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Abstract---The Friedel-Crafts acylation of ethyl pyrrole-2-car- 

boxylate (3) was studied under a variety of conditions using 

various Lewis acids and acyl chlorides. The acylation with some 

Lewis acids such as BF3 0Et2 gave a mixture of 4- and 5-acyl 

derivatives (5 and L), whereas the acylation with various acyl 
chlorides in the presence of A1Cl3 gave exclusively 4-acyl deri- 

vatives ( 5 ) .  Acylation in this experiment was applied to a new 

methodology for synthesis of 7-substituted indoles. 

It is well known2r314) that pyrroles (1) react with electrophiles exclusively at 

the 2- (or a) position. Thus, the method for preparing 3-substituted pyrroles 

has been one of the targets3) of heterocyclic chemistry. The representative 

methods reported so far are electrophilic reaction (mostly Friedel-Crafts acy- 

lation) of N-phenyl (or aryl) sulfonylpyrroles (2 )  and ethyl pyrrole-2-carboxy- 

late (3) (or pyrroles having an electron-withdrawing substituent at the 2-posi- 

tion). The Friedel-Crafts (FC) acylation of the former (2)  has been studied in 

some detai~,~) whereas that of the latter (3) has not so much. 3'5) In connection 

wlth the FC acylation of ethyl indole-2-carboxylate6) ( 4 ) ,  we are interested in 

the regioselectivity in the FC acylation of ethyl pyrrole-2-carboxylate (3). 



we wish to report the scope and limitations of the FC acylation of the pyrrole 

ester (3) and its application to a new methodology for synthesis of 7-substituted 

ethyl indole-2-carboxylates. 

We first examined the effect of Lewis acids for the FC acylation. The pyrrole 

ester (3, 1 eq.) was treated with acetyl chloride (2 eq.) in the presence of 

various Lewis acids (2 eq.) until the reaction ceased. Two products, the 4- and 

5-acetylpyrrole (La and ba), were formed and could be separated easily by column 

chromatography. The result is summarized in Table 1. Run number is arranged in 

the order of high ratio of the 4-acetylpyrrole ( 5 ) .  A1C13 showed complete regio- 

selectivity for 4-acetylation, whereas BF3.0EtZ and ZnC12 gave the 5-acetylpyrrole 

(6) more than the 4-acetyl one (2). This tendency is similar to the FC acylation 

of N-phenylsulfonylpyrrole7) (z), where BF3.0Et2 gave the a-acyl derivative lcor- 

responding to 5-acetylpyrrole (6)) exclusively. However, it is worth noting that 

regioselectivity toward the 6-position of the pyrrole ester (2)  was superior to 

that of the sulfonyl compounds7) (2) in the experiment using various Lewis acids. 

Next, we examined the effect of acyl chlorides as reagent. A1C13 was used as a 

Lewis acid catalyst because it showed the highest regioselectivity toward 4- 

acylation. The pyrrole ester (3, 1 eq.1 was treated with various acyl chlorides 

(2 eq.) in the presence of AlC13 (2 eq.) until the reaction ceased and the result 

is summarized in Table 2. The reactions gave corresponding 4-acylpyrroles (5) 

exclusively or overwhelmingly. The reactions with acyl chlorides derived from 

weaker acids tended to be accompanied by only a small amount of the 5-acyl deri- 

vative (6). In relation to the synthesis of a pyrrolomycin C analogue, Ezaki and 

sakai8) reported that the FC acylation of N-phenylsulfonylpyrrole (2) with 3.5- 

dichloro-2-methoxybenzoyl chloride in the presence of A1C13 gave the desired 3- 

acyl derivative (B-isomer) in 12% yield accompanied by an undesired 2-acyl deriva- 

tive (a-isomer) in 45% yield, whereas the present FC acylation of the pyrrole 

ester (31 gave the desired 4-acylpyrrole (59, 8-isomer) exclusively in 61.9% 

yield. Thus, we can claim that ethyl pyrrole-2-carboxylate (3) is superior to N- 

phenylsulfonylpyrrole (21 for a substrate in 8-acylation. The substitution posi- 

tion in the FC acylation of the pyrrole ester (21 was little affected by the kind 

of acyl chlorides, in contrast to the FC acylation of the indole (4). 6 1  

The structures of all new compounds in this paper were satisfactorily identified 

by elemental analyses and spectral means. Especially, as to the position of the 

substitution at 4- or 5-position in the acylpyrroles, the 4- or 5-acylpyrroles (5  
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RCOCl(2 eq.), Lewis acid(2 eq.) RCO 

Qco2Et in clcH2cH2cl 
H DcOzEt H + R c o ~ c o 2 E t  H 

3 - - 5a-g - 6a-g 

Run Lewis acid Condition 

temp. a) , time 

Table 1. The Friedel-Crafts Acetylation of 1 Using Various Lewis Acids (R=CH3) 

I 
t . ,  1.0 h 

r.t., 30 min 

50'C. 1.0h 

O°C, 3 min 

O°C, 20 min 

80°C, 1.25 h 

50°C, 30 min 

Products (La and ?a) 

total yield ratio 

( % I  (!a : &a) 

88.9 100 : 0 

85.5 98 : 2 

88.2 94 : 6 

98.6 88 : 12 

99.1 83 : 17 

88.2 43 : 57 

87.2 36 : 64 

a)Batb temperature 

Table 2. The Friedel-Crafts Acylation of 1 Using Various Acyl Chlorides 

in the Presence of AlC1- 

Run Acyl chloride 

R= 

a)Taken from Table 1 

b)Bath temperature 

3 

Condition 

temp.b) , time 

t . ,  1.0 h 

75°C. 2.5h 

reflux, 1.0 h 

80'C. 2.5h 

reflux, 2.5 h 

reflux, 2.0 h 

50eC, 3.0 h 

Products (5  and 6_) 

total yield ratio 

( % )  ( 2  : 6)  

88.9 100 : 0 

86.7 93 : 7 

47.2 100 : 0 

78.0 91 : 9 

71.7 100 : 0 

78.3 100 : 0 

61.9') 100 : 0 

c)The product was the demethylated 3.5-dichloro-2-hydroxy compound. 

- 1857 - 



and 5)  are identified by comparison of their chemical shifts of 3-, 4-, and 5- 
1 

protons in the H-nmr spectra with those of the 4- and 5-acetylpyrroles (?a and 

6a) as references, whose structures were chemically identified by conversion of ?a - 

to known 3-acetylpyrrole as reported. 5a1 As shown in Table 3, the position Of 

1 
acyl group in each compound was firmly identified by H-nmr spectra. 

On the basis of thus established C-4 acylation of 1 we wanted to develop a new 
synthetic route for 7-subst~tuted indoles. Although some 4-substituted indole 

syntheses9) starting from pyrrole derivatives are reported, there is no report 

concerning the synthesis of 7-substituted indoles from them. The FC acylation of 

the pyrrole (1) with succinic anhydride gave the 4-succinoyl pyrrole (z) exclu- 
sively in a good yield. The reduction of 1 with Et3SiH Ln CF3C02H followed by 

cycllzation with (CF3CO)20 gave the ketone ( 9 )  as the key compound, which was 

treated with CuBrZ (2 e q . )  in AcOEt to give the monobromo ketone (10) exclusively 
in 89.3 8 yield. The use of 4 eq. of CuBr2 in CHC13 gave the dibromoketone 111) 

In 51% and the monobromoketone (10) in 15.1% yield, whereas the same reaction in 
AcOEt gave only dibromoketone (g) in 92.4% yield. Aromatization of the mono- 

bromoketone (%) by dehydrobromination with LiBr/LiZC03 in DMF,~') followed by 

methylation with CH2N2 gave the 7-rnethoxyindole (12) in 83% yield. The overall 

yleld of 12 from 3 was 45.28, which is comparable to that reported of 47.3%") by 

Reissert method starting from 3-methoxy-2-nitrotoluene. Aromatization of the 

dibromoketone l g )  by the same reagent at 105'C for 22 min, followed by methy- 

lation with CH2N2 gave the 6-bromo-7-methoxyindole (13) in 938 yield. On the 

other hand, it is interesting to note that the aromatization by higher temperature 

and longer reaction time, 14S°C for 5 h, gave the 6-bromo-7-methoxyindole (1)) in 

Only 11.1% and 4-bromo-7-methoxyindole (14) in 42.3% yield, probably via migration 

of the bromine atom. The mechanism of this migration is now under investigation. 

Finally, a synthesis of the 7-alkylindole 1%) was conducted. The key intermedi- 

ate ketone (9)  was treated with a Wittig reagent to give a mixture of E- and 2- 

olefin 1%) in 63.58 yield. The aromatization of 15 to the 7-functionalized 

alkylindole 1 2 )  was successful hy bromination with CuBr2 at the y-position of the 

cyan0 group, followed by dehydrobromination in the same way as the preparation of 

12 and 2, whereas the usual aromatization condition such as dehydrogenation by - 
Pd-C or DDQ oxidation resulted in recovery of the starting material (15). 

In summary we developed a new method for synthesis of some 7-substituted indoles. 

Skilled use of the Present reaction sequence or the ketone (9)  would afford more 
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Table 3. Physlcal and 'H-N~~ Spectral Data ( 6  value in CDCl31 of the 4- and 5- 

CH3- ( a )  

C3H7- (b) 

C1CH2- (c) 

4-MeOC6H4- (dl 

C6H5- ( e )  

4-N02C6H4- (f) 

3,5-diC1-2-OH- 

C6H2- ( 4 )  

Scheme 1 

4-Acylpyrrole (5 )  
Chemical shift, (mp, 'Cl 

C3-H C5-H 

5-Acylpyrrole (5) 
:hemlcal Shift, (mp, 'C) . - .3 and C4-H 

iv 
andlor @ N COOEt 

0 H 0 H B r  o H 

vii v,vi v,vi 

63.5% 84% 93% 

B 1 m c o o = t  [ h N cooEt ] 
Me0 H Me0 H Me0 H 

CN 
15,E-;mp 119-200.5"C 2, mp 115-117°C 13, mp 100-102.5"C 14, mp 137- - 

2-;mp 59-609C 138.5"C 

1 iv,v 85.3% Reagents: i,succinic anhydrlde/AlCl ; ii, Et SiH/CF3COOH; 3 3 
iii, (CF3C0)20/CF3COOH; iv, CuBr /CHC13 or AcOEt; v, LiBr/ 2 

ii CO / o w ;  vi, CH N /Et20; uii, (E~O)~P(O)CH~CN/N~H 2 3 2 2 
CN 



useful 7-substituted indoles. 

ACKNOWLEDGEMENT 

We are indebted to Prof. S. Sakai, Faculty of Pharmaceutical Sciences, Chiba Uni- 

versity, for the gift of the sample of 3-(3,s-dichloro-2-hydroxybenz0yl)pyrrole. 

REFERENCES 

This paper forms Part XVII of ''Synthetic studies of indoles and related com- 

pounds". Part XV: Y. Murakami, M. Tani, K. Tanaka, and Y. Yokoyama, Chem. 
Pharm. Bull., in press (1988). Part XVI: Y. Murakami, T. Watanabe, and H. 

Ishii, J. Chem. Soc. Perkin Trans. I, in press (1988). 

A. R. Cooksey, J. K. Morgan, and D. P. Morrey, Tetrahedron, 26, 5101 (1970). 
a1 H. J. Anderson and C. E. Loader, Synthesis, 353 (19851; b) H. J. Anderson, 

C. E. Loader, R. X. Xu, N. L&, N. J. Gogan, R. McDonald, and L. G. Edwards, 

Can. J. Chem., 63, 896 (19851. 
a1 C. W. Bird and G. W. H. Cheeseman, "Comprehensive Heterocyclic Chemistry," 

Vol. 4, ed. by A. Katritzky and C. W. Rees, Pergamon Press, Oxford, 1984, 

p .  39; bl R. Livingstone, "Rodd's Chemistry of Carbon Compounds," Vol. IV, 

Part A. Heterocyclic Compounds, ed. by S. Coffey, Elsevier, Amsterdam, 2nd 

edn., 1973, p.329. 

a) H. J. Anderson and C. W. Huang, Can. J. Chem., 45, 897 (1967); b) 3 .  K. 

Groves, H. J. Anderson, and H. Nagy, Can. J. Chem., 49, 2427 (1971). 
Y. Murakami, M. Tani, K. Tanaka, and Y. Yokoyama, Heterocyles, 1_?, 241 
(19841, and Part XV in reference 1). 

M. Kakushima, P. Hamel, R. Frenette, and J. Rokach, J. Org. Chem., 48, 3214 
(1983). 

N. Ezaki and S. Sakai, Yakugaku Zasshi, l&, 238 (19841. 

a)A. Yamashita, T. A.  Scahill, and A. Toy, Tetrahedron Lett., 26, 2969 
(1985); b)B. M. Trost, M. Reiffen, and M. Crimmin, J. Am. Chem. Soc., 101, 
257 (19791: c)M. Natsume and H. Muratake. Tetrahedron Lett., 3477 (1979): 

d)M. Matsumoto, Y. Ishida, and N. Watanabe, Heterocycles, 23, 165 (1985) and 
subsequent papers. 

R.  Joly, J. Warnant, G. Nomine, and D. Bertin, Bull. Soc. Chim. Fr., 366 

(1958). 

K. G. Blaikie and W. H. Perkin, Jr., J. Chem. Soc., 125, 296 (1924). 

Received, 23rd April, 1988 


