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SYNTHESIS AND FEATURES OF THE PHARMACOKINETICS OF THE 14C 

METABOLITE OF PEPTIDOBENZOPHENONES AND SOME PREPARATIONS OF 

THE BENZODIAZEPINE SERIES 

V. G. Zin'kovskii, E. A. Stankevich, 
L. N. Yakubovskaya, N. Ya. Golovenko, 
and S. A. Andronati 
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For some time past, the attention of investigators has been drawn to drug precursors 
possessing a series of advantages over the actual preparations. In our laboratory, the deriva- 
tives of peptidobenzophenones (I), which are converted to the corresponding 1,4-benzodiazepine 
(II) in the animal organism [i, 6], are being studied. 

C6H~ C6H ~ 

(The residue of the e-aminoacid is R. The carboxybenzoxy or other protecting group is X; in 
the absence of the latter, it is the base of (I), i.e., the free terminal group.) 

A. V. Bogatskii Physicochemical Institute, Academy of Sciences of the Ukrainian SSR, 
Odessa. Translated from Khimiko-farmatsevticheskii Zhurnal, Vol. 20, No. 2, pp. 142-146, Feb- 
ruary, 1986. Original article submitted January 8, 1985. 
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Compound (II) possesses a broad spectrum of pharmacological activity [2] and is structur- 
ally close to nordiazepam and phenazepam. 

We accomplished the synthesis of 7-bromo-5-phenyl-l,2-dihydro-3H-l,4-benzodiazepam-2 - 
one-(2-14C) (II) and its potential metabolites to determine the contribution of (II) to the 
pharmacological activity of (I) and to study the secondary metabolites. Data on the kinetics 
of the content of the initial compound and its metabolites in the mouse brain are presented. 
The optimal conditions for the kinetics of extraction of the investigated biological samples 
and the quantitative determination of (II) and its metabolites were studied. 

EXPERIMENTAL (CHEMICAL) 

Glycine-(l-14C) of specific radioactivity i Ci/mole was taken as the initial compound for 
the synthesis of (II). Radiochromatographic analysis was performed in the 7:3 system of prop- 
anol--water on plates of Silufol UV-254 (Rf of glycine was 0.3-0.35); it permitted the detec- 
tion of 88.1 • 1.5% of the total amount of radioactivity. The content of 14C material which 
corresponded to glycine according to the Rf value comprised 93.9 • 0.8% of the radioactivity 
determined on the chromatogram (82.7 • 1.3% of the applied amount~. 

The radiochromatographic analysis of the synthesized sample (2-i4C-(II) was first puri- 
fied by the method of column chromatography) was performed on plates of Silufol UV-254 in the 
70:30:0.01 system of chloroform--acetone--aqueous ammonia. We detected 97.9 • 3.4% of the total 
radioactivity. For this, 91.2 • 4.2% of the ~C product corresponded in the Rf value to (II) 
(89.3 • 4.2% of the applied amount). 

Hydrochloride of Glycine-(l-~4C) Acid Chloride. The suspension of 0.52 g (0.007 mole) of 
glycine-(l-~4C) with the specific activity of i Ci/mole (first ground to a powder and dried 
at II0~ for 2 h) in i0 ml of drychloroform is saturated with dry HCI at 200C for 15 min. 
After this, 1.45 g (0.007 mole) of phosphorus pentachloride is added, and the mixture is 
stirred for at least 20 h at 20~ The reaction mixture is filtered, ~d the residue is washed 
with I0 ml of dry CC14. The hydrochloride of glycine-(l-14C) acid chloride has the mp in the 
range of II0-120~ [ii]. 

7-Bromo-5-phenyl-l,2-dihydro-3H-l,4-benzodiazepin-2-one-2-14C (II). Tothe solution of 
1.38 g (0.005 mole) of 5-bromo-2-aminobenzophenone in 30 ml of dry chloroform is added the 
hydrochloride of glycine-(l-14C) acid chloride. The reaction mixture is boiled with stirring 
until the cessation of the separation of HCI (3 h). i After cooling the mixture to room tem- 
perature, 5 ml of water is added; aqueous ammonia is gradually added with stirring until the 
ascertainment of a stable weakly alkalinereaction. After the separation.of the aqueous layer, 
the chloroform solution is washed once with 3 ml of water. It is then concentrated ~n Vacuo. 
To the remaining mass is added i0 ml of toluene, and the solution is evaporated until the com- 
plete removal of the solvent at atmospheric pressure. The residue is again dissolved in tolu- 
ene prior to filtration. After crystallization from the toluene solution, we obtain 0.92 g of 
(II) with the specific activity of 0.79 Ci/mole. The radiochemical yield is 38.4%; mp 220- 
221~ Found, %: C 57.4, H 3.8, ~ and N 9.1. C15HIIBrN=O. Calculated, %: C 57.1, H 3.5, and 
N 8.9. 

51Brpm-2-aminobenzophenone-~-oxime. This is obtained by the method of [13] from 5-bromo- 
2-aminobenzophenone with a yield of 76%, mp 192-193~ Found, %: C 53.9, H 4.0, and N 9.8. 
C13HIIBrNzO. Calculated, %: C 53.6, H 3.8, and N 9.6. 

51B[pmo-2-chloroacetamidobenzophenone-~Koxime. ' This is obtained by the method of [13] 
from 5-bromo-2-aminobenzophenone-~-oxime and chloroacetyl chloride with a yield of 80%, mp 
178-180~ Found, %: C 49.0, H 3.3, and N 7.6. C15HI2BrCIN202. Calculated, %: C 49.4, H 3.6, 
and N 7.9. 

71Bromo-5-phenyl-3-hydroxy-l~2~dihydro-3H-l~4-benzodiazepin-2-one ~III). The solution 
of 1.47 g (0.004 mole) of 5-bromo-2-chloroacetamidobenzophenone-~-oxime mixed with 20 ml of 
ethanol and 1.5 ml of an 8% solution of NaOH is stirred for 2.5 h at 18~ The resulting res- 
idue of the sodium salt is separated prior to dissolving it in 150 ml of 66% aqueous ethanol. 
The solution obtained is acidified to pH 2.0, whereby a precipitate of White color comes out 
of the solution. After the recrystallization from toluene, we obtain 80% of (III) with mp 
190-191~ Found, %: C 54.5, H 3.5, and N 8.6. CI6HI~N=02. Calculated, %: C 54.5, H 3.3, and 
N8.4. 
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EXPERIMENTAL (PHARMACOLOGIC) 

The determination of the optimal conditions of the extraction of (II) and its derivatives 
from biological samples was performed taking into account the preceding investigations for the 
optimization of the mono- and biphasic extraction of phenazepam [3, 8] and tetrahydrophenaze- 

pam [7]. 

The kinetics of the extraction of the I~C material from the biological samples (0.25-0.4 
g of mouse brain, ground with anhydrous sodium sulfate) by sequential extractions with chloro- 
form (I0 ml) are determined by the equation: 

In[S.] = A - -  Bn• + nmB), (1) 

where In[S ] is the logarithm of the geometric mean of the content of the total radioactivity 
determinednin the chloroform extracts; A and B are constants of regression; m A and m B are 
their mean square deviations of the mean; n is the number of the extraction. 

The value of the magnitude of the coefficient of regression B does not correlate with the 
value of the experimental time (Table i) and with the value of the magnitude of A on changing 
the ratio of the content of (II) and its 3-hydroxy metabolite (III). This is characteristic 
of the monophasic extraction and permits the determination of the given degree of the complete- 
ness of extraction of (II) and its Z~C metabolites on introducing different doses of the com- 
pound. 

The extraction with a given degree of completeness (Z[S n] = 0.95 Z[S=] and 0.99 Z[S ]) 
is provided by two to three sequential extractions of the samples (see Table 1). The corres- 
ponding algorithms are presented in the preceding investigations [3, 7, 8]. 

The radiochromatographic analysis of the chloroform extracts of the mouse brain was ac- 
complished by methods analogous to those presented in the works [3, 4, 9-i1]. 

It was noted that together with the initial compound is present its 3-hydroxy metabolite; 
the respective Rf values are 0.5-0.7 and 0.25-0.3. The products of the aromatic hydroxylation 
of (II) (Rf < 0.25) were not detected in significant amounts (Fig. 1). In contrast to the 
kinetics of the content of phenazepam and its metabolites in the mouse brain [4, 9, 10], where 
the level of the initial compound exceeded the content of the metabolites, (II) was detected 
in significant amounts in the interval of 15-120 min, and its maximal content was noted 30 min 
after application, the level of (II) decreased intensively in the interval of the experiment 
(Fig. 2). The main metabolite of (II) -- the 3-hydroxy derivative -- was detected in the chloro- 
form extracts of the mouse brain. The content of (Ill) exceeds the level of (II) in the inter- 
val of 60-240 min, and intensively increases in the experimental interval of 15-60 min (see 
Fig. 2). 

The character of the interdependence of the action of (II) and its content in the animal 
brain was investigated by the capacity to weaken the spasmodic effect of corazol [12], and by 
the simultaneous registration of the minimal effective doses inducing clonic spasms (DCS) and 
tonic extension (DTE) [9]. 

The reliable antispasmodic effect, on the level of the application of (II) (1.4 mg/kg), 
was registered in the experimental time interval of 15-240 min for the tonic indicator; it was 
registered in the experimental time interval of 15-120 min for the clonic indicator (Table 2). 
The maximal antispasmodic action of (II) was noted in the interval of 30-120 min and was more 
marked according to the indicator of the prevention of the tonic extension of the animals (see 
the values of t d in Table 2). The character of the interaction of corazol and (II) in forming 
the pharmacological response was investigated after 60 min (Fig. 3). 

The dependence of the content of ~C material in the animal brain on the applied dose of 
(II) (in the interval of 0.35-5.6 mg/kg) was determined as linear: 

Ci = 0.14 + 3.79Di • ( 0 . ~  + 0.~ISD~) ~ s, (2)  

where C. is the content of the I"C products (in countsolO3,min-~og7~ ) in the mouse brain at 60 
min after the ip application of (II) at the dose D i (in mg/kg) (Fig. 4). 

For the description of the characteristics of the action of (II) under the conditions of 
the spasmodic attack induced by the application of corazol, the following dependence was util- 
ized: 
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Fig. i. The radiochromatogram of the chloroform extract of the mouse brain in the 
30:70:0.1 system of acetone--chlorofornv-ammonia. The �9 of the experiment is i h. 
The peak�9 radioactivity II (Rf 0.53) is due to the initial compound; the peak of 
radioactivity III (Rf 0.25) is due to the 3-hydroxy metabolite. The time (in hours) 
is on the X-axis; the activity (in counts,min) is on the Y-axis. 

Fig. 2. The content of (II) (open circles) and its 3-hydroxy metabolite (solid cir- 
cles) in the mouse brain after the ip application of the ~"C compound at the dose 
of 1.4 mg/kg. Time (in hours) is on the X-axis; activity [in counts,10S/(min,g)] is 
on the�9 

Fig. 3. The dependence of the dynamics of the antispasmodic action of (II) on the 
dose of the compound applied. The circles show the values of the minimal effective 
doses of corazol inducing clonic-tonic spasms; the squares show the values for ton- 
ic extension. The dose of (I) (in mg/kg) is on the X-axis; thedose of corazol (in 
mg/kg) is on the Y-axis. 

Fig. 4. The dependence of the content of the ~"C products in the mouse brain on the 
applied dose of (II). The dose of (! I) (in mg/kg) is on the X-axis; the activity 
[in counts*lOS/(min,g)] is on the Y-axis. 

TABLE 2. Change of DCS DTE (in mg/kg) and of the Content of 
the Z4C Products in the Mouse Brain after the ip Application 
of '"C-(II) at a Dose of 1.4 mg/kg (M • m; n = 6) 

Time of ] 
experiment,[ 
mzn I 

15 �̀9 

30 
60 

120 
240 

Control 

DCS 

. M •  t d M : ~ m  

DTE Content of Z4C- 
~roducts in the 
5r~in~ in Counts 
LO /min'g 

t d 

68,8-+-3,95 2,72* 
84,3~5,24 4,59** 
73,0+3,75 3,48** 
78,0-1-4,97 3,79** 
55, l::t:2,11 0,57 

52,2-+-4,64 

120,4+9,26 
149,2:h9,17 
137,4+5,96 
131,0-+-4,27 
102,6d:3,30 

77, 8_+8,64 

4 1 2 ~ * *  
7,21"** 
8,54"** 
9,50*** 
5,05*** 

4,99:h0,395 
5,50____.0,614 
6,05_____0,547 
5,60• 
5,42~0,368 

* p ~ 0 , 0 5 .  
** p ~ 0,01. 

*** p<~O,(~l. 

g,.e;:x =e, (cr+ K)-', (3) 

where  E. i s  t h e  e f f e c t  o b s e r v e d  i n  t h e  p r e s e n c e  o f  t h e  c o n c e n t r a t i o n  C . ,  and o f  t h e  c o n c e n t r a r  
�9 1 

t i o n  o r Z d o s e  o f  t h e  a n t a g o n i s t  p r o c e e d i n g  f r o m  (2)  i n  t h e  g z v e n  e x p e r i m e n t ;  Ema x i s  t h e  m a x i -  
mum p o s s i b l e  e f f e c t ;  u and K a r e  c o n s t a n t s .  The g i v e n  d e p e n d e n c e  i s  l i n e a r  i n  d u a l  i n v e r s e  c o -  
o r d i n a t e s  (u = 1 ) .  The i n d i c a t o r s  o f  r e g r e s s i o n  a r e  p r e s e n t e d  i n  T a b l e  3.  I t  c a n  be c o n c l u d e d  
f r o m  t h e  r e s u l t s  o f  t h e  a n a l y s i s  t h a t  t h e  a p p l i c a t i o n  o f  ( I I )  e x e r t s  an  a n t i s p a s m o d i c  e f f e c t .  
The a c t i o n  e q u a l  t o  0 . 5  o f  t h e  max imal  t h e r e b y  d e v e l o p s  w i t h  t h e  a p p l i c a t i o n  o f  4 . 2 5  • 2 . 0 6  t o  
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TABLE 3. Values of the Parameters of 
the Regressional Analysis of the Dose- 
Effect Dependence of the Antispasmodic 
Action of (II) at 60 min after the ip 
Application 0.35-5.6 mg/kg) 

Indicator of 
regression DCS DTE 

~'.L',,-,n 
%T.,~/q--m a2 

exp 

K+m 
~l t )S~[  - -  F-  contr. 

0,0073_+0,0031 
0,031 • 

1,094 
l,O 

4,254-2,065 
137,0+58,36 

O, 0042+_0,0018 
0,018:h0,0048 

1,075 
1,0 

4,29/:2,14 
238, I +102, I 

4.29 • 2.14 mg/kg of the compound; this exceeds the antispasmodic activity of tetrahydrophen- 
azepam, chlordiazepoxide, and diazepam [5]. 

Therefore, the methods presented in the present work for the determination of 14C-(II), 
its metabolites, and the total radioactivity in the biological samples, as well as the anti- 
spasmodic effect dependent on the presence of the compound and its derivatives in the animal 
brain, render possible the parallel study of the pharmacokinetics and pharmacodynamics of (II). 
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