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Chiral Brensted Acid Catalyzed Stereoselective [3+ 3] Cycloaddition
Reaction of Azomethine Ylide to Vinylimine Intermediates:
Constructing Fully Functionalized Chiral Tetrahydro— 8 —Carboline

Huang, Jianzhou Luo, Shiwei* Gong, Liuzhu*

(Hefei National Laboratory for Physical Sciences at the Microscale and Department of Chemistry,
University of Science and Technology of China, Hefei 230026)

Abstract An asymmetric three-component formal [3-+3] cycloaddition reaction of aldehyde, diethyl 2-aminomalonate and
substituted indolyl alcohols, has been investigated with chiral BINOL-derived monophosphoric acids as catalysts. The active
azomethine ylide intermediate can be readily formed from the condensation of aldehyde and diethyl 2-aminomalonate under
the promotion of the chiral phosphoric acids and is thereby able to undergo nucleophilic addition reaction to elec-
tron-deficient carbon-carbon double bonds as reported previously in the multicomponent reactions. On the other hand, the
indolyl alcohols are able to participate in a dehydration reaction in the presence of the phosphoric acids to generate transient
vinyliminium intermediates, which are principally reactive toward nucleophiles. Thus, we envisioned that the two types of
active intermediates could undergo an asymmetric formal [3-+3] cycloaddition to stereoselectively produce functionalized
tetrahydro-f-carbolines under the catalysis of the chiral phosphoric acids. Consequently, a variety of 3,3'-disubstituted
BINOL-phosphoric acids were initially evaluated for the reaction. As a result, the 3,3'-bis(p-CIPh) BINOL-phosphoric acid
proved to perform most successfully in non-polar solvents, such as toluene. This reaction actually provides a highly straight-
forward access to functionalized tetrahydro-f-carboline derivatives. A number of substituted indolyl alcohols bearing either
electronically donating or withdrawing groups are well tolerated, affording highly functionalized tetrahydro-S-carbolines in
high yields ranging from 70% to 91% and with excellent enantioselectivities of up to 93% ee. A representative procedure for
the enantioselective formal [3+3] cycloaddition reaction is as following: After a mixture of p-nitrobenzaldehyde (0.06
mmol), diethyl 2-amino-malonate (0.05 mmol), 3 A MS (100 mg) and chiral phosphoric acid (10 mol%) in toluene (1.0 mL)
was stirred at the r.t. for 15 min, the substituted indolyl acohol (0.1 mmol) was added. After completion of the addition, the
reaction mixture was stirred for additional 12 h at the same temperature. The reaction solution was filtrated and the residue
was washed three times with ethyl acetate (5 mL X 3). The combined organic solutions were evaporated under the reduced
pressure to give corresponding crude products, which were purified by column chromatography on silica gel (eluent: light
petroleum ether : ethyl acetate, /' . =3 I 1) to give analytically pure tetrahydro-$-carboline derivatives.

Keywords chiral phosphoric acid; azomethine ylide; [3+4 3] cycloaddition; tetrahydro-f-carboline; asymmetric catalysis
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Figure 1 Representative examples of S-carboline alkaloids
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Figure 2 [3+3] cycloaddition reaction for synthesis of fully functionalized chiral THBCs
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Table 1 Optimization of conditions

o

R ) \ O CO,Et
HO 10 mol% 6 | CO,Et
+y — NH +

toluene
° N
O N 3 AMS, rt. H
N CO,Et ‘
H
1 H2N COzEt
1aR = CFy 3 NO,
1bR=H 4
4aR=CF;3
4bR=H
Ar Ar
con [T ). (I, 0
o O (N4
CO,Et \P// PLN
N ' NH o \OH “ O OH
Ho ¢ CCl
Ar Ar
6a Ar = 4-BiPh 6g Ar = 4-CICgH,
6b Ar = 4-t—BUCsH4
NO, 6c Ar = 4-NO,CgH,4
5 6d Ar = 4-CICgH,

5aR =CF; 6e Ar = 9-anthryl

5bR=H 6f Ar = 2,4,6-(i-Pr)3;CgH,

Entry 6 1 Solvent  Yield/% dr(4:5) ec/%
1 6a 1a toluene 92 >20:1 66
2 6b la toluene 69 >20:1 15
3 6¢ la toluene 90 >20:1 72
4 6d 1a toluene 90 >20:1 92
5 6e 1a toluene 86 >20:1 90
6 6f 1a toluene 56 <1:20 95
7 6g 1a toluene 89 >20:1 90
8 6d 1a CH,Cl, 69 >20:1 77
9 6d la Et,0 79 >20:1 75

“Reaction conditions: 1 (0.1 mmol), 2 (0.05 mmol), 3 (0.06 mmol) in 1 mL
solvent with 100 mg 3 A MS. ? Isolated yields. © Determined by 'H NMR.
“ Enantiomeric excess of major diastereomer is determined by chiral HPLC.
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Table 2 Substrate scope of reaction

RZ
HO /// OHCONOZ

\ 2 10 mol% 6d
mol7o
R1'_\ A\ + toluene
= N CO,Et S
H H,N” > CO,Et 3AMS,r.t.

Entry 1(R;RY) 4 Yield/%  drf  ee%
1 1a (H; 2-CF) 4a 90 >20:1 92
2 1c (5-Me; 2-CFs) 4c 91 >20:1 93
3 1d (5-OMe; 2-CF3) 4d 85 10:1 93
4 1e (5-F; 2-CF;) 4e 75 >20:1 87
5 1f (5-Cl; 2-CF5) 4f 81 >20:1 80
6 1g (6-F; 2-CF3) 4g 70 >20:1 87
7 1h (H; H) 4h 73 >20:1 72
8 1i (H; 2-CF3, 4-F) 4i 89 >20:1 88
9 1j (5-OMe; 2-CF;, 4-CF;)  4j 83 10:1 8l
10 1k (H; 2-CHs) 4k 80 >20:1 88
11 11 (5-OMe; 2-CH,) 4 90 >20:1 89
12 1m (5-Me; 2-CH;) 4m 78 >20:1 88
13 1n (H; 2-CH3, 3-CH3) 4n 70 >20:1 87
14 1o (H; 2-CH;, 3-F) 40 89 13:1 88

© 2013 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

“Reaction conditions: 1 (0.1 mmol), 2 (0.05 mmol), 3 (0.06 mmol) in 1 mL
toluene with 100 mg 3 A MS. Isolated yields. ¢ Determined by 'H NMR.
¢ Enantiomeric excess of major diastereomer is determined by chiral HPLC.
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