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a b s t r a c t

A simple and efficient synthesis of 2-arachidonoyl glycerol, an endogenous agonist for cannabinoid recep-
tors was achieved using Novozym 435, immobilized lipase from Candida antarctica.
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2-Arachidonoylglycerol (2-AG) is an endogenous cannabinergic
ligand that interacts with both CB1 and CB2 receptors. Although 2-
AG synthesis involves several candidate enzymes,1 2-AG is inacti-
vated principally by monoacylglycerol lipase2(MGL), although fatty
acid amide hydrolase (FAAH) may contribute to its degradation.3 2-
AG was shown to possess various biological activities, such as
binding to CB1 and CB2 cannabinoid receptors, inhibition of aden-
ylyl cyclase in mouse spleen cells, and inducing hypothermia,
reducing spontaneous activity, analgesia, and immobility in mice.4

2-AG acts as a full cannabinergic agonist, and the structure of 2-AG
is strictly recognized by the cannabinoid receptors (CB1 and CB2).
Thus, 2-AG rather than anandamide may represent the true natural
ligand for cannabinoid receptors.5–7

The major problem in the synthesis of pure 2-AG is the rapid
migration of the arachidonoyl group from the secondary to the pri-
mary hydroxyl group, resulting in the formation of more stable 1-
arachidonoyl glycerol. This migration is catalyzed by water, acid,
base, or heat.8 Earlier synthetic methods utilized coupling of 1,3-si-
lyl9 or benzylidine10 protected glycerol with arachidonic acid and
followed by deprotection and separation of the isomeric arachido-
noyl glycerols. All these methods suffer from extended reaction
time, acidic conditions required for the removal of the protecting
groups as well as extensive work up and purification. Another
interesting method also appeared in the literature, which utilizes
regioselective transformation of glycidyl arachidonate into 2-
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arachidonoyl-1,3-bis(trifluoroacetyl)glycerol followed by the
cleavage of trifluroacetyl group with pyridine.11

Searching for an alternative, green, and efficient methodology
that would circumvent these problems during 2-arachidonoyl
glycerol synthesis, we have developed an enzyme catalyzed effi-
cient and highly regioselective synthesis. The advantage of bioca-
talysis is that the reactions are carried out at ambient
temperature, nearly neutral pH and the reactions are often highly
regio- and stereoselective.12,13 Enzymes derived from microbial
cells can be immobilized and reused for many cycles. It was known
that enzymes can show selectivity during glycerolysis of fatty acids
as well as transesterification of symmetrical triglycerides.14–18

Herein, we report an improved, practical application of the above
methodology in the synthesis of 2-arachidonoyl glycerol utilizing
unsymmetrical triglyceride.

The synthesis is based on a two-step enzymatic process
(Scheme 1). The first involves the synthesis of 1,3-diacyl glycerol
using the method reported by Halldorsson et al.19 Enzymatic acyl-
ation of glycerol was carried out in anhydrous dichloromethane
using vinylbutyrate as an acyl transfer agent. The reaction pro-
ceeded smoothly at 0 �C to provide exclusively 1,3-butyroyl glyc-
erol (1) with greater than 90% yield.20 The 1,3-diacylglycerol was
coupled with arachidonic acid using 4-dimethylaminopyridine
(DMAP) and 1-(3-dimethyl-aminopropyl)-3-ethylcarbodiimide
hydrochloride (EDCI) in dichloromethane at room temperature
for 12 h providing the required triglyceride (2) in 84% yield.21 Tri-
glyeride (2) was subjected to immobilized Candida antarctica (Nov-
ozym 435) known for its high 1,3-regioselective glycerolysis of
triglycerides. The reaction was facile and afforded the required 2-
arachidonoyl glycerol (3) exclusively (67%) and the by-product
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butylacetate was easily removed under vacuum. We also noted the
formation of ethyl arachidonate (27%) as a side product. It is note-
worthy that there was no formation of 1-arachidonoylglycerol ob-
served in the reaction. The crude product was purified by a small
filter column of boric acid impregnated silica.22

In summary, the improved and practical synthesis of 2-AG was
successfully carried out without any isomerization of the more sta-
ble 1-arachidonoyl glycerol. The mild neutral conditions, easy sca-
lability, and removal of the volatile byproduct provide added
advantages to the current method for the synthesis of 2-
monoacylglycerides.
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