
H E T E R O C Y C L I C  A N A L O G S  O F  P L E I A D I E N E  

XXXI I I .* TAUTOMERI SM OF 2-ACETAMI DOPERIMI DINES AND THEIR 
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It :was es tab l i shed  by IR and PMR spec t roscopy  that  2 - a c y l a m i n o - l - a l k y l p e r i m i d i n e s  and 2-  
a ce t amtdo - l -m e t hy l nap t h [  2,3.-d] imidazole  exis t  in the nonaromat ic  acyl imino f o r m  in the 
c rys ta l l ine  State and in solution. 2 -Ace tamido-4 ,5 -d iphenyl imtdazo le  ex i s t s  in the acy l -  
amino fo rm in the solid s tate  and in solution. 2 -Acetamido  de r iva t ives  of  1 - m e t h y l b e n z i m i -  
dazole and 1 -me thy l -  and 3-methyinapth[1 ,2-d] imidazoles ,  for  which a shift  to favor  the 
acyl imino f o r m  is obse rved  only in solution, occupy an in te rmedia te  posi t ion.  It is con- 
cluded that the re la t ive  a romat ic i t i e s  of the h e t e r o s y s t e m s  and the s t rength  of the in t r a -  
mo lecu la r  hydrogen bond in the imino f o r m  affect the posi t ion of the t au tomer i c  equi l ibr ium.  

2 -Aminoper imid ines  differ  f r o m  other  N - h e t e r o a r o m a t i c  amines  with r e s p e c t  to the e x t r e m e l y  high (~ 
2% in solution) percen tage  of the imino f o r m  in the i r  t au tomer i c  mix tu re s  [2]. One t h e r e f o r e  might  have ex-  
pected  that  the i r  N-ace ty l  de r iva t ives  would exis t  comple te ly  in the imino form,  in con t ras t  to the other  amines ,  
for  which it is usual ly  n e c e s s a r y  to introduce a ha loace ty l  group to effect  a complete  shift  of the equi l ibr ium to 
favor  the imine [3, 4]. In this  connection, in the p re sen t  r e s e a r c h  we studied the t a u t o m e r i s m  of 2 - a c e t a m i d o -  
and 2-benzamido  de r iva t ives  of per imid ine .  In addition, for  compar i son  we studied the t a n t o m e r i s m  of 2-  
ace tamido de r iva t ives  of naphth[2,3-d]imidazole ,  naphth[1,2-d] imidazoles ,  benzimidazole ,  and 4 ,5-diphenyl-  

i m i d a z o l e .  

2 - A  c e t a m i d o p e r  i m i d i n e s  

1 -Alky l -2 - ace t amidope r imid ines  (I-HI) theore t i ca l ly  can exis t  in th ree  t a u t o m e r i c  fo rms :  the acetamido 
(Ia-IIIa);, acet imido,  (Ib-IIIb), and imidol  (Ic-IIIC) fo rms .  The data f r o m  the IR (Table 1) and PMR (Table 2) 
s p e c t r a  make it poss ib le  to unambiguously  exclude the Ia fo rm.  In fact ,  the bands of s t re tch ing  v ibra t ions  of 
f ree  and even assoc ia ted  NtI groups are  absent  in the IR s p e c t r u m  of 1 - m e t h y l - 2 - a c e t a m i d o p e r i m i d i n e  (I) in 
both the c rys ta l l ine  s tate  and in a dilute solution in ch lo ro fo rm (Fig. 1, s p e c t r a  a and b); this  const i tutes  
evidence for v e r y  s t rong chelation of the NH proton,  which is poss ib le  only in the  Ib or  Ic fo rm.  The low-field 
posi t ion of the chemica l  shift  of this proton in the PMI~ s p e c t r u m  of I in CDC13 (5 13.45 ppm; the s ignal  vanishes  
when a drop of D20 iS added to the solution) also speaks  in favor  of  chelation of this type.  Another  c h a r a c t e r i s -  
t ic  fea ture  o f t h e  IR s p e c t r u m  of I is the s t rong  shift  of  the v C = O  band to the low-f requency  side.  The spec -  
t r u m  of I contains th ree  peaks  at 1500-1700 cm -I  . The peak  of med ium intensi ty at 1650 cm -1 evidently be -  
longs to the s t re tch ing  v ibra t ions  of the C = N  bond in the Ib fo rm.  The bands at 1610 and 1590 cm - i  have high 
in tens i t ies .  The f i r s t  band is typica l  for  2 ,3-d ihydroper im[dine  s t r u c t u r e s  [1], such as that  of the Ib form,  and 
mos t  l ikely is r e l a t ed  to the s t re tch ing  v ibra t ions  of  a romat i c  C ~ C  bonds act ivated by p e r i - a m i n o  groups .  
Thus the band at 1590 cm -I  in the s p e c t r u m  of I can be ass igned to v C ~ O "  

We synthes ized fixed model  f o rms  IV and V, which co r respond  to t a u t o m e r s  Ia and lb. The v C = O  band 
in the IR s p e c t r u m  of IV is found at 1690 cm -1 (Fig. l ) ,  i .e. ,  in the usual  region for  amides  of this type [3, 4 ]. 
On the o ther  hand, the intense peak  at 1510 c m  -1 in the s p e c t r u m  of fixed ace ty l imine  V evidently belongs to 
the v C = O  vibra t ions  (Fig. 1). The v C 3 0  bands in the s p e c t r a  of 1 ,3 -d imethy l -2 -ace t imidobenz imidazo l ine  
[5] and 1 ,3 -d ime thy l -2 -ace t imido-4 ,5 -d ipheny l imidazo l ine  (XI) a re  found in p r e c i s e l y  this region (Table 1). 

* See [1] for communica t ion  XXXII. 
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Such a pronounced shift of the ca rbony labsorp t ion  to the low-frequency region is explained [5] by the con- 
s iderable  contribution of dipolar  s t ruc tu re s  of the Vb type to the resonance  hybrid.  The contribution of a l imi t -  
ing s t ruc tu re  of the Vb type in s t ruc tu re  Ib is evidently sma l l e r  because  of the hydrogen atom attached to the 
endocycl ic  N atom, and the v C = O  band in the spec t rum of Ib t h e r e f o r e  occupies a position in termediate  be-  
tween the UC - - O  bands in the spec t ra  of IV and V. 

The d i f fe rences  in the chemical  shifts of the a romat ic  r ing protons in the spec t ra  of I, IV, and V are ex-  
t r e m e l y  cha rac t e r i s t i c .  The 4-H and 9-H protons give two quar te ts  with markedly  different  chemical  shifts in 
the PM1R spec t rum of model  acylamino fo rm IV (Table 2); this is typical  for  1-subst i tuted per imidines  [6]. The 
4-H and 9-H protons in the PMR spec t rum of acetyl imine V are  chemical ly  and magnet ical ly  equivalent and 
give one quar te t  with an intensi ty of  two proton units.  These  protons also give one quar te t  in the spec t rum of 
I, i .e . ,  although they a re  chemical ly  nonequivalent,  the i r  magnetic  environments  are almost  identical.  This 
fact makes it possible to exc lude  the Ia s t ruc tu re  and evidently the Ic s t ruc tu re  for 1 -me thy l -2 -ace t amidope r -  
imidine, leaving only chelated imine s t ruc tu re  Ib as the c o r r e c t  s t ruc tu re .  

The IR spec t ra  of II and HI, as well  as 1 -methy l -2-benzamidoper imid ine  (VI) and 1 -methy l -2 -ace tamido-  
aceper imidine  [7], differ  l i t t le f rom the spec t rum of I~ Weak absorpt ion at 2700-3200 cm - i  is observed only for 
the spec t r a  of solutions of III and IV in ch loroform;  this indicates less  chelation of the proton in these cases .  

A study of the t au tomer i sm  of 2 -ace tamido-  (VII) and 2-benzamidoper imidine  (VIII) led to somewhat un- 
expected conclusions.  Solutions of these compounds (Fig. 1 and Table 1) give bands of both associated (2600- 
3350 cm -1) and f ree  (vNH 3435 and 3440 cm -1 for VII and VIII, respec t ive ly)  NH groups; the position of the 
la t ter  is typical  for  2 -amino-  [2] and 2-a lkylaminoper imidines  [8] but differs  f rom the position in the spec t rum 
of 1 ,3 -d imethy l -2 - imino-2 ,3 -d ihydroper imid ine  (VNH 3375 cm -1) [2]. In addition, the v C ~ O  band in the spec-  
t r u m  of VII is found at 1702 cm -1, as compared  with 1640 cm -1 for  VIII. On the basis of this, it may be con- 
cluded that  VII and VIII exis t  in the amino form.  There  is no doubt that the la t ter  is rea l ized  owing to an in t ra -  
molecu la r  hydrogen bond (IHB) between the pyr ro le  NH group and the carbonyl  oxygen atom. In 1 -a lky l -2 -ace t -  
amidoper imidines  (I-III, VI) the loss in ene rgy  on pass ing to the nonaromat ic  imino fo rm is evidently more  
than compensated for by the gain in energy  due to the format ion of a s t rong IHB. In VII and VIII the re  is a 
possibi l i ty  for the format ion of IHB with the simultaneous re tent ion of the a romat ic  s t ruc tu re  of the ring, and 
this also ensures  the i r  exis tence  in the amino form.  

In teres t ing  conclusions regard ing  the s t ruc tu re  of 2-ace tamidoper imidines  can be drawn on the basis of 
the i r  color .  It is known that  per imid ines  are br ight-yel low compounds, whereas  2,3-di l iydroperimidines are 
co lo r less  compounds. Color less  2-aminoper imidines  consti tute the only exception in the per imidine  se r ies  [2, 
7, 8], We have previous ly  expres sed  the opinion that the low-intensi ty  band at 400 nm, which is responsib le  
for  the color  of per imid ines  but does not follow Bee r ' s  law, is due to the format ion of in te rmolecular  aggre-  
gates of the CTC (cha rge - t r ans fe r  complex) type [9]. In these aggregates  charge is t r a n s f e r r e d  f rom the 
negat ively charged naphthalene f ragment  of one molecule of the corresponding per imidine  to the effect ively 
posi t ively  charged he te ro r ing  of another molecule and vice v e r s a  (perimidines are  the s t rongest  7r donors and 
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Fig. 1. IR spec t ra  of 2 -ace tamidoper -  
imidines: a) in chloroform;  b) in min-  
e ra l  oil .  

good e lec t ron  accep te r s  [6, 10]}. The disappearance of co lor  in the ca seo f  2-aminoper imidines  can be ex-  
plained by the fact that the posit ive charge of the he te ro r ing  in them is reduced substant ial ly because  of the 
+M effect  of the amino group, which prevents  in te rmoleeula r  charge t r ans fe r .  The fact that IV is yellow p ro -  
vides evidence in favor  of this explanation. It is logical  to imagine that the N-ace ty l  group in IV prevents  
migra t ion of the pai r  of e lec t rons  of the N atom to the he teror ing ,  as a resu l t  of which posi t ive charge sufficient 
for  the format ion o f aCTC is re ta ined  in the la t te r .  Compounds VII and VIII a re  also yellow; this ,  in the light 
of what we have said above, const i tutes additional evidence in favor  of thei r  amino s t ruc tu re .  On the other  hand, 
all of  the 1-a lky l -2-acy laminoper imid ines  (I-III, V, VD are  color less ;  this is explained by the i r  exis tence in 
the imino form,  since they a re  der iva t ives  with a 2 ,3-dihydroper imidine s t ruc tu re  (2-acetamidoaceper imidines  
consti tute an exception, since vir tual ly  all aceper imidines  are  yellow because  of the effect  of the CH~-CtI 2 
bridge}. The absence of color  probably makes it possible to exclude for I - i i I  the imidol s t ruc tu re  (Ic-IIIc), 
which, since it is an azomethine s t ruc ture ,  mos t  l ikely would be colored,  in analogy with 2-benzyl ideneamino-  
per imid ines  [7]. 

2 - A  c e t a m i d o i m i d  a z o l e s  

According to the IR spec t roscopic  data (Fig. 2, spec t rum a), l -me thy l -2 -ace tamido-4 ,5 -d ipheny l imida-  
zole in ch loroform solution exis ts  exclus ively  in the acylamino fo rm (IXa), to whieh the intense v C ~---O band 
at 1732 cm -i  and the band of s t re tching vibrat ions of f ree  NH groups at 3425 crn -i  cor respond.  The v C ~ O  
band of model acylamino fo rm X is found in the same region (1690 era-i) ,  whereas  the v C = O  band in the IR 
spec t rum of fixed acylimino fo rm XI is eonsiderably  lower (1550 cm -I) (Table 1). Somewhat unexpectedly, 
two v C ~ O  bands are p resen t  in the IR spec t rum of a c rys ta l l ine  sample of IX (Fig.2, spec t rum b). Judging 
f rom the i r  posit ion (1745 and 1700 cm-i) ,  they both belong to the  a romat i c  acylamino fo rm of IX and most 
l ikely cha rac t e r i ze  two types of bonding of the acylamino groups (XII and XIII) due to in termolecular  hydrogen 
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T A B L E  1. IB S p e c t r a  o f  2 - A c e t a m i d o  D e r i v a t i v e s  

YNH Com . . . . . .  

pound '.n r 

I 
lI 

III 
IV 
V 

VI :823)-w 

VII 343~ w 
327~ w 
324s w 
318C w 
3440 w 
328{] w 
342fi w 

33~ w 

3420 w 
3270 w 
3420 
3240 ~' 

XVI I 3300 w 

VIII 

IX c 

X 

XI 
XIV 

XV 

XVI 

X'C:O ~'C=N 

in in . . . .  i n  
mineral in CHCIz mineral in CHCI+ n inera l  
oil oil oil 

3470 w 
3200 w 

3 1 ~ w  
3050w 
3260 w 
3180 w 
3460w 
3370w 
3150 w 
3280 w 

-- 159Or.s, a 
1590v.s 
1588v.s 
1690s 
15lOS 
1590 v.s 

1702m 

1640s 

1732s 

1690 v.s 

1550 s 
1563 v.s 
1715 w 
1710m 
1560 
1710m 
1565 VoS 

1580 v.s 

1590v.s 
1590 v.s 
I585 v.s 
1680 m 
1510s ...... 
1620 s 

1745 
1700 sm 
1690 v.~ 

1550 v.s 
1700 v,s 

1700 s 

1690 s 

1580 v.s 

~C~C 

...... li n 
in cHct~ mineral 

oil 

1650m 
1650m 
1645m 
1640 s 
1640m 
1650 s 

1650 s 

(I640) b 

1632m 

1635m 

1640 w 

1650 w 

1650m 1610 s 
1650m 1610 s 
1645m. 1610 s 
1650m 1595 s 
1640m 1600 s 
1650m 1610 s 

1610 s 
1555 m 

$ 

S 
1610 
1590 
1610 s 
1570 In 
t610 in 
150 s 
1610 s 

1630m 1600 s 

1630 m 1595 s !6!0 
1570 

1640 w 1595 s 1600 
1560 

1650 w !605 s 1590 

I610 s 
I610 s 
1610 s 
1590 s 
1600 s 
1600 s 
1560 s 

1610 
1540 m 
1610m 
1530 s 
t600 s 
1600 w 
1575 s 

s 
s 
m 
m 

aAbbreviations: v.  s i s  v e r y  strong, s is strong, m is  medium, and w 
is weak. 
bThe UC ~---0 bands is covered.  CIn contrast to the perimidine 
derivat ives ,  the bands of  the stretching vibrations of  the C = N  
bond in the spectra  of  IX-XI do not show up distinctly, and they 
are therefore not noted in the table. 

T A B L E  2.  C h e m i c a l  S h i f t s  o f  t h e  P r o t o n s  in  t h e  P M B  S p e c t r a  

Corn- 5 ppm (B CDCI~) 
pound N--CH~ cocll~ NH aromatic ring protons 

I 
IV 
V 

VII 
X 

XI 
XIV 

XVI 
XVII 

3,33 
3,08; 3.1 

3,42 

3- 2 
3,30 
3,55 

3,70 
3,59 

2,13 
2.12 
2,17 
2,05 
1,85 
2,14 

2,20; 2,23 
(6: I) 
2,22 
2,20 

13,45 6,37 (q, 4-and 9-H): 7,13 (m) 
6,15 (q. 9-H): 6,72 (q ,  4-H); 7,1 (m) 
6,62 (q. 4-and 9-1-I); 7,22 in) 
6,37 (q, 4-and 9-H); 7,07 ('m) 
7,12 rm) 
7,20 Ira) 
7,10 (m) 

7.47 (m) 
7138 {r~) 

b o n d s  d u r i n g  p a c k i n g  o f  t h e  m o l e c u l e s  in  t h e  c r y s t a l  l a t t i c e .  A s s o c i a t i o n  o f  t h e  XI I  t y p e  i s  w e l l  k n o w n  f o r  s u b -  
s t i t u t e d  a m i d e s  [11],  w h i l e  d i m e r s  o f  t h e  XI I I  t y p e  m a y  d e v e l o p  o w i n g  t o  t h e  p r e s e n c e  in  t h e  m o l e c u l e  o f  a 

h i g h l y  b a s i c  p y r i d i n e  h e t e r o a t o m .  I t  s h o u l d  b e  n o t e d  t h a t  n o n e  o f  t h e  a c y l a m i n e s  i n v e s t i g a t e d  b y  u s  ( w h i c h  

e x i s t  i n  t h e  a m i n o  f o r m )  d i s p l a y e d  t w o  v C = O  b a n d s  in  t h e  s o l i d  f o r m .  W e  a s c r i b e  t h i s  to  t h e  i n c r e a s e d  

b a s i c i t y  o f  t h e  i m i d a z o l e  r i n g  in  4 , 5 - d i p h e n y l i r n i d a z o l e  (pKa 5..90) a s  c o m p a r e d  w i t h  b e n z i m i d a z o l e  (pK a 5 .50)  

a n d  n a p h t h i m i d a z o l e s  (pK a 5 . 2 - 5 . 3 )  [12],  f o r  w h i c h  o n l y  a n  a s s o c i a t i o n  o f  t h e  XII  t y p e  i s  _ c h a r a c t e r i s t i c  b e -  

c a u s e  o f  t h i s .  S i n c e  t h e  v C - - O  b a n d  f o r  s o l i d  s a m p l e s  o f  X I V - X V I I  i s  f o u n d  a t  1700  c m  - i ,  t h e  l e s s  i n t e n s e  

PC = O  b a n d  a t  1 7 4 5  e r a - i ,  i n t ~ e  s p e c t r u m  of  I X  c a n  b e  a s c r i b e d  t o  ~ a g g r e g a t e s .  

A c c o r d i n g  to  t h e  II~ s p e c t r o s c o p i c  d a t a  ( F i g .  2,  s p e c t r a  a a n d  b) ,  l - m e t h y l - 2 - a c e t a m i d o b e n z i m i d a z o l e  

e x i s t s  in  t h e  c r y s t a l  s t a t e  in  a c y l a m i n o  f o r m  X I V a ( v  C = 0 1 7 0 0  c r n  - i )  [4]; h o w e v e r ,  we h a v e  e s t a b l i s h e d  t h a t  in  

s o l u t i o n  i m i n o  f o r m  X I V b ,  t h e  v C - - O  b a n d  o f  w h i c h  c a n  b e  o b s e r v e d  a t  1563  c m  - I ,  b e c o m e s  t h e  d o m i n a n t  f o r m .  

T h e  i m i n o  f o r m  e v i d e n t l y  i s  in  e q u i l i b r i u m  w i t h  a s m a l l  a m o u n t  o f  a m i n o  t a u t o m e r  X I V a  in s o l u t i o n ,  s i n c e  a l o w -  

i n t e n s i t y  b a n d  t h a t  i s  d i f f i c u l t  t o  a s s i g n  t o  a n y  o t h e r  a b s o r p t i o n  i s  o b s e r v e d  a t  1715  c m  - I .  T h e  s h o u l d e r  a t  
3420  c rn  - I ,  w h i c h  c a n  b e  a s c r i b e d  to  t h e  b a n d  o f  f r e e  s t r e t c h i n g  v i b r a t i o n s  o f  t h e  NH g r o u p  in  X I V a ,  a l s o  p r o -  

v i d e s  e v i d e n c e  in  f a v o r  o f  t h e  p r e s e n c e  o f  t h e  a m i n o  f o r m  in  s o l u t i o n .  T h i s  s h o u l d e r  i s  f o u n d  o n  a b r o a d  b a n d  

e e n t e r e d  a t  3300  c m  - I ,  w h i c h  b e l o n g s  to  t h e  NH g r o u p  o f  a c y l i m i n o  f o r m  X I V b  w i t h  a n  IHB.  H o w e v e r ,  t h e  
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Fig. 2. I1R spectra of 2-acetamido derivatives of 4,5-diphenylimidazole 
and benzimidazole: a) in chloroform; b) in mineral oil. 

Fig. 3. IR spectra of 2-acetamido derivatives of naphthimidazoles: a) 
in chloroform; b) in mineral oil.  

TABLE 3. 

C o m -  

pound  

I 
II 

ItI 
IV 
V 

VI 
VII 

VIII 
IX 
X 

Xt 
XIV 
XV 

XVI 
XVII 

Synthesized Compounds 
Found, a] ~ 

rnp, ~ (solvent) 

219 twater) 
207 (water) 
!52 (water) 
94 (octane) 

187 (egtyl acetate) 
2 l 2 (toluene) 
221 (toluene) 
236 (toluene) 
198 (aqueous alcohol 
161 (octane) 
174 ,(octane) 
182 (methanol) 
237 (ethyl acetate) 
190 (ethyl acetate) 
240. (ethyl acetate) 

c I i ;  I 

._! 
71,0 ]6,0 I 
71,8 6,2 
71,3 6,1 
71,2 6,1 
75,9 4,9 
69,5 5 0 
74,9 417 

7q,8 6.2 I 
74,9 6,2 

- i }  
70,2 5,5 
79,1 
70,4 5.5 t 

Empirical 
• formula 

C ~FI~,~N30 
i614 C,~HisN30 
15,9 C~6HITNaO 
16,2 CLsHIsN30 
16,3 ClsH~sNaO 
t3,7 CI6H~sNaO 
18,6 C~aHnNaO 
14s C~aHIaNaO 

-- CIaHI7NaO 
14,0 C19}I19N30 
13,9 CI~HIgN30 

CloHuNaO 
!7,6 CI4HI3N30 
17,3 C~4HiaN30 
17,6 C~j-tLaNzO 

C H 

<1 
71,9 
71,1 
71,1 
75,7 
69,3 
75,2 

74,7 
74,7 

77,3 
70,3 
70,3 

17,6 
15,7 
16,6 
16,6 
13,9 
18,7 
14,6 

13,7 

17,5 
17,5 
17,5 

91 
90 
93 
72 
75 
80 
71 
73 
90 
80 
50 
90 
90 
90 
90 

pos i t ion  ot th is  band (3300 cm -1) and the PMR s p e c t r u m  of XIV ind ica te  weak che la t ion  of the p ro ton  in im ine  
XIVb: The  c h e m i c a l  shif t  of th is  p ro ton  in the s p e c t r u m  of a so lu t ion  in CDC1 a is  9.6 ppm. An i n t e r e s t i n g  fea -  
t u r e  of the PMR s p e c t r u m  of XIV is the sp l i t t i ng  of the s igna l  of the me thy l  p ro tons  of the COCH s group into 
two peaks  at 5 2.20 and 2.23 ppm with a r e l a t i v e  i n t e n s i t y  of 7 : 1. The se  s igna l s  can a lso  be a s c r i b e d  to the 
a c y l a m i n o  and acy l imino  f o r m s ,  r e s p e c t i v e l y ,  but the  c l o s e n e s s  of the c h e m i c a l  sh i f t s  of the CH s and COCIt S 
g roups  of the two t a u t o m e r t c  f o r m s  (Table 2) does not  make  it  poss ib l e  to c o n s i d e r  th i s  conc lu s ion  to be 
su f f i c i en t ly  r e l i a b l e ,  al though it is  ha a g r e e m e n t  with the I1R s p e c t r o s c o p i c  data .  (See Scheme on the fol lowing 
page) .  

Judg ing  f r o m  the i r  IR s p e c t r a  (Fig.  3 and Table  1), the 2 - a c e t a m i d o  d e r i v a t i v e s  of 1 - m e t h y l -  (XV) and 3-  
m e t h y l n a p h t h [ 1 , 2 - d ] i m i d a z o l e s  (XVI) ex i s t  in the a e y l a m i n o  f o r m  (X'Va and XVIa) in the c r y s t a l l i n e  s ta te ,  

97 



O~ 
C 6 H 5 ~  ~ ._  C6 Hs'r--N H '~C_CH 3 c~ Hs",.r--- N 

c6H ~ . ~" c 6 .  5 c ~ . / ' = ' - 7  CH~ 
CH 3 CH 3 CH 3 

IXa IXb X 

COCH 3 CH3 CH3\ C6H.. I t 
~' ~"-  N /C ~ " "  H\  N'.. H--N 

c~.(~_7 . \....o=c / - - N - . . . .  n / / - -  
"CH 3 I 

CH~ COCH3 

Xl Xll Xll! 

H""O 
r 

CH 3 ella 

XIV a XIV b 

~ - -  ~ ~ . . . . . o / /  

? %  - N 

1 ~. 1. is N / l  N / 

CH 3 EH~ CH3 CH3 

XYl a XVIb XVll a XVtl b 

whereas  equi l ibr ium with a ce r t a in  p redominance  of the imino fo rm (2 : 1) is es tabl i shed in solution. The p r e s -  
ence of two v C = O  signals  in the s p e c t r a  of solutions [for example ,  at 1710 cm -1 (the XVIa form) and 1565 
cm -t  (the X-VIb form) for XVI] const i tu tes  evidence for  this conclusion.  The region of s t re tch ing  v ibra t ions  of 
the NH group contains a band at 3420 cm -1, which can be ass igned to a nonassocia ted  NH group in t au tomer  
XVIa, and a diffuse band at 3100-3350 em -1, which is p robably  re la ted  to the bonded (by an IHB) NH proton in 
imine X'VIb. We were  unable to es tab l i sh  the s ignal  of this proton in the PMP spec t rum of XVI, evidently be-  
cause  of its weak chelat ion and the low solubi l i ty  of the compound. We also did not note the spli t t ing of the s ig -  
nals  of the methyl  groups  that  co r r e sponds  to the p r e s e n c e  of two t a u t o m e r s  in solution. However,  as we stated 
above,  the absence  of this spl i t t ing is not solid evidence for  the absence  of t a u t o m e r i s m ,  since the chemica l  
shif ts  of the CH 3 protons  in the s p e c t r a  of the two t a u t o m e r s  a r e  ve ry  close.  

Of all  the invest igated imidazole  compounds,  2 - a c e t a m i d o - l - m e t h y l n a p h t h [ 2 , 3 - d ] i m i d a z o l e  {XVH) (Fig. 3), 
which ex is t s  in imino f o r m  XVIIb with a r e l a t ive ly  weak IHB (VNH 3300 cm -~) in both the c rys ta l l ine  s tate  and 
in solution, is c loses t  to 2 - ace t am i dope r i m i d ine s  with r e s p e c t  to the c h a r a c t e r  of the t an tomer i c  t r a n s f o r m a -  
t ions.  Unfortunately,  its insufficient  solubi l i ty  did not enable us to obse rve  a PMR signal  f rom the NH proton 
in its spec t rum.  

Thus the ra t io  of t a u t o m e r s  of 2 -ace t amido  de r iva t ives  of pe r imid ine  and imidazoles  va r i e s  over  an ex-  
t r e m e l y  wide range:  f rom 2 -ace t amido-4 ,5 -d ipheny l imidazo le s ,  which exis t  in the a roma t i c  acylamino 
f o r m  in solution and in the c rys t a l l i ne  :~tate, to 2 - a c e t a m i d o  de r iva t ives  of 1 - a l k y l p e r i m i d i n e s  and 1-  
a lkylnaphth[2 ,3-d] imidazoles ,  which e x i s t i n t h e  nonaromat ic  acyl imino fo rm.  2-Acety l  de r iva t ives  of benz-  
imidazole  and the angular  naphthimidazole ,  which are  conver ted  to imines  only in solution, occupy an in te r -  
media te  posi t ion.  The chief  fac tor  that  d e t e r m i n e s  the posit ion of the t au tomer i c  equi l ibr ia  of the invest igated 
compounds is evidently the di f ferent  a roma t i c i t i e s  of the cor responding  h e t e r o s y s t e m s .  Thus the REPF  
(resonance ene rgy  per  ~ electron} indexes showed that  the a roma t i c i t i e s  change in the following order :  benz-  
imidazole  > naphth[1, 2 -  d] imidazole  > uaphth[2, 3 -  d] imidazole  > pe r imid ine  [13 ]. This o r d e r  is  in good a g r e e m e n t  
with the tendency of 2 -ace tamido  de r iva t ives  of  the above he t e rocyc le s  to undergo convers ion  to the nonaromat ic  
imino fo rm.  

The s t rength  of the i n t r amolecu la r  hydrogen bond, which s tab i l izes  one or  another  t au tomer ,  should be 
cons ide red  to be another  impor tan t  fac tor  that affects  the t a u t o m e r i s m .  Fo r  example ,  this fac tor  explains the 
ex is tence  of 1-unsubst i tu ted 2 - acy l aminope r imid ines  in the amino fo rm.  
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EXPERIMENTAL 

The IR spectra of the compounds were recorded with a URn20 spectrometer. The PMR spectra were 
recorded with a Tesla BS-467 spectrometer (60 MHz) with hexamethyldisiloxane as the internal standard. 

Compounds I-III, IX, and XIV-XVII were obtained by the method that we previously described for the 
synthesis of I [7]. The properties of the compounds and the results of elementary analysis are presented in 
Table 3. 

1-Methyl -2- (N-methylace tamido)per imidine  (IV). A mixture  of 2.1 g (0.01 mole) of 1 -me thy l -2 -me thy l -  
aminoperimidine [13] and 2 ml (0.02 mble) of acet ic  anhydride was s t i r r ed  at 100oc for 2 h, af ter  which it was 
cooled and t r ea ted  with 20 ml of water  and potass ium carbonate.  The l iberated oil  was ex t rac ted  with 30 ml 
of ch loroform,  and the ex t rac t  was dr ied and passed through a column filled with A1203 (etution with chloro-  
form).  The f i r s t  (yellow) f ract ion was collected and worked up, and the res idue  (a yellow oil) was crys ta l l ized  
f rom octane.  The yield was 1.8 g (72 %). 

2-Ace t imido- l ,3 -d imethy l -2 ,3 -d ihydroper imid ine  (V). A solution of 1 g (5 mmole) of 2 - i m i n o - l , 3 - d i -  
methyl -2 ,3-d ihydroper imid ine  [7] in 3 ml  (30 mmole) of acet ic  anhydride was heated at 100~ for 1 h, af ter  
which it was diluted wtth water  and neutra l ized with potass ium carbonate .  The precipi ta ted c rys ta l s  of a mix-  
tu re  of V and 1 ,3-dimethylper imidone [14] were  removed  by fi l trat ion,  washed with water ,  and dried.  Com- 
pound V was isolated by chromatography (on A1203, elution with CHC13); the second fract ion was collected (the 
p roces s  was moni tored by TLC).  The yield was 0.9 g (75%). 

2-Acetamidoper imidine  (VII). A mixture  of 1.83 g (0.01 mole) of 2-aminoper imidine  [8] and 2 ml (0.02 
mole) of acet ic  anhydride was s t i r r ed  at 100~ for 1 h, af ter  which it was cooled,  diluted with 20 ml of water,  
and neut ra l ized  with potass ium carbonate.  The resul t ing  precipi ta te  was removed  by fi l trat ion,  washed with 
water ,  and dr ied.  The product  was purif ied by chromatography with a column filled with A1203 (elution with 
chloroform).  The f i r s t  (yellow) f ract ion was collected and worked up to give 1.6 g (71%) of br ight-yel low c r y s -  
ta ls  of VII. 

2-Benzamidoper imidines  (VI and VIII). A m ~ e  of equimolar  amounts of the corresponding 2-amino-  
per imidine  and benzoic anhydride was s t i r r ed  at 100~ for 2 h, af ter  which it was cooled and t r i tu ra ted  with 
10%potassium carbonate solution. The solid ma te r i a l  was removed  by fi l tration, washed with water,  and dried.  
The benzamido der iva t ives  were purified by two crys ta l l iza t ions  f rom toluene.  

1 -Methyl -2- (N-methyl -N-ace ty l )amino-4 ,5-d iphenyl imidazole  (X). A mixture  of 1.25 g (5 mmole) of 1- 
methyl -2-methylamino-4 ,5-d iphenyl imidazole ,  obtained by methylat ion of 2-amino-4,5-diphenyl imidazole  in the 
p re sence  of sodium amide by the method in [15], and 1 ml (10 mmole) of acet ic  anhydride was heated at 100~ 
for  2 h, a f te r  which it was cooled, diluted with 20 ml of water ,  and made alkaline to pH 8 with solid sodium bi-  
carbonate .  The l iberated oil was ex t rac ted  with chloroform,  and the ex t rac t  was dr ied.  The solvent was r e -  
moved f rom the ex t rac t  by evaporation,  and the res idue  was c rys ta l l i zed  f rom octane containing activated 
charcoal .  The yield of X was 1.2 g (80~c). 

2 -Ace t imido- l ,3 -d imethy l -4 ,5 -d iphenyl -2 ,3 -d ihydro imidazo le  (XI). A mixture  of 2. 8 g (0.01 mole) of 
2-ace tamido-4 ,5-diphenyl imidazole  [16] and 1.3 g (0.01 mole) of dimethyl  sulfate was heated at 120-130~ for 
4 h, a f te r  which it was cooled and t r i tu ra ted  with 30 ml of water .  The aqueous mixture  was t r ea ted  with solid 
sodium bicarbonate,  and the l iberated oil was ext rac ted  with ch loroform.  The ex t rac t  was dr ied and passed 
through a column filled with A1203, Elution with ethyl acetate gave 1.3 g (46%) of the s tar t ing compound; sub- 
sequent elution with ch loroform gave 1.5 g (50%) of XI. 
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N I T R A T I O N  OF 7~ AND 8 - M E T H Y L - 4 - R - 1 t I - 2 , 3 - D I H Y D R O -  

1 , 5 - B E N Z  ODIA Z E P I N - 2 - O N E S  

Z .  F .  S o l o m k o ,  T.  S. C h m i l e n k o ,  
P.  A. S h a r b a t y a n ,  N. I .  S h t e m e n k o ,  
and  S. I .  K h i m y u k  

UDC 547.892.07 : 542.941.7'958.1 

4-R-8-Methyl-2,3-dihydro-lH-1,5-benzodiazepin-2-ones are nitrated in the 7 position, whereas 
their 7-methyl analogs are nitrated in the 1, 8, or 9 position. The nitration of 4,8-dimethyldi- 
hydrobenzodiazepinone proceeds as pr imary substitution at the Nt atom of the amide group. 
The resulting N~-nitroamide undergoes prototropic rearrangement to the 9-nitro isomer in 
strongly acidic media. 

In the nitration of 1,5-benzodiazepin-2-ones the nitro group enters the 7 position, i.e., the para position 
relative to the amide grouping [1, 2]. In the present research we established that the introduction of a Ctt 3 
group in the 8 position does not change the orientation (although One might have expected the formation of the 
9-nitro isomer). The corresponding 7-nitro compounds (IIa-e) are formed in 78-93% yields from 4-substituted 
8-methyl-2,3-dihydro-1H-1,5-benzodiazepin-2-ones ([a-c) by nitration with potassium nitrate in concentrated 
sulfuric acid. 

la-C I la-C 

I, I I  a R=CHa; b R=C6H~; c R=C6H4OCH3- p 

The 1)MR spectrum of IIa contains two singlets of the 6-H and 9-H aromatic protons (7.56 and 8.57 ppm), 
and the observed shift of 0.77 ppm of the singlet of the methyl group of the benzene ring as compared with the 
signal in the spectrum of the starting benzodiazepinone Ia is in agreement with the usual shift under the in- 
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Moscow 117234. Translated from Khimiya Geterotsiklicheskikh Soedinenii, No. 1, pp. 122-126, January, 1978. 
Original article submitted April 18, 1977. 

100 0009-3122/78/1401-0100507.50 �9 1978 Plenum Publishing Corporation 


