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The stereochemical course of homogeneous hydrogenation of 2-(~-hydroxyalkyl)-N-methylacrylamides is in accord 
with steric effects in a simple model. 

Hydrogenation of chiral allylic alcohols, esters, and amides 
proceeds with high diastereoselectivity when catalysed by 
cationic rhodium catalysts. * The anti-predominance can be 
explained by minimisation of steric effects in a chelate-co- 
ordinated alkene complex; this model is supported by X-ray 
structural evidence.2 For homoallylic alcohols the selectivity 
of hydrogenation is lower, and interpretation less clear-cut. 
Depending on the substitution pattern, either syn- or anti- 
isomer of the product may predominate.l.3 

We have examined the stereochemical course of H2 
addition to a series of alcohols (1)-(4), differing only in the 
siting of one Me-group. The first of these was prepared in 
moderate yield by reacting the dilithium salt of N,2-dimethyl- 
propenamide4 with 2-methylpropanal in tetrahydrofuran 
(THF) (-70 to OOC) and purification by flash chromato- 
graphy. Reaction of the homologous dilithium salt from 
(E)-N,2-dimethylbutenamide with 2-methylpropanal gave a 
2 : 1 : 4 mixture of hydroxyamides (2), (3), and (4), which was 

separated by preparative h.p.1.c. (CH2C12, MeCN, 4 :  1, 
silica). When this condensation reaction was carried out in the 
presence of ZnCI2, the predominant product was (3), with 
linear isomer (4) effectively absent .t 

The relative configuration of compounds (2) and (3) was 
determined as follows. Methyl (Z)-(2-bromomethyl)prop-2- 
enoate was added to activated Zn powder6 and excess 
2-methylpropanal in THF, giving a mixture of methylenelac- 
tones (5 )  and (6) directly. These were separated by prepara- 
tive g.1.c. (15% OV 225 15', 180°C) and the stereochemistry 
of the more retained isomer shown to be ( 5 )  by nuclear 
Overhauser enhancement (n. 0 . e . )  analysis. The same two 
lactones were formed when a mixture of hydroxyamides (2) 

t Presumably this is due to tight chelation of aldehyde to a primary 
zinc ally1 with C-C bond formation occurring by an intracomplex SE2' 
reaction. Crotylzinc compounds react with carbonyl compounds 
preferentially via the more substituted c a r b ~ n . ~  
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Table 1. Hydrogenation of homoallylic alcohols. Reactions were carried out at 20°C and 1 atm in MeOH solution, typically with 5 mol % of 
Ph2P(CH2)4PPh2Rh+(C7H8)CF3S03- as catalyst for 20 h. 

Reactant Major product Lac t one 

MeNHOC % MeHNOC 4 92  " l o  
Me 

(9) (10) 
OH 

MeNHOC MeNHOC- Me 

Me 

MeNHOC + MeNHO * 
6 7  " l o  Me' O P P r '  

(13) (14) (3)  

MeHNOC Apj 89 '10 O " 0 P r '  MeNHOC 

(1 5) Et'- (16) 

Pr' 

1.5 

8 

(10) (12) 

Pr i OH 
(7 1 

and (3) was subjected to preparative g.1.c. at 180 "C, providing 
samples from which an assignment was made by direct 
comparison. 

Hyrogenations were carried out as indicated in Table 1. All 
were relatively slow; it was confirmed that amides are reduced 
less rapidly than esters through competitive experiments 
involving (7) and (8). In all cases, product isomer ratios were 
determined directly from their 500 MHz spectra, analysing the 
4-H signals. Configurational assignments were made by 
cyclisation through preparative g.1.c. (15% OV 225, 15', 
180 "C) with n.m.r. spectroscopic identification of the major 
component in each case, and comparison with closely related 
compounds (Figure 1) . 7  

For the unsubstituted case (l), the preferred reduction 
product (9) is of anti-configuration. This is in accord with a 
chelated intermediate which has the configuration (A) rather 
than (B) (Figure 2). Inspection of molecular models indicates 
that in the conformations which minimise non-bonded interac- 
tions, the C=C double-bond in (A) is more nearly perpen- 
dicular to the co-ordination plane and hence better disposed 
for Rh-H transfer. In accord with this model, the anti-methyl 

7 
(16) (14) 

Chemical shifts, 6 0.00; n.0.e. 0 '1. 

Figure 1. Configurational assignment of alkylbutyrolactones. Chem- 
ical shifts (6) and YO n.0.e.s are given. 

diastereoisomer (2) gave a very similar result to compound (1) 
on hydrogenation; the C(3)-methyl group is remote from 
steric clashes in both (A) and (B). With syn-diastereoisomer 
(3), reaction is slower and much less selective, the major 
product being formed via (B). The 2-methyl group 
experiences a serious non-bonded interaction with C=CH2 [in 
(B)] or with MeNHCO [in (A)]. In (B), but not in (A), 
torsional movement of C(2)-C(3)-C(4) relieves the repulsion 
and at the same time improves overlap of the double bond 
with Rh. 
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H, 

A 6 
Figure 2. Structure and steric interactions in diastereoisomeric chelate 
intermediates. 

The most striking result was obtained with ethylideneamide 
(4), since the syn-hydrogenation product predominates. In 
structure (A), the vinylic methyl-group is in enforced proxim- 
ity to the pseudo-axial 4-H. In structure (B) this methyl group 
experiences a less serious interaction from 2-H, and hence this 
configuration is preferred. 

Taken together, the results demonstrate that the directed 
hydrogenation of homoallylic alcohols may be rationalised by 
a simple steric model. In this chelate structure (A) [torsion 
angle C(4)-C(3)-C(2)-C( 1’) = 30’1 is intrinsically preferred 
over alternative (B) [torsion angle C(4)-C(3)-C(2)-C( 1 ’) = 
120’1 by ca. 5 kJ mol-1 at the rate-determining transition- 
state.8 An alkyl substituent at C(3) (syn) negates this 
preference, whilst an (E)-methyl group at C(1’) tips the 
balance in favour of (B) by ca. 5 kJ mol-1. 
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