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Hydrogenation of Alkenes
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Thompson, H. W.; McPherson, E. J. Am. Chem. Soc. 1974, 96, 6232-6233.
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Ref. Chem. Rev. 1993, 93, 1307-1370
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Hydrogenation of Chiral Acyclic Homoallylic Alcohols
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Hydrogenation of Alkenes: Homoallylic Alcohols
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Me 2. TrCl, EtgN 2. TsCl, EtgN
3. MsCl, EtsN 3. Cul, Meli PhS  Me Me
. > ?}\)\/OT g k)\/l\/o-r
4. TBAF r r
5. NaOMe
1. MCPBA
TBDPSO 2. CaCOQOg, decalin, reflux

4 steps from
Glutamic acid

OTBDMS
1. Hy, Rh-Al,O3
2. BHg*DMS
OH
Me Me < OH
Me 2 2 OTBDMS
OTBDMS

3. 02, CuCl, PdC|2
4. L-Selectride
5. TBDMSCI, Et3N

6. Na, NH, !
1. Swern Me  Me
2. LiHMDS, B Me OH
-
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1. BugP, PhSSPh

2. RaNi, EtOH Me Me Me
L z
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4. Jones \[H\/l\/\/\COQMe
5. CH,N, 5

Hanessian's Approach, JACS 1990, 5290
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_ . _RhCI(PPhg)s %_é
+ >
2 (catalytic) U

H : H
PhoPr. oCl - M2 Phapr 1 H PPhy PhoPr. 1 \H = Ph3P/.FTh.\H
PhgP™ " "PPhs > PhgP” | "PPhy =  PhsP" "N
° : FUETS pen, TGN PTG
Total: 16 e .
Total: 18 e Empty orbital Total: 18 e
Total: 16 e
PhaPr. . wCl H opr onp, DH
PhsP” " YPPhs PhsPr, 1 AFFN3 +PPhg Fhg /.th~>
¥ Ph3P'|1r:'CHQCH3 <~ phpr]
CH3CH;4 Total: 18 e Total: 16 e

Typically, 10 turnovers/minute
under ambient conditions
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w )
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Hydrogenation of Olefins
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R2
i NG
3 2 3
R J\/ R - R1 R
L*.M
Functionnalized Olefins Unfunctionnalized Olefins
Enamides Enol Derivatives o,f-Unsaturated Very few successfull systems

carbonyl compounds

R2 R2 R2

R1’\r R1""\r J\/

COX
NHCOR OAc R? X

= Many systems were developped. (Ru and Rh)
= No universal catalyst.

BINAP-Ru or -Rh
(Noyori-1980)

DIPAMP-Rh
(Knowles-1977)
*Enamides ~95% ee
Ph *Enol derivatives ~90% ee PPh
[ 2

a,3-Unsaturated acid or
ester ~88%ee

O
ol

*Enamides ~98% ee

*Enol derivatives ~95% ee

*a,B-Unsaturated acid or
ester ~90%ee

R? Limited to aromatic alkenes

2
Ar S Ir and Ti catalysts

DuPHOS-Rh R,
(Burk-1991)
P

*Enamides ~99% ee

*Enol derivatives ~95% ee
*a,B-Unsaturated acid or
ester ~98%ee
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Corey, E. J.; Gin, D. Y.; Kania, R. S. J. Am. Chem. Soc. 1996, 118, 9202-9203.
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OBn 0]
Me Xr Yo OCHs  Rh[(COD)-(R,R)-DIPAMPI*BF,
. NHCO,Bn  OCH; H, (3 atm)
S e
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o
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Enantioselective Hydrogenation of Enamides: DIOP and BICP
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)J\ [Rh(COD),]SBFg (2 mol%) /'\
Ph™ NHAc L* (2 mol%) / MeOH, rt Ph™ "NHAc
1-50 atm H,
Kagan 1979 Kagan 1972 Zhang, Rajanbabu 2000
o ,Pth o PPh,
Ar NHAc
17% ee 51% ee 97% ee >99% conv.
97.3->99% ee
k—o ~—PPh: Sro PPh, Bwo PPh,
OiTPth o\%% o PPh,
DICP ( Zhang 1997) PhoP,

CO,R?

.
H >
:

O

. H
2 1.1 mol®
pph, (11 MOI%) COLR?

[Rh(COD),]OTf (1 mol%)

{

R' NHAc

- [
Toluene, rt, 10 atm H, R1

NHAc

DICP ( Zhang 1997)
R

Ar/[NHAc

>99% conv.
97.3->99% ee

>99% conv.
60-97% ee
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Highly Enantioselective Rhodium Catalyzed Hydrogenation
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Feringa J. Am. Chem. Soc. 2000, 11539.

1 atm H,, rt
R” N ORZ2 ———  »
DCM or
NHAc EtOAc
Me\/COQMe Ph\/COZMe
NHAC NHAG
99% ee 95% ee

(98% ee at 0 °C)

AcO
ji)\/COQMe
MeO

95% ee |§jH Ac
(98% ee at 0 °C)

OO O\ Me

Vs
/P_N\

O Me
CLY

[Rh(COD),IBF, (5 mol%)

O
RO C\)J\ 1 atm H,, rt RO,C :
R1/\;)J\OR2 2 CO.R 2 2 \/\COZR

z DCM or
NHAc EtOAc
Me\/COQH
: MGOQC HOQC
NHAC COgMe COQH
87% ee 97% ee
79
98.7% ee (94% ee at 0 °C)
Ph\/COQH
NHAC £l . -
= evated pressure (5-10 atm) with low catalyst loading (0.5
97% ee mol% of Rh + 0.11 of L*) gave similar ee
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Enantioselective Hydrogenation of Itaconate Derivatives
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Burk Angew. Chem., Int. Edit. 2000, 1981.

MeOQC

5 atm H,

R
0] [Rh-ligand]*
| (0.1 mol%)
HO.C N/\ 5 atm H,

[Rh-ligand]*
05 mol%) /'\/COZMe
MeOZC

98% ee

Ph 98%
p-FCgH, 96%
p-BrCgH, 95%
p-MeSCgH, 97%

thienyl 97%
n-Bu 92%
i-Pr 94%

t-Bu 99%

FerroTANE
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Kuwano and lto J. Am. Chem. Soc. 2000, 7614.

Ph-TRAP

L R L R
Z N [Rh(nbd),]SbFg (1 MoI%) Z N
Me i-PrOH, Cs,CO3, 60°C, 50 atm Me
N N N N
91%y. 91% ee \AC 91%y. 87% ee \AC 100°C, 100 atm \AC 86%y. 78% ee \BOC

95% y. 85% ee

Me F3C
\©f>—8u m Bu /©j>‘8u
N N FaC N

94% y. 94% ee ¢ 84%y. 92% ee ‘Ac 83% y. 92% ee “Ac

L
MeO N

98% y. 94% ee Ac
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M Enantioselective Hydrogenation of Unfunctionalized Olefins
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Buchwald J. Am. Chem. Soc. 1993, 12569.

Ar
W/\R
Ne®
\\ / 1. n-BuLi ‘ Ar R
Ti > > 92-99% ee
2. PhSiH; Hz (136 atm)
L

(5 mol%)

Brintzinger's catalyst

Buchwald J. Am. Chem. Soc. 1999, 4916.

R1 R1
N M R? 5-130 atm H R®  60-09% ee
Me AN 2 . o
Zr
\Me R3 RS
+ Me Me Me Me Me
[PhMe,NH]*[BPh,]" Me Me
Me Bu Ph
Me
115 atm H, 115 atm H, 5 atm H, 130 atm H, 130 atm H,
77%y. 96% ee 87%y.93% ee 96% y. 92% ee 94%y. 78% ee 91%y. 92% ee

>99 : 1 (cis:trans) 99 : 1 (cis:trans) >99 : 1 (cis:trans) >99 : 1 (cis:trans)
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Enantioselective Hydrogenation of Unfunctionalized Olefins with
Université rH\

Iridium Catalyst
“Btaltz Angew. Chem., Int. Edit. 1998, 2897.

. _® . .
CFS R2 o R R2
o Ar)\/ cat (1 mol%) . Ar/\./
| S) . Re 50 atm Hy, rt 2o
o-Tol,P. .N
I -
o\ ] tBu CF3
4
| N (BARF)
Ph Ph
>99% conv. )
Meo/©/\o/ >99% conv.
98% ee 97% ee
: : A~ _.CH,OH
= MeO >99% conv. _ QSZ%/S%QV-
: 81% ee H CH,OAc
' CO,Et ;
>99% conv. ©/\/ - =
61% ee 96% conv. >99% conv.
MeO 84 ee

91% ee
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Asymmetric Isomerization of Allylamines:

oy Rh-BINAP System for the Synthesis of Citronellal Derivatives
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)-BINAP _ F NEt,
(R)
| 96-97% ee

=> Industrial Process (1500 tons/year)
(S
(R)-BINAP

éi/\NEtz
. \‘ P NEL
NEt (S)-BINAP S
2
| 97% ee

=> Cyclic allyl amine tends to dimerize or trimerize

=> Allylamides are slow-reacting substrates and higher temperature are required (150°C)
=> Stereoselectivity with allyl alcohols are usually lower (30-60% ee)



Asymmetric Isomerization of Allylic Alcohols:
Fu’s Chiral Rhodium/Phosphaferrocene Complex
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Tanaka, K.; Qiao, S.; Tobisu, M.; Lo, M. M. C.; Fu, G. C. J. Am. Chem. Soc. 2000, 122, 9870-9871.
Me
II:e PPh,

Me <£ Me
Me (5 molo)

R1 R1 9]
J\/\ [Rh(cod),]BF, (5 mol%) /k/U\
R? OH THF, 100°C - R H
Ph O Ph O U Cy O
Me/'\/U\H i-Pr/k/U\H Ph H Me/'\)J\H
55%y. 64% ee 91%y. 83% ee 81%y. 78% ee 75%Yy. 72% ee
Cl Me
@) 0
i-Pr H FPr H
74% y. 86% ee 64% y. 80% ee
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M Enantioselective Isomerization of 4,7-Dihydro-1,3-Dioxepins
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Frauenrath, H.; Brethauer, D.; Reim, S.; Maurer, M.; Raabe, G. Angew. Chem., Int. Ed. 2001, 40, 177-179.

P\le
o : A\ \CHO
(5 mol%) 1. m-CPBA / DCM m
O o) > o) o) >
7( LiBHEt5 (1.5 equiv.) \( 2. H*, A o_ _O
H H Toluene, -55°C B Ny X
R H
R Yield ee |
+Bu 74% 98%
FPr 75% 90%
n-Bu 75% 90%

OH
OH
‘H
OH

67-88% ee 80-88% ee
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Enantioselective total synthesis of Vitamin E (a-tocopherol)

Noyori J. Am. Chem. Soc. 1987, 109, 1596, 4129.

: ) 0
)\/\/K/\ bl )\/\/ \)J\
>
NEt, X H

1. Acetone, NaOH

2. H,, Pd
MgB O
W - \/ - w
NS NS - NS
OAc 2. PCl
3. NaOAc

)\/\/l\/\)\/\ i
X X > )\/\/I\/\/l\/\
OH X OH 2

Ho



