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SRR IR (1) 75 75 P Lb 58 AR OR B2 20 1 0 7 1 T 5 i 141K
AN, P Em AW E A LIRS F RIS 2
Sy, 1&—J5 T A 2% S5 BT AE A VS A AR T 55—
T, Z&JEF BRI F T S S R s R T
T, AR A 5 O T A AT R AR A N T
CAAE DS B B A A, — R 5 2457 (R R
AP,

TESAEA AR R, S —BIRIE I 5 B ML E )
(AL L AE 1987 4F, Murata %5 B T 5t A 7 A= (1
(+)-(DIOP)RhH 1EMEALT, LEAEHFI, =il FXF 2-47
AR IR 1 AT A AR AL (EQ. 1), VT 36~72
h, 774 2-F3E-1,2,3,4- DU M NRIbR HLAT 3%[H) 56T i %
PE(Table 1, Entry 1). 4R ee (HARME, {HEETESEIL T X5
T RIS WA RGN, HJE KRB T &
TR A AKI RS T AR TRRE T 1 .

H
Ny H,, catalyst N
e
/j\ solvent N]*\ M
N H
1
H
Ve, Bn
Ph§N Me,, K\,Me
Ph-<Pr, | W ’
'Ir'\H
i

v
ph—F PPh, PPh,

Ph
L1 fac-exo-(R)

H2N\©
HoNY

(S,S)-DACH

L2 (R,R)-BDPBzP

PAF2
O PAI'Z

L3
Ar = xyl, (S)-xyl-hexaPHEMP

1998 4, Bianchini B 7%/ INHEVRI AR AT 42 S8 AL A 1K)
—AHEAY fac-exo-(R)-[IrH{CsH.C*H(Me)N(CH,CH,-
PPhy).}] (L1) YEMEALF, SEHL T X 2-FF HEmE k(1) 1)
A UL REE S, B T A 90%IF) ee fE(Table 1,
Entry 2), {HFALR AT 54%, ALK N 97%IH, ee {i
4 73% (Table 1, Entry 3), MW EAE 100 CREAT, HEE
RS A 2 B L PR AR PR, X2 H R0 2- FH s W ik
FMIS R AR, WA 2001 - X ARE T
JH[(R.R)-BDPBzPIr(COD)]OTf FI[(R,R)-BDPBzPRh(NBD)]-
OTFAEMEALT, X 2- FH IR (L)REATELM, (H ee fH
ANERAL, 4390 23%F11 11% (Table 1, Entries 4 and 5).
FE OV, ABATT A B PR35 1k LU T v, (EDR] aze 6
fik.

2003 4, Henschke F1 Casy %51# ] Noyori #J RuCl,-
(diphosphane)(diamine) i At A4 &R, LL 2-FF LNk (L) 1)

S I BR N, 50 °C, 3.0 MPa &SR, X —%&
ATk XU I A4 R T B 4 A HEAT T IR, 5 R
R I(S)-xyl-hexalPHEMP (L3)F1(S,S)-DACH [ 41 & Hix
T RUF 45 R (73% ee) (Table 1, Entry 6), FTfT
20 h WAL R HRAE 94%L) E, H S/C 4 1000/1™Y. %
A R TR GF, (O g P SR h 25

R 2-FISLMEIRIR A% R

Table1 Asymmetric hydrogenation of 2-methylquinoxaline

Entry Catalyst Yield/% eel/%
1 (+)-(DIOP)RhH 72.0 3
2 L1 53.7 90?
3 L1 96.5 73°
4 [L2Ir(COD)]OTf 40.7 23?
5 [L2Rh(NBD)]OTf 93.2 118
6 RuCl,/L3/(S,S)-DACH 99.0 73°

3 CH,OH 1RV #1; ° i-PrOH RV 1; © t-BuOH 1R 7.

2000 4, Ito 2512 ¥ Vi T %t N-Ac T Boc {447 (1)
2-fr AR AT A X B AL &k (Bg. 2), NAE 60
C R, B T feimih 95%I0 ee (4. Al 148 I A & —
A ST B AU ECAA L4, & )8 A2
[Rh(NBD),]SbFe. iX—fifb & & X 2-67 A N-Ac {&
PRINGIR,  TETE SR 0 R B PR RIS T4 A =
1) & SR, At T s 1) I N s B A R B a2 85 2 O 0 20
(1), %F N-Boc PR g e S A 0 ik B A i N-Ac. (H
T 3-ArHUAR IR N-Ac LA G 2 76 ETbrE S F T,
RIVASRERALSE A, B T BT Efe =4 3 4b, 8152
T N I Ac #BEERI¥174 4 (Eq. 3).

[Rh(nbd),]SbFg (1.0 mol%) X
M R
o mR PhTRAP (1.05 mol%) _ N @
Z N Cs,C03 (10 Mol%) Ac

Ac  -PrOH, H, (5.0 MPa), 60°C, 2h  UP 0 95% ee

L4 (S,S)-(RR)-PhTRAP

Me [Rh(nbd),]SbFg (1.0 mol%)
PhTRAP (1.05 mol%)

Cs,CO;3 (10 mol%)
¢ PrOH, Hy (10.0 MPa), 60°C, 2h

92% conv.
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AT B 3RS AL S i A B, [
— WA S R — A R R 30 B M|k 11 S Ak 2t
AT TN, AbA17%%2 7 H N-Boc, N-Ts, N-Ms, N-Tf
R N-Ac hf SN AL 2 FION UE BE R (5 MR, 45 3
RILN-Ts L4711 3R AR 5 25 th 5 i 1 45 R (Eq.
4), HHALRAEILF] 100%, H HEermbEIRe 98%M1) ee
{E[B].

R [Rh(nbd)5]SbFg (1.0 mol%)

@E\g PhTRAP (1.0 mol%)
N

Cs,CO3 (10 mol%)

\
Ts -PrOH, Hy (5.0 MPa), 80°C,24 h
5
R
@Eg up to 98% ee @
N
\
Ts

£ 2003 4F, JAK BTN YoSL TR 2-fr B
Wk FR B ik B PE A K (Eq. 5), A AT AE A
[Ir(COD)CI],/ L5/1/Toluene [FffEftAR R, fEald FEIAT
CAHEAT RN, FEEUR T Sem hy 96%1%) ee . X —fiE b4k
FONFRFEAN MR IEAT B BE I JC 52, X 3-47 5 4-A7 AR
WEDBR R A TS RIS, ELP= )RR AOR W e ). W A A
I A st P R g 0 e R T Z I, G SR,
IANREHEAT. FIFIX — A A 0 7 vk, aT LT (1
GRS 2-RUR I 1,2,3,4- DUE RIS K AR =)
6, 7 VR — 625 8 [ Sk v ] 4.
[ICOD)Cl], (0.5 mol%)
(R)-MeO-Biphep (1.1 mol%)

P
Zg\ /;

lo (5 mol%), rt.
toluene, H, (4.8 MPa),

L
N R

] (5)
H

up to 96% ee

R

PPh,
PPh,

== i
)

MeO
MeO.

"’//\O:OH
OMe

6 (-)-Galipeine

L5 (R)-MeO-Biphep

F

)
Me 10) =
COOH

7 (-)-Angustrureine 8 (S)-Flumequine

XTI e SR 05 A 2 F A S ) bk L 2R
FFIRNRG | SRy S5 B AH IR A0 R A Ak R WARGE.
1.2

LTS B A LE SRR IR L R X, TRk
SEATME IR — A BRI 05 A M LR A B IR — N HR IR 1
EUETR R 2, P, SRR T F AW
MR TE BA PR, SCIRIRIE AR A R A 5 &
BAZIRME ATl 1997 4F, FuchsF|J[Rh(NBD)-
CIl/L*/MeOH AL RN 2-A7 BUAR It B SR IR AT A=
WEAT T AAK(Eg. 6), EH IR R AT AR
RIEAAEY) L6, X N-ABUT HEn g It i (9a) e i A 17
78%I1) ee {H, XFFAIHLI 2-MEMEIRIER FH S (9b) AL,
H3R15 3.6%I1) ee {H.

[Rh(BND)CI],/L*

T
N N
N
[ /j\ . [ j\ ©6)
N”>cox  MeOH, Hy (5.0 MPa), 70 °C N~ COX
|
H

Me

X Conv. ee Pth
9a t-BuNH 80% 77.6% Fe “PCy,
9b MeO 85% 3.6% @

L6

2000 4, Studer M50} SR L E 17 (Eq. 7)R1
W 18 (Eq. 8) AT AR A L. &0t — RN &AL,
AT A0 Rh(NBD),BF, by di A 14 Ja i i, A6 75 =
h 5%, JWiAE 10.0 MPa, 60 ‘C FHE(T, 4/ DIOP £
PRI, 2-nbme FR SRS T Bemihy 27%IF) ee fE(Table
2, Entry 1), {HEALR HAT 41%; 4 BINAPERCAIS,
165k 100%, {H ee i 147 25% (Table 2, Entry 2). % 3-
P EUAR T E (1 20k S 15 S PRI A, AR, 0 s Rk
WAK. 40 3-ntwe FR O, BT BT B e s = ar,
L2 R EA =), ee {EH i =i A 17% (Table
2, Entry 6). XJ 2-WEHs HRE IR A A0 BUARICR &, (H=4))L
TIEHEN), B ee {H ML 7% (Table 3, Entry 1).
Rh(NBD),BF4/PPF-P(t-Bu), [ 2H &% 2-WEHR FERELAS T
i h 24%I11) ee fH, {HISCE H 4 3% (Table 3, Entry 4).
1 Cy,PF-PCy, fERC RS, 4 100%, {H ee {HI N 1%
(Table 3, Entry 5). FHEEEE LM & 1228 S W I¥) dge 445 771,
RIVFAE 60 C, 10 MPa WA/ ) T, 4R
JEZS, PEAGR T v, L BRI P P SR AR

BIAR R, 005 A AL S W) AR R AL
BlFAZ, M HEGRAL, EE— MR THE— P3N
TRR .
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No. 6 Il 2=
x [Rh(NBD),]BF 4/L*
= - R Y]
N H, (10 MPa), 80 °C N
. I
SIC=20 Y
H
0-f~_PPh, PhoP 2
H
BDPP DIOP PROPHOS
CHs
pr, PPF-P(tBu R=Ph R'=tBy

Fe PR, Cy,PF-PCy,: R=Cy, R =Cy

Cy,PF-PPhy: R=Cy, R = Ph
R 2 ACHERERIR MR AR AL AL

Table 2 Asymmetric hydrogenation of substituted pyridine
carboxylic acids and esters

*

Entry R L Yield/%  ee/%

1 2-CO,Et DIOP 41 27
2 2-CO,Et BINAP 96 25
3 2-CO,Et BDPP 97 9

4 2-CO,H Cy,PF-PPh, 100 25
5 3-CO,Et DIOP 52 12
6 3-CO,Et BDPP 45 17
7 3-COH Cy,PF-PCy, 8 17
8 3-CO,H PPF-P(t-Bu), 5 6

o [Rh(NBD),]BF 4/L* o

Ya O e

H, (10.0 MPa), 60 °C
MeOH, S/C = 20

23 HUARRIE R AR A A AL
Table 3 Asymmetric hydrogenation of substituted furan

Entry R L* Yield/% ee/%
1 CH,0OH BINAP 91 7
2 CH,OH PROPHOS 98 5
3 CH,0OH DIOP 98 4
4  COOH PPF-P(t-Bu), 3 24
5 COOH Cy,PF-PCy, 100 1
2

Wy, Fifg 2 5,6,7,8- VUM BR 7 DNA BRATANI A4
G A EEMER. B, A S 6 R AT
. FHERAREIED IS, KILEE S [Rh(COD)-
Cl), JEH-LICH M4 (—)-BPPM Fil(—)-DIOP [HI%4:
Ielf, TEME Merckosorb SI60 & AEMHHEY), BT
B 92.3%01) de (MY (Eq. 9). X —IAEBIARMEAL A %)
Hoe UM A A AR IE.

OH H
N OC—N COOH
N X N ™ N NS [Rh(cod)Cl]p/L*
i H 0 silica gel
B g
HaN™ “N™ N up to 92.3% de
COOH

1]
| H %
o
H,N” "N™ N
H
COOH
H PhoR,
£ "
o) PPh; N~ CHzPPh;
|
H COOBu-t
(-)-DIOP (--BPPM

Hegedus®" JT] T 1 fili & 12 PP I 45 T 1k 3% k0,
10% Pd/C TEMEALT, BT 3-Mhe H ERUEAT HEX]
IEPRIES . TS I s W3S AT SR, (EK i
PESE AN K, AR 288 LR AL B A, =,
BIf 10 MPa AR FIEAR M. sl AR T4k
R, HE PR RRAR. 20 Ak, fhAi14E 50 C,
5.0 MPa (&AL T, &V 10.5h, X 2-A7 BRI it e
FRIR 10 A4 T 3R1F 79%T1) de {H(Eq. 10), % 3-A7 HAR
[NLERE FR IR 11 )&k T 3R 43 94%(¥) de {E(Eq. 11), X 2-
PEEARIERE #h 12 AL T 3845 98%I1) de {E(Eq. 12), {H
JE GRS, I R E AN, W E S 5 de fHY
3094,

ARS8 AR (1 7 A S A 2R 5 B AR AR L LA e A 7 [
W ERER B AR s, IS R T A Z BT
PR, VDA R A R Rb R ST E A R A A A
RN 2007 & A IR, 1992 4
Brunner®®14 i BLZERENR |- Rh(1) 4 & i A4 TP ul i
P A4 S N A ) T PEEA AR &R, 72 NaH,PO,/Na;HPO,
(PH 7)ALRR I ZZ iR, REIE PRI Hh AL I R K 24 2R

AN
| P " 10% Pd/C
N — < (10)
0 COMe N
up to 79% de o CO)Me
10
N 2V€ 0% Paic N” ~COMe )
Yo MeOH )
N/ up to 94% de N
1 H
| X
N
rfl 10%Pac  (H AL N
O COsMe
CH3 2 MeOH éHa o} Cone (12)
CH;0803 .
sos upto 98% de  CH30S03
12
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Pinel A1 Besson 52U Tk I 2 R i b AT 2B
ERE B, se 2- W JE-3-mbwe H IR e W, 2R )5 i
Rh/C F1 RhAILOs YEfEALTI, X Jr A iy 2- FHJE-3-Hi e
IR FTE AT A4 (Eq. 13). M AT %8¢ T k7). iR
FE A FHEE SRS S R N g, geid—
RA 8, AT R B Rh/ALO; (3.8%)F1 Rh/C (4.2%)(1)
TEPESE, (HATE IR, AR IVE AR, B
FlEE T, SN EE RN, AR IR B, 1S
HWASZ 5, F SR R, BRI I I3 12
R RETE. TR R N R B 2, S
de {ELf5 ik 35%. Je KAt SR T AL & ok i ik
L, 4RI RE AR

| N COOH AuX* N COAUX* Rh/C
| H
P P 5 (5.0 MPa), r.t.
N" Me N~ ~Me

COAuX*

COOMe
18% de 28% de
i_g\ CHZOMe
COOMe
35% de < 5% de

Studer 2P ff] 10,11- — 40T JE & SUMEROAL AL
FXS 3-fr AR L e SRR MR E AT E A (Eg. 14), 343 T
FAEMIRE, (Hp et — PdiIC AL3kIuAik
Y. AT 2R T Rh/C, Rh/PLO, 254 J@ il Ak 7], {H 45 %
AL, ik —RAIRIELE, MA1&%EL 5% PdITiO, &
DMF/H,O/ACOH (1 : 1 :0.001, AR EL)HEAS T il
(PR L FEVE(24% ee {H), (I 10% (Table 4,
Entry 3), HUb&i RE\EBEALF. VT 50 C, 13.0
MPa & N REAT, Ak H & K (SIC=10/3),
AR RAR . R Wk, (RO 2 5 — BRIk R
HROGE e P S A AR L P 1) 4R

sl e al o
—_—
Pd/C PA/C (4
|—|

modifier

@Ef%

10,11-dihydrocinchonidine (HCD)

x4 WARHERE K AR A AT FRE AL
Table 4 Asymmetric hydrogenation of substituted pyridine
carboxylic esters

Entry Catalyst Product/% ee/%
1 10% Pd/C 12 19°
2 10% Pd/C 81 2.5°
3 5% Pd/TiO, 10 24°
4 5% Rh/C 46 1.5°
5 Rh/Pt oxide 97 3

3 DMF 1:¥711; °n-Hexane {5 71; © DMF/H,O/ACOH (1 : 1 0.001,V : V
V)R 7.

7 LAl - Thomas H1 Johnson 2 2517 Fi v 4L,
MCM-41 [H% - %8/Pd HAEBIAR AL 3-67 AR
e R R EE T — D&Mk (Eq. 15), I3 THmA 17%
1) ee {H, ¥ALFMERL 50%, KMV 41E@0 C, 2.0 MPa
Ho) LR (50 °C, 13.0 MPa Hp)i& 1. $14L MCM-41 L
HMEESEIT Ph,SICl, Zavfifh, XA, FHEREmucs H 5
LN ISR AL SN, FEAS TR B BRI e AL N, A7
T IR R W PP AL, TS R AR AR ZR 5t e
=), BRI ee (ALK, (HIX A BHHERIARAELL
AL T — Mg 7k,

O O

H, (2.0 MPa), 40 °C, .
X" “OEt OEt (15)
| B THF/MeOH (9/1)
N TON: 291, 17% ee ll\l
H
Y
Me
Cl _PPh, Fe
a th
Baiker 252U F] < 1] J2 i ek 1) PA/ALOS AL A4

0T EAR PR g 322 1 AR R Rl R R EAT T AR AR 1)
AKTREA, W AR FERIRRIR 13 S5 3k 13 50%IT) ee
18, (HIZ H AT 29% (Eq. 16). % 2-We R 1% (14) 78 i %
h 95% 155 1t R #4585 1 A 32%1 ee {H (Table 5, Entry 1);
X AR IR R B K 1, 7F &, 3.0 MPa ff&l < k)
o, AR R A, (A ee {H1K(Table 5, En-
tries 2 and 4 ) (Eq. 17). JEWH RIE IS b e ek
P A i, 76 FIRESAT T 3R e s mR S i, A
TEPEPE. HHEI R DR T B8 R LR A T R E IR R SE AT Sk
BN ] LAY RSB, 3K R S AR A — 7 T e
ST, i I ESE A YRS, T
BIEARETE AU, UL AT IR, RIS 1E T,
] JERE RERE IR A A (Eq. 18), BRIMLTE RN, AR
7t o N 3 B (14 S 1 e E A R DRI SN IR 2R T
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A Pd/AI203
COCH COOH (16)
c Ho, CD
1
3 29% yield, 50% ee
Y
1\ Pd/Al,O4
14
" ?}
HO 5% Pd/AlLOg
(18
X Hy (3.0 MPa), r.t., 45 min )
b
N

5 HUCBRIRIR I AE A AR AR E AL
Table 5 Asymmetric hydrogenation of substituted furan car-
boxylic acids

Entry X Y Yield/% ee/%  de/%
1 COCH H 95 32 —
2 COCH CHj3 6 15 100
3 H COOH 100 23 —
4 CH; COOH 2 22 100

2004 4, Glorius 2P fE AL IE 1) 2-007 5 | N TF-PEf
Ml Je W, 7RG AR N, B TR S M S Y
fasg, B4 16 A FBAe AL (A& T,
A AAAE SR, DA% 19 Ky . R X M B4

n] AR AL 4, R%Uﬁﬁﬂ%&*ﬁﬁﬂiﬂﬁﬁéﬁ@mﬁ
fE—/Ni, R, SRR 5 — AN TR T, DR,
DUAR B o2 6l = P i Aoof ik £, 76 10.0 MPa B@é
SHEIF, PLAERAERI, PA(OH),/C, Rh/C 5% Rh/Pd/C
G R LT AL, AEM TR B S, TR
ek 98% 1) ee fH, Wi LbRE IR EAT ZANEARSE, Stk
Ji RN PR A 2 AT s, AR AR A R R Rk
WE S AN T TR A AT ) 5 4 45 R (Scheme 1).

g5 LRTIR, LEXIARAAR TP SRR 1 05 B A A b
YA RS E IS T kg, Exie
FKAIBHIR TG & AW, Qe mEmh, 2RI . 2K
THWEWY e HATAE M) S5 (R AR R AT R0E ;. X SR (1 05 Fr

A A DAL R H ATHA S N . 7R AR Ak
7%'43iﬂ%ﬁ%’?mﬂ%%%E‘JTXU‘%ATM%%%B?%&
%, (HLFI4E R D, HAT Glorius AT R S5 B
nHEmE A T G I R IR 0T B A M A kR TR
TR R IR AN, Hoe I H IR AR WARIE. W 706 05 B 24 PR
ARSI FRAEAC S, TE 18 35 M 1R 3 2 AR 38 4
(K, #BAE— AR A B SRR TS U, B34
RV BT R A0 300 1) T R A 5K 07 T e IR A A AN X R
AL S AT T 10 B 2.

2 2
Cul, ligand R R Q
g K3 (1) Hg, AcOH R3 R J
K2003 toluene | N 0 catalyst + HN O
/
RYONT NJkO (2) HCI RN i
L/ H-HCI
\ 16 i-Pr 17 18
PR
H+J ]
R? R?
R3 N R1. RS R
| -Pr H,, catalyst -Pr
2 > +
4 4
R + Sl\ R H N
7 2
o O O)\O
19 20
Scheme 1
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The recent application of I, as an effective catalyst to organic synthesis was reviewed,
mainly focusing on reactions of selective deprotection of ethers, esterification and
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Research progress in the kinetic mechanism of alcohol dehydrogenase was summarized,
with special focus on the progress in the proton transfer and hydride transfer, two key
steps involved in the dehydrogenase-catalyzed reaction.
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The recent advances in the asymmetric hydrogenation of heteroaromatic compounds
with homogeneous and heterogeneous systems were reviewed.




