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Chiral Phosphoric Acid—Catalyzed Asymmetric Cascade Reaction of C(3)
Substituted Indoles and Methy! Vinyl Ketone

Duan, Dehe*” Yin, Qin“ Wang, Shouguo* Gu, Qing” You, Shuli***
(“ State Key Laboratory of Organometallic Chemistry, Shanghai Institute of Organic Chemistry,
Chinese Academy of Sciences, Shanghai 200032)
(® Pharmaron (Xi’an) Co. Ltd. Xi’an, 710018)
(“ Collaborative Innovation Center of Chemical Science and Engineering (Tianjin), Tianjin 300072)

Abstract Fused indolines bearing a chiral quaternary carbon center at the C(3) position represent very important moieties
widely existed in natural products and biologically active compounds. Various approaches to access these important scaffolds
have been developed. Among them, asymmetric dearomatization\cyclization cascade reaction is the most concise and effec-
tive method by using indole derivatives as starting material. However, the documented reports mainly employed tryptamine
or tryptophol derivatives, providing indoline products, such as pyrroloindolines or furoindolines. Therefore, the development
of other type of indole derivatives allowing structural diversity is highly desirable. In this paper, an efficient asymmetric Mi-
chael addition\cyclization cascade reaction of indole derivatives with methyl vinyl ketone (MVK) was developed. After
screening various phosphoric acids in the reaction of indole derivative (1a) with MVK, this cascade reaction delivered the
dearomative product (2a) in 77% yield and 95% enantiomeric excess in the presence of (R)-SPINOL-derived chiral phospho-
ric acid (R)-4¢ with 5 A molecular sieves as additive in CHCl; at room temperature. Under the optimized reaction conditions,
a wide range of substituted indole derivatives bearing both electron-donating and electron-withdrawing groups have been
tested. In all cases, the cascade dearomatization reaction proceeded smoothly to afford their corresponding in-
dolo[2,3-b]quinoline products in moderate to good yields and excellent enantioselectivity. The absolute configuration of the
products was then determined as (5aR,10bR) by an X-ray crystallographic analysis of a single crystal of enantiopure 2m.
Moreover, this catalytic system was also feasible in a gram-scale reaction without erosion of enantiomeric excess. 1.25 g of
product 2a can be prepared under the identical conditions in 91% yield and 93% ee.

Keywords chiral phosphoric acid; asymmetric dearomatization; indole; cascade reaction
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Table 1 Screening of the catalysts

o)

O N HN\ + \)k CPA (5 mol%)

H Ts DCM,r.t.
1a
Ar
L, .
0~ “OH ~OH
OO Ar
(S)-3
Entry* CPA Ar Time/h  Yield/%  ee/%
3a 2,4,6-(i-Pr);-CsH, 72 55 77
2 3b SiPh; 72 43 76
3 3¢ 1-Naphthyl 17 91 65
4 3d 3,5-(CF;),-CsH; 12 94 46
5 3e 9-Phenanthryl 12 84 76
6 3f 2-Naphthyl 12 89 45
7 3g 9-Anthryl 27 96 84
8 4a 3,5-(CF5),-C¢H3 18 89 87
9 4b 2-Naphthyl 27 97 80
10 4c 9-Phenanthryl 27 88 89

© 2014 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

¢ 2 N 44F: 1a (0.1 mmol), MVK (0.3 mmol), (R)-4¢ (5 mol%), 5 A 4317
(50 mg), 5P BRI SRR RN, P 4 B, © o (i I .

P2 Rk, IATCAR)-4e My sAEMEAb T, 5T H#7)
XTI RN 5 2R g A PR s R Cn — &R e, 1,2-
TR K, A5, WUEAEKR, TR, 0 TR L) #
AL S ARBFHIHEAT, SRAF 72%~96% W% 89%~
94% ee (KX WL FEE(R 2, Entries 1~7). Hrh&AIZ
Tk IRAS T o e R0 WOk R R4, 2300 93% ee FI
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Table 2 Optimization of the reaction conditions
O 0
\ + \jl (R)-4c (5 mol%) N
O HN\ X solvent, additive N \
N Ts r.t Ts
H
1a \\>\
o
2a
Entry*  Solvent Additive Time/h  Yield/%  ee/% Entry” 1,R, R’ Yield”/% of 2 ee/%
1 DCM — 27 88 89 1 1a,H, H 2a,77 95
2 DCE — 36 96 90 2 1b, 4-Me, H 2b, 41 86
3 CHCl; — 36 72 93 3 1c, 5-Me, H 2¢,77 92
4 ccl, — 17 95 89 2d, 37 98
5 Toluene — 12 94 91
6 p-Xylene — 17 73 92
7 Et,0 — 96 83 94 . 14, 7-Me. H
8 CHCl, 5 A 4o 48 77 95 98
9 Et,O 5 A 4y 120 86 95
@ [ % 444 1a (0.1 mmol), MVK (0.3 mmol), (R)-4¢ (5 mol%), 5 A 43 1fiii
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SL(F 3). HAEIRAIFEL T WINE b AR TR N A 6 IL6MOH 235 %
SO, VIR Lok g T EURIE, R, A, ! g, >-F.H 2,83 i
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“ 2% 4 1a (0.1 mmol), MVK (0.3 mmol), (R)-4¢ (5 mol%), 5 A 7> T
(50 mg), VAT, 65T RN P 4 BEBCR: © WO il
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