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1. Introduction

]
The stereoselective reduction of prochiral compounds has been achieved by

several methods, such as hydrogenation, transfer hydrogenation,
hydroboration, reaction with aluminum or boron hydrides, hydrosilylation and
enzymatic reduction.

1) It is operationally simple;

2) Low loadings of the metal catalysts are normally used,;

3) It avoids the handling of hazardous chemicals, such as
molecular hydrogen or metallic hydrides;

4) The isolation of the reduction products is facilitated by the fact
that volatile reaction byproducts are formed, such as acetone or
carbon dioxide;

5) The reactions can be performed in environmentally benign
solvents, like water;

6) The methodology has been demonstrated to be applicable to
iIndustrial processes.
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HCOOH/HCOONH, > N )\/EWG

(@) @) R4

_R®  HN7
N
RO OR 3
| | > )l\ R1/KKR
1 2
\ R "R S
H

Noyori, R. et al Acc. Chem. Res. 1997, 30, 97;
Xiao, J. et al Chem. Asian J. 2008, 3, 1750:;
You, S.-L. et al Chem. Soc. Rev. 2012, 41, 2498
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2. Transfer Hydrogenation of Imines

R
H RhH(PPh-)4 (1-5 mol%
N + ROH (PPh3)4 ( OL |
1/ N 2 N
R R Reflux R1” “R2
up to 99% yield

Grigg, R. et al J. Chem. Soc., Chem. Commun. 1981, 611

hydrogen-transfer process

H
N. + ROH —» |
R1T NR2 R1/N\R2

Beller, M. et al ChemCatChem 2011, 3, 1853
Yus, M. et al Chem. Rev. 2010, 110, 1611;
Williams, J. M. J. et al Adv. Synth. Catal. 2007, 349, 1555
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|
R2

[Cp*IrCl5]> (5 mol%)
| X OH K2CO3 (10 mol%
R1_

| PhMe, 111 °C

up to 96% yield

[Cp*Ir]-H
©f\/\OH /\
NH [Cp*Ir]—N

Yamaguchi, R. et al Org. Lett. 2002, 4, 2691

/[erp*] WO
©fr\1j NH, y NH,
H
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RUClz(PPh3)3

R3
N~ OH (0.5 mol%) HN
| + > +
R R 82°C, 18 h R R
up to 95% yield

1. Aldimines generally react faster than ketimines,
Aliphatic imines are more reactive than aromatic imines.

2. When compared with the ruthenium-catalysed transfer hydrogenation
of ketones, the reaction rate of imines is much lower.

Backvall, J.-E. et al J. Chem. Soc., Chem. Commun. 1992, 980
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Asymmetric Version

up to 90% yield

N
| N [RuCIz(p-cymene)]z (1 mol%)>
R L (4 mol%), 'PrOK (5 mol%) up to 72% ee
Va 'PrOH
o
L: o) OH
N
H
N N
/ N /;
Me
AN
Alkyl Me
MeO
less stable <5% conv
difficult to isolate ° '

72% vyield, 0% ee

Andersson, P. G. et al Chem. Commun. 2002, 1752
9




+(f)-llllo |

i 0 NH,
. [RUCl(p-cymene)], (5 mol 4)» HCl, |\/|eOH> 4 examples
| L (10 mol%), 'BuOK (25 mol%) Ar/\R up to 98% yield
i 0 up to >99% ee
A . 4A MS, 'PrOH, 40 °C
'

L

Yus, M. et al Tetrahedron Lett. 2009, 50, 5386
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(:) : NH
5 : NH;
S [RuCly(p-cymene)l, (5 mol%)  HCI, MeOH W
N~ * Bu < > : :
| L (10 mol%), 'tBuOK (25 mol%) Ar/\R : ©:>""'OH
)\ 4A MS, 'PrOH, 40 °C E
Ar R 20 examples :
| —
(1) NH, @ 0
i : NH
RN I S 5 2
Ph : N/+ tBu —_— > A
45hor24h | = _
i Ph Ph 97% vyield, 98% ee
|r§\$§£e | The reduction of C=C bond was faster than the C=N
(3) 0 ; NH, NH,
Y NH, i §
N/§\tB - /'\ E ©:> I
u ; aiOH OH
)I\ Ph g
Ph 5 84% ee 98%ee

The configuration of the imine plays a leading role in determining the stereochemical outcome
of the reaction, but the structure of the ligand also has an influence on the stereoselectivity.

Yus, M. et al J. Org. Chem. 2010, 75, 5265
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o)
/!sl, [RuCly(p-cymene)] (2.5 mol%)  HCI, MeOH N2
N By > > :
| L (5 mol%), ‘BuOK (12.5 mol%) A R
)\ 4A MS, 'PrOH, 50 °C
Ar R 5 examples
up to 98% vyield

up to 98% ee

Yus, M. et al Tetrahedron Lett. 2011, 52, 789
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o)
[
_S., [RuCly(p-cymene)l; (2.5 mol%) ~ HCI, MeOH_ NH:
N~ B > E
| L (5mol%) '‘BUOK (12.5 mol%) R17 R
1)\ ) 4A MS, 'PrOH, 50 °C
R R
R? = Alkyl

27 examples

ee up to: R'=Ar  98%
R = Alkyl >99%

Yus, M. et al Chem. Eur. J. 2012, 18, 1969
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CO,Et

[RuCl;(p-cymene)], (x mol%)  Hcl, MeOH: HN
. ?

L (y mol%), 'BUOK (z mol%)  Basic extraction

4A MS, 'PrOH, 50 °C

H,N OH

5

[R:Ar: x=25,y=5,

*

R n
ee up to >99%

z:12.5]

R=Alkyl: x=5, y=10,z=25

Yus, M. et al J. Org. Chem. 2013, 78, 3647
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3. Transfer Hydrogenation of Olefins

[¢)
/\)J\ [(PP3)FeH(H,)]BPhy (1.0 mol A)) Mixed products
R X R2 cyclopentanol (20 eq.)
1,4-dioxane, 80 °C
PP3 = P(CH20H2PPh2)3

% conv.  %sat. % sat. % unsat.
(time, h) ketone alcohol alcohol

% conv. % sat. % sat. % unsat.
(time, h)  ketone alcohol alcohol

0
/\)I\ 95 (7) 0 0 95 <;>:o 72 (5) 0 44 28
Ph
0

substrate substrate

/\)]\ 7 (5) 7 0 0 on” X COMe 0 (7)
Ph
0

19 (5) 19 0 0 X CO02Me o5 (7) _~_-COMe

/\)I\
0
\/U\/ 100 (1) 100 0 0 <;> 0(7)

Bianchini, C. et al Organometallics 1993, 12, 3753
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PP3)RUH(H2)]BPh, (0.4 mol%
/\)j\ [(PP3) ' (H2)1BPh, ( oL Mixed products
" =2 iPrOH (50 eq.)

THF, 60 °C
PP3 = P(CH2CH2PPh2)3

% conv. %sat. % sat. % unsat.
(time, h) ketone alcohol alcohol

% conv. %sat. % sat. % unsat.

(time, h)  ketone alcohol alcohol substrate

substrate

0
/\/U\ 85 (2) 5 6 74 Q:o 95 (1) 8 83 4
Ph
Q 0
/\/U\ 97 (2) 18 79 0 55(5) 0O 24 31
Ph Ph
0

0]

58 (3) 56 2 0 X C0Me 48 (7) N COMe

Bianchini, C. et al Organometallics 1993, 12, 3753
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@)

R1/\)kR2

[(PP3)OsH(H,)]BPh, (0.4 moI%L
'PrOH, 80 °C

Mixed products

PP3 = P(CH2CH2PPh2)3

substrate

% conv. % sat. % sat. % unsat.

(time, h) ketone alcohol alcohol

% conv. %sat. % sat. % unsat.

substrate (time, h) ketone alcohol alcohol

91 (3) 72

09 Q‘ZO 91(3) 9 77 5
29 0 QEO 43 (7) 0 ] .
0 0 o C0Me 3 (7) L~ COaMe

0 O

Bianchini, C. et al Organometallics 1993, 12, 3753
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BF,
/\/ﬁ\ cat. (1.0 mol%) . oH >_©
Ph Ph

KOH (10 mol%), 'PrOH

24 h, reflux 92% yield \/

CI/RU

ky 68% (5 h) Kz
o / 8% (24 h) \ o
Ph/\)l\ e * /\)\

/#(( 19% (5 h)
/\/K

92% (24 h)
6% (5 h)

0% (24 h)

Albrecht, M. et al Eur. J. Inorg. Chem. 2011, 2863
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BF,
cat. (1.0 mol%) . | >_©/

2 - 2
Rl/\r"‘R KOH (10 mol%), 'PrOH Rl/\/R

—Ru N
Cl
/
24 h, reflux \\/\N(-\/)
Substrate Product Conv. Substrate Product Conv.

/T / 100% 100%

CioH21 CioH21

Ph/= Ph/_ 30% C3H7/\/ e et “H o sam
e Ph/_\Ph 7% Ph—=— Ph/= 17%
o N e N 48% CoHp—== C6H£= 9%
o X e 92% CagH;—=—"—CH, C3H7/\/03H7 21%

Albrecht, M. et al Chem. Commun. 2011, 47, 8802
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Asymmetric Version

2 4 2 4
R R Ir, Rh, Ru R R
Ni, Fe, Co, Pd, Pt, Os, Mo>
R’ OH R’ o)

Bouwman, E. et al J. Organomet. Chem. 2002, 650, 1;
Grée, R. et al Chem. Rev. 2003, 103, 27;
Mazet, C. et al Chem. Lett. 2011, 40, 34
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N [Ru(cod)Cl,], (10 mol%)

OH (S)-tol-binap OH
, 78% vyield
KOH (20 mol%), 'PrOH 98% ee
100°C, 2 h |
o) z 0 | OH OH
M “o6h /\)I\ i oh
Ph oH 96h py OH | 6h
93% yield : 36% yield
12% ee : 33% ee
[Ru(cod)Cl,],
-Pr-DuPh
Ph\)\ (S.S)Pr-DuPhog Ph \)\ 18% vyield
Ph  KOH, 'PrOH Ph 0%ee
100 °C, 24 h

Sowa, J. R., Jr. et al Angew. Chem. Int. Ed. 2012, 51, 2106
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[Ru(cod)Cls], N X
(S)-tol-binap OH o o
> + +
KOH, THF, 100 °C, 2 h
47% conv. |
13% 21% 13%
D
= OH
[{(S)-tol-binap}RuCl,(p-cymene)]
>
KOH, 'PrOD, 83°C, 2 h D
D

[Ru(cod)Cl5],
(S)-tol-binap

KOH, [Dg]-'PrOD, 100 °C
4h

OH
D D
™
OH  [(S)-tol-binap}RuCl,(p-cymene)] OH
, > +
KOH, /PrOH
83°C, 2 h

D
OH

22



O

1) [Dg]-'PrOD
[Ru]

H %) 1,0
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Ru cat.

KOH

’
EtOH, 25 °C

R,R' = n- and sec-alkyl, aryl, CF3

substrate/Ru = 100-2000

Ph

Ph

X

OH

OH

Ary Ro
R’ : PCCI N

s iz
/k/\ 5 N
R o i CO o’ &N
5 Al H;
up to 92% vyield

up to >99% ee | Ar = 4-CH3-CgHy, R = n-C4Hg

Ru cat.
KO'Bu

—_—
EtOD Ph o

Ru cat.
KOH

EtOH

Ohkuma, T. et al Angew. Chem. Int. Ed. 2013, 52, 7500
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P ClI N
N1/ j
"\
P/ Cl N
Ho
l base
l N"on
X
R2
O N
X(P-P)F|<< j \/\o
N
\/\OH
\/\OH
NR,

25



4. Transfer Hydrogenation of Quinolines

: Cp*: Me
[Cp*IrCly, (0.5-2 mol%) M
o XN HCIOs (60 mol%) - f S 5 e M
IS - [ : e
P 'PrOH/H,0 F e
N 17 h, Reflux ” ! Me

up to 94% yield
R =H, Me, NO,, CI, Br, CO,H and OMe

N [CPIrCly], 2 mol%)
'PrOH/H,0O
N N

H 17 h, Reflux H
87% yield

Yamaguchi, R. et al Tetrahedron Lett. 2004, 45, 3215
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[Cp*er|2]2

'PrOH

[|r]—o—<

[I]—H

3

'PrOH

s

[ir]

Ir=z /:

(0
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5. Summary

28



6. Discussion
]

1) \
|

’ . .
X L AN It is feasible and unreported;
RC _ Ha R Substrate scope
/
Khlebnikov, A. F. et al Tetrahedron 2013, 69, 3363

R2
X x
R1+q\/kOH Ru, Rh, Ir/L > R1m
7 NH, N R?

H

ZT

2)
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