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Rhodium(i)-catalysed Asymmetric Hydrogenation of lmines 
Guo-Jun Kang,t William R. Cullen, Michael D. Fryzuk, Brian R. James, and James P. Kutney 
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The imines ArC(Me)=NCH2Ph (Ar = Ph, 2-MeO-C6H4, 4-MeO-C6H4) are hydrogenated to the corresponding secondary 
amines at 1000 psig H2, in 1 : 1 C6H6/MeOH, using an in situ Rh'l(R)-cycphos system (cycphos = 
Ph*PCH(C6HI,)CH2PPh2); a maximum of 91% enantiomeric excess (e.e.) is achieved at  lower temperatures (-25 'C) 
in the presence of iodide cocatalyst. 

The catalytic asymmetric hydrogenation of prochiral imines 
such as (1) has received relatively little attention,lJ and 
optical yields obtained are much lower than those reported for 
the hydrogenation of ketones2.3 and olefins.2.4 We now report 
a reliable procedure for the asymmetric hydrogenation, with 
high optical yield, of the imines (l), derived from benzyl- 
amine, by using an in situ catalyst based on rhodium(1). 

For example the norbornadiene dimer [Rh(NBD)Cl], 
(0.025 mmol) was dissolved in 10 ml of dry, degassed, 
benzene/methanol (1 : 1) in a Schlenk tube, under an argon 
atmosphere. (I?)-( +)-CycphosS (0.05 mmol) was added, 
followed by (la) (5  mmol). The solution was transferred to a 
steel autoclave under argon. The reaction vessel was then 
flushed with hydrogen, pressurised to 1000 psig with the same 
gas, and the contents stirred for 18 h at 20°C. The solvent 
was removed and the product, (2a), distilled at 8&90"C 
(0.05 mm Hg), 100% yield, 67% enantiomeric excess (e.e.), 
Table 1.$ 

t Visiting scientist from Department of Chemistry, Nankai Univer- 
sity, Tainjin, People's Republic of China. 

$ The optical yield of (2a) was calculated by using the rotation of 
[ C Y ] ~ * ~  = + 56.2" (c  1.07, EtOH) for (R)-(+)-(2a).h *H n.m.r. (400 
MHz) spectroscopic data for the diastereoisomeric amides of (R)-( +)- 
a-methoxy-w(trifluoromethy1)phenylacetic acid were used to deter- 
mine the optical yields of (2b) and (2c).' 

The data of Table 1 show that the in situ catalyst is most 
effective for hydrogenation of (la-) when an equivalent of 
halide, preferably iodide, is added, and when the reaction is 
performed at lower temperatures. The high optical yields, 
maximum 91% e.e. for (lc), are remarkable because the 

Table 1. The asymmetric hydrogenation of imines." 

Halide added 
- 
- 
- 

KBr 
KI 
KI 
KI 
KI 
KI 
- 

Reaction time 
time (h) 

18 
90 
18 

144 
90 

120 
72 
90 

144 
90 

Optical yieldb 
e.e. (Yo)  

67 
60 
71 
72 
79 
71 
84 
87 
91 
- 

a Rh' : (R)-cycphos: substrate = 1 : 1 : 100; added [halide] = [Rh*]; at 
20 "C unless stated otherwise. Chemical yield of amine is >99% in all 
cases, except for (lb) with KI (goo/,) and (Id) (0%). b Product 
configuration is (S) in all cases. c At 4 "C. At  -25 "C. 
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.Me 

/CH2-OMe c=: 
I 

H 2  

Ichiral catalyst I 

Me CH,Ph 

H H  
X 

a X = H, b X = 2-OMe, c X = 4-OMe, d X =  2-OH 

substrate probably binds to the rhodium via only the imine 
functionality, although interaction with the benzyl phenyl 
group cannot be ruled out. When high optical yields are 
obtained from ketonic or olefinic substrates with closely 
related Rh catalysts, a secondary interaction by the substrate 
is invariably present;2 further, these olefin systems commonly 
give an increase in optical yield with increasing temperature ,4 

although exceptions are known.8 It is likely that the imine (Id) 
forms a chelate via the OH group and blocks further reaction. 

Vastag et al.1 have reported that halide has a beneficial 
effect on the optical yield of (2a) when cationic [Rh(NBD)- 
(Ph2PCH(R)CH2PPh2)]C104 catalysts are used (cycphos was 
not used); the highest optical yield obtained was 72% e.e. 
using an in situ [Rh(NBD)C1I2/valphos (R = CHMe2) system, 
but the systems were reported to have poor reproducibility. 
We find that [ Rh(NBD)(cycphos)]PF6 catalyses the hydrogen- 
ation of (la) under our conditions, but the optical yield is only 
0-16°/0 e.e. The effect of halidegis much more dramatic than 
that found by Vastag et al., and, although its function has yet 
to be defined, the iodide must occupy a rhodium co-ordination 
site, perhaps limiting the number of bound substrates and 
therefore the number of diastereoisomers to be hydrogenated. 

The use of methanol as a co-solvent is important; other 
alcohols slow the reactions, while the use of neat benzene 
completely inhibits the reaction. Wilkinson’s group’” reports 
that imines such as (la) are hydrogenated at 1 atm H2 in pure 
alcohols using RhC1(PPh3j3 or [Rh(PPh3j2(NBD)]PF6 as 
catalysts, while addition of benzene (<5%) severely inhibits 
the reduction; these workers suggest that q2-bonding of 
the C=N at a first-formed dihydridorhodium(1rr) centre is 
favoured in alcohols because of intramolecular hydrogen 
bonding between co-ordinated alcohol and the imine nitro- 
gen. We favour the unsaturate route for our reductions, i.e., 
imine co-ordination as the first step, because hydrides are not 
formed from the catalyst precursor plus H2 (as usually found 
for such chelated diphosphine systems2.5), and because 
complexes of formula§ [ Rh(diph~s)(imine)~]BF~ can be 
isolated if the imine is reducible, e.g., ( lb ) ,  or non-reducible, 

Imines such as (4), which are precursors to important 
herbicides, are hydrogenated by an in situ [Rh(NBD)C1I2/ 
cyphos catalyst with >70% optical yield being achieved at low 
temperature. 11 Interestingly, iodide ion severely inhibits these 
reductions, and an isolated complex with these substrates is 

e.g. 7 (3). 

9 Diphos = 1,2-bis(diphenylphosphino)ethane. Treatment of a 
hydrogenated solution of [Rh(NBD)(diphos)]BF, with imine under 
Ar readily yields crystals of the complexes, which give the correct 
analytical data. N.m.r. studies in progress on the complexes are 
complicated by the presence of geometrical isomers; data for the 
complex with (3) (no coupling to Rh in the 13C{ ‘H} n.m.r.) suggest 
the presence of y 1-imines (co-ordinated to rhodium via nitrogen). 

( 3 )  

Y N 

\ 
Me 

‘R 

(4) a R = Me 
b R = E t  

N 
\ 

now of the type [Rh(diphos)(imine)]BF4 with the ether 
oxygen presumably binding in addition to the nitrogen lone 
pair. 

Finally, our catalyst system is not effective for asymmetric 
hydrogenation of aliphatic imines. For example, ( 5 )  is 100% 
reduced under the standard conditions, but with ca. 2% e.e., 
and (6) is not reduced. 

We thank the N.S.E.R.C. Canada Strategic Program and 
the Ciba Geigy Company for financial support, and Johnson 
Matthey for the loan of rhodium. 
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