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As a consequence of its prevalence as a “privileged” structure
in many natural isolates and therapeutic agents, the indole
framework has continued to capture the interest of chemists
worldwide.! Consequently, numerous efforts have been
devoted to the development of efficient methods to construct
the indole architecture.” Work on this problem dates back to
the seminal studies by Fischer and Jourdan,” which led to the
synthesis of indoles by heating phenylhydrazines with ketones
or aldehydes in the presence of a protic acid or a Lewis acid
catalyst (Scheme 1A). Despite its extensive applications!*!
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Scheme 1. Strategies for the synthesis of indoles. TM =transition
metal.

and various improvements,”) the Fischer indole synthesis
has several limitations, including poor regioselectivity with
nonsymmetric ketones, a restricted range of starting materi-
als, and harsh reaction conditions such as the use of strong
acids and/or elevated temperatures.”) As a consequence, the
demand for alternative efficient methods has encouraged the
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development of new methods for the synthesis of indoles.
Over the past several decades, protocols have emerged that
rely on transition-metal-catalyzed processes. For example,
heteroannulation and cyclization reactions of 2-alkynylani-
lines,® reductive cyclizations,["! C—H activations,®! and other

processes’ have become extremely attractive methods for the
formation of indoles (Scheme 1B). Despite these achieve-

ments, the further development of efficient and practical

procedures to construct the indole skeleton that minimize the

use of special reagents, cost, time, and steps remains highly
desirable. Herein, we disclose an unprecedented cascade
process of sulfur ylides and N-(ortho-chloromethyl)aryl
amides under very mild conditions, which allows a highly
efficient synthesis of structurally diverse indoles
(Scheme 1C).

As pioneered by Corey and Chaykovsky,'”) sulfur ylides
are versatile synthetic reagents in synthetic organic chemis-
try.!l For example, the research groups of Aggarwal'?!
Tang,!! Xiao,¥! and others!"” have developed many elegant
reactions of sulfur ylides to generate functionalized cyclic
compounds. As part of our ongoing research program on
methods to synthesize carbo- and heterocycles,'® we have
devised and tested a general strategy for the synthesis of
indoles that relies on cascade reactions of sulfur ylides.

In the initial phase of this study we investigated the
reaction of dimethyl (2-oxo-2-phenylethyl)sulfonium ylide
(1a) with N-(2-(chloromethyl)phenyl)-4-methylbenzenesul-
fonamide (2a) in CH,Cl, and in the presence of Cs,CO;
(2.5 equiv) at room temperature. Interestingly, a cascade
reaction took place to afford (1H-indol-2-yl)-
(phenyl)methanone (3aa) in 48% yield (Table 1, entry 1).
An increase in the amount of the base to 5.0 equivalents
caused a sharp increase in the yield of this reaction to 73 %
(Table 1, entry 2). The solvent was found to have a dramatic
impact on the efficiency of the reaction (Table 1, entries 2-8).
Notably, xylenes were identified as optimal for the formation
of 3aa (Table 1, entry 8). Other bases (Table 1, entries 8-11)
and changing the substrate concentrations (Table 1, entries 8,
12, and 13) did not lead to an improvement in the reaction
efficiency.

With the optimal reaction conditions established (Table 1,
entry 8; 5.0 equiv Cs,COj in xylenes at RT), we next inves-
tigated the substrate scope of the reaction by employing
a variety of sulfur ylides (1). As summarized in Table 2,
various sulfur ylides were found to participate in this cascade
process. For example, sulfur ylides bearing electron-neutral
(Table 2, entry 1), electron-rich (Table 2, entries 2 and 3), and
electron-deficient (Table 2, entries 4-9) substituents on the
aryl ring underwent this reaction to furnish the corresponding
products in generally high yields (75-92 % ). In addition, the
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Table 1: Optimization of the reaction conditions.?

O
o cl base @\/w
Ph)JvS\ NHTs solvent, RT ” Ph
a

1a 2a 3a

Entry Solvent Conc. [M] Base Equiv. Yield [96]"!
1 CH,Cl, 0.05 Cs,CO, 25 43

2 CH,Cl, 0.5 Cs,CO; 5.0 73

3 Et,O 0.05 Cs,CO;4 5.0 trace
4 MeCN 0.05 Cs,CO, 5.0 58

5 THF 0.05 Cs,CO;4 5.0 64

6 MeOH 0.05 Cs,CO;4 5.0 trace
7 toluene 0.05 Cs,CO, 5.0 75

8 xylenes  0.05 Cs,CO, 5.0 82

9 xylenes 0.05 KOH 5.0 67
10 xylenes 0.05 tBuOK 5.0 trace
1 xylenes 0.05 TMG 5.0 33
12 xylenes 0.1 Cs,CO;, 5.0 70
13 xylenes 0.025 Cs,CO, 5.0 77

[a] Reaction conditions: Ta (0.33 mmol), 2a (0.3 mmol), base, solvent
(3, 6 or 12 mL), RT. [b] Yield of isolated product. TMG = tetramethyl-
guanidine.

Table 2: Synthesis of indoles from various sulfur ylides.?

R R
o, \@?m Cs,CO;3 (5.0 equiv) mﬁ
R1J]\¢S\ NHTs Xylenes, RT N R’

H
1a-10 ZaRn 3aa-30a, 3li
Entry R' Product Yield [%]®!
1 Ph (1a) 3aa 82
2 p-MeOC¢H, (1b) 3ba 75
3 p-MeC¢H, (1¢) 3ca 81
4 m-BrCgH, (1d) 3da 78
5 p-CICeH, (Te) 3ea 81
6 p-NO,CeH, (1f) 3fa 87
7 p-FCH, (1g8) 3ga 86
8 0-FCeH, (Th) 3ha 92
9 m-NO,CgH, (1i) 3ia 91
10 2-thioenyl (1j) 3ja 65
11 2-furanyl (1k) 3ka 87
120 OEt (11) 3la 25 (30)
13k OEt (1) 3l 40 (60)
146 tBu (1m) 3ma 63
154 PhCH,CH, (1n) 3na 68
1611 Ph-CH=CH (10) 30a 34 (61)
171 Ph (1a) 3aa 74

[a] Reaction conditions: 1 (0.33 mmol), 2a (0.3 mmol), Cs,CO,

(5.0 equiv), xylenes (6 mL), RT. [b] Yield of isolated product. Values in
parentheses are the yields of one-pot procedures. See the Supporting
Information for more details. [c] RT for 2 h, and then 60°C. [d] 2i was
used in place of 2a. [e] KOH (5.0 equiv) was used in place of Cs,CO;.
[f] Gram scale: 1a (8.8 mmol, 1.59 g), 2a (8 mmol, 2.37 g), Cs,CO,
(40 mmol, 13 g), xylenes (40 mL).

scope of this reaction was extended to include a variety of
stable sulfur ylides, such as those containing heteroaryl
(Table 2, entries10 and 11) and ethoxy substituents
(Table 2, entries 12 and 13). Furthermore, alkylacyl-substi-
tuted sulfur ylides, such as 1m and 1n, gave the corresponding
products in moderate yields (Table 2, entries 14 and 15), and
alkenylacyl-substituted substrate could also be tolerated
under the model reaction conditions (Table 2, entry 16).
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Finally, to demonstrate preparative utility, the reaction was
carried out on a gram scale. To our delight, the reaction
proceeded efficiently to afford the desired product without an
apparent loss in the reaction yield (Table 2, entry 17).

Of equal importance is the observation that significant
structural variation of the N-(ortho-chloromethyl)aryl amide
substrate is possible. As shown in Table 3, electron-rich and

Table 3: Synthesis of indoles from various N-(ortho-chloromethyl)aryl
amides.™

R? R?
O | . XN O
Ph)vs\ . R_:d\a Cs,CO3 (5.0 equiv) rL D N\
Pz NHTSs Xylenes, RT H Ph
1a 2a-2m 3aa-3am

Entry R R? Product Yield [%]®
1 H H (2a) 3aa 82
2 5-Me H (2b) 3ab 78
31 3-Me H (2¢) 3ac 90
41 3,4-Me, H (2d) 3ad 95
54 4,5-(MeO), H (2e) 3ae 84
6 6-Cl H (2f) 3af 76
7 5-Cl H (2g) 3ag 87
8 4.Cl H (2h) 3ah 7
9 5-Br H (2i) 3ai 57
10¢ H Me (2j) 3aj 95
14 5-Cl Ph (2k) 3ak 95
12 5-OH H (2l 3al 45
13 5-OMe H (2m) 3am 87

[a] Reaction conditions: Ta (0.33 mmol), 2 (0.3 mmol), Cs,CO,
(5.0 equiv), xylenes (6 mL), RT. [b] Yield of isolated product. [c] RT for
2 h, and then 60°C.

electron-poor N-(ortho-chloromethyl)aryl amides, with dif-
ferent substitution patterns on the benzene ring, all partici-
pated in the process, thereby providing the corresponding
indoles in moderate to high yields (Table 3, entries 2-9).
Incorporation of methyl and chloro substituents at the ortho,
meta, or para positions relative to the sulfonanilide nitrogen
atom did not retard the cascade reaction, thus demonstrating
that steric effects in the N-aryl amide component did not alter
the efficiency of the process (Table 3, entries 2, 3, and 6-8).
Furthermore, disubstituted  N-(ortho-chloromethyl)aryl
amide substrates were found to react to form cyclization
products in high yields (Table 3, entries 4 and 5). In addition,
substrates with substituents at the benzylic position also
underwent the transformation to produce the corresponding
products in excellent yields (Table 3, entries 10 and 11). To
our knowledge, such cyclic adducts can not be obtained by
Friedel-Crafts reactions of 2-acylindoles. A similar result was
observed when a free hydroxy group was introduced into the
indole framework (Table 3, entry 12), and the product 3al was
reported to be a novel CaMKII inhibitor.'”! Moreover, (5-
methoxy-1H-2-indolyl)phenylmethanone (3am), which has
been identified to be as active as paclitaxel and exhibit
antiangiogenic activity,'”! can be synthesized in only one step
in 87 % yield (Table 3, entry 13).

Importantly, the reaction of sulfonium salt 4a with 2a was
also found to be applicable to the synthesis of 2-benzoylin-
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dole, thus simplifying the procedure further [Eq. (1)]. This
one-pot procedure was also applied successfully to the

o
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synthesis of other indoles such as 3la, 31i, and 30a (Table 2,
entries 12, 13, and 16). Furthermore, the process is not limited
to stable carbonyl ylides. Dimethyloxosulfonium methylide,
generated in situ from trimethylsulfoxonium iodide §, reacted
well with 2a to form indoline in 81% yield, which was
followed by an Elcb elimination to afford unsubstituted
indole 6a in 91 % yield [Eq. (2); DMSO = dimethyl sulfoxide,

HMDS = hexamethyldisilazane].
C e
) @
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9@ Cl
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NHTs
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1) NaH (3.0 equiv),
DMSO, RT, 81% yield

2) KHMDS (3.0 equiv),
THF, RT, 91% yield

|
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A possible mechanism for the cascade reaction that leads
to formation of the indole ring is depicted in Scheme 2. The
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Scheme 2. Possible mechanism for the cascade reaction.

process is initiated by addition of sulfur ylide 1a to the aza-o-
quinodimethane intermediate A, generated in situ from N-
(ortho-chloromethyl)aryl amide 2a under the basic condi-
tions."™ This step is followed by cyclization with loss of
dimethylsulfide to generate indoline B, which then undergoes
an Elcb elimination to afford C. This is then aromatized to
give the indole 3aa.® Observations made in two additional
experiments provided evidence to support the proposed
mechanism.

In summary, an unprecedented and robust method for the
synthesis of indoles from stable sulfur ylides and N-(ortho-
chloromethyl)aryl amides, which takes place by a cascade
reaction sequence, has been developed. This process occurs
under mild conditions, utilizes simple operations, and affords
indole products in generally high yields. Further studies to
expand the scope of the sulfur ylides are currently ongoing.

Experimental Section

Representative procedure: After stirring a solution of sulfur ylide 1a
(0.33 mmol) and Cs,CO; (1.5 mmol) in xylenes (6 mL) for 0.5 h, N-(2-
(chloromethyl)phenyl)-4-methylbenzenesulfonamide (2a; 0.3 mmol)
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was added. The mixture was stirred at room temperature. Upon
completion of the reaction, as monitored by TLC, the crude mixture
was subjected to flash chromatography on silica gel (silica: 200-300;
eluent: petroleum ether/ethyl acetate =10:1) to provide pure indole
3aa in 82 % yield.

Received: May 11, 2012
Published online: Il HE, EEEN

Keywords: cascade reaction - indoles -

sulfur ylides

nitrogen heterocycles -

[1] a)J. E. Saxton, Nat. Prod. Rep. 1997, 14, 559; b) M. Toyota, N.
Ihara, Nat. Prod. Rep. 1998, 15, 327, and references therein;
c)J. A. Joule, Product Class 13: Indole and Its Derivatives,
Thieme, Stuttgart, 2001; d) T. Kawasaki, K. Higuchi, Nat. Prod.
Rep. 2005, 22, 761; for a recent review, see ¢) M. Bandini, A.
Eichholzer, Angew. Chem. 2009, 121, 9786; Angew. Chem. Int.
Ed. 2009, 48, 9608.

For selected reviews on indole syntheses, see a) T. L. Gilchrist, J.
Chem. Soc. Perkin Trans. 1 2001, 2491; b) L. Ackermann, Synlert
2007, 507; c) K. Kriiger, A. Tillack, M. Beller, Adv. Synth. Catal.
2008, 350, 2153; d) S. Cacchi, G. Fabrizi, A. Goggiamani, Org.
Biomol. Chem. 2011, 9, 641; e) S. Cacchi, G. Fabrizi, Chem. Rev.
2006, 106, 2875.

a) E. Fischer, F. Jourdan, Ber. Dtsch. Chem. Ges. 1883, 16, 2241,
b) E. Fischer, O. Hess, Ber. Dtsch. Chem. Ges. 1884, 17, 559.

[4] For representative examples, see a)J. Bonjoch, J. Catena, N.
Valls, J. Org. Chem. 1996, 61, 7106; b) R. Iyengar, K. Schild-
knegt, J. Aube, Org. Lett. 2000, 2, 1625; c) C. W. Roberson, K. A.
Woerpel, J. Am. Chem. Soc. 2002, 124, 11342; d) T. Gan, R. Liu,
P. Yu, S. Zhao, J. M. Cook, J. Org. Chem. 1997, 62, 9298; ¢) H.
Ueda, H. Satoh, K. Matsumoto, K. Sugimoto, T. Fukuyama, H.
Tokuyama, Angew. Chem. 2009, 121, 7736; Angew. Chem. Int.
Ed. 2009, 48, 7600; f) S. Miiller, M. J. Webber, B. List, J. Am.
Chem. Soc. 2011, 133, 18534.

For representative examples, see a) T. Lipin’ska, Chem. Hetero-
cycl. Compd. 2001, 37, 231; b) C.-Y. Chen, C. H. Senanayake,
T.J. Bill, R. D. Larsen, T. R. Verhoeven, P.J. Reider, J. Org.
Chem. 1994, 59, 3738; c) A. R. Katritzky, S. Rachwal, S. Bayyuk,
Org. Prep. Proced. Int. 1991, 23, 357; d) M. Inman, C. J. Moody,
Chem. Commun. 2011, 47,788, ¢) B. Narayana, B. V. Ashalatha,
R. K. K. Vijaya, J. Fernandes, B. K. Sarojini, Bioorg. Med. Chem.
2005, 73, 4638; f) M. Inman, A. Carbone, C.J. Moody, J. Org.
Chem. 2012, 77, 1217; g) B. A. Haag, Z.-G. Zhang, J.-S. Li, P,
Knochel, Angew. Chem. 2010, 122, 9703; Angew. Chem. Int. Ed.
2010, 49, 9513.

For selected examples, see a) R. C. Larock, E. K. Yum, J. Am.
Chem. Soc. 1991, 113, 6689; b) J. Barluenga, M. Trincado, E.
Rubio, J. Gonzilez, Angew. Chem. 2003, 115, 2508; Angew.
Chem. Int. Ed. 2003, 42, 2406; c) B. Witulski, C. Alayrac, L.
Tevzadze-saeftel, Angew. Chem. 2003, 115, 4392; Angew. Chem.
Int. Ed. 2003, 42, 4257; d) M. Nazaré, C. Schneider, A.
Lindenschmidt, D. W. Will, Angew. Chem. 2004, 116, 4626;
Angew. Chem. Int. Ed. 2004, 43,4526; ¢) A. Arcadi, S. Cacchi, G.
Fabrizi, F. Marinelli, L. M. Parisi, J. Org. Chem. 2005, 70, 6213;
f) B.M. Trost, A. McClory, Angew. Chem. 2007, 119, 2120;
Angew. Chem. Int. Ed. 2007, 46,2074; g) K. Cariou, B. Ronan, S.
Mignani, L. Fensterbank, M. Malacria, Angew. Chem. 2007, 119,
1913; Angew. Chem. Int. Ed. 2007, 46, 1881; h) 1. Nakamura, U.
Yamagishi, D. Song, S. Konta, Y. Yamamoto, Angew. Chem.
2007, 119,2334; Angew. Chem. Int. Ed. 2007, 46,2284;1) G. T. Li,
X.G. Huang, L. M. Zhang, Angew. Chem. 2008, 120, 352;
Angew. Chem. Int. Ed. 2008, 47, 346.

For selected examples, see a) C. Crotti, S. Cenini, B. Rindone, S.
Tollari, F. Demartin, J. Chem. Soc. Chem. Commun. 1986, 784;

[2

—

[3

[

[5

—_

[6

[

[7

—

www.angewandte.org

These are not the final page numbers!


http://dx.doi.org/10.1039/np9971400559
http://dx.doi.org/10.1039/a815327y
http://dx.doi.org/10.1039/b502162f
http://dx.doi.org/10.1039/b502162f
http://dx.doi.org/10.1002/ange.200901843
http://dx.doi.org/10.1002/anie.200901843
http://dx.doi.org/10.1002/anie.200901843
http://dx.doi.org/10.1039/a904578c
http://dx.doi.org/10.1039/a904578c
http://dx.doi.org/10.1039/c0ob00501k
http://dx.doi.org/10.1039/c0ob00501k
http://dx.doi.org/10.1002/cber.188301602141
http://dx.doi.org/10.1002/cber.188401701155
http://dx.doi.org/10.1021/jo960848z
http://dx.doi.org/10.1021/ol005913c
http://dx.doi.org/10.1021/ja012152f
http://dx.doi.org/10.1021/jo971640w
http://dx.doi.org/10.1002/ange.200902192
http://dx.doi.org/10.1002/anie.200902192
http://dx.doi.org/10.1002/anie.200902192
http://dx.doi.org/10.1021/ja2092163
http://dx.doi.org/10.1021/ja2092163
http://dx.doi.org/10.1021/jo00092a046
http://dx.doi.org/10.1021/jo00092a046
http://dx.doi.org/10.1080/00304949109458210
http://dx.doi.org/10.1039/c0cc04306k
http://dx.doi.org/10.1016/j.bmc.2005.04.068
http://dx.doi.org/10.1016/j.bmc.2005.04.068
http://dx.doi.org/10.1021/jo201866c
http://dx.doi.org/10.1021/jo201866c
http://dx.doi.org/10.1002/ange.201005319
http://dx.doi.org/10.1002/anie.201005319
http://dx.doi.org/10.1002/anie.201005319
http://dx.doi.org/10.1021/ja00017a059
http://dx.doi.org/10.1021/ja00017a059
http://dx.doi.org/10.1002/ange.200351303
http://dx.doi.org/10.1002/anie.200351303
http://dx.doi.org/10.1002/anie.200351303
http://dx.doi.org/10.1002/ange.200351977
http://dx.doi.org/10.1002/anie.200351977
http://dx.doi.org/10.1002/anie.200351977
http://dx.doi.org/10.1021/jo050517z
http://dx.doi.org/10.1002/ange.200604183
http://dx.doi.org/10.1002/anie.200604183
http://dx.doi.org/10.1002/ange.200604026
http://dx.doi.org/10.1002/ange.200604026
http://dx.doi.org/10.1002/anie.200604026
http://dx.doi.org/10.1002/ange.200604038
http://dx.doi.org/10.1002/ange.200604038
http://dx.doi.org/10.1002/anie.200604038
http://dx.doi.org/10.1002/ange.200702931
http://dx.doi.org/10.1002/anie.200702931
http://dx.doi.org/10.1039/c39860000784
http://www.angewandte.org

Angewandte

4
R

8

=

[9

—

(10]
(1]

(12]

www.angewandte.org

Communications

b) M. Akazome, T. Kondo, Y. Watanabe, J. Org. Chem. 1994, 59,
3375;¢) B. C. G. Soderberg, S. R. Banini, M. R. Tunner, A. R. A.
Minter, K. Arrington, Synthesis 2008, 903; d) J. L. Rutherford,
M. P. Rainka, S.L. Buchwald, J. Am. Chem. Soc. 2002, 124,
15168; e) A. Wong, J. T. Kuethe, I. W. Davies, D. L. Hughes, J.
Org. Chem. 2004, 69, 7761; f) K. Okuro, J. Gurnham, H. Alper, J.
Org. Chem. 2011, 76, 4715.

For selected examples, see a) B.J. Stokes, H.-J. Dong, B.E.
Leslie, A. L. Pumphrey, T. G. Driver, J. Am. Chem. Soc. 2007,
129, 7500; b) M. Shen, B. E. Leslie, T. G. Driver, Angew. Chem.
2008, 120, 5134; Angew. Chem. Int. Ed. 2008, 47, 5056; c) J.-J. Li,
T.-S. Mei, J.-Q. Yu, Angew. Chem. 2008, 120, 6552; Angew.
Chem. Int. Ed. 2008, 47, 6452; d)S. Wiirtz, S. Rakshit, J. J.
Neumann, T. Droge, F. Glorius, Angew. Chem. 2008, 120, 7340;
Angew. Chem. Int. Ed. 2008, 47, 7230; e) D.R. Stuart, M.
Bertrand-Laperle, K. M. N. Burgess, K. Fagnou, J. Am. Chem.
Soc. 2008, 130, 16474; f) Z.-Z. Shi, C. Zhang, S. Li, D.-L. Pan, S.-
T. Ding, Y.-X. Cui, N. Jiao, Angew. Chem. 2009, 121, 4642;
Angew. Chem. Int. Ed. 2009, 48, 4572; g) R. Bernini, G. Fabrizi,
A. Sferrazza, S. Cacchi, Angew. Chem. 2009, 121, 8222; Angew.
Chem. Int. Ed. 2009, 48, 8078; h) D. R. Stuart, P. Alsabeh, M.
Kuhn, K. Fagnou, J. Am. Chem. Soc. 2010, 132, 18326; i) Y.-C.
Tan, J. E. Hartwig, J. Am. Chem. Soc. 2010, 132, 3676.

For selected examples, see: a) C. M. Coleman, D. F. O’Shea, J.
Am. Chem. Soc. 2003, 125, 4054; b)J.R. Dunetz, R.L.
Danheiser, J. Am. Chem. Soc. 2005, 127, 5776; c) A. Saito, A.
Kanno, Y. Hanzawa, Angew. Chem. 2007, 119, 4005; Angew.
Chem. Int. Ed. 2007, 46, 3931; d)J. Barluenga, A. Jiménez-
Aquino, C. Valdés, F. Aznar, Angew. Chem. 2007, 119, 1551;
Angew. Chem. Int. Ed. 2007, 46, 1529; ¢) O. Leogane, H. Lebel,
Angew. Chem. 2008, 120, 356; Angew. Chem. Int. Ed. 2008, 47,
350; f) S.-L. Cui, J. Wang, Y.-G. Wang, J. Am. Chem. Soc. 2008,
130, 13526; g) T. Jensen, H. Pedersen, B. Bang-Andersen, R.
Madsen, M. Jgrgensen, Angew. Chem. 2008, 120, 902; Angew.
Chem. Int. Ed. 2008, 47, 888; h) N. Okamoto, Y. Miwa, H.
Minami, K. Takeda, R. Yanada, Angew. Chem. 2009, 121, 9873;
Angew. Chem. Int. Ed. 2009, 48,9693; 1) J. Barluenga, A. Aquino,
F. Aznar, C. Valdes, J. Am. Chem. Soc. 2009, 131, 4031; j) Y.-Z.
Wang, L.-W. Ye, L.-M. Zhang, Chem. Commun. 2011, 47, 7815;
k) B. J. Stokes, S. Liu, T. G. Driver, J. Am. Chem. Soc. 2011, 133,
4702; 1) K. Sun, S. Liu, P. M. Bec, T. G. Driver, Angew. Chem.
2011, 723, 1740; Angew. Chem. Int. Ed. 2011, 50, 1702.

E. J. Corey, M. Chaykovsky, J. Am. Chem. Soc. 1965, 87, 1353.
For selected reviews, see a) B. M. Trost, L.S. Melvin, Sulfur
Ylides, Academic Press, New York, 1976; b) A.-H. Li, L.-X. Dai,
V. K. Aggarwal, Chem. Rev. 1997, 97, 2341; c) V. K. Aggarwal,
C. L. Winn, Acc. Chem. Res. 2004, 37, 611; d) E. M. McGarrigle,
E. L. Myers, O. Illaa, M. A. Shaw, S. L. Riches, V. K. Aggarwal,
Chem. Rev. 2007, 107, 5841; ¢) X.-L. Sun, Y. Tang, Acc. Chem.
Res. 2008, 41, 937.

For selected examples, see a)V.K. Aggarwal, H. Abdel-
Rahman, R. V. H. Jones, H. Y. Lee, B. D. Reid, J. Am. Chem.
Soc. 1994, 116, 5973; b) V. K. Aggarwal, J. G. Ford, A. Thomp-
son, R. V. H. Jones, M. C. H. Standen, J. Am. Chem. Soc. 1996,
118, 7004; c) V.K. Aggarwal, H. Abdel-Rahman, L. Fan,

[13]

[14]

[15]

[16]

(18]

(19]

R. V. H. Jones, M. C. H. Standen, Chem. Eur. J. 1996, 2, 1024;
d) V. K. Aggarwal, J. G. Ford, S. Fonquerna, H. Adams, R. V. H.
Jones, R. Fieldhouse, J. Am. Chem. Soc. 1998, 120, 8328;¢) V. K.
Aggarwal, E. Alonso, I. Bae, G. Hynd, K. M. Lydon, M. J.
Palmer, M. Patel, M. Porcelloni, J. Richardson, R. A. Stenson,
J. R. Studley, J.-L. Vasse, C. L. Winn, J. Am. Chem. Soc. 2003,
125, 10926; f) V. K. Aggarwal, 1. Bae, H.-Y. Lee, J. Richardson,
D. T. Williams, Angew. Chem. 2003, 115, 3396; Angew. Chem.
Int. Ed. 2003, 42, 3274; g) V. K. Aggarwal, J. Charmant, L.
Dudin, M. Porcelloni, J. Richardson, Proc. Natl. Acad. Sci. USA
2004, 701, 5467; h) G. Y. Fang, O. A. Wallner, N. D. Blasio, X.
Ginesta, J. N. Harvey, V. K. Aggarwal, J. Am. Chem. Soc. 2007,
129, 14632.

For selected examples, see a) L.-W. Ye, X.-L. Sun, C.-Y. Zhu, Y.
Tang, Org. Lett. 2006, 8,3853;b) L.-W. Ye, X.-L. Sun, C.-Y. Li, Y.
Tang, J. Org. Chem. 2007, 72, 1335; c) Q.-G. Wang, X.-M. Deng,
B.-H. Zhu, L.-W. Ye, X.-L. Sun, C.-Y. Li, C.-Y. Zhu, Q. Shen, Y.
Tang, J. Am. Chem. Soc. 2008, 130, 5408; d) J.-C. Zheng, C.-Y.
Zhu, X.-L. Sun, Y. Tang, L.-X. Dai, J. Org. Chem. 2008, 73, 6909.
For selected examples, see a) L.-Q. Lu, Y.-J. Cao, X.-P. Liu, J.
An, C.-J. Yao, Z.-H. Ming, W.-J. Xiao, J. Am. Chem. Soc. 2008,
130, 6946; b) L.-Q. Lu, F. Li, J. An, J.-J. Zhang, X.-L. An, Q.-L.
Hua, W.-J. Xiao, Angew. Chem. 2009, 121, 9706; Angew. Chem.
Int. Ed. 2009, 48,9542; ¢) L.-Q. Lu, J.-J. Zhang, F. Li,J. An, Q.-L.
Hua, J.-R. Chen, W.-J. Xiao, Angew. Chem. 2010, 122, 4597,
Angew. Chem. Int. Ed. 2010, 49,4495;d) L.-Q. Lu,F. Li,J. An, Y.
Cheng, J.-R. Chen, W.-J. Xiao, Chem. Eur. J. 2012, 18, 4073.
For selected examples, see a) J. L. Loebach, D. M. Bennett, R. L.
Danheiser, J. Am. Chem. Soc. 1998, 120, 9690; b) H.-J. Gais,
L. R. Reddy, G. S. Babu, G. Raabe, J. Am. Chem. Soc. 2004, 126,
4859; c¢) J. M. Schomaker, V. R. Pulgam, B. Borhan, J. Am.
Chem. Soc. 2004, 126, 13600; d) M. F. Oswald, S. A. Raw, R. J. K.
Taylor, Chem. Commun. 2005, 2253; e¢) T. Sone, G. Lu, S.
Matsunaga, M. Shibasaki, Angew. Chem. 2009, 121, 1705;
Angew. Chem. Int. Ed. 2009, 48, 1677; f) Z.-L. Chen, J.-L.
Zhang, Chem. Asian J. 2009, 4,1527; g) S. Kramer, T. Skrydstrup,
Angew. Chem. 2012, 124, 4759; Angew. Chem. Int. Ed. 2012, 51,
4681; h) J.-R. Chen, W.-R. Dong, M. Candy, F.-F. Pan, M. Jorres,
C. Bolm, J. Am. Chem. Soc. 2012, 134, 6924.

L.-Q. Lu, J.-R. Chen, W.-J. Xiao, Acc. Chem. Res. 2012, DOI:
10.1021/ar201100338s.

a) M. Komiya, S. Asano, N. Koike, E. Koga, J. Igarashi, S.
Nakatani, Y. Isobe, Bioorg. Med. Chem. Lett. 2011, 21, 1456;
b) S. Mahboobi, H. Pongratz, H. Hufsky, J. Hockemeyer, M.
Frieser, A. Lyssenko, D. H. Paper, J. Biirgermeister, F. Bohmer,
H. Fiebig, A. M. Burger, S. Baasner, T. Beckers, J. Med. Chem.
2001, 44, 4535.

a) H.-X. Wu, F. Xue, X. Xiao, Y. Qin, J. Am. Chem. Soc. 2010,
132, 14052; b) H.-G. Lehmann, Tetrahedron Lett. 1968, 9, 607;
c) F. J. Robertson, B. D. Kenimer, J. Wu, Tetrahedron 2011, 67,
4327; d) H. Steinhagen, E. J. Corey, Angew. Chem. 1999, 111,
2054; Angew. Chem. Int. Ed. 1999, 38, 1928; e) L. Petit, M. G.
Banwell, A. C. Willis, Org. Lett. 2011, 13, 5800.

For some mechanism studies, see the Supporting Information.

&These are not the final page numbers!

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

Angew. Chem. Int. Ed. 2012, 51, 1—5


http://dx.doi.org/10.1021/jo00091a026
http://dx.doi.org/10.1021/jo00091a026
http://dx.doi.org/10.1055/s-2008-1032208
http://dx.doi.org/10.1021/ja0288993
http://dx.doi.org/10.1021/ja0288993
http://dx.doi.org/10.1021/jo048843m
http://dx.doi.org/10.1021/jo048843m
http://dx.doi.org/10.1021/jo200320k
http://dx.doi.org/10.1021/jo200320k
http://dx.doi.org/10.1021/ja072219k
http://dx.doi.org/10.1021/ja072219k
http://dx.doi.org/10.1002/ange.200800689
http://dx.doi.org/10.1002/ange.200800689
http://dx.doi.org/10.1002/anie.200800689
http://dx.doi.org/10.1002/ange.200802187
http://dx.doi.org/10.1002/anie.200802187
http://dx.doi.org/10.1002/anie.200802187
http://dx.doi.org/10.1002/ange.200802482
http://dx.doi.org/10.1002/anie.200802482
http://dx.doi.org/10.1021/ja806955s
http://dx.doi.org/10.1021/ja806955s
http://dx.doi.org/10.1002/ange.200901484
http://dx.doi.org/10.1002/anie.200901484
http://dx.doi.org/10.1002/ange.200902440
http://dx.doi.org/10.1002/anie.200902440
http://dx.doi.org/10.1002/anie.200902440
http://dx.doi.org/10.1021/ja1082624
http://dx.doi.org/10.1021/ja100676r
http://dx.doi.org/10.1021/ja034283h
http://dx.doi.org/10.1021/ja034283h
http://dx.doi.org/10.1021/ja051180l
http://dx.doi.org/10.1002/ange.200605162
http://dx.doi.org/10.1002/anie.200605162
http://dx.doi.org/10.1002/anie.200605162
http://dx.doi.org/10.1002/ange.200604407
http://dx.doi.org/10.1002/anie.200604407
http://dx.doi.org/10.1002/ange.200703671
http://dx.doi.org/10.1002/anie.200703671
http://dx.doi.org/10.1002/anie.200703671
http://dx.doi.org/10.1021/ja805706r
http://dx.doi.org/10.1021/ja805706r
http://dx.doi.org/10.1002/ange.200703763
http://dx.doi.org/10.1002/anie.200703763
http://dx.doi.org/10.1002/anie.200703763
http://dx.doi.org/10.1002/ange.200904960
http://dx.doi.org/10.1002/anie.200904960
http://dx.doi.org/10.1021/ja808652a
http://dx.doi.org/10.1039/c1cc12212f
http://dx.doi.org/10.1021/ja111060q
http://dx.doi.org/10.1021/ja111060q
http://dx.doi.org/10.1002/ange.201006917
http://dx.doi.org/10.1002/ange.201006917
http://dx.doi.org/10.1002/anie.201006917
http://dx.doi.org/10.1021/ja01084a034
http://dx.doi.org/10.1021/cr960411r
http://dx.doi.org/10.1021/ar030045f
http://dx.doi.org/10.1021/cr068402y
http://dx.doi.org/10.1021/ar800108z
http://dx.doi.org/10.1021/ar800108z
http://dx.doi.org/10.1021/ja00092a060
http://dx.doi.org/10.1021/ja00092a060
http://dx.doi.org/10.1021/ja961144+
http://dx.doi.org/10.1021/ja961144+
http://dx.doi.org/10.1002/chem.19960020819
http://dx.doi.org/10.1021/ja9812150
http://dx.doi.org/10.1021/ja034606+
http://dx.doi.org/10.1021/ja034606+
http://dx.doi.org/10.1002/ange.200350968
http://dx.doi.org/10.1002/anie.200350968
http://dx.doi.org/10.1002/anie.200350968
http://dx.doi.org/10.1073/pnas.0307559101
http://dx.doi.org/10.1073/pnas.0307559101
http://dx.doi.org/10.1021/ja074110i
http://dx.doi.org/10.1021/ja074110i
http://dx.doi.org/10.1021/ol0615174
http://dx.doi.org/10.1021/jo062209m
http://dx.doi.org/10.1021/ja800747m
http://dx.doi.org/10.1021/jo801135j
http://dx.doi.org/10.1021/ja800746q
http://dx.doi.org/10.1021/ja800746q
http://dx.doi.org/10.1002/ange.200904766
http://dx.doi.org/10.1002/anie.200904766
http://dx.doi.org/10.1002/anie.200904766
http://dx.doi.org/10.1002/ange.201000755
http://dx.doi.org/10.1002/anie.201000755
http://dx.doi.org/10.1002/chem.201104021
http://dx.doi.org/10.1021/ja982101r
http://dx.doi.org/10.1021/ja030501v
http://dx.doi.org/10.1021/ja030501v
http://dx.doi.org/10.1021/ja0469075
http://dx.doi.org/10.1021/ja0469075
http://dx.doi.org/10.1039/b500396b
http://dx.doi.org/10.1002/ange.200805473
http://dx.doi.org/10.1002/anie.200805473
http://dx.doi.org/10.1002/asia.200900290
http://dx.doi.org/10.1002/ange.201200307
http://dx.doi.org/10.1002/anie.201200307
http://dx.doi.org/10.1002/anie.201200307
http://dx.doi.org/10.1021/ja301196x
http://dx.doi.org/10.1016/j.bmcl.2011.01.012
http://dx.doi.org/10.1021/jm010940+
http://dx.doi.org/10.1021/jm010940+
http://dx.doi.org/10.1021/ja1070043
http://dx.doi.org/10.1021/ja1070043
http://dx.doi.org/10.1016/S0040-4039(01)98814-8
http://dx.doi.org/10.1016/j.tet.2011.02.067
http://dx.doi.org/10.1016/j.tet.2011.02.067
http://dx.doi.org/10.1002/(SICI)1521-3757(19990712)111:13/14%3C2054::AID-ANGE2054%3E3.0.CO;2-4
http://dx.doi.org/10.1002/(SICI)1521-3757(19990712)111:13/14%3C2054::AID-ANGE2054%3E3.0.CO;2-4
http://dx.doi.org/10.1002/(SICI)1521-3773(19990712)38:13/14%3C1928::AID-ANIE1928%3E3.0.CO;2-1
http://dx.doi.org/10.1021/ol2023938
http://www.angewandte.org

Angewandte

imemationalediion . CEIMIE

Communications
2 2
Indole Synthesis i R 1
Q. N ol Cs:C0;3(50equiv) B R
17528 RT Xylenes (0.05 M), RT = L
Q.-Q. Yang, C. Xiao, L-Q. Lu, J. An, F. Tan, R - P pips T enee 000M), N ©
BJ Li, W--J- Xiao* — 1INN-HHIN R’ = aryl, vinyl, alkyl, alkoxy 29 exampl_es
R2= Me, Ph up to 95% yield
Synthesis of Indoles through Highly R =H, Me, OH, OMe, halogens
Efficient Cascade Reactions of Sulfur
Ylides and N-(ortho-Chloromethyl)aryl Batting the ylides: A simple procedure approach involves a cascade reaction of
Amides carried out under mild conditions allows  sulfur ylides and N-(ortho-chloromethyl)-
the direct and efficient synthesis of aryl amides (see scheme).
structurally diverse indoles. This
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