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tert-Butyl sulfinamide is an ammonia equivalent for the palladium-catalyzed amination of aryl bromides
and aryl chlorides. Using these amine derivatives, it has been observed that indoles and anilines with sen-
sitive functional groups can be readily prepared. This surrogate has also been used for the synthesis of
indoles from 2-halophenols using palladium catalyzed cross coupling reaction as the key step.

© 2011 Elsevier Ltd. All rights reserved.

Heterocyclic compounds, particularly indole ring system is
present in drug candidates having interesting biological activities
and in numerous natural alkaloids that cover a wide range of struc-
tural types.! Consequently this plays a key role in the continued
search for the development of new, efficient, and selective proto-
cols for its construction.? In this context, palladium-catalyzed
transformations for the synthesis of indole backbone, starting from
o-alkynylanilines or derivatives® thereof as well as o-haloanilines,*
have been studied intensively. o-Dihaloarenes or o-alkynylhaloa-
renes’ also been used where dihalo compound was selectively con-
verted into o-alkynylhaloarenes and then alkylamine or arylamines
are used for C—N coupling reaction to yield N-substituted indole.
However, much less attention has been paid to the use of o-hal-
ophenols although they are easily accessible from inexpensive
starting materials. We focused our attention on the preparation
of 2-substituted indoles from phenols containing an ortho halo
group and 1-alkynes through an integrated process involving three
basic steps: conversion of o-halophenols to triflate followed by
Sonogashira reaction with 1-alkynes and then Buchwald coupling
with suitable ammonia surrogates (Scheme 1).

Significant progress has been made in the development of tran-
sition metal catalyzed aminations of aryl halides.® As a result, a
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Scheme 1. Indole synthesis using o--halophenol.

wide variety of secondary aryl amines can be prepared efficiently
using this methodology. Thus, reactions have been conducted with
ammonia surrogates. Allylamine was used as ammonia equivalent
and the resulting allyl group from the resulting aryl alkyl amine
was conveniently cleaved using methane sulfonic acid and palla-
dium on carbon.” Benzophenone imine was frequently used as an
effective ammonia equivalent. The coupling reactions with this
imine are high yielding and can be performed under extremely
mild reaction conditions and the resulting N-aryl imines can be
cleaved using several orthogonal methods that are compatible
with a variety of protecting groups.® Hartwig and Buchwald group
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independently reported inexpensive silyl reagents such as (LiN-
(SiMes),) and Ph3SiNH, as ammonia equivalents for palladium
catalyzed amination and the resulting aryl silylamine is easily
deprotected.® Amidine hydrochloride has recently been used as
an ammonia equivalent for copper-catalyzed couplings with aryl
halide to prepare anilines.'® Hydroxylamine o-benzyl ether as an
ammonia equivalent in the catalytic amination of aryl halides has
been reported.!! Toluene sulfonamides have been used as ammo-
nia surrogates for palladium-catalyzed aminations.'?> Very re-
cently, ammonia itself has been used as an amine reagent for the
palladium-catalyzed coupling of aryl halides to afford primary aryl
amines.!®> Aqueous ammonia and ammonium chloride were used
recently for the synthesis of primary aryl amines using copper as
catalyst.'"* We recently reported SES-NH, and Teoc-NH, as ammo-
nia surrogate.!® Recently a group of scientists from Novartis used
tert-butyl sulfinamide for copper-catalyzed coupling with 2-bromo
pyridine.'® In the search for other suitable and stable ammonia
surrogates we found that tert-butyl sulfinamide as ammonia surro-
gate for the palladium-catalyzed amination (Scheme 2).

We initiated our investigations by examining suitable condi-
tions for the palladium catalyzed coupling of tert-butyl sulfinamide
with aryl bromides. Preliminary studies showed that Pd(OAc),-
Xantphos-Cs,CO3 catalyst system in 1,4-dioxane at 110°C for
15 h gives excellent isolated yields of corresponding sulfonamide
derivatives. Aryl bromides with various functional groups such as
cyano, ester, aldehyde and methoxy reacted under the above opti-
mized conditions without undergoing any other side reactions (Ta-
ble 1).17 Having been successful with aryl bromides, we next
extended this reaction to aryl chlorides. Aryl chloride bond activa-
tion is an industrially important field of research due to the lower
cost of aryl chlorides compared to aryl bromides and aryl iodides.'®
We used the same reaction conditions for the coupling of tert-butyl
sulfinamide with aryl chlorides. The reaction worked well with aryl
chlorides possessing different substituents such as cyano, ester,
keto, and aldehyde, and the yields obtained were more than 80%
in most cases (Table 2).

tert-Butyl sulfinamide products were very stable and could be
used for further transformations without affecting the sulfinamide
group. The sulfinamide group was cleaved selectively by treating
with etherial HCI solution for 15 min without affecting other func-
tional groups to yield anilines in excellent yield.'® Thus, we estab-
lished tert-butyl sulfinamide as an excellent ammonia surrogate
for the aryl amination reaction.

We extended our work to utilize this new ammonia surrogate
for the synthesis of indoles. To the best of our knowledge, the com-
mercially available 2-halophenols have not been used for the gen-
eral synthesis of indoles. Recently Ackermann et al. used carbamic
acid tert-butyl ester as amine surrogate followed by deprotection
of Boc group to get free N—H indoles.?° Therefore, we explored this
synthetic approach, as illustrated in Scheme 1, by starting with
o-bromo phenol, 1. Phenol triflate 2 was prepared by treating with
Tf,0 and Et3N in CH,Cl, at 0 °C coupled with 1-aryl-alkynes under
standard Sonogashira cross-coupling conditions.?! The resulting
o-alkynylbromoarene 3 was isolated and coupled with tert-butyl
sulfinamide by using the above-mentioned conditions to yield
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Scheme 2. tert-Butyl sulfinamide as an ammonia surrogate in the palladium
catalyzed coupling of aryl halides.

Table 1
tert-Butyl sulfinamide as an ammonia surrogate in the palladium catalyzed coupling
of aryl bromides®
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@ Reaction conditions: Aryl bromide (1 mmol), tert-butyl sulfinamide (1.2 mmol),
Pd(OAc), (0.03 mmol), Xantphos (0.06 mmol), Cs,CO; (2.0 mmol) 1,4-dioxane
(3 ml), Schlenk tube, 100 °C, 15 h.

b Isolated yield. Yield given in the parentheses is deprotected yield obtained from
the amination product. Deprotection conditions: Aminated product (1 mmol), 4 M
HCI (5 mmol), 1,4-dioxane (3 ml), rt, 15 min.

2-arylsubstituted indoles, 4 directly (Table 3). Sulfinamide group
was deprotected during the reaction conditions to form free N—H
indole.

In conclusion, we have reported the synthesis of several sulfi-
nated aryl aniline syntheses from aryl bromides and arylchlorides
from tert-butyl sulfinamide. The tert-butyl sulfinyl group can be
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Table 2

tert-Butyl sulfinamide as an ammonia surrogate in the palladium catalyzed coupling

of aryl chlorides®
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Table 3
Palladium-catalyzed indole synthesis employing tert-butyl sulfinamide as an ammo-
nia surrogate®
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@ Reaction conditions: Aryl chloride (1 mmol), tert-butyl sulfinamide (1.2 mmol),
Pd(OAc), (0.03 mmol), Xantphos (0.06 mmol), CsyCO3 (2.0 mmol) 1,4-dioxane
(3 ml), Schlenk tube, 110 °C, 15 h.

b Isolated yield. Yield given in the parentheses is deprotected yield obtained from
the amination product. Deprotection conditions: Aminated product (1 mmol), 4 M
HCl (5 mmol), 1,4-dioxane (3 ml), rt, 15 min.

selectively cleaved without affecting other functional groups
establishes tert-butyl sulfinamide as an excellent ammonia surro-
gate for aryl amination reaction. Moreover, utilizing this surrogate,
a general and efficient approach for the synthesis of indoles from
o-halophenol is presented.

Supplementary data

Supplementary data associated (experimental and analytical
data for new compounds) with this article can be found, in the on-
line version, at doi:10.1016/j.tetlet.2011.08.075.

References and notes

1. (a) Li, J. J.; Gribble, G. W. In Palladium in Heterocyclic Chemistry; Baldwin, ]. E.,
Williams, F. R. S. M. R,, Eds.; Pergamon Press: New York, 2000; Vol. 20, pp 73-
181; (b) Glennon, R. A. J. Med. Chem. 1987, 33, 1-12.

2. (a) Egle, M. B.; Broggini, G.; Fasana, A.; Rigamonti, M. J. Organomet. Chem. 2011,
696, 277-295; (b) Bellina, F.; Rossi, R. Tetrahedron 2009, 65, 10269-10310; (c)
Godoi, B.; Schumacher, F. R.; Zeni, G. Chem. Rev. 2011, 111, 2937-2980; (d)


http://dx.doi.org/10.1016/j.tetlet.2011.08.075

5628

10.
11.

Krause, N.; Winter, C. Chem. Rev. 2011, 111, 1994-2009; (e) Heravi, M. M.;
Fazeli, A. Heterocycles 2010, 81, 1979-2026; (f) Minatti, A.; Muniz, K. Chem. Soc.
Rev. 2007, 36, 1142-1152.

. (a) Utimoto, K.; Miwa, H.; Nozaki, H. Tetrahedron Lett. 1981, 22, 4277-4278; (b)

Irtani, K.; Matsubara, S.; Utimoto, K. Tetrahedron Lett. 1988, 29, 1799-1802; (c)
Arcadi, A.; Cacchi, S.; Marinelli, F. Tetrahedron Lett. 1989, 30, 2581-2584; (d)
Cacchi, S.; Carnicelli, V.; Marinelli, F. J. Organomet. Chem. 1994, 475, 289-296;
(e) Tsuji, J. Palladium Reagents and Catalysts, 2nd ed.; Wiley: Chichester, 2004.
pp 211-216; (f) Leni, G.; Larock, R. C. Chem. Rev. 2004, 104, 2285-2309; (g)
Arcadi, A.; Cianci, R.; Ferrara, G.; Marinelli, F. Tetrahedron Lett. 2010, 66, 2378-
2383.

. For a review, see: (a) Larock, R. C. J. Organomet. Chem. 1999, 576, 111-124;

Selected recent examples: (b) Chen, C.; Lieberman, D. R.; Larsen, R. D.;
Verhoeven, T. R.; Reider, P. ]. J. Org. Chem. 1997, 62, 2676-2677; (c) Nazare, M.;
Schneider, C.; Lindenschmidt, A.; Will, D. W. Angew. Chem., Int. Ed. 2004, 43,
4526-4528; (d) Ackermann, L.; Kaspar, L. T.; Gschrei, C. J. Chem. Commun. 2004,
24, 2824-2825; (e) Cacchi, S.; Fabrizi, G. Chem. Rev. 2005, 105, 2879; (f) Cacchi,
S. et al Chem. Rev. 2011, 111, 215.

. (a) Siebenreicher, H.; Bytschkov, I.; Doye, S. Angew. Chem., Int. Ed. 2003, 42,

3042-3044; (b) Ackermann, L. Org. Lett. 2005, 7, 439-442; (c) Sanz, R.;
Castroviejo, P. M.; Guilarte, V.; Prez, A.; Fananas, J. F. J. Org. Chem. 2007, 72,
5113-5118.

. (@) Surry, D. S.; Buchwald, S. L. Chem. Sci. 2011, 2, 27-50; (b) Zapf, A.; Beller, M.

J. Mol. Cat. 2002, 182-183, 515-523; (c) Zapf, A.; Beller, M. Chem. Eur. J. 2000, 6,
1830-1833; (d) Hartwig, ]. F. Handbook of Organopalladium Chemistry for
Organic Synthesis 2002, Vol. 1, 1051; (e) Altman, R. A.; Koval, E. D.; Buchwald, S.
L. J. Org. Chem. 2007, 72, 6190; (f) Shafir, A.; Buchwald, S. L. J. Am. Chem. Soc.
2006, 128, 8742.

. Jaime-Figueroa, S.; Liu, Y.; Muchowski, . M.; Putman, D. G. Tetrahedron Lett.

1998, 39, 1313.

. (a) Wolfe, J. P.; Ahman, J.; Sadighi, . P.; Singer, R. A.; Buchwald, S. L. Tetrahedron

Lett. 1997, 38, 6367; (b) Mann, G.; Hartwig, J. F.; Driver, M. S.; Fernandez-Rivas,
C.J. Am. Chem. Soc. 1998, 120, 827; (c) Cioffi, C. L.; Berlin, M. L.; Herr, R. J. Synlett
2004, 841; (d) Grossman, O.; Rueck, -B. K.; Gelman, D. Synthesis 2008, 537.

. (a) Lee, S.; Jorgensen, M.; Hartwig, J. F. Org. Lett. 2001, 3, 2729; (b) Huang, X.;

Buchwald, S. L. Org. Lett. 2001, 3, 3417.
Gao, X.; Fu, H.; Qiao, R.; Jiang, Y.; Zhao, Y. J. Org. Chem. 2008, 73, 6864.
Bedford, R. B.; Betham, M. Tetrahedron Lett. 2007, 48, 8947.

12.

16.
17.

18.

19.

20.

21.

A. Prakash et al./Tetrahedron Letters 52 (2011) 5625-5628

(a) Yin, J.; Buchwald, S. L. Org. Lett. 2000, 2, 1101; (b) Yin, J.; Buchwald, S. L. J.
Am. Chem. Soc. 2002, 124, 6043; (c) Okano, K.; Tokuyama, H.; Fukuyama, T. Org.
Lett. 2003, 5, 4987; (d) He, H.; Wu, Y.-]. Tetrahedron Lett. 2003, 44, 3385; (e)
Deng, W.; Liu, L.; Zhang, C.; Liu, M.; Guo, Q.-X. Tetrahedron Lett. 2005, 46, 7295.

. (a) Shen, Q.; Hartwig, J. F. J. Am. Chem. Soc. 2006, 128, 10028; (b) Surry, D. S.;

Buchwald, S. L. J. Am. Chem. Soc. 2007, 129, 10354, (c) Schulz, T.; Torborg, C.;
Enthaler, S.; Schaeffner, B.; Dumrath, A.; Spannenberg, A.; Neumann, H.;
Boerner, A.; Beller, M. Chem. Eur. J. 2009, 15, 4528; (d) Vo, G. D.; Hartwig, J. F. J.
Am. Chem. Soc. 2009, 131, 11049.

. (a)Kim, J.; Chang, S. Chem. Commun. 2008, 3052; (b) Wang, D.; Cai, Q.; Dinga, K.

Adv. Synth. Catal. 2009, 351, 1722; (c) Xia, N.; Taillefer, M. Angew. Chem., Int. Ed.
2009, 48, 337; (d) Wu, X.-F.; Darcel, C. Eur. J. Org. Chem. 2009, 4753; (e)
Elmkaddem, M. K.; Fischmeister, C.; Thomas, C. M.; Renaud, ].-L. Chem.
Commun. 2010, 925.

. (a) Anjanappa, A.; Mullick, D.; Selvakumar, K.; Sivakumar, M. Tetrahedron Lett.

2008, 49, 4585-4587; (b) Mullick, D.; Anjanappa, A.; Selvakumar, K;
Ruckmani, K.; Sivakumar, M. Tetrahedron Lett. 2010, 51, 5984-5987.
Jonathan, B.; Madelene, Y. H.; Barry, T. Org. Lett. 2010, 12, 1532-1535.
General procedure: An oven-dried resealable Schlenk tube was charged with
Pd(OAc), (0.03 mmol), Xantphos (0.06 mmol), tert-butyl sulfinamide (1.2 mmol),
and Cs,CO3 (2.0 mmol). The Schlenk tube was evacuated and back-filled with argon.
Aryl halide (1.0 mmol) and dioxane (3 ml) were added and the Schlenk tube was
then sealed with a Teflon screw cap and placed in a preheated oil bath at 100 °C for
15 h for aryl bromides and 110 °C for aryl chlorides. After cooling the reaction
mixture to room temperature, water was added and the reaction mixture was
extracted with ethyl acetate (2 x 10 ml). The combined organic layer was washed
with brine (20 ml), dried over Na,SO,, filtered, and concentrated in vacuo. The
product was purified by flash chromatography on silica gel (30% ethylacetate in n-
hexane). (see Supplementary data).

(a) Bedford, R. B.; Cazin, C. S. J.; Holder, D. Coord. Chem. Rev. 2004, 248, 2283; (b)
Beller, M.; Zapf, A. Top. Catal. 2002, 19, 101.

Aggarwal, V. K.; Barbero, N.; McGarrigle, E. M.; Mickle, G.; Navas, R.; Sudrez, J.
R.; Unthank, M. G.; Yar, M. Tetrahedron Lett. 2009, 50, 3482-3484.
Ackermann, L.; Barfuesser, S.; Potukuchi; Harish, K. Adv. Synth. Catal. 2009, 357,
1064-1072.

(a) Lee, D. H.; Qiu, H.; Cho, M. H.; Lee, I. M.; Jin, M. J. Synlett 2008, 1657-1660;
(b) Liang, Y.; Xie, Y. X.; Li, J. H. J. Org. Chem. 2006, 71, 379-381; (c) Elangovan,
A.; Wang, Y. H.; Ho, T. 1. Org. Lett. 2003, 5, 1841-1844.



	Efficient indoles and anilines syntheses employing tert-butyl sulfinamide  as ammonia surrogate
	Acknowledgments
	Supplementary data
	References and notes


