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Frustrated Lewis Pair Catalyzed Asymmetric Hydrogenation
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Abstract Catalytic asymmetric hydrogenation of unsaturated substrates is one of the most important transformations in
organic chemistry, which provides a significant approach to produce optically active compounds both in academia and
chemical industry due to its atom-economy and high efficiency. Since the original work of Knowles and Sabacky in 1960s,
transition-metal-catalyzed asymmetric hydrogenation has been well developed with great achievements. However, metal-free
asymmetric hydrogenation utilizing molecular hydrogen is extremely challenging, and has long been an unsolved problem.
Frustrated Lewis pairs (FLPs) with a combination of sterically encumbered Lewis acids and Lewis bases preclude the forma-
tion of classical Lewis acid-base adducts via dative bonds due to the steric effects, and they therefore possess novel and in-
teresting properties and reactivities. Since frustrated Lewis pairs was first disclosed to enable heterolytic cleavage of H,
reversibly by Stephan and co-workers in 2006, its applications on activating various of small molecules such as H,, CO,, NO
and catalytic hydrogenation of unsaturated compounds were reported. Asymmetric hydrogenation under H, by metal-free
catalysts has been realized and has witnessed important progress. In this perspective, the achievements on frustrated Lewis
pair catalyzed asymmetric hydrogenation are discussed from two aspects: (1) asymmetric hydrogenation induced by chiral

substrates; (2) asymmetric hydrogenation catalyzed by chiral frustrated Lewis pairs.

Keywords

frustrated Lewis pairs; asymmetric hydrogenation; metal-free catalysts; chiral borane

1 35|15

Knowles Fll Sabacky!"" - 1968 ¥ Wilkinson {1k
F([RhCI(PPh3)3]) 1 K = Z% 5 [ ] TP e e AR AR,
DRI T 1 T AN A A S 9 1) B AR A6 R A &4k
KN BESELTAE, o SR A AR R ) AT
BT RHEE, B NIE A s B RN 2
—, (EFEED( LR W, 2. RIRTE) A B
PATIEE I N, AR 2 AR R O T kAR
PECL BRI A 2 AR Z A A T A A TR

I JUAECAR, AR ik i 4 JE i p S A ) — AN

* E-mail: haifengdu@iccas.ac.cn; Fax: 0086-010-62554449
Received April 30, 2014; published May 14, 2014.

#h7E, AE R ARG D T AR RE. e,
LA Hantzsch Bg 9 0, AL/ THEAL AT PR
A S N ER A T FE LR . R i BN 2 B R AR
ETRHEAL A S5 AL A= A7 HLE(s (Hantzsch 8, FERE )OSR
s, SCHL T AL AN S S AR R &
Jze el R R ORI S i A TR AT LA
TSR, SHRO 15, B S —2 U
b, BARAIRKI S, PRI 7&K Jrik K N
Ik, K AN R, IR S 5 I A PR
PO S IR A L T TR

24 2 TR R AR A 2 U B R A T FL R 2 —,
EAEA AR R I R A RO SR, B

Project supported by the National Natural Science Foundation of China (No. 21222207).

TEH 52 2K A AR 3 G 75 75 FF 2 (No. 21222207) %t ).

Acta Chim. Sinica 2014, 72, 7711—777

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

http://sioc-journal.cn 771



W F F R

WH S TR B S0, O R R A O L, e
ATT3E 5 BE LATC A B 1) 5 X% BB E 1) 8 2 T IR B n &
Y, 1 EtL,0BFs. H.7E 1942 4F, Brown ZESYERISTHLE
L — G g 7 T T R 0 N ) 1 RS T B e IR — B A
PEIJILG: 2,6- — FHIENENE 5 = 54k I B 6% T i 1 E 5 1)
% 5 IR AN A4, i L 50 B AR 1) — F SR AS R AR
BV ). ARABATI R A ATIRATI, X PP Sl —
B A TR FK I L 08 A

- N BF3 - N BMej i
\ BF3 N\ No reaction

B 1 2,6-—HIEItEE 5 BF; #1 BMe; (1% M.
Figure 1 Treatment of lutidine with BF; and BMe;

2006 4, Stephan /N 5 R 1 15 1% B 3 2
TRAE I, P R AR R RN, T AT
AR S N A e P & A 3, Hs T RS
fe SNV AF RN PV A 4 2). MATTEIL S 4
76 100 CLL EW B ESERMGY) S, T 5 & TA
SOAER, AR NP A 4, B0 7R RIS
% ) TR i 2y W4t K B e IR A S0 5 e SEIAURUT
ALEAL, X R4 AL A B RS,

R F R F
(Mes),PH (2) @ F
F B(CgFs)y —— (Mes)z/P g(ca':s)z
H

FF F F
1 3
R F
Me,SiHCI ©) H >100 °C, -H,
— (Mes),P B(CeFs)2 N
X o H, (1 atm), 25 °C
F F
4
R F
(MES)QP%:%B(CeFﬂz
F F
5

B2 “SZRHER S JRRTENT AT AL ST R

Figure 2 Discovery of reversible H, activation by frustrated Lewis pairs
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Figure 4 Mechanisms of H, activation

a. H, homolytic cleavage by transition metals; b. H, heterolytic cleavage by
transition metals; c. H, activation by singlet carbenes; d. H, activation by
digermynes; e. H, activation by frustrated Lewis pairs
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Figure 7 Selective hydrogenation of D-carvone
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