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PREPARATION AND PROPERTIES OF
TRIPYRROLYLBORANE

P. Szarvas, B. Gyéri and J. Emri

(Department of Inorganic and Analytical Chemistry, Kossuth University, Debrecen)

Received May 20, 1970

Some reactions leading to the formation of tripyrrolylborane have been investi-
gated. It has been found that the reaction of BF3, BC13 and B;H{ with K(NC4H 4), as
well as the reaction of K[BH(NC,H,)3] with BF3 and HC1 result in the formation of
tripyrrolylborane, in the case of appropriate mole ratios.

Satisfactory methods have been developed for its preparation in a pure state.

The chemical behaviour of tripyrrolylborane is characterized by the following
reactions. Its reactions with water, methanol and acetic acid are fast, leading to the
formation of B(OH)3, B(OCH3)3 and B20(00C C H 3)4, respectively. Upon reaction with
ammonia and pyridine, the corresponding complexes are formed, and with LiH, NaH,
LiCjHj and K(NC,H4) stable anion complexes are obtained. Contrary to the above, the
reaction with KOCH3 and ROCnNH-, affords the corresponding boric acid esters and
K[B (N C4H 4)4].

The following new compounds have been prepared: B(NC(H|)3, B(NC,H43NH 3.
B(NC,H43NC5H5 Cs[BH(NC4H43], K[B(COH5(NC4H4)3]. K[B(NC4H44] has been
prepared by a new method. On the basis of chemical and spectroscopic investigations
it has been established that B(NC4H4)3 is a relatively strong Lewis-acid.

In our earlier papers [1, 2] dealing with the reactions of pyrrole potassium
with boron compounds, we referred to some reactions leading to the formation
of tripyrrolylborane and briefly touched on the donor—acceptor properties
of this compound. In this paper we wish to report in detail on the preparation
of tripyrrolylborane and the reactions which characterize its chemical prop-
erties. In the course of the study of these reactions the following new com-
pounds were prepared: ammine-tripyrrolylhorane, pyridine-tripyrrolylborane,
potassium phenyltripyrrolylhorate and cesium hydrotripyrrolylborate, while
potassium tetrapyrrolylborate and tetraacetatodihoronoxide were prepared
by new methods. Our studies have shown that the formation of tripyrrolyl-
horon takes place in the following reactions.

1. The compound of composition K[B(NC4H44] formed by reaction of
K(NC,H4 and BF3etherate in a 1 : 1 mole ratio [1, 2] reacts further with BF3
etherate with the formation of B(NC4H4)3:

3K[B(NC4H4H4 + 4 BF3= 4 B(NC,H43+ 3 K[BF4] 1)

2. Tripyrrolylborane is also formed when an ethereal solution of BC13 ethe-
rate is added to an ethereal suspension of K(NC4H4):

3 K(NC4H4 + BC13= B(NC4H4H3 + 3 KC1 )

| Acta Chim. (Budapest) 70, 1971



2 SZARVAS et al.: TRIPYRROLYLBORANE

3. A further formation of B(NC4H4)3 is by the reaction of K(NC4H4
and B2Heat a 3 :2 mole ratio, since the latter is able to extract the hydrine
anion from the K[BH(NC4H 43] [2] which is formed in a 2 : 1 mole ratio reac-
tion.

However, this reaction occurs more slowly than the reaction leading to
the formation of K[BH(NC4H 43]:

6K(NC4H4) + 3 BMHO= 2 K[BH(NC4H43] + 4 K[BH4]
2 K[BH(NC4H#3] + B2H, = 2 B(NC4H4H3+ 2 K [BH] 3)

4. BiNC.H,)-! mav he prepared too by the reaction of BF,, etherate with
K[BH(NC4H43] in ether:

K[BH(NC4H43] + BF3= B(NC4H43+ K[BHF3] (4)

The K[BHF3] reacts in part with BF3 and some B2He is also formed in the
reaction.

5. Similarly it may be prepared from K[BH(NC4H43] by reaction with
HC1 in an ethereal medium:

K[BH(NC4H 3] + HC1 = B(NC4H43+ H2+ KC1 (5)

Of the above reactions, (3) and (4) are the most suitable for the prepara-
tion of pure B(NC4H43. The product thus obtained is completely white and
does not become coloured even after long standing. Using the apparently
most simple reactions (1) and (2), however, only a faintly red-coloured prod-
uct is obtainable and the colour of this deepens on standing. But if a little
Na[BH4] or B2H6is added to the reaction mixture, the colour of the product
can be reduced to a considerable extent.

The pure B(NC4H 43 crystallizes as white needles. It can be sublimed in
vacuum between 160 and 200 °C. The melting point of the purified material
is 211—212 °C It is readily soluble in THF, moderately in benzene, and only
slightly in ether.

In CCl4 solution the B—N stretching vibration appears at 1360 cm _!
in agreement with the data of Koster [3], while in CHC13it is shifted to 1334
cm-1. The band at 1378 cm-1 can be assigned to the skeletal vibration of
pyrrol [4] (Fig. 1).

Tripyrrolylborane, similarly to the alkyl esters of boric acid, is sensitive to
water. In aqueous medium at room temperature it is hydrolyzed to boric acid
and pyrrole. It is of interest that the aqueous solutions of four-coordinated
anionic derivatives of B(NC4H43 (e.g. K[B(NC4H4H4], K[BH(NC4H 4]3) are
much more stable than the corresponding anionic derivatives of B(OR)3
(e.g Na[B(OR).j] [6] and Na[BH(OR)3 [6]).

Acta Chim. (Budapest) 70, 1971



SZARVAS et al : TRIPYRROLYLBORANE 3

Rapid methanolysis occurs on treatment with methanol at room temper-
ature and the tripyrrolylborane is quantitatively converted to B(OCH?J3)3.

In ethereal solution tripyrrolylborane reacts with acetic acid (in a mole
ratio of 1:3) to form B2 (0Ac)

2B(NC4H43+ 6 HOAc = B (0Ac)4+ 6 NCAH5+ AcX (6)

B(NC4H 43dissolves in liquid ammonia; after evaporation of the ammonia,
a compound of composition H3N « B(NC4H,)3is obtained, which is surprisingly
insensitive to moisture. Similarly, B(NC4H,)3 reacts with pyridine at room

Fig. 1. Infrared spectrum of tripyrrolylboron between 850— 1600 cm 1in CC14 (—) and in
CHC!3 (. ...), solution C — 0.01 M

temperature. The product formed dissolves in pyridine on heating; on cooling,
white crystals of a substance of composition C5HS5N ¢« B(NC4H 43 separate
out.

However, in contrast to strong Lewis-acids such as triarylboranes
(e.g. BPh3), tripyrrolylborane does not react under the normal conditions
with PPh3 [7], sodium and potassium [8], sodium and potassium amalgams
[9], or KCN [10].

In a THF medium it reacts smoothly with K(NC4H4) and potassium
tetrapyrrolylborate is formed:

B(NC4H43 + K(NC4H4) = K[B(NC4H 4] @)

It reacts immediately with phenyl lithium in ether, and after evapora-
tion of the ether a compound of composition K[B(CeH5 (NC4H,)3] separates
out from aqueous solution on treatment with KC1:

B(NC4H 43 + LiC,H5 Li[B(CeH 5 (NC4H43] (8)

|* Acta Chim, (Budapest) 70, 1971



4 SZARVAS et al.: TRIPYRROLYLBORANE

Li[B(C6H5 (NC4H43] + KC1 K[B(CcH.) (NC4H D3] + LiCl  (9)

LiH and NaH react likewise in boiling ether and, after the removal of
the ether, treatment of the aqueous solution with CsCl leads to the separation
of a white compound of composition Cs[BH(NC4H 43]:

B(NC4H 93 Lillehe" Li[BH(NC4H %3] (or Na salt) Cs[BH(NC4H 43]
(10

It is known that NaH does not react with diborane in ether [11]. With
B(NC4H 43 in ether, however, NaH reacts readily with the formation of
Na[BH(NC4H43] and this latter compound reacts with diborane to yield
N a[BH 4] while the B(NC4H 43 used in the reaction is recovered. Thus B(NC4H 43
acts as a catalyst for the reaction between NaH and B2H 6:

2NaH + 2B(NC,H%3 2 Na[BH (NC4H 43] (11)
2 Na[BH(NC4H43] + B2He 2 Na[BH4] + 2 B(NC4H,)3 (12)

i.e. the overall reaction is

2 NaH + B2Hn 2 Na[BH( (13)

B(OCH3)3has a similar role in the preparation of Na[BH4] but in this case the
reaction cannot be accomplished in ether [12, 13].

In contrast to the preceding reactions, a compound of composition
K[B(OR) (NC,H43] cannot be prepared from K(OR) (R = CH3 COHY5. In
THF the following reaction takes place:

4 B(NC4H43+ 3K(OR) = 3 K[B(NC4H,)4 + B(OR)3 (14)

Discussion

The chemical properties of a three-coordinated boron compound are
determined basically by the Lewis-acid strength of the compound in question.
In the ammine complexes of boron compounds (e.g. H3N ¢« B(CH3)3) the stretch-
ing frequency of the B-N bond is to be found in the region of 1100 cm*“1
[14]. In those three-coordinated boron compounds where pnpn bonding
is possible between the B and N atoms, the stretching frequency for the B—N
bond appears at higher frequency values [15]. For the case of the triamine-
boranes in general the greater the value of the B-N stretching frequency the

Acta Chim. (Budapest) 70, 1971



SZARVAS et al.: TRIPYRROLYLBORANE O

greater the electron density on the boron atom, and accordingly the weaker
the Lewis-acid character of the compound concerned. The B—N frequency for
B(NC,H,)3is found at 1360 cm“1 (in CCl14). In the case of B(NR23 type com-
pounds (where R = H, alkyl or aryl) the B-N absorption occurs in the range
1400— 1500 cm “1 [16]. This means that the p,,-p,, character of the B—N bond
in B(NC4H 43, although significant, is less pronounced than in the case of the
simple amines of the above type, and hence B(NC4H 43 must be a stronger
Lewis-acid than these compounds. This finding is unambiguously supported
by the chemical reactions of B(NC4H 43:

a) Well-defined complexes are obtained with amines (NH3 pyridine).

b) It readily reacts with LiH or Nall and K(NC4H4, LiCnH5 with the
formation of stable salts (Li[BH(NC4H.).,|, Na[BH(NC4H.)3], K[B(NC4H .)4],
Li[B(CeH5H(NC4H4H3]) (reactions (7), (8), and (10)).

Such derivatives of the B(NR,)3type compounds are not known. From
the infrared spectroscopic data and the above reactions, it can be concluded
that B(NC4H 43 is a stronger Lewis-acid than the triaminoboranes.

Since the B-N bonds in tripyrrolylborane have a significant pr—p,,
character, it is not expected to be a Lewis-acid of strength similar to that
of B2HI} BF3 or BPh3. Direct chemical proof of this is that K[B(NC4H 44]
gives B(NC4H 493 with BF3, as does K[BH(NC4H43] with BF3 or B2HR (reac-
tions (1), (3) and (4)). The fact that B(NC4H43does not react with Na, K,Na/Hg,
K/Hg, PPh3 or with KCN points to the weaker Lewis-acid character of
B(NC4H 43 compared with BPh3. This latter is also proved by the reaction be-
tween B(NC4H,)3 and phenyl lithium where Li[B(CeH5(NC4H43] is formed
and not Li[BPh,] and Li[B(NC4H 44] (reaction (8)).

From thermodynamic [17] and spectroscopic [16] data it has been
proved that in boron compounds the N atoms are capable of more significant
back-coordination compared with O atoms. From our studies, however,
B(NC4H,)3 is a definitely stronger Lewis-acid than the alkyl esters of boric
acid. B(NCjH43 gives well-defined complexes with both NH3and pyridine,
whereas B(OCH33forms complexes only with very strong Lewis-bases (RNH.,
piperidine, etc.). Similar complexes of higher alkyl esters are unknown [18].
The course of the reaction between B(NC4H43 and K(OCH?3) (reaction (14))
is also in agreement with the stronger Lewis-acid character of tripyrrolylborane
compared to the methyl ester of boric acid.

The phenyl ester of boric acid gives stable complexes with NH3 and
pyridine similar to B(NC4H 43, but K(OCrH5) reacts with B(NC4H 493 similarly
to K(OCH3J3). On the basis of this, it is probable that tripyrrolylborane is also
a stronger Lewis-acid than the phenyl ester of boric acid.

The relatively strong Lewis-acid character of B(NC4H43 is clearly a
consequence of the aromatic character of the pyrrole ring which reduces
back-coordination considerably.
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Experimental

In ail cases experiments were carried out in absolute solvents in a dry, oxygen-free
atmosphere. Our methods were in the broad details identical with the anaerobic methods of
Herzog and Dehnert [19]. BF3, BC13 and B2H & were prepared by the methods of Booth
and W ilson [20], Gamble [21] and Brown and Tierney [22], respectively, and K(NC4H4)
by a method similar to that of Issteib and Brack (see [2]). K[BH(NC4H4)3] was prepared by
our own method [2]. The NaH used was obtained from Fluka, and the LiH from BDH. Infrared
spectra were recorded on a Unicam Model SP 200 G spectrometer in about 0,01 M CC14 and
CHC13 solution at an optical path length of 0.253 mm.

Preparation of tripyrrolylborane, B(NC4H ,)3

a) 11.9 ml (94 mmoles) of BF3etherate in 20 ml of ether is slowly added to a continuously
stirred suspension of 7.15 g (68 mmoles) of K(NC4H4) in 60 ml of ether. The reaction mixture
is stirred for an hour and then filtered; the solid residue is extracted several times with the
filtrate, then the B(NC4H 4)3 separated by extraction with 80—100 ml of benzene. The benzene
solution is cooled and the separated tripyrrolylborane filtered. The benzene and ether solutions
are combined and evaporated: thus a further significant amount of B(NC,H4)3can be obtained.

Yield: 2.8—3.1 g (59—65%).

The product thus obtained has a faint red colour. Even repeated extraction with benzene did
not lead to a completely white product. If a little Na[BH4] is added to the reaction mixture
(0.2— 0.3 g to 7.15 g of K(NC4H4)), after recrystallization from benzene the product is much
purer and completely white. An even purer product is obtained if the reaction is carried out
in THF in the presence of a little Na[BH4] and B2H 6. The B(NC4H4)3 can be prepared in the
form of white crystals by addition of ether to a concentrated solution in THF.

CjolljoYgB (209.06). Calcd. B 5.17, N 20.10;
Found B 5.20, N 19.98%.

b) 6.45 g (55 mmoles) of BC13is dissolved in 40 ml of ether and the solution obtained
is added with slow stirring to a suspension of 16.2 g (154 mmoles) of pyrrole potassium in ether.
A fter the addition, stirring is continued for half an hour and the mixture then filtered. The
residue is extracted 2—3 times with the ethereal filtrate. B(NC,H,)3 is obtained from the
m aterial remaining on the filter by extraction with benzene. By evaporation of the filtrate
from this extraction, a slightly impure product is obtained.

Yield: 7.5—8.0 g (70—75% ), strongly coloured.

c) 6.0 g (56 mmoles) of pyrrole potassium is suspended in 120 ml of ether. During 2—2.5
hours at room temperature a B2H GN2 mixture containing 1.09 g (39.2 mmoles) of B2Hfi is
introduced into the suspension with vigorous stirring. At the beginning (up to 0.78 g) the B2H,;
reacts quickly; following this the reaction slows down and accordingly the rate of introduction
of B2H 6 must be substantially decreased. After the addition of the B2H G stirring is continued
for 3— 4 hours and the solution then filtered. B(NC4H 43 is extracted from the solid residue
with benzene. The product is pure white and is not coloured over a long period of time.

Yield: 25—2.7 g (63— 68%).

d) 1.76 ml (14 mmoles) of BF3etherate in 10 ml of ether is added in 0.5— 1 hour with
stirring to a suspension of 2.49 g (10 mmoles) of well-powdered K[BH(NC4H4)3] in 30—40 ml
of ether. A gas scrubber filled with acetone is connected to the reaction vessel to absorb the
small amount (10—20% of the stoichiometric quantity) of B2H Gformed during the reaction:
after a further hour’s stirring the reaction mixture is filtered and the B(NC,H4)3 separated
from the residue as above. The quality of the product is the same as that of the product by the
previous method.

Yield: 1.75—1.9 g (84— 90%).
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Preparation of ammine-tripyrrolylborane, H3N ¢ B(I\C4H43

Na-dried NH3 is condensed onto 2.09 g (10 mmoles) of purified B(NC4H4)3 until the
latter has completely dissolved. The NH 3 is then evaporated off. During the concentration of
the solution, well-formed crystals separate out, but after the complete evaporation of the NH3
these disintegrate into a powdered product. The last traces of NH3 are removed in vacuum.
The yield is almost quantitative.

Cj.H ,5N4B (226.09). Calcd. B 4.78. N 24.78, C 63.75, H 6.69;
Found B 4.81, N 24.21, C 63.44, H 6.62%.

Preparation of pyridine-tripyrrolylborane, C5SH5N mB(NC,H,)3

6 ml of absolute pyridine is added to 1.05 g (5 mmoles) of B(NC4H4)3. A powdered sub-
stance separates out with evolution of heat. If the temperature is raised to 100— 110 °C, a clear
solution is obtained from which the product separates out as crystals on slow cooling to 0 °C.
The solution is filtered, washed with ether and dried. A further small amount of material may
be obtained from the solution by precipitation with ether.

Yield: 1.25 g (86.5%), white crystalline material.

C17H17Y4B (288.16). Calcd. B 3.75, N 19.44;
Found B 3.76, N 19.18%,.

Preparation of potassium tetrapyrrolylborate, K[B(NC4H4) 4

2.09 g (10 mmoles) of B(NC4H4)3 in THF is added with stirring to a suspension of 1.2 g
of pyrrole potassium in THF. A large part of the pyrrole potassium reacts during this time.
The solution is refluxed for half an hour, cooled, treated with charcoal and filtered. The filtrate
is evaporated and the product separated out by the addition of ether.

Yield; 2.5—2.7 g (80—86%).

C1(H,;Y4BK (314.27). Calcd. K 12.44, B 3.44, N 17.83;
Found K 12.65, B 3.46, N 17.70%,.

Preparation of potassium phenyltripyrrolylborate, K[B(CgH,)(1UC4H4) 3]

20 ml of ether is added to 2.09 g (10 mmoles) of B(NC4H4)3. An equivalent amount
(10 mmoles) of phenyl lithium in ether solution is added to the suspension with stirring. The
B(NC4H 4)3 dissolves completely and two phases appear. The solution is stirred for an hour,
then evaporated to dryness. 10 ml of water is added, then a little charcoal, and after stirring
for 1 2 hr. the mixture is filtered. A concentrated aqueous solution of 7—8 g of KC1 is added
dropwise to the filtrate and the product separates out in the form of white microcrystals.
These are filtered off and washed alkali free with 10%, KC1 solution; the KC1 is washed out with
a little cold water, and the product dried in vacuum at 60 —70 °C. The compound may be puri-
fied by a further KC1 precipitation from aqueous solution.

Yield; 2.5—2.7 g (77—83°,,).

C18H 17X3B K (325.27). Calcd. K 12.02, B 3.32, N 12.92:
Found K 11.83, B 3.30, N 12.36%,.

Preparation of cesium hydrotripyrrolylborate, Cs[BH(NC4H4)3]

20 ml of ether is added to 1.05 g (5 mmoles) of B(NC,H4)3; this is followed by 0.045 g
(5.65 mmoles) of LiH with stirring. The reaction mixture is refluxed for 2.5 3 hours during
which time the B(NC,H4)3and the LiH react and only a small amount of solid residue can be
seen in the solution. The ether solution is evaporated to dryness, 10 ml of water is added, and
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8 SZARVAS et al.: TRIPYRROLYLBORANE

the solution stirred for half an hour and then filtered (with the addition of a little charcoal
the solution may be filtered pure). 10 ml of an aqueous solution of 1.05 g (6.0 mmoles) of CsCI
is added dropwise with stirring to the clear filtrate and the product separates out in the form
of white microcrystals. After standing for a short time the substance is filtered off, washed
alkali-free with small amounts of cold water (total 30 m1) and dried in vacuum at 60— 70 °C.

Yield: 155—16 g (90— 93.5%).

The substance can be purified by recrystallization from methanol.

Cs[BH(NC,H4)3] can be prepared similarly also with sodium hydride. In this case the
reaction proceeds more slowly, and therefore it is necessary to reflux the reaction mixture for
4—5 hours.

CjoH~NgBCs (342.97). Calcd. Cs 38.75, B 3.15;
Found Cs 39.09, B 3.14%.
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A survey and generalization was made of some fundamental results in connection
with the statistical thermodynamics of phase transformations. An assumption was
made, in agreement with the literature data, for the distribution of the zero sites of
the phase integrals, and then the consequences appearing in the formalism of the inverse
Laplace transformation were discussed. Next the relation between the characteristic
functions of the ‘two-dimensional’ electrostatic field and the field described by the
‘complex potentials of statistical thermodynamics’ was defined. In the course of the
analysis of the relation, the physical meaning of the formalism recommended first by
Lee and Yang is pointed out. The inversion of the applied considerations shows
how the treatment of phase transformations follows from the differences between the
structures of the individual phases.

1. Introduction

The complete description of phase transformations cannot he considered
a solved question in either phenomenological or statistical thermodynamics.
The greatest progress was produced by the work of Tisza [1], Semenchenko
[2] and Fényes [3] concerning phenomenological thermodynamic theory.
According to Tisza, the nature of the matrix characterizing the stability of
the equilibrium state ofa studied system determines in how many phases the
system exists; the phase changes occur in order that the system avoid an un-
stable state.

For a long time statistical thermodynamics were regarded as unsuitable
for the treatment of the problem, for example as found by Temperley [4],
since phase integrals (partition functions) playing a central role in statistical
thermodynamics are continuous functions, differentiable any number of
times with respect to their arguments. In their theory reported in 1952, Lee
and Yang [5] gave the first, and so far the only, generally accepted descrip-
tion of phase transformations from the viewpoint of statistical thermodynam -
ics. They have shown that phase changes can occur only in ‘infinitely large’
systems and that fortheir description (which they performed inthe grandcanon-
ical assembly) the grandcanonical partition function must he examined as
the function of complex fugacity. They related the sites of the phase transfor-
mations with the zero sites of the complex grandcanonical partition function.
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10 EZEY: FIRST ORDER PHASE TRANSFORMATIONS

Phase change descriptions which were more or less analogous with the
theory of Lee and Yang were given by Lewis and Siegert [6, 7] and by
Jones [8] in pressure and canonical assembly, respectively, in 1956 and 1966.
Grossmann [9] dealt with second order phase transformations in canonical as-
sembly.

As concerns the Lee—Y ang description, it is still an open question
whether this is the only possible method of treatment [10]. At all events, the
usefulness of the Lee— Y ang theory was already demonstrated in 1952 in
the two-dimensional IsiNG model [11], and since then such a description of
phase transformations in various models has been successful in numerous
cases. In the present work, therefore, we set out from this formalism.

We try to give an answer to the question of why different authors
could arrive at analogous results for the various assemblies, and of what
this formalism reflects. Naturally, since the calculation of phase integrals
and their analytical sequels for models which reflect a variety of actual inter-
actions is an extremely difficult task, for the time being there can be no ques-
tion of the ‘confirmation’ of the formalism. Rather we shall attempt to point
out the physical background of the Lee—Y ang description with generaliza-
tions and with new relations. We shall deal with some questions touched upon
here, such as the existence of complex phase integrals as Laplace transforms,
the description of phase changes in microcanonical assembly will be given in a
subsequent paper [12].

2. Complex phase integrals and phase transformations

In the following, we briefly summarize the literature data on which the
present considerations are based.

According to Kubo [13], the canonical phase integral is the Laplace
transform of the microcanonical ‘structure function’ (the name was given by
Hincsin [14]), whilst the grandcanonical partition function is an infinite
series of complex variables. Lewis and Siegert [6, 7] refer to the phase in-
tegral of the pressure assembly as the Laplace transform. Nobody has yet
dealt with the conditions sufficient for the existence of the Laplace transform;
this will he the subject of a forthcoming paper [12].

In any case, the question arises in what regions the phase integrals,
as functions of complex variables, will be analytical. This question has been
dealt with independently of the Laplace transformation theory.

Under real conditions made to the potential of the interaction between
the molecules, Jones [8] confirmed that the phase integral of the canonical
assembly (Z) is an analytical function of the complex R values on the Re 8 ]> 0
half-plane. Lee and Yang [5] confirmed the analytical nature of the phase
integral of the grandcanonical assembly (0) on the Re z 0 half-plane (z
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is the fugacity). In the paper of Lewis and Siegert [6] on the phase integral
of the pressure assembly (¥), it was noted that this, as a Laplace transform,
is necessarily analytical too on the Re B3P > 0 half-plane.

The phase integrals themselves are less important characteristics of
physical systems than the thermodynamic functions obtainable from them.
As is well-known, for infinitely large systems statistical thermodynamics gives
results equivalent to the thermodynamics. Extrapolation from the properties
of large but finite systems to those of ‘infinitely large’ systems is referred to
as finding the ‘thermodynamic limit’. In the following this will be denoted in
short by th. lim. The results obtained in th. lim. are characteristic of any
system of ‘thermodynamic dimension’ and so the specific quantities are
usually calculated.

Let us consider the following limits:

-Bnk. v - N, V— »co (- (1)
-fsv.p.fi-y m*.- iV bXblMm
BB = B 4., DOU2ZF) (4)

where f is the specific free energy, g the specific free enthalpy and P the pres-
sure, taking into account the definitions of these functions.
In connection with each limit two analogous theorems have been con-

firmed. We now quote from the Lee—Yang theorems proved in connection

. . . . Ine\B,z,V) .
with Eq. (3). Theorem 1: for all positive values of z, hm --------y— ------- exists
and is a monotonously decrasing function of z. Theorem Il: Let R be a region of
the complex plane z that contains a portion of the positive real axis; and let
the roots of the equations

0 (z, V,R) = 0 (4)

not fall in R for any value of V. Then the expression In 0/V converges uni-
formly in R toO the limit and the limit is an analytical function in R. The

‘operations’ Z_é_i and lim in R are interchangeable.
»

Rouelle [15] confirmed a theorem analogous to | for a canonical
assembly, and Jones [8] proved the validity of theorem Il for such an as-
sembly. (In these proofs Z, B and N appear in place of 0, z and V, re-
spectively.) Lewis and Siegert [6, 7] confirmed the correctness of the tlieo-
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12 MEZEY: FIRST ORDER PHASE TRANSFORMATIONS

rems for pressure assemblies. (Here Y, BP and N appear in place of 0, z and
V, respectively.)

The description of phase transformations is based on the supposition
that during determination of the limit described in Egs. (1)—(3), the roots
of Eq. (4) or the equations corresponding to this, each converge to a point
of the real positive axis. Then, again taking as an example the work of Lee
and Y ang [5], the following obtains: in each such point zOtwo regions, Rx and
R2, are in contact which satisfy the conditions of theorem Il. Then, in these
points of contact of the regions the density

=Z

ol BP(z,B) (5)

dz
suffers a jump, but within the regions it changes continuously (for real values
of *).

These regions may be identified with the phases of the system. It is easy
to see that the density increases when we pass through the critical points
sOtowards higher z values:

28 W~ v 1A NGy ©

The other two papers [6, 8] describe the phase transformations in the other
two assemblies similarly.

From a consideration of the concrete example of the two-dimensional
Ising model [11], Lee and Yang confirmed that the roots of 0 lie on a circle
of unit radius about the origin in th. lim. with a distribution function g(d),
and thus only one phase transformation is possible. They also referred to the
fact that the field strength behaves similarly to 1jz times 1jv(z) in an electro-
static field generated by charges lying on a cylinder of infinite length crossing
the r plane perpendicularly in a circle of unit radius. (The distribution of
charge on the cylinder is constant at right angles to the plane. The distri-
bution in a given plane is described also by g{0).) The potential of such a
field is RBP. Lewis and Siegert [6] use an electrostatic analogy too, and
compare the treated problem with the description of the field of an infinite
dipole chain.

In connection with the correctness of the Lee—Y ang theory, a decisive
question is whether the roots of 0 in the case of th. lim. really do behave
in the manner described above. If for example they converge not to a point
but to a finite section, the usefulness of the entire description becomes ques-
tionable. Because of the well-known difficulties connected with the exact
calculation of the phase integrals, this question can still not be considered as
closed [10].
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3. Generalizations

On the basis of the above we now make a few generalizations and unify
the treatment. In the following the structure function is also included among
the phase integrals in treatments where the formalism of the Laplace trans-
formation is used.

The macro-state of a thermodynamic system is described by the values
of variables characteristic of the relations existing with the environment of
the system and the system itself. Thus, if the system is closed from the point
of view of a connection, it is described by the extensive quantity characteriz-
ing the connection in question, if open, by the intensive quantity [3], and this
will be the characteristic variable. (In the following these will be denoted by
W and tv.) A thermodynamic characteristic function (K) [3] belongs to each
such connecting possibility, and the characteristic variables of this are its
independent variables. From a statistical point of view the connection is
also characterized by a phase integral Q and this belongs to that statistical
(Gibbs) assembly which describes the systems in the connection. The relation
between the two is given by the definition:

R K def InO ©)

The phase integral Q is related to the phase integral g (which describes
a connection where exchange of an extensive variable W is not allowed) by:

Q{W)=j e~wWq(W)dw (8)

W = Wo

where the identical characteristic variables are not shown. Since changes of
all extensives occur in ‘quantized’ portions, more correctly the Stielties in-
tegral should have been written in place of the Riemann integral (8), but in
the case of th. lim. it is clear that the difference between the two disappears.
W,, is the minimum of the extensive W in the system studied (zero-point energy,
minimum volume, minimum particle number: 0). With coordinate transforma-
tion W — W — WO, Eq. (8) assumes a shape similar to the Laplace trans-
formation.

The preliminaries outlined in the previous section can be generalized
as follows. First, with Re w >m 0, phase integrals Q(w) are analytical functions.
It should be noted that, as characteristic intensives w, entropie intensive
parameters [3] must be taken; these are B, P and (> for canonical, pressure
and grandcanonical assemblies, respectively, where vis the chemical potential
which is related to the fugacity z by the known expression
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Bv  Inz 9)
. 8 8
Thus we may write: z—
dz d(Rv)

The limits (1)—(3), however, can be generalized in the following way.
LetJ be a characteristic extensive variable or characteristic intensive variable
depending on the concrete relation; let X be an extensive the value of which
is established in the given relation; w is the intensive quantity ‘controlling’
the distribution of the variable extensive W in the given relation; and b is a
specific extensive (the ratio of two extensives) or an intensive. Then the limit

-<H (,,t)=jlim (H0)
X

- e X

does exist for iv > 0 (theorem 1), and it is analytical function of w in all re-
gions R which do not contain the roots of any of the equations

Q(X,w,J) =0 (11)

for any value of X, and each contains a part of the real positive w axis (theo-
rem Il). The proof follows directly from the interpretation of the th. lim. oper-
ation, and so it has been omitted.

Thus Eq. (5) can be generalized: if the roots of Eq. (11) converge to
separate points of the real positive w axis in the case of th. lim., then in these
points the specific expectation values suffer a jump.

2 In X,w,r . 1 8In X, w,r, <JF>
hm Q( )—= lim —Q( ---------- )- del-—- (12)
dw x> X X-~~. X aw = X

(« P signifies the expectation values.)
As regards the sign of the jump, since
W1 'll- 21 Q(X,w, r) 9 w3
X 8tc2 Qw

on the increase of Re w, — W /X increases; i.e. WjX decreases. (For the grand-
canonical assembly, with the previously described choice of w, —WjX =
= ¥V = -|-g increases.)

From the distribution of the zero sites we know that this must be sym-
metrical with respect to the x = Re w axis. That is, for the Q(w) Laplace
transforms
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Qw) = Q(w) (14)

(The bar denotes the complex conjugate.)

Thus, while X >o00 the regions symmetrical to the x axis xvill be com-
pletely free from the roots of Eq. (14). These regions E,, R2...Rn corre-
sponding to phases i = 1,2, ... n will touch in points xv x2...xn_r on the
X axis.

Let us assume that curves Cv C2...Cn confining the regions cut the
i axis so that in the right-hand side limiting point x, of E/, the normal n to
Cj point in the direction of the x axis. This condition imposes a meaning on
the curvature of the C,’s viz. because of Eq. (14) the C-’s in any case cross
the x axis in the point of intersection at right angles. The condition does not

contradict the result found for the two-dimensional Ising model (there, E, = Et
was the interior of the circle of unit radius around the origin).
3 3
Because of this condition, the operations -a--- and ----- at the points of
X n

intersection give equivalent results.

Because of Eq. (14), the regions between the E,’s are also symmetrical
about the x axis, and so between E, and E,_, lies a region T, which contains
the roots of Eq. (11) for all values of X satisfying the condition X0 X; Xu
is the minimum of the extensive X in the system in question.

In a thermodynamic limit presumably the roots lie on closed curves
Dv D, ...Dn. This assumption would he extremely difficult to confirm (see
the remarks ofsones in connection with the zero sites of the canonical assembly
Phase integral [8]). Clearly, for any i D,CT

4. Phase changes and the inverse Laplace transformation

If the inverse operation of Laplace transformation (8) is carried out,
knowing Q we obtain the phase integral g:

X +1m + @
q(W) = i j Q(w)edew—-é-}-{ JI Qu>) ewW dy (y— imw) (15)

X-i~

For a given value of x = ¢, the integration path passes through m regions of
RI(m n), and among these, through m — 1 the regions of T-. In the case of
th. lim., according to the previous section, we obtain altogether 2(m — 1)
points of intersection with the curves 1), ly*ng symmetrically in pairs about
the x axis; the intervals (y,_15y() forming part of the region E, correspond to
the individual phases on the straight line x = c above the x axis, or the inter-
vals (—-yi-it —yi) similarly forming part of E, below the x axis.
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16 MEZEY: FIRST ORDER PHASE TRANSFORMATIONS

Eqg. (15) then reduces to the sum of m integrals:

1
V" ow) ewwdy (16)
2n i=iJ
Ri

AlF)=

We have obtained the interesting result that the phase integral q(W) in theory
consists of contributions from m phases.

5. Description of phase transformations by potential theory

In a singly interdependent region R, an analytical complex function can
be regarded as the complex potential of an electrostatic field the charges of
which lie outside R [16, 18]. The field-strength vector belonging to the complex
potential

f(z)=U (x,y)+iV(x,y) 17)

is given in R by the formula
e(z) = -if'W = ~iUx- Vx= —iVy+ Uy (18)

where the Cauchy—Riemann equations, too, have been taken into account.

Upon crossing the boundary C ofregion R in the direction of the positive
normal the potential function V changes continuously if there are charges here,
but the normal component of the field-strength En suffers a jump. En also
suffers a jump if there are in fact no charges on C, but C separates two media,
1 and 2, of different dielectric constants. In such a case the cause of the jump
is attributed to apparent charges which are created by real charges generating
the field and lying outside R. The magnitude of the jump is:

E> Eln _
ElIn e2

Let us consider a field which is due to charges distributed uniformly along
the z axis. Then the course of the field-strength in the x, y plane is described
by the function

E(r) = — (20)
er

where r= + K"+ J2 an<l * the constant linear charge density along the z
axis.

On this basis the following analogies may be established. The limits
appearing in Eq. (10) can be considered as the complex potential of an electro-
static field which is generated by a charge distribution of density f crossing
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the origin of the complex w plane perpendicularly to the plane. These charges
lie outside the half-plane Re w )> 0 for all values of z (the phase integrals Q
on the half-plane Re w 0 and the limits mentioned are also analytical).
More exactly the limits (10) within this half-plane will only be analytical
where the dielectric constant e changes continuously (in regions JR,)); however,
in the point of contact of two regions R, the normal components of the field-
strength belonging to them suffer a jump.

On the basis of this analogy limits (10) will be termed statistical thermo-
dynamical complex potentials. According to Eq. (12), the specific expectation
values

£=--f=(f> )

correspond to the normal components of the field-strength (in the points of
intersection of the curves C with the x axis), where according to section 3 the
normal points in the direction of the x axis.

The question may he asked of what corresponds in this formalism to
the charge density q and the dielectric constant e. Clearly, the expected value
of any specific quantity may also he written in this way as a function of the
intensive w:

= —— (22)

where only w may change, the values of X and J (or ifJ is extensive, J/X) are
fixed numbers, and tis an arbitrarily chosen constant. With this the problem
is only formally solved; the physical background is discussed in the following
section.

6. Physical meaning of the analogy in terms of potential theory

Let us consider what has been said so far on a concrete example of a
canonical assembly. The following quantities then appear in the general
formalization of sections 3—5.

a) The given connection: exchange from the viewpoint of variation of
E, and insulation with respect to that of N and V.

b) The characteristic variables of the phase integral: B, N and V.

c) The role of qis filled by the structure function u>(E, N, V) and the role
of Q by the canonical phase integral Z(8, N, V) in Eq. (8); in Eq. (7) K is the
free energy.

d) Upon limit formation by Eq. (10), in the case of X = N we obtain
the specific free energy relating to the particle number, whereas in the case
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18 MEZEY: FIRST ORDER PHASE TRANSFORMATIONS

of X = V that relating to volume; in the former case b= V/N and J = V,
and in the latter case J = N and b— N/V.
JA'AN | E\ | E\

e) —\X / = \ N~/ O —\V~/ “ePen<*n8 on *ie ch®ice °f -V. In the
[ E\
following let us take the former case when / --—-- ) corresponds to the normal

component of the field-strength. The dependence of this on B (for b= N/V =
= const.) on the basis of (22) is:

[ —\ - (23)
W RrR)

Because of (19), on crossing from a medium of higher dielectric con-
stant to one of lower dielectric constant, this quantity is increased.

We know that according to the theory of equipartition, for a degree of
freedom i (for one particle) the average thermal energy at temperature T is:

u,

1
™

S =— = — (24)

However, this is only valid at high temperatures when
kTf>A (25)

where A is some number characterizing the distance between the energy
levels for the degree of freedom in question. (Various energy level data can be
found for example in the book of Herzberg [19].) Otherwise, the average
energy of the degree of freedom concerned (ERNYy is smaller than this (in part
it is ‘frozen’). The difference is easily established for the usual models of statis-
tical mechanics and this difference can be formally taken into consideration
with a function cpB). Including the zero point energy UQi too:

W )= — L-.+t/o,- (26)
2B<Ft(R)
Thus, if a particle hasf degrees of freedom, the total energy is:
(27)
bI\ L2/5 <pt(B)

Now let us define a function
UR) = — L-—- (28)
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On the basis of (27) anil (28), (®) can be obtained as follows:

7(R)defj - ——m T o- ., (29)

2 21J0iBB— —
1= <Pi(B) ]

If all this is used in Eq. (23), we obtain the following interpretation: (f(R)
corresponds to the dielectric constant, and f/4 to the charge density t.

Thus, in the canonical assembly we have obtained via the physical in-
terpretation of the mathematical formalism that behind the Lee—Y ang
result derived with reasoning of a purely mathem atical nature stands the physi-
cal meaning (at least in this case) that the character, number and position
of the energy levels for the degrees of freedom are different in the individual
phases. We shall deal briefly with this question too.

The heats of melting of simple substances are in most cases about kT
[20—22]. Since the zero-point energies scarcely change in such cases, the
heat of melting is turned in a decisive part to ‘melting’ of new degrees of
freedom. Depending on the actual material, these are of a rotational or a
translational character (the latter connected with the presence of ‘common
entropy’) or appear in connection with the change of state of the electron
shell [21].

All these changes cause the sudden decrease of the ‘dielectric constant’
defined in Eq. (29), that is the increase of the specific energy because of Eq.
(23).

On boiling, however, the increase of the zero-point energy plays a de-
cisive role. In this case <p(f) decreases, i.e. the specific energy increases. We
shall not deal in detail here with the changes occurring on boiling; we refer
the reader instead to the book of Fowrer [22] for example.

As regards the other assemblies and changes of the expectation values
of other specific extensives, considerations analogous to the above, combined
with the analysis of the definition according to (22), lead to establishment of
the actual meaning of the ‘dielectric constant’ and the charge. We shall not
discuss this in detail now, but merely point to the fact that if we are concerned
with something other than the expectation value of the energy, we can assume
unit charge density along the z axis. For the pressure assembly, the function
derivable from the virial series plays the role of the dielectric constant, which
can be defined by the relation

e I (30)
w (RP)-f(BP)
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20 MEZEY: FIRST ORDER PHASE TRANSFORMATIONS

whilst for the grandcanonical assembly, the function which can he derived
from the fugacity series, and which can be defined by the relation

NN 1

(31)
JV {Bv)-cf(Rv)

On phase change, clearly these too suffer a discontinuous change.

7. Multicomponent systems and several interactions

Because of the considerable generality of the formalism used above, it
is suitable for the statistical thermodynamical treatment of mixtures too.
The generalization is fairly obvious. It is clear that the behaviour of a mixture
of L components may be described by the introduction of a further L — 1
chemical potentials v. It is expected that under such conditions the fact can
be proved that the phase changes proceed in the entire sections of the posi-
tive axes of the corresponding intensives (e.g. the section between dew-point
and bubble-point). In the one-component cases a study of the behaviour shown
in complete polydimensional fields composed of sub-fields corresponding to
the intensives would be necessary for several different interactions too (elec-
tric, magnetic, etc.), and for this likewise the formalism generalized in section
3 is suitable. After this the completely general treatment would follow for the
case of physical interactions of arbitrary number and mixtures of an arbitrary
number of components. With the application of suitable models and with
the. use of relations similar to (29), all these would make possible the use of
modern statistical theory in the calculation of the phase-variable properties
of more complex thermodynamic systems.

*

The author wishes to thank Prof. I. Gyarmati for his valuable advice, and J. Gacs,
Head of Department (Oil Design Bureau), for his help.
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rRaEINgSS T

1. Introduction

In many papers it is reported that the strain arising in cyclic hydrocar-
bons as a result of cyclization, and thus the structural properties which may
be considered as individual for the molecules, strongly affect the chemical
reactions and so the cyclic hydrocarbons of various carbon atom number differ
in behaviour to a larger extent from one another than do the aliphatic hydro-
carbons [1—6]. In this work we report on those studies in which we strived
to compare the radiation-chemical hydrogen evolution processes of cyclo-
alkanes and cyclomonoalkenes of carbon atom numbers 5—8 and the saturat-
ed—dnsaturated hydrocarbon mixtures formed from them and containing
hydrocarbons of the same carbon atom number; comparison was also made
with the similar reactions of open-chain alkanes and terminal monoalkenes.

“Faut il s & il 6 177CEPD
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24 FOLDIAK, WOIJNAROVITS: RADIATION CHEMISTRY, IV

It is well known that the amount of hydrogen gas formed upon irradia-
tion of saturated—tnsaturated hydrocarbon mixtures (e.g. cyclohexane—
cyclohexene [7—10], cyclohexane—benzene [7, 8, 11— 13], methylcyclohexane—
benzene [13]) issmaller than the amount expected by the assumption of simple
additivity from the radiation-chemical yields of the pure components. The
difference from the linear mixing rule is explained by the ‘protecting effect’
of the unsaturated component. This is assumed to consist of two main parts:
the transfer of energy from the saturated to the unsaturated hydrocarbons,
and secondly the radical capture reactions between the double bonds and the
IT atoms formed as intermediates in hydrogen formation.

Table 1

CHHalues of the pure hydrocarbons

Alkane gh2* Alkene Gh "
ok Etee =1 A e =g
oA beaee = A bease s
ok bapbwee [ oAby X33
ta oo = o2 [S=) oAakre (a=
reEtaee == e QF
n Foaee = FFeae a4
n-faptmee == Ao (@ >3
rokwe = ¥k .

*+ 01
=+-CrB

2. Experimental
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After irradiation the ampoules were opened in turn in a closed space and the products
not condensed at the temperature ofliquid air were collected with a Toepler pump and analyzed
gas-chromatographically.

The dose necessary for the determination of the radiation-chemical yield for the hydrogen
evolution, G{-j2 was obtained with alcoholic chlorobenzene dosimetry, since because of the
high dose rate and the design of the radiation source it was not practicable to use the standard
Fricke method [15]. Numerous studies were carried out in our laboratory on the applicability
of the alcoholic chlorobenzene method, and for relatively small doses they were also carefully
checked with the Fricke dosimeter [16].

The Gji2values of the mixtures were determined with one measurement for each com-
position and with several (in general, three) parallel measurements for the pure components*

Fig. 1. G j-|2vs. X curves for C5mixtures, x, the Fig. 2. Gj-J2vs. x curves for CIlymixtures, x, the

mole fraction ofunsaturated hydrocarbon — mole fraction of unsaturated hydrocarbon —

O n-pentane—1-n-pentene, O cyclopentane-1- O n-hexane—l-n-hexene, e+ cyclohexane—-

n-pentene, o n-pentane—eyclopentene, A cy- n-hexene, [ n-hexane—eyclohexene, A cyclo-
clopentane-cyclopentene hexane—ylohexene

In such a way the Gjj, values measured for the mixtures were obtained with accuracies of
--4% and those of the pure components with | 2%, respectively.

The Gh2values of the alkanes and alkenes studied are given in Table I, while the data
for the saturated—unsaturated hydrocarbon mixtures containing members with identical carbon
atom numbers are shown in Figs 1—4. The GHadata for the hydrocarbons of carbon atom num-
bers 5, 6, 7and 8, and for their mixtures, are to be found in Figs 1, 2, 3 and 4, respectively.

3. Experimental results

3.1. Radiation-chemical hydrogen evolution yields for the pure hydrocarbons

It is obvious from Table | that while the Gh2values of the pure open-
chain saturated hydrocarbons (well known from the literature) barely differ
from each other [17], the yield values of the cycloalkanes of carbon atom
numbers 5—8 increase with increasing carbon atom numbers of the ring and
the Gh2 values for cycloheptane and cyclooctane are already greater than
those of the corresponding open-chain hydrocarbons. In numerous experi-
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ments it was checked that the relatively significant differences are not caused
by experimental error. Freeman and Stover have also arrived at a similar
conclusion. In connection with the extrapolated GH2values for zero irradiation
doses of cyclopentane and cyclohexane (5.4 and 5.6), they found that these
increase with increasing carbon atom number of the ring [18].

The radiation-chemical hydrogen evolution yields of the eycloalkenes
too take a different shape relative to those of the open-chain 1-n-alkenes.

Fig. 3. GH2 vs. X curves for C7m ixtures, x, the Fig. 4. vs. x curves for C8 mixtures, x, the
mole fraction of unsaturated hydrocarbon —. mole fraction of unsaturated hydrocarbon —.
O «-heptane—l-n-heptene, 9 cycloheptane-1- O «-octane—1-n-octene, « cyclooctane—-«-oc-
n-heptene, g «-heptane—eycloheptene, A cy- tene, g «-octane—eyclooctene. A cyclooctane—
cloheptane-cycloheptene cyclooctene

W hile Gh2increases to a small extent with increasing carbon atom number
for the aliphatic alkenes, it decreases for the eycloalkenes in the order cyclo-
pentene > cyclohexene ]> cycloheptene ]> cyclooctene.

3.2. GH2 values of the mixtures

Figs 1—4 show the measured Gh2values plotted as a function of the
mole fractions. It can be seen that the mixture systems studied do not follow"
the linear mixing rule written for mole fractions. A similar result is obtained
if the Gh2values are plotted as a function not of mole fractions but of elec-
tron fractions (the differences between the mole fractions and the electron
fractions in the mixture systems studied are only small).

The difference in the GH, values which can be calculated from the lin-
ear mixing rule and those found by measurement clearly showrs the interac-
tion, called ‘protecting action’ in the literature occurring during irradiation
between the components of the mixtures studied.
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The extent of the interaction strongly depends on the structures of the
partners concerned. The curves shown in Figs 1—4 differ depending on wheth-
er an unsaturated hydrocarbon is mixed with a saturated open-chain hydro-
carbon orwith a saturated cyclic hydrocarbon of the same carbon atom number.
The Gh2curves of the mixtures containing the cyclic saturated hydrocarbon
in general lie above the curves relating to the corresponding open-chain hydro-
carbons. This difference appears particularly for the 7 and 8 carbon atom
cyclic saturated hydrocarbons, while it is barely observable in the case of
the 5 and 6 carbon atom rings.

From Figs 1—4 it is difficult to arrive at a definite conclusion as to
whether a given unsaturated hydrocarbon has a more pronounced protecting
effect in its mixture with the saturated open-chain or with the saturated
cyclic hydrocarbon of the same carbon atom number. It is true though that
the higher Gnh2values refer in all cases to the curves of the mixtures contain-
ing the cyclic saturated hydrocarbon rather than to the curves of the corre-
sponding aliphatic saturated hydrocarbons: at the same time, however, the
Gh2 values of the pure cyclic saturated hydrocarbons are also greater in all
cases than those of the corresponding open-chain saturated hydrocarbons.

More clear-cut conclusions can be reached if the concept of “the extent
of the protecting effect” is introduced. By this is understood the ratio of the
hydrogen evolution yield calculated from the linear mixing rule written for
electron fractions to that determined from the measurements:

@ cAMHa,A + eE"Ha,K

GH2

(If irradiation should not lead to any interaction between the components of
the mixtures studied, the value of the fraction would be independent of the
concentration and ® would be equal to 1))

From the & vs. x curves in Figs 5—8 it can be seen that in all the cases
studied an unsaturated hydrocarbon exerts a more pronounced protecting action
on the open-chain saturated hydrocarbon of the same carbon atom number than
on the saturated cyclic hydrocarbon.

If a given saturated hydrocarbon is mixed with an open-chain or cyclic
unsaturated hydrocarbon it appears that for C5and Ce hydrocarbons the pro-
tecting effect of 1-n-alkenes is greater than that of the corresponding cyclic
alkenes, at the same time, however, for the C7and C8 hydrocarbons the pro-
tecting action is more pronounced for the cyclic unsaturated hydrocarbons.

An interesting conclusion is obtained if the ® vs. x curves (Fig. 9) of
n-alkane—-n-alkene mixtures containing merely open-chain hydrocarbons
are compared with the curves for the other hydrocarbon mixtures [cyclo-
alkane—-n-alkene (Fig. 10), n-alkane—eycloalkene (Fig. 11), cycloalkane-
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Fig. 5. ® vs. X curves for C5 mixtures, X, the
mole fraction ofunsaturated hydrocarbon —»
O n-pentane—l-n-pentene, ¢ cyclopentane-1 -
n-pentene, A n-pentane—yclopentene, A cy-
clopentane-cyclopentene

Fig. 7. ® vs. x curves for C7 mixtures, x, the
mole fraction of unsaturated hydrocarbon —.
O n-heptane-l-n-heptene, ® cycloheptane-I-
n-heptene, O, n-heptane—eycloheptene, A cy-
cloheptane—eycloheptene

Fig. 6. @ vs. x curves for CBmixtures, v. the
mole fraction of unsaturated hydrocarbon —.
O n-hexane—-n-hexene, ® cyclohexane—i-
n-hexene, o n-hexane—eyclohexene, A cyclo-
hexane—eyclohexene

Fig. 8. @ vs. x curves for C8 mixtures, x, the
mole fraction of unsaturated hydrocarbon —
O n-octane—l-n-octene, ¢ cyclooctane-1-n-
octene, o n-octane—eyclooctene, A cyclooc-
tane—yclooctene

cycloalkene (Fig. 12)]. It can be seen that only the corresponding curves of the
n-alkane—1-n-alkene systems agree approximately; this points to the fact that
the interactions in these mixtures are roughly of the same nature and extent.

In previous works we reported on studies carried out under other ex-
perimental conditions. If the Gh2values for the pure alkenes and for mixtures
containing an n-alkane and a I-n-alkene or a diene with isolated double bonds
were plotted as a function of the ‘double bond concentration’y defined by us
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Fig. 9. @ vs. X curves for aliphatic alkane—ali-
phatic alkene mixtures, x,the mole fraction of
unsaturated hydrocarbon — + /r-pentane—1-
n-pentcne, W n-hexane-l-n-hexene, /1 n-hep-
tane—1-n-heptene, O n-octane—l-n-octene

Fig. 11. ® vs. x curves for aliphatic alkane-
cyclic alkene mixtures, x, the mole fraction of
unsaturated hydrocarbonn-pentane—y-
c’opentene, & n-hexane—yclohexene, [, n-hep-
tane-cycloheptene, O «-octane—eyclooctene

(the formal n-bond number in 1 g of sample), a common curve was
[7,19]. A similar conclusion was reached in the present study (Fig.
shown in the Figure are the points for n-octane—,7-n-octadiene
in our previous paper, and the Gh2values for 1-n-hexadecene [20]

Fig. 10. ® vs. x curves for cyclic alkane-ali-

phatic alkene mixtures, x, the mole fraction of

unsaturated hydrocarbon — + cyclopen-

tane—-n-pentene, ¢ cyclohexane—-n-hexene,

[ cycloheptane—l-n-heptene, O cyclooctane-
l-n-octene

Fig. 12. ® vs. x curves for cyclic alkane-cyclic

alkene mixtures, n,the mole fraction of unsat-

urated hydrocarbon — + cyclopentane—ey-

clopentene, © cyclohexane-cyclohexene, [cy-

clolieptane—eyclohcptenc, O cyclooctane—ey-
clooctene

obtained
13). Also
reported
and 1-n-

butene [21] measured by other authors. The average curves obtained in the
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Fig. 13. Gh2 values of aliphatic alkane—aliphatic alkene mixtures as a function of y, the

‘double bond concentration’, y X 1021 g~ the double bond number in 1 g of mixture
n-pentane—i-n-pentene, ¢ n-hexane—-n-hexene, 4 n-heptane—l-n-heptene, O n-octane—

—-n-octene, x n-octane—1,7-n-octadiene [7], A I-n-hexadecene [20], > 1-n-butene [21]

Fig. 14. GH, values of cyclic alkane-aliphatic alkene mixtures as a function of y, the ‘double

bond concentration’,y X K2l g~ 1 the double bond number in 1 g of mixture + cyclo-

pentane-l-n-pentene, ® cyclohexane-l-n-hexene, [ cycloheptane-l-n-heptene, O cyclo-
octane—i-n-octene
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earlier and the present studies (the solid curve in Fig. 13) coincide. It appears
that the observed phenomenon is a fairly general property of mixtures of open-
chain (terminal) monoalkenes and isolated dienes with open-chain saturated
hydrocarbons.

The & vs. X curves of individual cycloalkane-l-n-alkene mixtures differ
significantly from each other (Fig. 10); at the same time, the GHa vs.y curves
are not identical either (Fig. 14). In the latter Figure the curve characteristic
of n-alkane—-n-alkene mixtures is drawn as a dashed line. Thus, at the same

Fig. 15. GH, values of aliphatic alkane—eyclic alkene mixtures as a function of y, the ‘double
bond concentration’,y X W2Lg- the double bond numberin 1gof mixture —. + n-pentane-
—cyclopentene, « n-hexane—eyclohexene, A n-heptane—eycloheptene, O n-octane—eyclooctene

‘double bond concentrations’ somewhat greater Gh2 values relate to mix-
tures containing a cyclic saturated hydrocarbon than in the case of open-
chain saturated hydrocarbon mixtures; this points to a less effective protect-
ing action. According to this, in the radiolysis of their mixtures with unsat-
urated hydrocarbons the individual cycloalkanes behave differently compared
with open-chain molecules; their decomposition leading to the evolution of
hydrogen is suppressed less by the double bonds than is that of the normal
alkanes.

Significant differences may be observed in the ® vs. x (Figs 11 and 12)
and Gh2vs.y (Figs 15 and 16) curves for individual open-chain alkane—eyclic
alkene and cyclic alkane—eyclic alkene mixtures. With increasing number

Ada Chim. (Budapest) 70, 1971



32 FOLDIAK, WOJNAROVITS: RADIATION CHEMISTRY, IV

of carbon atoms, the cn2.s.y curves for open-chain alkane-cyclic alkene mix-
tures are displaced towards lower Gh2values; as may be found from Fig. 11,
the extent of the protecting action in mixtures of carbon atom numbers 7
and 8 exceeds that observed for mixtures of carbon atom numbers 5 and 6,
but at the same time is greater than those observed for aliphatic alkenes
{Figs 7 and 8).

The GHz vs.y curves for individual cyclic alkane—eyclic alkene mixtures
intersect each other, corresponding to the change of the GHb t allies of the

Fig. 16. (,[]. values of cyclic alkane—eyclic alkene mixtures as a function of y, the ‘double

bond concentration’, y X 1021 g~ x, the double bond number in 1 g of mixture + cyclo-

pentane—eyclopentene, 9 cyclohexane-cyclohexene, [ cycloheptane—eycloheptene, O cy-
clooctane—eyclooctene

pure components, at an intermediate concentration value. If the relatively small
unsaturated concentrations are disregarded, the extent of the protecting
action in C7 and Cg mixtures is greater than for C5 and C6 similarly to the
result for the previous groups.

As has already been considered in detail with regard to Figs 14— 16,
the ireducibility to one curve’ observed for mixtures of n-alkenes with n-alkanes
is not found for the Gh2 vs. y curves of alkane—alkene mixtures containing
cyclic hydrocarbons, although the cycloalkane—-n-alkene system does not
differ significantly from this.

It follows from the above that both the Gh2values of the pure cycloal-
kanes and pure cycloalkenes studied, and the behaviour of these shown in
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saturated—nsaturated hydrocarbon mixtures, differ from those observed
for the pure n-alkanes and pure n-alkenes and their mixtures, and depend
on the carbon atom number; this points to the different behaviour of the
individual cyclic hydrocarbons, and to differences in the relative rates of
their reactions.

4. Discussion of the results

In the first paper of this series [22], it has already been reported that
radiation-chemical hydrogen formation from saturated-unsaturated hydro-
carbon mixtures occurs (according to more or less uniform findings in the
relevant literature) in bimolecular reactions with the intervention of hydrogen
atoms, and the hydrogen formation said to be monomolecular is also partially
a result of fast hydrogen atom reactions [21, 23—30]. The assumed individual
reactions are the following (the saturated molecules are denoted by A and the
unsaturated by E):

A — -nn/tT—> JIx (OA)
E — JIIITI—"m EX (OE)
AX-mmmmmmmemeeee » A or A[+ A, (p)
E X----mmme- EorkE, + E2 (@)
AXmmmmmmmeeen Ea+ H, ‘ (m)
E X-mmmmmmmmm - EB+ H2 (n)
AXmmmmmmmmmee A- + H- (s)
ExX— —— E- + H- (1)
Ax + E - * A + EX n
H- + A - > A-+ H, (u)
H- + E - * E- 4- H2 (v)
H- -f E - * EH- (2)

where: Ax and E' are the excited and ionized molecules formed during the
interaction between radiation and matter;

Aj, A2, Exand E2are the hydrocarbon radicals (or radical ions) formed
by C—C bond rupture; EAand EBare the unsaturated molecules (or molec-
ular ions) formed after the loss of a hydrogen molecule from the saturated
or unsaturated molecules, respectively;

A- and E- are the saturated or unsaturated hydrocarbon radicals (or
radical ions) deprived of one atom of H-;

EH- is the semi-hydrogenated hydrocarbon radical. The above reac-
tion possibilities are summarized in Fig. 17. The following remarks apply to
the Figure.
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(i) The terms written above the individual arrows represent the reaction
rates of the relevant processes.

(i) The ‘molecular hydrogen evolution’ processes [(m) and (n)] are
not shown in the Figure on the strong debatable assumption that the molec-
ular processes are considerably less important than the radical ones;

(iii) The reactions of the saturated hydrocarbons which lead to the rup-
ture of the C—Cbonds and to the loss of energy without decomposition accord-

ing. 17. Proposed hydrogen formation scheme

ing to Eq. (p) do not significantly affect the quasi-stationary concentrations
of the reactants that should be considered in the calculations concerning
hydrogen evolution.

W ith the above assumptions, using statistical probabilities in the esti-
mation of the reactions between hydrogen atoms and hydrocarbons, with
the help of optimization computer procedures some combinations of reac-
tion rate constants for the hydrogen evolution processes (shown in Table 11,
columns 3—5) were calculated; these are regarded as characteristic. Our pres-
ent calculations were carried out using the 0(x) functions* reported earlier
[31]. The k values in the Table are the appropriate reaction rate constants and
the (c)’s are the total molar concentrations of the A and E components with
dimensions (mole «lit-1).

* The 0(x) function was defined by the relation

0(x) = A'IAIbA
GH2

where:

en is the concentration of component A expressed in electron fraction;
Gh 2% is the hydrogen formation yield from pure component A;
Gj_{0 is the measured radiation-chemical yield for the mixture.
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“Hilk=H
Combination of some characteristic rate constants of the studied saturated—unsaturated hydrocarbon
mixtures

Mixture . Kk KKi_ aVEfrage
n-pentane-l-n-pentene 29.8+ 15 0.36+ 0.02 0.50 + 0.02
cyclopentane-I-n-pentene 25.8+ 2.0 0.35 0.015 0.50 10.02 035
n-pentane—eyclopentene 35.6 +2.0 0.39 -0.02 0.43 + 0.02
cyclopentane—eyclopentene 30.0+ 1.0 0.40 0.02 0.44 +0.02 040
n-hexane—-n-hexene 27.0+1.5 0.35+ 0.01 0.50 +0.02
cyclohexane-1-n-bexene 24.2+.10 0.35 ; 0.02 0.48 +0.02 035
n-hexane-cyclohexene 354+ 1.8 0.39 10.02 0.43+ 0.02
cyclohexane—eyclohexene 29.7+ 1.8 0.40 10.03 0.46 + 0.02 040
n-heptane—-n-heptene 33.8+ 2.2 0.38 . 0.02 0.51+ 0.02
cycloheptane—-n-heptene 22.7+ 1.6 0.40+ 0.03 0.54 + 0.03 039
n-heptane—eycloheptene 34.2+ 2.0 0.35+ 0.02 0.50+ 0.02
cycloheptane—eycloheptene 195+ 0.8 0.35+ 0.02 0.48 + 0.02 035
n-octane—-n-octene 33.2 {2.0 0.38 10.02 0.50 +0.03
cyclooctane—-n-octene 15.6+ 0.7 0.40 + 0.02 0.50 + 0.02 039
n-octane—yclooctene 322 120 0.31+ 0.01 0.50+0.02
cyclooctane-cyclooctene 10.2 1 0.6 0.30+ 0.01 0.46 +0.02 0.30

The following more important conclusions arise from these calculations.

The results support our assumption that in the hydrocarbon mixtures
shown in Figs 1—4 the radiation-chemical hydrogen evolution proceeds pre-
dominantly according to the given hydrogen evolution scheme, i.e. the devia-
tion of the Gh2values from the linear mixing rule is the result both of energy
transfer reactions from the saturated to the unsaturated hydrocarbons, and of
hydrogen atom capture reactions by the unsaturated hydrocarbons.

It was found above that an unsaturated hydrocarbon exerts a greater
protecting effect in its mixture with the open-chain saturated hydrocarbon
with the same carbon atom number than in its mixture with the cyclic hydro-
carbon. This is supported by the fact that in the mixtures containing the

- . kr
same unsaturated hydrocarbons in Table Il, in all cases smaller — (c) values
N
s
refer to the cycloalkane systems than to the open-chain alkane-alkene mixtures.
On the basis of the scheme in Fig. 17, this means that the differences in the
protecting action (otherwise following logically from the ® vs. x curves [Figs

5—8)] are attributable to the fact that the energy transfer from the cyclo-
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alkane to the aliphatic and cyclic alkenes proceeds with a smaller efficiency
relative to the monomolecular decomposition in the mixtures containing
cycloalkanes than for the open-chain hydrocarbons. The probable explanation
of this is that because of the strain in the rings the monomolecular decomposi-
tion processes for the cycloalkanes are faster than for the open-chain alkanes
and so a relatively smaller time is available for bimolecular energy transfer
reactions.

In the rate of the monomolecular processes of cycloalkanes, e.g. of the
reaction according to Eq. (s), a fundamental factor may be the energy require-
ment of the reaction or, related to this, the energetic stability of the cyclo-
alkvl radical formed during the reaction. In a study of chain reactions (e.g.
photosulfochlorination) requiring the participation of various cycloalkyl
radicals, it was found that the reactivity of the cycloalkanes, and also
the energetic stability of the radicals necessary for initiation and prop-
agation of the chain reaction, increases in the order cyclohexane cy-
clopentane <C cycloheptane <[ cyclooctane [2—4]; this may be paralleled
with our observation that the difference in the Gh2vs. x and ® vs. x curves
for the mixtures containing the open-chain and the cyclic saturated hydro-
carbons is most observable in the case of mixtures of C7and C8hydrocarbons.

From a consideration of the data in Table Il, column 3, it may be stated

that the f = -—-- l—(—t--lg-qvalues of mixtures, containing the same unsaturated hydro-
carbon, in boxes separated by a continuous and a dashed line do not differ
significantly from each other. Such an agreement of the f values is obvious
since on the basis of the reaction scheme in Fig. 17 they are characteristic
of the individual unsaturated hydrocarbons. The averaged f values of the
various hydrocarbons are to be found in Table Il, column 5.

Because of the relatively large imprecision of, and the small differences
between the values of the/data in the Table, it is difficult to reach generaliz-
ing conclusions. It may be seen, however, that while the f values for the
open-chain unsaturated hydrocarbons studied scarcely differ from each other
and are not clearly connected with the length of the carbon chain, the differ-
ences between these data for the individual cycloalkenes are more signifi-

cant: the/ = -Et“a-finlz- values decrease with increasing carbon atom number ol
the hydrocarbon ringg studied, just as has already been found in the evaluation
of the Gh2 data. This means therefore that with the increase of the carbon
atom number in the cycloalkene ring the relative rate of the reactions leading
to hydrogen atom formation, as in Eq. (t), decreases slightly.

Having exposed cycloalkenes to the effect of thermal oxidation under
‘mild’ conditions,Van Sickle et al. observed that the hydrogen atoms of these

hydrocarbons may be split off with increasing rate, i.e. probability, in the
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order cyclooctene </ cycloheptene </ cyclohexene </ cyclopentene [5]. This
order corresponds to the order of Gh2and f values observed by us.

The mentioned authors explain the observed phenomenon by the fact
that with the removal of one H-atom from cyclopentene or cyclohexene, the
structures of which are the closest to planar, there is a possibility for the
formation of an allyl type radical which is energetically favourable being closer
to the planar structure in which the energy of interaction (resonance energy)
of the electrons in the double bond with the unpaired electron of the hydro-
carbon radical decreases the energy requirements of the processes leading to
hydrogen evolution. On the other hand the structures of cycloheptene and
cyclooctene, and also of the radicals formed from them by the removal of a H.
atom, differ significantly from planar; as a consequence of the more unfavou-
rable spatial arrangement this leads to a decrease in the resonance energy and
also to the fact that the energy necessary for the separation of each hydrogen
atom from these cycloalkenes increases [5, 32].

Considering the combinations of rate constants characteristic of the
n-alkane—i-n-alkene mixtures, it may he concluded from Table Il that the
values corresponding to the individual mixtures differ from each other merely
slightly, but in the case of mixtures containing a cyclic hydrocarbon they
generally depend significantly on the carbon atom number. This agrees with
our earlier finding that while the properties of the hydrocarbons of various
carbon atom numbers shown in mixtures are similar for systems containing
open-chain hydrocarbons (re-alkane-l-n-alkene), they are different for mix-
tures containing a cyclic hydrocarbon.

Our results allow a further interesting conclusion regarding the energy
transfer conditions. The energy excess given to the molecules by the radiation,
which causes their excitation and/or ionization, can move further either from
molecule to molecule, i.e. intermolecularly, or within the molecule, i.e. intra-
molecularly. According to general observations, the gross energy transfer is
directed towards positions of lower excitational and ionization energy, in the
present case the terminal double bonds. Earlier, the question of intermolecular
energy transfer was studied essentially in the treatment of our kinetic calcu-
lations based on the hydrogen formation scheme of Fig. 17. However, on the
basis of literature analogies (e.g. observations in the study of alkyl-benzenes
[33—35]), the possibility of intramolecular energy transfer directed to the
part containing the n bonds from the saturated part of the alkene hydro-
carbons must also be considered.

The facts that the Gh2values for the n-alkane—-re-alkene mixtures and
for the pure 1-n-alkenes lie on one and the same curve on the Gh2vs.y diagram
(Fig. 13), and that the Gnh2value of e.g. 1-n-hexadecene agrees within experi-
mental error with the Gh2value for the mixture of n-octane and 1-n-octene
in a 1:1 mole ratio, indicate that the efficiency of intramolecular energy trans-
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fer cannot exceed considerably the efficiency of intermolecular energy trans-
fer.

Naturally the result obtained should not be attributed solely to the energy
transfer reactions; the other factor contributing to the G value must also be
considered, viz. the radical capture reactions between the double bonds and
hydrogen atoms formed during the radiolysis. As a consequence of the fore-
going, it may be assumed that the radical capture properties of the various
1-n-alkenes are roughly the same. This picture fits well with what has already
been said; the Gh2values on the Gh2vs.y diagrams (Fig. 13) of aliphatic al-
kane-aliphatic alkene mixtures and of the pure I-n-alkenes fall into the same
curve which is a result of the similar energy transfer and radical capture pro-
perties of double bonds of the same type.

According to our data it is also debatable whether truly non-identical
reaction steps are involved in the so-called ‘intramolecular’ and ‘intermolec-
ular’ protection, i.e. whether during the interaction of the radiation and the
substance the energy primarily situated in the saturated ‘hydrocarbon chain
section’ of the monoalkenes arrives decisively in the n-bond ‘energy trap’
of its own molecule or that of a ‘neighbouring’ molecule, and whether in the
radical capture reactions of the hydrogen atoms formed by breaking of the
C—H bonds a n-bond in its own molecule means a greater radical capture
possibility than does an-bond of perhaps more favourable geometrical arrange-
ment in a ‘neighbouring’ molecule.

It is hoped to obtain answers to these questions in our further work.
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The infrared (3200 200 cm ') and Raman spectra of allylmercuric chloride
and allylmercuric bromide have been recorded in the crystalline phase and in solution.

The observed frequencies were assigned. The normal coordinate analysis per-
formed for the allylmercuric halides with respect to three alternative configurations,
cis, intermediate, and irons, yielded the best fit in the case of the intermediate model.

For allylmercuric chloride and bromide the force field was evaluated by a least
squares fit and the force constants of the CHg-stretching were found to be 4.16 and
4.09 X 10® cm*“2 (2.67 and 2.62 mdyn/A) and those of the HgX-stretching were esti-
mated as 3.01 and 2.87 X 10ecm*“2(1.93 and 1.84 mdyn/A), respectively. A frequency
assignment was performed for the infrared spectrum of liquid diallylmercury.

Introduction
The infrared spectra of allylmercuric halides and related compounds
have been published [1, 2]. Some infrared data on allylmercuric chloride have
been also reported [3]. In the reported cases the analysis covered only some
of the vibrational bands. No complete analysis has yet been made of the infra-
red and Raman spectra, nor has the force field of these compounds been in-
vestigated so far.

Experimental

Allylmercuric chloride, bromide and diallylmercury were prepared from compounds
of the type CH2= CHCH2MgX with an equivalent amount of the mercury(ll) halide [4] in
question.

The allylmercuric halides were purified by recrystallization from methanol. Diallyl-
mercury was distilled at reduced pressure. The analytical data and the other properties are
specified in Table I.

Table |

Analytical data for allylmercuric compounds

Analysis
Compound Found Cal >d. MeItinng;i):lin(l‘;‘c)Boiling
C% H % , c% H %
CH,=CHCH.,HgCl 13.17 2.06 13.00 1.82 m.p. 109— 110
CH2= CHCH HgBr 11.31 1.78 11.20 1.57 m.p. 122—123
(CH,=CHCH22Hg 25.49 3.56 25.71 3.68 b.p. 72—74 (3 mmHg

»For Part VII, cf. Acta Chim. Acad. Sei. Hung. 67, 435 (1971).
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The spectrometers and the methods used for the measurements were the same as those
described in an earlier report [5].

The infrared spectra of the crystalline allylmercuric halides and of their solutions in
CS2and benzene were measured in the wavenumber range from 3200 to 200 cm*“ h The spectra
are shown in Fig. 1. The infrared spectrum of liquid diallylmercury was measured in the range
from 5000 to 400 cm*“'. The spectrum recorded in the range between 3500 and 400 cm*“ 1is
shown in Fig. 2. The Raman spectra were obtained in dioxan solutions, the depolarization,
however, could not be determined because of the almost immediate decomposition of the
compounds as a consequence of mercury arc excitation.

The vibrational data of the allylmercuric halides and the infrared frequency data of
allylmercuric iodide are summarized in Table II.

Results and discussion

In analogy to allyl halides [6—10] the allylmercuric halides are expected
to exhibit torsional isomerism. The possible isomeric forms may be any of the
following configurations: trans (0 = 0), trans-gauche (0 = 60°), cis-gauche
(0 = 120°) and cis (0 = 180°), where 0 is the azimuthal angle (i.e. the angle
between the planes of the vinyl and the CCHg groups). The spectroscopic
data alone indicate the occurrence of two rotationally isomeric forms in the
crystalline state of the allylmercuric halides. Considering the relative inten-
sities, the proportion of the second form, however, is thought to be very small.
The weak bands were observed in the vibrational spectra in the environment
of the strong bands r8, r10, r12, vu and r18 were attributed to a minor isomeric
form. The weak bands around r9, rl0and w observed in the crystalline samples
disappear from the spectra of the solutions in which the major isomer seems
to he predominant.

The CH,==CHCH2HgX (X = CI, Br, 1) molecules have 24 fundamental
frequencies; 22 bands could be identified in addition to the above mentioned
excess bands atwavenumbers above 100 cm“1and attributed to the predom-
inant configuration. Independently of the torsional isomers, all the funda-
mental vibrations are infrared and Raman active. In the case of planar (cis
or trans) configurations, the allylmercuric halides have Cs symmetry.

Five frequency hands were assigned to the carbon-hydrogen stretching
vibrations, of which the three bands, v4 v2 and r3, in the range between 3000
and 3080 cm*“1, are attributed to the vinyl group, while the two strong bands
below 3000 cm“1to the asymmetric v4 and the symmetric v5 CH stretching
frequencies of the methylene group. The strong band at 3060 cm*“1seems to
originate from the ve vlcombination mode.

The C= C stretching frequency v6 of the vinyl group is observed in both
the infrared and Raman spectra as an intense band at 1630 cm*“Ll

The wagging vl5 and the twisting ri3frequencies of the four deformation
modes of the vinyl CH2 group produce strong bands in the infrared spectra
near 900 cm“1 and 985 cm“1, respectively. These out-of-plane deformation
modes, as expected, are almost or entirely absent from the Raman spectra.
Bands which can be attributed to vinyl CH2 in-plane, bending vibrations
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Fig. 1. The infrared spectra of allylmercuric halides. 200—400 cm-1 : 0.3 M and 0.2 M solutions of allylmercuric chloride
and bromide in benzene respectively, 1 mm Csl cell; 400— 3200 cm- 1: 0.16 M and 0.19 M solutions of allylmercuric chlor-
ide and bromide in CS>, respectively, 1 mm KBr cell. Dashed lines: the spectra of crystalline samples

Fig. 2. The infrared spectra of liquid diallylmercury. (A) liquid film, (B) solution in nujol,
(C) path length 0.07 mm
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Table 11

Vibrational spectra of allymercuric halides

Allylmercuric chloride Allylmercuric bromide Allylmercuric iodide
Infrared Raman Infrared Raman infrared [2]
Assignment
solid solution solution solid solution solution solid
(em ) (em ) (cm-1) (em (cm--) (ecm* 3 (cm-1)

1 2 3 4 5 6 7 8
3078 vs 3081 vs 3078 vs 3080 vs 3080 m W A’
3063 s 3059 s 3061 s 3057 s 3055 w fc, + b
3030 s 3029 s 3027 s 3027 s 3023 tv V., A’
3004 s 3000 s 3002 s 3000 « 2998 w v3, A"
2971 vs 2938 vs 2973 vs 2982 vs 2973 m 4, A’
2925 s 2921 s 2910 w 2919 s 2923 m 2906 m 2928 m A
2850 vw 2858 2850 vw 2840 tw? 2858 vw V7 + *S
2808 vw 2810 vw 2820 vw 2811 w 2807 w 2820 w 2ve
2780 vw 2780 vw Vs + V»
2282 2280
2194 2190
2162 2160 bl —d2
2033 2031 2031 Vi3 + vI2
1968 vw 1955 vw 1965 vw 1955 vw 2 vi3
1880 1880 »15 + »13
1803 m 1803 m 1801 m 1800 in 2 "is
1678 vw 1677 vw 1677 vw VIC + tha
1632 s 1628 s 1618 s 1629 s 1627 s 1623 m fos A"’

1590 vw 1588 1586 vw 17 + 15
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1437
1400
1346

1302 i

1225

1186
1158
1115
1076
1049

933
914
902
774
683

380
312

tv
tv, sh

Vs

S

1400
1332
1297

1186

1119
1080
1039

984

932 i

899
772

504

387 i

329

1392

1114

939 i

900

770 i

686

120
88

Note: s, strong; m, medium; ir, weak;

m

A

Vs

vw

VVw

VVw

1436
1398
1336

1301 i

1216
1190
1186
1158
1104

1046

986

936 i

916
900
771
681

S

m

vw

r, very: sh, shoulder;

1400
1331
1295

1188

1111

1037

984

899 i
772 i

687

! frequency

m 1391 m
vw
m
S
ns 1109 rs
S
S
it- 938 w
i-s 900 vw
it 772 w
s 684 m
575 vw
s 490 m
m 375
206 vs
m+
146 it-
111 vvw
88 vvw
used twice.

1432

1396 i

1192

1095

1035

487 i

it)
s 1

V-, A’
v8, A’

Vo, A

Nio- A

vis A
~e A
vi7, A"

*19° A
200 A
v2l, A’
v,, A"
V23 A
v,v A’
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appear at 1400 cm-1 (rg, scissoring) and at 1045 cm-1 (rJ2 rocking). The in-
plane r15 and out-of-plane r17 deformations of the vinyl hydrogen are thought
to be responsible for the bands observed near 1300 cm-1 and 680 cm-1, re-
spectively. The latter is observable in the Raman spectra, too.

The assignments to the bending v7 and rocking vIR modes of the methy-
lene group are thought to be unambiguous, whereas the frequency assignments
to the wagging B0 and twisting vn vibrations are questionable (Table II).
The frequencies specified for the latter are inferred mainly from normal coor-
dinate calculations. The twisting vibration appears in the Raman spectra
as an intense band.

Among the skeletal vibrations the C—C stretching w can be identified
at 930 cm“1lin both the infrared and the Raman spectra. Another band appear-
ing in the 903—916 cm “1 region of the infrared spectra of crystalline allyl-
mercuric halides can be attributed to the inhomogeneity of the configuration.
The appearance of the CCC skeletal bending r19 in the low-frequency region
at 380 cm 1reflects the fact that the heavy mercury atom is involved in this
deformation mode.

The vibrations involving the mercury atom appear at low frequencies.
The CHg stretching r18 frequency decreases in the order chloride, bromide,
iodide. The HgCI stretching frequency is observed in the infrared spectrum
of the solution in benzene at a frequency higher by 18 cm“1than that measured
in the spectrum of the crystalline sample, indicating strong intermolecular
interaction (HgCIl ... Hg) in the latter. The HgRr stretching shows a very
strong band at 206 cm“1 in the Raman spectrum in dioxan solution. This
band appears at a considerably lower frequency than in the infrared spectra,
which could be attributed to the influence of strongly polar dioxan solvent.
The Raman band at 227 cm*“1 can be assigned to the CCHg skeletal bending
frequency, 2Vv*

The weak Raman lines near 145 cm*“1 can he assigned to the torsional
mode of the allyl group. The low frequencies which can he assigned to the two
(inplane and out-of-plane) deformation modes of the CHgX groups (r24, r23)
are very difficult to measure by the present technique, thus the assignments
are only approximate.

The allyl derivatives of mercury have weak bands in the infrared spectra
originating from the overtones 2r8 2r13 and 2 ri15 the latter being especially
characteristic of these compounds. The combination tones v6 -f- r7and r7 -f- v8
are well apparent.

The infrared data of allylmercuric iodide reported by Green [2] are in
good agreement with the vibrational spectra of the other allylmercuric halides
(see Table I1).

* This band is difficult to measure in the Raman spectrum of allylmercuric bromide
because of the very strong band at 206 cm*“ 1
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Diallylmercury

Diallylmercury is an unstable compound. The infrared spectrum, which
to our knowledge has not yet been recorded, was taken on a liquid sample
immediately after distillation at reduced pressure. Decomposition of the sample
was not observed during the measurement.

The infrared data of diallylmercury are listed in Table Il1l; for their
interpretation the spectra of the allylmercuric halides provide a reasonable
basis.

The (CH2=CHCH22Hg molecule has 45 fundamental vibrational modes,
of which seven (four skeletal and three torsional modes) are expected to lie
in the range above 300 cm”1 In the range of frequencies covered by our in-
vestigations only 23 bands of considerable intensity could be observed. The
reason for this is the absence or weakness of coupling between most of the
vibration of the two allyl groups across the heavy mercury atom. However,
a well apparent splitting was observed in the methylene deformation modes
pu and p16. This phenomenon may be due to either a torsional isomerism within
the allyl groups or to vibrational interactions between the two allyl groups.
In analogy to the more thoroughly analyzed diethylmercury spectrum [5], the
latter seems to be more probable. The symmetric CHg stretching mode pl8
was identified at 474 cm-1 by the Gauss analysis of the band shape on the
low frequency side of the strong band at 495 c¢cm 'l assigned to the asymmetric
CHg stretching mode. The CCHg asymmetric and symmetric skeletal bending
modes have been determined by calculation as approximately at 230 cm 1
and 190 cm*“1, respectively.

It is difficult to make any definite statement on the molecular symmetry
of the diallylmercury on the basis of the available experimental data. The
infrared spectra of liquid diallyl mercury are interpretable satisfactorily only
with the assumption of a predominant rotationally isomeric form in the allyl
groups.

In diallylmercury the rotation about the C—Hg bonds seems to be free
and a linear C—Hg— C skeleton can be assumed on the analogy of the other
R2Hg-type compounds [2, 5, 16, 17].

Normal coordinate calculation

The calculations were performed assuming cis- and trans-configurations
of the Cg groups of symmetry and, alternatively, an intermediate-configuration.
The plane of the vinyl group is perpendicular to the CCHg plane (between
cis-gauche and trans-gauche) for the intermediate configuration. The internal
coordinates are defined in Fig. 3. The coordinates introduced, in addition,
are the following: and g2 the out-of-plane deformations of the vinyl CH2
and CH group, and x2 the torsions between the CCC plane and the CCHg
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Table 111

Infrared frequencies of diallylmercury

No. (cm ) Assignment No. (cm--) Assignment
4700 IV »L+ »« 2260
4565 2159 w »8 + »10
4490 2122 vie »10 + »14
4460 w »L + »8 2017 w »12 + »13
4370 vw » + »7, v3+ vs 1966 vw »13 + »14
4324 w »5 + V7 1915
4264 vwW Ml + »10. » + »3 1861 w 2 »14
4154 vw 41 4+ w11 1768 m 2 »15
4005 vw »L+ »12. »1 + »14 1669 tv »13 + »17
3225 2v6 »0 1623 vs VC—C C= Cstretching
»1 3074 vs vas= CH, vinyl CH,,
stretching 1600 sh »14 + »17° »11 + »19
3047 m »6 + »7 1560 w »15 + »17
Vil 3014 w VCH vinyl CH stretch-
ing 1480 w VI3 "b VI8
»3 2989 s »35=CH, vinyl CH.,
stretching \4 1424 m Bc CH., methylene CHIN
bending
»l 2960 vs »as > CH, methylene
CH., stretching V8 1396 m [?S=CH, vinyl CH,
bending
2938 VW 45 + »9 Vo 1296 tv B CH vinyl CH in-plane
bending
v5 2907 vs vs > CH, methylene
CH, stretching 1255
2842 2 »7 »10 1191 vs ys) CH2 methylene CH,,
wagging
2803 w vn 1099 ml Vn4~ CH., methylene CH,,
2774 1075 mj twisting
2710 v12 1032 s jSas=CH, vinvl CH,
rocking
2688 vw 4,8+ »9 »13 989 s Yas= CH, vinyl CH,
twisting
2638 vW 55+ »12 »11 934 ms VC—C C—C stretching
2598 Vil 881 t’s ys=CH, vinyl CH,
2774 wagging
2580 837
2538 vw 74+ W11 »10 758 ml Bas} CH, methylene
2484 w »9 + »10 718 w ] CH2 rocking
2465 vw 48 4+ 311 17 678 ms y CH vinyl CH out-of-
plane bending
2280 »18 495 vs vas CHg CHg stretching
474 sh »5 CHg
»19 390 s R CCC skeletal bending

Notes: see Table Il and Table IV.
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and the C—CH planes, respectively and finally the out-of-plane deformation
of the ChgX. Because of redundancy the coordinates of the angular defor-
mations g2, g3 and a5 were omitted. Under the operations of Cs point group
the symmetry coordinates yield 16 A' and 8 A" species hut the intermediate
configuration gives a 24th order eigenvalue problem. The calculation method
of the GVFF has been described in Ref. [5]. The geometrical parameters esti-

Fig. 3. ~ Feenaral caxidaessdF AN eoncChaikds

mated from the data of similar compounds were taken to be the following:
tc=c = 1*35 A, ¢c ~ 1*54 A, ycn — 1.07 A, and wvgh = 1.09 A.
The estimated values of tcHg= 2.06 A and 2.07 A and rHg= 2.28 A and 238 A
were used for allylmercuric chloride and bromide, respectively. The bond
angles of the vinyl group were taken as 120 °C. Linear CHgX skeleton and
tetrahedral methylene angles were assumed.

In zeroth approximation the force field was taken to be equal to that
evaluated for allylbromide [8] and propylene [6]. The force constants of the
torsional mode jg were taken to be 0.12, 0.18 and 0.25 ><I0° cm~2 [11] for
the cis, intermediate, and trails configuration, respectively.

The other force constants were considered to be independent of the
configurational motions. The experimental and computed frequencies are
listed in Table IY. The vibrational modes r10, vi2 ru, rl7 rl18 vi9 and 2l were
found to be the most sensitive to the configuration. The observed r12 v14 and rlg
bands indicate the existence of a minor form. The well-defined changes of the
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“Hile N/

Computed fundamental frequencies of allylmercuric chloride for different configur alions

No. of ftun damen- Experimental Ca'lculated .((m" ) Pesigment
(cm1) cis intermediate trans
1 2 3 4 5 6 7
3081 3099 3100 3099 ras=CH 2j
V2 3029 3027 3030 3027 vfCCL  J vinyl CH stretching
>3 3000 3010 3011 3010 "s-CH. J
"g 2921 2926 2926 2926 vs)CH 2 methylene, symmetrical
CH2 stretching
IV, 1628 1648 1652 1649 vC=C C= C stretching
V7 1437 1436 1437 1449 Bs) CIf, methylene CH2 bending
© 1400 1420 1427 1407 /35=CH 2 vinyl CIL bending
39 1297 1298 1300 1305 /?2*>CH vinyl CH in-plane bending
"> o 1186 1237 1196 1200 7%C1L methylene CH2 wagging
5 vn 1039 1073 1040 1092 RBas=Chi2 vinyl CH2 rocking
T "l4 932 904 913 917 v C—C C—C stretching
"8 504 628 473 632 v CHg CHg stretching
i 387 406 376 314 g CCC skeletal bending
"9 329 331 335 346 v HgCl HgClI stretching
"1 227 138 232 193 R CCHg skeletal bending
Vof 88 81 77 79 GCHgCI in-plane deformation
6] g 2983 2979 2982 2980 Vvis)CH2 methylene asymmetri-
cal CH2 stretching
|°sj "Il 1119 1172 1170 1172 yas>CH2 methylene CH2 twisting
> "3 984 1037 1046 1037 ylis=CH2 vinyl CH2 twisting
* "5 772 944 945 944 ys=CH2 vinyl CH2 wagging
« "6 899 856 851 845 /?7as)>CH2 methylene CH2 rocking
"7 683 520 640 511 y*>CH vinyl CH out-of-plane de-
formation
¥ 143 146 137 138 r torsion
% "23 120 95 111 93 O' CHgCl out-of-plane deformation

Designation of the vibrational modes: v, stretching; B, in-plane-; y, out-of-plane-; §ske-
letaldeformations; r, torsion.

G matrix are responsible for the configurational sensitivity of the calculated
frequencies. The calculated frequencies are the closest to the experimental
values in the case of the intermediate model. In spite of the approximate
nature of the normal coordinate calculation, it seems reasonable to assume
that allylmercuric chloride and consequently the allylmercuric halides have
a major form which is close to the intermediate configuration and a minor,
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Tablé V

Experimental and computedfundamental frequenciesfor allylmercuric halgenes

Allylmercuric chloride

exptl.

3081

3029
3000

2983

2921

1628
1437
1400
1297
1186
1119
1039
984
932
899
772
683

504
387
329
227
143
120

88

Frequencies, cm-1

caled.

3081

3029
3000

2982

2922

1627
1437
1400
1297
1196
1120
1036
988
917
899
765
662

504
360
329
211
137
110

78

Allylmercuric bromide

exptl.

3081

3029
3000

2982

2923

1627
1436
1400
1295
1188
1111
1037
984
931
899
768
678

496
386
206
235
146
11

88

caled.

3081

3029
3000

2982

2923

1627
1436
1400
1296
1193
1120
1036
988
919
898
764
661

496
359
206
236
136

98

65

v CE1

Ras= CIE=R

= =

Ras> CHE__

v By

B CccC

Assignment

NIk asyreich CEH
<hckbtn@

NIk (Ednertam

NIk syr el CGEH
<hckbtnmy

rotationally isomeric form which can be best approximated by the irans-model.
This assumption is supported also by steric considerations.

The values of the force field were refined using the method of least
squares [13] and varying the force constants in the environment of the mer-
cury atom. These calculations were performed for the intermediate model only.
After the second or third iteration procedure the calculated frequencies were

found to agree well with the observed data (Table Y).

P
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Table VI

Force constants of allylmercuric haloides

Force constants | Boem-2
1 2
K2, 13.90
7.02
Kagc (C1): 4.16; (Br): 4.09
KQl (C1): 3.01; (Br): 2.87
Kag, = Kq 8.54
Kq, 8.49
Kgt= Kq. 8.09
0.51
= 4 = 0.77
KR, 0.72
Kyab 1.02
Ke = Ke' (C1): 0.60; (Br); 0.48
Kd 0.30
KO 0.48
K-n 0.18
Kyn 0.68
mo P " 5 0.10
HX (C1): 0.33; (Br): 0.37
HQ&Y (C1): 0.27; (Br): 0.26
Hh'k 0.054
HQaiug 0.075
hyos 0.026
AQftw = AiiP* 0 = 4- 5) 0.45
AQMD 1.00
°*ifli(i,,, = AQIB A ft' 0.43
AQw 0.80
AQMT 0.59
AQRIUJ 071
agtfl i E= 1,2,3) 0.66
AABI= ad{'Sft) = “isft = aiss 0.35
AR A 0.025
Ifty«s = Iftft, 0.095
/DE MG 0.015
NE DEKS 0.085
It = ly«ift —0.055
I/8C Rt A i —0.020
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Table VI (continued)

Force constants 10 cm-2

1 2

b'ft, 0.020
.. 0.014
0.120

0.010

0.008

—0.008

0.082

Kn) —0.082
—0.011

aAsz«,> 0.011

Note: K diagonal elements; H(h) — elements of valence-valence, A(a) — elements
of valence-angle, 1 elements of angle-angle, un — elements of two out-of-plane, and & — ele-
ments of angle-out-of-plane interactions.

The internal coordinates are shown in Fig. 2 (see text).

The force constants in 10ecm 2units as evaluated for the different allyl-
mercuric halides are listed in Table VI. The force constants of the tetrahedral
valence angle were obtained in terms of independent (without redundancy)
coordinates. This portion of the F-matrix has the form (in 10° cm -2 units):

Ybe A Pb Re* As
1.78 0.84 0.84 0.44 0.44 Ve
1.48 0.94 0.74 0.77 oh
1.48 0.77 0.74 Pb
1.51 0.80 Pea
1.51 Rc5

The force constants which have not been specified in Table VI and above were
taken to be equal to zero.

There are only five force constants, namely, the diagonal Kqgc, Kqd, K¢
and the valence-valence interaction elements Hg*ga, Hgqod that depend on
the halogen atom, while the remaining force field is the same for the allyl-
mercuric chloride and bromide. The more characteristic CHg and HgX stretch-
ing force constants of the allylmercuric halides were found to be close
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54 MINK, PENTIN: VIBRATIONAL SPECTRA, VIII

to those of the methylmercuric halides [14, 15]. As compared with the ally!
halides [8], the major part of the force field shows a slight change. The rela-
tively high value of the force constant Ka = 0.48X 106 cm-2 can be attrib-
uted to the higher frequency of the vinyl CH out-of-plane deformation as
compared with the allyl halides [7—10].

The X-ray investigation of allylmercuric chloride and the infrared and
Raman study of deuterated derivatives have also been performed in order to
verify the molecular structure of these compounds inferred from the present
analysis.

This work has been carried out at the Department of Chemistry, Moscow State Uni-
versity. The authors are grateful to |I. P. Betetskay, D. sc., for valuable suggestions and help-
ful discussions.
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MOLECULAR VIBRATIONS
AND MEAN SQUARE AMPLITUDES

IV. MEAN AMPLITUDES IN ORGANIC MOLECULES
WITH A CARBONYL GROUP

S. J. Cyvin and B. Vizi

(Technical University of Norway, Trondheim,
and University of Chemical Industries, Veszprém)

In the monograph of Cyvin [I], Chapter 12 surveys the existing material
on mean amplitudes of vibration. Already at the time when this book was
printed it was clear that extensive supplements would be necessary. Some
supplementary articles [2, 3] have been published, dealing mostly with inor-
ganic molecules. The present paper is an attempt to survey in part the existing
data for organic molecules. It seemed natural to give a special survey of groups
of compounds with carbonyl bonds because an appreciable number of papers
dealing with such molecules have recently been published, reporting both
electron diffraction investigations and spectroscopic computations.

I. Small molecules

Fig. 1 shows the calculated mean amplitudes of vibration for the differ-
ent atom pairs in (c) formaldehyde [2, 4] and (d) ketene [5], given in a con-
densed [6] way. The mean amplitudes for (a) carbon dioxide [1] and (b) carbon
suboxide [7] are included for the sake of comparison. Similar representations
of the mean amplitudes are shown in Fig. 2 for the lowest carboxylic acid.
viz. formic acid [8], and the lowest dialdehyde, glyoxal [9]. Already a super-
ficial inspection of these figures indicates a characteristic value of the C= 0
mean amplitude of about 0.039 A in an aldehyde or carboxyl group, and of
0.035 A in a =C =0 conformation. The value of 0.035 A is also found as
characteristic for C= 0 in inorganic metal carbonyls [1]; in the CO molecule
a mean amplitude of 0.0337 A has been calculated [1].
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1. ee0ed5 e 1
F...40... H l.... 2.
0= =35=0 0= c :C-39"C-35-0
1... 42........ 1
a) [T 48 . 1
b)

Fig. 1. Natnaditadsci\laetim (13D 2B F<Er © alop xibid: © ko
<zhmrd © Ty didbyad o) e

Il. Aldehydes

Calculated mean amplitudes (/) of formaldehyde are shown in Fig. 1(c).
They are perfectly consistent with values from electron diffraction data
obtained recently by I<=s—et al. [10], viz. (in A units): (C—H}-= 0.088e *
+ 0.041.3,i(C=0) = 0.0413+ 0.004,,and 1(0 ... H) = 0.0915 + 0.0365at 21.5
°C. They also agree with the spectroscopic values reported in the same work [10].

“Hilel

Mean amplitudes of vibration (A wunits) for acetaldehyde

From Ref. [11] From. Ref. [10]
Distance* Spectroscopic 215 °C
0°K 298 °K Spectr. Electr. diff.

rald  H ald 0.0803 0.0803

rmeth  Hj 0.0785 0.0785 0.0778 @5 K oo S@
Ameth 0.0786 0.0786

CGld:=0 0.0389 0.0390 0.0389 0.038, + 0.0040
rald Amet 0.0473 0.0477 0.0493 0.049, + 0.0065
Ameth e« 0 0.0574 0.0610 — 0.0605 + 0.0090

ety e Giaal-dinrttedcdsadaynn aam JH-bal-ai e
reisFarmn Hiinttedkd~yaboynogaee

Acta Chim. (Budapest) 70, 1971



CYVIN, VIZI: MOLECULAR VIBRATIONS, IV 57

K ato et al. [10] have also reported the observed mean amplitudes for
some of the distances in acetaldehyde; cf. Table I. They agree very well with
the spectroscopic calculations [10, 11]. Hagen [11] has given a list of cal-
culated mean amplitudes for all of the sixteen distance types in acetaldehyde
and several of its deutero isotopes. His work [11] also contains the calculation

of mean amplitudes for fluoral (CF3CHO), chloral (CCI3CHO) and bromal
(C.Br3CHO).

Fig. 2. Mean amplitudes of vibration (10 3 A) at 298 °K for (a) formic acid and (b) glyoxal

For acrolein, an unsaturated aldehyde, see the next section.

For the simplest dialdehyde, viz. glyoxal, the calculated mean ampli-
tudes [9] are shown in Fig. 2. In Ref. [9] these values are compared with elec-
tron diffraction results [12]; cf. Table Il. The agreement is found to be satis-
factory, except for the (bonded) C—H distance, for which the electron diffrac-
tion value appears to be too low. Table Il also includes the observed values of
/ for oxalyl chloride, C20 2C12 [13]. No spectroscopic values of / for this molecule
are known, but it would be feasible to produce such results on the basis of
existing spectral data [14—16].
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Table 11

Mean amplitudes of vibration (with standard deviations in parentheses)
from electron diffraction; A units

) Glyoxal [11] Oxalyl chloride [13]
Distance
! n 1 ' @
C—H 0.057 (0.010)
c—cl 0.058 (0.001)
c=o 0.0371 (0.0030) 0.045 (0.001)
c—c 0.0546 (0.0041) 0.033 (0.003)
C...0 0.0599 (0.0037) 0.058 (0.003)
c...cl 0.070 (0.004)
O ... Cl (short) 0.061 (0.002)
O. ..Cl (long) 0.090 assumed
.0 0.0602 (0.0040) 0.070 assumed
cl...c1 0.080 assumed

I1l1. Acrolein and p-benzoquinone

Jensen et al. [9] have published the spectroscopic mean amplitudes for
glyoxal, acrolein and p-benzoquinone, all these molecules having carbonyl
bonds in a conjugated system. Table Il shows some of their results for acrolein
along with electron-diffraction values of | [12, 17] for the same molecule.
The agreement is quite satisfactory when taking into account the experimental
error limits (about ~3cr) and uncertainties in the spectroscopic calculations.

Table 111

Mean amplitudes of vibration (A units) for acrolein

Electron diffraction
Spectroscopic [9]

Distance* [12] 1 ]
0 °K 298 °K / " | "

C—H2 0.078 0.078 0.0776 (0.0020)
C3- H* 0.078 0.078 0.070 (0.006)
CG3FH 3 0.079 0.079
€=0 0.039 0.039 0.0360 (0.0045) 0.0382 (0.0006)
c=c¢ 0.041 0.041 0.0477 (0.0038) 0.0439 (0.0008)
c—c¢ 0.048 0.049 0.0422 (0.0032) 0.0548 (0.0010)
C...C 0.056 0.059 0.075 (0.009) 0.0787 (0.0027)
c2...0 0.060 0.067 0.065 (0.006) 0.0636 (0.0015)

5 © 0.057 0.061 0.0494 (0.0037) 0.0722 (0.0024)

*For identification of atoms, see Fig. 3a.
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It has been noted [9] that the values of /(C—C) and /(C= C) in Ref. [12] seem
to have been interchanged.

In the cited spectroscopic work [9] the structural similarity of acrolein
and p-benzoquinone is pointed out (cf. Fig. 3a) and correlations between the
mean amplitudes in the two molecules are discussed. Fig. 3b shows the cal-
culated mean amplitudes for similar distance types in p-benzoquinone and
acrolein; for the rest of the interatomic distances the mean amplitudes are
represented in Fig. 3c.

0, 0
Hb. H,/CL\ H2
*Cs 1C 3\
H5 Hs
i HI
on

Fig. 3a. ldentification and numbering of atoms in p-benzoquinone (left) and acrolein (right)

Fig. 3b. Mean amplitudes of vibration (10 3 A) at 298 °K for p-benzoquinone and acrolein.
Notice the analogy between interatomic distance types in the two molecules
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Fig. 3c. Mean amplitudes of vibration (10 3 A) at 298 °K for p-benzoquinone and acrolein:
the interatomic distance types not included in Fig. 3b

IV. Acetone

Acetone, being the lowest ketone, is naturally an important member
within the families of molecules of the present investigation. The report [10]
of an electron diffraction work on this molecule contains only some rudimentary
results of spectroscopic mean amplitudes. In the present work a complete
harmonic force constant analysis with calculations of mean amplitudes for
acetone was performed.

An initial approximate force field was set up, and included /(C=0) =
= 10.0 mdyne/A along with a number of force constants transferred from
propane [18]. A final force field was adjusted to fit accurately the observed
frequencies [19], which are quoted in the following (in cm-1). Species AX:
3020, 2926, 1738, 1438, 1360, 1067, 779, 483. Species A2: 2973, 1432, (958
calculated), 105. Species B1=2973, 1438, 1093, 384, 105. Species B2: 3020, 2926,
1456, 1363, 1218, 896, 528. A detailed specification of the applied symmetry
coordinates is given elsewhere [20]. Consequently it is an easy matter to give
a complete report of the final force field of the present calculations. The force
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Table IV
Symmetry force constants (mdynelA) for acetone

-4, 1 9.85
2 0.15 5.01
3 —0.03 —0.01 4.87
4 —001  —0.03 0.03 4.88
5 030 —026 —0.04 0.01 1.99
6 —0.03 —0.02 —o0.01 0.01 009 119
7 —0.01 0.03 0.003 001 —0.02 070 102
8 006 —0.04 —0.01 0.01 008 051 036 0.76
A.. 1 471
2 —0.00, 0.40
3 0.002 —0.04 0.41
4 0.00, —0.00, 0.00, 0.0124
Ii, 1 4.70
2 —0.005 0.40
3 —Q0y —0.003 0.46
4 0.00, —Qa3 —0.00, 0.032
5 0.00, 0.01 0.000 0.024 0.065
1, 1 3.75
2 0.01 4.87
3 - 0.04 0.03 4.89
4 0.06 0.003 0.003 0.62
5 005  —0.01 001  —0.00, 1.13
6 0.01 0.01 0.00, —0.00, 062 093
7 012 —0.01 002  —0.006 044 037 062

constants in terms of the applied symmetry coordinates [20] are shown in
Table IV. The resulting mean amplitudes of vibration are shown in Table V.
In this table the values in parentheses are interatomic separations (in A).
They facilitate the identification of atom pairs and simultaneously show implic-
itly the data here applied as structure parameters. The agreement between
calculated and observed [10] values of /(C= 0), /(C—C) and /(C...O0O) is
excellent. It is also satisfactory for Z(C. .. C) in view of the relatively large
experimental error limits for this value.

The mean amplitude of vibration for the carbonyl bond in acetone
(viz. 0.039 A) confirms the characteristic value of Z(C=0) in the aldehyde
and carboxyl groups; cf. Section 1.

The atomic vibrational mean-square amplitudes have been reported for
propane [18]. These quantities from the present calculation for acetone are
shown in Table VI. The quantities pertain to the orientation of cartesian axes
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Table V

Mean amplitudes of vibration (A units) for acetone

Spectroscopic

Distance Electr. diff. [10]
215 °C

ype (Equil. dist) =l 0 °K 298 °K
C—H (1.085) 2—5 0.078 0.078
C—H (1.085) 2—7 0.078 0.078
C=H (1.222) 1—4 0.039 0.039 0.0393 + 0.0048
c—c (1.507) 2—4 0.049 0.050 0.049x + 0.0053
c...Cc (2.573) 2—3 0.061 0.065 0.0745+ 0.0253
C...0 (2.384) 1—2 0.057 0.060 0.0623 + 0.007s
O...H (2.494) 1—5 0.134 0.139
0...H (3.092) 1—7 0.136 0.199
C...H (2.122) 4—5 0.108 0.109
C...H (2.147) 4—7 0.108 0.108
C...H (3.476) 2—6 0.104 0.105
C...H (2.855) 2-9 0.153 0.212
H.. H (1.764) 5—7 0.129 0.129
H...H (1.764) 7—38 0.129 0.129
H.. .H (4.240) 5—6 0.144 0.145
H...H (3.821) 5—9 0.164 0.195
H... Il (2.710) 7-9 0.215 0.287
H...H (3.233) 7— 10 0.264 0.459

Table VI

Atomic vibration mean-square amplitudes (A 2 units) for acetone

Atom*  Temp.

© No 60 <Ji> <) <*w> m>
C(2) 0 0.00058 0.00124 0.00100 0 —0.00013 0
298 0.00113 0.00138 0.00110 0 —0.00011 0
C(4) 0 0.00341 0.00095 0.00086 0 0 0
298 0.00762 0.00097 0.00091 0 0 0
0(1) 0 0.00133 0.00088 0.00087 0 0 0
298 0.00503 0.00102 0.00096 0 0 0
Ll 5) 0 0.05104 0.01032 0.01162 0 —0.00467 0
298 0.17539 0.01056 0.01223 0 —0.00491 0
H(7) 0 0.02044 0.02229 0.03756 0.00884 0.01309 0.02139
298 0.06324 0.04510 0.12560 0.03903 0.05649 0.08238

* C(2) and C(4) are the methyl and carbonyl carbon atoms, respectively. H(5) lies in
the CCC plane.
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as in Ref. [20], viz. the «-axis is perpendicular to the CCC plane, s is the two-
fold symmetry axis, and consequently y is parallel to the connecting line of
C(3)—C(2).

V. Ketenes

The mean amplitudes of vibration for ketene (CH2CO) are shown in
Fig. 1(d). Complete harmonic-vibration analyses with calculations of mean
amplitudes have also been performed for methylketene [5, 21] and dimethyl-

ketene [5].
All these calculations confirm the characteristic value of (C—0O) = 0.035
A for the ketene-type carbonyl bond.

VI. Carboxylic acids
Fig. 2(a) shows the calculated mean amplitudes for the formic acid

monomer (HCOOH) [8]. The final force field from that work was used to cal-

Hde\ww

Mean amplitudes of vibration (A wunits) for isotopic species offormic acid

Distance type DCOOH 11CO0D DCOOD
0 11" (hydroxyl) 0.071
0 -D' 0.060 0.060
c- 1 0.079
c-n 0.067 0.067
¢ —0 (hydroxyl) 0.046 0.046 0.046
¢ —0 (carbonyl) 0.039 0.039 0.039
c ..H' 0.100
¢ .,D' 0.087 0.087
0 ..0 0.056 0.056 0.056
0o .11 0.101
0 ..D 0.087 0.087
0 ..H 0.097
0 ..D 0.085 0.085
o ..11' 0.117
0 ,.\y 0.102 0.102
H..AY 0.113
D ..H' 0,112
D..,D' 0.103
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culate the mean amplitudes also for the isotopic species DCOOH, HCOOD
and DCOOD. The results at 298.16 °K are given in Table VII. There is no
secondary isotope effect on the mean amplitudes within the decimals reported
here. Some data of mean amplitudes for the formic acid monomer from
electron diffraction have been reported [22, 23]. From the latter work [23]
(in A and with standard deviations in parentheses):

I{C—0) = 0.042 (0.0014)
Z(C—0) = 0.032 (0.0010)
Z(0...0) = 0.054 (0.0018)

at a nozzle temperature of (175 ~ 10) °C.

The cited spectroscopic work [8] is part of a series of papers dealing with
carboxylic acids. They include molecular vibration analyses with computations
of mean amplitudes for the acetic acid monomer [24], oxalic acid monomer [25]
and formic acid dimer [26]. These computations confirm a characteristic value
around 0.039 A for the C= 0 mean amplitude in a carboxyl group (cf. Sec-
tion 1). Specifically the obtained values at 298 °K are (in A): 0.039 for HCOOH
[8], 0.0405for CH3COOH [24], 0.037 for (COOH)2 [25] and 0.040 for (HCOOH)2
[26]. Some mean amplitudes for the oxalic acid monomer [27] and formic
acid dimer [23] have been measured by electron diffraction.
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SOLANUM GLYCOSIDES, VII**

QUALITATIVE AN1l) PREPARATIVE SEPARATION OF METHYLATED
MONOSACCHARIDES

M. M. sSlIABANA*>* and P. BITE
(Research Institute for Pharmaceutical Chemistry, Budapest)

Received April 16, 1970

Rapid and effective thin-layer and column chromatographic procedures were
elaborated for the qualitative and preparative separation of 2,3,4-tri-O-methyl-L-
rhamnose and 2,3,4,6-tetra-O-methyl-D-glucose, as well as of 3,4,6-tri-O-methyl-D-
glucose and 4,6-di-O-methyl-D-galactose.

The hydrolysis of the permethylated derivative of solaradixin occurring
in the root bark of Solanum laciniatum and Solanum aviculare gives four methyl-
ated monosaccharides [1]: 2,3,4-tri-O-methyl-L-rhamnose (I), 2,3,4,6-tetra-O-
methyl-D-glucose (Il1), 3,4,6-tri-O-methyl-D-glucose (I11) and 4,6-di-O-methyl-
D-galactose (1V).

Kuhn et al. [2] attempted the paper chromatographic separation and
characterization of I and Il with the n-butanol—ethanol—water 4:1:5 mix-
ture of Hirst et al. [3], but they could not obtain two separate spots even after
18 hrs of developing. After many experiments with different adsorbents and
solvent mixtures, we now report a rapid and effective separation method for
these two compounds, with a 3 :1 ether—toluene mixture and a silica gel -f-
gypsum adsorbent. With double development, the R, values of | and Il
are 0.46 and 0.26, respectively. The time requirement of the procedure is
about 1 hr. on 20x5 cm plates, and 20 min. on microscope plates.

The preparative separation of | and Il was performed by Kuhn et al.
[2] on columns filled with a 50 wt.% mixture of Darco G 60 and Celite 535
adsorbents, as described by Lindberg and Wickberg [4]. Though the
method is effective, the preparation of the column is time-consuming and its
capacity is small. Experiments in our laboratory have shown that the good
and preparative separation of | and Il can be accomplished within 3—5 hrs
with the above 3 :1 ether—toluene mixture on a silica gel column. A further
considerable advantage of the present method is that anhydrous solutions are
to be concentrated after the chromatographic separation, in contrast to the
aqueous methylethylketone solutions of Kuhn et al.

* Part VI: Acta Chim. Acad. Sei. Hung. 65, 101 (1970).
** United Arab Republic Scholar from Cairo University, Faculty of Pharmacy.
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For the paper chromatographic separation of methylated monosaccha-
rides Il and IV obtained from the permethylated solaradixin, we successfully
appliedl [1] the 4:1:5 ra-butanol-ethanol-water mixture of Hirst et al. [3]
on Whatman 1 paper, using the ascending technique. However, this procedure
is rather devious. We have elaborated a thin-layer chromatographic separa-
tion of these compounds (Il and 1V) on silica gel—gypsum adsorbent with 3 : 1
benzene—ethanol. With double development, the Rf values of IIl and IV were
0.54 and 0.30, respectively.

The preparative separation of Il and IV was carried out earlier [1]
in our laboratory with the solvent mixture of Hirst et al. on Whatman 3
paper, a slow and cumbersome procedure. Though the solvent mixture which
had proved to be suitable in the thin-layer chromatographic technique could
not be applied directly in this case for the silica gel column, it was found that
these two compounds can satisfactorily be separated on silica gel column
by starting with a 9 : 1 mixture of benzene and ethanol, and then switching
to a 4 : 1 mixture of these same solvents.

Experimental

The thin-layer chromatographic analyses were carried out with silica gel G adsorbent
(Merck) on 5 X 20 and 20 X 20 cm plates, and on microscope plates 3 X 8 cm in size. The
start-front distance was 15 and 6 cm, respectively. Coloured products were obtained with
aniline phthalate.

Column chromatographic separations were performed on Woelm silica gel.

Separation of 2,3,4-tri-O-methyl-L-rhainnose (I) and 2,3.4,6-tetra-O-methyl-D-glucose (II)
a) Thin-layer procedure

The chloroform solution obtained in the workup of the hydrolysis product of permethyl-
ated solaradixin was applied to silica gel + gypsum thin-layer in the usual amount. Subse-
quent to removal of the chloroform, developing was made with a freshly prepared 3 : 1 mixture
of ether and toluene. After the first developing the plate was dried with a stream of 50 °C air
until the odour oftoluene disappeared and the developing procedure was repeated with another,
freshly prepared mixture of the same composition. Authentic materials (I and Il) and their
mixtures were also developed on the same plates. The spots of trimethylrhamnose and tetra-
methylglucose were grey and red, respectively, after visibilization.

b) Column procedure

A column of 1.6 cm in diameter was made of 36 g silica gel with a 3 : 1 mixture of ether
and toluene. 1 g of the residue of the evaporated chloroform solution was applied in 3 ml of
the same solvent mixture. Fractions of 5 ml volume were collected. The results are shown in
Table 1.

Separation of 3,4,6-tri-O-methyl-D-glucose (111) and 4,6-di-O-methyl-D-galactose (IV)
a) Thin-layer procedure

The aqueous phase obtained in the hydrolysis of permethylated solaradixin was dropped,
after extraction with chloroform to remove I and Il, on a silica gel G thin-layer. Subsequent to
drying of the spot, developing was made with a 3 : 1 mixture of benzene and ethanol. The
second developing was made with the same solvent mixture as described above for I and II.
Both 11l and IV appeared as red spots on visibilization.
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Table 1

Chromatography of methylated monosaccharides | and Il on a silica gel column

Component

Fraction Content (mg) (on basis of TLC)
1—10 50.0 -
11—19 300.0 !
20—33 100.0 1+0N
34—60 360.0 1

I = 2,3,4-tri-O-methyl-L-rhamnose
11 = 2,3,4,6-tetra-O-methyl-D-glucose

b) Column procedure

A column of 1.6 cm in diameter was made of 22 g silica gel with benzene, and a mixture
of 0.7 g of the residue of the evaporated aqueous phase (previously extracted with chloroform)
with silica gel was applied to it. Fractions of 5 ml volume were collected. The results are summa-
rized in Table II.

Table 11
Chromatography of methylated monosaccharides 11 and IV on a silica gel column
Solvent mixture Fraction \g/reaitgiga Dr:zs?t\iluas- (Oanoar;li;;OOnfe_ln_:_c)
(mg)
benzene 1— 7 - -
benzene—ethanol
9:1 8—19 40.0 —
20—48 180.0 in
benzene—ethanol
41 49—57 50.0 1 I-v
58—83 . 150.0 v

111 = 3.4,6-tri-O-methyl-L-glucose
IV = 4,6-di-O-methyl-D-galactose
The authors express their thanks to Dr. Irmentraut Low (Max Planck Institute, Heidel-

berg) and Professor Sir Edmund Hirst (University of Edinburgh) for authentic methylated
monosaccharides.

The authors also thank Mrs. Eva Babos-Szebenyi for her technical assistance.
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CHEMISTRY OF 4H-1,3-BENZOTHIAZINE
DERIVATIVES, 111

HYDROLYSIS OF 2-PHENYL-3-ETHYL-6,7-DIMETHOXY-4H-1,.3-BENZOTHIAZINIUM
BROMIDE™*

J. Szabo, |I. Varga, E. Vinkler and E. Barthos

(Department for Pharmaceutical Chemistry, Medical University, Szeged)

Received April 22, 1970

The hydrolysis of 2-phenyl-3-ethyl-6,7-diniethoxy-4i/-1,3-benzothiazinium bro-
mide was examined and it was found that under the effect of equivalent amount of
alkali the compound is converted through 2-phenyl-3-ethyl-6,7-diinethoxy-4fi-1,3-
benzothiazinium hydroxide into 2-phenyl-2-hydroxy-3-etbyl-6,7-dimethoxy-2,3-di-
hydro-4fi-1,3-benzothiazine, which, under the effect of excess alkali, reacts further
to give IV-benzoyl-1V-ethyl-4,5-dimethoxy-2-mercaptobenzylamine. The acid hydrolysis
of 2-phenyl-3-ethyl-6,7-dimethoxy-4ii-1,3-benzothiaziniuin bromide gives S-benzoyl-
iY -ethyl-4,5-dimethoxy-2-mercaptobenzylammonium bromide in the first step, which
is transformed via intermolecular transacylation to [IV-ethyl-4,5-dimethoxy-2-mer-
captobenzylammonium bromide and S,IV-dibenzoyl-1V-ethyl-4,5-dimethoxy-2-mer-
captobenzylainine. Upon the effect of alkali, S-benzoyl-1V-ethyl-4,5-diinetlioxy-2-
mercaptobenzylammoniurn bromide undergoes intramolecular transacylation to give
iY-benzoyl-iV-ethyl-4,5-dimethoxy-2-mercaptobenzylamine. The S — JV acyl migration
is a reversible process because iV-benzoyl-1V-ethyl-4,5-dimethoxy-2-mercaptobenzyl-
amine is converted in the presence of acid into the corresponding S-benzoyl derivative.
This hydrolysis proved the structure of 2-phenyl-3-ethyl-6,7-dimethoxy-4H-1,3-benzo-
thiazinium bromide and made also possible the preparation of the iV-ethyl derivative
of 4,5-dimethoxy-2-mercaptobenzylamine.

During an examination of the chemistry of 2-phenyl-3-ethyl-6,7-dimeth-
oxy-4//-1,3-benzothiazinium bromide (I) obtained by quaternization of 2-
phenyl-6,7-dimethoxy-4H-1,3-benzothiazine [2] it was found that compound I
is readily dissolved in water and its saturated aqueous solution is acidic
(pH 3.5). Accordingly, compound | undergoes partial hydrolysis in aqueous
solution to 2-phenyl-3-ethyl-6,7-dimethoxy-4/4-1,3-benzothiazinium hydro-
xide (II) and hydrogen bromide. Subsequently the hydrolysis of the benzo-
thiazine ring, too, occurs at a moderate rate at about 20 °C and considerably
faster at elevated temperatures.

After heating an aqueous solution of benzothiazinium bromide (I) for
1 hour, the following products could he isolated from the reaction mixture:
hydrogen bromide, iV-ethyl-4,5-dimethoxy-2-mercaptobenzylamine hydro-
bromide vl), S-benzoyl-iV-ethyl-4,5-dimethoxy-2-mercaptobenzylamine
hydrobromide (IV) and S,iV-dibenzoyl-iV-ethyl-4,5-dimethoxy-2-mercapto-
benzylamine (VII) (experiment No. 1).

* Presented in part at the Session of the Committee of Organic Chemistry, Hungarian
Academy of Sciences; February 22, 1966 [1].
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When heating of the same aqueous solution was continued for 5—6
hrs, the S-benzoyl-2-mercaptobenzylamine derivative (IV) could not be detect-
ed in the reaction mixture, from which the conclusion was drawn that this
compound is merely an intermediate of hydrolysis. The conclusion was further
supported by the observation that compound IV transformed into compounds
V1 and VII in quantitative yield on heating in aqueous solution (experiment
No. 2).

CH.ON SCOCG6H,
"NINGOC,,H,
CH2 1
C>H,
vi Vil

Acta Chim. (Budapest) 70, 1971



SZABO et al.: 4W-1,3-BENZOTHIAZINE DERIVATIVES, Il 73

On the basis of these observations, the hydrolysis of quaternary salt |
proceeds through the following steps; compound | hydrolyzes in aqueous
solution to a small extent to hydrogen bromide and quaternary base Il. The
quaternary base Il is transformed into pseudobase Ill, which, in the acidic
solution undergoes C—N bond fission to give the S-benzoyl-2-mercaptoben-
zylamine derivative (IV). The intermolecular transacylation reaction between
two molecules of compound IV, which proceeds even under acidic conditions,
yields compounds VI and VII.

S-Benzoyl-iV-ethyl-4,5-dimethoxy-2-mercaptobenzylamine hydrobro-
mide (IV) is transformed in alkaline solution via intramolecular acyl migra-
tion, probably through intermediate Ill, into the JV-benzoyl-2-mercaptoben-
zylamine derivative (V) (experiment No. 3). The S —<N acyl migration is a
reversible process, because on heating with hydrogen bromide the iV-benzoyl-
2-mercaptobenzylamine derivative (V) is converted to the corresponding S-
benzoyl derivative (1V), again probably through intermediate Ill, and com-
pound IV undergoes further hydrolysis to give compound VI (experiment
No. 4).

S-Benzoyl-iV-ethyl-4,5-dimethoxy-2-benzylamine hydrobromide (I1V) is
a stable compound in the solid state, from which the S-benzoyl-iV-ethyl-4,5-
dimethoxy-2-mercaptobenzylamine base (VIII) cannot be liberated with al-
kaline agents, because it is immediately transformed into iV-benzoyl-iV-
ethyl-4,5-dimethoxy-2-mercaptobenzylamine (V), as has been seen in experi-
ment No. 3. On treating an aqueous solution of compound IV with sodium hy-
drogen carbonate, an immediate intermolecular transacylation reaction occurs
to give S,N-dibenzoyl-iV-ethyl-4,5-dimethoxy-2-mercaptobenzylamine (VII)
and presumably the internal salt of iV-ethyl-4,5-dimethoxy-2-mercaptohen-
zylamine in quantitative yield, of which the latter was isolated after acidi-
fication of the aqueous solution with hydrogen bromide, in form of the hydro-
bromide salt (VI) (experiment No. 5).

NaHCO)j
VI - VI

On the basis of the latter reaction the possibility arises that under the
effect of alkali the S-benzoyl-2-mercaptobenzylamine derivative (IV) is first
converted to compounds VI and VII, and the 1V-benzoyl derivative (V) comes
about as a result of transacylation between VI and VII. The intramolecular
character of the S —»N acyl migration process taking place under the effect
of alkali is supported by the observation that treatment of compound IV
with alkali in the presence of 4,5-dimethoxy-2-mercaptobenzylamine hydro-
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chloride [3] under the conditions specified in experiment No. 3 gave compound
V as the only product. The formation of IV-benzoyl-4,5-dimethoxy-2-mercapto-
benzylamine, which might be expected in case of an intermolecular reaction,
could not be detected.

The alkaline hydrolysis of 2-phenyl-3-ethyl-6,7-dimethoxy-4fi-1,3-ben-
zothiazinium bromide (1) was also examined. Under the effect of excess alkali,
quaternary salt | is converted to iV-benzoyl-IV-ethyl-4,5-dimethoxy-2-mer-
captobenzylamine (V), presumably through quaternary base Il and pseudo-
base 11l as intermediates (experiment No. 6). By treatment with an equivalent
amount of alkali, quaternary base Il was liberated from quaternary salt |
in agueous solution and though our efforts to isolate Il have failed, it could
be transformed back to quaternary salt I by immediate treatment with hy-
drogen bromide.

From the aqueous solution of quaternary base Il, pseudobase Il is
rapidly precipitated in crystalline form, being sparingly soluble in water
(experiment No. 7). Pseudobase 11l is an unstable material, which could not

be purified by crystallization, because it was partially transformed to other
products already upon dissolution. When dissolved in excess aqueous alkali
in the cold, it was quantitatively transformed to the TV-benzoyl-2-mercapto-
benzylamine derivative (Y), providing a further piece of evidence that alkaline
hydrolysis of benzothiazinium bromide (I) proceeds through intermediates
Il and Il (experiment No. 8).

In order to prepare some characteristic derivatives, IV-benzoyl-1V-ethyl-
4,5-dimethoxy-2-mercaptobenzylamine (Y) was oxidized with hydrogen per-
oxide to the corresponding disulfide (IX) and, in another experiment, treated
with benzoyl chloride in pyridine solution to give the S,iV-dibenzoyl deriv-
ative (VII) (experiment No. 9). iV-Benzoyl-jV-etliyl-2-mercaptobenzylamine

\%

NaOH BzCl
Pyridine

VII

(V) was also produced by partial débenzoylation of the S,IV-dibenzoyl deriv-
ative (VII1), one of the hydrolysis products. Disulfide IX was also formed by
air oxidation, when the solution of pseudobase Ill in ethanol was exposed to
air (experiment No. 10).
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Surveying the acidic and alkaline hydrolysis of 2-phenyl-3-ethyl-6,7-
dimethoxy-4H-1,3-benzothiazinium bromide (1), it can be established that
these processes take place similarly to those observed with 2-plienyl-6,7-
dimethoxy-41i-1,3-benzothiazine [3]. However, in this case the intermediate
pseudobase (I11) could also be isolated, its IR spectrum being in accord with

structure HI (Fig- 1).

Fig. 1. IR spectrum of 2-phenyl-2-hydroxy-3-ethyl-6,7-dimethoxy-2,3-diliydro-4H-1,3-ben
zothiazine in KBr

Experimental
(Melting points are uncorrected)
1) Hydrolysis of 2-phenyl-3-ctliyl-6,7-diiiictlioxy-4//-1,3-benzothiaziiiiuiii bromide (1)

A solution of 4.95 g (0.01 mole) 2-phenyl-3-ethyl-6,7-dimethoxy-4H-1,3-benzothiazinium
bromide in 30 ml water was healed for 1 hour on the water bath in a flask provided with a
reflux condenser, in carbon dioxide atmosphere. After cooling, the precipitate was separated
by decantation, washed with a little water and dried in a vacuum desiccator. Yield: 2.2 g.
S,iV-Dibenzoyl-iV-ethyl-2-mercaptobenzylamine (VIl) thus obtained was crystallized from
ethanol to give colourless needles, in. p. 110 -112 °C. The compound shows polymorphism,
on repeated crystallization from ethanol it is transformed to another modification with m.p.
166— 167 °C. The analysis data of the two modifications are identical.

C.BH25NO,S (435.52). Calcd. C 68.94; H 5.79; N 3.23; S 7.36. Found C 69.30; H 5.52;
N 3.25; S 7*49%.

The aqueous solution was saturated with ether, when 0.35 g of S-benzoyl-iV-ethyl-4,5-
dimethoxy-2-mercaptobenzylammonium bromide (IV) precipitated in the form of colourless
needles. The crystals were collected by filtration, dried and crystallized from benzene to give
colourless needles, m. p. 135— 136 °C (decomposition).

Ct8H2BrN 03S (412.35). Calcd. C 52.42; 11 5.38; N 3.39. Found C51.81; H 5.39; N 3.33%.

The aqueous solution was evaporated to dryness in vacuum. The residue, crude IV-ethyl-
4,5-dimethoxy-2-mercaptobeuzylammonium bromide (VI)(2.15 g) was crystallized from ethanol.
Pale yellowr prisms, m. p. 193— 195 °C (decomposition).

' CnH18BrNO.,S (308.24). Calcd. C 42.86; H 5.88; N 4.53; S 10.46. Found C 42.91; H 5.87:
N 4.52; S 10.34%.
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2) Transformation of S-benzoyl-iY-ethyl-4,5-dimethoxy-2-merc iptobenzylammonium bromide
(IV) in aqueous solution

0.41 g (0.001 mole) of S-benzoyl-iV-ethyl-4,5-dimethoxy-2-mercaptobenzylammonium
bromide was dissolved in 5 ml water and the solution heated for 30 min. on a water bath in
carbon dioxide atmosphere. The material which precipitated on cooling was filtered off, washed
with water and dried to give 0.21 g (96.6%) of S,Y-dibenzoyl-Y-ethyl-4,5-dimethoxy-2-
mercaptobenzylamine (VII). Colourless needles from ethanol, m. p. 110—112 °C, no m. p.
depression was observed with the material obtained in the preceding experiment.

The aqueous solution was evaporated to dryness in vacuum and the residue dissolved
in 2 ml ethanol with heating. The solution was diluted with ether to precipitate 0.14 g (91.0%)
of iV-ethyl-2-mercapto-4,5-dimethoxybenzylammonium bromide (VI), m.p. 192—195 °C,
no m. p. depression with the material obtained in the preceding experiment.

3) Transformation of S-benzoyl-1V-ethyl-4,5-dimethoxy-2-mercaptobenzylammoniiim bromide
(1V) in alkaline media

0.41 g (0.001 mole) of S-benzoyl-iV-ethyl-4,5-dimethoxy-2-mercaptobenzylammonium
bromide was dissolved in a mixture of 40 ml ethanol and 2 drops of hydrochloric acid in ethanol,
then a solution of 0.5 g potassium hydroxide in 0.5 ml water and 5 ml ethanol was added.
The mixture was kept atroom temperature for 5min., slightly acidified with hydrochloric acid in
ethanol and titrated with a 0.1 N iodinesolution. The analytical procedure revealed the presence
of 0.30 g of JV-benzoyl-iV-ethyl-4,5-dimethoxy-2-mercaptobenzylamine (V), which corresponds
to 90% of the theoretical amount. The solution was evaporated to dryness in vacuum, the
residue was treated with 10 ml water and extracted with 50 m| ether to remove the [2,2°-iV,IV’-
diethyl-N~I1V’-bisibenzoylaminomethylJAA’~ S *-tetramethoxyjdiphenyldisulfide (1X) which
was formed during iodine oxidation. The ethereal phase was evaporated to dryness and the
residue crystallized from 60% ethanol to give 0.25 g (75.5% ) of the product. After crystalli-
zation from 60% ethanol several times, the m. p. increased to 131 —132 °C, pale yellow needles.

C36H 40N201fiS2 (660.83). Calcd. C 65.43; H 6.10. Found C 65.22; H 5.86%.

0.33 g (0.001 mole) of iV-benzoyl-A-ethyl-4,5-dimethoxy-2-mercaptobenzylamine was
dissolved in 10 ml 5% hydrogen bromide and the solution heated for 6 hrs at 100 °C in carbon
dioxide atmosphere. After cooling, the solution was extracted with ether to remove the benzoic
acid formed (0.06 g).

The aqueous solution was concentrated in vacuum and cooled to deposit 0.07 g of
S-benzoyl-7V-ethyl-4,5-dimethoxy-2-mercaptobenzylammonium bromide (IV) in the form of
colourless needles, m. p. 133— 135 °C (decomposition), no m. p. depression with the material
obtained in the first experiment.

The aqueous filtrate was evaporated to dryness in vacuum, the residue heated with a
little ethanol, the solution filtered and treated with ether to precipitate 0.17 g of iV-ethyl-4.5-
dimethoxy-2-mercaptobenzylammonium bromide, m. p. 191—193 °C (decomposition). The
product showed no m. p. depression with the material obtained in experiment No. 1.

5) Transformation of S-beiizoyl-A7-ethyl-4,5-climethoxy-2-mercaptobeiizylanimoiiium
bromie (IV) in aqueous sodium hydrogen carbonate solution

0.22 g (0.0005 mole) of S-benzoyl-1V-ethyl-4,5-dimethoxy-2-mercaptobenzylammonium
bromide was dissolved in 80 ml water without heating, 0.085 g (0.0005 mole) sodium hydrogen
carbonate was added to the solution and the mixture was left standing for 5 min. The solution
was acidified with hydrogen bromide and the precipitated S,AT-dibenzoyl-iV-ethyl-4,5-dimetlio-
xy-2-mercaptobenzylamine (VII) was extracted with ethyl acetate. The organic phase was
dried over anhydrous sodium sulfate and the solvent removed by distillation. On crystalliza-
tion from ethanol the residue gave colourless needles, m. p. 110— 112 °C, no m. p. depression
with the substance obtained in experiment No. 1. Yield: 0.1 g, 96%.

The aqueous solution was evaporated to dryness in vacuum, the residue extracted with
ethanol and the solution diluted with ether to precipitate 0.08 g (100%) of IV-ethyl-4,5-dimeth-
oxy-2-mercaptobenzylammonium bromide (VI), m. p. 192— 194 °C (decomposition), no m. p.
depression with the material obtained in experiment No. 1.
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6) Alkaline hydrolysis of 2-phenyl-3-ethyl-6,7-dimethoxy-4H-1,3-benzothiazinium bromide (I)

0.2 g (0.0005 mole) of 2-phenyl-3-ethyl-6,7-dimethoxy-4H-1,3-benzothiazinium bromide
was dissolved in 30 ml water, 5 ml 2N sodium hydroxide solution was added and the mixture
was left standing for 5 min. The reaction mixture was acidified with hydrochloric acid
and the precipitated iY-benzoyl-iV-ethyl-4,5-dimethoxy-2-mcrcaptobenzylaiiiine (V) extract-
ed with ethyl acetate. The organic phase was dried and concentrated in vacuum to give
an oily residue, which gave a positive mercapto reaction. It was dissolved in ethanol, treat-
ed with 1 drop of 1IV sodium hydroxide and oxidized with hydrogen peroxide to the
correspoi ding disulfide (IV). The latter was precipitated by dilution with water. The prod-
uct was crystallized from 60°, ethanol to give 0.16 g pale yellow material (needles), m. p.
129—131 °C; no m. p. depression with the material described in experiment No. 3.

7) Reaction of 2-phenyl-3-ethyl-6,7-dimethoxy-4//-1,3-benzothiazinium bromide (1) with
one equivalent amount of alkali

0.79 g (0.002 mole) of 2-phenyl-3-ethyl-6,7-dimethoxy-4ff-1,3-benzothiazinium bromide
was dissolved in 60 ml cold water and 2 ml (0.002 mole) 2N sodium hydroxide was added with
continuous shaking. The solution deposited 0.40 g (60.7%) of 2-phenyl-2-hydroxy-3-ethyl-6,7-
dimethoxy-2,3-dihydro-4H-1,3-benzothiazine (Ill1) in the form of colourless plates. The crystals
were washed with water and dried, m. p. 76— 80 °C (decomposition). Further purification by
crystallization failed.

C18H2IN 03S (331.42). Calcd. C 65.23; H 6.39. Found C 66.52: H 6.19%.

2-Phenyl-3-ethyl-6,7-dimethoxy-4H-1.3-benzothiazinium hydroxide (11) which remained
in the aqueous filtrate was converted with hydrogen bromide to the corresponding bromide
(1). The aqueous solution was extracted with chloroform several times, the combined organic
phase dried over anhydrous sodium sulfate and concentrated to about 1 ml. The residue
was diluted with ether to deposit 0.10 g of 2-phenyl-3-ethyl-6,7-dimethoxy-4fi-1,3-benzothia-
zinium bromide (1), yellow' powdery crystals, in. p. 189—191 °C, no in. p. depression with the
authentic material [2].

8) Transformation of 2-pheiiyl-2-hy(lroxy-3-ethyl-6,7-climelhoxy-2,3-dihydro-4//-1,3-ben-
zothiazine (I11) in sodium hydroxide solution

0.33 g (0.01 mole) of 2-phenyl-2-hydroxy-3-ethyl-6,7-dimethoxy-2,3-dihydro-4H-1,3-
benzothiazine was dissolved in a solution of 0.05 g sodium hydroxide in 10 m1| ethanol and the
solution was left standing for 5 min. The resulting iV-benzoyl-iV-ethyl-4,5-dimethoxy-2-mer-
captobenzylamine (V) was oxidized with hydrogen peroxide to the corresponding disulfide
(1X). Pale yellow needles from 60% ethanol, in. p. 129— 131 °C, no in. p. depression with the
product obtained in experiment No. 3.

9) iV-Benzoyl-iV-ethyl-4,5-diniethoxy-2-niercaptobenzylaniine (V)

2.18 g (0.005 mole) of S,iV-dibenzoyl-iV-ethyl-4,5-dimethoxy-2-mercaptobenzylainine
(V1) was dissolved in 30 ml bot ethanol, and a solution of 0.4 g sodium hydroxide in 2 ml water
and 5 ml ethanol added. After 3 min. the solution was cooled and acidified with 10 ml 10%
hydrochloric acid, 50 ml water was added in small portions to the ice-cold reaction mixture to
deposit 1.5 g of iV-benzoyl-iV-ethyl-4,5-dimethoxy-2-mercaptobenzylaniine, which was filtered
off, washed with water and a little ether, and dried. Pale yellow' prisms from 50% ethanol,
in. p. 120— 122 °C.

C18H,,NO;S (331.42). Calcd. N 4.33. Found N 4.20%.

In order to prepare a characteristic derivative, the product was oxidized with hydrogen
peroxide to [2,2°-iV,IV,-diethyl-iV,iV’-bis(benzoylaminomethyl)-4,4,,5,5, -tetrainethoxy]-
diphenyl disulfide (I1X). Pale yellow needles from 60% ethanol, m. p. 131 132 °C, no m. p.
depression with the material obtained in experiment No. 3.

Compound V was benzoylated with benzoyl chloride inpyridine solution to give S,1V-
dibenzoyl-1V-ethyl-4,5-dimethoxy-2-mercaptobenzylamine (VII). colourless needles from etha-
nol, m. p. 166— 167 °C, no m. p. depression with the material obtained in experiment No. 1
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10) Formation of [2,27-iV,IV’-diethyl-iV,IV’-bis(beiizoylaminomethyl)-4,4°,55 -tetramethoxy]_
diphenyl disulfide (1X) from pseudobase (I11)

0.20 g of 2-phenyl-2-hydroxy-3-ethyl-6,7-dimethoxy-2,3-dihydro-4fir-1,3-benzothiazine
(I111) was dissolved in 2 ml ethanol and the solution exposed to air. 0.14 g of [2,2’-IV,IV’-diethyl-
iV,IV'bis(benzoylaminomethyl)-4,4°,5 5-tetramethoxy]diphenyl disulfide was deposited from
the solution, yellow prisms, m. p. 130 -131 °C, no m. p. depression with the material obtained
in experiment No. 3.

The authors express their thanks to Dr. J. szabs for his cooperation in the evaluation
of the IR spectra.
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ASSOCIATION STRUCTURE
OF 3-HYDROXY -CHROMONES

P. Sohar, L. Vargha f and J. Kuszmann

(Research Institute for Pharmaceutical Chemistry, Budapest)

Received May 19, 1970

Infrared spectroscopic investigation of the 2-methyl-3-hydroxychromone proved
that in the solid state a cyclic dimer is formed instead of a 5-membered chelate ring,
with intramolecular hydrogen bonding as supposed earlier. The NMR spectrum excludes
the possibility of a tautomer and thus splitting of the carbonyl band in the IR spectrum
is presumably caused by Fermi resonance even in solution. The molecules of the corre-
sponding 2-phenyl derivative (flavonol) exist in a state of simple intermolecular (noil-

cyclic) association.

Vargha et al., preparing the 2-methyl-3-hydroxy-chromone, suggested for
it the intramolecular chelate-like structure I, as the compound failed to give
reactions characteristic of the oxo and hydroxyl groups (e.g. formation of
oxonium salts, or reaction with diazomethane).

To prove this hypothetical structure, the IR spectra of | were investi-
gated in the solid state (in KBr pellet) and in 0.1 M chloroform solution.

In the spectrum of the solid (Fig. 1), the rOH band at 3295 cm-1 is
relatively sharp with a weak shoulder at 3385 cm*“1, and the yOH hand appears
at 665 cm*“1, too. This indicates [2] the presence of a cyclic, yet weak, con-

Fig. 1. IR spectrum of I in KBr pellet
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sequently non-chelate-like hydrogen bond. In the spectrum of the solution
(Fig. 2) there is no maximum at 3295 cm-1, and the unsplit rOH band appears

LiF h NaCt
& - th-
\Or " Zn
P F
11
Jr
T
t

3600 3400 3200 3000 2800 1600 1/100 1200 1000 cm*“1l

Fig. 2. IR spectrum of Il in CHC13

at 3450 cm-1, indicating that the hydrogen bonds are destroyed already in
relatively concentrated solutions, proving the intermolecular character of
the association [3]. The hypothesis of intramolecular association cannot be
maintained even with the restriction that hydrogen bonds are weak, i.e.,
of non-chelate character. It was obvious to suppose that with the partici-
pation of the carbonyl and hydroxyl, a cyclic dimer is formed by two mole-
cules (I1), motivating the sharp contours of the rOH and yOH hands and the
chemical properties of the compound.

For comparison the IR spectra of 3-hydroxy-flavone (I1l1) were recorded
in the solid state (in KBr pellet) and in 0.1 M chloroform solution.

Fig. 3. IR spectrum of IIl in KBr pellet

In the spectrum of the solid (Fig. 3) the broad rOH band appears be-
tween 3400—2900 cm “1 with a maximum at about 3230 cm“1l The i'C=0
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3600 3400 3200 3000 2800 1600 1400 1200 1000 cm’

Fig. 4. IR spectrum of IlIl in CHCI3

band at 1610 cm4 is not split and the yOH band is very diffuse, appearing
between 800—500 cm-1 as a broadening-out of the base line. In the spectrum
of the solution (Fig. 4), instead of the FOH band at about 3230 cm-1, an ab-
sorption maximum appears at 3390 cm“1 This proves that unlike in the case
of I, compound 11l does not form a cyclic dimer obviously in consequence of
the more bulky phenyl group. An intramolecular hydrogen bond that would
correspond to structure | is also absent, having been replaced by simple inter-
molecular association.

During the IR investigation of | another interesring problem arose, viz.
that in the spectrum of the solid (Fig. 1) the intense rC=0 band at 1625 cm*“1
is split: at 1650 cm-1 a well distinguishable maximum becomes superimposed
on the carbonyl band. This maximum remains unchanged after repeated
crystallization, and it appears even in the solution spectrum (Fig. 2).

v

Therefore the splitting of the rC= 0 band cannot be due to any contami-
nation, or to molecules with association structures different from that given
by Il, or to monomeric structures formed at lower rates in the solid state.

It is possible that, similarly to the phthalides [4], the splitting is caused
by the Fermi resonance between the rC= 0 and an out-of-plane aromatic
CH deformation vibration. Nevertheless it was conceivable that a small fraction
of the molecules with the diketo-tautomeric (IV) form is responsible for the
carbonyl band.

To clear up this problem, NMR investigations were performed. In the
1H spectrum (CDC13) the OCH., signal is a singlet at 2.50 ppm, the OH
signal appears at 6 = 6.53 ppm, while the aromatic protons give ABCX
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type multiplets with the center of the X-part at 8.2 ppm and the ABC-
part at about O= 7.4 ppm. Since neither a doublet, nor a quartet characteris-
tic of the CH—CH3 group of structure IV did appear, the existence of this
tautomer can be excluded. Thus, the splitting of the carbonyl band in the IR
spectrum is presumably caused by Fermi resonance. This is supported by the
fact that in case of Il where the out-of-plane C~rH deformation frequencies
are modified, the rC= 0 band is not split. On the other hand, the position
of the OH signal in the NMR spectrum can be considered as further evidence
against the chelate structure which would be characterized by significantly
larger chemical shifts [5].

Experimental

The IR spectra were recorded with a UR-10 (Jena) double-beam spectrometer
in KBr pellets, and in 1 mm NaCl cuvettes using 0.1 M CHC13 solutions. The NMR spectra
were recorded with a VARIAN A-60D type spectrometer (60 MHz), in deuterochloroform
solution, using tetramethylsilane as internal reference.
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PREPARATION OF dI-N-METHYL-N-PROPARGYL-1-
PHENYL-2-AMINOPROPANE HYDROCHLORIDE
(CARDISON) LABELLED WITH CARBON-14
AND TRITIUM*

I. Mez6, B. Tanacs, |I. Teptan, L. Bursics and J. Marton

(Institute of Isotopes of the Hungarian Academy of Sciences, Budapest)

Received June 12, 1970

Phenylacetone-2-14C was prepared from ethyl acetate-1-1JC. The former compound
was converted to DL-N-methylphenylisopropylainine-2-14C by means of reductive
aminolysis; this substance was propargylated to prepare DL-N-methyl-N-propargyl-1-
phenyl-2-amino-propane-2-14C hydrochloride (Cardison-2-14C). Cardison-I-3H and
Cardison-2-3H too were prepared by various synthetic procedures.

The psychostimulating effect of phenylisopropylamine (Amphetamine)
on the central nervous system has been known since 1933. In the last years
several derivatives of this compound were prepared [la—e, 2a, b, 3] and
their pharmacological properties examined [4a—e]. Of these, DL-N-methyl-
N-propargyl-I-phenyl-2-aminopropane hydrochloride (Cardison) seemed to
he the most potent one (Fig. 1).

CH,—CH—CII3 CGH.5—CH,—(£H—CH
N-HC1 Nil
[\ 1
CH:1 CH, CH3
1
c
1l
CH
DL-N-methyl-N-propargyl-1-henyl-S DL-N-methylphenylisopropyl-
amino-propane hydrochloride amine
Cardison methylanara
Fig. 1

Our purpose was to prepare 14C anti tritium labelled Cardison for use in
studies on the mechanism of its action. Theoretically, various syntheses
were available for the preparation of labelled Cardison. After trying several
synthetic paths,** the preparation of an important intermediate, DL-N-methyl-
phenylisopropylamine (methylanara) (Fig. 1), by the reductive condensation
of plienylacetone and methylamine and its subsequent conversion to labelled
Cardison, was found to he the most suitable method.

From the literature, two synthetic methods are known for the prepara-
tion of labelled plienylacetone. Witson [5, 6] utilized the reaction taking place

* In part reported at the Conference of the Hungarian Chemical Society, Pécs, 1967.

** In our work the experience gained by Dr. Z. E cseiii in the preparation of the inactive
compound was extensively used.
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between labelled phenylacetyl chloride and ethoxy magnesium diethyl malo-
nate; labelled phenylacetone was obtained on hydrolysis and decarboxylation
of the intermediate malonic ester derivative. This synthesis, involving sever-
al steps, gives low yield and the purity of the product is not satisfactory.
Another synthetic method was developed by Eberson [7] obtaining the prod-
uct in one step, namely in the reaction of labelled phenylacetic acid with
methyl lithium. This procedure seems to be very advantageous, however,
Bratt’s method [8] provided a simpler possibility. In our work the labelled
phenylacetone-2-14C (Fig. 2) was, therefore, prepared in analogy with this
method, using ethyl acetate labelled in its carboxyl group as starting material.

CRH.,—CH,—CN + H5C,00C -CH3

CRH-— C—CN CBH3—CH.,—C—CH3
cc.H204 i
*C—ONa (0]
|
CH,
Fit

The sodium salt of labelled a-phenylaceto-acetonitrile obtained from the
reaction of inactive benzyl cyanide and ethyl acetate-1-14C in alcoholic
medium in the presence of sodium ethylate is readily crystallized; this is im-
portant with respect to the purity of the product. In order to obtain a higher
radiochemical yield, the condensation was carried out with labelled ethyl
acetate until incipient precipitation of the sodium salt, then completed by
addition of inactive ethyl acetate to the reaction mixture in an amount re-
quired by the molar ratio. The sodium salt separated was hydrolyzed and
decarboxylated; phenylacetone-2-14C was obtained on extraction and this
crude product was used in the subsequent steps.

According to the synthetic methods given in the literature, inactive a1 -
N-methylphenylisopropylamine was prepared by means of the aluminium
amalgam reduction of phenylacetone in aqueous alcoholic solution of methyl-
amine [la, 2a]. This procedure is not suitable for preparation of labelled com-
pounds because of the large volumes involved and the highly adsorptive char-
acter of the aluminium hydroxide formed. According to another procedure,
phenylacetone and secondary amine can be reduced to tertiary phenyliso-
propylamine in the presence of palladium [1], but this method cannot be ap-
plied to methylpropargylamine.

In our work, sodium borohydride reduction of the Schiff base formed by
crude phenylacetone-2-14C and methylamine in alcoholic solution was utilized
for a very simple preparation of DL-N-methylphenylisopropylamine (Fig. 3).

The Schiff base formed was not separated. In the course of preparation,
purification was carried out by making use of the basic character of methyl-
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anara to avoid fractional distillation in vacuum giving rise to considerable
losses. To check the procedure, hydrochloride salt was precipitated from an
aliejuot of the crude DL-N-methylphenylisopropylamine-2-14C, in 80% yield.
Its melting point was identical with that given in the literature. Cardison
was prepared by propargylation of the labelled crude methylanara.

In propargylation of methylanara, the procedures given in the literature
[la, b, c¢] recommend the use of methylanara as acid-binding agent; after
making the mixture alkaline the Cardison base is separated from methylanara

I ll\ll NaBH,
|
=

EtOH r.-i. CH, CH-CH3

NH Hr rH VY
water KOH 1
CH3 / “\
CH3 CH,
1
C,H5 CH. CH CH3 ¢
Et OH l
1lequ HCL NS HC1
|\
EEA
C
]
Fig. 3

by means of fractional distillation in vacuum. This procedure cannot be applied
with micro quantities of labelled compounds. The crude labelled methylanara
was reacted with propargyl bromide in aqueous alcoholic solution, potassium
hydroxide being used as an acid-binding agent. The Cardison base was purified
by means of distillation in vacuum. No volatile compounds other than Cardi-
son were obtained. Cardison-2-14C was precipitated by addition of a calculated
amount of hydrochloric acid in ethanol to the ethereal solution of the distilled
Cardison base. This substance was DL-N-methyl-N-propargyl-I-phenyl-2-
aminopropane-2-1'C hydrochloride. The melting point of the product was in
good agreement with that of an authentic sample.

Accomplishment of the above synthesis with ethyl acetate labelled with
1C in position 2, resulted in phenylacetone-3-14C as an intermediate product;
this was converted to Cardison-3-14C. For the purpose of extended pharma-
cological investigation, DL-N-methylphenylisopropylamine-1-3H (methylanara-
1-3H), DL-N-methylphenylisopropylamine-2-3H (methylanara-2-3H) as well

Ada Cliim. (Budapest) 70, 1971



86 MEZO et al.. PREPARATION OF CARDISON

as the corresponding tritium-labelled Cardison derivatives, obtained by means
of propargylation of the former ones, were prepared.

By analogy with Emde’s method [9], methylamara-I-3H (DL-deoxy-
ephedrine-1-3H hydrochloride) was prepared by catalytic tritio-dehalogenation
of DL-chloropseudoephedrine hydrochloride obtained from DL-ephedrine
hydrochloride [10] (Fig. 4). The catalytic tritium—halogen exchange was
carried out on 0.1 mmole scale with carrier free tritium gas in the presence
of palladium charcoal, at a pressure of 675 mm Hg, in 15 min. The molar
activity of methylanara-1-3H was 13.2 Ci/mmole.

Cl
SOCi. iH./Pd-C
C6H5—CH—CH—CH3 CH,—CH—CH -CH,
>30c Et OH
OH NH +HC1 N H HC1
| |
CH. CH3

C,H3—-CH3H CH CH,

NH mHC1
CH3
C CH3 C,H3—CH,—C3H
I 3H2P 02
N Et OH NH
CH3 (11.
Fig. 4

Methylanara-2-3H was prepared according to the procedure developed
for the radiocarbon synthesis, however, the reduction was carried out by means
of tAvo different methods. A Schiff base was formed from phenylacetone in an
alcoholic solution of methylamine. This Schiff base was reduced with carrier
free tritium gas in an alcoholic medium in the presence of Adams’ platinum
catalyst, at a pressure of 695 mm Hg (Fig. 4). Owing to the isotope exchange
occurring during the longer reaction period (45 min), the specific activity of
the formed DL-N-phenylisopropylamine-2-3H was relatively low, 1.0 Ci/mmole.

The use of sodium borotritide proved to be a more convenient method,
making possible the preparation of a product of molar activity equal to that
expected on the basis of the molar activity of sodium borotritide, under the
conditions of the synthesis developed for incorporation of radiocarbon (Fig. 3).

In order to achieve a simpler processing and reduced radiolytical decom-
position, the crude products were diluted with inactive methylanara hydro-
chloride. Both methylanara-I-3H and methylanara-2-3H were isolated as hydro-
chloride salts.

Labelled Cardison derivatives containing tritium in the required posi-
tions were prepared from methylanara-1-3H and methylanara-2-3H, under
conditions identical to those of the radiocarbon synthesis.
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Experimental
Preparation of phenylacetone-2-14C

Sodium ethylate was prepared from 2.4 g (104.2 mmoles) of metallic sodium in absolute
ethanol in a three-neck flask equipped with a stirrer, reflux condenser and a separatory funnel.
9.4 g (80 mmoles) of benzyl cyanide was added slowly to the sodium ethylate solution, then it
was heated to 55- 60 °C and 3.088 g of ethyl acetate-(carboxyl-14C) added under continuous
stirring. (Specific activity: 49.5 mCi/g; activity introduced: 152.9 mCi.) After about 5 hrs.
when precipitation of the salt started, 4.05 g of inactive ethyl acetate was added slowly to the
reaction mixture. (Total weight of ethyl acetate added: 7.138 g: 81 mmoles). About 20 minutes
later, 1.30 g of ethyl acetate was added to ensure an excess of ethyl acetate in the reaction
mixture while heating it to 100 °C. The mixture was allowed to stand at this temperature for
2 hrs. Then it was cooled and 80 ml of ether was added to the cold suspension. xYfter standing
overnight, the salt was filtered off. washed with ether and dried. Its weight was 11.51 g.
The sodium salt of a-phenylacetonitrile was suspended in 20 ml of concentrated sulfuric
acid under stirring and the reaction mixture heated rapidly to 100 °C. The sodium salt was
dissolved in 5— 10 min. and the solution was heated further for 5 min. Then it was cooled to
30 °C and after addition of 100 ml of water to the sulfuric acid solution, it was kept in a hath
at 110 °C for 2 1/2 hrs. The oily material separated was extracted with ether after cooling.
After removing the solvent the weight of the obtained crude phenylacetone-2-14C was 4.5 g:
chemical yield: 39% ; the substance can he used for further synthetic steps without purification.

Preparation of DL-N-methylphenylisopropylamine-2-,4C

4.5 g of crude phenylacetone-2-14C was dissolved in 14 ml of 25% alcoholic methylamine
solution; after 15 min., 3.00 g of sodium borohydride was added to the solution. The solution
was stirred for 2 hrs after accomplishment of the reduction at room temperature. The alcoholic
solution was acidified with 6 N hydrochloric acid, diluted by the addition of an equal volume
of water and extracted with ether. After this the acidic aqueous portion was evaporated to
half volume. 4 N sodium hydroxide solution was added to the residue and the base separated
was extracted with ether. The ether solution was dried over anhydrous magnesium sulfate.
The solvent was distilled off in vacuum: the weight of the residual yellow, oily, crude di1-N-
methylphenylisopropylamine-2-4C was 3.573 g. Yield (based on phenylacetone): 76.5%.
Specific activity: 15.1 //Ci/rng; molar activity: 2.25 mCi/mmole (53.95 mCi), activity yield
based on ethyl acetate: 35.3%. In order to check the purity of the crude DL-N-methylphenyliso-
propylamine-2-14C product, 181.5 mg of the crude base was dissolved in ether and converted
to DL-N-methylphenylisopropylamine-2-,4G hydrochloride by introduction of gaseous hydro-
chloric acid. The weight of the obtained white solid substance, DL-IN-methylphenylisopropyl-
amine-2-,4C hydrochloride, was 176 mg. Yield based on the crude base: 78%; in. p. 131 °C:
specific activity: 12.85 //Ci/mg: molar activity: 2.38 mCi/mmole.

Preparation of Cardison-2-14C
(DL-N-methyl-N-propargyl-I-phenyl-2-amiiiopropane-2-1*C hydrochloride)

2.976 g (20.0 mmoles) of crude N-methylphenylisopropylamine-2-14C (15.1 //Ci/mg:
2.25 mCi/mmole; introduced activity: 45 mCi) was dissolved in 11 ml of absolute ethanol,
and 11 ml of 2 iV potassium hydroxide was added to the solution. The reaction mixture was
cooled to 10 °C and 3.38 g (2.25 ml; 20 mmole) of propargyl bromide was added dropwise
under continuous stirring of the solution. Stirring and cooling were continued for an hour, then
the solution was stirred at room temperature for another two hours. After this the reaction
mixture was extracted twice with 75 ml of ether, then the combined ethereal solutions were
extracted twice with 25 ml of water. The ethereal solution was dried over anhydrous magnesium
sulfate, the solvent evaporated in vacuum. The residual oil was distilled at a pressure of 2 mm
Hg at 113 115 °C. The weight of the obtained Cardison-2-14C base was 1554 mg (8.3 mmoles).
'Phe Cardison-2-14C base was dissolved in 70 ml of absolute ether; Cardison-2-14C was precipi-
tated by addition of 1.8 ml of 17% alcoholic hydrochloric acid solution under continuous stir-
ring, the substance was filtered off and dried in vacuum. The weight of the white crystalline
substance was 1545 mg; m.p. 105 110 °C.
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1545 mg of crude Cardison-2-14C was dissolved in 4.0 ml of absolute ethanol and
crystallized by addition of 100 ml of absolute ether. The mixture was allowed to stand in a
refrigerator for 2 hrs, the crystals were filtered off, washed with ether and dried in vacuum.
W hite crystalline Cardison-2-14C (DL-N-methyl-N-propargyl-l-phenyl-2-aminopropane-2-,4C
hydrochloride) was obtained, its weight was 1127 mg. M.p. 129—130 °C; specific activity:
10.9 //ICi/mg: molar activity: 2.435 mCi/mmole; recovered activity: 12.28 mCi; activity yield
(based on methylanara): 27.28 %.

Preparation of DL-N-methylphenylisopropylamine-2-3H hydrochloride
Sodium borotritide method

4.3 g (32 mmoles) of phenylacetone was dissolved in 10 ml of ethanol and 15 ml of 25%
alcoholic methylamine solution and 3.46 mg of sodium borotritide dissolved in 9 ml of 0.5 N
sodium hydroxide (activity of the solution: 21.3 mCi/ml; introduced activity: 192 mCi)
were added to the solution under continuous stirring. About 45 min. later, a solution of 2.4 g
of sodium borohydride (63.5 mmoles) in 10 ml of 0.5 N sodium hydroxide was added to the
reaction mixture. Stirring was continued for 2 hrs at room temperature and the solution was
allowed to stand overnight. In the next step, a 1 : 1 hydrochloric acid solution was added to
it and the acidic aqueous solution was extracted with ether. The ethereal extract was washed
with water, dried over anhydrous sodium sulfate and evaporated in vacuum. The residual
colourless oil was dissolved in some ethanol and dry hydrochloric acid gas was introduced into
the solution after the addition of ether. A solid substance precipitated slowly, it was filtered
off, washed with ether and dried. Its weight was 2.467 g. Specific activity: 23.84 //Ci/mg.

Methylanara-2-3H was recrystallized from a mixture of 10 ml of ethanol and 100 ml of
ether; the obtained white crystalline substance was filtered off, washed with ether and dried.
W eight: 1.567 g; m. p. 131 °C. Specific activity: 13.468 //Ci/mg. Molar activity: 2.5 mCi/mmole.

1.567 g of the above substance was repeatedly crystallized from 8 ml of methanol by
the addition of 80 ml of ether. The weight of the obtained white crystalline methylanara-2-:1H
hydrochloride was 1.412 g, m. p. 131 °C. Specific activity: 13.161 //Ci/mg. Molar activity:
2.44 mCi/mmole.

The incorporation of tritium, calculated for 32 mmoles was 78 mCi, i.e. 40.6%, of the
introduced activity.

Using sodium borohydride-3ll of a specific activity of about 10 Ci/mmole as starting
m aterial, methylanara-2-3H with a specific activity of 2.4 Ci/mmoles was obtained by an anal-
ogous procedure but omitting dilution.

Preparation of DL-N-methylplienylisopropylamine-2-3H hydrochloride
Catalytic hydrogenation method

6.17 g (50 ml) of phenylacetone was dissolved in 10 ml of ethanol and 17 ml of 18.8%
alcoholic methylamine solution (approx. 100 mmoles) was added to the solution. The alcohol
was removed in vacuum below 20 °C. A yellow, oily substance was obtained, its weight was
7.93 g. Theoretical yield: 7.35 g; this indicates the presence of solvent as contaminant in the
crude Schiff base (about 5%). In the following experiments this product was used.

26 mg of the above crude Schiff base was dissolved in 0.5 ml of ethanol and it was
tritiated with gaseous tritium applied with carrier free gas in the presence of Adams’ platinum
catalyst made of platinum oxide, at a pressure of 695 mm Hg for 40 min. Consumption of
tritium gas was 3.384 ml (STP) = 8.7984 Ci. Methylanara-2-3H was diluted with methylanara
prepared by hydrogenation of the crude Schiff base, i.e. the two ethanol solutions were combin-
ed after reduction. The combined solution was acidified with a hydrochloric acid solution
and evaporated to half volume in vacuum. The acidic aqueous solution was extracted with
ether and made alkaline. Methyalanara-2-3H was removed by means of extraction with ether
and separated in the form of its hydrochloric acid salt, in accordance with the usual procedure.
252 mg of DL-methylphenylisopropylamine-2-3H hydrochloride was obtained. Specific activ-
ity: 442 //Ci/mg. The substance was recrystallized from a mixture of 1.5 ml of methanol and
15 ml of ether. Weight of the white, crystalline substance was 172.3 mg, m. p. 130 —132 C.
Specific activity: 425 //Ci/mg. Molar activity: 78.6 mCi/mmole. Dilution 127 times. Molar
activity of DL-A-methylphenylisopropylamine-2-3H hydrochloride was 1.0 Ci/mmole without
dilution.
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Preparation of DL-N-inethylphenylisopropylainine-1-3H hydrochloride

22 mg (0.1 mmole) of chloropseudoephedrine hydrochloride was tritiated with tritium
gas (T.,) applied without carrier gas in the presence of activated carbon carrying 10% of palla-
dium in 0.5 ml ethanol for 15 min. Consumption of tritium gas was 1.91 ml (STP) = 4.966 Ci
(theoretical consumption of tritium gas: 2.241 ml (STP)). The alcoholic solution was evaporated
to dryness after removal of the catalyst and 400 mg of inactive methylanara hydrochloride
was added to the residue. After repeatedly distilling methanol off from the material, it wasc rystal-
lized from a mixture of methanol and ether. Weight of the obtained substance: 368 g. Specific
activity: 324 mCi/mg. Molar activity: 600 mCi/mmole. Dilution 21.6 times. Molar activity
of DL-N-methylphenylisopropylamine-1-3H hydrochloride: 13.2 Ci/mmole, without dilution.

By analogy with the radiocarbon synthetic method, Cardison-2-3H and Cardison-1-3H
were obtained from methylanara-2-:lH hydrochloride and methylanara-I-:lIH hydrochloride,
respectively, prepared according to the above procedure; the molar activity of Cardison-3H
was nearly equal to that of the starting material, methylanara-:IH hydrochloride.

The authors’ thanks are due to Dr. Z.Ecseri for his useful comments, to Dr. T. Szarvas
and Dr. Cs. ombouty for the activity measurements, to Mr. A. szabs for preparation of the
tritium -labelled compounds and to Mr. L. Baranyai and Mr. F. Horvatnh for their technical
assistance.
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SYNTHESIS OF AN ANALOGEE OF “QUANTRIL”
CONTAINING INDOLO-QUINOLIZIDINE RING

L. Novak, Ng. Bang* and Cs. Szantay**

(Organic Chemical Institute, Technical University, Budapest)

Received June 14, 1970

The keto ester VIb was prepared by successive reactions of compound Il with
potassium monoethyl inalonate, acrylic ester and sodium hydride. The reaction of
VIb with diethylamine, sodium borohydride and acetic anhydride gave an analogue
(in.) of “Quantril” containing the indolo-quinolizidine ring system.

The synthesis of the tranquillant and hypotensive drug represented by
Structure I, known as “’Quantril” or “Benzquinamide” [1], has been discussed
previously [2]. In the present work we aimed at the preparation of an analogue
of Compound | containing an indole ring (lib), for the purpose of pharmacolo-
gical investigation.

h K= COCH,

11 v

The /9-carholine derivative (l11) prepared by us earlier [3] was allotted
to react with potassium monoethyl inalonate, similar to the procedure given
by Chapman et al. [4] for members of the isoquinoline series. Reaction of the
resulting ester (IV) with ethyl acrylate gave the diester Vb in a high yield.

* This paper is part of the Thesis of Ng. Banc.
** To whom enquiries should be addressed.
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The keto ester VIb was obtained by the Dieckmann condensation of Vb
by means of sodium hydride in benzene medium, in 70% yield. This reaction
deserves some comment. In the case if the NH group of indole in the diester V

CH2
CH2—COOC2H3

-COOCZ2Hs
va'
VI a K=H
D) K= lienzt1
VIl a K=H VIl
b R= benzyl

is not benzylated (Va), alternative cyclization results in the keto ester Vila
in 90% vyield under the above conditions of the reaction providing kinetic
control [5]. Dieckmann condensation of the analogous isoquinoline deriva-
tives and the non-benzylated indole derivative Va always gives a keto ester of
type VI under conditions permitting reversible reaction, i.e. when thermody-
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namical control prevails (e.g., with sodium ethoxide in ethanol). This suggests
decisive importance of the presence of the indole-NH group in the formation
of the keto ester VII. According to Krine [5], Va' is the more stable of the two
anions (Va' and Va'") produced, owing to interaction with the indole-NH group,
thus also the activation energy required for its formation is lower. This assump-
tion has been confirmed by our experiences, too. Reaction of the derivative
having its indole-NH blocked by means of a benzyl group leads to the more
stable product even under conditions providing kinetic control of the reaction
(e.g. sodium hydride in benzene).

Compound VIb undergoes énolisation to a considerable degree. In the
solid state both the base and the hydrochloride are completely in the enolic
form as shown by the infrared spectra. Integration of the signal of the OH
proton present in chelate bond appearing at i 3 in the NMR spectrum in
CDCl, solution indicates that about 60% of the compound is present in the
enolic form.

Roiling of ester VIb with diethylamine in xylene resulted in derivative
VIII; this crystalline base is present in the ketonic form, while its hydrochloride
has the enolic form, as shown by the infrared spectra.

The alcohol lia was obtained by reduction of the acid amide with sodium
borohydride, in a high yield. The equatorial position of the hydroxyl group
was inferred from the fact that predominant formation of the epimer of this
structure in the sodium borohydride reduction has been proved in the litera-
ture and in our own former investigations in the case of isoquinoline deriva-
tives of analogous structure [2]. In the course of the reduction, the formation in
about 10% of the isomeric alcohol with the hydroxyl group in axial position
can be detected by means of thin-layer chromatography. Comparison of the
R, \alues also confirms the axial position of the hydroxyl group in the latter
compound.

Acetylation of lia with acetic anhydride in pyridine gave the expected
compound in similarly high yield.

The axial or equatorial position of the acetoxyl group — as shown by the
investigations carried out with “Quantril” derivatives [2] — has no decisive
pharmacological importance.

Experimental
9-Bcnzyl-I-(ethoxyearbonylinethyl)-1,2,3,4-tetrahydro-B-carboline (1V), HCI

10.2 g (26 mmole) of 9-benzyl-3,4-dihydro-/?-carboline perchlorate [3] was suspended in
a mixture of 600 ml water and 30 ml ethanol, and 46.0 g (0.44 mole) of sodium carbonate
was added. The mixture was extracted four times with a total of 2400 ml of ether, the ethereal
solution was washed with 20 ml of water, dried over magnesium sulfate and the ether was
distilled off. The residual 9-benzyl-3,4-dihydro-/?-carboline base (6.50 g; 25 mmole; m. p.
134 °C) was heated with 6.63 g (39 mmole) of potassium ethyl malonate in 70 ml of acetic acid
at 100 °C for 8 hrs. Acetic acid was distilled off in vacuum on a water bath. The residue was
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dissolved in 40 ml of water and 10.6 g (0.10 mole) of sodium carbonate was added to the solu-
tion. The solution was extracted three times with a total of 160 ml of ether, the extract washed
with 30 ml of water, dried over magnesium sulfate and the ether distilled off. The residue
(6.86 g; 62%) was dissolved in 20 ml of absolute alcohol and dry hydrogen chloride was passed
into the solution in order to acidify it. 30 ml of absolute ether was added, and the solution
was allowed to stand in a refrigerator overnight. The precipitated yellow crystalline substance
was filtered off and dried to yield 5.7 g (51.40%) of the product, m. p. 168 °C.

CooH BN ,0C1 (384.89). Calcd. C 68.64; H 6.54; N 7.28; Cl 9.20. Found C 68.32: H 6.63;
N 7.17; Cl 9.06%.
IR (KBr): 1725 cm"1(CO), 1190, 1170 (C—0 —C)
UY Agg = 272 nm (loge - 3.71)
282 nm (loge = 3.73).

9-Beiizvl-1-(ethoxycarbonylmethyl)-2-(j3-carbetlioxyethyl)-1,2,3,4-tetralivdro-B-carboline (Vb)
HCI

15.4 g (40 mmole) of the hydrochloride IV was suspended in a mixture of 38 ml of ethanol
and 700 ml of water and 8.40 g (100 mmole) of sodium hydrogen carbonate was added to the
solution. The mixture was extracted with ether (total volume: 1000 ml) in two portions. The
ethereal solution was washed with 20 ml of water, dried over magnesium sulfate and the ether
distilled off. The residue (13.87 g; 39 mmole, m. p. 109 110 °C) was refluxed with 135 ml of
ethyl acrylate for 48 hrs. The acryl ester was distilled off in vacuum at 50 °C on a water bath
and the residue (18.85 g; 96%,) dissolved in 250 ml of absolute ether and treated with dry
hydrogen chloride under cooling. The precipitated crystalline substance was filtered off, washed
with absolute ether and dissolved in 60 ml of absolute ethanol. The alcoholic solution was
mixed with 130 ml of absolute ether and refrigerated for three days. After this, the precipitated
crystalline substance was filtered off to obtain 14.82 g (76%,), of the product, m. p. 150 °C.

C.,7H3dN dO,C1(485.00). Calcd. C 66.85; H 6.85; N 5.77; Cl 7.31. Found C 66.72; H 6.97;
N 5.96: Cl 7.17%,.
TLC (8 ml of benzene and 1 ml of methanol) Pm= 0.77 (Kieselgel G)
IR (KBr): 1730 cm "1 1200 cm*“ 1 (CO).
uv /AP Z2rm(ng £ =

2-0x0-3-(ethoxycarbonyl)-1,2,3,4,6,7,12,12b-octaliydro-12-benzylinclolo-(2,3-a)-quinoliziiie(VIb)

4.85 g (10 mmole) of the hydrochloride Vb and 1.0 g (12 mmole) of sodium bicarbonate
were dissolved in 150 ml of water. This aqueous solution was extracted three times with a
total of 160 ml of ether. The ethereal extract was dried over magnesium sulfate and the ether
distilled off. The residual oily material was dissolved in 12 ml of absolute benzene and, after
the addition of 0.12 g of sodium hydride in 50%, oil suspension, the mixture was refluxed for
4 hrs. After cooling, 20 ml of a mixture of ethanol and water (1 :5) was added, the solution
was acidified with 40 ml of 4%, acetic acid, and was extracted three times with a total of
160 m1 of benzene. The benzene solution was dried over magnesium sulfate and the solvent
distilled off in vacuum. The residue (3.75 g; 93%,) was dissolved in 10 ml of absolute ethanol,
allowed to stand for one day, and the precipitated crystalline substance filtered off, 2.82 g
(70%,), m. p. 121 °C.

C25H 2eN 20 3 (402.48). Calcd. C 74.59; H 6.51; N 6.96. Found C 74.51; H 6.64; N 6.97%.
TLC (8 ml of benzene and 1 ml of methanol) Rr = 0.63 (Kieselgel G)
IR (KBr): 1680 (CO), 1630 (C-C), 1200 cm"1(C—O C), (enolic form)
UVA EtoH = 247 nm (log e = 4.04); 263 (log £ 4.05): 282 nm (log e = 3.95); 291 (log £ = 3.87
NMR (CDC13): 2.6—3 (9H. aromatic protons), 4.68 (2H, CH.,-Ph), 5.55—5.95 quartet J = 8,6.8
Hz (O -CH2—(CH3)), 8.7 triplet J 12, 12 Hz, (CH3—(CH2—, 3H), r(—)3 (OH) in chelate
bond).

Hydrochloride : An ethereal solution of the base was saturated with dry hydrogen chloride
and the precipitated salt was filtered off with suction, in. p. 208 °C.

C.,-,H77N D 3CL (438.93). Calcd. C 68.39; H 6.20: N 6.38; Cl 8.07. Found C 68.37; H 6.61;
N 6.09: Cl 7.96%.
IR (KBr): 1670 cm 1(CO), 1630 cm- 1(C= C), 1210 cm-1 (C—0O —C), (enolic form).
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The sodium salt of the enolic form was obtained by extraction of the mixture with ben-
zene after cyclization. The benzene solution was dried over magnesium sulfate and concentrated
in vacuum; crystallization of the residue occurred rapidly, m. p. 305 °C.

C.,-,H.5N.,03Na (424.46) Calcd. C 70.73; H 5.93; N 6.61; Na (ash) 5.41. Found C 70.67;
H 6.13:IN 6.38; Na (ash) 4.971,.

IR (KBr): 1640 cm "1(CO), 1540 cm "1(C=C), 1240 cm*“ 1 (C—O—C).

2-0x0-3-(N,N-diethylcarbamoyl)-12-benzyl-1,2,3,4,5,7,12,12b-octahydroindolo-(2,3-a)-quino-
lizine (M il)

3.70 g (9.2 mmole) of VIb was refluxed with a mixture of 3.8 ml (36 mmole) of diethyl-
ainine and 14 nd of xylene for 24 hrs. After cooling, the solution was washed twice with a total
of 30 ml of water and dried over magnesium sulfate. The solvent was distilled off in vacuum
at 50— 60 CC on a water bath and the residue (3.9 g, 96% ) rccrystallized from 35 ml of absolute
alcohol to obtain 2.45 g (62.2% ) of the product; m. p. 181 °C.

C27TH3IN30 2 (429.54). Calcd. C 75.49; H 7.27; N 9.78. Found C 75.59; 11 7.45; N 9.89%.
TLC (8 ml of benzene and 1 ml of methanol) lir = 0.78 (Kieselgel G)

IR (KBr): 1720 cm "1, 1640 cm“ 1(C= 0)

NMR (CDC13): r 2.8 (9H aromatic protons), 4.75 (2H, CH,—Ph), 8.73 and 8.85 (6H, CH3
(CH2—N)

TV /EFOH = 283 nm (logs = 3.92), 225 nm (log e — 4.48).

2-Hydroxy-3-(N,N-diethylcarbamoyl)*1,2,3,4,6,7,12,12b-cictahydioiii<lolo-(2,3-a)-quiiioliziiie(lla)

1.7 g (4 mmole) of the base VIII was dissolved in 22 ml of absolute methanol and after
the addition of 0.6 g (16 mmole) of sodium borohydride (20 min.) the solution was stirred for
6 hrs at room temperature. The solvent was distilled off in vacuum, the residue dissolved in
5 ml of 15% HC1, made alkaline with 1 N NaOIl solution (pH ~ 8) and extracted three times
with a total of 150 ml of benzene. The benzene solution was dried over magnesium sulfate,
and the benzene distilled off. The residue (1.62 g, 95.3% ) was recrystallized from a 1:5 mix-
ture of absolute ether and petroleum ether. Of the epimeric alcohols the isomer containing the
hydroxyl group in equatorial position crystallized, 1.42 g (83.5%), m. p. 96 97 °C.

C27TH3N30 2 (431.55). Calcd. C 75.13; H 7.70; N 9.48%. Found C 75.00; H 7.64; N 9.78%
TLC (8 ml of benzene and 1 ml of methanol):

axial isomer Rj 0.31

equatorial isomer Rt 0.40
IR (KBr): 3400 cm "1 (OH), 1620 cm '1 (CO).

2-Acetoxy-3-(N,N-diethylcarbamoyl)-12-benzyl-1,2,3,4,6,7,12,12b-octahydroindolo-(2,3-a)-
quinolizine (lib), HC1l

1.3 g (3.0 mmole) of lia was allowed to stand in a mixture of 10 ml of pyridine and 10 ml
of acetic acid at room temperature for 18 hrs. The solution was concentrated in vacuum on a
water hath, and the residue dissolved in 6 ml of water. The solution was made alkaline by the
addition of ammonium hydroxide solution and extracted three times with a total of 60 ml of
benzene. The benzene solution was washed with water, dried over magnesium sulfate and
the solvent distilled off in vacuum. The residue (1.35 g) was dissolved in 15 ml of absolute ether
and the ethereal solution saturated with dry hydrogen chloride. The precipitated hydrochloride
was filtered off and washed with absolute ether. The precipitate was dissolved in 1 ml of abso-
lute ethanol with the subsequent addition of 2 ml of absolute ether and the obtained yellow
crystalline substance was filtered off. 1.12 g (73.2%), m. p. 211 212 °C.

Co9H 3eN30 3CI (510. 05). Calcd. C 68.28; Il 7.11; N 8.23; Cl 6.95. Found C 68.11: Il 7.40;
N 8.15; Cl 6.75%.
TLC (8 ml of benzene and 1 ml of methanol) Rr 0.37
IR (KBr): 1740 cm4 , 1640 cm4 (CO). 1220 (C () ©C)
UV: A&OH 226 nm (loge = 4.44); 283 nm (logt = 3.87)
NMR: r 2.7 (9H, aromatic protons), 4.6 (211, CH,—Ph),

8 (3H, C—CH3J), 8.7 and 8.8 (611, (CH2—CH3J).

6
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THE ACID HYDROLYSIS OF MELIBIOSE™*

(SHORT COMMUNICATION)

J. Szejtli,** R. D. Henriques and M. Castineira
(Escuela de Bioquimica-Farmaceutica, Universidad de La Habana, La Habana, Cuba)

Received November 6, 1970

The acid hydrolysis of the glucosyl—fructosy] bond (G—F) in raffinose
was treated in a previous paper [1]. The rate of hydrolysis of this /3-1,2 gly-
cosidic bond is slower by approximately 19% than that of a similar bond in
the sucrose molecule, under similar conditions. The greater stability of this
bond is probably due to the fact that in raffinose a galactose is joined to the
glucose unit. Relatively little is known about the stability to acid hydrolysis
of the a-1,6 linkage between galactose and glucose, therefore in the present
work the acid hydrolysis of melibiose [6-0-(«-D-galactopyranosyl)-D-glucopyra-
nose] has been investigated.

The first paper [2] dealing with the hydrolysis of melibiose contains only
a single k value, determined in sulfuric acid. The first published value of the
energy of activation (Ea— 38.6 kcal/mole in HC1) [3] seems to be unlikely
high. Some recent data [4, 5] also relate to sulfuric acid hydrolysis, therefore
they are not comparable with the hydrolysis characteristics determined in
hydrochloric acid. The catalytic activity of sulfuric acid greatly depends on
the conditions of hydrolysis, which considerably restricts the possibility of
extrapolation to an identical reference basis. Accordingly, hydrolysis-kineti-
cal measurements should be performed in hydrochloric acid [6].

There is no reason for supposing that the acid hydrolysis of the Ga-a-1 —»

, 6—G in raffinose and melibiose should be different. In principle, it is
imaginable that the furanosyl unit may exert some influence on the Ga G
bond in raffinose, however, since the splitting of the G—F bond is about 103
times faster than that of the Ga— G bond, such an effect is inobservable.
Therefore, within the limits of experimental error, no difference is to be ex-
pected in the hydrolysis of the Ga—G bond of the di- and trisaccharide.

* The present paper is a part of a series; the previous part has been published in Acta
Cliim. Acad. Sei. Hung. 66, 213 (1970).
** Present address: Chinoin Pharmaceutical and Chemical Works Ltd., Budapest.
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Experimental

The above expectation has been justified by the experiments. 1.3 g of melibiose (ME)
or raffinose (RAF) was dissolved in 15 ml of hydrochloric acid of appropriate temperature
and concentration, and maintaining the desired temperature in a jacketed polariméter tube by

Fig. 1. Variation of the optical rotation as a function of the hydrolysis time

) a0—ace ) o
Fig. 2. The values of log — as a function of the hydrolysis time
aT~ao

means of an ultrathermostate, the optical rotation was registered as a function of time. The
values of a0 and ace which belong to T = 0 and T = oo, respectively, were determined by
extrapolation (see Fig. 1) and the values of k (in In and min- *) were calculated from these
results (Table 1).

The scattering of the measured points is illustrated in Fig. 2, which shows the log

[T values as function of the reaction time. The other characteristics “Ea, JS+, d, g. etc.)
were calculated as in previous papers [1, 7].
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Table |
Characteristics of the hydrolysis of the galactosyl-a. ------ » 6-glucose bond

o K * 10« rol

e HIN gl o
60.0 0.977 1.08 RAF
70.0 0.977 4.06 RAF
4.16 ME
80.0 0.977 17.7 RAF
144 ME
0.0977 1.32 RAF

Other characteristics: Ea= 31.9 kcal/mole, 1S+= 1294 e.u.,g = 1.011,d = 17.820, kr 100,£ —
= 0.168, RAF = raffinose, ME = melibiose

Discussion

According to the determined data, in the presence of HC1 catalyst, the
hydrolysis rate constant of the Ga-a-l —»6—G bond can be calculated from
the following equation:

log k = 1.011 «pH -f 17.820 — 0.4343 « 31900/(1.987 « T) (1)

Accordingly, we have all data for calculating the extent of hydrolysis of raffi-
nose for any case in which the applied catalyst is hydrochloric acid:

p = 1— 0.5(e_A°~pr— c-«xa--T) 2)

The values of koa-o can be calculated from Eq. (1), and the values of ka- f
as it was published in a previous paper [1].

As it is seen in Table I, the hydrolysis of both RAF and ME furnished
practically identical data under similar reaction conditions. The value of
krioo® (the reduced rate constant, which refers to a hydrogen ion activity of
unity and 100 °C) is 0.1683; the same value, calculated from the experimental
data of Moetwyn-Hdches [3Jis 0.1457. This discrepancy is obviously caused
by the different Ea values, which seem to be too high in Moelwyn-Hughes’
paper.

Melibiose — just as gentiobiose and isomaltose — from the viewpoint
of hydrolysis kinetics may be regarded as a substituted methylglycoside,
since the aglycone moiety is joined to the bridge oxygen atom through a pri-
mary carbon atom. Therefore, the hydrolysis characteristics of the Ga—G
bonds in ME and in RAF resemble much more the case of Me-a-D-galacto-
pyranose than that of other disaccharides.
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PIPERAZINDERIVATE, IlI*

DIATHYLCARBAMYL- UND XANTHENDERIVATE

L. Toltdy, I. Téth, J. Borsi und F. Andrasi
(Institut fur Arzneimittelforschung, Budapest)

Eingegangen am 18. April 1970

Es wurden zahlreiche I-R’-4-R-piperazine sowie |-R’-4-/1-[4-(R)-piperazinyl-1]-
dthylpiperazine hergestellt und ihre antiuleerogene Wirkung wurde untersucht.

Es wurden mehrere neue antiuleerogene Verbindungsgruppen gefunden; am
wirksamsten waren die I-(Xanthen-9-carbonyl)-4-U-[4-(alkyl)-piperazinyl-1]-athylpipe-
razine, mit guter peroraler Resorption. Diese Verbindungen iUben eine stark hemmende
Wirkung auf Versuchsulcera aus, die durch den zentralen Mechanismus entstehen und
besitzen zugleich eine anticholinergische Wirkung.

Als potentielles antiulcerogenes Arzneimittel dirfte in erster Reihe das I-(Xan-
tlien-9-carbonyl)-!-/?-[4-(i-butyl)-piperaziny 1-11-uthvipiperazin in Frage kommen.

In den sich mit Piperazinderivaten beschaftigenden Mitteilungen | und
Il dieser Reihe [1, 2] wurde Uber antiuleerogene Substanzen berichtet, welche
keine anticholinergischen Eigenschaften besitzen und ihre Wirkung vermutlich
nach einem zentralen — uber den Hypothalamus zur Geltung kommenden —
Mechanismus ausuben.

Der neuartige Wirkungsmechanismus dieser Verbindungen gab einen AnlaR
zur Herstellung weiterer Piperazinderivate. Als erster Schritt wurden Analoga
der in Mitteilung | beschriebenen Piperazine hergestellt, bei denen an Stelle
der 3,4,5-Trimethoxygruppe die bekanntlich ebenfalls Uber eine sedative
Wirkung verfigende — Didthylcarbamylgruppe [1, 3] verwendet wurde.

In Tabelle 1 und 11 sind die aufgrund dieser Uberlegungen hergestellten
I-Didthylcarbamyl-4-R-piperazine** und |-Diadthylcarbamyl-4-/3-[4-(R)-pipe-
razinyl-1]-athylpiperazine angefuhrt.

Die Verbindungen wurden &ahnlich wie die 3,4,5-Trimethoxybenzamide
[1] hergestellt. So wurde bei der Reaktion des I|-(/?-Oxyéathyl)-piperazins [5]
mit Didthylcarbamylchlorid [6] das |I-Diadthylcarbamyl-4-(/J-oxyathyl)-pipera-
zin (1) gewonnen (Verfahren A). Diese Verbindung wurde mit Hilfe von Thionyl-
chlorid zu 1-Diathylcarbamyl-4-(/3-chlorédthyl)-piperazin (11) umgesetzt (Ver-
fahren B). Aus (11) gelangten wir mit Hilfe der entstehenden 4-R-Piperazine

* Mitteilung 11: Acta Chim. Acad. Sei. Hung. 52, 288 (1967).

** |-Diathylcarbamyl-4-R-piperazine wurden bereits friher eingehend untersucht.
Zahlreiche Repréasentanten dieser Gruppe wurden auf ihre Wirkung gegen Lungen- und Darm-
parasiten von Haustieren geprift [4]. Das I-Didthylcarbamyl-4-methylpiperazin wurde unter
der Benennung Pasin in den Handel gebracht, Ilhcr die antiuleerogene Wirkung dieser Ver-
bindungen stehen keine Angaben zur Verfliigung.
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zu den I-didthylcarbamyl-4-/?-[4-(R)-piperazinyl-l1]-4thylpiperazinen IX, X,
X1, X111, XIV und XV (Verfahren D). Die Verbindung VIII wurde auf dhnliche
W eise aus Il mit wasserfreiem Piperazin hergestellt (Verfahren Dx). Die Ver-
bindungen 111, V und XII wurden analog wie | hergestellt, wédhrend die Ver-
bindungen VI bzw. VII aus Il bzw. | mit 3,4,5-Trimethoxybenzoylehlorid [7]
hergestellt wurden (Verfahren C).

Im weiteren wurden mit Didthylcarbamylderivaten auf analoge Weise
substituierte Piperazine enthaltende 9-Xanthenylpiperazine hergestellt. Die
W ahl dieser Verbindungen wurde auch durch die bekannte gunstige antiulce-
rogene Wirkung der I-(9-Xanthenyl)-4-carbalkoxypiperazine unterstitzt [8].

Bei den durch uns synthetisierten neuen I-(9-Xanthenyl)-4-R-piperazi-
nen* und den I-(9-Xanthenyl)-4-/?-[4-(R)-piperazinyl-1]-4thylpiperazinen (Tab.
Il und 1V) wurde angenommen, dall in erster Reihe die immobilisierende
antiulcerogene Wirkung gesteigert wird.

Die I-(9-Xanthenyl)-4-R-piperazine (Tab. 11l1) wurden— mit Ausnahme
von XXVI, welches ausXXpachdemVerfahrenCmit3,4,5-Trimethoxybenzoyl-
chlorid gewonnen wurde — ebenso hergestellt, wie das bekannte I-(9-Xanthe-
nyl)-4-carbathoxypiperazin [8] aus den entsprechenden 4-R-Piperazinen mit
Xanthydrol [9] (Verfahren E).

Ahnlich wurden die Derivate mit zwei Piperazinringen im Molekiil
(XXVI, XXVII, XXIX, XXX, Tab. 1V) aus I-Carb&thoxy-4-/?-(piperazinyl-1)-
athylpiperazin (siehe im experimentellen Teil), I-Diadthylcarbamyl-4-/I-(pipe-
razinyl-1)-4thylpiperazin (Tab. Il, VIII) und I-(n-Butyl)-4-/I-(piperazinyl-I)-
athylpiperazin mit Xanthydrol bzw. Thioxanthydrol [10] hergestellt. Unter
den verwendeten neuen Ausgangsstoffen wurde das I|-x-(2-Pyridyl)-athyl-
piperazin (siehe im experimentellen Teil, XVI) aus wasserfreiem Piperazin mit
2-(a-Broméathyl)-pyridin [11], das |I-Carbé&thoxy-4-/5-(piperazinyl-l)-4thylpipe-
razin aus den bekannten Verbindungen |-Carbéathoxy-4-(/l1-chlorathyl)-pipera-
zin [12] bzw. I-(n-Butyl)-4-(/?-chlorédthyl)-piperazin [13] mit wasserfreiem
Piperazin nach dem Verfahren Dz hergestellt.

Durch Anwendung der Xanthen-9-carbonylgruppe mit bekanntlich anti-
cholinergischem Charakter [14, 15, 16, 17, 18, 19, 20] wurden I-(Xanthen-9-
carbonyl)-4-R-piperazine**und I-(Xanthen-9-carbonyl)-4-/3-[4-(R)-piperazinyl-
-1]-&4thylpiperazine gewonnen (Tab. V, VI).

Bei diesen Verbindungen wurden fur R einerseits in unseren bisherigen
Untersuchungen als geeignet gefundene und andererseits hinsichtlich ihrer
antiulcerogenen Wirkung noch nicht geprifte basische Gruppen mit tertidren

* Frioher waren nur einige Reprdsentanten der 9-Xanthenylpiperazine bekannt; unter
diesen befanden sich auch Derivate mit antiulcerogener Wirkung [8].
** Aus dieser Gruppe sind friher nur einige Derivate hergestellt worden [17, 18], bei
denen eine parasympatholytische AKktivitdt gefunden wurde. Besonders bedeutend war ihr
spasmolytischer Effekt.
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Stickstoffatomen und bekannte normale und verzweigte Alkylgruppen ein-
gesetzt. Es wurde angenommen, dalR neben der gesteigerten immobilisierenden
antiulcerogenen Wirkung auch die anticholinergische Eigenschaft auftreten
wird.

Die Verbindungen XXXI, XXXII, XXXIV, XXXV, XXXVI, XXXVII,
XXXIX und XL (Tab. V) wurden nach dem Verfahren A aus den entsprechen-
den 4-R-Piperazinen mit Xanthen-9-carbonylchlorid [21] hergestellt. Gemal
der bereits angewendeten Synthese wurde XXXI mit Thionylchlorid zu 1-
(Xanthen-9-carbonyl)-4-(/J-chlorathyl)-piperazin (XXXII) umgesetztund daraus
mit dem entsprechenden sekunddren Amin die Verbindungen XLII, XLIII,
XLIV, XLVI erhalten (Verfahren D, Tab. V). XXXVIII wurde aus N-(/3-Oxy-
propyl)-piperazin [22] mit Xanthen-9-carbonylchlorid hergestellt (Verfahren
F). wahrend XLI und XLVII aus den betreffenden Grundverbindungen (XL
bzw. XLVI) mit Methyljodid hergestellt wurden (Verfahren G).

Im Zusammenhang mit der Herstellung von LXIIl wurden die Mdglich-
keiten einer neuen Synthese der Verbindung geprift. Aus der Reaktion von
2 Mol N-(/?-Oxyéathyl)-piperazin mit 1 Mol i-Butylbromid wurde I-(i-Butyl)-
4-(/J-oxyathyl)-piperazin gewonnen, welches mit Thionylchlorid zu I-(i-Butyl)-
4-(/?-chloréathyl)-piperazin umgesetzt wurde. Aus dem letzteren wurde mit
wasserfreiem Piperazin |-(i-Butyl)-4-/3-(piperazinyl-1)-athylpiperazin herge-
stellt, und daraus mit Xanthen-9-carbonylchlorid, nach dem Verfahren A,
die Verbindung LXIIl. Das Produkt war in jeder Beziehung mit dem nach
dem allgemeinen Syntheseverfahren erhaltenen identisch.

Die neuen Ausgangsstoffe N-i-Amylpiperazin (siehe im experimentellen
Teil) und N-sec.-Butylpiperazin wurden auf analoge Weise wie das bekannte
N-(o-Methylbenzyl)-piperazin [24], aus Piperazin mit dem entsprechenden
Alkylhalogenid gewonnen.

Ergebnisse der pharmakologischen Untersuchungen

Die erhaltenen Verbindungen wurden in erster Reihe auf ihre antiul-
cerogene Wirkung geprift. Es wurden jedoch auch sonstige pharmakologische
Untersuchungen durchgefihrt, und zwar hinsichtlich der sedativen und para-
sympatholytischen Aktivitat.*

Es zeigte sich, daB die in Tab. I angegebenen I-Didthylcarbamyl-4-R-
piperazine nicht wirksamer sind, als das 1-(3,4,5-Trimethoxybenzoyl)-4-
(/3-oxypropyl)-piperazin-3J455°-trimethoxybenzoesdureester-hydrochlorid, bei
welchem friher die gunstigste antiulcerogene Wirkung festgestellt wurde.
Dagegen besitzen unter den zwei Piperazinringe enthaltenden Derivaten

* Diese Untersuchungen wurden mit den in Mitteilung | [1] angefuhrten Tests durch-
gefihrt.
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\

\All

*Im

Bezeich-
nung*

T19

T296

T291

T248

T262

R261

TOLDY und Mitarb.:

/5-0xyéthyl

/1-Chlorathyl

/?-Oxypropyl

o0-Methylbenzyl

6-Chlorpyrida-
zinyl-3

N-(3,4,5-Tri-
methoxyben-
zoyloxy)-
propyl

~N-(3,4,5-Trime-

thoxybenzoyl-

oxy)-athyl

Schmp.

Fumarat 124— 126 °C aus
Methylcellosolv/abs. Ather

1:1

Hydrochlorid 182— 184 °C
aus abs. Athanol

Fumarat 122—124 °C aus

PIPERAZINDERIVATE,

abs. Athanol/abs. Ather 1 :1

Fumarat 152— 154 °C aus

abs. Athanol

106- 108 °C aus abs. Aceton

Hydrochlorid 166— 167 °C
(Zers.)** aus abs. Aceton

Hydrochlorid 160—162 °C
(Zers.) aus abs. Athanol

me, O
N—C—N
HsC.

Tabelle

I-Didthylcarbamyl-4-R-

Bruttoformel

c15h 2tn 30 6

Cu H 23N 30C12

c16h 29n 30 6

c2lh 3ln 30 5

C13H 20N 50 C1

c22h 36n 30 6ci

c2lh 3n 3o 6ei

Institut fir Arzneimittelforschung, Budapest, Ubliche Bezeichnungen
** (Zers.) --unter Zersetzung

Molekular-
gewicht

345,15

284,01

359,16

405,21

297,58

473,67

459,66

(Tab. Il) X und XI eine relativ stdrkere antiulcerogene AKktivitat; ihre anti-
cholinergische Wirkung ist sowohl in vitro als auch in vivo unbedeutend. Die
Verbindungen VI und VII verursachen eine voribergehende Hypotension,
wdhrend IX eine schwache Antihistaminwirkung besitzt.

Die I-(9-Xanthenyl)-4-R-piperazine (Tab. Ill), besonders XVII, XVIII,

XIX und XXI. sind durch eine starke immobilisierende antiulcerogene Wirkung
ausgezeichnet. Zugleich weisen sie in vitro keine anticholinergische AKktivitét

Acla Chim. (Budapest) 70, 1971



OLDY und Mitarb.: PIPERAZINDERIVATE, Il 105

piperazine
Analyse
Berechnet j Gefunden Verfahren
Bemerkung
c 1} N Cl- a c il N ci- cl
52.19 7,82 12.17 52,17 8,11 11,98 A
K Pi mm der Base:
160— 165 °C Ausgangs-
verbn dun gen nach
[5. i6]
14,78 12,76 25,06 1451 12,37 24,96 B
53,50 8,07 11,69 53,61 8,22 11,65 A
Kp, mm der Base:
168— 170 °C Ausgangs-
verbindung nach [22]
62,24 7,62 10,36 62,20 791 101 A
Ausgangsverbindung
nach [24]
52,46 6,72 23,52 52,31 6,91 23,30 A
Ausgangsverbindung
nach [26]
55,78 7,60 8,85 7,50 55,52 7,88 8,54 7,61 C
Ausgangsverbindung
nach [7]
54,86 7,39 9,13 7,71 55,03 7,42 8,48 7,53 C

auf. Eine méRige Hemmung der Magensekretion in vivo zeigte sich allein bei
XVII.

Es ist interessant, daB die Derivate mit zwei Piperazinringen bei den
Didthylcarbamylpiperazinen gréfRenordnungsméafig wirksamer sind, als die
Verbindungen mit nur einem Piperazinring, wahrend unter den I-(9-Xanthe-
nyl)-4-/3-[4-(R)-piperazinyl-1]-athylpiperazinen (Tab. IV) allein die Verbin-
dung XXVII eine anndhernd &hnliche Aktivitat besitzt, wie die I-(9-Xanthe-
nyl)-4-R-piperazine.
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Tabelle 11

N— CH2—CH?2 Ts— R

I-Didthylcarbamyl-4-8-[4-(R)-piperazinyl

Bezeich-
No. nung R Schmp. Molekular-
Bruttoformel gewicht
VIt T401 H Trihydrochlorid 260—261 °C  C15H 3IN,0C13 406,50
(Zers.) mit heiBem abs.
Methanol behandelt
X T407 Diathyl- Dihydrochlorid 277— 280 °C C20H 4N 602CI12 469,10
carbamyl (Zers.) mit heiRem abs.
Methanol behandelt
X T293 Carbéathoxy Dihydrochlorid 270— 272 °C C18H 37N 50 3C1, 442.08
(Zers.) mit heiBem abs.
Methanol behandelt
X1 T294 Carbobenzyl- Dihydrochlorid 253—255 °C c23n 39n 50 31 504,13
oxy (Zers.) mit heiBem abs.
Methanol behandelt
X1 T402  3,4,5-Trime- Dihydrochlorid 248— 250 °C ¢ 25H 43N ao 5¢ci2 564,15
thoxybenzoyl (Zers.) aus abs. Athanol
X111 T419 Methyl Trihydrochlorid 263—265 °C ~ C16H 36N.,0C13 420,51
(Zers.) mit heiBem abs.
Methanol behandelt
X1V 20220 i-Butyl Trihydrochlorid 285—286 °C ¢, JU X -,0Cb 462,54
(Zers.) mit heilem abs.
Methanol behandelt
XV T405 o-Methylbenzyl  Trihydrochlorid 267—269 °C  C.3H42N30C13 510.58

(Zers.) mit heilem abs.
Methanol behandelt

Unter den I-(Xanthen-9-carbonyl)-4-R-piperazinen (Tab.Y) waren jene
Derivate hinsichtlich ihrer antiulcerogenen Wirkung am aktivsten, welche
auBer dem Piperazinring noch ein tertidres Stickstoffatom enthielten. Eine
besonders starke antiulcerogene Wirkung zeigte sich bei XLVI, welches dabei
in vivo auch eine bedeutende anticholinergische Aktivitat zeigte.

Die Verbindungen XXXVII und XLIIl besaBen eine mé&aRige immobili-
sierende antiulcerogene und Antihistaminwirkung. XXXV und XXXVI wirken
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-1]-athylpiperazine

Analyse
Berechnet
C n N
44,31 8,36 17,22
51,20 8,95 17,90
48,90 8,36 15,83
54,79 7,73 13,88
53,22 7,62 12.40
45.64 8,56 16,46
49,33 9,08 15,13
54,10 8,22 13,70

TOLDY und
ci- ¢
26,60 44,19
15,11 51,36
16,03 49,03
14,06 54,62
12,56 53.32
25,29 45,79
23,00 48.98
20,82 54,38

Miturb.: PIPERAZINDERIVATE,

Gefunden

u N Cl-
8,29 17,01 25,94
9,09 17,92 15,26
8,52 15,81 16,00
7,81 13,76 13,97
7,55 12,21 12,6
8,69 16,56 26,23
9,27 14,82 23,37
8.38 13.83 20,68

1 107

Verfahren
Bemerkung

B.
Kpo,2mm der Base:
1 180— 186 °C
1

D
Ausgangsverbindung
nach [4]

1 D
Ausgangsverbindung
nach [27]

D
Ausgangsverbindung
nach [28]

A

D
Ausgangsverbindung
nach [27]

D
Ausgangsverbindung
nach [29]

1)

schwach sedativ. Die Aktivitdt des aus XLVI hergestellten quaternédren Deri-
vats XLVII erwies sich als geringer, als die der Grundverbindung.

Unter den I-(Xanthen-9-carbonyl)-4-/?-[4-(R)-piperazinyl-1]-&athylpipera-
zinen (Tab. VI) sind dieVerbindungen XLVII1und XLIX durch eine starkere anti-
ulcerogene Wirkung und — besonders in vitro — durch eine bedeutendere

parasympatholytische Wirkung gekennzeichnet,

als die bereits erwahnten

Derivate mit zwei Piperazinringen; in vivo zeigte sich jedoch diese Wirkung
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Tabelle 111

I-(9-Xanthenyl)-4-

Bezeich-

No. nung R Sehmp. Molekular-
Bruttoformel gewicht
XVl THS sk EB-SICasts Nallaab A
XVII B dANdiNteeEsx)y IB1-ISCashs Qs CR=aHAD C & >3
X VIl T3 /AR I AP Carsths sk (@3B0 B
HY
XX B aG D 1255 sk 2D cjjHjjnjo =21
XX  THEA  BSSpaNy IS ISCaashs FEx ¥ c19H:m 310,19
des Fand- 1L
XX oSS B 2 3SChsiaxl CEr®”> &2
(e & 3~ ¢ HHanl-1
X X1 Ab Gtdrxl- BB CasiaxlV RS s
(o 74 H<anl:-1L
XX 111 g = SEeC <=3 (3 ¥ B Caschs CF B> A
reffiass Akaab
le=xsk
XXV S <dtayl B EICagiaxV A
Hanl- 1
XXV AP 6-hapyac T B Caashs sk CRH-DAEL =EsS
anyJs3
XXVI R Z 2Rt € <=3 1 31 T3-S Caasdhs sk CDOIREINS 2>
rdioygas
xRS
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R-piperazine

78,27

81,04

81,26

77,64

73,56

72,34

75,01

70,45

80,73

66,38

69.06

Analyse

Berechnet

H N
8,06 8,68
7,02 7,56
7,28 7,28
6,73 11.31
7,09 9.02
7,39 11,49
5,99 6.99
6,08 6,08
5,82 6,27
5,01 14,78
6,34 5,55

TOLDY und Mitarb.:
Gefunden

cl c H N
78.12 8,12 8,72
81,00 7,22 7,36
81,01 7,42 7,14
77,65 6,86 11,22
73,62 7,16 8.87
72,51 7,28 11,35
85,15 6,09 6,98
70,56 6,13 6,28
80,51 5,90 6,40

9,40 66,38 5,19 14,90
69.28 6,50 5,54

PIPERAZINDERIVATE, Il

Verfahren
a
E
Ausgangsverbindung
nach [25], [9]
E
E
Ausgangsverbindung
nach [1]
E
E
E
E
E
Ausgangsverbindung
nach [1]
E
Mit 2 Mol Xanthydrol
9,30 E

109
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Tabelle 1V

1-(9-Xanthenyl)-4-R-[4-(R)-

Bezeich-

No. nun R X Schmp. -

9 Bruttoformel Néoé\%,,kgﬁ?r

XXVII T444 Carbédthoxy 0 131—133 °C aus c26h 34n 40 3 450,26
Benzol/Hexan 1:1

XXV Il T452  Didthyl- 0 94—96 °C aus A8-A39A5AD 477.26
carbamyl Benzol/Hexan 1 :1

XXX T469 n-Butyl 3} 104—106 °C aus c2;h 38n 4o 434,27

abs. Aceton
XXX T486 n-Butyl s 105— 106 °C aus ADTA3GAIN 450,27

abs. Aceton

kaum. Eine bedeutende anticholinergische Wirkung in vivo konnte endlich
durch eine aliphatische R-Substitution erreicht werden. In dieser Gruppe erwies
sich die Verbindung LXIIl sowohl hinsichtlich der Wirkungsstéarke als auch
der Toxizitdt und der Resorption als das glnstigste Derivat.
Zusammenfassend kann festgestellt werden, dall eine bemerkenswerte
antiulcerogene Wirkung bei zwei Verbindungsreihen, namentlich bei den
I-(9-Xanthenyl)-4-R-piperazinen und bei den I-(Xanthen-9-carbonyl)-4-/3-
-[4-(alkyl)-piperazinyl-lI]-athylpiperazinen gefunden wurde. Darunter zeichnet
sich in erster Reihe das I-(Xanthen-9-carbonyl)-4-/?-[4-(i-butyl)-piperazinyl-I]-
athylpiperazin LXIII durch gute perorale Resorption, starke antiulcerogene
Wirkung bei durch einen zentralen Mechanismus entstehenden Versuchsulcera
und bedeutende anticholinergische Eigenschaft aus. Die antisekretorischen
und antiulcerogenen Eigenschaften der Verbindung beruhen — geméR EEG-
Untersuchungen — auBer der maRigen peripherischen anticholinergischen
Wirkung auch auf der zentralen parasympatholytischen Komponente.

Experimenteller Teil*
N-i-Amylpiperazin

233 g Piperazin-hexahydrat werden in 480 ml Athylalkohol gelést und unter Rihren
im Laufe von 30 Minuten werden 1,2 Mol HCI in Form einer konzentrierten wéfrigen Ldsung

* Unkorrigierte Temperaturen.
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piperazinyl-1]-athyl-piperazine

Analyse
Berechnet Gefunden - Verfahren
Bemerkung
C H N S c H N S
69,35 7,55 12,43 69,60 7,62 12,22 E
70,45 8,17 14,66 70,67 8,26 14,50 E
74,67 8,75 12,89 74,55 8,86 13,04 E
72,01 8,43 12,43 7,10 71,98 8,54 12,29 7,35 E

(104 ml 11,5 n HCI) portionsweise zugegeben. Danach werden 71 g i-Amylbromid bei 65 °C
im Laufe von anderthalb Stunden portionsweise zugegeben. Das Gemisch wird 1 Stunde lang
bei 65 °C geruhrt und Uber Nacht im Kuhlschrank stehen gelassen. Das ausgeschiedene Salz-
gemisch Piperazinhydrochlorid-hydrobromid wird abgesaugt und die alkoholische Ldsung
auf dem W asserbad unter Vakuum zu einem dicken Brei eingedampft. Dieser wird abgekuhlt,
mit 70 ml 40%iger wéaBriger Natriumhydroxydldsung vermischtund mit 2X150 ml Benzol
ausgeschittelt. Die Uber Natriumsulfat getrocknete benzolische Lésung wird eingedam pft und
der Rickstand unter Vakuum fraktioniert.

Kp8-,omm: 85—86 °C. Ausbeute: 38 g.

Mit Perchlorsaure titriert, erwies sich das Produkt als 99,3%ig.

3 g des obigen Produktes werden in 50 ml abs. Athanol gelést und das N-i-Amylpipera-
zin-dihydrochlorid (3,6 g) mit in abs. Alkohol geléstem HCI abgeschieden. Aus 40 ml abs.
Methanol umkristallisiert schmilzt das Produkt bei 280— 282 °C unter Zersetzung.

CIIl..,N..CL (228,9). Berechnet: C 47,20; H 9,60; N 12,22; CD 30,96. Gefunden: C 46,93;
H 9,81; N 12,01; CD 30,76%.

N-sec.-Butylpiperazin

Diese Verbindung wurde auf analoge Weise wie N-i-Amylpiperazin, aus Piperazin-
hexahydrat mit sec. Butylbromid hergestellt.

Kpismm* 84 86 C.

C8H 18N, (142,08). Berechnet: C 67,62; H 12,67; N 19,70% Gefunden: C 67,13; H 12,88;
N 19,91%.

I-a-(2-Pyridyl)-athylpiperazin
43 g wasserfreies Piperazin werden in 400 ml abs. Benzol unter Sieden gerdhrt und im

Laufe von 3 Stunden wird die Lésung von 40 g 2-(a-Bromdthyl)-pyridin [11] in 60 ml abs.
Benzol portionsweise zugegeben. Das Gemisch wird 2 Stunden lang im Sieden gehalten und
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Tabelle V

1-(Xanthen-9-carbonyl)

Bezeich-
No. nung R Schmp. Molekular-
Bruttoformel gewicht
XXX T350 RB-Oxyathyl Hydrochlorid 245 247 °C C2(H 2IN 20 3C1 374,65
(Zers.) aus abs. Methanol
XXXl T400 Chlorathy1 127- 129 °C aus abs. CooH ojN.OCI 356,65
Benzol/Petrolather 2,5 : 1
XXXl T470 «-Butyl Hydrochlorid 260—262 °C c2h 2n 20 x i 386,67
(Zers.) aus abs. M ethanol
XXXIV T381 o-Methylbenzyl 182—184 °C aus abs. Athanol C.;H,6N2 2 398.26
XXXV T382 Carbéthoxy 144—145 °C aus abs. Athanol c2lh Zh 204 366.21
XXXVI T383 Carbobenzyloxy 153-—155 °C aus abs. Athanol ¢26h2in204 428.26
XXXVIlI T384 Diathyl- 153—155 °C aus abs. Athanol c¢2h2/xa , 393.23
carbamyl
XXXVIIl  T367 [?-(Xanthen-9- 155—157 °C aus abs. Atha- CmHbN.O, 560.35
carbonyloxy)- nol/abs. Aceton 1:1
propyl
XXXIX T428 jo-(Xanthen-9- 243—245 °C mit heilem C34H3N30 4 545,34
carbonyl- abs. Methanol behandelt

amino)-athyl
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-4 -R -piperazine

Analyse
Berechnet
c H N ci-
64,11 6,13 7,74 9,46
67,34 5,88 7,85 9,93
68,33 6,98 7,22 9,16
78,40 6,52 7,03
68,88 6,00 7,64
72,90 5,60 6,53
70,24 6,86 10,69
75,01 571 4,99
74,87 5,68 7,70
8

TOLDY und Mitarb.:

64,28

67,38

68,52

78,24

69,17

73,12

70.43

75,24

74,71

PIPERAZINDERIVATE, Il

Gefunden
1 N Cl J
6,27 7,29 9,30
6,02 7,96 * 9,93
7,03 7,08 9,14
6,58 6,92
6,08 7,59
5,72 6,45
7,00 10,41
5,84 4,85
5,75 7,67

113

Verfahren
Bemerkung

A
Ausgangsverbindung
nach [21]

B
Reinigung der Base
unmittelbar durch
Kristallisieren

A
Ausgangsverbindung
nach [25]

A
Ausgangsverbindung
nach [24]

A
Ausgangsverbindung
nach [27]

A
Ausgangsverbindung
nach [28]

A
Ausgangsverbindung
nach [22]

F

A
Aus 2 Mol Xanthen-9-
carbonylchlorid. Aus-
gangsverbindung nach
[30]

Acta Chim. (Budapest) 70, 1971



114

XL

XLl

XLl

XLl

XLV

XLV

XLVI

XLVII

Bezeich-
nung

20064

20044

T610

T527

T636

T628

T523

T524

TOLDY und

/?-Phthalimido-
athyl

XL-Methojodid

B-Piperidino-
athyl

RB-[2-(B-Oxy- _
athyl)-piperi-
dyl]-athyl

0-[Di-(0-Oxy-
dthyl)]-amino-
athyl

/j-(ieri.-Butyl-
/5-oxypropyl)-
aminodthyl

[?-(/T-Phenyl-
i-propylme-
thyl)-amino-
athyl

XLVI-Metho-
jodid

Mitarb.: PIPERAZINDERIVATE,

Schmp.

140— 142 °C aus i-Propyl-
alkohol

223—224 °C (Zers.) aus. abs.
Aceton/abs. Ather 1 :2

Dihydrochlorid 294—295 °C
(Zers.) mit heiBem abs.
Methanol behandelt

Dihydrochlorid 193— 195 °C
(Zers.) aus abs. Aceton/abs.
Athanol 1 :1

Dihydrochlorid 227— 229 °C
(Zers.) aus abs. Methanol

133" 134 C aus abs.
Methanol

Dihydrochlorid 246— 248 °C
(Zers.) aus abs. Methanol

206—208 °C (Zers.) mit
heilem abs. Aceton
behandelt

Bruttoformel

c28h 2n 0 4

©2% 28n 3o 4

c25h Bn 0 %ci2

C2;H 3,N 30 3C12

CofH BN 30 4C12

c2/h 3 30 3

c3,h3;nND 21

Tabelle V

Molekular-
gewicht

467.28

609.21

478,15

522.17

498,14

451.27

542,20

611.23

das ausgeschiedene Piperazin-hydrobromid nach dem Abkihlen abfiltriert. Nach dem Abdamp-

fen des Benzols wird der Rickstand iin Vakuum fraktioniert.
Kpi mm: 118— 120 °C. Ausbeute: 16,5 g.
CnH17N3(191.11). Berechnet: C 69,12; H 8,89; N 21,97% . Gefunden: C 69,82; H 9,20;

N 21.58%.

I-(i-Biityl)-4-(/3-oxyathyl)-piperazin

100 g N-(/?-Oxyédthyl)-piperazin werden in 350 ml ahs. Aceton bei 45—50 U gerihrt
und 52 g i-Butylbromid im Laufe einer Stunde portionsweise zugegeben. AnschlieRend wird

4 Stunden

lang bei 50—60 °C gerthrt.

Das Gemisch wird Uber Nacht stehen gelassen, das

ausgeschiedene N-(/?-Oxyéthyl)-piperazin-hydrobromid abfiltriert und die acetonische L&sung
eingedampft. Der Rickstand wird unter Vakuum fraktioniert.
Kpirnnv 112— 116 °C. Ausbeute: 27,4 g.
M it Perchlorsdure titriert, erwies sich das Produkt als 99,3%ig.
4 g der obigen Base werden in 25 ml abs. Athanol gelést und das I-(i-Butyl)-4-(/3-oxy-
&dthyl)-piperazin-dihydrochlorid (5,1 g) mit in abs. Alkohol geléstem Chlorwasserstoff abge-
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(Fortsetzung)
Analyse
Berechnet G efunden Verfahren
Bemerkung

c H N ci- J c H N ci- J

74,10 5,34 8,97 73,82 5,10 8,76 A
Statt Dichlordthan in
abs. Athanol. Ausgange-
Verbindung nach [23]

57,27 4,59 6.89 20,83 57,36 4,67 6,82 20,50 G

62,79 6,90 8,78 14,82 62,54 7,13 8,72 14,87 D

62,10 7,08 8,04 13,57 62,16 7,16 7,88 13,42 D
Ausgangsverbindung
nach [31]

57,86 6,62 8,43 14,23 58,14 6,74 8,36 14,11 D

71,85 8,19 9,30 71,92 8,35 9,44 U
Ausgangsverbindung
nach [32]

66,45 6,82 7,74 13,07 66,62 6,90 7,68 13,10 D
Ausgangsverbindung
nach [33]

60,91 6,21 6,87 20,76 60,88 6,33 6,81 21,00 G

schieden. Aus 100 ml eines 1 : 1 Gemisches von abs. Methanol und abs. Athanol umkristallisiert
schmilzt das Salz unter Zersetzung bei 232—234 °C.

C10H.,4N,C1d0 (259,00). Berechnet: C 46,37; H 9,22; N 10,81; CG 27,37%. Gefunden:
C 45,98; H 943; N 10,62; CG 27,41%.

1-(i-Butyl)-4-((7-chlorathyl)-piperazin

Diese Verbindung wurde analog zu Il (Tab. 1), nach Verfahren B, aus I-(i-Butyl)-4-
(p-oxyéthyl)-piperazin mit Thionylchlorid hergestellt. Aus der 35fachen Menge von abs.
Athanol umkristallisiert schmilzt das Dihydrochlorid unter Zersetzung bei 237—239 °C.

C10H.,3C13N, (277,45). Berechnet: C 43,28; H 8,29; CG 25,55; Cl 38,04%. Gefunden:
C 42,87; H 8,41; N 9,88; CG 25,83; Cl 38,04%.

1-B-4-/lI-(l,ipeiaz.inyl-1)-athylpipeiazine

Diese Verbindungen wurden analog zu VIII (Tab. 11) nach Verfahren D, aus wasser
freiem Piperazin und dem entsprechenden I-R-4-(/J-Ch)ordthyl)-piperazin hergestellt.
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Tabelle VI

I-(Xanthen-9-carbonyl)-4-8-[4-(R =

Bezeich-
No. nung R Schmp. Molekular-
Bruttoformel gewicht
XLYIIl T369 Carbéathoxy Dihydrochlorid 275— 276 °C C27H 36N 40 4C12 551,17
(Zers.) mit heilem abs.
Methanol behandelt
XLIX T370 Carbobenzoyloxy Dihydrochlorid 265—267 °C CaeH 38N 40 4CL 613,22
(Zers.) mit heilem abs.
Methanol behandelt
L T408 Didthyl- Dihydrochlorid 272—274 °C c29n 41n 50 3c1 578,19
carbamyl (Zers.) mit heiBem abs.
Methanol behandelt
Ll T387 o-Methylbenzyl Trihydrochlorid 256—258 °C ¢ 3h 4In lo 2ci3 619.17
(Zers.) mit heilem abs.
Methanol behandelt
LIl T584 /3-Phenyl- Trihydrochlorid 268—270 °C  C33H 43N 40,C13 633,68
i-propyl (Zers.) mit heiBem abs.
Methanol behandelt
LUI T604 a-(2-Pyridyl)- Tetrahydrochlorid 250— C3iH 4iN 50 2C14 607.11
dthyl 252 °C (Zers.) mit heiem
abs. Methanol behandelt
LIV T410 /5-Oxypropyl Trihydrochlorid 266—268 °C  c2;h 33n 40 3ci3 573.62
(Zers.) mit heilem
Methanol behandelt
LV T411 /?-(3,4,5-Tri- Trihydrochlorid 227—229 °C  C3;H 49N 40 tC13 767,62
methoxyben- (Zers.) aus abs. Methanol
zoyloxy)-
propyl
LVI 20043 Methyl Trihydrochlorid 263—265 °C  ¢2h 33n 4o x i3 529,60
(Zers.) mit heilem
Methanol behandelt
LVII T487 Athyl Trihydrochlorid 268—269 °C  c26h 37n 4o 2ci3 543,61

(Zers.) mit heiBem
Methanol behandelt
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piperazinyl-1]-athylpiperazine

58,81

62,67

60,23

62,02

62,54

56,65

56,53

57.88

56,90

57,44

7,09

6,61

6,23

6,38

6,80

Analyse

Berechnet

N

10,16

12,10

9,03

10,65

10,57

10,30

ci-

12.86

11,56

12,26

17,16

16,78

21,57

18,54

13,85

20,08

19,56

58,56

62,50

60,26

62,02

62,38

56,61

56,28

57,65

56,69

57,62

6,80

6,90

7,00

6,47

6,95

Gefunden

N

10,10

9,28

11,85

9,13

8,69

10,58

10,47

10,26

PIPERAZINDEHIVATE,

12,79

11,68

12,33

17,29

16,58

21,35

18,34

13,75

19,85

19,48

117

Verfahren
Bemerkung

)]
Ausgangsverbindung
nach [27]

D

A-tisgangsverbindung
nach [34]
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Tabelle VI

No. Bezeichnung R Schmp. . | Molekular-
Bruttoformel gewicht
LVIIH T460 n-Propyl Trihydrochlorid 271—272 °C  C2-H39N40X 13 557,62
(Zers.) mit heilem
Methanol behandelt
L1X T468  Allyl Trihydrochlorid 271—272 °C  C27H 37N 40 2C13 555,62
(Zers.) mit heiRem
Methanol behandelt
LX T467 i-Propyl Trihydrochlorid 260—262 °C ~ C27H 3¥X 40 2C13 557,62
(Zers.) mit heiRem
Methanol behandelt
L X1 T413 71-Butyl Trihydrochlorid 287—290 °C  C28H4IN40X 13 571,63
(Zers.) mit heilem
Methanol behandelt
LXII T485 LXI-Dimetho- 239—241 °C (Zers.) mit C30H 14N 40 .J2 746,14
jodid heiRem Aceton behandelt
LXIHI T451 i-Butyl Trihydrochlorid 273—275 °C  C28H UX,0X 13 571,63
(Zers.) mit heilem
Methanol behandelt
LXIV T588 sec,-Butyl Trihydrochlorid 268—270 °C  C28H4IN40X 13 571.63
(Zers.) mit heiRem
Methanol behandelt
LXV T466 n-Amyl Trihydrochlorid 282—284 °C  C29H 43N 40 X 13 585,64
(Zers.) mit heilem
Methanol behandelt
XVI 20020 i-Amyl Trihydrochlorid 280—282 °C  C29H 43N 40 2C13 585,64

(Zers.) mit heiBem
Methanol behandelt

a) I-(i-Butyl)-4-/K(piperazinyl-l)-athylpiperazin.

Kp., mm: 152-154 °C.

Tetrahydrochlorid: Schmp. 270—272 °C unter Zersetzung (mit 20faehem abs. Methanol
ausgekocht).

C14H 34C14N 4 (399.92).

Berechnet: C 42,04; H 8,50; N 14,00; CK 35,06%.

Gefunden: C 42,21; H 8.70; N 14,10; CK 35,06%.

Ausgangsmaterial I-(i-Butyl)-4-(/?-Chlordthyl)-piperazin: siehe experimenteller Teil.

b) I-(n-Butyl)-4-/?-(piperazinyl-1)-dthylpiperazin.

Kp.2mm: 122- 124 X.

Tetrahydrochlorid: Schmp. 276- 278 °C unter Zersetzung. (Mit 20fachem abs. Methanol
ausgekocht.)

C14H 34C14N 4 (399,44).

Berechnet: C 42,04; H 8,50; N 14,00; CI" 35,25%.

Gefunden: C 41,87; H 8,61; N 13,92; Cl 35,25%.

c) I-Carbdthoxy-4-/K(piperazinyl-l)-athylpiperazin.

Kp.,,4mm: 170-173 “C.
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(Fortsetzung)
Analyse
Berechnet Gefunden Verfahren
Bemerkung
¢} H N Cl— J [¢] H N j ClI- J
58,45 7,12 10,06 18,84 D
58,15 6,99 10,04 19,07 ! ! ’ ! Ausgangsverbindung
nach [29]
58,49 6,73 10,19 19,32 >
58,36 6,65 10.07 19,14 ) ) ) ' Ausgangsverbindung
nach [35]
58,15 6,99 10.04 19,07 58,06 7,12 9,79 18,91 D
Ausgangsverbindung
nach [29]
58,82 7,17 9,79 18,60 58,68 7,25 9.69 18,48 D
48,28 5,89 7,50 34,02 47,92 6,11 7,39 33,84 E
58,82 7,17 9.79 18,60 58,67 7,26 9,71 18,50 N und D
Ausgangsverbindung
nach [29]
58,82 7,17 9,79 18,60 58,63 7,28 9,66 18,56 \%
59,47 7,34 9,56 18,15 59,32 7,45 9,64 18,06 D
Ausgangsverbindung
nach [36]
59,47 7,34 9,56 18,15 59,32 7,45 9,64 18,06 D

Trihydrochlorid: Schmp. 258—260 °C, unter Zersetzung. (Mit 20fachem abs. Methanol
ausgekocht.)

C13H.,9CI3N 40, (379,38). Berechnet: C 41,14; H 7,64; N 14,75; CI' 28,02%. Gefunden:
C 41,78; H 7,63; N~14,85; CI* 27,90%.

Ausgangsstoff I-Carbathoxy-4-(/S-chlorédthyl)-piperazin [12].

Verfahren A

I-1)i:ithylcarbaiiiyl-4-(%o\yat hyl)-pi|M'i‘a/in. |
(Tab. I, T 19)

14,4 g N-(/T-Oxyathyl)-piperazin [5] und 20 ml Tridthylamin werden in 100 ml trocke-
nem Dichlordthan gel6st. Unter Rihren und Kihlen mit Eiswasser wird im Laufe von andert-

halb Stunden die Ldsung von 16,25 g Didthylcarbamylchlorid [6] in 40 ml trockenem Dichlor-
Gthan portionsweise zugegeben. AnschlieRend wird 4 Stunden lang bei Zimmertemperatur
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gerihrt und Uber Nacht stehen gelassen. Das abgeschiedene Tridthylamin-hydrochlorid wird
abfiltriert und das Filtrat mit 20 ml 7% iger wéalRriger KHCO03-L6sung und 30 ml W asser aus-
geschiittelt. Die Diclilordathanphase wird Uber Natriumsulfat getrocknet, das L&sungsmittel
wird abgedampft und der Rickstand unter Vakuum fraktioniert.

Kpj mm: 160—165 °C. Ausbeute: 9,6 g.

M it Perchlorséure titriert, erwies sich das Produkt als 99,5%ig.

3 g der obigen Base werden in 10 ml heiRem abs. Athanol gelést und mit der Ldsung
von 1,6 g Fumarsédure in 17 ml heiBem abs. Alkohol vermischt. Nach Stehen Gber Nacht wird
das ausgeschiedene I-(Didthylcarbamyl-4-(/?-oxydthyl)-piperazinfumarat (3,8 g) filtriert. Aus
der dreifachen Menge Methylcellosolv/abs. Ather (1 : 1) umKkristallisiert ist der Schmelzpunkt
124— 126 °C. Ausbeute: 3,2 g.

Die Analysenergebnisse sind in Tab. | angefuhrt.

Verfahren B
I-Diathylcarbamyl-4-(/3-chlorédthyl)-piperazin, Il
(Tab. I, T 296)

6 g I|-Didthylcarbamyl-4-(/?-oxyéthyl)-piperazin (I) (Tab. I, T 19) werden mit 40 ml
trockenem Chloroform bei Siedehitze gerihrt und im Laufe von anderthalb Stunden wird die
Lésung von 2,82 ml Thionylclilorid in 10 ml trockenem Chloroform portionsweise zugegeben.
Nach 3stindigem Sieden wird das Chloroform gréRtenteils (30 ml) unter Vakuum abgetrieben
und der Rickstand mit 20 ml abs. Aceton versetzt. Schmelzpunkt des ausgeschiedenen
I-Didthylcarbamyl-4-(/3-Chlorathyl)-piperazin-hydrochlorids (6,9 g). Ausbeute: 3,05 g.

Die Analysenergebnisse sind in Tab. | angefihrt.

Verfahren C
1-Diathylcarbamyl-4-(/j-oxypropyl)-piperaziii-3,4,5-triniethoxybeiizoesdureester, VI
(Tab. I, T 262)

4,86 g I-Diathylcarbamyl-4-(/7-oxypropyl)-piperazin (Tab. I, 111) und 4 ml Tridthylamin
werden in 70 ml trockenem Dichlordthan geldost. Unter Riuhren und Kihlen mit Eiswasser
werden im Laufe von 10 Minuten 5 g 3,4,5-Trimethoxybenzylchlorid [7] in 20 ml trockenem
Dichlordthan geldst, portionsweise zugegeben und 8 Stunden lang im Sieden gehalten.
Das Gemisch wird tber Nacht stehen gelassen, das ausgeschiedene Tridthylamin-hydrochlorid
abfiltriert, das Filtrat mit 25 ml 7% iger wéaRriger NaHCO03-Ldsung und mit 25 ml W asser
ausgeschuttelt, die Lo6sung Uber Natriumsulfat getrocknet, das Dichlordthan abgedampft
und der Rickstand (7,1 g) in 100 m1 abs. Athanol/abs. Ather 1 :10 geldst. Daraus wird das
Hydrochlorid der Verbindung VI mit abs. alkoholischer Salzsaure abgeschieden (5,1 g); aus
56 ml abs. Aceton umkristallisiert schmilzt das Produkt bei 166— 167 °C unter Zersetzung.
Ausbeute: 2,8 g.

Die Analysenergebnisse sind in Tab. | angefihrt.

Verfahren D
I-Didtliylcarbamyl-4-/3-[4-(didthylcarbamyl)-piperazmyl-1] -atliylpiperazin, IX
(Tab. I, T 407)

12,4 g I-Diathylcarbamyl-4-(/?-chlorathyl)-piperazin (Tab. I, Il, T 296), welches aus
dem Hydrochlorid mit Chloroform und der wéfrigen Lésung von NaHCO03freigemacht wurde,
wird 3 Stunden lang bei 130 °C mit 22,12 g N-Didthylcarbainylpiperazin [4] gerUhrt. Nach
dem Abkuhlen wird das Gemisch mit 60 ml 10%iger waRriger K2C03-Lésung und anschlieBend
mit 60 ml Wasser durch Dekantieren gewaschen und der Rickstand in 80 ml Chloroform auf-
genommen. Die Lésung wird Uber Natriumsulfat getrocknet, das Chloroform abgedam pft,
der Rickstand (19,5 g) in 80 ml abs. Methanol gelést und das Dihydrochlorid der Verbindung
IX (16,5 g) unter Kihlen mit Eiswasser mit abs. alkoholischer Salzsdure abgeschieden. Nach
Auskochen mit 180 ml abs. Methanol schmilzt das Produkt bei 277—280 °C unter Zersetzung.
Ausbeute: 9,8 g.

Die Analysenergebnisse sind in Tab. Il angefihrt.
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Verfahren D,
I-Diathylcarbainyl-4-/L(piperazinyl-l) &thylpiperazin, VIII
(Tab. I, T 401)

16,2 g wasserfreies Piperazin werden bei 105 °C geriuhrt und im Laufe einer Stunde
werden 12,4 g I-Diathylcarbamyl-4-(/?-chlordathyl)-piperazin (Tab. I, Il. T 246) portionsweise
zugefigt. AnschlieRend wird das Gemisch 2 Stunden lang hei 130 °C geruhrt, nach dem Abkih-
len mit 30 ml 10%iger waRriger K2C03-Ldsung vermischt und mit 2X40 ml Chloroform aus-
geschittelt. Nach Trocknen Uber Natriumsulfat wird das Chloroform abgedampft und der
Rickstand unter Vakuum fraktioniert.

K Po’2mm: 180- 186 °C. Ausbeute: 3,9 g.

Mit Perchlorsdure titriert erwies sich das Produkt als 99,6%ig.

3,9 g der obigen Base werden in 20 ml abs. Athanol gelost und das Trihydrochlorid der
Verbindung VIII (3 g) wird mit abs. alkoholischer Salzsdure abgeschieden. Mit 50 ml abs.
Methanol ausgekocht schmilzt das Produkt bei 26 0—261 °C unter Zersetzung. Die Analysen-
ergebnisse sind in Tab. Il angefihrt.

Verfahren E
I-(9-Xanthenyl)-4-(n-butyl)-piperazin, XVI
(Tab. Ill, T 459)

14,2 g N-(n-Butyl)-piperazin [25], 19,8 g Xanthydrol [9] und 6 g Essigsdure werden
in 100 ml abs. Toluol, unter Anwendung eines wasserabtrennenden Aufsatzes 18 Stunden lang
im Sieden gehalten und das als azeotrope Mischung abdestillierende W asser wird abgetrennt.
Nach dem Eindampfen der toluolischen Lésung wird der Rickstand in 80 ml Chloroform auf-
genommen und mit 40 ml Wasser abgeschittelt. Nach dem Trocknen dber Natriumsulfat
wird das Chloroform abgedampft und der Rickstand (32,1 g) in 100 ml warmem Aceton gel6st.
Das beim Stehen Uber Nacht ausgeschiedene XVI (22,1 g) schmilzt nach Umkristallisieren aus
der funffachen Menge abs. Aceton bei 83 84 °C. Ausbeute: 8,6 g.

Die Analysenergebnisse sind in Tab. Il angeflhrt.

Verfahren F
I-(Xantbeii-9-carbonyl)-4-/)-(xantlien-9-carbonyloxy)-piopylpiperazin, XXXVIII
(Tab. V, T 367)

1,44 g N-(/LOxypropyl)-piperazin [22] und 3,7 ml Tridthylamin werden in 20 ml trocke-
nem Dichlorédthan gelést. Unter Riuhren bei Zimmertemperatur wird die Lésung von 5,79 g
Xanthen-9-carbonylchlorid in 30 ml trockenem Dichlordthan im Laufe einer Stunde portions-
weise zugegeben. AnschlieRend wird 6 Stunden lang iin Sieden gehalten, das beim Stehen uber
Nacht ausgeschiedene Tridthylamin-hydrochlorid abfiltriert und das Filtrat mit 30 ml 7°(iger
wélriger NaHCO03L6sung und mit 40 ml W asser ausgeschiittelt. Nach dem Trocknen der
Lésung Uber Natriumsulfat wird das Dichlordthan abgedampft und der Rickstand (6.6 g)
in 20 m1 abs. Athanol gelést. Die beim Stehen iiber Nacht ausgeschiedene Verbindung XXXVHI
(4 g) schmilzt aus 50 ml abs. Athanol/abs. Aceton (1 : 1) umKkristallisiert — bei 155— 157 °C.
Ausbeute: 2,5 g.

Die Analysenergebnisse sind in Tab. V enthalten.

Verfahren G

(Tab. V, 20 044)

2,5 g I-(Xanthen-9-carbonyl)-4-(/?-phthalimidodthyl)-piperazin (Tab. V, XL) werden in
70 ml abs. Aceton geldst und 1,42 g Methyljodid zugegeben. AnschlieRend wird drei Stunden
lang am W asserbad im Sieden gehalten. Das beim Stehen Gber Nacht ausgeschiedene XLI
(2,3 g) schmilzt nach dem Umkristallisieren aus der 30fachen Menge abs. Aceton/abs. Ather
1 :2) bei 223 224 °C unter Zersetzung. Ausbeute: 1,2 g.

Die Analysenergebnisse sind in Tab. V angefihrt.
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PREPARATION OF 2,4,6-TRI-ARYLPYRYLIUM
FLUOROBORATES FROM AROMATIC ALDEHYDES
AND ACETOPHENONE DERIVATIVES, II*

PREPARATION OF PYRYLIUM FLUOROBORATES
WITH 1WRON TRIFLUORIDE CATALYST

z. Csiros, sy . Deak** and P. Sallay

(Department of Organic Chemical Technology. Technical University, Budapest)

Received May 8, 1970

N number of triaryipyryliuni fluoroborate salts were synthesized from benzal-
dehyde and acetophenone, and their derivatives substituted in the aromatic nucleus,
in acetic acid solution in the presence of boron trifluoride catalyst. The maximum vyield
was obtained with a ratio of the reactants aldehyde :ketone : boron trifluoride 1:2 :4;
the yield also depended on the substituents. It was found that the Michael addition
of acetophenone to benzylydeneacetophenone is rate-determining in the three-step
reaction.

The first synthesis of pyrylium salts from aromatic aldehydes and ace-
tophenone derivatives was accomplished by Dilthey [1], who reacted two
moles of aryl methyl ketone with one mole of aromatic aldehyde in acetic
anhydride medium in the presence of iron(Ill) chloride. Later on, iron trichlo-
ride was replaced by sulfuric acid [2], phosphoryl chloride [3], while recentlv
perchloric acid has been applied in toluene medium [4].

Triaryipyryliuni fluoroborates have been prepared either from the cor-
responding chloroferrate with fluoroboric acid [5] or by analogous reactions
with boron trifluoride etherate catalyst [6].

All these methods of preparation are common in that the reactions are
accomplished under vigorous conditions (intense refluxing for several hours).

Examination of the reactions between benzaldehyde and acetophenone
in abs. acetic acid medium lvith boron trifluoride catalyst [7] rendered pos-
sible the elaboration of a new method for the synthesis of pyrylium salts in
good yields under milder conditions, at room temperature. As it was pointed
out, the pyrylium salt is formed under such conditions, provided that aceto-
phenone is present in excess. Since all the relevant publications [1—6] report
a molar ratio of acetophenone benzaldehyde 2:1, we have chosen the same
ratio of the reactants.

The yields of pyrylium salts formed in these reactions also depend upon

*part I: Z GCslirts, Gy. DeAk and P. Sallay: Periodica Polytechnica. (In press.)
** Present address: Researeli Institute for Experimental Medicine. Hungarian Acad-
emy of Sciences, Budapest.
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the amount of boron trifluoride added. It was found that maximum vyield is
attained when four moles of boron trifluoride are applied to each mole of ben-
zaldehyde. With less boron trifluoride the yield is reduced considerably, while
greater excesses do not influence the yield (cf. Fig. 1).

Accordingly, our investigations revealed that the optimum ratio of the
reactants for the preparation of triarylpyrylium fluoroborates is benzaldehyde :
acetophenone :boron trifluoride 1:2:4 and under such conditions a yield
of 68% can be reached at room temperature.

moles of BFImoles of benzaldehyde

Fig. 1. Dependence of the yield of pyrylium salt, based on benzaldehyde, on the amount of
boron trifluoride applied

The reaction was also carried out with a number of substituted aromatic
aldehydes and acetophenones and seven new substituted triarylpyrylium salts
were prepared (cf. Table I). The obtained pyrylium salts contained the benzal-
dehyde substituents in the 4-phenyl ring of the product, while the acetophe-
none substituents were found in the 2- and 6-phenyl rings.

The reaction of p-chloro-, p-methyl- and p-methoxybenzaldehydes with
acetophenone gave the expected pyrylium salts, while the analogous reaction
of o- and p-nitrobenzaldehydes led to the formation of the corresponding
chalcones only. Substituted acetophenones resulted in the expected pyrylium
salt in each case.

The yields of pyrylium salts obtained from p-substituted acetophenone
and benzaldehyde derivatives are summarized in Table II.

It is seen that among substituted benzaldehydes the highest yield is
obtained with p-methoxybenzaldehyde, the p-methyl- and p-chlorobenzal-
dehydes react to a smaller extent, while p-nitrobenzaldehyde is not transformed
to a pyrylium salt at all.

The same substituents have just the opposite effect when present in the
acetophenone reactant; the maximum yield is obtained with the nitroaceto-
phenone derivative and in parallel with the increasing electron donor character
of the substituent the yield decreases.

The further experiments aimed at the determination of the slowest one
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The new pyrylium fluoroborates prepared by the boron trifluoride method

m-Cl

o-Cl

p-cn3

Y

P-CH3

m-CH3

Ht-NOj

@

C%
266—8 64.42
64.10
216—7 63.81
64.10
225 6 63.97
64.10
280 2 70.16
70.20
268 9 70.74
70.70
214 6 69.95
70.70
302—4 57.38
56.60
Table 11

Found/Calcd.

H % Nor d %
3.69 7.90
3.72 8.07
3.78 8.50
3.72 8.07
3.39 7.59
3.72 8.07
4.47

4.63

4.48

4.95

4,54

4.95

3.14 5.50
3.09 5.83

Dependence of the yield of pyrylium salt upon the substituents

of the starting compounds

Substituent
of benzaldéhyde

/>-NO,
P-ci
P-CH3
P-OCHs
H

H

1

H

Substituent
of acetophenone

P-OCHs
P-CHa
p-Cl
p-NO,

o v
of py/?ywml sait

54—56
58—62
62—66
3
50
60
68—78
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olthe three consecutive reaction steps: (1) Claisen—Schmidt condensation,
(&-Michael addition, and (3) ring closure, in the presence of a fourfold molar
amount of boron trifluoride catalyst.

We have measured the rate of formation of the pyrylium salt from
benzaldehyde and acetophenone, chalcone and acetophenone and finally
chalcone and benzylydene-bisacetophenone, respectively.

Curve ain Fig. 2 corresponds to the reaction of acetophenone with benzal-
dehyde, while curve b to the reaction starting of chalcone with acetophenone.

Fig. 2. Rate of formation of the pyrylium salt with different starting materials; ¢ : aceto-
phenone and benzaldehyde; O : benzylydeneacetophenone and acetophenone
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Taking into account that preparative yields are encountered, the time-course
of the two reactions can he considered as identical. Hence it is not the first
one of the above three reaction steps which is rate-determining. Since, moreover,
the rate of ring closure of benzylydene-bisacetophenone is very fast compared
to the other two steps (73% Mithin 5 minutes), it can be concluded that the
Michael addition is rate-controlling in the above series of consecutive reactions.

Experimental

A mixture of 10 mmoles of benzaldehyde or substituted benzaldehyde, 20 mmoles of
acetophenone or substituted acetophenone and 40 mmoles of boron trifluoride acetic acid
complex in 10 ml abs. acetic acid was kept for 90 hours at room temperature and then added
to a mixture of 50 ml water and 20 ml benzene. The pyrylium salt precipitated at the interface
of the two phases. It was filtered, washed with benzene and then with water until neutral and
dried at 100 °C. The crude products were crystallized from ethanol. Further data are shown
in T b'e Il.

REFERENCES

Ditthey, W.: J. Pract. Chem. 94, 53 (1916)

Davis, T., Armstrong, J.: J. Am. Chem. Soc. 57, 1583 (1935)

W izinger, R., Losinger, S., Ulrich, P.: Helv. Chim. Acta 39, 5 (1956)
Dorofeenko, G. N., Keivum, S. V.: Zh. Obshch. Ivhimii 32, 2386 (1962); 34, 2386 (1964)
Dimroth, K.: Angew. Chem. 72, 331 (1960)

Lombard, R., Stephan, J. P.: Bull. Soc. Chim. France 1958, 1458

Csdros, Z.,, Deak, Gy., Sallay, P.: Periodica Polyteehnica (In press)

~No s WwWN e

Zoltan Csdros j Budapest X 1., Mlegyetem rkp. 3.
Péter Sallay |
Gyula Deak; Budapest V11I., Szigony u. 43.

Acta Chim. (Rudapest) 70, 1971






Acta Chimica Academiae Scientiarum Hungaricae, Tomus 70 (1 -2), pp. 129—132 (1971)

HYDROLYSIS OF ACETYLCHOLINE STUDIED
BY A QUANTUM CHEMICAL METHOD, II

EXPERIMENTAL VERIFICATION OF THE MECHANISM OF HYDROLYSIS
(SHORT COMMUNICATION)

M. Farkas,* J. Tamas and Gy. Deak*

(*Institute of Experimental Medicine and Centre for Chemical-Structural Studies,
Hungarian Academy of Sciences, Budapest)

Received May 30, 1970

It is well known from the investigation of Nachmanson [1] that acetyl-
choline acting as a mediator has an important role in the process of transfer
of stimuli in the vegetative nervous system. In the course of mediation,
acetylcholine undergoes rapid enzymatic hydrolysis on the effect of cholineste-
rase. In vi xperiments showed perfect accomplishment of the hydrolysis
within a Mec period.

In our previous paper [2] quantum chemical calculations were published.
Their purpose was to find a physical process manifesting itself chemically in
hydrolysis, in the case of acetylcholine.

The Hoffmann (extended Hiiclcel) method was applied in our calculations
and our results can be summarized as follows:

(1) According to the calculations, acetylcholine existing in its ground
state does not undergo hydrolysis even in the presence of cholinesterase.

(2) Hydrolytic decomposition of the acetylcholine-cholinesterase com-
plex takes place only with the uptake of the first excitation energy.

(3) On the basis of these facts the unusually high speed of hydrolysis
of acetylcholine can be explained. The first step is the uptake of the first
electron excitation energy; after this the second step, accompanied by the
liberation of energy, takes place spontaneously.

(4) Our calculations indicated alkyl -O- splitting in the course of hy-
drolysis.

Davis and Ross [3] studied the hydrolysis of ethyl acetate, /3-dimethyl-
aminoethyl acetate and acetylcholine at 50 °C in 80% aqueous acetone con-
taining acid and alkali, respectively. In their opinion, the significant increase
in the rate of the hydrolysis of acetylcholine under alkaline conditions is due
to the presence of a positive charge on the ~-nitrogen atom and the for-
mation of an activated complex (I) having sterically favoured structure.
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(CH3)3

Zaslowsky and Fisher [4] studied the hydrolysis of /1-dimethylamino-
ethyl acetate in the pH range between 5.5 and 8.4; the increased rate at acid
pH values was explained similarly as above.

The results of Chiou et al. [5] obtained with compounds which may be
regarded as analogues of acetylcholine but possess conformationally rigid
structures, seem to be con#gadictory to the former assumption. In a study of
cis and trans isomers of cetoxycyclopropyl trimethyl ammonium iodide,
the rate of enzymatic hydrolysis of the trans isomer incapable to form the
activated complex I, was found to he of the same order of magnitude as
that of acetylcholine.

Hydrolysis of acetylcholine in water labelled with oxygen isotope seemed
to be a suitable method for the experimental verification of the mechanism
of this reaction. In earlier studies, Stein and Koshland [6] carried out the
hydrolysis of acetylcholine in water containing labelled oxygen and the carbon
dioxide obtained in the pyrolysis of the silver salt of acetic acid was examined
by mass spectrometry. On the basis of their results they concluded that
under the action of the positive charge present in choline the intermediate
adduct formed in the first step of hydrolysis will have an increased ratio of
the rates of splitting of the C—OR and C—OH bonds, and essentially each
adduct will decompose to acetic acid and choline. Our intention was to use
a different method utilizing mass spectrometry for the determination of choline
in the course of the hydrolysis, considering that in the case of alkyl —O—
splitting the labelled oxygen must be contained in the choline.

Hydrolysis was carried out according to the following procedure. O
mole of acetylcholine was dissolved in 2 ml of water containing 4% of H :
and 0.01 mole of sodium hydroxide was added to this solution. It was then
boiled for 15 minutes in a flask equipped with areflux condenser. After cooling,
the solution was acidified by the addition of 10% aqueous HC1 and evaporated
to dryness in vacuum. The residue was dried over phosphorus pentoxide in
a vacuum desiccator for two days, then the mass spectrum of the substance
was recorded. For comparison, 0.005 mole of choline was boiled in 2 ml of
water containing 4% of H2sO for 1 hr. and the choline was isolated as
described above and studied by mass spectrometry.
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Fig. 1 shows the mass spectrum of choline chloride obtained with 20 eV
ionization energy. As it can he seen, the mass spectrum of choline chloride
corresponds to that of a mixture of dimethylaminoethanol, methyl chloride
and a small amount of hydrogen chloride, i.e. in the course of recording the
spectrum, choline chloride was converted on heating to these neutral molecules
before evaporation. Thus the thermal decomposition of choline chloride
involves primarily déméthylation and some Hoffmann degradation. Several
quaternary alkyl ammonium halides show similar fragmentation processes
in the course of recording the mass spectra (e.g., [7]).

Fig. |

The main process of decomposition of dimethylami thanol on electron
bombardment is the splitting of the bond of the CH&CH2group having
B position with respect to the N and O atoms, resulting in the formation of
fragments with mass numbers 58 and 31 (Fig. 1).

Relatively low ionization energies are favourable for the appearance of
the dimethylaminoethanol molecular ion.

The 180 content of the choline chloride samp can be determined by the
mass spectrometric investigation of the salt: the content can be calculated
from the measured intensities of the isotope peaks of any of the ion species
containing oxygen and producing relatively~ntense in the pectrum.
For this purpose, determination of the Iy9:89, |4€$r the Irg intensity
ratio is equally suitable.

In the case of choline chloride of natural isotope composition these ratios

9* Acta Chim. (Budapest) 70, 1971



132 FARKAS et al.. HYDROLYSIS OF ACETYLCHOLINE, Il

were between 0.002 and 0.005, giving a good approximation of the natural
ratio of 180/160 = 0.002.

The same values were obtained with choline chloride samples prepared
by refluxing choline chloride of natural isotope content in water containing 4%
of H2sO in the presence of 0.01 mole of sodium hydroxide for 1 hr., followed
by evaporation of the solution to dryness.

In the case of choline chloride samples obtained by the hydrolysis of
acetylcholine in water containing 4% of H218, these ratios ranged between
0.042 and 0.045, corresponding to the 18 content of the labelled water.

The measurements were carried out by means ofa MH-1303 mass spectro-
meter; the samples were introduced into the instrument through a direct
feeding system, at 200—220 °C.

Summing up the above facts, we can state that the base-catalyzed hydro-
lysis of acetylcholine in water containing H218 results in the formation of
choline containing 180, verifying the Bg mechanism of the reaction, in agree-
ment with our previous calculations [2].
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THE CHEMISTRY OF 1,3-BIFUNCTIONAL
SYSTEMS, XII*

KINETIC STUDY OF THE TRANSFORMATION OF 2-MONOSUBSTITUTED
DERIVATIVES OF TRIMETHYLENECHLOROHYDRIN IN ALKALINE MEDIA

M. Bartok, K. Lang-Lakos ami G. Bozé6ki-Barték
(Department of Organic Chemistry, A. J6zsef University, Szeged)

Received September 11, 1969. In revised form July 15, 1970

The kinetics of alkaline hydrolysis of trimethylenechlorohydrin (1) and of some

2-monosubstituted homologues of the latter [2-methyl (Il), 2-isopropyl (1I11), 2-butyl
(1V), 2-phenyl (V), 2-cyclohexyl (VI) trimethylenechlorohydrin] were studied. Under
the applied experimental conditions mainly the corresponding oxacyclobutane homo-
logues were formed. In the case of compound (V) the main conversion direction is, due
to the 1,2-elimination process, the formation of 2-phenylallyl alcohol. From the experi-
mental data the rate constants, activation energies and entropies and the pre-exponen-
tial factors were determined. The experimental results confirmed the validity of the
reaction mechanism suggested earlier for this type of compounds too.

In Part YII [1] we have analyzed the main characteristics of the trans-
formation of 1,3-chlorohydrins in alkaline media and have pointed out the
importance of such a study. Our work was based on the experimental fact
that 1,3-chlorohydrins containing chlorine atoms in the primary position
are converted into cyclic ethers in the presence of alkali. The kinetic study of
these processes opens a possibility to obtain information about the mechanism
of cyclization. In our previous work [1] we suggested a reaction mechanism
for 2,2-diethyl-3-chloropropanol as model substance and wish nona to confirm
the general validity of this mechanism for 1,3-chlorohydrins. At the same time
Awe intend to investigate the effect of substituents in various positions on the
kinetic parameters.

In this tvork tve report a kinetic study of the transformation of the fol-
lowing model substances in alkaline media:

CH;-——CH-— CB- CH;—CH - —CH; CH;
cl oun cl CH, OH cl (11 OH
I\
H,1 CH.
1 n [l
CH; —ch — CH- CH.;--CH - — CH- CH; CH — CH-
cl CtH, OH cl C,H, ou cl ou
1l
v Vv \

Part X1: Acta Phys, et Chern. Szeged. 11, 39 (1970)
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In earlier preparative work, we were able to confirm that the above
compounds and their acetates are converted mainly into oxetanes in con-
centrated alkaline media [2, 3]. According to our more recent experiments
in a 0.2 M aqueous barium hydroxide solution, too, the main reaction is oxetane
formation:

¢ cl olf->
H2C CH, el

OH

where R represents a methyl, isopropyl, butyl or cyclohexyl group.

This direction of the conversion is not valid for I-chloro-2-phenylpropa-
nol-3 (V) and trimethylenechlorohydrin (I). The formation of trimethylene
oxide is accompanied by the formation of a large amount of allyl alcohol
(about 30%), while with (V) mainly 2-phenylallyl alcohol is formed beside
a smaller quantity (20 to 30% ) of 3-phenyl-oxacyclobutane. These 1,2-elimi-
nations are represented, without details, by the following reaction scheme:

R

R c (0H)O>
HO HO-CH2-C = CH2
cH > - CI)

where R is a hydrogen atom or a phenyl group.
B The formation of 3-monosubstituted oxetanes may be explained on the
basis of the following mechanism suggested in our earlier work [1]:

R H

K\ y H .

c (o]
. OH<™ - |1|2c/ \c{c + IcCO

OH 0'“1
H
R

He o + Cll1

The Kkinetic results for the six model substances are summarized in
Table I. The rate constants were calculated in accordance with [1] from a
second order rate equation. Beside the experimental conditions, the table also
shows the rate constants (k), activation energies (ZIH*), pre-exponential fac-
tors (A) and the activation entropies (/IS*).
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Table |

Kinetic data for the alkaline hydrolysis of 1,3-chlorohydrins of the type:
CH,-CH-CH2
| | |
cl R OH

Symbol of Chlocr(?:e)fdrin [OH-] l-mKoI-l . I(Ac|:It l-onI-l L] ISt
compound °c mol/1 9'qli emin-1 .mol-1 . min-1 e.u.
| 80 0.00988 0.01814 0.024
85 0.01005 0.01743 0.036
90 0.01009 0.01730 0.052 20.2
95 0.0114t 0.01855 0.073 5.6X1010 —17.9
il 80 0.01015 0.02063 0.013
95 0.00935 0.01257 0.051
125 0.00907 0.01302 0.405 21.1 1.8X10” — 15.6
125 0.00925 0.01257 0.454
in 80 0.01054 0.02063 0.030
95 0.00938 0.01273 0.111 21.0 3.6X10" — 141
125 0.01002 0.01813 1.126
125 0.01002 0.01862 0.955
v 80 0.01412 0.01775 0.022
85 0.01009 0.01623 0.033
90 0.01010 0.01623 0.049 21.0
95 0.01003 0.01610 0.074 2.0X10" — 15.4
\% 85 0.01004 0.01623 0.090
90 0.01002 0.01623 0.127 23.5
90 0.01015 0.01806 0.136
95 0.01008 0.01806 0.219 1.9X1013 — 6.3
100 0.01008 0.01834 0.345
Vi 80 0.01001 0.01814 0.030
85 0.01003 0.01743 0.040
90 0.00997 0.01743 0.065 20.2
95 0.01002 0.01855 0.097 9.4X 1010 — 16.9

The experimental data in the Table are in satisfactory agreement with
a second order rate equation which confirms the validity of the reaction mecha-
nism suggested in Ref. [1] also for chlorohydrins of this type. The proposed
reaction mechanism is further supported by the values of AH” and AS*
calculated from the Kkinetic data.
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80 °C
a= 001814
6 = 0.00988
t X
10 0.00011
35 0.00030
120 0.00049
155 0.00062
235 0.00093
305 0.00119
395 0.00147
., . - 0.024
90 °C
« = 0.01730
b = 0.01009
t X
30 0.00035
65 0.00059
120 0.00106
170 0.00139
220 0.00179
270 0.00207
320 (1.00237
365 0.00261
*g. - 0.052

Acta Chim. (Budapest) 70, 1971

of Boiling point

G mmbg

1 65 18
il 60 15
ui 110 30—40
v 125 30—40
\Y 122 8
Vi 130 8

Compound (I): CH.,—CH.h—CH,

0.064
0.048
0.024
0.024
0.024
0.024
0.023

0.068
0.054
0.055
0.052
0.052
0.052
0.052
0.051

Table 11
B

1.4467
1.4460
1.4540
1.4520
1.5431
1.4902

Table 111

cl

o N o o b~ w

o N o o b~ w

OH

calcd.

37.60
32.66
25.96
23.54
20.75
20.00

a
b =

30

60
120
180
240
300
360

a
b =

30
70

170

220

250

300

0 (%)
found

37.18
32.27
25.34
22.96
20.38
19.77

85 °C
0.01743
0.01005

0.00038
0.00050
0.00076
0.00104
0.00142
0.00166
0.00190
0.00201

= 0.036

95 °C
0.01855
0.01144

*

0.00055
0.00114
0.00177
0.00231
0.00284
0.00304
0.00336
0.00361

= 0.077

0.074
0.049
0.038
0.036
0.037
0.036
0.034
0.036

0.091
0.084
0.079
0.077
0.076
0.076
0.074
0.077
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No.

a
b

40
110
180
240
300
360
420
480

A
b

43
82
114
144
178

\%
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Compound (II): CH,—CH

80 °C

0.02063
0.01015

X

0.00014
0.00029
0.00042
0.00064
0.00074
0.00088
0.00098
0.00113

3= 0.013

S

125 °C
0.01301
0.00907

X

0.00169
0.00291
0.00377
0.00411
0.00460

= 041

0.017
0.013
0.011
0.013
0.012
0.012
0.012
0.012

0.40
0.41
0.43
0.40
0.39

CH3

o o &~ w

N

o o b w

CHj
I
OH
95 °C
a = 0.01257
b = 0.00935
t \ X
64 0.00049
183 0.00116
245 0.00151
303 0.00183
490 0.00276
605 0.00294
= 0.051
125 °C
a = 0.01257
b 0.00925
> X
20 0.00051
46 0.00182
69 0.00282
94 0.00337
119 0.00407
150 0.00488
ko_5= 0.45

137

0.056
0.050
0.051
0.051
0.054
0.015

0.23
0.41
0.48
0.45
0.48
0.52
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28
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80 °C
a= 0.02063
0.01054

o
I

X

0.00037
0.00071
0.00106
0.00128
0.00167
0.00199

h = 0.030

125 °C
a = 0.01862
b = 0.010024

X

0.00039
0.00100
0.00162
0.00223
0.00277
0.00328
0.00384

k3_8= 0.955

Acta Chim. (Budapest) 70, 1971

Compound (I11):

0.038
0.033
0.031
0.028
0.030
0.030

0.524
0.713
0.825
0.900
0.941
0.979
1.042

Table V

CH.—Cil CH
| | |
Cl  CH OH

/ \
CH3 CHi

S g B W N e

No,

~N o o B~ W N

7
124
183
243
306
352

12
16
22
25
28

95 °C
0.01273
0.09386

0.00094
0.00143
0.00196
0.00249
0.00298
0.00321

_e- 0111

125 °C
0.01813
0.01002

X

0.00060
0.00130
0.00199
0.00278
0.00343
0.00369
0.00405

fc_7= 1.126

0.111
0.120
0.109
0.111
0.113
0.106

0.853
0.985
1.078
1.221
1.171
1.142
1.166
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Table VI
Compound (IV): CH, »CH—ClH,
I

Cl C,H9 OH

80 °C 85 °C
a = 0.01775 a = 0.01623
b = 0.01412 b = 0.01009
K No. t X

60 0.00041 0.025 1 30 0.00014
120 0.00079 0.026 2 75 0.00035
180 0.00096 0.021 3 120 0.00063
240 0.00124 0.021 4 200 0.00099
420 0.00218 0.024 5 280 0.00135
625 0.00271 0.021 6 360 0.00168

1420 0.00428 0.016 7 357 0.00207
1445 0.00432 0.016 8 563 0.00234
«i_j = 0.022 K3- = 0.033
90 °C 95 °C
a = 0.01623 a = 0.01610
b = 0.01010 b = 0.01003

t * K No. t *

65 0.00051 0.047 1 70 0.00085
143 0.00106 0.049 2 140 0.00148
220 0.00156 0.049 3 210 0.00214
300 0.00197 0.048 4 240 0.00229
360 0.00229 0.048 5 280 0.00265
420 0.00261 0.048 6 330 0.00299
480 0.00289 0.048 7 390 0.00333
545 0.00326 0.050 8 450 0.00364

Ki- = 0.049 v = 0074

139

0.027
0.030
0.034
0.032
0.033
0.032
0.033
0.031

0.078
0.074
0.075
0.072
0.074
0.074
0.072
0.071
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No.
0
2
3
4
5
6
7
8
90 °C

a= 0.01623

b = 0.01002

t X
40 0.00092
92 0.00172
112 0.00201
145 0.00242
178 0.00278
210 0.00322
240 0.00351

k,_ = 0.128

95 °C

a= 0.01806

b= 0.01008

t X
25 0.00095
50 0.00173
70 0.00225
90 0.00281
110 0.00331
130 0.00370
160 0.00431
180 0.00453

= 0.219

1,3-BIFUNCTIONAL SYSTEMS, XII

Table VU

Compound (V): CH.,—CH—CH-

| !
Cl C6H50H

85 °C
a = 0.01623
b = 0.01004
t X K
30 0.00039 0.059
75 0.00105 0.095
120 0.00154 0.091
170 0.00201 0.087
220 0.00253 0.089
270 0.00298 0.089
315 0.00336 0.090
360 0.00369 0.090
fe278 = 0.090
90 °C
« = 0.01806
b = 0.01015
K No. t I X
0.154 1 30 0.00066
0.134 2 65 0.00143
0.132 3 95 0.00199
0.128 4 121 0.00247
0.124 5 155 0.00306
0.125 6 190 0.00350
0.126 7 225 0.00388
8 260 0.00444
fej 8= 0.137
100 °C
a = 0.01834
b = 0.01008
K No. t X
0.221 1 22 0.00135
0.219 2 43 0.00229
0.214 3 62 0.00306
0.219 4 83 0.00378
0.222 5 101 0.00422
0.210 6 122 0.00483
0.222
0.217

= 0.345

0.126
0.134
0.135
0.137
0.141
0.137
0.134
0.142

0.379
0.349
0.349
0.348
0.337
0.343
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80 °C
a= 0.01814
b = 0.01001
1 X
10 0.00009
35 0.00023
95 0.00047
155 0.00089
215 0.00107
275 0.00138
335 0.00159
395 0.00179
k3_a = 0.030
90 °C
a= 0.01743
6 = 0.00997
1 X
40 0.00052
75 0.00075
130 0.00129
180 0.00167
230 0.00218
280 0.00254
330 0.00286
375 0.00319
k, H= 0.065

Table VIII

Compound (VI):

Vi

0.045
0.035
0.028
0.033
0.030
0.031
0.030
0.029

0.077
0.061
0.063
0.062
0.066
0.065
0.065
0.065

N

o ~N o o b~ w

0 N o o B W N
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85 °C
« = 0.01743
b = 0.01003
t X
30 0.00024
60 0.00040
120 0.00081
180 0.00119
240 0.00135
300 0.00185
360 0.00206
380 0.00218
.« .1 = 0.040
95 °C
a =0.01855
b = 0.01002
. X
30 0.00050
70 0.00118
120 0.00196
170 0.00250
220 0.00305
250 0.00334
280 0.00357
300 0.00373
k,_s = 0.097

141

0.046
0.040
0.041
0.041
0.036
0.041
0.039
0.040

0.092
0.099
0.102
0.102
0.097
0.097
0.095
0.094
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It could be expected from the reaction mechanism suggested earlier that
the substituents on the carbon atom not participating directly in the reaction
(in the present case carbon atom No. 2) will have no significant influence on
the kinetic parameters. In this series it is only the phenyl group that causes
a rather marked change compared to the parent compound and this may be
explained by a reaction direction differing from that for the other members
of the series. In the case of the other substances (cf. Table I, e.g. the data for
95 °C) the kinetic parameters vary within the following, rather narrow interval:

K: 0.05—0.11 1 emol 1emin-1
AHXx: 20—21 kcal mmol"1

A: 6X1010—4X1011 1 -moll min-1
/1S& between — 14 and — 18 e.u.

In our subsequent work on some other 1,3-chlorohydrins we obtained
far more data which, together with the determination of the equilibrium con-
stant of the first process and with proof of the formation of an intermediate
gave a deeper insight into the mechanism of the reaction.

Experimental

The 1,3-chlorohydrins were prepared by deacetylation of the corresponding chloro-
acetates [2, 4] in the presence of methanol. The yield was about 90% . The purity of the starting
m aterials was checked by gas-liquid chromatography.

The methods of kinetic measurements and the calculations have been described in full
details in our earlier communication [1].

Experimental data

The following symbols were used:
: time (min)

—

a: initial concentration of hydroxide ions [Ba(OH), g eq/l]
b: initial concentration of the chlorohydrin (mol/1)
X: quantity of chlorohydrin converted in time t (mol/l)
k: second order rate constant of the reaction (1 *mol-1 em in 1l
REFERENCES
1. Barték, M., Bozoki-Barték, G., Kovacs, K.: Acta Chim. Acad. Sei. Hung. (In press)
2. Bartéok, M., Apjok, J.: Acta Phys, et Chim. Szeged. 8, 133 (1962)
3. Barték, M., Kozma, B., Shuikin, N. I.: Izv. AN USSR, Ser. Khim. 1966, 1241
4 Bartéok, M., Kozma, B., Gitde, A. S.: Acta Phys, et Chim. Szeged. 11, 35 (1965)

Mihaly Bartok
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3NEKTPOHHOMUKPOCKOIM1MUYECKUE WUCCNELOBAHUSA
MOBEPXHOCTU U ®UBPUINAPHOM CTPYKTYPbI
MOAN®ULIMPOBAHHBLIX X/TOMKOBbLIX BOIOKOH*

X. Y. YCMAHOB, K. X. PASVUKOB n . . "CAMYXAMEOBA

(HayuyHo-uccne60BaTEeNbCKUIA MHCTUTYT XUMUU U TEXHONOTUMN XJIONKOBOW LENN103bl —
HNWNTL, r. TawkeHT, CCCP)

Moctynuna: 20 V 1970 r.

HacTtosiujast cTaTbq MOCBALiEHA Pe3ynbTaTam  3/1eKTPOHHOMUKPOCKOMMYECKNX
WCCEloBaHUYA MOBEPXHOCTV M BHYTPEHHEH (MUOPUNNADHOKA  CTPYKTYPbI  X/IOMKOBbIX
BOJ/IOKOH, MOANMULMPOBaHHbIX NYTAM pagnaLMoHHO-XMMUYECKOA NPUBKUBKMN psifa BUHWIO-
BbIX MOHOMEPOB: aKpunoHuTpuna (npueec 12,5%), BuHUNNUpUAMHA (npueec 16%),
BUHUNMAeHxnopuga (npumeec 14%), meTakpunamuga (npueec 56%), MeTakpuIoBOW
kucnotel (Npusec 60%) n ctupona (npusec- 3,4%, 13,4% un 21,5%).

BbIsiBNeHbl 0CO6EHHOCTU CTPYKTYpPbl, KaK MOBEPXHOCTU, Tak U (QUOPUANAPHBLIX
y4yacTKoB (BTOPWMYHOW CTEHKM) X/IOMKOBOTO BOSIOKHA B 3aBMCMMOCTM OT NPUPOAbI
NpYBMBAaEMOr0 K HemMy MOHOMepa W npuBeca, a TakXKe OT yC/0BWiA mpolecca pagva-
LIMOHHO-XMMMNYECKOWA NPUBUBKM.

Ha ocHoBe nojlyyeHHbIX AaHHbIX NPEAMNosoXeHO, YTO Npu NpoBefeHUM npoliecca
NPUBMBKMN 13 NapoBoii (askl 1, 0COBEHHO, EC/IN [10 aKTa MPUBMBKM X/IOMKOBOE BOMIOKHO He
NoABEPrHyTO KakuM-nn6o Ha6yxa}ou4vuv| 06paboTKam, TO B peakuun NpUBMTOIA COMON-
Mepu3aLMM yyacTBYIOT TflaBHbIM 06pa3oM Te MakpOMONeKy/ibl LeNon03bl, KOTopble
PacrnonoXeHbl Ha MOBEPXHOCTU CTPYKTYPHbIX 3/EMEHTOB — MUKpodubpuna, pubpunn
W T. 4. Ecnv e Npouecc NPUBMBKM OCYLLECTB/IAETCA U3 NapOBOA (hasbl, HO C NpeaBapy-
TeNbHbIM HabyXaHMem XNOMKOBOr0 BO/IOKHa, TO B peakuuu NpyBUTONA CononmMepusa-
LMW MOTYT Y4YyacTBOBaTb W Te MaKpOMOEKY/bl LIEMIH03bl, KOTOPble PAacrofioXKeHsbl
BHYTPWU CTPYKTYPHbIX 3/1EMEHTOB.

M3BecTHO, UTO B HacToslLLee BpeMsl B Psife XMMUYECKMX nabopaTopuii Mmypa
HalifeHbl 3heKTUBHbIE METOAbl MOAU(MKALIMM CBOUCTB MOSIMMEPHLIX BOJSIOKOH, B
TOM YWC/Ie W UEN/TH0/I03HbIX. OfHUM M3 HUX SIBMSETCA MPOLECC NPUBUTOR CONOW-
Mepu3aLMn LeNHIo3bl ¢ pasfiMiHbIMA MOHOMEPaMU. VI3BECTHO Takxke, UTO 4/1st
3TOM Lenn ycrewHo MprvMeHeHo pajuaunoHHoe UWHULMMpoBaHue. [locnefHee
NOJTyYNsI0 3HAUUTESIbHOE PasBUTME U B paboTax Hallero MHCTUTYTA.

YCTaHOB/EHO, YTO B MpOLEecce MPUBWTOA COMOMMMEPU3ALA LIESI/IHOMO3bI C
PSLOM BUHWMOBLIX MOHOMEPOB MPOUCXOAUT YNyULLEHVWE €e MHOruX (U3nKo-
XVIMUYECKUX XapaKTePUCTUK, HANpUMep, LeS/TH0M03HbIe BOIOKHA HAUMHAKOT YCTOM-
UMBO OKpaLLMBaTLCA, MPUOBPETAOT 3/1aCTUUHOCTb, MOBLILLIAETCA MX YCTORUMBOCTb
K [elCTBMI0 MMKPOOPraHW3MOB, XMMMKATOB, Temrnepatypbl 1 T. 4. [1—3].

CnepyeT yKasaTb, YTO C XMMUYECKMM MPEBPALLEHVEM Lef/T0/03bl HeMpeMeH-
HO NMPOVCXOAUT Y ee CTPYKTYPHOE MpeBpaLleHne, Npuyem rnocsiegHee MOXET VMETb
MECTO KaK Ha MOSIEKY/IIPHOM, TaK U Ha HafMONEKyNSpPHOM ypoBHe. MoaTBepae-
HVEM 3TOFO MOTYT CMY>KUTb Pe3y/ibTaTbl HALMX WUCCMEfOBaHUA U UCCNEf0BaHWIA

* Matepnan 6bin SON0XKEH Ha MeXayHapogHOM CUMMO3MYMe M0 MakKpOMOEKYSPHOM
xumun, bypanewT, (BeHrpusa) 25 30 aBrycta 1969 roga, goknag 9/02.
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paga gpyrmux astopoB (4- 11). MNokasaHo, YTO MPMBMBKA MHOPOAHbIX MaKpOMO-
NeKy/1 K LIe/I0//103e CYLLECTBEHHO U3MEHSIET B3aMMHYHO YMaKOBKY LE//H0M03HbIX
Lenei Apyr ¢ ApyroM, a 370, B CBOKO OYepefb, MPUBOAUT K U3MEHEHUIO (hopMbl U
pasMepoB CTPYKTYPHbIX 3/1IEMEHTOB (MUKpomopunna, gunopuni), a Takke C/oeB
BTOPWYHOW CTEHKW LENN003bl. B Hawmx paboTax (4—7) 06Hapy>KeHO N3MEHEHNE
CTPYKTYpPbl MOMEPeYHbIX W MNPOAOMbHBIX YNbTPATOHKMX CPEe30B  XJ/I0MKOBOIro
BOJIOKHA [10 1 Noc/ie NMPUBUBKN K HEMY psfia BUHW/IOBbLIX MOMMMEPOB. Hy>XHO Mo-
naratb, YTO MPOBOAA TLIATENbHbIE 3/IEKTPOHHOMUKPOCKOMUYECKIME NUCCNEeA0BaHWSA,
C MPUMeHeHVEM KOMIIEKCA METOLO0B MpenapupoBaHuUsl, MOXXHO MONyYnTb Heoob-
XOAVMble [aHHble, KOTOpble MO3BONAT CYAUTb O MEXaHW3Me MPUBUBKU CUHTETU-
YeCKUX MO/IMMEPOB K LIeS/IH0/103e Ha HaAMOJIEKYNAPHOM YPOBHE.

B faHHOW paboTe HaMW WUCMO/Mb30BaHbI METOAbl PEN/IMK U MeXaHWUYecKoro
ANCNeprupoBaHns (B COYETAHMU C y/IbTPa3BYKOBbIM BO3AEMCTBMEM) /151 3/IEKTPOH-
HOMMKPOCKOMNYECKOIO WCCMEf0BaHNA CTPYKTYPbl MOBEPXHOCTM pafvaLMoOHHO-
XVMUYECKN MPUBUTBLIX COMOSIMMEPOB LIE/J1H0/103a € Pas/IMYHbIMA BUHWIOBLIMU MO-
HOMepamu, Kak 13 MapoBoii (hasbl, Tak 1 U3 pacTBopa.

O6beKTaMn UCCNefoBaHWi BblIn:

1 XJ/IOMKOBbIe BOJSIOKHA, OYMLLIEHHbIE OT Pa3/IMYHbBIX CMYTHUKOB LE/NH0/03bI
(NeKTMHOB, reMULENSIIOMO03, XMPOBOCKOBLIX BELLECTB) M3BECTHbIM MeTofoMm Kopes-
Mpest (3KCTpaKUMs LLUEMOYbIO, CMPTOM M3(MPOM)  UCXOAHbIE BOSIOKHA;

2. BOJIOKHA XJ/10MKa, OYMLLEHHblE BblLLEyKa3aHHbIM CrocoboMm, MpPUBUTLIE
nonvaxkpunoHnTpunom - TMAH 13 napoBoit dasbl, Npueec 12,5%;

3. To e, nonu-2-euHUNNMpuaMHom — MBI 13 napoBoit dasbl, NPUBEC
16%0;

4. TO Xe, nonvBUHUNUAeHxopugom - TMBAX u3 pacTeopa, npueec 14%;

5. T0 e, nonmmeTakpunamugom — NMAA 13 pacTeopa, npueec 56%0;

6. To e, nmonMmeTakpwunoBoi kucnotoin — MNMAK u3 pacTBopa, npuBec
6090;

7. 10 e, nonuctuponom —I1C 13 pacTBopa, HOB pasHbIX npueecax: 3,4%,
13,4%, 21,5%.

Mpu nonyyeHWM 3aTux 06pa3LOB WCMOMb30BaHO ramma-usnydeHue Coed ¢
LeMbl0  MHULMUPOBAHUST peakuyn MPUBUTOA  COMOSIMMEPM3ALIMN  LIESIIHOMIO3bI
C BUHWIOBbLIMW MOHOMepPamm Npy MOLLHOCTU n3ny4deHus 70 p/cek. [o3bl 06/1yHeHUs
ObUM B TaKUX npefenax (He 6onee 1 M. paf), Npy KOTOPbIX LENH0M03a He NpeTep-
MeBaeT CYLUECTBEHHbLIX W3MeHeHW. [ogpobHbIe YCIOBUS MOSTyYEHUST BbILLEYKa-
3aHHbIX 06pasLoB, WX (UMKO-XUMUYECKME XapaKTEPUCTUKN, a Takxke Crocodbl
OYMCTKM OT FOMOMO/IMMEPOB, 00Pa3yIOLLMXCA B MPOLIECCE MPUBWTON COMOMMMEPU-
3aUMn BUHWIMOBLIX MOHOMEPOB K LIE//H0M03e, NpuBeaeHbI B Apyrmx padotax [1—3].

Ha puc. la, 6 npeacTas/ieHbl 3M1EKTPOHHbIE MUKpPOQOTOrpadmn pensimk rno-
BEPXHOCTM U (hparMeHT BTOPWMYHON CTEHKM UCXOAHOrO (HEMPUBUTOIO) X/I0MKOBOI0
BOJIOKHA. Ha HMX BUAHbI MHOrOUMC/IEHHbIE CKIAAKM Ha MOBEPXHOCTM BOMOKHA, UX
pacrofioXXeHne, a TakXke MUCKIOUMTENBHO PUOPUANSPHBIA XapaKTep BTOPWUYHON
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CTEHKW X/10NKa. BuaHo, YTo CKMaaKM Ha NMOBEPXHOCTU BOSIOKHA PAcMo/OXeHbI Mog,
HeKoTopbIM yrnom (puc. 1a). PubpunnspHble e 06pa3oBaHUs, SAB/SOLLMECS
C/TIOKHBIMW  OpraHM3aLMsaMy MaKpOMOJIEKY LIETHOM03bl  PACMoNOXeHbl BHYTPU
BO/IOKHA AOCTATOMHO M/IOTHO M MPEMMYLLECTBEHHO MapasifieNlsHO Apyr K Apyry,
obpasys cnow, T. e. ellie 6osee KPyrnHble HAAMOMEKYAPHbIE CTPYKTYpbl. Ha puc.
16 BuAeH tparMeHT PUOPUNNAPHOro CMos.

Puc. 7. DNEKTPOHHbIE MUKpogoTorpadmmn (3M) ncxogHoro (HEMoAUMULMPOBAHHOI0) X/I0NKOBOIO
BO/IOKHa (XB) (a) pennunka nosepxHocTu; (6) dparmeHT rbpPUNNAPHOL CTPYKTYpSI

Hamn paHee feTasnibHO 6Oblla M3yyeHa cnouctas CTPYKTypa X/I0MKOBOrO
BOJIOKHA MO ero yNbTPaTOHKUM cpe3am [2]. Huxke paccMOTpeHbl M3MEHeHVS B
CTPYKTYpe MOBEPXHOCTU W (PUOPUNISPHBIX YHaCTKOB XJ/I0MKOBOr0 BOMOKHA Mpu
NPMBUBKE K HEMY TOTO WM MHOTO BUHW/IOBOIO MO/IMMEPA.

Ha puc. 2a, 6, B, I, COOTBETCTBEHHO, MOKa3aHbl 3/1EKTPOHHOMUKPOCKONUYe-
CKMe KapTVHbI MOBEPXHOCTHOM CTPYKTYPbI U MOPUNNAPHBLIX Y4acTKOB (dhparmeH-
TOB) BTOPVYHOW CTEHKM BOJIOKOH XJ10mKa nocse npvsmBky MAH 1 MBH. MoxHo
OTMETUTb, YTO MPOLIECC MPUBMBKM CYLLIECTBEHHO B/IMAET HA KAPTUHBI MOBEPXHOCTU Y
(OMBPUANSIPHBLIX CTPYKTYP X/I0MKOBOM LEMM0M03bl, MPUYEM 3TO B 3HAUMTE/LHOM
CTeneHu 3aBUCUT OT MPUPOAbI MpUBMBaeMoro nonvmvepa. Tak, B cnyyae NAH, B
YaCTHOCTW, Ha MOBEPXHOCTU BOJIOKHA HabMofaloTCs Mefbyaiilive Cepuyeckue
o6paszoBaHusA, rN106y/bl, PACNONOXKEHHbIE MPEUMYLLECTBEHHO BLO/Ib CK/IAL0K
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Puc. 2. M XB, mMoangpuumpoBaHHbIX nytem npueuekn MAH (npusec 12,5%). (a) pennuka
noBepxHocTu; (6) parmeHT £M6pl/ll‘ll‘lﬂpHOl7l CTpyKTypbl; MBM (npusec 16%), (B) pennauka no-
BepxHocTU; (r) tparMeHT (DMOPUANAPHOI CTPYKTYpbI
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(pnic. 2a). 310 — CTPYKTYPHbIE 3n1eMeHTbI npuBmToro NMAH. BuaHo, 4to nprBuBKa
MAH He crnaxmBaeT CKMaguaToi CTPYKTypbl, a Ha060poT, MoAYepKUBaeT. Ecnm
BHUMATE/IbHO PaCcCMOTPETb, TO MOXHO 3aMeTUTb, HaMuue elle 6Gosee MeKUX
o6pasoBaHuii MAH, pacrofioXXeHHbIX MeXay CKMafgKamuy MoBepXHOCTU BOJIOKHA.
OTcroga crnefyeT, UTO NPMBMBKA LA M0 BCeli MOBEPXHOCTU, HO B MeCTaxX CK/IafoK
— B 60/1bLUel cTeneHu; r1obynspHble YacTulbl MAH B3TUX yyacTKax 3HauYUTeb-
HO KpyrHee (6onee 1000 A B AnameTpe).

MpuemBKa MNMAH TaK e CWIbHO BAMSIET Ha KapTuHY (nbpunnspHbIX obpa-
30BaHUn (BTOPUYHOM CTEHKM) X/I0MKOBOrO BOJMIOKHA (puc. 26). B oTnnume ot
NCXOAHbIX BOMIOKOH B NpuBuTbIX MAH o6pa3suax HabnwopatoTes huopunnsapHbie
yyacTKN ¢ 60siee M/IOTHOM B3aUMHOM YMakoBKOW (hMopuaa Apyr OTHOCUTENbHO
Jpyra, B pesynbTare Yero TPYyLHO OTYET/IMBO CYAUTL O (hOpMeE U pasmepax OTAes b-
HbIX rbpunn, 6YATO OHU CK/IeeHbI APYT € agpyrom. OueBuaHO, YTO NpmBmnBKa MNAH
K (honbpunnsapHbIM 06pa3oBaHMsIM LIENSIH0M03bI CIOCO6CTBYET 60/1ee NPOYHOMY CBSI-
3bIBAHUIO WX ApYr C APYrom.

PesynbTaTbl 3/1eKTPOHHOMMKPOCKOMMYECKMX UCC/EA0BaHNI  MOKa3bIBaOT,
yto B criydae MBI 06Hapy>XMBatOTCA HECKO/IbKO OT/IMYHblE KapTuHbL Konu-
YeCTBO CK/1aA0K MOBEPXHOCTU BO/IOKHA npmBmToro MBI cTano 3HaunTelbHO 60/1b-
Le, Mo-BUAMMOMY, 3TO CBA3AHO C TeM OOCTOATENILCTBOM, YTO B MOC/EAHEM Cy4yae
NOBEPXHOCTb BOMOKHA MOKPbIBAETCA POBHBLIM crioeM MBI (rnobynsipHble YacTuupl
3fecb He HabMoJatoTCH, YTO OYEBMAHO, He SABMISETCA XapaKTepHbIM 415 [aHHOro
nofmmepa) u, B pesy/ibTaTe, CO34A0TCA HEKOTOPbIE HAMPSHKEHWS, MOA AeCTBUEM
KOTOpbIX 00pa3ytoTcs HoBble CKNagkn (puc. 2B). PubpunnspHasl CTPyKTypa BO-
NIOKHa MpW 3TOM TakXKe HECKO/IbKO OTNnYaeTcs (puc. 2r). TOHKas CTpyKTypa
(hparmMeHTOB BTOPUYHOI CTEHKM BOJIOKHA — (MOPUINSPHOCTbL 3[€6Ch BblIpadkKeHa
60/1ee OTUET/IMBO M B 3TOM 06pasLie TakXe 3HaUMTe/lbHasA B3auMHasA yrnopsijoyeH-
HOCTb (MbpWNA ApYr OTHOCUTENbHO Apyra.

[Janee Halm mccnefoBaHNA NMoKasann, 4YTo CTPYKTypa MOBEPXHOCTU W (nb-
PUNMAPHBLIX YYaCTKOB XJ/I0MKOBOr0 BOMIOKHA, npuButoro MBAX, cyLlecTBEHHO
OT/IMYAETCH OT TaKOBbIX NpeablayLLMX MOANOMLIMPOBaHHBLIX 06pasuoB (puc. 3a, 6).
BrgHo, 4To B3TOM c/lydae Hapsfy ¢ npoteccom npusmBky MBAX (oHa cocTasniseT
14% 1o OTHOLLIEHWNIO K MCXOAHOMY BeCY BOJIOKHA) MPOUCXOAUT Kak-Obl TpaBrieHue
BOJIOKHa, T €. HEKOTOPOE paspyLUEHUE ero pbIX/ibIX y4acTKOB B MPoLecce NpuBUTONA
CONOMNMEPU3aLLIN C BUHUIMAEHXTOPUAOM. XOTHA MOBEPXHOCTHbIE CK/MALKN BOJIOK-
Ha 1noc/e MPYBMBKW He NUCYE3a0T, TeM He MeHee M3-3a «TpaB/eHNs» 06LLas KapTuHa
CTPYKTYpPbI MOBEPXHOCTM BOSIOKHA CU/BHO M3MEHSIETCA. Hamu 3aMeyeHo, UTo adhdheKT
TpaBeHNs1 MMEET MECTO W BO BHYTPEHHEN uyacTyi — (DMOPUISIPHON CTPYKTYpe
XJIOMKOBOI0 BOJIOKHA. py MexaHM4YecKoM AUCNeprupoBaHUM Takoro npernapara
06Hapy)XMBaroTCA (hparMeHTbl BTOPUYHON CTEHKN BOJIOKHA C paspyLLEHHOR (unb-
PUNNSPHOIN CTPYKTYpOiA (puc. 36).

CTpyKTypa MnoBepxHOCTW XJI0MNKOBOr0 BOSIOKHA M €ro BHYTPeHHWe punbpui-
NSIPHble YYacTKU (BTOPUYHas CTeHKa) OyayT UMeTb OT/IMYHbLIA BUA MPU NPUBMBKE
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TaKnX BUHWIOBLIX MoaMmMepoB, Kak NMMAA n MMMAK, ocobeHHo, npu 60/bLLnX
npuBecax (COOTBETCTBEHHO 56% 1 60%). Ha puc. 4a, 6, B, I NpuBeaeHbl pesy/bTa-
Tbl 3/IEKTPOHHOMUKPOCKOMMYECKUX HabMIOAEHWIA X CTPYKTYpbI (puc. 4a, — 6418
npueBuTbIX NMMAA BOMOKOH 1 puc. 4B, I — ansa cnyyas NMMAK).

BuaHo, yto B cnyyae npvBuBKM NMMAA cKagyaTbiil XapaKTep MOBEPXHOCT-
HOW CTPYKTYpPbl X/IONKOBOFO BO/IOKHA HECKOMbKO BUAOM3MEHsieTcs (puc. 4a).
Mpy parMeHTaLUM 0OHAPY>XMBAIOTCA C/I0M  C  BbICOKOW YNOPSLOYEHHOCTHIO

Puc. 3. OM XB, moguuumpoaHHoro nytém npusmekun MBAOX (npusec 14%). (a) pennuka
noBepxHocTH; (6) (parMeHT GUOPUNNSPHON CTPYKTYpbI

(pwvic. 46). 3T0, NO-BMAMMOMY, 06YCNOB/EHO TeM, YTO 6narogaps nNpueuBke NMMVIAA
K LLeSINt0/103€ YBENMMUMBAIOTCA CWIbl CLEMNIEHNA CTPYKTYPHbIX 3/IEMEHTOB (MUKPO-
thmbpunn, ¢ubprna) Lenno3bl gpyr ¢ Apyrom, Kak B ciydae MAH.
Heckonbko MHble KapTWHbI 0OHapyXXMBatoTcs B ciiydae NMMAK. XoT4 cknag-
YaToCTb MOBEPXHOCTHOM CTPYKTYpPbl X/IOMKOBOIO BOSIOKHA MPU 3TOM MOJTHOCTBLIO
COXPaHSIeTCS, HO OHa M3-3a 60MbLLIOK NPUBMBKM MNonMMepa (puvc. 4B) MMeeT 6Gosee
rnagkuin Bug. U mbpunnsapHas CTpykTypa, HECMOTPS Ha BO3MOXXHOCTb 06paso-
BaHVA [0BOMILHO 60MbLUMX (MOPUANSPHBIX CAoeB (puc. 4r) npu parMeHTaumm
TaKOro BO/IOKHA WMMEET OT/IMYHbLIA BWL, MO CPaBHEHWMIO C TaKOBOW MPUBMTOrO
NMMAA o6pasua, Hanpumep, oTcyTcTBytOT 6yropku. Mpu NMMAK dmbpunnel, 06-
pasytoLpe Cov BTOPUYHOA CTEHKM BOJIOKHA, HE UMEIOT CU/IbHO HaTSHYThIX (hOpM.
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Puc. 4. M XB, moguduumposaHHbix nyTém npususkn NMMAA (npusec 56%). (a) pennvka no-
BepxHocTK; (6) tparmeHT mbpunnapHoii cTpykTypbl; MMAK (npusec 60%); (B) pennuka
noBepxHocTu; (r) parMeHT QUOPUINAPHONA CTPYKTYpbI
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MecTamMy OHW NepexofAaT B COCefHMe yyacTKu. OTCoga MOXHO 3aK/I0UUTb, YTO
CWbl CUEneHns (PUOPUNISPHBIX 06pasoBaHUn Apyr ¢ ApYrom, B 60KOBOM Ha-
npa.feHnn, B crydae NMMAK BbipaXkeHbl HECKOMIbKO cnabee, YeM Mpu MPUBMBKE
NMMAA.

BbilwenpuBeaeHHbIe pesynbTaTbl CBUAETENLCTBYIOT O TOM, YTO CTPYKTypa
NOBEPXHOCTN 1 MOPUNNIAPHBLIX YHAaCTKOB X/I0MKOBOI0 BO/IOKHAa NPUOBpeTaeT pas-
JINYHBIA BUA B3aBUCUMOCTY OT TWNa NPYBMBAEMOr0 K HEMY BUHW/IOBOIO MOIMMEpPA.
O6LLMM NS BCEX UCC/ej0BaHHbIX C/TyYaeB IBSIETCH, 04EBUAHO, TO 06CTOATENBLCTBO,
YTO B MpPOLECCe PafUaLMOHHO-XMMUYECKO NMPUBUTON COMOMMMEPU3aLMA X10MKO-
BOIA LIe/I/K0M03bl C BUHWIOBBLIMU MOHOMEPaMKM, 6eCCrOpHO, MPOMCXOAUT OT/IOXKEHME
CUHTETUYECKOro Mnosiumepa B Lenonose. Korga 3ToT NpoLecc OcyLLecTBASeTCH
13 NapoBoi hasbl U O aKTa MPUBMBKU BOSIOKHO He MOABEPraeTcs KaKWM-m6o
npoueccam HabyxaHuss (B cnydae [MAH, TBIT), npvBrvBKa MaKpOMOMeKyn K
L,ef1/1t0/103€  OCYLLIECTB/ISIETCA MPEUMYLLIECTBEHHO Ha MOBEPXHOCTU CTPYKTYPHbIX
3N1eMEHTOB — MUKpodmnbpunnax, udpuanax.

[aHHble, nonyyeHHbIe NPY UCCNE0BaHUN MPUBUTLIX 06Pa3LoB LIEN/H0/03bI C
neAaXx, NMNMMA v NMAK cB1eTeNLCTBYIOT 0 TOM, YTO CTPYKTYPHbIe NnpeBpaLLie-
HWUS LES/H0M03bl B 3TUX Cy4vasix NPOSIBASKOTCA B Hambosblueli cTeneHn. Kak Bug-
HO M3 MOMyYeHHbIX 3/1EKTPOHHBLIX MUKpodoTorpatmia, B 3TMX 06pasuax 1 NoBepx-
HOCTHasi CTPYKTYpa BOJIOKHA M €ro yyacTKu ¢ mobpunaspHoli ynakoBkoi (BTo-
pyYHasa CTeHKa) BMAOU3MEHAOTCA 60n1ee 0THeTMBO. OTCHoda CreflyeT, UTo B CAy-
Yae MpUBUBKWU U3 pacTBOPa CTPYKTYPHbIE 3/IeMEHTbI LIE/I0M03bl B PAaCTBOPE 3Ha-
UNTENbHO HabyXaloT, CrefoBaTe/lbHO, B peakUuvn MPUBWUTON COMOMMEepU3aLnn
MOTYT MPUHATL YYacTue N Te LIeSUTH0MI03HbIE Lenu, KOTopble pacrofiokeHbl BHYTPY
CTPYKTYPHbIX 3/1IEMEHTOB, T. K. B MNoc/ejHeM C/lydae [OCTYNHOCTb MPUBMBAEMOrO
peareHTa 3HauNTeNIbHO GO/IbLLE.

MpeacTaBNsieT UHTEPEC BbISBATL XapaKTep CTPYKTYPHbLIX MPEBPALLEHWi
X/IONKOBOW Le/I/0M103bl B 3aBUCUMOCTU OT CTEMEHW MPYMBUBKU BMHWIOBOMO MOMW-
Mepa. Hamu m3ydeHbl BOMIOKHA, NpuBuTble MNC Npy pasnnyHbIX NprBecax, a UMeH-
Ho: 3,4%, 13,4%, 21,5%. Ha pucyHkax 5a, 6; 7a, 6 npvBeaeHbl, COOTBETCTBEHHO,
3NEKTPOHHbIE MMKPOGoTorpamm MOBEPXHOCTU U (IMBPUNNISIPHOA  CTPYKTYPbI
BblLLIEYKa3aHHbIX 00pas3LoB.

Kak BMAHO U3 3M1EKTPOHHOMUKPOCKOMMYECKMX HabMOAeHNIA, Npy nprBece
MNC 3,4% y>e 3aMeTHbl N3MEHEHWS B CTPYKTYPe XJI0NMKOBOro BOIOKHa. CKnagku
ncYe3aloT, KapTuHA MOBEPXHOCTU BOIOKHA CTAHOBUTCA 6o/ee 0AHOPOAHON. Kpome
TOro, MOXKHO 3aMETUTb Ha/lMuMe MeSbYailLmMX cepuuecknx obpaszoBaHuii (rno-
Oyn), pacrofIoXeHHbIX NPEUMYLLIECTBEHHO Ha MecTax CK/IafjoK BOJIOKHA, KOTOpble
npeactasnsAoT nNpusuToid MNC (puc. 5a). MoXHO NPeanonoKuTb, YTo NpU NpUBece
3,4% [NC NoKpbIBaeT NOBEPXHOCTb BO/IOKHA YXKe B TaKOM CTEMeHW, UTO CKnaayaras
CTPYKTypa CrfiaxeHa W BO3HWKAKOT CTPYKTYpHble 006pa3oBaHNs — rnobynbl,
xapakKTepHble g5 MC. YcTaHOBNEHO, UTO agMamMeTp rnobyn konebnerca ot 150 go
300 A. Mpu thparMeHTaLpmm (MeXaHUYECKOM AVCTIEPrMpoBaHII) TaKoro npenapara
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HabnogaeTca KapTuHa (rbpuNasapHO CTPYKTYpbl Lenntonosbl (puc. 56), aHa-
noruyHas TOW, KoTopas Habntoganacb, 00bIMHO, A71S MPUBUTLIX 06pasLoB C
NMMAA, NMMAK. OTcroga MOXKHO 3aK/IKUUTb, YTO Aaxke Masbid npueec MNC K uen-
nono3e (3,4%) siIBNSIeTCS BMOMHE A0CTATOUHbIM, YTOObI CBSA3bIBATL (IMOPUNIIbI LIEN-
NoNo3bl Apyr ¢ gpyroM. bnarogapsi 3Tomy 06CToATeNbCTBY U HabnogatoTes par-
MEHTbI (PMOPUNNAPHON CTPYKTYPbI CO CMJIOLLHOM YNakoBKOW (puc. 56).

Puc. 5. M XB, MogugpuumpoaHHoro nytém npususku MC, npusec 3,4%. (a) pennvka no-
BepxHoCTK; (6) hparMeHT PUBPUNNAPHONA CTPYKTYPSI

C yBenMyeHVeM MpuBeca KapTuUHa CTaHOBUTCHA BCe 60see OT/IMYHOW. Tak,
npv npueece MNC 13,4% B MecTax CK/IafoK Ha MOBEPXHOCTWU BOJSIOKHA Hapsgy ¢
rNobynspHbIMK arperataMy Ha4YMHAKOT BO3HMKATb aHU304MaMeTpUUHbIE YacTuLbI
TMNa MUKPOUOPUNILI (puc. 6a). Mpu TLATeNbHOM paccMaTpyBaHUN 3/1EKTPOH-
HOMMKPOCKOMUYECKNX KapTUH MOXHO 3aMeTUTb, YTO HEKOTOpble U3 Takux obpa-
30BaHWI COCTOAT M3 rnobyn. Ho 3To, No-BMAMMOMY, He O3HAYaeT, UTo BCe mbpus-
NApHble arperatbl MNC BO3HWMKAM 3a CYHET YKNALKWU r/106yN B O4HY NIMHUIO, BEPO-
ATHO, OHU MOTyT 06Pa30BbIBATLCS W B Pe3y/ibTare N/I0THOM YMaKOBKU HECKO/TbKUX
pacnpsMIeHHbIX FNoByNsApHbIX arperatoB. Habntogaemble B MOCNefHeM cryyae
[OJIMHHbIE arperaTbl UMEHOT (POPMY SIEHT; LUMPUHA NIEHTOUHBIX CTPYKTYp oT 500 ao
1500 A. 310 60slee OTHET/IMBO BUAHO Mpy npusece 21,5%, rae NMOBEPXHOCTHas
CTPYKTYpa BOJIOKHA COCTOMT WCK/HOUUTENIBHO U3 T. H. ,,JIEHTOUHLIX” CTPYKTYp
(puc. 7a).
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Puc. 6. M XB, moguduumposaHHoro nytém npusmeku NC, npueec 13,4%. (a) pennuka no
BEpXHOCTU; (6) hparmeHT £M6pVII‘II‘IFIpHOl7I CTPYKTYpbI

Puc. 7. AM XB, moguuumposaHHoro nytém npuemeku MC, npusec 21,5%. (a) pennvka no
BepxHocTu; (6) hparmeHT cgm6pmnnﬂpH017| CTPYKTYpbI
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PesynbTaTbl NPOBEAEHHbIX UCCMEAOBaHWUIA MOKa3aauv, YTO YBE/IMYEHWE Npu-
Beca MC B X/10MKOBOI LIE/I/1H0/103e TAKXKE CU/IbHO BAMSIET Ha XapakTep ee mopu-
nauym (puc. 66, 76). Mpy 6onbLUMX NpuBecax QUOPUNNALMS NPUBUTON LIENMHOMO3bI
3HAUMTENbHO YXYALUAETCs, 3TO OCOOGEHHO CWMbHO 3aMeTHO npu npuBece 21,5%
(pnc. 76), 4TO MOXHO OOBSACHWTL TeMm, 4YTO nMpmBMBKa [C K Uenntonose BedeT K
NOSIB/IEHNIO TUAPOJO6HBLIX CBOMCTB. C yBeNMYEHMEM CTEMEHM MPUBMBKIM Npenapar
npuobpeTaeT BCe 60/bLLE 1 60MbLLIE TMAPOO6HOE CBOMCTBO, BCMEACTBUE Yero, Mpu
npoBegeHnN hparMeHTaUun B BOAE, Ham He yAasiocb Habnogatb XapakTepa pumo-
PUNASIPHOMA CTPYKTYPbl NpuBMTONA Lenmonosdsl ¢ MC, ocobeHHO, Mpy Hanbosb-
LLeM NpUBECE.

Takum 06pa3oM, 3/1EKTPOHHOMUKPOCKOMUYECKME UCCNEf0BaHNS CTPYKTYpbI
NOBEPXHOCTU U PUOPUNNAPHBIX YYACTKOB (BTOPUYHON CTEHKM) XJIOMKOBbLIX BO-
JNIOKOH, MOAV(IMLMPOBAHHBLIX MYTEM pagualVoOHHO XMMWYECKON MNPUBUBKA psifa
BVHWMOBbLIX MO/IMMEPOB MO3BO/IN/IN BbISIBUTL UX CTPYKTYPHbIE 0CO6EHHOCTU. [N
BCEX UCCMeoBaHHbIX 06pasLoB yAa/i0Cb YCTaHOBUTL UX CreLmrUYecKme OT/In4yms,
BbI3BaHHbIE MPUPOJOIA NPUMBMBAEMOro MOJIMMEPE, & TakXKe YC/0BUSAMMK Mpouecca
NPVBUBKN (M3 pacTBOpa MOHOMEPOB W M3 MapoBOi (hasbl), HA HaaMONEKYNSAPHOM
YPOBHE.

BbiBoabl

PesynbTtatamy  371eKTPOHHOMUKPOCKOMUYECKUX  UCCEef0BaHN  MOKasaHo,
UTO MPVBUBKA Pa3/IMYHbIX BUMHWIOBLIX MOIMMEPOB K X/I0MKOBOMY BOJSIOKHY MO-
pasHOMY B/IMSIET Ha CTPYKTYPY €ro mMoBepxXHOCTU U (MOBPMAISPHBIX YYacTKOB.

YCTaHOB/IEHO, YTO CTeMeHb CTPYKTYPHbIX M3MEHEHMIA BOIOKHA 3aBUCUT Kak
OT NpUpogbl NPYBMBAEMOro MOSMMeEpPa M CTEMEeHU NPUBUBKW, TakK U OT YCI0BUIA
nosly4eHVs1 MPMBUTOrO obpasua - K3 NapoBOiA hasbl UM M3 pacTBopA.

MpeanonoXeHo, YTo Mpy NPOoBefeHNM npoLecca MPUBMBKA BUHUIOBbIX MO-
JIMMEPOB K X/10MKOBOMY BOJIOKHY M3 NapoBOi hasbiv, 0COGEHHO, B Criydae MasibIX
MPUBECOB, B peaKkuMu MPUBWATOM COMO/IMMEPU3ALMUN YHACTBYIOT B OCHOBHOM Te
MaKpOMO/IEKY/ bl LIESI/1H0/103bl, KOTOPbIE PacnosiokeHbl Ha MOBEPXHOCTU CTPYKTYP-
HbIX 3/IEMEHTOB — MUKpOmbpunn, ¢ubpunn. B cnydae e, Korga npoueccy
NPVYBMBKW MpPeALUECTBYET HabyxaHre X/TI0NKOBbIX BO/IOKOH B pacTBOpPe MOHOMEPOB,
TO B peakumy MOryT y4acTBOBaTb M Te MaKpOMOSEKY/bl, KOTOPbIe PacrosoXeHbl
BHYTPWU CTPYKTYPHbIX 3/1IEMEHTOB LIESI/1H0/I03bL.

Ha ocHOBaHUM MOMYyYeHHbIX 3KCMEPUMEHTA/IBHBIX AAaHHBIX TaKXKE MOXHO
3aK/HOUUTb, YTO €CIM MPMBMBKA BMHWIOBOFO MOSIMMEPA K BOSIOKHY OCYLLECTB/IS-
eTCA B [OCTATOYHO OO/bLUOM CTereHu, TO Ha MOBEPXHOCTU BOJSIOKHA MOXHO 3a-
METUTb BO3HMKHOBaHMWE FNOBYISAPHBbIX NN aCUMMETPUYUHBLIX ((DMOPUNNSPHBIX, NEH-
TOYUHbIX) CTPYKTYP, XapaKTepHbIX MPUBUTOMY MOMMEPY.
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W, HakoHeU, mM3yyas (pparmMeHTaUMIO MPUBMTOrNO 0bpasua, M3 pesy/bTaToB
3/1EKTPOHHOMUKPOCKOMUYECKUX  HabMofeHniA ByfeT BO3MOXKHO CyauTb O HEKO-
TOPbIX (M3NKO-XMMUYECKMX CBOMCTBAX MOAMKULIMPOBAHHOIO obpasua, HanpuMmep,
o MOBbILLEHVN TUAPOJO6HOE™ BOMOKOH.
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NCCNEAOBAHVE B3AMMOCBA3N CTPYKTYPHbIX
N XUMNYECKWX TIPEBPALLWEHW B LENTHOJTIO3E*

K. X. PABVIKOB, 3. [I. TATAM u X. ¥. YCMAHOB

(HayuyHo-uccnefoBaTeNbCKUA MHCTUTYT XUMWUW U TEXHONOTMW XNOMKOBOW LEeNNono3bl —
HMUNTLU, r. TawkedT, CCCP)

Moctynuna: 20V 1970 r.

B daHHOI paboTe TwlaTeNbHO M3y4eH BOMPOC CTPYKTYPHON W XUMUYECKON MOaU-
(hrKaumm X/IONKOBOM LENM0N03bl Kak B OTAENbHOCTU, TaK M BO B3aMMOCBA3W APYr C
Apyrom. Yrobbl MpocneauTb M3MEHEHUA CTPYKTYPbl MCCedyembIX Mpenapatos, Obii
MCMO/b30BaHbl METOAbl CBETOBOW M 31€KTPOHHOW MUKPOCKOMNMMN.

C Uenbio CTPYKTYPHOIN MogutMKaLum Lenntonosbl Hamy 6biin NpoBeAeHb! Creayto-
Wwme 06paboTku: 18%-HbIM e4KMM HaTPOM, TO XK€ C MOCNedytolell UHKNAaumen n3o-
amMuoBbIM CNMPTOM, CMECbO FnvuepuH-Boga (1 : 1). HabniogeHus, nposefeHHble € No-
MOLLIbIO CBETOBOTO MWKPOCKOMa, MoKas3anu, YTo X/IONKOBble BOMIOKHA Pas3nyHbIM 06pa-
30M M3MEHAIOTCH B POPMe M pasmepax MOf BAVSIHMEM BbllleyKa3aHHbIX 06paboTok. B He-
KOTOPbIX Cy4Yasx ucyesaeT U3BMTOCTb (CKPYYEHHOCTb) X/IONKOBOTO BOMOKHA W €ro no-
MepeyHoe CeyeHue CTAHOBUTCA MOYTW KPYrAbiM. B Apyrnx e cnyyasax CKpy4yeHHOCTb
COXpaHsAeTCs, HO CPedHWA AMamMeTp BOJIOKHA 3aMETHO YBENNYMBAETCA. IMEKTPOHHO-
MWKPOCKOMUYECKUMUN HabNloOAeHNAMI KaK pPeniuk NOBEPXHOCTMW, TaK M YNbTPaTOHKMX
Cpe30B YCTaHOB/IEHbI ABa TUMNa U3MEHEHWS CTPYKTYPbI BONOKHA —BHYTPUOUGPUINAPHOEN
MeXAyhnopunnspHoe HabyxaHue.

[anee 3T npenapatbl X/0MNKOBOW LE/N0/I03bI NOABEPra/NCh XUMUYECKUM Mpe-
BpaLLEHNAM — peakuua LUMaHITUIMPOBAHNUA U PaaMaLiOHHO-XMMWYECKOHA NPUBUTON CO-
nonMMepu3auumn ¢ akpunoHWTPUIOM. Bblin BbIBNEHbI O0COBEHHOCTU HALMOJEKYNAPHON
CTPYKTYPbl NOMTYYEHHbIX NPenapaToB-LUaH3ITUINPOBaHHbIX U MPUBUTLIX MOANAKPUNO-
HUTPW/IOM BOMIOKOH XJ0MKa. Kpome TOro, YCTaHOBEHO Hanu4ne B3aMMOCBSA3N CTPYK-
TYPHBIX U XMMWYECKMX MpPeBpaLLeHunii B 1ccnedyembiX 06pasuax Lenntonosbl.

B HacTosiLee BpeMsi 60/bLLIOE BHUMaHUE YAensieTcs npoleccam nepepaboT-
KW MPVPOAHOIA LIeN/I0N03bl U MOMYyYeHUIO Ha eé 0CHOBe maTepuanos C 6osee LieH-
HbIMM (QM3MKO-XMMMYECKMI U MEXaHWUYECKMMW CBOCTBaMU. B CBSA3M € 3TM BaX-
HOe 3HaYeHVie MPUMOBPETAET BOMPOC O MOBbLILLEHNN PEAKLMOHHON aKTUBHOCTY LiEN-
JIH0N103b1 B TEX WU VHbIX PeaKUMsaX XUMUYECKOro MpeBpaLLeHus.

V3BeCTHbI MHOFOYMC/IEHHbIE PaboTbl |1 6], B KOTOPbIX A/1s1 XMMWYECKOI
MOAUMMKALMN  LeN/TH0M03bl  UCMOMb3YHOTCS  MPefBapuTe/bHble  aKTMBALMOHHbIE
npouecchbl (06paboTKM amMrMHaMK, aMMUaKoM, IefSIHOM YKCYCHOM KWUC/IO0TON © ap.).

[Onsa nposiBNeHNs BbICOKOM PeaKkLMOHHOM CMOCOOHOCTM LENH03bl Heob-
X0AMMO 00LLee ocnabneHne MeXKMOMEKY/IPHOIO B3aMMOAENCTBMS MO BCEA rny6u-
He CTPYKTYpbl, Ha/iMuue pPasBUTOM CETM TOHYAMLLMX CYOMMKPOCKOMUYECKMX Ka-
NUNNSAPOB, a TakKe 60/bLLOMA aKTMBHOM BHYTPEHHEN MOBEPXHOCTW, FMAPOKCU/Ib-
Hble FPyMnbl KOTOPOA SAABMSKOTCA AOCTYMHBLIMA A1 MOMEKYN PeaKLMOHHONM cpefbl

* Matepuan fonoxeH Ha MexayHapogHOM cUMMo3uyMe o MakpoMOneKyaspHOR XumMium
BypanewT, 25—30 aBrycta 1969 r. Joknag 10/26.
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[7]. 3TOro MOXHO A06MTBLCSA MyTEM W3MEHEHUS HaAMOJSIEKYNSPHOM CTPYKTYPbI
LeN0M103bl, T. €. MyTeM CTPYKTYPHON MOAUUKALINA.

[ns npoBefeHVs LeneHanpaBieHHON CTPYKTYPHOW MOAM(MKALMN HaTuB-
HOW LIeNs0/103bl HEOOXOAMMO MpeaBapuTeNlbHOe UCCefoBaHMe BCeX BO3MOXKHbIX
TWMNOB MPEBPALLEHWIA LIe/IHM03bl KaK B OTAEMbHOCTY, TaK U BO B3aMMOCBSA3U Apyr
C Lpyrom.

C uenblo YCTaHOB/IEHNS B3aMMOCBSI3N MeXy CTPYKTYPHbIMU W XUMUYECKU-
MW MpeBpaLLeHSIMA B NPUPOLHOM LIeN/IH0M03e X/10MKOBbIE BOJSIOKHA MOABeprav
HEKOTOPbIM aKTMBMPYHOLLMM MpoLeccam (06paboTKa eaKuUM HaTpoM, UHKIIogaums
BbICLLMMW CMMPTaMK, KUMSYEHWE B CMECU TMLEPMHA C BOAOW) C MOCNefyHOLLIEN
XUMUYECKO MOoauMKaLmein (LMaHITUAMPOBaHEM W pafnalyoHHO-NPUBUTON
conosimmepusauvein ¢ akpuioHUTPUIOM).

O6beKTbl UCCMefoBaHUS UM METOAMKA 3KCMepUMEHTa

O6beKTamMn uccnegoBaHmsa Bbn:

1. XnonkoBas LeNnoao3a, obpabotaHHast 18%-HbIM PacTBOPOM €AKOro
HaTtpa npu 0°C B TeyeHWe 2-X 4acos;

2. Xnonkosas Lenntososa, obpabotaHHas egkum Hatpom (n. 1) ¢ nocnegy-
toLLell MHKJALMEN M30aMWMIOBLIM UK FENTWIOBLIM CNIMPTOM,;

3. Xnonkosas Lentono3a, obpaboTaHHas cMecbio rnvuepuH-Boga (1 : 1)
npu KUNaYeHUK, B TedeHue 1 yaca;

4. AKTVBYpOBaHHble o6pasubl (N. 1, 2, 3), NOABEPrHyTble peakuun LpaH-
3TUNNPOBaHNS;

5. AKTvBMpOBaHHble o6pasuybl (N. 1, 2, 3), NoABeprHyTble pagualMoHHO-
NPYBUTOI COMONMMEPU3ALIN C aKPUNOHUTPUIIOM 13 NapoBoii (iasbl Mog AeicTBrEM
y-nydeii Cof) npu gose 061y4ueHnss 1 Mpag v MolHocTr 70 p/cek.

BbIx04 NPOAyKTOB, NOAYYeHHbIX MNPY XMMUYECKOM MOAM(MKaLmMn npessapu-
TENbHO aKTUBUPOBAHHBIX LIE/SH0M03HbIX 00pasLoB, MO3BOMSET CyAUTb 06 UX peak-
LMOHHOW aKTMBHOCTW. B Tabnuue npuBefeHbl faHHbIE MO BbIXOAY MPOU3BOAHbIX
Lie/1t0/103bl.

OCHOBHbIMW  METOZaMWU  UCCefOBaHNS ObUMA CBETOBask W 3/1IEKTPOHHASA
MUKPOCKOMNUSA.

C nomoLpto CBETOBOIO MUKpocKkona MBU-6 6bun 13yyeHbl hopma 1 pasme-
pbl UCCefyeMbIX BOSIOKOH, & TAKXXe WX MOMNePeYHbIX CeUeHUIA.

ONEeKTPOHHOMUKPOCKOMNUYECKME HabMOAEHNSA NPOBOAWN C MOMOLLBIO Npu-
60poB YOMB-100 u «Tecria» Npv pas/IMYHbIX MPSMbIX 3/1IEKTPOHHO-ONTUYECKNX
yBenuyeHnax. [na KOHTpacTUpOBaHUSA MNpernapaTtoB WCMONb30Ba/IM OTTEHEHUE
naanagnueMm 1 XpoMoM.

Mpy 3N1eKTPOHHOMUKPOCKOMUYECKMX UCCNEL0BAHUAX MPUMEHANIUCE MHOTME
M3 CYLLECTBYIOLLUMX CMOCOGOB rpernapupoBaHns  (MoslydeHre  YNbTPaTOHKMX
Cpe3oB, MeXaHWYecKoe W TUAPONIUTUYECKOE AUCMEPrupoBaHne, METOA Perivk).
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Tabnuua 1

BbIX04 MPOM3BOAHUX LENNN03bl nocne 06paboTKu

BbXQf, MPOvBBAIHbX (%0

N Vecrenyevbe obpestil OB Byar DA

1. VicxopHas xnornkosas LEennnosa 2.8 is
2. Xnonkosas Lennonosa, o6paboraHHas
18%-HbIM pacTBOPOM €KOro HaTpa. 50 2,0

3. XnonkoBas Lenntono3a, 06paboTaHHas
10 %-HbIM DaCTBOPOM €/IKOr0 HaTpa C fo-
CneflytoLLel MHKMoALMEl 130aMUOBbLIM

CMUPTOM. 75 7,0
4. Xnonkosas Lienonosa, obpabotaHHas
CMeCbl0 rmuepuH-Boga (i:1) 3,2 3,4

Mony4yeHHble pesynbTaTbl U UX 0GCYXKAEHMWE

MWKPOCKOMMYECKMEe UCC/EA0BaHUS MOKa3asIu, HTO NPOBeAeHHbIe HaMun (in3un-
KO-XMIMUYeCKMe 06paboTKu NPUBOAAT K U3MEHEHWIO (hOPMbl 1 pa3MepoB BOSIOKHA
[8]. OgHUM M3 XapaKTepHbIX MPU3HAKOB M3MEHEHMSI X/IOMKOBOIO BOJIOKHA MpW
LLIESTOYHONM 06paboTKe ABMSETCSA yBEMYEHNE €ro AMameTpa M COKpaLLeHUe J/IUHbI.
Kpome TOro, CnsoLEHHAa 3nmMnTUYecKass hopma MorepeyHoro ceyeHus nepe-
X0OMT B chepunyecKyto. Bce aTn m3MeHeHMst 00yCnoBeHbI NPOLIECCOM HabyxaHus
LenMono3sbl B LWenoun. JanbHelilas UHKNKOAALUS U30aMWI0BbIM CIMPTOM MPUBO-
AT K elle 60/bLUEMY YBE/TMYEHUIO AMaMeTpa BOJIOKHA.

Mocne 06paboTKM CMECHH T/INLIEPVH-BO4A CPefHWIA AuaMeTp XJ10MKOBOrO0
BO/IOKHA 3aMeTHO YBEMUMBAETCS, O4HAKO (POpMa ero, rno CPaBHEHMIO C UCXOHON,
He MeHsIeTcs. Bce 3T0 CBUAETENBbCTBYET O TOM, UTO MeXaHM3M HebyxaHUsi BOJIOKHA B
3TOM C/ly4yae VHOW.

3MeKTPOHHOMMKPOCKOMNMYECKNE UCCNe0BaHUS YIbTPATOHKMX CPe30B XJ10r-
KOBOr0 BOJIOKHa, 06pab0TaHHOro efKWM HATPOM, MOKasanv, YTO 3/IeMeHTbl Haj-
MOJIEKYNSIPHO CTPYKTYPbI LENTHI03bl — MUKPOGMOPWUINBI, MBPUINBLI U NX Cou

UMetoT Habyxwumnin Bug. [Mpu nocnefytoLeii HKIK4aUMM 3T N3MEHEHNS MpPo-
ABMANOTCA B O0/bLUE/ CTEMNeHMW.

Ha pwc. la, 6 npefcTaBieHbl 3/1EKTPOHHbIE MUKPOGOTOrpadiun NONepeyHoro
W MPOJO0/ILHOIO YNbTPATOHKMX CPE30B X/I0MKOBOr0 BOMIOKHA, 06paboTaHHOro efKumM
HaTPOM C MOC/eAYIOLLEN UHKNIOAALMEN N30aMMUN0BbLIM CIPTOM. BTopuYyHas cTeHKa
Takoro obpasua CoCTOMT K3 M/I0THOYMAKOBAHHbIX HabyXLUMX MUKPOPUOpUINsp-
HbIX CMoeB. ViccnefoBaHusi Mokasanu, YTO0 CTPYKTYPHbIE M3MEHEHUS!, BbI3BaHHbIE
LLESIOYHON 06paboTKOM, He TOMbKO 3aKPENn/ISATCA MpY MOCMeayoLWEen NHKA-
Jaunm, HO N B HEKOTOPOW CTereHn yrnyo6nstoTcs.
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Puc. 1. OM yNbTPaTOHKUX CPE30B X/IOMKOBOIO BOJIOKHA, 06pabOTaHHOrO eAKVWM HATPOM C Mo-
CNefytoLeil MHKOAaLMell M30aMU/IOBLIM CIMPTOM, () MonepeYHblii cpes; (6) NPOLONbHLIN cpes

V3mepeHnst LUIMPWHbI OTAEMBbHBLIX MUKPOMOPWUAN fanu cregytolie pesysb-
TaTbl: €CAN A4/11 UCXOAHOI0 X/I0NKOBOM0 BOJIOKHA LUMPUHA MUKPOGMOPWA COCTa-
BnsieT 100 A, To AN X/MIONKOBOrO BOJIOKHA, MHK/IIOAMPOBAHHOIO M30aMM/I0BbIM
CNVPTOM, OHa ropsgka 170 A°.

BugonsmMeHeHWe CTPYKTYpPbl X/I0MKOBOr0 BOJIOKHA MPU COOTBETCTBYHOLLIMX
06paboTKax 6bUI0 BbISIB/IEHO TakKXe MpU U3YHEHUW PENINK ero roBepxXHOCTU U
AncneprmpoBaHHbIX npenapaTtoB [9]. Bbu1o ycTaHOBMEHO, YTO 06paboTKa eaKkMM
HaTPOM W NocredytoLpe NPoLEeccbl UHKMOLAUMA Croco6CTBYIOT HabyxaHUo (rb-
PUNMISIPHBIX 3/1EMEHTOB LE/1H0/103bl, PACMONIOKEHHbIX BO BCEX 4acTAX BOJIOKHA.

NTakK, HaMn 6blU10 NOKa3aHo, YTo 06paboTKa LLUEMOYb0, a TakXKe Moc/eayto-
LWMe NpoLecChl MHKA4AUMM M30aMWIOBbLIM CMPTOM BbBbLIBAIOT BHYTPUUOPNI-
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Puc. 2. M yNbTPATOHKMX CPE30B X/OMKOBOrO BO/OKHA MOCNe 06paboTKM CMECHID TALEPUH-
BOJA (1 : 1). (@) mornepeyHblin cpes; (6) NPoAONbHbLIN cpe3

NApHOE HabyxaHue Les/to03bl, YTO XOPOLLIO COr/lacyeTcsl C paHee Mpou3BeneH-
HbIMX pPeHTreHor padmyeckumuy uccnegosaHmsamm [10].

CoBepLLUEHHO MHass KapTuHa bblia 06Hapy»eHa npy 06paboTKe XJ1I0MKOBOWA
Le//MoNosbl CMECbIO TULUEPUH-Boda. Ha puc. 2 a, 6 npuBegeHbl XapakTepHble
3/1EKTPOHHOMUKPOCKOMUYECKME CHUMKU MOMepPeYHbIX M NPOLOSIbHBIX CPE30B 3TOro
obpasua. Kak BUAHO M3 CHUMKOB, 3(piheKTy HabyxaHUs B 3TOM C/lydae nojgepra-
HOTCA TOMbKO PbIX/ible (MEXC/0eBblE N MEXGMOPUNNSAPHbIE) 06/1acT, BCNEACTBME
Yero MPOMCXOAUT HapyLLEHWe CM0EBOA U GMOPUINSIPHOA YNaKOBKM.

Pa3vepbl HAMBUAYaIbHBIX MUKPOUGPUIT TOHKOro 06pasLa Te Xe, YTo Uy
HeobpaboTaHHOro X/10MKOBOro0 BOSIOKHa [9].
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M3yueHre pensik ¢ NOBEPXHOCTM 3TOr0 0bpasiia NokKasaso, YTo AaHHast 06-
paboTka cnocobcTBYeT 60/1ee OTUETIMBOMY BbISIB/IEHWIO (IMOPUINAPHON CTPYKTY-
pbl MEPBUYHON CTEHKW. JTO MPOUCXOAUT BCMEACTBME TPaB/feHUS PbIX/IOr0 €105
Ha MOBEPXHOCTU BOJOKHA.

MpoBefeHHbIE MCCNeaoBaHUA MOKasasiv, 4YTO MOMEKY/bl FULEPUHE, B
OT/INYME OT MOSIEKY/T LUEMOYKN, He MOryT MPOHUKHYTb B M/IOTHbIE Y4YacTKW Len-
JIIONO3HbIX MUKPOMOPUAA, BCNEACTBME Yero 06paboTKa CMECHIO MMLEPUH-BOAA
BbI3bIBAET MEXDUOPUNIAPHOE HabyxaHue Lesonosbl.

[anee CTpyKTypHO-MoAMMLMPOBaHHbIE MpenapaTbl (06paboTaHHble eq-
KMM HaTpOM, BOAHbIM PacTBOPOM TMLEPUHA, VHKTHOAMPOBAHHbLIE M30aMU/OBbLIM
CNMPTOM) MOABEPra/ii XMMUYECKUM NPEBPALLEHMAM, a UMEHHO, PeakumsiM LpaH-
3TUIMPOBAHUA U PaUaLoOHHO-MPUBUTON COMONMMEPU3ALNNC aKPUIOHNUTPUSIOM.
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ViccnepgoBaHms, MpoBedeHHbIE ¢ MOMOLLbIO CBETOBOr0 MUKPOCKOMA, MOKasa-
N, 41O (hopma U pasMepbl MOAUPULIMPOBAHHBLIX BOSIOKOH 3aBUCAT KaK OT Tuna
XMMWYECKOI peakuun, TaK M OT XapakTepa npeaBapuTesibHoM 06paboTky [8].

T

Puc. 3. OM y/NbTPaTOHKMX TMOMEPEYHbIX CPE30B Pa3/IMYHbIX LMaHITUANPOBAHHbLIX BOSIOKOH,

(a) ucxopHoro (Heo6paboTaHHOrO) X/0MKOBOIO BOJIOKHA; (6) 06paboTaHHOro efKMUM HaTpoM;

(B) 06paboTaHHOro CHayana efkUM HaTpoM, 3aTeM M30aMUIOBbIM cnvpToM; (r) 06paboTaHHOro
CMecblo rniuuepuH-soga (1 : 1)
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4.6

3NeKTPOHHOMMKPOCKOMUYECKME UCC/ef0BaHWSA MpefBapuTe/lbHO aKTUBW-
POBaHHbIX W 3aTeM LMaH3ITUAMPOBaHHbLIX 06pa3uoB (puc. 3 a, 6, B, ) MO3BO/NN
BbISIBUTb CMeUmMUecKme 0CO6eHHOCTN UX HALMOSEKYNSAPHON CTPYKTYpbI.

Habntogaemoe paccnoeHve BTOPUYHOM CTEHKM Ha Cpe3ax MCXOAHOro LyaH-
3TWINPOBAHHOIO BOMOKHA (puC. 3 @) SIBMSETCH, OYEBWUAHO, CMEACTBMEM XMMUYeE-
CKOro npeBpaLLeHns Lenstonosbl, T. €. 3aMeLLeHNs TMAPOKCUSIbHBLIX Fpynn B Mak-
poMOSieKyax Lenono3bl Ha LaHITUNBHbIE.

PaBHOMEpHbI XapaKTep pacnpegesieHnsi C/I0eB BTOPUYHOM CTEHKM Ha Mo-
NnepeyHbIX cpe3ax UMaHITWIMPOBAHHOIO BOJIOKHA CBUAETENILCTBYET O pPaBHO-
MEPHOM MPOTEKaHWMN MpoLiecca LyaH3TUAMPOBaHUS MO BCeMY MOMEPeYHOMY ceuve-
HMIO X/I0MKOBOI0 BOJIOKHA.
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4. 1

Puc. 4. OM ynbTpaTOHKMX NPOLO/bHBIX CPE30B PasnMuHbIX MPUBUTbIX MAH BOMOKOH XN0MKa,
(a) ncxogHoro BosIOKHA; (6) 06paboTaHHOrO eAKMM HaTpoMm; (B) 06paboTaHHOro eAKvM HATPOM
1 3aTeM M30aMWU/I0BbIM cnnpTOM; (r) 06paboTaHHOIO CMeCho rNuLepuH-Boga (i: 1)

Mpy  LMaH3TUAMPOBaHUN MPeLBapUTENIbHO MEPCEPU30BAHHOM  LIe/IIHOM03bI
(puc. 36) YeTKO BbIpaXKeHHast CnoeBast KapTWHA Ha eé yNbTPaTOHKUX cpe3ax He
Hab/loaaeTca. 3T0 00BLACHSAETCA TeMm, YTO MPOLECCYy LMAH3TUAMPOBaHUS Mpea-
LlecTBOBa/1a LUe/lovHas 06paboTKa, Bbi3biBatoWasi BHYTPUGMOpUNNSpHoe Haby-
XaHvie Lennonosbl.

ShtheKT BHYTPUDNOPUANIAPHOIO HabyxaHWa NPUBOAUT K YBE/TMYEHWIO CTene-
HU 3aMELLIEHNS TUAPOKCUIBbHBIX TPYMN Ha LMaH3TWIbHbIE B MPOLECCe LMaHITUAW-
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poBaHuA (cogep>kaHue a3oTa B UCXOLAHOM LIMaH3ITUIMPOBAHHOM BOSTOKHE — 2,8%,
a B MpeiBapuUTe/lbHO Mepcepr30BaHHOM LIMAHITUMPOBAHHOM BOJSIOKHe — 59%0).

B cnyyae UmaHITUNMPOBaHHbLIX BOMOKOH, MPeABapUTe/IbHO MHK/IOAVNPOBAH-
HbIX 130 aMWUMOBbLIM CNUPTOM (pUC. 3B), yKa3aHHbIE pPa3/inyms B CTPYKTYpPe BOMIOKOH
NposiBNSAOTCA 60s1€e OTHET/IMBO (CogepykaHme asota —7,0%6).

Ona umaHsTUIMPOBAHHOIO X/10MKOBOr0 BOJIOKHA, MpeaBapuTe/ibHO 06pa-
60TaHHOro CMeCblO INMLEePUHA-BOAA, HabMofaeTca pasynopsifoYeHvie 3/1eMeHTOB
HaZMONEKYNSAPHOM CTPYKTYPbl, MO3BOMSIOLEE CYAUTbL O XapakTepe pacnpegene-
HWUS1 C/T0eB BTOPUYHOW CTEHKM (CoaepXkaHune azoTa —3,2%).

CnepyeT OTMETWUTb, YTO MOCKO/MbKY MNpU 06paboTKe UEeNsono3bl CMECHIO
rnUeprHa ¢ BO4ON MUMEET MECTO ML MEXPNOpUNNsSpHoe HabyxaHue, a TOHKas
CTPYKTYypa eé MUKPOhnopWIa OCTaeTCcA He3aTPOHYTOM, TO MOXHO NMPEANONOKUTD,
YTO NPU UMaH3TUIMPOBaHWUW Takoro npenapara B peakumu yyacTBYIOT Mpenmy-
LLECTBEHHO Te MAaKPOMOJIEKY/Ibl, KOTOPbIe PAacrofioXeHbl Ha MOBEPXHOCTU MUKPO-
hmbpunnn wam nx arperartos.

MpeaBapuTeNbHO aKTUBMPOBaHHbIE LMAaHITUIMPOBaHHbIE NpenapaTbl yCTon-
UMBbI K TMAPOMN3Y.

Ha puc. 4a, 6, B, I NpuBeaeHbI 3/1EKTPOHHbIE MUKpodoTorpagum nNpoaosb-
HbIX YNbTPATOHKUX CPE30B pafuaumMoHHO-MPUBUTLIX COMOMMMEPOB LEN/I0N03bl C
nonvakpunoHutpunom (MAH).

HabyxaHue CTPYKTYPHbIX 3/IEMEHTOB BO BTOPUYHOW CTEHKE WCXOLHOro
npuBuToro NMAH X/10MKOBOro BOJIOKHA 06YC/I0BMEHO MPUBMBKOA MONMAKPWIO-
HUTPUNBHBIX MOSIEKY/N K Leono3Hoin uenu. [MpuemBka MAH npomcxoguT,
04YeBMAHO, B Hambosee JOCTYMHbIX ydyacTKax BOMOKHA.

K npensaputenibHO aKTUBUPOBaHHLIM X/I0MKOBbIM BOJIOKHaM MpYBUBKaA
MAH wnaeT ropasgo MHTEHCUBHEE, YeM K UCXO[HOI LIEN/IHOMO3e.

OeKTPOHHOMUKPOCKOMUYECKME  UCCIef0BaHMA MpvBUTLIX MAH BOJIOKOH,
npeaBapuTesibHO 06paboTaHHbIX eAKMM HaTpOM, a TakXke WHK/IOLUPOBAHHBLIX
N30aMWUJI0BbIM CMIMPTOM, NMOKa3asiv, YTO Ha NPOJOJIbHBIX Cpe3ax UX BUAHbI YKPYI-
HeHHble CTPYKTYPHbIE 3/MEMEHTbI, [J/IOTHO YMakoBaHHble APYr OTHOCUTE/IbHO
apyra.

MpeaBapuTenbHas 06a60TKa LENI0103bl €KUM HATPOM MPU HU3KOWA TeM-
nepatype, a Takxke MOCNedyoLWNiA NPoLece MHKIZaUMN MpUBeu K CUIbHOMY
HabyxaHW0 MUKPOUOPUAI U KX MMIOTHBIX YYacTKOB. [M03TOMy MPUBUBKA B 3TOM
cflyyae rpoTeKaeT, Mo-BUAUMOMY,.KaK B PbIX/IbIX, TaK U B MMIOTHbIX y4YacTKax
CTPYKTYpPbI LEes/Ios03bl.

B cnyuvae npuBmTOoro MAH XN10NKOBOro BO/IOKHA, MpeaBapuTesibHO 0bpa-
60TaHHOI0 CMECbIO T/IMLEPVH-BOAA, COXPaHSeTCs 3PeKT MEXC/I0EBOr0 U MEX-
hrbpUNNAPHOro HabyxaHus, BbI3BaHHbIA NpeLBapuUTeNbHONM 06paboTKol. B aTom
cnydae npusuBka NAH mnaeT, B OCHOBHOM, K TEM LIE/I/IHON03HbLIM LIENAM, KOTOpbIle
pacnosioXKeHbl Ha MOBEPXHOCTU MUKPOMUOPUIN U UX arperaToB. Mponcxoant Kak
Obl 06BO/IAKMBaHE MUKPOMOPWIN Lenodkamn MAH.

Acta Chim, (Budapest) 70, 1971



PA3NKOB un gp.: MCCNEAOBAHWME B3AWUMOCBA3N 1G5

MNpefBapuTE/IbHO aKTUBMPOBaHHbLIE X/I0MKOBble BOMOKHA, MpuBUTbIe MAH,
YCTOMYMBbI K KWUC/IOTHOMY TMAPON3Y, YTO OOGBLACHSETCH, OYEBWUAHO, SKpPaHUpPY-
rowyM aericTerem ueneid MAH.

MogobHble wvccnefoBaHUS (CTPYKTYPHbIE W XMMUYeCKMe MNpeBpaLLeHuns)
6bU MPOBEAEHbI U Ha TMAPOSIM30BAaHHOM LIE//H0/I03e, T. €. Ha €8 MJIOTHbIX yyacT-
KaX. [lonyyeHHble pe3ynbTaTbl MOATBEPXKAAKT HALLM BbICKa3blBaHWA OTHOCK-
Te/fIbHO B3aMMOCBSA3M Pa3/IMYHbIX NPEeBPaLLEHNA B LE/UIHOMO3E.

Pe3toMmpys pesynbTaTbl MUKPOCKOMMUYECKUX W 3N1eKTPOHHOMUKPOCKOMMYe-
CKUX UCCMEeA0BaHNIA CTPYKTYPbl MOAUKULMPOBAHHBLIX X/I0MKOBbLIX BO/IOKOH, MOXHO
OTMETUTL Cfleflytolliee: MNpU TOM WM WMHOM TUME XUMUYECKUX MpeBpaLleHuii
Le/I/0N03bl, Hapsgy € MogudMKaumein eé CBOWMCTB, MPOUCXOAAT WU3MEHEHUS U B
HaAMONEKYSAPHOA CTPYKTYpe Ueonosbl. [puuem XapakTep 3TUX W3MEHEHWI
3aBUCUT Kak OT Tuna npeBapuTenibHOM CTPYKTYPHOM MoAMUKaumu, Tak U oT
NocrefyoLero XMMUYECKOro MNpeBpaLleHns Lieiososbl.

CniegoBatefibHO, CTPYKTYypa LWaHITUIMPOBaHHBLIX W pafvalMoHHO-XUMU-
YecKU NMprBKTLIX MAH BOIOKOH X/10MKa BCELLES0 3aBUCUT OT UX NepBOHAYaIbHOM
(PM3NYECKOA CTPYKTYPbl. 3TO CBUAETENLCTBYET O Ha/MUMM NPSIMOIA 3aBMCMMOCTY
MeXy CTPYKTYPHBbIMU Y XUMUYECKMMW MPeBPALLEHNSMA B Lie/IH003e.

BbiBogbl

1 KoMneKkcoM CTPYKTYPHbIX METOLOB UCC/efoBaHNA NokasaHo, yTo obpa-
60TKa X/I0MKOBOW LIe/ITHOMO03bI LLEN0OYbKO U MOC/eAyHOLLIME NMPOLECChI MHKHAALMN
NPUBOAAT K BHYTPUGMOPUNNSPHOMY pPa3pbIX/IEHUIO LENI003bl, a o0bpaboTka
CMECBIO rNnUepuH-Boga (1:1) — K MeXM@ubpuanapHoMy paspbIX/eHUHO.

2. YCTaHOB/IEHO, YTO XapaKTep CTPYKTYPHbIX U3MEHEHWA MPU XUMUYECKONA
MOAM(MKaLMM aKTUBMPOBaHHOM LIE//TH0103bl 3aBUCUT Kak OT Tuna npeasapuTesib-
HOW CTPYKTYPHOW MOAM(MKALMK, TaK WU OT MOC/eAyoLLEro XMMUYeCKoro npespa-
LLIEHWS LEeN/IH/O3bL.

3. [eTanibHO M3y4yeHa B3aMMOCBSI3b CTPYKTYPHbIX U XUMUYECKMX MpeBpa-
LLIEHWI B XJIOMKOBOW LEN/H0M103e, B TOM YMC/e M Ha €8 NIOTHbIX yyacTkax. Moka-
3aHO0, YTO XapaKTep W CTeneHb MpPeALLeCTBOBABLUMX CTPYKTYPHBLIX MOAVUGMKaLni
LIe/I/0M03bl  BCELIESI0 OTPAXKAIOTCH Ha HaAMOMEKYNAPHOA CTPYKType e LumaH-
STUWINPOBAHHBLIX U MPUBUTLIX MOMAMAKPUIOHUTPUIOM MperapaTos.
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ACTA CHIMICA

TOM 70 — BblNN. 1-2.

PE3IOME

Mony4yeHne u cBOlCTBa 6GoOpOTpUNMPpPONMIA
n. CAPBAW, 6. AbEPU n n. aMmpu

Bbinn n3yyeHbl HEKOTOPbIe peakLunn, NpUBoAsALLMe K 0bpasoBaHMIo 6opoTpunupponuna.
Bblno HaigeHo, uto B3ammogencTeme BF3 BC13n B2H,, ¢ K(NC4H4), a Takke K[BH(NC4H43J]
¢ BF3 un HC1, npy cooTBETCTBYIOLEM MONSPHOM OTHOLLEHUM KOMMOHEHTOB, NMPUBOAMT K 0bpa-
30BaHMI0 GopoTpunMpponuna.

[Ona nonyyeHus v BblgeneHus 6opoTpunupponuna 6bin paspaboTaH NPUroAHbIA npe-
napaTVBHbIA MeTOf.

XunmMnyeckoe nosefeHVe 60POTPUNUPPONUIA XapaKTepusyeTcs CAefyrolnMm peakums-
MW: ObICTPO pearvMpyeT ¢ BOAOW, METAHO/IOM M YKCYCHOW KUCNOTOM, obpasya npu atom B(OH)3
B(OCH331n B2D(00CCH?3)4, cooTBeTCTBEHHO. C aMMMakoM M MUPUANHOM AaeT KOMMIEeKCbl CO-
oTBeTcTBYtOWero coctasa. C UH, NaH, LiCOH5 1 K(NC4FI4) o6pa3yeT cTabusibHble aHWOHHbIE
KoMMekcbl. OfHako, B MPOTUBOMOMOXHOCTL BblllecKasaHHOMY, pearvpys ¢ K(OCH3 wu
K(OCeH5), gaet K[B(NC4H4)4] n cooTBETCTBYIOLLME COXHbIE 3PMPbI BOPHOM KMUCNOTbI.

Bbinn nony4veHbl crefytowine  HoBble  coeguHeHuns: B(NC4H4)3 B(NC4AHAHNHj,
B(NC4H43NC5HS5, CsfBH(NC4H4s], K[B(C6H5(NC4H43], a TakxKe HOBbIM METOA0M Obl/1 CUHTE-
snpoBaH K[B(NC4H4)4],

Ha ocHOBe XMMMWYECKUX M CNeKTPOCKOMMYECKUX WUCCNEeA0BaHWUMA 6bl10 YCTaHOB/IEHO, YTO
(NBC.,H43 aBnsieTcA 0THOCMTENIbHO CU/IbHOWA KUCNOTOW Jlbtonca.

OnvcaHvie ¢ MOMOLLBI MOTEHUMANBHON Teopun (ha3oBbIX MepexoioB
nepBoro poga

n. ME3SEM

Bbin 06CyX/eHbl HEKOTOPble OCHOBHbIE pe3y/bTaThbl, MOJyYeHHble MPU PacCcMOTPEHUN
(ha3oBbIX MEPExXofoB C TOUKMW 3pEHUSI CTAaTUCTUUECKOW TepMOAMHAMMKK, a TaKXe cAenaHbl He-
KOTOpble 06006LUeHMsA. B cornacum ¢ nuTepaTypHbIMW [JaHHbIMW, Aenanuchb AONyLeHWs Ans
pacnpefienieHUs HyneBbIX MOMOXEHUA (Da30BbIX WHTErpasoB, a 3aTeM paccMaTpuBanioch 3a-
K/IHOYeHWE, BbITEKawLlee M3 opMann3Ma WHBEPCHOW TpaHcdopMaumu Slannaca. ocne aToro
onpefensnack cBsA3b MeXay (YHKLUUAMU, XapaKTePHbIMU AN «4BYXPa3MepHOro» 3/1eKTpocTaTu-
YecKOro nonsi, W MosieM, OMUCbIBAEMbIM «CTATUCTUUECKUMM TEPMOAMHAMUYECKMMMN KOMIIEKC-
HbIMM NoTeHUManamu». Mpu aHanmnse 3ToN CBA3M 06BACHANCA PUNYECKUI CMbICN (opMann3ma,
npesIoKeHHOro BrepBble SIn 1 AAHromM. VIHBepcus MCNoMb30BaHHOIO X04a PaccyXAeHui noka-
3bIBaET, KaK BO3HMKAET U3 PACXOXAEHU MeXAY CTPOeHUEM OTAe/bHbIX ()a3, LUMPOKO pacnpo-
CTpaHeHHbI B HacTosiLLiee BpeMsl MaTeMaTuyeckuii hopManvam B 06CYXAeHUN (ha3oBbIX Mnepe-
XO/0B.



PafvaumoHHaa XUMWUA CUCTEM HACbILWEHHbIX U HeCaCbILEHHbIX
yrnosogopogos, IV

BAnsiHVe LWKNMYECKOI CTPYKTYPbI Ha paauaLMoHHO-XMMUYECKWIA BbIXOZ BOAOPOAA
U3 YrneBOAOPOAOB C MSTbH-BOCbMbIO YI/IEBOAOPOAHBIMM aTOMaMm

r. ENbAWAK n /1. BONHAPOBMNY

Onpefensnncb BeNMUMHbI Un,, ANA CMeCel Mexxay ankaHamu ¢ 5—8 atoMamn yrnepoga
(H-MeHTaH, H-rekcaH, W-renTaH- H-OKTaH; LUMK/IOMEHTaH, LWKIOreKcaH, LWKIOrenTaH, LMKIO-
OKTaH) M alkeHamMy C OfIMHAKOBbIM YWUC/IOM YTNEPOAHbIX aTOMOB (1-H-MeHTeH, |-H-rekceH, 1-H-
OKTEH; LMKNOMEHTEH, LIMKNOreKCeH, LMKIOrenTeH, LMKIOOKTEH), & TakXe BeNUYUHbI Gh2ucrw x
KOMMOHEHTOB npw Temnepatype 35 + 3°C 1 npu uHTerpansHoi fo3e 4,4 Mpag. Bbino yctaHose-
HO, YTO HanpsXKeHWe, BO3HMKalOLLlee BCMEACTBME 3aKPbITUA KO/blia, a TakXe XapakTepHble
CBOWCTBA, OrpefensaemMble CTPOEHMEM MONEKY/bI CUMbHO BIIMAIOT Ha BbIXOf BOAOPOAA B Cly4ae
LIMKNIMYECKUX YrNeBOLOPOAOB. BennunHbl Gh2ans cMeceld, cogepXallux HacbILLeHHbIe NMHENHbIe
YrNeBOAOPOAbl, BO BCEX Cy4asx HVDKE BEMYMH, MOMYYEHHbIX A8 CMECeil HacblILLeHHbIX-
HEHaCbMLUEHHbIX YrNeBOAOPOB, COAepPXalnMX LUMKIMYeCKWiA ankaH. Habnopaemoe fBneHue
00BACHANOCL TeM, YTO B CNyyae LMKNOaNKaHOB MOHOMONEKY/APHbIe MPOLECChl, BCNeAcTeue
HanpsXeHHOCTW B KOJbLie, NPOTEKatOT ObICTPee, YeM B Ciyyae anmiaTMyecKuX ankaHos, U T. O.
LNS nNpoTeKaHUs 6GUMONEKYNSPHbIX MPOLECCOB «3alWThl» OCTAeTCS OTHOCWUTENIbHO MEHbLLee
Bpems.

KonebaTenbHble CAEKTPbl PTYTHOOPraHMYecknx coeguHeHuia, VI

VK- 1 pamaH-CneKTpbl a/yiIbHbIX PTYTHLIX COEAUHEHWIA
A. MUHK 1 0. A. MTEHTUH

Mayuanucbh UNK- (3200—200 cm ') u PamaH-CreKTpbl X/10pUCTON 1 GPOMUCTON aninb-
pTYyTW B TBEpZON (hase M B pacTBOpax.

MpoBoAnnoCL OTHeCEHWe M3MepPeHHbIX nonoc. KonebaTenbHbIA pacyeT AN rasoreHnaoB
annnMabpPTyTU NPOBOAWACA 418 TPEX KOH(MMUIYpaLUuii: Lmc, MPOMeXyToUHas 1 TpaHc. Havnyuluee
npubanXeHne Habnganock B Clyyae NPOMEXYTOUHOW MOLenu.

CwnoBoe Mone XNopucToii M GPOMMCTON ananAbPTYTU YTOUHANOCH C MOMOLLBID MEeTofa
HaMMeHbLUNX KBaApaToB. Bbln NonyyYeHbl CredyroLye 3Ha4eHNA BaeHTHbIX CUMOBbIX MOCTOSH-
HbIX X/IOPUCTON 1 GpommucToin annmnbpTyTn: gna CHAO, — 4,16 n 4,09. 106 cm“2 [2, 67 n 2,62
ManH/A], a pna HoX —3,01 n 2,87. lOGCM"2L1,93 n 1,84 manH/A], cooTBETCTBEHHO. Bblno npo-
BefieHO OTHeceHue nonoc VIK-cnekTpa XWAKOW AnaninufibpTyTu.

MoneKkynsipHble KonebaHusi U cpeaHue KBagpaTUuHble amnauTyfbl

CpegHvie aMnnTyabl B OPraHUYecKmMx MOeKysnax, CoAepyKalnx KapGoHWIbHYHO
rpynny

C. M. CUBUH n B. BU3U

CoobLueHne npeacTaBnseT coboii 0630p cpepgHMX amnanTyf KonebaHuid (1) opraHUYecKmx
MOMEKYN C KapbOHWbHOW Tpynmnoi, MOMyYeHHbIX Ha OCHOBE 3/M1eKTPOHHOAM(HPAKLNOHHbBIX
M3MEPEHNiA 1 CPEKTPOCKOMMUYECKNX PAcyeToB. lMpUBOASTCA XapakTepHble Be/IMYUHbI CPEAHUX
amnauTyp KonebaHui (C = 0) kap6OHUbHBLIX rpynmn. B coobLieHnM NpMBOAATCSA TakXXe HOBble
[aHHble AN8 aHanM3a alueToHa MeTOAOM HOPMasbHbIX KOOPAWMHAT, a TakXKe MpUBOAATCS pacueT-
Hble BEMUMHbI CPefHUX KBAAPATMYHbIX aMnauTyd KonebaHui aTOMOB W CPeAHWUX amnauTys.
MomnMo 3TOro, 34ecb MOTYT ObiTb HalifieHbl HOBble JaHHble OTHOCUTENIbHO CPEeAHWUX amnauTyq
Kone6aHuii Tpex N30TOMHbIX MPOV3BOAHbBIX MOHOMEPHON MYPaBbUHOWM KUCNOTBI.



Mnukosmabl cemeiictBa Solanum, VII

KauecTBeHHOE 1 npenapaTnBHOe pasfesieHne MeTUANPOBaHHBLIX MPOCTbIX caxapoBs

M. M. WWABAHA n M. BUTE

Bbin paspaboTaH NPOCTOA M ObICTPbIA METOA KayeCTBEHHOro M MpenapaTMBHOrO paspe-
neuns 2,3,4-tpu  O-metun-bB-pamHosbl 1 2,3,4,6-TeTpa-0-meTun-0-rnoKosbl, a Takxe 3,4,6-
Tpn-0-mMeTnN-0-rNKXo3bl u 4,6-an-0-MeTnN-0-ranakTo3bl C MOMOLLbIO TOHKOCMOMHOMW M KOMOH-
HOW XpomaTorpaduii.

XUMU4ecKkne CBOMCTBA NPOM3BOAHbIX 4H-1,3-6eH3TnasnHa, ||

Mmgponns 6pommcToro 2-gheHnn-3-aTun-6,7-aumeToken-4H-1,3-6eH3TnasmHms

M. CABO, WU. BAPTA, 3. BUHKJ/IEP u E. BAPTOW

Mpy ruaponuse 6pomMncToro 2-heHnn-3-3Tun-6,7-guMeToKcn-4H-1,3-6eH3TnasmHnA 6bi1o
06Hapy>XeHo, 4YTO MOj B/IMSIHWEM PacYeTHOr0 KO/MYeCTBa LLUEMOYM OH MNpeBpallaeTcs 4epes
rMapooKnNcb  2-heHnN-3-aTun-6,7-gumeTokcn-4H-1,3-6eH3TnasnHus B 2-heHUN-2-rngpokKcu-3-
0TUN-6,7-anMeToKCn-2 3-anrngpo-4H-1,3-6eH3TasnH, KoTopbllii Noj BAUSHUEM M36bITKA LLE0YM
npeepawaetca ganbwe B M-(6eH30nn)-M-(3Tnn)-4,5-4MMeTOKCK-2-MepKanTo-6eH3nNamMuH. Mpun
KWUCMOM FMAPOAn3e 6poMUCTOro 2-theHnN-3-3TNN-6,7-AnMeToKCn-4H-1,3-6eH3TMasMHUA Ha nepBoi
CTyneHn obpasyetcss 6pomucTbli  8-(6eH3omn)-1Y-(3Tnn)-4,5-ANMeTOKCU-2-MepKanTo-6eH3ns-
aMMOHWIA, KOTOPbIA C fanbHeALUMM MEXMOEKYIAPHbIM MepeaunInpoBaHneM npeBpaLlaeTca B
6pomMucTbliii M4-(3Tn)-4,5-4UMETOKCU-2-MepKanTo-6eH3nN-aMMoHWI 1 8,M-(anbeHsonn)-14-(atnn)-
4,5-ANMETOKCU-2-MepKanTo-6eH3nNamMnH.  bpomuncTbiii - 8-(6eH3omn)-14-(aTnn)-4,5-anmeToKcmn-2-
MepKanTo-6eH3V1-aMMOHNIA NpeBpaLLaeTcs NoA BAUSHUEM LLEM0UN 38 CHET BHYTPUMOSIEKYNSPHO-
ro nepeauynnupoBaHus B ['1-(6eH3oun)-I"4-(3Tnn)-4,5-AMMeETOKCU-2-MepKanTo-6eH3nnamMmmnH. S,N-
auunnoBas neperpynnupoBKa siIBAsieTCA 06paTumoi, T. K. 14-(6eH3omn)-14-(31nn)-4,5-aMmeToKeu-
2-MepKanTo-6eH3nNaMUH, pearmpys C KWUCNOTOW, paeT S-6eH30omnoBoe npomssogHoe. C mo-
MOLLbIO 3TOr0 rvaponusa 6blna NOATBepXAeHa CTPyKTypa 6pomuctoro 2-eHwun-3-atun-6,7-
anmeToken-4H-1,3-6eH3TnasnHUA 1 Oblia 0TKPbITa BO3MOXHOCTb Mo/ydeHnss N-3TU10BbIX NPouns-
BOAHbIX 4,5-AMMETOKCU-2-MepKanTo-6eH3nnaMmmHa.

AccoumalmoHHas CTPYKTypa 3-rMapOKCUXPOMOHOB

Nn. WOXAP, 1. BAPTA u . KYCMAHH

MK-CMNeKTPOCKOMMYECKMMMN UCCMeA0BaHNSMU GbINo [l0KasaHo, YTo B TBepaoii (ase 2-
METWUN-3-TMAPOKCUXPOMOH HAXoAMTCA B (DOpMe LMK/IMUYECKOro AYMEpPHOro accoumara, BMecTo
XeNaTHOW CTPYKTYPbI C 5-U/eHHbIM LMK/OM 33 CUeT BHYTPUMOJEKY/SIPHOV BOJOPOAHON CBS3W,
Kak nonarasiocb paHee. Crnektp AMP UCK/OUYaeT BO3MOXHOCTb 06pasoBaHWUs TayToMepa, W,
TaKMM 06pasom, pacliiensieHne KapboHUIbLHOM nonockl B VIK-CNeKTpe aake B pacTBOpe SiBAseTCs,
BEPOSATHO, pe3y/ibTaTOM pe3oHaHca depmu. MoneKybl COOTBETCTBYHOLLErO 2-(eHUN-NPON3BOS-
HOro ((h1laBOHOMA) HAXOAATCA B COCTOSIHUM MPOCTOr0 MEXMONEKYNSIPHOIO (He LMKAUYECKOro)
accoumara.

MonyyeHne OB-M-meTun-I"'Y-nponuHUN-1-heHnn-2-aMMHONpPonNaHrapoxnopuia
(Cardison), meueHHoro usotonom CU n TpuUTHEM

W. ME3E, 6. TAHAY. WU. TENNAH, N. BYPWMWNY n N. MAPTOH

N3 aTunayetata-1-C4 cnHTeanpoBancsa eHnnaueToH-2-C14. M3 nocnegHero ¢ MnomoLLbo
BOCCTaAHaBNMBAIOLLEro amuHonusa npurotosnsanca [)[.-M-meTun-cpeHnn-n3onponmnammn-2-C*-
nponapruanpoBaHnemM KoToporo 6bu1 nonyydeH OB-14-meTun-K-nponuHun-1-gpeHnn-2-ammHo,
nponaH-2-C"-rugpoxnopug (Cardison-2-C14). Pa3nnyHbIMK NyTAMM Obl CUHTE3NPOBaHbI TaKeX
Cardison-1-H3 n Cardisnn-2-H:l.



CuHTe3 aHanora «KBaHTpuNa», COAepXXallero WHA0/10-XUHONU3NANHOBOE
KO/bLIO

Nn. HOBAK, H. BAHI n 4. CAHTAMN

Vicxoast 13 coefuHeHus | nNpu B3avMOAENCTBUM C NONY3a(UPOM Kanus MasioHata 1 Mo
cnepytoLLeii peakumeid ¢ 3OMPoOM aKpWIOBON KUCMOTbI U TUAPUAOM HaTpusi, GbU1 NPUroTOB/EH
KeToaup VIlb. Peakumsi nocnegHero ¢ AMSTUNAMUHOM, HaTPUAGOPOrMAPUAOM UM aHTMAPUAOM
YKCYCHOW KUCMOTbl NPUBOAMT K 06pasoBaHuMio aHanora «KeBaHTpuna», CofepXKallero LUKu-
YeCKYH CUCTEMY UHTONMO-XUHONM3ngnHa (Hb).

Mpowu3BogHble nunepasuHa,

ﬂ,VISTVInKapﬁaMI/IanbIe N KCaHTEHOBbIE MPOU3BOAHbLIE
n. Tonawn, M. TOT, . BOPWW n ®. AHAPALIW

Bblnn CMHTE3MpPOBaHbl MHoOrouncrieHHble |-R™-4-H-nunepasuHbl, a Takxke |-R’-4-/?-[4-
(K)-nunepasvHnMn-1]-aTunnunepasnHbl U U3y4anocb UX B/MSIHUE Ha S13BY >XeNyaka.

BbiNo HaleHO HEeCKO/bKO TFPynn COeAMHEHWIA, 06nafaloLlinxX  aHTUybLEeporeHHbIM
[elicTBMEM, Cpean KOTOpbIX Hambo/blume NpPerMyLLEeCTBa, BCEACTBME XOPOLLErO NepopasibHOro
paccacbiBaHMs, WMeOT 1-(KcaHTeH-9-Kapb6oHun)-4-/?-[4-)ankun)-nunepasnHun-1]-atnnnunep-
a3uHbl. 3TW COEAVMHEHUSI CU/IbHO MNPENATCTBYT BO3HWKHOBEHMWIO 3KCMEPUMEHTA/IbHbLIX $13B,
06pasyoLLMxcs Mo LeHTpasibHOMY MeXaHU3My, ¥ B TO XXe camoe BpPeMsi 06/1afaloT aHTUKONIMHEP-
rHbIM BAVsiHMEM. TaK B KauyecTBe MOTEHLMAIbHOrO MPOTMBOSI3BEHHOIO /IEKApCTBa, B MEPBYIO
oyepedb, MOXeT ObiTb MCMOMb30BaH 1-(KcaHTeH-9-KapboHWN)-4-/?-[4-(1M306yTnn)-NnnepasnHn-
1]-sTnnunepasuH.

M3yyeHne cuHTe3a 2,4,6-Tpuapuni-nmpununii-gTopobopaToB us
apoMaTUYecKMX anbAernfioB 1 NpomM3BOAHbIX aueTodeHoHa |l

Mony4yeHne NMPUNNIA-hTopobopaToB C MOMOLLbLIO KaTasmsa
3. YIOPEW, Ab. AEAK u M. WANNAN

BbINN CUHTE3MPOBaHbl HEKOTOpble TPUapWA-NUPUAKAGTOPoBopaTbl M3 GeH3abaernaa u
aleToMeHOHa, a TaKXkKe UX 3aMelLeHHbIX B KO/bLE NPOU3BOAHBIX, B PacTBOpe a6C. YKCYCHOM
KMCNOTbl U B NPUCYTCTBUM TPEX(PTOPUCTOro 6opa. MaKcMMasbHbIi BbIXof, 6bUT JOCTUIHYT Npu
MO/IIPHOM OTHOLLIEHUW anbferng : KeToH : BF.S= 1:2:4; BbIX0of 3aBUCUT OT Mpupofabl 3ame-
cTnTeNns. BbIno ycTaHOB/IEHO, YTO Camoli Mef/IeHHOM CTyMeHbIo 9TOW TPeXCTyneHYaTol peakuuu
ABNAETCS NPUCOEANHEHVE MO MUNXa3nio aLeTodeHoHa K GEH3UNAEH-ALIETOMEHOHY.

Xumma  1,3-6uyHKuUMOHaNbHbIX cuctem, XII

M3yyeHne KVMHETKM peakuuidi MpeBpaLleHUst TPUMETUIEHXIOPIUAPVHA W
ero 2-MOHO3aMeLLEHHbIX MPOU3BOAHBIX B LLUEMOYHbIX Cpefax

M. BAPTOK, K- NTAHT-TAKOW u ' BO30OKWN-BAPTOK

ViccnegoBanack KMHETMKA peakLnm LEeMNoYHoro ruaposnmsa TpuMeTuneHxnoprugpuHa (1),
a TaKXe ero HeKOoTOpbIX 2-MOHO3aMeLleHHbIX romonoros [2-metun- (1), 2-uzonponun- (I11),
2-H-6yTun- (1V), 2-tbeHnn- (V) un 2-umknorekcun-Tprumetunenxnopugpudos (VI)]. Mpu nsy-
YeHHbIX YC/OBUSAX B OCHOBHOM 06pasytoTCA COOTBETCTBYHOLLME FOMOJIONM OKCaLuKIobyTaHa. B
cnyyae coeauHeHMs1 V OCHOBHbIM HarpaB/ieHVeM MpPeBpaLleHnst ABMsieTcsl 06pasoBaHue 2-heHn-
annunoBoro cnupTa B pesynbTaTe npouecca 1,2-anMMuHaumn. Ha 0CHOBe 3KCMepUMEHTasIbHbIX
[aHHbIX BbIIN paccyMTaHbl KOHCTAHTbl CKOPOCTEl, SHEPrMM aKTMBaUWM, SHTPONUM aKTUBaLUK,
a TaKXe Npef3KCrnoHeHUManbHble MHOXUTENN. [JaHHbIMW 3KCNEPUMEHTa/IbHBIMU pe3y/ibTaTaMu
NnoATBepXJanacb CrnpaBef/IMBOCTb MeXaHW3Ma peakuuu, MpefloXeHHOro aBTopaMy paHee, U
NS AaHHOT0 TUMa COeAVNHEHUIA.
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KINETICS AND MECHANISM
OF SUBSTITUTION REACTIONS
OF COMPLEXES, XXXVI

FORMATION OF THE CJS-[CoBR(en).,(/9-PICOLINE)]2+ AND CIS-[CoBR(en)2
(y-PICOLINE)]2+ COMPLEX IONS AND THEIR AQUATION IN ACID SOLUTIONS

J. zZsAICO, Cs. VARHELY!I and S. BbEOCA
(Faculty of Chemistry, Babe§-Bolyai University, Cluj, Rumania)

Received June 12, 1970

The syntheses of cis-[CoBr(en).2(/J-picoline)]2+, eis-[CoBr(en)2(y-picoline)]2+ and
of 24 new salts of these ions are reported. The UV, visible and IR spectra are discussed.
The aquation kinetics of these complex ions are studied in acid solutions and activation
enthalpy and entropy values are reported. An Sjyl mechanism is suggested. The results
are compared with the kinetic behaviour of the analogous chloro derivatives. The
inductive effect of the coordinated amine upon the release of the halide ion is dis-
cussed.

The number of the [CoBr(en)2(amine)]2+-type complexesis much smaller
than that ofthe analogous chloro derivatives. Several complexes with aromatic
and aliphatic amines have been described [1 —4]. The synthesis of complexes
of the above type, containing pyridine and pyridine derivatives, has been
reported in our previous paper [5].

In the present paper the g- and y-picoline derivatives are described.
The composition of the new complex cations was checked by isolating 24
products of double exchange reactions. These complexes are isomeric com-
pounds, owing to the position or structural isomerism of the ligands. This is
why the properties of their salts, such as solubility, absorption spectra, ther-
mal stability, etc. are very similar. The behaviour of the complex ions studied
is very close also to that observed in the case ofthe analogous pyridine deriv-
ative [5]. Concentrated aqueous solutions of NaNO03, Nal, NaC103 NaC104
and Na[BF4] precipitate readily soluble crystalline products from the aqueous
solutions of [CoBr(en)2(/?-picoline)] Br2 and [CoBr(en)2(y-picoline)] Br2. The
products of the double exchange reaction with picric acid, with Erdmann’s
salt and especially with Reinecke’s salt, similarly to those described in Ref. [6],
are sparingly soluble. Complex acids of the H[Co(dioxime)2X2] type do not
precipitate the complex cations studied even from their concentrated aqueous
solutions.

V ith colourless anions both complex cations form red salts. The absorp-
tion spectra of the nitrates in the visible and UV region are given in Fig. 1.
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The characteristic spectral data are the following:
eis-[CoBr(en)2(R-picoline)] (N 03)2:

K (nm) I°gel  As(nm) 10g €  (hm) log £3 na log et
530—540 2.39 370, 2.70 300, 3.65 250 4.57
cis-[CoBr(en)2(y-picoline)] (N 03)2:

(nm) log et A2(nm) loge2 A3(nm) log e3 A log e4
530—545 2.28 360, 2.80 300, 3.65 240 4.40

Fis. 1. Visible and UV absorption spectra of rCoBr(en),(/5-picoline)l (N04)2 (a) and of
[CoBr(en)Xy-picoline)] (N 03)2 (b)

The IR spectra have been recorded, too, one example being given in Fig. 2.
These spectra enable us to make a choice between the cis and trans
configurations, on the basis of the CH2rocking frequencies of the cobalt-
ethylenediamine rings. These frequencies are presented in Table | for the
complexes studied in comparison with some alkylamine derivatives examined

Fig. 2. IR spectrum of [CoBr(eu)2(/3-picoline)] (N03)2

Acta Chim. (Budapest) 70, 1971
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by Baldwin [7] and by Chan étal. [8]. Since in the 870—900 c¢m 'l region
two rocking frequencies appear, the studied complexes must be of the cis
configuration. The 512 (499) cm-1 and 462 (466) cm-1 absorption bands,
which appear in the case of [Co(NH3)6] CI3, too, can be assigned probably to
the Co-N stretch which is consistent with the covalent character of the Co-N
bond. The N —H stretching frequencies (3220—30, 3130 40 cm -1) are in-
dicative of the strong covalent character of the Co-N bond.

Table |

Cl1,,-rocinng frequencies (cm 1) in the infrared spectra
of some ICo(en)2X YJX type complexes

Formula Frequency Reference
trans-[CoCl(en)2N H 3] (C104)2 888 71
cis-[CoCl(en)2N H 3] (N 03)2 900, 893 7
trans-[Co(en)2(NH3)(H2)[ (NO03)3 888 [71
cis-[CoCl(en)2(pyridine)] (N03)2 899, 883 [10]
[CoBr(en)2(/?-picoline)] (N 03)2 900, 880
[CoBr(en)2y-picoline)] (N03)2 902, 882

The aquation kinetics of [CoBr(en)2(amine)]2+ type complexes are
scarcely studied. The solvolytic aquation, i.e. the aquation in neutral solutions,
has been studied by Chan et al. [8] for several complexes with amine
(isopropylamine, re-propylamine, allylamine, prop-2-ynylamine, ethylamine
and methylamine). Since under such conditions the base hydrolysis is not
entirely suppressed, their experimental data could not lead to reliable activa-
tion enthalpy and entropy values. As shown in our previous papers [5, 9, 10],
a hydrogen ion concentration of at least 10 ~3M is needed to suppress base
hydrolysis. The aquation of [CoBr(en)2 (pyridine)]2+ in acid solutions has been
described in our previous paper [5] and the aquation rate has been found to he
about 3 times larger than in the case of the analogous chloro derivative. This
result is consistent with literature data concerning the aquation rate of bromo-
pentamine and chloropentamine type complexes [8, 11—13]. The activation
enthalpy has been found to be less than that for the analogous chloro deriv-
atives.

In the present paper the aquation of the [CoBr(en)2(/S-picoline)]2+ and
[CoBr(en)2(y-picoline)]2+ complex ions has been studied. The same aquation
reaction occurs as in the case of the [CoBr(en)2(pyridine)]2+ ion [5], and the
analogous chloro derivatives [9, 10], studied earlier, viz. the halide ion is
replaced by a water molecule in an apparently first order reaction:

[CoBr(en)2(amine)]2+ + H2 = [Co(en)2H20(amine)]3+ + Br~ (1)

1* Acta Chim. (Budapest) 70, 19T1
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The substitution of Br ions has been followed by titration with a silver
nitrate solution. The plot of log CJC against time showed good linearity, which
enabled us to derive apparent first order rate constants. The influence of per-
chloric acid upon the reaction rate has been studied. This influence is the same
as in the case of the [CoCl(en)2(amine)]2+ type complexes [9,10], and of
[CoBr(en)2(pyridine)]2+ [5], i.e. the rate constant decreases with increasing

PH

Fig. 3. Influence of perchloric acid upon the rate of reaction (]). t — 60 °C,
a — [CoBr(en)2(/?-picoline)]2+, b — [CcBi(en)2(y-picoline)]2+

Fig. 4. Determination of the first order rate constants of reaction (1)
for [CoBr(en)2(/?-picoline)]2+

acidity, until [H +] reaches the value of about 10_3 M, and then remains
practically constant in spite of further increases in [H +]. This effect is illus-
trated in Fig. 3.

The influence of the temperature has been studied in order to determine
the activation enthalpy and entropy values. All the kinetic runs were carried
out in solutions with [H+] = 10_3IVf and at a constant ionic strength of
P= 0.1 M. The plot of log CJC against time for several runs is given in Fig. 4.
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As seen from the figure good linearity is observed at the beginning of the
aquation but at higher conversion degrees negative deviations appear, indi-
cating the reversible character of the aquation reaction, reported also by
Chan etal. [8] in the case of other [CoBr(en)2(amine)]2+ type complexes.
From the slopes of the straight lines, corresponding to the linear portion of the
log CJC vs. t curves, first order rate constants have been calculated. Mean
values of these rate constants are given in Table Il (kBr).

Table 11

First order rate constants of reaction (1) in acid solutions
for [CoBr(en)famine)ji+ type complexes (kBJ,
as compared with the same data for [CoCl(en)2(amme)]2+ complexes (h\-\)

Amine <(°C) *Br- 10-(s ) *CL m10* (»-")*

/?-picoline 45 0.24 -
50 0.46 0.13 3.54
55 0.77 —_ —_
60 1.41 0.41 3.44

y-picoline 50 0.53 0.15 3.53
55 1.00 - —
60 1.62 0.47 3.45
65 2.80 0.92 3.04

*taken from Ref. [10]

The plot of log k against 1/T shows good linearity, as seen in Fig. 5. By
means of the least square method, the following activation enthalpy and
entropy values have been calculated

[CoBr(en)2(/?-picoline)]2+: NH* = 23.670.5 kcal/mole; Z2IS* = —5.571.2 e.u.

CoBr(en)2(y-picoline)]2+ AHt 23.2720.6 kcal/mole; zIS* = 6.4"1.5 e.u.
y-p

Errors have been calculated in the usual statistical way, on the basis
of the standard deviations, using tabulated i085 values.

By comparing the kinetic behaviour of the complexes studied with that
of the analogous chloro complexes, one can see that the aquation rate of the
bromo derivatives is about 3 times larger than that of the chloro derivatives
(cf. Table Il). This is in agreement with the above mentioned literature data
concerning the aquation of bromo- and chloropentamine type complexes
[5. 8, 11—13].
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Fig. 5. Determination of the activation enthalpy and entropy of reaction (1) in acid solu-
tions. a — [CoBr(en).,(/§-picoline)]2+, b — [CoBr(en),(y-picoline)]2+

It is interesting to compare the activation enthalpies and entropies
with values obtained earlier. All these values are presented in Table III,
together with the pKi, values of the corresponding amines [14].

Table 111

Activation parameters of reaction (1) for [CoX(en)r(amine)]r+ type complexes

AH% (kcal/mole) ASI (e.u.)
Amine pKb at 25°
X = Br X=Cl X = Br X =l
pyridine 8.57 23.8 24.4 -5.1 —5.0
[?-picoline 8.26 23.6 24.4 -5.5 — 5.0
y-picoline 7.94 23.2 24.3 -6.4 —5.0
benzylaminc 4.63 — 24.2 — 8.6

It can be seen that the activation enthalpy values are smaller for the
bromo complexes than for the corresponding chloro derivatives. This can be
explained easily ifwe assume an Sjyl mechanism for reaction (1). In this case only
bond breaking is involved in the formation of the transition state, and so the
activation enthalpies are expected to be in the order Br < CI [8], i.e. the
same as for the dissociation energies ofthe cobalt—halogen bonds. The assumed
SN1mechanism is consistent also with the obtained activation entropy values.
In all the cases studied ASi has small negative values. Since the release of the
halide ion leads to an increased electric charge, i.e. to stronger hydration, the
negative activation entropy values are understandable.

The activation enthalpies reported by chan et al. [8] cannot be compared
with the present values since the corresponding kinetic measurements have
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been made in neutral solutions. Under such conditions the apparent activation
enthalpies can be much larger than the real ones. Thus, for the aquation of
[CoCl(en)2Z(y-picoline)]2+ we have found AH* = 26.1 kcal/mole in neutral
solutions [15], while in acid solutions only 24.3 kcal/mole [10]. Since in neutral
solutions the base hydrolysis is not entirely suppressed, the physical signif-
icance of the apparent activation enthalpy is rather obscure. Chan et al. [8]
have found in two cases the activation enthalpy of the bromo complex to be
smaller than that of the chloro derivative, the opposite having been obser-
ved in 4 other cases. These authors assume an SN1mechanism in the former,
and an SN2 mechanism in the latter case. We consider the activation en-
thalpy values reported by Chan et al. for both the bromo and chloro deriva-
tives to be too large and we are of the opinion that the larger values for the
bromo derivatives, as compared with the chloro complexes, can result also from
the superposition of the aquation reaction and of base hydrolysis, thus they
are certainly not due to an 5ar2 mechanism.

The pKb values of the amine ligands have been included in Table 111,
in order to check on the existence of an inductive effect of the amine molecule.
It is obvious that the pK b and AH* values vary in parallel. Since the increas-
ing basic character corresponds to a decreasing electron-withdrawing character,
the stronger the coordinated base, the weaker the cobalt-halogen a bond,
and the smaller the activation enthalpy for the release of the halogen in an
S/A reaction. This inductive effect is quite insignificant in the case ofthe chloro
derivatives, and not exceeding the expected experimental error, but it is more
definite in the case of the bromo complexes. The higher sensitivity of the
Co-Br bond towards this inductive effect can be assigned to its stronger coval-
ent character relative to the Co-Cl bond.

Experimental
Synthesis of cis-[CoBr(ea)2(R-pic»line)] (ND3)2(l) and eis-[CoBr(en)2(y-picoline)] (N03)2(Il)

42 g (0.1 mole) of trans-[CoBr2(en)2] Br, completely acid-free, are dissolved in 150 ml
water and 10 g (0.11 mole) of /3-picoline (or y-picoline) are added dropwise. The yellow-green
solution becomes gradually violet-red. After standing for about 12 hrs, the solution is filtered
and mixed with a concentrated aqueous solution of 100 g NaN 03. After a short time a brilliant,
reddish-violet precipitate, consisting of irregular plates, appears.

After 15— 20 min. the substance is filtered, washed with ice water and dried in air.

Yield: | 45%
11 60%

Found n Co 12.20; N 03 25.90%
(1 Co 12.32; N03 26.10%.

Caled. [COBr(C,H8N,)2(CH3C6H4N)] (N 03)2 (475.98): Co 12.38; N 03 26.05%.

Synthesis of the new products. 25 ml of an aqueous solution, containing 5 mmoles
of irans-[CoBr2(en)2] Br are treated with 5 mmoles of B-picoline (y-picoline) in the above
described manner, then one of the following solutions is added: 25 ml 25% solution of NH4Br;
25 ml 20% solution of Nal, 15 ml cone, solution of NaBF,; 25 ml 30% solution of HCI04;
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No.

10.

Isomer

Br

C104

C104

1/2 S A

12 S A

New derivatives of the type [CoBr(en)2(R-picoline)] X 2 and [CoBr(en)2(y-picoline)] X 2

X Mol. weight
calctl.

511.8

511.8

605.8

605.8

525.6

525.6

550.9

550.9

544.1

544.1

Table

Yield

%

50

55

63

50

60

70

30

25

v

Appearance

red-violet prisms

red-violet prisms

red-brown prisms

red-brown dendrites

red-violet rectangular prisms

red-violet rectangular prisms

thick, regular plates

red-violet irregular dendrites

red-violet hexagonal plates

red-violet rectangular prisms

Co
Br-

Co
Br-

Co

Co

Co
C104

Co
C104

Co
SA

Co
Ss

Calcd.

Analysis

11.51
31.23

11.51
31.23

9.73
41.90

9.73
41.90

11.21

11.21

10.70
36.10

10.70
36.10

10.83
35.31

10.83
35.31

Found

11.43
31.03

11.36
30.94

9.52
41.10

9.61
42.20

11.14

11.24

10.53
35.70

10.44
35.24

10.52
35.14

10.66
35.22
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11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

1/2 Cr0 7

1/2 Cr0,

picrate

picrate

[Co(N02ANH3)2]

[Co(N 024(NH3)2]

[Cr(N CS)4(aniline)2]

[Cr(NCS)4(aniline)2l

[Cr(N CS)4(/>-toluidine)2]

[Cr(NCS)4(p-toluidine)2l

[Cr(N CS)4(p-anisidine)2j

[Cr(NCS)4(p-anisidine)2]

568.0

568.0

808.2

808.2

906.1

906.1

1293.1

1293.1

1349.2

1349.2

1381.2

1381.2

1

70

80

80

85

50

70

90

92

90

95

85

88

brown hexagonal plates

brown rhombohedral plates

yellow prisms

yellow needles

brilliant, yellow-brown
irregular plates

irregular brown prisms

light

light

light

light

light

light

red microcrystals

red microcrystals

red-brown microcrystals

red-brow n microcrystals

red-violet microcrystals

red-violet microcrystals

Co -f- 2 Cr
N

Co+ 2Cr
N

Co

Co

Co+ 2Cr

Co+ 2Cr

Co - 2 Cr

Co+ 2Cr

Co -f 2 Cr

Co+ 2Cr

28.70
12.33

28.70
12.33

19.52
26.28

19.52
26.28

12.60
18.42

12.60
18.42

12.08
17.65

12.08
17.65

11.80
17.24

11.80
17.24

28.40
12.18

28.29
12.24

7.18

19.45
26.33

19.36
26.02

12.45
18.60

12.70
18.20

11.90
17.36

12.22
17.88

11.54
17.01

12.01
17.37
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25 ml 10% solution of K2Cr207; 25 m| conc. solution of Na2S20 8; 500 m1 1% solution of picric
acid; 500 ml 1% solution (in 1:4 ethanol-water) of NH4 [Cr(NCS)4 (aniline)2. H20; 500 ml
1% solution (in 1:3 ethanol-water) of (p-toluidine « H) [Cr(NCS)4(p-toluidine)2]; or 500 ml
1% solution (in the same ethanol—w ater mixture) of (p-anisidine « H) [Cr(NCS)4p-anisidine)2].
The precipitate is filtered off after standing for 20—30 min., then washed several times with
water, and dried in air. at room temperature for 3—4 days.

In Table IV are given the synthesis and analysis data for 22 new complexes of this type.

Analysis. Cobalt was determined complexometrically, after decomposing the sample
with sulfuric acid and some crystals of KN 03, in the presence of murexide as indicator. The
sum of the metals was determined by weighing Co304 m Cr20 3, obtained after a 2 hr heating
of the complex at 900—920 °C. Sulfur was determined gravimetrically as BaS04.

The anions Br-, I“, NCtj and CIOj" were determined volumetrically. A 0.400—0.600 g
sample of the complex salt was dissolved in 50 ml water. The solution was passed through
an ion exchange column (with Amberlit IR 120, R—H form) and the HBr, HI, HNO03or HC104
n the eluent titrated with 0.05 M NaOH.

Spectra. The visible and UV spectra were obtained on a Beckmann Model DB recording
spectrophotometer, using aqueous solutions in 1 cm cell. The concentration of the solution
was 2-10“ 3 and 110-4 M, respectively. The IR spectrum was obtained using a “UR-10-Carl
Zeiss Jena” infrared spectrophotometer. Measurements were made in potassium bromide
pellets.

Kinetic measurements. The weighed samples of the complexes were dissolved at the
desired temperature in distilled water, and the acidity and ionic strength adjusted with HC104
and NaNOg solutions (all preheated to the temperature of the experiment). The liberation of
Br- ions was followed by potentiometric titration. 10 ml samples were cooled quickly to 0 °C,
20 ml1 0.1 M HNO3was added (cooled to 0 °C too) and the bromide ion was titrated with 0.01
M AgNO03solution, using a silver wire as indicator electrode.

At each temperature at least three parallel runs were made with different initial con-
centrations of the complex ion, varying between 3 10-3 and 6 ¢ 10“3 M.
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SEPARATION OF TRACE ELEMENTS
BY PRECIPITATION, IX

FURTHER STUDY OF THE SORPTION OF URANIUM(VI) IN CARBONATE MEDIA

E. Upor and Gy. Nagy
(Mecsek Ore Mining Enterprise, Pécs)

Received June 13, 1970

As a supplement to earlier work, a study was made of how the pH-dependence of the
sorption of uranium (V1) on Fe(OH)3in carbonate media changes with the concentration
of the carbonate. It was found that at low carbonate concentration (1x10~3M),
sorption is complete below pH 11 and the curve is identical with that obtained in an
NaOH medium. In the case of macro amounts of uranium, however, desorption above
pH 12 in carbonate solution does not occur. The slope of the log [C03_] vs. log Du
straight line at different pH values is — (1.0 + 0.2); this necessitates the further clari-
fication of the desorption mechanism.

Introduction. Experimental methods

In earlier communications [1—3] results were reported on the sorption
of uranium (Y1) on metal hydroxide and other precipitates in carbonate media.
The roles ofthe most important factors (pH, carbonate concentration, tempera-
ture, etc.) which affect the sorption were described. In the present paper we
wish to report the results of some supplementary studies.

In our experiments the Fe(OH)3 precipitated from 100 mg of iron(lll)
was used as carrier. The volume of the solution was 100 ml. NaHCO03 and
NaOH were used to adjust the pH. If the pH was maintained at a given value
in an experiment, this was achieved with the use of a buffer solution. A pH of
9.2 was produced with a 0.2 M H3B03-f-0.1 M NaOH solution, and pH’s
of 10.8 12.2 with 0.1 M glycine and 0.1 M NaOH solutions mixed in various
ratios. The buffer solution capacity proved adequate even in 1 M Na2C03.
The pH was measured with an LPU-1 pH-meter to an accuracy of ~ 0.05
pH using an NNT glass and silver—silver chloride electrode.

Uranium was determined with Arsenazo IIl, photometrically or by a
luminescence method. Analyses were carried out at times on both the precip-
itate and the solution, but in general only on the phase containing the smaller
amount of uranium.

Variation of uraniuin(VI) sorption with the pH and carbonate concentration

Experiments were carried out to decide how the applied carbonate con-
centration affects the pH-dependence of the sorption. In Fig. 1 it can be seen
that above a certain limit, changes in the carbonate concentration affect the
pH-dependence of the sorption primarily quantitatively.
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However, it can be observed that with the decrease of the C03 con-
centration the position of the maximum of the curve between pH 11 and pH 13
is shifted to lower values. The minimum value of sorption increases with de-
creasing carbonate concentration until finally the curve becomes identical

Fig. 1. Dependence of the sorption of uranium (V1) on pH at different carbonate concentra-
tions (100 mg Fe3+; 100—500 /ug uranium; precipitated at 25 °C in a volume of 100 ml;
filtered after 30 minutes’ standing). Na,C03concentration: 1. 0.20 M ; 2. 0.03 M; 3. 0.01 M;

4. 0.001 M
100
8° f
|
g 60
-s. 40 (&
2 Zo
=]
3 9 10 n 14
pH

Fig. 2. Dependence of the sorption of macro amounts of uranium on the pH in Na2C03solu-
tion (100 mg Fe3+; 100 mg uranium; precipitated at 25 °C in a volume of 100 ml with 0.20 M
N a2C03; filtered after 1 hour’s standing)

with that obtained in an alkali metal hydroxide solution [4]. Accordingly
below pH 12 the sorption will become complete through the decomposition
of the carbonato complex, whereas at higher pH the uranium goes into solution
as a colloid. The change of the carbonate concentration thus finally causes a
qualitative change in the pH-dependence of the sorption. However, the course
of the curve is affected by the uranium concentration too. In our earlier papers
it was shown that for the sorption the Freundlich isotherm is valid in the
region (pH = 9—10) where the sorption is caused by the hydrolytic decompo-
sition of the carbonatouranyl complex. As has already been mentioned, above
pH 12 the sorption is affected by the hydroxide ion concentration, and a re-
sult of this is the colloidal dissolution of uranium. This dissolution, however,
does not take place at higher uranium concentrations [4]. This is also reflected
by the pH curve (Fig. 2) with 100 mg of uranium in a carbonate medium,
which differs qualitatively from the curve for an identical concentration of

Acta Chim. (Budapest) 70, 1971



UPOR, NAGY: SEPARATION OF TRACE ELEMENTS, IX 187

Na2C03but with 100 /ig of uranium (Fig. 1, curve 1). Below pH 11.4 the hydro-
lytic sorption of [U02(C03)3]4~ is relatively insignificant, while at higher pH
the colloidal dissolution of uranium does not occur.

Dependence of the distribution of uranium on the carbonate concentration

From our experimental results it was possible to demonstrate a linear
relation between the carbonate concentration and the uranium distribution
if logarithmic values are plotted for each. In Fig. 3 can be seen the log [C03 ]
vs. log Du plot at four different pH values. The slopes of the straight lines are

Fig. 3. Dependence of the distribution quotient for uranium (VI) sorption on the carbonate

concentration at various pH values (100 mg Fe3+; 500 //g uranium; precipitated at 25 °C

in a volume of 100 ml; filtered after 30 minutes’ standing). 1. pH = 9.2; 2. pH = 11.3;
3. pH = 11.5; 4. pH = 121

—(1.0£0.2). The explanation of these values requires further considerations.
The interpretation accepted for the desorption of uranium is the formation of
soluble carbonato complexes and the hindrance of the hydrolytic decomposi-
tion of the complex. According to the stability constant data available in the
literature [5,6], however, under the experimental conditions quoted, the vast
majority of the [UO0.,(C03)3]4~ is to be found in solution. On the basis of the
following schematic reaction equation:

M -UOA” + nCO;- U02(C02)’-2'(sol) + M(ppt)

(where M(ppt) is the sorbent polymeric metal hydroxide and M-—Y 02(ppt) is
the sorbed uranium complex) this would require a value of 3 for the slope
of the straight line.

From the results obtained, either it must be assumed that the local for-
mation of monouranyl carbonate (U02C03), as the compound with the lowest
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carbonate content formed in the series of complexes, is sufficient for the de-
sorption process (in accordance with the slope of the straight line), or the ex-
planation must be sought with a different initial consideration.

Dependence of the extent of sorption on the amount of adsorbent

Exploratory experiments were carried out to find out how the extent
of sorption depends on the quantity of Fe(OH)3 applied as carrier. As can be
seen in Fig. 4, the logarithm of the uranium distribution quotient is a linear
function of the logarithm of the amount of Fe(OH)3.

Fig. 4. Dependence of the sorption of uranium(VI1) on the amount of Fe(OH)3 (5— 100 mg
Fe3+; 100 yg uranium; precipitated at 25 °C in a volume of 100 ml; pH = 12.05; Na2C03
concentration =0.1 M filtered after 30 minutes’ standing)

On the basis of more detailed studies, these results may assist in the de-
termination of the mechanism of sorption and of the degree of polymerization
of Fe(OH)3[7].
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It is a precondition of the superheated benzene vapour distillation method de-
veloped earlier [1—4] that the relative volatility of the volatile amine must be known
for the separation of binary or multicomponent amine mixtures. For this a model
experiment is suitable, but an empirical distillation formula may also be used the terms
in which are known (e.g. the molecular weight and boiling point (°C) of the amine), the
other terms having been determined empirically in the course of a series of distillation
experiments. In the interest of this, 134 different amines were distilled with superheated
benzene vapour and the amount of superheated benzene vapour needed for the distilla-
tion (condensed benzene expressed in ml = V) was determined as was the probable
connection of this with the material properties of the amines. The smaller the amount
of benzene vapour necessary to distil over an amine, the more volatile is the amine;
the selected expression 1000/F is suitable for judging this. The volatility sequence of the
amines studied was determined.

The study of interactions in non-aqueous media has made possible the
elaboration of a new type of analytical method of separation. This method,
“superheated benzene vapour distillation”, has proved suitable for the sepa-
ration under water vapour-free conditions of volatile and non-volatile, binary
or multicomponent amine mixtures. At the end of the operation, the non-
volatile amine may be titrated in anhydrous solvents with a standard solution
of perchloric acid or toluene-p-sulfonic acid (0.01—0.005 M). (For the relevant
literature and a detailed description of the analytical application, see Refs.
[1-4]1.)

The objectives of the present work were the following:

1. The distillation with superheated benzene vapour of a homologous
series of amines, and the determination of an empirical numerical relation
between the material constants of an amine (e.g. boiling point, molecular
weight, the presence of certain functional groups) and the amount of super-
heated benzene vapour necessary for the distillation, which makes possible
the derivation and the application of an empirical distillation formula in the
calculation of the relative volatility of a volatile amine to be separated.

2. The determination of the relative volatility sequence of the amines
studied.

* Extracted from thesis for the D. Sc. degree.
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Fig. 1. Apparatus for superheated benzene vapour distillation, a: Outline scheme; b: frontal
view; c: heaters and automatic temperature control. 1: Titration flask in 100 °C water bath;
2: 185 °C silicone oil bath; 3: 300 ml spherical flask; 4, 6 and 7: heater; 4 can be tilted through
an angle of 90° with the arm 5, and 7 can be tilted through an angle 25° behind the plane
of the diagram with the help of the arm 8; 9: switch panel; 10: spherical joints; 11: insula-
tion; 12: control thermometer; 13: Pt resistance for the thermostatic control of superheater
14; 15: circuit diagram of the automatic control; 16: rough adjustment; 17: fine adjustment;
18: air grid

Acta Chim. (Budapest) 70, 1971



GYENES: SEPARATION OF AMINES 191

Experimental

An apparatus was designed for the separation of volatile and non-volatile components
of amine mixtures; this was also used for the measurement of the relative volatilities of the
amines (Fig. 1).

Fig. 2. Idealized curves of superheated benzene vapour distillation. A: volatile amine, e.g.

heptylamine; B: slightly volatile amine (not linear), e.g. triethanolamine; C: slightly volatile

amine (linear), e.g. I-piperidino-2-methyl-3-p-toluyl-propanone-3 [3]; D: non-volatile amine,
e.g. atropine [2]

Table |

The relative volatilities of some high-boiling amines

1000/V. where V is the volume of condensed benzene in ml equivalent to the volume
of superheated benzene vapour necessary for the distillation

Amine b.p. °C 10001V
diethanolamine 272 12
(+)n°rephedrine 270 21
1,5-dimethyltropine 258 31
(+ )ephedrine 255 34
4-ethoxyaniline 254 48
N-ethyldiethanolamine 251 33
N-methyldiethanolamine 247 25
2-methylquinoline 245 50
N-n-butylaniline 238 57
4-metlioxybenzylamine 237 54
2,4,6-trimethylaniline 230 62
tropine 229 37
5-aminopentanol 215 111
2-aminopyridine 204 128
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192 GYENES: SEPARATION OF AMINES

A solution of (2 + 5)X 10“ 5gram equivalents of a mono- or bifunctional amine in 5 ml
of chloroform was evaporated in a titration flask immersed in the boiling water bath of the
apparatus; the film-like residue was subjected to superheated benzene vapour distillation.
The amine remaining in the flask was dissolved in 5 ml of chloroform and titrated with 0.01 M
perchloric acid prepared with a 1 : 1 mixture of carbon tetrachloride and acetic acid, using
one drop of 0.1% Crystal Violet indicator solution.

Table 11

Primary aliphatic amines

ml benzene Lo0g/v

rel.
No. Ami c Jc X il-
mine X K ealed*  found V0i|ta}}l|

| n-propylamine 0.96 0 0 0 0.85 0.7 1430
2 n-butylamine 1.12 0 0 1 1 15 1.8 556
3 isobutylamine 0.88 0 0 1 1 12 1.2 853
4 i-butylamine 0.50 0 0 1 1 0.45 0.7 1430
5 fi-pentylamine 1.48 0 0 2 2 3.0 3.6 278
6 rt-hexylamine 1.62 0 0 3 3 4.9 5.4 185
7 fi-heptylamine 1.77 0 1 4 5 121 11.0 91
8 n-octy lamine 1.90 0 1 5 6 195 18.5 54
9 I-amino-2-ethylhexane 1.62 0 1 5 6 16.6 15.5 64
10 fi-nonylamine 1.74 0 1 6 7 26.8 27.0 37
1 fi-decylamine 1.81 0 1 7 8 41.7 40.0 25

* Calculated with the empirical distillation formula:
ml benzene = V = c¢X 1.5fx+"C+*)x0.9
where cis the square of the quotient of the molecular weight and the boiling point of the amine,
iis the X value of the basis compound (in this case n-propylamine), dC isthe carbon atom number
difference, and fcis a supplementary factor.

Table 111
Secondary aliphatic amines

ml benzene

No. Amine AC 1000/ Vv
ealed. found
12 N-methyl-fi-butylamine 1.07 0 0 2 2 2.2 2.5 400
13 di-fi-propylamine 1.31 0 0 3 3 4.0 3.9 256
14 diisopropylamine 0.67 0 0 3 3 2.1 2.6 385
15 N-methyl-fi-hexylamine 1.45 0 1 4 5 10.0 10.1 99
16 di-fi-butylamine 1.50 0 1 5 6 15.4 15.0 67
17 diisobutylamine 1.13 0 1 5 6 11.6 12.0 83
18 N-methyl-fi-octylamine 1.66 0 1 6 7 25.6 27.5 36
19 di-n-pentylamine 1.66 0 1 7 8 38.2 39.5 25
20 di-n-hexylamine 1.69 0 1 9 10 87.7 87.0 12
21 bis(2-ethylhexyl)amine 135 0 ? 13 ? * 158,0 6
*|f X = 12, the calculated volume of benzene is 159 ml.
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Table TV

Tertiary aliphatic amines

ml benzene

No. Amine c . AC X coted. T found 1000/F
22 triethylainine 0.78 0 0 3 3 2.4 2.8 357
23 N,N-dimethyl-n-penty lainin<* 1.34 0 1 4 5 9.2 8.0 125
24 tri-n-propylamine 1.10 0 I 6 7 16.9 15.0 67
25 N,N-dimethyl-ra-octylamine 1.44 0 1 7 8 33.2 34.0 29
26 tri-n-butylamine 1.37 0 1 9 10 70.9 73.0 14
27 N,N-diisopropylethylamine ! 0.96 0o —1 5 4 4.4 4.8 208

The benzene vapour formed in the benzene vapour generator passes through the coil of
the superheater heated at 185 °C, and flows into the flask at high speed through a nozzle of
2 mm internal diameter. Depending on the amount of benzene vapour, the volatile amine
distils over in part or without residue and condenses in the cooler together with the belnzene.
The rate of flow of the superheated benzene vapour is 0.77 1/min.

The distillation curves of the amines were so drawn that the amount of benzene vapour
was shown on the abscissa, expressed in ml of benzene condensed (25+ 2 °C), while the per-
centage of the amine distilled over appeared on the ordinate. Several (idealized) characteristic
curves are illustrated in Fig. 2.

Experimental data of 6—30 individual distillations were used for the construction of
the distillation curve of each amine.

134 amines belonging to 11 compound groups were distilled with superheated benzene
vapour (the ‘‘basis compounds” of the compound groups, i.e. the amine series, are given in
parentheses below): |. Primary, secondary and tertiary aliphatic amines (n-propylamine).
Il. Cyclohexylamine derivatives (cyclohexylamine). Ill. Piperidine derivatives (piperidine).
IV. Morpholine derivatives (morpholine). V. Aniline derivatives (aniline). VI. Benzylamine
derivatives (benzylamine). VII. Phenylethylamine derivatives (R-phenylethylamine). VIIIL.
Pyridine and quinoline derivatives (pyridine and quinoline). IX. Ethylenediamine derivatives

Table V

Cyclohexylamine and its derivatives.
Cyclopentylamine, cycloheptylamine and dicyclohexylamine

No. Amine AC ml benzene 1000/F
ealed.  found
28 cyclohexylamine 1.78 3 0 3 5.4 6.0 167
29 N-methylcyclohexylaminc 1.66 3 — | 4 7.6 7.2 139
30 N-ethylcyclohexylamine 1.66 3 — 2 5 11.3 11.2 89
31 N-propylcyclohexylamine 1.70 3 - 3 6 17.4 180 18
32 N,N-dimethylcyclohexylamine 1.58 3 — 2 5 10.8 10.0 100
33 N,N-diethylcyclohexylamine 1.50 3 - 4 7 23.1 21.5 46
34 cyclopentylamine 1.71 2 — 0 2 35 3.2 312
35 cycloheptylamine 2.26 3 — 0 3 6.9 7.0 143
36 dicyclohexylamine 1.86 6 — 0 6 19.0 19.0 53

Note: Amines No. 34, 35 and 36 may be considered as new “basis compounds”, and at
the same time the X value of dicyclohexylamine is twice that of cyclohexylamine.
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194 GYENES: SEPARATION OF AMINES

Table VI

Piperidine and its derivatives.
Tropine and 1,5-dimethyltropine

m1 benzene

No. Amine c X K AC X clod found 1000/K
37 piperidine 1.69 3 0 - 3 5.1 45 222
38 2-methylpiperidine 1.42 3 0 — 3 4.3 4.3 233
39 4-methylpiperidine 1.64 3 0 —_ 3 5.0 5.7 175
40 2-ethylpiperidine 1.52 3 0 — 3 4.6 5.0 200
41 4-n-propylpiperidine 1.98 3 0 —_ 3 6.0 6.6 152
42 N-methylpiperidine 1.21 3 0 —_ 3 3.7 3.5 279
43 N-ethylpiperidine 1.28 3 0 — 3 3.9 4.5 222
44 N-(2-hydroxyethyl)piperidine 2.30 3 0 — 3 7.3 7.0 143
45 N-ethyl-3-aminopiperidine 1.90 3 0.5 — 3.5 7.1 7.2 139
46 4-hydroxypiperidine 4.38 3 0 — 3 13.3 12.8 78
47 2,6-dimethylpiperidine 1.23 3 1 — 4 5.6 5.7 175
48 tropine 2.66 6 0 — 6 27.3 27.0 37
49 1,5-dimethyltropine 2.32 6 1 —_ 7 35.5 32.5 31

Note: Amine No. 48 may be considered as a new “basis compound”. With reference to
2,6-dimethylpiperidine, 2,6-dimethylmorpholine and 1,5-dimethyltropine see Table XIV.

Table VII

Morpholine and its derivatives*

No. Amine c * 1 K AC X mi benzene 1000/K
1 1 calcd. found
50 morpholine 2.17 2 0 - 2 4.4 4.2 238
51 2-methylmorpholine 1.82 2 0 — 2 3.7 3.7 270
52 N-methylmorpholine 1.33 2 0 | 3 4.0 4.0 250
53 N-ethylmorpholine 1.41 2 0 2 4 6.4 6.8 147
54 N-(2-hydroxyethyl)morpholme 2.76 2 0 2 4 126 124 81
55 2,6-dimethylmorpholine 1.54 2 1 — 3 4.8 5.0 200

*cf. Table XV.

and propylenediamine (re-propylamine). X. Piperazine derivatives (piperazine free of water of
crystallization). XI. Aminoalcohols (one hydroxy group, aminoethanol). The purity of the
amines was checked by determination of the boiling point, titration in non-aqueous media,
and at times by gas-chromatography.

The characteristics of the method are the following:

a) The distillation of water-vapour-free benzene vapour superheated to 95 °C into the
titration flask at a speed of about 4 m/sec.

b) During the distillation the amines separate corresponding to their relative volatilities.

¢) High-boiling amines also become volatile (Table 1I).
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d) The less the benzene vapour necessary to distil over an amine (the volume of the
benzene condensed expressed in ml = V), the more volatile is the amine. Under our experi-
mental conditions, the value 1000/V was selected for the numerical description of the “‘relative
volatility”. W ith the object of comparison, those points on the distillation curves of the indi-
vidual amines where the amine distils with 90% efficiency were taken as the basis. V is the
volume ml of benzene condensed corresponding to this. The experimental data are given in
Tables N —XIII.

Table VIII

Aniline and its derivatives

ml benzene
No. Amine c 1, K AC X 1000/ Vv
caled. found

56 aniline 3.91 1 0 0 1 5.3 6.0 167
57 4-methylaniline 3.49 1 0.5 | 2.5 8.7 8.7 115
58 4-ethylaniline 3.15 1 0.5 2 3.5 11.7 12.0 83
59 4-Ti-propylaniline 2.79 1 0.5 3 4.5 15.6 15.5 64
60 2,4-dimethylaniline 3.01 1 0.5 2 3.5 11.5 9.6 104
61 2,4,6-trimethylaniline 2,96 1 0.5 3 4.5 16.5 16.2 62
62 4-methoxyaniline 3.95 1 1.75 1 3.75 16.2 16.0 62
63 4-ethoxyaniline 3.42 1 1.75 2 4.75 21.1 21.0 48
64 N-methylaniline 3.25 1 0 L 2 6.6 7.4 135
65 N-ethylaniline 2.86 1 0 2 3 8.7 10.0 100
66 N-n-propylaniline 2.67 1 0 3 4 12.2 13.0 77
67 N-n-buthylaniline 2.56 1 0 4 5 17.5 17.6 57
68 N,N-dimethylaniline 2 54 1 0 2 3 7.7 7.8 128
69 N,N-diethylaniline 2.14 1 0 4 5 14.6 13.4 75
70 JN,N-dimethy 1-4-methylaniline 2.31 1 0.5 3 4.5 12.9 121 83
Table IX

Benzylamine and its derivatives

No. Amine . ) ) % ml benzene -
caled.  found
71 benzylamine 2.95 2 0 0 2 6.0 6.0 167
72 4-methylbenzylamine 2.57 2 0.5 1 3.5 9.5 9.6 104
73 2,4-dimethylbenzylamine 2.61 2 0.5 2 4.5 14.6 13.0 77
74 4-methoxybenzylamine 3.02 2 1.75 1 4.75 18.7 18.4 54
75 N-methylbenzylamine 2.23 2 0 1 3 6.8 7.0 143
76 N-ethylbenzylamine 2.04 2 0 2 4 9.3 8.7 115
77 N,N-dimetylbenzylamine 1.88 2 1 2 5 12.9 13.5 74
78 IN,N-dietylbenzylamine 1.68 2 1 4 7 25.8 25.0 40
79 N-isopropylbenzylamine 2.01 2 —1 3 4 10.2 9.5 105
80 dibenzylamine 2.34 10 — 10 1215 120 8
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Table X

Phenylethylamine and its derivatives. Norephedrine and ephedrine

. ml benzene
No. Amine e X K 4C X 1000/K
caled.  found
81 (i) a-phenylethylamine 2.39 3 3 0 0 7.3 6.8 147
82 /?-phenylcthylamine 2.62 3 0 0 3 8.0 8.0 125
83 ("z) 2-amino-l-phenylpropane 2.24 3 0 1 4 10.2 10.4 96
84 N-methyl-/?-phenylethylamine 2.28 3 -0.5 1 3.5 8.5 8.3 120
85 (:£) 2-methylamino-l-phenyl-
propane 1.85 3 -0.5 2 4.5 10.3 10.0 100
86 1-phenyl-2-aminopropanol-1 3.19 6.9* 47.0 21
(norephedrine)
87 I-phenyl-2-methylamino-
propanol-1 ((+) ephedrine) 2.38 6.4* 29.0 34

* Found X values; the X difference of amines No. 86 and 87 is 0.5. Cf. amines No. 82
and 84, and 83 and 85.

Table XI

Pyridine and its derivatives. Quinoline, isoquinoline and methylquinoline

. ml benzere
Amine /1C 1000/F
caled.  found

88 pyridine 2.16 1 0 0 1 2.9 2.9 345

89 2-methylpyridine 1.88 1 + 0.25 | 2.25 4.2 4.4 227

90 3-methylpyridine 2.32 1 -0.25 | 1.75 4.3 4.5 222

91 4-methylpyridine 2.29 1 -0.25 | 1.75 4.2 4.5 222

92 2-ethylpyridine 1.90 1 -0.25 2 2.75 5.2 5.4 185

93 4-ethylpyridine 2.40 1 -0.25 2 2.75 6.6 6.6 152

94 2-n-propylpyridine 1.96 1 -0.25 3 3.75 8.1 8.2 122

95 2-methoxypyridine 1.58 1 -0.25 1 1.75 2.9 3.6 278

96 2-(/?-methoxyethyl)-

pyridine 2.35 1 -0.25 3 3.75 9.7 10.0 100

97 2,4-dimethylpyridine 2.02 1 +0.25 2 3 6.1 6.0 167
-0.25

98 2,6-dimethylpyridine 1.71 1 +0.25 2 3 5.2 5.0 200
-0.25

99 2-methyl-4-ethylpyridine 2.08 1 +0.25 3 4 9.5 9.1 110
-0.25

100 2,4,6-trimethylpyridine 2.04 1 + 0.25 3 4 9.3 9.0 111
-0.25

101 2-aminopyridine 4.65 1 + 0.5 0 15 7.7 7.8 128

102 2-amino-3-methylpyridine 4.22 1 + 0.5 1 2.25 9.5 8.8 114
-0.25

103 4-ra-propylpyridine 2.31 1 -0.25 3 3.75 9.5 7.5 133

104 quinoline 3.38 4 0 0 4 15.4 15.0 67

105 2-methylquinoline 2.91 4 0 1 5 19.9 20.0 50

106 isoquinoline 3.51 4 o 0 4 16.0 14.4 69
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Table XII

Compounds containing tico nitrogen atoms per molecule:
ethylenediamine derivatives, propylenediamine, piperazine and

Amine

N,N’-dimethylethylenediamine

N,N-dimethylethylenediamine

(+)l,2-diaminopropane
piperazine (anhydrous)
N-metliylpiperazine
N,N’-dimethylpiperazine
N-n-propylpiperazine
N-(2-aminoethyl)piperazine

N-(2-hydroxyethyl)piperazine

* Calculated from ml benzene.

Amine

ethanolamine
3-aminopropanol-I
l-aminopropanol-2
4-aminobutanol-I|
2-aminobutanol-I1
5-amiuopentanol-I|
(leueinol
N-methylaminoethanol
N-ethylaminoethanol
N,N-dimethylaminoethanol
N,N-diethylaminoethanol
1-dimethylaminopropanol-2
I-diethylaminopropanol-2
(i) N,N-diethylleucinol
3-dimethylaminopropanol-I

3-diethylaminopropanol-I

1.75 0
1.49 0
2.61 0
2.79 3.5
1.78 3.5
1.30 3.5
1.82 3.5
2.77 3.5
3.18

Table XIII

Aminoalcohols

7.94
6.05
4.38
5.31
3.91
4.34
2.88
4.41
3.15
2.24
1.91
1.46
1.53
1.47
2.70
2.08

-3
-3
-3
-3
-3
-3
-3
-3
-3

-3
-3
-3
-3
-3
-3

K AC
0.5 -1
+ 2
0.5 -1
+ 2
0.5 0
0 R
0 R
0 _
0 R
0 -
K AC
0 0
2 1
1 1
2 2
2 2
2 3
2 4
2 1
2 2
3 2
3 4
3 3
3 5
3 8
1 3
1 5

15

15

0.5

3.5
3.5
3.5
3.5
3.5

8.5*

w b 0 U W AN RO W N R e

its derivatives

ml benzene

caled.

2.9

2.5

found

3.5

ml benzene

caled.

2.1
5.4
2.6
7.2
5.3
8.8
8.8
4.0
4.9
4.5
8.7
4.4
10.4
34.0
3.6
6.3

! found

2.0
5.0
2.8
7.6
5.2
9.0
10.0
3.4
5.2
4.2
8.2
4.6
11.6
36.0
4.0
6.8
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1000/F

357

100
161
192
147

98

10

1000/un

357

217
86
28

250

147
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Discussion

Two working hypotheses were used in the formation of the empirical
distillation formula. The first was that, by means of the statistical comparison
of the data found in the distillation of many amines, a relation may be found
between the relative volatility and certain fundamental properties of the
amine molecule. Therefore the structural properties of the amine molecule
must he reflected in one term of the empirical formula. The second hypothesis
was that the relative volatility is an inherent property of an amine which
comes to the surface in the given case, e.g. in connection with the effect of a
superheated solvent vapour.

The object of the molecular (structure) theory is the determination of exact correlations
between the physical properties of a materia] and the intermolecular forces. At present the
determination of such a relation is possible only in two extreme cases, with gases at low density
and in the case of solid materials at low temperature, i.e. in the regions of complete disorder
or of complete order. In the intermediate region, with liquids, the properties of liquids are
applicable only with rough approximations to throw direct light on the forces acting between
molecules [5].

Statistical comparison of the series of distillation experiments led to an
empirical distillation formula which serves the simplification of analytical
amine separation in a study of binary or multicomponent amine mixtures
where the relative volatility of the volatile amine is unknown. Thus in the case
of simpler amines the amount of benzene vapour necessary to distil over the
volatile amine may be precalculated. In this case a model experiment is un-
necessary.

Under the experimental conditions of superheated benzene vapour
distillation, by “relative volatility” is understood that that amine is more
volatile, for the distillation of 2 ~ 5)x10-5 gram equivalents of which less
benzene is necessary (condensed and expressed as ml of benzene at 25 » 2 °C,
i.e. V). The empirical distillation formula is:

V — ¢X 1.5XX0.9

where V is the volume of benzene in ml, cis the square of the quotient of the
molecular weight of the amine and its boiling point: (M.W./b.p.)2; 1.5 and 0.9
are empirical constants. X is an empirical value depending on the molecular
structure.

According to our studies, the power X changes from amine to amine but
not randomly; it reflects periodic relationships. Thus in complete generality
the formula is:

V = cx1.5(x+nc+,0x0.9

where x is the X value of the basis compound. This latter is modified for the
amines included in the basis compound groups by the difference in carbon
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Table XIV

Variation of the k factor and its application

k factor Application

- W ith N,N-diisopropylethylamine and N-benzylisopropylamine

-0.5 W ith N-methyl substituted phenylethylamine derivatives (see norephedrine
and cphedrine, Table X)

-0.25 W ith pyridine derivatives, alkyl substitution (exception: 2-methyl sub-
stitution)

+0.25 2-methyl substitution in pyridine derivatives

+ 0.5 C-alkyl substitution in aniline and benzylamine derivatives; with amines

containing a second nitrogen atom in the molecule; in the basic x value
of piperazine

+ 1 W ith aliphatic amines if C > 4; with benzylamine derivatives in the case
of a tertiary nitrogen atom; with 2,6-dimethylpyridine, 2,6-dimethyl-
morpholine and 1,5-dimethyltropine; in the case of l-aminopropanol-2
and N,N-dialkyl derivatives of 3-aminopropanol-I

+ 1.75 W ith methoxy or ethoxy substituted aniline and benzylamine

+ 2 W ith aininoalcohols containing a primary or secondary nitrogen atom
(exception: I-aminopropanol-2)

+ 3 W ith aminoalcohols containing a tertiary nitrogen atom (exceptions: 1-di-
ethylaminopropanol-2 and N,N-diethylleucinol)

atom number (AC), and by the supplementary factor k corresponding to the
nature of the functional groups. Such factors are summarized in Table XIV.
The use of the basic x, AC and the k factor is illustrated in Table XV. The
x can be calculated from the number of ml of benzene found experimentally,
using the above formula. The smaller the value of the basic x, the more volatile
is the basis compound. Table XVI illustrates this, showing the boiling points
of the basis compounds, the values ofc, the values of the basic x (and the aver-
age difference from the mean value), and also the 1000/F values expressing
the relative volatility. In place of the experimentally found basic x values,
rounded numbers were used in the empirical distillation formula; these, in
order of their appearance in Table XVI, are: 0, 3, 3, 2, 1, 2, 3, 1, 3.5, and —3.
The value of the basic x of the basis compound was found experimentally:

The experimental data and the factors derived from them make it pos-
sible to arrange the amines in a numerical series according to their volatilities
(see for example Table XV II).
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Table XV

Application of the basic x and the k factor in some basis compounds
and in groups of amines

W ith derivatives, do
calculations involve

Basie compound Basic x

AC ? k factor?
n-propylamine 0 yes yes
cyclohexylamine 3 yes no
piperidine 3 no nol
morpholine 2 yes2 no3
aniline 1 yes yes4d
benzylamine 2 yes yes5
phenylethylamine 3 yes yes8
pyridine 1 yes yes
piperazine 3.5 no no
ethanolamine -3 yes yes

1Exception: N-ethyl-3-aminopiperidine (k = 0.5, second nitrogen atom in the molecule)
and 2,6-dimethylpiperidine.

2W ith N-alkyl substitution.

3 Exception: 2,6-dimethylmorpholine.

4 C-alkyl substitution.

5W ith C-alkyl substitution and in the case of a tertiary nitrogen atom.

6 W ith N-methyl derivatives.

Table XVI

Data of the ilbasis compounds”

Relative
Basis compound b.p. (°C) c Basic x volatility

1000/F

n-propylamine 49.5 0.96 0.03 + 0.29 1430
cyclohexylamine 134 1.78 2.97 + 0.17 167
piperidine 106.5 1.69 3.05 + 0.21 222
morpholine 129 2.17 2.00 + 0.11 238
aniline 184.4 3.91 1.03 + 0.21 167
benzylamine 185.4 2.95 193 + 0.11 167
phenylethylamine 197 2.62 2.95 + 0.03 125
pyridine 115.5 3.96 1.05 + 0.17 345
piperazine (anhydrous) 145.5 2.79 3.48 + 0.12 100
ethanolamine 171 7.94 -2.97 + 0.17 500
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Table XVII

Examples from the relative volatility sequence of amines

Amine 1000/ v Amine 1000/7
n-propylamine 1430 N -ethylaniline 100
ethanolamine 500 2-methylquinoline 50
N-methyl-n-butylamine 400 n-decylamine 25
N-methylaininoethanol 294 N-(2-hydroxyethyl)piperazine 10
2-ethylpiperidine 200

There is no simple relation between the volumes of benzene needed to
distil over the amines, or the relative volatility, and the boiling points. This
can be seen in Fig. 3. In general, the higher the boiling point the more benzene
vapour is necessary for the distillation, but there are obvious exceptions too:
aniline (No. 56), benzylamine (No. 71), /?-phenylethylamine (No. 82), quinoline
(No. 104), ethanolamine (No. 116) and Il-aminopropanol-2 (No. 118). The
relative volatilities of amines with almost identical boiling points may be
different (see Table XVIII).

240 104 ° 2
220 ' ‘T]X
rn
3
200 B2 0 19j
o
u ¢ 8 025
180 6 g,
116 N
A
g 160 18
;110 7
c1 140
@ 50 O 4 82315
120 83° ., f
it o
100 5
J2“022
°1
80 3.0
60 y/
40 J
0.5 2 3456 810 20 30 50 100

V=ml benzene
Fig. 3. Interdependence of the boiling points of the amines and the amounts of superheated
benzene vapour necessary for their distillation (expressed as ml of condensed benzene). See
the numeration in Tables Il —X 111
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Table XVIII

Relative volatilities of amines with almost identical boiling points

Aming b-p. <°C) c 1000/F
3-aminopropanol-I| 185 6.05 200
aniline 184.4 3.91 167
benzylainine 185.4 2.95 167
4-rc-propylpyridine 184.4 2.31 133
N,N-dimethylbenzylamine 185.5 1.88 74
N -propylcyclohexylamine 185 1.70 56
N-methyl-n-octylaraine 185 1.66 36

W ith aminoalcohols, where significant, interntolecular binding forces
may be presumed (in many cases H-bridging has been confirmed), the c value
is large. This latter permits conclusions on the association of the amine mole-
cules. Nevertheless, 3-aminopropanol-1 for example is more than six times as
volatile as N-methyloctylamine although their boiling points are identical.

Superheated benzene vapour distillation is not similar to steam distilla-
tion; the characteristics of the latter are given in parentheses.

In superheated benzene vapour distillation the solventis inert and apolar
(polar), the solvent vapour is superheated (at the boiling point), the compound
distilled over dissolves in the solvent (it does not dissolve well in water), the
distilling system is a water-vapour-free solvent vapour with a turbulent ben-
zene vapour flow and with at amine-solvent film (steam led under the sur-
face of the liquid), the molar ratio of the carrier vapour and the codistillate,
e.g. in the case of aniline, is 13,600 : 1 (in the case of nitrobenzene 38 :1).

A comparison of the amount of benzene vapour needed to distil over the
amines and the evaporation enthalpy values known from the literature [6]
shows a relation similar to that in Fig. 3 (Fig. 4). In this case too, e.g. aniline
(No. 56) or l-aminopropanol-2 (No. 118), some values stand out. Both figures
show that the amount of benzene vapour needed to distil over individual
amines (log V = log ml of benzene) is only approximately proportional to the
boiling point (QC) or to the AHVand kj/mole values. Significant deviations
appear which may be attributed to structural relations (e.g. the ability of
aminoalcohols to form H-bridges, and their high degree of association). Despite
both the high boiling point and the high enthalpy value, I-aminopropanol-2
and aniline are easily distilled with superheated benzene vapour.

A consideration of the empirical data in Tables XIV and XV shows
that the experimental points of the distillations lie on a straight line (Fig. 5;
the experimentally found volume ofbenzene was taken as basis onthe abscissa).
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V=ml benzene

Fig. 4. Interdependence of the evaporation enthalpy values of the amines and the amounts
of superheated benzene vapour necessary for their distillation. See numeration in Tables
H-X 111

Under the experimental conditions of superheated benzene vapour
distillation the binding forces between the amine molecules assert themselves
by various means because the rapidly flowing benzene vapour hinders or de-
creases the association of amine molecules on the amine film surface with those
in the vapour space. The amines thus show their inherent volatilities which
are not in linear connection with their boiling points. This is obvious for those
anomalous liquids in which H-bridge formation has been proved. The possi-
bility that amine molecules which reach the vapour space from the surface
of the liquid film can return to the liquid phase in the form of new associations
decreases since the rapidly moving, superheated, turbulent benzene vapour
hinders it in this and drives it towards the cooler. Thus the superheated solvent
vapour has an important effect in those cases when significant binding energies
are involved owing to the formation of molecular associations (e.g. H-bonding).
Its effect is moderate when the intermolecular forces are also weaker (e.g. the
polarization arising from the Tr-electron system of an aromatic group). Super-
heated benzene vapour has an insignificant effect where the internal binding
forces are of very low strength. In this respect the c value has proved useful
as a relative number (cf. Table XVI).

The V values obtained from the empirical distillation formula (dashed
line) and those found experimentally (volume of benzene) show good agree-

Acta Chim. (Budapest) 70, 1971



204 GYENES: SEPARATION OF AMINES

V=ml benzene

Fig. 5. Correlation of the amine distillation data with the value log (ex 1.52X 0.9). The
dashed line indicates the theoretical volume of benzene in ml

ment in Fig. 5; this has proved to be of use in the case of binary or multi-
component amine mixtures in the programming of distillation experiments of
unknown volatile amines.

The preconditions of the analytical application of the method of super-
heated benzene vapour distillation are the following ([1—4] and this work);
«j in a mixture of two amines one must be volatile; b) an amine to be deter-
mined volumetrically in multicomponent systems must be non-volatile or
only slightly volatile; c¢) the relative volatility of the volatile component must
be known: from model experiments, from calculations with the empirical dis-
tillation formula or with the help of Fig. 5; d) the amines should be soluble
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in chloroform and benzene and their titration in anhydrous media should be
possible; e) the non-volatile amine should not undergo thermal decomposition
during the time necessary for the distillation of the volatile amine.

*

The author wishes to thank Mrs. L. Dese6 and Mrs. P. Lantos who carried out many
distillations, Mr. Gy. Horompé for valuable discussions, and Mr. Gy. Lukacs for the construc-
tion of the apparatus.
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GRAPHITE ELECTRODE

E. Pungor, ZS. Fehér* and G. Nagy*

(Department of Analytical Chemistry, University of Chemical Industries, Veszprém)

Received July 20, 1970

The authors report on the voltammetric assay of a few basic materials of the
pharmaceutical industry. The concentration of the solutions of phenothiazine and di-
oxyphenyl derivatives, amidopyrine, phenacetine, etc. could be measured in general
with an accuracy of a few tenths of a per cent. In some of the cases, the determination
was carried out in supporting electrolytes prepared with nonaqueous solvents. The
authors show on a few examples that the method can be used for the determination of
the active components of pharmaceutical preparations also without separation.

The analysis of the basic substances of the pharmaceutical industry,
meaning in the majority of the cases the quantitative determination of
organic substances of higher molecular weight, is undertaken mostly by classi-
cal methods. The determination of drugs present in the pharmaceutical prep-
arations in the form of halides is prescribed in the Pharmacopoeiae often
through the determination of the anion. The determination of bases con-
taining nitrogen is carried out in most cases by titration with perchloric
acid in nonaqueous media. For supplementing and replacing classical meth-
ods, increasing use is made of various instrumental techniques. Thus, for
example, ion-selective membrane electrodes can be used directly or in combi-
nation with Schéniger’s method for the quantitative determination of com-
pounds used in the form of halides mentioned above, and of drugs containing
halogens [1, 2].

Classical polarography at the dropping mercury electrode is often used
in pharmaceutical analysis for following various processes and for the quality
control of products. However, the determination of several electroactive sub-
stances at the dropping mercury electrode is complicated by the fact that
mercury is dissolved already at relatively low positive potentials. The polaro-
graphic determination of some compounds can be undertaken after chemical
treatment, which converts quantitatively the compound, inactive in the ne-
gative potential range, into a form reducible at the dropping mercury electrode

(e.g. [3 10)).

*Permanent place of work: EGYT Pharmacochemical Works
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The quantitative analysis of organic compounds, which cannot be de-
termined by oxidative reactions at the dropping mercury electrode, is carried
out most expediently by means of solid electrodes.

Billon [11,12] used a Pt electrode, Kabaskallian and McGlotten [13]
a gold electrode for the determination of phenothiazine. Lugovoy and Ryza-
nov [14] determined amidopyrine, Deys [15] morphine derivatives, by means
of a Pt microdisc electrode.

Using solid electrodes, difficulties are encountered because of possible
memory phenomena of the electrode, owing to the fact that its surface is not
renewed. In the determination of organic compounds, this may be due to two
causes. During successive polarizations the surface of the electrode may be
contaminated by the oxide layer form >d, and by the binding of the reaction
products. Both factors result in a gradual decrease of the activity of the elec-
trode surface. The error caused by this contamination can be eliminated only
by renewal of the electrode surface. Procedures known for the regeneration of
the electrode surface complicate the handling of the electrode and involve
possible sources of error. This explains why the use of solid electrodes in the
analysis of the basic materials of pharmaceutical industry is not as widespread
as that of the dropping mercury electrode.

Pungor and Szepesvary reported on the development of an electrode
of novel type, the silicone rubber based graphite electrode [16]. They showed
experimentally that a highly accurate oxidative determination of several
organic compounds can be performed with this electrode without regeneration
of the surface. (The standard deviation of the peak current values is <0.2 %.)
Good reproducibility, and the fact that the electrode does not exhibit memory
phenomena with the majority of substances investigated so far, permit to
conclude that polarization does not give rise to processes in the surface layer,
which would change the activity of the electrode. Memory phenomena were
observed only in a few cases by the authors (phenol, resorcinol, naphthylamine).
These phenomena can be explained by the binding on the surface of non-
conducting polymers formed from the products of the electrode reaction.

The quantitative analysis of several basic substances of the pharmaceuti-
cal industry has been already performed with the silicone rubber based graph-
ite electrode [16]. The present work reports on further results.

Determinations carried out so far concerned the measuring of concen-
tration in aqueous solutions. However, the fact that high molecular electro-
active substances are often poorly soluble in water, limited the applicability
of the method.

Investigations carried out in other fields [17] showed that the silicone
rubber based graphite electrode operates well also in various nonaqueous sol-
vents. In some of the cases, insofar as it became necessary, determinations
were carried outin supporting electrolytes prepared with a nonaqueous solvent.
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Experimental method

Silicone rubber based graphite electrode was used as indicator electrode, and Ag/AgClI
as a reference electrode. If determinations are made in aqueous solutions, there is no need for
the pretreatment of the indicator electrode. However, when using nonaqueous solvents, the
indicator electrode must be soaked before the measurement for about 30 minutes in the given
solvent. In most of the cases, KC1 in a concentration of 10“ 1 mole was used as supporting
electrolyte, so that the supporting electrolyte proper served as the solution phase of the
reference electrode. This permitted to use a beaker as the measurement cell.

The voltammograms were recorded in a static solution polarizing the electrode at a rate
of 2¥/min in the positive direction. Between the single recordings, the solution was stirred for
30 sec with a magnetic stirrer.

A Radelkisz Polarograph Type OH 101/1 was used for the measurements.

The reagents used were of analytical grade or of pharmacopoeial purity.

Experimental results

The formulas of the drugs investigated, the supporting electrolyte used
for the determination, the concentration range investigated, and the values
of the halfwave potential, against the saturated calomel electrode, are shown
in Tahié I. Figs. 1 and 2 show, by way of example, the calibration line of di-
ethazine and phenothiazine, respectively.

Fig. 1. Voltammetric calibration curve of diethazine. Supporting electrolyte: 10 1mole/l
KC1. Sensitivity: 2x10~8 A/mm

Fig. 2. Voltammetric calibration curve of phenothiazine. Supporting electrolyte: methanol
saturated with KC1. Sensitivity: 8x 10-8 A/mm
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Current | Half-peak
Concentration range con- pgle-r?leiaaxl
Name of the dnig Formula of the drug Supporting solution investigated stant
[mole/1] r-n-1 2
1_mole/lJ
HQ\
Isoprénaline HO-<n \-CH-CH2NH-CH(CH32-HC1 10-1 mole/1 KC1 10-5—10-3 583* +0.54
OH
HOA
a-methyl-DOPA HO -~ \-CH-CH-NH?2 10-> mole/1 KC1 10-4_10-s 547 + 0.60
CH3 COOH
y\IS 4/ v Methanol saturated 10 -t-10-3 571 +0.68
with KC1
Phenothiazine
Acetonitrile saturated 5x10-4-5x10-3 1430 +0.95
1 with tétraméthyl-
H ammonium per-
chlorate
Y \/s\/\
Chlorpromazine
\/\N /\/'“ Cb HC1 10-1mole/l1 KC1 10~4—10-3 338 +0.80
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Name of the drug Formula of the drug

oCH,

Phenacetine

O
1
HN—-CO—CHa

p-Aminosalicylic
acid

CH34

Amidopyrine Cctl/
0

ICH3
= -

> <2

1
C6H5

TMAP = tétraméthylammonium perchlorate

DMSO dimethylsulfoxide
DMF = dimethylformamide

\N/N-CH3

Table | (Continued)

Supporting solution

I : 1 mixture of gla-
cial acetic acid and
water, 10-1 mole/l
with respect to KC1

10 : 1 mixture of
methanol and 10_1
mole/l NaOH satu-
rated with tétra-
méthylammonium
perchlorate, and con-
taining 0.5 g/1 of
Tween 20

10-1 mole/1 KC1

DMSO saturated with
TMAP

DMF saturated with
KC1

Acetonitrile saturated
with TMAP

Current
Concentration ra.ige con-
investigated stant
[mole/lj JU.-

mole/}\]
10-3—10-a 537

5x10~3—5x10-2 182

io-4-io-a 360

O-t—10-3 254

10-3—5x 10"3 3570

10-3-5X 10-3 90

Half-peak
potential

)

+ 1.35

+ 1.15

+0.45 and
+0.7 respec-
tively

+ 0.85

+ 1.06 and
+ 1.53 respec-
tively

+0.90 and
+ 1.25 respec-
tively
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It should be mentioned that only the determinations marked with aste-
risks were made with the same electrode, so that a comparison of the current
constant values is justified only for these cases.

Though of the compounds listed in Table I, p-aminosalicylic acid is very
sparingly soluble in water, the surface of the electrode becomes gradually
contaminated during the electrochemical reaction in aqueous medium, and

U V]

Fig. 3. Voltammogram of a solution containing amidopyrine and phenacetine. Supporting

electrolyte: 1 : 1 mixture of glacial acetic acid and water, containing 10”1 mole/l1 of KC1.

Amidopyrine concentration: 4.30X10-3 mole/l Phenacetine concentration: 2.52X 10-3
mole/l. Sensitivity: 6 X 10 H//mm

becomes inactive after the recording of a few voltammograms. However, in a
supporting electrolyte of the composition given in Table I, reproducible results
arc obtained.

Voltammetry is suitable also for the analysis of several pharmaceutical
preparations. The task is simple if the preparation contains only one component
which participates in the electrode reaction in the potential range used.

Dopegyt tablets, manufactured by EGYT, were investigated from this
aspect. It was found that only the active substance, a-methyl-DOPA exhibits
voltammetric activity, and the other components have no effect on the magni-
tude of the voltammetric current. Thus, the active substance of the tablet can
be determined directly in the aqueous solution without previous separation.

Of the active substances of Antineuralgica tablets (amidopyrine, phen-
acetine, caffeine) amidopyrine and phenacetine show voltammetric activity
in the positive potential range applied.

According to our investigations, in a 1 : 1 mixture of glacial acetic acid
and water, containing 10 _1 mole/1 of KC1, the two drugs can be measured with-
out separation in the presence of each other.

Amidopyrine gives both in aqueous solution and in glacial acetic acid-
water mixture two voltammetric waves. When phenacetine is added, the height
of the second wave increases, to give the curve of the shape shown in Fig. 3.

It should be mentioned that the height of the second voltammetric
wave is not equal to the sum of the magnitude of the two waves, characteristic
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214 PUNGOR et al.. VOLTAMMETRIC DETERMINATION OF SOME DRUGS

of phenacetine and amidopyrine, respectively, at this concentration, but is
slightly larger. This must be taken into consideration when plotting the calib-
ration curve.

The amidopyrine concentration can be calculated from the first peak of
the voltammogram, and knowing this value, the phenacetine concentration
can be determined from the calibration curve plotted for phenacetine.

The mean error of the peak current values, calculated from the voltam-
mograms recorded in aqueous solutions, was a few tenths of a per cent (calcula-
ted from 5 voltammograms); with nonaqueous solvents, this error was
slightly higher. For example, in the case of amidopyrine, the mean error was
0.5% in the aqueous solution, 0.9% in acetonitrile, 0.6% in dimethyl forma-
mide, and 1.1% in dimethyl sulfoxide.
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A method of calculation is presented for the determination of the association
equilibrium constant of A-A,,-B type mixtures. This method allows direct determi-
nation of the equilibrium vapour pressure for the monomeric component. As applica-
tion of this method, the association equilibrium constant of propionic acid referring
to the vapour phase and expressed in partial pressures has been determined as a func-
tion of the temperature. This functional relationship has the following form:

1227 7
lg Kp 10.484 J----- —_— (Kp : mmHg-1)

Introduction

The nominal (“chemical”) composition of mixtures containing associative
components is different from their true composition. Due to the association,
the mixture has more components than the nominal ones. Let us consider a
nominally binary mixture in which only one component (e.g. a carboxylic
acid) is capable of association. Let the other component be a nonpolar sub-
stance (e.g. carbon tetrachloride) unable of self-association, mixed association
being also excluded. Neglecting the products of association higher than dimeric,
the nominally binary mixture should he treated as a ternary mixture consist-
ing of the following components: the monomer of the associating substance
(A), its dimer (A2, and the non-polar substance (B). The monomer and the
dimer of the associating substance are connected through the following dimeri-
zation equilibrium:

2A A, 1)

Such mixtures are referred to in the literature as ternary mixtures of the type
A—A 2B [1]. If the non-ideal behaviour of the nominal mixture is due solely
to association, the term “ideally associated mixture” is used [1, 2].

In this paper a method of calculation is presented by which the equi-
librium constant of a dimerization reaction occurring in the vapour phase
can be obtained from the vapour—tiquid equilibrium data if the association
equilibrium constant in the liquid phase is known. The method to be presented
is valid for ideally associated A-A2B mixtures. As an application of the
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method, the association equilibrium constant for vapour-phase propionic acid
(expressed in partial pressures) will be calculated as a function of the tempera-
ture.

1. Determination of the association equilibrium constant
for A-A.,-B type ideal mixtures in the vapour phase

Let us assume that there is no association in the mixture, i.e. it is com-
posed of the monomeric associating substance and the non-polar substance
only. Further, we assume the mixture to be free of any special molecular
interaction resulting in non-ideal behaviour of the binary mixture. This de-
fines a hypothetic mixture, which is an ideal binary mixture of ideal compo-
nents and which is composed of monomers of the associating substance and of
the non-polar substance. This hypothetic mixture will be used as an auxiliary
system. For this mixture the Gibbs-Duhem equation can be written as follows:

XA 3In p* + xB 9In PB = 0 2)

In Eq. (2) Xa is the nominal mole fraction of the associating substance
in the liquid phase, Xb is the same for the non-polar component, pg and pB
are the partial pressures of the monomeric associating substance and the non-
polar component, respectively, in the hypothetic mixture. (The two latter
quantities are, of course, hypothetic pressures without any real sense.) Dal-
ton’s law can be written for the hypothetic components as follows:

Pa = P*¥n 3)
Ps = P*Ys (4)

where p* is the total pressure of the hypothetic mixture, yA the nominal
mole fraction of the associating component in the vapour phase, yB the
nominal mole fraction of the non-polar substance in the vapour phase. From
Eqgs. (2), (3) and (4) the following expression can be derived:

dinp*] = yB- xB A
ays It Ya ¥Ys

According to our initial assumption, Eq. (5) holds true only if the nominal mix-
ture considered is an ideal mixture of non-associating ideal components. In the
case of the A—A 2B ternary system the above condition is fulfilled only in one
point of the total concentration range, namely if xB— 1. (The association
equilibrium is shifted towards dissociation as the concentration of the non-
polar components is increased; see reaction (1).)
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In the case of an ideal mixture of ideal components, the total pressure
of the binary mixture is, in agreement with Raoult’s law, a linear function
of the mole fractions in the liquid phase. In order that this property of the
total pressure curve could he used, it is convenient to rearrange the right-
hand side of Eq. (5) by introducing the mole fraction of the liquid phase in-
stead of the vapour phase:

"8lnp* j 8Inp* \  8yB

.9 xB Jr \ 8yB IT\dxB]T

Eq. (6), similarly to Eq. (5), is valid for the real A-A2B mixture only
in the point where xb = 1.

The above considerations permit to determine the total pressure of the
hypothetic mixture as a function of the nominal composition. Since Eqs. (5)
and (6) are valid for a real mixture only at Xo — 1, the first step to be perform-
ed is the extrapolation of the function

Y8 Xb
nys) (?)
Ya *B

to the value of Xb = 1, using experimental data for xb andys. Thus the partial

L 81Inp*\ . . .

derivative  ---------- is obtained. From the experimental values of Xb
, Ays lt,xb=1

. 8yg .

and yB, the quantity ---=-= can also be determined. The product of
9 xB T,xB=1 3

. . 191n p* .

these two quantities gives the value of ----—--—--- e Since we have a pure

9xB Txp=1
non-polar substance at Xb = 1, the following expression can be written:

81Inp*| 1 lp* | (8)

9 *q )T, XB=i Pe\gxe)T,xB=1

where PBstands for the equilibrium vapour pressure of the non-polar substance
referring to temperature T. Eq. (8) gives the slope of the total pressure curve
of the hypothetic mixture and the total pressure at Xb = 1 since (p*)xB=i =

= PR. The total pressure of the hypothetic mixture is a linear function of the
liquid phase mole fractions. Thus the two latter data unambiguously deter-
mine the total pressure curve of the hypothetic mixture. (See Fig. 1 which
contains the data on the propionic acid—earbon tetrachloride mixture at 30 °C.)
We have to point out again that the hypothetic mixture has been defined as
an ideal binary mixture free of association. If there were no association in the
mixture, then the point xb = 0 would correspond to the monomeric associat-

Acta Chim. (Budapest) 70, 1971



218 LISZIl: ASSOCIATION OF PROPIONIC ACID

ing component. Thus the hypothetic total pressure curve (p*) (Fig. 1) inter-
sects the ordinate (Xo = 0) at the value of the equilibrium vapour pressure
(jo°) of the monomeric associating substance referring to temperature T. The
equilibrium vapour pressure of the monomeric associating substance at tem-
perature T can also be calculated from the following equation

(3p* ] B pi- ©)

1 dxB }t,xb=i

On the basis of what was said above, the equilibrium vapour pressure
of the monomeric associating substance can be determined as a function of
temperature from vapour—quid equilibrium data. Assumingan ideally associat-
ed mixture model the following expression can be written:

Pixi PY (10)

where p is the total pressure of the mixture (a measured value), pi is the
equilibrium vapour pressure of the monomeric associating substance (its
calculation has been described above), and x1is the mole fraction of the mono-
mer of the associating substance in the liquid phase. Given the value xx yl
can be calculated. On the basis of the true composition of the vapour phase,
the association equilibrium constant expressed in partial pressures can be
determined:

Kp_ P-r y_2 (11

Pi pyi

In the next part the application of the method outlined above will be
demonstrated on the example of the propionic acid-carbon tetrachloride
mixture.

2. Association equilibrium constant of propionic acid in the vapour phase

The calculations have been performed for systems at five different tem -
peratures. For the sake of brevity, the detailed calculations will be presented
only for one temperature, 30 °C, and only the initial data and the results will
be given for the others. The vapour-liquid equilibrium data at 30 °C, used in
the calculations, are collected in Table I. More detailed vapour—tiquid equi-
librium data for the propionic acid—earbon tetrachloride mixture in the entire
concentration range can be found in an earlier paper [3].
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Table 1

Vapour—iquid equilibrium data
for the propionic acid—arbon tetrachloride mixture at 30 °C

*B vB p (mmHg)
0.495 0.975 85
0.512 0.977 81
0.630 0.982 94
0.782 0.993 108
0.927 0.997 116
0.950 0.998 117
1.000 1.000 121

On the basis of Table | and the relationships derived in the previous
section, the following values are obtained:

3ln p*
1 25.0
3YB 303°K,
9Ye = 0.022
3XB  3B°K, Xg=1
2In p*
[ P = 0.5501

3*B  303°k, xBM

67 mm
1 gn:,q }3()3°K, x[g:l

Using the above results in Eq. (9) we obtain:

Pi—pp — —"— = 121 67 = 54 mmHg
9XB It,xb=1

Thus a 30 °C the equilibrium vapour pressure of monomeric propionic
acid is almost ten times higher than that of propionic acid.

To illustrate the proportions between the pressures, the experimentally
determined total pressure of the propionic acid—arbon tetrachloride mixture
at 30°C and the total pressure of the hypothetic mixture used as an auxiliary
system are shown in Fig. 1as afunction of the nominal mole fraction of carbon
tetrachloride. The experimental data shown in Fig. 1 were taken, in part,
from a previous paper [3].

The mole fraction of monomeric propionic acid is x = 0.033 at 30 °C
[3, 4]. The equilibrium vapour pressure of propionic acid at this temperature
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isp\ = 6 mmHg [3]. Using the above data in Eq. (10) the mole fraction of
monomeric propionic acid in the equilibrium vapour phase at 30 °C is found
to be y\ = 0.297. Hence for the value of the association equilibrium constant
expressed in partial pressures we obtain Kp = 1.328.

Fig. 1. Total pressure of the propionic acid—earbon tetrachloride mixture at 30 °C as a func-

tion of the nominal mole fraction of carbon tetrachloride, p — experimental data, p* — total

pressure of the hypothetic mixture; the dotted line represents the ideal mixture of the nominal
components

In the following section the results referring to 40, 50, 60 and 70 °C will
be outlined. The vapour—iquid equilibrium data used in the calculations are
collected in Tables II, Ill, IV and V.

Table 11

Vapour—iquid equilibrium data
for the propionic acid—arbon tetrachloride mixture at 40 °C

*B yB p (mmHg)
0.552 0.981 147
0.582 0.983 153
0.627 0.986 160
0.681 0.989 175
0.895 0.996 190
0.960 0.998 197
0.967 0.999 199
1.000 1.000 208
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Tabic Il

Vapour—iquid equilibrium data
for the propionic acid—carbon tetrachloride mixture at 50 °C

*B %] p mmHg)
0.505 0.972 213
0.526 0.974 216
0.539 0.975 219
0.550 0.997 221
0.771 0.990 268
0.783 0.992 274
0.892 0.995 293
0.960 0.998 299
1.000 1.000 306

Table IV

Vapour—iquid equilibrium data
for the propionic acid—carbon tetrachloride mixture at 60 °C

*B YB p (mmHg)
0.454 0.956 267
0.476 0.959 274
0.481 0.960 279
0.570 0.972 305
0.813 0.991 376
0.977 0.999 404
1.000 1.000 413

Table V

Vapour—iquid equilibrium data
for the propionic acid—carbon tetrachloride mixture at 70 °C

vB p[mmHg)
0.550 0.968 440
0.625 0.976 478
0.732 0.985 514
0.827 0.992 550
0.880 0.995 570
0.974 0.998 590
1.000 1.000 605
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The data referring to vapour phase association were determined on the
basis of Tables II—VI. The method of calculation was described in detail for
the mixture at 30 °C. The results are listed in Table VII. (For the sake of com-
pleteness, the data referring to 30 °C tvere also included into Table V1I.)

Table VI

Mole fractions of monomeric propionic acid in the liquid phase
and the equilibrium vapour pressure of propionic acid at various temperatures [3, 4]

T(°K) X7 p\ (rumiig)

303.16 0.033 6

313.16 0.043 10

323.16 0.053 18

333.16 0.064 32

343.16 0.079 49
Table VII

Characteristic data on the vapour phase association
of propionic acid as a function of the temperature

T (°K) pi (MmHg) yu Kv (mmHg-1)
303.16 54 0.297 1.328
313.16 71 0.305 0.745
323.16 116 0.342 0.313
333.16 172 0.344 0.173
343.16 248 0.400 0.077

The data summarized in Table VII are valid as far as the propionic
acid—earbon tetrachloride mixture behaves like an A-A2B type ideal ternary
mixture. A check on these results is obtained by plotting the logarithm of the
association equilibrium constant, expressed in partial pressures, against the
reciprocal absolute temperature (Fig. 2). In the Figure, the data obtained by
Taylor and Bruton [5] and MacDougall [6] are shown for comparison.
Taylor and Bruton have determined the equilibrium constant from P—V—T
data whereas MacDougall used the results of vapour density measurements.
The comparison of the values obtained by different methods permits the con-
clusion that the propionic acid-carbon tetrachloride mixture can actually
be regarded as aternary mixture of the A—A2 B type, i.e. the method outlined
in the first part of this paper gives reliable results. Using the data in

Acta Chim. (Budapest) 70, 1971



LISZI: ASSOCIATION OF PROPIONIC ACID 223

Fig. 2. The log Kp vs. 1/T diagram for propionic acid. O — experimental data of the present
work, *+ — MacDougall’sdata,------—-- data of Bruton and Taylor, ---------mm- a least-squares
fit to the author’s data

Table YII we obtained the following expression for the temperature depen-
dence of the association equilibrium constant of propionic acid, referring to
the vapour phase and expressed in partial pressures:

3227 7
lg Kp= _ 10.484 + — (Kp: mmHg-1)

An advantage of this method of calculation is that it allows direct de-
termination of the equilibrium vapour pressure of the monomeric substance.
A drawback to be mentioned is that its application is restricted to ideally
associated mixtures.

Symbols
A - monomer of the associating substance,
A2 - dimer of the associating substance,
B — non-polarcomponent,
K — association equilibrium constant.
p — pressure,
V — volume,
T — absolute temperature,
X mole fraction in the liquid phase,
Yy —mole fraction in the vapour phase.
Subscripts
1 — monomeric substance in the real mixture,
2 — dimeric substance in the real mixture,
A — associating substance in the nominal mixture,
B — non-polar substance in the nominal mixture,
p the indexed quantity expressed with partial pressures.
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Upper indexes

0 — pure substance,
* — the hypothetic mixture used as an auxiliary system.
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Similarly to isoelectronic aromatic aldehydes, aromatic nitroso compounds
form addition compounds with bisulfites and dithionites. These addition products can
be oxidized into radicals, whose ESR spectra are similar to those ofalkylphenyl nitroxide
free radicals. The dependence on the temperature and splvent of the coupling constants
of nitrogen (aly) suggest the formation of phenyl nitroxide-N-sulfonate upon the addi-
tion of bisulfite, and the formation of phenyl nitroxide-N-sulfinate in the reaction with
dithionite.

The 4V values show both inductive and steric effects, similarly to alkylphenyl
nitroxide free radicals.

The functional groups of organic nitroso and oxo compounds show
considerable structural similarity. The two groups are isoelectronic, the hybrid-
ization state of participating atoms as well as the number ofa- and n-electrons
are identical and the polarization properties of the groups are similar. These
facts offer reasonable grounds for comparison between the chemical properties
of the two types of compounds.

It can be established that in certain reaction types there is a marked
difference in the behaviour of the two groups. As regards the addition of free
radicals, e.g., the nitroso group is extremely reactive, while the reactions be-
tween the oxo group and even the most reactive radicals proceed only very
slowly. This difference in behaviour may be attributed to the nonbonding
electron pair of the nitrogen atom which allows the formation of energetically
highly favourable reaction products: nitroxide type free radicals with a three-
n-electron structure. With oxo compounds, however, there is no possibility
for stabilization of the unpaired electron. At the same time, it is a well-known
fact that the behaviour of nitroso compounds toward oxo reagents is similar
to that of aldehydes and ketones: their reactivities are comparable and their
reactions result in addition or condensation products with analogous structures.

Hydrosulfite ion may, e.g., be considered as a typical oxo reagent which
readily gives addition products with aldehydes and under suitable steric con-
ditions even with ketones. In addition to chemical evidence [1], X -ray diffrac-
tion studies [2] also prove that the reaction leads to an a-hydroxysulfonic
acid. Thus with benzaldehyde the reaction product is the salt of a-hydroxy-
benzylsulfonic acid (I).
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0

1
Ph-CH-S-0- M+

| |

OH 0

1

Nitrosobenzene corresponding to benzaldehyde also reacts with bisul-
fite ion. Detailed kinetic measurements showed that the reaction is first order
with respect to each reactant and the overall rate is inversely proportional to
the first power of the hydrogen ion concentration [3]. However, only second-
ary conversion products were isolated, which did not allow unequivocal de-
termination of the structure of the primary product.

In the course of our investigations, we have observed that the oxidation
of a reaction mixture containing nitrosobenzene or its derivatives and alkali
bisulfite gives relatively stable paramagnetic products, which may be charac-
terized as phenyl nitroxide-N-sulfonate free radicals (I11). These radicals were
formed during oxidation of the primary addition product: phenylhydroxyl-
amine-N-sulfonic acid ()

Ph—N —S 03— Ph—N-SO7
| |
OH 0
IT 11

The presence of phenyl nitroxide-N-sulfonate radicals proves that the bisulfite
addition to nitroso compounds is entirely analogous with the corresponding
reaction of oxo compounds. In addition, the radicals (llIl) prepared by us may
themselves be ofinterest owing to their particular structure since they represent
a transition between the well-known organic nitroxide radicals [4a, b, c] and
the inorganic nitrosyldisulfonate radical ion (the anion of Fremy’s salt [5a I]).

Experimental

The preparation of the nitroso compounds followed the reaction course: nitro com-
pound —*hydroxylamine —»nitroso compound. Purification was carried out by steam distilla-
tion and subsequent crystallization [6]. The N,N-dimethyl-4-nitroso-aniline (a “purum?”
quality Riedel product) was repeatedly recrystallized. Purity of the compounds was checked
by m.p. measurements and infrared spectra. Solvents and inorganic reagents were of analytical
purity.

Owing to the different solubility of reactants, bisulfite addition was carried out in a
mixture of solvents. The methanol, dioxan, acetone, or dimethyl sulfoxide (DMSO) solutions
of the nitroso compounds were mixed with the aqueous solution of sodium bisulfite containing
a phosphate buffer. The concentration of both the nitroso compound and sodium bisulfite was
2.5X 10" 2 mole/1, the ratio of water to the organic solvent was generally 50 : 50 vol.% . The
hydrogen ion concentration of the solution was adjusted so as to obtain an optimum radical
concentration (the optimum pH values obtained by trial and error are given in Table 1). The
mixtures were allowed to react for 10 min, then oxidized by shaking with lead (IV) oxide.
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ESR measurements were carried out with a JEOL JES-P-10 type X-band spectrometer.
Owing to the high dielectric constants of the solvents, thin glass capillary cells (1.5 mm dia)
were used. The solutions were deoxygenated by bubbling pure nitrogen gas through the capil-
laries. The distances between spectral lines were converted into field strength values by means
of the nitroxyl disulfonate radical ion as standard (ajy = 13.13 + 0.09 Oe [59].

On oxidizing the reaction mixture, we obtained orange-red solutions.
This colour suggested visible light absorption characteristic of organic nitroxide
radicals [7], but since we failed to isolate the radical products, these radicals
could not be unequivocally identified. Accordingly, our investigations on the
radical structure were also limited to direct ESR studies of the oxidized
products.

Fig. 1. ESR spectrum of the radical ion obtained in 1 : 1 dioxan-water by oxidation of the
addition product of nitrosobenzene and sodium hydrogen suifite

The ESR spectra of solutions containing dissolved oxygen show a broad
triplet with an intensity ratio of 1 :1:1, which indicates the presence of a
high spin density nitrogen atom (I = 1). In certain cases (when the small ex-
cess of sulfite consumes dissolved oxygen) further hyperfine structure is ob-
served. The oxygen-free solution [8] almost always gave well-resolved spectra.

The hyperfine structure of the spectra could be unequivocally related
to structural factors. In the spectrum ofthe radical formed from nitrosobenzene,
the line groups brought about by the nuclear spin of nitrogen are split into
quadruplets (intensity ratio 1 :3 :3 :1) and triplets (intensity ratio 1:2:1).
This pattern is characteristic of the phenyl group linked to the radical center.
The quadruplet splitting, characterized by a higher coupling constant, may be
assigned to approximately equivalent ortho and para protons, while the triplet
splitting with lower coupling constants may be attributed to mela protons

(Fig- 1)-
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The spectra of the radicals prepared from substituted derivatives of
nitrosobenzene are modified in accordance with the structural differences.
Substitution of chlorine and bromine in para or meta position led to a decrease
in the number of lines. The splitting brought about by the substituent was
not observable. A fluorine substituent in the para position, on the other
hand, resulted in strong doublet splitting.

10 £te

Fig. 2. Part of the ESR spectrum of the radical ion obtained in 1:1 methanol-water by
oxidation of the addition product of p-nitrosotoluene and sodium hydrogen sulfite

The spectrum of the radical obtained from p-nitrosotoluene gave nearly
equal coupling constants for protons in the p-methyl group and in the ortho
position. On the basis of well-resolved spectra, we were able to determine
separately the coupling constants of protons in various positions (cf. Fig. 2).
Considering the order of lines with different intensities, the higher of the two
nearly equal values may be ascribed to the methyl protons.

In the ESR spectrum of o-nitrosotoluene, we failed to observe further
hyperfine structure in addition to the primary splitting. Neither could we
observe well-resolved spectra of N,N-dimethylamino-4-nitrosobenzene. The
concentration of radicals obtained from the latter compound was rather low,
which indicated the formation of non-radical oxidation products, too.

The coupling constant values for radicals studied in detail are listed in
Table 1.
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Tabic 1

Coupling constants of phenyl nitroxide-N-sulfonate radicals (in Oe)
(in methanol-water mixture at 25 °C)

R - -N-SO©
|
(e}
R pH «\ ol‘b aHp °Hn
h 8.3 12.21 2.38 2.38 0.90
2-CHs 6.1 13.33 — — —
4-CHs 45 12.16 247 — 090  apncHa—2.74
4-F 7.0 12.29 2.49 — 091 aF = 571
4C1 6.8 11.78 2.47 . — 1.00
4-Br* 45 11.58 2.45 — 0.94
3-Br 45 11.60 2.39 2.39 0.87

*Solvent: dioxan-water 1:1.

In the case of the radical prepared from nitrosobenzene, we studied the
dependence ofthe coupling constants on the solvent. The change in the coupling
constant values of phenyl protons was found to be within the limits of mea-
surement errors, while the coupling constant of the nitrogen atom showed con-
siderable changes (Table I1).

Table 11

Coupling constants of phenyl nitroxide-N-sulfonate radicals (in Oe)
in different solvents at 25 °C

Dielectric

Solvent mixture constant fIN arbp “Hu
methanol—water 1:1 65.5 12.21 2.38 0.90
acetone-water 1:1 48.2 12.03 2.42 0.91
dioxan—water 1:1 35.9 11.85 2.41 0.88
dimethyl sulfoxide-water 4 :6 70.0 11.69 2.36 0.88

Some other reagents with similar structures were investigated to estab-
lish whether their reaction with nitrosobenzene leads to products easily oxidiz-
able to radicals as observed in the case of bisulfite addition. With sodium di-
thionite, we obtained radicals in high concentration whose ESR spectrum was
very similar to that of the radical formed from the bisulfite adduct. The cor-
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responding coupling constants were found to be almost identical, however,
owing to the reproducible differences in the nitrogen coupling constants at
different temperatures, the identity of the two radicals is questionable
(Table 111).

Table 111

Nitrogen coupling constants of radicals prepared by the reaction of nitrosobenzene
with bisulfites (A) and dithionites (B) (aN, inOe), in a mixture of methanol—water (1 : 1)

Temperature
oc A B

25 12.21 12.09

0 12.08 11.88
-25 11.77 11.73
—45 11.74 11.67

The presence of paramagnetic species could also be detected after oxidiz-
ing the reaction products of nitrosobenzene with benzenesulfinic acid,* or phos-
phite and hypophosphite ions. The concentration of these radicals was, how-
ever, not high enough to obtain well-resolved ESR spectra with our equip-
ment, therefore, no detailed study could be made. It has been established, on
the other hand, that selenite ion, which is very similar to bisulfite ion, fails
to produce radicals in a measurable amount.

Discussion

The radicals obtained in the reaction of nitrosobenzene with bisulfite
ion suggest the phenyl nitroxide-N-sulfonate structure (ll11). This structure is
in agreement with both our ESR results and the chemical properties of com-
pounds with similar structures.

The patterns of ESR spectra and the relative values of the individual
coupling constants unequivocally point to the phenyl nitroxide structure.
This assumption is definitely confirmed by the fact that the coupling constants
of the nitrogen atom of radicals obtained from different substituted nitroso-
benzenes change strictly parallel to the corresponding coupling constants of
aromatic nitroxide radicals with well-known and chemically verified structures.

The increased coupling constants of radicals containing an ort/io-methyl
substituent on the phenyl group, as well as the complete lack of splitting
caused by aromatic protons owing to steric hindrance, is rather remarkable.

* Note added in proof. After sending the present paper the work of De Boer et al. had
been communicated dealing with the ESR examination of free radicals obtained by the
reaction of C-nitroso compounds with benzenesulfinic acid (Rec. Trav. Chim. 89, 696 (1970)).
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Table 1V

Nitrogen coupling constants of phenyl nitroxide radicals (aN, in 0e) at 25 °C

R, —C(CHS,CN - C(CH,)S

R S0 iy i)

H 12.21 11.25 12.32

2-CH3 13.33 13.24 13.37

4-CHj 12.16 11.29 11.66
4-F 12.29 11.53 —
4-C1 11.78 10.94 —

4-Br 11.58* 10.84 11.80
3-Br 11.60 10.87 —_

Solvent methanol—water toluene toluene

* Solvent: dioxan—water 1:1.

This fact unambiguously proves that the radicals studied are N,N-disubstituted
nitroxide derivatives and that the steric requirements of the second substi-
tuent are similar to those of the tert.-butyl or cyanopropyl group.

The nitrogen coupling constants of aromatic nitroxide radicals are affected
by two factors. One is the degree of s-electron delocalization in the system
containing the unpaired electron. In case the sa-electron system of the N—O
bond interacts with further a-electron systems, the probability of finding the
unpaired electron in the vicinity of the nitrogen atom will be lower than in
the absence of such interaction, owing to steric hindrance or the lack of appro-
priate groups. Consequently, the coupling constant values will also be lower.
The other factor is the degree of polarization of the sa-electron system in the
N—O bond. Mesomeric structures IV—V clearly show that the N —aO drift
of the sa-electron system results in an increased spin density on the nitrogen
atom:

0 oe)

I\II «— A P.I*>'
R X\ r el

v \Y)

The polarization degree of the N—O bond may be affected both by
structural factors and the environment. Electron-withdrawing substituents
increase the contribution of mesomeric structure 1V, which leads to a decrease
in coupling constants. Similar changes can be observed with the radicals under
investigation (cf. Table 1), although the coupling constants plotted against
the Hammett substituent parameters failed to give a good linear dependence.
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One explanation for this fact may be that the solvatation properties of the
radicals compared are not quite identical.

According to the theory, the increasing polarity of the solvent results
in an increasing polarization of the N—O0 bond, which leads to an increased
nitrogen coupling constant. However, the macroscopic polarity characteristics
of the solvent mixtures applied (e.g. the dielectric constant [9c]), cannot be
simply related to the measured coupling constants. The nitrogen coupling
constants of the phenyl nitroxide-N-sulfonate radical show a change parallel
to the dielectric constant of the three solvent mixtures. The corresponding
values of the dimethyl sulfoxide—water mixture, however, cannot be fitted
into this sequence (Table Il). This indicates that in each particular case, the
value of the coupling constant may also be affected by specific interactions.

On extrapolation from the values obtained in polar solvent mixtures,
we find that without external polar effects, the nitrogen coupling constants
of the above radicals are close to the corresponding values for phenylcyano-
propyl nitroxide radicals [4a]. This suggests that in the present case, the sulfo
group is a weak electron-withdrawing substituent since the effect of high
polarity S—O0 bonds is mostly compensated by the free electric charge of the
group. It should be noted that the solubility of these radicals in water is also
due to their electric charge.

In our experiments, the formation of phenyl nitroxide-N-sulfonate radi-
cals occurred in two steps. The formation of the bisulfite adduct of nitroso
compounds was entirely analogous to the corresponding reaction of oxo com-
pounds. In both cases, the nonbonding electron pair of the bisulfite ion be-
comes attached to the low electron density N or C atom. This reaction with a
nitroso compound leads to an N-disubstituted hydroxylamine. The oxidation
of these compounds to free radicals is a well-known process with both organic
and inorganic substituents. Since the nitroso group is a considerably stronger
electron acceptor than the oxo group, its reactivity in this reaction is also
extremely high. This fact is supported by our observation that the reaction
proceeds smoothly also in a mixture of acetone and water while such reaction
would be impossible if the reactivities of the nitroso and oxo compound were
comparable. References concerning similar addition reactions between organic
nitroso compounds and reagents containing nonbonding electron pairs, like
sulfinic acids, phosphites and hypophosphites, are in full agreement with our
own findings. Finally, the above mechanism of the reaction is consistent with
our observation that selenite ion, which has no nucleophilic electron pair, is
incapable of such reaction.

The reaction of dithionite ions with nitroso compounds is much more
complicated. According to literature data [10], radicals are directly formed in
this reaction. This phenomenon was not observed under the conditions of our
experiments. We found, however, that subsequent oxidation of the reaction
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mixture yielded radicals identical with those described in [10]. The ESR
spectra of these compounds were very similar to those of phenyl nitroxide-
N-sulfonate radicals.

Russel et al. [10] assume a redox reaction between nitrosobenzene and
dithionite. The expected reduction product of nitrosobenzene, the nitroso-
benzene radical-anion or its protonated form, the phenyl nitroxide radical, was,
however, not detected in the ESR spectra. Therefore, structure VI was assumed
for the radicals formed:

Vi

Structure VI cannot be verified either experimentally or theoretically. The
radical may be considered as an adduct of a nitrosobenzene molecule and a
phenyl nitroxide radical. If this adduct were a truly stable formation, the
addition of another nitrosobenzene molecule would presumably lead again to
a stable product. Such polymerization phenomena are, however, not known
with nitroso compounds. Furthermore, the spectrum described in Ref. [10]
is not observed in mixtures containing phenylhydroxylamine and nitroso-
benzene, where the reaction between phenyl nitroxide radicals formed and the
excess of nitrosobenzene also could have led to structure VI.

In our opinion, the reaction of nitrosobenzene with dithionite may follow
two pathways, depending on the experimental conditions. Direct formation
of the radicals is due to the addition of SO.7 radical ions [11] formed in the
dissociation of dithionite ions. Thus, the radicals derived from phenylhydro-
xylamine-N-sulfinic acid are obtained (VII):

Ph-N =0+S0;- — Ph—N —so07
|
o

Vi
In the other process, the following reaction takes place:

Ph—N=0 + S$,0=-+ H,0 — PILN-SO 7+ HSO7
|
Oil
The phenylhydroxylamine-N-sulfinic acid formed may he oxidized to radical
VII. The great similarity between the structure of radical VII and that of
phenyl nitroxide-N-sulfonate gives an explanation for the highly similar ESR
spectra.
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The factors influencing the rate of the chromium (I11)-EDTA reaction have been
investigated by a spectrophotometric method. The reaction rate was studied as a func-
tion of the ligand concentration; it was found that, in contrast to literature data, the
rate does depend on the ligand concentration. The interdependence was interpreted by
a reaction mechanism in which the rate-determining step is the entry of the ligand
from the outer sphere into the inner sphere.

The effect of pH on the reaction-rate was investigated. It was found that a
known linear relation between the apparent rate constant and the pH holds only be-
tween narrow limits. The pH effect has been explained in terms of several factors. Pos-
sible reaction paths throughout the entire pH range were considered as a consequence
of the hydrolysis of the chromium (I11) ion and the dissociation of EDTA. The different
types of chromium (I11)-EDTA outer-sphere complexes are reported, together with the
probability of their formation and the role of the different protonated outer-sphere
complexes in the establishment of the chromium (I11)-EDTA reaction rate. The ex-
perimentally determined pH dependence of the reaction rate was accounted for on the
basis of theoretical considerations.

As an illustration the determination of the probable reaction paths at a given
pH is presented.

Introduction

Since the turn of the century, there have been many publications on the
chemistry of chromium(Il1l) complexes. However, in spite of this, only a few
papers may be found which deal with quantitative aspects.

The great interest may be attributed, at least in part, to the fact that
trivalent chromium compounds play an important role in leather production
as tanning agents. In the technical literature of the leather industry the works
published cover a very wide field and in many cases lead to the solution of
important practical problems. Since, however, in general they do not go further
than qualitative statements, it is barely possible to use their results in system-
atic coordination chemistry research; therefore this field of the technical
literature is not considered here.

The investigation of equilibrium and kinetic problems of chromium (I11)
compounds raises many difficulties which are not unambiguously soluble with
the aid of the available experimental data and the conceptions of the reaction
mechanisms. Especially little work deals with the mechanism of formation of
chromium (111) complexes or the kinetics of their formation and decomposition
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reactions. The most complete such investigation was published in ten papers
by Hamm etal. in the period 1951—63.

In this series of papers Hamm considers in detail the kinetics of formation
of complexes between chromium(l1l) and organic acid anions, and also the
reaction mechanism. The investigation includes the oxalate, malonate, acetate,
glycolate, lactate, phthalate, citrate and tartrate ions [1, 2]. The study of the
reaction of chromium(lll) with ethylenediaminetetraacetic acid (EDTA) was
published in a separate paper [3].

According to Hamm, the reactions between chromium(lll) and oxalate
ion [4], and between chromium (Il1l) and EDTA take place according to a single
mechanism. In the first, relatively fast step one of the carboxylate groups
replaces one of the water molecules of the hexaquochromium (I11) ion, and an
intermediate, B, is formed:

[Cr(H20)6]3+ + H2Y2~— B (1)

(Hay2- represents undissociated EDTA))
This is followed by the reversible reaction:

Ri21R'4- H+ )

and then by the rate-determining step in which the first chelate ring is formed:

B C (3)

This mechanism for mono- and dicarboxylic acids and for oxyacids was
later amended by Hamm himself [2]. According to the newer hypothesis, the
rate-determining step is the formation of a five-coordinated intermediate.
Since,however, he didnot amend the conclusions concerning the chromium (111)-
EDTA reaction, as a first step it is necessary to re-examine these.

For the reaction between EDTA and chromium(lll) Hamm found the
following:

1. The rate of reaction depends linearly on the concentration of chro-
mium (I11).

2. The rate of reaction is independent of the ligand concentration.

3. The apparent rate constant of the reaction is inversely proportional
to the hydrogen ion concentration over a considerable pH range.

It is clear that statement 1lisin agreement with the proposed mechanism;
however, the experimental conditions used by Hamm give rise to doubts with
regard to the correctness of statements 2 and 3.

The constancy of the pH during the reaction was ensured by the use of
a large, 40—50-fold, excess of the ligand. W ith such an excess, however, the
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dependence of the reaction rate on the ligand concentration is naturally not
ascertainable. Even this amount is not sufficient to really ensure a constant
pH during the reaction and therefore in statement 3 the quoted pH can only
be considered as the initial value. This necessitates the further consideration
that Hamm found the linear pH-dependence of the reaction rate valid up to
pH 1.6 under the above experimental conditions, although the solubility of
EDTA rapidly decreases with decreasing pH and at pH 1.8 reaches such a low
minimum value that it is impossible to use it in the quoted concentration [5].
(The 40-fold excess means a 0.2 M EDTA solution.)

Experimental

The chroinium (I111)-EDTA complex has an absorption maximum in its visible absorp-
tion spectrum at 545 nm. Since the other components of the system do not absorb at this
wavelength the reaction may be followed spectropliotometrically. The measurements were
made with a Zeiss YSU 1 spectrophotometer; extinctions of solutions were measured in 1 cm
glass cells.

The pH was measured with a Radiometer PHM 4d instrument, using a glass-calomel
electrode pair.

The reactants were placed, separated from each other, in a two-compartment glass
vessel and the reaction was started by shaking the vessel. The reaction time was measured
with a stopwatch.

The reaction rates were determined at 254:0.1 °C. The temperature was kept constant
by means of a Hoppler ultrathermostat.

Chromium(Ill) perchlorate was prepared by the reduction of chromium (V1) oxide
with hydrogen peroxide in a perchloric acid medium. The reduced solution contained 1M
chromium (111) perchlorate and 1 M perchloric acid (to prevent hydrolysis). A 0.025 M solution
was used for the measurements. The chromium content was checked iodometrically.

A 0.125 M EDTA-disodium salt solution was used for the measurements. The EDTA
content was determined with nickel sulfate.

A 2.5 M sodium perchlorate solution, prepared from sodium hydroxide and perchloric
acid, was used to adjust the ionic strength.

The pH was adjusted with 0.1 M sodium hydroxide.

The final reaction mixtures contained 0.0025 M chromium (I1l1) perchlorate and 1M
sodium perchlorate.

Calculation of the apparent rate constant

The chromium(lll) ion reacts with EDTA in several steps; of these we
deal only with the study of the rate-determining step. Reference [3] gives in
detail the method of determining the rate constant. The mechanism compris-
ing Eqgs. (1), (2) and (3) forms the basis of the calculation. The reaction rate
is given by the differential equation:

. = k[B] 4)
di
The boundary condition of the solution of the equation is that at t= 0

the concentration of the chelated complex, C, is zero.
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Since at the wavelength of measurement all of the components with the
exception of the Cr(lI1)-EDTA complex have negligible absorbance, the ex-
tinction E at time t is given by:

Et= acb[C], (5)

where acis the molar extinction coefficient of C, b is the cell length and [C]
the concentration of the chelated complex.
The equilibrium constant of reaction (2) is

Using these relations (4) becomes:

2303 1g E” E} 7
Y e [H+]+K * 0

where K is the true rate constant. If the left-hand side is plotted as a function
of time (t), we obtain from the slope the apparent rate constant:

8
[H+] + K e

Many mechanisms fit this mathematical model, and the apparent rate
constants calculated on this basis may also be correct if the mechanism is
interpreted in another way.

In several series of 5—7 parallel measurements the average mean error
in the negative logarithm of the apparent rate constant (p;/) was calculated;
this amounted to ~ 0.09.

Experimental results

The first step in the study of the chromium(II)-EDTA reaction was to
re-examine whether at a given pH the reaction rate is actually independent
of the ligand concentration. In the series of measurements the Cr(lll) : EDTA
ratio varied between 1:0.5 and 1:15. The pH of the solution was adjusted
to between 4.4 and 4.5. Fig. 1 shows the dependence of the negative logarithm
of the apparent rate constant on the EDTA : Cr(lll) ratio. The graph clearly
demonstrates that the apparent rate constant is strongly dependent on the
ligand concentration if the latter is present only in a slight excess, while with a
larger excess a change of rate constant is scarcely perceptible.
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EDTA/Cr
Fig. 1. pj, as a function of the EDTA : chromium(lll) ratio

The pH dependence of the reaction rate was examined in solutions con-
taining Cr(l1l) : EDTA ratios of 1:5, 1 : 10 and 1 :15. Fig. 2 shows p<values
calculated from the measurements as a function of pH.

Ph

Fig. 2. The reaction rate as a function of pH. 1. 1 chromium :5 EDTA; 2. 1 chromium ;
10 EDTA; 3. 1 chromium ; 15 EDTA

Analysis of the experimental results

The mechanism described by Eqgs. (1), (2) and (3) means that the reaction
rate of the chromium(II)-EDTA reaction is independent of the ligand con-
centration. Since this is disproved by the experimental data, the mechanism

must be reconsidered.
According to Hamm, reaction (1) is fast and irreversible and hence there

can be no h'XTquochromium(lll) ions present in the system if there is an
excess of EDTA. If, however, it is postulated that the reaction is reversible:

[Cr(1120)e]3+ + H2Y2- B 9)
then the amount of B is not independent of the amount of H2Y 2 Since,
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according to Hamm, the reaction-rate is determined by the chelation step
B' —* C, and this rate is given by differential equation (4), then the rate cannot
be independent of the H2Y 2~ concentration.

A further question is whether the rate-determining step is indeed the
step of ring-closure. In the formation of nickel(ll) malonate the rate is deter-
mined by the ring-closure according to Nickel etal. [6]. Since, however, the
reaction between a different metal ion and a different ligand is under consider-
ation, and moreover the formation of nickel malonate is a considerably faster
reaction than that of the chromium(Il11)-EDTA complex, it is not possible to
extend the conclusions regarding the former reaction unreservedly to the latter.
It seems likely that in the chromium (111)-EDTA reaction the entry of the li-
gand into the inner sphere is a slower process than chelate-ring formation.

It has already been mentioned that Hamm et al. [2] modified their pro-
posed mechanism in the case of certain ligands. However, this modified version
is still questionable from many aspects.

In our opinion the first step is a rapid equilibrium reaction:

[Cr(H20)0]3+ + H2y2- ~  Cr(l120)eH2Y + (10)

The product is probably an outer-sphere type complex. (Direct experi-
mental proof of the existence of outer-sphere type cobalt complexes with
EDTA was recently found [7].)

The subsequent dissociation reaction can proceed in two ways because
the hydrogen ion may dissociate from either the aquo group or from the H2y 2~
loosely bound in the outer sphere:

Cr(H2)HY + H + Cr(H2)0H2Y+ ~  Cr(OH)(HD)5H2Y + H+ (11)
B[ B B2

It is not possible to distinguish between the two reaction paths and there-
fore the reaction is more simply written as Eq. (2), B B' -|- H+.

This step has the result that the reaction rate depends on the pH; this
point will be returned to later.

According to our assumption, the rate-determining step of the chro-
mium (I11)-EDTA reaction is the entry of the EDTA into the inner sphere:

Cr(H20)eHY Cr(HO)HY +H2 Cr(H,0)HY + 4H,0 (12a)
K d c
or
Cr(OH) (H,0)511,Y — Cr(OH)(H20)4H2y +
K C' (12b)
+ H20 Cr(H20)HY + 4 H2
c
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Since these reaction paths likewise cannot be distinguished the reaction
is written in the following general form:

K fast
B' c c (13)
where C is the chelated inner sphere complex. In the chromium(IIl)-EDTA
complex the EDTA acts as a pentadentate ligand.

The reaction rate is given in this case by differential equation (4) which
formally corresponds with the Hamm equation and since the boundary condi-
tion is the same (C = 0 at time t = 0) its solution is also identical.

On the basis of the measured data Hamm determined from Eq. (8) the
true rate constant Kk and the equilibrium constant K at 31.0 °C; however,
this calculation can only be accepted with reservation. It is questionable
whether, in the light of the order of magnitude of the measured data, it is
theoretically correct to calculate the equilibrium constant from the kinetic
data.

Eqg. (8) may be solved for K with the use of two values each of k' and
[H +] to give an expression:

K = (*i[HY r-~[H +]2) (14)
K2
Since the error in the determination of k' is fairly large the scatter of the
pk' values in our measurements was ~0.09; if we suppose a scatter of only
10% in k' the difference in the small values may easily be negative. In view
of the fact that K is calculated from the quotient of the differences, a scatter
within the measurement error can also give a negative value of K.
Neither does a graphical evaluation of the results lead to the desired end.
If Eq. (8) is rearranged, we obtain

Hel (15)
k' kK K
in which the reciprocal of the apparent rate constant is a linear function of the
hydrogen ion concentration. If the measured k', [H +] pairs are plotted and the
straight line is drawn, the intercept will be 1/k and the slope 1/kK. However,
this solution has the same uncertainty as the above-mentioned calculation.

Interpretation of the pH effect

According to Fig. 2, the dependence of the p/&on the hydrogen ion con-
centration only approximates linearity over a narrow pH range.

The interpretation of the pH effect is a very complex problem. At low
pH the possibility of investigation is restricted by the very limited solubility
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of EDTA. At high pH, on the other hand, metastable hydroxochromium (111)
complexes are formed which readily precipitate above pH 5.

It may be presumed that the linear dependence is the resultant of a
number of effects. In order to explain these, the system must be examined
more closely.

The reactants may be in various hydrolyzed or ionic forms in the solution
depending upon the pH. W ith increasing pH the chromium (111) forms hydroxo
complexes; the hexaquochromium (111) ion is in equilibrium with these:

[Cr(H2D)6]3+ — [Cr(OH)(H2)52+ — [Cr(0H2(H20)4] +
| I 11

Fig. 3. Mole fractions of the ehromium (I11) ionic species as a function of pH. 1. [Cr(H20)Ij]:1+;
2. [Cr(OH)(H20)5]2+; 3. [Cr(0OH2)(H 20)4]+

The equilibrium constant of process I ~ 11 is 10-4, and that of Il ~ 111
is 10-6. The variation of the mole fractions of these ionic species with pH is

shown in Fig. 3.
EDTA is present in the solution in seven different ionized forms depend-

ing upon the pH:
H6Y2+ H3Y +, hd ,h3 -, hy2-, HY3, y 4

The corresponding equilibrium constants are [5, 8]:

Kt= 1.2X10“1 JC,= 2.4x10-2 K3= 1.0xl0*2
K4= 21X10~3 Ks= 69xI10"7 K6= 5.5X10-11

The mole fraction of the ionic species is shown in Fig. 4.
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Hence there is the possibility of 21 reaction paths between the hydro-
lyzed and dissociated reactants over the whole pH range; at each pH naturally
only a few of these play animportant role and make perceptible contributions
to the conversion.

I'ig. 4. Mole fractions of EDTA ionic species as a function of pH. 1. HCr2+; 2. H.Y +; 3. H4Y;
4, H3Y -; 5. H,Y2+; 6. HY 3~

In Table | the possible combinations can be seen by which the three
chromium(lll) and the seven EDTA species can form an outer-sphere type
complex. The figures refer to how many protons there are altogether
in the outer-sphere complexes formed from the species in the respective hori-
zontal and vertical rows. The presence ofa hydroxo group is regarded as equiv-
alent to the loss of one proton.

Table 1
Hey+ hnD HeY HLY- HY*+ HY>- Y«
[Cr(H2 )6]3+ 6 5 4 3 2 I 0
[Cr(OH)(HD)6],+ 5 4 3 2 1 0 -1
[Cr(OH2(HrO)4] + 4 3 2 1 0 o -2

The formation of some of the possible 21 types, although favoured
electrostatically (e.g. Cr3+ -)- Y4~), need not be taken into consideration be-
cause the components are present in different pH regions: Cr(H2)j+ is pre-
sent in insignificant concentration above pH 5, and the Y4~ likewise below
pH 7. The reaction of certain types (e.g. Cr(H20e)3+ -} HOY 2+) is improbable
purely from electrostatic reasons.

It can be seen in Table | that the extent of protonation of many com-
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plexes is the same; although there are nine different ionic species in the pH
range used (pH 3.3—4.7) only outer-sphere complexes with 3, 2 or 1 proton
need he considered. From a kinetic and equilibrium viewpoint the identically
protonated ionic species (e.g. CrH3Y, Cr(OH)H4 and Cr(OH2HS5Y) are in-
distinguishable. For the mole fractions of these ions we have the following
expressions:

[H/Y5
aCrH3Y —~31
E-E'
K [H+]5
aCr(OH)H4Yy — Rz E mS'
H+]5
acCr(Ho2Hsy — XV I[E-E]‘
where
E = [H+]2+ I(Cr[H+]+K?K?
E' = [H+]6+ K? [H+]5-( [H+]4+ ATK./I-CJ [H+]i +

+

K?K?2K?K?2[H]2+ K?2K?2K%K?2K?2[ H+] +
+ KTHO'KAKTKYKA-

Due to the indistinguishability of the three ionic species, the mole frac-
tion of triprotonated ions may he written simply as

kr H T

*3 — aCrH3YY*Cr(OH)H4Y + aCr(OH2)H5Y E mE’
||

Similarly the mole fractions of the di- and monoprotonated complexes

are:
;=K [H+14

E =E'

o« [H+13

E mE’

Since equilibrium data for the outer-sphere complexes, K*. K*2 and K *
are unknown, x1, a2 and x3 cannot be calculated. The solution of the problem
becomes a little nearer if the values of

[H+]5 [H+]1 [H+]3
E E' 2Y 2,;’ ~EmE’

are calculated at different pH’s, and their logarithms plotted as a function of
the pH (Fig. 5). The positions of the maxima are independent of the unknown
constants; only their magnitude depends on them.
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W ith regard to these considerations, the pH dependence of the chro-
mium (I11)-EDTA reaction rate appears in a different light. According to
Hamm, the reaction rate between pH 1.65 and 4.45 is inversely proportional
to the hydrogen ion concentration and its pH dependence is attributable solely

Fig. 5. Distribution of outer-sphere complexes as a function of pH. 1. Triprotonated outer
sphere complex; 2. diprotonated outer-sphere complex; 3. monoprotonated outer-sphere
complex

to the dissociation equilibrium B ~ B' -f- H +. It has been seen that the reac-
tion mechanism is much more involved than presupposed; the state of proto-
nation of the outer-sphere complexes formed in the pre-equilibrium depends
on the pH. It is highly probable that the outer-sphere complexes with various
degrees of protonation become inner-sphere complexes at different rates.
The reaction of the triprotonated CrH3Y type complexes is considerably slower
than that of the diprotonated isomeric complexes present in greater concen-
tration at higher pH; the monoprotonated CrHY type isomers react more
rapidly than these. Such an explanation of the pH effect makes it more easy
to understand that the dependence of the reaction rate on the hydrogen ion
concentration is linear in only a narrow range of pH. It may be supposed that
with decreasing protonation the rate does not increase linearly.

We shall illustrate the establishment of the probable reaction path by
an example with the aid of Fig. 6 which summarizes the relations already
described.

If the establishment of the probable reaction path at pH 3.3 is required,
it can be seen from Fig. 6a that at this pH the hexaquochromium (111) ion
and the hydroxopentaquochromium(lll) ion are present in considerable
amounts while the mole fraction of the dihydroxotetraqguochromium(111) ion
may be neglected. Fig. 6b shows that at pH 3.3 the mole fraction of the di-
protonated CrH2Y type complexes is near to the maximum. From Fig. 6¢ it
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may be observed that the reaction of the diprotonated complexes may be
realized through the Cr3+—H2¥2-, Cr(OH)2+—HiY

routes.
H6Y2-
cr3, 6
Cr(OH)2' 5
Cr(oH)2 A

Fig. 6. Evaluation of the probable

l1.Hamm, R. E., Perkins,

N
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~ou b~ w

pest, 1970

8.Schwarzenbach, G., Ackermann, H.:
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Mlhély T. Beck;
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The reaction between binuclear chromium (I11) complexes and EDTA has been
examined by a spectrophotometric method. It was found that the hydrolysis occurring
in dilute aqueous solutions of chromium (111) perchlorate, the formation of bi- and
polynuclear complexes, and their decomposition with acid may be followed by the
change in rate of the chromium (lII1)-EDTA reaction. With this method of measure-
ment a new possibility is opened for the investigation of the behaviour of polynuclear
complexes.

The reactions of mono- and binuclear complexes with EDTA have been com-
pared; it was found that the binuclear complex reacts very much more slowly, and the
pH dependence of the reaction rate, especially at higher excesses of EDTA, is much
smaller than that of the mononuclear complex.

Introduction

In boiled or aged solutions of chromium (I11) salts polynuclear hydrolysis
products are present; these react very slowly with acid, and remain unchanged
for a long time even in strongly acidic solutions. This was first noted by
Bjerrum during a study of the formation of hexaquochromium(lll) chloride
from dichlorotetraquochromium(lll) chloride [1—3].

The possible structures of chromium((Il1l) compounds with two or more
nuclei have been dealt with by many authors. In 1931 Stiasny summarized
the changes occurring during the boiling of chromium (I11) sulfate and chloride
solutions [4]. He assumed that during the boiling binuclear complexes with
two bridging hydroxo groups are formed; as a result of continued boiling the
hydroxo bridges are transformed into oxo bridges. A re-examination of this
proposed simple picture only followed about twenty years later when Han1 and
Eyring titrated chromium(lll) salts with hexammonium heptamolybdate;
it followed from the amount of molybdenum consumed per chromium atom
that many types of bi- or polynuclear complexes must be present together in
the solution [5].

Laswick and P1ane [6] separated three main components from a boiled
chromium(Ill) perchlorate solution by ion-exchange chromatography:

1. the unchanged hexaquochromium(lll) ion,

2. a polynuclear bluish-green product which was formed rapidly on
boiling; its amount did not change after a few minutes,
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3. a polynuclear green product which was formed much more slowly
than the former.

Ardon and Plane [7] established that a binuclear complex is formed
from chromium(Il) by 2-electron oxidizing agents; this is a homogeneous sub-
stance according to chromatographic study, and corresponds to fraction 2
obtained from a boiled solution as in Ref. [6].

It has been established by an ion-exchange method that the substance
obtained by the oxidation of the chromium(ll) salt is a binuclear complex;
bearing in mind that the charge per chromium atom is 2, two types of structure
are possible:

I [(H20)5Cr—O0—Cr(H20)5]a+

H
(0}

1. (H2)4C / ,cr(H20)4

4o /
1

Kolaczkowski and Plane [8] established by exchange studies using
H?2180 that the structure of the binuclear complex present in the solution
corresponds to the second formula. For the time being it remains an open
question whether the reason for this is the greater thermodynamic stability of
the hydroxo bridged complex or it has only a kinetic origin.

The kinetics and mechanism of the formation and decomposition of the
diol bridges were studied by Grant and Hamm [9,10] during the dimerization
reaction of cis-hydroxodioxalatoaguochromium (11l1) and the decomposition
of tetraoxalato-jiLjU-dihydroxodichromium]!!!); they found that both the
formation and decomposition of the diol bridges occur according to a dissocia-
tion mechamisn.

So far only the formation and decomposition reactions of the binuclear
acidochromium(I11) complexes have been examined; the question of how the
binuclear hydroxochromium (Il1l) complexes react with ligands has not been
dealt with.

During our experimental work it was observed that the chromium(I11)
perchlorate — EDTA reaction is considerably slower if the chromium(Ill)
perchlorate solution stands diluted for several days before the starting of the
reaction. It seemed likely that in the dilute solution the chromium(Ill) per-
chlorate hydrolyses and the hydroxo complexes give rise to binuclear complexes
on ageing. These react more slowly not only with acids but also with EDTA.
To clear up this phenomenon we have examined how much the reaction slows
down as a result of the hydrolysis, and whether the slowing-down may also
be observed when the dilution is not accompanied by a change in pH. A bi-
nuclear complex was prepared and the rates of reaction of the mono- and bi-
nuclear complexes with EDTA were compared. Finally the EDTA reaction
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was followed during the decomposition of the binuclear complex to prove
whether the decomposition reaction is accompanied by an increase in the rate
of the chromium(II)-EDTA reaction.

Experimental

The chromium (lI1)-EDTA complex has a sharp absorbance maximum at 545 nm;
as the other components of the system do not absorb at this wavelength, the reaction may be
followed spectrophotometrically. The measurements were made with a Zeiss VSU 1 spectro-
photometer; the extinctions of solutions were measured in 1 cm glass cells.

The measurement conditions were described in detail in the first paper of this series [11].
The reaction rate was determined at 25.0 + 0.1 °C (Ho6ppler ultrathermostat). The pH of
reaction mixtures was measured with a Radiometer PHM 4d pH-meter, using a glass—calomel
electrode pair.

The apparent rate constant of the reactions was calculated by the method used also
by Hamm [12]. This calculation was considered in detail in Ref. [11]. and only the expression
serving as the basis of the calculations is given here:

W 1g(E,-:E,2-Ilg
to---1\

where Em is the extinction measured for the equilibrium solution, and , and are the
extinctions measured at times t, and i2 after the beginning of the reaction.

Chemicals

The homogeneous, binuclear complex containing two diol bridges was prepared as
in Ref. [6]: chromium(Ill) perchlorate was reduced electrolytically and the chromium(ll)
perchlorate formed oxidized with atmospheric oxygen. The chromium content of the result-
ing solution was 0.025 M.

0.025 M chromium (IIl) perchlorate was used as a comparison solution: this was made
by the reduction of chromium (V1) oxide with hydrogen peroxide [11].

A 0.125 M solution of EDTA-disodium salt was used.

The constant ionic strength was adjusted with 2.5 M sodium perchlorate: this solution
was prepared by the neutralization of perchloric acid.

The pH was adjusted with 0.1 M sodium hydroxide solution.

Experimental results

The effect of the ageing of the chromium (I11) perchlorate solution on the
rate of the chromium(Il)-EDTA reaction was studied in a solution with a
Cr : EDTA ratio of 1 : 10. The concentration of chromium(l11) was 2.5x10~3
M, the ionic strength was 1.0 (with sodium perchlorate) and the pH was ad-
justed to 4.0—4.1 with sodium hydroxide.

The reaction was so arranged that in one half of a two-compartment
reaction vessel, the chromium (111) perchlorate solution, the sodium perchlorate
solution and the amount of water required to make up the final volume were
allowed to stand before the beginning of the reaction. After some hours or some
days the chromium(I11)-EDTA reaction is progressively slowed down. The
negative logarithms of the apparent rate constants (p”) calculated from the
measurements are shown in Fig. 1 as a function of the standing period. Accord-
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ing to the graph, after standing for 72 hours the chromium(Ill) perchlorate
reacts with the EDTA as slowly as does an equal concentration of the binuclear
chromium (111) complex at the same pH.

hours

Fig. 1. Effect of the ageing of chromium (111) perchlorate solution on the rate of the chro-
mium (I11)-EDTA reaction; O binuclear complex

The pH ofthe 2.5 >0-2 M chromium(Ill) perchlorate solution was 2.0.
After a 7—8-fold dilution as in the above experiment, the pH became 3.77.
In order to demonstrate the effect of the change of pH, the reaction with EDTA
of a solution diluted with water was compared with that of a solution diluted
with 0.01 M perchloric acid.

The experiments were carried out with a 1 Cr :5 EDTA ratio and an
ionic strength of 1.0. The pH of the solution diluted with water was 3.77 and
that of the acid-diluted solution 2.37. The pH of both solutions was adjusted
to 4.4 with sodium hydroxide before the beginning ofthe chromium (I11)-EDTA

Fig. 2. Effect of the pH of the diluted solution on the rate of the chromium(Ill)-EDTA
reaction
Immediately: 1. dilution with perchloric acid; 2. dilution with water. After 2 days of standing:
3. dilution with perchloric acid: 4. dilution with water
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reaction. Fig. 2 shows the time vs. extinction graphs for both types of solution
measured immediately after dilution and after standing for 2 days. While
the measured data are in agreement in the freshly prepared solutions, the
two curves for the solutions which stood for 2 days differ markedly from
each other. The reaction with EDTA of the water-diluted solution is much
slower than that of the acid-diluted solution.

PH

Fig. 3. p®, as a function of the pH (1 chromium : 5 EDTA); 1. mononuclear complex; 2. bi-
nuclear complex

PH

Fig. 4. p”, as a function of the pH (1 chromium : 15 EDTA) 1. mononuclear complex; 2. bi
nuclear cimplex

Next the pH dependence of the chromium(II1)-EDTA reaction rate
was studied in a solution of the pure binuclear complex with Cr : EDTA ratios
of 1:5,1:10 and 1 : 15. Solutions with Cr ;EDTA ratios of 1 :5 and 1 : 15
containing mononuclear complexes were also studied. The pfc' values found in
the 1 Cr:5 EDTA and 1 Cr : 15 EDTA solutions are plotted in Figs 3 and 4
as a function of the pH. In the 1 Cr:5 EDTA solutions the two curves
run almost parallel; the mononuclear complex reacts with EDTA about
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ten times faster than the binuclear complex. The difference is even greater in
the 1 Cr : 15 EDTA solutions; in this case the pH increase scarcely affects the
rate of the binuclear complex — EDTA reaction, while the rate with the mo-
nonuclear complex rapidly increases with increasing pH.

days

Fig. 5. Effect of the degradation of the binuclear complex on the rate of the chrommm (I11)-
EDTA reaction; O chromram (l1l1) perchlorate

Further experiments were carried out to prove that decomposition of
the binuclear complex with acid accelerates the reaction with EDTA, which
finally attains the rate measured in a chromium(lll) perchlorate solution.

Although it is known from the literature that the binuclear complex is
stable for several days even in strong acids, the decomposition cannot be
effected in very strongly acidic solution because the adjustment of the ionic
strength would lead to difficulties. Therefore the binuclear complex solution
containing 0.025 M chromium (I1l) was mixed in a 1 : 1 ratio with 0.5 M per-
chloric acid. The mixture was allowed to stand at room temperature for 4
weeks, but from time to time samples were taken out and the reaction rate
was measured in alCr:5EDTA solution at pH 4.7—4.8. Fig. 5 shows
the pk' values calculated from the measurements, as a function of the decom-
position time.

The results support the assumption that the reaction of the binuclear
complex with EDTA becomes gradually faster as the decomposition with acid
proceeds. After standing for about 4 weeks the reaction rate attains that of the
chromium (I11) perchlorate solution; consequently, during this time the bi-
nuclear complex is completely transformed into the mononuclear complex.

Many authors have dealt with the formation and decomposition of bi-
and polynuclear complexes, but until now it has not been observed that the
binuclear hydroxo complexes exhibit a decreased tendency to react with com-
plex-forming compounds such as EDTA.

In the diluted state chromium (111) perchlorate which has been aged for
several days reacts much more slowly with EDTA than the freshly prepared
solution. This phenomenon led to the idea that the “dation” process taking
place during standing, and the acid decomposition of the bi- and polynuclear
complexes may be followed by the change in rate of the chromium(Il11)-EDTA
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reaction. The expected processes may he represented schematically as follows:

mononuclear complexes

acid decomposition: j hydrolysis with water:
rate increases | . rate decreases

binuclear complexes

In the experimental section this conception was verified by the reported
results. These also supported the literature data according to which the aged
or boiled solutions also resist strong acids for several days: only after a week
did the reaction rate of the binuclear complex in perchloric acid solution begin
to increase slowly, and nearly 4 weeks were necessary for the rate to attain
that of the mononuclear complex.

The reaction of the binuclear complex with EDTA differs also in other
respects from those of the mononuclear complexes. While the pH dependence
of the reaction rate at a slight excess of EDTA is similar to that of the mono-
nuclear complexes, at a greater excess of EDTA the pH scarcely affects the
reaction rate.

It is very probable that the binuclear complexes react with EDTA
according to a mechanism different than that of the mononuclear complexes.
Since the values of the apparent rate constant were calculated on the basis of
the mechanism for the reaction of the mononuclear complexes, the data should
be considered only as indicative.

The problems concerning binuclear complexes are still far from solved.
The work completed so far throws light on the fact that there are fundamental
differences from mononuclear complexes. Following the formation and
decomposition reactions by the method reported in this paper affords a new
possibility for the study of the binuclear complexes and brings closer the elu-
cidation of the mechanism and kinetics.
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The synthesis of a-benzyl IV-t-butyloxycarbonyl-L-aspartate (Via), a-t-butyl
IV-t-butyloxycarbonyl-l.-aspartate (IVa) and a-t-butyl IV-t-butyloxycarbonyl-L-gluta-
mate (IVb) is described. In addition, simplified preparations of a-benzyl iV-t-butyloxy-
carbonyl-L-glutamate (VIb) and iV-t-butyloxycarbonyl-L-glutamine (VIII) are reported.

a-Benzyl jV-t-butyloxycarbonyl-L-aspartate (Via), a-f-butyl A-t-butyl-
oxycarbonyl-L-aspartate (IVa) and a-i-butyl iV-t-butyloxycarbonyl-L-gluta-
mate (IVb) were synthesized. These compounds may be useful intermediates
in the synthesis of oligopeptides containing /3-aspartyl or y-glutamyl residues,
respectively.

In addition, an improved, large-scale procedure was elaborated for the
synthesis of iV-t-butyloxycarbonyl-L-glutamine (VIIIl), and a-benzyl-N-t-
butyloxycarbonyl-L-glutamate (VIb) was prepared by a simpler method than
described earlier [1].

Synthesis of «-t-hutyl N-t-butyloxycarbonyl-L-aspartate (IVa)
and a-t-butyl N-t-butyloxycarbonyl-L-glutamate (IVb)**

IVa and IVb were prepared in the following way:

cooBul COOBiC
1 H,/Pd 1 BOC -N,
/' NH-CH HCIHXN-CH -t >
1 HC1 1 pyridine
Et3N
(CH.)n (CH,)n
COOMe COOMe
n 1
n 2 1 1
COOBul cCoOBul
1N NaOH
BOC NH-CH BOC-NH-CH
(CH))n (CH2n
COOMe COOH
11 v

* Present address: Institute of Biochemistry, Biological Research Center, Hungarian
Academy of Sciences, Szeged, Hungary.

** Abbreviations used in this paper conform to those recommended by the 5th European
Peptide Symposium [2].
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The a-i-butyl co-methyl esters of the appropriate 1V-benzyloxycarbonyl-
L-amino acids (la) and (Ib) [3, 4] were hydrogenated in absolute methanol in
the presence of equivalent hydrogen chloride using 10% palladium on charcoal
as catalyst to give the mixed ester hydrochlorides lia and lib. After neutraliza-
tion with equivalent triethylamine, Ma and lib were acylated by treatment
with i-butyloxycarbonyl azide in pyridine solution at room temperature over
a period of 72 hrs. to give a-i-butyl /1-methyl iV-i-butyloxycarbonyl-L-aspartate
(I'lia) as well as a-t-butyl y-rnethyl iV-t-butyloxycarbonyl-L-glutamate (lllb).
Selective hydrolysis of Ilia and Illb with IN sodium hydroxide in acetone
solution at room temperature gave the desired crystalline IVa and IVb in overall
yields of 41.3% and 32.8%, respectively.

Attempts were made to obtain Ha and lib directly from the respective
co-methyl esters according to Roeske’s method [5]. It was found that
co-methyl esters of both aspartic and glutamic acid gave clear solutions with
isobutylene in dioxan-conc. sulfuric acid mixture after a few days’ shaking at
room temperature, but considerable reaction occurred only in the case of
y-methyl L-glutamate. However, for preparative purposes, the procedure is
useless in this case, too, since the otherwise low yield was diminished further
during the neutralization ofthe reaction mixture, owing to a cyclization reac-
tion giving t-butyl pyroglutamate [6].

Synthesis of «-benzyl N-t-butyloxyearbonyl-L-aspartate (Via)
and «-benzyl N-t-butyloxycarbonyl-L-glutamate (VIb)

Via and VIb were synthesized by treatment of the corresponding a-
benzyl esters (Va and Vb [8]) with t-butyloxycarbonyl azide in dimethyl form-
amide solution in the presence oftriethylamine at room temperature accord-
ing to Ref. [7]. Via and VIb wcre obtained as crystalline free acids in yields
of 51.8% and 54.8%, respectively.

cooBzL cooBz1
H CH N Boc—nH CH
N C DY/ ==k\ -
(CH.)n (CH,)»
COOH COOH
a;n=1
b;n 2 \Y; Vi

VIb was accessible hitherto either from Vb by the “magnesium oxide
procedure” in low yield, or indirectly from iV-i-butyloxycarbonyl L-glutamic
acid via the selective fission of IV-i-butyloxycarbonyl-L-glutamic acid anhydride
with benzyl alcohol [1]. Va was prepared by the selective débenzylation of
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dibenzyl L-aspartate p-toluenesulfonate (VII) according to Ref. [8]. To obtain
VII, a procedure was adapted with slight modifications which had been elabo-
rated for the synthesis of the glutamate analogue [9].

Synthesis of N-t-butyloxycarbonyl-L-glutamine (VIII)

The first synthesis of VIII was elaborated by Hofmann etal. [10].
The substance was prepared by the reaction of L-glutamine with t-butyloxy-
carbonyl azide in aqueous dioxan containing equivalent triethylamine at
45—50 °C, in 24 hrs. with a yield of 58%. However, the unusually tedious
and time-consuming isolation procedure (e.g. 27 extractions during a single
work-up) due to the excellent water solubility of VIII, makes large-scale prep-
arations impossible.

Schnabel synthesized the substance with the same acylating agent
according to his “pH-stat method” (aqueous dioxan, pH = 10.3, room tem-
perature, 24 hrs.) in a yield of 82%, but he did not describe the isolation and
purification of the product [11].* It was found that working under Schnabel’s
conditions but at 50 °C, the reaction time could be reduced to one fourth of
that described. [It is our general observation that working at a somewhat
higher temperature (50—55 °C), but otherwise under Schnabel’s conditions,
the time of t-butyloxycarbonylation is reduced about 4-fold without any
racemization of the amino acids.] On the other hand, upon decreasing the pH,
the water solubility of VIII is significantly reduced. This rendered possible
the complete omission of Hofmann’s complicated isolation procedure. After
the reaction had been finished, the product could be isolated from the strongly
acidified (pH ~ 0.5) aqueous dioxan mixture by a single extraction with
ethyl acetate. VIII was obtained in a yield of 59%, as a crystalline dicyclo-
hexylamine salt.

Experimental

Melting points are uncorrected and were determined on a Tottoli apparatus (W. Biichi,
Flavil, Switzerland). All evaporations were carried out on a rotary evaporator (“Rotavapor”,
W. Biichi, Flavil, Switzerland) at about 15 mm Ilg and a bath temperature of 40 °C. Before
microanalysis, the samples were dried in a vacuum desiccator over phosphorus pentoxide
at room temperature. Pyridine was dried by distillation from phosphorus pentoxide and
stored over calcium hydride. Dimethyl formamide was distilled from phosphorus pentoxide
under reduced pressure, t-butyloxycarbonyl azide was prepared from i-butyloxycarbonyl
hydrazide (EGA-Chemie KG., Steinheim) according to Ref. [14]. Thin-layer chromatography
was performed on silica gel layers (Kieselgel HR, Merck) in the following solvent systems:

a) chloroform-methanol-glacial acetic acid (95 : 5 : 3),
b) n-butanol—glacial acetic acid—water (4:1:1),

* Other methods for the preparation of VIII have been described as well. These,
however, differ from the above mentioned ones in the nature of the acylating agents applied:
e.g. i-butyloxycarbonyl fluoride [12] or i-butyl 2,4,5-triclilorophenyl carbonate [131 are
employed instead of the commonly used i-butyloxycarbonyl azide.
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c) ethyl acetate-pyridine—glacial acetic acid—water (60 : 5 : 1.5 : 3).
d) n-butanol-pyridine—glacial acetic acid—water (30 : 20 : 6 : 11),

e) s-butanol-3% ammonium hydroxide (3 : 1),

f) ethyl acetate—pyridine—glacial acetic acid—water (20 : 60 : 6 : 11),
g) benzene—ethyl acetate—glacial acetic acid—water (20 : 20 : 8 : 3),
h) ethanol-water (7 : 3),

i) carbon tetrachloride-ethanol (4 : 1).

Spots were detected by ninhydrin spray after preheating for 15— 20 min. at 120— 130 °C [15].

a-t-Butyl O-methyl L-aspartate hydrochloride (Ha)

la (168.5 g; 0.51 mole) [3] was hydrogenated in absolute methanol (870 ml) contain-
ing hydrogen chloride (18 g; 0.51 mole) in the presence of 10% palladium on charcoal (5 g)
catalyst until the carbon dioxide evolution ceased (about 1 hr). The catalyst was filtered off
and the solution was evaporated. The remaining crystalline substance was mixed with absolute
ether (500 ml), filtered, washed with absolute ether (2X200 ml) and dried. 96 g (78%) of
white, crystalline, chromatographically homogeneous materia) (in solvents a), b) and i))
was obtained; m.p. 135.5—137 °C; [a]f> +7.5° (¢ = 1.0, methanol).

CH IMN 04 « HC1 (239.62). Calcd. C 45.11; H 7.15; N 5.84;C1 14.79. Found C 45.02: H 6.95;
N 5.78: Cl 14.63%.

a-t-Butyl O-methyl N-t-butyloxycarbonyl-L-aspartate (llia)

Triethylamine (55.5 ml; 0.4 mole) was added dropwise at 0 °C to a vigorously stirred
solution of lia (96 g; 0.4 mole) in pyridine (620 ml). Then i-butyloxycarhonyl azide (125 ml;
0.88 mole) was added, and the reaction mixture was stirred at room temperature for 3 days.
The precipitated pyridine hydrochloride was removed by filtration and washed with pyridine.
The combined filtrate and washing was evaporated. The oily, reddish-brown residue (138 g)
was dissolved in ethyl acetate (1000 ml). The ethyl acetate solution was washed with 10%
aqueous citric acid (5X250 ml), water (5X250 ml), then dried (Na204) and evaporated.

The residue (119 g; 98% ) began to crystal'ize after a short standing atroom temperature.
The crude product could be used for the next step without any further purification. An aliquot
after recrystallization from aqueous methanol was homogeneous in solvents a), h) and i) and
had a m.p. of 56—58 °C.

CMH25NOfi (303.36). Calcd. C 55.44; H 8.30; N 4.61: “acido labile CO,” [16] 14.50. Found
C 55.32: H 8.16: N 4.68: “acido-labile CO.” 14.75%.

a-t-Butyl N-t-butyloxycarbonyl-L-aspartate (1Va)

1 N sodium hydroxide was added dropwise to a solution of Ilia (119 g; 0.39 mole)
in a mixture of acetone (1500 ml) and water (250 ml) at room temperature, under stirring.
The rate of addition of alkali was controlled so as to keep the pH of the solution at 8.0—8.5.
In the course of about 2 hrs. 360 ml 1 N sodium hydroxide was consumed. The solution was
evaporated to about 800 ml and extracted with ether (3X200 ml). Ether (500 ml) was layered
above the aqueous phase and the pH was brought to 2.5 with 1 N sulfuric acid under ice-
cooling and stirring. After separation of the phases the aqueous layer was extracted with
ether (3X200 ml). The combined ethereal solution was washed with water (3 X 150 ml) and
dried (Na2S04). The solution was evaporated to a slightly coloured solid which was contami-
nated with a trace of IV-i-butyloxycarbonyl-L-aspartic acid (in solvents a), b) and i)). Crude
yield: 85 g. The material was dissolved in methanol (6 parts) at room temperature. W ater
was added to the filtered solution wuntil initial turbidity. (About twice the volume of the
employed methanol was necessary.) After one day’s standing at room temperature, the crystals
were filtered, washed with a little ice-cold methanol-water (1:2) mixture and dried. A second
portion could be isolated from the mother liquor. The chromatographically homogeneous,
white, crystalline substance weighed 61 g (54.2%); m.p. 106 °C; [a]ff 30.0° (c = 1.0,
methanol). The overall yield based on la was 41.3%.

CI3H BN 06 (289.33). Calcd. C 53.96; H 8.36; N 4.84: “acido-labile CO,” [16] 15.55. Found
C 54r23: H 8.27: N 4.77; “acido-labile CO,” 15.47%.
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a-t-Butyl y-methyl L-glutainate hydrochloride (Hb)

10% palladium on charcoal catalyst (8 g) was added to a solution of Ib (450 g; 1.28
mole) [4] in absolute methanol containing hydrogen chloride (43.8 g; 1.20 mole). The suspension
was shaken in a stream of hydrogen until no more carbon dioxide could be detected in the
departing gas (about 4 hrs.). The catalyst was filtered off and the solution was evaporated.
The oily residue was dissolved in absolute ether (2000 ml) and the solution was cooled for a
few hours. The separated crystals W3e collected, washed with some ice-cold absolute ether
and dried. Yield: 165 g (51.0%) of white, crystalline substance contaminated with a trace
of y-methyl glutamate (in solvents a), d) and f)). M.p. 132 —136 °C; [a]o -f-20.0° (c = 2.0,
ethanol) (literature values: m.p. 135—135.5 °C; [a]f) -f-21.7° (c = 2.0, ethanol) [17]). The
material was used without further purification in the next step.

a-t-Butyl y-methyl N-t-biityloxycarbonyl-L-glutamate (IHb)

Triethylamine (57 ml; 0.41 mole) was added dropwise to a stirred solution of lib
(105.5 g; 0.41 mole) in pyridine (200 mi) at 0 °C. t-Butyloxycarbonyl azide (80 ml; 0.55 mole)
was then added and the reaction mixture was stirred at room temperature for 3 days. The
separated pyridine hydrochloride was filtered with suction and washed with pyridine. The
combined filtrate and washing was evaporated. The remaining reddish-brown oil (142 g)
was taken up in ethyl acetate (800 ml). The ethyl acetate solution was extracted with 10%
aqueous citric acid (4X200 ml), 10% salt solution (3X200 ml), water (1X 100 ml), then dried
(Na2S04) and evaporated. The solid residue (114 g; 87.8%,) was used without further purifica-
tion in the next step.

An aliquot was recrystallized from methanol—water to give a chroinatograpbically
homogeneous (in solvents a), ¢) and e)), white substance melting at 62 63.5 °C, [a]*f> —25.0°
(c = 1.0, methanol).

CIH.,/NO( (317.33). Calcd. C 56.77; H 8.57; N 4.41; “acido-labile C02" [16] 13.86. Found
C 56:52: H 8.54: N 4.56; “acido-labile CO,” 13.99%,.

a-t-Butyl N-t-butyloxycarbonyl-L-glutamate (1Vb)

1 N sodium hydroxide was added dropwise to a stirred solution of IHb (114 g; 0.36
mole) in acetone (1700 ml) at room temperature and such a rate that the pH of the solution
never exceeded 8.5. The consumption of 1 N sodium hydroxide was 364 ml. The solution
was evaporated to about 800 ml and extracted with ethyl acetate (3X200 ml), and ether
1X200 ml). Ether (500 ml) was layered above the aqueous phase, then the pH was brought
to 2.5 with 1 N sulfuric acid under ice-cooling and strirring. The phases were separated and
the aqueous layer was extracted with ether (1 X800 ml and 1X400 ml). The combined ethereal
solution was washed with water (2X300 ml), dried (Na,SO,,) and evaporated. The crystalline,
cream-coloured residue, which was contaminated with some iV-i-butyloxycarbonyl-glutamic
acid (in solvents a), c) and e)) weighed 99 g. The crude product was dissolved in methanol
(2.5 parts) at room temperature. The solution was decolourized with charcoal and filtered.
W ater was added to slight turbidity (about the same volume was necessary as the employed
methanol), and the solution was allowed to stand overnight at room temperature. The separated
mass of colourless crystals was collected by suction, washed with some ice-cold methanol-
water (1 : 1) mixture and dried. A second portion could be isolated from the combined mother
liguor and washings.

Yield: 83 g (73.7%,); m.p. 110 114 °C; [a]b5—30.2° (c = 1.0, methanol). The sub-
stance was chroinatograpbically homogeneous in the above mentioned three solvent systems.
The overall yield based on Ib was 32.8%.

CI4H.ANOfi (303.35). Calcd. C 55.43; H 8.31; N 4.62; “acido-labile CO>" 116] 14.50. Found
C 55.26: H 8.35; N 4.73: “acido-labile C02" 14.77%.

Dibcnzyl L-aspartate p-toluenesulfonate (VII)

VIl was produced according to Ref. [9], described for the preparation of the glutamate
analogue, but p-toluenesulfonic acid was used instead of bcnzenesulfonic acid.

A mixture of L-aspartic acid (1080 g; 8.1 moles), benzyl alcohol (6000 ml) and
p-toluenesulfonic acid monohydrate (1710 g: 9.0 moles) was stirred for 6 hrs. at 110 °C in
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an open stainless steel vessel, then the reaction mixture was allowed to stand overnight at
room temperature. The separated crystals were filtered with suction, washed with ether
(7000 ml) and dried.

Yield: 3230 g (82.3%); m.p. 156— 158 °C (literature values 155 °C [18], 156— 158 °C
[19] and 158—160 °C [20, 21]).

a-Benzyl L-aspartate (Va)

Va was obtained according to the procedure described for the synthesis of Vb [8].
Yield: 60.5%; m.p. 174— 176 °C (literature value 174— 175 °C [22]).

a-Benzyl N-t-hutyloxycarbonyl-L-aspartate (Via)

A suspension of Va (72 g; 0.32 mole) in dimethyl formamide (600 m.) containing tri-
ethylamine (89 ml; 0.64 mole) and i-butyloxycarbonyl azide (55 ml; 0.38 mole) was shaken
at room temperature until a clear solution was obtained (2— 3 days). The solvent was evapo-
rated and ice-cold water (550 ml) was added to the residue. A viscous yellow oil was
settled out. It was dissolved by adjusting the pH to 8.0 with small portions of 2 N sodium
hydroxide under ice-cooling and mixing. The yellow solution obtained was extracted with
ether (3X200 ml). The aqueous phase was cooled to 0 °C, overlayered with ethyl acetate
(500 mi) and the pH was brought to 3.0 by addition of 20% aqueous citric acid under stirring.
After the phases had separated, the aqueous layer was extracted with further amounts of
ethyl acetate (2X200 ml). The combined ethyl acetate solution was washed with 10% salt
solution (3X100 ml), dried (Na2S04) and evaporated. The residue was a solid and weighed
77 g (74.5% ). The crude product was taken up in two volumes of methanol at room tem-
perature. The resulting solution was decolourized with charcoal and filtered. W ater was
added until the solution became turbid. (About two thirds of the employed methanol were
necessary.) The mixture was allowed to stand overnight at room temperature. The separated
colourless crystals were collected, washed with some ice-cold methanol-water (3 : 2) mixture
ind dried. Yield: 535 g (51.8%); m.p. 102— 104 °C; [a]i> — 25.0° (c = 1.0 methanol).

The substance was homogeneous in solvents a), ¢) and g).

1164 2IN 06 (323.33). Calcd. C 59.43: H 6.55; N 4.33; “acido-labile CO,” [16] 13.61. Found
C 59.60; Il 6.78; N 4.42; “acido-labile CO,” 13.82%.

a-Benzyl N-t-butyloxycarbonyl-L-glutamate (VIb)

Vb was prepared from Vb [8] by exactly the same procedure as described above for
the synthesis of Via. Yield: 54.8%; m.p. 96.5—99 °C; [add —32.5° (¢ = 1.0, methanol)
(literature values: m.p. 93—93.5 °C, 92—93 °C, [a]b® —29.2—30.2° (c = 1.0, methanol) [1]).

For chromatography solvents a), c) and g) were employed.

CnH23NOe (337.38). Calcd. C 60.52; H 6.87; N 4.15; “acido-labile C02’ [16] 13.04. Found
C 60.38; H 6.99; N 4.25; “acido-labile C02" 12.90%.

N-t-Butyloxycarbanyl-L-glutamine’dicyclohexylamine salt (VI1II)

t-Butyloxycarbonyl azide (800 mi; 55 moles) was added to a suspension of
L-glutamine (730 g; 5.0 moles) in 50% aqueous dioxan (1000 ml). The mixture was warmed
up to 50— 55 °C under vigorous stirring. 4 N sodium hydroxide was added dropwise to the
reaction mixture at such a rate as to keep the pH value between 10.0—10.5. In the course
of 6—7 hrs. the consumption of sodium hydroxide was about 10% more than the calculated
value of 2500 ml. A clear, pale-yellow solution was obtained. It was cooled to 0 °C and acidified
with concentrated hydrochloric acid to pH 0.5. The separated thick oil was immediately
extracted with ice-cold ethyl acetate (5000 ml) and the elhyl acetate solution was dried
(Na2S04). The solvent and the azoimide dissolved in ethyl acetate were distilled off.*

*The complete removal of azoimide is of great importance since it forms a web crystal-
lizing dicyclohexylamine salt rendering the purification of the product more difficult.
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The oily residue (1000 g) was taken up in ethyl acetate (2000 ml). The solution was
filtered off and mixed with dicyclohexylamine (1000 g; 5.0 moles) in ethyl acetate (2000 ml)
at 0 °C. The mixture was allowed to stand overnight at room temperature. The precipitate
was filtered, washed with cold ethyl acetate and petroleum ether, and dried. Yield: 1400 g
(66.0%); m.p. 162— 163 °C.

The crude product was dissolved in two volumes of ethanol on a steam bath. To the
filtered solution petroleum ether was added at room temperature until it became turbid.
(About 4—6 times the volume of employed ethanol was necessary.) The solution was allowed
to stand overnight at room temperature. The separated crystals were filtered with suction,
washed with ethanol-petroleum ether (1 : 1) mixture, then with petroleum ether, and dried.
Yield: 1260 g (59.0%) of white, chromatographically homogeneous substance (in solvents a),
b) and h)); m.p. 157 °C; [odd +8.5° (c = 1.0, dimethyl formamide) (literature values m.p.
158—160 °C; [a]Jo +8.5 (c = 1.0 dimethyl formamide) [11]).

CZ2HuN 30 6(427.59). Calcd. C 61.80; If 9.67; N 9.83. Found C 61.66; H 9.48; N 9.78%.
*

The author is indebted to the Management of REANAL Factory for permission to
publish this work. The microanalyses performed in the Analytical Laboratory of the Institute
of Organic Chemistry, L. Edtvds University (Head Mrs. H. Medzihradszky-Sciiweiger), as
well as the valuable technical assistance of Mr. T. Gal and Mr. B. Horvath are gratefully
acknowledged.
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A simplified, large-scale procedure is described for the synthesis of 2-deoxy-D -
rihose (u) starting from 1,2 :5,6-di-O-isopropylidene-3-0-p-tolylsulfonyl-a-D-glucose
(in).

One of the most widely used synthesis of 2-deoxy-D-ribose (I1) applied
on large-scale is based on the alkaline degradation of 3-0-methylsulfonyl-D-
fflucose (1). The process (elimination and hydrolysis) may be formulated as
follows [1]:

r B CHO
CHOH n CHOH  n |
i o> V (H: OHE Q'l
I _HD b -0
1 ""AOH CH2OH

-* 1l
Ms= CH3—s02—

In the up-to date procedures [2—4] | is prepared in situ in the reaction mixture
by acid hydrolysis of the easily accessible 1,2 : 5,6-di-0-isopropylidene-3-0-
mcthylsulfonyl-a-D-glucose. Subsequent alkaline degradation by dilute sodium
hydroxide [2,3], or by solid sodium carbonate [4] under controlled pH values
(8.6—8.9) and temperature (50—60 °C) gives 2-deoxy-D-ribose. The product
isisolated from the reaction mixture as its well-crystallizable N-phenylglycosyl-
amine (V) in a yield of about 45%.

3-O-p-tolylsulfonyl-D-glucose (IV) seems to be a more economical starting
material for a large-scale synthesis, than I. However, Hardegger and Huwyler
observed that when 3-O-p-tolylsulfonyl-D-glucose (1V) is used instead of I,
the yields are about 50% lower [3]. Contrary to this finding, we observed that
a reaction via IV may be an equally suitable route for the preparation of Il
without any significant decrease in the yield, if the experimental conditions
are modified. This is in good agreement with the observations of Kenner

* Present address: Institute of Biochemistry, Biological Research Centre, Hungarian
Academy of Sciences, Szeged.
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and Richards, who obtained better yields from IV than from I, carrying out
the splitting with calcium hydroxide in water [5].

The starting material of our procedure is 1,2 :5,6-di-O-isopropylidene-
3-O-p-tolylsulfonyl-a-D-glucose (II1). 11l is hydrolyzed with four volumes of
dilute (1 :10) aqueous hydrochloric acid at 90— 100 °C for 10—15 min. After
neutralization of the resulting solution with solid potassium carbonate, the
arising IV is decomposed to Il by treatment with two equivalents of potassium
hydrogen carbonate at 60—65 °C in the course of 2 hrs. Il is isolated from the
reaction mixture as its N-phenylglycosylamine (V) in a yield of 42.5%. The
conversion of V to Il is carried out by a modified Sowden’s method [6].

< _.fH,..° XCH3 CHO
1 >C< |
H C 0 4CH3 0 H-C-0OH
dit H I
TsO-C-H TsO-C-H
1 90-100 °C, 10’ |
a o _ J H-C-OH
1
H-C- 0 ,CH3 H- C OH
1 >C«< |
GIRO TI113 CH,O0Il J
11 v
CHO CH—NH—C,H5
|
CH,, CH2
KHCO3 1 )
H—C- Oil H-C-OH i
»—65 °C, 2h 1 |
H-C-0OH H-C-OH
|
CH.OH CH, -1
11 Vv

Il was prepared from 1,2 :5,6-di-O-isopropylidene-a-D-glucose
according to the literature [7], while the latter compound was obtained by a
modification of Levene’s procedure [8].

Experimental

All melting points are uncorrected and were determined with a Tottoli apparatus
(w. Bichi, Flavil, Schweiz). Evaporations were carried out under diminished pressure at a
bath temperature of max. 45 °C. D-Glucose, acetone and anhydrous cupric sulfate were
commercial products. p-Tolylsulfonyl chloride was purified in the following way: its saturated
solution in acetone was poured into ten volumes of water, with stirring. The separated mass
of crystals was collected by filtration with suction and dried at room temperature first in air,
then under reduced pressure over phosphorus pentoxide. Pyridine was distilled from phospho-
rus pentoxide and stored over calcium hydride. Aniline and benzaldehyde were freshly distilled
before use.
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1,2 :5,6-Di-O-isopropylidene-a-D-glucosc (V)

VI was prepared by a slight modification of Levene’s procedure [8].

A suspension of D-glucose (3.6 kg) and anhydrous cupric sulfate (9.0 kg) in acetone
(36 1) containing cone, sulfuric acid (59 ml) was vigorously stirred at 40 °C over a period
of 24 hrs. with the exclusion of moisture. The unchanged D-glucose and cupric sulfate were
collected by suction, thoroughly washed with acetone and the combined filtrate and washings
were decolourized with charcoal (300 g) at room temperature. The clear solution was neutral-
ized with cone, aqueous ammonium hydroxide, and the precipitated ammonium sulfate
was filtered off. After evaporation the dried, crystalline, pale-yellow residue weighed 3.15 kg
(~60% ) and needed no further purification for the next step; m.p. 94—98 °C (c¢/, m.p. 95—
101 °C for a crude product, 105 109 °C [9], 108—110 °C. [4], 109— 111 °C [10]).

1,2 s5,6-Di-0-isopropylidene-3-0-p-tolylsulfonyl-a-D-glucose (II1)

11l was prepared from 1,2 : 5,6-di-O-isopropylidene-a-D-glucose at 0— 10 °C as described
in the literature [7]. Yield: 96% (crude product), m.p. 118 °C (after recrystallization from
3 volumes of methanol; cf. m.p. 120 121 °C [7]).

2-Deoxy-N-plienyl-D-ribosylamine (Y¥)

A suspension of recrystallized 111 (1035 g; 2.5 moles) was stirred for 10— 15 min. on
a steam bath in dilute (1 : 10) aqueous hydrochloric acid (4000 ml) warmed previously to
90— 100 °C. The evolving acetone was collected by a condenser. A dark-brown solution resulted
containing some undissolved resin-like material. The mixture was immediately cooled to
60 °C and neutralized cautiously with small portions of solid potassium carbonate (about
400—450 g were necessary). Potassium hydrogen carbonate (500 g; 5.0 moles) was added
and stirring was continued at 60—65 °C for 2 hrs. The reaction mixture was cooled to room
temperature and neutralized with cone, hydrochloric acid (about 300—400 m| were necessary).
The solution was evaporated as far as possible. The semi-solid residue was brought onto a
large Bucbner funnel by several portions of methanol and the oily product was eluted from
the large crystalline mass of the different potassium salts by further portions of methanol.
(For the whole process not more than 4 1 of methanol was required.) The filtrate was evapo-
rated as above. The residue was taken up in methanol (1500 1750 ml) and filtered. Aniline
(230 ml) and water (200- 250 ml) were added to the filtrate and, after seeding, the solution
was allowed to stand overnight in a refrigerator.

The separated pale-yellow crystals were collected, washed successively with distilled
water (3X500 ml), 50% aqueous methanol (1X500 ml), methanol (3X500 ml) and ether
(2X500 ml), then dried at room temperature under diminished pressure over phosphorus
pentoxide. Yield: 240 g (42.5%); m.p. 166 °C, with decomposition (cf. m.p. 166— 177 °C,
e.g. [2, 3, 4], for crude products).

2-Deoxy-D-ribose (1)

A mixture of crude Y (1200 g; 6.0 moles), benzoic acid (120 g), benzaldehyde (1200 ml;
12 moles) and distilled water (10 1) was shaken at room temperature for 24 hrs. in a well-
stopped staiidess steel reaction vessel. Benzalanilide separated as a dark oily layer and was
extracted with ether (3X3000 ml). The aqueous phase was evaporated to about half of its
volume, and decolourized by stirring with charcoal (120 g) for 1 hr. at room temperature.

The filtered solution was evaporated to a weight of 720+ 60 g. The resulting viscous,
colourless or pale-yellow sirup was dissolved in a 1 : 6 mixture of 2-propanol—acetone (480 ml)
at room temperature, seeded and kept at —5 °C overnight. The crystals were crushed, collected
by suction, washed with some ice-cold 2-propanol-acetone mixture and dried in a vacuum
desiccator over phosphorus pentoxide. A second crop could be isolated by repeated working-up
of the combined mother liquor and washing.

Yield: 660 g (85% ) of 2-deoxy-D-ribose as a mixture of the a- and /?-anomers, m.p.
78—88 °C, [a]u —59.1° (at equilibrium, ¢ = 1.1, water). The m.p. of the pure +anomer
is 95—97 °C [3].

The overall yield from D-glucose is 10.4%.
*

Thanks are offered to the Management of Reanal Factory for permission to publish
this work. The valuable technical assistance of Mr. T. Gal is gratefully acknowledged.
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OF 2,4,6-TRIBENZOYLOXYPROPIOPHENONE C3HZO7
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2,4,6-tribenzoyloxypropiophenone crystals obtained from solutions in dif-
ferent solvents (methanol, ethanol, benzene and toluene), almost always show a gra-
dually decreasing melting point. The crystals contain one solvent molecule per one
molecule of C30H 207 and most probably form clathrate type compounds. Crystals
with no trace of the solvent could also be obtained from a solution in ethanol. In this
case, however, the unit cell contained 8 molecules of C30H207 instead of 4 as was found
for the crystals containing solvent.

2,4,6-Tribenzoyloxypropiophenone samples prepared and crystallized
from solutions of four different solvents as described in the experimental
part of this paper, show a decreasing melting point. Immediately after crystalli-
zation the melting point was found to be about 85 °C. If the crystals are kept
in air at room temperature, depending on the solvent used, the melting point
will decrease at different rates and the crystals will simultaneously turn opaque.
This alteration is relatively fast for crystals obtained from solutions in metha-
nol and ethanol in comparison with the crystals from the other two solvents.
The opaque crystals keep their original morphology but are plastic and can
easily be bent and smeared. After a longer period in air at room temperature
even their morphology changes and a shapeless opaque mass remains, the
melting point of which is indefinite.

On crystallization from an ethanolic solution it was found that besides
the crystals with the behaviour just described, depending on the circumstances
of crystallization which, however, are not yet completely clarified, also colour-
less transparent stubby crystals could be obtained, which were stable in air.
As can be established at present it is easier to obtain these stable crystals
than metastable ones, which are mostly obtained by a slightly speeded crystalli-
zation. At the same time, however, only one of the two types of crystals will
appear and so far we have not obtlined the two types mixed. When the meta-
stable crystals were kept in the solution and especially if in the meantime the
solution was also diluted, stable crystals could be found in the solution after
a day or two.

In any case metastable crystals can always be retained for an optional
time without any alteration if they are kept in the saturated vapour space of
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the solvent. From this fact we concluded that in all cases the metastable
crystals contain in their crystal lattices a certain amount of solvent molecules
and have a stability depending on the kind of solvent.

For preliminary study of the crystals mentioned above and to determine
their real composition, the crystals have been investigated by X-ray diffrac-
tion. To avoid alteration of the crystals, while taking X-ray photographs, the
crystals were put in closed capillary above a little amount of the solvent to
maintain saturation pressure. The cell parameters and symmetry of the above
crystals were determined from Buerger precession and Weissenberg X-ray
photographs. The data are summarized in Table I. From the systematic ab-

sences of reflections (OkO) if k = 2ra-|-1 and (hOl) if h-\-1 = 2n-]-l the space
group P2yjn could be established for all metastable crystals. From the system -
atic absences of reflections (OkO) if k = 2n-\-1 and (hOl) if | — 2ra-|-I, the

space group ofthe stable crystal, obtained from the solution in ethanol, proved
to be P21c.
Table 1
Crystal data of 2,4,6-tribenzoyloxypropiophenone crystallized from solutions

in four different solvents

The last two rows give the measured and calculated weight reductions effected
by heat-treatment

E thauol Lirroine*
Solvent Methanol

(metastable) (stable) benzene toluene
a (A) 16.619 16.841 9.532 16.634 16.761
b 8.586 8.547 26.005 8.443 8.549
c 21.479 21.493 20.674 21.515 21.229
R{°) 92.70 92.00 96.73 93.17 93.42
z 4 4 8 4 4
\ @ 3058.17 3091.85 5089.51 3016.84 3036.42
Dm (g mcm*“3) 1.146 1.151 1.293 1.255 1.227
Dx (g 'cm -3 1.143 1.161 1,290 1.260 1.283
Space group P2ln P 2x/n P2JC PYn PYn
AG % (meas.) 5.89 8.25 0 13.25 15.26
aG % (calc.) 6.09 8.52 0 13.64 15.71

* Boiling range: 100-120 °C.

All five modifications, as can be seen in Table I, have the same crystal
symmetry, and the cell dimensions of the four metastable crystals show only
slight differences. The measured densities (by flotation in aqueous K1 solution,
and with a pycnometer in water containing 0.1% of the detergent “ultra”)
of the metastable crystals can very well be approximated by the calculated
ones (Table 1) if we take four molecules per unit cell with the composition
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CI0H207 R, where R represents a molecule of the solvent. Thus we may
consider it proved that metastable crystals contain in their lattices one mole-
cule ofsolvent per molecule of2,4,6-tribenzoyloxypropiophenone. The same can
be stated on the basis of measuring the weight reduction upon thermal treat-
ment. Well developed crystals, previously dried in air at room temperature for
a period of 50 min, were taken and treated in vacuum at 65 °C for a period
of 27 hrs. This thermal treatment resulted in weight reductions as listed in
Table I, and compared with the calculated ones. The agreement is satisfactory
if we consider that some slight weight reduction, which cannot he avoided,
was already effected by the process of drying the crystals.

The stable crystal obtained from ethanol solution has a considerably
larger unit cell than the mctastable ones but keeps the same symmetry. In
this case the calculated density equals the measured one if we take 8 molecules
of 2,4,6-tribenzoyloxypropiophenone to be contained in the unit cell without
any trace of the solvent molecules.

It seems probable that for metastable crystals with solvent molecules
in their lattices, the Powel [1] conditions may be satisfied for the formation
of clathrate type compounds. To attain certainty, complete crystal structure
determination is contemplated for one of the metastable crystals as well as
for the stable crystal. This work is in progress.

Experimental

2,4,6-tribenzoyloxypropiophenone has been prepared from 6 moles of
2,4,6-trihydroxypropiophenone dissolved in 5 ml of pyridine by gradually
adding 20 moles of benzoylchloride to the solution at 0 °C. The solution was
kept for one night in a refrigerator below 0 °C, then 200 ml of water was added
and the mixture was stirred for a period of about 15 min. The suspension was
extracted three times with 50 ml diethylether and the combined solution washed
three times with 50 ml water and finally dried (Na2504). In the end the ether
was removed by distillation in vacuum. The end product is 2,4,6-tribenzoyl-
oxypropiophenone C.J0H207 which is soluble in methanol or ethanol as well
as in mixtures of ligroine -f- benzine or ligroine -)- toluene (1 :3). From the
solutions, colourless transparent crystals can be obtained with well defined
planes and edges mostly with a shape of laths.

Analysis of the compound dried in vacuum, gave C 72.9 and H 4.6%.
(Calcd. C72.9 and 1l 4.5%). The i.r. spectrum taken by Dr. P. Soiiar [2] isin
accordance with the tribenzoate structure.

The authors wish to express their thanks to Mr. Cs. Kertész for his valuable help
in collecting X-ray data and also to Mrs N. Agécs and Mrs N. Bartok for measuring densities.
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The synthesis of some derivatives of N-acylaminomethylcyclohexane (1—VII).

of cis- and fruns-N-acylannneinethylcyclohexan-2-ol (VIII—XIX), N,N’-diacyl-cis-
1,4-diaminomethylcyclohexane (XX XXII), of N-acylaminomethylcyclopentylamine
(XXI1T XXVI1), N-acyl-eis-2-arninomethylcyclopentanol (XXVII XXXI), N-acyl-

eis-2-hydroxymethylcyclohexylarnine (XXX XXXI1V), N-acylaminomethylcyclo-
hexene-1 (XXXV—XXXI1X), and N-suhstituled cis-2-acetoxycyclohexanecarboxamide
(XL—XLIII) is described.

Several N-acylated derivatives of cis- and Irares-2-aminomethylcyclo-
hexanol, of cis- and ir<ms-2-hydroxymethylcyclohexylamine, and of related
compounds with cyclopentane structure [4] have been prepared for our stereo-
chemical studies on cyclic 1,3-aminoalcohols [1—3]. Since some of the amino-
alcohols and their derivatives are known to possess properties interesting
from a pharmacological point of view, it seemed advisable to study the phar-
macological aspects of these compounds, too. As we had prepared a number of
analogous compounds earlier, this added incentive to such studies promising
further data on correlations between chemical structure and physiological
effects. Since many compounds were cis and trans derivatives prepared in
stereospecific syntheses, a comparison of the pharmacological effect of com-
pounds with different configurations also seemed to be feasible. Furthermore,
since analogous compounds with cyclohexane, cyclopentane, and with bicyclic
skeleton obtained from these compounds [5] became available, pharmacological
effects could be also studied as a function of configuration and conformation [6].

The pharmacological studies have shown [6] that, among the amino-
alcohols mentioned, the N-acyl derivatives of 2-aminomethylcyclohexanol are
valuable pharmacons affecting the central nervous system; this suggested the
synthesis of some further analogous compounds.

It is surprising that while the N-alkyl and N-dialkyl derivatives of cyclo

*Part Vili (I1): G. Bernath, K. Kovacs, K. L. Lang: Acta Chiin. Acad. Sei. Hung.
65, 347 (1970).

** Some of the compounds described here form the subject of Hung. Pat. No. 156 542,
requested Sept. 11, 1967, by G. Bernath, K. Kovacs, E. Palosi, P. Gérog, L. Szporny
Naccepted: July 4, 1971).
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hexylmethylaminC and of its analogues substituted in the skeleton are system-
atically and widely explored analgesics, the related N-acyl compounds are
but rarely mentioned. In connection with studies on analgesics with structures
simpler than that of morphine, the synthesis of numerous N-alkyl derivatives
of cyclohexylmethylamine [7— 11] has been worked out. The local anaesthetic
effect of related substances [12— 14] as well as their effect upon blood pressure
[15, 16] have been studied. Though N-benzoylcyclohexylmethylamine has
been known for a long time [17, 18], no preparation of the series of related
acid amides has been reported. It was only recently [19] that a few N,N’-di-
substituted cyclohexane-1,4-bismethylamine derivatives, among them acid

0
CH,
K2
(See: Table 1) XX1-XX X1
(See: Table 1)
XX-XXII

(See: Table 11)

XXX H-XXXIV XXXV-XXXIX XL—X1.11l
(See: Table I\) (See: Table \) (See: Table \ 1
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Table 1

_ Con-
figuration

cis

cis

cis

cis

cis

cis

cis

cis

trans

trans

trans

trans

Formula, .
molecular weight

C«HIsONCI

251.76

Cis”iOgN
274.34

ClHa 04N

307.40

c.A AN

307.31

337.66

C2H 200 NC1
371.50

23H 330 91
427.53

AEA-21A3A

263.35

N141718727®T0
312.22

Cj-11"0jN

323.40

c18h ,70 ,n

289.43

C14H 210 2N 2C1
284.79

A21112502N
323.42

c2lh 3lo 6n

413.50

NaHr3N6”3

413.44

c2lh 20 2n
323.42

368.50

N21-"2376"3

413.44

413.52

Mop (°C),
solvent of
crystallization

122.5-123

ethanol

116-116.5

ethanol

140-141

ethanol

160-160.5

ethanol

79.5-80

ethanol

88.5

ethanol

84-85

ethanol

96-96.5

ethanol-water

111-111.5

ether

159-159.5

ethanol

124-124.5

benzene—pe-
troleum ether

191

ethanol—ether

114-115

ethanol

163-163.5

ethanol

140-140.5

ethanol

163.5-164.5

ethanol

144-144.5

ethanol-water

162-162.5

ethanol

74-75

ethanol

XIX

C

66.77

67.18

72.85
72.90

66.43

66.70

54.71

54.90

78.27
78.44

71.06
71.24

70.23
70.15

68.41

68.60

53.86
53.97

63.14

63.07

74.70

74.48

59.04
58.82

77.99
77.60

69.70

70.02

61.02

61.16

77.99
77.98

68.48
68.40

61.02

61.38

69.70

69.92

Analvsis (%)
Calcd./Found

1

H

8.55
8.24

8.20

7.74

8.07
7.90

7.00
6.93

7.78
8.11

8.14

5.81
5.64

9.40

8.98

7.43
7.53

7.79
7.73

7.82

5.66

5.91

7.19
7.12

6.56
6.70

5.60

5.72

1

N

5.66
5.74

4.55

13.67

14.00

10.16

10.37

4.33
4.59

7.60
8.01

10.16

10.02

Note

a)

b)

c)

<)

d)

a)
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amides were synthesized in the course of studies on substances affecting fat
metabolism.

In former communications the stereospecific syntheses of cis- and
trans-2-aminomethylcyclohexanol, of cis- and tr<ms-2-hydroxymethylcyclo-
hexylamine [1—3], and of the corresponding 1,3-aminoalcohols with cyclo-
pentane structure [4] have been reported. This paper describes syntheses of
some further acid amide derivatives, and of some acid amides with related
structure, all containing the aminomethylcyclopentane or aminoinethyl-
cyclohexane structural moiety. The compounds synthesized are N-acylamino-
methylcyclohexanes (I—VII, cf. Table 1), cis- and irans-N-acylaminomethyl-
cyclohexan-2-olcs (VIHI—XIX, cf. Table 1), derivatives of N,N’-diacyl-cis-I,4-
diaminomethylcyclohexane (XX—XXII, cf. Table I1), N-acylaminomethyl-
cyclopentylamine derivatives (XXIII XXVI, cf. Table 111), N-acyl-c/s-2-
aminomethylcyclopentanol derivatives (XXVII XXXI, cf. Table 111), N-acyl-
cis-2-hydroxymethylcyclohexylamine derivatives (XXXII XXXIV, cf. Table
IV) , N-acylaminomethylcyclohexene-1 derivatives (XXXV—XXXIX,cf. Table
V) , and cis-2-acetoxycyclohexanecarboxamides (XL—XLIII, cf. Table VI).

Among the many methods [20—25] available for the preparation of
aminomethylcyclohexane, used in the synthesis of the N-acylaminomethyl-
cyclohexane derivatives I—IV, we selected that proposed by Mousseron
et al. [26] with some modification. The 1-cyanocyclohexene [27] was reduced
with sodium in a hot alcoholic solution. The amine thus obtained, containing a
very slight contamination of 1-aminomethylcyclohexene (XXIX), was hydro-
genated in the presence of Adams’Pt02catalyst. The catalytic hydrogenation
of aminomethylcyclohexene-1 (L) prepared by lithium aluminium hydride
reduction [18] of 1-cyanocyclohexene proved to be an even more convenient
pathway to aminomethylcyclohexane.

Reduction with lithium aluminium hydride of N-hexahydrobenzoyl-p-
methoxybenzylamine (XLIV) obtained by the reaction of cyclohexanecarboxy-
lic acid chloride with p-methoxybenzylamine vyielded N-p-methoxybenzyl-
aminomethylcyclohexane (XLV) which was used in the preparation of the
N-acyl-N-p-methoxybenzylaminomethylcyclohexane derivatives V—VII (cf.
Fig. 2).

cis: XLVf as-. XLVlir
Irans: XLVir Irans: XI1JX

Fig. 2
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The starting material in the preparation of derivatives VIII—XII of
N-acyl-cis-2-aminomcthylcyclohexanol was cis-2-aminomethylcyclohexanol.
In order to obtain this compound, cis-2-hydroxycyclohexanecarboxamide was
reduced with lithium aluminium hydride, as described earlier [2]. The N-acyl

Table 11

Melting points and analyses
of N,W-diacyl-cis-l,4-diaminomethylcyclohexane derivatives XX —XXII

- Analysis (%
Mp. <o ERNSEG)

Formula;
No. R molecular Weight crystalliza- Note
tion C H
- C2H2A B [ 238-240  63.01 5.77 a)
119.36 ethanol 63.39 5.74
x| c2h 2o2n 22 260-261  68.38  6.26 a)
386.45 ethanol 68.20 6.10
/OCH3
270—273  63.38  7.22 a)
XX11 A-OCH,
530.63 methanol  63.33  7.37
AOCH3
a) Melting with decomposition.
compounds VIII—XI1 were prepared by direct acylation with the appropriate

acid chloride of cis-2-aminomethylcyclohexanol. Reduction with Adams’
Pt02 catalyst of N-p-nitrobenzoyl-cis-2-aminomethylcyclohexanol [2] yielded
N-p-aminobenzoyl-cis-2-aminomethylcyclohexanol (XIlI). The Schotten-
Baumann acylation of cis- and tmns-N-benzyl-2-aminomethylcyclohexanol
(XLVII, XLIX) afforded the derivatives (XIII—XV and XVI—XIX) of
N-henzyl-N-acyl-cis- and N-benzyl-N-acyl-frans-2-aminomethylcyclohexanol.
The compounds XLV III and XLIX were obtained by lithium aluminium hydride
reduction of cis- and irans-N-benzyl-2-hydroxycyclohexanecarboxamides
(XLVI, XLVII) which, in turn, were prepared by a reaction of cis- and trans-
(9-hydroxycyclohexanecarboxylic acid with benzylamine (cf. Fig. 3). The
acyl derivatives I —XI1X obtained with the usual methods of acylation are
shown in Table I.
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Some N,N’-diacyl-cis-l,4-diaminomethylcyclohexane derivatives (XX —
XXIl) were also prepared (cf. Table IlI). Commercially available (Aldrich)
cis-l1,4-diaminomethylcyclohexane was the starting material in the preparation
of these N-acyl compounds.

Cyanocyclopentane (LIIlI) was prepared from cyclopentyl bromide,
according to the method described by Rogers and Roberts [29]. Reduction
of LIl with lithium aluminium hydride [18] yielded aminomethylcyclopentane
(L1I) (cf. Fig. 4). A method consisting of the degradation of cyclopentylacet-
amide [30] and cyclopentyl acetic anhydride [31] might also be considered.
Acylation of aminomethylcyclopentane (LII) led to derivatives XX 11l —XXV
of N-acylaminomethylcyclopentane (cf. Table I1).

In an earlier communication [4] we have already described the reduction,
with lithium aluminium hydride, of cis-2-hydroxycyclopentanecarboxamide
leading to cis-2-aminomethylcyclopentanol, which is the starting material in
the synthesis of derivatives XXVI—XXXI of N-acyl-cis-2-aminomethylcyclo-
pentanol. Cis-2-aminomethylcyclopentanol thus obtained could be converted
by Schotten—Baumann acylation into N-acyl compounds XXVI—XXXI
with fairly good yields (cf. Table 111).

Reduction, with lithium aluminium hydride, of cis-hexahydroanthrani-
lic acid gave cis-2-hydroxymcthylcyclohexylamine, the acylation [2] of which
produced, with very good yields, derivatives XXXII —XXXIV of N-acyl-cis-
2-hydroxymethylcyclohexylamine (shown in Table V).

Acylation [18] of aminomethylcyclohexene-1, produced by the reduc-
tion with lithium aluminium hydride [27] of 1-cyanocyclohexene, yielded the
derivatives XXXV —XXXIX of N-acylaminomethylcyclohexene-1. Melting
points and analytical data of these acid amides are listed in Table V.

A few N-substituted derivatives of cis-2-acetoxycyclohexanecarboxamide
(XL—XLIII) have been prepared, too. The cis-2-hydroxycyclohexanecarbox-
ylic acid (LIV) was acylated with acetyl chloride according to the method
described by Pascual et al. [28]; the cis-2-acetoxycyclohexanecarboxylic
acid (LV) thus obtained was converted with thionyl chloride into acid chloride
(XLVI). Treatment of the latter with the appropriate amine produced the
N-substituted cis-2-acetoxycyclohexanecarboxamides (XL—XLIII) (cf. Fig. 4).
Melting points and analyses of these compounds are listed in Table VI.
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XX

XXV

XXV

XXVI

XXVII

XXV

Table 111
Melting points and analyses of N-acylaminomethylcyclopenlane derivatives XX I11—XXXI
Analyses (%)
M.p. (°C); Formula, Calcd./Found
K, H. solvent of molecular weight
crystallization r "
c
H 88.5-89 CI3H 170NCI 65.40 7.18
-V© ethanol 238.74 65.16 7.25
C
IN 02
H 151 C13H 505N 3 52.88 5.76
-— Q ethanol 295.36 52.57 5.30
\no?2
/OCH3
148 CleH 2304v 65.53 7.85
'<©)'Cﬂ_+ ethanol 293.22 65.70 7.97
4)CH3
Oil 125-125.5 C13H 10 2NC1 61.54 6.36
_ @ _ Cl ethanol 253.70 61.96 6.24
< > OH 106-106.5 CIH I 2NBr 52.36 5.41
-<0 ether 298.20 52.70 5.50
Br7
_@ > OH 121 ISVARTIAYN 72.08 8.21
-—
ethanol 233.30 71.75 7.95

5.86
5.64

14.23
13.80

4.78
4.80

Note

a)

b)

c)

‘S31dNLls 1VOIWIHO03IYILS

9.¢

Cle 1@ HLYNY3g

X1
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1.6T%0. (1sadepng)

/N 02

OH 212
XXX
< o0 > ethanol
xno?2
OH 76-76.5
XXX
- < > petroleum ether
4)CH3
/OCH3
OH 135.5-136
XXX1
- (0 ) - ocH- ethanol
4)CH3

a) Chlorine, calcd. 14.85; found 14.90%.
b) Slightly yellow crystals.

c) Very soluble in ethanol.

d) Sparingly soluble in benzene.

Ci3H150eN 3
309.28

CidH 19 3N
249.30

N16N23AE5A*
309.34

50.49
50.17

67.45
67.16

62.12
62.34

4.89
4.73

7.68
7.39

7.49
7.47

13.58
13.16

5.56
5.87

4.53
4.59

b)

d)
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XL-XLIH
Fig. 4

Tabic IV

Melting points and analyses
of N-acyl-cis-2-hydroxymelhylcyclohexylamine derivatives XXX II—XXXIV

Formula;
No. R molecular weight
Clal1180 NBr
XXXI 312.22
Br/
Cl4H 180 NBr
XX X111 312.22
CH3
c18nh Zlo 2n
XXXV
289.43
-<<39)-Hm
CH3

a) White crystal prisms.
b) Fine, white crystal rosettes.
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M.p. (°C);
solvent of
crystallization

146.5-147

benzene—petro-
leum ether

156.5-157

benzene—petro-
leum ether

139.5-140

benzene—petro-
leum ether

LVI

Analyses (°/,)
Cabd./Found

53.86
53.84

53.86
54.00

74.70
74.39

5.81
5.92

5.81
5.62

9.40
9.35

Note

a)

b)
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Table V

Melling points and analyses
of N-arylaminomelhylevelohtX('ne-l derivatives XXXV —XXXIX

e e

Formula;
No. R i it O Note
molecular weight crystallization c 0
NANIENIND 109-110 64.61 6.19 a)
XXXV 1
(C)> HO 260.29 ethanol 64.32  6.05
XXV < O -0|_|]* clh B 102-102.5 7345 780 )
245.33 ethanol 73.48  7.81
INO2
XXV C,AHID N3 144.5—145 55.09  4.95 )
-<0> 305.29 ethanol 5523  5.24
MYO,
CH3
XXXV CleHttON 97-98 79.66 928  «)
-< 0 M 271.40 ethanol 79.45  9.36
CH3
/OCH3
AT7A23M4N 126-126.5 66.84 759 ()
XXXIX
|'O ) - 0CH> 305.37 ethanol 66.80  7.69
YoCH3

a) Very soluble in ethanol.
b) Slightly yellow crystals.
¢) White crystal powder.

Experimental*
N-llcxahydrobenzoyl-p-methoxybenzylamine (XLIV)

Cyclohexanecarboxylic acid chloride (29.1 g, 0.20 mole) was added dropwise to abs.
pyridine (30 ml) under stirring at 4 °C, then p-methoxybenzylamine (32.4 g, 0.23 mole) was
added drop by drop in 15 minutes to this reaction mixture. After stirring at room temperature
for about 15 minutes, the mixture was diluted with water (40 ml) and filtered on a sintered
glass filter. The precipitate was washed with water, then with 5% hydrochloric acid, and
with water once again. After drying, the white crystalline substance weighed 40.5 g (81.9%)
and was pure enough for the reduction with lithium aluminium hydride. A small portion was
crystallized twice from ethanol; the product, N-hexahydrobenzoyl-p-methoxybenzylamine
(XXX), had a m.p. of 118 °C.

CUHLUO-NT (247.34).

Calcd. “C 72.84 H 8.56 N 5.66;

Found C 72.75 H 8.20 N 5.51%.

* Melting points, determined on a Boetius apparatus, are uncorrected.
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Table VI

Melting points and analyses of N -substituted derivatives (XL—XLIII)
of cis-2-acetoxycyclohexanecarboxamide

Analyses (%)
Formula; M.p. (°C); Calcd./Found
' (( molecular solvent of ' Note
.

weight crystallization c H
I -

XL Q OCEH ¢ 17h 2o 4n 119.5-120 66.86 7.59 a)
305.38 ether 66.47  7.34

CH3
YU - C.cH3 ¢ 13h 20 3n 100-101 64.70  9.60
1 241.33 ether 64.41 9.64
CH3
.CH3
XLD CH c12h 2lo 3n 143.5-144.5 63.39 9.31
cu3 228.31 ethanol—water 63.23 9.11
/IOCH3
XUII c 1% 2o 5n 105—106 65.31 7.79 b)
CH, CH2-(~~~) OCH3
349.43 ethanol—water 65.43 7.90

a) White, fluffy crystal mass.
b) Very soluble in ethanol.

N-p-methoxybenzylamiiioinethylcyclohexane (XLV)

Into a ||l three-necked, round-bottomed flask fitted with a stirrer and with a reflux
condenser, abs. ether (500 ml) and N-hexahydrobenzoyl-p-methoxybenzylamine (38.0 g,
0.15 mole) were given. To the mixture lithium aluminium hydride (11.4 g, 0.3 mole) was
added in portions under stirring, which was continued for 10 hours under slow refluxing of
the mixture. After standing overnight at room temperature and another 10 hours’ stirring
linder slow reflux followed by standing overnight, the reaction mixture was decomposed
in the usual way [32]. The ethereal phase was dried over potassium hydroxide. Evaporation
of the ether left N-p-methoxybenzylaminomethylcyclohexane (XXXI) (25.1 g, 70.0%) pure
enough for use in the preparation of acid amides. Conversion of a small portion into the hydro-
chloride gave a substance melting at 197 °C.

C15H,,ONCI (269.82).

Calcd. C 66.77 H 8.96 N 5.19;

Found C 66.42 H 8.96 N 4.87%.

N-Benzyl-eis-2-hydroxycyclohexanecarboxamide (XLVI)

In a 250 ml round-bottomed flask fitted with a condenser, cis-2-hydroxycyclohexane-
carboxylic acid (18.0 g, 0.125 mole) [2, 28] and benzylamine (50 g, 0.462 mole) were kept
in an oil bath at 170 °C for two hours. After this the excess of benzylamine was removed
under reduced pressure and the residue was taken up in ethanol (30 ml), wherefrom it crystal-
lized on addition of water. First an oily substance separated which, on friction, congealed
as a crystalline mass (21.7 g, 74.5%), m.p. 87—88 °C. Recrystallization of a small portion
gave crystals with m.p. 89—90 °C. Analyses were carried out after drying over phosphorus
pentoxide.
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C,4H 190JM (233.31).
Calcd. C 72.06 H 8.20;
Found C 72.17 H 8.37%.

N-Benzyl-irans-2-hydroxycyclohexanecarboxainide (XLVII)

The reaction of benzylamine with trans-2-hydroxycyclohexanecarboxylic acid [2, 28],
carried out as with the cis compound, produced the corresponding trans acid amide XLVIII,
with a yield of 63—71% . Crystal plates (m.p. 142 °C) were obtained from aqueous ethanol.

C,H,sO,N (233.31).

Calcd. C 72.06 H

Found C 72.04 H

N-Bcnzyl-cis-2-auiinoniethylcyclohexanol (XLVIII)

JN-Benzyl-cis-2-hydroxycyclohexanecarboxamide (XXXII) (19.5 g, 0.09 mole) was
reduced with lithium aluminium hydride (7.8 g, 0.2 mole) in ahs. tetrahydrofurane (600 ml)
under reflux for 10 hours. After the decomposition of excess lithium aluminium hydride,
the solution was dried over sodium sulfate and evaporated. The residue was converted into
the hydrochloride by the addition of dilute hydrochloric acid (300 ml). Impurities were
removed by extraction with 3X100 ml ether. The aqueous phase was made alkaline by the
addition of sodium carbonate, then the N-benzyl-cis-2-aminomethylcyclohexanol was extracted
with ether (3X200 ml). The ethereal extract was dried over potassium hydroxide and evapo-
rated. The residue (15.6 g, 85%) was pure enough for use in the preparation of acid amides.
A small portion was distilled under reduced pressure (b.p. 128—136 °C at 1 torr), con-
verted into the hydrochloride and analysed. Crystals from abs. acetone had a m.p. of 163
164 °C.

CI14H 20NC1 (255.79).

Calcd. C 65.74 H 8.67 Cl 13.87;

Found C 65.28 H 8.46 Cl 13.85%.

N-Benzyl-irans-2-aminomethylcyclohexanol (XLIX)

This compound was prepared similarly to the cis-isomer, with a yield of 71.3%. Its
hydrochloride, crystallized from abs. acetone, had a m.p. of 136.5— 137 °C.

CMHr ONCI (255.79).

Calcd. C 65.74 H 8.67 Cl 13.87;

Found C 65.67 H 8.51 Cl 14.03%.

Aminomethylcyclohexene-1 (L)

(a) (cf. [18]) Lithium aluminium hydride (16 g, 0.423 mole) was taken up in abs. ether
(500 ml) and stirred under cooling with salt/ice for 20 min. while 1-cyanocyclohexene (35 g,
0.327 mole) dissolved in abs. ether (50 ml) was added dropwise. Cooling and stirring were
continued for further 2 hours, then the reaction mixture was subjected to the usual treatment
and the product converted into a hydrochloride. Recrystallized twice from an ethanol-ether
mixture, the hydrochloride of aminomethylcyclohexene-1 (31.8 g, 65.9% ) was obtained [m.p.
242—250 °C (decomp.)]. Due to decomposition of the sample even in a capillary, the m.p.
could not be determined more accurately.

CjH jiNCI (147.65).

Calcd. C 56.85 H 9.55;

Found C 56.58 H 9.43%.

Preparation of the N-acyl derivatives (I—XXXIX)

The slightly modified method of Schotten and Baumann [33] was used for the prep-
aration of the acid amides listed in Tables 11—V, from the corresponding amines or amino-
alcohols. The general method was as follows.

A solution (in 8—12 m1| of benzene) of the amine or aminoalcohol (0.03 mole) is cooled
with ice-water under stirring. A solution (in 5—10 ml of benzene) of the aromatic acid chloride
(0.035 mole) and 0.05 molar solution of sodium hydroxide are simultaneously added over
10 to 15 min., always keeping the mixture alkaline. This addition completed, the reaction
mixture is stirred for another 15 to 25 min. Petroleum ether (30—50 ml) is then added and
the mixture allowed to stand at room temperature or under cooling. The white crystals sepa-
rated are collected by filtration, washed repeatedly with petroleum ether and dried. Recrystal-
lization to constant melting point is carried out in the solvent mentioned. Yields between
65 and 92%.
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N-p-Methoxybenzyl-cis-2-acetoxycyclohexaneearboxamiile (XL)

Cis-2-hydroxycyclohexanecarboxylic acid (LIY) (30 g, 0.021 mole) in ether (75 m!)

was refluxed for 3 hours with acetyl chloride (15 ml). Ether and excess acetyl chloride were
removed by distillation. The residue, crude cis-2-acetoxycyclohexanecarboxylic acid (LV),
was boiled under reflux for one hour with freshly distilled thionyl chloride (10 ml). After
removing the excess thionyl chloride by distillation, the cis-2-acetoxycyclohexanecarboxylic
acid chloride (LVI) was taken up in abs. ether (100 ml). To the mixture p-methoxybenzylamine
(6 g, 0.044 mole) in abs. ether (10 ml) was added dropwise under cooling. The precipitate
was collected on a glass filter and thoroughly washed with water to remove all the p-methoxy-
benzylamine hydrochloride. The washed product was recrystallized from ether. Yield 4.3 g
(67.64) of a white fluffy crystal mass that had a sharp m.p. of 119.5— 120 °C. For the analysis

ef. Table V1.
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M. Prettre et B. Craudel: Eléments de Cinétique Chimique

Ed. Gordon and Breach, Paris, London, New York 1969.

Ce texte élémentaire réunit I'information fondamentale sur la cinétique chimique,
d’habitude dispersée dans des cours différents, dans une représentation cohérente et systé-
matique.

La premiére partie de l'ouvrage est divisée en septchapitres. Le titre «Généralités et
Réactions Spontanées» nous parait discutable, car les «Réactions Catalysées» de la seconde
partie sont de plusieurs points de vue pas moins spontanées. Aprés un traitement des défini-
tions fondamentales et I’influence de la concentration sur la vitesse de réaction, la matiére
est d’abord groupée selon les modes d’activation: thermique et par rayonnement, en suite
selon le degré de complexitée des réactions, aboutissant aux réactions en chaine. Les cing
chapitres de la seconde partie traitent les généralités de la catalyse, la catalyse homogéne,
I’adsorption sur les surfaces solides et finalement, théorie et pratique de la catalyse hétérogéne
ou de contacte.

Le texte trés lucide et logique avec des exercices a la fin de chaque chapitre peut-
étre recommendé a tout étudiant de cours supérieur, voulant aquérir une fondation solide
dans ce domaine.

La typographie et les figures de l'ouvrage sont d’une tres bonne qualitée.

I. Telcs

G. Klopman and B. O’Leary: All-valence electrons SCF calculations. (Fort-
schritte der Chemischen Forschung), Topics in Current Chemistry, Band 15,
Heft 4. Sept. 1970.

Springer-Verlag, Berlin, Heidelberg, New York.

The development of quantum chemistry progresses in two directions. One is represented
by the ab initio calculation method in which no experimental data other than the nuclear
charge and the number of electrons are taken into account and all the electrons of the system
are considered. The other direction known as semiempirical methods is characterized by
various simplifying assumptions: e.g., only the electrons of the valence shell are taken into
account, certain types of integrals are taken equal to zero, and a number of empirical para-
meters are used in the calculations.

Research is justified in both directions. The ab initio calculations are of great importance
because starting with a minimum amount of information they yield reliable quantitative
results on the systems studied. Unfortunately, exact calculations cannot be performed on
systems containing more than 100 electrons even if the most advanced computer techniques
are used. The semiempirical methods can be applied to such many-electron systems, but
the results should always be viewed with criticism and conclusions should be drawn with
care, keeping in mind the neglections.

Klopman and O’Leary summarize the theory, field of application and the results
of semiempirical methods developed in the course of the last 6 years. In the methods described,
all valence electrons are taken into account, i.e. in contrast to earlier semiempirical methods
(e.g. the Hiickel method), the <and n bond systems are treated together.
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The theoretical basis of the methods is derived in this review from the most generally
used ab initio method, the Hartree— Eock approach. The authors give an account of the
integrals of the Hartree— Fock method neglected in the various semiempirical calcula-
tions. The individual methods derive their names from the initials of English words represent-
ing the integrals neglected.

The following methods are treated in the review:

CNDO: complete neglect of differential overlap (Pople— Santry— Segal, 1965);

INDO: intermediate neglect of differential overlap (Pople— Beveridge— Dobosh, 1967);
MINDO: modified intermediate neglect of differential overlap (Baird— Dewar, 1969):
EMZDO: exchange modified zero differential overlap (Dixon, 1967);

PNDO: partial neglect of differential overlap (Dewar— Klopman, 1967).

After the name of the method, the authors and the year of publication are shown
in parentheses.

In a longer chapter of the review, the authors describe the empirical parameters that
can be used to calculate some of the integrals which have not been neglected. At the end
of this chapter the reader finds a very illustrative and useful table summarizing not only
the method of determining the integrals but also indicating the type of compounds (e.g.
hydrocarbons, heteroaromatic compounds, etc.), to which the method in question can be
applied most expediently to achieve a given objective (e.g. determination of charge densities,
spin densities, heats of formation, etc.)

In the last chapter the authors give an account of the results obtained by the methods
in calculating ionization potentials, heats of formation, dipole moments, ultraviolet spectra,
and NMR and ESR parameters.

The reader is assumed to be familiar with some linear algebra and quantum chemistry.
The style is comprehensive and lucid. Since the application of the methods described does
not require extra high-speed computers, numerous publications have appeared in this field
during the last years. Therefore this review is useful not only for those intending to perform
quantum-chemical calculations, but also for specialists who wish to follow the pertinent litera-
ture and obtain information about the applications and reliability of these methods.

F. Torok

F. Tamas and |. Pa1: Phase Equilibria, Spatial Diagrams (Phase Diagrams,
Their Interpretation and Anaglyph Representation), pp. 234 -j- 80 hicolour
insets.

Akadémiai Kiadé, Budapest, 1970.

The book is a kind of textbook or practical guide, respectively, with the double aim
of acquainting the reader with a great variety of different types of phase diagrams and of
enabling him to read the information to be derived from them. Its scope is limited insofar
as it deals only with the diagram m atic representation of melting and crystallization processes
at constant pressure, though it has to be admitted that these constitute a preponderant and
most diversified part of phase diagrams of practical interest.

The main and outstanding merit of this book as compared with other existing text-
books dealing with phase diagrams is the anaglyph representation used for visualizing spatial
relations, parallel with the usual two-dimensional projections or sequences of isothermal
sections, respectively. Anaglyphs are planar diagrams drawn in two complementary colours
so that, when viewed through a bicolour spectacle the figures spring into perspective making
thus the spatial distributions of the regions belonging to the different phases immediately
ostensible together with the surfaces and intersecting lines separating them; this kind of
representation is superior even to most real spatial models because the anaglyphs appear
completely transparent so that all details in their interior become clearly visible; identification
of the slopes of lines and surfaces is greatly aided by incorporation of isothermal lines at
regular intervals in the anaglyphs of ternary systems. The book is equipped with eighty
anaglyphs in form of insets, all of which are constructed with the utmost care and precision,
an achievement to be especially esteemed.

The text is divided into four main parts. Part 1is a short survey (10 pages altogether)
of the principles underlying phase equilibria and their representation. Some of these principles
are presented in a somewhat perfunctory and not quite exact way. Thus, the definition of
equilibrium from the theoretical or thermodynamic aspect as “the stage in any reversible
process when no useful energy passes from or into the system” is anything but exact; the dis-
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tinction to be made between extensive and intensive variables, and the fact that only the
latter have to be considered in connection with the phase rule, is not mentioned (the text
simply states that only the effects of concentrations and of temperature will be discussed);
the use of the terms “heating” and “cooling”, in connection with isothermal melting and
crystallization may be somewhat misleading, “uptake” and “loss of heat” would be more
correct, or even better “increase” and “decrease in enthalpy”, respectively, with a view that
later the author speaks of states of maximum and minimum enthalpy, at the respective
end points of an isothermal transformation. Inconsistencies of these kinds will be probably
overcome, however, by attentive students without serious difficulties, and on the whole,
the survey of part 1 gives a sound foundation for the following ones, which are arranged
according to the very clear classification of systems given in this part.

Part 2 (61 pages) deals quite exhaustively with simple and complex binary systems
(intermediate compound formation), with different degrees of miscibility in the solid and/or
the liquid phases. Eutectic and peritectic invariant points as well as the behaviour of mono-
tectic and syntectic systems are explained very clearly. Spatial representation being super-
fluous in connection with binary systems when effects of pressure changes are left out of
account, the usual planar diagrams are only used in this part, with the exception of § 38,
in which a possible transition from eutectic to peritectic behaviour effected by pressure
variation is exemplified on a hypothetical system (it has to be noted, however, that the choice
of this system may not be very fortunate, because there appears a depression of the melting
points with increasing pressure which is a rather exceptional behaviour). It is a very valuable
feature of the treatment in this part that it discusses a series of actual systems and that,
on the other hand, the use of the lever rule for calculating phase proportions is demonstrated
by many actual numerical examples. The lever rule (and more generally, the center of gravity
principle) is introduced, however, quasi-axiomatically, and in the opinion of the referee,
motivation by material balance considerations would have been expedient. Part 2 includes
also a section on the evaluation of phase diagrams in certain cases of non-equilibrium, and
this is very satisfactory, with view at the fact that true equilibrium crystallization does not
generally occur in practice. An interesting method for making calculations, evolved by one
of the authors, for the case when one high melting solid component is present in excess over
the equilibrium composiii m, is discussed in an instructive way.

Part 3 (112 pages) is devoted to the discussion of ternary systems, classified in a very
clear way according to the nature of the binary subsystems involved in them. It is here that
the anaglyph representation proves extremely useful for a better understanding of the usual
planar diagrams (isothermal sections and projections onto the base triangle, respectively),
a copious and at the same time judicious selection of which is included into the text. The
verbal explanations given in the text being also remarkably lucid, it may be stated that
this part of the book will be most helpful to anyone who wishes to become familiar with the
use of phase diagrams which do not represent just only the simplest systems occurring in
reality. Part 3 ends with a very instructive discussion of non-equilibrium crystyllization
exemplified by the system K2 —A120 3—Si02 (porcelain).

Part 4 deals shortly (20 pages altogether) with quaternary systems, first with so-called
reciprocal systems (four salts, any pair of them having either a common cation or anion,
respectively), then with true quaternary systems. The space allotted to this part does not
allow more than a more or less sketchy treatment of the subject, so that the reader may
get only a glimpse into the ways in which quaternary systems have to be discussed. It is
nevertheless shown that the anaglyph representation in three dimensions is as useful in this
case as the two-dimensional diagrams in connection with ternary systems.

The book will be of great value to anyone who wishes to get not only acquainted with
phase diagrams but also versed in their use. The excellent get-up, easy legibility, lucidity of
the diagrams and careful execution of the bicolour insets will all contribute to this end.

G. Schay

J. Koryta, |. Dvorak and Y. Bohackova: Electrochemistry, pp. 339 + index.

Methuen et Co. Ltd., London, 1970.

Persons active in the most varied branches of science, experts working in the most
diverse fields of industry are confronted with electrochemical phenomena, and utilize the
laws of electrochemistry in their day-to-day activity. Therefore, works dealing with this
field of science are of great importance.
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The book of Kohyta, Dvorak and Bohackova gives a short but almost complete
survey of theoretical electrochemistry. Owing to its limited extent, some problems can be
discussed only very briefly, but the list of references at the end of each chapter, comprising
mainly general papers and monographs, partly fills this gap. The subdivision, the struc-
ture of the book is lucid, almost symmetrical. Of its four chapters the first two deal with
electrolyte solutions (homogeneous electrochemical systems), while the third and fourth
chapters discuss heterogeneous electrochemical systems. The first chapter treats the equilibria
in electrolyte solutions, the second the transport processes occurring in electrolyte solutions,
the third the equilibria in heterogeneous electrochemical systems, and the fourth is concerned
with processes in the latter systems (electrode processes).

Accordingly, the first chapter of the book deals with the structure of electrolyte solu-
tions, the Debye—Hiickel theory of strong electrolytes, the classical theory of electrolytic
dissociation and equilibria, and with the acid-base theories.

In the second chapter (“Transport Phenomena in Electrolyte Solutions”) phenomena
produced by the passage of electric current through electrolyte solutions are discussed by
the authors, with a particular view to the diffusion of electrolytes, the methods for measuring
the diffusion coefficient, and problems of convective diffusion. W ithin the scope of the latter,
convective diffusion on the rotating disk and on an increasing sphere (dropping mercury
electrode) are described.

The third chapter treats equilibria established at the phase boundaries of electro-
chemical systems. In addition to metal-electrolyte equilibria, problems concerning membrane
equilibria, glass electrodes and potentiometric methods are discussed. The structure of
electrical double layers, important from the viewpoint of electrode processes is also treated.

The fourth chapter is concerned with the kinetics of electrode processes. Among
others, the authors succeeded in giving a short and lucid summary of transfer and concent-
ration (diffusion) polarizations, and of the most important experimental methods in electro-
chemical kinetics. Finally, a few important electrode processes are described.

The hook of Koryta, Dvorak and Bohackova, written in a modern concept, is a
valuable contribution to the literature on electrochemistry. It will facilitate students and
experts interested in and using electrochemistry to get acquainted with the fundamental
theory of modern electrochemistry.

L. Kiss

Aeta Chim. (Budapest) 70, 1971
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ACTN CHIMICA

TOM 70 — BblN. 3

PE3IOME

KnHeTMKa M MexaHU3M peakuuii 3aMelleHnss B Komrmsekcax, XXXVI.
O6pasoBaHne KoMMeKCHbIX MOHOB 1,2-[Co(en)2Br/?-nnkonunnH]+2
n 12-[Co(en)2Br y-nuUKoAMH]+2 1 KX aKTUBaUus B KUC/OTHbIX pacTBopax

XWM.AKO, U. BAPXEW un W. BNEOKA

MpueoanTca cuHTe3 1,2-[Co(en)Br/3-nukonuH]+2, 1,2-[Co(en)Bry-nnuKonnH]+2 mn ux
24 HOBbIX COMeil. Bbinu cHATBI 1 obcyxpaoTes Y@, Buaumble 1 VK-cnekTpbl. M3yuanach
KWHeTMKa akTuBaLum 3TUX KOMIM/IEKCOB B KUCNOTHBLIX PacTBOpax. bulnu onpegesieHbl aHTabnmm
W 3HTPONUM aKTMBaumu. Monaranock, YTo peakLuna npoTekaeT no MexaHusmy SN1. Pe3ynbTartbl
CPaBHUBAMNUCL C KMHETUYECKUM TMOBELEHNEM aHaNOrMYHbIX X/10pONpon3BoAHbIX. O6CyXaaeTca
WHOYKTUBHOE BAWSHWE KOOPAMHMPOBAHHOIO amuHa Ha Auccoupaumio ranorexa.

O HeKoTOpbIX BOMPOCax 0CaANTENbHOrO pasfeneHns CnefoB 3neMeHTos, IX.
[anbHeiiwe nsydeHne copbumm ypana(VI1) B KapboHaTHbIX cpegax.

3. YNOP n Ab. HAAb

C Uuenbl0 [OMNOMHEHUs MNPeALecTBYIOWNX WCCNe0BaHUiA MCCNef0Banoch U3MeHeHne
3aBucumocTy copbummn ypaHa(Y1l) Ha Fe(OH)3 oT pH B Kapb6oHaTHbIX cpefaX C W3MEHeHUEM
KOHUEHTpaumn kapboHata. Bblo yCTaHOBMEHO, YTO NPW HW3KOW KOHLEHTpauuu kapboHaTa
(1 « 10_3M) B uHTepBane pH Hmxke 11 copbuus ABNSeTCA NOMHOA M KpyBas copbLun MaeHTNYHa
KpWBOi1, nonyuyeHHoi B cpege NaOH. B ciyuae )Xe MakpoKONMYeCTB ypaHa W B KapboHaTHOM
cpefie fecopbuma He Habnwofanace nNpu BenuumHax pH Boiwe 12, TaHreHc yrna HaknoHa 3a-
sucumocTy log[CO03]~2— log Du npu pasnuuHbix pH paseH 1,0 + 0,2; 310 fenaeT Heobxoau-
MbIM Aa/ibHellllee BbIACHEHME MexaHn3ma Lecopoumn.

Mcnonb3oBaHue NepPeroHKN C MneperpeTbiMm 6€H30/1bHbIM napom
ana pasgeneHna ammHoB

n. ObEHEW

Heo6xoanMbIM ycnoBueM ANS pasfeneHus 6UHapHbIX M MHOrOKOMMOHEHTHbIX CMeceld
aMMHOB C NOMOLLbIO METO/A NEePEroHKM ¢ NeperpeTbiM 6eH30/bHLIM NapoM, pa3paboTaHHOro aBTo-
poM paHee, ABAAETCA 3HaHME OTHOCUTENbHOW NeTyyecT aMuHoB. [N 3TOW Lenn MOXET 6biTb
NPOBeAEH OMbIT Ha MOZE/NN, HO MOXET ObITb TAKXKe MCMNOb30BAHOIKCNEPYMEHTaIbHOE YPaBHEHNEe
OUCTUNNALMMN, HEKOTOPbIE YNEeHbl KOTOPOrO WM3BECTHbI (Hamp., MONEKYNAPHbI/ Bec, TemnepaTypa
KUMEHWNS aMUHa), a OCTaslbHble Y/ieHbl Ha OCHOBE psija MCCnefoBaHUin OnpeAenaloTcs amnupu-
yeckn. C aToli Lenbio 134 pas3/inyHbIX aMUHa NOABEPrannch NeperoHke ¢ neperpeTbiM 6eH30Mb-
HbIM MapoMm, 1 Oblnn onpefeneHbl KonmMyecTBa neperpetoro 6eH30MbHOro napa, HeobXo4yMoro
4Ns NeperoHKu (B BUAe KONMYECTBa CKOHAEHCMPOBaHHOIO 6eH30/a, B M) —V —, a TaKXe Bepo-
ATHas CBA3b 3TOW BENMYMHBI C XapaKTepucTUKamMy aMmmHa. Yem MeHbLue TpebyeTcs 6eH30/bHOro
napa, TeM fleTyyee amuH; XapakTepUCTUKON MOXET CMyXWTb BblpaxeHne V/1.1000. Bbin ycTa-
HOBJIEH PAJ NIeTYYeCT aMUHOB.



BO}'IbTaMMeTpI/I‘-IECKOG onpeaesnieHne HEKOTOPbIX (*JapMaKOHOB
Ha Fpa(pI/ITHbIX 3/1IEKTpOAax Ha OCHOBe CU/TMKOHOBOW PE3NHDbI

3. NYHITOP, X. ®EXEP u ' HAADb

OnuncbiBaeTcs BOMbTAMMETPUYECKOE OMPESEe/ieHNe HEKOTOPbIX OCHOBHbIX BELLECTB MPO-
MbILU/IEHHOCTY NIEKapPCTBEHHbIX MpernapaTtoB. KOHLEHTpaLMM pacTBOPOB MPOM3BOAHLIX (EHO-
TUa3nHa, NPOU3BOAHbIX UOKCU(EHUN], aMMaasodeHa, (heHaLeTUHA 1 Ap. Gbii onpeaeneHsbl, Kak
npaBuUo, C TOYHOCTLIO A0 HEKTOPbIX AECATbIX NpoLeHTa. [N HEKOTOPbIX BELLECTB OMNpeAeneHne
MPOBOAWIOCH B HEBOAHbIX PacTBOpaxX. Ha HECKOMbKWX NpUMepax AEMOHCTPUPYETCS MPUMEHN-
MOCTb MeTofa A/ ornpefeneHns cofepXKaHusi a(eKTUBHLIX BELLECTB B IEKAPCTBEHHBIX Mpe-
napatax v 6e3 NpefBapUTENbHOTO PasAeNeHus.

Accoumaumsa NPOMMOHOBOM KUCNOTbI B MapoBoOii hase

A. 1ncn

MpUBOAMTCS pPacUeTHbIA MEeTOf OMpefeseHUs PaBHOBECHbBIX KOHCTAHT accouuauuu, oT-
HOCALLMXCA K MapoBoi (hase, 418 cmeceid Tuna A -A ,—B. MeTog No3BONISIET HEMOCPECTBEHHO
onpefennTb PaBHOBECHOE [aBfieHMEe Mapa MOHOMEPHOro BelecTBa. [lis wnncTpauuu metoaa
onpejiensanach pasHOBECHa KOHCTaHTa accouyMaLui, BbIPaXEHHas C MOMOLLBIO NapLuabHbIX
[AaB/IEHWIA, B 3aBUCMMOCTY OT TeMMepPaTypbl A/ Cydas NapoBOi (hasbl MPONMOHOBOW KUC/OThI.
CornacHo MonyYeHHbIM pesysbTaTam:

3227,7
lg Kp = — 10,484 + — —— |Kp:TOopp-'

Xummsa cBobofgHbIX pagukanos, VIII.
M3yueHne N-cynbdodeHun-okncn azota metogom 3lP

B. TAKATOW , B. TYPYAHU n ®. TIO AEW

ApOMaTUYecKrie HWTPO30COEAMHEHWS! MOAJOBHO M303/IEKTPOHHLIM apOMAaTUUYeCKUM aslb-
Jernaam o6pasytoT agdykTbl C 6UCYbLHUTOM U AUTMOHUTOM. 3T NPOAYKTbI MPUCOEAMHEHUS
MOTYT 6biTb OKUC/EHbI B paauKanbl, STP crekTpbl KOTOPbIX MOA0GHbLI CMEKTpaM pajnKasioB
anknn-eHH-0KUCKU asoTa.

Ha ocHOBe 3aBMCMMOCTM KOHCTaHTbl pacLUensieHuss Ha asoTe (a”) OT TemnepaTypbl W
pacTBOPMTENs B Clyyae GUCYNb(MUTHOrO NPUCOEAVHEHWS MOMaranoch 06pa3oBaHWe pagukana
N-cynbo-theHMN-oKUCT a30Ta, a B CAyuyae AUTUOHUTA — N-Cynb(WH-teHUn-okncn asota B
CNyyae UX MPOM3BOAHBIX HABGMIOAANNCE KaK WHAYKTWBHBIA, Tak U CTepuueckuii atdekTsl, no-
[O0HO pajMKanam TUna ankua-QeHun-oKnck asoTa.

M3yueHune peakumm xpoma(ll) ¢ aTuneHgMaMUHTETPAYKCYCHO
Kucnotoi, |

IO. TEXEP-TAKXNNX n M. BEK

M3yyanuck (hakTopbl, OKasblBalOWMe BAMSHWE HA CKOPOCTb peakuum xpoma(Lll) c
3TUNEHAMAMUHTETPAYKCYCHOW KucnoToi (SATY). M3MepeHus MpoBOAWMIUCH C MOMOLUBHD CrEK-
TPOHOTOMETPUYECKOTO METOZA.

Bbina uccnefoBaHa CKOPOCTb PeakLuy B3aBUCUMOCTY OT KOHLIEHTPALWM MraHaa 1 6bi1o
YCTAHOBJIEHO, YTO B OT/IMYME OT JINTEPATYPHbIX faHHbIX, KOHCTAHTa CKOPOCTU 3aBUCUT OT KOH-
LeHTpauum nuraHga. HaiiaeHHas 3aBMCUMOCTb OGbSCHSACh Ha OCHOBE TaKOro MeXaHu3ma,
COrMacHO KOTOPOMY CTYMEHbIO, NUMWUTUPYHOLLEH CKOPOCTb, SIBASIETCA MNEPEXO] NuraHfa w3
BHELLHE KOOpAWHALMOHHOI cthepbl BO BHYTPEHHIOH.



M3yyanocb BAUsHWE pH Ha CKOPOCTb peakuuu. Bbino ycTaHOBMIEHO, YTO NpuUHATasA [0
CUX TOP NMHEHOW 3aBNCUMOCTb KaXYLUECs KOHCTaHTbl CKOpoCcTW OT pH..aBnseTcs cnpases-
NUBOI NWLWb B OYeHb Y3KOM MHTepBane. BanaHue pH 06bACHANOCL CyMMOI MHOTMX (haKkTOPOB.
MpuHYManuch BO BHUMaHWe BCe MyTU peakuuid, BO3MOXHbIE MO LienoMy AnanasoHy pH Bcneg-
CTBYE rnaponusa noHa xpoma(111) n guccoumauum 3ATY. MpuUBOLATCA pasfiMUHbIe TUMbI KOMI-
nekcoB xpoM(11 N)-34TY no BHeLLHel cepe, BEPOSTHOCTU X 06pa3oBaHns p BAUSHWE KOMMIEK-
COB TMMa BHELUHEN cepbl C Pa3/IMYHON CTeNeHbi0 MPOTOHNPOBAHWA Ha BEIMUKNHY CKOPOCTU peak-
um xpoma(ll) ¢ 3ATY. 3aBUCMMOCTb CKOPOCTM peakuun oT pH, HalifeHHas 3KCrMepuMeH-
TaNbHO, 06BACHANACL HA OCHOBE TEOPETMYECKMX COOBPaXKEHWIA.

Ha npumepe nmpuBOAwioCL ONpedeneHue pas/UYHbIX BEPOATHLIX NyTeid peakuwii ans
OfiHOTO 3aflaHHOro 3HayeHus pH.

M3yueHne peakuum xpoma(lll) ¢ aTuneHAMaMUHTETPAYKCYCHOI
kucnotoid, Il

0. TEXEP-TNHO KANX u M. BEK

PaccmatpuBanacb peakuua OBYXALEPHbIX KOMMNeKcoB-xpoma(lll) ¢ aTuneHgnmaMumHTET-
paykcycHoin kucnotoin (34Tb ). 3a peakuueit cneguam cnekTpooTOMETPUYECKU.

Bb110 ycTaHOB/EHO, YTO B C/iy4yae repxopara xpompr) o rugponuse, npoTekarowem B
pa3baBneHHbIX BOAHbIX pacTBopax, 06 06pa3oBaHMM ABYX-H MHOMOSAEPHbIX: KOMMIEKCHO i 06
UX PasnoXeHUWM Mof, BAVUSHWEM KWUCMOTbl MOXHO CYAUTb MO W3MEHEHWIO CKOPOCTU peakLuu
xpoma(11l) c SATY. [aHHbIi MeTOod OTKPbIBAET HOBble BO3MOXHOCTW AN U3YUYEeHNS NOBEAEHMUS
MHOTOAfEPHBIX KOMM/IEKCOB.

CpaBHMBaNach peakums 04HO- U ABYXSAAEPHbLIX KOMMNeKcoB ¢ A TY 1 6b110 yCTaHOBNEHO,
YTO [ABYXALEPHblE KOMMMEKCbl pearnpyroT 3HauuTeNnbHO Mef/IeHHee, U 3aBUCUMOCTb CKOP.OCTL,
peakuun oT pH — 0c06eHHO B 061aCTW 3HAYUTENbHBIX U36bITKOB S4TY — HaMHOro MeHbluel
HeXenun B cnyvae OfHOAAEPHbLIX KOMIM/EKCOB.

CVHTE3 HEKOTOpPbIX MPOM3BOAHBIX L-acnaparvuHOBOW K
L-rnyTamMyvHOBO KUC/OT

n. TOMAC

OnucblBaeTcA CUHTE3 oc-OeH3uNoBoro aupa 1\-TpeT-6yTunokcmkapboumn-1.-acnaparu-
HoBoW kucnoTel (V/u). a-m/jem-6yTunosoro agwmpa 14-/npe/n-6yTunnokcukap6oHmn-6-acnaparu-
HOBOI KucnoTbl (/Vu) u a-mpem-6yTunoBoro agupa N-mpem-6yTunokcvk apboHmn-b-rnytamu-
HOBOM KMCnoThl (/Vft) TMomumo 3TOro, MPMBOANUTCA YMPOLLEHHBIA CUHTE3 a-6eH3nI0Boro adrpa
1Y-TpeT-6yTNNOKCNKAPOOHUN-b-TyTaMUHOBON  KMCNOTbl (¥ H>) M N-mpem-6yTunokcukap-
60HuN-L-rnytammHa (VIHIV

[JanbHeiiwee ynpoweHe MeToga Xapgerrepa gns cuHtesa 2-geokcn-O-pubosbl

Nn. TOMAC

OnucbiBaeTcA YNPOLUEHHbIA MeTod CuHTe3a B 60/bLuMX MacluTabax- 2-4e0.Kcu-0-prubosbl
(1) n3 1,2 : 5,6-an-0-nzonponunugeH-3-0-n-ronuncynboHHNe«-0-.rnokosbl (111).



O kpuctanmsauumn 2,4,6-TPUBEH30UNOKCU-NPONNODEHOHA
COH207 13 pacTBOpPOB B Pas3/IMUHbIX PacTBOPUTENAX

K. WAWBAPU u T. CENb

Kpuctannbl 2,4,6-TpnbeH30MI0KCH-NPONNOEHOHa, NOMyYeHHbIe N3 PACTBOPOB C Pa3nny-
HbIMV pPacTBOPUTENAMU (MeTaHo/, 3TaHo/, 6eH30N M TONYO/N) NOYTW BCerfa AaroT YMeHbLUaKo-
LL|Meca MocTeneHHo Temnepatypbl NiasneHus. Kpuctanisl cofep)kaT o4Hy MONeKyny pacTsopu-
Tens Ha ogHy monekyny C30HZO, u, no Bcell BEPOATHOCTM, 06pa3ytoT COeauMHEHWUs Knadpart-
Horo Tuna. Kpuctannbl 6e3 cnefos pacTBopuTens MOTyT ObITb TakXXe NosyyeHbl U3 aTaHona. B
3TOM Cnyyae, OfHaKO, 3leMeHTapHas fuelika cogepxut 8 monekyn C30H20, BMecTo 4, Kak 6bi10
HallfileHO ANS KPUCTanoB, COAepXKaliux pacTBOpUTENb.

CTepeoxmMunyeckmne uccnefoBaHus, X.
Lnknnyeckmne amuHocnupTbl U ux aHanoru, 1V. CuHTe3 HeKOTOpPbIX
Npon3BoAHbIX N-auun-aMUHOMETUN-LUMKIIONEHTAaHA, -LMKIOreKcaHa u
VX aHa/10roB

. BEPHAT, 3. YOKAW MW, N. XEBEP, N. TEPA u K. KOBAUY

MpnBOAWTCA CUHTE3 CMEAYIOWNX COEAVHEHWA: HEKOTOPbIX NpoM3BoAHbIX N-aunn-
aMmuHomeTunumknorekcada (I—V11), HekOTOpbIX 2-3aMeLLeHHbIX NPOW3BOAHBLIX uuc- U TpaHc-
N-auyun-amuHomeTunuuknorekcaHa (VI111—xX1X), HekoTopbiX npou3sogHbix MIM-gnaumn-
r/nc-1,4-gnammHomeTumn-uuknorekcaHa (XX—xXXII), HekoTopbiX MNpou3BoaHbIX N-auun-amu-
HomeTun-yuknoneHtTunamMmmHa (XX —XXVI), HekoTopbix npoussogHbix N-amn-ifi;c-2-
aMuHoMeTun-umknoneHtaHona (XXVI—XXXIV), HekoTopbix 1Y-auun-umc-2-rufpokcumMeTn-
umnknorekeunaMmHos (XX XI1—XXXI1V), HekoTopbIx 1M-aumi-aMMHOMETU/I-LMKIOreKCeHOB-1
(XXXV—XXXIX), aTakxe HeKoTopbIX N-3ameLLeHHbIX NPOU3BOAHBLIX ammaa O-aueTtun-r/nc-2-
rMAPOKCULMKIOreKCaH-Kap6oHoBOW KucnoTel (XL—XLIIN).
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DIE CHEMISCHEN
QUELLEN DER ENERGIE

Die standige Entwicklung der menschlichen Kultur ist auch mit einem stets wachsen-
den Energieverbrauch verbunden, wodurch die hdchst méglichste 6konomische Nut-
zung der Energiequellen erfordert wird. In der Gegenwart wird dieser Energiebedarf
letztlich vorwiegend durch die Chemie bestritten. Die vorliegende Studie beschéftigt
sich mit dem Ursprung der Energievorréate fiir die Menschheit, wobei das eigentliche
Wesen der chemischen Energie, die besondere Natur der Warme bzw. deren Ver-
haltnis zur Arbeit, sowie das wichtige Problem der direkten Umwandlung chemischer

in elektrische Energie in allgemein verstandlicher Weise behandelt wird.
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J. HOLLO - E. KURUCZ- A. BORODI

THE APPLICATIONS

OF MOLECULAR
DISTILLATION

Molecular distillation is the only method for the separation of heat sensitive
and slightly volatile materials of high molecular weight by means of distillation
in which the decomposition of the materials can be avoided or reduced to a
minimum rate. The development of chemistry and of chemical industry has
implied the unavoidable fractionation and purification of a constantly increasing
number of materials of the said characteristics. The work is destined to give
a comprehensive survey of the definite fields of research and the applications
of pilot-plant and unit operation character in which molecular distillation has
been utilised as a technological method.

To this end, first a brief survey is presented concerning theoretical and appara-
tus-concentrated problems, and then the possibilities of the application of mole-
cular distillation are described both in laboratory work and in industrial plants.

In English . Approx. 160 pages ¢ 14x21 cm . Cloth
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INVESTIGATION OF THE PARTIAL CATALYTIC
OXIDATION OF METHANE, |
CONESE D IEEIESNNIACSENAEHESC BIR FEAATBR

HHEsem Gr RaaaddGr St~

(Department of Physical Chemistry, Technical University, Budapest)

The partial catalytic oxidation of methane yielding hydrogen and carbon
monoxide as principal products, has been studied by several authors [1—5].
From the kinetic point of view, these investigations brought no results because
the reaction rate could not be measured. A few preliminary investigations
indicated that the usual reactor type, containing a bed of granular catalyst,
is not suitable for measuring the oxidation rate of methane, therefore we used
a reactor containing a single catalyst grain. Single-grain reactors have been
described by other investigators for the study of rapid reactions. For example
W urzbacher [7] measured the oxidation rate of hydrogen over a silver cata-
lyst, and Ca=mmand SSwea6] the oxidation rate of carbon monoxide over a
nickel—exide alumina catalyst.

Description of the reactor

1 Ada Chirn. (Budapest) 70, 1971
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Analysis was made by measuring the peak height of the chromatographic waves. W ith
the exception of hydrogen, the change in peak height was proportional to the concentration
of the component.

Conversion rates. Calculations

For the characterization of the catalysts, the volumes of methane and
oxygen converted in unittime are given (in units of cm:/min). These characteris-
tic values will he called conversion rates. The conversion rates of the products
are obtained by multiplying the product flow rate by the corresponding con-
centrations. The symbol of the conversion rate of component i is u-; the con-
version rates of the reactants are negative.

We will avoid using the expression reaction rate, as no uniform equation
(equations) of reaction was found, so that the conversion rates measured
cannot be assigned to equations of reaction.

Calculations were made with computer MINSK 22. The input data were
the gas rates, chromatographic peak heights and calibration data ofthe chroma-
tograph. The computer calculated the conversion rates of components deter-
mined chromatographically, gave the scatter of the results, and discarded auto-
matically the results incompatible with the mass balance. (For the details of
calculations, see Ref. [9].)

Catalyst

The preparation of a catalyst for methane decomposition does not
cause any difficulties. The impregnation of any porous ceramics with nickel
nitrate solution, and the subsequent decomposition of the nitrate at 500 °C,
yields a catalyst, which is suitable for the decomposition of methane at about
700—800 °C.

On the other hand, it is difficult to prepare a catalyst that would be for
years efficient under industrial conditions. The differences between catalysts
with various basic constituents can be quickly shown even by the most unpre-
tentious comparative test [10].

The active substance ofthe catalyst is always nickel, however, the various
catalysts differ with respect to the ceramic carrier and additives applied
simultaneously with nickel.

This work deals with catalysts on aluminium silicate basis (mullite), for
which the carrier substance has been manufactured by the Porcelain Factory
of Budapest.* Catalysts made with this carrier proved satisfactory when used
in industrial reactors [10]. The catalyst carrier is porous ceramics, containing

* The substance is essentially the same as the carrier called REBO 29 by Barsi etal. [14].

1* Acta Chim. (Budapest) 70, 1971
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besides about 80% of mullite, small amounts of a-alumina, silicium dioxide
and a vitreous phase. The apparent density of the carrier is 1.75 g/cm3, its
pore volume 0.35 cm3¥g, and its surface measured by the BET method 1.3 m 2g.
From this substance, 15 mm long cylinders, 5.5—6 mm in diameter, have been
prepared for the experiments.

The carrier was impregnated with nickel nitrate solutions of various
concentrations, depending on the desired nickel content. After impregnation,
the grains were dried at 60 °C for 24 hours, and the nickel nitrate was subse-
quently decomposed at 350 °€ by heating with air for 30 min. The catalyst
formed was greyish black. The nickel oxide content was determined by chemi-
cal analysis and by derivatography [11]. Determinations by the two methods
were generally in good agreement (Table I). The catalysts undergo reduction

Table |

Nickel content, mg Ni/g carrier
method of determination

Catalyst Nickel surface
No. m2g chemical thermal
analysis

| 0.09 10 12
2 0.16 25 25
3 0.23 46 50
4 0.22 63 56
5 0.45 96 101
6 0.44 221 161

at 750 °C in the methane—exygen mixture and start the partial oxidation.
After 10—20 min of operation, the activity of the catalysts becomes constant.
Under the experimental conditions used, a lasting and irreversible change in
activity was observed only if the catalyst has been oxidized at about 900 °C.
In this case reaction started again only after reduction with methane or
hydrogen, and the activity was generally (but not reproducibly) lower than
before oxidation. The nickel surface of the fresh catalyst was determined by
hydrogen chemisorption [15]. The properties of the catalysts are summarized
in Table I.

Reaction temperature

The beginning of the conversion of the gas blown on the catalyst grain
was indicated by the increase in temperature of the grain. In one ofthe experi-
ments, the catalyst grain was completely bored through, and the temperature
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distribution was measured along the axis of the grain and in the vicinity of the
grain (Fig. Ib) in a 25% methane-air mixture at a total flow rate of 2400
cm3Imin. Owing to the high gas velocity, the temperature was not constant
in the reactor, increasing before the grain by 5—10 °C per cm. After the grain,
the temperature of the gas increased suddenly, due to mixing of the hot prod-
uct gas and the gas flowing at a greater distance from the grain. The average
temperature of the grain cannot be calculated from the temperature distribu-
tion curve measured with the thermocouple because sudden temperature
increases at the grain—gas boundary are masked by the thermal conductivity
of the thermometer sleeve and the wires.

The surface temperature of the grain has been measured by means of a
pyrometer. The end of the grain on the gas stream side had a temperature by
about 30 °C higher than the other end. The average temperature measured
with the pyrometer was the same as the highest temperature measured with
the thermocouple inside the grain. In the experiments described in the following,
temperatures were measured with a thermocouple reaching to the center of
the grain.

Empty reactor

Above 500 °C, the reaction of methane with oxygen can proceed in the
homogeneous phase or on the wall of the reactor. If a 25% methane—air
mixture is fed into the quartz reactor at a rate of 2300 cm3min, above 700 °C,
formaldehyde is found in the product. At 710 °C, the concentration of formal-
dehyde is 0.6, at 800 °C 1.7 and at 850 °C 1.6 mg/l. The other products of the
homogeneous reaction, hydrogen and carbon monoxide can be detected from
about 900 °C (Table Il). The reaction mixture begins to burn at 980 °C, and all
the oxygen is consumed in the reaction under formation of substantial quanti-

Table |1

Composition of the product gas of the empty reactor at a feed rate of 2300 cm3min*

Maximum tempera- Vol. %
ture measured in
the reactor,

°c H, co co2
930 0.6 13 0
960 13 2.7 0.1
980 2.9 5.7 0.2

1130 20.2 15.5 13

* Note: Product composition depends on the life-history of the reactor. Data given
were measured in a quartz reactor used for a long time.
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ties of soot and acetylene. It is interesting that in the homogeneous reaction
methane is decomposed mainly into carbon monoxide and hydrogen. This
observation is in accord with the findings of Burgoyné and Hirsch [12].

The findings discussed so far concerning the homogeneous reaction are
not valid for the zone after the catalyst grain in the reactor, because the cata-
lytic reaction changes the composition of the gas mixture. However, the extent
of the homogeneous reaction possibly occurring in the zone after the catalyst
grain will depend on the volume of this zone. We have made a series of experi-
ments, where the position of the catalyst grain was varied. The situation was
characterized by the distance between the narrow part of the reactor and the
top of the catalyst grain. The results are listed in Table Ill. Notwithstanding
the fact that the homogeneous reaction zone was increased by a factor of
three, the changes in conversion rate did not exceed the experimental error,
which indicates that the conversion observed proceeds in the immediate
vicinity of the catalyst grain.

Table 111

Feed: 25% methane-air mixture
Feed rate: 2200 cm3min. Grain temperature: 935 + 5 °C

Conversior} rate Rate of for_mation
Position of the grain cm3min cmImin
em Carbon Carbon
Methane Oxygen monoxide dioxide Hydrogen
| 104 97 84 21 140
3 102 96 82 20 136
5 106 105 85 21 128
7 106 102 84 22 132
Stand, dev. 5 6 5 3 7

Effect of the gas rate

The single-grain reactor furnishes valuable kinetic data, if the degree
of conversion ofthe gas mixture is low. For this, high gas velocities are required.
In this case, the composition of the feed can be assigned unequivocally to the
reaction rate observed.

The variation ofthe conversion rate as a function of gas velocity is shown
in Fig 2. The conversion rate increases slightly with increasing gas velocity,
to an extent corresponding approximately to the change in average concentra-
tion of the reagents, due to the decreasing degree of conversion. The ratio of the
consumption of the reagents was in each case close to unity (vehJvOi — 1),
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indicating that the reaction mechanism is not influenced by the gas velocity.
The standard deviation of the conversion rate of methane is 10 cm3min, that
of oxygen 12 cm3min at the highest gas velocity. The error is nearly propor-
tional to the gas velocity. (Limits of error are indicated in Fig. 2.)

Fig. 2. Variation of the conversion rates of methane and oxygen as a function of the feed rate.
Symbols: ¢ oxygen; x methane; g hydrogen

Owing to the slight change in conversion rates, the gas velocity can be
selected at will. Our experiments were carried out at a gas velocity of 2400

cm3min.

Fig. 3. Conversion rate of oxygen over four catalysts. Catalyst No. Symbols: 3: X;
4: O; 5. n; 6. ¢

Acta Chim. (Budapest) 70, 1971
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Variation of the reaction rate over catalysts of various nickel content with the
temperature

The upper limit of the temperature range of the investigation is given by
the ignition of the reaction mixture, the lower limit by the extinction of the
catalytic reaction. With the catalysts used, extinction may occur below 760 °C,
therefore the measurements were carried out above 760 °C.

Fig. 4. Conversion rate of methane over four catalysts. Catalyst No. Symbols: 3: x; 4: O
5: O, 6: ¢

Fig. 5. Conversion rates of the products over four catalysts. Catalyst No. Symbols: 3: X;
4: O; 5: [; 6: ®

Acta Chim. (Budapest) 70, 1971
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Results are shown in Figs 3—7. The feed rate was 2400 ~ 50 cm3min,
and the mixture contained 25 ~ 0.5 v/iv % of methane. Over catalyst samples
No. 3—6, the conversion rates were the same within experimental errors,

Fig. 6. Conversion rate of oxygen over catalyst No. 1. Symbols: x measured at decreasing tem -
perature, X measured at increasing temperature

Fig. 7. Conversion rate of methane over catalyst No. 1. Symbols: O in the direction of decreas-
ing temperatures, ¢ in the direction of increasing temperatures

and were therefore plotted on the same figures (Figs 3, 4, 5). As compared
to the other catalysts, the conversion rate was lower with catalyst No. 1. It
increased more steeply with temperature, and the change exhibited hysteresis,
higher rates being measured with decreasing, than with increasing tempera-
tures (Figs 6,7). The behaviour of catalyst No. 2 represented a transition
between catalysts No. 1 and 3. Owing to their non-specific character, these
data are omitted.

Acta Chim. (Budapest) 70, 1971
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Dependence of the reaction rate on composition
at 890 °C

At a methane concentration of 25 v/iv % the concentration of oxygen was
varied. The results shown in Fig. 8 were obtained with catalyst grain No. 4, at
a total gas rate of 2400 cm3min.

Fig. 8. Variation of the conversion rate of oxygen and methane as a function of oxygen con-

centration. Symbols: « — 0 2in the direction of decreasing concentrations; H— CH4in the direc-

tion of decreasing concentrations; O — 0 2in the direction of increasingcon centrations; x — CH4
in the direction of increasing concentrations

The conversion rates of both methane and oxygen were dependent on
oxygen concentration. The stable region of operation was relatively narrow;
below an oxygen concentration of about 10 v/v %, carbon was deposited on the
catalyst grain, and above an oxygen concentration of about 20 v/v %, the
activity of the catalyst diminished, due probably to the oxidation of nickel.
Above 25 v/v °/0 oxygen concentration, the methane decomposition stopped.

The conversion rate of oxygen was independent of the life history, and
up to about 20 v/v °/0 was proportional to the oxygen concentration. If the
experiment was started with a mixture containing 6.7 v/iv % of oxygen, and
the concentration of oxygen was subsequently increased, the conversion rate
of methane was higher than in the case when the concentration of oxygen was
gradually decreased from an initial value of 22.8 v/iv %.

The effect of changing the methane concentration was investigated on a
gas mixture containing 11 v/v % of oxygen. It was found (Fig. 9) that the
catalyst is inactive in a gas containing less than about 10 v/v % of methane.
On increasing the methane content, the conversion rates of both oxygen and
methane changed towards a limiting value.

Acta Chim. (Budapest) 70, 1971
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Fig. 9. Variation of the conversion rate of methane and oxygen as a function of the concentra-
tion of methane. Symbols: # methane; O oxygen

Fig. 10. Rate of formation of the products as a function of methane concentration. Symbols:
X hydrogen; O carbon monoxide; [ carbon dioxide

Probably soot formation would begin at a sufficiently high methane
concentration, which, however, has not been attained in this experimental
series. The rates of product formation are shown in Fig. 10.

Evaluation of the results

The experimental results permit to conclude that the reaction rate is
determined by the diffusion of oxygen through the gas film surrounding the
catalyst grain.

Acta Chim. (Budapest) 70, 1971
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This is supported by the following findings:

1. Mass transport in heterogeneous catalytic reactions is due to diffusion
through the gas film surrounding the grain, and through the pores. The appar-
ent activation energy of a surface reaction is in general decreased by diffusion,
pore diffusion decreasing it by about 50%, and gas film diffusion to about
5—6 kcal. The slight temperature dependence of the conversion rate of oxygen
observed between 760 and 900 °C indicates that the rate is determined by
diffusion across the gas film.

2. The nickel surface of the fresh catalysts increases with the nickel
content, whereas the catalytic activity exhibited a limiting value from the
third member of the series. Assuming that the nickel surface does not shrink
while in use or shrinking does not affect the catalytic activity, the phenome-
non observed is indicative of the rate determining role of gas film diffusion.

3. During operation, the nickel catalyst must be in the reduced state.
Prettre et al. [2] activated the catalyst before use by reduction. Peters
and K appelmacher [13] proved that the catalyst remains in the reduced
state also during operation. It is known that metallic nickel can be oxidized
at high temperatures with molecular oxygen. Should the catalyst never-
theless remain in the reduced state during operation, it becomes inaccessible
for molecular oxygen, or should it be accessible, the oxide formed is immedi-
ately reduced by methane. When the reaction rate diminishes at low tempera-
tures, or the oxygen content of the gas mixture increases so that the catalyst
becomes accessible for oxygen, the nickel is oxidized and the reaction stops. Ac-
cording to the experiments shown in Figs 8 and 9, the oxidation of the catalyst
occurs when the concentration of oxygen is about the same as that of methane.

4. The rate-determining role of oxygen diffusion is also consistent with
the finding that the conversion rate of oxygen is proportional to the oxygen
concentration.

The single-grain method was suitable for clarifying the initial step of the
conversion of methane—exygen mixtures. In the starting mixture, the catalyst
grain can remain and function in the reduced state, because during diffusion
across the gas film the concentration of oxygen decreases practically to zero
before it reaches the surface of the catalyst.

Besides gas film diffusion, the catalyst can be ‘protected’” from oxygen
also by pore diffusion. This is supported by the results obtained with catalysts
No. 1 and 2. Indeed, oxygen consumption remains below the limiting diffusion
rate in this case, and changes relatively steeply with temperature. The protec-
tive action of the pores could not be verified at temperatures substantially
lower than 760 °C: and we did not find that catalysts with high nickel content
operated permanently below the limiting diffusion rate. This may be due pri-
marily to thermal effects. The ratio of the conversion rates of methane and
oxygen decreases with temperature, so that at lower temperatures the reaction
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becomes more exothermic and, consequently, the temperature difference
between the catalyst and the gas stream will be greater than at higher tempera-
tures (before extinction, it amounts to about 300 °C). It seems that the decrease
in reaction rate makes the heat transfer conditions of the catalyst grain unstable
below 760 °C, and extinction arises from the fact that rate of heat conduction
becomes higher than that of heat evolution.

The temperature of extinction is strongly dependent on the nature of the
catalyst. According to a plant method, the catalyst is tested by stopping the
heating of the catalyst bed, and by measuring the time of extinction with a
cold reactant feed [10]. The extinction temperature of our catalysts is relatively
high, so that the catalyst cannot function in a single-grain reactor with a cold
feed, and the gas must be preheated to at least 400—450 °C for the catalyst
grain to function.

It was observed in the reactor of the Gas Works of Obuda that in the
case of a cold gas feed the thermometer of the catalyst bed indicated a temper-
ature varying between 100 and 800 °C. When the gas was preheated, this
variation of temperature ceased.

A periodic fluctuation of catalyst temperature has been observed repeat-
edly also by us before the extinction of the reaction.

The similarity of the temperatures relevant to stable operation in the
case of the industrial and single-grain reactors permits to consider the results
obtained for the initial step ofthe reaction in the single-grain reactor valid also
for the industrial reactor.
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The conversion rate of oxygen has been measured on a single spherical catalyst
grain in a mixture containing 25% of methane and 75% of air at different feed rates.
In each case, the rate of oxygen conversion was found to be higher than the limiting
rate of diffusion that can be calculated from data in the literature. This difference can
be explained by the assumption that the conversion of the reactants is not restricted
to the surface of the catalyst, but takes place also in the layer surrounding the catalyst.
It could be proved by other experiments that the homogeneous reaction is not extended
to the flowing medium, but occurs only in the vicinity of the catalyst surface.

The rate of heterogeneous reactions generally increases with temperature.
This increase is limited by the fact that the concentration of the reactants de-
creases at the site of the reactions, the surface, because they can be replaced
only at a finite rate by diffusion from the bulk of the gas phase. In steady
state, the rate of diffusion is equal to the rate of the surface reaction. This
condition determines the concentration of the reactants in the vicinity of the
surface. With increasing temperature, the rates of reaction and diffusion increase
simultaneously. Atthe same time the surface concentration of the reactants de-
creases and at high temperatures, the concentration of the reactant present
in substoichiometric quantities approaches zero in the case of a smooth surface.
The limiting value of the reaction rate belonging to zero surface concentration
is called the diffusion controlled limiting rate.

In principle, the rate of heterogeneous reactions proceeding in porous
substances cannot attain the diffusion controlled rate, because the reactants
must penetrate to a certain depth into the pores to find an active surface and,
therefore, the concentration of the reactants cannot decrease to zero on the
enveloping surface of the porous body. If the path-length of diffusion is in the
order of millimeters and the pore size in the order of micrometers, the limiting
rate of diffusion in the vicinity of a porous solid cannot differ appreciably from
that pertinent to the case of the smooth surface.

At such temperatures, where the rate of the heterogeneous catalytic
reaction approaches the limiting rate of diffusion, it is to be expected in many
cases that the reactants undergo reaction also in the homogeneous phase. If the
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direction of the homogeneous reaction is different from that of the hetero-
geneous reaction, the composition of the product permits conclusions on the
homogeneous reaction. If the product composition is not indicative ofa homo-
geneous reaction, separation of the two kinds of reactions can be attempted by
the techniques customary in homogeneous reaction kinetics, i.e. by varying
the ratio of the homogeneous space and the heterogeneous surface. However,
the occurrence of the homogeneous reaction may require the presence of a heter-
ogeneous surface, taking place only in the vicinity of the latter in the diffusion
layer. In such cases, the presence of the homogeneous reaction can be detected
by sampling with a microprobe. Ribaud and Valentine [1] burned a hydro-
gen—air mixture, originally at room temperature, on a preheated platinum
surface. They have shown that at temperatures higher than 700 °C, hydrogen
does not reach the surface of platinum, but its concentration decreases to zero
already at a certain distance from the surface. Here a relatively simple explana-
tion can be given for the homogeneous reaction of hydrogen. Upon approaching
the heated sheet, the temperature increases, and thus the conditions become
increasingly favourable for the homogeneous reaction. The reaction of hydrogen
occurred always inthat zone in which the temperature attained about 700 °C.
We know also from other sources that the ignition temperature of air containing
a few per cents of hydrogen is in the vicinity of 700 °C [2].

The investigation of the diffusion layer with a microprobe involves great
experimental difficulties and it is doubtful whether the gas composition remains
unchanged during sampling since secondary reactions may take place. The
possible role of rapid homogeneous reactions in homogeneous—heterogeneous
mechanisms can be evaluated by a simple method, viz. the reaction rate meas-
ured should be compared with the limiting rate of diffusion calculated for the
given heterogeneous surface. If the reaction rate is higher than the limiting
rate of diffusion, the presence of a homogeneous reaction is unequivocally
established.

The catalytic reaction of methane with air is very fast, so that Peters
et al. [3] could not force a breakthrough of oxygen in their laboratory reactor
because oxygenreacted completely even at a residence time as short as4 X 10 3s.
Peters et al. have concluded from this finding that the reaction is probably
partly homogeneous, although they have offered no direct experimental
proof.

Hougen and W atson [4] describe a method for the calculation of the
limiting rate of diffusion in a granular catalyst bed. By means of this method
we calculated thatin the experiments reported by Peters etal. a residence time
of about 2x10~3swould have been sufficient for the reaction of 99% of the
oxygen introduced, if the reaction rate had been equal to the limiting rate of
diffusion. Thus, without doubting the likelihood of a homogeneous reaction
between methane and air, it can be established that a high reaction rate, as
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found in the experiment cited, is not sufficient proof for a homogeneous
reaction.

In the first part of this work [5] we have concluded from the characteris-
tic properties of methane partial oxidation that diffusion plays a decisive role
in the reaction. We checked this finding by the calculation of the diffusion rate.
The method of Hougen and W atson mentioned above cannot be used because
it does not apply to a single catalyst grain.

Component transfer to and from a single grain
in flowing gas

The rate of component transfer is influenced primarily by the concentra-
tion difference of the diffusing component between the flowing gas and the
surface of the grain. All the other effects are expressed in the relationship
between the rate and the concentrations by a single component transfer coeffi-
cient. Thus the definition equation of the component transfer coefficient is:

ka= Vo "
f(*A, *a)

The function f should be such as to make the component transfer coefficient
independent of the concentration of the diffusing component. Unfortunately,
the composition influences the component transfer coefficient also indirectly,
through the physical properties of the gas mixture, so that the form of the
function can be established only by theoretical considerations (cf. later).

The component transfer coefficient depends on many factors. A rela-
tionship of practical use will be obtained if the variables are taken into consid-
eration in the form of dimensionless parameters that can be deduced from the
general differential equations pertinent to the phenomenon.

The Nusselt number expresses the component transfer coefficient in a
dimensionless form, being a function of the path-length of diffusion

Yy Characteristic dimension of the grain

. . (2)
Path-length of diffusion

On the other hand, the path-length of diffusion is a function of the properties
of the flowing gas, which can be given by the Reynolds number

Re=114a . (3)
\
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and by the Schmidt number
Sc = — (4)
D
Eventually, the results of component transfer measurements can be expressed
by the function

Nu = g(Re, Sc) ()

The form and constants of this function are determined by the shape of the
grain.

We searched the literature for component transfer rate measurements
with which our own results could be compared.

From the viewpoint of component transfer, the most extensively inves-
tigated shape is the sphere. This is due to the fact that spherical grains or
droplets, which can be regarded as independent, single particles are involved in
many chemical operations. According to Refs [6, 7], the experiments of
Rajvz and Marshall [8] can be considered reliable. These authors measured
the evaporation rate of pure liquid drops in air, and summarized their results in
the following equation:

Nu =2.0+ 0.6 Rel2 Sc13 (6)

This equation was regarded as the basis of comparison. Since our earlier
single-grain experiments had been carried out on a cylindrical grain [5], they
had to be repeated with a spherical grain.

In the evaluation of the experimental results, we had to clarify the follow-
ing problems that arose in the calculation of the above dimensionless param -
eters for a heterogeneous reaction.

(1) Calculation of the component transfer coefficient;

(2) Interpretation of the physical quantities involved in Re;

(3) Effect of the temperature difference between the grain and the gas
stream on the component transfer rate.

Description of the experiments

Spheres were ground from the nickel catalyst on ceramics carrier. The spheres were fixed
on the tip of a thin quartz thermoelement sleeve, and introduced into an empty quartz tube
with a diameter of 17 mm. The tube was heated in an oven to 750 °C, and a mixture of 25%
methane and 75% air was passed through the tube. The oxygen content of the product was
determined by gas chromatography. In our experiments the grain size and the flow rate of
the gas were varied. Catalyst grains with 0.50; 0.78 and 0.90 cm in diameter have been studied.
As the same conclusions could be drawn from the results of all three series, numerical values
will be given here only for one series of experiments (Table I). Temperatures were measured
with a standard Pt-PtRh thermocouple in the middle of the grain. The gas volume refers
to 25 °C and 1 atm.
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Table 1
Variation of the conversion rate of oxygen as a function of the gas rate

Diameter of the catalyst grain: 0.78 cm

te%aptéarlz){tstﬁre Gas—ﬂow. rate rat%or(;\f/e 5S>_<'38en conEerrrs%(r)nOfrate Af\;%réatgljgnnge foo, X 10e
°C cm3min cm3min cm3min oxygen mole cm- *s-1
875 1388 88 0.127 265
876 1360 84 0.127 251
875 1374 87 0.127 260
865 2620 75 0.140 206
864 2624 80 +6 0.140 218
865 2623 78 0.141 212
859 2616 80 0.141 217
860 1862 77 0.132 221
865 1866 78 0.132 225
872 960 87 0.110 299
876 960 91 0.109 315
860 3926 65 0.154 164
859 3886 69 + 10 0.154 172
858 3920 68 0.155 169
858 2934 67 0.150 172
860 2890 69 +7 0.149 179

Calculation of the component transfer coefficient and Nu

The form of function corresponding to Eq. (1) can be derived from the
Stefan —Maxwell equations. Accordingly, in a mixture of K components the
relationship between the concentration gradient of component A and the diffu-
sion rates is:

= j *aN, - X,NA 7
Jlél\]cuAi(a ) (7

(summation must be carried out with respect to all the components); here
c is the total concentration, and DAi is the diffusion coefficient of the
mixture of A and i. Eq. (7) becomes considerably simplified if a mean diffusion
coefficient is written instead of the DAIi values. According to Hougen and
W atson [4], the mean diffusion coefficient of component A is:

oa(l —xA)= 2?XiDAi (8)
=B
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The relationship between the Ni values is given by the surface reaction. In our
case the stoichiometry of the surface reaction cannotbe expressed by a simple
equation. However, according to experimental data published in our previous
communication [5], the following equation is approximately valid in the
temperature range between 850 and 900 °C:

CH4+ 02= CO+ H2+ H2 9)

If this reaction proceeds on the catalyst, the diffusion rates are interrelated in
the surrounding gas layer as

iVco= iVH2= N Hi0 = N CHt = N 0l (10)

Considering Eqs (8) and (10), Eq. (7) can be written in the following form:
D o> Ic~d" = NO2(l + x0i)_ (11)
z

The integral of this equation gives the form of the function in question. Inte-
gration is performed for the simplest model: the diffusion layer is planar with
a tickness of g the mole fraction of oxygen at the gas-side boundary of the
layer is %or, and at the surface xq,.

Integration gives:

c DO, N 0, —. /:9
N

------ flem-mm— O > =fc°2
d In 02

1+ *or

This equation can be rearranged to indicate the mode of calculation of Nu:

Nu=—=-~7i- (13)
5 ¢.DOt

Calculation of the physical properties of the gas mixture

The diffusion coefficient of two-component mixtures has been calculated
by the formula of Gittitand [4]:

T3 /o1 1
Dab = 0.0043 - [ S L — R (14)

— |/
iW +n/f321 MA mb
Data used for the calculation are summarized in Table II.
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Table 11

Data used for the calculation of diffusion coefficients

Substance M i
02 32 25.6
n2 28 31.2
ch4 16 29.6
CO 28 30.7
HD 18 18.9
Ho 2 143

The average diffusion coefficients of oxygen and methane were calculated
from Eq. (8). In accordance with reaction (9) and under the assumption that
the mole fraction of oxygen is zero on the surface ofthe catalyst, the calculations
were carried out with the following average mole fractions in the diffusion
layer:

*02= *CO0= *n20 = *n2= 0.072;

xCHt = 0.160; xNs = 0.552.

The average molecular mass of the diffusion layer is 23.7. The results of the
calculations are summarized in Table III.

Table 111

Physical properties of the gas film surrounding the catalyst

. io3
TemPIE(fathe poislep cmDZC-'-lsLI chZDE)’s_]. ge-xcln?-3 S'CH, SCO,
900 326 1.12 1.02 0.322 0.88 0.99
1000 350 131 1.20 0.289 0.92 1.01
1100 369 151 1.38 0.263 0.93 1.03
1200 398 1.73 1.57 0.241 0.95 1.06

The viscosities of the diffusion layer and the flowing gas have been
calculated by the method of Watson and Uyehara [4] (Table Il11), which is
based on the theorem of corresponding states. The error in calculating the
viscosity of gas mixtures containing hydrogen is estimated to be about 10%.
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Calculation of Nu

According to our assumption [5], in the temperature range between 760
and 900 °C the rate-determining process is the diffusion of oxygen. In other
words, the surface concentration of oxygen is zero. This assumption permits to
calculate the component transfer coefficient of oxygen by substituting zero in
Eq. (12) for the surface mole fraction of oxygen. The mole fraction in the
gas phase is replaced by the arithmetic mean value of the mole fractions
measured in the feed and in the product gas.

From the experimental conversion rate of oxygen (Table I, Column 3),
the average diffusion rate referred to unit surface has been calculated with the
following formula:

conversion rate of oxygen mol

ivn, — : (15)
60.24500 grain surface cm2s

Into expression (13) of Nu, the following constants referring to the mean
value (1080 °K) of the average gas temperature and the average catalyst
temperature (Table I, Column 1) have been inserted:

c - 1.13X10“5mol ecm®3; d= 0.78 cm; £>02= 1-35 cm2es“1l

The Nu values calculated from the average results of measurements carried out
at the same gas velocity are shown in Column 2 of Table IY; the error of Nu
arising from errors in the measurement of the conversion rate are listed in
Column 3.

Tabic IV

Summary of data

Re
Gas_rate Error
Nu
mn of Nu e, min
1370 13.3 0.8 54 27
2620 10.9 0.9 104 52
1870 11.3 0.7 72 36
960 15.7 0.7 38 19
3900 8.6 13 154 77
2910 9.0 1.0 114 57
Diameter of the grain: 0.78 cm
Schmidt number
As can be seen from Table Ill, the Sc values relative to oxygen are

approximately equal to unity within the experimental error.
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Reynolds number

In the evaluation of the experiment, the calculation of the Reynolds num -
ber, Re, presented the most problems since Ranz and Marshall [8] determined
the component transfer coefficient in a medium which could be considered
infinite. This was easily done in their case because they measured the amount
evaporating from aliquid drop, and replenished the liquid from a microburette.
The error of this method is independent of the magnitude of the gas volume.
The above authors substituted into the Re formula the flow rate of the gas,
flowing pluglike and undisturbed, at a large distance from the grain.

Such a well-defined situation cannot be created in studying the relation-
ship between a heterogeneous reaction and diffusion because the degree of
conversion of the gas mixture has to be measured, and the gas : catalyst ratio
cannot be increased arbitrarily. The problem is to estimate that gas rate at
which an extensive gas flow should be moved (let uscall this the equivalent rate)
to produce the same component transfer rate on the catalyst placed into the
said gas stream as that in the given narrow reactor.

If we would cut out from a medium of very great extent, moving at the
equivalent rate in pluglike flow, an imaginary cross-section corresponding to
that of the reactor, the average flow rate would be higher in this cross-section
than in the annular cross-section of the actual reactor, because friction along
the walls of the actual reactor slows down the gas.

Owing to this effect, the estimation of the equivalent rate is rather
uncertain. In the calculation of Re, the average flow rate in the space between
the grain and the reactor wall was taken as the lower limit of uncertainty of the
equivalent rate, and the double of this rate as the upper limit.

A further uncertainty in the determination of the velocity arises from the
fact that natural convection, due to temperature and density differences,
occurs besides forced flow. According to Krischer and Loos [7], the velo-
city of free convection flow is

TM?

d (16)
9 M

where the superscript srefers to properties valid at the surface ofthe grain, and
the superscript oto those valid at great distances from the grain. If the direction
of the natural convection flow is the same as that of forced flow, the two
velocities have to be added. Upon substituting into Eq. (15) M° = 25.6;
Ms— 22.1; Ts= 1130 and T° = 1010 K, one obtains v= 15 cm e¢s-1. This
value is about one half of the error of the equivalent gas velocity at the lowest
gas-flow rate (960 cm3emin-1), and about one tenth of the error at the
highest rate, therefore we did not take it into consideration.
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Evaluation of the results

The results of calculations are summarized in Table IV. The data were
also plotted on a diagram (Fig. 1) with Nu values on the ordinate and log
Re Sc23values on the abscissa. The function determined by F2m=eand N<—=
shall (Eq. 6) is also plotted on the diagram. D ata measured at the highest gas

Fig. 1.

velocities agree within experimental errors with the data published in the
literature, whereas at lower velocities a systematic deviation occurs. In the
extreme case, the Nu number determined by us is two to three times the
calculated value, i.e. the reaction rate of oxygen is 2—3 times higher than
would be possible in a pure surface reaction.

The results of calculations on diffusion can be explained solely by the
fact that besides a heterogeneous reaction (occurring on the surface) there is also
a homogeneous reaction.

The question arises, what connection exists between this homogeneous
reaction and the heterogeneous reaction. A closer connection can be assumed
between the two reactions if the homogeneous one proceeds only in the vicinity
of the surface. A looser connection is to be expected between the homogeneous
and the heterogeneous reactions if the homogeneous reaction extends over the
whole reactor. To elucidate this problem, we repeated the experiments in which
the position of the grain was varied (for the description of the experiment cf.
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Ref. [5]). Under the conditions of this experiment the measured rate of oxygen
conversion was about twice as high as the calculated limiting rate of diffusion,
and the rate of oxygen consumption was independent of the position of the
grain. This means that the predominant part of the homogeneous reaction takes
place within a few millimeters from the grain surface.

At the temperature and gas velocity used, the gas feed does undergo
reaction without a catalyst in the homogeneous phase. It is therefore to he
assumed that the homogeneous reaction observed in connection with the heter-
ogeneous reaction was initiated by the catalyst.

Notations and dimensions

A, B notation of the selected component

c total concentration (mol ecm-3)

d grain diameter (cm)

D diffusion coefficient (cmX-1)

g gravitational acceleration(cm s-2)

1 general notation of the component

ki component transfer coefficient (molcm-2 s-1)
K number of components

Mj molecular mass (g mol-1)

N/ diffusion rate (mol cm-2 s-1)

Nu Nusselt number

Re Reynolds number

Sc Schmidt number

T absolute temperature (K)

Vj molecular volume for the calculation of the diffusion constant
\Y% gas velocity

2 distance

X/ mole fraction

0 thickness of the diffusion layer (cm)

H dynamic viscosity (g/cnr 1s-1)

\% kinematic viscosity (cm2s-1)

Q density

o] value at the external boundary of the gas film

S value at the enveloping surface of the catalyst grain
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The anodic behaviour of iron was studied by a potentiostatic method in sodium
acetate, perchloric acid and sodium perchlorate solutions prepared either with anhy-
drous acetic acid or acetic acid-water mixtures. In sodium acetate solutions passivation
is observed only in the presence of water. However, in solutions of perchloric acid and
its sodium salt passivation occurs only in anhydrous media. This phenomenon can be
explained by the different properties of ion pairs formed in the solutions.

In a previous paper [1] we reported our study on the anodic dissolution
of activated iron in anhydrous acetic acid. It has been established, among
others, that under the conditions studied the rate of the anodic dissolution of
iron increases with increasing acetate ion concentration. This paper deals with
the passivation of iron in anhydrous acetic acid and in water-acetic acid
mixtures. W ater is known to play an important role in the passivation of
metals. This fact was emphasized by several authors [2—9] and was confirmed
by some experiments relating to the passivation of metals in non-aqueous
solvents [6—9]. In the latter studies the absence of passivation has been estab-
lished on the basis of potentiostatic curves in anhydrous solvents. The appear-
ance and development of passivation are significantly affected by anions
present in the solution [4, 6, 10—12] and deformations in the metals [13].

So far, the passivation of iron in acetic acid solutions has not been
studied in detail. A short reference to such investigations can be found in a
recent paper by Heitz [14].

Experimental

The potentiostatic current-potential curves were obtained using a Type 1P-41UB po-
tentiostat. The potential set by the potentiostat was checked by a Radelkisz Type OP 205
precision pH-Titrimeter. The potential was usually changed in steps of 50 or 100 mV and after
a waiting period of 3 min the value of the current across the electrodes was read. Usually no
change in the current across the electrodes was observed after this period. The electrode poten-
tials given below ((p) refer to the saturated aqueous calomel electrode. Since it was the form of
the potentiostatic curves that served as a basis of our conclusions, the diffusion potentials
could be neglected.

The measurements were performed in vessels described earlier [1, 15]. The quality of
iron and other chemicals as well as the method of preparing the experimental materials were
similar to those described in a previous paper [1].
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Results and discussion

The potentiostatic (pvs. Ig i curves (i is the current density) determined
foran iron electrode immersed into a water—acetic acid mixture containing 0.5 M
sodium acetate are shown in Fig. 1. It can he seen that the iron electrode is
passivated in all cases except in the solution prepared with anhydrous acetic
acid.

W ith increasing the acetic acid content of the solution the rate of dissolu-
tion measured in the passive region is increased. The rate of anodic dissolution

f [mV]

Fig. 1. Potentiostatic polarization curves Fi9. 2. Potentiostatic polarization curves
for iron electrodes immersed into a 0.5 M  recorded by sweeping the potential in posi-

CHgCOONa solution. Composition of the tive (A) and (+) opposite directions in a
solvent: 1 — anhydrous acetic acid, 2 — 90% 05 M CH3COONa  solution.  Solvents:
acetic acid + 10% water, 3—50% acetic 1- 90% CH3COOH + 10% H,0, 2- 50%

acid -f- 50% water, 4 — 100% water CH3COOH + 50% H20

in the active state at sufficiently positive potentials is, however, increased
upon increasing the water content (at the examined compositions of solutions).
The curves shown in Fig. 1 were obtained by passing from negative to positive
electrode potentials. Upon varying the potential in the opposite direction,
hysteresis is observed in the cases represented by curves 2 and 3 shown in
Fig. 2.

In Fig. 3 the potentiostatic curves obtained in a 0.15 M sodium acetate
solution are shown. The shape of the curves depends upon the water content
similarly to the cases shown in Fig. 1.

From the exprerimental results the conclusion can be drawn that the
passivation of iron in acetic acid solution of sodium acetate is observed only
in the presence of water, in agreement with the results of other authors [6—09]
relating to non-aqueous solutions.
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In Fig. 4 are shown the potentiostatic curves obtained for iron immersed
in anhydrous and aqueous acetic acid solutions containing 0.5 M HC104 It
can be seen that, in contrast to literature data referring to non-aqueous solvents

Fig. 3. Potentiostatic polarization curves recorded in a 0.15 M sodium acetate solution. Sol-
vents: 1 — anhydrous acetic acid, 2 — 96.7% CH3COOH -f- 3.3% H.,0, 3 — 90% CH3COOH
+ 10% H,0

f CmV]

Fig. 4. Potentiostatic polarization curves recorded in a 0.5 M perchloric acid solution. Compo-
sition of the solvent: 1 — anhydrous acetic acid, 2 — 98% CH3COOH -j 2% H 20, 3 — 90%
CH3COOH + 10% H20

as well as our results on sodium acetate solutions, the shape ofthe potentiostatic
curve obtained in anhydrous solution indicates passivation, whereas the
presence of water eliminates passivation, i.e. iron cannot be passivated. In the
region corresponding to the dissolution of activated iron the rate of anodic
dissolution increases with increasing water concentration in agreement with
the data reported in a previous paper [1].

Potentiostatic polarization curves of similar shape can be obtained by
changing the concentration of perchloric acid in the range of 0.1—0.5 M.
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The potentiostatic curves obtained in 0.2 M sodium perchlorate solutions
prepared with acetic acid are shown in Fig. 5. Thus a slight passivation is
observed in anhydrous media as the potential becomes positive. This passiva-
tion is, however, eliminated by adding 2% of water.

To study the behaviour of the iron electrode immersed into a solution
containing sodium acetate, perchloric acid and its sodium salt, the effect of
stirring the polarization curves was examined using a rotaring disc electrode.
It was found in these experiments that the speed of rotation practically does

Fig. 5. Potentiostatic polarization curves recorded in a 0.2 M NaC104 solution. Solvents:
1 — anhydrous acetic acid, 2 —98% CH3COOH 2% H20

not affect the shape of the potentiostatic curves. If perchloric acid or sodium
perchlorate is used, the shape of the potentiostatic curve does not change
with the speed of rotation of the electrode in the active region; in the passive
region, however, the current intensity increases significantly and no current
density drop, characteristic of passivation, can be observed when the potential
becomes positive. This phenomenon can be seen in Fig. 6, where potentiostatic
curves are shown recorded at various rpm values of a disc electrode immersed
into a 0.2 M HC104 solution.

On the basis of these results the following can be established: in the
first case (CH3COONa solution) the passivation, occurring when water is added
to the solution, is probably caused by an oxide layer formed on the iron surface;
the dissolution of this layer is independent of the hydrodynamic conditions.
However, in the second case (anhydrous solution of perchloric acid and its sodi-
um salt), passivation is due to the accumulation and slow removal ofthe product
of dissolution at the electrode surface as well as to the low rate at which the
component promoting dissolution (e.g., acetate ions) arrives upon the surface.
In this case the situation is similar to the dissolution of iron in aqueous NacCl
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solutions, applying high current densities, where the appearance of passivation
is controlled by convective diffusion [16, 17].

As for the role of water, it increases the rate of dissolution in the active
state in all cases. This effect can probably be explained by the adsorption of
water on the surface and by its contribution to the formation of the solvate shell
promoting anodic dissolution. On the other hand, water increases the con-
centration of acetate ions in the solutions, as has been shown in an earlier
paper [1]. This process increases the rate of active dissolution. In solutions con-

Fig. 6. Kffect of speed of rotation of the electrode on the shape of the potentiostatic curve
recorded on 0.2 M HC104solution prepared with anhydrous acetic acid. The rpm of the rotating
disc electrode: 1 —/= O0Omin-1, 2 —f= 230 min-1, 3 —/= 1320 min-1

taining perchloric acid and sodium perchlorate a similar effect prevails at
potentials corresponding to passivation; however, it is probably combined
with the increased solubility of the product of anodic dissolution upon the addi-
tion of water. This assumption is supported by the significant increase in the
solubility of iron(l1) acetate in the presence of water. Thus, according to our
preliminary measurements the solubility of iron(ll) acetate in anhydrous
acetic acid containing 0.5 M HCIO,, is 0.46 g/100 ml, whereas in a mixture of
90% acetic acid -)- 10% water,0.5 MHC104added, the solubility is 3.5 g/100 ml.
A similar increase of solubility upon the addition of water is observed in
sodium acetate solutions.

The results obtained in these experiments are probably affected by the
difference between the character of interaction of water and the dissolved
components in the two solutions. In the first case [[CH3COOH)2Na+CH~COO"]
complexes (ion pairs) are probably presentin the solution. The addition of water
to the solution does not destroy these complexes. In anhydrous perchloric acid
solutions [(CH3COOH)2H +C104] complexes are present. When water is added
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to the solution the following reaction may take place [1], since the proton is
more strongly bounded by water than it is in the complex,

[(CH3CO0H)2H +C104] + H20 s (CH3COOH)2+ (H30+CHOT).

In this case the ion pair contains hydroxonium ion, which makes passiva-
tion impossible. However, in sodium acetate solutions, at certain potentials,
the water adsorbed on the electrode surface permits the formation of a pro-
tective layer whose rate of dissolution is independent of the hydrodynamic
conditions.

From the results reported above and in our previous paper [1], the
conclusion can be drawn that the anodic dissolution of iron takes place by an
electrochemical mechanism, in agreement with Heitz’s assumption [14].

However, our results appear to be at variance with the remark of the
above author according to which the passivation observed in monocarboxylic
acids is due to a Me(Carb)n protective layer. Our view is supported by the
experimental fact that in sodium acetate solutions passivation can be observed
only in the presence of water (see Figs 1, 2).
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POLYMERIZATION OF ACRYLAMIDE
WITH THE REDOX SYSTEM KZ,08ASCORBIC ACID
IN AQUEOUS SOLUTION AT ROOM TEMPERATURE*
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(Textile Research Institute, Budapest)

Received May 20, 1970

Acrylamide was polymerized in aqueous solution at room temperature with the
redox system potassium persulfate-ascorbic acid. The kinetical course of polymeriza-
tion was followed iodometrically. The effect of monomer and initiator concentrations
on the rate of the reaction was studied and a kinetical equation for the over-all rate was
established. The role of the solvent as a chain transfer agent was also investigated.

Finally, the dependence of the number average degree of polymerization on the
initial monomer concentration as well as the initiator-activator concentration and tem-
perature were determined.

Recently polyacrylamide has found use in many fields, e.g. as a flocculant
or sizing agent. Therefore polymerization studies on acrylamide monomer are
of great importance.

The aim of our investigation was to polymerize acrylamide in aqueous
solution with redox systems at room temperature. Preliminary studies were

made to find redox systems which are effective at room temperature. Table |
illustrates such redox systems.

Table 1

Redox systems effective at 25 °C

N. Activator % a 8_|
£

Asco:jbic _ (q] K K

aci o 1 r g.

N & OCI'I H: .

Initiator £a 8 a 6 ‘;Q
H20 2 + + + + + +

K2520 8 + + + + +
<NH42520 8 + + + -f +

* Presented at the IUPAC International Symposium on Macromolecular Chemistry
Budapest, 27th August, 1969. (Cf. Kinetics and Mechanism of Polyreactions 5/12.)
** Present address: Central Research Laboratory for Colouristics, Budapest, Hungary.
*** Present address: National Research Centre, Cairo, UAR.
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All these systems successfully initiated the polymerization at room tern -
perature.

The redox system potassium persulfate-ascorbic acid proved to be the
most effective, therefore it was subjected to detailed kinetical investigations.
The kinetic course of polymerization was followed iodometrically. Fig. 1 shows
the instantaneous monomer concentration at time t as a function of the
different powers of the monomer concentration.

t [sec. t0'2]

Fig. 1. Kinetical course ofthe polymerization of acrylamide. [M0] = 2.816 mole/l; [K2S20 8] =
1.5 X 10-2 mole/l; [ascorbic acid] = 1X10-2 mole/l; pH = 4.5; temp. = 25 °C

As can be seen in Fig. 1, a linear relationship exists only at [iVf] 1'2
therefore
[M]~4» = K1t + e (I)
where kx = the slope
¢ = the intercept of the straight line.
By differentiating we get:

d[M] = 2fcitm 1312 (2)
dt

The dependence ofthe rate of polymerization on the concentration of the
redox system is shown in Table Il and in Fig. 2. The rate of polymerization
has half-order dependence on the concentration of the redox system.

The value of the over-all rate constant proved to he fairly constant,
K = 0.15 + 0.04 1/mole.sec.
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Table 11
Dependence of the rate of polymerization on the concentration of the redox system ascorbic
acid
([M0] = 1-408 mole/l; pH = 4.5; temp. = 25 °C)

[1]1 X 103 mole/Il Time, min. Rate, % min. o -moIeK- 1esec~1
3.06 15 2.46 0.19
6.16 15 3.15 0.14
12.3 10 3.82 0.11
24.5 10 4.58 0.16

Fig. 2. Initial rate of polymerization of acrylamide as a function of the square root of the con-
centration of the initiator system. [MO0] = 1.408 mole/l; pH = 4.5; temp. = 25 °C

These results can be explained assuming that a steady state condition
exists, as follows:

vi=k,[11[M] (3)
vp = kp[R-1[M] 4)
V, = k, [R-Y (5)

where kt, kp, kt are the rate constants for the initiation, propagation and
termination, respectively.

Under stationary-state conditions, the rate of initiation equals that of
the termination, i.e.:

v, = 3

k,[11[M] =k, [K]2

[R12= p[i] [

[«e] = -W/]°-5[M]05 ©
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By substituting the value of [ R-] obtained from Eq. (6) into Eq. (4) we get:

&= «V = - = K ifA . [J]05[M ]15 7
t IKI[] [M] (7

It can be concluded that in the polymerization of acrylamide in aqueous
solution initiated by potassium persulfate-ascorbic acid, the monomer par-
ticipates in the initiation, and termination takes place between two growing
radicals.

The number average molecular weights (Mn) of the polymers were
determined in order to investigate their dependence on the initial monomer
and initiator concentrations as well as the temperature.

Viscosity measurements were carried out in liV sodium nitrate solution
at 30 °C, according to Eq. (8) [1]

Mafc - 6.8 X 10%* Ll e (8)

Table Il shows the pertinent data and Fig. 3 represents the relation
between the initial monomer concentration and number average molecular
weights of the resulting polymers; it can be seen that a proportionality exists
between them having a first order dependence. This is in good agreement
with Rodriguez’s statements concerning persulfate—metabisulfite and persul-
fate-thiosulfate redox systems [2, 3].

Table 111

The number average molecular weight of polyacrylamide (M n) versus the initial monomer
concentration [\701
([/] = 6.16 X 10-3 mole/l; pH = 4.5; temp. = 25 °C)

[MO] mole/1 Mnx 10 6 Pn 1 xio-s [S1/[M] mole/1
rn
0.704 0.388 547 1.83 78.8
1.408 0.689 970 1.03 39.4
2.112 0.809 1140 0.88 26.3
2.816 1.427 2010 0.49 . 19.7

The chain transfer to the solvent was determined according to Mayo [4]:

9
Po [M]
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LMD] mole /I

Fig. 3. The number average molecular weight of polyacrylamide (M n) plotted against the initial
monomer concentration [MO0]. [J] — 6.16 X 10~3 mole/1l; pH = 45; temp. = 25 °C

where -=- is the reciprocal value of the number average degree of polymeriza-
*
0
tion in the absence of a transfer agent, and Cs is the transfer constant to the
1
solvent, [S] being the concentration of the solvent. The values of Cs and -g—

were calculated on the basis of Table 111 and Fig.4, by the mean value method.

1S]
Livo]

1 -5 -5
p6=22 10 Cs=2.06 10
Fig. 4. Effect of chain transfer of water on the molecular weight of polyacrylamide.

[/] = 6.16X 10-3mo|e/1;-i-0: 0.022X 10%2 Cs= 2.04X10-5
*
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Cswas found to be equal to 2.04 x 10 5,whereas ! was 2.2 x 10 4, and hence
&

P 0= 4.545, which value represents the maximumotheoretical degree of poly-

merization that can he attained in the absence of a transfer agent under the

given experimental conditions. This value corresponds to the number average

molecular weight Mn= 322.695.

The effect of initiator concentration on the molecular weight of poly-
acrylamide formed in the presence of redox systems has been reported by
different authors to be of a complex controversial nature [2, 3, 5, 6], therefore
this question was investigated in detail in the present work.

The dependence of the number average molecular weight of polyacryl-
amide on the persulfate-ascorbic acid concentration is given in Table 1Y and
Fig. 5.

Table IV

Dependence of the number average molecular weight of polyacrylamide
on the persulfate-ascorbic acid concentration

(IM0] = 1.408 mole/l; pH - 4.5; temp. = 25 °C)

YN Angxio-* Mnx 10-* Pn 4p_ Xio3
2.17 1.85 2610 0.38
4.36 1.75 2469 0.40
8.73 0.69 970 1.03
17.46 0.69 970 1.03

The relation between the molecular weight and the concentration of
potassium persulfate—ascorbic acid is inversely proportional, i.e. the plotting
of the reciprocal molecular weight and number average degree of polymeriza-
tion against the square root of the initiator-activator concentration gives a
straight line*.

Its interceptis and the slope \ 2kiktjkp, where ktris the rate constant
for the chain transfer; thus the above mentioned terms can be estimated. The
former value was found to be 1.78 x 10-4, while the latter equals 6.51 x 10-2,
both calculated by the mean value method. The intercept also represents
1/P0 and hence the theoretical number average molecular weight (Mn) that
can be reached equals 3.9X 10s. This value is in good agreement with that of
the chain transfer to the solvent.

* The mathematical relationship is as follows:

A_=bu+ YK V[Tf

Pn kp kp ' \M 0]
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Fig. 5. Reciprocal of the number average degree of polymerization i"=—I against
IPny tMol

The effect of temperature on the molecular weight was examined within
the range 25 to 60 °C, as shown in Table ¥ and Fig. 6. (In the experiments the
possible network reactions were neglected.)

Table V

The effect of temperature on the molecular weight of the resulting polymer
([IM,] = 1.408 mole/l; [/] = 6.16X 10-3 mole/l; pH = 4.5)

Tempera-

ture, °C 1/T x 103, Mnx i0-®
25 3.35 0.69
35 3.24 0.59
50 3.09 0.29
60 3.00 0.06

Fig. 6. Effect of temperature on the molecular weight (Mn). [JVf0] = 1.408 mole/l;
[/1 = 6.16X 10-3mole/l; pH = 45
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In one of his papers [2] on acrylamide polymerization initiated by per-
sulfate—metabisulfite, Rodriguez stated that the temperature had no effect
on the molecular weight, whereas in one of his other publications [3] where
persulfate—thiosulfate redox system was used, results different from the former
one were obtained. In our investigations as indicated in Fig. 6, the molecular
weight is inversely proportional to the temperature in a system initiated by
potassium persulfate-ascorbic acid. A plot of the number average molecular
weights against the reciprocal absolute temperatures gives a straight line.

Finally endeavours were made to estimate the rate of initiation of the
polymerization under consideration.

In principle, the velocity of initiation of a free radical polymerization
can be obtained from studies of the over-all rate of the polymerization and
number average molecular weight of the resulting polymer [7]. The following
two equations can be applied:

_ N ~ = N_
«V = F:jt K p}[ K [M] (10)

and

1 (Minityiz , K u)

pn kp[M] 1 kp

In the cases where chain transfer to the monomer can be considered
negligible, elimination of kp[M]/k]i2from Eqs (10) and (11) gives the following-
relation [7]:

~~ = vimt 12)

Table VI

Change of the rate of initiation with the monomer concentration
([/]] = 6.10X 10-3 mole/l; pH = 4.5; temp. = 25 °C)

Rk V” MO

% min mole/1.sec X10*

0.704 2.32 2.72 547 0.5
1.408 3.82 8.96 970 0.9
2.112 6.84 24,0 1140 21
2.816 9.74 45.9 2010 2.3
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Table VII

Change of the rate of initiation with the concentration of the redox system
(IM0]= 1.408 mole/l; pH = 4.5; temp. = 25 °C)

vor Olmt X 10%
mole/lxt03 %/min mole/1.secx 104 P n{orﬁne?l(sec

1.54 2.46 5.76 2610 0.21
3.08 3.15 7.38 2469 0.3
6.16 3.82 8.96 970 0.9
12.32 4.58 10.75 970 11

Fig. 7. Change of the rate of initiation with Fig. 8. Change of the rate of initiation with
the monomer concentration. [/] = 6.16X 10-3 the concentration of the redox system’
mole/l; pH = 4.5; temp. = 25 °C [MO0]= 1.408 mole/l; pH = 4.5;temp. = 25°C

Assuming that chain transfer to the monomer is negligible (which is
the most general case), the rate of initiation can be determined from Eq. (12).
Tables VI and V11l as well as Figs 7 and 8 show the obtained data from which
it can be seen that the rate of initiation is proportional to the initial monomer
and initiator concentration as a consequence of Eq. (3). It amply supports the
fact that the monomer is also taking part in the initiation step.

REFERENCES

Collinson, E., Dainton, F. S.,, McNaughton, G. S.: Trans. Farad. Soc. 53, 476 (1957)
Rodriguez, F., Givey, R. D.: J. Polymer Sei. 55, 713 (1961)

Riggs, J. P., Rodriguez, F.: J. Polymer Sei. (A-1) 5, 3167 (1967)

Mayo, F. R.: J. Am. Chem. Soc. 65, 2324 (1943)

Riggs, J. P.,, Rodriguez, F.: J. Polymer Sei. (A-1) 5, 3151 (1967)

Suen,T.J.,, Yuan, Jen., Lockwood, J. V.: J. Polymer Sei. 31, 481 (1958)

Priest, W. J.: Polymerization and Polymer Reactions, p. 483

NogokwhE

Istvdn Geczy; Budapest IV., Vaci 0t 71.
Hussein Ibrahim Nasr; National Research Centre, Cairo, UAR.

Acta Chim. (Budapest) 70, 1971






Acta Chimica Academiae Scientiarum Hungaricae, Tomus 70 (4), pp. 329—341 (1971)

MOSSBAUER STUDY OF FROZEN FERRIC
PERCHLORATE SOLUTIONS AT DIFFERENT pH

l. DEZSi,* V. D. Gorobchenko,*™ M. Komor,*** |. |. Lukashevich, **
A. VERTES*** and K. F. TSITSKISHVILI**

/ * Central Research Institute for Physics, Budapest, ** Kurchatov Atomic Energy Institute,
Moscow, USSR and *** L. Edtvdos University, Budapest)

Received June 12, 1970

M dssbauer measurements have been performed on frozen ferric perchlorate
solutions down to 2.8 °K. The presence of different types of ions as a function of pH
was observed. The hydrolysis was found to be enhanced by preheating the solution
before freezing. The magnetic structures of the polymeric ions are inferred from the
M dssbauer data and the results are compared with those obtained by other authors
from spectrophotometric and magnetic susceptibility measurements.

Introduction

The hydrolysis of Fe(lll) ions has been extensively studied. Simulta-
neously with the pH dependence, a decrease in the magnetic susceptibility of
the ferric perchlorate solutions could be observed [1,2,3]. The formation of
dimeric FefOH)”' ions prior to complete hydrolysis of the solutions was
inferred from potentiometric data by Hedstrom [4]. The decrease in the
magnetic moment from 5.8 to 3.8 BM (Bohr magneton) per Fe(lll) ion,
observed in magnetic susceptibility measurements on solutions at high pH,
was attributed by Mulay and Selwood [5] to the diamagnetic structure of
the dimeric ions. The formation of dimeric ions during the hydrolysis of Fe(lll)
ions was recently confirmed by the thorough investigations of Schugar et al. [6].
In solutions at high values of pH, polymeric ions containing more than 2000
ferric ions per molecule were detected by Spiro et al. [7].

In earlier investigations on the Mdssbauer effect in frozen ferric perchlo-
rate solutions at different pH values, ferric ions with different structures have
been identified [8, 9, 10]. It seemed of interest to continue the study of these
solutions in wider ranges of pH and temperature. Though the structure of the
frozen solutions has not yet been fully established, it was thought to be useful
to find a correlation between the Mdssbauer data in frozen solutions and the
data on ionic structure obtained in the liquid phase by other methods.

Experimental
For the experiments, metallic iron enriched to 80% in 5,Fe, and reagent grade Merck

chemicals were used. The stock solution of Fe(C10,)3was prepared by the dissolution of metallic
ron in hot 35% perchloric acid and evaporation until onset of crystallization. The stock solu-
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tion was diluted with distilled water. In addition to 0.04 M Fe(C1043+ 3 M NaC104solution»
described in Ref. [5], 0.04 M Fe(ClQ4)3 solutions were also prepared, which contained NaClO,
as a result of pH adjustment. The pH was adjusted by the addition of perchloric acid or so-
dium bicarbonate, to an accuracy of +0.02 pH units by Radelkis type Titri-pH-meter. The
spectrophotometric curves were taken on a Unicam SP 700 spectrophotometer, using an optical
path length of 0.05 mm.

The Modssbhauer spectra were determined with a spectrometer operated in ‘time rnode’
and with 57Co radiation source diffused in Pd. The Mdssbauer equipment was calibrated with
natural iron and 57Fe20 3. Zero velocity was evaluated from the tabulated data of Muir et al.
[11]. In the low temperature measurements, a He cryostat was used which generated 2.8 °K
by reduced pressure over liquid helium.

Results

The experimental solutions were first used for reproducing the spectro-
photometric experiments of MutAY and Selwood [5]. The Md&ssbauer spectra
were studied on solutions with a NaC104 concentration much lower than 3 M
since in frozen solutions the low relative concentration of other than Fe ions is
preferable for Mdssbauer experiments. The optical absorption spectra are
shown in Figs la—b. It is apparent that their shape is not sensitive to the
variation of the NaC104 concentration. Two absorption peaks are observed,
the first at 240 nm in the pFl range from 0.0 to 1.8 and the second at 335 nm,
appearing at pH j> 1 with increasing intensity at the expense of the 240 nm

Fig. 1. Variation of spectrophotometric curves with the pH of solutions a) in 3 M NaClO,,
b) <g 3 M NaClO4 in ferric perchlorate solution
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units)

(in arbitrary

intensity

Fia. 2. Variation of Mdssbauer spectra with temperature in solutions at different values of the
pH. a) pH = 0.40
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peak as the pH increases. The first peak was assigned by Muiray and Setwooi>
to the Fe(H20)R+ ion, the second to the [Fe2OH)2 m8H, 0]4+ dimeric ion.

Table |

Mdssbauer parameters as a function of the pH and temperature in frozen solutions

Sample 2.85 4.5 10 ! 20 40 77 T°K
pH 0.40 575 577 575 571 571 H kOe
571 565 H kOe
0.39 0.34
pH = 1.45
1.59 1.59 2s mm/sec
494 491 479 H kOe
pH = 2.20
0.64 0.73 2s mm/sec
497 487 490 487 487 474 H kOe
pH = 2.35
0.53 0.53 0.71 0.71 2e mm/sec
H = values of internal magnetic field calculated from the two extreme lines.
Error: AH = i 5 kOe
2e = values of the quadrupole splitting calculated from the two central lines.
Error: A2s= i 0.05 mm/sec.
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The Mdssbauer spectra were taken on solutions of pH adjusted successively
to 0.40; 1.40; 1.45; 2.20; 2.35. The liquid samples were first cooled down, in
about 3 min, to 77 °K in a cryostat filled with liquid nitrogen, then to 4.8 °K by
the addition of liquid helium. The temperature was increased by gradual
heating of the samples. The Mdssbauer patterns as a function of temperature
are to be seen in Figs 2a—b—c—d. The Mdssbauer parameters measured as a
function of pH and temperature are summarized in Table I.
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Fig. 2d. b4+

In order to take account of the temperature dependence of hydrolysis,
some samples were heated in the liquid phase up to 60 °C and kept at this
temperature for various periods before freezing. The Mdssbauer spectra taken
under these conditions are shown in Figs 3 and 4. The effect of preheating is
apparentin Fig. 4 from the increase in the area below the magnetically split lines
after longer periods of preheating. The time behavior of the pH dependence of
hydrolysis was studied by taking the Mdssbauer spectrum of the same sample,
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Fig. 3. Modssbauer spectra of frozen solutions with pH = 1.40. a) without preheating, b) solution
preheated at 60 °C for 45 min before freezing

first immediately after the pH adjustment, then after its standing for 26 days
at room temperature (Figs 5a and 5b).

Discussion
Isomer shift

In the presence of magnetic splitting it is rather difficult, sometimes
even impossible, to identify the quadrupole splitting in the complex spectra
and thus to evaluate the isomer shift. From the central, magnetically unsplit
part ofthe spectra the isomer shift could be evaluated as 6 = 0.2 to 0.4 mm/sec.
This range of $is the same as that observed for high-spin ferric ions and
indicates a 3 d5 electron configuration in these ions [12].

Quadrupole splitting

The Fe3+ ion has an S-type ground state, thus the quadrupole splitting
can be attributed to the asymmetric charge distribution due to the neighbour-
ing atoms.
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Fig. 4. Effect of preheating at 60 °C on the Miissbauer spectrum measured at 77 °K in a solu-
tion with pH = 2.20. a) without preheating. Time of preheating b) 45 min; c) 2h; d) spectrum c
measured after 20 days

As a function of solution pH the presence of different ionic structures,
like Fe(H20)e+, [Fe(H20)30H ]2+ [Fe(H20)40H)2]+ and the dimeric (and
polymeric) [(H20)4Fe-(0H)2-Fe(H20)4]4+ can be expected [5]. The measured
spectra were analyzed in terms of assignment to these ions of different struc-
tures. In the sample with pH 0.4, the highly complex spectrum does not
exhibit any splitting in the central line (the broadening can be attributed to
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velocity mm/sec

Fig. 5. Modssbauer spectrum of a solution of pH = 2.35, measured at 77 °K a) immediately
after pH adjustment; b) after standing for 26 days

hyperfine relaxation effects). This is consistent with the presence of Fe(H 20)R

ions with an octahedral first-neighbour configuration, and consequently,
without electric field gradient. In the sample with pH 1.45, the quadrupole
splitting exhibited by the central part of the spectra produces two sets of
lines (Fig. 2b). The two values of the quadrupole splitting, differing by a factor
of 4, suggest the simultaneous presence of two types of ferric ions. Their forma-
tion could be explained in several ways. One of them might be the presence of
two structurally different phases of the solution during freezing. The different
environments of ferric ions could produce electric field gradients leading to
different quadrupole splittings. Alternatively, ions of different structures
might be formed and homogeneously distributed in the solution. Neither of
these mechanisms can be definitely confirmed by the Mdssbauer measurement
under the given conditions. It seems, however, highly probable that the electric
field gradient is generated primarily by the first neighbours and that the
different values of the field gradient can be attributed to the appearance of the
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OH ion in the first co-ordination sphere of the ferric ion. It is the negative
charge of the OH- ion that is thought to be mainly responsible for the change
in the field gradient. As estimated in [4], about 90% of the ions is still in the
Fe(H2)B r form at pH 1.40 to 1.45 while the rest has the above dimeric struc-
ture. This 10% cannot cause a great change in the Mdssbauer spectrum. The
estimate from magnetic susceptibility data [5] gives 80% of Fe(H20)% and 20%
of dimeric ions. In this case, however, itisnot impossible thatthe 80% includes
a relatively high concentration of [Fe(H20)5H ]2+ and [Fe(H2)4O0H)2] +
ions which contribute to the magnetic susceptibility in the same measure
as the Fe(H20)% ions. These three types of ions will be considered in the ana-
lysis of the observed quadrupole splitting. In the case of 5/Fe the quadru-
pole splitting 2e can be expressed as [13]

1/2

2e e- Qq

where Q is the quadrupole moment of the nucleus, e is the electronic charge,
q is the field gradient and r] is the asymmetry parameter.

with V2Zgiven as in [14]

V": y 7 i 327
r

Zjis the co-ordinate of the Z,-th charge, r, is the radius vector of the i-th charge.
W ith this formula, it is possible to evaluate the quadrupole splitting if e.g. the
OH- group is regarded as a point charge in the first co-ordination sphere. For
a reasonable distance of 2.2 A between the ferric ion and its first neighbours,
with Q = 0.28 barn [13]. and the Sternheimer factor (1—yj) = 9.14 [15], the
predicted values of 2e are 0.8 mm/sec for one OH~ group in the octahedron,
1.6 mm/sec fortwo OH- groups in opposite vertices of the octahedron, and 0.8
mm/sec for two OH*“ groups in adjacent positions, r]is zero in every case. The
values differ only by a factor of 2, thus a factor of 4 cannot he accounted for by
this simple picture.

The measured 2e — 0.66 mm/sec (see Figs 2c and 2d) can be attributed to
the dimeric (or polymeric) molecules present. This value of 2e agrees with that
measured for precipitated ferric hydroxide gels. Consequently, the micro-

structure of polymeric ions does not seem to change appreciably upon coagula-
tion.
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Magnetic splitting

The internal magnetic field evaluated from the two extreme lines was
found to be 580 kOe in the solidified solution of pH 0.40, containing monomeric
ions. Both the shape of the spectrum and the value of the internal magnetic
field agree with those obtained in the M dssbauer effect measurement performed
by Nozik and Kaplan [16] on FeCI3 solutions of low pH. The hyperfine
splitting can be attributed to the increase in the spin-spin relaxation time at
low concentrations of the paramagnetic component [17]. Under the action of
the crystal field, the eS52 state may split into three Kramer doublets charac-
terized by Sz= i 5/2, ~ 3/2 and  1/2. In this case the two outer lines in the
measured spectra (Fig. 2a) would reflect the hyperfine interaction of the Sz =
5/2 state, the lines 2 and 5 that of ~ 3/2, while the central complex part of the
spectrum could be caused simultaneously by all three states. The two outer
lines reflecting the internal magnetic field of 580 kOe appear even for samples
with higher pH (pH = 1.40 and 1.45 in Figs 3a and 2b). This is consistent with
earlier observations indicating that monomeric ions are present at higher pH
values, too. At pH ]> 2 the spectra have an entirely different hyperfine struc-
ture. The value of internal magnetic field decreases to 480 kOe and, though
slightly, it varies with the temperature within the covered range. As the
temperature rises, the intensity of the central paramagnetic lines gradually
increases. This phenomenon is very similar to that observed in the Mdssbauer
spectra of very fine-grained superparamagnetic Fe,,03[18] and ferric oxyhy-
droxide [19] samples. Such small ferric oxyhydroxide particles may have been
present in the experimental solutions at high pH values. This suggests that not
only dimeric but polymeric molecules, containing a large number of ferric ions,
do exist.

The spin values of the ferric ions in the polymeric molecule can be esti-
mated from the magnetic hyperfine structure of the Mdéssbauer spectrum. The
calculations of Watson and Freeman [20] show that in the case of a 3 #
electron configuration the electron spin, S = 1/2, corresponds to an internal
magnetic field of 125 kOe. This would give S > 3/2 for the measured 480 kOe.
The spin values of the polymeric molecules obviously cannot be inferred from
the present measurements, butitis reasonable to assume that a fraction of the
d-electron spins of the ferric ions have anti-parallel orientation in the polymeric
molecules. The orientation is affected by the variation of chain length, too.

Effect of heating before freezing

The preheating of solution leads to appreciable changes in the Mdssbauer
spectra. Lines appearing normally only at higher pH values (sample with
pH = 1.40, Fig. 3) could be detected. The intensity ratio of magnetically split
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and unsplit hyperfine lines in samples with pH = 2 and above, increases as a
result of preheating. The relative intensity of the magnetically split lines did
not change even after keeping the sample for a long time at room temperature
(Fig. 4). The 1 :1 intensity ratio obtained on preheating could be observed
even at 77 °K, i.e. at a temperature where, as a rule, no magnetic splitting
appears in the spectra taken immediately after the adjustment of pH. This
fact suggests that the magnetic structure cannot be attributed exclusively to
the increased length of the polymeric chains, but may be influenced also by
magnetic ordering with increasing temperature.

It has been shown by Oostekhout [21] that the magnetic structure of
the polymeric ions may change with the standing time of the solution. It was
observed by this author that the almost normal paramagnetic susceptibility
measured on rapidly precipitated ferric hydroxide at temperatures from 80 °K
to 300 °K becomes very low if the solution is left standing for a long time at
room temperature before precipitation of the ferric hydroxide. This observation
is fully confirmed by our data discussed above.

Conclusions

It remains to be seen to what extent the ionic equilibrium is modified
during the freezing of ferric perchlorate solutions at different pH values. In
addition to the thermal effect, the local variations in solute concentration
during the relatively slow cooling may also be important.

The experiments described above show that the Mdssbauer data reflect
the pH-dcpendent formation of ions with different structures in ferric perchlo-
rate solutions, as observed earlier by other methods. It was also observed that
hydrolysis is enhanced at higher temperatures. The smaller distance between
the ferric ions in the polymeric chains seems to lead to magnetic exchange
interactions. The decrease in the magnetic moment per ion can be attributed
primarily to the ordering of spins. Further information about the nature of the
intramolecular magnetic interactions could be obtained from the study of
exchange interactions in chains of restricted (specifically, dimeric) length.
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ETUDE DES PROPRIETES CHIMIQUES ET

ELECTROCHIMIQUES DES IINDICATEURS

D’OXYDOREDUCTION FONCTIONNANT EN
MILIEUX NON-AQUEUX, I

GENERALITES ET CAS DE LA PERSANTINE

L. Ladanyi

(Institut de Chimie Anorganique et Analytique de I'Université L. E6tvos, Budapest)

Recu le 10 juillet 1970

L’oxydation électrochimique de la Persantine dans I’acétonitrile neutre non-
tamponné se fait en deux étapes monoélectroniques parfaitement reversibles
(P R +e¢-j-e; R+~ Q++ + e. R+' et Q++ mono et dications sont des especes oxy-
dées stables; P est le produit de départ).

Les différences d’absorptions de P et R +' permettent d’utiliser ce systeme oxy-
doréducteur rapide comme indicateur d’oxydo-réduction dans le milieu décrit.

A la base de ce modele, chaque systeme oxydoréducteur a deux électrons, s’oxy-
dant (ou se réduisant) en deux étapes monoélectroniques et ayant

(1) des propriétés électrochimiques semblables a celles de la Persantine

(2) des couleurs visiblement différentes pour la forme réduite (ou oxydée) et le
radical

(3) une stabilité suffisante pour I’espéce oxydée (ou réduite) a un électron
peut étre considéré, comme indicateur d’oxydoréduction réversible dans le milieu étudié.

Des systemes ayant de telles propriétés ont été déja décrits. Parmi eux, on peut
citer les familles de bases suivantes:

Phénothiazine, 5,10-dihydro-Phénazine, N,N,N/,N'-Tétraméthylbenzidine, 2,2'-
Dipyridile, 4,4'-Dipyridile, Benzoxazole, Benzthiazole et Benzdithiole.

Introduction

L’application analytique des titrages d’oxydoréduction en milieu non-aqu-
eux a débuté il y a quelque vingt ans et il est encore difficile de prévoir le rdle
et I'importance de telles méthodes dans I’avenir. Toujours est-il, que I’exploita-
tion des possibilités théoriques offertes par les solvants n’a été jusqu’ici
réalisée, que dans le cas des réactions acides—bases et en conséquence, on peut
s’attendre a un développement considérable de I’oxydimétrie en milieu non-
aqueux [1].

Un autre fait, venant a I’appui de cette constatation, c’est I’existence des
domaines d’électroactivité trés étendus de quelques solvants aprotiques
(Acetonitrile, Nitrométliane, Diméthylformamide, etc.). Dans |I’acétonitrile
p.e., les réactions électrochimiques peuvent s’effectuer entre + 2,2 et —3,5
volts (par rapport a I’électrode de référence Ag/Ag+ 10 2M) sur I’électrode
tournante de platine poli et les limitations par le milieu sont dues a I’oxydation
et a la réduction de I’électrolyte de base (LiClO,) et non pas au solvant lui-
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méme [2] (autrement dit, dans le solvant exempt de LiC104o0on peut aller vers
les milieux encore plus oxydants ou plus réducteurs).

Pour indiquer le point équivalent des titrages de ce genre, on utilise
surtout des méthodes électrochimiques (telles que la potentiométrie, I’ampéro-
métrie) et parfois seulement des indicateurs colorés d’oxydoréduction.

Cela s’explique par le fait, que les indicateurs de ce type, fonctionnant
dans les solvants sont peu nombreux. Le quinalizarine [3](1,2,5,8-tetrahydroxy-
anthraquinone) et la NN’-bis (p.p’-dimethoxy)-diphenylamine [4] ont été les
premiers utilisés dans |’acide acétique. Rao et Murthy [56] ont montré, que
dans I’acétonitrile, le Ferroine et la Diphénylamine fonctionnent reversihle-
ment; le virage du Yert de Janus et celui du Rouge de Méthyl, bien qu’ils
s’utilisent dans certains cas, est irreversible; enfin la Phénosafranine et le
Rouge Neutre ne peuvent étre appliqués du tout.

K rausz et Endroi-Havas [6] ont récemment récommendé quelques
nouveaux indicateurs dans la famille de base de I’aminoanthraquinone,
fonctionnant dans I’acide acétique. lls sont reversibles.

Signalons, que le mécanisme de virage de tous ces indicateurs n’est pas
discuté dans ces travaux.

Dans un précédent mémoire [7], (Lettre a la Rédaction) en décrivant
un nouvel indicateur d’oxydoréduction reversible (la Persantine), nous nous
sommes proposé d’étudier systématiquement les mécanismes de virage des
indicateurs colorés d’oxydoréduction. La présente étude se compose de la
description détaillée de nos travaux relatifs a la Persantine et a pour but de
tirer quelques conclusions générales, valables pour un groupe particulier des
indicateurs d’oxydoréduction.

Cas de la Persantine
1. Oxydation chimique de la Persantine dans l|’eau

~CH2—CH2—OH
~CH2—CH2—OH

Persantine
(Dipiperidino-4,8-pyrimido-5,4 D-pyrimidine-diyl, -2,6-diimino- 2,2/2//2""'-tetraéthanol.)

La Persantine s’oxyde dans I’eau en milieu acide sous I’action d’oxydants
chimiques tels que le bromate et le permanganate de potassium par perte de
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deux électrons [8]. Au cours de cette oxydation un composé rouge se forme
intermédiairement, dont la durée de vie n’est que de quelques secondes. A la
base de cette réaction, la Persantine peut étre utilisée comme indicateur d’oxy-
doréduction en Bromoatométrie et en Ferricioanométrie, bien que son virage ne
soit par reversible [9].

Nous avons décidé d’étudier cette oxydation en milieu aprotique, afin
de préciser la nature du produit intermédiaire et le mécanisme du virage.

2. L’oxydation électrochimique de la Persantine
dans I’acétonitrile

L’oxydation électrochimique de la Persantine a été étudiée au sein de
I’acétonitrile soigneusement déshydraté (Ch2 <CHO 3M). Le solvant a été
rendu conducteur par du perchlorate de Lithium 10 *M et les potentiels sont
répérés par rapport a I’électrode de comparaisonAg/Ag+ 10' 2M fonctionnant
dans I’acétonitrile [10]. L’électrode indicatrice est I’électrode tournante a
disque de platine poli.

a) La courbe voltampérométrique de la Persantine

On constate, que dans le milieu précédemment défini, la Persantine
présente deux vagues d’oxydation a une électrode de platine poli (fig. 1, courbe
1). Les potentiels de demi-vague EI2 | et EIl 211, se situent respectivement a

Fig. 1. Modification de la courbe intensité—potentiel au cours de I’oxydation a potentiel con-

trolé sur la premiére vague. Concentration en Persantine: 4.10 *M; Courbe 1:Persantine seule

en solution; Courbe 2: 1/2 (env.) de la Persantine est oxydée en jR+>; Courbe 3: Toute la Persan-
tine est oxydée en R +¢
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-f-0,220 et -j-0,470 Y par rapport a I’électrode de référence. La hauteur des
paliers est reproductible a mieux que 1% et I’on constate, que les deux vagues
ont sensiblement la méme hauteur.

Le critere de Levich [11] nous a permis de vérifier, que les courants limits
des vagues sont controlés par la seule diffusion.

Pour les deux vagues, les courbes représentant le potentiel en fonction
du logarithme du rapport i/imax'i sont des droites de pente 0,060 et 0,059
V/unité logarithmique respectivement; résultat, que laisse penser, que I’échange
d’électron correspondant est une réaction rapide. Ces résultats indiquent, que
la Persantine est oxydée a I’électrode en deux étapes qui correspondent
chacune au départ d’un électron, ce que traduit le schéma suivant:

P - >R*- + ¢ R+ - ><?2+++e

I ;re étape 2éme étape

dans lequel P représente la Persantine, R+‘le produit oxydé intermédiaire et
Q++ le produit le plus oxydé.

b) Oxydation a potentiel contrd6lé sur la premiére vague

Il est possible de réaliser de fagcon sélective et quantitative la transforma-
tion par electrolyse de P en fi+'. Il suffit pour cela d’appliquer a une électrode
de platine de grande surface un potentiel compris entre E12 | et Er2 11, par
exemple -(-300 mV par rapport a I’électrode de réference (fig. 1).

On constate donc, que la courbe se déplace paralléelement a I’axe des
intensités sans subir de déformation appréciable. Ceci signifie, que la transfor-
mation en radical cation résultant du départ d’un électron est pratiquement la
seule réaction se produisant dans I’opération.

On observe en effet au dessous de I’axe des potentiels la courbe de réduc-
tion de ce radical cation en Persantine (courbe 3). La position relative de cette
courbe et de celle qui correspond a I’oxydation du produit de départ non encore
transformé montre, que ce radical se réduit au potentiel auquel, précisément
s’oxydait le produit de départ. L’ensemble P/.R+- constitue donc un systéeme
oxydoréductcur rapide [8].

Des la fermeture de circuit d’électrolyse, la solution de Persantine primi-
tivement verte et fluorescente devient plus foncée et n’émet plus de lumiere.
Aprés quelques minutes, elle vire au violet et a mesure que I’'oxydation s’effec-
tue, la coloration violette de la solution s’intensifie.

Lorsque toute la Persantine est oxydée en R +', le courant d’électrolyse
tend vers zéro (fig. 1, courbe 3). La coulométrie a potentiel contrélé indique
en méme temps, que le nombre d’électrons mis en jeu égale a 1. (Résultats de
quelques expériences: n = 0,94, n = 0,96.)
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c¢) Oxydation a potentiel contrdolé sur la deuxiéme vague

On peut poursuivre I'oxydation électrochimique au second stade, c’est
a dire transformer R+’ en Q++ en imposant cette fois a I’électrode de platine
de grande surface un potentiel supérieur a EI2 11 (-(-600 mV par rapport a
I’électrode de référence). La solution devient de plus en plus foncée et les
courbes intensité-potentiels sont modifiées comme le montre le figure 2.

Fig. 2. Modification des courbes voltampérométriques au cours de l'oxydation a potentiel

controlé sur la deuxiéme vague. Courbe 1: P seul en solution; Courbe 2: P est entiérement

oxidée en R +-; Courbe 3: Q ++ seul en solution; Courbe 4: Réduction complete de Q++ en R +'
(@ -j- 0,300 Volt); Courbe 5: R ++ est réduit en P (a 0,00 Volt)

Ces résultats s’interpretent bien de la fagcon suivante: R +' peut aussi bien
étre oxydé en perdant un second électron (courbe 3) pour donner C++ ou
réduit en captant un électron pour régénérer P. Q++ a son tour, est susceptible
d’étre réduit en R +%(courbe 4) puis en P (courbe 5). Les deux systéemes P/R +'
et R +'IQ ++ sont rapides [12].

La coulométrie effectuée au cours de I%€lectrolyse sur la deuxieme
vague confirme I’6change d’un seul électron.

Si I’acétonitrile n’est pas assez déshydraté (Cu2z > 5 ¢ 10-:iM/L) R +' peut se décom-
poser et dans ce cas-la, une nouvelle vague, relative a I'oxydation du produit de décomposition
se présente vers -)-0,60V, aux dépens des vagues précédemment décrites = 0,65 V).

Afin d’approfondir ce phénomeéne, nous avons laissé évoluer la solution du radical
R +%l’ayant obtenu de la Persantine par oxydation a potentiel contrdlé.

Aprés 48 heures, la solution primitivement rouge-violacée devient jaune, sans que sa
fluorescence ait été rétablie. Le potentiel de demi vague du composé ainsi formé est voisin

de 0,65 V. Il s’agit vraisemblablement d’une réaction d’oxydoréduction du radical R +e sur
I’eau résiduelle [13], dont le bilan global s’écrit

2R+ + H2O —2PH+ + 1/20. (
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Cette hypothese est en accord avec le fait, que le produit de décomposition et la Persan-
tine salifiée (Cjj+ = Cp) s’oxydent au méme potentiel (EIlji = 0,65 Volt; voir encore plus loin).

d) Action d’un acide fort sur I’oxydation électrochimique de la Persantine

Lors de I’addition progressive de l’acide perchlorique a la solution de
Persantine dans I’acétonitrile, on peut observer la modification des courbes
intensité-potentiel comme I’'indique la figure 3.

Fig. 3. Action de I’acidité de la solution sur les vagues d’oxydation de la Persantine. Concen-

tration en Persantine: 7,510-4 M. Courbe 1: Persantine seule en solution; Courbe 2: CjjciOi =

= 2,5 ¢« 10~4; Courbe 3: Cf-jcio* = 5 ¢ 10~4; Courbe 4: ChCjgd= 7,5 « 10~4; Courbe 5: Cucto* r_
= 15 +10-3

Dans le cas des courbes 1, 2, et 3, la Persantine est en excés par rapport a
I’acide ajouté et I’oxydation de la base non protonnée reste inchangée, tandis
que la Persantine salifiée s’oxyde a un potentiel supérieur a celui qui, corres-
pond a I’oxydation de P en E +\D ans le cas de la courbe 4,il n’y a plus de base
non protonnée et sionaugmente encore |’acidité, |’oxydation s’effectuera directe-
ment a deux électrons (courbe 5).

e) Action d’une base forte sur I’oxydation électrochimique de la Persantine

En milieu basique (diphénylguanidine), la premiere vague voltampéro-
métrique reste inchangée. La seconde vague n’apparait, que lorsque la vitesse
de balayage du potentiel est assez grande (20 mV/s). Dans le cas contraire (2
mV/s), I’intensité décroit brusquement, dés que la seconde vague commence
a s’amorcer. Il parait vraisemblable, qu’un produit d’oxydation insoluble
provenant de la diphénylguanidine se dépose a la surface de I’électrode et
empéche la réaction électrochimique de se poursuivre.
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f) Oxydation a intensité imposée

Le potentiel normal apparent du systéme R +'1Q ++ étant trés supérieur
au potentiel normal du systeme P/R +' (le potentiel de demi-vague d’un sys-
téme oxydoréducteur rapide peut étre assimilé au potentiel normal apparent
de ce systeme [8]), la réaction chimique P Q++ — 2R +1 doit avoir lieu
chaque fois, que P et Q++ sont en présence. Si cette réaction chimique est
instantanée, on pourra effectuer un titrage coulométrique a intensité constante
comme Badoz-Lambling et StojkoviO I’ont décrit dans le cas de la
Phénotiazine [14].

Fig. 4. Titrage coulométrique de la Persantine a intensité constante. Détermination du point

équivalent par ampérom étrie avec deux électrodes indicatrices. Ea — Ec— 50 mV. Concentra-

tion en P: 5,7 «10-4 M (11,40 mg P/40 ml CH.,CN). Intensité: 3,00 mA; Durée de I’électrolyse:
temps calculé: 726,60 sec., temps mesuré: 720,12 sec

Au cours du titrage, on réalise I’oxydation d’une solution de Persan-
tine avec une intensité i0inférieure a I’intensité limite de la premiére vagu et
on obtient le radical jR+eavec 100% de rendement soit parla réaction directe

P e-+R+- (1)
soit par I’ensemble des réactions
R« er (++ (2)
Q++ + P = 2R +-

P e= R 'e (3)

Lorsque la derniére trace de Persantine a disparu, la réaction R +' —mQ ++

e n’est plus accompagnée de la réaction chimique (3) et le produit le plus
oxydé (Q++) apparait dans la solution. Le titrage est terminé; la quantité
d’électricité Q = int consommée pendant la durée t de I’électrolyse permet de
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déterminer la quantité de Persantine de la solution. On peut indiquer le point
équivalent par les méthodes électrochimiques indicatrices classiques (potentio-
métrie et ampéromeétrie).

Nous avons représenté sur la figure 4 la courbe de titrage ampérométrique
de la Persantine.

Ce titrage lui-méme a un intérét pratique, mais du point de vue de I’utili-
sation de la Persantine comme indicateur d’oxydoréduction, c’est la réaction
chimique P -j- Q++ = 2R +', qui est trées importante (voir encore plus loin).

3. Résonance paramagnétique électronique

L’obtention d’un spectre de résonance paramagnétique électronique au
cours de I’oxydation de la Persantine sur la premiere vague de sa courbe inten-
sité-potentiel (fig.5) est chose facile a condition d’utiliser une cellule d’électro-
yse dans laquelle I’anolyte circule dans la cavité résonnante du spectrometre
15] sous I’action d’un courant d’azote pur, qui est également destiné a désoxy-
[éner la solution.

Fig. 5. Dérivée du spectre expérimentale de R. P. E. du radical cation obtenu par oxydation
électrochimique de la Persantine au sein de l’acétonitrile

Le spectre obtenu confirme la nature radicalaire du produit R+% bien
qu’aucune structure hyperfine n’a pu étre décélée en dépit de diverses modifi-
cations des conditions opératoires. Cela est sans doute la conséquence du
couplage de I’électron non apparié avec un trés grand nombre de protons.

4. Spectroscopic d’absorption ultraviolette et visible

Les différences d’absorptions des produits d’oxydation permettent de
suivre I’électrolyse par spectrophotométrie. Les courbes obtenus sont présentés
a la figure 6.
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Le faisceau de courbes présente deux points isobestiques bien définies
(aux 42300 et 31000 cm -1) en confirmant qu’il s’agit de deux transformations
simples.

Fig. 6. Déformation du spectre d’absorption ultraviolette et visible d’une solution de la Per-

santine 3,1 ¢ 10 M dans l’acétonitrile 0.1 M en LiClO,, au cours de l’'oxydation a -j- 0,300,

puis a + 0,600 V. Courbe 1: Persantine (P) seule en solution; Courbe 2: Radical (9 +-) seul en
solution; Courbe 3: Cation divalent (Q++) seul en solution

5. Utilisation de la Persantine comme indicateur
d’oxydoréduction reversible dans I’acétonitrile

Compte tenu des valeurs respectives des potentiels normaux de la
Persantine et du couple Cu(l)/Cu(ll), dans I’acétonitrile [11], il est possible
d’utiliser la Persantine comme indicateur coloré pour les titrages rédox par
le cuivre cuivrique. La méthode s’applique au dosage, décrit par ailleurs, de la
thiolrée par la perchlorate cuivrique dans I’acétonitrile [16], dont le bilan
global s’écrit

NH NH NHt
| i I

2 Cu2*+ 2C-SH -rrme »C-S-S-C + 2Cu*
| | |
NH2 NH j NH

Nos expériences préliminaires ont montré, que 5 ml de la solution de Persantine de
4 «10-6 M (env.) dans I’acétonitrile, en y ajoutant 0,01 ml (env.) d’une solution de Cu(ll)
de 0,05 M dans I’acétonitrile vire au violet et la solution résultant de cette opération revire
au jaune aprés avoir ajouté une goutte (0,01 ml env.) de la solution de thiolrée de 0,05 M dans
I’acétonitrile.

Ces virages peuvent étre effectués plusieurs fois avec la méme solution de Persantine.
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Les résultats de quelques titrages sont rassemblés dans le tableau suivant:

Tableau 1

Titrage volumétrique de la thiolrée par le cuivre(ll) dans Vacetonitrile
Indicateur: 0,05 ml solution de Persantine 4X 10-3 » dans I’acétonitrile

Solution titrée de perchlorate

Solution de thioiirée %uoi\égiq’tjne
0,051 M ! Erreur
a doser (en %)
(ml) Consommée Théoriquement
(mi) équivalente
1,00 0,580 + L2
0,560 0.573 -2,3
0,580 +12
3,00 1,700 -0,6
1,720 1,719 +0,0
1,730 +0,6
6,00 3,45 +0,3
3,45 3,438 +0,3
3,43 -0,3
10,00 5,75 +0,3
5,72 5,730 -0,2
5,74 +0,1
Discussion

Les propriétés chimiques et électrochimiques de la Persantine mettent
en évidence le mécanisme et la réversibilité de son virage.

La Persantine posséde en milieu neutre et basique deux potentiels de
virage (EI — E12 1 et E2— Eyz Il), correspondant respectivement aux poten-
tiels normaux apparents des systemes P/R +' et R +'/Q++.

La couleur de R +Met celle de C++ ne pouvant étre différenciées a I'eil
nu, pratiquement un seul virage est a considérer au potentiel E\. L’équilibre
ci-dessous

P+ C++ -——" 2R+-

o AE°
— selon le chapitre f — étant trés déplacé a droite log K = » = 4,0

les deux systemes oxydoréducteur PjR +e et R +'/Q++ ne peuvent coexister.
Autrement dit, le seul virage s’effectue en effet au voisinage de E\. Sila couleur
de Q++ était visiblement différente de celle de R +", un deuxiéme virage pour-
rait s’effectuer a E%
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Les titrages d’oxydoréduction réalisés dans les solvants n’exigent pas en
général I'acidification du milieu [17], car les réducteurs a doser sont susceptibles
d’étre oxydés méme en milieu neutre. C’est pourquoi nous n’avons pas tracé la
fonction £[—pH et nous nous sommes contentés de la description qualitative
du comportement de I’'indicateur en milieu acide (voir le chapitre e).

Conclusions générales

A la base des expériences précédemment décrites, chaque systeme
oxydoréducteur a deux électrons, s’oxydant (se réduisant) en deux étape
monoélectronique et ayant:

1° des propriétés électrochimiques semblables a celles de la Persantine,

2° des couleurs visiblement différentes pour la forme réduite (ou oxydée)
et le radical,

3° une stabilité suffisante pour I’'espéce oxydée (ou réduite) a un électron
peut étre considéré comme indicateur d’oxydoréduction réversible en milieu
organique.

S’il en est ainsi, connaissant les propriétés chimiques et électrochimiques
d’un systéeme oxydoréducteur quelconque, on peut prévoir la possibilité de
son application éventuelle, ainsi que la réversibilit¢ du virage, en I'utilisant
comme indicateur d’oxydoréduction.

Des systéemes ayant de telles propriétés ont été déja décrits. Parmi eux on
peut citer la Phénothiazine et quelques-uns de ses dérivés [18], ainsi que ceux
de la 5,10-dihydro-Phénazine [19] et la N,N,N’,N’-tétraméthylbenzidine [20].
IlIs peuvent étre considérés comme indicateurs d’oxydoréduction réversible
en milieu aprotique.

Partie expérimentale

1. Electrochimie
Le montage électrochimique et la purification du solvant ont été déja décrit par ailleurs

[21], ainsi que le dispositif [15] permettant de préparer au sein de la cavité résonnante d’un
pectroinetre un radical, dont on veut enregistrer le spectre de RPE.

2. Spectrophotoniétrie. Résonance paramagnétique électronique

Le spectrophotometre enregistreur UNICAM SP 700 a été utilisé. Les spectres de RPE
ont été obtenus a l’aide d’un spectromeétre VARIAN V-4502.
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It has been established by IR and NMR spectroscopic investigation of some
nitrohydroxychalcones prepared under various reaction conditions that, regardless of
the synthetic conditions, stereochemically homogeneous Irans isomers are formed in
all cases.

Introduction

The cis-trans isomerization of chalcones is dealt with extensively in the
literature but relatively few statements can be generalized.

Lutz et al. [1—5], Ikeda [6—8] and others [9—12] have reported that,
upon irradiation with sunlight or a mercury vapour lamp, chalcones undergo
isomerization leading to a photo-equilibrium. The cis isomer was in most
cases predominant. The formation of the latter was also favoured by cooling
with dry ice while on heating the trans isomer was formed. Miquel found that
the trans isomer crystallized from dilute solutions while the cis isomer crystal-
lized from concentrated solutions, and irradiation was without effect [13].
According to other authors [14], it was the cis isomer that crystallized from
dilute solutions.

Noyce et al. carried out cis to trans isomerization in aqueous dioxan
with sulfuric acid and studied the mechanism of isomerization [15— 18]. The
authors have established that the rate of the reaction occurring via the oxonium
salt varies with the acid concentration and depends on the substituents.
Generally, the cis modifications melt at lower temperatures are weaker bases
and less reactive.

Relatively little is known about the influence of synthetic conditions on
the stereochemistry of the chalcones formed. The hydrolysis of 4,7-dihydroxy-
flavylium salts in acidic media yields cis-chalcones while in alkaline media [19]
cis-trans mixtures are obtained. In the synthesis of 4-nitroclialcone carried out

Part IX: Szér1, T. and Sohar, I.: Canad., J. Chem. 47, 1254 (1969)

Part X: Szeét1, T. and Sohar, I.: Acta Chim. Acad. Sei. Hung. 62, 429 (1969)

* Present address: United Nations International School, 418 East 54th Street, New
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in the presence of potassium alkoxides, the Irans isomer is formed [20]. Trak-
roo and Mukhedicar [21—22] prepared several cis and trans nitrohydroxy-
ehalcones and found on the basis of their infrared spectra that an intra-
molecular hydrogen bond forms between the 2'-hydroxyl and the carbonyl
group of the trans isomers, while in the cis isomers intramolecular associa-
tion occurs between the 2'-hydroxyl and 3'-nitro groups.

In the present work several nitrohydroxychalcones were investigated
which were prepared by various procedures to study the influence of the condi-
tions of synthesis on the stereochemistry of the chalcones obtained. As con-
densing agents, aqueous ethanolic sodium hydroxide, dry hydrogen chloride and
aluminium chloride were employed. The melting points of the chalcones
obtained by any of these methods were practically identical. By spectroscopic
examination of these compounds, it was established that trans isomers were
obtained with all of the methods used regardless of whether ornotthe chalcones
were recrystallized. Concerning the action of anhydrous aluminium chloride,
our results are not in line with the,observation of Dippy et al. who have found
that trons-chalcone and iraras-2-chlorocinnamic acid can be converted into the
cis isomers with aluminium chloride [23].

It is worth mentioning that from the studied chalcones, the isomeric
flavanones [24, 25] can only be prepared with some difficulty.

Spectroscopic studies

The structure and ratio of cis and trans isomers in the product obtained
via different reaction paths were determined by IR and NMR spectroscopy.

6 5
4 2 3 4 5
la H OH I H NO
b H H no?2 OH H
Ic OMe H no?2 OH H
Id cl H NO, OH H
As the samples prepared in three different ways — in the cases of all
the chalcones (la—Id) studied — gave identical IR and NMR spectra, the

above problem was reduced to the question whether these stereochemically
uniform products were cis or trans isomers.
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IR spectra

The assumed structures have been confirmed by the IR spectra. The
characteristic bands ofthe functional groups appear at the expected frequencies
(Table 1).

It is worth mentioning that the rC= 0 and vC=C bands have the lowest
wavenumber in compound la since a continuously conjugated, intramolecular
hydrogen bond system (six-membered chelate ring) is formed (II) with the par-

ticipation of the 2'-hydroxyl group. In the case of the other three compounds
the vC=0 frequency changes depending on the electron withdrawal by the
substituent in position 4 and increases in the order: lIc, Id, Ib.

The stretching frequency band of the 2'-hydroxyl group is extremely
diffuse as a consequence of its chelation with the carbonyl group and, therefore,
cannot be identified in the spectrum [26—29]. The 4'-hydroxyl group produced
easily identified j>OH and yOH bands [26—30] in the case of compounds Ib,
Ic and Id as a result of the weak intramolecular hydrogen bond formed with
the 3'-nitro group.

In the case of olefin, the cis and trans isomers can be distinguished by
means of the out-of-plane CH deformation vibration — i.e. y(= CH)] bands
which appear in the range between 1000 and 675 cm-1 with variable intensity.

In the case of trans isomers, the appearance of a very intense y(=CH)
band was expected in the IR spectrum between 980 and 960 cm-1.The intensity
of this band is medium with cis isomers; it appears generally in the interval
of 730 to 675 cm“1and is often split. The frequency, however, can increase up
to 820 cm*“1[28, 31].

Since the scissoring deformation vibration (BsN02 band of the nitro
groups and the out-of-plane skeletal and CH deformation vibration (yCarCar and
yCarH, respectively) bands of the aromatic rings are also in this region [28, 31,
32], this circumstance must be taken into consideration in the assignment of
bands appearing between 1000 and 675 cm*“ 1l

After assignment of the /3N 02 yCarH, and yCarCar bands (Table 1),
more intense bands that were not yet assigned in the frequency region of 900 to
675 cm-1 remained only at the wavenumbers shown in the last column of
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Table

Characteristic IR frequencies (cm~1)
Band intensities are indicated as follows: vs = very strong,

vC=0 vC=C l-asNO, »»NO, Metho;
rOH band band olefinic band ~ "CarQar bands band band bands
| unidentifiable 1650 1600 1485 1350 _
a
1580
b $240 1675 1630 1605 1540 1350 —
* 1580
| 3270 1660 1630 1595 1520 1355 2840
C
1260
y 3285 1670 1630 1605 1540 1350 -
1500

* Appears as a shoulder on the 820 cm*1band.

Table I. Therefore it appeared obvious that these bands originated from CH
vibrations of olefinic protons. On the basis of the experimental frequency
values they may only be due to the Irans structure. Since some weak bands
are present in the spectra (Fig. 1) between 790 and 690 cm "1, which lie in the
wavenumber region expected for cis isomers, their alternative assignment
(as e.g. yCarH bands) is also possible.

Therefore, the homogeneous formation of the trans isomer is strongly
indicated by the IR spectra.

N M R spectra

The analysis of the 60 MHz NMR spectra is complicated by the fact
that the signals of olefinic and aromatic ring protons appear in the same
frequency range and overlap with each other. Another problem arises from the
low solubilities of the substances; the NMR spectra could be recorded only in
deutero-dimethyl sulfoxide solutions.

In compounds la—Id, there are three different spin-systems.

1. The two olefinic protons give, as expected, an AR-type spectrum; the
signal of the hydrogen in a-position to the carbonyl appears at the lower
value [33, 34]. The identification of this part of the spectrum or at least of one
of its band pairs is necessary for deciding between the cis and trans isomers.
According to the literature, the JR[]] coupling constants for cis 1,2-disubstituted
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of the chalcones investigated

s = strong, m = medium, w = weak, vw = very weak

yC\rH band YCACAT band WeCH)

124-tri- p-di- mono- [3mQs yOH band oLEfiraic
an
substitution

880 m —_ 740 s 715 S 860 m 750-650 980 m
840
870 w —_ 765 s 695 s 840 m 750-650 1010 s
825 w
880 vw 825 vs — — 845 w 750-650 970 m
810 m
880 w 820 vs — — 845 w 750 650 980 s
825*

olefins are in the region of 5 to 14 Hz, while those of the trans isomers are
usually between 11 and 19 Hz [35—37].
2. The protons of the 1,2,4-trisubstituted aromatic ring give an ABX

type spectrum as the chemical shift (OX) of the 6'-proton in compound la and

the 2'-proton in compounds Ib—Id is, owing to the presence of strongly electron-
withdrawing substituents in adjacent positions, significantly greater than
those of the other two ring protons. The expected value of the coupling con-
stants for y th0s JAB; I ‘LU= Jbx and Jpaa”™ JAX [36, 38. 39] are:

yrthe = 7 10 Hz; jmeta= 2_ 3 H/ an(j jpara< | jjz

According to this symbol system, the relationship 5A< OB is valid for
all four compounds as the 3'-proton in la and the 5'-proton in Ib—Id (marked
with A) — being in para position to the X-protons (the 6'-proton in la and the
2'-proton in Ib—I1d) — are adjacent to a hydroxyl group, which causes a
smaller paramagnetic shift than the nitro (la) or the carbonyl substituents
(Ib—1Id) adjacent to the B hydrogens (the 4'-H in la and the 6'-H in Ib Id).

The B part of the ABX spectrum can be easily distinguished from the
AB spectrum of the olefinic protons, as both maxima of the B doublet should
show a splitting of 2—3 Hz due to the JBX = coupling. The small J AX =
jpara gpljttjng js Often insignificant. This is worth mentioning, since by confus-
ing the formally identic A part of the olefin AB spectrum with that of the
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1100 1000 900 800 700 650 600 550 1100 KOO0 900 800 700 650 600 550
rm-1
b)
1100 1000 900 800 700 650 600 550 1100 1000 900 800 700 650 600 550
cm4
c) d)

Fig. 1. IR spectra of compounds la—Id in the range of 1100 —600 cm -1 in KBr pellets (2-fold

scale expansion is twice below 700 cm -1), a) 5'-Nitro-2'-hydroxy-chalcone (la); b) 3'-Nitro-4'-

hydroxy-chalcone (Ib); c) 3'-Nitro-4'-hydroxy-4-methoxychalcone (Ic); d) 3'-Nitro-4'-hydroxy-
4-chlorchalcone (Id)
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ABX spectrum of the ring protons we may come to the erroneous conclusion
that the olefinic protons are in cis relation. The ortho coupling constant remains
naturally in the order of magnitude ofthe cis olefin protons (see the data above).

3. The aromatic ring attached to the /9-carbon atom gives in the case of
la and Ib an ABB'X X" type (monosubstituted ring) and in the case of Ic and
Id an AA'BB' type multiplet. The former is very complicated and asymmetric.
The latter may also be misleading because the four most intense signals of the
AA'BB' spectrum give a pseudo AB spectrum. This signal system, however,
can be easily recognized because of the attached weaker signals.

To illustrate this, two enlarged parts of the spectrum of compound Ib
are shown in Fig. 2, containing the signals of the 2'- and 6'-protons of the ring
adjacent to the carbonyl group and the signal of the /9-olefinic proton, respec-
tively (i.e.the BX part ofthe ABX spectrum and the B part of the AB spec-
trum, respectively), furthermore the enlarged BB' part ofthe AA'BB' spectrum
of compound Ic showing the signals ofthe aromatic protons ofthe ring attached
to the /3-carbon atom (Fig. 2).

In the 60 MHz spectra (Fig. 3) the signals of the aromatic and olefinic
protons overlap, forming a characterless absorption maximum from which only
the signals ofthe B and X protons separate in the region of the higher &6 values,
since they are part of the ABX spectrum belonging to the protons of the
aromatic ring attached to the carbonyl group. The signal ofthe B proton is half
of an AB spectrum and consists of two lines of different intensities split into
doublets; the signal of the X proton is a more intense doublet. Consequently,
the 60 MHz spectra are not suitable for solving the structural problem of
the cis-trans isomers as the signals of the olefinic protons cannot be identified.

For this reason we took the 90 MHz spectra of these compounds (Fig. 4).
The higher frequency is advantageous not only because of the better resolution
but because lower concentrations are sufficient for obtaining spectra of good
quality. This fact enabled us to take the spectra in CDC13 solution instead of
(CD3)2s0.

Under these recording conditions the resolution permitted the assignation
of all lines (except in the case of la and Ib the signals of the monosubstituted
aromatic ring protons). The frequency and the assignation of the spectral lines
are shown in Table I1, the corresponding chemical shifts and coupling constants
are listed in Table Ill. The frequency values were determined from spectra
recorded with an expanded time scale (x 5) (see Fig. 2) for the sake of higher
accuracy.

It can be seen from Table 11l that the value of Jab™ is always between
15.0 and 15.3 Hz. According to the literature cited above, and to the parameters
of some related compounds with known structures [33, 40], the value of 15
Hz for the coupling constant proves, in agreement with the IR data, that
compounds la—Id are all stereochemically homogeneous trans isomers.
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b) 0

Fig. 2. Parts of the 90 MHz proton resonance spectra expanded 5-fold, a) The BX fragment

of the ABX spectrum of the aromatic ring protons adjacent to the carbonyl group in com-

pound Ib: the doublet refers to the H-2' protons (X) and the quartet to the H-6' protons (B).

b) The B part of the AB spectrum with the signal of the B proton, originating from the olefinic

hydrogens of compound Ib. ¢c) The BB' part of the AA'BB' spectrum of the aromatic protons
attached to the B carbon atom in compound Ic

From Table Ill some other interesting conclusions can be drawn. The
formation of the chelate ring in la causes an increase in the chemical shift of
(5H,, 6Hp, <W4 and <W6 by 0.35, 0.18, 0.09 and 0.08 ppm, respectively, as
compared to the other model substances having rather constant parameters.
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Hz Hz
540 480 420 540 480 420
8 ppm S ppm
Hz Hz
540 480 420 540 480 420

Fig. 3. The 60 MHz proton resonance spectra of compounds la—Id in deutero-dimethyl sulf-

oxide solution in the range of $= 6.5—9.0 ppm. a) 5'-Nitro-2'-hydroxy-chalcone (la); b) 3'-

Nitro-4'-hydroxy-chalcone (Ib), c) 3'-Nitro-4'-hydroxy-4-methoxychalcone (Ic). d) 3'-Nitro-4'-
hydroxy-4-chlorochalcone (Id)
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9 8 7
5 ppm

Fig. 4. 90 MHz proton resonance spectra of compounds la—Id in deuterochloroform solution

in the range of 6 = 6.5—9.0 ppm. a) 5/-Nitro-2/-hydroxychalcone (la), b) S'-Nitro-d'-hydroxy-

chalcone (Ib), c¢) 3'-Nitro-4'-hydroxy-4-methoxychalcone (lc). d) 3'-Nitro-4'-hydroxy-4-
chlorochalcone (ld)
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Table 11

Parameters of the 90 MHz proton resonance spectra of chalcone derivatives* la—Id

Olefin Aromatic ring adjacent to the carbonyl Aromatic ring attached
to the /9-carbon
7°0 Arh MRB  j-v a 0H3 0H4 Al atom
la 15.3 7.71 8.04 9.1 27 7.16 840 893

Ja oW AH. AH. OH2  pge  OB™  AH™

b 15.0 7,35-7.40 7.90 8.6 22 730 830 883 - - -
lc 15.3 7.40 7.83 8.7 22 738 830 878 8.7 6.95 7.62
Id 153 7.31 7.84 8.7 22 734 834 890 8.7 741 761

*The coupling constants are given in Hz, the chemical shifts in ppm units.
** These values were obtained by approximating the AA'BB' spectrum as an AB spectrum.
J,3= J56 <5H3= <5H3 and all2= <5H6

This can be explained by the paramagnetic shift caused by the aromatic ring
currents in the chelate ring, the influence of which is compensated in the case
ofthe 4'and 6'aromatic protons and even overcompensated at H-3' (the 6 value
is decreased by 0.18 ppm) by the electron flood running from the carbonyl
oxygen towards the hydroxyl group. At the same time this electron flood
increases the paramagnetic shift of the a and to some extent even that of the
R protons.

The relatively higher value of the J34 and J4e- coupling constants can
also be explained by the increased electron density in the aromatic ring. The
change of the chemical shift of the H-3 and H-5 protons (depending on the
substituent in position 4) towards higher values in the case of the methoxy
group, and towards the lower values in the case of chloro substitution can be
easily recognized.

Experimental*

1. Alkaline condensation

The appropriate nitrohydroxyacetophenone (2 mmoles) was mixed with one or two
drops of ethanol, dissolved in 35 ml of 1iV NaOIll at 78 °C, then a saturated warm ethanolic
solution of benzaldehyde (9 mmoles) or benzaldehyde derivative (3 mmoles) was added to
the mixture while shaken. After a few minutes, the sodium salt of the chalcone began to pre-
cipitate. The mixture was then shaken for another 15 min and set aside for one day. Next day
the sodium salt was filtered, mixed with 15 ml of 2 N IICI| and triturated for 20 min on a water

* Melting points are uncorrected.
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Table

Frequencies and assignation of the 90 MHz spectra of chalcone compounds la—Id
The frequency values are referred to the chloroform signal (654.3 Hz)

Assignation Compound
la
807.6
Hs, 804.9
761.8
759.1
H 4,
752.7
750.0
735.3
LL,
720.0
699.0
Ha
683.7
646.5
H 3,
637.4
H2, H6
H3. H6

Assigna-
tion

796.2

H2, 794.0

754.6
752.4
745.8
743.6

719.0
704.0

670.0
667.0
?
660.0
(651.2)’

H5

Compound

le

795.8
793.6

754.8
752.6
746.1
743.9

717.6
702.3

672.3

657.0

659.7
651.0

692.7
684.0
631.0
622.3

794.8
792.6

753.7
751.5
745.0
742.8

714.3
699.0

679.5

664.2

660.0
(651.3)*

690.0
681.3
670.8
662.1

Type of the spectrum

X -part of the ABX
spectrum

B-part of the ABX
spectrum

B-part of the AB
spectrum

A-part of the AB
spectrum

A-part of the ABX
spectrum

B-part of the
AA'BB’
spectrum”

A-part of the
AA'BB'
spectrum”

* Calculated value based on the splitting of H2 and H 6, as this signal overlaps with the

(light isotope) contamination of the chloroform solvent.

** AA'BB' spectrum approximated as an AB spectrum

bath. After cooling, the chalcone was filtered, washed twice with 2 ml of ethanol and recrystal-
lized* after drying if necessary. The melting points were as follows (literature data are given

in parentheses):

5/-Nitro-2,-hydroxychalcone:
3/-Nitro-4'-hydroxychalcone:

3/-Nitro-4,-hydroxy-4-methoxychalcone:
3/-Nitro-4/-hydroxy-4-chlorochalcone:

2. Condensation by means of dry hydrogen chloride

183—5
161—2
151—2
185—6

°C (183 °C)

°C (160— 1 °C)

°C (151 °C)

[25]
[41]
[42]

°C (183—4 °C) [43]

An ethanolic solution saturated at 0 °C was prepared from the appropriate nitrohydroxy-
acetophenone (2 mmoles) and the benzaldehyde derivative (2 mmoles). Gaseous hydrogen
chloride was bubbled into the solution maintained at 0 °C with ice, for halfan hour. The mixture

*From ethyl acetate.
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was set aside for one day at room temperature and then diluted to twice its volume with water.
The precipitated chalcone was filtered, washed twice with 2 ml of ethanol and recrystallized
after drying if necessary. Melting points were as follows:

5'-Nitro-2'-hydroxychalcone: 183 °C
3'-Nitro-4/-hydroxychalcone: 163—4.5 °C
3'-Nitro-4'-hydroxy-4-methoxychalcone: 151—2 °C*
3'-Nitro-4'-hydroxy-4-chlorochaleone: 186—7 °C

3. Condensation in the presence of aluminium chloride

The appropriate nitrohydroxyacetophenone (3 mmoles) benzaldehyde derivative (3
mmoles) and aluminium chloride (6 mmoles) were homogenized and held in a semi-molten
state for halfan hour at 120 °C on an oil bath. After cooling, the solidified product was decom-
posed with a mixture of 4 ml of iced water and 1 ml of concentrated hydrochloric acid. After
being allowed to stand for several hours, the chalcone was filtered, washed three times with
5ml of water, twice with 2 ml of ethanol and recrystallized after drying if necessary.

Melting points:

5'-Nitro-2'-hydroxychalcone: 183—4 °C*
3'-Nitro-4'-hydroxychalcoue: 162—3 °C
3'-Nitro-4'-liydroxy-4-ehlorochalcone: 184—7 °C

IR spectra were recorded on a Model ZEISS UR-10 (Jena) double beam spectrometer
in KBr pellets. NMR spectra were taken on a Type JNM-C-60 (JEOL) instrument (60 MHz)
in deutero-dimethyl sulfoxide solution wusing sodium-2,2-dimethyl-2-silopentanesulfonate
(DSS) and tetramethylsilane (TMS) respectively, as internal standards. The measurements at
90 MHz have been carried out in deuterochloroform using the “SPEKTROSPIN” instrument
of the Rheinische Friedrich Wilhelm University, Bonn.

The authors wish to express their thanks to the Ministry of Education (Budapest) for
financial support of this work and one of them (P. Sohar) to the Heinrich Hertz Foundation
for the fellowship granted and to Professor Dr. Ginther Snatzke (Institute of Organic Chemis-
try, Bonn University) as well as to Mrs. Miklés Csejk and Mrs. Csaba Méhesfalvi (Research
Institute for Pharmaceutical Chemistry, Budapest) for the help given in recording the spectra.
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Catalytic hydrogenation of benzene belongs to those well-known heter-
ogeneous processes the mechanisms of which have not yet been cleared up
in every detail [1]. Batandin’s multiplet theory [2] predicts a sextet hydro-
genation in the presence of metal catalysts, without unsaturated intermediates.
The recent observation of cycloolefins among the products of benzene hydro-
genation on metals both in liquid [3—5] and gas phase [6, 7], however, led
to the assumption of a stepwise hydrogenation mechanism via cycloolefins.
The very small amount of cycloolefins found was explained in terms of cycloole-
fins being hydrogenated more rapidly than desorbed from the catalyst surface
[3—5, 8]. The lack of unambiguous and convincing evidence concerning the
mechanism of benzene hydrogenation prompted us to investigate this problem
by means of radioactive tracers.

The experimental method involved reacting a mixture of the radioactive
starting material and an inactive form of the supposed intermediate [9,10,11].
In order to avoid that the rapid hydrogenation and slow desorption of cyclo-
hexene should cause errors in the specific radioactivity of cyclohcxene in the
gas phase, inactive cyclohexadiene was added to the radioactive benzene,
cycloliexene being thus formed in the course of the reaction on the catalyst
surface. The specific radioactivity of cyclohexene, therefore, must be identical
in the gas phase and on the surface, regardless of the fact that part of it remains
on the surface and reacts without desorption.

Measurements were carried out in a pulse-type microreactor described
in Ref. [10]. Pure metal powders were used as catalysts. Fractions corre-
sponding to individual peaks on the chromatogram were measured by aTri-Carb
scintillation spectrometer.

The effect of peak tailing was checked by a special experiment, in which
narrow fractions were collected in such a way that more than one fraction

* Permanent address: Zelinsky Institute of Organic Chemistry, Academy of Sciences,
USSR, Moscow.
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should correspond to one component. The result of this experiment is shown
in Fig. 1. It is obvious that both cyclohexene and cyclohexadiene contain
some radioactivity, indicating that stepwise hydrogenation actually takes
place. The correction due to the tailing of the cyclohexane peak was less

Fig. 1. Typical chromatogram of a hydrogenation run (mixture of benzene-uC and cyclohexa-

diene) and the absolute radioactivities of narrow fractions. (The places of fraction changes are

shown by small deflections on the chromatogram.) Catalyst: 1.7 mg of Pt; t = 190 °C; 3 ftlof1:1
mixture, P(H2 = 60 ml/min. Radioactivity peaks are corrected for the background

than 5% of the total radioactivity of the former which may, however, be not
negligible compared with the total radioactivity of cyclohexene. Thus, the
gquantitative comparison of specific radioactivities must he performed with
great care.

D ata from typical runs obtained in the presence of a platinum catalyst
are listed in Table I. Cyclohexadiene suffered almost total conversion, being
partly hydrogenated, and partly dehydrogenated to benzene. This latter frac-
tion caused the specific radioactivity of benzene to decrease. The degree of
benzene conversion is shown by the amount of radioactivity transferred to
other compounds (cf. the r% values). Clearly, both the cyclohexene and cyclo-
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hexadiene were radioactive. On the other hand, even if not corrected for tailings
the specific radioactivities of the unsaturated species are definitely lower
than that of cyclohexane which, in turn, indicates that both stepwise and
“direct” hydrogenation of benzene do actually take place.

Table 1

Hydrogenation of mixtures of benzene-uC and inactive cyclohexadiene

Catalyst: 1.7 mg of Pt; Carrier gas: H2 Pulses: 3pi of each

) Composition Specific radioactivity* (sp. r.)
V(H;
No. < minin Sample
¢c.H, CHO CH. CH, cuH, CH, CH, CH.
| Starting »% - 44.1 55.9
mixture  p,o — — 0 100 — — 0 1.79
1 192 855 Product o5 26.2 5.6 3.8 64.4
% 41 05 0.25 951 0.156 0.093 0.066 1.48
" Starting  Ww — 02 377 62.1
mixture ryp — O 0 100 — 0 0 1.61
h 190 73.2  Product ($9% 26.4 5.3 2.0 64.4
o 49 08 0.25 94.0 0.186 0.154 0.125 1.42
hi Starting  «.9 — 0.5 435 66.0
mixture oy — @ — 0 100 — 0 — 1.52
hi 197  87.2 Product o 17.0 81 2.8 72.1

% 12 045 015 982 0.073 0.056 0.057 1.36

*Not corrected for tailing

te% : product composition in % (w/w):

r% : distribution of radioactivity over individual fractions in % of the total radioactivity
of all fractions;

sp. r.: specific radioactivity of the fractions in arbitrary units (sp. r. = r%/w%)

In order to obtain a more general picture, several experiments have been
carried out in the presence of various metals as catalysts, using a proportional
gas-flow counter as the radioactivity detector. Table Il shows some typical
results obtained at different conversions. More detailed data and their possible
explanation will be reported in a forthcoming paper.
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Table 11

Hydrogenation of mixtures of benzene-uC and inactive cyclohexadiene on different metal catalysts

Carrier gas: 60 mI/min H2; Pulse: 3 /11 of hydrocarbon mixture (42—48% of C6H8 58—52%
of CBHQ; t= 185 + 5°C

Composition Specific radioactivity
Catalyst
C.H, C.H.0 C.H, C.H, C.HR2 CeHI0 C.H,
500 mg of Re <o 86.1 0.7 - 13.2 - - -
r% 81.7 1.0 - 17.3 0.95 1.43 1.31
7.7 mg of Ni w% 42.6 4.0 — 53.4
r% 21.3 0.7 - 78.4 0.50 0.175 1.46
8.9 mg of Pd oy 16.2 26.0 - 57.8
r% 1.5 0.1 - 08.4 0.093 0.004 1.70
66 mg of Ir w % 21.8 18.2 5.1 54.9
r% 0.33 0.11 - 99.56 0.015 0.006 1.82
*

The authors are indebted to Dr. T. Szarvas for kindly performing the radioactivity meas-
urements.
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The conversion of re/ro-dehydrocarotene into isozeaxanthin by perphthalic acid,
and the formation of three hitherto unknown stereoisomers of isozeaxanthin mono-
epoxide are reported. This type of hydroxylation may provide a suitable method for
preparing hydroxylated carotenoids from retro-dehydrocarotenoids.

Isozeaxanthin (4,4'-dihydroxy-/J-carotene) was first synthetized by
Ister [1] el al. in 1956. Then several papers [2—7] were published about the
preparation of isozeaxanthin and its derivatives, but only in 1966 was its
occurrence in nature reported (marine isopod Idothea granulosa) by
Lee [8].

During an investigation into the epoxidation of retro-carotenoids it was
observed in our laboratory that retro-dehydrocarotene (I) gave isozeaxanthin
(111 [m.p. 136 °C; Amax(hexane) 478 and 450 in//; 1(L 3x£max 121.6 and 135.6;
tmax (CHCIj) 3618 cm-1] when it was subjected to epoxidation with perphthalic
acid, and the products were hydrolysed. At the same time 3 monoepoxide
derivatives of isozeaxanthin (V) namely isozeaxanthin monoepoxide A, B and
C were also isolated in crystalline form.

It is assumed that first an a, co-addition takes place, that is 1 mol of
perphthalic acid reacts with the chromophore of refro-dehydrocarotene (I) at
carbon atoms 4 and 4', yielding the monoester derivative of isozeaxanthin (I1).
This is followed by a normal epoxidation process which furnishes the isoze-
axanthin monoepoxide derivatives (IV).

As is shown in Fig. 1 the light absorption properties of isozeaxanthin
monoepoxides are very similar (the difference in £max values might be due to
the omission of recrystallization), and none of them has a eis-peak. Although
not characteristic, the IR-spectra are not at variance with structures VI, VII
and V. By iodine-isomerization the compounds give cis isomers with absorption
at lower wavelengths, hut they cannot be isomerized into each other. All
three isozeaxanthin monoepoxides react with acid resulting in their furanoid
derivatives with the same absorption maxima [Amax(CeHe) 465 and 437 mit].

Ada Chim. (Budapest) 70, 1971



374 SZABOLCS, TOTH: CONVERSION OF RETRO-DEHYDROCAROTENE

Considering that isozeaxanthin (I11) produced with perphthalic acid was
certainly a mixture of the racemic and meso forms, which can all give cis- and
trcms-monoepoxides,the formation of more than one isozeaxanthin monoepoxide

mfd

Fig. 1. Molar extinction curves of isozeaxanthin monoepoxides in benzene. Isozeaxanthin
monoepoxide A ------ (Amax 488, 459, and 339 m/u): isozeaxanthin monoepoxide B -------—- (Amax
489, 459 and 339 m/t); isozeaxanthin monoepoxide C ... (Amax 489, 458 and 339 rafi)

(VI, VII) is not surprising. This is in good agreement with, and lends support to,
the results of an earlier experiment [9] in which we succeeded in separating the
cis and trans monoepoxides of zeaxanthin and lutein, and which showed that
the isomers only differed in the stereochemistry of the epoxide ring in relation
to the C-3 hydroxyl group.

Similarly, when isozeaxanthin diacetate was subjected to epoxidation
with perphthalic acid, the stereoisomers of isozeaxanthin monoepoxides were
also obtained.
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Experimental

The procedures and methods used here have been summarized elsewhere [10]. Retro-
dehydrocarotene was prepared from /3-carotene according to Karrer et al. [11].

Epoxidation of retro-dehydrocarotene with perphthalic acid

270 mg of reiro-dehydrocarotene (in portions of 90 mg) in 11of abs. ether was allowed
to stand in the presence of perphthalic acid (140 mg) at room temperature in darkness for 13
hrs. It was then transferred to a separatory funnel, washed thoroughly with water and an
aqueous sodium hydrogen carbonate solution, and dried over anhydrous Na2S04. This ethereal
solution was hydrolysed with 80 ml of 30% KOH methanol at room temperature for 5 hrs.
On completion of the hydrolysis, the solution was transferred to a separatory funnel to remove
the methanolic layer from which the pigments were extracted with ether. Then the two ethereal
solutions were combined, washed with water until alkali free and dried over anhydrous Na2S04;
finally, the ether was evaporated. The residue was subjected to chromatography on calcium
carbonate from benzene and petroleum ether (50—60 °C).

Zone Pigrent [ax in benzene
1 5 mm lemon unidentified 485 454
1mm —
1 mm yellow unidentified
10 mm —_
2 20 mm oclire isozeaxanthin monoepoxide A 490 457
3 10 mm ochre isozeaxanthin monoepoxide B 489 458
5mm —
4 15 mm ochre isozeaxanthin monoepoxide C 489 458
20 mm —_
5 15 mm yellow isozeaxanthin 497 462
5mm —
6 4 mm diffuse yellow unidentified 488 457

The pigments were eluted with methanol, transferred to a separatory funnel, diluted
with benzene, washed with water, dried over anhydrous Na2S04, and evaporated under reduced
pressure for crystallization.

Isozeaxanthin (Zone 5) was crystallized from a mixture (2 : 1) of ethyl acetate and pe-
troleum ether (50—60 °C); the long, reddish needles (24 mg) melted at 136 °C. After recrystalli-
zation, 18 mg of isozeaxanthin was obtained; m. p. 137 °C.

C4oH 5¢°2 (568.89). Calcd. C 84.45; H 9.93. Found C 84.10; H 10.39%.

Isozeaxanthin monoepoxide A (Zone 2)

Crystallization from warm methanol yielded 7.5 mg of yellow, tiny crystals; m. p. 168 °C.
Relative polarity value 1.96. The visible and UY spectra are given in Fig. 1.
C-nA603 (584.89). Calcd. C 82.14; H 9.65. Found C 82.25; H 9.82%.

Isozeaxanthin monoepoxide B (Zone 3)

6.8 mg of yellow plates were obtained from methanol; m. p. 158 °C. The relative polarity
value of isozeaxanthin monoepoxide B is 1.96. The visible and UV spectra are presented in
Fig. 1.

C10H 5603 (584.89). Calcd. C 82.14; H 9.65. Found C 82.18; H 9.85%.
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Isozeaxanthin monocpoxide C (Zone 4)

Crystallized from warm methanol in long, yellow needles (1.2 mg); m.p. 160 °C. The
relative polarity value of isozeaxanthin monoepoxide Cis 1.97. Its visible and UV spectra are
shown in Fig. 1.

It should be noted that isozeaxanthin epoxide A, B and C (R/.-0.42) separated readily
from isozeaxanthin (R 0.55) but not from each other when subjected to thin-layer chromato-
graphy. (Aluminium oxide G; 15% acetone in benzene.)

Isomerization of isozeaxanthin monoepoxides by iodine

(a) Isozeaxanthin monoepoxide A. 2 mg of isozeaxanthin monoepoxide A was dissolved
in 20 ml of benzene and allowed to stand in the presence of 0.02 mg of iodine at room tempera-
ture for 30 min.The solution was washed with aqueous sodium thiosulfate solution and water,
and dried over anhydrous Na2SO,. It was then chromatographed on calcium carbonate from
benzene-petroleum ether (1 : 1). After elution etc., the pigments were identified by their ab-
sorption maxima, and by mixed chromatography with authentic samples.

Zone Pigment Jirax in benzene
10 mm ochre cis isomer 485 453
5 mm light ochre cis isomer 484 453
45 mm ochre isozeaxanthin inonoepoxide A 490 458
(b) Isozeaxanthin monoepoxide B. 2 mg of isozeaxanthin monoepoxide B was treated

with iodine as described for isozeaxanthin monoepoxide A.

Zone Pigment Amax in benzere
10 mm ochre I cis isomer 484 453
8 mm light ochre lcis isomer 485 454
45 mm ochre lisozeaxanthin monoepoxide B 490 458
(c) Isozeaxanthin monoepoxide C. 1 mg of isozeaxanthin monoepoxide C was isomerized

with iodine as described above.

Zone Pigment NTax benzene
5 mm ochre cis isomer 486 453
2 mm light ochre cis isomer 486 454
10 mm ochre isozeaxanthin monoepoxide C 491 458
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Epoxidation of isozeaxanthin diacetate

10 mg of isozeaxanthin diacetate in 30 ml of abs. ether was epoxidized with 5mg of
perphthalic acid at room temperature in darkness for 15 hrs. On completion of the epoxidation
(followed by t.l.c.) the ethereal solution was washed with 5% NaHCO03 and water, dried over
anhydrous Na2504, and hydrolyzed with 7 ml of 30% KOH methanol at room temperature for
6 hrs. After the usual procedures the products were separated on a calcium carbonate column
from a mixture (3 :2) of benzene and petroleum ether (50— 60 °C).

Zone Pigment Amax in benzene
1 6 mm lemon isozeaxanthin difuranoide 436 (diffuse)
2 4 mm lemon isozeaxanthin difuranoide 436
3 15 mm ochre isozeaxanthin monoepoxide A 489 457
4 10 mm ochre isozeaxanthin monoepoxide B 489 457
5 12 mm ochre isozeaxanthin monoepoxide C 488 456
6 3 mm pale yellow unidentified 486 456

Zones 1, 2 and 3 were identified by their absorption spectra, partition between 90%
methanol and petroleum ether, Kj: values, and their furanoid tests.

*
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The acid hydrolysis of the /3-1,2 glycosidic bonds between the D-fructofuranose
units of inulin is extremely rapid, but cannot be characterized by a single rate constant,
since in the initial phase the hydrolysis is slower than in the final phase. In the final

phase, when the DP is less than 4, the rate of hydrolysis of inulin is higher, whereas
in the initial phase it is lower than that of sucrose.

In all probability, the first step of the hydrolysis of the furanoside linkages is
protonation of the oxygen in the furanoside ring, followed by heterolysis of the linkage
by the formation of a tertiary cation. The value of the entropy of activation shows that
the reaction is of type A-l. This mechanism is similar to the hydrolysis mechanism of
sucrose and raffinose.

Introduction

Inulin is a polysaccharide, built of D-fructofuranose units connected by
£-1,2 glycosidic bonds. The presence of 1.5—7% of D-glucose in its enzymatic
hydrolyzate suggests that the molecule, which is a chain consisting of approxi-
mately 35 D-fructofuranoside residues, is completed at the reducing end of the
chain by a D-glucose unit, bound by a linkage of the sucrose type [1—5].
A bibliography on fructanes and difructo-anhydrides prior to 1946 has been
compiled by McDonatd [17].

According to several authors [6—9], during the acid hydrolysis of inulin
the first order rate constant determined at the outset (5—15% hydrolysis)
increases to 2—6 times its original value until reaching a maximum; then it
begins to decrease.

The half-life [7] of inulins of various origin, as determined by measurement
of the reducing power in 1.0 N sulfuric acid at 20 °C, lies between 370 and 390
minutes [10], while under similar conditions 290 minutes were only necessary
for a 50% hydrolysis of sucrose.

Data have been published in the literature for the hydrolysis of inulin by
ion-exchange resins [11, 12], for the separation of the intermediary products of

*The present paper is a part of a series; the previous part has been published in Acta
Chim. Acad. Sei. Hung., 66, 213 (1970).
** Present address: Chinoin Pharmaceutical and Chemical Works Ltd., Budapest.
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partial hydrolysis by paper chromatography [13], as well as for the secondary
reactions [14].

On the other hand, systematic investigations of the hydrolysis of inulin
have scarcely been reported. The published data are incongruent, e.g. the values
of the activation energy (28.4 kcal/mole [9], 29.4 kcal/mole [15], and 25.4
kcal/mole; this latter can be calculated from the data published in Ref. [6]) are
not adequate to draw conclusions for the mechanism of hydrolysis. Also the

min

Fig. 1. Logarithmic hydrolysis curves

value of g (= #Aog fe/ApH) shows animprobable variation, between 0.89 and
1.64 [6, 9]. Only a single value is known for the entropy of activation (+13.4
e.u.), but this is calculated from a value of Ea [15] which, if correct, allows the
conclusion that the molecular mechanism of hydrolysis ofinulin differs from the
probable mechanism of the hydrolysis of sucrose.

The object of the present paper has been the determination of reliable
values of k, EaandzIS +, and to draw conclusions for the mechanism of hydrolysis
of inulin, with special regard to the applicability of the hypothesis published
in our previous paper [16] for the hydrolysis of sucrose and raffinose.

Experimental

250 mg of dry inulin (Merck; [a]],0= —40° ¢ = 2.5, in water) was dissolved in 25 m|l
of distilled water and warmed at 60 °C for a few minutes to ensure complete dissolution. A fter
adjustment to the temperature of hydrolysis, 25 ml of an acid of appropriate concentration
and of the same temperature was added, mixed, and at regular intervals 2 ml samples were
withdrawn from the solution kept in an ultrathermostat. The sample was added to 2 ml of a
1.2 or 0.12 N LiOH solution and 0.5 ml of the resulting solution was used for polarographic
determination of the reducing power, in a similar way as published in our previous paper [16]
dealing with the acid hydrolysis of raffinose and sucrose.
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As it is seen in Fig. 1, the value of log --—- as a function of the reaction time shows

two sections (p is the ratio of the actual value of reducing power to the experimentally attain-
able maximal value). Extrapolating the second section, the value of k can be determined, which
is characteristic of the splitting of the terminal linkages. The constant which characterizes
the splitting of non-terminal linkages is designated by kr.The plotting of values of the constant
calculated from various, experimentally determined points as a function of hydrolysis repre-
sents another method of extrapolation. This type of extrapolation is illustrated in Fig. 2. Evi-
dently, after having reached 100% hydrolysis,only difructose can be hydrolyzed, therefore this
extrapolation gives directly the value of k.

As it isseen in Fig. 1, there is a considerable discrepancy between the values determined
by polarography and by the photometric method; however, these k values are within the limits
of experimental errors. The polarographic method is more selective, it is supposed that only
fructose is measured, while the photometric method determines all reducing groups. As a
consequence, the polarographic curves reach the same values later than the photometric curves,
but the difference is only in the duration of the first stage. Thus on the basis of Fig. 1, in the
majority of the experiments, the same k value can be calculated by both methods, while there
remains some discrepancy between the values extrapolated on the basis of Fig. 2. The rate
constants in Table 1 represent averages of four data.

Table 1

Rate constants and entropies of activation

Determined
t, °c H e pH* mﬁof log fr** IS+ el J&%Zby
polarography
30.0 0.101 1.044 2.1 -1.578 8.30 P
22 -1.558 8.39 f
10.0 1.044 -0.095 115 —1.040 7.99 p
115 —1.040 7.99 f
0.104 1.044 8.4 0.976 8.29
8.9 -0.950 8.40
0.0104 2.018 0.72 -1.020 8.08 P
0.74 -1.009 8.14 £
50.0 0.104 1.044 27.0 -0.469 8.46 P
31.9 -0.396 8.79 f
0.0104 2.018 25 -0.480 841 P
3.0 0.400 8.78 f
60.0 0.104 1.044 95.0 + 0.078 8.06 P
100.0 + 0.100 8.16 f
0.0104 2.018 7.5 -0.003 7.69 p
8.1 + 0.003 7.72 f
0.00104 2.991 0.67 -0.016 7.63 P
0.84 + 0.082 8.08 f
average: 8.13

* calculated pH (see Ref. [16])
** = log kr = log k I-g *«pH
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The values of kn were not calculated, because the applied experimental technique is
not suitable for their determination with adequate precision. The values of kn are, on the aver-
age, only 1/2— 1/6th of k, depending on the experimental conditions and mainly on the origin
of the inulin.

Fig. 2. Increase of the rate constant with the progress of hydrolysis

Influence of the acid concentration

Fig. 3 illustrates the dependence of log k on the pH. Table Il contains the g values. In
this sense the behaviour of inulin is similar to that of other neutral glycosides; the rate constant
of its hydrolysis is a slightly exponential function of the acidity.

Fig. 3. Variation of log k with pH Fig. 4. Log k as a function of the reciprocal
value of absolute temperature

Influence of temperature

The correlation of log k and 1/X is illustrated in Fig. 4. As it is shown, the points plotted
at both acid concentrations result in straight lines, thus the value of Eawithin the investigated

temperature range does not show any remarkable variation. For the E,, and d values, see
Table 11I1.
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Table 11

Values ofg

Determined by

t, °c Hcl N range g mgr:pﬁ;}a-:
photometry
40.0 0.104 -1.04 0.997 p
0.966 f
0.0104 -0.104 1.094 p
1.110 f
50.0 0.0104 -0.104 1.061 p
1.053 f
60.0 0.0104 -0.104 1.132 p
1121 f
0.00104-0.0104 1.078 p
1.011 f
average: 1.062

g = Alog /A pH
Table 111
Determination of Ea and d

Determined by
= la-
tHeil N t, °c Ea kcal/mole d p= poma

rography, f=
photometry
0.104 30-40 26.006 17.277 p
26.366 17.485 f
40-50 23.477 15.409 p
26.653 16.952 f
50-60 26.955 17.757 p
24.441 16.131 f
0.0104 40-50 25.005 16.432 p
28.200 18.671 f
50-60 23.514 15.413 p
Average: 25.513 16.725
A log K
En  2303+R, lOS/T
d A log . 108 *ri
A 103T
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Results anil discussion

The k value of inulin hydrolysis can be calculated from the following
equation:
log Kk = 1.062 «pH + 16.725 — 0.4343 +25513/1.987 T

The complete hydrolysis of inulin could be described as a result of two simul-
taneous reactions, but for that it would be necessary to know the value of knin
each case.

From the experimental data it can be established that the first stage — in
which k steadily increases — lasts until 20 or 25% of the hydrolysis has occur-

red. At higher than 25% hydrolysis, i.e. when D P~4, k remains practically
constant.

In the acid hydrolysis of inulin two problems will arise: the splitting
mechanism of/3-1,2 linkages, and the fact that with the progress of hydrolysis
the rate constant keeps increasing. The splitting of ketofuranosides differs not
only from the splitting of aldopyranosides, but also from that of aldofura-
nosides; the characteristic differences are shown in Table IV. On the other
hand, the difference between the velocities of the acid hydrolysis of ketofurano-
sides and ketopyranosides is much smaller than in the case of aldosides. In the
case of ketosides this is obviously explained by the formation of a tertiary
carbonium cation as a result ofthe splitting ofthe glycosidic linkage. The values
ofthe activation energy of furanosides and pyranosides are also similar [18] and
substantially lower than in the case of aldopyranosides; also this fact suggests
thatthe splitting mechanisms ofketopyranosides and ketofuranosides are similar.

The rapid hydrolysis of aldofuranosides appears to be explainable by A-2
mechanism. This conclusion is based on the fact that their entropies of activa-
tion are negative [19]. In this case it is conceivable that the furanoside ring,
existing in an almost planar form, will have a transition state in which both
groups are simultaneously present: the leaving group and the incoming group
(Fig. 5) that is to say, the rate-determining step of the reaction will be the
bimolecular attack of the entering group [20].

In the case of inulin, and in general, in ketoglycosides, the glycosidic
carbon atom is so “crowded” that the above mechanism is not conceivable; the
values of activation entropy do not indicate such a mechanism. Therefore the
splitting mechanism ofthe /3-1,2 linkages of inulin is, in all probability, identical
with the splitting mechanism of sucrose and raffinose [16]. The characteristic
features (see Table ¥) are very similar.

This mechanism consists of the following steps (see Fig. 6):

(a) the ring-oxygen (a) or the bridge-oxygen (b) is protonated;

(b) the furanosyl-oxygen linkage is splitas a result of the formation of a
tertiary carbonium cation (c—e or g);

(c) the tertiary cation causes the heterolysis of a water molecule (AT
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Characteristics of the acid hydrolysis

Ring

Change of ring
conformation

Entropy of activation

The rate determining
step

Order of magnitude of
kn 100 °C min-1

The carbonium cation

Example

Ref.

ho.
0

aldopyranoside

yes
positive
monomolecular

10—
secondary

Me-/?-D-glu-
copyranoside
[24]

Table IV

385

of aldo- and keto-furanosides and -pyranosides

aldofuranoside
no
negative

bimolecular

10°
secondary

Et-/?-n-galacto-
furanoside
[25]

["V
ketopyranoside

yes
positive
monomolecular

10°¢
tertiary

Me-/?-D-fructo-
pyranoside
[18]

\'Y

ketofuranoside

no
positive
monomolecular

10'
tertiary

sucrose

[i6]

In the case of sucrose and raffinose, it has been proved by several argu-
ments that fructose, and not glucose is the moiety which determines the stabil-
ity of the bond and, in general, the characteristics of hydrolysis. The data
obtained in the hydrolysis of inulin prove this hypothesis unambiguously:
in this case glucose cannot play any role, while the characteristics of the hydro-
lysis are practically the same as in the case of sucrose and raffinose.

The available data do not allow to decide unambiguously whether the
protonation of the ring-oxygen or the bridge-oxygen plays the decisive role
(see Fig. 6). It seems probable that oxygen atoms can he protonated, but the
protonated forms lead to the splitting of the bonds with different probabilities.
The fact that the oxygen atoms of the ring and the bridge are competing for the

7%
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Table ¥

Characteristic data of the acid hydrolysis of sucrose, raffinose and inulin

Sucrose Raffinose Inulin
kn 100 °c 56.36 48.75 7140
Ea, kcal/mole 25.54 25.89 25.55
AS+, e.u. +8.07 + 8.34 +8.13
S 1.038 1.033 1.062
16.82 16.95 16.72

proton, is proved by the hydrolysis of thiopyranosides. 1-Thiopyranosidcs are
much more stable than O-pyranosides, because the S atom has less basic
character than oxygen. Howewer, 5-thiopyranosides are hydrolyzed approxi-
mately 10 to 20 times more rapidly than pyranosides [22] as in this case there
is no ring oxygen which would draw away one part of the protons available for
the oxygen-bridge.

In the case of pyranosides the formation of a tertiary carbonium cation by
diaxial elimination is not possible: hydrolysis can only occur by protonation
of the bridge-oxygen. Howewer, in the case of ketosides the velocity of hydro-
lysis is greater by approximately three orders of magnitude than in the
case of aldopyranosides, and from this diaxial elimination [21] and, indirectly
a dominant role of the protonation of the ring-oxygen can be concluded. The
acyclic d—/mechanism is improbable; there is no experimental proof for the
existence of such a case.

The increase of the rate constant during hydrolvsis, i.e. the dependence

of x on DP may be caused by three factors:

(a) inductive effect

(b) conformational effect

(c) electrostatic shielding effect (impeding the protonation).

The existence of an inductive effect is possible, but its transfer along the
chain seems to be improbable. In the case of an effect of this type, it should
affect each oxygen-bridge equally causing identical changes in the electronic
density.

The observation that at higher than 20—25% hydrolysis (approximately
D P~i 4) the rate constant does not change any more, suggests that not only the
reducing or non-reducing terminal groups are hydrolyzed more rapidly than
the non-terminal bonds but, in general, the hydrolysis of the larger molecules
is a slower process.

In the case of amylose and the homologues of maltose, as well as cellulose
and homologues of cellobiose, the restriction of the conformation change of the
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CH?2

Fig. 6. Possible pathways of the hydrolysis
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pyranose ring seems to explain the fact that the non-reducing terminal group
is split more rapidly than the reducing one or, in general, non-terminal link-
ages [23].

The furanosid ring is almost planar; the formation of a tertiary carbo-
nium cation requires neither a profound conformational change, nor areorienta-
tion of the remaining parts of the chain molecule. Thus in this case the increase
of k cannot be explained by a conformational effect. This propounds the ques-
tion whether the increase of k is correctly attributed to a conformational effect
in the case of amylose and the homologues of maltose, as well as in the case of
cellulose and the homologues of cellobiose.

As we have published [16], in raffinose the splitting of the glucosyl—fruc-
tosyl bond is slower by about 19% than in sucrose. This may be accounted pro-
bably by the fact that a part of the bridge-oxygens between glucose and galac-
tose are also protonated, depriving one part of the ring-oxygens from their
protons, or electrostatically preventing their protonation. Presumably a similar
mechanism causes the slower splitting of the non-terminal bonds in inulin.

Scrutinizing the properties of the aqueous solutions of inulin (viscosity
and solubility) it can be ascertained that inulin does not form extended chains
but rather random coils. Within the latter, the protonated parts electrostatically
prevent the fixation of new protons, while this effect is much weaker in the
vicinity of the terminal groups.
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1,2-diisobutoxybenzene can be prepared in high yields by the alkylation of pyro-
catechol with isobutyl arylsulfonates, e.g. isobutyl benzenesulfonate. The product is
very pure and can be nitrated to I,2-diisobutoxy-4-nitrobenzene in satisfactory yield.

The dialkyl ethers of pyrocatechol are intermediates in the preparation
of 3,4-dialkoxyanilines, which latter are the starting materials of quinoline
derivatives of great therapeutical importance.

In this paper, our experiences obtained in evolving an economical process
suitable for the industrial production of 1,2-diisobutoxybenzene (pyrocatechol
diisobutyl ether) are reported.

In the literature, several methods are given for the preparation of phenol
ethers [1, 13, 14]. Alkyl halides are very often used for the alkylation of pyro-
catechol. The use of straight-chain alkyl halides up to four carbon atoms gives
the diethers [2] in high yields, while in alkylations with branched chain alkyl
halides the yields are significantly lower. Etherification of pyrocatechol with
isopropyl bromide and isobutyl bromide gives the product in yields of 47 and
33%, respectively [3, 4,5, 6, 7]. In the present work, the possibilities of prepar-
ing 1,2-diisobutoxybenzene in high yield were investigated.

Results and discussion

Etherification with isobutyl bromide

The alkylation of pyrocatechol with isobutyl bromide was studied in
different solvents. Unsatisfactory results were obtained in these experiments.
This fact is demonstrated by some examples shown in Table I.

In alkaline medium, the etherification of pyrocatechol is accompanied by
the simultaneous decomposition of isobutyl bromide:

CH,-CH-CH, Br CHj-C CH2
CH3 (1)
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Table 1

Influence of the solvent, temperature and pressure on
of pyrocatechol with isobutyl bromide

Reaction

Pressure,
Solvent temperature, atm.
°C
Aqueous ethanol 90 -
Aqueous ethanol 90 —
Abs. dioxan 100 —_
Abs. isobutanol 120 2
Abs. ethanol 150 2—25

*In the presence of 2 g of sodium toluene-p-sulfonate

the alkylation

Yield of
1,2-diisobutoxy-
benzene %
32
34*
12
22
33

A similar phenomenon was observed by oi1son et al. [8] in the alkylation of

phenol with isopropyl bromide.

In the reaction of pyrocatechol and isobutyl bromide, the first step is the

formation of 2-isobutoxyphenol:

Reaction (2) is relatively rapid, taking place within 2—3 hours.
The next step is the formation of 1,2-diisobutoxybenzene:

CH3

0-CHZ2 CH-CH,

CH3-CH-CH ,-Br

o: I
CH,

+ Br- (3)

Reaction (3) proceeds considerably slower than reaction (2); this is probably

due to steric hindrance.
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Thus it can be seen that the reaction of pyrocatechol and isobutyl
bromide involves two competitive reactions in the presence of alkali hydroxide.
One of them — the formation of isobutene — is relatively rapid, while the
formation of the diether, which is the desired compound, is slow- Therefore a
better method of etherification was required.

Etherification with isobutyl arylsulfonate

When an isobutyl arylsulfonate, e.g. isobutyl p-toluenesulfonate or
isobutyl benzenesulfonate is used as the alkylating agent instead of isobutyl
bromide, the undesirable side-reactions are practically eliminated. Even
with a small excess of arylsulfonic ester, if a sufficiently long reaction period is
applied, 1,2-diisobutoxybenzene is obtained in satisfactory yields (80%, based
on pyrocatechol). The yield can be increased to 85% by recovering 2-isobutoxy-
phenol from the mother liquor after the separation of 1,2-diisobutoxybenzene
and by completing its alkylation, together with the pyrocatechol in the next
experiment.

Arylsulfonic esters can be prepared from arylsulfonyl chlorides and
isobutanol in the presence of a proper acid-binding agent (e.g. pyridine [9]),
triethylamine or sodium carbonate [10], in high yields. In our case, the ether
was synthesized according to the procedure given by Page and Crinton [11],
under somewhat modified reaction conditions. The 1,2-diisobutoxybenzene
obtained was very pure and could be nitrated with cone, nitric acid in glacial
acetic acid in high yield (87%).

When the mother liquor obtained after the separation of 1,2-diisobutoxy-
benzene is concentrated, potassium arylsulfonate can be recovered. This can be
converted to the starting material, arylsulfonyl chloride, in a reaction with
chlorosulfonic acid [12], in yields higher than 90%.

Experimental
P reparation of isobutyl benzenesulfonate

(A) 158 g (2.0 moles) of anhydrous pyridine was added dropwise during 3 hrs. to a
mixture of 176.6 g (1.0 mole) of benzenesulfonyl chloride (containing 94% acid chloride) and
89 g (1.2 mole) of isobutanol (technical grade), under continuous stirring at 5 °C. The stirring
was continued for another hour at 5°C. Then the reaction mixture was mixed with 500 ml
of 18% HC1, the ester was extracted with 3X100 ml of benzene, and the combined benzene
phases were washed with water to neutral reaction. The benzene solution was dried over an-
hydrous magnesium sulfate, evaporated, and the product was fractionated at reduced pressure
(I mm Hg). The main fraction was collected between 110.5 and 112 °C. 182 g (91% ) of isobutyl
benzenesulfonate was obtained, nj,0 = 1.4998.

(B) A suspension of 85.0 g (0.8 mole) of anhydrous sodium carbonate in 111.2 g (1.5
mole) of isobutanol (technical grade) was heated to gentle reflux on an oil bath under contin-
uous stirring, and 176.6 g (1.0 mole) of 94% benzenesulfonyl chloride was added dropwise to
t he mixture during 30 min. The mixture was stirred and further refluxed for 3 hrs., then cooled
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to 20 °C. 300 ml of water was added, and the mixture was stirred until the inorganic salts
dissolved. The ester produced was extracted with 3XKO0 ml of benzene, the combined benzene
solutions were washed with water to neutral reaction, dried over magnesium sulfate and eva-
porated. 145 g (72.5%) of evaporation residue was obtained, which was suitable for the
alkylation of pyrocatechol without fractionation.

Preparation of 1,2-diisobutoxybenzene with isobutyl benzenesulfonate

110 g (1.0 mole) of pyrocatechol (technical grade) was dissolved in 290 g ethanol. A so-
lution of 84 g (1.5 moie) of potassium hydroxide in 140 ml of water was added under contin-
uous stirring, the mixture was heated to reflux on an oil bath and 224.7 g (1.05 mole) of iso-
butyl benzenesulfonate was added by drops in 30 min. under gentle reflux. The mixture was
refluxed for 3 hrs., and a solution of 84 g (1.5 mole) potassium hydroxide in 140 m| water and
224.7 g (1.05 mole) of isobutyl benzenesulfonate (in 30 min., under gentle reflux) were again
added. The reaction mixture was further refluxed for 18 hrs., then cooled to 20—25 °C. The
diether produced was extracted with 3 X 300 ml of benzene, the combined benzene solutions
were dried over magnesium sulfate, evaporated and fractionated in vacuum (5 mm Hg). The main
fraction was collected between 128 and 131 °C. 178 g (80% ) of 1,2-diisobutoxybenzene was
obtained, which solidified on standing for a few hours, m.p. 28—29 °C, nj,0 = 1.4830.

The aqueous mother liguor of the benzene extraction was acidified to pH 4—5 with
cone. HC1, extracted with 3X50 ml of benzene, and the combined benzene solutions were
dried over magnesium sulfate, evaporated and fractionated under reduced pressure (9 mm Hg).
The main fraction was collected between 109 and 112 °C. 8.4 g of 2-isobutoxyphenol was ob-
tained, m.p. 48—49 °C.
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A study is first made of the elementary physical processes of bubble formation,
and this is followed by an analysis of the foam state. The primary foam is formed by
bubbles, the size and rate of ascent of which are determined by the physical properties
of the liquid and the constants of the apparatus.

The term secondary foam is applied to that foam in which the continuous phase
is no longer the liquid but the primary foam itself, and in which the much larger sec-
ondary bubbles ascend.

Based on this consideration, formulae are given for the calculation of the formal
properties of dynamic foams.

The experimental method and results are reported, and the latter compared
with the calculated results. As regards most parameters the agreement is surprisingly
good; only in the case of the viscosity there was a considerable difference.

The method of dynamic foam formation is suitable for the intensification
of processes between a liquid and a gas. By dynamic foam is understood
a liquid—gas system of foam-like structure which is formed if gas is forced under
pressure through the openings in the bottom plate into a liquid column. At
first, depending on the amount of gas forced through per unit surface in unit
time, only bubbles pass up, but then with the increase of the amount the
structure is obtained which is called a dynamic foam. The name of this structure
is derived from the fact that in contrast to stable foams the characteristic
foam-like state is lost at once if the passage of gas is discontinued.

All types of transfer processes between the liquid and the gas in the
dynamic foam state (including condensation and evaporation) are significantly
accelerated because a very large internal surface is formed which is constantly
renewed, while the relative rate difference between the gas and the liquid is also
very great.

Processes with dynamic foam formation are spreading more and more in
the chemical industry and recently in addition to transfer operations they
have been used for liquid-liquid reactions, crystallization and other technolog-
ically important aims. The theoretical basis of the behaviour of dynamic foams
has so far not been derived from an exact hydrodynamic model and the possi-
bility of this is very slight. The authors who have dealt with the properties of
dynamic foams until now have for the most part established empirical and
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criterial equations to characterize the behaviour of dynamic foams. It is well
known that such relations are capable of a good approximation of the true
situation only in a narrow range of characteristics of the material and the
apparatus. There have been authors who attempted to employ exact equations
of theoretical hydrodynamics, but usable relations were not obtained.

In this paper an attempt is made to apply a transitional method of
treatment in which, although the classical equations of hydrodynamics are
not used, physically accurate relations are arrived at from some assumptions
concerning the structure of the dynamic foam. It turns out from a comparison
of many measurements and calculations, also given in this work, that with a
few exceptions the agreement is good in the range of measurements between
the theoretical values obtained from this working hypothesis and the actual
experimental results.

The work comprises essentially two partially independent phenomena.
As has already been mentioned, if gas is passed through a liquid column, then,
depending on the gas rate, two significantly different structures arise. At low
rates the gas passes through in the form of independent bubbles, and at high
gas rates a dynamic foam is formed. The regularities of the two structures
differ and the transitional state between the two is theoretically difficult to
conceive. It is certain, however, that when the independently moving bubbles
are present in such number that the liquid layer separating them is reduced to a
film, then any further increase of the gas rate must involve the breaking of
these films. Thus, if the proportion of bubbles approaches the structure of a
spherical mass in a regular spatial arrangement, then the bubble state is
terminated and the further increase of the rate leads to the dynamic foam
state. Our working hypothesis does not give an adequate explanation of this
transitional state.

An examination of the literature shows that the physics of dynamic foams
has been dealt with primarily by Soviet research workers. Some of them used
their measurements to establish empirical relations to describe the dynamic
foam state, others described it in the form of criterial equations by the method
of dimensional analysis orwith the help ofthe Navier-Stokes equations [1— 12].
Usyukin and Axelrod [1] gave the pressure drop in the foam column by a
suitable modification of the Bernoulli equation. Of the important parameters
they considered the surface tension and the static pressure, but not the
viscosity. Likewise setting out from the Bernoulli equation, Molokanov [3]
calculated the apparatus resistance in a foam column of the drip-through type.
Pozin et al. [10] formulated the dependence of the foam column height and the
resistance on the operational parameters in general functionalities. Correctly,
the linear gas rate was found to be the determining parameter.

Mukhlenov [11, 13] set out from the Navier-Stokes equations and
have found that the characteristic parameters of the dynamic foam are in-
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volved in the applied boundary conditions. A criterial equation in a stationary
state was given for the foam height and the flow resistance.

Theoretical considerations

The principle of an apparatus containing the dynamic foam is shown in
Fig. 1. The rapid gas stream introduced at the bottom of the column causes
excellent mixing and a large internal surface, and hence the interaction between
the gas and the liquid is very intense.

The gas entering via the opening a passes into the liquid layer ¢ through the
perforated support b and forms a dynamic foam. The volume of the foam is
substantially greater than that of the static liquid. Since the diameter D of
the cylindrical vessel is constant, the ratio of the volumes is identical with
the ratio of the foam column height L and the static liquid column height LO.

The primary foam

Let us first consider the formation of the individual bubbles on the
support. An opening in the support is selected with diameter 6. The gas forcing
its way through this forms a blister above the support; this remains in contact
with the gas space below the support through the opening until it breaks
away from the support and rises in the form of a bubble. Directly after this the
formation of the second bubble begins and the process is continuously repeated.
The bubble diameter at which the upward force on the bubble is exactly
equal to the adhesive force holding the bubble to the opening or to the support,
which is proportional to the surface tension of the liquid, is called the critical
diameter. The critical bubble diameter dO can be calculated by setting out
from the formation mechanism shown in Fig. 2.
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Fig. 2 depicts the environment of a support opening; the edge of the hole is
rounded off and so the adhesive edge of the bubble can slide onto the surface
of the support. The forming bubble assumes the form of a hemisphere because
then the volume to surface ratio is a maximum. If the surface tension of the
liquid is cr, then the adhesive force P can be expressed as:

P adOn 1)

If the density ofthe gas, which is about three orders of magnitude less than that
of the liquid, is neglected, then the upward force F can be described by the
following relation:

F=&-y (2
12

Since expressions (1) and (2) are identical, the critical bubble diameter dO is:

©

It is necessary to deal separately with supports containing fewer but larger
openings; here the bubbles forming simultaneously at two adjacent support
openings attain a size corresponding to the critical diameter dO before their
base circles reach one another and hence closely fill up the cross-section. In this
case then, if the rate of passage ofthe gas is increased, the diameter of a primary
bubble can increase to which is the distance between the centres of the
adjacent holes. In such a support the critical diameter dOcan be replaced by the
distance d"
Using other data for the support, the distance dOcan be given as:

w'here bis the diameter of an individual opening and eOis the free cross-section
of the support.
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That material is called primary dynamic foam in which the ascending
bubbles have average diameters d0 and d0 and completely fill the available
volume.

We shall examine next the gas fraction 1 —x0 of the primary dynamic
foam and the linear gas rate uOreferring to the free cross-section at which this
can be achieved.

The gas fraction of the foam is determined by the rate of ascent u of the
primary bubbles and the gas rate uO according to the following equation:

U= ----o MO ___ (5)

The rate of ascent of the primary bubble, however, can also be determined
from the Bernoulli equation:

(6)

where cOis a flow resistance factor of the liquid towards the ascending bubble.
From Eqgs (5) and (6) the gas proportion of the primary foam can be
calculated:

(?)

Let us consider the bubbles ascending in the primary foam as a mass of spheres
of cubic spatial arrangement. Such a mass of spheres fills about half of the
available volume. Such a packed arrangement of the bubbles, however, is not
conceivable because this would mean the direct contact of the gas in the
bubbles. For this reason the gas fraction of the primary foam, in agreement
with the pertinent data, is always less than 0.4. If this value of the gas fraction
is substituted into (7) with a suitable choice of the resistance factor c0, then
the value of uOis found to be less than 0.2 m/s.

In practice, 5— 10 times higher linear gas rates are used in dynamic
foam apparatuses and the gas fraction of the foam reaches 0.7—0.8.

The secondary foam

A foam is termed secondary if the linear rate vO of the forced-in gas is
greater than the maximum linear gas rate uOrelating to the primary foam. It
follows from this that:

1— x> 1—*0and v>u
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Our working hypothesis for the further calculations is that the two phases in
the secondary foam state are not the gas and the pure liquid as in the primary
foam, but the gas and the foam itself.

As regards this assumption, Eqgs (3) and (4) which express the critical
bubble diameter must be suitably modified. Let us consider Eq. (3) valid in
the form:

d (H)

Here d is the critical bubble diameter of the secondary foam, a'is the fictive
‘surface tension’ of the foam, and y' is its density.

If it is assumed that the primary bubbles are arranged in a square
planar configuration on the great circle of the secondary bubbles, then the
number N of primary bubbles accommodated on the surface of the great
circle is:

4d»

The adhesive force P in the secondary foam is calculated from the above equa-
tions and from (1):

T
1

da'n = —n-dona (10)

From this equation the ‘surface tension’ of the secondary foam is:

_dn
= "
4dn )

If the liquid fraction of the foam is x, then its density y' is trivially y mx.
Substituting the above y' and (11) into expression (8) and rearranging for
the critical bubble diameter of the secondary foam, the following expression is

obtained :
bna
d = (12
dOyx

If d0 of (3) is substituted into expression (12), then:

g = n 3a (13)
2x 1y
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If d0 of (4) is used instead, then:

d= 0 , (14)

We mention here what decides the alternative use of (13) and (14). If

(15)

then (13) must be used, whereas if

(16)

then (14) is the proper expression.
The diameter d of a bubble ascending in the secondary foam was also
determined from the rate of ascent to be:
3¢ 1 a7
4 g (1—x)r

Similarly to the considerations applied for the primary foam, the aim here is
the expression of the gas fraction of the linear gas rate v0. For this the right
hand sides of (12) and (17) are made equal; after rearrangement we have:

S R S— (18)
(1-%)2 %d Oy

Equation (18) is approximately valid because we have neglected that part of
the gas flow which consists of the flow of primary bubbles always present.
This neglect is justified because it is known from experience that the total
volume of the primary bubbles in the dynamic foam state is a very small
fraction of the total volume of the secondary bubbles.

In addition, Eq. (18) is only formal because if the resistance factor c
depends on the Re number, then it also contains the diameter d and the rate
of ascent v.

Derivation of equations suitable for practical calculations

Equation (18) was still unsuitable for actual calculation because the
general resistance factor c which appears in it contains both the liquid fraction
and the rate vO.
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We now turn to the use of a definite resistance factor, and set out from
the following structure reminiscent of the Allen factor:

c= a /v (19)
vd
The kinetic viscosity v' of the secondary foam is defined by:
vr= XV -f- (1—x) vg (20)

For easier handling, however, we work with an integral average, and instead
of (20) we use:

v' = Rv (22)
where

Q X AL(1 x) dx (22)
) Y,

Rewriting (19) according to this, we obtain:

Bv(1—x)
VAtd

(23)

Let us substitute the resistance factor according to (23) into (17) expressing

the bubble diameter:

2/3 1/3
8 7y (24)
49, 1 x

By putting (14) and (24) equal we obtain the liquid fraction x and the gas
fraction 1 —x:

K
. 25
vork 1 *=—phr {b) 9
Here
|'4g 2/3 !
K = (26)
3a MS
and in the latter
A=~ @ if (15) holds @7)
y
and
A=2_"Yy if (16) holds (28)
& VvV
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The expressions (25), however, still do not include the wall correction; neither
do they take into account that in the lowest and uppermost layers of the real
foam column the derived relations do not hold and because of this the gas
fraction also depends on the height L 0 of the static liquid column.

Consideration of the effect of the foam column height

If gas is forced through a thin liquid layer, then the result can only be
regarded as foam if its height is greater than 2 bubble diameters; according,to
the above this latter is determined by the gas rate, the material properties of
the liquid, and the geometry of the support. If the height of the liquid layer is
less than this, then it contains practically no enclosed and ascending bubbles on
which the entire model is based. If the layer height is less than d, then only
bubbles which are just forming or are already bursting can exist in it and the
gas spaces below and above the foam are in direct contact. Such a degenerate
foam is essentially no more than a thickened support; and so we must include
the measured height of the foam layer, the anomalous lower layer amounting
to about d, and also the foaming out at the top of the layer; because of this the
actual expansion of the layer is larger than that given by (25). We proceed by
multiplying expression (25a) for the liquid proportion by a factor (smaller
than unity): .

L

n= L +td

According to (11), (26) and (27):

(29)

n = (30)

That is, fxis independent of the expansion of the layer. Taking this correction
into account, equation (25a) becomes:

k
x= (31)
vO+ k
while (25b) becomes:
0+ (I- k = A
1 vo+ (1-w) (32)
vO+ k

Consideration of the wall effect

W ith the decrease of the diameter of the apparatus and with the increase
of the viscosity of the liquid, the relative thickness of the boundary layer
adhering to the wall of the vessel increases; its free movement is impeded and
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hence it keeps the ascending bubbles at a distance from itself. According to
the pertinent theory, the ratio of the laminar boundary layer and the tube
diameter is inversely proportional to the square root of the Re number:

(33)
Substituting according to (21) and (26), (33) becomes:
B
VX (34)
kD

The boundary layer of thickness & is bubble-free pure liquid, and hence the
gas fraction expressed by (32) must be multiplied by a factor

Bvx

- 35
/2= 1 ‘D (35)

Let us denote the right hand side of (32) by A, when the modified gas propor-
tion is:

1 (30)
The remodified and final gas proportion can be expressed explicitly from (36):

PALZ (37)

where

(38)

(37) is the final equation of the calculation. This contains every important
parameter affecting the behaviour of the foam layer and also the layer height
and wall corrections. It will be used for the description of our experimental
results. With a knowledge of the gas fraction it is also possible to calculate
the average bubble radius from (13) and (14), and from this in turn the specific
internal surface of the foam can be determined.
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3. Experimental method

The apparatuses shown in Fig. 3 were assembled for the hydrodynamic study of the
foam column.

The apparatuses were set up from foam column units provided with three studs and
supported by plastic clamps; the internal diameter D was 4.9 cm and the length 20 cm.

The volume flow rate of the gas V was measured with a rotameter.

The difference in the liquid column of an inclined tube micromanometer filled with al-
cohol was read off to determine the resistance of the dry plate.

a. Apparatus for the study of cross-flow
foam column b. Apparatus for the study of reverse-flow
foam column
1. Meter (air)
. Foam column body with cm scale 1. Meter (air)
3. Manometer for measurement of foam 2. Liquid feeder
resistance 3. Meter (liquid)
4
5

N

I

. Perforated plate . Foam column body with cm scale

. Screening cloth . Manometer for measurement of foam re-
6. Manometer sistance

. Perforated plate

. Manometer

w

~N o

The amount of liquid in the foam state was determined by measurement with a gradu-
ated cylinder.

The foam height was determined visually in all cases using the cm scale on the apparatus.

Compressed air from the network was used as the flowing gas; the linear rate of this
calculated for complete cross-section was varied between 0.2 and 1.6 m/s in 10 steps. In every
case three parallel measurements were made.

The data for the perforated supports can be found in Table I.

The resistance of the foam layer and the gas volume proportion were studied in the
following cases:

1. Experiments were carried out using V = 100 cmMwater with plates 2/1 —14 -5/10 —14
and 3/3-11—3/3-16.

2. With V - 20 200 cm3water, the amount of water was changed in 10 steps; plate
3/3 —14 was used.

3. Experiments were carried out with plates 51 14,5/10 14,2/1 14 and 2/10 —14
using 40, 60 and 200 cm3 water.
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Table 1

Plate y (cm) d (cm) n m (cm) (%)
2/1-14 0.10
2/2-14 0.20
2/3-14 0.32 0.20 88 0.40 14.71
2/6-14 0.66
2/8-14 0.84
2/10-14 1.09
3/1-14 0.10
3/2-14 0.20
3/3-14 0.32 0.30 39 0.65 14.67
3/6-14 0.66
3/8-14 0.84
3/10-14 1.09
4/1-14 0.10
4/2-14 0.20
4/3-14 0.32 0.40 22 0.80 14.71
4/6-14 0.66
4/8-14 0.84
4/10-14 1.09
5/1-14 0.10
5/2-14 0.20
5/3-14 0.32 0.50 14 1.00 14.63
5/6—14 0.66
5/8-14 0.84
5/10-14 1.09
3/3-1 1 0.37
3/3-2 2 0.30
3/3-3 2 0.50
3/3-4 2 0.80
3/3-5 0.32 0.30 2 1.30 0.75
3/3-6 2 2.30
3/3-7 2 3.30
3/3-8 2 0.60
3/3-9 2 0.70
3/3-10 2 1.00
3/3-11 12 1.20 4.51
3/3-12 20 1.00 7.51
3/3-13 0.32 0.30 30 0.75 11.22
3/3-15 50 0.55 18.70
3/3-16 60 0.45 22.44
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4. W ith plate 3/3—14, the effects of the viscosity and density of the liquid were studied
on the resistance of the foam layer and the gas volume fraction.

5. The effects exerted on the resistance of the foam layer and the gas volume fraction
by the surface tension of the liquid were studied with plates 3/3—11, 3/3—12, 3/3—13, 3/3—14,
3/3—15 and 3/3-16.

6. The foam layer resistance and the gas volume fraction were studied with the plate
3/3—14 using 10 different concentrations of H2SO.,.

The characteristic data of the solutions used are given in Table II.

Table 11
Liquid ' <) y (kp/m) v (cP) ar (dyn/cm)
W ater 1000 1.10 73
Glycerine-water 10 1022 1.31
mixture 20 1047 1.77
30 1073 2.50
40 1099 3.75
50 1126 6.05
60 1154 10.96
Thelen solution 1200
1400
1600
1800
2000
Ethanol-water mixture 2 994 1.2 63
6 988 1.4 53
14 977 1.8 43
30 954 2.7 33
96 801 1.3 23
Sulfuric acid-water 10 1070 1.12 73.5
mixture 20 1140 1.38 74.3
30 1220 1.82 75.5
40 1300 2.48 76.6
50 1400 3.58 77.0
60 1500 5.52 76.1
70 1610 9.65 74.1
80 1730 23.20 71.4
90 1810 23.10 63.2
96 1840 23.90 56.8

The average bubble diameter and the specific surface of the foam calculated from (37)
using (13) and (14) are shown in Figs 4 and 5, respectively, as functions of the linear gas rate
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Study of the agreement with the experimental data

The results obtained with the equations derived above which were
suitable for practical calculations were compared with experimental data.

VO

Fig. 4. Average bubble diameter and specific surface of foam calculated from Eqs (37) and (13)
vs. linear gas rate

VO

Fig. 5. Average bubble diameter and specific surface of foam calculated from Eqs (37) and (14)
vs. linear gas rate. Variable vO

The agreement of the measured (individual points) and calculated (continuous
curve) gas fraction values as a function of the linear rate vOofthe gas is shown
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in Fig. 6, as a function of the opening diameter in Fig. 7, as a function of the
opening fraction of the perforated support in Fig. 8, as a function of the

Fig. 7. (Gcatapyxhann geerodbcee \Ahle S
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surface tension of the liquid in Fig. 9, as a function of the liquid volume in Fig.
10, and as a function of the viscosity of the liquid in Fig. 11.

0 3.74 748 11.2214.6718.7 22.44 13 23 33 43 53 63 74
£f 7. 6 KO0'4]

Fig. 8. Gas fraction of foam vs. fraction of Fig. 9. Gas fraction of foam vs. surface
openings. Variable £j tension. Variable a

Fig. 10. Gas fraction of foam vs. volume of liquid. Variable V

Figs 10 and 11 show that corrections (29) and (33) should be improved.
The existence of the maximum in Fig. 11 follows from (37) and here there is a
need for further experiments.
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Fig. 11. Gas fraction of foam vs. dynamic viscosity. Variable rj

LIST OF SYMBOLS

density of primary foam (kp/'m3)

density of secondary foam (kp/m3)

gas density (kp/m3)

capillary depression (kp/m3)

opening diameter (m)

surface fraction remaining free

support free cross-section fraction

fraction of openings

formal resistance of support

boundary layer thickness (m)

kinematic viscosity (m 2/s)

liquid surface tension (kp/m)

fictive ‘surface tension’ of secondary foam (kp/m)
general resistance factor

liguid flow resistance factor (towards the ascending bubbles)
secondary foam critical bubble diameter (m)
bubble diameter (m)

distance between centres of adjacent holes (m)
hydrostatic pressure (kp/m2)

dynamic pressure of gas passing through opening
rate of ascent of primary bubble (m/s)

linear gas rate referring to free apparatus cross-section (m/s)
rate of ascent of bubble in secondary foam (m/s)
linear rate of forced-in gas (m/s)

linear rate of water flow (m/s)

liquid fraction of foam

apparatus diameter (m)

lifting force (kp)

foam column height (m)

static liquid column height (m)

adhesive force (kp)
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11.
12.

13.

SASVARI et al.: STUDY OF DYNAMIC FOAMS
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I. Gyenes: Titrationen in nichtwaBrigen Medien

701 pp. Akadémiai Kiad6, Budapest, 1970

The idea that reactions occur not only in agueous media, is for chemists nowadays not
as strange as it was some decades ago. Nevertheless, the spreading of this new viewpoint and
of the practical possibilities given by it has not been as quick as it would be desirable and reason-
able. The effect of the inertia principle is reflected also in this field of development of chemistry.
If we scrutinize the actual grounds of this effect, we can make some very important statements,
which may also give help as a diagnhosis — to the setting of further tasks.

“The properties of electrically conducting systems” by Kraus was published in 1922,
“Elektrochemie nichtwédRriger Lésungen” by Walden in 1924, books which opened a new epoch
in the chemistry of non-aqueous media; however, the time elapsed since then has not been
enough to clarify the theoretical fundamentals of this new field. The book by I. Gyenes pub-
lished now on titrations in non-aqueous media still surveys this field so that some important
parameters, such as solubility, are not quantitatively elaborated, which is a striking proof
for the effectiveness of the inertia principle pointed out above.

The author regards his book as a fundamentally re-written and supplemented edition
of his 10-year-old Hungarian and 3-year-old English publications. The book published in
English was an enlargement of the Hungarian version to such an extent that the English
edition can be considered a handbook as compared with the laboratory manual in Hun-
garian. The German issue expanded still further this character in its contents, up-to-date-
ness and treatment. To the four new chapters of the English edition (“Photometric end-
point”, “Redox titration in non-aqueous media”, “Titrations with complex formation in non-
aqueous media” and “The determination of the alkoxyl group, carbamic acid esters, substi-
tuted phosphines and organosilicon compounds”) still further chapters have been added in
the German book enhancing its value to an extent which can hardly be overestimated. In the
technical part the following chapters are new: “Konduktometrische Endpunktanzeige”, “ Oszil-
lometrische Endpunktanzeige”, “Differentielle polarographische Titration und dead-stop Me-
thode”, “Coulometrische Titrationen” and “Enthalpimetrische Endpunktanzeige”. From
among the new chapters of the practical part | should like to point out the following: “Be-
stimmung von Verbindungen, die alkoholische Hydroxylgruppen enthalten”, where a new
line is the catalytic acceleration of the processes applied in analysis.

Almost all chapters are somewhat extended. The theoretical principles are treated in
greater detail, more exactly, and asserting broader viewpoints. The author illustrates the theo-
retical statements with a number of very useful examples. In the practical part a great many
methods are given with full descriptions of the procedures and with detailed sketches of the
equipment to be applied. The prescriptions are detailed and very accurate, also including hints
which are usually missing in similar analytical handbooks.

The use of the book is greatly enhanced by a comprehensive discussion of the theoretical
possibilities of the new field, enabling the chemist to take up a position also in cases which
are not treated in the book. The tabulated compilations are demonstrative and instructive,
because they contain the most important data. The reader has definitely the impression that
the author has never forgotten his task that he must overcome a fairly great reluctance with
his bdok. In doing this, he is especially successful in the introductory chapters, in discussing
the competition between solvent and solute. The principle of competition is— in my opinion —
a fundamental component of modern chemical thinking, but is perhaps nowhere so indispen-
sable as in the case of reactionsoccurring in solutions. For the same reason the chapter “Zu-
sammenhé&nge zwischen Aciditat, Basizitdt und Molekilstruktur” is also very interesting.

The book lists 1330 literature references, which are by 432 more than those given in the
Fnglish version, covering the literature up to 1967.
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The book is complemented by a really interesting citation- and author index. First
the literature references are listed in alphabetic sequence with increasing numbers. In the author
index the corresponding page-numbers are given. This is completed with a subject index which
gives a first class orientation and information about the abundant contents of the book.

The typographical presentation is still better than that of the English book, though
a few reproductions are not perfectly clear.

The new book by I. Gyenes represents a valuable further contribution to the chemistry
of non-aqueous solvents, and will surely be of great help to those who are dealing with this
field.

Z. G. Szabo

International Compendium of Numerical Data Projects. Produced by CODATA

295 pp. Springer-Verlag, Berlin -Heidelberg—New* York, 1969

The studies in chemistry, physics and technology are in a process of immensely branch-
ing out. For being conversant at least with one’s own field of research, one needs a lot of time
to study a tremendous number of reviews and collect systematically the data coming from the
most different sources. The effort against backwardness takes a considerable time originally
devoted to research work. Research is aided to a great extent by the present Compendium, the
material of which attempts to answer the following general questions:

W hat compilations containing critically evaluated data are now available; what centers
or organizations produce or aid production of such data for publication on a continuing basis;
what national programs exist for financial support and encouragement of data compilation;
and what guidelines are available to compilers of all countries so that their products may be
compatible.

The Compendium is divided into six chapters: In the first chapter the national data
programs and tbe national committees for CODATA are enumerated. In the second one the
centers covering a number of areas of science are discussed. The topics of the third chapter are:
Nuclear properties (General nuclear properties, properties of neutrons, properties of nuclides,
indexes), Atomic properties and molecular properties (Atomic properties including spectra, mo-
lecular properties including spectra, infrared and microwave spectra, Raman spectra, electro-
nic spectra, mass spectra, NMR spectra, other atomic and molecular projects, indexes to com-
pilations), Solid state (Crystallographic, mineralogical, electrical and magnetic, and related
properties), Thermodynamic and transport properties (including thermophysical and solution
properties, indexes to compilations), Chemical kinetics, Gas Chromatographic Data, Optical
properties (Optical rotatory power: steroids, triterpenes, amino acids, alkaloids).

The entries in Chapter 3 of the Compendium, which is the most important part, are
arranged under the following headings:

1. Organization, 2. Coverage, 3. Analysis and 4. Publications.

The first heading presents brief information about the organization under which the
work is done, the second gives factual information as to the substances covered and their states,
the properties covered and the range of variables if appropriate, and the period of time covered.
Under the term “Analysis” an effort is made to present facts and observations that reflect the
aims of the compiler in evaluating and distributing the results of his work. Under “Publica-
tions” information is given leading the user to the source of the publication and its cost.

In the fourth chapter the Compendium lists those new and secondary centers, which
have had insufficient time to make their products available to the public. Some of these will
in due course publish tables of data. Others are concerned, at least initially, with preparing
complete bibliographies of pertinent papers for various fields. The main topics: Secondary
nuclear data centers, colloid and surface properties, other specialized centers (high pressure,
radiation chemistry, diffusion in metals and alloys, equilibrium constants in molten steel,
molecular weights of polymers, electrolyte solutions).

In the fifth chapter handbooks are listed, giving only the necessary data without any
evaluation. The sixth chapter (physical quantities, units and symbols, basic physical constants,
nomenclature and related matters) gives a survey of national and international organizations
which play a leading role in international scientific life related to the topics mentioned in the
title. The most important issues are enumerated as well.

The volume is supplied by a detailed author and subject index. We welcome the Com-
pendium of ICSU-CODATA with deep satisfaction and should like to call the attention of
every library, research institute of natural sciences to this issue which is indispensable in seien-
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tific and industrial lines alike, and can give valuable support to research work by its vast
number of data.

We should like to quote the lines from the introduction written by Frederick D. Rossini,
president of 1CSU-CODATA, which makes the aim of the CODATA and the Compendium
perfectly clear: “At the time of its establishment in 1966, by the International Council of Sci-
entific Unions (ICSU), the Committee on Data for Sciences and Technology (CODATA) was
given the basic mission of promoting and encouraging, on a worldwide basis, the production
and distribution of compendia and other forms of collections of critically selected numerical
data on substances of interest and importance to science and technology.”

L. Lang

J. Koryta, |. Dvorak and ¥. Bohackova: Electrochemistry
339 pp. -f- index. Methuen and Co. Ltd., London 1970

Persons active in the most varied branches of science, experts working in the most
diverse fields of industry are confronted with electrochemical phenomena, and utilize the laws
of electrochemistry in their everyday activity. Therefore, works dealing with this field of
science are of great importance.

The book of Koryta, Dvorak and Bohackova gives a short but almost complete
survey of theoretical electrochemistry. Owing to its limited extent, some problems can be
discussed only very briefly, but the list of references at the end of each chapter, com-
prising mainly general papers and monographs, partly fills this gap. The subdivision,
the structure of the book is lucid, almost symmetrical. Of its four chapters the first two deal
with electrolyte solutions (homogeneous electrochemical systems), while the third and fourth
chapters discuss heterogeneous electrochemical systems. The first chapter treats the equilibria
in electrolyte solutions, the second the transport processes occurring in electrolyte solutions,
the third equilibria in heterogeneous electrochemical systems, and the fourth is concerned with
processes in the latter systems (electrode processes).

Accordingly, the first chapter of the book deals with the structure of electrolyte solu-
tions, the Debye—Hiickel theory of strong electrolytes, the classical theory of electrolytic dis-
sociation and equilibria, and with the acid-base theories.

In the second chapter (“Transport Phenomena in Electrolyte Solutions”) phenomena
produced by the passage of electric current through electrolyte solutions are discussed with a
particular view to the diffusion of electrolytes, the methods for measuring the diffusion coef-
ficient, and problems of convective diffusion. W ithin the scope of the latter, convective
diffusion on the rotating disk and on an increasing sphere (dropping mercury electrode) are
described.

The third chapter of the book treats equilibria established at the phase boundaries of
electrochemical systems. In addition to metal-electrolyte equilibria, problems concerning
membrane equilibria, glass electrodes and potentiometric methods are discussed. The structure
of electrical double layers, important from the viewpoint of electrode processes is also treated.

The fourth chapter of the book is concerned with the kinetics of electrode processes.
Among others, the authors succeeded in giving a short and lucid summary of transfer and con-
centration (diffusion) polarizations, and of the most important experimental methods in electro-
chemical kinetics. Finally, a few important electrode processes are described.

The book of Koryta, Dvorak and Bohackova, written in a modern concept, is a val-
uable contribution to the literature on electrochemistry. It will facilitate for students and
experts interested in and using electrochemistry to get acquainted with the fundamental theory
of modern electrochemistry.

L. Kiss

Carbohydrate Chemistry. Fortschritte der chemischen Forschung, Topics
in Current Chemistry, Band 14, Heft 4

Springer Verlag, Berlin- Heidelberg New York, 1970

Das 210 Seiten umfassende Heft enthédlt sechs Aufsdtze Uber Kohlenhydratchemie,
geschrieben von hervorragenden W issenschaftlern auf diesem Gebiet. Diese berichten uber
neueste Ergebnisse in grundlegenden Themenkreisen, in denen auch gegenwartig intensive
Forschungsarbeit geleistet wird.
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1. J. S. Brimacombe: Some Recent Neighbouring-Group Participation and Rearrange-
ment Reactions of Carbohydrates.

Die Wirkung der benachbarten Gruppen ist im Verlauf und in der Stereochemie der
Substitutionsreaktionen von Kohlenhydraten von gréRter Bedeutung. Die Teilnahme von Sauer-
stoff-, schwefel- und stickstoffhaltigen funktionellen Gruppen an den verschiedenen Reaktio-
nen wird einzeln behandelt. Uber die neuen Ringverengungsreaktionen der Zucker wird in
einem besonderen Abschnitt berichtet.

In einem Umfang von nur 20 Seiten enthdlt der Aufsatz — kurz und gedrangt gefalt —
ein sehr reiches Material, mit verhaltnisméaRig viel (121) Formeln und 60 Literatur-
angaben.

Der Rezensent mdchte sich eine einzige kritische Bemerkung erlauben: es fehlen die
zusammenfassenden Auswertungen am Ende der einzelnen Abséatze,so daR es dem Leser Uber-
lassen ist, SchluRfolgerungen zu ziehen.

2. R. J. Ferrier: Neuere Befunde Uber die Synthese von O-Glycosiden.

Der Aufsatz befaft sich mit folgenden Fragen: Alkoholyse der Zucker, Glycosylie-
rung mit Glycosylhaloiden sowie mit anderen Zuckerderivaten (Orthoester, 1,2-Oxazoline,
Glycosylester, 1,2-Anhydride, ungesdttigte Zuckerderivate), Probleme der Transglycosy-
lierung und Anomérisation. AbschlieRend wird die Synthese der wichtigsten Glycosiden-
typen zusammenfassend behandelt. Die neuesten Methoden werden Uber 40 Seiten, mit
35 Formeln und 112 Gberwiegend neuen Literaturangaben an Hand interessanter Beispiele
angefihrt.

3. H. Simon und A. Kraus: Mechanistische Untersuchungen Gber Glycosylamine,
Zuckerhydrazone, Amadori-Umlagerungsprodukte und Osazone.

Der Aufsatz liefert einen ausgezeichneten Uberblick Giber das bezeichnete Thema. Die
Bildung, die Struktur, die verschiedenen Umsetzungsreaktionen, die Mutarotation, die Hy-
drolyse, die Transglycosylierung und die Amadori- und Heyns-Umlagerung der Stickstoffglyco-
side sowie die Eliminierungsreaktionen der Zuckerhydrazone, die Zuckerformazane und die
Bildung, Struktur und Reaktionen der Osazone werden ausfihrlich behandelt.

Der Aufsatz befalt sich hauptsdchlich mit der Frage der Reaktionsmechanismen:
die friheren und neueren Ergebnisse werden kritisch behandelt und es werden viele offene
Probleme auf Grund eigener Versuchsergebnisse gedeutet. Der 40 Seiten umfassende Aufsatz
ist infolge des reichen und hervorragenden Formelmaterials und der hohen Zahl (141) der Li-
teraturhinweise auf Originalarbeiten besonders wertvoll.

4. H. Paulsen, H. Behre und C. P. Herold: Acyloxonium-lonenumlagerungen in
-der Kohlenhydratchemie.

Diese sehr interessante und aktuelle Zusammenfassung gliedert sich auf folgende W eise:

Es wird ein allgemeiner Uberblick iiber die Acyloxoniumsalze der 1,2- und 1,3-Diole
gegeben. Es werden die Umlagerungsreaktionen der Acyloxonium-Kationen bei Polyolen und
Monosacchariden, die Umlagerung der Polyester und Monosaccharidester in flissigem Fluor-
wasserstoff und die Umlagerung der Cyclite in Essigsdure-Schwefelsdure bzw. die Umlagerung
der Saccharide in Lewis-Sduren behandelt.

Der 53 Seiten umfassende Aufsatz, einschlieflich 251 Formeln und 72 Literaturangaben,
ist klar und Ubersichtlich geschrieben.

5. M. Cerny und J. Stanek: 1,6-Anhydroaldohexopyranosen-Darstellung, Eigenschaf-
ten und Verwendung fur Synthesen.

Der Aufsatz behandelt die Bildung und Herstellung von 1,6-Anhydroaldohexopyrano-
sen und die allgemeinen Eigenschaften und Reaktionen dieser Verbindungen mit besonderer
Ricksicht auf ihre Anwendung fir Synthesen.

Die Epoxvderivate der 1,6-Anhydroaldohexopyranosen und die Glycosan-Analogen
werden gesondert behandelt.

Die Literaturangaben (280 Hinweise auf Originalarbeiten) sind besonders reich und gut
brauchbar. Der Aufsatz umfaBt 30 Seiten.

6. F. W. Lichtenthaler: Branched-Chain Aminosugars and Aminocyclanols via Di-
aldehyde-Nitroalkane Cyclisation.

Auch dieser Aufsatz gibt einen guten Uberblick des bezeichneten Gebietes.

Nach einer interessanten Einleitung wird die Chemie und Stereochemie der Cyclisierung
mit Nitrodthan und Cyclisierung mit 2-Nitrodthanol, Athylnitroacetat und zahlreichen Ver-
bindungen vom Typ Nitromethylen behandelt.

AbschlieBend wird eine vorzigliche Zusammenfassung gegeben, worin der Verfasser
auf die pharmakologische Bedeutung dieser leicht zugénglichen neuen Nitro- und Aminode-
rivate hinweist.

Der verhaltnismaBRig kurze Aufsatz (21 Seiten, mit 110 Formeln und 62 Literaturhin-
weisen) liefert einen interessanten und nitzlichen Uberblick Gber das behandelte Gebiet.
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Das vorliegende Heft der Reihe schlieRt sich gleichrangig an die vorangegangenen wert-
vollen Verdffentlichungen der Reihe an und ist fir Fachleute und Forscher auf dem Gebiet
der Kohlenhydratchemie nicht nur dufBerst niitzlich, sondern geradezu unentbehrlich.

R. Bognar

W. Gutmann and E. Hengge: Allgemeine und anorganische Chemie
362 Seiten. Verlag Chemie GmbH, Weinheim, 1971

Als Begrindung ihrer Arbeit heben die Verfasser im Vorwort hervor, daB eine grofe
Anzahl von deutschsprachigen Lehrbichern der anorganischen Chemie fir fortgeschrittene
Studierende vorliegt, wogegen es an modernen und ihrem Umfang nach tUbersichtlichen Lehr-
biuchern fir Grundstudien der allgemeinen und anorganischen Chemie mangelt. Dazu kénnte
noch hinzugefliigt werden, dal der Mangel an derartigen Lehrbiichern eine Welterscheinung
ist, und daB dies gerade fur die ihr Studium beginnenden Studenten, fir den Grundunterricht
der Chemie an Hochschulen und Universitdten eine &uferst nachteilige Lage schafft.

Die beschleunigte Entwicklung der Kenntnisse, das Vordringen der physikalisch-chemi-
schen Anschauungsweise in der anorganischen Chemie, die fortschreitende und &uRerst wich-
tige industrielle Anwendung der besonderen mechanischen, elektrischen und magnetischen
Eigenschaften der Festkdrper sowie die Forschung neuer Werkstoffe bendtigt eine theoretische
Fundierung der anorganischen Chemie in breiterem Spektrum als friher, und zwar bereits
auf der Studienstufe der Anfanger. Man kdénnte auch so formulieren, daB die stirmische Ent-
wicklung der anorganischen Chemie notwendigerweise eine Umgestaltung der Thematik der
allgemeinen Chemie zur Folge hat. Dies wird durch das vorliegende Buch gut illustriert. Es
wird klar ersichtlich, daR eine Differenzierung zwischen der Thematik der allgemeinen Chemie
und den anorganisch-chemischen Fundamentalkenntnissen immer weniger moéglich ist.

Im ersten Abschnitt behandelt das Buch — neben den zur theoretischen Fundierung
der anorganischen Chemie unbedingt bendtigten minimalen physikalisch-chemischen Kennt-
nissen — grofRtenteils das Grundproblem der Strukturchemie, ndmlich die Eigenschaften der

chemischen Bindung. Die Anschauungsweise dieser Behandlung widerspiegelt treu die Er-
gebnisse der Quantenchemie und der modernen Strukturforschung. Die Verfasser betonen in
diesem Abschnitt, wie aus den Kenntnissen Uber die Struktur der Stoffe auf die Stoffeigen-
schaften gefolgert wird und allgemeine Schlisse und Zusammenhdnge festgestellt werden.
Diese werden dann in der ausfihrlichen Behandlung der anorganischen Chemie (im zweiten
und dritten Abschnitt) reichlich illustriert. Ein besonders hervorzuhebender wertvoller Zug
des Buches besteht in der sorgfédltigen Selektion des Kenntnismaterials der anorganischen
Chemie: demzufolge erhdlt der Leser ein umfassendes und modernes Bild Giber die Zusammen-
hdnge der Elemente und Verbindungen.

Eine kurze Ubersicht des Inhalts soll dem Leser dieser Rezension die Uberprifung des
W erturteils erleichtern. Eine Einleitung von wenigen Seiten befaBt sich mit dem Zusammen-
hang zwischen der Chemie und den Ubrigen Zweigen der Naturwissenschaft, mit der histori-
schen Entwicklung der Begriffe Stoffund Atom. Ein Unterkapitel von etwa 25 Seiten behandelt
die Atomstruktur und das periodische System, und zwar in Form datenmafBiger Mitteilung,
ohne die meiner Meinung nach hdufig stérend wirkende — historische Entwicklung darzu-
stellen. Der Leser erhdlt in diesem Abschnitt ein zwar nur qualitatives, jedoch modernes Bild
lUber die Atomstruktur. Im Unterkapitel Uber die chemische Reaktion werden die Begriffe
relative Atommasse, Molekularmasse, Formelgewicht, Stéchiometrie, Reaktionsenthalpie
und Bindungsstarke, Reaktionsgeschwindigkeit und chemisches Gleichgewicht kurz (in ins-
gesamt etwa 15 Seiten) behandelt. Im Unterkapitel Gber die chemische Bindung (30 Seiten)
werden die lonenbindung, der lonenradius, die lonisationsenergie, die Elektronenaffinitat, die
kovalente Bindung, die Molekilorbitale, das W asserstoffmolekil, das hypothetische Helium-
molekil, das Fluormolekil, das HF-Molekil, der kovalente Radius, die Hybridisation und die
Stereochemie der Molekiile,die n-Bindung, die Molekilorbitale des N2und des 02, die Elektro-
negativitdat, der Dipolcharakter des Molekiils, die Mehrzentrenbindung, die Theorie der metal-
lischen Bindung, die Typen der Halbleiter behandelt. Das Thema des folgenden Untcrkapitels
(40 Seiten) ist der Stoffzustand. Hier werden die Phasenregel, der Gas- und Flissigkeitszu-
stand. die Zustandsgleichungen, die Gasgemische, Lésungen und Tensionsabnahme, die Ge-
setze der verdinnten Losungen, die Destillation, sowie die Kennzeichen des Festzustandes:
die Kristallstruktur, die Gitterenergie, die Madelungsche Konstante, das Zustandsdiagramm,
Legierungen, reale Kristalle, der amorphe Zustand und der kolloide Zustand behandelt. Der
Inhalt des Unterkapitels Uber Elektrolyte (23 Seiten) behandelt die elektrolytische Dissoziation
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der Ldsungsmittel, lonenpaare, Loslichkeit und Lo6slichkeitsprodukt, S&dure-Rasen-Funktion,
Pufferlosungen, Indikatoren, S&ure-Basen-Titration, nichtwédRrige L6sungsmittel, lonenaus-
tauscher. Der néchste Teil (15 Seiten) befaBt sich mit der Oxydationszahl, den Redoxreaktio-
nen, der Elektrolyse, dem Elektrodenpotential, dem Konzentrationselement, dem Redoxpoten-
tial, und den Disproportionierungsreaktionen. Dann werden (in 5 Seiten) die magnetischen
Eigenschaften der Stoffe behandelt. Endlich wird der erste Abschnitt mit dem Unterkapitel
Uber die Grundlagen der Koordinationschemie (13 Seiten) abgeschlossen: Donor-Akzeptor-
Komplex, Chelat, Nomenklatur der Komplexe, Stereoisomerie, Koordinationschemie der L&-
sungen, Hybridisation in Komplexen, Ligandenfeldtheorie, oktaedrische und tetraedrische
Komplexe.

Im zweiten Abschnitt (105 Seiten) werden die s-und p-Elemente und ihre Verbindungen,
im dritten Abschnitt (85 Seiten) die d- und/-Elemente und ihre Verbindungen behandelt. Diese
Abschnitte sind durch knappen, summarischen Stil, durch tabellarische Zusammenfassungen
der physikalischen und chemischen Eigenschaften, durch Anwendung der Strukturkenntnisse
und der Eigenschaftsfunktionen und durch die kritische Auswahl des Tatsachenm aterials ge-
kennzeichnet; durch ihre Modernheit und Ubersichtlichkeit bieten sie dem Leser mehr, als
manche Lehrblcher der anorganischen Chemie mit mehrfachem Umfang.

Im Vorwort betonen die Verfasser, daR das Buch in erster Reihe nicht fur die Selbst-
bildung gedacht ist, sondern ein Hilfsmittel zur Zusammenfassung ihrer Vortrdge tber allge-
meine und anorganische Chemie darstellt. Der Rezensent ist der Meinung, daf dieses Lehrbuch
nicht nur zu den einleitenden Studien der Chemiker, Chemielehrer und Chemieingenieure eine
duBerst wertvolle Hilfe leistet, sondern auch in den Chemiestudien anderer Fachrichtungen:
Physiker, Biologen, Geologen und verschiedenartigen Ingenieurstudenten erfolgreich ver-
wendet werden kénnte.

W ir begrifen das Buch von V. Gutmann und E. Hengge weil seine Auffassung einen
Ausweg aus dem Gewirr der infolge ihres Umfangs langsam unbrauchbar werdenden Lehr-
und Fachbicher zeigt. Auch auRerhalb des deutschen Sprachgebiets wird das Buch sicherlich
hohes Interesse anregen und eine fruchtbare Wirkung ausiben.

B. Csakvari

M. Moser: Grinding tools with ceramic bonding

147 pp. Akadémiai Kiad6, Budapest, 1971

The selection of the theme of this work, which appeared as the 11th volume of the val-
uable series Silicate Chemistry Monographs, is fortunate and of current interest. Surface work-
ing by grinding finds increasing application in modern mechanical engineering technology,
often replacing turning, cutting, planing, scraping. The theory of classical cutting has been
developed during the past decades, whereas the the oryof grinding is still in the developmental
stage, and even whatis known is notreadily available. It is characteristic that the bibliography
of the book, comprising 100 references, does not cite any review, and could not have done so
even if it wanted.

The historical survey and a brief general characterization of grinding tools are followed
by avery detailed discussion of corundum grains (wear, microtexture, chemical and mineralogical
structure, testing), and by a shorter description of carborundum and a few granular substances
recently introduced.

Ceramic binding materials, their testing, bridges of binding materials, and the phase
boundary properties of grinding grain-binder-air pore are treated extensively.

The chapter on the qualification of grinding tools is of practical importance.

The last chapter summarizes knowledge, yet in development, on the chemistry of grind-
ing.

The principal merit of the monograph is its pioneering character. On the basis of the
scattered subjects to be found in the literature, it forms a comprehensive entity of logical
structure, which includes also the author’s own testing results. The mode of discussion is lucid,
the figures are of good quality and well selected. The description of results obtained with novel
methods of testing (microprobe, acoustic methods) is noteworthy.

In summary, the monograph will be profitable to both producers and users of grinding
tools, that is to say to ceramic experts and to mechanical engineers.

B. Beke

Acta Chim. (Budapest) 70, 1971
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I/I3yqu|/|e napunasbHOro KaTta/IMTUYECKOIro OKUCMEHUA METaHa, |

CKOpOCTM MNpeBpalLieHnii B OHO3EPHUCTOM PeaKTope

K XYCAP, fib. PAL, u b. CEKEN

Bbinu n3MepeHbl CKOPOCTU NapuManbHOrO OKUCAEeHUs MeTaHa B 25%-HON MeTaHo —
BO34YLLUHO/ CMeCcu B peakTope, COAepXalleM eAVWHCTBEHHOE 3epHO KaTanusatopa HWKens Ha
Kepammnyeckom Hocutene, npu 760—900°C. Ana xapakrepu3auuun peakuumu MNPUBOAATCA CKO-
pOCTV MpeBpaLleHns peareHTOB U 06pa3oBaHMs NPOAYKTOB B eAuHuuax cm3 (25°C)- mMuH-1.
BblN0 YCTaHOB/IEHO, YTO CKOPOCTb MPEBpaLLeHUs KUCNopofa NWllb BeCcbMa €nabo 3aBUCUT OT
TeMnepaTypbl, HO U3MEHSAETCS MPOMOPLMOHAIBLHO KOHLIEHTPaL UK KUCopoaa B 061acTu cTabunb-
HOTO fieiicTBIS KaTann3aTopa. OCHOBHLIMM NPOAYKTaM1 peakLim Gbi1 BOAOPOZ, OKMCh yriiepoda
1 BOLAHOW nap, faxe U B cnyyae He6OMbLIMX CTeMeHel MpeBpaLleHWs nogasaemoii cmecu. Ta-
Koe napuuanbHoe OKWUC/IEHWE MeTaHa KaTann3yeTcs /IMLb HUKENEM B BOCCTAHOB/IEHHOM COCTOS-
HAM. Ha ocHoBe HabNMIOfaembix sIBNIEHWIA 6bIN0 CAENAHO 3aK/MOYEHNe O TOM, YTO BCeACTBUE
TOPMOXEeHWS anddy3mnein B rasoBoii hase, KOHLEHTpaLMA KNCMOpOLa Ha MOBEPXHOCTM KaTannsaro-
pa MpakTUYeCKN paBHa HYIIHO.

M3yyeHre napumasibHOro KaTa/IMTUYeCKOro OKuUcneHns metada, |l

M3mepeHre M pacyeT CKOPOCTM Mepefayn KOMIMOHeHTa
Ob. PAL v Ob. CEKEW

Ha egMHCTBEHHOM LLapoobpa3HOM 3epHe KaTanusatopa 6blna M3MepeHa CKOpOCTb Mpe-
BpaLLeHuns Kucnopoga B cMecn 25%-0B meTaHa ¢ 75%-amu BO3gyxa npu pasnnyHbiX CKOPOCTAX
nogayu cmec. CKOpoCTb NPeBpaLLeHns K1CNopoa BO BCEX CMyYaaX MPeBbiaeT Anddy3MoHHoe
npegensHoe 3HavyeHue, paccyMTaHHOE Ha OCHOBE NIUTEPaTYPHbIX AaHHbIX. JTO PacxoXKieHue
MOXeT 6bITb 06BACHEHO, MoNaras, YTo NpeBpaLLeHne peareHToB NPOTeKaeT He TONLKO Ha NoBepx-
HOCTM KaTanm3aTopa, HO U B ra3oBOi 060/104Ke BOKPYT KaTanusatopa. C MOMOLLbIO pyrux
nccnefoBaHuii 6bIN0 [0Ka3aHO, YTO FOMOreHHas peakuWs He pacnpocTpaHseTcs Ha Cpedy B
MOTOKe, & 0CTaeTcs BO/MM3M MOBEPXHOCTW KaTanu3artopa.

I/I3yL|eH|/|e naccnBnpoBaHNA >XKesie3a B CMECKU yKCyCHOI7I KWNC/10Tbl C BO,EI'OI\/’I
N. knw, 4O HIFOK NWEH wn /1. M. BAPWAHWN

C NOMOLIbKO MOTEHLMOCTATMYECKOTO MeTofa Oblo M3YyeHO aHOAHOE PacTBOPEHUE
)enesa B pacTBOpax auerara HaTpus, X/IOPHOI KUCNOTLI U Nepx/iopaTta HaTpusl, MPUrOTOB/IEH-
HbIX B 683BOJHOI YKCYCHOI KWUC/MOTE 1 B CMECU YKCYCHOI KUCOTbI C Bogoil. OnpefeneHo, UTo B
pacTBopax aleTata HaTpusi B MPUCYTCTBMM BOAbl BO3HMKAET MAcCHUBMPOBAHME >Kenesa, HO B
OTCYTCTBME BOAbl B PacTBOPe - MAacCMBMPOBaHWE He 06HapYXMBaeTcs. B pacTBOpax X/0pHOi



KNCNOTbl N nepxnopara HaTpuda nosydaeTca NpoOTUBONOIOXKHAA KapTUHA: B 6ESBOAHOI71 cpene
BO3HMKaeT NaccuBmpoBaHue, a B NPUCYTCTBMM BOAbI OHO He UMeeT MecTa. JTO AB/IeHNe HABEPHO
06bACHAeTCA pasnnYHbIMKU CBOMCTBAMW MOHHBLIX Nap, 06pa3yrou1,|/|xc;| B 3TNUX pacTBOpax.

MonvMMepur3aumsa akpunamuia B BOAHbIX Cpejax C BOCCTAHOBUTE/IbHO-
OKMCNNTENbHOI cmucTeMon K2S208—ackopbuHoBas KucnoTa npu
KOMHaTHOI TeMnepaType

n. Teyn n M. N. HACP

AKpUnamng noanMepu3oBaICd B BOAHBIX CPeAax C MOMOLLbH BOCCTAHOBWUTE/NBHO-
OKUC/IMTENbHOM cUCTEMbI MepcynbgaT Kanus—ackopbuHoBass KUCMOTa NpU KOMHATHOW Tem-
nepatype. KWHeTVWKy Monumepu3aLny UCCNefoBaM AOAOMETPUYECKMM criocoGom. W3yuanock
B/IUSIHNE KOHLEHTPaUMiA MHMLMATOpPa M MOHOMEpA Ha CKOPOCTb PEeaKUWu U ONpedensinoch
KWHETWUYECKOe YypaBHeHWe Ans 06LUeli CKOpocTU monumepmsauun. M3ydanoch Takxe BAWSHUE
pacTBopuUTeneil Kak nepefaTynkoB Lienu.

HakoHeL,, onpeaensiack 3aBUCMMOCTb CPEAHEUMC/IEHHON CTeMeHU Mofumepusauuu ot
HayanbHOW KOHLEHTPaLMM MOHOMepa, KOHLEHTpaUMU MHMLMATOpa-aKTUBaTopa W OT TeMmmnepa-

TYpbl.

M3yyeHne 3aMOpPOXKEHHbLIX pPacTBOpPOB nepxsopaTta >kenesa(Ll)
npu pasuyHbliX pH ¢ nomowibio Metosa Méccbayspa

W. AEXW, B. L. TOPOBYEHKO, M. KOMOP, . U. NYKAIW EBUY, A. BEPTELW =«
K. ©. UMUKAULWBUAN

M3mepeHme ahekta Méccbayapa B 3aMOPOXEHHbIX pacTBopax nepxnopara xenesa(Ll)
nposoaunock BnnoTh 40 2,8°K. Habnoganocb nNpucyTcTBre Pas/MyYHbIX MOHOB Kak (yHKLUA
pH. Bbino HaiifeHo, 4TO TMAPONW3 YCWAMBAETCA NPW MpPeABapUTENbHOM HarpeBaHWM nepej
3aMopaKmBaHWeM. MarHuTHble CTPYKTYpPbl NOAMMEPHbIX WOHOB BbIBOAUINCH W3 [aHHbIX CrekK-
TpoB Méccbayapa 1 pe3y/nbTaTbl CPABHUBAUCH C 3aKNHOYEHUAMM, MOMYUYEHHBIMU APYTUMU aBTO-
pamMmn Ha OCHOBe CMeKTPOOTOMETPUYECKMX W3MEPEHWIA N U3MEPEHWI MarHUTHOM BOCNPUMMYN-
BOCTW.

I/I3yqu|/|e XUMNYECKUX W SNEKTPOXNMUNYECKNX CBOWCTB
pPefoOKCMNHOMKATOPOB, MPUMEHAEMbIX B HEBOAHbLIX Cpedax

n. NTALOAHbBMU

JNeKTPOXMMUYeCKoe OkucneHwe [lepcaHTuHa  (AununepugauHo-4,8-nupammgo-5,4-D-
nMpamMnanHANUN-2,6-auMMnHo-2,2', 2+, 2"'-TeTpasTaHona) B aUeTOHUTPUIE W HelTpasnbHON
cpege, B OTCYTCTBMM Oydepa MpoTeKaeT B ABYX MOCAeAYHOLLMX 06paTUMbIX OLHO3NEKTPOHHbIX
npoueccax (P ii R+‘+ e R+ ;£ Q++ + e{ rie R+- n Q++ — cTabunibHble OKMC/IEHHble
(hOPMbI MOHO- W AWKATUOHA, COOTBETCTBEHHO, & P — MUCXOAHOE BELLECTBO.

PasHuua B abcopbumoHHbIX cnekTpax P 1 R+' no3BonseT ucnonb3oBaHue P B kayecTse
pefoKCU-NHAMKATOPa B BbILLEYMOMAHYTLIX Cpefax.

Ha ocHose mogenu lMepcaHTuHa, KaXpAas pefoKcu-cUCTeMa, KoTopasi OKucnseTcs (unm
BOCCTaHaB/IMBAETCA) Uepes Noc/eoBaTe/bHble OJHO3NIEKTPOHHbIE CTYMEHN U N1 KOTOPOIA

1. aneKTpOXMMUYeCcKme CBOWUCTBA MOA0OHBLI MoZenu MepcaHTuHa;

2. BOCCTaHOB/NEHHas (UM OKWCNeHHas) dopMa, a TakXKe pafukan HarfisgHo pasnunya-

I0TCA MO UBETY U



3. OfHO3MEKTPOHHAA OKWUCMeHHasa (MK BOCCTaHOBNEHHas) hopMa CpaBHUTENbHO CTabusb-
Ha
MOXeT 6bITb PacCMOTPeHa B KayeCTBE 0OPaTMMOro pefloKCUMHAMKATOPA B COOTBETCTBYHOLLMX
cpepax.
B nuTepatype ynomuHaetcs nenblii psg Takux cucteM. Cpeay HUX cnefyeT OTMETMTL:
(heHoTHa3uH, 5,10-gurugpodeHasuH, 4,M,M'M'-TeTpameTun6eH3navH, 2,2'-gunupuaun, 4,4'-
OHNUpUAnN, 6eH30Kca30/1, 6eH3TNA30M 1 BEH3ANTUON, a TAKXKE UX HEKOTOPbIE NMPOU3BOAHBIE.

HoBble HUTpoOxankoHbl, XI

K BOMpocy O CTEPEOXVMMUM HEKOTOPbIX HUTPOrMAPOKCU-Xa/IKOHOB

M. WOXAP, T. CEAN u T. AYAALW

C nomolupto MK 1 AMP cnekTpocKonuy XanKoHOB, NMPUTrOTOB/IEHHBIX Pa3fIMYHbLIMU NYTA-
MU, 6bI10 YCTAHOBNEHO, YTO HE3aBUCUMO OT YC/IOBUIA MPUrOTOB/IEHNA B CllyYae BCEX MOAenein
06pasytoTca CTepeoofHauHble TpaHC-U30Mepbl.

I'IpeBpau.l,eHme peTpoaernapo KapotnHa B M303€aKCaHTUH W 3NOKCUAbI
Mn303eaKCaHTUHa

M. CABONbY u Ab. TOT

OnucbiBaeTCcs  MpeBpallieHne PeTPOAervApOKapoTUHA MOf  BAMSHWEM nNephTaneBoii
KMCOTbI B M3038aKCAHTUH U TP, HEM3BECTHbIX [0 HACTOSILLEr0 BPEMEHNW 3MOKCUAA M303eaKCaH-
TWHAa. Vicxofs 13 peTpoaeruapoKapoTMHOUAOBI UAPOKCUAMPOBAHNE TaKOTO TUMAMOXET CYXNTb
MOAXOAALLMM METOAOM IS MOMYYEHWUs1 KapOTUHOMZOB, COLEPXALLUX FMAPOKCUMbHYIO Tpynny.

Kvcnblid ruaponvs MHynvMHa

M. CERTNV, P. 4. XEHPUKE3 n M. KACTUHEUPA

KvcnbiiA ruponuse -\,2-rimko3naHbIX cesseii Mexay D-(pykTothypaHo3WgHbIMU3BEHb-
MU VHY/IMHA SIBNSIETCS HEOBbIKHOBEHHO ObICTPbIM. Er0 HENb3s XapakTepu3oBaTb eAWMHCTBEH-
HOM KOHCTaHTO CKOpPOCTW, T. K. TMAPONN3 B Ha4Ya/bHOW CTaauu MpPOTEKAaeT Mef/ieHHee, YeM B
KOHeYHoOl cTagun. B KOHeuYHOW CTafuu, Korpja CpefHsisi CTeneHb MOMMMEpW3aLun OKono 4,
CKOpPOCTb rMaponmsa Gosblie, a B Ha4albHOW CTaauM MeHblUe CKOpOCTeld, HabnogaeMblX B Cy-
Uae caxaposbl Mpy TeX e CaMbIX YCIOBUSIX.

lMepBoii CTyMeHbIO rMaponn3a GypaHo3MAHON CBSA3M, MO Beell BEPOSTHOCTU, IBASETCS NPo-
TOHMPOBaHMe KWUCNOPOfa (ypaHo3MAHOro KoMbla, a BTOPOW CTYMeHbIo ABNAETCHA reTeponus
CBA3U C 06pa3oBaHMEM YETBEPTUYHOTO KapGOHMMHOTO KaTWOHA. BefuuMHa 3HTPOMUM aKTuBa-
UMM YKa3blBaeT Ha TO, YTO peakumsi OTHoCUTCS K Tuny A—1 MexaHu3M ruaponmsa UHynmHa
noZobeH MexaHU3My TMApPON3a Caxaposbl U PaguHO3bI.

WccnegoBaHue nonyyeHust 1,2-aum3obyToKcuGeH3ona

M. arPn, M. XAAMOW un M. PAKOLMW

C nomMoLLb0 M306YTMN0BBLIX 3OMPOB apUNCybOHOBLIX KUCNOT, Hanpumep, M306yTuio-
BOr0 9(hnpa 6eH30/CYbAOKNCIOTHI, MOXET ObiTb MOMYYeH C XOPOLUMM BbLIXOAOM 1,2-AnM306Y-
TOKcM6eH30M. TMonyyaemblii NMPOLYKT ABASETCA BecbMa YUCTbIM M HUTPUPYETCA C XOPOLUMM
BbIXOAOM A0 1,2-AnMn306yTOKCU-4-HUTPO6EH30NMa.



ViccnegoBaHne AUHAMUYECKMX TMeH

Ab. WAWBAPU, . XUTEW wu T. BANKNE

BHauane usyyaeTcs aneMeHTapHblii (M3MYeckuii npouecc 06pasoBaHUs My3bIpbKOB, a
3aTeM MPUBOAMTCS aHaM3 MeHHOr0 COCTOSHMA. PasnnuaroTes fBa Tvna neH. MepBoHauya/ibHYHO
reHy 00pasytoT NepBuyHbIE My3bIPbKI, PasMepbl KOTOPbIX M BMECTE C 3TUM CKOPOCTb Mofbema
ONpeaenanTCca (U3NYECKMMM CBOWCTBAMM XKMAKOCTM W NapameTpamn YCTaHOBKM.

BTOpWUHOIA NeHoli HasbIBaeTCs Takasi MeHa, B KOTOPO UCXOAHOW (asoii ABAseTcs yxe
He cama XXWUAKOCTb, a NepBoHadYa/bHas MeHa, B KOTOPYH MOAHWMAKOTCS BTOPWYHbIE My3bIPbKU

C ropasfo GOMbLUMMM Pa3Mepamiu.
Ha ocHOBe 3TWUX MPeACTaBNEHWI NPUBOAATCH YpaBHEHWUS AAs pacyeTa (hOpMUpPYHOLLMX

CBOICTB [JUHAMUYECKUX MEH.

Bo BTOpOii YacTu COOGLUEHNS! NMPUBOAATCS METOZ U Pe3ynbTaTbl M3MEPEHWiA, KoTopble
CPaBHMBAKTCS C pacyeTHbIMU faHHbIMU. COrnacoBaHue B c/lydae GOMbLUMHCTBA MapameTpoB
YAVBUTENBHO XOpOLLEE, /MLLb YYET BS3KOCTMW Bbi3bIBAET 3HAUYMTE/bHBIE PACXOX/EHNUS.
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