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XV.* HETARYLATION OF PYRROLES BY N-ACYLQUINOLINILWI, 

N-ACYLISOQUINOLINIUM, AND N-ACYLACRIDINIUM SALTS 

A.  K. S h e i n k m a n  a n d  A. A.  D e i k a l o  UDC 547.748'831'833'835 

The corresponding he ta ry lpyr ro les  were obtained by the reaction of pyrro les  with quinoline, 
isoquinoline, and acridine in the presence  of acyl halides. 

The react ion of s ix -membered  nitrogen heterocyeles  with acyl  halides gives N-aeyl  cyclic ammonium 
(cycIammonium) cations [2], which in situ are  not only frequently aeylating agents but also convenient e lec-  
trophil ic agents for the introduction of heteroeycl ie  residues into nucleophilie aromat ic  [3-5] and he te roa ro -  
marie [6-101 compounds. This route was also used to obtain some heteroeycl ic  derivatives of pyr ro les  [6- 
8] and benzopyrro les  [9, 10]. These react ions,  in analogy with the various reactions of earbonium ions - 
alkylation, acylation, or tropylation - can be called hetaryIat ion react ions.  

In the present  communication,  we were able to demonstra te  that the hetarylat ion of pyrro les  with N- 
acyl cyclic ammonium cations is a general  reaction and, despite the l i tera ture  data [7], is possible with 
any N-aeyIquinolinium, N-acryl isoquinolinium and N-acylacr id in ium salts.  

N-Aeylisoquinolinium salts proved to be the most  active salts in this reaction. The reaction of these 
salts with pyr ro les ,  even at room tempera ture ,  gave high yields of mono-  (I,II) and b i s (2 - ae ry l - l , 2 -d ihyd ro -  
1-isoquinolinyl) pyrro les  (III): 

CI- 

I 
I~' O~C--R R' O ~ C - - R  R' O = C - - R  R' R - - C = o  

I II Il l  

The ratio of the I, II, and IlI formed depends to a considerable  degree on both the nucleophilieity of 
the pyrro le  ring and on the electrophil ici ty of the N-acyl  cyclic ammonium cations, which is higher the 
g rea te r  the e lec t ron-accep tor  cha rac te r  of the aeyl halides used in the reaction. In the reactions with N- 
phenylpyrrole,  the nucleophilieity of which is reduced as a consequence of the e lec t ron-accep tor  effect of 
the phenyl substituent, only one heteroeycl ic  residue can be introduced into the a position of pyrrole .  Com-  
pound III is formed predominantly with N-methylpyrro le ,  along with only t races  of I and II, while a mixture 
of I, II, and III is obtained with unsubstituted pyrrole .  

The N-aeetyl  saIts are  more  active in these reactions than the N-benzoyl salts ,  while the N, N-di-  
phenylearbamoylisoquinolinium salt is the least active, and only I can be obtained from it. 

Polyhetaryl  derivatives I and II can subsequently part icipate in hetarylat ion to form III or  2.5-dihet- 
a ry lpyr ro les  with different heterocycl ie  residues or  identical he terocycles ,  which, however, have different 

* See [11 for communication XIV. 
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acyl  substituents (R), for example: 

I ff 
CGH5--C=O 

I 

{ 2 1 - ~  

j 
IV 

In the reaction with the acid dichloride of 4,4 ' -diphenyldicarboxylic  acid in dilute solution we obtained 
maerocyc l i c  sys tem V, to which, on the basis of the IR spect ra  and in analogy with the remaining reactions,  
we assigned the s t ruc ture  of the product of the in t ramolecular  hetarylat ion of pyrrole  in both a positions: 

V 

Quinoline, like isoquinoline, also forms mono-  and 2 ,5-bis(1-acyl- ]  ,2-dihydro-2-quinol inyl)pyrroles  
on reaction with pyr ro les  in the presence of acyl halides: 

R-'-C = 0  R' - H O = C - - R  R' R - - C  = 0  

VI VII VIII  

In contras t  to this , under  s imi lar  conditions in the reaction of N-aeylacridinium salts,  we obtained 
2 ,5-diacr id inylpyrroles  and N-acylacr idane  ra ther  than N-acy l -9 -py r ro ly l ac r idanes ;  the same thing occurs  
during the acridinylat ion of aromat ic  compounds [5]: 

CI-  § 

IX  

[ /F% ~% 
R \ 7 ~ 

% , y - -  / ~-N,_z----.~/--% .~-c + I X  

X 

~cridine 

Xl 

It was found that the hetarylat ion of pyrro les  is also possible with vinylogs of N-acyl  cyclic ammonium 
cations formed as the active intermediates in the reaction of pyr ro les  with s ix -membered  nitrogen he tero-  
cycles  in the presence  of f l -chlorovinyl  ketones, for example 

-~ CICH = CtlCOCGtl 5 

H I H 
HC=CHCOC~H 5 

The structures of XTI and XII I ,  which we obtained by the reaction of N-acylquinol inium and isoquinoli- 
nium salts with 2,5-dimethylpyrroles, do not raise any doubts. 

However, we made the assignments  of the i somers  of I, II, VI, and VII, which are  formed in the r eac -  
tion with pyrrole ,  and proved the s t ructures  of the products of the hetarylat ion of 2 ,4-dimethylpyrrole  (XIV 
and XV) by means of their  IR spectra .  The spect ra  of such compounds contain a charac te r i s t ic  band of the 
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T A B L E  1. 2 - A e y l - l - p y r r o l y l - 2 ( 3 ) - l . 2 - d i h y d r o i s o q u i n o l i n e s  a n d  1 - A e y l - 2 - p y r r o l y t - 2 ( 3 ) - l , 2 - d i h y d r o q u i n o -  
l i n e s  

Com - 
pound R 

la iCsHs 

I b C6Hs 

lc (C6Hs)_~N 

Id C6HsCOCH=CH 

Ila CHa 

Ilb 2-Furyl 

I l ia C6Hs 

Illb CaH~ 

Illf 2-Furvl 
l �9 

iIId ! 2-Thienyt 

IIIe CHa 

IV C6H~,2-]furyl 

V C~H4--C~H4 

VIa C6Hs 

VIb C6Hs 

VII C6Hs 

VIII a C6H5 

VIII b CHa 

XII a C6Hs 

XII b C6Hs 

XIII a C6Hs 

XIII b C6H~ 

XIV a IC~Hs 

XIV b CHa 

XV C~Hs 

R' 

H 

C~H s 

H 

H 

H 

H 

H 

CHa 

H 

H 

H 

H 

H 

H 

C6Hs 

H 

H 

H 

H 

C6Hs 

H 

C6Hs 

H 

H 

H 

rap, ~ R] 

UV 
spectra 

I rim ' ]g ~ 

g E  

136--138 b 

149--150 c 

231--232 d 

158--159 e 

182--183 f 

I25--12~ 

197--198 b 

199--200 c 

170--171 c 

184--185 f 

263--264 f 

179--181 c 

242--243 g 

158--160 d 

8 7 _ 8 8  c 

177--178 d 

118--119 d 

204--205 f 

149--150 c 

242--243 c 

202--203 c 

195--195 h 

195--196 c 

225--226 i 

215--216 i 

0,68 

0,63 

0,89 

0,19 

0,53 

0,45 

0,52 

0,39 

0,18 

0,64 

0,21 

0,18 

0,17 

0,50 

0,69 

0,66 

0,38 

0,30 

0,33 

0,66 

0,24 

0,76 

0,74 

0,33 

0,40 

225 
265 

290 

227 
297 

224 
267 
288 
315 
228 
290 

235 
275 

I 

227 
281 
293 

233 
280 
228 
294 

278 

220 
270 

222 

228 
270 

225 

234 
274 
294 

276 

222 

218 

225 
298 
227 
285 
226 
268 

4,83 3420 
4,83 
4,22 - -  

4,45 3440 
4,28 

3410 

4,34 3430 
4,14 
4,19 
4,04 
4,31 3470 
4,11 
5,27 3460 
5,40 
4,56 - -  
4,50 
4,42 - -  

4,59 3410 
4,49 

4,36 3430 
4,20 
4,39 3430 

3.52 3425 
3:70 

4,55 3425 

4,43 - -  
4,39 

4,52 3460 

4,80 3410 
4,19 

4,23 3488 

4,28 
I 

4,51 1 

4,54 

4,40 3450 
4,12 

4,27 3435 
4,23 
4,15 3452 
4,25 

Empirical 
formula 

C2oH~6N20 

C~6H2oN20 

Cu6H2~NaO 

C22HIsN20 

C~sH~,N20 

C18HIaNa02 

Ca6H2:NaO2 

C37H29NaO2 

Ca2H2aNaO4 

C32H2aNaS202 

C2sH2aNaO2 

Ca4H2sNaOa 

Ca~H~sNaO2 

C2oHI6N=O 

C2sH=oN=O 

C2oH~6N20 

Ca6H27NaO2 

C26H2aNaO2 

C22H2oN20 

C28Hg4N20 

C22H~NsO 

C28H=4N20 

C2~]2oN~O 

C~r 

C2~H20N20 

Found 

Ma 
J [ d  

t 80 0 5,7 9,2 j , 

82,9 5,4 

80 i 5,7 i , 

83,4 5,6 7,2 

80,4 6,5 8,2 

77,0 6,3 10,3 

80,8 6,1 8,0 

Gale, 

f M d E X 4 

5,9 

3,1 

6,8 

6,1 

83,1 

80,5 

76,7 

80,5 

9,3 

7,4 

I0,7 

8,6 

l 1,7 

9,7 

7,9 

7,7 

8,1 

7,7 

10,3 

8,0 

7,9' 

9,3 

7,4 

9,3 

7,8 

t0,3 

8,5 

6,9 

8,5 

6,9 

8,5 

10,5 

8,5 

Yield, 

25 

88 

58 

60 

71 

16 

37 

49 

14 

48 

27 

72 

43 

30 

44 

40 

10 

25 

66 

67 

56 

36 

43 

42 

82 

a T h e  m o l e c u l a r  w e i g h t s  w e r e  d e t e r m i n e d  b y  t h e  R a s t  m e t h o d ,  b F r o m  h e p t a n e .  C F r o m  e t h a n o l ,  d F r o m  

p e t r o l e u m  e t h e r ,  e F r o m  i s o p r o p y l  a l c o h o l ,  f F r o m  b u t a n o l ,  g F r o m  b e n z e n e ,  h F r o m  m e t h a n o l ,  i F r o m  

a c  e t o n e .  
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s t re tching vibrations of the N - H b o n d ,  the position and form of which depend to a considerable degree on the 
s t ruc ture  of the compound. An int ramolecular  hydrogen bond (a seven-membered  ring) is apparently formed 
in a - h e t a r y l p y r r o l e s  I, VI, :X-IV, and XV (R' =H), while this sort  of possibil i ty is hindered in the fl i somers  
of II: 

O ~  I CH3 O~C[ I O~CI R' C~O[ R' 
R R' R R' R R 

Xll XIII X]V XV 

In this connection, the band of the s tretching vibrations of the N -  H bond in the spec t ra  of a -subs t i tu ted  
pyr ro les  in CC14 and CHCI 3 (no difference in the spect ra  is detected in the crysta l l ine  state) is shifted to 
3410-3430 cm -1 and broadened, while the N - H  band of the p i somers  is ext remely  narrow and is found at 
3460-3500 cm- t  (Table 1). When the solutions a r e  diluted considerably,  its position does not change, and 
this excludes the formation of an in termolecular  hydrogen bond. 

The format ion of a hydrogen bond in such compounds has vir tually no effect on the position of the 
band of the s t re tching vibrations of the C =O group, since it is situated at 1665-1675 cm -1 in the spect ra  of 
all of the compounds. In addition, the band of the s tretching vibrations of the C =C bond in conjugation with 
the benzene ring that is cha rac te r i s t i c  for 1,2-dihydroquinolines is observed at 1615-1625 cm-~ in the spec-  
t ra  of all of the compounds. 

Since the 1 position of isoquinoline [9, l ] ], the 2 position of quinoline [4], and the 9 position of acridine 
[5, 7] are,  as a rule, substituted in the reactions of N-acyl  salts of s ix -membered  nitrogen heterocycles ,  
and since we established the site of fusion of the pyrro le  ring by means of IR spectra ,  there  is every  basis 
to assign the I-VIII  and XII-XV s t ruc tures  (Table 1) to the compounds that we obtained. On the basis of the 
data presented in Table 1, it is difficult to establish the principle of the substitution of the hydrogen atoms 
of the pyrrole  ring in hetarylat ion reactions.  We note, that, in almost  all cases ,  we detected all three r eac -  
tion p r o d u c t s -  2 -he ta ry l - ,  3 -he ta ry l - ,  and 2 , 5 - d i h e t a r y l p y r r o l e s -  on the ehromatograms .  Only those com-  
pounds that could be isolated and purified by fractional crys ta l l iza t ion are  presented in Table 1 ; in some 
cases,  we demonst ra ted  the fundamental possibil i ty of isolating all of the reaction products by means of 
preparat ive  chromatography.  

The direct  introduction of a heterocycl ic  residue into the /3 position of the pyrrole  ring when the 
position is free is not real ly so unusual, although it does require additional confirmation.  It was recently 
reported [12] that both the a and fl i som er s  of a lkylpyrroles  are  formed in the alkylation of pyrro les .  

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

The IR spec t ra  of CHCI 3 or  CC14 solutions (] �9 ]0-3-5 �9 10-3 M) of all of the compounds were recorded 
with a UR-20 spect rophotometer .  The UV spect ra  of 96% ethanol solutions were recorded with an SF-4A 
spec t romete r .  Chromatography was car r ied  out in a thin layer  of activity II aluminum oxide with elution by 
b e n z e n e - h e x a n e - c h l o r o f o r m  (6: ] :30) and development with iodine vapors .  

The pyr ro les  used in this study were prepared by the methods presented in []3]. 

Reaction of Quinoline with Pyrro le  in the Presence  of Benzoyl Chloride. A solution of 5.9 g (0.045 
mole) of quinoline, 3.17 g (0.022 mole) of benzoyl chloride, and ].53 g (0.022 mole) of pyrrole  in 6 ml of 
anhydrous benzene was heated at 50 ~ for 6 h under nitrogen. The reaction mixture was then s team-dis t i l led  
and the residue in the distillation flask was separated and dried to give an overal l  yield of 5.54 g. P r e p a r a -  
tive chromatography of this product on aluminum oxide gave three compounds: 2.08 g (30%) of 1-benzoyl-  
2- (2-pyrro ly l ) -  1,2-dihydroquinoline (Via), 2.77 g (40%) of 1-benzoyl-2-  (3-pyrrolyl ) -  1,2-dihydroquinoline 
(VII), and 0.69 g (10%) of 2 ,5-b is (1-benzoyl - l ,2-d ihydro-2-quinol inyl )pyrro le  (VIIIa). The analytical data 
and other charac te r i s t i c s  of these and s imi lar ly  obtained compounds are  presented in Table ]. 

The other  compounds presented in the table were obtained direct ly by crysta l l izat ion of the reaction 
mixture ra ther  than by prepara t ive  chromatography.  

2,5-Diacridinyl-9-pyrrole (X-I). A solution of 8.96 g (0.05 mole) of acridine, 3.52 g (0.025 mole) of 
benzoyl chloride, and 1.68 g (0.025 mole) of pyrrole in 20 ml of absolute benzene was held at room tempera- 
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ture  for 24 h, af ter  which tile benzene was removed by distillation. The residue was t reated with ammo-  
nium hydroxide and hot water  and dried. The dried mater ia l  was extracted repeatedly with boiling pe t ro-  
leum ether, and the insoluble residue was recrys ta l l i zed  from butanol to give 5.6 g (53%) of XI with mp 
(356-358 ~176 Found: C85 .~ ;H4 .7 ;N10 .0~ .  C30H19N 3. Calculated: C85 .5 :H4.5 :  N 
9.9%. Both monoacr id inylpyrrole  i somers  were detected on the eh romatogram (Rf 0.40 and 0.75). but they 
could not be purified. 

2 ,5-Dimethyl-3 ,4-di (9-acr id inyl)pyrrole .  This compound was s imi lar ly  obtained in 59% yield and had 
mp 375-378 ~ (from ethanol) (rap 386 ~ [7]) and Rf 0.16. Found: C 85.1; H 5.6; N 9.9%. C32H23N 3. Calculated: 
C 85.5; H 5.1; N 9.3%. The picrate  had mp 264-265 ~ . Found: N 13.9%. C32H23N 3. 2C~H~N30 7. Calculated: 
N 13.8%. ? ,5 -Dimethy l -3-acr id iny lpyr ro le  was detected on the ehromatogram (Rf 0.54) but could not be 
isolated. 

2 ,4-Dimethyl -5- (9-aer id inyl )pyrro le .  This compound was obtained as descr ibed above in 54% yield 
with mp 257-259 ~ (rap 268-269 ~ [71) and Rf 0.56. Found: N 10.6%. CIgH~GN 2. Calculated: N 10.3%. 
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