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THE USE OF COMPLEXING AGENTS
IN ION EXCHANGE CHROMATOGRAPHY, Il

SEPARATION OF COBALT(Il) AND NICKEL(II)
IONS ON CATION EXCHANGE COLUMN USING AMMONIACAL
AMMONIUM ACETATE SOLUTION AS ELUENT

J. Inczédy, P. Klatsmanyi-Gabor and L. Erdey

(Institute for General and Analytical Chemistry, Technical University, Budapest)

Received November 4, 1968

A method has been developed for the chromatographic separation of eobalt(ll)
and nickel(ll) ions in unusual order, using ammoniacal ammonium acetate as eluent.
The method was planned by calculation of proper distribution coefficients using com-
plex stability constants, acid dissociation constants and ion exchange constants taken
from the literature. The experimental data were compared to the calculated ones,
and an adequate agreement was found.

In the previous paper [1] the separation of nickel(Il) and cobalt(ll)
ions on cation exchange column using oxalate ions as complex forming agents
has been reported. It was shown, that the nickel(ll) ions — forming more
stable complexes with oxalate ions, than cobalt(ll) ions — could be eluted
first before cobalt(ll) ions, and using the most suitable composition of the
eluent, efficient and rapid separation could be attained.

Now an attempt has been made to develop a separation procedure, in
which the order of appearance of the separated ions is reversed in the effluent,
i.e. cobalt(ll) ions appear before nickel ions.

To select the suitable complexant a number of complexing agents were
examined and acetate ion was found to form a more stable complex with
cobalt(ll) ions than with nickel(ll) ions. However, the stabilities of these
complexes are low. Therefore it was expedient to act according to the following
points of view: (1) to use acetate ions in fairly high concentration, (2) to look
for a second complexing agent, the complex of which is more stable with
nickel(ll) ions than with cobalt(ll) ions, but the complexes formed are absorbed
on the cation exchange resin similarly or more strongly than the free aquo-
complexed metal ions.

A complexant of this sortis ammonia, forming positively charged ammine
complexes with both metal ions.

On the basis of the stability data it seemed possible that the formation
of the nickel-acetate complexes is suppressed by ammonia to a greater extent,
than that of the cobalt complexes. It was expected that a medium ammonia

1 Acta Chim. Acad. Sei. Hung. 62, 1969



2 INCZEDY et al.: ION EXCHANGE CHROMATOGRAPHY, II

concentration the opposite influences result in a pregnant differentiating
effect.

On the basis of the above considerations the volume distribution coeffi-
cients of nickel(Il) and cobalt(ll) ions were calculated in the case when 1 M
ammonium acetate solutions, containing varying amounts of free ammonia

having different pH — were used as eluents.

It must be stressed that the adsorption strength of the free metal ions
and of the ammine complexes of different coordination number are not the
same. According to investigations [2] the species having proper geometrical
symmetry are bound more strongly to the resin than the species having un-
paired ammonia groups as ligands. In the case of the complexes of cobalt(ll)
ions only one, i.e. the four coordinated complex is adsorbed with particular
selectivity. However, among the nickel(ll)-ammine complexes the four
and six coordinated species excel in adsorption with increasing adsorption
strength.

Thus, in the calculations the different adsorption strengths were to be
taken into consideration.

The overall distribution coefficient D of cobalt(ll) ions on cation exchange
resin in the presence of ammonium acetate at different pH of the solution
can be expressed by the following equation:

n (Co2+) + A/ (Co[NHZ3J?+) + (Co[NHJE+) + (Co —OH+) + (Co — ac)
—_— r

o \1)

-*Co

In the nominator the concentration terms of the species, being adsorbed
to different extent in the resin phase are presented (all in round brackets).
i denotes the coordination numbers from 1 to 6 except 4. The denominator
is the total analytical concentration of the metal ion in the aqueous phase.

Since the tendency of cobalt(ll) ions (and also of nickel(Il) ions) to form
hydroxo complexes is much smaller than to form ammine complexes, the
concentrations of hydroxo complexes can be neglected.

Introducing the individual partition coefficients of the adsorbable
species

do= i ~ ; etc.
[C»2] [Co[NH3],]

and the complex product formulas
[Co(NH,).] = [Co] [NH3]'>;

[Co — ac,] = [Co] [ac] y.-

Acta Chirn. Acad. Sei. Hung. 62, 1969



INCZEDY et «L: ION EXCHANGE CHROMATOGRAPHY, I 3

equation (1) can be transformed. With square brackets concentrations in the
aqueous phase are expressed, Ri and y- denote the complex products of the
complexes containing i ligands. At the transformation of equation (1) it was
assumed — as first approximation — that the partition coefficients of the
free metal ion and of all the species other than the four coordinated ones are
the same, and the partition coefficient of the monovalent acetate complex
ions is half of the former ones. The uncertainty of the value of the last named
term has avery little influence on the value of the overall distribution coef-
ficient.

Inserting the proper equations into equation (1) and taking into con-
sideration, that

Cco = [Co] + [Co] [NH,] Bt +

+ [Co] [NH,]J2B2+ ...+ [Co] [ac]y, + [Co] [ac]2y2

one obtains after dividing both the nominator and denominator with [Co],

do(1+ [NH3]B,+ [NH32B2+ ....) +dA4[NH3J4Ri + [ac]Y

F+ [NH3]RI -f [NH3J2R2+ ...+ [ac]Yl+ [ac]2y2

The equation deduced for the calculation of the distribution coefficient
of nickel(ll) ions is not quite the same, since the different adsorption strengths
of the four and also six coordinated complexes must be taken into consider-
ation :

don + '3 3HNH3%)+d4NH3V 4+ de[NH3J« e+ A [ac]y,
Dn. = - - —

1+ J[NH3ijff+ >’[ac]y,
LN H 3+ > facTy

The values of the complex products were taken from the literature. The
complex products of the cobalt complexes: log B1= 2.05; log R2= 3.62;
log A3 = 4.61; log Ri = 5.31; log/®= 5.43; logR6= 4.75 [3]; logyl=1.1I;
log y2= 1.5 [4]. Those of the nickel complexes: log 1= 2.75; log B2 = 4.95;
lI°g~3=6.64; log = 7.79; log/®= 8.50; logBe= 8.49 [3]; logy, = 0.7;
l°g ¥r = 1-25 [5].

The free ammonia concentration was calculated by the use of the acid
dissociation constant of the ammonium ion (log K = —9.45, corrected to
ionic strength of 1) at different pH values. The individual distribution coeffi-
cients were calculated according to the following equation [1], [6]:

logd = log K* + 2 «log Q — 2 «log [NH"] (4)

1* Acta Chim. Acad. Sei. Hung»62,. 1969



4 INCZEDY et al.. ION EXCHANGE CHROMATOGRAPHY, II

Q denotes the volume capacity of the resin; [NH4] was just unity, and the
K x concentration constant values were estimated on the basis of separate
investigations [2].

Kco-mii — 3.5 ; A(toNH3)4NH4 — 10.7
Kni_nh4= 3.5 ;
Awryn34dxnd= 11.1; *Kni(nh3,-nhd = 13.4

The calculated partition coefficients in the case of cobalt(ll) ions were:
d0= 12.6; di — 38.5; and in the case of nickel(ll) ions: d0O— 12.6; di = 40;
dg = 48.

Fig. 1. Distribution coefficients of cobalt(ll) and nickel(Il) ions from 1 M ammonium acetate
solutions calculated using Eqgs. (2) and (3) as function of the pH

From the distribution coefficients of cobalt(ll) and nickel(ll) ions cal-
culated at different pH values using equation (2) and (3) graphs were con-
structed as can be seen in Fig. 1. For the selection of the best pH value in
the separation of the two metal ions, the (Z)N -j- a)/(E>co + 1) ratios were
also calculated at different pH values [1]. a denotes the void fraction of ion
exchange column (~0.4).

According to the obtained data, the best separation was expected if
a 1 M ammonium acetate solution of pH ca 8.1 was used as eluent.

On the basis of preliminary calculations experiments were carried out
on ion exchange column for the elution of trace amounts of nickel(ll) and
cobalt(ll) ions, using 1 M ammonium acetate solution of different pH as
eluent. In the elution experiments the effluent was collected automatically
in fractions and analysed. From the obtained data chromatograms were
constructed, the peak eluent volume (Fmax) determined and the volume
distribution coefficients, the peak eluent volume ratios calculated. For the

Acta Chim. Acad. Sei. Hung. 62, 1969



INCZEDY et ab: ION EXCHANGE CHROMATOGRAPHY, Il 5

calculation of distribution coefficients equation (5) was used.

V.,

D
y 5)

X denotes the column volume in ml.
The obtained data are summarised in Table I. As can be seen, the highest

Fig. 2. Chromatographic separation of eobalt(ll) and nickel(Il) ions using 1 M ammonium
acetate solution of pH 8.4 as eluent. lon exchange column: Amberlite CG—120 Type |I;
7X80 mm; Flow rate: 0.4 ml/min. Volume of fractions: 2 ml

Table 1

Elution of cobalt(ll) and nickel(ll) ions with 1 M ammonium acetate solution of different pH
(lon exchange column: 7x80 mm; Amberlite CG—120, Type I)

Data taken from the
graphs in Fig. 1.

pH of rmax, Co ~max, Ni 0co oui
eluent ml ml found found
found found ~max, Co Dm a
D Co Ni
Deo + °
7.1 13.7 17.6 1.28 4.04 5.3
7.5 15.0 19.3 1.28 4.46 5.85 2.5 6.9 2.5
7.9 16.7 29.6 1.77 5.03 9.20
8.1 23.2 39.4 1.70 7.15 12.4 4.6 18 3.7
8.4 26.2 50.5 1.93 8.1 16.0
8.5 35.1 61.6 1.75 11.0 19.6 13.1 25.7 1.94
8.8 61.6 94.2 1.53 19.6 30.20

ratio of the F max values is about pH 8.4. The deviations between the calculated
and experimentally found volume distribution coefficient values are not large.
However the calculated distribution coefficients are somewhat lower in the
case of cobalt(ll), and somewhat larger in the case of nickel(ll) ions, than
those obtained by experiments. The deviations may be explained by the
inaccuracy of the constants used.

The chromatogram obtained at the separation of cobalt(ll) and nickel(ll)
ions in “reversed order” using an eluent of pH 8.4 is presented in Fig. 2

4cta Chim. Acad. Sei. Hung. 62, 1969



6 INCZEDY et al.. ION EXCHANGE CHROMATOGRAPHY, II

Experimental

Reagents. In all experiments A.G. chemicals were used. 1 M ammonium acetate solu-
tions of different pH were prepared from 2 M ammonium acetate solution by adding the
required amount of ammonia and diluting to the proper volume.

lon exchange column. From Amberlite CG— 120 Type | cation exchange resin column
(7X80 mm) similar to that used in former experiments [1] was prepared, converted to NH4
form with ammonium acetate solution and washed with deionized water.

Elution experiments. The elution experiments, the estimation of the metal ions in the
collected effluent fractions, the construction of chromatograms (or elution graphs) were
carried out as in the former experiments [1].
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The informations necessary for recovering a structural matrix of the molecule
are contained by the symmetry structural matrix. The algorithm of the above trans-
formation can be performed with was described in the form of a computer program.

Wi ith the knowledge of the structural matrix the cycles and building sets of the
molecule as well as the chains belonging to the building sets can be determined. The
knowledge of the cycles and chains can be needed in the case of establishing connec-
tions between the internal coordinates of the molecule (i.e. establishing the redundancy
conditions) as well as in the case of choosing the corresponding independent internal
coordinates (i.e., indirectly, determining the matrix G). Therefore, algorithms were
worked out for simulating the cycles and chains by the aid of a computer.

Introduction

In the first part of this series of publication [1] the concepts of the
structural matrix (C) and the symmetry structural matrix (S) have been
introduced. Now we will present some of their properties and applications.

The atoms x- of a covalently bonded molecule (i = 1,2,...,n being
the number of atoms in the molecule) form a certain set % of points. The oper-
ator ' has the property of assigning the atoms to the neighbouring ones.
Thus the molecule can be considered as a graph (¢ [2]. By the operator I
the valence lines Uy (j = 1,2,...,m being the number of valence lines in the
molecule) have been defined, which constitute a certain set Tf.

The structural matrix Cis a special image of <3 Its rows and columns,
respectively, are arranged according to the elements of AE and respectively.
The elements Cp of the matrix C may be 1 or 0 depending on whether the
valence line U is connected or not to the atom x-.

Every molecule has, according to its symmetry, symmetry elements.
All the symmetry elements may be considered as girs or giroids, defining the
identity as a monogir (E = CX, the plane of symmetry as a monogiroid

(a = Sy), while the centre of symmetry as a digiroid (i = S2).

Z %
“ of a certain set _* of points, its representative
lba &r \Ap

The elements

* Part I: Bittes, F.: Acta Chira. Acad. Sei. Hung. 51, 295 (1967).
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8 BIIXES: SOME TOPOLOGICAL FEATURES

being ,are said to be equivalent with respect to some symmetry element R

of the molecule, in case they can be transformed into each other by the sym-
metry operations It" connected to R (where Kk = 1, 2, , 0(R); O0(R) being
the order of the cyclic subgroup belonging to the symmetry group St of the
molecule).

The quantity

O(R) .

Rrx, (a= 1,2,...,10 (1)
O(R)

is called symmetry atom, iv being the number of the equivalent atomic sets
according to R. The quantity

O(R) .

17|p:21Rrui (0=1.2,...,?) 2)

is called symmetry valence line, g being the number of the equivalent valence
line sets according to R. On the basis of Eqs. (1) and (2) we have

X = W X (3)
and

ii= Qu (4)

Here x and u are, respectively, the column vectors formed by the symmetry
atoms and symmetry valence lines, respectively, further ¥ is an «Xw trans-
formation matrix and Q is an mXq one. C can formally be defined as

m= Cx (5)
hence
ii= QCx= Sx (6)

The definitions (1) and (2) of the quantities xaand ii are motivated by
the fact that it is suitable to choose, in the matrix S, the sum of the elements
of the column vector belonging to the symmetry atom as the sum of the ele-
ments of the column vector belonging to the corresponding atoms. Namely,
by these sums the index of the respective atom, i.e. the number of the valence
lines belonging thereto, is given.

Some properties of the symmetry structural matrix

If the representative x, of the set of points coincides with the sym-
metry axis R then 0(%,) = 1, in any other case 0(9Ca) = O(R).

If the representative Uj of the set AL of lines is considered as an opened
domain and if Ui has only one point common with the symmetry axis R,

Acta Chim. Acad. Sei. Hung. 62, 1960



BILLES: SOME TOPOLOGICAL FEATURES

u4
w3
A type
*1
>
01 <o Ui a
9 0.
DGO J S — u4 04
u?2 u?2
X20 0X3
u3 u3
Ci type C2type
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10 BILLES: SOME TOPOLOGICAL FEATURES

then since the valence lines do not intersect — O”R) = 2, while, if n
coincides with the axis, 0M\iR) = 1, and in any other case 0@®L3) = O(R).

Since by the symmetry operations Rk the surroundings of the individual
atoms are also transformed, the indices of the individual atoms RKkXj £ %a
are identical. In view of the foregoing, the indices of these atoms related to
the set I8 of lines are also identical.

If 0("«) = 1 then Xj either constitutes the common boundary of the
elements of dfd (case A) or not (case B), see Fig. 1.

If (H%a) = O(R) then two cases are possible:

(a) the elements of ~R are radial with respect to the symmetry axis
(type C) and either they are connected to the elements of (type Cx) or do
not touch them (type C2),

(b) the elements of @B are axial with respect to the symmetry axis
(type D) and either they connect all the elements of f a (case Hj) or are con-
nected to one (case D2), or do not touch them (case D3J), see Fig. 1.

After performing the transformation C-—S the following values for
the elements S in the case of the different types are obtained:

type A B C, C, D. D, D3
S O(R) 0 1 0 2 1 0

As we can realise on the basis of Fig. 1, the matrix elements Sl are
the indices of the representative Xj of the set of points, related to the set
JHip of lines.

So, knowing the elements of S, the following can be stated with respect
to the structural construction of the molecule [1]:

For the central construction the following sufficient (but not necessary)
condition holds: S should contain only elements of value 1 and 0, there should
be only one element of value O0(H), and S should be a 1X 2 matrix.

The necessary condition of the central construction is that the sum of
the elements of the column vector of S should be O(R), while the sum of
the elements of all the other columns should be 1.

If the value of b elements of Sis 2, then S contains at least b cycles, if
UR) » 2.

The transformation S — C

The atoms of the molecule can be numbered in n! different ways,
whereas the valence lines can be numbered in m ! ones. Hence a given mole-
cule may have different structural matrices of number n!m ! which can be
transformed into each other by the respective structural matrices. In Fig. 2,
the differently numbered forms of the same molecule can be seen. The following

Acta Chim. Acad. Sei. Hung. 62, 1960



BILLES: SOME TOPOLOGICAL FEATURES 11

relation obtains between the matrices Ca and Ch:
Ca= P (3412) CbP' (4132) @)

The circumstances are similar in the case of the matrices S belonging to the
same R as well. Hence, in the case of a given molecule and a given symmetry
element the number of the matrices S will be w!qg! In order to construct
a matrix S as small as possible, it is suitable to choose a symmetry element
such that O(R) should be the possibly greatest.

Fig. 2

W ith the knowledge of the quantities O(R) as well as and 0(eJp)
we have enough information for obtaining some matrix C of the molecule,
if Sis known. Therefore, in the case of using computers, S will be extended by
the Oth column and row, respectively. The value of the 0,0 element is O(R),
the elements of the Oth row are the corresponding values of 0(%a) and those
of the Oth column are the corresponding values of 0(6UQ3.

By the aid of the program given in this paper the algorithm of the

transformation S —C is given, the sth element of being numbered by
a—1 B—1

S -f- 0(%.) and the rth element of ~ by t -f- 0(“Lk). Thus by the order
r=1 —

of the symmetry atoms and lines in S, the order of the atoms and lines in C
is unequivocally defined. That means that one of the possible matrices C,
transformable into eacb other according to Eq. (7), has been unequivocally
associated with S.

Hence
u= QCW 1x, (8)
that is
S=QCWwW1 (9)
and
C—Q Sw 1 (10)

Ada Chitn. Acad. Sei. Hung. 62. 1069



12 BILLES: SOME TOPOLOGICAL FEATURES

Vector spaces defined on the skeleton of the molecules

The structural matrix has been obtained on the basis of the informations
necessary for simulating the molecule structure with a computer (i.e. on the
basis of the symmetry structural matrix). In order to obtain the relations
between the inner coordinates of the molecule, i.e. the so-called redundancy
conditions [3,4, 5], the maximal chains [4] and cycles [5] of the molecule
must be found. For working out the algorithms to determine these, we have
to define some further quantities.

The skeleton 4? of the molecule is the set of the atoms whose index is
at least 2 [4]. The structural matrix C of the skeleton can be obtained from
C while cancelling the columns where the sum of elements is 1, and cancelling
from the matrix so obtained the rows for which the sum of the elements is 1.
In a similar way the structural matrix S of the skeleton T can be obtained
from S.

In the following we will be concerned with quantities in connection with
the skeleton of the molecule.

The valence lines uj (j = 1,2, ..., fi, /n being the number of the rows
of Cv) and the atoms (i — 1,2,...,V, v being the number of the columns
of Cv) of the skeleton should be numbered.

Let Y be the set of all the subgraphs which can be defined on the skeleton.
A binary vector space < may be defined which is isomorphic to Ll Let us
assign a vector g-of dimension fi, its yth element being 1 whereas the others 0,
to each valence line it, of the skeleton.

Any subgraph » can be obtained as the sum (in the sense of set
theory) of valence lines of number P (the atoms are considered as the zero
dimensional cell of the parallelepiped of the subgraphs and should be dis-
regarded). Let us number the subgraphs as well. Thus a subgraph k (k =
= 1,2, ...,PK can be obtained as follows

Y (11)

7=1

The operation (11) can be performed by means of the image vectors ey as well
if introducing the logical (i.e. boolean) summation with respect to binary
vectors. Thus some vector dk £© of dimension [[lcan be written as

4 =] BOO4- (12)
7=1

If we also introduce the logical multiplication between binary numbers, the
binary vectors can be multiplied by some binary number £ (ej = 0, 1). By
means of them the vectors dk can be obtained as the linear combinations of

Acta Chim. Acad. Sei. Hung. 62, 1969



BILLES: SOME TOPOLOGICAL FEATURES 13

all the vectors ey,

dk=2 Br'ei A ¥ (13)
J= 1

By the expression (12) is shown that the transformation D —® is
consistent in operation. It can easily be seen that the vectors dk constitute
such a vector space of L, dimensions whose basis consists of the vectors Oy
Further, it is to he seen that ® is isomorphic to ‘d since the transformation
is consistent in operation and one to one correspondent:

4ls*;® (14)

By means of the matrix Cv each vector dk can be associated with a vec-

tor wk:
wk = Cvdk (15)

With this relation the elements of D have been transformed into the vector
space W of vdimensions. This is not a one to one correspondence, the elements
of wk being non-negative integers. The components of the vectors wk are the
indices of the individual atoms, related to the subgraph ~k £*d. Let us denote
the set of the image vectors wk by ¢$° (W0 d @).® and are isomorphic:

(16)

Let us designate by cll the set of those subgraphs &k which can be
simple paths (paths without branching that are connected and do not return
to themselves); the image sets of <!l are 3)1and G/L Let us denote by cd2the
set of those subgraphs ck which can be simple loops (cycles); the image sets
of ® are ®2 and V

Determination of the cycles

A simple path can be each subgraph whose image vector vk contains,
besides elements of value 0 and 2, only two elements of value 1. However,
not each of all such subgraphs is a simple path, namely, in case it is not con-
nected, it may also contain simple loops (cycles). Thus first the cycles and then
the simple paths must be found.

A cycle can be each subgraph whose image contains only elements of
value 0 and 2. (These vectors u'k form the set W#2(1).) Such a subgraph can
consist of several disconnected cycles as well. The following algorithm serves
for determining the cycles.

Acta Chim. Acad. Sei. Hung. 62, 1969



14 BILLES: SOME TOPOLOGICAL FEATURES

Let my £ 4822(1) be one of such vectors whose absolute value is the
smallest among the elements of 4872(1). To wlthere corresponds surely a single
cycle. After performing the operation

wk —wi = K (17)

by means of every vector wk £ £?2(1), we obtain either vectors having only
non-negative elements or vectors having negative elements, too. The origi-
nal images of the latter do not contain the cycle *)v. Let us denote the set
of the vectors wk belonging to these by ~ 2(2). From the set G/2(2) a vector
of the least absolute value can again be chosen, which should be denoted
by w2 Then let us perform the subtractions of type (17) by means of the ele-
ments of the set GVX2). In case there are in the skeleton loops of number a,
after the (« — I)th step there remains only a single vector «y £V 2(a), namely
MV The images of the cycles become the vectors wv w2, ..., wa
Owing to the relation (16) the above algorithm can also be performed
with the vectors dk £ S)(I).
One obtains the measure of the connection between the cycles flr,
if the product of the corresponding vectors d, and ds, and wr and ws, respec-
tively, are made.
For the valence lines:
y?»s = etAds, (18)
for the atoms:
YWo= wW'TrMs (19)

If the two cycles have no common valence line then yfs = 0, if they have
no common atom, i.e. the two cycles are not connected, then = 0.

Determination of the simple paths and the building sets

The simple paths of the skeleton can be obtained with the following
algorithm. The vectors dk £ ©1(1) which can he the images of simple paths
are multiplied successively by the vectors d/ £ ®2:

& =d[in di (20)

If some vectors dk have been successively multiplied by all the vectors d( and
if for each of the products thus obtained there holds

QA<dAAdN{l—1,2,...,xdE€EQD (21)

then @k does not contain any cycle. Thereby we have chosen the elements
of

Acta Chim. Acad. Sei. Hung. 62, 1969
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Chains will be called such subgraphs which are connected and the indices
of whose atoms, related to the subgraph, are not greater than 2; i.e. chains
are called the original images of the set S)(I) = S)1 U S)2

A building set will be called such a set of independent chains (i.e. of
chains having at the most common atoms) which covers the skeleton ¥ com-
pletely and contains a minimum number of chains. This minimum number of
chains we will call chain number (P) [5]. Some molecules may, of course,
have several building sets, too.

The chain number and the building sets can be obtained according to
the following algorithm.

(a) Let H2be empty: TR= O. Thus the skeleton does not contain any
cycle, i.e. it is a tree. The chain number P of this tree is

e= 1+ 2>(qr—1), (22)
r=1

where

gr= ent b) + 1 (23)

and b) is the index of the atom xr, related to the skeleton.
Proof. Let the number of atoms be 2. Then the tree obviously contains

only one path, and on the basis of Eq. (22) also P = 1. Let the number of
p—I
atoms be v— 1 and let the chain number be 1 (qr — 1). If soldering
r=1
the rth atom to the skeleton by some valence line we have two possible cases:
When soldering to an atom x cf the odd index b), one of the paths start-
ing from x, becomes atransit path and, since b was odd, qf does not change.
On the other hand, qv= 1, also because of this fact P does not change.
When soldering to an atom xr of the even index bv, the number of the

paths starting from Xr increases by one (the value of qr increases by one).

Being qv= 1, its value does not affect P, thus in this case also P,, = P,,-1-\- 1.
Thereby Eq. (22) has been proved.
(b) U2” 0. In this case we could not give a closed relation like Eq. (22)

for determining the chain number. To determine P the following algorithm
can be used.

The vectors dk £'S)1 U < are considered as the different permutations
with repetition of the numbers 0 and 1. Let us number them in the natural
order of the permutations. Let us then form all the possible combinations
without repetition of the vectors dk thereby numbered. All the dr vectors
in the combination will now be successively multiplied by each vector
dkg S)1U @2

Acta Chim. Acad. Sei. Hung. 62, 1969



16 BILLES: SOME TOPOLOGICAL FEATURES

These multiplications are performed with all the combinations, in the
natural order of the combinations, according to increasing class numbers.
In the Pth class there will be at least one combination where no vector dk
can be found any more whose product with each vector drin the combination
vanishes. This means that no chain dk exists any more which isindependent
of the chains dr in the combination. The chain number is given by P. The
elements of the combinations taken P at a time, to which no independent
chain has been found, are equivalent building sets.

Thus, by the algorithm not only the chain number but also the building
sets are given.

In the case when only one building set and the chain number are needed,
we can obtain them in a more simple way than above: by means of an algorithm
similar to that used for finding the cycles.

Let @(1) = U @2be the set of the vectors that are sure to be chains.
From among them let us choose that of the greatest absolute value. Let this
be dv Now let us make the products

gk= dxA (24)

with all the vectors dk £ €>(1). Those dk for which Cl5e= 0 are independent
of dv From the set ®(2) of the latter now let us seek one of the vectors of the
greatest absolute value: d,. Let us form the products

Qk= d[ 4 dk (d,£®(2)) (25)

etc., till we obtain the empty set: ® (P -J- 1). The set ofthe vectors dv d2 dp
constitutes a building set.

The algorithms mentioned in the two latter sections render it possible
to simulate the cycles and maximum chains with the aid of an electronic
computer. The symmetry structural matrix contains all the informations
necessary for these computations, A computer can be needed when deter-
mining the redundancy conditions [3, 4, 5], as well as the elements of Wilson’s
G matrix and those of F matrix belonging to the redundant coordinates,
respectively.

Acta Chim. Acad. Sei. Hung. 62, 1969
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Procedure for the transformation S —mC

procedure SCTRANS (S, q, w, C);

comment the procedure SCTRANS transforms the randed symmetry structural matrix S[0:q,
0:w] into the structural matrix C[l:m, I:n], where m is the sum of elements of the
zero-th column while n is that of the zero-th row of S;

value q, w; integer g, w; integer array S, C;

begin integer alpha, beta, a, b, k, L

a: = 0;

for alpha: = 1 step 1 until g do
begin b: = 0;

for beta: = 1 step 1 until w do
begin

if S[alpha, 0] = 1 then

begin k: = a -|- 1;

if S[O, beta] = 1 then

begin 1: = b + 1; C[k, 1]: = S[alpha, beta]

end

else for 1: = b - 1 step 1 until b + S[0, beta] do
C[k, 1]: = S[alpha, beta];

goto ex

end S[alpha, 0] = 1

else for k: = a-f 1 step 1 until a -f- S[alpha, 0] do
if S[0, beta] = 1 then

begin 1:= b + 1;

C[k, 1]: = SJalpha, beta] -f- S[0, 0]

end

else

begin for 1: = b + 1 step 1 until b + S[0, beta] do
Clk, I]: = 0;

if S[alpha, beta] = 1V SJalpha, beta] = 2 then
Clk, k -f b —a]: = 1;

if S[alpha, beta] = 2 tRen
begin

if kK ?£ S[alpha, 0] + a then
Clk k+ b—a+ 1]: =1
else Clk,b + 1]: = 1

end

end Slalpha, 0] = SJ[0, 0];
ex:b: = 1

end beta;

a: = K

end alpha

end SCTRANS;
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For the quantitative characterization of the degree of mixing a descriptive scale
was proposed which characterizes the completely mixed system, and the unmixed
system, respectively with values (1, -~ 00). The measure of the degree of mixing of
any system is a positive integer which can be found with the help of a nomogram.

Introduction

As known, heat transfer processes, in the sectional heating of packed
columns where the cooling medium is in motion and the packing is stationary,
are described by differential equations proposed by Anzetius [1]. The descrip-
tion of the system consists in statements on the spatial heat-distribution of
the heating (cooling) gas and of the granular (solid) packing, as a function
of time.

The equations are

31 +vi— = - b(T T) e )]
3f >
S Y & T 1 J |
N (I
where T = temperature of the medium to be heated (cooled)

T' = temperature of the heating (cooling) medium

a, b = constants that contain heat-transfer coefficients

x and ( = coordinates, respectively, of space and time.

A less exact, but much more simple description of the system is possible
if the entire heating medium and the entire medium to be heated are severally
considered as homogeneous in respect to temperature. Then the transfer
equations can be arrived at in the following way.

Let the specific heat of the solid packing be C, then the specific heat
of a unit volume is y, C. The overall volume of the packing is L mF (1 e),

2* Acta Chim. Acad. Sei. Hung. 62, 1969



20 SEITZ, TOROS: CHARACTERIZATION OF MIXING

where L = length of the apparatus and F = its cross section; e = the pro-
portion of voids. Heat content of the solid packing isy mC ¢L ¢F(1 —e¢) T.

The heat transferred on the surface of the packing can be expressed by
the surface area and the heat transfer coefficient, further by the difference
between the temperature of the packing and that of the gas. If the particles
of the packing are spheres, the total surface is v W4 r2n, where v is the number
of particles.

3FL(1 - e
V= ( ). Thus the surface area is
4r3n

3FL(1 - €)1r, T = 3FL(1 - a)
AT3T r

The heat flow into (out of) the solid packing

Change in the heat content of the packing in unit time is

yCLF{1 e)--&--: R S - (M- T)

Here z describes the correction of Newton’s heat transfer coefficient.
In a simpler form the equation can be written as follows:

= S T) (H1)
dt yCv

The equation valid for the gas phase is arrived at in a similar manner.
The heat transferred by the gas is y'C'v/(T'0O— T'), where TOis the temper-
ature of the gas entering into the system. This heat alters the heat content
both of the gas and the packing, so that

Fky'C ¥'(TQ- T') = Wy'C 0 ra-FMLI*}. (T'_ T) e ay)
Vv

where F/( = free cross section = eF

Fkv' = eF — = vnF
s

Vg

free volume — e FJj
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Considering the connexions in (I1V), we have

veFC/ (T,,-T) = 2* (T - T)+ Cy'FL(l—e)dd'I;
dT _3o0" ve.-(Te-T").... V)
dt vCY Uil —e

Equations (I11) and (V) are analogues of equations (I) and (II).

In descriptions of mixing apparatus these two pairs of equations can be
considered” two limiting cases: Anzetius’ equations stand for the completely
unmixed system, equations (lIl1) and (V) for a system completely mixed
and perfect homogeneity has been attained therein. A system when being
mixed cannot be considered as completely mixed, only an aggregate of several
completely mixed zones [2] perpendicular to the direction of flow. Reference
to this fictitious construction is made thereby the data that can be measured
at the exit port — temperature of the cooling, or heating, gas — are assigned
to one of the n = 1,2 divisions within the systems subdivided in theory in
Vv zones. This number n is called the mixing unit number of a mixer.

In what follows we attempt to demonstrate the calculation, and then
a nomogram for it will be proposed.

It is well known that the degree of mixing can be characterized through
the mixing coefficient, respectively through the turbulent diffusion constant.
We are well aware that the mixing unit number is not suitable for the expres-
sion of a general correlation [3].

It would be very gratifying if a relationship between the degree of
mixing as viewed by us and probability calculus, respectively the entropy
concept of information theory, could be established. However, such a con-
nexion is but illusory because the interpretation of the entropy of mixing
requires random motion of the single particles within a multitude, whereas
a mixer deterministically affects the configuration of the particles of the
packing. Thus neither a forced generalization nor a supposition of a stochastic
scheme will here be resorted to in order to suggest any connexions.

Mathematical statement of the problem

For the description of a system composed of n completely mixed zones
the calculation which gives equations (Il1l1) and (V) as a result is utilized.
Let the heat balance equations for the i-th zone (E= 1,2,...,re) be con-

sidered. Equation (V)

dTL  3*2
Ti- Tj =
it yCv ( )] 722...tn (1)
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In equation (I11) it must be noted that the free volume of the i-th
zone is the n-th part of the total free volume, thus instead of F «L(1 - ¢)

we Write ------------ —, further, since heat transmitted refers to the surface
area of the packing in the zone, instead of

3azF (1 s)L 1 iocFzL(l ;
azF ( ) we write ( fi).
\' n \%

Thus equation (V) reads

1T 3az R nv'e
- (T'i-Ti) (Ti-i TK =12.. n (2
dt  yCv L(1- e) )
Equations (1) and (2) give 2 e nequations forthe Tv T2 .... Tnand T(, T2 ...

..., I'nunknown functions. The initial conditions attached to the svstem of
equations are the following:

T.(0)= TO

. . (3)
Ti(0) = ra

Ta data are calculated from the residence time of the gas. In what
follows, only the process of heating will be discussed since that of cooling s
perfectly similar.
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It will be expected that in the course of the process T, (i) —TO0, if t “m 00,

T,() — T'. With

the system of differential equa
form

! e

nv
L

0,
1—e

tions, when written

al oT, + 0+ ...4-0aT\ 4-04-... 4-0
dt
di\ .
g 0 aT2+ 04- +04“a7j+ 0+ e 0
t
a., 0+ 0+ - afl,, 4 0 4- + aT,,
dt
E , . .
=0'T, 4-0 + +0 (@4 bT, i- + 0
S
dT ,
04-a'T,4 ...-L04 bTx (a' + b)T!,
dt
dTn .
— 04 04 + @aTn+ 0 4-eee+ blnt—
dt
matrix of the system is
M—o,0,0, ... .0. a. 0,0 ,0
0. —a, 0. ... ,0, 0,0,0 . i ,0
© o —a, 0,0. . i ,a
0" 0 e, .,0, - (a +6),0, ..,0
0,8, correreeenns 0, b,- (0+ b)..,0
o o a' 0,0,.,b, —(a'+ b)_
N
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Solution of the system of equations

The solution of system (4) of equations consists in the determination
of the eigenvalues of matrix (5), then in the applications of the Hermite
polynomials.

Obviously, matrix A can be considered as the hypermatrix of four
A1? A2 A3 and A4 matrices, each of n dimensions, thus

A = 6
A3 A, ®)
further
—
A >Q| E 0 A, a2 7
A_ N LAQ~+ E 0,a4—A3A41A2 (7)
6 —
— (0 )0, ..,0 o ..,0
0,—(0~bf),....0 0,a . ,0
where A4= A= (8) - (8
0,0, —@ 9 ©0a .a
0,0, .m,0- —A—(a'+ 6),0, ....,0
A3 = 0,a, ...,0 A4 — = e + ..,0 (9) — (9')
,0,0,. o 0,0, ,b,—A—(a + b_

0, and E are, respectively, zero- and unit-matrices of n dimensions; Ais the
eigenvalue parameter. (7) can be transformed further, since

5 AT A2 5 E 0 "a?2 A2m
t = t 3
¢ A3 A4 ¢ _A3AT\ E Det 0, ad4-- A3Aj 1A2 (10)
consequently
Det AL A2
= 1 - 1 in
e A3 Aa Det[AjA4- AjAgAjJ A2 (1)
“la-fA)(-«"-6-A),0, i ,0°
—@4-Hb—(@ -9 (—a —b—94 0,...,0
AA, (12)
0,0, ..., —(@FAb—(a+ H(—a —b—A)_
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Since Aj and A3 are commutative

aa',0,...,0
AJAJA] 1A2=A A= 0.aa,....0 (13)
0,0, ..., aa'
and
—(a+ A(—a —b—X)—aa',0,..., 0
—@-fX)b, —(@a-fX((@ —b—X —aa,o0
AJAN AA2— (14)

0,0,—(a+ X)b, (@a+ A(—a' —b—X)—aa'
Det [AjA4—AIA3AL1A2] = [(a-F-A (@ + b+ A—oa’l" (15)
After rearrangement, the secular equation takes the form:
D(X) = [+ (a+ a'+ b)X+ afc]n (16)

The equation has two real n-fold radicals, each is an eigenvalue of n-fold multi-
plicity of the problem. The eigenfunctions belonging to the eigenvalues A
and A2 will not be determined; the solution will be written directly.

Any regular function /(A) of matrix A can be produced as follows:

/(A)=2"2 K (A- hEy-](A-4+E)" 7)
fe=1 j~\ (k+2-*K)

where E is a unit matrix of 2n dimensions and
m y-((

Kkj=(i~'- La- xkn X:Xi%},g, (k2

(18)

When now /(A) = etA then, using the Leibniz rule

1 [-1 ;
[ )/ ———— ety (- D/ J-1 n(n + 1). .. (n + I—1) (Ak— sin+1) (n:'V 11
' ! n

0 -i) .
s12...,0 (19)
k=12, (fc+2-»K)
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In (19) we change index itoj — i — | —s, and, as abbreviations we introduce

C<Y.=(AV-L 1/ . 1 in(n+l).. (n+j-s 2)r royu- @) —1"

u-i-s); (7-1)!
C$=(-iy” n)Ci% (20)
0<s”7-1 I<77n.
then
J-
C[kj = eN (K—l, 2)
The solution of equation
dT
AT 21
dt
T =¢eAtTn (22)
Using formulas (17)...(20) we get
2 n-1
pai = Jv’ele” V a% (A . AE)p-> tr(A SFA+1E)" (23)

k=\ r=o\_p=r+\

Thus for T the general solution is

T(t) y.ek<® > CW(A AaE)p-! tr(A —AC+IE)nTO  (24)
[e=I r=o p=r+1

Owing to the many parameters, the illustration of the analytical solution is
cumbersome, therefore we present for atypical set of data diagrams constructed
with an analogue computer.

W ith the discussion of this calculation method we aimed at a comparison
of geometrically similar mixing apparatus, and at their characterization by
a scale of values defined by two standard ideal limiting cases.

We are indebted to Mr G. Sasvari for having drawn our attention to this problem,
and for valuable suggestions, further to Mr J. Gyurki for having carried out the numerical
calculations.
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KINETISCHE ANALYSE
EINIGER FOLGEREAKTIONEN, V

AUTOKATALYTISCHE REAKTIONEN

T. Kelen, F. Tudés* und Gy. Galambos*

(Forschungsinstitut fir die Plastindustrie, Budapest und *Zentralforschungsinstitut
fur Chemie der Ungarischen Akademie der Wissenschaften, Budapest)

Eingegangen am 19. September 1968

Es wurde die kinetische Analyse der autokatalytischen Reaktionssysteme
A —E, A(FE)—E(+E) A+ A E, A(+E)-» E(+E); A+ B—E, A(+ E) —
-1- E(-f-E) sowie die Behandlung der empirischen Differentialgleichung der Autokata-
lyse und die Prufung der moglichen Ursachen der Ausbildung S-formiger Konversions-
kurven durchgefuhrt. Es wurde festgestellt, dal der S-formige Ablauf einer Endpro-
dukt-Konversionskurve nur dann eine autokatalytische Reaktion anzeigt, wenn auch
die Konversionskurve des Ausgangsstoffes S-férmig ist (Unterschied von den einfachen
Folgereaktionen) und kein vom Endprodukt abweichendes Zwischenprodukt wéahrend
der Reaktion sich anhauft (Unterschied von den konkurrenten Folgereaktionen).

Der Ill. und IV. Teil unserer Mitteilung [1, 2] besché&ftigte sich mit der
kinetischen Behandlung der sog. konkurrenten Folgereaktionen. Das sind
Prozesse, bei denen das im Priméarschritt entstandene Zwischenprodukt (C)
mit dem Stoff (A) weiterreagiert, aus welchem es entstanden ist. Sofern die
Geschwindigkeit des zweiten Reaktionsschrittes groRer ist als die des ersten,
so ist der ProzelR durch das Zwischenprodukt quasi katalysiert. Dieser Reak-
tionstyp kann — vom Gesichtspunkt der Abnahme des Ausgangsstoffes -
als autokatalytisch angesehen werden.

Als typische Falle der autokatalytischen Reaktionen sind jedoch jene
konkurrenten Folgereaktionen anzusehen, bei denen das im Primadrschritt
entstandene »Zwischenprodukt« (C) mit dem Endprodukt (E) identisch ist.
Im Falle dieser Reaktionen représentiert der katalytische Effekt (hinsichtlich
der Bildung des Endproduktes) wirklich »auto«-Katalyse: das Erscheinen des
Endproduktes beschleunigt seine eigene Bildung.

In der vorliegenden Arbeit befassen wir uns mit der kinetischen Analyse
der folgenden Systeme:

A *E. A(+ E) - E(+E) ()

A+ A—E A(+E)- E(+E) (2)

A+ B - E, A(FE) — E(+E) 3)
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sowie mit der Behandlung der empirischen Differentialgleichung der Auto-
katalyse und mit der Prifung der mdglichen Ursachen der Ausbildung S-for-
miger Konversionskurven (das Auftreten solcher Kurven wurde von vielen
Autoren ausschlieflich mit dem autokatalytischen Charakter des Prozesses
interpretiert).

1. Das System A —E, A(—E) — E(-(-E)

Es seien die geschwindigkeitbestimmenden konsekutiven Schritte der
untersuchten chemischen Reaktion die folgenden Prozesse erster und zweiter
Ordnung:

A—E+ ... 4)

A(+E) - E(+E) + ... (5)

Die zur Entstehung von je einem Mol des Endproduktes E laut (4) ver-
brauchte Menge des Stoffes A sei ax Mol, die bei der Reaktion von je einem
Mol des Endproduktes E laut (5) verbrauchte Menge des Stoffes A sei ar,
ferner sei mit e die molare Menge des Endproduktes E bezeichnet, die laut (5)
entstanden ist. Die jeweiligen Konzentrationen der verschiedenen Substanzen
seien mit den entsprechenden groRen Buchstaben (A, E) bezeichnet. Mit Hilfe
dieser Bezeichnungen kdénnen die Anderungsgeschwindigkeiten der in den
Reaktionen (4) und (5) teilnehmenden Substanzen wie folgt aufgeschrieben
werden:

_ 9 aKIA - axAE (6)
dt
"d-t:k]A+(e-I)kiAE @)

Dieses Differentialgleichungssystem ist formell dem im Falle von kon-
kurrenten Folgereaktionen A —mC, M + C —E abgeleiteten System ahnlich
— s. [2], Zusammenhdnge (4) und (5). Die Behandlung des Systems kann
auf die gleiche Weise erfolgen — fir das autokatalytische System s. aus-
fahrlich in [7].

2. Das System A -f- A— E, A(-|-E) —=»E(-j-E)

Es seien die geschwindigkeitbestimmenden konsekutiven Schritte der
untersuchten chemischen Reaktion die folgenden Prozesse zweiter Ordnung:

A+ A- E+ ... (8)
A(+E) - E(+E) + ... 9)
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Die Anderungsgeschwindigkeiten der an den Reaktionen teilnehmenden Stoffe

kénnen dann, durch Anwendung der in Punkt 1 angegebenen Bezeichnungen,
folgend aufgeschrieben werden:
jn

E = a”A2+ a.AAE (10)
t

— =M 2+ (e- 1k.AE (11)
dt
Dieses Differentialgleichungssystem ist formell dem im Falle von kon-
kurrenten Folgereaktionen A A C, A+ C— E abgeleiteten System
&hnlich — s. [1], Zusammenh&nge (9) und (10). Die Behandlung des Systems
kann auf gleiche Weise erfolgen far das autokatalytische System s. aus-
fahrlich in [7].

3. Das System A -f-B —E, A(+E) —E(-f-E)

Es seien die geschwindigkeitbestimmenden konsekutiven Schritte der
untersuchten chemischen Reaktionen die folgenden Prozesse zweiter Ordnung:

A+ BArE (12)
A(+E) -* E(+E) + ... (13)

Die zur Entstehung von je einem Mol des Endproduktes E laut (12) verbrauchte
Menge des Stoffes B sei b Mol (die jeweilige Konzentration sei mit B, die
Anfangskonzentration mit BObezeichnet, die anderen Bezeichnungen stimmen
mit den in Punkt 1 gebrauchten iiberein), dann kénnen die Anderungsgeschwin-
digkeiten der in den Reaktionen teilnehmenden Substanzen wie folgt auf-
geschrieben werden:

dA .
"&E-: aikjA B + a%2AE (14)
- — AMpbkiAB 15
- (15)
— - KIAB + (e - 1)k9AE (16)

Dieses Differentialgleichungssystem ist formell dem im Falle von kon-
kurrenten Folgereaktionen A + B —»C, A -f- C —mE abgeleiteten System
&hnlich — s. [2], Zusammenhé&nge (36—38). Die Behandlung des Systems
kann auf gleiche Weise erfolgen — fir das autokatalytische System s. aus-
fahrlich in [7].
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1 Die empirische Differentialgleichung der Autokatalyse

Zur Beschreibung kinetischer Kurven von zunehmendem Charakter
wurde die empirische Differentialgleichung der Autokatalyse oft angewendet:

al _ .,

dt K?(1 ty 17)
Hier bedeutet f die Konversion und K die Geschwindigkeitskonstante des
Prozesses, fi und v sind aber empirisch erhaltene Reaktionsordnungen. Diese
Gleichung sagt kaum etwas Uber den Mechanismus des Prozesses aus; SO zum
Beispiel beschreibt sie auch viele verzweigte Kettenreaktionen gut [4], obwohl
diese Prozesse nicht unter Autokatalyse ablaufen. Die Gleichung (17) gelangt
auch fir die »physikalische« Autokatalyse zur Anwendung; in diesen Fdllen
sind die »Reaktionsordnungen« fi und v aus der Molekularitit der Prozesse
nicht abzuleiten, so kénnen sie beliebige Werte aufweisen [5].

Die Bedingung der Anwendbarkeit der empirischen Gleichung (17) ist,

dall die Konversion auch am Anfang des Prozesses nicht Null, d. h. die Bedin-
gung fur den Anfangswert der Konversion (f 0)

nod o0 (1«)

erfallt sei. Widrigenfalls kénnte der ProzeRB nicht beginnen.

Die Zeitabhdngigkeit der Konversion kann mit der unvollstdndigen
Beta-Funktion — siehe zum Beispiel [3] angegeben werden, welche nach
Trennung der Variablen und nach Integrieren aus (17) zu gewinnen ist:

6)= K-t= RB-[I fl,1 v] Rit[l- fl,1-v] (19)

Wie einer der Verfasser (in Verbindung mit der Kinetik der Polymerisa-
tion von N-Vinylcarbazol in fester Phase) bereits gezeigt hat [5], kann die
Losung der Differentialgleichung (17) im Falle einiger spezieller Werte von
fl und v in sehr einfacher Form angegeben werden.

5. Die Form der autokatalytischen kinetischen Kurven

Es ist fur alle behandelten autokatalytischen Reaktionssysteme cha-
rakteristisch, daR die Konzentration der am ProzeR teilnehmenden Stoffe
sich in Abhéngigkeit von der Zeit gemdR S-formiger Kurven gestaltet. Die
einzige Ausnahme ist der Stoff B des in Punkt 3 behandelten Systems, der
nur am ersten Reaktionsschritt teilnimmt. Den anderen konsekutiven Reak-
tionssystemen gegenilber gibt es bei den autokatalytischen Reaktionen keinen
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solchen Stoff (Zwischenprodukt), dessen Konzentration gemaR einer Maxiinum-
kurve zeitabh&ngig wadre; bei diesen Reaktionen ist ndhmlich das Zwischen-
produkt mit dem Endprodukt identisch. Im folgenden soll gepruft werden,
wie der Wendepunkt der autokatalytischen Kurven von den Parametern der
Reaktion abhéngt.

Die Behandlung wurde fir die folgenden Werte der stochiometrischen
Koeffizienten durchgefihrt:

f,= 1, a=1b= 1 e= 2 (20)

a) Das System A -* E, A -j- E —m2E

Die Abhéngigkeit des Wendepunktes der kinetischen Kurven des in
Punkt 1 behandelten Systems von den Parametern der Reaktion ist fol-
gende:

| 1 21,
Ay 2 (L xa0
1 1
-1 1- (22)
\I-AO') im O XA0

Es kann festgestellt werden, dal die relativen Konzentrationen der
Stoffe im Wendepunkt nicht nur vom Quotienten X der Geschwindigkeits-
konstanten, sondern auch von der Anfangskonzentration A O abhéngen. Ein
Wendepunkt tritt nur dann auf, wenn

Ac> — (23)
X

ist. Die Wendepunkte der kinetischen Kurven beider an der Reaktion teil-
nehmenden Stoffe gehdren zum gleichen Zeitwert.

b) Das System A -f- A —mE, A + E —m2E

Die Abhédngigkeit des Wendepunktes der kinetischen Kurven des in
Punkt 2 behandelten Systems von den Parametern der Reaktion ist die
folgende:

Ay - X (24)
No)infl. 2 X—1

25
Aolinfl. 2 X 1 29
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In diesem Fall hdngen die zu den Wendepunkten gehdrenden relativen
Konzentrationen nur vom Quotienten x der Geschwindigkeitskonstanten ab.
Die Wendepunkte der kinetischen Kurven beider Stoffe gehdren zum gleichen
Zeitwert.

c) Das System A -\- B —mE, A E —2E

Die Abhédngigkeit des Wendepunktes der kinetischen Kurven des in
Punkt 3 behandelten Systems von den Parametern der Reaktion ist — wegen
der Transzendenz der stéchiometrischen Zusammenhé&nge zwischen den Kon-
zentrationen — in expliziter Form nicht anzugeben (die kinetische Kurve des
Stoffes B besitzt keinen Wendepunkt):

"A 1 (B -F XE)2

(26)
A0 el . A y.(B-\-*cE) —B
y ! @7)
A O\insi, 1A o linfi.

Diese Ausdriicke kénnen — mit Hilfe der stéchiometrischen Zusammen-
hdnge — zum Beispiel graphisch ausgewertet werden. Die Wendepunkte der
kinetischen Kurven beider Stoffe gehdren zum gleichen Zeitwert.

d) Das empirisch beschriebene autokatalytische System

Wenn zur Beschreibung des autokatalytischen Prozesses die in Punkt 4
behandelte empirische Differentialgleichung angewendet wird, so kann zur
Feststellung der »Reaktionsordnungen« p und v die folgende Relation benitzt
werden:

Infi= Y (28)
p +

Der Wert von £infl, hdngt nur von den »Reaktionsordnungen«, nicht
aber von den Anfangsparametern und der Geschwindigkeitskonstante K ab.
Im Falle der anderen autokatalytischen Systeme né&hertsich der Wert der zum
W endepunkt der kinetischen Kurve des Endproduktes gehdrenden Konversion

50% nur bei x —»00 an — siehe z. B. (22) und (25) —; in dem m it (28) beschrie-
benen Fall aber kann er 50% auch uUberschreiten. Zum Beispiel bei »Reaktions-
Ordnungen« P; V = —1;13 — ; 2 ist der Wert wie folgt:
1 4
< finfl. < (29)
5 5
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6. S-formige Konversionskurven

Man stoRt oft auf die Ansicht, daB die S-Form der Konversionskurve
den autokatalytischen Ablauf des Prozesses eindeutig beweist. Tatsache ist
demgegeniber, daf die S-Form nicht immer die Folge einer Autokatalyse
ist, obwohl sie wirklich andeutet, daf die Entstehung oder Abnahme des
betreffenden Stoffes wé&hrend der Reaktion einigermaBen beschleunigt wird.
Konversionskurven von beschleunigtem Charakter kommen ndmlich in allen
Folgereaktionssystemen vor.

Zur Illustration dieser Umstdnde sind in den Abbildungen 1—9 die
Konversionskurven des Folgereaktionssystems A —mC, C — E ([6]; in den

Abb. 1. Zeitabh&ngigkeit der relativen Konzentration des Ausgangsstoffes, fur x = 1

Abbildungen: 1), des konkurrenten Folgereaktionssystems A->-C,A-j-C—-E
([2]; 1) und der autokatalytischen Reaktion A —mE, A -f- E —=2E (lII)
dargestellt, bzw. sind in einer Tabelle die Daten uUber die Wendepunkte der
Konversionskurven der erwdhnten Systeme zusammengefallt. Da die priméren
und sekunddren Reaktionsschritte in den Systemen Il und Ill von unter-
schiedlicher Molekularitdt sind und daher die Form der Konversionskurven
nicht nur von den Geschwindigkeitskonstanten, sondern auch von der Anfangs-
konzentration des Ausgangsstoffes (A 0) abhdngt, beziehen sich die vorgefihr-
ten Kurven bzw. Daten einheitlich auf den Wert A0O= 2.

In Abb. 1—3 wurde die Zeitabh&ngigkeit der relativen Konzentrationen
des Ausgangsstoffes dargestellt, fur alle drei Systeme, im Falle von x = 1;
10; 100. Der Wendepunkt ist mit Pfeilen markiert.

Es kann festgestellt werden, daB bei der Kurve AjAO—t im Falle des
Systems | kein Wendepunkt vorliegt und ihr Ablauf von X unabhdngig ist.
Im Falle des Systems Il ist die Konversionskurve S-férmig und héngt die
Lage des Wendepunktes vom mWert ab; der gesamte Kurvenablauf wird
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Abb. 2. Zeitabhangigkeit der relativen Konzentration des Ausgangsstoffes, fir x = 10

Abb. 3. Zeitabh&ngigkeit der relativen Konzentration des Ausgangsstoffes, fir x =

Abb. 4. Zeitabhangigkeit der relativen Konzentration des Endproduktes, fur x = 1
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Abb. 5. Zeitabh&ngigkeit der relativen Konzentration des Endproduktes, fur 10

4bb. 6. Zeitabhéngigkeit der relativen Konzentration des Endproduktes, fir x = 100

aber durch x nur wenig beeinfluRt. Die S-férmigen Konversionskurven des
Systems 111 weisen eine starke Abhé&ngigkeit von x auf.

In Abb. 4—6 wurde die Zeitabhéngigkeit der relativen Konzentrationen
des Endproduktes in den drei Systemen fir die Werte von x = 1; 10; 100
dargestellt. Die Wendepunkte der Kurven sind mit Pfeilen markiert.

Es kann festgestellt werden, daR die E/AO0—r Kurven in allen drei
Systemen S-Form haben. Der beschleunigte Charakter und die s:-Abhéngigkeit
sind auch hier im Falle des Systems IlIl am deutlichsten.

In Abb. 7—9 wurde die Endprodukt-Konversion E/AQ0 (zwecks besserer
Vergleichbarkeit) in Abhédngigkeit von den dimensionslosen relativen Zeit-
werten t/tnfi' fur den Fall von x = 1; 10; 100 dargestellt. Wegen der ange-
wandten Zeittransformation gehdren die Wendepunkte aller Kurven zum
gleichen relativen Zeitwert (t/tm/i, = 1); dieser ist in den Abbildungen mit
Pfeilen markiert.
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Abb. 8. Abhangigkeit der Endprodukt-Konversion von den relativen Zeitwerten, fir a = 10

In dieser Darstellung zeigt das Folgereaktionssystem | im Falle von
n = 1 Gberraschend eher einen ausdricklichen »autokatalytischen« Charak-
ter als das System |IIl, obwohl letzteres wirklich eine autokatalytische
Reaktion ist. Bei groReren ?i-Werten kommt freilich die beschleunigte Ent-
stehung des Endproduktes im System Il besser zum Ausdruck.

In der Tabelle | wurden die sich auf die Wendepunkte der Konversions-
kurven der drei Systeme beziehenden Daten fir den Fall von « = 1; 10; 100
zusammengestellt. Die ersten funf Reihen der Tabelle enthalten die Daten
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Abb. 9. Abhéangigkeit der Endprodukt-Konversion von den relativen Zeitwerten, fur x = 100

E- ®infl
(A /A 0)irfA
(PI1A o)infl
(ho)infl
(BTOirm
®infl
(A /A OHnf]
(CMo)infl
(E/A0)infi
(TE/IFO)jn(

\

A-+ C
C-+E

x=1 1x=10

1,0000
0,3679
0,3679
0,2642
0,3679

0,2559
0,7738
0,0774
0,1488
0,7738

Tabelle 1

1y= 100 x=1
0,0465 0,3800
0,9543 0,6169
0,0095 0,2289
0,0362 0,1543
0,9543 0,8993
— 0,1136
— 0,8823
—_ 0,0963
—_ 0,0214
_ 1.0522

A-+ C
A+C-+2E

x= 10

0,1239
0,8183
0,0448
0,1369
1,6515

0,0888
0,8736
0,0406
0,0858
1,5830

x= 100

0,0234
0,9592
0,0050
0,0359
1,9184
0,0162
0,9728
0,0048
0,0225
1,9067

x= 1 *=10 y= 100

0,2310 0,1472 0,0264
0,7500 0,5250 0,5025
0,2500 0,4750 0,4975
1,1250 5,5125 50,5013

0,2310 0,1472 0,0264
0,7500 0,5250 0,5025
0,2500 0,4750 0,4975
1,1250 5,5125 50,5013

des Wendepunktes der Konversionskurve vom Ausgangsstoff, die anderen
funf Reihen jene des Endproduktes. Die Angaben (W/WOQ)jnp_sind die Werte
der Abnahmegeschwindigkeit des Ausgangsstoffes im Wendepunkt, bezogen
auf die Anfangsgeschwindigkeit.

Es kann festgestellt werden, daB die (W/1EQ),M.-Werte der relativen
Geschwindigkeit das MaR der Beschleunigung und dadurch den autokatalyti-
schen Charakter der untersuchten Systeme gut widerspiegeln. (Auch im Wen-
depunkt der Endprodukt-Konversionskurve wurde die sich auf den Ausgangs-
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Stoff beziehende relative Geschwindigkeit angegeben, da die Anfangsgeschwin-
digkeit der Bildung des Endproduktes in den Systemen | und Il gleich Null
ist.) Der Wert der relativen Geschwindigkeit ist im System | bei allen «-Werten
kleiner als 1, im System Il zeigt er aber bei « = 100 eine etwa zweifache und
im System |1l eine etwa fiinfzigfache Erhdhung der Abnahmegeschwindigkeit
des Stoffes A beim Wendepunkt, im Vergleich zur Anfangsgeschwindigkeit.
Es sei hier bemerkt, daB die Wendepunkte der Kurven AjAO und jE/AO im
System Il zu unterschiedlichen Zeitwerten, im System 11l (da das Zwischen-
produkt hier mit dem Endprodukt identisch ist) zu gleichen Zeitwerten geho-
ren: im letzteren System sind die beiden Kurven die gegenseitigen Spiegelbilder.

Demgemé&R ist die Erhdhung auch der Zunahmegeschwindigkeit des
Endproduktes E beim Wendepunkt (im Vergleich zur Anfangsgeschwindigkeit)
im System 111, bei x — 100, etwa flnfzigfach.

Die Feststellungen Uber die S-formigen Konversionskurven kénnen wie
folgt zusammengefallt werden:

a) Die Endprodukt-Konversionskurve ist in allen Folgereaktions-
systemen S-formig.

b) Die Konversionskurve des Ausgangsstoffes ist nur in konkurrenten
Folgereaktionssystemen und in autokatalytischen Reaktionen S-formig.

¢) Auf Grund des in den Punkten a) und b) Gesagten kann festgestellt
werden, dall die S-formige Endprodukt-Konversionskurve nur dann eine
autokatalytische Reaktion andeutet, wenn auch die Konversionskurve des
Ausgangsstoffes S-formig ist (Unterschied vom einfachen Folgereaktions-
system) und kein vom Endprodukt unterschiedliches Zwischenprodukt sich
anhduft (Unterschied vom konkurrenten Folgereaktionssystem).

d) Ein weiterer Unterschied von diesen Systemen besteht darin, daB
das MaR der Umwandlung im Falle von Autokatalyse bei grofen «-Werten
im Wendepunkt 50% anné&hert, und diesen Wert im Falle von empirisch
beschriebener (z. B. physikalischer) Autokatalyse sogar Uberschreitet.

e) Die die Beschleunigung der Reaktion anzeigende relative Geschwindig-
keit {WIWQ)infi. (die experimentell einfacher und genauer zu bestimmen ist,
als die Lage der Inflexion) kennzeichnet die kinetischen Kurven von beschleu-
nigtem Charakter gut; manchmal ist es moéglich, auf Grund der (W/IFQ)m/i.
Werte die typische autokatalytische Reaktion vom konkurrenten Folge-
reaktionssystem zu unterscheiden.
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The crystal structure determination of 3-nitro-phenylhydrazone-acetone was per
formed by X-ray diffraction methods. The crystals are monoclinic, the space group
is C2/c. The structure was determined by two-dimensional and trial methods. The
refinement was carried out by differential synthesis. Reliability index R = 0.169.
The bond relations in the benzene ring are asymmetrical. The measured lengths of the
carbon-nitrogen bonds are compared with data of similar compounds. The equation
of the “best plane” through the benzene ring, that of the plane of the acetone and of
the hydrazine were determined, and the angles between these planes were computed.

The phenylhydrazones play an important role in the organic preparative

and analytical chemistry. The structure ofthe crystalline hydrazine was investi-
gated by Collin and Lipscomb [1], that of the diformyl-hydrazine by Tomiié,
Koo and Nitta [2] and that of the diacetyl-hydrazine by Shintani [3].
Furberg et al. published the structure of the arabinose-p-bromo-phenylhydra-
zone [4], and of the ribose-p-bromo-phenylhydrazone [5], both compounds
are characterized by the presence of a heavy atom (bromine). No structural
investigation on phenylhydrazones without a heavy atom has been reported.
Some powder diffraction data are available in the paper of Clark, Kaye
and Parks [6]. Gerecs et al. [7], [8], [9], have prepared some phenylhydra-
zones of sugars, which are of chemical and structural interest.

Crystals ofthe 3-nitro-phenylhydrazone-acetone (abbreviated 3-NPHACc),

CgNjOjHjj

have been investigated by us by X-ray diffraction methods, in order to study
the bond relations of the nitro-phenylhydrazones. The compound is interesting
from the methodical point of view, too, because with 112 atoms in the unit

cell

(not counting hydrogens), it contains no atom heavier than oxygen.
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Crystallographic data

The crystals were prepared by heating a mixture of acetone and m-nitro-
phenylhydrazone in aqueous alcohol [10]. (M.p. 126°C.) The crystals are red
monoclinic plates elongated along the b axis. The face of the plates is the
(100) plane. They have little mechanical strength and cannot be cut without
losing their single crystal character.

The unit cell parameters measured on oscillation and Weissenberg
photographs are the following:

a= 2298 = 0.04 A, b = 3.900 + 0.015 A,
c= 2191 + 0.04 A, B = 100.2° + 0.2

Cell volume: 1934 A3 « F(000) = 816.

The density calculated with 8 molecules in the unit cell is Dx = 1.323
g cm ~3. The measured density was determined by flotation. As the crystals
dissolved in organic liquids, an aqueous solution of NaN 03 was used with
some drops of isobutyl alcohol, in order to remove air bubbles from the surface
of the crystals. The measured density is D,,, = 1.31 ~ 0.04 g cm-3.

Systematic absences:

Type of reflexions: hkl. Observed reflexions: h -j- Kk = 2n.

Type of reflexions: hoi. Observed reflexions: 1= 2n.

Two space groups are possible: Cc and C2/c. The statistical analysis of
the intensity distribution with the method of Howells, Philips and Rogers
[H] has shown the presence of a centre of symmetry, so the space group
is C2/c.

Measurement of the intensities of the reflexions
and the determination of the absolute scale of the intensities

Integrated and non-integrated Weissenberg photographs were made
with unfiltered Cu radiation by the multiple film method: four layers around
the b axis (0, 1, 2, 3), two layers around the a axis (0,1) and one layer around
the c axis (0). About 50% of the diffraction sphere was explored, 2100 reflex-
ions were recorded, about 1000 of them were independent ones. The number
of the independent reflexions with measurable intensity was 530. The quality
of the spots with the Miller indices k 3 was so bad that even a rough esti-
mation of their intensities was impossible. The strong reflexions were measured
with a Zeiss-Schnell photometer, the intensities of the weak reflexions were
estimated visually by comparing them with the B spots of the strong reflexions.
The measured relative intensities, Im, were corrected by the Lorentz-polari-
zation factor, Lp. The corrected intensity is: \cor= Im Lp.
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The intensities of the unobserved reflexions were taken half of the
minimum measured value, then corrected by Lp factor and converted to
common and absolute scale. The determination of the scale factors for the
photographs of different k = const, layers and the determination of the
absolute intensities (10) caused difficulties, as the specimens could not be cut
to appropriate dimensions. The crystals used for the photographs around
different axis had about the same dimensions: 1 mm in the bdirection, 0.03 mm
and 0.2 mm in the a and the c directions, respectively. The absorption cor-
rection was negligible on the k = const, layers, the maximum of /td being 0.2,
but it was considerable on the h == const, layers which were used to convert
the Kk = const, layer photographs to a common scale. As the calculation of
the absorption correction was not possible we took advantage of the circum-
stance that the b parameter was short. The atoms were well resolved on the
projection onto (010) and this projection showed the essential features of the
structure.

The layers k = const, were first roughly converted to a common scale
with the layers h =0 and h = 1. After this, the absolute scale was deter-
mined by the three-dimensional Wilson method. This absolute scale was
considered as a rough approximation, too, because the common scale of the
intensities was uncertain. When the two-dimensional model for the projection
onto (010) was found, the Wilson method was applied with the modification
suggested by Buergek [12]: the average of the theoretical intensity values
were taken F~(hol) instead of E if, for each sin20 interval. (Fcis the calculated
structure factor.) When the three-dimensional model was found, a scale
factor K(k) was determined separately for the layers k = 1 and k = 2, by
means of the relation 2 FA = K(k) E lcor. (At this computation the reflexions
were not divided into groups.) After this the above procedure (Wilson method
with Fc instead of E f|) was repeated with three-dimensional data. The final
value of the Debye factor is 3.25 A 2. So the intensities were corrected by the
temperature factor: exp (6.50 sin26/A2).

Determination and refinement of the structure

As mentioned previously at first the projection onto (010) was deter-
mined. The symmetry of this projection is p2 and the identity periodes are
halved both in the a and the c directions as the consequence of the C centering
and the c glide plane respectively. There are centres of symmetry in a distance
of a/4 and c/4, respectively from each other because in the projection the two-
fold symmetry axes give additional centres of symmetry.

Thefirst LWo-dimensional model was found by means of a P(u, w) Patterson
synthesis. The result of this computation was compared with the theoretical
vector diagram of the molecule. The b axis being short we made the theoretical
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vector diagram with the assumption that the image of the molecule was not
significantly distorted on the projection. The theoretical vector diagram con-
sisted of two parts: 1). The set of the intramolecular vectors, 2). the set of the
vectors connecting the atomic centres of two molecules related by a centre
of symmetry. The first part gave the orientation of the projection of mole-
cule in the (010) plane, the second part determined the location of the centre
of symmetry, that is the origin in the plane. As the three-dimensional com-
putations showed later this was an apparent centre of symmetry and the
origin has to be shifted by c/4 on the z axis.

182 intramolecular and 196 intermolecular vectors exist theoretically,
but in consequence of many coincidences the identification of 10 strong peaks
has been sufficient to give the result.

The refinement of the projection was carried out with two-dimensional
Fourier synthesis. After the fifth synthesis the reliability index for the (hoi)
reflexions was R = 0.22. The Fourier and Patterson syntheses were computed
with the program written by L. Csordas for an URAL-2 computer [14].

The shortening on the projection of the approximately known bond
lengths and the assumption that most part of the molecule was plane, deter-
mined roughly the orientation of the molecule in three dimensions. The position
of this oriented molecule was then uncertain in the third direction. Two prob-
lems were to be solved: The localization of the molecule in the b direction,
and the determination of the true origin on the (010) plane.

The following two independent methods gave the same result:

a) The origin was first arbitrarily fixed on the y axis. Then the molecule
was shifted as a rigid body step by step in the b direction taken the length of
a step Ay — 0.04. 224 reflexions with k = 1 were applied to this method.
At each step F(hkl) and R computations were performed, for the chosen
reflexions. At the best shift, the reliability index was first R = 0.52. This
value was improved to 0.32 by shifting the origin by c/4 along the z axis.

b) The originally two-dimensional method of Taylor [15] was adopted
to the one-dimensional problem.

The principle of the method — in one dimension — is that by shifting
the molecule as a rigid body in the b direction the value of one chosen structure
factor Fc(hkl) changes as a cosine function of the shift Ay. The amplitude
A(hkl) and the phase <j9(hkl) of this cosine function can be computed on the
basis of the Fourier transform of the molecule. Those Ay values are to be
found for which [Ft(hkl)| = FO(likl). (FO(hkl) is the absolute value of the
observed structure factor.) If k = 1, four solutions exist, among them two
independent ones, the others can be obtained from these by adding 1/2 to
the formers. Computing for two hkl-s, the common solution gives the wanted
result. Owing to the possible errors we have chosen more reflexions. The
Miller indices of these reflexions were not high, because the Miller indices
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multiply the errors of the original model. For the chosen reflexions the con-
dition FO(hkl) <7 A(hkl)/2 was fulfilled, minimizing so the influence of the
errors in the intensity measurement and the influence of the errors in the
absolute scale. 15 reflexions with kK = 1 were drawn into the computation.
The necessity of the shift of the origin by c/4 was proved by the fact that
without this for many reflexions FO0O(hkl) > A(hkl) was found. The position
of the molecule in the b direction was the same as in method a).

The three-dimensional refinement was performed by four cycles of Booth’s
differential synthesis [16], and by six cycles of Cruickshank’s qo0 —nc
synthesis [17]. After the last cycle the reliability index for all observed and
unobserved reflexions was R = 0.169. For the computations the atomic
scattering factors given in the International Tables for neutral atoms were
used. Table I contains the final positional parameters with their estimated
standard deviations (e.s.d.) computed by the method of Cruickshank [18].

Table 1
Positional parameters with their standard deviations in parentheses
X Yy z
C (1) 0.4224 (3) 0.3441 (9) 0.3654 (4)
C (2) 0.4618 (4) 0.2667 (10) 0.3179 (4)
C (3) 0.4509 (5) 0.4946 (10) 0.4268 (4)
C (4) 0.2706 (3) 0.3187 (9) 0.3746 (3)
C (5) 0.2335 (4) 0.4343 (9) 0.4158 (4)
C (6) 0.1738 (3) 0.3827 (9) 0.4002 (3)
C(7) 0.1447 (4) 0.2362 (10) 0.3441 (3)
C (8) 0.1822 (4) 0.1272 (10) 0.3054 (4)
C (9) 0.2462 (4) 0.1550 (10) 0.3197 (4)
N () 0.3672 (3) 0.2934 (7) 0.3479 (3)
N(2) 0.3294 (3) 0.3691 (8) 0.3907 (3)
N(3) 0.1346 (3) 0.5205 (8) 0.4417 (3)
0(1) 0.1583 (3) 0.6700 (7) 0.4876 (3)
0(2) 0.0806 (2) 0.4733 (7) 0.4293 (2)

The values ofthe observed and calculated structurefactors are available at the author.

Description of the structure

The projection onto (010) of two molecules related by a centre of sym-
metry is shown in Fig. 1. Table Il contains the interatomic distances with
their e.s.d. The bond angles are listed in Table I1l. Calculated by the method
of Darlow [19], all angles have approximately the same error; ~0.6°. The
intramolecular distances and bond angles are shown also in Fig. 2.
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Fig. 1. The projection onto (010) of two molecules related by a centre of symmetry

Table 11

Interatomic distances with their standard deviations

Interatomic esd.

distances, A in 10~3 A
C (1)-C <2) 1.526 9.6
C (1)-C (3) 1.509 10.2
C (1)—N (1) 1.273 8.6
N (1)-N(2) 1.417 7.4
N (2)-C (4) 1.351 8.1
C (4)—C (5) 1.419 9.0
C (5)—C (6) 1.369 9.0
C (6)-C (7) 1.413 8.8
C (7)—C (8) 1.377 9.6
C (8)—C (9) 1.453 10.2
C (9)—C (4) 1.390 9.4
C (6)—N (3) 1.489 8.3
N (3)-0(l) 1.237 7.5
N (3)—0 (2) 1.206 7.4
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02
1.206A
C(7) 170 N(3)1228
1158° ~ n
C(8)1244 125,1° 118,9” 0D
1.453A 1,369 A
c(9)117, fon
H‘tX’ 120,10 (*)
121,6° C(4)118,2°
1,351 A
1199 N(2)103,3
N(l) 117,6
1273A 0D
Fig. 2 Intramolecular distances and angles
Table 111
Bond angles
c(2)-c (N-c @ 117.9° C (5)—C (6)—C (7) 125.1°
N (I)-C (1)-C (3) 125.5 C (6)-C (7)-C (8) 114.2
C (2)-C (I)-N (D) 116.4 C (7)—C (8)-C (9) 124.4
C (1)—N (1)—N (2) 117.6 C (8)—C (9)—C (4) 117.2
N (1)—N (2)—C (4) 119.9 C (5)-C (6)—N (3) 118.9
N (2)—C (4)—C (9) 121.6 C (7)—C (6)—N (3) 115.8
N (2)—C (4)—C (5) 118.2 C (6)—N (3)—0 (1) 120.4
C (9)—C (4)—C (5) 120.1 C (6)-N (3)-0 (2) 117.0
C (4)—C (5)-C (6) 118.8 0 (1)—N (3)—0 (2) 122.8
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The bond relations in the benzene ring are asymmetrical, though the mean
value of the bond lengths (1.402 A) differs only slightly from that of those in
benzene (1.393 A) [20]. The bond angle at the carbon atom C (6) where the
nitro group is attached is greater than 120° (125.1°). This is a general expe-
rience reported in the literature [21—26].

Three kinds of carbon-nitrogen bond exist in the molecule:

a) bond between an aromatic carbon and the nitrogen of the nitro
group C(6)—N (3). Its length, 1.489 A corresponds to the data reported for
similar compounds [21—26];

b) bond between an aromatic carbon and the nitrogen of the hydrazine.
Only a few data are published for this type of bond. In arabinose-p-bromo-
phenylhydrazone [4] its length is 1.42 A and in ribose-p-bromo-phenylhydra-
zone [5] 1.46 A. The accuracy of this determinations estimated by the authors
is very low, about 0.1 A, as a consequence ofthe lack ofthe centre of symmetry
and the small number of reflexions observed. The value 1.351 A found in
3-NPHAc is near to the length of the bond in p-nitraniline (1.371 A) measured
between the aromatic carbon and the nitrogen of the amine group [22];

c) double bond between the nitrogen of the hydrazine and the carbon
of the acetone C (1)—N (1). This bond is unusually short. In ribose-p-bromo-
phenylhydrazone this bond length is 1.32 A (with the accuracy quoted).
No other data for phenylhydrazones have been reported, namely in arabinose-
p-bromo-phenylhydrazone the sugar part appears with cyclic structure, there-
fore no bond of this type exists in it. The value 1.273 A found in 3-NPHAc
can be compared to the length of the C= N double bonds measured in
dimethylglyoxime (1.27 A) [27] and i.i acetoxyme (1.29 A) [28].

Only one of the intermolecular distances was found to be shorter than
3.20 A, the distance between N (2) and O (1) 3.18 A. This was attributed
to weak hydrogen bonding, later proved by IR measurements.

The equation of the “best plane” (denoted with PI) through the atoms
of the benzene ring was determined by the method of Shomaker, Waser,
Marsh and Bergman [29]. This plane is almost perpendicular to the (100)
plane and is inclined by 26.3° to the (010) plane. The distances of the atoms
from this plane are listed in Table Y. The nitro group lies in this plane, only
O (1) is slightly out of it. The equations of following planes are also deter-
mined: P2 is the plane through the atoms C (2) C (1) C (3), that is the acetone
part ofthe molecule, P3 and P4 are the planes through the atoms C (1) N(I) N(2)
and C (4) N (2) N (1) respectively, that is through the two parts of the hydra-
zine. The equations referred to the orthogonal axes x', y, z' where x'//x and
z'l/z*. The coordinates must be substituted in A. The equations of the planes
and the angles between the different planes are given in Table IV. The e.s.d.
of these angles is #2°. The acetone is rotated 8.0° and the planes P3 and P4
5.7° and 8.1°, respectively, from the aromatic plane. The planes P3 and P4
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Table IV

Equations of the planes

Pl 0.0077 x' +0.8920y — 0.4450 z' + 2.514 = 0
P2 —0.1000 x' +0.9209y — 0.3766 z' + 2.552 = 0
P3 —0.0584 x' +0.9145y — 0.4020 z' + 2.183 = 0
P4 —0.0476 x' +0.9344y — 0.3528 z' -f 1.967 = 0
Angles between different planes

P2 P3 P4 (010) (1200)

Pl ge° 5.7° 8.1° 26.3° 85.2°
P2 — 2.0 34 — _
P3 — — 2.4 — --

Table V

Deviations of atoms from plane PI

Deviation*

in A
C (1) 0.215
C (2) 0.393
C (3) 0.122
C (4) 0.006
C (5) r 0.019
C (6) —0.030
C (7) 0.014
C (8) 0.011
C (9) —0.021
N (1) 0.199
N (2) 0.047
N (3) 0.026
0(1) 0.098
0(2) 0.018

form an angle of 2.4°, while in arabinose-p-bronio-phenylhydrazone [4] this
angle is 90° and in ribose-p-bromo-phenylhydrazone 15° [5].

The Lp factors, the structure factors, the differential synthesis, the bond
lengths, the errors of the positional parameters, the equation of the PI plane
and the distances of the atoms from it, were computed by programs written
by the author for an URAL-2 computer.
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ON THE ACCURACY OF THE GENERAL RELATIONSHIPS

E. Paarl and Gy. Varsanyi

(Institute of Physical Chemistry, Technical University, Budapest)

Received October 1, 1968

The accuracy of x — Avl/n diagrams constructed according to the previous pub-
lication of the authors was investigated in case of pure A- and B-bands. The experi-
mental fraction-value widths of A- and B-bands of fluorobenzene, chlorobenzene and
thiophene were determined and compared with the values calculated from the diagrams.
The maximum deviations are 4.5 cm-1 and 18.7%, respectively. The results obtained
are discussed.

Introduction

In our previous publication [1] the calculation of infrared band contours
of nine hypothetical planar asymmetric top molecules of different asymmetry
parameters and rotational constants have been reported. Pure A-bands and
B-bands have been calculated and the AB-hybrid bands,the transition moments
of which enclose angles of 30°, 45° and 60° with the axis of the least moment
of inertia, have been constructed. The half-, fifth- and tenth-value widths of
individual bands have been determined. On the basis of the data obtained,
jc — Avijn (Figs 1, 2 and 3) as well as B — Avim,and ¢p — Avlin diagrams have
been constructed. It was stated that the direction of the transition moment
can be determined unambiguously on the basis of the fraction-value widths
of the hybrid bands, if K lies within the range —0.9 to —0.6 and the value
of the medium rotational constant (B) is approximately 0.1500 cm -1. If B is
approximately 0.0500 cm _1, such a determination is possible only in case
of K= —0.9. If the value of B is smaller than 0.0500 c¢m -1, the fraction-
value widths giVe no information on the direction of the transition moment.

Comparison of calculated and real spectra

The accuracy of diagrams constructed on the basis of the fraction-value
widths of pure A- and B-bands has been investigated within the domain of
applicability by comparing the calculated fraction-value widths with the
analogous values determined experimentally in case of some planar molecules.

4%* Acta Chim. Acaxl. Sei. Hung. 62, 1969
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1. Fluorobenzene (C6HS)

The molecule of fluorobenzene has a C2,type symmetry. Its 30 normal
vibrations contain the following species: inplane vibrations: 11 Ax+ 10 B2;
out-of-plane vibrations: 3 A2-f- 6 Br Normal vibrations of species Aa Bj
and B2are infrared active, whereas those of species A2 are infrared inactive.
Erlandsson [2] gives the asymmetry parameter and rotational constants
of fluorobenzene to be as follows:

m = -0.58795 dz 0.00001
A = 5664.35 dz 0.15 Mc/s
B = 2570.40 db 0.03 Mc/s
C = 1767.91 dz 0.03 Mc/s

If the values of rotational constants are expressed in units of cm _1 the fol-
lowing values are obtained:

A 0.18881 cm -1
B 0.08568 cm -1
o 0.05893 cm -1
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The vibrations of fluorobenzene produce pure A-, B- and C-bands.
Vapour spectra of fluorobenzene are depicted in Figs 4a and 4b.

Tlie fact that in the immediate vicinity of the most intensive bands
other bands can be found, made the evaluation more difficult. Thus, the deter-
mination of the background transm ittance is rather inaccurate. The separation
of the bands was carried out by evaluating, on the one hand, the less disturbed
half of the band, and, on the other hand, by completing the bands overlapped
obviously within the band system in question in order to obtain a background
transmittance value suitable for calculations. The fraction-value widths
obtained in case of bands of identical type were averaged. Data concerning
A-bands are presented in Table I, whereas those of B-bands are tabulated

in Table Il. The fraction-value widths (half-, fifth- and tenth-value widths)
were read from Figs 1, 2 and 3, then the deviations between calculated and
obtained data were determined. Results are compiled in Table IIl. The letters

Acta Chim. Acad. Sei. Hung. 62, 1969



54 PAAL, VARSANYI: CALCULATION OF INFRARED BAND CONTOURS. I

Fig. 3

in the Tables have the following meanings:

TO — background transmittance on the place of the maximum;

ThaX — maximum transmittance;

TO — background transmittance on the place of the fraction-value
in question;

T — transmittance on the place of the fraction-value in question.

2. Chlorobenzene (CBH(QCl)

The symmetry and the species of normal vibrations of chlorobenzene
are identical to those of fluorobenzene. Its asymmetry parameter and rota-
tional constants have been determined by Erlandsson [3]; his results were
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Table 1
A-bands of fluorobenzene

-value To (%) Imax (%) Ta (%) T (%)
1024 cm-1
1/2 78 67 78 72.3 12
1/5 78 67 78 76.7 18
1/10 78 67 79 77.8 22
1158 cm-1
1/2 74 43 74 56.8 20
1/5 74 43 75 67.3 25
1/10 74 43 75 71.0 29
517 cm-1
1/2 73 46 79 62.7 19
1/5 73 46 81 73.9 27
1/10 73 46 82 78.3 32
Table 11

B-bands of fluorobenzene

value T, (%) Tuwax(%) Ta (%) T<%) id? (cm-1)
1068 cm-1
1/2 78 60.5 78 68.7 23
1/5 78 60.5 79 74.0 29
1/10 78 60.5 79 75.9 36
403 cm-1
1/2 80 68 80 73.8 23
1/5 80 68 80 77.5 31
1/10 80 68 80 78.7 36
follows:
ceHlcl ceHfci
1 = -0.8450 X = --0.8537
A = 5666.7 Mc/s A = 5666.7 Mc/s
B = 1576.9 Mcl/s B = 1532.0 Mc/s
C = 1233.3 Mc/s C = 1206.3 Mc/s
expressed in cm -1:
A = 0.18889 cm-1 A = 0.18889 cm 1!
B = 0.05189 cm-1 B = 0.05106 cm~!
C = 0.04111 cm-1 C = 0.04021 cm-1?
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Table 111

Comparison of calculated and real fraction-value widths of fluorobenzene

Fraction-

value

1/2
1/5
1/10

1/2
1/5
1/10

Afreal (™ |

17
23.3
27.7

23
30
36

Ada Chim. Acad.Sei. Hung. 62, 1969

Acale. (cm-1) "
cm-

A-band
17.3 +0.3
21.8 -1.5
24.8 -2.9
B-band
20.5 -2.5
28.3 -1.7
34.8 —1.2

Deviation

%

+ 1.76
— 6.43
—10.47

—10.87
— 5.67
- 3.33
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The vapour spectrum of chlorobenzene is shown in Fig. 5. Bands that
are relatively undisturbed were used for evaluation. Fraction-value widths
concerning A-bands and B-bands obtained from the real spectrum are tabu-
lated in Table IV and Table V, respectively. It had to be taken into considera-
tion when fraction-value widths were determined, that chlorobenzene is an

Table IV

A-bands of chlorobenzene

Flosie” T0(% ~max (%) Ta@9 T(%) Av (cm-1)

1028 c¢cm-1

112 78 53.8 7 63.9 18

15 78 53.8 7 715 21

1/10 78 53.8 7 75.6 2
1093 cm-1

112 70 245 70 414 16

15 70 245 70 56.7 19

1/10 70 24.5 70 63.0 22

isotopic mixture of C6H53BCL and CeH537Cl. The ratio of the two isotopic com-
pound is the same as the isotopic ratio of natural chlorine, i.e. 75.4% of 35C1
and 24.6% of 37C1. The fraction-value widths of chlorobenzene were calculated
on the basis of Figs 1, 2 and 3, taking this isotopic ratio into consideration.
Calculated and actual values are compared in Table VI.
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Fraction-

value

1/2
1/5
1/10

PAAL, VARSANYI:

To(%)

75
75
75

CALCULATION OF INFRARED BAND CONTOURS, I1

Table V

N-band of chlorobenzene

Tmax (%)

1452 cm-1

61 75
61 75
61 75

Table VI

™%

T <%) Av (cm-1)
67.6 23
72.0 35
73.5 38

Comparison of calculated and real fraction-value widths of chlorobenzene

Thiophene belongs to symmetry group C2v,too.

F(,aaﬁﬂé’” Aureal (cm-1) ~calc (cm-1)
A-band
1/2 17 13.8
1/5 20 17.7
1/10 23 20.4
B-band
1/2 23 22.5
1/5 35 32.3
1/10 38 37.8

cm-1

-3.2
—2.3
—2.6

3. Thiophene (C4H4S)

can be divided into the following species: 8 A4
molecule has the following asymmetry parameter and rotational constants
according to Bak et al. [4]:

* = -0.09182

A = 0.268059 cm -1
B = 0.18064 cm-1
C = 0.107859 cm -1

Deviation

%

-18.7
—11.5
—11.3

—2.17
—7.71
0.53

Its 21 normal vibrations

7B2-f 3A2-f 3 Br

The

Vapour spectra of thiophene are shown in Figs 6a, 6b and 6c. Fraction-
value widths were determined as previously. The results of A-bands are listed
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in Table Y Il and the results concerning B-bands are tabulated in Table VIII.
Calculated and experimental values are compared in Table IX.
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Fig. 6¢c

Evaluation

It can be seen from the above-mentioned data that in case of A-bands,
the largest absolute deviation is 4.5 cm-1 (tenth-value width of thiophene),
and the largest percentage of deviation is equal to 18.7% (half-value width
of chlorobenzene), whereas in case of B-bands the largest absolute deviation
is also 4.5 cm -1 (half-value width of thiophene) and the largest percentage of
deviation is 15.00% (half-value width of thiophene), respectively. The cal-
culated values are smaller than the real ones except for one case. The devi-
ations may be explained by various reasons.

The experimental determination of spectral fraction-value widths cannot
be exact, partly because of the disturbance of other bands in the vicinity
(it is supported by the fact that different fraction-value widths were obtained
in case of bands of identical type of the same molecule), and partly because
of the inaccurate instrumental reading. The accuracy of reading is about
0.5 cm-1 in the 400—700 cm"1 spectral range and about 1 cm"1 in the
700—4000 cm -1 spectral range using a Zeiss UR-10 spectrometer under the
conditions applied. In case of thiophene, the medium rotational constant of
which is B = 0.1806, extrapolation may also cause errors to some extent.

The calculations of theoretical A-bands and B-bands were carried out
on the basis of an approximation. The first approximation was introduced
by calculating the terms graphically. The error is estimated to be less than
10% in this case. No considerable errors were caused by graphical approxi-
mation of terms in case of calculation of line positions; in most cases, this
gives rise to small constant shifts (0.05—1.6 cm-1). It influences the shape
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Fraction-

value

1/2
1/5
1/10

1/2
1/5
1/10

1/2
1/5
1/10

1/2
1/5
1/10

1/2
1/5
1/10

Fraction-

value

1/2
1/5
1/10

1/2
1/5
1/10

PAAL, VARSANYI: CALCULATION OF INFRARED BAND CONTOURS, Il

T..(%)

90
90
90

93
93
93

90
90
90

74
74
74

89
89
89

T.(%)

93
93
93

89
89
89

Table VII

A-bands of thiophene

Amax (%9 ™ (%)
840 cm-1
15 89
15 89
15 89
1038 cm*“1
70.5 91
70.5 91
70.5 92
1083 cm-1
53 91
53 91
53 91
1412 ¢cm-"
49 78
49 78
49 78
3126 cm*“1
78 90
78 90
78 90
Table VIII

B-bands of thiophene

Tmax (%0
873 cm-1
89 93
89 93
89 93
1256 cm-1
56.5 90
56.5 90
56.5 90

0]

T(%) A>(cm-1)
35.9 28
61.9 37
74.2 41
79.2 23.5
86.1 34
89.5 40
69.5 30
81.7 40
86.2 50
63.5 29
71.8 32
74.9 37
84.3 26
87.7 30
88.8 32
T Av (cm*])
91.0 38
92.2 42
92.6 47
71.7 30
82.2 41
86.0 48
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Table IX

Comparison of real and calculated fraction-value widths of thiophene

Deviation
value a»real('m*1) j Areale(cm-]) om- %
A-band
172 27.3 24.4 -2.9 -10.62
1/5 34.6 31.3 3.3 9.55
1/10 40.0 35.5 -4.5 —11.25
B-band
12 30* 255 -4.5 -15.00
1/5 415 37.3 -4.2 —10.12
1/10 47.5 44.7 3.2 6.73

*The half-value width of the B-band is not a mean value. The intensity of the line
at 873 cm-1 is so small that the determination of fraction-value width is very inaccurate.
The noise and the inertia of the recording needle may cause considerable relative errors. This
is suggested by the large deviation of the half-value width as compared with that of the band
at 1256 cm-1. The half-value width of the band at 1256 cm-1 was accepted as the half-value
width of the B-band.
of the A-bands, and in case of x = 0, to a small extent, that of B-bands, too.
It is assumed using the approximation mentioned that the lines of subbranch
Q9A pertaining to the same L values lie on the same place. W here the calculations
carried out by using exact term values (which are available up to J = 40 [5]),
these lines would he found in a more or less broad band, thus the very sharp
maximum of Q is in fact somewhat broader than assumed. The situation is
similar in case of subbranches RrB Il, RpB Il and Q-B, if x = 0. In these
cases the approximation assumed that the lines pertaining to the same ]
values are on the same place. Using a more accurate calculation, however,
these lines lie also in a range of wave numbers, thus the actual B-band is
somewhat broader than the calculated one.

The calculation of F intensity values can be carried out by reducing
them to those of the symmetric top even in case of x = 0. If the shape of
the calculated subbranches is compared with the course of line intensity
calculated by wait and Pinkham [6] using exact eigenvalues as the base,
a very good agreement can be obtained.

The Boltzmann factor contains the term value, too. The maximum error
of term values as high as 10% may cause large deviations only in cases of
such large values of J and K, where the corresponding intensities amount
only to a few hundredth per cents of the maximum intensities. In case of
X — 0, however, the maximum error of the term values is smaller, but its
value may be as high as 4—4.5% even with smaller values of J and K.

The intensity deviation corresponding to this can already be detected.
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Another inaccuracy may originate from the fact that only transitions
J K=20,21 and AL = 0,71 have been taken into consideration among
all possible transitions (except for subbranch RpB I, where AL = 3).

The deviations may be due, however, mainly to the different values of
the rotational constants in the ground and excited states as well as to the fact
that the interconnections of vibration and rotation have been disregarded. It is
essential to take the latter facts into consideration in order to obtain more

exact results.

The authors are thanking to Dr. S. Holly for recording the spectra and making them
available for the authors.
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The condensation reactions of 2-aminothiophenol (I) and 2-amino-4-chlorothio-
phenol (11) with D-glucose and D-galactose have been studied. It has been established
that 2-(pentahydroxypentyl)-benzothiazoline derivatives (VII, VIII, XIIl, XIV) are
formed which can be converted to O- and 0,N-acetates (XI, XI1I, XVII, XVIII and IX,
X, XV, XVI) by further acetylation. The syntheses of the 2-(pentaacetoxypentyl)-ben-
zothiazolines have also been achieved using the acetates of al-sugars as the starting
materials. The structures of the compounds have been confirmed by IR spectro-

scopic studies.

The reaction of o-aminothiophenols with carbonyl compounds has been
the subject of numerous papers since 1880 when Hofmann [1] reported the
preparation of benzothiazole derivatives by condensing o-aminothiophenol (I)
with aldehydes.

According to Lankelma and Sharnoff [2], and Bogért and Naiman [3],
the reaction takes place in several steps. First an anil is formed; this inter-
mediate is then converted to a benzothiazoline derivative, which is easily
oxidized into the corresponding benzothiazole.

In his well-known hook “Characterisation of Organic Compounds”,
F. wird [4] suggests that aromatic aldehydes and ketones be characterized
by the product of their condensation with 4-chloro-2-aminothiophenol (II).
According to this author, the condensation may result in the formation of
benzothiazole or benzothiazoline derivatives, and the latter compounds are
better suited for the characterization of higher aliphatic aldehydes. Benzo-
thiazoles can be isolated in the case of aliphatic aldehydes and the majority
of aromatic aldehydes, benzothiazoline derivatives being formed only with
certain aromatic aldehydes. Still, all the examples given by the author for
identification involve benzothiazoline derivatives. Therefore, this interesting
method requires further detailed studies before it may find general application.

We studied the above reactions with monosaccharides, taking into
account the fact that the C-2 atom of benzothiazolines formed by condensation
with the carbonyl group of sugars will be asymmetric.

To our knowledge, no detailed study has been published on the conden-
sation of o-aminothiophenol with sugars. Sattler et al. [5] reported the
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reaction of D-glucose, D-mannose, and D-arabinose with o-aminothiophenol
in a short communication in 1951. The product of condensation was assumed
to be a benzothiazoline derivative; it was sensitive to light, and unstable in
aqueous solution. When exposed to air the solutions became cloudy, and
crystalline bis-(2-amino-phenyl)disulphide precipitated, while sugar was
detected in the solution. No thiol group could he detected by sodium nitro-
prusside, and attempts to oxidize the products to benzothiazole derivatives
failed.

In order to elucidate the structures, properties, and reactions of the
products, o-aminothiophenol and 2-amino-4-chlorothiophenol were condensed
with D-glucose and D-galactose. The products were assumed to be benzothiazo-
line derivatives, therefore, for purposes of comparison, 2,2-dimethylbenzo-
thiazoline (IIl) and its 5-chloro derivative (IV) have been prepared. These
compounds have known structures, and, for structural reasons, they are not
convertable into benzothiazoles by oxidation.

Comparing the IR spectrum of 2,2-dimethyl-benzothiazoline with those
of the condensation products from simple sugars, we found that the penta-
hydroxypentyl derivatives obtained also had the characteristic IR bands of
benzothiazoline.

Acetylation of the 2-(pentahydroxypentyl)-benzothiazolines (VII, VIII,
X111, XIV) vyielded products of two kinds, depending on the experimental
conditions. Acetylation with pyridine/acetic anhydride (24 hours at room
temperature) vyields a penta-O-acetyl derivative. Acetylation with acetic
anhydride in the presence of sodium acetate or zinc chloride at elevated tem-
peratrrei, or in the presence of perchloric acid without heating, results in the
formation of a hexaacetyl derivative. Further acetylation of the pentaacetyl
derivatives obtained with pyridine/acetic anhydride gives the hexaacetates in
the case of both the gluco- and the galacto-benzothiazoline derivatives.

Similarly to the IR spectrum of 2,2-dimethyl-benzothiazoline, those of
the pentaacetyl derivatives have an NH band at 3320—3360 cm*“1l The
characteristic absorption due to the free NH group is not observed in the IR
spectra of the hexaacetates, similarly to the case of 2,2-dimethyl-3-acetyl-
benzothiazoline. The presence of an NH group capable of undergoing acety-
lation, as well as the formation of a tertiary amide (1670—1680 cm-1) upon
further acetylation, constitute evidence for the thiazoline structure.

The following experiments have been performed to obtain additional
proof of the structure: o-aminothiophenol (I) and 4-chloro-2-aminothiophenol
(M) were condensed with both oZ-pentaacetyl-D-glucose and a/-pentaacetyl-D-
galactose. Presumably due to the formation of diastereoisomeric compounds,
in some cases only amorphous intermediates could be isolated when processing
the products and further converting the compounds obtained from the al-sugar
acetates. However, identical products have been obtained as a result of two
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different routes, constituting evidence for the structures of the compounds
under consideration. The aZ-galactose acetate gave the desired pentaacetates
(XVII, XVIII) which were identical with the products obtained from XIII
and XIV with pyridine/acetic anhydride, yielding the corresponding hexa-
acetate (XV and XVI) upon further acetylation.

Condensation of aZ-pentaacetyl-D-glucose with | and Il yielded amorphous
products of varying optical activities. From among the products synthesized
by two different routes, i.e. from the free sugar and the aldehydo derivative,
only the 0,N-hexaacetates gave identical compounds (IX and X) upon further
acetylation of the condensation product of the aZ-pentaacetyl-D-glucose with
I and II.

These reactions can be regarded as proof of the structure of the non-
acetylated condensation products, too.

The following equations summarize the above statements (cf. p. 68).

The physical constants of the compounds (cf. Experimental) are shown
in the Tables. Depending on the method of preparation, some deviations are
observed in the [a]0O values, and to a smaller extent in the m.p.-s, though the
analyses were satisfactory in all cases. In some instances, the intermediates
failed to crystallize. This is probably due to the formation of diastereoisomers
in the condensation. Side reactions may also have taken place, the products
could only be separated from the syrupy reaction mixture after further con-
version into crystalline derivatives.

Work on the separation of the diastereoisomers and further study of the
condensation reactions are in progress.

Experimental

The m.p.-s were determined in capillary tubes and are uncorrected. The IR spectra
were obtained in KBr pellets with a Unicam SP 200 G apparatus or in carbon tetrachloride
with a Zeiss UR-10 spectrometer.

2.2- Dimethylbenzothiazoline (I111)

The best results were obtained using the method of Kiprianov [6]: a mixture of
o-aminothiophenol and acetone was heated for 1 hr. at 100°C in a sealed tube.

2.2- Dimethyl-3-acetylbenzothiazoline (Y)

(@) 1.4 g of 2,2-dimethylbenzothiazoline (Ill) in absolute benzene was refluxed with
5 ml of acetyl chloride for 90 min. The reaction mixture was then evaporated to dryness under
reduced pressure, and the crystalline residue purified by recrystallization from n-heptane.
or destination under reduced pressure (b.p. 132—134°C at 2 torr to yield 1.32 g (55%), m.p.
49—50°C).

CIth3NOS (207.3). Calcd. N 6.76; S 15.47; Ac 20.77. Found N 6.86; S 15.02; Ac 21.19%.

(6) The same product was obtained by heating 111 with approximately 5 parts of acetic
anhydride for 1 hr. on a steam-bath, and pouring the reaction mixture into ice-water. After
extraction with ether and drying, the solvent was evaporated and the residue crystallized
from n-heptane.
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2,2- Dimethyl-5-chlorobcnzothiazoline (1V)

This compound was prepared by the known procedure. Best results were obtained
using the method of KiPRIANOV [6]: yield 66%, m.p. 37—38°C (lit. [3] yield 39%; m.p.
37—38°C).

2,2-Dimethyl-3-acetyl-5-chlorobenzothiazoline (V1)

Similarly to the preparation of V (c/, method (a) above), the acetylation was carried
out with acetyl cliDride. The crude product was recrystallized 3 times from n-heptane. Yield
58%, m.p. 56—57°C.

C1IH 1oCINOS (241.7). Calcd. N 5.80; S 13.26; Ac 17.81. Found N 5.87; S 13.30; Ac
17.92%.

D-Gluco-pentahydroxypentyl)benzothiazoline (VII)
D-Gluco-pentahydroxypentyl)-5-chlorobenzothiazoline (VI1II)
D-Galacto-pentahydroxypentyl)benzothiazoline (XII1) and
D-Galacto-pentahydroxypentyl)-5-chlorobenzothiazoline (XI1V)

These compounds were prepared by the following methods:

(A™4) A solution of 10 mmoles of 2-amino- or 2-amino-4-chlorothiophenol in 3 ml of
pyridine was mixed with 10 mmoles of D-glucose or D-galactose. The mixture was heated on
a steam-bath for 30 min. under nitrogen, then cooled and acidified with 10% HC1. The crystal-
line crude product separated on standing for 12 hrs. in a refrigerator. It was purified by recrys-
tallization from a solvent (shown in the Table).

(1B) A solution of 10 mmoles of 2-amino- or 2-amino-4-chlorothiophenol in 10 ml of
absolute methanol was mixed with 10 mmoles of the aldose and heated for 30 min. on a steam-
bath. The reaction mixture was cooled, and after adding 10 ml of isopropanol it was allowed
to stand in a refrigerator overnight. The crude product was recrystallized.

(IC) According to Sattler and Zerban [5], 2-amino- or 2-amino-4-chlorothiophenol
(10 mmoles) dissolved in 10 ml of glacial acetic acid was allowed to react with the aldose
(10 mmoles) at room temperature for 3 days. The resulting mixture was processed as described
in Section IB.

The products were first dried in a vacuum desiccator over CaCl2. The glucose derivatives
were further dried at 70°C, and the galactose derivatives at 100°C, in a vacuum drying pistol
over P20 5.

The characteristics of the above compounds are listed in Table I.

2-(D-Gluco-pentaacetoxypentyl)benzothiazoliiie (XI)
2-(D-Gluco-pentaacetoxypentyl)-5-clilorobenzothiazoline (X11)
2-(D-Galacto-pentaacetoxypentyl)benzothiazoline (XVI1I) and
2-(D-Galacto-pentaacetoxypentyl)-5-clilorobenzothiazoline (XVIII)

The above derivatives were prepared by two independent routes.

(2A) Acetylation of the acetyl-free products. 1 ml of the benzothiazoline derivative
was let to stand with 4 ml of pyridine and 8 m| of acetic anhydride for 24 hrs. at room temper-
ature. The product precipitating after the reaction mixture had been poured into ice-water,
was separated, washed with water and, after clarification, crystallized from a solvent (see
Table I11).

(2B) Condensation of pentaacetyl-az-D-glucose or -D-galactose with o-aminothiophenol
or 2-amino-4-chlorothiophenol.

(2Ba) 2-(D-Gluco-peiitaacetoxypentyl)benzothiazoliiie (XI)
0.6 g of o-aminothiophenol was dissolved in 5 ml of absolute methanol and 1.9 g of
a/-pentaacetyl-D-glucose was added. The mixture was heated on a steam-bath for 30 min.

and the methanol evaporated under reduced pressure. Attempts to crystallize the residue
failed.
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Compound

2-(D-Gluco-pentaliydroxypentyl)-
benzothiazoline (VII)

2-(D-Gluco-pentahydroxypentyl)-5-
chlorobenzothiazoline (VIII)

2-(D-Galacto-pentahydroxvpentyl)-
benzothiazoline (XI111)

2-(D-Galacto-pentahydroxypentyl)-5-
chlorobenzothiazoline (XIV)

* Lit.

[5] m.p. 118—119.2°C;

Method

of

prepa-
ration

1A
IB
1c*
1A
IB
1C

[al'o =

Yield
9

12
7
52

69
86
74

63
19
74

94
59
78

-15.6° (c = 0.9, water).

M.p.
(solvent)

166—7°C
(i-PrOH)

132°C
(i-PrOH)

191°C
(MeOH or
i-PrOH)

193—4°C
(MeOH or
i-PrOH)

Table |

in pyyivdﬁwe ©

—66.3°
(0.33)

—46.5°
(0.47)

-50.95°
(0.53)

-83.3°
(0.50)

Molecular formula and analysis

CIZHINO05S (287.3)
Calcd. C 50.17; H 5.96; N 4.88; S 11.16
Found C 50.15; H 6.31; N 4.84; S 10.59%

CIfH 16C1N05S (312.8)
Calcd. C 44.79: H 5.01; CI 11.02; N 4.35; S 9.96
Found C 44.74; H 5.32; Cl 11.29; N 4.43; S 9.99%

CIHIMN 055 (287.3)
Caled. C 50.17; H 5.96; N 4.88; S 11.16
Found C 50.81; H 6.21; N 4.88; S 11.44%

CIH,,.CINO5S (321.8)
Calcd. C 44.79; H 5.01; Cl 11.02; N 4.35; S 9.96
Found C 45.10; H 5.36; Cl 11.05; N 4.36; S 9.94%

b
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Compound

2-(D-Gluco-pentaacetoxypentyl)-
benzothiazoline (XI)

2-(D-Gluco-pentaacetoxypentyl)-3-
acetylbenzothiazoline (I1X)

2-(D-Galacto-pentaacetoxypentyl)-
benzothiazoline (XVII)

2-(D-Galacto-pentaacetoxypentyl)-3-

acetylbenzothiazoline (XV)

2-(D-Gluco-pentaacetoxypentyl)-5-
chlorobenzothiazoline (XI1)

2-(D-Gluco-pentaacetoxypentyl)-3-

acetyl-5-chlorobenzothiazoline (X)

2-(0-Galacto-pentaacetoxypentyl)-5-

chlorobenzothiazoline (XVIII)

2-(D-Galacto-pentaacetoxypentyl)-3-

acety 1-5-chlorobenzothiazoline
(XVI)

Method
of preparation

2A, 2B

3A, 3b

3Be

2A, 2B

3A, 3B

2A, 2B

3A, 3B

2A

3A, 3B

M.p.
(solvent)

syrup

132—133°C
(MeOH)

136—137°C
(abs. EtOH)

143—144°C

131—132°C
(EtOH)

Amorphous
(EtOH—H)

Amorphous

162°C
(EtOH)

172—174°C
(EtOH)

+ 134°
(0.48)

+ 136°
(1.0)

- 4.75°

72.1°
(0.43)

33.1°

-24.0°

—93.9°
(0.52)

+43.7°
(0.60)

Molecular formula and

analysis

CHH2NOU S (539.6)

Calcd. C53.43; H 5.42; N 2.60;
Found C53.80; H 5.86; N 2.76;
C2HZMNO10S (497.5)

Calcd. C53.11; H 5.47; N 2.81;
Found C52.81; H 5.76; N 2.82;
C2AH2NONS (539.6)

Calcd. N 2.60;
Found N 2.73;
C,2H,,6CINO10S (531.96)
Calcd. * N 2.63;
Found N 2.60;
C24H28CINON S (574.0)
Calcd. N 2.44;

Found
C2H26CINO10S (531.96)
Calcd. C49.67; H 4.93;

Found C49.70; H 4.97;

C2ZH28CINONS (574.0)
Caled. “
Found

S
S

S

S

S

S

5.94;
5.79;

6.45:
6.43;

5.94;
6.05;

6.03;
6.64;

5.59;

N 251 S 5.54;

N 2.63; S 6.03;
N 2.40; S 6.05;

N 2.44; S 5.59;
N 2.45; S 5.50;

Ac

Ac
Ac

Ac
Ac

Ac
Ac

Ac
Ac

Ac
Ac

Ac
Ac

47.88
47.82%

43.26
43.40%

47.88
47.82%

41.40
36.80%

45.00
45.82%

41.40
40.83%

45.00
44.76%
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Table 111

2-subslituted benzothiazolines

IR spectroscopic data

XH,
\Q VvV [an)
N/ CH.
H
OH OH OH
0 cH ! . 11 cH,oH
yy' OH
H
OH OH
0 CH . 1 CH.oH
OH OH
H
OAc OAc OAc
FH'l . 11 cH,0Ac
OAc
OAc OAc
0 CH'l CHoOAc
\ N/ OAc OAc
H
Ly ,/ 8\ / CH3
jo( "¢ (V)
(/ x-/\ N/ 4.CH3
H
OH OH OH
14 IS\
0 CH CH.OH
1
a \N/ OH
H
OH OH
I\ os\
Lo e ! e 1 cH,oH
a YN OH OH
H
OAc OAc OAc
/ s\
XX cH ! ) 1 1 cHjoAc
gt n/ OAc
"
OAc OAc
-l s\
(0| cHn | 1 CHoOAc
OAc OAc
Cl H
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3320 (N—H): 1582; 755

3200—3430 (N—H, O H); 1580;
(vIn)

3150—3420 (N -H, O—H); 1580;
(X111)

3360, 3460 (N—H);
ester); 1585; 785

1750 (C= 0
(X1)

3320 (N—H); 1750 (C =0 ester);
1585; 755
(XV1I)

3360 (N—H); 1580: 805

32003420 (N—H, O—H); 1580;
viny 810

3240—3340 (N—H, O—H); 1580:
805 (doublet)
(X1V)

3400—3500 (N—H); 1760 (C=0
ester); 1585
(X11)

3360 (N—H); 1750 (C =0 ester);
1585; 805
(XV111)

(KBT)

(KBr)

(KBr)

(KBr)

(KBr)

(KBr)

(KBr)

(KBr)

(cc14)

(KBr)
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(2Bb) 2-(D-Gluco-pentaacetoxypentyl)-5-clilorobenzothiazoline (XII)

0.8 g of 2-amino-4-chlorothiophenol was dissolved in 6 ml of glacial acetic acid and
1.95 g of ai-pentaacetyl-D-glucose was added. After standing for 3 days, the mixture was
poured into ice-water. The precipitated oily product soon solidified; it was separated, washed,
and dissolved in ethanol. After clarification it was again precipitated by diluting the mixture
with water. The IR spectrum of this substance indicated that it was identical with the product
obtained in procedure (2A).

2-(D-Galacto-pentaacetoxypentyl)benzothiazoline (XVII) and
2-(D-Galacto-pentaacetoxypentyl)-5-chlorobenzothiazoline (XVIII)

These compounds were prepared by method (2B6), reacting 2-aminothiophenol or
2-amino-4-chlorothiophenol with a/-pentaacetyl-D-galactose. The crude product was purified
by recrystallization from ethanol. On the basis of the IR spectra and mixed m.p. determina-
tion, these compounds were found to he identical with those prepared by procedure (2A).

Table 111 (contd.)

S /ICH, 1670 (C= 0 amide); 1580; 750
01 c V) (KBr)
'N/'CH j
Ac
g OAc OAc OAc 1750 (C= 0 ester); 1670 (C=0
\ | amide); 1580; 770 (doublet)
o) ch’ | CH.OAc (1X) (KBr)
N/ OAc
|
Ac
OAcC OAc 1750 (C =0 ester); 1670 (C=0
's\ amide); 1580; 750
o1 CH | | CH,,0Ac (XV) (KBr)
n/ OAc OAc
Ac
/ S\ /CH 1685 (C=0 amide); 1575; 805
3
o c 1) (doublet) (KBT)
N
al II/ CH,
Ac
1760 (C =0 ester); 1680 (C=0
amide, shoulder); 1585
(X) (CC14)
1750 (C =0 ester); 1680 (C=0
amide); 1575
(XV1) (KBr)
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2-(D-Gluco-pentaacetoxypentyl)-3-acetylbenzothiazoline (1X)
2-(D-Gluco-pentaacetoxypentyl)-3-acetyl-5-chlorobenzothiazoline (X)
2-(D-Galacto-pentaacetoxypentyl)-3-acetylbenzothiazoline (XV) and
2-(D-Galacto-pentaacetoxypentyl)-3-acetyl-5-chlorobenzothiazoline (XV1)

These compounds were prepared by the following methods:

(34) Acetylation of the corresponding 2-(pentahydroxypentyl)-benzothiazolines.

(34a) A mixture of 1 g of the benzothiazoline derivative, 1 g of anhydrous sodium
acetate, and 10 ml of acetic anhydride was heated on a steam-bath for 2 hrs. The mixture was
then poured into ice-water, and the precipitated crude product recrystallized from a solvent
(see Table II).

(3Ab) 1 g of the benzothiazoline derivative in 10 ml of acetic anhydride containing
1 g freshly heated ZnCl2 was kept at 80°C for 30 min. The mixture was poured into ice-water
and processed as described in (2Aa).

(3Ba) Acetylation of the 2-(pentahydroxypentyl)-benzothiazolines with pyridine acetic
anhydride.

(3B6) Acetylation with acetic anhydride/sodium acetate of the 2-(pentaacetoxypentyl)-
benzothiazolines obtained by condensing 2-aminothiophenol with «/-pentaacetyl-D-glucose
and -galactose, using procedure (34a).

(3Bc) IX was prepared by the condensation of 2-aminothiophenol with al-pentaacetyl-
D-glucose in glacial acetic acid, and subjecting the product to further acetylation. Procedure:
2.342 g (6 mmoles) of ai-pentaacetyl-D-glucose in 8 ml of glacial acetic acid was mixed with
0.752 g (6 mmoles) of 2-aminothiophenol. The mixture was let to stand for 3 days under nitro-
gen at room temperature. 30 ml of acetic anhydride and 0.15 ml of 60% perchloric acid were
then added. After 24 hrs., the mixture was poured on ice, and neutralized with solid NaH CO03.
The solution was extracted with chloroform, followed by washing with a NaHCO03 solution
and water. After drying over Na2S04, it was concentrated to a syrup under reduced pressure.
The residue was recrystallized from absolute ethanol along with a treatment by charcoal and
fuller’s earth. The crude product was 0.525 g (20.9%), m.p. 135°C. Recrystallization from
ethanol gave 0.338 g, m.p. 136—137°C, [a]63= + 136°C (c = 1, pyridine). No m.p. depression
was observed with the products obtained by procedures (34) and (3Ba, b), and the LU spectra
were identical.

Data of the above compounds are listed in Table II.

*

Thanks are due to the microanalytical laboratory of the Institute, headed by K. R.-
David, for the analyses, and to Dr. S. Szabé for recording the 1R spectra. Financial support
of this research by the Hungarian Academy of Sciences is gratefully acknowledged.
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PROPERTIES OF GLUTEN, I

VISCO-ELASTIC PROPERTIES OF CHEMICALLY MODIFIED GLUTEN
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Chemical modification of several groups in gluten protein and the study of the
rheology of its derivatives thus obtained may furnish useful data for the elucidation
of the correlations between the chemical structure of the gluten—protein complex and
its rheological behaviour.

Among the possible chemical modifications the blocking of thiol groups with
N-ethylmaleimide, desamidation, esterification of free carboxyls, conversion of amide
into ester groups, and acylation of primary amino groups, seem chiefly to be of interest.

To record rheological properties, the measurement of the relaxation of stresses
with a modified Neo-Laborograph instrument, and the measurement of the viscosity
of gluten solutions are applied.

Blocking of thiol groups, and esterification of free carboxyl groups have no
significant effect on the rheological properties of gluten. Interference with the amido
groups, and acylation of primary amino groups cause radical changes in the rheological
behaviour of gluten; hereby relaxation times are shortened, and a decrease in cohesivity
is observed.

An important aim of studies in connexion with the rheology of gluten
is the elucidation of the correlations between rheological properties and the
chemical structure of gluten complex. A comprehensive review of this topic,
including both from theoretical and practical points of view, has been pub-
lished [1, 2].

It may be stated in general that besides the quality and quantity of the
proteins present in the gluten complex, primarily covalent (disulphide) and
non-covalent (hydrogen, hydrophobic) bonds that determine the structure
of the protein complex can play a decisive role in the rheological properties
of gluten. Accordingly, a study of the rheological behaviour of a chemically
modified gluten may furnish useful data concerning the groups that participate
in the formation of bonds, and concerning the importance of the several
bonds, when considered from a rheological point of viewy

Not much has been done in this field up to now. Studies of Barnay
el al. [3], of Holme and Briggs [4], further that of Beckwitt et al. [5] might
be regarded only preliminary steps.

In the course of our studies, the changes in rheological behaviour due to
chemical modification of the most often occurring and most characteristic
groups (amido, free carboxyl, primary amino, thiol) of gluten proteins have
been studied.
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Materials and methods

Substances studied were glutens separated from various wheat flours. These were,
on the one hand, flours milled in the laboratory to an extraction rate of about 70 per cent,
of the Bankuti 1201 strain, from 1966 (samples 1 to 4), on the other hand, commercially
available products, viz. flour BL 112,* from 1965 (samples 5 and 6) BL 80,** from 1966
(samples 7 and 8), and BL 112, from 1966 (samples 9 and 10). From the point of view of the
baking industry, these were qualified third-, second-, and first-rate flours, and gave a cor-
rect representation of flours generally encountered in practice.

Gluten was separated according to the standard method [6] from the flours. The wet
gluten product was dispersed in a 0.1 N solution of acetic acid, and centrifuged. The super-
natant was adjusted with calcium hydroxide to pH 6, and the gluten which precipitated was
collected by centrifuging. Purification of the product was carried out by repeated suspension
in water and recovery by centrifuging. The final product contained less than 1 per cent of
carbohydrates.

Study of the relaxation of gluten and of chemically modified gluten was carried out
by means of an improved Neo-Laborograph formerly described [7, 8]. The viscosity of gluten
solutions was measured in an Ostwald viscometer, at 25°C.

Chemical modification of gluten was as follows.

Preparation of a N-ethylmaleimide derivative of gluten

By intensive stirring, gluten (50 g) is suspended in acetic acid (0.05 N, 500 ml) cooled
to 2°C and kept free from air by a stream of nitrogen. This gas displaces air also from the vessel
wherein the suspension is stirred. By cooling with ice-water the rise of temperature during
dispersion is prevented. According to the thiol content to be expected, the 20 times equivalent
of N-ethylmaleimide (in the form of a 0.001 N solution) is added to the gluten suspension.
Also this solution is made air-free with nitrogen and cooled to 2°C. About 10 to 30 ml of this
imide solution is needed for each gram of gluten. This reaction mixture is kept during the
reaction time (0.5 to 6 hours) between 2 and 6°C.

After the elapse of the reaction period, the solution is dialysed in cellophane tubes for
48 hours. The residue collected by centrifuging is freeze-dried.

In order to check the completeness of blocking, during the reaction samples were taken
at various times from the reaction mixture and the amount of free thiol groups was deter-
mined amperometrically. How the blocking process progresses is shown by the time function
curve in Fig. 1, according to which 4 to 5 hours are sufficient to obtain complete blocking.

For the rheological study of the gluten derivative, to the lyophylized product twice
as much distilled water was added in a small size polythene sack which was then closed by
welding, and kneaded by hand till its content formed a uniform homogeneous mass. This
was used for relaxation measurements.

Preparation of desamidated gluten
Samples of gluten were desamidated, according to the method of Holme and Briggs [4],
with a warm 0.04 N hydrochloric acid. The progress of this reaction is shown in Fig. 2; com-

plete desamidation requires about 7 to 8 hours. Control-samples were treated in the same way,
with distilled water instead of with hydrochloric acid.

Penetrometric study of desamidated gluten

This was carried out according to Auerman [9] by means of a LABOR-type penetro-
meter. The gluten sample was compressed after kneading and removal of free water as directed.

* Wheat flour with max 1.12% ash content.
** Wheat flour with max 0.8% ash content.
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Fig. 1. Blocking, with N-ethylmaleimide, of the free thiol groups of the gluten in function of
reaction time

Hydrolysis time/hours/

Fig. 2. Desamidation of gluten in function of time

Preparation of methylated and ethylated glutens

According to the method of Beckwitt et al. [5], gluten was subjected to methanolysis
or ethanolysis. Dry ethanol, or methanol, and 1.2 N hydrochloric acid were used, at 30°C.
Higher temperatures were not allowed because controls showed that then a considerable
amount of dialysable products is formed, this points to some hydrolysis of proteins. Although
complete methylation, or ethylation, could not be achieved in this way, but the fission of
peptide bonds was avoided and therewith an indeterminable factor affecting rheological prop-
erties was excluded.

In order to check the progress of methylation, or ethylation Crarke’s alcoxyl method
[10] was used. Besides this, the nitrogen of residual amide was determined by a method de-

scribed earlier.

Preparation of acylated glutens

In order to prepare gluten that contains acylated primary amino groups, samples of
gluten were suspended at 2°C, in a saturated solution of sodium acetate, then acetic acid
anhydride was added in small portions. The required amount of anhydride was calculated on
the basis of the free amino groups revealed by analysis according to the AACC method [11].

After acylation, the gluten derivative was purified by dialysis for 24 hours, and either
used in experiments immediately, or lyophylized for storage, and rehydrated with distilled
water prior to rheological measurements.
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Results, and their evaluation

1. The influence of N-ethylmaleimide blocking of free thiol groups
of gluten on its rheological properties

It is supposed that free thiol groups can affect the rheological properties
of gluten in two ways. On the one hand, thiol groups may participate in the
formation of hydrogen bonds and, on the other, they may affect the arrange-
ment of disulphide bonds through a thiol-disulpliide interaction and thus sig-
nificantly influence their rheological behaviour. Blocking the free thiol groups
both ways of interference would be excluded and this, according to the above
assumption, should be reflected in the rheological behaviour. N-ethylmaleimide
was used as a blocking reagent.

9

[y
w
o

o —~ BoPV O
= !
)
o

20 AD 60 80 100
Degree of blocking, per cent

Fig. 3. Change of viscosity of solutions of the N-ethylmaleimide derivative of gluten as
a function of the degree of blocking

Rheological features of N-ethylmaleimide derivatives of gluten are listed
in Table 1.

Data in Table | suggest that no significant change occurs in the visco-
elastic behaviour of gluten, when its free thiol groups are blocked.

The viscosity of the gluten derivative suspended in 0.1 N acetic acid
was also studied; results are collected in Fig. 3. The diagram indicates a small,
but clearly observable decrease in the viscosity of gluten solutions blocked
with N-ethylmaleimide, referred to controls.

These two series of experiments allow to draw the conclusion that
free thiol groups have no significant effect on the rheological properties of
glutens. The thiol-disulphide interaction in paste or dough, by several
authors supposed to occur, does not play any practical role. It is probable
that thiol groups participate in intra- or intermolecular bonding, however, no
noticeable effect due to this is exerted upon rheological behaviour.

This refers also to eventual hydrogen bonds, as well as to supposed
thiol-carbonyl interactions. Theoretically, in the latter case, due to an addition
reaction, a thiol ester is formed.
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Table |1

Visco-elastic properties of the N-ethylmaleimide derivative of gluten

Sample
No.

10

Blocking
per cent

57

100

57
100

57
100

57
100

57
100

57
100

57
100

57
100

57
100

57
100

Relaxation
time, sec.

57
64
59
39
41
38

80
89
93
68
75
69

43
39
59

68
70
73
46
50
50
58
54
49
104
121
98
82
78
91

L
)

69
75
60
60
65
58
106
125
98

75
80
82

68
59
69
85
80
78

92
97
91
106
120
122
140
130
119
98
96
107
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It seems probable that thiol groups are important on account of their
biological functions but less so as structural factors.

As far as viscosity data are concerned, a small diminution may be due
to re-arrangement of the molecules. Since treatment with N-ethylmaleimide
means the creation of a hydrophobe state, the “re-arrangement” might be
coupled to the formation of hydrophobe bonds. In this context it is well to
mention that recent studies (Auer and Doty [12], Sage and Fashman [13],
on synthetic polypeptides, viz. poly-leucine, and poly-phenylalanine) have
shown species that possess an ordered structure even in 6 M guanidine
hydrochloride, the formation of such structures being somehow bound to the
presence of hydrophobe bondings. It might be supposed that in proteins, con-
taining peptide chains of predominantly hydrophobe amino acids, the for-
mation of parts with an ordered structure is possible. All in all, the free
thiol groups do not play an important role in the rheology of gluten.

2. The influence of desamidation on the rheological properties of gluten

There is a great number of amidated carboxyl groups present in gluten
proteins. In view of this number, high in comparison with other polar groups,
the role of amido-groups in the formation of secondary bonds could be rather
important. In the course of the present work the penetration indexes of glutens
desamidated to various degrees were determined, further the viscosities of
gluten solutions, in acetic acid, and in 8 M urea were measured. Results are
listed in Tables II, 11l and 1Y.

Table 11

Rheological properties of desamidated gluten

Difference in penetration (AP, %9
in reference to controls

ample
No. degree of desamidation
10 30 50 70 90 100
I 15 24 31 39 39 42
2 12 23 35 46 47 50
3 17 29 39 51 55 57
4 10 21 31 35 34 39
5 8 17 29 37 42 42
6 7 23 29 35 37 39
7 13 21 34 45 49 53
8 15 21 29 42 47 48
9 1 19 33 42 47 48
10 14 23 32 44 43 43
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Table 111

Characteristic viscosity of desamidated gluten solutions in acetic acid medium

M 41g
’5\19&- o degree of desamidation cg\:ggr?trg(t:iign
10 30 50 70 90 100
| 0.425 0.445 0.462 0.480 0.505 0.510 0.05 N
0.430 0.435 0.440 0.437 0.435 0.420 1.0 IV
2 0.480 0.485 0.492 0.507 0.580 0.510 0.05 N
0.475 0.480 0.481 0.475 0.470 0.469 1.0 N
3 0.460 0.475 0.490 0.502 0.500 0.499 0.05 N
0.462 0.467 0.470 0.465 0.459 0.458 1.0 IV
4 0.502 0.520 0.530 0.536 0.535 0.537 0.05 N
0.490 0.501 0.506 0.508 0.506 0.501 1.0 N
5 0.397 0.412 0.431 0.432 0.430 0.429 0.05 N
0.400 0.405 0.405 0.402 0.400 0.390 1.0 N
Table 1V
Characteristic viscosity of the solutions of desamidated gluten in 8 M urea
M dlig
?\lec:.' degree of desamidation
10 30 50 70 90 100
l. 0.480 0.475 0.475 0.478 0.468 0.450
2. 0.550 0.552 0.545 0.547 0.530 0.527
3. 0.501 0.497 0.502 0.504 0.486 0.479
4. 0.560 0.550 0.552 0.540 0.531 0.535
5. 0.480 0.482 0.480 0.470 0.447 0.450

The data unequivocally suggest that, compared to controls, desamidated

glutens are of softer consistence, i.e. their rheological properties are less good.
The deviations in relative per cent penetrations increase by increasing the
degree of desamidation, strongly first, later tending towards a limit value.

As far as solubilities are considered, desamidated gluten is more difficult

to dissolve in strongly acid media (below pH 3) but is easily dissolved — in
contrast to controls — by phosphate buffer of pH 8. Considering the sub-
stantial increase of free carboxyl groups and the acid character of the protein
formed this fact seems to be understandable.

On the basis of results of viscosity measurements it can be stated, first,

that desamidation primarily affects the viscosities of solutions in acetic acid.
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According to data in Table Ill, this alteration involves the increase of charac-
teristic viscosity, meaning that a change had occurred in the conformation
of molecules which produces a more asymmetric structure. To explain this
we may suggest that removal of amide groups involves elimination of second-
ary, e.g. hydrogen bonds in consequence of which a more loose structure
will emerge. Presumably, due to the dissociation of carboxyl groups set free,
within a molecule, between groups with identical charge, repulsive forces
are operative. This supposition is supported by the experimental finding that
increase of viscosity is substantially less in 1.0 N acetic acid at higher pH
and Idwer dissociation, or that on these conditions sometimes no increase of
viscosity is found at all. Probably on the one hand electrostatic repulsion
is weaker, on the other hand new hydrogen bonds are formed between
spatially favourably situated groups.

Similar conclusions can be drawn from viscosity data relating to glutens,
and to desamidated glutens dissolved in 8 M urea. A comparison of viscosity
data of solutions in 0.05 N acetic acid and in 8 M urea reveals that in reference
to the acetic acid solution increase of viscosity of not desamidated controls
is significantly higher than that of partially desamidated samples. The devi-
ation can be explained on the basis that in amidated glutens there are sub-
stantially more hydrogen bonds present, and these are disrupted by the urea
added and thus the conformations are altered.

At lower pH (1 N acetic acid) also desamidated gluten samples show'
viscosity data widely divergent from those of solutions with urea, sometimes
these values are very nearly the same as those for the controls; and this finding
supports the idea of new hydrogen bonds being formed, as mentioned in the
discussion of data shown in Table III.

3. Rheological behaviour of gluten samples esterified with methanol,
or ethanol

Esterification is one of the possibilities to transform the free carboxyl
groups. The partial conversion of amide groups into esters is also feasible.
In the course of our experiments the rheological properties of glutens esterified
with methanol or ethanol, have been studied, together with the viscosity
of the solutions prepared from the derivatives with 0.05 N acetic acid. Results
are listed in Tables V, VI, VII and VIII.

Data from Table V as well as from Table VII show that by increasing
the degree of esterification the rheological properties of gluten change for the
worse relaxation time will be significantly shorter. During the first period,
which corresponds to the esterification of the free carboxyl present, no essen-
tial change occurs; this suggests that the role of free carboxyls in the forma-
tion of secondary bonds is not significant.
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Table V
Relaxation of gluten esterified with methanol

Relaxation time, sec.

?\‘9(;- extent of methylation, mmole/g

0 0.30 0.50 10 15 2.0 3.0
i 82 79 60 54 48 45 46
2 45 44 36 30 28 25 26
3 73 70 60 52 45 40 41
4 55 56 51 41 35 32 34
5 69 65 54 48 40 36 30

Table VI

Viscosity of solutions of gluten esterified with methanol

M «ig
Ser. i
o level of methylation mmole/g
0 0.3 0.5 10 15 2.0 3.0
I 0.442 0.439 0.384 0.350 0.321 0.295 0.280
2 0.495 0.480 0.401 0.362 0.318 0.288 0.275
3 0.480 0.469 0.360 0.331 0.297 0.291 0.302
4 0.530 0.529 0.460 0.431 0.390 0.321 0.305
5 0.420 0.415 0.340 0.291 0.270 0.258 0.261
Table VII

Relaxation of gluten esterified with ethanol

Relaxation time, sec.

Ser. level of ethylation mmole/g

No.
0.0 0.5 10 15 2.0
i 83 75 50 42 40
2 45 43 28 24 25
3 73 69 44 38 36
4 55 50 32 29 26
5 69 61 46 31 29

Viscosity data unequivocally show that characteristic viscosity is very
much reduced, this argues for more compact and less asymmetric molecules.
The alteration consists perhaps therein that alkylated protein is highly hydro-
phobe, thus, in water, the degree of its hydratation will be lower.
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Table VIII

Viscosity of solutions of glutens esterified with ethanol

fo] dl/g
?\‘e& level of ethylation mmole/g
0.0 0.5 10 15 2.0

| 0.442 0.430 0.317 0.285 0.270
2 0.495 0.477 0.342 0.272 0.281
3 0.480 0.469 0.308 0.236 0.242
4 0.530 0.515 0.351 0.277 0.275
5 0.420 0.402 0.270 0.260 0.255

4. Rheological properties of acylated samples of gluten

In order to study the rheological properties of acylated gluten, the
penetration figures of the hydrated gluten derivative were established, and
the viscosities of their solutions in 0.1 N acetic acid were measured. Results
are summarized in Tables IX and X.

Table IX
Penetration figures of acylated gluten

Penetration, 0.1 mm

ijeorf per cent of acylation

0 40 80 100
i 72 142 152 160
2 58 108 112 135
3 85 120 135 142
4 70 105 121 143
5 94 143 162 180
6 45 92 108 125
! 48 89 102 117
8 73 104 130 135

Data reveal that the rheological properties of acylated gluten are very
much inferior to those of native gluten. The decrease of cohesivity suggests
that primary amino groups play a substantial role in the formation of inter-
molecular non-covalent bonds.

Experimental results show that no major alteration in viscosity takes
place; after an initial small decrease the viscosity values remain practically
constant. Thus it can be concluded that no important change of molecular
conformation occurs, or that primary amino groups participate principally
in the formation of intermolecular bonds.
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Table X

Characteristic viscosity of the solutions of acylated gluten

M difg

Is\leg- per cent of acylation
0 40 80 100
| 0.425 0.396 0.392 0.388
2 0.480 0.428 0.420 0.422
3 0.460 0.432 0.417 0.418
4 0.502 0.477 0.472 0.465
5 0.397 0.368 0.362 0.365
6 0.485 0.444 0.427 0.430
7 0.510 0.482 0.469 0.461
8 0.447 0.417 0.405 0.396
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A branched chain polymer, considered a suitable model compound for immu-
nological studies, has been designed using poly-L-lysine as backbone. To each i*-amino
group of poly-L-lysine short alanine side chains, consisting of four units each, have
been attached as carriers of the synthetic immunological determinant 4-hydroxy-3-
iodo-5-nitrophenylacetic acid (NIP) coupled to each N-terminal alanine.

The stepwise synthesis of tetra-DL-alanine has been achieved by two different
routes, using (A) the azide, and (B) the pentachlorophenyl active ester methods for
the peptide couplings. Tetra-DL-alanine was transformed to the NIP-tetrapeptide penta-
chlorophenyl ester, a derivative suitable for coupling with the £-amino groups of poly-
L-lysine. The presumed structure of the poly-L-lysine derivative (XVI1) has been con-
firmed by IR spectra, elemental analyses and also by the amino acid analyses of the
hydrolyzed product.

Studies during the past 10 years have shown that synthetic polypeptides
can serve as valuable model compounds for the immunochemist.

Multichain polyamino acids provide a highly suitable tool for elucidating
the importance of the locus which the immunogenic sites occupy within the
molecule. The term “multichain” polymers was introduced by Schaefgen and
Flory [1] to denote branched polymers whose molecules are composed of
linear polymeric chains attached to a polyfunctional core. Purely synthetic
polyamino acids have been prepared by the use of polylysine and polyornithine,
as multivalent initiators for the polymerization of N-carboxy-a-amino acid
anhydrides [2, 3]. If each functional group of the initiator starts a polymeric
chain, every multichain molecule will contain a number of peptide side chains
equal to the number of the functional groups of the initiator. By the copoly-
merization of mixtures of different N-carboxy-a-amino acid anhydrides, poly-
mers with a random sequence of a-amino acids are obtained.

From a serological study of multichain polymers Seta et al. [4] concluded
that the antigenically important area cannot be hidden in the interior of a
molecule.

In view of the precise architecture of molecules prepared by the step-
wise synthetic techniques, it is to be expected, that investigation of polypep-
tides in which well-defined peptides prepared by stepwise synthesis are attached

* Present address: CIBA Laboratories Ltd., Horsham, Sussex.
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to inert polymers or to macromolecular peptides, will open up new possibilities
and permit an even more detailed immunological analysis.

The main purpose of this study was to develop a method by which the
same peptide chain of known sequence may be attached to each £-amino
group of polylysine.

As a result of a discussion with Dr. N. A. Mitchison,* a branched chain
polymer has been designed, using poly-L-lysine as backbone. Short alanine
side chains, consisting of four units each, would be attached to each £-amino
group of polylysine. Each side chain would carry, coupled to the N-terminal
alanine, the synthetic immunological determinant 4-hydroxy-3-iodo-5-nitro-
phenylacetic acid (NIP), successfully applied in various experiments by
Mitchison et al. [5, 6]. DL-Alanine peptides have been favoured instead of
L-alanine peptides because of their higher solubility in water.

The stepwise synthesis of tetra-DL-alanine has been achieved by two
different routes.

Method A is summarized in Fig. 1.

11,-Ala L-Ala DL-Ala DL-Ala
-OH
_— -N2H3 T -OCH3
z - v -OCH3
Z- -n2h, H- vi OCHs3
Z— VI OCHs3
Fig. 1

Carbobenzyloxy-DL-alanine [7] (I) was converted to the corresponding
hydrazide [8] (I11) via the methyl ester [9] (I1), and coupled with DL-alanine
methyl ester (I1) using the azide method. The resulting carbobenzyloxy-DL-
alanyl-DL-alanine methyl ester (IV) was converted to the hydrazide (V), and
coupled via the azide with the dipeptide ester VI, available from IV by hydro-
genolysis, to yield the protected tetrapeptide (VII).

Method B is summarized in Fig. 2.

The protected tetrapeptide (VII) was prepared in this case by using
pentachlorophenyl active esters for coupling. The advantages of this method
for the synthesis of polypeptides with a known repeating sequence of amino
acids have been outlined by Kovacs et al. [10, 11]. N-Carbobenzoxy-DL-
alanine pentachlorophenyl ester (VIII) was prepared employing the method
described by Kovacs et al. [11] for the preparation of the L-isomer. VIII was

* Division of Experimental Biology, The National Institute for Medical Research.
Mill Hill, London.
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DLeAla DL-Ala Dl,-Ala Dl,-Ala
7 OH
2 vy rvurp, H U wL13
2
v (UIN N K]
7
) IX
X H Vi OCH,
z - VI OCH,
Fig. 2

coupled with DL-alanine methyl ester (I1), to yield the dipeptide methyl ester
(IV). The saponified product (I1X) of IV gave, with pentachlorophenol and
dicyclohexylcarbodiimide (DCC), N-carbobenzoxy-DL-alanyl-DL-alanine penta-
chlorophenyl ester (X). Coupling of the dipeptide active ester (X) with VI
afforded the protected tetrapeptide (VII), identical with the product obtained
by Method A.

Fig. 3

To achieve coupling of the proposed side chain to the poly-L-lysine
backbone, the pentachlorophenyl ester method was chosen. The synthesis
of a suitable derivative for coupling the NIP-tetrapeptide pentachlorophenyl
ester (XI1V) is summarized in Fig. 3. The saponified product (XI) of the tetra-
peptide (VII) was transformed to the corresponding pentachlorophenyl ester
(XI1). The tetrapeptide (XIII), obtained by hydrogenolysis from XII, was
coupled with NIP azide (XV) [5] to yield XIV.

The final step of the synthesis, the coupling of XIV with the e-amino
groups of poly-L-lysine, was effected in dimethylformamide. The reaction
proceeded at room temperature for 24 hours. After removal of the solvent
under reduced pressure, the residue was diluted with water and dialyzed
against 0.2 M NaHCO03 for 4 days. The insoluble material formed was sepa-
rated by centrifugation and lyophilized. The presumed structure (Fig. 4)
(XV1) has been confirmed by IR spectra, elemental analyses and also by the
amino acid analyses of the hydrolyzed product.
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NI1P
DL-Ala,

Ly*

XVI
Fig. 4

Experimental

The microanalyses were carried out by Drs. G. Weiler and F. B. Strauss, Oxford,
England. Amino acid analyses were carried out on the EEL automatic amino acid analyser.
All m.p.’s are uncorrected and were taken on a Kofler apparatus. The infrared spectra were
obtained in Nujol, using a Perkin-Elmer Infracord instrument. The compounds were checked
for purity and the presence of possible contaminations or side products by thin-layer chromato-

raphy.
grap yReagent grade chemicals were used throughout. Amino acids and poly-L-lysine (Mol. wt.
~100,000) were obtained commercially.

N-Carbobenzoxy-DL-alanine (I)

The synthesis was achieved as described by Overby and Ingersoll [7].

DL-Alanine methyl ester HCI (I1)

The synthesis was achieved as described by Zahn and Schiassler [9j.

N-Carbobenzoxy-DL-alanine hydrazide (111)

The synthesis was carried out as described by Erlanger and Brand [8].

N-Carbobenzoxy-DL-alanine pentachlorophenyl ester (VIII)

This was synthesized in 75% yield according to the method of Kovacs et al. [11]
described for the synthesis of the L-isomer; m.p. 159—160°C (from hot ethyl acetate-petroleum
ether).

C,,H2ZN04Cl5 Caled. C 43.25; H 2.5; N 2.98. Found C 43.4; H 2.7; N 3.1%.

N-Carbobenzoxy-DL-alanyl-DL-alanine methyl ester (1V)

Method A. To a suspension of 11l (10.35 g; 0.05 mole) in ice-cold water (250 ml) 5N
hydrochloric acid (24 ml) and glacial acetic acid (60 ml) were added until a clear solution was
obtained. Sodium nitrite (3.66 g; 0.053 mole) in cold water (15 ml) was rapidly added to the
cold hydrazide solution. The azide separated as an oil and was extracted with cold ether
(three 100-ml portions). The combined ether solution was washed with 3% aqueous NaHCO03
(2X40 ml) and water (2X40 ml) and dried over Na2S04. To the clear ether solution of the
azide, an ether solution of DL-aianine methyl ester hydrochloride (8.08 g; 0.058 mole) and
triethylamine (8.06 ml; 0.058 mole) was added. After stirring for 24 hrs at room temperature,
the reaction mixture was extracted twice with 50-ml portions of 0.5 N HC1, water, 3% aqueous
NaHCOg and water. After drying the ether layer with Na2S04 and evaporation in vacuum,
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a white solid was obtained, which was recrystallized from ethyl acetate-petroleum ether to
give 9.25 g (60%) of IV, m.p. 115-116°C.
C15H20N 205. Calcd. C 58.4; H 6.54; N 9.1. Found C 58.2; H 6.9; N 8.8%.

Method B. To a solution of the pentachlorophenyl ester VIII (4.7 g; 0.01 mole) in dry
methylene chloride (50 ml) a mixture of DL-alanine methyl ester hydrochloride (1.6 g; 0.0115
mole) and triethylamine (1.6 ml; 0.0115 mole) in methylene chloride (10 ml) was added with
stirring. 2-Hydroxy-pyridine [12] (0.15 g) was added to the above mixture and the stirring
continued for 24 hrs at room temperature. The mixture was filtered from triethylamine hydro-
chloride, and the filtrate evaporated in vacuum. The residue was taken up in ethyl acetate
(100 ml) and a further crop of triethylamine hydrochloride isolated. The filtrate was extracted
three times with 30-ml portions of 1 N HC1, water, 5% NaHCO03 solution and water. The
ethyl acetate solution was dried over Na2S04 and evaporated under reduced pressure. The
residual oil was crystallized from ethyl acetate-petroleum ether. Two more recrystallizations
from the same solvent mixture yielded 12.3 g (40%) of the chromatographically pure com-
pound. m.p. 115—116°C (no depression with the product obtained by Method A).

CI5H20N205. Calcd. C 58.4; H 6.5; N 9.1. Found C 57.9: H 6.4; N 9.5%.

N-Carbobenzoxy-DL-alanyl-DL-alanine hydrazide (V)

Hydrazine hydrate (0.65 ml; 95%) was added to a solution of IV (3.08 g; 0.01 mole)
in dry ethanol (80 ml). The reaction mixture was kept for 24 hrs at room temperature. Crystal-
lization started on the addition of ether. The mixture was allowed to stand in a refrigerator
overnight. The crystals were collected and recrystallized from ethanol-ether to obtain 1.5 g
(50%) of V, m.p. 157—158°C.

CI4H20N40 4. Calcd. C 54.5; H 6.5; N 18.2. Found C 54.3: H 6.5; N 18.6%.

DL-Alanyl-DL-alanine methyl ester hydrochloride (VI)

The protected dipeptide IV was dissolved in dry methanol containing 1 eq. HC1 and
subjected to hydrogenolysis in a stream of hydrogen at room temperature in the presence of
palladium-charcoal (5%). No CO02 development was detectable after 2 hrs. The dipeptide
methyl ester hydrochloride was isolated in 80% yield as an amorphous, hygroscopic solid,
which could not be crystallized and was used for the next step without further purification.

N-Carbobenzoxy-DL-alanyl-DL-alanine (1X)

Saponification of the dipeptide IV was achieved in acetone with aqueous sodium hydrox-
ide. The residue obtained from the normal procedure was crystallized from ether-petroleum
ether to yield 1X in 85% yield, m.p. 144 145°C.

C14H18N205. Calcd. C 51.2; H 6.2; N 9.5. Found C 51.2; H 6.3; N 9.8%.

N-Carbobenzoxy-DL-alanyl-DL-alanine pentachlorophenyl ester (X)

The dipeptide I1X was converted into the active ester employing the method reported
by P1ess and Boissonnas [13]. The product was recrystallized from ethyl acetate-petroleum
ether; m.p. 180—181°C. Several recrystallizations were needed to remove traces of dicyclo-
hexylurea. The final yield did not exceed 40%.

C20H I™MNoO5CI5. Caled. C 44.3; H 3.2; N 5.2; Cl 32.7. Found C 44.5; H 4.3; N 4.8; Cl
32.95%.

N-Carbobenzoxy-DL-alanyl-DL-alanyl-DL-alanyl-DL-alanine methyl ester (VII)
Method A. The dipeptides V and VI were coupled by the azide method, as described

previously for the preparation of IV. The residue obtained was crystallized from ethyl acetate-
petroleum ether; m.p. 103—105°C; yield: 35%.
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C2,H30N,0,. Calcd. C 56.0; H 6.7; N 12.4. Found C 56.2; H 6.9; N 12.1%.

Method B. The dipeptides X and VI were coupled, as described previously for the prep-
aration of 1V. The oily residue obtained could be freed from by-products only by repeated
recrystallizations. Yield: 25%. M.p. 103—105°C.

C21H30N407. Calcd. C 56.0; H 6.7; N 12.4. Found C 555; H 6.4; N 12.0%.

N-Carbobenzoxy-DL-alanyl-DL-alanyl-DL-alanyl-DL-alanine (XI)

Saponification of the tetrapeptide ester VIl was achieved in acetone with aqueous
sodium hydroxide. The demethylated derivative (XI) was obtained in a 45% yield. The com-
pound was crystallized from ethyl acetate-petroleum ether, m.p. 94 96°C.

C20H 28N ,,07. Calcd. 55.03; H 6.47; N 13.85. Found C 55.35; Il 6.3; N 13.4%.

N-Carbobenzoxy-DL-alanyl-DL-alanyl-DL-alanyl-DI-alanine pentachlorophenyl ester (XII)

X1 was converted into the active ester (XIl) adopting the method described by P less
and Boissonnas [13]. The crude product was recrystallized several times from ethyl acetate-
petroleum ether as traces of dicyclohexylurea were detectable by thin-layer chromatography
and IR spectra. The yield of the purified product was only 25%; m.p. 138 140°C.

C26H2707CI5. Calcd. N 8.18; ClI 25.9. Found N 8.6; Cl 25.8%.

DL-Alanyl-DL-alaiiyl-DL-alanyl-DL-alaiiine pentachlorophenyl ester hydrochloride (XIII)

The protected tetrapeptide active ester was hydrogenated in dry methanol, containing
1eqg. HC1, in the presence of palladium on charcoal (5%), as described previously for the prep-
aration of \T. The tetrapeptide active ester was isolated as the hydrochloride salt, yield 90%.
The crude product was twice recrystallized from ethanol-ether; m.p. 145—146°C.

CI8H2N40 5C1g. Calcd. N 9.55; Cl 36.34. Found N 9.95; Cl 36.05%.

NIP-DL-alanyl-DL-alanyl-DL-alanyl-DL-alanine pentachlorophenyl ester (XIV)

A solution of 0.58 g (0.001 mole) of the tetrapeptide hydrochloride (XII1) in 20 ml ethyl
acetate was mixed with 0.14 ml of triethylamine to liberate the free base, then 0.42 g of NIP
azide [5] (XV) (10% excess) in 25 ml acetone was added. The reaction mixture was stirred
magnetically for 24 hrs at room temperature. The solvent was evaporated in vacuum, the
residue diluted with chloroform and washed with 0.5 N HC1, water, 3% aqueous NaHCO03
and water. The chloroform layer was dried over Na2S04, and evaporated to dryness. The IR
spectrum of the residue confirmed the expected structure. Only traces of NIP-derivative
contamination were detectable by thin-layer chromatography. The crude product was recrystal-
lized from ethyl acetate-petroleum ether; m.p. 155°C. Yield: 50%.

C28H 20 ONBIC15. Caled. N 7.97; ClI 20.15. Found N 7.76; Cl 19.02%.

Ne-NIP-Tetra-DL-alanyl-poly-L-lysine (XV1)

A mixture of poly-L-lysine hydrobromide (0.23 g) (commercial origin) and triethylamine
(0.28 ml) in dimethylformamide (10 ml) was added, with stirring, to a solution of XIV (0.88 g;
0.001 mole) in dry dimethylformamide (50 ml). 2-Hydroxypyridine (0.01 g) was also added,
and the stirring continued for 24 hrs at room temperature. The solvent was evaporated in
vacuum, the concentrated solution diluted with water and dialyzed against several changes
of 0.2 M NaHCO03for 4 days. The insoluble precipitate formed was collected by centrifugation,
washed with water and lyophilized. Yield: 420 mg (51%).

C30H36N709. Calcd. C 47.05; H 4.74; 1 16.16. Found C 46.75; H 6.59; | 15.9; Na 1.38%.

The amino acid ratio after acid hydrolysis was: Lyst dSAla385.

The IR spectra were consistent with the proposed structure (see Fig. 4).

We wish to thank Dr. N. A. Mitchison for his helpful comments and suggestions, and
Professor V. Bruckner and Professor A. B. Foster for their interest in this work.
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Complexes of cyclohexyl acetate, ethylene glycol diacetate,cyclopentane-eis-
trares-1,2-diol diacetate, cyclohexane-cis- and frans-1.2-diol diacetate, trans-1,3-diol
diacetate and <x-and '."-cyclohexane! riol triacetate have been prepared with equimolar
and excess quantities of titanium tetrachloride. On the basis of the compositions and
infrared spectra of the complexes the probable structures are suggested. Linking of
both oxygen atoms to the central metal atom of TiCl4is supposed in the | : 1 complex
if the carbonyl oxygens of the ester groups are sufficiently near to each other. In other
cases, such as those of cyclopentane-<rares-1,2-diol diacetate or cyclohexane-1,3-diol
diacetate, the combination of several substrate and TiCls molecules result in the for-
mation of a greater cycle. In triol triacetates, two carbonyl oxygens are connected to
the titanium atom in the 1 :1 complexes. The 1:2 complex has a different structure:
two carbonyl oxygens of two substrate molecules are each connected to one molecule
of TiCl4, producing a cyclic structure. The residual ester groups are supposed to be
attached to one molecule of titanium tetrachloride each.

Introduction

Reactions of esters with titanium tetrachloride were investigated first
by Demarcay [1]. His model compounds were aliphatic and aromatic mono-
carboxylic esters (ethyl acetate, ethyl benzoate, ethyl butyrate, ethyl valerate,
ethyl caproate, amyl acetate, methyl benzoate) and dicarboxylic esters (diethyl
oxalate and diethyl succinate). According to his results, the compositions of
the resulting complexes (2 TiCl4<E; TiCl4«E; TiCl4«2E; or TiCl4<EE")
depend on the conditions of the reaction (E = the ester component). Scag-
tiarini and Tartar!ni [2] were the first to report complexes of dimethyl
phthalate with titanium tetrachloride. Hertel and Demmer [3] prepared
three different complexes of dimethyl fumarate, the molar ratios of TiCl4
and the substrate being 2:1, 1:1 and 1 :2. Thus the initial investigations
proved the existence of two kinds of titanium tetrachloride complexes of
esters of monocarboxylic acids having 1 : 1 and 2 : 1 molar ratio, while in the

*Part IV: Z. Cstrés, Gy. Deak, |I. Gyurkovics, S. Holly, M. Haraszthy-Papp,
A. Torok-Kalmar and E. Zara-Kaczian: Periodica Polytechnica (Ch) 12, 147 (1968).
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case of dicarboxylic acids the 1:2 complex was also formed. These early
investigations were of preparative character and no attempt was made to
elucidate the process of complex formation. It is remarkable, that after the
paper of Hertel and Demmee [3] no other communication dealt with this
subject for twenty years. In 1952 Osipov published his first results of a physico-
chemical investigation on the reaction of monocarboxylic esters with TiCl4 [4];
this was followed by several other papers. In the course of these studies
[5—15], in contrast to the initial experiments described above, the individual
complexes were not isolated; the presence and compositions of the complexes
were deduced from the measured physico-chemical data only. The method
used was to prepare melts of the substrate and titanium tetrachloride in dif-
ferent ratios, and to determine the viscosity, density and conductivity of the
melt. These data, even in the case of the first model compound, isoamyl acetate,
when plotted as a function of the composition, showed that viscosity and its
temperature dependence had definite maxima; the straight line representing
the change of density had a break and the conductivity curve had a sharp
minimum between two maxima, corresponding to 1 : 1 molar ratio of titanium
tetrachloride and substrate. From these facts the formation of only one kind
of isoamyl acetate complexes and steric hindrance of the formation of the 2 : 1
complex were concluded. In further work, in addition to the above methods,
melting point diagrams were used [10] and other monocarboxylic esters were
also investigated (Table I). In these studies the melting point diagrams always
indicated formation of the 1:1 complex; however, on the basis of the heat
of formation and other physico-chemical data, the existence of the 2 :1
complex was also probable.

In the interpretation of the processes of complex formation, a new
aspect was introduced by the investigations of Rivest et al. [16—18], who used
again the earlier method of isolating the complexes. In this work, complexes
of esters of aliphatic dicarboxylic acids were prepared. Under the experimental
conditions used, the formation of complexes with 1:1 or 1:2 ratio was
established, depending on the structure of the substrate molecule. It was
supposed, that in the complexof 1 : 1 ratio formed from esters of lower molec-
ular weight, the carbonyl oxygen atoms of both ester groups participated
in the formation of the complex, acting as electron pair donors, to give a cyclic
structure (macrocycle) containing a hexacovalent titanium atom. In the com-
plexes of 1 :2 ratio, which are obtained from longer chain dicarboxylic esters,
only one carbonyl group is attached to one molecule of titanium tetrachloride.
This may indicate a pentacovalent titanium atom, too, but Rivest et al. [17]
suggested the presence of a hexacovalent titanium also in this case, supposing
both oxygen atoms of the ester group to behave as electron pair donors. This
was based on infrared spectra of solutions of the complexes in methylene
chloride. In these spectra bands of the C—0 —C stretching vibration, charac-
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teristic of the ester group, were missing in the 1000—1200 cm -1 region.
Complexes of esters with titanium tetrachloride prepared up to now are listed
in Table 1.

A more detailed investigation of the infrared spectra of complexes of
esters with TiCl4and with other Lewis acids, was carried out by Lappert [19].
He showed beyond doubt that the linkage is established between the oxygen
atom and the central metal atom of the Lewis acid in the course of complex
formation. In agreement with theoretical considerations, this results in a
decrease of the frequency of the C =0 stretching vibration; the wavenumber
of the rasC—C—0 stretching vibration will be higher, while the rasC—0O—C

band, appearing at lower wavenumber, shows a slight decrease. These exami-
nations also gave information on the steric structures of the individual com-
plexes.

According to views held today, the central metal atom in complexes
of metal tetrahalide Lewis acids can complete its octet into decet or dodecet
in the course of complex formation, while the original tetrahedral steric
structure is converted into an octahedral one, having four halogen atoms and
two donor atoms in its corners. There are two possible arrangements: cis and
trans, having the two carbonyl oxygens at two neighbouring or at two opposite
corners, respectively. Lappert [19] concluded the cis octahedral arrangement
of some complexes from the splitting of the carbonyl band shifted to lower
wavenumbers. In these complexes the carbonyl groups are coupled through
the central metal atom, so vibrations of identical phase appear in the infrared
spectra in the case of cis arrangement only.

Experiments and results]

In the course of an investigation on the mechanism of the ring cleavage
of 2,3,4-triacetyl-glucosan <1.5) B <1.6) by titanium tetrachloride [36], the
isolation and examination of the composition and structures of the products
were required. This problem drew our attention to complexes of sugar esters
with titanium tetrachloride.

In our first studies on this subject [37], only the compositions of the
complexes prepared from model compounds with different molar ratios of
the substrate and the Lewis acid were examined, as no suitable method was
available for determining the structures of these complexes.

Apart from the actual problem, interest was attached to these investi-
gations since no studies had been carried out previously on complexes of
substrates having more than two complex-forming groups, i.e., when they
are polyfunctional in respect to electron pair donating. The model compounds
used (levoglucosan-, glucose- and cellobiose esters) contained 3, 5 and 8 ester

7 Acta Chim. Acad. Sei. Hung. 62, 1969
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Ester component
(substrate)

Diethyl oxalate
Diethyl malonate
Diethyl maleate
m-Cresyl acetate
Isoamyl acetate
Ethyl acetate
Ethyl formate
Butyl acetate
Propyl acetate
Methyl acetate
Butyl formate
Isobutyl formate
Isoamyl formate
Ethyl propionate
Ethyl butyrate
sec.-Octyl acetate
Ethyl stearate
Ethyl valerate
Ethyl caproate
Ethyl n-heptoate
Ethyl pelargonate
Amyl acetate
Hexyl acetate
Octyl acetate
Chloromethyl acetate
Diethyl succinate
Dimethyl phthalate
Diethyl fumrrate
Butyl chloroacetate
Isobutyl chloroacetate
Isoamyl chloroacetate
Diethyl glutarate
Diethyl adipate
Diethyl pimelate

CSUHOS U aj.: LEWIS ACID COMPLEXES, V

Table |

Complexes of esters with titanium tetrachloride

Composition of the comp ex (substrate :TiCl4)

conductivity,
density, and
viscosity

[ = T SIS =

1:1;, 2:1[1]

1:1 2:1[1

1:1 [13]

1:1; 2:1[13]
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on the basis of

heat of formation

=

1[12]

107
(8]
1[12]

1[12]

1[12]

melting point

[10]
[10]
[10]
[10]
[10]
[10]
[10]
[10]
[10]
[10]
[10]

[15]
[15]
[15]
[15]
[15]
[15]
[15]
[15]

[10]
[10]
[10]

Isolated complex

1:1 [16]
1:1 [14]
1:1 [14]
1:1 [20]
1:1 [17]
1:1 2]

1:2;1 1;2:1]3]

1:1 [17]
1:1; 1:2 [17]
1:2 [17]
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Tabic | (continued)

Composition of the complex (substrate : TiCl.,)

on the basis of

Ester component Isolated complex

(substrate) conductivity,
density, and heat of formation melting point
viscosity
Diethyl suberate 1:2 117]
Diethyl azelate 1:2 [17]
Diethyl sebacate 1:2 [17]
Phenyl acetate 1:1 [21]
o-Tolyl acetate 1:1 [21]
m-Tolyl acetate 1:1 [21]
p-Tolyl acetate 1:1 [21]
Thymyl acetate 11 211

groups; surprisingly, the number of the hound molecules of TiCl4 was lower
than that of the functional groups: in the case of five functional groups (penta-
acetylglucose) two, at eight functional groups (octaacetylcellobiose) three
molecules of TiCl4 were found as the highest possible number. The formation
of the different complexes was explained by their special charge distribution.

rRivest €tal (177 published their results about one year after our report.
Their paper suggested the possibility that our model compounds could also
have yielded such complexes in which the carbonyl oxygens oftwo ester groups
were attached to one molecule of titanium tetrachloride. If in the case of
levoglucosan-, glucose- and cellobiose acetates, considered as cyclic polyol
acetates, the formation of such complexes can be verified, this may reveal
the relation between the structure of the substrate and the number of Lewis
acid molecules in the complex containing the highest number of TiCl4. An
influence of the steric structure of the model compound on the structure of
the complex was also considered. To verify this latter assumption, dependence
of the tendency to complex formation in esters of cyclic di- and polyols, and
the composition of the complexes as a function of the relative steric positions
of the ester groups were investigated first.

As Lewis acids and their complexes are very sensitive even to traces
of water, the complexes were prepared under careful conditions in a “dry-box”
or in an apparatus designed for this purpose (Fig. 1).

According to the general procedure, the calculated quantity of Lewis
acid in chloroform solution was added, by drops, to a dry chloroform solution
of the substrate, with continuous stirring. The precipitate, which separated
spontaneously or on dilution with petroleum ether, was filtered off, washed
with the solvent and dried.

7 Acta Chim. Acad. Sei. Hung. 62, 1969



100 CSUROS et al.: LEWIS ACID COMPLEXES, V

The compositions of the complexes were determined by elemental ana-
lysis and by means of a previously developed method [38], by titrating the
substance with pyridine in acetonitrile solution.

Determination of the compositions revealed the maximum number of
Lewis acid molecules bound by the examined model compounds. However,
no information was obtained regarding the structure and the validity of
Rivest’s conception [17] for these cases.

Fig. 1. Apparatus for the preparation of complexes of titanium tetrachloride

The purpose of our studies of the infrared spectra of these complexes
was to throw light on the structural characteristics. On the basis of the above-
mentioned examinations of Lappert [19] it was expected that the infrared
spectra of the complexes of polyesters used as model compounds would help
in elucidating the structures.

Since the complexes suffer decomposition in solution, we tried to obtain
the spectra in KBr pellets or in paraffin oil mull. Owing to the low stability
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Fig. 2. Infrared spectrum of ethyl acetate (in KBr)
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of the substances, the samples were prepared in a dry-box. Preliminary experi-
ments with KBr pellets soon indicated that this technique was unsuitable,
as the complexes partly decomposed during recording the spectra, giving
diffuse, unusable bands. Mulling in Nujol was found adequate, and this tech-
nique was used in the further work.

After establishing the experimental conditions and examination methods,
complexes of the chosen model compounds were prepared; their composition
and decomposition points were determined, and the infrared spectra recorded.

Microns
25 3,0 35 40 5,0 6.0 70 8,0 10,0 120 16,0

The first model compounds were acetates of cyclohexane-1,2-cis- and
irans-diols. It is known that in the cis-diol the hydroxyl groups are present
in a, eor e, apositions, while in the irans-diol they have e, e or a, a positions.
Conformation e, e is generally considered to be energetically more favoured.
In the a, e and e, e conformations, the distance between the acetyl groups is
the same. Thus in the case of 1,2-cyclohexanediol diacetates, the effect of the
distance of the ester carbonyl oxygens on the complex formation and devel-
opment of a macrocyclic structure could only be proved if the iraras-diol
diacetate reacted with TiCl4 as the o, a conformer. Since this is not probable,
the possible difference in the complex forming tendencies of acetoxy groups
depending on the angle (60° or 180°) made by them, was studied on cis- and
irons-cyclopentanediol diacetates having rigid, nearly planar steric structures.

First 1 :1 complexes* of ethyl acetate, cyclopentyl acetate and cyclo-
hexyl acetate were prepared to study the most characteristic changes in the
infrared spectra produced by complex formation. These experiments were

* Further on, the complexes will he characterized by the ratio of substrate to Lewis
acid component.
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necessary, because the 1 : 1 complex of TiCl4and ethyl acetate was not in vesti

gated by Lappert [19]. The infrared spectra of the substances and their

complexes (Figs 2—7) showed the following most characteristic changes:

the j>C=0 band of the substrate, found at 1750 cm -1 or near to it, disappears

in the complex and a new, broader, very strong band appears at 1610 —1615

cm -1. At the same time, the bands of the rasC—C—O and vasC—O —C stretch-
i |

ing vibrations are missing at 1240 cm 1and 1045 cm _1, respéctively. Instead

Fig. 5. Infrared spectrum of the 1:1 complex of ethyl acetate with TiCl4 (in Nujol)

NaCl KBr

Fig. 6. Infrared spectrum of the 1:1 complex of cyclopenty] acetate with TiCl, (in Nujol)

ofthe former, anew band appears at 1310 —1320 cm _1 (a diblet in cyclopentyl
acetate), and the band at 1045 cm 1is shifted by 5 cm _1 towards the lower
wavenumbers. Further characteristics in the spectra of the complexes is a new,
broad, strong band appearing in the region 705 730 cm*“1

If the presence of pentacovalent titanium is supposed in the TiCl4
complexes of the above esters, the appearance of the intense band between
730—705 cm “1lcannot be accounted for. Therefore, it is more probable, that
both oxygen atoms of the ester group are connected to the titanium atom in
the complex as suggested by Rivest [17], producing hexacovalent titanium
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Microns

Fig. 7. Infrared spectrum of the 1:1 complex of cyclohexyl acetate with TiCl, (in Nujol)

Fig. 8. Probable structure of complexes of monoesters with TiCl4

(Fig. 8). This band between 730 and 705 cm -1 may arise from the out-of-plane
deformation vibration of the charged “micro-cycle”, while the pC=0 and
rasC—C—O vibrations must be predominating, in the modes producing the

bands at 1610 cm and near 1300 cm -1, respectively.

Ethylene glycol diacetate reacts with an excess of TiCl4 to give both
the 1:1and 2 :3 complexes. A comparison of the infrared spectra of the sub-
strate (Fig. 9) and the complexes (Figs 10, 11) shows that, instead of the
initial state, both complexes have a broad carbonyl band at 1635 cm _1, and
the shift of the C—C—0 bands is similar to that observed in the cyclohexyl

1

acetate complex.
In the 1:1 complex the original “free” carbonyl band is absent, indi-
cating that one molecule of TiCl4is affixed to two carbonyl oxygens.

Acta Chim. Acad. Sei. Hung. 62, 1969
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NaCl KBr

Fig. 10. Infrared spectrum of the 1:1 complex of ethylene glycol diacetate with TiC]4
(in Nujol)

wol I 1J LJ.J LJ i
2000 1800 1600 1400 1200 1000 800 700 600 500 cm4
Fig. 11. Infrared spectrum ofthe 2 : 3complex of ethylene glycol diacetate with TiCl4(inNujol)
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Microns

NoCl KBr

Fig. 13. Infrared spectrum of the 1:1 complex of cyclopentanc-cis-1,2-diol diacetate with
TiCl4 (in Nujol)

NaCl KBr
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Fig. 14. Infrared spectrum of the 1:2 complex of cyclopentane-cis-1.2-diol diacetate with
TiCl, (in Nujol
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Fig. 15. Infrared spectrum of cyclopentane-ir<ms-1,2-diol diacetate (in KBr)
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Fig. 16. Infrared spectrum of the 2 : 3 complex of cyclopentane-ireres-I,2-diol diacetate with
TiCl4 (in Nujol)

The infrared spectra of the 1 :1 and 1:2 complexes of cyclopentane-
cis-1,2-diol diacetate (Figs 12—14) have a further characteristic feature.
In the spectrum of the 1:2 complex, the shifted band of the carbonyl group
in coordinate linkage has a shape similar to that of the carbonyl band in the
cyclohexyl acetate complex (Fig. 7), while in the complex of 1 : 1 ratio (con-
taining free carbonyl only as a contamination, as shown by its spectrum)
the corresponding band is split, with a difference of 35 cm 1between the two
part-maxima. This splitting of the band indicates that the carbonyl oxygens
of the two ester groups are situated on two neighbouring corners of a fictitious
octahedron, i.e. the donor-acceptor relation is of cis character.

The Irans isomer of cyclopentane-1,2-diol diacetate gives a 1 : 1 complex
even if TiCl4is used in excess, thus differing from the case of the cis isomer.
The spectrum (Figs 15, 16) reveals no splitting of the carbonyl band, i.e.,
here the relation is of Irans character.
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Microns
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Fig. 17. Infrared spectrum of cyclohexane-ci's-l,2-diol diacetate (in KBr)

Fig. 18. Infrared spectrum of the 1:1 complex of cyclohexane-tt's-1,2-tliol diacetate with
TiCl4 (in Nujol)

NaCl KBr

Fig. 19. Infrared spectrum of the 1:2 complex of cyclohexane-cis-l,2-diol diacetate with
TiCl, (in Nujol)
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Microns

Fig. 20. Infrared spectrum of cyclohexane-ir<ms-l,2-diol diacetate (in KBr)

NaCl KBr

Fig. 21. Infrared spectrum of the 1:1 complex of cyclohexane-trans-I,2-diol diacetate with
TiCl4 (in Nujol)

Similarly to the corresponding cyclopentane derivative, cyclohexane-
cis-1,2-diol diacetate yields a 1 :2 complex with an excess of TiCl4. According
to the spectra (Figs 17—19), the 1 :1 complex has cis structure in this case,
too; the distance of the two part-maxima of the band assigned to the carbonyl
in coordinate linkage is 40 cm-1. In the spectrum of the 1:2 complex, the
band of the carbonyl group is not significant enough, thus it is unsuitable for
drawing conclusions regarding the structure.

In the case of cyclohexane-irares-1,3-diol diacetate (for the spectrum,
see Fig. 20), the situation is similar to that of the cis isomer. In the infrared
spectrum of the 1:1 complex (Fig. 21) the carbonyl band is shifted but not
split, and it is considerably broader than the similar band of the 1 :2 complex
(Fig. 22).

The results obtained so far indicate that the two carbonyl groups are
linked to the central metal atom of the Lewis acid in the 1 : 1 TiCl4complexes
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of cyclopentane-cis-, and cyclohexane-cis- and -trans-1,2-diol diacetates. The
structures may be represented as outlined in Fig. 23. If an excess of TiCl4
is used, this cyclic structure suffers cleavage, and the cis-cyclopentane and
-cyclohexane derivatives give rise to an energetically more favourable struc-
ture, in which each carbonyl group is connected to a Lewis acid molecule.
However, in the infrared spectra of 1:1 complexes (Figs 14, 19, 22), the
strong band at 705—735 c¢m “1, which is present in the spectra of the mono-

NacCl KBr

Fig. 22. Infrared spectrum of the 1:2 complex of cyclohexane-irans-I,2-diol diacetate with
TiCl, (in Nujol)

CL

Fig. 23. Probable structure of the 1:1 complexes of TiCl4

acetate complexes (Figs 5—7) is strikingly missing. In monoesters this band
was due to native bonds connecting both oxygen atoms of the ester group to
the titanium atom. In diol diacetates, favourable position of the ester groups
makes possible another arrangement. It may be supposed, that in this case
only the carbonyl oxygens are attached to the central metal atom, and the
hexacovalent state of the latter is produced by the connection of TiCl4 mole-
cules, through chlorine atoms, since the molecules are fixed in space near to
each other (Fig. 24). In the case of cyclopentane-irims-1,2-diol diacetate the
situation is different. Because of the greater distance between the acetyl
groups, formation of a macrocycle is unlikely. The infrared spectrum of the
1:1 complex of this compound is apparently in contrast with this, as no
free carbonyl group is indicated. However, it is remarkable, that no band-
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splitting, accompanying cis connections resulting in macrocycles, is observed
in the spectrum. This suggests the presence of a complex formed by two mole-
cules each of the substrate and TiCl4, as shown in Fig. 25.
The above facts raised the problem of structure of the complexes formed
from cyclohexane-1,3-diol diacetate containing rather distant acetyl groups.
We found that three kinds of complexes (2 : 1, 1:1 and 1 :2) could be
prepared from traras-1,3-diol diacetate (for the IR spectrum, see Fig. 26)

Fig. 24. Probable structure of the 1:2 complexes of 1,2-cis-diol diacetates with-TiCl4

Fig. 25. Probable structure of the 1:1 complex of cyclopentane-trares-1,2-diol diacetate
with TiCl,

depending on the ratio of the components. In the 2 :1 complex (Fig. 27),
the original and shifted carbonyl bands appear together in the spectrum (“ori-
ginal” means here the carbonyl group not participating in a coordinate link-
age). The band at 1240 cm-1, assigned to the PasC—C—O stretching vibration,

]
is partly uncharged, partly shifted to 1305 cm-1. In the case of the 1:1

complex, the spectrum (Fig. 28) shows coordinate bonds for both carbonyl
groups, and no splitting of the carbonyl band is observed. The spectrum of
the I :2 complex differs from the former in the shape of the shifted carbonyl
band which is narrower, and the band at 1310 cm _1is accompanied by a new
band at 1330 cm-1. This new band was observed only as a shoulder in the
spectrum of the 1 : 1 complex.
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Fig. 26. Infrared spectrum of cyclohexane-tr<ms-1,3-diol diacetate (in KBr)
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Fig. 27. Infrared spectrum of the 2 : 1 complex of cyclohexane-irares-1,3-diol diacetate with
TiCl, (in Nujol)

These facts indicate that the structure of the 1 :1 complex is similar
to that shown in Fig. 25.

In our further work, the tendency to complex formation of trifunctional
cyclohexane-1,2,3-triol triacetates was investigated. There are three stereo-
isomers of cyclohexanetriol: a-, 8- and y-triol. In the a-modification, the
C-1, C-2, and the C-2, C-3 hydroxyl groups are in trans position to each other;
in the y-isomer they are in cis position. In the /(-form the C-1 and C-2 hydroxyl
groups are in cis position, while those at C-2 and C-3 are trans. We prepared
the a- and y-isomers and their complexes. In the spectrum ofthe 1 :1 complex
of the y-isomer (for the spectrum, see Fig. 30) two new bands were observed
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Microns

Fig. 28. Infrared spectrum of the 1 :1 complex of cyclohexane-irons-1,3-diol diacetate with
TiCf, (in Nujol)

Microns

FigJ 29. Infrared spectrum of the 1:2 complex of cyclohexane-irans-1,3-diol diacetate with
TiCl4 (in Nujol)

at 1640 cm -1 and 1665 cm -1 (Fig. 31), in addition to the original carbonyl
band at 1750 cm-1. This indicates cis structure.

Using an excess of TiCl4,the complex with 1 : 2 ratio was obtained. It has
Irans structure as shown by the presence of a single band at 1640 cm  having
an inflexion (Fig. 32).

Thus an excess of TiCl4gives rise to a new structure instead of the attach-
ment of another molecule of the Lewis acid to the free acetoxy group (Fig. 33).
A complex with 1:3 ratio could not be prepared; the use of excess TiCl4
resulted in the formation of the 1:2 complex only.
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Fig. 31. Infrared spectrum of the 1:1 complex of y-cyelohexane-1.2.3-triol triacetate with
TiCl, (in Nujol)

An excess of TiCl. gave with the a-isomer (containing equatorial, axial
and equatorial substituents, in this order) a 1:2 complex similar to that
obtained from the y-form (Figs 34, 35). No complex of 1:3 ratio could be
prepared in this case, either.

The experiments made with cyclohexanédiol and -triol acetates verified
our assumption that the carbonyl oxygens of favourably situated neigh-
bouring acetoxy groups may give rise to the formation of a macrocycle, in
the same way as in the model compounds studied by Rivest et al. [17].
It has also been shown that the formation of a macrocycle of cis-connection
is independent of the steric positions of the substituents. This makes probable
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Fig. 32. Infrared spectrum of the 1:2 complex of y-cyclohexane-1,2,3-triol triacetate with
TiCl4 (in Nujol)

Fig. .33. Scheme of structure of the 1 :2 complex of y-cyclohexane-1,2,3-triol triacetate with TiClI.
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Microns

Fig. 35. Infrared spectrum of the 1:2 complex of a-cyclohexane-1,2,3-triol triacetate with
TiCl4 (in Nujol)

e, e conformation of the trans isomer in the course of complex formation,
if the substrate and TiCl4 are used in equimolar quantities and the carbonyl
oxygen atoms are widely separated (cyclopentane-tr<ms-l,2-diol diacetate,
cyclohexane-1,3-diol and -1,4-diol diacetates), a greater cyclic structure is
formed by means of intermolecular connections.

Our investigations also revealed that titanium tetrachloride, in contrast
to an experimentally unsupported statement in the literature [22], is equally
suitable for the formation of complexes with cis and trans structures, the
process and the compositions of the complex being dependent on the structure
of the substrate.

Experimental

1. Materials
Cyclohexyl acetate

The commercial product was purified by distillation.

Ethylene glycol diacetate

The commercial product was purified by distillation.

Cyclopentane-1,2-diol diacetates

The compounds were prepared from cyclopentene. The latter was prepared by the
thermal cyclization of adipic acid with barium hydroxide [23], and reduction of the obtained
ketone to cyclopentanol in the presence of Raney nickel at 70 atm. and 80°C [24], followed
by dehydration of the resulting alcohol with 85% phosphoric acid [25].
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(a) 1,2-cis-diol diacetate

Cyclopentene was oxidized to 1,2-cis-cyclopentane-diol with KM n04in aqueous alcohol
solution [26] and the product acetylated with acetic acid anhydride [27], then purified by
distillation.

(b) 1,2-trans-diol diacetate

The oxidation of cyclopentene was carried out in formic acid solution with hydrogen
peroxide [26].

Cyclohexane-1,2-diol diacetates
(a) 1,2-cis-diol diacetates

Cyclohexene was oxidized to the 1,2-cis-diol with H20 2 in absolute t-butanol solution
in the presence of osmium tetraoxide at 0°C [28, 29], and then acetylated with acetic anhyd-
ride [27].

(b) 1,2-trans-diol diacetate

The oxidation of cyclohexene was carried out in anhydrous formic acid solution with
hydrogen peroxide [30].

Cyclohexane-1,3-trans-diol diacetate

Phloroglucine (m.p. 213—216°C) was hydrogenated in alcoholic solution in the presence
of Raney nickel catalyst in an autoclave at 105 atm. pressure at 125°C for 4 hrs. The product
was purified by distillation in vacuum, to obtain cyclohexane-1,3-irans-diol diacetate in 27.8%
yield (b.p. 147—156°C). For identification of the compound, its benzoate and urethan were
prepared, which had the m.p.’s reported in the literature. The diol was then acetylated in the
usual manner. The acetylated product was purified by distillation in vacuum.

Cyclohexanc-l,4-diol diacetate

Hydroquinone was hydrogenated in alcoholic solution in the presence of Raney nickel
catalyst at 110 atm. and 140°C for 2 hrs. The 1,4-diol was purified by distillation in vacuum
and recrystallization, and then acetylated in the usual manner.

Cyclohexane-a-1,2,3-triol triacetate

Cyclohexene was allowed to react in the presence of absolute ethanol with bromine
in carbon tetrachloride solution, at a temperature between —5°C and —1°C, to obtain 1,2-
dibromocyclohexane [31]. This compound was heated in absolute methanol in the presence
of sodium methoxide. First dehydrohalogenation of the compound took place, then the residual
bromine atom was replaced by a methoxy group [32]. The resulting 3-methoxycyclohexene
was converted into 3-methoxycyclohexene chlorohydrin by means of hypochlorous acid
produced from a solution of monochlorourea [33] acidified with acetic acid. Alkaline dehydro-
halogenation of 3-methoxycyclohexene chlorohydrin gave 3-methoxycyclohexene-a-oxide,
which yielded a-dimethoxycyclohexanol on methanolysis [33]. Demethylation of the com-
pound with aqueous hydrogen iodide and acetylation of the recrystallized triol with acetic
anhydride in the presence of sodium acetate gave cyclohexane-a-1,2,3-triol triacetate in the
purity reported in the literature, m.p. 128.5—130°C. (Lit. [34] m.p. 128—129°C.)
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Cyclohexane-y-1,2,3-triol triacetate [35]

Pyrogallol was hydrogenated in alcoholic solution in the presence of Raney nickel
catalyst at 100 atm. and 150°C. Cyclohexane-irans-1,2-diol, appearing as by-product, was
extracted with acetone from the raw product obtained by fractional distillation in vacuum;
repeated recrystallizations from acetone gave the pure y-1,2,3-triol in 17% yield.

The triol was acetylated with acetic anhydride in the usual way; the y-triol triacetate
purified by distillation in vacuum, had a refractive index identical with that given in the
literature.

2. Complexes with titanium tetrachloride

(a) Preparation of the complexes in a dry-box

In these experiments the complexes were prepared in the apparatus shown in Fig. 36.
In the course of preparing the complex, the content of flask A was stirred using a
magnetic stirrer. During the reaction and the filtration of the complex, dry nitrogen gas was
passed through the apparatus; this was introduced through a side-tube of flask A. Flask A

Fig. 36. Apparatus for the preparation of complexes of titanium tetrachloride

contained a hexane solution of the substrate in the case of preparation of the 2 : 1 complex,
while a dry hexane solution of TiCl4 was placed in it when preparating the 1:1 and 1:2
complexes. The solution of the other component was added, by drops and with continuous
stirring, from a dropping funnel. In the preparation of the 1:1 complexes 10% (w/v) hexane
solutions containing equimolar quantities of the substrate and TiCl4 w"ere mixed. When our
purpose was the preparation of complexes with higher TiCl4 content, double, or in the case
of the triol acetates, triple molar quantities of Lewis acid were used. Repeated preparations
of a given complex gave substances of slightly different m.p.’s, but the infrared spectra were
identical. The spontaneously precipitating complex was stirred for 30—40 min., then the appa-
ratus was turned into another position to allow filtration of the precipitate on a sintered glass
filter sealed into the side tube, using slight suction. It was then washed with petroleum ether
and dried over phosphorous pentoxide and paraffine shavings in a vacuum desiccator.

(b) Preparation of complexes in special apparatus

Using the apparatus shown in Fig. 1, heating or cooling could be applied in the course
of the preparation of the complexes. The complex was prepared in reaction vessel d, equipped
with a vibromixer a. Dry nitrogen gas was introduced into the apparatus through the pipe-
end 6. To prevent getting of the solution into the sintered filter sealed in the apparatus, the
space between stop-cock g and the glass filter was filled with mercury before starting the work.
In the cases when hot water was circulated in jacket e, cooling of the mercury was required;
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this was performed by circulating cold water in jacket f; otherwise some mercury got into
space d through the sintered filter. After completion of the complex formation, the mercury
was allowed to flow into flask h, and the complex was filtered off under nitrogen pressure using
a clean flask. Fresh solvent was added to the precipitate, which was stirred up and repeatedly
filtered off, and finally dried in a stream of dry nitrogen until a powder-like substance was
obtained. The apparatus was then opened in a dry-box, and the complex completely dried, as
described above.

The operations connected with the analysis of the complexes and the preparation of
paraffin mulls for recording the infrared spectra, were carried out in a dry-box in every case.
The analyses of the complexes are given in Table II.

Table 11

Composition of complexes with titanium tetrachloride

Ratio . .
of sub- Cl op Ti% TiCl 0p Decompo-
straée sition
Substrate an i
TiCl4 point,
in the Calcd. Found Calcd. Found Calcd. Found
complex
Cyclohexyl acetate 1:1 4281 40.80 14.41 13.76  57.1 59.6 94 97
Ethylene glycol
diacetate 1:1 4220 41.73 14.2 14.47 143-147
2:3 49.48 49.25 16.70 18.37 146—149
cis-Cyclopentane-1,2-
diol diacetate 1:1 37.70 38.25 12.00 12.27 143-144
1:2 50.10 49.28 16.80 15.96 138—140
fraus-Cyclopentane-1,2-
diol diacetate 2:3 4516 36.70 12.30 12.20  48.68 49.07 177—178
1:2 3890 47.54 16.50 15.71 153-154
frarcs-Cyclohexane-1,2-
diol diacetate 1:1 36.40 36.29 12.30 12.24  48.68 48.02 125—135
2:3 4394 4296 58.79 60.10 160-163
trims-Cyclohexane-1,3-
diol diacetate 1:1 36.40 36.43 12.30 13.30 100—102
1:2 48.90 47.65 16.50 16.22 135—137
a-Cyclohexane-1,2,3-
triol triacetate 1:2 4455 44.97 15.34 15.11 107—108
y-Cyclohexane-1,2,3-
triol triacetate 1:1 3172 30.94 10.70 10.07  42.37 42.67 178—180

1:2 4455  43.48 15.34 16.37  59.53 58.10 168—173

The infrared spectra were recorded with Perkin-Elmer 237 and Zeiss UR 10 recording
spectrophotometers.
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It is known [1] that one of the anomeric forms of peracylated halogen
sugars is labile and under suitable conditions it is rapidly converted to the
stable isomer. On the basis of experimental data, two rules have been estab-
lished for acetyl derivatives [2] which permit to predict the configuration
of the labile form from relative spatial position of individual groups in the
Haworth projection formula. In the case of glucose, the labile form is the
/3-anomer.

The first method for the preparation of halogen sugars with labile
configuration has been reported by Schulbach and Gilbert [3]. The proce-
dure is based on the reaction of the acetobromo sugar of opposite configuration
with fresh, active silver chloride in an inert solvent. The efficiency of the
method depends on the activity of silver chloride, its drawback being poor
reproducibility. Therefore, the observation by Lemieux and Brice [4] is of
practical importance, according to which, the reaction of pentaacetyl-R-D-
glucose with titanium tetrachloride (a reactant first applied by Pacsu [11]
to the preparation of halogen sugars with stable configuration) yields /S-aceto-
chloroglucose under kinetic control. Zempltén et al. [5], and later Korytnyk
and Mills [6] have developed a reproducible method of preparative value
for the synthesis of /S-acetochloroglucose, using aluminum chloride instead
of titanium tetrachloride.

Unlike in the case of acetylated /3-D-glucosylchloride derivatives, no
data are found in the literature for the benzoyl derivative. Ness et al.
[7] have prepared tetrabenzoyl-a-D-glucopyranosyl chloride from penta-
benzoyl-/?-D-glucose with titanium tetrachloride. By dissolving the penta-
benzoate in chloroform containing 2.5 vol. % of titanium tetrachloride and
processing the solution after 30 min, Korytnyk and Mills [6] have obtained

* Part Y. Csé'eés, Z., Deak, Gy., Hoiey, S.,, Tokok-Kaemar, A. and Zara-Kaczian,
E.: Acta Chim. Acad. Sei. Hung. 62, 95 (1969).
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a solid product with a chlorine content of 1% and with specific rotation of
+ 14.2°. Thus, according to the above study, no replacement of the Cj acetoxy
group by chlorine is observed as opposed to the pentaacetate.

The outcome of the above experiment performed by Koeytnyk and
Mirtts [6] could not be understood on the basis of the structure of the
compound and the reaction mechanism. Therefore, earlier studies by the
present authors [8] have been extended to /?-pentabenzoyl-D-glucose. If penta-
benzoyl-/3-D-glucose dissolved in chloroform (dried over calcium chloride) is
reacted with an equimolar amount of titanium tetrachloride and, after 5 min,
the solution is diluted with absolute petroleum ether, a yellow complex, is
precipitated (specific rotation in acetonitrile +42.7°). After decomposing the
complex with water and chloroform, washing the chloroform phase until
neutrality, and drying, evaporation in vacuum yields a syrup with a chlorine
content of 5.6%, in good agreement with the calculated chlorine content of
tetrabenzoylglucosyl chloride (5.78%). If, without isolation of the complex,
the reaction is carried out with larger amounts and the syrup is crystallized
twice from ether/petroleum ether, a crystalline solid is obtained (m.p. 109
111° C, specific rotation +45.7°) which, on the basis of its IR spectrum too,
is identical with the expected 2,3,4,6-tetrabenzoyl-/?-D-glucosyl chloride
(Calcd. C 66.4; H 4.39; Cl 5.78. Found C 66.7; H 4.74; Cl1 5.90%). The specific
rotation value calculated from the molecular rotations of a- and /S-penta-
benzoylglucose [9] and a- and /J-acetochloroglucose [3, 10] by means of the
Hudson rule is +37.5°, in agreement with the experimental value for the
substance prepared (within the error characteristic for similar calculations
described in the literature).

Following the reaction by an IR-spectrophotometric technique described
earlier, we found that in the present case, the 625 c¢cm“1 C—CI band is ill-
defined and of low intensity, consequently, not suitable for rate studies.
However, the 1110 cm band which, in earlier studies on acetochloroglucoses,
was only observed in the IR spectrum of the a-anomer, is easily recorded.
This band appears after 15 min, indicating anomerization of the primarily
formed |3-chloro sugar benzoate. Similar results are obtained if the reaction
is followed polarimetrically.
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ACTA CHIMICA
TOM 62 — BbIM 1

PE3IOME

MprYMeHeHWe KOMM/EKcoo6pasoBaTesiel B MOHOOGMEHHOM xpomaTorpaduu, I

PasgeneHne wnoHoB kobanbTa (1) u Hukens (II) HA MOHOOBMEHHOW KONOHKe
C MOMOLLbIO 3/1t0eHTaaLeTaTa aMmMOHMWSA, COAEPXaroLero aMMOoHWiA

A. NHUEAW, N. KNATWMAHW-FABOP n 1. 3PAEN

Bbin paspaboTaH MeTon pasfeneHus noHoB kobanbTa(ll) wn Hukena(M) B nopsigke,
OT/IMYAIOLLEMCS OT 0BbIYHOr0. B KauecTBe 3/l0eHTa MCMOML30BaNCA pacTBOP alerara aMMOHWUS,
COAEpXKatoLLero aMMOHMWIA.

PacueT Haunyuywero OTHOLUEHUS pacnpefeneHus, HeobXoAMMOro ANs pasfeneHus,
NpOBOAM/ICAA Ha OCHOBE NMTepaTypHbIX [AaHHbIX A5 KOHCTAHT CTabWUIbHOCTM KOMI/EKCa,
Juccoumaummn M MOHHOro o6MeHa. Pe3ynbTaTbl MOAyYeHHble 3KCMEPUMEHTANbHLIM NYTEM, UMEKOT
XOpOoLLUee COBMAfleHNe C PaCYETHbIMW [AaHHbIMU.

HekoTopble TOMOMOrMYecKne CBOMCTBA MOMEKY/T C KOBa/IeHTHbIMU cBA3AMMA, I
®. BUNNELW

CTpyKTypHas MaTpuua CUMMETPUM COLEPXMUT Heo6XoauMble WH(MOPMALWKM, 4YTOGLI U3
Hee 06paTHO MONYUYUAN OAUH M3 CTPYKTYPHbIX MaTpuu, Monekynbl. OnucbiBaeTcs — B hopme
nporpaMmbl /15 3N1eKTPOHHOW BbIYNCINTENbHOW MaliMHLI — anropuTM MO3BOMAIOLUA NPOU3-
BOAWTb BbILLEONMCAHHYIO TpaHCchopMaLmio.

Mpy 3HAHWUKU CTPYKTYPHOW MAaTpPMLLbl MOXHO MOMCKAaTb KOMEL, W COCTaBASIOLMX MHO-
)KECTB MOJEKY/Nbl, a TaKXe Lenu, OTHOCALLMECS K OTAENbHbIM COCTAaB/AIOLMM MHOXECTBAM.
3HaHMe Konel, W Leneii MOXeT cTaTb HeOGXOAMMBLIM MPU NOCTPOEHUW 3aBUCUMOCTEN MEXAY
BHYTPEHHUMMU KOOPAMHATAMW — YCMIOBWUIA NULLIEHUS — U NPU BbIGOPE TOAALLMUXCA HE3aBUCU-
MbIX BHYTPEHHWX KOOPAMHAT, T. €. KOCBEHHbIM MyTeMm, Npu pacuyeTe MaTpuubl G. MoaTomy
BbINM pa3paboTaHbl anropudmbl roasuiuecs AN CUMYNAUMKM KOMel W Leneit 3MeKTPOHHbLIMM
BbIYNCANTENbHBIMKA  MaLLMHAMM.

O KONMYecTBEHHON XapaKTepPUCTUKe MepemMeinBaHnA
K. CEWTLU u P. TEPELW

[ONns KONMYecTBEHHOro OMWCaHWs MepemMeLunBaHUSA BBOAWNACL HarfsagHas Mepa, KOTo-
pas MMeeT 3HayeHwe, paBHoe 1 ANA MONHOCTLIO CMELLUAHHON CUCTEMbI W paBHOe +00 ANna He-
CMeLlaHHOW cuUcTembl. BenuumHa CTeneHW CMeLleHns ansa No6ol cMcTeMbl SBSETCA NONOXKM-
TeNbHbIM LenbiM ymucnoM. OnpefenieHne 3TOr0 4YMcia BO3MOXHO C MOMOLLbKD HOMOrpammbl.



KVHeTUYeCKUiA aHannM3 HEKOTOPbIX MOC/eA0BaTeNbHbIX peakuuii, V

ABTOKaTa/IMTUYECKME peakLym
Cl T. KENEH — ®. TIOAEW wun 4. TAJAMBOL

MpoBeaeH KUHETUYECKMIA aHanu3 aBTOKaTanuTuyeckux cuctem A -»E, A(-j-E) “m
“aE(+E); A+ A E, A(+E)- E(+E); A+ B-»E, A(+E)E(+E). PaccmoTpeHo
amMnMpryeckoe AuddepeHunanbHoe ypaBHeHNe aBTokaTannsa B obuwem cnydae. O6cyxgaroTces
pasnuyHble NPUYKHLI 06pa30BaHNA KPUBLIX KOHBEPCMIA (OpMbl S. Y CTaHOBMEHO, YTO S-dopma
KPUBOIM KOHBEPCUW KOHEYHOro NpPOAYKTa YKa3blBAaeT Ha aBTOKATA/IMTUYECKU XapakTep peak-
L1K TOMIbKO B TOM C/lyyae, eCNu KpuBas KOHBEPCUMU UCXOAHOMO NPOAyKTa TakXe umeeT (opmy
S (oTAnuve OT nocnefoBaTeNbHbIX Peakuuid) U ecnM He HakamnauBaeTCcsa B TEUEHWM peakuum
NPOMEXYTOUYHbIA NPOAYKT OTAUYHbIA OT KOHEYHOro npofykTa (0T/nMyve OT MmocfefoBaTeNlbHO-
napannenbHbiX peakuni).

PeHTreHo-gupakLUMOHHOE U3yYeHe KPUCTaIMYECKOTO U MOMEKYISAPHOIO
CTPOeHUSA  3-HUTPO30-(heHUNTrUapasoH-aLeToHa, C8N302H. HIL

Ob. MEHLENb

M3yuanocb KpUCTan/MuyecKoe CTPOEHWe 3-HUTPO-(hEeHHNrMAPa30H-aLeToHa C MOMOLLbIO
PEHTTeHO-AN(MPAKLUOHHOTO MeToAa. KpucTanibl OTHOCATCS K MOHOKMMHHOM cucTeme, npu-
Hafnexalleid K NPocTpaHCTBEHHOW rpynne C2/c. CTpoeHMe OMNpeAensinoch C MOMOLbIO ABYX-
pasmepHoro metoga rarTepcoHa W, T. Ha3., ,trial“ meToga. YTOUHEHMs NPOU3BOAMAUCL CUHTE-
30M auddepeHunana. MHAeKC HaaexHocTM R = 0,169. CucTema cBsieit 6eH30/1bHOrO KOMbLa
acMMMeTpuyHa. M3mepeHHble BEMUMHBI CBSA3el Yrnepod-asoT CPaBHUBANUCL C AaHHbIMU ANS
NOAO6HbLIX COeAMHEHUA. Bblf0 YCTaHOBMEHO YpaBHEHWe NIOCKOCTH, «HauGoee Xopowo Npun e-
raioueii» K 6eH30/bHOMY KOMblly, a TakXe YpaBHeHWUs MA0CKOCTW aueToHa U [ByX uacTeii
NNOCKOCTM TWUApa3oHa. BbiNM paccumTaHbl Yrbl MeXAY 3TUMU NAOCKOCTAMU .

Pacuet koHTypoB WK-nonoc 1A naoCKUX MOMEKYN TUNa acMMMETPUYECKOro
potatopa, Il

M3yyeHne TOYHOCTU OOLLEl 3aBUCMMOCTM
3. MAAN n . BAPWAHMN

M3yyanacb TOYHOCTb AMarpaMm K—Av~n, MOCTPOEHHbIX OMUCaHHbIM B NpejblayLiem
COOOLLEHNN METOLOM, B Clyyae 4ucTbix nonoc A n B. Onpeaensnnuch WUPUHbBI IKCNEPUMEH-
TaNbHbIX N0MOC A U B npu HekOTOpbIX A0NAX BbICOT B cyyae (rop6eH3ona, xnopbeHzona u
TMo(heHa, U MOCNefHNe CPaBHMBANUCL C PacCYMTaHHbIMU W3 AuarpaMmbl. MakcuMmanbHoe OT-
KNoHeHue 4,5 cm-1 nnm 18,7%. OueHWBAOTCA MONYYEHHbIE Pe3ynbTaThl.

["eTepouuKINYeckue coeguHeHna w©3 caxapos, |

MonyyeHne NPOM3BOAHbLIX 2-(NOAUTMAPOKCK)anKKN)-6eH3TNa30NNHA

P. BOFHAP, 3. KONOAWMHCKA, N. WWoMOAbW, 3. AbEPABASAK,
n. cunnAan v E. HEMELW

M3yyanacb peakuus KOHAeHcauuu 2-amuHO-TMOdeHona (1) M 2-aMuHO-4-xnopTuode-
Hona (I1) ¢ d-rnokosoi WM 0-TanakTo30i. BbiNO ycTaHOBMEHO, YTO 06pa3yrOTCA MPOU3BOLHbIE
2-(neHTarmppokcm)neHtTun-6enstnasonnda (VI VI, X1, XIV), KoTopble MOryT 6biTb
auetunuposanbl go O-auetatoB (X1, XII, XVII, XVI1I1) n O—N-auetatoB (IX, X, XV, XVI).
Bbin OCyLLeCTBNEH TakXe CUHTe3 2-(MeHTaalueTOKCM) MeHTUN-6eH3TMA30/IMHOB MCXOA4s U3
al-caxapHblx auetaToB. CTpPYyKTypa COeAWHEHWIA MoATBepXAanacb CMEKTPOCKONUYECKUMU
uccnesoBaHNAMN.



M3yyeHne peosiormyecknx CBOWCTB KenKoBuHbI, I

BsizkoanacTUUeckne CBOWCTBA XUMMUYECKU MOLUPULUPOBAHHBLIX KNENKOBUH

P. NTACTUTWN

XnMunyeckoe MOAMMULMPOBAHWE OTAENbHLIX TPYNn 6enKoB KNEeMKOBUHbI W U3yuyeHue
PEONOrMYECKUX CBOWCTB MOMYUYEHHbLIX MPOU3BOAHbLIX KNEMKOBUHbBI CNYXKAT LIEHHbIM UCTOUHUKOM
[aHHbIX AN OnpefeneHns 3aBUCUMOCTEN MeXAy XUMUYECKUM CTPOEHMEM KOMMEKCOB 6enkos
KNEeMKOBUHbI U WX PEONOrMYecKUMN CBOMCTBAMU.

Cpean BO3MOXHbIX XUMUYECKUX MNPeBpalleHnit ABNAOTCA, WHTEPECHbIMU B MEPBYIO
ouepeab, 6M0KMPOBaHME TWUOMbHLIX Tpynn N-3TUAMANeUMHUMUAOM, Ae3aMUAMPOBaHME KNerKo-
BUHbI, 3TepudUKaLms CBO6OAHLIX KapGOKCMIOB, MpeBpalleHne aMUAHbIX FPYNn B CNOXHble
aMpbl W aLWUAMpOBaHMWe MEepPBUYHLIX aMUHOTpyn.

ONs U3ydyeHWs PeonorMyeckux CBOICTB MOXET 6biTb C YCMEXOM MCMOAb30BaHO W3Me-
peHve penakcauuu Hanps>keHus, ¢ NoMoLLb0 MoauguLMpoBaHHOro HeonaGoporpada, a Takxe
13MepeHne BS3KOCTWU PacTBOPOB  KNEAKOBUHbI.

BNOKMPOBaHME TUOMbHLIX TPYMMN, a TakXe 3TUpUQUKALUA CBOBOAHbLIX KApBOHUNbHbBIX
rpynn He OKa3blBalOT 3HAUMTENILHOTO BAUSHUS HAa PEOSIOrMYecKne CBOWCTBA KNEMKOBUHBI, B TO
BPEMs KaK MpeBpalleHnre aMUAHbIX TPYNM,'a Takke auunnMpoBaHue NepBUUHbIX aMUHOTpyMn
NpuMBOANT K TNYy6OKAM M3MEHEHUSM B PEOsIOTMYECKUX CBOWCTBAX KNEMKOBUMHbLI, a WMEHHO
YMeHbLLIAET BpeMs penakcauuu U yxypalaeT KOresuio.

CuHTes Ne-MP-teTpa-Ob-anaHun-nonu-L-nusnHa

M. CEKEPKE u B. Bang

MpoBoAUNCSA CUHTE3 Pa3BETB/IEHHOIO MOIMMepa CO CKeNneToMm nonu-L-nn3nHa — Momesnb-
HOr0 COefMHEeHUS ANA UMMYHOMOTMYECKUX uccnefoBaHuidi. K Kax o «-amuHorpynne nonm-L-
NN3NHOBOrO CKefleTa NPUCOEAMHAIOTCA KOPOTKME anaHWHOBble OOKOBble Lenu, cofepaliune
M3BECTHOE YMCNO anaHWHOBBLIX efMHUL, a K Kaxaomy N-TepMuHany anaHuUHa npucoeguHseTca
4-rnapokcn-3-nofo-5-HnutpodeHnn-ykcycHaa kucnota (NIP), KakK CWMHTETUYECKWI A HOCUTENb
UMMYHONIOTUYECKOTO AenCTBHUS.

CuHTe3 TeTpa-DL-ananuHa, npeactaBnstoliero GOKOBYH LeMNb, MPOM3BOAMUNACSA ABYMS
NyTAMU C MOMOLLbIO MCNONb30BAHWA a) COOTBETCTBYIOLMX a3ngoB ¥ 6) neHTax10pheHMIbHbIX
aKTUBHbIX CMIOXHbIX 3upoB. lMeHTaxnopdeHunbHbl athup NIP-TeTpanentuga, nonyvaembii
13 TeTpa-OBb-anaHnHa, OKasanca MpUrofgHbiM ANns 06pa3oBaHNA CBA3EA MeXAy «-aMMHOrpyn-
naMu nonu-b-nusmHa n 6okoBbIMK LensMu. CTPYKTypa NOAYYEHHOro MPOM3BOAHOr0 nonu-L-
nusunHa (XVI) pgokasbiBanacb Ha ocHoBe WK-cnekTpoB, AaHHbIX 3/1EMEHTapHOro aHanusa wu
pe3ynbTaToB aMUHOKUC/IOTHOrO aHanusa npofyKTa, Nosy4eHHOro ¢ NOMOLLbHD CONSHOKUCNOrO
rmaponmsa.

MNonyyeHve w wuccnefoBaHWe KOMMIEKCOB Kucnot [Abtonca, V

KomnneKcbl aueTatoB LMKAMYECKUX [BYX- U TPEX-OCHOBHbIX CMMPTOB
C YETbIPEXX/IOPUCTBIM TUTAHOM

3. YIOPELW, 4. AEAK, L. Xonnwn, A. TEPEK-KANMAP u E. 3APA-KALVAH

BbINn M3yyeHbl KOMMNEKChI YeTbIPEXXNOPUCTOr0 TUTaHa, B3ATOr0 B 9KBUMONEKYNAPHbIX
KONMYecTBax UNu B U36bITKE, C LWKNOTEKCUN-aLeTaToM, 3TUNEHTINKO/b-ANaLeTaToM, LUKNo-
MeHTaH-unuc- n TpaHc-1,2-guon-gunaneratamun, UKMKNOreKcaH-uuc- u TpaHc-1,2-guon-guaueta-
Tamu, W TpaHc-1,3-guon-guauetaTtoMm, a TakXe C a- W Y-LMKNOoreKcaH-Tpuoa-TpuaLeTaTom.
Ha ocHoBe cocTaBa U MK-CNeKTpoB KOMMNEKCOB feNannch 3aKNto4eHNs 0 CTPOEHUU KOMMeK-
coB. lMonaranocb, 4TO B Cly4yae COeAUHEHMWI, B MO/eKynax KOTOPbIX KapbOHW/bHbIe aToMbl
KMCOpOoAa CMOXHbIX 3QUPHbIX FPYNN HaxoAATcs B AOCTATOYHON 6AM30CTWM APYT K Apyry, B
Komnekce ¢ coctaBom 1:1 oba aToma Kucnopoja CBfi3aHbl C LieHTpanbHbIM aTOMOM MeTana
TiCl4. B ocTanbHbiX cnyyaax (UMKNOMEHTaH-TpaHc-1,2-agnon-guayerar, UUKnorekcaH-1,3-
AMOoN-anaueTaT) HeckobKo Monekyn cybectpata u monekyna TiCl4 o6pa3ytoT 60nbWwKnii No pas-
Mepy UMKN. B cnyuyae Tpuon-TpualeratoB B KoMmnnekce ¢ coctaBoM 1:1 cBfA3aHbl C TUTaHOM
fBa KapboHUbHbIX Kucnopogda. CTPyKTypa e KOMMiaekca C COCTaBOM 1:2 NOAHOCTbIO OT/M-
yaeTca. COrnacHO HalluMm NpeacTaBneHWAM, NPUCOEAMHANTCA K ofHol Mmonekyne TiCl4, aga
Kapb6OHMMbHBLIX KUCNopoda U3 ABYX MOfeKyn cybcTpata o6pasys LUMKIMYECKOe COeAMHEHWe, a
ocTaBLUMeca -3(pHble TPynnbl coAaepXaT B CBSiI3aHHOW (opMe no ofHoii monekyne TiCl4.






The AALC collection, including approx. 5500 punched cards
gives the individual the advantages of modern data
processing, without the need for expensive machines.

The advatages of cards!

The AALC collection of cards offers many advantages to its user. First, because only
a card-file can be kept complete and up-to-date at any time. Book-form bibliogra-
phies are difficult to handle and are not apt for cross-indexing. Secondly with a card-
file you do not have to make personal notes. If you wish to retain items of informa-
tion from a book-bound bibliography, you cannot avoid noting them down (if you
don’t want to tear out the relevant pages!); with the AALC-file, however, you can
indulge in the luxury of picking out the cards you are looking for.

The advantages of punched cards!

By having the AALC collection on punched cards, you never have to replace cards
in any particular order. Through the selection operation the cards you are. looking
for fall unerringly from the whole pack, irrespective of the place they occupy in the
card-file. Using simple methods, you can collect all the cards that are particularly
important for the topical field you are engaged in at a given time. A punched card
file allows any questions to be combined according to the nature of your problem:
it allows cross-indexing as well.

AALC—File
ACTIVATION
ANALYSIS
LITERATURE
CARDS
1935—1968

Unslotted:
USS 0.05/card

Slotted:
USS 0.06/card
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The Acta Chimica publish papers on chemistry, in English, German, French and
Russian.

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

Manuscripts should be addressed to

Acta Chimica
Budapest 112/91 M{iegyetem

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

The rate of subscription is 165 forints a volume. Orders may be placed with “Kultara™
Foreign Trade Company for Books and Newspapers (Budapest I., F6 utca 32. Account No.
43-790-057-181) or with representatives abroad.

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

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

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

Acta Chimica
Budapest 112/91 Mdegyetem
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Le prix de I’abonnement est de 165 forints par volume.

On peut s’abonner a I’Entreprise pour le Commerce Exterieur de Livres et Journaux
«Kultara» (Budapest I., F6 utca 32. Compte-courant No. 43-790-057-181) ou & I’étranger chez
tous les représentants ou dépositaires.

«Acta Chimica» M3[al0T TpaKTaTbl M3 061aCTU XUMWUUYECKOA HAyKM Ha PYCCKOM, (hpaH-
Lly3CKOM, aHIIMACKOM W HEMEeLKOM f3blKax.

«Acta Chimica» BbIXOAAT OTAENbHLIMU BbIMyCKaMn pa3Horo o6bema. 4 BbiMycka COCTa-
BAAIOT OAWH TOM. 4 TOMa Ny6NUKYOTCA B rof.

MpeaHasHadeHHble AN8 Ny6GAWKaLMW PYKOMUCK CrefyeT HanpasnaTb MO afgpecy:

Acta Chimica
Budapest 112/91 Mfiegyetem

Mo aTomy >Xe afpecy HanpaBnATb BCAKYIO KOPPECMOHAEHUMIO ANA pefakuuu.

MoanncHasa ueHa «Acta Chimica» — 165 (OpuHTOB 3a TOM. 3akasbl NPUHUMaET npej-
NpusiTUe MO BHELUHEA TOProB/fe KHUT U raseT «Kultdra» (Budapest |., F6 utca 32. Tekyuwui
cyeT No 43-790-057-181) unm ero 3arpaHuW4Hble NPeACTaBATENLCTBA M YMOMHOMOYEHHbIE.
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BEITRAGE ZUR CHEMIE DES SELENS
UND DER SELENVERBINDUNGEN, XVI*

BESTIMMUNG VON SELENSPUREN IN REINSTTELLUR UND
REINSTTELLURDIOXYD

S. Zsindely und L. Barcza

(Forschungsinstitut fur Nichteisenmetalle, Budapest und Institut fir Anorganische und Analy-
tische Chemie der L. Edtvés Universitat, Budapest)

Eingegangen am 10. Februar 1968

Zur Bestimmung des Selengehaltes von Tellur wird die Reaktion von Se(lY)
mit o-Phenylendiamin empfohlen. Im Falle von Reinsttellur ist eine vorherige Trennung
Uberflussig, es muB nur das Te(lY) beim gegebenen pH Wert (pH = 1—2) mit Citro-
nensdure in Losung gehalten werden. Das Reaktionsprodukt wird spektrophotometrisch
bei 335 nm bestimmt. Die untere Grenze der Bestimmung liegt bei einem Se-Gehalt
von 2 «10“ 4 %. Die Methode ist einfacher, zuverlassiger und schneller als die Bestim-
mung des Selens mit 3,3’-Diaminobenzidin.

Die sich stirmisch entwickelnde Fernmeldetechnik bendétigt immer
reinere Stoffe und so ist es verstandlich, daB die Analytik der Spurenverunreini-
gungen von hochreinen Substanzen immer schwerere Probleme zu Uberwin-
den hat.

Bei der Untersuchung des Reinsttellurs stellt die Bestimmung des in
sehr geringen Mengen vorhandenen Selens die grofRte Schwierigkeit dar. Es
wird im allgemeinen die Reaktion von Se(lY) mit Diaminobenzidin vorgeschla-
gen: die mit der selenigen Sdure gebildete Verbindung des Diaminobenzidins
wird mit Toluol extrahiert und die Lichtabsorption der organischen Phase
wird gemessen [1].

In der Reaktion der Se(IV) mit 3,3’-Diaminobenzidin bildet sich haupt-
sédchlich 5-(3,4-Diaminophenyl)-2,I,3-Benzoselenadiazol. Ein Nachteil ist je-
doch, daB das Produkt nur unter sorgfaltig eingehaltenen Versuchsbedingungen
entsteht, die Absorption nicht bei der empfohlenen Wellenldnge [1] ihr M axi-
mum zeigt, und die Verbindung wegen den anwesenden freien Aminogruppen
nur bei einem sorgféltig eingehaltenen pH-W ert extrahierbar ist. Sie verteilt
sich zwischen der wé&Rrigen und der organischen Phase ziemlich unginstig
und der Verteilungskoeffizient hdngt stark von der lonstdrke der walrigen
Phase ab. Schlieflich kénnen die beiden orfo-stdndigen Aminogruppen mit
seleniger S&ure weiter reagieren, das so entstehende Diselen-Derivat besitzt
vollig andere Eigenschaften als das Mono-Derivat [2].

Auf Grund dieser Tatsachen kann die obige Reaktion auch unter sorg-
faltig eingehaltenen Umstdnden nur fir eine anndhernde Bestimmung des
Selengehaltes von Reinsttellur dienen.

* Mitteilung XV: Acta Chim. Acad Sei. Hung. 48, 99—104 (1966).
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Unseren Erfahrungen nach kann der Selengehalt des Reinsttellurs mit
Hilfe von o-Phenylendiamin ohne die obigen Stdérungen direkt bestimmt
werden. Der Vorteil des Verfahrens liegt in seiner Einfachheit, Selektivitat
und in seiner relativen Unempfindlichkeit gegen Anderungen der Versuchs-
bedingungen.

Abb. 1. Anderung der Extinktion als Funktion der Wellenlange

a) = 0,500 g Tellur -f-0,5 g NaOH -_|-5 g Citronensaure je 25 ml L6sung; b) = wie oben -+
2,5 ml 1%ige o-Phenylendiamin-HCI-L6sung je 25 ml Loésung; c¢) = 05 g NaOH + 5 ¢
Citronensdure + 2,5 ml 1%ige o-Phenylendiamin-HCI-L6sung je 25 ml Ldsung

Die selenige Sé&ure liefert mit o-Phenylendiamin eindeutig das sehr stabile
2,1,3-Benzoselenadiazol [3]:

A I\ )
H,Se03 Se -j- 3H20
VI/MNT

Die Extinktion der Verbindung zeigt bei 335 nm ein Maximum, welches
fir analytische Zwecke gebraucht werden kann.

In dieser Arbeit wird ein Verfahren beschrieben, welches die Bestimmung
von Selenspuren in Reinsttellur bzw. Reinsttellurdioxyd bis zu einem Se-
Gehalt von 2 «10” 4%, mit einem Relativfehler von ca. 5%, ohne vorherige
Trennung ermdglicht.

Das Wesen des Verfahrens besteht darin, dall das Tellur in Salpetersdure
aufgeldst, die sich ausscheidende teilurige S&ure mit Citronensdure in einem
Komplex Ubergefihrtund nach Zugabe von o-Phenylendiamin in saurem Medium
— zweckmdRig bei pH = 1—2 — die Extinktion der Verbindung bei 335 nm
bestimmt wird. Eine Extraktion der Selenverbindung ist nicht nétig.

Unsere Untersuchungen zeigten, dafl die Ldsung bei 335 nm auch ohne
Reagens eine nicht zu vernachlassigende Extinktion zeigt, die genau zweimal
groBer ist, als die bei 395 nm gemessene Extinktion, wdahrend die Selen-
Verbindung des o-Phenylendiamins bei 395 nm nicht absorbiert (Abb. 1).
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Um nicht gegen einer kein Reagens enthaltenden Lésung photometrieren
zu mussen, scheint es daher einfacher zu sein, die Extinktion der das Reagens
bereits enthaltenden L&ésung sowohl bei 335 nm, als auch bei 395 nm zu
bestimmen und den zweifachen Wert der letzteren vom Wert der ersteren
abzuziehen. Nach unseren Untersuchungen ist die so verminderte Extinktion
bei Reinsttellur immer dem Selengehalt der Probe proportional (Abb. 2)

2
/ug/m/Se

Abb. 2. Kalibrationskurve
eX4,0 = Se jug/ml

Experimenteller Teil

Reagenzien:

Salpetersaure, 1 :1 verdinnt, halogenfrei;

Natronlauge, fest, p. a.;

Citronensaure, p. a.;

20%ige Salzsaure;

1%ige o-Phenylendiammoniumchlorid-Ldsung (einige Stunden lang verwendbar).

Selenstammldsung: Man I6st genau gewogenes elementares Selen p.a. in halogenfreier
Salpetersaure, dampft auf dem Wasserbad bis zur Trockene ein und verdinnt mit Wasser
so, daB die Losung 25 (jig Se) ml in Form von seleniger Saure enthalten soll.

Bestimmung in Reinsttellur: 0,5 g feinpulverisiertes Reinsttellur werden mit 35 ml
Salpetersaure 1 :1 in einem Becherglas Uibergossen. Die Probe I6st sich beim Erhitzen auf.
Man lai3t die Loésung am Wasserbad bis zur Trockene eindampfen und gibt zum trockenen Riick-
stand ungeféhr 0,5 g Natronlauge und 10 ml Wasser. Nach der vollstandigen Auflésung der
tellurigen Saure fiigt man 5 g Citronensaure hinzu, gieBt die Lésung in einen 25-ml-MeRkolben
und spilt das Becherglas zweimal mit je 3 ml Wasser nach. Der pH wird mit Salzsaure auf
1—2 eingestellt und zur Lésung werden 2,5 ml Reagensldsung zugegeben. Der Kolben wird
mit Wasser bis zur Marke aufgefiillt, geschittelt und nach einer Stunde wird die Extinktion
in Quarzkivetten (1 cm) bei 335 nm sowie bei 395 nm gemeRen.

Bestimmung in Tellurdioxyd: Zu 0,5 g feinpulverisierten Tellurdioxyd werden in einem
100-ml-Becherglas etwa 0,6—0,7 g Natronlauge und 10 ml Wasser gegeben. Die Probe l6st
sich vollstédndig auf, dann figt man 5 g Citronensaure hinzu und verfahrt weiter wie bei der
Bestimmung des Selengehaltes von Tellur.

Die Kalibrationskurve wird wie folgt aufgenommen: In mehreren 25-mi-MeRkolben
werden je 5 g Citronensaure in 15 ml Wasser gelost und aliquote Teile der Selenit-Stamm-
lI6sung entsprechend 5,0—75,0 /ig Se, werden in die Kolben pipettiert. Der pH wird mit Salz-
saure auf 1—2 eingestellt. Man gibt in jeden Kolben 2,5 ml Reagenslésung und verfahrt
im weiteren wie oben.

1* Acta Chim. Acad. Sei. Hung. 62, 1969.
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Die Kalibrationskurve ist sehr einfach und gut reproduzierbar (Abb. 2)
und mufl nicht in jedem Fall neu aufgenommen werden: um den Selengehalt
der Praflosung in [ig/ml erhalten zu kénnen, kann der korrigierte Extinktions-
wert einfach mit 4,0 multipliziert werden.

Die Resultate sind in Tabellen zusammengefallt. Aus diesen geht hervor,

Tabelle 1

Prifung der Empfindlichkeit der Methode nach vorheriger Zugabe von bekannten Selenmengen

b fund | hal Selﬁngebhalt
Ei Z G S t Al i
I‘Pg\lllal? rg ¢ gegline eséilgnen der eT(-ferlllgijerpérlobe der;aCSe-Geﬁ:I%es Differenz
g g g Mg des Tellurs vs
Vs
0,500 25 71 455 25,5 0,5
0,500 40 84 45,5 38,5 —15
0,500 50 93,5 45,5 48,0 —2,0
Tabelle 11
Selengehalt einiger Proben
Einwaage Gefunden Se Gefunden Se Mittelwert
Probe g vs 10-- % 10-* %
Tellur 1. 0,500 26,5 53
0,500 26,5 53
0,500 26,0 52
0,500 24,0 48 51
0,200 10,5 53
0,300 16,0 53
0,700 34,0 49
Tellur 11. 0,500 41,0 82 81
0,500 40,5 81
Tellur 111 0,500 16,0 2 33
0,500 17,5 35
Tellurdioxyd 0,500 11,4 23
0,500 14,5 29
0,200 6,0 30 28
0,200 5,7 29
0,200 6,0 30
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daB mit der Methode am gilinstigsten ein Se-Gehalt der GréRBenordnung von
10-3% zubestimmen ist. Da die sonstigen Verunreinigungen des Reinsttellurs
bzw. Reinsttellurdioxyds héchstens in 10-3% anwesend sind, braucht mit
Storeffekten nicht gerechnet werden. Bei Tellurproben technischer Reinheit
ist es aber zweckméRig, dhnlich wie bei der Bestimmung des Selengehaltes
von Schwefel, Schwefelverbindungen und sulfidischen Erzen, das Selen vom
Tellur durch Destillation zu trennen [4].

1. Veale,
2. Barcza,
3. Barcza,
4. Barcza,
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THE USE OF COMPLEX FORMING AGENTS
IN ION EXCHANGE CHROMATOGRAPHY, Il

ADSORPTION OF METAL AMMINE COMPLEXES ON CATION EXCHANGE RESIN

J. Inczédy

(Institute for General and Analytical Chemistry, Technical University, Budapest)

Received November 4, 1968

The adsorption of nickel(Il), cobalt(l1), copper(ll), cadmium(ll) and zinc(Il) ion8
on cation exchange resin from ammonium chloride solutions containing various amounts
of free ammonia was investigated. It was found that the tetrammine and in most
cases the hexammine complex ions exhibit particular high adsorption strength. The
approximate values of the ion exchange constants of the complex species were also
calculated.

In connection with the planning of chromatographic separation of
bivalent metal ions [1] the knowledge of data concerning the adsorption
strengths of some metal ammine complexes was necessary.

In order to obtain quantitative data on the extent of adsorption of
various ammine complexes static, batch experiments were carried out to
determine the distribution coefficients of the bivalent complex forming me-
tal ions: nickel(Il), cobalt(ll), zinc(ll), cadmium(ll) and copper(ll) from
ammonium chloride solution containing ammonia in varying concentra-
tions.

To get more information on the form of the adsorbed nickel(ll) complex
species, cation exchange resin samples of known amount and capacity were
loaded completely with nickel(Il) ions or with nickel(ll) complexes, using
nickel(ll) chloride solution without or with ammonia in different concen-
trations.

The saturated resin samples were separated quickly from the liquid
phase by suction and analysed for nickel(ll), ammonia and water. On the
basis of the data obtained the number of moles of ammonia and water per
adsorbed mole nickel(ll) ions were calculated. It was found — in agreement
with the results of Stokes and Walton [2] — that the calculated average
ligand number (bound ammonia per mole metal ion) belonging to the ammonia
concentration of the liquids used was very close to that found experimentally
in the resin phase. Thus, the compositions of the adsorbed complexes corre-
sponded to those calculated on the basis of ligand concentration and complex
product data in solution.

In the calculation of average ligand number at given ammonia concentra-
tion, the complex stability constants determined by Bjerrum [3] were used.
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For the purpose of comparing the composition of the resin containing
nickel(ll) liexammine complex ion to that containing nickel(ll)hexaquo
complex, some data are given in Table I. The nickel(ll) form resin took up

Table |

Results of the analysis of Ni-form and N If-form resin samples swollen in water and in cc.
ammonia solution

Ni2+ |
Resin sample
I
mequ. 1 equ” Tesin mi
0.5 g air dry resin loaded with
Ni2+ ions, swollen in water
(green) 2.08 30.4 14.6 1.17
0.5 g air dry resin loaded with
Ni-hexammine ions in pre-
sence of cc. NHj, swollen
in cc. NH.,-solution
(violette) 2.08 6.4 21.0 3.1 10.0 1.04
0.5 g air dry NH4form resin,
swollen in water 2.08 — 28.0 — 13.5 111
0.5 g air dry NH4-form resin,
swollen in cc. ammonia sol. 2.08 2.1 25.6 1.0 12.3 1.09

ammonia from the ammonia solution to form hexammine complex ions.
The difference between the uptake of ammonia of the ammonium form and
nickel(Il) form resins of one equivalent has been found about 2 mole/equ.
resin. The sum of the adsorbed water and ammonia molecules in the resin
containing hexammine complex ions is less than the number of water mole-
cules in the hydrated nickel(ll) form resin. Significant contraction of the
column volume of the nickel(ll) form resin in cc. ammonia was observed.
For comparison, the column volume data of 0.5 g air dry ammonium form
resin sample was also determined in water and cc. ammonia and found as
1.11 and 1.09 ml respectively.

The distribution measurements were carried out with different metal
ions under the same conditions. From the experimental volume distribution
coefficients diagrams were constructed, as can be seen in Figs 1—5. Since it
has been shown by preliminary experiments that the average composition
ofthe adsorbed complexes corresponded to that in the solution at given ammonia
concentration, the mole fractions ® of the complex species having four and
six ligands were calculated using the complex product data. The calculated
mole fraction curves are also given in the diagrams. According to the
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Fig. 1. Distribution coefficient b of nickel(ll)ions on Dowex 50X8 cation exchange resin

from 0.2 m NHA4CL solution as a function of the logarithm of the free ammonia concentration

(full line). With broken lines the calculated mole fractions (®) of the four- and six coordina-
ted complex species are presented

logENH3J

Fig. 2. Distribution coefficient (D) of cobalt(ll) ions on cation exchange resin from 0.2 M
NHA4CL solution as a function of the logarithm of the ammonia concentration (full line). The
mole fractions of the four and six coordinated species are presented with broken lines

log [NHj]

Fig. 3. Distribution coefficient (D) of copper(ll) ions on Dowex 50X8 cation exchange resin
from 0,2 M NHA4CL solution as a function of the logarithm of the ammonia concentration (full
line). With broken line the mole fraction (®) of the complex species is presented

Acta Chim. Acad. Sei. Hung. 62, 1969



134 INCZEDY: ION EXCHANGE CHROMATOGRAPHY, Il

obtained curves, it is clear that in the case of cobalt(ll), copper(ll), zinc(ll),
cadmium(ll) and also of nickel(ll) ions the tetrammine complexes exhibit
much stronger adsorption, than the free, aquocomplexed metal ions. The
maxima of the D curves coincide as first approximation with the maxima
of the ®4curves, but a shift or rather a hysteresis can be observed in all cases.
It must be assumed that the equilibrium composition in the solution and in

logLNHj]

Fig. 4. Distribution coefficients (D) of cadmium(Il) ions on Dowex 50X8 cation exchange

resin from 0.2 M NH4Cl solution as a function of the logarithm of the free ammonia concentra-

tion (full line). With broken lines the calculated mole fractions (®) of the complex species
are presented

Fig. 5. Distribution coefficients (D) of zinc(ll) ions on Dowex 50X8 cation exchange resin
from 0.2 M NHA4ClL solution as a function of the logarithm of the free ammonia concentration
(full line). With broken lines the calculated mole fractions of the complex species are presented

the resin phase is not quite the same. In the case of copper, zinc and nickel
ions also the rapid increase of the distribution coefficients at high ammonia
concentrations could be observed. This phenomenon can be attributed to
the formation of hexammine complex. Thus the adsorption of octahedral
hexammine complex ions on the ion exchange resin is extremely strong.

In the work of Bjerrum there are no data on the hexammine complex
formation of copper(ll) and zinc(ll) ions in aqueous ammonia solutions, and
therefore the curves of ®B are omitted in Fig. 3 and 5, however, the formation
of the six coordinated species in the resin phase also in these cases seemed
to be very probable.
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In order to obtain quantitative data for the extent of adsorption of the
complex ions some approximate calculations were made. To obtain the ion
exchange constants of the particular species, i.e. of thetetrammine and hexam-
mine complexes, two methods of calculation were used.

In the first one it was assumed that all the species except the hexammine
or tetrammine complexes are adsorbed on the resin to nearly the same extent.
Considering the calculated composition of the metal complexes at given
ammonia concentrations and the overall distribution coefficient measured,
the partition coefficients of the individual species could be calculated.

The second method is based on the basic equation of the distribution
coefficient

D (M) + (M(NH3) + (M(NH32 + ...+ (M(NH3),)
CM

where Mstands for the complex forming bivalent metal ion. The round brackets
mean the concentrations in the resin phase. Considering the individual parti-
tion coefficients of the species

M] ° [M(NH3),]

and the complex product expressions:

[M(NH3)i] = [M] [NHZ/?,

Eq. (1) can be transformed. Square brackets mean the concentrations in the
liquid phase, d is the partition coefficient, and 8 the complex product.
Assuming that within a range of ligand concentration the formation of
some complex species (e.g. hexammine) can be neglected, and the partition
coefficients of the other ones except one (e.g.that of tetrammine) are equal,
thus d0= d4= d2— d3— d. the following simplified equation can be written:

1=3
1+ A'[NH 39, + [NH3J=/35 + d4[NH3]4

5
1+ [N H 3] Bi

o 4y + d4NH3M

The last equation can be linearised in the following logarithmic form:

log (Da - dX') = log (d4Bj + 4log [NH3] 3)
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On the basis of experimental D data, and ligand concentration data
the log (Doc — doc) term has been calculated using constants taken from the
literature and plotted against the logarithm of the ammonia concentration.
From the intersect of the obtained line the value of d4 was calculated. Such
diagrams can be seen in Figs 6 and 7. From the obtained partition coefficient

logCNHjl

Fig. 6. Graphical evaluation of the partition coefficient of cobalt(ll) tetrammine complex ion

Fig. 7. Graphical evaluation of the partition coefficient of copper(ll) tetrammine complex ion

values the approximate ion exchange constants of the species were calculated
and tabulated in Table Il. For the calculation of the constants the following

equation was used:
[NH4y

= d )

(nhi
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Table 11

Calculated volume ion exchange contants of some bivalent metal ions and metal ammine
complex ions reffering to the ammonium ion

d Kx
Partition coefficient Volume ion
in 0.2 M NH4L sol. exchange constant

Ni2+ 160 2.0
Ni(NH?3)2+ 900 111
Ni(NH )i+ 1050 13.4
Co2+ 95 1.2
Co(NH3)t+ 870 10.7
Cu2+ 130 1.6
Cu(NH3)2+ 700 8.7
Cd2+ 60 0.74
Cd(NH3 |+ 636 7.8
Cd(NH3)2+ (1400) a7)
Zn2+ 140 1.7
Zn(NH?3)js+ 610 7.5

The ammonium ion concentration in the liquid phase was 0.2 M in each experi-
ment except one series, which was carried out with 1 M ammonium chloride
solution. The concentration of ammonium ions in the resin phase was calculated
by subtracting the adsorbed metal equivalents from the volume capacity
of the resin.

In the case of the nickel(ll) ions the distribution coefficient of the free,
aquocomplexed metal ion was also measured in the presence of different
amounts of ammonium nitrate and ammonium perchlorate concentration.
The data obtained are presented in a logarithmic diagram in Fig. 8. On the
basis of distribution measurements in solutions containing 0.2 and 1 M ammo-
nium ion and 12 M of free ammonia, the partition coefficient of the hexammine
species was also registrated in the same diagram. As can be seen the obtained
lines having a slope nearly —2, slightly deviate from the ideal ones.

Experimental

Reagents. In all experiments reagent grade chemicals and deionized water were used.

Metal salt stock solutions of 0.05 M concentration were prepared from cryst. NiCI2
*6 H20; CoS04m7 H20; CuSO4m5 H2D; ZnS04+7 H2D; Cd(N03)2+4 H20 resp. by weighing,
dissolution, and dilution to the required volume. The concentrations of the solutions were
controlled by chelatometric titrations.

Ammonia solution (a.g.) of 0.910 spec, gravity was used.
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Ammonium chloride, ammonium nitrate solutions were prepared from the salts and
standardized by titration. Ammonium perchlorate stock solution was prepared from perchloric
acid solution by neutralization with ammonia to pH 5 and diluted to required volume.

lon exchange resin. Dowex 50X8 resin of 50— 100 mesh was treated with acid and
alkali solutions according to prescription [4] and loaded with ammonium ions using 1 M
ammonium chloride solution, washed out and dried in air, finally, stored in glass stoppered
bottle. The capacity of the air-dried ammonium form resin, its volume in column was deter-
mined and found as follows: 0.5 g air-dry resin ~2.08 mequ ~1.11 ml

Instruments. For pH measurements Universal pH meter (Type OP 204, Radelkisz,
Hungary); for polarographic measurements Polarograph PO 4 (Radiometer, Denmark) for
photometric measurements Spekol (Zeiss, Jena, GDR) were used.

Determination of the ammonia, water and metal ion content of nickel(11)-form resin
samples. 0.5 g of air-dry resin samples were weighed and transferred into glass ion exchange
columns of small size. Nickel(lIl) chloride stock solution without ammonia, or containing

Fig. 8. Logarithmic diagram of the distribution coefficient of nickel(ll) ions as a function
of the ammonium salt concentration in the absence of free ammonia (1) and in presence of
12 M ammonia (Il)

ammonia in known concentration, was poured on the resin column in high excess until complete
saturation. The excess of nickel(ll) ions or complexes was washed out from the resin samples
with water or with ammonia solution of the same concentration as used before.

After short suction the resin samples were analysed for nickel(ll), water and ammonia.
The determination of nickel(ll) ions was carried out by chelatometric titration using murexide
as indicator in ammoniacal solution at pH 10 after complete elution of nickel ions from the
resin sample with 2 M hydrochloric acid solution. The nickel(Il) ion content of the resin
samples in milliequivalents per gram resin was found to be always about the same, corre-
sponding to the capacity of the resin determined by the usual salt splitting method [4]. The
deviations were within the error of the determinations. For determining the ammonia content
of the resin sample, it was added to 20 ml of 1 M standard hydrochloric acid solution and
titrated with 1 M sodium hydroxide standard solution in the presence of methyl orange
indicator. The ammonia content was calculated from the difference of the consumed volumes
of standard solution. The water content of the resin samples was determined from ca 0.2 g
portions of the samples by the Karl Fischer titration method using dead stop end point detection.

Determination of the column volume of the swollen resins of differentforms. 0.5 g of air
dry ammonium form resin was weighed and swollen in water, transferred to the required form
and with the proper liquid poured in a calibrated glass cylinder of 5 mm diameter, containing
glass filter disc at the bottom and a connection with rubber tube to a niveau device. After
the resin was settled in the glass cylinder the liquid was sucked gently with hydrostatic
pressure and the volume of the resin bed red off. By raising the niveau device the resin was
washed back and the measurement repeated again. The measurements were carried out with
NH4-form, Ni-form resin samples using water and cc. ammonia, as liquids.
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Determination of the distribution coefficients of the metal ions, at different ammonia
concentrations. 0.5 g of air-dry ammonium form resin sample were weighed into glass stoppered
200 ml flasks and 50 ml of the solution of different composition. The initial concentration of
the metal ion was always 2 m10“ 3 M; that of the ammonium salt: 0.2 M (except one series);
while the concentration of free ammonia was different.

The resin samples were shaken with solution periodically in the flasks and stored for
24 hours. In the case of the experiments carried out with cobalt(H) ions the time was reduced
to 3 hours, and a more vigorous shaking was used to avoid the oxidation of the bivalent metal
ions by air. After equilibration, known portions of the liquid phase were analysed for metal
ion and ammonia. The latter was determined by pH measurement and also by acidimetric
titration at higher concentrations. From the obtained data, the volume distribution coeffi-
cients of the metal ion were calculated, using also the capacity and column volume data of
the resin sample (see above).

Determination of the distribution coefficient of nickel(ll) ions at different ammonium
ion concentrations. 0.5 g of air-dry resin samples in ammonium form were weighed in glass
stoppered flasks and equilibrated as before with solution containing 2 ¢ 10“ 3 M nickel(ll)
ion and ammonium nitrate, chloride or perchlorate in different concentrations. After equilibra-
tion the concentration of nickel(ll) ions was determined in a portion of the liquid phase. The
volume distribution coefficients were then calculated.

Determination of nickel(ll)-, cobalt(ll)-, copper(ll)-, sinc(ll)- and cadmium(ll)
ions. For the determination of nickel(ll) ions a photometric method using dimethylglyoxime
(DMG) as reagent and bromine water as oxidant was used. The measurements were carried
out at 530 nm [4]. The concentration of the cobalt(ll) ions was determined also by photo-
metric method based on the thiocyanate complex formation in acidic solutions using tin(I1)
chloride and ammonium thiocyanate solutions as reagents. The optical density of the solution
containing 50 vol% acetone was measured at 625 nm [5]. Calibration graphs were prepared
and used for the determination of the concentrations of metal ions from the optical density data.

Copper(ll)-, zinc(I1)- and cadmium(ll)-ions were determined by polarographic method
using ammoniacal ammonium chloride solution as supporting electrolyte. For the evaluation
of the obtained polarograms calibration graphs were used.

Results and discussion

On the basis of the experimental results and calculated data the follow-
ing conclusions can be drawn.

The metal ammine complex equilibria in the resin phase are almost
the same as in solution, only a small shift between the complex formation in
the two phases can be observed.

The complex species having a higher geometric symmetry, or rather
having a closed structure, surrounded with ammonia molecules exhibit excep-
tionally strong adsorption. The phenomenon can be explained by assuming
that the ions with closed ammonia spheres do not bind water molecules so
strongly in the outer sphere, as the aquocomplex ions.

This assumption is supported also by the unusually large difference ob-
served at the column volumes of the nickel(ll)-form resin in water and in
cC. ammonia.

Thus the size of the hexammine nickel(ll) ion is almost the same as that
of the hexaquo nickel(Il) ion, however, the solvation ability of the latter is
greater. Correspondingly, ifthe inner sphere ofthe complex ion is not completely
filled with ammonia molecules, there are water molecules also present, the
screening being not complete and further hydration is facilitated.
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Except the case of cobalt(ll) complexes, the highest adsorption strength
exhibit the saturated six ligands containing complex species. One must assume
that also in the case of copper(ll) and zinc(ll) ions there are also hexammine
complexes bound to the resin.

The adsorption strengths of the four coordinated species are somewhat
lower than those of the six coordinated ones, and the values of the ion exchange
constants are very near to each other. However, a decrease in the K£ values
from nickel(Il) to zinc(ll) can be observed (Table I1).

According to theoretical considerations the four coordinated complexes
of nickel(ll), cobalt(ll), copper(ll) ions are planar, and those of the zinc(ll)
and cadmium(Il) ions tetrahedral; however, in solutions the species cannot
be assumed as rigid complex ions, and a similar symmetrical arrangement
of all the complexes having four ammonia as ligands must be suggested.

It has to be remarked that the calculated K* values in Table II, are
only approximate, since the adsorption strength of all species except the
four and six coordinated ones was assumed to be the same.

According to the experimental results summarized in Fig 8. one can
state that the slope of the curve Il corresponding to the theoretical case is
very near to —2. However, in the case of the equilibrium between non-
complexed nickel(ll) and ammonium ions a deviation from the theoretical can
be observed. The adsorption of the nickel(ll) ions seems to be greater than
that calculated if the concentration of the ammonium ions is high. For giving
an explanation of this phenomenon it must be assumed, that appreciable
complexation and also change of the position of equilibrium occurs in ammo-
nium nitrate solutions, if the concentration is increasing, however, the pH
is ca 5.
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The quantity of electrolyte in the membrane-phase of ion exchange membranes
is composed of two parts: the fixed ions and their counter-ion partners form the un-
changed ion quantity, and the co-ions diffusing from the external solution with the
corresponding quantity of counter-ions represent the varying concentration term.
Under the conditions of electrodialysis the motion-controlling potential comes from
a driving and an inhibiting component where the driving components are both the
external field strength and the diffusion potential, the inhibiting component is on the
other hand the ion-exchange membrane potential determined by the ions of the mem-
brane phase, with other words the internal activity of the membrane. These factors
are correlated, though not linear.

lon exchange membranes are generally not sufficiently described by
the data published in the literature [1, 2] either in technological reports or
in manufacturers’ pamphlets. The data usually refer to optimum conditions [3]
which are not valid for electrodialysis and thus their use is restricted to
comparisons.

We have therefore attempted to construct a model [4] to describe the
electrochemical phenomena by accounting for charge migration primarily
by physical and physico-chemical methods to allow the study of the physical
[5, 6, 7] and engineering [8, 9] parameters of the electrodialysis process.

The potential conditions on the anion exchange membrane during dialy-
sis are shown by Fig. 1. The internal energy of the system is plotted on the
vertical axis: this internal energy is determined by the ion activity of the
solutions and of the membrane, respectively. The horizontal axis shows the
position of the ion. The energy conditions are further influenced by the external
field (F=tga).

According to the theory of p-type conduction the ions are situated in
the potential wells of the solvent and an energy equal to the height of the
potential well is necessary to bring about their displacement. The external
field distorts the shape of the potential well and from the aspect of ion dis-
placement the direction of the field intensity is a preferred orientation.

If on the two sides of the membrane the solution activities are identical
(oc= ad) then the membrane potential will be the same on both sides. If,
however, there is a difference between the potentials of the diluting and con-

2 Acta Chim. Acad. Sei. Hung. 62, 1969



142 SIPOS et al.: ION EXCHANGE MEMBRANES, XI

centrating solutions (ac ad) then the potential well will have adistorted
energy value, the potential well will appear for the co-ion in point “C” lower
by a value of

UN = oo In — 0

than the membrane potential. Fig. 1 is valid for the case ad <" ac; if ad> ac
then UN has to be accounted for with an opposite sign.

We have left the polarization phenomena on the ion exchange membrane
surface out of consideration, starting from the assumption that on the one
hand these are concentrated to a thin interfacial layer, while on the other
hand they are similar, though ofopposite sign on the two sides ofthe membrane,
provided the difference between the concentrations of the two solutions is
not too great. (In practical operations no extreme conditions are applied.)
Under these conditions the effect of the two interfacial layers will equalize
each other during electrodialysis.

The same is true for cation exchange membrane, but obviously with
opposite charges.
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The rate of ion mobility in electrolyte solutions in the vicinity of the
membrane may be formulated by the p-type conductance theory (2) for the
counter-ion in point “J3” which in the case of anion exchange membrane
has a negative charge

0 — | ES\ Ed
vV _ — e kT eV kT + 2kT) e 2KT
27~ \
and for the positive co-ion point “C”
— JL ( (_Eb®. un\ _ Ea
y = e “kT LI. kT + 2kT + kT ) __e 2T (3)
216 (

The forces acting on the counter-ion are: the height “ LT” of the poten-
tial well which inhibits and the ion exchange membrane potential Um which
promoted together with the external field strength the mobility of the counter-
ion. In the case of the co-ion U and Uminhibit and E promotes ion migration,
as reflected by the signs in the exponents.

The quotient of the potential well width, &§ and of the residence time
of the ion in the well r0, that is the average velocity of the ions, is proportional
to the absolute mobility of the ions:

— =A*E. )

Current efficiency

There are several correlations between electrodialysis and membrane
parameters. The relationship between the permselectivity of the membranes
bordering the cell and the current efficiency of the cell is given byEq. (5).

V= lapc+ hPa (5)

In electrodialysis the current efficiency of the cell is equal to the quotient
of the difference and sum of the charges transported by the positive and
negative ions through the membrane in unit time
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There is an unequivocal correlation between current intensity and ion
velocities:
i+ = z+e+n+V + (v
i_—z_e n V_
The number of mobile ions in unit volume (n) is directly proportional to
the concentration, thus
i+ = ccV+

i~= cdY-

Substitution of these values into Eq. (6) leads to

a_rI cdy -
ceV+
+ O
1 V-
ccV+

and substitution ofthe values of V+and V_ from Eqs (1), (2), and (3) into Eq. (9)
leads after simplification to

/ urn Ed \ Ed
O kT + 2kT) e ~2kT
cd f*- -
1
/' um Ed un\ Ed
eV kT + 2kT + kT ) __e 2kT
V— (Um EI5\ EI5 (10
eVkT + 2kT) _ e 2T
cdi1-
/' um Ed un\ Ed \
Ce fi + el- kT + 2kT + kT ) __ g 2kT |

Substituting the value of 17jvfrom Eq. (1) into Eq. (10) after rearrangement and
simplification the following relationship is obtained for the value of current

efficiency:

— fia. (n)
I+ *=fie-TF 14

m+ & ekT
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Thus the current efficiency of ion exchange membrane electrodialysis depends
on the ion exchange membrane potential, on the activities of the external
solutions and on the mobility of the two ion types. Efficiency will increase
with increasing membrane potential, but will either increase or decrease with
changes in the ratio of external solution activity, that is will increase when
the diluting solution (ad > ac), and decrease when the concentrating solution
is the more concentrated (ac > aa). This is in agreement with the experimental
results.

The ion exchange membrane potential is manifest only in its permselec-
tive effect, but cannot be measured directly.

For the description of the ion exchange membrane potential the Nernst
equation may be used:

RTe . a
m In
Fz ad + ac
2

where a refers to the inside of the membrane and is per definitionem the
activity required for the description of the quantitative conditions.

After substituting the ion exchange membrane potential Um to Egq.
(11) the internal activity of the membrane a can be calculated:

1+ U+ ae(l - v _Lb I /r+°c(1-v)}2__acw+{1l—n)
ac 4~ ad p_ odl + 1) 4 ( p_cd(\+rj))  adkd_(I -j-r)
(13)

Thus the internal activity of the membrane depends on the external
solution activities, on the ion mobilities and the current efficiency of electro-
dialysis and can be determined from these data.*

Experimental results

The experiments were carried out with a nine-cell ion exchange membrane
cell sequence (Fig. 2.).

Fig. 3 shows the correlations calculated from the data of potassium
chloride electrodialysis. Current efficiency was measured during electrodia-
lysis with various diluting and concentrating solutions. Internal activity
was calculated from the correlations derived above and were plotted vs. the
average of external activities. If the diluting and the concentrating solutions
had the same activity, then internal activity vs. external one gave the middle

*Experiments concerning the average value nature of um are in progress.
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Fig. 3. Internal activity (a) vs. the activity of the external solution in case of KCl solution

curve (fully drawn). On the curve below it are the measuring points for the
case when the concentration of the diluting solution is lower than that of the
concentrating solution, while on the upper curve are the experimentally deter-
mined points for the case when the concentration of the diluting solution is
higher than that of the concentrating solution.
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It appears from the curves that with increasing external activities the
internal activity will also increase, that it will approach a limit value charac-
teristic ofthe membrane. For the investigated membranes in potassium chloride
solutions this limit value isa — 5~ 0.4. The points represent values calculated
from the average concentration changes during a 2-hour electrodialysis
process, therefore the middle curve has a somewhat lower position due to the

30  —
/
’s /1
11
/
2 e
aKOH r /
*NaOH / /HCL
io 15 /
/
/ /
1 1
10 *IA
— e h laCl

« . *q

2
Qd+Qc
Fig. 4. Internal activity (a) vs. the activity of the external solution in case of various electrolytes

dilution of the diluting solution and the concentration of the concentrating
solution in the course of the experiment compared to the initial ac= aa
condition.

Electrodialyses were performed with other electrolytes too, the results
are summarized in Fig. 4.

In the case of salt solutions the curve approaches the above discussed
limit value which changes with the ratio of ion mobilities. This latter phenom -
enon may be explained by the influence of the diffusion potentials, arising
from the different mobilities of the ions, on the ion exchange membrane
potential.

A different behaviour was observed in the range under investigation in
the case of hydroxyl and hydrogen ions. With increasing external concentra-
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tion the internal activity describes a monotonously rising curve which may he
explained by the superimposition of several phenomena.

The first phenomenon to be mentioned in this respect is the very high
mobilities of the H + and OH- ions which because of their high transference
number are manifest in the current efficiency. On the other hand, the selec-
tivity of ion exchange membranes excludes these ions to a small degree, so
that the internal ion composition of the membranes is significantly shifted in
favour of the H+ and OH- ions, respectively.

Last but not least the fact should also be mentioned that the measuring
results are based on the resultant permselectivity of cation exchange and
anion exchange membrane pairs (complete electrodialysis cell).

Thus the resulting efficiency is the average of a very high permselectivity
(e.g. sodium hydroxide on anion exchange membrane) and of a very low
permselectivity (the same on cation exchange membrane).

Presumably, the acidic and alkaline cells cannot be considered a straight-
forward Donnan system.

Conclusions

Summing up the aforesaid it appears that the quantity of electrolyte in
the membrane phase is composed oftwo parts: the fixed ions and their counter-
ion partners form the unchanged ion quantity, and the co-ions diffusing from
the external solution with the corresponding quantity of counter-ions repre-
sent the varying concentration term. The latter quantity depends on the
external electrolyte concentration not only because of the diffusing electrolyte
quantity, but under the conditions of electrodialysis also because of the change
of the interfacial ion layer.

The concept of internal activity is necessary for the description of the
membrane phase as a solution in which the motion of the ions can be evaluated
from the known correlations.

The electrodialysing cell may be further approximated by a solution
pair divided by a third electrolyte space with given ion concentration and
bordered in first approximation by a mathematical plane. This internal space
has Donnéan nature in so far that one ion type is fixed (unable to leave its
position) while it has freely moving counter-ions. This is accompanied by a
complementary ion quantity depending on the external solution. Diffusion
conditions are controlled by the ion layer on the interface (here again concen-
trated to a mathematic plane) through which the ions have to penetrate
during their motion.

Thus the motion controlling potential comes from a driving and an
inhibiting component where the driving components are both the external
field strength and the diffusion potential, the inhibiting component is, on the
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other hand, the ion exchange membrane potential. Though these factors are
correlated, the correlation is not linear because of the effect of the internal
fixed-ion quantity. It was attempted to bring into accord this physical picture
with the relationship between the measurable conditions and the known
solution laws.

Symbols
a internal activity of the ion exchange membrane
ac activity of the concentrating solution
da activity of the diluting solution
cc concentration of the concentrating solution
cd concentration of the diluting solution
e unit charge (4.8XH- 10 e.u.)
E external field strength (Y)
F Faraday number
i+ current fraction transported by the positivelycharged ions
i- current fraction transported by the negativelycharged ions
K Boltzmann constant
n number of mobile ions per unit volume
Pc permselectivity of the cation exchange membrane
Pa permselectivity of the anion exchange membrane
q cross-section
R universal gas constant
ta transport number of the anion
tc transport number of the cation
T absolute temperature
u activation energy (eV); height of the potential well
uUm ion exchange membrane potential (eV)
uar concentration potential difference due to the different concentrations of the solu-
tions on the two sides of the membrane (eV)
F+ average velocity of cations
F_ average velocity of anions
z valency of the ions
6 width of the potential well
€0 residence time in the potential well
anion mobility
1153 cation mobility
rj current efficiency
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Using liquid anion exchanger Amberlite LA-2, the formation constants of nega-
tively charged chloro-complexes of zinc were determined. For the treatment of experi-
mental data a new graphic method was developed. The constants Ig K 8= —0.30 and
lg Kt = —0.07 seem to he reliable though the comparison with literature data is
rather difficult as the values published previously show a large scattering.

Introduction

lon exchange technique has found wide-spread application in the study
of complex formation between a charged central ion and a ligand of opposite
charge. However, these investigations were directed first of all to cationic
and neutral species, using cation exchangers.

In superficial appearance, the study of negatively charged complexes
may be performed likewise with the aid of anion exchangers. Nevertheless,
this procedure encounters serious difficulties which can be summarized as
follows:

(a) Beside anionic complexes both the ligand and the anions present are
bound in the resin (or organic) phase;

(b) Since no constant ionic strength can be set, the activity coefficients
in the aqueous phase vary with the ligand concentration;

(c) When applying high ligand concentration in order to promote the
formation of anionic complexes the so called “electrolyte invasion effect”
may disturb distribution measurements, at least when resin-type exchanger
is used;

(d) The activity coefficient in the exchanger cannot be considered
constant, unless the concentration of the central ion is maintained extremely
low and the ion exchanger is presaturated with the ligand.

These discrepancies may be eliminated if liquid anion exchangers presat-
urated with the corresponding ligand are used, the activity coefficient in
the aqueous phase can be taken into account and radioactive tracer technique
enabling the measurement of the central ion also in micro-concentrations
is applied.
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Fronaeus [1] and Marcus [2] were the first who attempted the calcu-
lation of stability constants based on distribution measurements, using ion
exchange technique. Because of the difficulties raised by the resin-type
exchanger, their treatment of experimental data is rather cumbersome and
not relieved of inaccurate approximations.

Atrtlen, and later on several authors [3—6] succeeded in using liquid
anion exchangers for the investigation of complex species. This experimental
technique has proved to be reliable but the calculation methods are still not
definitively developed.

In this paper a graphic way of determining the stability constants of
zinc-chlorocomplexes is presented, appearing to be simple and of considerable
precision.

Theoretical

Let us take a divalent metal ion with a maximum coordination number
N = 4 into consideration. The anionic complexes formed with a monodentate
ligand will react with the ion exchanger presaturated with the corresponding
ligand according to Eqgs (1) and (2):

WML3] + O[RL] = O[RML3] + J L] (1)
IJM L 4]+ 20[RL] = O[R2ML4] + 2WL] )

The corresponding equilibrium constants for the exchange reactions
mav be written as

O[RML3]J L]
JM L 3] O[RL] ®
O[R2M Lt] JjLf @

M L4]0[BLf

In the region of ligand concentration where the existence of the cationic
species [M2+] and [ML +] may be neglected, the distribution ratio referring
to the partition of the central ion between the organic and aqueous phases
can be defined as

D = O[i*ML] + w[R2M Li]
wML2] + WML3]+ JM L 4]

Introducing the notations
K*ex

K 3exo[RL] (6)
and
K I'x

K itXO[R L f @
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and the corresponding complex formation constants

— vML3

8
3 KML2JL] =
and
K = N{M £ 4] (9)
1 JML3JL]
Eq. (5) can be rearranged to yield
I = 1 JL] K4JL]2 (10)
d K*exK 3+ K*exK X 4 K*eX + K*exK, K*ex + iqexK4

From Eq. (10) it is obvious that, in the region of ligand concentration
at which the presence of species [ML4] may be neglected, a plot of 1/D vs.
ligand activity {L} (ligand concentration corrected with the activity coeffi-
cient) yields a straight line; the ratio of the slope s and intercept i of the
linear section gives the value of K3

Consequently, at higher ligand activities where the presence of [ML4]
is also to be taken into account, by plotting

vs. {L}

also a linear correlation is arrived at; the ratio of the slope s' and intercept
i' of this straight line yields Kv

Experimental

The static equilibrium measurements were carried out at 25 °C.

The determination of the distribution ratio was performed by radiometric assay of
the zinc concentration in both phases. 66Zn tracer of high specific activity enabled to keep the
concentration of zinc at 5X 10“6 M.

Amberlite LA-2 (molecular weight 374) diluted with toluene to 0.1 F concentration
in the chloride form was used as liquid anion exchanger.

Chloride concentration was varied by using aliquots of 6 M sodium chloride solution.
All the solutions were acidified to attain pH = 1.7 in the aqueous phase at equilibrium.

Results and discussion

The results of equilibrium measurements are summarized in Table I.

In the course of calculating ligand activities the activity coefficients were obtained
from literature data [7].

Starting out from the experimental data Figs 1 and 2 were constructed, yielding the
values K.s= 0.50 and ft, = 0.86. The formation constants are compared with literature data
in Table I1.
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Table 1

Distribution ratio as afunction of ligand activity in the zinc chloride system

[Zn] = 5x 10-8M [LA-2] = 0.1 F pH ~ 1.70

{cl-} 1/D {cl} 1D
0.501 1.408 2.751 0.443
0.660 0.902 2.847 0.439
0.827 0.633 2.970 0.472
1.258 0.445 3.081 0.452
1.720 0.382 3.350 0.477
1.899 0.365 3.475 0.491
2.100 0.386 3.610 0.542
2.198 0.380 3.759 0.553
2.410 0.401 3.900 0.591
2.507 0.409 4.202 0.642
2.628 0.430 4.498 0.706

Fig. 1. 1/D as a function of ligand activity for the system zinc chloride
[Zn] = 5X 10_6Af, [LA-2] = 0.1 F, pH e* 1.70

The considerable deviations may be due to the fact that measurements of weak complexes
at high ionic strengths meet difficulties in ensuring reproducible experimental conditions.

It is to be mentioned, however, that most of the results quoted were originally obtained
as overall formation constants, i.e. as B, values and therefore the errors in determining step-
wise formation constants were cumulated.

Anyhow, the Ig K3 value presented in this paper represents about the mean of the
data published and the Ig K4 value is also in the same range when the data extremely deviating
from the average are neglected.
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_1_ .
Fig. 2. D as a function of ligand activity for the system zinc chloride
[Zn] = 5X10-m , [LA-2] = 0.1 F, pH ™ 170
Table 11
Formation constants of species [ZnCI3] and [ZnCl4]
Jg *3 ig «, Method of determination Reference
—0.25 0.15 emf titration [8]
—0.09 — polarography [9]
—0.68 0.37 cation exchange [10]
—0.28 —0.13 anion exchange [11]
—1.58 —0.12 liquid anion exchange [12]
—0.65 —0.25 liquid anion exchange [13]
—0.30 —0.07 liquid anion exchange this work

The authors’ thanks are due to Mr. Gy. Toth for his valuable help in performing the
measurements.
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ANWENDUNG DES POTENTIOSTATS ZUR BESTIMMUNG
DES MAXIMALEN KORROSIONSSTROMS VON
GALVANISCHEN ELEMENTEN, I

J. Dévay, B. Lengyel jun. und L. Mészaros

(Lehrstuhl far Physikalische Chemie, Chemisch-technische Universitat, Veszprém;
Elektrochemische Forschungsgruppe der Ungarischen Akademie der Wissenschaften)

Eingegangen am 5. Oktober 1968

Der maximale Korrosionsstrom von verschiedenen galvanischen Elementen
wurde potentiostatisch gemessen und die Richtigkeit der MeBmethode durch verglei-
chende Messungen (Evans-Diagramm bzw. Messung der zeitlichen Anderung des
Korrosionsstroms mit Strommesser) bestatigt. Es wurde festgestellt, dal der Potentiostat
bei entsprechender Schaltung zur Messung des maximalen Korrosionsstroms geeignet
ist. Der Vorteil des Verfahrens gegentiber den &lteren Verfahren liegt darin, daf3 selbst
bei galvanischen Elementen mit niedrigem innerem Widerstand der Wert des maxi-
malen Korrosionsstroms und dessen zeitlicher Verlauf unmittelbar gemessen wird,
und die aus der Extrapolierung stammenden Fehlermdglichkeiten ausgeschaltet werden.

Potentiostatische Verfahren wurden weitgehend in der Korrosionsfor-
schung zur Untersuchung des Passivierungsmechanismus von Eisen [1—4],
Stahl [5] und anderen Metallen [6—8] in verschiedenen L&sungen, zum Nach-
weis der Neigung nichtrostender Stadhle zur interkristallinen Korrosion [9— 10]
und zur Untersuchung der Lochkorrosion [11—13], eingesetzt. Neben diesen
Gebieten, wo potentiostatische Methoden ausgedehnt vertvendet werden,
wurden verschiedene Versuche unternommen, um das Anwendungsgebiet
des Potentiostats auch auf andere Erscheinungen auszudehnen. So wurde
u.a. der Widerstand gegeniber Spannungskorrosion bei Aluminium-Magnesium-
Legierungen [14] und die Vorausbestimmung der Korrosionseigenschaften
von Magnesium [15] untersucht. Auch die Wirkung verschiedener Inhibitoren
[16] wurde potentiostatisch untersucht.

In der vorliegenden Arbeit wird Uber ein neues Anwendungsgebiet des
Potentiostaten und zwar Uber seine Anwendung zur Messung des maximalen
Korrosionsstroms von galvanischen Elementen (Modellen von Lokalelementen)
berichtet.

Der maximale Korrosionsstrom wurde bis jetzt durch Konstruktion
eines Evans-Diagramms aus den Polarisationskurven des Metallpaars, welches
das galvanische Element bildet, bestimmt. Dieses Verfahren besteht im
wesentlichen darin, die anodische Polarisationskurve des Anodenmetalls und
die kathodische Polarisationskurve des Kathodenmetalls in einem gemein-
samen Diagramm darzustellen, wobei die Stromstdrke als Abszisse, das Poten-
tial als Ordinate aufgetragen wird. Der maximale Korrosionsstrom ergibt
sich als Schnittpunkt der graphisch extrapolierten anodischen und kathodischen
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Polarisationskurven, da in diesem Punkt der Potentialunterschied zwischen
der Kathode und der Anode verschwindet. Nach einem anderen bekannten
Verfahren [17] wird die KurzschlufRstromstdrke des Elements und ihre zeit-
liche Anderung gemessen. Bei der Anwendung der genannten Verfahren
ergeben sich folgende Fehler bzw. Schwierigkeiten:

— Beim Evans-Diagramm wird die zeitliche Anderung der Korrosion
nicht erfalt; die Konstruktion des Diagramms ist zeitraubend und die graphi-
sche Extrapolierung fuhrt zu relativ hohen Fehlermdglichkeiten.

— Beim Messen der KurzschluBstromstédrke wird nicht der maximale
Korrosionsstrom erhalten, besonders dann, wenn der innere Widerstand des
MeRinstrumentes im Vergleich zum inneren Widerstand des galvanischen
Elementes nicht vernachléssigbar ist.

Durch Anwendung der potentiostatischen MeRmethode kdnnen diese
Nachteile beseitigt werden. In der MelRanordnung mit drei Elektroden (Ka-
thode, Anode und Bezugselektrode) wird die Prifélektrode durch den Poten-
tiostaten mit Hilfe eines elektromechanischen oder elektronischen Systems
relativ zur Bezugselektrode auf einem gewliinschten Potential gehalten und
zwar so, dafl der Unterschied der Ist-Spannung zwischen Bezugselektrode
und Prufelektrode und der eingestellten Soll-Spannung als Stellwert verwendet
und dadurch die Klemmenspannung der Stromquelle bzw. die Stromstdrke
des Gleichstroms zwischen Kathode und Anode proportional zum Stellwert
solange gedndert wird, bis letzterer anndhernd gleich Null ist. Der Potentiostat
stabilisiert also den Potentialunterschied zwischen Bezugselektrode und
Prufelektrode bzw. hé&lt ihn auf dem gewlilinschten Wert.

Wird nun als Bezugselektrode die Gegenelektrode, d. h. die Kathode
bzw. Anode der Elektrolyse verwendet, so, je nach dem, ob die Anode oder
die Kathode als Priufelektrode an den Potentiostat bei Spannungssteuerung
gleich Null wie ein Instrument, dessen innerer Widerstand gleich Null ist. In
diesem Fall werden ndmlich — unabhédngig vom durchflieRenden Strom —
die beiden Elektroden des galvanischen Elements durch den Potentiostaten
kurzgeschlossen, d. h. die Klemmenspannung des galvanischen Elements
wird beim Wert Null gehalten. Dies ist aber eben die Grundbedingung fiir den
Schnittpunkt im Evans-Diagramm.

Nach diesem Verfahren kann also der dem Evans-Diagramm entspre-
chende Korrosionsstrom, d. h. der maximale Korrosionsstrom des galvanischen
Elements auf verhdltnismaRig einfache Art unmittelbar gemessen und zugleich
seine zeitliche Anderung verfolgt werden.

Es wurden Versuche mit galvanischen Elementen aus Zink-Eisen, Zink-
Kupfer und Eisen-Kupfer durchgefiihrt. Die Elektroden, deren Oberfldche
10 cm2betrug und die mit Epoxydharz in Glasrhren befestigt waren, tauchten
hei Zimmertemperatur in eine 5%ige KCI-Ldsung. Vor den Messungen wurden
die Elektroden mit Schleifpapier gereinigt, die Zn- und Fe-Elektroden in 0.1 n
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HCI, die Cu-Elektroden in 0.1 n HNO03 5 Minuten lang geétzt, anschlieBend
mit dest. Wasser gespult und sofort verwendet. Die eine Elektrode wurde an
den Prufelektrodeneingang, die andere an den Gegenelektrodeneingang des
Potentiostaten angeschlossen. Gegenelektrodeneingang und Bezugselektroden-
eingang des Potentiostaten wurden kurzgeschlossen, d. h. die Gegenelektrode
wurde als Bezugselektrode verwendet.

Vor Beginn der Arbeit wurde die am Potentiostaten eingestellte Null-
spannung durch ein Gleichstromréhrenvoltmeter mit hohem Eingangswider-
stand kontrolliert. Die zeitliche Verédnderung des Korrosionsstroms wurde

Abb. 1. Anderung des maximalen Korrosionsstroms als Funktion der Zeit bei den galvanischen
Elementen Fe—Cu, Zn—Cu und Zn—Fe, potentiostatisch gemessen

mit einem Gleichstromregistrierinstrument registriert, welches mit dem
Ausgangsstromkreis des Potentiostaten in Keilte geschaltet war.

Die MeRergebnisse der maximalen Korrosionsstrome und ihrer zeitlichen
Anderung bei den gepriiften galvanischen Elementen sind in Abb. 1 dargestellt.
Bei samtlichen Elementen zeigt sich eine zeitliche Anderung des maximalen
Korrosionsstroms.

Um die Richtigkeit des Verfahrens zu prifen, wurden Vergleichsversuche
durchgefuhrt, in dem die Elektroden des galvanischen Elements tUber Strom-
messer mit verschiedenen inneren W iderstanden (10 Q, 100 B, 1000 Q) kurzge-
schlossen und die Werte der Korrosionsstréme gemessen wurden. Da aus Abb.
1 festgestellt werden konnte, dal der Korrosionsstrom nach 5 Minuten einen
konstanten Wert erreicht, wurden sdmtliche Ablesungen jeweils nach 5
Minuten durchgefliihrt. Die MeRergebnisse sind in Abb. 2 gezeigt. Der durch
den Strommesser flieBende Strom wurde als Abszisse, die Uber dem Wider-
stand des Strommessers auftretende Spannung als Ordinate dargestellt. Die
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erhaltenen MeRpunkte wurden miteinander verbunden und auf den Wider-
standswert Null extrapoliert, wodurch der maximale Korrosionsstrom erhalten
wurde. Die Extrapolierung ist jedoch unsicher, da die Kurven nicht linear sind.

Der Wert des maximalen Korrosionsstroms bei den untersuchten gal-
vanischen Elementen wurde auch mit Hilfe des Evans-Diagramms bestimmt.
Dazu wurden die anodischen Polarisationskurven der Anoden und die katho-

Abb. 2. Messung des maximalen Korrosionsstroms der galvanischen Elemente Fe—Cu, Zn—Cu,
Zn—Fe bei Belastung mit verschiedenen Widerstdnden

Abb. 3. Evans-Diagramm des galvanischen Elements Zn—Cu

dischen Polarisationskurven der Kathoden gegeniiber einer 0.1 n Kalomelelek-
trode als Bezugselektrode aufgenommen und im Evans-Diagramm dargestellt.
Der maximale Korrosionsstrom wurde durch den Schnittpunkt der extrapolier-
ten Kurven angezeigt. Auch in diesen Versuchen wurden jeweils nach 5 Minu-
ten Ablesungen durchgefihrt. In Abb. 3—5 sind die gemessenen Werte der
Elektrodenpotentiale als Funktion des Logarithmus der Stromstdrke des
polarisierenden Gleichstroms aufgetragen.
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Tabelle 1
Vergleich der mit verschiedenen Verfahren gemessenen Werte der maximalen Korrosionsstrome

. (,uA) in den Lokalelementen
Korrosionsstrom

MeRverfahren
Zn—Fe Zn—Cu Fe—Cu
Potentiostat 5,6 102 4,0 » 102 2,8 « 102
Kurzgeschlossen uber
Wi iderstande 5,8 ¢ 102 4,1 m102 3,1 - 102
Evans-Diagramm 5,2 « 102 4,5 « 102 3,2 « 102

Abb. 4. Evans-Diagramm des galvanischen Elements Fe—Cu

Abb. 5. Evans-Diagramm des galvanischen Elements Zn—Fe

Die nach drei verschiedenen Mel3verfahren ermittelten Werte der maxi-
malen Korrosionsstrome in den untersuchten galvanischen Elementen sind
in Tab. 1 zusammengefalit.

Aus den Angaben ist ersichtlich, dal3 zwischen den mit dem potentiosta-
tischen Verfahren erhaltenen Ergebnissen und den Ergebnissen der vergleichs-
weise angewandten Verfahren eine gute Ubereinstimmung innerhalb des MeR-
fehlers vorhanden ist. Der Potentiostat kann also vorteilhaft und ohne die
Fehlerquellen der fruheren MeRverfahren zur unmittelbaren Messung der
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maximalen Korrosionsstroéme in galvanischen Elementen und zur Bestimmung
der zeitlichen Anderung dieser Stréme verwendet werden.

CoNoohwnpe

LITERATUR

.Venu, K., Batakrishnan, K., Rajagopotlan, K. S.: Corr. Science 5, 59 (1965)

Nagayama, M., Okamoto, G.: Corr. Science 2, 203 (1962)

Freiman, L. ., Kolotyrkin, Ya. M.: Corr. Science 5, 199 (1965)
Kashcheev, V. C., Kabanov, V. M., Laikis, B. |.: Corrosion 20, 54 (1964)
Borton, K. und Scheir, L. L.: Corr. Science 3, 17 (1963)

Seastrom, C. C.: Corrosion 20, 179 (1964)

.Arnoid, K., Vetter, K. J.: Z. Elektrochem. 64, 407 (1960)
. Pozdeeva, A. A.: Corr. Science 6, 149 (1966)

Y ounger, R. N., Baker, R. G, Littlewood, R.: Corr. Science 2, 157 (1962)

. Cinman, A. I. und Kuzub, V. S.: Zh. fiz. himii 39, 2020 (1965)

. Schwenk, W.: Corrosion 20, 129 (1964)

.Rozenfeld, I. L., Danitov, |. S.: Saschchita metallow 1966, No. 2, 134

.Greene, N. D., Judd, G.: Corrosion 21, 15 (1965)

.Booth, F. F.,, Tucker, G. E. G.: Corrosion 21, 173 (1965)

. Coriou, H.: Bulletin d’Informations Scientifiques et Techniques du Commissariat &

I’Energie Atomique No. 84 (1964)

.Rozenfeld, |I. L., Persiantseva, B. P.,, Terentev, P. B.: Corrosion 20, 22 (1964)

. Akimov, G. V.: Fémek korrézi6janak elmélete és vizsgalatanak mddszerei (ungarisch)

(Theorie und Untersuchungsmethoden der Korrosion von Metallen), Nehézipari Konyv-
és Folyoiratkiad6, Budapest, 1951

Jozsef Deévay
Béla Lengyer jun. Veszprém, Schdonherz Z. u. 12. Ungarn
Lajos Mészaros

Acta Chim. Acad. Sei. Hung. 62, 1969



Acta Chimica Academiae Scientiarum Hungaricae, Tomus 62 (2), pp. 163—178 (1969)

SYNTHESIS OF NEW BENZO(a)QUINOLIZINE
DERIVATIVES, |

P. Bite, E. Diszter, M. Fekete, A Vittanyi and M. Kuarti

(Research Institute for Pharmaceutical Chemistry, Budapest)

Received March 18, 1968

For a more thorough study of the pharmacological properties of compounds
containing the benzo(a)quinolizine skeleton, a number of oxime esters and acid amides,
and several ether and amine derivatives have been synthesized, using the 2-oxy-imino
and the 2-amino compounds as starting materials.

Among the derivatives of 1,2,3,4,6,7-hexahydro-llbH-benzo(a)quino-
lizine, several compounds have been shown to possess valuable pharmacolog-
ical properties [1], but no mention has been made in the literature of the
synthesis and study of a number of types of these compounds that also promise
to be effective.

Earlier, one of the authors [2, 3] described a new and very simple method
for the preparation of benzo(a)quinolizine derivatives (I). Owing to the yield
shown in Table I, the preparation of several types of pharmacologically
interesting derivatives has become feasible.

For the first type of compounds to be prepared, oxime esters (IV) were
chosen, using mainly such acids for esterification which have been found to
figure in pharmacologically active compounds. The oxime esters [4] pre-
pared according to methods A, B, C, and D, respectively, are listed in Table 1V.
The new intermediary ketones (I1) and oximes (I1l), not yet reported in the
literature, are shown in Tables Il, and 111, respectively.

Reduction with lithium aluminium hydride of the oximes gave the
corresponding 2-amino compounds, and from these the acid amides were pre-
pared. The amides (V) synthesized according to various methods [5] are listed
in Table V.

Some of our 2-amino-, and 2-hydroxyimino compounds were also made
to react with 2,4-dinitrofluorobenzene and with phenylisocyanate, and some
amines were treated with ethyl cyanoacetate, ethyl chloroformate, and ethylene
bromohydrin.

The formation of oxime esters and of acid amides was followed, and
the homogeneity of the products checked, by TLC using silica gel plates.

The results of the pharmacological study of these compounds will be
published elsewhere.
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Experimental

(All m.p.’s are uncorrected)
Thin-layer chromatography

Prior to use, the plates were coated with Silica Gel G, and dried at 120 °C for 10 min.
Development was carried out in a solvent mixture of 39 ml of chloroform and 1 ml of methanol.
For detection, a 0.5% solution of iodine in chloroform was used.

Preparation of the parent ketones

‘9,10-Dimethoxy- and 9,10-diethoxy-2-ox0-3-alkyl-1,2,3,4,6,7-hexahydro-llbH-benzo(a)-
quinolizine were prepared according to [3], from 6,7-dimethoxy-3,4-dihydroisoquinoline
hydrochloride containing 3.5 moles of water of crystallization, and 6,7-diethoxy-3,4-dihydro-
isoquinoline hydrochloride, respectively.

Table 1

Yields of the parent ketones

M

° Yield
R,= RS Rs Mp., °c %
CH3 H 150—151 36—38
CH3 CH3 139—140 55—57
CH3 C2H5 112—113 60—62
CH3 n-c4H9 113—114 74—T75
CH3 i-C4H9 126—128 70—72
C2H5 C2H5 116—118 68—70
C2H5 i-C<H9 105—107 60—62

It is more advantageous to prepare 9,10-di-n-butoxy- and 9,10-dibenzyloxy-2-0xo0-
3-iso-butyl-1,2,3,4,6,7-hexahydro-llbH-benzo(a)quinolizine compounds by the alkylation,
respectively by aralkylation of the corresponding 9,10-dihydroxy compounds.

2-0x0-3-isobuty]-9,10-di-n-butoxy-1,2,3,4,6,7-hexahydro-llbH-benzo(a)quinolizine

A solution of 2-oxo0-3-isobutyl-9,10-dihydroxy-1,2,3,4,6,7-hexahydro-llbH-benzo(a)-
quinolizine (8.67 g; 0.03 mole) in acetone (200 ml) was mixed with n-butyl bromide (16.44 g;
0.12 mole) and anhydrous potassium carbonate (20 g), and the mixture was stirred and refluxed
for 48 hrs. After cooling, the mixture was filtered, the solvent evaporated, and the residue
recrystallized from acetone to yield 2.6 g of the product, m.p. 70—73 °C.

Preparation of oximes

General method. The ketone (0.1 mole) was dissolved in hot ethanol (100 ml) and hyd-
roxylamine sulphate (0.052 mole) in water (60 ml) was added, then the solution was made
alkaline by the addition of sodium hydroxide (0.11 mole) in water (5 ml). A precipitate formed
immediately. The mixture was boiled for 5 min. on a water bath, allowed to cool, and let to
stand in a refrigerator overnight. Filtration and washing with 80% ethanol gave the product
in 98— 100% yield.
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Table 11

New ketones

Mp., °c Empirical formula of?hneahll)sai:e, %
R, =R, R, (Base -HC1) (Mol. weight)
C H N
C2H5 i-C4H9 105—107 C2iH3IN 03 73.04* 8.98* 4.06*
345 72.86** 8.72** 4.26%**
n-C4H9 i-C4H9 70— 73 A25H3N 03 74.81 9.72 3.49
401 74.77 10.02 3.48
Benzyl i-C4H9 118—120 c3lh ¥ o3 79.31 7.46 2.98
(207—209) 469 79.43 7.45 2.99
Benzoyl i-C4H9 121—123 74.86 6.23 2.81
(214—216) 497 74.68 6.25 2.83
*Calcd. **Found.
Table 111
New oximes
Analysis
R = R, R, M. p., °C (Base-HCI) ETI\?Iin.CSJeifgrzgum of the base, %
C H N
C2H5 c2h 5 138—140 ~gH”gNgOg 68.67 8.43 8.43
332 69.13 8.64 8.64
c2h5 i-C4H9 162— 164 C2IH 2N 3 70.00 8.88 7.77
360 69.83 9.03 7.76
n-C4H9 i-C4H9 179 N257407203 72.11 9.61 6.73
416 72.31 9.31 6.67
Benzyl i-C4H9 166— 167 C3iHIBN20 3 76.86 7.43 5.79
484 76.51 8.08 5.84
Benzoyl i-C4H9 176—177 AZ1AZINING 72.65 6.25 5.46
512 73.19 6.35 5.65
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Ri =

CH3

CH3

CH3

CH3

CH3

CH3

CH3

R2

Ra

CH3

CH3

C_n5

CH5

CH6

CH5

ch5

CH5

2'-nitro-3',4",5"-trimethoxypheny]

CH3

benzyl

C6H5—CH= CH

3',5'-dibromo-4'-methoxyphenyl

3',4',5’-trimethoxyphenyl

Table IV

New oxime esters

M. p., °C
(Base—HC1)

125

166
95— 96

113
138—140
192—194

(175—176)

164

Method

)

0

A)

0

A)

A)

A)

Empirical formula
(Mol. weight)

NON-2(>2M
346

A267-317379
529

clh2n24
346

C23H 3N 204
422

cHh In a
434

CBH2ZBN20 5Br2
596

N2THHAND 7
498

65.89
65.58

58.97
58.94

65.89
65.91

71.09
71.23

71.88
71.98

50.33
50.44

65.06
65.38

Analysis

of the base, %

H

7.51
7.69

5.85
6.07

7.51
7.55

7.10
7.31

6.91
7.04

4.69
4.70

6.82
7.11

N

8.09
8.11

7.93
7.93

6.63
6.32

6.45
6.43

4.69
4.67

5.62
5.64

Hal

26.8
26.64

05
05

Cle 18 3119

‘SIAILVAIYIA INIZITONINO(e)OZNIg



696T ‘79 "BunH 185 "peIY "WIYD BRY

CH3

CH3

CH3

CH3

CH3

CH3

CH3

CH3

CH3

CH3

CH3

CH3

CH3

CH5

re-CAH9

n"C4H9

raCAH9

n-C,,H9

4-C4H9

n-C4H9

i-C4H,

i-C4H9

i-C4H9

i-CaHg

i-C4H9

i-C4H9

pyridin-3’-yl

CH3

CHS

3",5’-dichloro-4'-methoxyphenyl

3",5'-dibromo-4'-methoxyphenyl

3',4"5'-trimethoxyphenyl

pyridin-3'-yl

CH3

CH5

i-C4H9

benzyl

C6H5CH= CH

4’-fluorophenyl

153
104— 105
(195—196)
112—114
165— 166
(178—179)

161— 163
(183— 184)
154
142
99— 100
(190— 192)
100—101
77
100— 102

124—125

132

A)

A)

A)

A)

A)

A)

A)

A)

O

C)

O

0

N23N27-A3N
409

c2lh 30n 204
374

N22H 32 20 4
388

CZH3IN 5CI2
535

CZH3IND 5Br2
624

N29N38-"2NT
526

CXHsn 04
437

CaH3,ND 4
374

C2HRZ 04
388

~noan3BN2D4
416

c.,ln 3n 204
450

2834720 4
462

ch 3ln 20 4fF
454

67.61
67.61

67.37
67.41

68.04
68.16

60.56
60.58

51.92
52.11

66.15
66.12

68.65
68.70

67.37
67.15

68.04
67.87

69.23
68.90

72.00
72.14

72.72
72.71

68.72
68.70

6.82
7.05

8.02
8.35

8.22
8.63

5.98
6.12

5.12
5.22

7.22
7.32

7.09
7.46

8.02
8.16

8.22
8.32

8.65
8.63

7.55
7.70

7.35
7.57

6.82
7.17

10.24
10.28

7.48
7.47

5.23
5.32

4.49
4.40

5.32
5.38

9.62
9.63

7.48
7.61

7.21
7.29

6.73
6.74

6.22
6.18

6.06
6.07

6.16
6.14

13.27
13.34

25.64
25.95

4.18
4,02

ce 18 3l1d
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CH3

CH3

CH3

CH3

CH3

CH3

CH3

C,H5

C2H5

C2H5

C2H5

c2h5

C2H5

K3

i-C4H9

i-C4H9

i-C4H9

i-C4H9

i-C4H9

i-C4H9

i-C4H9

C2H5

C2H5

C2H5

i-C4Ha

i-C4H9

i-C4H9

4'-nitrophenyl

3'-chloro-4'-methoxyphenyl

3",5'-dichloro-4'-methoxyphenyl

3',5'-dibromo-4'-methoxyphenyl

3',4',5'-trimethoxyphenyl

pyridin-3*-yl

C1CH2

CH3

CH5

3',4' 5'-trimethoxyphenyl

CH3

C2H5

3',4'5 -trimethoxyphenyl

ré

Table IV continued

Mp., °c
(Base—HC1)
159

(195— 197)
179

161— 162
(188—190)

172—173
173—174
138—139
214—216
103—105

(180— 185)

105— 106
(158— 160)

161—162
102—103
112—113

(200—202)
175—176

Method

B)

0

A)

A)

A)

A)

D)

A)

B)

A)

A)

A)

A)

Empirical formula
(Mol. weight)

~26H3iN30 6
481

C2MH 33N 20 5CL
500.5

C,THN 20 5C12
535

C2H3N 20 5Br2
624

N29N38M2NT
526
c5n3ln 04
437

C2IH2N 2 4C1
408,5

C21H30N 204
374

c2n 32n 204
388

N29138M2NT
526

N23734M2N4
402

N24H3BN 2 4
416

c3lh4nh 207
554

64.86
64.83

64.73
64.68

60.56
60.52

51.92
51.97

66.15
66.26

68.65
68.79

61.68
61.82

67.37
67.43

68.06
68.17

66.15
66.03

68.65
68.30

69.23
68.89

67.14
67.01

Analysis

of the base, %

H N
6.44 8.74
6.54 8.66
6.59 5.59
6.82 5.64
5.98 5.23
6.05 5.20
5.12 4.49
5.36 4.49
7.22 5.32
7.45 5.22
7.09 9.62
7.20 9.82
7.09 6.85
8.22 6.80
8.02 7.48
8.16 7.72
8.24 7.21
8.36 7.25
7.22 5.32
7.32 5.06
8.46 6.96
8.68 6.29
8.65 6.73
8.29 7.08
7.58 5.05
7.64 5.17

Hal

7.09
6.59

13.27
13.24

25.6
24.92

8.69
8.69

Tle 18 3119
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Preparation of oxime esters

Method A. A solution of the oxime (0.03 mole) in abs. pyridine (90 ml) was cooled below
5°C and a solution of the acid chloride (0.036 mole) in abs. pyridine (50 ml) was added drop-
wise, under stirring. The mixture was allowed to stand overnight at room temperature. It
was then poured into ice-water, and the mixture extracted with benzene. The benzene was
evaporated, and the residue crystallized from a mixture of ethyl acetate and ethanol. For
analysis the product was recrystallized from acetone.

Method B. A suspension of the oxime (0.03 mole) and anhydrous sodium carbonate
(0.08 mole) was prepared in dry benzene (50 ml). The mixture was stirred, and a solution
of the acid chloride (0.033 mole) in dry benzene (60 ml) was added dropwise, while the temper-
ature was maintained below 5°C. The mixture was allowed to stand overnight, then it was
poured into ice-water, and extracted, after brief standing, with benzene. The extract was
worked up as described under Method A.

Method C. A solution of the acid chloride (0.033 mole) in abs. benzene (14 ml) was
added by drops, below 5 °C, into a stirred suspension of the oxime (0.03 mole) and triethanol-
amine (0.036 mole) in abs. benzene (50 ml). The temperature of the mixture was maintained
between 0 and 5 °C for 30 min., then the mixture was shaken at room temperature for 2 hrs,
and allowed to stand overnight. The mixture was refluxed for 30 min. on a water bath and
poured into ice-water. Further work-up was the same as described under Method A.

Method D. A solution of chloroacetyl chloride (0.03 mole) in dichloroethane (25 ml)
was added dropwise during 1.5 hr. into a suspension of the oxime (0.03 mole), dichloroethane
(50 ml), and triethylamine (0.0315 mole), kept between 0 and 5°C. The mixture was stirred
for 1 hr. at a temperature below 5°C, then for 2 hrs at room temperature, poured into ice-
water, and extracted with benzene. The residue obtained after evaporation of the benzene
was crystallized from acetone.

2-(Phenylcarbamoyloxy-imino)-3-isobutyl-9,10-dimethoxy-1,2,3,4,6,7-hexahydro-lIbH-
benzo(a)quinolizinc

To a suspension of the oxime (9.96 g; 0.03 mole) in abs. benzene (100 ml) there was added
by drops, a solution of phenylisocyanate (5.36 g; 0.045 mole) in abs. benzene (12 ml). The
stirred mixture was boiled for 4 hrs, and allowed to stand overnight at room temperature.
The crystals that had separated were collected by filtration, and the benzene mother liquor
was evaporated to dryness. The residue was crystallized from acetone to yield 2.48 g, m.p.
140— 142 °C.

C26H 330 4N 3 (451). Calcd. C 69.17; H. 7.32; N 9.31. Found C 68.46; H 7.42; N 9.35%.

Synthesis of oxime ester quaternary salts
2-(Propionyloxy-imino)-3-isobutyl-N-methyl-9,10-dimethoxy-1,2,3,4,6,7-hexahydro-llbH-
benzo(a)quinolizinium iodide

The oxime ester (11.64 g; 0.03 mole) dissolved in chloroform (50 ml) was mixed with
methyl iodide (42.6 g; 0.3 mole) and the solution was allowed to stand at room temperature
for 24 hrs. Petroleum ether was then added till slight turbidity appeared. An oily product
separated, which became crystalline on scratching. The crude product (m. p. 136 °C) was
recrystallized from acetone to obtain m.p. 180 °C. The yield was quantitative.

C2H3604N2l (530). Caled. C 52.07; H 6,60; N 5.28; | 23.98. Found C 52.08; H 6.90;
N 5.23; | 23.61%.

Synthesis of oxime ethers
2-(2',4*-Dinitrophenyloxy-imino)-3-isobutyl-9,10-dimethoxy-1,2,3,4,6,7-hexahydro-llbH-
benzo(a)quinolizine

A mixture of 2-hydroxyimino-3-isobutyl-9,10-dimethoxy-1,2,3,4,6,7-hexahydro-lIbH-
henzo(a)quinolizine (9.96 g; 0.03 mole), abs. benzene (200 ml), triethylamine (20.7 ml; 0.15
mole), and 2.4-dinitro-I-fluorobenzene (8.56 g; 0.046 mole) was boiled for 1 hr. It was then
diluted with water, and the benzene phase was separated. This was washed with water and
dried over K2C03. The red amorphous substance obtained after evaporation of the solvent
was crystallized from 80% ethanol; m. p. 167—168 °C.

CisHjoOjNj (498). Calcd. C 60.24; H 6.03; N 11.24. Found C 60.24; H 6.40; N 11.18%.
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R1= R 2

CH3

CHs

CHs

<n,

CHs

CHs

CHs

R3

CH3

CHs

CH3

CH3

c2H5

CH5

C2Hs

Table V

New acid amides

R,0
R,.0- N
Rs
(V)
NH-CO R4
Empirical formula
R< (skBe-HCI) Method (Mol. weight)
CHs 226— 227 B) C187-267213
318
C2H- 215- 217 B) clon Bn203
332
3/,5/-dichioro-4'-methoxyphenyl 236—238 A) C21H 28N 20 4ClL2
479
2’-nitro-3',4",5'-trimethoxyphenyl 219—220 A) ~26-733708
515
CH3s 221—222 A) Cts>HzsN 20 3
(185—186) 332
Cz2Hs 225—226 A) C20H30N 203
(238—241) 346
i-CaH 7 247—248 A)
360

67.92
67.91

68.67
68.81

60.12
60.17

60.58
60.60

68.68
68.50

69.36
70.00

70.00
70.02

Analysis
of the base,

H

8.18
8.37

8.43
8.82

5.84
6.04

6.40
6.58

8.43
8.68

8.67
8.82

8.88
9.11

%

8.80
8.80

8.43
8.43

5.84
5.84

8.15
8.12

8.43
8.43

Hal

14.86
14.07

0.1
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CH3

CH3

CH3

CH3

CH3

CH3

CH3

CH3

CH3

CH3

CH3

CH3

CH3

C2H5

C2H5

czh 5

C2H5

C2H5

C2H5

ra-CAH9

n-C,H9

n-C4Ha

n-C4H3

n-C4H,,

n-C4H9

n-cAH9

4/-nitrophenyl

3',5'-dichloro-4'-methoxyphenyl

3',4'5'-trimethoxyphenyl

2'-nitro-3',4",5'-trimethoxypheny]

3',5'-dimethoxy-4'-rt-amyloxy-

phenyl

pyridin-3'-yl

CH3

C2H5

i-C3H7

Cl—CH2

4'-nitrophenyl

3',5'-dichloro-4'-methoxyphenyl

3',5'-dibromo-4'-methoxyphenyl

237—238
(218—220)

231—232
(222—224)

117— 118
(252—254)

203—204

190—191
(230—233)

226—228
(178—180)

210—212

215—217
(238—240)

223—224
(265—266)

194—196

206— 208
(210—215)

225—226
(218—220)

222—224
(208—210)

A)

A)

A)

A)

A)

A)

A)

O

A)

A)

A)

439
~25730-"0jClg

493
A2TN36MD G

484

~H367304
529

C3,H4N20c
540

N237N297373
395

NAH2N D0 3
360

Q 2H¥N203
374

N23-"36-"203
388

C2IH3IND 3C1
394,5

C26H33N30 5
467

C2TH AN 20 4C12
521

N27H 34N 20 4Br2

610

65.60
65.61

60.85
60.81

66.94
66.54

61.24
61.39

68.88
68.79

69.87
69.70

70.00
70.01

70.58
70.50

71.13
71.17

63.87
64.37

66.80
66.58

62.18
62.15

53.11
52.82

6.60
6.78

6.08
6.34

7.44
7.78

6.61
6.68

8.15
8.35

7.34
7.50

8.88
9.03

9.09
9.28

9.27
9.44

7.86
8.15

7.05
7.05

6.52
6.70

5.57
5.79

9.56
9.57

5.68
5.36

5.78
5.78

7.93
8.01

5.18
5.21

10.65
10.49

7.77
7.68

7.49
7.48

7.21
7.04

7.09
7.01

8.99
8.79

5.37
5.44

4.59
4.54

14.40
14.77

8.94
8.41

13.63
13.40

26.22
26.36

Yle 18 3119
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Synthesis of the 2-amino parent compounds

The suspension of the oxime (0.1 mole) in abs. tetrahydrofuran (164 ml) was added,
during about 30 min., to a suspension of lithium aluminium hydride (8.3 g; 0.22 mole) in abs.
tetrahydrofuran (250 ml), at 60 °C. The mixture was boiled for 1 hr., cooled, carefully
diluted with water, filtered, and the material collected on the filter was washed with hot
tetrahydrofuran. The solvent was evaporated, and the oily residue used without further
purification for the synthesis of the amides. The hydrochlorides prepared with HC1 in abs.
ethanol were crystalline products.

Synthesis of the acid amides

Method A. To a suspension of the amine (0.03 mole) and sodium carbonate (0.13 mole)
in abs. benzene (50 ml) there was added a solution of the acid chloride (0.033 mole) in benzene
(30 ml) by drops, below 5°C. After standing overnight, the mixture was boiled for 30 min.,
cooled, and filtered. The substance collected on the filter was purified by boiling in water,
filtration, drying, and crystallization from a mixture of ethyl acetate and alcohol.

Method B. A stirred solution of the amine (0.03 mole) in abs. benzene (50 ml) and
triethylamine (0.036 mole) was maintained at 5°C, and a solution of the acid chloride (0.033
mole) in abs. benzene (20 ml) was added by drops. The mixture was allowed to stand between
0 and 5 °C for 30 min., and then at room temperature overnight. It was refluxed for 30 min.
and poured into ice-water. The benzene layer was separated, washed, dried, and the solvent
evaporated. The residue was crystallized from a mixture of ethyl acetate and ethanol.

Method C. A solution of chloroacetyl chloride (0.015 mole) in dichloroethane (25 ml)
was added dropwise during about 1.5 hrs into a solution of the amine (0.03 mole) in dichloro-
ethane (50 ml), maintained at a temperature below 5°C. The mixture was then stirred for
1 hr. at 5°C, for 2hrs atroom temperature, and poured into ice-water. The pH of the
aqueous mixture was adjusted to 6—7 with a 10% solution of Na2C03, and repeatedly extracted
with chloroform. The combined extracts were dried with CaCl2 filtered, and evaporated to
dryness. The residue was crystallized from acetone.

Method D. The chloroacetylamino compound was prepared according to Method C
then the appropriate amine was added in great excess, or as a solution in xylene, and this
mixture was boiled for 2 to 4 hrs. After cooling, some ice was added and the mixture extracted
repeatedly with benzene. The combined extract was washed with water, dried, and the solvent
evaporated. The residue was recrystallized from ethyl acetate.

2-Formylamino-3-isobutyl-9,10-dimethoxy-1,2,3,4,6,7-hexaliydro-llbH-benzo(a)quinolizine

Formic acid (98%; 2 ml) was added dropwise with cooling, to 2-amino-3-isobutyl-
9,10-dimethoxy-1,2,3,4,6,7-hexahydro-llbH-benzo(a)quinolizine (5 g; 0.0157 mole), then the
mixture was boiled for 3 hrs. The excess formic acid was distilled off under reduced pressure,
and the residue dissolved in warm benzene. The addition of 10% Na2C03 caused the separa-
tion of a solid that was collected by filtration and recrystallized from benzene to yield 2 g,
m. p.198—200 °C.

C20H3003N 2 (346). Calcd. C 69.30; H 8.67; N. 8.09. Found C 69.24; H 8.80; N 8.06%.

2-(Cyanacetyl-amino)-3-isobutyl-9,10-dimethoxy-1,2,3,4,6,7-hexahydro-llbH-benzo(a)
quinolizine

A solution of ethyl cyanoacetate (10.17 g; 0.09 mole) in abs. ethanol (10 ml) was added
by drops to a solution of the amine (9.54 g; 0.03 mole) in abs. ethanol (10 ml), and the mix-
ture was boiled for 8 hrs. For one night it was kept in a refrigerator, then the crystals which
had separated were filtered off to obtain 2.9 g; m.p. 240—241 °C.

C2H 310 3N 3 (385). Calcd. C 68.66; H 8.24; N 10.97. Found C 68.57; H 8.05; N 10.90%.

2-(Carbethoxyamino)-3-isobutyl-9,10-dimethoxy-1,2,3,4,6,7-hexahydro-llbH -
benzo(a)quinolizine

The amine (9.54 g; 0.03 mole) was dissolved in abs. ethanol (50 ml), and the solution
was cooled below 5°C. Ethyl chloroformate (4.34 g; 0.04 mole) was added dropwise to the
stirred and cooled solution, while the reaction mixture was kept alkaline by the addition, as
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necessary, of sodium ethoxide. After standing for 2 lirs at room temperature, the mixture
was adjusted with IN HC1 to pH 7, then filtered and the filtrate evaporated. The residue was
dissolved in benzene, the solution washed with water, dried, and the solvent evaporated.
The residue was crystallized from acetone, and the crystals were washed with petroleum ether
to obtain 2.5 g, m.p. 135—136 °C.

C2H304N2 (390). Caled. C 67.69; H 8.71; N 7.17. Found C 67.50; H 8.88; N 7.15%.

2-(Phenylcarbamoylamino)-3-isobutyl-9,10-dimethoxy-1,2,3,4,6,7-hexahydro-llbH-
benzo(a)quinolizine

A solution of phenylisocyanate (5.36 g; 0.045 mole) in benzene (30 ml) was added by
drops to a solution of the amine (9.54 g; 0.03 mole) in benzene (100 mi). After boiling it for
4 hrs, the reaction mixture was allowed to stand overnight at room temperature. The crystals
which had separated were collected by filtration and recrystallized from acetone to obtain
3.25 g, m.p. 197 °C.

C26H30 3N 3 (437). Calcd. C 71.39; H 8.00; N 9.61. Found C 71.27; H 7.97; N 9.59%.

Quaternary salts of the amides
2-(3',4',5'-trimethoxybenzoylaminoj-3-isobutyl-N-melhyl-9,10-diethoxy-1,2,3,4,6,7-
hexahydro-llbH-benzo(a)quinolizinium iodide

Methyl iodide (42.6 g; 0.3 mole) was added to a solution of the acid amide (16.2 g;
0.03 mole) in chloroform (50 ml), the mixture was let to stand for 24 hrs at room temperature.
Petroleum ether was added till the appearance of slight turbidity. The crystals which separated
the next day were filtered off. The crude product (m.p. 188°C) was recrystallized from acetone
to obtain 9.4 g, m.p. 199°C.

C3H470 6N21 (682). Calcd. C 56.30; H 6.89; N 4.10; | 18.62. Found C 56.03; H 7.28;
N 4.03; 1 18.90%.

Alkyl- and arylamino derivatives
2-(2',4*-Binitrophenylaniino)-3-isobutyl-9,10-dimethoxy-1,2,3,4,6,7-hexahydro-llbH-
benzo(a)quinolizine

A mixture of the amine (9.54 g; 0.03 mole), abs. benzene (200 ml), triethylamine (20.7 ml;
0.15 mole), and 2,4-dinitrofluorobenzene (8.56 g; 0.046 mole) was refluxed for 30 min. The
reaction mixture was diluted with water and the two phases were separated. The benzene
layer was washed with a little water, dried over K2C03, and the solvent evaporated to leave
a brown oil, which was purified as the hydrochloride to obtain the free base as crystals. Recrys-
tallized from acetone, the product was 3.2 g, m.p. 154—155°C.

CHH3D 6N4 (484) Caled. C 61.98; H 6.61; N 11.57. Found C 61.67; H 7.03; N 11.35%.

2-(beta-hydroxyethylamino)-3-isobutyl-9,10-dimethoxy-1,2,3,4,6,7-hexahydro-llbH-
benzo(a)quinolizine hydrobromide

A mixture of the amine (9.54 g; 0.03 mole), ethylene bromohydrin (6 g; 0.048 mole),
and benzene (100 ml) was boiled for 30 min., and allowed to stand at room temperature over-
night. The crystals were filtered off, and washed with benzene to give 1.6 g of the product,
m.p. 245°C.

C2AH 30 3N2Br (443) Calcd. C 56.88; H 7.90; N 6.32; Br 18.02. Found C 56.86; H 7.84;
N 6.38; Br. 18.58%.

2-(I',I'-Dicarbethoxyvinylamino)-3-isobutyl-9,10-dimethoxy-1,2,3,4,6,7-hexahydro-lIbH -
benzo(a)quinolizine

A mixture of the amine (9.54 g; 0.03 mole), diethyl ethoxymethylenemalonate (7.56 g;
0.035 mole) and abs. benzene (60 ml) was boiled for 1.5 hr., and allowed to stand at room tern-
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perature overnight. The solvent was distilled off, and the residue crystallized from ethyl
acetate, and recrystallized from acetone to give 2.52 g, m.p. 140—141 °C.
C27H4006N2 (488). Calcd. C 66.39; H 8.19; N 5.73. Found C 66.24; H 8.26; N 5.85%.

*

Thanks are due to Dr. E. Kasztreiner for having made available a part of the acids
needed for the preparation of acid chlorides. To Mrs. K. Paimay and Mrs. Z. KutnyAnszky
we are indebted for valuable technical assistance. To our Analytical Department (directed by
Mr. A. Mizsei) we express our thanks for the accurate accomplishment of a great number of
microanalyses.

REFERENCES

.Pletscher, A, Brossi, A.,, Gey, K. F.: Intern. Rev. Neurobiol., 1962, No. 4, 275—306
.Lénard, K., Bite, P.: Acta Chim. Acad. Sei. Hung. 38, 57 (1963)

Lénard, K., Bite, P.: Hung. Pat. 151 039 (1963)

.Bite, P., Diszler, E., Fekete, M.: Hung. Pat. 154 338 (1968)

.Diszler, E., Bite, P.,, Fekete, M., Villanyi, A.: Hung. Pat. 154 952 (1969)

Pal Bite

Eszter Diszler

MAarton Fekete Budapest 1V., Ujpest P. 0. Box 82
Agnes Vitranyi

Marianne K arti

Acta Chim. Acad. Sei. Hung. 62, 1969



Acta Chimica Academiae Scientiarum Hungaricae, Tomus 62 (2), pp. 179—189 (1969)

HETEROCYCLIC COMPOUNDS FROM SUGARS, II*

PREPARATION OF 2-POLYHYDROXYALKYLTHIAZOLE AND -BENZOTHIAZOLE
DERIVATIVES

R. Bognar, |I. Farkas, L. Szitagyi, M. Menyhart, E. N. Nemes, and
I. F. Szabé

(Institute of Organic Chemistry, L. Kossuth University, Debrecen)
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New thioamide derivatives have been prepared by the addition of hydrogen
sulphide to acetylated aldonitriles. The condensation of pentaacetyl-D-gluconic acid
thioamide with chloroacetone, and that of pentaacetyl-D-galactonic acid thioamide
with phenacyl bromide, give the corresponding substituted thiazole derivatives.

The condensation of acetylated aldonic acid chlorides with 2-aminothiophenol
or 2-amino-4-chlorothiophenol results in the formation of 2-polyacetoxyalkylbenzothia-
zole or 2-polyacetoxyalkyl-5-chlorobenzothiazole derivatives. The polyacetoxy com-
pounds can be saponified with sodium methoxide to 2-polyhydroxyalkylbenzothiazoles.
Acetylated aldonic acid nitriles also condense with 2-aminothiophenol to give the
corresponding 2-polyacetoxyalkyl-benzothiazoles in good yield.

The optical activity of the 2-polyhydroxyalkylbenzothiazoles and the steric
position of the hydroxyl group at the carbon atom of the polyhydroxyalkyl chain
attached to the benzothiazole ring, are connected by a relationship similar to the
“benzimidazole rule”.

In a previous paper [1] we reported a study of 2-polyhydroxyalkyl-
benzothiazolines formed in the reactions of 2-aminothiophenol or 2-amino-4-
chlorothiophenol with simple sugars. In the present work we describe the
synthesis of some 2-polyhydroxyalkylthiazole and -benzothiazole derivatives.
Interest is attached to these studies because the compounds are closely related
to the benzothiazoline derivatives from which they are expected to form when
acted upon by oxidizing agents. In addition to this, compounds containing
such ring systems are interesting from a pharmacological point of view, and
because relatively little work has been done on the preparation such types
of sugar derivatives.

The first successful extension of the Hantzsch synthesis to carbo-
hydrate derivatives was reported by Beyer and Schuitz [2]. These authors
described the synthesis of pentaacetyl-D-gluconic acid thioamide and its
cyclization with phenacyl bromide, resulting in the formation of 2-(D-gluco-
pentaacetoxypentyl)-4-phenylthiazole. To our knowledge, no other aldonic
acid thioamides have been reported, and no data about 2-polyhydroxyalkyl-
benzothiazoles were found in the literature.

We are reporting that the known thioamide synthesis [3] can also be
applied to carbohydrates. In alcoholic solutions, ammonia catalysis effects the
addition ofhydrogen sulphide to acetylated aldonitriles, resulting in the forma-

*Part I: R. Bognar et al. [1].
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tion of thioamides in good yields. The structure of the thioamides is supported
by their IR spectra. The results concerning thioamides are shown in Table 1.

Table |
Acetylated aldonic acid thioamides

Characteristic

Yield 3
Compound m IR bands
% =° (em-*
Pentaacetyl-D-gluconic acid 67 154° 3410, 3300, 3190, 1615,
thioamide [2] +63° 1435
(c = 1.0)
Tetraacetyl-D-xylonic acid 88 138—139° 3380, 3300, 3215, 1640,
thioamide (1) +69° 1440
(c = 1.5)
Pentaacetyl-D-galactonic acid 67 139° 3375, 3300, 3210, 1640,
thioamide (M) +71° 1440
(c = 0.7)
Pentaacetyl-D-glucosaminic acid 63 154—155° 3415, 3300, 3185, 1605,
thioamide (1) +81° 1415
(c = 1.0)

As expected, pentaacetyl-D-gluconic acid thioamide [2] and the galac-
tonic acid analogue (Il) reacts with chloroacetone and phenacyl bromide to
give 2-(D-gluco-pentaacetoxypentyl)-4-methylthiazole (IV) and 2-(D-galacto-
pentaacetoxypentyl)-4-phenylthiazole (V) respectively. Both compounds yield
acetyl-free crystalline derivatives when saponified according to Zempién.

NH, OC—R' N- -C-R"’
I | -H,,0 I
R -C CH, =H[ R-C CH
X
| |
HCOAc HCOAc
|
AcOCH AcOCH
| R'= —CH,
HCOAc HCOAc
|
CHjOAC HCNHAC HAOAC
R = | | R = |
ACOCH CH20Ac
| v
HCOAc |
HCOAc [ HCOAc
| HCOAc :
AcOCH | AcOCH
CH.OAc I
AcOCH 1 AcOCH R'=C.H,
| |
HCOAc HCOAc
|
CH20Ac X=C1; Br
1
Fig. 1
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The condensation of carboxylic acid derivatives with o-aminothiophenols
is ageneral method of preparing derivatives of benzothiazoles [4]. The acetylated
aldonic acid chlorides were found to react readily with both 2-aminothiophenol
and 2-amino-4-chlorothiophenol in hot benzene in the presence of anhydrous
pyridine. Using this method, we have prepared 2-substituted benzothiazole
derivatives (VI—X) from tetraacetyl-D-arabonic acid chloride, pentaacetyl-D-
gluconic acid chloride, and pentaacetyl-D-galactonic acid chloride. Tetraacetyl-
D-galactaric acid dichloride, too, reacted according to expectation with o-ami-
nothiophenol. It was possible to prepare |,4-1bis-(2,-benzothiazolyl)-D-galacto-
tetraacetoxybutane (XI) and I,4-6is-[2’-(5’-chlorobenzothiazolyl)]-D-galacto-
tetraacetoxybutane (XII) by this method.

R1_y nh2o
R —H2
R= CH20Ac—(CHOAc)n—
\ /N —Hal
SH CI
VI: R"= H; R: n=3, VII: R'"=H; R:n=4f
VIIl: R'= H; R: n=4, fD-arabo- IX: R'=C1; R :n= 4T D'"“iuco
X: R'= Cl; R: n=4, \x>-galacto-
R nh2o o h2n
A--(CHOAGQ4— P - 2110
< XT _ 2Hcl
SH
R'__X\___ N
AN gl (CHOAUC).
Xl: R'=H XIl: R'=ClI

Fig. 2

Kuhn and Drawert [5] have prepared different 2-substituted 2-thiazo-
lines by reacting aliphatic nitriles with cysteamine. Similarly, the condensation
of o-aminothiophenol with nitriles is expected to yield 2-substituted benzo-
thiazole derivatives. Only a few examples are known [6, 7] where this reaction
was used to prepare 2-substituted benzothiazoles. We found that acetylated
aldonic acid nitriles readily reacted with o-aminothiophenol in hot alcohol
with the formation of ammonia and 2-substituted benzothiazoles.

In some cases this procedure gave syrup-like acetates, which, however,
could be deacetylated to yield crystalline 2-polyhydroxyalkylbenzothiazoles.
The latter compounds, in turn, gave crystalline acetates when treated with
acetic anhydride.

The 2-substituted benzothiazole derivatives prepared in two different
ways proved to be identical in every respect. The benzothiazole structure is
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also supported by IR spectroscopic data. The band at 1515—1545 cm-1
can be assigned to the skeletal vibration of the benzotliiazole ring [8, 9].
The characteristic absorption of 1,2-disubstituted benzene derivatives around
750 cm-1is also present in the spectra (c/. Table Il). The 2-substituted benzo-
thiazoles are characterized by the data given in Table I1I.

According to Table Il, the optical activity of the 2-polyhydroxyalkyl-
benzothiazoles and the steric position of the hydroxyl group at the carbon
atom of the polyhydroxyalkyl chain attached to the benzothiazole ring
(i.e. C-2°) are connected by a relationship similar to the “benzimidazole

rule” [10].

-NH3 ! -N
NC—(CHOAc)n—CH20Ac —~— - (CIIOAC)n-C H 20Ac
VI: B-arabo- VII: D-gluco-
X1 n= 8 L-arabo- VI1Il: n= 4 d-galacto-
XIV: "7 ¥ D-xylo- XVI: D-manno-
XV: B-xylo-
Fig. 3

Work on the relationship between 2-polyhydroxyalkylbenzothiazole
and -benzothiazoline derivatives, mentioned in the introduction, is in progress.
The oxidation of the benzothiazoline derivatives to the corresponding benzo-
thiazoles is being studied.

Experimental

Tetraacetyl-D-xylonic acid thioamide (I)

10 g of tetraacetyl-D-xylonic acid nitrile was dissolved in 90 ml of ethanol at 50°C
and hydrogen sulphide was introduced for 3 hrs, while the solution was maintained at 50°C
in a water-bath. After saturation with H2S about 1 hr, 0.2 ml of cone, ammonium hydroxide
was added. The yellow solution was evaporated to dryness in vacuum and the residual syrup
crystallized from 20 ml of ethanol, to obtain 8 g 88% of I, m.p. 138—139°C, [a]Jo = +69°
(c = 1.51, in CHCL]).

Ci3HiD8NS (349.4). Calcd. N 4.01; S 9.17. Found N 3.96; S 9.14%.

Pentaacetyl-D-galactonic acid thioamide (I1)

10 g of pentaacetyl-D-galactonic acid nitrile was dissolved in 200 ml of absolute ethanol
at 50 °C and H2S was bubbled through the solution for 1.5 hrs at this temperature. 2 ml of
ethanol saturated with ammonia at 20 °C was then added and H2S introduced for another
1.5 hrs. The solution was concentrated to 50 ml in vacuum. On dilution with water the thio-
amide crystallized. It was allowed to stand several hours in a refrigerator, and separated by
filtration. Together with an additional crop from the mother liquor, 6.5 g (67%) of thioamide
was obtained. After crystallization from alcohol the compound had m.p. 139°C, [a]f = +71°
(c = 0.7, in CHCI3).

CI6H23010NS (421.5). Calcd. N 3.32; S 7.61. Found N 3.23; S 7.59%.

Recrystallization from ethyl acetate/petroleum ether yielded a different modification
(m.p. 150 °C), which w»sidentical with the above compound as shown by the optical activities
(M d= +71.6°) and the IR spectra.
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Table 11

(a) 2-Polyacetoxyalkylbenzothiazoles

Method )
Compound of Yield
prepa- %
ration*
2-(D-aro6o-tetraacetoxy-butyl)-,
(vh A 25
2-(D-arafro-tetraacetoxy-butyl)-,
(v B 90
2-(L-arafeo-tetraacetoxy-butyl)-,
(XJ1n) B 75
2-(D-yylo-tetraacetoxy-butyl)-,
(X1Vv) B 87
2-(L-*y/o-tetraacetoxy-butyl)-,
(XV) B 92
2-(D-gZnco-pentaacetoxy-pentyl)-,
(Vi) A 69
2-(D-g/nco-pentaacetoxy-pentyl)-,
(vin B 74
2-(D-gaiacto-pentaacetoxy-pentyl)-,
(V1) A 42
2-(D-gal/acZo-pentaacetoxy-pentyl)-,
(V1) B 63
2-(D-ma7mo-pentaacetoxy-pentyl)-,
(Xvi) B 98
2-(D-gliico-pentaacetoxy-pentyl)-
5-chloro-, (IX) A 70
2-(D-galacio-pentaacetoxy-pentyl)-
5-cbloro-, (X) A 64

*A: from acid chloride. B: from nitrile.

Characteristic
M.p,, [»]D (in CHCI3) IR bands
(cm-1)**

75—76°; —3.8° 1515, 760

76°; —3.2°

75°; +3.5° 1515, 760 (identical
with VI)

94°; +94.5° 1520-1510, 765

91—92°; —94° 1520— 1515, 765
(identical with XI1V)

157—158°; +108° 1530, 1520, 745
158—159°; +110°

132—133°; +45.6° 1530, 1520, 768
133—135°; +46.2°

96—97°; +17.5° 1520, 760
113—114°;+ 107.4° 1545, 1515, 840

149°; +40.2° 1545, 1517, 815

**The IR spectra were recorded in KBr pellets

(b) 2-Polyhydroxyalkylbenzolhiazoles

Compound

2-(D-ara6o-tetrahydroxybutyl)-, (Via)
2-(L-arabo-tetrahydroxybutyl)-, (Xllla)
2-(D-aylo-tetrahydroxybutyl)-, (XVla)
2-(L-xy/o-tetrahydroxybutyl)-, (XVa)
2-(D-gZuco-pentahydroxypentyl)-, (Vila)
2-(D-galar(o-pentallydroxypentyl)-, (Villa)
2-(D-marmo-pentahydroxypentyl)-, (XVla)
2-(D-gZuco-pentahydroxypentyl)-5-chloro-, (IXa)
2-(l)-galacto-pcntahydroxypentyl)-5-chloro-, (Xa)

Yinzd M.p.; da (in pyridine)
80 207—208°; —133.5°
80 206°; +134°
54 143—144°; + 82.8°
85 144—145°; — 83.5°
71 169—170°; + 74°
97 212—213°; + 41°
54 190—191°; — 60.6°
91 212—213°; + 79.5°
83 220—221°; +142°
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Pentaacetyl-D-glucosaminic acid thioamide (I11)

2.5 g of pentaacetyl-2-amino-2-deoxy-D-gluconic acid nitrile was dissolved in 25 ml
of ethanol at 50° C. A vigorous stream of H2S was passed through the solution for 1.5—2 hrs.
while it was maintained at 40°C in a water-bath. In 10 min. after the stream of H2S had been
started, 0.2 ml of cone, ammonium hydroxide was added to the solution, which became orange-
red when the reaction was completed. The thioamide precipitated on cooling, and was recrys-
tallized from hot ethanol, to obtain 1.7 g (63%), m.p. 154—155° C, [d]g = +81° (c = 1.01,
in CHC13).

CI6BH20 IN2S (420.4). Caled. N 6.66; S 7.62. Found N 6.60; S 7.59%.

2-(D-gluco-pentaacetoxypentyl)-4-methylthiazole (TV)

4 g of pentaacetyl-D-gluconic acid thioamide in 4 ml of chloroacetone was heated for
15 min. at 75°C in a water-bath. The substance gradually dissolved and, after the reaction
had gone to completion, a dark green solution was obtained, which was evaporated to dryness
in vacuum. The residue was taken up in anhydrous ethanol and the solvent evaporated in
vacuum, this procedure being repeated several times. After recrystallization, the product had
m.p. 128°C. Yield: 1.18 g (27%); [a]D= +96.2° (c = 0.48, in CHC13).

CIHZOIONS (459.5). Calcd. C 49.66; H 5.48; N 3.04; S 6.97. Found C 49.92; H 5.30;
N 2.98; S 6.79%.

2-(D-gluco-pentahydroxypentyl)-4-methylthiazole (IVa)

1 g of IV was dissolved in 5 ml of warm absolute ethanol and 0.3 ml of 1 N sodium
methoxide in methanol was added. The solution was allowed to stand in a refrigerator for
1 hr., then the crystalline product was filtered off and recrystallized from 5 ml of ethanol to
yield 0.4 g (74%) of IVa, m.p. 160°C, [a]p = +44.1° (c = 0.6, in pyridine).

CO9H 10 55N (249.3). Calcd. C 43.36; H 6.07; N 5.61; S 12.86. Found C 43.52; H 5.84;
N 5.55; S 12.73%.

2-(D-galacto-pentaacetoxypentyl)-4-phenylthiazole (V)

1 g of pentaacetyl-D-galactonic acid thioamide (I1) was dissolved in 10 ml of anhydrous
ethanol, 0.5 ml of absolute pyridine and 0.48 g of phenacyl bromide were added, and the solu-
tion was heated on a water-bath for 30 min. After cooling, the mixture was poured into ice-
water, the precipitate filtrated off, washed with ice-water, and dried in a vacuum desiccator
over P25 After three recrystallizations from aqueous ethanol, the yield was 0.28 g (23%);
m.p. 120—121.5°C, [a]D = +45.6° (c = 0.4, in CHCL3.

C2H2010NS (521.5). Calcd. N 2.68; S 6.13. Found N 2.64; S 6.07%.

2-(D-galacto-pentahydroxypentyl)-4-phenylthiazole (Va)

1 g of V suspended in 20 ml of anhydrous ethanol was mixed with a solution of 2 ml
of 1 N sodium methoxide in absolute methanol. After rapid dissolution, abundant crystal
formation was observed. The crystals were filtered off after standing for several hours and
washed with methanol. Yield: 0.45 g (75%). Two recrystallizations from aqueous ethanol gave
m.p. 217—219 °C, [a]D = +132° (c = 0.51, in pyridine).

CIHITM5NS (311.3). Caled. N 4.50; S 10.30. Found N 4.48; S 10.12%.

2-(D-arabo-tetraacetoxybutyl)-benzothiazole (VI)

(a) From acid chloride

A solution of 2.1 g of tetraacetyl-D-arabonic acid chloride and 0.74 g of o-aminothio-
phenol was prepared in 50 ml of absolute benzene, and 1.3 ml of absolute pyridine was added.
The solution was refluxed on a water-bath for 1 hr., while N2 was bubbled through it. After
cooling, the solution was decanted from the precipitated pyridinium chloride, evaporated to
dryness in vacuum and the residue recrystallized twice from petroleum ether, to yield 0.6 g
(25%) of VI, m.p. 75— 76°C, [a]B = —3.8° (c = 1.4, in CHC13). The IR spectrum was identical
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with that of the product obtained by procedure (b). No mixed m.p. depression was observed
with the products prepared according to procedures (a) and (b).

(b) From nitrile

0.2 g of 2-(D-arabo-tetrahydroxybutyl)-benzothiazole (Via) was subjected to acetyla-
tion in a mixture of 5 ml of absolute pyridine and 5 ml of acetic anhydride for 24 hrs at room
temperature. Upon pouring on ice, a syrup was formed which was extracted with chloroform.
The CHC13 solution was washed with a NaH CO03solution to remove the acid, then dried over
anhydrous Na2S04, and evaporated to dryness in vacuum. Absolute ethanol was distilled
from the sryup several times in vacuum, soon resulting in crystallization, and yielding 0.3 g
(90%) of VI. Recrystallized from petroleum ether, the substance had m.p. 76°C, [a]D = —3.2°
(c = 1.8, in CHCI3). No melting point depression was observed with the product prepared by
procedure (a).

CIH210 8NS (423.4). Calcd. N 3.30; S 7.58. Found N 3.19; S 7.58%.

2-(D-araho-tetrahydroxybutyl)-benzothiazole (Via)

0.5 ml of o-aminothiophenol was added to 1 g of tetraacetyl-D-arabonic acid nitrile
dissolved in 10 ml of absolute ethanol and the solution was refluxed for 4 hrs on a water-bath
in a stream of nitrogen. The solvent was evaporated in vacuum and the residual yellow syrup
directly deacetylated by dissolving it in 10 ml of absolute methanol and adding 2 ml of 1 N
sodium methoxide in absolute methanol. After several hours of standing, the solution was
neutralized with acetic acid, the precipitated substance filtered off, and washed with methanol.
Yield: 0.65 g (80%). Recrystallization from cellosolve gave m.p. 207—208° C, [k|g = —133.5°
(c = 0.3, in pyridine).

CnHANS (255.3). Calcd. N 5.48; S 12.55. Found N 5.18; S 12.50%.

2-(L-arabo-tetrahydroxybutyl)-benzothiazole (XIHa)

1 g of tetraacetyl-L-arabonic acid nitrile was reacted with 0.5 ml of o-aminothiophenol.
(For conditions and processing, see the preparation of Via). The crude product obtained after
deacetylation (0.65 g; 80%) was recrystallized from cellosolve; m.p. 206°C, [a]D= +134°
(e = 0.33, in pyridine). The IR spectrum was identical with that of Via.

CnHID4INS (255.3). Calcd. N 5.48; S 12.55. Found N 5.29; S 12.44%.

2-(L-arabo-tetraacetoxybutyl)-benzothiazole (X1M)

0.2 g of XIHa was acetylated in a mixture of 5 ml pyridine and 5 ml acetic anhydride
for 24 hrs at room temperature. The product was processed as described for VI. The crude
product was recrystallized from petroleum ether, to yield 0.25 g (75%) of XIII, m.p. 75°C,
[a]D= +3.5° (c = 1.44, in CHCI3). The IR spectrum was identical with that of VI.

2-(D-xylo-tetrahydroxybutyl)-benzothiazole (XIVa)

This compound was prepared from 1.2 g of tetraacetyl-D-xylonic acid nitrile and 0.6 ml
of o-aminothiophenol as described for Via. The crude product obtained on saponification with
sodium methylate (0.44 g; 54%) was recrystallized from «-butanol; m.p. 143—144°C, [«]d =
= -(-82.8° (c = 0.28, in pyridine).

CnHI1P4ANS (255.3). Calcd. N 5.48; S 12.55. Found N 5.30; S 12.40%.

2-(D-xylo-tetraacetoxybutyl)-benzothiazole (XI1V)
0.2 g of XVla was acetylated as described for VI. After recrystallization from petroleum
ether, the product (0.29 g; 87%) had m.p. 94°C, [a]D = +94.5° (c = 0.35, in CHC13).
CI9H2I08NS (423.5). Calcd. N 3.30; S 7.58. Found N 3.28; S 7.42%.
2-(L-xylo-tetrahydroxybutyl)-benzothiazole (XVa)

1 g of tetraacetyl-L-xylonic acid nitrile was reacted with 0,5 ml of o-aminothiophenol.
For conditions and processing, see the preparation of Via. The crude product obtained after
deacetylation (0.69 g; 85%) was recrystallized from rabutanol; m.p. 144—145°C, [a]uy =
= —83.5° (e = 0.3, in pyridine). The IR spectrum was identical with that of XIVa.
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2-(L-xylo-tetraacetoxybutyl)-benzothiazole (XV)

0.25 g of XVa was acetylated with pyridine/acetic anhydride as described for Via.
The crude product (0.35 g; 92%) was recrystallized from petroleum ether; m.p. 91—92°C,
[a]D = —94° (c = 0.2, in CHC13). The IR spectrum was identical with that of XIV.

2-(D-gluco-pentaacetoxypentyl)-benzothiazole (V1)

(a) From acid chloride

6 g of pentaacetyl-D-gluconic acid chloride was dissolved in 60 ml of absolute ethanol
and a mixture of 1.76 g of o-aminothiophenol, 1.4 ml of absolute pyridine, and 20 ml of abso-
lute benzene was added dropwise, followed by refluxing on a water-bath for 1 hr. After cooling,
the solution was decanted from the pyridinium chloride, and evaporated to dryness in vacuum.
The residual syrup was recrystallized from hot ethanol. Two recrystallizations gave colorless
needles (4.8 g; 69%), m.p. 157— 158°C, [cc]8 = +108° (c = 0.69, in CHC13). No m.p. depression
was observed with the product prepared according to (b).

CZH2Z0I0NS (495.5). Calcd. N 2.82; S 6.47. Found N 2.85; S 6.44%.

(b) From nitrile

1 g of pentaacetyl-D-gluconic acid nitrile was dissolved in 10 ml of absolute ethanol
0.4 ml of o-aminothiophenol was added, and the solution was refluxed for 4 hrs on a water-
bath in a stream of nitrogen. The crystals which separated on cooling (0.95 g; 74%) were
filtered off and recrystallized twice from absolute ethanol, to obtain m.p. 158—159° C, [a]o =
= -f-110° (c = 0.57, in CHC13). The IR spectrum was identical with that of the product pre-
pared by method (a), and no m.p. depression was observed with that product.

2-(D-gluco-pentahydroxypentyl)-benzothiazole (Vila)

2 g of VIl was suspended in 30 ml of absolute methanol and a solution of 2.5 ml of
1 N sodium methoxide in methanol was added. Fast dissolution was followed by abundant
crystal formation. The crystals were filtered off after several hours’ standing, and recrystallized
from hot ethanol to obtain 0.82 g (71%) of Vila, m.p. 169—170° C, [a]® = +74° (c = 0.5,
in pyridine).

CI2H1205NS (285.3). Calcd. N 4.91; S 11.23. Found N 4.80; S 11.21%.

2-(d-galacto-pentaacetoxypentyl)-benzothiazole (VIII)

(a) From acid chloride

25 g of pentaacetyl-D-galactonic acid chloride was dissolved in 25 mi of absolute ben-
zene, and a mixture of 0.65 g of o-aminothiophenol, 10 ml of absolute benzene, and 0.5 ml
of absolute pyridine was added dropwise, with stirring under nitrogen. The solution was refluxed
for 1 hr. on a water-bath. After cooling, the benzene solution was decanted from the precipi-
tated pyridinium salt and evaporated to dryness in vacuum. Repeated evaporation of ethanol
from the syrup-like residue, resulted in crystallization of the latter. After two recrystallizations
from 50% aqueous ethanol the product (1.23 g; 42%), had m.p. 132—133° C, [a]g = +45.6°
(c = 1.12, in CHC13).
CZ2HZ010NS (495.5). Caled. N 2.82; S 6.47. Found N 2.79; S 6.29%.

(b) From nitrile

In this synthesis 1 g of pentaacetyl-D-galactonic acid nitrile was allowed to react with
0.4 ml of o-aminothiophenol, as described for VIl (method b). The crude product (0.8 g, 63%)
was recrystallized from aqueous ethanol; m.p. 133—135 °C, [a][) = +46.2° (c = 0.76, in

CHC13).
On the basis of the IR spectrum and mixed m.p. determination, the product was iden-

tical with that of procedure (a).
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2-(D-galaeto-pentahydroxypentyl)-benzothiazole (Villa)

1.05 g of VIII in 10 ml of absolute methanol was mixed with 1.2 ml of 0.5 N
methoxide in methanol. The solution was allowed to stand in a refrigerator overnight. The
product was recrystallized from 80 ml of ethanol, and dried in a vacuum desiccator over P20 5
at 80° Cto obtain 0.59 g (97%) of Villa, m.p. 212—213° C. [eeja = +41° (e = 0.48, in pyridine).

CI2HI505NS (285.3). Calcd. N 4.91; S 11.23. Found N 4.73; S 11.32%.

2,2'-bis(pentaacetyl-D-galactonamido)-diphenyldisulphide

0.59 g of 2,2'-diaminodiphenyldisulphide was acylated with 2 g of pentaacetyl-D-
galactonic acid chloride. For conditions and processing, see method (a) described for VII.
Two recrystallizations from absolute ethanol gave 1.8 g (37%) of the product, m.p. 214—
215° C, [otf]D = —73.7° (c = 0.62, in CHC13).

CA4H50 2N 2S2 (1025.0). Caled. N 2.73; S 6.25. Found N 2.70; S 6.15%.

Characteristic IR bands: 3350 (vNH), 1680 (rC= 0, amide), 1580, 1515, and 760 cm-1.

2-(D-manno-pentahydroxypentyl)-benzothiazole (XVla)

1 g of pentaacetyl-D-mannonic acid nitrile was reacted with 0.4 ml of o-aminothiophenol
as described for Via. After saponification with sodium methoxide, the crude product (0.40 g;
54%) was recrystallized from rabutanol; m.p. 190—191 °C, [«]g = —60.6° (c = 0.31, in
pyridine).

CI2H 150 5NS (285.3). Calcd. N 4.90; S 11.24. Found N 4.76; S 11.05%.

2-(D-manno-pcntaacetoxypentyl)-benzothiazole (XVI)

0.5 g of XVla was acetylated as described for VI under (b). The crude product (0.85 g;
98%) was recrystallized from petroleum ether; m.p. 96—97° C, [a]p = +17.5° (c = 0.7,
in CHC13).

C2H2Z010NS (495.5). Caled. N 2.83; S. 6.47. Found N 2.88; S 6.45%.

2-(D-gluco-pentaacctoxypentyl)-5-chlorobenzothiazole (I1X)

2 g of pentaacetyl-D-gluconic acid chloride was allowed to react with 0.74 g of 2-amino-
4-chlorothiophenol according to method (a) given for VII. Two recrystallizations from abso-
lute ethanol gave 1.75 g (70%) of IX, m.p. 113— 114 °C, [a]c, = +107.4° (c = 0.81, in CHC13).

C2H24010NSCI (529.9). Calcd. N 2.64; S 6.05. Found N 2.62; S 6.08%.

2-(D-gluco-pentahydroxypentyl)-5-ehlorobenzothiazole (1Xa)

1 g of IX was suspended in 20 ml of hot absolute methanol, and 0.7 ml of 0.5 N sodium
methoxide in absolute methanol was added. After dissolution, the deacetylated product rapidly
crystallized. The next day it was filtered off, washed with absolute methanol, and recrystal-
ized from hot 50% aqueous ethanol to obtain bright needles (0.55 g; 91%), m.p. 212—213° C,
alli = +79.5° (c = 0.26, in pyridine).

1 C12H 140 5NSC1 (319.8). Calcd. N 4.38; S 10.02. Found N 4.37; S 9.85%.

2-(D-galacto-pentaacetoxypentyl)-5-chlorobenzothiazole (X)

2 g of pentaacetyl-D-galactonic acid chloride was allowed to reactwith 0.74 g of 2-amino-
4-chlorothiophenol as described for 1X. The compound was recrystallized from absolute ethanol
to yield 1.6 g (64%) of X, m.p. 149° C, [a]D = +40.2° (c = 0.52, in CHC13).

C2H24010NSCI (529.9). Calcd. N 2.64; S 6.05. Found N 2.66; S 6.02%.
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2-(D-galacto-pentahydroxypentyl)-5-chlorobenzothiazole (Xa)

1gofXin 25 mlofabsolute methanol was saponified with 1 ml of 0.5 N sodium methox-
ide in absolute methanol according to the procedure described for I1Xa. The crystalline crude
product was recrystallized from aqueous dimethyl formamide, to obtain 0.5 g (83%), m.p.
220—221° C [aJo = +142° (c = 0.7, in pyridine).

C13Hu05NSC1 (319.8). Calcd. N 4.38; S 10.02. Found N 4.45; S 9.87%.

I,I-bis-(2'-benzothiazolyl)-n-galaoto-tctraacetoxybutane (XI1)

3.65 g of tetraacetyl-D-galactaric acid dichloride was dissolved in 80 m lof hot absolute
benzene, then 2.2 g of o-aminothiophenol in 20 ml of absolute benzene and 1.4 ml of absolute
pyridine were added dropwise while stirring. The solution was warmed at 75° for 1 hr. in a
water-bath. The solid residue, obtained on evaporating the solvent in vacuum, was dissolved
in hot absolute pyridine, and absolute ethanol was added until a slight turbidity appeared.
Further recrystallization from a mixture of pyridine and absolute ethanol gave a yield of 1.2 g
(24%); m.p. 239—240° C (d.).

C26H240 8N 2S2 (556.6). Calcd. N 5.03; S 11.52. Found N 5.18; S 11.37%.

Characteristic IR bands: 1520 and 760 cm-1.

I,4-bis-(2'-beiizothiazolyl)-D-galacto-tetrahydroxybutane (Xla)

1.6 g of XI was suspended in 60 ml of absolute methanol, and 2 ml of 0.5 N
methoxide in absolute methanol was added. After refluxing for 30 min. on a water-bath, the
suspension was shaken for 12 hrs. at room temperature. The filtered product was recrystallized
from dimethyl formamide to obtain 0.5 g (45%) of Xla, m.p. 278—280° C (d.).

C18H 160 AN 2S2 (388.5). Caled. N 7.21; S 16.50. Found N 7.31; S 16.30%.

l,4-bis[2'-(5'-chlorobenzothiazolyl)] -D-galacto-tetraacetoxybutane (XII)

3.3 g of tetraacetyl-D-galactaric acid dichloride in 60 ml of hot absolute benzene was
allowed to react with 2.54 g of 2-amino-4-chlorothiophenol as described for XI. The crude
product was recrystallized twice from hot absolute pyridine to yield 2.6 g (52%) of XII, m.p.
285—286 °C (d.).

C.6H20 8N,S,,C12 (625.5). Calcd. N 4.48; S 10.24; ClI 11.30. Found N 4.60; S 10.17; CI
11.26%.

Characteristic IR bands: 1545, 1515 and 805 cm-1.

I,4-bis[2'-(5'-clilorobenzothiazolyl)] -D-galacto-tetrahydroxybutane (XlIla)

2 g of X1l was saponified with 2.5 ml of 0.5 N sodium methoxide in absolute methanol,
as described for Xla. Since the crude product was insoluble in common solvents as well as in
hot glacial acetic acid, dioxan, pyridine, and dimethyl formamide, it was purified by extraction
of the impurities with hot ethanol. Yield: 1.4 g (96%), m.p. 296—300° C (d.).

Attempts to prepare Xlla in pure state remained unsuccessful; however, upon acetyla-
tion. with pyridine and acetic anhydride it was converted to XlII:

sodium

1 g of XIla was refluxed for 5 hrs in a mixture of 30 ml of absolute pyridine and 20 ml .

of acetic anhydride. The solid product was filtered off the next day, and washed with ethanol,
to obtain 1.2 g (88%) of Xlla, m.p. 284—285° C (d.). No melting point depression was observed
with XII.

Support of this work by the Hungarian Academy of Sciences is gratefully acknowledged.
The authors are indebted to the microanalytical laboratory of the Institute (headed by Dr. E.
R. pavia) for the analyses, and to Dr. S. szabs and Z. o inya for recording the IR spectra
and assistance in their interpretation.
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Syntheses of poly-y-glutamic acid published earlier [4] have proved to he
unsatisfactory for the practical preparation of this substance. Considering the possi-
bilities of a better synthesis, the conclusion was drawn that the general scheme of the
former syntheses could be adopted by substituting new methods for the earlier ones
in every basic step of the synthesis. The new procedure for the preparation of poly-a-
methyl-glutamate is based on the polyautoacylation reaction of the p-nitrophenyl and
pentachlorophenyl ester salts of a.a’-dimethyl y-glutainyl-glutamate (X and XI, re-
spectively). An improved method was also elaborated for the synthesis of thefour possible
stereoisomers of the dipeptide active ester salts with a high grade of structural and
optical purity. The poly-a-methyl-glutamates were obtained in fairly high vyields
(40—90%). Alkaline hydrolysis of the polyesters, followed by different methods of
isolation, led to the stereoisomeric poly-y-glutamic acids, namely, poly-y-D-glutamic
acid, poly-y-L-glutamic acid, and the o—L and L—D mesoid poly-y-glutamic acids in
high yields (65—98%). The molecular weights of the different samples of both the
polyesters (6—8000) and the polyacids (4—9000) were determined by two methods.
The optical and structural purity of the polyacids were also studied. The observation
that synthetic racemic poly-y-glutamic acid (i.e. the equimolecular mixture of synthetic
p- and L-poly-y-glutamic acids) is practically insoluble in water may be regarded as
a confirmation through synthesis of the earlier views relating to the structure of sub-
tilis polypeptide. The mesoid polyacids, too, were found to be very scarcely soluble in
water.

In the 1950°’s extensive research including degradative [1, 2] as well
as synthetic [1, 3—86] investigations was made in this laboratory with the aim
of elucidating the structure of bacterial polyglutamic acids [7]. In the course
of this work, various types of polyglutamic acids, among them several stereo-
isomers of poly-y-glutamic acid (IV) [4, 5]*, were synthesized. The comparison
of the highly specific serological reaction of the different types of synthetic
polyglutamic acids with that of the native substances led to unequivocal con-
clusions about the structure of the native polypeptides. These results were
found to be in full agreement with those obtained by degradative studies,
and so, the latter have also been confirmed by the synthesis [1, 4].

For further physico-chemical and serological studies, we needed a larger
quantity of poly-y-glutamic acid. Since the earlier methods did not seem
satisfactory for the preparation of this substance on a larger scale, the de-
velopment of a new synthesis more appropriate for this purpose became
necessary.

*Poly-y-L-glutamic acid was synthesized also by warey [8].

5* Acta Chim. Acad. Sei. Hung. 62, 1969
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General considerations

As pointed out in our earlier investigations [3], the synthesis of poly-y-
glutamic acid cannot start from a simple derivative of glutamic acid with its
amino or/and y-carboxyl group suitably activated for a coupling reaction.
Such a compound would undergo rather an intramolecular than an inter-
molecular reaction, i.e. instead of polymerizing, it would cyclize into a pyro-
glutamic acid derivative. Thus, for the synthesis of poly-y-glutamic acid,
one must take at least a y-dipeptide derivative of glutamic acid into consider-
ation as the starting material. On the basis of this reasoning, the earlier
syntheses [4] were accomplished according to the general scheme summarized
as follows.

<j1O0H
H2NCHCH2CH2COOH
|

C0o0Q CpOQ
x- hnchch2ch2co— hnchch2ch2co -y

CjooQ <"MO0Q
nchch2ch2co— - hnchch2ch2co --Y
m

r ?OOH COOH
111 HNCHCH2CH2CO - HNCHCH2CH2C O --OH

It seemed appropriate to adopt the same general scheme also in the new
syntheses, provided that the insufficiencies in the single steps of the former
synthesis would be eliminated, and more suitable methods would be substituted
for the earlier ones. For this purpose, the following considerations were made.

(a) The dipeptide derivative Il has to satisfy two main requirements
to assure that the polymer IlIl will not contain a-peptide bonds or any sort
of chain branching. First, it must not contain any impurities of the corre-
sponding a-isomer, and second, the aminolytic reactivity of its oc-and y-carb-
oxyl groups (i.e. that of the appropriate derivatives of the carboxyl groups)
should be widely different.

(b) The crucial step in the synthesis is reaction B, the conversion of the
dipeptide derivative Il into the poly-y-glutamic acid derivative Ill. To obtain
a polymeric product of high molecular weight, it is very important to avoid

Acta Chim. Acad. Sei. Hung. 62, 1969
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side reactions. Thus, for performing this step, a perfectly unequivocal reaction
must be chosen going as fast as possible and giving a high degree of conversion.
In this respect the purity of the starting material (Il) is also of utmost im-

portance.
(c) In the last step of the synthesis, i.e. in the transformation of the
y-glutamic acid derivative Il into the free polyacid IV (step C) care must be

taken that the peptide bonds already formed should not be damaged either
by hydrolysis or by transpeptidation.

From the above considerations it is apparent that, though poly-y-
glutamic acid is built up of only one single amino acid, the general problems
to he solved in its synthesis are similar to those emerging during the synthesis
of polypeptides with known repeating sequence of amino acids [9, 10]. In both
cases it is an oligopeptide (in our case a dipeptide) and not an amino acid
derivative which is converted into a polypeptide. It may therefore be stated
that the earlier syntheses of poly-y-glutamic acid [4] are among the first
examples for the solution of this synthetic problem (cf. [9]). In the last decade
quite a lot of experience on the synthesis of “sequential polypeptides” has
become available in the literature [9—14]. We could make good use of these
results, too, in planning our new syntheses.

The first question to be settled was how to protect the a-carboxyl groups
of the y-glutamy -glutamic acid derivative Il. It is well known that in the
course of alkaline hydrolysis of peptides containing esterified a-aspartyl or
a-glutamyl residues not only the hydrolysis of the ester groups, but also a
partial isomerization of the a-linked residues into the corresponding co-linked
isomers take place [5]. Though the reverse isomerization of the co-linked amino
dicarboxylic acid residues into the a-isomers has not been observed with cer-
tainty as yet, the possibility of this reaction cannot be precluded. For this
reason, we thought it advisable to look also for such ways of synthesis whose
last step (reaction C) does not involve alkaline treatment. Therefore, in
addition to new variations of the earlier syntheses [4] passing via polymethyl
ester, we have also developed two other routes for the preparation of poly-y-
glutamic acid, namely via its polybenzyl and poly-i-butyl esters [16]. Accord-
ingly, we synthesized three different types of the dipeptide derivative II,
the a-carboxyl groups of which were protected by the three groups (Q) corre-
sponding to the polyesters listed above.

Considering the possibilities [1, 4] for the transformation of the dipeptide
derivatives Il into the poly-y-glutamic esters 11l (reaction B), we concluded
that the most suitable method for this purpose would be the polyautoacylation
reaction of an active ester of the dipeptide liberated from its salt by a tertiary
base. Already in one of our earlier syntheses [4] we used a,a’-dimethyl y-gluta-
myl-glutamate thiophenyl ester hydrobromide (II; Q = CH3 Y = SC6H5
X = HBr.H) as the starting dipeptide derivative for the preparation of

Acta Chim. Acad. Sei. Hung. 62, 1969

poly-



194 KAJTAR, BRUCKNER: STEREOISOMERIC POLY-y-GLUTAMIC ACIDS, |

poly-a-methyl-glutamate. In the present work, we chose the corresponding
p-nitrophenyl and pentachlorophenyl ester salts as starting materials. The rate
of aminolysis of a negatively substituted phenyl ester is at least three or four
orders of magnitude higher than that of a methyl ester [17]. This difference
in reactivity seemed to be sufficient to assure the selectivity required for the
synthesis of a structurally pure y-linked polypeptide. The application of the
above two types of active esters as “polymerizing units” for the synthesis
of sequential polypeptides was introduced and elaborated by De Tar [10, 13]
and by Kovacs [9, 12, 18] and their co-workers, respectively. In our case,
the use of one or the other type ofthe active ester was in some instances limited
by the esterifying groups on the «-carboxyls of the dipeptide derivative Il
(c/. [16]).

In recent years suitable new methods have been elaborated [19, 20]
for the preparation of the «-esters of glutamic acid with a high grade of struc-
tural purity. This fact offered us a possibility to develop a new synthesis for
the y-glutamyl-glutamic acid derivatives as well (reaction A). Thus the pre-
paration of these important starting compounds for the synthesis of poly-y-
glutamic acid in a form absolutely free from a-isomeric impurities (cf. [3, 4])
could be accomplished.

In the present paper we report a new synthesis of four stereoisomeric
poly-y-glutamic acids via their methyl esters. A preliminary paper on a part
of this work has already been published [21]. Two other routes for the prepa-
ration of the polyacid through the corresponding polybenzyl and poly-f-butyl
esters will be described later [16].

Synthesis of the dipeptide active ester salts

The preparation of the active ester salts of a,«’-dimethyl y-glutamyl-
glutamates of different configurations was accomplished in the following way.*
The coupling of occmethyl N-carbobenzoxy-glutamate p-nitrophenyl ester
(V) [20] with «-methyl glutamate (VI) [20] in dimethylformamide and in
the presence of triethylamine resulted in the formation of «,«’-dimethyl
N-carbobenzoxy-y-glutamyl-glutamate (VII) in good vyield. From the two
antipodes of the glutamic acid derivatives V and VI all the four possible stereo-
i-omers of VII were prepared. They are crystalline materials giving only single
spots when chromatographed on thin layer. Their melting points are somewhat
higher than those of the same substances prepared by the earlier method
[3, 4]. The nitrophenyl and pentachlorophenyl esters VIII and IX were made
from the dipeptide derivatives VII and the corresponding phenols with di-

*Abbreviations used in this paper conform to those recommended by the 5th European
Peptide Symposium [22].
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Z—Glu—OMe  H-Glu-OMe ZqUMe
IMFA L -OH

b-one ---6H
Vi Vil

HBr.H-f-Glu —OMe

HQ-Np  Z-Glu—OMe  ygyacon
pcel ONP | onp
Vil
viI
HO-PCP Z*-Glu—OMe Hj(ljlrd HCIL.H-GIlu-OMe
peat =OPCP -opcp

Xl

cyclohexylcarbodiimide as the condensing agent [23]. All stereoisomers of
the protected dipeptide active esters VIII and IX crystallized well and were
chromatographically pure. The carbobenzoxy group of the nitrophenyl ester
VIl was removed by acidolysis with hydrogen bromide in glacial acetic acid
[24]. The resulting nitrophenyl ester hydrobromides (X), the d—d and L—L
isomers of which were prepared, were isolated as hygroscopic amorphous powders
which could neither be crystallized nor analysed; they proved, however, to
be homogeneous by thin-layer chromatography. The splitting of the N-protect-
ing group of the dipeptide pentachlorophenyl ester IX was carried out by
catalytic hydrogenation in the presence of slightly more than one mole of
hydrogen chloride [9]. In contrast to the nitrophenyl ester hydrobromides
(X), the pentachlorophenyl ester hydrochlorides of the four stereoisomeric
a,of-dimethyl y-glutamyl-glutamates (XI) were chromatographically pure
crystalline substances with sharp melting points; their elemental composition
was found to be in good agreement with the calculated values.

Polymerization of the dipeptide active ester salts

The polymerization (or rather polyautoacylation) of the dipeptide active
ester salts was performed in dimethylformamide or dimethyl sulfoxide solution
(concentration 1—3 mmoles/ml) in the presence of 2—2.5 equivalents of
triethylamine at room temperature or at 100° C. Under these conditions the
following reaction takes place.

HX.H- -Glu—OMe Ef3N H 'Glu—OMe EGN i 'Glu—OMe
n Y, (-ENHX) 1 (-EAN-HOY) 1
I k°Y L 2°
X=Br, Y=NP; X Xl Xl

X=CI, Y=PCP; X
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The best reaction parameters for the polymerization were determined in the
case of both types of the starting dipeptide active ester salt. In selecting the
convenient solvent, one must take into consideration that it has to dissolve
readily both the dipeptide active ester salt and the polyester. The high solu-
bility of the starting material is required to avoid the cyclization process
competing with the polymerization in a dilute solution. The initial concentra-
tion should, therefore, be as high as possible. Early precipitation of the end
product, on the other hand, would cause the polymerization reaction to break
off and lead to polymers of low molecular weights. The solubility of the polymer
is the other factor that determines the optimal concentration of the polymeriz-
ing reaction mixture. — For the polymerization of the nitrophenyl ester
hydrobromides (X), warming in dimethylformamide solution proved to be
the best method. On the other hand, the pentachlorophenyl ester hydrochlor-
ides (XI1) gave, under the same conditions, impure polymeric products. In the
latter case, stirring the dimethyl sulfoxide solution of the dipeptide derivative
(X1) at room temperature was found to he more advantageous (see Table 1).

The progress of polymerization was followed semiquantitatively by
spectroscopic measurements. In the IR spectrum ofthe dipeptide pentachloro-
phenyl ester hydrochloride (XI) in dimethyl sulfoxide two CO bands appeared:
a more intense band at 1750 cm-1 due to the methyl ester groups, and a
weaker one at 1780 cm-1 corresponding to the carbonyl group of the penta-
chlorophenyl ester. In a sample taken from the reaction mixture 5 minutes
after the addition of the base, the intensity of the active ester hand was only
about 5—10% ofthe original value, and after 30 minutes no peak or shoulder
appeared in the spectrum of the polymerization mixture at 1780 cm-1. This
experiment allowed us to conclude that in the first half an hour the polymeriza-
tion reaction went almost to completion (at least in 98%).* In the case of the
starting dipeptide derivatives Xl of b— D or L—L configuration, however,
the reaction mixture turned into an unstirrable gel only after 6—8 hours.
This means that either the formation of the gel requires a longer time, or some
chain growth has taken place even after 30 minutes. The mesoid (¢— 1 and
L—d) poly-a-methyl-glutamates are less soluble in dimethyl sulfoxide, and
so they precipitate from the reaction mixture within one or two hours. This
fact is possibly responsible for the somewhat lower molecular weights of these
polyesters when compared with those built up from «-methyl glutamate resi-
dues of identical configuration (see Table I). The isolation of the polyesters
was accomplished by diluting the reaction mixtures with ether and washing
the precipitated substances with different solvents to eliminate by-products
(see Experimental).

*The experimental error of the spectroscopic determination of the active ester group
was about 2%.
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The identification of the polyesters was made by elemental analysis.
The number average molecular weights of the different preparations were cal-
culated from the amino nitrogen contents determined by a modified van Si1yke
method [25]. It may be noted that, according to the equation of the polymeri-
zation reaction (p. 195), the polyester should still contain one nitrophenyl or
pentachlorophenyl ester group per molecule (XIII), and so, its molecular
weight should also be determinable by the analysis of an element or functional
group (chlorine or nitro group) characteristic of the active ester. However,
our experiments showed that, though the polyester contains equal number
of N-terminal and C-terminal groups, the molecular weights calculated from
the active ester content (e.g. from the chlorine content of the polymer)
were much higher than those obtained from the amino nitrogen values (e.g.
85,000 and 9,000 againts 6,400 and 5,600, respectively). This contradiction
can probably be explained by the partial hydrolysis of the active ester group
during the isolation and purification of the polyester.

Table |1

Reaction conditions of the preparation and molecular weights of stereoisomeric
poly-a-melhyl-glutamales

S;gtrit\ilggegtigre%gﬂe Solvent; Yield, Amino-N, ’;‘\;Jerpa%eer

No. temperature, % % molecular
Structure Configuration weight
| DMFA, 100° 44 0.19 7400
2 X L—L DMFA, 20° 39 0.56 2500
3 DMSO, 20° 23 1.86 750
4 D—D DMFA, 100° 38 0.20 7000
5 DMFA, 100° 80a) 0.23 6100
6 e © 0.16 8800
7 X1 D—D 90 0.22 6400
8 L—D DMSO, 20° 80 0.25 5600
9 D—L 81 0.26 5400

a) dark coloured, impure product; b) washed with water.

The reaction conditions of the different polymerization experiments,
together with the yields and molecular weights of the products are summarized
in Table I. The analytical values of one representative poly-a-methyl-glutamate
sample can be found in the Experimental. The data in Table | show that the
pentachlorophenyl ester hydrochlorides of the stereoisomeric a,a’-dimethyl
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y-glutamyl-glutamates (XI) are — in respect of the yield — better starting
materials for the practical synthesis of poly-a-methyl-glutamate, than the
corresponding nitrophenyl ester hydrohromides (X).

Preparation of the free poly-y-glutamic acids

In order to prepare poly-y-glutamic acids, the polymethyl esters were
hydrolyzed with 0.25N sodium hydroxide solution at 100° C for 45 minutes.
The free polyacids were isolated from the hydrolyzate in different ways. The
first method was the same as that used in the earlier syntheses [4]. The insol-
uble copper(ll) salt of the polyacid was precipitated at pH 6; it was then
dissolved in dilute hydrochloride acid, the solution demetallized by hydrogen
sulfide, dialyzed against distilled water for several days, and finally freeze-
dried. The other way for isolating the polyacid was the acidification of the
hydrolyzate with ion exchange resin (Amberlite IR-120 in hydrogen cycle),
and the subsequent freeze-drying of the solution without dialysis. The mesoid
poly-y-glutamic acids, being very poorly soluble in water, could be precipitated
from the hydrolyzate also by simple acidification with hydrochloric acid.
The yields of the isolation of the polyacids — depending on whether they had
been dialyzed or not — varied between about 50 and nearly 100% ofthe theore-
tical (see Table I1).

The poly-y-glutamic acids are solid foams or amorphous white powders.
All the samples contain some water which cannot be removed without damag-
ing the polymer itself.

Four stereoisomers of poly-y-glutamic acid were prepared through the
new synthesis, namely poly-y-D-glutamic acid, poly-y-L-glutamic acid, and
the b—L and L—D mesoid poly-y-glutamic acids, i.e. poly-(y-D-glutamyl-
L-glutamic acid) and poly-(y-L-glutamyl-D-glutamic acid). All of these sub-
stances had already been synthesized earlier [4, 5], but in considerably poorer
yields.

Properties of the synthetic poly-y-glutainic acids

(a) Solubility — In contrast to poly-y-D-glutamic acid and poly-y-L-
glutamic acid, both readily soluble in water, their equimolecular mixture,
i.e. the racemic poly-y-glutamic acid is practically insoluble. Acidification of
a solution of equimolecular quantities of sodium poly-y-glutamate of D- and
L-configuration results in the precipitation of the racemic polyacid. These
findings are of some importance in connection with the solubility properties
of subtilis polypeptide as well. It has been reported by Thorne and Leonard
[26] that the polyglutamic acid excreted by Bac. subtilis into the culture media
contains various amounts of both 4- and L-glutamic acid residues. The ques-
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Table 11

Reaction conditions of the preparation and molecular weights of stereoisomeric
poly-y-glutamic acids

Number average molecular

weight
. Starting Method of Yield,«» Amino-N,
No. Confign. polyester0® isolation % %
Calcd. from Caled. from
the amino-N the ninhydrin
reaction1)
| L | Cu-salw D¢ 65 - - 4100
2 L 2 resind* 90 0.56 2500 2500
NDe¢
3 L 3 resin, 90 0.34 4100 3700
ND
4 D 4 Cu-salt, 68 0.37 3800 4100
D
5 L 5 Cu-salt, 20 0.47 3000 5000
D
6 L 6 resin, 95 0.15 9300 9400
ND
7 D 7 Cu-salt, 53 0.28 5000 4900
ND
8 L---D 8 Cu-salt, 72 — — 7100
mesoid ND
9 L---D 8 resin, 98 — — 5900
mesoid ND
10 DL 9 HCIf) 60 — — 6100
mesoid ND
11 D---L 9 resin, 70 — — 7100
mesoid ND
a) The numbers refer to those of Table I; b) method (a) (see Experimental); c) dialyzed;

d) method (b) (see Experimental); e) not dialyzed; f) method (c) (see Experimental); g) relating
to the polyester; h) for details, see Table VIII.

tion, whether the glutamic acid residues of antipodal configuration are built
into one single polypeptide molecule in various ratios, or the subtilis poly-
peptide is a mixture of different amounts of the two antipodal poly-y-glutamic
acids each built up entirely of either D- or L-glutamic acid residues, was
solved by them on the basis ofthe following observations. Upon acidification of
a solution of the sodium salt of subtilis polypeptide, a part of the free polyacid
precipitated. Acid hydrolysis of this insoluble fraction led to inactive, i.e.
racemic glutamic acid. The soluble fraction of the polypeptide, in turn, proved
to be composed predominantly either of a- or L-glutamic acid, depending on
which of the two stereoisomeric glutamic acid residues was present in a higher
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amount in the original subtilis polypeptide. From this and other even more
convincing evidences obtained from the results of experiments made with
the isotope dilution technique, the authors have concluded that the subtilis
polypeptide is a mixture of D- and L-poly-y-glutamic acids. Our observations
on the solubility ofthe synthetic racemic poly-y-glutamic acid are in agreement
with the facts outlined above, and so, they may be considered as a confirmation
through synthesis of the earlier conclusions concerning the structure of sub-
tilis polypeptide.

Similarly to the racemic poly-y-glutamic acid, also the mesoid poly-y-
glutamic acids are very poorly soluble in water (their solubility is max. 1—2
mg/ml)*. It would be interesting to study the structural and associative forces
responsible for this great difference in the solubility between the poly-y-
glutamic acids with asymmetric centres of uniform configuration on the one
hand, and the racemic or the mesoid forms on the other, since there is no
substantial difference in the molecular weights of the two types of polyacid.
The polyglutamic acid isolated from the cultures of Bac. megaterium [27]
contains D- and L-y-glutamyl residues built in 1:1 ratio into the same peptide
chain, thus being probably a mesoid poly-y-glutamic acid. Unfortunately,
no data on the solubility of this natural polypeptide in dilute acid can be found
in the literature.

(b) Molecular weight — The number average molecular weights of the
different samples of poly-y-glutamic acids were determined by two methods.

(1) The amino nitrogen contents of the polyacids were determined by a
modification of the van Siyke method introduced by Kainz et al. [25]. It
was found that this modified procedure can also be used inthe case of y-glutamyl
peptides [28], formerly inaccessible to analysis because of their stepwise
degradation under the reaction conditions of the original van Si1yke method
[29]. The molecular weights calculated from the amino nitrogen contents are
presented in Table II.

(2) Another simple method for the determination of the free amino
groups was based on the spectropliotometric measurements of the colour
intensity of the ninhydrin reaction of polyglutamic acid solutions [30].
Solutions of known concentration of glutamic acid and of a series of y-linked
oligopeptides [31] were used for calibrating the method. It was found that
the “colour yield” of the ninhydrin reaction in the case of the oligopeptides
was, on an average, only 87% of that given by the glutamic acid solution of
equal molar concentration. This discrepancy is probably to be attributed
to the water content of the oligopeptides the exact amount of which could not
be determined so far. As the polypeptides may contain about the same amount

*The insolubility of the mesoid poly-y-glutamic acids was not observed in the course
of our earlier work [4, 5], probably because of the low molecular weights of the products
synthesized at that time.
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ofwater (see below), the calculation ofthe molecular weights ofthe polyglutamic
acids was based on the “colour yield” of the oligopeptides. The molecular
weights determined by this method are also listed in Table 1I.

It can be seen that the molecular weight data obtained by the two
methods are in fairly good agreement in some of the cases, while in others,
there is a substantial difference between them. The situation is about the
same when correlating the molecular weights of the polyacids with those of
the corresponding polyesters. It cannot be told whether these discrepancies
only arise from experimental error or they have some other origin as well.
It should, however, be borne in mind that the accurate determination of the
molecular weights with values between about 2000 and 10 000, is a rather
difficult task. Our molecular weight data might therefore be considered only
as approximate values. Experiments, with the aim of determining the mole-
cular weights and the degrees of dispersity of the different polyglutamic acids
more accuraetly, are in progress.*

As regards the relative molecular weights of the poly-y-glutamic acids
prepared by different ways, the method via the pentachlorophenyl ester seems
to be superior to that via the nitrophenyl ester.

(c) Structural and optical purity — According to the elemental analysis,
all samples of poly-y-glutamic acid contain some water, but its exact amount
has not been determined so far. The values for the water content calculated
independently from the carbon, the hydrogen or the nitrogen content of
the same sample do not agree with one another satisfactorily, and, what is
even more surprising, the oxygen content which should be the most sensitive
to water content, could not be determined accurately at all. All values obtained
for the oxygen content of the free polyacids were unreasonably low. The cause
of this very surprising fact is yet unknown. In consequence of these difficulties,
the exact polypeptide content of our samples are not known. We can obtain
the best agreement with the analytical figures by calculating with one mole
of water per two glutamyl residues. This corresponds to about 6—7% of
water in the polyacid.

The optical purity of poly-y-L-glutamic acid was tested by total hydro-
lysis. A solution of the polyacid in 3N hydrochloric acid was heated at 100 °C
for 3 hours. The optical rotatory dispersion of the hydrolyzate was measured
between 588 and 280 nm, and compared with the ORD curves of two glutamic
acid solutions of the same molar concentration, one of which had been treated

*Note added in proof. Recent fractionation experimentsmade on a Sephadex G-50 column
have shown that the undialyzed, high molecular weight samples of synthetic poly-y-glutamic
acid contain some sort of ninhydrin negative, low molecular weight substance, very probably
of cyclopeptide nature, in a rather high quantity. According to this finding, the molecular
weight data, higher than 5000, determined by mmino-nitrogen analysis (either by the van
si1yke Or the ninhydrin method) should be taken as, very probably, erroneous. Further in-
vestigations of this kind are in progress and will be published later.
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under the conditions of the hydrolysis, and the other had not. The optical
rotation of the hydrolyzate was found to amount to 94 +1% of those of
the two standard solutions. The latter solutions gave two identical dispersion
curves showing that no racemization of the glutamic acid occurred during the
acid hydrolysis. The glutamic acid content of the hydrolyzate (and, for compa-
rison, also that of the standard solutions) was determined by the micro
Kjetdaht method [32], and was found to be 94 +3% ofthe value calculated
from the weight of the polyglutamic acid (and from the glutamic acid content
of the standards). This is in agreement with the estimated water content of
the polymer. On the basis of these experiments, the conclusion can be drawn
that — at least between the limits of the experimental error — our poly-y-
glutamic acid can be considered as optically pure. This means that no racemiza-
tion took place in the course of the synthesis.

The specific rotation of the synthetic poly-y-D-glutamic acid ([a]o®
-f-24.1°) agrees quite well with the value ([°dd -f-23.5°) described for the
native anthrax polypeptide [4, 7]. Analysis of the optical rotatory dispersion
of the poly-y-glutamic acids and their esters together with the corresponding
oligomers has already been published [33], and will be described in a more
detailed form elsewhere. AIl results of these investigations seem to confirm
the above conslusion that the polyglutamic acids synthesized by us are opti-
cally pure.

The structural homogeneity of the synthetic poly-y-glutamic acids pre-
pared by alkaline hydrolysis of the polymethyl ester has already been studied
earlier [4], but, as a matter of fact, no absolutely conclusive results could
be obtained thus far. The results of the total hydrolysis seem to be of interest
in this respect, too. Though already the good agreement between the rotatory
dispersion curve of the hydrolyzate and those of standard glutamic acid solu-
tions can be taken as a proof for the completeness of the hydrolysis (since
the optical rotations of the y-oligopeptides of glutamic acid are either of oppo-
site sign or, at least, of much less absolute value in this spectral range [33]),
the hydrolyzate was also tested by thin-layer chromatography. No spots,
however, beside that of glutamic acid, could be detected on the chromatogram.
From the fact that the hydrolysis of the polyglutamic acid was complete under
the very mild conditions used by us, we might also conclude that no (or at
least very few) a-glutamyl linkages are to be encountered in the polyacid.
The proneness of polyglutamic acid to hydrolyze readily under mild acidic
conditions has been considered as a proof of the y-linked structure also in the
examination of the native polypeptide [34].

The results of our experiments on oligomeric model substances [31]
showed, that, at leastin those instances, apparently no significant transpepti-
dation occurred. The comparison of polyglutamic acids prepared from polyesters
of different types seems also to confirm this conclusion [16]. However, the
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question of y —Xx transpeptidation can by no means be regarded as settled,
and requires further study. Such work is under way in our laboratory.

Experimental

The m.p.’s are uncorrected and were taken on a Tottoli apparatus. The optical rotations
were measured on avisual polariméter (Schmidt—Haensch) using a sodium lamp. Before micro-
analysis, the samples were dried in a vacuum desiccator over phosphorus pentoxide for 8—10
hrs at a temperature adjusted to the melting points of the single substances (50— 100° C).
Thin-layer chromatograms were made on silica gel (Kieselgel-G nach Stahl, Merck) using the
following solvent mixtures:

a) re-butyl alcohol-pyridine-acetic acid—water (30 :20 :6 :24),

b) re-butyl alcohol-acetic acid-water (4:1:1)

¢) chloroform-methyl alcohol-acetic acid (75 :20 :5)

d) chloroform-hexane-acetic acid (8:1:2)

For the preparation of all the stereoisomers of the different compounds only one descrip-
tion is given. Any occasional differences in the work-up procedure are noted. The physical
constants and analytical data of the single stereoisomers are summarized in Tables connected
to the corresponding descriptions.

a-Methyl N-carbobenzoxy-D-glutamate dicyclohexylammonium salt

From 120 g of N-carbobenzoxy-D-glutamic acid anhydride — according to the method
of K 1ieger and civian [20] — 98 g of a-methyl N-carbobenzoxy-D-glutamate dicyclohexyl-
ammonium salt was obtained. Yield : 44%; m.p. 178—180° C; [a]d] + 11.2° (c 2, methanol).
The physical constants described [20] for the L-antipode are: m.p. 172—173° C; [a]q] — 10.9°
(c 1.02, methanol).

CX3H40N20G (476.6). Caled. C 65.52; H 8.46; N 5.88; OCH, 6.52. Found C 65.57;
H 8.44; N 5.53; OCH3 6.59%.

a-Methyl N-carbobenzoxy-D-glutamate

The method of preparation differed slightly from that described for the L-isomer by
Ki1ieger and cibian [20]. The above dicyclohexylammonium salt (80 g) was suspended in
a mixture of ether (680 ml) and IN H2504 (450 ml). The mixture was shaken for a few minutes
until the crystals completely dissolved. After the separation of the phases, the ether solution
was washed with three 100-ml portions of water, dried over anhydrous MgS04, and evaporated
to dryness under reduced pressure. The remaining colourless oil soon crystallized. Yield:
48 g (97%); m.p. 68—69 °C. Recrystallization of a sample (8 g) from ethyl acetate (8 ml)
and petroleum ether (8 ml) gave 4.8 g (60%) of the purified substance; m.p. 69—71° C; [a]2"
-(-24.7° (c 1.0, methanol). The physical constants described [20] for the L-antipode are: m.p.
68—69° C (after recrystallization); [a]li>> —25.9° (¢ 1.06, methanol).

C14H INOg(295.3). Calcd. C 56.94; H 5.80; N 4.74. Found C 57.18; H 6.10; N 4.90%.

a-Methyl N-carbobenzoxy-D-glutamate p-nitrophenyl ester (V)

The method of preparation was the same as that described by Kiieger and Gibian
[20] for the L-antipode. From 32.5 g (0.11 mole) of a-methyl N-carbobenzoxy-D-glutamate
34 g (82%) of the nitrophenyl ester was obtained; m.p. 93—94° C; [a]f>° +9.6° (c 1.2, acetic
acid). The physical constants of the L-antipode [20] are: m.p. 91—92° C; [a]i>5 —9.9° (¢ 1,
acetic acid).

C20H20N 208 (416.4). Calcd. C57.69; H 4.84; N 6.73; OCH37.45. Found C57.85; H. 5.12;
N 6.68; OCH3 7.62%.

a-Methyl D-glutamate (VI)

This substance was prepared according to the method of Kk 1ieger and cinian [20].
Catalytic hydrogenation of 15 g (0.05 mole) of a-methyl N-carbobenzoxy-D-glutamate gave
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6.9 g (85%) of the free semiester; m.p. 148—149° C; [a]f>°> —34.0° (c 3.8, water); Rp(a) 0.78,
Rp(b) 0.79. The physical constants described [20] for the corresponding L-antipode are: m.p.
149—150° C; [a]Y +35.1° (c 2.01, water),

CeHItN 04 (161.2). Calcd. C 44.71; H 6.88; N 8.69; OCH319.26. Found C 44.83; H 6.75;
N 8.54; OCH3 19.03%.

a,a'-Dimethyl N-carbobenzoxy-y-glutamyl-glutamate (VI1)

a-Methyl glutamate (VI) (6.5 g; 40 mmoles) and triethylamine (5.5 ml; 40 mmoles)
were added to a solution of a-methyl N-carbobenzoxy-glutamate p-nitrophenyl ester (V)
(15.0 g; 36 mmoles) in dimethylformamide (100 ml). The suspension was stirred for 5 hrs at
room temperature. By the end of this period a-methyl glutamate dissolved almost completely.
The reaction mixture was allowed to stand overnight and then evaporated under reduced pres-
sure. The oily residue was taken up in ethyl acetate (250 ml) and washed with 11VHC1 (3 X50 ml)
and 10% NaCl solution (3 X50 ml). The ethyl acetate solution, after being dried over anhydrous
Na,SOj, was evaporated under reduced pressure. The oily residue — which sometimes crystal-
lized — was dissolved in hot ethyl acetate (50 ml) to which petroleum ether (50 ml) was added.
After standing overnight, the precipitated crystals were collected, washed with a cold mixture
(50 ml) of ethyl acetate—petroleum ether (1 : 1), and dried. The yield was 13.4 g (85%).

Table 111
Physical constants and elemental analyses of stereoisomers of VII

Mp °c [a]#S(clO, MeOH) Analysis
Confign. RF (a)
lit. [4] lit. [4] c% H% N% OCHa%

D—D 112—113° 109—110° + 28.0° + 28.3° 0.89 55.28 5.83 6.25 14.60
L—L 110—112° 109—110° —28.1° —28.3° 0.89 55.00 6.37 6.30 14.70
D—L 139—141° — — 3.7° — 0.88 5480 581 6.56 14.50
L—D 139—141°  136—137° + 3.5° + 4.3° 0.88 55.30 589 6.31 14.79

Calcd. for C20H20N209 (438.4) 5479 598 6.39 14.16

a,a’-Dimethyl N-carbobenzoxy-y-glutamyl-glutainate p-nitrophenyl ester (VI1II)

To a solution of a,a’-dimethyl N-carbobenzoxy-y-glutamyl-glutamate (VII) (13.1 g;
30 mmoles) and p-nitrophenol (3.7 g; 27 mmoles) in tetrahydrofurane (60 ml) dicyclohexyl-
carbodiimide (5.6 g; 27 mmoles), dissolved in afew mlof tetrahydrofurane, was added.The solu-
tion was stirred for 5 hrs at room temperature and then let to stand overnight. (Dicyclohexyl-
urea began to separate in the first minutes of stirring.) After cooling for a short time, the
dicyclohexylurea was filtered off (4.9 g; 80%), and the solution evaporated under reduced
pressure. The resulting yellow oil was dissolved in chloroform (300 ml) and the solution washed
with 5% K2C03 solution (3X50 ml), 10% NaCl solution (3X50 ml), then with 0.5 N HC1
(50 ml), and finally with water (50 ml). The chloroform solution was dried over anhydrous
Na2S04. After evaporation of the solvent under reduced pressure, there remained a crystalline
mass which — in the case of the D—D and L—L stereoisomers — was dissolved in hot ethyl
alcohol (120 ml), and the solution was allowed to cool slowly to room temperature. (The crude
crystalline material could be dissolved in half of the amount of alcohol as given above, but
at such a concentration the material would separate in too fine crystals to allow complete
removal of the solvent. The poor ability to crystallize is responsible for the low yield of the
purified substance.) After standing overnight, the crystals were separated, washed with alcohol
(30 ml) and dried. The yield of the pure nitrophenyl ester (VIII) was 8.2 g (55%). The D—L
isomer of the crude dipeptide nitrophenyl ester was crystallized from much less alcohol (15—
20 ml). The yield of the pure substance was 9.5 g (63%).
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Table 1V

Physical constants and elemental analyses of sterecisomers of VIII

o Analysis
Confign. M.p., C MB (EtOH) Rp(d)
% H% N% 0%
D—D 133—134°  +26.1° (c4.5) 0.75 55.78 5.33 7.69 11.21
L—L 135—136° —27.2° (c 3.8) 0.75 55.83 5.92 7.39 11.24
D—L 126—128° — 9.0° (¢ 2.0) 0.75 55.45 5.73 7.40 11.75
Calcd. for C6H2N30u (559.5) 55.81 5.22 7.51 11.12

a,a'-Dimethyl y-glutamyl-glutamate p-nitrophenyl ester hydrobromide (X)

The protected dipeptide nitrophenyl ester (VIII) (13.7 g; 24.5 mmoles) was dissolved
in glacial acetic acid containing 28% of HBr (130 ml). The initial vigorous evolution of carbon
dioxide ceased in 15—20 min. After standing for 40 min. at room temperature, the yellowish
solution was poured into anhydrous ether (1.51). The precipitated hydrobromide was thoroughly
rubbed with the solvent and then filtered off by suction as fast as possible. It was immediately
placed into a vacuum desiccator and dried over cc. H,SO, and KOH for a night. The dipeptide
nitrophenyl ester hydrobromide was a very hygroscopic, amorphous, slightly yellow powder.
The yield was 12 g (97%), Rp(c) 0.32. The substance could not be analyzed and was polymer-
ized without further purification.

a,a’-Dimethyl N-carbobenzoxy-3-glutamyl-glutamate pentachlorophenyl ester (1X)

Dicyclohexylcarbodiimide (2.7 g; 13 mmoles) in a few ml of dimethylformamide was
added to a stirred solution of a,a’-dimethyl N-carbobenzoxy-y-glutamyl-glutamate (VII)
(6.6 g; 15 mmoles) and pentachlorophenol (3.5 g; 13 mmoles) in dimethylformamide (50 ml).
The solution was stirred for 3 hrs at room temperature and then let to stand overnight. After
being cooled for a few hours, the solution was filtered from the separated dicyclohexylurea
crystals (2.6 g; 88%) and evaporated under reduced pressure (less than 1 mm). The oily residue
was taken up in chloroform (150 ml) and extracted with three 30-ml portions of 5% K2C03
solution, water (2X30 ml), 30 ml of 0.51V HC1, and finally with 30 ml of water. The chloro-
form solution was dried over anhydrous MgSO, and then evaporated in vacuo. The crude
material was crystallized from ethyl acetate (100 ml) to give 6.2 g (70%) of the pure pentachloro-
phenyl ester (IX) in the case of the b—D and the L—uU isomers; the mesoid type dipeptide
active esters (d—w and L—d) were purified by crystallization from benzene (120 ml), to obtain
7.2 g (81%) of the pure substances.

Table V

Physical constants and elemental analyses of stereoisomers of IX

. Analysis
Confign. Mp., °c MB (chcu) Rf (d) oo o NG 0% %
D—D 161 —162.5° —13.7° (c 1.5) 0.85 45.73 3.85 4.09 26.20
L—L 161.5—162.5° + 13.5° (c 1.6) 0.85 45.72 3.53 4.45 20.97 25.65
D—L 131 —135° + 6.2° (¢ 5.0) 0.88 45.96 4.03 4.04 25.90
L—D 134 —136° — 6.5° (c 5.0) 0.88 45.25 3.91 4.10 20.60 25.90
Calcd. for C26HZ2N20 9Cl15 (686.8) 45.47 3.67 4.08 20.97 25.81
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a,a’-Dimethyl y-glutamyl-glutamate pentachlorophenyl ester hydrochloride (XI1)

A solution of the protected dipeptide pentachlorophenyl ester (IX) (6.9 g; 10 mmoles)
in dimethylformamide (100 ml) was mixed with methanol (10 ml) containing hydrogen chloride
(0.73 g; 20 mmoles), palladium(10%)-on-charcoal catalyst (1 g) was added, and the suspen-
sion was shaken in a stream of hydrogen until no more carbon dioxide could be detected in
the departing gas (about 2—3 hrs). The catalyst was filtered off, and the solution evaporated
to dryness under reduced pressure (less than 1 mm). The remaining crystalline substance was
dissolved in hot dimethylformamide (25 ml), and the solution carefully diluted with ethyl
acetate (50 ml). Crystallization of the dipeptide active ester salt began immediately. The
slurry was allowed to stand at room temperature, then the crystals were filtered off, washed
with ethyl acetate (25 ml) and dried on a steam bath. The white crystalline product weighed
51 g (89%).

Table V1
Physical constants and elemental analyses of stereoisomers of XI
Analysis
) M. p., °C No
Confign. decomp. ¢ % DMFA RF (c) i9
(decomp) ©5 ) % M6 Nd, % (e OCH®
D—D 202—203° + 11.1° 0.39 372.28 3.54 4.92 35.92 6.05 10.80
L—L 204—205° 11.4° 0.39 36.87 3.32 5.22 36.07 6.03 10.80
D—L 194—195° — 16.9° 0.42 36.69 3.50 4.60 35.77 6.09 10.70
L—D 195—197° + 16.5° 0.42 37.19 3.57 5.04 36.00 6.06 10.80
Calcd. for CIBH20N207CI6 (589.1) 36.70  3.42 472  36.11 6.02 10.54

Stereoisonieric poly-a-inethyl-glutamates (XI11)

Polymerization of the d-d and L-L stereoisomers of a,a’-dimethyl y-glutamyl-
glutamate p-nitrophenyl ester hydrobromide (X)

The dipeptide nitrophenyl ester hydrobromide (X) was dissolved in dimethylformamide
or dimethyl sulfoxide. If the polymerization was effected with warming, the starting concentra-
tion of the solution was 3 mmoles/ml. For polymerization experiments carried out at room
temperature, solutions of a concentration of only 1 mmole/ml could be used, since more con-
centrated solutions cannot be made at room temperature.

To the solution of the active ester salt (X) 2.2 equivalents of triethylamine were added;
some triethylammonium bromide separated immediately. In the case of the polymerizations
of the first type, the reaction mixture was warmed for 6—8 hrs on a boiling water bath. The
solution turned gradually darker in colour and more and more viscous in consistence. In
the polymerizations of the second type, the mixture was stirred at room temperature for
8— 10 hrs and then let to stand for 2 days. No noticeable coloration of the solution was
observed in these instances. After the polymerization had gone to completion, the reaction
mixture was diluted with ten volumes of ether. The polyester and the triethylammonium bro-
mide separated in the form of a viscous mass which was rubbed with several portions of ether
to obtain a dry powder. For eliminating the triethylammonium bromide, the crude product
was thoroughly triturated several times with acetone. The polyester was washed with ether
and dried in a vacuum desiccator. The resulting poly-a-methyl-glutamate was obtained as
a slightly coloured amorphous powder in 23—44% vyield (see Table I, Nos 1—4).

Polymerization of the stereoisomers of a,a’-dimethyl y'-glutamyl-glutamate
pentachlorophenyl ester hydrochloride (XI1)

(a) To asolution of the dipeptide pentachlorophenyl ester hydrochloride (XI) in dimethyl-
formamide (concentration 1 mmole/ml) 2.4 equivalents of triethylamine were added, and the
solution was warmed on a steam bath for 8 hours. The solution, from which triethylammonium
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chloride crystals had separated, turned gradually darker and became fairly viscous by the
end of the reaction. The bulk of dimethylformamide was distilled off under reduced pressure,
and the residue rubbed to a powder with a large amount of anhydrous ether. The product
was suspended in hot chloroform and filtered off. This procedure was repeated several times
for the elimination of triethylammonium chloride. The substance was finally washed with ether
and dried. The resulting polyester was isolated as a brownish powder in a yield of 80% (see
Table I, No. 5). This product proved to be impure, and the polyacid could be prepared from it
only in very poor yield (c/. Table Il, No. 5).

(b) The corresponding stereoisomer of the dipeptide pentachlorophenyl ester hydro-
chloride (X1) was dissolved in dimethyl sulfoxide. The concentration of the solution was 1
mmole/ml in the case of the D—D and L—b stereoisomers and 0.8 mmole/ml in the case of
the bD—L and 1—d stereoisomers. After the addition of 2.2 equivalents of triethylamine, the
solution was stirred at room temperature until it changed into an unstirrable gel. (This occurred
in the course of the polymerization of the mesoid type active ester salts in about %—1 hr.,
while the solutions of the D—D or b—L stereoisomers could be stirred for about 5—6 hrs.)
The reaction mixture was let to stand for 1—2 days at room temperature, and then diluted
with ether. The precipitated viscous mass was rubbed with several portions of ether until
it turned into a powder. For eliminating the by-products (triethylammonium chloride, penta-
chlorophenol), the substance was washed several times with hot chloroform, then with acetone,
and finally with ether. The mesoid poly-a-methyl-glutamates are practically insoluble in water,
so they were washed with water instead of chloroform. (In a case when the poly-a-methyl-
L-glutamate was washed with water, a very poor yield was obtained; cf. No. 6 in Table I.)
The polyester was obtained in the form of amorphous white powders in yields of 80—90%
(see Table I, Nos. 6—9). The elemental analysis of one representative sample of poly-a-methyl-
glutamate (No. 7 in Table 1) is presented below.

(C6HIN 03n (143.1),. Calcd. C 50.34; H 6.34; N 9.79; CH30 21.68. Found C 49.87;
H 6.51; N 9.75; CH30 21.80; Cl 0.20%.

Observation of the progress of polymerization by IR spectroscopy

Samples of 0.1 ml were withdrawn from the dimethyl sulfoxide solution (concentration
1 mmole/ml) of the dipeptide pentachlorophenyl ester hydrochloride (XI) before, and 5 and
30 min. after the addition of the triethylamine. The samples were diluted to 1.0 ml with
dimethyl sulfoxide, and the IR spectra of these solutions were recorded immediately between
1700 and 1900 cm-1.

Stereoisomeric poly-y-glutamic acids (1V)
Hydrolysis of the polyesters]

The polyester was suspended in 1.5 equivalents of 0.25N NaOH, and the mixture was
warmed for 45 min. on a steam bath. (The polyester dissolved within 5—10 min.) The hydroly-
zate was then cooled and worked up by one of the following methods.

Isolation of the polyacids

(a) The hydrolyzate of the b—D or L—L polyester was neutralized with 61V HC1 to
pH 6. A saturated solution of copper sulfate was then added until no more precipitate was
formed. The copper salt isolated by centrifugation was washed several times with water, ace-
tone, and ether. The weight of the dried substance was about equal to that of the polyester
hydrolyzed. The copper salt was then dissolved in 0.1N HC1 (the quantity being about 20%
more than calculated stoichiometrically), and hydrogen sulfide was bubbled through the
solution. The precipitated copper sulfide was centrifuged and washed with several portions of
0.1N HC1. Some charcoal was added to the polyglutamic acid solution combined with the
washings, and it was filtered repeatedly to give an absolutely clear solution. This solution
was then dialyzed through a dialyzing membrane for 2—3 days against several portions of
distilled water (with a total volume amounting to about 6—800 times that of the polyglutamic
acid solution). At the end of the dialysis neither the inner nor the outer solution gave a positive
chloride reaction. The dialyzed solution was then evaporated under reduced pressure to 5— 10
ml and then freeze-dried. The polyacids obtained as foamy, white substances were dried in
a vacuum desiccator over P20s at room temperature.
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The copper salts of the mesoid poly-y-glutamic acids were prepared as described above.
After, and even during the dissolution of the copper polyglutamate in 0.12V HC1, the mesoid
polyglutamic acid precipitated from' the acid solution in the form of a white powder. After
standing for a while in a refrigerator, the precipitate was centrifuged and washed several times
with cold 0.1V HC1, water, acetone and finally with ether.

(b) The alkaline hydrolyzate of the D- or L-poly-a-methyl-glutamate was acidified
to pH 2.5 by successive addition of a suspension of Amberlite IR-120 resin (H form). 10 ml
of the hydrolyzate required about 7—8 ml of the resin suspension. The reaction mixture was
stirred for 30 min., then the resin was filtered off. The solution (after addition of a slight amount
of charcoal) was filtered clear, concentrated in vacuo to 5—10 ml, and freeze-dried. The poly-
glutamic acid was obtained in almost quantitative yield.

The procedure was the same also in the case of the mesoid poly-y-glutamic acids, with
the difference that the filtered clear solution was acidified to pH 1.5 with HC1 and let to stand
for several hours in a refrigerator. The precipitated mesoid polyacid was then isolated by
centrifugation, and washed several times with cold water, acetone and ether. The product
was an amorphous, white powder; the yield was almost quantitative.

(c) The mesoid polyglutamic acids could also be isolated by direct acidification of the
alkaline hydrolyzate with HC1, without the use of an ion exchange resin. Since the precipita-
tion of the mesoid polyacid was fairly slow, the filtration of the acid solution was possible
when required.

The analytical data of a number of poly-y-glutamic acids, prepared by different methods,
are summarized in Table VII.

Table VII

Elemental analyses of poly-y-glutamic acid samples

No.*> C% H% N, cH,0%
| 44.48 5.59 10.13 0.52
4 44.77 5.61 10.38 0.43
6 43.52 5.56 10.16 0.11
10 46.66 5.74 10.63 0
Calcd. for
(C5H7N O03)n (129.1)n 46.50 5.47 10.85 0
Calcd. for
(CSHM™N03*Vs HD)n (138.1)n 43.47 5.83 10.15 0

a) The numbers refer to those in Table II.

Solubility

(a) Racemic poly-y-glutamic acid. — 20—20 mg (0.135 meq.) of both the D- and the
L-poly-y-glutamic acid were dissolved in 0.8 ml of water, and the resulting solution was neutra-
lized to pH 7 with 0.27 ml of 12V NaOH solution. 1.07 ml of 22V HC1 was then added, and
the solution allowed to stand in a refrigerator for 20 hrs. The precipitated racemate was sepa-
rated by centrifugation, washed with cold water (2X0.5 ml) and dried in a vacuum desiccator
over P2 6. The racemic poly-y-glutamic acid obtained weighed 33.4 mg (82%); [a]?,10° (c 3,
1V NaOH).

(b) L—D mesoid poly-y-glutamic acid. — 100 mg of the L—D mesoid poly-y-glutamic
acid was dissolved in 8 ml of 0.1V NaOH. The solution was treated with a small amount of
decolourizing carbon, filtered, and acidified with 6V HC1 to pH 1.2. After 12 hrs of cooling
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the precipitated substance was separated by centrifugation, washed with cold water (2 X 10 ml),
acetone (2X10 ml), and ether (10 ml), and dried. 85 mg of mesoid poly-y-glutamic acid was
recovered.

Determination of the molecular weight

(a) Modified van Slyke method. — The procedure of the determination has been described
elsewhere [28]. Because of insolubility of the mesoid poly-y-glutamic acids, their molecular
weight could not be determined by this method (cf. Table I1).

(b) Spectrophotometric ninhydrin method. — The reagent used [30] for the ninhydrin
reaction was a 1 :1 mixture of the following two solutions: a) solution of ninhydrin (3 g) in
methyl cellosolve (100 g), b) solution of stannous chloride (1.6 g) in 41V sodium acetate—acetic
acid buffer (1000 ml; pH 5.5). To 1 ml of the solution containing 1.0 or 1.5 mg of poly-y-
glutamic acid, 1 ml of the reagent was added, the mixture was warmed on a boiling steam
bath for 20 min. and then diluted with 2.5 ml of 50% aqueous ethanol. The extinction of the
sample was measured in a 10-mm cell at 570 nm. Distilled water, treated with ninhydrin in
the same manner, was used for blank measurement. For the calculation of molecular weights,
standard solutions of glutamic acid with concentrations from 0.1 to 0.5 mmole/ml were used.
The intensities of the ninhydrin reactions of these solutions were found to be proportional to
their concentrations in this concentration range. The extinction of a glutamic acid solution
of the original concentration of 0.35 mmole/ml was 1.220 after the procedure described above.
As standard solutions of another type, those of several glutamic acid "/-oligopeptides [31]
were used. The average value of the extinctions of these solutions, in the concentration of 0.35
mmole/ml, was found, after the procedure of the ninhydrin reaction, to be only 1.060, i.e.
87% of that of a glutamic acid solution of the same molar concentration. The molecular weights
of the polypeptides were calculated on the basis of the extinction values obtained from the
oligopeptide series (see text). The extinctions of the different poly-y-glutamic acid samples
of the original concentration of 1.0 and 1.5 mg/ml, and their calculated molecular weights are
summarized in Table VIII.

Determination of the optical purity

Poly-y-L-glutamic acid (No. 6 in Table Il; 13.12 mg) was dissolved in 3N HC1 (10.0 ml)
and heated in a sealed tube for 3 hrs at 100°. Glutamic acid (13.78 mg) dissolved in 31V HC1
(10.0 ml) was treated in the same manner. For determining the glutamic acid content of the
polyacid hydrolyzate, three 1-ml aliquots were withdrawn and dried in a vacuum desiccator
over P205and KOH. The nitrogen content of the dry residues were determined by the micro
Kjertaant method [32]. According to these measurements, the hydrolyzate contained 1.41
+ 0.04 mg of glutamic acid per ml. This corresponds to 94 +3% of polyglutamic acid (i.e. 6
+ 3% of water) in the original sample. The optical rotations of both the polyacid hydrolyzate
and the glutamic acid solution were measured between 580 and 280 nm in a 10.0-mm polari-
méter tube at 30° C on a photoelectric spectropolarimeter (OPTON REPM 12). The observed
rotation at 286 nm (which was nearly the maximum value of rotation to be measured with
the maximal sensitivity on the instrument) was +0.0757° +0.001° for both solutions. The
specific rotation of glutamic acid in the hydrolyzate was [a]|§6 +537° +10° (calculated for
the glutamic acid content determined as described above), and that of the glutamic acid in
the blank was [a]|lg6 +550° +10°. To control accidental racemization of glutamic acid under
the conditions of acid hydrolysis, the rotation of a third standard glutamic acid solution,
which had not been heated, was also measured. (The concentration of this solution was 14.80
mg in 10.0 ml of 31V HC1.) The observed rotation at 286 nm was +0.0822° +0.001°, corre-
sponding to [a]iSe +556° +10°. This means that no racemization of glutamic acid took place
during the hydrolysis. The optical purity of the poly-y-glutamic acid sample calculated from
the above data may be taken as 98 +2%.

The microanalyses were made by Mrs. H. Medzihradszky-Schweiger, Mrs. J.
Kajtar, Mrs. S. Kutassy and Mrs. M. bercsenyi in our Analytical Laboratory. The IR
spectra were obtained by Dr. F. r u rr. Their most valuable contribution as well as the technical
assistance of mr. J. cera is gratefully acknowledged.
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Table VIII

Data of the ninhydrin reactions of poly-y-glutamic acids

S Molar Number average molecular weight
No.») Conc?gﬁn{llon, 3 Extinction0) concentration'*)
(mmole/ml) mean value

15 1.120 0.370 4050

1 4100
1.0 0.730 0.242 4150
1.5 1.750 0.580 2600

2 2500
1.0 1.250 0.415 2400
1.5 1.250 0.415 3600

3 3600
1.0 0.845 0.280 3600
1.5 1.100 0 365 4150

4 4100
1.0 0.750 0.248 4050
c 15 0.880 0.291 5150

5000
1.0 0.635 0.209 4800
6 15 0.430 0.140 10700

1.0 0.380 0.124 8050 9400
15 0.930 0.308 4900

7 4900
1.0 0.622 0.207 4850
15 0.628 0.207 7300

8 7100
1.0 0.440 0.144 7000
15 0.825 0.273 5500

9 5900
1.0 0.480 0.158 6300
15 0.700 0.230 6500

10 6100
1.0 0.525 0.173 5800
15 0.640 0.210 7200

11 7100
1.0 0.438 0.143 7000

a) The numbers refer to those in Table I1; b) before the ninhydrin reaction; c) extinction

of the solution diluted with the reagent (see text); d) calculated for the original sample on the

basis of the molar extinction of the "/-oligopeptides (see text).
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BOOK reviews- buchbesprechungen- peuyeHsnm KHUT

Macromolecular Chemistry 3. International Symposium, Tokyo and Kyoto,
1966 (General lectures)
Butterworths, London 1967, 609 pp., 90 s.

Macromolecular Chemistry 4. International Symposium, Brussels-Louvain, 1967
(Plenary and main lectures)
Butterworths, London 1968, 490 -)- 26 pp., 90 s.

In each year, the annual LUPAC Symposium on Macromolecular Chemistry is the
greatest event for scientific workers of this field. The publication of these papers, which were
invited lectures delivered by the most acknowledged scientists, is a great help for those, who
were able to be present at these meetings, because as the Romans said “verba volant, scripta
manent”, and a still greater help for people who could not take part at the Symposium and
to listen to what the “bests” were saying there.

The publication of these two books has now a special actuality for Hungary; we are
going to have this meeting this year here, in Budapest, August 25— 30. This is the first time
that the Symposium on Macromolecular Chemistry will be held in our country. We hope, that
the sixth wolume of this series will reflect recent achievements in macromolecular chemistry
just as properly as the earlier volumes do.

The third volume contains 16 general lectures and the fourth volume the five plenary
lectures (Authors: H. F. Mark, A. Katchatsky, |. Sakurada, C. E. H. Bawn and V. A.
K argin) and 10 main lectures. Each of the authors is an outstanding scientist in his field, so
the papers are not only very interesting, but also they deal with the most important results
which were ready to print at the time of these conferences.

G. Bodor

Organic Magnetic Resonance. An International Journal, Edited by E. F.
Mooney, Heyden and Son Ltd., London. One volume per annum. Published
bi-monthly

Indeed, the application of nuclear magnetic resonance to the structural analysis of
organic molecules is that special field of organic chemistry, the development and importance
of which justifies the starting of a special journal. In hardly twenty years, this method has
become indispensable in modern research laboratories of organic chemistry. There exists an
international community of specialists in this field who are in urgent need of proper opportunity
for publication. The initiative of Heyden and Son to start ajournal of this type, must be con-
sidered therefore as fortunate. The expected high level of the journal is guaranteed by the
international editorial board, under participation of renown specialists in this field of science,
and by the person of the editor in chief. In supplements to the single issues, the NMR spectra
discussed in the papers will be published with detailed registration data. The first number
carries 46 spectra.

The new journal, the presentation of which meets all requirements, will most certainly
be included in the library of every researcher concerned with NMR work.

Gy. Deak
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Fortschritte der Arzneimittelforschung. Band 11. Herausgegeben von E. Jucker,
Birkhduser Verlag, Basel und Stuttgart, 1968, 572 Seiten

Band 11 der von E. Jucker herausgegebenen Serie »Fortschritte der Arzneimittelfor-
schung« ist eine wurdige Fortsetzung der bisher erschienenen Bénde. Auch in diesem Band
behandelt das Buch Probleme, die im Mittelpunkt der Arzneimittelforschung stehen. Im
Abschnitt »Mescaline and Related Compounds« behandelt A. R. pater eingehend die Chemie,
Analyse, den Metabolismus in vivo und in vitro sowie die pharmakologischen Wirkungen
des wegen seiner halluzinogenen Wirkung allgemein bekannten Mescalins und der Mescalin-
Analoga. Besonderswertvollist dieser Artikel, weil er die im Schrifttum sehr zerstreut beschrie-
benen Mescalin-Derivate und -Analoga einheitlich behandelt. Die Zusammenfassung von
S. T. rReia »The Photochemistry of Drugs and Related Compounds« befaBt sich eingehend,
Uber etwa 70 Seiten, auBer der Photochemie von Arzneimitteln auch mit der von anderen
organischen Molekilen, wie z.B. Alkenen, Dienen, ja sogar stickstoffhaltigen Verbindungen.
Dieser Abschnitt des Buches ist vor allem vom Gesichtspunkt der organischen Chemie von
Bedeutung, schon wegen der sehr umfangreichen Literatur (500 Zitate) von uUberwiegend che-
mischen Charakter. Der etwa 100 Seiten betragende Abschnitt »Untersuchungen zur Bio-
chemie und Pharmakologie der Thymoleptika«x wurde von M. H. Bicker geschrieben. Auch
dieser Abschnitt zeichnet sich durch die sehr sorgféltige Bearbeitung der einschlagigen Literatur
aus (431 Zitate), die noch mit den bis Anfang 1967 erschienenen neuesten Publikationen ergéanzt
wird. Obzwar in der vergangenen Zeit auf diesem Gebiet mehrere ausgezeichnete Zusammen-
fassungen erschienen sind, ist es ein Verdienst dieses Artikels, daB die wichtigen Vertreter dieser
neuen Arzneimittelgruppe sowie deren pharmakologische Untersuchungsmethoden ausfuhr-
lich, doch gleichzeitig mit richtigem Proportionssinn besprochen werden. Dabei wird der
Metabolismus der Thymoleptika und der Zusammenhang zwischen chemischer Struktur und
antidepressiver Wirkung besonders eingehend behandelt. Der sich mit dem Wirkungsmecha-
nismus befassende Teil des Abschnittes ist ausgezeichnet. Der nachste Abschnitt von nahezu
130 Seiten wurde von E. Renk und W. G. sto11 unter dem Titel »Orale Antikoagulantien«
geschrieben. Auch dieser zusammenfassenden Arbeit verleihen die vielen Literaturstellen (899
Zitate) besonderen Wert. Der Abschnitt befal3t sich eingehend mit der Chemie, Pharmakologie
und dem Metabolismus der 4-Hydroxykumaron- und 1,3-Indandion-Derivate. Auch fir die
mit Arzneimittelforschung sich beschaftigenden Chemiker und Pharmakologen wird ein
Studium des mit klinischen Anwendungen sich befassenden Abschnittes sehr Lehrreich sein,
besonders vom Gesichtspunkt der Behandlung der Erkrankungen der Koronarien. Die bekann-
testen im Handel erhéltlichen Préaparate fir solche Behandlungen werden in einer separaten
Tabelle angefuhrt.

Der letzte Abschnitt des Buches hat einen von den vorangehenden vollkommen ver-
schiedenen Charakter. K reutzberger behandelt in diesem Abschnitt von etwa 90 Seiten
— »Die Amidinstruktur in der Arzneimittelforschung« — nicht einen gegebenen Arzneityp,
sondern die Rolle einer funktionellen Gruppe auf dem Gebiete der Arzneimittelforschung.
Ein sehr ubersichtlicher und ausfuhrlicher Teil befat sich mit der Chemie der Ausbildung
der Amidingruppe, sodann werden kurz die in der Natur vorkommenden Amidine besprochen.
Der zweite Teil behandelt die zu Gruppen von verschiedener pharmakologischer Wirkung
gehdrigen Amidine, undzwar auf Grund der erzielten Resultate vor allem vom chemotherapeu-
tischem Gesichtspunkt aus gesehen, da ja die meisten Amidine in dieser Richtung ihre Wirkung
ausiben. Es werden aber auch Amidinderivate mit antidiabetischer, lokalanéasthetischer,
antiviraler und cytostatischer usw. Wirkung angefthrt. Auch in diesem Abschnitt werden
viele Zitate (513) aus der Literatur angefuhrt.

Der Wert des neu erschienene Bandes wird durch das mehr als 100 Seiten betragende
Inhaltsverzeichnis nur noch erh6ht. Dieses Inhaltsverzeichnis enth&lt nicht nur das Sach-
wortverzeichnis dieses Bandes, sondern auch die wichtigsten Sachwérter der vorangehenden
Béande. Die Ausrichtung des Buches, &hnlich wie die der vorangehenden Bénde, ist ausgezeich-
net, die Typographie macht das Buch leicht lesbar, und es ist sehr erfreulich, daf die sich mit
Arzneimittelforschung beschaftigende Literatur mit einem neuen ausgezeichneten Werk
bereichert wurde. Nun schlieBt sich auch dieses Buch der ganzen Serie an, welche unentbehr-
lich fur jeden ist, der sich mit Arzneimittelforschung beschaftigt oder die neuesten Ergebnisse
auf diesem Gebiet von chemischem oder medizinischem Gesichtspunkt zu verfolgen winscht.

K. Nador

Acta Chim. Acad. Sei. Hung. 62, 1969
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A. Cornu and R. Massot: List of Conversion Factors for Atomic Impurities
to ppm by Weight
Heyden and Son, 1968

The book consists of tables which make possible the conversion of results obtained by
different analytical methods (mass spectrometry, gamma-spectrometry, activation analysis,
etc.) and expressed in number of atoms/million atoms into ppm by weight units, by means of
the conversion factors calculated by the authors. These conversion factors have been calcu-
lated by means of a computer, using the atomic weights given by the International Union of
Pure and Applied Chemistry in 1961 (Bulletin d’Information N° 14 de septembre 1961),
based on 12C = 12. These atomic weights are listed on pages IX and X.

On pages V—V 111 directions are given,in English and in French,for the use of the tables.
The following part of the book essentially consists of two sections. Section A contains tables
referring to pure matrix elements (42 pages) specifying the atomic number, name and atomic
weight M x of the matrix and the symbols, atomic numbers and names of all contaminant
elements with the conversion factors M 2IM Xcalculated using the values of M 2 listed on the
separate table. Thus, if an analytical method shows, e.g., in metallic beryllium the presence
of 1.1 atom of Li per 1 million atoms of Be, this value multiplied by the factor M 2ZM x yields
the result in ppm by weight units.

Section B, the second part, comprises 90 pages; it is to be used if the matrix isa chem-
ical compound. In such cases the molecular weight (M) of the compound is calculated, and
a conversion factor taken from the tables and corresponding to the nearest M xvalue is used
in the above described manner.

The data listed in the tables are very helpful, because they provide a fast method of
conversion of results into ppm by weight units generally used nowadays.

M. C)rddgh

Annual Review of NM R Spectroscopy. Vol. 1
Edited by E. F. Mooney, Academic Press, London and New York, 1968, 353 pp.

In the last 10 years NMR spectroscopy has become a routine method for chemists.
One of the several consequences of this is the exponential increase in the amount of information
produced in various branches of chemistry. Therefore, chemists who wish to keep abreast of
the theoretical and technical developments in NMR spectroscopy are greatly assisted by an
annual monograph summarizing the most important results.

The ’Annual Review of NMR Spectroscopy” serves this end. It is intended to survey
annually the developments and application of proton magnetic resonance and to summarize
the results on other nuclei (e.g., F19 in each 2 or 3 years, depending on the amount of accu-
mulated material.

Volume 1 contains general reviews on proton magnetic resonance (Richara A. Y.
Jones 32 pp.), the application of NMR in conformational analysis (W. A. Thomas, 40 pp.),
high resolution NMR (E.O. Bishop, 42 pp.), heteronuclear magnetic double resonance (W.
McFartane, 26 pp.), (P. R. sewe11, 54 pp.), the problem of the signal to noise ratio (G. E.
Hatr, 12 pp.), and finally on F19 NMR spectroscopy (E. F. Mooney and P. H. W inson,
36 pp.).

Each chapter is followed by extensive references. Chapter 1, for example, cites 376
references. The thorough author and subject indexes further increase the usefulness of the book.

The book is a very useful reading material for organic and analytical chemists who
are in contact with this interesting domain of spectroscopy. Any chemist may have encoun-
tered (e.g.) the annoying problem of the signal to noise ratio, treated in the brief and excellent
review by G. E. Har1r.

Well prepared drawings of the spectra facilitate thorough understanding of the sub-
ject matter.

The typographic make-up is excellent, in accordance with the traditions of Academic
Press.

Cs. SZANTAY

Acta Chim. Acad. Sei. Hung. 62, 1969
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ACTA CHIMICA
TOM 62 — BbIM 2

PE3IOME

HekoTopble AaHHble K XMMWW TefleHa W CENEHOBbIX COeguHeHui, XVI

OnpegeneHne ceneHa B TeNNype U ABYOKUCU TeNypa BbICOKUX YNCTOT

Ww. XWHAENb n N. BAPLUA

[na onpefeneHuns cofepXxaHusa ceneHa B Tefnype npegnaraeTca peakuus o6pasoBaHus
8e(1Y)-o-theHuneH-gnamuHa. B cnyyae Tennypa BbICOKOW YMCTOTbl HET HEOOXOAUMOCTM pas-
LenaTb, AOCTaTOYHO NuWwb Aepxatb Tennyp (IV) B pacTBope AMMOHHON KUCNOTbl NPU HY>KHOM
BennuuHe pH (pH = 1—2). lMpofgyKT peakuum onpegenseTca CNeKTPOHOTOMETPUYECKU Ha
ANVMHe BOMHbI 335 MMK. HWKHWIA npeaen 4yBCTBUTENbHOCTM cocTaBnsieT 2-10 4% ceneHa.

[aHHbIi MeTof HamMHOro mnpole, 6bICTPEe U HafeXHee, HeXenu onpejeneHue ceneHa c no-
mMouwbto  3,3'-gnamnHa-6eH3nHuaa.

MprMeHeHVe KOMMJIEKCO06pasoBaTesieli B MOHOOGMEHHOM xpomatorpacgpuu, 111

CBA3blBaHNE aMMWHOBbLIX KOMM/IEKCOB METan/0B Ha WOHOOOMEHHbLIX CMOnax

ii. UHLUEALN

M3yuyanoch cBAsbiBaHMe MOHOB HMKeNb(M), ko6anbT(MM), meab(M), kagmuii(M) v umHk (M)
13 pacTBOPOB X/IOPUCTOr0 aMMOHMS, COEPXKaLiUX pa3NnuyHoe KOAM4ecTBO CBOGOAHOIO aMMOHMS,
Ha KaTWOHOOGMEHHbIX CMOfax.

BblNI0 yCTaHOBNEHO, UTO CpeAn 06pasyoLMXCs KOMMIEKCOB, KOMMIEKCHbIE MOHbI TeTpa-
aMMMHA U reKcaaMMuHa OT/IMYAOTCS OCOGEHHO CUMbHLIMU CBSA3AMU. BbINM paccumTaHbl Takxe

I'Ip!/l6]'|I/I3VITEI1beIe 3HaYeHMsA KOHCTAaHT WMOHOOBGMEHHOro paBHOBECUA, XapaKTepHble ANnAa AaH-
HbIX KOMIM/IEKCOB.

MoHoo6MeHHbIe MembpaHbl, XI

MoTeHuMan mem6paHbl WM BHYTPEHHSS aKTUBHOCTb

0. X. Wnnow, N. kanmaun m a. Mmnkew

CymMMUpys BbILIEN3NIOXEHHOE aBTOPbl [eNalT 3ak/1lyeHWe 0 TOM, UYTO KONMYeCTBO
3M1EKTPOANUTA, Haxofsleecs B (hase MeMOpaHbl, CKafblBaeTca M3 [BYX 4acTell: mapbl (puKcu-
POBaHHbIX WMOHOB M UX MPOTMBOMOHbLI COCTABMSOT HEM3MEHHOE KO/IMYECTBO MOHOB, @ COMOHDI,
ondhyHAUPYOLLME N3 BHELLIHErO pacTBOpa, M COOTBETCTBYHOLLEE MM KOSMYECTBO MPOTUMBOMOHOB
npesACcTaBnAOT CO6OI MepeMeHHbI YneH KOHLeHTpauuu. KonmyecTBO MOCNeAHEro 3aBUCUT OT
KOHLEHTPaLWMN BHELLHero 3NeKTpoanTa u, K TOMY Xe, He TONbKO U3-3a KomyecTsa AudpyHan-
PYIOLLEro 3MeKTPONUTa, HO U BCAEACTBME 06pa3oBaHWA WOHHOTO CNOA Ha MOBEPXHOCTW pas-
fena B YCNoBMAX 3NeKTpoAnanusa. MOHATUE BHYTPeHHeR akTMBHOCTM HEo6X0AMMO Ans TOro,
4yTO6bI MeMBpaHHYI0 (ha3dy MOXHO 6bIN0 6bl paccMaTprBaTh Kak Takoi pacTBOp, B KOTOPOM KONMU-
UECTBEHHOE U KMHETUYECKOE BMXKEHNE NOHOB OLEHNBAETCSA Ha OCHOBE M3BECTHbIX 3aBUCUMOCTENA.

B npubGamxeHUU, 3neKTpoANaNU3NpYOLLYOCA iUeliKy MOXHO pacCcMaTpuBaTb Kak napy
pacTBOpOB, MEXAY YNeHaMy KOTOPOI HaxoAMTCS — TPEeTb 3/1IEKTPONIMTHOTO MOMS C ONpeseneH-
HOW KOHLEHTpaLueil MOHOB, OrpaHWyYeHHOe B MPUOGIMXKEHWM MaTeMaTWUeckoll MNAOCKOCTU.



JTO BHYTpeHHee noje 06nafaeT xapakTepoM [ OHHaHa, MOCKO/bKY OAWMH TUM WOHOB HE MOXeET
N3MEHATbL CBOEr0 MOJIOXEHUS, & UMeTCA CBOOGOAHO ABWMXKYLLMECS MPOTUBOMOHLI U KaKoe-TO
[JONONHNUTENIbHOE KONMYECTBO WOHOB, 3aBUCsLLEe OT BHELIHero pacTeopa. [Auddy3noHHble
YCNOBUA PerynupyloTcs WMOHHbIM CfnoeM, 06pa3oBaBIMMCA Ha rpaHule pasgena — onaTb
abCcTpakTUpys MaTemMaTU4ecKoi MAOCKOCTbI0 — 4Yepe3 KOTOPbIA MOHbI JOMXKHbI MPOHUKHYTH
BO BPEMSA WX [BUXEHUS.

Takum 06pa3om, MNOTeHUMan, perynupylowmnii ABUXEHUe, COCTOUT U3 [BMXYLLEFO U
npenaTCTBYIOLWEr0 KOMMOHEHTOB, rfe ABVWKYLUUA KOMMOHEHT MpefcTaBisieT coboii BHeLIHee
cunoBoe none u anddy3nMoHHbIA NoTeHUMan, a NPensTCTBYHOLMNA KOMMIOHEHT — MOHOOOMEHHbI
noTeHunan memopaHbl. OHM HaxoAATCS B 3aBUCUMMOCTM ApYT OT Apyra, OA4HAaKo, UMEHHO BCles-
CTBME BAUSHUSA BHYTPEHHEr0 (PUKCMPOBAHHOIO KO/IMYECTBA MOHOB, He HAXOAATCS B NINHeWHON
Koppensuuun. 3aBUCMMOCTb M3MePSIEMbIX YCNOBUIA W W3BECTHLIX 3aKOHOB PAcTBOPOB aBTOPbI
NbITANCb 3aKMKOUYNTL B PaMKU 3TON (PU3NYECKOW KapTUHbI.

M3yyeHne MOHOOOGMEHHbIX paBHOBECWUI C MOMOLLBID MeToAa PajvoaKTUBHbIX
nHgukartopos, XVI

OnpegeneHne KOHCTaHT CTabUNbHOCTK oTpunuaTenibHO 3apAXEHHbIX KOMM/IEKCOB X/10PUCTOro
LUMHKa C NOMOLLbH XWNAKOTOo NOHO06MEHHMKA

T. NEHABLEN u W. TEPKE

C nomMoLbl XWMAKOT0 WOHOO6MeHHWKa Amberlite LA—2 onpeaensinncb KOHCTaHTbI
06pa3oBaHMsA OTPULATE/IbHO 3apsXXeHHbIX KOMMNEKCOB X/0PUCTOro UMHKa. Bbin paspaboTaH
HOBbI/ rpaguyeckuii MeTo4 ANA OLEHKW 3KCMEepPUMEHTabHbIX [aHHbIX.

3HaveHnsa log K3= —0,30 n log K4= —0,07 KaXyTcsi BMOMHe HafeXHbIMW; 0fHAKO
CpaBHeHWe MX C NUTepaTypPHbIMU AaHHbIMW, BCNEACTBME CU/IbHOFO PACcXOXAeHWS NocnefHUX,
3aTpyHEHO.

Mcnonb3oBaHWe noTeHumocTaTa Ansd onpegeneHna MakKCMas/ibHOro
KOPPO3MOHHOIo TOKa Tra/lbBaHNYECKUX 3JIEMEHTOB, |

N. JEBAWN, 6. NEHAbEN un /1. MECAPOLL

C nomMoLblo NoTeHUMocTaTa n3mepssncs MaKCUMasbHbIi KOppO3I/IOHHbII‘/JI TOK Pa3NnyHbIX
rabBaHWYeCcKNX 3/ieMeHTOB. MpaBuUIbHOCTL U3MEPUTENIbHOTO MeTofa M3MepeHus obIN0 [oKa-
3aHO CPaBHUTENIbHbIMW WU3MEPEeHUsMU, MPUYEM CHMMANacb gmarpamma 3BaHca AN1s U3y4vaemblX
ralbBaHNM4eCKNUX 3N1EMEHTOB, a TakKXXe Mn3Mmepdanacb € NOMOLWbO amnepMeTpa 3aBUCUMOCTb KOpP-
PO3MOHHOr0 TOKa OT BpPeMeHW. Bblfio yCTAHOBMEHO, YTO, NMPU YCMOBUM MOAXOAALLEr0 BKJ/IHO-
YeHna B CXeMy, NOTEHUMOCTAT MOXeT 6bITb MCMONbL30BAH U ana n3MepeHua MakKcumanbHOro
KOPPO3WOHHOro ToKa. lMpeuMmyLLecTso AaHHOro MeToda, MO CPaBHEHUID C OCTa/lbHbIMU METO-
famMun, 3aknk4yaetcda B TOM, YTO U B Cny4dae rajibBaHNM4YeCKUX 3/1IEMEHTOB C Heb0/MbLINM BHYT-
PEHHUM conpoTuBneHWEM, BenYMHa MaKCUManbHOINo KOPPO3MOHHOrNo TOoKa W ero M3MeHeHUA
BO BPEMEHU N3MepPATCA HENOCPEACTBEHHO, TaKUM o6pa30M, YCTPaHAKTCA BO3MOXXHbIe norpetu-
HOCTW, CBA3aHHblE C SKCTpaI'IOI'IﬂLI.I/IeVI.

MonyyeHne HOBbIX MPOU3BOAHLIX GeH30(a)XMHONM3NHA, |
n. BNTE, 3. ANCNEP, M. ®EKETE, A. BUAINAHW n M. KIOPTU

Ona 6onee rny6okKoro usyyeHus hapMakKonormyeckoro AencTBUA COEAMHEHWIA, copep-
Xallnx ckenet 6eH30(a)-XMHONN3NHA, BbIN0 CUHTE3NPOBAHO 60/bLLOE YACNO OKCUMOBbLIX 3(hMPOB
N KUCNOTHbIX aMUAOB, & TAKXe HECKOMbKO M3 UX 3UPHBLIX U aMUHOBbLIX NPOWU3BOAHBIX NCXOAA
N3 2-0KCU- W 2-UMWHO-COEAVNHEHWUIA.



[MeTepouuknyeckne coefuMHeHns u3 caxapos, Il

MonyyeHre npou3BOAHBLIX 2-NOAUTUAPOKCUANKUA-TMA30MA W -6eH3TMasona

P. BOFTHAP, N. ®APKAWI, . CUNAObBWN, M. MEHBXAPT, E. H. HEMELW n
n. ®. CABO

Ha ocHoBe MPUCOeAMHEHUS CEPOBOAOPOAA K HUTPUAAM aLeTUNNPOBAHHbIX abAOHOBbIX
KUCMOT, YAanocb MOMAY4YMTb HEKOTOPble HOBble MPOM3BOAHLIE aMuaa TMOKWUCNOT. TuUoaMuA
neHTaauetTun-O-rNKXOHOBOM KUCNOTbI C X/N0paLeTOHOM, a TMoamuj neHTaauetun-I)-ranak-
TOHOBOM KMCMOTbI C (heHauun-6po,unioM KOHAEHCMPYIOTC B COOTBETCTBYHOLLME 3aMeELLeHHble
npon3BoAHble THA30na.

MpM KOHAEHCALWMM XNOPWA0B alUeTUIMPOBAHHLIX aNbfOHOBLIX KWUCMOT C 2-aMWHO-
TUO(EHONOM W  2-aMWUHO-4-XN0P-TUO(EHONOM 06pasyloTc MPOU3BOAHbLIE 2-MOAKALLETOKCH-
ankun-6eHsTnasona M 2-nonuaLeToKcu-ankun-5-xnop-6eHsTnasona. onmaLeToKcu-npoms-
BOAHble OMbINIAOTCA METUNATOM HaTpus B 2-MOAUTMAPOKCU-aNKWUA-6eH3TNa30Nbl. HUTpUnbl
auUeTWUIMPOBAHHbIX aNbJOHOBLIX KWUCMOT TaKXe KOHAEHCUMPYIOTCS C 2-aMUHO-TUO(EHONOM, U
TaKUM MyTeM C XOPOLUWUM BbIXOAOM MOTYT 6bITb NMOAYUYEHbI 2-MONNALETOKCU-aNKNI-6EH3TNA30bI.

Mexay ONTUYECKUM BpalleHUeM 2-NoNuruapoKcu-ankun-6eH3TMa3onos 1 NpocTpaHcT-
BEHHbIM MOMI0XKEHNEM TUAPOKCULHOI TPYNMbl Ha aTtome yrnepofa NOAWUTUAPOKCU-aNKUbHOM
LeNoYKM, NPUMbIKAIOLWLEA K Kombly, HabnogaeTcs 3aBUCUMOCTb, MOA06HAsA «BEH3UMMWAA30/b-
HOMY MpaBuny».

CVHTE3 CTEPEOV3OMEPHBIX Y-MOUIYTaMUHOBLIX KMUCoT, |
M. KAMTAP n B. BPYKHEP

OnucaHHble paHee MeTOAbl NONYYEHWUA Y-NOAUTNYTAMUHOBON KUCNOTbl [4] HE NPUTOAHbI
ONA NPaKTUYeCKOro Mony4YeHMs 3TUX COefUHEeHUn B 6onbwmnx Konuyectsax. OLeHKa BO3-
MOXHOCTel pa3paboTku 6onee NOAXOAALLEro CuHTe3a NpuBena K 3ak/YeHU O MPUMEHM-
MOCTW TEOpeTMYecKOW MmocnefoBaTe/lbHOCTU CMHTE30B, pa3paboTaHHbIX paHee, HO Ha KaXAoW
OCHOBHOI CTyMneHW Heo6XO0AMMO 3aMeHWTb cTapble MeToabl 60fee HOBbIMW. HOBbIA crnocob
CMHTEe3a MeTWI0BOro atmpa y-nonurnyTaMMHOBOW KWCNAOTbl OCHOBaH Ha peakuuu MnoanaBTo-
auMnupoBaHua coneil a' a'-gAUMeTWUN-Y-N-HUTPOPEHUNOBLIX N MeHTaxno0p-(heHnNoBbIX 3h1poB
y-rnyTaMmun-rayTaMmHoBoi kucnotbl (X u X1) nop geincteMem OCHOBaHWA. HOBbIM METOAOM
66111 NONYYeHbl CTEPEOU3OMEPBI CONEN ANNENTUAHBIX aKTUBHbIX 3upos (X n XI); ¢ nomoLibo
[aHHOro MeTofa yAanocb MOAYYUTb CTPYKTYPHO OAHOPOAHbIE, OMTMYECKW YUCTble NMPOAYKTbI.
MeTunosble 3upbl Y-NOANTIYTAMWUHOBON KUCAOTbl YAanoCb NOAYYUTb C ropasfo nyylumu
Bbixogamun (40—90%), No cpaBHEHUO C paHHUMWU paboTamu. MyTem LWEeno4yHOro rnaponusa
nonnagumpoB 1 M301MPOBAHNA UX MPOLYKTOB PasMUHbIMKU cnocobamu MOryT 6biTb MOMyYEHbI
C 0YeHb XOpowwWmMMK Bbixogamu (65—98%) cTepeom3omepbl Y-MOAUFAYTaMUHOBOW KUCNOTbI:
y-nonu-b-rnyTamMmMHoBas Kucnota, y-nonu-O-rayTamuHoBas KucnoTta, a Ttakke D—L- u
L—D-me3ongbl y-NONUrNYyTaMMHOBON KUCNOTHI.

OnpefeneHHbIn ABYMA MeToAamMu MOMEKYNAPHbIA Bec MNOAMA(MUPOB W MOMUKUCAOT,
NONYYEeHHbIX MNPU pas/IMYHbIX IKCNEPUMEHTA/bHbIX YCnoBuax, paBeH 6—8000 u 4—9000,
COOTBETCTBEHHO. [1pOBepsAnUCL CTPYKTYpHas OAHOPOAHOCTb M ONTWYeckas u4ucToTa MNonu-
KMCNoT.

CUHTETMYECKUIA pauemaT Y-MOAUTNYTAMUHOBOW KWUCAOTbI (4TO O3HAYaeT IKBMMONEKY-
nApHyt0 cmecb D- u L-M30MepoB y-NOAMTNYTaMUHOBOM KWCAOTbI) NPakTUYeCKU He pacTBO-
pAeTcA B BOAE; Ha OCHOBe 3TOr0 HabnogeHwWs, 6onee paHHWe MpeACcTaBNEHUSs O CTPYKType
Cy6TUNbHBIX NONUMNENTUA0B MONYYUU NOATBEPXAEHME U C CUHTETUYECKOW CTOPOHbI.

Me3sougbl Y-NOAUFNYTAMUHOBOW KWCNOTbl TakKXe MA0X0 pacTBOPWMMbI B BOAE.






The AALC collection, including approx. 5500 punched cards
gives the individual the advantages of modern data
processing, without the need for expensive machines

The advantages of cards!

The AALC collection of cards offers many advantages to its user. First, because only
a card-file can be kept complete and up-to-date at any time. Book-form bibliogra-
phies are difficult to handle and are not apt for cross-indexing. Secondly with a card-
file you do not have to make personal notes If you wish to retain items of informa-
tion from a book-bound bibliography, you cannot avoid noting them down (if you
don’t want to tear out the relevant pages!); with the AALC-file, however, you can
indulge in the luxury of picking out the cards you are looking fos*.

The advantages of punched cards!

By having the AALC collection on punched cards, you never have to replace cards
in any particular order. Through the selection operation the cards you are looking
for fall unerringly from the whole pack, irrespective of the place they occupy in the
card-file. Using simple methods, you can coller? all the cards that are particularly
important for the topical field you are engaged in at a given time. A punched card
file allows any questions to be combined according to the nature of your problem:
it allows cross-indexing as weil.

©

©o
® _ AALC—File
o ACTIVATION
e o ANALYSIS
© © | ITERATURE
° Y CARDS
© 19351968
%>© Unslotted:
o US$ 0.05/card
© Slotted:
© %) US$ 0.06/card
°'© IN PREPARATION
©o@
©o
©©

Ask for leaflets at the following address
AKADEMIAI KIADO
Publicity Department. Budapest 502. P.O.B. 24

ACTIVATION ANALYSIS DOCUMENTATION CENTER

AKADEMIAI KIADO

PUBLISHING HOUSE OF THE HUNGARIAN ACADEMY OF SCIENCES



Printed in Hungary

A kiadésért felel az Akadémiai Kiadd igazgatoja Miszaki szerkeszt6: Farkas Sandor
A kézirat nyomdéaba érkezett: 1969. VII. mTerjedelem: 8,25 (A/5) iv, 26 &bra

69.67926 Akadémiai Nyomda, Budapest — Felel6s vezetd: Bernat Gyorgy



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

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

Manuscripts should be addressed to

Acta Chimica
Budapest 112/91 M{iegyetem

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

The rate of subscription is 165 forints a volume. Orders may he placed with “Kultdra”
Foreign Trade Company for Books and Newspapers (Budapest |., F6 utca 32. Account No.
43-790-057-181) or with representatives abroad.

Les Acta Chimica paraissent en francjais, allemand, anglais et russe et puhlient des
mémoires du domaine des sciences chimiques.

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

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

Acta Chimica
Budapest 112/91 Megyetem

Toute correspondance doit étre envoyée & cette mérne adresse.

Le prix de I’abonnemcnt est de 165 forints par volume.

On peut s’abonner & I’Entreprise pour le Commerce Exterieur de Livres et Journaux
«Kultara» (Budapest 1., F6 utca 32. Compte-courant No. 43-790-057-181) ou a I’étranger chez
tous les représentants ou dépositaires.

«Acta Chimica» U34al0T TPaKTaTbl M3 061aCTU XMMMUUYECKOA HAayKW Ha PycCKoM, dpaH-
LLY3CKOM, aHI/IMACKOM 1 HEMEeLKOM f3blKax.

«Acta Chimica» BbIXOAAT OTAENbHLIMW BbIMyCKaMu pasHOro o6bema. 4 BbiMycka CO-
CTaBNSAT OAMH TOM. 4 TOMa Ny6/IMKYyTCA B rog,

MpefHa3HauYeHHble AN Ny6AMKauuu pyKoOmucu chnedyeT HanpasisTb NO afpecy:

Ada Chimica
Budapest 112/91 Megyetem

Mo aTomy >e afpecy HanpaBATb BCAKYK KOPPECMOHAEHUWUIO ANA pefakuuu.

MoanucHasa UeHa «Acta Chimica» — 165 (hopyHTOB 3a TOM. 3akasbl MpUHUMAeT npej-
NpuUATME NO BHELUHE TOProBne KHUr U raseT «Kultlra» (Budapest |., F6 utca 32. Tekywui
cyeT Ne 43-790-057-181) mnm ero 3arpaHuYHble NpPeACcTaBUTENbCTBA W YMONHOMOYEHHbIE.



38, — Ft

Reviews of the Hungarian Academy of Sciences are obtainable

ALBANIA

Ndermarja Shtefnore e Botimeve

Tirana

AUSTRALIA
A. Keesing
Box 4886, GPO
Sydney

AUSTRIA
Globus Buchvertrieb
Salzgries 16
Wien |

BELGIUM
Office International de Librairie
30, Avenue Marnix
Bruxelles 5
Du Monde Entier
5, Place St. Jean
Bruxelles

BULGARIA
Raznoiznos
1, Tzar Assen
Sofia

CANADA
Pannénia Books

2, Spadina Road
Toronto 4, Ont.

CHINA
Waiwen Shudian
Peking
P. 0. B. 83

CZECHOSLOVAKIA
Artia
Ve Smeikéch 30
Praha 2
PoStovna Novinové Sluiba
Dovoz tisku
Vinohradskéa 46
Praha 2
Mad’arsk& Kultira
Véadavské nam. 2
Praha |
PoStovd Novinovéa Sluiba
Dovoz tlaée
Leningradska 14
Bratislava

DENMARK

Ejnar Munksgaard
Nérregade 6
Copenhagen

3. XI11. 1969,

at the following addresses:

FINLAND
Akateeminen Kirjakauppa

Keskuskatu 2
Helsinki

FRANCE
Office International de Documentation
et Librairie
48, rue Gay Lussac
Paris S

GERMAN DEMOCRATIC REPUBLIC

Deutscher Buch-Export und Import
Leninstrale 16

Leipzig 701

Zeitungsvertriebsamt

Fruchtstrasse 3—4

1004 Berlin

GERMAN FEDERAL REPUBLIC
Kunst und Wissen
Erich Bieber
Postfach 46
7 Stuttgart S.

GREAT BRITAIN
Collet’s Holdings Ltd.
Dennington Estate
London Rd.
Wellingborough. Northerns.
Robert Maxwell and Co. Ltd.
Waynflete Bldg. The Plain
Oxford

HOLLAND
Swetz and Zeitlinger
Keizersgracht 471—487
Amsterdam C
Martinus Nijhof
Lange Voorhout 9
The Hague

INDIA
Current Technical Literature
Co. Private Ltd.
India House OPP
GPO Post Box 1374
Bombay |

ITALY

Santo Vanasia

Via M Macchi 71

Milano

Libreria Commissionaria Sansoni
Via La Marmora 45

Firénzé

JAPAN
Nauka Ltd.

92, lkebukur O-Higashi 1-chome

Toshima-ku
Tokyo

Maruzen and Co.

P. O. Box 605
Tokyo-Central

Ltd.

Far Eastern Bookseller
Kanda P. O. Box 72

Tokyo

KOREA

Chulpanmul
Phenjan

NORWAY

Johan Grundt Tanim
Karl Johansgatan 43

Oslo

POLAND

RUCH
ul. Wronia 23
Warszawa

ROUMANIA
Cartimex

Str. Aristide Briand 14—18

Bucurefti

SOVIET UNION

Mezhdunarodnaya Kniga

Moscow G —200

SWEDEN

Almquist and Wiksell
Gamla Brogatan 26

Stockholm

USA

International Arts and Sciences Pres?

108, Grand Street

White Plains, N. Y. 10601

VIETNAM

Xunhasaba

19, Tran Quoc Toan

Hanoi

YUGOSLAVIA

Forum

Vojvode MiJiéa broj 1

Novi Sad

Jugoslovenska Knjiga

Terazije 27
Beograd

Index: 26.007



ACTA
CHIMICA

ACADEMIAE SCIENTIARUM
HUNGARICAE

ADIUVANTIBUS
L. ERDEY, K. POLINSZKY, G. SCHAY
AC

R. BOGNAR, GY. BRUCKNER, Z. CSUROS, T. ERDEY-GRUZ, z. FOLDI,
M. FREUND, A. GERECS, GY. HARDY, J. HOLLO, M. KORACH, F. MARTA,
F. NAGY, E. PUNGOR, Z. SZABO, P. TETENYI, L. VARGHA, K. VAS

REDIGIT
B. LENGYEL

TOMUS 62 FASCICULUS 3

AKADEMIAI KIADO, BUDAPEST
1969

ACTA CHIM. ACAD. SCI. HUNG.



ACTA CHIMICA

A MAGYAR TUDOMANYOS AKADEMIA
KEMIAI TUDOMANYOK OSZTALYANAK
IDEGEN NYELVU KOZLEMENYEI

SZERKESZTI
LENGYEL BELA

TECHNIKAI SZERKESZTOK

DEAK GYULA és HARASZTHY-PAPP MELINDA

Az Acta Chimica német, angol, francia és orosz nyelven ko6z6l értekezéseket a kémiai
tudoméanyok korébél.

Az Acta Chimica valtozé terjedelm( flizetekben jelenik meg, egy-egy kdtet négy fuzet-
b6l &ll. Evente atlag négy kotet jelenik meg.

A Kkozlésre szant kéziratok a szerkesztéség cimére (Budapest 112/91 Mdlegyetem) kul-
dendék.

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

Az Acta Chimica el6fizetési ara kotetenként belfoldre 120 Ft, kilfoldre 165 Ft. Meg-
rendelhet6 a belfold szaméara az ,,Akadémiai Kiad6”-nal (Budapest V., Alkotméany utca 21.
Bankszamla 05-915-111-46), a kulfold szdmara pedig a ,,Kultara” Konyv- és Hirlap Kilkeres-
kedelmi Vallalatnal (Budapest I., F6 utca 32. Bankszamla: 43-790-057-181) vagy annak kil-
foldi képviseleteinél és bizoményosainal.

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

Die Acta Chimica erscheinen in Heften wechselnden Umfanges. Vier Hefte bilden einen
Band. J&hrlich erscheinen 4 Bé&nde.

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

Acta Chimica
Budapest 112/91 Mdegyetem

An die gleiche Anschrift ist auch jede fiir die Redaktion bestimmte Korrespondenz zu
richten.

Abonnementspreis pro Band: 165 Forint. Bestellbar bei dem Buch- und Zeitungs-
AuBenhandels-Unternehmen nKultira« (Budapest I., F6 utca 32. Bankkonto Nr. 43-790-
057-181) oder bei seinen Auslandsvertretungen und Kommissiondren.



Acta Chimica Academiae, Scientiarum Hungaricae, Tomus 62 (3), pp. 217—228 (1969)

THERMOLYSE YON CYANOKOMPLEXEN IP

DIE THERMISCHE ZERSETZUNG EINIGER CYANOMETALLAT-SAUREN
B. Mohai

(Institut fur Allgemeine und Anorganische Chemie der Universitat
fur Chemische Industrie, Veszprém)

Eingegangen am 29. September 1968

Die thermische Zersetzung der folgenden Cyanometallat-Sduren wurde unter-
sucht: H4[Fe(CN)Q, H3[Fe(CN)6], H2[Fe(CN)6NO], H3[Co(CN)6]. Den einzelnen Zerset-
zungsstufen konnten wohldefinierte Reaktionen zugeordnet werden. Aufler den Zer-
setzungstemperaturen und Gewichtsverlusten wurden auch die Enthalpiednderungen
im Laufe der Zersetzungsprozesse bestimmt. Durch die erhaltenen !//-Werte konnten
die thermischen Stabilitdten der Verbindungen direkt verglichen werden. Zersetzungs-
temperatur, Warmeténung und Reaktionswdrme stehen mit der Elektronenstruktur
des Zentralatoms in engem Zusammenhang.

Einleitung

Die im Zusammenhang mit der thermischen Stabilitdt und Zersetzung
der Ubergangsmetall-Cyanokomplexe frither erschienenen Mitteilungen be-
schaftigen sich mit der Wasserabgabe von Cyanokomplex-Hydraten [1, 2] bzw.
mit der Dehydratation von wasserhaltigen Niederschldgen [3]. Uber den
Abbau der eigentlichen Komplexstruktur wurden die ersten thermischen und
stdchiometrischen Daten — am Beispiel des Kaliumferricyanids — von
Cuttica angegeben [4]. Perret und Gitson [5] untersuchten die Cyano-
ferrate der Elemente der ersten und zweiten Gruppe des Periodensystems und
machten einen Unterschied zwischen Cyanid bzw. Cyanamid bildenden
Kationen.

In den spéteren Arbeiten von R. Duval und C. Duval wurde unter
anderen analytischen Niederschlagen auch die thermische Stabilitdt von
schwerldslichen Ubergangsmetall-Cyanokomplexen untersucht [6, 7] und in
einigen Féllen wurden die Kurven der Thermolyse (beispielsweise die des
Kaliumferro- und -ferricyanids) mit den IR-Spektren verglichen [8]. Cham-
bertain Und Greene [9] stellten auf Grund der DTA-Kurven 15 verschiede-
ner Cyanometallate (zuné&chst Cyanoferrate) fest, dal deren Hydrate ihren
W assergehalt bei etwa 100 °C abgeben. Die weitere Zersetzung der dehy-
dratierten Substanzen wurde durch Untersuchung der Gasphase verfolgt.

Die Kenntnisse Uber die thermischen Prozesse der Cyanokomplexe wur-
den in letzter Zeit besonders von Sejfer und Mitarbeitern erweitert. Auler

* 1. Mitteilung, Mmonai, B.: J. inorg. nucl. Chem. 31, 885 (1969)

1 Acta Chim. Acad. Sei. Hung. 62, 1969
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der Thermolyse der Ferrocyanide der Alkali- und Erdalkalimetalle [10, 11],
zahlreicher Ubergangs- [12, 13] bzw. Metametalle [14—16] und einiger selte-
ner Elemente [17—-19] wurde auch die thermische Zersetzung solcher Cyanide
untersucht, die andere Zentralatome enthielten [20]. Die Abweichungen im
Mechanismus der entsprechenden Phasen der Zersetzung und in der Zusammen-
setzung der festen Rickstdnde konntea in Einklang mitden strukturchemischen
Eigenschaften der Atomkomponenten erkldrt werden [21].

Uber die Thermolyse der »Grundverbindungen«, d. h. der freien Cyano-
metallat-S&uren sind in der Literatur keine Angaben zu finden.

Die vorliegende Arbeit befallt sich mit dem thermischen Abbau einiger
bekannter Cyanometallat-Sauren, namentlich mit den Zersetzungsreaktionen
von wasserfreiem H4[Fe(CN)6], H3[Fe(CN)6], H2[Fe(CN)sNO] und H3[Co(CN)e].
Im Gegensatz zu den genannten Autoren wurden sowohl die TG- als auch die
DTA-Kurven quantitativ ausgewertet, mit anderen W orten: statt der Gblichen
qualitativen Angabe der Warmetdnung wurden die im Laufe der Zersetzungs-
prozesse auftretenden Enthalpiednderungen bestimmt und zahlenmé&Rig an-
gegeben. Diese Untersuchungen lieferten charakteristische MeRBwerte, mit
denen die thermische Stabilitdt der untersuchten Verbindungen unmittelbar
verglichen werden kann.

MelRergebnisse

Die zur Untersuchung der Thermolyse von Cyanometallat-S&uren
ausgewéhlten Modellverbindungen ermdéglichen den Vergleich einerseits von
zwei- und dreiwertiges Eisen enthaltenden, andererseits von Hexa- und
Pentacyano-Eisenkomplexen. Weiterhin sollten die thermischen Vorgédnge
in der Hexacyanokobaltat(ll1)-S&ure mit jenen der entsprechenden Eisen-
verbindungen (entweder gleiche Oxydationszahl oder isoelektronische Struktur
des Zentralatoms) verglichen werden.

Die untersuchten Komplexsduren sind in der ersten Spalte der Tabelle |
dargestellt. Die zweite Spalte enthdlt die Zersetzungstemperaturen. Bei Reaktio-
nen, die sowohl stéchiometrisch als auch thermisch quantitativ ausgewertet
werden konnten (steile TG-Stufe, scharfe DTA-Spitze), wurde die zum Beginn
der Zersetzung und auch die zur maximalen Reaktionsgeschwindigkeit gehdo-
rende Temperatur angegeben. Der allgemeinen Konvention entsprechend
wurde bei endothermischen Vorgdngen die sog. Spitzentemperatur, bei exo-
thermischen Reaktionen die Anfangstemperatur der Gewichtsabnahme als
Zersetzungstemperatur betrachtet (kursiv). Bei in einem breiteren Tempera-
turbereich ablaufenden Zersetzungsprozessen (kontinuierliche Gewichtsadnde-
rung) stehen einfach die Temperaturgrenzen statt der obigen Daten.

Die dritte Spalte der Tabelle gibt die von den TG-Kurven abgelesenen
Gewichtsabnahmen bezogen auf 1 Mol des Ausgangskomplexes an. Wird diese

Acta Chim. Acad. Sei. Hung. 62, 1969
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Verbindung

H4[Fe(CN)g]

H3[Fe(CN)6]

H2[Fe(CN)6NO]

H3[Co(CN)e]

Thermolyse der Cyanometallat-Sduren: stdchiometrische und

Zersetzungs-
temperatur

9

170,

190

—600
-650

120,
155,

150,
235,

190,

140
165

175
265

225

290—410

430—

510

—530
560

570,

580

600—

Gewichts-
abnahme
(g *Mol-1)

108,7

26,5
-80

84,3
25,8

81,3

26,3

Tabelle |

Gasformiges

AH
Zersetzungsprodukt . "
(MO‘]J_% (Kcal «Mol"1)

4 HCN (108) 24,5
(CN)2 —
n2 —
V2(CN)2 (26) —105
3 HCN (81) -13
2HCN + 1NO0(84) 30,0
V2 (CN)2 (26) — 85
3 HCN (81) 32,5
112(CN)2 (26) ~ 14

V2 (CN)2 (26) _

n2 —

AH

6,1

—21,0
4—5

(-)
- —17

10,8

25—30

thermische Kennwerte

Bemerkung

stark, scharf: endoth.

schwach, stumpf: endoth.

schwach, scharf: exoth.

stark, scharf: exoth.

mittelm. scharf: endoth.

stark, scharf: endoth.
mittelm. stumpf: exoth.

stark, scharf: endoth.
mittelm. stumpf: endoth.

schwach, scharf: exoth.

Depolymerisation: endoth.

stark, scharf: exoth.

*
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Komponente in mehreren Stufen abgespalten (DTG-Kurve), so wurde nur
der mit groBerer Genauigkeit meRbare, auf die vollstindige Stufe bezugliche
Gesamtgewichtsverlust aufgefuhrt; im Falle des H3[Co(CN)6] z. B. wird
Dicyan in vier Stufen freigesetzt, von denen je zwei verschmelzen und genau
einem halben Mol Dicyan entsprechen.

Die im Laufe der Zersetzung gebildeten gasformigen Produkte sind in
der vierten Spalte angeflihrt. Sofern der fraglichen thermischen Stufe eine
Reaktion eindeutig zugeordnet werden kann, wurde auch die Molzahl des
Zersetzungsproduktes bezogen auf 1 Mol des urspringlich eingewogenen Kom -
plexes angegeben. (Z. B. 4 HCN/H4[Fe(CN)6], nachstehend in Klammern der
berechnete theoretische Wert.)

Die auf Grund der DTA-Kurven bestimmten Reaktionswérmen sind in
der funften Spalte angegeben. Zum direkten Vergleich wurde auch die auf
1 Mol des Zersetzungsgases entfallende Enthalpiednderung (AH/n) aufge-
tragen. Letztere darf aber — besonders bei mehrstufigen Zersetzungsprozessen
— nur als Anndherungswert betrachtet werden. Bilden sich in derselben Stufe
verschiedene gasférmige Produkte, so wdare die Angabe der erwé&hnten Durch-
schnittswerte formell, darum wurden sie auch weggelassen. Im Falle von
H,[Fe(CN)eNO] werden z. B. in der ersten Stufe 2 Mol HCN und 1 Mol NO
gleichzeitig abgespalten. Offenbar verteilt sich aber der dort angegebene
W armeeffekt (30,0 Kcal/Mol) auf die zweierlei Liganden nicht gleichmé&Rig:
der Energiebedarf der Freisetzung von 1 Mol NO ist aller Wahrscheinlichkeit
nach gréfRer als der von | Mol HCN.

In der letzten Spalte wird der Ablauf der DTA-Kurven — genauer
gesagt, die Form und GroRe der Spitzen — kurz charakterisiert.

Aus Tabelle | ist ersichtlich, dall es sich Uberwiegend um Eisenverbin-
dungen handelt, die im Laufe der Thermolyse — unabh&ngig vom Ausgangs-
stoff — zur gleichen Zersetzungsphase gelangen: es bildet sich ndmlich in
jedem Fall Eisen(ll)cyanid. Von hier angefangen ist die weitere Zersetzung
schon bei allen Eisenkomplexen die gleiche, daher wurden diese wiederkehren-
den Reaktionen nur bei der erstangefiuhrten Verbindung, also heim H4[Fe(CN)6]
angegeben. Da die Zersetzungsvorgdnge der untersuchten Cyanometallat-
Sauren (neben einigen erwartungsgeméiRen Ahnlichkeiten) vor allem grund-
legende Abweichungen zeigten, wurden in Abbildung 1 die Derivatogramme
sdmtlicher Verbindungen dargestellt.

Zuletzt soll im Zusammenhang mit der Genauigkeit der MeRergebnisse
noch folgendes bemerkt werden: Die Zersetzungstemperaturen waren in jedem
Fall innerhalb von5°C reproduzierbar. Die Reproduzierbarkeit der Zersetzungs-
warmen war im allgemeinen etwa 5% und blieb auch bei dem am wenig-
sten stabilen Komplex — H3[Fe(CN6] — weit unter 10%. Natirlich konnte
der AH-Wert einer zweiten Stufe schlechter reproduziert werden als einer
ersten. Wenn die Unsicherheit der Enthalpiewerte die obigen Fehlergrenzen

Acta Chim. Acad. Sei. Hung. 62, 1969
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Abb. 1. Derivatogramme der Cyanometallat-Sauren:
a) H4[Fe(CN)c]; b) H3[Fe(CN)0O]; ¢) H2[Fe(CN)5NO]; d) H3[Co(CN)e]

tibertraf, so wurde dies in der Tabelle vermerkt. Ubrigens sind die angegebenen
Daten Mittelwerte von 3 bis 5 Parallelversuchen, wobei jedes einzelne Deriva-
togramm mit separat hergestellter Probe aufgenommen wurde.

Acta Chim. Acad. Sei. Hung. 62, 1969
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Zersetzungsreaktionén

Unter den in Tabelle |I angefuhrten komplexen Sduren erwies sich das
in Kryptonkonfiguration ein dreivertiges Kobaltatom enthaltende H3[Co(CN)e]
als die stabilste. Die thermische Stabilitdt des ebenfalls diamagnetischen, mit
dem obigen isoelektronischen H4[Fe(CN)6] ist schon entschieden kleiner. Dies
ist auller der niedrigeren Zersetzungstemperatur (190 gegeniber 225 °C) beson-
ders aus den Zersetzungswédrmen (24,5 bzw. 32,5 Kcal/Mol) oder noch mehr
aus dem Vergleich der zur Abspaltung von 1 Mol HCN ndtigen durchschnitt-
lichen Energiebedarfe ersichtlich (6,1 bzw. 10,8 Kcal/Mol Komplex/Mol HCN).
Innerhalb der dreiwertiges Eisen enthaltenden Sduren ist das edelgaskonfigu-
rierte H2[Fe(CN)sNO] viel stabiler als das paramagnetische H3[Fe(CN)e],
bzw. letzteres ist unter den hier behandelten Verbindungen am wenigsten
wdarmebestidndig.

Auf Grund der gemessenen Gewichtsabnahmen und der Zusammenset-
zung der gasformigen Produkte konnten den einzelnen thermischen Stufen
die folgenden Reaktionen zugeordnet werden.

a) Ha[Fe(CN)6]

In der ersten Zersetzungsstufe von Wasserstoffhexacyanoferrat(ll)
werden in einer stark endothermischen Reaktion* vier Mol W asserstoffcyanid
frei:

190
H 4[Fe(CN)e] - * 1/3Fe'1[Fe"(CN)e] + 4 HCN + 24,5 Kcal. (1)

Was die weiteren Zersetzungsvorgdnge des Eieen(ll)ferrocyanids betrifft,
konnte man sich zum Teil auf die Resultate von Sejfer stitzen. Nach seinen
mit verschiedenen Eisenhexacyanoferraten durchgefiihrten und durch réntgeno-
graphische Untersuchungen ergénzten Versuchen [12] findet von etwa 400 °C
angefangen die stufenweise Depolymerisation des Eisen(ll)-Komplexes statt:

Fe2[F< (CN)6] — 3 Ft (CN)2. (2)

Bei weiterem Erhitzen zersetzt sich auch das einfache Eisen(ll)cyanid nach
der Gleichung

3Fe(CN)2->Fe3C + 5C-f 3N2. ©)

Bei 660 °C beobachtete Sejfer noch eine polymorphe Umwandlung des
gebildeten Zementits.

*Die Koeffizienten sind in den Gleichungen in jedem Fall so angegeben worden, daf
die Zersetzungswérmen und gasféormigen Produkte sich immer auf 1 Mol des urspringlichen
Komplexes beziehen.
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Auch unsere eigenen Untersuchungen zeigten, dall die nach dem Austritt
des W asserstoffcyanids zurtickbleibende feste Phase zwischen 250 und 550 °C
praktisch gewichtskonstant ist. Die weitere Zersetzung beginnt erst um etwa
600 °C: am Anfang wird in langsamer endothermischer Reaktion Dicyan
gebildet, bald meldet sich zwischen 640—660 °C eine scharfe exothermische
Spitze. Letztere kann aber nicht bloR als Folge der Modifikationsdnderung
des Zementits betrachtet werden, da eben bei dieser Reaktion eine gesteigerte
Gewichtsabnahme eintritt. Daher wurde angenommen, daB der anfdnglich
verlaufenden Zersetzung

o,

~600 C
Fe(CN)2--mmmees -Fe + (CN)2 (4)

(endotherm) um etwa 650 °C die Reaktion (3) folgt (exotherm). Der Vorzeichen-
wechsel der Wéarmeténung ist damit zu erkldren, daR die Reaktion (3) im Ver-
gleich zur Reaktion (4) letzten Endes auch die Zersetzung des Dicyans beinhaltet,
dessen Bildungswédrme bekanntlich stark endotherm ist. Diese Erkl&rung

steht auch mit der plotzlichen Geschwindigkeitszunahme der trdge beginnenden
Reaktion in Einklang.

b) H3[Fe(CN)§|

Beim thermischen Abbau von W asserstoffhexacyanoferrat(lll) bildet
sich Wasserstoffcyanid nur in der zweiten Zersetzungsstufe. In der ersten
wird in einer heftigen exothermischen Reaktion Dicyan abgespalten, wobei
der Eisen(lll)-Komplex sich zu Eisen(ll)-Verbindungen umsetzt:

120 °C

H 3[Fe(CN)6] ------- »3/4 H,[F<(CN)e] + 1/12 Fe»[Fe,,(CN)e] +
+ 1/2 (CN)2- 10,5 Kcal. (5)

Die weiteren Zersetzungsprozesse des H3[Fe(CN)6) stimmen im wesentlichen
mit denen des Ha[Fe(CN)6] uberein. DemgeméaR gibt das im Laufe des intra-
molekularen Redoxvorganges gebildete Ha4[Fe(CN)6 W asserstoffcyanid ab
und es bildet sich das schon bekannte Eisen(ll)cyanoferrat(ll):

3/4 H,[Fe(CN)6] 174 Fe2[Fe (CN),] + 3HCN + 13 Kcal. (6)

Im Zusammenhang mit der letzteren Reaktion muRte auffallen, daB
der W é&rmeeffekt kaum die Halfte des entsprechenden Wertes der Cyanoferrat-
(I1)-Sdure erreicht (24,5 bzw. 13 Kcal/Mol). Der verhéltnismaRig grofe Unter-
schied 1aRt sich zum Teil damit erklaren, daR hier statt 4 nur 3 Mol HCN
freigesetzt werden. Die Differenz ist aber vielmehr die Folge jener Tatsache,
daB das Wasserstoffcyanid beim H3[Fe(CN)e] nicht mehr aus einer intakten
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Struktur (erste Stufe), sondern aus einem Zwischenprodukt (zweite Stufe)
abgespalten wird. Vergleicht man nun die Stabilitdten der betreffenden
Sauren auf Grund der auf 1 Mol HCN entfallenden Warmebedarfe, so wird
der obige Unterschied wesentlich kleiner (etwa e bzw. 4—5 Kcal).

¢) H2[Fe(CN)sNO]

Das W asserstoffpentacyanonitrosylferrat(lll) kann gewissermaBen als
Ubergang zwischen Ha4[Fe(CN)e] und H3[Fe(CN)6] angesehen werden. Es
enthdlt ndmlich ein dreiwertiges Zentralatom, zugleich besitzt es — &hnlich
den Eisen(ll)-Cyanokomplexen — eine diamagnetische Elektronenstruktur.
Dementsprechend verlaufen auch seine Zersetzungsreaktionen. Die Temperatur
der beginnenden Zersetzung fallt z. B. zwischen die den erwé&hnten S&uren
entsprechenden Werte. Die Thermolyse setzt lbrigens unter Abgabe von
W asserstoffcyanid ein (Analogie zur Hexacyanoferrat(ll)-S&ure), es schlieft
sich aber sofort die Abspaltung von Stickoxyd an:

175 @C
H 2[Fe(CN)sN O ]------- *1/2 Fein[Fem (CN)e] + 2HCN + NO + 30,0 Kcal. (7)

Das in einer stark endothermischen Reaktion gebildete Eisen(lll)cyano-
ferrat(l11) setzt sich unter exothermischer Entwicklung von Dicyan (Analogie
zur Hexacyanoferrat(l11)-S&ure) zu Eisen(ll)ferrocyanid um:

235
1/2 Fein[Feni(CN)6] ------- * 1/3Fe”[Fen(CN)6] + 1/2 (CN), - 8,5 Kcal. (8)

Der weitere Abbau der Nitroprussidsdure findet nach den bei der Thermolyse
des Ha[Fe(CN)e] beschriebenen Teilreaktionen statt.

Bezlglich der Dicyanbildung aus H2[Fe(CN)sNO] soll noch bemerkt
werden, dall diese unter entschieden geringerer Warmeentwicklung verlduft
als im Falle des H3[Fe(CN)6] (—8,5 bzw. 10,5 Kcal/Mol Komplex). Die
Ursache ist wiederum darin zu suchen, daB hier die Abgabe von Dicyan
gegeniiber H3[Fe(CN)e] nur in der zweiten Zersetzungsstufe eintritt.

d) HHCo(CN)R|

Die thermischen Prozesse von W asserstoffhexacyanokobaltat(lll) begin-
nen mit einer scharfen endothermischen Reaktion, in welcher 3 Mol HCN
freigesetzt werden:

225
H3[Co(CN)6] ------- > 1/2 CoUIl[Coin (CN)6] + 3HCN + 32,5 Kcal. 9)

Von hier angefangen weichen die Zersetzungsreaktionen des H3[Fe(CN)e]
von denen der Eisenkomplexe stark ab. Am auffallendsten ist jener Unter-
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schied, daB die Dicyanbildung im Falle der Kobaltverbindung in vier Stufen
verlduft, von denen je zwei verschmelzen. Die Wéarmeténung des ersten
Stufenpaares ist endotherm; die dritte und vierte Stufe stellt exothermische
Reaktionen dar. Die mehrstufige Dicyanabspaltung ist offenbar die Folge
der bekanntlich groRen Stabilitdt der Kobalt(lll)-Komplexe, die gerade
deshalb nur schwer zu niedrigeren Oxydationsstufen reduziert werden kdnnen.
Der Yorzeichenwechsel der Warmeténung ist darauf zuriickzufiithren, daB die
kryptonkonfigurierten diamagnetischen Kobaltkomplexe das Dicyan in endo-
thermischer, die ein ungepaartes Elektron enthaltenden paramagnetischen
hingegen in exothermischer Reaktion abgeben (vgl. mit Cyanoferrat(lll)-
Séuren).

W &hrend der endothermischen Dicyanstufen setzt sich das Kobalt(l11)-
cyanokobaltat(lll) allméhlich zu Kobalt(ll)cyanid um. In der ersten Stufe,
die sich meist nur heim Ammoniumhexacyanokobaltat(lll) separieren IaRt
(s. nachstehende Mitteilung), bilden sich verschiedene Kobalt(Il)kobalt(l11)-
Intermedidre, z. B. CodI[CollI(CN)6]2, die dann bei dauernd abnehmender
Reaktionsgeschwindigkeit vollkommen zu Kobalt(l1)* reduziert werden.

Die Zersetzung des ebenfalls intermedidren Kobalt(ll)-Cyanokomplexes
beginnt bei etwa 530 °C: darauf weist aulRer der schnelleren Gewichtsabnahme
auch eine kleine exothermische Spitze hin. Diese Reaktion wird aber von
einem bei 560 °C ablaufenden Vorgang stark gehemmt, sogar unterbrochen.
Letzterer konnte an der DTA-Kurve des K3[Co(CN)e] auch von Chamberlain
und Greene beobachtet werden und wurde als Strukturumwandlung gedeutet
[9]. Unserer Meinung nach findet im Laufe des endothermischen Prozesses die
nach

Cog11] Co211(CN)10] 5 Co(CN), (10)

verlaufende Depolymerisation des bis zu einem bestimmten Grade schon
aufgelockerten Kobalt(Il)-Komplexes statt und es bildet sich einfaches (jetzt
schon paramagnetisches) Kobalt(ll)cyanid, das im weiteren in nicht gehemm-
ter exothermischer Reaktion zu Kobalt(l)cyanid zersetzt wird. Diese Erkla-
rung wird auch durch die Tatsache gestitzt, dal die Reaktion bei 570 °C sehr
heftig, fast explosionsartig wird, gleichzeitig erscheint in der DTA-Kurve eine
in diesem Temperaturbereich beispiellos starke und scharfe exothermische
Spitze (s. Abb. 1d). SchlieRBlich zersetzt sich von 600 °C angefangen auch das
Kobalt(l)cyanid, wobei nach Sejfer [20] metallisches Kobalt sowie Kohlen-
stoff und Stickstoff gebildet werden.

*Der Cyanokomplex des zweiwertigen Kobalts existiert nach den Untersuchungen
von N ast [22] und anderen Verfassern [23—25] nur in Form des dimeren Pentacyanokobaltats,
[Co2(CN),0]6~. Die Kobaltatome werden von einer kovalenten cr-Bindung zusammengehalten,
so enthéalt der dimere Kobalt(ll)-Komplex kein ungepaartes Elektron und ist ahnlich den
Kobalt(l11)-Komplexen diamagnetisch.
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Aus den obigen Ausfithrungen folgt, dall die Thermolyse des H3[Co(CN)e]
sich aus zahlreichen Teilprozessen zusammensetzt. Deswegen sollen die Zer-
setzungsvorgdnge statt ausfihrlicher stéchiometrischer Gleichungen (obwohl
die bei den Dicyan-Stufenpaaren gemessenen Gewichtsverluste genau einem
halben Mol Dicyan entsprechen) doch an Hand eines viel Ubersichtlicheren
Reaktionsschemas zusammengefalBt werden (Abb. 2).

5°C
H3[Co(CN)§ > Co"I[COni(CN)e]-
[CoCNE > [COni(CN)e]

290—410 °C 430—510 °C

T IIf
Co>I[Co'"(CN)6]2 -
(CN)2, endo (CN)j, endo

-530 °C, (CN)2, exo0
Co~Co0~CN),..]

Co™(CN)2

, —600 °C
— —>(C0*CN),,-------m---- * Co,C

Abb. 2. Schema der Thermolyse von H3[Co(CN)6]

Die Zersetzungsreaktionen der Cyanometallat-Sduren sollen spéter, im

Vergleich zu den thermischen Prozessen ihrer Ammoniumsalze, noch eingehend
diskutiert werden.

Experimenteller Teil
1. MeBmethode

Die thermischen Zersetzungsvorgange der Cyanometallat-Sduren wurden mit einem
Derivatographen System Paulik—Pauiik—Ebdey untersucht [26, 27]. Die Auswertung
der TG-Kurven geschah auf die tbliche Weise. Wie schon erwahnt wurde, dienten die DTA-

Tabelle 11

Kalibrierung: Wéarmeeffekt— Flache Aquivalentfaktoren

Substanz Benzoeséure AgNO, NaNOa
Schmelzpunkt (°C) 122 212 314
Aquivalentfafctoren 4,12 5,50 6,68

(cal/cm?2) 4,08 551 6,62
Mittelwert 4,10 5,50 6,65
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Kurven diesmal nicht nur zur Bestimmung der Richtung der Enthalpiednderungen, sondern
auch der zahlenméaRigen Werte der Reaktionswarmen. Vor diesen quantitativen Untersuchun-
gen wurde die MeReinrichtung auf Grund von Prozessen mit bekanntem Wa&rmeeffekt kali-
briert: dazu dienten die Schmelzwarmen von Benzoesaure, Silbernitrat und Natriumnitrat.

Die Angaben der Tabelle Il zeigen, daBR die Warmeeffekt—Flache Aquivalentfaktoren
mit dem gleichen Eichmaterial vorziuglich reproduziert werden konnten: andererseits sind
sie aber von der Temperatur (Schmelzpunkt des Eichmaterials) abh&ngig. Da die Darstellung
der Faktoren als Funktion der Temperatur einen fast linearen Zusammenhang zeigte, konnten
diese zwischen 80 und 350 °C durch Inter- bzw. Extrapolation fur beliebige Temperaturwerte
berechnet werden.

Die zur Kalibrierung und Bestimmung der Enthalpiednderungen angewandten Deriva-
togramme wurden auf Grund zahlreicher Vorversuche — unter Berilcksichtigung der verschie-
densten Anforderungen der auf dem Gebiet der Cyanokomplexe zu erwartenden Zersetzungs-
reaktionen «— jedesmal mit den folgenden Parametern aufgenommen:

Aufheizgeschwindigkeit: 5°/Min.

TG-Empfindliehkeit: 200 mg

DTG-Empfindlichkeit: 1/15

DTA-Empfindlichkeit: 1/10

Inertstoff: bei 1200 °C geglihtes A120 3 in Platintiegel (Gewicht: etwa 4,5 g).
Inertgas: sauerstofffreier Stickstoff mit einem Uberdruck von 5 bis 10 Torr.

Um die Genauigkeit der Messungen zu steigern, wurden aus dem thermisch aktiven
Stoff solche Mengen eingewogen, dal? die von den erhaltenen DTA-Kurven begrenzten Flachen
anndhernd denen der Kalibrationskurven entsprachen. Im Falle der untersuchten Verbin-
dungsgruppe waren dazu Probemengen zwischen 200 und 300 mg (0,75— 1,25 mMol) notwendig.
Zur weiteren Erhéhung der MeBgenauigkeit wurden die Derivatogramme der Kalibrations-
stoffe sowie die der Versuchsmaterialien immer mit gleichen Interstoffmengen (500 mg)
aufgenommen [28].

2. Préaparation und Analyse

Die zu den thermischen Untersuchungen verwendeten Cyanometallat-Sauren wurden
aus den entsprechenden Alkalisalzen hergestellt. Dabei wurde einerseits die gewdhnliche
Methode verwendet, nach welcher die S&uren aus ihren Salzen freigesetzt und in Form des
Atherats isoliert werden koénnen. Andererseits wurden auch auf lonenaustausch beruhende
Verfahren angewendet [29, 30]. Durch ihre Kombination und mehrmaliges Wiederholen
gelangten wir schlieBlich zu alkalifreien Substanzen.

Die Praparate wurden durch Bestimmung ihres Wasserstoff- und Eisen- bzw. Kobalt-
gehaltes identifiziert. Die Resultate der analytischen Untersuchungen sind in Tabelle 111
zusammengestellt.

Tabelle 111

Analysendaten der Cyanometallat-Sauren

Fe bzw. Co (Gew.-%)

Verbindung H+/Mol Konv. (%)
ber. gef.
H4[Fe(CN)e] 3,93 98,3 25,9 25,7
H3[Fe(CN)f] 2,88 96,1 26,0 253
H2[Fe(CN)SNO] 1,95 97,5 25,65 25,3
H3[Co(CN)c] 3,02 100 27,05 26,9
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a) Bestimmung des Wasserstoffgehaltes

Da die betreffenden Cyanometallat-Sauren — mit Ausnahme des H4[Fe(CN)e] —
selbst auf Grund ihrer letzten Dissoziationsstufe sehr starke Sauren sind, konnte ihr Wasser-
stoffgehalt durch einfache Titration mit 0,1 n NaOH-L6sung bestimmt werden. Die Ergebnisse
der direkten und indirekten azidimetrischen Bestimmungen stimmten Gberein.

b) Bestimmung des Eisen- und Kobaltgehaltes

Die Cyanokomplexe wurden durch mehrmaliges Abrauchen mit konzentrierter Schwefel-
saure zerstort. Nach Aufldsung in angesauertem Wasser wurde der unldsliche Anteil des Rick-
standes herausfiltriert. Im Filtrat wurde der Eisengehalt der Cyanoferrate titrimetrisch
(Permanganometrie), der Kobaltgehalt des H3[Co(CN)e] gravimetrisch mit a-Nitroso-/?-
naphthol bestimmt.

LITERATUR

Gaudefroy, C.: C.r.d. I’Akad. Sei. 158, 722 (1914)

Guareschi, |.. Gazz. chim. ital. 49, 1. 134 (1919)

Weiser, H B,, Mit1igan, W. O., Bates, J. B.: J. phys. Chem. 45, 701 (1941)
Cuttica, V.: Gazz. chim. ital. 52, I. 20 (1922)

perret, A, Gitson, A.: Bull. Soc. chim. France (4) 53, 283 (1933).

. Duval, R., Duval, C.: Anal. chim. Acta (Amsterdam) 5, 84 (1951)
Duvar, C.: Ibid. 5, 506 (1951)

.Duvar, C: Ibid. 16, 545 (1957)

.Chambertain, M. M., Greene, A. F.: J. inorg. nucl. Chem. 25, 1471 (1963)
10. sejfer, G. B.: J. anorg. Chem. (UdSSR) 7, 1242 (1962)

11.sejrer, G. B.: lbid. 7, 2290 (1962)

12. sejrer, G. B.: Ibid. 5, 68 (1960)

13. sejrer, G. B.,, Makarowa, S. A.: Ibid. 9, 2085 (1964)

14. sejrer, G. B.: lbid. 7, 482 (1962)
G
G

O©OoO~NOO O~ WN PR

15.sejfrer, G. B.: Ibid. 8, 1172 (1963)

16. sejfer, G. B,, Makarowa, S. Al Ibid. 10, 1022 (1965)

17.sejrer, G. B.: Ibid. 8, 1525 (1963)

18. schewtschenko, G. W., Tananajew, I. W.: Ibid. 10, 421 (1965)

19. sejfer, G. B, Makarowa, S. A.: lbid. 11, 1056 (1966)

20.sejfer, G. B., Bjetowa, W. |, Makarowa, S. A.: Ibid. 9, 1556 (1964)

2l.sejfer, G. B. Makarowa, S. A.: Doki. Akad. Nauk SSSR 169, 358 (1966)

22. Nnast, R. et alii: Z. anorg. alig. Chem. 312, 314 (1961)

23. Hume, E. M, Kotthors, I. M2 J. Amer. chem. Soc. 72, 4423 (1950)

24. Agamson, A. W.: lbid. 73, 5710 (1951)

25. 6 rifrith, W. P., witkinson, G.: J. chem. Soc. (London) 1959, 2757

26.Erdey, L., Paurik, F.: Acta chim. Acad. Sei. Hung. 7, 27 (1955)

27.€rdey, L. Paurix, F., Paurix, J.0 Ibid. 10, 61 (1957)

28. Rokosz, A, Pautik, J., Pautik, F., Eraey, L.2 Ibid. 56, 221 (1968)

29. Mohai, B.,Papp, S., sandor, M.: Veszprémi Vegyipari Egyetem Kozleményei (Mitt. Univ.
Chem. Ind. Veszprém) 8, 107, 121 (1964)

30. Hein, F., Litie, H.: Z. anorg. alig. Chem. 270, 45 (1952)

Béla Mohai; Veszprém, Narcisz u. 16, Ungarn

Acta Chim. Acad. Sei. Hung. 62, 1969



Acta Chimica Academiae Scientiarum Hungaricae, Tomus 62 (3), pp. 229—240 (1969)

THERMOLYSE YON CYANOKOMPLEXEN, 111

DER THERMISCHE ARBAU YON AMMONIUM-CYANOMETALLATEN
B. Mohai

(Institut fur Allgemeine und Anorganische Chemie der Universitat
far Chemische Industrie. Veszprém)

Eingegangen am 29. September 1968

Die Reaktionen des thermischen Abbaus von Ammonium-hexacyanoferrat(ll),
-Hexacyanoferrat(l11), -Pentacyanonitrosylferrat(lll) und -Hexacyanokobaltat(lll)
wurden auf Grund der Gewichtsverluste und Zusammensetzung der gasférmigen
Produkte aufgeklart. Aufer den Zersetzungstemperaturen wurden auch die Zerset-
zungswarmen bestimmt und mit denen der entsprechenden freien S&uren verglichen.
Die Abspaltungsenergie von NH4CN ist etwa das Vierfache der des HCN. Der ein-
oder mehrstufige Verlauf der entsprechenden Reaktionen sowie die Warmeténung und
Reihenfolge der Teilprozesse konnten in Einklang mit den strukturchemischen Eigen-
schaften gedeutet werden.

Einleitung

Ahnlich wie die in der Il. Mitteilung behandelten Cyanometallat-S&uren,
sind auch die thermischen Zersetzungsvorgédnge ihrer Ammoniumsalze bisher
noch nicht untersucht worden. Die Thermolyse der Ubergangsmetall-Cyano-
komplexe, die ein flichtiges — folglich dissoziables — Kation enthalten, ist
in erster Linie wegen der Mannigfaltigkeit ihrer gasférmigen Zersetzungspro-
dukte interessant. Gegenliber den am eingehendsten untersuchten Alkali- und
Erdalkali-Cyanometallaten (besonders Cyanoferraten), die Stickstoff und
Dicyan abgeben [1—3], bildet sich bei der Zersetzung der Ammoniumver-
bindungen auBer diesen auch noch Wasserstoffcyanid und Ammoniak. Des-
halb sind die Zersetzungsprozesse der Ammonium-Cyanometallate einerseits
komplizierter als die der schon friher untersuchten Cyanokomplexe, anderer-
seits kann aber der Zersetzungsverlauf, gerade auf Grund der Zusammenset-
zung der Gasphase, verhdltnismaRig einfach aufgeklart werden.

Die vorliegende Mitteilung dieser Reihe befat sich mit den Ammonium-
salzen der schon friher untersuchten Sduren. Diese Ammonium-Cyanometal-
late sind in Tabelle | angefiihrt. Wie ersichtlich, kommen unter ihnen wasser-
freie sowie Kristallwasser enthaltende Modifikationen vor. Das Ammonium-
hexacyanoferrat(ll) wurde in beiden Formen; beim Ammoniumhexacyano-
ferrat(111) und -kobaltat(ll1l) nur die wasserfreie Modifikation und beim Am-
moniumpentacyanonitrosylferrat(I1l) nur das Hydrat untersucht. Es konnte
ndmlich entweder kein wohldefiniertes Hydrat* hergestellt, oder andererseits
das Pré&parat nicht vollstdndig entwdassert werden.

* Die wasserhaltige Modifikation des Ammoniumferrocyanids, obwohl sie aus der
Literatur als Trihydrat bekannt ist [4], konnte reproduzierbar nur mit 1,5 Mol Wassergehalt
hergestellt werden.
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MeRergebnisse, Zersetzungsreaktionen

Die Resultate der Untersuchungen (ber die thermischen Zersetzungs-
prozesse der Ammonium-Cyanometallate sind in Tabelle 1 zusammengefalit.
Die Einzeldaten der Tabelle sind wie in der Il. Mitteilung zu deuten. Einige
Reaktionen der Ammonium-Cyanoferrate verlaufen gegeniber den entspre-
chenden Sduren (besonders in der ersten Phase der Zersetzung) mehrstufig ab.
Bei diesen wurden die Gewichtsabnahmen und Enthalpiednderungen der Teil-
vorgiange auch summiert angegeben (Z). Ahnlich wie aus den freien Sauren
bildet sich auch aus den Ammonium-Cyanoferraten der gleiche feste Rick-
stand (Eisen(ll)cyanid). Von hier angefangen stimmen die Zersetzungsreak-
tionen der Eisenkomplexe schon Uberein, daher wurden sie nur bei der erstan-
gefiihrten Verbindung angegeben.

Die Zersetzungsvorgdnge der untersuchten Ammonium-Cyanometal-
late beginnen — sofern sie Kristallwasser enthalten — mit Abgabe von W as-
ser. Diese verhdltnismdRig schwach endothermischen Reaktionen finden etwas
Uber 100 °C statt. Da die Entwé&sserungsenthalpien der Cyanoferrat-Hydrate
kurzlich [5] schon behandelt wurden, soll an dieser Stelle nur so viel bemerkt
werden, dalR die Pentacyanokomplexe (Prussiate) immer wesentlich starker
hydratiert sind als die Hexacyanoverbindungen (im vorliegenden Fall 11,0
gegeniiber 6,2 Kcal/Mol Komplex/Mol W asser).

Die Thermolyse der wasserfreien bzw. der bereits entwdsserten Ammo-
nium-Cyanometallate setzt sich im allgemeinen mit einer stark endothermi-
schen Reaktion fort. In dieser Zersetzungsphase werden Ammoniak und W as-
serstoffcyanid (oft gemeinsam mit Dicyan) abgespalten. Da das Molverhdltnis
der gasformigen Komponenten sich im Laufe der Thermolyse fortwé&hrend
&ndert (s. Tabelle 11), muBte angenommen werden, dall gleichzeitig verschie-
dene Reaktionen ablaufen. Auf Grund der Zusammensetzung der gasférmigen
Produkte konnten den einzelnen Zersetzungsstufen in Einklang mit den ge-
messenen Gewichtsverlusten die folgenden Reaktionen zugeordnet werden.

Fi: 1+ (NH44[Fe(CN)g]

Bei der Thermolyse von Ammoniumliexacyanoferrat(ll) wird das ins-
gesamt 4 Mol NH4CN entsprechende Gasgemisch in drei Stufen freigesetzt.
Aus den thermischen Kurven der Abbildung la ist zu ersehen, dall die Ge-
schwindigkeit der Reaktion stufenweise abnimmt. Die erste Stufe (200 °C)
14Rt sich gut separieren, die zweite und dritte (330 bzw. 410 °C) konnte aber
nur zusammen ausgewertet werden.

Wie schon erwéhnt, wurden im Falle des Ammoniumferrocyanids beide
Modifikationen untersucht. Dies machte es madglich, die stéchiometrischen
und thermischen Angaben hinsichtlich ihrer Reproduzierbarkeit zu verglei-
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Verbindung

(NH4)4[Fe(CN)f] *1,5 HD

(NH4)4[Fe(CN)§]

(NH43[Fe(CN)G

(NH42[Fe(CN)5NO] * H2

(NHA3[Co(CN)€]

Thermolyse der Ammonium-Cyanometallate:

Zersetzungs- Gewichts-
temperatur abnahme
(gmMol-2)
70, 115 26,3
160, 200 120,0
330
a0} 575
2 177,5
—620 -
—660 —
160, 200 118,5
330
410 } 58,1
2 176,6
150—200
220 ] 99,6
340
15 J 588
2 158,4
75, 120 18,1
220, 250 -90
330
420 1o-55
2 —145
280, 330 130,5
400, 415 15,5
440—530 10,7
-550
565 25,7
575, 590

600—

Tabelle |

Gasformiges
Zersetzungsprodukt
(Mol

1,5 HD (27)
NH3, HCN
NH3, HCN

4 NH4CN (176)

(CN)2
n2

NH3 HCN
NH3, HCN

4 NHACN (176)

(CN)2, NH3, HCN
NH3, HCN

NH3, HCN

1/2(CN)2+ 3 NHACN (158)

o &

NH3, HCN, (CN)2 N2
NH3, HCN

2 NH4CN + 1NO +
+ 1/2(CN)Z (144)

3 NHACN (132)

0,3 (CN)2 (15,6)

0,2 (CN)2 (10,4)

1/2 (CN)2 (26)

n2

stochiometrische und thermische

AH
(Kcal.
Mol"])

9,3
57,3
32,2

89,5

54,3

11,0
—18,0

120
-8

Kennwerte
AH Bemerkung
n
6,2 schwach, stumpf: endoth.

40
25—30

stark, scharf: endoth.

mittelm. breit: endoth.

Dreierstufe: endoth.

schwach, stumpf: endoth.
schwach, scharf: exoth.

stark, scharf: endoth.

mittelm. breit: endoth.

Dreierstufe: endoth.

stark, breit; result.
Warmetdnung: endoth.

mittelm. breit: endoth.
Viererstufe; result.
Warmetonung: endoth.
mittelm. stumpf: endoth.
stark, scharf: exoth.
schwach, breit: endoth.
Dreierstufe mit Sekun-
darreaktion

sehr stark, breit: endoth.
schwach, scharf: endoth.
schwach, breit: endoth.
schwach, scharf: exoth.
Depolymerisation: endoth.
stark, scharf: exoth.
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o1G
1220°C a575°C
120°CJ) K DTA N 565°C
\ /415°C
330°C \J
200 ozg)o 600 200 o4000 600
~V | H2°
12 NHACNHINO +1/2 (CN)2
KD V.  03(CN)2
470.2 ﬁcr’\\lﬂz
10 1/2 (CNOI
200
e " mg >

-466. 1. Derivatogramme der Ammonium-Cyanometallate: a) (JNH4),[Fe(CN),] «1,5 H20,
b) (NH4)3[Fe(CN)6], c) (NH4)2[Fe(CN)SNO] *H20, d) (NH43[Co(CN)g]

chen. Die Tabellendaten zeigen, daR die zu den entsprechenden Zersetzungs,
stufen gehdrenden Temperaturwerte identisch sind und auch die den einzel-
nen Teilprozessen entsprechenden Gewichtsabnahmen und Enthalpiednde-
rungen (besonders summiert) vorziglich Ubereinstimmen. Aus der Tatsache-
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Verbindung

(NH4)4[Fe(CN)e]

(NH43[Fe(CN)e]

(NH42[Fe(CN)aNO]

(NH43[Co(CN)fl

Tabelle 11

Analysendaten des Zersetzungsgases von Ammonium-Cyanometallaten

Gasformiges
Produkt (Mol-1)
Molverhéltnis

NH3
HCN
NH3HCN

NH3
HCN+(CN)2
NH3

HCN+(CN)2

NH3

HCN+(CN)2
NH3

HCN+(CN)3
NO

NH,
HCN+(CN)2
NH3

HCN+(CN)2

150

0,56
0,34
1,65

175

0,76

0,91

o o

(‘0)

Temperatur der Unterbrechung der Thermolyse (°C)

210

2,37
2,03
1,17

1,18
1,36

0,87

240

2,02
2,38

0,85

260

3,15
2,97
1,06

0,80
1,77

0,45

300 330
3,74
3,77
0,99

1,83

1,87

0,98

360

550

0,83

1,31
2,47

0,53
2,93
3,59

0,82
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daR die Knickpunkte der TG-Kurven wiederholt bei den gleichen Temperatur-
werten, nach etwa den gleichen Gewichtsverlusten auftreten und auch die
Teilenthalpien befriedigend Ubereinstimmen, konnte gefolgert werden, daR
die Briche von wohldefinierten Teilvorgdngen hervorgerufen werden. Da am
Anfang der Zersetzung des Ammoniumferrocyanids ein an Ammoniak reiches
Gasgemisch gebildet wird, in dem die Konzentration des W asserstoffcyanids
rasch zunimmt, muRBte die nachstehende Reihenfolge der Teilreaktionen an-
genommen werden. Anfadnglich dominiert die Reaktion

o

20
(NH4)4[Fe(CN)0] — (NH4)2H 2[Fe(CN)6] + 2 NH3. (2)
dann rickt der ProzeR
330 °
(NH4)2H 2[Fe(CN)6] ¢ 1/3 FeFe(CN)e] + 2NH3+ 4HCN (2)

in Vordergrund. Schlieflich findet die das Molverhéltnis NH3: HCN nicht
mehr beeinflussende Reaktion

(NHa)4[Fe(CN)6] 1/3 Fe2[Fe(CN)e] + 4 NH4ACN 3)
statt.

Die angegebenen Reaktionen verlaufen (wie das schon aus dem bisheri-
gen hervorgeht) mit einer gewissen Uberlappung. Darum sind die erwdhnten
Knickpunkte nur maRig scharf und ebendeswegen dirfen die zu ihnen geho-
renden Temperaturwerte bloR als Stellen betrachtet werden, an denen die
obigen Reaktionen das Ubergewicht erlangen.

Aus dem Ammoniumferrocyanid bildet sich im Laufe der Zersetzung
— obgleich in mehreren Stufen — das gleiche Eisen(ll)ferrocyanid wie aus der
freien S&ure. Auch seine weiteren Zersetzungsreaktionen stimmen mit denen
von W asserstoffhexacyanoferrat(ll) Uberein, doch treten sie bei etwas hdhe-
ren Temperaturen und vielleicht deshalb auch schéarfer ein.

2. (NH43[Fe(CN)6]

Die Zersetzung von Ammoniumliexacyanoferrat(lll) beginnt, &hnlich
wie bei der Eisen(Il)-Verbindung, mit einer stark endothermischen Reaktion.
Die Abgabe von Ammoniak und W asserstoffcyanid verlduft aber gegentber
dem dreistufigen Proze des Ammoniumferrocyanids in vier Stufen, obwohl
im Falle der Ferriverbindung weniger NH4CN abgespalten werden kann. Ein
weiteres Problem stellt die Tatsache dar, daB die bei der ersten Zersetzungs-
stufe des H3[Fe(CN)e] beobachtete exothermische Spitze (Dicyanbildung)
aus dem Derivatogramm seines Ammoniumsalzes fehlt.
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Dies sind aber nur scheinbare »UnregelméRigkeiten«. Bei ndherer Be-
trachtung der ersten Doppelstufe ist ndmlich wahrzunehmen, daB die zu ihr
gehdrende endothermische DTA-Spitze gewissermallen gehemmt beginnt, dann
ist ab 200 °C eine sprunghafte Anderung der Reaktionsgeschwindigkeit und
der Wéarmetdénung zu beobachten. Unter Berlicksichtigung der gasanalyti-
schen Angaben der Tabelle 11, nach welchen am Anfang der Zersetzung ein
an Cyankomponenten reiches Gasgemisch freigesetzt wird, gelangten wir zu
den nachstehenden SchluRfolgerungen:

In der ersten Zersetzungsstufe des Ammoniumferricyanids werden Di-
cyan, Ammoniak und W asserstoffcyanid parallel abgegeben. Die im Falle
des H3[Fe(CN)e] gut separierbare exothermische Dicyanstufe ist daher bei
seinem Ammoniumsalz mit den endothermischen NHa4CN-Stufen verschmol-
zen. Demzufolge bildet sich die erwdhnte endothermische Spitze als die Re-
sultierende von Prozessen entgegengesetzter Warmetdnung aus. Der in der
DTA- und DTG-Kurve in Abbildung Ib sichtbare Bruch (Pfeile) bezeichnet
also den Endpunkt der exothermischen Reaktion, d.h. die Beendigung der
Dicyanbildung. Danach gelangt nur mehr der endothermische Warmeeffekt
der Abspaltung von NH4CN zur Geltung, welche — dhnlich wie beim Ammo-
niumferrocyanid — ungefédhr bei gleichen Temperaturen (220, 340 und 415 °C)
ebenfalls in drei Stufen verlduft. Letzten Endes kann die erste Phase der
Thermolyse des Ammoniumferricyanids also mit der folgenden Bruttoglei-
chung beschrieben werden:

(NHAZFe(CN)e] im-4i5°c 3 Fe2ll[Fell(CN)6] + 3 NH4CN +
+ 1/2 (CN)E+ 54,3 Kcal. 4)

Die weiteren Zersetzungsreaktionen sind mit denen von Ammonium- bzw.
W asserstoffhexacyanoferrat(ll) identisch.

In der Il. Mitteilung wurden die auf 1 Mol HCN berechneten Zersetzungs-
warmen von H4[Fe(CN)6] und H3[Fe(CN)6] verglichen. Ein solcher Vergleich
der entsprechenden Werte ihrer Ammoniumsalze ist infolge des beim Eisen(l11)-
Komplex gleichzeitig abgespaltenen Dicyans nicht ohne weiteres mdglich.
Da aber — gerade aus den Zersetzungsreaktionen der Ferricyanidsdure —
die bei der Entwicklung von 0,5 Mol Dicyan freiwerdende Wé&rme bekannt ist
(—10,5 Kcal), kann der Enthalpiewert des Ammoniumferricyanids korrigiert
werden:

54,3 + 10,5 = 21 6 Kcal/Mol Komplex/Mol NHA4CN .
Letzterer unterscheidet sich kaum von dem fir Ammoniumferrocyanid er-

haltenen Durchschnittswert von 22,3 Kcal. Folglich sind die Stabilitdten der
Ammoniumhexacyanoferrate praktisch gleich, obwohl die entsprechenden
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Sé&uren einen bedeutenden Unterschied zugunsten der diamagnetischen Ver-
bindung zeigten. Diese Erfahrung ist gar nicht Gberraschend, denn es kénnen
auch instabile Sduren stabile Salze bilden und man findet zahlreiche Beispiele
auch dafir, daB die Differenz zwischen den Stabilitdten von dasselbe Zentral-
atom in verschiedenen Oxydationsstufen enthaltenden S&uren viel grofRer
ist als die ihrer Salze.

3. (NH4ZFe(CN)sNO]

Nach der Abgabe des Wassergehaltes setzt sich die Thermolyse von
Ammoniumpentacyanonitrosylferrat(l11) mit einer heftigen, exothermischen
Reaktion fort (—18,0 Kcal/Mol). Dies ist um so uberraschender, da die Zer-
setzung des H2[Fe(CN)sNO] in der entsprechenden Phase unter stark endo-
thermischen Umstanden verlauft (30,0 Kcal/Mol, s. voranstehende Mitteilung).
Im Falle der Sdure wurden zwar ausschlieBlich endothermische Wé&rmeténung
hervorrufende Komponenten (HCN und NO) freigesetzt, dagegen bildet sich
bei ihrem Ammoniumsalz auRer Ammoniak, Wasserstoffcyanid und Stickoxyd
(endotherm) auch Dicyan (exotherm). Aus der gemeinsamen Bildung dieser
Stoffe kann aber keineswegs ein exothermischer Bruttovorgang resultieren,
da — auf Grund der bereits zur Verfigung stehenden Ergebnisse — bei der
Dicyanbildung die Freisetzung einer etwa um eine halbe Gréfenordnung
kleineren Warmemenge zu erwarten ist, als die Abspaltung der erwdhnten
Komponenten beanspruchen wirde.

Hierzu kommt noch, daR Stickoxyd im Zersetzungsgas des Ammonium-
nitroprussiats in keinem Fall nachgewiesen werden konnte, weiterhin ergab
sich nach der vollstdndigen Zersetzung der Substanz ein etwa 2/3 Mol betra-
gender Mangel an Ammoniak (s. Tabelle Il). Deshalb wurde angenommen, daf
zwischen den primdren Zersetzungsprodukten die Sekunddrreaktion

2/3NHz+ NO H2 + 5/6N2 (5)

abliduft [6]. Da diese Reaktion schon stark exotherm ist, kann der Wéa&rme-
bedarf der priméren Zersetzung betrdchtlich tdberkompensiert werden.

Die obige Annahme wurde im weiteren (in erster Reihe durch die Mas-
sen- und Wdérmebilanz der primdren und sekundédren Prozesse) mehrfach
bewiesen. Uber diese Untersuchungen soll an anderer Stelle berichtet werden.

4. (NH43Co(CN)6]

Das Ammoniumhexacyanokobaltat(lll) erwies sich sowohl auf Grund
seiner hohen Zersetzungstemperatur (330 °C) als auch seiner groen Zerset-
zungswéarme (120 Kcal/Mol) als der stabilste Vertreter dieser Verbindungs-
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gruppe. Der Kobaltkomplex gibt gegeniber den Ammonium-Cyanoferraten
seinen vollstdndigen Ammoniak- und Wasserstoffcyanid-Gehalt in einer ein-
zigen, sehr stark endothermischen Stufe ab:

(NH43[Co(CN)6] =0” 1/2 Colll[CollI(CN)6] + 3 NHACN + 120 Kcal. (e)

Von hier angefangen stimmen seine Zersetzungsprozesse im wesentlichen
mit denen des H3[Co(CN)e] Uberein, nur setzen sie bei etwas hdheren Tempe-
raturen (5 bis 20 °C) und viel plotzlicher ein. Z. B.: die erste endothermische
Dicyanstufe, die bei der freien Sdure mit der zweiten verschmolzen war, konnte
gut separiert und deshalb auch gesondert ausgewertet werden (vgl. die dies-
bezuglichen Angaben der Il. Mitteilung). Der gemessene Gewichtsverlust
scheint die friihere Annahme, nach welcher die Thermolyse des H3[Co(CN)6]
durch vorubergehende Ausbildung von Kobalt(Il)kobalt(lll)-Komplexen
verlauft, zu beweisen:

1/2 Colll[CollI(CN)e] as°c, 1/5Co3n[Coin(CN)yej2+ 3/10 (CN)z2+ 8 Kcal. 7)

Letzteres setzt sich in einem langsamen endothermischen Vorgang zu dem nur
Kobalt(ll) enthaltenden Komplex um:

1/5CoNCo"4YCBJ 1/5 Coai,[Co2ii(CN)10] + 2/10 (CN)2.  (s)

Vergleicht man die im Falle der Ammoniumverbindung separat gemessene
und auf 1 Mol Dicyan bezogene Zersetzungswdrme mit dem aus der gemein-
samen Auswertung der Doppelstufe von H3[Co(CN)6] erhaltenen Wert, so ist
eine befriedigende Ubereinstimmung festzustellen (25—30 Kcal/Mol Kom-
plex/Mol Dicyan).

Die exotherm verlaufenden Reaktionen der weiteren Dicyanbildung sowie
die inzwischen stattfindende endothermische Modifikationsdnderung sind mit
den Teilvorgdngen der Sé&ureverbindung identisch.

Diskussion

Den HCN-Stufen der Cyanometallat-S&duren entsprechen bei ihren
Ammoniumsalzen die NH4CN-Stufen. Da der thermische Abbau der unter-
suchten Komplexe im allgemeinen mit der Abgabe dieser Produkte beginnt,
kann die Wé&rmebestdndigkeit der S&ure-Salzpaare zumeist auf Grund der
erwdhnten Zersetzungsstufen verglichen werden.

Die Versuchsergebnisse zeigten, daR die thermische Stabilitdt der Ammo-
nium-Cyanometallate in jedem Fall groRRer ist, als die der entsprechenden freien

Acta Chirn. Acad. Sei. Hung. 62, 1969



238 MOHAI: THERMOLYSE VON CYANOKOMPLEXEN, |11

Sauren. Bei der Gegenlberstellung der Abspaltungstemperaturen von HCN
und NHA4CN ergab sich die kleinste Differenz zwischen H4[Fe(CN)6] und seinem
Ammoniumsalz (10 °C); der gréfite Unterschied konnte zwischen H3[Co(CN)6]
und seinem Ammoniumsalz beobachtet werden (105 °C). Vergleicht man nun
die Zersetzungswarmen dieser Verbindungspaare, so ist festzustellen, daB der
Energiebedarf der Freisetzung des Ammoniumcyanids (22,3 bzw. 40 Kcal/Mol)
in beiden Fdllen fast das Vierfache des Wasserstoffcyanids erreicht (6,1 bzw.
10,8 Kcal/Mol). Schon aus diesem einzigen Beispiel ist zu ersehen, daf allein
die Zersetzungstemperaturen nicht viel Uber die thermischen Verhéltnisse
aussagen, bzw. dariuber inwiefern die bisher auller acht gelassenen Enthalpie-
&nderungen zur genaueren Kenntnis des thermischen Gesamtbildes einer Ver-
bindungsgruppe beitragen kdénnen.

Die Zersetzungstemperaturen gestalten sich auch beim Ferricyanid-
und Nitroprussiat-S&ure-Salzpaar den obigen entsprechend, ihre Zersetzungs-
wérmen kdénnen aber nicht mehr verglichen werden. Es bildet sich n&mlich
im Falle des Ammoniumferricyanids neben Ammoniumcyanid auch Dicyan,
beim Ammoniumnitroprussiat auBerdem noch Stickoxyd (es findet sogar eine
Sekunddrreaktion statt), deshalb kann bei diesen Verbindungen nur die
Resultierende der die Teilvorgdnge begleitenden Enthalpiednderungen wahr-
genommen werden.

Die Erfahrung, wonach das schwacher gebundene Wasserstoffcyanid
bei samtlichen Sdauren in einer einzigen Stufe freigesetzt wird, steht mit den
gemessenen Zersetzungswdrmen in Einklang. Dagegen ist die Abspaltung
des viel starker gebundenen Ammoniumcyanids im Falle der Ammonium-
Cyanoferrate ein mehrstufiger ProzeR. Es dirfte auch erwahnenswert sein,
daR die Dicyanstufen der freien Sduren — unabhdngig davon, ob sie vor oder
nach der Wasserstoffcyanidstufe auftreten — meistens gut separiert werden
kénnen; demgegeniuber ist die Dicyanbildung bei den Ammonium-Cyano-
ferraten immer mit den Ammoniumcyanidstufen verschmolzen.

Von diesen Feststellungen bilden die Kobaltkomplexe zum Teil eine
Ausnahme, da bei diesen sowohl das Wasserstoffcyanid als auch das Ammo-
niumcyanid in einer einzigen Stufe entweicht. Die Abgabe von Dicyan ver-
lauft aber mehrstufig und 14Rt sich manchmal in Teilvorgdnge trennen.

Auch im Zusammenhang mit der Warmetonung der Zersetzungsreaktio-
nen kann einiges verallgemeinert werden. Die Freisetzung von Wasserstoff-
cyanid und Ammoniumcyanid findet — abhdngig von der Stabilitdt des be-
treffenden Komplexes — in einer mehr oder weniger deutlich aber immer
endothermischen Reaktion statt. Ebenso ist die primare (!) Abspaltung des
Stickstoffmonoxyds immer ein endothermischer ProzeR. Dagegen kann die Ent-
wicklung von Dicyan endo- bzw. exothermische Warmeeffekte hervorrufen.
Die Wéarmetdnung der Dicyanbildung ist natirlich kein Zufall, sondern sie ist
mit der Elektronenstruktur des sich zersetzenden Komplexes verbunden.
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Die Abgabe von Dicyan verlauft bei den paramagnetischen Eisen(l11)- und
Kobalt(ll)-Verbindungen unter exothermischen, bei den diamagnetischen Ko-
balt(l111)- und Eisen(ll)-Komplexen unter endothermischen Umstanden.

Noch eine Erfahrung, namentlich die Reihefolge der Reaktionen (ge-
nauer gesagt die »Stelle« der Dicyanreaktion wé&hrend der Thermolyse) steht
mit den obigen Feststellungen in engem Zusammenhang. Bei den paramagne-
tischen Eisen(ll1)-Komplexen findet namlich die Dicyan liefernde intramole-

kulare Redoxreaktion — wunabh&ngig davon, ob sie separiert (Wasserstoff-
ferricyanid) oder mit anderen Reaktionen verschmolzen (Ammoniumferri-
cyanid) verlduft — immer in der ersten Stufe statt. Demgegentber spielt sich

die Dicyanbildung im Falle der diamagnetischen Eisen(lll)-Yerbindungen
(Nitroprussiatsaure) nur in der zweiten Zersetzungsstufe ab. Diese Erschei-
nung laRt sich damit erkldren, dal die diamagnetischen Eisen(ll1l)-Komplexe
durch Abgabe des dreielektronisch gebundenen Stickoxydligands erst ein
ungepaartes Elektron erhalten mussen, denn sie sind zur intramolekularen
Oxydation nur in diesem Zustand fahig. Mit dhnlichen Uberlegungen kénnen
auch die wechselnde Wé&rmetdnung aufweisenden Dicyanreaktionen der
Cyanokobaltate erkldart werden.

Experimenteller Teil

Die angewandte MeRBmethode wurde (mit besonderer Ricksicht auf die Bestimmung
der Enthalpiednderungen) schon in der Il. Mitteilung erdrtert.

Die untersuchten Komplexsalze wurden aus den entsprechenden S&uren durch Neutra-
lisation mit Ammoniumhydroxyd und anschlieBende Kristallisation hergestellt. Da die genaue
Zusammensetzung der Sdureverbindungen bekannt war, konnten die Ammonium-Cyanome-
tallate einfach auf Grund ihres Ammoniakgehaltes identifiziert werden. Das Ammoniak wurde
aus den Praparaten mit 10%iger NaOH-Ldsung freigesetzt und mit Luft in eine Salzsdurel6-
sung getrieben. Der Sauretiberschuff wurde mit 0,1 n NaOH-L&ésung zurtcktitriert. Die Er-
gebnisse sind in Tabelle 111 dargestellt.

Tabelle 111

Analysendaten der Ammonium-Cyanometallate

Verbindung NH<+/Mol Konv. (%)
(NH%4[Fe(CN)g] 3,895 97,5
(NH24)3[Fe(CN)f] 3,08 100
(NH42[Fe(CN)BNO] 1,96 98,0
(NH4)3[Co(CN)f] 3,05 100

Die Zusammensetzung des im Laufe der Thermolyse gebildeten Gasgemisches wurde
mit absatzweiser Aufheizung separat untersucht. Die Temperaturstellen der Unterbrechung
des Zersetzungsvorganges wurden so gewdahlt, daB sie die Spitzen der DTA-Kurven um etwa
+20 °G in die Mitte nehmen. Das freigesetzte Gasgemisch wurde mit Stickstoff ausgetrieben
und sein Ammoniakgehalt in Salzsaure-, die Cyankomponenten in Natriumhydroxyd-L&sung
aufgefangen. Ersterer wurde mit azidimetriseber Rucktitration der Uberschiissigen Saure,
letzterer — mit Rucksicht auf die Disproportionierung des Dicyans — argentometrisch be-
stimmt. Die Resultate dieser Untersuchungen sind aus Tabelle Il schon bekannt.
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THE USE OF COMPLEX FORMING AGENTS
IN ION EXCHANGE CHROMATOGRAPHY, IV

SEPARATION OF AROMATIC ACIDS BY MEANS OF ANION EXCHANGE COLUMN
USING NICKEL(Il) IONS AS COMPLEXANTS

J. InczEDY and L. Gl6sz

(Institute for General and Analytical Chemistry,
Technical University, Budapest)

Received November 27, 1968

A method was developed for chromatographic separation of some aromatic
acids using lithium chloride and nickel(ll) chloride solutions as eluents. The experi-
mentally found peak eluent volume data were compared to those obtained by calcu-
lation based on literary and experimentally found equilibrium constant data. The
separated acids were determined by direct spectrophotometric methods.

In earlier papers [1, 2] the calculation of the optimum conditions for the
separation of bivalent metal ions using complex forming agents has been re-
ported.

Anion exchange equilibria can be treated similarly to those of cation
exchange. However, at the adsorption of the anions of polybasic weak acids
the protonation of the anions depending on the pH of the solution must
also be considered. Thus, in pH ranges, where the weak acid is not completely
dissociated, the distribution coefficient depends on the adsorption strength
of the different protonated anionic species. For the description of the overall
distribution coefficient (D) of a dibasic acid two independent parameters or
constants are necessary.

Bn. LU + L1 i

Ca

W ith round brackets are denoted the concentrations of the mono- and bivalent
species, in the resin phase, while Ca means the total concentration of acid in
the solution, without any respect to the form ofthe species.

Ca = [H2A] + [HA] + [A]

Introducing the individual partition coefficients of the adsorbable species,
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and the kt and k2dissociation constants of the acid, Equation (1) can he trans-
formed:

dA[A]+dHA [H][A]

[A] + [AT(H]~ + [AJ[Hf 1
(2)

dA+ dHA[H]

i+ [H]~ + [hy 1
kjto

Equation (2) is applicable to the calculation of the distribution coefficient,
when the partition coefficients or the concentration constants of the adsorb-
able species and the eluent concentration are known. If the amount of the
eluted A2- or HA- ionsissmall compared to that ofthe eluent chloride ions, the
partition coefficients can be calculated using the following equations [1]:

IlgdA= logK=a Q'-~ 2log [CI] 3)
Ilg dHA = log K KA Q—log [CI] (4)

In Equations (3) and (4) Q is the volume capacity of the resin in mequ/ml;
K x the concentration constant of the anionic species referring to the eluent
(chloride) ion.

(HA) [CI] _(A)[CIY
HA  [HA](C) * A [A](CI)2

Fortunately, there are some possibilities for simplifications, because in
certain pH ranges only one species is predominant and usually the adsorption
strength of the bivalent ion is much higher than that of the monovalent one,
and the adsorption of the latter can be neglected.

The distribution coefficient of polybasic weak acids can be influenced
by the concentration of the competing eluent ion and by the pH ofthe eluent
solution but only to a limited extent. Unfortunately in the case of the separa-
tion of weak acids of similar character the change of the eluent concentration
acts in the same way, and by selecting the best pH value also the selectivity
of the separations can be increased but only to a limited extent. The selectivity
can be increased effectively by the use of complex forming metal ions. Samu-
etson et al [3, 4] used successfully zinc and magnesium acetate as eluent for
separation of some aliphatic acids. Similarly other complex forming metal
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ions e.g. nickel(ll) ions can be advantageously used if acids of different com-
plex forming properties are to be separated.

The distribution coefficient of a dibasic weak acid in the presence of
complex forming bivalent metal ions is calculated by the following equation:

lgDa = Ig(KxQ2 - lgaMM) - =2log [CI] (5)

Fig. 1. Logarithmic diagram of the distribution coefficients of sulphosalicylic (SSA), salicylic
(SA) and acetyl-salicylic (ASA) acids in absence (full line) and presence (broken line) of
nickel(ll) ions, obtained by static measurements

This equation, which is very similar to that deduced by Ringbom [5] can be
used in most cases, since for the complexation of dibasic acids bi- or trivalent
metal ions are used and usually do not form any new negatively charged ad-
sorbable species, a is the complexation coefficient, which can be calculated
if the concentration of the free metal ions and the stability constant of the
1:1 complex (or rather the apparent stability constant K[ taking into con-
sideration the partial protonization of the ligand at given pH) are known.

ZA(M)=1 + [M]K] (e)
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K{ is calculated using the dissociation constants of the acid.

X A(H)

«ikd) = 1+[A]-~- + [A]2TT-

Fig. 2. Logarithmic diagram of the distribution coefficients of sulphosalicylic (SSA), salicylic
(SA) and benzoic (BA) acids in absence (full line) and presence (broken line) of nickel(ll)
ions obtained by dynamic measurements

For separating various types of aromatic acids preliminary experiments
were carried out to select the appropriate ion exchange resin, solvent and
complex forming metal ion. It was found that macroporous strongly basic
anion exchange resin of small particle size is suitable for the separation of the
aromatic acids of small molecular weight if an ethanol—water mixture of
1 :1 composition is used as solvent. As eluent chloride and as complexant
nickel(ll) ions were chosen. Nickel(ll) ion forms stable complexes with many
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organic ligands, does not form, however, hydroxo complexes in the pH range
4 to 7. Nickel(ll) chloride is soluble in the ethanol—water solvent mixture
up to 1 M, and the solution exhibits minimum light absorption in the region
between 250 and 300 nm, so that several aromatic acids can be measured photo-
metrically in the presence of nickel(ll) ion.

To develop a method for the separation of organic aromatic acids first
batch experiments were carried out to determine the ion exchange constants

\ \ dnpa
\ \
X
\ \
\ \
\ \
\ \
4 \
Vo
o\
\
N
i
-1 0
log tClIl

Fig. 3. Logarithmic diagram of the distribution coefficients of dinitrophthalic acid, obtained
by static measurements, in absence (full line) and in presence (broken line) of nickel(ll) ions

of the corresponding anions. As reference ion chloride ion — as generally ac-
cepted— and as solvent 1:1 ethanol—water mixture were used. All experiments
were carried out at pH 5.5. Since the logarithm of the dissociation constants
of the carboxylic groups of the acids are usually greater than —4, at the pH
chosen they were assumed to be completely dissociated, while the phenolic
groups being much weaker acids, practically undissociated.

By means of batch experiments the volume distribution coefficients of
trace amounts of acids were determined, at varying concentrations of lithium
chloride or nickel(ll) chloride. The found volume distribution coefficient
data are summarised in Figs 1 and 3.
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By means of ion exchange column also elution experiments were carried
out using lithium chloride or nickel(ll) chloride of varying concentration as
eluents. From the obtained peak eluent volume and column volume data also
the volume distribution coefficients were calculated. The D values obtained

\ \DNPa\

-1 0
log [CIJ

Fig. 4. Logarithmic diagram of the distribution coefficients of dinitrophthalie (DNPA) and
phthalic (PA) acids, obtained by dynamic measurements, in absence (full line) and in presence
(broken line) of nickel(ll) ions

by column measurements were found in all cases somewhat lower than those
calculated from static measurements. The distribution coefficients obtained
by column measurements are summarised in Figs 2 and 4.

For the calculation of the Kx values of the anionic species the curves
obtained in the absence of nickel(ll) ions by static measurements, while in
the cases of benzoate and phthalate ions the curves of the column measure-
ments were used. As can be seen, the full line curves in Figs 1 and 3 (and in
Figs 2 and 4) can be approximated with the following equations:
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Benzoic acid (Fig. 2)

lg Asa = -0.4 - 0.8 Ig [CI]
Salicylic acid (Fig. 1)

lg D& = 0.3-0.9 Ig [CI]
Acetylsalicylic acid (Fig. 1)

Ig A asa 2.0 — lg [C/]
Sulphosalicylic acid (Fig. 1):

lg Ds, A= 0.76 - 2 Ig [CI]
Phthalic acid (Fig. 4):

lg Apa= -0.4- 21g [CI]
Dinitrophthalic acid (Fig. 3)

Ilg Lospa = 0.38— 2 Ig [CI]

On the basis of the above equations one can establish that under the
conditions prevailing in the experiments the acids are present as completely
dissociated mono- and bivalent anions except benzoic and salicylic acids, in
case of which the dissociation is not complete owing to their lower first dissoci-
ation constants.

Using the capacity of the resin, the Kxvalues were calculated directly by
Equations (3) and (4), but in the case of benzoic and also salicylic acid a cor-

Tabk 1

Volume ion exchange constants of some mono- and bivalent
aromatic anions referred to chloride ion, in 1 : 1 ethanol—water
mixture, calculated from distribution data obtained at pH 5.5,
at room temperature lon exchange resin Lewatil M P—500

Anion formed

Ligand at K A—Cl
pH 55

Benzoate A- 0.46%
Salicylate A- 2.75
Acetyl-salicylate A- 1.1
Sulpho-salicylate A 2- 6.9
Phthalate A2 0.48%
Dinitrophthalate A2 2.9

* from column measurements

rection for incomplete dissociation was made. The calculated apparent con-
stants were multiplied by the protonation coefficient («a(s)) to obtain the
real Kx values. The calculated ion exchange constants are summarised in
Table 1.

Acta Chim. Acad. Sei. Hung. 62, 1969



248 INCZEDY, GLOSZ: ION EXCHANGE CHROMATOGRAPHY, TV

The distribution coefficients in the presence of increasing nickel(ll)
chloride concentration were found to be lower than those obtained in the ab-
sence of complex forming ions (i.e. in equivalent lithium chloride solution)
corresponding to the extents of complexation of the individual acids. (See
broken line curves in Figs 1—4.)

However, in the case of dinitrophthalic acid the difference between the
distribution coefficients measured in the absence and presence of nickel(ll)
ions do notincrease, but decrease with increasing ion concentration ofnickel(ll).

Fig. 5. Chromatographic separation of benzoic (BA), salicylic (SA), dinitrophthalic (DNPA),
sulphosalicylic (SSA) acid mixture using also nickel(ll) ions as complexant. lon exchange
column: Lewatit MP 500 (150 —300 mesh); 5 X180 mm; flow rate: 0.1 ml/min

This anomalous phenomenon, which is inconsistent with the basic principle
(i. e. that only the negatively charged species are adsorbed on the resin), can he
explained probably by a salting out effect; namely the increasing concentra-
tion of the salt was responsible for the increasing adsorption strength of the
non ionic dinitrophtlialato nickel(Il) complex molecule.

On the basis of the obtained distribution coefficient data and K x values
separations of the acids were planned and carried out using an anion exchange
column and an eluent the composition of which was changed stepwise during
chromatography.

Two chromatograms of the separations obtained with Lewatit MP 500
resin column using lithium chloride and nickel(ll) chloride as eluent solutions
can be seen in Figs 5 and e.

The calculation of the peak eluent volume values, using the obtained
K x values, and stability constant, dissociation constant data given in the liter-
ature, and Equations (3), (4), (5) and (e), can be given briefly as follows.
(The constants were used without any correction, assuming that the errors of
the approximate calculations were in similar order of magnitude as the devi-
ations of the constants in aqueous and in mixed solvent solutions.)
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ml

Fig. 6. Chromatographic separation of phthalic (PA) and dinitrophthalic (DNPA) acids, using
nickel(ll) ions as complexant. lon exchange column: Lewatit MP 500 (150—300 mesh);
5XxX180 mm; flow rate: 0.1 ml/min

Acid dissociation constants and first stability of the Ni-complex used:

Benzoic acid: Ig k, = —4.0; Ig Kr= 0.9 [6]

Salicylic acid: Igk, = —2.9, Igk2= —13.1: [7]; lg Kr= 7.0 [8]
Sulphosalicylic acid: lgk<1; Igk2= —2.6, Igk3— —11.6 [7]; lgK1= 6.4 [9]
Phthalic acid: Ig A = —2.8, Ilgkr = —5.1 [7]; Ig Kt = 2.1 [6]

Dinitrophthalic acid: Ig kx= —1.7, Ig k2= —3.2 [10]; Ig = 1.78 (estimated)

Resin column volume, X = 3.52 ml; Void fraction, a = 0.4.

Separation | (See Fig. 5)

Benzoic acid (Eluent 0.1 M LiCl)
lgDba= —0.4 -|“9.8 — 0.4; Dba m 25
»mi, ba = X(DBa -(-a) = 3.52 «2.9 «=10.2 ml
Salicylic acid (Eluent: 22 ml 0.1 M LiCl -)- 0.25 M LiCl)
lgDiA= 03 + 09 = 1.2; Dla= 16

22 = Xj(DI -|- a) = *i *16.4; *) = 1.34 ml
lgDla= 0.3+ 054 = 08; D|JA= 7
»MU,sa = 22 + (3.52 - 1.34) (7 + 0.4) «*38.1 ml
Dinitrophthalic acid (Eluent: 22 ml 0.1 M LiCl -j- 26 ml 0.25 M biCl -f- 0.125 M NiCIl2)
lg Ddnpa = 0.38 -f- 2 = 2.38; Ddnpa — 240
lg Ddnpa = 0.38 1.2 = 1.58; Ddnpa = 38
<dnpa(ni) = 1+ 0.125 «60 8.5; Iga = 0.93
Ilg Ddnpa = 0.38 — 0.93 + 1.2 = 0.65; Dfnpa = 4.5

22 = *j «240; = 0.092 ml
26 = x2m38.4; x2= 068 ml; *i + x2= 0.77 ml

»mi, dnpa — 48 -{- (3.52 — 0.77) (4.5 -j- 0.4) 61.5 ml
Sulphosalicylic acid (Eluents: 22 ml 0.1 M LiCl 26 ml 0.25 M LiCl ~23 ml 0.125 M
NiClj + 0.5 M NiCI2)
lg DJba= 0.76 + 2 = 2.76; DBBA= 580
IlgDisa= 076 + 1.2 = 1.96; DJsa = 92

@AM = I+ [N i]~ =1+40.125-~ = 125

Ig @ssani) = 0.1
IlgDssa= 0.76 - 0.1 + 1.2

1.86; DlaA= 72
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&3sa(ni)= 1+ 05¢2= 2; lgotssA= 0.3
Ig -Dssa “ 0.76 — 0.3 — 0 = 0.46; Dssa= 2.9
22 = 580 X, = 0.038
26 = 92.4 x2; x2= 0.28
23 = 72.4x3; xa= 0.32
1IW.8A = 71 + (3.52 - 0.64) (2.9 + 0.4)«a80.5 ml
Separation 11 (See Fig. 6)

Phthalic acid (Eluent: 0.25 M LiCl)
lgDpa = —0.4 4~12 — 0.8; Dp\ — 6.3
oTa4,pa = 3.52 (6.3 -f- 0.4) = 23.5 ml
Dinitrophthalic acid (Eluent: 32 ml 0.25 M LiCl -f 0.125 M NiCl2|
IgDNPA — 0.38 4~ 1.2 = 1.58; -Ddnpa = 38
OINNPAfNi) — 1 '7'0.125 « 60 = 8.5; Ig oidnpa — 0.93
lgDmpa = 0.38 - 0.93 4- 1.2 = 0.65; DfsPA= 45
32 = 384Xj;x, = 0.84
Urex, dnpa = 32 4- (3.52 — 0.84) (4.5 4- 0.4) = 45.2 ml

The calculated vmax values and those obtained from the chromatograms
are summarised in Table Il. As it can be seen from the table, there are no
high deviations between the calculated and experimentally found peak eluent
volumes.

Experimental

Reagents. In all experiments a.g. reagents were used.

0.01 M stock solutions of benzoic, salicylic, acetylsalicylic, sulphosalieylic, phthalic,
dinitrophthalic acids were prepared by weighing the solid substances and dissolving in ethanol,
and after adjusting with ethanolic 0.LU lithium hydroxyde solution to pH 5.5, diluted to
the required volume.

2 M lithium chloride stock solution. The solid salt was weighed and dissolved in 1:1
ethanol-water mixture and diluted to the required volume. The chloride concentration of the
solution was checked by argentometric titration.

Table 11

Calculated and experimentally found peak eluent volumes of some aromatic acids, using eluent
solution of stepwise varied composition, of pH 5.5

*max (Ml)
Acid Eluent used
calculated found
Benzoic acid 0.1 M LiCl 10.2 9
Salicylic acid 22 ml 0.1 M LiCl 4- 0.25 M LiClI 38.1 37
Dinitrophthalic acid 22 ml 0.1 M LiCl 4-
4- 26 ml 0.25 M LiCl 4-
4- 0.125 M NiCI2 61.5 60
Sulphosalieylic acid 22 ml 0.1 M LiCIl +
4- 26 ml 0.25 M LiCl 4- 80.5 82
23 ml 0.125 M NiCl2
4- 0.25 MNIClI,
Phthalic acid 0.25 M LiCl 235 21
Dinitrophthalic acid 32 ml 0.25 M LiCl 4-
4- 0.125 M NiCI2 45.2 46
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1 M nickel(lll) chloride stock solution. The solid crystalline salt was weighed and
dissolved in 1 :1ethanol-water mixture and diluted to the required volume. The pH and the
chloride concentration of the solution were determined.

lon exchange resin. Lewatit MP 500 commercially available resin was sieved and the
fraction of 0.3—0.5 mm particle size was treated with acid and alkali in the usual way, then
transformed to the chloride form and washed with deionised water and finally extracted in a
Soxleth apparatus with 96% ethanol. The extracted resin was dried at room temperature
and stored in glass bottle. The capacity of the resin was determined by the usual method [11]
and found to be 3.15 mequ/g air dried resin. The column density of the resin was a — 0.29.

For elution experiments the pretreated resin was ground and fractionated by sedi-
mentation until a fraction of 150—300 mesh particle size was obtained.

Instruments. For quantitative determination of aromatic acids a Spektromom 201
(MOM, Hungary) spectrophotometer; for the determination of pH an Universal pH-meter
Typ 204 (Radelkisz, Hungary); in the elution experiments Fractomat Y 3 (Hako, Germany)
fraction collector were used.

Determination of distribution coefficients by static method. 0.25 g air dried pretreated
resin sample of the chloride form was weighed in a glass stoppered bottle. The solution con-
taining lithium chloride or nickel(ll) chloride and aromatic acid of required concentration
in 1:1ethanol-water mixture was prepared from known portions of the stock solutions and
filled up to 50 ml in volumetric flasks. The amounts in //moles of the aromatic acids used in
the experiments (50 ml final volume) were as follows: Benzoic acid 25, salicylic acid 10, acetyl-
salicylic acid 25, sulphosalicylic acid 25, phthalic acid 5, and dinitrophthalic acid 12.5. 25 ml
of the solution prepared was added to the resin sample by a pipette and after closing the bot-
tle, it was allowed to stand 24 hours, shaked periodically to reach the equilibrium. After equilib-
ration a fraction of the original solution and a fraction of the equilibrated solution was analysed
spectropliotometrically. The optical density was measured at the following wave lengths for
the determination of the individual acids: Benzoic acid 272, salicylic and sulphosalicylic acid:
300, acetylsalicylic acid 295, phthalic acid 225, dinitrophthalic acid 305 nm. The concentration
was determined using calibration graphs and the D s weight- and D volume distribution coeffi-
cients calculated:

mequ. ion/g air dried resin

mequ. ion/ml solution

D= Ds a

Elution experiments. For elution experiments an ion exchange column ofsize 5 x 100 mm
was prepared from the pretreated finely ground ion exchange resin. A small portion of the
stock solution was poured on the resin column and the elution was carried out with lithium or
nickel(ll) chloride eluent solution made with 1 :1 water-ethanol mixture. The flow rate of
the eluent was kept constant, 0.1 ml/min. The effluent was collected in 1 or 2 ml fractions using
an automatic fraction collector, and the fractions filled up to 5 ml with solvent mixture and
analysed. From the obtained data elution graphs were constructed and the peak eluent volume
(vmax) *n ml determined. The volume distribution coefficient was also calculated [12]:

D= Yilax —a
X

X = column volume in ml; a = void fraction of the column.

Separation of acids. lon exchange column of size 5 X 180 mm was prepared from the
pretreated finely ground ion exchange resin. Small portions of the stock solutions of the acids
were pipetted on the column, washed with some drops of ethanol—water solvent mixture.
The total amounts of the acids separated were: Benzoic acid: 25, salicylic acid 5, dinitrophtha-
lic acid 5, sulphosalicylic acid 7.5, phthalic acid 2.75 pmol. The elution was carried out with
eluents given in Figs 5 and 6, with aflow rate of 0.1 mI/min. The effluent was collected in 1 ml
fractions. The optical density of the fractions after dilution to 5 ml was measured at the proper
wave length (given before).

The authors express their thanks to Prof. L. e raey, Head of the Institute, for his sup-
port and attention concerning the work.
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INVESTIGATIONS IN THE FIELD OF RADIATION-
INDUCED SOLID STATE POLYMERIZATION, XXV*

INFLUENCE OF A SECOND COMPONENT ON THE SOLID STATE POLYMERIZATION
OF CETYL VINYL ETHER

Gy. Hardy, K. Nyitrai and F. Cser
(Research Institute for Plastics, Budapest)

Received March 15, 1968

The kinetics of the solid state polymerization were investigated in the binary
systems cetyl vinyl ether-p-benzoquinone and cetyl vinyl ether-dimethyl oxalate.
It was found that the additives somewhat retard polymerization up to the eutectic
composition, but at higher concentrations their effect remains unchanged.

The solid state polymerization of cetyl vinyl ether occurs by cationic mech-
anism; this has been confirmed by its solid state polymerization initiated with iodine
vapour.

In our previous communication [1] we have reported on the laws govern-
ing the liquid-crystalline and solid state polymerization of cetyl vinyl ether.
The polymerization rates have been found to change proportionally to the
first power of dose rate, which is generally an indication of polymerization
occurring by ionic mechanism. Considering the tendency of aliphatic vinyl
ethers to polymerization by cationic mechanism, the process in all probability
takes place according to this mechanism. In the present work we have in-
vestigated the effects of benzoquinone and dimethyl oxalate additives on the
solid state polymerization of cetyl vinyl ether. Benzoquinone is a free radical
acceptor, while dimethyl oxalate was chosen as an inert additive having al-
most the same phase diagram as benzoquinone. In previous papers [2, 3] we
have pointed out that the mechanism of solid state polymerization can be
determined with great certainty by studying the effect of additives, mainly
for monomers polymerizing according to accelerating kinetical curves, pro-
vided the phase diagrams are known.

Experimental

The experimental method was the same as described previously [1]. The phase diagrams
ofthe binary systems were determined by a polarization-optical method [4]. To avoid anomalies
due to co-crystallization [5], the binary systems of various compositions were melted prior
to irradiation and crystallized at a temperature 1—2 °C below the melting point of the eutectic
composition. Polymerization was carried out in the presence of iodine by applying an about
0.02 mm thick layer of 0.5 g of cetyl vinyl ether to the walls of normal test tubes. In another
small open glass vessel 1 g of iodine was weighed and this vessel was then placed into the test
tube containing the cetyl vinyl ether which was maintained at the temperature of polymeriza-
tion. The beginning of polymerization was counted from the time the iodine was placed into
the test tube. After the end of polymerization, first the vessel containing the iodine was re-
moved from the test tube and the unchanged cetyl vinyl ether monomer extracted, without
dissolution, with acetone at the temperature of polymerization. In acetone solution no poly-
merization of the monomer takes place in the presence of iodine.

*Part XXI1V: European Polym. Journ. 5, 133 (1969)
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Results and discussion

Fig. 1 shows the phase diagram of the system cetyl vinyl ether-benzo-
quinone, which is characterized by an eutectic mixture containing 4.5 mole-%
of benzoquinone and having a melting point of 14 °C. Similar phase diagrams
were obtained for the systems allyl palmitate-benzoquinone [s6] and vinyl

Fig. 1. Phase diagram of the binary system cetyl vinyl ether (M\) and benzoquinone (M 2)

laurate—benzoquinone [7]. Even these monomers with long aliphatic substi-
tuents form an eutectic mixture with relatively small amounts of benzo-
quinone. The polymerization kinetical curves in Fig. 2 were determined at
0 °C for systems with various benzoquinone contents. It appears quite clearly
that with increasing quantities of benzoquinone, up to the eutectic composi-
tion, the length of the induction period increases and the slope of the steep
section of accelerating kinetical curves decreases, i. e. even the accelerated
section will be somewhat slower than in the case of the pure monomer. It was
established in our earlier work [1] that the accelerating kinetical curve in the
case of cetyl vinyl ether was characteristic of the monomer in the smectic
liquid crystal state. As indicated by the phase diagram, the liquid crystalline
phase of cetyl vinyl ether forms with benzoquinone an eutectic mixture at
14°C, thus at 0°C cetyl vinyl ether is in a liquid crystalline state. This is
confirmed by polaroptical patterns taken at 0°C. Consequently, the benzo-
quinone molecules display their action on the cetyl vinyl ether plates along the
plane formed by the vinyl groups. They may either block the emerging of
vinyl groups from the plane, or alter the dielectric conditions in the polymeri-
zation area. The first effect would lead to the acceleration of polymerization
(see Part XXIV of this series), so that the second assumption appears to be
more likely. The maximum size of the contacting surfaces develops up to the
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eutectic composition; after this, the separate benzoquinone crystals have no
effect on the kinetic process of polymerization. It appears from Table | that
benzoquinone has no unambiguous effect onthe molecular weight, and on the
intrinsic viscosity of the value of limit conversion. This is in good agreement
with the above explanation. In the case of other monomers investigated so far,
which polymerize in the solid phase according to accelerating kinetical curves,
in agreement with a radical mechanism, an unambiguous retarding effect of
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Fig. 2. Polymerization kinetical curves of cetyl vinyl ether irradiated with a constant dose rate

of 5.26 X104 rad/hour at 0 °C, in the presence of various quantities of benzoquinone: O = 0%,

D = 2.25 mole-%, O = 2.5 mole-%, x = 4.5 mole-% (eutectic composition), = 15 mole-%
benzoquinone

benzoquinone was observed, e.g., for N-vinylsuccinimide [2], N-vinylcarba-
zole [8, 9] and acrylamide [3] monomers; at the same time, the pres-
ence of benzoquinone considerably lowered the molecular weights of the
formed polymers and the limit conversion of solid state polymerization was
markedly decreased. Fig. 3 shows the polymerization kinetical curves of
pure cetyl vinyl ether and of a system containing 15 mole-% of benzoqui-
none at —10 °C. The system was prepared by storing the samples at —10 °C
for 72 hrs prior to irradiation, to complete the slow crystallization process [1].
At this temperature cetyl vinyl ether forms solid three-dimensional crystals
and its solid state polymerization kinetical curve has linear character. It is
obvious that benzoquinone concentrations much above the eutectic composi-
tion result in a mild retarding action. In Fig. 4 are plotted the results obtained
at —20 °C, under otherwise unchanged conditions, that is in the temperature
range of the second crystalline modification of cetyl vinyl ether [1]. Here,
too, a benzoquinone concentration three times higher than in the eutectic
mixture has only a mild retarding effect.
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Table 1

Intrinsic viscosity values of the polymers formed in the binary systems cetyl vinyl ether (CVE)-
rate of5.26 X 10*, as a function of the

0.25 mole-% _ "
Conversion BQ 2.5 mole-% BQ 4.5 mole-% BQ
of pure
poly-CVE bl M M
% conversion conversion conversion
% % %
5.2 0.060 5.9 0.060 10.0 0.096 12.7
12.0 0.042 14.0 0.071 17.0 0.078 15.6
27.5 0.050 39.0 0.068 24.5 0.078 24.6
39.5 0.082 42.0 0.041 46.2 0.064 39.9
50.1 0.070 63.0 0.078 52.0 0.063 49.3
65.1 0.048 65.1 0.070 43.0 0.088 60.1
69.4 0.052 68.3 0.085 68.0 0.062 67.3
72.0 0.070 70.0 0.076
73.1 0.076 77.0 0.070

The effect of crystallization time on the behaviour of the binary systems
was also investigated. The kinetical curves shown in Fig. 5 were measured on
systems irradiated immediately after cooling down to —10 °C. These results
differ essentially from those plotted in Fig. 2, since the induction periods do
not become longer at higher benzoquinone concentrations. Systems containing
benzoquinone are retarded only after a conversion of about 35% has been
attained, and subsequently the kinetical curve is independent of the benzo-

Fig. 3. Polymerization kinetical curves of cetyl vinyl ether irradiated with a constant dose rate
of 5.26 XIO4 rad/hour at —10 °C: x = pure monomer; O = 15 mole-% benzoquinone
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benzoquinone (BQ) and cetyl vinyl ether-dimethyl oxalate (DM O) by irradiation at 0 °C with a do s
composition and the degree of conversion

15 mole-% BQ 5.5 mole-% DMO 15 mole-% DMO
hi . hi . hi ) hi
conversion conversion conversion
% % %
0.078 11.2 0.060 5.2 0.060 5.0 0.060
0.075 15.8 0.054 9.2 0.040 6.7 0.060
0.085 25.0 0.081 15.5 0.056 11.0 0.076
0.064 42.0 0.070 19.2 0.043 28.5 0.080
0.058 49.0 0.064 30.0 0.071 56.0 0.056
0.074 68.5 0.053 40.0 0.068 60.5 0.069
0.070 52.0 0.078 67.5 0.086
65.1 0.060 78.5 0.080
70.2 0.052
76.0 0.086

quinone concentration with an about 10% reduction in the value of limit con-
version. In the above cases, the retarding effect may be attributed rather to
the lattice destroying action of the benzoquinone crystals which in the case
of linear kinetical curves, that is of monomers polymerizing in the lattice,
brings about a retardation of the process [3]. Here again it is possible to inter-
pret the effect of benzoquinone by the above described mechanism. The only
difference between the two structures appears to be that in the true crystal-

Fig. 4. Polymerization kinetical curves of cetyl vinyl ether irradiated with a constant dose rate
of 5.26 X104 rad/hour at —20 °C: x = pure monomer; 0 = 15 mole-% benzoquinone
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Fig. 5. Polymerization kinetical curves of cetyl vinyl ether irradiated immediately after cooling
to —10°C with 9.3 XIO4 rad/hour dose rate: O = pure monomer; x = 2.5 mole-% benzo-
quinone; O = 4.5 mole-% benzoquinone (eutectic composition); g = 15 mole-% benzoquinone

line state the vinyl groups are situated in a well-defined plane and this plane
is not disturbed by the presence of foreign molecules. Thus the kinetics of the
process remains linear. In the case of rapid crystallization, an undercooled,
liguid crystalline eutectic system is formed, so that the effect will be similar
to that observed before. On the other hand, rapid cooling in the less mobile
system does not leave time for the benzoquinone crystals to get inserted grad-
ually and in accordance with the composition in between the plates consist-
ing of clusters of molecules. Consequently, the effect on the polymerization

Fig. 6. Phase diagram of the binary systems cetyl vinyl ether (Mt) and dimethyl oxalate (M 2)
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kinetical curve will be practically independent of the benzoquinone concen-
tration, and kinetical retardation is observed in practice only after 35% con-
version.

In order to show that the effects observed with benzoquinone are in-
dependent of the radical capturing nature of this substance, a compound was
sought, to be used as an additive, whose phase diagram was similar to and the
polarity roughly identical with those of benzoquinone. Dimethyl oxalate
seemed to meet these requirements. Fig. 6 shows the phase diagram of the
binary system cetyl vinyl ether-dimethyl oxalate, which is again character-
ized by the formation of an eutectic mixture with a melting point of 13.5 °C

Fig. 7. Polymerization kinetical curves of cetyl vinyl ether irradiated with a constant dose rate

of 5.26 X104 rad/hour at 0 °C in the presence of various quantities of dimethyl oxalate: O =

pure monomer; x = 1 mole-% dimethyl oxalate; 4 = 5.5 mole-% dimethyl oxalate (eutectic
composition); O = 15 mole-% dimethyl oxalate

at 5.5 mole-% dimethyl oxalate content. At the melting point of dimethyl
oxalate (54 °C), this compound mixes when melted with cetyl vinyl ether only
up to 30 mole-% of dimethyl oxalate content, hence the examination of the
phase diagram also ends at this composition. Fig. 7 shows the polymerization
kinetical curves of cetyl vinyl ether with various dimethyl oxalate contents
measured at 0 °C. Here again the trends are the same as in the case of benzo-
quinone. The induction period becomes longer, and the slope of the accelerat-
ing section smaller in the presence of dimethyl oxalate, and at concentrations
higher than the eutectic, the degree of changes is the same as observed for the
eutectic composition.

The data in Table I show no unambiguous effect of dimethyl oxalate on
the intrinsic viscosity of the formed polymers and on the values of limit con-
version. Thus the results support the assumption that in the given case the
molecules of the foreign substance alter the dielectric conditions in the area
of ionic polymerization and influence the course of polymerization in this way.
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Consequently, the effect of both benzoquinone and dimethyl oxalate
on the course of the polymerization of cetyl vinyl ether may be unequivocally
explained by dielectric effects.

To find further confirmation of the validity of the polymerization mecha-
nism of cetyl vinyl ether suggested earlier [1], the effects of various initiators
and catalyst systems were investigated. The results are shown in Table IIl. It

Table 11

Dependence of the polymerization tendency of cetyl vinyl ether
on the initiator and the catalyst system applied

Polymeri-
No. Initiation tezrgtpigpa- Pf;%‘(‘j‘;fi' Note

ture, °C
l. Azo-bis-isobutyronitnle 70 — 6 hrs polymerization
2. Benzoyl peroxide 70 — 6 hrs polymerization
3. Ultra-violet irradiation 25 — 5 hrs irradiation in quarz tube
4. Gamma rays 25 — 22.6 Mrad total dose
5. FeCI3* 25 + 20 min; yield about 64%
6. AlCI3* 25 + 20 min; yield about 71%
7. BF3* 25 + 20 min; yield about 86%
8. TiCl4* 25 + 20 min; yield about 68%
9. lodine 25 [ 35 min; yield about 61%

* diethyl ether solution
-f- polymerization
— no polymerization

appears that liquid phase polymerization is initiated only by the known cata-
lysts of polymerizations occurring by cationic mechanism. In further work the
kinetics of the solid phase polymerization of cetyl vinyl ether was studied. The
polymerization was initiated at various temperatures by iodine vapours
(Fig. 8). The kinetical curves are linear and later tend to a limit conversion.
This inflection is more pronounced on the kinetic curve measured at 0 °C and
is similar to the retarded kinetical curve.

In this case, the kinetical curves express beyond the polymerization
kinetics also the diffusion properties of iodine vapours in both the gaseous and
the solid monomeric phase. Thus, e.g., in the solid phase (—10°C, —78 °C)
the diffusion rate of iodine does not change as a function of the quantity of the
formed polymer, while at 0 °C, in the liquid crystalline state, it must decrease
owing to the higher viscosity (lower mobility).

As shown by the data in Table Ill, no unequivocal correlation analo-
gous to radiation initiation was found between the intrinsic viscosity of the
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polymers (i.e. their molecular weights), and the polymerization temperature
and conversion.

The effectual polymerizing action of iodine, together with the other facts
described, prove the cationic mechanism of polymerization. The first step
of iodine-initiated polymerization is in all probability the absorption of iodine
vapours onthe surface of the monomer, followed by the formation of a charge-
transfer complex [10], which then initiates ionic polymerization [11]. In the
following step iodine diffuses towards deeper layers where it displays the same

80
70
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30
20
10
100 200 300 400 500
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Fig. 8. Polymerization kinetical curves of the solid phase polymerization of cetyl vinyl ether
at various temperatures initiated with iodine

action. Owing to the known structure of paraffins, diffusion proceeds at a pre-
ferred rate along the plane of the molecular chain terminals — thus of the
vinyl groups — compared with the diffusion between the chains. This explains
the formation of the polymer at temperatures as low as —78 °C, which, at the
same time, excludes the possibility of iodine acting according to some kind of
radical mechanism.

Table 111

Intrinsic viscosity of the polymers formed in the solid state polymerization of cetyl vinyl ether
initiated with iodine vapour, as a function of the temperature and the degree of conversion

0°c -10°c -78 °C
Conversion Conversion
% bl % M % k1

114 0.080 7.8 0.066 115 0.071
18.3 0.080 13.7 0.066 15.0 0.073
23.3 0.058 32.0 0.054 16.0 0.047
30.0 0.062 36.0 0.061 18.0 0.071
55.0 0.082 43.4 0.073 24.0 0 062
62.0 0.072

70.1 0.065
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The true composition of the nominally binary acetic acid—carbon tetrachloride
mixture has been determined from dielectric properties using the A—A2—B ternary
mixture model. The density and dielectric constant of the mixture have been measured
as functions of the nominal composition. The frequency dependence of the refractive
index of acetic acid has been determined in the visible region. The results combined
with the IR spectrum of liquid acetic acid have been used to determine the refractive
index of the mixture extrapolated to infinite wave-length, as a function of the nominal
composition. In order to calculate the dielectric constant of the mixture, the monomeric
and dimeric acetic acid molecules were modeled by means of an ideal dipole located in
an ellipsoidal cavity with half-axes a, 6, and c. According to the results, the permanent
dipole moment of the dimeric acetic acid molecule varies with dilution. The apparent
equilibrium constant (expressed in mole fractions) for the dimerization of acetic acid
at 20° is given by the following equation:

lg K = 1.8261 + 2.4549 xB

where xp is the nominal mole fraction of carbon tetrachloride.

Introduction

In the last three decades increasing space has been devoted in chemical
literature to the study of physico-chemical properties of substances which un-
dergo association. The introduction of computers into chemical engineering
strongly increased the interest in such problems since now the lengthy and time-
consuming calculations do not present obstacles. Well-established and uniform
calculation methods are available for non-polar substances [1, 2, 3] which,
however, introduce a high degree of uncertainty and various errors when used
for the calculation of thermodynamic properties of polar substances or mixtures
containing polar components. The error of the calculated values is usually
due to the difference between true and nominal compositions. In this context
the determination of the true composition of associating substances or mix-
tures containing such components is of considerable importance.

In principle, the true composition of mixtures containing associating
components can be determined by measuring any property of the mixture that
is a function of the degree of association.

The following methods are widely used: IR and Raman spectroscopy
[4—12], NMR [13—19], analysis of pressure-volume-temperature data [20—
27], study of dielectric properties [28— 34].
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In the present work, the true compositions of acetic acid —carbon tetra-
chloride liquid mixtures corresponding to the A—Ag—B ternary model were
determined from the composition dependence of the dielectric constant.

1. Dielectric constant of polar liquids

Several approaches have been described for the determination of the
dielectric constant of mixtures containing polar components [35—38]. Of basic
importance is the theory of Onsager [39] in which for dielectric purposes the
polar molecule is replaced by a point dipole in a spherical cavity. The cavity
representing the dimensions of the molecule is in a homogeneous medium with
dielectric constant e. If the dipole is removed from the cavity, the external
electric field F will give rise to an electric field G inside the cavity. The perma-
nent dipole moment of the molecule (an ideal dipole inside the cavity) polar-
izes the surrounding medium which, in turn, acts upon the molecule. Therefore,
a reaction field R is superimposed on G and the resulting field is

F=G+ R (1)

Thus reaction field R is the field inside the cavity, i.e. the model of the mole-
cule, with zero external field if the medium polarized by the dipole is fixed and
the dipole removed from the cavity. The reaction field is proportional to the
dipole moment of the molecule, i.e.

R=/m (2)

The dipole moment of the molecule m is a sum of the permanent (p) and in-
duced dipole moments:

m=p+ aF 3)

where K — the average polarizability of the molecule. Proportionality factor
f in Eq. (2), called the reaction field factor, is a function of the dielectric con-
stant of the mixture (e) and the radius of the spherical molecule (i):

1 2e —2
r3 2e + |

)

Field G in Eq. (1) is given by the expression

3e

c- : ®

2e + 1
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In the calculation of the dielectric constant of polar liquids, one should
take into account that the dipoles do not have fixed positions in space hut are
randomly moving as a result of the thermal motion. Therefore, one should
use the average value for the component of the dipole moment in the direction
of the external electric field, given by the following expression:

3s [i1

(6)
2s + 1 3fcT(l-/a)2

Fig. 1. Dielectric model of a dipolar liquid

The dielectric constant of a pure liquid consisting of spherical molecules
can thus be written as

t=+=xInlL+ * |
e+ 3 3 ( 3kT+f/i2

where N — the number of molecules in 1 cm3 of the liquid;
fc — the Boltzmann constant;
T — the absolute temperature (°K).

The Onsager theory was modified by Schélte [40] who considered the
dielectric constant of the actual environment of the cavity representing the
geometry of the molecule. The proposed model is schematically shown in
Fig. 1. The point dipole is located in the center of a sphere with radius a. There
is vacuum inside the sphere, therefore s1= 1, the static dielectric constant.
Since the radius of the molecule (i.e., of the cavity representing the molecule)
equals a, the nearest polarizable medium is at a distance a from the dipole
and the nearest neighbouring dipole at a distance of 2a. Therefore, between a
and 2a there is a medium without dipoles of the sort under consideration,

4 Acta Chim. Acad. Sei. Hung. 62, 1969



266 LISZI: ACETIC ACID—CARBON TETRACHLORIDE MIXTURE, I

characterized by a static dielectric constant

£2= «|

where —the refractive index of the polar liquid extrapolated to infinite
wave-length of light (cf. Section 4). Beyond distance 2a, the dielectric constant
is identical to that of the polar liquid: es = e.

The theory was extended by Schsi1te to molecules other than spherical.
In such cases the model of the molecule is a dipole located inside an ellipsoid
with half-axes a, b, and c.

On the basis of the model shown in Fig. 1, Schsi1te has derived the fol-
lowing expressions for an ellipsoidal cavity with half-axes a, b, and c:

36erei

nenl + 7ni + 7e + Snl
3(e —nj,
2nl - 2+ (e nj)_
17e + 7ni (9)
/| =
2, + ! _
17e + 7nl
S
* — (10)

T e+ (1- S)A KT (1-/a )2
where a® —the polarizability of the molecule in the direction of the dipole, and

3 A(l-A)(nl-1)

abc  e-f (L —e)A ()
36eni 2e -1 (12)
17enl + 7ni + 7e + 5/fL 3e
% 2nj - 21
abc 2nl -)- Ij

Factor A in Eqgs. (10) and (11) can be calculated from the dimensions of the

molecule:
@
abc ds

A = f
2 J(s+ aaiﬁ(s + 6212(s + cQI*

0

(14)

if the permanent dipole moment points in the direction of half-axis a of the
ellipsoid.
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The above equations yield the following expression for the dielectric
constant of a pure dipolar liquid:

£E—1 V 36ent
+
4it Na llenl + 7ni + 7e+ 5ni 1- foe

PY (15)
e+ (L—e)A 3kT (1 -In )2

where V — the molar volume of the liquid and NA — the Avogadro number.

In order that the above theory could be applied to the case of acetic
acid — carbon tetrachloride mixtures, one should know the structure of the
mixture, i.e. the true components of the nominally binary mixture and their
molecular properties.

2. Model and equation for the calculation of true composition

Views have been put forward suggesting either chain-type association
(Fig. 2a) or the formation of cyclic dimers (Fig. 2b) in liquid acetic acid [42,
43J. The existence of cyclic dimers is generally recognized in the vapor phase

O— HOu
NH /CHSA /
4)=c’ c C— CH,
\ OH—0Y
H-
CH3 O
\c Y
0
\
H
2a 2b

Fig. 2. Chain association (a) and cyclic (b) dimer of acetic acid

and in dilute solutions with apolar solvents. Since we need well-defined molec-
ular properties (e.g. permanent dipole moment, molecular dimensions, etc.) to
describe the dielectric constant of the mixture, we shall assume in the calcula-
tions that pure liquid acetic acid is a mixture of monomeric and dimeric
molecules. Consequently, the nominally binary mixture acetic acid-carbon
tetrachloride will be regarded as a ternary mixture consisting of components
A—A2—B. The true composition of the mixture will refer to this ternary
mixture. The nominal mole fractions are xac (acetic acid) and xB (carbon
tetrachloride), while the true mole fractions — xr (monomeric acetic acid),
X2 (dimeric acetic acid), and x3 (carbon tetrachloride).
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Now examine the molecular characteristics of the true components, first
of all the molecular dimensions. The molecular dimensions of carbon tetra-
chloride are precisely known [44]. Due to its high symmetry, in the calcula-
tion of the dielectric constant the molecule can be regarded as a sphere with
radius r = 3.048 A.

No data are available for the dimensions of monomeric and dimeric
acetic acid molecules in the liquid phase. However, only negligible error is
introduced if the solid state molecular dimensions are used because the tem-
perature of the measurements (20°C) is very close to the melting point

Fig. 3. The arrangement of acetic acid molecules in the solid state

(16.26 °C). By X-ray diffraction, Jones and Templeton [43] determined the
dimensions of the unit cell for crystalline acetic acid, containing four mono-
meric molecules: Ix= 13.32 + 0.02 A; I12= 4.08 + 0.01 A; I13= 5.77 + 0.01
A. According to the authors, the carbon and oxygen atoms of the molecule
lie in the same plane. The arrangement of the four molecules in the unit cell is
shown in Fig. 3. From the unit cell dimensions and molecular arrangement,
the following dimensions are obtained for the monomeric and dimeric mole-
cules:

ax =2.885 A a2= 1.02 A
= 1.02 A b2 = 6.66 A
cl = 3.33 A c2= 2.885A

The above dimensions define the ellipsoidal cavity which represent the
molecules and include the information that the permanent dipole moment
of monomeric acetic acid points in the direction of half-axis al5 while that of
the dimeric molecule — in the direction of half-axis a2 The direction of the
permanent dipole moment, of the monomeric acetic acid, has been determined
from increments and molecular dimension taken from the literature [44].
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The permanent dipole moment of the dimeric acetic acid will be dealt with
in the discussion of the results. The references concerning the magnitude of the
permanent dipole moment are contradictory. Depending on the method of
determination, the permanent dipole moment of monomeric acetic acid varies
between 0.84 and 2.0 D, while that of the dimer between 0.0 and 0.94 D [28].
Since the present studies are concerned with mixtures of acetic acid and an
apolar component, we used the values = 1.68 D andy2= 0.92 D, determined
in n-heptane solution, an apolar solvent. However, these data give satisfactory
results only for pure acetic acid. The calculations indicated that the perma-
nent dipole moment of the dimer is not a constant but decreases with the con-
centration of acetic acid. This phenomenon is interpreted in Section 6.

Naturally, carbon tetrachloride has no permanent dipole moment. Its
average polarizability, a3 = 10.50 « 10-24 cm3 [45]. The average polarizabilities
of monomeric and dimeric acetic acid are given by Konier [46] on the basis
of data by Pohi, Hobbs and Gross [32]:

og= 4.85°10-24 cm3
«2= 15.65+10~24 cm3

Using the above molecular characteristics of the components and the
equations given in Section 1, one can express the dielectric constant of the
mixture as a function of the composition:

-1 1
(M A -f- M 2X2 -f- -Mgitg) --
4n NA ¢
36sn\
+
nsnle+ Inie+ 7£+ 5nl, 1-/n
PP P + (16)
1-/2*2 1-/3*3
£ Pii
£+ (1_e)Nl 3KT (1-/ulv)2
0 Pil
s+ (l-e)A2 3KkT (1-Y >,22
In Eq. (16) a2 a3, jix and fi2are data known from the literature. f2f3

can be calculated from Eq. (9), andf®— from Eq. (10), Arand A2—from
Eq. (13), while gxand g2 — from Eq. (12). and d are calculated from the
molecular dimensions, N a is the Avogadro number, T — the absolute tempera->
tire, M — the molecular weight, and g — the density of the mixture. a
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The integral in Eq. (13) can be given in analytical form only for an ellip-
soid of rotation (i.e., if at least two half-axes are identical), therefore, the values
of constants A were determined by an approximation procedure. The integral
was written as a sum:

ds ds
)6+ a2+ I2AsTQE B (s+ ap(s+ AN+ O ¥
0

ds (17)
+J'S82
s°= 100A a, b c
and integration was performed graphically with an upper limit s°. The result is

Al= 0.21; A2= 0.73.

The molecular characteristics of the components of the A—A2—B type
mixture are listed in Table I.

Table 1

Monomeric acetic acid Dimeric acetic acid Carbon tetrachloride
M 60 120 153.8
a 2.885 A 1.02 A 3.048 A
b 1.02 A 6.66 A 3.048 A
c 3.33 A 2.885 A 3.048 A
a 4.85 « 10“ 24cm3 15.65 « 10- 24cm3 10.5 « 10- 4cm3
% 5.80 « 10- 24cm3 455 «10- 24cm3 —
A 0.21 0.73 1/3
R 1.68 D (variable) 0

In addition to the data in Table I, the application of Eq. (16) requires
the knowledge of the density, dielectric constant, and refractive index (extra-
polated to infinite wave-length) of the mixture as a function of the nominal

composition.

3. Density of the mixture as a function of the nominal composition

The purest available materials were used in the experiments after addition-
al purification. Reagent grade carbon tetrachloride was distilled on a packed
column equivalent to 20 theoretical plates, the purity of the distillate was
checked by refractive index measurements. The refractive index of carbon
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tetrachloride used in the experiments was 1.4603 (NaD-line) identical to the
literature value [47].

Pure acetic acid is strongly hygroscopic, therefore it was freshly distilled
before each experiment. The purification procedure was as follows: a mixture
of 200 ml of acetic acid with 30 ml of acetic anhydride was distilled over a col-

B8

Fig. 4. The density of acetic acid-carbon tetrachloride mixtures as a function of the nominal
composition

umn equivalent to 20 theoretical plates and the distillate was subjected to
multiple crystallization. The melting point of the crystallized product was meas-
ured for control purposes. The sample was regarded suitable for the experi-
ments when the melting points of two subsequent crystallization products
were identical. The melting point of acetic acid used in the measurements was
16.26 °C.

The density of the mixture was determined by means of the pyknometric
method. Mixtures of various compositions were prepared by weighing. The den-
sity of the acetic acid - carbon tetrachloride mixture as a function of the nomi-
nal mole fraction of CC14 (xB) is shown in Table Il and Fig. 4 for 20 °C.

Table 11

s a (g/cm®)
0 1.0493
0.2065 1.2064
0.4163 1.3305
0.5995 1.4274
0.7986 1.5144
1.0000 1.5942
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The results can be described with the following empirical expression
obtained by a least-squares procedure:

g20(g/cm3 =1.0493 + 0.7709 XB- 0.2259 x% (18)

4. Refractive index of the mixture extrapolated to infinite wave-length

The dielectric constant and refractive index of a substance with unit
magnetic permeability are related, at least at low frequencies, by the following
equation first given by Maxwen1 [48J:

e= n2 (19)

The magnetic permeability of dielectrics is unity, therefore, Eq. (19) holds at
least for non-polar substances. Thus the square of the refractive index for CC14
extrapolated to infinite wave-length is

«is = eB — 2.23

It is necessary to remind that, in order to calculate the dielectric constant
using the theory outlined in Section 1, one has to know the dielectric constant
of the dipole-free mixture, i.e. its refractive index extrapolated to infinite
wave-length (cf.Fig. 1). For permanent dipoles, such as acetic acid at frequen-
cies below the relaxation frequency, the dielectric constant contains a contri-
bution from orientation polarization, too. Therefore, the refractive index of
acetic acid extrapolated to infinite wave-length cannotbe calculated from Eq.
(19). Instead, we used the Serimeier dispersion formula [37] which does not
include orientation polarization due to permanent dipoles:

n2= 1+ £N ,K, - (20)
where
K'— IL. (21)
colq

n — the refractive index at angular frequency co; @-— the i-th resonance fre-
quency of the molecule; M-— the number of oscillators per cm3 with angular
frequency co-; ¢ — the force constant of the i-th oscillator; g —the density
of the medium; unity in the equation represents the relative refractive index
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of vacuum. The calculation of <fiis simple only for the quasy-elastic bonding
of a single electron, in other cases it should be determined from spectroscopic
data. Substances transparent for visible light may absorb in the UY or IR,
therefore, the sum in Eq. (20) can be splitin two terms:

co

e»2= i + 2 NKr +2 njKj- (22)
Co* J co? — CO2

where subscripts j and i refer to resonance frequencies in the UY and IR, re-
spectively. If the refractive index is referred to infinite wave-length, with
= 0, Eq. (22) gives:

nl=1+ 2 Nikt+ 2 NjKj (23)
< i

Fig. 5. The square of the refractive index as a function of the frequency (schematic)

In Eq. (22), the IR and UV contributions to «1 are represented by the second
and third terms of the right-hand side, respectively. The refractive index meas-
ured with visible light includes contributions from absorption in both the IR
and UV region. This is illustrated by Fig. 5 schematically showing the fre-
quency dependence of the refractive index. The solid lines in Fig. 5 represent
squares of the refractive index as calculated from Eq. (22) while the dotted
lines correspond to the values derived from the Cauchy equation [Eq. (24)].
The Cauchy equation [37] is

n2= B + Cco2+ Deoi + ... (24)

where n —mthe refractive index; c0o— the angular frequency; B, C, and D . ..
— empirical constants. Eq. (24) gives the wave-length dependence of the re-
fractive index from the visible region to infinite wave-length if there is no ab-
sorption in the IR, i.e., it corresponds to the sum of the first and third terms
in Eq. (22). Thus Eq. (22) can be written approximately as

n2c* B + Cco2+ Deod + y Niki-—- Gp (25)
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Extrapolation of Eq. (25) to infinite -wave-length yields

= B + J? NiKi (26)
I

According to Eqs. (26) and (24), in order to determine the refractive index
referring to infinite wave-length, it is sufficient to know the IR absorptions
and the wave-length dependence of the refractive index in the visible region.
Accordingly, we measured the refractive index of acetic acid as a function of

Fig. 6. The refractive index of acetic acid as a function of the wave-length

the wave-length in the visible region and subtracted the contribution by IR
absorption. The corrected refractive index—wave-length values were then
extrapolated to infinite wave-length using Eq. (24). The extrapolated value
yields constant B of Eq. (26). The monochromatic light was obtained from a
“Spectromom” spectrophotometer using a mirror system. The measurements
were performed with an Abbé type refractometer, calibrating the scale with

substances of known refractive index. The results are shown in Table Ill and
Fig. 6.
Table 111
NA) n ng Corrected
6563 1.3695 1.8755 1.8891
5893 1.3715 1.8810 1.8898
4861 1.3762 1.8939 1.8996
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From the data of Table Il and Eq. (24) one obtains B = 1.8764.
The number of oscillators per cm3is given by the following equation:

iy _ h N AXI + Z2N AX2
. Ve

T/ 60x1-f- 120q;2
ye= (28)
Qac

(27)

where

z, and z2 are the number of oscillators per molecule of acetic acid monomer
and dimer, respectively. The values (@-and a4 and Eq. (21) have been deter-
mined from the IR absorption spectrum of liquid acetic acid. The spectra were
recorded on a Type Zeiss-Jena UR-10 C. IR-spectrometer. The samples were
introduced as liquid films. The identification of the absorption bands and the
determination of force constant are described by Rrook and Haas [49], Herz-
berg [50], and Moelwyn-Hughes [44]. The values for acetic acid are shown
in Table IV.

Table IV

Ware pumber Bond (idynfom + 10-5  Nt.10-21 NiKt . 10s
3600 O—H — 7.265 9.5 14.3022
3050 C—H — 4.876 32.4 45.5868
2990 C—H « 4.876 32.4 47.4336
2940 C—H — 4.876 32.4 49.0600
1780 c=0 — 13.45 9.5 108.3066
1435 H—C—H t 0.461 32.4 19.4792
1410 H—Cc—H 1] 0.461 32.4 28.2885
1400 H—Cc—cC i 0.62 32.4 19.9131
1370 H—c—H [ 0.461 32.4 21.3703
1290 C—0—H i 0.730 9.5 11.1938
1190 c—0 5.046 9.5 90.8637
1060 H—cCc—cC i 0.62 32.4 48.0163
1000 CH3- 0.397 9.5 10.1278
850 c—C -~ 4.784 9.5 168.8815
650 O—H 0.055 9.5 18.5293
620 CH& 0.397 9.5 26.3469
564 CH3 - 0.397 9.5 31.7906
536 0=C—0 1 0.575 9.5 51.0794
212 CH3+torsional 0.023 9.5 12.1046
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In Table 1Y, ¥ and { denote stretching and deformations, respectively.
W here there is no symbol, group vibrations are shown. The rotation of the CH3
group appears at 235 cm-1, this value is taken from the paper by Brook
and Haas.

From Eq. (26) and the data of Table, 1Y, the square of the refractive
index extrapolated to infinite wave-length for acetic acid is

nlac= 1.8764 + 0.8227 = 2.6991

The refractive index of the mixture was calculated from the known values of
reLac and nLB> assuming additivity of molar polarisations

rale — 1 ral@ — 1
Ve= Vacxec + Vbxb (29)
rale + 2 + 1 rals + 2

where subscript e refers to the mixture. The variation of n*ac with the shift
of the association equilibrium was taken into account though, according to
our measurements, the IR frequencies do not change significantly with dilu-
tion. The volume change upon mixing was neglected. The approximate char-
acter of the calculations is obvious especially if one considers that even the
mixture of monomeric and dimeric acetic acid shows negative deviation from
ideality. (These studies will be reported in a separate paper.) Nevertheless,
the approximation used in connection with Eq. (29) does not introduce any
appreciable error in the determination of the true composition because, ac-

Table V

XB nte
0.0 2.6991
0.2 2.5502
0.4 2.4371
0.6 2.3500
0.8 2.2740
1.0 2.23

cording to calculations, Eq. (16) is not too sensitive towards changes of ra”c.
The refractive index of the mixture extrapolated to infinite wave-length is
shown as a function of the nominal CC14 mole fraction in Table V and Fig. 7.
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Fig. 7. Refractive index of acetic acid—arbon tetrachloride mixtures extrapolated to infinite
wave-length, as a function of the nominal composition

5. Dielectric constant of the mixture

The dielectric constants were measured on a Type TR-—9701 bridge at a
frequency of 300 kHz. The sample holder was thermostated stainless steel
cell with a capacity of 10 pF surrounded by a polyvinylchloride jacket. Since
acetic acid is strongly hygroscopic, the cell was tightly covered with Teflon.
The error of the dielectric constant is less than 2%. The experimental results
at 20 °C are shown in Table VI and Fig. 8.

Table VI
B r X8 e X8 £
0.0000 6.3d 0.3051 3.42 0.6916 2.42
0.0000 6.35* 0.3099 3.37 0.7835 2.37
0.0000 6.20 0.4187 3.17 0.7919 2.36
0.0469 5.85 0.4289 2.93 0.8152 2.35
0.0473 5.83 0.4312 2.94 0.8962 2.32
0.0481 5.68 0.4978 2.74 0.9071 2.27
0.0848 4.80 0.5064 2.71 0.9608 2.25
0.1141 4.74 0.5094 2.69 0.9754 2.24
0.1224 4.76 0.5750 2.59 1.0000 2.23
0.2048 4.04 0.5898 2.53
0.2082 3.97 0.6016 2.47
0.2089 3.87 0.6811 2.46
0.2838 3.60 0.6840 2.45

The value in Table VI marked by O is taken from the paper by Dobos [51], the
starred (*) value was reported by Conti and Franconi [52]. The latter authors

Acta Chim. Acad. Sei. Hung. 62, 1969



278 LISZI: ACETIC ACID—CARBON TETRACHLORIDE MIXTURE, I

also determined the dielectric constants of acetic acid—earbon tetrachloride
mixtures as a function of the nominal composition but reported the data only
graphically. Thus there is no way for quantitative comparison with the pre-
sent results.

Fig. 8. Dielectric constant of acetic acid-carbon tetrachloride mixtures as a function of the
nominal composition

6. Calculation of the true composition

The true composition was calculated using Eq. (16), taking into account
that

X1+ X2+ X3= 1 (3°)

and, that the following relationship exists between nominal and true carbon
tetrachloride mole fractions:

xB — (81)
1+ *2

Since the refractive index of acetic acid extrapolated to infinite wave-length
is also a function of the composition, an iteration procedure was used in the
calculations. The nma( value was determined for an arbitrary composition
and n”~ewas then calculated from Eq. (29). This result was combined with Eq.
(16) to calculate the composition with which the procedure was repeated.
Iteration was continued until two subsequent cycles yielded identical mole
fractions.
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As mentioned earlier, there is disagreement in the literature with respect
to the permanent dipole moment of monomeric and dimeric acetic acid. In the
present calculations we used the data of Pohl, Hobbs and Gross [32] ob-
tained in a non-polar solvent, under conditions similar to our measurements:

ur—1.68D and = 0.92D

Fig. 9. The composition of the ternary mixture corresponding to the A—A ,—B model

On the other hand, vapor phase measurements indicate that dimeric acetic
acid has no permanent dipole moment because of its symmetrial structure
(cf. Fig. 2b). If the calculations are performed with iil= 1.68 D and p2=
= 0.00 D, one obtains alower degree ofdimerization for pure liquid acetic acid
than that determined in the vapor phase [53] (cf. Fig. 9, 1) while the values
/ij = 1.68 D and 2= 0.92 D lead to negative mole fractions (cf. Fig. 9, Il)
which obviously lack physical reality. These results indicate variation of the
permanent dipole moment of dimeric acetic acid with dilution. In our view,
this phenomenon can be explained by strong interaction between monomeric
and dimeric molecules in concentrated solutions, resulting in the deformation
of the dimer in the direction normal to the plane of the ring. Thus the dimer
behaves as if it possessed a permanent dipole moment. This interaction de-
creases with decreasing acetic acid concentration and the dipole moment as-
sumes zero value at infinite dilution similarly to the vapor phase. In our opin-
ion in acetic acid—carbon tetrachloride mixtures no trimers or polymers exist.
Only strongly interacting monomeric and dimeric molecules should be con-
sidered, their interaction decreasing with dilution and reaching zero at infinite
dilution. In the trimer, the monomers occupy fixed positions relative to each
other and the forces of interaction should be strong enough for the trimer to
exist in dilute solutions. However, this would contradict the physical picture
obtained from the analysis ofthe dielectric properties. As a first approximation,
one can assume that the permanent dipole moment of dimeric acetic acid is
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proportional to the concentration of acetic acid:
H = 0.92(1 - *3 (32)

The results obtained using Eq. (32) are shown in Table VIl and Fig. 9 (curve
).

Table VII

*B 1 *k *3 K

0 0.1149 0.8851 0 67
0.2 0.0547 0.6211 0.3242 207
0.4 0.0274 0.4090 0.5636 545
0.6 0.0120 0.2425 0.7455 1684
0.8 0.0038 0.1090 0.8872 7548
1 0 0 1 24000

The last column of Table VII contains the chemical equilibrium constant for
dimerization

2AN=+A2 (33)
defined as

K= — (34)

The value of K = 67 for pure liquid acetic acid is in good agreement with the
equilibrium constant (K = 62) determined by Freedman [54J using an ultra-
sonic absorption technique. (The error of the data of Table V Il will be reported
in the second part of this article.)

According to Fig. 10, the logarithm of the equilibrium constant for di-
merization is a linear function of the nominal mole fraction of carbon tetra-
chloride:

IgX = IgKk @+ (lgK ,,-lgK §*B (35)

Using the data for 20 °C, Eq. (35) can be rearranged to

lgK = 1.8261 + 2.4539 xB (36)
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Thus Eq. (36) permits the calculation of true mole fractions for the ternary
model A—A2—B, for any arbitrary nominal composition of the acetic acid—
carbon tetrachloride mixture at 20 °C.

Fig. 10. The logarithm of the dimerization constant expressed in terms of mole fractions as a
function of the nominal composition

The dipolar liquid model of Onsager and Schoite is applicable to nomi-
nally binary associating mixtures of acetic acid with carbon tetrachloride.
The true composition of the mixture can be determined from dielectric prop-
erties using the thermodynamic model A—A2—B of reactive mixtures.

The author is indebted to Klara Joénas (University of Veszprém) and Gyoérgy Bor
(Hungarian Oil and Gas Research Institute) for helpful suggestions and recording the spectra.

REFERENCES

1. Reid, R. C, Sherwood, T. K.: The Properties of Gases and Liquids. McGraw-Hill, 1966
2. Bretsna'ider, Sz.: Properties of Gases and Liquids. Moscow, 1966

3. Prausnitz, J. M., Eckert, C. A, Orye, R. V., O’Connell, J. P.: Computer Calculations

for Multicomponent Vapor-Liquid Equilibria. Prentice-Hall, 1967

4. Costain, C. C, Srivastava, G. P.: J. Chem. Phys. 41, 6 (1964) 1620

5. Laurence, C., Wojtkowiak, B.: C. R. Acad. Sei. Paris, t. 264. Serie C 1216 (1967)

6. Singh, S., Rao, C. N. R.: J. Phys. Chem. 71, 4, 1074 (1967)

7. Fénéant-Eymard, S.: Sur I’état moléculaire de Pacidé acétique. Paris, 1952

8. Schwab, G. M., Glatzer, G.: Z. Elektrochemie 61, 1028 (1957)

9. Wenograd, J., Spurr, R.: J. Am. Chem. Soc. 79, 1844 (1957)

10. Gillette, R. H., Sherman, A.: J. Am. Chem. Soc. 58, 1135 (1936)

11. Gillette, R. H., Daniels, F.: J. Am. Chem. Soc. 58, 1139 (1936)

12. Gillette, R. H.: J. Am. Chem. Soc. 58, 1143 (1936)

13. Bhar, B. N., Forsling, W., Lindstrom, G.: Arkiv for fysik 10, 6, 59 (1955)

14. Bhar, B. N.: Il nouvo cimento XL B, 2, 416 (1965)
15. Huggins, C. M., Pimentel, G. C.,, Shoolery, J. N,: J. Phys. Chem. 60, 1311 (1956)
16. Reeves, L. C, Scheider, W. G.: Trans. Far. Soc. 54, 314 (1958)
17. Davis,J. C, Pitzer, K. S.: J. Phys. Chem. 64, 886 (1960)

a Acta Chim. Acad. Sei. Hung. 62, 1969



LISZI: ACETIC ACID-CARBON TETRACHLORIDE MIXTURE, 1

Parmigiani, A,, Perotti, A.,, Rigauti, Y.. Gaz. Chim. Italiana 91, 1148 (1961)

. Anderson, J. E.. Il nuovo cimento XIV B, 2, 254 (1966)

. Coolidge, A. S.: J. Am. Chem. Soc. 50, 2166 (1928)

. Markuzin, N. P.2 Zh. Prikl. Chim. 39, 10, 2383 (1966)

. Jaram-Agajev, N. L.. Zh. Fiz. Chim. 39, 3, 651 (1965); 39, 7, 1614 (1965); 40,

5, 992 (1966); 40, 6, 1265 (1966); 40 8, 1680 (1966)

. Jarum-Agajev, N. L., Kogan, E. A,, so1datova, E. D.: Zh. Fiz. Chim. 36, 6, 1173

(1962)

Jaram-Agajev, N. L., Kogan, E.A. siepcova, C.V.: Zh. Fiz. Chim. 40, 9, 2009
(1966)

. Luckij, A. E.: Zh. Fiz. Chim. 28, 204 (1954)

. Marek,J., standart, G.: Coll. Czechoslov. Chem. Comm. 19, 1074 (1954)

. Marek, J.. Coll. Czechoslov. Chem. Comm. 20, 1490 (1955)

. Pimenter, G.C, MyLer1an, A. L.: The Hydrogen Bond, Freeman and Co., 1960
. Briegter, G.2 Z. Phys. Chem. B. 10, 205 (1930)

. zann, C.T.: Phys. Rev. 35, 1047 (1930)

. zann, C.T.: Phys. Rev. 37, 1516 (1931)

. Pohl,H. A, Hobrs, M. E., Gross, P. M.: J. Chem. Phys. 9, 408 (1941)

. Smyth, CP.,,Rogers, H. E.: J. Am. Chem. Soc. 52, 1824 (1930)

Le Fevre, R.J. W., vine, H.: J. Chem. Soc. 1795 (1938)

. Frontich, H.: Theory of Dielectrics. Oxford, 1950

Granier, J.: Les dielectriques. Paris, 1948

. Partington, J. R.: An Advanced Treatise on Physical Chemistry, vol. V. Longmans,

1954
skanavi, G. J.: A dielektrikumok fizikaja. Akadémiai Kiad6, Budapest 1953

. Onsager, L.: J. Am. Chem. Soc. 58, 7, 1486 (1936)

. schorte, T. G.I Physica XV, 5—6, 437 (1949)

. Necketl, A, Vvork, H.: Z. Elektrochemie 62, 1104 (1958)

. Atten, G, carain, E. F.: Quarterly Rev. 7 (1953)

. Jones, R_.E.,, Tempieton, D. H.: Acta Cryst. 11, 484 (1958)

. Moetwyn-Hughes, E. A.: Physical Chemistry, Pergamon Press, 1964

. 11ic, M.: Technika (Beograd) 19, 10, 1877 (1964)

. Konter, F.o Institut fir Physikalische Chemie der Universitat Wien, private communi-

cation

. Partington, J. R-: An Advanced Treatise on Physical Chemistry, vol. IV. Longmans,

1954

. Novobatzky, K. Neugebauer, T.. Electrodynamics and Optics. Tankdnyvkiado,

Budapest 1961

. Brooks, W.V.F., Haas C.M.: J. Phys. Chem. 71, 3, 650 (1967)

.Herzberg, G.: Infrared and Raman Spectra of Polyatomic Molecules. New York, 1945
. Dobos, D.: Electrochemical Tables. M(szaki Kényvkiadé, Budapest 1965

. Conti, F., Franconi, C.i Berichte Bunzen, 71, 2, 146 (1967)

. Ritter, H. L., simons, H. H.: J. Am. Chem. Soc. 67, 757 (1945)

. Freedman, E.2 J. Chem. Phys. 21, 1784 (1953)

Janos Liszi; Veszprém, Schonherz Z. u. 12. Hungary

Acta Chim. Acad. Sei. Hung. 62, 1969



Acta Chimica Academiae Scientiarum Hungaricae, Tomus 62 (3), pp. 283—292 (1969)

SOLANUM GLYCOSIDES, I11P

DIOSCIN
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(Research Institute for Pharmaceutical Chemistry, Budapest)
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From fresh, unripe berries of Solanum introsum di6séin, a saponin earlier ob-
tained only from Dioscoreae, has been isolated.

The identity of the isolated substance with didséin was proved on the basis of
melting point, optical rotatory power, infrared spectrum, thin-layer chromatography
in several solvent systems, acetylation, qualitative investigation and quantitative
determination of the aglyeone and the sugar components, moreover by periodate oxi-
dation and identification of trillin obtained by partial hydrolysis. Acetylation of
dioscin at 140 °C yielded directly a homogeneous peracetate.

The presence of gracillin in the berry was confirmed by thin-layer chromatog-
raphy.

In the past two decades several studies dealt with the steroid alkaloids
of Solanum species, as a possible source of starting material for the production
of steroid pharmaceuticals in countries of the temperate zone. In the course
of these investigations several authors have isolated smaller amounts of steroid
sapogenins from various Solanum species, but isolation ofthe corresponding sa-
ponins presentinthe living planthas notyet been reported in the literature.**>*

No steroid alkaloidai constituent was found in the dilute acid extract
of the dried and grounded unripe fruits of S. introsum. On the other hand, thin-
layer chromatography of a concentrated methanol extract of the fresh, unripe
fruits of the same plant revealed the presence of some steroid glycoside
in considerable amount (Fig. 1, strip a) (Silicagel-G; developing solvent [1]
the lower phase of a 63 :35 :10 mixture of chloroform : methanol : water,
solvent system |; detection with SbCI3).

On treatment of the evaporation residue of the aqueous methanol ex-
tract with abs. methanol, the steroid glycosides fully dissolved, while the
contaminants mostly remained undissolved. Thin-layer chromatography of
the concentrated abs. methanol extract showed now well separated spots (Fig.
1, strip b), 10 of which were reddish-violet and 3 yellow after detection with
SbClg. The former were designated, in order of decreasing Rf values, with

* Part Il: Acta Chim. Acad. Sei. Hung. 52, 79 (1967).
** United Arab Republic Scholar from Cairo University, Faculty of Pharmacy.
*** Subsequent to completion of the manuscript of this paper appeared the publication
of H. Ripperger and K. schreiner (Chem. Ber. 101, 2450; July, 1968), dealing with the iso-
lation and structure elucidation of two steroid saponins of Solanum paniculatum.
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letters A to K, and the latter spots similarly with numbers 1, 2 and 3. On the
basis of the chromatogram, the amounts of A, E, F and 1 are considerable,
their respective Rf values being 0.55, 0.32, 0.25 and 0.38, while the other
components are present in small amounts only (Table I).

0 0 @)
oB O OO
O ¢ o
caD
0
0
@)
0 oOf - 0
0
0
OH 0
® 3 B
01
oK 8
1 1
a b C d e f A h

Fig. 1. Thin-layer chromatograms. Adsorbent: Silicagel-G; developing solvent: the lower phase

of a CHCI3MeOH-H20 65 : 35 : 10 mixture; detection with SbCI3in CHC13. a) crude methanol

extract; b) abs. methanol extract; ¢) authentic dioscin; d) authentic gracillin; ¢) CHCI3EtOH
(3 : 1) extract; f) ethyl acetate extract; g) butanol extract; h) aqueous residue

Isolation of component A was achieved as shown in Fig. 2.

Component A accumulated fully in the chloroform-ethanol (3 :1)
extract, which was concentrated in vacuum and the residue chromatographed
first on silicagel and then on aluminium oxide columns; the fractions showing
the spot of A only were combined, concentrated and the residue subjected
to repeated precipitations and then to recrystallizations to give pure A, in form
of colourless needles. Thin-layer chromatography with four different solvent
systems, elemental analysis as well as infrared spectroscopic analysis showed
the product to be identical with dioscin [2], whose structure was elucidated by
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Unripe berry of Solanum introsum

extraction with MeOH

| [

drug solution
evaporation
residue (a)

extraction with abs. MeOH

solution

evaporation

residue (b)
homogenization with
water
mixture
extraction
petroleum ether extract ethereal extract chloroform extract aqueous residue
extraction
chloroform ethyl acetate butanol aqueous residue
+ 0 (©) (h)
alcohol
60

Fig. 2

Kawasaki and Yamauchi [3] in 1962 as bis-a-L-rhamnopyranosyl (1 2 and
1 —»4)-/3-D-glucopyranosyl diosgenin.

However, pure A melted about 20 °C higher than that given in the liter-
ature for didséin. Also its specific rotation was about 5° lower than reported.

The Fehling reaction was negative, the Alberti reaction, and the Bial
reaction were positive [4]; accordingly, A does not contain a free reducing
group, its aglycone contains at least one double bond and methylpentose is
present in its sugar moiety.

Acetylation of A with acetic anhydride in pyridine at room temperature
yielded a product which on thin-layer chromatographic analysis according
to Kawasaki, With benzene-acetone 4 : 1 (solvent system 11) (detection with
SbCI3) gave always two well-separated spots (Rj 0.70 and 0.63). On the other
hand, acetylation at 140 °C gave a homogeneous crude product. This was
chromatographed on silicagel column and purified by precipitation. On the
basis of elemental analysis, and mass spectrum the pure product was dioscin

Acta Chim. Acid. Sei. Hung. 62, 1969



286 BITE, SHABANA: SOLANUM GLYCOSIDES, 111

peracetate, in contrast to the finding of Kawasaki [1], it gave one spot only
on thin-layer chromatography.

In order to identify the aglycone and the sugar moiety of A, it was
hydrolyzed with hydrochloric acid. On the basis of melting point, mixed melt-
ing point, thin-layer chromatography with a 9 :1 mixture of cyclohexane-
acetone (solvent system |II1) [5], infrared spectroscopy, and elemental analy-
sis, the aglycone was identical with diosgenin.

On basis of the measured amount of diosgenin formed, the molecular
weight of A was found to be 885, which is in agreement with the calculated
molecular weight (869.15) of didséin.

HO/I «
VMe

V

OH

Dioscin
la 4 1/3— 3
L-rhamnose --—— — = WD-glucose--------- > diosgenin
Il la—2

L-rhamnose
Fig. 3

After the removal of the aglycone, the acidic solution was neutralized
with Amberlite IR—4B resin. The neutralized solution was run on Whatman
1 paper by the ascending technique with butanol : pyridine : water,6:4:3
(solvent system 1Y) [6] and butanol : ethanol : water, 8:1:2 (solvent system
V) [7], and the spots detected with aniline phthalate, in this way D-glucose
and L-rhamnose were identified.

By means of the Fischer and D&rfel quantitative sugar determination
procedure [8] the molar ratio of L-rhamnose and D-glucose was found to be
1.95 :1,in accordance with the ratio of 2 : 1 subsisting in dioscin.

Periodate oxidation of A, according to Kuhn [9], and subsequent hydro-
lysis followed by paper chromatography showed glucose as the only surviving
sugar component.
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Partial hydrolysis of A and chromatographic purification of the crude
product yielded an intermediary product Axin pure form, which on the basis
of melting point, optical rotatory power, behaviour in thin-layer chromato-
graphy, its aglycone and sugar moiety, moreover the melting point and optical
activity of its acetylated derivative, was identical with trillin (j6-D-gluco-
pyranosyl-diosgenin) [10].

Component B in Fig. 1, strip b (Rj 0.5) could not be isolated in pure
form. However, when a mixture of A and B was run parallel to a mixture of
authentic dioscin and gracillin as well as a common solution of these two mix-
tures on Silicagel-G thin-layer with solvent system I, moreover both on W hat-
man 1 paper with the ascending technique and cellulose powder thin-layer
with benzene-butanol-water 10:4 :5 (solventsystemV1) [11] andbutanol-5%
acetic acid 10 : 4 (solvent system V11 [12], respectively B) showed abehaviour
identical with gracillin.

On the basis of these experiments, component A is identified with dio-
scin, earlier isolated from Dioscoreae only. Component B is presumably identi-
cal with gracillin, again only isolated so far from Dioscoreae.

Isolation and identification of components E, F and 1 are in progress.

Experimental

All melting points are uncorrected and were determined in a Boetius apparatus. The
infrared spectra were obtained with a Zeiss UR —10 instrument in KBr pellets.

Thin-layer chromatography was done with Silicagel G prepared according to Stahl
by Reanal Fine Chemical Factory, Budapest. Woelm silicagel (activity 1) and Woelm alumi-
nium ovid 1 (neutral, activity Il) were used as the adsorbents for column chromatography

Extraction and fractionation

Fresh, unripe berries (25 kg) of Solanum introsum were minced in methanol, and stirred
with 100 1of methanol and then 3 x 75 1 of 80% aqueous methanol for 1 hr. each, at room
temperature. The combined extract was concentrated to give 1200 g of a dark greenish-brown
syrupy product, whose chromatogram on silicagel thin-layer with solvent system |, after
detection with antimony trichloride, is shown in Fig. 1, strip a.

The 1200 g syrupy product was extracted with 4 1of abs, methanol four times at boiling
temperature for 1 br. each. The combined extract gave on concentration in vacuum 630 g of
a dark, thick residue. This product had a chromatogram composed of well-separated spots.
The chromatogram obtained with solvent system | and various detecting agents is shown in
Fig. 1, strip b, while respective Rtvalues and other data of the chromatograms are listed in
Table 1.

The 630 g product was homogenized with 2 1 of H20 and extracted successively with
petroleum ether, ether and chloroform. The aqueous phase was then extracted with 9 1 of
chloroform-ethanol (3 : 1), 6 1 of ethyl acetate and 8 1 of butanol saturated with water. The
progress of the extraction was checked by thin-layer chromatography. Chromatograms of
the concentrated fractions are shown in strips e,f and g in Fig. 1.

Accordingly, component A was fully accumulated in the chloroform-ethanol solution.
This fraction gave on evaporation 300 g of a dark syrupy product.

Isolation of component A

The syrupy product containing A was diluted with solvent system | and applied to a
column of 5cm diameter and prepared from 2 kg of silicagel and eluted with the same solvent
mixture. Fractions of 15 ml were collected; the results are summarized in Table II.
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Table 1

Hj values, colours and colour intensities of the spots in the chromatograms shown
in strips b, c and d in Fig. 1

Colour with
Substance */ Dragendorff in?ezlgil:r*
113] sbCI3 AlO, [14] Y
A 0.55 red violet-red - + o+ o+
diéséin 0.54 red violet-red — —
B 0.50 red violet-red — (+)
gracillin 0.50 red violet-red — —
C 0.46 red violet-red — (+)
D 0.42 red violet-red — (+)
1 0.38 — yellow yellow + +
E 0.32 red violet-red — + 4 4+
F 0.25 red violet-red — + o+
2 0.22 — yellow yellow +
G 0.19 red violet-red — (+)
H 0.14 red violet-red — (+)
3 0.13 — yellow yellow (+)
J 0.10 red violet-red — (+)
K 0.07 red violet-red — (+)
*(+) just observable
Table 11
Chromatography on silicagel of the residue of the extract obtained
with chloroform-ethanol 3 : 1
Residue
Fraction acc%?dmnpoqim'lslc
weight (g) appearance ( g )
1— 80 35.5 dark green —
resin
81—310 90.0 dark green 4+(B)+(C)+(D)-f(£)
syrup
311—430 20.3 dark brown C)+(D)+E+F
syrup
431—750 60.8 dark brown (BE)+(F)
Asyrup
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The residue obtained from the combined fractions 81—310 (90 g) was extracted with
5 x 300 ml of petroleum ether by stirring under reflux; and the 72 g dark green, insoluble
part was again chromatographed on aluminium oxide.

The 72 g product was homogenized with some aluminium oxide and solvent system I,
and applied to a column of 5.5 cm diameter, made of 1.5 kg aluminium oxide in solvent
system 1. Again 15 ml fractions were taken (120 ml/hr), and the separation process was checked
by thin-layer chromatography. The results are summarized in Table III.

Table 111

Chromatography on aluminium oxide of the crude product containing component A

Residue
. Components
Fraction ) (according to TLC)
weight (g) appearance

1— no 12.3 dark green resin -
111— 200 5.0 brownish-green powder (partially hydrolyzed products)
201— 280 10.2 dark green powder A
281— 380 6.5 brownish-green powder A + (B)
381— 1060 9.6 greenish-brown powder A+ (B) + (C)+ (D)

Evaporation in vacuum of the combined 201 —280 fractions gave 10.2 g of a product,
which was dissolved in abs. ethanol and precipitated with abs. ether several times, followed
by repeated recrystallizations from abs. ethanol. The crystalline product was colourless nee-
dles, insoluble in water: it was dried over phosphorus pentoxide at 110 —120 °C and 1.5 mm
for 5 hrs; m.p. 298—302 °C (decomposition), [ajo* — 109.0° (c 0.373, EtOH). If the product
was recrystallized from 60% ethanol and dried at room temperatur, it melted at 275—277 °C,
while after drying as above, it had m.p. 278 —280 °C. The corresponding data in the literature
for dioscin [15] are: m.p. 275-277 °C ;[a]iB-U 5° (c 0.373, EtOH).

C45H 720 16 (869.15). Calcd. C 62.16; H 8.35. Found C 61.47; H 8.46%.

Acetylation of A

100 mg of A, previously dried over phosphorus pentoxide, was heated with 3 ml of
acetic anhydride in dry pyridine at 140 °C for 3 hrs. The solution was evaporated in vacuum
and the residue dissolved in benzene. After washing and drying, the benzene solution was
treated with activated charcoal at boiling temperature, filtered, and the solvent was then
evaporated. The colourless crystalline residue was chromatographed on silicagel thin-layer
with solvent system I1; it gave one spot only, with Rj 0.70. (When the acetylation was accom-
plished at room temperature or at 100 °C, two spots were detected on the chromatogram each
time.)

The crude A-peracetate is a colourless crystalline product, m.p. 135 °C, after chromatog-
raphy through a small silicagel column with benzene, it was melted at 138—142 °C, and re-
mained unchanged on subsequent chromatography; [¢]¢ — 71.5° (¢ 1, CHC13). According
to the infrared spectrum, the substance did not contain free OH group. (Data given in the
literature for the acetylated dioscin consisting of 2 spots are: m.p 143—145 °C; [a]'D — 72°
(c 0.389, CHC13)

C61H 880 24 (1205.36). Calcd. C 60.76; H 7.36; CH3CO 28.38. Found C 61.01; H 7.25; CH3CO
28.10%.

Total hydrolysis of component A
0.5 g of A was refluxed with 40 ml of 31V HC1 in 50% aqueous ethanol for 5 hrs, the

mixture was diluted with water, the alcohol evaporated, and the residue let to stand in a re-
frigerator to deposit the aglycone.
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Examination of the aglycone

The precipitate was filtered off, washed with water and dried at 100 °C to obtain
225 mg of a product, m.p. 192—196 °C. After chromatography on asmall A120 3 column and
crystallization from acetone it melted at 198—200 °C and gave one spot (Rj 0.31) on silicagel
thin-layer with solvent system IIl and SbCI3. Mixed m.p. with authentic diosgenin showed
no depression. The thin-layer chromatographic behaviour, infrared spectroscopic analysis
and CH analysis data were in agreement with those of diosgenin.

On the basis of the amount of the crude aglycone formed (225 mg), the molecular weight
of A was calculated to be 885; the calculated molecular weight of dioscin is 869.15.

The m.p., thin-layer chromatographic behaviour and infrared spectrum of the acetate
of the aglycone were identical with those of authentic diosgenin acetate.

Examination of the sugar moiety of A

The combined mother liquor and washings of the crude aglycone was stirred with 10 g
of Amberlite IR—4B resin for 10 min, then the mixture was filtered, and the resin washed.

The resulted solution was subjected to paper chromatographic analysis. Comparative
experiments were carried out with authentic monosaccharides, both with parallel solutions
and in mixture, on Whatman 1 paper at 24 °C, with the ascending technique, and with solvent
systems IV and V, using aniline phthalate for detection. The final results of these experiments
are summarized in Table IV.

Table IV

Qualitative examination ofthe sugars obtained by hydrolysis ofA, on Whatman 1 paper

R/
Substance BuOH : QHN : HgO BUOH : EtOH : HD
6:4:3, ascending, 18 hrs 8:1:2, ascending, 20 hrs
Hydrolyzate of A 0.61 0.81 0.27 0.59
D-glucose 0.61 0.27
L-rhamnose 0.81 0.59

The quantitative determination of glucose and rhamnose was accomplished as follows:
4 mg of A was heated at 100 °C with 0.5 ml of 3iV HC1 in EtOH-H 20 (1 : 1) in a sealed tube for
5 hrs; the mixture was then cooled and allowed to stand in a refrigerator. The tube was opened
and the aglycone removed by centrifugation. An aliquot part of the acidic solution correspond-
ing to 100 jig of A was applied to Whatman 1 paper and the chromatogram was developed
with solvent system IV. The amount of monosaccharides was determined by the procedure
of Fischer and Darfel; the results are shown in Table V.

Table V

Quantitative determination of D-glucose and l.-rhamnose in the hydrolyzate of A

D-glucose L-rhamnose Molar ratio
MS X 10-8 mole MS X 10” 8 mole 1 d -glucose L-rhamnose
17.5 9.7 30.2 18.4 | 1.8
16.5 9.2 32.0 19.5 | 2.1

After the total hydrolysis of A, removal of the aglycone precipitate and neutralization
with an anion exchange resin, the amount of reducing sugars, expressed as glucose, was de-
termined in an aliquot portion of the solution. The result was 566 mg glucose per 1 g of A; the
respective value calculated for dioscin is 621 mg.
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Periodate oxidation of A

30 mg of A in 5 ml of O.liV acetic acid in ethanol was oxidized with 2.5ml of 0.251VK 104
in 5C% aq. etlanol according to Kuhn [9]. The residue obtained on evaporation was chroma-
tograplcd on Whatman 1 paper with solvent systems 1Y and Y, and the spots were detected
with aniline phthalate. Only one spot, corresponding to glucose, was observed.

Partial hydrolysis of A (isolation of A))

500 mg of A was refluxed in 40 ml of IN H2S04in dioxan-water (1 : 3) for 2 hrs. The
mixture was cooled and neutralized with NaHCO03, the precipitate separated, washed with
water and dissolved in chloroform-methanol (1 : 1). The solution was filtered, concentrated
in vacuum and the residue chromatographed on silicagel with solvent system 1. On spraying
with antimony trichloride three spots were noticed with Rj values 0.97, 0.77 and 0.53. In a
parallel experiment with authentic diosgenin, trillin and dioscin the respective Rj values
0.98, 0.77 and 0.54 were obtained.

According to thin-layer chromatographic examinations, the maximum amount of the
product with Rj 0.77 (A,) was achieved by refluxing for 2 hrs.

The dry crude product was refluxed twice with 30 ml of cyclohexane-acetone (9 : 1)
for a few minutes, and the filtrate was concentrated in vacuum to yield 80 mg of a colourless
powder consisting mostly of diosgenin. The undissolved part was dissolved in a 5 ml portion
of solvent system I, and passed through a column of 2.5 cm diameter, made of 30 g aluminium
oxide in the same solvent. Elution was done with solvent system | and fractions of 5 ml vol-
ume were collected. The results are summarized in Table VI.

Table VI

Chromatography on AI2 3 column of the crude
product obtained in the partial hydrolysis of A

. Residue, Components
Fraction mg according to TLC
1— 5 23 diosgenin -j- (A X
6—18 132 A

19—40 82 At+ A

The residue from fractions 19—40 was subjected to a second chromatographic separation
procedure just in the same way, and finally 165 mg of crude A1l was obtained. It was twice
recrystallized from methanol to obtain colourless needles, m.p. 261—263 °C (decomposition),
[a]],6 —105.3° (c 0.5, dioxan). Reported data for trillin [16]: m.p. 260—262 °C; [alj} —103.4°
(dioxan). The elementary analysis data (C, H) were also consistent with the composition of
trillin.

Hydrolysis of Aj

5 mg of Axwas heated with 0.5 ml of 11V HC1 in 50% aqueous ethanol in a sealed tube
at 100 °C for 2 hrs. By means of the previous methods only diosgenin and glucose could be
detected in the hydrolyzate.

Examination of component B

Combined fractions 281—380 of Table 111 were concentrated in vacuum and the residue
(6.5 g) crystallized from EtOH to give 1.4 g of pure A. All attempts to isolate pure B from the
mother liquor failed. The A -j- B mixture behaved indistinguishably from a mixture of authen-
tic dioscin and gracillin both in parallel examinations and in common solutions when chroma-
tographed on silicagel thin-layer with solvent system I, moreover on Whatman 1 paper and
cellulose powder thin-layer with solvent systems VI and VII.
*
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The synthesis of modified polyglutamic acid derivatives simultaneously contain-
ing various functional (dialkylamino, carboxyl, hydroxyl, imidazolyl, mercapto and
ester) groups has been attempted. In the preparation of these compounds, poly-y-
-methyl-l.-glutamate (l), used as the starting material, was transformed either by differ-
ent modifying reagents applied in subsequent steps, or by mixed modifying reagents.
It has been observed that, using the mixed reagents for the modification, the average
composition and degree of polymerization of the product depend not only on the com-
position of the mixed reagent, but also on the other reaction conditions (especially the
temperature). It has been further established that in the preparation of polyamino acid
derivatives simultaneously containing various functional groups, the character of the
products is fundamentally influenced — in addition to the principal characteristics

already discussed in the previous publication [2] — also by the way of working up the
reaction mixture.

Polyamino acids as protein model compounds had been reviewed by
Katchatski etal. [1]. In the first paper of this series [2] a new possibility for
the rather simple synthesis of a novel type of protein model compounds
made by side group modification of polyamino acid derivatives was suggested.

These model compounds are similar to proteins in the respect that they
have protein functional groups attached to a polypeptide backbone. However,
they are different from proteins in regard of their fundamental monomeric
structural units, being usually not native amino acids but modified deriva-
tives of them.

Although the preparation of modified polyamino acids had been reported
several times [3—10], a systematic investigation of side group modifying
reactions of polyamino acid derivatives commenced only recently [2]. To
find out the scope and limitation of this method, in our previous communi-
cation [2]'the reaction of poly-y-methyl-L-glutamate (1) with different di-
amines was examined and described. It has been shown that the average compo-
sition and average degree of polymerization of the prepared basic derivatives
of poly-L-glutamic acid greatly depend both on the characteristics of the
starting materials and on the reaction conditions, especially on the tempera-
ture and duration of the reaction.

The aim of the present paper was to investigate how polyamino acid
derivatives, simultaneously containing two or more different kinds of function-
al groups, could be prepared.
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There are two ways forthe preparation of modified polyamino acid deriv-
atives containing several kinds of protein functional groups: 1) The starting
polyamino acid derivative is treated with a mixed modifying reagent, the
components of which react with the polymer. Even if a reagent consisting only
of two components is used, a great number of different compounds may be
synthesised by varying the ratio of the components and some other character-
istics of the reaction, as it will be shown below. 2) The individual functional
groups are attached stepwise to the starting polymer. In this case, the starting
polymer is transformed only partially with the first modifying reagent; this
product is then further modified with a second reagent, and so on. This method
is more circumstantial than the first one, but provides more opportunity for
structural variations, since the compositions of the synthesised materials are
independent of the relative reactivities of the different modifying reagents.
As a matter of course, the two methods can also be conveniently combined,
according to special needs.

To test the applicability of the mixed reagents, a part of the experiments
described in the previous publication [2] has been repeated using aqueous
instead of anhydrous amines as modifying reagents. In this way the ester
groups of the starting poly-y-methyl-L-glutamate (I) have been partly amino-
lyzed and partly hydrolyzed. Taking into account that a few per cent of glu-
tamyl residues had already been present in the starting polymer [2], the reac-
tion could be formulated as follows:

~NHCHCO —  -INHGHCO - OH H--NHCHCO — -NHCHCO -
1 . 1 1
CH2 CH2 FHN (CHI), NR, 1 CH2 CH2
1 1 H .0 1 1
CH2 CH2 CH2 CH2
COOCH3 COOH CO NH COOH
— Aan b Im 1 - -
| GH2
CH2
nr2 ek
lla-b

(@a:R=CHj; b:R=C2H5)

The characteristics of the reactions carried outunder various experimen-
tal conditions and with the help of differently composed reagents, and the
characteristic data of the prepared amphoteric polyamino acid derivatives are
summarized in Table 1.

To ensure an easy survey of the results, the same polyglutamate samples
— or at least similar ones — were used as the starting materials. The compounds
listed in Table | are arranged according to the increasing temperature of the
preparation reactions, and within this, in the order of increasing water content
of the modifying reagent. Samples, prepared with identically composed
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Table |

Data of the prepared amphoteric derivatives of poly-L-glutamic acid (Il a—b) and the conditions
of their preparation*

Water con-

Characteristics of the tent of the Characteristics of the reaction
prepared materials reagent
b C_onverf—
No. Name® indicating weight mole o oo Sleosrle?
composition diig % % P, . groups, HQuotd
%
la  poly-DMAGZEMGT7IGIu4 1.10 0 0 20 240 26 1.06
Ib  poly-DMAG®2MG4GIu4 - 0 0 20 2352 90 —
Ic  poly-DMAG%GIlu4 1.13 0 0 20 6450 100 1.09
2a poly-DMAGH4MG52GIud 1.03 20 52 20 240 46 0.99
2b  poly-DMAG95GIu5 0.92 20 52 20 2352 100 0.89
3a poly-DMAGHMG28Glus 0.86 40 74 20 240 71 0.83
3b poly-DMAG&GIud2 0.81 40 74 20 2800 100 0.78
4 poly-DMAG®GIu7 0.69 10 32 60 100 100 0.66
5 poly-DMAG&GIul? 0.54 40 74 60 100 100 0.52
6 poly-DMAGS8/Glul3 0.33 10 32 42; 98e 2; 72e 100 0.32
7 poly-D MAG&GIu’6 0.21 20 52 42; 98e 2; 72e 100 0.20
8 poly-DMAGT7IGIu2 0.17 40 74 42; 98e 2; 12e 100 0.16
9 poly-DEAG8IGIu1 0.43 20 62 75; 97; 2; 100 0.34
10 . f 0.33 . . J' 0.24
U poly-DEAG80+IGlu 20+ [+0.03 20 62 75; 97« 1; 70« 100 14+0.02
poly-DEAGT7/GIu 0.34 20 62 75;160f 1; 5" 100 0.27
12 poly-DEAG75GIus 0.30 30 74 75; 97« 1; 70« 100 0.24
13 poly-DEAG69GIu3L 0.12 30 74 75; 160° I, 9 100 0.10
a Names are constructed according to Gitt Il [15]; DMAG stands for N-(dimethyl-
aminoethyl)-L-glutaminyl, DEAG for N-(diethylaminoethyl)-L-glutaminyl and MG
for "-methyl-1,-glutamyl residues
b ¢ = 0.5%, in dichloroacetic acid
¢ The temperature of the heating bath is given in the Table
~~~ (product)
G ~ s (c = 0.5%, in dichloroacetic acid)
L % f-<PMG)
e Heating at 42°C for 2 hrs, then at 98 °C for 72 hrs
f Heating at75 °C for 2 hrs, then at 97 °C for 70 hrs
g Heating at75 °C for 1 hr, then at 97 °C for 70 hrs
h Heating at75 °Cfor 1 hr, then at 160 °C for 5 hrs
i Heating at 75°C for 1 hr, then at 160 °C for 9 hrs
* The characteristics of the starting polymers used for the preparation of samples Nos
1-8 were poly-MG®%Glu4 with -ILE_— 1.()4 dl/g; and for samples No. 9 and 11-13, poly-MG%-
c
Glu4 with c = 1.26 dl/g. The data of six different samples were averaged as No. 10. They

were prepared from different starting polymers, characterized as poly-MG9%Gludwith —Csp values
from 1.29 to 1.44 dl/g.
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reagents at the same temperature but with different reaction times, are listed
under the same number hut with different letters.

From the data of Table | the following can be seen:

1) By increasing the temperature of the reaction — but using the same
reagent — the viscosity of the products decreased, as it had already been ob-
served [2], and at the same time the amount of acidic groups increased (see,
e.g., the composition of samples 3b, 5 and 8). Thus, the alteration of the tem -
perature has an influence on the relative rates of hydrolysis and aminolysis
of the ester groups; the increase of temperature favours hydrolysis.

2) By increasing the water content of the reagent, not only the amount
of acidic groups increased — which was especially significant at higher temper-
atures — but also the viscosity of the prepared products decreased (com-
pare, e.g., the viscosities of samples Ic, 2b and 3b or 6, 7 and 8).

The decrease of viscosities is caused rather by the splitting of peptide
chains than by conformational changes or variations in the state of solvation,
dependent on the compositions of the modified polymers. This has been proved
by demonstrating — parallel to the decrease of viscosities — the appearance
of increasing amounts of ninhydrin-positive amino terminals* in the materials
prepared at higher temperatures with reagents of higher water content.

The presence of water in the mixed reagent gives thus rise — beside the
hydrolysis of the ester groups — to partial hydrolysis of the polypeptide chains.
The increase of the water content ofthe reagent enhances the rate of conversion
of ester groups too, as it can be seen by comparing the data of samples la, 2a
and 3a. This effect is produced in part by the observed better solubilities, but
the water-catalyzed acceleration of the aminolytic reaction cannot be ex-
cluded either.

3) In the course of the preparation of sample No. 10, the reproducibility
both of the preparative methods (the preparation of the starting polymer
included) and of the analytical procedures has been checked. Six samples
were prepared under identical conditions; the compositions and the viscosities
of all of them were within the limits of error, given in Table I.

Summarizing the results obtained by the use of mixed reagents for the
side group modification of polyamino acid derivatives, it can be concluded that
various functional groups may be simultaneously attached to the polypeptide
chain by means of reagent mixtures. It seems probable, however, that the
compositions of the prepared products are not exclusively determined by the
molar ratios and by the—still on other reaction conditions dependent—relative
reactivities of the components of the mixed reagents, but also by the succes-
sively changing structural properties ofthe polyamino acid derivatives, trans-

*No ninhydrin-positive amino terminals could be found in the samples of low visco-
sities prepared with anhydrous reagents.
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formed gradually during the reactions. If only a mixed reagent of two compo-
nents is applied, the final structure of the product is determined by at least
four concurrent reactions: namely, besides the side group modifying principal
action of both components, chain splitting as a side effect in both cases has
also to be considered. Therefore,a productwith exactly prescribed characteristics
(average composition and average degree of polymerization) can at present only
be prepared with mixed reagents on the basis of informative preliminary
experimentations.

Experiments for the preparation of amphoteric polyglutamic acid deriv-
atives, containing hydroxyl groups as well, have also been started. Ethanol-
amine has been employed as the modifying reagent for building in hydroxyl
groups. The preparation of a-poly-L-glutamic-y-(2-hydroxyethyl)-amide (1V;
I and m — 0), claimed to contain an appreciable amount of weakly basic
oxazoline rings [11], was reported by Lupu et al. [4]. However, in our prelimi-
nary experiments — to be published elsewhere — the presence of such ba-
sic groups in the products, prepared according to the now described ex-
perimental conditions, could only be detected in negligible amounts or not
at all.

In order to prepare amphoteric polyglutamic acid derivatives (1V)
containing hydroxyl groups, at first poly-y-methyl-L-glutamate samples,
modified previously with 2-dimethylaminoethylamine-water mixtures (l11),
were treated with anhydrous ethanolamine. Later poly-y-methyl-L-glutamate
(1) was directly treated with a mixture of 2-dimethylaminoethylamine and
ethanolamine (see formula on the next page).

The characteristics of these reactions and the data of the prepared ma-
terials are summarized in Table 1I.

Comparing the data of Table Il with those ofthe preparation of the basic
[2] and amphoteric (Table 1) derivatives of polyglutamic acid, it can be seen
that the periods required for the total conversion of the ester groups are now
considerably shorter. This can be explained both by different solubilities and by
the increased speed of aminolysis, catalyzed by hydroxyl groups [12].

The examination of the data of Table Il also reveals that in the prepara-
tion of polyglutamic acid derivatives containing various functional groups,
the relationship between the composition of the product and the reaction con-
ditions is less distinct than for the compounds discussed earlier. E.g., in spite
of the use of pure and anhydrous ethanolamine for the preparation of sam-
ples No. 1 and 2, the amount of the basic DMAG as well as the glutamyl res-
idues apparently increased. Similarly, it is difficult to understand, on the
basis of the former connections, the differences existing between the compo-
sitions of samples No. 4 and 5. These irregularities draw attention to the fact
that if modified polyamino acid derivatives — containing various functional
groups and being polymolecular in character — are prepared, their compo-

6 Acta Chim. Acad. Sei. Hung. 62, 1969
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Table 11

Data of amphoteric derivatives of poly-i.-glutamic acid (IV) containing hydroxyl groups
and the characteristics of their preparation

Characteristics of the
prepared materials

Characteristics of the
reaction

Conver-

Name® indicating com- Temp,6 Time, sion of
IC: L

No. position Starting polymer Modifying reagent hours  ester
groups,
%
I poly-HGDMAGBMG5GIul0 j 20 120 72
2  poly-HGI2DMAGTGIul0 poly-DMAG7MG18GIu8 > ethanolamine 20 240 100
3  poly-HGMDMAGT5G luu 1 97 5 100
4  poly-HG4DMAGAMG G lu3 ethanolamine + 20 72 91
2-dimethyl-
5 poly-HG5IDMAGA4IG lu5 poly-MG%G lu4 amino- 20 312 100
6 poly-HG4DMAGL2MG6E ethylamine
Glu7 1:1 (viv) 97 5. 95
a Names are constructed according to Girt Ill1. [15]; HG stands for N-(2-hydroxyethyl)-

-L-glutaminyl, DMAG for N-(2-dimethylaminoethyl)-L-glutaminyl, MG for y-methyl-
-L-glutamyl residues

b The temperature of the heating hath is given in the Table
sitions are also deeply influenced by inevitable molecular fractionations, occur-
ring during the isolation and purification of the products.

The possibility of extending the scope of the synthesis of protein model
compounds by side group modification of polyamino acid derivatives has also
been examined. In preliminary experiments some polyamino acid derivatives
(V, VI) have been prepared, containing imidazolyl and/or mercapto groups in
addition to the hydroxyl, basic and acidic groups, discussed previously.

Modified polyamino acid derivatives containing also imidazolyl groups
(V) have been prepared with the aid of mixed reagents including histamine.
By transforming poly-y-methyl-L-glutamate (I) with a reagent mixture con-
sisting of histamine, ethanolamine and 2-dimethylaminoethylamine, the follow-
ing types of modified polyamino acid derivatives can be prepared:

H-- NHCIHCO - 1 NH CH CO OH
|
CIH2 CH2 CH2 CH2
|
CH2 (iHZ qHZ CH2
CONIH COI\iH CONH COOH
CIHZ CH2 O.H2
ch?2 CH2 qHZ
N ------ C OH CH:NCHs
H |
HC CH
\ /
NH

6*
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For the synthesis of modified polyamino acid derivatives containing also
mercapto groups (VI), mixed reagents containing /1-mercaptoethylamine have
been used. The presence of free mercapto groups in these products could,
however, only be demonstrated after treatment with mercaptoethanol [13],
despite the applied hydrogen or nitrogen atmosphere, in which these reactions
had always been carried out. Therefore, it is probable that mercapto groups
underwent conversion into disulphide groups during the preparation or isola-
tion of the products. Leaving this last mentioned process provisionally out
of consideration, the general formula for the compounds, prepared with
mixed reagents containing also mercaptoethylamine, can be written as follows:

H--NUfUrn NHCHCO - NHCHCO -OH
Cin (in CI:Hz CIIH>
GH: CH. CH: CH:
CO NH CONH COOCH: UL COOH
CH: GHe
Cin 9H2
L SH 5 R «
Vla-e
1K=p’ b:R:CHsl\ICHB: C:R= IM -c—
hd,  dn
N
H

Two different products could be isolated from the same reaction mixture
in the preparation of a derivative containing mercapto as well as imidazolyl
groups (Vic). This is further evidence to support our former conclusion that
during the preparation of polyamino acid derivatives, containing simultaneously
various functional groups, the character of the isolated product is fundamen-
tally influenced by the way of working up the reaction mixture.

To characterize more precisely the preparation of the last mentioned
polyamino acid derivatives and to explore their biochemical properties, further
experimental work is necessary.

Experimental

Preparation of amphoteric polyglutamic acid derivatives (l1)

Reaction of poly-y-methyl-T,-glutamate with 2-dimethylaminoethylamine-water mixtures

Poly-y-methyl-L-glutamate (4.0 g) was stirred with mixtures (60 ml) of 2-dimethyl-
aminoethylamine and water. The compositions of the mixed reagents, the temperatures and
the periods of the reactions were summarized in Table I. The light yellowish viscous solutions
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were diluted with an amount (35-72 ml) of anhydrous ethanol, depending on the water con-
tent of the reagent, then ether (300 ml) was added. From the separated, usually greasy materials
the solvents were decanted and the residues treated with several portions (50 ml each) of ether
till they became powder-like. The number of these treatments (3-5) depended on the water
content of the reagent. In this stage the isolated materials (4.1-4.9 g) were contaminated
with dimethylaminoethylamine (1-2%), which was determined by chromatography. These
impurities were removed by dissolving the materials in anhydrous ethanol (10-15 ml) and
precipitating them with ether (100 ml). This last procedure was repeated 3 to 5 times until
the materials contained less than 0.3% of uncombined dimethylaminoethylamine. The samples
were analyzed and their purity checked by the methods described in detail in the previous
publication [2] of this series.

Reaction of poly-y-methyl-i,-glutamate with 2-diethylaminoethylamine-water mixtures

The reactions were carried out according to the preceding description except that the
mixed reagent contained 2-diethylaminoethylamine instead of 2-dimethylaminoethylamine.
Detailed data of the compositions of the reagents, and the temperatures and durations of the
reactions are summarized in Table I.

Preparation of amphoteric polyglutamic acid derivatives containing hydroxyl groups (IV)
Reaction of amphoteric polyglutamic acid derivatives, containing ester groups, with ethanolamine

A partially modified polyglutamic acid derivative (2.5 g), characterized as poly-DMAG74
MG18GIu8 was stirred with anhydrous ethanolamine (25 ml) at temperatures and for periods
given in Table Il. The nearly clear solution was then rapidly concentrated in vacuum and
the viscous residue dissolved in anhydrous ethanol (10 ml) and treated with ether (30-50 ml).
The solvents were decanted from the precipitated material, and this procedure was repeated
three times; finally, the solid material was filtered off and washed with ether. The isolated
light yellowish amorphous powder (2.1-2.6 g) contained less than 0.5% of unchanged etha-
polamine, as determined by paper chromatography [2]. Titrimetric methods [2] and methoxyl
determinations were used to calculate the compositions of the prepared products (Table 11).

Reaction of poly-y-methyl-b-glulamate with mixtures of ethanolamine
and 2-dimethylaminoethylamine

Poly-y-methyl-L-glutamate (I)* (3.0 g) was stirred in N2 atmosphere with a mixture of
ethanolamine (25 ml) and 2-dimethylaminoethylamine (25 ml) at temperatures and for periods
given in Table Il. Then the reaction mixture was rapidly concentrated in Vacuum and the
residue diluted with anhydrous ethanol (20 ml) and treated with ether (80 ml). After decanting
the solvents, this procedure was repeated three times; the residue was then treated two or
three times with anhydrous ether, filtered off, and dried. The isolated white powder (3.1-3.4 @)
contained an impurity of about 1% unchanged reagent, determined by paper chromatography
[2]. The composition of the products (Table 11) was calculated as above.

Preparation of amphoteric polyglutamic acid derivatives, containing imidazoly], hydroxyl
and dimethylamino groups (V)

Reaction of poly-y-methyl-b-glutamate with the mixture of histamine, ethanolamine
and 2-dimethylaminoethylamine

Poly-y-methyl-L-glutamate (I)* (1.0 g) was shaken with a mixture of histamine (3.0 g),

ethanolamine (3.0 g) and 2-dimethylaminoethylamine (12.0 ml) at room temperature for 10
days. The extremely viscous reaction mixture was diluted with anhydrous ethanol (40 ml),

* The composition of the starting polymer was poly-MG%Glu4, and its %p/c value was
1.26 dl/g.
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and then ligroin (60 ml; b.p. 60-80 °C) was added. After decanting the solvents from the
precipitated material, the residue was repeatedly treated with a mixture of ethanol (20 ml)
and ligroin (30 ml); the amorphous solid was then filtered off and dried. The nearly colourless
product (1.15 g) contained some of the starting materials as shown by paper chromatography.
Therefore, it was treated three times successively with mixtures of ethanol (5 ml) and ether
(10 ml). The material (0.95 g) recovered after this purification contained, according to chroma-
tographic analysis, no impurities. In the prepared methoxyl-free, modified polyglutamic acid
derivatives the amount of basic groups was determined by titrimetric methods [2]. The amount
of imidazolyl groups was calculated from the absorption (measured at 211 m/i) of the solution
containing histamine, produced by hydrolyzing an aliquot of the product with 61V HCI. Iden-
tically treated, differently composed solutions, prepared from the compounds formed in the
hydrolysis, were used for comparison. According to the referred analytical methods, the prob-
able composition of the prepared material* was:

Poly-1G8HGISDMAGT73GIu4 (Mioo** = 19422)

Base (total) Histamine OCH3
Found 4.16 meq./g; 0.39 mmole/g; 0%
Calcd. 4.18 meq./g; 0.41 mmole/g; 0%.

Preparation of polyglutamic acid derivatives containing sulphur (V1)

Reaction of poly-y-methyl-b-glutamate with a mixture of B-mercaptoethylamine and aqueous
NaOH solutions

Poly-y-methyl-L-glutamate (I)*** (2.1 g) was shaken at room temperature in H2 atmos-
phere for 6 hrs with amixture of jSmercaptoethylamine (1.0 g), and 0.51V NaOH solution (25 ml).
The undissolved material (0.6 g) was then filtered off (still in H2 atmosphere) and the solution
acidified with 6N HCI (5.0 ml). The precipitated material was centrifuged and washed first
with 0.1N HCI (3 X 25 ml), then with water (3 x 25 ml) in the centrifuge tube, and dried.
The probable composition**** of the white amorphous powder (0.4 g) was calculated frommeth-
oxyl and sulphur determinations:
Poly-TGOMG13GIu7 (M100 = 13714). Found S 2.04; OCH33.00; N 11.3. Calcd. S 2.10; OCH3
2.94; N 11.1%.

Reaction of amphoteric polyglutamic acid derivatives, containing ester groups with
R-mercaptoethylamine

A partially modified polyglutamic acid derivative (1.0 g) characterized as poly-D MAGT71*
MGIsGlu8 was shaken in H2 atmosphere at 60 °C for 25 hrs with B-m rcaptosthylami.ie (0.5 g)
dissolved in ethanol (35 ml). The undissolved material (0.26 g) was centrifuged off and the so-
lution evaporated to dryness. The residue, dissolved in water (5 ml) was dialyzed for 3 days
against distilled water. The white material (0.5 g), isolated by lyophilization did not contain
uncombined reagents, as shown by paper chromatography. The composition of the material
was calculated from sulphur and methoxyl determinations, assuming that the molar ratio of
basic and acidic parts remained unchanged. According to this, the assumed composition is:
Poly-TGTDMAG7AMGIIGIu8 (Moo = 18669). Found S 1.20; OCH3 1.86. Calcd. S 1.18; OCH3
1.83%.

The presence of free SH groups could only be detected [14] in the compound after
treatment with mercaptoethanol [13].

*1G stands for N-[2-(/3-imidazolyl)-ethyl]-L-glutaminyl residues.
**Mi00 is the average molecular weight of a polymer whose degree of polymerization
is 100.
*** See footnote on page 301
**** TG stands for N-(2-mercaptoethyl)-L-glutaminyl residues. For the sake of simplic-
ity, the composition was calculated by assuming structural parts containing free mercapto
groups, though their presence could only be detected with sodium p-ehloromercurybenzoate
[14] after treatment with mercaptoethanol [13].
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Reaction of poly-y-methyl-L-glutamate with a mixture of B-mercaploethylamine and histamine

Poly-y-methyl-L-glutamate (1)* (1.0 g) was blended with a mixture of thoroughly pow-
dered histamine (10 g) and /S-mercaptoethylamine (0.78 g), then heated in N2atmosphere to
95-98 °C. The viscous, molten material was stirred at this temperature for 74 hours, then
cooled and diluted with anhydrous ethanol (15 ml). Finally ligroin (5 ml) was added. The solvents
were decanted from the precipitated sticky amorphous material, and the residue was treated
with a mixture of ethanol (7 ml) and ligroin (5 ml). After discharging also these solvents, the
remainder was treated with ethanol (2x15 ml) until it transformed into a powder. This was
filtered off and washed with ethanol. The composition of the material (0.75 g) — insoluble both
in water and in acids — was calculated from methoxyl and sulphur determinations. The as-
sumed composition is:

Poly-TG1IG52MG25G lu4 (Mxoo = 19228). Found S 3.10; OCH34.08. Calcd. S 3.17; OCH34.05%.

To the first mother liquor obtained in the course of working up the reaction mixture,
more ligroin (10 ml) was added and the precipitated material was worked up as the former.
The probable composition of this second product (0.3 g), according to methoxyl and sulphur
determination, was the following:

Poly-TG321G48MGI16Glu4 (Mioo = 19498). Found S 5.22; OCH3 2.49. Calcd. S 5.26;0CH32.55%.

The presence of free mercapto groups could only he detected [14] in both compounds
after treatment with mercaptoethanol [13].

*

The authors’ thanks are due to Prof. V. Bruckner, Director of the Institute of Organic
Chemistry, for giving an opportunity to carry out the experiments and for his critical comments.
We also wish to express our thanks to our Microanalytical Laboratory, supervised by Mrs.
H. Medzihradszky, for the analyses.
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The synthesis of poly-y-glutamic acid via its polybenzyl ester and poly-t-butyl
ester is described. Two types of dipeptide active ester salts, a<x’-dibenzyl y-L-glutamyl-
L-glutamate p-nitrophenyl ester hydrochloride (VIII) and both the L-L and the D-D
stereoisomers of a,a’-di-t-butyl y-glutamyl-glutamate pentachlorophenyl ester hydro-
chloride (XI111) have been prepared by coupling suitably protected glutamic acid deriv-
atives by the active ester method. Polyautoacylation reaction of the dipeptide deriv-
atives VIII and XIII, carried out in dimethylformamide solution in the presence of
triethylamine, resulted in poly-a-benzyl-glutamate (XV) and poly-ot-i-butyl-glutamate
(XV 1), respectively, in yields of 50—60%. Catalytic hydrogenation of the polybenzyl
ester (XV) in a mixture of hexamethylphosphoric triamide and dimethylformamide
gave a polyacid containing about 15—20% of the a-carboxyl groups still esterified.
The poly-a-t-butyl-glutamate (XVII) was transformed into the polyacid by removing
the t-butyl groups with 97% trifluoroacetic acid in nearly quantitative yield. The num-
ber average molecular weights of the poly-a-i-butyl-glutamate and the poly-y-glutamic
acid prepared from it were found to be 17 500 and 12 500, respectively, by amino nitro-
gen analysis. The polyglutamic acid obtained from the polybenzyl ester had very low
molecular weight (1300). Total hydrolysis of the high molecular weight poly-y-glutamic
acid showed it to be optically pure (at least 99+3% ). The optical rotations of the
polyacids synthesized through the polymethyl and the poly-t-butyl esters have been
compared and their relations explained.

In a previous communication [1] two of us reported a new synthesis of
poly-y-glutamic acid via its polymethyl ester. Though all our investigations
carried out so far have shown the synthetic product to be built up entirely of
y-linked glutamic acid residues [1, 2], the absolute structural purity of the
polyacid has remained disputable to a certain extent, because the possibility
of y —»a transpeptidation [3] in the course of the alkaline hydrolysis of the
polymethyl ester could not be precluded. As the available analytical methods
are not sensitive enough to detect a slight amount of a-linkages in the polymer,
we wanted to solve the problem by working out new routes for the preparation
of poly-y-glutamic acid, which do not involve alkaline treatment. Two possi-
bilities appeared suitable for this purpose, namely the synthesis of poly-<x-
benzyl- and poly-oe-i-butyl-glutamates which can be converted into the poly-
acid by hydrogenolytic and acidolytic cleavage, respectively, instead of al-
kaline hydrolysis of the ester groups.
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Synthesis of dipeptide active ester salts

Since fairly good results had been obtained in polymerizing the active
ester salts of a,a’-dimethyl y-glutamyl-glutamate [1], we followed the same
general method in the synthesis of the two polyesters mentioned above. So we
had to synthesize, first of all, the appropriate active ester salt derivatives of
the a,a’-dibenzyl and a,a’-di-i-butyl y-glutamyl-glutamates.

Synthesis of a,of-dibenzyl y-glutamyl-glutamate p-nitrophenyl ester hydro-
chloride (VII1)*. In the course of the synthesis of the dipeptide dibenzyl ester
derivative, temporary protection of the amino group of the acylating compo-
nent must be accomplished by a group which can be selectively removed from
the dipeptide derivative without cleavage of the a-benzyl esters. In the first
experiments an attempt was made to use t-butyloxycarbonyl group [4, 5] for
this purpose. We succeeded in obtaining a crystalline dicyclohexylammonium
salt (I11) by acylating a-benzyl glutamate (IlI) [6] with the p-nitrophenyl ester
of a-benzyl N-t-butyloxycarbonyl-glutamate (I) in the presence of dicyclohexyl-
amine. The active ester | was prepared from a-benzyl N-i-butyloxycarbouyl-
glutamate [7] and p-nitrophenol by the dicyclohexyl-carbodiimide method

[8].

BOC-GIu-OBZL  H-GIu-OBZL DrH. BOC GIlu-OBZL
I + I '
1+ ONP — <OH -OH.DCHA

It may seem unusual to use a secondary instead of a tertiary base in a
peptide bond forming reaction, but — as our experiments have shown — the
NH group of dicyclohexylamine, with the two bulky cyclohexyl groups at-
tached to it, does not significantly compete with the primary amino group ofthe
ester component in the acylation reaction.**

Though the dicyclohexylammonium salt 11l was obtained in analyti-
cally pure state after repeated crystallizations, the free dipeptide acid liberated
from it by citric acid could not be crystallized. Therefore, we gave up this way
of synthesis and looked for other possibilities.

Weygand and Hunger [10] have reported the application of the p-
methoxy-benzyloxycarbonyl group — introduced into the methodics of peptide
chemistry by McKay and Albertson [4] — as a useful amino protecting
group in the syntheses of N-protected benzyl ester derivatives of a series of
y-glutamyl oligopeptides. One of the compounds described by Weygand and

* For abbreviations, see Reference [22] of our previous article [1].

** An analogous reaction, the acylation of dicyclohexylammonium salts of amino acids
with carbobenzoxy-peptide pentachlorophenyl esters, was reported recently by Kapoor and
Davis [9].
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Hunger, namely oca’-dibenzyl N-p-methoxy-benzyloxycarbonyl-y-glutamyl-
glutamate (VI) promised to be an appropriate intermediate also for our pur-
poses. We prepared, however, the above dipeptide derivative (VI) in a modi-
fied way by acylating a-benzyl glutamate (llI) with a-benzyl N-p-methoxy-
benzyloxycarbonyl-glutamate p-nitrophenyl ester (V) obtained from the
protected a-benzyl ester (IV) [10] and p-nitrophenol by the usual dicyclohexyl-
carbodiimide procedure [8]. Both the yield of our synthesis and the purity of
the product were better than those described earlier [10].

PMZ—Glu—OBZL HONP  pMZ—Glu—OBZL

OH DCCI ONP
\Y
pMZ-Glu —OBZL H—GIlu—OBZL gbN pMZ--Glu-OBZL
Lo + L e 1 i
NP -OH OH

I \Y/

The condensation of the dipeptide acid VI with p-nitrophenol by means of
dicyclohexyl-carbodiimide gave the crystalline protected dipeptide active ester
VI1l, whose protecting group was removed by mild acidolysis with trifluoro-
acetic acid in the presence of anisole [10]. The trifluoroacetate obtained in this
way could be transformed into the dipeptide p-nitrophenyl ester hydrochloride
VIl by saturating a solution of the former in tetrahydrofuran with dry hydro-
gen chloride (cf. [10]).

HONP  pmz' “Glu-OBZL 1TFA ,  HCLH--Glu-OBZL

bed ONP  2-HCl
r - 2

W Yl

The a,a’-dibenzyl y-glutamyl-glutamate p-nitrophenyl ester hydro-
chloride (VII11) was obtained, after recrystallization from acetone—ether, as a
sharp-melting, both analytically and chromatographically pure substance,
which proved to be an appropriate starting material for the polymerization
reaction.

Synthesis of a,a’-di-t-butyl y-glutamyl-glutamate pentachlorophenyl ester
hydrochloride (X111). In the synthesis of the active ester salt derivative of the
dipeptide di-X-butyl ester (XIII), the carbobenzoxy group promised to he the
most advantageous amino protecting group, since its hydrogenolytic cleavage
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does not involve any damage to the t-butyl esters, which are very sensitive
to acid treatment. It had to be considered, however, that the p-nitrophenyl
ester is reducible by catalytic hydrogenation, thus it must not he applied as
the active ester derivative in this case. The preparation of the dipeptide active
ester salt followed the general route used in the syntheses of both the methyl
[1] and the benzyl ester derivatives as summarized below.

Z-Glu-0Bul H—GIlu—OBU* ¢i3N Glu-OBu*
L opcp + L OH THF P OH
IX X
Z'-Glu—OBid Hypd HCLH+ Glu-OBu*
HOPCPA “OPCP
pDecl -OPCP
Xl Xl

The two glutamic acid derivatives IX and X were prepared in the follow-
ing way. y-Methyl N-carbobenzoxy-glutamate [11] was converted into the
a-i-butyl ester both by transesterification with t-butyl acetate according to
Taschner et al. [12], and by proton-catalyzed addition of isobutylene [13].
Selective hydrolysis of the y-methyl ester group with sodium hydroxide solu-
tion afforded the a-t-butyl N-carbobenzoxy-glutamate which was isolated in
the form of its dicyclohexylammonium salt [12, 14]. The protected semi-ester
liberated from this salt was described by Taschner [12] as a slowly crystalliz-
ing oil. We obtained it, after recrystallization from a mixture ofether-petrol-
eum ether, in analytically pure, crystalline state. It was attempted to convert
the protected semi-ester into different active esters (p-nitrophenyl ester, N-
hydroxyphthalimide ester), but it was only the pentachlorophenyl ester (1X),
described also by Kovacs et al. [15], that could he obtained as a crystalline
substance.* Catalytic hydrogenation of a-t-butyl N-carbobenzoxy-glutamate
gave the free semi-ester X. We did not succeed in crystallizing this substance,
the solid microcrystalline powder had, nevertheless, a fairly sharp melting
point and proved to be pure by both elemental analysis and thin-layer chro-
matography. Coupling of the protected active ester IX and a-t-butyl gluta-
mate (X) was achieved — after a series of unsuccessful experiments — in
tetrahydrofuran by applying triethylamine as a base. Since a-t-butyl gluta-
mate (X) is insoluble in tetrahydrofuran, the heterogeneous reaction required
very intensive stirring to go to completion. The crystalline dipeptide derivative
X1 was converted into the corresponding y’-pentachlorophenyl ester (XII) by

* |t is to be noted that K ovacs et al. [15] described the p-nitrophenyl ester, too, as a
low-melting crystallline substance, but without giving any details on the preparation of either
of the two active esters.
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the dicyclohexyl-carbodiimide method [8]. The laststep inthe preparation of the
dipeptide active ester salt (XIIl) was the removal of the carbobenzoxy group
from the protected dipeptide active ester XII. This was effected by catalytic
hydrogenation in the presence of hydrogen chloride used in a slight excess
above the stoichiometric quantity. Both the 14 and the d-d antipodes
of the pentachlorophenyl ester hydrochloride of a,a’-di-Z-butyl y-glutamyl-
glutamate (XIIl) were prepared. These salts were repeatedly recrystallized
from ethanol-ethylacetate—ether mixture to obtain chromatographically pure
substances with sharp melting points and elemental analyses in good agree-
ment with the calculated values. They served as appropriate starting materials
for the synthesis of the two antipodes of poly-a-t-butyl glutamate.

Preparation of the polyesters (Polymerization)

The polymerization of the dipeptide active ester salts (VIII and XIII)
was achieved by deprotonating the amino group with a tertiary base. The free
dipeptide active esters (XIV and XVI) underwent a polyautoacylation reac-
tion resulting in the corresponding polyesters (XV and XVII):

HCLH -Glu-0Q Ef3N H mGlu-0Q Ef3N H.GIu-00

p L (-Et3NHCI ) " 1 (-EIN.HOY) * 1 -OH(OY)
Q-BZI, Y=NP; Vili XIV XV
Q=Bu>, Y=PCP; Xl XVI il

The reactions were carried out in a similar way as in the case of the prep-
aration of poly-a-meth'yl-glutamate [1]. Dimethylformamide proved to be a
better solvent than dimethyl sulfoxide for both starting dipeptide derivatives.
The concentrations of the latter were about 0.5—1.0 mmole/ml. The polymeri-
zation was made at room temperature by stirring the solutions in the presence
of 2.0—2.2 equivalents of triethylamine for several hours, and then allowing
the reaction mixtures to stand for a day. Though the IR band at 1780 cm-1,
characteristic for the active ester group [1], could not be detected in the spec-
trum of the reaction mixture half an hour after the addition of the base, the
polymerization reaction did possibly not end in such a short time, since the
viscosity of the solutions was still in increase (cf. [1]).

The isolation procedure was somewhat different in the case of the two
polyesters. The polybenzyl ester, being very scarcely soluble in every common
organic solvent, was isolated by diluting the viscous reaction mixture with
hot methanol and washing the precipitated substance with the same solvent.
The polyester was obtained as an amorphous white powder in a yield of 51%.
The poly-t-butyl ester is, in turn, fairly soluble in both ether and water, so the
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crude product precipitated from the reaction mixture by the addition of
ether was washed with water (to eliminate triethylammonium chloride) and
ether (to remove the last traces of pentachlorophenol). The yield of poly-a-i-
butyl-glutamate was between 55 and 60%.

The number average molecular weights of the different samples of poly-
a-t-butyl-glutamate were calculated from their amino nitrogen contents
determined by the modified van S1yke method [16]. The amino nitrogen ana-
lysis of the polybenzyl ester could not be performed, because this substance
failed to dissolve in the solvents applicable in the analytical procedure.

The reaction conditions and yields of the polymerization experiments,
together with the molecular weights of the polymers are summarized in Table I.

Table |1

Reaction conditions of the preparation and molecular weights of esters of poly-y-glutamic acid

Structure of the polyester
Number average

No. ES[S::B/;”Q Confign. Solvent Yield, % Amino N, % molecular weight
I BZL L DMFA 51 — —
2 L DMSO 55 0.09 15 500
3 Bu( L DMFA 57 0.08 17 500
4 D DMFA 60 0.15 9 500

As it can be seen from the data listed in Table I, the molecular weights of the
poly-t-butyl-glutamate samples are about two or three times higher than those
of the corresponding polymethyl esters [1]. This may'probably be accounted
for by the relatively high solubility of the poly-i-butyl ester allowing the poly-
merization reaction to proceed to a higher degree than in the case of the less
soluble polymers. The practical insolubility of the polybenzyl ester made the
determination of its molecular weight, unfortunately, impossible. However,
since the molecular weight of the polyacid prepared from the polybenzyl ester
is rather low (see below), that ofthe polyester cannot be very high, either.

Conversion of the polyesters into the polyacid

The benzyl groups of poly-ot-benzyl-glutamate were removed by catalytic
hydrogenation. Because of the practical insolubility of this substance in most
of the common organic solvents, this preparative task was fairly difficult to
perform. It was only hexamethylphosphoric triamide that proved to be an
appropriate solvent for this purpose. The polyester could be dissolved in this
solvent on warming, and did not precipitate even after dilution of the solution
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with dimethylformamide. So the hydrogenation was carried out in a mixture
of these two solvents. After the uptake of hydrogen had stopped, the catalyst
was removed, and the dimethylformamide was evaporated under reduced
pressure. The remaining concentrated solution of the hydrogenated polyester
in hexamethylphosphoric triamide was diluted with water, and — after the
addition of fresh, prehydrogenated catalyst — the hydrogenation was contin-
ued. An additional slight amount of hydrogen was still absorbed. After the
evaporation of water, the polyacid was precipitated by adding ether to the
remaining concentrated solution. The crude product contained a considerable
amount of hexamethylphosphoric triamide that made it rather hygroscopic.
Therefore, it was dissolved again in water and dialyzed. The dialyzate was
concentrated, and the polyacid was finally precipitated from the concentrated
water solution by ethanol and ether.

The poly-y-glutamic acid obtained in this way still contained benzyl
residues the amount of which was determined by measuring the UV absorption
of the substance. (When calculating the benzyl content, the molar extinction
coefficient of the benzyl groups was taken as identical with that of toluene.)
According to the spectroscopic measurements, about 15—20% ofthe carboxyl
groups remained esterified. The failure of poly-a-benzyl-glutamate to undergo
complete change into poly-y-glutamic acid is in accordance with earlier ex-
periments [17] on poly-y-benzyl-glutamate, whose benzyl groups could not be
removed quantitatively by catalytic hydrogenation, either.

The conversion of poly-x-t-butyl-glutamate into the free polyacid was effect-
ed by acidolysis with trifluoroacetic acid [18]. As Kovacs et al. [15] reported
in connection with the preparation of poly-glutamyl-alanyl-glutamic acid from
the corresponding y-f-butyl ester,they had found that the optimal conditions
for the cleavage of the t-butyl groups consisted in a treatment with 90% tri-
fluoroacetic acid at room temperature for 50 minutes. Accordingto ourexperi-
ments, complete removal of the t-butyl groups from poly-a-t-butyl-glutamate
requires somewhat more energetic reaction conditions. We reacted the poly-
ester with 97% trifluoroacetic acid for at least 90 minutes at room tempera-
ture and for additional 24 hours at 0 °C, or we repeated the trifluoroacetic
acid treatment. Milder cleavage afforded polyacids containing more or less
t-butyl groups determined by the usual methoxyl analysis. The poly-y-gluta-
mic acid was isolated by diluting the trifluoroacetic acid solution with ether,
and washing the precipitated substance with several portions of a large amount
of the same solvent. To eliminate the last traces of included ether, the polyacid
was finally dissolved in water and freeze-dried. The conversion was almost
quantitative.

Molecular weights of the polyacids. The number average molecular weights
of the different poly-y-glumatic acid samples were determined by the modified
van Slyke method [16, 19] and are summarized in Table Il. The polyacid
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prepared from poly-a-benzyl-glutamate had very low molecular weight, owing
probably to the low solubility of the polyester; precipitation of the latter
during the polymerization reaction might have caused chain propagation to
break off too early. In contrast to this, the molecular weight of the poly-y-
glutamic acid obtained from the poly-i-butyl ester was even higher than that
of the polyacid made via the polymethyl ester [1]. Since the accuracy of the
amino nitrogen analysis decreases with increasing molecular weight, the high
values presented in Tables | and Il may be rather erroneous. It may, however,
be stated with certainty that the molecular weight of the polyacid synthesized
via the poly-i-butyl ester is about 10 000, i.e. the highest ofall synthetic poly-y-
glutamic acids obtained by us so far [1, 2].

Table 11

Reaction conditions of the preparation and molecular weights of poly-y-glulamic acids

Structure of the starting

polyester Reaction conditions of . . Number average
No.® preparation Yield, % Amino-N % mglecular\\;veigght
Esterifying group Confign.
H2Pd
| BZL L HMPAft—DMFA 52 1.08 1300
H2
3 L 95 0.12 12 500
Bu’ 97% TFA
4 D 98 0.20 7000

a) Numbers refer to those in Table I; b) hexamethylphosphoric triamide.

Structure and optical purity. The results of elemental analysis of the poly-
y-glutamic acid (made via the poly-i-butyl ester) are in fairly good agreement
with the values calculated for a polyacid containing half a mole of water per
glutamyl residues (cf. [1, 2]). As to the structural homogeneity of the polyacid,
it is to be kept in mind thatthe synthesis ofthe poly-t-butyl ester has proceed-
ed in a strictly unequivocal route, therefore the possibility for accidental for-
mation of «-glutamyl residues in the polyacid might only have arisen from
acid-catalyzed transpeptidation during the acidolytic elimination of the t-
butyl groups. However, K ovacs et al. [15] made very accurate investigations
on the possibility of this sort of isomerisation during the trifluoroacetic acid
treatment of model peptides containing i-butyl esters of «- or y-glutamyl
residues, and concluded that no transpeptidation occurred under these condi-
tions. Their results are in accordance with earlier views [20] concerning the
resistance to transpeptidation of the i-butyl esters of glutamyl and aspartyl
residues. As no y —a transpeptidation could be observed even after the al-
kaline hydrolysis of poly-a-methyl glutamate [1], it was thought to be justi-
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fied not to reckon with this isomerization at all, and to take the structural
homogeneity of poly-y-glutamic acid for granted.

The optical purity of the polyacid was tested by total hydrolysis in the
same manner as described in a previous paper [1]. According to the results of
this experiment, the error of which amounts to about +3%, the polyacid
proved to be optically pure. Though the optical rotations of the acid hydroly-
zates of the polyacids derived from the poly-a-methyl- and the poly-a-i-butyl-
glutamates, respectively, were exactly identical, the specific rotations (at
the sodium D line) of the two substances differed in a non-negligible extent:
the polyacid prepared from the poly-i-butyl ester gave a value of [a]0 —36.9°
(for the L-antipode), while the polyacid made from the polymethyl ester
gave only [<x]pg—24° to —27° (measured on different samples of the L-anti-
pode). At first sight one may think that — since both polyacids are optically
pure — the difference in specific rotation can be attributed to the occurrence
of a-glutamyl residues in the polyacid synthesized via the polymethyl ester.
However, an a-linked L-glutamic acid residue has much higher negative rota-
tion (—79°, calculated as the difference between the molecular rotations of the
a-tripeptide and a-dipeptide of L-glutamic acid [21]) than the corresponding
y-linked residue (—22° [22]), therefore the presence of a-glutamyl residues
in the polyacid should have caused the rotation to shift in the direction just
opposite to that observed. The difference in the rotations of the two poly-y-
glutamic acids can be interpreted on the basis of the rather great difference in
their molecular weights. The even smaller value of the specific rotation of the
low molecular weight polyacid obtained from the polybenzyl ester is also in
agreement with this reasoning. Analysis of the optical rotatory dispersions
of y-linked oligo- and polypeptides of glutamic acid (cf. [22], and some other
data to be published in detail later) seem also to substantiate these conclu-
sions. It can, therefore, he stated that the poly-y-glutamic acids synthesized
by the two methods (via the polymethyl and the poly-t-butyl esters) differ
only in their molecular weights and not in optical purity or structural homo-
geneity. Thus the scruples about the adequacy of the former syntheses [1]
to yield polyglutamic acids with pure y-linked structures may be rejected.
The new synthesis via poly-a-t-butyl glutamate has, nevertheless, to be re-
garded as the best one, because of the higher molecular weight of the polyacid
obtained by it. The polybenzyl ester proved in all respects to be the least
suitable intermediate for the synthesis of poly-y-glutamic acid.

Note added in proof. Fractionation experiments on Sephadex G-50 column have shown the po-
ly y-glutamic acids to contain a considerable amount ofcyclopeptide impurities. Accordingly
the high molecular weights calculated from amino-IN analysis should be erroneous. It is
very probable that the high value of the specific rotation of the polyacid may also be
caused by the cyclopeptide content of the sample. Experiments are in progress and will
be published later.
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Experimental

All m.p.’s are uncorrected and were taken on a Tottoli apparatus (W. Biichi, Flawil/
Schweiz). The optical rotations were measured with a visual polariméter (Schmidt-Haensc h)
using a sodium lamp. Before microanalysis, the samples were dried in a vacuum desiccator
over phosphorus pentoxide for 8—10 hrs at a temperature (50—100 °C) adjusted to the m.p.
of the substance to be analyzed. Thin-layer chromatograms were made on silica gel (Kieselgel-G
nach Stahl, Merck) using the following solvent mixtures:

a) ethyl acetate-pyridine-acetic acid-water (60 :20 :6 :11),

b) n-butyl alcohol-acetic acid-water (4:1: 1),

¢) n-butyl alcohol-pyridine-acetic acid-water (30 :20 :6 :24).

a-Benzyl N-f-butyloxycarbonyl-L-glutaniatc p-nitrophenyl ester (I)

A cold solution of a-benzyl N-t-butyloxycarbonyl-L-glutamate (1.60 g; 4.8 mmoles)
[7] and p-nitrophenol (0.66 g; 4.8 mmoles) in ethyl acetate (8 ml) was mixed with dicyclohexyl-
carbodiimide (0.98 g; 4.8 mmoles). The reaction mixture was stirred for 2 hrs under cooling
and then let to stand for a day at room temperature. After cooling for several hours, the
mixture was filtered and the dicyclohexylurea (1.00 g; 94%) washed with ethyl acetate (4 ml);
the ethyl acetate solution was washed with 8% NaHCO03solution (2x5 ml) and water (5 ml).
The dried (MgS04) solution was evaporated under reduced pressure. The remaining oil crystal-
lized (2.05 g; 94%); m.p. 90—94 °C. This crude product was recrystallized from ethyl acetate-
ether (1 : 1) (2 ml) to yield 1.28 g (58%) of pure I, m.p. 100—102 °C, [a]!)0 —15° (c = 1, metha-
nol).
C23H 26N 20 8 (485.5). Calcd. C 60.25; H 5.71; N 6.11. Found C 59.87; H 6.04; N 5.93%.

Dicyclohexylammonium salt of a,a’-dibenzyl N-i-butyloxycarbonyl-y-L-glutamyl-L-glutamate
(HD)

A solution of a-benzyl L-glutamate (I1) (0.88 g; 3.7 mmoles) [6], a-benzyl N-t-butyloxy-
carbonyl-L-glutamate p-nitrophenyl ester (I) (1.70 g; 3.7 mmoles), and dicyclohexyl-carbo-
diimide (0.67 g; 3.7 mmoles) in dimethylformamide (18 ml) was stirred for 3 hrs and then let
to stand for a day. The solvent was removed under reduced pressure, and the remaining oil
taken up in anhydrous ether (30 ml). The dicyclohexylammonium salt of the dipeptide deriv-
ative soon crystallized. After standing for 24 hrs, the crystals were filtered off and washed
thoroughly with several portions of anhydrous ether (50 ml) to obtain 2.43 g (89%) of IlI,
m.p. 116 —119 °C. Recrystallization of the product from aqueous alcohol did not raise the
m.p. significantly (117—119 °C); [a]B° —19.6° (c = 3, methanol).

C41H 5N 30 4 (737.9). Calcd. C 66.73; H 8.06; N 5.70. Found C 66.65; H 8.10, N 6.07%.

a,a’-Dibenzyl N-i-butyloxycarbonyl-f-L-glutamyl-L-glutamate

The above dicyclohexylammonium salt (111) (1.1 g; 1.5 mmoles) was suspended in ethyl
acetate (25 ml) andwater (15 ml). Citric acid was adde I(to adjustto pH 3),and the mixture was
shaken until the salt dissolved. After the separation of the phases, the aqueous layer was
extracted with two 15-ml portions of ethyl acetate, and the combined ethyl acetate solutions
were dried and evaporated under reduced pressure. A yellow oil (0.85 g; 100%) was obtained
which failed to crystallize.

a-Benzyl N-(p-methoxybenzyloxycarbonyl)-L-glutamate p-nitrophenyl ester (¥)

p-Nitrophenol (1.53 g; 11 mmoles) and dicyclohexyl-carbodiimide (2.26 g; 11 mmoles)
were added to a cold solution of a-benzyl N-(p-methoxybenzyloxycarbonyl)-L-glutamate (IV)
(4.01 g; 10 mmoles) [10] in ethyl acetate (9 ml). The resulting solution was stirred for 1 hr.
at 0 °C and for 2 hrs at room temperature. Next day the dicyclohexylurea (2.04 g; 92%) was
filtered off and washed with a small amount of ethyl acetate. The ethyl acetate solution was
diluted with the same solvent to about 40 ml, washed with 8% NaHCO03solution (3 X 10 ml)
and water (2 X10 ml), dried over MgS04, and finally evaporated in vacuo. The remaining
oil was rubbed with ether (40 ml) until it transformed into a powder. It was then crystallized
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from ethyl alcohol (16 ml) to yield 3.7 g (71%) of the p-nitrophenyl ester of a-benzyl N-(p-
metboxybenzyloxycarbonyl)-L-glutamate. The m.p. of this product (77—79 °C) raised, after
two recrystallizations from alcohol, to 83—84 °C; [a]i® —16.0° (e = 5, ethyl acetate).

C27H 26N 20 9 (522.5). Calcd. € 62.10; H 5.00; N 5.40. Found C61.75; H 5.25; N 5.50%.

a,a’-Dibenzyl N-(p-methoxybenzyloxycarbonyl)-7-L-glutamyl-L-glutamate (V1)

Triethylamine (2.74 ml; 19.5 mmoles) and a-benzyl N-(p-methoxybenzyloxycarbonyl)-L-
glutamate p-nitrophenyl ester (V) (10.20 g; 19.5 mmoles) were added to a suspension of a-
benzyl L-glutamate (I1) (4.62 g; 19.5 mmoles) [6] in dimethylformamide (32 ml), and the reac-
tion mixture was stirred at room temperature for 2 hrs. During this time most of the semi-ester
went into solution. Next day the solution was filtered from the undissolved crystals and evap-
orated at about 1 torr (bath temperature 40 °C). The oily residue was taken up in ethyl ace-
tate (180 ml), and the solution was washed with two 50-ml portions of ice-cold 0.5JV H2S04.
After drying (M gS04), the solvent was evaporated under reduced pressure, and the remaining
crystalline substance was suspended in ether (140 ml), filtered, and washed thoroughly with
several portions of warm ether. The resulting crude product (9 g; m.p. 135—140 °C) was re-
crystallized from ethyl acetate (150 ml) to yield 8.44 g (70%) of the pure a, a’-dibenzyl N-(p-
methoxybenzyloxycarbonyl)-"/-L-glutamyl-i,-glutamate, m.p. 143—146 °C; J|a]j* —5.1°
(c = 2.5, acetic acid). The physical constants of the same substance described formerly [10]
are: m.p. 133—135 °C; [a]i>3 —5.15° (c = 2.5, acetic acid).

C33H 36N 20i0 (620.6). Calcd. N 4.52. Found N 4.65%.

a, a’-Dibenzyl N-(/f-niethox\ benz\loxycarbony])-''-L-g]Jutainyl-l.-glutamate p-nitrophenyl ester
(Vi)

The protected dipeptide dibenzyl ester described above (VI) (6.61 g; 10.6 mmoles) was
dissolved in a mixture of tetrahydrofuran (12 ml) and dimethylformamide (4 ml), and to this
solution p-nitrophenol (1.63 g; 11.7 mmoles) and dicyclohexyl-carbodiimide (2.41 g; 11.7
mmoles) were added under stirring and cooling. Stirring was continued for 1 hr. at 0 °C and
for 2 hrs at room temperature. The reaction mixture was allowed to stand for a day. The
precipitated dicyclohexylurea was then filtered off and washed thoroughly with tetrahydro-
furan (8—10 ml). The solvent was distilled off under reduced pressure, and the remaining oil
was dissolved in ethyl acetate (80 ml). The ethyl acetate solution was washed with 3% K2CO03
solution (2 x 25 ml) and water (25 ml), dried over anhydrous MgS04, and then evaporated in
vacuo. The oily residue was rubbed under frequently changed portions of ether until it solidi-
fied. This solid substance was finally boiled out with three 40-ml portions of ether; it weighed
6. 33 g (80%) and melted at 103—106 °C. Recrystallization of the crude product first from
aqueous methanol (50%) and then from aqueous ethanol (50%) raised the m.p. only slightly,
and yielded 4.84 g (61%) of the pure substance; m.p. 104—106.5 °C; [a]]? —16.3° (c = 2,
dimethylformamide).

CS9H 39N 80 j2 (741.8). Calcd. C 63.15; H 5.30; N 5.65. Found C 63.50; H 5.50; N 5.50%.

a,a’-Dibenzyl "-L -glutamyl-l.-glutamate p-nitrophenyl ester hydrochloride (VUI)

The protected dipeptide nitrophenyl ester VII (1.81 g; 2.44 mmoles) was dissolved in
ice-cold trifluoroacetic acid (3.3 ml) to which anisole (0.6 ml) was added. The solution w'as kept
for 90 min at 0 °C, and then trifluoroacetic acid was distilled off under reduced pressure (at a
temperature of max. 30 °C). The residue was taken up in tetrahydrofuran (7 ml), and the solu-
tion saturated with dry hydrogen chloride under cooling. The active ester hydrochloride was
precipitated by anhydrous ether (about 100 ml), filtered, washed several times with ether, and
finally dried. This product weighed 1.31 g (87%) and melted at 90—92 °C with sintering from
82 °C. Recrystallization from asmall amount of acetone-ether gave 0.9 g (60%) of the analyti-
cally pure a,a’-dibenzyl y-L-glutamyl-L-glutamate p-nitrophenyl ester hydrochloride, m.p. 93 —
96 °C [a]n6 —11.7° (e = 3, dimethylformamide), R/.(b) 0.39.

C30H 32N 309CI (614.0), Calcd. C58.70; H 5.30; Cl 5.77. Found C 58.85; H 5.85; Cl 5.67%.
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a-i-Butyl N-carbobenzoxy-L-glutamate

A suspension of the dicyclohexylammonium salt of a-t-butyl N-carbobenzoxy-L-gluta-
mate (42 g; 81 mmoles) [12,14] in ether (160 ml) was cooled in ice and shaken, under contin-
uous cooling, with the same volume of ice-cold IN H2S04 until all the solid dissolved. After
the separation of the phases, the agueous layer was extracted with two 80-ml portions of
ether, the combined ether solutions were washed with water (80 ml), dried over MgS04 and
evaporated under reduced pressure. The remaining oil (25.5 g; 94%) crystallized in a few days,
m.p. 82—83.5 °C. No rise in the m.p. was observed after recrystallization of the solid substance
from a mixture of ether and petroleum ether; [a]n5 —27.3° (¢ = 3, methanol).

C.,H2NOe (337.4). Calcd. C60.52; H 6.87. Found C 60.81; H 7.07%.

The n-antipode of this substance melted at 82—83.5 °C; [a]}> -j-27.2° (c = 3, methanol).

a-1-Butyl N-carbobenzoxy-L-glutamate pentachlorophenyl ester (1X)

A solution of a-i-butyl N-carbobenzoxy-L-glutamate (3.37 g; 10 mmoles), pentachloro-
phenol (2.67 g; 10 mmoles), and dicyclohexyl-carbodiimide (2.06 g; 10 mmoles) in ethyl acetate
(15 ml) was stirred for 2 hrs and then let to stand for a day at room temperature. The precipi-
tated solid (containing, besides dicyclohexylurea, also the bulk of the active ester) was filtered
off by suction and washed thoroughly with several portions of chloroform (about 40 ml).
The insoluble dicyclohexylurea weighed 2.0 g (90%). The combined ethyl acetate and chloro-
form solutions were washed with 8% NaHCO03solution (2 X 10 ml) and water (10 ml), dried over
M gS04, and evaporated under reduced pressure to obtain 5.67 (97%) of the crystalline penta-
chlorophenyl ester, m.p. 121 —123 °C. Recrystallization from ethyl acetate (7 ml) gave an
analytically pure product (4.75 g; 81%), m.p. 123—125 °C (lit. [15] m.p. 122—123 °C); [a]f>s
—18.2° (c = 3, dimethylformamide).

The D-antipode of the above active ester was prepared by the same method; m.p. 122 —
124 °C; [a]i>° +18.3° (c = 3, dimethylformamide).

a-i-Butyl L-glutamate (X)

Palladium (10%) on charcoal catalyst (0.5 g) was suspended in a solution of a-i-butyi
N-carbobenzoxy-L-glutamate (12 g; 35.6 mmoles) in methanol (200 ml), and the suspension was
shaken in a stream of hydrogen until no more carbon dioxide could be detected in the leaving
gas (3—4 hrs). After the removal of the catalyst by filtration, the solution was evaporated to
dryness under reduced pressure. The remaining gel-like substance was dried thoroughly for
several days in a vacuum desiccator over cc. H2S04. Tl.e solid a-t-butyl glutamate ¢ >uld not he
crystallized. The yield was 7 g (96%), m.p. 147—148 °C; [a]t>° -j-13.0° (c = 1, waler); RF(a)
0.28.

co9r j,N 04 (203.2). Calcd. C53.18; H 8.43; N 6.89. Found C53.12; H 9.10; N 7.31%.
a-t-ButyI D -glutam ate was prepared in the same way; m.p. 146—147 °C; [a]f>° —12.3°
(C — 2.2, water); Rp(a) 0.28.

a,a’-Di-t-butyl N-carbobenzoxy-y-L-glutamyl-L-glutamate (XI)

A suspension of a-t-butyl L-glutamate (X) (3.75 g; 18.5 mmoles) in tetrahydrofuran
(60 ml) was mixed with triethylamine (2.60 ml; 18.5 mmoles) and a-t-butyl N-carbobenzoxy-L-
glutamate pentachlorophenyl ester (1X) (9.85 g; 16.8 mmoles), and the reaction mixture was
stirred at room temperature until the semi-ester dissolved almost completely (about 4 hrs).
The solution was allowed to stand overnight, filtered from the unchanged semi-ester, and evap-
orated under reduced pressure. The remaining oil was dissolved in ethyl acetate (80 ml) and
washed twice with ice-cold IN H2504 (30 ml) and cold water (2 x 50 ml). The ethyl acetate
solution was dried over Na2S04, evaporated under reduced pressure, and the oily residue was
triturated with two portions of warm petroleum ether until it became a powder. This was fil-
tered off (5.5 g; 63%) and crystallized from amixture ofether and petroleum ether. The sub-
stance obtained (4.1 g; 47%) had m.p. 69—71 °C. Two recrystallizations from ethyl acetate-
petroleum ether raised the m.p. to 72—74 °C; [a]l5 —25.2° (c = 3, dimethylformamide).

C26H38N 20 9(522.6). Calcd. C 59.73; H 7.33; N 5.36. Found C59.82; H 7.72; N 5.30%.

The a-a stereoisomer was prepared in the same way; m.p. 71—73 °C; [a]n5 +25.0°
(c = 3, dimethylformamide).
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a,a’-Di-i-butyl N-carbobenzoxy-7-L-glutamyl-L-glutamate pentachlorophenyl ester (XII)

a,a’-Di-t-butyl N-carbobenzoxy-a-L-glutamyl-L-glutamate (XI) (3.6 g; 6.9 mmoles)
was dissolved in ethyl acetate (30 ml), and, after the addition of pentachlorophenol (2.0 g;
7.6 mmoles) and dicyclohexyl-carbodiimide (1.56 g; 7.8 mmoles) at 0 °C, the reaction mixture
was stirred for 30 min under cooling, and then for 2 hrs at room temperature. It was allowed
to stand overnight. Acetic acid (1 ml) was then added, and the solution was stirred for 1 hr.
The precipitated dicyclohexylurea (1.6 g; 94%) was filtered off. The filtrate was diluted with
ethyl acetate (40 ml) and washed with water (30 ml), 8% NaHCO03 solution (3 x 30 ml), and
again with water (30 ml). The solution was dried (Na2S04) and evaporated under reduced
pressure. The oily residue solidified on standing. It was crystallized from a mixture of ether and
petroleum ether. The resulting crystalline product (4.20 g; 79%) melted at 62—64 °C. Recrystal-
lization from the same solvent raised the m.p. to 63—65 °C; [d]d0 —19.5° (¢ — 3, dimethyl-
formamide).
Ca,H 37N 209CI5(770.9). Calcd. C49.85; H 4.84; C123.00. Found C 50.05; H 5.03; C122.94%.
The D-D antipode of this compound was prepared in the same manner, m.p. 64—65 °C;
[HL5 -)-19.70 (c = 3, dimethylformamide).

a,a’-Di-(-butyl y-L-glutamyl-L-glutamate pentachlorophenyl ester hydrochloride (XIII)

The protected dipeptide derivative XI1 (3.85 g; 5 mmoles) was hydrogenated in methan-
ol (65 ml) containing hydrogen chloride (0.22 g; 6 mmoles), in the presence of palladium(10%)-
on-charcoal catalyst (0.5 g). The hydrogenation was carried out by passing hydrogen gas
through the solution until no more carbon dioxide could be detected in the leaving gas. The
catalyst was then filtered off, and the solution evaporated under reduced pressure. The residue
was triturated with several portions of ether (100 ml). The resulting solid (2.5 g; 74%) was
crystallized from a mixture of methanol, ethyl acetate, and ether to give 2.3 g (68%) of the
pure substance, m.p. 150—152 °C; [a]i>5 —14.9° (c = 3, dimethylformamide); Rf(b) 0.69.

C24H ,2N20,Cle (673.3). Calcd. C 42.78; H 4.75; N4.16; Cl(total) 31.59; CI (ionic) 5.27.
Found C 43.10; H 5.20; N 4.33; CI (total) 31.65; CI (ionic) 5.19%.

The corresponding d-d stereoisomer was prepared similarly; m.p. 149—151 °C; [a]o
+ 15.2° (c = 3, dimethylformamide); R~ (b) 0.67.

Poly-a-benzyl-L-glutamate (XV)
(No. 1 in Table 1)

a,a’-Dibenzyl y-L-glutamyl-L-glutamate p-nitrophenyl ester hydrochloride (VIII) (2.4 g;
3.9 mmoles) was dissolved in dimethylformamide (3.9 ml) under mild warming. Triethylamine
(1.2 ml; 8.6 mmoles) was added, and the reaction mixture was stirred at room temperature.
Triethylammonium chloride separated soon, and the solution became more and more viscous.
In about 8 hrs the reaction mixture turned into an unstirrable gel; it was then set aside for a
day. The viscous solution was diluted with hot methanol (50 ml), and the separated gummy
substance was rubbed to give a powder. It was filtered off, washed thoroughly with several
portions of hot methanol (150 ml), and finally dried in a vacuum desiccator over cc. H2504.The
poly-a-benzyl-glutamate (0.87 g; 51%) was obtained in the form of an amorphous powder.

(C12H13N 03)n (219.2)n. Calcd. C 65.75; H 5.98; N 6.38. Found C 65.00; H 6.65; N 6.13%.

Poly-f-L-glutamic acid
(from the polybenzyl ester; No. 1 in Table II)

Poly-a-benzyl-L-glutamate (820 mg; 3.74 meq.) was dissolved, under mild warming, in
hexamethylphosphoric triamide (10 ml) and the resulting solution was diluted with dimethyl-
formamide (25 ml). This solutionwas added to aprehydrogenated suspension ofpalladium(10%)-
on-charcoal catalyst (0.4 g) in dimethylformamide (25 ml), and the mixture was hydrogenated
in a closed system until no more hydrogen was absorbed (4—5 hrs; uptake of hydrogen about
60 ml). After removing the catalyst by filtration, the solution was evaporated under reduced
pressure (0.5 torr; bath temperature max. 45 °C). The residue was dissolved in water (30 ml),
and hydrogenation was continued in the presence of fresh prehydrogenated catalyst (0.2 g).
Some more hydrogen (6 —8 ml) was absorbed. The catalyst was removed by filtration, and the
solution evaporated in vacuo. The residue was triturated with several portions of anhydrous
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ether, and the resulting hygroscopic powder was dissolved in water (2 ml). The polyacid was
precipitated by the addition of ethanol (100 ml) and filtered off. This procedure was repeated
two times more, and the product was finally dried in a vacuum desiccator over P20aThe poly-
y-glutamic acid was obtained as a slightly hygroscopic, amorphous powder which weighed
250 mg (52%); [a]b3 -21.0° (c = 2, 0.5N HC1).

Poly-a-t-butyl-L-glutaniate (XVII)

(a) Triethylamine (5.78 ml; 41.5 mmoles) was added to a solution of a,a’-di-t-butyl y-I.-
glutamyl-L-glutamate pentachlorophenyl ester hydrochloride (XI111) (14.0 g; 20.75 mmoles)
in dimethylformamide (38 ml), and the reaction mixture was stirred at room temperature.
Triethylammonium hydrochloride precipitated soon, and the reaction mixture became too
viscous to be stirred. More dimethylformamide (10 ml) was then added, and stirring was con-
tinued for 8 hrs. After standing for a day at room temperature, about one half of the dimethyl-
formamide was distilled off under reduced pressure (1 torr, at 45 °C), and the residual gel-like
solution was diluted with ether (200 ml). The precipitated solid was filtered off and washed
thoroughly with ether (6 x 30 ml) and water (5 x 30 ml). It was finally dried in a vacuum desic-
cator over P20 6.The polyester (4.41 g; 57%; No. 3 in Table I) was obtained as an amorphous
white powder; [a]i? —43.7° (c = 1.2, dimethylformamide).

(C9Hj5N 03)n (185.2),,. Calcd. C 58.32; H8.17; N 7.57. Found C 58.49; H 8.24; N 7.42;
Cl 0.92%.

(6) The dipeptide active ester salt(X111) (2.20 g; 3.20 mmoles) was dissolved in dimethyl
sulfoxide (3.2 ml) under mild warming, and to this lukewarm solution triethylamine (1.0 ml;
7.1 mmoles) was added. Triethylammonium chloride precipitated immediately, and the fairly
viscous reaction mixture was stirred at room temperature for 8 hrs. After standing for a day,
ether (100 ml) was added to the reaction mixture. The precipitated material was rubbed to
obtain a powder which was separated by centrifugation. The solid substance was washed with
ether (3 x 30 ml), water (3 x 30 ml) and again with ether (3 x 30 ml) in the centrifuge, and fi-
nally dried in a vacuum desiccator over cc. H2S04. The amorphous white polyester (No. 2 in
Table 1) weighed 0.67 g (55%); [a]t>° —43.4° (c = 1.2, dimethylformamide).

Poly-a-t-butyl-D-glutamate (XVII)

The D-D stereoisomer of the dipeptide active ester salt (XIIl) (1.80 g; 2.67 mmoles)
was polymerized in dimethylformamide (4.2 ml) in the presence of triethylamine (0.82 ml;
5.9 mmoles) by the same procedure as described above for the 1-1 antipode (method a).
The yield of the resulting D-polyester (No. 4 in Table I) was about the same (0.59 g; 60%);
[®]2 +46.5° (c = 1.2, dimethylformamide).

(C9H 15N 03)n(185.2)n. Calcd. C58.32; H 8.17. Found C58.64; H 8.43; Cl 2.14%.

Poly-y-L-glutamic acid
(from the poly-t-butyl ester; No. 3 in Table I1)

Poly-a-i-hutyl-L-glutamate (2.00 g; 10.8 meq.) was dissolved in ice-cold trifluoroacetic
acid (97%; 40 ml) and kept for 5 min. at 0 °C. The solution was then allowed to warm up to
room temperature, and after 100 min evaporated under reduced pressure. A second portion of
trifluoroacetic acid (100 ml) was added to the residue, and, after standing at room temperature
for 10 min, the solution was evaporated and then diluted with anhydrous ether (160 ml) and
kept in a refrigerator for several hours. The precipitated polyacid was filtered off and washed
with ether (3x50 ml). It was then dissolved in water (20 ml) and freeze-dried. The polyacid
dried over P20 5in avacuum desiccator weighed 1.30 g (95%); [a]lf>3 —36.9 (c = 2, 0.51V HC1).

(C5H,N03+1/2H20)n(138.1),,. Calcd. C 43.47; H 5.83; N 10.15. Found C43.80; A 5. 90;
N 10.31%.

Poly-y-D-glutamic acid
(No. 4 in Table II)
Poly-a-t-butyl-D-glutamate (300 mg; 1.6 meq.) was treated with trifluoroacetic acid (6.6
ml) for 30 min at 0 °C, then for 90 min at room temperature, and finally for 24 hrs at 0 °C

again. The product was isolated in the same manner as described above. The yield of the D-
polyacid was 205 mg (98%); [a]f)3 +36.0° (c = 2, 0.51V HC1).
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Determination of the optical purity

The optical purity of the poly-y-L-glutamic acid prepared from the corresponding poly-i-
butyl ester (No. 3 in Table Il) was determined by the procedure described in our previous
paper [1]. — The concentration of the polyacid solution before hydrolysis was 1.285 mg/ml.
The glutamic acid content of the hydrolyzate, determined by the Kjeldah1 method, was 1.36
+ 0.05 mg/ml. Accordingly, the value of 93 + 3% was obtained for the polyglutamic acid
content of the sample. The observed rotation of the hydrolyzate measured at 286 nm in a 10.0
mm polariméter tube at 30 °C was -f-0.0742° + 0.001°, corresponding to [a]|j|t + 545° + 15°.
The optical purity of poly-y-glutamic acid was calculated to be 99 + 3%, by comparing the
specific rotation of the hydrolyzate with that ofastandard glutamic acid solution described in
our previous paper [1].

We wish to thank Mrs. H. Medzihradszky-Schweiger, Mrs. J. Kajtar, Mrs.
S. Kutassy, Mrs. M. Dercsényi and Mrs. A. Lovasz for the microanalyses, and Dr. F.
Ruff for obtaining the spectra- Technical assistance by Mrs. G. Németh is greatly appre-
ciated.
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Addition Polymers: Formation and Characterization. Ed. Derek A. Smith.
Butterworth, London, 1968, pp. 492

Derek A. Smith’s book is based on his course of lectures, offered for many years at the
National College of Rubber Technology (Northern Polytechnic, London). The structure of the
book differs, therefore, in many respects from that of books treating similar subjects and em-
phasizes the pedagogical aspects of the mutual connection between polymer chemistry, polymer
technology and polymer physics, clearly showing the unity of science and technology. Based
on the fundamentals of organic and physical chemistry, the first three chapters of the book
survey the kinetic laws and characteristic mechanisms of polymerization processes with radical
and ionic mechanisms. The fourth chapter deals with the principles of the industrial-techno-
logical design of polymerization processes, thus completing the discussion of the preparation
of polymers. The next chapters of the book are concerned with methods for the determination
of the molecular weight, fractionation of polymers, and with methods for the study of micro-
structure and crystallinity. The last two chapters deal with problems of polymer degradation,
important from the viewpoint of practical application, and with factors and laws determining
the physical properties of solid polymers.

As indicated by this short survey of its chapters, the book gives an exhaustive descrip-
tion of polymeric plastics, including recent scientific results. A great merit of the book is the
concise and lucid manner of discussion. An extensive list of references is given at the end of
each chapter for those interested in original papers treating individual problems. The reviewer
finds it regrettable that other reactions leading to the formation of polymers, i.e. polyconden-
sation, polymerization of cyclic monomers and reactions involving polyaddition are not in-
cluded in this book. Our knowledge about these reactions would also be furthered by a book
treating its subject with similar clarity. Among all plastics produced world-wide, polymeri-
zation plastics are characterized by the most dynamic growth index, so that the subject orien-
tation of the book to this field is understandable.

Although the book is intended primarily for advanced university students, it will render
valuable services to those engaged in research or industrial technology and wishing to deepen
their knowledge in this field.

Gy. Hardy

Progress in Drug Research, Vol. 12. Ed. E. Jucker. Birkhéauser Verlag, Basel
and Stuttgart, 1968, pp. 479

The latest volume of this internationally well-known series, indispensable today in the
library of every medicinal chemist and pharmacologist, gives summaries, as was the custom in
earlier volumes, on some of the up-to-date problems of medicinal chemistry in monographic
form, written by known specialists of the field. According to the character of this field of science,
the pharmacological approach has been stressed in some chapters and the chemical one in
others, generally to such depth that the pharmacological knowledge of the chemist doing
medicinal syntheses and the chemical background of the pharmacologist are enough to
understand the subject and to use it in their practical work.
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The first chapter (by C. J. Cavalljto) deals with the contribution of medicinal chemistry
to medicine from 1935 on. The next chapter is concerned with the increasingly urgent problem
of pharmacological control of reproduction in women (reviewed by M. J. K. Harper). After
a discussion of the necessity for population limitation, the reproductive stages amenable to
pharmacological control are enumerated and discussed.

The third chapter of the book (by M. Tausk) is devoted to the practical results of twenty
years of research in endocrinology. As the author says: “The boundaries of endocrinology . . .
are fading. Most of the now known hormones were discovered in the course of this century,
and they became the rewarding objects of investigations for those scientists who know what
regulates their secretion, how they are transported, and by what mechanism they act and are
inactivated. But hormones also became drugs and thus were subjected to the rules of operation
of the pharmaceutical industry and of those who study the effects and uses of drugs irrespec-
tive of their endocrine ancestry”. In this chapter the results obtained by the use of cortisone
and related drugs, anabolic steroids, oestrogens, progesterone, compounds having progesta-
tional effects, gonadotropins and the recently synthesized ACTH are considered. In the sub-
sequent part of the chapter even the problem of diabetes and pancreas and the use of thyroid
are touched.

In contrast with the above method of treatment, the author of the next chapter, W.
Mol11, dealing with the therapy of rheumatism, has emphasized the medicinal attitude. After
a discussion of the general basic principles of rheumatology, he is concerned with the therapy
of rheumatism, including psychosomatic, physical, disinfectant and immunosuppressing
therapy. Following this, he comes to the anti-inflammatory, antipyretic and analgetic drugs,
partly known for ages (e.g., salicylates), partly synthesized recently (e.g., corticosteroids).
The last part of the review is of interest in the first place to physicians intending to cure rheu-
matism. On the whole, this is the character of the whole review.

“The great progress made in the last decade in the electrophysiology of the heart as well
as in the pathophysiology and pharmacotherapy of the heart rhythm disturbances necessitates
from time to time a critical evaluation of the drugs effective in cardiac arrhythmias. Although
the numerous monographs dealing with cardiac arrhythmias usually contain valuable data on
antiarrhythmic compounds, so far relatively few attempts have been made to give a systematic
survey of the available antiarrhythmic compounds.” This is why the next chapter on anti-
arrhythmic compounds has its great importance. One of the Hungarian co-workers, professor
L. Szekeres is well known for his contribution to the development of our national pharmaco-
logical traditions of a great past. In this small monograph, after a classification of the anti-
arrhythmic agents, the authors discuss their most significantstructure-activity relationships,
which are followed by a detailed analysis of antiarrhythmic compounds from the pharmacologi-
cal aspect, dealing among others with antimalarials, local anesthetics, antihistaminics, minor
and major tranquillizers, antiepileptics, antidepressive agents, spasmolytic and coronary
vasodilator drugs, and drugs stimulating and depressing the adrenergic system, digitalis, etc.
A very useful part of this chapter is devoted to the clinical application of antiarrhythmic
compounds.

In the last two chapters of the book some special problems of chemotherapy and up-to-
date results in the field of sulfonamide research are considered. The subject discussed by L.
G. Garrod is the chemotherapy of enterobacterial infections. He first describes the types of
infections, then older drugs (sulphonamides, benzylpenicillin, streptomycin, neomycin, chlor-
amphenicol, tetracyclines, poly myxins), and the newer ones (ampicillin, hetacillin, carbeni-
cillin, cephaloridine and cephalothin, gentamicin, trimethoprim). He touches upon the problem
of drug resistance, and finishes his review discussing the treatment of infections in different
bodily sites.

The thorough and interesting review by Th. Struller in the last chapter is devoted to
the mechanism of action and half-life of sulfonamides and their classification on the basis of
their half-lifes. A very instructive part of the compilation gives a chronological review of the
more important sulfonamides. More than half of this chapter is concerned with some un-
solved problems in sulfonamide research.

Owing to the great importance of these compounds, the review is very valuable and
makes interesting reading even for those who are concerned in their practical work with another
field of medicinal chemistry.

The usefulness of the book edited at the customary high level is further increased by
the bibliographies at the end of the chapters.

Gy. Deak
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The AALC collection, including approx. 5500 punched cards
gives the individual the advantages of modern data

processing, without the need for expensive machines.

The advantages of cards!

The AALC collection of cards offers many advantages to its user. First, because only
a card-file can be kept complete and up-to-date at any time, Book-form bibliogra-
phies are difficult to handle and are not apt for cross-indexing. Secondly with a card-
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PE3IOME

Tepmonu3 umaHokommnnekcos, Il.

Tepmunyeckoe pasfnoXkeHWe HEKOTOPbIX LMaHOMEeTannaTHbIX KUCNOT
B. MOXAN

M3yyanocb TepMUYECKOE Pa3fioXKeHUe Cheaylolinx LMaHOMeTannaTHbIX — KWUCOT.
H4[Fe(CN)6], H3[Fe(CN)6], H2[Fe(CN)sNO] n H3[CO(CN)e], OTaenbHbiM CTYMeHAM pa3fo-
XXEHUSA MPUMUCHIBAINCL XOPOLLO OMpeAeneHHble peakuun. MoMMMO Temnepatyp pasnoxeHus
N yYMeHblUeHW/A B Bece, ONPEeAENsINCb W3MEHEeHWs 3HTaNbMWKU, COMPOBOXJaAloLiMe npoLecc
pa3noXxeHusi. Ha OCHOBe MO/YYeHHbIX 3HA4YeHUi AH MOXHO 6blfI0 HEMOCPeACTBEHHO CpaBHMU-
BaTb TEPMUYECKYH CTabUNBLHOCTb COEAMHEHMWI. TemnepaTypa pas3foXeHWUs, TEPMUYHOCTb U
TennoTa peakumnm HaxoAsATCcsl B TECHOW 3aBUCUMOCTU C 3/IEKTPOHHbLIM CTPOEHWEM LiEHTPasbHOTO
aToma.

Tepmonu3 umaHokomnniekcos, Il

Tepmunyeckoe pasnoXkeHue LMaHoOMeTan1aToB aMMOHUSA

B. MOXAN

O peakumax TepPMUYECKOro pas3noXxeHus rekcauymaHo-geppata (1), rekcaymaHo-gep-
Pata (I11), neHTaumnaHo-ko6anbTa (I11) aMMOHMA cyaunn No M3MEHEHUIO B BeECax M MO COCTaBy
rasoBbiX NPOAYKTOB pasnoxeHus. MNMoMumMo Temnepatyp pasfoXeHWs ONpejensnnch TakXxe
N TennoTbl PasnoXKeHus, KOTOpble CPaBHWBANUCHL C BeIMYMHAMU, MONMYYEHHbIMU ANA COOTBET-
CTBYHOLWNX KWUCNOT. DHeprua, Heobxogumas gns otwenneHns NH,CN, npeBbilwaeT noytn B
yeTblpe pasa aHepruto otuienneHns HCN. MNpoTekaHWe COOTBETCTBYIOLLMX peakuuil no ogHo-
NN MHOTO-CTYMEeHYaTOMY MexaHU3My, a TaKXe TEPMUYHOCTb U NOPSAAOK OTAE/bHbIX CTyneHew
06BACHANUCL B COrflacuM co CTPYKTYPHO-XMMUYECKUMU CBOMCTBAMMU.

MprMeHeHre KoOMIM/IEKcoobpasoBaTenieil B MOHOOOMEHHOW xpomatorpadgum, 1V

XpomaTorpaguyeckoe pasjefieHne apoMaTUUeCKUX KUCMOT Ha MOHOOBMEHHON KOMOHKe
C MOMOLLbIO MOHOB HUKens(M), o6pasytolinx KOMMIEKChl

n. mHuegn U I'I FI'IOC

Bbin paspaboTaH MeTOA XpomaTorpaMyeckoro pasfieNieHMs apoMaTUuecKMX KUC/IOT.
B KauecTBe 3/1l0eHTa UCMOMb30Bancs 50%-blii CNUPTOBbLIA PACTBOP XJOPUCTOrO IUTMA U XNO-
puctoro Hukens(M). O6beMbl 3MOEHTa, MOMYYEHHble 3KCMNEPUMEHTaNbHO, CPaBHWBANUCL C
[aHHbIMU, MOMYYeHHbIMU Ha OCHOBE pacyeToB paBHOBecuii. OnpeaeneHue pasfeneHHbIX apo-
MaTWYeCKUX KUCNOT MNPOWU3BOAWIOCE HEMOCPEeACTBEHHO CMEeKTPOMOTOMETPUYECKUM METOA0M.

WccnenoBaHns B 0651acTy TBepaodhasHol pagvauuoHHoi nonumMepusaumm, XXV

BnusHue [06aBOK Ha TBEpAO(a3HYyl0 MOAMMEPU3aLMI0 LEeTUABUHUIOBOTO adupa
Ob. XAPAW, K. HUTPAU n ®. YEP

M3yuyanacb KWHETMKAa TBepaodasHoii MoAuMepusaLun fBYXKOMMOHEHTHbLIX CUCTEM:
LIETUNBUHUNOBLIN 3PMP U GEH30XWHOH, a TaKXe LEeTUBUMHWUMOBLIA 3(Mp U AMMETMIOKCanar.
BbINI0 YCTaHOBMEHO, YTO BbilLEYNOMsHYTbIe 106aBKM [/15 COCTABOB, MEHbLLUUX 3BTEKTUYECKUX,
3amMeAnAlT NoAMMepu3aLmio B HeGOMbLLIOK Mepe, a ANS COCTaBOB, GOMbLIMX 3BTEKTUUYECKMX,
cTeneHb UX BAUSHUS He M3MeHsieTcs. Takum 06pa3oM, MUX BAusHWE 06YCNOBAMBAETCA NWLLb
(un3nueckumMn aktopamu. TeepgodasHas NONUMEPU3ALNS LETUNBUHUAOBOrO adupa npoTe-
KaeT N0 KaTUOHHOMY MexaHW3My, 4TO XOpOLIO MOATBEPXAAETCS, NMOMUMO BbILIECKA3aHHbIM, W
BO3MOXHOCTbIO NpPOBefeHNs TeepaodasHoi MonMMepusaunMn nog AeicTBUEM NOAHLIX NapoB.



OnpefeneHre NCTMHHOMO COCTaBa CMECU YKCYCHasi KMC/0Ta-YeTbl PeXX/I0PUCTbIN
YINepos W3 AW3NEKTPUYECKMX CBOWCTB CMECW, Ha OCHOBE MOAENMN TepHapHON
cmecn A—Ao0—B

M. nncu

Ha ocHoBe Mofenn TepHapHoii cmec A—A2—B 1 nyTem UCCef0BaHNUA AN3NEKTPUYECKNX
CBOWCTB OMNpPeAensiiucb UCTUHHbIE COCTaBbl HOMWUHANLHO GUMHAPHOI CMecu YKCyCcHas KucnoTa-
YeTbIPEXXOPUCTBIA yrnepod. V3mepsanuce NAOTHOCTb UM AM3INEKTPUYECKas MOCTOsSIHHAs CMecu
B 3aBMCMMOCTU OT HOMUHANbLHOIO COCTaBa, M3Mepsisach 3aBUCMMOCTb KO3((ULMEHTA MPesoM-
NEeHUs B BUAMMOM CBETe OT 4acToTbl, OTKyAa U n3 MK-cnekTpa yKCYCHOW KWUCNOTbl B XWUAKOM
thaze onpegensnca KoaPPUUUEHT NpPesioMaeHNS CMECH, OTHOCUMbINA K 6ECKOHEYHON ANNHE BO/MHbI
CBeTa, B 3aBMCMMOCTM OT HOMWHANLHOrO coCTaBa. [N pacyeTa AU3NEKTPUYECKOW NOCTOSHHOW,
MONEeKYNbl MOHOMEpa U AMMepa YKCYCHOW KMCNOTbl MOAENMPOBANUCH WMAeaNbHbIMW AUNONAMU,
HaxoAsALMMKUCSA B MPOCTPAHCTBE 3MMNCOMAHON hopMbl ¢ monyocsimu a, b n c. CornacHo Halmm
nccnefoBaHMAM, MepMaHEHTHbIA AMNOMbHLIA MOMEHT MOMeKY/bl AUMMepa YKCYCHOW KUCNOTbI
n3MeHsieTca ¢ pasbaBneHneM. COrnacHO Halwmm pacuyeTaM KaxKyljascs KOHCTaHTa paBHOBECMS
peakuMu fumMepm3aumm yKCYcHoi kucnoTel npu 20° C, BbipaXeHHas B MONAPHbIX A0NAX, ONU-
CbIBAeTCS CNeayroWmUM YypaBHEHUEM:

lg K = 1,8261 + 2,4549 xB,

roe XB — HOMWHanbHaa MOApHaa A0NA 4YeTblpexXX/opucToro yrnepopga.

Mnnkosmgpl Bugos Solanum, 111

AvocunH
M. BUTE u M. M. WWABAHA

N3 cBexux Hepo3penbix srog Solanum introsum, M30AMpOBancss AUOCLMH, KOTOPBbIiA
COrNacHO NMTepaTypHbIM AaHHbIM, 6bl1 M30AMPOBAH A0 CUX MOP NWllbL U3 BUAOB Dioscorea.

MeHTUYHOCTL MPOAYKTa C AMOCLMHOM 6blfa flo0Ka3aHa Ha OCHOBE TemrepaTypbl Mias-
NeHUs, ONTUYECKOro BpalleHus, WMK-cnekTpa, TOHKOCMOMHOM XpomaTtorpaguu, aueTuinpo-
BaHWsA, KauecTBEHHOW WAEHTU(OMKALMM WU KONMUYECTBEHHOro OMNpeaeneHUs arnlokoHa U caxap-
HbIX KOMMOHEHTOB, MepMOAaTHOr0 OKWUCAEHUS W WAEHTUYHOCTM C TPUAMHOM, MONYYEHHbIM
npy YacTUYHOM TUApPoNM3e npoaykTa. C MOMOLLbIO aLeTUMPOBaHMA AMocUMHA npu 140° C
YAanocb MOMY4YuTb HEMOCPEACTBEHHO eAMHO06pa3HbIA NepaleTar.

MpucyTcTBUE TpaLUnInMHa B Arofax NnoATBEPXKAanoch TOHKOCMOMHOM xpomaTorpadmeit

MMonyyeHUe MOZENbHBIX COeAMHEHWI BENKOB MyTeM MOAVU(ULUPOBAHMS GOKOBbLIX
Leneli NPou3BOAHBLIX MOIMAMUHOBBLIX KucsoT, I

MonyuyeHne NPOW3BOAHBIX MOMMINYTaMUHOBOWM KWUCMOTHI, COAEPXKALMX Pa3fnUHble (PYHKLMUO-
HafbHble Tpynmbl

A. KOTAW, Ab. COKAH, N. ®EPEHL n M. AIMALL

MpoBoAUAMCE NOMbITKN CUHTE3a MOAUMULMPOBAHHbBIX NPOU3BOAHBIX NOMUINYTaMUHOBO
KUCNOTbI, COAEepXaliuX OfHOBPEMEHHO pasfuyHble (YHKLWOHaNbHbIE TPynnbl (Auankumi-
aMUHOBbIE, KapOOKCW/bHbIE, TUAPOKCUIbHbLIE, NMUAA30NWU/bHbIE, MEpKaNTaHOBbIE U 3(UPHbIE
rpynnbl). McxXogHbIM BewecTBOM CWHTe3a Oblnl y-MeTW0BbIA 3dup a-nonv-b-rnyTaMMHOBON
kucnotbl (1). MocnegHunii npeBpalwianca B )Xenaemble MPOWN3BOAHbIE C MOMOLLBIO PasAUYHbIX
MOANMULMPYIOWNX PeareHToB, NCMOMb30BaHHbIX MG0 NocnefoBaTeNibHO, M60 OJHOBPEMEHHO,
B CMecu. bbino 3aMe4eHo, YTO MPU MCMONb30BaHUKN CMECK peareHTOB He TOMbKO ee COCTaB, HO
W gpyrve ycnosus peakuuu (B OCHOBHOM, TemnepaTypa) OKasblBalOT 3HAUMTeNbHOE BAUAHWE
Ha CpefjHWI cocTaB 06pa3yloLWKNXCH NPOAYKTOB U MONEKYNAPHbIA Bec nonumepa. Takxe 6biio
YCTaHOB/MEHO, YTO MpW MNOMYYEHWU MPOU3BOAHBIX, COAEPXALMX OAHOBPEMEHHO HECKONbKO
(YHKLUWOHaNbHBIX TPYNM, OKasbiBaeT M 06paboTKa peakLMOHHOR CMecn 3HauMTenbHOe BNWA-
HMe Ha KayecTBO 06pasylolierocs npofykTa, Kpome (hakTopoB, 06CYX[EHHbIX NoApPo6HO B
npeabigylem coobueHnn [2].



CVHTe3 CTepPeon3oMepPHbIX Y-MOMNTIYTaMUHOBbIX KKUCOT, |l
M. XONNOWMWN, M. KANTAP n B. BPYKHEP

OnucbIBaeTca CUHTE3 Y-NOAUTNYTaMUHOBOW KUCNOTbl Yepe3 NONNGEeH3UNOBbIM U NOAu-
Tpew.-6yTnnoBbin adupbl. MonyyeHme L—L, a Takke D—D-cTepeonM3omepoB rMApPOXN0pPU-
CTOro a, a'-anbeH3nn-y'-n-HuTpodeHnnosoro aupa y— L-rnytamun-L-rnytammuosoin (VIII)
1N TUAPOX/IOPUCTOrO cc, a'-AN-Tpe/n.-6yTun-y-neHtaxaopheHnnoBoro ampa y-rnytamun- rny-
TaMuHoBOW KucnoTbl (XII1) — ABYyX TUNOB conein AMNENTUAHLIX aKTUBHbLIX 3()MPOB, HE06-
XOAMMbIX B KayeCcTBe WCXOAHbIX MaTepuanos LA peakuuu NOAUMepusauuu, npou3BoLMI0CH
13 3aliWLLEHHbIX COOTBETCTBYHOLMUM CNOCO60M MNPOU3BOAHLIX FNYTaMWHOBOW KUCAOTbI MyTeM
NpUCOeSUHEHNA MeTOLOM aKTUBHOro adupa. Peakuma nonuaBToauunMpoBaHus, npoTekatoLas
B AUMeTUA(GOPMaMUAHOM pacTBope AWNenTUAHbIX Npou3BogHbiXx VIII v XIII B npucyTcTBUM
TPUITUNAMMHA, NPUBOAUT K 06pa3oBaHnIo a-0eH31N0BOrO0 ampa y-NoNUrfyTaMMHOBON KUCNOTbI
(XVIII) n a-mpem .-6yTnoBoro agmpa y-nonurayTaMmMHOBON KMcNoTbl (XX), COOTBETCTBEHHO.
lMocne katanuTUyeckoro rumapupoBaHns nonubeHsunueoro agupa (XVIII), B cmecn Tpua-
Muaa rekcameTun-octhOopHON KUCNOTbI € AUMeTUN(HOPMaMULOM, YAanoCb M30MPOBaTh TaKyto
NOANKUCAOTY, B KOTOpok 15—20% Kap6OKCMAbHbLIX FPYMNM OCTanuchb 3TepeduLMpOBaHHLIMU.
OTuwenneHne TpeT .-OyTWOBLIX FPynn OT mpem.-6yTWA0BOro agupa Yy-NoAUMrnyTaMUHOBON
KMCNOTbl NPOM3BOAMNOCH C MOMOWbIO 97%-0i TPUPTOPYKCYCHOW KWCNOTbI; MNOAMKKUCAOTA
MOXeT 6blTb M30/IMPOBaHa C MOYTU KONMYECTBEHHbIM BbIXOAOM. Ha OCHOBe aHanu3a Ha asoT
aMUHOTPYNMbl, CPeAHWUA YNUCNEHHBLIN MOMEKYNAPHbIA Bec mpem.-6yTWNOBOro 3agupa y-nonum-
rNyTaMUHOBOM KUCNOTbl U MOMlYYEHHOW W3 Hero y-nonurnyTammMHOBOW KWUCNOTbI, paBeH 17 500
1 12 500, COOTBETCTBEHHO, Y-NOAMTNYTaMWHOBAsA KUCNOTa, NOMyYeHHas U3 NoNMGeH31N0BOro
ampa, Mmena o4YeHb HU3KWUIA MONeKynspHbilii Bec (1300).

OnTnyeckas YMCTOTa BbICOKOMONEKYNAPHOW NOAUTNYTAMUHOBON KWUCAOTbI, MONYYeHHan
nyTemM MOAHOrO rugponusa, pasHa 99 + 3%. Ha oOcHOBe CpaBHEHWA ONTUYECKOrOo Bpalle-
HUS Y-NONUINYTaMUHOBBIX KWUCAOT, CUHTE3MPOBAHHbLIX Yepe3 MOMMMETUIOBLIA U NOAU-TpeT .-
BYTWIO0BbIA 3hMpbl, GbINU CAENAHbI 3aKKOYEHUS O CTPYKTYPHbIX OCOGEHHOCTAX 3TUX Coeau-
HEHW.
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INVESTIGATION OF LiF—CaF2 BASED LGMINOPHORS
ACTIVATED WITH MANGANESE

I. KASA, E. BuZAGH-GeRE and I. TOROK

(Institute for Applied Chemistry of the Technical University, Budapest, Institute for General and
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The effect of manganese(l1) fluoride activator on LiF—CaF2luminophors can be
summarized as follows:

1 wt% of the activator markedly increases the height of the peak at 190—195°C,
while it gradually suppresses the one at 280°C.

The presence of manganese(ll)fluoride in amounts higher than 1wt% causes a
peak at about 252—255°C, which is characteristic of pure CaF2 : Mn. This peak becomes
predominating as the activator concentration increases. This makes possible to prepare
a luminophor by increasing the concentration of the activator, for which only one peak
appears on the heating curve at about 255°C.

It holds for every sample that the sensitivity is increased by orders of magnitude
by manganese(ll)fluoride activator, and also that the heating curves are the same irre-
spective of whether excitation was made by X-ray or R-Tay.

As for the fading, the samples with 0.1—1% activator content behave most
favourably, since the total light intensity decreases only very little after a fast reduction
during the first 4—6 hours after excitation. With samples containing 2.5—5% activator
the reduction of total intensity is greater also in later periods. Consequently the samples
with 0.2—1% activator content are most suited to practical applications.

The energy dependence of every sample corresponds to that expected on the basis
of the average atomic number.
A further advantage of these luminophors from the point of view of dosimetric

application is, that since they contain 6Li isotope, they can also be used in thermal
neutron dosimetry.

The application of solid-body dosimetric methods has gained importance
in the last years. At present the so called thermoluminescent dosimeters are
most widely used. Various thermoluminescent luminophors, which are used
as dosimeters, are commercially available along with the necessary instruments
for estimation.

The application of thermoluminescent dosimeters is especially favour-
able in medical practice where, in the “in vivo” dosimetric methods which
are coming into prominence, very small, wide-range dosimeters are necessary
which behave similarly to the tissues of the human body from the point of
view of energy dependence. Thermoluminescent luminophors meet these re-
quirements quite well, and, besides, have high mechanical strength, and a great
resistance towards the changes in chemical and other conditions.

In practical dosimetry CaS04: Mn, CaF2: Mn and lithium fluoride are
used most frequently. All these luminophors have advantages and disadvan-
tages [L—5]. The advantage of LiF as thermoluminescent luminophor is its
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small average atomic number (8.2), and consequently small energy depend-
ence, and also the fact that due to the reaction "Li (n,a)3He it can also be
used in thermal neutron dosimetry. The drawback of this luminophor is its
relatively small sensitivity. Several attempts have been made to increase the
sensitivity of LiF. The authors of the present paper have earlier established
that the sensitivity of LiF can be increased by adding CaF2to it [6]. This
effect of CaF2 has been studied in detail and the application of this type of
thermoluminescent luminophorin dosimetry reported by Juznic and Kobal [7]

In the present paper the authors deal with the investigation and appli-
cation in dosimetry of LiF—CaF2 based luminophors activated with manga-
nese. The composition of the basic material is near to that of the eutectic, and
the average atomic number of the LiF —CaF2 mixture is 13.75. Its great ad-
vantage over luminophors which do not contain activator is its much higher
sensitivity.

The phase equilibrium of the LiF —CaF2binary system has been investi-
gated among others by Roake [8] and Deadmore and Machin [9]. Different
values are given for the composition of the eutectic by different research work-
ers. According to Roake LiF forms an eutectic with 19.5 mole% CaF2which
melts at 769°C, while according to Deadmore and Machin the eutectic con-
tains 23 mole% CaF2 and melts at 760°C.

Experimental

Lithium fluoride was prepared from analytical grade lithium compound by precipita-
tion with hydrogen fluoride solution following purification by fractionated precipitation. Cal-
cium fluoride was prepared similarly to lithium fluoride.

Manganese(Il)fluoride was prepared from analytical grade manganese(ll) carbonate
by means of hydrogen fluoride solution.

The properties of the pure components and of activated and non-activated mixtures
with a composition near to the eutectic were studied by thermal methods with a derivatograph.

Thermoanalytical measurements were made with a Paulik—Paulik—Erdey MOM
derivatograph [10], at a heating rate of 10°C/min, in oxygen-free argon atmosphere, in plati-
num crucible, using 600 mg samples. The thermogravimetric (TG) and differential thermal ana-
lytical (DTA) curves of the basic materials are presented in Fig. 1, while those of non-activated
and Mn-activated LiF—CaF2 mixtures in Fig. 2.

Lithium fluoride is of constant weight up to about 300°C, then it exhibits a weight loss
of 1.1% up to 1000°C. The melting point is indicated on the DTA curve by an endothermic
peak at 860°C.

The total weight loss of calcium fluoride is 1.5% up to 1000°C, 0.3% being moisture
leaving between 60 and 300°C, while 1.2% leaves between 450 and 700°C, in connection with
the contraction of the substance. There appears no peak on the DTA curve, since the melting
point is beyond the studied temperature interval.

Manganese(ll) fluoride is of constant weight up to 200°C, then exhibits a weight loss
of 1.5% up to 400°C and of 3.5% up to its melting point, 925°C.

The value of the melting point agrees with literary data (929.5°C) within the limits of
accuracy of differential thermal analysis. During melting a faster weight loss starts and a further
3.2% reduction in weight occurs up to 1000°C. The probable reason for this is that manganese(ll)
fluoride becomes more volatile above the melting point.

Non-activated LiF—CaF2mixture undergoes a weight loss of 1.1% from 300°C to 1000°C.

The reduction in weight of activated mixtures increases with the amount of activator
from 1.1% to 1.5%. This is in concordance with the higher volatility of manganese(l1) fluoride.
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°C

Fig. 1. Thermogravimetric (TG) and differential thermal analytical (DTA) curves of the
starting materials

The melting of the eutectic is indicated by the endothermic peak at 780—790°C, for
both the activated and non-activated mixtures.

The prepared luminophors were ignited at 1000°C. At this temperature both the LiF—
CaF2 eutectic and MnF2 melt.

During the preparation of the luminophors 75 mole% LiF and 25 mole% CaF2 were
weighed and then activated with varying amounts of manganese(ll) fluoride. The activated
products were ignited at 1000°C, in platinum crucible in oxygen-free argon atmosphere. The
samples contained the following amounts of manganese(ll) fluoride:

Sample 1 0.0 wt% MiiF2
Sample 2 0.2 wt% MiiF*
Sample 3 1.0 wt% MnF®
Sample 4 2.5 wt% MiiF;
Sample 5 5.0 wt% MnF"

Ignited samples were crushed and the sieve fraction of smaller than 0.2 mm grain size taken.
The sieved luminophors were treated with acid, washed by decantation and dried.

For the purpose of taking the heating curve the luminophors were placed into a 20 mm
diameter plate made of aluminium foil and excited with X-ray in one case and with 3-ray from
TI-204 isotope (Emex = 0.764 MeV) in the other.

The heating curve was taken by a d. c. valve voltmeter equipped with an electron mul-
tiplier detector (EMI 6097 S), at a heating rate of 30°C/min.
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°C

Fig. 2. Thermogravimetric (TG) and differential thermal analytical (DTA) curves of LiF- CaF2
mixtures containing various amounts of activator. Curve 1: 0% MnF2; Curve 2: 0.2% MnF2;
Curve 3: 1.0% MnF2; Curve 4: 25% MnF2; Curve 5: 5.0% MnF2

In other dosimetric measurements 50 mg of the samples were weighed in 6 mm dia-
meter steel plates and excited by normal X-ray of varying average energy, and with y-ray
from Co60 isotope (Elcerae = 1.25 MeV). Since thermoluminescent dosimeters can only be
used for comparative measurements, standardization was made with a Siemens universal

dosimeter.
The dosimeters were evaluated by a Vakutronik VA-M-30 type thermoluminescent dosi-

meter evaluator.

Discussion

The heating curves of samples containing different amounts of activator
are presented in Figs 3—7.

The first curves in all five figures were taken as follows: the sample was
excited by X-ray and heating started 10 minutes after irradiation. With the
second curves excitation was accomplished with g-ray and heating started
10 minutes after irradiation. In the case of the third curves the samples were
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excited with X-ray and heating started after 24 hours’ standing at room tem -
perature.

In Table | the temperatures belonging to the maxima of the heating
curves are summarized.
Table 1

Maxima of the heating curves

Tmax (°C)
Number
of Excitation with X-ray, Excitation with g-ray, Excitation with X-r*y,
sample measurement 10 minutes  measurement 10 minutes  measurement 24 hours
after irradiation after irradiation after irradiation)

I 6i 180 289 60 197 282 136 181 286
2. 52 198 — 49 197 — 130 192 —
3. 52 199 — 47 202 — 128 202 —
4. — 194 252 — 185 253 — 192 257
5, — 192 254 — 101 252 —  (200) 255

The following statements can be made on the basis of the curves and data in
Table 1.

The curves of the non-activated sample have three distinct maxima.
On curves a) and b) in Fig. 3 there is also a maximum at about 130°C, which,
however, partly overlaps with the peak at 180°C. After 24 hours’ standing the
maximum at about 60°C disappears and the one at 130°C becomes separate.
The relative height of the peak at 280°C remarkably increases. The reason for
this is probably that the electrons being in the lower traps are liberated and
they partly recombine, and a smaller part is trapped in lower levels.

The introduction of manganese as activator modifies the situation in an
extent depending on its concentration.

The analysis of the curves in Fig. 4 shows that 0.2 wt% manganese re-
markably increases the “main peak” at 195—200°C, while the other peaks
become relatively smaller. With heating starting 10 minutes after irradiation
the peak at 280°C cannot be measured, yet some sign of a peak is observ-
able at this temperature on the curve obtained 24 hours after irradiation.
This means that traps are still present but their relative amount is smaller.

Fig. 5 shows the heating curves of luminophors containing 1wt% man-
ganese(ll) fluoride activator. The sample behaves similarly to the former one
with the difference that the peak at about 280°C is practically lacking.

Fig. 6, in which the curves obtained for samples containing 2.5 wt°/0
manganese(ll) fluoride are presented, shows a substantial change of the lumi-
nophor as compared to the previous ones. The small peak at 50—60°C has
disappeared while one at 252—255°C appears the relative height of which is

Acta Chim. Acad. Sei. Hung. 62, 1969



328 KASA et al.. INVESTIGATION OF LiF-CaF2

Temperature,°C

Temperature,°C

Fig. 3. Heating curves of Sample 1. a) Excitation with X-ray, measurement after 10 minutes;
b) Excitation with "I101 ,8-ray, measurement after 10 minutes; ¢) Excitation with X-ray, meas-
urement after 24 hours

similar to that of the peak at 190—195°C on the curve taken 10 minutes after
irradiation. After standing for 24 hours the height of the peak at the lower
temperature becomes remarkably smaller as compared to that at about 252 —
255°C (Fig. 6, curve c)).

Fig. 7 shows the heating curves of samples containing 5wt% manga-
nese(ll) fluoride. The height of the peak at about 190—195°C remarkably
decreases even 10 minutes after irradiation, while it does not appear separately
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Temperature,”C

Temperature,”C

Fig. 4. Heating curves of Sample 2. a) Excitation with X-ray, measurement after 10 minutes;
b) Excitation with TI204/9-ray, measurement after 10 minutes; c) Excitation with X-ray, meas-
urement after 24 hours

24 hours after irradiation, although it is still present. The peak at 252 —255°C
is predominating.

According to our experience with manganese-activated LiF—CaF2based
luminophors of nearly eutectic composition the peak belonging to the higher
temperature becomes predominating as the activator content increases.

Fig. 8 shows the decrease of the amount of thermoluminescent light as
function of the time of storing at room temperature. The average of the values
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Temperature,°C

50 100 150 200 250 300 350
Temperature,°C

Fig. 5. Heating curves of Sample 3. a) Excitation with X-ray, measurement after 10 minutes;
b) Excitation with TI204R-Tay, measurement after 10 minutes; c¢) Excitation with X-ray, meas-
urement after 24 hours

measured within some minutes after irradiation was taken as 100%. Total
light was measured every hour in the first six hours, then only every 24 hours.
The measured values are in good agreement with the conclusions drawn
from the heating curves.
W ith Samples 2 and 3 the decrease is remarkable during the initial 4—5
hours (24—34%). In this case the electrons leave the traps of small energy
depth relatively quickly. Later the curve descends smoothly and only very
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Temperoture,0C

Temperature,”C

Fig. 6. Heating curves of Sample 4.a) Excitation with X-ray, measurement after 10 minutes;:
b) Excitation with T1204 /?-ray, measurement after 10 minutes; c) Excitation with X-ray, meas-
urement after 24 hours

slowly. This means that the probability of the electrons being in the trap be-
longing to the peak at 200°C to leave is very small at room temperature.

W ith Sample 4 the decrease is much greater. This is also in agreement
with the data of the heating curve (Fig. 6 curve c)). In this case, however,
it is striking that the probability of electrons being in the trap corresponding
to the peak at 190—200°C to leave is much higher than for the previous two
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Temperature,°C

Temperature,°C

Temperature,°C

Fig. 7. Heating curves of Sample 5. a) Excitation with X-ray, measurement after 10 minutes;
b) Excitation with T1204 /?-ray, measurement after 10 minutes; c) Excitation with X-ray, meas-
urement after 24 hours

samples. Consequently the absolute value of the fading is greatest for this
sample.

The fading of Sample 5 agrees with that expected on the basis of the
heating curve.

The energy dependence of activated samples is shown in Fig. 9. The
sensitivity of luminophors increases with decreasing energy of photons. If the
sensitivity for the y-radiation from Co®0is taken as unity, then the sensitivity
increases about five times on irradiation with 30 KeV X-ray.
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Storage time (hour)

0} 20 30 60 50 60 70
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Fig. 8. Decrease of total light intensity of activated luminophors as function of time elapsed
after irradiation, a) activator content: 0.2% MnF2; b) activator content: 1.0% MnF,; c) activ-
ator content: 2.5% MnF2; d) activator content: 5.0% MnF,
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The mass spectra of hexamethyldisilane, hexamethyldisilylmethylene, hexa-
methyldisiloxane, hexamethyldisilazane and N-methyl-hexamethyldisilazane have
been studied and the fragmentation processes of these compounds are discussed. The
chemical formulas of the significant ions present in the mass spectra and the main frag-
mentation modes were determined by comparing the computed and observed ratios
of isotopic species, using 180 labelling, further by observing the metastable peaks. Corre-
lations between the molecular structure and the mass spectra, i.e. the types and quan-
tities of the significant ions, the fragmentation modes, the relative stabilities of the
molecular ions and especially the relative abundance of ions containing the Si—X —Si
skeleton have been studied.

Among the great number of rearrangement reactions observed, several cases of
molecular skeleton rearrangements were found. One type of the fission processes of the
Si—X —Si skeleton is supposed to be heterolytic, including charge shift.

The origin and decomposition of the double-charged ions is shown in afragmenta-
tion scheme. The relative quantity of the double-charged ions allows conclusions con-
cerning the charge distribution within the ions.

I. Introduction

As a rule, in the mass spectra of organosilicon compounds there are sev-
eral rearrangement ion peaks (cf. [1]—[7]). This is supported by earlier re-
sults obtained in a study [8] of the fragmentation pattern of tetramethylsi-
lane, for the mass spectrum of this compound indicates the presence of the
SiH+, SIH3", SiICHT, SiCFU and SiCzH #hions, which are formed from tetra-
methylsilane by H-atom rearrangement during unimolecular decomposition.
Obviously, in such cases the correlation between mass spectrum and molecular
structure is rather complex. Therefore, the occurrence of numerous rearrange-
ment processes justifies detailed studies on the correlation between mass
spectra and molecular structure, which are required for successful mass spectro-
metric studies of the molecular structure in the case of unknown members in
a given group of compounds.

As an extension of earlier studies on tetramethylsilane, the following
molecules, each containing two silicon atoms, have been subjected to mass
spectrometrie analysis.
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Mol

Compound Structure wt. Symbol
Hexamethyldisilane (CH3)3i-Si(CH 33 146 1
Hexamethyldisilylmethylene (CH33Si—CH,—Si(CH3)3 160 n
Hexamethyldisilazane (CH33Si—NH—Si(CHJ33 161 hi
Hexamethyldisiloxane (CH3)3Si—0 —Si(CHJ3 162 v
N-methylhexamethyldi?ilazane (CH33Si-N(CHJ3-Si(CH3J33 175 \%

The results of this study yield fundamental information on the stability
of these molecules under electron impact, as well as on the relative strength
of the various silicon bonds.

From the viewpoint of silicon chemistry, this is especially interesting
because these compounds can be regarded as the first members of a homologous
polymer series important both practically and theoretically. It can be assumed
that these studies provide information about the nature of much larger mole-
cules, too.

In this paper, the poly-isctopic spectra of the listed compounds and
mono-isotopic spectra calculated from experimental data are reported. The
empirical formulas assigned to the more important ion fragment peaks will
be given together with the decomposition pathways deduced from the observed
metastable peaks. The present study is aimed at the elucidation of correlations
between decomposition pathways and molecular structure. The main types of
rearrangement reactions will he summarized and the correlation between the
abundance of doubly-charged ions, the stability of molecular skeleton, and
the structure of the molecules will he interpreted.

Il. Experimental

Hexamethyldisilazane, N-methylhexamethyldisilazane, hexamethyldisiloxane have
been prepared by well known methods.

180-labelled hexamethyldisiloxane has been prepared using water containing 25% of
heavy oxygen. Hexamethyldisilylmethylene and hexamethyldisilane were synthesized in the
Institute of Organic Chemistry, Academy of Sciences of the U. S. S. R.* The latter was used
after purification with a preparative gas chromatograph. Gas chromatographic analyses have

shown that compounds I—1V are uniform and do not contain impurities. As shown by mass
spectra, in compounds 11l and V the trimethylchlorosilane contamination was not more than
10-2%. In compound V about 0.3% of compound Ill, and traces of compound IV were present.

Spectra were corrected accordingly.

Mass spectra have been recorded with an MH-1303 type instrument at an ion accelerat-
ing voltage of 2 kV. The ion source and ionization chamber were operated at 200°C, the tem-
perature of the all-metal inlet system was 100°C. A tungsten filament served as the cathode of

*We wish to express our thanks to Dr. P. Gomeori, L. Estves University, Dept, of
General and Inorganic Chemistry, for the preparation of 18-hexamethyldisiloxane, and to
Dr. O. M. N’efiodov, Institute of Org. Chem. Academy of Sciences, U. S. S. R., for the pre-
paration and gift of hexamethyldisilylmethylene and hexamethyldisilane.
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the ion source, with a constant emission current of 1.5 mA. A source slit of 0.1 mm was used
and the slit of the ion collector was set as required during operation.

With a 0.2 mm collector slit already suitable for quantitative measurements, the reso-
lution of the instrument (M/JM)5%was about 650.This is nearly three times better than the orig-
inal resolution and has been achieved by fine positioning of the ion source cathode. For this
purpose the cathode holder has been modified in such a manner that it permitted extremely
precise and reproducible positioning. A further modification involved an increase of the maxi-
mum voltage applied to the repeller electrode in the ion source to 14 V from the original 9V,
with respect to the ionization chamber. Both modifications helped the detection of metastable
peaks and the determination of the corresponding mass numbers, thus permitting the study of
metastable transitions.

I11. Experimental results

The mass spectra of the substances studied are listed in Table I, as re-
corded at a nominal ionization energy of 50 eV. The abundance (intensities)
of ions corresponding to various m/e (mass to charge) ratios are expressed in
per cents of the ion-current of the most intensive peak (reference peak) within
the spectrum. In the case of compound I the reference peak is at m/e = 73,
in the case of the other compounds this is at a mass to charge ratio of M-15,
where M is the mass number of the molecule. All ion peaks more intensive than
0.2% are listed; double charge peaks are listed if more intensive than 0.01%.

In the case of all substances, the relative intensities were, within 2% ,
independent of the vapor pressure of the sample in the ionization chamber.

No mass spectral data for compounds | and V were found in the litera-
ture. For the other three compounds, 70 eV spectra have been reported: by
Fritz et al. [4] for compound Il (practically the whole spectrum), by Dibeter
etal. [9] for compound 1V (a few intensive ion peaks), and by Sharkey etal. [1]
for compounds IIl and IV (parts of spectra).

For purposes of comparison, spectra at 70 eV have also been recorded
(not listed in this paper). Apart from doubly-charged ion peaks, peak inten-
sities in the 70 eV spectra did not differ greatly from these in the 50 eV spectra.
The ion peak intensities of the 70 eV spectra recorded by us agree within
2—5% with the corresponding peak intensities mentioned in the literature.
Exceptions were found in the following cases.

a) The molecule-ion intensity at 70 eV referring to Il was found to be
much higher (0.09% instead of 0.03%) than the reported value [4].

b) The region between mass numbers 99 and 117 in the spectrum Il
does not even qualitatively agree with that found in the literature [1]. How-
ever, agreement within the stated limits is found if each one of Sharkey’s m/e
values assigned in this section to the given intensity values is reduced by one
unit.

A number of metastable peaks were observed in the mass spectra. In
order to establish the ion peak intensity values, in some cases the base line-
modifying effect of metastable peaks had to be taken into consideration.
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Table 1
e I 1. Iv. V.
177 - - - 1.12
176 — — — — 2.51
175 — — — — 13.64(M)
174 — — — — 0.27
163 — — — — 0.85
162 — — 0.39 0.02(M) 7.93
161 — 2.29(M) — 17.50
160 — 0.13(M) — — 100.00
150 — — — 0.77 —
149 — — 0.79 7.85 —
148 0.76 0.80 7.70 15.70 .
147 1.71 7.80 16.10 100.00 -
146 9.9L,M) 16.70 100.00 — 0.23
145 100.00 — — 0.49
144 — — — 3.02
134 — — — 0.27 .
133 1.59 — 0.38 2.07 —
132 3.30 0.23 3.93 1.04 0.35
131 21.30 1.66 6.64 — 0.80
130 0.29 1.46 44.24 — 2.12
129 0.99 9.43 0.43 — —
119 — — - 0.42 0.62
118 — — 0.25 — 1.25
117 0.25 1.36 0.43 1.13 8.30
116 0.39 0.26 2.53 0.26 1.26
115 2.19 1.57 0.86 0.76 0.90
114 — — 2.13 — 1.18
113 0.34 1.07 3.30 0.37 0.54
105 — — — 0.90 —
104 — — 0.35 — 0.27
103 0.34 0.67 0.31 1,20 1.48
102 — 0.30 1.74 0.47 1.26
101 0.70 2.10 1.34 0.58 1.84
100 — 0.3 8.77 — 5.83
99 1.05 1.44 0.46 — 0.88
89 — — 0.25 0.39
88 — — 0.36 0.20 4.15
87 0.37 0.54 0.60 1.20 9.12
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86
85
84
83
81
80.5
80
75
74
73.5
73
72.5
72
71
70
69
67
66.5
66
65.5
65
64.5
61
60
59
58.5
58
57.5
57
56
55
53
52.5
52
51.5
51
47
46

0.21
1.06
0.21
0.52
0.20

3.60
8.39

100.00

2.44
1.18
0.51

0.34
4.16

2.14

1.07
0.22
1.01
0.36

0.54
1.09
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Table 1 (cont.)

0.42
2.70
0.20
0.71

1.60
3.87

42.67
0.02
1.16
0.98
0.32
0.65

0.44
0.85
5.42

0.27
0.56
7.28

0.92
0.05
1.10
0.19
0.76
0.21

0.14
1.00
0.42
0.86

2.78
1.04

0.66
3.31
0.02
11.32

2.02
0.84
1.32

0.76
1.56
10.21

0.24
1.06
5.53
0.74
0.97
2.73
0.53
0.30
0.26

0.27
0.48
3.85

0.32
121

1.28
1.24
0.04
14.35

0.85
0.47

0.67
1.20
8.33

0.36
0.47
5.96
0.02
0.66

0.43

0.23
0.24
0,33
2.67
0.04

0.64
0.46
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95.90
1.08
0.24

0.02
0.02
0.12
1.92
4.44
0.55
50.20
7.41
3.64
0.75
1.09

0.14
0.89
1.14
251
32.07
0.05
1.54

121.00
0.84
0.48

0.60
1.03

339



340 TAMAS et alORGANOSILICON COMPOUNDS

Table I (cont.)

me L m. w. V. V.

45 16.94 13,52 7.75 6.14 16.22
44 2.69 2.61 1.53 1.79 1.81
43 7.33 3.23 2.12 1.53 3.95
42 0.42 0.21 — — 0.46
31 1.25 1.76 0.87 0.46 2.73
29 1.55 1.04 0.47 0.43 0.96
28 2.37 1.16 141 1.99 1.47

Metastable peaks, as known, (cf. [2] or [10]) are utilized in determining
the origin of mass spectra, i.e. in the elucidation of the formation and the de-
composition sequence of the ionic species.

For this purpose, equation

me= - ©)

can be used, which correlates the mass number of the metastable peak (m*)
with those of the decaying ion (m0Q) and the ion (wp formed [11].

In order to improve the detection of these low intensity metastable peaks
and to elucidate the transitions assignable to them, several parameters have
been varied. Thus, the vapor pressure of the sample substance in the ionization
chamber was increased two- and four-fold with respect to the usual value;
a comparatively wide and variable collector slit was used during the measure-
ments and the ionization voltage was varied, too. The potential of the repeller
electrode was also varied in a wide interval. In certain cases the ion-optics
(repeller, attractor, focusing voltages) and the ionization energy were adjusted
according to the maximum intensity metastable peaks. By this technique, the
intensity of metastable peaks could be raised 3 to 6 times with respect to the
intensity measured with ion optics adjusted to the first maximum of the re-
peller potential (for Hg+ ions) and the intensity relative to the normal peaks
could be raised by one order of magnitude. Metastable peak intensities with
varying sample pressure were always measured with respect to normal ion
peak intensities unequivocally due to monomolecular decomposition of the
molecule. Only those metastable peaks were taken into consideration for
which this intensity was found to be independent of the sample pressure. Thus,
the metastable peaks which appeared at higher sample pressures at m*/e —
= 91.5 in the spectrum of Ill, and at m */e= 26.5 in the spectrum of IV were
found to be due to secondary processes, therefore, these were not included in
Table II.
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m*/e

127.0
1175
111.0
100.9
97.0
81.0
79.1
715
68.0
52.8
46.3
40.7
36.5
31.9
21.7
26.9

16.3

(M = 146)

131
146
115
131
101
131
129
101
72
101
115
131
146
58
73
r72
1129
59

-15

-16

-28

-28

-16

-28

42

-58

_73n

-15

-28

-28

-70

-28

129
131
113
115
99
103
101
85
70
73
73
73
73
43
45
44
59
31

1.
(M = 160)

m*/e

1314 160
114.8 145
100.9 131
99.0 129
97.0 101
94.4 145
82.2 129
79.1 129
50.0$ 65
49.8 145
46.3 115
40.9 85
40.0$ 65
36.8 145
34.5 101
31.9 58
21.7 73
269 72
tl29

16.3 59

-15

-16

-16

-16

-26

-28

-16

-60

42

-26

-28

-72

42

-15

-28

-28

-70

-28

145
129
115
113
99
117
103
101
57
85
73
59
51
73
59
43
45
44
59
31

Table 11

in.
(M = 161)
m*/e
-15
132.4 161
-16
115.7 146
-16
101.9 132
-17
98.4 130
-28
80.0 130
-30
76.9 130
-15
58.8% 73
-28
51.9 100
-60
50.6 146
16
50.5% 65.5
43
45.9 116
-28
40.5% 65.5
-27
40.5 86
-15
31.9 58
-28
28.6 74
-28
27.7 73
-28
26.9 72
-70
129
-28
16.3 59

146
130
116
113
102
100
65.5
72
86
57.5
73
51.5
59
43
46
45
44
59
31

m*/e

116.7

102.9

101.0
97.5
96.3
84.2
81.0
59.3%
57.8
51.0%
455
41.0%
40.0
36.2
33.8
31.9
29.4
21.7
26.9
16.3

Iv.
M = 162)

-16
147 =

-16
133 =

-16
131

131
147 -
131
131
735

-18
-28
-26

-28

131
66 «
117
66
87 -
147
103 -
58
7% =
73 -
72
59

131
117
115
113
119
105
103
66
87
58
73
52
59
73
59
43
47
45
44
31

V.
M = 175)
Wik
146.3 175
129.6 160
95.1 144
81.6 130
65.7% 80
62.5 160
57.4% 725
53.3 100
46.2 160
40.5 86
39.6 85
33.3 160
324 160
31.9 58
27.7 73
16.3 59

160
144
> 117
103
72.5
100
64.5
73
86
59
58
73
72
43
45
31
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The intensities of metastable peaks were strongly dependent on the elec-
tron energy used for ionization. The most intensive metastable peaks were
obtained in the 25—35 eV region, with the exception of double-charge meta-
stable peaks the intensity of which was the highest between 50 and 60 eV.
These experimental results are in good agreement with the assumptions about
metastable ions [10] in the quasiequilibrium theory of mass spectra.

The variation of the slit width and the increased resolution (cf. above),
permitted the determination of the mass to charge ratio with an accuracy of
4-0.1 —0.2 units, as a rule. This has significantly reduced the number of m, mo0
mass number pairs consistent with a given metastable peak on the basis of
Eq.(l).

The m*/e values of metastable peaks detected and studied are collected
in Table Il, together with the dissociation processes selected by means of
Eqg. (1). Dissociation processes are written in the form mje m)mje. Metastable
peaks marked by +in Table Il correspond to the dissociation of doubly-
charged ions. Metastable peaks which proved to be connected with the tran-
sition of heavier isotopes are not included in this Table.

Often, more than one transition process could be assigned to a given me-
tastable peak on the basis of Eq. (1). The actual dissociation process could
only be determined by further studies. The identification of metastable peaks
corresponding to the transition of doubly-charged ions was possible on the
basis of their dependence on the ionization energy studied in a wide range,
even in cases when it overlapped with a metastable peak corresponding to the
transition of a single charged ion, i.e. when they appeared at practically the
same m*/e value in the spectrum. As an example the peak at m*/e = 40.5 in
the spectrum of compound Il may be mentioned. In the case of more intensive
metastable peaks the identification of the true transition process was assisted
by the metastable peak that corresponded to the transition of heavier isotope
ions. For example, on the basis of Eq. (1), both the 73 ~28 45 and the 117 57
transition can be assigned to the metastable peak at 27.7 in the spectrum
of compound Il. However, only the first alternative is acceptable because the
second isotopic peak of the metastable peak at 27.7 has been found at mass
number 29.4 in agreement with the first transition (47375= 29.4),while no peak
is observed at 592119 = 29.2 corresponding to the second possible transition. The
intensity of metastable isotope peaks obtained in the spectrum of compound
IV as a result of 180 labelling helped to elucidate the transition process in a
similar way.

In the case of compounds I, Il and Ill, two transitions corresponded,
on the basis of Eq. (1), with the metastable peak at mass number 26.9 and
since neither of them could be excluded, both were listed in Table Il. Pathway
72 ~2AB 44 seems to be more likely because this transition is observed with
both compound IV and tetramethylsilane [8].
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All metastable peaks and the corresponding transitions reported in the
literature have been observed in the present study, thus these, too, are included
in Table Il. For compound Il these are the metastable peaks at mass to charge
ratio 79.1, 49.8, 40.9, 36.8, 27.7 and 16.3 [3] and the metastable peak at
m*je = 115.7 [12] for hexamethyldisilazane.

IV. Interpretation of the experimental results

On the basis of the known poly-isotopic spectra and metastable transi-
tions we attempted the determination of the chemical composition (empirical
formula) of the ionic species corresponding to the most intensive ion peaks
in the individual spectra, the elucidation of the main transition processes,
including the determination of the chemical composition of neutral fragments
produced by dissociation.

In the determination of empirical formulas corresponding to relatively
high intensity peaks poly-isotopic spectra, i.e. the measured isotope ratios,
were used because the natural abundance ofthe heavy Si-isotopes is significant.
Information gathered from the study of metastable peaks were largely used
for control purposes.

In the case of compounds | and Il, the determination of the empirical
formula corresponding to a peak at a given mass number is equivalent to an-
swering the question whether the ionic species contains one or two silicon atoms.
This question could be answered on the basis of isotope ratios in poly-isotopic
spectra for the more intensive peaks, with the exception ofthe peak at m/e = 85
since at mass number 86 an independent (non-isotopic) peak is also observed.
The empirical formulas of ions, at least of those responsible for a significant
part of the peak intensity, have been determined on the basis of metastable
transitions, both in the case of compounds | and II.

In the spectra of compound IV, only the question whether or not the in-
dividual ionic species contained oxygen could only be answered by 180-label-
ling. Once the problem of oxygen content settled, the question of empirical
formulas was reduced essentially to determining the number of silicon atoms.
In the case ofintensive peaks, this was possible on the basis of the poly-isotopic
spectra and metastable transitions. The nitrogen content for ion peaks in
spectra of compounds IlIl and V could not be studied on the basis of isotope
ratios, only by utilizing metastable transitions. The empirical formulas deduced
in the above manner and from isotope ratios, were checked using the generally
observed phenomenon that the more important fragment peaks of compounds
containing a nitrogen atom appear, as a rule, at even mass numbers [2].

The main types of ions detected in this way are listed in Table Il1l1. Empi-
rical formulas are given in a generalized form. X stands for moieties:—, CH2 NH,
O, NCH3 which link the two Si atoms. indicates the presence and “ —"
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Table 111

me formulae l. mn. L. V. V.
M (Si2C, H18X ) + ¥ ¥ " + +
M—15 (Si2C5H 16X ) + + + + + +
M—29 (Si2C4H 13X ) + B tr +r r )
M —30/2 (Si2CAH 12X ) + + — + + + +
M -31 (Si2CaH u X ) + *f + + . .
M—43 (Si2C3Hu X) + -fr +r _ + T _
M—45 (Si2C3HAX) + ¥ " " " .
M—46/2 (Si2C3H8X )+ + B * " " .
M —47 (Si,C3H ,X) + + + + + -m
M—57 (Si2C2H9X ) + — +r +r +r —

M —58/2 (Si2C,H8X)+ + _ +r +r r *fr

M —59 (Si2C,H7X) + -fr " +r r ‘r
M-61 (Si2ZC2H5X ) + -f + + + -
M—75 (SIC3H 7X )+ — + + . .
M—87 (SIC,H7X) + r . +r fr B
M-101 (SICHBX) + r r T rr )
M—115 (SiH3X) + + T +r +r +r B}
113 (Si2caH9) + + + T r B
73 (SiC3H9)+ + + + . +

59 (SIC2H7) + -fr +r +r +I -fr

45 (SiCH5+ +r +r +r +r +r

31 (SiH3)+ + I +r +r +r -fr

29 (SiH) + +r +r +r -fr -fr

28 (Si)+ + + + + -

the absence of a certain type ion. No mark is given in ambiguous cases. lons to
which arearranged structure has to be attributed on the basis of their empirical
formulas, are marked with an r. The empirical formula for the peak at mass
number 117 in the spectrum of compound V was proved to be Si2C4H 13+ on
the basis of metastable transitions. Similarly, the empirical formula for the
peak at mass number 103 has been found to be Si2C3H 14+. These formulas are
not listed in Table I1l. Similarly to ions at mass number 113 in the spectra of
compounds Il and 1V, these ions can only be formed by rearrangement of the
skeleton of the parent molecule (c/, later).

From the ion peaks in the low mass number region of the spectra only
those ions exhibiting the highest intensities are listed in Table IIl. In the
Table, ions with mass number 59, 45 and 31 (in the case of compound 1), and
those with mass number 73, 59 and 45 (in the case of compound Il) are listed
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; wi 73 ru
-Si(CH,
M——> nl- Hen ol -»Si(CHj)3* - > SiCHs
45
Si2C4H ,4  bICitl;> SIiC2HF C'H> SiH3*
113 59 31
sic2He+ M sicH,+
58 43
Fig. 1. Partial decomposition scheme of hexamethyldisilane
(N - 7 S T I L —— T Yo Ra— 5i°
! 133
M —-*-ir~"V SixsH,so "SiCHID -> Si(CH33* Ci—> SiCHs*
147 73 45
| .
cH SijCjHNO"
119
(M ~)
| . . -C,H,,
Con CH'- -»-Si2C3H,<y  Si(CH3HO —
T 131 115 75 47
|
.. . H,o .
SijCsHisO** Si2C4H9
147 113
I-cn, —CH — Si2C2H®D
. . 105
Si2C4H1D**~ CH,> Si2 3H80*
132 116 CH Si2C2HT0
103
CH. i SiscoHa0 SICH o sicm B 80 4@ “CiHL . §fL4
104 87 59 3l
Fig. 2. Partial decomposition scheme of hexamethyldisiloxane. ----- assumed pathways;

M++ not observed in the spectra

twice. For example, in the case of compound Il (X = CH2 SiCH7is the same

as SICHb5X, etc.

A consistent decomposition scheme including the more important ionic
species can be given for each substance on the basis of transitions deduced
from the metastable peaks, using properly determined empirical formulas.
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Table TV
Type of reaction Neutral fragments
e=1 I I, Iom. V. V.
M M— 15 CH3 CH3 CH3 - CH3 CH3
M-15— M- 31 CH4 CH4 CH4 CH4 CH4 CH4
— M - 43 cxm4 C2H4 — C2H4 C2H4
— M- 75 SiC,H8 SiC2H8 — SiC,H8 SiC2H38
— 73 SiC2H 6 SiC3Hs — SiC2HcO SiC3HIN SiCHcX
M—29 — M - 45 — CH4 CH4 CH4 — CH4
M-31— M - 57 — C,H2 — CH?2 — C,.H,
— M - 59 - CH, CH4 CH4 — CH4
— 113 — CH4 NH3 H2 — H2X
M 45— 73 Si SiCH2 SiNH SiO — Six
M—59— 59 — SiCH2 — SiO — Six
M—75— 59 — C2H2 HCN CcO — cX
M—87— M—115 CH4 C.1, C2H4 C2H4 — C2H4
73— 45 C2H4 CH4 C2H4 CH4 CH4 C,H4
59— 31 C2H4 C2H4 CH, CH4 CH4 C2H4
58— 43 CH3 CH3 CH3 CH3 CH3 CH3
e= 2
M -15— M - 30 — CH3 CH3 CH3 CH3
M-30— M - 46 — CH4 CH4 CH4 CH4 CH4
— M— 58 — CH4 C2H4 C2H4 — C2H4

In Figs 1 and 2, the decomposition schemes of compounds I and 1V, re-
spectively, are presented.

Table 1V contains those among the principal dissociation processes which
are found in the mass spectra of at least two compounds. In this Table, the
empirical formulas of neutral fragments removed in the process are also listed.
This is also given as a general formula, X standing for an atom or radical that
links the two Si atoms. In most cases, the composition of neutral fragments
has been deduced from the mass numbers of metastable transitions. In some
instances, we have used the empirical ion formulas determined with the aid
of isotopes.

In the bottom of the Table IV the metastable transitions found for doubly-
charged ions are summarized.

After the empirical formulas for the higher intensity ion peaks had been
determined the approximate calculation of the so-called mono-isotopic spectra
was performed in order to determine the ratio of the abundance of individual
ionic species. These are spectra which would be observed if the atoms of chem-
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ical elements which form the compound would consist of only a single isotope
(preferably of those with the highest natural abundance, i.e. 28Si, 12C, 1800, 14N,
*H, in the cases under consideration). Exact calculations require that the empi-
rical formtdas of all ionic species be accurately known. Therefore, in the case
of peaks for which we could not determine the empirical formula by the above
method, we used the average isotope ratio of all compositions consistent with
a given mass number. In the recalculation of the poly-isotopic spectra, this
approximation results in an average error of i2% in the peaks of mono-iso-
topic spectra, but never exceeds i5% , because this approximation had to be
used only in the case of low intensity peaks.

The isotope ratio data used in the calculations have been taken from
reference [2] for Si and from [13] for C, H, N and 0. Table Y contains the data
for mono-isotopic spectra obtained by the above approximate calculations.
Within one spectrum, the abundance of ions corresponding to the individual
m/e values are given as % of the number of all ions. Data referring to doubly-
charged ions are marked with x, while the -f- sign marks those for which aver-
age isotope ratios were used in the calculations. In the calculation of the
amount of doubly-charged ions we have utilized the fact that in a poly-
isotopic spectrum either the main peak corresponding to a given ionic species,
or the first isotope peak appears always at a half mass number.

V. Conclusions

In Tables I1—Y constructed in the way described, the empirical formulas
and relative abundances of the more important ionic species are shown. In
most cases the decomposition pathways caused by electron bombardment are
also presented, as deduced from the observed metastable transitions. The
Tables indicate that, with some exceptions, all high intensity ions in the spectra
of these compounds belong to the same type. A number of rearrangement
peaks are observed in all spectra (on the basis of the empirical formulas).
The decomposition and formation pathways for compounds II, Il and 1V
are very similar. At the same time, as shown by Table V, the amount of the
individual ion-types varies strongly and numerous specific transitions are en-
countered, especially in the fragmentation of compounds I and V.

On the basis of the proposed decomposition pathways, molecular ions
with an odd number of electrons are transformed (mainly by the loss of methyl
radicals) into ions with an even number of electrons in the first fragmentation
step while as a result of further fission, ions with an even number of electrons
will be formed and neutral species with an even number of electrons will be
expelled.

Data in Table Y show that the relative abundance of molecular ions
varies between very low and medium values, significant differences being ob-
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175
162
161
160
147
146
145
144
133
132
131
130
129
119
117
116
115
114
113
105
104
103
102
101
100

99

89

88

87

86

85

83

80

75

74

73.

73

Acta C
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12.6

0.58

53.6

f. Sei. Hung. 62

.1969

0.47

4.76

0.63

0.70

0.54

0.25

0.98

0.71

0.20+

1.23
0.33+

19.5

Table V

0.26

20.5
0.20+

1.08
1.18+
0.77
1.52

0.11+

0.54
0.13+
3.87
0.20+

0.13+
1.13
0.46+

0.99

10.03x
[4.67

0.99

4.54

0.22

0.67

0.47

0.24
0.52

0.70

0.25+
0.36

011

0.70+

0.47

0.01 X
8.42

12.9
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72
71
70
69
66
65.5
65
64.5
61
60
59
58.5
58

57.5
57

56
55
53
52
51.5
51
47
46
45
44
43
42
31
29
28

1.27 X
0.63+
0.28+

8.71
1.16
3.84
0.22
0.62
0.74
1.23
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Table V (cont.)

1. LU
0.004 X -
0.50+ 0.82+
0.43+ 0.31+
0.12+ 0.58+
0.30+ -

— 2.37x%
1.38 X —

— 0.27
3.25 2.28
— 0.12X
0.38 0.23
— 0.68 X
0.33+ 0.21+
0.08 X

— 0.12+
0.33 0.10+
— 0.88 X
0.25 X —

— 0.29
5.95 3.16
1.07 0.58+
1.45 0.88
0.76 0.34
0.44 0.17
0.52 0.58

0.49+
0.28+

0.10

3.45

f0.09X
10.21

0.25+

0.13+

0.84 x

0.25

3.46
0.97 +
0.89

0.26
0.19
1.14

349

1.09X
0.96+
0.18+
0.29+

0.21+
0.12+

4.16
0.40+
1.01
0.12+
0.70
0.22
0.37

served in the case of compounds under consideration. The sequence in this
respect is I > V > IIl >mIl > 1V. Since the data in Table V are in % of the
total abundance of ions present, this sequence can be regarded as the stability
order of the molecular iods. In every case, the loss of a methyl radical from the
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molecular ion leads to the formation of M—15 ions which generate very in-
tense peaks in the spectra. Their relative abundance increases in a sequence
opposite to that observed for molecular ions (c f Table ¥).

Interesting further conclusions can be drawn from the ratio of the
amounts of ionic species containing and not containing the Si—X —Si moiety.
This ratio can be regarded as a measure of the resistance to electron bombard-
ment of the structure involved. The approximate calculation of this ratio was
based on the mono-isotopic spectra. In addition to the fragments, containing
one Si-atom, also those ions were regarded as decomposed whose empirical
formula could be interpreted only on the basis of skeleton rearrangements, i.e.
the ions with mass numbers 117 and 103 in the spectrum of compound Vv and
that with 113 in the spectrum of I11 and IV. The ionic species with ambiguous
empirical formulas have been taken into account twice, i.e. as ions contain-
ing both one and two Si atoms. Consequently, two limiting per cent figures
were obtained for every substance. According to the above method of calcu-
lation, the Si—X —Si moiety remains intact in the following fractions of the
total amount of ions

| 1| 11 v \%
22-25% 61-63% 81-84% 78-79% 39-45%

As shown by these figures, the random deviation due to peaks associated
with inaccurate empirical formulas does not invalidate the sequence deduced
from the ratios obtained for the individual compounds. The order of decreasing
stability of the Si—X —Si skeleton is the following: 111 v >11>v >1.
Thus, the Si—NH—Si structure proved to be the most resistant towards elec-
tron bombardment, while the relative frequency of the Si—Si bond rupture
is very high in compound I.

It is very interesting to compare this order of skeleton stability with the
decomposition pathways found for the individual compounds. For the decom-
position of the Si—Si skeleton a number of pathways were found which in-
volve the fission of only one bond. Such are the reactions (cf. Fig. 1) leading
to the formation of the trimethylsilyl ion (m/e = 73), occurring in nearly all
the possible combinations in the case of this compound. In other compounds,
decomposition without skeleton rearrangement is much less frequent, as indi-
cated by abundance ratio of the ions with mass number 73.

The stability of the Si—NCH3—Si skeleton is much lower than that of
the Si—NH—Si moiety, i.e. the substitution of an N-hydrogen by a methyl
group greatly reduces the stability of the original structure. This can be attrib-
uted to an enhanced possibility of rearrangement reactions, as a result of
substitution (cf. Table I1).
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lons formed via skeletal rearrangements are present in greatest abundance
in the spectrum of compound ¥. According to metastable peaks at T*/e = 95.1
and 81.6, such ions are formed in the following dissociation process:

[Si2ZCAHUNCH3 + MM [Si2caH 13 +

144 117
and
[Si2C3HINCH3] [Si2C3HnN ] +
130 103

In the case of hexamethyldisilazane (111) skeletal rearrangement is
also observed (m*/e = 98.4)

[Si2ZCAHuNH] + [Si2cAHY] +
130 113

A similar process can be detected in the case of compound 1V (m*/e
97.5)

[Si2CAHN O]+ [Si2CAH ] +
131 113

On the basis of analogies, it can he assumed that the following transition

in the case of compound I1, involves a skeletal rearrangement (m*/e = 99.0)
[SiZCAHN CHZ + [Sizc4H9] +
129 113

Similar expulsion reactions were recently observed by Gillis and Occo-
lowitz [14] in the case of organic sulfur compounds.

For practical purposes, only those processes are regarded as rearrange-
ment processes in mass spectrometry in which the ions detected in the spectrum
contain new bonds between atoms. However, if also the dissociation processes
in which, instead of the ion formed, it is the expelled neutral particle that
contains new bonds (i.e. one not present in the parent structure) are regarded
as rearrangements then the empirical formulas indicate that the majority of
reactions involving the destruction of the skeleton belong into the class of
rearrangement processes. Among the reactions in which the skeleton is de-
stroyed, the most important series of this category is the following.

For compound II:

[SIACHISCHZ + -S@H  [SiC4HY + [SI(CH32H ]+
145 85 59
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For compound 111:

[SIACHISNH] + - S@HbH>  [SIC3HSN ]+ [Si(CH3Y2H ]+
146 86 59

and for compound 1V, where instead of the M—15 ion the M—31 one is de-
composed in a similar way:

[SiZMHNO]+ _-SCH, [SIC3HM]+ [SiI(CH32H] +
131 87 59

In the case of compound V, there are two possible transitions resulting
in very intensive ion peaks.

[SIACHYNCH3I+  -5H@HAH [SIC3HEN]+ A [Si(CH3)2H] +

160 86 59
m-8;(mMBbHN [SICJHIN]+ -HZ [Si(CH33+
100 73
In the spectra of compounds 111, 1V and Vv, among the ions resulting from de-

composition without rearrangement of the Si—X —Si skeleton, only small
amounts of ions are present which carry the atom or atom group that linked
the two silicon atoms in the parent molecule (cf. Tables 11l and V). In other
words, if the skeleton is disrupted without rearrangement, this is usually not
the fragment that carries the charge.

Since, in compounds 111, IV and V the linking atom bonded to Si is
strongly electronegative, the Si—X bond is strongly ionic. In these compounds,
the original electron distribution along the Si—X bond is inhomogeneous. Pre-
sumably, this is further enhanced by the positive charge generated on one of
the Si atoms as a result of the ionization of the molecule. Thus, in the case of
the M—15 ion of compound 1V, the following situation may be expected

CHs3

> O---- e C.Hs3

\J

CHs3 CH3

Arrows indicate the expected shift of electron density on the o, and p,,—dn
levels.

It follows from the above structure that disruption of the skeleton with-
out rearrangement occurs heterolytically which means that it is very likely

Acta Chim. Acad. Sei. Hung. 62, 1969



TAMAS et al.. ORGANOSILICON COMPOUNDS 353

that the oxygen-free fragment will be the one carrying the charge, thus in the
reaction the following fragments

CH3

CH3-Si®© + |0-Si-CH3

| |
CH3 CH3

will be formed. This process is responsible also for the phenomenon that the
spectrum mainly contains fragments with an even number of electrons.

Among ions with one Si atom, ionic species with hetero-atoms are gen-
erally present in small amounts. Such ions are also found among those formed
by H-rearrangement, presumably containing Si—H bonds. Thus, e.g. the

I
[SiH3]+, [SICH3HZ]+, [Si(CH32H]+
31 45 59

series leading to intensive peaks in the spectrum of tetramethylsilane [8] as
well as in spectra of the compounds under consideration occurs also in the
spectrum of compounds 111 and IV as a series complete with NH and O but iu
relatively low abundance (cf. Tables 111 and V):

[SiH4AN]+, [SICH6N ]+, [SIC2H8N]+
46 60 74
and
[SIHO]+, [SICH®0]+, [SICHT] +
47 61 . 75

Sharkey €tal. have detected [1] the latter series, i.e. the ions correspond-
ing to the oxygen variant of this type of rearrangement, in the mass spectra
of trimethylsilyl ethers. As shown by Tables Il and 1V, the similarity of series
with and without a hetero-atom is maintained also with respect to pathways
of formation:

[Si(CH32H]+ -CHV [SiH3]+, and
59 3

[SICHRN]+ _Z~  [SiHjN]+, and

74 46
[SICH, 0]+ j a [SIH] +.
75 47

On the basis of empirical formulas, H-rearrangement ions can also be
observed in the upper section of the spectra (cf. Table I11). In these ions, the
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Si—X —Si skeleton is presumably intact. The lowest amount of this ionic
species is present in the case of compound V. The neutral particle expelled
during the formation of this species also has a rearranged structure (cf. Table
V).

On the basis of empirical formulas, the neutral species removed as a
result of decomposition with rearrangement, can be assumed to be stable prod-
ucts, e.g. trimethylsilane, dimethylsilane, methylsilane, methane, ethylene,
acetylene, ammonia, hydrogen cyanide, carbon monoxide and water.

In the spectra of compounds 11—V doubly-charged ions are present in
significant amounts. The most probable pathway of their formation and de-
composition is the following. Doubly-charged molecular ions formed as a result
of electron bombardment are stabilized by the successive loss of two methyl
groups. Further decomposition involves the loss of CH4 or C2H4. Thus, the
fragmentation pattern of these species involves the loss of one methyl radical
more than that of molecular ions (cf. Table Il) with a single positive charge.

The appearance of multi-charged ions in substantial abundance in the
mass spectra of hexamethyldisiloxane and octamethyltrisiloxane has been
first observed and interpreted [9] by pinre1er et al. In accordance with their
observation that in the spectrum of tetramethylsilane there are only single
charged positive ions, while those of hexamethyldisiloxane and octamethyl-
trisiloxane contain at most doubly and triply charged ions, respectively, the
authors assume that in multi-charged ions one Si atom carries only one charge
and releases one methyl radical. In the mass spectra of linear and cyclic silicon-
methylene compounds, a uiinger has found a substantial amount of multiply
charged ions and attributed their formation to the mechanism postulated by
Dibeter [15]. The present study provides further data concerning this theory,
since no ions with more than two charges have been found in the spectra of
the compounds which contained two silicon atoms. On the other hand, the
abundance of doubly-charged ions increases in the order I < V < Il < IV <
< HI as shown by the mass spectra. This sequence is identical with the stabi-
lity order of the Si—X —Si skeleton. This supports the assumption that the
presence of two silicon atoms in these compounds is a necessary condition for
the formation of doubly-charged ions. At the same time, in the spectra of
compound 1, no doubly-charged ions have been detected even at the highest
instrument sensitivity and high ionizing-electron energies (70—90 eV). Thus
Dibetler's iNterpretation may be extended by the statement that multiply
charged species can occur only with skeletons containing isolated silicon atoms.

Since in the case of compounds 111, IV and V, the interaction between
the two Si atoms and the linking X moiety is presumably of the pn—dK type
it is probable that this stabilizes the isolated positive charge because the elec-
tron defect can be compensated by the electrons of the coupling atom or atom
group. This effect in compound I1 can only be due to hyperconjugation.
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No doubly-charged ions can be formed from compound I. This is in agree-

ment with the above considerations, since there is no linking atom in this
compound functioning as an electron donor. Also the fact is to he taken into
account that among the compounds in question the lowest effective nuclear
charge (the sum of electronegativities being equal to 3.8) is associated with the
Si—Si bond so that the assumption of a certain degree of charge and energy
delocalization seems justified.

11.
12.

13.

14.
15.
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The unpaired electron density distribution in DPPH as a function of a range of
values of the Coulomb integral an for the central nitrogen atoms has been evaluated by
Hickel-type molecular orbital (MO) calculations without and with overlap and McLach-
lan-type approximate unrestricted SCF LCAO MO calculations without and with over-
lap. It was assumed that the N02groups of the picryl ring are not involved in the forma-
tion of the conjugated pi-electron system and that the DPPH molecule is formed by a
five step “systematic perturbation” of the triphenylethyl “basic skeleton”. The MO
calculations with input parameters whose values lie in a reasonable range (agr = 0.3—
—0.5) will give for the ratio of unpaired electron spin densities on the hydrazine nitro-
gen atoms 0.76—0.86 a good agreement with the measured ratio (0.77—0.84) [1, 2]
only if the McLachlan’s spin densities are taken to be proportional to the measured
values, since the splittings depend rather critically on the signs of the unpaired spin
densities.

1. Introduction

The a,a-diphenyl-B-picrylhydrazil (DPPH, see Fig. 1), is one of the stable
free radicals most frequently observed by paramagnetic resonance (PMR)
technique.

The first MO calculation for DPPH was reported by Bersonn [3] in
1958. The YB approach was used by B rown et al. [4] in 1960 with the special
aim to account for the negative spin densities, too.

The MO and YB methods, though fundamentally different in viewpoint,
lead to essentially the same molecular wave function [5, 6]. However to see
whether the results are truly the same, both types of calculation should be
carried through step by step. For molecules sized like DPPH this seems to be
impossible owing to the large number of independent canonical structures [7]
and the difficulties involved in the treatment of the unpaired electron on the
bonding or antibonding molecular orbitals [8] in the VB approach. Additional
difficulties are presented in the VB method by the uncertainty of the resonance
structures to be taken into account, since already the results of the earliest
DPPH measurements [9] made w ne1ana [10] to question the existence of
contributions from resonance structures of the type illustrated in Fig. 2, con-
sidering that the average distances of the unpaired electron from the two nitro-
gen atoms of the hydrazyl grouping were found to be equal and considerably
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shorter than would have been expected if this radical receives important con-
tributions of this type.

The present computations were performed using HiickePs LCAO-MO
method. In order to account for the negative spin densities, a modification of
the unrestricted SCF treatment suggested by McLachiran [11] for the esti-
mation of the pi electron densities was applied. The following calculation pro-
cedures were used: Hiickel-type calculation without and with overlap and
McLACHLAN-type treatment without and with overlap. The relationships

Fig. 1. Schematic representation of the molecular structure of DPPH free radical (the dot re-
presents the odd electron)

Fig. 2. Two resonant structures to DPPH free radical

between the parameters of the different procedures are discussed and the cal-
culated values are compared with the reported experimental data on spin
densities.

2. Methods of calculation
a) Hiickel-type calculation without overlap
In this case
Sij = (e-/ Ej) = dij (the unit matrix) Q)

i.e. the basic AO-s are supposed to be orthonormal, thus the overlap integrals
may be entirely neglected.
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In the case of conjugated molecules with heteroatoms the parameters
a, and Rij are written, as suggested by [12] in the form

ax = ®cc 4" a-xBcc and 2
Bex = bexBec (X = heteroatom).

The value of xcc for the carbon 2p orbital in unsubstituted benzene is
taken as a reference point and the deviation of the Coulomb integral of the
heteroatom from acc is expressed in units of the resonance integral Rcc charac-
terizing a pair of carbon atoms in unsubstituted benzene. The resonance integ-
ral between a heteroatom and an adjacent carbon atom is also measured in
units of Rcc-

b) Hiickel-type calculation with overlap
In this case
Sy=ho0, i=H (i andj are nearest neighbours) 3)

The basic AO-s are assumed to be overlapping. It was shown [13] that in cal-
culations with heteromolecules both the charges Py and the atom-atom (or
mutual) polarizabilities Ty are sensitive to the values of S//, no reliable results
are to be expected unless the overlap integrals are included right from the
beginning. This can be done provided that the basis functions are understood
to be orthogonalized atomic orbitals - constructed from the atomic orbitals
g according to the criteria

Y j®, — & RE—minimum, (®, |dy) = by. 4
The solution of Eq. (4) is the so-called symmetric orthogonalization proposed
by Lowdin [14], where the orthogonalized orbital @, is the following linear
combination of the AO-s H

&i_Ei-“KjﬁiEjsji-'-Tjk ej sjk ski —H om» (/\)

Thus, each @ contains one main term arising from the corresponding e- and a
small amount of the others in order to ensure the orthogonality.
c) McLachlan-type calculation without overlap

McLachlan [11] developed a SCF MO theory of electron spin distribu-
tion which yields the observed negative spin densities. The SC wave function
has the form proposed by Pople and Nesbet [15], as

w= ... \WWh\VowW (6)
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in which electrons of a and B spin occupy independent sets of orbitals. The
spin density qis then given by

e= IVol2+ (\_£I Vj\2— \Vj\2> (7

]

or, using the LCAO semi-empirical method of Pariser and parr [16] and in-
troducing further neglections which, however, do not cause significant errors,
as it was shown by McLachian [11], one may write for the spin density at
atom i

e/=Q,-AJE*iyQy, (8)
J

where Ais an adjustable parameter. (8;y is the mutual polarizability and Cy
are the coefficients).

McLachian further has shown that we can obtain the spin densities
Qi directly from (7) if we determine the coefficients in the MO-s rpo and y>j-s
from a Hiickel matrix and those in the MO-s xjj from a modified Hiickel matrix
with the off-diagonal elements Rrs unchanged but substituting for the diagonal
elements ar — 2ACOr23cc-

d) McLachlan-type calculation with overlap

Considering the fact that for heteromolecules the overlap effects must be
taken into account right from the beginning, the idea has arisen to work with
atomic orbitals of the type (5) for the calculation of spin densities by McLach-
1am’s method described in ¢, since the transformation of the atomic orbitals
Si into the orthogonalized Léwdin atomic orbitals (LAO) &®- takes account of
the overlap.

3. Outline of the calculations on DPPH

ESR measurements show that the unpaired electron left on the /1-nitro-
gen of the DPPH molecule upon the removal of the hydrogen is delocalized
through the aromatic rings and also through the picryl ring [4]. It follows
that the DPPH free radical can be treated by the MO method as a conjugated
pi-electron system with the bond between a-N and /?-N behaving as a quasi-
double bond. In the calculations the hydrazine bond length was taken to be
<~1.31 A, the length of the single bond C—N to be 1.43 A. Both N9 and N20
are assumed to involve sp2 hybrid orbitals. Such bonds must necessarily lie
nearly in a plane perpendicular to the conjugated pi-electron orbitals so that
the molecule should be as a whole (except the NO2 groups) also planar.
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It is assumed that in DPPH the NO02 groups of the picryl ring are not
involved in the formation of the conjugated pi-electron system. Though, it
follows that the NO2 groups cannot be regarded as direct centres for pi-elec-
trons, the electrostatic effect of the nitro groups inductively still remains.

Since the nitro group removes electrons from and so increases the elec-
tron affinity of the carbon atom to which it is attached, this inductive effect
can he expressed by the change of the Coulomb integral a, it can be estimated
by making use of the auxiliary inductive parameter (AIP) introduced by
Wheland and Pauling [12], as

ath = 6aNl, where ah = Xc + «Qifdcc

13, 15, 17 and 9)
21, 22, 23 (Fig. 1),

>
1

Assuming the nitrogen of the NO2 group to contribute two electrons to the
system, as/ *=3agr. If the pi-electrons of the substituent do not take part in
the delocalization, the values of d has to be taken as one third of the 1/3 char-
acterizing the conjugated system, that is about 1/10 [17]. For the carbon
atoms adjacent to N9 and N2 we take 6 = 1/3.

To obtain consistent results it seems, however, insufficient to calculate
with even the most carefully chosen optimum possible parameter values, the
present calculations were performed therefore systematically, with the aim
to evaluate individually the effect of each of the assumed parameters on the
same basic skeleton. As seen above, the DPPH molecule can be approximated
in the Hiickel-type MO approach to a system of C2y symmetry with 20 atomic
centres, each with a pi-electron, thus the corresponding “unperturbed” basic
skeleton is the triphenylethylene (TPE) molecule of the same symmetry. As
compared with DPPH the TPE molecule represents the case with aN = 0,
bN= 1, AIP = 0 and Sij = 0.25. The sequence of “perturbations” leading
from TPE to DPPH is the following.

1. Introduction of the inductive effect of the N02 groups (6 = 1/10)
giving rise to diphenyl-picryl-ethylene (DPPE).

2. Introduction of aN at the atoms 19 and 20 giving rise to triphenyl-
hydrazine TPH (1).

3. The simultaneous introduction of AIP (d = 1/3) with aN at the atoms
6, 12 and 18 leading to TPH (2).

4. The simultaneous introduction of perturbations 1 and 2 lead to
DPPH (1).

5. Finally, the simultaneous introduction of the perturbations 1, 2 and 3
leads to DPPH (2).

Acta Chim. Acad. Sei. Hung. 62, 1969



362 HEGYHATI: DIPHENYL PICRYL HYDRAZIL

It has to be noted that in the cases 2/a and 2/b (Hiickel-type calculation
without and with overlap) the value of the Coulomb integral aN = ag+ aN Rcc
for nitrogen was taken, as suggested by Laforgue [18], by using Pauting’s
scale for electronegativities: aN —% — %= 3.0—2.5. In order to take account
of the dependence of Btj on bond length, the values of Btj were estimated
from the overlap integrals, as proposed by w neranda for the carbon-carbon
bonds [19]:

Sj/r)

) 10
M) see(r= 1.397 A) e

The overlap integrals can be evaluated as shown in [20]. In the evaluation of
the parameters no attempt has been made to work with values of b/j computed
to two decimal accuracy. According to the estimations of the bond length it
was taken to be uniformly bGN = bNN = 0.80. The values of AIP correspond-
ing to NO2for the carbon atoms 13, 15 and 17 were obtained by considering
that aN — 0.5, a# ~ 15 and 8= 1/10, thus ah”™ 0.10—0.20. In the five
steps perturbation sequence the lower limit of this value has been taken, since

Table |

Parameters of the systematic perturbation of TPE

Values of bj TPE DPPE TPH(I) TPH(2) DPPH(I) DPPH(2)
19 0.0 0.0 0.5 0.5 0.5 0.5
increm ents 20 0.0 0.0 0.5 0.5 0.5 0.5
in X 6 0.0 0.0 0.0 0.1 0.0 0.1
(il"l RecA 18 0.0 0.0 0.0 0.1 0.0 0.1
13 0.0 0.1 0.0 0.0 0.1 0.1
Rij 19— 20 1.0 1.0 0.8 0.8 0.8 0.8
6— 20 1.0 1.0 0.8 0.8 0.8 0.8
1.0 1.0 0.8 0.8 0.8 0.8

(in Bcc) 18— 19

according to the SCF calculations aN = 0.5 is an upper limit [21]. For the
carbon atoms s, 12 and 18 one gets with aN = 0.5and 8 = 1/3,acn  0.10—20,
again the lower limit has been taken. After having performed the computations
with these values (Table 1), the influence of the so-called a-effect on DPPH (2)
was investigated by varying the values of ooN while the values of @ and AIP
were left unchanged. In the McLACHLAN-type calculations the value of 2 was
also varied to see its effect on the spin density.
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4. Results and discussion

In the tables and discussion the symbols , ¢fc and are the charges
and spin densities obtained from the calculations 2/a and 2/b, respectively,
while the spin densities obtained from the mMcLacnhi1an calculations 2/c and
2/d without and with overlap are denoted by QM and 6k’M.

In Tables Il and 111 are summarized the values of energy, charge, and
spin density, as obtained for the “systematical perturbation” of the TPE
skeleton.

Table 11

Energy levels ofsystematically perturbed TPE
(parameters are listed in Table 1)

K TPE DPPE TPH(I) TPH(2) DPPH(I) DPPH(2)
1 2.35829 2.36408 2.29084 2.32172 2.29739 2.32796
2 2.08397 2.12063 2.06800 2.09150 2.10423 2.12728
3 2.00000 2.00000 2.00000 2.01751 2.00000 2.01751
4 1.57184 1.58065 1.60235 1.60545 1.61086 1.61422
5 1.19935 1.22684 1.19190 1.21983 1.21707 1.24481
6 1.00000 1.05125 1.00000 1.03349 1.05125 1.05125
7 1.00000 1.00000 1.00000 1.00000 1.00000 1.03349
Xk 8 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000
(in B) 9 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000
10 0.43173 0.45526 0.62427 0.63892 0.64810 0.66179
11 -0.43173 —0.40875 —0.17303 -0.17208 —0.15809 -0.15683
12 -0.00000 —0.95125 —1.00000 -0.96688 —0.95125 -0.95125
13 -1.00000 —1.00000 —1.00000 -1.00000 —1.00000 —0.96688
14 -1.00000 -1.00000 —1.00000 -1.00000 —1.00000 -1.00000
15 -1.00000 —1.00000 —1.00000 -1.00000 —1.00000 —1.00000°
16  -1.19935  —1.17355 —1.11291 -1.08103 —1.07965 -1.04711
17 -1.57184 —1.56332 —1.31826 -1.29662 —1.31314 -1.29149
18 -2.00000 —2.00000 -2.00000 -1.98412 -2.00000 -1.98013
19 -2.08397 —2.04783 —2.04340 -2.02377 —2.00041 -1.98412
20 -2.35829 —2.35400 —2.12974 -2.10391 -2.12636 -2.10051

Let us first consider the energies (Table Il). The schematic representa-
tion of the MQO’s of these systems (Fig. 4 and Table I1) shows that the fourfold
degeneracy of TPE (k = 6, 7, 8 and 9) is eventually removed in DPPH (2)
by the introduction of the NO2groups (k = 6) and the AIP parameters (fe = 7).
The AIP parameters remove also the characteristic values of 28 (k = 3). The
orbital energy of the unpaired electron (k = 11) gradually decreases to attain

Acta Chim. Acad. Sei. Hung. 62, 1969



HEGYHATI: DIPHENYL PICRYL HYDRAZIL

.364

Fig. 3. Systematic perturbation of the ’’basic skeleton” TPE
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its smallest (that is the most stable) value in DPPH. Also the other orbitals
are getting stabilized (k = 1,2, 4,5 and 10) on going towards DPPH (2).
For the better understanding of symmetry relations, the molecular orbitals
are shown for benzene too (Fig. 5).

It is apparent from Table 111 that in the TPE skeleton the spin den-
sity at carbon 19 is not the same as that at carbon 20. In the introduction of
the NO2 groups (DPPE), the charge distribution changes according to the ori-

N R | — o
R 4-4
4 —mememmmenen N +
54 0 4- 0
6- 4 4- 4

Fig. 5. Schematic representation of MO-s of benzene

entation effect of the N02substituents. On the introduction of the N-s (TPH),
both the charge and the spin density at the atoms 19 and 20 attain the orders
of magnitude characteristic of DPPH.

The results of the calculations are given in such detail because the data
seem to suggest a possible direct relationship between the calculated spin
densities and the measured coupling constants. It seems that the uncertain-
ties, referred to by R. J. warter [22] as being “so great that one cannot be
certain that the larger coupling constant associated with nitrogen 19 really
means that the unpaired electron density in the 2pz orbital at atom 19 is great-
er than that at 207, are not so great after all. The uncertainty of [22] seems
to be due to the unsuitable inclusion of the N02groups. Reproducing the cal-
culation with the artificial parameter used in [22] the system was found to be
overstabilized since 16 from the 26 MO-s are bonding and only 10 antibonding.

The variations of spin densities in DPPH with the values of aN and A
are listed in Table 1V. The trend of the variations is well apparent. Any further
analysis, however, would seem purely speculative in lack of sufficiently accu-
rate experimental data.

Summarizing, it can be said that results in fair agreement with the meas-
ured values are obtained by the DPPH calculations performed with the follow-
ing assumptions:

a) In DPPH free radical the pi-electronic structure is affected by the
T\02 substituents primarily through the inductive effect, but they do not
enter into conjugation with the pi-electron system.

b) Both of the central nitrogens in DPPH are in the sp2 hybrid state.
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Table 111

Charges and spin densites of systematically perturbed TPE

(parameters are listed in Table I)

K TPE DPPE TPH 1) TPH(2) DPPH(I) DPPH(L)
1 1.0000 0.9964 0.9804 0.9685 0.9776 0.9658
2 1.0000 1.0001 0.9998 1.0005 0.9998 1.0005
3 1.0000 0.9967 0.9789 0.9705 0.9762 0.9678
6 1.0000 1.0006 0.9934 1.0263 0.9936 1.0264
13 1.0000 1.0453 0.9870 0.9758 1.0318 1.0203
ok 14 1.0000 0.9606 0.9994 1.0001 0.9600 0.9607
15 1.0000 1.0452 0.9838 0.9758 1.0288 1.0215
18 1.0000 0.9695 0.9879 1.0199 0.9566 0.9887
19 1.0000 1.0092 1.1330 1.1308 1.1415 1.1393
20 1.0000 0.9837 1.0568 1.0519 1.0404 1.0358
1 0.0491 0.0502 0.0448 0.0455 0.0458 0.0463
2 0.0028 0.0025 0.0004 0.0004 0.0003 0.0003
3 0.0597 0.0598 0.0462 0.0469 0.0469 0.0475
6 0.0220 0.0200 0.0031 0.0031 0.0026 0.0026
13 0.0724 0.0697 0.0499 0.0507 0.0485 0.0498
14 0.0041 0.0056 0.0004 0.0004 0.0009 0.0009
15 0.0881 0.0869 0.0514 0.0522 0.0505 0.0518
18 0.0325 0.0438 0.0034 0.0034 0.0074 0.0075
19 0.2120 0.1959 0.2978 0.2946 0.2847 0.2808
20 0.1436 0.1523 0.2677 0.2646 0.2754 0.2721
1 0.0491 0.0504 0.0482 0.0489 0.0494 0.0499
2 0.0028 0.0025 0.0004 0.0004 0.0004 0.0004
3 0.0597 0.0601 0.0498 0.0505 0.0507 0.0513
6 0.0220 0.0204 0.0041 0.0040 0.0035 0.0034
13 0.0724 0.0687 0.0541 0.0549 0.0516 0.0528
K 14 0.0041 0.0055 0.0005 0.0005 0.0010 0.0010
15 0.0881 0.0854 0.0559 0.0567 0.0539 0.0552
18 0.0325 0.0427 0.0045 0.0044 0.0089 0.0088
19 0.2120 0.1987 0.2794 0.2762 0.2684 0.2646
20 0.1436 0.1523 0.2486 0.2456 0.2566 0.2535
C) G is not directly proportional to the measured splitting constant

owing to the negative spin densities. However, the spin densities q\!'M or

obtained by the McLach1an method can be directly related to the measured
values. According to [23] the nitrogen splitting AN seems to be proportional
to the calculated unpaired electron density on the nitrogen and the theoretical
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Table 1V

Variations of McLachtian’s spin densities 8,m and

03
1.00 110
0.0532 0.0538
-0.0184 -0.0203
0.0563 0.0567
-0.0126 -0.0148
0.0689 0.0705
-0.0202 -0.0224
0.0753 0.0759
—0.0040 -0.0061
0.3428 0.3509
0.2617 0.2643
0.76 0.75
0.0561 0.0568
-0.0190 -0.0210
0.0605 0.0611
-0.0110 -0.0132
0.0714 0.0730
-0.0214 -0.0237
0.0792 0.0809
-0.0030 -0.0051
0.3298 0.3374
0.2469 0.2491
0.75 0.74

120

0.0544
-0.0223
0.0571
-0.0172
0.0721
-0.0246
0.0786
-0.0082
0.3591
0.2672

0.74

0.0576
-0.0231
0.0616
-0.0155
0.0747
-0.0259
0.0826
-0.0072
0.3452
0.2615

0.73

1.00

0.0536
-0.0189
0.0541
-0.0179
0.0665
-0.0201
0.0695
-0.0106
0.3519
0.2852

0.81

0.0582
—0.0199
0.0599
-0.0165
0.0703
-0.0216
0.0748
-0.0095
0.3325
0.2652

ay = 04

110

0.0543
-0.0209
0.0543
-0.0206
0.0681
-0.0222
0.0709
—0.0129
0.3605
0.2890

0.80

0.0590
—0.0220
0.0603
-0.0191
0.0719
-0.0239
0.0764
-0.0118
0.3405
0.2684

0.79

of DPPH with agr and A

120 1.00
0.0549 0.0541
—0.0229 -0.0195
0.0544 0.0520
-0.0234 -0.0229
0.0696 0.0642
-0.0244 -0.0199
0.0723 0.0644
-0.0153 -0.0162
0.3693 0.3589
0.2932 0.3079
0.79 0.86
0.0598 0.0605
-0.0241 -0.0208
0.0607 0.0596
-0.0218 -0.0218
0.0736 0.0693
-0.0261 -0.0218
0.0779 0.0704
-0.0141 -0.0153
0.3486 0.3328
0.2719 0.2825
0.78 0.85

ay = 05

110

0.0547
-0.0216
0.0520
-0.0260
0.0657
-0.0220
0.0656
-0.0188
0.3680
0.3130

0.85

0.0613
-0.0230
0.0599
-0.0248
0.0709
-0.0240
0.0718
-0.0178
0.3411
0.2869

0.84

120

0.0552
-0.0236
0.0519
-0.0292
0.0673
0.0241
0.0668
-0.0213
0.3775
0.3185

0.84

0.0622
-0.0252
0.0602
-0.0278
0.0726
-0.0262
0.0731
-0.0203
0.3497
0.2915
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Table V

Computed, and measured unpaired electron densities Qk on two central N atoms of DPPH free radical

Wal *[22
Bersohn Brown Anderson « atter E ! f *k i
ki 0- [4b] syste- opti- DPPH Experimental values
K et matic” mum?”
- = y : 21
eK e" eig (in Pdauss) (in gauss)

ek > >
19 0.1518 0.300 0.464 0.432 0.191 0.277 0.352 9.35+ 0,20 9.90+0.20
20 0.1416 0.266 0.464 0.109 0.147 0.259 0.285 7.85+0.20 7.63+ 0.20

20
19

0.93 0.89 1.00 0.25 0.77 0.94 0.81 0.84 0.77

(qn = HiicKEL-type calc., nv'm — McLACHLAN-type calculation)
* Including the N 02groups of the picryl ring.
** This paper (McLachlan’s A= 1.00, Coulomb parameter aN = 0.4, resonance parameter

RcN = °-80*AIP values al3 15 17= 0.10, a6, 12, 18 = 0.10).

estimates of the contributions to the splitting from spin densities on adjacent
atoms indicate that they should be small. Then the McConnerr relation
An = QQkMor An = K =19, 20, see [24]) gives for the proportionality
factor Q = 26—28 (see Table V and [26]). As far as we know, the measured
splittings of the ring-protons has not been specified so far, even the first partial
resolution of the proton hyperfine splittings reported by Degucni [25] has
not been included in the Atlas of Electron Spin Resonance Spectra edited by
B. H. J. Bietski and J. M. Gebicki in 1967.

The calculations were performed on the ICT 1905 computer of the Cen-
tral Research Institute for Physics with the use of a Fortran 1V program. The
listing of the Fortran program was made available by the courtesy of Professor
R. J. Myers (D. H. Levy, Ph. D. Thesis, UCRL 11864, January 1965). The
original program written for IBM 7094 computer was rewritten and slightly
modified for ICT 1905 computer.

Thanks are due to Drs. |I. Késa-Somogyi and M. Gécs-Ers for suggesting the
problem and for their helpful interest. Author is greatly indebted to Dr. J. Ladik for
reading the manuscript.
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POTASSIUM THIOSULPHATE 1/3 HYDRATE
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The structure of potassium thiosulphate 1/3 hydrate, K,5,03-1/3 H20 was deter-
mined. The crystals are monoclinic, space group P 2,/c. The unit cell parameters are

a= 9.389 + 0.005 A 6 = 6.006 + 0.006/1
c= 3098+ 0.011 B= 98°22"+ 3, z= 12

The (010) projection of the structure was determined by direct methods, the yj coordi-
nates of the atoms were determined with the aid of the system of linear structure factor
equations and of the generalized projection of the electron density. The three dimension-
al refinement was carried out by the Cruickshank (00— oc) synthesis from 2500
independent reflections. Anisotropic temperature factor was calculated. The final R
factor was 0.13 and 0.15 including the unobserved reflections too. The bond distances
and bond angles of the S20 3 tetrahedra are in good agreement with the mean values
found in other known thiosulphate structures. The H20 molecules form a screw line
around the screw axes.

Introduction

Although crystal structures of several thiosulphates have been published
(Taylor and Beevers, 1952; Sandor and Csordas, 1961; Nardelli, Fava
and Giraldi, 1962; Nardelli and Fava, 1962) [1—4], in these crystals the
asymmetric unit of the unit cell contains only one S2 3group. In the Institute
of Experimental Physics the structure analysis of K2520 3T/3 H2 was per-
formed. The volume of the unit cell for this crystal is larger than for any of
the others, and the asymmetric unit contains three S2 3 groups.

Experimental procedure and crystal data

The single crystals of K2S20 3T/3 H2D were grown by the slow evapora-
tion of the aqueous solution in a thermostat set at 70°C. The material was
purified by repeated crystallization. The single crystals were colourless, a
little elongated prisms.

The density of the crystals was determined by flotation in a mixture of
bromoform and ethylene bromide at 24°C. The measured density is 2.262
A 0.002 gem ~3.

The unit cell dimensions and space group were obtained from Laue,
oscillation and Weissenberg photographs (with Cu Ka radiation).

4 Acta Chim. Acad. Sei. Hung. 62, 1969



372 CSOKDAS: CRYSTAL STRUCTURE OF POTASSIUM THIOSULPHATE

Crystal data [5]:
K252 3-1/3 H20, M = 196.32

a = 9.389 + 0.005 A

b = 6.006 + 0.006 A

C 30.98 + 0.01 A

R 98°22' + Y

\ 1728 + 1 A3

zZ = 12

Dm= 2262 =+ 0.002 gem ~3
Dx = 2.263 gem _3

fi. = 275 cm

F (000) = 1168

Space group P2xc — Cfft (uniquelly determined from systematic absences).

The intensity data were obtained photometrically and by visual estima-
tion from 3—3 levels around [100] and [010] axes, from integrated and usual
equi-inclination Weissenberg photographs with multiple-film method. From
these photographs 2500 independent reflections were determined with 1560
non-zero intensities. The limits of the intensities for the non-ohserved reflec-
tions were estimated in the usual form.

The set of the relative intensities was corrected for Lorentz and polari-
zation factor and converted to absolute values by the statistical method of
Wilson. The isotropic temperature factor was found B = 1.86 A-2.

Structure analysis

First the P(u, w), P(v, w) Patterson projections and the two Harker
sections [(u, 0, iv) and (u, 1/2, te)] were calculated. The first section showed 4
great peaks and the second section showed 6 great peaks together with many
lower maxima. From these patterns we could not find the positions of the S20 3
groups and the potassium atoms.

The structure analysis was solved by the direct phase determination.
As the crystal has a centre of symmetry, we had to find only the signs of the
structure factors. The Harker—Kasper inequalities were not useful for the
sign determination, as the average value of the absolute values of the unitary
structure factors was very small. Next the signs of the structure factors of the
(2n, 0, 21) type were derived using the formula er given by Hauptman and
K ar1e for the space group P2xc [6]. In this way four signs could be determined
with the probability, greater than 0.9. In our space group three signs can be
specified arbitrarily, which are linearly independent. Investigating the triple
products of the normalized structure factors for the statistical equation of
sayre and zacnariasen [7, 8], three large structure factors [(2,1, 4), (1, O,
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10), (1, 2,5) ] most often appearing in the triple products were assigned by
positive signs. With the aid of these seven known signs the statistical equations
gave two new signs. In this calculation and in the following one only those
signs were accepted for which the probability was greater than 0.98. At this
stage the signs of 12 other structure factors were specified with letters. Writing
these into the table of the triple products, first we got signs in letter form, the
meaning of which could be fixed step by step later from the relations found
among them. As the meaning of each letter was determined, we knew alto-
gether 55 signs. Further the investigation of this statistical equation was carried
out on the computer type Ural-2, first for 350 structure factors of unknown
sign. The computer printed the new signs, their probability, the number of
the positive and negative relations found, transferred the data of these reflec-
tions into the set of the known reflections and striked them out from the un-
known one. In this way 132 new signs were determined. Later from 150 other
structure factors we got 28 further new signs, so finally we had altogether 215
known signs. From these 93 signs belonged to the (010) projection and 46 signs
to the (100) projection. Knowing the final calculated structure factors, it
seemed, that only 4 signs were incorrect among the 215 ones.

Using the signs determined and the absolute values of the observed struc-
ture factors, we calculated the (010) Fourier projection of the electron density.
After a few attempts we could build up from this projection an approximate
model of the structure in two dimensions. It was refined first by calculating
the structure factors, the projection of the electron density and of the (FO— F¢)
synthesis and later by the differential synthesis in six cycles. In this stage
the value of the reliability index was 0.18 for all (h0/) reflections.

The determination of the third (yj) coordinates of the atoms was not
successful from the (100) projection of the electron density. The 46 known signs
were very few for the good resolution, though each sign was correct. This prob-
lem was solved with two methods:

a) The system of the linear structure factor equations [9, 10]. In the
space group P 2Jc the structure factor has the form

N4
F(hkl) = 4+« yfj cos 2n(hxj -(- 1zj) ecos 2 nky,
p X
K-\-1= 2n

and
Nl
F(hkl) = — 4 « y fj sin 2 n(hxj -j- hj) msin 2 nkyj
P
K-f-1= 2n-)}- 1
If we know two coordinates of the atoms (xj, zj) and if we hold k = const.,

then we can write a system of linear equations for cos 2n kyj and for sin 21 kyj.
The constants of the equations are the observed structure factors. If we don’t
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know their signs, we choose the unobserved reflections (puting F = 0) except
one, the sign of which can be specified arbitrarily. If we know the signs of some
of the structure factors (for instance from the direct method), then we can
write those into the equations. As the observed structure factors have errors
from the measurements, we used not only 22 equations for the 22 unknown
coordinates, but 48 equations and the system of this linear equations was
solved by the least square method.

b) The generalized projection of the electron density. As it is well known,
the (010) projection of the electron density can be calculated from the F(hOlI)
structure factors. If we put F(hKI) as amplitudes into the Fourier series (where
K is a const., in our case K = 1), we get the generalized projection of the elec-
tron density. The original maxima appear here weightened by cos 2nKyj.
So from the conventional and from the generalized projections we can obtain
the third coordinates (yf) of the atoms.

Comparing the results of these two methods, we could find the approxi-
mate coordinates, i.e. the whole three-dimensional model.

Table |
Final atomic coordinates and their standard deviations

x/a ylb zlc

Si 0.8337 (8) 0.1770 (9) 0.0094 @)
S. 0.2625 (9) 0.9678 (9) 0.1202 (2)
S3 0.6796 (8) 0.7442 (11) 0.1686 (2)
s4 0.7185 co 0.3256 (9) 0.0507 2)
S5 0.2602 (7) 0.6377 (9) 0.1261 (2)
s6 0.8405 (7)  0.9066 (10)  0.2049 (2)
Oi 0.5700 (37) 0.2707 (39) 0.0443 (8)
0, 0.7341 (36)  0.5630 (49)  0.0453 M
03 0.7852 (30) 0.2726 (37)  0.0948 (7
04 0.1247 (23)  0.5542 (36) 0.1058 (6)
05 0.2809 (21) 0.5776 (30) 0.1730 (10)
0, 0.3699 27) 0.5495 (25) 0.1046 (6)
0, 0.8753 (24)  0.7928 (49)  0.2468 (9)
08 0.9625 (25)  0.8923 (35) 0.1808 (6)
0, 0.7928 (17)  0.1422 (31)  0.2102 (5)

0.5569 (7) 0.2488 (9) 0.1524 (2)
K2 0.9114 (7) 0.8605 (9) 0.0939 (2)
K3 0.2495 (7) 0.9203 (9) 0.2274 2)
K4 0.4950 (7) 0.8079 (9) 0.0527 (2)
K5 0.1930 (8) 0.3181 (8) 0.0365 (2)
KO0 0.9904 (7) 0.3916 (9) 0.1731 (2)
H 20 0.4590 (21) 0.3082 (34) 0.2358 (5)
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Refinement of the structure

In the three-dimensional model the (Xj, zj) coordinates of the atoms were
more accurate than y}, therefore first only the 37 coordinates were refined by
the three-dimensional differential synthesis in three cycles. After this the refine-
ment of the whole structure was performed in three steps. First the xj, yj, Z
coordinates were refined by the Cruickshanic (po — gc¢) synthesis [i11] in-
dependently (i.e. from the diagonal of the matrix) in four cycles, thereafter
the calculation of the refinement from the full matrices of the coordinates
was made again in four cycles. Finally anisotropic temperature factors were
calculated. The final reliability index was R = 0.13 for the observed reflections
only and R' = 0.15 including the unobserved reflections too. The final atomic
coordinates and their standard deviations [12] are reported in Table I. Table 11

Table 11

Anisotropic thermal parameters

bn 2 bs . io< bn bn B
c
s X 36.80 50.89 -1.35 20.34 12.31 -3.58
s. 14.30 15.70 —2.20 35.49 4.57 -4.79
33 11.05 2.00 - 057 178.2 -4.04 2.60
s4 2.95 21.60 - 245 33.35 5.85 -3.06
35 10.03 73.62 - 475 -33.05 6.32 -2.30
Se —6.00 28.66 - 5.22 131.7 1.52 —1.29
or 19.29 147.8 1.79 -6.04 -4.99 9.01
02 76.29 70.90 0.19 —231.6 7.02 24.53
03 16.58 186.5 —1.44 179.6 20.45 —22.10
04 -20.23 66.14 2.74 —20.74 11.27 -10.73
05 -61.54 -35.53 0.72 316.2 11.48 3.47
0G -5.77 64.19 0.0 —175.4 -31.93 -9.77
07 13.32 95.64 5.17 40.61 6.21 -30.97
Os -46.61 —81.04 0.0 381.4 36.09 52.30
09 —43.50 -60.63 -1.00 279.0 —1.43 5.13
Kt -5.02 14.37 0.10 139.7 —12.19 7.59
K2 10.63 75.79 -2.64 91.96 —10.20 6.80
K3 10.70 67.46 —2.15 102.9 —1.23 2.54
K4 -5.61 65.83 1.22 173.8 14.19 111
K5 46.31 46.71 -1.52 124.9 6.53 4.07
K6 14.96 67.93 -0.75 86.45 —20.30 12.17
H.0 -6.37 115.9 4.32 -101.2 8.87 -16.26
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shows the anisotropic thermal parameters, which are the differences compared
to the isotropic value, as they were calculated from the structure factors cor-
rected by the isotropic temperature factor. The b’s were used in the expression:

exp[—(iijjh2  e2~2 + B3A-+ blhk

Discussion of the structure

The structure is shown in projection along the b axis in Fig. 1. The di-
mensions of the three S20 3 groups are reported in Table I11. The mean values

bishl - b2I)].

of the bond distances and bond angles with their mean errors [13] are:

Si Sz 1.998 +
Si-O: 2.820 +
S2-0: 1.450 +
0-0: 2.378 +
Si-S2-0: 108.8 *
0—S2—0: 1101 +

(1]

Fig. 1. The arrangement of atoms in the half of the unit cell viewed along [010]. The yj coordi-
nates are indicated in A units. The full lines show the inner bonds of the S20 3 tetrahedra
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As Table 1Y shows, our results are in a good agreement with the mean values
found in the other thiosulphates of known structures. The deviations from the
regular tetrahedron are less than in the earlier investigations, so they do not
seem to be significant.

The nearest neighbours around the K atoms do not form any regular
arrangement. The distances between the K atoms and their nearest neighbours

Tabic 11

The bond distances and the bond angles in the three S20 3 groups

(5.0,), (SD32 (w
St—S2 2.001 A 2.001 A 1.992 A
Si-0, 2.790 2.775 2.775
Si-02 2.808 2.835 2.806
Si 03 2.898 2.848 2.848
S2 Ot 1.419 1.459 1.409
S2—02 1.446 1.461 1.425
s2-0 3 1.452 1.500 1.481
0,—0, 2.325 2.386 2.308
Oi 03 2.334 2.456 2.369
0,—03 2.368 2.458 2.393
Sj—S2—o, 107.0° 105.6° 108.1°
Sj—S2—02 107.8 108.0 109.3
Si s2 03 114.8 109.0 109.3
Ot—S2—02 106.7° 109.6° 109.1°
0j—S2—03 109.1 112.1 109.2
02—S2-~03 111.1 112.3 111.7

Table IV

Distances and angles in the S20 3 group of the known thiosulphate structures

NaX2 3« 5Hz0 NaBs20 3 MgSDs «6H,0  BaSD3+HD  KSD3+1/3HD
Si S2 1.97 A 2.01 A 2.02 A 1.96 A 2.00 A
S,-0 2.78 2.84 2.85 2.75 2.82
S2-0 1.48 1.47 1.48 1.51 1.45
e ©° 2.45 241 2.44 2.34 2.38
St s2 o 104° 108.4° 108.5° 110.1° 108.8°
0-S2-0 -115 110.6 111.0 108.6 110.1
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are as follows (when the coordinates are not indicated the atom is at X, y, z)

K 4—S3: 3.20 A
Ka—S2 (x,y -j- 1, 2): 327 A
Ki—S3 (x,y + 1, 2): 3.26 A
Ka—03: 2.99 A
K 4—06: 2.79 A
Ka 0 9 (X,y + 1,2): 271 A
Ka—H20: 2.89 A
K 2—S3: 3.47 A
K2—Sa (x,y -f 1, 2): 3.23A
K2-S 2 (x — 1,y, 2): 3.34 A
K2-0 2: 2.74 A
K2-0 g: 2.67 A
K,—03 (x,y + 1, 2): 2.75 A
K20 a(x- l,y,z): 271 A
Ka-S 2 3.35 A
K3—S3 (1 —x, 1/2+ vy, 1/2—2): 3.74A
Ks-0 5: 2.70 A

K3-07@- * 12+vy, 12- 2: 270A
Ka—o9 @- * w2+ vy, 1/2- 2) 263A

Ks-0s8(x- l,y,z): 2.87 A
Ka—H2 (x,y + 1, 2): 3.04 A
Ka-H 20 (1 - 12 +y, 1/2 - 2): 2.89 A
K 4—S2: 3.37 A
K 4—S3: 3.77 A
Ka—0 2: 2.72 A
K4—0 6: 2.63 A
Ka-0 x (x,y+ 1,2): 2.89 A
Ks—S2 (x,y + 1, 2): 3.33 A
Ks—Sa (x — 1,y, 2): 3.46 A
Ks—s1 (1 — vy,2)-. 3.29 A
Ks—0 4: 273 A
K 5—o0 6: 285 A
Ke- S 3: 3.59 A
Ke—09 (X,y -(- 1, 2): 2.76 A
Ke—04a (x- l,y,z): 277 A
Ke—0s5 (x — 1,y, 2): 2.95 A
Ke—0 8: 3.03 A
Ke—os (X,y + 1, 2): 3.02 A

The mean errors in the distances between the K —S are: ~ 0.01 A, be-
tween the K—O: ” 0.02 A.
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Table V
Observed and calculated structure factors (j 10)

The signs of the observed structure factors were determined by the direct method. Unobserved
reflections are indicated by an asterisk

10 « Fj 10 « Fc 10 « FO 10 « Fc 10 « FO 10 mFc
I 001 37 — 850 - 862 15 226 — 313
2 —  — 88 38 — 655 - 609 16 * 170 201
4 300 - 402 17 468 576
6 200 145 021 18 537  — 717
8 400 - 453 0 1870  -1667 19 - 695 - 908
10 600 - 719 1+ 1680 1657 20 278 — 346
12 552 - 475 2 —1060 - 912 21 — 658  — 701
14 1760  —1793 3 * 60 55 22 490 520
16 545 - 643 4 845  _ 674 23 471 509
18 + 1880 1884 5  + 1420 1417 24 465  — 438
20 535 525 6 680 - 603 25  + 828 910
22+ 1050 1068 7+ 775 683 26 * 150 186
24+ 1260 1259 8 550 593 27 341 266
26 593 - 596 9 484 - 407 28 665 653
28  — 944  -1072 10 1950 1738 29 227 - 251
30 * 160 165 11 565  — 541 30 - 640 - 557
32 * 160 - 291 12 653 - 685 31 * 160 259
34+ 780 891 13 214 215 32 * 150 133
36  —1190  -1339 14 * 90 38 33 * 140 155
38  — 975 901 15 435 - 553 34 822 810
16 455 521 35 * 120 53
011 17 — 988 -1264 36 550 663
1 400 - 275 18 * 110 31

2 580 386 19 — 555 - 755 041
3 302 - 198 200 —1060 -1176 0 — 565 - 501
4 500 - 364 21 396 — 494 1 189 162
5 600 508 22— 388  — 408 2 268 225
6 — 840 - 798 23 395 421 3 -1450 — 1315
7 880 — 857 24— 400 - 363 4 443 — 443
8 1540 -1572 25 * 140 196 5 -1360 — 1279
9+ 1740 1743 26 * 140 301 6 338 252
10 471 - 516 27 = 150 - 113 7 468  — 534
11 * 100 — 199 28 * 150 232 8 342 368
12 * 80 178 29 — 518 — 401 9 366 - 323
13+ 707 757 30 * 170 174 10 876  — 937
14 635 - 630 31 * 160 42 11 627 672
15 850 852 32 * 170 - 227 12 420 421
16 412 - 442 33 1060 -1163 13 * 130 - 75
17 425 - 426 34 * 150 329 14 * 130 — 85
18 735 727 35 340 392 15 955 1099
19 * 110 179 36 * 130 38 16 * 140 — 188
20 * 110 190 37 394 390 17 + 888 1054
21 * 120 17 18 * 140 194
22 420 - 540 031 19  + 1300 1374
23 405 - 416 1 * 90 38 20 * 150 299
24 354 352 2+ 1590 1507 21 * 150 — 51
25 242 159 3 405 - 316 2 547 — 696
26 268 396 4 314 220 23 242 — 472
27 * 140 - 180 5 * 90 — 163 24 292 — 371
28 —1080  -1151 6 * 90 — 54 25 * 160 — 85
29 820 - 671 7 590 469 26 740 804
30 — 925  -1022 8 — 80 — 886 27 328 410
31 * 170 128 9 — 556 — 538 28 * 160 189
32 * 160 - 19 10 1540 1428 29 * 150 — 114
33 500 437 11 —1420 —129 30 540 - 510
34 565 - 616 12 * 110 - 69 31 * 120 286
35 392 540 13 — 755 - 899 32 * 120 105
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CSORDAS: CRYSTAL STRUCTURE OF POTASSIUM THIOSULPHATE

10F, 10+ Fc io- F, 10 F =
051 071
* 140 77 1 * 150 142 -38 1264
* 140 253 2 * 150 131 —37 106
* 140 16 3 * 150 2 -36 165
* 140 199 4 * 150 8 -35 1111
422 - 361 5 * 150 - 218 —34 990
+ 1020 883 6 —1020 — 942 -33 143
1050 954 7 * 140 56 —32 535
* 140 124 8 * 140 — 60 —31 456
242 — 292 9 * 140 — 85 —30 508
348 329 10 * 130 — 144 =29 99
+ 532 496 11 822 675 -28 1087
* 160 296 12 * 120 - 213 —27 616
* 160 91 13 * 120 - 50 -26 289
* 150  — 119 14 no — 124 -25 621
435 411 15 566  — 470 -24 223
765  — 853 16 * 90 — 115 -23 352
920 979 222 102
415 443 101 -21 104
* 160 — 78 -38 —1090  -1087 =20 627
650 664 -36 * 290 — 156 -19 750
390 — 406 -34 660 878 —18 1599
528  — 423 -32 624 627 .17 990
276 149 -30 * 300 - 333 -16 127
* 150 66 -28 1300 1404 -15 227
* 150 197 =26 2060  -1950 -14 390
* 140 193 -24 540 - 679 .13 562
* 130 160 =22 -1300 —1151 -12 31
* 120 123 =20 1310  —1408 -11 297
355  — 366 -18 + 970 943 -10 123
+ 1030 987 -16 -1030 -1123 —9 1531
-14 -1050 —1195 — 8 1549
06 I 212 655 786 -7 640
* 150 — 276 -10 + 4300 4300 — 6 627
* 150 39 -8 465  — 445 —5 496
+ 1520 1431 - 6 1210  -1172 — 4 50
* 150 245 - 4 * 170 160 —3 253
242 407 -2 610 — 604 -2 81
294 479 0 — 300 —1 166
680 — 634 2 631 - 446 0 766
202 — 242 4 * 150 50 1 443
445 377 6 1630 1513 2 573
848 818 8 445 559 3 188
* 160 — 6 10 408 424 4 678
326 185 12+ 960 1067 5 565
664  — 737 14 333 — 268 6 810
1120 — 966 16 885 841 7 135
* 170 — 117 18 -2110 -2225 8 84
710 — 621 20 * 240 158 9 101
760 669 22 M 610 1586 10 667
* 150 184 24+ 1580 1656 11 882
* 150 — 204 26 * 250 240 12 750
* 150 101 28 * 300 - 51 13 751
544 374 30+ 1900 1919 14 1502
242 236 32 + 575 - 644 15 593
495 477 34 * 300 52 16 1210
565  — 453 36 925 - 890 17 190
* 110 253 38 820 — 828 18 4
Chim. Acad. Set. Hung. 62, 1969
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- 158

— 547

— 807
-1149

1269
-1051
— 208

2063
— 778
943
1240
— 1008
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10 «FO

1260

10 «Fe

1158
830
—1709
937

1

296
1168

— 410
— 455
-1053
— 607
— 145

1690
— 480

— 9

*

381

302
291

-1575
— 178
—1443

565

- 156
471
- 362
653

-1425
178
225
795
308

- 340
614

— 167

-1150
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10 « FO

190
684
119
651

921

100
110
110
110
906
120
* 120
* 120
222
229
130
130

* ok % % %

*

* ok o+ %

130
472
462
130

*

397
222

379
120
120
110
110
273

P

206

201

1130
* 290
* 290
* 300

605
+ 1200
-1390

—1980

675

605
- 815
-1010

362
862
706
890
498
* 170
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10 « Fc

— 302
709

7

686

10 «FO

X % ok o
w
o
o

10 mFe

io «FO 10 « Fc

— 3 845 636
— 2 332 313
— 1 241 - 186
0 1210 - 979

1 1170 1110

2 990 - 637

3 1530 1284

4 2680 2532

5 220 - 155

6 1860 1789

7 * 100 199

8 256 217

9 1620 -1463

10 551 666
11 590 559
12 1050 1200
13 652 - 729
14 338 - 371
15 158 323
16 546 752
17 356 - 518
18 * 120 - 263
19 179 — 292
20 1010 -1115
21 1040 1094
22 815 807
23 * 150 171
24 606 676
25 355 421
26 * 160 - 142
27 * 160 - 201
28 * 160 234
29 * 170 - 164
30 410 314
31 * 180 302
32 870 — 696
33 * 160 108
34 * 160 - 264
35 * 140 - 169
36 * 130 220
37 663 680

221

—37 655 959
-36 * 160 69
-35 626 - 717
—34 * 170 - 181
—33 535 - 536
-32 * 190 - 5
-31 * 190 140
-30 656 523
-29 * 170 - 185
-28 730 647
-27 + 1180 1169
-26 625 - 684
-25 1110 -1096
-24 784 825
-23 * 150 - 8
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CSORDAS: CRYSTAL STRUCTURE OF POTASSIUM THIOSULPHATE

10 mF, 10 « Fc
794 656

* 140 67
* 140 - 273
740 - 642
270 250
120 7
288 281
622 779
329 - 215
662 - 745
758 835
165 - 200
871 914

* 120 106
1590 1308
252 249
246 263

+ 1670 1391
821 588
744 469
685 - 388
680 - 638
1130 - 849
1140 889
1220 1161
+ 1540 1334
390 - 237
444 - 369
550 678

+ 1510 1169
444 500
550 — 630
326 330
877 — 846
258 321
465 571
397 - 509
258 - 279
288 — 461
705 909
675 — 894
300 412

* 140 5
319 — 281
275 - 242

* 160 199
* 160 7
+ 1230 1208
731 — 640

* 170 280
464 380
304 - 362
731 700

* 180 - 161
180 — 249

* 170 — 133
626 — 628

* 140 95
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10 F.

10

318

10 ro

6 L1094

7 . 180

8 170

9 . 170

10 180

1 180

12 . 180

13 170

14 , 606

15 160

16 300

17 410

18 , 387

19 . 140

20 130

21 918

22 398

23 680

27

-16 , 554

-15 100

—14 , 500

-13 130

-12 , 415

—11 130

-10 610

-9 864

- 8 L 497

—7 150

- 6 512

— 5 150

- 4 150

-3 485

—2 , 560

-1 150

0 L 150

1 150

2 L 477

3 150

4 150

5 150

6 L1000

7 140

8 1063

9 , 332

10 140

1 286

12 270

13 387

14 655
301

-38 725

-36 768

-34 —1540

-32 562

-30 + 1130

385

10 Fe

810
166
79

129
— 164
232

138

335

— 139
11

742
341
531
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CSORDAS: CRYSTAL STRUCTURE OF POTASSIUM THIOSULPHATE

10+FO0 10 « Fc

28 * 300 - 366
26 736 — 683
24 * 300 350
22 1550 1388
20 -1180 -1361
18 * 290 93
16 415 673
14 -1590 -1674
12 1280 1329
10 - 995 - 832

8 930 — 944

6 1700 1820
m4 - 975  — 924
m2  -2730 —2778

0 —1240 -1199

2+ 830 549

4 2040 -2890

6 * 240 370

8 506 - 512
10 747 643
12 986 994
14 441 . 470
16 475 425
18 1310 1279
20 -2050 -2159
22 * 260 - 373
24 * 280 - 103
26 * 300 — 413
28 * 300 401
30 -1120 — 1121
32 * 300 - 135
34 920 881
36+ 2240 2230

311

38 865 - 683
37 * 150 154
36 213 — 233
35 * 160  — 424
34 -1320  —1313
33 396 568
32 -1340 -1392
31 803 829
30 * 180  — 330
29 * 160 — 304
28 637 537
27 214 363
26 955 938
25 475 342
24 209 224
23 -1230  —1078
22 * 130  — 281
21 * 130 59
20 567 519
19 913 - 745
18 508 - 292
17 605 547
16 1060 — 807
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-38
-37
-36
-35
—34
-33

* 160
344
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454
413
372
593

- 452

*

L .

1160

10 mFe 10 mFO
- 575 26 * 180
754 27 790
916 28 + 1150
— 442 29 -1150
— 596 30 * 160
1302 31 * 160
133 32 * 150
19 33 * 140
101 34 * 120
-1225 35 70
- 26
- 586 -36 * 120
5 —35 730
-1287 -34 440
379 -33 266
460 —32 270
- 201 -31 366
290 -30 * 160
- 525 -29 365
- 802 —28 635
- 109 -27 * 150
—1104 -26 670
1430 -25 673
- b21 -24 * 140
185 -23 -1490
- 769 -22 825
- 81 -21 297
408 -20 984
- 255 -19 663
261 -18 * 120
88 -17 364
— 882 -16 437
- 361 -15 1069
- 199 -14 227
208 —13 221
1098 -12 433
— 988 —11 299
— 588 -10 * 90
- 722 -9 * 90
202 - 8 469
651 — 7 522
400 - 6 576
- 916 - 5 442
-1744 — 4 226
584 -3 176
-1029 -2 358
- 217 -1 1380
669 0 * 80
403 1 625
493 2 516
- 6 3 * 80
- 327 4 * 80
— 405 5 285
- 97 6 * 90
— 210 7 423
274 8 477
- 301 9 * 100
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CSORDAS: CRYSTAL STRUCTURE OF POTASSIUM THIOSULPHATE

10+ Fe 10-F, 10 +Fe
10 66 24 * 300 108 14
11 — 561 26 * 300 — 368 15
12 66 28+ 1580 1638 16
13 301 30 485 628 17
14 242 32 611  — 831 18
15 123 19
16 874 51/ 20
17 - 904 -37 654 730 21
18 — 160 -36 418 590 22
19 888 -35 * 140 - 156 23
20 — 777 -34  + 920 865 24
21 — 536 -33 885 - 863 25
22 704 -32 538 449 26
23 301 -31 * 180 219 27
24 238 -30 * 170 119 28
25 - 194 229 * 180 136 29
26 76 .28  -1030 - 969 30
27 283 =27 730 566 31
28 635 =26 232 444 32
29 636 -25 * 160 7
30 - 201 24+ 1260 1208
31 63 =23 * 150  — 219 -36
32 72 =22 660 — 704 -35
33 - 805 21 410 445 -34
34 662 =20 * 140 - 68 .33
19 560 445 -32
-18 * 130 — 83 -31
38 - 104 -17 821 - 569 -30
36 448 -16 1070 - 912 .29
34 134 15 654 561 .28
32 538 -14 453 555 27
30 414 213 61 - 272 26
28 1279 -12 * 110 - 225 .25
26 1979 -11 348 387 —24
24 - 159 210 1330  -1178 223
22 -1155 -9 250 327 =22
20 160 -8 332 231 21
18 939 -7 160  — 202 220
16 — 329 -6 762 684 219
14 56 - 5 +1190 1025 -18
12 - 256 - 4 440 - 281 217
10 2169 -3 * 100 103 -16
8 — 873 -2 863 864 -15
6 1238 -1 610 418 -14
4 - 267 0 1570 1302 -13
2 — 445 1 1100 -1050 -12
0 — 436 2 -2120  -1935 -11
2 — 247 3 * 110 34 —10
4 1508 4 818  — 745 -9
6 843 5 * 110 - 119 — 8
8 934 6 * 110 — 24 -7
10 — 697 7 * 110 122 -6
12 91 8 675  — 771 - 5
14 509 9 * 110 61 — 4
16 — 447 10 731 - 742 — 3
18 — 2158 1 803 - 891 -2
20 — 954 12 855 - 954 -1
22 418 13 296 343 0
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CSORDAS: CRYSTAL STRUCTURE OF POTASSIUM THIOSULPHATE 389

10 mF. 0 F 10 * Fc 0 F 10 mF,
310 14 270 — 317 11 " 140 5
— 716 16 270 428 12 150 — 24
— 670 18+ 1300 1441 13 747 — 613
198 20 290 409 14 583 — 578
— 475 22 1140  -1262 15 , 894 785
— 102 24 4 880 916 16 150 — 75
— 197 26 902  — 878 17 640 — 588
— 539 28 , 670 693 18 , 82 — 835
730 30 250 460 19 . 160 317
— 632 20 T 160 161
— 477 6 11 21 ~ 180 174
800 -36 + 1110 1015 22 T 180 224
427 —35 496 - 572 23 S 170 — 113
118 -34 + 1300 1206 24 T170 — 341
— 410 -33 150 — 62 25 160 226
94 -32 L 907 696 26 , 717 — 553
— 133 —31 160 — 180 27 L 160  — 257
856 —30 , 554 428 28 140 99
635 -29 180 — 183 29 722 520
201 -28 * 170 298 30+ 1120 888
— 761 -27 800 - 893

129 -26 705 - 643 521
— 1503 -25 213 308 -34 no 7
453 -24 . 369 335 -33 . 560 512
— 242 —23 160 - 155 -32 " 140 262
— 666 22 L 960  — 835 -31 150 — 45
— 20 -21 150 267 -30 : 150 — 19
— 900 =20 955 - 670 =29 " 160 194
410 -19 660 646 _28 T 160 — 76
565 -18 1150 781 -27 " 160 239
426 .17 T 140 — 174 -26 T 160 — 246
-16 140 178 -25 " 160 — 255
-15 + 1410 1391 =24 150 — 8
512 —14 940 761 —23 1000 1300
115 —13 ¢ 130 26 -22 150 — 32
—1321 —12  + 1530 1479 -21 150 231
588 —11 492 - 413 =20 440 349
1461 —10  + 1600 1505 -19 307 429
— 689 — 9 462  — 501 -18 610 — 516
133 — 8 372 - 172 17 L 430 — 508
— 225 — 7 ¢ 110 — 244 -16 130 2
461 — 6 1120 -1052 -15 . 840 964
— 978 .5 110 7 —14 " 120 272
384 -4 445 319 -13 © 120 269
- 71 — 3 163 166 -12 120 189
— 82 — 2 L 890  — 753 -11 381 — 438
211 -1 no 69 -10 " 120 217
—- 392 0 L 580  — 395 -9 120 — 35
1877 1 no 3 _ 8 826 — 964
1750 2 745  — 802 -7 L 971 —1076
226 3 L 720 801 -6 120 — 51
— 8 4 120 176 -5 . 363 424
105 5 . 706 656 — 4 T 120 — 185
317 6 " 130 16 -3 120 189
843 7 130 241 -2 . 628 — 806
—2140 8 , 835 782 -1 120 90
50 9 T130 - 147 0 620 — 575
912 10 140 189 1 518 635

Acta Chim. Acad. Sei. Hung. 62, 1969



750
* 300

'
U
N
N
o

* 290
* 280
- 750
* 280
1440
1280
1860
1070
681
1570
571
270
270

* Ok %

300

* 300
+ 1260
777

Chim, Acad. Sei. Hung. 62, 1969

CSORDAS: CRYSTAL STRUCTURE OF POTASSIUM THIOSULPHATE

334

22

10+ FO

1050
456
440

* 270

711

610
590

* 140
* 150
1170
* 160
771

* 180
* 170
970
697
515
1040
* 160
+ 1280
* 160
338
477
675
336

10 ¢

932
470
611
104

— 789
516
146
— 37
— 801
— 254
714
— 187
161
893
445
— 587
926
— 195
1181
369
324
— 438

— 708

18

20
21
22
23
24
25

27

OCoO~NONPWNRLRORPNWRAIIO N ©O

PR
N R o

ook ok b X % kX

% ok F ¥
[
1
S

* ok



-30

-31
-30
-29
-28
-27
-26
-25

-23
-22
-21

X % % % %

* ok x %

* b ok

CSORDAS: CRYSTAL STRUCTURE OF POTASSIUM THIOSULPHATE 391

— 587
869
- 252

-31
-30
-29
-28
-27
-26

=24
-23
=22
=21

*
[
@
o

* 160

10 «Fc

19
— 274

— 346
352
— 334
51
269
905
- 891
-1260
269

— 266
331

10 mrq 10 *Fc

-20 * 160 — 155
-19 625 — 663
-18 727 772
-17 285 — 153
-16 872 — 830
-15 257 — 335
-14 471 — 533
-13 258 382
-12 * 150 - 21
-11 1085 1042
-10 * 150 296
-9 775 658
— 8 367 511
— 7 * 150 57
— 6 535 521
- 5 756 — 735
- 4 * 140 - 19
-3 1074 993
-2 * 140 — 155
-1 239 — 308
0 1260 1062

1 150 67

2 * 150 — 85

3 * 150 — 56

4 945 — 746

5 550 — 440

6 * 150 192

7 664 620

8 * 150 106

9 * 160 352

10 366 - 332
11 * 160 124
12 356 224
13 496 434
14 342 — 308
15 361 — 173
16 350 - 341
17 450 - 356
18 * 150 77
19 456 498
20 * 130 - 55
21 430 318
22 * 120 - 164
23 * 110 182

901

-30 579 — 605
-28 1070 950
-26 784 963
-24 * 300 - 181
-22 * 300 - 141
-20 * 300 — 30
-18 * 300 — 307
-16 1680 -1707
-14 * 300 49
-12 1000 942
-10 429 579
- 8 529 - 604
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0 g 10eFe 0+F0  10-F, 0 F, 10 «Fe
8 T 160 239 no - 6 * 300 373
9 . 160 185 -22 580 700 —4 42 - 275
10 160 - 148 -20 * 280 105 -2 300 143
1 7150 16 -18 1150  —1057 o, 937 852
12 140 - 275 -16 525 331 2 300 91
13 595  — 404 -14 * 290 94 4 58 - 625
14 630 588 -12 * 300 150 6 .29 - 115
15 100 — 129 -10 * 300 - 182 8 280 - 36
16 804  — 551 — 8 712 967 10 280 - 371

As Fig. 1 shows, the H2 molecules are to be found near the screw
axis, so they form a screw line. Hydrogen bonds are not probable between the
H2 molecules as the distances are too large (3.19 A), but they are possible
between H20 and oxygen atom (05 the distance is 2.87 A) and between H20
and sulphur atom (S3(I — x, 1/2 -f-y, 1/2 — z), the distance is 3.43 A). Similar
hydrogen bonds were supposed in the structure of barium thiosulphate mono-
hydrate.

The calculations were performed on a computer type Ural-2, in the Uni-
versity Computing Centre. The programs were composed in a machine lan-
guage [14].

The author is very grateful to Dr. Gy. Menczel for the preparation of the specimens
and for his helpful advices, to the coworkers of the University Computing Centre for the aid
at the computer, to Miss E. Zsoldos for her help during the work.
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1. In this paper we are concerned with packed columns of uniform cross
section and finite length, when material transport in the mobile phase is taken
into account in the axial direction only and the stationary phase is assumed
to be uniformly distributed in each cross section of the column (capillary co-
lumns will be treated in a subsequent paper). Further, at the beginning of the
process the quantity of the solute should be zero and that introduced in the
time interval 0 t < oo should be finite. Now the continuity equation of the
solute reads

dW + 8T 0
=0 D
dx 81 (
with the notations:
W(x, t) = the flux (i.e. the amount of solute transferred by convection and

diffusion in the mobile phase in unit time), related to the free cross
section of column [gs-1,]

T(x,t) = the amount of solute in the column (both in the mobile and the
stationary phase), related to unit length of column [gem -1],

X = the length coordinate [cm] and

t = the time [s].

The initial condition to Eq. (1) is T(x, 0) = 0, but as to the boundary condition
for x = o we will consider the general case: W(0,t) = IFo(t) with the only
restriction that

\wat)dt=1. (2)

0

The integration of Eq. (1) with these conditions and assuming the sorp-
tion processes to be reversible:

lim T(x,t) = 0 3)
/->00
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yields
\W {x,t)dt= 1. (4)
6

l.e., the amount of solute introduced to the column at x = o (see Eq. (2))
will completely leave the column section [o, X\ during the time interval [o, OO]
again.

Now let us consider a particle of the solute and the time $x when this
particle has just left the column section [0, x]. This time is a random variable
and will be called the residence time (or passage time) ofthe particle with respect

to x [1, 2]. Denoting the probability distribution function of by t)
we have for the density function of because of Eq. (4)
~d & {Mt) = W(x,t). (5)
t

In this equation no assumption about the form of W(x, t) has yet been
made. Presuming that the diffusion term in W can be described by Fick’s
law, we have

Y
W= uY —D —Q— (e)
dx
with the notations:
u = the mean linear velocity of flow [cm s_1],
D = the mean effective diffusivity in the mobile phase [cm2s_1], and

Y(x,t) = the amount of solute in the mobile phase, related to unit
length of column [gem -1].

(At high concentrations the velocity u is not unaffected by the sorption and
thus the constancy of n does not hold any more [3,2], apart from the fact that,
in the case of gas chromatography, the pressure drop along the column, unless
negligible, also causes a variation of u.) If now a finite column of length L
can be characterized by the assumption that at the end of the column diffusion
may be neglected against convection [4, 5]:

Ic) 4
- o, ™)

o8 yx=L

we have, in view of Eqs (5) and (e), for the density function of

4dt- A ¥ = Wb, t) = uY(L,t). (8)
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2. In order to describe a fairly general non-linear sorption kinetics to be
discussed in this paper we first define X(x, t) as the amount of solute in the
stationary phase, related to unit length of column [g cm-1], i.e.

X=T-Y 9)
Let us now introduce the Laplace transforms of X and Y, defined generally by:
—qg(s) = f e~stg(t)dt.
b

The non-linear kinetics mentioned should he defined as

X = KfY, f(0) = 1 (10)

where:
K = the equilibrium constant (partition coefficient) of sorption and
f(s) = an arbitrary function (with the restriction f(o) = 1), measuring

the “distance” from equilibrium. From Eq. (10) there immedia-
tely follows that for any f

LECE IS u

(Cf. the “long-time approximation” or “near-equilibrium assumption” of
Giddings [6]).

Examples for actual forms of f.
(1) If equilibrium is a priori established:

X = KY (12)
then

f= 1 (13)
(2) If sorption kinetics is linear:
X
k(KY— X) (14)
then

(15)

where K = the sorption rate constant [s-1].
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(3) If the stationary phase is assumed to be a film of thickness d [cm],
in which diffusion of the solute takes place vertically to the interface, then [7]

-1 ,
A d'-s
f = d — 16
kd2 2 * tanh Q 8= "aT (18)
where Ds = the diffusivity in the stationary phase [cm2 s-1].

3. The density function of the residence time distribution at the end of
the column being given by Eq. (8), the mean i and variance a2 of will be
defined as

fi= Ul ty(L,t)de (17)

[o]
and

a2=u J (t—fi)*Y(L,0)dt, (18)

0

So from the Laplace transform solution of Eqs (1), (s) and (7) for x = L, say
Y(s), we have [8]

fl dy (19)
= —mn
ds
and
a2 I/r2=un dzy (20)
ds2 .,

In the following table the values of 4 and a2 are tabulated for fiEo(t) =
= d(t) (i.e. Wo= 1), d(t) being the Dirac delta function (for details see [9]):

Generally Asymptotically if L—00
R p
9P 1 &-t’/mM1 > [ — £ (0)i
R2 [ ] pl (0)j
—2@ e-P)
with:
uL R D K
9= 1—Pm (21
D u2q 'P~ 1+ K

The values of f' (0) = [df/ds]s= can be obtained for the different cases of
sorption kinetics (1), (2) and (3) mentioned in Section 2 as follows (see Eqs (13),
(15) and (16)):

(2) f'(o) = o,

(2) f'(o) = - J -.
K

@  FO)= - [1-+
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Remark. After having defined an intermittent model of chromatography
with continuous flow, one has for H [cm], the “height equivalent to one theore-
tical plate”, according to the asymptotic value of a2\9, 10]

H=2 D up gf'(0) (22)
"

4. Considering the asymptotic case L — 00 again, it follows on the basis
of a theorem about the “infinitely divisible distributions” [8] that the stand-

ardized random variable —u)/a will be normally distributed:
lim & (hnJL™t = —mme (e~T f2dr (23)
[} ( a Van J
with
HL
(24)
(ugyY

This result has to be regarded as a generalisation of the theorem of Van der
Waerden in the classical paper of van Deemter et al. [11].
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The n electron densities in different monosubstituted (—F, —CI, —Br, —1,
—OH, —OCH3, —SH, —NH,, —CH3 —COOH) pyrimidines, uracils, thymines and
cytosines have been calculated by means of the semiempirical SCF LCAO MO method.

On the basis of the calculated charge distributions, in some cases correlations
seem to exist between the electronic structure and anticarcinogenic activity of the com-
pounds. For a better establishment of these correlations, calculations of further quan-
tum chemical indices are necessary.

Introduction

To find correlations between the molecular structure of drugs and their
pharmacological activity is an old ambition in pharmaceutical chemistry and
pharmacology. Some correlations are known between the detailed chemical
structure of some groups of compounds [1] and their activity, hut only a few
investigations have tried to establish correlations between pharmacological
activity and electronic structure [2, 3].

The problem of connection between molecular structure and pharmaco-
logical activity is a rather complicated one. A supposed drug has to enter the
cell, reach the site of its action within the cell, bind to given molecules (or
macromolecules) within the cell and influence in a specific way the electronic
structure of its receptor. At the same time it should bind to other molecules
only in a low amount to avoid high toxicity. The ability of a molecule to get
through the cell membrane and its diffusion properties depend first of all on
its stereo structure, but they are influenced also by its electronic structure.
The specific reactivity towards a given molecule (or macromolecule) and the
ability to influence the electronic structure ofthe receptor molecule in a specific
way are functions first of all of the electronic structure of the drug molecule,
but, of course, also its stereo properties play a non-negligible role. Therefore
it is evident that also in the case if the stereo structure of a molecule is known,
it cannot be expected in the near future to predict a priori on the basis of its
more or less well approximated electronic structure whether it possesses a
given pharmacological activity or not.
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There is, however, a possibility to find correlations between electronic
structure and pharmacological activity in a more empirical way. Let us con-
sider a series of similar molecules consisting of N members, A subseries of this
series containing N tmembers is synthetized and tested for a given pharmaco-
logical activity, while the activity of the other iV2 members of the series is
unknown (N = Nx+ N2. Among the tested Nxmembers of the series a small
fraction consisting of Nla members has been found active, while the remaining
N u members of the subseries (Nx= Nla+ Nu) were inactive or had a too
high toxicity. Our task is to find out from subseries IVz2its possibly small frac-
tion containing N2a members possessing the desired pharmacological activity
(iV2= NZ2a-f- iV2i). If subseries N2is large, to synthetize all these molecules
and to test them would be a rather hard and expensive work. If a suitable
computer is available, it is more easy to calculate the electronic structure of
all the N molecules belonging to the series under consideration. As first step
we can compare the calculated charge distributions of molecules belonging to
the subseries of tested molecules (Ay members) with the charge distributions
of the untested molecules (N2 molecules). In a lucky case in this way we can
predict at least a part of the N2amolecules on the basis of the charge distribu-
tions ofthe Nlaactive molecules ofthe tested subseries. In most cases, however,
it should be expected that alone on the basis of charge distributions it will
not be possible to make such predictions. Therefore we shall be obliged to look
after more complicated quantum chemical indices to be able to establish a
correlation between the electronic structure of the investigated molecules and
the given pharmacological activity. These can be some reactivity indices (for
instance free valence, some kind of localization energy, frontier electron den-
sity, etc.) or more probably some complex index constructed in a suitable way
from different quantum chemical indices.

In the present paper we should like to report semiempirical SCF LCAO
MO calculations done on a series of monosubstituted pyrimidines, uracils,
thymines and cytosines, respectively, while in the subsequent paper the same
type of calculations are described for monosubstituted purines, adenines and
guanines, respectively. The substituents for which all these calculations have
been performed were —F, —Cl, —Br, —J, —OH, —0 —CH3, —SH, —NH?2
—COOH and —CH3. These substituents were substituted on all such positions
of the above mentioned 4 pyrimidine type and 3 purine type compounds,
where the substitution does not interfere with the ability of these substances to
build in DNA and to form there Watson—Crick-type base pairs. In Fig. 1 we
show these positions for the pyrimidine type compounds, while for the purine
type compounds this will be indicated in Fig. 1 of the subsequent paper. In
this way we should obtain 140 compounds. Adding to this the 4 pyrimidine
type and 3 purine type unsubstituted compounds the total number of calcu-
lated substances was 147.
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Among the mentioned nearly 150 compounds about 50 are known to be
synthetized and tested for anticarcinogenic activity (LYX" 50) and about 15
have shown larger or smaller activity (Nx” 15). Some of them, for instance
5-F-U, are used in the therapy as prominent anticarcinogens. Therefore it
seemed worthwhile to perform the calculations for the not tested (at least
published) Nz psi 100 compounds to find some correlations which can help to

0) b) 07
\ ]
CH C
‘6
N1 5CH HN1 5CH
HC2 41 H «- C2 4CH
/ w3
N 08 N
Py H
u
7
07 d) NH2
1
C
9 10
HN1 5C-C -H 3 N1 5CH
Cc2 4Cn Cc2 4CH
3
0 N 80 N H
H
T C

Fig. 1. The numbering of the considered pyrimidine type bases. The arrows indicate the posi-

tions, where the substitutions do not interfere with the ability to build in into DNA and for

which the calculations have been performed, a) Py = pyrimidine, b) U = uracil, ¢) T = thy-

mine and d) C= cytosine. It should be mentioned that pyrimidine probably cannot be built

in into DNA, nevertheless calculations have been performed also for its derivatives. Further it

should be remarked that by Py positions 4 and 6 are equivalent and therefore the calculation
had to be done only once for these two positions

discover the active compounds (N2a) among them without the necessity to
synthetize and test all the OO compounds.

At the present step of this research we have calculated only the charge
distribution (see below) of the investigated compounds, but in the future we
intend to form their different quantum chemicalindices. We hope that in this
way it will be possible to establish some useful correlations between the quantum
chemical indices of these compounds and their anticarcinogenic activity.

Acta Chim. Acad. Sei. Hung. 62, 1969



404 LADIK, BICZO: POSSIBLE ANTICARCINOGENS. |

Method

For the calculation of the delocalized n electrons of the monosubstituted
derivatives of the mentioned pyrimidine type compounds the semiempirical
SCF LCAO MO method (Pariser—Parr—Pople method [4,5]) has been
used. In this method the eigenvalue equation

FCj = £;Ci (1)
has to be solved, where
Fril=-1r+ ~Pprr(L- EN+ 2 pss- Zs)yrs, (2)
j 2 s#r
Frs= RBr,s ~ -~ -P,syr,s- (3)
a

Here Irand Er are the valence state ionization and electron affinity, respective-
ly, which are given in the paper of Hinze and Jaffe [6]. Zsis the number of
n orbitals provided by atom s. The yrs Coulomb integrals were approximated
by the expression given by Mataga and Nishimoto [7].

Vi3 = - = -"M[Ilr+ 1,-Er-E g, (4)
Rr,S ~~®rs ar,s 2

Table 1

Input data usedfor the unsubstituted compounds

a) c)

Ix Ex z* Be.X

C 11.42 0.58 1 1.00

ny- 13.83 0.45 1 1.00

N- 29.16 14.49 2 0.80

17.28 2.70 1 1.30

-C 10~6 r-oe6 1 0.70

(in methyl group)

-h3 13.59 0.75 1 2.00

(in methyl group)

a) The I/ ionization potential and Ej electron affinity values are given in eV. We have
taken them from the work of Hinze and Jaffe [6].

b) Values referring to an aliphatic carbon atom [6].

c) Ins = —2.39 eV units. These values have been found previously to give a resonable
charge distribution in these compounds [8].
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Table 11

Input data used for the substituents

a) a) b) ©) )

Ix Ex Zx Bec,x [CX
—F 43.07  20.98 2 1.00 1.30
—cl 28.67 15.09 2 0.75 1.69
—Br 24.60 13.72 2 0.65 1.86
_3 21.00  12.61 2 0.10 2.02
_OH 35.76  17.70 2 0.95 1.36
------ O—C—H3 o: 35.76  17.70 4 RCO: 095 rC,O 140
c: 10.69 2.08 4 RO,C 055 TO.C: 142
H3: 13.59 5.75 4 RC,H3: 200 TrCH3 1.10
—SH 25.14  16.27 2 0.60 1.32
=s 12.70 2.76 1 0.80 1.27
—nh2 29.16  14.49 2 0.80 1.34
—c-H 3 c: 10.69 2.08 2 RCC: 070 C,C: 1.54
H3: 13.59 0.75 RC,H3: 200 C,H3: 1.10
—Cc<° N c: 11.42 0.58 4 @pC,C 100 rCC: 1.48
0 0: 26.52 10.20 PC,0O: 135 TC O:  1.30

a) In eV-s. Data taken from Hinze and Jaffe [6].
b) The total number of n electrons of the substituent.

c) InB = —2.39 eV units. These values have been determined on the basis of parameter
variation.

d) In A-s.

e) The two O atoms have been taken to be equivalent. The values
r_ + /oy p EM + E/0V a Rc,0n+ Rc,/0\ J tc,04+ rC,/0\
io— 2 " B0= 2 e 2-mmmmmeaen “Te° = — —2

have been used,

where Rrsis the distance between atomic nuclei rand s. Further the elements
of the charge-bond order matrix P are defined by

Pr,s_ 2 Circjs, (5)
=1
where n* indicates the highest filled MO.
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Table 111

SCF n electron charge densities of the investigated monosubstiluted pyrimidines*

Substituent position 1 2 3, 4 5. 6. 7. 8. 9.
Py 1.114 0.901 1.114 0.928 1.014 0.928 — — —
2—F 1.139 0.875 1.139 0.927 1.027 0.927 1.967 — —
2—Cl 1.127 0.892 1.127 0.928 1.021 0.928 1.978 — —
2 - Br 1.118 0.899 1.118 0.928 1.016 0.928 1.993 — —
2-J 1.115 0.901 1.115 0.928 1.014 0.928 1.999 — —
4—F 1.126 0.899 1.139 0.900 1.041 0.927 1.968 — -
4—Cl 1.121 0.901 1.127 0.918 1.027 0.928 1.979 — —
4—Br 1.116 0.901 1.118 0.926 1.018 0.928 1.993 — —
4-] 1.115 0.901 1.115 0.928 1.014 0.928 1.999 — —
5--F 1.111 0.915 1.111 0.955 0.983 0.955 1.972 — —
5-Cl 1.113 0.908 1.113 0.941 1.002 0.941 1.982 — —
5—Br 1.114 0.903 1.114 0.932 1.011 0.932 1.994 — —
5—J 1.114 0.901 1.114 0.929 1.014 0.929 1.999 — —
2- OH 1.138 0.880 1.138 0.927 1.028 0.927 1.963 — —
2- 0—C—H3 1.137 0.885 1.138 0.926 1.026 0.925 1.950 0.923 1.091
2- SH 1.125 0.892 1.125 0.928 1.020 0.928 1.982 — —
2--nh2 1.138 0.887 1.138 0.927 1,028 0,927 1.954 - —
2--c-H3 1.113 0.909 1.113 0.927 1.011 0.927 0.925 1.075 —
2__.«K» a 1.077 0.944 1.077 0.924 0.984 0.924 0.563 1.753 1.753
4- OH 1.126 0.900 1.138 0.906 1.040 0.927 1.964 —_ —
4--0—C—H3 1.125 0.898 1.137 0.911 1,039 0.927 1.951 0.923 1.090
4--SH 1.120 0.900 1.125 0.918 1.026 0.928 1.983 — —
4--NH, 1.127 0.900 1.139 0.912 1.040 0.928 1.955 — —
4- C-H3 1.112 0.900 1.112 0.935 1.011 0.927 0.926 1.075 —
4 - S:: = 1.090 0.896 1.079 0.971 0.966 0.925 0.563 1.756 1.753
5- oH 1.111 0.915 1.111 0.954 0.988 0.954 1.968 — —
5--0—c—H 3 1.111 0.912 1.110 0.952 0.993 0.953 1.955 0.923 1.091
5—SH 1.113 0.907 1.113 0.940 1.002 0.940 1.985 — —
5—ruw?2 1.111 0.915 1.111 0.954 0.994 0.954 1.961 — —
5—~-C-H3 1.114 0.898 1.114 0.924 1.020 0.924 0.926 1.080 —
5- c< om 1.118 0.866 1.118 0.877 1.054 0.877 0.569 1.760 1.760

*The numbering of atoms in the pyrimidine ring is the same as in Fig. 1. Position 7 means
that atom of the substituent which is bound to the ring carbon atom. In the oxy-methyl substi-

tuent the numbering is —O— C—H3and in the case of the carboxyl group: —C \qog H
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Substituent
(Position)

n

4—F

4—Cl
4—Br

4—3

5—F

5—Cl
5—Br

5—J
4—OH
4—0 —CH3
4—SH
4-NH,
4-C -H 3
4-C<° H
5—OH
5—0 —C—H3
5—SH
5—NH2
5-C-H3

5-C<0 H

* For the numbering of atoms in uracil see Fig. 1, the numbering of the substituent atoms is the same as in Table IV.

1.900
1.899
1.899
1.899
1.899
1.898
1.898
1.898
1.899
1.899
1.899
1.899
1.899
1.899

1.891

1.898
1.898
1.718
1.898
1.898

1.899

Table 1V

SCF n electron charge densities of the investigated monosubstituted uracils*

0.728
0.727
0.727
0.728
0.728
0.728
0.728
0.728
0.728
0.727
0.727
0.727
0.726
0.728

0.858

0.728
0.728
0.724
0.728
0.728

0.730

1.898
1.901
1.899
1.899
1.898
1.900
1.899
1.898
1.898
1.901
1.901
1.899
1.901
1.900

1.893

1.900
1.900
1.893
1.900
1.897

1.892

0.940
0.898
0.917
0.925
0.927
0.977
0.953
0.935
0.928
0.904
0.910
0.917
0.912
0.934

0.969

0.976
0.970
0.940
0.979
0.921

0.840

1.033
1.090
1.067
0.049
1.043
1.014
1.032
1.039
1.041
1.089
1.084
1.364
1.091
1.035

0.944

1.020
1.025
1.035
1.026
1.046

1.070

0.754
0.758
0.756
0.755
0.755
0.757
0.755
0.755
0.755
0.758
0.758
0.756
0.758
0.756

0.754

0.757
0.756
0.783
0.755
0.755

0.758

1.368
1.382
1.378
1.374
1.372
1.373
1.373
1.372
1.372
1.383
1.380
1.377
1.384
1.370

1.348

1.374
1.374
1.386
1.374
1.370

1.356

1.379
1.381
1.381
1.381
1.381
1.382
1.382
1.381
1.381
1.381
1.381
1.381
1.382
1.380

1.264

1.382
1.384
1.534
1.383
1.380

1.375

1.965
1.975
1.992
1.999
1.971
1.980
1.994
1.999
1.959
1.947
1.979
1.946
0.936

0.576

1.966
1.953
1.988
1.957
0.929

0.571

10.

11

1.764
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Table V
SCF i electron charge densities ofthe

Substituent

(Position) 1 3 4 5 6
T 1.898 0,728 1,897 0.921 1.046 0.755
4—F 1.899 0.728 1.900 0.892 1.093 0.757
4—Cl 1.899 0,728 1.899 0.911 1.071 0.756
4—Br 1.899 0.728 1.898 0.919 1.054 0.755
4—] 1.899 0.728 1.897 0.921 1.047 0.755
4—OH 1.899 0.728 1.900 0.897 1.092 0.757
4—0 —C—H3 1.899 0.728 1.900 0.904 1.088 0.758
4—SH 1.899 0.728 1.899 0.911 1.067 0.756
4—NH2 1.899 0.728 1.900 0.906 1.094 0.758
4—C—H3 1.899 0.728 1.899 0.929 1.040 0.755
4- C4<(; H 1.899 0.730 1.901 0.968 0.951 0.754

* For the numbering of atoms in thymine see Fig. 1, the numbering of substituent atoms

n is the number of atoms providing a n electron to the delocalized n electron
system. For Py n = nn= se,forUn = 8butn, = 10, for T n= 10 and nn =
= 12, for Cn — 8 and nn= 10. In the case of the four halogens and the
—O—H, —NH2 —SH substituents n = 1and nn= 2, for —COOH, —O —C—
—H3n = 3 and nn = 4, and finally for —C—H3 n = nu= 2. Finally the
Rrs resonance integrals are treated in this method as empirical parameters
and are taken into account only for neighbouring atoms forming a n bond.
In the course of the calculation a starting matrix P (@ was used. W ith
the aid of it the matrix F could be formed. After solving its eigenvalue pro-
blem from the eigenvectors c, obtained a new matrix P~ could be constructed
with the aid of (5). Continuing this procedure the self consistent eigenvalues
B and eigenvectors ¢- could be obtained. For criterium of self-consistency the
inequality
[i*&+) — P s |< 10~3 (for all r and s) (8)

has been used, where P*7]and Pjlstl*mean the Prselement of matrix P obtained
in the k-th and k -f- 1-th iteration step, respectively.

To perform the calculations a program was written for the Gier computer.
This program uses as input data the values Ir, Erand Zrfor each atom possessing
a n orbital, the starting charge-bond order matrix P*0% the geometrical matrix
R (which has as elements the distances Rrs) and the matrix B, which has only
off-diagonal elements (the Brs parameters). As output the SCF eigenvalues
gfCF) eigenvectors cP CHand charge-bond order matrix P<SCF) have been printed
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investigated monosubstituted thymines*

7 8 9 10 11 12 13
1.370 1.380 0.929 1.076 - - -
1.380 1.380 0.927 1.081 1.964 —

1.376 1.380 0.928 1.079 1.974 — —
1.372 1.380 0.928 1.074 1.991 — —
1.370 1.380 0.929 1.076 1.999 — —
1.380 1.380 0.927 1.081 1.958 — —
1.378 1.380 0.931 1.077 1.946 0.935 1.078
1.375 1.380 0.929 1.077 1.979 — —
1.382 1.381 0.927 1.082 1.945 — —
1.369 1.379 0.930 1.075 0.937 1.062 —
1.345 1,375 0.936 1.058 0.578 1.750 1.754

is the same as in Table Il1.

out. In the case of n — 10 the number of necessary iterations to reach self-
consistency was usually 4—5 which has taken only 3—4 minutes for one com-
pound on the Gier computer. In some instances the required computer time
could be reduced by a factor 3 or 4 by constructing the starting matrix
from the matrix p(SCF) of a similar compound. With this trick in some lucky
cases just one iteration was needed for self-consistency.

In Table | we give the input data used for the unsubstituted compounds
(Py, U, T, C), while in Table Il they are summarized for the substituents. The
geometries of the unsubstituted compounds which are not included in Table I,
have been taken from the paper of Spencer [9]. Using these geometries and
the bond distances between the substituents and the ring carbon atoms given
in Table Il and further plausible valence angles for the substituents, the geo-
metrical matrices R could be constructed for all the monosubstituted com-
pounds.

Results and discussion

In Table Ill the SCF charge densities (the diagonal elements of matrix
p(scF) are g-ven for j-jjg investigated monosubstituted pyrimidines.

In Tables IV, V and VI the SCF charge densities of the monosubstituted
uracils, thymines and cytosines, respectively, are given.

We can see from the Tables that in most cases the substituents change
the charge densities of the parent molecules only at the place of substitution
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Table VI

SCF n electron charge densities of the investigated monosubstituted cytosines*

Shutiond 1 2 | 3 4 5 6 7 8 9 10 n
c 1.170 0.760 1.881 0.916 1.051 0.857 1.946 1.418 — — —
4—F 1.186 0.761 1.884 0.881 1.096 0.855 1.947 1.425 1.964 - —
4—cl 1.179 0.760 1.882 0.902 1.075 0.857 1.946 1.423 1.975 - -
4—Br 1.173 0.759 1.881 0.911 1.059 0.857 1.946 1.421 1.992 - -
43 1.171 0.759 1.881 0.914 1.053 0.857 1.946 1.420 1.999 — —
5—F 1.167 0.759 1.883 0.958 1.025 0.868 1.947 1.421 1.973 — -
5—Cl 1.169 0.759 1.882 0.936 1.042 0.862 1.947 1.421 1.982 — —
5—Br 1.170 0.759 1.881 0.921 1.050 0.858 1.946 1.421 1.994 — -
5 1.170 0.759 1.881 0.915 1.052 0.857 1.946 1.420 1.999 - -
4—0H 1.186 0.761 1.884 0.888 1.096 0.856 1.947 1.425 1.958 — -
Aoy 1.184 0.761 1.884 0.894 1.091 0.855 1.946 1.424 1.946 0.928 1.085
4—SH 1.178 0.760 1.882 0.902 1.073 0.857 1.946 1.423 1.979 — —
4—NH2 1.187 0.761 1.884 0.896 1.097 0.856 1.947 1.426 1.946 —
4—C—H3 1.167 0.759 1.882 0.922 1.046 0.858 1.946 1.419 0.934 1.065 —
4-C <5 H 1.133 0.757 1.885 0.966 0.961 0.863 1.945 1.403 0.578 1.755 1.753
5—OH 1.167 0.759 1.882 0.957 1.029 0.867 1.947 1.421 1.969 - —
5—C—0 —H3 1.166 0.760 1.882 0.952 1.035 0.868 1.947 1.420 1.956 0.926 1.089
5—SH 1.169 0.759 1.882 0.934 1.043 0.861 1.947 1.421 1.985 —
5-NH, 1.168 0.759 1.883 0.958 1.035 0.866 1.947 1.421 1.962 — -
5—C—H3 1.169 0.759 1.880 0.907 1.056 0.857 1.946 1.419 0.930 1.078 -
5-C<jj I 1.190 0.943 1.928 0.843 1.086 0.893 1.950 1.063 0.577 1.764 1.764

* For the numbering of atoms in cytosine see Fig. 1, the numbering of the substituent atoms is the same as in Table I11.

0Ty
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and in its immediate neighbourhood in a greater amount. Some substitutions
(first of all the —COOH group) cause, however, larger changes in the overall
charge distribution of the unsubstituted molecule.

Using the charge distributions of compounds which have been found
experimentally to possess an anticarcinogenic activity [10] we have tried to
find correlations between the anticarcinogenic activity and the n electron dis-
tributions of these compounds. Though in some cases such correlations seem
to exist, it is very probable that to establish more general and better founded
correlations between the electronic structure and anticarcinogenic activity,
the calculation of the n electron distribution of these compounds alone is not
sufficient. Using the obtained SCF eigenvalues and eingenvectors some other
quantum chemical indices (free valence, different localization energies etc.)
or some combined indices should be calculated to be able to find more charac-
teristic correlations. Such calculations are in progress.

Finally it should be mentioned that already on the basis of the n electron
charge distributions some suggestions have been made to synthetize some com-
pounds belonging to the subseries with N2 members (untested compounds).
Among them so far only 4-C1-U had been synthetized at the Organic Chemical
Institute of the Technical University, Budapest. This compound has been test-
ed at the Institute of Oncopathology, Budapest. It has not shown anticarcino-
genic activity. From the experiments performed it is not possible to decide
whether it wasbuilt in to DNA and was really inactive, or it was unable to
build in. Therefore the failure of this first attempt does not mean — according
to our opinion — that it is not worthwhile to continue this line of research.

We should like to express our gratitude to Dr. A. Udvardy for collecting for us data
from the literature concerning the experimentally found anticarcinogenic activity of the com-
pounds calculated. We are further indebted to Professor K. Lempert, to Professor B. Kellner,
Corresponding Member of the Hungarian Academy of Sciences and to Dr. G. E1ek for synthe-
tizing and testing 4-CI1-U. We should like to thank also to Miss A. Jeszenak for tabulating the
numerical results.
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BERECHNUNG DER LADUNGSVERTEILUNG
UND DES DIPOLMOMENTES GESATTIGTER,
SAUERSTOFFHALTIGER HETEROCYCLISCHER
VERBINDUNGEN

J. Nagy, J. Réffy und |I. Kadas

(Anorganisch-chemisches Institut der Technischen Universitat, Budapest)
Eingegangen am 2. Dezember 1968

Es wurden anndhernde quantenchemische Berechnungen fur das er-Bindungs-
system heterocyclischer, gesattigter, sauerstoffhaltiger Verbindungen nach der Methode
von Del Re durchgefuhrt. Bei den drei- und viergliedrigen stark gespannten Ringen
wurde es notwendig, die Austausch-Integrale und die Coulomb-Parameter zu andern.
Ladungsverteilungen und Dipolmomente der gepruften Verbindungsreihe wurden be-
rechnet. Die Ergebnisse stimmen mit den experimentellen Werten gut Uberein.

In einer friheren Arbeit [1] hat sich der eine von uns (l. K.) mit der Be-
rechnung der Ladungsverteilung sauerstoffhaltiger aliphatischer Verbindun-
gen beschéaftigt. Es wurde untersucht, inwieweit die einfache quantenchemi-
sche Methode von G. Der Re [2] zur Berechnung der Ladungsverteilung von
solchen Verbindungen geeignet ist. In der Verbindungsreihe (CH3n—C—
—(OCH34n, won = 0,1, 2, 3,4 sein kann, wurde eine Korrelation zwischen
den auf die einzelnen Atome berechneten partiellen Ladungsverteilungen und
den NMR-Verschiebungen gefunden. Die Anwendbarkeit dieser Methode wurds
auch noch durch eine Dipolmomentberechnung bewiesen die im Falle einer
Verbindung mit der vektoriellen Addierung der Bindungspolaritdtswerte bzw.
der entsprechenden Bindungsmomente durchgefiihrt wurde. Das berechnete
Dipolmoment stimmt mit dem experimentellen Wert innerhalb der Fehler-
grenze uberein.

Das Ziel der vorliegenden Arbeit ist die Untersuchung dessen, wie die
Methode von Der Re zur Berechnung der gespannten heterocyclischen Ringe
anwendbar ist. Wir haben analog wie in der bereits zitierten Arbeit, Berech-
nungen fir die ersten gesattigten cyclischen Ather: Athylenoxyd, Trimethy-
lenoxyd, Tetrahydrofuran und Tetrahydropyran durchgefiuhrt. Die Deforma-
tion ist im Falle der finf- und sechsgliedrigen cyclischen Ather so gering, daR
diese Verbindungen den Charakter eines aliphatischen Athers haben. Dem-
entsprechend liefert die Methode von Der Re mit den urspringlichen Parame-
tern die richtigen partiellen Ladungen und das experimentell gemessene
Dipolmoment. In den dreigliedrigen und viergliedrigen Ringen existiert eine
viel stirkere Deformation, die die Anderung der Hybridisation und sogar die
Abnahme der Uberlappung zur Folge hat. Die von Der Re verwendeten ur-
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springlichen Konstanten entsprechen aber im Falle des Kohlenstoffes der
aliphatischen sps Hybridisation und beim Sauerstoff der allgemeinsten Uber-
gangshybridisation mit 18,9%-igem »s«-Charakter [3] sowie der vollkom-
menen Uberlappung. Diese Tatsache wurde im Laufe der Berechnungen be-
ricksichtigt, und so haben wir auch bei diesen gespannten Ringen richtige
Ergebnisse erhalten.

Berechnung der Heteroringe vom aliphatischen Typ

Die Ladungsverteilung und die Bindungsdipolmomente der Molekile
wurden im Falle des Tetrahydrofurans undTetrahydropyrans analog mit denen
der aliphatischen Verbindungen berechnet. Durch die vektorielle Summa-
tion der Bindungsdipolmomente erhielten wir das resultierende Dipolmoment
der Molekiile, welches mit den experimentellen Werten gut Ubereinstimmt
(Tabelle I1). Zu dieser Addition waren die experimentellen Bindungsabstédnde
und Bindungswinkel dieser beiden Verbindungen ndétig. Wir nahmen im Falle
des Tetrahydrofurans ein regelmdlRiges planares Funfeck und beim Tetra-
hydropyran eine regelmdRige Sesselform an. Als Bindungsabstdnde wurden
auf Grund der Elektronendiffraktionsmessungen [4] die aliphatischen Ab-
stinde als maRgebend betrachtet.

Rcc — 1,54 A
Reo = 143 A
RCH= 1,09 A

Das Gleichungsystem, das die Coulomb-Parameter des Tetrahydrofurans lie-
fert, ist das folgende (die Kohlenstoff- und Wasserstoff-Atome wurden vom
Sauerstoff-Atom ausgehend mit den Indexen 1 und 2 bezeichnet).

'hi ==8H0  Zh(C) i
'h*==dHo+ yu(c) ~c2
'ci = dCO + 2 zZg(H)~Ahl+ Yc(C)~c2+ Zc<o) »o
c2= B0 + 2 yc(n)~H2+ Tc(C)Aci + Ye(C) Ac2

'o = <&° t+ 2 Zo(C) ~ci
Die Losungen des Gleichungssystems sind:

6Hi = 0,0666 6ci = 0,1664

2 0,0525 ocz= 0,1313
b0 = 0,4333
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Werte der Polaritdtsgrade der einzelnen Bindungen:

Qci-hi = +0,0499
Qa2 2= +0,0394
Qci_ 2= +0,0176
Qcl 0 = -0,1405

Die partielle Ladungsverteilung des Molekils ist in Abb. 1 dargestellt.

H2 /H 2+ 0,0394
)C 2——C 2-0,0612
H2/ \ "H2
H\/ \ /H1
/IC 1 C4- 0,0231
He “H1+ 0,0499
- 10,2809

Abb. 1. Ladungsverteilung im Tetrahydrofuran

Die Berechnung des resultierenden Dipolmomentes bedeutete selbst in
diesem einfachen Fall ein kompliziertes Yektorsummierungs-Problem.
Die Bindungsdipolmomentwerte sind:

mci_H1= 0,7 * 10 ~3 Coulombmeter
mc2-H2= 6,85 m10 ~31 Cm
mci_c — 4,32 <10 _31 Cm
mo-cl = 02,1 «10_31Cm

Das berechnete resultierende Dipolmoment ist 1,60 D, das experimentell er-
haltene 1,75 D.

Die Coulomb-Parameter des Tetrahydropyrans kdnnen aus dem folgen-
den Gleichungssystem erhalten werden. (Die Numerierung ist der beim Tetra-
hydrofuran angewendeten analog).

dHi = dHo+ yH(C)

dHa= dHo+ YH(C)"c2

dH3 == dHO + y H(C) ~cs3

dci = dco + 2 Yc(H) "H1+ Yc(c) <2+ Yc(O)
dCa= dco + 2yc(H) H2+ ¥Yc(C)~rci + Yec(C)ac2
de»= doo+ 2yc(H>"H3 + 2 YO "c2

— nro» + 2yo(C)rcr m
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Nach Substitution der Konstanten und Lésung des Gleichungssystems gelan-
gen wir zu den folgenden Coulomb-Parametern:

O0Hi = 0,0665 &i = 0,1663

OH2 = 0,0522 0C3= 0,1306

6H3= 0,0506 6c3= 0,1265
do = 0,4333

Aus diesen wurden die Bindungspolaritdten berechnet. Die W erte sind die fol-
genden:

Qcl-H1— +0,0499 Qckc® - +0,0178
Qc2—H2 — +0,0392 @@C})—+010021
Qc'-H3 = +0,0379 @E!__O = -0,1405

Die partielle Ladungsverteilung des Tetrahydropyrans ist in Abbildung
2 dargestellt.
H\ /H 3+ 0,0379

C—0,0717
H\ /H2+ 0|

C2 C20,0646
H2/ 1 1\H 2
H 1 1/H 1

C'+ 0,0229
HY \ . n \H “+0,<
0
—0,2810

Abb. 2. Ladungsverteilung im Tetrahydropyran

Das berechnete resultierende Dipolmoment ist 1,44 D, der experimentelle
Wert ist 1,55 D.

Berechnung der gespannten Heteroringe, Modifizierung der Parameter von
Del Re

Es kann angenommen werden, dall die Sauerstoff- und Kohlenstoff-
atome in der aliphatischen Bindung in sp3bzw. in einem sehr dhnlichen Hyb-
ridzustand vorliegen. Der Yalenzwinkel im Athylenoxyd (60°) und im Trime-
thylenoxyd (90°) weicht jedoch stark von dem flr die sp3-Hybridisation cha-
rakteristischen Winkel (109° 9’) ab. Diese Deformation des tetraederischen
Yalenzwinkels hat nach den quantenchemischen Berechnungen keine Realitat.
In diesen Fallen deformiert sich in erster Reihe nicht der Valenzwinkel, sondern
es vermindert sich die Uberlappung der sp3Molekiilorbitale. D. h., ein Energie-
minimum kommt einerseits durch die geringere Modifizierung des Bindungs-
winkels, andererseits durch die stirkere Abnahme der Uberlappung zustande.
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Das Abnehmen der Uberlappung der Atombahnen bzw. die proportionale
Anderung des Austauschparameters kann mit dem folgenden Zusammenhang
berlcksichtigt werden:

e' = e(cos 0) 1)

wo 0 der Winkel zwischen zwei Molekilorbitalen ist.

Die Annédherung an das andere Problem, ndmlich die Bestimmung des
effektiven Hybridzustandes der einzelnen Atome, ist schon viel schwieriger.
W ir haben hierzu die Angabenvon Purtimann u. Mitarb. [3] benutzt, die eine
Korrelation zwischen der sogenannten Bahnelektronegativitdt und den konstan-
ten Gliedern der Coulomb-Parameter der einzelnen Atome bzw. der durch diese

H

Abb. 3. Anderung des Coulomb-Parameters des Sauerstoffatoms als Funktion der Bahnelek-
tronegativitat

zustandegebrachten Bindungen angegeben haben. Die Bahnelektronegativitatcn
hdngen vom Zustand der Hybridisation ab und kénnen aus den Promotions-
energien nach der Methode von Hinze und Jaffe [5] berechnet werden. Es ist
wichtig zu bemerken, dal im Gegensatz zum konstanten Glied der Coulomb-
Parameter nach Del Re, welches eine fir das Atom charakteristische GroRe
ist, die Bahnelektronegativitit fir jede einzelne durch das betreffende Atom
zustandegebrachte Bindung einen anderen Wert aufnehmen kann. Daher
kann diese von Pullmann gefundene Korrelation nur fiir solche Atome giltig
sein, die gleichartige Bindungen eingehen, weil so alle Bindungen derselben
Hybridisation, d. h. demselben »s« Charakter entsprechen der fir das betref-
fende Atom charakteristisch ist. Diese Bedingung ist bei unseren Verbindungen!
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fur Sauerstoff erfullt, somit kann die PULLMANNsche Korrelation angewendet
werden. Diese Korrelation wurde in Abbildung 3 dargestellt, wo die Anderung
von <, des konstanten Gliedes des Coulomb-Integrals des Sauerstoffatoms
als Funktion der % Bahnelektronegativitdt dargestellt ist.

In der Arbeit von Hinze und Jaffe [5] sind die Bahnelektronegativitats-
werte fur einige genau definierte Hybridzustdnde des Sauerstoffes angegeben.
W ir stellten die Bahnelcktronegativitdten als Funktion des entsprechenden
»s« Charakters dieser Hybridzustdnde dar und erhielten so eine Gerade (Abb. 4).

Abb. 4, Anderung der Bahnelektronegativitiat des Sauerstoffatoms als Funktion
des »s«-Charakters der Bindungen

Die Bahnelektronegativitait eines Ubergangshybridzustandes zwischen
den Grundhybridzustdnden ist aus dieser Abbildung abzulesen, wenn es mdég-
lich ist den »s« Charakter der betreffenden Hybridisation zu berechnen. Fir
diesen ist der folgende Zusammenhang bekannt:

1+ fA2cos— 0, 2)

wo o der Winkel zwischen zwei gleichwertigen Bindungen eines Atomes und
A ein fur den »s« Charakter kennzeichnender Parameter ist. In Kenntnis von 4
ergibt die Gleichung (3) den »s« Charakter der Bindungen:

W % ) = T,A ~r100- 3)

A

Handelt es sich um zwei Bindungen verschiedenen Charakters, so gilt Gleichung
(4) statt (2), in diesem Falle ist nd&mlich flr jede Bindung ein anderer Wert
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charakteristisch

1 COSco = 0 (4)
|
sChar(%) = . A =100 (5)
+
sChar(%) = m100. (6)
1+ 72

Diese Verhdltnisse wurden in Abbildung 5 dargestellt (fir den Fall eines sol-
chen X Atoms, welches eine Bindung mit zwei A Atomen und mit zwei B
Atomen zustandebringt). Es ist auch bekannt, daB die Summe der »s« Charak-
tere aller Hybridorbitale eines Atoms gleich 1 ist.

Abb. 5. Bindungen des Atoms X mit den Atomen A und B

Berechnung fir das Athylenoxyd-Molekiil

Die Bindungsabstdnde und Bindungswinkel wurden aus den Mikrowellen-
Rotationsspektren [6] sehr genau bestimmt (Abb. 6). Die genau bekannten
Bindungswinkel gestatten es, die »s« Charaktere des Kohlenstoffes zu berech-
nen. Auf die Kohlenstoff-Wasserstoff-Bindungen in Athylenoxyd entfallen
nach den Berechnungen 31,05% »s« Charakter; fiir die anderen beiden Bin-
dungen des Kohlenstoffatoms bleiben 18,9%, sofern diese als gleichwertig
angenommen werden. In Kenntnis des »««-Charakters konnte der tatsdchliche
oc2Bindungswinkel bestimmt werden, fir den sich der Wert von 103° 25" ergab.

Fir den Sauerstoff ist diese Berechnung auf exakte Weise nicht durch-
zufihren, da die Bahnwinkel der beiden einsamen Elektronenpaare nicht be-
kannt sind, und man so lediglich auf Proben angewiesen ist. Wie man sieht,
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ist der Wert des »s«-Charakters im Falle des Kohlenstoffes fur die einzelnen
Bindungen verschieden, und es ist daher nicht maéglich, Gy den konstanten
Teil der Coulomb-Integrale des Kohlenstoffes mit ihnen in Korrelation zu
bringen, obwohl es sehr wahrscheinlich ist, daR die Anderung des kleinen Wer-
tes 0,07 das Ergebnis nicht bedeutend beeinflussen wirde.

Wir haben Ladungsverteilung- und Dipolmomentberechnungen fir das
Athylenoxyd-Molekiil mit mehreren (y-Werten durchgefiithrt, um zu unter.

10
spVp(s)

- didiHNTTA,
tr2trfrfn,
''> te2te2tete

msp2p2p (fO

char°/o

Abb. 6. Bindungsabstande und Bindungswinkel im Athylenoxyd

suchen, welche Anné&herung das beste Ergebnis liefert. Die wichtigeren Ergeb-
nisse der Anné&herungsberechnungen sind in Tabelle | zusammengestellt.

Die beste Anndherung fiir den Dipolmomentwert des Athylenoxyds ist
1,85 D, d. h. dieser Wert stimmt mit dem experimentellen Wert gut Gberein
(Tabelle 11). Die Ladungsverteilung wurde in Abbildung 7 dargestellt.

HY /HM - 0,0483
NC ‘== C>+0,0429
H '/\ / \H1
0,2661

Abb. 7. Ladungsverteilung im Athylenoxyd

Die Uberlappung der Kohlenstoff-Sauerstoff-Bindung blieb wihrend
der Annéherungen selbstverstdndlich auch nicht konstant; dies wurde im
Sinne von (1) beriucksichtigt.
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Tabelle |

Zusammenfassung der wichtigeren Ergebnisse der Annédherungsberechnungen fiir den Fall des
Athylenoxyd-Molekiils

»s« Char C”'i)fc
Annaherung (Sauerstoff) _ effektiver <0
Bindungswinkel
l. 11,5 97°08" 0,30 i,66
2 12,0 97°32" 0,31 1,69
3. 12,5 98°3" 0.32 1,79
4. 13,0 98°36"° 0,33 1,85
5 18,9 103°25 0,40 2,44

Berechnung fir Trimethylenoxyd

Das Verfahren war im Falle des Trimethylenoxyds analog, aber eine
Anderung von 60 war nicht nétig, da die Deformation von geringerem MaRe
war. Wenn wir annehmen, daB die Winkel im Trimethylenoxyd 90° sind und
die Deformationen des tetraederischen Valenzwinkels nicht bericksichtigt
werden, kénnen wir mit Q = 160° rechnen. In diesem Sinn wurden die Aus-
tauschparameter modifiziert (ecc = 0,940; eco = 0,893) und die Rechnung

H \ /H 2+ 0,0408

C2— 0,0487
H1 \' /H1
.Cl  C1+0,0325
H17 /  XH1+ 0,0501
o
— 0,2984

Abb. 8. Ladungsverteilung im Trimethylenoxyd

nach der Methode von Der Re durchgefihrt. Fir das Dipolmoment ergab
sich so 1,925 D, was mit dem experimentellen Wert gut Ubereinstimmt (Ta-
belle I1). Im Falle der vélligen Uberlappung hatten wir den Wert 1,765 D er-
halten. Die Ladungsverteilung ist in Abbildung 8 dargestellt.

Tabelle 11

Berechnete und gemessene Dipolmomente

Verbindung Dipolhrgsment gg?g
Athylenoxyd 1,85 1,83 [
Trymethylenoxyd 1,925 1,92 [8J
Tetrahydrofuran 1,60 1,75 [9
Tetrahydropyran 1,44 1,55 [si
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Vergleich und Auswertung der Ergebnisse

Es lohnt sich nun, im weiteren die mit den Berechnungen erhaltenen
Ladungsverteilungen zu untersuchen. Es ist bei jeder Verbindung deutlich
zu erkennen, daB sich die partiellen Ladungen der vom Sauerstoff weiter ent-
fernt liegenden Kohlenstoff- und W asserstoffatome wegen der stdndig ab-
nehmenden elektronensaugenden Wirkung des Wasserstoffes schnell vermin-
dern. (Der -1 Effekt wirkt in erster Reihe auf die unmittelbar benachbarten
Atome).

Die NMR-Verschiebungen (1-Signale) [10] des W asserstoffs zeigen eine
gute Korrelation mit den berechneten partiellen Ladungen. Einerseits nehmen
die T-Signale in einer Verbindung mit wachsender Entfernung vom Sauerstoff
zu, da die Protonen negativer werden, andererseits finden wir wieder eine
Korrelation beim Vergleich der partiellen Ladungen und der entsprechenden
t-Signale der Protonen in gleichen Stellungen in den vier Verbindungen. In-
teressanterweise zeigen die T-Signale der Protonen in Position 1 zum Sauerstoff
und die entsprechenden partiellen Ladungswerte beim Trimethylenoxyd einen
Grenzwert. Gleichzeitig ist auch das Dipolmoment des Trimethylenoxyds das

Tabelle 111
T-Signale und partielle Ladungen (q) der entsprechenden Wasserstoffatomé der ersten vier cyclischen
Ather
Hx H, H,
Verbindung r-Signal r-Signal T-Signal
(ppm) 4 (ppm) 4 (ppm) 4
Athylenoxyd 7,42 0,0483 — - - -
Trimetbylenoxyd 5,27 0,0501 7,27 0,0408 — -
Tetrahydrofuran 6,25 0,0499 8,15 0,0394 — —
Tetrahydropyran 6,44 0,0499 8,42 0,0392 8,42 0,0379
Tabelle 1V
Berechnete Bindungspolaritatsgrade
Bindung Athylenoxyd  Trimethylenoxyd Teftur?;gdro— Tetrahydropyran
C'-H1 0,0493 0,0502 0,0499 0,0499
C2-H 2 — 0,0408 0,0394 0,0392
C3-H 3 — — — 0,0379
C>-C2 — 0,0165 0,0176 0,0178
C2-C 3 — — 0,0021
0-C1 0,1395 0,1492 0,1405 0,1405
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groBte in der Verbindungsserie. Auch diese gute Ubereinstimmung ist ein
Beweis fur die VerldRlichkeit unserer Methode. Die 1-Signale und die entspre-
chenden partiellen Ladungswerte enth&lt Tabelle III.

SchliefRlich kann auch beobachtet werden, dal} die Polaritdt der C—C Bin-

dungen in den einzelnen Verbindungen mit der Distanz vom Sauerstoff stark
abnimmt (Tabelle 1V). Das gleiche gilt auch fiur die C—H Bindungen.
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Cobalt carbonyl hydride at low temperature hydrogenates heptcne to neptane
and conjugated diolefins to monoolefins, in stoichiometric reactions. In the latter case,
the selectivity exceeds 90%.

Rather detailed studies have been reported concerning the reactions of
monoolefins and diolefins with HCo(CO),. In the case of monoolefins, attention
was focused on the formation of acylcobalt tetracarbonyls [1] and aldehydes
[2], according the following stoichiometry:

RCH= CH2+ HCo0(CO)4 cc% RCH2CH2COCo(CO)4 HCo(COM

RCHXH2CHO + Co2(CO)s.

W ith diolefins, the principal products were found to be s-allylcobalt-tricarbo-
nyl complexes [3]:

RCH = CH—CH=CHj+HC..(CO)4------ rch2— ch CH2 + OO

Co(CO)3

We have observed that hydrogenation reactions also take place to a consider-
able extent in these reaction mixtures.

In the reactions of n-heptene-1 and HCo(CO)4in pentane solution under
an atmosphere of carbon monoxide or nitrogen at -j-10°C and 0°C, respectively,
and striving to obtain as complete material balances as possible, the results
shown in Figs 1 and 2 were obtained. As can be seen, the yield of heptane was
highest at relatively low olefin :cobalt ratios, and sometimes exceeded 30%
based on HCo(CO)4. The products obtained at higher heptene : HCo(CO)4ratios
also contained small amounts of acylcobalt tetracarbonyls, as evidenced by
the infrared spectra.

In accordance with the generally accepted scheme [1] for reactions be-
tween olefins and HCo(CO)4,the stoichiometric hydrogenation can be assumed
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Fig. 1

to proceed by the reaction between an alkylcobalt carbonyl and cobalt carbo-
nyl hydride before carbon monoxide insertion:

RCH= CH, + HCo(CO)4— >RCH2CH2Co(CO)4 HOo(°4 RCHICH3+ Ca(CO)8

RCH2CH2COCo(C0)3---->-hydroformylation prod-
ucts and acylcobalt
tetracarbonyls
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This mechanism explains why the highest yields of heptane were ob-
served at relatively low olefin : cobalt ratios, since obviously alarge concentra-
tion of HCo(CO)4 favours its reaction with the alkylcobalt carbonyl first
formed.

Previous work [4] has shown that hydrogenation of olefins is a general
side reaction under the conditions of oxo synthesis (150°C, 200 atm), though
in the case of straight-chain olefins it takes place only to a relatively small
extent. The higher selectivity in favour of hydroformylation in the catalytic
synthesis, compared with the results obtained in this investigation, can be
attributed to the high partial pressure of carbon monoxide prevailing under
“oxo-conditions”, a circumstance facilitating the insertion of carbon monoxide
into the cobalt-carbon bond.

When conjugated diolefins were reacted with HCo(CO)4in pentane solu-
tion under carbon monoxide or nitrogen at 0°C, a highly selective and fast
hydrogenation to the corresponding monoolefins was observed. In the case of
butadiene and isoprene, the hydrogenated product was a mixture of isomeric
butenes and methylbutenes (yield 94% and 83% respectively, based on
HCo(CO)4. Cyclohexadiene-1,3 yielded cyclohexene; with cyclopentadiene as
the model substance, the results compiled in Table | were obtained.

Table 1

HCo(CO)4 used
Cyclopentadiene: forhydrg?enatlon

HCo(COyratio cyclopentadiene, Atmosphere
0%
0.45 78 n2
0,58 97 (6(0]
1.17 92 N2
1.17 104 (6]
2.94 99 N2
2.94 97 (6]
11.0 90 N2
11.0 106 CcO

*Based on HCo(CO)4introduced, and calculated from the amount of cyclopentene formed.
The amount of HCo(CO)4used for hydroformylation (calculated from the amount of C6aldehydes
formed) was always less than 1%.

According to the infrared spectra, the products obtained from different
diolefins under such conditions contained only small amounts of Tt-allylcobalt-
-tricarbonyl type complexes. This rather unexpected result may be explained
by the following sequence of reactions:
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K—CH=CH—CH=CH, + HCo(CO)4

R—CH2-CH = CH—CH2C0(CO)4 H({°|('°)— >- R—CH2—CH=CH—CHj +C02(CO)8

and isomers
() co

Co(CO)j

Accordingly, the product composition is determined by the relative rates
of reactions (a) and (b). A relatively large concentration of HCo(CO)4 should
again favour the hydrogenation of the intermediate er-allylcobalt carbonyl.
If, however, low concentrations of HCo(CO)4 are used, the crallyl complex
can be transformed principally to the g -allyl derivative. This may explain
the somewhat unusual conditions [3] employed in the preparation of the latter
complexes.

Experimental

Reaction of HCo(CO)4 with heptene-1

A solution of cobalt carbonyl hydride in pentane was prepared by the method ofstern -
berg etal [5]. This solution was cooled to —60°C and heptene-1 was added. When working
under nitrogen, the reaction mixture was warmed to 0°C and allowed to stand at this tempera-
ture for 6 hrs. In the experiments under carbon monoxide, the reaction mixture was warmed to
10°C and stirred at this temperature for 6 hrs. After this time, samples were taken for infrared
spectroscopy and gas chromatographic analysis. The yield of organic product was determined
by the estimation of gas chromatographic peak areas, using known amounts of 2,3-dimethyl-
pentane as the reference substance.

Reaction of HCo(CO)j with cyclopentadiene

The experimental procedure was essentially the same as that used for heptene-1 with
the exception that the reaction time was 2 hrs. at 0°C. The reaction started even at —30°C as
shown by the rapid crystallization of pure Co2(CO)s.

REFERENCES

. Heck,R.F..Brestow,D.S.: 3. Am. Chem. Soc. 83, 4023 (1961).

.Karapinka,G.L.,0rchin, M.:y. Org. Chem. 26, 4187 (1961); Roos, L., o rcnin, M.z J. Org.
Chem. 31, 3015 (1966).

3.Jonassen, H . B.,, Stearns, R.l.,, Kenttamaa,J.,,Moore,D.W ., Whittaker, A. G.2J. Am.
Chem. Soc. 80, 2586 (1958); Husebye, S., Jonassen, H. B.: Acta Chem. Scand. 18,
1547 (1964).

4. Marko, L.: Chem. Ind. (London), 1962, 260.

5.Sternberg, H. W ., Wender, |l., Friedaer, R. A.,, 0rchnin, M.2 3. Am. Chem. Soc. 75, 2717

(1953).

N -

Léaszlé arko

c ... 2
) Veszprém, ochonherz Z 12. Hungary.
Jerenc Ungvary} P gary

Acta Chim. Acad. Sei. Hung. 62, 1969



Acta Chimica Academiae Scientiarum Hungaricae, Tomus 62 (4), pp. 429—436 (1969)

NEW NITROCHALCONES, X*

CORRELATION OF THE CHOICE OF THE CONDENSING AGENT
WITH THE STRUCTURE OF THE REACTANTS

T. Szell and |I. Sohar

(Department of Applied Chemistry, Attila J6zsef University of Szeged, Szeged)

Received November 21, 1968

The choice of condensing agent for the synthesis of chalcones from substituted
benzaldehydes and acetophenones is clearly related to the Hammett substituent con-
stants. In general, reactants having large Hammett’sa constants require sodium hydrox-
ide, those having low values require hydrogen chloride, and the intermediate group
can be condensed with either reagent. These generalization may, however, be offset
by factors such as solubility, side reactions, etc. The Hammett equation has been found
to hold for the base-catalyzed Claisen—Schmidt condensation, serving as a guide in
correlating the structures of the reactants with their reactivity.

The effect of some side chain substituents has also been examined and three new
chalcones have been synthesized.

Introduction

Chalcones are of considerable biological importance on account of their
pharmacological activity and because they are isomeric with flavanones which
are known to occupy a central position in flavonoid biosynthesis [1—3]. Nitro-
hydroxychalcones have proved to be suitable models for studying the forma-
tion of chalcones [4] from the appropriate acetophenone and aldehyde.

ArCOCH3+ OHC-Ar’ Ar—CO—CH=CH—Ar’

Previous communications in this series attempted to elucidate the corre-
lation of the structure of the reactants with their reactivities and with the
choice of the condensing agent. In the present work some of our relevant re-
sults of earlier works have been summarized, extended and final conclusions
drawn.

Results and discussion
Substituents in the nucleus

Experiments carried out in the presence of sodium hydroxide or sodium
alkoxides showed that the substituents increased the yield of chalcone forma-
tion in water, aqueous ethanol, or ethanol in the following way [5, 6, 10]:

*Part IX: Széll, T., Sohar, |.: Canad. J. Chem. 47, 1254 (1969).
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(@) In the acetophenone component:

2- NO02> 4-N02> 3-NO2 (1)
3- OH > 2- and 4-OH (2)
6-N02-3-0H > 4-N022-O0H > 5-N022-0H > 3-OH >3-N024-0H (3)

{b) In the aldehyde component:

4-N02> 4-Cl >H «< 3-OH > 4-OH (4)
4-CN > H > 1-naphthaldehyde > 3,4-methylenedioxy > 4-iPr > 3,4-
-diOMe ~ 3,4-diOEt >4-OH-3-OMe >2- and 4-OH (5)
H ~ 2-OMe ~ 2-OEt (6)
2,3-diOMe £ 2,5-diOMe > H > 2,4-diOMe ©)

Results of experiments carried out in the presence of hydrogen chloride
in ethanol showed the following order of effectiveness of the substituents
[5 6, 10];

(@) In the acetophenone component:

3-N02-4-0H >4-N022-0H > 4-NO02 (8)

(6) In the benzaldehyde component:

4-OH-3-OMe > 3,4-diOMe > OH ~ 4-OMe > 4-H > 9)
> halogen > 4-NO02
4-OH > 4-NO02 (10)
4-OH £ 4-OMe £ 4-OH-3-OMe > 3,4-diOMe * 3,4-diOEt £
£4-Me >4-H > 4-Cl > 4-NO, > 2,4-diN02 (11)
2,4-diOMe £ 2-OMe > H > 2,3-diOMe ~ 2,5-diOMe (12)

In general, a definite parallelism can be observed between the effective-
ness of a substituent in increasing the yield of the alkali-catalyzed condensa-
tion and in increasing the electrophilic character (pK EH+) and the Hammett
constants.* The order of substituents in the condensation carried out in the
presence of hydrogen chloride is roughly the reverse to that found in alkaline
solution. The more basic the aldehyde, i.e. the more negative the substituent
constant, the higher the yield of chalcone formation. The choice of condensing

* Cf. the cr-values in Table I. While the m and p-substituent constants are simply addi-
tive (e.g., in 3,4- or 3,5-disubstituted components), ortho constants are not. However, a com-
parison such as given in Series (8) and (13) is still possible, since the same ortho substituent is
present in each compound. In some cases (e.g., in Series (3) and (8)) no quantitative compari-
son is possible on the basis of the Hammett constants.
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agent for the synthesis of chalcones is, therefore, related to the substituent
constants.

Reactants with large Hammett’s a constants require bases (NaOH,
NaOMe), those having low values require the use of hydrogen chloride, and the
intermediate group can he condensed with either reagent. In other words,
electron withdrawing substituents favour condensation by bases, whereas
electron releasing groups favour the use of hydrogen chloride.

Table |

Hammett's a constants of the substituents involved in this paper,
taken from J. Clark and D. D. Perrin’s review [7]

Substituent A:p’)mregt meta cf para @
(in anilines)

H 0.00 0.00 0.00
Me 0.10 -0.07 —0.17
Et 0.05 —0.07 -0.15
iPr 0.03 -0.07 -0.15
CN — 0.56 0.66
(1.00)

OH -0.09 0.12 -0.37
0 — -0.71 -0.52
OMe 0.00 0.12 -0.27
OEt 0.02 0.10 —0.24
cl 0.67 0.37 0.23
Br 0.71 0.39 0.23
F 0.47 0.34 0.06
NO. 1.72 0.71 0.78

These conditions are not surprising, since base-catalyzed condensation
involves attack at the aldehyde carbon by a carbanion, formed by removal of
a proton from the acetophenone. The acid-catalyzed condensation involves
protonation of the carbonyl groups, thus the importance of the basicity of the
reactants is evident (cf. with the references given under 15 in [5]).

The differences between the yields in the latter case, however, are some-
times not so marked as found in the base-catalyzed condensation. Noyce [26]
has suggested that the moderate difference between the effect of 4-OMe and
4-N02substituents is due to two counterbalancing factors: a change in basicity
of the aldehyde, and a change in the ease of bond formation between the reac-
tants. Similarly, unsubstituted bi and tricyclic condensed aromatic aldehydes
give chalcones in similar yields, in spite of definite differences in their basicities.
Thus, for 9-anthraldehyde, 9-phenanthraldehyde and 1-naphthaldehyde, the
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p K Ke+ values are —4.81, —6.39 and —6.68, respectively [11]. The first al-
dehyde, beingthe most basic, should be the best for chalcone formation. Though
actually all the three aldehydes readily give chalcones, the trend lies in
the direction that the more basic* the aldehyde, the more complete the chal-
cone formation, but the differences are small [10]. Deviations from the pattern
expounded above are also known, and some of them have been discussed pre-
viously [5]. In the base-catalyzed condensation, precipitation of the sodium
salt of the chalcone may considerably improve the yield. On the other hand,
condensation may go in-the wrong direction in the presence of hydrogen chlo-
ride (e.g. with 2,4-dimethoxybenzaldehyde, c.f. [10]), resulting in decreased
yields.

Fig. 1. Results of comparative experiments using substituted aldehydes and 5-nitro-2-hydroxy-
acetophenone in the presence of NaOH-EtOH-H20 at 30°C. (kl = rate constant of chalcone
formation)

The validity of the Hammett equation for chalcone formation was
checked. As it can be seen in Figs 1 and 2, there is a linear correlation between
the logarithm of the rate constants and Hammett’s substitution constants, as
expected on the basis of the Hammett function. Concerning this linear corre-
lation, Brown's a+ constants [12] did not give better results. An informative
value for the reaction constant (g) of the chalcone formation was graphically
determined from Figs 1 and 2, the mean value being -(-1.9. The accuracy of
this value is estimated to be 7.5%.

Owing to experimental difficulties, the Hammett treatment could not
be carried outin the case ofthe HCIl-catalyzed condensations as yet, however,
it is obvious from Fig. 3 that in the latter case the reaction constant (g) is
negative, if the Hammet relation holds for the reaction.

Increase in the concentration of either condensing agent (NaOH or HC1)
results in improving the yields of the chalcones.

* Basicity can be judged on the basis of Brown’sa+ constants [12], and also on that of
Av of phenol, measured in the presence of the aldehyde examined in CCl14 [13].
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Fig. 2. Results of comparative experiments using unsubstituted benzaldehyde and substituted
acetophenones in the presence of NaOH-EtOH-H,,0 at 30°C (fc, = rate constant of chalcone
formation)

Fig. 3. The trend of correlation between the yield of chalcone formation and Hammett’s a con-
stants, starting from 3-nitro-4-hydroxyacetophenone and different benzaldehydes, using HC1
as the condensing agent. These results are taken from a previous work of the authors [10]

co-Substituents in the side chain of the acetophenone*

An co-nitro substituent does not significantly increase the yield of chal-
cone formation. W ith this group the condensation cannot be performed in the
presence of alkali, probably owing to enolization; the latter form has no active
hydrogen available for the condensation, and the trans form of the enol may be
stabilized by chelation (I).

o/ ~O

*In some papers named as a-substituents; cf. [14], [15].
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Actually, the crystalline sodium salt of the enol form was isolated in
these experiments. Furthermore, the lack of condensation is not the conse-
quence of decomposition or of side-reactions (such as the Nef reaction), since
w-nitroacetophenone is surprisingly stable in alkali. The reaction could not
be brought aboutin the presence of HC1 either. In agreement with Sorter [14]
and campbert [15], co-nitroacetophenone can be successfully condensed with
benzaldehyde Schiff bases under anhydrous conditions, e.g. in acetic anhydride,
to give co-nitrochalcones. However, the yields of 30—33% given by Sorter,
could be increased up to 66% when hydrogen chloride was added to the reac-
tion mixture containing the ketone and the Schiff base. Strangely enough,
acetophenone and benzalbutylamine do not condense under the same condi-
tions, and neither does co-4-dinitroacetophenone. The latter compound is
decomposed by acids. This starting ketone was directly obtained by a new
synthetic route involving the nitration of 4-nitroacetophenone in the side
chain.

The role of nitrogen bases in the preparation of co-nitrochalcone is not
clear, but they seem to be the only effective condensing agents. Thus, Russian
authors [16] used e-aminocapronic acid to prepare 2-benzyloxy- and 2-hy-
droxy-tn-nitrochalcone.

The co-methyl group has only slight influence on base-catalyzed chalcone
formation. In accordance with its electron releasing character, the yields are
somewhat lower than with unsubstituted acetophenones, and in accordance
with earlier observation [17] less yellow. 3’-Nitro-4’-hydroxy-ft)-methylchal-
cone, a new compound, has been synthetized in this series.

Starting from 2,4,6-trihydroxypropiophenone and vanillin the base-
catalyzed condensation gave a polymer, while the appropriate acetophenone
reacted normally.

The co-benzoyl group in acetophenone interfered with the synthesis of
chalcone from benzaldehyde in the presence of sodium hydroxide, probably
owing to enol formation. In acidic medium, flavone was formed, instead of
chalcone, and benzaldehyde remained unchanged.

Experimental*

*All m. p.’s are uncorrected. The UV spectra were obtained with a Beckmann D. U.
spectrophotometer.

Comparative experiments (Figs 1 and 2)

The experimental conditions of chalcone formation were the same as described previ-
ously [8]. The concentrations of the chalcones were determined in part by measuring the chal-
cones precipitated by acidification (Fig. 1), and partly spectrophotometrically. Rate constants
were calculated following our earlier method [8]. The chalcones obtained during these measure-
ments were in part identical with those mentioned in preceding papers of this series (5°4-
-diN022-0H-, 5-N022’-0H-4-Cl- and 5’-N022’-OH-chalcones) [8], (5-N022’-0H-4-Me-
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-chalcone) [10]. The rest of the chalcones did not give m.p. depression in admixture with sam-
ples prepared according to the literature: chalcone, m.p. 56—57°C [18], 4’-N02chaleone, m.p.
148—150°C [19], 4’-OH-chalcone, m.p. 172—173°C [20], 4’-Cl-chalcone, m.p. 98— 100°C [21],
3’-N02chalcone, m.p. 130—131°C [22], 3’-OMe-chalcone, b.p. 4 mm 180—185°C [23], 5’'N 02-
-2’-OH-4-OMe-chalcone, m.p. 164—165°C [24]. 5°,3-DiN022’-0H-chalcone melted, in contrast
to one of our earlier communication [9], at (203)—206—207°C (EtOAc—ACcOH).

5’-Nitro-2,hydroxy-3-methoxychalcone

This new chalcone was prepared in a yield of 33% in the same way as described previous-
ly [8], m.p. 128—129°C (EtOAc—EtOH). Calcd. N 4.7. Found N 4.6%.

5’-Nitro-2’-hydroxy-3,4-dichlorochalcone

This new chalcone was prepared in a yield of 80—83% from the appropriate ketone
(1.81 g; 0.01 mole) and aldehyde (1.75 g; 0.01 mole) dissolved in ethanol (40 ml). After the
addition of 20 ml of 5 N NaOH, the solution was kept at 60°C for 30 min. The chalcone was
precipitated by acidifying the solution with acetic acid and it was recrystallized twice from
ethyl acetate; m.p. 222°C.

Calcd. N 4.1 Found N 4.2%.

3’-Nitro-4’-hydroxy-co-methylchalcone

0.2 g of 3-nitro-4-hydroxypropiophenone [25] was dissolved in 15 ml of 1 ATNaOH and
0.4 ml of benzaldehyde was added. The alkaline solution was heated at 60°C for 3 hrs, and the
new chalcone was precipitated by adding 5 N HCI. Yield: 60%. M.p.: 149—152°C. Recrystalli-
zation from ethanol raised the m.p. to 154—155°C. Calcd. N 4.9. Found N 4.8%.

Sodium salt of co-nitroacetophenone

From the ethanolic solution of co-nitrochalcone the sodium salt slowly crystallized on
the addition of 2 N NaOH. The IR spectrum was consistent with the enol-salt structure.

*
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UBER DEN MECHANISMUS
DER SULFILIMIN-BILDUNG, III*

KINETISCHE UNTERSUCHUNG
DER REAKTION EINIGER METHYL-ARYL-SULFIDE MIT CHLORAMIN-T

(VORLAUFIGE MITTEILUNG)

F. Ruff und A. Kucsman

(Institut far Organische Chemie der L. E6tvés Universitat, Budapest)
Eingegangen am 3 Okteber, 1969

Die von Mann und Pope entdeckte Reaktion der Thiodather mit Salzen
der N-Chlor-Sdureamide, z. B. Chloramin-T, fuhrt zur Bildung von Sulfil-
minen (1). Enthélt das Reaktionsmedium auch Wasser, so wird auer Sulfil-
min auch mehr oder weniger Sulfoxyd gebildet (2):

RR'S + TsNCUNa® — RR'SNTs + Na©CI®© 1)
| I 11

RR'S + TsNCUNa®© + H,0 RR'SO + TsNH2-f Na©CIl© (2)
v

Da die Angaben tGber den Mechanismus der Mann—PoOPE-Reaktion zu-
meist nur qualitativer Art [1, 2] und andererseits die bisher vorgezeigten,
kinetischen, quantitativen Daten [3, 4] mangelhaft und somit die auf diesen
beruhenden Folgerungen unseres Erachtens in vieler Hinsicht unzuldssig sind,
haben wir die eingehende kinetische Untersuchung dieser Reaktion in Angriff
genommen. Uber Ergebnisse unserer diesbeziiglichen Untersuchung der Reak-
tion einiger Methyl-aryl-sulfide (las R = Me, R'= Ph; Ib: R = Me, R' =
p-C6H 40Me; Ic: R = Me, R' = 0-C6H4COOH; Id: R = Me, R'=
= 0-CAH4COOMe) mit Chloramin-T wird untenstehend kurz berichtet.

Als Ldésungsmittel wurde 50 Vol.%iger wéaliriger Alkohol angewandt, der die
entsprechenden Puffer (0,05—0,IM Phosphat, 0,2M Borat, 0,05M Succinat)
enthielt. Die kinetischen Messungen wurden im pH Bereich 7—9 bei -j-20,00
+ 0,02 C° durchgefihrt. Die Konzentration der Ausgangssubstanzen haben
wir von 5 ¢ 103 bis 10~4 mol/1 variiert.

*Teil 1 und Il: Tetrahedron 18, 75, 79 (1962)
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(A) Es waren vor allem zuverldssige Methoden auszuarbeiten, die- die-
Analyse des Reaktionsgemisches zu ermdglichen hatten. Zur Unterbrechung
der Reaktion lieR sich die duRerst schnelle Reaktion des Kaliumjodids mit
Chloramin-T heranziehen, wobei das mit dem nicht verbrauchten Chloramin-T
in dquivalenter Menge freigesetzte Jod bei 353 m/i spektrophotometrisch
bestimmt werden konnte (Fehlergrenze: ~1% ). Die Menge des wéhrend der
Reaktion gebildeten Sulfilimins und Sulfoxyds lieR sich polarographisch be-
stimmen. Reide Reaktionsprodukte ergeben n&mlich an der Quecksilber-
Tropfelektrode ihrer Konzentration proportionale Diffusionsstufen, die hei
entsprechender Wahl des pH-Wertes von einander gut getrennt werden
konnen (so findet man fir lila bei pH 4,5 Elp= —600 mV, fir IVa bei pH 1
EA2= —900 mV). Die wdahrend eines Zeitintervalls umgesetzte Menge von
Chloramin-T erwies sich der gebildeten Menge des Sulfilimins und Sulfoxyds
&dquivalent (Versuchsfehler +3%); der Gleichung (1) und (2) eventuell nicht
entsprechende Reaktionen kdnnen somit unberiicksichtigt bleiben.

(B) Aus bisher mitgeteilten [3, 4] Versuchsergebnissen konnte man ver-
muten, dal die geschwindigkeitsbestimmende, langsamste Reaktionsstufe aus
der Bildung von Zwischenprodukten besteht; sie setzt auf Einwirkung des
Thiodthers (»S«) auf das aus dem Anion des Chloramin-T (»CT«) im Laufe
einer schnellen Gleichgewichtsreaktion entstehende protonierte Produkt ein,
worauf dann eine schnelle Umsetzung der Zwischenprodukte zu den End-
produkten erfolgt:

schnell

TSNCI© + HO | TsNHCI ©)
K,

TSNHCI -f- RR'S 1liangam > Zwischenprodukte* sdrell > Endprodukte (4)

Unsere Versuchsergebnisse, die an Hand der Umsetzung von Methyl-
phenyl-sulfid (la) mit Chloramin-T bei verschiedenen Konzentrationen in
entsprechenden Pufferlésungen gewonnen wurden, haben erwiesen, dall sich
die Reaktion mit der aus den Reaktionsgleichungen ableitbaren einfachen
kinetischen Gleichung v = K[CT] [S] nicht beschreiben IaRt.

Analoge Versuche, bei welchen Dichloramin-T anstatt Chloramin-T
eingesetzt wurde, haben ergeben, daR in diesem Falle die Reaktion zwar un-
meflbar schnell verlduft, die quantitative Zusammensetzung des Endproduktes
jedoch in beiden Fdllen gleich ist. Diese Beobachtung macht darauf aufmerk-
sam, dall bei der Mann—PoOPE-Reaktion die Umsetzung des Thio&thers nicht
nur durch das protonierte Chloramin-T-Anion bewirkt wird, sondern dabei
auch das Dichloramin-T (»DT«) eine Rolle spielen kdnnte; letzteres Produkt
kann n&dmlich nach Gleichung (5) im Laufe einer langsamen, zu einem Gleich-

* Nach Benes [3] bestinden die Zwischenprodukte aus RR'SCI© und TsNH®.
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gewicht fihrenden Reaktion des protonierten und unprotonierten Chloramin-
T-Anions neben einem Toluolsulfonamid-Anion (»TSA«) entstehen [5]:

TsSNHCI -f TsNCIO TsSNCI, + TsNH®© (langsam) (5)

TsNC12 -(- RR'S -—-- ——> Zwischenprodukte - sdrell » Endprodukte (6)

Da das Dichloramin-T im Sinne der Gleichung (6) mit dem Thiodther
sehr schnell reagiert, kann als geschwindigkeitsbestimmende Reaktionsstufe
dieser Reaktion die vorgeschaltete Gleichgewichtsreaktion (5) angesehen
werden.

Auf Grund der Gleichungen (3)— (6) I4Rt sich fur eine in Pufferlésung
verlaufende Reaktion die Konzentrationsdnderung des Chloramin-T mit
Gleichung (7) beschreiben, wobei fiir die Konstanten krund fed die Gleichungen
(7a) und (7b) gelten:

= K[CT][S] + kd[CT]2- fc d[DT] [TSA] %
B (72)
Ka+ [H+]
Ka[a+] h,

kd

- 0 7b
(Ka+ [H+])2 (70)

Wird aus der im Sinne der »steady state« Ann&herung konstruierten
Gleichung (8) die Konzentration [DT] ausgedrickt und dann in die Gleichung
(7) substituiert, so erh&lt man Gleichung (9):

T kd[CT]2- fc d[DT] [TSA] - kZDT][S] = O (8)
r

- g[CT] = f[CT] [S]+- ~*[S]_[CTr_
dr k-d[TSA] + k2[S]

Nimmt man an, daB fc_d[TSA] k2 [S] — was fur die Anfangsphase der
Reaktion sicher zutrifft, da hier die Konzentration des Toluolsulfonamids
noch sehr gering ist — so laRt sich Gleichung (9) zur Gleichung (10) verein-
fachen, deren bestimmtes Integral (11) darstellt.

_d[CT]= ~[CT] [g] +fed[CT]2 (10)
dr
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(n)

(12

Die Gultigkeit der Gleichung (10) bzw. der aus dieser durch Dividieren
durch [CT]2 erhéltlichen, einer Geraden entsprechenden Gleichung (12),
lieR sich auf zweierlei Art Uberprifen. Werden nadmlich die aus der experi-
mentell ermittelten Konzentration-Zeit Abhdngigkeit durch graphische Diffe-
renzierung bestimmten d[CT]/dr Werte durch [CT]2 dividiert und die so er-
haltenen Werte in Abhé&ngigkeit von [S]/[CT] graphisch dargestellt, so erhalt
man tatsdchlich eine Gerade, deren Steilheit dem Wert Kr entspricht, wéhrend
ihr Schnittpunkt mit der Ordinate den kd Wert ergibt. Die so erhaltenen, an-
ndhernden Werte der Geschwindigkeitskonstanten haben wir auf Grund der
Gleichung (11) durch Anwendung der Methode der kleinsten Quadrate durch
maschinelles Rechnen verfeinert. Mit den fir die Umsetzung des Methyl-
phenyl-sulfids (la) bei pH 8,50 + 0,02 erhaltenen Werten k1= 0,038 und
kd = 0,037 1/mol.sec* geben die Gleichungen (10) und (11) die Reaktionsge-
schwindigkeit nicht nur fur die Anfangsperiode der Reaktion richtig an,
sondern auch noch im Falle einer 70%igen Konversion; dies spricht dafur,
daR die bei der Ableitung der Gleichungen angewandten Vereinfachungen
zuldssig sind. Gleichung (10) bewahrt in einem sehr breiten (0,3—30) Bereich
des Konzentrationsverhdltnisses [S]/[CT] ihre Giltigkeit, somit ist der durch
die Gleichungen (3)— (6) beschriebene Mechanismus als bewiesen zu betrachten.

(C) Nach unseren Messungen hangen die im pH Bereich 7—9 fir die
Reaktion la -f- Il ermittelten Konstanten und kd im Sinne der empirischen
Gleichungen log Kr = 6,89—pH und log kd = 6,93—pH vom pH Wert ab.
Beide Zusammenhé&nge lassen sich auf Grund der Gleichungen (7a) und (7b)
gut deuten, wenn man in Betracht zieht, dal die bei den Versuchen obwal-
tenden [H +] Werte viel kleiner waren als die auf die Dissoziation des proto-
nierten Chloramin-T-Anions sich beziehenden Ka W erte (vgl. [6]).

(D) Gleichung (10) beschreibt auch gut die Reaktion des Thio&thers Ib mit
Chloramin-T (Il); bei pH 8,50 ~ 0,02 betragen die Konstanten = 0,735
und kd = 0,036 1/mol. sec.* DaR die kd Werte der Reaktion mit Chloramin-T
beider Thio&ther (la und Ib) praktisch Ubereinstimmen, entspricht vollkommen

* Die Summe der Konstanten Al und R stimmt erwartungsgemafR mit der von I)KlLi~
Erba und Spinelli [4] mitgeteilten Geschwindigkeitskonstante K innerhalb der Versuchs-
fehlergrenzen uberein.
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der Erwartung, wahrend der verhdltnismdaRig groRe Wert von /c, im Falle der
Reaktion des Thio&dthers Ib eine Folge seiner groferen Nukleophilitdt ist
(vgl. [1,4]).

(E) Ergebnisse orientierender Versuche, die mit den Thio&dthern Ic und
Id durchgefuhrt wurden, fihrten zur Erkenntnis, daB in diesen Féallen Gleichung
(10) aufv = Kj*CT] [S] bzw. v = /[cM[CT]2vereinfacht werden kann, da hier die
Beziehung kIl 8 kd bzw. kr <$ ka besteht. Bei der Reaktion der Thio&ther Ic
und Id kann somit als selektiv einwirkendes Reagens das protonierte Chlor-
amin-T-Anion bzw. das im Reaktionsgeschehen entstehende Dichloramin-T
betrachtet werden. =

(F) Einige, untenstehend verzeichnete Versuchsergebnisse stehen in
Einklang mit friheren Behauptungen qualitativer Art, dal ndmlich im Laufe
der Mann— PoPE-Reaktion die beiden Endprodukte (d. h. Sulfilimin und
Sulfoxyd) nicht nach einander, sondern neben einander, vermutlich sogar
aus ein und demselben Zwischenprodukt in schnellen Reaktionsschritten

gebildet werden (vgl. [1, 3]).

Tabelle |

pH (£0,02) SquLI/iomin Sulfo%yd
04M Phosphat 8,00 18 82
0,05M Phosphat 8,05 23 77
0,056M Phosphat 7,48 23 77
0,05M Succinat 7,48 26 74
0,2M Borat 7,50 31 69

Das Mengenverhdltnis des wéahrend einer bis zur 50—60%igen Konver-
sion verlaufenden Reaktion gebildeten Sulfilimins und Sulfoxyds erwies sich
— innerhalb der Versuchsfehlergrenze — als konstant. So enthielt z. B. das
Endprodukt, das im Laufe der Reaktion la -|- Il (wenn [SO] = [CTO] = 1,17 -
*10~3 mol/l und der pH 8,05 + 0,02 betrug) gebildet wurde, laut den MeR-
ergebnissen bis zur 63%igen Konversion stets 23% Sulfilimin und 77%
Sulfoxyd.

Verlief die Reaktion la -j- Il in einer gegebenen Pufferlésung, danii
waren die Geschwindigkeitskonstanten unabh&ngig von den Anfangskonzent-
rationen [SO] und [CTOQ], von denen aber die Zusammensetzung des End-
produktes abhing. Es wurden z. B. in 0,056M Phosphatpuffer im Falle der
Anfangskonzentration [SO] = [CTO] = 10~3bzw. 5 « 10~3 mol/1 Endprodukte
der Zusammensetzung 23 bzw. 29% Sulfilimin und 77 bzw. 71% Sulfoxyd

gebildet.
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Die in Pufferlésungen verschiedener Zusammensetzung aber gleicher
pH-Werte verlaufende Reaktion la -(- Il kennzeichnen immer dieselben k+
und fed-Konstanten, doch ist die Zusammensetzung der Endprodukte schon
ungleich (s. Tabelle). Auf Grund dieser Beobachtung kann man vermuten,
daB die Bildung des Sulfoxyds in der schnellen Reaktionsstufe von den nukleo-
philen Pufferanionen einigermafRen katalytisch beschleunigt wird (vgl. [7]).
Diese Annahme steht in Einklang mit dem Befund, daB das Endprodukt
einer in ungepufferter Losung verlaufenden Reaktion bedeutend weniger
Sulfoxyd enthdlt; so entstand z. B. im Falle der Anfangskonzentrationen
[SO0] = [CTQ] = 10-3 mol/l in Abwesenheit eines Puffers ein Endprodukt der
Zusammensetzung 40% Sulfilimin und 60% Sulfoxyd.* Mit einer intramole-
kularen nukleophilen Katalyse 148t sich auch der Versuchsbefund deuten, daf
im Laufe der Reaktion des Methyl-aryl-sulfids, der am aromatischen Ring
eine zur CH-jS-Gruppe o-stdndige Carboxylat- bzw. Carbomethoxygruppe ent-
halt (lc bzw. W), ein Endprodukt gebildet wird, das sogar 100% bzw. 96%
Sulfoxyd enthdlt (vgl. [2, 8, 9]).

Es ist bemerkenswert, daB das Mengenverhdltnis Sulfilimin : Sulfoxyd
bei einer gegebenen Konzentration des Puffers vom pH-Wert des Reaktions-
gemisches praktisch unabhdngig ist. So werden z. B. im 0,05M Phosphatpuffer
zwischen pH 5,7—9,85 stets 23—26% Sulfilimin und 77-—74% Sulfoxyd ge-
bildet. Dieser Befund I4Rt darauf schlieRen, daB der von Benes [3] vorge-
schlagene TeilprozeR (13), laut welchem die in der Reaktionsstufe (4) etwa
entstehenden Zwischenprodukte schnell unter Bildung des Sulfilimins mit
einander reagieren, in unserem Falle nicht gultig sein kann.

RR'SCI© + TsSNHO - schne” > RR'SNTs + HOCIe (13)

In dem bei unseren Versuchen angewandten pH-Bereich mufl sich die Kon-
zentration der TSNH© Anionen um vier GrofRenordnungen verdndern und dies
h&tte nach Gleichung (13) einen groBen Einfluf auf die relative Menge des
sich bildenden Sulfilimins.

Auf Grund unserer Versuchsbefunde 14Rt sich die etwaige Annahme, dal
fur die Bildung des einen bzw. anderen Endproduktes das als Zwischenprodukt
auftretende protonierte Chloramin-T-Anion bzw. Dichloramin-T gesondert ver-
antwortlich wére, ausschliefen. Dies bekraftigt auer dem mit Dichloramin-T
ausgefihrten Versuch (vgl. Punkt (B)) auch ein Vergleich der Reaktionen der
Thiodther Ic und Id. In beiden Fdallen wurde fast ausschlieflich nur Sulfoxyd
gebildet, obwohl die mit den Thiodthern reagierenden Zwischenprodukte

* Die Zusammensetzung des Endproduktes, das bei einer in ungepufferter Lésung ver-
laufenden Reaktion entsteht, hangt auch von der Zusammensetzung des Ldsungsmittels ah.
So ergibt z. B. die analoge, jedoch in 99,9%igem Alkohol verlaufende Reaktion ein End-
produkt, das 59% Sulfilimin und 41% Sulfoxyd enthalt.
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verschieden sind (vgl. mit Punkt (E)). Es sei dazu noch bemerkt, daB auch im
Falle des Thioathers la kein Zusammenhang zwischen dem Verhdltnis 1 ka
und dem Mengenverhdltnis der gebildeten Endprodukte besteht.

Die Mitteilung der Ergebnisse noch im Gang befindlicher Untersuchungen
nebst einer eingehenderen Diskussion wird spéter erfolgen.

*

Wir danken Herrn Prof. Y. Bruckner fir die Anregung dieser Arbeit.
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Computer Programsfor Chemistry, Yol. 1. Ed. by DeLos F. DeTar. W. A. Ben-
jamin Inc., New York, Amsterdam, 1968 pp. 208.

The introduction of computer techniques into chemical research is causing an unparal-
leled effect on the development of chemical sciences. Effective use of computers requires well-
tested, easy-to-handle and powerful programs which, in most cases, are very expensive to
produce. At the present stage of computerization when rather frequently considerable efforts
are being made in many laboratories simultaneously to develop the same program, the publica-
tion of this research-directed open-end series is timely and welcome. “The purpose of Computer
Programs for Chemistry”, as pointed out by the Editor in his Preface, ‘ is to make available in
convenient form a wide range of programs of interest to chemists, and by providing a medium
for publication, to encourage the discovery and application of quantitative mathematical mod-
els to problems in chemistry”.

The first volume of the series contains seven programs. Four of them deal with analysis
of high resolution NMR spectra.

LAOCNS3 (the third revised version of earlier LAOCOONI and I1), described in Chapter
3, can be used in two ways. (1) It calculates NMR line positions and intensities from an assumed
set of chemical shifts and coupling constants for systems containing up to seven spin —1/2
nuclei (“direct calculation™). (2) If the theoretical spectrum thus calculated has a resemblance
to the experimental spectrum the program can perform an iterative /east-squares adjustment
of calculated cr observed NMR lines.

NMREN1 and NMREN2 used in conjunction with NMRIT (Chapter 4) perform the
same type of calculations as does LAOCN3 but in a quite different way, and similarly, from an
arbitrary set of parameters provide adjusted values of chemical shifts and coupling constants
that give a best fit to an observed set of energy levels.

The programs LSG and LSKIN1 described in Chapter 5 and Chapter 6, respectively,
treat first-order kinetic data. LSG provides a simple least-squares program that might be modi-
fied for use on small computers, and like the more sophisticated LSKIN1, accepts experimental
rate data and calculates the best values of the first-order rate parameters.

PLOTLN (Chapter 7) is a general-purpose plotting subroutine package which uses the
typewriter to form low resolution plots.

Chapter 1 gives instructions for the use of the programs, the preparation of correction
and conversion decks, as well as informations for future authors about suggested content of
the program chapters and recommended programming standards. Chapter 2 is a general in-
troduction to the programs in the volume.

Each program chapter contains an explanation of theoretical basis and a brief descrip-
tion of the method of calculation. This is followed by input instructions, illustrative examples,
description of the structure of the program, flow diagrams, indexed program listing and ma-
chine requirements. Each program has been tested under specified conditions.

As a companion to each volume, the Publisher makes available a magnetic tape con-
taining all the programs described in the volume.

This ready source of reliable programs will undoubtedly prove invaluable to.chemists
who use, or who are potential users of computers.

L. Radios
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W. G. Crewther: Symposium on Fibrous Proteins. Butterworths, Australia,
1968. pp. 432

The Symposium on Fibrous Proteins held at the Academy of Sciences, Canberra, Aus-
tralia, from August 14—18, 1957, was the third international conference to carry that title,
the previous conferences having been held at Leeds in 1946 and in 1954.

A volume has been edited by W. G. Crewther and published by Butterworths (Aus-
tralia) including the papers presented at the Symposium. These papers have been grouped
under the headings: Relation between Amino Acid Composition and Conformation of Poly-
peptides and Proteins; Muscle and Bacterial Flagella; Collagen and Elastin; Keratin. The total
number of the presented papers was as many as 39, comprising the following subjects:

The Structure and Activity of Lysozyme;

Variants of the Righthanded Alpha Helix;

Refinement of Molecular Structures in Crystalline Fibres;

The Structure of Beta Keratin;

Variety in Composition and Structure of Silk;

Fibroins: Some New Types of Silk from Hymenoptera;

Stability of Alpha Helices in Proteins and Polypeptides;

Nuclear Magnetic Resonance Study on the Conformation of Poly-gamma-benzyl-L-glutamate
in Mixed Solvents;

Hydrogen Bonding and Conformation of Polypeptides;

C—H ...0=C Hydrogen Bonding in Proteins;

Stereochemical Coding of a Polypeptide Chain;

Biosynthesis of Flagellin;

The Structure of Bacterial Flagella;

X-ray Diffraction Pattern of Paramyosin;

Subunits of Myosin by Enzymic Degradation;

The Structure and Denaturation of Topomyosin B;

Studies Designed to Locate the ATP Combining Site of Myosin;

Subunit Interactions of Myosin;

The Interaction of Actin and Myosin and its Modification by Other Protein Factors;

Ultraviolet Spectroscopic Studies on the Interaction of Nucleotides with Actin;

Experiments on the Action of Dinitrophenyl Amino Acids on Muscle Proteins;

Renaturation — An Aid in the Investigation of the Collagen Structure;

The Developmentofthe Collagen Fold: The Role of Polar Regions and Interchain Cross- linkages;

The Chemistry and Biosynthesis of Interchain Crosslinks in Collagen;

The Nature of Some Aldehydes in Tropocollagen;

Thermal Transition in Some Invertebrate Collagens and their Relation to Amino Acid Content
and Environmental Temperature;

Effect of Salts on the Denaturation of Collagen at Acid pH Values;

The Interaction between Acid Mucopolysaccharide-Protein Complexes and Tropocollagen;

Physico-Chemical Effects of Serotonin on Soluble Collagen;

Some Structural Aspects of Elastin Revealed by X-ray Diffraction and other Physical Methods;

Elastin Structure and Biosynthesis;

Electron Microscopy of Fibrous Keratins;

Substructure of the Alpha Keratin Microfibril;

Is Alpha Keratin a Coiled Coil?

Recent Work on the Chemical Structure of Wool Proteins;

Wool Proteins in Relation to Wool Structure;

Studies on the Chemical Structure of the Low-sulphur Proteins from Wool;

The Structure and Aggregation of Low-sulphur Proteins Derived from Alpha Keratins;

Distribution of Protein Fractions in Alpha Keratin Structure;

The Dietary Regulation of the Synthesis of Hair Keratin;

Cys-Cys Sequences in Keratins;

Properties of Reduced Wool Fibres;

Chemical Composition of the Histological Components of Wool;

The Acylation of Wool: The Side-chain Specificity of Active Esters and Amides;

Infrared Absorption Bands of Side Chains in Polypeptides and in Keratin and Other Proteins;

The Longitudinal Stability of Keratin Fibres;

Differential Thermal Analysis of Keratin and Related Protein Fibres;

Wool Structure Modified for Greater Durability: Some Considerations of Requirements.
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Complete text of the presented papers, list of references and contributed items of dis-
cussion as well as answers by the authors have been recorded.

Due to the great number of papers a rather complete review of the latest achievements
in the field of the fibrous protein research is available by studying this volume.

I. Rusznak

T. W. Goodwin: The Metabolic Roles of Citrate. Academic Press, London and
New York, 1968. pp. 144

The book contains papers presented before the 27th Symposium of the English Bio-
chemical Society (held in Oxford, July, 1967). The Citric acid cycle has been chosen as the
central subject of the Symposium. Since Professor Krebs had an outstanding role in its dis-
covery and in the elucidation of its key position in cell respiration, this Symposium was organ-
ized in honour of Professor Sir Hans Krebs and the papers were dedicated to him.

The following nine lectures are published in this book.

1. Opening remarks by F. Dickens.

2. H. L. Kornberg: “H. A. Krebs: A pathway in metabolism”. This lecture describes
the scientific carrier of Nobel prize winner Professor Krebs from the University of Freiburg
to the professorship in Oxford; expresses appreciation of his most important scientific results
(metabolism of amino acids: ornithine cycle, oxidative desamination, glutamine synthesis,
oxidation of di- and tricarboxylic acids in the “Krebs cycle”, etc.).

3. The paper by P. A. Srere: “Studies on purified citrate-enzymes: metabolic inter-
pretations” deals with the metabolic function of some of the purified enzymes of the citric
acid cycle: citratase, citrate synthase and citrate cleavage enzyme.

4. D. E. Atkinson: “Citrate and the citrate cycle in the regulation of energy metabo-
lism”. Some of the problems of regulation such as the hypothesis of adenilate control, regulation
of the formation and consumption of citrate, and the energy accumulation are discussed.

5. P. B. Garland: “Control of citrate synthesis in mitochondria.” Experiments were
carried out on liver tissues and isolated mitochondria; the regulating role of palmitoyl-carnitine
oxidation in the citrate cycle and related metabolic routes were studied.

6. J. M. Lowenstein: “Citrate and the conversion of carbohydrate into fat”. In this
lecture the correlations between carbohydrates, fats and the citrate cycle are described with
special attention to the role of extramitochondrial acetyl coenzyme A and the citrate cleavage
enzyme in the synthesis of fat.

7. P. J. Randle et al.: “Citrate as a metabolic regulator in muscle and adipose tissue.”
In animal tissues (muscle of rat-hearts and adipose tissues) citrate affects the activity of two
enzymes: phosphofructokinase is inhibited and acetyl CoA carboxylase activated. Physiologi-
cal conditions influencing this regulating function of citrate were studied.

8. M. Klingenberg and E. Phaff: “Metabolic control in mitochondria by adenine
nucleotide translocation.” The coordination of intra- and extramitochondrial metabolisms is
especially well known in the hydrogen and energy transfer systems. The authors have studied
the transfer of adenine nucleotide across a mitochondrial membrane with respect to the specific
character, kinetics and regulation of the process.

9. J. B. Chappell and B.H. Robinson: “Penetration of the mitochondrial membrane
by tricarboxylic acid anions.” In the absence of L-malate, the membrane of mitochondria is
impermeable for tricarboxylic acids (citrate, cis-aconitate, isocitrate). L-malate activates sys-
tems transferring the tricarboxylic acids and a-ketoglutaric acid by active transport through
the membrane. L-malate, owing to its regulating effect on permeability can be considered as a
metabolic regulator.

All of the lectures express appreciation to the fruitful conceptions of Professor Krebs.
Most of the papers concentrate on one of the central problems of the modern biochemistry:
regulating mechanisms. At the end of each section detailed references and the discussion re-
marks and answers are given.

L. Nyeste

Acta Chim. Acad. Sei. Hung. 62, 1969



448 BOOK REVIEWS - BUCHBESPRECHUNGEN - PELEH3UWN KHWUI

Progress in Medicinal Chemistry, Yol. 6. Ed. by G. P. Eurris and G. B. West.
Butterworth, London, 1969. pp. 372

Medicinal chemistry is a subject of increasing interest and importance and this new
volume maintains the high standard set by the previous five. Perhaps the first chapter dealing
with the work of the British Pharmacopoeia Commission cannot count on general interest but
this is not the case with the other chapters.

The second chapter discusses the advances in our understanding of the coronary circu-
lation which is of special importance today because of the widespread and serious effects of
coronary diseases. Diseases involving the coronary arteries are a leading cause of death in
industrialized countries. In the United States alone the incidence increased from 219.5 to 274.6
per 100,000 of the population between 1951 and 1961. In another study, up to 77 per cent of
males under the age of 40 were found already to have arteriosclerotic changes in one or another
of the coronary arteries. Over the past few years several new “coronary vasodilator” drugs
have been introduced into therapeutics, with varying claims to effectiveness in treating coro-
nary insufficiency. The purpose of the review is to give an account of the research in this field
over the past 7 or 8years, concentrating particularly on the mode of action of these compounds.

Of particular interest to the medicinal chemist is the third chapter in which the chem-
istry of some medicinally important pyrimidines is reviewed. The review tends to empha-
size only those compounds in which the pyrimidine ring is the main constituent. Furthermore,
with a few exceptions, thiamine (vitamin Bt), the regular constituents in nucleic acids and
their derivatives, nucleosides, as well as many condensed pyrimidine systems such as purines,
pteridines, quinazolines and pyrazolopyrimidines, are not covered in the present work. With
the exception of pyrimidine antibiotics, pyrimidines in this review are classified on the basis
of special structural features and functional groups. The following areas are included in the
present review: 2,4-diaminopyrimidines, halogenated pyrimidines, sulfur-substituted pyrimid-
ines, 2-substituted 4-amino-5-hydroxymethyl pyrimidines, pyrimidine sulfonamides and
pyrimidine antibiotics. Pyrimidines of other areas will be presented in a forthcoming volume
of this series.

The mode of action of antibacterial drugs is discussed in Chapter 4. Rapid advances
are being made in this field and these are likely to have a significant effect on the development
of new dru"s designed to fight bacterial diseases.

The fifth chapter of the book is devoted to the biosynthesis and metabolism of the cate-
cholamines. This chapter gives a comprehensive and detailed description of the synthesis and
decomposition of catecholamines. It is clearly arranged, the most important results are em-
phasized, and in spite of the fact that 900 references are cited, the author does not become lost
in details. Besides biochemical data, both pharmacological and clinical aspects are taken into
consideration, so that the reader will obtain an overall picture of the whole domain of problems.
This compilation is indispensable for everyone working with catecholamines.

The editors are to be congratulated on their decision to include a review dealing with
the up-to-date literature of medicinal chemistry into the book. The explosive rate of growth
of the scientific literature in recent years makes a heavy demand on the time of those who seek
information on a particular topic. Those who are entering a new field or are attempting to keep
up-to-date in several different subjects usually rely on reviews or monographs written by specia-
lists. The last chapter of the book is a great help to every medicinal chemist — whether a post-
graduate student or a more experienced researcher — in finding his way in the jungle of the
dramatically growing scientific literature.

The articles, each of which is presented by a specialist in his field, are clear and informa-
tive. As in the earlier volumes, each chapter is well documented and the series is proving a val-
uable work of reference.

Gv. Deak
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P. Hedvig and Gy. Zentai: Microwave Study of Chemical Structures and Reac-
tions. Akadémiai Kiad6, Budapest, 1969. pp. 445

Today’s chemical and physical laboratories can hardly be distinguished from each other
at first sight. Old characteristic equipment of a laboratory: flasks, test tubes are not the ex-
clusive tools of a chemist any more. Naturally, real chemistry — today and long ago too —
begins beyond the flask. Reactions occurring in flasks will seem reasonable and rationally re-
lated to other phenomena only by the help of human consideration.

Today, this “chemistry-creating” activity of the human sense seems to be easier in
some respects, while in certain respects it has become more difficult. The “raw material” of
modern chemistry — the basis for this activity of human intelligence — is produced not by
test tubes and flasks only, but also by new instruments giving new information. This wider
basis often makes the solution of problems easier. Today, in many cases, direct observation
will provide data which in old times could be obtained only by long, indirect experimental
and intellectual work. On the other hand, these new instruments lay a great charge on chemists.
Data and curves obtained by the new techniques are useful in helping chemical thinking only
for chemists thoroughly familiar with the complicated operating mechanism of these in-
struments and with the laws of nature applied when obtaining the actual information. Only
such knowledge permits conclusions to be drawn from the “mirror image” referring to its “orig-
inal”, Nature.

So it is evident, that a great amount of information of non-chemical origin appears in
chemistry now. However, these pieces of information require the knowledge of the ’’code”
in which they are written and this can be mastered only by considerable efforts. The book
“Microwave Study of Chemical Structures and Reactions” by P. Hedvig and Gy. Zentai is
an introduction to this “code”, explaining the operating principles and operating mechanism
of some new instruments and the right way of their use. It is a very useful source for all chem-
ists using such equipment and the resulting data in their everyday work. It is of interest
for physicists and engineers, too who are familiar with the “code”. For them, the chemical
importance of information given by these instruments will be instructive.

Of course, the authors could not deal with all new and widely used instruments of mod-
ern chemical laboratories. In the book instruments operating on the basis of interaction of
substance with electromagnetic field are described. The underlying physical principles are
those of modern quantum electrodynamics. The authors restrict themselves to instruments
utilizing electromagnetic fields with frequencies in the ten gigahertz range. Thus the following
sections are found in the book:

1. Microwave rotation-inversion spectroscopy
. Electron spin resonance

. Nuclear magnetic resonance

. Quadrupole resonance

. Dielectric spectroscopy

n all cases the authors introduce the physical laws which form the basis of the given
method, keeping in mind the requirements of experimental research workers. The design of
spectrometers is discussed and their most important parts are described. Attention is focussed
on the correct application of various spectrometers providing easily interpreted results. Exam-
ples illustrating the problems arising from incorrect use are also given.

A great merit of the book is that it contains not only the description of different spectro-
meters as information-producing devices, but the chemical application of the resulting infor-
mation is also emphasized. Namely, several examples based on recent work are used to show
the performance of different spectrometers in the field of

1. free radicals
2. investigation of chemical structure
3. chemical reactions.

The authors give detailed description of the chemical results obtained by electron spin
resonance (ESR) spectrometers. They describe the use of ESR spectrometers for the detection
of different free radicals, together with methods for determining the concentration and structure
of these radicals. About one quarter of the book deals with the results of ESR spectrometry
in studying different chemical reactions. Radical reactions, chemical exchange processes,
photolysis and radiolysis, polymerization and catalysis are branches of chemistry where the
use of ESR spectrometers is especially fruitful. Also the recent biochemical ESR investigations
are mentioned. Results obtained in connection with studies on photosynthesis and enzyme
reactions by ESR spectrometers are the most interesting examples given in the book.

2
3
4
5
|
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Another important tool in the investigation of chemical structures is nuclear magnetic
resonance (NMR) spectroscopy the main results of which are also discussed.

Studies on resonance absorption of hydrogen, carbon-13, fluorine, phosphorous, boron
atoms and on its correlation with the arrangement of these atoms in molecules have given
information useful in the determination of molecular structures by NMR spectroscopy. These
very important relations are discussed and numerous examples of their application and per-
formance in stereochemistry and polymer chemistry are given.

All five sections of the hook contain numerous references for readers interested in the
details.

This book was published by Akadémiai Kiadé and lIliffe Books Ltd in 1969. Akadémiai
Kiadd can be proud of the beautiful representation and printing. It is a pity that the figures
of this finely printed book are quite primitive in most cases, referring not to the artistical sense
of this work.

B. Mohos
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ACTA CHIMICA

TOM 62 - BbIM. 4

PE3IOME

M3yueHne docgopoB Ha ocHoBe LiF—CaF2, akTUBUPOBaHHbLIX MapraHuem

M. kawa, e. TEPE-BY3AT n n. tépeéexk

Mpn o6cyxaeHun ponu akTusatopa MapraHey(M)-pTopng 6bI10 YCTaHOBNEHO, 4TO
f[o6aBneHne ero B KonmMyecTse, 4OX0AALEM [0 1 BECOBOro NpOoLeHTa, 3HaYMTeNbHO YBeNnYnBaeT
WHTEHCUBHOCTb NuKa, oTHocAWerocs K 190—195°C, 1 NOCTENEHHO YMeHbLUIaeT MHTEHCUBHOCTb
nuka, oTHocAaweroca K 280°C.

Mpwn copfepxannn akTusatopa mapraHer,(M)-qropuny, npesbillatoLlem 1 BECOBON NPOLEHT,
co3faeTcs NuK B obnactn 252—255°C, xapakTepHblii gna CaE2: Mm, KOTOpbIA No Mepe yBenu-
YEeHMS KOHLeHTpaLuu akTuBaTtopa HauyuMHaeT AOMUHMPOBaTb. Takum 06pa3oM, OTKpbiBaeTcs
BO3MOXHOCTb C YBENUYEHNEM KOHLEHTpauuy akTupaTopa noayymTb TakoW ¢ocdop, 4ns KOTo-
poro Ha KpMBOW Harpesa HaXxo4AMTCA NWLWb OAUH NUK 0KoMo 255°C.

[na Bcex 00pa3suLoB cnpaBefNBO TO 3aK/OYEHNE, YTO akTUBaTop MapraHeu(M)-pTopug,
yBeNNYMBaET YYBCTBUTENILHOCTb Ha Lienblii MOPAAOK, @ TakXe TOT (hakT, YTO KpuBble Harpesa
NOMIHOCTbIO COBMaJaloT B TOM C/yyae, Korga Bo30yaeHne NpoBOAUTCSA C MOMOLLBI0 PEHTIeHOB-
CKOT0 UN N-U3NYyYeHus.

C TOYKM 3peHuns 3aTyxaHus, noeegeHne obpasyos, cogepxawnx 0,2—1,0% akTmBaTopa,
Hanbonee 61aronpuATHOE, T. K. YMEHbLUEHNE CYMMapHOro CBETOMCNYCKaHUA nocne 3HauuTeb-
HOro najeHus B TeyeHue nepBbiXx 4—6 YacoB CTAaHOBUTCA 3aTeM HU3KMM. B cnyuyae o6pasuos ¢
cofepxaHuem aktusatopa 2,5—5% yMeHblUeHWe N B MOCAEAYOWMX Nepuogax HeMHOro 6onee
3HaunTeNbHO. MO3TOMY, C TOUKM 3pEHUSA MPAKTUYECKOr0 MCNOMb30BaHUSA, HaUy4YLWNMKN OKasa-
nmcb o0bpasuybl € cogepxaHuem akTueaTopa 0,2—1%.

JHepreTnyeckas 3aBUCMMOCTb BCEX 00pasLoB OTBeYaeT 0XMAAeMO Ha OCHOBE CpefHero
nopsAKoro Homepa.

MpenMyLLEecTBO 3TUX CBETOBbIX MOPOLLKOB, C TOUKMN 3pEHUA AO3MMETPUYECKOrO NCMO/b30-
BaHWA, 3aK/l04aeTca TakXe U B TOM, YTO, BBMAY BXOXAEHUA B nX coctas Li6 OHM MOryT 6biTb
MCMNONb30BaHbl U B JO3NMETPUMN TEPMUYECKUX HEATPOHOB.

V3yueHne 3aBMCMMOCTU MEXAY Macc-CreKTpamyM MOJIEKY/T U MX CTPYKTYPOU
B C/lyyae HEKOTOPbIX KPEMHEOPraHUYECKMX COeAMHEHWI, cofepyKallmX Ba aToMa
KPeMHUSI

N. TAMALW, K. YACACU, T. CEKEW n Ab. BYNTAW

B pa6ote npueoastcs 50 3B-Hble MacC-CMEKTPbl rekcameTWun-gucunaHa, rekcameTun-
ANCUNUAMETWUNEHA, FeKcaMeTUN-AUCUI0KcaHa, rekcameTun-gucunasaHa u N-meTunrekcameTun-
AMcunasaHa, a TakXXe Te UCCNefoBaHWs, KOTOPble NPOBOAMANCL ANS U3YUYeHUs dparmeHTaLuu,
npoucxoasueit BcnegcTene 60M6apANPOBKN 3TUX COEAMHEHMNIA 3NeKTPOHAMMU.

OnpeaeneHne cymMMapHoi (hopMynbl Hambonee BaXKHbIX HabBAHOAAEMbIX TUMOB WMOHOB, a
TakXXe OCHOBHbIX NyTeil hparmeHTauun 6a3MpoBannUCb Ha MCCMEA0BAHMSAX MOMYUYEHHbIX MOMN-
M30TOMHbIX CMEKTPOB, Ha MHAMKauMu ¢ O18 a TakXe Ha NOAPOBHbIX WUCCNefoBaHMSX MeTacTa-
OUNbHbBIX MUKOB.

M3yyanuch KOppensumm mexay Tunamu U KOnm4ecTBOM Hambonee BaXKHbIX WOHOB, Ha-
61t0jaeMbIX B MacC-CNeKTpax nepeuncneHHbIX COeANHEHUI U CTPOEHNEM MONEKY/bl U BbISICHEH-
HbIMW MYTAMU Pa3NoXeHus.

M3yyannch 3aBUCUMOCTY MeX Y PSAOM CTabUNbHOCTU MONEKYNSPHbIX MOHOB 1 CTPOEHMEM
MONEKY/bl, MeXAy OTHOCUTENIbHbIM KONMMYECTBOM WMOHOB, COAepXaliuX CKeneT ABYX aTOMOB



KPEMHMA, CBA3AHHbIX aTOMaMn UAKW rpynnoi atomoB (Si—X—Si), u CTpoeHWeM MONEKYNbl, U
NyTAMU Pa3foXeHUs, COOTBETCTBEHHO.

Cpean 60/bLUOrO YMcna peakuuii NeperpynnupoBKM HabnAalTCs TakXe W peakuuu,
CBsI3aHHbIE C MeperpynnupoBKoil B caMOM MOJIEKYNSIPHOM CKejleTe. B KauecTBe OfHOr0O U3 TUMOB
pasnoXxeHus ckeneta Si—X—Si nonarancs reTeponnTUUHecKuii (CBA3aHHbIA CO CMeLLeHMEM 3a-
pAaga) paspbiB CBA3W.

MpuBoaguTcs nocnefoBaTeNbHas cxema Ans 06pa3oBaHWsA ABYX 3apSfHbLIX WMOHOB U UX
pacnaga. lyTem cpaBHEHWs OTHOCWUTENbHbIX KOMMYECTB MOCAEAHUX MOTYT ObiTb CAenaHbl 3a-
KMIOYEHNS 0 pacnpefefnieHUn NOMOXKMTENbHbIX 3apAA0B Ha UOHBI.

O cBobogHom pagukane AP B npubnmkeHun MO—J/TKAO
M. M. XEAbXATWN

MonyyeHbl pacnpegeneHns NAOTHOCTU HecnapeHHoro anekTpoHa B AP M kak QyHKLmMS
3HauYeHWn KyNOHOBCKOro UHTerpana aNgns LeHTpanbHbIX a30THbIX aTOMOB METOA0M MO/eKyNAap-
HbIX op6uT (MO) B NpubnmxeHnn XKOKKeNs U KoHGuUrypaumoHHoro B3ammogeictema (KB)
TMna MaknaunaHa B 060MxX cCly4vyasx ¥ C Yy4eTOM nepekpbiBaHUA W 6e3 Hero. [pefnonoxeHo,
yto rpynnbl NO2nNMKPMNOBOrO KOMblLa HE Y4YacTBYOT B 06pa3oBaHWM COMPSAXEHHOW CUCTEMbI
MM-3N1eKTPOHOB, MNpW 3TOM CBOGOAHbLI pagukan A®MT MoxeT 6blTb MpPoM3BEAEH U3 Tpu-
(heHWNITUNOBOrO OCHOBHOIO CKefeTa MNyTeM MATUITANHON «CMCTEMATUYECKON nepTypbauum».
Kanbkynaumn MO c ncrnonb3oBaHueM Hanmboniee BePOATHbIX BEMYMH NapaMeTpoB No nuTepa-
TYpHbIM faHHbiM (aN= 0,3—0,5) gatoT OTHOLIEHMe MAOTHOCTEN CMMHOB HEeCNapeHHbIX 3NeK-
TPOHOB Ha a30THbIX atomax rugpasuHa 0,77—0,86) B XOopolleM COrnacum € U3MepPeHHbIM
3HayeHunem (0,77—0,84) [1,2] TonbkOo B TOM c/ay4ae, €CAM CMMHOBble MAOTHOCTM No Makna-
YynaHy NpUHUMAKOTCA NPOMNOPLUOHANBHBIMW K U3MEPEHHbIM 3HAYEHMAM, TaK Kak paclienneHus
[OBOMbHO KPUTWMYECKW 3aBUCAT OT 3HaKa MNIOTHOCTEA HecnapeHHbIX CnnHOB [26].

Kpuctannuyeckoe ctpoeHne K,S203-1/3H20
Nn. 4OoPAALW

Onpefensanocb CTpoeHWe Moaudukauny Tmocynbara Kanus, cogepxalero 1/3 monekysnbl
Kpuctannmueckoin Bofbl, K2520 3 1/3H20. KpwucTtann 8BNAeTCA MOHOKAMHHbIM, C MPOCTPaH-
TBEHHOWN rpynnoi P 27c. MapameTpbl 31eMEHTAPHON fUenKu:

a= 9,389 + 0,005, b= 6,006 + 0,006, c= 30,98 + 0,00 AR= 98°22"+ 3’,z= 12

Mpoekuus (010) cTpyKTypbl onpegensnach NpsMbIM MeTOLOM, @ KOOPAWHATbl yaTOMOB — C
NOMOLLbK CUCTEMbI IMHENHbLIX YPAaBHEHUA CTPYKTYPHbIX (HaKTOPOB M 0606LEHHOM NpoeKyun
371eKTPOHHOW NNOTHOCTW. TpexMepHOe YTOYHEHWE MPOBOAWMAOCH C MOMOLLbI0 CUHTE3a Tuna
KptokwaHka (00—oc) u3 2500 He3aBUCUMbIX PedeKcuii. PaccunMTbiBaAUCh aHU30TPONU-
yeckue TemnepaTypHble KoauueHTbl. KoHeuHbll dhakTop R = 0,13 1, npuHUMas B yu4eT u
HeHabntogaemble, =0,15. AnnHbl cBa3eii B TeTpasgpe S20 3 1 yribl cBA3eli NOKa3biBaOT XOPOLLEe
cornacue ¢ HabnoaeMbIMU B U3BECTHOW CTPYKTYpe Tuocynbdata. Monekynsl H2 npeactaBnsioT
co60ii NMHWIO BUHTA BOKPYT OCU BUHTA.

PacuyeT 3MeKTPOHHOW CTPYKTYpbl MOTEHLMA/IbHBIX aHTUKApUWHOreHOB —
HYK/EOTUAHbIX OCHOBaHWli aHTMMeTabonMTHOro Tuna, |

MoHO3aMelLEeHHble NUPUMUANHBI, YpaLuibl, TUMUHLI N LIUTO3NHBI
. NALWK v . BULO

A-ONeKTPOHHaa CTPYKTypa pasnyHbix MoHo3ameleHHbix (—F, —Cl, —Br, —I, —OH,
—OCH3, —SH, —NH2, —CH3, —COOH) nupumMuanHOB, ypauunoB, TUMWHOB W LUTO3UHOB
paccymMTbiBanach C NMOMOLLbLI nosyamnupuyeckoro metoga CCr JIKAO MO.

Mexay NNoTHOCTAMM 3apsfa MW3YYeHHbIX BeLecTB W MX aHTUKapLUHOTEHHbIMW CBOW-
CTBaMW B OTAE/IbHbIX CAyYaax Hannume KOPPensauuy KaxeTtcsa BEpOATHbIM. [ N8 YyTOYHEHUA u
0606LeHNs  Koppensuumin - HeobXoAMMO onpefeneHne  AanbHelnX KBaHTOBO-XMMUYECKUX
WHAEKCOB.



PacueT pacnpefiefileHnsi 3apsifioB U AWUMNOSbHBLIX MOMEHTOB HACbILLEHHbIX,
KMCMOPOAOCOAEPXKALLMX TEeTEPOLUKINYECKMX COeAVHEHWI

n. HAQb, N. PE®®UN n N. KAJAL

B KauecTBe MpoOAO/MKEHWUs Halleil npeablayuieii pa6oTsl, ¢ NoMolblo MeToaa fenb Pe
NPOBOANMNCL KBAHTOBO-XMMMUYECKME PacUeTbl CUCTEMbI O-CBSI3€/ B HACbILWEHHbBIX, KUCN0POA0-
cofiepXalinx reTepoLUKINYECKNX COeAMHEHUSX. B cnyuyae Tpex- UM YeTbIPeXUNeHHbIX CUIbHO
HanpsXKeHHbIX KO/l CTano Heo6XoaNMbIM U3MEHeHWe MHTerpanoB 06MeHa N KyIOHOBCKMX napa-
METPOB. PaccumMTbiBannCh pacnpeaeneque 3apsajoB 1 AUNOobHbIE MOMEHTbI AS UNEHOB JaHHOIO
psafa coevHeHU. PesynbTaTbl HAXOAATCA B XOPOLUEM COTMAcUU C 3KCMEPUMEHTANbHLIMU AaH-
HbIMK,

CTexnoMeTpuyeckoe ruapupoBaHue oMeUHOB C MOMOLLLID KO6GasibT-KapboHW/I-
rmgpuga
®. YHIBAPU n /1. MAPKO

Mpu HU3KMX TemnepaTypax Ko6anbT-KapbOHWN-TMAPUS B CTEXMOMETPUYECKON peakuuu
rMAPUPYET renTeH B renTaH W COMPSXKEHHble AWONedUHbl B MOHOONE(UHbI. CeneKTUBHOCTb
nocnefHeli peakuuun Bbiwe 90%.

HoBble HUTpOXasiKoHbI, X
Bbl60p KOHAEHCUPYHOLLEro areHTa M 3aBUCMMOCTb MeX[y CTPOEHWEM peareHToB

T. CENN n N. WOXAP

CooTBeTCTBYIOLLMI BbIGOP KOHAEHCUPYIOLLEro areHTa npu 06pa3oBaHWM XanKOHOB M3
3aMelleHHbIX 6eH3anbAernaos 1 aletoeHOHOB 3aBUCUT OT KOHCTaHT [amMmeTTa AnA 3amecTy-
Teneit (O). B cnyvae 3amMecTUTeNeil C BbICOKMMM KOHCTaHTaMM TaMMeTTa MCNONb3yeTcs rnapo-
OKMCb HATPWS, C HU3KUMKU KOHCTaHTaMM aMMeTTa — X/J0PUCTbIA BOAOPOA, & CO CpefHUMU
3HAYeHUAMU 4 — MOTYT BbITb MUCNONb30BaHbl 06a areHTa. OfIHAKO, BCNEACTBME HEKOTOPbIX hakK-
TopoB (NOGOYHbIE peakLWn, YCNOBUS PacTBOPUMOCTU) MOFYT HabNoAaTbCs OTKNOHEHWUS OT
aToOro o6ulero npaBuna. YpaBHeHMe [aMmeTTa cnpaBefnnBo Ana peakuun KneiiseH-LLUmuaTa,
KaTanu3npoBaHHO OCHOBAHUAMM, N3TO OJHOBPEMEHHO MOXET C/TYXXNTb UCXOAHBIM MYHKTOM AN
HaX0X/[AeHNs 3aBUCUMOCTN MeXay CTPOEHMEM pearvpytownx KOMMOHEHTOB U UX PeaKLMOHHO
CNOCOGHOCTBIO.
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