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Abstract: Diastereoselective allylation of chiral imine with allyl-
metal reagents was applied to prepare �-amino acid derivative as a
key intermediate for the synthesis of a novel carbapenem 1. Combi-
nation of the allylzinc reagents and chiral imine, which was derived
from L-valine methyl ester as a chiral auxiliary afforded a homoal-
lylamine in good yield with excellent diastereoselectivity.

Key words: diastereoselective allylation, chiral imine, homoally-
lamine, 1-�-methylcarbapenem

Recently, we reported that a novel 1-�-methylcarbapenem
11 has an ultra-broad antimicrobial spectrum covering me-
thicillin-resistant Staphylococcus aureus (MRSA) and
Pseudomonas aeruginosa. Although the known carbapen-
ems such as meropenem,2 S-4661,3 E1010 (ER-35786),4

ertapenem5 and lenapenem6 have cis-3,5-disubstituted
pyrrolidin-3-ylthio side chains at the C-2 position of the
carbapenem nucleus, 1 has a trans-3,5-disubstituted pyr-
rolidin-3-ylthio side-chain which afforded such unique bi-
ological activities.

In order to stereoselectively construct the �-alanine moi-
ety of the side chain of 1, we previously described two
strategies as follows: 1) asymmetric Michael addition of
chiral amine to cinnamate ester7 and 2) enzymatic resolu-
tion of diastereomeric mixture of 3-aryl-3-hydroxy propi-
onate ester.8 These methods were effective and practical,

however, cost-effectiveness of these were low because
considerable amounts of expensive chiral amine was used
in the Michael addition, half of the substrate used was lost
in enzymatic resolution, and so on. Accordingly, we in-
vestigated an alternative approach using diastereoselec-
tive allylation of chiral imine9a,b to construct the �-alanine
moiety of the side chain of 1. Herein, we disclose a highly
diastereoselective allylation of chiral imine derived from
�-amino acid9c–h and following conversion to 1.

Retrosynthetic analysis of 1 is outlined in Scheme 1. Con-
version of protected thiol intermediate 2 to the final prod-
uct 1 was reported in our previous paper.7 Carbamoyl
function of 2 was formed from carboxylic acid 3, which
was obtained by oxidative cleavage of homoallylamine 4.
Diastereoselective allylation of chiral aldimine 5 and re-
placement of the substituent on nitrogen gave chiral ho-
moallylamine 4.

There are many efficient asymmetric allylmetalation pro-
cedures using N-masked aldimines with chiral allylmetal
reagents,9l–n however, we initially examined the addition
reaction of allylmetal reagents with aldimines bearing
chiral auxiliary such as �-amino acid,9c–k since high ste-
reoselectivity would be expected by convenient proce-
dures. In this paper, our attention was focused on the
development of an efficient method for the construction of
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(S)-homoallylamine 4 using valine as a chiral auxiliary,
which is inexpensive and can be supplied in bulk quanti-
ties.

The Schiff base 7 was readily derived from aldehyde 610

and L-valine methyl ester. First, allylation of imine 7 by
the allyl Grignard reagent was carried out, and afforded
the desired homoallylamine with excellent diastereoselec-
tivity (> 99% diastereomeric excess).11 However, chemi-
cal yield was moderate (48%), and byproducts formed
were unseparable by column chromatography. On the oth-
er hand, Barbier-type allylation using allyl bromide and
zinc powder combination resulted in acceptable yield and
selectivity9c–h (Table). Althoug the Zn-promoted reaction
of allyl bromide did not proceed below ambient tempera-
ture (entry 1, 2), allylation product was obtained at 60 °C
in THF (entry 3). The yield was significantly increased by
using DMF as a solvent (entry 11),12 while the presence of
CeCl3 did not influence the yield (entry 4, 5). The reason
why the reaction readily proceeds using DMF as a solvent
is not clear. We propose that the reaction proceeds
through a plausible cyclic chair transition state
(Scheme 2), where Zn is coordinated by ester group and
the bulky isopropyl group is disposed externally.9f Under
the optimized conditions, Zn-promoted allylation took
place smoothly to provide multi grams of the desired (S,S)
diasteromer 8 (77%, Scheme 3).13

Stereoselectivities of the diastereoselective allylation re-
action were determined after conversion of 8 to the pro-
tected primary homoallylamine 4 by sequential
manipulation. According to the reported procedures,9f 8
was reduced with LiAlH4 (85%), and the resulting amino
alcohol 914 was oxidatively cleaved by using HIO4 to form
a primary amino group which was then protected with a
Boc group to afford 4 in quantitative yield. Enantiomeric
purity of 4 (> 98% diastereomeric excess)15 was deter-
mined by HPLC analysis with comparison of a standard
sample.16

Oxidation of homoallylamine 4 by the combination of os-
mium tetroxide and 4-methylmorpholine N-oxide (NMO)
at room temperature afforded vicinal diol 10 (74%),

which was oxidized with sodium periodate forming alde-
hyde and sequentially with sodium chlorite17 to provide
N-Boc-�-aryl-�-amino acid 11. After removal of the t-bu-
tyldimethylsilyl (TBS) group by using tetrabutylammoni-
um fluoride (TBAF), hydroxy acid 3 was treated with
methanesulfonyl chloride (MsCl) in the presence of Et3N
at –20 °C, and successively with ammonia water to form
carbamoyl derivative 12 (46% from diol 10). Finally, a
thiol function was introduced by the substitution reaction

Scheme 2
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Table Reaction of Allylzinc Reagent under various Conditions.a

Entry Solvent Additive Temp. Yieldc

1 THF none 0 °C � r.t. n.r.d

2 THF CeCl3�7 H2O (x 0.1) 0 °C � r.t. n.r.d

3 THF none 60 °C ~ 40%

4 THF CeCl3
b (x 0.8) 60 °C 20%

5 THF CeCl3�7 H2O (x 0.8) 60 °C 39%

6 Et2O none reflux n.r.d

7 CH2Cl2 none reflux trace

8 Benzene none 60 °C n.r.d

9 Dioxane none 60 °C n.r.d

10 MeCN none 60 °C n.r.d

11 DMF none 60 °C 69%

12 DMSO none 60 °C n.r.d

a Conditions: 7 50 mg (0.096 mmol), Zn 60 mg (10 equiv), Allylbro-
mide 170 mL (20 equiv), solvent 3 mL. 
b Anhydrous beads, purchased from ALDRICH. 
c Isolated yield. 
d No reaction.

ZnBr
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of mesylate 12 with potassium thioacetate in DMF to
yield enantiomerically pure thioacetate 2 (67%, > 99% di-
astereomeric excess).18 No appreciable decrease of the
enantiomeric purity was observed in the above transfor-
mation of 4 to 2.

In conclusion, aldehyde 6 was converted to the enantio-
merically pure 2 in 11 steps and the overall yield was 15%
with > 99% diastereomeric excess. These procedures
were practical by using economical reagents without
cryogenic conditions and provided complete stereoselec-
tivity. Thus, we successfully demonstrated the efficiency
of diastereoselective allylation of valine-derived aldimine
for constructing the �-alanine amide structure of side
chain of 1-�-methylcarbapenem 2.
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Scheme 4 Reagents and conditions: (l) Allylmagnesium bromide, THF, 0 °C, 92%; (m) MsCl, Et3N, THF, –50 °C � –30 °C then NaN3,
DMF, r.t., 46%; (n) PPh3, H2O, THF, 60 °C; (o) Boc2O, NaOH, Dioxane–H2O, 0 °C, 72% in 2 steps.
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