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It has been found that a decrease  in the yield of a-subst i tuted products during alkylation with 
olefins is observed in a number of f ive-membered heterocycles  (furan, thiophene, and N- 
methylpyrrole) .  The change in the o~-orienting effect depends not only on the nature of the 
he teroatom but also on the type of react ion and on the conditions of the p rocess .  In the case 
of N-methylpyrro le ,  the possibil i ty of C-alkylation of the pyrro le  r ing with olefins was dem-  
onstrated for the f i r s t  t ime. 

It  is known that in electrophil ic substitution p rocesses  of benzoheterocycles  one observes  a ten-  
dency for weakening of the a -or ien t ing  effect of the heteroatoms in the o rder  benzofuran > benzothiophene > 
indole, while p r imar i ly  a-subst i tu ted products* [1] are  formed in the electrophilic substitution of furan, 
thiophene, and pyr ro le  [1]. The decrease  in the yield of the a i somer  in the benzoheterocycle ser ies  is 
associated with the effect  of a number of factors ,  including the nature of the heteroatem.  Since this so r t  
of regular i ty  exists in a number  of condensed he te rocyc les ,  we assumed that in f ive-membered  he te rocy-  
cles one should also observe a s imi la r  weakening of the a -or ien t ing  effect  of the heteroatoms : furan > 
thiophene > pyrroleo 

We confirmed this assumption in the case of alkylation of f ive-membered  heterocycles  with one 
he te roa tom by olefins in the presence  of zinc chloride.  

By taking into account the negative action of halogen salts of Group III, IV, and V elements and the 
relat ive stability of furan in the presence  of halides of Group II metals ,  we were able to show that zinc 
chloride c a ~ l y z e s  the alkylation of furan by olefins~ It was established that 10-17~ fl-monoalkylfuran is 
formed along with the a-subst i tu ted  furans [6]. 

There is prac t ica l ly  no information in the l i terature  regarding the alkylation of the pyrro le  ring 
with olefinso Considering the s imi lar i ty  in the chemical proper t ies  of f ive-membered  he terocycles ,  we 
assumed that pyr ro le  and its der ivat ives ,  like furan, would also reac t  with olefins in the presence  of zinc 
chloride.  N-Methylpyrrole  was used in place of pyr ro le  in a study of the conditions for alkylation of the 
pyr ro le  ring in o rde r  to avoid react ion at the imine hydrogen, since it has been shown that pyrro le  and 1- 
methylpyrrole  undergo identical substitution - exclusively in the a position - in metallation, acylation, 
and formylat ion [710 In the presen t  paper  we demonstrate  that a mixture of 1 -methy l -2 - te r t -bu ty lpyr ro le  
and 1 -methy l -3 - t e r t -bu ty lpyr ro le  is formed in the alkylation of N-methylpyrro le  with isobutylene in the 
presence  of zinc chloride.  In cont ras t  to furan, more  3-alkyl-subst i tuted N-methylpyrroles  are  formed 

*The principal  exception to this is the alkylation of thiophene, in which up to 30% of the /~ i somer  is formed 
[2]. In the nitrat ion of thiophene and pyrro le ,  5-7~ of the fl i somer  is formed [3, 4]. The fl i somer  was 
found by qualitative means in attempts to alkylate furan with propylene.  However, in subsequent studies 
involving alkylation with butenes and amylenes the fl i somer  was not isolated [5]. 
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T A B L E  1. C a t a l y t i c  A l k y l a t i o n  of N - M e t h y l p y r r o l e  wi th  I s o b u t y l e n e  
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F ig .  1. E f f e c t  of  the r e a c t i o n  t i m e  on the y ie ld  of  
b u t y l - N - m e t h y l p y r r o l e .  

F i g .  2. E f f e c t  of  the t e m p e r a t u r e  on  the a l k y l a t i o n :  
1) d e g r e e  of  c o n v e r s i o n  of N - m e t h y l p y r r o l e ;  2) d e g r e e  
of c o n v e r s i o n  of i s o b u t y l e n e ;  3) y ie ld  of b u t y l - N -  
m e t h y l p y r r o l e .  

t h a n  2 - a l k y l - s u b s t i t u t e d  d e r i v a t i v e s .  I t  m u s t  be  no ted  tha t  the r a t i o  of the i s o m e r i c  2 -  and  3 - a l k y l - s u b -  
s t i t u t e d  N - m e t h y l p y r r o l e s  d e p e n d s  on  the r e a c t i o n  c o n d i t i o n s  and  is  - 10 : 90; th i s  f i g u r e  d i f f e r s  s h a r p l y  
f r o m  the  c o r r e s p o n d i n g  r a t i o s  of  i s o m e r s  o b t a i n e d  in  the a l k y l a t i o n  of f u r a n  (90 : 10). We i n v e s t i g a t e d  the 
e f f e c t  of  r e a c t i o n  t e m p e r a t u r e ,  r e a c t i o n  t i m e ,  r e a g e n t  r a t i o ,  and a m o u n t  of c a t a l y s t  ( T a b l e  1) on  the y ie ld  
of m o n o b u t y l  d e r i v a t i v e s .  

The  s t u d y  of the e f f e c t  of r e a c t i o n  t i m e  ( F i g .  1) was  c a r r i e d  ou t  a t  200 ~ I t  was  shown  tha t  the y i e ld  
of  bu ty l  d e r i v a t i v e  i n c r e a s e s  f r o m  12.4  to 424  as  the r e a c t i o n  t i m e  i n c r e a s e s  f r o m  1 h to 5 h. The  y ie ld  
of  the bu ty l  d e r i v a t i v e  f a l l s  to 35.2% w h e n  the  r e a c t i o n  t i m e  is  s u b s e q u e n t l y  i n c r e a s e d  to 7 h.  The  e f f ec t  
o f  t e m p e r a t u r e  w a s  s t u d i e d  in  the  150-250  ~ r a n g e  (F ig .  2). I t  was  found tha t  wh i l e  the c o n v e r s i o n  of  N -  
m e t h y l p y r r o l e  is  p r o p o r t i o n a l  to the t e m p e r a t u r e ,  the  c o n v e r s i o n  of i s o b u t y l e n e  above  200 ~ is  s t a b i l i z e d .  
The  m a x i m u m  y i e l d  of the b u t y l  d e r i v a t i v e  (42%) is  a c h i e v e d  a t  200 ~ . 

T h e  e f f e c t  of the r e a g e n t  r a t i o  w a s  s t u d i e d  a t  200 ~ (F ig .  3). I t  was  shown  tha t  the y i e ld  of  the bu ty l  
d e r i v a t i v e  i n c r e a s e s  f r o m  42% to 67~ w h e n  the  N - m e t h y l p y r r o l e - i s o b u t y l e n e  r a t i o  c h a n g e s  f r o m  1 : 1 to 
1 : 2. A n  i n v e s t i g a t i o n  of the d e p e n d e n c e  of the  y ie ld  of the bu ty l  d e r i v a ~ v e  o n  the a m o u n t  of c a t a l y s t  
showed  (F ig .  4) tha t  the  y i e l d  of  the m o n o a l k y l a t e d  c o m p o u n d  d e c r e a s e d ,  r e s p e c t i v e l y ,  f r o m  85.5~c to 5 5 . 5 ~  
a s  the  a m o u n t  of c a t a l y s t  w a s  i n c r e a s e d  f r o m  0.5 g to 5 g. H o w e v e r  the h i g h e s t  y ie ld  of the m o n o a l k y l a t e d  
c o m p o u n d  (85.5%) is  r e a c h e d  fo r  the  l o w e s t  v a l u e  of the d e g r e e  of c o n v e r s i o n  of  N - m e t h y l p y r r o l e  (11 .1~) .  
T h e  y i e ld  in  the  p r e s e n c e  of 3 -5  g of c a t a l y s t  c a n  t h e r e f o r e  be  c o n s i d e r e d  to be the o p t i m u m  v a l u e .  We 
no te  t ha t  a t  150-250  ~ the p e r c e n t a g e  of  the  fl i s o m e r  in  the m o n o a l k y l a t e  r e a c h e s  72 -91%.  
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T A B L E  2. Alkyla t ion  of  Thiophene with Isobutytene* 
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Fig .  3. Ef fec t  of  the r e agen t  ra t io  on the yield of  b u t y l - N -  
m e t h y l p y r  ro le .  

F ig .  4. Dependence  of the yield of  b u t y l - N - m e t h y l p y r r o l e  on 
the a m o u n t  of  ca t a lys t :  1) deg ree  of  conve r s ion  of N - m e t h y l -  
p y r r o l e ;  2) yield of b u t y l - N - m e t h y l p y r r o l e .  

In the p r e s e n t  s tudy we have for  the f i r s t  t ime demons t r a t ed  that  zinc ch lor ide  ca t a lyzes  the a l k y l a -  
t ion of  thiophene with olef ins  (Table 2)~ A s tudy of  the ef fec t  of t e m p e r a t u r e  showed that  the m a x i m u m  
yield  is reached  a t  200~176 The monoa lky la t ion  p r o d u c t s  p roved  to be a mix tu re  of  ~ and fl i s o m e r s .  At  150-  
300 ~ the amoun t  of the fl i s o m e r  in the mix tu re  of monoalkyl  de r iva t ives  r eaches  29%. 

Thus an ana lys i s  of the r e su l t s  obtained in the a lkyla t ion  of fu ran ,  thiophene,  and N - m e t h y l p y r r o l e  in 
the p r e s e n c e  of  z inc ch lor ide  conf i rmed  our  a s s u m p t i o n  that ,  as  in the b e n z o h e t e r o c y c l e  s e r i e s ,  in the 
f i v e - m e m b e r e d  h e t e r o c y c l e  s e r i e s  one o b s e r v e s  weakening  of  the or -or ien t ing  ef fec t  of  the h e t e r o a t o m :  
fu ran  > thiophene > N - m e t h y l p y r r o l e  (Fig.  6). However ,  one appa ren t ly  cannot  explain  this s o r t  of depen-  
dence  only by the e f fec t  of  the na ture  of the h e t e r o a t o m .  The type of  r eac t ion  and the r eac t ion  condit ions 
p r o b a b l y  a lso  have a definite e f fec t  h e r e .  The ef fec t  of the type of r eac t i on  can be demons t r a t ed  s a t i s f a c -  
t o r i l y  on c o m p a r i s o n  of the a lkyla t ion r e a c t i o n s ,  on the one hand,  with the acy la t ion ,  sul fonat ion,  and ha lo -  
genat ion r e a c t i o n s  of h e t e r o c y c l e s ,  on the o the r .  While all th ree  h e t e r o c y c l e s  give a mix ture  of the ~ and 
ff i s o m e r s  (the ra t io  of  which changes  in the va r ious  he t e rocyc le s )  in the case  of  a lkyla t ion,  subs t i tu t ion  
p r o c e e d s  p r i m a r i l y  at  the ~ pos i t ion  [1] in the aeyla t ion ,  su l fonat ion ,  and ha logenat ion  of  fu ran ,  thiophene,  
and p y r r o l e .  An inves t iga t ion  of  the ef fec t  of t e m p e r a t u r e ,  r e agen t  r a t io ,  amount  of  ca t a lys t ,  and r eac t ion  
t ime in the a lkyla t ion  of  fu ran  with i sobutylene  in the p r e s e n c e  of  an H 3 P O j k i e s e l g u h r  c a t a l y s t  showed 
that  under  more  s e v e r e  condi t ions  the n - o r i e n t i n g  ef fec t  of  the h e t e r o a t o m  drops  s h a r p l y  [8]. S imi la r  r e -  
sul ts  a r e  obtained in the a lkyla t ion  of N - m e t h y l p y r r o l e  in the p r e s e n c e  of  zinc ch lo r ide .  I t  was  found that  
the yield of  o~-alkyl i s o m e r s  fa l ls  s h a r p l y  (Fig.  5) as  the amoun t  of  ca t a lys t ,  the N - m e t h y l p y r r o l e - i s o -  
butylene  ra t io ,  and the t e m p e r a t u r e  a re  i n c r e a s e d .  The t e m p e r a t u r e  has a cons ide r ab l e  e f fec t  on the 
change  in the ra t io  of  ot and ~ i s o m e r s  f o r m e d .  A c o m p a r i s o n  of  the r e su l t s  of the a lkyla t ion  of  fu ran ,  
th iophene,  and N - m e t h y l p y r r o l e  showed (Fig.  6) that  at  150-300 ~ a gene ra l  d e c r e a s e  in the yield of  the a 
i s o m e r  is obse rved  as the t e m p e r a t u r e  r i s e s .  

The fac t  of  the f o r m a t i o n  of not only the ~ -  but a l so  the ~ - a l k y l - s u b s t i t u t e d  compounds  in the p r o -  
duc t s  of  a lkyla t ion  of  fu ran  compel led  us to have doubts about  the c o r r e c t n e s s  o f  the opinion that  only the 

i s o m e r s  a r e  fo rmed  in the e l ec t roph i l i c  subs t i tu t ion  of  benzo fu ran  [1]. The re  is no i n fo rma t ion  in the 
l i t e r a t u r e  c o n c e r n i n g  the a lkyla t ion  of benzo fu ran  with o le f ins .  We w e r e  able to show that  benzo fu ran  
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Fig. 6. Change in the ratio of 
the alkyl i somers  formed in the 
alkylation of furan (1), thiophene 
(2), and N-methylpyrrole  (3) in 
the p resence  of zinc chloride at 
150-300~ 

reacts  with olefins in the presence  of H3PO4/kieselguhro We worked 
out a preparat ive  method for the production of monoalkylbenzofurans 
in yields up to 77% [9]. Despite the prevail ing opinion, it was found 
that substitution in the f~ position is also observed along with ~ sub- 
stitution of the furan ring, and the fl i somer  is formed in grea te r  
amounts than the a i somer .  In addition, it must be noted that subst i-  
tution in the benzene ring is observed along with substitution in the 
furan ring. 

EXPERIMENTAL 

The experiments were carried out in a 0.25-1iter steel auto- 

clave with 0.4 mole of the heteroeycle. Reactive anhydrous zinc 

chloride was used as the catalyst, The resulting alkylate was frac- 

tionally distilled and analyzed by gas -liquid chromatography: the 

pyrroles were analyzed with an LKhM-4 chromatograph with a ther- 
mal-conductivity detector  (with helium as the c a r r i e r  gas and poly-  
ethylene glycol adipate as the liquid phase; I = 2 m), while the thio- 
phenes were analyzed with a chromatograph with a microflame de-  
tector  (with hydrogen as the c a r r i e r  gas and t r ic resyl  phosphate as 
the liquid phase; ~ = 2 m). The individual substances,  which were 
isolated f rom the combined alkylate by column fractionation, were 
analyzed by GLC and ]1% and P1VIR spect roscopy.  The PMR spect ra  
were recorded with an RS-60 spec t rometer .  The chemical shifts 
were measured relative to hexamethyldisiloxane, the shift of which 
on the 6 scale was taken as 0.05 ppm. The following alkylation prod-  
ucts were isolated by fractionation of the catalyzate with a column 
with 40 theoretical  plates.  

1 -Methyl -2- te r t -bu ty lpyr ro ie .  This compound had bp 67 ~ (8 mm) 
n~ 1.4885, and d 2~ 0.8828. Found: C 78.6; 78.9; H 10.6; 10.8; N10.4; 
10.6%. CgH15N. Calculated: C 78~ H 11.0; N 10.2~. 

1 -Methyl -3- te r t -bu ty lpyr ro le .  This compound had bp 65 ~ (10 
mm), n~ 1.4770, and d 2~ 0.8715. Found: C 78.6; 78.9; H 10.6; 10.8; 
N 10.4; 10.5~. C~HihN. Calculated: C 78.8; H 10o0; N 10.2%. 

The ring s t ruc ture ,  the site of the substituent, and the degree 
Of branching of the side chain were proved by IR and PMR spec t ros -  
copy. Two groups of lines were observed in the spec t ra  of the 
and /3 protons of 1 -methy l -3 - t e r t -bu ty lpyr ro le .  One, centered at 
5 5.95 ppm, belongs to the/3 proton; the other, at 5 6.35 ppm, belongs 
to the o~ proton. The relative integral intensity is, respect ively,  1 :2 ;  
this confirms the indicated charac te r  of the substitution. In the spec-  
t rum of 1 -methy l -2 - t e r t -bu ty lpyr ro le ,  the lines f rom the fi protons at 
5.85 ppm have an integral intensity that corresponds  to two protons.  
The line f rom the ~ proton at 5 6.25 ppm has an integral intensity 

that corresponds  to one proton.  The indicated ratio of the integral intensities made it possible to confi rm 
the s t ructure  of the a -a lky l  derivative of N-methylpyrro le .  

Workup of the catalyzate f rom the aikylation of thiophene gave 2-tert-butylthiophene with bp 163% 
n~ 1.4933, and d 2~ 0.9525, and 3-tert-butyl thiophene with bp 163 ~ n~ 1,5021, and d 2~ 0.9585 (the physical 
constants were in agreement  with the l i terature  values [2]). 

I. 

2.  
3. 
4. 

LITERATURE CITED 

A. Katr i tzky and J. Lagowski,  Pr inciples  of Heterocycl ic  Chemis t ry ,  Academic P re s s  (1968). 
W. G. Appleby, A. F~ Sar te r ,  S. H. Lee, and S. W. Kapranos, J. Am. Chem. Soc.~ 70, 1552 (1948). 
W. Steinkopf and T. H~pner, Ann., 501, 177 (1933). 
Ho J.  Anderson,  Canad. J.  Chem., 35, 21 (1957). 

465 



5o 
6. 

7o 
8. 

9. 

S. A. Gil ler  and A. ~ .  Berz}n ' ,  Izv.  Akad. Nauk Latv.  SSR, Ser .  Khim.,  1, 103, 113, 445 (1962). 
B. L. Lebedev,  O. A. Koryt ina ,  N. A. Karev ,  and N. I. Shuikin, Izv.  Akad. Nauk SSSR, Otd. Khim. 
Nauk, 1839 (1969). 
H. J .  Anderson,  Canad. Jo Chem.,  45, 2227 (1967). 
N. I~ Shuikin, B~ L. Lebedev,  V. G. Nikol ' ski i ,  O. A. Koryt ina,  A. V. Kessenikh ,  and E.  P~ P r o k o f ' e v ,  
Izv.  Akad. Nauk SSSR, Otd. Khim, Nauk, 1618 (1967). 
B. L~ Lebedev,  N. A. Karev ,  O. A. Koryt ina,  and N. I. Shuikin, Izv.  Akad. Nauk SSSR, Otd~ Khim. 
Nauk, 2601 (1969). 

466 


