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Abstract—Arachidonylsulfonyl ﬂuoride (3), reported here for the ﬁrst time, is similar in potency to its known methyl arachidonylﬂuorophosphonate (2) analogue as an inhibitor of mouse brain fatty acid amide hydrolase activity (IC50 0.1 nM) and cannabinoid
CB1 agonist [3H]CP 55,940 binding (IC50 304–530 nM). Interestingly, 3 is much more selective than 2 as an inhibitor for fatty acid
amide hydrolase relative to acetylcholinesterase, butyrylcholinesterase and neuropathy target esterase. N-(2-Hydroxyethyl)arachidonylsulfonamide (4) is at least 2500-fold less potent than N-(2-hydroxyethyl)arachidonamide (anandamide) (1) at the
CB1 agonist site.
# 2003 Elsevier Ltd. All rights reserved.

Arachidonic acid derivatives play key roles in the function and understanding of the brain cannabinoid system. N-(2-Hydroxyethyl)arachidonamide (anandamide)
(1) is an important endogenous agonist for the cannabinoid CB1 receptor,1 binding to the same site as 9tetrahydrocannabinol and [3H]CP 55,940, the most
widely used radioligand for the agonist target.2 Anandamide is hydrolyzed by fatty acid amide hydrolase
(FAAH) which is very sensitive to irreversible inhibition
by methyl arachidonylﬂuorophosphonate (MAFP) (2).3
Agonist binding is also irreversibly inhibited by 2,3,4
involving several possible mechanisms: the arachidonyl
moiety of 2 either occluding a site within the receptor
which would otherwise be occupied by anandamide3 or
causing a conformational change; phosphonylation of
an amino acid moiety in the vicinity of the agonist site.
Alkanesulfonyl derivatives are also of interest since
n-dodecanesulfonyl ﬂuoride5 and methyl n-dodecylﬂuorophosphonate6 are similarly potent inhibitors of
both FAAH and CB1. The exceptional activity of 2
suggests that arachidonylsulfonyl ﬂuoride (3) might also
be potent at FAAH or CB1 or both. This study incorporates the novel arachidonylsulfonyl substituent in
both the ﬂuoride and N-(2-hydroxyethyl)amide series
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and speciﬁcally reports the preparation and unusual
potency and selectivity properties of 3 and 4 (Fig. 1).
The synthesis of 3 and 4 involved a three-step conversion of arachidonic acid, via the corresponding alcohol7
and arachidonyl bromide,8 to arachidonylsulfonyl chloride (5).9 Compound 5 was converted to 310 by treatment with Bu4N+F and to 411 with ethanolamine
(Scheme 1).
The inhibitory potencies of arachidonyl derivatives 1–4
and two dodecyl analogues were compared for CB1 and
FAAH of mouse brain (Table 1). The ﬁndings for 1 and
the dodecyl analogues were generally similar to earlier
studies with rat, thereby validating the assay methods
for evaluation of the new arachidonylsulfonyl derivatives 3 and 4 (Table 1).
The most remarkable property of 3 is its outstanding
potency as an inhibitor of mouse brain FAAH, with an
IC50 of 0.1 nM as with the exceptionally-active 2.14

Figure 1. Structural relationship between anandamide (1), methyl
arachidonylﬂuorophosphonate (2) and their sulfonyl analogues [arachidonylsulfonyl ﬂuoride (3) and N-(2-hydroxyethyl)arachidonylsulfonamide (4)].
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Lower potency is observed for the CB1 receptor with
IC50 values for agonist binding of 530 nM for 2 and 304
nM for 3.15 Sulfonyl ﬂuoride 3 is also much less potent
and more selective than ﬂuorophosphonate 2 as an
inhibitor of other mouse brain esterases with IC50 values
(nM) (15-min pre-incubation) as follows: 3 780  120
and 2 0.6  0.116 for neuropathy target esterase; 3
> 100,000 and 2 124  1716 for acetylcholinesterase; 3
> 100,000 and 2 81 for butyrylcholinesterase.17
Inhibitory potencies were also compared for carboxamide 1 and sulfonamide 4 determined with [3H]CP
55,940 in the absence and presence of phenylmethanesulfonyl ﬂuoride (PMSF) to minimize hydrolysis by
FAAH. Carboxamide 1 has an IC50 of 39 nM with
PMSF (vs 40 nM for rat brain CB1 with PMSF)3 or 12
mM without PMSF. Sulfonamide 4 (IC50 > 100 mM) is at
least 2500-fold less potent than 1 with PMSF. The difference could be due to either the sulfonyl replacement
for the carbonyl group or the additional methylene of 4
compared with 1.18 Arachidonylsulfonamide 4 (IC50
 10 mM) is presumably a competitive inhibitor of
FAAH.
In conclusion, 3 has outstanding potency and selectivity
for FAAH relative to other esterases and lower activity
at the CB1 receptor. Sulfonamide 4 is also a moderately
potent FAAH inhibitor with low potency for the agonist site. Thus, with FAAH the arachidonyl-type sub-

Scheme 1. (a) LiAlH4, Et2O, 0  C, N2; (b) CBr4, (C6H5)3P, CH2Cl2,
N2, 0  C; (c) (1) Mg, THF (BrCH2CH2Br), rt, 16 h; (2) SO2Cl2, THF/
hexane, 60  C, 30 min; (d) (1) Bu4N+F, THF, rt, 2 h; (2) 5% HCl;
(e) NH2CH2CH2OH, Et3N, CHCl3, 0  C.
Table 1. Inhibitory potencies of arachidonyl derivatives 1–4 and two
dodecyl analogues for [3H]CP 55,940 agonist binding at the CB1
receptor and FAAH activity
IC50 SE (nM, n=3)
CB1
Compd

Mouse

FAAH
Rat

Mouse

Rat

1
12,000300
1+PMSF
3914
403
2
530150
203
0.10 0.0212
2.53
3
30423
0.110.05a
4+PMSF
>100,000
10,000
6.93.613
185
213
35
n-C12H25SO2F
n-C12H25P(O)(OR)Fb 1.80.813 2.5 0.36
213
3.0 0.26
a
The inhibition curve for 3, but not 2, is apparently biphasic, suggesting the involvement of two enzyme components of diﬀerential sensitivity to 3.
b
R=i-C3H7 and CH3 for assays with mouse and rat brain membranes,
respectively.

stituent very eﬀectively positions the –C(O)NHCH2–
CH2OH moiety of 1 for hydrolysis and the –CH2SO2F
and –CH2P(O)(OCH3)F substituents of 3 and 2 for sulfonylation and phosphonylation, respectively. These
relationships hold for CB1 although with lower inhibitory potency. However, replacement of the –C(O)–
moiety of 1 with –CH2SO2– of 4 greatly reduces the
activity at CB1. These ﬁndings are consistent with low
potency of 4 for the agonist site but moderate potency
of 2 and 3 for a coupled CB1 subsite.
Acknowledgements
This study was supported by Grant R01 ES08762 from
the National Institute of Environmental Health Sciences
(NIEHS), NIH, and its contents are solely the responsibility of the authors and do not necessarily represent
the oﬃcial views of the NIEHS, NIH.

References and Notes
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