Tetrahedron Letters, Vol. 35, No. 33, pp. 5989-5992, 1994
P ergamon Elsevier Science Lid
Printed in Great Britain
0040-4039/94 $7.0040.00
0040-4039(94)01267-9

An Efficient Synthesis of 2-Chloro-3-carboethoxy- or
2-Chloro-3-cyano- 4,5-disubstituted and 5-substituted Pyrroles

Louise H. Foley+

Department of Chemistry, University of New Hampshire, Durham, NH 03824
& Roche Research Center, Hoffmann-La Roche Inc., Nutley, NJ 07110

Abstract: Reaction of substituted 2-cyano-4-oxo-alkanoic acid ethyl esters or 2-cyamo-4-oxo-
alkanonitriles with HCI gas in 2-propanol or concentrated HCI in 2-propanol for the dinitriles provides an
efficient synthesis of substituted 2-chloropyrroles from readily available starting materials and reagents.

The number of different methods available for the synthesis of pyrroles! is reflective of their abundance in
natural products. However, only occasionally is the cyano group used for the direct preparation of pyrroles;2
more often it serves as the precursor of a primary amine which is cyclized to afford pyrroles.34 A one-step
synthesis of 2-chloropyrroles containing an electron withdrawing group at C-3 from readily available acyclic
keto-nitrile precursors is reported in this paper.

During an investigation of methods for the conversion of nitriles into amides under acidic conditions, the
use of HCI gas in 2-propanol was explored. This method was used by Johnson and Crosby3:6 to convert of o-
aminonitriles and a-hydroxynitriles into the corresponding o-substituted amides. The mechanism of the reaction
to afford amides, essentially the Pinner Reaction, involves conversion of the nitrile initially into the imidoyl
chloride, which on reaction with 2-propanol affords the imidate. A SN2 attack by chloride ion on the propyl
group of the imidate then gives the amide.”8

Treatment of ethyl 2-cyano-4-oxopentanoate (1) with gaseous HCl in 2-propanol at room temperature
afforded nearly a quantitative yield of the 3-carboethoxy-4-methyl-2-chloropyrrole (2),? with no evidence of the
expected amide or 3-carboethoxy-4-methyl-2-aminofuran, which would result from acid catalyzed enolization of
the 4-keto group. No intermediates or side products were detected by TLC during the course of this reaction.
The formation of the pyrrole most likely involved generation of the imidoyl chloride salt 3 which then cyclized
to the cyclic iminium ion 4 before it could react with 2-propanol to give the imidate. Dehydration and

CO,EL

2.PrOH CO,Et
NS
cH CN HClgas, RT ﬂ
3 >3 CHy : <l
1 2

/ CO,Et CO,Et \ COEL
a el
e —S— y
c“' ﬂ *_c“’ —_— CHamﬂ
O NH,+ +0, NH : e cr
cr H ":‘

3

5989



5990

deprotonation of 4 would then yield the observed pyrrole 2.

A similar reaction carried out with the aromatic ketone 5 produced the 2-chloropyrrole 6 and 2-
isopropoxypyrrole 7 (ratio 3 : 1) and a trace amount of the furan 8 after 3 days in 2-propanol. When the
reaction was carried out in ethanol, the 2-ethoxypyrrole 9 was isolated as the major product and 6 as the minor
product (ratio 7 : 1). The 2-ethoxypyrrole 9 presumably resulted from cyclization of ethyl imidate, since
treatment of 6 with HCI gas in ethanol, as expected, did not produce 9. The slower rate of cyclization with the
less reactive aromatic ketone apparently allows sufficient time for conversion of the imidoyl! chloride into the
imidate prior to cyclization and in the case of ethanol, a less hindered alcohol, this becomes the major pathway.
Ester interchange was an additional problem when the reaction of the phenacyl derivative of ethyl cyanoacetate
(exp 4) was carried out in alcoholic solvents. Thus for the aromatic ketones the use of ¢ther as solvent leads to
fewer side products and separation of the chloropyrroles from the furan side products is easily accomplished by
silica gel chromatography (CHCl3 - MeOH 99:1 as eluent).
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Examples and yields for these and other substrates are given in the Table. Interestingly reaction of the
dinitriles (exp 5-7) is much faster than the cyanoesters (exp 1-3), the latter taking at least 20 h at room
temperature to complete, while the former only 3-6 h. The reaction of the dinitriles (exp 5-7) to give good
yields of the pyrroles 13, 14, 15 could also be carried out in 2-propanol with concentrated HC], in place of
gaseous HCI, but required considerably longer reaction times (24-40 h). No pyrrole was generated with the
cyanoester precursors or from phenacylmalononitrile with concentrated HCI over a period of 72 h. Despite
giving good yields of crystalline products, the 3,4-disubstituted pyrroles prepared by the gaseous HCl method
(exp 3 & 6) are highly colored, the pyrrole 11 being light red and pyrrole 14 a light blue-purple. However, the
use of concentrated HC1 gave the 2-chloropyrrole 14 as a white solid. Replacing gaseous HCl with HBr
produced mainly decomposition from the ketone 1. Replacement of 2-propanol with ether or ethanol in the case
of reaction of the cyanoesters with HCI gas also gave 2-chloropyrroles, except with aromatic ketones as noted
above, but the reactions were less clean. In all cases the substituted 2-chloropyrroles are crystalline and the
alkyl pyrroles are easily separated from any unreacted starting material by a single crystallization from methanol-
water; the arylpyrroles may require chromatography prior to crystallization.

The presence of an electron withdrawing group, shown here as an ester or nitrile, ¢ to the nitrile is critical
to the success of this reaction, without it mainly tars are generated (exp 11, 12), in agreement with the reported
instability of halogenated pyrroles which lack an electron withdrawing group.10.11 However, the 2-
chloropyrroles prepared here are stable at room temperature for months and in a refrigerator for years. R1 can
be alkyl or phenyl, other aromatics or substituted phenyls have not been explored.
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R? R Rt
nt a)
Exp Solvent | # { \ Yield b) | Yield b)
R N\ - R* HCI gas |conc HCI
() N :
1 RT=Me,RZaH,A®=CO2Et | 2-PYOH |2 RlaMe, RZ=H,A3=CO2EL, R*=Cl] 96 %
2 RYaElL R2=aH, R = CO2Et | 2-proH 10 R1= EL, A2= H,R3=CO2EL A= Cl]| 83 %
3 R, A2 = Me, R3 = COZE 2-PrOH T1R,AZ= e, A3 =CO2EL R*=Clf 65 %
4 |R'=Pn,R2eH,A%=CO2Et | Ether 12 :l-mnz-un’-cqa. 65 % ©)
= Cl
5 R1=El, R22H, R =CN 2-ProH 13 R1=EL, R2aH,R3=CN, R¥= C} 70 % 84%
6 Rl= R2=Me,RIuCN 2-PrOH 14 R'= R2=Me, R =CN, R* = CI 70 % 88 %
7 |RY, RZu{CH2)s-, RO =CN 2-ProH 15 :l-nz--(cuzu-.n"-cu, 84 % 92 %
=Ci
8 R1aPh,R2.H,R3 aCN 2-PrOM 6 R'aPh,R2=H, RY =CN,R*=CI 72%d)
9 R'=Ph,R2xH, A3 =CN Ether 6 R'=2Ph,R2xH, R? =CN,R*=Cl| 73%€)
10 |R'=Pn,AZ=H,RY =CN EtOH 9 R1=Ph,R2xH, R? xCN, 72%
R4 . OFEt
11 R =Me,R2 = R3 =H 2-PrOH Tors
12 |R1, R2x {CH2)4-, RI=H 2-ProH Tars

Px_eparedaocadmg
b) Yields are for first crop only,

i nomfamoes:i'a 12 and reference 13 for Exp 11.

d)  23% 2-isopropoxy-3-cyano-5-phenylpyrrole (7).

additional material was always present in the mother liguors.
c¢)  Plus 20% 2-amino-3-carboethoxy-5-phenylfuran (Exp 4) & 15% 2-amino-3-cyano-5-phenylifuran (8) (Exp 9).
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Although this method works beiter for the preparation of alkyl substituted pyrroles than for the phenyl
substituted pyrroles, purification of the pyrroles by crystallization or chromatography allows isolation of pure 2-
chloropyrroles in good to excellent yields. In addition to the requirement for an electron withdrawing group as
notcd above, a further limitation of this method is that the starting ketone can not have a conjugating group (R2)
on the adjacent carbon, since it has already been shown that the acyclic precursors can not be isolated due to
their rapid cyclization to furans.3

The ease of preparation of the requisite starting keto-nitriles3:12 and clean conversion to pyrroles having

a removable chlorine (hydrogenolysis) and modifiable substituents make this a useful synthetic method.
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General procedures: (2-propanol and HCI gas) (exp 1) A solution of the cyanoketo ester 1 (1.0
g) in 2-propanol (30 mL) was cooled in an ice-water bath while HCI gas (1.7 g) was bubbled in. After the HCI
addition was complete the cooling bath was removed and the stirring continued as the soluticn warmed to room
temperature and then at room temperature for 26 h or until TLC (silica gel CHCI3-CH30H 99:1) showed the
reaction to be complete. Nitrogen was then bubbled through the light yellow solution to remove the excess HC1
and the reaction solution was concentrated to leave a cream colored solid. Recrystallization from methanol-water
gave 1.06 g (96%; mp 111-112 ©C) of 214 as cream colored crystals.
(2-propanol and conc. HCI) (exp. 5) For 2-cyano-4-oxo-hexanenitrile (0.21 g) was dissolved in 10 mL of
2-propanol and 3 mL of concentrated HCl was carefully added. The solution was capped and left at room
temperature for 20-40 h (monitored by TLC hexanes-EtOAc (8:2)). Concentration, drying, and crystallization
(methanol-water) of the resulting solid afforded 0.2 g (84% yield; mp 93-94 ©C) of the pyrrole 13,14 additional
product was available from the mother liquors.
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