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Study on the Highly Selective Asymmetric Hydrogenation of
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Abstract In this account, our recent progress in highly chemo- and stereo-selective asymmetric hydrogenation of some
polyfunctionalized carbonyl substrates is briefly reviewed. The furtherance of the study in this field and their applications is
prospected.
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TAFAEA AR AN T RE RTINS, X LR AR FREAL
AL R AT B S 510 58 A, 1845
PRI BRI FEPEANBIAL IR 2 XS RE R 3
) B I A G0 1, S L RS0 I e £ MEAE AT
& I, 0T BeRE 1) Jal A w9 A IS A7 e 0 AR
FEVAIN, P AR AT R RO SRR, R b — R
PR T E R-M B A A 1, A S)—FiBC A
B2 SR EA ). B EUF, R PR ALAR
SR ZE 0 AN L8 K, K AN 7T BEZR AT e R0 It 48
(Scheme 2).

L*

0 O\\\\RU
RuL* Z | H OH
Y\)K/X - Y\)‘\/X TR AKX
me [ Tu g

Y. X

Scheme 2

BAVNAIET 4 T SunPhos RAACAK, A1
ARSI T 0 — R AR R RT (A FR . B
LA AT AT BRI 2 B e AL S A
XFRAAIEAT T IS, ASCE X BAT N S X Ty
T (RIS A REAT e 4

1 4-5E-2-8§K-3-THERZEMAMIRS L

2-FR -4 DRI T R G 2 — AR R T A
1, S BRI OB ORL. CARIE AR FRE
PRIE LA 4-TRFE-2- 54T R LG N JEURL RSB S), H [A]
HEURH RS e PR 22, RN 25U FH B ek i Jsokl, 5 T
SONVAMECLE ST, BATTH 2R H RN R SRS i T 4-2K
F2-F MR T IRIR O, A FEE T L 4- 0805 -
2-FHAMRT R OleRR e, 1 HA I ER, TR, b
TR . W T IXFE— AN R ), EAMETE R
BB AT — A FRIEAE AL IE ], AT — AN BB AU [
I np LA b Be A7 56 1. FATT LA [NH,Mey] ™ {[RuCI(S)-
SunPhos]>(u-Cls)} AEALF], kI 6 equiv. AL
(1) 1 moleL " #RIR, LA 94%[H] ee {H15E T XU FIFK LY
BB JE =4 4RI 2- 808 TR W8, LAty 4-05 %E-
-5 TR IR 2T ¥ BE LA i R 3 B (94% ~
96% ee)f3 FIA A= H)(Table 1). 43 S N W AEAL 771 1K)
YT B LR = 2 2000 B, NI ee {H A I W FEAIK,
HSRIEE] 93%. F=zeid /K. —IREL 5 BrfbfE ]
LAFF B ee {H A1k 99% (1) 4- R H-2-F2 HE-3- T IR I, HE—
ISR B, ARTFREAN R AR B Se b S5, Tk
SUBHE T HE— 25 A R Y,
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T 4TI THEIR 2 I A AL ¢

Table 1 Asymmetric hydrogenation of ethyl 4-aryl-2-oxo-
3-butenoate
0 OH
Ru cat. =
\ -
AV/\\/f\COOEt additive Ar/\\/;\COOEt
Entry 1 Ar ee®/%
1 la C6H5 94
2 1b 4-M6-C6H4 95
3 1c 4-F-C6H4 95
4 1d 4-Cl-C¢Hy 95
5 le 4-Br-C6H4 96
6 1f 4-MeO-CgHy 95
7 lg 3-C1-C6H4 95
8 1h  2,4-Cl,-Cg¢Hs 95
9 1i  Benzo[d][1,3]dioxol-5-yl 95

“ All reactions were carried out under 1.4 MPa of hydrogen with a substrate (1
mmol) concentration of 0.2 moleL ' in EtOH at 70 ‘C for 12 h. Substrate :
catalyst : 1 moleL ' HCI=100: 1 : 6 (molar ratio), conversion 100%. b ee
values were determined by HPLC analysis.

H TR 2-F 4R T R, FidE
W= PR K TG FREEAL S A e L .
BATTRZW T 2-5A0-4-IR5E-3- T IR ) B A R
A, a-BRFRIR 1) EARAK RGBS LA
YRE IR, DR A PR R P ) - FR R R IR e — AN LA BE
PEISURE a-BRHEFRIL ol e A, = S EUELL A7, AN
X PRAEA R A AEAT . TR S 4, BRATTSEBL T
2B AR-4-TRFE-3- TR IR B AT FE AN R RSk, 1
WT R WAZS SRR, 2-5840- 4T85k
TR I ANKE RS T AN ee (AL T 2-484% - 4-753E-3-
TIRIRIAN FREAEE R, AR IERL b, e T
X AL &) 2-5A0-4-07 25 T IR (3) M LR &L it
JR, BBV 45 R (Bq. 1!

1) 1 mol% Ru cat.

OH H, (2.7 MPa)

1 mol/L HBr (aq.) (6 mol%)
3 THF, 90 °C, 20 h

Ar

OH

N/VAW% ©)

(6]
4

up to 91% ee
99% by recrystallization

2 y-ZEFEAR B EREREEAIAXTRE L
Ru-BINAP A& R A A R A T B0 - 1R i
SIS TIPSR, LR KRR Ru-FrEm)
H 5 5 T XU C AR AL AR R X BT R T AN R
A A M 2 B S A R 45 R AH X T e AT A A T
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JR ALK Z T REA B-MBRINE AN X AR A T ST A0 LA
b T AR T AL AT S A R e A S AR RE AL AL A AL
TR B0 Y IC A7 A T B 55 T 5 00 Il 32 B D i o
i, A D EARIE &A% 7 8 2 B REAL I B- IR 1S
5, AR S A AR bR, KR RS-
BN, i, BAVNHSEILT — R p-2% 7 B
BT T [ AN R AT, o F e AT B 7859 1 U T
AR T, ASCHERE 3 i SVl il B 08 IS 8L 10
AKIFRUEA AR T B B8 1) BLm AR J 5, JRAT TS
AR AR, B8y T IR AL RE 1y, WS T
98. 2% X WL FENE; X T N 7, FRATTHW 2R
TRAPEE, FRARIL S 5 RO AL 7)< Ja v 0 5 4 T A 1) i
71, WA T 98.0% 1% ik £ (Table 2).
K2 R THUCH p-B IR AR FREAL @

Table 2 Asymmetric hydrogenation of f-ketoesters with a
y-coordinating substituent

o o

x Ru-(S)-SunPhos OH O

x)ks/koazoMPaHz,EtOH X”)}/MOB

Entry 5 X eel%

1 5a BnO 99.1
2 5b Cl 96.5
3 S¢ AcO 99.0
4 5d PhSO, 98.2
5 Se BocNH 98.0
6 5f CbzNH 97.2

“ All reactions were carried out with a substrate (1.0 mmol) concentration of
0.4 molL ™! in EtOH under 2.0 MPa of H, at 70 “C for 18 h. Sustrate/
catalyst=100/1 (molar ratio). Conversion=100%. ? ee values were determined
by HPLC.

XA p-FOA AL OB EA 1, EA L
AT EAT T Z N M, AT Sg BT ARRIRE
PRI 153 T 97.1% ee (A=, ST L% A
th, FAGENT 98% ee M54 6g (Scheme 3), B 1]
PIME A PUR 254 Sitafloxacin A1 Olamufloxacin 14 <
b a4,

9 0 Ru-(S)-SunPhos oH O
CbzHN - » CbzHN OFt
OEt H,, EtOH
59 recrystallization 6g 99% ee
Ny O NH2
N
H
98% ee
Scheme 3
T - BRI IRIEI AR, — B

AR M AR RIS AN WO FEE, 2 ERS W %
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P, #ARER B RO, T HAZ S SN s PR A
m L T R X e L, BRATT I SR IT LR
Ik, IRk o- IR, K5 AT ARIAREAL. 5-
Bkt 4 ORI 3,5- HRILRIRIR(T) A X FR AL
A LLRRGEAT, 7 8 BRI, W A2 Al
RN AL R A5 3 =D AU BE 1) 3,5- IR AR IR IR IR 5+
Fi £ (Table 3) ),
K3 O-Liilil-p-HIRRER AR FRE AL

Table 3 Asymmetric hydrogenation of ethylene glycol-pro-
tected-dioxocarboxylic esters

[\ -(S)- [\
3 b O O Ru-(S)-SunPhos 3 O*OH o)
R OR' CaCOj, Hy, EtOH R OR'
7 8

R = CICH,, Me, Et, Ar, etc. up to 99% ee

Entry 7 R R' eel%
1 7a CICH, Me 99.7°
2 7b CICH, Et 95.7°
3¢ 7e OBn Me 99.24
4° 7d OBn Et 99.24
5 Te OBn +-Bu 99.6¢
6 7t Me Me 99.3°
7 7g  Et Me 99.5°

© 2012 Chinese Chemical Society & SIOC, CAS

“Unless otherwise specified. All reactions were carried out with a substrate
(1.25 mmol) concentration of 0.4 moleL ' in EtOH, CaCO; (12 mg) as addi-
tive, under 6.0 MPa of Hy at 55 C for 4.5 h. Sustrate/catalyst=250/1 (molar
ratio). ” ee values of their p-nitrobenzoates. € 65 ‘C. ¢ ee values were deter-
mined directly by HPLC. 75 ‘C, 10 h.

3 y-p K-y, 0-FiaF0-p-EREL s

TR IR I — R E S P g, AU
VEZ RIR =R 54) 53 0 ) I A8AE, 1fi ol od g 1F
A AL, ST, W1 Claisen FHE!al#
SN2 S WA E o, B- AN AN ) BRI A i 4%
FHA G AR EE T k2 —. FHERFU. AL
FUA S T B A R IR S5, Noyori /NP gl
KR Ru/ U AU 2N T o - AN VLRI J5 I 3745
TARLF I 2 BEVE RO WO B, (R b fE A A R ETA
EH T p-ER R,

S5 30T BRATTPR S T T e PR AT A A7 L R
F I BE T RE AL BT IR T 14 B B M B B A 0 R A
1, BT T A i PR A 2 PR P RO il e PR . i
JRPAT, AT RS AT N U R e X
FAHE 0 I #4432 T - (Table 4). IXLELFAEILIN
FEW, T LAHATHE— D IR e Ak, & S R BE S R
(LA ZE Wi MR R T RE A 201

1T LI R IR mT LR 7 b R A L T BR, B
RAEE, 19305 A RGN g i T i &
Y11, W LAR] T 2 Ry TN BER & BU(Eq. 2).
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R4 y-pa -y, 0- ANEFI-p-BR S A FR AL
Table 4 Asymmetric hydrogenation of 5-aryl-4-halo-3-oxo-
4-pentenoates

0O o OH O
Ru-(S)-SunPhos
ArWOMe o Meor ArWOMe
X X
9 10
X=Cl, Br ee up to 97%
Entry 9 Ar X Yield®/% ee/%
1 9a C¢Hs Cl 96 95.7
2 9b 4-Me-C¢H, Cl 98 96.0
3 9¢ 4-MeO-CgH,4 Cl 98 95.6
4 9d 2-MeO-C¢H, Cl 98 97.0
5 9e¢ 4-Br-C¢Hy Cl 96 95.1
6 9f 4-CF;-C¢H, Cl 95 94.9
7 9¢ E-PhCH=CH Cl 97 94.1
7 9h C4Hs Br 92 96.3
8’ 9i 4-MeO-C¢H, Br 91 96.4
9¢ 9j 4-CF;-C¢Hy Br 92 95.4

“ All reactions were carried out with a substrate (1.0 mmol) concentration of
0.5 molsL™! in MeOH at 70 ‘C for 0.5 h under 1.0 MPa of H,, Sus-
trate/catalyst=200/1 (molar ratio). * Isolated yield. ¢ ee values were determined
by HPLC on a Chiralpak IC-3 column. *70 min. ° 100 min,

5 mol% PdCl,(dppf)
10 equiv. HCOONa

V(toluene)/ V(H,0) = 6/1
120 °C

OH O

Ar7 Y OMe
Br
10

OH ©
N”Né\ﬂbm @

1

4 ZHEREEERHIRIN

BRFLARIT A 2 AN AT (193 [ SE AP AR, fEfE
AN fig BUAS 1 () ST AR B PE () 2 X =COOEt, Y=
COOBu-¢ Itf, 7€ Ru-SunPhos A& F, FATHEE T
14.7% 0 Bk B ). X EE R AEMNHSSHS
), 17 R AL 1) i S 32 3 A, PR
PRI AH . FRATTA Ik S 86 (1) 7 V2R T LI R B
W) 1) e D IR 99 Y, e il e o) T[] — 2R Y 1) 5 1)
S, AR EAT R W R BRI &, XA
R I A 1) B AS G AR A AR A E R
41 3-|RKXZERITENMNAMIRE L

h T A3 B R R AT AR D BR I 0 A RE BT, B
AP T RN [H R B AT AE A AL ROV T #%(Bq. 3)

O O Ru-rac-SunPhos M )
Mx 2.0 MPa H,, 70°C X
12a ~ 13j 13a ~ 13k
12a X = OEt 12e X =NEt, 12i X = morpholyl
12b X = OiPr 12f X = NMeOMe 12j X = NHt-Bu
12c X =0tBu 12g X = pyrrolidyl 12k X = NHPh

12d X =OCHPh,  12h X = piperidyl
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TELEARZ T, TATAIFH T 4518 BUT R 12¢
R, (EA I A ZERIANK U] e 125 T
LW 12a, ZEECK; LM T5 R, A 1 B bR,
TR 72 AN K.

FETR G SE R R R R T A, RS 4l
A I20MN12i I, AR B AREE L, HAR
2REL. TR, BT R 120 R 12875 1% SV A R
RAT WA SO R 12a, DS U B PR A OB T80
RAFREA AT, Oy T8 Gl i, FRATTEH] THEF 14 %
R, ANOCEE S T AR, 10 HR A THF HH i) S i g 3856
B B BB MR A AN SN, A - Wl B 4
PR, AT T 2-50% IR AT ALY AE THF
RIZIEFEIE AN R AL,

x5 3HAMRL IR EWRIAXNREL
Table 5 Asymmetric hydrogenation of 14

O O o Hy
w R! 0.5 mol% Ru cat. O OH O
EtO N~ * R
14 l, THF,15h  EtO N
R 15 &2
Entry 14 NR'R? ee/% in THF ee/% in EtOH
1 14a NEt, 96.5 93.4
2 14b (CH,), 96.7 81.7
3 14¢ (CH,),0(CH,), 96.4 N/A®
4 14d NPh, 98.1 53.3
5 14e NMeO 87.3 N/A®
6 14f NHz-Bu 94 .4¢ 91.4¢
7 14g NHBn 87.1 79.3

© 2012 Chinese Chemical Society & SIOC, CAS

“ All reactions were carried out in THF or in EtOH with a substrate (1 mmol)
concentration of 0.2 molL ™! at 70 ‘C with 2.0 MPa of H, for 15 h. Sub-
strate/catalyst=200/1 (molar ratio). Conversions were 100% except where
indicated. ee’s were determined on HPLC. ”No product was obtained due to
alcoholysis of the substrate. ¢ ee of its 4-nitrobenzoate.

TE[ =2 T A A B-RRAT AR R, RIS
A b R — AN B 2 IR HE Y, 2 BT A AT T
I, fHE—ERA M. TATHIHIAE THF XA —MAE
FH B S N2 70 v 8- B T 1 R I P 4l SR A B 1) e N2 3%
PESEIL T X —H . X &4 16, £ Ru-SunPhos-
THF R R BATEI 7w Be it Se Bl 8-47 S AL =
1k, ee {15 97.7% (Eq. 4).

0 o (o
N

16 O O

Ru cat., 2.0 MPa H,
70 °C, THF

110

H O
EtOMNﬁ @)
°© 17 97.7% ee K/O
42 35-ZERARBRITEMHIAXFIREN

He22liff 3,5- R TR BRAT AW S5 BT HE R AR
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VIR 5y F i KEATAE, (H HATA X B &Y%
AR E A I SATRIE =l LUE . Aldol %
NAFR, el I AR A ) 7 VAR TR IS T
—UO R, (MR Z I RBRIE. 20 et 90 AR, A1t
WA T UL 3,5- A AR MR i 1k £ M A KRR A
b, A REAE =k PR Hh A B O A Sl R IR B — ).
1991 4F Saburi 251414015 FLEFSY T Ru-BINAP 14 &%}
B.O- IR R IR AR, AATWE I A 347
FRIL T e AL, ARG STIRIE PR AL, (HE A
PIARMERS: 73 B ok, e A B2 DL A 1 B0-—
FRIEFR IR, H 2 0 BRI 45 1 AR R o) e 3 B kA AR
(Scheme 4). Mortreux 25! IE R (1 A Ak i R 46
WENT CR)-FRIEF MMATIEA C(5)-FEIEF Ak, XiE
ST 3-PLERIE B e AR AT 97% I R R 4y B A3 #
T CR)-FIEIR =W, H2 ee him S 78%; #: Mk
{f FH(R)-BINAP 1E NHCAA(Eq. 5), X 66% ee [FI(R)-5-F%
FE-3-PHE R EREA, BRI T 90% M =4),
FErW ee (LA 75%. X FEZER N R ee AR,
2000 4, Carpentier /NH'HRE T Ru(Ph,Ph-oxo-Pro-
NOP)# AR, LB, — DRl a T
96% IFI ML 3 7= ), AH & 2 =W A B SE AR PR
(5% ee, Eq. 6).

O O O

w Ru,Cla((S)-BINAP),(NEts)
R OMe

MeOH, 10 MPa H,
50°C, 48 h

AP PP
15 5 ) one

anti:syn: 1to 4
ee: 70% ~ 81%

R = Me, Pr, BnhOCH,

Scheme 4
O OH O Ru(TFA),((R)-BINAP)
OMe CH2C|2, 6.0 MPa H2
66% ee 60°C,21h
OH OH © OH OH O
+ -
(5)
OMe OMe
90% 10%
75% ee 70% ee

20 Ak, XRRINVDARRE A AT EZ
BERE, E RSN 2 BIE A S BOE PR R+
Gy 82k, ARAG DXIURT ST AR A I 2 T AR AT - 23 R K.
TATZ /TR IR, p-H R A - Ik i {F. THE i) Vg
e EORZE R, i DR R IE R B, LB I &
Bt 218 LR 1R S N PEAR A Bl (FERE SR ), BT
FiABAE THF eI T N FREARAR. XS5 A5

Chin. J. Org. Chem. 2012, 32, 1353~1358

© 2012 Chinese Chemical Society & SIOC, CAS

OPPh,
N—pph,
Qo 0 0 RU(TFA),(Ph,PhoxoProNOP) |
OMe = CH,Cl,, 10 MPa H,
60°C, 18 h
OH OH O OH OH O
s (6)
OMe OMe
96% 4%
5% ee ee: not detected

FTRMBUEZ S5, FATAKT 18a (R=Me), /£ Ru-
SunPhos-THF AR N&fk, LAER 100%MCRMA 2T
3-MEEALIG =, 1 H. ee {E ik 96.8% (Eq. 7). it X}
JEVIY JE, ST — R 3,5- AR BRI (1) AR}
PR AP, 33 e i) A S i X35 00 7 Ak 32 % P )R i 2
AR A AT S,

o o O 0.5 mol% Ru cat. w
RWNHZ 20MPaH; R NEt, @
18 70 °C, THF, 15 h 19

R = Alkyl, Aryl, heteroaryl up to 97.2% ee

[F] I BA P A T AR T 4677 RuCly(PPhs)s
ERETEEN— R 3,5- S ACRRATEMM I, WA
TARGFH) C3)-FrAhakdett, Ml (1)3id IR U7 vk H iiit
VESIUX PR BEE A28 )5 (Bg. 8).

0.5 mol%
H
Q@ o 0 RuCly(PPh3); o oH 0O
RWH@ “Z2o0MPah, = R Het ©)
R'R 70°C, THF RO R
R = alkyl, aryl, heteroaryl 85% ~ 96% yields
R'=H or Me 20 examples

Het = OR or NRR"

5 SE5RE

FRATTUR B AT LE 45 AE R GEAT 5T 45l 07 e AN
PR N A, 0 2% b i3 AR R AT A
FEANOS R A BN R BE AL 3 ) BE A T B ZI 1)
WK, 2 H REFRIEIN I AN FR AT AT 7 L8
SR RE. BATTIN A, APOR IR 3E 4 P A7 A E 1A (s 5 fie
fig 2 ) R P AR < P L 5 IR R AN R 1) 3 17 3 ]
R sE BRI AR RO, 300 T S NIk HE Ak P A o
BUAERL. BeAbh, X T2 HEMRRAT AN =, Ak
IO (R HLBEIEAT Fp ) W, AT IR AT 78 AL (15 2 ] T
R A E RIS R 2 ke . R RA
BT IEAEREA T, AT S REN A S P LR AT 5T
KA P IR 10 22 Y REATBIIE (K A AR AL [, 1
A BEAE DR I X I PR AR R £y T
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