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A new facile chemoenzymatic synthesis of levamisole
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Abstract—An efficient and facile chemoenzymatic synthesis of levamisole by employing lipase-mediated resolution of 3-hydroxy-3-
phenylpropanenitrile followed by its conversion to b-amino alcohol as the key intermediate is described.
� 2004 Elsevier Ltd. All rights reserved.
Levamisole (lee-VAM-i-sole) the levo isomer of tetrami-
sole is a broad spectrum anthelmintic.1 It is a synthetic
imidazothiazole derivative belonging to a general class
of agents called biologic response modifiers and has
been originally designed for anthelmintic properties,
has immunomodulating and immuno-stimulating prop-
erties and also has been later used in cancer adjuvant
therapy and in the treatment of other ailments. It has
found wide application in the treatment of worm infest-
ations and eliminating intestinal parasites in both
humans2 and animals.1b,2a Levamisole is one of the non-
specific immunomodulating agents used in clinical prac-
tice. It helps restore the function of certain cells of the
body�s defense system when they have been impaired.
It is currently indicated in combination with 5-fluroura-
cil (5-FU) as adjuvant treatment after surgical resection
of stage TNM 3 or Duke�s C colon cancer over a dura-
tion of one year postoperatively, and is also combined
with radiation therapy for Duke�s stage B2 and TNM
stage 4 cancer.3

In spite of the biological importance of this compound
there are not many reports of its preparation. The race-
mic form of this compound has been prepared by
Raeymaekers et al.1b employing phenacyl bromide.
They have also prepared the optically pure form starting
from optically pure phenylethylenediamine.4 Achiwa
and co-workers5 employed rhodium catalyst in the
asymmetric synthesis of levamisole.

Based on the retrosynthetic strategy optically pure 3-hydr-
oxy-3-phenylpropanenitrile has been considered as a
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potential building block for the synthesis of levamisole.
History reveals that b-hydroxy nitriles are important
both as technical products and as reagents in organic
chemistry.6 They have been extensively investigated
and employed in the preparation of various intermedi-
ates for naturally occurring bioactive compounds.7–12

In view of their enormous potential for the construction
of chiral organic frameworks they have been exploited
in the present investigation. In continuation of our inter-
est13 in the preparation of optically pure b-hydroxynitr-
iles and their applications towards the preparation of
biologically important compounds or their intermedi-
ates by employing lipase catalyzed resolution processes
we herein wish to report a practical synthesis of levam-
isole employing (R)-3-hydroxy-3-phenylpropanenitrile
and (R)-3-acetyloxy-3-phenylpropanenitrile. Moreover,
this is the first report on the chemoenzymatic synthesis
of levamisole.

The transesterification of 3-hydroxy-3-phenylpropane-
nitrile by vinyl acetate has been carried out as reported
earlier by us in good yields with high enantioselectivity
(>99% ee).13b We herein have also investigated the
lipase-mediated hydrolysis of 3-acetoxy-3-phenylpro-
panenitrile in phosphate buffer to afford required
(R)-3-hydroxy-3-phenylpropanenitrile (1R) ½a�30D ¼ þ59:9
(c 1.0, CHCl3) in good yields and high enantioselectivity
(Scheme 1 and Table 1).

Enantiomerically pure (R)-3-hydroxy-3-phenylpropane-
nitrile (1R) and (R)-3-acetoxy-3-phenyl propanenitrile
(2R) obtained after lipase-catalyzed resolution have
been effectively employed in the preparation of levami-
sole in a simple reaction sequence as shown in Scheme
2. 1R and 2R on treatment with H2O2 in aqueous
ammonia have been efficiently transformed into
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Scheme 2. Reagents and conditions: (i) H2O2, aq NH3; (ii) Pb(OAc)4, pyridine; (iii) NaOH, EtOH–H2O, reflux; (iv) TBDMS–Cl, imidazole; (v) 1,2-

dichloroethane, K2CO3, 18-crown-6; (vi) TBAF, THF; (vii) KSCN, EtOH–H2O; (viii) SOCl2, CH2Cl2.
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Scheme 1. Reagents and conditions: (i) immobilized Pseudomonas cepacia (PS-C) lipase, vinyl acetate, diisopropyl ether; (ii) immobilized P. cepacia

lipase, phosphate buffer (pH = 7.2).

Table 1. Enzymatic hydrolysis of 3-acetyloxy-3-phenylpropanenitrile

in phosphate buffer

Entry Lipasesa Time (h) Alcohol Acetate

Yieldb% eec% Yieldb% eec%

1 PS-C 14 41 >99 40 >99

2 PS-D 80 40 >99 41 >99

aPseudomonas cepacia lipase immobilized on modified ceramic parti-

cles (PS-C), P. cepacia lipase immobilized on diatomite (PS-D).
b Isolated yields.
c Determined by chiral HPLC (chiral OJ-H column; Diacel) employing

hexane–isopropanol (90:10) as mobile phase at 0.5 mL/min and

monitored by UV (254 nm).
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(R)-3-phenyl-3-hydroxypropanamide (3R)14 ½a�30D ¼
þ32:1 (c 1.0, EtOH) without any loss in optical purity
in almost quantitative yield. The resulting amide has
been subjected to Hoffmann-like rearrangement in the
presence of Pb(OAc)4 in pyridine to afford (S)-5-phen-
yl-1,3-oxazolidine-2-one (4S)14 ½a�29D ¼ þ51:4 (c 1.1,
CHCl3) in about 80% yield without any racemization
or inversion at the chiral center. In principle, in Hoff-
mann rearrangement the isocyanate formed is hydro-
lyzed with external nucleophile like water to yield
amine after the rearrangement. Here, in this process
the vicinal hydroxyl group acts as a nucleophile on the
isocyanate resulting in the cyclization to form an oxazo-
lidinone ring system. N-Alkylation at this stage (4S)
using various reagents under different conditions has
not been successful. Hence, 4S has been hydrolyzed in
aqueous-alcoholic NaOH to provide (S)-2-amino-1-
phenyl-1-ethanol (5S)14 in 79% yield. Alkylation of the
amino alcohol (5S) resulted in the formation of both
N-alkylation and O-alkylated product. To overcome this
problem, alcohol function has been protected with
TBDMSCl (6S) and then refluxed in 1,2-dichloroethane
in the presence of K2CO3 and 18-crown-6 to afford N-(2-
chloroethyl)-2-tert-butyldimethylsilyloxy-2-phenylethan-
amine (7S)14 ½a�27D ¼ þ47:1 (c 1.0, CHCl3) in 60% yield
(two steps). Deprotection of the protecting group re-
sulted in the formation of N-(2-chloroethylamino)-1-
phenyl-1-ethanol (8S) ½a�27D ¼ þ31:0 (c 1.1, MeOH),
which on coupling with KSCN in refluxing ethanol
afforded 2-imino-3-(2S-hydroxy-2-phenylethyl)thiazo-
lidine a precursor for levamisole as described by Achiwa
and co-workers.5 This precursor without purification
has been transformed into the target molecule (9S)
½a�29D ¼ �51:2 (c 1.1, CHCl3) lit.5 ½a�27D ¼ �49:0 (c 1.0,
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CHCl3) on treating with SOCl2 in CH2Cl2 with double
inversion at the chiral center in about 50% yield.

In summary, a simple, practical and highly enantioselec-
tive synthesis of levamisole has been accomplished by
employing (R)-3-acetoxy-3-phenylpropanenitrile and
(R)-3-hydroxy-3-phenylpropanenitrile obtained by both
enzymatic transesterification and hydrolysis processes.
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