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Abstract - Recent development and modification of the 

general synthesis of pyrroles and 1-vinylpyrroles by 

the reaction of ketoximes with acetylenes and their 

synthetic equivalents (vinyl halides and dihaloalkanes) 

in the presence of the strongly basic KOH/DMSO catalyt- 

ic and eliminating pair (the Trofimov reaction) are 

briefly reviewed. The formation of 3Kpyrroles and 

other, isolable intermediates (@vinyl ketoximes and hy- 

droxypyrrolines) as well as side products are dis- 

cussed. 

1. Introduction 

During the last two decades a general versatile method for the preparation 

of pyrroles from ketoximes and acetylenes or their synthetic equivalents 

(the Trofimov reaction' ) amenable to large-scale synthesis keeps beins 

steadily developed. This method has allowed the two-step transformation of 

ketones into pyrroles and their Wvinyl derivatives to be realized. In 

principle, the synthesis can be brought about as a one-pot procedure by 
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treating ketones with hydroxylamine and then reacting the ketoximes formed 

with acetylenes (Scheme 1). 

R', RZ = alkyl, alkenyl, aryl, heteroaryl 

R3 = H, Me. Ph 

R' = H, CHZ-CH, PhCH=CH 

M = Li. Na, K, Rb, Cs 

Scheme I 

This reaction has given a new push to the pyrrole chemistry and physico- 

chemistry and, for a comparatively short time, scores of papers, patents, 

and theses have mushroomed in this area, which have been sumnarized in the 

reviews2-" and monographs. 12-16 Nevertheless, we are still far from having 

exhausted the possibilities the reaction offers. 

Here we analyze critically the most recent publications, mainly of the last 

five years, related to the ketoxime-based pyrrole synthesis which were not 

yet reviewed elsewhere with emphasis on developing procedures of prepara- 

tive value. 

2. Synthesis of Pyrroles f r m  Ketoximes and Acetylenes and Their 

Synthetic Equivalents 

For a few last years, reports on the pyrrole synthesis from ketoximes and 

acetylenes continue to appear. These include oximes of cyclic, heterocyc- 

lic, unsaturated, aromatic and heteroaromatic ketones, thus again confirm- 

ing facile access to many otherwise difficultly obtainable pyrroles. Also, 

attention was paid to the utilization of vinyl halides and dihaloalkanes. 
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instead of acetylenes, in this reaction, as well as to the isolation of in- 

termediates and side products. 

2.1. From Cyclic and Heterocyclic Ketoximes 

Oximes of cyclic ketones react readily with acetylene in the KOH/DMSO sys- 

tem to afford pyrroles and/or their &vinyl derivatives in high yields 

(Scheme 2). The original paper17 with more examples has been thoroughlv 
16 

covered in the recent review" and monograph. 

The formation of pyrrolo(3.2-clpiperidines and pyrrolo[3,2-cldecahydro- 

quinolines from oximes of 1,2,5-trimethyl-4-piperidone. 2-methyl- and 2-(2- 

fury1)-4-oxodecahydroquinolines upon treatment with acetylene (Scheme 3) 

and stereochemistry of the reaction have been recently studied1' and sane 

11.16 results being already briefly included in. 

Oximes of 2.5-dimethyl- and 1.2.5-trimethyl-4-piperidones ( I )  give also 

1.2.3.4-tetrahydropyrrolo(1.2-clpyrimidines (3) in a yield up to 20% due 
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to the alternative participation of the CH-moiety adjacent to the oxime 

function followed by rearrangement and aromatization of the intermediate 

3KpyrrOleS 2 (Scheme 4) ." 

However. oxime of 3,5-dimethyl-2,6-diphenyl-4-piperidone (4) reacts with 

acetylene under Pressure (80-90°c. 15 atm) to afford four isomeric ethynyl 

~erhydropyrrolo~3.2-clpyridine ( 6 )  in a total yield of -10% (Scheme 

51. 21 ' .22 ,24  

.c; NOH '=jk')$E$] - mw 
ne 
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According to the I3c (100.6 MHZ) and tw-dimensional 'H nmr (400 MHZ I data. 

isomers of 6 differ both by annelation mode and spatial orientation of the 

ethynyl group (cis or trans relative to 3a-Me). 

The isomer pair (6) with axial equatorial annelation has been found (by 

two-dimensional NOESY spectra) to exist in equilibrium with the keto tauto- 

mers (7) (Scheme 6). 2 1 , 2 4  

The formation of 6 has been rationali~ed~~'~' in ' terms of the addition of 

molecules of water and acetylene to the intermediate 3Kpyrrole (5). H w -  

ever, since no example of the Markovnikov addition of acetylene to the C=C 

bond of enamines seems to be known, the alternative pathway leading to 6 

might be also considered (Scheme 7). 

The key step of Scheme 7 is the interception of the aldehyde (9) by acety- 

lene (Favorsky reaction) to arrive at the acetylenic alcohol (101, which 

then cyclizes into 11 and the latter rearranges into 6. 

When the reaction was carried out under atmospheric pressure, 3.5-dimethyl- 

2.6-diphenyl-4-piperidone (12) and 4.5-dimethyl-1.3-diphenylpyrrolo[l,2-cj- 
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pyrimidine (14) have been isolated in small yields (Scheme the latter 

being resulted from dehydrogenation of the expected tetrahydropyrrolo- 

pyrimidine (13). 

10 11 

Scheme 7 

The dehydrogenation has been observed in the synthesis of naphtho[l,2-g]- 

indole (16) (55% Yield) from oxime of 1-keto-1.2.3.4-tetrahydrophenanthrene 

(15) (Scheme 9 )  and acetylene under atmospheric pressure (KOH/DMSO, heating 

at 60-70°c up to a complete reacting of the starting oxime and then at 130- 

140°c for 8 h) . 2 6 . 2 7  

Scheme 8 

Scheme 9 
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The synthesis of J.5,6,7-tetrahydroindole (18) from cyclohexanone OXime 

(17) and a~etylene~-'~"'-'" under atmospheric pressure (75-85Oc has re- 

cently been improved to increase the yield up to 93% at a 95% conversion of 

17 (Scheme 10). 29 

2.2. From Alkenyl Ketoximes 

The reaction of alkenone oximes with acetylene in the KOH/DMSO system was 

proved to be a convenient route to 3-alkenylpyrr0les.~~ Recently, more de- 

tailed data on the pyrrolization of 5-hexene-2-one oxime (19) have been 

30 published. The unsaturated substituent of the starting oxime allows the 

reaction scope to be extended due to the controlled prototropic shift of 

the double bond (Scheme 11). 

23 24 

R' - butenyl; R' = H. CHZ=CH 

Scheme 11 
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The isomerization 20 -4 21 proceeds up to a 93% content of 21 with the E:Z 

ratio being 7:3. Within the 90-110~~ temperature range the reaction remains 

regiospecific to give no pyrroles (23) constructed with the participation 

of the methyl group. It implies the reaction to follour via the key inter- 

mediate (25) rather than 26 (for a detailed reaction mechanism see 

in11,16 1 ,  the former being expected thermodynamically more preferable 

(Scheme 121. 

The non-isomerized pyrrole (20) can be isolated in 80% yield (based on the 

oxime consumed) from the reaction carried out at atmospheric pressure (90- 

95Oc, 2.5 h). The isomerized pyrrole (21) can also be prepared directly 

from the oxime (19). Hourever, it is much more convenient to separately iso- 

merize the pyrrole (20) with the KOH/DMSO suspension under anhydrous condi- 

tions at 1 1 0 ~ ~ .  the system reaching the equilibrium state for 1.5 h (AH 

58 k~.mol-', in favor of 21 ) . 30 

The 1-vinylpyrrole (22) was obtained in 80% yield in an autoclave (10 atm, 

1 1 0 ~ ~ .  3 h) with excess acetylene. 

1-Vinylpyrrole (24) was not detected in the reaction mixture to imply that 

the facile ionization of the pyrrole (20) prior to vinylation contributes 

to a prototropic shift of the substituent double bond via the transfer of 

the anionic center from nitrogen into the substituent (Scheme 13). 
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2.3. From Aryl and Heteroaryl Ketoximes 

2 - 2 -  2.5- and 3.4-Dimethylphenyl1pyrroles (291, (30) have been syn- 

thesized from the corresponding oximes (27) (Table 1) for the further study 

of the conjugation of the pyrrole nucleus with unsaturated and aromatic 

structural units as dependent on coplanarity (Scheme 14). 1 4 . 3 1  

- M - Li, K 
___* 27-30 

ne /I 
30a-e 

2.5 

2.5 ~t 

3,J H 

In some runs, a partial deoximation to release the corresponding acetophen- 

ones has been observed. 3 1 

TO better outline the scope and limitations of the Trofimov reaction, new 

families of aryl ketoximes are being attempted to be involved into pyrroliz- 
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Table 1. Synthesis of 2-Dimethylphenylpyrroles (KOH, 12 atm C ~ H ~  1 3' 

Pyrrole Reaction Reaction Yield 

temp. (OC) time (h) ( % )  

a In the brackets, the yields of the correspoing 1-vinylpyrrole of the 

same run are given. 

In the reaction mixture, the corresponding C-vinyl ketoxime also was 

detected. 
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ation with acetylene (Tables 2.3). 32.33 1-Vinyl-2-(4-vinyloxypheny1)pyrrole 

(Table 3) was prepared both from 4-bromophenyl methyl ketoxime and 4-hy- 

droxyphenyl methyl ketoxime. 33 The low (non-optimized) yield ( 11%) of 2-(4- 

fluoropheny1)pyrrole is mainly due to a more pronounced deoximation (par- 

ticularly with calcined KOH in dry DMSO) of the starting ketoxime to 4- 

fluoroacetophenone (up to 24%) as compared with other aryl ketoximes. and 

also due to the expected saponification of the fluorine atom. 

The attempted pyrrolization of perfluorophenyl methyl and 4-nitrophenyl 

methyl ketoximes failedz3, the latter being recovered from the reaction 

mixture 33.36 and 2-phenylpyrrole and its Nvinyl derivative being isolated 

33 to indicate a reductive elimination of the nitro group. 

Oxime of 1-methyl-2-acetylpyrrole (31) reacts with acetylene under pressure 

(KOHIDMSO, 10 atm, 70°c, 3 h) to form 2-( 1-methyl-2-pyrrolyl )pyrrole (33 

and its vinyl derivative (34) in 35 and 7% yields, respectively (Scheme 

37 15). The reaction is accompanied by regeneration of 1-methyl-2-acetylpyr- 

role (35) and the polymer formation. 

The pyrrole (34) was isolated in 40% yield as the reaction temperature was 

increased to 90°c, other conditions keeping equal. The reaction is retained 

at the step of the &vinyl oxime (32) formation (41% yield) when carried out 
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Table 2. New Syntheses of Arylpyrroles (KOH, 10-12 atm CZHZ)32 

Reaction Reaction Yield 

temp. (OC) time (h) ( x )  

a L~OH as a catalyst employed. 

The synthesis carried out at atmospheric pressure. 
C Earlier prepared by the vinyl chloride version of the Trofimov reaction. 3 4  

at atmospheric pressure (80°c, 7 h, the 31:KOH molar ratio 0.4). the yield 

of 33 being but 11%. 

In prolongation of the systematic study 38-11 of the pyrrolylindoles syn- 

thesis by the Trofimov reaction, the latter was recently again confirmed to 
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be an universal tool for the preparation of 2-pyrrolylindoles (Scheme 

16). 12 

Table 3. Synthesis of Arylpyrroles with Reactive Substituents 

(KOH, 12 atm C,H,) 

Reaction Reaction Yield 

temp. (OC) time (h) ( X I  

a With 10 atm C2HZ. 

A side product from the synthesis with 4-hydrophenyl methyl ket~xime."""~ 

The pyrrolization of methyl 2-selenienyl ketoxime (36) under the action of 

acetylene (atmospheric pressure, KCWDMSO. the tiW:36 molar ratio 1.8) has 
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been studied (Scheme 17) and the corresponding pyrroles (37a.b) have been 

isolated in 10 and 20% yield, respectively. when the reaction was carried 

out at 95-97Oc for 5 h. 43 

Noteworthy, that the total yields of 2-(2-furylb- and 2-(2-thienyll- pyr- 

roles from the oximes of 2-acetylfurane and 2-acetylthiophene, i.e., from 

the ketoximes analogous to 36, under similar conditions reach 

80-90%. 11, ""6 

As the reaction temperature increases. the yield of 37a.b as well as the 

amount of the recovered ketoxime (36) drop sharply (Table 4 ) .  

The starting ketoxime (361 was a ~ 1 : l  mixture of sin and anti isomers and 

at 95-97O~ the latter reacted preferably to enrich the recovered sample 

with the sin isomer up to 77%. being in accordance with the data on pyr- 

rolization of methyl 2-benzimidazolyl ketoxime. ** 

The 'H nmr spectra of the pyrroles (37a.b) show a remarkable down-field 

shift (0.2-0.5 ppm) of pyrrolic and vinylic protons as compared with those 
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Table 4. Pyrrolization of Methyl-2-selenienyl Ketoxime 

(KOH/DMSO, atmospheric pressure) 

Reaction Reaction Yield I % )  Recovery 

temp. time of 36 ( X I  

(OC) (h) 370 37b 

95-97 5 10 2 55 

110 4 8 1 29 

120 10 traces traces 

of other 1-vinylpyrroles 1 4 . 1 6  which implies a strongly n-electron displace- 

ment towards the selenophene nucleus. In the uv spectra of 2-(2-furyli-. 2- 

(2-thieny1)- and 2-(2-selenienyl)pvrroles, the bathochromic shift of the 

longer wave band in the same order, in consistence with the polarizability 

of the molecules, is observed (287, 305, and 317 nm). 13 

2.4. Reactions of Ketoximes with Substituted Acetylenes 

The reaction of ketoximes with substituted acetylenes was so far reported 

only in a limited number of papers, most of which were discussed in the 

1 I monograph. In some cases. e . g . ,  with ~yanoacetylene'~ or diacety- 

lene, 4 6 . 4 7  the pyrrole formation was not observed. although the correspon- 

ding +vinyl oximes. comnonly obligatory intermediates of the ketoxime- 

based pyrrole synthesis, were isolated. 

Oximes of acetone (38a) and acetophenone (38b) were first reported to be 

capable of reacting with phenylacetylene in the KOH/DMSO system at 

120-140~~ to give a-phenylpyrroles (4Oa,b) in 21 and 15% yields, respect- 

ively (Scheme 181. 4s 



~ater," 2.4-diphenylpyrrole (42) was obtained in 17% yield by heating 

2-0-(2-phenylvinyl )acetophenone oxime (41. R'- Ph, R'- H) UP to 1 0 5 ~ ~  with- 

in 30 min in the KOH/DMSO system. The starting 0-vinyl oxime (41) was pre- 

pared in advance by addition of the ketoxime (38b) to phenylacetylene 

(KOWDMSO, 20°c. 50 h) in 70% yield (based on the oxime consumed) at the 

42% conversion of 38b. 

the major product of the condensation of cyclohexanone oxime 

(17) with phenylacetylene at BOOC (KOWDMSO) was shoum to be 2-(1-(2-phenyl- 

vinyl)1-3-phenyl-4.5,6.7-tetrahydroindole (44) isolated in 42% yield, the 

corresponding non-vinylated pyrrole (43) being the obligatory precursor. 

Unexpectedly, in tne presence of water ( 5 % )  at 96Oc the same reaction af- 
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fords 2-phenyl-4.5.6.7-tetrahydroindole (4Oc) in 22% yield, thus indicating 

that small amounts of water in the reaction mixture favors the formation of 

G(1-phenylvinyl) ketoximes (39) rather than their p-isomers (4i). 

Isopropyl phenyl ketoxime (45) with phenylacetylene at ambient temperature 

(KOWDMSO. two-fold molar excess of KOH, 15 days) forms 3.3-dimethyl-2.4-di- 

phenyl-5-hydroxypyrroline (47) in 7% yield, apparently via @vinyl 0xime 46 

(Scheme 19). 50 

Ti E?!% p(jjq - * 
% 
45 46 47 

Schema 19 

Vinylacetylene reacts with ketoximes, instead of the expected vinylpyr- 

roles, in MOH/DMSO systems (M = ~ i .  K )  at 60-75Oc to give the mixtures of 

0-3- and @2-butynyl (48.50) and 0-2.3-butadienyl (49) ketoximes in a total 

yield up to 50% (Scheme 20). 
5 1 - 5 2  Initially, the oximate anions add exclus- 

ively to the double bond of vinylacetylene to form 48. which then undergo a 

facile prototropic isomerization to 49 and 50. 

Propargyl ethers (51) add ketoximes, under conditions normally leading to 

pyrroles (KOWDMSO, 1 1 0 ~ ~ .  7 h) to form neither the expected pyrr0leS (53) 

nor their precursors, Gvinyl ketoximes (52). The only isolated products 

(in small yields, 9-12%) are E-G(3-alkoxy-2-propenyl) oximes (54) (Scheme 

21). 53 

48 49 

R - Me, R-R = (CH2), 
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Apparently, the intermediate 0-vinyloximes (52) undergo a fast stereospeci- 

fie prototropic isomerization, which is likely due to a higher conjugation 

of the double bond with the alkoxy group rather than with iminoxy group. 

53 

R' = Ph, 2-thienyl: R' = Et, n-Pr 

The attempted synthesis of 3-phenylthio-4.5.6.7-tetrahydroindole (55) ac- 

cording to Scheme 22 (KOH/DMSO/Et,O, 25-30'~. 2.5 h) save 1.2-diphenylthio- 

ethene (56) in 40% yield." 

Scheme 22 

2.5. Synthesis of 3H-Pyrroles 

3H-Pyrroles were shown55 to be intermediates in the synthesis of pyrroles 

from ketoximes and acetylene. In the case of the secondary alkyl adjacent 

to the oxime function, 3Kpyrroles can be is~lated,'"'"~ thus promising a 

convenient route to the heretofore inaccessible and highly reactive non- 
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convenient route to the heretofore inaccessible and highly reactive non- 

56 aromatic pyrrole isomers. Recently, this opportunity has been further de- 

veloped with isopropyl phenyl and isopropyl 2-thienyl ketoximes and the 

corresponding 3H-pyrroles (60a.b) have been synthesized in 53 and 43% maxi- 

mal yields, the latter being referred to the reacted ketoxime (57b) (Scheme 

23). 

R = Ph (a), 2-thienyl (bl 

M -  Na, K 
Scheme 23 

The yield of the 3H-pyrroles (60) turned out to be substantially dependent 

on both the structure of the substituent R and the reaction conditions. 

Generally, the ketoxime (57a) reacts with acetylene at 1 0 0 ~ ~  (atmospheric 

pressure, the 57a:KOH molar ratio 1:2, 3 h) much easier than its 2-thienyl 

analog (57b). For example, when the yield of 600 was determined as much as 

42%. the yield of 60b, under the same conditions, remained on the level of 

4% only, even for a longer reacting time ( 5  h). The highest yield of 60a 

(53%) was attained under the following conditions: atmospheric pressure of 

acetylene, 90°c, the ketoxime:KOH molar ratio 1:l. 4 h. In the case of the 

ketoxime (57b). the best result (43% yield based on the reacted ketaxime) 

has been gained with AlZ03 as an additive (7% of the KOH mass, atmospheric 

pressure, 1 0 0 ~ ~ .  5 h), which seems to increase the basicity of the reaction 

mixture by its complexing with KOH and desiccating activity. Under pressure 

(12 atm, 1 0 0 ~ ~ )  the reaction is accompanied by polymerization of both the 

intermediates (58,59) and the products that decreases the yield of 3Kpyr- 
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roles. At a lower temperature, the reaction of the ketoxime(57a) with acety- 

lene can be stopped at the intermediate stages: e.g., at 40°c the major 

product is 0-vinyl oxime (58a) (37% yield), whereas at 50°c. 3.3-dimethyl-5- 

hydroxy-2-phenylpyrroline (59a) is mostly formed (23% yield). 

At atmospheric pressure with the NaOH/DMSO system ( 1 0 0 ~ ~ )  the hydroxypyr- 

roline (59a) can be prepared in nearly the same yield. 

AS shown by glc monitoring of the reaction progress (Figure), the ketoxime 

(ma) almost disappears from the crude product within 4 h, while the inter- 

mediate 0-vinyl oxime (580) imediately rearranges into the hydroxypyr- 

roline (59a) not reaching a considerable concentration. The latter, elimin- 

ating a molecule of water, transforms into 3Kpyrrole (60a). which becomes 

detectable A 0  min after the reaction starts and by the end of the reaction 

its content in the crude product reaches 70%. 56 

IM 
-F ketoxime 57a 
4 3H-pyrrole & 
-#- hydroxypprroline 5% 

W) + 0-vinyl oxime 58a 

Time, h 

Figure. Glc monitoring of the 3Kpyrrole (60a) formation (atmospheric 

pressure, 92-95Oc. the 57a:KOH molar ratio 1:l) . 56  
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When stored during 9-10 months in a sealed ampoule at 5-7OC, the 3Kpyr- 

roles (60a.b) dimerize regio- and stereoselectively in a Diels-Alder 

fashion (Scheme 24)'' to afford the representatives of a new bridgehead 

system 3.3,10,10-tetramethyl-4.7-diphenyl- [or 4,7-(di-2-thienyljl-5.8-di- 

azotricyclo[4.3.1.02~6~deca-4,8-dienes (61a.b) in 20-23% yield. 

6la.b 

R - Ph, 2-thienyl 
S==heme 24 

This condensation provides a simple approach to earlier unknown partially 

reduced pyrrolopyridines. 

2.6. Vinyl Halides and Dihaloalkanes as Acetylenic Equivalents 

The 'acetylene-free' versions of the Trofimov reaction keep further devel- 

oping for the latest years. As acetylenic equivalents (.cryptoacetylenesn), 

vinyl halides or dihaloalkanes are comnonly employed. 

2-(4-Alkylthiopheny1)-3-methyl- or -(3,5-dimethy1)pvrroles were synthesized 

from ketoximes and vinyl chloride or 1.2-dichloroethane, 1.2-dibromoethane 

and 1,2-dibromopropane (KOH/DMSO, atmospheric pressure, 120-140~~) in a 

yield up to 62% (Scheme 25). 58 

For example, the pyrrole (63b) was prepared in 62% yield, when thereaction 

was carried out with a three-fold molar excess of 1.2-dibromoethane and 

ten-fold molar excess of KOH relative to the ketoxime i6Zbj (130°c, 4 h, 

the ketoxime (62b):DMSO ratio ~1:lO). the corresponding 1-vinylpyrrole 

(64b) being detectable in the reaction mixture as a trace only. Similarly, 
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from the ketoxime (62c) with a three-fold excess of dichloroethane at 

1 2 0 ~ ~  the pyrrole (63c) is formed in 61% yield. 

Scheme 25 

To ensure reasonable yields of the pyrroles one should gradually add 1.2- 

dihaloalkanes to the suspension consisting of KOH excess. ketoxime and 

DMSO . 
A 5-6-fold excess of vinyl chloride is recmendedSB to prepare a mixture 

of pyrroles (63d.e) and (64d.e) in a total yield of 50%. The synthesis of 

the 5-methylpyrroles (63f.g) in 45-48% yields has been accom~lished~~ with 

a 3-fold excess of 1.2-dibromopropane and up to the 20-fold excess of fine- 

ly dispersed KOH (130-140°c, 1-5 h), the ket0xime:DMSO mass ratio being 

1:20. 

In this case, side products of the reaction of the ketoximes with 1,2-di- 

haloethanes, 1.2-di(ary1ideniminoxy)ethanes (65) (Scheme 26) were re- 
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ported5' to be formed in negligible amounts, while, under special condi- 

tions (80-100°~, 2-3 h, the ketoxime:dichloroethane:KOH molar ratio 1: (2- 

5):(5-8)] and with some particular ketoximes, the yields of such diethers 

can be as high as 65% (for 66) and 78% (for 67). 60 

Vinyl chloride was used to prepare the pyrroles (29a,b,e) in a yield of 

SOX, the yield of the corresponding N-vinylpyrroles (30a.b.c) being 6-7% 

(atmospheric pressure, 1 3 0 ~ ~ .  3.5 h, the ketoxime:CH,-CHCl:KOH molar ratio 

1:5:6, the ketoxime:DMSO mass ratio 1:12.5). 3 1 

From the ketoximes (68a-c) and 1,2-dibromopropane the corresponding 5-meth- 

ylpyrroles (690-c) were synthesized in 21-56% yield (Scheme 27) ( 1 4 0 ~ ~ .  the 

ketoxime:BrCHZCHBrMe:KOH molar ratio 1:5:20, the 1tetoxime:DMSO mass ratio 

6 1  1:30). The most probable reaction sequence is as follows: the elimination 

of HBr from 1.2-dibromopropane to furnish methylacetylene and allene, which 

then add the ketoximes (681 to form 0-vinyl oximes (70). rearranging to the 

pyrroles (69) (Scheme 281. 

Apparently, the industrially available methylacetylene-allene mixture, a 

large-volume side product of oil and natural gas processing. may also be 

suitable for the preparation of 5-methylsubstituted pyrroles. 
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70 

Scheme 28 

2-(2-Fury1)- and 2-(2-thieny1)pyrroles (71) were synthesized in satisfac- 

tory yields (Table 5). using 1.2-dichloroethane instead of free acetylene 

62 (Scheme 29). The best yields of the corresponding +vinyl derivatives 

(72) are in a range of 1520%. 

X - 0, S; R = Me, Et, n-Bu 

M - Li. Na. li 
Scheme 29 

The reaction of alkyl 2-fury1 or 2-thienyl ketoximes was shownh2 to proceed 

via the intermediate C-2-chloroethyl oximes (73) and 0-vinyl oximes (74). 
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Table 5. Synthesis of 2-(2-Fury1)- and 2-(2-Thieny1)pyrroles 

Using 1,2-Dichloroethane ( 1 2 0 ~ ~ ) ~ ~  

Pyrrole (71 ) 0~ime:Cl(CH~)~Cl:M0H Reaction Yield 

ratioa, mol time (h) ( X )  

1:2:10 (Na) 

1:2:7 (Na) 

1:2:7 (Na) 

1:2:7 (Na) 

a The oxime:DMSO mass ratio 1:10 

In the brackets, the metal of MOH is given. 

Water (5% of the DMSO mass) was added 

The temperature range was 125-130~~ 
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the latter being formed particularly in the presence of water and with LiOH 

or NaOH (Scheme 30). &(2-Chloroethvl) methyl (2-thienyl) ketoxime (73, X = 

S, R = HI was isolated in 24% maximal yield iKOH/DMSO, 1 1 0 ~ ~ .  3 h). The 

best yield (43%) of &vinyl methyl (2-thienyl) ketoxime (74, X = S, R = H) 

was obtained when the LiOHlDMSO system with 10% of HzO was employed ( 1 0 0 ~ ~ .  

4 h). 62 

74 

X - 0, S; R = H, Me, Et, n-Bu 

M - Li, Na, K 

Scheme 30 

The formation of side 1.2-di(heteroarylalky1ideniminoxy)ethanes of type 65 

was observed also in this case. 6 2  

2.7. Side Products 

Normally, just few side products in small amounts are detectable in the re- 

action mixtures obtained from ketoximes and acetylene with fWH/DMSO sys- 

tems. Among them, 1.1-di (pyrrolyl )ethanesb3 and 1-(2-methylthiovinyl )pyr- 

roles33s3s were earlier reported, the yield of each being on the level of 

6 1  0.1% under normal conditions. Recently, the formation of di(1,2,3,4- 

tetrahydro-2,4.5-trimethylpyrrolo[1,2-clpyrimidin-7-yl)methane from oxime 
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of 1,3,5-trimethylpiperidin-4-one and acetylene in the presence of the 

KOH/DMSO pair has been detected. 

Pyridines 65.66 and acetylenic alcohols6' are not typical side products, 

since they are produced from ketoximes and acetylene under special condi- 

tions: e.g., pyridines are formed in a yield up to 30% in water with KOH at 

200-220~~ under acetylene pressure of 20-30 atm, whereas the formation of 

acetylenic alcohols is observed, when the reaction is carried out in aque- 

ous DMSO at 100-140°c with MOH (M - Li, Na, K, Rbl. 
3-Ethylpyrroles (76) and their N-vinyl derivatives (77) were reported6' to 

be formed in the synthesis of 3H-pyrroles from isopr~pyl ketoximes (75) 

(Scheme 31). These pyrroles were isolated from the reaction mixture in a 

yield up to 8%. along with the expected C-vinyl ketoximes, hydroxypyr- 

rolines, and 3H-pyrroles, when the ketoximes (75) reacted with acetylene in 

the KOH/DMSO system (10-12 aim or atmospheric pressure, 90-100~~). 

R - Me (a), Ph ( b ) ,  2-thienyl (c) 

The rearrangement was assumed to occur in the carbanion (79), resulted from 

deprotonation of the corresponding 3hLpyrrole (78) under the action of the 

super base KOH/DMSO (Scheme 32). 68 

A driving force of the methyl transfer is a considerable energy difference 

between non-aromatic (78) and aromatic (76,77) systems. 

2-Ethyl-5-phenylpyrrole (82) in a negligible amount (0.3% yield) has been 

isolated (tlc, A1203, hexane-EtZO 3:l) from the reaction of acetophenon 
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oxime with acetylene (100-110~~) along with the major products 2-phenyl 

(80)- and 1-vinyl-2-phenylpyrroles (81) (Scheme 33). 69 

At 1 2 0 ~ ~  in the presence of AIZOf (20% of the ketoxime mass), the yield of 

the side pyrrole (82) increases up to 1.6%. This unexpected a-ethylation 

was supposed to result from the reductive decomposition of the 1.1-di(2- 

phenyl-5-pyrroly1)ethane. The side product of the latter type were earlier 

identified6' in this reaction and their transformation to a-ethylpyrroles 
70 was also know. 

The synthesis of pyrroles from alkyl phenyl ketoximes and acetylene (80- 

1 2 0 ~ ~ .  KOHIDMSO) was shown to be accompanied by a process leading to small 

amounts (-1%) of diphenyl (83) and pterphenyl (84), the latter being iso- 

lated (AlZ03, hexane-EtOH 50:l) in 0.3% yield, from the reaction of aceto- 

phenone oxime with acetylene (KOH/AI~O,/DMSO, IZOOC, atmospheric pressure, 

the ketoxime:KGii molar ratio 1:2) (Scheme 34). 7 1 
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3. @Ally1 Cyclohexanone Oxime Transformation 

The pyrrole synthesis from ketoximes and acetylene in the presence of super 

bases involves a [3,31-sigmatropic shift in the intermediate @vinyl 

oximes. 11,".'6 Under the conditions comnonly employed for the synthesis, 

prototropic displacements of double bonds occur readil~.~ Therefore, the 

transformation of available C-ally1 ketoximes into pyrroles according to 

the pathway '8 '  (Scheme 35) might be considered as probable, although, upon 

non-catalytic pyrolysis, 0-ally1 ketoximes were kno~n'~-~' to undergo the 

l2.31-sigmatropic shift to form nitrones, isoxazolidines and ppridines. Un- 

expectedly, major products of the reaction of @ally1 ether of cyclohexa- 

none oxime (85) with KOH or t-BuOK in DMSO (50-140~~. 1-6 h) turned out to 

be 2-methylenecyclohexanol (87). tetrahydroquinoline (88) and cyclohexanone 

(89) (Scheme 35 )75'76 , i . e . ,  the reaction follows the pathway ' b ' .  

A typical composition ( S I C ,  X )  of the extractable portion of the reaction 

mixture ( 1 0 0 ~ ~ .  4 h) is as follows75: 87, 50-70; 88. 20-30; 89. 5-10. It 

has been concluded7' that the prototropic shift of the double bond of 

Gallyl oximes of type (85) to form 1-propenyl ethers (861 is prevented by 

an apparently strong repulsion of the lone electron pairs of the nitrogen 

and oxygen atoms destabilizing the initial carbanion. This is in accordance 
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with the synthesis of 0-ally1 oximes (54), instead of the expected pyrroles 

(53). from ketoximes and propargyl ethers (51) (Scheme 21), where the for- 

ming double bond is readily shifted from the =NO moiety towards the alkoxy 

group. 

N-Vinylation of the forming pyrroles normally occurs during the reaction of 

ketoximes with acetylene in the KOH/DMSO system. With excess acetylene, 

particularly under pressure, N-vinylpyrroles can cleanly be prepared. This 

process is progressively inhibited by increasing concentration of water in 

the course of the pyrrole ring building due to the dehydration of the in- 

2 . 8 . 1 1 . 1 4 . 1 6  termediate hydroxypyrroline. This is why, for the preparation 
2 , 8 , 1 1 , 1 4 , 1 6  of N-vinylpyrroles, it is recormended to use large amounts of 

KOH (which dries the reaction mixture and keeps a high basicity level). 

On the contrary, for selective preparation of lH-pyrroles, an optimal Water 

additive (-5% of the total mass) to the reaction mixture is often 

2 . 8 . 1 1 . 1 4 . 1 6  used. Distillable pure 1H-pyrroles can also be isolated by 

thiylation of crude pyrroles contaminated with 1-vinylpyrroles to transform 

the latter into higher boiling 1-(2-organylthioethyl)pyrroles, which do not 

distil off together with lH-pyrroles as 1-vinylpyrroles do. 

Now 1-vinylpyrroles are considered as the pyrroles with a protected nitro- 

gen atom and several deprotecting procedures, including those via 1-(2- 
7 7  phenylthioethyl) derivatives, have been developed. 

Pure 1-vinylpyrroles can readily be prepared by vinylation of mixtures con- 

sisting of 1H- and 1-vinylpyrroles with acetylene under atmospheric or el- 

evated pressure (KOH/DMSO, 80-100~~). Sometimes, vinylation under atmos- 

pheric pressure proves to be not only safer but also more effective due to 
1 6  a less resinification and simpler experimental procedure. 

The structural effects on the rate of the pyrrole vinylation have been 
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and the facts implying the operation of a one-electron channel 

for the nucleophilic addition of pyrroles to the triple bond have been re- 

16.78-81 Since the results 78-81 vealed. have already been digested in", we 

dwell here just on the recent continuationgZ of the study of radical pro- 

cesses during the vinylation of pyrroles in the KOH/DMSO system. 

Unlike the vinylation of 4,5,6,7-tetrahydroindole, where the corresponding 

tetrahydroindolyl radicals were detecteds' with the help of 2-methyl-2- 

nitrosopropane (t-BuNO), in the vinylation of 2-aryl- and 2-hetero- 

arylpurroles, no nitrogen-centered radicals have been trapped?' instead, 

for the 2-arylpyrroles, other radical adducts with t-BuNO have been reais- 

tered, whereas, in the case of 2-(2-fury1)- and 2-(2-thieny1)pyrroles no 

adducts with t-BuNO have been observed. Also, unlike 4,5,6,7-tetrahydroin- 

dole, the 2-aryl- and 2-heteroarylpyrroles, when vinylated with or without 

t-BuNO give in esr spectra a singlet in the g-factor region of 2.0036- 

2.0042 with the width of 0.6-0.7 mT, which has been attributed to the pyr- 

role radicals (91) (Scheme 36). 

HOtRZ , 
KOH/DMSO 

H 

900-9 91 a-e 

R' = Ph (a), 4-C1C6H4 (b), 4-MeC6H4 (el, 2-fury1 (d), 2-thienyl (e) 

RZ = H, Ph 

Scheme 36 

These radicals are not uptaken by the spin trap, likely because of their 

relative stability and steric inaccessibility of the radical center in the 

most populated structure (92) (Scheme 37). 
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&) - - - etc. 

The e r  spectra of the spin adducts of the 2-arylpyrroles (90a-c) vinylated 

with acetylene or phenylacetylene, exhibit a superposition of two triplets 

of doublets, one of which, judging from the literature data, has been as- 

signed to the vinyl-t-butylnitroxyls (93. 94). 

93 94 

The second triplet has been attributed to the spin adducts ( 97 )  formed from 

IV-vinylpyrrolic radicals(96)and t-BuNO (Scheme 38). 

The radical (96) can be generated by not only oxidation of the vinylic 

carbanions (95) (Scheme.38). but also by the addition of pyrrolyl (911 to 

acetylenes: 
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The facts that t-BuNO does not trap any radicals during vinylation of the 

pyrroles (90d.c) and that the signal intensity of the pyrrolic radicals 

(91.3,~) increases in the presence of t-BuNO, are rationalized by an easier 

oxidation of these radicals as compared with their addition to the spin 

81 trap. 

Thus. according to the structure of the trapped radicals the vinylation of 

pyrroles in the KOWDMSO system follows Scheme 39. 

The contribution of the anionic and free radical channels to the total vi- 

nylation process should apparently depend on the structure of pyrrole and 

acetylene substituents as well as on the reaction conditions. 
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