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Abstract: The synthesis of polyfunctionalized pyr-
roles by reaction of a ketoxime with dimethyl acety-
lenedicarboxylate using europium(III) triflate as
the catalyst is described.
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Polyfunctionalized pyrroles are ubiquitous in natural
products,'! pharmaceuticals” and agrochemicals.”! In
recent years, they have found applications also in the
preparation of organic semiconductors, light-emitting
diodes and solar batteries.”! The classical methods
available for preparation of pyrroles include Knorr,"!
Paal-Knorr,) Hantzsch reactions,”’ in addition to
a variety of cycloadditions,® transition metal-cata-
lyzed cyclizations,”) multicomponent!” and tandem
reactions.!"

In recent years, the Trofimov!"? method for the
preparation of pyrroles by condensation of a ketoxime
with an acetylene using the super base MOH (M =Li,
Na or K)-dimethyl sulfoxide, as the catalyst has re-
ceived high attention as this method allows the prepa-
ration of a variety of previously inaccesible pyrroles.
Although this reaction was initially carried out using
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Scheme 1. Europium(III) triflate-catalyzed synthesis of pyr-
roles by the Trofimov reaction.

Adpv. Synth. Catal. 0000, 000,0-0

© 2012 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

inorganic bases, recently, Ngwerume etal. " de-
scribed a modified procedure for the Trofimov reac-
tion using organic bases such as triphenylphosphine,
1,4-diazabicyclo[2.2.2]octane(DABCO) and 4-
dimethylaminopyridine(DMAP). In our study, we ob-
served an efficient Trofimov reaction also under
Lewis acid catalysis and herein we report, for the first
time, an efficient method for the synthesis of pyrroles
by reaction of a ketoxime and dimethyl acetylenedi-
carboxylate (DMAD) using europium(III) triflate as
a catalyst to obtain polyfunctionalized pyrroles in 60—
75% yields as shown in Scheme 1.

In our preliminary experiments, acetophenone
oxime 1a and DMAD were reacted in the presence of
a variety of Lewis acid catalysts such as europium(III)
triflate, zinc(Il) triflate, lanthanum(III) triflate, cop-
per(IT) triflate, ytterbium(III) triflate, yttrium(IIT) tri-
flate, scandium(III) triflate, praseodymium(III) tri-
flate, antimony(III) chloride, indium(III) chloride,

Table 1. Lewis acid-promoted Trofimov reaction of aceto-
phenone oxime and DMAD.

Entry Lewis acid®  Reaction time [h]  Yield™ [%] 2a
1 Eu(OTf), 18 75
2 Zn(OTf), 24 58
3 La(OTf), 24 65
4 Cu(OTY), 30 20
5 Yb(OTf), 30 46
6 Y (OTf), 30 15
7 Sc(OTY); 30 20
8 Pr(OTf), 30 54
9 SbCl, 30 35
10 InCl; 30 10
11 InF, 30 18
12 ZnCl, 30 30
410 mol%.

] Yields of isolated prooducts.
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Table 2. Europium(III) triflate-catalyzed Trofimov reaction of a ketoxime and DMAD.

Entry Ketoxime, 1 Pyrrole 2 Ftk_eact[irc])]n Yield [%]! mp [°C]
ime
NOH COs-Me
7\ _
H
NOH CO.Me
! -
b ©)K/\ Do 12 72 101-103
H
NOH CO.Me
E F H
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Br /
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| NOH \l/—\g\ 14 65 q
\/U\/ N COzMe

H

[a

Yields of isolated products. All compoundss were characterized by 'H, *C NMR, IR and
mass spectral data.

indium(I1I) fluoride and zinc(II) chloride under reflux In this study, the formation of pyrrole 2a was ob-
conditions using toluene as the solvent as shown in served in maximum yields (75%) with europium(III)
Table 1. triflate as the catalyst. When this reaction was studied
2 asc.wiley-vch.de © 2012 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim Adv. Synth. Catal. 0000, 000, 0—0
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Scheme 2. A palusible mechanism for the Lewis acid-catalyzed Trofimov reaction.
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Scheme 3. Control study of the europium(III) triflate-cata-
lyzed Trofimov reaction.

in other solvents such as 1,2-dichloroethane and tetra-
hydrofuran under reflux conditions for 24 h, 2a was
formed in 12 and 20% yields, respectively, and in sol-
vents such as acetonitrile and methanol, no reaction
was observed. The present Lewis acid-catalyzed Trofi-
mov reaction was found to proceed only with DMAD
and this reaction did not proceed with aryl and ali-
phatic acetylenes under similar conditions.

Next, a variety of ketoximes 1la-n was reacted with
DMAD using europium(III) triflate as the catalyst
under reflux in toluene to obtain the corresponding
pyrroles 2a-n in 60-75% yields as shown in Table 2.
A plausible pathway for the formation of pyrroles via
the Lewis acid-catalyzed Trofimov reaction is shown
in Scheme 2. It shows that the initial step of the reac-
tion is the formation of ketoxime 1/DMAD adduct
(ketoxime vinyl ether, 3), which subsequently trans-
forms into pyrrole 2 through a 3,3-sigmatropic rear-
rangement under Lewis acid catalysis. In our study,
acetophenone oxime la and DMAD gave adduct 3a
in 78% yield under europium(III) triflate catalysis in
toluene upon heating at 50°C for 7 h. When adduct
3a was refluxed in toluene in the absence of
europium(I1I) triflate, no reaction was observed even
after 24 h. In the presence of europium(III) triflate,
3a was converted into 2a in 82% yield as shown in
Scheme 3, which confirms the mechanism shown in
Scheme 2.

Adpv. Synth. Catal. 0000, 000,0-0

© 2012 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

These are not the final page numbers! 77

In conclusion, the present work describes the first
observation of a Lewis acid-catalyzed Trofimov reac-
tion. This work provides an efficient method for the
preparation of polyfunctionalized pyrroles by reaction
of a ketoxime with dimethyl acetylenedicarboxylate
using europium(III) triflate as the catalyst.

Experimental Section

Typical Procedure for Europium(IIl) Triflate-
Catalyzed Synthesis of Pyrroles

Acetophenone oxime 1a (0.5 g, 3.69 mmol), dimethyl acety-
lenedicarboxylate (0.52 g, 3.69 mmol), toluene (5mL) and
europium(I1I) triflate (0.22 g, 0.37 mmol), were charged into
a 25-mL round-bottomed flask fitted with a condenser and
nitrogen balloon. The mixture was refluxed for 18 h and
after completion of the reaction (TLC), the reaction mixture
was concentrated under reduced pressure and purified by
column chromatography (100-200 mesh silica gel, EtOAc-
hexane =1:10) to afford dimethyl 5-phenyl-1H-pyrrole-2,3-
dicarboxylate 2a as a pale yellow solid; yield: 0.72 g (75%);
mp 134-136°C. The product was characterized by the fol-
lowing spectral data : 'H NMR (300 MHz, CDCl;): §=9.69
(bs, 1H, exchangeable with D,0), 7.49 (d, 2H, J=7.0 Hz),
732 (t, 2H, J=8.0Hz, 7.0Hz), 723 (t, 1H, J=8.0 Hz,
7.0 Hz), 6.81 (s, 1H), 3.81 (s, 3H), 3.80 (s, 3H); *C NMR
(75 MHz, CDCl;): 6=164.24, 160.72, 134.90, 130.26, 129.08,
128.30, 124.87, 122.65, 121.48, 110.64, 52.22; IR (KBr): v=
3299, 2923, 2853, 1733, 1686, 1513, 1457, 1292, 1257, 1210,
1153, 1068, 927 cm™'; ESI-MS: m/z =260 (M+H), 282 (M +
Na); exact mass observed for C;,H;;O,NNa: 282.0733
(calcd.: 282.0742).

Acknowledgements

VSV is thankful to the Director, IICT for financial support in
the form of Project Assistant; KKRM and CRB are thankful
to CSIR, New Delhi for the financial support in the form of
Senior Research Fellowship. CN is thankful to UGC, New
Delhi for the financial support in the form of Senior Re-
search Fellowship.

asc.wiley-vch.de 3


http://asc.wiley-vch.de

COMMUNICATIONS

Sridhar Madabhushi et al.

References

4

[1] T.L. Gilchrist, J. Chem. Soc. Perkin Trans. 1 2001,
2491-2515.

[2] a) F. Bellina, R. Rossi, Tetrahedron 2006, 62, 7213—
7256; b) R. B. Thompson, FASEB J. 2001, 15, 1671-
1676; c¢) G. Murineddu, G. Loriga, E. Gavini, A.T.
Peanna, A. C. Mule, G. A. Pinna, Arch. Pharm. Med.
Chem. 2001, 334, 393-398; d) G. A. Pinna, M. M.
Curzu, M. Sechi, G. Chelucci, E. Maciocco, Il Farmaco
1999, 54, 542-550.

[3] H. Z. Walter, Z. Naturforsch. B 2008, 63, 351-362.

[4] a) C. F. Lee, L. M. Yang, T. Y. Hwu, A. S. Feng, J. C.
Tseng, T. Y. Luh, J. Am. Chem. Soc. 2000, 122, 4992—
4993; b) A. Kreutzberger, P. A. Kalter, J. Org. Chem.
1960, 25, 554.

[5] a) L. Knorr, Ber. Dtsch. Chem. Ges. 1884, 17, 1635;
b) L. Knorr, H. Lange, Ber. Dtsch. Chem. Ges. 1902, 35,
2998-3009.

[6] a)J. X. Chen, H.Y. Wu, Z.G. Zheng, C. Jin, X.X.
Zhang, W.K. Su, Tetrahedron Lett. 2006, 47, 5383—
5387; b) M. R. Tracey, R.P. Hsung, R. H. Lambeth,
Synthesis 2004, 918-922; ¢) B. Quiclet-Sire, L. Quintero,
G. Sanchez-Jimenez, S.Z. Zard, Synlett 2003, 75-78;
d) B. M. Trost, G. A. Doherty, J. Am. Chem. Soc. 2000,
122, 3801-3810; e) L. Knorr, Ber. Dtsch. Chem. Ges.
1885, 18, 299-231; f) C. Paal, Ber. Dtsch. Chem. Ges.
1885, 18, 367-371.

[7] a) F. Palacios, D. Aparico, J. M Santos, J. Vicario, Tetra-
hedron 2001, 57, 1961-1972; b) A. W. Trautwein, R. D.
Sussmuth, G. Jung, Bioorg. Med. Chem. Lett. 1998, 8,
2381-2384; ¢) M. W. Roomi, S. F. MacDonald, Can. J.
Chem. 1970, 48, 1689-1697; d) A. Hantzsch, Ber. Dtsch.
Chem. Ges. 1890, 23, 1474-1476.

[8] a) Y. Kim, J. Kim, S.B. Park, Org. Lett. 2009, 11, 17—
20; b) A. R. Katritzky, S. Zhang, M. Wang, H. C. Kolb,
P.J. Steel, J. Heterocycl. Chem. 2002, 39, 759-765;
c)J. L. Bullington, R. R. Wolff, P. F. Jackson, J. Org.
Chem. 2002, 67, 9439-9442; d) K. 1. Washizuka, S. Min-
akata, I. Ryu, M. Komatsu, Tetrahedron 1999, 55,
12969-12976.

[9] a) A. Saito, O. Konishi, Y. Hanzawa, Org. Lett. 2010,
12, 372-374; b) S. Kramer, J. L. H. Madsen, M. Rott-
lander, T. Skrydstrup, Org. Lett. 2010, 12, 2758-2761;
c) M. Egi, K. Azechi, S. Akai, Org. Lett. 2009, 11,
5002-5005; d) A. Aponick, C.-Y. Li, J. Malinge, E. F.
Marques, Org. Lett. 2009, 11, 4624-4627; e)P. W.
Davies, N. Martin, Org. Lett. 2009, 11, 2293-2296; f) L.
Ackermann, R. Sandmann, L.T. Kaspar, Org. Lett.

[10]

(11]

[12]

(13]

2009, 71, 2031-2034; g) M. Egi, K. Azechi, S. Akai,
Org. Lett. 2009, 11, 5002-5005; h) Y.-F. Wang, K. K.
Toh, S. Chiba, K. Narasaka, Org. Lett. 2008, 10, 5019-
5022; i) R. Martin, C.H. Larsen, A. Cuenca, S.L.
Buchwald, Org. Lett. 2007, 9, 3379-3382; j) X. Yuan, X.
Xu, X. Zhou, J. Yuan, L. Mai, Y. Li, J. Org. Chem.
2007, 72, 1510-1513; k) M. R Rivero, S. L. Buchwald,
Org. Lett. 2007, 9, 973-976; 1) M. L. Crawley, 1. Goljer,
D.J. Jenkins, J. F. Mehlmann, L. Nogle, R. Dooley,
P. E. Mahaney, Org. Lett. 2006, 8, 5837-5840; m) R.
Martin, M. R. Rivero, S. L. Buchwald, Angew. Chem.
2000, 118, 7237-7240; Angew. Chem. Int. Ed. 2006, 45,
7079-7082.

V. Estévez, M. Villacampa, J. C. Menéndez, Chem. Soc.
Rev. 2010, 39, 4402-4421.

a) Y. Jiang, W. C. Chan, C. M. Park, J. Am. Chem. Soc.
2012, DOTI: 10.1021/ja300552c; b) S. Shafi, M. Kedzior-
ek, K. Grela, Synlett 2011, 124-128; c) B. M. Trost, J.-P.
Lumb, J. M. Azzarelli, . Am. Chem. Soc. 2011, 133,
740-743; d) Q. Cai, F. Zhou, T. Xu, L. Fu, K. Ding,
Org. Lett. 2011, 13, 340-343.

a) B. A. Trofimov, A.I. Michaleva, Eu. U. Schmidt,
L. N. Soblena in: Advances in Heterocyclic Chemistry,
Vol. 99, (Ed., A.R. Katritzky), Elsevier Inc., USA;
b) R. J. Tedeschi, Acetylene, in: Encyclopedia of Physi-
cal Science and Technology, Academic Press, San
Diego, Vol. 1, 1992, pp 27-65; c) G. P. Bean, Pyrrole,
Part 1, in: The Chemistry of Heterocyclic Compounds,
Vol. 48, (Eds.: R. A. Jones, E. C. Taylor, A. Weissberg-
er), John Wiley and Sons, New York, 1990, p 108;
d) A.FE. Pozharsky, V. A. Anisimova, E.B. Tsupak,
Prakticheskie Raboty po Khimii Geterotsiklov (Manual
for Heterocyclic Chemistry); 1zd. Rostovskogo Univer-
siteta, Rostov, 1988, p 9; e¢) B. A. Trofimov, Preparation
of Pyrroles from Ketoximes and Acetylenes, in: Advan-
ces in Heterocyclic Chemistry, Vol. 51, (Ed.: A. R.Ka-
tritzky), Academic Press, San Diego, 1990, pp 177-301;
f) B. A. Trofimov, Pyrroles, Part 2, in: The Chemistry of
Heterocyclic Compounds, Vol. 48, (Ed.: R. A. Jones),
John Wiley and Sons, New York, 1992, pp 131-298;
g) A. L. Mikhaleva, E. Yu. Schmidt, Two-step Synthesis
of Pyrroles from Ketones and Acetylenes through the
Trofimov Reaction, in: Selected methods for synthesis
and modification of heterocycles, Vol. 1, (Ed.: V.G.
Kartsev), IBS Press, Moscow, 2002, pp 331-352.

a) S. Ngwerume, J. E. Camp, Chem. Commun. 2011, 47,
1857-1859; b) S. Ngwerume, J. E. Camp, J. Org. Chem.
2010, 75, 6271-6274.

asc.wiley-vch.de © 2012 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim Adv. Synth. Catal. 0000, 000, 0—0

KRR These are not the final page numbers!


http://asc.wiley-vch.de

COMMUNICATIONS

Europium(III) Triflate-Catalyzed Trofimov Synthesis of NOH CO,Me Eu(OTf)s R!' COMe 35
Polyfunctionalized Pyrroles ll toulene 7\
R)H + reflux RN ~CO:Me
Adv. Synth. Catal. 2012, 354, 1—5 R COzMe 12-18h H
R = R' = akyl, aryl or heteroaryl 60-75%

Sridhar Madabhushi,* Venkata Sairam Vangipuram,
Kishore Kumar Reddy Mallu, Narsaiah Chinthala,
China Ramanaiah Beeram

Adpv. Synth. Catal. 0000, 000, 0-0 © 2012 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim asc.wiley-vch.de 5

These are not the final page numbers! 77


http://asc.wiley-vch.de

