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Synthesis of 1-(1H-Indol-3-yl)-1,2-dihydroisoquinolines via
AgOTf-Catalyzed Three-Component Reactions of
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Three-component reactions of 2-alkynylbenzaldehydes, amines, and indoles catalyzed by AgOTf under mild
conditions afford the 1-(1H-indol-3-yl)-1,2-dihydroisoquinolines in good yields. This silver-catalyzed tandem
reaction is found to be workable with various indoles, anilines or alkyl amines, and 2-alkynylbenzaldehydes
with electron-withdrawing groups attached on the aromatic backbone.

Introduction

For chemistry to have its maximal effect on biology, it
must provide efficient methods for discovering small mol-
ecules that are in great demand in the field of chemical
genetics.! Among the strategies utilized, multicomponent
reactions (MCR) have emerged as a powerful tool for
delivering the molecular diversity needed in combinatorial
approaches for the preparation of bioactive compounds.? As
a privileged scaffold, the 1,2-dihydroisoquinoline core
structure is found in a wide variety of biologically active
natural products and pharmaceuticals.® The indole skeleton
is an important substructure as well in both natural products
and therapeutic agents.* Recently, we reported a highly
efficient and practical approach to functionalized 1,2-
dihydroisoquinolines with broad structural diversity, starting
from 2-alkynylbenzaldehydes.” Its reliability, the ready
availability of the starting materials, and the versatility of
the resulting products make it a very important process for
library generation. Biological screening of a small library
of these compounds (Scheme 1) in a PTP1B (protein tyrosine
phosphatase) inhibition assay led to the identification of a
hit (Compound B, 1Cs, 4.68 uM). With an expectation to
find more active compounds by evaluation of analogous
structures, we conceived that the 1,2-dihydroisoquinoline
with an indole substituent might be a good candidate because
of the importance of the indole skeleton. Thus, in our ongoing
program aimed at developing new approaches to construct
natural product-like compounds, we started to explore the
methodology for the synthesis of 1,2-isoquinolines with
indole substituents.

As described, in our previous reports® we disclosed the
tandem reactions®’ for generation of 1,2-dihydroisoquinoline
and related compounds starting from 2-alkynylbenzalde-
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hydes. The key intermediate in the reaction process was
believed to be ortho-alkynylaryl aldimine D.®'® After
nucleophilic attack of nitrogen on the activated triple bond
via 6-endo cyclization, iminium E would be generated.
Subsequent nucleophilic addition would afford the expected
N-heterocycles (Scheme 2). Prompted by this result and the
advancement of multicomponent reactions, we envisioned
that in the presence of suitable catalyst, three-component
reactions of 2-alkynylbenzaldehyde, amine, and indole would
occur via a similar transformation to furnish the desired

Scheme 1. Synthetic Route for the Preparation of Diverse
1,2-Dihydroisoquinolines Screened for PTP1B Activity
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Scheme 2. Proposed Mechanism for the Formation of
Substituted 1,2-Dihydroisoquinolines
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Table 1. Initial Studies for Three-Component Reaction of 2-Alkynylbenzaldehyde 1a, p-Toluidine 2a, and Indole 3a“

CHO @—NHz .
Lewis acid
+ 2a (10 mol %)
xR @ solvent, rt
N

1a Ph
H 3a
entry Lewis acid solvent additive product yield (%)”
1 AgOTf MeCN I-1 58
2 Cul MeCN I-1 48
3 Cu(OTf), MeCN I-1 48
4 Pd(OAc), MeCN I-1 46
5 FeCl, MeCN 1I 86
6 Zn(OTf), MeCN 1I 82
7 Yb(OTH), MeCN I 83
8 Bi(OTf); MeCN 11 88
9 Dy(OTf); MeCN I 85
10 AgOTf MeCN 4 AMS I-1 54
11 AgOTf MeCN Na,SO4 I-1 70
12 AgOTf DCE Na,SO4 I-1 68
13 AgOTf DME Na,SO4 I-1 49
14 AgOTf toluene Na,SO, I-1 54
15 AgOTf THF Na,SO4 I-1 51
16 AgOTf 1,4-dioxane Na,SOy4 I-1 62
17 AgOTf DMA Na,SO4 I-1 57
18 AgOTf CHCl; Na,SO, I-1 46
19 AgOTf CH,Cl, Na,SO, I-1 65
20°¢ AgOTf MeCN Na,SO, I-1 72
214 AgOTf MeCN Na,SO4 I-1 65
229¢ AgOTf MeCN Na,SO4 I-1 72
23/ AgOTf MeCN Na,SO4 I-1 90

“ Reaction conditions: 2-alkynylbenzaldehyde 1a (0.3 mmol), p-toluidine 2a (0.3 mmol, 1.0 equiv), indole 3a (0.3 mmol, 1.0 equiv), Lewis acid (10
mol %), solvent (2.0 mL), room temperature. ”Isolated yield based on 2-alkynylbenzaldehyde 1a. “In the presence of 5 mol % of AgOTf. “In the
presence of 2 mol % of AgOTf. ¢ In the presence of 1.5 equiv of indole 3a.”/In the presence of 2.0 equiv of indole 3a.

indole-derivatized 1,2-dihydroisoquinolines. Thus, we started
to investigate the possibility of this designed transformation.

Result and Discussion

The reaction was initially studied with 2-alkynylbenzal-
dehyde 1a, p-toluidine 2a, and indole 3a, which was selected
as a suitable substrate for reaction development. At the outset,
different Lewis acids were examined as catalyst in this
reaction. To our delight, 58% yield of desired product I-1
was obtained when the reaction was catalyzed by AgOTf in
MeCN at room temperature (Table 1, entry 1). Similar results
were observed when Cul, Cu(OTf),, or Pd(OAc), was
utilized as a replacement (Table 1, entries 2—4). Interestingly,
only double addition adduct IT was isolated when other Lewis
acids were employed (Table I, entries 5—9)."" Further
extensive studies showed that the yield could be improved
when Na,SO, was included as an additive (Table 1, entry
11). Screening of solvents revealed that MeCN and DCE
were the best choice in this reaction (Table 1, entries 12—19).
The efficiency was not affected when the catalytic amount
of AgOTf was reduced to 5 mol % (Table 1, entry 20).
Increasing the amount of indole to 2.0 equiv in the
transformation afforded the expected product I-1 in 90%
yield (Table 1, entry 23).

To investigate the scope of this three-component reaction,
various 2-alkynylbenzaldehydes, amines, and indoles were
examined under the optimized conditions [AgOTf (5 mol
%), MeCN, room temperature] (Table 2). This silver-
catalyzed 1-(1H-indol-3-yl)-1,2-dihydroisoquinoline forma-

tion was found to be workable with different indoles 3a-3g
bearing electron-rich and electron-poor groups attached on
the aromatic ring (Table 2, entries 1—7). Thus, 2-alkynyl-
benzaldehyde 1a reacted with p-toluidine 2a and 2-methyl
indole 3a leading to the 1-(2-methyl-1H-indol-3-yl)-3-phenyl-
2-p-tolyl-1,2-dihydroisoquinoline I-2 in 86% yield (Table 2,
entry 2). The desired product I-3 was generated in 80% yield
when 4-methoxyindole 3¢ was employed as a substrate
(Table 2, entry 3). Excellent yields were observed as well
when bromo- or nitro-substituted indoles were used in the
reaction of 2-alkynylbenzaldehyde 1a with p-toluidine 2a.
Alkyl amine was a suitable partner as well in this transfor-
mation. For example, benzyl amine 2b was utilized in the
reaction of 2-alkynylbenzaldehyde 1a with 6-methoxyindole
3d instead of p-toluidine 2a, leading to the desired product
I-9 in 43% yield (Table 2, entry 9). Other anilines were tested
as well, and all reactions proceeded smoothly to generate
the expected products in good yields (Table 2, entries 9—13).
Reaction of 2-alkynylbenzaldehyde 1b, p-toluidine 2a, and
6-methoxyindole 3d occurred to give rise to the correspond-
ing product I-15 in 50% yield (Table 2, entry 15). Lower
yield was observed when benzyl amine 2b was employed
in the reaction of 2-alkynylbenzaldehyde 1b with 2-meth-
ylindole 3b (Table 2, entry 16). Meanwhile, fluoro- or chloro-
substituted 2-alkynylbenzaldehyde le—1g were tested as
substrates in the reaction of amines and indoles (Table 2,
entries 17—27). As expected, all reactions (including the
reaction of benzyl or n-octyl amine) worked well to generate
the corresponding products in good yields. However, 2-alky-
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Table 2. AgOTf-Catalyzed Three-Component Reactions of 2-Alkynylbenzaldehydes, Amines, and Indoles

R1%* RN, + RS

\ AgOTF (5 mol %)

NaZSO4
MeCN, it R
RZ 1
Entry R'/R? R’ R*
1 H/Ph (1a) 4-MeCqH, H (3a)
(2a)
2 H/Ph (1a) 4-MeCgH, 2-Me (3b)
(2a)
1-2: 86% yield
3 H/Ph (1a) 4-MeCgH, 4-OMe (3¢) N O
(2a) N
OMe
O N—CgHqp-Me
Z>ph
1-3: 80% yield
4 H/Ph (1a) 4-MeCgH, 6-OMe (3d)
(2a)
5 H/Ph (1a) 4-MeCgHy 5-Br (3e)
(2a)
6 H/Ph (1a) 4-MeCgH,4 6-NO, (3)
(2a)
7 H/Ph (1a) 4-MeCgH, 7-NO; (3g)
(2a)
1-7: 80% yield
8 H/Ph (1a) Bn (2b) 2-Me (3b)

HN O
N
O N"Ph
Z>pn

1-8: 45% yield
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Table 2. Continued

9 H/Ph (1a) Bn (2b) 6-OMe (3d) OMe

10  H/Ph(1a)  4-MeOCqH, 6-OMe (3d)

(2¢0)
11 H/Ph (1a) 4-CF5C¢Hs 6-OMe (3d)
(2d)
12 H/Ph (1a) 4-FCeH4 6-OMe (3d)
(2¢)
13 H/Ph (1a) 3-NO,C¢Hy 6-OMe (3d)
e
14 H/Ph (1a) C¢Hs 6-OMe (3d)
(29
15 H/ 4-MeCeHa 6-OMe (3d)
Cyclopropyl (2a)
(1b)
16 H/ Bn (2b) 2-Me (3b)
Cyclopropyl
(1b)

I-16: 37% yield
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Table 2. Continued

17

18

20

21

22

23

24

25

5-F /Ph (1¢)

5-F/Ph (1c)

4-F /Ph (1d)

4-F /Ph (1d)

4-F/
Cyclopropyl
(1e)

4-F/
Cyclopropyl
(1e)

4-F/"Bu
(€39)

5-C1/Ph (1g)

5-C1/Ph(1g)

4-MeC5H4
(29

Bn (2b)

4-MeCsH, (2a)

Bn (2b)

4-MeCsH, (2a)

Bn (2b)

Bn (2b)

4-MeOCeH,
20

4-FCgH, (2¢)

6-OMe (3d)

I-17: 75% yield

2-Me (3b) N O
XN

R O N""Ph

"

I-18: 52% yield

6-OMe (3d)
2-Me (3b)
6-OMe (3d)
2-Me (3b)
1-22: 53% yield
2-Me (3b) N O
N
O N""Ph
F -
1-23: 60% yield
2-Me (3b)

1-24: 78% yield

2-Me (3b) N O
N
c 0  CoHap-F
Z>ph

1-25: 68% yield
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Table 2. Continued

26 5-Cl/Ph(lg) Bn (2b)

27 5-Cl/Ph(lg)  "CgHiz (2b)

28 45-(OMe),/  4-MeCoH,
n-Bu (2a)

(1h)
“Isolated yield based on 2-alkynylbenzaldehyde 1.

nylbenzaldehyde with an electron-donating group attached
on the aromatic ring (such as compound 1h) has not been
workable as a substrate in the transformation, which might
be due to the lower electrophilicity toward nucleophilic attack
(Table 2, entry 28).

Conclusion

In summary, we have described an efficient method for
the synthesis of 1-(1H-indol-3-yl)-1,2-dihydroisoquinolines
via AgOTf-catalyzed three-component reactions of 2-alky-
nylbenzaldehydes, amines, and indoles. This silver-catalyzed
1-(1H-indol-3-yl)-1,2-dihydroisoquinoline formation is found
to be workable with different indoles bearing electron-rich
and electron-poor groups attached on the aromatic ring.
Anilines and alkyl amines are also suitable partners in the
transformation. However, 2-alkynylbenzaldehyde with an
electron-donating group attached on the aromatic backbone
is not workable as a substrate, which might be due to the
lower electrophilicity toward nucleophilic attack. We believe
the mild reaction conditions combined with the efficiency
of this synthetic route would be attractive and beneficial for
indole-derivatized 1,2-dihydroisoquinoline small library
construction.

Experimental Section

General Procedure for AgOTf-Catalyzed Three-Com-
ponent Reactions of 2-Alkynylbenzaldehyde 1, Amine
2, and Indole 3. Indole 3 (1.0 mmol, 2.0 equiv) and AgOTf
(0.025 mmol, 5 mol %) were added to a mixture of
2-alkynylbenzaldehyde 1 (0.5 mmol), amine 2 (0.5 mmol,
1.0 equiv), and Na,SO, (1.0 mmol, 2.0 equiv) in MeCN (2.0
mL). The reaction mixture was stirred at room temperature
vigorously until completion of the reaction. Subsequently,
the mixture was diluted with ethyl acetate (5.0 mL), and
quenched with water (5.0 mL). The organic layer was washed
with brine, dried over Na,SO,, and concentrated in vacuo.
The residue was purified by column chromatography on silica
gel (eluting with PE/EA = 30/1 to 5/1) to provide the desired
product I. Data of selected example: 1-(1H-Indol-3-yl)-3-
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2-Me (3b)
1-26: 61% yield
2-Me (3b) HN O
X
Cl O N/(CH2)7CH3
7 Ph
1-27: 60% yield
6-OMe (3d) -

phenyl-2-p-tolyl-1,2-dihydroisoquinoline (I-1), 'H NMR (400
MHz, CDCl): 2.16 (s, 3H), 6.36 (s, 1H), 6.59 (s, 1H), 6.68
(s, 1H), 6.90 (d, J = 8.2 Hz, 2H), 6.98 (d, J/ = 8.2 Hz, 2H),
7.09—7.26 (m, 10H), 7.49 (d, J = 7.8 Hz, 2H), 7.84 (br,
1H), 8.11 (d, J = 8.2 Hz, 1H); '*C NMR (100 MHz, CDCI;)
020.7,61.7,111.5, 112.1, 118.7, 119.4, 119.7, 122.0, 123.3,
124.5,125.7, 126.0, 126.4, 127.3, 127.7, 127.8, 128.3, 129.3,
131.1, 132.2, 136.5, 138.1, 141.7, 145.1; HRMS calcd for
C3oHyNy (MY — H): 411.1861, found: 411.1883.

Acknowledgment. Financial support from National Natu-
ral Science Foundation of China (No. 20972030) and the
Science & Technology Commission of Shanghai Municipal-
ity (No. 09JC1404902) is gratefully acknowledged. We thank
Dr. Jason Wong (Roche R&D Center, China) for the English
review.

Supporting Information Available. Experimental pro-
cedures, characterization data, 'H and '*C NMR spectra of
compound I. This material is available free of charge via
the Internet at http://pubs.acs.org.

References and Notes

(1) (a) Walsh, D. P.; Chang, Y.-T. Chem. Rev. 2006, 106, 2476—
2530. (b) Arya, P.; Chou, D. T. H.; Baek, M.-G. Angew.
Chem., Int. Ed. 2001, 40, 339-346. (c) Schreiber, S. L. Science
2000, 287, 1964—-1969.

For examples, see: (a) Ugi, I.; Domling, A.; Werner, B.
J. Heterocycl. Chem. 2000, 37, 647-658. (b) Bienaymé, H.;
Hulme, C.; Oddon, G.; Schmitt, P. Chem.—Eur. J. 2000, 6,
3321-3329. (c) Ugi, L.; Heck, S. Comb. Chem. High Through-
put Screening 2001, 4, 1-34. (d) Zhu, J. Eur. J. Org. Chem.
2003, 1133-1144. (e) Weber, L. Curr. Med. Chem. 2002, 9,
1241-1253. (f) Orru, R. V. A.; de Greef, M. Synthesis 2003,
1471-1499. (g) Domling, A.; Ugi, 1. Angew. Chem., Int. Ed.
2000, 39, 3168-3210. (h) Lee, D.; Sello, J. K.; Schreiber, S. L.
Org. Lett. 2000, 2, 709-712.

For selected examples, see: (a) Bentley, K. W. The Isoquino-
line Alkaloids; Harwood Academic: Australia, 1998; Vol 1.
(b) Trotter, B. W.; Nanda, K. K.; Kett, N. R.; Regan, C. P.;
Lynch, J. J.; Stump, G. L.; Kiss, L.; Wang, J.; Spencer, R. H.;
Kane, S. A.; White, R. B.; Zhang, R.; Anderson, K. D.;
Liverton, N. J.; McIntyre, C. J.; Beshore, D. C.; Hartman,

2

~

@3

~



244

“

(&)

(6)

7

~

(¢))

Journal of Combinatorial Chemistry, 2010 Vol. 12, No. 2

G. D.; Dinsmore, C. J. J. Med. Chem. 2006, 49, 6954—-6957.
(c) Ramesh, P.; Reddy, N. S.; Venkateswarlu, Y. J. Nat. Prod.
1999, 62, 780-781. (d) Kaneda, T.; Takeuchi, Y.; Matsui, H.;
Shimizu, K.; Urakawa, N.; Nakajyo, S. J. Pharmacol. Sci.
2005, 98, 275-282. (e) Marchand, C.; Antony, S.; Kohn,
K. W.; Cushman, M.; Ioanoviciu, A.; Staker, B. L.; Burgin,
A. B.; Stewart, L.; Pommier, Y. Mol. Cancer Ther. 2000, 5,
287-295.

(a) Saxton, J. E. Nat. Prod. Rep. 1997, 14, 559-590. (b)
Toyota, M.; Thara, N. Nat. Prod. Rep. 1998, 15, 327-340,
and references therein.

(a) Ding, Q.; Wu, J. Org. Lett. 2007, 9, 4959—-4962. (b) Gao,
K.; Wu, J. J. Org. Chem. 2007, 72, 8611-8613. (c) Ding, Q.;
Ye, Y.; Fan, R.; Wu, J. J. Org. Chem. 2007, 72, 5439-5442.
(d) Sun, W.; Ding, Q.; Sun, X.; Fan, R.; Wu, J. J. Comb.
Chem. 2007, 9, 690-694. (e) Ye, Y.; Ding, Q.; Wu, J.
Tetrahedron 2008, 64, 1378-1382. (f) Ding, Q.; Yu, X.; Wu,
J. Tetrahedron Lett. 2008, 49, 2752-2755. (g) Ding, Q.; Wang,
B.; Wu, I. Tetrahedron 2007, 63, 12166—-12171.

For reviews, see: (a) Montgomery, J. Angew. Chem., Int. Ed.
2004, 43, 3890-3908. (b) Negishi, E.; Coperet, C.; Ma, S.;
Liou, S. Y.; Liu, F. Chem. Rev. 1996, 96, 365-394. (¢) Tietze,
L. F. Chem. Rev. 1996, 96, 115-136. (d) Grigg, R.; Sridharan,
V. J. Organomet. Chem. 1999, 576, 65-87. (e) Miura, T.;
Murakami, M. Chem. Commun. 2007, 217-224. (f) Malacria,
M. Chem. Rev. 1996, 96, 289-306. (g) Nicolaou, K. C.;
Montagnon, T.; Snyder, S. A. Chem. Commun. 2003, 551-
564. (h) Nicolaou, K. C.; Edmonds, D. J.; Bulger, P. G.
Angew. Chem., Int. Ed. 2006, 45, 7134-7186. (i) Enders, D.;
Grondal, C.; Hiittl, M. R. M. Angew. Chem., Int. Ed. 2007,
46, 1570-1581. (j) Tietze, L. F.; Brasche, G.; Gericke, K.
Domino Reactions in Organic Synthesis; Wiley-VCH: Wein-
heim, Germany, 2006.

For recent selected examples, see: (a) Shi, F.; Li, X.; Xia, Y.;
Zhang, L.; Yu, Z.-X. J. Am. Chem. Soc. 2007, 129, 15503—
15512. (b) Youn, S. W.; Song, J.-Y.; Jung, D. L. J. Org. Chem.
2008, 73, 5658-5661. (¢) Ji, K.-G.; Shu, X.-Z.; Chen, J.; Zhao,
S.-C.; Zheng, Z.-J.; Lu, L.; Liu, X.-Y.; Liang, Y.-M. Org.
Lett. 2008, 10, 3919-3922. (d) Beeler, A. B.; Su, S.; Singleton,
C. A.; Porco, 1. A., Ir. J. Am. Chem. Soc. 2007, 129, 1413—
1414. (e) Yeom, H.-S.; Lee, J.-E.; Shin, S. Angew. Chem.,
Int. Ed. 2008, 47, 7040-7043. (f) Lu, L.-Q.; Cao, Y.-J.; Liu,
X.-P.; An, J.; Yao, C.-J.; Ming, Z.-H.; Xiao, W.-J. J. Am.
Chem. Soc. 2008, 130, 6946-6948. (g) Sun, X.-L.; Tang, Y.
Acc. Chem. Soc. 2008, 41, 937-948. (h) Cho, S. H.; Chang,
S. Angew. Chem., Int. Ed. 2008, 47, 2836-2839. (i) Cho, S. H.;
Chang, S. Angew. Chem., Int. Ed. 2007, 46, 1897-1900. (j)
Yoo, E. J.; Park, S. H.; Chang, S. Org. Lett. 2009, 11, 1155-
1158.

(a) Obika, S.; Kono, H.; Yasui, Y.; Yanada, R.; Takemoto,
Y. J. Org. Chem. 2007, 72, 4462-4468, and references cited
therein. (b) Asao, N.; Yudha, S. S.; Nogami, T.; Yamamoto,
Y. Angew. Chem., Int. Ed. 2005, 44, 5526-5528. (c¢) Yanada,
R.; Obika, S.; Kono, H.; Takemoto, Y. Angew. Chem., Int.
Ed. 2006, 45, 3822-3825. (d) Asao, N.; Iso, K.; Yudha, S.,
S. Org. Lett. 2006, 8, 4149-4151. (e) Mori, S.; Uerdingen,
M.; Krause, N.; Morokuma, K. Angew. Chem., Int. Ed. 2005,

(©))

(10)

an

Yu and Wu

44, 4715-4719. (f) Asao, N.; Chan, C. S.; Takahashi, K.;
Yamamoto, Y. Tetrahedron 2005, 61, 11322-11326. (g)
Ohtaka, M.; Nakamura, H.; Yamamoto, Y. Tetrahedron Lett.
2004, 45, 7339-7341. (h) Witulski, B.; Alayrac, C.; Tevzadze-
Saeftel, L. Angew. Chem., Int. Ed. 2003, 42, 4257-4260. (i)
Yavari, I.; Ghazanfarpour-Darjani, M.; Sabbaghan, M.; Hos-
saini, Z. Tetrahedron Lett. 2007, 48, 3749-3751. (j) Shaabani,
A.; Soleimani, E.; Khavasi, H. R. Tetrahedron Lett. 2007, 48,
4743-4747. (k) Wang, G.-W.; Li, J.-X. Org. Biomol. Chem.
2006, 4, 4063-4064. (1) Diaz, J. L.; Miguel, M.; Lavilla, R.
J. Org. Chem. 2004, 69, 3550-3553.

For more selected examples, see: (a) Beeler, A. B.; Su, S.;
Singleton, C. A.; Porco, J. A., Jr. J. Am. Chem. Soc. 2007,
129, 1413-1419, and references cited therein. (b) Asao, N.
Synlett 2006, 1645-1656. (c) Nakamura, I.; Mizushima, Y.;
Gridnev, 1. D.; Yamamoto, Y. J. Am. Chem. Soc. 2005, 127,
9844-9847. (d) Kim, N.; Kim, Y.; Park, W.; Sung, D.; Gupta,
A.-K.; Oh, C.-H. Org. Lett. 2005, 7, 5289-5291. (e) Sato,
K.; Asao, N.; Yamamoto, Y. J. Org. Chem. 2005, 70, 8977—
8981. (f) Asao, N.; Sato, K.; Menggenbateer; Yamamoto, Y.
J. Org. Chem. 2005, 70, 3682-3685. (g) Kusama, H.; Funami,
H.; Takaya, J.; Iwasawa, N. Org. Lett. 2004, 6, 605-608. (h)
Asao, N.; Aikawa, H.; Yamamoto, Y. J. Am. Chem. Soc. 2004,
126, 7458-7459. (i) Asao, N.; Salprima, Y. S.; Nogami, T.;
Yamamoto, Y. Heterocycles 2008, 76, 471-483. (j) Yadav,
J. S.; Reddy, B. V. S.; Yadav, N. N.; Gupta, M. K.
Tetrahedron Lett. 2008, 49, 2815-2819.

(a) Huang, Q.; Larock, R. C. J. Org. Chem. 2003, 68, 980—
988. (b) Dai, G.; Larock, R. C. J. Org. Chem. 2003, 68, 920-
928. (¢) Dai, G.; Larock, R. C. J. Org. Chem. 2002, 67, 7042—
7047. (d) Huang, Q.; Hunter, J. A.; Larock, R. C. J. Org.
Chem. 2002, 67, 3437-3444. (e) Roesch, K. R.; Larock, R. C.
J. Org. Chem. 2002, 67, 86-94. (f) Roesch, K. R.; Zhang,
H.; Larock, R. C. J. Org. Chem. 2001, 66, 8042-8051. (g)
Roesch, K. R.; Larock, R. C. Org. Lett. 1999, 1, 553-556.
(h) Dai, G.; Larock, R. C. Org. Lett. 2001, 3, 4035-4038.

For recent selected examples: (a) Enders, D.; Narine, A.;
Toulgoat, F.; Bisschops, T. Angew. Chem., Int. Ed. 2008, 47,
5661-5665. (b) Lin, H.; Sun, X.-W. Tetrahedron Lett. 2008,
49, 5343-5346. (c) Alonso, L.; Esquivias, J.; Gomez-Arrayas,
R.; Carretero, J. C. J. Org. Chem. 2008, 73, 6400-6401. (d)
Martinez, R.; Espinosa, A.; Tarraga, A.; Molina, P. Tetrahe-
dron 2008, 64, 2184-2191. (e) Podder, S.; Choudhury, J.; Roy,
U. K.; Roy, S. J. Org. Chem. 2007, 72, 3100-3103. (f)
Hagiwara, H.; Sekifuji, M.; Hoshi, T.; Qiao, K.; Yokoyama,
C. Synlett 2007, 1320-1322. (g) Nair, V.; Vidya, N.; Abhilash,
K. G. Synthesis 2006, 3647-3653. (h) Biaggi, C.; Benaglia,
M.; Raimondi, L.; Cozzi, F. Tetrahedron 2006, 62, 12375—
12379. (i) Shirakawa, S.; Kobayashi, S. Org. Lett. 2006, 8,
4939-4942. (j) Li, H.; Wang, Y.-Q.; Deng, L. Org. Lett. 2006,
8, 4063-4065. (k) He, X.; Hu, S.; Liu, K.; Guo, Y.; Xu, J.;
Shao, S. Org. Lett. 2006, 8, 333-336. (1) Esquivias, J.; Arrayas,
R. G.; Carretero, J. C. Angew. Chem., Int. Ed. 2006, 45,
629-633.

CC9001263



