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Abstract:  2-Octyl y-bromoacetoacetate (OyBr), an endogenous compound originally isolated from human
cerebrospinal fluid (CSF), has previously been demonstrated to increase REM sleep duration in cats. Based on
the chemical structure of OyBr and its reported sleep-inducing effects, we synthesized OyBr along with chemically
related analogs and tested these compounds as inhibitors of fatty acid amide hydrolase (FAAH), a brain enzyme
that degrades neuromodulatory fatty acid amides. OyBr was found to competitively inhibit FAAH activity with
IC,, and X, values of 2.6 pM and 0.8 uM, respectively [for the (R)-enantiomer of OyBr (1)]. A set of synthetic
analogs of OyBr was examined to define the structural features required for FAAH inhibition and inhibitor
potencies were assessed at pH 9.0 (near the pH optimum of FAAH) and pH 7.0. Interestingly, at pH 7.0 the y-
halo B-keto ester inhibitors proved to be significantly more potent than the trifluoromethyl ketone of oleic acid, one
of the most potent FAAH inhibitors described to date. This study supports the possibility that OyBr may be a
physiological regulator of FAAH activity and fatty acid amide levels in vivo. Additionally, the characterization of
v-halo B-keto esters as powerful FAAH inhibitors near physiological pH may aid in future studies of the
enzymology and biological properties of FAAH. © 1998 Published by Elsevier Science Ltd. All rights reserved.

Fatty acid amides represent a growing family of biologically active lipids implicated in a diverse range of
cellular and physiological processes.!~* Members of the fatty acid amide family include anandamide (arachidonoyl
ethanolamide), an endogenous ligand for the CB1 cannabinoid receptor” and oleamide [9(Z)octadecenamide], a
sleep-inducing compound isolated from the cerebrospinal fluid of sleep-deprived cats.* Consistent with its
proposed role as an endogenous cannabinoid, anandamide has been shown to elicit several physiological effects
common to cannabinoid agonists.” Oleamide has been shown to act in a structurally specific manner to induce
physiological sleep in rats' and potentiate 5-HT receptor responses to serotonin.®’ Both anandamide® and
oleamide’ have been found to block gap junction communication in glial cells.

Anandamide and oleamide are rapidly degraded to their corresponding inactive acids by a membrane-
bound enzyme activity, fatty acid amide hydrolase (FAAH).'" Recent studies have suggested that manipulation of
FAAH activity in vivo can affect both the level and duration of the responses elicited by its fatty acid amide
substrates. Addition of FAAH inhibitors to neuroblastoma cell cultures increased the amounts of anandamide
released,” and FAAH-resistant analogs of anandamide have been shown to induce prolonged inhibition of motor
activity.”” We identified 2-octyl y-bromoacetoacetate (OyBr, 1), an endogenous compound originally isolated

from human cerebrospinal fluid,'* as a possible FAAH regulator based on its physiological and chemical

properties. OyBr has been found in rat cortex, pituitary, and retinal tissues," and was shown to induce REM

'Corresponding Author
email: cravatt@scripps.edu

0960-894X/98/$19.00 © 1998 Published by Elsevier Science Ltd. All rights reserved.
PII: S0960-894X(98)00073-0



614 M. P. Patricelli et al. / Bioorg. Med. Chem. Lett. 8 (1998) 613-618

sleep in cats.15 The chemical features of OyBr, including an extended hydrophobic alkyl chain and a y-bromo -
keto ester substituent capable of potential active site alkylation, suggested that this compound may act as a FAAH
inhibitor. Therefore, we synthesized OyBr as well as several related analogues and tested these agents as potential

FAAH inhibitors.

2-Octyl y-bromoacetoacetate (OyBr)

Compounds 1-5 and 7'® were anticipated to be irreversible inactivators of FAAH based on numerou:+
previous studies documenting the active site alkylation of proteases by o-halo ketones.!? However, the kinetics «f
inhibition observed for these compounds over the reaction time courses monitored (30 s to 15 min at pH 9.0 an.
10 min to 1 h at pH 7.0) appeared linear. Additionally, LineweaverBurk plot analysis of FAAH inhibition by |
suggested competitive inhibition (Figure I). To determine the extent of reversibility of these agents under the
experimental conditions, the inhibitors were pre-incubated with the FAAH preparation at pH 9.0 for various time
before passing the mixture over a DEAE sepharose anion exchange column to remove reversibly bound inhibitc:,
and eluting FAAH activity with high salt (500 mM NaCl). A slight degree of irreversible inhibition (20-30¢..
enzyme inactivated at 5 pM inhibitor concentration) was detectable after 15 min (the longest time point measured .«
pH 9.0) in the case of agents 1 and 3, however this level of enzyme inactivation did not appear to significant}v
affect the reaction progress curves or the measured K, values for these two compounds. After pre-incubatior::

greater than 2 h, inhibitors 1-5 and 7 all exhibitc:l

significant  (between  20-30%) irreversibi
Figure 1

inhibition of FAAH activity.

T
<}
@ The K, value of 1 determined
@
§ LineweaverBurk and Dixon plot analysis w.-
£ found to be 0.82 uM." As detailed in Table I, the
z K, values for 1-7 (determined by Dixon plct
t t t N analysis) varied less than one order of magnitude
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Lineweaver-Burk plot of competitive FAAH inhibition by 1. FAAH
activity was monitored in the presence of 0 UM (s), 0.5 M(H), 1 pM inhibitor reported to date,' all of these compounc

(&), and 2.5 uM () of 1 with oleamide concentrations from 13-80 M.



M. P. Patricelli et al. / Bioorg. Med. Chem. Lett. 8 (1998) 613618 615

represent effective FAAH inhibitors. Inversion of the C-1’ methyl substituent of 1 did not significantly affect
inhibitory potency (2, K;= 1.1 uM) while removal of this methyl group slightly increased potency (3, K, = 0.55
uM). Replacement of the C-1 bromine moiety with chlorine did not greatly impact the observed K value (7, K, =
1.1 uM). A significantly reduced K, was found for 4 (K, = 0.19 pM), a y-bromo B-keto ester designed to mimic
the structure of oleamide. Inhibitor 4 proved similar in poten‘cy to the trifluoromethyl ketone of oleic acid (6, X, =
0.25 uM) and slightly more potent than the a-bromo ketone of oleic acid (5, K; = 0.39 yM). Removal of the C-1
bromine substituent of 1 (9), replacement of this halogen with methy] (10) or ethy! (11) groups, or reduction of
the C-2 carbonyl (8) all produced inactive compounds showing no detectable inhibition at concentrations as high
as 100 pM. Agent 12 which possesses similar enolization properties to those of the y bromo B-keto esters® was
also void of inhibitory activity. These results strongly suggest that an electron-deficient carbonyl at the C-2
position is required for the inhibitory potency of the y-bromo B-keto ester inhibitors.

Table 1. Potency of Inhibitors at pH 9.0°

Agent IC., (UM) K; (uM) at Agent 1Cs,, (UM) K, (uM)
at pH 9.0 pH 9.0 atpH 9.0 atpH 9.0

1 26 %05 08+0.1 8 Hopoog >100 ND
Ev\/ﬁj\o/\/\/\/ E’\UO/\/\//\/
2 o 9 40+ 06 1.1+£03 9 M >100 ND
B’\/lk/lk('\/\/\/ UJ\/V\/
1.5+0.1 05500410
: Br\/&/ﬁo/\/\/\/ \j\j\o/\/\/\/ >100 b
B'\/‘Ok/i
4 m 0.6 £0.1 0.19+003| 11 ALJ?\ >100 ND
O/\/\//\/
5 s.\j\/\/c/\;j 1.00 £ 0.05 | 0.39+0.02 | 12 M >100 ND
NN

6 WL/:/V\/\/\j 0.6+0.1" {025+002

7 C\J\/ﬁ\o/\/\/\/ 29+02 1.10 + 0.08

‘All enzyme assays (except where noted) were performed between 20-22 °C using a solubilized liver plasma
membrane extract in a reaction buffer of 125 mM Tris, | mM EDTA, 0.4.% glycerol, 0.04% Triton X-100, pH
9.0 buffer. Activity was monitored by following the breakdown of "“C-oleamide to oleic acid after extraction and
separation by thin-layer chromatography. Radioactivity was quantitated by scintillation counting.

®Agent 6 exhibited slow binding kinetics and the K, value reported here reflects the inhibition observed at
equilibrium.
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Table 2. Potency of To further test the possibility that 1 could act as a physiological inhibitor of
Inhibitors at pH 7.0 )
Inhibitor | ICs, (M) FAAH we determined the relative potencies of several FAAH inhibitors at pH 7.0
t pH 7.0 .
=L (Table 2).*' The most drastic change in inhibitor potency was observed for the
1
31202 trifluoromethy! ketone inhibitor 6, which was one of the most potent inhibitors
3 2106 pH 9.0. Agent 6 suffered a 17-fold increase in IC,, from pH 9.0 to pH 7.0
4 25404 becoming the least active inhibitor at pH 7.0. In direct contrast to 6, inhibitor 7
exhibited a significant increase in potency from pH 9.0 to pH 7.0 making it the
g
- 53104
most potent inhibitor at pH 7.0. The potencies of 4 and 5 decreased approximately
6 9.9 £0.7 , : 4 , ,
i five—fold from pH 9.0 to pH 7.0, while 1 and 3 exhibited relatively minor
7
0.7+0.1 decreases in potency over this pH range. Overall, the pH-dependency of the

FAAH inhibitors 1-7 underscores an intriguing observation that as physiological pH is approached, the natural
compound 1 and closely related analogs 3, 4, and 7 become the most potent FAAH inhibitors tested, surpassing
the trifluoromethyl ketone 6 by as much as 14-fold in potency. These results support the possibility that 1 could!
serve as an endogenous regulator of FAAH activity.

In this study several analogues of the natural human brain constituent, 2-octyl y-bromoacetoacetate (OyBr.
employing a y-halo B-keto ester moiety were found to be potent inhibitors of FAAH. At pH 9.0, agent 4 proved
as potent as the the most potent reversible FAAH inhibitor described to date (6), while at pH 7.0, all of the y-halc
B-keto ester agents surpassed the potency of agent 6. The relatively high potency of OyBr at physiological pH, a«
well as its tissue distribution and sleep-inducing properties support the possibility that OyBr may act as a
endogenous FAAH regulator. In this regard, OyBr. like the fatty acid amides, oleamide” and anandamide,” ha-
recently been found to induce hypothermia in rats.”> The more potent analogues of OyBr presented here may

prove useful as research tools or therapeutic agents active at physiological pH.
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