ORGANIC
LETTERS

2009
Vol. 11, No. 10
2177—2180

Organocatalytic Enantioselective
Friedel—Crafts Alkylation of
4,7-Dihydroindoles with a,f-Unsaturated
Aldehydes: An Easy Access to
2-Substituted Indoles

Liang Hong,! Chunxia Liu,! Wangsheng Sun,' Lei Wang," Kwokyin Wong,* and
Rui Wang*'*

Sate Key Laboratory of Applied Organic Chemistry and Institute of Biochemistry and
Molecular Biology, Lanzhou University, Lanzhou 730000, China, and Department of
Applied Biology and Chemical Technology, The Hong Kong Polytechnic University,
Kowloon, Hong Kong

wangrui @lzu.edu.cn

Received March 5, 2009

ABSTRACT

R1
AN
m w ™S OHC, orC,
H N Ar (20 mol %) R! . R!
H Ar p-benzoquinone
" LIS Y - N
cHo EtsN (20 mol %) N R2  CH4CN,12h NOR

JI/ MTBE, 48 h

16 examples
R? Ar = 3,5-(CFj);-Ph

up to 99% ee

6 examples
up to 99% ee

An enantioselective Friedel—Crafts alkylation of 4,7-dihydroindoles and o.f-unsaturated aldehydes has been developed. The process is promoted
by diphenylprolinol ether to afford 2-substituted 4,7-dihydroindoles in high yields and enantioselectivities. After a subsequent oxidation of the

products, the optically active 2-substituted indoles could be obtained smoothly in high yields without any loss of enantioselectivity.

Indole structures are found in many natural products,
pharmaceutical agents, and material polymers.* The interest-
ing chemical properties of indoles have inspired chemists to
design and synthesize a variety of indole derivatives.?
Although many synthetic methods have been developed for
the synthesis of indoles, due to the dramatic difference in
reactivity between the 2- and 3-position of indole, most of
the successful examples are limited to the formation of
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3-substituted indoles.® In sharp contrast, the synthesis of
optically active 2-substituted indole derivatives represents a
considerable challenge and has been less studied.* Therefore,
a new simple access to 2-functionalized indoles might further
contribute to the chemistry and pharmacology of indole
compounds.

It is well-known that indoles undergo electrophilic sub-
stitution at the 3-position, whereas pyrrole derivatives give
reaction at the 2-position.® 4,7-Dihydroindoles, which can
be considered as disubstituted pyrroles, due to their easy
aromatization, are good intermediates to synthesize 2-sub-
stituted indoles (Scheme 1). Recently, Saracoglu et al. have
utilized this strategy in the racemic conjugate addition of
4,7-dihydroindole to enones followed by a p-benzoquinone
oxidation to provide the 2-substituted indoles in moderate
yields.® Following the methodology of Saracoglu, Evans et
al. and Pedro et al. have realized the asymmetric version of



Scheme 1. Strategy To Synthesize 2-Substituted Indoles
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this reaction by utilizing chiral Lewis acid catalysts, provid-
ing easy access to enantioenriched 2-substituted indole
derivatives.” More recently, an enantioselective Friedel—Crafts
alkylation® of 4,7-dihydroindoles with imines and f,y-
unsaturated o-keto esters activated by a chiral phosphoric
acid has been described by You et al.® Interesting as the
optically pure 2-substituted indole derivatives are, their
catalytic asymmetric synthesis is still rather limited. For
instance, the use of a,5-unsaturated aldehydes as electrophilic
reagents has not been reported yet, although the aldehyde
group in the products would offer facile conversions to
versatile functionalities. In this paper, we present our results
on the functionalization of the indole nucleus at the 2-position
by a highly enantioselective Friedel—Crafts reaction of 4,7-

dihydroindoles with a,3-unsaturated aldehydes catalyzed by
diphenylprolinol ether, followed by a p-benzoquinone oxida-
tion.

We initially investigated the reaction of the 4,7-dihydroin-
dole 1a with cinnamaldehyde 2a in the presence of the
readily available diphenylprolinol trimethylsilyl ether 3a (20
mol %) in toluene.’® The Friedel—Crafts alkylation pro-
ceeded smoothly to afford desired product 4a in 74% yield
and 70% ee (Table 1, entry 1). Encouraged by this, we

Table 1. Catalyst Screening and Reaction Optimization®

OHC,
m ]/cHO catalyst 3 (20 mol %) W
+ _ - -
N PhJ additive (20 mol %) N Ph
H H
solvent
1a 2a 4a

3a: Ar = Ph, R=TMS

Or 3biAr=Pn R=TES
3¢: Ar=Ph, R=TBS
” Ar 3d:Ar=Ph,R=H

Ar 3e: Ar=Ph, R=Me
3f: Ar = 3,5-(CF3),Ph, R = TMS
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entry catalyst solvent additive yield® (%) ee (%)

1 3a toluene none 74 70

2 3b toluene none <10 n.d.?

3 3c toluene none <10 n.d?

4 3d toluene none 53 31

5 3e toluene none 61 43

6 3f toluene none 74 83

7 3f toluene PhCOOH 58 56

8 3f toluene EtsN 89 88

9 3f toluene  2,6-lutidine 78 69
10 3f toluene iProEtN 81 87
11 3f toluene EtsN-HCI 80 71
12 3f THF Et;N 84 89
13 3f ether EtsN 81 91
14 3f MTBE Et;)N 87 96
15 3f DMSO Et;N <10 n.d.?
16 3f CH,Cl, Et;N 78 81
17 3f CH;CN  Et3N 73 78

& Unless otherwise specified, the reaction was carried out with 1a (0.36
mmol) and 2a (0.30 mmol) in the presence of an organocatalyst 3 (0.06
mmol), additive (0.06 mmol), and solvent (1.0 mL) for 48 h. P Isolated
yield. ¢ Determined by chiral HPLC on a Chiralpak OD-H column after
NaBH, reduction. ¢ Not determined.

surveyed the organocatalysts** 3a—f for the reaction under
the same reaction conditions (Table 1, entries 1—6). The
results showed that 3f was an effective organocatalyst for

(10) For selected leading references, see: (a) Marigo, M.; Wabnitz, T. C.;
Fielenbach, D.; Jorgensen, K. A. Angew. Chem,, Int. Ed. 2005, 44, 794.
(b) Hayashi, Y.; Gotoh, H.; Hayashi, T.; Shoji, M. Angew. Chem.,, Int. Ed.
2005, 44, 4212. (c) Marigo, M.; Franzen, J.; Poulsen, T. B.; Zhuang, W.;
Jorgensen, K. A. J. Am. Chem. Soc. 2005, 127, 6964. (d) Enders, D.; Hiittl,
M. R. M.; Grondal, C.; Raabe, G. Nature (London) 2006, 441, 861. (e)
Wang, W.; Li, H.; Wang, J.; Zu, L. J. Am. Chem. Soc. 2006, 128, 10354.
(f) Chi, Y.; Guo, L.; Kopf, N. A.; Gellman, S. H. J. Am. Chem. Soc. 2008,
130, 5608. (g) Garcia-Garcia, P.; Ladépéche, A.; Halder, R.; List, B. Angew.
Chem,, Int. Ed. 2008, 47, 4719. (h) Ibrahem, I.; Rios, R.; Vesely, J.;
Hammar, P.; Eriksson, L.; Himo, F.; Cordova, A. Angew. Chem,, Int. Ed.
2007, 46, 4507. (i) Zhu, S.; Yu, S.; Ma, D. Angew. Chem., Int. Ed. 2008,
47, 545. (j) Zu, L.; Li, H.; Xie, H.; Wang, J.; Jiang, W.; Tang, Y.; Wang,
W. Angew. Chem,, Int. Ed. 2007, 46, 3732. For reviews see: (k) Palomo,
C.; Mielgo, A. Angew. Chem,, Int. Ed. 2006, 45, 7876. (I) Erkkila, A.;
Majander, I.; Pihko, P. M. Chem. Rev. 2007, 107.

Org. Lett, Vol. 11, No. 10, 2009



the reaction in terms of the yield and enantioselectivity (Table
1, entry 6). No reaction occurred for the more sterically bulky
catalyst 3b and 3c (Table 1, entries 2 and 3). Screening
additives including acid (Table 1, entry 7), bases (Table 1,
entries 8—10), and salt (Table 1, entry 11) revealed that they
had an effect on the process, and the use of Et;N gave the
best result (Table 1, entry 8). To further optimize the process,
examination of the reaction medium led to the selection of
tert-butyl methyl ether (Table 1, entry 14).

Having established optimal reaction conditions, we ex-
plored the scope of this Friedel—Crafts alkylation. Thus, 4,7-
dihydroindoles 1 were treated with o, 5-unsaturated aldehydes
2 in the presence of 3f (20 mol %) and EtzN (20 mol %) in
MTBE at room temperature. In general, the Friedel—Crafts
alkylation products were obtained in high yields and excellent
enantioselectivities. Significant structural variation of o,f3-
unsaturated aldehydes could be tolerated (Table 2). The

Table 2. Scope of the Enantioselective Friedel—Crafts
Alkylation of 4,7-Dihydroindoles with a,3-Unsaturated
Aldehydes®

OHC

1 1
Rm . J]/CHO catalyst 3f (20 mol %) RW
N R2 Et3N (20 mol %) R2
H MTBE, 48 h

1 2 4
1a:R'=H; 1b: R'= OMe

Iz .

entry 1 2, R? product  yield® (%) ee® (%)
1 la 2a, Ph 4aa 87 96
2 la 2b, 2-MeOPh 4ab 78 98
3 la 2c¢, 2-CIPh 4ac 85 99
4 la 2d, 3-MeOPh 4ad 81 97
5 la 2e, 3-CIPh 4ae 88 98
6 la  2f, 4-MeOPh 4af 61 96
7 la 2g 4FPh dag 93 99
8 la 2h, 4-CIPh 4ah 90 99
9 la  2i, 4-BrPh 4ai 89 95
10 la  2j, 4-NO.Ph 4aj 91 96
11 la 2Kk, Me 4ak 83 92
12 la 21, Pr 4al 80 97
13 la 2m, iPr 4am 76 99
14 1b 21, Pr 4bl 73 96
15 1b 2a, Ph 4ba 82 93
16 1b  2h, 4-CIPh 4bh 86 95

2 The reaction conditions were the same as those in Table 1, entry 14.
b lsolated yield. ©For analysis of the ee values of the products, see the
Supporting Information.

electronic nature of the aromatic rings of a,3-unsaturated
aldehydes had limited influence on the stereochemical
outcome. It demonstrated that the electron-withdrawing

(11) For selected reviews of organocatalysis, see: (a) Dalko, P. I;
Moisan, L. Angew. Chem., Int. Ed. 2004, 43, 5138. (b) Special Issue on
Organocatalysis: Acc. Chem. Res. 2004, 37, Issue 8. (c) Seayad, J.; List, B.
Org. Biomol. Chem. 2005, 3, 719. (d) List, B.; Yang, J. W. Science 2006,
313, 1584. (e) List, B. Chem Commun. 2006, 819. (f) Gaunt, M. J;
Johansson, C. C. C.; McNally, A.; Vo, N. T. Drug Discovery Today 2007,
12, 8. (g) Special Issue on Organocatalysis: Chem. Rev. 2007, 107, Issue
12. (h) Dalko, P. I. Enantioselective Organocatalysis; Wiley-VCH: Wein-
heim (Germany), 2007. (i) Dondoni, A.; Massi, A. Angew. Chem,, Int. Ed.
2008, 47, 4638.
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(Table 2, entries 3, 5 and 7—10), electron-donating (Table
2, entries 2, 4 and 6), and neutral (Table 2, entry 1) systems
can participate in the reactions. In the case of less reactive
aliphatic enals, excellent enantioselectivities were obtained
(Table 2, entries 11—13). Finally, substituted 4,7-dihydroin-
dole 1b was tested, and good results were also attained (Table
2, entries 14—16).

To demonstrate the suitability of the current methodology
for the synthesis of 2-functionalized indoles, the oxidation
of 2-substituted 4,7-dihydroindoles was tested. To our
delight, in all cases, the corresponding 2-substituted indole
derivatives were obtained smoothly in good overall yields
and excellent enantioselectivities (Table 3).

Table 3. Synthesis of 2-Functionalized Indoles®

OHC

R1\©f\> ]/CHO 1) catalyst 3t/ Et,N, 48 h R’ N
+ -
” RZJ 2) p-benzoquinone, 12 h N R2

1 2 5
1a: R'=H; 1b: R'= OMe

entry 1 2, R? product  yield® (%)  ee® (%)
1 la 21, Pr 5al 76 97
2 la 2a, Ph 5aa 79 96
3 la  2h, 4-ClPh 5ah 83 99
4 1b 2L, Pr 5bl 68 96
5 1b  2a, Ph 5ba 74 93
6 1b  2h, 4-CIPh 5bh 81 95

#Reaction conditions: see the Supporting Information for details.
b 1solated yield. ©For analysis of the ee values of the products, see the
Supporting Information.

Finally, the absolute configuration of the products was
determined by X-ray analysis. Suitable crystals of compound
4ai which enabled assignment of the absolute configuration
were obtained, and a single-crystal analysis revealed the
configuration to be R (Figure 1).

Figure 1. X-ray structure of (R)-4ai.

In summary, we have developed an enantioselective
Friedel—Crafts alkylation of 4,7-dihydroindoles with a,3-
unsaturated aldehydes in high yields and excellent enanti-
oselectivies. The corresponding 4,7-dihydroindole products
could be subsequently transformed to 2-functionalized in-
doles by the oxidation of p-benzoquinone without any loss
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in the enantioselectivies. Further applications of the current
methodology are ongoing in our laboratory.
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