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The d i rec t  incorpora t ion  of quinoline, isoquinoline,  acr id ine ,  imidazole ,  and benzimidazole  
res idues  in the indolizine ring was accompl i shed  by react ion  of N-he t e roa roma t i c  compounds 
with indolizine der iva t ives  in the p r e s e nce  of acylat ing agents.  

Indolizine read i ly  undergoes e lec t rophi l ic  subst i tut ion reac t ions ,  during which the 1 and 3 posi t ions,  the 
r e l a t ive  r eac t iv i t i e s  of which in these  reac t ions  a r e  de termined by the 1 : 3 i s o m e r  ra t io ,  undergo e lec t rophi l ic  
a t tack  [1]. 

We have found that 2-methyl indol iz ine  may undergo both he tary la t ion  [2] and acylat ion on reac t ion  with 
N - h e t e r o a r o m a t i c  s y s t e m s  in the p r e s ence  of acyl halides.  Heterocycl ic  der iva t ives  of the IV and V type a re  
fo rmed in the he ta ry la t ion  of 2-methyl indol iz ine ,  whereas  2 -methy l -3 -acy l indo l i z ines  III a r e  obtained in the 
case  of acylat ion:  
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The re la t ive  amounts of acylat ion and hetary la t ion  products  depend on many  fac tors  but mainly on the nature  
of the N - h e t e r o a r o m a t i c  cation.  

Thus only acylat ion of the indolizine ring with the quanti tat ive fo rmat ion  of III occurs  when N-aey i  
pyr id in ium sal ts  I in si tu and N,N ' -d iaey l imidazo l ium and benzimidazol ium chlor ides  II a r e  used. The more  
s table  N-acyl  quinolinium and isoquinolinium cat ions f o r m  both types of reac t ion  products ,  during which the 
fo rmat ion  of 2 -me thy l -3 -acy l indo l i z ine  III p roceeds  to a g r e a t e r  extent with quinoline than with isoquinoline. 
C h a r a c t e r i s t i c  vC=O bands at 1660-1680 c m  -1 and vC=C bands at 1610-1620 e m  -1 a re  observed  in the IR spec -  
i r a  of he tary la t ion  products  IV and V; this ,  taken toge ther  with the set  of mass  s p e c t r o m e t r i c  data - the 
p r e s e n c e  in the spe c t r a  of a molecu la r  ion, C6H5CO f ragmen t s ,  and f r agments  of quinoline, isoquinoline,  and 
indolizine res idues  - conf i rms  the i r  s t ruc tu re  [3]. 
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We w e r e  able to r e a l i z e  the incorporat ion  of  imidazo le  and benz imidazo l e  res idues  in the indol iz ine  ring 
by us ing  acet ic  anhydride as  the acylating agent. In this  c a s e  only products  of  b i shetary lat ioa  of  indol iz ine  (VI 
and VII) were  obtained: 

COCH 3 

,coc.3 C OCH~ . . . ~  

., "," . - ~ ,  COCH 3 

N" N ~ COCH 3 C O C H 3 ~  

�9 COCH3 ~ ( ~  Vlla, b 

Via, b Vl~Vll a R=CH 3 :~b R=C6b~ 5 

Fragmentat ion  of the m o l e c u l a r  ion (M +) due to c leavage  of  the a bond between the hetaryl  rings is 
observed  in the m a s s  spec trum of VIIa. The e l ementary  compos i t ions  of M + and the principal  fragment  ions 
determined by means  of  h igh-reso lu t ion  m a s s  spec tra  are  presented  in Table 1. 

Compounds VI and VII react  with tr iphenylmethyl  perchlorate  to give stable N,N'-diacyl  salts  VHI and IX 

and, as a s ide  product,  1 ,3 -b is ( tr iphenylmethyl ) indol iz ine  (X), evidently as a resul t  of  part ial  decompos i t ion  of 
the start ing compounds:  the starting compounds: 
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C{C6H5) 3 
X 

. . . . . .  IX a R=CH 3 Tb R=C6H 5 

The s tructure  of X was proved by its synthes i s  by an independent method. 

B e n z o x a z o l c  behaves  anomalous ly  in its react ion  with indol iz ine  under s imi lar  condit ions.  In the p r e s e n c e  
of var ious  acylat ing agents we obtained the s a m e  compound,  to which we ass igned the tr i (3 - indo l i zy l )methane  
s tructure  (XIII). Intermediate  salt  XI evidently  attacks the indol iz ine  ring to give XII, which is in dynamic 
equi l ibrium with open form XIIa; the latter  is  unstable  and is converted to XIII: 
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TABLE i. 
Fragmentation of VIIa (M/AM = 12,000) 

Empirical 
c~mposition of 

e IOnS 

C3~H29NsO4 
C2oHlgN~Oe 
C18HIrNaO 
C~6HI~N3 
CHHmN202 
CzH?N2 

T A B L E  2. 
C o m -  
pound 

VIIb 
XVIIb 
XVIIC 

XVIII a 
XVIII b 

E l e m e n t a r y  Compos i t ions  of  the Ions F o r m e d  in the  

?recise d e t e r m i n a f i ~  

exptl. talc. 

535,22206 
333,14780 
291,13723 
248,11883 
2O4,O899O 
119,06095 

Hete roc '  

mp, ~ a 

275--276 
266--266,5 
265--266 
266--267 

>300 

Fragmentation of M + 

535,22220 
333,14800 
291,13760 
248,11900 
204,09000 
119,06100 

rclic De r iva t i ve s  of  indol iz ine 
. Found, ~ Empirical 

RiD C H N formula 

0,3 72;5 5,4 11,8 C~HIaNsO4 
0,5 87,6 5,0 7,0 C29H2oN20 
0,6 89,2 .5,0 5.9 C34H22N20 
0,5 85,6 5,3 912 C22H~N2 
0,4 86,4 5,0 7,5 C27HI~N2 

bin s y s t e m  B. 

M+" 

[M--CIIH,oN202] +" (A) 
[A--C2H~O]+" 
[A--C2H20, --C2H30] + 
[A--CgHTN]+" (13) 
[B --CH2CO, --C2H30] + 

Calc., ~o 

C H I N 
I 

72,5 5,2 I 11,6 
87,9 5,1 I 7,1 
89,1 4,8 I 6,1 85,7 5,2 9 1 
86,5 4,9 7:6 

aFrom DMF. 

Yield, 
qo 

30 
30 
87 
81 
52 

Evidence  for  the c o r r e c t n e s s  of  the p r o p o s e d  s c h e m e  is p rov ided  by the fact  that  N - a e y l - o - a m i n o p h e n o l  
XIV was i so la ted  as a s ide product .  This  type of  t r a n s f o r m a t i o n  of  N , N ' - d i a c y l b e n z i m i d a z o I i u m  sal ts  has a lso 
been p r e v i o u s l y  o b s e r v e d  in s o m e  c a s e s  [4]. 

The h i g h - r e s o l u t i o n  m a s s  s p e c t r u m  of XIII  c o n f i r m s  its e l e m e n t a r y  compos i t i on  (the e x p e r i m e n t a l l y  
d e t e r m i n e d  m a s s  n u m b e r  fo r  the e m p i r i c a l  f o r m u l a  C28H25N 3 is 403.2042, as c o m p a r e d  with the ca lcu la ted  value  
of 403.20496). 

It was found to be m o r e  convenient  to use  p ro t i c  ac r id in ium sal ts  r a t h e r t h a n  N-acy l  a c r i d in ium sal ts  for  
the in t roduc t ion  of an ac r id ine  r e s i due  into the indol iz ine r ing.  The r e a c t i o n  in this  c a s e  evident ly  p r o c e e d s  
with h y d r i d e - i o n  t r a n s f e r  f r o m  the i n t e r m e d i a t e l y  fo rmed  d ihydro  de r iva t ives  XVI to sal t  XV, as has been  
shown in the c a s e  o f  he t a ry la t ion  of d ia lkylani l ines  and indoles  [5] : 

! 

H -4- N 

XV 

4- 

�9 

 '1o. - 

XYl 

H 

XVl l la ,  b X V l l a - c  

XVll  a R=CH3. ~ R~__.CH3,rb R=CH3,tRI=COCBH5 ,~C R=C6H 5 ,~ RI=COC6H5 

XVIII a R .~ CH.~ i RIv - H ,j b R = C6H 5 ~ R== H 

The UV and IR s p e c t r a  of  all XVII and XVIII a r e  s i m i l a r  to the s p e c t r a  of  1 - ( 9 - a c r i d i n y l ) - 2 , 3 - d i m e t h y l -  
indol iz ine  (XVIIa), the  s t r u c t u r e  of  which was proved  by m a s s  s p e c t r o m e t r y ;  this  c o n f i r m s  the ass igned  
s t r u c t u r e s  for  the ac r id iny l indo l i z ine  de r iva t ives  obta ined (XVII and XVIII). The IR s p e c t r a  of  XVII and XVIII 
do not conta in  abso rp t ion  bands in the reg ion  of  the NH group;  this  excludes  the XVI d ihydro  der iva t ive  s t r u c -  
tu re .  

Thus we w e r e  able to develop methods  for  the d i r e c t  in t roduc t ion  of  quinol ine,  i soquinol ine ,  ac r id ine ,  
im idazo le ,  and benz imidazo l e  r e s idues  into the indol iz ine  r ing.  

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

The  IR s p e c t r a  o f  c h l o r o f o r m  solut ions  of  the  compounds  were  r e c o r d e d  with a UR-20 s p e c t r o m e t e r .  The 
m a s s  s p e c t r a  w e r e  obtained with a V a r i a n  MAT-311 s p e c t r o m e t e r  under  the fol lowing condi t ions :  a cce l e r a t i n g  
vo l tage  3 kV, ca thode  e m i s s i o n  c u r r e n t  300 mA, ioniz ing vo l tage  70 eV, and ion s o u r c e  t e m p e r a t u r e  115-130 deg 
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C. Chromatography  was c a r r i e d  out in a loose thin l aye r  of a luminum oxide (active II in the Brockmann c l a s s i -  
fication) with elution with c h l o r o f o r m - b e n z e n e - h e x a n e  (30 : 6 : 1) ( sys t em A) and c h l o r o f o r m - b e n z e n e -  
h e x a n e - m e t h a n o l  (30 : 6 : 1 : 1) ( s y s t em  B) and development  with iodine vapor s  and in UV light. 

2 -Methy l -3 - (2 -benzoy l - l , 2 -d ihydro - l - i soqu ino l iny l ) indo l i z ine  (V). A mix ture  of 6.4 g (50 mmole) of 
isoquinoline,  3.2 g (25 mmole)  of 2-methyl indol iz ine ,  and 3.5 g (25 mmole)  of benzoyl  chlor ide  in 35 ml  of dry 
benzene was ref luxed for 8 h, a f te r  which it was subjected to s t e a m  dist i l lat ion.  The res idue  in the dis t i l la t ion 
f lask  was sepa ra ted  and r e c r y s t a l l i z e d  f r o m  methanol  to give 6 g (60%) of a product  with mp 169-170 deg C and 
Rf  0.4 ( sy s t em A). IR spec t rum:  1650 (C =O) and 1610 c m  -1 (C =C). Found: C 82.5; H 5.3; N 7.8%. 
C25H20N20. Calculated:  C 82.6; H 5.2; N 7.7%. The mother  l iquor f r o m  the r ec rys t a l l i za t ion  was worked up 
to give 2 g (33%) of 2 -methy t -3 -benzoyl indo l iz ine  III with mp 65-66 deg ( f rom hexane) and Rf  0.7 ( sys t em A). 
IR spec t rum:  1710 cm -1 (C=O). Found: C 8 1 . 5 ;  H 5 . 7 ;  N5.9%. C16H13NO. Calculated:  C81 . 6 ;  H 5 . 5 ;  N 
5.9%. According to the data in [6], III had mp 65-66 deg C. 

2 -Methy l -3 - (1 -benzoy l - l ,2 -d ihydro-2-qu ino l iny l ) indo l i z ine  (IV). This compound was s i m i l a r l y  obtained 
by reac t ion  of 6.4 g (50 mmole)  of quinoline, 3.2 g (25 mmole) of 2-methyl indol iz ine ,  and 3.5 g (25 mmole) of 
benzoyl  chlor ide.  Workup gave 3.3 g (33%) of a product  with mp 139-140 deg C ( f rom methanol) and Rf 0.3 
( s y s t e m A ) .  IR spec t rum:  1665 (C=O) and 1612 c m  -1 (C=C).  Found: 82.4; H 5.3; N 7.4%. C25H20N20. 
Calculated:  C 82.6; H 5.2; N 7.7%. We also isolated 4 g (66%) of 2-methyl -3-benzoyl indol iz ine  III. 

2 -Methy l - l , 3 -b i s (N ,N ' -d i ace ty l -2 ,3 -d ihydro -2 - imidazo ly l ) i ndo l i z ine  (Via). A mix tu re  of 3.4 g (25 mmole) 
of imidazole  and 3.2 g (25 mmote)  of  2-methyl indol iz ine  in 15 ml of acet ic  anhydride was allowed to stand at 
25 deg C for  4 h, a f t e r  which the p rec ip i t a te  was sepa ra ted  and r e c r y s t a l l i z e d  f r o m  d ime thy l fo rmamide  (DMF) 
to give 4.8 g (55%) with mp 215-216 deg C and Rf  0.2 ( sys t em A). IR spec t rum:  1665 (C =C),  1620 (C =C), and 
3150 c m  -1 (_>C--H), Found: C 63.4; H 6.0; N 16.2%. C23H25NsO4. Calculated:  C 63.5; H 5.9; N 16.1%. 

2 -Methy l - l , 3 -b i s (N ,N ' -d i ace ty l -2 ,3 -d ihydro -2 -benz imidazo ly l ) i ndo l i z ine  (VIIa). This  compound, with mp 
252-253 deg C ( f rom DMF) and Rf  0.6 ( sys t em B), was s i m i l a r l y  obtained in 93% yield. IR s p e c t r u m :  1665 
cm -1 (C=O). Mass s p e c t r u m ,  m/e  (%): 77 (18.8); 78 (8.5); 91 (14.4); 92 (6.5); 118 (11.6); 119 (19.1); 129 
(100.0); 130 (15.0); 131 (8.4); 162 (5.7); 204 (10.7); 248 (13.0); 291 (15.4); 333 (9.5); 535 (2.3). Found: C 
69.4; H 5.6; N 13.1%. C31H29NsO 4. Calculated:  C 69.5; H 5.4; N 13.1%. (See Table  2 for data on VIIb.) 

T r i s (2 -me thy l -3 - indo l i zy l )me thane  (XIII). A mix tu re  of 3.2 g (25 mmole)  of 2-methyl indol iz ine  and 3.0 g 
(25 mmole) of benzoxazole  in 15 ml  of acet ic  anhydride was allowed to stand at r oom t e m p e r a t u r e  for  3 h, a f te r  
which the resu l t ing  p rec ip i t a te  was sepa ra ted ,  washed with methanol ,  and r e c r y s t a l l i z e d  f r o m  DMF to give 2.0 
g (14%) of a product  with mp 171-172 deg C and Rf 0.9 ( sys t em A). Mass s p e c t r u m ,  m/e  (%): 77 (5.1); 78 
(13.1); 92 (35.1); 130 (20.2); 131 (17.8); 143 (14.0); 144 (47.0); 256 (14.5); 257 (42.7); 258 (16.0); 271 (40.1); 
272 (48.0); 273 (26.4); 295 (17.9); 296 (18.1); 310 (19.9); 311 (48.8); 312 (11.1); 388 (38.5); 389 (11.1); 402 
(19.4); 403 (100.0); 404 (31.2). Found: C 82.7; H 6.4; N 10.5%. C28H25N3. Calculated:  C 83.0; H 6.4; N 
10.5%. Workup of the f i l t ra te  gave 5 g (67%) of N-ace ty l -o -aminopheno l  XIV with mp 121-122 deg C ( f rom 
ethanol) and Rf 0.2 ( s y s t em  A). No mel t ing-poin t  depress ion  was obse rved  for  a mix tu re  of this product  with 
an authentic sample .  

React ion  of 2 -Pheny l - l , 3 -b i s (N ,N ' -d i ace ty l -2 ,3 -d ihyd ro -2 -benz imidazo ly l ) i ndo l i z ine  with Tr iphenyl -  
methyl  Pe rch lo ra t e .  A solution of 0.7 g (2 mmole)  of  t r iphenytmethyl  pe r ch lo ra t e  in 10 ml  of dry ace toni t r i le  
was added to a solution of 0.6 g (1 mmole)  of 2 -pheny l - l , 3 -b i s (N , N ' -d i ace ty l -2 , 3 -d ihyd ro -2 -benz imidazo ly l ) -  
indolizine (VIIb) in 10 ml of dry  ace toni t r i le ,  and the mix ture  was allowed to stand at 25 deg C for 10 rain. It 
was then poured into 150 ml  of  d ry  e ther ,  and the resul t ing p rec ip i t a te  was r emoved  by f i l t ra t ion and purif ied 
by reprec ip i t a t ion  f r o m  ace toni t r i le  solution by the addition of e ther  to give 0.5 g (62%) of 2 - p h e n y l - l , 3 - b i s -  
(N,N ' -d iace ty l -2-benz imidazol ia ) indol iz ine  d ipe rch lo ra te  (IXb) with mp 160-161 deg C (acetoni t r i le  with ether) ,  
IR s p e c t r u m  (in acetoni t r i le) :  1745 c m  -1 (C = O). Found: C 50.1; H 4.0; N 8.5; C1 9.0%. C36H27N504"2HC104. 
Calculated:  C 49.9; H 3.7; N 8.7; C1 8.9%. The e ther  was r emoved  f rom the f i l t ra te  by dist i l lat ion,  and the 
res idue  was washed with methanol  and r e c r y s t a l l i z e d  f rom DMF to give 0.2 g (29%) of 1 ,3-b is ( t r iphenylmethyl ) -  
2-phenylindolizine (X) with mp 240-241 deg C and Rf 0.7 ( sys t em A). Found: C 92.0; H 6.0; N 1.8%. C52H39N. 
Calculated:  C 92.1; H 5.8; N 2.1%. A s i m i l a r  p r o c e d u r e  was used to obtain 2 - m e t h y l - l , 3 - b i s ( N , N ' - d i a c e t y l - 2 -  
benzimidazol ia) indol iz ine  d iperch lora te ,  with mp 184-185 deg C (acetoni t r i le  with ether)~ in 68% yield. IR 
spec t rum:  1750 cm -1 (C =O). Found: C 50.6; H 3.9; N 9.2; C1 9.3%. C3tH25N504"2HC104. Calculated:  C 
50.8; H 3.7; N 9.5; C1 9.6%. 

React ion of 2-Phenyl indol iz ine with Tr iphenylmethy l  Pe rch lo ra t e .  A solution of 0.7 g (2 mmole)  of t r i -  
phenylmethyl  pe r ch lo ra t e  in 10 ml  of dry  ace ton i t r i l e  was added to a solution of 0.2 g (1 mmole)  of 2 -phenyl -  
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indolizine in 10 ml  of dry ace toni t r i le ,  and the mix tu re  was allowed to stand at r oom t e m p e r a t u r e  for  10 rain. 
The ace toni t r i le  was then removed  by dist i l lat ion,  and the res idue  was washed with methanol  and r e c r y s t a l l i z e a  
f r o m  DMF to give 0.5 g (71%) of 1 ,3-b is ( t r iphenylmethyl ) -2-phenyl indol iz ine  with mp 240-241 deg C. The 
product  did not depress  the mel t ing point of a s ample  of the compound descr ibed  above. 

2 ,3 -Dimethy l - l - (9 -ac r id iny l ) indo l i z ine  (XVIIa). This compound was obtained by reac t ion  of 10 g (50 
mmole)  of acr id ine  hydrochlor ide  and 5.8 g (25 mmole)  of 2 ,3-dimethyl indol iz ine in 35 ml  of dry  DMF at 100 
deg C for  8 h. Workup gave 4.8 g (60%) of a product  with mp 274-275 deg C ( f rom DMF) and Rf  0.6 ( sys t em B). 
Mass s p e c t r u m ,  m/e  ( sys t em A): 152 (15.10); 152.5 (2.4); 153 (13.0); 153.5 (8.4); 158.5 (4.2); 159 (3.6); 159.5 
(2.4); 160 (8.7); 160.5 (4.9); 161 (9.2); 304 (3.0); 305 (12.4); 306 (6.2); 307 (4.7); 318 (3.0); 319 (4.5); 320 
(3.0); 321 (43.8); 322 (100.0); 323 (25.9). Found: C 85.9; H 5.7; N8.6%. C23H18N2. Calculated:  C 85.7; H 
5:6; N 8.7%. Compounds XVIlb, c and XVIIIa, b were  s i m i l a r l y  obtained (see Table  2). 

1. 

2. 
3. 
4. 
5. 
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REACTION OF ~-CYANOMETHYLAZAHETEROCYCLES 

WITH a-HALO CARBOXYLIC ACID CHLORIDES AND ANHYDRIDES 

F. S. Babichev, Yu. M. Volovenko, 
and A. A. Oleinik 

UDC 542.951 : 547.78'82 

(~-Cyanomethylazaheterocycles  a r e  acylated by a -ha lo  carboxyl ic  acid chlor ides  and anhy-  
dr ides  at the methylene carbon a tom to give he tary l -conta in ing  halo ketones.  

a - C y a n o m e t h y l a z a h e t e r o c y c l e s  (1) a re  acylated at the methylene carbon a tom [1-3] to give a - a c y l  
de r iva t ives .  However ,  up until now acyl der iva t ives  that  contain a functional group in the acyl  res idue  have 
not been obtained. In the p re sen t  r e s e a r c h  we obtained compounds of this type and studied the i r  p rope r t i e s .  
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In the acylat ion of 2 -cyanomethyl  der iva t ives  of azahe te rocyc les  of the I type with e -ha loca rboxy l i c  acid 
anhydrides  and chlor ides  the reac t ion  may  proceed  via  th ree  pathways : acylat ion and alkylat ion of the he te ro -  
r ing ni t rogen a tom o r  acylat ion of the methylene group. In all  of the cases  that we studied we isolated only C- 
acylated pyr id ines  (IIa-d),  quinolines (IHa, b), benz imidazoles  (IVa, b), 1 -methy lbenz imidazo les  (V), and 4,5- 
diphenylthiazoles (VI) (see Table  1), the s t ruc tu r e s  of which were  conf i rmed by the i r  chemica l  p r o p e r t i e s  and 
spec t r a l  data. T h r e e  m a x i m a  at 240, 295, and 370 nm a re  obse rved  in the UV s p e c t r a  of acyl  der iva t ives  of 
2 -cyanomethy lpyr id ine  IIa, b, d in ethanol; this is in comple te  ag reemen t  with the d a t a f o r  a - a e e t y l - 2 - c y a n o -  
methylpyr id ine  [3]. A singlet  of protons of a methylene group at 4.5-4.8 ppm is obse rved  in the PMR spec t ra  
of the haloacetyl  de r iva t ives  (IIa, III, IVa, V, and VI). The absorp t ion  band in the IR s p e c t r a  at 2195-2205 cm -~ 
is re la ted  to a conjugated n i t r i le  group [2, 3]. 

I n  the acylat ion of s - h a l o  carboxyl ic  acid chlor ides  half the amount of s ta r t ing  azahe te rocyc le  is t ied up 
in the f o r m  of the hydrochlor ide ,  and the yields of acyl der iva t ives  do not even reach  50%. When the reac t ion  
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