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Abstract.  The examination of a series of trifluoromethyl ketone inhibitors of Fatty Acid Amide Hydrolase (FAAH, 
oleamide hydrolase, anandamide amidohydrolase) is detailed in efforts that define structural and conformational 
properties that contribute to enzyme inhibition and substrate binding. The results imply an extended bound 
conformation, highlight a role for the presence, position, and stereochemistry of a A 9'~° cis double bond, and suggest 
little apparent role for C 11-C 18/C22 of the fatty acid amide substrates. © 1999 Elsevier Science Ltd. All rights reserved. 

Oleamide, 1'2 the prototypical member ~ of a growing class of endogenous fatty acid primary amides, 5 was 

found to accumulate in the cerebrospinal fluid under conditions of sleep deprivation 2'6'7 and induce physiological 

sleep in animals. L2 In a structurally specific manner, oleamide modulates the serotonergic system, 8-m 

benzodiazepine-sensitive GABA A receptors," blocks glial gap junction communication, tz.t3 and exhibits the 

characteristic in vivo analgesic and cannabinoid effects of anandamide in mice x4 albeit without cannabinoid receptor 

binding. Anandamide 3'4 binds to both the central CB 1 and peripheral CB2 cannabinoid receptors 3'4 through which 

it is thought to exhibit its analgesic and cannabinoid effects, blocks glial gap junction communication, t2.~3.~5 

differentially modulates the serotonergic system, 1°'16A7 and exhibits a number of additional in vitro and in vivo 

biological properties. 3 Additional fatty acid primary amides beyond oleamide have been reported to possess 

biological properties including erucamide, ~8 an angiogenic factor stimulating new blood vessel formation and 

growth, and the biological role of fatty acid ethanolamides beyond anandamide have been studiedJ 9 Notably, 

palmitoyl ethanolamide has been shown to bind selectively over anandamide to the peripheral CB2 cannabinoid 

receptor 2° indicating that perhaps the CB 1 and CB2 receptors recognize distinct fatty acid amides as their respective 

endogenous ligands. 2~ 
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Fatty acid amide hydrolase (FAAH, oleamide hydrolase, anandamide amidohydrolase) is an integral 

membrane protein that degrades and inactivates both fatty acid primary amides and ethanolamides including 

oleamide ~'2'22'23 and anandamide (Figure 1). 22-29 The distribution of FAAH in the CNS suggests that it is posed to 

degrade the neuromodulating fatty acid amides at their sites of action and therefore intimately related to the 

regulation of the effects evoked. 3° In addition, FAAH has also been shown to hydrolyze the related CB 1 agonist 

2-arachidonylglycerol fourfold faster than anandamide, as well as the related 1-arachidonylglycerol and 1- 

oleylglycerol, and the corresponding simple ester, methyl arachidonate 3~-33 illustrating its plurality of fatty acid 

amide or ester substrates. 

Despite this emerging role of FAAH, only a select set of inhibitors of the enzyme have been disclosed to 

date. 34-39 This includes the discovery of the endogenous potent inhibitor 2-octyl y-bromoacetoacetate, 34 which had 

been previously disclosed as an endogenous sleep-inducing compound. 35 In addition to the examination of this 

inhibitor and its elaboration into more potent FAAH inhibitors, 34 the remaining classes are composed of reversible 

electrophilic carbonyl inhibitors 36'37 (trifluoromethyl ketones, c~-halo ketones, ct-keto esters and amides, and 

aldehydes) or irreversible inhibitors 2'38'39 (sulfonyl fluorides, fluorophosphonates) incorporated into the fatty acid 

structures. Herein, we detail the examination of a series of trifluoromethyl ketone inhibitors of FAAH representative 

of the class of electrophilic carbonyl inhibitors that explore the structural and conformational properties contributing 

to enzyme inhibition. 

Inhibitor Synthesis. The trifluoromethyl ketones 4° 1-6 and 11-23 were prepared in a single operation from 

the corresponding carboxylic acids 4t by first conversion to the respective acid chloride (3 equiv (COC1)2, CH2C12, 

25 °C, 3 h) and subsequent treatment with TFAA-pyridine 42 (6 equiv/8 equiv, Et20, 1-2 h, 41-82%). 43 The 

remaining trifluoromethyl ketones 7-10 were synthesized from the corresponding ethyl esters by treatment with 

LDA and ethyl trifluoroacetate (i .5 equiv/2 equiv, THF, -78 to 25 °C, 26 h) 44 followed by refluxing 40% aq H2SO 4 

(94 h). 

Inhibition Studies. 45 All enzyme assays were performed at 20-23 °C using a solubilized liver plasma 

membrane extract 37 in a reaction buffer of 125 mM Tris, 1 mM EDTA, 0.2%glycerol, 0.02% Triton X-100, 0.4 mM 

HEPES, pH 9.0 buffer. 34 The hydrolysis was monitored by following the breakdown of ~4C-oleamide to oleic acid 

after extraction and separation of the TLC, and phosphorimaging as previously described. TM Linear least squares 

fits were used for all reaction progress curves and R 2 values were consistently >0.97. IC50 values were determined 

from the inhibition observed at 3-4 different concentrations of inhibitor (from three or more independent trials at 

each inhibitor concentration) using the formula IC50 = [ I ] / [ v o / v i ) - l ] ,  46 where v o is the control reaction rate without 

inhibitor and v, is the rate with inhibitor at concentration [I]. K~ values were determined by the Dixon method (x- 

intercepts of weighted linear fits of [I] versus 1/rate plots at constant substrate concentration, which were converted 

to K~ values using the formula K l = -xiJ[l+[S]/Km]) and the results are summarized in Table 1. 

The relative abundance of the enzyme in rat liver allowed for a more facile preparation of FAAH than from 
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brain tissue. Previous work 22 has demonstrated that the identical enzyme is isolated from both sources and that it 

is the single enzyme responsible for oleamide or anandamide hydrolysis. In addition, the rat and human enzyme ~3 

are very homologous (84%), exhibit near identical substrate specificities, and incorporate an identical amidase 

consensus sequence and SH3 binding domain suggesting the observations made with rat FAAH will be analogous 

to those of human FAAH. 

T a b l e  I 
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4, (CH2)16CH3 0.24 taM (1.2 taM) 

5, (CH2)12CH 3 0.49 p-M (2.3 p-M) 

6, (CH2)loCH3 0.14 p-M (0.72 p-M) 

7, (CH2)sCH3 0.13 taM (0.60 p_M) 

8, (CH2)sCH 3 1.2 taM (6.6 taM) 

9, (CH2)sCH 3 10.7 taM (52.8 p.M) 

10, (CH2)4CH 3 26.9 ~tM (185.2 taM) 
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9 f f ~ ~ 1 ~ C O C F a  
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9 ~ C O C F 3  

23, K~(IC5o ) = 0.17 taM (0.84 taM) 

Discussion. The inhibitory potency of the simple straight chain aliphatic trifluoromethyl ketones followed 

a well-defined behavior. FAAH inhibition required the electrophilic carbonyl (1 versus 2), the incorporation of the 

oleamide A 9'~° cis double bond with 1 versus the saturated trifluoromethyl ketone 4 increased the potency threefold, 

and its replacement with a trans double bond in 3 resulted in an analogous twofold reduction in potency in 
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agreement with prior observations. 37 Progressive shortening of the saturated aliphatic chain had little effect for the 

saturated C 18-C 10 trifluoromethyl ketones and all were within a fourfold range of potency with the C 12 and C 10 

inhibitors being the most potent. However, further shortening of the saturated aliphatic chain below C10 led to a 

more pronounced and progressive loss of inhibitory potency. Notably, this progressive loss of potency starts once 

the inhibitor length is equal to or shorter than C8 which corresponds to the positional length of the oleamide A 9'~° 

cis double bond. 

Clear from the trends in examining 11-13, the more extended conformation embodied in 13 was found to 

be essentially equipotent with 1 and 4, and the inhibitor potency smoothly declined as the structures progressively 

approach the bent or hairpin conformation (13 > 12 > 11 and 14). Additional restrictions to the hairpin 

conformation resulted in a further progressive loss of activity (11 > 15 > 16). An analogous drop in inhibitor 

potency was observed with 17 and 19, which also embody conformational characteristics of the hairpin 

conformation. The trans and cis isomers were essentially equipotent and both exhibited properties intermediate of 

those observed with 11 and 14. Removal of the double bond from both 17 and 19 with 18 and 20 resulted in a small 

1.5 to 3-fold decrease in potency analogous to that observed with 1 versus 4. 

Consistent with these observations, the examination of 21-23 and their comparison with 11-14 confirmed 

that the C 11-C18 tail does not contribute productively to the inhibitor potency, that its incorporation into the 

restricted hairpin conformations (21 versus 14, 23 versus 11) results in a tenfold reduction in inhibitor potency, ,and 

that its incorporation into the restricted bent conformation (22 versus 12) or restricted extended conformation (22 

versus 13) has essentially no impact on the inhibitor potency. Notably, 21, which lacks the C11-C18 tail, is the 

most potent trifluoromethyl ketone inhibitor of FAAH in the series being slightly more than threefold more potent 

than the oleyl trifluoromethyl ketone (1) itself. 

Conclusions. Together these results imply a preferred extended bound conformation, highlight a role for 

the presence, position, and stereochemistry of the A 9A° cis double bond of oleamide, and suggest little apparent role 

for CI 1-C18/C22 of the fatty acid amide substrates. These observations, which define some of the more 

fundamental structural and conformational features contributing to active site binding, should prove useful as the 

continued design of potent FAAH inhibitors and serve to define gross overall features of the active site shape and 

size. 
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