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Chelate Control in the Rhodium-catalysed Homogeneous 
Hydrogenation of Chiral Allylic and Homoallylic Alcohols 
John M. Brown and Ramachandra G. Naik 
Dyson Perrins Laboratory, South Parks Road, Oxford OX7 3QY, U.K. 

Chelate bisphosphine rhodium complexes afford a high degree of stereoselection in the homogeneous 
h yd rogena t ion of 3 - p hen y I but - 3 -en - 2 - o I a nd 4 - p hen yl pent - 4 -en - 2 - o I, i n opposite senses. 

The recent surge of interest in acyclic stereoselectionl has 
largely been directed towards the selectivity of carbon- 
carbon bond forming reactions with comparatively less 
emphasis on alternative approaches. It has produced remark- 
able control in (1,2)-asymmetric induction, but comparatively 
few good examples of (1,3) or more rem0te~9~ asymmetric 
inductions exist. We report that the hydrogenation of allylic 
and homoallylic alcohols occurs with high stereoselectivity 
with simple readily available catalysts. 

3-Phenylbut-3-en-2-01 (1) was prepared by the reaction of 

1-phenylethenylmagnesium bromide with acetaldehyde [ 1- 
bromo-1-phenylethene, Mg, tetrahydrofuran (THF), - 5 "C, 
MeCHO, 0 "C]. Hydrogenation produced a mixture of 
(S*,S*)-erythru- and (R,*S*)-threu-3-phenylbutan-2-01 (2)4 in 
which the latter always pred~minated.~ With catalysts derived 
from triphenylphosphine or diphenylpyridylphosphine a 2 : 1 
ratio of components was formed, most likely by a pathway 
requiring olefin addition to a rhodium dihydride ~omplex .~  
The reactivity of chelate rhodium bisphosphine complexes in 
catalytic hydrogenation is known to be very dependent on 
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Table 1. Hydrogenation of the alcohols (1) and (4) with di- or 
bis-phosphine bicyclo 12.2.1 Iheptadiene rhodium tetrafluoro- 
borate complexes. 

Substrate Solven ta Procatalys t 
CH2C12 PPh, 
CH2C12 Ph2P [CH2 IJ'Ph2 

(1) 

(') CH2C12 Ph2P [CHzI4PPh2 
(1) CH2CI2 Ph2P [CH2I4PPh2 

(4) MeOH Ph2P [CH2I4PPh2 
(4) CH2CI2 Ph2P [CH2],PPh2 
(4) THF Ph2P [CH214PPh2 
(4) (4) CH2Cls Ph2P [CH2],PPh2 

[l : 0,25NEt3] 
CHsClz PPh3 

%,IS?- 
R : S b  merisation 
65 : 35 0 
94: 6 60 
97: 3 C  23 
50:50 44 

38~62  - 
67~33  - 
82:18d - 
8 8 ~ 1 2 ~  - 
38~62' - 

a Hydrogenations of substrate (1) in methanol were slow and/or 
unselective. Analysed from the 300 MHz lH n.m.r. spectra of 
products in CDCI, following catalyst removal on silica: 
6 [(R*,S*)-(2)] 1.25 (H-1) and 1.29 (H-4); 8 [(S*,S*)-(2)] 1.13 
(H-1) and 1.38 (H-4); 6 [(R*,S*)-(5)] 1.11 (H-1) and 1.19 (H-5); 
6 [(S*,S*)-(5)] 1.04 (H-1) and 1.18 (H-5). C At 0-2 "C. Ratio 
of 71:29 in the presence of an equimolar quantity of NEt3. 

Unchanged at 0-2 "C. Hydrogenation follows the 'hydride' 
route cf. J. M. Brown, P. A. Chaloner, A. G. Kent, B. A. Murrer, 
P. N. Nicholson, D. Parker, and P. J .  Sidebottom, J .  Organo- 
met. Chem., 1981, 216, 263. 

Ph AR 
BF,- 

OH 

the chelate ring-~ize.~ Whilst 5-membered chelate ring com- 
plexes are unreactive, 7-membered chelate complexes effect 
reaction (Table 1) with some accompanying isomerisat ion to 
3-phenylbutan-2-one (3). In aprotic solvents, but not in 
methanol, selectivity of up to 30: 1 in favour of the tlireo- 
product may be obtained. This compares with a maximum 
selectivity of 4.9: 1 in the hydride reduction of (3).8 

The homologue 4-phenylpent-4-en-2-01 (4) was prepared 
from 1-phenylethenylcopper (RLi, Et,O; then CuI, epoxy- 
propane, --80 to 0 "C). This was found to be hydrogenated 
smoothly and quantitatively to a mixture of (R*,S*)-(5) and 
(R*,R*)-(5) under all conditions tried, the stereochemical 
outcome being strongly dependent on the catalyst. When 
hydrido-rhodium complexes are the primary intermediate 
then a weak preference for the (R*,R*)-diastereomer prevails, 
but chelate complexes in aprotic solvents favour formation 
of (R*,S*)-(5). Again it is 1,4-bis(diphenylphosphino)- 
butane which leads to the most stereoselective reaction with 
a predominance of up to 88 : 12. Since the absolute configura- 
tion of (5) was previously unknown, a sample of (S)-(4), 
[cc]:;' +20.55" (c  1.8, Me,CO), was prepared from optically 
active epoxypropane and hydrogenated in dichloromethane 
with (6) as catalyst. The resulting sample of (5)  was oxidised 
to the ketone (7) (C5H5NH+ Cr0,HCI-, CH2C12, 20 "C, 3 12). 
The value for [a];;' of -25.05 (c 3.86, CGHG) suggests that the 
benzyl carbon atom has the R-configuration.lO The con- 
figuration of one sample was further checked by oxidation 
with sodium hypobromite (0 "C, aq. dioxan) giving the acid 
(8) which was compared with an authentic samplelOb having 
the (R)-( -)-configuration. 

Stereoselectivity in the reduction of (1) may be rationalised 
using a model [Scheme l(a)] in which the non-bonded inter- 
actions experienced by the methyl group in the transition- 
state are minimised. The stereochemical c y r s e  of the reduc- 
tion of (4) is opposite to that of (1) and here it represents a 
preference for the methyl group to assume a pseudo-equatorial 
conformation [Scheme l(b)]. 

Neither the acetates of (1) and (4) nor the homologue 
(9) were reduced with appreciable selectivity under our 
optimum conditions. Further examples are being studied and 
we merely comment at this stage on the paucity of cases" 
where the stereochemical course of homogeneous hydro- 
genation is controlled by adjacent polar substituents at a 
chiral centre and its obvious synthetic potential. 
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