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a b s t r a c t

An efficient enantioselective Michael addition of 2-naphthols to alkylideneindolenines generated in situ
from arenesulfonylalkylindoles has been described. The protocol provides an efficient and convenient
access to C-3 alkyl-substituted indole derivatives containing phenolic hydroxyl groups with high yields
(up to 96%) and enantioselectivities (up to 98% ee) under mild conditions.

� 2013 Elsevier Ltd. All rights reserved.
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The indole framework represents a privileged structure motif
frequently found in pharmaceuticals, agrochemicals, and natural
products.1 Among various indole derivatives, optically active
3-substituted indole skeletons which contain phenolic hydroxyl
groups in the substituents are important subunits in many synthetic
and naturally occurring biologically active compounds.2 However,
efficient methods for their asymmetric synthesis are rare (Scheme
1).2e,3 In 2010, Sigman and co-workers, developed the formation
of 3-substituted indoles by a palladium-catalyzed enantioselective
alkene difunctionalization reaction (Scheme 1a).2e Subsequently,
Bach and co-workers, reported the construction of 3-substituted in-
dole scaffolds through the enantioselective Friedel–Crafts reaction
of indoles with secondary ortho-hydroxybenzylic alcohols in the
presence of chiral phosphoric acids (Scheme 1b).3 Inspired by
Petrini group’s innovative solution to indole skeletons,4 herein we
wish to describe a facile and efficient enantioselective strategy for
accessing chiral 3-substituted indole derivatives including phenolic
hydroxyl groups in the substituents by Michael addition of 2-naph-
thols to alkylideneindolenines, generated in situ from arene-
sulfonylalkylindoles 1 (Scheme 1c),5–7 in the presence of chiral
organocatalysts.8

At the outset of our study, arenesulfonylalkylindole 1a and 2-
naphthol 2a were chosen as model substrates for surveying the
reaction parameters, and the results are summarized in Table 1.
Cinchona alkaloid-derived thiourea catalysts 3a–d gave good
ll rights reserved.

.

yields and ee values (Table 1, entries 1–4).9 Compared with other
three catalysts, quinidine-derived catalyst 3b provided slightly
superior result (Table 1, entry 2).10 A further study showed that
diaminocyclohexane-derived Takemoto catalyst 3e did not provide
better result (Table 1, entry 5).11 When (DHQ)2PHAL 3f was used,
almost racemic product was obtained (Table 1, entry 6). It perhaps
1 alkylideneindolenine intermediates

Scheme 1. Methods for the asymmetric synthesis of 3-substituted indole deriva-
tives containing phenolic hydroxyl groups in the substituents.
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Table 2
Asymmetric Michael addition of 2-naphthols 2 to arenesulfonylalkylindoles 1a

N
H

R

R1
SO2Tol

+
OH 3b (10 mol%)

K3PO4, Toluene
30 oC, 24h

1 2

N
H

R

R1
HO

H

4

R2

R2

Entry 1 R R1 2 R2 4 Yieldb (%) eec (%)

1 1a Ph Ph 2a H 4a 90 89
2 1b Ph 4-F-Ph 2a H 4b 95 77
3 1c Ph 4-Br-Ph 2a H 4c 73 80
4 1d Ph 3-F-Ph 2a H 4d 93 84
5 1e Ph 3-Cl-Ph 2a H 4e 86 84
6 1f Ph 3-Me-Ph 2a H 4f 90 80
7 1g Ph 3-OMe-Ph 2a H 4g 88 82
8 1h Ph tBu 2a H 4h 72 0
9 1i H Ph 2a H 4i 96 26
10 1a Ph Ph 2b 7-OMe 4j 94 97
11 1c Ph 4-Br-Ph 2b 7-OMe 4k 80 81
12 1d Ph 3-F-Ph 2b 7-OMe 4l 92 89
13 1e Ph 3-Cl-Ph 2b 7-OMe 4m 82 88
14 1g Ph 3-OMe-Ph 2b 7-OMe 4n 81 88
15 1j Ph 4-Cl-Ph 2b 7-OMe 4o 90 81
16 1k Ph iBu 2b 7-OMe 4p 64 13
17 1a Ph Ph 2c 7-Br 4q 95 98
18 1c Ph 4-Br-Ph 2c 7-Br 4r 67 73
19 1d Ph 3-F-Ph 2c 7-Br 4s 92 84
20 1e Ph 3-Cl-Ph 2c 7-Br 4t 74 80
21 1g Ph 3-OMe-Ph 2c 7-Br 4u 85 84
22 1j Ph 4-Cl-Ph 2c 7-Br 4v 80 73
23 1l Ph 3,4-diCl-Ph 2c 7-Br 4w 88 81
24 1m Ph 2-Pyridyl 2c 7-Br 4x 91 95
25 1a Ph Ph 2d 6-Br 4y 85 65

a Unless otherwise noted, all reactions were carried out with 1 (0.1 mmol), 2
(0.1 mmol), 3b (0.01 mmol), and K3PO4 (0.3 mmol) in toluene (1.0 mL) at 30 �C for
24 h.

b Isolated yield.
c Determined by HPLC analysis.

Table 1
Optimization of reaction conditionsa
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Entry Cat Base Solvent Yieldb (%) eec (%)

1 3a K3PO4 Toluene 87 �84
2 3b K3PO4 Toluene 90 89
3 3c K3PO4 Toluene 87 74
4 3d K3PO4 Toluene 84 �84
5 3e K3PO4 Toluene 89 77
6 3f K3PO4 Toluene 78 �5
7 3b KF/Al2O3 Toluene 93 83
8 3b NaOH Toluene 90 77
9 3b KOH Toluene 94 77
10 3b K2CO3 Toluene 87 79
11 3b Cs2CO3 Toluene 90 67
12 3b K3PO4 Benzene 92 85
13 3b K3PO4 Xylene 70 84
14 3b K3PO4

tBu-benzene 89 89
15 3b K3PO4 Ethylbenzene 92 84
16 3b K3PO4 Mesitylene 88 86
17 3b K3PO4 DCM 84 73
18 3b K3PO4 o-Dichlorobenzene 82 73

a Unless otherwise noted, all reactions were carried out with 1a (0.1 mmol), 2a
(0.1 mmol), catalyst 3 (0.01 mmol), and base (0.3 mmol) in solvent (1.0 mL) at 30 �C
for 24 h.

b Isolated yield.
c Determined by HPLC analysis.
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implies the importance of the N–H of thiourea for the control of the
enantioselectivity of the reaction. To improve the enantioselectiv-
ity of the reaction, further optimization of the reaction conditions,
including bases and solvents, was carried out. However, to our dis-
appointment, no better enantioselectivities were observed (Table
1, entries 7–18).

With the optimized reaction conditions in hand, we then
screened a series of arenesulfonylalkylindoles 1 and 2-naphthols
2 to establish the general utility of this asymmetric transformation.
As listed in Table 2, both electron-withdrawing and electron-
donating substituents on the aryl ring of R1 groups could be well
tolerated (Table 2, entries 2–7, 11–15, and 18–23). The positions
of substituents on the phenyl ring of R1 groups seem to show
important influence on the enantioselectivity of the reaction. A
meta substituent seemed to be more beneficial than para substitu-
ent. For example, 3-F-substituted 1d gave 84% ee, whereas 77% ee
was obtained in the case of 4-F-substituted 1b (Table 2, entries 2 vs
4). Similar phenomena were also observed in the reactions of 1e
compared with 1j (Table 2, entries 13 vs 15 and 20 vs 22). Hetero-
cycle-substituted arenesulfonylalkylindole was also a suitable sub-
strate. For example, 2-pyridyl substituted 1m gave 91% yield and
95% ee (Table 2, entry 24). Unfortunately, when alkyl substituted
1h and 1k were employed, only racemate and 13% ee were ob-
tained, respectively (Table 2, entries 8 and 16). It is noteworthy
that the substituent R at the 2-position of the indole ring has a sig-
nificant influence on the enantioselectivity of the reaction. When
1a was treated with 2a, 89% ee could be obtained (Table 2, entry
1), whereas only 26% ee was observed when 1i was used (Table
2, entry 9). Finally, the survey of several 2-naphthols reveals that
the position of R2 substituent plays an important role in the enanti-
oselectivity of the reaction. When 2c was reacted with 1a, up to
98% ee was obtained; however, only 65% ee could be observed
when 2d was employed (Table 2, entries 17 vs 25).

The absolute configuration of stereocenter of the Michael addi-
tion product 4j was unambiguously assigned as R by X-ray diffrac-
tion analysis ( Fig. 1).12 The absolute configurations of other
products were assigned by analogy.

Based on these experimental results, a plausible bifunctional
transition state was proposed. The tertiary amine of the catalyst
interacts with hydrogen atom of phenolic hydroxyl group through
hydrogen bonding. Meanwhile, the thiourea moiety of the catalyst
serves as a Brønsted acid to activate the prochiral E-alkylidenein-
dolenine intermediate by double hydrogen bonds,7d as shown in
Scheme 2.

In summary, we have developed the first enantioselective
Michael addition reaction of 2-naphthols to alkylideneindolenine
intermediates generated in situ from arenesulfonylalkylindoles un-
der chiral thiourea catalysts. A series of optically active C-3 alkyl-
substituted indole derivatives containing phenolic hydroxyl groups
have been obtained. The organocatalytic protocol provides a more



Figure 1. X-ray crystal structure of adduct 4j. H atoms, except H1-N, H1-O ,and H-12, have been omitted for clarity.
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Scheme 2. Proposed transition state.
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efficient and convenient access to valuable chiral 3-indolyl deriva-
tives containing phenolic hydroxyl groups in high yields and
enantioselectivities. A plausible bifunctional transition state has
been proposed. Further investigations to broaden the scope of this
type of transformation and find evidence for the mechanism are
currently underway.

Acknowledgments

We are grateful for the financial support from the National
Natural Science Foundation of China (21102117), the Education
Department of Sichuan Province (10ZA026), Chemical Synthesis
and Pollution Control Key Laboratory of Sichuan Province
(11CSPC-1-1), Bureau of Science & Technology and Intellectual
Property Nanchong City (12A0036), and China West Normal
University (10B005).

Supplementary data

Supplementary data (experimental procedures and character-
isation data) associated with this article can be found, in the online
version, at http://dx.doi.org/10.1016/j.tetlet.2013.05.011.
References and notes

1. (a) Sundberg, R. J. The Chemistry of Indoles; Academic: New York, 1996; (b) Atta-
ur-Rahman Basha, A. Indole Alkaloids; Harwood Academic: Chichester, UK,
1998; (c) Somei, M.; Yamada, F. Nat. Prod. Rep. 2005, 22, 73–103; (d) Higuchi,
K.; Kawasaki, T. Nat. Prod. Rep. 2007, 24, 843–868; (e) Ishikura, M.; Yamada, K.
Nat. Prod. Rep. 2009, 26, 803–852; (f) Ishikura, M.; Yamada, K.; Abe, T. Nat. Prod.
Rep. 2010, 27, 1630–1680.

2. (a) Deng, J.; Sanchez, T.; Neamati, N.; Briggs, J. M. J. Med. Chem. 2006, 49, 1684–
1692; (b) Gupta, L.; Talwar, A.; Chauhan, P. M. S. Curr. Med. Chem. 2007, 14,
1789–1803; (c) Manera, C.; Tuccinardi, T.; Martinelli, A. Mini-Rev. Med. Chem.
2008, 8, 370–387; (d) Steffan, N.; Grundmann, A.; Yin, W.-B.; Kremer, A.; Li, S.-
M. Curr. Med. Chem. 2009, 16, 218–231; (e) Pathak, T. P.; Gligorich, K. M.; Welm,
B. E.; Sigman, M. S. J. Am. Chem. Soc. 2010, 132, 7870–7871; (f) Reddy, B. V. S.;
Reddy, M. R.; Madan, C.; Kumar, K. P.; Rao, M. S. Bioorg. Med. Chem. Lett. 2010,
20, 7507–7511; (g) Rives, A.; Le Calvé, B.; Delaine, T.; Legentil, L.; Kiss, R.;
Delfourne, E. Eur. J. Med. Chem. 2010, 45, 343–351; (h) Takahashi, Y.; Kubota, T.;
Shibazaki, A.; Gonoi, T.; Fromont, J.; Kobayashi, J. Org. Lett. 2011, 13, 3016–
3019.

3. Wilcke, D.; Herdtweck, E.; Bach, T. Synlett 2011, 1235–1238.
4. Ballini, R.; Palmieri, A.; Petrini, M.; Torregiani, E. Org. Lett. 2006, 8, 4093–4096.
5. For reviews, see: (a) Palmieri, A.; Petrini, M.; Shaikh, R. R. Org. Biomol. Chem.

2010, 8, 1259–1270; (b) Martinelli, F.; Palmieri, A.; Petrini, M. Phosphorus Sulfur
2011, 186, 1032–1045.

6. For non-asymmetric examples, see: (a) Palmieri, A.; Petrini, M. J. Org. Chem.
2007, 72, 1863–1866; (b) Palmieri, A.; Petrini, M.; Torregiani, E. Tetrahedron
Lett. 2007, 48, 5653–5656; (c) Ballini, R.; Palmieri, A.; Petrini, M.; Shaikh, R. R.
Adv. Synth. Catal. 2008, 350, 129–134; (d) Palmieri, A.; Petrini, M.; Shaikh, R. R.
Synlett 2008, 1845–1851; (e) Petrini, R. R. Shaikh Tetrahedron Lett. 2008, 49,
5645–5648; (f) Petrini, M.; Shaikh, R. R. Synthesis 2009, 3143–3149; (g) Ballini,
R.; Gabrielli, S.; Palmieri, A.; Petrini, M. Adv. Synth. Catal. 2010, 352, 2459–2462;
(h) Dubey, R.; Olenyuk, B. Tetrahedron Lett. 2010, 51, 609–612; (i) Marsili, L.;
Palmieri, A.; Petrini, M. Org. Biomol. Chem. 2010, 8, 706–712; (j) Cao, L.-L.; Li, X.-
N.; Meng, F.-Y.; Jiang, G.-F. Tetrahedron Lett. 2012, 53, 3873–3875; (k) Palmieri,
A.; Petrini, M. Org. Biomol. Chem. 2012, 10, 3486–3493.

7. For asymmetric examples, see: (a) Shaikh, R. R.; Mazzanti, A.; Petrini, M.;
Bartoli, G.; Melchiorre, P. Angew. Chem. 2008, 120, 8835–8838. Angew. Chem.,
Int. Ed. 2008, 47, 8707–8710; (b) Li, Y.; Shi, F.-Q.; He, Q.-L.; You, S.-L. Org. Lett.
2009, 11, 3182–3185; (c) Dobish, M. C.; Johnston, J. N. Org. Lett. 2010, 12, 5744–
5747; (d) Jing, L.; Wei, J.; Zhou, L.; Huang, Z.; Li, Z.; Wu, D.; Xiang, H.; Zhou, X.
Chem. Eur. J. 2010, 16, 10955–10958; (e) Zheng, B.-H.; Ding, C.-H.; Hou, X.-L.;
Dai, L.-X. Org. Lett. 2010, 12, 1688–1691; (f) Cao, L.-L.; Ye, Z.-S.; Jiang, G.-F.;
Zhou, Y.-G. Adv. Synth. Catal. 2011, 353, 3352–3356; (g) Wang, J.; Zhou, S.; Lin,
D.; Ding, X.; Jiang, H.; Liu, H. Chem. Commun. 2011, 8355–8357; (h) Fochi, M.;

http://dx.doi.org/10.1016/j.tetlet.2013.05.011
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0005
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0010
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0010
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0010
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0015
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0020
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0020
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0025
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0025
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0030
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0030
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0035
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0035
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0040
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0040
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0045
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0045
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0050
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0050
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0055
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0055
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0060
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0060
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0060
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0065
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0065
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0070
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0070
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0070
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0075
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0080
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0085
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0085
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0090
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0090
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0095
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0095
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0100
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0100
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0105
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0105
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0110
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0110
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0115
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0115
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0120
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0125
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0125
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0130
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0135
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0135
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0140
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0140
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0145
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0145
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0150
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0150
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0150
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0155
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0155
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0160
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0160
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0165
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0165
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0170
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0170
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0175
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0175
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0180
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0180
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0185


3678 L. Yu et al. / Tetrahedron Letters 54 (2013) 3675–3678
Gramigna, L.; Mazzanti, A.; Duce, S.; Fantini, S.; Palmieri, A.; Petrini, M.;
Bernardi, L. Adv. Synth. Catal. 2012, 354, 1373–1380; (i) Zhu, X.-L.; He, W.-J.; Yu,
L.-L.; Cai, C.-W.; Zuo, Z.-L.; Qin, D.-B.; Liu, Q.-Z.; Jing, L.-H. Adv. Synth. Catal.
2012, 354, 2965–2970.

8. For selected reviews and special issues, see: (a) Dalko, P. I.; Moisan, L. Angew.
Chem. 2004, 116, 5248–5286. Angew. Chem., Int. Ed. 2004, 43, 5138–5175; (b)
Berkessel, A.; Gröger, H. Asymmetric Organocatalysis; Wiley-VCH: Weinheim,
2005; (c) Hayashi, Y. J. Synth. Org. Chem. Jpn. 2005, 63, 464–477; (d) Seayad, J.;
List, B. Org. Biomol. Chem. 2005, 3, 719–724; (e) List, B.; Yang, J. W. Science 2006,
313, 1584–1586; (f) List, B. Chem. Commun. 2006, 819–824; (g) Pellissier, H.
Tetrahedron 2007, 63, 9267–9331; (h) Gaunt, M. J.; Johansson, C. C. C.; McNally,
A.; Vo, N. T. Drug Discovery Today 2007, 12, 8–27; (i) Jaroch, S.; Weinmann, H.;
Zeitler, K. ChemMedChem 2007, 2, 1261–1264; (j) Doyle, A. G.; Jacobsen, E. N.
Chem. Rev. 2007, 107, 5713–5743; (k) Dondoni, A.; Massi, A. Angew. Chem. 2008,
120, 4716–4739. Angew. Chem., Int. Ed. 2008, 47, 4638–4660; (l) MacMillan, D.
W. C. Nature 2008, 455, 304–308; (m) Melchiorre, P.; Marigo, M.; Carlone, A.;
Bartoli, G. Angew. Chem. 2008, 120, 6232–6265. Angew. Chem., Int. Ed. 2008, 47,
6138–6171; (n) Barbas, C. F., III Angew. Chem. 2008, 2008(120), 44–50. Angew.
Chem., Int. Ed. 2008, 47, 42–47; (o) Mohr, J. T.; Krout, M. R.; Stoltz, B. M. Nature
2008, 455, 323–332; (p) Bertelsen, S.; Jørgensen, K. A. Chem. Soc. Rev. 2009, 38,
2178–2189; (q) Alba, A.-N.; Companyo, X.; Viciano, M.; Rios, R. Curr. Org. Chem.
2009, 13, 1432–1474; (r) Special issues: Adv. Synth. Catal. 2004, 346, 1007–
1249; Acc. Chem. Res. 2004, 37, 487–631; Tetrahedron 2006, 62, 243–502; Chem.
Rev. 2007, 107, 5413–5883.
9. For selected recent reviews of (thio)urea-based organocatalysis, see: (a)
Schreiner, P. R. Chem. Soc. Rev. 2003, 32, 289–296; (b) Pihko, P. M. Angew.
Chem. 2004, 116, 2110–2113. Angew. Chem., Int. Ed. 2004, 43, 2062–2064; (c)
Takemoto, Y. Org. Biomol. Chem. 2005, 3, 4299–4306; (d) Akiyama, T.; Itoh, J.;
Fuchibe, K. Adv. Synth. Catal. 2006, 348, 999–1010; (e) Connon, S. J. Chem. Eur. J.
2006, 12, 5418–5427; (f) Takemoto, Y. J. Synth. Org. Chem. Jpn. 2006, 64, 1139–
1147; (g) Taylor, M. S.; Jacobsen, E. N. Angew. Chem. 2006, 118, 1550–1573.
Angew. Chem., Int. Ed. 2006, 45, 1520–1543; (h) Takemoto, Y.; Miyabe, H. Chimia
2007, 61, 269–275; (i) Doyle, A. G.; Jacobsen, E. N. Chem. Rev. 2007, 107, 5713–
5743; (j) Connon, S. J. Chem. Commun. 2008, 2499–2510; (k) Miyabe, H.;
Takemoto, Y. Bull. Chem. Soc. Jpn. 2008, 81, 785–795; (l) Connon, S. J. Synlett
2009, 354–376; (m) Zhang, Z.; Schreiner, P. R. Chem. Soc. Rev. 2009, 38, 1187–
1198; (n) Marcelli, T.; Hiemstra, H. Synthesis 2010, 1229–1279; (o) Takemoto,
Y. Chem. Pharm. Bull. 2010, 58, 593–601.

10. For the first example of using catalyst 3b to catalyze in situ generated imine,
see: Song, J.; Shih, H.-W.; Deng, L. Org. Lett. 2007, 9, 603–606.

11. For seminal examples using Takemoto catalyst 3e, see: (a) Okino, T.; Hoashi, Y.;
Takemoto, Y. J. Am. Chem. Soc. 2003, 125, 12672–12673; (b) Okino, T.;
Nakamura, S.; Furukawa, T.; Takemoto, Y. Org. Lett. 2004, 6, 625–627; (c)
Okino, T.; Hoashi, Y.; Furukawa, T.; Xu, X.; Takemoto, Y. J. Am. Chem. Soc. 2005,
127, 119–125.

12. CCDC-896164 (4j) contains the supplementary crystallographic data for this
paper. These data can be obtained free of charge from The Cambridge
Crystallographic Data Centre via www.ccdc.cam.ac.uk/data_request/cif.

http://refhub.elsevier.com/S0040-4039(13)00759-4/h0185
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0185
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0190
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0190
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0190
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0195
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0195
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0200
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0200
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0200
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0205
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0210
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0210
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0215
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0215
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0220
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0225
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0225
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0230
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0230
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0235
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0235
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0240
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0240
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0245
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0245
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0250
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0250
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0255
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0255
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0255
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0260
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0260
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0265
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0265
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0270
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0270
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0275
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0275
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0280
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0280
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0285
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0285
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0290
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0290
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0295
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0295
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0300
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0300
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0305
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0305
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0310
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0310
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0315
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0315
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0320
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0320
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0325
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0330
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0330
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0335
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0335
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0340
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0340
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0345
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0350
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0350
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0355
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0355
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0360
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0360
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0365
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0365
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0370
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0370
http://refhub.elsevier.com/S0040-4039(13)00759-4/h0370
http://www.ccdc.cam.ac.uk/data_request/cif

	Organocatalytic asymmetric Michael addition of 2-naphthols  to alkylideneindolenines generated in situ from arenesulfonylalkylindoles
	Acknowledgments
	Supplementary data
	References and notes


