
4- (p-Methoxyphenyl)-7-methyl-2,3-dihydro-lH-1,5-benzodiazepin-2-one (IIIc). A 1.64 g (5 mmole) 
sample of VIII was hydrogenated at room temperature  and normal pressure  in the presence of 13aney nickel. 
The precipitate was removed by filtration and washed on the filter with chloroform. The solvent was r e -  
moved, and the residual benzodiazepinone IIIc was ehromatographed on aluminum oxide (elution with chloro- 
form) to give a product with mp 222~ (from alcohol). The yield was 0.8 g (57%). Found: C 72.6; H 5.4%. 
C17HlsN202. Calculated: C 72.8; I-I 5.7%, 
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I S O T O P I C  HYD13OGEN E X C H A N G E  IN 1 -  AND 

M E T H Y L T E T 1 3 A Z O L E S  

N. N. Z a t s e p i n a ,  V.  A. Z y r y a n o v ,  
A. V.  K i r o v a ,  V. L .  1 3 u s i n o v ,  
I .  Y a .  P o s t o v s k i i ,  and  I .  F .  T u p i t s y n  

2-ARYL-5-  

UDC 547.541.124 : 541.127 

The rate  constants for basic deuterium exchange of the methyl group (k D) in 2-phenyl-5-methyl- 
te trazole (I) and 1-aryl -5-methyl te t razole  (II) and its derivatives with a polar substituent (13) in 
the phenyl ring were measured.  The increased CH acidity of II as compared with I [kD(II)/ 
kD(I) ~20] is in agreement with the calculated and experimental values regarding the character  
of the electron-densi ty distribution in the molecules. The effect of 13 on the rate of deuterium 
exchange of the methyl group corre la tes  with the o ~ constants (p=3.0, r =0.997). The results 
of measurement  of the kinetic isotope effect during deuterium (tritium} exchange in II (kD/ 
k T ~1.8) are discussed in connection with the peculiarities of the stepwise reaction mechanism. 

Up until recently little was known regarding the reactivit ies of methyl derivatives of tetrazole.  The 
methyl group in 1-phenyl-5-methyltetrazole does not undergo the condensation with benzaldehyde that is char-  
acter is t ic  for compounds with a methyl group attached to a ring azomethine group ( -C- -N- - ) .  even under 

CH3 

ra ther  severe conditions in the presence of zinc chloride [1]. In our experiments we were unable to obtain a 
product of condensation of 1-(4-nitrophenyl)-5-methyltetrazole with p-nitrobenzaldehyde either in alcohol in 
the presence of sodium alkoxide or in acetic anhydride. However, 1-phenyl-5-methyltetrazole reacts  with 
diethyl oxalate to give pyruvic acid derivatives [1]. Quantitative data on the lability of the hydrogen atoms of 
the methyl group are limited to the resul ts  of measurements of the rate of deuterium exchange of 1-phenyl-5- 
methyltetrazole in an alcohol solution of potassium ethoxide [2], In the present research  we made a compara- 
tive study of the effect of s t ructural  factors on deuterium exchange in a number of 5-methyltetrazole deriva- 
tives (I-VII); 
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!1 R=H; 

/ \ ff'--~N(R 
-..C~ N~c/N-- ~ 

I I 
CH3 CH 3 

1 II-VII  

III R=4-OCHa: -IV R=4-'CI; V R=8-'CI; VI R=4-NO~; VII R=.'I~NO 2 

The kinet ics  of deu te r ium exchange in an alcohol solution of po t a s s ium alkoxide were  studied. The condi-  
t ions under  which the r eac t ion  was c a r r i e d  out and the r e su l t s  of the kinet ic  m e a s u r e m e n t s  a r e  p resen ted  in 
Table  1. 

The r e su l t s  make it poss ib le  to draw the conclusions l i s ted below. 

1. The r a t e  of exchange of the hydrogen a toms of the methyl  group in II is h igher  by a fac tor  o f~20  than 
in the case  of t e t r azo le  I. This  is in a g r e e m e n t  with the data on the e l ec t ron -dens i ty  dis t r ibut ion in the methyl  
de r iva t ive  of t e t r azo le .  The e lec t ron  charges  on the r ing  s - c a r b o n  a tom and on the hydrogen a toms of the 
methyl  group calculated by the CNDO/2 (complete neglec t  of d i f ferent ia l  overlap)  method a r e  h igher  for  II 
(Aq~_ C =0.1629, AqH=0.0271) than for I (Aq~_ C =0.1570, AqH=0.0225).  The qH values  for 5 -me thy l t e t r azo le s  
sa t i s fy  the genera l  r e la t ionsh ip  between the logar i thms  of the r e l a t ive  r a t e  constants  for deu te r ium exchange 
and the e lec t ron  cha rges  (qH) that  was p rev ious ly  es tab l i shed  for  a s e r i e s  of  f i v e - m e m b e r e d  a roma t i c  h e t e ro -  
cycles  [3]. 

The r e su l t s  of a study of the IR spec t ro scop ic  p a r a m e t e r s  of the methyl  groups in t e t r azo l e s  conf i rm the 
above conclusion: Higher  in tensi ty  of the band of the C - t I  s y m m e t r i c a l  s t re tching v i b r a t i o n  is observed  for  the 
methyl  group in I [(AcHS)~/~ =20.4] than for  t e t r azo le  II [AcHS) 1/2 =15.8]. 

It  has been  es tab l i shed  [2, 4] that  the e lec t ron ic  effect  of  s e v e r a l  he t e roa toms  on the spec t r a l  and kinetic 
c h a r a c t e r i s t i c s  of the methyl  groups in azoles  with d ive r se  s t r u c t u r e s  is de te rmined ,  as a rule ,  by the sum of 
additive contr ibut ions made by the individual he t e roa toms  or  subst i tuents ;  the poss ib i l i ty  of examinat ion  of 
methyl  de r iva t ives  of f iVe-membered  h e t e r o a r o m a t i c  compounds in a single r eac t ion  s e r i e s  with substi tuted 
toluenes and s i x - m e m b e r e d  ni t rogen he t e rocyc l e s  was a lso  demons t ra t ed .  According to [2], the data onthe ex-  
change capac i t ies  of the methyl  groups flu f ive-  and s i x - m e m b e r e d  a r o m a t i c  he t e rocyc l e s  sa t i s fy  the c o r r e l a -  
t ion express ion*  

Iogk~o =--15.9+7.6Z~-(o~ (1) 

With al lowance for the pecu l ia r i t i e s  of the m e c h a n i s m  of t r a n s m i s s i o n  of the e lec t ron ic  ef fec ts  that  a r e  
spec i f ic  for f i v e - m e m b e r e d  he t e rocyc l e s  [2], the ef fec t  of  the four ni t rogen h e t e r o a t o m s  on the CH-acid  center  
in m e t h y l t e t r a z o l e s  I and II can be c h a r a c t e r i z e d  by the sum of the cor responding  ~- and o ~ constants  (o~-2_ N = 

1.0, ff~ =0.8, ~~ =0.5, ~~ =0.7, or- 2 -N(R) = - 0 . 1 ,  and r  = - 0 . 6 )  [2, 5]. The appl icat ion of ex-  
p r e s s i o n  (1) to the methyl  de r iva t ives  of  t e t r azo l e  shows that  the deu te r ium-exchange  ra t e  constants  calculated 
f r o m  an additive scheme for I [Ea- (~  ~ =1.7] and for II [~' ~- ( r176  =2.1] a re  th ree  to five o r d e r s  of magnitude 
h igher  than the exper imen ta l  va lues .  The r e a s o n s  for this a r e  not comple te ly  c lea r .  The s t e r i c  effect  of  the 
phenyl r ing  on the adjacent  methyl  group in t e t r azo le  II is not of dec is ive  s ignif icance,  s ince no apprec iab le  
changes in the ~xchange capac i t ies  of  the methy l  group in the 2 posi t ion were  obse rved  in contro l  expe r imen t s  
that  we c a r r i e d  out in the case  of deu te r ium exchange of 1 ,2 -d imethyl imidazole  (VIII) and 1 -pheny l -2 -me thy l -  
imidazole  (IX) (the deu te r ium-exchange  r a t e  constants  for  VIII and IX at 105~ in a 0.57 N solution of po t a s s ium 
ethoxide in d l -e thanol  a re ,  r e s p e c t i v e l y  1.3 �9 10 -5 sec  - i  and 1 .5 .10  -~ sec - l ) .  One cannot exclude the poss ib i l i ty  
that  the ~ constants  used,  which were  es t imated  f r o m  data on the r eac t iv i t i e s  of s i x - m e m b e r e d  ni t rogen h e r e t o -  
cyc les ,  i .e. ,  compounds with dis t inct ly e x p r e s s e d  bas ic  pzoper t i e s  (pK a ~5),  a re  not a lways sui table  for the 
quant i ta t ive desc r ip t ion  of the e lec t ron ic  effects  of s e v e r a l  n i t rogen h e t e r o a t o m s  in t e t r azo le s  and re la ted  c o m -  
pounds in which the bas ic  p r o p e r t i e s  are  mani fes ted  e x t r e m e l y  weakly ~pK a < - 2 )  [6]. In fact,  the constants  de-  
t e r m i n e d  in the indicated way may  at l eas t  in pa r t  contain contr ibut ions due to specff ic  solvat ion of the ni t rogen 
h e t e r o a t o m  by the solvent  molecu les ,  tt is known that  the ro le  of this effect  in the changes in the re la t ive  r e -  
ac t iv i t ies  of  n i t rogen-conta in ing  compounds is e x t r e m e l y  l a rge  [5, 7]. In pa r t i cu la r ,  the abil i ty of the ni t rogen 
h e t e r o a t o m  in pyr idine and its de r iva t ives  to mani fes t  a r e sonance  effect  is de te rmined  to a cons iderable  ex-  
tent  by speci f ic  solvat ion [7]. 

* The r a t e  constants  for  deu te r ium exchange per ta in  to a 0.57 N solution of po t a s s ium ethoxide in all-ethanol . 
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TABLE I .  

5 '  Meth, 
Corn: 

pound 

I 
II 

IlI 

IV 

V 
vI 

vii 

Kinet ics  of  Deute r ium Exchange in the Methyl Groups of 
4 t e t r azo le s  

R Me~um a 

H A (0,6 N) 
H A (0,1 N) 

B (0,I N) 

4-OCH3 B (0,I N) 

4-C1 B (0,1 N) 

3-Cl B (0,1 NL 
4-NO2 (0,005 r~ ) 
3-N0~ B (0,005 N) 

Temp., 
'C 

50 
50 
25 
35 
50 
30 
40 

26 
35 
25 
25 
25 

k . 1 0  s, -Igk 25 ~  
s e a  - I  

1,7  6,5 
6,0 5,0 
0,93 c, d 
3,9 

22,0 . 
0,62 d 5,7 
2,0 

l 1 ,0  , 
0,76 d 4,6 
2,7 
8,1 
2,3 4,6 
5,3 3,0 
4,3 3,1 

7: C Ha' 
ppm 

2,64 
2,62 

2,57 

2,59 

2,62 
2,72 
2,69 

a The following symbols  we re  adopted: A =CD3OK+ CDsOD , and 
B =C2II5OK +C2II5OD (the concentra t ion of the b a s e  is indicated 
in pa ren theses ) ,  b i n  a solution of 0.1 N C2H5OK+C2tt5OD. 
c F r o m  the data  in [2]. dAct iva t ion  p a r a m e t e r s  [E (kcal/mole),  
log A]: II 25.0; 13.2; III 22.6, 11.4; IV 20.9. 10.8. 

The fact  that  the local  s pec t ro s cop i c  p a r a m e t e r s  of  the methyl  group (ACH and 6CII3 ) m e a s u r e d  in an 
iner t  solvent  (CCl 4) a r e  subjec t  to the additivity ru le  [4] also p rov ides  evidence in favor  of the conclusion 
that  the deviat ions  noted a r e  influenced by solvat ion.  

2. The effect  of  the subs t i tuents  in the phenyl por t ion  of the molecu les  on the r a t e  of deu te r ium exchange 
of the methy l  group in the 1 - ( R - a r y l ) - 5 - m e t h y l t e t r a z o l e  s e r i e s  is sa t i s fac to r i ly  conveyed by cor re la t ion  ex-  
p r e s s i o n  (2), which, despi te  the incomple te  coplanar i ty  of  the molecu les  [8], shows the p re sence  of conjugation 
between the t e t r azo l e  and a ry l  f r a g m e n t s  : 

log k =  -5 .3+3.0o  ~ (r=0.9967; n=6)  (2) 

By compar ing  the sens i t iv i ty  constants  (p) in expres s ions  (1) and (2) one can e s t ima te  the magnitude of the 
br idge  effect ,  which is c h a r a c t e r i z e d  in this case  b y  a t r a n s m i s s i o n  coefficient  of  0.36. 

A c o m p a r i s o n  of  the kinet ic  data  obtained in this r e s e a r c h  with the r e su l t s  in [6] shows that  the re  is a 
definite co r r e l a t i on  between the t r end  of the change in the kinet ic  CH-acid i ty  and the bas ic  d issocia t ion  con- 
s tants .  However ,  in con t r a s t  to the deprotonat ion reac t ion  that we studied, the effect  of subst i tuent  R on the 
bas i c  p r o p e r t i e s  of  the t e t r azo l e  molecu les  p roceeds  via  an induction m e c h a n i s m  according to [6]. 

3. The r a t e s  of  the exchange r eac t i ons  of  I -VII  a re  comparab le  to the r a t e s  of  deu te r ium exchanges in 
s i x - m e m b e r e d  n i t rogen h e t e r o c y c l e s  with "ac t ive"  methyl  groups (4-methylpyr idine ,  2- and 4-methylquinoline,  
etc.)  [5]. f l owere t ,  in con t r a s t  to the la t t e r ,  which r ead i ly  undergo condensation with aldehydes,  diazonium 
sa l t s ,  etc.  [9], the invest igated me thy l t e t r azo le s  I -VII  a re  iner t  with r e s e p c t  to Mectrophi l ic  r eagen t s .  

To de t e rmine  the pecu l i a r i t i e s  of  the s tepwise  r eac t ion  m e c h a n i s m  m o r e  p r e c i s e l y  we m e a s u r e d  the 
kinet ic  isotope 6ffect  (KIE) in the case  of  deu te r ium (tri t ium) exchange of d e u t e r i u m -  and t r i t i um-subs t i t u t ed  
1 - p h e n y l - 5 - m e t h y l t e t r a z o l e  with a 0.1 N solution of p o t a s s i u m  methoxide in methanol .  The re la t ive ly  high KIE 
( k D / k T ~ l . 8  at  45~ provides  a bas i s  for  themonclus ion that  as in the case  of  other  methyl  de r iva t ives  of  
a r o m a t i c  he t e rocyc l e s  [5], the exchange reac t ion  of me thy l t e t r azo le s  p roceeds  v ia  a carbanion m e c h a n i s m  and 
that  the s tep involving f ragmenta t ion  of the C - I f  bond to give the carbanion is the r a t e - d e t e r m i n i n g  step.  The 
absence  of  a co r r e l a t i on  between the Ci i -ac id  p r o p e r t i e s  and the r eac t iv i t i e s  in e lec t rophi l ic  condensation may  
be a consequence of both the inadequate comparab i l i t y  of  the conditions under  which the p r o c e s s e s  under  the 
c o m p a r i s o n  were  c a r r i e d  out and the fact  that  the cour se  of the condensation reac t ions  may be de te rmined  not 
only by the r a t e  of  c leavage of the C - H  bond but also by the conditions that  de te rmine  the poss ib i l i ty  of  sub-  
sequent  r eac t ion  of the resu l t ing  carbanion  with the e lec t rophi l ic  agent. 

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

Compound I was obtained by the r eac t ion  of acetaldehyde phenylhydrazone with 2 ,4 ,6 - t r ib romophenyl  
a#ide [10]. The Dimroth  method,  which is based  on the reac t ion  of the cor responding  arenediazonium sa l t s  with 
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a diacylhydrazine [11], was used for the synthesis of H-VII. The individuality of the compounds was confirmed 
by elementary analysis, thin-layer chromatography (TLC) [Silufol UV-254, chloroform-alcohol (13 : 0.5)], and 
the PMR spectroscopic data (the data are presented in Table 1; the spectra were recorded with a Perkin-  
Elmer R-12B spectrometer from CDC13 solutions relative to hexamethyldisiloxane). The method used to study 
the exchange reaction was described in [12]. In the isotopic exchange of I and II with a solution of potassium 
methoxide in deuteromethanol (CD3OD) the percentage of deuterium was determined by PMR spectroscopy from 
the change in the integral intensity of the signal of the protons of the methyl group. In the case of deuterium 
exchange in a solution of potassium ethoxide in ethanol (C2H5OD) the isotopic analysis of I-VII was accomplished 
by IR spectroscopy from the change in the extinction coefficients of the bands of the deformation vibration of the 
methyl group at 1090 and 1415 cm -1. The tr i t ium activity was measured by a scintillation method. 
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