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We have developed a palladium-catalyzed C-H/C-H
coupling reaction of indoles or pyrroles with azine N-oxides.
The reaction proceeds selectively at the C3 position of indoles/
pyrroles and the C2 position of azine N-oxides. Furthermore, we
have accomplished the synthesis of marine indole alkaloid
eudistomin U by utilizing this newly developed C-H/C-H
coupling reaction.

Compounds containing indole-azine and pyrrole—azine
moieties are prevalent in natural products and bioactive
molecules (Scheme 1).!= Therefore, the development of effi-
cient methods to construct these frameworks has been a topic
of considerable interest in organic chemistry. The fields of
biochemistry and medicinal chemistry should also benefit from
such a synthetic campaign, since these disciplines may see the
use of these coupled heterocycles as lead compounds in drug
discovery. Currently, the most reliable synthetic method for
making indole/pyrrole-azine compounds is by way of palla-
dium-catalyzed cross-coupling reactions of organometallic com-
pounds with haloarenes.>** However, each coupling partner
must be synthesized from its parent heteroaromatic compound,
occasionally requiring several steps. Although the direct C-H
bond arylation of heteroarenes®’ has emerged as an attractive
methodology that can streamline overall synthesis, successful
examples of direct C-H bond arylation of electron-deficient
nitrogen heterocycles such as azines are rare.”®® Herein, we
report our finding of palladium-catalyzed indole-azine and
pyrrole-azine C—H/C-H coupling reactions.’!!

First, we examined the C—H/C-H coupling of an indole
derivative and unfunctionalized pyridine. Under palladium
catalysis, the coupling product was observed but only in trace
amounts. Meanwhile, Fagnou and co-workers reported an
indole-benzene C-H/C-H coupling reaction,”®* and more
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Scheme 1. Natural products containing indole—azine moieties.
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recently, Chang and co-workers reported the coupling of
benzene with pyridine N-oxide.’® Inspired by these findings,
we attempted the coupling of N-protected indole with pyridine
N-oxide!? as a synthon of pyridine. Employing Fagnou’s and
Chang’s reaction conditions, to a 1,4-dioxane solution of N-
pivaloylindole (1.0 equiv) were added pyridine N-oxide 2a (4.0
equiv), Pd(OAc), (10 mol %), Ag,CO;3 (3.0 equiv), and pyridine
(1.0 equiv), and the reaction mixture was stirred for 5h at 105 °C
to give the desired coupling product in 39% yield. Despite its
low yield, this reaction furnished the C3-substituted indole—
azine coupling product selectively. After extensive screening of
conditions including Pd sources, oxidants, additives, solvents,
and N-protecting groups on the indole,'3 the yield of the
coupling product was increased to 73%, using MOM-protected
indole 1a as the substrate, 2,6-lutidine'* and AgOAc’>!" as
additives (Table 1, Entry 1).

With the optimized conditions for regioselective indole
pyridylation in hand, we investigated the scope of direct indole—

Table 1. Pd-catalyzed C-H/C-H coupling of indoles/pyrroles
1a-1j with pyridine N-oxide (2a)*

R2 H z 10% Pd(OAc), R2zis Z
,'\ .]f\g . ~ +| 2,6-lutidine f‘.‘ . ~ 4|
Cop N o AgOAc <

R o 1,4-dioxane N O-
R1
1 2a 3
Entry 1 Product 3 (Yield/%)"
z
1 1aR'=MOM | 3aa (73)
2 laR'= MOM R 3aa (54F
3 1bR'=Ts N 0" 3ba (67)
R1
R2 — ~ |
4 1cR*=5-CN \" R 3ca (52)
5 1d R’ = 6-OMe . o 3da (38)
Ts/
R2 - Z
6 1e R’ = 5-NO; N\ | 3ea (56)
7 1f R* = 6-NO, a8 3fa (49)
8 1g R* = 6-CO,Me N o 3ga (55)
MOM
— z
\ S |
9 1h N o 3ha (46)
N o
Ts/
g
10 1iR*=H y ¢ 3ia (42)
11 1j R*=Ac Ol 3ja (47)

#Conditions: 1a—1j (0.4 mmol), 2a (1.6 mmol), Pd(OAc), (0.04
mmol), 2,6-lutidine (0.4 mmol), AgOAc (1.2 mmol), 1,4-diox-
ane (1.2mL), 120°C, 16h. PIsolated yield. 2mol% of
Pd(OAc), was used. The reaction time was 43 h.
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Scheme 2. Regioselectivity switch in C-H arylation of pyrroles.

azine N-oxide coupling using various indoles and pyridine N-
oxide (2a) (Table 1). A decrease in catalyst loading was found to
be possible while maintaining reasonable yield (Entry 2).
Although the yield was slightly lower, tosyl-protected indole
1b also gave a similar result (Entry 3). This reaction tolerated
substitutions on indole ring such as cyano (Entry 4), methoxy
(Entry 5), nitro (Entries 6 and 7), and ester (Entry 8) groups.
This coupling reaction even proceeded when using azaindole
(Entry 9), which is more electron-deficient. Furthermore, we
found that the C-H/C-H coupling of pyrroles with 2a also
proceeded, albeit in a lower yield (Entries 10 and 11).
Interestingly, it was revealed that the reaction selectively
afforded the 3-pyridinated pyrrole product (the same selectivity
observed with indoles), adding to the small but growing
repertoire of B-selective arylations of five-membered hetero-
arenes.”7k

To further investigate the interesting C3-regioselectivity of
pyrroles, the coupling reaction of various pyrroles with pyridine
N-oxide (2a) was carried out. As a result, we found that the
C2/C3 regioselectivity can be controlled by merely manipulat-
ing protecting group on the nitrogen atom (Scheme 2). For
example, when using methyl pyrrole-2-carboxylate (1k) as the
substrate, the reaction proceeded at the C2 position of the
pyrrole to give 3ka in 44% yield, whereas the use of tosyl-
protected pyrrole 11 gave C3-substituted pyrrole 3la in 47%
yield.!6

We next examined the scope of the reaction with respect
to azine N-oxide. Representative results are shown in Table 2.
Some modifications on pyridine N-oxide such as methyl, nitro,
and cyano groups were tolerated and the corresponding coupling
products were obtained in moderate yields. When pyrazine N-
oxide was used, the reaction proceeded smoothly in the presence
of acetic acid.!” Notably, the use of quinoxaline N-oxide gave
rise to coupling product 3af in even higher yield than the parent
indole—pyridine N-oxide coupling reaction. Furthermore, we
also obtained the corresponding coupling products with iso-
quinoline, phthalazine, and pyrimidine N-oxides and their
regioselective outcomes were consistent with the parent cou-
pling reaction.

Finally, we applied our C-H/C-H coupling to the synthesis
of marine indole alkaloid eudistomin U,'® which possesses
DNA-binding activity (Scheme 3). This short synthesis begins
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Table 2. Scope of azine N-oxides®
10% Pd(OAC), R3.X

H X
RSXXN 1.0 equiv lutidine X I\I(
N4 J\ ,‘; 3.0 equiv AGOAc Sy
N >
N H™ NS 1,4-dioxane | &
MOM o~ N
MOM

1 2
(X,Y,Z=CHor N)

N N
z j z Il j
\N+| \N*
| ) [ 1
N 0" N o
, .
MOM MOM

3ae: 70%"° 3af: 86%

Product 3: isolated yield

z /F{3
Oy
v
N o
MOM

3ab (R3 = 2-Me): 34%
3ac (R® = 4-NO,): 56%
3ad (R®=4-CN): 57%

3ag: 57% 3ah: 44% 3ai: 32%

?Conditions: 1a (0.4 mmol), 2a-2i (1.6 mmol), Pd(OAc), (0.04
mmol), 2,6-lutidine (0.4 mmol), AgOAc (1.2 mmol), 1,4-diox-
ane (1.2mL), 120°C, 16h. "AcOH was used instead of 2,6-
lutidine.

N 3 Mom-N
| [70%]
N H
B-carboline

(iv), (v)
-
[39%]

eudistomin U

Scheme 3. Synthesis of eudistomin U through C-H/C-H coupling.
(i) MOMCI (1.1 equiv), NaH (1.3 equiv), DMF, rt, 8h (89%). (ii)
MeReO; (3 mol %), HyO, aq (2.0 equiv), rt, CH,Clp, 14h, (79%).
(iii) 1a (1.0 equiv), 6 (4.0 equiv), Pd(OAc), (10 mol %), 2,6-lutidine
(1.0 equiv), AgOAc (3.0 equiv), 1,4-dioxane, 120°C, 23h (41%).
(iv) PCl3 (3.0 equiv), CH,Cly, rt, 11h (79%). (v) HCO,H, H,O,
125°C, 39h (49%).

with a MOM protection of commercially available B-carboline
followed by MTO (methyltrioxorhenium)-catalyzed pyridine
oxidation! to afford the corresponding N-oxide 4 in 70% yield
over two steps. Subsequent C—H/C-H coupling of indole 1a and
4 under the key palladium -catalysis delivered the desired
framework of eudistomin U in 41% yield. Although the yield
of coupling product 5 was not high, this coupling reaction
proceeded at the C3 position of indole and the C1 position of
B-carboline regioselectively. After reduction of the N-oxide by
PCl;,%° and the follow-up deprotection of MOM groups with
HCO,H in water completed the synthesis of eudistomin U.
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In summary, we have developed a palladium-catalyzed

C-H/C-H coupling reaction of indoles/pyrroles and azine
N-oxides, proceeding selectively at the C3 position of indoles/
pyrroles and the C2 position of azine N-oxides. Furthermore, we
have accomplished the synthesis of eudistomin U, utilizing the
newly developed C-H/C-H coupling reaction. Total syntheses
of more complex natural products based on this oxidative C-H/
C-H coupling as well as mechanistic studies are ongoing in our
laboratory.

This work was supported by a Grant-in-Aid for Scientific

Research from the Ministry of Education, Culture, Sports,
Science and Technology (MEXT), Japan, and the Asahi Glass
Foundation.

References and Notes

1

Chem. Lett. 2011, 40, 555-557

Selected reviews of compounds containing indole—azine and pyrrole—
azine moieties: a) Z. Jin, Nat. Prod. Rep. 2009, 26, 382. b) L. S. Young,
P. D. Thornton, A. Thompson, Nat. Prod. Rep. 2010, 27, 1801.

A. Mosquera, R. Riveiros, J. P. Sestelo, L. A. Sarandeses, Org. Lett.
2008, 10, 3745.

X.-H. Cai, Q.-G. Tan, Y.-P. Liu, T. Feng, Z.-Z. Du, W.-Q. Li, X.-D.
Luo, Org. Lett. 2008, 10, 577.

N. K. Garg, R. Sarpong, B. M. Stoltz, J. Am. Chem. Soc. 2002, 124,
13179.

A. Ahaidar, D. Fernandez, G. Danelon, C. Cuevas, I. Manzanares, F.
Albericio, J. A. Joule, M. Alvarez, J. Org. Chem. 2003, 68, 10020.
Recent reviews on catalytic C—H bond arylation of aromatic com-
pounds: a) D. Alberico, M. E. Scott, M. Lautens, Chem. Rev. 2007, 107,
174. b) L.-C. Campeau, D. R. Stuart, K. Fagnou, Aldrichimica Acta
2007, 40, 35. ¢) T. Satoh, M. Miura, Chem. Lett. 2007, 36, 200. d) F.
Kakiuchi, T. Kochi, Synthesis 2008, 3013. e) L. Ackermann, R.
Vicente, A. R. Kapdi, Angew. Chem., Int. Ed. 2009, 48, 9792. f) X.
Chen, K. M. Engle, D.-H. Wang, 1.-Q. Yu, Angew. Chem., Int. Ed.
2009, 48, 5094. g) D. Lapointe, K. Fagnou, Chem. Lett. 2010, 39, 1118.
Our recent achievements in this field: a) K. Itami, J. Synth. Org. Chem.,
Jpn. 2010, 68, 1132. Transition-metal-free processes: b) S. Yanagisawa,
K. Ueda, T. Taniguchi, K. Itami, Org. Lett. 2008, 10, 4673. c) S.
Yanagisawa, K. Itami, ChemCatChem 2011, in press. doi:10.1002/
cctc.201000431. Rh-catalyzed reactions: d) S. Yanagisawa, T. Sudo,
R. Noyori, K. Itami, J. Am. Chem. Soc. 2006, 128, 11748. e) S.
Yanagisawa, T. Sudo, R. Noyori, K. Itami, Tetrahedron 2008, 64, 6073.
Ir-catalyzed reactions: f) B. Join, T. Yamamoto, K. Itami, Angew.
Chem., Int. Ed. 2009, 48, 3644. Cu-mediated reactions: g) 1. Ban, T.
Sudo, T. Taniguchi, K. Itami, Org. Lett. 2008, 10, 3607. Ni-catalyzed
reactions: h) J. Canivet, J. Yamaguchi, I. Ban, K. Itami, Org. Lett. 2009,
11, 1733. Pd-catalyzed reactions: i) S. Yanagisawa, K. Ueda, H.
Sekizawa, K. Itami, J. Am. Chem. Soc. 2009, 131, 14622. j) K. Ueda, S.
Yanagisawa, J. Yamaguchi, K. Itami, Angew. Chem., Int. Ed. 2010, 49,
8946. k) S. Kirchberg, S. Tani, K. Ueda, J. Yamaguchi, A. Studer, K.
Itami, Angew. Chem., Int. Ed. 2011, 50, 2387.

a) S. Mukhopadhyay, G. Rothenberg, D. Gitis, M. Baidossi, D. E.
Ponde, Y. Sasson, J. Chem. Soc., Perkin Trans. 2 2000, 1809. b) H.-Q.
Do, R. M. K. Khan, O. Daugulis, J. Am. Chem. Soc. 2008, 130, 15185.
¢) A. M. Berman, J. C. Lewis, R. G. Bergman, J. A. Ellman, J. 4m.
Chem. Soc. 2008, 130, 14926. d) M. Li, R. Hua, Tetrahedron Lett.
2009, 50, 1478. ) M. Tobisu, I. Hyodo, N. Chatani, J. Am. Chem. Soc.
2009, /31, 12070. f) O. Kobayashi, D. Uraguchi, T. Yamakawa, Org.
Lett. 2009, 11, 2679. g) M. Jaric, B. A. Haag, A. Unsinn, K.
Karaghiosoff, P. Knochel, Angew. Chem., Int. Ed. 2010, 49, 5451. h) M.
Wasa, B. T. Worrell, J.-Q. Yu, Angew. Chem., Int. Ed. 2010, 49, 1275. 1)
I. B. Seiple, S. Su, R. A. Rodriguez, R. Gianatassio, Y. Fujiwara, A. L.
Sobel, P. S. Baran, J. Am. Chem. Soc. 2010, 132, 13194.

Examples of C—H/C-H biaryl cross-coupling: a) R. Li, L. Jiang, W. Lu,
Organometallics 2006, 25, 5973. b) T. A. Dwight, N. R. Rue, D.
Charyk, R. Josselyn, B. DeBoef, Org. Lett. 2007, 9, 3137. ¢) K. L. Hull,
M. S. Sanford, J. Am. Chem. Soc. 2007, 129, 11904. d) D. R. Stuart, K.
Fagnou, Science 2007, 316, 1172. ¢) D. R. Stuart, E. Villemure, K.
Fagnou, J. Am. Chem. Soc. 2007, 129, 12072. f) G. Brasche, J. Garcia-

11

12

16

19

20

21

© 2011 The Chemical Society of Japan

557

Fortanet, S. L. Buchwald, Org. Lett. 2008, 10, 2207. g) S. H. Cho, S. J.
Hwang, S. Chang, J. Am. Chem. Soc. 2008, 130, 9254. h) B.-J. Li, S.-L.
Tian, Z. Fang, Z.-J. Shi, Angew. Chem., Int. Ed. 2008, 47, 1115. i) J.-J.
Li, R. Giri, J.-Q. Yu, Tetrahedron 2008, 64, 6979. j) S. Potavathri, A. S.
Dumas, T. A. Dwight, G. R. Naumiec, J. M. Hammann, B. DeBoef,
Tetrahedron Lett. 2008, 49, 4050. k) N. R. Deprez, M. S. Sanford,
J. Am. Chem. Soc. 2009, 131, 11234. 1) K. L. Hull, M. S. Sanford,
J. Am. Chem. Soc. 2009, 131, 9651. m) A. Kar, N. Mangu, H. M.
Kaiser, M. K. Tse, J. Organomet. Chem. 2009, 694, 524. n) C.-J. Li,
Acc. Chem. Res. 2009, 42, 335. o) G. P. McGlacken, L. M. Bateman,
Chem. Soc. Rev. 2009, 38, 2447. p) L. Ackermann, P. Novak, R.
Vicente, V. Pirovano, H. K. Potukuchi, Synthesis 2010, 2245. q) A.
Garcia-Rubia, B. Urones, R. G. Arrayas, J. C. Carretero, Chem.—Eur. J.
2010, /6, 9676.1) Y. Gu, D. Wang, Tetrahedron Lett. 2010, 51, 2004. s)
B. Weng, R. Liu, J.-H. Li, Synthesis 2010, 2926. t) Y. Li, W.-H. Wang,
S.-D. Yang, B.-J. Li, C. Feng, Z.-J. Shi, Chem. Commun. 2010, 46,
4553.u) Z. Liang, J. Zhao, Y. Zhang, J. Org. Chem. 2010, 75, 170. v) S.
Potavathri, K. C. Pereira, S. 1. Gorelsky, A. Pike, A. P. LeBris, B.
DeBoef, J. Am. Chem. Soc. 2010, 132, 14676. w) P. Xi, F. Yang, S. Qin,
D. Zhao, J. Lan, G. Gao, C. Hu, J. You, J. Am. Chem. Soc. 2010, 132,
1822. x) C. S. Yeung, X. Zhao, N. Borduas, V. M. Dong, Chem. Sci.
2010, 7, 331. y) X. Zhao, C. S. Yeung, V. M. Dong, J. Am. Chem. Soc.
2010, 732, 5837. z) W. Han, P. Mayer, A. R. Ofial, Angew. Chem., Int.
Ed. 2011, 50, 2178. aa) M. Kitahara, N. Umeda, K. Hirano, T. Satoh,
M. Miura, J. Am. Chem. Soc. 2011, 133, 2160.

W. Shi, C. Liu, A. Lei, Chem. Soc. Rev. 2011, in press. doi:10.1039/
C0CS00125B

During the preparation of this manuscript, a paper dealing with the
same transformation has been reported by Li and co-workers. X. Gong,
G. Song, H. Zhang, X. Li, Org. Lett. 2011, 13, 1766.

For Pd-catalyzed C-H/C-X cross-coupling of azine N-oxides with
haloarenes pioneered by Fagnou, see: a) L.-C. Campeau, S. Rousseaux,
K. Fagnou, J. Am. Chem. Soc. 2005, 127, 18020. b) L.-C. Campeau,
D. R. Stuart, J.-P. Leclerc, M. Bertrand-Laperle, E. Villemure, H.-Y.
Sun, S. Lasserre, N. Guimond, M. Lecavallier, K. Fagnou, J. Am.
Chem. Soc. 2009, 131, 3291. ¢) H.-Y. Sun, S. I. Gorelsky, D. R. Stuart,
L.-C. Campeau, K. Fagnou, J. Org. Chem. 2010, 75, 8180. For the use
of azine N-oxides in Pd-catalyzed C—H olefination, see: d) J. Wu, X.
Cui, L. Chen, G. Jiang, Y. Wu, J. Am. Chem. Soc. 2009, 131, 13888.
See the Supporting Information for further details.

We assume that 2,6-lutidine help stabilizing Pd species as a ligand.
In this reaction, the use of AgOAc or Ag,COj is essential presumably
as an oxidant for Pd(0)-to-Pd(Il) process (see the Supporting Informa-
tion for details). For other representative examples using Ag(I) oxidants
in Pd-catalyzed oxidative C-H functionalization, see: a) X. Chen, C. E.
Goodhue, J.-Q. Yu, J. Am. Chem. Soc. 2006, 128, 12634. For a recent
review describing important roles of external oxidants in Pd(II)-
catalyzed C-H functionalization, see: b) K. M. Engle, T.-S. Mei, X.
Wang, J.-Q. Yu, Angew. Chem., Int. Ed. 2011, 50, 1478.

This phenomenon was observed only for pyrrole derivatives. In the case
of indoles, the corresponding product could not be obtained using any
substrates devoid of protecting groups. The regioselectivity observed
in the pyrrole reactions might be engendered by the steric bulk of the
protecting groups. For a review, see: L. Joucla, L. Djakovitch, 4dv.
Synth. Catal. 2009, 351, 673. Further studies are in progress to
elucidate the controlling elements in regioselectivity.

The yield of the coupling product was ca. 50% in the presence of 2,6-
lutidine as an additive. The yield improved to 63% without 2,6-lutidine,
and is of slightly higher yield (70%) in the presence of acetic acid.
Isolation and biological activity of eudistomin U: a) A. Badre, A.
Boulanger, E. Abou-Mansour, B. Banaigs, G. Combaut, C. Francisco,
J. Nat. Prod. 1994, 57, 528. Previous syntheses of eudistomin U: b) P.
Molina, P. M. Fresneda, S. Garcia-Zafra, Tetrahedron Lett. 1995, 36,
3581. ¢) P. Rocca, F. Marsais, A. Godard, G. Quéguiner, L. Adams, B.
Alo, Tetrahedron Lett. 1995, 36, 7085. d) J. D. Panarese, S. P. Waters,
Org. Lett. 2010, 12, 4086.

C. Copéret, H. Adolfsson, T.-A. V. Khuong, A. K. Yudin, K. B.
Sharpless, J. Org. Chem. 1998, 63, 1740.

K. S. Kanyiva, Y. Nakao, T. Hiyama, Angew. Chem., Int. Ed. 2007, 46,
8872.

Supporting Information is available electronically on the CSJ-Journal
Web site, http://www.csj.jp/journals/chem-lett/index.html.

www.csj.jp/journals/chem-lett/

yd s.1011p3

Q
-
Q)
0



http://dx.doi.org/10.1039/b718045b
http://dx.doi.org/10.1039/c0np00014k
http://dx.doi.org/10.1021/ol801393n
http://dx.doi.org/10.1021/ol801393n
http://dx.doi.org/10.1021/ol702682h
http://dx.doi.org/10.1021/ja027822b
http://dx.doi.org/10.1021/ja027822b
http://dx.doi.org/10.1021/jo035332b
http://dx.doi.org/10.1021/cr0509760
http://dx.doi.org/10.1021/cr0509760
http://dx.doi.org/10.1246/cl.2007.200
http://dx.doi.org/10.1055/s-2008-1067256
http://dx.doi.org/10.1002/anie.200902996
http://dx.doi.org/10.1002/anie.200806273
http://dx.doi.org/10.1002/anie.200806273
http://dx.doi.org/10.1246/cl.2010.1118
http://dx.doi.org/10.5059/yukigoseikyokaishi.68.1132
http://dx.doi.org/10.5059/yukigoseikyokaishi.68.1132
http://dx.doi.org/10.1021/ol8019764
http://dx.doi.org/10.1002/cctc.201000431
http://dx.doi.org/10.1002/cctc.201000431
http://dx.doi.org/10.1021/ja064500p
http://dx.doi.org/10.1016/j.tet.2008.01.053
http://dx.doi.org/10.1002/anie.200806358
http://dx.doi.org/10.1002/anie.200806358
http://dx.doi.org/10.1021/ol8013717
http://dx.doi.org/10.1021/ol9001587
http://dx.doi.org/10.1021/ol9001587
http://dx.doi.org/10.1021/ja906215b
http://dx.doi.org/10.1002/anie.201005082
http://dx.doi.org/10.1002/anie.201005082
http://dx.doi.org/10.1002/anie.201007060
http://dx.doi.org/10.1039/b004116p
http://dx.doi.org/10.1021/ja805688p
http://dx.doi.org/10.1021/ja8059396
http://dx.doi.org/10.1021/ja8059396
http://dx.doi.org/10.1016/j.tetlet.2009.01.059
http://dx.doi.org/10.1016/j.tetlet.2009.01.059
http://dx.doi.org/10.1021/ja9053509
http://dx.doi.org/10.1021/ja9053509
http://dx.doi.org/10.1021/ol900778m
http://dx.doi.org/10.1021/ol900778m
http://dx.doi.org/10.1002/anie.201002031
http://dx.doi.org/10.1002/anie.200906104
http://dx.doi.org/10.1021/ja1066459
http://dx.doi.org/10.1021/om060889d
http://dx.doi.org/10.1021/ol071308z
http://dx.doi.org/10.1021/ja074395z
http://dx.doi.org/10.1126/science.1141956
http://dx.doi.org/10.1021/ja0745862
http://dx.doi.org/10.1021/ol800619c
http://dx.doi.org/10.1021/ja8026295
http://dx.doi.org/10.1002/anie.200704092
http://dx.doi.org/10.1016/j.tet.2008.03.026
http://dx.doi.org/10.1016/j.tetlet.2008.04.073
http://dx.doi.org/10.1021/ja904116k
http://dx.doi.org/10.1021/ja901952h
http://dx.doi.org/10.1016/j.jorganchem.2008.11.016
http://dx.doi.org/10.1021/ar800164n
http://dx.doi.org/10.1039/b805701j
http://dx.doi.org/10.1055/s-0029-1220010
http://dx.doi.org/10.1002/chem.201001126
http://dx.doi.org/10.1002/chem.201001126
http://dx.doi.org/10.1016/j.tetlet.2010.02.022
http://dx.doi.org/10.1055/s-0030-1258141
http://dx.doi.org/10.1039/c0cc00486c
http://dx.doi.org/10.1039/c0cc00486c
http://dx.doi.org/10.1021/jo902265s
http://dx.doi.org/10.1021/ja107159b
http://dx.doi.org/10.1021/ja909807f
http://dx.doi.org/10.1021/ja909807f
http://dx.doi.org/10.1039/c0sc00231c
http://dx.doi.org/10.1039/c0sc00231c
http://dx.doi.org/10.1021/ja100783c
http://dx.doi.org/10.1021/ja100783c
http://dx.doi.org/10.1002/anie.201006208
http://dx.doi.org/10.1002/anie.201006208
http://dx.doi.org/10.1021/ja111401h
http://dx.doi.org/10.1039/C0CS00125B
http://dx.doi.org/10.1039/C0CS00125B
http://dx.doi.org/10.1021/ol200306y
http://dx.doi.org/10.1021/ja056800x
http://dx.doi.org/10.1021/ja808332k
http://dx.doi.org/10.1021/ja808332k
http://dx.doi.org/10.1021/jo101821r
http://dx.doi.org/10.1021/ja902762a
http://dx.doi.org/10.1021/ja0646747
http://dx.doi.org/10.1002/anie.201005142
http://dx.doi.org/10.1002/adsc.200900059
http://dx.doi.org/10.1002/adsc.200900059
http://dx.doi.org/10.1021/np50106a016
http://dx.doi.org/10.1016/0040-4039(95)00565-T
http://dx.doi.org/10.1016/0040-4039(95)00565-T
http://dx.doi.org/10.1016/0040-4039(95)01462-Q
http://dx.doi.org/10.1021/ol101688x
http://dx.doi.org/10.1021/jo9723467
http://dx.doi.org/10.1002/anie.200703758
http://dx.doi.org/10.1002/anie.200703758
http://www.csj.jp/journals/chem-lett/index.html
http://www.csj.jp/journals/chem-lett/

