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Studies directed towards asymmetric synthesis of levobupivacaine
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Abstract—We report herein the first catalytic asymmetric synthesis of levobupivacaine. The key step involves the asymmetric alkyl-
ation of N-benzylimine glycinamide (2b).
� 2004 Elsevier Ltd. All rights reserved.
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Figure 1.
Bupivacaine is currently the most widely used, long act-
ing local anaesthetic agent in both surgery and obstet-
rics. Though it has a good safety record, it can result
in fatal cardiotoxicity if given intravenously by mistake
or if used in excessive dose by other routes.1 Bupivacaine
exhibits stereoisomerism and recent studies comparing
the two enantiomers have shown that R-(+)-bupivacaine
is 3–4 times more likely to cause cardiovascular toxicity
than S-(�)-bupivacaine in rabbit hearts.2 While the S-
enantiomer of bupivacaine, also known as levobupiva-
caine (1), retains the anaesthetic activity of the racemate,
it produces less CNS side-effects. It also has wider appli-
cation as it has FDA approval for post operative pain
management.3

Levobupivacaine is obtained mainly by diastereomeric
resolution of bupivacaine or its synthetic intermediates
like pipecolic acid using DD-tartaric acid4 and/or DD-di-
benzoyl tartaric acid.5 An alternative method uses
(S)-lysine as a synthon.6 Herein we report a novel and
efficient catalytic route to levobupivacaine.

Retrosynthetic analysis of levobupivacaine indicates
that it could be synthesized from benzophenone imine
glycinamide 2a (Scheme 1).
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Scheme 1. Retrosynthetic analysis of levobupivacaine.
Our laboratory has been studying asymmetric alkylation
of various imine glycinamides using chiral phase-trans-
fer catalysis.7 Earlier we found that alkylation of imine
glycinamide 2a using chiral phase-transfer catalysts
O(9)-allyl-N-(9-anthracenylmethyl)cinchonidinium bro-
mide (3, Fig. 1), gave very low enantioselectivty (20%,
Table 1, entry 1).

We explained, through molecular modeling studies, that
the reason for this low enantioselectivity was the hydro-
gen bonding possibility between the NH group of the
glycinamide 2a enolate and the nitrogen atom of the
s.
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Scheme 2. Reagents and conditions: (i) 0–30�C, toluene, 4h, 92%; (ii)

NaN3, acetone, 20h, 93%; (iii) (a) H2, Pd–C; (b) Et2O, HCl (dry), 98%;

(iv) Ph2C@NH, CH2Cl2, rt, 93%.
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Scheme 3. Reagents and conditions: (i) I(CH2)4Cl, 3 or 4, base,

solvent; (ii) (a) NaCNBH3, THF; (b) NaHCO3, NaI, CH3CN, 92%;

(iii) PdCl2, EtOAc–AcOH (4/1), 40psi, rt, 6h, 95%; (iv) BuBr, K2CO3,

94%.

Table 1. Alkylation with 1-chloro-4-iodobutane catalyzed by 3 or 4

Entry Substrate (R) Basea Catalyst Solvent Temp (�C) Time (h) % eeb Yieldc (%)

1 2a (H) CsOHÆH2O 3 (10mol%) CH2Cl2 �50 18 20 60, 5a

2 2b (Bn) CsOHÆH2O 3 (10mol%) Toluene:CH2Cl2 (7:3) �40 19 64 58, 5b

3 2b (Bn) CsOHÆH2O:K2CO3 (2:10) 3 (10mol%) Toluene:CH2Cl2 (7:3) �40 25 64 78, 5b

4 2a (H) CsOHÆH2O 4 (1mol%) Toluene:CH2Cl2 (7:3) �40 20 43 63, 5a

5 2b (Bn) CsOHÆH2O 4 (1mol%) Toluene:CH2Cl2 (7:3) �40 18 86 57, 5b

6 2b (Bn) CsOHÆH2O:K2CO3 (2:10) 4 (1mol%) Toluene �40 22 96 85, 5b

a 12equiv.
b Determined using a Chiralcel OD-H column.
c Isolated products.

20 S. Kumar, U. Ramachandran / Tetrahedron Letters 46 (2005) 19–21
quinoline nucleus of the catalyst 3, which stabilized the
ion pair leading to formation of the unwanted isomer.7

To circumvent the possibility of hydrogen bonding,
we modified the substrate by introducing a benzyl
group onto the amide nitrogen making it a tertiary
amide as shown in Scheme 2. As anticipated,
reaction with this substrate 2b while using the cata-
lyst O(9)-allyl-N-(9-anthracenylmethyl)cinchonidinium
bromide (3), resulted in an increase in the enantioselec-
tivity of the alkylated product 5b to 64% (Table 1,
entry 2).8

We next used (R,R)-3,4,5-trifluorophenyl-NAS bromide
(4, Fig. 1),9 which has a different structural motif, as the
chiral phase-transfer catalyst for the asymmetric alkyl-
ation of the imine glycinamide 2a.

Binaphthyl derived catalysts such as (R,R)-3,4,5-trifluo-
rophenyl-NAS bromide (4) were reported by Maruoka�s
group.10 The advantages of using the above catalysts is
their higher stability, high asymmetric inductions and
the use of only 1mol% of the catalyst. With the catalyst
4 the asymmetric alkylation of imine glycinamide 2a
gave the alkylated product 5a in moderately good
enantioselectivity (43%) as compared to 20% ee with
catalyst 3 (Table 1, entries 1 and 4).

When N-benzylated imine glycinamide 2b was alkylated
in the presence of catalyst 4 and CsOHÆH2O at �40 �C,
the enantiomeric excess of the alkylated product in-
creased steeply to 86% (Table 1). Thus even here, the
N-benzylated imine glycinamide was found to be more
suitable as a substrate for asymmetric alkylation. The
use of toluene as solvent gave higher selectivity (98:2),
compared to a mixture of solvents such as toluene–
dichloromethane (7/3). This indicates that the catalyst
4 exhibits greater asymmetric induction in nonpolar
medium. Further, we found that a combination of CsO-
HÆH2O and K2CO3 increased the yield of the product
from 57% to 85%. Thus the conditions for the synthesis
of 5b, were optimized to obtain a high yield and excel-
lent stereoselectivity.

Next, the alkylated intermediate 5b was reduced with
sodium cyanoborohydride in tetrahydrofuran at 0 �C,
followed by cyclization at 60 �C in the presence of
NaHCO3 and a catalytic amount of NaI in acetonitrile
to afford 6 in 92% yield. Amine deprotection and amide
debenzylation was achieved in one-pot by hydrogenoly-
sis using PdCl2 in EtOAc–AcOH (4/1)11 to give 7 in 95%
yield. This was finally alkylated with n-butyl bromide to
complete the asymmetric synthesis of levobupivacaine
(Scheme 3).12

In conclusion, we have achieved the first asymmetric
synthesis of levobupivacaine in high yield and enantio-
purity through a novel catalytic route.
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