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THE FEIST SYNTHESIS O F  PYRROLE-3-CARBOXYLLC ESTERS 

In connec t ion  w i t h  another inves t iga t ion  (1) w h i c h  requ i red  some pyr ro le  de r iva t ives ,  
t h e i r  p repara t ion ,  p a r t i c u l a r l y  that of t h e i r  N-substituted-3-carboxylic esters, was s tud ied .  
T h e  m e t h o d  of s t u d y  w a s  t h a t  of F e i s t  (2), who condensed  benzoin and e t h y l  p-amino-  
crotonate in p o t a s s i u m  h y d r o g e n  s u l f a t e  a t  170" to p r o d u c e  t h e  N-unsubstituted-pyrrole- 
3-carboxyl ic  es te r  (Ia). 

R1'NH. C(Rt"): CH . C02Et 
R' N R"' 

Ph Ph H I a  ,, Me I i  H Ph CH,Ph 
b " Ph j " C6H40Nh/Ie2 ,, 
c " CsH40Me . :: k. " Me 
d " CsH4ph/Ie ,, 1 '  " H 
e " CHlPh nt Me Me Ph 
f H " P h  n " Me 
g " C6H40h/Ie " 0 " H 
h " C6H4pMe - " p Ph Ph Ph Ph 

The severe  condi t ions  used w e r e  inapp l icab le  to t h e  p r e p a r a t i o n  of N-ary l  pyrroles ,  
s ince  0 - a r y l a ~ n i n o c r o t o n i c  es te r s  cyclize a t  high t e m p e r a t u r e s  (3), o r  i n  strong acid (4), 
to p r o d u c e  qu ino lone  d e r i v a t i v e s  (11). 

lDalhoz~sie University Postdoctorate Fellmu. 
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NOTES 

0 

Boiling ethanolic zinc chloride, used previously to condense a-ketols with 0-ketoesters, 
forming furan derivatives (111) (5), also condensed N-substituted and N-unsubstituted 

R1.CO.CHOH .R R ' C 0  2Et 

Me .CO .CH?C02Et 
+u 

A X  
R 0 Me 

111 

crotonic esters, prepared by the reaction of acetoacetic ester with the appropriate amines, 
with three a-ketols studied, benzoin, a-hydroxyacetophenone, and acetoin, From benzoin 
and acetoin, the 4,s-diphenyl- (I, a-e) and 4,5-dimethyl- (m-o) pyrrole-3-carboxylic 
esters respectively were obtained, while a-hydroxyacetophenone yielded the 4-unsub- 
stituted esters (I, f-l) some of which (I, f-h, 1) had been obtained previously (6) by the 
well-linown Paal-Knorr synthesis. 

Where it \\?as found in~possible to crystallize the pyrrole-3-carboxylic ester, the crude 
products were either distilled under reduced pressure, or hydrolyzed to the free acid. 

Lederer and Paal (6a) reported that ethyl a-phenacylacetoacetate condensed with 
aqueous methylamine to give ethyl 1,2-dimethyl-5-phenylpyrrole-3-carboxylate (Ik), 
m.p. 112". The coillpound obtained from a-hydroxyacetophenone and ethyl p-amino- 
crotonate, which gave a satisfactory analysis, had n1.p. 75". Two compounds were 
obtained from a check of the original experiment. One was identical with that (n1.p. 
75") obtained above, while a second, which softened above 85" and melted completely 
a t  112", was completely converted to the first by being heated a t  a temperature above 
its melting point for 5 min. On the basis of its analysis and properties, it is assumed 
to be an intermediate condensation product (IV), or a tautomer. 

Ethyl p-phenylaminocinnamate also condensed with benzoin under the conditions 
described above. The tetraphenylpyrrole-3-carboxylic ester (Ip) was obtained, but the 
major product was a white crystalline nitrogen-containing material whose infrared 
spectrum showed no carbonyl absorption. I t  did not give a satisfactory analysis for any 
simple product. 

The results of the syntheses using a-hydroxyacetophenone show that  the groups 
attached to the carbonyl and hydroxy functions of the a-ketol become pyrrole-5- and 
pyrrole-4- substituents respectively, and also that the p-aminocrotonic ester must react 
in that for111, and not as  its P-iminobutyrate tautomer. They are in contrast to the 
reactions of a-ketols with P-keto esters (5) where the positions of the substituents in 
the furans (111) produced are reversed. 

These reactions are analogous to the similar Hantzsch (7) and Feist-Benary (8) syn- 
theses of pyrroles and furans where the positions of the group adjacent to the carbonyl 
functioil become 5-  and 4- substituents respectively. 
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EXPERIMENTAL 

Ethyl 8-(o-Dimethylaminophenyl) Aminocrotonate 
Equimolar quantities of o-aminodimethylaniline and acetoacetic ester, with a trace of acetic acid, were 

heated under reflux in benzene until the calculated quantity of water, removed by continuous azeotropic 
distillation, had separated. The solvent was evaporated and the residue distilled under reduced pressure. 
The pale yellow fraction, b.p. 102" a t  0.5 mm was collected (73%). 

Found: C, 66.6; H, 7.8; N, 10.3. CldH20N202 requires C, 67.6; H, 8.0; N, 11.3. 

2 Methylpyrrole-3-CarboxyliG Esters (I, a-o) 
Equimolar quantities of the ethyl 8-aminocrotonic ester and the or-ketols (acetoin was used as  the com- 

mercial 85% solution in water) were heated under reflux in ethanol with a n  approximately equal weight 
of zinc chloride for times varying between 4 and 24 h. The yellow oils obtained by diluting the ethanol 
were worked up by trituration under ethanol, distillation under reduced pressure, or hydrolysis to  the 
parent acid. The results are presented in Table I. The  products were crystallized from ethanol except 
where stated. 

TABLE I 
Preparation of pyrroles from 8-aminocrotonic esters and or-ketols 

Reaction Required, % Found, 70 
time, Yield, 

Compound hours O/ ,  M.p. Formula C H N  C H N  

$As free acid. 
jFmm acetic acid. 

Lit. (6a) 100'. Original experiment repeated gave m.p. 92.j0 mixed m.p. 92.5O. 
Lit. 6a) 199". 
Lit. 16a) 115O. 

Reaction of Ethyl or-Phenacylacetoacetate with Methylamine 
The reaction, performed as  described (7), afforded a solid precipitate, which was recrystallized from 

ethanol. I t  softened a t  85" and completely melted a t  112". 
Found: C, 68.8; H, 7.01; N, 5.74. Cl5H1gN03 requires C, 68.9; H, 7.28; N, 5.57. 
The mother liquors of the reaction, diluted with a large excess of water, gave a precipitate, m.p. 75' 

(from ethanol), which was identical with the pyrrole (Ik) obtained above. The  compound ClaH1gN03 
obtained above was heated a t  120° for 5 min. The cooled product, recrystallized from ethanol, deposited 
the pyrrole (Ik), m.p. 75". 

Reaction of Ethyl 8-Phenylaminocinnamate with Benzoin 
Benzoin and ethyl 8-phenylaminocinanmate were heated under reflux with zinc chloride as described 

above for the 2-methylpyrrole-3-carboxylic ester for 24 h. The mixture, worked up in the usual manner, 
gave a white solid which was separated into two components by chromatography on activated alumina 
in benzene. The course of the elution was followed under ultraviolet light. When the first pale fluorescent 
band had been eluted, the column was stripped with ether. 

The  first fraction on evaporation yielded a white solid, m.p. 175-176" from ethanol (17.5%). 
Found: C, 83.5; H, 5.51; N, 3.29. C31HzaNOz requires C,  83.8; H, 5.66; N, 3.16. 
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The second fraction on evaporation yielded a colorless crystalline compound, m.p. 212-220' from 
benzene. 

Found: C, 85.5; H,  5.67; N, 6.13. 
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STEREOCHEMlSTRY OF THE REDUCTlON OF CYCLIC KETONES WITH THE 
PYRIDINE-n-BUTYLLlTHIUM ADDUCT: STERIC APPROACH AND PRODUCT 

DEVELOPMENT CONTROLS 

The dihydropyridyllithium adduct formed from phenyllithium and pyridine has been 
shown to reduce ketones to the corresponding alcohols (1). While the yield from benzo- 
phenone was reasonable (64%), cyclohexanone gave a poor yield (6.5%) of cyclohexanol. 
I t  was, nevertheless, thought to be of interest to examine whether or not there was any 
stereoselectivity in the reduction of cyclic ketones with this reagent. The publication of a 
study of the stereochemistry of the reduction of cyclic ketones with lithium tri-t-butoxy- 
aluminium hydride and the discussion of the factors controlling the geometry of the 
products formed (2) prompts the reporting of our results. 

The reducing agent used here was the adduct (I) formed by the addition of n-butyl- 
lithium in ether in the cold to an excess of pyridine in dry ether. The ketone in ether 
was added a t  room temperature and, after the usual workup (I), the products were 
analyzed by gas-phase chromatography. In addition to recovered ketone, 2-n-butyl- 
pyridine was formed, together with the mixture of isomeric alcohols. 

Reduction of 4-t-butylcyclohexanone in this way gave a mixture of isomeric alcohols 
of which 91-96yo was the trans- and 9-4y0 was the cis-isomer. Very similar ratios were 
obtained when lithium aluininiuin hydride (3) and lithium tri-t-butoxyaluminium hydride 
(2) were used. I t  has been proposed (2) that  the stereochemical results observed with 
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