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Asymmetric C—H Functionalization of Indoles via
Enantioselective Protonation
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(Shanghai Engineering Research Centre of Molecular Therapeutics and New Drug Development, East China Normal Uni-
versity, Shanghai, 200062)

Abstract Asymmetric C—H functionalization of indoles from Rhy(OAc), and chiral phosphoric acid co-catalyzed reactions
of aryl diazoacetates with indoles has been investigated. Through mechanistic study regarding to the proton transfer pathway
of the C—H functionalization of indoles, a new strategy to achieve the asymmetric C—H functionalization of indoles from
metal carbenoids via enantioselective protonation has been proposed. We initially carried out a deuterium isotope experi-
ments in order to obtain more insight into the proton transfer process of the C—H functionalization of indoles, and the ex-
periments indicated an “indirect proton transfer” in the reaction. A proton-transfer shuttle such as H,O was needed to com-
plete the reaction. The observation provides us an opportunity to design a chiral proton-transfer shuttle to achieve the asym-
metric C—H functionalization. In this paper, Rhy(OAc), catalyzed diazo decomposition of a aryl diazoacetate generates a
metal carbenoid. Reaction of the metal carbenoid with an indole at C-3 position generates a zwitterionic intermediate. A bi-
functional chiral phosphoric acid serves as a chiral proton shuttle and helps the proton transfer process via an enantioselective
protonation to finish the reaction in high yield and enantioselectivity. A number of indoles including N-alkyl, aryl, silyl and a
number of a-aryl-a-diazoesters are well tolerated under the established catalytic conditions, providing good to high enanti-
oselectivity (up to 94% ee) in excellent yield (up to 99% yield). A representative procedure for the enantioselective C—H
functionalization of indoles is as following: A mixture of 6-chloro-N-methyl indole (1e) (41 mg, 0.25 mmol), transition metal
catalyst Rh,(OAc), (1 mg, 0.0025 mmol, 1 mol%), chiral phosphoric acid co-catalyst (R)-4j (3.8 mg, 0.005 mmol, 2 mol%)
and 4A MS (100 mg) in 1 mL of toluene was stirred at the 0 ‘C. Methyl phenyldiazo acetate (2a) (53 mg, 0.3 mmol) in 1 mL
of toluene was added over 1 h period of time via a syringe pump. After completion of the addition, the reaction was stirred for
additional 5 min at the same temperature. Solvent was evaporated under reduced pressure to give corresponding crude prod-
uct. The crude product was purified by flask chromatography on silica gel (eluent: EtOAc/light petroleum ether, V' V=1 :
40~1 : 10) to give the pure product 3q in 92% yield with 94% ee.
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Table 1 Evaluation of catalysts and reaction conditions
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Entry” Chiral PPAs Solvent (Temp./C)  Yield/%  ee’/%
1 — Toluene (20) 86 —
2 (R)-4a Toluene (20) 93 16
3 (S)-4a Toluene (20) 91 —17
4 (S)-4b Toluene (20) 92 —4
5 (S)-4¢ Toluene (20) 94 —70
6 (S)-4d Toluene (20) 93 —10
7 (S)-4e Toluene (20) 96 —12
8 (S)-4f Toluene (20) 97 11
9 (S)-4g Toluene (20) 92 18
10 (S)-4h Toluene (20) 94 —6
11 (S)-4i Toluene (20) 93 —72
12 (R)-4j Toluene (20) 95 87
13 (R)-4j DCM (20) 97 75
14 (R)-4 DCE (20) 96 78
15 (R)-4j THF (20) 65 41
16 (R)-4j Toluene (0) 96 90

174 (R)-4j Toluene (—20) — —
18°¢ (R)-4j Toluene (0) 96 92

© 2012 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

¢ Reaction conditions: Rhy(OAc),/4/1a/2a=0.0025/0.005/0.25/0.30 (mmol)
2a in 1 mL solvent was added at 0 “C for 1 h. ® Isolated yield. © Determined
by chiral HPLC analysis. ¢ Diazo compounds did not compose for 6 h. ¢ 100

mg 4 A molecular sieve (MS) was used.
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Table 2 Scope of the reaction Entry” RURY(1) RUR (2) 3 Yield%  eel%
R2 Rhy(OAC)s, (R)-4j R CO,R* 20 H/TBS (1h) 4-CIC(H/Me 2i) 3t 80 60(—)(R)
N/ . )NE TRIP-Phosphoric acid_~ _{* 21 H/Me (1i) Ph/Et (2n) 3u 95 91(—)
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\ \/R1 2 R \R2 23 H/H (1K) Ph/Me (2a) 3w <20 <3
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Enty  RUR(1) RUR* (2) 3 Yield%  eel% scribed in Table 1, Entry 18.
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2 HMe(la)  4-OMeCHy/Me(2b) 3b 93 89(—)
3 HMe(la)  3-OMeCHy/Me (2¢) 3¢ 99  91(—) T 0 C—H B e b I N o4 B WL R A
4 HMe(1a)  2-OMeCHy/Me (2d) 3d 82  50(—) JE, P T A BRI S IR R TR S T
5 H/Me(1a) 4-BrCHJ/Me (2¢)  3e 95  90(—) C—H AXFRE BEFIL SO (T s, It sl T a-
6  HMe(1a) 3-BrCH/Me(2)  3f 95 92(—) 75 H-o- B AR N-BEEEM IR AR C—H B Re 411k,
7 HMe(1a) 2BiCHJ/Me 2g) 3g 87 30(—) PAF TIRFF 7= (e rm T IEE] 99%), HA5EFIRF5 K6
8 H/Me(1a) 4-CICHHJ/Me (2h)  3h 95  90(—) WP PE (R T IA ] 94% ee). EEPREE[Rhy(OAC) 5T
9 H/Me(la) 3-CICHS/Me 2i)  3i 96  90(—) P TR LA A T SRS 2 A 8 1) 4 /T PR I A AR R 4
10 H/Me(1a) 4-MeCiH/Me 2))  3j 93 89(—) th C—H FReHILI — R EZAN 7, XK LS 148
11 HMe(la)  4NO.CH/Me(2k) 3k 92 90(—) REH C—H B RERIL S ALE 1 .
12 H/Me(1a) 3-(N-Boc)indole/Me (21) 31 86  75(+) NN
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15 6-Me/Me (1¢) Ph/Me (22) 30 89 90(-) LIRBERWGIRAL B P AR FR C—H B REHIAL S b 526
16 7-Me/Me (1d) Ph/Me (2a) 3p 8 94(7) Tk AR, TR R B OO B PR B
17 6-Cl/Me (le) Ph/Me (2a) 3¢ 92 94(—) [Rhy(OAc),]. FHBEIG 4 TR AL A4, 1 mL &
18 H/Bn (1D Ph/Me (22) Ir 87 94(7) JKHZR. AE0 CHEdE 5 min, FH 1 mL 1 FRSEE AL
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Scheme 3 Proposed mechanism of chiral phosphoric acids and rhodium cooperatively catalyzed enantioselective C—H functionalization of indoles
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