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Abstract: Reaction of substituted 2-cyano-4-oxo-alkanoic acid ethyl esters or Z-cyaao-4-oxo- 
alkauonihiles with HCI gas ia 2-pqxtaol or concmaated HCI in P-propanol for the dinitt’iles provides sa 
effiht synthesis of substihzte4 2-chIoropyrroh fmm readily available s&Ming materials and ieagenw 

Tbe nnmber of different methods available for the synthesis of pyrrolesl is reflective of their abundance in 

natural products. However, only occasionally is the cyano group used for the direct preparation of pyzmles;2 

more often it serves as the precursor of a primary amine which is cyclized to afford pyrroles.3,4 A one-step 

synthesis of 2-chloropyrroles containing an electmn withdrawing group at C-3 from readily available acyclic 

keto-nitzile precursors is mported iu this paper. 

Dming an investigation of methods for the conversion of nitriles into amides under acidic wnditious, the 

use of HU gas in 2-propauol was explored. Tfiis method was used by Johnson and Cmsbys*6 to convert of a- 

aminonitriles and a-hydroxynitriles into the corresponding a-substituted amides. The mechanism of the reaction 

to affo& 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 3~2 attack by chloride ion on the propyl 

group of the imidate then gives the amMe.73 

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-carboethoxy4methyI-2-chiompyrmle (2),9 with no evidence of the 

expected amide or 3~~~0xy4~~yl-2-~0~, which would result from acid catalyzed enotization 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 irnidoyl chloride salt 3 which then cyclized 

to the cyclic iminium ion 4 before it wuid react with 2-propanol to give the in&date. Dehydration and 
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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 fur-an 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 Zethoxypyrrole 9 presumably resulted from cyclixation of ethyl imidate, since 

treatment of 6 with HCl 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 imldoyl chloride into the 

imidate prior to cyclixation 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 ether as solvent leads to 

fewer side products and separation of the chloropyrroles from the furan side products is easily accomplished by 

silica gel chromatography (CHC13 - MeOH 99: 1 as eluent). 

2-PrOH 

Ph HClgw, FIT 

5 \ EtOH _ 7 
+ 6 (minor) 

HCIgm, Rl Ph 

&N 

! 
OEl 

9 
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 l-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 HCl. in place of 

gaseous HCl, but required considerably longer reaction times (24-40 h). No pyrrole was generated with the 

cyanoester precursors or from phenacylmalononitrile with concentrated HCl over a period of 72 h. Despite 

giving good yields of crystalline products, the 3Jdisubstituted 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 HCl 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 cyanoe~ters with HCl 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 arylpynoIes may requirechromatography prior to crystallization. 

The presence of an electron withdrawing group, shown here as an ester or nitrile, Q to the nitrile is critical 

to the success of this reaction, without it mainly tars am generated (exp l&12), in agreement with the reported 

instability of halogenated pyrroles which lack an electron withdrawing group_lO~ll However, the 2- 

chloropynoles prepared here are stable at room temperature for months and in a refrigerator for years. Rl can 

be alkyl or phenyl, other aromatics or substituted phenyls have not been explored_ 
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Table 

Although this mthad works ~CIXCX for the pxzparation of alkyl substituted pyrrolcs than for the phenyl 
substituted pyrroles, purifkation of the pym&s by crykztalkation or cmtography allows isolation of pun 2- 

chknqyn~les in good to excellent yields. Iu additiou to the req uiremnt forgnekctnmwithdnwinggrctupas 
uotcdabovc,afiPthcrlimimti~ofrhismcttLodisthatthcstartiagkttonccaanotha~aoonjugatinggrwp~z) 

on the adjacent carbon, since it has already been shown that the acyclic m can not he isolated due to 
their rapid cyclization to f’urans.3 

The ease of preparation of the requisite starting keto-nitriles 33 and clean conversiou to pynules having 
a nmovable chlorine (?+&~gzno&sis) and modifiable substituents malre this a useful synthetic nx%htxL 
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General procedures: (2-propanol and HCl gas) (exp 1) A solution of the cyanuketo ester 1 (1.0 

g) in 2-propanol(30 mL) was cooled in an ice-water bath while HCl gas (1.7 g) was bubbled in. After the HCl 

addition was complete the cooling bath was removed and the stirring continued as the solution warmed to room 

temperature and then at room temperature for 26 h or until TLC (silica gel CHC13CH3OH 99:l) showed the 

reaction to be complete. Nitrogen was then bubbled through the light yellow solution to remove the excess HCl 

and the reaction solution was concentrated to leave a cream colored solid. Recrystalliz.ation from methanol-water 

gave 1.06 g (96%; mp 11 l-l 12 OC) of 214 as cream colored crystals. 

(2-propanol and cont. HCI) (exp. 5) For 2-cyano-4-oxo-hexaneniuile (0.21 g) was dissolved in 10 mL of 

2-propanol and 3 tnL of concentrated HCl was carefully added The solution was capped and left at room 

temperature for 20-40 h (monitored by TLC hexanes-EtGAc (8:2)). Concentration, drying, and crystallization 

(methanol-water) of the resulting solid afforded 0.2 g (84% yield; mp 93-94 oC) of the pyrrole 13,14 additional 

product was available from the mother liquors. 
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