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The f i r s t  r e p r e s e n t a t i v e  of a 1 4 - m e m b e r e d  m a c r o h e t e r o c y c l i c  s y s t e m  - d i b e n z o d i p y r a z o l o -  
5 ,12 -d ihydro [  1.2.5.8,9,  ] 2 ] h e x a a z a t e t r a d e e y n e  - was ob ta ined  by t e m p l a t e  c y c l i z a t i o n  of 5 .5 ' -  
d i c h l o r o - 3 ,  3 ' - d i m e t h y l -  1.1 ' - d i p h e n y l -  4 . 4 ' - a z o p y r a z o l e  with 2 . 2 ' - d i a m i n o a z o b e n z e u e  in 
a p r o t i e  s o l v e n t s  in the  p r e s e n c e  of n ickel ( I I )  a c e t a t e  and p o t a s s i u m  c a r b o n a t e .  

The s y n t h e s i s  of a z a h e t e r o c y e l e s  con ta in ing  a 1 4 - m e m b e r e d  r i ng  with a high d e g r e e  of con juga t ion  is 
a t t r a c t i n g  the  i n t e r e s t  of r e s e a r c h e r s ;  1 , 8 - d i h y d r o [ 1 , 4 , 8 , 1 1 ] t e t r a a z a t e t r a d e c y n e  [1-3] and 1,8- and 2 . 9 - d i h y d r o -  
[ 1 , 2 , 4 , 5 . 8 . 9 , 1 1 . 1 2 ] o c t a a z a t e t r a d e e y n e  [4,5] d e r i v a t i v e s  a r e  known, but  l e s s  s tudy has  been  devoted  to 2 ,9-  and 
5 , 1 2 - d t h y d r o [ 1 . 2 . 5 . 8 , 9 . 1 2 ] h e x a a z a t e t r a d e c y n e  d e r i v a t i v e s  [6, 7]. In o r d e r  to s y n t h e s i z e  the  d ihydro [1 .2 .5 .8 .9 .  
1 2 ] h e x a a z a t e t r a d e e y n e  s y s t e m  we used  t e m p l a t e  e y e l i z a t i o n  of 5, 5 ' - d i e h l o r o -  3 , 3 ' - d i m e t h y l -  1 . 1 ' - d i p h e n y l - 4 , 4 '  - 
a z o p y r a z o l e  ([) with 2 . 2 ' - d i a m i n o a z o b e n z e n e  tII) in the  p r e s e n c e  of n ickel ( I I )  a c e t a t e  and p o t a s s i u m  c a r b o n a t e .  

A h y d r a z o n e  s t r u c t u r e  [8] was  a s s i g n e d  to the  i n t e r m e d i a t e  for  the  s y n t h e s i s  of I, ob ta ined  by coupl ing  
of d i a z o t i z e d  4 - a m i n o a n t i p y r i n e  with 5 - m e t h y l - 2 - p h e n y l - 3 H - p y r a z o l e - 3 - o n e .  The IR s p e c t r a l  da t a  c o n f i r m  
th is  and i n d i c a t e  the  p r e s e n c e  of two C =O g r o u p s :  PC=O 1678 em -1 with i n t e g r a l  i n t e n s i t y  AC= 0 7.1 �9 104 
l i t e r "  m o l e  -1-  cm-2;  IR s p e c t r u m  of 5 - m e t h y l - 2 - p h e n y l - 3 H - p y r a z o l e - 3 - o n e :  z'C= O 1714 c m  -1 with AC= 0 
3.8" 10 ~ l i t e r "  m o l e  -1-  c m  -2 A s m a l l  amount  of a b i s a z o  compound  - 5 - [ [2- [  ( 2 - a m i n o p h e n y l ) a z o ] p h e n y l ] a m i n o ] -  
4-[ ( 5 - e h l o r o - 3 - m e t h y l -  1 - p h e n y l -  1 H - p y r a z o l - 4 - y l ) a z o ] -  3 - m e t h y l -  ] - p h e n y l p y r a z o l a t o ] ]  (2- )n icke l  (W) - is  f o r m e d  
a long with m a e r o c y e l i c [ 9 . 2 0 - d i h y d r o - 3 . 6 - d i m e t h y l - 1  8 - d i p h e n y l d i b e n z o [ f , j ] d i p y r a z o l o [ 4 , 5 - e : - 5 ' . 4 ' - m l ] - l , 2 , 5 , 8 ,  
9 , 1 2 ] h e •  a, Ng.Nla,N2~ ([II) in the  r e a c t i o n  in d i m e t h y l f o r m a m i d e  (DM F) and 
h e x a m e t h y l p h o s p h o r t e  t r i a m i d e  (Hi~IP). An i n c r e a s e  in the  t e m p e r a t u r e  l e a d s  to a d e c r e a s e  in the y i e l d  of III 
and to the  f o r m a t i o n  of r e s i n o u s  s ide  p r o d u c t s .  A d e c r e a s e  in the  amount  of p o t a s s i u m  c a r b o n a t e  c a u s e s  a 
d e c r e a s e  in the  y i e l d  of III. C y c l i z a t i o n  to  III o c c u r s  when W is  r e f l uxed  in DMF in the  p r e s e n c e  of K2CO 3. 
M a c r o c y c H c  p r o d u c t s  a r e  not d e t e c t e d  when the r e a c t i o n  is c a r r i e d  out without  n i c k e l  a c e t a t e .  

M a c r o c y c l i c  che l a t e  III is  c h a r a c t e r i z e d  by high s t a b i l i t y  and does  not l i b e r a t e  a n icke l  ion on t r e a t m e n t  
with c o n c e n t r a t e d  ac id s ;  I\" is  d e m e t a l l i z e d  in m i n e r a l  a c i d s  and f o r m s  b i s a z o c o m p o u n d  V. 

The  m o l e c u l a r  ion p e a k s  in the  m a s s  s p e c t r a  c o r r e s p o n d  to the  p r o p o s e d  s t r u c t u r e s  of I I I -V.  The  IR 
s p e c t r u m  of d e r i v a t i v e  III does  not con ta in  c h a r a c t e r i s t i c  bands  in the  r e g i o n  of s t r e t c h i n g  v i b r a t i o n s  of NH 
bonds ,  the  IR s p e c t r u m  of azo  compound  IV has  the  band of an NH bond at 3330 em -1, and the  s p e c t r u m  of 
p r o d u c t  V con ta in s  a band of an NH bond at 3320 e m  -1 and bands  of an NH 2 group  (Vsv m 3400 and Vas 3490 
em-1) .  Bands  at 690 and 757 e m  -1 c o r r e s p o n d i n g  to the  P~ and vll  v i b r a t i o n s  of a mc~nosubst i tuted b e n z e n e  
r i ng  (C6Hs-N) and at 737 and 757 c m  -1 (ull v i b r a t i o n s  of o - d i s u b s t i t u t e d  be nz e ne  r ings )  a r e  o b s e r v e d  in the  
r e g i o n  of o u t - o f - p l a n e  d e f o r m a t i o n  v i b r a t i o n s  in the  c a s e  of V. 
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Of the  two m e t h y l  s i g n a l s  in t he  PMR s p e c t r u m  of V. the  w e a k - f i e l d  s igna l  c o i n c i d e s  with the  CH 3 s in -  
g l e t  of azo  compound  I and is  ev iden t l y  r e l a t e d  to the  CH 3 g roup  of the  e x t r e m e  p y r a z o l e  r ing ,  w h e r e a s  the  
s igna l  at 2.30 p p m  can  be  a s s i g n e d  to  the  CH 3 g roup  of the  m i d d l e  p y r a z o l e  r ing .  Only one CH 3 s igna l  is  ob-  
s e r v e d  in the  s p e c t r u m  of p r o d u c t  IV b e c a u s e  of the  r a n d o m  m a g n e t i c  e q u i v a l e n c e  of both  CH 3 g r o u p s .  The  
p o s i t i o n  of the  CH 3 s i g n a l  in the  s p e c t r u m  of III c o i n c i d e s  with the  p o s i t i o n  of the  s i gna l  of the  CH 3 g roup  of 
the  m i d d l e  p y r a z o l e  r i ng  in d e r i v a t i v e  V. With the  e x c e p t i o n  of the  w e a k - f i e l d  sh i f t  of 0.5 p p m  of the  s igna l  
of one of the  p r o t o n s  in the  o r tho  p o s i t i o n  r e l a t i v e  to  the  azo  group  in the  b e n z e n e  r i n g s  on p a s s i n g  f r o m  V 
to IV, the  s i g n a l s  of the  CH 3 g r o u p s  and of the  a r o m a t i c  p r o t o n s  do not e x p e r i e n c e  s i g n i f i c a n t  sh i f t s  dur ing  
c y c l i z a t i o n  and c o m p l e x i n g .  

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

The e l e c t r o n i c  s p e c t r a  of 10-4-10 -5 M hep tane  so lu t ions  w e r e  r e c o r d e d  with an  M P S - 5 0 L  s p e c t r o p h o t o m -  
e t e r .  The  IR s p e c t r a  of CC14 (> 3000 c m  -1) and CS 2 (< 2000 cm -1) w e r e  r e c o r d e d  with  a U R - ? 0  s p e c t r o m e t e r ;  
the  s p e c t r u m  of VI was  ob ta ined  f r o m  a CHC13 so lu t ion .  The  m o l e c u l a r  m a s s e s  w e r e  d e t e r m i n e d  with an MS-  
702 m a s s  s p e c t r o m e t e r  at an ion iz ing  vo l t age  of 70 eV; the  v a p o r i z a t i o n  t e m p e r a t u r e s  of the  s a m p l e s  w e r e  160 ~ 
(III and IV) and 140 ~ (V), and the  s p e c t r o m e t e r  had a s o u r c e  wi th  d i r e c t  i n t r o d u c t i o n  of the  s a m p l e  into the  
i o n i z a t i o n  r e g i o n .  The  p e r c e n t a g e  of n i cke l  in c h e l a t e s  III and W was  d e t e r m i n e d  by  an x - r a y  f l u o r e s c e n c e  
me thod  with  an RK-5975 q u a n t o m e t e r  with n lcke l ( I I I )  oxide  as  the  s t a n d a r d .  The  PMR s p e c t r a  w e r e  r e c o r d e d  
with  a V a r i a n  X L - 1 0 0 - 1 2  s p e c t r o m e t e r  at 30 ~ with t e t r a m e t h y l s i l a n e  as  the  i n t e r n a l  s t a n d a r d .  

3 - N  e thy I -  l - p h e n y I -  1 H - p y r a z o l e -  4 , 5 - d i o n e  4 -  ( 1 , 2 - D i h y d r o -  1 , 5 - d i m e t h y l -  2 - p h e n y I -  3 H - p y r a z o l -  3 - o n -  4 :  
y l h y d r a z o n e )  (VI). Th i s  compound ,  with mp 204-205 ~ ( f rom ethanol)  (mp 200-205 ~ [8]), was  ob ta ined  in 93% 
y i e l d  by the  m e t h o d  in [8]. 

5 , 5 ' - D i c h l o r o - 3 , 3 ' - d i m e t h y l - l , l ' - d i p h e n y l - 4 , 4 ' - a z o p y r a z o l e  (I). T r i e t h y l a m i n e  (10 ml)  was  added d r o p -  
w i s e  at  r o o m  t e m p e r a t u r e  to a m i x t u r e  of 19.45 g (0.05 mole )  of VI and 70 ml  of p h o s p h o r u s  o x y c h l o r i d e ,  a f t e r  
which the m i x t u r e  was  r e f l u x e d  at  110-115 ~ fo r  6 h. It was  then  c oo l e d ,  and the  r e s u l t i n g  p r e c i p i t a t e  was  r e -  
m o v e d  by f i l t r a t i o n  and w a s h e d  wi th  t h r e e  5 0 - m l  p o r t i o n s  of co ld  a c e tone  to  g ive  11 g of I.  A p p r o x i m a t e l y  50 
m l  of POC13 was  r e m o v e d  f r o m  the  m o t h e r  l i q u o r  by v a c u u m  d i s t i l l a t i o n ,  and the r e s i d u e  was  p o u r e d  o v e r  100 
g of i c e .  The  aqueous  m i x t u r e  was  coo led  and n e u t r a l i z e d  to pH 7 with 2 M NaOH and f i l t e r e d ,  and the  so l id  
m a t e r i a l  was  w a s h e d  with 50 m l  of a c e t o n e  and d r i e d  to g ive  a n o t h e r  2 g of I. R e e r y s t a l l i z a t i o n  f r o m  g l a c i a l  
a c e t i c  ac id  gave  9.3 g (45%) of I with mp 227-228 ~ (nap 226 ~ [9]). PMR s p e c t r u m  in C C 1 4 : 7 . 3 3 - 7 . 6 9  (10H) and 
2.52 (6H, s) .  

2 , 2 ' - D i a m i n o a z o b e n z e n e  (II). Th i s  compound  was  ob ta ined  by  the  me thod  in [7, 10]. PMR s p e c t r u m  in 
CCl t :  6 .53-7.61 (SH) and 5.43 (NH2, b r o a d  s) .  

[ 9 , 2 0 - D i h y d r o - 3 ,  6 - d i m e t h y l -  1 , 8 - d i p h e n y l b e n z o [ f , j ] d i p y r a z o l o [ 4 , 5 - c  :-  5 ' , 4 ' - m ] [  1 , 2 , 5 , 8 , 9 , 1 2 ] h e x a a z a e y c l o -  
te t radecyanato(2-)-N4,N~,Na4,N~-~ gII) .  A m i x t u r e  of 2.12 g (0.01 mole )  of II, 4.11 g (0.01 mole)  of I, 
2.48 g (0.01 mole )  of n icke l ( I I )  a c e t a t e  t e t r a h y d r a t e ,  5.52 g (0.04 mole )  of K2CO 3 and 70 ml  of DMF was  r e -  
f luxed f o r  7 h. The  c o u r s e  of  the  r e a c t i o n  was  m o n i t o r e d  by  t h i n - l a y e r  c h r o m a t o g r a p h y  (TLC) on Si lufol  UV- 
254 with e lu t ion  by  c h l o r o f o r m .  At  the  end of the  r e a c t i o n ,  the  m i x t u r e  was  coo led  and f i l t e r e d ,  and the  so l id  
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mater ia l  was washed with water until the wash waters gave a negative react ion for carbonate and chloride 
ions. It was then dried and crysta l l ized twice from benzene-methano l  (1 : 3) to give 1.4 g (23'~) of greenish 
finely crystal l ine II with mp 285-290 ~ (dec.). The solubility of the product in CHC13 was ~ 10 -1 M, as com-  
pared with ~ 5 �9 10 -2 M in benzene and carbon tetrachloride;  it was less soluble in DMF, acetone, methanol, 
hexane, cyclohexaue, and ether,  it was soluble in concentrated H2SO 4 ([I was obtained when this solution was 
diluted and neutralized) but insoluble in other mineral  acids and water.  Found: C 62.6; H 3.8; N 23.1; Ni9.1~. 
~Iass spect rum:  605, 606, 607, 608, 609. C32H2~N10Ni. Calculated: C 63.0; H 4,0; N 23.3; Ni 9.8~c, M 607.32. 
Rf 0.82 [benzene -ch lo ro fo rm (1 : 1)]. PMR spect rum (in CDCI3): 6.10-7.40 (18H, complex m) and 2.30 (6H. 
s). Electronic spec t rum (n-heptane): ?~max, nm (log e): 238 (inflec.) (5.12), 242 (5.13), 248 (5.13),257 (inflec.) 
(5.03); 268 (inflec.) {4.76), 272 (inflee.) (4.70), 280 (sh.) (4.57), 291 (4.63), 300 (inflec.) (4.58), 319 (inflec.) 
(4.49), 362 (sh.) (4.19), 386 (sh.) (4.17), 468 (4.53), 670 (sh.) (3.42), 722 (3,66). 

The solution in DMF after  separat ion of I[ was diluted with a fivefold volume of water, and the result ing 
black precipitate was removed by filtration, dried, and dissolved in 50 ml of CHC13. The CHC13 solution was 
chromatographed with a column filled with Chemapol L100/160 p sil ica gel with elutiou by CHC13 to give III 
and IV. Compound IIl was recrys ta l l ized from benzene-methano l  (1:5) to give 0.35 g of III. The overal ly ie ld  
of III was 1.74 g (29%). Two recrys ta l l iza t ion  from benzene-hexane  (1 : 6) gave 0.2 g of IV. 

5-[[2-[ (2-Amiuophenyl)azo]phenyl]amino]- 4-[ (5- chloro-  3-methyl-  1-phenyl- 1H-pyrazol-  4-yl)az o]- 3- 
methyl- l -phenylpyrazola to]]  (2-)nickel (IV). The synthetic conditions were s imi lar  to those in the prepara t ion 
of III. but 1.38 g (0.01 mole) of K2CO 3 was used. At the end of the reaction, the mixture was cooled, and the 
resulting precipi tate  was removed by filtration, dried, and refluxed in benzene-methano l  (1 : 5). The hot mix- 
ture  was filtered to remove 0.35 g of IlL and the solvent was removed from the f i l t rate by distillation. The 
residue was crysta l l ized twice from benzene-hexane  (1:4) to give 1.06 g (16~c) of brown-greenish  fine c rys ta ls  
of IV with mp 250 ~ (dec.). The solubility of the product in CHC13 was ~ 5 - 10 -1 M. as compared with ~ 10 -1 M 
in benzene and CC14 and 5 " 10-2-10 -2 M in acetone, cyelohexane, and toluene. It was less soluble in ethanol. 
methanol, and hexaue, insoluble in water, and soluble, with decomposition, in mineral  acids. Found: C 59.1; 
H 3.9; N 21.5; CI 5.6; Ni 9.6'~c. Mass spect rum:  642, 643, 644. 645, 646. C32H25Nj0C1Ni. Calculated: C 59.5; 
H 4.0; N 21.8; C15.6; Ni 9.1~c. M 643~ Rf 0.69 [benzene -ch lo ro fo rm (1:1)]. PMR spectrum in CC14:8.31 
(1H, d, J = 8  Hz). 6.14-7.78 (17H, m), 5.46 (H, broad s), and 2.47 (6H, s). Electronic spectrum (n-heptane): 
Xmax, nm (log e): 239 (inflec.) (4.60), 253 (4.65), 281 (sh.) (4.54), 311 (inflec.) (4.39), 375 (4.23), 443 (4.27), 
550 (inflec.) (3.70), 630 (sh.) (3.53), 676 (3.66). 

Prepara t ion of III by Cyclization of IV. A 0.64-g (1 mmole) sample of IV was refluxed in 50 ml of DMF 
in the presence  of 0.28 g (2 mmole) of K2CO 3 for 3 h (monitoring by TLC with elutiou by CHC13). af ter  which 
it was diluted with 200 ml of water, and the result ing precipitate was removed by filtration, washed with water, 
and crystal l ized from benzene-methano l  (1 : 3) to give 0.42 g (69%) of 117. According to the PMR and IR spec-  
t ra  and the TLC data. the product was identical to the III obtained above. 

5- [[2- [(2-Aminophenyl) az o]phenyl]amino]-4- [ (5 -ch lo ro -3 -me thy l - l -pheny l - lH-pyrazo l -4 -y l )  azo]]-3-  
methyl - l -phenylpyrazo le  (V). A 1.29-g (2 mmole) sample of IV was dissolved in 80 ml of concentrated HC1, 
and the solution was poured over 200 g of ice. The aqueous mixture was cooled and neutralized to pH 6-7 with 
6 N ammonium hydroxide, and the precipi ta te  was washed with water, dried, and dissolved in 20 ml of CHC13. 
The CHC13 solution was chromatographed with a column filled with si l ica gel (elution with CHCI3). The solvent 
was removed from the eluate by distillation, and the residue was crysta l l ized twice from methanol to give 
0.24 g (21'~) of orange crys ta ls  of V with mp 118-119 ~ The solubility of the product in benzene, toluene, CHCI~, 
acetone, and ether was 5 �9 10-2-10 -1 M, as compared with 5 �9 10-2-10 -2 ]~I in methanol, ethanol, cyclohexane, 
and CC14. It was less soluble in hexane, heptane, and petroleum ether.  Found: C 65.3; H 4.4; C15.9; N 23.5~. 
Mass spect rum:  586, 587, 588, 589. C32H27N10C1. Calculated: C 65.5; H 4.5; C16.1; N 23.9~. M 587.09. Rf 
0.63 [benzene-CHC13 (1 : 1)]. PMR spectrum in CC14:6 .55-7 .63 (18H, m), 5.50 (NH 2, broad s), 10.06 (NH, s). 
2.54 (3H, s), and 2.30 (3H, s). Electronic spectrum (n-heptane), kmax, nm (log e): 217 (4.50), 252 (infleo.) 
(4.37), 329 (4.40), 382 (4.34), 405 (inflec.) (4.27), 4.65 (inflee.) (4.01). 
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R E S E A R C H  ON B E N Z I M I D A Z O L E  D E R I V A T I V E S  

XL[.* SYNTHESIS OF 2-METHYLPYRROLO[1.2-a]BENZIMIDAZOLE 

DERIVATIVES 

P .  V. T k a c h e n k o ,  I .  I .  P o p o v .  
A.  M. S i m o n o v .  a n d  Y u .  V.  M e d v e d e v  

UDC 547.785.5'741.07 

It is shown that 1,2-dialkylbenzimidazoles react  with propargyl  bromide to give 1,2-dialkyl- 
3-(2-propynyl)benzimidazolium hydrobromides ,  the cyclization of which leads to 2-methyl-  
pyrrolo[  1,2-a]benzimidazole derivat ives.  

1.2-Dialkylbenzimidazoles (Ia-e) react  with propargyl  bromide in refluxing ethanol or  n-butanol to give 
1,2-dialkyl-3- (2-propynyl)benzimidazolium bromides  (IIa-e) in good yields,  l>yrrolo[ 1,2-a]benzimidazole 
derivatives (Ilia-e) are  formed in low yields (3-5%) when salts II are refluxed in aqueous sodium carbonate 
or bicarbonate solutions [2]. The yields of derivat ives III can be raised (to 30-40%) by refluxlng salts II in 
an aqueous sodium bicarbonate solution in the p resence  of sodium hydrosulfite,  which prevents  oxidation of 
the intermediately formed methylene bases  (see [3]). 

The use of a suspension of potass ium hydroxide in absolute te t rahydrofuran  (THF) at room tempera ture  
for  the cyclizat ion of salts II led to pyrrolo[1,2-a]benzimidazoles  IIId, e in good yields only in the case of lid, e 
(R' =C6H5); resinif icat ion of the react ion mixture  occurs  when R' =H, CH 3. 

C~'~r'~N BrCHoC~-CH f~---~ N/Ctf2C~CH ~-- - -~N.~ 
~[~J~ .N  [/~..C H~ R, - " I :  11 +H Br- NaHSO3 N 

~"~.....J~, N .-~- C H 2 R �9 Elf 3 
I " 1 
R R R R' 

I II I l l  

I - - I I I  a R=CH3, R ' = H ;  b R=C2Hs, R ' = H ;  c R=fC=CH~;  d R=CHa, R'.=C,~Hs; 
e R=CeHs, R'=U6H5 

Considerable amounts (up to 25~) of 1,2-dialkylbenzimidazoles Ia-e,  which are  formed as a result  of 
alkaline cleavage of start ing quaternary  salts II (see [4]), are  formed during the cycHzation. 

The mechanism of the convers ion of salts I Ia-e  to derivatives IIIa-e is evidently analogous to the mech-  
anism of the eycl izat ion of 1-a lkyl -2- imino-3-(2-propynyl)benzimidazol ines  to imidazo[1,2-a]benzimidazole 
derivat ives [5], which includes rea r rangement  of the propargyl  group to an allenic group. 

*See [1] for communicat ion XL. 
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