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The physicochemical  and pharmacological  proper t ies  of compounds of eight ser ies  of der iv-  
atives of 1 ,2-dihydro-3H-1,4-benzodiazepine have been considered.  A marked relationship 
between the half-neutral izat ion potentials,  half-wave potentials of polarographic  reduction, 
and the dipole moments of the compounds with Hammet t ' s  ff constants of the substituents 
in position 7 has been found. In all the se r ies  studied, a tendency is observed to an increase  
in the physiological  act ivi ty of the compounds with an increase  in the e lec t ron-accept ing  na-  
ture of the substituents in position 7. 

1 ,2-Dihydro-3H-1,4-benzodiazepines  are  the most  interest ing derivatives of benzodiazepine f r o m  the 
pract ical  point of view in view of the wide use of some of them in medicine as minor t ranqui l izers  [2, 3]. 
In investigations that we pe r fo rmed  previously  [4-7] it was established that in a ser ies  of 1 ,2-dihydro-3H- 
1,4-benzodiazepin-2-ones (A),the nature of the substituent in position 7 has a fundamental importance in 
the determination of the antispasmodic activity:  a tendency was observed for the appearance of a c o r r e -  
lation between the activi ty of compounds of se r i e s  A and the values of the Hammett  ~ constants of these 
substituents.  Although too much significance must  not be attached to such corre la t ions ,  it was of interest  
to determine the range of this law or,  more  co r rec t ly ,  tendency. In view of this, we pe r fo rmed  the present  
investigation, setting ourse lves  the aim of determining the role of the effects of electronic displacements in 
the cycl ic  sy s t em of 1,4-benzodiazepine on the appearance of the pharmacological  activity of these sub- 
s tances.  

With this aim, in homologous se r ies  of eight different types of 1,4-benzodiazepine derivat ives (A-H) 
we have compared,  on the one hand, the tabular values of the Hammett  a constants of the substituents in 
position 7 of the r ing and the experimental  values of a number  of magnitudes charac te r iz ing  the effects of 
e lectronic  displacements  (dipole moments ,  half-neutral izat ion potentials,  half-wave potentials of po la ro-  
graphic reduction) with, on the other  hand, the indices for individual types of psychopharmacological  ac-  
tivity. 

* For  Communication XI, see [1]. 
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TABLE 1. B a s i c i t i e s  of Some 1 , 2 - D i h y d r o - 3 H - 1 , 4 - b e n z o d i a z e p [ n - 2 -  

ones and the C o r r e s p o n d i n g  Th iones  

R / ~ N ~ z  
c6M5 

Compound R x E,/~, mV AE,/2, mV PKB H + 

I 
II 

III 
IV 
V 

VI 
VII 

VIII 
IX 

CH3 
H 
C1 
Br 
NO~ 
CH~ 
H 
C1 
Br 

O 
O 
O 
O 
O 
S 
S 
S 
S 

--117 
- -  130 
--17'3 
--175 
--215 
- -  140 
- -  153 
--195 
- -  190 

--364 
-- 377 
--420 
--422 
--462 
--387 
--409 
--442 
-- 437 

3,95 
3,73 
3,00 
2,97 
2,29 
3,56 
3,34 
2,63 
2,72 

T A B L E  2. Dipole Moments  of Compounds  of S e r i e s  A, B,  and F 

u 

C6H 5 

Compound R z I X ~ ,tt, D 

I 
II 

III 
IV 
V 

u 
VII 

VIII 
IX 

XXII 
XXIII 
XXtV 
XXV 

CH3 
H 
C1 
Br 
NO2 
CH3 
H 
Ct 
Br 
CH3 
H 
Cl 
Br 

,. 
- -  O 
- -  ! O 

- -  I O 
- -  ; O 

- -  i S 

- -  S 
- -  i S 

o s 0 
0 0 
0 0 
0 0 

41,45 
42,02 
31,68 
26,22 
12,31 
53,14 
45,05 
38,20 
32.21 
59,12 

" 31,89 
28,18 
38,69 

5.44 
5,50 
4,78 
4,36 
3,30 
6,35 
5.85 
5;36 
4,95 
6,70 
4.91 
4,62 
5,40 

X 

C6H~ C6Hs c6Hs C H  | 3 4 3 
6 5 .J 

A,B C-E F,H G 

0 A X~O; B X=S; C X=CI%; D X=CI'I3CO: E X= -clt2CB2; F X=O; H X=SiF4 

The s y n t h e s i s  and p r o p e r t i e s  of  the su bs t ances  of  s e r i e s  A - D ,  H have been  d e s c r i b e d  p r e v i o u s l y  [5, 7]. 

The  compounds  of s e r i e s  E w e r e  ob ta ined  by the r e a c t i o n  of the s o d i u m  sa l t s  of  the l a e t a m s  A w i t h  2 - ( f i -  

b r o m o e t h y l ) - 4 - m e t h y l - l , 3 - d i o x a n e  in DMFA [8]. The 4 - o x i d e s  F w e r e s y a t h e s i z e d  by known methods  e m -  
p loying the ac t ion  of  a lkal i  on 2 - h a l o g e n o m e t h y l - 4 - p h e n y l q u i n a z o l i n e  3 - o x i d e s  [9] o r  by the oxida t ion  of sub -  

s t a n c e s  A w i t h  hydrogen  p e r o x i d e  [10]. The t o s y l a t e s  of the subs t ances  of  s e r i e s  A - compounds  G - w e r e  

f o r m e d  quan t i t a t i ve ly  when so lu t ions  of  subs t ances  of s e r i e s  A in benzene  (or toluene)  w e r e  bo i l ed  wi th  p -  
t o luenesu l fon i e  a c i d  p r e v i o u s l y  c a r e f u l l y  deh yd ra t ed  by the  a z e o t r o p i c  d i s t i l l a t i on  of w a t e r .  

H~O 2 

R/~N'~ 0 
C~Hs 
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Fig. 1 Fig. 2 

Fig. 1. Compar ison of the effective doses in the test  of antagonism to the spasmodic action 
of a maximum elect r ic  shock for  the compounds of ser ies  A (1), G (2), and F (3) with the 
Hammett  cr m constants of the substttuents R. 

Fig. 2. Compar ison of the effective doses in the test  for antagonism to the spasmodic  ac-  
tion of a maximum elect r ic  shock with the dipole moments (1), the relat ive ha l f -neut ra l iza-  
tion potentials (2), and the half-wave potentials of polarographie  reduction (3) of the c o m -  
pounds of s e r i e s  A. 

TABLE 3. Hal f -WavePoten-  
rials of the Po la rographic  1Re- 
duction of the Compounds of 
Series E 

Compound R i -E,&, mV 

XIX 
XX 

XXl 

CHa ! 1,12 
c1 ! 1,o5 
Br 1,06 

A compar i son  of the basici t ies  of the individual compounds in 
ser ies  A-C shows that an increase  in bastc i ty  is observed with a de- 
c r ease  in the e lec t ron-accept ing  nature of the substituent R. Since in 
the t i trat ion of the compounds of se r ies  A with acid the nitrogen atom 
in position 4 is protonated,  this fact agrees  well with the observed  law 
describing the connection between the nature of the substituent R and 
the ease of polarographic  reduction of individual compounds of the 
se r ies  [7]. Consequently, both the basic i ty  and the ease of polaro-  
graphic reduction obviously depend on the electron density in the r e -  
gion of the C =N bond. The half-neutral izat ion potentials of the sub- 
stances of ser ies  A and B are given in Table 1. 

In ser ies  A, B, and F we determined the values of the dipole moments (DMs) on the basis  of the co r -  
responding values of the dielectr ic  permeabi l i t tes  by means of Higashi 's  formula  [11]. In all these se r i es ,  
a regula r  decrease  in the values of the DMs is observed with an increase  in the e lec t ron-accept ing  p rope r -  
ties of the substttuent R (Table 2), which can be explained f r o m  the point of view of general  ideas on the in- 
fluence of donor and acceptor  substituents.  In actual fact,  e lec t ron-accept ing  substt tuents,  by drawing off 
electrons f rom the he terocycl ic  r ing of the condensed sys t em, l ead  to a more  uniform distribution of the 
e lec t ron density over  the whole sys tem.  Electron-donat ing substi tuents,  converse ly ,  increase  the e lec t ron 
density in the region of the azomethine and carbonyl groups.  These displacements  of the electron density 
can be t raced fa i r ly  c lear ly  by spec t ra l  methods [4], by polarography [7], and also by determining PKBH + 
values [12]. 

We may also note that in the polarographte  reduct ion of the substances of Series E an increase  in 
the half-wave potential of polarographic  reduction of approximately  100 mV is observed in compar ison with 
the substances of ser ies  A (see Table 3). This fact  can be explained by the electron-donat ing influence of 
the fl-(1,3-dtoxanyl)ethyl residue in the cycl ic  sys tem,  and also the shielding of the azomethine group by 
the voluminous substituent on the N 1 atom of the r ing,  which is well observed in S tua r t -B r i eg l eb  models.  
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T A B L E  4 .  P h a r m a c o l o g i c a l  P r o p e r t i e s  o f  S o m e  D e r i v a t i v e s  o f  1 , 2 - D i h y d r o - 3 H - 1 , 4 - b e n z o d i a z e p i n e  

R / ~ "',~N 
C6H $ 

E 
o 

"O 

I 

II 

III 

IV 

V 

VI 

VIII 

IX 

XllI 

XIV 

XV 

XVI 

XVII 

XIX 

XX 

XXI 

XXIl 

XXllI 

XXI V 

XXV 

XXVII 

XXVIII 

XXIX 

XXX 

XXXI 

XXXII 

XXXIII 

XXXIV 

i votenuat ion . . . .  of i. Antagonism_. to Disturbance of i Disturbance of i Antagonism to 
,J hexenal  sleep, i tionS~176 a maxaC- orienting r e a e '  of motor coor- I corazole, EDs0 , 

r " tlons, EIJ5o, dlnatlon, EDso, I mg/kg  
R x i v z ED~o , mg/kg electric shock, mg/kg mg/kg , 

i EDs0, mg/kg i 

CHa 

H 

Cl 

Br 

NO~ 

CH3 

C1 

Br 

C1 

Br 

CH3 

H 

CI 

CHs 

CI 

Br 

CH3 

H 

CI 

Br 

NO2 

(;Ha 

CI 

NO~ 

O H 

O H 

O H 

O H 

O H 

S It 

S 

S 

O 

O 

O 

O 

O 

O 

O 

O 

O. 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

H 

tt 

CH3 

CHs 

COCH3 

COCH3 

COCH3 

CH~Cli2C511902" 

CH~CH2CsHgO2* 

CH2CHzCsH9Oe* 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

i 

O 

O 

O 

O 

p-CH3C~H4SO3H 

p-CH3CGH4SO3H 

p-CH3CeH4SO3H 

p-CHaC6H4SO3tt 

p-CHaC6H4SOaH 

SiF4 

SiF4 

SiF4 

40,0 > 100 
(29,6--64,0) 

1,55 26,0 
(0,86--2,8) ] (15,3--44,2)  

0,9 18,0 
(0,57--t,41) (17,0--19,1) 

0,1 17,0 
(0,06--0,15) (11,7--24,6) 

4,5 
0,09 (1,8--11,2) 

(0,06--0,12) > lO0 
25,0 

(18,9--33,0) 100--33% 
10,0 

(6,7--15,0) 60--33% 
5,2 

(3,9--6,9) 3,5 
0,66 (1,75--7,0) 

(0,53--0,8) 13,5 
0,42 

(0,28--0,63) 
39,0 

(30,0--50,7) 
31,5 100--16% 

(18,4--53,5) 
7,8 100--33 % 

(6,14--9,91) 
31,0 200-- 10 % 

(12,9--74,4) 
5,4 105,0 

(4,0--7,2) (77,3--143,6 
5,0 

(3,1--8,3) 
10,5 125,0 

(8,4--13,1) (107,7--145,0 
15,0 

(6,0--37,2) 
1,2 

(1,16--1,24) 
1,3 

(0,65--2,6) 
>40  

2,5 
(I,58--4,2) 

1,7 
(1,17--2,461 

1,5 
(0,8--2,7) 

0,5 
(3,2--6,7) 

18,5 
(10,2--33,4) 

0,96 
(0,66--1,39) 

0,6 
(0,41--0,87) 

26,0 
(16,7--40,5) 

8,0 
(5,5--11,8) 

3,7 
(2,46--5,5) 

4,5 
(3,9--5,0) 

1,5 
(1,15--1,95) 

> 200 

100--33 % 

21,0 
(15,9--27,7) 

2,8 
(2,3--3,2) 

42,0 

I 
r 16,0 60--20% i 

(8,0--32,0) 
20--20% f 0,42 

14,0 
(9,6--20,3) 

4,6 
(3,2--6,7) 

2,5 
(1,56--4,0) 

>200 

100--16% 

t6,0 

(0,16--.1,05) 
0,35 

(0,23--0,53) 
0,11 

(0,05--029) 
0,27 

(0,15--0,481 
15,0 

(112--15,3) 
30,0 

(23,4--37,2) 
2,0 

(10,0--25,6) (1,65--2,38) 
2,75 0,51 - 

(I,37--5,5) (0,39--0,67) 
2.4 0,63 

( 8 ,4 - -21 ,6 )  ( 22 ,1 - -79 ,8 )  i ( 1 ,4 - -4 ,1 )  (0,014,--0,063) 
200-- 6% 200--16% 200-33% --- 

> 150 

62,0 
(42,8--89,9) 

60,0 
(46,1--78,0) 

>I00 

37,0 
(2t,6--55,1) 

25,5 
(22,2--29,4) 

24,0 
( 18,1 --28,2) 

8,1 
(3,6--16,8) 
100--2,0% 

16,0 
(12,2--20,1) 

58,0 
(50,9--66,1) 

100--16% 100--33% 

150 
(100,0--225,0) 

105;0 
(8-t,0-- 131,0 ) 

27,0 
(23,2--31,3) 

16.0 
(12.1--21,t) 

290,0 
(184,0--322,0) 

> 400 

31,0 
(23,9--40,3) 

38,1 
(24,6--57,1) 

15,0 
(11,6--19,5) 

t0,5 
(4,9--16,8) 

8,2 
(3,6--16,41 

2,1 
(1,5l--2,681 

31,0 
(26,8--35,6) 

6,2 
(4,7--8,2) 

5,2 
(2,4--10,9) 

>250 

> I00 

56,0 
(46,6--67,2) 

12,5 
(8,93--17,5) 

320,0 
(232,0--441,0) 

>400 

5,4 
(3,9--7,6) 

2,1 
0,4-3,o) 

>8O 

>20 

8,0 
(5,5-- 11,6) 

5 

46,0 
(39,3--53,8) 

9,4 
(6,6--13,3) 

5,0 
(3,2--7,7) 

0,64 
(0,4-1,02) 

>80 

2,6 
(2,2--3.04) 

1,75 
(1,32--1,98) 

>,4O 

>20 

4,8 
(3,2--7,2) 

7,8 
(6,0--10,l) 

20,0 
(15,2--24,8) 

2.3 
(1,64--4,31) 

1,5 
(1,13--2,1) 

1,55 
(1,I--1,8) 

1,1 
(0,5--2,4) 

21,0 
(15,4--28,5) 

0,3 
(0,2I--0,38) 

0,33 
(0,25--0,43) 

*C5H90 2 i s  4-methyl-l,3-dioxan-2-ylo 
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TABLE 5. 
ones G 

Com- 
pound R 

XXVIII H 
XXVII cCH3 
XXIX 
XXX Br 

XXXI NO2 

Tosyla tes  of the 1,2- Dthydro-3H-  1 ,4-benzodiazepin-2-  

rap, "C 

240--941 
233--235 
280--281 
268--'269 
250--251 

Empirical 
formula 

C22H2oN204S 
C23Hz2N204S 
C22H,gCIN204S 
C~2HIgBrN204S 
C22H ~gN~OoS 

Found, ~o 

N S 

7,0 7,7 
6,7 7,5 
6,5 7,3 
5,8 6,4 
6,3 7,0 

Calc., % 

N S 

,9 7,8 
,6 7,6 

6,3 7,2 
5,7 6,6 
6,2 7,0 

Yield, 

99 
98 
99 
98 
95 

The study of the pha rmaco log ica l  act iv i ty  of the compounds of s e r i e s  A - H  was p e r f o r m e d  in ex p e r i -  
ments  on mice  (weight 18-22 g) making use of the p rocedure  genera l ly  employed for  evaluat iong subs tances  
with a s i m i l a r  type of act ion [13]: a t es t  with the subcutaneous admin is t ra t ion  of corazole  to evaluate the 
an t icorazole  action; the m a x i m u m - e l e c t r i c - s h o c k  tes t  to evaluate  the an t i spasmodic  act ivi ty;  the "rota t ing 
rod" method for  cha rac t e r i z ing  d i s tu rbances  of moto r  coordination; the "gr id -c l imbing"  method fo r  eva lu-  
ating d is turbances  in or ienta t ion reac t ions ;  and the tes t  of the potentiat ion of the sopor i f ic  action of hexenal 
for  judging the hypnosedat ive  effect .  The act ivi ty  of the compounds studied was e x p r e s s e d  in t e r m s  of the 
doses in which the subs tance  caused an effect  in 5070 of the an imals  (ED50) (Table 4). 

A compar i son  of the act ivi t ies  of the compounds of s e r i e s  A - H  by means  of the max imum-e l ec t r i c -  
shock tes t ,  the depress ion  of or ient ing reac t ions ,  the potentiat ion of hexenal s leep ,  and the d is turbances  of 
motor  coordinat ion with the i r  s t r u c t u r e s  showed a definite tendency to an inc rease  in the act ivi ty  of the 
p repa ra t ions  with the introduction of e l ec t ron -accep t ing  subst i tuents  (NO 2 > Br  > C1) into posi t ion 7 and to a 
lower ing of ac t iv i ty  when the hydrogen a tom in posi t ion 7 was r ep laced  by the e lec t ron-donat ing  subst i tuent  
CH 3. It  is c h a r a c t e r i s t i c  that  this tendency appea r s  in all  the s e r i e s  of 1 ,4-benzodiazepine der iva t ives  that 
have been studied. 

It is e x t r e m e l y  in te res t ing  that this quali tat ive pa t t e rn  is found in a g r e e m e n t  with quantitat ive c o r r e -  
la t ions .  In actual fact ,  Fig. 1 shows the re la t ionship  between the values  of ED found exper imenta l ly  and tab-  
u lar  values  of the Ham m et t  ~ m  constants .  A gradual  dec r ea se  in the ac t iv i ty  Of the p repa ra t ions  is ob- 
s e r v e d  with  a dec r ea s e  in the posi t ive  values of the constant  f r o m  +0.71 to 0.0 and a fu r the r  d e c r e a s e  down 
to the negat ive value o f - 0 . 0 7 .  The re la t ionship  found has a s table  nature  throughout s e r i e s  A - H  and is con-  
sequent ly  re ta ined for  all compounds including subst i tuents  in posi t ion 1. A s i m i l a r  re la t ionship  is ob-  
s e rved  on compar ing  the H a m m e t t  constants  with the values  of ED for  the tes ts  of the d is turbance of o r i en t -  
ing reac t ions ,  the d is turbance of motor  coordinat ion,  and of the potent iat ion of hexenal  s leep.  In the case  of 
an tagonism to co razo le ,  this re la t ionship  is l e s s  pronounced and no c l e a r  co r re l a t ions  exis t .  The l a t t e r  
conf i rms  the hypothesis  put fo rward  p rev ious ly  [13] of two poss ib le  mechan i sms  of the action of minor  
t r anqu i l i ze r s .  

The substant ia l  ro le  of the magnitude of the e lec t ron  densi ty  on the azomethine  n i t rogen a tom as a 
nucleophilic cen te r  for  the appearance  of psychopharmaco log ica l  act iv i ty  is shown by the s i m i l a r  c o r r e l a -  
tions of the ED values (Fig. 2) wi th  the expe r imen ta l ly  found values of the DM, the ha l f -neut ra l iza t ion  po-  
tent ia ls ,  and the ha l f -wave  potentials  of po la rographic  reduction.  Natura l ly ,  all  these  magnitudes c o r r e l a t e  
sa t i s f ac to r i ly  with the Ham m et t  ~ constants .  The approach  to this type of co r r e l a t i on  with ED values mus t  
be e x t r e m e l y  c i r cumspec t .  However ,  the informat ion d i scussed  is in te res t ing ,  s ince it r e l a t e s  to eight 
groups of compounds and shows a definite tendency in the c h a r a c t e r i s t i c s  of the influence of the s t ruc tu re  
of subs tances  of types A - H  on the i r  psychopharmaco log ica l  act ivi ty.  

E X P E R I M E N T A L  

The po la rograph ic  reduct ion of subs tances  (XIX-XXI) was p e r f o r m e d  with the aid of a P E - 3 1 2 p o l a r o -  
graph  in the cell  desc r ibed  e l sewhere  [15] with a dropping m e r c u r y  e lec t rode  using a sa tu ra ted  ca lomel  
e lec t rode  as the r e f e r e n c e  e lec t rode .  The c h a r a c t e r i s t i c s  of the cap i l l a ry  w e r e  ~- 2.45 sec ,  m 2.1 r ag / see .  
The concentra t ion of depo la r i ze r  was (3-5) �9 10 -5 M. 

The d ie lec t r ic  constants  of solutions of subs tances  (I-IX, XXII-XXV) in 1,4-dioxane w e r e  de te rmined  
in a "Tangens" dieleometer. 

The half-neutralization potentials were determined with the aid ofanLPM-60M pH meter at a tem- 
perature of 25~ The measuring electrode ~as an]~SL-411-05 and the comparison electrode a silver chlo- 
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ride electrode with a saturated solution of KC1. The e r r o r  in the determination of the half-neutralization 
potentials was 2-5 inV. 

7-Chloro- 5-phenyl- 1,2-dihydro- 3H- 1,4-benzodiazepin-2-one Tosylate. A mixture of 0.2 g (0.0012 
mole) of p-toluenesulfonic acid and 25 m_l of benzene was boiled with a Dean-Stark trap until the evolution 
of water ceased. Then a solution of 0.2 g (0.7 mmoles) of 7-cbloro-5-phenyl-l ,2-dihydro-3H-1,4-benzodi-  
azepin-2-one in 10 ml of benzene was added and the mixture was boiled for 3 h. After this, the benzene was 
poured off from the colorless crystalline precipitate, and the la t ter  was washed with absolute benzene 
(3 • 10 ml) to eliminate theexcess  of p-toluenestflfonic acid. Yield 0.32 g (99%); mp 280-281~ 

Substances (XXVII, XXVIII, XXX, and XXXI) were obtained similarly (Table 5). 

L I T E R A T U R E  C I T E D  

1. S.A. Andronati, O. P. Rudenko, and A. V. Bogat-skii, Zh. Obshch. Khim., 4._33 (1973). 
2. A.V.  Bogat-skiiandS. A. Andronati, Usp. Khim., 3..99, 2217 (1970). 
3. L . H .  Sternbach, Angew. Chem., 8.3.3, 70 (1971). 
4. A.V.Bogat-ski iand S. A. Andronati, Zh. Obshch. Khim., 39, 443 (1969). 
5. S.A. Andronati, A. V. Bogat-skii, Yu. I. Vikhlyaev, Z. I. Zhilina, B. M. Kats, T. A. Klygul', V. N. 

Khudyakova, T. K. Chumachenko, and A. A. Ennan, Zh. Obshch. Khim.,  40, 1881 (1970). 
6. A.V.  Bogat-skii,Yu. I. Vikhlyaev, S. A. Andronati and T. A. Klygul', Khim.-Farmats.  Zh., No. 4, 

(1970). 
7. A.V.  Bogat-skii, S. A. Andronati, V. P. Gul'tyai, Yu. I. Vikhlyaev, A. F. Galatin, Z. I. Zhilina, and T. 

A. Klygul', Zh. Obshch. Khim., 41, 1358 (1971). 
8. S.A. Andronati and A. V. Bogat-skii, in: Physiologically Active Substances [in Russian], Vol. 3, 

Naukova Dumka, Kiev, (1973) (in press).  
9. S.B.  Bell, T. S. Sulkowski, C. Gochman, and S. I. Childress, J. Org. Chem., 27,562 (1962). 

10. L . H .  Sternbach and E. Reeder, J. Org. Chem., 26, 4926 (1961). 
11. B. Krishna and K. Srivastava, J. Chem. Phys. ,  32, 663 (1960). 
12. A.V. Bogat-skii, S. A. Andronati, Z. I. Zhilina, O. P. Rudenko, I. A. Starovoit, and T. K. Chumachenko, 

Zh. Obshch. Khim., 44, 2571 (1972). 
13. Yu. I. Vikhlyaev, T. A. Klygul', A. V. Bogat-skii,S. A. Andronati, Z. I. Zhilina, and T. K. Chumaehenko, 

in: Physiologically Active Substances [in Russian], Vol. 3, Naukova Dumka, Kiev (1971), p. 265. 
14. S.G.  Mairanovskii and F. S. Titov, Analytical Chemistry [in Russian] (1960), p. 120. 

1418 


