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ABSTRACT

Copper(I)-catalyzed dearomative arylation and vinylation of 2-substituted tryptophols were realized with a subsequent cyclization reaction. The
cascade dearomatization sequence provided versatile furoindoline derivatives with two quaternary carbon centers in good to excellent yields.

Furoindolines are frequently existing structural frag-
ments innatural products (Figure 1).However, substituted
furoindolines with a quaternary carbon center at the C-3
position represent a synthetic challenge and still mainly
rely onFischer indole synthesis.1We recently developed an
efficient cascade dearomatization protocol of N-substi-
tuted tryptophols to synthesize functionalized furoindo-
lines via a Lewis acid catalyzed Michael addition reaction
and a subsequent iminium ion trapping step.2 Compared

with the fully developed synthesis of pyrrolidinoindolines
with a quaternary carbon center at the C-3 position utiliz-
ing various cascade dearomatization sequences,3 the ap-
plicationof cascade dearomatizationof tryptophols for the
construction of furoindoline derivatives4 still needs further
exploration.3d,5

Transition-metal-catalyzed direct arylation of aromatic
ringswithdiarylidoniumsalts havemade significant progress.6

Figure 1. Representative furoindoline natural products.

(1) (a) ElAzab, A. S.; Taniguchi, T.; Ogasawara, K. Org. Lett. 2000,
2, 2757. (b) Schammel, A.W.; Boal, B.W.; Zu, L.; Mesganaw, T.; Garg,
N. K. Tetrahedron 2010, 66, 4687. (c) Zu, L.; Boal, B. W.; Garg, N. K.
J. Am. Chem. Soc. 2011, 133, 8877.

(2) For a cascade dearomatization ofN-substituted tryptophols via a
Lewis acid catalyzed Michael reaction, see: Liu, C.; Zhang, W.; Dai
L.-X.; You, S.-L. Org. Biomol. Chem. 201210.1039/C2OB26139A.

(3) For selected dearomatization reaction of indoles: (a) L�evy, J.; Sapi, J.;
Laronze, J.-Y.; Royer, D.; Toupet, L. Synlett 1992, 601.(b) Schkeryantz,
J. M.;Woo, J. C. G.; Siliphaivanh, P.; Depew, K.M.; Danishefsky, S. J.
J. Am. Chem. Soc. 1999, 121, 11964. (c) Austin, J. F.; Kim, S.-G.; Sinz,
C. J.; Xiao, W.-J.; MacMillan, D. W. C. Proc. Natl. Acad. Sci. U.S.A.
2004, 101, 5482. (d) Trost, B. M.; Quancard, J. J. Am. Chem. Soc. 2006,
128, 6314. (e) Repka, L. M.; Ni, J.; Reisman, S. E. J. Am. Chem. Soc.
2010, 132, 14418. (f) Jones, S. B.; Simmons, B.; MacMillan, D. W. C.
J. Am. Chem. Soc. 2009, 131, 13606. (g) Knowles, R. R.; Carpenter, J.;
Blakey, S. B.; Kayano, A.; Mangion, I. K.; Sinz, C. J.; MacMillan,
D. W. C. Chem. Sci. 2011, 2, 308.

(4) (a)Kim, S.-G.Bull. KoreanChem. Soc. 2009, 30, 2519. (b) Liu, Y.;
Xu, W.; Wang, X. Org. Lett. 2010, 12, 1448. (c) Cera, G.; Crispino, P.;
Monari, M.; Bandini, M. Chem. Commun. 2011, 47, 7803. (d) Noey,
E. L.;Wang, X.; Houk, K.N. J. Org. Chem. 2011, 76, 3477. (e) Cera, G.;
Chiarucci, M.; Mazzanti, A.; Mancinelli, M.; Bandini, M. Org. Lett.
2012, 14, 1350. (f) Fan, F.; Xie, W.; Ma, D. Org. Lett. 2012, 14, 1405.

(5) For selected cascade dearomatization reaction of tryptophols: (a)
Sunazuka, T.; Hirose, T.; Shirahata, T.; Harigaya, Y.; Hayashi, M.;
Komiyama, K.; Omura, S.; Smith, A. B., III. J. Am. Chem. Soc. 2000,
122, 2122. (b) Sunazuka, T.; Yoshida, K.; Kojima, N.; Shirahata, T.;
Hirose, T.; Handa, M.; Yamamoto, D.; Harigaya, Y.; Kuwajima, I.;
Omura, S.Tetrahedron Lett. 2005, 46, 1459. (c) Lozano, O.; Blessley, G.;
Martinez del Campo, T.; Thompson,A. L.;Giuffredi, G. T.; Bettati,M.;
Walker, M.; Borman, R.; Gouverneur, V. Angew. Chem., Int. Ed. 2011,
50, 8105.



4526 Org. Lett., Vol. 14, No. 17, 2012

In 2008, Gaunt et al. reported a copper-catalyzed aryla-
tion of indoles with a favorable C-3 selectivity.6c Inspired
by this pioneering work, we envisioned that a copper-
catalyzed cascade dearomatization reaction of 2-substi-
tuted tryptophols including the direct arylation at the
indoleC-3 position and a subsequent iminium ion trapping
would afford the furoindoline derivatives with two qua-
ternary carbon centers (Scheme 1). Herein, we report the
preliminary results on such a copper-catalyzed dearoma-
tization reaction of 2-substituted tryptophols affording
furoindoline derivatives.7,8

We began our exploration by testing model substrate 1a
with diphenylidonium salt (2a) under the catalysis of
various copper sources. To our great delight, the reaction
proceeded smoothly in dichloromethane at room tempera-
ture to afford the desired dearomative product 3a in
satisfactory yields (entries 1�6, Table 1). Among these
tested copper sources, (CuOTf)2 3PhMe performed best
(94% yield, entry 4, Table 1). To further explore this
cascade sequence, several frequently used Lewis acids were
also examined. However, none of them could catalyze this
reaction efficiently (entries 7�11, Table 1).
With (CuOTf)2 3PhMe as the catalyst, the catalyst load-

ingwas then examined.With 2.5 or 1mol%of the catalyst,
the reaction could also proceed smoothly but with a
prolonged reaction time (entries 12�13, Table 1). With
5 mol% of (CuOTf)2 3PhMe, the reaction conditions were
further optimized. Various solvents (CHCl3, DCE, tol-
uene, Et2O, THF, and CH3CN) were tested, and all led
to the formation of the desired product 3a except for
CH3CN (entries 14�19, Table 1). The reaction in CH2Cl2
gave the best yield (entry 4, Table 1). The syn stereochemistry
of product 3a was established by an X-ray crystallographic
analysis (see the Supporting Information for details).
Under the optimized reaction conditions (5 mol % of

(CuOTf)2 3PhMe in CH2Cl2, rt), the scope of the reaction
was explored. The results are summarized in Scheme 2.
First, the substituent at the C-2 position of tryptophol was
tested.9 The phenyl group could be tolerated, and 3b was
obtained in 87% yield after refluxing for 48 h. Second,

Scheme 1. Proposed Cascade Dearomatization of 2-Substituted
Tryptophols via Copper-Catalyzed Arylation Reaction with
Diarylidonium Salts

Table 1. Evaluation of Catalysts and Reaction Conditions

entrya catalyst solvent

time

(h)

yield

(%)b

1 Cu(OTf)2 CH2Cl2 1 91

2 Cu(OAc)2 CH2Cl2 1 82

3 Cu(ClO4)2 3 6H2O CH2Cl2 28 80

4c (CuOTf)2 3PhMe CH2Cl2 1 94

5 CuPF6(CH3CN)4 CH2Cl2 20 90

6 CuCl CH2Cl2 18 75

7 Sc(OTf)3 CH2Cl2 48 <5

8 Zn(OTf)2 CH2Cl2 48 N.R.

9 Sn(OTf)3 CH2Cl2 48 <5

10 Bi(OTf)3 CH2Cl2 48 N.R.

11 Pd(OAc)2 CH2Cl2 48 <5

12d (CuOTf)2 3PhMe CH2Cl2 12 90

13e (CuOTf)2 3PhMe CH2Cl2 12 84

14c (CuOTf)2 3PhMe Et2O 24 80

15c (CuOTf)2 3PhMe THF 24 63

16c (CuOTf)2 3PhMe toluene 48 71

17c (CuOTf)2 3PhMe DCE 3 86

18c (CuOTf)2 3PhMe CHCl3 3 73

19c (CuOTf)2 3PhMe CH3CN 48 N.R.

aReaction conditions: 1a (0.3 mmol), 2a (0.36 mmol), catalyst (0.03
mmol) in solvent (3 mL) at rt. b Isolated yield. c 5 mol % of (CuOTf)2 3
PhMe was used. d 2.5 mol % of (CuOTf)2 3PhMe was used.
e 1 mol % of (CuOTf)2 3PhMe was used.
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2-methyl tryptophols with various substituents on the
indole core all reacted with diphenylidonium salt (2a)
smoothly. The substrates bearing either an electron-donating
group (5-Me, 5-MeO) or an electron-withdrawing group
(5-Cl, 5-Br, 5-F) were found suitable to afford dearomative
products in 80�95% yield (3c to 3g, Scheme 2). Further
exploration of the substrate scope involved various diaryli-
donium salts. Diarylidonium salts having either an electron-
donating group (2-Me, 3-Me, 4-Me) or an electron-

withdrawing group (4-Cl, 4-Br, 4-F, 3-Br, 3-CF3) could
be employed. In most cases, good to excellent yields were
achieved (81�95%, 3h to 3k, and 3n). However, 3l (3-Br),
3m (3-CF3), and 3o (2-Me) were obtained in only moder-
ate yields, due to either the strong meta-electron-with-
drawing groups or the steric hindrance.
Finally, to further broaden the substrate scope, vinyla-

tion of 2-methyl tryptophol (1a) was also explored. The
results are summarized in Scheme 3. To our great delight,
various vinylphenylidonium salts10 were good partners for
this cascade sequence (3p to 3s, Scheme 3). In general, the
vinylphenylidonium salts display higher reactivity com-
pared to the diarylidonium salts. The reactions with vinyl-
phenylidonium salts proceed to completion in 2 h at room
temperature.
In summary, we have developed an efficient method to

provide functionalized furoindolines via Cu(I)-catalyzed
arylation or vinylation of 2-substituted tryptophols and
the subsequent cyclization reaction. This cascade dearo-
matization sequence of tryptophols provided versatile
furoindoline derivatives with two quaternary carbon cen-
ters in excellent yields under mild conditions. Further
development of an enantioselective version of this reaction
is currently underway in our laboratory.
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