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SUMMARY 

Reaction of 7-chlom-I, 3-dihydm-5-pheny l-2H-I, 4-benzodiazepine 
-2-thione (la) and ?-chloro-5-(2-chloropheny11-7.3-dihydro-2H,1,4- 
bsnzodiazepins-2-thione (Ibl with hydrazine produces, respectively, 
7-ch loro-S-pheny1-3H-l,4-benzo-diazepin-2-y lhydrazine (IIa) and 7- 

chloro-5- ( 2 4 1  loropheny I) -3H-I ,  4-benzodiaze-pin-2-y lhydrazine (Ilb) . 
Acetylation of IIa and IIb with N-acetyl-I-14C-imida-mle affords 
ace tic acid-l -14C 2- (7-ch loro-5pheny 1-3H-1,4-benzodiazepin-2-y1 I 
hydrazide (IIIa) and acetic acid-l-14C 24 7-chloro-5-(2-ch2orophe- 
-nyl) -3H-I, 4-benzodiazepine-Z-y ll hydrazide (IIIbl . Compounds IIIa 
and IIIb are thermally cyclised to  g i v e  6-chloro-l-methyl-6-phenyZ- 

4X-s-triazolol 4,311 1,41 ben~odiasepine-l-'~~ (IVa) and 8-chZoro-6- 
(2-chlomphenyl l-I-m~thyl.-4H-s-triazolo[ 4,3-a] 4 1,41 benzodiazepine 
-I-]~c(IW. 
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INTRODUCTION 

The b i o l o g i c a l  e f f e c t s  e x e r t e d  on the c e n t r a l  nervous system by compounds 

which possess the 1,4-benzodiazepine r i n q  system have been the s u b j e c t  o f  decade- 
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l ong  and con t inu ing  i n t e n s i v e  i n v e s t i g a t i o n  by various research groups.l.2 

8-Chloro-1 -methyl-6-pheny1-4H-s-triazolo[4,3-a][ 1.4lbenzodi azepi ne ( IVa) and 

8-chloro-6- (2-chlorophenyl )-1 -methyl -4H-s-tr-i azol0[4.3-a][1,4]benzodiazepine 

( I V b ) 3 * 4  are members o f  a l a r g e  group o f  6-phenyl-4H-s-triazolo[4,3-a][1,4]- 

b e n ~ o d i a z e p i n e s ~  which have c e n t r a l  nervous system depressant a c t i v i t y .  

a c t i v e  forms o f  these two compounds were needed f o r  metabolism s tud ies  i n  an i -  

mals and man. The h igh  potency o f  IVa and IVb i n d i c a t e d  t h a t  these drugs would 

have t o  be admin is tered i n  very low doses. Therefore, the l abe led  ma te r ia l s  

must be o f  h igh  s p e c i f i c  a c t i v i t y .  

and IVb labe led  w i t h  carbon-14 i n  the  C-1 p o s i t i o n  o f  the 4H-s-triazolo[4,3-a]- 

[1,4]benzodiazepine r i n g  system. 

RdJic- 

This r e p o r t  describes the  synthes is  o f  IVa 

DISCUSSION AND RESULTS 

I n  the p rev ious l y  repor ted procedure” f o r  prepar inq compounds IVa and IVb, 

t he  th iones ( I a )  and ( I b ) 6  were r e f l u x e d  w i t h  acethydrazide i n  r;-butanol t o  q i ve  

the des i red products. 

p u r i f y i n g  smal l  q u a n t i t i e s  o f  the low-mel t ing and hygroscopic acethydraz ide- l -  

“+Lit was decided t o  f o l l o w  an a l t e r n a t e  s y n t h e t i c  rou te  as shown i n  Scheme 1. 

Because o f  the expected inconvenience i n  prepar inq and 

The th iones I a  and I b  were t r e a t e d  w i t h  hydrazine hydrate t o  ob ta in  the 

corresponding hydrazines I I a  and I I b .  

14C c h l o r i d e  was considered, b u t  i t  was judqed unsu i tab le  because in model 

experiments wi th non-labeled ma te r ia l s ,  t he  r e a c t i o n  requ i red  the presence o f  

a c e t i c  a c i d  as so l ven t  t o  avoid d i a c e t y l a t i o n .  

l - 1 4 C  c h l o r i d e  and non-labeled a c e t i c  ac id .  the two reagents could e q u i l i b r a t e  

according t o  Scheme 2, r e s u l t i n g  i n  d i l u t i o n  o f  the a c y l a t i n g  species, and 

making i t  impossible t o  a t t a i n  the des i red  h igh  s p e c i f i c  a c t i v i t y .  

a t i o n  

prepared in sitzc from a c e t i c  ac id - l - I ‘C  and 1 . I ’ - ca rbony ld i im idazo le  ( C D I ) .  

r e s u l t i n g  acethydrazides I I I a  and IIIS were o f  h l q h  p u r l t y  and r e w i r e d  no 

A c e t y l a t i o n  o f  I I a  and I I b  wi th a c e t y l - l -  

I n  a mixture o f  labeled ace ty l -  

The a c y l -  

was the re fo re  c a r r i e d  ou t  w i t h  N-acety l -1  -”C-imidazole which was 

The 
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Scheme 1 

Synthesis o f  Carbon-14 Labeled 
6-Phenyl -4tt-8-tri azolo[4,3-a] [ 1,4]benzodi a rep i  nes 

I a ) X = H  
b )  X = C1 

I V  a )  X = H 
b )  X = C1 

I 1  a)  X = H 
b )  X = C1 

111 a )  X = H 
b )  X = C1 

Scheme 2 

CH314COCl  + CH3C02H t CH314C02t1 + CH3COCl 

p u r i f i c a t i o n ,  when the molar r a t i o  o t  the a c e t i c  ac id - l - l "C ,  CDI,  and the  

hydrazine I I a  o r  I I b  used were c a r e f u l l y  con t ro l l ed .  The acethydrazides I I I a  

and I I I b  were c y c l i z e d  the rma l l y  under vacuum, which removed water formed as the 

by-product, t o  a f f o r d  IVa and IVb i n  68% o v e r a l l  y i e l d s  based on a c e t i c  a c i d - l -  

14c .  



438 S i c h a r d  S.P. iisl 

EXPERIMENTAL SECTION 

R a d i o a c t i v i t y  determinat ions were c a r r i e d  o u t  on Packard Tr i -Carb Hodel 

3375 o r  Model 2425 l i q u i d  s c i n t i l l a t i o n  spectroineters w i t h  the ex te rna l  standard 

method. 

ma te r ia l s  were scanned on a Vanguard Model 880 Autoscanner equipped wi th Van- 

guard Model 885 Glass P la te  Scanner. 

c a r r i e d  ou t  on a Hewlett-Packard Iqodel 57548 inst rument  f i t t e d  w i t h  a 4 '  x t" 

O.D. Te f l on  - l i n e d  aluminum column packed w i t h  100/120 mesh Porapak 

t i o n  by thermal conduc t i v i t y .  

coated g lass p l a t e s  developed w i t h  these so l ven t  mix tures:  

CH2C12, B )  10% v/v  &OH i n  C112C12. 

cated elements, and, except as noted, a l l  r e s u l t s  were w i t h i n  ~0.4% o f  theory 

M e l t i n g  p o i n t s  were uncorrected. 

Nujo l  mu l l s  o r  K B r  p e l l e t s  w i t h  a Perkin-Elmer Model 421 spectrometer. U l t r  - 

v i o l e t  (UV) spec t ra  were obta ined f rom 95% EtOH s o l u t i o n s  w i t h  a Cary Model 14 

spectrophotometer. 

Th in- layer  chromatography (TLC) g lass p l a t e s  con ta in ing  r a d i o a c t i v e  

Gas chromatoqraphic (GC) analyses were 

@ @ Q; detec- 

TLC analyses were c a r r i e d  o u t  on s i l i c a  ge l  

A )  5% v/v &OH on 

l 'hcroanalyses were obta ined f o r  the i n d  - 

I n f r a r e d  ( IR )  spect ra were obta ined from 

7-Chloro-5-(2-chlorophenyl)-3H-1,4-benzodiazepin-2-ylhydr~~ine ( I  I b )  

Hydrazine hydrate (4 m l .  4.12 g, 82.2 mnoles) was added t o  a s t i r r e d  5 :  :- 

pension o f  5.73 g (17.8 m l e s )  o f  I b  i n  150 rnl o f  MeOH whi'ie a stredm o f  N.  

was bubbled through the  mixture.  The m i l d l y  exothermic r e a c t i o n  was dl lowec 

t o  proceed f o r  2.5 hrs  and the r e s u l t i n g  s o l u t i o n  was f i l t c r t a  t d  remove tr I I.. 

o f  s o l i d s .  The filtrate. W ~ S  concentrdtcd a t  vr-din L 4 pri!ssirri: anu '30 '(. T I  

res idua l  o i l  was t r e a t e d  w i t h  100 rnl o f  H20 and e x t r d c t e d  w i t h  125 n.1 T; Cti, 

i n  twq. pnr t i ons .  

over anhydrous K:CO,. 

I 37 mn. Hg) and 30°C t o  25 m l  and mixed w i t h  25 m l  o f  EtOAc. 

dqcin concentrated t o  20 m l  and f i l t e r e d .  

completed before p r e c i p i t a t i o n  caused c loqq l r i q  (if t 'w ti I ter .  

The combined e x t r a c t s  were washed w i t h  50 m l  of H,O and or . i i r  

The d r i e d  e x t r a c t s  were concentrated a t  reduced pressure 

The m ix tu re  wos 

The f i l t r a t i o n  w a s  o n l y  p a r t i a l l y  

H:,ttl l h c  !; 1 -  
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t r a t e  and the  u n f i l t e r e d  m ix tu re  were kep t  a t  room temperature ove rn igh t .  The 

c r y s t a l s  from both m ix tu res  were c o l l e c t e d ,  washed w i t h  EtOAc fo l l owed  by Et20 

and dr ied.  

u n f i l t e r e d  m ix tu re  a f fo rded  1.339 g w i t h  mp 203-206'C (dec)  ( t o t a l  y i e l d  was 

5.117 g, 90%). 

u c t  appeared t o  be pure by TLC (so l ven t  mix tures A and 6 ) .  I n  subsequent t r i a l  

runs o f  t he  a c e t y l a t i o n  and c y c l i z a t i o n  reac t i ons ,  bo th  crops o f  product  l e d  t o  

e q u a l l y  pure IVb i n  s i m i l a r  y i e l d s .  

u c t  was used; IR spectrum compatible w i t h  proposed s t r u c t u r e .  UV end absorpt ion,  

hsh 213 nm ( ~ 3 5 , 0 5 0 ) ~  235 (25,450). and 275 (11,900). imax 349 nm (€2,250). a r d .  

The f i l t r a t e  y i e l d e d  3.778 g o f  product ,  mp 235-7°C (dec), w h i l z  the 

Despi te  the w ide ly  d i f f e r e n t  m e l t i n g  po in ts ,  bo th  crops o f  proa- 

For  p repar ing  I I I b ,  t he  h ighe r  m e l t i n g  prod- 

( C ~ ~ H ~ z C l z N ~ )  C, H, C1, !I. 

The above procedure i s  s i m i l a r  t o  the one used t o  prepare 7-ch loro-5-phenyl -  

3H-1 ,4-benzodiazepin-2-ylhydrazine6 ( I l a )  from Ia .  

GC Assay f o r  C D I  

To e f f e c t i v e l y  c o n t r o l  the molar  r a t i o  o f  reac tan ts  i n  the  a c y l a t i o n  o f  

I l a  o r  I I b  w i t h  a c e t i c  a c i d - l - I T  via N-acetyl-l-*'C-imidazole, the p u r i t y  o f  

comnerc ia l ly  supp l i ed  C D I  must be known. 

purpose. 

drous THF was added 284, 312. 326, 341, 355 and 369 mg o f  C O I  ( A l d r i c h ) ,  repre-  

sen t ing  nominal ly  1.00. 1.10. 1.15, 1.20, 1.25 and 1.30 molar equ iva len ts ,  

r e s p e c t i v e l y ,  w i t h  respect  t o  the HOAc used i n  each reac t i on .  

o f  CO; had subsided, the m ix tu res  were kep t  a t  room temperature f o r  1 h r .  

each m ix tu re  was added 0.15 m l  (2.6 mmoles) o f  absolute EtOH. The r e s u l t i n q  

mixtures were kep t  a t  room temperature obern igh t  and 3 u l  a l i q u o t s  were sub- 

j e c t e d  t o  GC analys is .  The instrunlent was operated under the f o l l o w i n s  con- 

d i t i o n s  i n j e c t i o n  p o r t  270 C column oven 245-C. de tec to r  275-'C. He f l o w  59 

ml/min. 

HOAc. 1.2 min; THF and EtOAc, 1.8 min; (Et0)2C0, 4.0 min; and imidazole,  7.6 win. 

A GC assay was dev ised f o r  t h i s  

To each o f  5 m l  a l i q u o t s  o f  0.35 M s o l u t i o n  o f  g l a c i a l  HOAc i n  anhy- 

A f t e r  e v o l u t i o n  

To 

The detected components and t h e i r  r e t e n t i o n  t imes were: E t q H ,  1 .0  min; 
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The presence o r  absence o f  HOAc and (EtO),C@ i n  the m ix tu re  were used as end 

p o i n t s  i n  the GC analys is .  

o f  (EtO)*CO i n d i c a t e d  t h a t  l ess  than equimolar  amount o f  C D I  r e l a t i v e  t o  IiOPc had 

been used. Absence o f  bo th  HOAc and (EtO),CO would i n d i c a t e  i n t e r a c t i o n  o f  equ i -  

molar amounts o f  HOAc and C D I ,  w h i l e  absence o f  HOAc and presence o f  (EtO),CO 

r e s u l t e d  f rom excess C D I  w i t h  respec t  t o  HOAc. 

the a c e t y l a t i o n  reac t i ons  descr ibed below was found t o  be 89 2% pure. 

A m ix tu re  which showed presence o f  HOAc b u t  abcence 

A sample o f  the C D I  t o  be used i n  

Ace t i c  A c i d - l - " T  2-(7-chloro-5-phenyl-3H-1.4-benzodiazepin-2-y1 )hydraz ide ( I I l a )  

A l l  i tems o f  glassware were flame d r i e d  and f l ushed  w i t h  d r y  N, p r i o r  t o  use. 

T o  a m ix tu re  o f  326 mq ( e f f e c t i v e l y  1.79 mmoles) o f  C D I  and 5 m l  o f  anhydrous TIW 

i n  an a d d i t i o n  funnel  was added 105 yg (1.75 mmole, 48 m C i ,  100 p l  d e l i v e r e d  from 

a 250 u l  m ic ro  s y r i n q e )  o f  anhydrous H O A C - I - ~ + C . *  

a g i t a t e d  u n t i l  e v o l u t i o n  o f  CO, subsided. 

N, f o r  1 h r  and added dropwsie, w i t h  s t i r r i n g  i n  5 niin, t o  a s o l u t i o n  o f  525 niq 

(1.84 mmole, 5% excess) o f  I I a  i n  6 m l  o f  anhydrous TtiF a t  0°C. Ttie m ix tu re  was 

s t i r r e d  a t  0°C f o r  15 min and a l lowed t o  warm t o  room temperature. A f t e r  5-6 

hrs ,  s t i r r i n g  was stopped and m ix tu re  was kep t  a t  room temperature ove rn iqh t .  

The s o l i d s  were f i l t e r e d ,  washed w i t h  10 m l  o f  THF i n  p o r t i o n s  fo l l owed  by E t 2 P ,  

and d r i e d  t o  g i ve  504 mg (88.1% y i e l d )  o f  Ilia, mp 198-205'C (dec) s o f t e n i n q  a t  

183°C and r e s o l i d i f y i n g  a t  185°C ( L i t ?  mp 199-200°C); s p e c i f i c  a c t i v i t y  77.8 

uCi/mg, 25.45 mCi/ml l .  TLC ( s o l v e n t  m ix tu re  B l i n d i c a t e d  the  ma te r ia l  was r a d i o -  

chemical ly  pure. TLC o f  the me l t  showed t h a t  I I I a  on hea t ing  had been converted 

t o  chemica l l y  and rad iochemica l l y  pure IVa. 

The m ix tu re  was b r i e f l y  

Ttie r e s u l t i n q  s o l u t i o n  was kept  under 

Analoqous t o  the r e a c t i o n  descr ibed above, 543 ing (8G.OX y i e - I )  o f  I I I h  was 

--___ ~ - 

Supplied by In te rna t rona l  Chemical and ' luc lear  Cors., s p .  a c t .  2 7 . 3  m C i / n l '  
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prepared from 588 mq (1.84 m o l e )  o f  I I b  i n  22 m l  o f  anhydrous THF; mp 198-200°C 

(dec); sp. ac t .  24.85 mCi/d! ;  rad iochemical ly  pure by TLC (so l ven t  mix ture B). 

TLC o f  the me l t  showed I I I b  had been q u a n t i t a t i v e l y  converted the rma l l y  t o  IVb. 

8-Chl oro-1 -methyl -6-phenyl-4H-s-triazolo[4,3-a~[l.4]benzodiazepine-l -14C (Iv_al 

I I I a  (458 mg, 1.40 nunole) was heated i n  an o i l  bath a t  205OC and reduced 

pressure (2.90 inn Hg) f o r  15 min and the  me1 t was cooled t o  room temperature under 

lz. T!ie r e s u l t i n g  q lassy ma te r ia l  was d i sso l ved  i n  25 m l  o f  CH2C1, and the so lu -  

t i o n  was f i l t e r e d .  The f i l t r a t e  was evaporated on steam bath u n t i l  the volume 

was reduced t o  5 m l .  

l a t i o n  and a d d i t i o n  o f  PhH wh i l e  the t o t a l  volume was m i n t a i n e d  a t  110 m l .  

d i t i o n  o f  20 m l  o f  Ske l l yso l ve  B caused r a p i d  p r e c i p i t a t i o n  o f  f i n e  c r y s t a l s ,  

The mixture was k e p t  a t  room temperature ove rn iqh t  and the  c r y s t a l s  were f i l t e r e d ,  

370 mg (85.7%) o f  IVa, rnn 225-227°C; sp. ac t .  89.9 uCi/mg, 27.7 mCi/mtl; UV and 

I R  spect ra conformed w i t h  standards; rad iochemica l l y  pure by TLC (so l ven t  mix- 

t u res  A and 8) ;  ana2. (C17H13Clfh,) C, H, C1, Id. 

The remaining CH2C1, was d isp laced by simultaneous d i s t i l -  

Ad- 

8-Chloro-6-( 2-chlorophenyl ) -1-methyl -4H-~-triazolo[4,3-a][l,4]benzodiazepine-l -14 
(IVb) 

S i m i l a r l y  as above, IVb was obta ined by the  thermal c y c l i z a t i o n  o f  506 mq 

(1.40 mmole) o f  I I I b .  

c r y s t a l l i z e d  from mixtures o f  1k2C0 and CH2C1,. mp 239-241°C; sp. act. 80.7 

uCi/mg, 27.7 mCi/mf!; rad iochemical ly  pure by TLC (so l ven t  m ix tu re  A); UV. I R  

spect ra conformed w i t h  standards, m 2 .  (C17H12C121i4) C. H. C1, 14. 

The product, 422 mg (88% y i e l d ) ,  was i s o l a t e d  and re-  
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