfil this requirement.

Therefore in the spectrographic practice the methods used are such that
radiations of different intensities emitted by the same light source are photo-
graphed not successively, but simultaneously. The error deriving from fluctua-
tion ofthe intensity of the radiation source during the exposure can be eliminat-
ed if the light projected with uniform intensity on the slit of the spectrograph is

* Previous paper: Kozma, L.: Acta Chim. Acad. Sei. Hung., 102, 267 (1979)
Papers of this series are simultaneously published in Magyar Kémiai Folyéirat in Hun
garian language.
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produced in different intensity steps along the longitudinal axis of the slit
[2—5]. To decrease the radiation intensity multi-step rotating sectors (mainly
in America) are generally used, and multi-step light absorbing filters as well
(mainly in Europe). In the latter case, light absorption of the single filter step
should be calibrated in the function of wave-length. At a given wave-length
the necessary intensity scaleis provided by a series of numbers expressing the
light transmission of the single steps. These numbers are proportional values
with the absolute intensity falling to a given spot ofthe photographic emulsion.
For analytical calibration it is sufficient to have a series of numbers expressing
the relative intensity values, provided that the conditions of analysis and cali-
bration are similar in other respects.

However, the method based on multi-step intensity decrease involves
technical difficulties. On the one hand, intensity scale produced in this way
contains relatively few — at most 2— 10 — points, on the other hand, the great
slit height necessary to this method can hardly be illuminated uniformly. In
order to solve this problem processes based on two-step intensity reduction
have been elaborated for the determination of blackening curve [2]. For this,
a series of spectrograms should be produced by applying a two-step intensity-
decreasing device and varying the amount of radiation falling on the photo-
emulsion.

Theoretically the proper solution is to vary the light intensity keeping
the exposure time at a constant value. It is proved, however, that even the
change of exposure time is allowed [6]. The basis of the further calculation is,
namely, the logarithm intensity difference of the light transmitted through
two steps:

IgK - Igh = 2Ym

i.e. the filter constant, the value of which isnot dependent on the exposure time.

No intensity scale is obtained by using two-step intensity reduction, but
only a series of density differences belonging to given intensity ratios. With
the help of these data pairs the blackening curve can be plotted and constants
of blackening transformations determined.

Graphical determination of blackening curve

The simplest methods of the graphical determination of blackening
curve are based upon the application of the so-called preliminary curve [7—12].
From among these methods essentially the Churchitl’s preliminary curve
was used which contains every necessary information on the shape of the
blackening curve [7, 13]. This can be obtained on the way that the densities
Sb measured on the attenuated step are plotted against the corresponding

Acta Chim. Acad. Sei. Hung. 102, 1979



FLORIAN et al.: BLACKENING CURVE AND /-TRANSFORMATION 279

densities Sa measured on the unattenuated step of 100% transparency of the
step-filter (Fig. 1). The equation describing this curve can he given as follows
Sb= Sa— ASm, where ASm represents the density difference belonging to
zIYm logarithm intensity difference. It is easy to see that the value of ASm
depends on the density, at the bent sections of the blackening curve different
ASmvalues belong to a given AY m difference. However, if both densities fall
onto the straight section of the blackening curve, the value of ASmis constant.
So this section is linear, its slope equals 1, and the intercept of this straight

Fig. 1. Churchill’s preliminary curve

line gives just the average of ASmvalues measured on the straight part. This
section is achieved on the preliminary curve when the density value belonging
to the lower intensity also reaches the linear section of the blackening curve.
Till this limit the,zISm values and consequently the slope of the preliminary
curve increase. So SL is the ordinate’s value belonging to the point where the
straight and lower bent part of the curve join. If the density measured on the
unattenuated step exceeds the upper SLL point of the linear section, ASnt
starts to decrease, and the graph deviates from the straight line. The abscissa
belonging to this point has just the same value as SLL. Accordingly, with the
help of the preliminary curve, the mostimportant parameters of the blackening
curve can be directly determined and by the simple plotting methods offered
by the above authors even the blackening curve itself can be drawn. The con-

stants of /-transformation [14]y = -——— and kK — can similarly determined
AYm y
on the basis of Fig. 1. However, the accuracy of these values is generally not

satisfactory for practical purposes. However, the y value can be fairly well
estimated, the accuracy of the end point readings (SLand SLL) is not sufficient
and strongly depends on the standard deviation. The calculation of transfor-
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mation constants is required even when the graphical method is applied.
However, also in this case it is necessary to plot at least the preliminary curve
in order to be able to determine the upper SLL limit of density values to be
considered at calculation.

Determination of constants of /-transformation by calculation

Constants of /-transformation can be determined with relatively simple
methods when not many data are available [14]. Although, the accuracy and
precision of the methods are strongly depending on the number of data used,
the reliable and rapid processing of high number of data can be solved only
by the help of computer.

A computer programme based on the above, preliminary curve method
is suggested by Matherny [15, 16]. This programme was widely applied by
us and generally reliable results were obtained. In certain cases, however, the
differences between the calculated and true values significantly exceed the
standard deviation permitted. This appears if the basic assumptions of the
programme are not fulfilled because of the experimental conditions: if the
distribution of the points to drawing the preliminary curve is not sufficiently
uniform or if the standard deviation is relatively high [17].

Therefore, for the determination of the constants of /-transformation a
new computer programme based on the iteration method found to be most
reliable by Terok and Zimmer [18] was elaborated.

Computer programme for the determination of constants
of /-transformation by iteration method

To the computer programme Sa,, Sb, pairs (Sa Sbh) of density values
obtained with the application of two-step filter were used. It is expedient that
the number of density pairs reach at least 30, and they are spread possibly
uniformly on the straight and underexposed sections of the blackening curve.

The first step of the calculation is to order the data pairs according to
the decreasing value of Saif these are equal, according to values Sh. Afterwards
differences are formed as follows:

AS, = SaJ - Sbft

To determine the lower limit of the linear section of blackening curve the ASj
limit value must be found following which the further AS, values monotonously
decrease. This task is to be solved as follows:
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W ith the help of the first 5 values, the ASj average values and the cor-
responding Sjg standard deviation are calculated

W asj= 'ost =5

, e 7o
@ L (si—asp2 (7= 9)

Then it is examined whether the inequality (3) exists or not:

3) ASj+l < ASj-t -Sts,

where fis a constant corresponding to the chosen statistical safety. This can
arbitrarily be chosen in the programme; according to our experiences t = 1.55
is a quite suitable value (~ 80% statistical safety).

In the case of appropriately chosen Sa, Sb data pairs inequality (3) does
not exist, if the ASj average is formed of the first 5 ZIS- values. For this reason
the ASj value on the basis of formula (1) and its standard deviation on the
basis of formula (2) are calculated, taking one more value (j = 5+ 1) into
consideration. This process is continued by gradually rising the j values
(j = 5-f2,j =5-33,..)till inequality (3) is reached. If it occurs, one has
to investigate whether the value in question is an accidentally outstanding
one, or not, therefore the forthcoming ASj+2 value should be compared to the
mean value:

(3.3) ASj+2<rASj —t «sjgj

(but in this case, it is suggested to take t = 2.0).

In the case, if inequality (3.a) does not exist, calculation returns to the
first step taking additional ASt value, as described above. When inequality
(3.a) is reached, simultaneously the point is obtained where the linear section
of the blackening curve approximately comes to an and: Shj = SL. If some
data pairs, or at least one member of them, are corresponding already to the
upper bent section, i.e. Saj SLL, the ASj mean value will be wrong. Therefore
ASj values significantly differing from the calculated ASj value should be left
out from the calculations. In the next step AStvalues used for the calculation
of mean value are examined, and in the course of the further calculations
those values for which inequality

(4) \ASj — ASj\ ">t esjs,
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is valid, are neglected. The value of constant t is taken 1.55. Values omitted
this way, are separately presented, and the above process (cycle 2) is repeated
without them, as a result of which ASj, and values, respectively, are
obtained. By means of ASj, of the initial y-value can be calculated:

ASj'

©) Yi= vm

where A Ymis the logarithmic filter constant of the applied two-step filter in
the examined wave-length range.

At the same time the initial k-value can also be calculated with the help
of the Sbj, value belonging to the ASj, limit value:

Yi

Using the initial constants obtained this way

A
. Sg,t and sbi b, i

Yi Yi

can be calculated from all Sat— Sb values. Then la and Ib mvalues, respective-
ly, are obtained from the equation (7.c) of 1-transformation from sa mand sb m
values for which inequality

(7.a) sa,i<kl and sbhi <

is valid. In other cases, according to the definition of /-transformation

(7.b) sa, i la, i

(7.c) - s

Then

(7-d) Ali =
values are calculated and the mean
(8) Al =

is got from all those Altvalues, for at least one component of which inequality
(7.a) is valid. In equation (8) M is the number of Alt values.

Acta Chim. Acad. Sei. Hung. 102, 1979



FLORIAN et al.: BLACKENING CURVE AND /-TRANSFORMATION 283

Mean value Al calculated on the basis of equation (8) is compared with
the value AYmof the filter constant.
If

(9) VAI-AYm\<P

the chosen Jl-value is suitable with the accuracy required. The value P can be
chosen arbitrarily; for practical purposes P = 0.01 or P = 0.005.

In the case, when inequality (9) is not fulfilled, the fl-value is varied as
follows:

If
(9.a) A K Ym “new — ~ormer + 0.005
(9-b) Al>Ym “new = “ormer  0.005

W hen accuracy defined by formula (9) is reached, iteration is stopped and the
preliminary k2value is obtained. After this the Sbj, and ASj,, values are cal-
culated corresponding to J12:

(10) S,,J»= ¥ mk2

Following this, the previous part of calculation (cycle 3) is repeated, i.e. the
new initial y- and Jfl-value is calculated

AS*

(ii.«)
2 Ay,
(11.b) K - SbhJ"
¥2

Iteration of /l-value is repeated as described above with the values of the
second initial transformation constants applying formulas (7)— (9.b) and finally
Ad-value is got.

If the value of y4 and y2 does not differ more than the error permitted
[4, 14], i.e.

(12) I —PIlI< 0.02

then y2- and J¥alues can be regarded final. If this condition is not fulfilled,
the calculations given by formulas (10) and (11) are repeated using the values
of y2and /U With the y3and k5preliminary values obtained this way the itera-
tion is performed again which results in the final y3- and Ze-values.
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This step was necessary, because a significant difference between yx and
y2 values refers to wrong initial y- and fc-values. The cause of this lies in the
not sufficiently accurate determination of ASj limit value and ASj mean value,
respectively. This occurs, when the standard deviation of the measurements
is too high, or the distribution of Sa m— Sbhtdata pairs is uneven on the linear
and under-exposed part of the blackening curve.

Three insoluble cases may arise, in which the calculation automatically
ceases. These are the followings:

1. In the course of &-value iteration according to formulas (9.a) and (9.b),
respectively, it may occur that Kk constantly changes between two values with-
out reaching the required iteration accuracy. In this case the calculation can
be repeated with lower iteration accuracy.

2. The Sbj. and ASj, values got with the help of preliminary yx- and
fe2-values correspond to less than 5 ASj values of the series. This time the
precondition of the calculation is not fulfilled according to which at least the
first 5 ASj values should fall to the linear section of the blackening curve.

3. During iteration the fc-value continuously decreases and takes a
non-defined negative value. In this case, however, the calculation can be repeat-
ed with a lower iteration accuracy requirement.

The following scheme gives a survey on the calculating process in a simpli-
fied from.

In the course of the practical test of the above program first of all the
accuracy reachable has been examined. This examination shows simultaneously
w hat precision can reliably be requested during the application of the method.

To characterize the precision of transformation the program gives the
following data at the single steps of iteration:

a) The average and standard deviation of Al values calculated from all
data pairs of density:

1 N
(13.a) _ — YyAlj
T N ¢
(13.b) - r1 N~ -

bJ The average and standard deviation of zj*-values calculated from
data pairs (laj, Ibj) lower than the fc-value:

N 1 M
(14.a) Alldk= — - Y AL M < IV
Mijé 1
1 M 3
(14.b)
SA~"= [w = rT j§iAll<k~ Alj)i
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c¢) The difference of the filter constant and mean value All<k obtained
from the transformed density values, as well as the standard deviation of Alj
values characteristic for the deviation from the filter constant:

(15) P = \AYm— A3«c |
y
M 2
(16) ArhockAYm 2(AYm-AIlj)-
i=1

Accuracy of transformation is characterized primarily by the last two data.
On Figures 2.a, b, ¢, d some practical examples are demonstrated. The variation
of sAll*k, sAIk, sAI"k AYm and that of P-value in function of the parameter
K is presented in the figures. The most important experimental conditions
(spectral plate, spectrograph, wave-length) are shown in the legends to the
figures.

On the basis of the figures the followings can be stated:

a) The P-value has an extremely sharp minimum in function of param -
eter k. It can be seen that the step value k = ~0.005 applied in the course
of iteration, ensures the approach of this minimum with 0.001 accuracy in all
cases. To demand a better agreement between filter factor and value All<k
would be pointless both theoretically and practically. Namely, the filter con-
stant is a photometrically determined value, and the error of absorbance
measurement is ~ 0.001 with the usual instruments in favourable case.

b) The standard deviation Arm passes through a minimum in func-
tion of fc-value and the Zc-value belonging to the minimum is equal to the k
belonging to the minimum of P value. Here

SAIN k

c) Standard deviation sAli*k similarly gives a minimum at the above
fc-value. The degree ofits change is, however, not significant, even if k is changed
so, as the value of P reaches 0.010. The variation of sAl can also be neglected
in the above limit of fc-values, and does not exhibit unambiguous tendency.
These observations well support the rule obtained by the application of I-
transformation without computer; according to which for practical purposes
always sufficiently accurate the fc-value at which P = |AYm— All<k\=
= 0.005 has been reached [4, 14]. However, computer calculations offer pos-
sibility for gaining better accuracy, too. Naturally, it is important only in that
case when for theoretical purposes the A-value itself is intended to be deter-
mined as precisely as possible.

The above described graphical and computerized processes have been
widely applied in the course of our further investigations. Line and continuous
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Fig. 2. Variation of different s-values and P-value characteristic for the accuracy of /-trans-
formation in function of fc-value in the course of iteration, in different cases, a) Spectral plate:
Agfa-Gevaert 23 D 56. Recording: continuous spectrum of D-lamp with spectrograph type
Q 24. Wave-length: 340 nm. b) Spectral plate: Agfa-Gevaert 23 D 56. Recording: Fe-spectrum
(d.c. arc excitation) with spectrograph type Q 24. Wave-length: 340 nm. c) Spectral plate:
Agfa-Gevaert 23 D 50. Recording: Fe-spectrum (d.c. arc excitation) with spectrograph type
Q 24. Wave-length: 300 nm. d) Spectral plate: ORWO WU 3. Recording: Fe-spectrum (d.c.
arc excitation) with PGS-2 grating spectrograph. Wave-length: 300 nm
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spectra have been investigated, and both prism and grating spectrographs
were used. For stepped attenuation oflight intensity before the slit of spectro-
graph either two steps of three-step filter built into the apparatus, or the selec-
tive y-compensating two-step filter constructed by Nagy have been applied
[19]. Varying light amount were produced by changing intensity or exposure
time depending on the other conditions of experiment. In the case of line
spectra determinations were mostly performed with iron spectrum. At single
wave-length appropriate number of data pairs were created with close lines
falling into a narrow (4—6 nm) range. Effects originating from the change of
exposure in function of the time (intermittence, etc.) were generally reduced
by d.c. excitation. The concrete experimental conditions are briefly described
at the corresponding investigations.
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Application of 2,2",4,4’-tetramethoxybenzhydryl (Tbh), a new amide-protecting
group is reported. Protected amides can be prepared by condensing the corresponding
carboxyl compounds with Tbh—NH2, the synthes of which is also described. The acid
lability of Tbh is similar to that of t-butyloxycarbonyl (Boc), thus it can readily be
removed by acidolysis in trifluoroacetic acid at room temperature.

In the synthesis of asparagine and glutamine peptides the co-amide group
can be involved in side reaction [1—3] and can increase the hydrophilic
character of certain intermediates, making their isolation and purification
difficult [4]. To overcome these difficulties, protection of the amide group has
been proposed. Thus the use of xanthyl- [5], 2,4-dimethoxy- or 2,4,6-tri-
methoxybenzyl- [6] and 4,4’-dimethoxybenzhydryl- [7] groups were described.
Methoxybenzyl derivatives can be prepared by condensation of the correspond-
ing carbonyl compound with benzylamine, while xanthyl- and 4,4’-dimethoxy-
benzhydrylamides are obtained by the acidcatalyzed alkalation of amides
with xanthydrol and 4,4’-dimethoxybenzhydrol, respectively. Each group can
be cleaved by acidolysis, e.g. with HBr in AcOH or TFA in the presence of
cation acceptors such as anisol. In respect of the ease of removal, the 4,4’-
dimethoxybenzhydryl group appeared to be the most promising.

Even in this case, however, we observed difficulties when larger peptides
were deblocked. Complete removal of the 4,4’-dimethoxybenzhydryl group
requires either a long reaction time or elevated temperature, and in both cases
side reactions can occur in the acid sensitive portion of the peptide.

Obviously a protective group with greater acid lability could be removed
under milder conditions. For obtaining such a blocker the simpliest way seemed
to be the introduction of further methoxyl groups into the 4,4’-dimethoxy-
benzhydryl moiety whereby the electron density at the carbon atom between
the benzene rings as well as the hydrophobic character would increase. Thus
the use of 2,2°,4,4’-tetramethoxybenzhydryl group was considered. This paper
describes the preparation of the new reagent and some experiences on its
applications.*

* Abbreviations are those recommended by IUPAC-IUB Biochem. J., 126, 773 (1972).
In addition, DCC stands for dicyclohexylcarbodiimide, Mbh for 4,4’-dimethoxybcnzhydryl,

Tbh for 2,2°,4,4’-tetramethoxybenzhydryl, TCP for 2,4,5-trichlorophenyl, TFA for trifluoro-
acetic acid and DMF for dimethylformamide.
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The synthesis of the new reagent Started from 2,2°,4,4,-tetramethoxy-
henzophenone which was first prepared by YanAllan [8]. The original pro-
cedure was significantly improved by some modification.

Condensation of 2,4-dimethoxybenzoic acid (I) and resorcinol dimethyl
ether (I1) gave in the presence of polyphosphoric acid 2,27,4,4’-tetramethoxy-
benzophenone (Ill) in an excellent yield. As the corresponding benzhydrol
(llia) prepared by the sodium borohydride reduction of I1l did not react with
amides, the benzhydrylamine was prepared.

Treatment of Il with hydroxylamine in ethanol gave the oxime (IV),
which was reduced by zinc dust in ammonium hydroxyde [9] to the correspond-
ing amine (V).

Although this compound is a solid, its melting pointis very low; therefore
its pentachlorophenolate salt (VI) was used in further experiments (Fig. 1).

The protected amides can be synthesized either from an appropriate
activated ester and V, or from the corresponding carboxyl compound and VI
by DDC condensation (Table I).

In spite of its bulkiness, the new group did not hinder the reactions of
the protected amino acids and peptides blocked on the amino or carboxyl
terminus or on both (Table II).

The Thh-protected derivatives crystallize readily and, as expected, their
solubility in organic solvents is greater than that of Mbh-protected compounds.
The Thh group is stable under the circumstances of peptide synthesis in solu-
tion, and resists catalytic hydrogenation. It can be removed much easier than
the corresponding Mbh group under similar conditions and it can selectively
be split off even in the presence of Boc groups (Table I11).

It is a well known fact that Boc and other protecting groups which are
split off as cations can alkylate the tryptophane residue(s) in peptides [10].

Table |

Preparation of Thh derivatives

80 111—112
65 155—158

Z-GIn(Tbh)-OMe (1X)
Z-Trp-Asn(Tbh)-Gly-OMe (XIX)

Derivative Method ~ Yield, M.p. °C
%

Z-Gly-NH-Tbh (VII) A 95 124—126
Z-Asn(Tbh)-ONB (V1I1) A 83 145-147
Z-Asn(Tbh)-ONB (VI11) B 75 144-146
Z-GIn(Tbh)-OMe (IX) A 88 111112

B

C

Methods: activated ester V (A); free carboxylic acid -f- VI -f- DCC (B); Z-Trp -f-
+ Asn(Tbh)-Gly-OMe -f DCC (C).
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Table N
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Transformation of Thh derivatives

Product Starting material r:g,cpt?or?*f* Yield, % M.p., °C
H-Gly-NH-Tbh (X) (V1) H 95  119—120
Z-Asn(Tbh)OH (X1) (V1) S 76 84 85
Z-Asn(Tbh)OTCP (XI11) (X1 DCC 88 —
Z-GIn(Tbh)OH (XI11) (1X) S 95 95—97
Z-GIn(Tbh)OPCP (XIV) (X11) DCC 90 _
Z-Asn(Tbh)-Gly-OMe (XV) (X111) + Gly-OMe AEC 95  126-127
H-Asn(Tbh)-Gly-OMe (XVa) (XV) H 90 92—94
Z-GIn(Tbh)-Leu-NH2 (XVI) (XI1V) + Leu-NH2 AEC 72 152
Z-GIn(Tbh)-Phe-OMe (XVII) (X11) + Phe-OMe DCC 86 134-135
Z-GIn-Phe-OMe (XVIII) (XVI1) TFA 94 _
Z-Trp-Asn-Gly-OMe (XIXa) (X1X) TFA cca. 30 —
Z-Trp(Tbh)-Asn-Gly-OMe (XIXb) (X1X) TFA cca. 30 —
Z-Trp(Tbh)-Asn-Gly-OMe (XIXc) (X1X) TFA cca. 30 _

* H = Hydrogenolysis; S = saponification; DCC = DCC coupling; AEC = activated

ester coupling; TFA = acidolysis in TFA/CH2C12

Table 111
Acid lability ofthe Thh group ofpeptide amidesa

Time required for

L . -
Splitting mixture complete removal at 20 °C

80% TFA in chloroform 5 min

80% TFA in water 15 mine

50% TFA in dichloromethane 30 mine

25% TFA in dichloromethane 6 h

10% TFA in chloroform 24 h

2JV HC1 in ethanol stable for 24 h
31V HC1 in water stable for days
2N citric acid in aqueous DMF stable for days
3N oxalic acid in aqueous DMF stable for weeks

a Complete cleavage of the Mbh group with the mixture of TFA/anisole (9 ; 1) recom-
mended [7] requires 2—3 h at 20 °C or 5 min at 70 °C (cca. 1 mmole Mbh-protected amino
acid or peptide amide in 7 ml mixture).

b1 ml/0.5 mmole Thh-protected peptide amide.

c Less than 5 min in the case of Tbh-protected amino acid amides.

AsThbh is split offin the form of tetramethoxybenzhydryl cation, it also attacks
the indole ring. When trying to cleave Tbh from Trp-containing peptides, the
desired product were obtained in about 30% yield only. The alkylated products
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appeared in the same yield, and sometimes a ninhydrine-positive compound
was also formed in 30% vyield. This means that while splitting off the Tbh
group, the benzyloxycarbonyl function also was partly cleaved.

Thus the general use of the new protecting group is recommended for
the synthesis of amide group containing peptides in the absence of tryptophane
residues.

Experimental

2,2’,4,4’-Tetramethoxybenzophenone (I11)

2,4-Dimethoxybenzoic acid (55 g; 0.3 mole) and 45 g (0.35 mole) of resoricnol dimethyl
ether were thoroughly mixed with 210 ml of commercial polyphosphoric acid, and the thick
suspension was heated on a steam bath for 10 min. During the reaction a deep purple colour
appeared and the mixture became clear. The reaction mixture was poured onto crushed ice
and after standing for a few hours the precipitated pink crystals were collected, washed succes-
sively with water, 5% aqueous NaHCO03 solution and water until the filtrate became neutral.
The wet cake was dissolved in ethanol and water was added just to make the solution cloudy.
Almost colourless crystals separated. After filtering and washing with water, the white powder
was allowed to stand over P20 3till attaining constant weight. Yield 91%, m.p. 135—136 °C
(lit. [8] 38%, m.p. 134-136 °C).

C1711180 5 (302.3). Calcd. C 67.53; H 6.00. Found C 67.48; H 6.05%.

2,2’,4,4’-Tetramethoxybenzophenone oxime (1V)

A solution of 30.2 g (0.1 mole) of 111, 19 g (0.264 mole) of hydroxyammonium chloride
and 21.4 ml (0.264 mole) of pyridine in 150 ml ethanol was refluxed for 3 h. After evaporating
the solvent the syrupy residue was dissolved in 200 ml CHC13 and 200 ml water. The organic
layer was washed with 2% aqueous citric acid solution, water, 5% NaHCO03solution and again
with water, and dried over anhydrous sodium sulfate. CHC13was removed in vacuum and the
residue triturated with ether. On standing overnight in a refrigerator, the oil crystallized. After
filtering and washing with ether the white crystals were dried to yield 27.3 g (86%) of the prod-
uct, m.p. 144—145 °C.

CITHX0 5N (317.4). Calcd. C 64.34; H 6.03; N 4.41. Found C 64.45; H 6.14; N 4.48%.

2,2’,4,4°-Tetramethoxybenzhydrylamine (V) and its pentachlorophenolate salt (V1)

Compound IV (21 g; 66.2 mmoles), 20 g (0.306 g-atom) of activated zinc dust, 2.4 g
(31 mmoles) of ammonium acetate and 350 ml of concentrated ammonium hydroxide were
placed into a round-bottomed flask and 75 ml of ethanol was added. The mixture was refluxed
in a well-ventilated hood for 4 h. During this time the suspension became an emulsion of the
desired amine. After removal of the ethanol, the suspension of zinc, zinc oxide and solid
Tbh—NH2was filtered, and the filter cake was extracted twice with ether. The ethereal solution
was dried and the solvent evaporated. The yellow oily residue (V) was dissolved in 200 ml
anhydrous ether and 19 g (71.5 mmoles) of pentachlorophenol was added. A white, amorphous
precipitate separated. After filtering and washing with ether the salt (VI) was dried over paraf-
fin turnings to yield 28.3 g (75%) of the product, m.p. 88—90 °C.

CZ3H2N 06Cl6 (569.7). Calcd. C 48.47; H 4.24; N 2.46. Found C 48.49; H 4.23; N 2.46%.

Z-Gly-NH-Tbh (VII)

Z-Gly-OTCP (0.74 g; 1.9 mmoles) and 1.08 g (1.9 mmoles) of V were dissolved in
2 ml of DMF and allowed to react at room temperature for 2 h. After removal of the solvent
the oily residue was taken up in 20 ml ether and 20 ml water was added. The protected amide
separated, and after filtering and washing with ether it was recrystallized from ethyl acetate -
ether to obtain 0.92 g (98%) of VII, m.p. 124—126 °C.

CjjHscOjNj (494.6). Calcd. C 65.58; H 6.11; N 5.66. Found C 65.66; H 6.07; N 5.81%.
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Z-Asn (Tbh)-ONB (VIII)

Z-Asp (OTCP)-ONB (1.28 g; 2.2 mmoles) and 1.25 g (2.2 mmoles) of V were dissolved
in 3 ml of DMF and allowed to react as above. The protected crude ester was crystallized from
ethanol - water. Yield 1.25 g (83% ), m.p. 145 °C.

C36H 30 i,N3(687.7). Calcd. C 62.88; H 5.42; N 6.11. Found C 62.94; H 5.63; N 6.21%.

Z-GIn(Tbh)-OMe (I1X)

Z-Glu (OPCP)-OMe (1.28 g; 2.36 mmoles) and 1.35 g (2.4 mmoles) of V were allowed
to react as described above. The product was obtained as white crystals from CHC13 - n-
hexane in a yield of 1.2 g (88%), m.p. 111—112 °C.

C3iH 380 9N2 (580.6). Calcd. C 64.12; H 6.25; N 4.84. Found C 64.26; H 6.44; N 4.83%.

The protected amides VIII and IX could be prepared by the DCC condensation of the
free B- or y-COOH containing derivatives and VI; the yields are somewhat lower than those
of the activated ester couplings. The reactons were carried out as follows: 10 mmoles of free
acid and 10 mmoles of VI were dissolved in 10 ml of CHC13; the solution was chilled in ice to
5 °C with stirring, and 10 mmoles of DCC was added. The mixture was allowed to react at 5°C
for 1 h, and then 1 more at 20 °C. DCU wasfiltered off, the solvent evaporated and the residue
crystallized from CHC13—hexane. The yields were 75 and 85% respectively; m.p.’s and ana-
lytical data were the same as above.

Gly-NH-Tbh (X)

Compound VII (1.3 g; 2.65 mmoles) was dissolved in 10 ml of DMF, Pd-on-charcoal
was added, and the solution was hydrogenated at atmospheric pressure. After 2 h the catalyst
was filtered off, the solution evaporated in vacuum and the residue was triturated with ether.
The product was crystallized from methanol - ether. Yield 0.9 g (95%), m.p. 119—120 °C.

C19H 240 5N2 (360.4). Calcd. C 63.32; H 6.71; N 7.76. Found C 63.27; H 6.98; N 7.84%.

Z-Asn(Tbh)-OH (X1)

Compound VIII (1.25 g; 1.8 mmole) was dissolved in 10 ml of methanol and 1 ml of
4M NaOH was added. The solution became clear in a few minutes. After 3 h the solution was
evaporated to dryness, the residue was triturated with ether, then with 5% aqueous citric acid
rolution, filtered, and washed with water to obtain a white amorphous powder. This was re-
crystallized from methanol - ether to yield 0.75 g (76%) ot XI, m.p. 84—85 °C.

COH 3D IN2(552.6). Calcd. N 4.97. Found N 5.07%.

Z-GIn(Tbh)-OH (XI1)

Compound IX (0.69 g) was treated as above to yield 0.64 g (95%) of X1I m.p. 95—97 °C.
C30H 3409IN2 (566.6). Calcd. C 63.59; H 6.05; N 4.94. Found C 63.35; H 6.11; N 5.01%.

Z-Asn(Tbh)-OTCP (X I11)

Compound X1 (5.52 g; 10 mmoles) was dissolved in 20 ml of DMF, 2.2 g (11 mmoles)
of 2,4,5-trichlorophenol was added, and the solution was cooled to 5 °C. DCC (2.3 g; 11 mmoles)
was added with stirring in several portions and the reaction mixture was stirred for 1 h at room
temperature. DCU was filtered off and the solution concentrated to a small volume. Ether was
added and the filtered amorphous activated ester was washed with ether and dried; yield 6.44 g
(88%).

C35H 330 9N 2C13 (732.0). Calcd. Cl: 14.45; N 3.83. Found Cl 14.47; N 3.87%.
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Z-Glu(Tbh)-OPCP (XIV)

DCC (2 g; 9.7 mmoles) was added, in several portions to a cooled solution of 5 g (8.82
mmoles) of X1l and 2.66 g (10 mmoles) of pentachlorophenol in 20 ml of CHC13; the mixture
was treated then as above to obtain 5.4 g (75%) of XIV.

C3H 30 9N2CI6 (814.9). C 53.05; H 4.08; N 3.44. Found C 53.33; H 4.04; N 3.38%.

Z-Asn(Tbh)-Gly-OMe (XV)

Compound XIIl (14 g; 19 mmoles) was added to a solution of 2.51 g (20 mmoles) of
methyl glycinate hydrochloride and 2.8 ml (20 mmoles) of NEt3in 20 ml of DMF and the solu-
tion was allowed to stand 3 h at room temperature. After evaporating the solvent ether was
added, and the separated crystals were collected, washed with ether and recrystallized from
CHC13 - ether to yield 11.8 g (95%) of XV, m.p. 127 °C.

C2H3/O10N 3 (623.7). Calcd. N 6.73. Found N 6.69%.

Asn(lbh)-Gly-OMe (XVa)

XV (3.6 g; 5.6 mmoles) in 20 ml of DMF was hydrogenated in the presence of Pd-on-
charcoal. After 2 h the catalyst was filtered off, the solution was evaporated, and the residue
crystallized from methanol —ether. Yield 2.54 g (90%), m.p. 92—94 °C.

C2H 330 8N 3 (503.5). Calcd. N 8.35. Found N 8.29%.

Z-GIn(Tbh)-Leu-NH, (XVI)

To a solution of 0.78 g (6.2 mmoles) of Ifeucine amide in 10 ml of DMF, 4.76 g (5.95
m(moles) of XIV was added and the reaction mixture was worked up as usual. Yield 3.03 g
72%), m.p. 152 °C.

cs3AAaqa, (678.8). Calcd. N 6.19. Found N 6.22%.

Z-GIn(Tbh)-Phe-OMe (XV 1)

Phe-OMe. HC1 (0.5 g; 2.3 mmoles) in 10 ml of DMF was treated with 0.32 ml (2.3
mmoles) of NEt3 and 1.14 g (2 mmoles) of X1l was added. The solution was cooled to 5 °C,
0.6 g (2.3 mmoles) of DCC was added, and the mixture was allowed to stand for 1 h at 5 °C and
1 h more at 20 °C. DCU was filtered off and the solvent evaporated. The residue was taken up
in 20 ml of CHC13 and washed successively with 5% aqueous citric acid solution, water, 5%
aqueous NaHCO03solution and water; the organic layer was then dried and concentrated to a
small volume. Ether was added and the substance which precipitated was filtered off, washed
with ether and dried to obtain 1.25 g (86%) of the product, m.p. 134—135 °C.

CA0H45010N 3 (727.8). Calcd. C 66.02; H 6.23; N 5.77. Found C 66.05; H 6.44; N 5.66%.

Illustrative deprotection

Compound XVII (0.72 g; 1 mmole) was dissolved in 0.5 ml of CHC13and 1.5 ml of TFA
was added. After 15 min the solvents were evaporated in vacuum at 20 °C and the residue was
rubbed with ether, filtered and washed. Z-GIn-Phe-NH2 (XV1I1) thus obtained could be crystal-
lized from methanol —ether. Yield 0.44 g (94%), m.p. 155—166 °C.

C23H270 6N 3 (441.5). Calcd. C 62.57; H 6.61; N 9.51. Found C 62.44; H 6.21; N 9.48%.

Z-Trp-Asn(Tbh)-Gly-OMe (X1X)

Asti (Tbh)-Gly-OMc (XVa) (4.88 g; 10 mmoles) and 3.4 g (10 mmoles) of Z-Trp-OH were
dissolved in 20 ml of DMF and 5 g (10 mmoles) of DCC « 3 HOPCP complex was added at 0 °C.
After stirring for 4 h, DCU was filtered off, the solvent evaporated and the residue triturated
with ether to yield 4.95 g (65%) of XIX.

CA3H40Ou N5 (809.9). Caled. N 8.64. Found N 8.55%.
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Deprotection of Z-Trp-Asn(Tbh)-Gly-OMe (X1X)

100 mg each of XIX was dissolved in 1 ml of the following solvent systems:

TFA-water-indole (8:1:1)

80% TFA in methylene chloride

TFA-water-mercaptoethanol (70 : 15 : 15)

After 30 min the reactions showed identical patterns on TLC (ethyl acetate-pyridine-
acetic acid-water 72 : 1.5 : 0.45 : 0.82), i.e. the same three spots appeared with Rt values of
0.14—0.26,
0.29—0.31 and
0.49—0.61 respectively.

The lower spot (Rj 0.14—0.26) gave a positive reaction with ninhydrine indicating that
the peptide had lost its benzyloxycarbonyl function during deprotection. Elementary analysis
of the isolated material (20 mg; about 30%) indicated a structure of Trp(Tbh)-Asn-GlyOMe.

C36H 410 9N 5 (675.6). Calcd. C 62.21; H 6.12; N 10.36. Found C62.28; H 6.21; N 10.31%.

The second spot (Rr 0.29—0.31) was found to be the desired, partially deprotected peptide
Z-Trp-Asn-Gly-OMe; yield 20 mg (30%).

C2eH 290 7Ns (523.5). Calcd. C 59.64; H 5.58; N 13.37. Found C 59.72; H 5.62; N 13.33%.

The third product (25 mg; 25%) represented by the fastest moving spot (Rj 0.49—0.61)
had the same elementary analysis as the starting material Z-Trp-Asn(Tbh)-Gly-OMe, the Rj
value of the latter was, however, higher (0.77—0.83). Obviously, the leaving Tbb cation alkyl-
ated the tryptophane ring thus the molecular weight and elementary analysis data remained
unchanged, but the mobility decreased due to the free amide function.

C43H470u N6 (809.9). Calcd. C 63.77; H 5.85; N 8.65. Found C 63.70; H 5.88; N 8.64%.

Deprotection of XIX with mercaptoethanesulfonic acid (3.5M in acetic acid) afforded
the desired and the transalkylated products, i.e. Z-Trp-Asn-Gly-OMe and Z-Trp(Tbh)-Asn-
Gly-OMe, in the same proportion.”
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The conformation and configuration of some JV-substituted bispid-9-ones and
bispidin-9-ols were investigated through analysis of the results obtained from dipole
moment and PMR measurements.

The chair-boat form was found to be the predominant conformation of both the
9-keto and 9-hydroxy derivatives. The application of lanthanide shift reagents provided
a useful method to assign the relative configuration of the C(9) atom in the case of
asymmetrically iV-substituted bispidin-9-ols.

Introduction

The conformation of compounds having bicycle-[3.3.Ijnonane carbo-
cyclic ring structure has been relatively well established, and their chair-chair
form was found experimentally [2] and theoretically [3] to be the most stable
one. Conformations of the 3,7-diaza analogues have been, in contrast, less
studied, and the results obtained previously by different authors [1, 4—6] are
not fully consistent. The main tasks are to find out the probable conformation
of the six-membered rings and the steric orientation of the iV-substituents in
the 9-keto compounds, moreover to reveal the C(9)-configuration of the asym-
metrically iV-substituted 9-hydroxy derivatives.

In this paper we describe the results obtained from dipole moment meas-
urements and proton magnetic resonance studies on the 3,7-diinethyl- and
3-methyl-7-ethyl-3,7-diazabicyclo[3.3.1]nonan-9-ones (I, IlI) [4] and their
9-hydroxy derivatives (lIl, 1V, V) [7]. For the sake of brevity, the bicyclic
skeleton of these compounds will be named bispidine, following Mannich’s
nomenclature [8].

Results

The measured dipole moments whose magnitudes depend on the relative
steric position of the dipolar chemical bonds, are shown in Table I.

e Part I, see Ref. [1]
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R. ar B3 Ri
| CH3 CH3 =0
11 CHn CiH5 =0
i CH3 CHs3 H(OH) OH(H)
v CH3 CH6 OH H
\ CHs C2H5 H OH

In order to determine the probable conformation of the amino-ketones
I and Il, the dipole moments of the possible conformations were also calculated
from the moments of the individual dipolar groups. In our calculations the
bond moments /ic=o = 3.10 D and Rr3 —0.80 D obtained previously [9, 10]
were applied. The bond angles were regarded as tetrahedral. Only those con-
formations were taken into consideration which could be constructed with

Table |

Experimental results of dipole moment measurements*

Compound an
3,7-Dimethylbispid-9-one, | 7.26 0.10 3.38 D
3-Methyl-7-ethylbispid-9-one, 11 7.20 0.06 3.46 D
3,7-Dimethylbispidin-9-ol, M1 3.52 0.00 235 D
3-Methyl-7-ethylbispidin-9/9-ol, TV 3.32 0.09 234 D
3-Methyl-7-ethylbispidin-9a-ol, V 3.22 0.06 232 D

* Measured in benzene solution at 25.0 C
** anis defined as the slope of the straight line function of dielectric constant increments
of benzene solutions versus the concentration expressed in weight fraction of the solute, w2
(As = ae w2
+ an is defined similarly as as for increments in quadratic refractive indices, n2(An2 =

= an

++ Calculated by the equation:

27kT M

AN (EL+ 2)2d1 ¢ (@ oM 18]
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Dreiding models. The chair (C) and boat (B) conformation of the six-membered
rings and the axial (a) or equatorial (e) steric position ofthe alkyl group attached
to the tertiary nitrogen atom were varied when establishing the conformers.
The calculated dipole moments agree with those calculated for 1,5-diphenyl-
IV,IV,-dimethylbispid-9-one [1] and are summarized in Table 11.

Table 11

Calculated dipole moments of the
N .N ’-dimethylbispidone conformers*

Conformation cc, ccee cBe CB, CBaxe CBa BBe BBeo BBal

Dipole moment (D) 217 253 343 351 217 253 4.63 351 217

* Abbreviations: C = chair, B = boat, e = equatorial, a = axial

In the PMR spectrum of I, the IV-methyl groups show only one sharp
singlet at room temperature. The methylene and the bridgehead protons have
a broad and highly complex multiplet. Similarly, in the spectrum of Il a
singlet and a triplet can be found, due to the N—CH3 and the N—CH2CHS
groups, respectively.

Insertion of the hydroxyl group into the C(9) position influences the
chemical shifts of the iV-alkyl groups differently. The absorption lines of the
compounds investigated are assembled in Table I11.

Table HI

P MR spectral data* of N,N'-dialkylbispidines

C—CH8N,

Compound N—CH,  N—CHcH, 1 C(9)-H
—CH—
iV,iV,-Dimethylbispid-9-one, 1| 224 s 235 322 m
JV-Methyl-IV’-ethylbispid-9-one, 11 224 s 1.00 t 230 320 m
IV IV’-Dimethy]bispidin-9-ol, 111 215 s

214 s 1.85—3.02 m 340 t
iV-Methyl-iV’-ethylbispidin-9/7-ol, 1V 211 s 095 t 183 320 m 335 t
7V-Methyl-iV,-ethylbispi(lin-9a-ol, ¥ 215 s 0.97 t 1.80 320 m 335t

* Chemical shifts in ppm (5 scale)

In the study of the conformation of Ill, and that of the configurations
of IV and Vby NMR spectroscopy, the application of lanthanide shift reagents
(LSR) has proved helpful. The magnitudes of the lanthanide-induced shifts
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Fig. 1. LIS values vs. the molar ratio Eu (fod)33,7-dimethylbispidin-9-ol (111)

Fig. 2. LIS values of the IV-alkyl groups vs. the LIS of the C(9)—H proton in compounds
LV (solid lines) and V (dotted lines)

(L1S) of the IV-alkyl groups are distinctly different, permitting conclusions
about the stereochemistry of the substrate under examination. Upon adding
a known amount of the fluorine containing shift reagent Eu(fod)3, the greatest
induced shielding was exhibited by the OH proton. Likewise, the signal of the
C(9)— H was also strongly shifted, but somewhat less than that of the former.
This proves that complex formation takes place between the LSR and the
hydroxyl group of compounds Ill, IV and V. The plot of the LIS against the
ratio LSR/substrate in the case of IV,iY’-dimethylbispidin-9-ol (IIl) gave a
nearly straight line for the different kinds of protons as illustrated in Fig. 1.
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As the effect of LSR is very markedly influenced even by traces of mois-
ture, which might occur in the sample, solvent, NMR tube, etc., in order to
obtain comparable LIS data for isomers IV and V, the induced shifts were
plotted in another manner than usually done; the shifts of the iV-alkyl groups
were plotted against the shift of the C(9)—H proton (Fig. 2), having taken into
consideration that the site of complexation, i.e. the C(9)—OH group, is in the
same environment in both molecules and, in consequence, an identical effect
ofthe Eu atom on the C(9)—H proton can be expected.

Discussion

Analysis of the dipole moments. The conformation of bispid-9-ones

Comparison of the measured (Table 1) and calculated (Table I1) dipole
moments makes possible to find the probable conformation(s) among the
different possible geometries. In this way the conformations CBee, CBae and
BBea (for abbreviations cf. Table Il) should be taken into consideration. The
appearance of the poorly resolved, highly complicated “ethylene envelope”
between d2.3—3.2 ppm does not preclude unambiguously the possibility of
the BBca form, nevertheless the existence of both six-membered rings in boat
conformation, because of their unfavourable steric structure, should be con-
sidered slightly probable. Although the more stable chair form of six-membered
rings [11] is present in the twin-chair conformation CC, the dipole moment
data indicate that to be unlikely.

As a result it can be concluded that iVjivV'-dimethylbispidone (1) has a
chair-boat conformation. The two kinds of the CB conformations are charac-
terized by dipole moments of essentially the same magnitude, hence differen-
tiation between them, in other words the exact determination of the steric
orientation of the lone pair on the tertiary nitrogen atom by an analysis of the
dipole moments, cannot be anticipated at all. It is well known that nitrogen
inversion readily takes place at room temperature [12], and the IV-methyl
group favours the equatorial site at equilibrium [13, 17]. Therefore, by analogy,
it can be said that iVjlV’-dimethylbispid®-one assumes a chair-boat conforma-
tion with equatorial iV-methyl substituents. This conclusion is in accordance
with our results [1] obtained previously for LS-diphenyl-iVjiV’-dimethylbispid-
9-one. The phenyl groups have, therefore, no serious influence on the confor-
mation of the diazabicyclic ring system studied.

The simple PMR spectrum of I|,5-diphenyl-iV,iV,-dimethylbispid-9-one
described previously [1] was interpreted by a rapid CB BC ring inversion
resulting in a time-averaged AB pattern for the CIlI2 groups. In the present
case the spin system is more complicated and does not allow a first order
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analysis of the spectra. The rapid equilibrium between the chair and boat form
seems, however, very likely.

The dipole moment of IY-methyl-7V’-ethylbispid-9-one (IlI) (3.46 D) is
nearly equal to that of JV,IV,-dimethylbispid-9-one (). Obviously, its confor-
mation agrees with the CB conformation of the dimethyl derivative (l),
bearing in mind the similar slight difference between the dipole moments of
iV-methyl- and iV-ethylpiperidine (0.80 D and 0.77 D, respectively) [10].

Conformation and configuration of bispidin-9-ols

The methyl groups of iV,iY’-dimethylbispidin-9-ol (I11) show markedly
different behaviour in the PM R study carried out in the presence of Eu(fod)3
(Fig. 2). As the strongest effect of the shift reagent can be observed in the case
of the OH proton, it can be inferred that the site of the coordination is the
oxygen atom. This suggestion is supported by the fact that the C(9)—H proton
displays a greater shift than the protons of any other kind in the molecule.
Considering the chair-chair form of iV,iV,-dimethylbispidin-9-ol (HI), owing to
the nearly similar distances between the Eu atom and the CH3 groups, one
would suspect their nearly equal shielding. In fact, one of the IV-methyl groups
shows an approximately 2.5-fold greater induced shielding than the other.
This observation might be rationalized with a chair-boat conformation of HI,

in which the methyl group of the boat ring is positioned in the proximity of
the OH group.

Assuming that the interaction of lanthanide complexes is predominantly
pseudocontact, the magnitude of the LIS is inversely proportional to the cube
of the average distance from the metal ion [14]. If the angle term is regarded
as constant, the LIS depends on the distance parameter only, which can be
expressed in a simplified form as Av = 6/r3.

If we take for the bond length Eu—0 2.45 A [15], and the Eu atom is
assumed to lie in the bisector of the C(9)—0—H angle in the symmetry plane
of the molecule, the resulting distances ofthe methyl groups measured from the
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Eu atom are approximately 5.5 and 7.1 A (see the perspective figure of IlI).
Considering such a geometry, the ratio of the LIS of the iV-methyl groups
calculated by the above equation would be about 2.2. As the observed ratio of
the LIS values is somewhat greater, it may be assumed that the nitrogen atom
in the ring of the boat form may also assist in complexing with LSR, resulting
in a pronounced difference between the effects on the iV-methyl groups. It
should be noted that although such an approach of determining the position of
the Eu atom is not precise, the geometry arising from it is suitable for decision
between the two alternatives.

The existence of Ill in a chair-boat conformation with a transannular
N. ..OH hydrogen bond is supported by infrared spectroscopy. In a 0.1M
CHClIg solution the OH absorption appeared at 3270 cm-1, which remained
unchanged upon tenfold dilution and no absorption band of the free OH group
near to 3620 cm-1 was observed. The appreciable decrease in the wavenumber
of the OH absorption can be interpreted by the formation of a strong intra-
molecular hydrogen bond [6].

The relative configuration of epimeric 3-methyl-7-ethylbispidin-9-ols
(IV and V) can also be deduced from the PMR spectra run with Eu(fod)3. The
plot in Fig. 2 clearly suggests that the C(9) epimer showing the largest N—CH3
and the least N—CH2CH3 lanthanide-induced shifts should have R* configura-
tion (IV), and the other, having similar measures of LIS values, bears con-

sequently the hydroxyl group in gposition (V). The LIS values of both isomers
are in a good agreement with the approximate intramolecular distances obtain-
ed by inspection of the Dreiding stereomodels.

Further arguments for the identical conformational behaviour of the
diazabicyclic alcohols HI, IV and V are provided by the dipole moments (Table
). Although it was not possible to add the individual group moments vectori-
ally due to the formation of intramolecular hydrogen bonds, the very good
agreement of the dipole moments measured in benzene solution reveals that
these compounds have the same conformation, as outlined above.

*The assignment of the C(9) configuration as a and R is based on the JV-methyl-OH
distance, as generally used in alkaloid chemistry.
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Experimental

Synthesis of compands

Compounds I and Il were prepared by known methods [4]; the procedure was, however,
modified and improved in this laboratory [7].

The IV,IV’-dialkylbispidin-9-ols were obtained from | and Il by reduction and in the
case of 1l subsequent separation of the C(9) epimeric alcohols. The melting points were 130 —
31 °C, 98 —99 °C and 88—389 °C, for IlI, IV and V, respectively. A detailed description of the
syntheses will be published elsewhere [7].

Measurements

The dipole moments were determined by measurement of the dielectric constants and
the refractive indices in dilute benzene solutions at 2 MHz and 589 nm, respectively. The eval-
uation of the experimental data and the instruments used have been described in detail pre-
viously [16]. The as and an values, i.e. the slopes of the straight line function of the dielectric
constants (s) and quadratic refractive indices (n2 versus the concentration of the benzene solu-
tion are summarized in Table I.

All nuclear magnetic resonance spectra were recorded at 80 MHz on a Tesla BS 487 A
spectrometer. The samples were dissolved in CDC13 and hexamethyldisiloxane was used as
internal standard.

The shift reagent tris(6,6,7,7,8,8,8-heptafluoro-2,2-dimethyl-3,5-octanedionato) europium
Eu(fod)3 was obtained commercially (Aldrich Resolve-Al EuFOD) and stored in a desiccator.
During the LIS measurements the concentration of 111 was maintained at 1.60M (14.7 w/w%).
The molar ratio LSR/substrate was kept in the range 0.033 —0.133. Extrapolation to the unit
molar ratio yielded AS2.13 ppm, 5.50 ppm, 7.75 ppm and 19.38 ppm induced shifts for the
N —CH3, N’—CH3 C(9)—H and OH protons, respectively. The concentration of the epimeric
alcohols IV and V was about 1.50AI" (cca. 15 w/w%); after adding the LSR, the molar ratio
LSR/substrate varied in the range of about 0.1—0.3.
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4- and 3-Pyridinecarboxaldehyde and benzyl cyanide were converted into
I-pyridyl-1,4-dihydro-3(2H)-isoquinolinones 1 and 8, respectively, in PPA having a
high (84.0 or 82.8%) P20 5equivalence, while in PPA with a 76% P20 6 equivalence the
4-picolinyl-l1-pyridyl-3(2H)-isoquinolinones, 2 and 10, respectively, were obtained in
satisfactory yields. When using a shorter reaction time, 4-pyridinecarboxaldehyde gave
the bis-amide 4 too, while in the reaction of 3-pyridinecarboxaldehyde the 4-(3'-picoli-
nylidene) derivative could also be isolated. It has been confirmed by the isotopic tech-
nique that arylidene-bis(phenylacetamide) can decompose in PPA to give phenyl-
acetamide and araldehyde in an equilibrium reaction.

Earlier the preparation of I-aryl-1,4-dihydro-3(2H)-isoquinolinones that
can be regarded as a new group of anticonvulsive agents [1, 2] was reported;
further, the reactions of derivatives, non-substituted in position 4, with aroma-
tic aldehydes in the presence of strong bases yielding l-aryl-4-benzyl-3(2H)-
isoquinolinones through a 4-benzylidene intermediate were described [3, 4].

In the course of the preparation of I,4-dihydro-3(2H)-isoquinolinones it
has been supposed that the reaction takes place through a bis-amide interme-
diate [5]; this bis-amide could not be isolated, yet when synthesized in an
independent way, it rapidly transformed into the corresponding isoquinolinone
in 1:1 polyphosphoric acid (prepared from 1 g of 85% phosphoric acid and
1 g of phosphorus pentoxide by heating the mixture at 100 °C for 8 h [6]).

In an extension of the reaction to heterocyclic aldehydes, the aldehyde
component used first was 4-pyridinecarboxyldehyde (Scheme 1). When R was
a methyl group, the expected 4,4-dimethyl-1-(4-pyridyl)-1,4-dihydro-3(2H)-
isoquinolinone 3 was obtained.

When, however, the non-substituted benzyl cyanide was employed
(R=H), two products were obtained in the reaction. These were separated and
identified as the expected I|,4-dihydro-3(2H)-isoquinolinone 1; the other com-
pound was 4-(4-picolinyl)-I1-(4-pyridyl)-3(2H)-isoquinolinone 2. The UV spec-

* Present address: Postgraduate Medical School, Central Research Division, Budapest
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Scheme 2
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trum ofthe latter clearly indicated the lactam-lactim tautomerism characteristic
of 3(2ff)-isoquinolinones.

This result was surprising, since in the earlier experiments with benz-
aldehydes and aryl-acetonitriles it had never been observed that the produced
lI-aryl-1,4-dihydro-3(2ii)isoquinolinone reacted in PPA with the aromatic
aldehyde through its C-4 methylene group; such a conversion took place only
in the presence of a strong base.

The reaction effected at 120 °C was monitored by TLC for 10 h. First only
the 1-pyridylisoquinolinone 1 could be identified, then the spot characteristic
of the 4-picolinyl-lI-pyridyl derivative 2 also appeared and became more intense
with time. The reaction mixture was processed after a 10-h reaction time, and
2 was isolated in 51% vyield. It was also remarkable that at the beginning of
the reaction an unknown substance was detected, hut this rapidly disappeared,
i.e. became further transformed.

In the next experiments, the reaction was stopped at a given point of
time and the products were isolated. It was found (Scheme 2) that the 3(2H)-
isoquinolinone 1 could be isolated in 27% yield after 15 min, while traces of
an unknown compound were isolated from the reaction mixture processed after
a reaction time of 5 min. This proved to be the bis-amide 4. When a lower
temperature was applied (100 °C), this substance was obtained in 45% yield
after 30 min reaction time. These facts indicate that in the reaction involving
several steps, the bis-amide 4 is formed first; this is rapidly converted into the
isoquinolinone derivative 1, from which the end-product 2 is formed probably
in a reaction with another molecule of 4-pyridinecarboxaldehyde. The assumed
intermediate 5, a 4-picolinylidene derivative, could not be isolated.

Now the individual reaction steps were examined separately. First the
reaction of the bis-amide 4 was studied and it was found that it partly under-
goes cyclization under the above conditions, partly decomposes into aldehyde
and acid amide. The aldehyde reacts with some of the cyclized product to give
3(2li)-isoquinolinone:

CH2CONH2 G'H=0
1 4
(45%)
+1
2
(18,7%)
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This was the first case in the synthesis of l,4-dihydro-3(2H)-isoquinolinones
that a bis-amide could be isolated from the reaction mixture. Earlier, in our
studies on the reactions with PPA of arylidene-bis-amides prepared from phe-
nylacetamides carrying substituents of high space requirement at the a-posi-
tion, it was found that these compounds probably transform into the starting
materials (acid amide and aldehyde), instead of undergoing cyclization. In the
case of the bis-amide 4 prepared from 4-pyridinecarboxaldehyde this revers-
ibility has been decidedly proved.

In order to confirm the general validity of this two-directional reactivity
of bis-amides in PPA, benzylidene-bis(phenylacetamide) has also been tested.
W hen phenylacetamide labelled with 14C was also added to the reaction mixture
containing benzylidene-bis(phenylacetamide), both wunlabelled and labelled
isoquinolinones were isolated (Scheme 3). The labelled isoquinolinone can only
be formed from the labelled phenylacetamide with the benzaldehyde produced
by the decomposition of the bis-amide; thus the reversibility assumed can be
regarded as proved.

NH—CO—CH2

/
CH

NH—CO—CH2

In the following experiments the reaction of the isoquinolinone and
4-pyridinecarboxaldehyde was examined.

R2
CH2

6: R1—Ph, R2= 4-Py
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The pyridylisoquinolinone 1 and 4-pyridinecarboxaldehyde were con-
verted into derivative 2 in 45% vyield at 120 °C in a 6-h reaction. It was to be
elucidated next, whether in the condensation reaction of the C-4 methylene
group, being active to a certain extent in 1,4-dihydro-3(2if)-isoquinolinone,
with the aldehyde in PPA, the heteroaromatic nature of the aldehyde compo-
nent or of the C-I aryl group of the isoquinolinone is required for the accom-
plishment ofthe reaction. I-Pyridyl-1,4-dihydro-3(2if)-isoquinolinone 1 did not
react with benzaldehyde and 2,4-dinitrobenzaldehyde, and in the reaction of
I-phenyl-1,4-dihydro-3(2if)-isoquinolinone with 4-pyridinecarboxaldehyde at
150 °C, Il-phenyl-4-picolinyl-3(2ii)-isoquinoliiione 6 could he isolated only in
11% vyield from the strongly tarred and decomposed mixture. In order to
enhance the electron-withdrawing nature of the C-l substituent, I-(4-nitro-
phenyl)-l1,4-dihydro-3(2li)-isoquinolinone was used in a reaction with 4-pyri-
dylcarboxaldehyde, but no product of type 2 was formed from this substance.
The conversion yielding the 3(2H)-isoquinolinone derivative 2 could be effected
neither with sulfuric acid, nor with BF3in acetic acid; PPA is thus a specific
catalyst of the reaction. Therefore it seemed to be of interest to examine the
effect of the composition of PPA on the reaction. In these experiments ortho-
phosphoric acid and two different PPA compositions (1 : 1.5 and 1: 2) were
used, in addition to 1 :1 PPA, these were prepared in this laboratory. In
orthophosphoric acid and in PPA with the lower P20 5equivalence (76% P 20s),
the protonating capability of the catalyst is predominating, while in PPA of
higher P20 5equivalence (80.0 and 82.8% P205) the anhydride character must
be the decisive factor.

In 1:15 PPA the course of the reaction was significantly altered; no
bis-amide could he isolated, hut 1 was obtained in 54% yield after 60 min
reaction time. The bis-amide 4 was converted exclusively into 1 (49%), and
the reaction 1 —2 also became slower; 20 h were required for this conversion
(47%), whereas in 1 : 1 PPA a similar yield was attained in 6 h.

Theuseofl:2PPA and orthophosphoric acid does not cause a significant
change. In orthophosphoric acid it is probably the low rate of cyclization which
makes necessary the longer reaction time in the preparation of 2 (10 h, 26%).
W hen the starting material was 1, in orthophosphoric acid the reaction yielded
again 2.

4-Picolinyl-lI-pyridyl-3(2li)-isoqumolinone 2 was also prepared according
to the procedure described earlier [3], by the reaction of 1 with 4-pyridine-
carboxaldehyde in the presence of NaH. The reaction was very slow in benzene;
the products was obtained in 44% yield by refluxing reagents in toluene for
30 h. In this case DMSO did not prove to be a suitable solvent, the maximum
yield being 17% at 50 °C in 6 h.

Summarizing the reactions between benzyl cyanide and 4-pyridine-
carboxaldehyde in 1 : 1and 1: 15 PPA, in the series of consecutive reactions,
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which can be characterized by four rate constants, the correlation between
the composition of the PPA and the ratio of the rate constants is as follows:

CHjCN CH=0

in 1:1 PPA: kin t8, ki> k2, 12" kj
in 1:1.5 PPA: f4» k3, k2» ku k2> Ic3

According to our results, fodis higher than k3in both kinds of PPA: the
4-picolinylidene derivative 5 could not be isolated. In 1:1PPA, Ag K2 in
our syntheses of l,4-dihydro-3(2H)-isoquinolinones, this was the first case
when the supposed intermediate, the bis-amide, could he isolated from the
reaction mixture. This ratio of the reaction rates is just reversed in 1 : 1.5 PPA.
As regards l,4-dihydro-3(21f)-isoquinolinone and the aromatic 3(2if)-isoquino-
linone, both compounds could be isolated in 1 : 1 PPA, whereasin 1: 1.5 PPA
k2 k3, and consequently the condensation was significantly slower.

It was now examined, whether the reactivity for carbonyl addition ob-
served in 4-pyridinecarboxaldehyde with acid catalysis exists in the other
pyridinecarboxaldehydes or not. The C-2 isomer did not yield even the cor-
responding 3(2H)-isoquinolinone, however, the experiments with 3-pyridine-
carboxaldehyde were finally successful. This is shown by the reactions in
Scheme 4.

In this case, too, the reaction was effected firstin 1 : 1PPA; it was moni-
tored by TLC and the samples that seemed suitable were processed. However,
no pure products was obtained; even after 30 h the mixture consisted of three
substances which could not he separated. Therefore, a system was chosen which
had been prepared by mixing calculated amounts of 85% phosphoric acid and
P205(1 g of PO 5for 1 ml of phosphoric acid) without heating for 8 h (so-called
‘fresh PP A’). These attem pts were successful. When benzyl cyanide and 3-pyri-
dinecarboxaldehyde were allowed to react in this system at 140 °C for 40 h,
4-(3-picolinyl)-1-(3-pyridyl)-3(2li)-isoqumolinone 10 was obtained in 47%
yield. For the preparation of I-(3-pyridyl)-1,4-dihydro-3(21i)-isoquinolinone 8,
the 1 : 1.5 PPA was found to be the most favourable medium, in which the
compound could be prepared in 59% yield. In fresh PPA, the conversion 8 — 10
took place in 16 h at 140 °C in 45% yield. When the latter reaction was effected
for 3 h and 120 °C instead of 140 °C, the 4-(3-picolinylidene) derivative 9 could
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also be isolated and prepared as a pure compound in 29% yield. However, the
attempted isolation of the bis-amide 7 remained unsuccessful in the case of
the 3-pyridinecarboxaldehyde. The aromatic derivative 10 was also prepared
by the NaH method in a satisfactory yield (49%) from 8 in-DMSO.

In summary, in the reaction of benzyl cyanide with 3-pyridinecarbox-
aldehyde in fresh and 1 : 1.5 PPA, the series of consecutive reactions, charac-
terized by four rate constants, gives the following correlation between the
ratio of rate constants and the composition of PPA:

CH=0
GY.H5CH20N  -f-

10

in fresh PPA: kt> ki, h> k2 k31 K,
in 1:1.5 PPA: Toy Je2> J$
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Table |

Preparation of the 1-(4-pyridyl)-3(2H) -isoquinolinones

Reaction Product

/6T ‘20T BunH "1BS "peoy wiyd epy

i Molar o
Starting compounds ratio PPA timec h Temp., °C (yield) Comments
Benzyl cyanide -f- 4-pyridine- 1:22 1:1 10 120—125 2 (51.12%)
carboxaldehyde
Benzyl cyanide + 4-pyridine- 2:1 1:1 1/4 120-5 1 (26.8%) The product was isolated by ex-
carboxaldehyde traction with CHC13 after pouring
into water
Benzyl cyanide -f- 4-pyridine- 2:1 1:1 1/2 100 4 (45%)
carboxaldehyde
Benzyl cyanide -)- 4-pyridine- 1:1 1:15 1 120 1 (53.6%) The aldehyde was added to the
carboxaldehyde reaction mixture during 45 min,
in three portions
Benzyl cyanide -f- 4-pyridine- 1:1 1:2 1 120 1 (44.7%) The aldehyde was added to the
carboxaldehyde reaction mixture during 45 min,
in three portions
Benzyl cyanide + 4-pyridine- 1:2 ortophos- 10 120 2 (25.5%)
carboxaldehyde phoric acid
a,a-Dimethyl-benzyl cyanide -f- 1:1 1:1 3 125 3 (51%), The base was converted into the
+ 4-Pyridinecarboxaldehyde 3-HC1 (61%) hydrochloride without purification
4 1:1 3 125 1 (45%) + Compound 2 separated when pouring
2 (18.7%) the reaction mixture into water;
1 was extracted with CHC13
4 1:15 3 120 1 (49%)
1 4-Pyridinecarboxaldehyde 1:1 1:1 6 120-5 2 (44.8%)
1 + 4-Pyridinecarboxaldehyde 1:1 1:15 20 120-125 2 (46.9%)
1 -f 4-Pyridinecarboxaldehyde 1:1 orthophos- 5 120 2 (38.5%)
phoric acid
I-Phenyl-l,4-dihydro-3(2H)- 1:1 1:1 3 150 6 (H%)

-isoquinolinone -f- 4-pyridine-
carboxaldehyde

U198 12 IVZVH
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In fresh PPA, 9 and 10 could also be prepared;in 1: 1.5 PPA the reaction
stopped at 8.

According to our investigations, the mechanisms of the reactions between
l,4-dihydro-3(2if)-isoquinolinones and benzaldehyde in the presence of a strong
base, and with pyridine carboxaldehyde reagent in PPA are similar, both in-
volving the 4-arylidene intermediate. In the reaction with pyridinecarbox-
aldehyde, the nature of the aldehyde component (4- or 3-isomer) and the com-
position of PPA significantly affect the rates of the individual steps in the
four-step reaction, and this renders possible the preparation of the different
individual compounds in optimum yield.

Experimental

Polyphosphoric acid was prepared from phosphorus pentoxide and 85% phosphoric
acid; the given amounts of the components were stirred under anhydrous conditions until dis-
solution of the solid, followed by heating at 100 °C for 8 h when necessary.

The reactions in PPA (Tables I and Il1) and processing of the reaction mixtures were
effected as described earlier [1].

Table 11
Preparation ofthe I-(3-pyridyl)-3(2H)-i$oquinolinones

i Molar Reaction  Temperature, i
Starting compounds ratio PPA time. o Product (yield)

Benzyl cyanide + 3-pyridinecarbox-

aldehyde 1:2  ‘fresh’ 40 140 10 (46.9%)
Benzyl cyanide + 3-pyridinecarbox-

aldehyde 1:1 1:15 4.5 130 8 (59%)
8 -f- 3-pyridine-carboxaldehyde 1:1 ‘“fresh’ 16 140 10 (44.6%)
8 -(- 3-pyridinecarboxaldehyde 1:1 ‘fresh’ 3 120 9 (28.6%)

Condensation in the presence of NaH was carried out as given in Ref. [3].

Physical data of the compounds prepared are given in Table I11.

The 14C-labelling experiments were made as follows.

Benzylidene-bis(phenylacetamide) (429.38 mg; 1.198 mmole) [7] and 14C-phenylacet-
amide (171.22 mg; 1.266 mmole), prepared on the analogy of [8], were allowed to react in 1:1
PPA (5 ml) in the usual manner.

The activity of the phenylacetamide was

Atp 13 608.76 Bg/mg

Am 1839.36 kBg/mmole

mole number: 3.66 mmoles.

The activity of the product [I-phenyl-l,4-dihydro-3(2H)-isoquinolinone] was:

Asp 754.75 Bg/mg

Am 168.50 kBg/mmole
Activity introduced: 2330.09 kBqg.
Amof phenylacetamide in the mixture was 636.32 kBg/mmole. Incorporation: 26.5%.
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Table 111

Physical data of the I-pyridyl-3(2H)-isoquinolinones and of the 4-picolinylidene-bis(phenylacetamide)

Compound No.
4-Picolinylidene-bis(phenylacetamide) 4
1-(4-Pyridyl)-1,4-dihydro-3(2H)-isoquinoline 1
4-(4-Picolinyl)-1-(4-pyridyl)-3(2H)-isoquinolinone 2
I-Phenyl-4-(4-picolinyl)-3(2H)-isoquinolinone 6

4,4-Dimethyl-I-(4-pyridyl)-1,4-dihydro-3(2H)-isoquinolinone 3
* HCI

1-(3-Pyridyl)-1,4-dihydro-3(2H)-isoquinolinone 8
4-(3-Picolinylidene)-1-(3-pyridyl)-1,4-dihydro-3(2H)- 9
isoquinolinoned

1-(3-Picolinyl)-1-(3-pyridyl)-3(2H)-isoquinoliiione 10

“Uncorrected melting points, capillary tube-method

M.p., °Ca
(recrystallizmg
solvent?)

235—6 (DMF)
167-9 (EtOH)

231-2 (DMF)

238-40 (EtOAc)

262 (d.)

189-91 (EtOH)

230-2 (EtOH)

229-30
(70% EtOH)

bDMF, dimethylformamide; EtOll, ethanol; EtOAc, ethyl acetate
0 The IR spectra were determined on a Perkin-Elmer 377 spectrometer (KBr pellets)
dNMR (CDC13: CHNH 5.73d (I, JCH nnh 2.5 Hz) 7.83d (1), ArH 7.0—7.75m (8), 8.12d

(1), 8.35-8.55 m (3), 8.66d (1, 1.5 Hz)
8 Lactam
*Lactim

g All compounds were analyzed for C,H,N with results of at least 0.4% accuracy

IRC

vCO 1660

J-CO 1665

vC=N 1620

rOH 3550

vC=N 1625

vCO 1670

rCO 1670

vCO 1670
j-c=C 1620

vC=N 1620

265
258

434
359
293
281

260
256

308

430
350
296
286

uv

(3150)
(3790)

(1166)e
(8270)'

(3465)
(3371)

(15642)

(899)

(7192)
(4894)
(5410)

Formula*

C2H2iN 302

C,,H,,N,0

C20H15N 30

A2171670

C16H 17CIND

clh 1h 20

C20H 15N 30

c20h I, 3o

Yle 19 IVZVH
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Recent Results in Chemistry, Vol. 39 (In Hungarian)
Editor Béla CsAkvAri

Janos Hollo, Laszlé Reviczky, Laszlé Kirchknopf, Imre Kurucz, Laszlé
Nyeste, Béla Sevella, LAaszl6 Szigeti and Attila Veres: Some Problems
in Modern Research on Fermentation

Budapest, Akadémiai Kiad6, 1978
296 pages, 10 tables, 66 figures

Under the comprehensive title “Some problems in modern research on fermentation”,
the authors report on their results achieved in the field of a new, progressing interdisciplinary
science, bioengineering operations and processes. Two papers in the hook deal with the prob-
lems of industrial microbiology, a sector of the above field, which has undergone dynamic
development during the last decade. This special attention is also due to the fact that the inter-
disciplinary character of industrial microbiology requires the close cooperation of biologists,
chemists, physicists, mathematicians and physicians. The Fermentation Research Team,
organised about ten years ago at the Agricultural Chemical Technology Department of the
Technical University, Budapest, which began its work with researchers of various basic educa-
tion, has amalgamated into a uniform team under the direction of Professor Hol1é. Their
work is introduced by the two papers in the book:

1. Some Theoretical and Practical Problems of the Application Possibilities of Computer
Technique in Fermentation Research (134 pages, 8 tables, 39 figures; references)

2. Mathematical Modelling of Bacterium Fermentations (144 pages, 2 tables, 27 figures;
references)

The papers deal with two logically correlated part-fields of bioengineering operations
and processes for microorganisms; they describe automated, computer-coupled fermentation
apparatus and its application possibilities in the controlling and automation of fermentation
systems, as well as their mathematical modelling methods. Discussion of the authors’ own
results is subordinated to a treatment of the basic problems in these two fields, and solutions
on the laboratory scale are suggested. This serves primarily the intensification of Hungarian
microbiological processes, primarily in the pharmaceutical industry; at the same time its im-
portance on the world scale is pointed out.

The first paper is divided into seven chapters. The introductory chapter gives a short
survey of the computerized fermentation systems which have been realized up to now, in-
cluding the logic steps of coupling. The next two chapters give information regarding the fer-
mentation process and the actual parameters, and the fundamental conditions of measurement
are described. Chapters 4 and 5 make up more than two-thirds of the paper; these are: “The
automated fermentation apparatus” and “Off-line optimum direction of continuous fermenta-
tion processes”. Here the fermentation apparatus built by them, technical methods of con-
trolling the physical parameters (variables) and the breeding method based on the turbido-
stat principle (where the concentration of the microorganism cells is measured by measuring
optical density and this is used as the control signal) are described. The experimental procedure
studied on laboratory scale was the conversion gluxose —% gluconic acid — 5-ketogluconic acid,
based on a process catalyzed by the enzymes of a species—of Acetobacter suboxydans denoted
by ATCC 621 in the industry. The continuous fermentation model process was studied at 27 °C,
30 °C and 33 °C temperatures. In the course of the 100-h experimental programs, the repro-
ducibility of the biological state of the microorganism breed and the stability of the value of
the propagation rate were determined repeatedly. The rate of the formation of gluconic acid
was measured through the measurement of the consumption rate of base added for neutraliza-
tion. Of the control parameters of the process, the temperature, pH and the concentration
of cells were varied, and the specific growth rate, the specific rate of product formation and the
actual gluconic acid concentration as the state parameters were examined. It was established
experimentally, which parameters are to be regarded as technological limits of the process
and which are the starting working points of the optimation experiments. In order to approach
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the optimum, an experimental program was constructed and realized to determine the control
parameters ensuring the maximum values of the individual state parameters.

These investigations are far from being finished, therefore, in Chapters 6 and 7, the
authors shortly outline the possible methods for off-line optimation of the non-continuous
breeding technique and the algorithms required for controlling the on-line static optimation
of the continuous operation.

The second part of the book describes the principles of mathematical modelling of
fermentation systems, the model types given in the literature. The authors’ experiences are
illustrated again on the glucose-converting reaction of Acetobacter suboxydans, considering two
residual enzyme catalysts (glucose dehydrogenase and gluconic acid dehydrogenase),in accord-
ance with the black box approach applied by them.

The second paper deals with the modelling of non-continuous fermentation processes
usual in industrial practice. The authors’ primary purpose is the illustration of model forma-
tion, “one fermentation — one model” on the example chosen by them. When reading the
paper, it can be felt that there has been a serious synthesizing work behind the 83 references.
Therefore it is not evident, why they limited the subject to “bacterial fermentation”, when
Hungarian researchers deal extensively with the regularities of propagation and product
formation of yeast and mould species. The majority of this work has been published in period-
icals of the Hungarian Academy of Sciences (e.g. Acta Chimica, Acta Alimentaria).

Both papers in the book reflect the modern concept that the level of development of
technological procedures in this special chemical-biological interdisciplinary field of science
is ready for the application of system-technical treatment, modelling and computerized
methods. The authors were the first who developed and operated a fermenter-computer unit
for experimental purposes in Hungary, and in this work one must recognize the significant
role of one of the authors deceased since then, Attila Veres.

P. BIACS

chemBUYdirect International Chemical Buyers Directory

edited by Friedrich W. Derz, dipl. chem.

W alter de Gruyter, Berlin, New York, 1976

This enormous collection work consists of the following parts:
chemPRODUCTIindex in two volumes
chemSUPPLIERSdirectory
chem ADD RESSbook
chemSYNONY Mdictionary

chemPROCUCTindex

The chemPRODUCTIindex lists in alphabetical order about 300 000 names (synonyms)
of chemicals (organics and inorganics), radioactive-labelled compounds, isotopes, dyes, poly-
mers, active principles of pharmaceuticals, etc., and their molecular formulas.

In order to make the knowledge of chemical nomenclature as far as possible unnecessary
for the use of the system, each name in the list is referred to the Chemical Abstracts Service
Registry Number (CARNO) or, if such one is not available, to an interim Number (iNo).
Knowing the registry number, one can find information in the other volumes of the series.

As the names of chemical compounds rarely change, the usefulness of the chemPRO-
DUCTindex will not diminish with time. For keeping it up to date, supplementary lists are
sufficient. The supplements will be embodied in the yearly revised editions of the chem-
SUPPLIERSdirectory.
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chemSUPPLIERSdirectory

The object of this volume is to give information about companies which may be taken
into consideration as suppliers of a particular chemical.

The basis of searching is the registry number (CARNO or iNo) which can be found in
the cheinPRODUCTIindex after the name or synonim of a given chemical. This makes it un-
necessary always and everywhere to include the often very long chemical name.

Every registry number listed in the chemSUPPLIERSdirectory is accompanied by
a number of codes. These identification codes are the abbreviations for suppliers. The code
consists of the international identification for automobiles for the country and an individual
abbreviation for the respective company. Additional information, as the chemical formula
and the molecular mass, ionic couplings, etc., are sometimes indicated under the CARNO.
There are included also references from one CARNO to another new CARNO as well as iNo-
CARNO and iNo-iNo equivalents.

chemADDRE S Shook

The chem ADDRESSbook includes approximately 23 000 company addresses from some
40 developed capitalist and socialist countries.
It consists of three parts:

Part 1: company identification code index

The identification code is the abbreviation for a company to be found in the chem-
SUPPLIERSdirectory or in part 2 of this book. The information under this code contains
company name with complete address including post code or postal code number (ZIP-code),
telephone number, telex number and telegram address. The codes are arranged according to
national identification codes (in alphabetical order) of the countries. Within a country, the
identification codes of the companies are listed alphabetically.

Part 2: company name index

In this part all companies included in the chem ADDRESSbook are listed alphabetically.
Due to alphabetical listing, branch offices (affiliates) of one company in different countries
are listed together with the name of the original company (mother company). The identification
code is given after the name of the company. Once the identification code is known, the com-
plete address can be found in part 1 of this volume.

Part 3: chemPOSTCODEindex-international

This part is arranged to the alphabetically listed national identification codes of the
countries. Within a country, the postal code numbers are listed in alpha-numerical order.
Under the post code are listed the name of the city, the district, the company name and the
company identification code. For countries without post codes, the city names are listed alpha-
betically as headings for the respective company. The company names are given in alphabetical
order after the city names.

By means of the POSTCODEindex it is possible to find all companies located in the
same or directly neighbouring postal districts.

chemSYNONYMdictionary will be issued later.

The publication of a postCODEpostal-international is planned, which includes a com-
parative description of the postal code systems of the countries.

The chemBUYdirect International Chemical Buyers Directory is one of the most com-
prehensive registers of the commercially available chemicals and of the manufacturer, supplier
or wholesaler companies which may be taken into consideration when ordering a particular
chemical. It is very useful in the case of rare chemicals, where it is important to find any entry
at all. Its system is clear and well understandable. The use of the Chemical Abstracts Service
Registry Numbers makes it easy to handle in every case where the chemical name is unknown
or ambiguous. Each volume contains prefaces and explanations in English, German and French
which make it suitable for international use.

V. Takéacs

Acta Chim. Acad. Sei. Hung. 102, 1979
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M. William Ranney: Fertilizer Additives and Soil Conditioners

Chemical Technology Review No. 116. 301 pp.

Noyes Data Corporation, Park Ridge, New Yersey, U.S.A., 1978

The application of chemicals in agriculture has greatly increased in the past decades
and contributes to obtaining high yields and products of good quality. The number of chemicals
introduced into practical agriculture has mupltiplied within a short period. A better knowledge
of these chemical products, their properties, technology, production and mechanism of their
action is very important in up-to-date farming.

The author selected several groups of modern chemicals as the subject of his book, with
particular regard to a large variety of additive or complementary products which improve
fertilizer production, application and efficiency. The book deals with both liquid and granual
products, as well as with chemicals for soil conditioning. The latter are highly important for
improving soil structure and, consequently, the water and nutrient status of the soil.

In the first part of the book additives and processing aids for granular products are
described with particular regard to modern fertilizer production and application. Granulation
aids and processes for several types of fertilizer are described in detail in this part, with in-
dication of methods and patterns of use. In some cases specific examples illustrate the manu-
facturing of various fertilizers and other products.

The second part of the book deals with additives and processing aids for liquid products.

In the third part micronutrient compositions are described. In the first section the author
deals with iron complexes and chelates. In addition to chelates, iron-containing compositions
are also described, partly produced from cast iron chips, mine tailing, etc. Very interesting and
remarkable is the method of producing fertilizers from sea-water by adding bivalent iron ions
to the water. The resulting iron hydroxide precipitates after having adsorbed microelements
and organic substances present in the water.

In this part zinc- and manganese-containing products are also described as micronutrient
compositions. In most cases the new patterns are also described and the methods of manu-
facturing indicated. Many of the described methods are remarkable for practical utilization,
for instance stabilizer for the manganese salt of sulphonited liquid. The micronutrient compo-
sitions also include liquid products for different purposes in agricultural practice, such as
growth promoters, fertilizers, inhibitors, etc.

The fourth part of the book deals with nitrification and urease inhibitors.

The fifth part describes soil conditioners and peat-moss compositions. The aim of
application of these materials is mainly to improve the physical properties of the soil. There are
compounds of different chemical composition to be used for this purpose. The author lists
a broad spectrum of such materials, including synthetic and semisynthetic substances as well
as treated and untreated by-products of industry and agriculture.

Polyacrylic compounds, silicon dioxide, waste paper, metallurgical dust from waste
gases, chicken manure, liquid products represent several of the materials described in this
chapter. Patents and methods of their manufacture are throughly described and recommenda-
tions are made for their utilization.

In addition to the above-mentioned products, peat-moss compositions and mulches
are described in view of their possible applications as soil conditioners.

In the last section of this part, the author gives a description and the method of pre-
paration of a few patterns of synthetic soils, including foamed polymers, treated clay minerals,
etc.

In the last part of the book the reader finds detailed descriptions of humus and compost
soil conditioners. This part starts with patents for humus processing and methods of recovering
different humic acids and humates. Resides the descriptions of methods, equipment, devices
and analytical processes of the raw products for obtaining humus lignite, brown coal and
other substances are also discussed here.

The book includes a company index listing the manufacturers mentioned in the patterns,
an inventor index and a U.S. patent number index.

The author succeeded in giving a good guide to the subject: his book is useful for both
manufacturers and users of fertilizers and soil conditioners.

I. Szabolcs

Acta Chim. Acad. Sei. Hung. 102, 1979
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PE3IOME

Y ctoitunsocts KOMMIEKCOB rekcaknc-AMCO-xpom(LL) Tvna BHewHeld cdepbl

X.AKOLW-CABO, N. OPCAT n b. BAXA

Komnnekcbl rekcakuc-AMCO-xpom(111) Tuna BHewHen cdepbl 6blAM  MCCNefOBaHbI
B Bofe n OAMCO.

Ha ocHOBe M3MepeHWs pacTBOPMMOCTW B BOAHOM pacTBope npu 25 °C 6binn onpefeneHsbl
KOHCTaHTbl YCTOWYMBOCTU MPW BeNMYMHE 1-1, KOTOPbIE PaBHbI:

F-: Bl< 0.2
NO, : B1= 5, Bt= 19
SCN- :B81= 3, B2= 60.

Mopsagok yctonumeoctn B AMCO cnegytowmii: NO7 < CHO7 < SCN-.

KnHeTnka n Katanm3 obpasoBaHWS U akBaumu Komnnekca Cr(4MCO)@],
Ab. PABAW, Ab. BAXA n M. T. B3K

Bbina m3yyeHa KuMHeTuKa peakuuin komnnekcos Cr(H20), (AMCO)8+, ¢ Bogoin n gu-
MeTUNCYNbOKCUAOM, a Takxe aPpdeKT HUTPUTa U ABYOKUCK yrnepoja Ha CKOPOCTb 3TUX peak-
Luii. Bblna onpefeneHa CKOPOCTb akBaLuy N MeXaHW3M COMbBONM3a B Ciyyae n — 6. bblio Haii-
[leHo, YTo B clyyae n = 2—6 3aMelleHne BoAbl Ha AMCO 1 06paTHO KaTanmusmpyeTcs HUTPUTOM
M COj, Ho ecnm n = 0, TO HW HUTPUT, HU CO2 He NPOABNAIOT KaTaNMTUYECKOTo 3pheKTa Ha akBa-
LMo, 3dheKT NOBbILLEHNA CKOPOCTN 06bACHAETCA 06pa3oBaHMeM Kap6b0oHATO- Y HUTPUTOXPOM-
(111) KOMN/EKCOB C BbICOKOW PEeaKLMOHHOW CMOoCOBHOCTbIO B 6ObICTPOM MpeABapUTENbHOM
paBHoBecuMn. KoHcTaHTa ycToiiumBocTm komnnekca Cr(H20)5(0CO02H)2+ 6ana nonydveHa wu3
[aHHbIX CKOpPOCTHW.

Peakuusa amunpxnopugos ¢ kKapbamupamu, |l
Peakumsa ¢ acUMMETPUYECKM AM3aMelleHHbIMU Kapbamuaamu

N. BUTTEP, E. KAPMNATU-AQAM wu 1. TEKE

Bblna nccnefoBaHa peakuus aCMMMETPUUYECKM AU3aMELLLEHHbIX Kap6aMUaoB ¢ X0PUCTLIM
XN0pPOMETUNEHANMETUNAMMOHKEM. O6pasytolnecs XNopuasl Kap6amonmnamMmanHus He yaanoch
130/1POBaTh B KPUCTANIMYECKOR opme. OfHAKO, MYTEM MAEHTUDMKALUM]NPOLYKTOB Pasnoxe-
HWS NOA BAMSIHMEM Tenia U TPeTUUHbLIX OCHOBaHWiA, a TakXe MPOAYKTOB rMaponunsa, yaanoch
BbISCHUTb UX CTPYKTYPY U 06BACHUTL NyTb UX 06pa3oBaHus. COrNacHo 3KCMepUMEHTabHbIM
pe3ynbTatam, BepOSTHO NPOTEKaeT HenocpefcTBeHHOe M-auunnpoBaHue.



MonyyeHne w©n wnccnefoBaHue ¢ochopopraHNYecKNX MPOUN3BOAHbBIX
LMaHOKOMMNEKCOB nepexofHbIX MeTannos, VIl

ViccnegoBaHMe WMOHHBbIX accoumaToB aHWoHa rekcauunaHogeppata(ll) c
YeTBEPTUYHBLIMN (POCPOHMAHLIMKM KaTMoHaMmyn MeTogom AMP—H1

w. nANN N KBUHTOBWY

Bblnn nonyyeHbl NPOM3BOAHbIE aHWOHAa rekcaumaHodeppata(ll) ¢ HekoTopbIMKM ueT#
BEPTUYHBIMU (POCPOHUIHBIMM KaTMoHaMu. Ha ocHoBe cnekTpoB AMP—H1 cHATbIX B ABYX
pactBoputenax CDC13 n JMCO —D 6, 6bin 06CyXXaeH XapaKTep M MexaHW3M B3aMMOfENCTBUNA
aHVOHa C KaTUOHOM B pacTBOpe.

MonyyeHne u wuccnegoBaHue ¢OCHOPOPraHNYECKUX MPOU3BOAHBIX
LMaHOKOMI/IEKCOB NepexofHbIX MeTannos, IX

VccnegoBaHMe MOHHBLIX accouuaToB aHWoHa TpudeHUNhochuHo-neHTaLaHo-
theppaTta(ll) c yeTBepTUYHbIMU (HOCHOHUIHBIMU KaTuoHaMn MeTogom AMP—H1

w. DAON nn. KBUHTOBWUY

B cBfA3u c npefAblgywimu pabotamu 6blanM MCCNefoBaHbl XapakTep W CTeneHb B3avMO-
[eiicTBUIA aHMOHA 1 KaTWOHa, a TakXe MpPoToHOB nuraHga P(C6éH5)3 ¢ LeHTpanbHbIM aTOMOM B
NOHHbIX accolmaTax aHnoHa [Fe(CN)sP(CeH53]2 cueTBepTUUHBIMW POCHOHUIAHBIMIU KaTMOHaAMW.

BnnsaHue ¢oTorpagumyeckoro M (OTOMETPUUECKOro (haKTOpoB Ha
crnekTporpaguyeckyo oueHky, Il

MUWKpPOAEH3NTOMETP /11 COBPEMEHHbIX CMEKTPasbHO-aHAIMTUUYECKUX
nccnefoBaHWii U ANA NpakTUYecKuX Lenel

N. KO3MA

OnuCcaHHbIA MUKPOAEH3UTOMETP PaGoTaeT NIMHEHO B LUMPOKOM WMHTEpBase ONTMYecKoii
NAOTHOCTM (S = 0 ... 4) U NP ONTUMaNbHbIX (HOTOMETPUYECKMX U OMTUYECKMUX YCNOBUAX.

CucTemMa M3MepeHus CBeTa, 3N1eKTPOHHOe MpeBpallieHe MPONyCcKaHUs B MOr/oleHne
AUTUTANbHOE CUTHANM3MPOBAHME BEIMYMH ONTUYECKOK MAOTHOCTU COOTBETCTBYET TPEGOBaHMSAM
TOYHOCTU U BOCMPOM3BOAMMOCTM. JTOTnyecKash CMCTeMa HAKOMMEHUs JaHHbIX U MOUCKOB rpaHuy-
HbIX 3HAYEHWM, a TaKXKe aBTOMATMUYECKWUIA KOHTPO/b NPUBOAAT K YMPOLLEHWIO U 3HAYNTENbHOMY
MOBbLILIEHNIO CKOPOCTU U3MEPEHMWIA.

BnnsaHue doTorpamueckoro 1 (OTOMETPUYECKOro (aKTopoB Ha
cnekTporpaguueckyo oueHky, Il

OnpejeneHve KpMBOW NOYEPHEHUSA M NapaMeTpoB /-TpaHchopMaumumn rpapuyecknm
MeTOAOM M C nomowbio IOBC

K. ®10PUAH, Ab. XENTAN nK. UWUMMEP

O6CyXaalnTcs MeToabl onpefeneHWs MapameTpoB KPUBbIX MNouyepHeHus. Ons rpagpu-
UecKOro onpedeneHns BeNUMHbI y, a TaKXe BeNYUH NNOTHOCTM SL M S LL 6bIN UCMO/b30BaH, MO
CyLLECTBY, METOZ npefBapuTenbHOW KpuUBoi Yépunns. Bbina coctasneHa nporpamma 3BC ans
onpefieNeHns KOHCTaHT y U k /-TpaHcdopmauum. MporpaMma OoCHOBaHa Ha MTEpaLMOHHOM Bbi-
uucneHnn, sBnAKoLLeMcs Hanbonee [OCTOBEPHLIM MPUHLMMOM, COTnacHo Tépéky u Liummepy.
BeNMUMHbI KOHCTAHT (MAbTPa 06bIYHO COTNACYIOTCA CO CPeaHei BEeNUUMHOM Al U C TOUYHOCTbIO
0,001 Npu MCNonb3oBaHWUKM BENWYMH y u K, PACCUMTAHHBIX MPOrPaMMOil. STa TOYHOCTb COBEp-
LIEHHO [0CTATOYHA ANA NMPaKTUYECKMX TpeboBaHMii.



HoBasi amumgosaljuuiarollas rpynna
A. IOXAC un W. BAKC

CoobuaeTca NpUMeHeHNe HOBOI ammao3alymulatoweid rpynnel —2,4,2°, 4’-TeTpaMeToKCH-
6eH3rngpuna (Tbh). 3awuuieHHble amuabl MOTYT ObiTb NPUIOTOB/EHbI KOHAEHCALMel CooT-
BETCTBYIOLLEr0 Kapb6oKcunbHOro coeauvHeHus ¢ Thh NH2 cuHTe3 KOTOpOro TakXe OnucaH.
KucnoTHas ctabunbHocTb Thh nogo6Ha cTabunbHOCTU rpeT.-6yTunokcnkapbonmna (Boe), T. e.

Thh MoXeT 6GbITb NerKo yAaneHa ¢ NOMOLLbIO aLUA0IM3a B TPUDTOPYKCYCHOW KMCNOTE NPU KOM-
HaTHOM Temnepatype.

KoH(hopMaUMOHHbIE U KOH(UIYpaLMOHHbIE  MCCMef0BaHUS MPOU3BOAHbIX
3,7-gnasabuumkno (3.3.1)-HoHaHa, I

N. WEWBEP n K. HAAOP

KoHtopmauna n KoHhurypaumsa HekoTopbix N-3amelleHHbIX 6ucnng-9-oHoB U BUCINANH-
9-0/10B ObINM MCCNeA0BaHbl Yepe3 aHanu3 pesynbTatos, MOMYYEHHbIX U3MepPeHWeM SUNONbHbIX
MOMEHTOB 1 cnekTpoB AMP -H 1 Bbino HaligeHo, 4To hopma CTynBaHa siBnsetcsa JoMuHupy-
loWwei KoHopMmaunein Kak Ana 9-keTo-, Tak U 9-rmapoKCMnpon3BoaHbIX. MprMeHeHne peareH-
TOB C NaHTaHWAHbLIM CABUIOM OKa3anocb BeCbMa YAOOGHbIM METOAOM [N acCUrHauuMm OTHOCK-

TeNnbHOW KOHpurypayum atoma C(9) B cnyyae acMMMETPUYECKM N -3aMeLLeHHbIX OUCnMAnH-9-
0/10B.

AHOMaNbHasA peakumsa Mexay nMpUaNHKapooKcasibaernaom n 6eH3snnunaHuaom
B MnonudgocgopHoii  KucnoTte

CuHTe3 4-nukonuHun-1-nnpnann-3(27/)-n30XMHOANHOHA

Nn. XA3AW, Ab. LEAK, I'. CABO un 3. KONTAWU

M3 4- n 3-nupngnHkapbokcanbherngoB n 6eH3ununaHnga B nonudocthopHoin KucnoTe
(M K), akBMBaneHTHoON cogepxxaHuio P20 584,0 n 82,8%, ¢ XOpoLIMM BbIXOLOM OblAN Mnony4e-
Hbl 1-nupunann-1,4-gurngpo-3(2/4)-n30XMHONMHOHLI 1 1 8, a B M®PK c cogepxaHnem P20 578% —
4-NNKOANHUAN-1-Nnupnann-3(29)-n30XMHOANHOHBI 2 U 10, COOTBETCTBEHHO. Mpun 60nee KOPOTKUX
BPEMeHax peakuuu, B cnyvae 4-nupmanHkapbokcanbgernfa yaanocb u3onuposatb buc-amug 4,
a B cnydyae 3-nupuaunHkapbokcanbgernga - 4-(3-NuKonnHWAKAeHoBoe) npoussogHoe 9. C no-
MOLLbIHO M30TOMHON TEXHWKMN yAanocb AokasaTb, YTO apunuaeH-éuc(dpeHmnnauetamug) B NoOK B
paBHOBECHON peakuMun pacnagaetcs Ha eHunaueTaMuz n apanbaerug.
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An approach based on information theory which reflects well the main features
of the nodal properties of s-molecular orbitals was developed. The frontier orbitals
(HOMO and LUMO) are found to have the maximum information content whilst the
lowest occupied and the highest unoccupied molecular orbitals (LOMO and HUMO)
the minimum one. Equations describing the information on the nodal properties of
polyenes and annulenes are derived. A possible prediction of the nodal properties of
n-MO’s is discussed on this basis.

Introduction

Chemistry of conjugated systems has a long and distinguished history
[1] and still is of interest for both experimental and theoretical chemists [2].
One of the prime ways to study conjugated systems theoretically, in order to
set rules with the predictive power to guide the efforts of experimentalists,
appears to be a simple a-molecular orbital theory proposed years ago by
Hiacker and further developed by Coutson [4]. Recent interest [5,6] in this
simple MO theory has been stimulated by recognizing that many properties
of conjugated systems may be obtained solely from the information on the
molecular connectivity [7].

Nodal properties of a-molecular orbitals are important in discussions
concerning spectroscopic transitions [8], frontier orbitals (highest occupied
and lowest empty molecular orbitals: HOMO, LUMO) [9], selection rules for
ring closure or ring opening in chemical reactions [10], non-bonding molecular
orbitals (NBMO) [11], etc. However, there is a very limited systematic work
carried out on nodal properties ofa-MOQO’s [12] besides some special applications
where the nodal surfaces yielded information on the relative ordering of molec-
ular orbitals [13, 14].

The aim of the present work is to investigate the information features
of the a-MO nodal properties.
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322 BONCHEYV et al.; a-MOLECULAR ORBITALS

Information theory is already used in chemistry in the study of molec-
ular topology [15—18] and symmetry [19], as well as for some problems of
molecular orbital theory like loge-theory of Daudel [20], quantum infor-
mation theory of Ingarden [21], etc. One of the approaches based oninformation
theory most often used introduces the so-called information content of the
system under consideration. The equation of Shannon and Weaver [22] is
usually taken as a basis which defines the average information content of
the system, /, in bits:

i = — _ _pri log2pise (1)
i=i

A modification of this equation [23] is used to define the total infor-
mation content of the system, I:

I = N ml = IVmlog2N - 2 N,*+log2 V- )
1=1

where N is the total number of elements of the system, IV,, is the number of
elements in the i-th group of elements (all N elements are supposed to be
partitioned, according to a certain criterion, into Kk groups having N x, JV2, ..., NK
elements, respectively), p, (= Nj/N) in Eq. (1) is the probability of a random ly
chosen element to be in the i-th group of elements.

Methods

The simplest approach in applying information theory to the analysis
of the nodal properties of jr-molecular orbitals is concerned with a complete
set of coefficients belonging to a given molecular orbital. Dividing this set
into subsets according to the coefficients signs only (plus, minus, or zero),
a certain quantity ofinformation may be associated with the molecular orbital,
following Eqs (1) and (2). This approach reminds that of the simplified
molecular orbitals, suggested by Herndon and Silber [24], in which the MO
coefficients have the values 23, —1 and 0 only. This information measure
on nodal properties of molecular orbitals, however, is not sensitive enough,
often being the same for different MO’s. For instance, five out of eight molec-
ular orbitals describing the Ttr-electron system of the cyclooctatetraene mole-
cule have the same information content.

Another possible approach is to construct the set of molecular spatial
regions between every pair of adjacent atoms in the molecule under consider-
ation. These regions may have or may have not a node, manifesting nodal or
non-nodal properties (see Fig. la).
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When the node is not located between two adjacent atoms, but on a given
atomic nucleus (Fig. Ib) a question arises how to interpret such a case and
to remain within the same definition. One covdd view the two interatomic
regions in Fig. Ib, belonging to a third kind of such region which is neither
nodal, nor non-nodal. We prefer another interpretation according to which
half of the interatomic regions of this kind is nodal (that which borders the
node), and the other halfis non-nodal. This will introduce non-integer values

Fig. 1. Partitioning of the n-molecular orbital space into nodal (I I) and non-nodal ([777777])
regions

for the interatomic regions since such a node always borders two regions.
Treating these two regions always together one obtains as a whole one nodal
and one non-nodal region. In such a way the whole intramolecular jr-molecular
orbital space could be divided into nodal and non-nodal regions. The set of
jr-MO spatial regions thus constructed (their number is denoted by m) has n
nodal and m—n non-nodal regions. Applying Eq. (2) an information measure
on nodal properties, JNP, can be specified:

7NP = m mlog2m — n mlog2n — (m — n) <log2(m — n) 3)

This approach is applied to a-molecular orbitals of polyenes and an-
nulenes.

Polyenes

Butadiene, C4H6, is a convenient example to detail the method. It has
four a-molecular orbitals [25]. Their nodal properties are depicted in Fig. 2.

The number of carbon atoms is denoted by N (= 4) and the set of the
spatial regions has m = N — 1 (= 3) elements. By writing the number of the
non-nodal and nodal regions as ordered pairs of elements the following sets
can be constructed:

S43,0); S22.,1); SX1,2); S40,3)

Applying Eq. (3) one can calculate the information onthe nodal prop-
erties of MO’s to be INP= 0 for Sj and S4and 1NP= 3 «log23—2 = 2.75 bits
for S2and S3. Therefore, the paired orbitals (S4and S4; S2and S3) have the same

1% Acta Chim. Acad. Sei. Hung. 102, 1979



324 BONCHEV et «L: a-MOLECULAR ORBITALS

information content. In addition, the lowest occupied and highest unoccupied
molecular orbitals (LOMO, HUMO) have a minimum information content.
The information content of the frontier orbitals (HOMO, LUMO) is higher
than that of any other orbital.

Fig. 2. Nodal and non-nodal regions (I land 1// /1711, respectively) of the four a-molecular
orbitals of butadiene

The sets of jr-molecular orbital spatial regions of polyenes having 2 to
10 carbon atoms are given in Table I. One can see that if the molecular orbitals
are labelled by 1,23, ..., fc, respectively, the nodal regions are k — 1 in
number. Hence, the information on the nodal properties of the polyene n-
molecular orbitals 12P, may be expressed as a function ofthe number of carbon
atoms and the MO label only:

IkP= (N 1)-10& (IV— 1)— (V—*)-log,(JV —*) - (fc—1).log,(fc—1) (4)

Table 1

Number of the non-nodal and nodal regions in n-molecular orbitals of polyenes up to ten carbon

atoms

n-MO0 2 3 4 5 6 7 8 9 10
Sr 1,0 2,0 3,0 4,0 5,0 6,0 7,0 8,0 9,0
S2 0,1 1,1 2,1 3,1 4,1 51 6,1 7,1 8,1
s3 0,2 1,2 2,2 3,2 4,2 5,2 6,2 7,2
sS4 0,3 1,3 2,3 3,3 4,3 5,3 6,3
S5 0,4 1,4 2,4 3,4 4,4 54
S6 0,5 1,5 2,5 3,5 4,5
S, 0,6 1,6 2,6 3,6
S8 0,7 1,7 2,7
S8 0,8 1,8

Sio 0,9
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This function is expressed in Fig. 3 for even and odd polyenes having
from 3 to 10 carbon atoms.
The following conclusions can be reached from the results presented
in Fig. 3:
1) The presence of three types of molecular orbitals: bonding, non-
bonding, and antibonding is well reflected in the information theory analysis.
(The bonding and antibonding molecular orbitals lie on the left, and, respec-

Fig. 3. Information on the nodal properties of s-molecular orbitals of polyenes having from 3

to 10 carbon atoms as a function of the MO label k. The points’of each curve express the different

A-MO whose number equals the number of carbon atoms in the polyene under consideration.
The ethylene molecule is presented by the line 1—2 on the abscissa

tively, right side of the information curve, whilst the nonbonding orbital is
given in a single maximum point of this curve.)

(2) Similarly, the symmetry that exists between the bonding and anti-
bonding orbitals of polyenes (the pairing theorem of Coulson and Rush-
brooke [26] is also reflected.

(3) The frontier orbitals (HOMO and LUMO) have the maximum in-
formation content. In the case when the number of carbon atoms is odd the
information content of the frontier NBMO in bits is equal to this number.

(4) The lowest occupied and the highest unoccupied molecular orbitals
(LOMO and HUMO) have the minimum information content, equal to zero.

(5) The increase in the information content of frontier orbitals, occurring
when the number of carbon atoms increases by one, is greater on going from

Acta Chim. Acad. Sei. Hung. 102, 1979



326 BONCHEV ct al.: a-MOLECULAR ORBITALS

even to odd than from odd to even polyenes, and in parallel with some molec-
ular properties becomes smaller at a larger N.

Since the polyene Tr-electron energy [27] Ek, and information content
of each jr-molecular orbital of a given polyene are functions of the same
quantities (i.e., the total number of carbon atoms and the MO label k) they
can be related by the following expression:

lkp = (cukit — 2) <log2(otkic — 2) — (cukit — Kk — 1)
*log, (akit — Kk — 1) — (c — 1) mlog2(k — 1) (5)
where
a = 1l/arcos (—0.5Eh) (6)

Equations (5) and (6) reflect (see also page 324, lines 6 to 8) the well-
known fact [4, 25] that E increases with the increase of the number of nodes
in T-molecular orbital.

Annulenes
[IV] annulenes represent a family of the monocyclic conjugated hydro-
carbons, (N = 3,4,5,...) [28]. Benzene may be taken as an example

to illustrate the application of our procedure to cyclic systems.The nodal prop-
erties of the molecular orbitals of benzene are depicted in Fig. 4.

K=4 K=5 K=6
Fig. 4. Nodal planes of the benzene jr-MO’s

In annulenes the cardinality n of the set constructed from the nodal and
non-nodal regions (i.e., the total number of jr-MO’s) is equal to the number
of carbon atoms N: n = kmax = N. The following sets are formed for the
benzene m-MO’s, in which the number of the nodal and non-nodal regions are
expressed as ordered pairs:

N(6,0); S2 S,(4,2); S4 Se(2,4); Se0,6)
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The sets of nodal and non-nodal regions in annulenes having from 3 to
10 carbon atoms are presented in Table II.

Utilizing relations (1) and (2) the following equations were derived
which link the information on the nodal properties ofa-MO’s of annulenes with

Table 11
Number of the non-nodal and nodal regions in n-molecular orbitals of annulenes up to ten carbon
atoms
71-MD C.H, c.h, C.H, CH, CH, CH, CH, C,H,D
Si 3,0 4,0 5,0 6,0 7,0 8,0 9,0 10,0
g* 1,2 2,2 3,2 4,2 5,2 6,2 7,2 8,2
S3 1,2 2,2 3,2 4,2 5,2 6,2 7,2 8,2
S 0,4 1,4 2,4 3,4 4,4 5,4 6,4
S6 1,4 2,4 3,4 4,4 5,4 6,4
IS 0,6 1,6 2,6 3,6 4,6
S7 1,6 2,6 3,6 4,6
S8 0,8 1,8 2,8
Se 1,8 2,8
S10 0,10

the number of carbon atoms and the molecular orbitals label k:
JNp= N ¢log2N — (N — k) *log2(N — k) — k mlog2K; Kk = even )

/T = N ¢log2N - (N - « + 1) elog2(jV-fc+1)-
— (fc — 1) «log2(k - 1); Kk = odd (8)

Results for annulenes up to N = 10 are presented in Fig. 5.

Annulenes with even number of atoms N, as seen from Fig. 5, exhibit
all the features of the information function established earlier in this work
for ji-MO’s of polyenes. In addition, the degeneracy of the frontier orbitals is
also reflected. In the case of odd annulenes (non-alternant monocycles) the lack
of symmetry between the bonding and antibonding orbitals narrows the gen-
eral conclusions obtained from the information function making them also
more complicated:

1) The presence of two types of molecular orbitals, bonding and anti-
bonding, is again reflected by the left, and, respectively, right side of the in-
formation curve. The four kinds of cyclic compounds, having carbon atoms,
respectively, N = 4n, 4n + 1, 4n + 2, and 4re 3, differ, however, in the
way in which the orbitals with a maximum information content are referred
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to the two types of MO’s. In the case of N = 4n + 2 the four maximum points
are symmetrically partitioned into two bonding and two antibonding MO’s.
In the other cases two maximum points appear which for N = 4n -f- 1 refer
to the antibonding MO’s, for N — 4n -f- 3 refer to bonding MO’s, and only

Fig. 5. Information on the nodal properties of a-molecular orbitals of annulenes having 3 to
10 carbon atoms as a function of the MO label k. The points of each curve express the different
2-MO’s, whose number equals the number of carbon atoms in the annulene under consideration

for N = 4n they refer to the third kind of molecular orbitals — the non-
bonding ones.

(2) The frontier orbitals (HOMO and LUMO) have the maximum in-
formation content. Expressed in bits, the latter is equal to the number of
carbon atoms N for N = 4n, and less than it for N ~ 4n, being relatively the
smallest for N = 4n + 2.

(3) LOMO and HUMO have the minimum information content in com-
parison with the other orbitals, respectively (l1tomo = 0; I humo = 0, or ® 0).

(4) The increase in the information content of the frontier orbitals
appearing when the number of carbon atoms increases by one, is different
for rings having 4n + 2, 4n 3, 4n, and 4n + 1 atoms, decreasing regularly
in this order.

Making use of Eqs (7) and (8) a one-to-one correspondence between
the energy and information on nodal properties of jr-molecular orbitals of
annulenes is found:
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j?p = 2akn mlog22akn — (2a9kn — K) <log2 (2xkn — K) —
— K *log2k; K = even 9)
1f?p = 2akn *log22xkn — (2xKn — K 1) «log2(2akn — Kk + 1) —

- (k- 1) elog2(k - 1); K = odd (10)
where
a = 1l/arcos (0.5EK) (11)

In addition, the expressions for the total information on the MO nodal
properties of polyenes and annulenes are derived:

"total (Polyenes) = N(N — 1) ¢log2(N — 1) —

- j?2(N -k) log2(N — k) + (k- 1) elog2(k - 1) (12)
A=1
A-HOMO
ltotar (Annulenes) = N2elogo N — (N—K+ A) -
k—2a
*log2(N - k+ A) + (k- A) e<log, (k- A) (13)
where for k - even, A = 0 and for Kk = odd, A = 1.

On the basis of Eqs (4), (7), and (8) it can be concluded that the in-
formation content of the frontier orbitals of polyenes increases upon their
cyclization. This increase is maximal for structures having 4n — carbon atoms,
and minimal for those with 4n -j- 2 — carbons. In the case of structures having
4re 1 or4n + 3 — carbon atoms the increase is of the same order and they
have intermediate values between 4n and 4n -)- 2 rings.

By comparing polyenes and annulenes having N -f 1, and N carbon
atoms, respectively, one can also find a great similarity that exists between
the nodal properties of their molecular orbitals (Tables I and Il). The distri-
bution of the nodal and non-nodal regions in annulene jt-MO’s can be deduced
from those of the corresponding polyene m-MO’s using the following procedure:

1. In the even-annulenes the number of nodal and non-nodal regions
in each tr-MO should be even, due to the molecular symmetry. Hence, all the
distributions of polyene a4-MO’s having odd number of nodal and non-nodal
regions should not be taken into account and all others, except LOMO and
HUMO distributions, should be duplicated in the corresponding annulene.

2. In the odd-annulenes, due to symmetry, the total number of inter-
atomic regions is divided always into an odd number of non-nodal and an even
number of nodal regions. Then again, that distribution in polyene 1m-MO’s
which do not fulfil these conditions should be excluded from consideration
for annulenes, and all other distributions, except that corresponding LOMO,
should be duplicated.
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This procedure could be extended for predicting nodal properties of
rm-MQO’s in different series of compounds, which have similar topology, taking
polyenes as reference compounds. The reference polyene should be selected
as such to reproduce the same total number of nodal and non-nodal regions
of a molecule under study. It is known that the monocyclic, bicyclic, tricyclic,
etc. compounds have respectively 1, 2, 3, etc. bonds (or regions between the
neighbouring atoms) more than the corresponding polyene having the same
number of carbon atoms N. Then the reference polyenes having the same num -
ber of bonds with the three structures given below should have 1, 2, 3, etc.
carbon atoms more than the corresponding cyclic structure, i.e. these polyenes
should have 19, 20, and respectively 21, instead of 18 carbon atoms:

Another interesting result is that the information on nodal properties
of the frontier orbitals in most cases is conserved during the transmutation
of a certain structure into another one. For instance, in the case of polyenes
and annulenes a typical transmutation is given below:

o--0
0=0—0=0—o0
0--al
This holds for all IV-membered rings except the most stable 4re 2-ones:
EN+1-80Iyenes rN-annulenes [y \
1 HOMO(LUMO) — i HOMO(LUMO) \Vil
where N = 4n, 4n + 1, and 4n + 3.

Equality (14) is confirmed from the comparison of Figs 3 and 5. It is
easily proved from the equality between equation (8) given for MO’s with odd
label k in annulenes having N carbon atoms, and Eq. (4) given for MO’s
with the same label k, but in polyenes having N O 1 instead of N atoms.
Due to the degeneracy, a frontier MO with an odd label k always exists in
annulenes. The comparison of the data from Tables | and Il shows that the
same odd label k, in polyenes having one carbon atom more than the corre-
sponding annulene, also belongs to a frontier orbital with the same nodal prop-
erties. For instance, for C5SH5and CeHethis is the label Kk = 3. The same holds
for the pair C4H4 and C5H 8, for the pair C’H7 and CgH 10 it is k = 5, etc. Only
for annulenes having N = 4n -\- 2 carbon atoms (CeHe, C10H 10, etc.) the same
odd MO-label k in the corresponding polyene does not belong to a frontier
orbital. In the latter case the polyene’s frontier orbital has a label k' = k -f- 1,
and Eqs (4) and (8) are no more identical.
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Other reactions in the organic chemistry of conjugated hydrocarbons
could he examined in searching for more examples of the conservation of in-
formation on nodal properties of frontier orbitals which could be of use for
the theory of chemical reactivity.

Conclusion

The mostinteresting result ofthe information theory analysis of the nodal
properties of jz-molecular orbitals is that the frontier orbitals (HOMO, LUMO)
have the maximum information content due to the equal or almost equal
number of their nodal and non-nodal regions. It is well known [9, 10, 29]
that the frontier orbitals are of the great importance in the studies of chemical
reactivity and are of use in predicting (within the Klopmans’theorem) the first
ionization potentials and electron affinities.

On the other hand, the hypothesis of the existence of a general trend
toward the maximum information content of matter was recently proposed
[30]. The Pauli exclusion principle, the first Hund rule and other known or
yet unknown rules may appear as specific cases of a certain general principle
of maximum information. The result concerning the maximum information
content of frontier orbitals and its preserving in some chemical reactions
offers a possibility to investigate whether the Woodward—Hoffman
(Dewar —Evans) rules [10, 29, 31, 32] may also be associated with this
general information principle. Studies in this direction are in progress[33].

We thank Dr. Ante Graovac and Mr. Branko Ruicid (Zagreb) for useful comments.
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Pressure-hydrothermal method was developed in order to obtain scandium oxide
deuteroxide. The most suitable conditions for the preparation are as follows: 30 atm,
90 °C, conversion time 150 hrs. Isotopically and structurally pure ScOOD was obtained
by this method using scandium metal as a starting material and separating the first
fraction (about 20%) of scandium orthodeuteroxide.

Calcination of Sc(OD)3 in the temperature range of 20—500 °C did not yield
pure ScOOD.

The identification of samples was carried out by chemical analysis, X-ray and
spectroscopic measurements.

The structural investigation on transition metal oxide hydroxides by
means of IR [1] and the possibility of determining the position of hydrogen
ions by means of neutron diffraction [2] for which the deuterated compounds
are essential, were the reasons to elaborate a method for the preparation of
structurally pure scandium oxide deuteroxide preparation. Milligan’s prop-
osition to obtain scandium oxide hydroxide by high-pressure method [3],
appeared to he of no use in case of scandium deuteroxide because of technical
difficulties. The method of Auer-Welsbach and Seifer [4] could not be
applied because of unsatisfying purity ofthe obtained preparation. Preparations
obtained by the method which had been used to prepare iron(lll)meta-
deuteroxides [5, 6] were heterogeneous both from chemical and X-ray struc-
tural points of view. After many trials we elaborated the pressure-hydrothermal
method for the preparation of pure scandium oxide deuteroxide. The method
is similar to that which has been proposed by M. FiIGLARzet al. [7] for the oxida-
tion of cobalt(ll)hydroxide.

Experimental

Sc(OD)a was obtained by two methods from two different starting materials. Hydrated
ScClj (Koch Light Laboratorium Ltd., Cotubrook Bucks, England) dried in air at 120 °C for
42 hours was used in the first case. As a result of drying, scandium chloride with a water con-
tent of 4.86% was obtained; this was found by determining scandium by complexometric
titration [8]. The determination of Cl- was carried out by precipitating AgCl, dissolving the
precipitate in NH4O011 in the presence of K2[Ni(CN)4], and determining the liberated Ni2+ ions
by the method of Fraschka and Hutitz [9]. 5.26 g of the preparation obtained in the above
described way, containing 5 g of ScCls, was dissolved in 33 cm3o0f 99.75% pure D20 (produced
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in the Institute of Nuclear Research, Warsaw, Poland) followed by slow addition of 90 cm3
of 1.1M NaOD solution in D2 of an isotopic purity of 99.65% in order to precipitate Sc(OD)3.
The obtained pD was 6.9.

The negligible amount of H20 present in D2 was obtained by adding of ca LLI solution
of NaOD. The Sc(OD)3precipitate formed was filtered, and dried at 20 °C in dry nitrogen.

In the second case 1.48 g of scandium metal (99.98%) was dissolved in hot DC1 solution
(40 cm 3 of 10% solution in D2) and after evaporating to 33 cm3, Sc(OD)3was precipitated as
in the first case.

Independently, the samples of Sc(OD)3 were prepared but the first portion (ca 20%)
was precipitated and removed, whereafter the other part of scandium deuteroxide was precipi-
tated and treated in the same way as described above.

The ScOOD and ScOOH preparations were obtained by pressure-hydrothermal method.

The apparatus consisted of a pressure reactor in which the suspension of scandium ortho-
deuteroxide (obtained in the above described manner) in 20 cm3 of heavy water was placed.
The suspension was stirred during reaction, the reactor was kept under constant oxygen pressure
and the whole reactor was thermally controlled.

Scandium in Sc(OD)3 and ScOOD was determined by EDTA titration, and deuterium
by oxydation method on a Perkin Elmer 240 apparatus. The IR spectra were taken on a
Perkin—ElImer 580 apparatus in the range of 4000 — 400 cm “1using KBr pellets. The X-ray
diffraction patterns (Co Ka) were obtained on a TUR M-62 diffractometer with horizontal
goniometer with GM counter moving at a speed of 1° min-1. In all measurements a voltage of
30 KV and a current of 25 mA were applied.

Results and Discussion

Sc(OD)3 obtained from two different starting materials were of high
purity both structurally and isotopically. The commercial ScCl3after prolonged
drying at 120 °C still contained 4.86% of H20 due to increased Sc(OH)3 con-
tent in precipitated Sc(OD)3. In case of scandium metallised as a starting
m aterial the presence of OH groups in Sc(OD)3 depends on the amount of H20
in D20 and the amount of NaOH in NaOD. Taking into account H20 and NaOH
present in D2 and NaOD, respectively, and the H20 content in scandium
chloride, theoretically the maximum content of Sc(OH)3 in scandium ortho-
deuteroxide obtained by the first method is 31.5%, and by the second one
17.0%. The real content of OH groups in Sc(OD)3 is slightly smaller than
mentioned above. The results of IR measurements (curve 1in Fig. 1) confirm
that even the application of reagents of high isotopic purity cannot assure
the formation of isotopically pure ScOOD independently of the starting ma-
terial, if the whole amount of precipitated Sc(OD)3is used for the preparation
of scandium oxide deuteroxide. We have found experimentally, that in case
of Sc(OD)3 obtained from scandium metal, containing theoretically maximum
17.0% of Sc(OH)3 after removing the first portion of precipitate (ca 20%),
from the remained part we can obtain isotopically pure ScOOD by pressure
hydrothermal method. This can be confirmed by the absorption band at 2700
cm 1 corresponding to OD group vibrations (curve 2 in Fig. 1). ScOOD
obtained under these new conditions by the first method still contained some
OH groups [absorption bands at 3300 cm®“1 corresponding to stretching
vibration of OH group (curve 3 in Fig. 1)]. For comparison, curve 4 in Fig. 1
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represents the spectra of pure ScCOOH. The presence of OH groups in ScOOD
is caused by the water remained in the starting material — scandium chloride,
dried at 120 °C. The purity of ScOOD is also influenced by the pD of the solu-
tion after the precipitation of the scandium orthodeuteroxide. The proper pH
for the precipitation of Sc(OH)3 is between 6.0 and 6.5 [10]. This value was
kept when precipitating Sc(OD)3 taking into account that pD = pH -f- 0.4

cm'

Fig. 1. IR spectra of ScOOD/ScOOH in the range of 4000 400 cm-1; 1. ScOOD obtained

from scandium metal without the separation of the first fraction; 2. ScOOD obtained from

scandium metal after the separation of the first fraction; 3. ScOOD obtained from ScCI3 dried
after the separation of the first fraction; 4. SCOOH

[11]. It was found that an increase of 0.5 in pD caused a decrease in ScOOD
yield of 16% and that a decrease of 0.2 in pD caused the product to contain
3.7% of Cl-. This ion cannot be removed by washing, probably because it is
occluded by Sc(OD)3.

At the conversion of scandium orthodeuteroxide to oxide deuteroxide
by the pressure-hydrothermal method the time of the procedure determined
the formation of particular crystallographic phases in the final product (other
parameters remained constant: pressure 30 atm, temperature 90 °C). This
was found by means of chemical and X-ray analysis. For example — for the
preparation obtained by pressure hydrothermal method lasting for 75 hours
— it was found by means of chemical analysis — that the content of scandium
in this compound was 51.2%. This value is smaller than the theoretical one
for scandium oxide deuteroxide by 5.7%,whereas the X-ray study shows
that the only phase which occurs is the phase of scandium oxide deuteroxide
(curve 1 in Fig. 2). An increase in the time of preparation up to 150 hours
causes the increase of scandium content in the preparation (56.8%) and from
X -ray diffraction study it is concluded that the only phase, which is present
is scandium oxide deuteroxide. It seems that the decrease of background in
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diffractogram (curve 2 in Fig. 2) confirms the presence of X-ray-amorphous
scandium orthodeuteroxide. Prolongation of the time of preparation up to 225
hours leads to the formation of a second crystallographic phase (curve 3 in
Fig. 2), which was also confirmed by the increase of scandium content up to
62.7%. It can be concluded from these data that together with scandium oxide
deuteroxide, scandium oxide was formed under these conditions. This leads

Fig. 2. Diffractograms of scandium oxide deuteroxide obtained by the pressure-hydrothermal
method — 1—75 hrs, — 2—150 hrs, — 3—225 hrs

to the conclusion that the most suitable period of time for the preparation
is 150 hours. During this period of time scandium orthodeuteroxide is com-
pletely converted into scandium oxide deuteroxide, and scandium oxide is
not yet formed. The scheme of phase changes shown in Fig. 3 was established
by investigating the dehydration of Sc(OD)3 over a wide temperature range
and by the X-ray and chemical analyses of the preparations. It has been
pointed out that during the scandium oxide hydroxide formation the conver-
sion occurs at a pressure of 15 atm and the product (taking into account
X -ray data) corresponds to scandium oxide deuteroxide obtained at 30 atm.
Scandium orthodeuteroxide obtained from scandium metal was dried at dif-
ferent temperatures between 20° and 500 °C for two hours at each temperature
in order to study the dehydration of Sc(OD)3 during calcination (Table ).
After drying at 20 °C the scandium content was 5.4% and at 500 °C 65.1%,
and the deuterium content was 10.1% at 20 °C and above 450 °C deuterium
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was not present in the sample. At 120 °C scandium and deuterium content
are almost identical with the theoretical ones in ScOOD, which suggests the
formation of pure phase of this compound. The X-ray study curve in Fig. 4
confirmed the presence of Sc20 3 phase and of amorphous Sc(OD)3, thus the

Fig. 3. Phase’changes of scandium orthodeuteroxide during the preparation of scandium oxide
deuteroxide by the pressure-hydrothermal method

Table 1

Percentage of scandium and deuterium content in the preparation after two hours calcination of
scandium orthodeuteroxide and oxide deuteroxides in the temperature range of 20—500 °C

. Sc(OD), ScO0OD
¢ %sc %D %Sc %D
20 5.4 10.1 19.2 5.1
50 12.4 6.2 27.4 3.9

100 51.2 4.1 56.9 2.6

120 56.9 2.5 56.9 2.6

150 57.2 2.1 57.1 2.5

200 58.4 1.9 57.3 2.5

220 59.1 1.2 57.3 2.5

250 60.1 1.0 57.4 2.5

300 61.2 0.6 57.4 2.5

400 64.1 0.1 64.8 —

450 64.9 — 65.1 —

500 65.1 — 65.1 —

analytical results were the mean of the Sc(OD)3and Sc20 3phases. Calcination
of Sc(OD)3 at higher temperatures does not result in the formation of X-ray
pure ScOOD although it was found in calcination products. Obtained by pres-
sure-hydrothermal method isotopically pure ScOOD was calcinated under the
same conditions. Up to 100 °C the preparation loses most of its D20 content,
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and in the temperature range of 100—120 °C a preparation of chemical com-
position close to the theoretical one is obtained.

In temperature range of 150—300 °C slow conversion of ScOOD into
Sc20 3 is observed whereas above 300 °C this conversion is rapid. The second
diffractogram in Fig. 4 confirms the presence of Sc20 3 phase in the products
of ScOOD calcination at 400 °C.

Fig. 4. Diffractograms of calcination products: 1. Sc(OD)3 dried at 120 °C; 2. ScOOD dried
at 400 °C

Table 11

Percentage of scandium content in scandium oxide deuteroxide dried at 20 °C for 2 to 500 hours

h %Sc
19.1

5 21.9
10 245
50 56.8
100 56.9
150 56.9
200 56.9
300 56.9
400 56.9
500 56.9
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Pure ScOOD obtained by pressure-hydrothermal method was also dried
at 20 °C for 500 hours (Table Il). The analysis of products shows that after
50 hrs of drying a stable compound is obtained. The composition of this com-
pound does not change during the time at analysis.

Conclusion

There are two stages of the preparation of ScOOD by pressure-hydro-
thermal method:

1. Sc(OD)3 formation

2. Sc(OD)3 conversion into ScOOD.
The most favourable conditions of conversion are: 90 °C, 30 atm, and a
conversion time of 150 hrs.

Pressure-hydrothermal method, established by us, assures the formation
of isotopically and X-ray pure ScOOD provided the first fraction (ca 20%
of total) of Sc(OD)3 precipitate is removed and scandium metal is used as a
starting material. ScOOD obtained by this method is stable at 20 °C in dry air
for 500 hrs. The preparations obtained after Sc(OD)3 calcination in the tem-
perature range of 20—500 °C under atmospheric pressure are not pure ScOOD
but they contain Sc20 3 phases. The pressure-hydrothermal method can also
be used to prepare pure ScOOH. The most suitable conditions of Sc(OH)3
conversion into scandium oxide hydroxide are the following 90 °C, a conversion
time of 150 hrs, and 15 atm.
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Thermolabile hydrogels of poly(vinyl alcohol) (PVA) have been prepared and
investigated in order to get information on the structural differences of the gels using
solubility and mechanical measurements. In this work unilateral compression measure-
ments were carried out on physically bonded PY A gels. The experimental results proved
the validity of the theory for rubber-elastic polymer networks taking into account the
slow-slippage of the junction points under mechanical stress.

The influence of gelation conditions and the solvent exchange upon the gel
structure is apparent from the constant C, which is proportional to the elastic modulus.

The comparison of the results of solubility and mechanical measurements permits
the conclusion that for thermally treated gels the initial decrease of the elasticity is a
result of a structural rearrangement. The observed plateau and the subsequent decrease
of the modulus can be explained by stepwise breakdown of the structure which causes
the decrease of the number of elastically effective chains only if the temperature is
higher than 335 K.

The results mentioned above are in agreement with our previous findings about
the approximate bond-energy spectrum in these gels.

Introduction

An account was given by us earlier [1] on the solubility of hydrogen-
bonded PVA gels. The mechanism of the transition of gel —»polymer solution
seemed to be more complicated than it was found on the basis of rheological
measurements. Through changes in the solubility of thermolabile hydrogels
with increasing temperature allowed to get information on the energy values
of the different junction sites in the physically bonded hydrogels. W ith the
help of the H-bond disrupting effect of n-propanol the supermolecular struc-
tural differences could be established.

The main purpose of the present work was to study the mechanical-
rheological behaviour ofthese thermolabile gels getting further information
on the gel structure and the thermal stability of the junction sites.

Few reports are dealing with the mechanical—rheological investigations
of physically bonded hydrogels, the interest is mainly focused so far on the

* Presented before the Committee on Physics of Plastics, Hungarian Academy of Sciences,
October 1977
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rubber elasticity ofchemically cross-linked gels. Among several basic problems
it seems very important that how the mechanical behaviour of these physically
bonded networks can reflect their structural characteristics, and whether the
theory of rubber elastic chemical networks could be applied in the case of these
gels.

It seems to be evident that, if the junction sites do not break down on
mechanical deformation, and no volume changes are taken place, the phys-
ically bonded gels can be treated as the chemically cross-linked ones.

Among others it has been found [2] that the time dependent stress can
be factored into a function of time and function of strain. The time dependent
and equilibrium mechanical behaviour of gelatine, agar-agar and PVA —ethy-
lene glycol hydrogels were studied by Pines and Prins [3].The stress relax-
ation data indicated that only in the case of gelatine gels fulfilled the above-
mentioned conditions, the separability of the time and deformation depend-
ences of the stress. So the theory of rubber-like chemical networks could be
applied and the modulus of elasticity could be calculated only for the gela-
tine hydrogels.

Shibatani [4] studied the changes of gel rigidity as a function of gelling
time at different temperatures on lightly cross-linked PYA hydrogels by stress-
strain measurements and calculated the numbers of junctions in the gel using
the theory of rubber elasticity.

Ogasawaraetal. [5] studying the syneresis of PV A hydrogels pointed out
that the logarithmic relationship, found by Hirai, between the elastic moduli
of the gel and the polymer concentration was valid in the case when the PVA
concentration in the gel varied due to syneresis.

Ogasawara et al. [6] have studied the effect of syndiotacticity on the
rigidity of the gel by determining the blending modulus of a rod-like gel.
According to the rubber elastic theory of Flory the number of moles of chains
in the network (v) was calculated from the elastic moduli (104—105 Nm ~2).

In our previous work [1] thermolabile PYA hydrogels with different
supermolecular structure have been prepared by using dioxane as a precipitant
which has been changed against water after gelation had taken place. It was
found that these hydrogels behaved as soft rubber elastic materials, the junc-
tion sites of the network were stable enough, and no volume change took
place on unilateral compression. Thus we have made an attempt by the help
of mechanical measurements to get further information on gel structure.

Experimental

Materials. The gels were prepared from a commercial PYA, Rhodoviol 16/20 (Rhone-
Poulenc, Paris). The acetate content of the sample was reduced by alkaline hydrolysis to
*~0.3 mol%. The homogeneity with respect to molecular weight was increased by fractionation
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(Mw= 80,000). The syndiotactic triad content determined from the IR spectrum data by-
means of the Kenny-W illcockson equation [7] was 36%.

The PVA gels were prepared using dioxane as a precipitant, which has been exchanged
against water after gelation had taken place [1].

The characteristics of the hydrogels studied by mechanical measurements are listed in
Table I. These characteristics are the composition of the system under gelation (m»v a>Mdioxane)>
the volume fraction of the polymer in the gel (ti2, and the constant (C) from mechanicalmeas-
urements, which is proportional to the number of elastically effective network chains and the
modulus of elasticity.

Table 1

Some characteristic parameters of the PVA hydrogels

Gelling system PVA hydrogel
PVA content, Dioxane content, C
“PVA “cioane (KNm-*)
0.08 0.46 0.047 12.6
0.04 0.48 0.029 4.0
0.06 0.48 0.048 17.3
0.08 0.48 0.072 40.3
0.04 0.50 0.030 3.2
0.06 0.50 0.047 11.5
0.08 0.50 0.060 19.2
0.04 0.52 0.029 3.1
0.06 0.52 0.044 8.3
0.08 0.52 0.057 12.4
0.04 0.54 0.030 2.8
Methods

Unilateral compression measurements were carried out by means of a modified analytical
balance [8]. The apparatus allowed us to measure both the applied force and deformation with
high accuracy i.e. £ 10 N and £0.02 mm, respectively. The compression measurements were
undertaken on 10 X 10 X 10 mm gel cubes and on isodimensional cylindrical specimens. Within
the applied deformation ratios (A = 1.0 — 0.7), the cross-sectional changesdue to the deforma-
tion did not cause greater deviations than the systematic error of the method. The dimensions
of the gel samples before compression were determined with 0.02 mm accuracy by means of
a cathetometer. The measurements were carried out at 298 K, and the reproducibility
of the method was within +5% .

Results and Discussion

As it has been mentioned earlier, the investigated PYA hydrogels had
a rubber-like elasticity, they were deformed isotropically and did not change
their volume under compression at the applied deformation ratios.

For evaluation of the results it was important to decide whether these
physically-bonded hydrogels can be interpreted by the theory of chemically

Acta Chim. Acad. Sei. Hung. 102, 1979



344 GYORGYI-EDELENYI, NAGY: POLY(VINYL ALCOHOL) GELS

cross-linked rubber-like gels, i.e. whether the unidirectional time-dependent
stress (o”) can be factored into a function of time and function of strain [2]:

tfii(Ad) = [(Nr) E(t) (1)
where
—Ar
m = Ee - (2)
L m

i.e. the logarithmic plots of rr}l against time at different tensile strains are
closely parallel.

The stress relaxation of two PYA hydrogels with different polymer con-
tent at constant unilateral compression ratios are shown in Fig. 1. The
logarithmic plots of the force (F), needed to maintain constant deformation
against time (t) are closely parallel with a slope of —0.02. It is nearly by one
order smaller than the —0.28 value, found for gelatine hydrogels by Pines
and Prins [3].

It was also investigated whether the theoretical relationships, referring
to the rubber-like behaviour of chemically cross-linked networks was applicable
to these physically bonded PY A hydrogels. According to the statistical theory
of rubber-like elasticity

ad = ARTv*q9qg~3 - —y = <rg3 )

where adis the force per unit area of the unswollen, unstretched sample, and
areferred to the swollen unstretched cross-section. A is a theory dependent
factor, its value in general equals to 1, v* is the concentration of network
chains per unitdry volume,q and g, are the volume degree of swelling of the
stretched and unstretched sample, respectively, g0 is the reference degree of
swelling (memory parameter), /1 is the deformation ratio, the ratio of actual
and initial length of the swollen gel sample, R the gas constant and T the tem -
perature [9].

Since at the applied deformation ratios no volume change has taken
place on the studied PVA hydrogels,

(=9 and — = 1,
4t

thus Eq. (3) can be written as follows

| i
erg3 adq 3

= RTv*q03= C (const). (4)
(N-N~2 (A-A-2

So the constant Cis proportional to the number of elastically effective network
chains and to the modulus of elasticity.
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Yet another important question from the viewpoint of experimental
technique awaited an answer namely whether the shape of the gel samples
affects the results. (It may be noted that PYA hydrogel cubes could be pre-
pared much easier than cylindrical samples.)

The validity of Eq. (4) isillustrated in Fig. 2 for cubic and cylindrical gel
samples, prepared with different PVA content. The good agreement of the data

Fig. 1. The logarithmic plot of force, (F) needed to maintain constant deformation (J1 = 0.95—
0.85) as a function of time

Fig. 2. Verification of the validity of Eq.(3) for gel samples with cubic and cylindrical shape
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shows, that the shape of the gel samples does not affect the results, and that
Eq. (4) is satisfactorily applicable for these physically bonded PYA hydrogels.

Mechanical studies rendered possible to demonstrate the influence of
gelation conditions, polymer and dioxane content of the system upon the gel
elasticity. In Fig. 3 the C values are plotted against the weight fraction of
PYA (m»va) under gelation at given dioxane concentration. From the shape

Fig. 3. Effect of the polymer content (mpva) °f the gelling system on the C values of PYA
hydrogels, at constant precipitant concentrations

of the curves it can be concluded, that with increasing polymer content the
number of elastically effective network chains increases most significantly
at tUdjoxane = 0.48.

The optimum effect of the precipitant will be more obvious when plotting
the C values against the precipitant concentration at constant PVA content
(Fig. 4). (In the mixture of Wdioxane = 0.46 gel formation took place only at
mpva = 0.08, and in the mixture of wmudioxane = 0.54 only 0.04 weight fraction
of PVA could be solved. So the elasticity maximum could be measured only
at tcpvA = 0.08).

Increasing the dioxane content in the gelling system the conformation
of PVA molecules will be altered and the intermolecular interactions become
conspicuous. In such systems a preformed structure will be stabilized under
gelation, i.e. a gel with globular structure will be formed and so the modulus
of elasticity will be decreased. This is the explanation of formation of gels with
globular structure in a mixture with Wdioxane = 0.52. For these gels the increase
in the modulus of elasticity with the polymer content was much smaller.
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During the preparation of PYA hydrogels [1] the precipitant dioxane
was exchanged against water. This solvent exchange causes a 10—20%
increase in the degree of swelling of the gels depending on the gel structure.
This must be the consequence ofthe disruption and rearrangement of the junc-
tion sites.

Latter has suggested the possibility to find connection between the sta-
bility of gel structure and the increase of the degree of swelling due to solvent

046 048 050 052 054
wdioxane

Fig. 4. Effect of the precipitant content (t"dioxane) the gelling system on the C values of the
PVA hydrogels at constant polymer concentration

exchange. With this possibility in mind a further solvent exchange was made
on the gels of various polymer content but prepared at the optimum (u>dioxane =
= 0.48) dioxane concentration. The swelling medium of the hydrogel was ex-
changed against pyridine then back to water. Pyridine was chosen because
of its perfect miscibility with water and suitable interaction with the polymer.
Figures 5, 6, and 7 show the results of mechanical measurements at the dif-
ferent steps of solvent exchange. The exchange of water against pyridine caused
a significant increase in the elasticity of the gel samples. This meant a ninefold
increase of C in the case of gel with lowest polymer content, and nearly sixfold
increase for the two other gels (cf. Table 11).

The subsequent exchange of pyridine against water made the structural
differences due to the polymer content still more conspicuous (cf. Table II,
NC/C %) comparing the values of C for the aqueous gel after solvent exchange
with the C for the original hydrogel. Thus, under optimum gelation conditions
the increase of polymer content considerably stabilizes the structure of these
PVA hydrogels.
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The mechanical investigations furnished further information on changes
ofthe gel structure due to temperature treatment. The solubility measurements,
described in our previous report [1], were combined with stress-strain measure-
ments. The temperature of the gel sample in contact with an excess of swelling
medium (water) was raised in 2.5 K increments between 298 and 353 K. At

0.2 0.4 0.6 0.8 10 12 14 16

Fig. 5. Effect of the solvent exchange on the stress-strain curves in the case of gel with
1/, = 0.029

Fig. 6. Effect of the solvent exchange on the stress-strain curves in the case of gel with
t)2= 0.048
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Fig. 7. Effect of the solvent exchange on the stress-strain curves in the case of gel with
v, = 0.072

Table 11

Effect of the solvent exchange on the C values

Volume fraction of c Acic
PVA (=) in the (kKNm-*) %
original gel water —* pyridine -+ water
0.029 35 31.4 15 52.2
0.048 144 88.9 9.7 32.7
0.072 30.1 198.0 281 6.6

each temperature, after attainment of solubility equilibrium, compression
measurements were carried out on gel samples at the treating temperature
and cooled back to room temperature. The calculated C values plotting against
the treating temperature gave curves with similar shape for these two series
of measurements. However, the results on gel samples cooled back to room
temperature were more reproducible, so only these data are illustrated in
Fig. 8, where the C values for gel prepared at v2= 0.048 and with optimum
dioxane content are plotted against the treating temperature. The decrease
of the gel elasticity between 298 and 318 K cannot be ascribed to the dissolved
amount of PVA (~3% cf. Fig. 1 in [1]) thus the decrease of the number of
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Fig. 8. Dependence of the c values on the treating temperature for gel with v2= 0.048

elastically active network chains will be the consequence of a rearrangement
process. Then, in an interval of nearly 20 K, the C values are practically un-
affected by T, the stability of the junction sites prevent the change in v*
with increasing temperature. Then the significant decrease of elasticity at
T I> 335 K is due to the increase of solubility, this being a result of the final
breaking down of the junction sites.

So these mechanical studies are in good agreement with the results of
solubility measurements [1] and support our assumption that the bond-energy
spectrum of the studied PYA hydrogels is nearly bimodal.

*

The authors wish to express their thanks to Dr. F. H obkay for the determination of the
syndiotactic triad content of the PYA sample by means of IR spectroscopy.
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In this paper we considerunconditional variational problems of stationary source-
less heat conduction with error bound in case of spherical and cylindrical symmetry
on the basis of Gyarmati’s Governing Principle of Dissipative Processes,j

Introduction

It is well known that for the linear, quasi-linear and certain types of
non-linear theory of the thermodynamics of irreversible processes [1, 2],
Gyarmati in 1965, proposed a general variational principle by means of which
the evolution of dissipative transport processes in space-time can be described
[3, 4]. The various applications of this principle frequently called as “The
Governing Principle of Dissipative Processes”, have already proved its utility
for the complete regime of transport phenomena [5—11]. This principle tells
us in total generality that the functional

t
L\INJ] = Jj ar—W—®) dFdt = maximum (1)

under constraints that the balance equations
Ne + V «Ji = i=12..) )

are satisfied [1].
Applying the variational principle (1) to the stationary heat conduction
problem, it reads in the so-called Fourier picture [1, 14]:

L[T,J] J-vT+ -AVT-VT+ —J mJ dF
2 24

minimum (3)

=1 N a(AVT + 724V
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where T is the temperature and His the heat conductivity. In the stationary
case we can omit the time integration in Eq. (1), furthermore, in the sourceless
case the heat current density J satisfies the stationary form

V eJ =0 4

of the balance equation of the internal energy, which belongs to (3) as a sub-
sidiary condition. Let us consider now the simplest case of the one-dimensional
problem. Let heat conduction occur along the x axis, the system be the closed
interval [0, I] and the boundary conditions he

TO) = Tv T{) = T2= T1+ AT > T1 (5)
In this case the variational problem of Eq. (3) reduces to

rux, T) idezd* (2Im2

Hi =
2 1da: 1

minimum (6)
dx
AC* T)
0

derived by Farkas and Noszticzius [12]. In this paper A is used in the meaning
of differences. For this variational problem an error estimate can also be ob-
tained (Farkas [13]):

1-H, 1 v
24rin ' 1 - KAT- Jirax/N2ln

where e is the maximum deviation between the approximate solution T(x)
obeying boundary conditions (5) and the correct solution TO(x); further

. T
K= AkxT "
XE O,I_} ar
TE[TI, 19

Imax and Amin are the extreme values of din the region x £ [0,/]; T £ [Tv T2.
In the following we apply the variational principle (3) cases of cylindrical and
spherical symmetry. We derive formulas analogous to (6) and (7).

Heat conduction in a hollow cylinder

In this section we use cylindrical coordinates z, g, ¢ The inner radius
of the ring is Rv the outer radius is R2 and the height is h. The system is heat-
isolated at the planes2 = 0 and z = h. The system has the boundary conditions
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T(R) = Tv T(R2 = T2, AT = \T2—T,\ )

Weconsiderthe stationary sourceless case. Let A be a continuous function
of pand T:

A= A(e, T) (10)
0 < ™min”® A(e, T) £ "max (i)

in the region p£ [Rv i?2]; T € [T1?T2]. Since our heat conduction problem
has cylindrical symmetry, its correct solution must have the same symmetry,
i.e. the real temperature distribution TO depends only on p:

To= B [ (12)

Let T be an approximate solution satisfying boundary conditions (9) and de-
pending on p:

T = T(e) (13)

Since the heat current density J has only one non-zero component, J g, balance
equation (4) reads:

1A _ . (14)
g de (e-J,) =

consequently,
peJg= C= constant (15)

The form of variational principle (3) in this case is

R.
dT
+ ] e 2nhgdg =
dp
R1

R* R{ Rt
17 @7)* wkene +J17 "3 27heie + fi oo 27ede] =
R, Ri i

Ri
= minimum (16)

Now, substituting Eqs (9) and (15) into (16), we find in the physically only
significant case of T, ~> T2 that

fit R,
(d1 2 . (* 2irh .
ffi m2jihndp C mAT «2nh - C2 dp minimum. (17)
u 2 dp J 2
Ri Ri
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Hence the following C value minimizes the functional (17) for a fixed T(g)
function:

AT
--------------------- . (18)
1
de
e mHe, T)
Thus we obtain the following unconditional variational problem:
R
- dT 2 (AT)2 o
AAT= I — - ede--nr_— minimum. (19)
Ri e
g-A
Ri

It is clear from the preceding that Hcis of the total quadratic form:

Rr
dT AT \
49cn 1 /A- o™ gdg (20)
l‘-]t
Ri

R1

according to the general character of the Gyarmati principle [4]. On the other
hand, it is obvious that A cis a positive definite quantity, and it is zero if and
only if T(g) = T0Q).

Therefore, variational problem (19) uniquely determines the correct
solution TO. Now we establish an error estimate for this problem. Denoting
the error by e:

e= max {T(g) — TO09) [} (21)
Q€ t"2I»Rt
T€[TXT8]J

we can define the sets M x and M2so that

dT dT >0 if g (Mx (22)
dg dg <0 if qgf£M2 (23)

If the measures of and M 2are rl and r2, then
ri + r2= Ro — Ri (24)

is valid. Now, it follows from Eqs (22, 23) that

r [dT  dTo

do=¢e> £ (25)
JMI . dg dg
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and

a7 e e (26)
dp 4

where 2e is the total variation ofthe T — TOfunction [15]. Let us assume that
A has a continuous partial derivative with respect to T, so it satisfies the
Lipschitz condition

X(q, T)~ X, Ta\< ,K-\T-T u\ (27)

where

K = inax sae. T) ) (28)
0T

Using Eq. (21), we can write that

R,

. IT \
K T)-~— R E)Tr . darn ? ede>
4e>T) dp dp r_dp
Je-A(e, T
ﬁ \ R1 ( )/
29
. (29)
Ftar dTu AT \
+ 2 bbb T )A + £2dp
dp ar, dp :
n f dg
J \Y R

Ri

because the omitted term cannot be negative. From the first term of the right-
hand side we obtain
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where formulas (25) and (26) were used. Of course, the second term ofthe right-
hand side of (29) is also transformable. Indeed, by using Eqs (18), (25), (26)
and (27) one has

R.
1dT AT
r O a@Tnpl \ gag =
aQ r de
J 8'Ks, T
J
R,
N 1dT
- AN
) 2 AT f Ke,T) 0] do >
r dg R)1 Ks, T dg  dg .
J e-Afe,T10;
RI
idT
2AT An o ax Ke, T) 15 dT0|dg .
ez e Al T) m. g0 dg
R,
-f- min Ke,T) li a7 d”o) (31)
e€ A, « 1] JIm, (dg dg |
2AT e Ae, T) I A, T) 1]
ENi> ™ Ate, ¢ 0) id ft.i.11 A, TO 3
2AT Amaxee . A(9,T)-.(g,TO max AET)IA@Q TO
In Rj  [2€[/7.«] | A(g, TO Ke, t0)
Ri
2AT Amax ee Ke 4K AT
-2 >
4min Amin
I R* e s
if
Inserting Eqs (19), (30), (31) into (29), we find the inequality
44 LA4ATIn A1 e2 . AKATXmax ee2 (32)
R, - Rt 1 .1 R2
Smin
Al
If
I y> Ri RI . KAT ’\ngx (33)
R
NP aTT
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we obtain the formula

Il 4C 42—R! 1
(34)
/ o1 1_ KAT(XmjV min) po - Rt)jﬂﬂnAr
RIil
In the case of
R.,~ RI (35)
relation (34) reduces to
Az-4a., 1 36
«<1 R, ' 1- KAT(ImJP min) (36)

which is equivalent to (7). With T2> Tv we would obtain in just the same
way formulas (19) and (34), but this case is hardly of much physical signifi-
cance.

Heat conduction in a spherical shell

In this section we use spherical coordinates r, ft, qo. The inner radius of
the system is R+ the outer radius is R2. The boundary conditions are given in
Eq. (9). Again we consider the stationary and sourceless case. The proof is
analogous to the above one. One finds here only the differences.

Let Abe a continuous function of r and T:

A= A, T), 37)
0 < Amin”™ A(r, T) & Amax (38)

in the region r £ [J?x, A2]; T £[Tx T2, Let T be an approximate solution
obeying (9) and depending only on r:

T = T(r) (39)

Since J has only one non-zero component, Jr, Eq. (4) reads

T Tyi (r2d) = 0 (40)

consequently,
r2+Jr— = constant. (41)
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From the adequate form of the variational principle (3) in the case of T'x T2
with the value

AT
Ci R, ~ (42)
j ------ 1 dr
r2A(r,T)
Ri
we obtain the unconditional variational problem
L dT\2
4Hs™ J A mr {ST? minimum (43)
dr '
Ri
J r2a
R1
where Hs is again of the total quadratic form
R dT AT\
4ifs= 1 1 IX Rx radr. (44)
a dr
f dr
r2e
Y J rea
J R '
Ri

It is obvious that Hs is positive definite and vanishes if and only if T(r) e
= TO(r). Therefore, variational problem (43) uniquely determines the exact
temperature distribution.

Now we consider the possible error:

e= max {|T() ToN\}. (45)
e

Similarly as in the previous section, from the inequality

dks> 4/ min « Ll me2 4KATR1R2 ' /mex _e2 (46)
R, - A, Ri R\ Amjn
if
1> KAT - Amax (47)
Ri in
we obtain the error limit
f Hs Ro-R, 1 (48)

1- KAT . (Amax/Amin) «(B [ )
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The limit of (48) is equivalent to (7) if [(R2— -?i)/~i] *0. Formulas (43)
and (48) are valid also if T2)> Tv though this case has only a very little physical
reality, because the sphere had to contain a medium of infinite heat capacity,
for example a mixture of ice and water.

Conditions (33) and (47) require zIT to be small enough, the ring or shell
to be thin or Ato be aslowly varying function of T. For example, if/FT = 100 K,
Ais a linear function of T and R2= 2Als Amust vary more slowly than 0.7%/K
in the spherical shell, or 0.6% /K in the hollow cylinder. If jR2= 1.1jR1 these
limits are 0.95%/K and 0.98% /K, respectively.

*

The author wishes to express his thanks to Dr. H. Farkas for his valuable suggestions.
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Some p-alkyl and p-alkoxy substituted p’-acryloyloxyazo and azoxybenzenes
and cholesteryl vinyl mixed esters of dicarboxylic acids were prepared. A few among
these have a liquid crystalline state. The unit cells of these compounds, determined by
indexing powder diffractograms, indicated that some of the azo and azoxy monomers
and all cholesterol derivatives form layer-like lattices. All monomers can be converted

into polymers with marked clearing points, via initiation by appropriate peroxides in
both isotropic and mesomorphic bulk.

Experimental

Several thousand compounds having liquid crystalline states are described
in the literature fl], but there are only a few liquid crystalline monomers
containing polymerizable active groups [2—25].

To extend the range of monomers, systematic experiments were per-
formed for preparing novel monomers with a liquid crystalline phase. The
present report covers the synthesis of some p-n-alkoxy-p’-acryloyloxyazo-
benzenes and -azoxybenzenes, as well as that of mixed cholesteryl vinyl esters
of a few dicarboxylic acids and certain X-ray characteristics of these mono-
mers are described.

The monomers were prepared according to the scheme:

I. Azo-compounds [26]

* Part IV of the series: Nyitrai, K., Cser, F., Csermely, G., Bui Due Ngoc, Fuzes,
L., Samay, G., Hardy, Gy.: Europ. Polym. J., 14, 467 (1978)

** On the same subject, a paper was presented at the “1st Liquid Crystal Conference of
Socialist Countries”, Halle, GDR, January 1976
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where R = H, alkyl or alkoxy (CH3—, C2H5—, re-QHg— or
CH3-0 -, C2HsO -, n-C4HV —); R’= -CH=CH2
(Et)3N = triethylamine.

Il. Azoxy compoundsl [27]

0—CO—K'

(R has the same meaning as above)

I1l. Cholesteryl vinylesters of dicarboxyl acids

00
a) Ch—OH - R \ n »- Ch—0—CO— K-COOH
Cco
(CH3)/I'H(CH2s3 CH
where Ch
R — CH2—CH2— (succinate)

— CH2—CH2—CH2— (glutarate)
— CH2— O — CH 2----(diglycolate)
— OH2— CH -—- («,/i-methyl-succinic acid mixture)

CH3

(hexahydrophtlialate)

11t has to be noted that, in the case of azoxy compounds a mixture of cis and trans
isomers is present. In spite of the initiator character of hydrogen peroxide in radical processes,
not even traces of a polymer are formed in the oxidation step.

Acta Chim. Acad. Sei. Hung. 102, 1979



NYITRAI et al..: POLYMERIZATION IN LIQUID CRYSTALS 363

(phthalate)

CH—
(maleate)
CH—
OH—
I (fumarate)*
—CH
—Cc—ch2—
(jJ-monoitliaconate)
CH2
b) Ch—0—CO—(R) -CO—OH CH;ICOOCH=CH2 KA, Ch-OCO—

— (19— COOCH=CH2

Preparation of monomers

p-n-Alkylazo and p-n-alkoxyazo derivatives

The starting p-substituted aniline derivatives were Aldrich products. They were made
by diazotization according to the procedure given in Ref. [26] and coupled with phenol. Their
acrylates were prepared from acrylic chloride in ether as solvent, in the presence of triethyl-
amine.

The azoxy derivatives were prepared as in Ref. [27] in acetic acid as solvent, from the
corresponding azoacrylates by oxidation with hydrogen peroxide. Ethanol was used for the
recrystallization of azoacrylates and azoxyacrylates. The melting points and meso-phase ranges
were determined by hot-plate equipped Polmi-A polarizing microscope. The results of C, H, N
analyses for each compound and other data of the monomers are summarized in Tables I and
1.

Cholesteryl vinyl esters of dicarboxylic acids

0.1 mol of cholesterol (Reanal, Budapest; m.p. 148.5°, []d = 39.5 in 2 g/100 ml chlo-
roform solution) and 0.2 mol of the corresponding dicarboxylic anhydride were dissolved
in 50 ml chloroform. The solution was boiled while 1 ml of triethylamine was introduced.
After boiling for 6 hrs, the solution was diluted with 150 ml of acetone. At room temperature,
the monocholesteryl ester of the corresponding dicarboxylic acid is precipitated in nearly
quantitative yield. The monocholesteryl esters of the corresponding dicarboxylix acids were
prepared by transvinylation according to Adelmann [28]. The cholesteryl vinyl esters were
recrystallized from ethanol, while cholesteryl vinyl fumarate was crystallized from acetone.
The results of C, H analyses for each compound together with other data of the monomers are
collected in Table I11.

* For preparing monocholesteryl fumarate, acylation was catalyzed by a 40% acetic
acid solution of HBr instead of triethylamine. Therefore, monocholesteryl maleate isomerized
to fumarate in one step.
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Table 1

Characteristic data ofp-n-alkylazo (a) and p-n-alkylazoxy acrylates (b)

@
R—O—( ( ) )— N=sj=N—<( ) > OCO—CH=CHj ()
(0]
Analysis
No. R i Calcd. (%) Found(%)
c H N c H

H 69 - 71.40 4.76 11.12 71.15 4.70
CH3 90 — 72.20 5.27 10.51 72.02 5.07
CH5 54 — 72.90 5.72 10.00  73.00 5.80
CGH9 66 — 74.00 6.49 9.08 74.20 6.53
H 69 — 67.20 4.48 1045 66.84 4.76
CH3 83 89 68.06 4.92 9.92 68.01 5.00
CH5 55 73 68.90 5.41 9.46 68.96 5.68
c;h9 63 84 70.04 6.17 8.64  70.90 6.29

Table 11

Characteristic data ofp-n-alkoxyazo (a) and p-n-alkoxyazoxy acrylates (b)

Analysis
No. R Gty ot Caled. (%) Found (%)
c H N c H
CH3 98 118 68.06 4,96 9.92 68.01 5.00
CH5 105 142 68.90 541 9.46 68.73 5.78
CH9 87 123 70.04 6.17 8.64 69.65 6.60
CH3 92 147 64.40 4.69 9.49 64.34 4.68
CH5 90 140 65.00 5.09 8.99 65.25 5.25
AH9 72 145 67.14 5.87 8.24 67.13 6.06
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Tabic 111

Characteristic data of mixed cholesteryl vinyl esters of dicarhoxylic acids

Analysis
Crystalline  SMectic  Clearing
R m.p.(°C) T(T'J.p. point (°C) Calcd. Found
C H C
-CH2CH2 82 - 89 77.34 10.31 77.55
-CH2CH2-CH2 83+ — (72 77.70 10.16 77.81
-CH20-CH 2— 117 — 74.90 9.65 74.81
—CH2-CH~"* -7 47 57 77.70 10.26 77.87
CH3
-CH=CH - 105 - 77.60 9.60 77.81
H
i-c 96 176 7760  9.82  77.65
H
-C-CH 2- 65 77.95 9.92 77.43
Il
CH2
110 — — 80.06 9.46 80.15
_ 50 78.40 10.24 78.14
0 1

+ monotropic
* mixture of a, /5-methylsuccinic acid

X-ray diffraction investigations

365

10.58
10.59

9.81
10.82

10.00

10.17

10.38

10.47

A common characteristic of the above monomers is their quite anisotropic
molecular size. The length of the molecule is for each monomer greater than
2.0 nm, while the smallest dimension of the molecules — assuming a planar
geometry — may he about 0.38 and 0.45 nm for the series of azo and azoxy
compounds and for the cholesteryl derivatives, respectively. The arrangement
of the molecules in the crystal lattice was studied by X-ray powder diffraction
technique, which permitted to determine the thickness of the possible molec-
ular layers on the basis of the longest identity period and within this layer
the arrangement of the molecules with estimated length. The X-ray diffracto-
grams obtained on a Philips wide-angle powder diffractograph are shown

1 and 2. The reflection angles corresponding to the
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diffraction peaks are on the abscissa and the peak heights, measured from
the baseline as fractions of the peaks with maximum intensity, are on the
ordinate. The identity periods calculated on the basis of powder diffrac-
tograms are collected inTable IV. The data shown in Table IY are those perio-
dicitiesthat permitto obtain three identical indices for each line of the diffrac-
togram. The density values indicated in column 8 of Table 1Y were calculated
on the basis of these periodicities. Monoclinic or orthorhombic crystal classes
have been presumed for indexing. The low number of investigated reflections
was not sufficient to perm it a search for their systematic absence. The observed
periodicities were not transformed to the possibly correct cell dimensions.

1 I e R

5 10 15 20 25 30 20° (Cu-Ko<)

1 | O O I S 1 e R T A T N N S

Fig. 1. Schematic representation of the diffractograms of mixed cholesteryl vinyl esters of
dicarboxylic acids
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Fig. 2. Schematic graph of the diffractograms of p-substituted p’-acryloyloxyazo and azoxy-
benzenes
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Table IV

Crystallographic data of the monomers investigated and the melting points of the polymers
(Translation period in nm)

co’;‘n%o%fnd Va* 1/6* I/c* Re z e(g0m-s) nﬁo;yr(rlgr)
la 1.005 2.30 2.56 90 16 1.126 300 (b)
1b 1.000 1.028 1.464 90 4 1182 300 (b)
2a 1122 1.050 2.480 92.6 8 1.204 270 (b)
2b 1191 1.460 1.680 90 8 1.293 280

3a 0.750 1.294 1.688 90 4 1.086 290

3b 1174 1.68 1.887 90 8 1.055 300

4a 0.819 1.094 1.790 92.4 4 1281 310

4b 0.931 1.372 2.524 90 8 1.338 320 (b)
5a 0.926 1.006 1.595 90 4 1.259 320 (b)
5b 1.166 1.476 1.683 90 8 1.378 340 (b)
6a 1.356 0.787 1512 96.8 4 1151 280—290
6b 0.926 1.338 2.543 90 8 1.246 310

7a 1.180 1.320 1.947 90.6 8 1.418 310 (b)
7b 1.544 1.902 2.264 90 16 1.357 320-330
8 124 0.79 2.85 90 4 1.165 190

9 0.619 0.996 4.69 934 4 1.198 210

10 1.065 1.84 2.08 90 4 1.026 215

12 1.196 1.636 198 90 4 1.140 205

13 0.765 0.994 443 92.7 4 1.005 280

14 0.751 1.031 4.48 92.9*M 4 0.996 216

15 0.753 1.004 4.49 90 4 1111 165

16 0.934 0.934 2.49 120*0%) 4 0.898 145

17 1.96 1.319 251 93.4 8 1.176 ?

*(a)= abangleisy, 8 = 90° .
b = melting with simultaneous decomposition

Monomers of cholesteric basis have layer structures. Monomers, num -
bered 9, 13, 14 and 15 are double-layered, the others mono-layered. Except
CVS all layers are tilted, i.e. the longitudinal axis of the monomer molecules
and the normal of the layer are not parallel. Two monomers — in accordance
with the results of polar microscopy — are smectic (16 : SB, 14 : Sq). The
diffractogram of 13 is somewhat deficient in lines.

W ithin the azo and azoxy series, regularities and similarities cannot he
recognized. In general, the cell volume ofthe azoxy compounds is greater than
that of the azo compounds. This is not valid for the unsubstituted monomers.
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The longest period is usually much smaller than the estimated length of the
molecule, except in the case of la, 4b, 6b and 7b. It can be assumed only for
the latter that the acryloyl groups are arranged in one plane. For the other
azo and azoxy monomers, the longitudinal axis ofthe molecules and the longest
periods are not parallel. Hence, it is probable that the acryloyl groups do not
form a topochemically favourable plane.

Polymerization experiments

The polymerization activity of each monomer has been tested qualita-
tively. Their 10 wt. % solutions in dioxane were heated at 70 °C in the presence
of 0.5 wt. % benzoyl peroxide for 30 min. During the heat treatment, the
viscosity of the solutions increased. The polymers formed were precipitated
with methanol, afterwards the cholesterol derivatives were dissolved in benzene,
the azo and azoxy derivatives in chloroform and all were precipitated again
with methanol. The melting points of the precipitated and dried polymers are
listed in Table IV.

All polymeric products were optically birefringent. The birefringency
ceases at a definite temperature. The clearing point of the polymers is also
indicated in the last column of Table IY. The detailed investigation of poly-
(cholesterylvinyl succinate) and poly(p-alkyl-p’-acryloyloxy-azoxyben zene)
derivatives has already been reported [3, 4].
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The 02contamination of the Ar atmosphere influences in plasma sheath reaction
the ratio of carbon oxides formed in reactions within the substance of the electrode.
However, in view of their small quantity they scarcely change the intensity of the spec-
tral lines,as compared to other processes and effects of major importance. Carbon used
as a carrier electrode reacts also with the metal oxides filled into its boring. In the burn-
ing spot of the arc, formed at the electrode and the substance filled into it, and in the
environment of the burning spot metal oxides undergo a spontaneous thermal decompo-
sition besides their direct reduction by carbon. In this decomposition oxygen is liberated,
which is able to participate in further reactions.

The last parts of our series of publications dealt with the reactions of
mixtures of various metal oxideswith carbon powder, produced by arc discharge
[1—10]. Steady and flowing Ar atmospheres were used to exclude inter-
fering parallel electrode surface reactions. The quantities of CO and CO02
produced in the polarized a.c. arc ignited at maximum voltage were measured
by our gas analytical methods [11], and the change in intensity of the atom
line of the main component of the sample, considered as proportional to the
evaporation of the sample, was followed. Our results were evaluated by the
comparison of data obtained by the two methods. Several questions were left
open in these investigations. Thus, a problem to be settled was how far the
0 2impurity ofthe Ar discharge gas atmosphere affects the results of the meas-
urements, particularly whenflowing and thus relatively much more gas is used.
Moreover, the suspicion arose in the investigation of carbon powder mixtures
that metal oxides might react with the substance ofthe RW Il carbon electrode
used as carrier electrode besides with the diluting carbon powder. Similarly
it remained an open question whether the spontaneous thermal decomposition
of metal oxides may also produce oxygen, giving rise to further reactions. In
the following, results in conjunction with the investigation of these problems
are reported.

4% Acta Chim. Acad. Sei. Hung. 102, 1979



372 SZABO, BERTALAN: METAL OXIDES IN THE ARC
1. Effect of the 02 contamination of the Ar atmosphere

It seemed in some of our earlier experiments in which flowing Ar atmos-
phere was used, for which gas was replaced from a balloon gasometer, that 02
contamination may have got into the Ar gas by diffusion through the walls of
the thinner gasometer balloons. This might have influenced the data measured,
the quantities of CO and C02and the intensities of the spectral lines. This has
been indicated already in the communication [5] reporting on the study of the
effect of gas flow rate. W ith increasing gas flow more oxygen may get into the
cell, which might have changed the results of the measurements. The oxygen
content of Ar sucked off from the cell and replaced from the balloon gasometer
has been measured, and actually, depending on the waiting time, a few tenth
percentage of oxygen was found. Therefore, our experimental system has been
modified. Gas was taken directly from the Ar cylinder, and a paraffin oil
liguid seal was inserted between the steel cylinder and the gas cell, to equalize
thereby the difference between suction and gas introduction. The excess of Ar
bubbled through the liquid seal into the air, and oxygen could not get into the
system. In this case the gas atmosphere was actually free of oxygen contamina-
tion.

Next, measurements under changing of the gas flow rate were repeated,
now already in certainly oxygen free atmosphere. The carrier electrode was
RW Il carbon, a carbon powder (SU-601) mixture of a mole fraction of 0.6 CuO
was filled into its boring, and the system was investigated against a counter
electrode, made similarly of RW |l carbon, by polarized a.c. arc excitation,
ignited at maximum voltage. The average current of the arc was 7 A, the burn-
ingtime 10 s. Figure 1shows the COproduction, while Fig. 2 the C02production
of the arc. (The markings a and cindicate the anodic or cathodic excitation of
the sample.) Ascontrary to our earlier results [5], it can be seen from the figures
plotted as a function ofthe flow rate of Ar gas that the quantity ofboth carbon
oxides first increases with increasing flow rate and then decreases. With
increasing gas flow the partial pressure of the gaseous reaction products
decreases in the vicinity of the electrode, and the possibility of the reaction
increases. Later, this is counterbalanced by the electrode cooling effect of the
larger gas stream and consequent slowing down of reaction. The ratio of the
two carbon oxides, the C02/CO0 ratio, decreases throughout (Fig. 3). The larger
gas stream primarily cools the superficies of the elctrode, reducing thus the
temperature of the site of C02formation. Therefore, as contrary to our earlier
opinion, the freezing-in of the reaction C02-+- C = 2 CO by the higher flow
rate is of minor importance. According to our results obtained in Ar atmosphere
contaminated by oxygen the quantity of C02increased while that of CO de-
creased with increasing gas flow rate. At that time there seemed to be two
possible explanations. One of these was the afore-mentioned freezing-in of the
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Fig. 1. CO production as a function of the flow rate of Ar gas; RW Il carbon electrode;
a: anodic, c: cathodic excitation

Fig. 2. C02 production as a function of the flow rate of Ar gas; RW Il carbon electrode;
a: anodic, c: cathodic excitation

Fig. 3. C02CO0 ratio as a function of the flow rate of Ar gas; RW Il carbon electrode;
a: anodic, c: cathodic excitation
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reaction, the other the effect of oxygen contamination. Our present experiments
verified this latter assumption.

The intensity of the Cu I 282.4 nm atom line follows also the curves of
formation of the carbon oxides (Fig. 4). Thus, the temperature of the ignition
spot of the arc and the extent of chemical reactions change to a certain degree
parallel.

It seemed then worth-while to investigate the behaviour of gas analytical
and spectral values as a function of carbon powder ratio, and compare them

Fig. 4. Change in intensity of the Cu | 282.4 line as a function of the flow rate of Ax gas; RW
Il carbon electrode; a: anodic, c: cathodic excitation

with values obtained in an atmosphere contamined by oxygen. Figures5and 6
show the quantities of CO and C02 measured in Ar atmosphere contamined
by oxygen, while Figs 7 and 8 those obtained in oxygen-free atmosphere.
Numeration on the horizontal axis of the figures is bidirectional, because, as
described earlier [6, 7, 10], reactions are determined from one of the sides by
the quantity of CuO introduced with the powder mixture into the boring of the
electrode, and from the other side by the smaller quantity of C powder. The
shape of the curves and the location of maxima remained unchanged in the
two cases, the oxygen contamination in the gas space has no effect on the reac-
tion proceeding in the boring of the electrode, within the substance of the
same. Thus, this can not cause that the production of carbon oxides falls be-
tween the 1 : 1and 2 : 1 CuO :Cmole ratios optimal for CO and C02formation,
and our earlier considerations concerning the parallel course of the two reac-
tions hold true [4, 7]. However, the magnitude of the maxima changes. It can
be clearly seen from the figures that under oxygen-free conditions, in spite of
the fact that the new carrier electrodes held by about 20% more powder mix-
ture, the quantity of C02has been reduced and that of CO has increased be-
cause of the absence of the

2 CO+ 02= 2C02
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Fig. 5. CO production as a function of carbon powder ratio; RW 11 carbon electrode; a: anodic,
c: cathodic excitation; Ar atmosphere contaminated with oxygen

Fig. 6. COj production as a function of carbon powder ratio; RW |1 carbon electrode; a: anodic,
c: cathodic excitation; Ar atmosphere contaminated with oxygen

Fig. 7. CO production as a function of carbon powder ratio; RW Il carbon electrode; a: anodic,
c: cathodic excitation; oxygen-free atmosphere
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Fig. 8. C02production as a function of carbon powder ratio; RW 11 carbon electrode; a: anodic,
c: cathodic excitation; oxygen-free atmosphere

reaction. This is therefore the effect of 02contamination in the Ar atmosphere,
which changes in the plasma sheath reaction values measurable by gas analyt-
ical methods. At the same time, carbon oxide may be formed in a smaller
amount also in electrode surface reaction.

The change in intensity of the Cul 282.4 nm atom line with carbon pow-
der ratio, characteristic of the evaporation of the sample, reveals the same
characteristics in Ar atmosphere contaminated by oxygen (Fig. 9) as in pure
Ar atmosphere (Fig. 10). Numerical data of the curves are also in fairly good
agreement. Thus, in a gas containing only a few tenth per cents of oxygen the
excitation of metal vapours can be considered as virtually equal beside the
dominant properties of Ar atmosphere and the relatively more pronounced
reactions within the substance in the electrode. Thus an unambiguous effect
could not be detected in the spectra with our not too sensitive experimental
method, though according to data in the literature [11, 12] the effect of oxygen
impurities is revealed already, particularly in the case of metal electrodes,
where electrode surface reactions are decisive. Spectral character data as a
function of carbon powder ratio gave also results of identical character and
nearly identical numerical value for contaminated and pure atmosphere. This
again is indicative of a plasma sheath reaction, which scarcely affects the hotter
parts of the plasma and the evaporation of the sample.

2. Carbon carrier electrode as a reaction partner

It could be seen already from the figures of the preceding chapter that
the production of the two carbon oxides as a function of carbon powder ratio
falls between CuO : C mole ratios separately optimal for each.Thiswasexplained
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m CuO —*- |m— mC

Fig. 9. Change in intensity of the Cu | 282.4 nm line as a function of carbon powder ratio in
the mixture RW |1 carbon electrode; a: anodic, c: cathodic excitation;™ Ar atmosphere [con-
taminated with oxygen

mCuO —»- -«—mC

Fig. 10. Change in intensity of the Cu | 282.4 nm line as a function of carbon powder ratio in
the mixture RW |1 carbon electrode; a: anodic, c: cathodic excitation, oxygen-free atmosphere

by the parallel course ofthe two reactions. It was thought possible, however,
that other factors also play a part. The possible effect of oxygen contamination
in the gas space can be excluded on the basis of the preceding chapter, but
the shift of the maxima from the mole ratio of 1 : 1 towards higher values can
have a further reason. The carbon carrier electrode may also react with the
copper oxide filled into its boring. Thus, the precise weighing in of the metal
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oxide and carbon powder mixtures will be of no use, if possibly more carbon
than calculated participate in the reaction. In order to eliminate the reaction
ofthe carrier electrode, measurements have been repeated with copper auxiliary
electrodes at an average current of 16 A and a burning time of 10 s. According
to Fig. 11, the maximal C02production ofthe arc falls also in this case between
the values optimal for the formation ofthe two carbon oxides. This proves that
the parallel formation of the two carbon oxides determined the location of the
maxima on the CO2curves. Figure 12 shows the COproduction of the arc under
identical conditions, this time only for the case of anodic excitation. This
curve actually shows a maximum at a CuO : C mole ratio of 1 : 1. The different
behaviour ofthe two carbon oxides indicates a certain separation ofthe reaction
sites [3, 4, 8]. This is proved also by the fact that C02 production decreased
more pronouncedly (in the interior of the sample) by copper of better heat
conduction. The production reactions of the two carbon oxides are connected
with one another, consuming competitively the reaction partners. This could
be graphically modelled by the addition of the calculated quantities of the two
carbon oxides (Fig. 13). The possibilities of the two reactions as a function of
the metal oxide (MeO) and carbon powder ratio were calculated and plotted
for the quantity of the powder mixture held by the boring of the electrode for
the case if the two reactions were independent from one another and only one
at a time would proceed. Decreasing CO2was plotted at identical CO produc-
tion, and the two curves of the respective parallel reactions were added. It
can be seen that the maximum ofthe resultant curve (broken line in the Figure)
is shifted with decreasing C02 content towards the mixture ratio of 1 : 1,
optimal for CO formation. This resultant curve features break points, while
the top of the directly measured curves is rounded off. This, too, indicates a
linkage of the two reactions.

It follows from the above-mentioned that the carbon electrode plays as
a reaction partner only a minor role. That its substance nevertheless reacts
with the metal oxide filled into it becomes clear also from the curves of Figs
5—8, the end points of which, the values relevant to pure CuO, show a gas
production higher than zero. In this case carbon oxides can react only with
the wall of the electrode, a reaction to be taken less and less into consideration
with higher carbon content of the powder mixture. Two modes of reactions
are now conceivable. One possible mode is the direct contact and reaction of
the filled in metal oxide with the wall of the carrier electrode, the other the
thermal decomposition of the metal oxides by the arc, and the reaction of the
oxygen formed with the carbon vapours, simultaneously evaporated in the
zones of appropriate temperature of the plasma. It seemed therefore essential
to investigate the thermal decomposition of metal oxides, i.e. whethera meas-
urable quantity of free oxygen is present in the arc.
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Fig. 11. CO- production as'a function of carbon powder ratio Cu auxiliary electrode; a: anodic,
c: cathodic excitation

Fig. '12. CO -production as a function of carbon powder ratio Cu auxiliary electrode; anodic

excitation
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Fig. 13. Joint formation of CO and CO02 (scheme)

3. Thermal decomposition of metal oxides

It has been mentioned already that two reaction zones are to be found
in the packing of the electrode. One of these is the interior of the filling, where
mainly C02is formed, the other the burning spot of the arc and its immediate
environment, where CO is produced independently of the properties of the
metal oxides [3]. This latter site is thought to be also the decomposition zone
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of the metal oxides [8]. For the verification of this assumption CuO was
mixed in various ratios instead of diluting carbon powder with A120 3and filled
into the boring of a copper carrier electrode. The arc burned at 16 A for 10 s.
The quantity of oxygen appearing in the gas space was measured with our
titrimetric gas analytical method [13]. Our assumption of thermal decompo-
sition could be actually proved (Fig. 14), oxygen is present in the gas space.

n CuO
Fig. 14. Change in 0 2quantity with A120 3 powder ratio measured in the decomposition of CuO;
Cu auxiliary electrode; a: anodic, c: cathodic excitation

The figure permits two conclusions. One of these isthat the quantity of meas-
urable 0 2 increases with the increasing of the less stable copper oxide content
of the mixture, but not linearly. This is due to the fact that the temperature
of the burning spot of the arc does not remain constant with changing the
composition of the mixture. The quantity of metallic copper formed in the
decomposition increases too, and exerts a cooling effect because of its good
thermal conductivity [3, 4, 6]. Therefore, the curve is bending back though
the active oxygen content of the powder mixture increases. Another observa-
tion is that in accordance with data in the literature [14, 15] and our earlier
assumptions [16] the temperature of the cathode spot is higher than that of
the anode spot, so that the decomposition of the metal oxide is also higher
there. This indirectly proves at the same time the different temperatures of
the burning spots of the arc on the electrodes of two kinds of polarities.

The question arose whether a decomposition of this character exists or
can be detected also in the presence of carbon powder and in the carbon carrier
electrode. This has been investigated by anodic excitation, using RW Il carbon
auxiliary electrodes and CuO -j- C mixtures (Fig. 15). Oxygen was measurable
also in this case, though here not only the metal vapours but also carbon at-
tempted to bind it. The curves passthrough a maximum, with a higher value of
the maximum than in the case of the copper carrier electrode. The reason for
this is not only the stronger warming up of the carbon electrode, but also the
heating up of carbon powder to a higher temperature than the diluting A120 3
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Fig. 15. Change in 0 2quantity with carbon powder ratio measured in the decomposition of CuO;
RW 11 carbon electrode; anodic excitation

additive. The drop-down of the second half of the curves is due again to the
cooling effect of metallic copper formed in the reaction. The quantity of metallic
copper formed is larger for excitation at 16 A than at 7 A. More carbon is
evaporated at higher current, and the volume of the plasma is also larger (see
part XXXY of the communication series), so that the possibility for recombi-
nation to oxide is also higher. Oxygen will be present in the gas space only if
the oxygen atoms formed during decomposition are recombined in the outer
colder zones of the plasma besides with the evaporated metal and carbon also
in a parallel reaction with one another, to give oxygen molecules. A relatively
small amount of free oxygen is present in the gas space, because the metal
vapours are strong reducing agents even with relatively inactive substances
as copper, and moreover, carbon vapours are also present. Thus, the decompo-
sition of metal oxides proceeds in the burning spot of the arc and in its imme-
diate environment. At the same time, this zone coincides with the metal evap-
orating zone of the arc, so that, depending on the thermal stability of the
metal oxides, the reaction must affect also the intensities of the spectral lines.
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It has been proved by electrode temperature measurements and their comparison
with gas analytical data that there is a correlation between the temperature of the
electrode and the chemical reactions. In the case of CuO -f- C powder mixtures at
anodic excitation of the sample the temperature of the electrode increases proportional
to the reaction of greater extent. It became evident from experiments on the effect of
current that the temperature of the electrode is controlled decisively by the current of
the arc, but heat evolved in the reaction of the substance filled in the boring of the
electrode modifies this temperature, and affects thereby also the evaporation of the
sample.

Two effects of the reactions between the components of the powder mix-
tures within the substance of the electrode have been demonstrated [1—5].
One of these is the energetical effect, known also from the literature, according
to which heat evolved in the reaction heats up the sample, enhancing thereby
its evaporation. The other effect involves the gas production of the reactions,
which changes the composition of the plasma gases and consequently the ex-
citation of the metal vapours. The aim of our present communication was a
more detailed investigation of the first, the energetical effect, at an excitation
of 7 A as a function of the composition of the metal oxide — carbon powder
mixture, and on a mixture of 0.6 mole fraction of metal oxide as a function of
the current of the arc. As earlier, a polarized a.c. arc excitation ignited at max-
imum voltage (essentially a pulsating direct current) ofaburning time of 10 s,
and auxiliary electrodes made of RW Il and RW 0 carbon have been used.
The average temperature of the electrode was measured with an iron-con-
stantan thermocouple, the sensor being fitted into a 2 mm deep boring at the
side of the electrode, located 1 mm below the 4 mm boring, holding the powder
sample. Evidently, this yields only comparative data, as the measurement is
not carried out in the reacting powder mixture filling itself. To produce possible
reactions of different extent, mixtures of different ratio of CuO with carbon
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384 SZABO, BERTALAN: BEHAVIOUR OF METAL OXIDES

powder and with A120 3and mixtures of A120 3 with carbon powder were used
as model substances. The reactions were followed by the measurement of the
CO and CO2production of the arc with the titrimetric gas analytical methods
described earlier [6].

1. Investigations as a function of the composition of the powder mixture

FigurelshowstemperaturevaluesmeasuredforCuO -f- C powder mixtures
of various ratios at anodic (a) and cathodic (c) excitation ofthe RW 11 carrier
electrode. The horizontal axis of the diagram carries bidirectional numeration,
in accordance with the fact that chemical reactions in the mixture are deter-
mined from the two sides by the quantity, or more exactly by the mole number
of CuO and C powder, respectively, which the boring of the electrode can hold
[2, 3]. For comparison, the figure published in one of our previous communi-
cations [3], showing the simultaneously measured and now more characteristic
CO02 production of the arc, is shown again (Fig. 2). It has been found earlier
that the temperature of the test sample depends in addition to the current of
the arc primarily on the C02producing reaction in the substance filled in the
boring of the carrier electrode. Figure 2 clearly shows that the reaction of the
powder mixture is rather insignificant at the cathodic excitation ofthe sample.
This scarcely changes the temperature of the electrode (curve c, Fig. 1), which
gradually decreases with increasing CuO content of the powder mixture. As
mentioned already several times [7], and as could be proved now, the heating
up of the electrode is controlled by the temperature of the burning spot of the
arc. This depends in the case of a larger excess of carbon powder on the tem -
perature of sublimation (3500—4000 °C) of carbon, while it becomes lower at
higher CuO content, because the boiling point of copper (2336 °C) reduces the
temperature of the burning spot, and thereby, that of the whole electrode.
In anodic excitation of the carrier electrode a maximum curve is obtained for
the temperature of the electrode. The location of the maximum is exactly the
same as that ofthe maximum of the reaction proceeding in the filling, obtained
for a mixture of about 0.6 mole fraction of CuO. This convincingly proves that
heat liberated in the carbon oxide producing reaction increases the temperature
of the whole mass of the electrode.

To check the above-said, CuO was diluted instead of carbon powder in
different ratios with A120 3, which does not react with CuO. Chemical reactions
and the average temperature of the carrier electrode were measured again with
an arc of 7 A and RW Il auxiliary electrodes. In this case only a very weak
reaction was obtained as a function of the CuO content of the mixture both
for CO (Fig. 3) and for C02 (Fig. 4) production. The quantity of CO formed by
the action of the arc, slightly increases at both polarities with increasing CuO
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Fig. 1. Temperature of the RW |1l carrier electrode and the ratio of CuO + C powder; 7 A;
a: anodic, c: cathodic excitation

Fig. 2. The C02production of the arc as a function of the composition of the CuO -f- C mixture;
7 A; a; anodic, c¢; cathodic excitation

m CuQ ----- » | — m >/3 Al20j
Fig. 3. CO production as"a function of the metal oxide ratio; a: anodic, c: cathodic excitation
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m CuO - m V, Al203

Fig. 4. C02production as a function of the metal oxide ratio; a: anodic, c: cathodic excitation

content of the mixture. The decomposition of CuO yields increasing amounts
of oxygen, which can react with the substance of the carbon carrier electrode
[8]. At the same time, in the CO02production of the arc low values give as a
function of the composition of the powder mixture maximum curves. Here the
heat conductions of the powder mixture and of metallic copper formed from
CuO by decomposition play already a more important role. Owing to the small
extent of the reaction, the average temperature of the carrier electrode (Fig. 5)
does not show a maximum, temperature values slightly decrease because of
the cooling effect of the composition of the mixture and of metallic copper
formed in the reaction, though there was a higher scatter of values measured,
than in the case of CuO -(- C mixtures.

Fig. 5. Temperature of the RW 11 carrier electrode and the metal oxide ratio; a: anodic,
c: cathodic excitation
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It has been proved thereby that in the absence of a reaction of higher
extent the temperature of the electrode can be changed only by the physical
characteristics of the powder mixture. These are decisively determined by the
current of the arc, as will be clearly seen from the next chapter.

2. Investigations as a function of the current of the arc

Our further aim was to study the effect of heat evolved during the chemi-
cal reactions on the temperature of the RW Il carbon carrier electrode and of
the substance filled in it as a function of the average current of the arc. The
carbon powder mixture of 0.6 CuO mole fraction, yielding maximal gas pro-
duction was used for the experiments. For comparison measurements were
carried out also with A120 3-)- C powder mixtures, in which the oxygen content
bound in the metal oxide was the same as that in the CuO -j- C mixture. As
earlier [1—3], this was attained by dividing the formula weight of A120 3 by
three, the number of oxygen atoms contained, and calculating with this
“equivalent weight” as molecular weight, we prepared also from A1203 a
mixture of 0.6 mole fraction.

Figure 6 shows electrode temperatures obtained for CuO + C mixtures as
a function of the average current of the arc at anodic (a) and cathodic (c)
excitation of the sample. Naturally, the curves ascend with increasing current,
anodic excitation resulting higher temperatures, in the same way as it did give
higher gas production [9]. The temperature curves obtained for A1203 C

Fig. 6. Temperature of the RW carrier electrode and the current; CuO - C filling; e; anodic,
c: cathodic excitation
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mixtures (Fig. 7) are flatter. This decrease is particularly noticeable in the more
intensive anodic excitation, because here, due to the very small extent of reac-
tion, the temperature of the electrode is determined by the current of the arc
alone, and is scarcely influenced by the small reaction occurring here.

The relationship between the temperature of the electrode and chemical
reactions becomes still more evident from results obtained with graphitic carrier

Fig. 7. Temperature of the RW 11 carrier electrode and current; A120 3 + Cfilling; a: anodic,
c: cathodic excitation

electrodes of type RW 0, being better heat conductors, and therefore cooler.
The average temperature of the electrode (Fig. 8) reveals within rather wide
current limits at cathodic excitation higher values, similarly to the gas produc-
tion of the reactions, of which again only data relevant to C02 are shown in
Fig. 9. (The CO production of the arc, too, gave curves of similar character
[10]). The relative magnitude of temperature and gas analytical data obtained
for excitation with the two kinds of polarity changes only at higher current,
each pair of curves intersecting above 10 A.

Thus, the course of all the experimental electrode temperature curves in
conjunction with the changing of current follows well the curves of chemical
reactions obtained by gas analytical measurements. It follows from this that
chemical reactions are determined besides the reactivity of the reactants
primarily by the temperature conditions of the electrode and the sample,
depending on the current. There may be random fluctuations, but the two val-
ues, electrode temperature and gas production, are strictly correlated. This
could be further supported by experiments in which the trend of fluctuation
of C02 quantities, measured by gas analytical methods, and of the electrode
temperature, measured simultaneously, was compared. Owing namely to the
relatively large scatter of the values, each measured point of the curves re-
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presents the mean value of several parallel measurements. Thus, with a mixture
of 0.6 CuO mole fraction in the RW 11 carbon auxiliary electrode the behaviour
ofthe two kinds ofeach 10 parallel values could be compared. In the fluctuation
of the data of measurement, the volumetric values of C02 formed plotted a-

Fig.\8. Temperature of the RW O carrier electrode and current; CuO -f- C filling;'«!: anodic,
c: cathodic excitation

Fig. 9. C02production of the arc as a function of current; RW O auxiliary electrode; CuO -f- C
packing; a: anodic, c: cathodic excitation

gainst the simultaneously established average electrode temperature actually
give alinear relationship except for some minor scatter (Fig. 10), which proved
the dependence of the reactions on the temperature of the electrodes and also
the reverse relationship.

It has been shown in our earlier experiments [2, 3] that a similar relation-
ship exists also between the chemical reactions and the intensities ofthe spectral
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390 SZABO, BERTALAN: BEHAVIOUR OF METAL OXIDES

°C
Fig. 10. Temperature of the RW 1l carbon electrode and the quantity of C02 produced;
CuO + Cfilling; 7 A

lines obtained. It can be established thus on the basis of the triple relationship
that chemical reactions, as well as their effect and the intensities of the spectral
lines are controlled by the temperature conditions of the sample, which depend
on the instantaneous electric parameters (current etc.).
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Gaseous products formed in reactions within the substance of the electrode
change the average temperature of the plasma and the arc voltage. Thereby, the energy
conditions of the plasma are changed, and this has an effect on the intensity of the
spectral lines.

It has been found in the study of the mixtures of various metal oxides
with carbon powder that carbon oxides produced in the reaction with carbon
powder change the composition of plasma gases [1—5], and this influences also
the excitation of the spectral lines. Our aim was a further study of this effect
by measuring the changes occurring in the state of the plasma. Up to now
namely, our relevant conclusions were drawn only from the behaviour of the
intensities of the spectral lines and of the spectral character curves. In our
present work, the temperature of the plasma was measured with 1% ZnO
temperature measuring additive to metal oxide and carbon powder mixtures
by the usual two-line method, with the aid of the intensity ratio of the Zn |
307.6 and 307.2 nin spectral lines, and the formula

20510
2.654 -f- QT 307.6 3072

was used for calculation. The slit of the spectrograph was directly illuminated
from a distance of 330 mm. Thus, disregarding temperature distribution in the
plasma, some kind of average value was obtained, the change of which was
investigated as a function of the current of the arc and of the composition of
the powder mixture. These values were then compared with spectral character
and spectral line intensity data obtained earlier. In our other series of experi-
ments the arc voltage has been measured with a large-screen oscilloscope,
featuring a measuring net, calibrating the magnitude of the oscilloscope signals
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with voltages of known magnitude. From these two kinds of measuring results
conclusions were drawn on the changes in the state of the plasma produced by
the chemical reactions.

1. Average temperature of the plasma

First it has been investigated whether phenomena to be studied do not
change by the action of the ZnO temperature measuring additive. ZnO is
namely rather volatile and might act as a carrier in the auxiliary electrode,
while metallic zinc evaporating into the plasma may change the temperature of
the same because of its relatively larger quantity. Table | shows for RW |1

Table |

Effect of ZnO, the temperature measuring additive, on the spectrum
RW |1 carbon carrier electrode; a: anodic, c: cathodic excitation

W ithout ZnO W hit 1% ZnO
a 20.6 19.3
mICU 282.4 c 14.3 16.5
a — 44 -45
237.0, 282.4 ¢ .39 _40

carbon auxiliary electrode and a CuO and C mixture of 1 : 1 weight ratio the
intensity of the Cu | 282.4 nm line and spectral characters (zlYcu r3?.o, 2824)
with and without ZnO additive. It can he seen from the results that while there
is virtually no change in spectral character data, the intensity of the copper
atom line is slightly decreased by the ZnO additive in anodic excitation (a) and
slightly increased in cathodic excitation (c). The same was found for RW O
auxiliary electrode when changing the CuO and C powder ratio. (Fig. 1; see
also Fig. 3 of part XX X Il [5]). However, the character of the curves and the
relationship between the two kinds of excitation did not change essentially, so
that the effect of the ZnO additive -was not considered as essentially inter-
fering at the given concentration.

On changing the current of the arc, the intensity values shown in Fig. 2
were obtained for the said atom line of copper with a CuO -f- C powder mixture
of 0.6 mole fraction of metal oxide in the boring of an RW 0 auxiliary electrode.
The spectral character data for the same cases are shown in Fig. 3. It can be
seen that, similarly as earlier [5], with the better heat-conductorand therefore
colder RW 0 auxiliary electrode of graphite basis, line intensities are higher at

Acta Chim. Acad. Sei. Hung. 102%1979



SZABO, BERTALAN: CHEMICAL REACTIONS OF THE ELECTRODE GAP 393

Fig. 1. Change in intensity of the Cu | 282.4 nm line as a function of the carbon powder
mixture; RW O carbon carrier electrode; a: anodic, ¢: cathodic excitation

Fig. 2. Change in intensity of the Cu | 282.4 nm line with current strength; RW O carbon auxil-
iary electrode, a: anodic, c: cathodic excitation

AY O

-50

Fig. 3. Change of the spectral character data (Y qi 237.0, 282.4) with current; RW O carbon
auxiliary electrode; a: anodic, c: cathodic excitation
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cathodic excitation, because evaporation of the sample is stronger now from
the burning spot of higher temperature of the arc at the cathode. Spectral
character data are more diminished by the larger quantity of metal vapour
evaporating into the plasma, so that in this case the spectral character curve
lying higher is obtained at anodic excitation. These spectral character data
scarcely change as a function of the current. At the same time, the average
temperature of the plasma increases (Fig. 4), though the slope of the curves
decreases. Cathodic excitation gives higher values, which is in apparent contra-
diction with spectral character data. To elucidate this inconsistency, the change
of the relative volume of the plasma, considered of the shape of an ellipsoid
body of rotation, as a function of the average current of the arc has been
measured photographically and calculated from cross section and diameter
data (Fig. 5). These values increase too, but result curves of steadily increasing
slope, and in each case values obtained at anodic excitation are higher. It seems
therefore that the effects of the changes in the two kinds of values counter-
balance each other, and because of this virtually constant spectral character
data are obtained. However, a problem is raised by the fact that the average

A

Fig. 4. Average temperature of the plasma and current; RW O carbon carrier electrode;
a: anodic, c¢: cathodic excitation

c: cathodic excitation
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temperature of the plasma, without the consideration of its radial and axial
distribution, characterizes only in a limited extent the state ofthe plasma, par-
ticularly in the present case, where the electron pressure of the plasma is
unknown. Presumably, measurement at the zinc line gives information only on
a definite zone of the plasma, and this zone is not necessarily the same in which
the two lines of very different energy, measured as the spectral lines of the
main component of the sample are excited. Indeed, it is well known that with
other temperature measuring elements (Mg, Cd) temperature values different
from those measured with zinc are obtained [6, 7]. Thus, when temperature
distribution in the plasma is not taken into consideration, spectral character
data may give more realistic information on plasma processes affecting the
spectral lines investigated, than the average temperature of the plasma. Nev-
ertheless, data of the latter are suitable for the characterization of changes
caused by chemical reactions. This becomes evident from the pattern of tem-
perature data measured with reactive CuO -f- C and slightly reacting Al20 3
mixtures. In the case of A120 3 -f- C mixtures of changing ratio, values (in the
RW 0 auxiliary electrode) change along a maximum curve (Fig. 6), starting
from relatively low values, characteristic of pure carbon powder filling. Curves

Fig. 6. Average temperature of the plasma as a function of the A1203+ C powder ratio;
RW O carbon carrier electrode; a: anodic, c¢: cathodic excitation

obtained for excitation at the two kinds of polarities show also here with respect
to each other the very opposite location and changes as compared to spectral
character data (Fig. 7, AY ™ 2816i305.0). At the same time, in the case of the
CuO -f- C mixtures, resulting a stronger reaction, the middle part of the curves
is flattened (Fig. 8), the curve reveals abroad minimum. This is to be attributed
in addition to an increased evaporation because of the reaction also to changes
occurring in the composition of the gas atmosphere. The spectral character
data of copper give similar minimum curves as the A120 3-j- C powder mixtures,
so that these curves are not shown here.
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m/3 Al203”- j— nmC

Fig. 7. Spectral character data (AY M 2ei.6, sos.0) al|J the carbon powder ratio; RW O carbon
carrier electrode; a: anodic, c: cathodic excitation

m CuO —= | m»— mC

Fig. 8. Average temperature of the plasma as a function of the CuO + C powder ratio; RW O
carbon carrier electrode; a: anodic, c: cathodic excitation

It has been decided to continue the investigation of these phenomena by
the measurement of the arc voltage the results of which were thought to be
more reliable.

2. Arc voltage and chemical reactions

As a basis of comparison, the behaviour of the arc voltage has been
studied with combinations of electrode pairs made of four kinds of pure sub-
stances (C, Fe, Cu, Al) in four kinds of pure gas atmospheres (Ar, N2, 02 and
C02), changing also the polarity of the electrodes. These results showed that
arc voltage depends decisively and primarily on the nature of the gas atmos-
phere. Independent ofthe composition and the polarity ofthe electrode couple,
in increasing order the following average data were obtained for arc voltage:

Ar< No< O,< CO02= 39.6,42.6, 445 and 444V
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Measurements in conjunction with Ar -f- 02 mixtures of various ratios
have been reported already [8] and show that arc voltage gradually increases
on passing over from the monoatomic argon to the diatomic oxygen, because
the dissociation ofincreasing amounts of oxygen consumes increasing quantities
of energy in the plasma. Thus, less energy is left for ionization, the number of
conducting particles decreases in the plasma. The resistance ofthe arc increases,
and voltage drop across the arc will be larger. This is proved also by the above
data in consideration of the decreasing order of the dissociation energies of
nitrogen, oxygen and carbon dioxide (9.76, 5.11 and 4.07 eV), owing to which
more energy is consumed in the arc for dissociation in the above order of the
gases. The arc voltage value of44.5 V for oxygen is somewhat high, coming close
to that obtained for carbon dioxide atmosphere. This can be partly attributed
to the fact that the carbon electrode produces in the arc carbon dioxide, the
effect of which increases the average values obtained by computation of the
mean. If the carbon electrode is not included in the above averaging, 44.0 Y is
obtained for oxygen as the average of measurements with the other three
electrodes, which fits well into the series. At the same time, for carbon dioxide
only the energy of decomposition to carbon monoxide was taken into considera-
tion in the above value. However, it is essential from the aspect of the following
that in CO02atmosphere the arc voltage is higher by about 5Y than in pure Ar.

In Ar atmosphere, with CuO -j- C powder mixtures in the boring of the
RW Il carbon electrode, arc voltage increases with the extent of the chemical
reactions. At anodic excitation (Table Il), measured in the first second, when
the reaction did not yet start, low arc voltage, characteristic of pure Ar was
obtained. According to the curves obtained by gas analytical measurements
[9], the reaction accelerates in the 4th second in anodic excitation. Values of
arc voltage are also the highest at this point, particularly in the case of the
mixture of 0.6 CuO mole fraction, producing the largest quantity of CO02

Table 11

Arc voltage values in volts with changing CuO -f- C mixture ratios at various moments of the burning
time of the arc
Ar atmosphere, anodic excitation

,CuO content Time of measurement, B

[in mole

fraction 1 4 10 15
0.03 37.2 38.7 38.7 38.7
0.07 38.7 38.7 38.7 38.7
0.13 40.1 40.1 38.7 38.7
0.50 40.1 41.5 41.5 38.7
0.60 41.5 43.0 415 415
0.75 40.1 41.5 40.1 40.1
1.00 40.1 40.1 40.1 40.1
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Later, when the main part of the reaction is already terminated, arc voltage
values become again smaller. In cathodic excitation the electrode is colder,
produces less carbon dioxide and it is heated up more slowly. The curves of
gas production begin to bend upwards later, and arc voltage attains even with
the mixture of 0.6 CuO mole fraction, producing the largest quantity of C02,
only in the 10 15th second the highest value. However, this value does not
attain the magnitude of the maximum value obtained with anodic excitation
and more carbon oxide production (Table I11).

Table 111

Arc voltage values in volts with changing CuO -f- C ratios at various moments of the burning time of
the arc
Argon atmosphere, cathodic excitation

CuO content Time of measurement, g

inmole

fraction 1 4 10 15
0.03 38.7 38.7 38.7 38.7
0.07 38.7 40.1 40.1 38.7
0.13 38.7 38.7 38.7 38.7
0.50 38.7 38.7 40.1 40.1
0.60 38.7 40.1 41.5 415
0.75 40.1 40.1 40.1 40.1
1.00 38.7 38.7 38.7 38.7

The role of C02 produced in the reaction in the establishement of arc
voltage was proved by two further series of experiments. Owing to the absence
of reaction, with the carbon powder mixtures of scarcely reacting Al20 3, the
small values characteristic of Ar atmosphere are reflected in the arc voltage
values, independently of the composition of the mixture (Table IV). The situa-

Table IV

Arc voltage values in volts with changing Al1203 -f- C mixture ratios at various moments of the burning
of the arc
Argon atmosphere, anodic excitation

AljO, content Time of measurements, s

inmole

fraction 1 4 10 15
0.03 37.2 37.2 37.2 37.2
0.07 38.7 37.2 37.2 37.2
0.10 38.7 38.7 37.2 37.2
0.50 38.7 38.7 38.7 38.7
0.60 38.7 38.7 38.7 38.7
0.75 37.2 37.2 37.2 37.2
1.00 37.2 38.7 38.7 38.7
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tion is the same in cathodic excitation, so that these data are omitted here.
Atthe same time, in C02atmosphere CuO -|- C powder mixtures gave at anodic
excitation (Table ¥) high arc voltage, characteristic of C02 which was even
larger than values shown above obtained with compact, pure electrodes. This

Table V

Arc voltage values in volts with changing CuO + C mixture ratios at various moments of the burning
of the arc
C02atmosphere, anodic excitation

CuO content | Time of measurements, s
flpagg?(;% 1 4 10 15
0.03 50.1 50.1 50.1 50.1
0.07 47.3 47.3 48.7 48.7
0.13 47.3 48.7 50.1 50.1
0.50 47.3 48.7 50.1 48.7
0.60 47.3 50.1 50.8 48.7
0.75 47.3 48.7 50.1 47.3
1.00 47.3 50.1 50.1 48.7

arc voltage scarcely depends on the composition of the mixture, because of
whatever extent the C02producing reaction, this does not change anymore the
composition ofthe gas atmosphere. This is supported also by arc voltage values
measured on Al20 3 C powder mixtures in CO02 atmosphere, similarly at
anodic excitation (Table V1), the data agreeing well with those obtained for
CuO -(- C powder mixtures. At cathodic excitation,too, identical values were
measured with the two kinds of powder mixtures.

Table VI

Arc voltage values in volts with changing Al.,():i -f- C mixture ratios at various moments of the burning
of the arc
C02atmosphere, anodic excitation

Alj(i)g r%g%tent Time of measurement, s
fraction 1 4 10 15
0.03 48.7 50.1 50.1 50.1
0.07 48.7 50.1 50.1 50.1
0.10 48.7 51.5 51.5 53.0
0.50 45.8 50.5 48.7 48.7
0.60 45.8 50.5 50.1 48.7
0.75 47.3 50.5 51.5 48.7
1.00 45.8 48.7 48.7 48.7
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Thus, the above finding prove well that when the extent of the reaction
is higher, gaseous reaction products formed in the reaction change the compo-
sition ofthe plasma gases and also the arc voltage. The energy conditions ofthe
plasma are changed thereby, and this affects the intensity of the spectral lines.
Moreover, it follows from these results that if a carbon oxide producing reaction
of higher extent is to be expected, it is worth-while to use a priori for the
equalization of the state of the plasma a C02 discharge gas atmosphere, or to
apply pre-arcing time and wait until the major part of the reaction has taken

place.
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Conductivity of many (more or less simple) electrolyte mixtures has been inves-
tigated, where the concentration of one of the ions (in most cases that of the cation)
and the temperature have been kept constant.

It could be pointed out that deviations exist from an assumed additivity nearly
in every case, but their maxima are rather low: e.g. the average of differences in 5M
solutions amounts only 2.8%. The deviations depend on temperature and total con-
centration, but they are not a function ofionic strength. In simplest cases these differ-
encesarenotsignificant, which allow to draw conclusions for the stability of new species
in other system when the difference is high enough.

It seems that the deviations from additivity in solutions of constant cation
(anion) concentration can be explained neither by electrostatic principles nor by ion
pair formation alone, but special interactions must also be taken into account. As a
working hypothesis, hydrogen bridged association of hydrated anions was supposed.

Conductometry is one of the oldest methods in coordination chemistry
but its use for quantitative purposes gives some problems [1]. In spite of this,
as the conductivity is influenced by the whole structure of the solution, con-
ductometry is one of the most important methods for studying the structure
of electrolyte solutions [2, 7—09].

For interpreting the observed phenomena, for the possible structures of
diluted and concentrated electrolyte solutions, several theoretical, semi-empir-
ical and fully empirical relations are known [2—6 and references therein] but
it becomes evident that the problems to be solved increase with increasing con-
centration in more and more complex and individual ways.

It follows that no conclusion can be drawn for the conductivity of a
mixture of two solutions (even if they contain the same electrolyte) from the
individual conductivities of the base solutions. The reason that the conductivity
measurements are less important for the investigation of equilibria in coordi-
nation chemistry lies first of all in this fact. There are problems also with stable
complexes (where the conductivities could be measured in very diluted solu-
tions) as no neutral salt can be added to achieve a constant ionic strength,
because the conductivity change due to the complex formation would be in-
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significant in this case. But the possibility is open for the investigation of
complexes with low stability, only we ought to know the conductivity behav-
iour of rather concentrated simple electrolyte mixtures, where no interactions
can be supposed.

Our following discussion will be limited to conductivities of electrolyte
mixtures at constant ionic strength, that is where:

cM = Hc, = const. (1)

(dealing only with 1 : 1 electrolytes at the beginning); or even the condition
can be postulated that one ofthe ions in all electrolytes (the anion or the cation)
must be common.

At constant total concentration, taking some neglections and conditions
into consideration, the following additivity of conductivities can be supposed:

no= 1 X, Cj 2)

that is, in the simplest (and to a certain extent: idealized) cases, the additivity
problem of conductivities arises as a question of constancy of equivalent con-
ductivities.

There are known some examples indicating the additivity of the conduc-
tivities at constant total concentration and with one common ion, and in several
other mixtures (but without common ion) the maxima of the deviations from
Eq. (2)(zl*ii;2, measured at cx= c2= cM/2= 0.5M) can be characterized with
good approximation by the following empirical relationship [8]:

zZi*1/2= [0.02i(iA- ;b)] 3)

This also means that even in relatively concentrated 1M solutions the estimated
error caused by the deviation from the law of additivity is about 1% or less
(except some extreme cases).

Our aim was to investigate the conductivities of several simple (or sup-
posedly simple) electrolyte mixtures and to answer the following questions:

a) how large are the deviations from the additivities;

b) in what degree are they influenced by the total concentration;

c¢) what is the effect of changes in ionic strength or in temperature;

d) what is the direction of deviations;

e) can anomalies be detected in conductivities when the interaction be-
tween the components is a well-known fact;

f) are deviations shown by changes of other parameters similar to those
of conductivity changes?
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Change of the conductivity of mixtures as a function of the changes in ions

Solutions of 5.000M concentration have been prepared at 25.00 °C from
the following substances of analytical grade (and controlled) purity: NaC104,
NaNO03 NaOH, NaCl, NaBr and Nal. The conductivities of the solutions and
their mixtures have been measured using a Radiometer CDM2 Conductometer
and Radiometer CDC 104 electrode in a vessel thermostated to 25.00 ~ 0.02 °C.

As typical results, the conductivity changes of sodium perchlorate —
sodium halide mixtures are shown in Fig. 1. In Fig. 2, the enlarged percental
deviations from Eq. (2)arepresented.The results indicate obvious (although not
significant) deviations and suggest the possibility of an empirical approxima-

Fig. 1. Conductivities of 5 M sodium perchlorate — sodium halide mixtures in function of
halide concentration (* in 1000 ohm_lcm _1)

Fig. 2. Deviations from the supposed additivity in 5 M Na(C104, X) solutions
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tion according to Eq. (3)(butwith a larger constant). Except the solutions con-
taining sodium hydroxide, negative deviations of similar type and direction
have been found in all cases.

The sequence of effects is reversed when the conductivities of sodium
hydroxide — sodium halide mixtures are investigated (see Figs 3 and 4).
The highest difference exists between the equivalent conductivities of 5M
NaOH and NaCl and the lowest between those of NaOH and Nal, but the
deviation from additivity is considerably higher in the latter case.

Figures 3 and 4 show the conductivity changes of NaOH—NaN 03 mix-
tures, too, as a single case observed by us where the conductivity deviated in
positive direction from additivity.

Fig. 3. Conductivities of 5 M sodium hydroxide — sodium halide (and nitrate) solutions at
25.00 °C (in 1000 ohm_1cm_1)

Fig. 4. Deviation of conductivities (in %) from additivity in 5M Na(OH, 1), Na(OH, Br),
Na(OH, Cl) and Na(OH, N03) solutions
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Figure 5 presents the phenomena observed in 5M N al—K'| solutions, the
expectable deviation according to Eq. (3)isshown by dotted line. (A constant
of 0.084 was used as an average of all differences from additivities excepting
the data of system containing sodium hydroxide.)

CKnM

Fig. 5. The conductivity of 5 M (Na, K)I solutions (1: measured; 2:Jcalculatedfusing Eq. 5
with a constant of 0.084)

Our investigations carried out so far clearly indicate that in concentrated
5M solutions

a) deviations from additivity can always he observed;

b) the differences are not too significant: the mean value of the studied
17 systems is 2.86%;

c) there are, however, typical deviations from this average referring to
special interactions;

d) a relationship of type 3 is at best of an informative character;

e) most of the deviations (16 out of 17) point to negative direction;

f) the differences at the simplest systems are not too significant: a
conclusion can be allowed for the stability of new species in the case of high(er)
deviations.

Effect of the total concentration and the temperature

As a model, the NaC104—NaOH system was employed:2.000,4.000and
6.000M solutions were prepared at 25.00 °C (in some cases at 15 and 35 °C)
and the conductivities of the mixtures were measured at the given temperature
and at constant sodium ion concentrations.
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As before, the highest deviations were observed in 1:1 mixtures: at
25.00 °C —4.1% in6M; —1.6% in 4M and —0.6% in 2M solutions. In solutions
of 2 and 4M sodium ion concentrations and at 35.00 ~ 0.02 °C, the conductiv-
ities were additive within the error of the measurement according to Eq. (2)
and even in 6M solution the deviation was only —1.8% at the same tempera-
ture.

At 15.00 i 0.02 °C the deviations from additivities increase to a signif-
icant extent: in case of 2M total concentration it was —1.4%, at 4 M about
3.0%.

W ithout drawing final conclusions from the results, the followings can
be summarized (supported also by some further measurements):

a) the deviation from additivity is significantly affected by the total
concentration. (This was already indicated by the lower 0.021 coefficient in
Eq. (3) relating to more diluted 1M solutions and by the 0.084 average for5M
solutions);

b) the effect of the temperature is very explicit and refers to special
interactions depending primarily on temperature.

Effect of changes in ionic strength

All of the mentioned investigations have been performed with 1:1
electrolytes and their mixtures, that is the constant total concentration meant
constant ionic strength, too. It might be assumed that the observed phenomena
at different total concentrations are caused by the change of ionic strength
and the consequence thereof. However, systems, where a monovalent anion is
continuously substituted by a bivalent or even trivalent anion (but the con-
centration of the cation is kept constant), seem to be better for studying the
effect of ionic strength.

The first system investigated at 25.00 ~ 0.02 °C was 2.000M NaOH and
1.000M Na2s04.W hen these solutionswere mixed, the concentration of sodium
ions was 2.000M butthe ionic strength changed by 50%. In addition, a rather
big difference exists between the equivalent conductivities ofthe two electro-
lytes, therefore (according to Eq. (3) a significant deviation from additivity
could be expected.

In spite of this, the measurements have shown that even the maximum
of the deviations lies at the limit of measurement errors: in this system the
conductivities are practically additive.

Next we investigated the following systems (in solutions at constant 5M
potassium ion concentrations) at 25.00°C: KI—K2C03; KOH —K2CO03;
KI—K304and KOH —K3P04. (In the first cases the ionic strengths changed
by 50%, in the second ones by 100%.) Although significant negative deviations
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could be observed in conductivities from the additivities, their sizes were
below those calculated on the basis of (modified) Eq. (3),andtheir sequence was
reversed in mixtures containing potassium hydroxide (similar to the mentioned
systems contained sodium hydroxide).

The surprising results can be summarized as follows:

a) not the ionic strength but the constant cation concentration plays
the main role* (if there is an anion-anion exchange),

b) both the earlier conclusions and these experimental facts point to the
importance of special interactions.

Both conclusions are supported also by the following experiment: a series
of solutions was prepared at 25 °C, where the sodium hydroxide concentration
was 3.000M, while the ionic strength was continuously varied from 5.000 to
6.000 using sodium perchlorate. The change in ionic strength was only 20%
(like to the concentration of the cation) but the conductivity decreased by
15.3%. (In other words: the conductivities of solutions with higher total con-
centrations and higher ion contents are lower than those of lower total con-
centrations but with the same sodium hydroxide content.)

The effect of mercury(ll) chloride on the conductivity of sodium chloride
solution

It is well known that mercury(ll) ions form stable complexes with chlo-
ride ions. The stability of HgCl2is big enough [11] that in the presence of chlo-
ride excess the dissociation of mercury(ll) chloride can be neglected. In this
case, even the formation of mixed hydroxo complexes, i.e. the hydrolysis of
mercury(ll) ions may also be neglected [11]. In spite of these, the formation
constants of trichloro-mercurate(ll) and tetrachloro-mercurate(ll) species are
in the order of magnitude that their influence on conductivity can be expected
just in more concentrated solutions. The formation of these species has been
studied by many authors and by several methods [11], and the results obtained
at 25 °C are in good agreement with each other: the log K3 values vary from
0.75 to 0.95; the Ig K3KAvalues from 1.85 to 2.13.

Independently from these well-known facts, the conductivities of sodium
chloride-mercury(ll) chloride solutions might previously be assumed in dif-
ferent ways:

a) Assuming that HgCIl2 is a regular electrolyte, higher conductivities
migtli be expected in mixtures containing mercury(ll) chloride than in solutions
with the same sodium chloride concentration.

* Similar to the Olson Simonson effect, which can be noticed in the case of some re-
actions [10]
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b) Knowing the fact that HgCl2 practically does not dissociate and dis-
regarding other interactions, it might be expected that the conductivities of
sodium chloride solutions are unaffected by mercury(Il) chloride.

c¢) Considering further associations and assuming that the equivalent
conductivities of mercury(ll) chloro complexes differ from that of chloride
(they have lower values), a decrease in conductivities of sodium chloride solu-
tions might be expected in function of the mercury(Il) chloride concentration.

The measured data (Fig. 6) (at 25.00 °C and at constant, 1.OOOIVf sodium
chloride concentration) prove the expected assumption c, as the conductivity
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Fig. 6. The influence of mercuri» chloride on the conductivity of 1.000 MNaCl solution

decreases continuously with increasing mercury(ll) chloride concentration but
not linearly. It can be understood if we assume the validity of Eq. (2)in a con-
crete form:

K = ~Na+[Na+] + ACi-[CI-] + *Hgcir[HgCIr] + AHgCli_[HgCl2-] (4)

and consider the expressions of total concentrations:
[C1“]T = [C1-] + [HgCIr] + 2 [HgClI-] (5)

[HgCI2]T = [HgCIlZ + [HgCIf] + [HgCl2-] (6)

Equation 4 can be rewritten using the formation constants

[HoCli-l  ng kaki=  [HOC12]
[HgCIZ[CI~] [HgCIZ[CK]2
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as
x = ANa+[Na+] + Ac.-[C1l-] + AHgcir"[HgCIZ[CI-] +

+ AHgeij--~37i[HgCIZ[CI-]2 @

If the assumptions (first of all that the equivalent conductivities are
constant at constant cation concentration) are valid, curve 6 can unambig-
uously described using Eqs (5—7) and some constants defined in them. In
other words, the equilibrium constants (together with the mentioned Avalues)
can be calculated directly. As a result of (rather simple) computer calculations,
we obtained the following constants: Ig K3= 0.90 ~ 0.06 and Ig K3Kt =
= 1.99 i 0.08. These constants are suitable for the clear description of the
measured conductivities and fit well to those given in literature.

The good agreement of measured and calculated data (see Fig. 6) proves
the validity of additivity and constancy of equivalent conductivities [(Eqs 2,
7)] in solutions at constant ionic concentrations and gives a precise interpreta-
tion for the “negative” equivalent conductivities obtained by the rough ap-
proximation of a and 6.

Relations between viscosity (and density) and conductivity

To characterize the relationship between conductivities and viscosities
of solutions containing a given substance in different solvents, Walden’s rule
[12] can be employed:

A’ij° = const. (8)

This equation is often used for comparing the viscosities and conductiv-
ities of the given substance at different concentrations but in the same solvent
(of course in a sense dissimilar to Eq. (8)).

For studying this relation, again the NaC104—NaOH model was chosen
and both the changes in viscosities and conductivities have been investigated
(in addition to those in densities) in solutions of constant cation concentration.
The densities were measured by pycnometer method, the viscosities in an
Ostwald viscosimeter made of resistant glass and having a capillary diameter
of 0.8 mm. (The flowtime of solutions varied from 60 to 150 second. The tem-
perature was kept constant with an accuracy of 20.02 °C.)

As a typical result we present the conductivity, viscosity and density
data of 6M NaCl104—NaOH system at 25 °C in Fig. 7. The highest regularity
can be observed in density changes: the density depends linearly on the con-
centration of one of the anions within the limits of measuring errors, i.e. the
additivity of the densities seems to be valid at constant cation concentration
in this system. It can also mean that the hydrations which affect mainly the
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densities do not change or change only slightly during mixing: or the quality
of possible interactions is not significantly different from those existing in base
electrolytes.

Since the direction of changes is the same in the values of conductivities
and viscosities, it is obvious that Eq.(8)isunsuitable even for the approximate
description of the phenomena. It is more interesting that a deviation from
additivity can be observed on the viscosity curve, which has the same charac-
ter and magnitude as that of the conductivity curve. Thus the product of vis-
cosities and conductivitiesisnot only unsteady but also fails to be in direct

NaOH

Fig. 7. The change of conductivity, viscosity and density in 6 M Na(OH, C104 mixtures at
25.00 °C (1: density, in g cm-3; 2: conductivity, in 1000 ohm-1cm_1; 3: viscosity, in cP)

proportion to one of the anion concentrations: in 1:1 mixture a definite
maximum deviation can be seen.

The change of viscosity can not be attributed to the individual species,
it reflects in every case the structure of the solution: the distortion of water
polymers, the competing hydrations of ions [13] and the formation of hetero-
conjugates, too. A relationship like Eq.(2)is possible only formally and only
with the approximation that each component contributes to the build-up of
the structure linearly with its concentration.

As it had to be expected the structure and also the viscosity of the solu-
tions are more expressively affected by sodium hydroxide than by sodium
perchlorate. This is indicated by the well-known fact, too, that the viscosity
of sodium hydroxide solutions increases faster with increasing concentrations
than that of solutions containing sodium perchlorate.

Comparing these facts with the measured results the assumption that
deviations are caused by the change in degree of ion-pair formation becomes
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very doubtful. If the phenomena would indeed be caused by this, the deviations
ought to have different signs. (If the decreased “dissociation” of sodium hy-
droxi dewould be coordinated to the apparent minimum of conductivity it would
lead to the deduction that an apparent viscosity maximum has to appear at
the same place.)

All these suggest (comparing them with data proving the monotonous
change of densities and assumptions made them probable) that an interaction
of other type than cation-anion pairing is responsible for the deviations. In our
opinion all anomalies can be solved if we assume that less stable hydrogen
bridged anion-anion complexes might be formed between the hydrated anions.
As avery rough approximation, we may assume e.g. the formation of a complex
between the slightly hydrated perchlorate and the strongly hydrated hydroxide
ions in a following or a similar form:

;:OH . (©)

This picture is well supported by our results discussed earlier about the
effect of changes in total concentration and temperature. When the total con-
centration is lower, (relatively) more water molecules are available for the
hydrogen bridged hydrations of anions, thus the formation of the assumed
complex is hindered by competing reactions, that is no anomalous behavior
exists. The increase of temperature has a similar effect: the apparent minima
of conductivities observed at lower temperature disappear because of the
breaking of hydrogen bonds.

(It is to be mentioned here that viscosities have been studied at several
total concentrations and at various temperatures. In all cases the relation
shown in Fig. 7 was determined, and viscosity minima have been measured
in such NaC104—NaOH systems where the conductivities already seemed to
be additive within the limits of measurement errors.)

Based on the developed model and using equations like(5—7),we tried
to evaluate the conductivity data of solutions with constant 6 M sodium ion
concentration at 25.00 °C. We found that Curve 7 can exactly be described
when the formation constant of perchlorate — hydroxide complex is given as

K = 0.038 £+ 0.004

We must be fully aware of the fact that this is merely an apparent con-
stant since it comprises all hitherto unknown constants referring to the struc-
ture (hydration, ion-pair formation, etc.) of 6M solutions.

Acta Chim. Acad. Sei. Hung. 102, 1979



M &

Agnes Buvari

Laj

PALFALVI-ROZSAHEGYI et al.. CONDUCTOMETRY IN COORDINATION CHEMISTRY

REFERENCES

Beck, M. T.: Chemistry of Complex Equilibria, Akadémiai Kiad6é, Budapest — Van Nost-
rand Reinhold Co., London 1970

Erdey-Gruaz, T.: Transport Phenomena in Aqueous Solutions, Akadémiai Kiadd, Buda-
pest 1974

Robinson, P. A., Stokes, R. H.: Electrolyte Solutions, Butterworths, London 1970

Harned, H. S., Robinson, R. A.: Multicomponent Electrolyte Solutions, Pergamon
Press, London 1968

Fuoss, R. M., Accascina, F.: Electrolytic Conductance, Interscience, New York 1959

Fuoss, R. M.: J. Phys. Chem., 79, 525, 1983 (1975); 80, 2091 (1976)

Berecz, E.: Acta Chim. (Budapest), 79, 81 (1973); 87, 353, 371 (1975)]

Davies, C. W.: lon Association, Butterworths, London 1962

Schiavo, S., Marrosu, G.: Z. phys. Chem. N. F., 105, 157 (1977)

Schwetlick, K.: Kinetische Methoden zur Untersuchung von Reaktionsmechanismen,
Deutsche Verl, der Wissenschaften, Berlin 1971

Sitdén, L. G, Martell, A. E. (eds): Stability Constants, The Chemical Society,
London 1964 and 1971

Walden, P., Ulrich, H., Busch, C.: Z. phys. Chem., 123, 429 (1926)

Wang, J. H.: J. Phys. Chem., 58, 686 (1954)

rta Palfalvi-Rézsahegyi

H-1443 Budapest, B. O. Box 123.

0S Barcza

Zoltan G. Szabé

Acta Chim. Acad. Sei. Hung. 102, 1979



Acta Chimica Academiae Scientiarum Hungaricae, Tomas 102 (4), pp. 413 -421 (1979)

CARBON-13 DYNAMIC NMR STUDY OF ROTATIONAL
BARRIERS OF THE AMIDE BOND IN GLYCINE
ESTER DERIVATIVES*

G. SzZALONTAI and A. VaSS

(Research Institute for Heavy Chemical Industries, Veszprém)

Received December 13, 1978

Accepted for publication February 13, 1979

The rotational barriers of the amide bond between the two rotamers present in
liguid phase were studied in 16 glycine ester derivatives. The steric, electron-with-
drawing and conjugative effects of substituents on the amide bond rotation were in-
vestigated. Rate constants of the dynamic exchange between rotameric forms A and B
were calculated from the complete line-shape analysis of NMR spectra. The free energies
of activation, dG”B, obtained by means of the Eyring equation are also given.

Introduction

The partial double bond character of the amide carbon—nitrogen bond
was one of the first problems studied by dynamic NMR spectroscopy. Although
the majority of temperature dependent NMR studies carried out so far used
the proton, this nucleus suffers from deficiencies [1]. The use of the carbon-13
nucleus in studying the rotational behaviour of the amide bond was first
reported by Gansow and his co-workers [2].

In previous papers [3—7] the effect of substituents Rx, R2 and R3 on
the stability of the ground and transition states (see below) were reported.

R0 R3O
W@ 7T A\ b®/
R
R , R R,

ground state transition state

The effects of substituent electronegativity and bulk, conjugation ability and
steric properties on rotational barriers have been studied.

In this work we present results concerned with substituent effects and
their relative importance in the case of monochloro- and dichloroacetyl glycine
ethyl ester derivatives 1 —XVI.

* Presented in part at EUROANALYSIS 111, Dublin, August 20 - 26, 1978
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Compounds I —X (monochloroacetyl derivatives) and X1—XY1 (dichloro-
acetyl derivatives) can be characterized with the following formulas:

o 0
- 4 3 2 1 4 VB
95 [CHa— &—O—CHZ—eHa o) 05 ,CH2—C—0
— /CH--&—N
\Kg n o \RZ-1
1— X X1 — XVI
(for Kz, see Table 1)
Experimental

The 13C spectra were obtained at 20 MHz on a Varian CFT-20 spectrometer, pulsing
was carried out by locking on the deuterium signal of the solvents, 8 mm spinning tubes were
used and all spectra were proton broad-band decoupled. Normally 8192 data points were used
in the interferogram and spectral widths of 4000 Hz were employed, therefore, the digital
resolution limit was 0.98 Hz.

Spectra were recorded for solutions in CDC13, CD3COCD3 or in dioxane-d6, depending on
the solubility and probe temperature. The probe temperatures were controlled by a Varian
Variable Temperature Controller Accessory with an accuracy of J™I.5 °C.

Samples. Compounds | —XVI are chemically new, biologically active materials. They
were synthesized according to known procedures for preparing IV-alkyl and N-acylamino
esters [8]. The raw materials obtained were purified on alumina columns with an activity
grade IV according Brockman.

Results and Discussion
Analysis of conformers

The NMR spectral data of compounds I —XVI are presented in Table I.
The assignments of spectral lines are based mainly on chemical shift data but
in a few cases the off-resonance spectra were also recorded. In order to permit
unambiguous assignment of C-3 and C-5 carbons, we compared the chemical
shifts of the two carbonyl groups in the derivatives with = CH2CL, Rx=
= CHC12 and Rx= CC13 [9]. A diamagnetic shielding was expected for the
carbonyl which has adjacent chlorine atoms as the number of the latter in-
creases, the higher field carbonyl line showed this behaviour, indicating that
this line belongs to C-5.

In the liquid phase at ambient temperatures two rotamers of compounds
I—VI1Il and XI1—XV were observed according to their spectra. The structures
of rotamers A and B were assumed to be the following.
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0
B 4,5, /15
o
R2-----R2 — NAJ VAP
\‘.N G o - U B 2 1
Eh2 et o ch2 ch3 CHj-C-O-CHj-CHj
Hal B

Fig. 1. Assumed conformations of rotamers A and B

At ambient temperature most of the lines split according to the different
magnetic environments existing in conformers A and B, but the C-1 methyl car-
bons remain unaffected, showing a sharp singlet. A straightforward explana-
tion of this phenomenon may be that these are far from the amide bond and
rotate freely.

At the same time an irregular behaviour of C-3 carbonyl lines has been
observed (see Table 1). In compounds I, IIl, V, VI, VII, X1, XIIl and XV they
appeared as single, sharp lines but in compounds II, 1V, XII and X1V, where
R2was a sec-butyl or isopropyl group, they showed the same splitting as most
of the remaining carbons of the molecules. One possible explanation of this
unexpected behaviour is that the C-3 carbonyl groups are normally out of the
rotation space of the amide bond (2a), thereby their magnetic environment
remains unaffected, but this situation changes in the presence of sterically
crowded groups such as sec-butyl or isopropyl groups. In these cases, probably
the carbony groups are forced into the rotation space (Fig. 2b).

Vecre Voo

’ q 7 1
.CH,-CH,-N ‘CH-N4 Q
2°2V CH \oc CH,

4 2°\2/ o VLCH,

~c3 CH2 0

(0]

a b

Fig. 2. Steric effects of substituents R2on the C-3 carbonyl group: (a) with no steric interaction,
(b) with steric interaction

In accordance with the above observation, an increased rotational barrier
was expected in the sec-butyl and isopropyl derivatives.

A few other carbons of R2substituents show asimilar behaviour to the
C-l methyl carbons but they are also far enough from the amide group to re-
main unaffected.

The assignment of conformers A and B is based on the observed diamag-
netic shielding caused by the sterically close groups. According to the chemical
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Table 1
Chemical shift data of compounds I—XVI at ambient temperature

Compound C-1 C-2 C-3
A 61.1 169.3
I — 7CH2—8CH2—9CH2— 10CH3 A 14.4 610 1300
y 10CH3 A 143 60.9% 169.4
h -'CH 8CH2—9CH3 B : 61.9 170.7
60.2* 169.4
hi —7CH2 8CH ,-9CH3 '; 144 61.9 170.6
A 61.0 169.6
v —TCH(aCH32 B 14.4 61.9 170.0
A 61.2% 169.4
v - 7CH2 8CH2 %h2 o- 10CH3 g 14.3 o 1700
9 10
7 A 61.2* 169.0
Vi S CHA -\ 0 ) B 142 61.8 169.4
PH ,-CH2
71 VLo A 61.0% 169.5
vl —CH CH2 B 14.4 62.0 170.8
\ /
\8 9/
CH2--CH?2
VI —_7C(8CH33* A 143 61.8 170.9
B
IX __7C(8CH32 9C O - 19CH3** A 14.4 61.8 1711
B
X 2.6** diethyl phenyl A 14.3 61.2 168.0
B
Dichloroacetyl derivatives
, A 61.2 168.0
X1 - "CH2 8CH2 9CH2—19CH3 . 14.2 610 1602
8CH3 A 61.0 168.6
xn - 7TCH~9CH2- 19CH3 B 14.2 62.1 169.9
, A 61.0% 168.6
X111 - "CH2 sCH2- 9CH3 : 143 11 169
61.1 166.8
X1V - TCH(8CH3)2 A 142 050 1700
V8 9
A 61.20% 168.2
XV - )D B 14.0 61.7 168.4
XV1 —7C(8CH3)3** g 14.2 60.8 169.5

* Lines used for the line-shape analysis
** Only one rotamer present
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(relative to TM'S ppm) Monochloroacetyl derivatives (R, =

c4

49.7
50.1

43.4
44.9

48.4
49.9

43.1
44.8

48.5
50.5

48.1
49.3

44.1
45.7

(R2=CHCL))

49.8
44.0
45.0

49.1
50.0

43.9
45.0

48.4
48.9

C5

166.9

166.2
167.3

167.0

166.4
166.6

167.3

167.5

166.6

167.5

167.5

167.0

164.2

163.9
164.8

164.4

164.3
164.9

164.6

163.2
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C-6

41.8
42.3

42.1
42.9

41.8
42.4

42.1
43.1

415
42.2

42.0
42.2

42.2
43.2

44.5

425

41.6

65.2
65.9

65.8
66.3

65.2
65.9

66.1

65.2
65.6

C-7

48.5
47.9

55.6
52.3

51.4
50.1

49.6
46.7

46.7
46.1

52.8
50.7

57.9
54.8

59.4

137.0

55.5
53.7

51.5
50.8

49.6
48.2

52.7
51.3

C-8

31.3
29.8

29.8
27.3

22.3
20.9

20.9*
19.6

28.8
27.8

136.8
137.2

28.2

27.0

130.0

31.0*
29.3

18.5*
17.4

22.1
20.6

19.4*
19.8

135.5
136.0

CH2XC1)
C9 C-10
20.4 14.0
19.0
112 17.6
11.2
113
69.3
203 58.5
128.9 128.5
129.4 128.3
26.2 25.7
44.6 207.1
127.8 142.8
20.1 13.7
28.0
27.1 10.9
11.1
128.2
1280 129.0

417

128.3
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shift data for conformers A (which represents the more stable form) the mono-
chloroacetyl group is close to the Rxchain as carbons C-I. .. C-6 are diamag-
netically shielded and carbons C-7...C-n have small paramagnetic shielding
compared to the same carbons of conformers B (for details, see Table I). Con-
sequently, in conformers B the mono- or dichloroacetyl group is close to the
R2substituent. The population of the more stable conformer A varies between
55 and 75% in compounds | —Y Il and X1—XV (see the AG°%akvalues in Table I1).

In compounds VIII—X and XVI, where R2is a t-butyl or a 2,6-diethyl-
phenyl or a C(CH32CH2COCH3 group, only one conformer can be observed.
Spectra obtained from high temperature experiments (T = 135 °C) show
similar features, therefore, we assume that, due to strong steric hindrance, the
carbon—nitrogen bond does notrotate, and only one conformer formed in the
chemical reaction exists. In compounds VIII—IX the similarity of chemical
shifts to those compounds I—VII suggests that in these cases the conformation
is probably of the B form. In compounds X and XVI the chemical shifts do
not confirm this assumption.

Calculation of the rate constants, fcAB, and activation parameters (AGab and AG°ab)
of exchange processes

We used the classical line shape theory [10] in the interpretation of ex-
change processes. In all the cases studied, the dynamic process can be consid-
ered as aclassicaltwo-side exchange. The spectra were recorded in the low ex-
change region, i.e. at temperatures below the coalescence point, Tc. The rate
constants, kAs, were obtained from the complete line-shape analysis of the
spectra. The absorption line-shape, S(w), was calculated from the following
Eq. (10):

—iCt2pApB- <pAaB + Pb *a)
SM = K pAp p

PaPb — *2aAaB

where I mstands for the imaginary part

1
R PB
«A I(WA_W)
T 2A X
; + PA
aR= — i(wB —1tv)
A2 B X
t = P a P b
kBA ‘AB

p A and pB are the observed populations of A and B forms,
wA and Wq are the resonance frequencies, of lines A and B, respectively,
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Table 11

Calculated activation free energy values of compounds I =1l and X 1—XV

Compound n, T(K) AGJiB keal/mol AGaB keal/mol

Monochloroacetyl derivatives (R, C112C1)

1 n-butyl 324 8 O ** 0.40
n sec-butyl 323 18.1 +0.15 0.40
hi n-propyl 335 186 +0.15 0.45
v isopropyl 335 18.15 + 0.15 0.45
\Y methoxy-n-propyl 333 186 +0.15 0.45
VI benzyl 333 18,5 +0.15 0.15
VIl c.hexyl 334 17.85 + 0.15 0.15

Dichloroacetyl derivatives (R, = CIIC12)

Xl n-butyl 316 185 £0.15 0.45
X1l sec-butyl 317 183 +0.15 0.40
X1 n-propyl 331 18.4 +0.15 0.60
XV isopropyl 332 18.1 #0.15 0.60
XV benzyl 316 18.2 +0.15 0.30

* Calculated from the following equation:
X&B=-AT In~"5- [11]

Pa

** Accuracy obtained by taking into account the error of temperature measurement
(x1-5 °C) and a +10% standard deviation of the kB values [11]

T2a and T2b are the transverse relaxation times of the selected A and B
lines, contributions from field-inhomogeneity are also included in these
terms.
The relaxation times were calculated from the widths at half height, W 1/2, of
the not exchange broadened NMR lines. The C-l carbons usually meet this
requirement. In the absence of exchange, the line widths are usually dominated
by the Lorentzian field-inhomogeneity broadening.

For calculation of the theoretical line-shape, we used the computer
program of Binch [10a], completed with an iteration process to optimize the
T values in a more accurate way. The following formula was employed to cal-
culate the difference, Deff,, between the theoretical and experimental line shapes

N

(Yecale. Yt\p.)2
i-1
D
N elf.
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where ycaci. and yexp. are the ordinates of the theoretical and experimental
S(w) functions, respectively,

N is the number of data points.

In the iteration process, different t values were selected to obtain Toptimab i.e.
the x value that affords the smallest -Deff.. Considering the final S(ie)caic. function
resulting from the 17 optimal value, the y calc. — y exp. differences were less than
5% of the total line height in the region studied.

W ith the help of rate constants obtained from Topt. values, the activation
free energies of the exchange process A B were calculated by means of the
Eyring equation [11]. The z)JGab and zIGab values obtained, are given in Table
1.

The data of Table Il permit the following conclusions.

— No remarkable substituent effect has been observed on the carbonyl
side between the monochloro- and the dichloroacetyl derivatives, indicating
that the inductive destabilization of the transition state is not significant.

— An expected substituent effect on the nitrogen atom was that caused
by the different electronic properties of substituents R2 The alkylation of the
nitrogen atom must exert an effect similar to that of the carbonyl atom [11a].
Therefore, a decrease of barriers was expected in the order of CH3CHZ2,
(CH3)2CH-, (CH3)3C. However, the observed decrease of barriers in the case of
isopropyl and sec-butyl derivatives varied between 0.2—0.6 kcal/mol, i.e. they
were considerably smaller than the values estimated on the basis of literature
data [Ha].

However, keeping in mind the unusual behaviour of the C-3 carbonyl
lines of these derivatives, it is reasonable to assume that the increased steric
hindrance partly compensates the ground state destabilization effect of these
substituents.

— The above steric hindrance became predominant in compounds
V1I1I—X and XVI, therefore, only one isomer could be observed in these mol-
ecules.

We wish to thank L. Parragh for preparing the modified version of the Binch
computer program and for his helpful assistance.
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The uptake of magnesium by synthetic and natural calcium hydroxylapatite is
found to (i) increase with increasing Mg2+ ion concentration (it) decrease with increasing
particle size of calcium hydroxylapatite, (iit) decrease with increasing pH in the range
5.0 to 8.0 of the medium of exchange, and (iv) increase with increasing period of equili-
bration. Adsorption of Mg2+ and its accompanying diffusion into the interior of the
crystals explain the mechanism of exchange. The solubilities of solid solutions of cal-
cium- magnesium hydroxylapatites determined in the pH range 5.0 8.0 decrease with
increase in pH of the dissolving medium. This is due to dissolved phosphate ions, func-
tioning as proton acceptors and undergoing hydrolysis in aqueous media.

Calcium hydroxylapatite (CaHA), Calo(PO4)6(OH)2is the primary crystal-
line inorganic component of the human skeletal system [1, 2] amounting to
about 40 \vt.%. It is isomorphous with the naturally occurring mineral known
as fluorapatite, CalO(PO Le(F)2(Fap). It undergoes a series of cationic and anionic
exchange reactions which are of biological and physicochemical significance.
The OH” —* F~ substitution is the basis for the prophylactic action of fluorine
against dental caries. Environmental pollution due to some poisonous divalent
cations is increasing in recent times. Divalent cations from the environments
are incorporated into the human skeletal system leading to poisoning and the
consequent metabolic effect. The problem ofincorporation of Ca2+, Mn2+, Mg2+,
Zn2+, Fe+2o0r Cu2+ (cations whose ionic radii are smaller than that of calcium)
into the human skeletal system has not been thoroughly investigated as is
evident from the literature and hence the present work has been undertaken.
The replacement of Ca2+ for Mg2+ results in the formation of solid solutions of
calcium magnesium hydroxylapatite and magnesium hydroxylapatite,

*To whom correspondence is to be addressed
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Mgio(P04e(OH)2 which is a product obtained by complete replacement of
calcium by magnesium according to the following equation

Cal0 n(PO4)6(OH)2+ nMg2+- Cal0 ,Mgn(PO4)e(OH)2+ nCa2+

The ionic radii [3] of Ca2+ (0.99 A) and Mg2+ (0.65 A) are close enough to one
another so that it would not be surprising if solid solutions could be formed
between isomorphous substances containing these ions.

The present communication deals with investigations on the dependence
of magnesium uptake by CaHA and the effect ofincorporation on the solubility
ofthe bone mineral. In addition, the studies were extended to natural hydroxyl-
apatite obtained from human bone and teeth.

Experimental

The details of preparation and identification of CaHA, MgHA and a series of their solid
solutions were reported elsewhere [4, 5]. The natural sample was obtained by heating adult
human bone and teeth to 900 °C in a Mufile Furnace for~24 hrs to remove volatile constit-
uents. The resulting brittle lumps were powdered and sieved to the required particle size.
Chemical compositions (calcium and phosphorus) of these samples were determined by a com-
plexometric procedure.

The dependence of magnesium uptake by calcium hydroxylapatite (synthetic and nat-
ural) on factors like
(i) pH in the physiologically important range of 5.0 to 8.0,

(i) concentration of Mg2+ ions in the range between 0.01AI to 0.1M Mg(N03)2

(iii) particle size between 60 mesh to 35 mesh (BSS), were thoroughly investigated and

(io) the period of euilibration required for the attainment of saturation of exchange was deter-
mined through kinetic studies.

Glass containers were found to be unsuitable for the samples due to interference by the dissolu-

tion of their ingredients. Potassium hydrogen phthalate — sodium hydroxide and sodium

diethyl barbiturate — hydrochloric acid were used as buffer combinations for the medium of

equilibration. The pH was measured with a line operated Beckman Zeromatic pH meter before

and after equilibration to ascertain its constancy.

The buffer solutions were prepared in a 0.165// solution of sodium chloride as solvent
to simulate the biological conditions and to maintain the activity coefficients of the dissolving
species of apatites effectively constant. 0.2 g of 200 mesh (BSS) CaHA (synthetic and natural)
was equilibrated at the physiologically important temperature of 37 - 0.5 °C with a solution
of 100 cm3 of Mg(N032 (AR) by shaking mechanically in air-tight polyethylene containers,
changing the factors effecting the uptake under investigation each time, while the other factors
were kept constant. In another experiment carried out to differentiate the steps of the ex-
change process, the reaction mixture was refluxed at 100 °C under a given set of experimental
conditions. At the end of the desired period of equilibration, the contents were filtered through
an 1G4 crucible. The residue was washed thoroughly with redistilled water until it was free of
adsorbed Mg2+ and the calcium and magnesium content of the residue was determined.

The knowledge of the solubility of hydroxylapatite is of extensive importance for the
physiology of bone from the point of view of calcification and resorption. In addition, consider-
ations of the occurrence of dental caries and the protective action of fluorine are based on in-
formation about the solubility of hydroxylapatites. Such solubility studies have additional
utility in soil chemistry to account for the action of phosphate containing fertilizers. The solu-
bility studies were based exclusively on the microanalytical determination of phosphate [6, 7]
in solutions of the samples. The apatites are colloidally dispersed in their aqueous solutions
due to their low solubilities and minute particle size. To test for efficient separation of the col-
loidal component, suspensions of a series of saturated CaHA systems were filtered through an
1G4 sintered glass crucible (particle size retention, 5—10p.) and phosphorus contents of the
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filtrates compared with those of the corresponding filtrates obtained through a millipore filter
(Pore size ~10 m/i) fitted to a filter holder attached to a hypodermic syringe. The phosphorus
contents of the two filtrates were equal within the limits of experimental error (+ 0.02 wt.%).
Extraneous ions dissolved due to the momentary contact of colloidal suspensions with the glass
crucibles were found to be too low to affect the accuracy of subsequent analyses. Each system
shaken mechanically at a regulated speed was set up by adding 0.2 g of 200 mesh (BSS) solute
to 100 cm3of the buffer solution prepared in C02free redistilled water. The systems were placed
in air-tight polyethylene containers to exclude the presence of carbon dioxide to avoid changes
in the pH of the dissolving medium and to prevent the formation of carbonate-apatite. The
assembly was kept in a thermally insulated cabin maintained at 37 + 0.5 °C to simulate
biological conditions. The period of equilibration required for the attainment of saturation was
determined through dissolution Kkinetics as described earlier [8] and maintained at 3 hrs for
all the systems. A few ml each of chloroform and toluene were added to the stock solution as
well as to the systems to eliminate bacterial growth. The systems were separately filtered through
an 1G4 crucible and the phosphate content in the filtrate was determined complexometrically

Results and Discussion

The results on magnesium uptake by CaHA (synthetic and natural) are
represented in Fig. 1. The uptake of Mg2+ by CaHA was found to (i) decrease
with increasing pH of the medium of equilibration in the physiologically im-
portant range of 5.0 to 8.0, (ii)increase with increasing particle size of CaHA.
Theuptake of Mg2+ was found to be very rapid within the first 60 min (7.2 wt.%
for synthetic and 4.9 wt.% for natural) and remained almost constant (Fig. la).
The uptake was found to decrease from 15.16 wt.% to 12.30 wt.% with synthet-
ic and from 12.24 wt.% to 10.16 wt.% with natural CaHA when the pH was
decreased from 8.0 to 5.0 (Fig. Ib). It was also a linear function from 6.0 wt.%
to 15.4 wt.% for synthetic and from 3.6 wt.% to 11.4 wt.% for natural as the
concentration of Mg(N03)2 medium increased from 0.01M to 0.1M (Fig. lc).
Figure Id shows that the uptake under a given set of experimental conditions
increases from 16.4 wt.% to 23.2 wt.% with synthetic and from 11.4 wt.% to
16.6 wt.% with natural CaHA, when the mean radius of the particle decreases
from 350 pnlto 60 pm. The results of two experiments, one at 35 °C and another
at 100 °C, are represented in (Fig. la); it was found that the uptake of Mg2+
increases and reaches a maximum of 7.2 wt.% at 60 min and thereafter remains
constant probably due to the adsorption of Mg2+ on the surface of CaHA
crystals in the first case and in second case it reaches up to 10.5 wt.% of CaHA
at 100 °C within 60 min and thereafter remains constant. This can be due to
the subsequent diffusion of adsorbed Mg2+ into the interior of the crystal lat-
tice. Thus the uptake of Mg2+ by CaHA at lower temperatures is governed by
adsorption, while at higher temperatures the process is adsorption-diffusion
controlled.

The effect of incorporation of magnesium on the solubility of the bone
mineral is represented in Fig. 2. The dependence of solubility on (i) the pH of
the medium of equilibration in the physiologically important range of 5.0 to
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Fig. 1. Uptake of magnesium by CaHA
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Fig. 2. pH dependence of the solubility of Ca—MgHA
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8.0 and (ii) the magnesium content in the sample at a given pH was investi-
gated. It was observed that (i) the solubility of a given sample decreases with
increasing pH of the dissolving medium (Fig. 2b), which is due to the protona-
tion of P043- in the dissolving medium [7], and (ii) at a given pH the solubility
increases with the magnesium content in the solid solution (Fig. 2a). This
observation can be explained on the basis of (i) the common ion effect applied
to solubility products of the solid solutions according to Milhofer [9], and (ii)
due to the formation of covalent bonds on the introduction of Mg2+ in CaHA
[10]. This explains the role of incorporation of Mg2+ in the solubility of the
bone mineral.

One of the authors (PNP) thanks University Grants Commission for a research grant.
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RECENSIONES

C. P. stichter: Principles of Magnetic Resonance
Springer Verlag, Berlin, 1978

Springer Verlag have started a new series, edited by M. Cardona, P. Fulde and J. H.
Queisser, on the topic of “Solid-state Sciences”. The first volume of this series, Principles of
Magnetic Resonance, was written by C. P. Stichter, Professor of Physics of Urbana University.
The book is a second edition of the original work; extended, revised and enriched in contents.
The publishers released this volume with the following remarks:

“A handbook for physicists, chemists and applied scientists wishing to learn nuclear
magnetic or electron spin resonance; its aim being to elucidate the physics of magnetic resonance
and to provide skill in all basic theoretical methods necessary for reading scientific papers; the
emphasis is laid upon the depth of understanding in the most important topics, not covering
all phenomena connected to magnetic resonance.”

The new edition realizes the above aims in 11 chapters on 397 pages, with 115 figures.
The volume is completed with 7 appendices, references, author and subjectindexes. The readers
are guided by selected references which also cover areas beyond the scope of the volume. In a
separate chapter of Problems readers may check if they studied the book of C. P. Stichter
with appropriate attention.

In comparison with the previous edition, the volume has been supplemented with three
new chapters on spin temperature, double resonance methods and spin-flip narrowing, well
illustrating the topics developed after the publication of the first edition and being of key im-
portance in the investigation of solids by means of magnetic resonance methods.

In the first chapter (elements of resonance) the fundamental principles of energy ab-
sorption and spin-lattice relaxation are explained. The second chapter contains the classical
and quantum mechanical description of the motion of non-interacting spins in constant and
alternating magnetic fields, the Bloch equations and their solutions, the interpretation of spin-
echo, and finally the relationships between the response functions of spin systems on continuous
and pulsed excitation.

The topic of the third chapter is the Van Vleck theory of dipole-dipole interaction of
magnetic moments arranged in rigid lattice, whereas chapter 4 deals with the magnetic inter-
action of electrons and nuclei along with its consequences on the shift and broadening of the
resonance lines.

Chapter 5 is concerned with spin-lattice relaxation, the narrowing of resonance signals
due to molecular motions, the Bloch-Wangsness-Redfied theory of relaxation and with the
nucleus-spin relaxation of metals.

The part of Chapter 6 dealing with spin temperatures covers an area relatively unknown
in Hungarian literature. It proves the validity of the Redfied hypothesis in detail and describes
some application possibilities of the concept of spin temperature.

“Why to apply double resonance?” — begins the authorin Chapter7,then introducing
the reader into the ENDOR (Electron Nuclear Double Resonance) method, the Overhauser
effect, the Hahn condition and the three-level maser of Bloembergen.

The subject of Chapter 8 can be regarded as a methodological revolution, since the pulse
combinations discussed here opened the way towards the high-resolution nuclear magnetic
resonance spectroscopy of solids.

Chapter 9 deals with the interaction of the electric quadrupole moment of nuclei with
the gradient of electric field, and with its consequences. Unfortunately the latter subject is
discussed cursorily only, like in the first edition.

As to electron spin resonance, some mention has so far been made of it in the discussion
of electron-nucleus interactions. Chapter 10 is devoted to this topic; the spin-orbit interaction,
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crystal fields and hyperfine structure are briefly discussed, and the chapter is closed by the
discussion of Vit centre.

Chapter 11 is a single Hamiltonian, with all terms necessary for understanding magnetic
resonance, this colourful class of phenomena.

The merits of this volume can be described in superlatives only. For the reviewer the
most attractive feature was the demanding physicists’s attitude, also supported by precise
methodology, which stems from the direct research experience and education carreer of the
author.

After the perusal of the book, the reader may well feel that he has become acquainted
not only with a technique, with the method of magnetic resonance, but also with the classical
and quantum mechanical description of the behaviour of a set of elementary magnetic moments.

The attractive appearance of the book is in full harmony with its contents.

K. Tompa

Advances in Polymer Science (Fortschritte der Hochpolymeren-Forschung)
Vol. 28

Springer Verlag, Berlin —Heidelberg—New York, 1978, 157 pages

The volume contains the following review articles: Y. Yamasita: Random
and block copolymers by ring-opening polymerization (46 pages, in English, with
6 figures, 3 tables and 412 (!) references).

The preparation of block and graft copolymers by ring-opening polymerization is a
very interesting method for the synthesis of tailor-made polymers. In addition to the anionic
living polymerization of vinyl monomers, various types of new block and graft copolymers
could be synthesized by ring-opening polymerization. Especially useful are the specific proper-
ties of heterochain polymers, which are not found in vinyl polymers.

Owing to the great differences in the properties of vinyl and heterochain polymers,
copolymerization of avinyl and a cyclic monomer is very interesting. However, relatively little
success has been achieved in the preparation of such random copolymers, because the reactivi-
ties of vinyl and cyclic monomers are very different.

Studies on the mechanism of ring-opening polymerization have led to suitable control
of the process, resulting in desirable products; yet many problems have remained unsolved
and extensive studies on ring-opening copolymerization are still required. It is worht mention-
ing that two works of Hungarian authors, Kelen and Tudés, are also cited in the paper.

H. Sumitomo and M. Okada: Ring-opening polymerization of bicyclic acetals,
bicyclic lactones and bicyclic lactams
(36 pages, in English, with 11 figures, 12 tables and 70 references).

Ring-opening homopolymerization is playing an important part in the synthesis of
polysaccharides and in the elucidation of their biomedial characteristics in relation to their
molecular structures.

The reaction mechanism of polymerization, the structures and properties of 6,8-dioxa-
bicyclo[3.2.1]Joctane (DBO); 6,8-dioxa-bicyclo[3.2.1]Joct-3-ene (DBOE); 6,8-dioxabicyclo-
[3.2.1]-octan-7-one (DBOO); 8-oxa-6-azabicyclo[3.2.1]octan-7-one (BOL) and similar hetero-
bicyclic compounds are described. Cyclic acetals can be polymerized only by cationic initiators;
lactones undergo polymerization both on cationic and anionic initiation.

Polysaccharide analogues can be prepared from DBO and DBOE. New type of macro-
cyclic oligoesters are obtainable from DBOO in high yields. BOL yields a new hygroscopic
polyamide membrane of high molecular weight.
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J. P. Kennedy and P. D. Trivedi: Cationic olefin polymerization using alkyl
halide alkylaluminium initiator systems (68 pages, in English)

1. Reactivity studies (with 4 figures, 8 tables, and 41 references)
2. Molecular weight studies (with 17 figures, 8 tables and 45 references)

Isobutylene polymerization is described which has been carried out using t-BuX initia-
tors, Me3AIX and EtAICI2co-initiators, MeX (X = CI, Br, 1) and n-pentane solvents at different
temperatures from - 25° to 100 °C. The effect of these on the polymerization rate, poly-
isobutylene yield, molecular weight and molecular weight distribution (MWD) have been deter-
mined. The reactivity series of initiators have been established and the effects of solvents
evaluated. It has been found that the initiation consists of four steps: complexation, displace-
ment, ionization and actual initiation. The initiator reactivity order is shown to change de-
pending on whether displacement or ionization is the rate controlling step.

The molecular weights were determined by GPC and viscosimetry. The influence of

monomer concentration on M nand Mv of the resulting polymer was analyzed by Mayo plots
and the relative rate constants were calculated. A large amount of data on Mn, M/w, MWD as

well as Mv and /1IiMV (activation energy of viscosity average molecular weight: Mv) have been
established. Examination of the JEm, data has shown that their values fall into three groups
and these reflect three different mechanisms governing the molecular weight: transfer to mono-
mer, acombination of this and termination and finally only. Furthermore the effect of counter-
anions and solvents on the molecular weight in isobutylene polymerization is explained.

Of the reviewed articles, the paper by Sumitomo and Okada is by far the best. This
paper discusses the topic in a light yet exact style. This cannot be always experienced when
reading the two other articles. In particular, the two compilations of Kennedy and Trivedi
are full of contradictions, arbitrary statements and reiterations, not to mention the misprints
which could have been eliminated by more careful proof reading.

To facilitate better use of the scries, a cumulative author index to the volumes published
so far (1 —28) has been included in the present volume. In sum, the 28th volume of “Advances
in Polymer Science” contains three reviews from the field of polymer chemistry, which offer
useful information on the present state of knowledge concerning the topics discussed.

. GECzY

H. H. Kausch: Polymer Fracture
Yol. 2 of the series: Polymers/Properties and Applications

Springer Verlag. Berlin—Heidelberg—New York, 1978,332 pages, 180 figures, 29 tables, 867
references

The second volume of the series “Polymers/Properties and Applications” deals with the
“kinetic theory” of fracturing processes, i.e. with those physical and chemical changes on the
molecular level, which lead to the macroscopic deformation and fracture of polymeric systems
of various supermolecular structures, when exposed to mechanical load.

The volume contains 9 chapters.

After Chapter 1, setting forth the subject of the problem and its mode of discussion,
Chapter 2 deals with the elements constituting the supermolecular structure of solid polymers,
and their pattern of arrangement, to discuss then the deformation of the complex forms and
the approximate models of the deformations.

Chapter 3 gives a survey on three conceptionally different fracture theories, based on
statistical, continuum-mechanical and process rate principles.

According to the molecular theories, the macroscopic fracturing process can often be
traced back to the rupture of the weakest primary bond of the polymer chain, therefore, Chapter
4 gives a brief survey on quantummechanical fundamentals for the interpretation of the
strength of the primary chemical bond.
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Chapter 5 discusses molecular changes in the polymer chain and macroscopic changes
of the polymeric system, caused by the action of various (punctiform, dynamic, thermic, etc.)
loads.

Greatest attention is given in the hook to the sphere of problems connected with the
rupture of the polymer molecule by mechanical force, and with the relationships between
macroscopic deformation and fracture (Chapters 6—38).

A brief summary with several data and examples of application is given of the ESR
technique, used for the detection and identification of free radicals formed on chain rupture,
of the most important reactions of the mechanically excited radicals, and of theories interpret-
ing the relationships of chain rupture and the homogeneous deformation and fracture of vari-
ously ordered high polymers. The author attempts to give a full survey of the literature on this
topic (220 references up to 1978).

The last Chapter discusses the behaviour of the polymer chains in heterogeneous fractur-
ing processes.

The book surveys all theories which aim at explaining the behaviour of polymeric sys-
tems under extreme mechanical excitation. Within this scope, it deals preferentially with
molecular theories approaching the problem non-mechanistically. It presents in this respect a
complete, critical discussion of the subject. Several practical examples and experiments, serving
as the basis or the confirmation of fracture theories, are given.

M. Iring
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Application of Zeolites in Catalysis

EDITED BY G. K. BORESKOV AND
KH. M. MINACHEV

The increasingly wide-spread use of zeolites in petro-
chemical manufacturing processes motivates the great
topical interest in the USSR All-Union Conference on
Zeolite Catalysis, which dealt with the most recent re-
sults in the theory and applications of zeolites.

This book contains the material of eight lectures deliv-
ered by Soviet scientists on topics such as the acidity
of zeolite catalysts, the transport of cations within
them, factors affecting the activity and selectivity of
zeolites in cracking processes, the role of transition me-
tals present in zeolite catalysts, and the spectroscopic
investigation of such zeolites. Further topics are the
diffusion processes in zeolite catalysts, and also the
use of these materials in organic syntheses.

The book is an interesting survey of advanced Soviet
research in this field.

In English — 179 pages - 78 figures — 25 tables —
17X 25cm Cloth ISBN 963 05 1848 1

AKADEMIAI KIADO, Budapest
Publishing House of the Hungarian Academy of Sciences
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BASIC ANALYTICAL
CHEMISTRY

The book consists of six comprehensive chapters.
The first chapter deals with the theoretical principles
of analytical chemistry, yet, beyond this — supporting
the reasonable approach and correct solution of prob-
lems — it provides solid fundamentals to chemistry in
its entirety.

In the second chapter qualitative analysis is treated on the
basis of group reactions, thus instead of hundreds of
reactions, detailed descriptions of 8—10 reaction types
are given, providing a reliable survey of qualitative
chemical analysis.

Different quantitative methods are discussed in Chapter 3.
The fourth chapter summarizes physical—chemical
measuring techniques of analytical chemistry.

In order to give a complete survey of the field, methods
of separation (Chapter 5) and the main requirements in

organic analysis (Chapter 6) are also discussed.

In English — Approx. 400 pages — 93 figures — 89
tables - Cloth - ISBN 963 05 1534 2

AKADEMIAI KIADO, Budapest PERGAMON PRESS, Oxford



ACTA CHIMICA

TOM 102-BbliN. 4

PE3IOME

VHhopMaLMOHHO-TEOPETMYECK I aHaNN3 HOfa/IbHbIX CBOWCTB TC-MOSIEKYNSIPHBIX
opbuTaneii

. BOHYEB, I'. IUKOMAHOB u H. TPUHANCTUNY

Bbin pa3paboTaH MNOAXO0A, OCHOBAHHbIA Ha WH(OPMALWOHHOW Teopuu, OTpaxKaroLiui
OCHOBHble 0CO6EHHOCTN HOZAa/bHbIX CBONCTB /1-MONEKYNAPHbIX Opb6uTaneid. Bbino HaingeHo, 4To
B TO BpeMsl KaK (hpoHTasnbHble opbutann (HOMO n LUMO) obnagaoT MakCMManbHbIM MHADOP-
MaLMOHHbIM COlEPXXaHNEM, HAUHW3LLE3aN0NHEHHbIE U HauBbICLLME He3anoIHEHHbIEMOIEKYNap-
Hble opbutann (LOMO n HUMO) o06nagaloT MUHUMaNbHbIM COAEpXaHueM. Bbinn BbiBefeHbI
ypaBHEHMWs, ONWCbIBalOWMe WHGHOPMALUIO OTHOCUTENbHO HOAaNbHbIX CBOWCTB MOMIMEHOB W
LUMKNoeHoB. Wcxogsa u3 aTtoro, o6cyxXjaeTca BO3MOXHOe MNpeAcKasaHWe HOAafibHbIX CBOWCTB
n-Mo.

MonyyeHrve ScOOD c noOMOLLbIO TUMAPOTEPMUYECKOTO MeTOoAa Mof AaB/ieHNEM
A. BYPEBWY un C. SEINHCKMU

BbIN pa3paboTaH rMapoTepPMUYECKUil MeTOS MOJ AaBNEHUEM C LieNblo MPUTOTOBNEHUS feii-
Teponepekncn ckaHaus. Hambonee 61aronpuaTHLIMW NapameTpamn 0Kasanuch chegytollue:
ABneHne 30 aTM., TemnepaTypa 90°C ¥ Bpems 150 4acoB. M30TOMHO ¥ CTPYKTYPHO YWCTbIN
ScOOD 6bil MOCAYYEH C MOMOLLbIO JAHHOTO MeTO/Aa, UCXOASA M3 METaNNIMYeCKOro CKaHANUs W oT-
[enss nepeyto GPaKLMI0 0pPTOAeNTePOOKUCH CKaHANS B KONMUYECTBE 20% Beca.

KanblnHUpoBaHue Sc(OD)3 B MHTepBane Temnepatyp 20 500°C, 0AHaKO, He MPUBOAUT
K 06pa30BaHMI0 4MCTOTO ScOOD.

NaeHTudrKauus o6pasuoB NPoM3BOAMNACL C MOMOLLBI0 XMMUUYECKOTO aHannsa, peHTre-
HOrpaguueckoro 1 CNeKTPOCKONMUYECKOTo UCCNef0BaHNIA.

ViccnenoBaHve refeil MOMBUHUMIOBONO CNUPTA C BOAOPOAHBLIMM MOCTUKamu, |l

MexaHNYecKne CBOMCTBA resei
M. AbEPAN-OAENEHN n M. HAllb

TepMuueckn HectabunbHble rugporenn nonmsuHunosoro cnmpta (MBC) 6biay npuro-
TOB/IEHbI U UCCNeLOBaHbl C LeNb0 NOMYYEHUA CBEAEHWIA OTHOCUTENIbHO CTPYKTYPHbIX Pasnnyumi
renei, MCNONMb3ys M3MEPeHUs PacTBOPUMOCTU U MeXaHW4YeCKMX CBOMCTB. Bblnu NpousBefeHbl
n3MepeHnUs OfHOHaMNpaB/eHHON KOMMpeccun Ha usnyecknx rensx MBC. JKcnepuMeHTanbHble
pe3ynbTaTbl NOATBEPXAAOT CNPaBeAMBOCTb TEOPUU PE3NHO3NACTUYHON CLUMBKW MOMUMEPOB,
NPUHMMAIOLLEN BO BHMMaHWe MeANEeHHOE CKOJ/IbXEeHWe Y3M10B Noj BAWSAHUEM MeXaHW4ecKoro
HaXunma.

BnusHue ycnosuit reneobpasoBaHus 1 06MeHa pacTBOPUTENS Ha CTPYKTYPY rens asnset-
CA 04YeBUAHLIM M3 KOHCTAHT C, NPONOPLUOHAbHbBIX MOAY/O 31aCTUYHOCTH.

CpaBHEHUp pe3ynbTaToOB pPacTBOPUMOCTA U MeXaHWYeCKUX W3MepeHWin no3sonseT 3a-
KMKOYNUTb, YTO HavyanbHOE YMeHbLUeHWe MOAynsA TepMuyeckn 06paboTaHHbIX reneli ABNSETCS
pe3ynbTaToOM CTPYKTYPHbIX MeperpynnupoBok. Habnwopaemoe nnato v nocnefyouiee ymeHb-
LWeHne Moayns 06bACHAETCA CTyneHYaTbiM paspbiBOM CTPYKTYPbl, YTO Bbi3biBaeT YMeHbLUEHWE
yncna aNnacTUYHO APGeKTUBHLIX Lenein Wb npu Temnepatypax Bbiwe 335°K.

3T pe3ynbTaTbl HAXOAATCA B COMlIAaCMM C HAWMMU MEPBUYHBIMU 3aKNHOYEHUAMMW OTHOCHU-
TeNbHO NPUBAN3NTENBHOTO CNEKTPa 3HEPrUiA CBA3N B 3TUX rensx.



OnpegfeneHne NOrpewwHoCcT Ha 0CHOBEe o6LLero npnHUuna npoueccoB paccemBaHUA
B HEKOTOPbLIX C/ydasdaXx CTaLLMOHapHOVI TensonpoBogHOCTA

A. JAHYO

PaccmaTpumBaloTCs HeonpeeneHHble BapuaLMoHHble NPo6AeMbl CTaLMHAPHON Tennonpo-
BOJHOCTV 6€3 MCTOYHMKA U MOTPELLIHOCTM B CyYae CPepUUeckon u LUANHAPUYECKOW CUMMETPUM
Ha 0CHOBe 06L(ero NPUHLMMNA NPOLLECCOB PacCemMBaHus, NPeaNoXeHHoro bapmatu.

Monumepusauma B XUAKUX Kpuctannax, Vv

CVHTe3 MaTepuanoB B >XUAKOM KPUCTA/INYECKOM COCTOSIHMW, CMOCOGHBbIX K
nonumepusaLmn

K. HUTPAW, ®. YEP n Ab. XAPAWN

Bbinn NonyyeHbl HEKOTOPbLIE N-aNKU/IbHbIE U N-aNKOKCU/IbHbIE 3aMeLLeHHble N1™-aKpuau-
OKCU a30- WM a30KCUOEH30/10B 1 XO1eCTEPUN-BUHWUIOBbIE CMELLAaHHbIe 3PUPbl 4UKAPOOKCUNbHBIX
KMCNOT. HemMHOrMe U3 HUX 06N1afaldT XUAKUM KPUCTaNIMUYECKMM COCTOSHUEM Takxe. EAnHMY-
Hble SYEKN 3TUX COeAMHEHWIA, ONpeaeNeHHbIe C MOMOLLBI AN PaKTOrpamMm MOPOLUKOB, YKa3blBa-
10T Ha TO, YTO HEKOTOpble 13 a30- U a30KCMMOHOMEPOB, a TakXXe BCe NMPOM3BOAHbIE XONecTepnHa
06pasyroT cnomctonofo6HYH0 pelleTKy. Bce MOHOMepbl MOTYT 6biTh NPeBpaLleHbl B MOAUMEPbI C
3aMEeTHbIMU OCBET/IUTENbHLIMU TOYKAMU C MOMOLLbI0 MHULMPOBAHUA COOTBETCTBYHOLLMX NEPOKCH-
[l0B KaK B M30TPOMHON, TaKk U B Me30MOP(HOIA macce.

HekoTopble XUMMYECKME peakuuu B 3MeKTPOLHON LWennm u ux pofb B
crnekTpoxummyeckom aHanmse, XXXIII

[MoBegeHMe OKUCNOB MEeTaNoB B Ayre. BauaHve npumecn Kucriopoga B aproHe,
HOCUTENb 3/1EKTpPOAa KaK peaKLl,VIOHHbIVI NMapTHEP W pa3/ioKeHne O0KUCioB
MeTanno B nopg B/IAHMEM LOYTWU

3. . CABO un E. BEPTA/TAH

3KCNepUMEHTaNbHO 6bI10 YCTAHOBNEHO, YTO MPUMECh KMCNOpoAa B ra3oBoii aTMocgepe
aproHa, pearmpys B 060/104Ke Nna3mbl, BAUSAET HA OTHOLLIEHWE OKMCEN yriepoaa, 06pasytoLuxcs
B peakuusax BHYTpW MmaTepuana snekTpoda. Hebonblive KonMuecTBa MpPUMECH, OAHAKO, efBa
BIMAIOT HA MHTEHCMBHOCTbL MOMOC CMEKTPa, HECMOTPS Ha 3HAUYMTENbHbIE IPPEKTbI U MNPOLLECChI.
Yrnepos, UCnonb3yemblii B KaUeCTBE HOCMTENSA 3MEKTPOAA, BCTYNaeT B peakLuio C OKucIaMu Me-
TannoB, 3anofHAWMMN KaHanbl. Ha anekTpode Ayry U Ha NATHe ropeHus, o6pasytollemcs Ha
maTepuane, 3amno/HAOLLEM 3M1eKTPO/, a TaKXe B ero OKPeCTHOCTAX Hapsdy C HemoCpefCcTBeH-
HbIM YT1IePOHbIM BOCCTAHOB/EHUEM MPOTEKAeT CNOHTAHHOE TEPMUUYECKOE Pa3foXKeHUe OKUCOB
MeTannos. B TaKkoM c/yuae BblAensieTcs KMC0PO/, KOTOPbIA CMOCO6EH K AanbHERWNM peakLmam.



HekoTopble XMMW4YeCKue peakuMW B 3/1IEKTPOAHON LWenu M ux ponb B
CMeKTpoOXMMuyeckom aHanmse, XXXIV

MoBeaeHWe OKMUC/IOB MeTannoB B Ayre. CpedHass TemnepaTypa 31eKTPOLAOB
N XUMUYECKMe peakLum

3. 1. CABO n E. BEPTA/NTAH

MemepeHns TemnepaTypbl AYr, CPaBHEHHble C rasoBOAHANUTUUYECKUMU U3MEPEHUSMMU,
CBWAETENbCTBYET O TOM, YTO TeMMepaTypa 3/1eKTPoja 1 NpoTeKatoLMe XMM14Yeckne peakLmn ces-
3aHbl ApYr ¢ Apyrom. B cnyuyae nopollkoBbix cmeceit CMO + C npu aHOAHOM BO3GYXAeHUM 06-
paslia TemnepaTypa aNeKTpoAa yBenMunBaeTcs NponopLnUoHanbHO MHTEHCUBHOCTY peakuuun. U3
“ccnenoBaHniA, NPOBEAEHHbIX B 3aBUCMMOCTM OT CWU/bl TOKA, BbITEKAeT, YTO TemnepaTtypy aneK-
Tpo/a, B OCHOBHOM, ONpefenseT cuna Toka ayru. Tennosas sHeprus, 0CBOGOX/AAIOLLAACA NPU pe-
aKLMM BeLLecTBa, 3aNoHAIOLLIEr0 KaHaNbl 3NeKTPOAd, MOAUMOULIMPYET 3Ty TemnepaTtypy W, Takum
06pa3soM, 0Ka3bIBaeT BAUSHWE U Ha UCMapeHue o6pasua.

HekoTopble XUMWYECKME pPeaKUMM B 3MEKTPOAHON LWeIM U UX pofib B
CMEeKTPOXMMUYECKOM aHanmse, XXXV

MoBeaeHWe OKWUCMOB MeTanfoB B Ayre. XWMWYECKUe peakuun, CpefHss
TemnepaTtypa MnasMbl M HanpshkeHue Ayru

3. 1. CABO n E. BEPTANAH

la3oBble NPOAYKTbI, 06pasytollMecs B peakLMy BHYTPM MaTepuana 31eKTpoaa, U3MeHsoT
CpefHIol0 TeMnepaTypy W HanpsXKeHue BO36YXAeHUs Ayru. T. 0., U3MEHSIOTCSA 3HepreTMyeckme
YCNOBMSA MNasMbl, YTO OKa3blBAET BANAHWNE HA UHTEHCUBHOCTb CMEKTPOB.

MpPOBOAMMOCTb KOHLEHTPUPOBAHHLIX 3/1EKTPO/IMTHBIX PACTBOPOB MPU NMPOCTOSIHHOM
KOHLEHTpaLUuM KaTuoHa (aHWOHa) — MPUMEHUMOCTb KOHAYKTOMETPUU B
KOOPAMHALMOHHOW  XUMUK

M. MTAN®ANBUN-POXAXEAWN, A. BYBAPWU, N. BAPUA un 3. I'. CABO

Bbina uccnegosaHa NpPoBOAMMOCTb MHOTUX (60716 UM MeHee MPOCTbIX) CMeceii aNeKTpo-
NINTOB, MOAAEPXMBas NMOCTOSHHON KOHLEHTPALMUI0 OfHOr0 M3 MOHOB (B GOMbLUMHCTBE Cly4aes
KaTuoHa) W Temmepatypy.

BbIN0 NOKa3aHO, YTO OTKMOHEHUS OT afAMTUBHOCTY CYLLLECTBYIOT MOUTU B KX/AOM CNyuyae,
O/IHAKO, UX MaKCMMyM fI0CTATOYHO HM3OK: TakK Hamnp., CpefHue pasnuuus B 5M pacTBopax [Ao-
CTUTalT 1Lk 2,8%. OTKNOHEHMS 3aBUCAT OT TEMNEPATYpbl U CYMMapHOA KOHLEHTPaLMK, HO He
3aBMCAT OT WMOHHOI CUAbl. B NpocTelwmnx cnyyasx 3TM OTKNOHEHWS He3HAUYUTeNbHbl, YTO Mo-
3BONAET fleNaTh 3aK/M0YeHN OTHOCUTENbHO CTaGUALHOCTM HOBLIX YacTWL, B APYrUX CUCTEMax
C A0CTaTOYHO GOMbLINMMU Pa3NUUNAMU.

OKa3anocb, YTo OTKNOHEHWUS OT aAAMTMBHOCTW B PacTBOpax C MOCTOSHHOW KOHLEHTpa-
UMeit KaTnoHa (aHWOHa) He MOTYT 6bITb 06BACHEHbI HI HA OCHOBE 3/1EKTPOCTATUUYECKUX MPUHLU-
MOB, HW Ha OCHOBE OJHOI0 06Pa30BaHMsA MOHHBIX Nap, T. K. cnedyeT NPMHUMATbL B yuyeT cneluans-
Hble B3aWMOfeiCcTBMA. B KadecTBe paGouyeil runoTesbl nojaraeTcs CyLeCTBOBaHME accolMaToB
rMApPaTUPOBaHHbLIX aHWOHOB C BOAOPOAHLIMU MOCTUKAMU.



ViccnegoBaHue BpawjaTesibHbIX 6apbepoB aMWAHOM CBSA3NM B MPOM3BOAHbIX
ruyMHa ¢ nomMoLbio gnHammnyeckoro AMP—CI3

. CANOHTAW n A. BAWI

BpawatenbHble 6apbepbl aMUAHON CBA3WM MEXAY ABYMA poTaMepaMu, MpUCYTCTBYIOLUMM
B XXMAKON ha3e, 6blAn nccnefoBaHbl Ha 16 NPOM3BOAHbLIX FNWLUHA. Bblnn nccnefoBaHbl CTepu-
YeCKMIN N 3NEeKTPOHOaKLEeNTOPHbIV 3h(eKTbI, a TakXKe BNUAHWE, CONPSHKEHUS 3aMecTuUTeNeld Ha
BpalieHne amuaHol cBasn. KoHCTaHTa CKOpPOCTU AMHAMWUYecKOoro obmeHa MexAay ABYyMs poTa-
MepHbIMK hopmamu A 1 B 6bl1a paccumTaHa, MCXOAA U3 NOMHOr0 aHann3sa GopMbl TMHUK CNekTpa
AMP. MpuBOAATCH TakXe Be/NYUHbI 3Heprumn aktusauum IKJ/LP nonyyeHHble € MOMOLLbIO
ypaBHeHUs ApuHra.

HekoTopble BOMPOCbI MOF/IOWEHMS MarHusi ¢ MOMOLLBI0  FMApoKcuianaTuTa
KasbUms 1 3heKT TaKoro BCTPavBaHUS Ha PacTBOPUMOCTb CKENEeTa/IbHOMO
MVHepana

w. NAHAW, 6. HAHOA n M. NATEN

Bblno HaligeHo, YTo BCTpaMBaHWe MarHWa B CUHTETUYECKME M NPUPOAHbIE TMApPOKcKUaana-
TUTbl KanbLmna 1) yBennunBaeTcs ¢ yBenMUYeHNeM KOHLEHTpauuu noHa Mg+2, 2) ymeHbluaeTtcs ¢
yBENUYEHMEM pa3Mepa 4acTuL rugpokcunanaTnTa Kanbums, 3) yMeHbLIaeTca ¢ nosblleHeM pH
B MHTepBane pH obmeHHON cpefbl oT 5,0 go 8,0 n 4) yBennumBaeTca C yBeNMYeHMEM nepunoga
paBHoBecus. Agcopbuma Mg+2 n conpoBoxgatouasa ee aguddysns Bo BHYTPEHHUA 00bEM KpuUC-
TannoB 06bACHAETCA C MNOMOLLLbID MexaHuM3ma O06MeHa. PacTBOPUMOCTb TBepAbIX PacTBOPOB
rMApPOKCMNanaTUTOB KanbLua-marHus, onpegeneHHas B uHtepeane pH 5,0—38,0, ymeHbliaeTcs
C nosbiWeHMemM pH pacTBopstoLLeli cpefbl. 3TO NPOUCXOANT 6narofaps pacTBOPEHHbIM MOHaM
thochata, PYHKUMOHUPYIOLWNM KaK NPOTOH-aKLenTopbl, U TMAPONU3Y B BOAHbLIX Cpefax.
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