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Synthesis of 2,3,4,5-tetrasubstituted pyrroles from aromatic ketoximes

using the TiCl,/Et;N reagent system

Mariappan Periasamy,* Gadthula Srinivas and Muthu Seenivasaperumal
School of Chemistry, University of Hyderabad, Central University P.O., Hyderabad 500 046, India

Aryl alkyl ketoximes react with the TiCl,/Et;N reagent to give 2,3,4,5-tetrasubstituted pyrroles in moderate to good

yields (55-81%).
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Pyrroles are an important class of heterocycle.! Symmetrically
substituted pyrroles are usually prepared through methods
involving the corresponding ketazine intermediate,?
rearrangement of ketazine dianions,3 and using ketones and alkyl
hydrazines# In the course of studies on the synthetic applications
of the TiCl/Et;N reagent system,> we have discovered, and
report here, a convenient one-pot synthesis of 2,34,
S-tetrasubstituted pyrroles from aromatic ketoximes (Scheme 1).

We have examined the reaction of ketoximes (1) with TiCl,
and Et3N in CH,Cl, at 0-25 °C. It was observed that the
2,3,4,5-tetrasubstituted pyrroles (2) are obtained as products.
Thistransformation isfound to be general for several aromatic
ketoximes, and the pyrroles are obtained in 55 to 81% yields.
The results are summarised in Table 1.

It was observed that the order of addition of the reagents
affects the course of the reaction. The results were better when
the TiCl, was added to the mixture of oxime and EtzN. When
the oxime was added to a mixture of EtsN and TiCl,, theyield
was decreased by 10-15%. Also, when the oxime and TiCl,
were mixed first and Et;N was added later, the ketone was
recovered. We have found that neither TiCl, nor Et;N aone
effects this transformation.

Inthe case of a-tetralone oxime (3), besidesthe 12,13-dihydro-
7H-dibenzo[a,g]carbazole (3a) (27%), 1-naphthylamine (3b)
was aso obtained in 50% yield. Further, we have observed that
the 12,13-dihydro-7H-dibenzo[a,g]carbazole (3a) is readily
oxidised to the 7H-dibenzo[a,g]carbazole (3c) under the reaction
conditions® (Scheme 2).

The oxime of acetophenone gave only unidentified products
under the reaction conditions. Also, the reaction using one
equivalent of TiCl, (5 mmol) and 1.2 equivalents of Et3N
(6 mmol) gave the Beckmann rearrangement product
N-methylbenzamide (53% yield).

We have aso examined the reactivity of the aiphatic
ketoximes cyclohexanone oxime and camphor oxime. In both
casesthe reagent did not lead to aclean reaction. When the oxime
was treasted with the TiCl, / EtgN reagent in 1 : 1 . 2 rdtio,
cyclohexanone oxime gave e-caprolactam, and the fragmentation
product 4b was obtained from camphor oxime (4). Previoudy,
such fragmentation of camphor oxime has been reported using
polyphosphoric acid (Scheme 3).”

The formation of pyrroles from aryl alkyl ketoximes can
tentatively be explained through a mechanism involving
oxidative coupling and cyclisation as shown in Scheme 4.
A similar mechanism has been previously considered for the
conversion of aryl akyl ketimines to the corresponding
pyrroles.52

The crucia step in the mechanism involves coupling of the
initially formed titanium complex to give the dioxime
derivative 6 and TiCls. Previoudly, it has been reported that
1,4-diketones react with some primary amines in the presence
of TiCl, to give the corresponding pyrroles.8 A mechanism
similar to that visualized in Scheme 4, involving cyclisation of
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Table 1 Conversion of aromatic ketoximes into 2,3,4,
5-tetrasubstituted pyrroles

Oxime Ar R Product? Yield®/%
1a Ph Ph 2a 81
1b CH,Ph Ph 2b 62
1c Ph CHj 2c 57
1d p'C5H4CH3 CH3 2d 55
1e Ph CoHg 2e 58

aSee Experimental; Pyields are based on the isolated products.
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Scheme 3 Reagents and conditions: see Scheme 2.

an enamine intermediate, was proposed by these authors.®
Accordingly, to examine whether the present transformation
of oximes to the corresponding pyrroles involves such
dioxime intermediates, we have carried out the reaction of the
corresponding dioxime derived from 1,4-diphenylbutane-1,
4-dione. In this case, 2,5-diphenylpyrrole was obtained,
athough in somewhat low yield (24% yield) besides some
unidentified products (Scheme 5).

The formation of pyrrole from the ketoximes could involve
the reduction of the N-O bond by the Ti3* species produced in
situ at some stage via the intermediacy of the species such as
7-9. However, the mechanism outlined in Scheme 4 is only



OH _
N 2TICW/EGN  ClyTi- OTiCh
‘Z /&R
2 (ENH Ti) 2TiCh

. m orcn —

cktid OTiCk

OT|CI3
6 7
—>
0T|c13 (C|3T|)20 T|CI3
8 9
Scheme 4

tentative and we do not have evidence in support of species
such as 7-9. Another interesting aspect is the formation of the
1-naphthylamine 3b and the dihydrocarbazole 3a derivative in
the reaction of the a-tetralone oxime with the TiCl,/EtzN
reagent system (Scheme 2). Previously, aromatisation of some
cyclic enamines has been reported® using the TiCl,/Et;N
reagent system and hence the formation of 1-naphthylamineis
not unexpected under the reaction conditions. However,
interestingly, the dihydrocarbazole 3a is formed instead of the
dihydro derivative 11 expected considering a 2,2'-type
coupling of the corresponding enamine-type intermediates
(Scheme 6).

Presumably, the enamine-type intermediate 10 formed in
situ would initially undergo dehydrogenation by the
TiCl,/EtsN reagent system® to produce species 12, a likely
precursor of the major product 3b, that could react with the
species 10 viaa 2,4'-type coupling to give a species of type 13,
which in turn could give the observed product 3a in several
stepsinvolving 1,4-addition-cyclisation followed by hydrogen
shifts and elimination of an amine derivative (Scheme 6).
However, this rationalisation can at best be only a working
hypothesis and we do not have evidence for the involvement
of such intermediates.
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In conclusion: athough the mechanism and intermediates
involved in the conversion of aromatic ketoximes to 2,3,4,
S-tetrasubstituted pyrroles are not fully understood, this
simple one-pot method of synthesis of pyrroles using readily
accessible ketoximes has good synthetic potential.

Experimental

IH NMR (200 MHz) and 13C NMR (50 MHz) spectra were recorded
in CDCl; unless otherwise stated and TMS was used as reference
(3 = 0 ppm). The 13C chemical shifts are reported in ppm on the &
scale relative to CDCIl3 (77.0 ppm).

Dichloromethane was distilled over calcium hydride and dried over
molecular sieves. Oximes were prepared following a reported
procedure.10 Chromatographic purification was conducted by column
chromatography using 100200 mesh silica gel obtained from Acme
Synthetic Chemicals, India. All reactions and manipulations were
carried out under a dry nitrogen atmosphere. All yields reported are
isolated yields of material's, adjudged homogeneous by TLC analysis.

Reaction of ketoximes with the TiCl/Et;N reagent system.
Representative experimental procedure

Dichloromethane (25 ml), EtsN (15 mmol, 2.1 ml) and oxime
(5 mmol) were taken under N,. TiCl, (20 mmol) in dichloromethane
(20 ml) was added drop wise under N, at 0 °C for 15 min. The reaction
mixture was stirred for 0.5 h at 0 °C and stirred further for 7-8 h at
25°C. It was quenched with saturated K,CO; solution (30 ml).
The organic layer was separated and the aqueous layer was extracted
with dichloromethane (2 x 25 ml). The combined organic extract was
washed with brine solution (10 ml) and dried over anhydrous K,COs.
The solvent was removed and the residue was chromatographed on a
silicagel column with 2% EtOAc/hexane mixture as eluent.

2,3,4,5-Tetraphenylpyrrole (2a) m.p. 213-214 °C (lit2 m.p.
214-215 °C); 2,5-Dibenzyl-3,4-diphenylpyrrole (2b) m.p. 170-172 °C;
13C NMR & 324, 121.9, 1255, 126.4, 127.9, 1285, 128.7, 130.3,
136.1, 139.9; MS: M*(m/e) 308. Anal: calcd for CagH,sN: C, 90.20; H,
6.26; N, 3.50. Found: C, 90.25; H, 6.35; N, 3.58 %. 3,4-Dimethyl-2,
5-diphenylpyrrole (2¢) m.p. 136-137 °C; (lit.3> m.p. 138-139 °C); 3,
4-Dimethyl-2,5-di p-tolylpyrrole (2d) m.p. 140-142 °C, 13C NMR &
10.5,21.2, 117.0, 126.6, 128.3, 129.4, 131.0, 135.7; MS: M* (nmVe) 275;
Anal. calcd for C,gHxN: C, 87.27; H, 7.6; N, 5.09; Found: C, 87.12;
H, 7.71; N, 5.15 %. 3,4-Diethyl-2,5-diphenylpyrrole (2e) m.p. 82-84
°C, (lit.3» m.p. 81-85 °C); 12,13-Dihydro-7H-dibenzo[ a,g] carbazole
(3a) m.p. 197-198 °C, (lit.5 m.p. 197 °C). 7H-dibenzo[a,g] carbazole
(3c). m.p. 234-236 °C, (lit.6 m.p. 237-238 °C).

Conversion of 1,4-diphenylbutane-1,4-dione oxime into 2,
5-diphenylpyrrole

Dichloromethane (30 ml), EtsN (10 mmol, 1.4 ml) and the dioxime
(2 mmol, 0.516 g) were taken under N,. TiCl, (8.8 mmol, 1.8 mlof 1: 1
solution of TiCl4 in DCM)) in further dichloromethane (10 ml) was
added dropwise under N, a 0 °C for 15 min. The reaction mixture
was stirred for 0.5 h at 0 °C and stirred further for 10 h at 25 °C. It was
quenched with saturated K,CO;3 solution (30 ml). The organic layer was
separated and the agueous layer was extracted with dichloromethane
(2 x 25 ml). The combined organic extract was washed with brine
solution (10 ml) and dried over anhydrous K,COs;. The solvent was
removed and the residue was chromatographed on a silicagel column
with 2% EtOAc/ hexane mixture as eluent to obtain 2,5-diphenylpyrrole
(0.105 g, 24% yield), m.p. 142-144 °C (lit3. m.p. 142-143 °C).

We are grateful to the UGC and DST (New Delhi, India) for
financial support. G.S and M.S.P thank UGC and CSIR
for fellowships. We are also thankful to the UGC for support
under “University of Potential for Excellence” Programme.

Received 21 March 2003; accepted 15 March 2004
Paper 03/1831

REFERENCES

1 (@ JM. Patterson, Synthesis, 1976, 281; (b) R.J. Sundberg,
in Comprehensive Heterocyclic Chemistry, C.W. Bird,
A.R. Katritzky and C.W. Rees, Eds., Pergamon, Oxford, 1984,
pp. 313.

2 (a) O. Piloty, Ber., 1910, 43, 489; (b) G.M. Robinson and
R. Robinson, J. Chem. Soc., 1918, 113, 639.



272 JOURNAL OF CHEMICAL RESEARCH 2004

3 (a) Z.Yoshida, T. Haradaand Y. Tamaru, Tetrahedron Lett., 1976, 1999, 1, 857; (€) M. Periasamy and P. Bharathi, Organometallics,
17, 3823; (b) Y. Tamura, T. Harada, Z. Yoshida, J. Org. Chem.,, 2000, 19, 5511; (f) M. Periasamy, K.N. Jayakumar and
1978, 43, 3370. P. Bharathi, J. Org. Chem., 2000, 65, 3548.

4 (a) G. Baccolini and C. Sandali, J. Chem. Soc., Chem. Commun., 6 N.P.Buu-Hoi, N. Hoan and N.H. Khoi, J. Org. Chem., 1949, 15, 492.
1987, 788; (b) G. Baccolini, J. Chem. Soc., Perkin Trans. I, 7 R.K.Hill, B.G. McKinnie, R.T. Conley, PS. Darby, H.V. Halbeek
1989, 1053. and E.M. Holt, Tetrahedron, 1988, 44, 3405.

5 (a) M. Periasamy, G. Srinivas and P. Bharathi, J. Org. Chem., 8 H.S. Broadbent, W.S. Burnham, R.K. Olsen and R.M. Sheeley,
1999, 64, 4204; (b) M. Periasamy, G. Srinivas, G.V. Karunakar J. Heterocycl. Chem. 1968, 5, 757.
and P. Bharathi, Tetrahedron Lett., 1999, 40, 7577; (c) 9 G. Srinivasand M. Periasamy, Tetrahedron Lett., 2002, 43, 2785.

M. Periasamy and V. Dharma Rao, Tetrahedron: Asymmetry, 10 K.N. Campbell, B.K. Campbell and E.P. Chaput, J. Org. Chem.,
2000, 11, 1151; (d) M. Periasamy and P. Bharathi, Organic Lett., 1943, 8, 99.



