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Ethyl esters of 2-alkyl- and 2,4-dialkylpyrrole-3-carboxylic acids are obtained generally by extensions 
of the Hantzsch synthesis, benzyl and t-butyl esters when the 2-alkyl group is methyl. Hemopyrrole is 
obtained from butanal and ethyl acetoacetate in three steps. Pyrroles bearing higher alkyl groups or 
carbobenzoxy groups are reductively alkylated like the corresponding methylpyrroles and carbethoxy 
derivatives; t-butyl esters d o  not survive. 
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Introduction 

Numerous alkyl pyrroles were required to 
identify by gas-liquid partition chromatography 
(g.1.p.c.) those resulting from the reduction of 
porphyrins and their meso-alkyl derivatives cf. 
(1). Many of the pyrroles are now easily obtained 
(2) but the assembly suggested some deficiencies 
in the methods of pyrrole ring synthesis and a 
review of their possibilities. 

The most generally useful pyrrole synthesis is 
that form of Knorr's which gives 2,4-dialkyl- 
pyrrole-3,5-dicarboxylic esters from two acyl- 
acetic esters, one of them nitrosated (3a); this will 
be referred to simply as the Knorr synthesis. Both 
alkyl groups are frequently desired but, if other 
than methyl, derive from less accessible acyl- 
acetates. 

The other pyrrole ring syntheses (3a, 3b, 4), in- 
cluding other forms of Knorr's, are used when the 
above Knorr products are not appropriate inter- 
mediates, and in special, although important, 
cases. Their limitations are usually inherent: the 
intermediates inay be less accessible (a-amino- 
ketones), must be symmetrical to avoid ambiguity 
(1,3-diketones), or the products may be too 
specialized (2,5-dialkylpyrroles, N-substituted 
pyrroles). 

As the Hantzsch pyrrole syilthesis (3a) was an 

exception among these, having the formal gener- 
ality of the Knorr synthesis, we questioned its 
apparent limitations. In it, ammonia and ethyl 
acetoacetate condensed with a-halo derivatives 
of acetaldehyde (5, 6) or of ketones (7, 8) giving 
2-methyl-3-carbethoxypyrrole (the only generally 
useful product (6, 9)) or its 5-alkyl- and 4,5- 
dialkyl derivatives. The 5-position was thus an 
embarrassment: permanently blocked if alkylated 
or, if not, complicating the introduction of a 4- 
alkyl group. Further, the 2-methyl group seemed 
virtually obligatory for, when acylacetates other 
than methyl or ethyl acetoacetate had been used, 
the expected product was isolated in only one 
case: in 2 % yield from oxalacetic ester, 2-chloro- 
cyclohexanone and ammonia (10; cf. 5,8, 11, 12). 
Apparently only eight or nine pyrroles had been 
made by the Hantzsch syilthesis (contrast (3a)). 

We find that neither of these limitations exists 
in principle, first because a-halo derivatives of 
aldehydes other than acetaldehyde may be used, 
and second because acylacetates other than 
methyl or ethyl acetoacetate may be used if, as in 
Hantzsch's original procedure (7), the crude 
products are purified by washing with both acid 
and alkali. Ethyl esters of 2-alkyl- and of 2,4- 
dialkylpyrrole-3-carboxylic acids are then ob- 
tained generally, benzyl and t-butyl esters, when 
the 2-alkyl group is methyl, eq. [ I  1. 

Using chloroacetone, we also obtained the appropriate components than the ketones used 
analogous ethyl and beilzyl but not t-butyl esters heretofore. Normal aldehydes to C12 are com- 
of 2-alkyl-5-methylpyrrole-3-carboxylic acids. mercial products, they are halogenated unam- 
Aldehydes, however, are in all respects more biguously, and their halo-derivatives give both 

'Issued as NRCC No. 11229. more useful pyrroles and higher yields than do 
'NRCC Postdoctoral Fellow 1968-1970. halo-ketones. 
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TABLE 1 
Pyrroles by the Hantzsch synthesis 

- 

Product 

Substituents Melting Melting Anal. Calcd. (Found) 
Yield point point 

Components (%) Code 2 3 4 5 ("C) lit. ("12) c 13 N 

Chloroacetone and 
ethyl acetoacetate 
methvl acetoacetate 
r-but91 acetoacetate 
benzyl acetoacetate 
ethyl propionylacetate 
ethyl butyrylacetate 

COOEt 
COOMe 

8 1.3 Me C O O C H ~ C ~ H S  
9 1.4 Et COOEt 
2 1.5 CH2CHzCH3 COOEt 

MeCHBrCOEt and ethyl acetoacetate 7 2.1 Me COOEt Me Et 107.5-108 106107 (15,2) 67.66 (67.53) 8.78 (8.86) 7.17 (7.23) 2 
CICH,CHCI(OEt) and ethyl acetoacetate 40 (5) 5.1 Me COOEt 

P 
0 

BrCH,CHBr(OAc) and V 
ethyi acetoscetaie 
I-butyl acetoacetate 
benzyl acetoacetate 
ethyl prop~onylacetate 
ethyl butyrylacetate 

45 (6) 5.1 Me COOEt 
36 5.2 Me COOCMe3 
12 5.3 Me COOCH2C6HS 
29 5 .4  Et COOEt 
20 5.5 CH2CHzCH3 COOEt 

EtCHClCHO and ethyl acetoacetate 30 6.1 Me COOEt Et 77-79 
EtCHBrCHBr(0Ac) and 

ethyl acetoacetate 40 6.1 Me COOEt Et 77-79 
EtCHBrCHO and 

ethyl acetoacetate 
I-butyl acetoacetate 
benzyl acetoacetate 
ethyl propionylacetate 
ethyl butyrylacetate 

Me COOEt 
Me COOCMe3 
Me C O O C H Z C ~ H ~  
Et COOEt 

CHzCH2CHs COOEt 

CH3(CH1)4CHBrCHBr(OAc) and 
ethyl aceroacetate 45 6 .6  Me COOEt (CHzLCHs 69-7 1 

CHI(CHz)4CHBrCH0 and 
ethyl acetoacetate 
ethyl propionylacetate 

55 6.6 Me COOEt (CHZ)ICH~ 69-7 1 
49 6.7 Et COOEt (CHACH3 52-53 
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ROOMI AND MACDONALD: HANTZSCH SYNTHESIS 1691 

It will be noted that the principal limitation on 
the related pyrrole synthesis of Feist could not be 
avoided in this way for 2,5-dimethyl-3-carb- 
ethoxypyrrole resulted when P-aminocrotonic 
ester was condensed with either hydroxyacetone 
or lactaldehyde in hot acetic acid (13). 

Table l 3  shows some products of conventional 
Hantzsch syntheses, 1.1, 1.2, 2.1, and 5.1 and 
those now obtained by the above extensions, 
using one mole of each organic component under 
uniform conditions. Particularly when the yields 
were low, these conditions were not ideal, for 
when the mixtures were refluxed for 1 h after the 
spontaneous reaction was over, the yield of 6.5 
was 24% instead of 16 % although that of 6.1 
(45 %) was unchanged (cf. (8)). Also, the cheaper 
component should presumably be in excess. 

To choose between equivalent halo-aldehydes 
and derivatives, all were first condensed with 
ethyl acetoacetate and ammonia. Neither 2- 
bromo-1,l -diethoxybutane nor 1,2-dibromo- l-  
ethoxybutane gave pyrroles whether or not the 
mixtures were heated. The best yields (45-55 %) 
were obtained using 1,2-dibromoethyl acetate, 
2-bromobutanal, and 2-bromoheptanal. These 
three, also obtained directly and more easily than 
their alternatives, were then used with other 
acylacetates. The yields were then more various 
(1249%) and no pyrroles were obtained using 
benzyl propionylacetate, ethyl pivalylacetate, 2,4- 
pentanedione, nor the sodium salt of oxalacetic 
ester or of ethyl acetopyruvate. Chloroacetone 
(except when used with ethyl acetoacetate) and 
2-bromo-3-pentanone both gave lower yields of 
pyrroles than did the three preferred halo- 
aldehyde derivatives (Table 1); similarly, the 
yield of the pyrrole from 3-chloro-2-butanone and 
ethyl acetoacetate was only 26 % (8). 

Scheme 1 represents the Hantzsch products 
(1, 2, 5, 6), related Knorr products (7), the more 
useful pyrroles derived from these (9, 10, 11, 14), 
and some reactions connecting them. As specified 
in Table 2 we have carried out many of these 
reactions on the Hantzsch products to confirm 
the structures of the new ones of types 1 and 6, to 
provide a basis for comparing the Hantzsch 
products 5 and 6 with the Knorr products 7 as 
intermediates, and to further define the scope of 

31n Table 1 and Table 2 the units figure in the code 
identifies the pyrrole type, as defined in Scheme 1, and 
the decimal numbers distinguish individual pyrroles 
within it. 

reductive alkylation. These reactions were carried 
out under standardized conditions and the only 
failures encountered are discussed below. 

Discussions of the Hantzsch synthesis have 
emphasized that pyrroles are formed from 
halo-ketones as in eq. [ l ]  (R5 for H on 5) 
rather than with R4 and R5 interchanged, and 
all our products were formulated accordingly. 
The only evidence in support of this was that 2,5- 
dimethyl-3-carbethoxypyrrole, 1.1, was obtained 
from chloroacetone, ethyl acetoacetate, and am- 
monia (7). In the 2,4-dimethyl-3-carbethoxyfuran 
formed concurrently, R4 and R5 were inter- 
changed (11). The only other evidence was that 
ethyl P-bromolevulinate, ethyl acetoacetate, and 
ammonia give the diethyl ester of 2,4-dimethyl-3- 
carboxypyrrole-5-acetic acid, a pyrrole in which 
R4 and R5 are interchanged (14). In view of this, 
all the doubtful structures of new Hantzsch 
produc'ts (types 1, 2, and 6) were confirmed, 
and eq. [ I ]  evidently does represent the prod- 
ucts from ~~ncomplicated halo-aldehydes and 
-ketones. The pyrrole 2.1 was known (1 5, 2); 
although it is confused in the literature with its 
isomer 2.14 of the same m.p. (15, 3c), their mix- 
ture m.p. is depressed. The remainder, of types 1 
and 6, were systematically related to products of 
the Knorr synthesis, 7, including the new 7.7. 
With two exceptions, 6.6 and 6.7, ethyl and benzyl 
esters 6 were authenticated by conversion to 
Knorr products, 7 (Scheme 1). Pyrroles 1 and 6 
with R and R2 in common were then related 
through 2. When two pyrroles, 6, differed only in 
R4 (6.1 and 6.6, or 6.4 and 6.7), only one was 
confirmed through 7 for both could be related to 
the same 1 through a pyrrole of type 2. Less 
systematically, the s t ruct~~re of 6.1 also follows 
from its conversion to the known pyrroles 2.14, 
3.1, 10.1, 15.1, 14.4and 14.5,andthatof6.4from 
its conversion to 14.2. To avoid a Knorr synthesis, 
the structure of the t-butyl ester 6.2 was confirmed 
by reducing it to 10.1 which was identified as the 
solid 14.4, a known pyrrole also obtained from 
the corresponding ethyl and benzyl esters, 6.1 and 
6.3. Similarly, although without the structural 
significance, the ethyl and benzyl esters 5 were 
related to 6 and, except in one instance, to 1 
through pyrroles of type 2. The t-butyl ester 5.2 
could not be reductively alkylated, but it was 
reduced like the corresponding ethyl and benzyl 
esters, 5.1 and 5.3, to 9.1 which was identified as 
the solid 13.1. 
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TABLE 2 
Pyrroles from Hantzsch products 

Starting 
pyrrole 

Substituents Melting 
Yield point 
(%) ("C) 

Melting 
point 

lit. r C )  

Anal. Calcd. (Found) 

Method Code 

Reductive alkylation (a) 
Reductive alkylation (a) 

COOMe 
COOMe 
COOMe 

COOCH,C,H, 
COOCH2C6Hs 
COOCH2C6Hs 

COOEt 
COOEt 
COOEt 
COOEt 

Reductive alkylation (a) 
Reductive alkylation (a) 

Reductive alkylation (a) 
Reductive alkylation (a) 
Reductive alkylation (a) Below 

(34 9) 
114 (34 

Above 

Above 
Above 

Above 

]16(3f) 
(3r, 16) 
79 (16) 
78 (17) 

62-63 (1 8) 

82-83 (19) 

105-107 (2) 
104-106 ( I )  

69 (3h) 
115 (3f) 

(3;) 
(3)) 

Above 
86 (3k) 
97 (31) 
Above 
75 (3111) 

COOEt 
COOEt 

COOCMe, 
COOCMe, 

Me 

Reductive alkylation (a) 

COCI2 (a) 
LiAIH, 
COCI, (b) 

COOEt 

COOEt 

Reductive alkylation (a) 
Reductive alkylation (a)  
COCll (a) 
LiAIH, 
COCI, (b) 

Me Me 
Et Et 

COOEt 

COOEt 

Reductive alkylation (a) 
Reductive alkylation (a) 
COCll (a) 
Reductive alkylation (a) 
LiAIHn 
COCI, !b) 
Reductive alkylation (a) 
Reductive alkylation (a) 

Me Me 
Et Et 

COOEt 
Me COOEt 

COOEt 
Me COOEt 

Me 
COOEt 
COOEt 
COOEt 
COOEt 
COOEt 

Me 
Me 
Me 

COOEt 
COOEt 
COOEt 

Me 
COOEt 

Me 

Et COOEt 

Reductive alkylation (a) 
Reductive alkylation (a) 
COCll (a) 
Reductive alkylation (a) 
LiAIH, 
COCIz <b) 
Reduct~ve alkylation (a) 

Me Me 
Et Et 

COOEt 
Me COOEt 

COOEt 
Me COOEt 
Et 

Reductive 
Reductive 
Reductive 
COCll (a) 
LiAIHI 
NaOH 
H S O I  
COCIZ (b) 
COCI, !b) 
Reductive 
Reductive 

alkylation (a) 
alkylation (a) 
alkylation (c) 

- 

Et Me 
Et Et 
Et Me 
Et COOEt 
Et 
Et 
Et 
Et COOEt 
Et COOEt 
Et COOEt 
Et COOEt 

alkylation (a) 
alkylation (d) 
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TABLE 2 (concltrded) 

Substituents Melting Melting Anal. Calcd. (Found) 
Starting Yield point point 
pyrrole Method Code 2 3 4 5 (%) r c )  lit. r C )  C H N 

C] 

6.2 Me COOCMe, Et % 
COCIZ (a) 
LiAIH, 
COCl, (b) 

COOEt 

COOEt 

Me 
Et 

COOEt 

COOEt 

Me 
Et 

COOEt 

COOEt 

Me 
Et 

COOEt 

Me 
Et 
Me 

COOEt 
COOEt 
COOEt 
COOEt 
COOEt 

Me 

64.03 (63.91) 
Above 77.99 (77.80) 
Above 

Reductive alkylation (a) 
Reductive alkylation (a) 
COCIZ (a) 
LiAIH, 
COCIZ (b) 

Above 74.68 (74.51) 
Above 75.24 (75.42) 

127-129 (18) 68.55 (68.41) 
Above 77.99 (78.10) 

Me 
COOEt 
COOEt 
COOEt 

Above 

Reductive alkylation (a) 
Reductive alkvlation (a) 

Above 68.86 (68.88) 
Above 69.92 (70.10) 
97 (311) 62.90 (63.07) 

(30) 78.77 (78.83) 
Above 68.86 (69.03) 

COOE~ 
Me 
Me 

COOEt 
COOEt 
COOEt 
COOEt 
COOEt 
COOEt 
COOEt 

Me 
Me 

COOEt 
COOH 

Me 
Me 

COOEt 
COOEt 

Reductive alkylation (a) 
Reductive alkylation (a) 
COCl, (a) 

Above 69.92 (70.03) 
Above 70.85 (70.93) 

See Experimental 64.03 (64.19) 

Reductive alkylation (a) 78-79 (2) 

Above 

Reductive alkilation (a) 
Reductive alkylation ( c )  

Reductive alkylation (a) Above 71.67 (71.71) 

C
an

. J
. C

he
m

. D
ow

nl
oa

de
d 

fr
om

 w
w

w
.n

rc
re

se
ar

ch
pr

es
s.

co
m

 b
y 

8.
26

.1
13

.3
4 

on
 1

1/
14

/1
4

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.
 



ROOMI AND MACDONAl ,D: HANTZSCH SYNTHESIS 1695 

We had used methylpyrroles and their carb- 
ethoxy derivatives to determine sets of conditions 
suitable for the reductive alkylation of rep- 
resentative types of pyrroles, and the limitations 
of these methods (2). The alkylations now carried 
out (Scheme 1 and Table 2) now show that the 
generalizations made then are equally applicable 
to pyrroles bearing higher alkyl groups, and to 
their carbethoxy or carbobenzoxy derivatives. 
The only exception was the dicarboxylic ester 4.2 
which was too insoluble to be methylated at room 
temperature, and its carbobenzoxy group was dis- 
placed by a methyl group at  45" (see Experi- 
mental). The t-butyl esters, however, did not 
survive at room temperature. In detail, the ethyl 
esters 1.4, 4.3, 4.4, 5.4, 5.5, 6.1, 6.4, 6.5, 6.6, 6.7, 
13.2, 13.3, 15.1, 15.2 were methylated, 1.4, 1.5, 
5.4,5.5,6.1,6.4,6.5,6.6, 13.2, 15.1 wereethylated, 
and 1.4 was converted into its n-pentyl derivative; 
like their lower homologue (2), 4.3 and 4.4 were 
not ethylated. The benzyl esters 1.3, 5.3, and 6.3 
were both methylated and ethylated ; the methyla- 
tion of 4.2 is discussed above and its ethylation, 
like that of 4.3 and 4.4 was not to be expected. At 
100°, when no difficulty was expected as carb- 
alkoxy groups are replaced, both 6.1 and 6.6 were 
completely C-methylated. 

In conclusion, the Hantzsch synthesis and the 
Knorr synthesis in its various forms have the 
same formal generality but that of the latter is 
more fully realized, particularly because 4-acetic 
and 4-propionic acids are obtained directly, the 
choice of acylacetates providing the 2- and 3- 
substituents is wider, and 1,3-diketones may re- 
place acylacetates. The Hantzsch synthesis has 
advantages when its use permits a commercial 
aldehyde (halogenated) to replace a higher acyl- 
acetate (nitrosated), and also when 4-free pyrroles 
are required or when the final products are to be 
3-methyl derivatives. Thus the 2-alkyl- and 2,4- 
dialkyl-3-methylpyrroles 9.2, 9.3, 10.1 (hemo- 
pyrrole), 10.2, 10.3 are now obtained (as was 
2,3-dimethylpyrrole, 9.1 (9)) in three steps from 
aldehydes and acylacetates, hemopyrrole (12%) 
from butanal and ethyl a~e toace ta te .~  The 
Hantzsch synthesis also provides attractive routes 
to 14 (R3 = Me): 10.1, 10.2, 10.3 -> 14.4, 14.2, 
14.6 respectively, 13.2 -> 14.1 and 14.2, or 13.3 + 
14.3. More generally, 14 (R3 = Me) was ob- 

4The bromine required costs six times as much as these 
cabalistic starting materials. 

tained through 6.1 -> 11.1 + 15.1 -> 14.4 and 
14.5, or 6.6 -> 7.8 + 12.1 -> 15.2 -> 14.6. 

I t  was necessary to  clear up confusion over the 
m.p. of 2,3-dimethyl-5-carbethoxypyrrole, 13.1 
(16,4). Fischer and Fink applied their "modified 
Knorr" synthesis (eq. [2b]) to 3-formyl-2- 
butanone and identified the product, m.p. 12S0, 
as 13.1. They concluded, without further evidence, 
that the lower m.p., 114" (3e), of earlier prepara- 
tions was due to the presence of some of the N- 
carbethoxypyrrole. The N-carbethoxy derivative 
may contaminate products from pyrrylmagne- 
sium halides and ethyl chloroformate (3a), and its 
presence here would reflect on the purity of all 
the products we obtained by the phosgene 
method. We found,5 however, that Fischer and 
Fink's product is a mixture of 13.1, m.p. 114- 
116", with 10-30 % of 2,3,4-trimethyl-5-carb- 
ethoxypyrrole, m.p. 126-129", into which it was 
resolved by preparative g.1.p.c. ; conversely, mix- 
tures of these two pyrroles had the same nuclear 
magnetic resonance (n.m.r.) spectrum and m.p. 
(128-130") as the product of Fischer and Fink. 
Evidently, Knorr syntheses with 1,3-dicarbonyl 
compounds can take a third course (eq. [2c]) 
(possibly six if the dicarbonyl compound is un- 
symmetrical) which was foreshadowed by the 
equivalence of acetylacetone and its oxymeth- 
ylene derivative in the normal Knorr syilthesis 
(eq. Pal)  (16). 

Experimental 
Melting points are corrected. The assigned structures 

were consistent with the n.m.r. spectra. Pyrroles gave 
negative Beilstein tests for halogen and positive Ehrlich 
reactions. Those encountered more than once had 
identical n.m.r. spectra and their mixture n1.p.'~ were not 
depressed. 

The following were obtained by methods in the 
literature: t-butyl acetoacetate (20), benzyl acetoacetate 
(21), ethyl and benzyl propionylacetate, ethyl butyryl- 
acetate (18), 2-bromo-3-pentanone (22), 1,2-dibromo-1- 
ethoxybutane (23), -2-chlorobutanal (24), 2-bromo- 
butanal and 2-bromoheptanal (25), and 1,2-dibron~o-1- 
acetoxyheptane (26). 2-Bromo-1,l-diethoxybutane, b.p.,, 
86-88", and 1,2-dibromo-1-acetoxybutane were obtained 
like the corresponding pentane (27) and heptane (26) 
respectively. Hydriodic acid (d = 1.94) and 50% hypo- 
phosphorous acid were used. 

Standard (not Optir~~al) Conditions for the Hantzscl~ 
Syntheses in Table 1 

Aqueous ammonia (50 ml O F  28 %, 50 ml of water) was 
added to the acylacetate and halo-compound (0.1 mole of 
each) and the mixture was stirred for 2 h while the tem- 

5With D. T. Krajcarski. 
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MeCO CH2COMe Knorr Me COMe 
I + I E t O O ~  C=N.OH COMe (Z~-ACOH),  E t 0 0 c r j ~ e  

N 
H 

Me Me 
MeCO + O H C + C H M ~  , E~OOCLJM~ 

I 
EtOOC C=N.OH C O M ~  I (Zn-AcOH) H 

perature rose to about 60" then fell. Next day the product 
was extracted into ether and the extract was washed with 
10% NaOH, with water, with 5 %  HCI, and again with 
water. Ether was removed from the dried (Na2S04) 
extract in vacuo. The products 1.3, 1.4, 2.1, 5.2, 5.3, 6.1, 
6.2, 6.3, 6.4, 6.5, 6.6, 6.7 crystallized from the residues 
after a few hours at room temperature and 1.5 crystallized 
at OD. These were recrystalliz~d from ether-pentane and 
then, if necessary, decolorized by sublimation (ca. 90°, 
0.5 mm). In the case of 5.4 and 5.5, the distilled residues 
crystallized at 0"; 5.4 was then drained on cold tile and 
redistilled, 5.5 was recrystallized from pentane. 

Standard Conditions for the Reactions Detailed in 
Table 2 as Designated There and in Scheme I 

LiAIH,. 3-Methylpyrroles from 3-Carbethoxypyrroles: 
9 and 10 from 5 and 6 cf .  ( 9 )  

A solution of the pyrrole (0.01 mole) in 20 ml of dry 
tetrahydrofurane was dropped into a stirred solution of 
LiAlH, (0.8 g) in 20 ml of tetrahydrofurane over 112 h. 
The solution was then refluxed for 18 h, cooled, and 
ordinary ether (20 ml) added followed by enough 10% 
NaOH (ca. 100 ml) to redissolve the initial precipitate. 
The mixture was extracted with ether, the dried (Na2S04) 
extract was evaporated (rotary), and the residue was dis- 
tilled at ca. 90" (10 mm). 

CO C12. 5-Carbethoxypyrroles 
( a )  From 3-Carbethoxypyrroles: 4 and 7 from 5 and 6 
A solution of the pyrrole (0.01 mole) in 25 ml of toluene 

and 1.2 g of dirnethylaniline was cooled in an ice-salt bath 
and stirred while a solution of phosgene (1 g) in toluene 
(10 ml) was dropped in over 15 min. After standing over- 
night, the mixture was refluxed for 2 h. Absolute ethanol 
(10 ml) containing dimethylaniline (1.2 g) was then 
dropped in at room temperature and the mixture stirred 
and heated for 1 h. Toluene was removed at room tem- 
perature in vacrro (rotary), and the residue poured into 
dilute hydrochloric acid (10 ml concentrated and 100 ml 
water). The solid which separated was crystallized from 
ether-pentane. 

Reductive Alkylatiorr cf. ( 1 , 2 )  
( a )  Using Hydriodic Acid at Roorn Temperature: 2 from 

1, 5,  or 6 ;  7 (R4  = Me, R = Et) from 4 ( R  = Et ) ;  
14 from 13; 14(R3 = Me) from 15 

The pyrrole (0.004 mole) in acetic acid (10 ml), hydri- 
odic acid (10 ml), hypophosphorous acid (2 ml), and the 
aldehyde ( l x  - 5x  theory) were stirred for 2 h at room 
temperature. The solution was poured into 200 ml of 
water, the mixture made alkaline with ammonia, and the 
precipitate was recrystallized from ether - n-pentane. 

( b )  Using Hydriodic Acid at 4 j0 ,  with Loss of 
Benzyloxycarbonyl Groups: 2,3,4-Trimethyl-5- 
carbethoxypyrrole from 2-Methyl-3-benzyloxy- 
carbonyl-5-carbethoxypyrrole, 4.2, or from its 
4-Methyl Derivative (28) 

The pyrrole (0.574 g) in acetic acid (10 ml), hydriodic 
acid (5 ml), and hypophosphorous acid (1 ml) was stirred 
for 2 h at 45" with 0.3 g of paraformaldehyde. The 
product (75 %), m.p. 127-129", was isolated as under (a )  
above. 

Anal. Calcd. for C10H15N02: C, 66.27; H, 8.34; N,  
7.73. Found: C, 66.44; H, 8.51; N, 7.57. 

( c )  Using Hydriodic Acid at 100°, with the Loss of 
Carbethoxy Groups: 3 from 6 

The pyrrole (0.01 mole), 25 ml of acetic acid, 25 ml of 
hydriodic acid, 5 ml of hypophosphorous acid, and 0.6 g 
of paraformaldehyde were heated for 3 h under nitrogen 
at 100". The cooled solution was poured into water, the 
mixture was made alkaline with ammonia, and the 
product was extracted into ether. Ether was removed from 
the extract and the residue was distilled at ca. 95" (10mm). 

( d )  Using HCI-AcOH-Zn: 14.5 (i.e. R3 # Me) 
from 15.1 

Acetic anhydride (20ml) was added to 5 ml of con- 
centrated hydrochloric acid with cooling. The pyrrole 
15.1 (0.004 mole), paraldehyde (0.008 rnole) and 10 g of 
zinc amalgam (20 mesh) were added to this at 25' and 
stirred for 25 min. The zinc was then separated and the 
product was isolated as under (a) above. 

( b )  From Purely Alkyl Pyrroles, cf. ( 6 ) :  13, 14, and f fzSo4 
15.1 from 9 ,  10, and 11.1 ( a )  Removal of Carbethoxy Groups cf. (3p):  11.1 

The pyrrole (0.01 mole), in dry ether (25 ml) and di- from 6.1 
methylaniline, was treated as in (a)  but without any 2-Methyl-4-ethyl-3-carbethoxypyrrole (9.05 g) in 24 ml 
heating. of concentrated sulfuric acid and 10 rnl of water was 
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heated for 3 h on the steam bath. The mixture was then 3. H. FISCHER and H. ORTH. Chemie des Pyrrols. Vol. 
made alkaline with 20% NaOH at < 15". The product, 1. Akademischer Verlag, Leipzig, 1934. (a) pp. 2 ff, 
2-methyl-4-ethylpyrrole, was extracted into ether then 231 ff; (b) P. 177 ff; (c) P. 248; (d)  P. 41; (e) P. 238; 
distilled at ca. 86" (20 mm). (f) p. 257; (g) p. 47; (h) p. 54; (i) p. 51; (j) p. 46; 

(k)  p.240; (1) p. 242; (m) p. 243; (n)p. 258; (0) p. 57; 
(b) Partial Hydrolysis cf. (3g) : 12.1 from 7.8 (p) p 4 2  (q) p. 239. (r) p. 255 ff. 
2-Methyl-4-n-pentyl-3,5-dicarbethoxyp~rrole (7.8) (2 g) 4, R. A. NICHOLAUS gnd R. SCARPATI. Sugli Acidi 

was stirred for 1 h at 40" in 4 ml of concentrated sulfuric Pyrrolici. Stabilimento Tipografico Guglielmo Geno- 
acid. The product was precipitated by water and dissolved vese, Naples, 1962. p. 13. 
in aqueous NaOH which was then washed withether.The 5. E. BENARY. Chem. Ber. 4,495 (191 1). 
product, 2-methyl-4-n-pentyl-5-carbethoxypyrrole-- 6. A. TRE~BS and W. Om. Ann. Chem. 615, 137 (1958). 
carboxylic acid (12.1) was reprecipitated by acid and re- 7. A. HANTzscH. Ber. 239 1474 
crystallized from ethanol as tiny colorless plates. 8. G. KORSCHUN. Chem. Ber. 37, 2196 (1904); 38, 

1125 (1905). 
NaOH. Removal of Carbethoxy groups cf. (3i): 9. R. L. HINMAN and S. THEODOROPULOS. J. Org. 

11.1 from 6.1 Chem. 28, 3052 (1963). 
2-Methyl-4-ethyl-3-carbethoxypyrrole (9.05 g) was 10. A. TREIBS. Ann. Chem. 524, 285 (1936). 

heated for 6 h at 175" with 40 ml of 10 % aqueous NaOH 1. F. FEIST. C h m .  Ber. 35, 1539, 1545 (1902). 
in a Teflon lined screw-capped metal tube. The product, 12. H. FISCHER and H. H~FELMANN.  Z. P ~ Y s ~ o ~ .  Chem. 

251, 218 (1938). 2-rneth~l-4-eth~l~~rrole, was extracted into ether then 13. C. D, NENnzEscu, I. NEcsoIu, and M. ZALMON. 
distilled at ca. 86" (20 mm). Comun. Acad. Rep. Sop. Rom. 7, 421 (1957). 

250". Decarboxylation cf. (3q): 15.2 from 12.1 14. H. KONDO, S. ONO, and S. IRIE. J. Pharm. Soc. 
2-Methyl-4-n-pentyl-5-carbethoxypyrrole-3-carboxylic Japan, 57, 78 (German) (1937). 

acid (12.1) was decarboxylated at 250". The product, 2- 15. L. KNoRR and K. HESS. Chem. Ber. 4,2762 (191 1); 
methyl-4-n-pentyl-5-carbethoxypyrrole, 15.2, was sub- 459 2626 
limed at ca. 60' (0.05 mrn) then recrystallized from ether- E2Tf"z~ and 'INK. Z. P h ~ s i o l  283y 

pentane as prisms. 17. H. FISCHER and H. HOFELMANN. Ann. Chem. 533, 
Knorr. Ring Synthesis of 7.7 cf. (3r) 216 (1938). 
Ethyl propionylacetate (5.12 g) in 25 rnl of acetic acid 18. J. L. ARCHIBALD, D.  M. WALKER, K. B. SHAW, A. 

was nitrosated at < 5" with 2.46 g of sodium nitrite in a MARK~VAC,  and S. F. MACDONALD. Can. J. Chem. 
little water. After 15 h at O0, 5.63 g of ethyl n-butyryl- 447 345 
acetate in 25 ml of acetic acid were added. The solution 19. LABORATORIEs IN'. (by K. ScHOEN and I. J. 
was stirred while 10 g of zinc dust were added at 65" PACHTER) Belg. Pat. 670, 796; cf. Chem. Abstr. 65, 

16943 (1966). 
Then, after 1 h at 85" the solution was decanted into. 20. A. T~~~~~ and K. H ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ .  them. B ~ ~ .  87, 
water. The 2-n-propyl-4-ethyl-3,s-dicarbethoxypyrrole 1167 (1954). 
which separated was recrystallized from 50% ethanol 21. R. F. BACON. Amer. Chem. J. 33, 68 (1905). 
then twice from n-pentane as long colorless needles (25 %), 22. H. PAULI. Chem. Ber. 34, 1771 (1901). 
rn.p. 8486" and 99-101". 23. H. SEIFERT. Monatsh. Chem. 79, 198 (1948). 

Anal. Calcd. for C,,H,,O,N: C, 64.03; H, 8.24; N, 24. A. K R A ~ I G E R .  Bull. Sot. Chim. France, 20, 222 
4.98. Found: C, 64.20; H, 8.41; N, 5.02. (1953). 

25. J. J. RIEHL. C. R. 245, 1321 (1957). 
26. P. Z. BEDOUKIAN. J. Amer. Chem. Soc. 66, 1325 

I. B. V. GREGOROVICH, K. S. Y. LIANG, D. M. CLUGS- (1944). 
TON, and S. F. MACDONALD. Can. J. Chern. 46, 27. R. K ~ N  and C. GRUNDMAN. Chem. Ber. 70, 1898 
3292 (1968). (1937). 

2. M. W. ROOMI and S. F. MACDONALD. Can. J. 28. S. F. MACDONALD. J. Chem. Soc. 4176 (1952). 
Chern. 48, 139 (1970). 
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