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M A S S  S P E C T R A  O F  1 H - 2 , 3 - D I H Y D R O - 1 , 4 - B E N Z O D I A Z E P I N E -  

2 - T H I O N E S  

P .  A.  S h a r b a t y a n ,  P .  B.  T e r e n t ' e v ,  
S. A .  A n d r o n a t i ,  A.  V.  B o g a t - s k i i ,  
a n d  Z .  I .  Z h i l i n a  

UDC 543.51:547.892:541.623 

The m a s s - s p e c t r o m e t r i c  fragmentat ion of 1H-2,3-d ihydro- l ,4-benzodiazepine-2- th iones  differs 
substantial ly f rom the fragmentat ion of the corresponding oxo derivatives with respect  to the 
p resence  of [M -- HCN] + and [M - SH] + ions. This is due to the tautomeric  t ransformat ion  of the 
molecular  ions of the thiones to enethiol and eniminothiol tautomeric  forms.  The approximate 
percentages  of each of the tautomeric  forms were estimated.  

In o rde r  to compare  the mass - spec t rome t r i c  behavior of 1 ,4-benzodiazepin-2-ones [1, 2] With their  thio 
analogs, we studied the mass spec t ra  of the following 1,4-benzodiazepine-2-thiones : 

R' 
L 

I ~ V I I  

I Rt=H, R2-H; II RI=H, R2=D; III RI=CH~, R2~H: 1V R'=C1, R2=H: V i~l=Br, 
R2=H; VI RI-NO:, R2=H; VII W=CI, R2=CH3 

The investigated compounds were synthesized as previously described in [3, 41. The m/e values and the 
relat ive intensities of the peaks of the principal  ions in the mass spect ra  of I-VII are  presented in Table 1. 
The W M values (the fract ion of the molecular  ions in the total ion cur rent ,  which charac te r i zes  the stability of 
the molecule with respec t  to e lectron impact [5]) for the corresponding oxo and thio derivatives are  compared 
in Table 2, and the ra t ios  of the intensities of the peaks of some of the charac te r i s t i c  fragment ions to the inten- 
sity of the molecular  ion for the investigated thiones are  also presented.  

It follows from a compar ison  of the W M values that the thiones have considerably higher stability with 
respec t  to e lectron impact than the corresponding oxo compounds. The W M values for the thiones exceed the 
corresponding values for the benzodiazepinones by a factor of 2-2.5. 

The free p and d orbitals of the sulfur atom evidently part ic ipate  to a great  extent in stabilization of the 

positive charge  in the molecular  ions of the thiones. 

M. V. Lomonosov Moscow State Universi ty.  I. I. Mechnikov Odessa State Universi ty.  Translated f rom 
Khimiya Geterotsikl icheskikh Soedinenii, No. 10, pp. 1412-1417, October,  1976. Original ar t ic le  submitted 

September 19, 1975. 

17ds material is protected by copyright registered in the name o f  Plenum Publishing Corporation, 227 West 17th Street, New York, N.Y. 10011. No part 
[of  this publication may be reproduced, stored in a retrieval system, or transmitted, in any form or b), any means, electronic, mechanical, photocopying, 
microfilming, recording or otherwise, without written permission o f  the publisher. A copy o f  this article is al, ailable from the publisher for $ Z 50. [ 
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T A B L E  1. m / e  V a l u e s  

t o  t h e  M a x i m u m  P e a k s  

and R e l a t i v e  I n t e n s i t i e s  in P e r c e n t  R e l a t i v e  

of  the  Ions  in t he  M a s s  S p e c t r a  of  I - V I I  

251(41,4}, 226 (5,1). 225130.4). 224 ~!7.0L 
218 (14,8), 207 (3,5), 206 (8,5). 205 (6,5), 
190 (6,5), 166 13,8), 165 (17,5), 164 (4.7), 
117 (3.3), 116 (5.95, 104 (5,8), 91 (11,8), 
76 (3,5), 69 (3.3), 65 (4,0), 63 (4,55. 

I. 254 (4,8), 253(23,1), 252 (100), 
223(11.8), 222 (6,3), 219(11,1), 
194 (4,2), 193 (6,5), 192 (3,2), 
163 (5,4), 152 (3,9), 121 (3,6), 
90 (4.9), 89 (7,0). 77(15,8), 
51 (7,0) 

III. 268 (4,3), 267124,0), 266 (100). 
233 (7,5), 232 (7,4), 223 /9,9), 
208 (3,4), 207 (5,2). 206 (4,0), 
163 (3.1). 116 (4,4), 104 ~3.7), 
51 13,0) 

IV. 289 (5.4), 288 (33,2), 287 135,4), 
259 (23.7). 258 (35), 254 (4,1), 
223(25,4), 222 (7,8), 205 (3.1), 
163 (9,7), 15l (3,1), 150 (3,1), 
63 (3,7), 51 (4,7) 

V. 334 (4,6), 333 (26,9), 332 (100), 
305 (20.8), 304 (7,3), 303 (21.5), 
288 (3.2), 287 (6,2), 286(13,5), 
223 (46,5). 222 (13,3), 218 ~,5.0), 
191 (7.2), 190(13.2), 178 (4,2), 
I63(20.2), 152 (6,4), 151 (7,0), 
121 14.6), 117 (4.0), 116 (5,8), 

265 (37,7), 240 (4.6), 239 (25,0), 238 (9,05, 
222 (3,2). 221 (3,2), 220 (5.4), 219 (4,9), 
205 (3,4). 190 c3.2), 178 (5,6), 165 (5,1L 
I03 (3,2), 91 (9,9). 89 (4,6). 77(11.0), 

286 (IO0), 285(39,8). 26[ (6.4), 260 {4.9"1, 
253 (7,8), 252(10.3/, 240 (3,9), 224 (7.85, 
193 (4,5), 190 (5,8). 165 (8,0), 164 (5,25, 
104 (4,3). 9l (9,91. 89 (5,2), 77(ll,3), 

331 167.5), 
299 (6,0), 
285 (8,9), 
205 (9,6), 
177 (6.6), 
150 t5,0), 
115 (4.85, 

90 (7,6}. 89 (13,4). 77(31.4). 76 (7,6), 
VI. 299 (3.5j, 298(14.8), 297 (100). 296(35,8), 

265 (3.21. 263 (3.1). 251 (5.9), 250(16,1), 
218 [4.0), 205 (6.4), 191 (3,l), 190 (6,1), 
91 (8.9), 89 (3,2), 77 (9,7), 63 (4.0), 

VII. 303 (3,0). 302(32,8), 30I (14,3), 300 (100), 
274 (5,7), 273(51,0), 272 (3,1), 254 (4,01, 
238 (9.6), 237(50,4), 229 (8,1), 228 (5.3), 
222 (6,9), 165(10,0). t64 (5,8), 163 (7,7), 

77 (14.8). 75 (3,1). 74(12,21, 51 (5,2) 

330 (98,5), 329t35.8), 306 (4,0), 
298 (8,7). 297 (6,1), 296 (6,2), 
284 (4,4), 251 (4,4), 224(16,55, 
194 (3.4), 193(10,6), I92 (3,6), 
166 (5,2), 165(18.8), I64{15.1), 
139 c3,6), 126 (4,2), 125 (3,6), 
104(11,4), 103 (5,8), 91 (22,8), 
75 15,6), 63 (12.6), 51 (7,2) 

270(1@41, 267 (7,7). 266 (3,5), 
224 (3.1), 223 (8,1'~, 222 (5,51, 
t65 (4,2t, 164 c4,l), 163 14,2), 
51 t4,0) 

299 (3.55, 285 (4.3i, 275 (12,5), 
253 (4,9), 24[ {6.0), 239 (5,1). 
227 (39,8), 226 13,9), 223 (3, l ) ,  
125 (7,9), 91 (8,0), 89 (6,4), 

T A B L E  2. 

M o l e c u l a r  
W M V a l u e s  and R a t i o s  of  t he  I n t e n s i t i e s  of  t h e  

and F r a g m e n t  Ions  in t h e  IVIass S p e c t r a  of  I - V I  

H 
CH~ 
C1 
Br 
NO_, 

8enzodiazepinones Benz odiaz epin er.hiones 

RI J _If-- ~ t l ,  W M W~f ~ M - I[ 
"/M 

13,7 31,0 0.418 
16,8 33.2 0,391 
15.6 32,1 0,421 
16.8 33.2 0,387 
8,6 26,6 0,410 

J M - - H C N  JM--S  II 

0,197 0.083 
0,209 0.066 
0,222 0.059 
0,217 O.O52 
O, 163 0,029 

] M - - t i  

0389 
0,215 
0,266 
0228 
0,056 

T h e  p e a k s  of  t he  m o l e c u l a r  i ons ,  w h i c h  u n d e r g o  f r a g m e n t a t i o n  in t h r e e  p r i n c i p a l  d i r e c t i o n s  - w i t h  e l i m i -  

n a t i o n  of a h y d r o g e n  a t o m ,  an HCN m o l e c u l e ,  and an SH r a d i c a l -  a r e  t h e  m a x i m u m  p e a k s  in t h e  m a s s  s p e c t r a  

of  a l l  of  t he  i n v e s t i g a t e d  c o m p o u n d s .  C a l c u l a t i o n  of  t he  m a s s  s p e c t r u m  of II wi th  c o r r e c t i o n  fo r  t he  i s o t o p e  

e f f e c t  s h o w e d  t h a t  as  a r e s u l t  of e l i m i n a t i o n  of  a h y d r o g e n  a t o m ,  t he  d e u t e r i u m  l a b e l  in t h e  [ M -  HI + ion  is  r e -  

t a i n e d  c o m p l e t e l y .  C o n s e q u e n t l y ,  i t  c a n  be  a s s u m e d  tha t ,  a s  in t h e  c a s e  of b e n z o d i a z e p i n o n e s  [1], the  h y d r o g e n  
a t o m  is p r i m a r i l y  e l i m i n a t e d  f r o m  t h e  o r t h o  p o s i t i o n  of  t h e  5 - p h e n y l  g r o u p .  As  s e e n  f r o m  T a b l e  2, t h e  r a t i o s  

of  t he  i n t e n s i t i e s  of  t h e  p e a k s  of  t he  [hi - H] + and M + ions  a r e  a p p r o x i m a t e l y  e q u a l  fo r  t h e  e n t i r e  s e r i e s  of 

c o m p o u n d s  ( J M _ H / J M = 0 , 4 1  = 0 .02) ,  and t h e  e l e c t r o n i c  p r o p e r t i e s  of the  s u b s t i t u e n t s  in t he  7 p o s i t i o n  c o n s e -  
q u e n t l y  do no t  a f f e c t  t he  r a t e  of  e l i m i n a t i o n  of  t h e  H r a d i c a l .  

S p l i t t i n g  out  of  HCN by t h e  m o l e c u l a r  i ons  of  t he  t h i o n e s  in a n u m b e r  of  c a s e s  (I and IV-VI)  is  c o n f i r m e d  

by the  c o r r e s p o n d i n g  m e t a s t a b l e  t r a n s i t i o n s  and is  one  of  t h e  p r i m a r y  d i f f e r e n c e s  in t h e i r  m a s s - s p e c t r o m e t r i c  
b e h a v i o r  f r o m  t h e  b e h a v i o r  of  b e n z o d i a z i p i n o n e s ,  f o r  w h i c h  th i s  p r o c e s s  s h o w s  up on ly  in t he  c a s e  of  c o m p o u n d s  

wi th  e l e c t r o n - a e c e p t o r  s u b s t i t u e n t s  in t h e  7 p o s i t i o n ,  and p r i m a r i l y  e l i m i n a t i o n  of  t h e  H2CN r a d i c a l  i s  o b s e r v e d .  

On t h e  o t h e r  hand,  in t he  c a s e  of  the  t h i o n e s  t h e  e l i m i n a t i o n  of  28 a m u  s h o w s  up w e a k l y  and,  in a l l  l i k e l i h o o d ,  is 
a s s o c i a t e d  wi th  t h e  t w o - s t e p  l o s s  of  H and HCN in a d i f f e r e n t  s e q u e n c e .  

1169 



The elimination of HCN by the molecular  ions of 7 -n i t ro -5 -pheny l - l ,2 -d ihydro-3H-1 ,4 -benzod iazep in -2 -  
one was explained [2] by migrat ion of a hydride ion f rom 3-C to 5-C, promoted by the 7-ni t ro group, which 
induces a posit ive charge  on the 5-C atom in the quas i -pa ra  position. Sadee [2] ci tes l i te ra ture  analogies,  but 
data on i somer iza t ion  of this so r t  under the influence of chemical  reagents  or UV irradiat ion are  absent in the 
cited l i te ra ture  [6-8]. Reve r se  i somer iza t ion  has been described,  and it proceeds  readi ly [9] : 

R R 

In addition, 1 ,2-d ihydro-3H-1,4-benzodiazepine-2- th iones  readily condense with electrophilic reagents  (includ- 
ing benzaldehyde) at the methylene group. The thiones are  more  active in these react ions than their  oxygen 
analogs. 

It may be assumed that, in cont ras t  to benzodiazepines [1, 2], the charge  in the molecular  ions of the 
benzodiazepinthiones is localized p r imar i ly  on the 4-N atom. One of the hydrogen atoms of the 3-methylene 
group then migra tes  in the form of a radical  to the 5 position, and a ,~-3C--4N bond, which ensures  conjugation 
of the posit ive charge  with the C = S group, is formed simultaneously.  This sort  of r ea r rangement  is possible 
only upon electron impact:  

R ~ R'  P 

I'! -IICN Ill 

u/'~xu<s ,, s 

M + ~1 + F I 

On the other hand, the elimination of an HCN molecule may be due to the presence  of a th ione-ene th io l  
tautomeric  equilibrium in the molecular  ions, evidence for which is provided by the charac te r i s t i c  (for the 
entire se r ies  of compounds) elimination of an SH radical  by the molecular  ions. 

We also note that the [M - H] + ions also eliminate an SH radical .  On the basis of a calculation of the mass 
spect rum of II with co r rec t ion  for the natural  percentage  of heavy isotopes we were able to establish that the 
molecular  ions lose 9% DS and 91% HS (based on 100% of the label), whereas the [M - H] + ions lose 28% DS and 
72% HS. Considering that the deuterium label is attached to the thionamide nitrogen atom (the location of the 
label at the amide nitrogen atom was established by means of PMR spec t ra  for two benzodiazepinones deuterated 
by the same method [1]) one may a r r ive  at the conclusion that the molecular  ions and the [lV[- H] + ions are  
found both in t h ione -ene th io l  and th ione-en imine th io l  tautomeric  fo rms;  the relat ive concentrat ion of the 
enimine tau tomer  is somewhat higher in the [M - H] + ions than in the molecular  ions. 

M + 

-DS" 

X~SD 

72o/0 - . s "  _ ~ ~ - D s "  ~SO/o 

" - -~s f f  

{M-H} + 

Although we do not claim to have established the p rec i se  concentrat ions of all three forms,  these data 
nevertheless  make it possible to a s se r t  that the l a rger  port ion of the molecular  ions exist in the enethiol form.  

Whereas the introduction of a methyl group in the 1 position in the case  of benzodiazepinones pract ical ly  
does not change the cha rac t e r  of the mass - spec t romet r i c  fragmentat ion [2], in the case  of thiones (VII) one ob- 
se rves  a number of substantial  changes:  l) the [M - H] + ions pract ical ly  vanish; 2) elimination b+y the molecu-  
lar  ions of a methyl rad ica l  (5.5%) and a CH~NCS molecule (40%) is observed;  3) r ea r ranged  CH3N-= CSH ions 
(12%) appear.  
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CI 

VIII 

H o w e v e r ,  in the  c a s e  of VIII  the  [M - H] + ion peak  b e c o m e s  a m a x i m u m  in the  m a s s  s p e c t r u m ,  and the 
[hi - HCN] + ion peak  v a n i s h e s  c o m p l e t e l y .  C o n s e q u e n t l y ,  [ M -  HCN] + ions  a r e  f o r m e d  only f r o m  the th ione  
f o r m  of the  m o l e c u l a r  ions ,  and the  p r o c e s s  ev iden t l y  t a k e s  p l a c e  in c o n f o r m i t y  wi th  the  s c h e m e  p r e s e n t e d  

above .  

The  a b s e n c e  of [M - H] + ion p e a k s  in the  m a s s  s p e c t r u m  of VII i n d i c a t e s  tha t  t h e s e  ions can  be f o r m e d  
only f r o m  the  e n i m i n e t h i o l  t a u t o m e r i c  f o r m  of the  m o l e c u l a r  ions .  The  s u l f u r  a t o m ,  which  has  a l a r g e r  a t o m i c  
r a d i u s  than  the oxygen  a t o m ,  e v i d e n t l y  h i n d e r s  i n t e r a c t i o n  of the  f r e e  sp o r b i t a l  of t he  n i t r o g e n  a tom in the  4 
p o s i t i o n  with the  o r tho  p o s i t i o n  of the  5 - p h e n y l  s u b s t i t u e n t .  E l i m i n a t i o n  of a h y d r o g e n  a tom by the m o l e c u l a r  

ions of VII  is  t h e r e f o r e  not o b s e r v e d :  

Howeve r ,  if the  th io l  c o n f i g u r a t i o n  i s  f ixed (VIII), the  d i a z e p i n e  p o r t i o n  of the  m o l e c u l e  b e c o m e s  p l a n a r ,  and the 
C - S  bond is d i r e c t e d  f r o m  the 4-N a t o m :  

d 
I n t e r a c t i o n  of the  n i t r o g e n  a t o m  with the  o r t h o  p o s i t i o n  of the  pheny l  r i n g  is  f a c i l i t a t e d ,  and the [M - HI + 

ion peak  is  t h e r e f o r e  the  m a x i m u m  p e a k  in the  m a s s  s p e c t r u m  of VIII,  and i ts  i n t e n s i t y  e x c e e d s  the  i n t e n s i t y  of 
the  m o l e c u l a r  ion p e a k  by a f a c t o r  of 2.5. It is  a l so  p o s s i b l e  tha t  t h e r e  is p a r t i a l  e l i m i n a t i o n  of a h y d r o g e n  

a tom f r o m  the  a - m e t h y l e n e  group  d u r i n g  the  f o r m a t i o n  of [M - H] +. 

On the b a s i s  of an a n a l y s i s  of the  m a s s  s p e c t r a  of IV, VII,  and IX and a c o m p a r i s o n  of the  r a t i o s  of the  

ion p e a k s  (JI~f/JM_H and JM/JM_HCN) ,  it  can  be conc luded  tha t  the  m o l e c u l a r  ions  of IV a r e  found in a l l  t h r e e  
t a u t o m e r i c  f o r m s  and that  the  p e r c e n t a g e  of the  th ione  fo rm is l o w e r  by a f a c t o r  of a p p r o x i m a t e l y  two than  in 
the  e a s e  of VII,  and the  p e r c e n t a g e  of the  e n i m i n e t h i o l  f o r m  is Iower  by a f a c t o r  of a p p r o x i m a t e l y  s ix  than in 
the  c a s e  of VIII.  The  ene th io l  f o r m  of the  m o l e c u l a r  ions  does  not p a r t i c i p a t e  a p p r e c i a b l y  in the  H and I-ICN 
e l i m i n a t i o n  p r o c e s s e s .  

As  s e e n  f r o m  T a b l e  2, the  M + -  HCN, M + -  SH, and [ M -  
a r e  s u p p r e s s e d  to a c o n s i d e r a b l e  d e g r e e  as  c o m p a r e d  with  the  

H] + - SH" p r o c e s s e s  f o r  b e n z o d i a z e p i n e t h i o n e  VI 
r e m a i n i n g  c o m p o u n d s  i . e . ,  the  n i t r o  g roup  in the  

7 p o s i t i o n  h i n d e r s  f r a g m e n t a t i o n  of the  m o l e c u l a r  ions  v i a  th i s  pa thway .  H o w e v e r ,  the  W M va lue  for  VI is  
a p p r e c i a b l y  l o w e r  than  for  the  r e m a i n i n g  s e r i e s  ; th i s  is due to  the  c o n s i d e r a b l e  c o n t r i b u t i o n  of the  [M - NO] +, 
[]~[ - NO2] +, and [M - H - iNO2] + ions  (4.1, 2.0, and 1.5%, r e s p e c t i v e l y )  to the  t o t a l  ion c u r r e n t .  

The  F I ions f o r m e d  as  a r e s u l t  of e l i m i n a t i o n  of HCN ( see  the  s c h e m e  above) s u b s e q u e n t l y  e l i m i n a t e  
s u b s t i t u e n t s  R 1 a n d H  ( e r r  1 H in one s t ep  if R 1 is  a ha loge n  a tom [2]), which is  fo l lowed by the  e l i m i n a t i o n  of 
NCS" o r  HNCSH" to g ive  c h a r a c t e r i s t i c  ion p e a k s  c o m m o n  to the  e n t i r e  s e r i e s  with m/e  223, 165, and 163, in 
c o n f o r m i t y  wi th  the  fo l lowing  s c h e m e :  

R, 

~ H +. 

F1 tntte '22;1 

I -NCS" 

ttt,,'e '22:1 

I - H S C N H '  
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[c,,.7]+ 
m/e if;,| 

t l  

role 165 

Thus the mass - spec t rome t r i c  behavior of 5-phenyl - l ,4 -benzodiazepine-2- th iones  differs substantially 
f rom the fragmentat ion of the corresponding benzodiazepinones.  This difference is due to the fact that, in con-  
t ras t  to benzodiazepinones,  tautomerizat ion to enethione and eniminethione tautomeric  forms is charac te r i s t i c  
for the molecular  ions of the thiones. 

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

The mass  spec t ra  were obtained with an MKh-1303 spec t romete r  with a sys tem for di rect  introduction of 
the samples at an ionizing voltage of 50 V, an emiss ion  cur ren t  of 1.5 p.A, and t empera tu res  ranging from 140 
to 170 ~ Compound II was obtained by repeated refluxing of I in deuteromethanol and subsequent evaporation of 
the solvent. The mass  spec t rum showed that II contains 34% of the deuterated derivative.  
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It is shown that 1-hydroxytr iazolo[4,5-b]pyridine exists in alcohol solution p r imar i ly  in the N- 
oxide form,  whereas 3-hydroxytr iazolo[4,5-b]pyridine exists in the hydroxy form. 4-Methyl-  
t r iazolo[4,5-b]pyridine 1-oxide is formed in the methylation of 1-hydroxytr iazolo[4,5-b]pyridine,  
whereas 3-methoxytr iazolo[4,5-b]pyridine is formed in the methylation of 3-hydroxytr iazolo[4, -  
5-b]pyridine.  

It has previously been repor ted  [1] that two i somer ic  compounds corresponding to two tautomeric  forms - 
the N-oxide (Ia) and the N-hydroxy form (Ib) - a re  formed in the methylation of 1-hydroxybenzotr iazole.  The 
I a ~ I b  tau tomer i sm was studied by compar ison of the UV spect ra  of the s tar t ing compound and its methylation 
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