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Et,Zn, 2+ TO'Pr)y -230C, hexane HO_ H
R g letrahedron Lett.1995, 36, 4947

RCHO
RuCly(C¢Hg)
0 OH Ligand 4 OH O
+ ——e + JL
Ri7 "Rg CHz”” “CHs Base Ri™ Rz CHz” "CHj Tetrahedron Lett.1996, 37, 797
Ph (R)_pn
Ph_ 7 Ph COOMe [Pd]** Mligand 7
W . < - - Tetrahedron Lett.1997, 38, 1725
BSA"-KOAc, solvent
OAc LR MeOOC COOMe
COOH (RR(COD)ZIBF4 (1 moi%) COOH
H/%]/ . H, (1atm) 1 (1.1 mol%), Et;N(50 moi%) H/\r )
Ny NHCOH' THF, rt, 24 h NHCOH!
0 | entry substrate ee (%)
/i 1 R = H, R’ = CH; 97.5b
LR ) 2 R = Ph, R’ = CHj 96.8
PPh, f 3 R = Ph R’ = Ph 99.0°
H 4 R = p-OAc-m-OMePh, R’ = CHj 98.2¢
_ 5 R = m-BrPh, R = CH; 97.0
(R‘ R) BICP(I) : 6 R = p- OMePh R’ = CH; 99.0¢
7 R = i-Pr, R" = CH; 92.6°

Xumu Zhang J. Am. Chem. Soc. 1997, 119, 1799
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N R R . R
PPh, I:I:‘ | . ]\ (R, RA)-BICP (1.1 mal %) -
(R. R)- BICP(1) Ar” TNHAc  Ar” TNHAc  H, (40 psi), Toluene, 24 hr,t AT~ NHAc J Org. Chem. 1998, 63, 9590
| (2)-1 (E}1 (RF2®
RO'OC COOR' COOR'
| & o /[ @ AnCoDAOT L /[ J. Org. Chem. 1999, 64, 6907
R~ NHAc R NHAc toluene, rt, Hy R NHAc
Rh-dehydroamino acids / esters, enamides
O
L Ru(ll) - BICP /G'"K
Ar H ~ Ar J. Org.Chem. 1999, 64, 2127.  Rysimple ketones
1 2
[Ir{COD),Cl}, (0.5 mol%)
\ . H, BICP ( 1.2 mol%) . @\)i Tetrahedron:Asymmetry 1998, 9, 2415
N Additive, solvent, rt N Ir-imines

3 H



C,-TunePhos —Enantioselective Hydrogenation of ketones and olefins
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L = equatorial phenyl group, large group
S = axial phenyl group, small group

Xumu Zhang Synlett. 2006, 8, 1169



C,-TunePhos —Ru

. 5 mol%
OAc RU-(8)-Cn-TunaPhos OAc AcHN CO2R  In-situ Ru(COD)(Met),;  AcHN COsR
Hz d {S}-C;-TunaPhosJ? HBF, _ U
s

MeOH,50 atm Hy,t

8]

1<Hz)n ii:z n=1-6 Epnamides, Enol Acetates
0 O Org. Lett. 2002, 4, 4495

J. Am. Chem. Soc. 2003, 125, 9570

up to 99% ee

(5)-Cn-TunaPhos
o 0 RU[(R)-C-TunePhosICI(DMF)m_ ™9 J. Org. Chem. 2000, 65, 6223
Cl\)'l\/u\ EtOH,100°C 6 atm H3z CI\).\)'I\
OFt 45000 TONS oFt keto esters
97% ee
Liptor Side Chain
0 0
1 mol%
FSC\)J\/“ﬁj Ruw::cﬂ:noflr:us::(z:ma__ FaC\/l\/ N;@ Angew. Chem., Int. Ed. 2005, 44, 4933
0 1 o
98%,93.4% oe

O
O O
w RUE s TuneProslsr GOy L . \/LH J. Am. Chem. Soc. 2004, 126, 1626
R E{OH,80 C, 100 atm H; - "R phthalimide / amino ketones
0

v dehydroamino acids / esters
up to 99% ee .
unsaturated esters / acids
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TangPhos 9'°
R
Pd(OCOCF,),
[Pd(MeCN),](BF,),

Rh-dehydroamino acids / estersunsaturated esters / acids
Enamides, Enol Acetates, imines

Ru-keto esters

Pd-imines

TangPhos (1.2 mol%) r
_Tos Pd(OCOCF3)s (1 mol%) _~Tos H

i -
R? t-Bu t-Bu

NI H, (75 atm) HN %
A - R A

R? CH,Cl,, 40 °C, 24 h, >99% conv. R
75% to >99% ee

(5.5,R,R)-TangPhos

TangPhos (1.2 mol%)

NTs Pd(OCOCF3), (1 mol%) NHTs
H, (75 atm) *
i CH,Cly, 40 °C, 24 h, >99% conv. :
n=1ar2 n=1, 98% ee
n=2, 94% ee

TangPhos (1.2 mol%)
Pd(OCOCF4)s (1 mol%)

A H, (75 atm)
N - NH
CHCl,, 40 °C, 24 h, >99% conv.

S

S
IR I
dr 0O dl O
=>99% conversion
094% ee

Angew. Chem., Int. Ed. 2006, 45, 3832
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Ir- unsaturated esters / acids, unfunctionalized olefins

iBu ’Cﬁox 1+ 7a: R=iPr
1 7b: R=1B
P, N-Ligand .F‘-.,T-N"’ Al BARF- 7o B - pp
fBu ,;r;} 7d: R=Bn
H O / 7e: R=/Bu
(<] ¢ ’
F{ N7 B H O ]
tBu ’
% j\ 7. R=iPr
bat P NTYRIBARFT T T T
Bu” I,
1
1 mol% 7a-f ~
| NN 50 bar Hy - S N
CH,Cl,, RT
X~ ~F X7
1 mol% 7a-f
A~ -COOCH; S0 bar Ha - /L\/COOCH3
r CH2Chb, RT Ar

Angew. Chem., Int. Ed. 2003, 42, 943



MeO

Ir-f-Binaphane (1 mol% ),
DCM, RT, H,(1000 psi) HN

Ar/'\

12% 98% ee

Angew. Chem., Int. Ed. 2001, 40, 3425
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Phospnolane
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Noyori asymmetric hydrogenation

1~4 atm Hy
[Ru(OAc)2((R)-BINAP)) MeO NCOR'
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COM 4~112 atm Ha /L\/C .
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