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Progress in Platinum-Catalyzed Asymmetric Hydrogenation of
a-Keto Esters

Yang, Wen Pan, Xuejing Yang, Dingqiao™
(Key Laboratory of Theoretical Chemistry of Environment, Ministry of Education, School of Chemistry and Environment,

South China Normal University, Guangzhou 510006)

Abstract Platinum-catalyzed enantioselective hydrogenation of a-keto esters is one of the most effective methods for the
synthesis of chiral a-hydroxy esters. The recent progress in platinum-catalyzed heterogeneous asymmetric hydrogenation of
o-keto esters is reviewed. It was paid great attention to the influences of modified platinum catalyst, supported platinum cata-
lyst, nanoparticle platinum catalysts, and platinum colloids on the asymmetric hydrogenation. What’s more, the possible

mechanisms are also discussed in this review.
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1 f&imE SRR LT

— ALY, R TIEA o- BB IS A
MFREAAT B SME A= Y)(Bq. 1), TIETFPEE
FUME B A TR AL o- BRI AN X PR S Ak vT 45 21
PEAG W, DR SR AT i ' 5 40 B PR =4 U 7 T e
WFHAT F M. & TR 225 S99
Ypigi(Cinchona alkaloids)!" ™™, Jefb&W K HAir 4
PR AR A

O o} (e}
Pt catalyst 1 1
R‘I\H)J\ORZ + H2—>R>-,)j\OR2 + R>,)J\OR2 (1)
5 Solvent H "oH HO"
R, R = Alkyl, Aryl

1.1 EXNE RIS IR st L7

X G0 A RS 1 Y B R A R 2 — MR R 2
AKIFRAEATR, TEMEAL o-BHERIE I A KR AL [ B =
B AR S A A PR RO L S N AT AR
HWiFp: 0] J8 T (Cinchonidine, 1a, f&FK CD)FIE A
(Cinchonine, 2a, faiFx CN), —F H AAExFme kg4 (&l
1). 1a 1 2a {ENEMFIE, 132 AN FREL=Y) a-F2
SEBRMS E B EL 53 0 R A S F RIS

H Ho' H
1a (CD) 2a (CN)

B 1 &5 1a Al 2a
Figure 1 Modifiers of 1a and 2a
1979 4, Orito SV S il 7 SR F v 4 2L ik
la AR, 215 PUALO; flEALF, fEEIRAMT,
K a-PIEAIR TP 3 AR EA RS, 43207 Y)(R)-4 (Eq.
2).

o o)
HaC 1a-Pt/AL,O, e
OCH3 + Hy —————— ' %OCH3 @)
0 AcOH ortoluene, r.t.  H OH
3 (R4

2000 4, Balazsik 5/ HRIE 778 ZBREHIH, 1b &
i PYALO; AL oA K R — ZER(S)ANT
MREA S, BRI ER a- IR 8 — ZER[(R)-6],
SR JE TR0 H 2R R VR F R FEEAT o0 T W ML R AL 75
NP HI(R)-T (93% ee) (Eq. 3). MM — R SZHL AR
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KPR E B TR 2 ee fEAIMEF“VI(R)-T.

(0]

o} o 1b-Pt/AILO
~ \”/\)J\H/ ~ . H, 2U3
0 5 O AcOH
" TsOH
o P ﬂ
~ MO\/ 0707 "CO0C,Hs  (3)
O (Ry6 O (R)-7
e
=)
' “OCH;,
1b

2006 4F, Diezi 5" HRIE T £ KW, e T
(1a). ZET(1c, QN)FI 9-ZK 5 FL=FH] JE T (1d, PhOCD)fE
RNFHBMEFIE 5 wt% PYALO; AT, 2> Bk 6
PN o- B B B SR ADEAT A FR S A (Eq. 4). 25 SRR B
R' (5538 _E3EA it i1 (OCH:) I R 3R15 e 7 ee 18
(3 1, Entry 6), T 75 M 5% B FJ5(CF; B8 PR
23| h 25 ee {H(ER 1, Entries 4, 5).

O

R! Modifier-Pt/Al,O3
OCyHs + Hy
toluene

(0]

o]
R1
%oosz )
H ©oH

e

HsCO H' "OH H' OCaHs
1c 1d

R AEPRER 6 FAFEMI AR FREA N ¢
Table 1 Enantioselective hydrogenation of 6 different kinds of
substrates in toluene

b0

iy 2 —

1 CH; 80 (R) 21 (R) 21 (S)
2 (CH;);C 56 (R) 12 (S) 41 (S)
3 Ph 86 (R) 79 (R) 57 (S)
4 3,5-F,C¢Hs 87 (R) 76 (R) 68 ()
5 3,5-(CF3),C¢H3 66 (R) 47 (R) 48 (S)
6 3,5-(CH30),C¢H3 94 (R) 84 (R) 73 (S)

© 2015 Chinese Chemical Society & SIOC, CAS

“Reactions conducted with 42.0 mg of catalyst, 1.84 mmol of substrate, 6.8
pmmol of modifier and 5.0 mL of toluene. ® Enantiomer excess was deter-
mined by a Thermo Finigan trace gas chromatograph analysis for the hydro-
genation products of 1, 2, 4, 5, and by HPLC analysis (Chiracel OD-H column)
for the hydrogenation products of 3 and 6.

2007 4F, Hoxha %57 7 — i B S8 gl F P45
M7 9-(2-Mthe A EL)F T Je T (1e, 0-PyOCD), H44 1e 5
1a F1 1d HEATECEL, =MMEMRT 2 1B PYALO; fiEfL
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A, o B AL o- N R 2.6 (8, T81FK EP)AIT 4,4- —H
Fe-3- IR A TR0, TFK KPL) (Egs. 5, 6) K FREAL. 24
1a, 1d 1 1e 23 HIVE RTINS, BN ASTFREA OB
HARRIIAE] 100%, HAH&=En] 8 T (1a)Bifift) Pt/
ALO; AT P AL TE YRR, 75 DU SR (THE) ¥ 771
ZHEAFVENEN o- TR £ 16 (8) 3R 15 (R)-FLIR £ 15
[(R)-9]7] 153 80% ee (5% 2, Entry 3).

0O

o)
HAC Modifier-PtALO; 1y - %
3 m)koczH5 PH gt w7 “OCH; ®
o} H OH
8 (R)-9

0O
Hoﬁo (6)

R)}-11

O
0 o Modifier-P/Al,O5
+ Hy ————————
Solvent
KPL
R2 (
s
- =g

H "II/ONCSH4
1e

2 1a,1d M 1e 735 MBI PUALO; EALFFIfEAL 8
A 10 AXFFREA R

Table 2 Efficiency of 1a, 1d and le used as modifiers of
Pt/Al,05 in asymmetric hydrogenation of 8 and 10”

ee®/% (conf.)

Entry Solvent Substrate 1a 1d T

1 Toluene 8 74°(R) 33(S) 48 (R)
2 CH,Cl, 8 T1(R) 22(S) 41(R)
3 THF 8 80°(R) 36 (S) 52(R)
4 t-Butyl methyl ether 8 60 (R) 23(S) 44 (R)
5 Toluene 10 S51°(R) 21(S) 28 (R)
6 CH,Cl, 10 71(R) 30(S) 36(R)
7 THF 10 50°(R) 21°(S) 31 (R)
8 t-Butyl methyl ether 10 58 (R) 40(S) 12(R)

“Reactions conducted with 42.0 mg of catalyst, 1.84 mmol of substrate, 6.8
pmmol of modifier and 5 mL of solvent. ” Enantiomer excess was determined
by GC analysis. “ Data from Ref. [18], standard conditions, 100 kPa H,.

2009 4F, P [E B EHRIE T ARG, WS
ZF(e)5 a- NI ZBE@) K AL A. AN AN,
—ANEF M) TEWHFA Pt JE T, HENASE,
AAE Pt R TFHEAERSE T ESS PR, i
BHIE T 2T 1e IESHIR AR AE Pt R FHIRTE. 85
SIS Hy 4 8 516300 AR A 71) 2 T P W B ) 4 T A K,
e, 615 o-PIERER L16(8) 5> T REMR B Pt Y2,
XFEAL T R A T e B B (1816 57 5 SR 4 B0 IR 1
BN 1 DIFHLTERY 8 FHRIE(C=0). HHT
AN AR A, DRI T A R T R R
(Scheme 1). FEilt—5 3 T EALTIR T I F M T
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BE, =Mook B 1R 2 T HR

WEFTF VAL - AR LA FALEE, TRt 24
AN KT TR AR A 7] A2 R AT AN R R S A BB IR i A 0 BE 5%
PEROL SR TR, - A RS o-BIRRHES 2 18]
FIAH EAE AL 2 2 7 5108, (EASE &4
A5 EE A A B, BRI R EL 101
Ak 2 B AP, Ferb N BRI R R R LA
23 5 HE T Baiker £ McBreen 2 H! 574 . Baiker 2512
I o-FREREE I8 F Pk IE C=0 BEE ST/ H—
H SIEARIEATIEN, F0lJe T (1a)idid kIR (1) /E
FH T8 AR RO AR 2R T, B3R, SRl JE T (1a)
2 TR T, 5 o-BREREE 78 F YRR O J5i 1
A BEN—H--0);, fEAERFIERt, ETIHRA
R, R T EENRES, TERERN-H—0)
(K 2). McBreen 25PN F1EE AWl B4 511
B AR TR RO, YT I L S AR A () v IR B
TEIRHIE K C—H---O SUEE, 1 BE I S8 105
JR A = AP T BT R (B 2) v Ak,

2007 4, Hoxha 2" H T G008 409 A= B 1 1
T a- B R I AN X PR EAL I 146 5L (Scheme 2).
ZTH B N BB LR H R TR R -
PR IR BB AL O Ji 1 A3 20V5 4k, a- BRI i Bk
YL, XA X Baiker B EE— 255
38

=1

2011 4E, Maeda ZEPUHF 7RI, 7EARRT 1477 B 2%
i, 1a 1B PYALOs AL T, AL 7 2 FAER F BG 12 A
Xof R AL R o F B R P — AW B 4T M (Bq. 7), TR R
RIS, R ENES PSR 1a f o-fH
FRTSHI HAE R N—H---0 S48, Mt~
A TR AL A BE &AL X RIS Baiker 2 H! A5
B(E 2453 7 5%1IE.

0 HQO, H
©)H(OCH3+ . 1a-PYALO Woom
(0] toluene e} @
12 (R)-13

2007 4, Taskinen 252 %5 2 s #16(DFT,
B3LYP/T(ON)DZP)if 5 #AMEA. o-IRRIL FH S 3 ASXTHK
AN BRI FABA TS T AR O S R A
PIRRERY, —FE et S E S A N—
He-O &8, 5 —Fdexmud #5245 b AMUAEAE
N—H---O &%&, 1 HibfAfE O—H-+-0 &, (HiXx H 2
R NATTIE A i SEIR R B A7 /E O—H---0 & . 2012
4, Meemken 252 JFUAL 2T 48 1 URAIERA T AR5 el 2
AP0 1 1a)yhfFA7E O—H---0 A8 3). 1Al

Chin. J. Org. Chem. 2015, 35, 1216~1228



Chinese Journal of Organic Chemistry

REVIEW

MeO é:g MeO

MeO

B 1 R AR IR N A2 T -TI R B 2% S I T G 12

Scheme 1 Proposed formation path of adsorbed quinine-ethyl pyruvate complex by adding oxygen

In protic solvents

In aprotic solvents

B2 Baiker #& i [{) FHEE A WHALA)FI McBreen 42 H (f) FHEE A WHL(B)
Figure 2 Chiral complexes model by Baiker proposed (A) and chiral complexes model by McBreen proposed (B)

|Il|R 1|||R

Pt Pt Pt Pt Pt Pt Pt Pt Pt Pt Pt Pt Pt Pt Pt Pt Pt Pt

Pt Pt Pt Pt Pt Pt

C\/+ Ho—<
H R

X = COR'

R = Alkyl, Ar

Pt Pt Pt Pt Pt Pt Pt Pt Pt Pt

BR 2 GRS EDBRAE AL TR o IR IE AN X PR A FR) fif A A 2

Scheme 2 Simplified model of cinchona alkaloid modified platinum catalyzed asymmetric hydrogenation of a-keto esters

N O—H:+-O EEEM R INAT LB HELE o-BHFRIRZE 1a
BT =Y ee fH— M ELI B — PP AdoRE, (HLIRIIS
ffi1ieFa i 1a 5 10 FIEAUY O—H -0 A HA LR
M) 7= 0 B B ) — Fh e MR R . RlfT O—H:-+-O
SR R I 2K Baiker 8 Hl McBreen #8131t —30
SEHE IR

2007 4, Blaser Z5PURH T HI- S XS g Ak 1A R 1)
Bl 71258 (Scheme  3), T HE 4 X8 G A& 1 751 o] 08 R I
TEERZRTH, B8 1 S e F AL s, PRI AR Y,

Chin. J. Org. Chem. 2015, 35, 1216~1228
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A JE R A B A R 43 5 RS S 43 1) B AR A = A
AR 2. A AITHE S XS YBIRFIA T DAS iR
A7, & AT AR A FREA SR, 3K 2 22 A AR R A
TR I ) B B < A I i 48] 1
1.2 N-BURFMRRE U EMIE IR SRtE LT
BRGNP REAS Vi B (A 7R BT TR, AT
NIFUE T N-BURTPERZ KA & B 1 4R fiE AL
TR, o-FBR S AR AR AR, FEEAR T R AL
,;5( % [24N29]'
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B3 10 Al 1a 1 O—H---O Z AR ELE
Figure 3 An O—H---O hydrogen-bond interaction between 10
and 1a

% M d
L/—O mo« 2
(R)-cycle Sé
on h L<—0H (R)
)J\ mod H
— M raccycle M =—>
S L H

Mmod
gw)—OH(S)
\,4 (S)-cycle L)—
S H,

L/:O Mmod
M = Active site s |
L = Large substituent % o (S
S = Small substituent /_O pro ()
mod = Modifier L

B3 - XSy e A i & R 3h ) 2 Y
Scheme 3 Kinetic model of platinum catalyst system with cin-
chona alkaloid

1995 4F, Minder 25438 1 LA(R)-2-(1-PUZE % 52
Fo)-1-(1-Z5 55) . % (14a, & FR PNE) AEM A, 1210
Pt/ALO; AL o- A BHER 2. T8 (8) A3 FR Ak (Eq. ),
R P)(R)-9 Tk E] 75% ee. MATTC?THERS T 3
fi LA N- Exﬁ?fiﬂﬁ%ﬂm% 14b, 15~18( H1EAF
PEABIM R Z 5 NGO, X N-BUR T i e 1
FIEE S0 9N A= DB s R T B, 2% B ) 4%, (R I of ik
BN ee ME AR

(0]
Modifier-Pt/Al H,;C
H3C%002H5* , odNerPUAO; _ His %OCsz ®)
toluene
(0]
8 (R)9

2005 4F, Orglmeister Z5* R I8 & B T (R)-1-(1-255)
Z % (19a, PNE) K HAT4EY 19b~19g(18 5), HLLHNF
PEABMT, 181 PUALO; flEALF, Mk 3,3- = HI3E-2-3F
JHR N BRL0)AXTFREA, 1521 P)(R)-11 (Eq. 9). %™
YI(R)-11 /2 & e A 2 BS FIAHMEF A ()5 ZL T A )44,
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HOC~\ HO
Q NR{R,
X
L 90
X

14a~ 14b 15a ~ 15b
14a: X = CH, 75% ee (R) 15a: R' = CH5, R? = CH3, 67% ee (R)
14b: X=N,67% ee(R) 15b:R'= CH(CHa),,

2 = CH(CHs),, 49% ee (R)

vy 4 o
o oy oo

16a ~ 16b
16a: X = CH, < 5% ee (R)

0,
16b: X =N, <5% ee (R) 42% ee (R)

40% ee (R)

B4 N-IBURTIER B 14~18
Figure 4 N-Substituted chiral amine modifiers of 14~18

WFFCIERIN, BRI RIS a-PF N ERE 19g 1,
AT 5 3 S0 B B (79% ee).
o}

o
Modifier-PtALOs
O~x"0 . p, HO~"0 ()
AcOH

10 (R)-11

2013 4, Goubert Z2 1 KA]IE T Orglmeister Tk
TR 5,5- T HFE-3-(1-25-1- L) — SR -2- I (T 7
PNEA) I A4 B (Scheme 4).

agaa%

52% ee (R) 32% ee (R) 9% ee (R) 40% ee (R)
19g
51% ee (R) 55% ee (R) 79% ee (R)

Bs5 (R)-1-(1-Z83) L e S Fe AT AW 19

Figure 5  (R)-1-(Naphthalen-1-yl)enthan-1-amine and their

derivatives 19

{18 55 F (R)-(+)-NEA E3FEApIfiG 10 R 458 5
fieth, 19317254 24%[] PNEA Fl 9%[1) epi-PNEA, 4&
JEE 10% Pd/C 1AL F{# PNEA K4 SMaA 1(S)- 2 5-
4,4- " FE T H IR -2-FH[(S)-AF], (S)-AF 5 (Boc),0
KABA N, A (S)-Boc-AF (Scheme 5).
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g\ié rewsed structure l i Ii;

(R,R)-PNEA (R,S)-PNEA
I i Ii; reV|sed structure | i \ié
(R,S)-epi-PNEA (R,R)-epi-PNEA

B 4 RAGE R PNEA 4514 FIRL IE 5 1K) PNEA 4514
Scheme 4 Originally reported and revised structures of PNEA
and its epimer

341 epi-PNEA 5 & X AT UESE 7 H AL M L Ry
(R,R)-epi-PNEA. IXZYIET Orglmeister ATRIEH] PNEA
IORYA LN ARLNRET 7Y

TEAIE T PNEA MM RS2 5, AATIAE 52 T (S)-AF 7£
(R,S)-PNEA 12 1fi¥] PYALO; HEAL S AL Al 10 X7
W) ee (HIEEM. HF7CRIL: T35 (R,S)-PNEA K) C—
N B R AMR(Bq. 10), B & ES UHV %4 T, 4
HIRI(S)-AF £ 53R g 10 KAEVERASNZ 7> 1450
(K1((S)-AF),/(KPL),.. T LMtAITIA A(S)-AF 7£(R,S)-PNEA
1B PYALO; AL FIRESE R =411 ee 1H.

2015 4, Meemken Z£UY53— W5 T (S)-AF 1E
(R,S)-PNEA 1E1iiH] PYALO; EALIAAH A S 10 X7 ee
RIS, W7 R BL: (S)-AF HAFEALHE =4 ee [H IR
i1, (R,S)-PNEA 41 H R IZ e A 25 255 5 5 e A0 77 2R T 1
W B LT AT B, T 25 2 A 58 B8 I P E B A
P, [FIF 2SR B e, (619 N EsRE
A B R B R AR A R SR T (B 6). X BRI IR A A
#3(R,S)-PNEA RE 'S8 & W B 72 40 AL R R =R i |, B
F(R,S)-PNEA 431 Hp 25 5L 01 pAy il 1 25 1) 2 7 A EEL 25K
AEFR(S)-AF AU R BEFS S EAMEAL A= BRE A, X
PR BB AETR(R,S)-PNEA S3AEH MBS 10 fEHE, 2R

v;oz

Ti(Oi- Pr)4
NaBH3CN
(R)-NEA
H, (100 kPa) NH,
_10%Pdac_ ] N
MeOH 14 h o
(R,S)-PNEA (S)-AF

i ]I B 10 IS AR TR FEA AR (] 6).
1.3 FHEAEHRAELT

2004 4, Marinas 2B VRGBT TR A A4
FI(R)-1-Z53-1,2-2, - #[21, (R)-NED]. 21 1ENFPEEE
FKeMimlEti 5% PYALO; A, FERAMEAT T 730
TS a- AR L1 8 FARH I BS 10 A1 4,4,4- = 5(-3-
TR 2.1 20 15N o-FHEREE =Y. 5 PRl R
)10, 20 7 5113 2 a-FPERERE =) 25%F0 27% ee {H(E
7). B HFEMFI(R)-NED (21)5 PNE (19a)&1if 5%
PY/ALO; AL R AT R LGB 7), KI(R)-1-(1-
Z5HE) I ((R)-PNE)TEHA 3R THI A B W FE F, bk
BAEGHT. 41(S)-NED F1(R)-PNE J&-&1F AT BN,
SRR RIF IR AT N, “EMRN 90 mol%
NED 5 10 mol% PNE &K, LA SCER 5
4fi NED 121 (R 40 AL R AL RSOR —FF.

MATFERT FE BB A VMBI PUALO; AT, 1AL
S o-BHFRES I FE 32 H T PNE (192)5 NED (21)43-71)
TERBMFIN S o-BAER S AH EAE AL (1 8). PNE FI
NED ¥J7E Pt 4 )& 3 1A F 50 W P, oI R B i 5 -
) O J&-F5 PNE 4> FH I N JiiF. NED 2T+ f—4
B A F A HL AR T R .

TR B ST

B IERHHEALFIAE PYALO;, P/SiO, Fl PY/C
TN AP Horp et R R R A
23 BB AR X 1%%&? PRI E’J 5 wt% Pt/ALO; fiEAY ).

AU RNE A S A P AL . EE R AR A]
iﬁ]i@ﬁ@%ﬁé aJ W’Eﬁ%*ﬁ? PE AR AR 77 1 R G R
PRI SAEsk, T o-BARR S A SRR AL A [ S
(10 B0 28 2R BT A 1 70 1) 8 Ak L A% B 1 TE LA R 8

R OIS EI(PVP). AR € S E-41 (MCM-41).
WW*E (CNTs). &AL ARAEHPMRSs) A FL5rF

Kt X

2

(R.S)-PNEA (R,R)-epi-PNEA
24% 9%
L\lHBoc
BOCZO, Et3N s N
o ——> (0]
THF, 30 h o
(S)-Boc-AF

BR S5 (S)-Boc-AF [{J4mK
Scheme 5 Synthesis of (S)-Boc-AF
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0]

Hl\l/® @

H
N,S
R 0 B
oy — Pt o+ (10)
UHV, 300 K o

(R,S)-PNEA (S)-AF

A,
4
S,
%
Co

Bl 6 (R,S)-PNEA 7E Pt IR (A), LA S IR N IR 10 F)3
FIE5H) 5 (R,S)-PNEA {E Pt LI MHKIE EH(B)

Figure 6 Proposed adsorption of (R,S)-PNEA on Pt (A) and the
structure of the pro-(R)-10-(R,S)-PNEA surface complex (B)

0 o o OH
O\/ HO.
o)
)Sof o0~ Crc Ao ®)
o)
8 10 20

NED 0% ee NED 25% ee NED 27% ee (R)-NED
PNE 71% ee PNE 33%ee PNE 40% ee 21

Bl 7 21 71 19a 211 PUALO; 1L 8, 10 F1 20 AXIFREM
Figure 7 Asymmetric hydrogenation of various activated ke-
tones of 8, 10 and 20 on Pt/Al,O3; modified by either 19a or 21

H-O A0
CN _____ H--0=X >:O A >: \ )Ar
"R “wo
Ar H-
HO
Ar = 1-Naphthyl
X =COzR'

B 8 PNE (19a)5 NED (21)5 o-BaFEE S A A AT
Figure 8 Models for interactions between activated ketones and
PNE (19a) or NED (21)

i (SBA-15) 4 J& A ML E 4 BHMIL-101)F1 85+ 4
(L&A HLE 7 THRIE 34,
21 BZErEHE s B sa kL

1999 4E, AEBGRECSOURIE T m0 T REME 9%
o-ME ISR (22, PVP)ERSE MIAAR AT IEAL o- B ER BE A Xt
FREA. 38 7R BE/ 7KV 770 A8 T i) % A [RDRL 7 B AR
(1] PUPVP RAMIEMEAT, AL o- P ERER FHEE3) AT o- A
T2 2. B (8) AN KR EAL(Eq. 11). WF7T4s L0 PY/PVP

1222 http:/sioc-journal.cn/
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JE AR 7R A A A R TE SN 25 B S AR - RUSH R /IR
AR, RIS RIS, AR RN o-BRR S A
SIRREA R N AR T G 2. CRIETI, RN 3 A8
I3 IEAL P YI(R)-FLER F G 4 FI(R)-FLIR L1 911441k
HEPJILE] 100%; 4 ZMEFIRLF EAN 1.4 nm B,
(R)- LI IG5 4 B 19(97.6% ee). WKL T I ELAR
HOK, WD FEMEA BT R B

o o
HaC 1a-PUPVP_ HyC [\
OR+Hy —p 50~ 7 OR(11)| "N O
° .

H OH
n
3:R=CH, 4:R=CHj
8: R = CH,CH; 9: R = CH,CH; PVP (22)

2013 4F, TKEFEE A YO E ST T O R,
TS HEAL T AT AR BEAT TRAL R, AIF 55 A [R5 JiR 796 A
7 Pt/PVP- y -AlLOs AL 7K 2B ER S 12 X FREAL %
Bi(Eq. 12)f152m. WK LA NaBH, {E Vit 57, &
JER 1) 2% (AR AL TR 2B R FR S 12 AN FR AL OB (1)
ROR BT, SEIREE IR M PVP I Pt=5 I I =
Eb), EJEIRE A 0 °C, NaBH, I E A 0.5 mol/L, 2
VERIEJEA R, & TR 12 A FR N
SRR 100%, STBLE AN 76.8% ee.

0] HO H

OCHs . 1a-PUPVP-ALO, N OCHs ”
+ H, 13F ]
S 2 AcOH o (12)
12 (R)13

2.2 BTSSR aEEAELT

[ 5E f AR EHMCM-41) 2 — Fh 80 A LA
kL, BN RFHSIALE. 1992 4F, Kresge ZF|
FHRERRIR 3L /K IR B, 7 2 b R TG MERIAA TR 1 2%
R, 2% AR E S AR R(MCM-41).

2006 4F, Basu %R T DL IR I K G T
[Pt,(CO)* ™ 5 = AR Fik-3- G078 L el e A = e ik Jiie &
A SERZ IR ST B, SRR 45 MCM-41
Fm, H14% H MCM-41 SR HHE A7) 23a AT 23b (B
9), 1ZMEALFITE H BV P AL o- R ERER 2.1 8 ASXHHR
Z4b(Eq. 13). KB NR, FEFIXHAE FIRE . fik R~
KAV T BE AR A FEMA. 24 NR, N & XS g a]
BRI R XTLEREYE. 23b AL o-TH AR ZE AR
AT R B 1 (95% ee).

2.3 ERKEREHBAELT

2007 4E, Xing Z5EHRIE LLRY K E (CNTs) 5 Pt T

R PUCNTs, &0 J8 T (1a)i&i)E, 1fE2 A

Chin. J. Org. Chem. 2015, 35, 1216~1228
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OH OH OH
i S Si
MCM-41
(1) (HsCO)s8i7 >"Cl
(2) NRy
(3) [Pt;2(CO)4]*
/S}\/\/\N*RS[Pt12(CO)24]2'N+R3/\/>S|i\
Q09 Q09
Sigsi Si g; Si

—
—ao

[TTTTTTTT T T TTTITTITTT]
23a: NR3 = N(CH,CH3);3
23b: NR; =1a

B9 GURALAREAL A 23a A1 23b [
Figure 9 Preparation of supported catalysts 23a and 23b

(0]

o)
chm)k Pt catalyst 23a or 23b >)j\
OC,H HsC
2% methanol 2 OCzHs (13)
0 H ©OH
8 (R)-9

IR o- I B IR 2.6 (8) L X Bi(Eq. 14)H R ILH &=
AT, BRI YIN 50% ee I(R)-FLIR L.HiG. 45
R, BRYPKE (CNTs) T8 & @ A FITE A KT FR G )
A R B T E I R FHANME AR B

0 o
H;C 1a-Pt/CNTs
’ %OCZHHHZW’ 0y Moc,
o] H ©OH
8 (R)-9

2011 4, Chen ZE™ V& SHFFE 740K Pt 573047 45
X PYCNTs AL o BTG A X R AL S B [P RE AL AihAT]
PUBRGKE S Pt JE AL FI[PYCNT (in)F1 Pt/CNTs
(out) /AL o-TNEHER 2.1 8 AXIFRE AL Bi(Scheme 6).
WFFC A SRR, BRACKE 1B AN RN A 75 PYCNT (in)
KEW I FIEEMH] 1a M o-HEER 28 8, Wi Pt/
CNTs (in) AL T BEAR T PUCNTSs (out). [RIHAth Al T
T T AT PUCNT (in) AL IE R0 IR, B Fu4h 1
W HEALTT PUCNT (in) Al RESEAE ] 9 Wk, NI
AL RIRZARFFLE 99.9%, P ee [HRETRFFAE 96% LA
.
24 BRI RIS EEAE LT

2008 4F, ZEmeL /NAVYIHGE T EIRAAAE T, M
AU e RN 24, fEIFR PMRs)i@id H,PtCls 7K VAR B
VR A AR AL 25 10). AL 25 AL
Sk a- IR 28 10 (Eq. 15), 3RAF0T Bk &1 A
62% ee. PPMRs AL AT EALEIAMEH 25 UL |, H.
HEALTE A 2 B I PR

Chin. J. Org. Chem. 2015, 35, 1216~1228
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O

YJ\OCZHS + H,

TOF > 100000 h"

Pt/CNTs (in)
O
HiC
7 OC,Hs
— H%m
75% ee

WASZSE,

PYCNTS (out) TOF = 15000 h”

BR 6 iUk fEIERRIARE AR TSR L 1a
B AR 8 A AREAL

Scheme 6 Asymmetric hydrogenation of 8 on the Pt nanoparti-
cles encapsulated within the CNTs (Pt/CNTs (in)) and adsorbed
onto CNTs (Pt/CNTs (out)) with 1a as a chiral modifier

(6]
1a-Pt/PMRs H.C
HBC%OCsz +Hy———— P 57 0CHs (15
o) AcOH H OH
8 (R)-9

2011 4F, iZHF SN SRR IR A FUR B A4 ) 3k
177 B2 ok, 8t [ AT BE v ) L IO — & =
ALOs, #1557 # A Pt 1L 77 PYALOs-PMRs, {4l a-A
TR Z.156 8 AXFTFREA [ Bi(Eq. 16). BFFTAIL: MY
8 AL ZFN =) ee (HIEHE ALO; 2 & IHE I3 K.

ARSI T ALO; I BEFRAR A FLR T (1) FE T
BPE, NI JE T 1a 7R Ak 772 1 W B Hik 3]
BN, HEMARCON P4 m T AL PUALOs-PMRs HIfE(L
PERE. 4 ALO; BN 15%I, #AbRIER R KN
99.7%, PN ee fH N 80%.

25 NELMR s BAELT

2010 4, ZERRLIHE T/ NI 6 T k8 P fitfk
7 PUALO;@SBA-15, &3¢ Je T 1a&Mfif5, 75 LR

http://sioc-journal.cn/ 1223
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Pt/PMRs catalyst
25

B 10 FEHRA T RER B FIEERAN-FL RE A B} 0 3 240
HEALF(25)
Figure 10 PMRs (24) and PMRs supported Pt catalyst (25)

o) o)
H-C 1a-Pt/Al,O;-PMRs
3 \[HJ\OCZHS + sz H3C . OC,Hs (16)
o) H ©oH
8 (R)-9

FIH AL a- TR BRAER 2,15 8 A4 FREAL I N (Bq. 17). BFFE
KI: ALOs 5 SBA-15 I ST AL BT B A BH B dH A
(Bronsted acids)IEERE, DL ANK Pt I & H 2 52 e %t
o-NHATE .08 8 WA FREMRIBL Y ALO; 7E 5 i fi
TR BN 35%, 492K Pt AT & 5 B & 1N 4%,
AL PYALOs@SBA-15 AL TG M e, NP
WEHN 96.1%, F=YIH ee {64 93.4%.

o

0]
1a-PYALO;@SBA-15 ch>)k
H3C%OC2H5 + H2 H %, OCzH5 (17)
o) AcOH OH
8 (R)-9

2011 4F, ZHFFO/NE Y RIS T F A LA
BHCMK-3) 748! Pt fi4L 7] PYCMK-3, £FHJET 1a
i), Mk a-NERIR Z 1 8 FI2K ZBiER H Bs(12) A Xt
MREMRS(Eq. 18). BFFT RN HEAL7] PUCMK-3 £
HAEE GF AR e, B DR IEALIEINE T S I,
1 B A A AF] 0.005% 81 R F MIER IR, a- R

1224 http:/sioc-journal.cn/
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2T 8 (AL ZBEARFE N 81%, W] ee (1 82%, X
NI TOF {7534 23000 h ™'y 25 Z iR s (12) fr 64k
AEIRE] 93.7%, FEWIN ee [E N 64%, VT TOF 1H N
5615h° L

0
H HsC
3Cj])J\oczH5 3 >£koozH5
0 H ©oH
8 1a-PYCMK-3 (R}-9
or + Hy W’ or (18)
Q HO H
OCHs {_OCHj
0 0
12
(R)13

2012 4, iZHF T NAP ZH A FLI AR CMK-8
B CMK-3 15 R9K Pt sk, #1417 7E %Y Pt ik
7 PYCMK-8, A 2K Z R H s (12) A 0 FR S Ak S 3
(Eq. 19). W4 RELH: A7 PYCMK-8 1E T A LA
FUBRATRME N it b, s R i, B
TEACTEIAER 7 IR, NP 12 HIE AL L 93.4%, 7F
I ee fH N 75%, SJSiff) TOF {E ik 34000 h ™"

HO H

0
OCHs 1a-Pt/CMK-8 - OCHs
o p, JAPUCMKS (19)
o) AcOH e}

12 (R)-13

2013 4F, kSR g O B A G Bh s R
AT ALOS-MC TRl AR5 FIB R B0
TEAGTRIRT S, B AT R AR S AL SR %, T
K FH — 2030 2 %o A 7R T A 0 AT TIUAL B ) 2% T 73R
A Pt f1LF PYISAM (15AM N 15 wt% ALO;-MC
composites) (Scheme 7), {462 2R F EE(12) A X FR
S B(Eq. 20). AATTRIR: LA R 2R IR 25 1)
FLHIK n SRR AT 4K Pt RO R R AR A UL, M il
AT PUISAM BECRIFIEH LF AL AR e 1, B /b Refi
WAGHAEH 5 IR, [RNADEALZBEORRE 97%, P2
XA FEAE N 84.8% ee.

2014 4, ZURAHP T 5 T S
T RE. IR TSR I I 7V e R OR 1 5 M Ak 5
PY/1SAM HIfEAGTERE, RN — AT TS & F — &
(R, TS 2 BEL LA A 70 S T ) S B2 A0 R W B, [ 5
SAFEALFI PR, (HRETE 600 CF, KM —Hid kR
A R AT AT R P TR R AL, AN BEAR K M3
AT PUISAM HIMEALPERE, AL o- IR ER 2.0 8 Xt
MR R BL(Eq. 21), RVIRIFACE SR 100%, 729
) ee 1HH 87.5%. MM ZHEE FHFES(12) AR E LR

Chin. J. Org. Chem. 2015, 35, 1216~1228
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B35

-

Pyrolyzed \

(y 2
- ! \)\)

Impregnati (‘ i
&redy}ﬁ’l

Carbon wall

umina

=7 AR SIRE SRR % LU - AR - TR
7R E ) 25
Scheme 7
Pt/alumina-carbon catalyst

HO H

o}
OCHs o, JaPU1sAM - OCHs 20)
o) 2 AcOH 0

10 (R-11

Preparation of alumina-carbon composites and

Ii(Eq. 21), FEYIH ee fH N 84.8%. 2 2 %ML
FIHEAIEIAE I Bk 23 W, M A2 0] Bk

0 o)
HsC
oo e Moo
o} H ©OH
or 8 1a-Pt/15AM (R)-9
o +H, ———— or (21)
AcOH
OCHj, HO $H
{__OCH,
o}
12 o
(R)-13

26 SRANBEERAFEMELT

2013 4E, Pan 255 UKV 1a A1 2a T IEE 7R, &
A A R FIRHEAL ) PUMIL-101 {4k o- B2 S
ARFREA S FIFEIR(Eq. 22). BFRE: AXFREAL
SN PR AN 5 B 2 VA TR (R B D T R . 4 KA
AR R BT, AR ETE 98.5%. 1241 LRRIEH
K, RSP WA IS B R 76.5% ee, FITE 21
H 1a il 2a S PER Ak, TR G e fAod 4 4 5 .

(e} (e}
HaC ifier- _ HsC
3 %Oosz +H, Modifier-Pt/MIL-101_ 3 >_’$)J\002H5 22)

o) Solvent H OH
8 (R)-9

[E AR ATTIE AL 77 PUMIL-101 FOfEAL A 2R 1
FFar AT TP R TT, 45 RR AT PUMIL-101 &%
DREMEAIEIE 4 Ik, T fEALYE BEAS 2 B B 00 PRI
2.7 BFRAEAEBAELT

2012 4E, Beier 2PV % 17— RIS TUAALER
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BB PEAL AR, HEALIRYD 12 X FR AL SR (Eq. 23).
WETERIN: fEE BT I 1a AMUAEE AR E 9N
K Pt IPER, T B REER S AR A R, i
H 2L PtCD@[BMIm][FEP] (1-butyl-3-methyl-
midazolium f&#X BMIm; tris(pentafluoroethyl)trifluoro-
phosphate [#% FEP). 1% BT AL KPR Z B R
H R (12), 3RA9 A XK S AL 7 W) (R)- 2K 4 18 IR i
[(R)-13], H TOF {3k 3100 h ' (3% 3).

0 HQ H
OCHj __OCHjs
+ H, _PYIL (23)
o} AcOH 0

12 (R-13

K3 ETBIEFE PR R 12 A FOm Al
P
Table 3 Catalytic performance of Pt NPs supported in IL in the

enantioselective hydrogenation of 12

Time/h Conv./% ee®/% TOF*/h™"

Entry Catalyst

1 Pt@[BMIm][PF] 2 75 73 750
2 Pt@[BMIm][FEP] 2 81 78 810

3 Ptep@[BMIm][PFs] 0.5 42 76 1700
4 Ptep@[BMIm][BF,] 0.5 60 77 2400
5  Ptep@[BMPy][BF,] 0.5 70 78 2800
6  Ptep@[BMIm][FEP] 0.5 78 78 3100

© 2015 Chinese Chemical Society & SIOC, CAS

“ Conditions: Pt/CD/12=1/5/2000 (molar ratio), 25 C, 3.0 MPa H,.
® (R)-selective. ¢ TOFs were calculated based on the overall Pt amount.

3 YRRERMERSAEILT

4 JE YN K AR R A TR] RS 1) 4 B AR A 27 1 Jof 1T
W 5| T 2R Tl B2 ik, TBHAEMAL SR A
A5 AR AP, & IR AL B 4k R <F R
RIS (¥ J 73R THT, — 5T AT DAV BR 3 Ak A & 1)
SO, 57— 7 T AT DL M £ 1) 4 J SR 1 K /N R
R, BRI RTSR REET,
3.1 BRI

1996 4, Bonnemann Z5C8H0E T R T & E ]
J& T (1f, HCDYEMifIA-VA L (Pt-sol) AL, AL a-74
ifR .85 8 RXFRE. FERTLR) 1f FEERIZAE T,
PtClL, /E /KR TR S, 1931 Pt-sol fa 2 T 1£ (1 258
EhF(Eq. 24). 1£ 5252 1 Pt-sol AW B35 1 % 5 Si0, 1,
BN BT, AL o-IERIR C B8 8 AXFRINE,
T3 0724 9 (80% ee).
3.2 KEAmELT

2004 4E, FEMEEURIE TR 2 K 300 K/
BB AWV V=1 1)H, IMANKERHR
H,PtCl,*6H,0, il #1525 £ — RE A2 € M 9K R T
(KR A TE 2.0~4.0 nm 2 [8]). K PEgN KB A7 A T

http://sioc-journal.cn/ 1225
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PtCl4+ (2-n)DHCD-HCOOH + nHCOOH ——— >
n=0~175

Pteoolioi DHCD+Cl o+ (2-mHCI + 2C0O, (24)

- =00
i “OH
1f

o~ IR T 8 BIARIFREA B, RT3RAF =4 BT ke
Wi B KT 70% ee. LKA IINE&E
ALOs, 80K 75 H i 7 BRI AT 43 21 47 20 8 E 40 7R Py
ALO;, A AT B AR, HEAXRE S IR
FHN 2 B AL A BR 5 SRR 22, A1 2% i
RIS EAE N 62% ee.

2014 4, Weng 2 URIE T £ R T 2a B 4K
AT, F T o- A EHER 2,15 8 ARSI R A AL N,
HSRAG P 0t ik £ L BN 5% ee, M) TOF fH
KEZ)HE 0.004 s ' FEMFERIRMN T, MLk R
TN NagS Ji&, SN ee (A ATFRAK, AbA 15 AEBRKH
JE R AT e R 0 R TR T 9K R 3R T ) vE AL . (E2
¥ Na,S #epl 1,6-C FilE/E, REFF=Y) ee HIGZE
66%, M) TOF {E18 4 0.02 s . AT N: A 1,6-
O omEE, A£EE R THBABNKSI LK FRER
FHFE M. 40 1,6-C BB I — i 5 506 IR 5 1) 7 1
(SR, B SHE AR ECAL B, Nl 1,6-c—
I B AR MR R T B 1), s
AT T 2a KAEHE HAEMBURB(Eq. 25), it 1,6-C
CIREEAEM SR M ARER T E AT BT 2a RGO,
BEMTHE R T 7201 ee (A1 SN TOF {4.

SH SH SH SH

11 1,6-C iiEEEHREAHES]

Figure 11 Hexane-1,6-dithiol arranged on the platinum surface

4 BEEEHFTRAEFART SRR AL

30 3 o0 A 70 AT FRAL B A T 92 AT DL A AL
TP R A R0 SRR LOT621 5 e Y A 2 T A P 5 SR 5 oy P AR
()5 1z — L0364,

1999 4, Torok 1R IE 7 i xR A 4 5 i 5 ik
XHEA—F AT JE T (CD)YEAL IR R BEAT FALEE, W] DLA &

1226 http://sioc-journal.cn/

- N + \/\/\/\ —_—
Ho', SH - cHel
2a

Hexane-1,6-dithiol

HS\/\/\/\S
—~N

HO}
Cid-SH H

TR AL EE A AL AR 25 CHRIBEREE A,
SKH 40 SF A0 PYALOS fHEAL 77 HEAT 8 75 I8 e i Ak
H, A E R E BT 1a 85, T E RN
ST ARSI R BL(Eq. 26). 45 R KA
AKEFREAM S S HIRAG T R P22 (R 4), #A
PRSI a- R BB R m R EE R R,
220 7R 75 B AR 3R B e e R A AN X PR A R R AT 3
FENIRIE 5= 2 L B - W] B T (CD) AL 7 &
CAE RV, B P IR S TOUAL B ) SR fh AL AL o
R 2,056 3, 8, 12 F1 26 A X FRE A N 1 #5321 A B 17~
YI(R)-a-FLIREG. %N 25 F= Pyt et A8 v] Bt
F] 97% ee (3K 4, Entry 2).
o 1a-5% PtAl,0; H OH

= " H KCOOR2

R1” NCOOR2 (26)

3:R"=CH; R?=CH,

8 R'=CHg, R?=C,Hs

12: R' = CgHs, R?=CH;,

26: R' = CH,CH,CgHs, R? = C,H5

R4 HIITEERGE S BRI 5% PYALO,; ALK RTE 21
FEH 1a AL o-BH R EE A ST FRE AL

Table 4 Conventional and sonochemical enantioselective hy-

Ultrasound R?
AcOH

drogenation of a-keto esters over 5% Pt/Al,O; catalysts in acetic
acid using 1a as chiral modifier

© 2015 Chinese Chemical Society & SIOC, CAS

Entry Substrate Ultrasound” ee®/% (conf)
1 8 — 85 (R)
2 8 + 97 (R)
3 3 — 94 (R)
4 3 + 95 (R)
5 12 — 88 (R)
6 12 + 92 (R)
7 26 - 79 (R)
8 26 + 95 (R)
@« Ultrasonic pretreatments, “—> No ultrasonic pretreatments;  Enanti-

omer excess was determined by GC analysis.

PAERIR R AMAL a-BRER R AR FR S 2 M R
MR Tt I, S5 HAMEAL o- B R ISR AN X AR S AL S A S L
HAEL. S S fe K i e R AL 0 5 P W ) 0 B AR
HRAE, HMER TGN, 1X— B AU R PR ] 1 2R
AR SAE Tk ERRIH. SRR, % TAE# 77
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HEHBOREEY S HEALAIE Ry TR BRI E
Y, SRR A E AR AR b, X DR
to e R S VIRURLAS GEIE L, AT 9 s AL 5 74
MBI T — A R HSE R M7 i, RMITEIRA —
AMRKHI0 ot A2 RE S BUE S ARAEAL. ST, ML
FItEREE AR IR E, RME MG &IEFEL L&
J, EARILARH &5t X PR R 1 1 B fE AL
- T2 T A %3 R A B89 A 52 I8 7E Tl L iy ]z i 190,
XL ) AR A AL AR B AL AR R

5 Hit5RE

BARELL o B R S AN PR 22 M S L3R A T — o
PREE. ARG BT a-F2IEMRER RS VIR T,
ELETHIAI AR AEAL, 2RI FRAEAAE 72 . P IR
KeBE, AL A 25 5 T A o5 JE AT LRI s, B
AR AT TR, AAIRAK. il ik
SELREIETIE N R B, I IR A E AT RE S
AR EGEVE R SLAR A SR B, AKIFR A S 58
i, PP E T R AR ISR RE TR DL
P, XSO ER. B, HHD
AL o-BRER 6 22 AR A0 IR AL SN I F 7T L B
TRORMEERE. BIEATNIE, BT RNEY. FrEE
FIRIRFRYER ZFENE, 2 AR A PR AL B TR 2R
BERFNEAZ LA B, FIAMEATFR A Z A
JSE3 R A < R IR L 2 R, K R A AR R
SRR AL R LA, SRS R A 1 0 TR R AL RIOR
BE— DR o- BRI AN R A S PR X k28 6 A
PRE AR R SR . BT DR R A I
SRAT S R R FE A S REATLEE DA K Tl b
) L Z R e S5 Ty T B A K AR 2
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