Heterocycles

Angewandlfe ,

DOI: 10.1002/ange.201108144

Highly Regioselective Migration of the Sulfonyl Group: Easy Access to

Functionalized Pyrroles**
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The development of new reactions for the synthesis of diverse
molecular frameworks is a challenging task in the field of
modern organic chemistry. Chemistry of pyrroles continues to
attract the interest of chemists, and new synthetic methods of
these compounds occupy an important area of synthetic
organic chemistry.l'® In search of new routes for the synthesis
of pyrroles through the design of new building blocks such as
N-sulfonyl-protected azaenyne derivatives 1 (Scheme 1), we
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Scheme 1. The new routes for synthesis of functionalized pyrroles.
DMF = N,N-dimethylformamide.

unexpectedly observed a surprising regioselective sulfonyl
group migration for 1a (R'=R?=Ph, R?®=p-Tol), which
provides easy access to more valuable functionalized pyrroles
in which the N atom is unprotected and the sulfonyl group
shifts to being a substituent on the pyrrole. The migration of
the sulfonyl group to different positions can be controlled and
highly selective formation of both a- and p-(arylsulfonyl)-
methyl pyrroles with yields of up to 98 and 97 %, respectively,
allows the straightforward introduction of sulfonyl groups!*
to the pyrrole. To the best of our knowledge, there have been
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no alternative routes for the synthesis of a- and B-(arylsulfo-
nyl)methyl pyrroles having these substitution patterns so far,
thus this is the first example of sulfonyl group migration in
pyrrole synthesis. Herein, we describe the preliminary results.

Initially, we chose the N-tosyl-protected 3-aza-1,5-enyne
derivative 1a as model substrate for the synthesis of N-
heterocycles. Pyrrole 2a was formed in 97 % yield (Scheme 1)
when la was heated to 140°C in DMF for 6 hours. The
structure of 2a was unambiguously confirmed by X-ray
crystal diffraction.’! Interestingly, N—S bond cleavage and
C—S bond formation occurred spontaneously in this trans-
formation, and the migration of the sulfonyl group to the
o branch of the product 2a was observed (Scheme 1).

Next, we explored the scope of this interesting trans-
formation. The results are shown in Table 1. Electron-neutral,
electron-deficient, and electron-rich aromatic groups (R") on
1 were all well tolerated, and the desired products (2a-2g)
were obtained with moderate to good yields (67-98%,
entries 1-7). 3-Aza-1,5-enyne 1n bearing a fused ring was
also suitable for this process, albeit with a lower yield (58 %,
entry 14). Groups (R?) directly connected to the alkyne
moiety containing both aryl (93-98 %, entries 8-9) and alkyl
(35%, entry 13) substituents were also tolerated. Importantly,
the use of the Z-isomer 11 afforded the same product as 1a
(entry 12 verus entry 1), which indicated that the geometry of

Table 1: Scope of synthesis of a-(arylsulfonylymethyl pyrroles.

RZ2  CO,Me
CO Me
z RU J\
~ DMF N~ “COzMe
COzMe 140°C,6h R30S |
802R3
2
Entry 1 R' R? R? Yield [%]
1 1a CeHs CeHs 4-MeC¢H, 97 (2a)
2 1b 3-MeCeH,  CgHs 4-MeCgH, 67 (2b)
3 1c 4-MeC¢H, CeHs 4-MeCgH, 89 (2¢)
4 1d 4-FCeH, CeHs 4-MeC¢H, 97 (2d)
5 le 2-CF;CH,  CeHs 4-MeC¢H, 82 (2e)
6 1f 2-CIC¢H, CeHs 4-MeC¢H, 98 (2f)
7 1g 2-BrCgH, CeHs 4-MeCgH, 96 (2g)
8 1h CeHs 4-MeCH,  4-MeC¢H, 93 (2h)
9 Ti CeHs 4-FCH, 4-MeCgH, 96 (2i)
10 1j 4-FCeH, CeHs CeHs 94 (2j)
M 1k 2-BrCgH, CeHs CeHs 95 (2k)
12 18 CH, CeHs 4-MeCH, 98 (21)
13 Tm CeHs nBu 4-MeCgH, 35 (2m)
14 Tn 1-naphthyl CeHs 4-MeCgH, 58 (2n)
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[a] Yields of isolated products. [b] The configuration of the double bond
is Z.
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the C=C bond had almost no influence on the yield. It is noted
that the electronic properties of the sulfonyl group (R*) had a
slight impact on the yield when the p-tolyl group was replaced
by a phenyl group (entry 10 versus entry 4, and entry 11
versus entry 7).

The proposed mechanism, which is based on our obser-
vations, is depicted in Scheme 2. Reactant 1 was first trans-
formed into intermediate 4 through an aza-Claisen rearrange-
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Scheme 2. Proposed mechanism for the synthesis of a-(arylsulfonyl)-
methyl pyrroles through sulfonyl group migration.

ment. Similar aza-Claisen rearrangements were also proposed
in pyrrole synthesis,”*! and the synthesis of pyrroles from
allene derivatives has also been reported.”) The nitrogen
atom of 4 was electron deficient because of the electron-
withdrawing double bond and the sulfonyl group connected to
this atom. Therefore, one of the double bonds of the allene
moiety of 4 attacked the nitrogen atom and afforded
intermediate 5. The N—S bond was cleaved to yield the ion-
pair 6. To verify the formation of the ion-pair 6, a crossover
experiment was performed. Equimolar amounts of 1j and 1g
were reacted and yielded the corresponding products 2j and
2g in 41 and 47 % yields, respectively, and the crossover
products 2d and 2k in 46 and 52% yields, respectively
[Eq. (1)]. The recombination of the cation and the anion of 6
resulted in the formation of the C—S bond of 7, which then
isomerized into pyrrole 2.

In the presence of a base, the propargyl moiety of 1 may
transform into the allene moiety of 9 (see Scheme 3 for
structure), and the newly formed compound may also
subsequently form heterocycles under the proper reaction
conditions. With this hypothesis in mind, 10 mol % of Cs,CO;
was added to a solution of 1a in DMF. A different type of
pyrrole (3a; see Scheme 1 for structure) was obtained. The
structure of 3a was also confirmed by an X-ray crystal
diffraction study."” A similar sulfonyl group migration
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occurred, with the sulfonyl group selectively migrating to
the {3 substituted pyrrole 3a.

Given the information above, we selected Cs,COj; as the
base, DMF as the solvent, 80°C as the temperature and
4 hours as the reaction time to test the scope of the
reaction."!! In general, moderate to good yields (84-97 %)
were obtained for this process regardless of the electronic
properties of the phenyl rings of R', R? and R? as shown in
Table 2. The Zisomer of 1a afforded the same product
(entry 12) as the E isomer, although the yield obtained from
the Z isomer is lower than that obtained with the E isomer.

To account for these observations, another proposed
mechanism is depicted in Scheme 3. In the presence of base,

Table 2: Scope of the synthesis of B-(arylsulfonyl)methyl pyrroles.

R2 R2
Il /[COZMe C8,CO5 (10 mol%) R7028 COMe
| N 7\
R1 N COzM DMF, 80 C, 4 h R1 N COZMG
I
802R3 H
1 3
Entry 1 R' R? R? Yield [96]
1 Ta CeHs CeH; 4-MeC¢H, 97 (3a)
2 1b 3-MeC¢H, CeHs 4-MeC¢H, 82 (3b)
3 1c 4-MeCeH,  C¢Hs 4-MeC4H, 95 (3¢)
4 1d 4-FCH, CeH; 4-MeC¢H, 94 (3d)
5 Te 2-CF,CgH,  CgHs 4-MeC¢H, 94 (3e)
6 1f 2-CIC(H, CeHs 4-MeC¢H, 93 31)
7 1g 2-BrCH, CeH; 4-MeCgH, 90 (3g)
8 Th CeHs 4-MeCgH,  4-MeC¢H, 92 (3h)
9 1i CeHs 4-FCeH, 4-MeCgH, 94 (3i)
10 1j 4-FCH, CeHs CeHs 95 (3j)
1 1k 2-BrC¢H, CeHs CeHs 88 (3k)
12 1 CH, CeHs 4-MeCgH, 84 (31)
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[a] Yields of isolated products. [b] The configuration of the double bond
is Z.
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Scheme 3. Proposed mechanism for the synthesis of -(arylsulfonyl)-
methyl pyrroles.

the propargyl moiety of 1 is transformed into the allene
intermediate 9. One of the double bonds of the allene moiety
of 9 attacked the carbon atom of the olefin moiety to afford
the intermediate 10. The N—S bond cleaved to form the ion-
pair 11, which recombined to form the C—S bond, and then 12
aromatized to deliver the pyrroles 3.

To support the proposed mechanism, many experiments
were performed. To verify the existence of the allene
intermediate 9, we treated the isolated compound 9a as the
starting material and subjected it to the same reaction
conditions as used for 1i (Scheme 4). As expected, the same
product, 3i, was obtained in the same yield. This result
confirmed that the reaction proceeded via the intermediate 9.

To verify the nature of ion-pair 11 (Scheme 3), one
crossover experiment was performed. A 1:1 mixture of 1j and
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Scheme 4. Synthesis of [3-(arylsulfonyl)methyl pyrrole from allene deriv-
ative. Ts =4-toluenesulfonyl.
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1g under basic conditions afforded the products 3j and 3g in
40 and 47 % yields, respectively, and the crossover products
3d and 3k in 43 and 38 % yields, respectively [Eq. (2)].
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To additionally verify the formation of the ion-pair 11,
wherein the sulfinyl group was negatively charged and the
relational group was positively charged, two competition
experiments were performed [Egs. (3) and (4)]. We inten-
tionally added the sulfinyl anion, which is similar to the
sulfonyl group of the reactant in the reaction system. Thus, if
the reaction generated the sulfinyl anion, the external sulfinyl
anion could compete with the sulfinyl anion generated in situ,
and the competitive product would be obtained. One
equivalent of sodium p-tolyl sulfinate was added to the
reactant 1k, which has a phenyl group, and afforded the
corresponding product 3k in 36 % yield and the competitive
product 3g in 59 % yield in the presence of base [Eq. (3)]. In
addition, one equivalent of sodium phenyl sulfinate was
added to the reactant 1g, which has a p-tolyl group, thus
yielding the corresponding product 3g in 60 % yield and the
competitive product 3k in 36 % yield [Eq. (4)]. These two
experiments verified the formation of the ion pair and
confirmed that the original sulfinyl anions can be displaced
by the external ions. Interestingly, the yield of the product 3g,
which contains the p-tolyl sulfonyl group, was greater than
that of the product containing the phenylsolfonyl group (3k)
regardless of whether the tosyl group was original or external.
This result indicates that the p-tolyl sulfinyl group is more
reactive than the phenylsolfinyl group in this process, and
additionally illustrates that the sulfinyl moiety of the ion pair
is negatively charged. The ability of the p-tolyl group to
stabilize the anion is weaker than that of the phenyl group,
therefore the p-tolyl sulfinyl anion is more likely to form the
C-S bond.

www.angewandte.de

Chemie

1727



Angewandte

1728

Zuschriften
Ph
PhO,S COzMe
Ph CO,Me
H CO,Me  +TolSO,Na Br 3k 36%
| (1 equtv )
N7 CosMe CCO5 ph * (3)
SO,Ph (10mol%)  Tol0,S COzMe
Br DMF. 80 °C
CO,Me
BT 3g. s9%
Ph
TolO,S COZMe
Ph CO;Me
CO,Me  +PhSO:Na Br
[ | [ z (1 equiv) 3g 60% .
N" CopMe  ©s:C0s ot “)
10 mol%)
$O;Tol ( CO,Me
Br WFm%Pmﬁ 2
1g
CO,Me
3k 36%

The proposed mechanisms depicted in Schemes 2 and 3
indicate that the two pathways for the generation of the
pyrroles 2 and 3 proceed via allene intermediates (4 and 8),
and the generation of ion-pair intermediates (6 and 11).

In summary, highly regioselective sulfonyl group migra-
tions in the synthesis of functionalized pyrroles have been
successfully developed. The migration of the sulfonyl group to
different positions can be controlled with high selectivity for
the formation of both a- and B-(arylsulfonyl)methyl pyrroles.
These reactions benefit from allowing the straightforward
introduction of sulfonyl groups to the pyrroles. Crossover and
competition experiments indicated that both reactions pro-
ceed through ion-pair intermediates. Additional investiga-
tions on the application of the developed strategy and
detailed mechanistic studies are currently ongoing in our
laboratory.

Experimental Section

Procedure for the synthesis of pyrrole 2: Starting material 1
(0.2mmol) in DMF (1 mL) was stirred at 140°C for 6 h under
argon atmosphere. The solvent was evaporated and the crude
reaction mixture was directly purified by silica gel flash column
chromatography (eluent: petroleum ether/ethyl acetate 5:1) to give
the desired pyrroles 2.

Procedure for the synthesis of pyrrole 3: Starting material 1
(0.2 mmol) was placed in a dried Schlenk tube. Subsequenly, 1mL
distilled DMF and Cs,CO; (6.5 mg, 0.02mol) were added. The
resulting mixture was stirred at 80 °C for 4 h under argon atmosphere.
The solvent was evaporated and the crude reaction mixture was
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directly purified by silica gel flash column chromatography (eluent:
petroleum ether/ethyl acetate 5:1) to give the desired pyrroles 3.

Received: November 21, 2011
Published online: January 11, 2012

Keywords: heterocycles - reaction mechanisms -
rearrangement - regioselectivity - synthetic methods

[1] Pyrroles are one of the most important classes of heterocyclic
compounds. See: a) H. N. Fan, J. Peng, M. T. Hamann, J. F. Hu,
Chem. Rev. 2008, 108, 264; b) M. d’Ischia, A. Napolitano, A.
Pezzella in Comprehensive Heterocyclic Chemistry 111, Vol. 3
(Eds.: G. Jones, C. A. Ramsden), Elsevier, Amsterdam, 2008,
pp- 353-388.

For reviews on the synthesis of pyrroles, see: a) I. Nakamura, Y.
Yamamoto, Chem. Rev. 2004, 104, 2127; b)J. Bergman, T.
Janosik in Comprehensive Heterocyclic Chemistry III, Vol. 3
(Eds.: G. Jones, C. A. Ramsden), Elsevier, Amsterdam, 2008,
pp- 269-351.

For recent reports on the synthesis of pyrroles, see: a) K. K. Toh,
Y. F. Wang, E. P.J. Ng, S. Chiba, J. Am. Chem. Soc. 2011, 133,
13942; b) B. M. Trost, J. P. Lumb, J. M. Azzarelli, J. Am. Chem.
Soc. 2011, 133, 740; ¢) M. Sai, H. Yorimitsu, K. Oshima, Angew.
Chem. 2011, 123, 3352; Angew. Chem. Int. Ed. 2011, 50, 3294;
d) M. P. Huestis, L. Chan, D.R. Stuart, K. Fagnou, Angew.
Chem. 2011, 123, 1374; Angew. Chem. Int. Ed. 2011, 50, 1338;
e) T. Wang, X. L. Chen, L. Chen, Z. P. Zhan, Org. Lett. 2011, 13,
3324; f) H. Y. Wang, D. S. Mueller, R. M. Sachwani, R. Kapadia,
H. N. Londino, L. L. Anderson, J. Org. Chem. 2011, 76, 3203;
g) D. M. Barber, H. Sanganee, D.J. Dixon, Chem. Commun.
2011, 47, 4379; h) S. Rakshit, F. W. Patureau, F. Glorius, J. Am.
Chem. Soc. 2010, 132, 9585; i) D. R. Stuart, P. Alsabeh, M. Kuhn,
K. Fagnou, J. Am. Chem. Soc. 2010, 132,18326;j) M. S. T. Morin,
D.J. St-Cyr, B. A. Arndtsen, Org. Lett. 2010, 12, 4916; k) W. B.
Liu, H. F. Jiang, L. B. Huang, Org. Lett. 2010, 12, 312; 1) A.
Mizuno, H. Kusama, N. Iwasawa, Angew. Chem. 2009, 121, 8468;
Angew. Chem. Int. Ed. 2009, 48, 8318; m) N. K. Pahadi, M. Paley,
R.Jana, S. R. Waetzig, J. A. Tunge, J. Am. Chem. Soc. 2009, 131,
16626; n) B. Tan, Z. G. Shi, P.J. Chua, Y. X. Li, G. F. Zhong,
Angew. Chem. 2009, 121, 772; Angew. Chem. Int. Ed. 2009, 48,
758; o) M. Egi, K. Azechi, S. Akai, Org. Lett. 2009, 11, 5002;
p) A. Aponick, C.Y. Li, J. Malinge, E. F. Marques, Org. Lett.
2009, 11, 4624; q) Y. D. Lu, B. A. Arndtsen, Org. Lett. 2009, 11,
1369; r) A. R. Kelly, M. H. Kerrigan, P.J. Walsh, J. Am. Chem.
Soc. 2008, 130, 4097; s) A. S. Dudnik, A. W. Sromek, M. Rubina,
J. T. Kim, A. V. Kel'in, V. Gevorgyan, J. Am. Chem. Soc. 2008,
130,1440;t) Y. D. Lu, B. A. Arndtsen, Angew. Chem. 2008, 120,
5510; Angew. Chem. Int. Ed. 2008, 47, 5430.

Sulfones are widely found in biologically active compounds, for
example, the y-secretase inhibitor for Alzheime’s disease. See:
a) J. Su, H. Q. Tang, B. A. McK:ittrick, Tetrahedron Lett. 2011, 52,
3382;b) J. Su, H. Q. Tang, B. A. McKittrick, R. Xu, J. W. Clader,
W. 1. Greenlee, L. Hyde, L. L. Zhang, Bioorg. Med. Chem. Lett.
2011, 21, 3447.

Sulfones in organic synthesis: a) M. Jegelka, B. Plietker, Chem.
Eur. J. 2011, 17, 10417; b) A. R. Alba, X. Companyd, R. Rios,
Chem. Soc. Rev. 2010, 39, 2018; c) Sulfones in Organic Synthesis
(Ed.: N. S. Simpkins), Pergamon, Oxford, 1993.

CCDC 808794 (2a) contains the supplementary crystallographic
data for this paper. These data can be obtained free of charge
from The Cambridge Crystallographic Data Centre via www.
ccde.cam.ac.uk/data_request/cif.

Proposed gold-catalyzed aza-Claisen rearrangement for pyrrole
synthesis. See: a) A. Saito, T. Konishi, Y. Hanzawa, Org. Lett.
2010, 712,372; b) F. M. Istrate, F. Gagosz, Org. Lett. 2007, 9, 3181.

[2

—_—

[3

—_—

(4

—_

5

[l

[6

—_

[7

[

Angew. Chem. 2012, 124, 1725-1729



Angewandte

Chemie

[8] Utilized Claisen rearrangement intermediate then introduced  [10] CCDC 837830 (3a) contains the supplementary crystallographic

amines for pyrrole synthesis. See: J. T. Binder, S. F. Kirsch, Org. data for this paper. These data can be obtained free of charge
Lett. 2006, 8, 2151; and for 1, 2-dihydropyridine synthesis, see: T. from The Cambridge Crystallographic Data Centre via www.
Harschneck, S. F. Kirsch, J. Org. Chem. 2011, 76, 2145. ccde.cam.ac.uk/data_request/cif.

[9] E. Benedetti, G. Lemiere, L. L. Chapellet, A. Penoni, G. [11] For details of the screening of reaction temperature and reaction
Palmisano, M. Malacria, J. P. Goddard, L. Fensterbank, Org. time, please see the Supporting Information.

Lett. 2010, 12, 4396.

Angew. Chem. 2012, 124, 1725-1729 © 2012 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim www.angewandte.de 1729



