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A study of the structureactivity relationships (SAR) o2f (OL-135), a potent inhibitor of fatty acid amide
hydrolase (FAAH), is detailed, targeting the 5-position of the oxazole. Examination of a series of substituted
benzene derivatived 2—14) revealed that the optimal position for substitution was the meta-position with
selected members approaching or exceeding the poterigly Gbncurrent with these studies, the effect of
substitution on the pyridine ring &ff was also examined. A series of small, nonaromatic C5-substituents
was also explored and revealed that ihdollows a well-defined correlation with the Hammeit constant

(0 = 3.01,R?> = 0.91) in which electron-withdrawing substituents enhance potency, leading to inhibitors
with Kjs as low as 400 pM20n). Proteomic-wide screening of the inhibitors revealed that most are exquisitely
selective for FAAH over all other mammalian proteases, reversing the 100-fold prefere@®a (€5
substituent= H) for the enzyme TGH.

Fatty acid amides are an important new class of lipid signaling o]
molecules that modulate a number of physiological processes. N TN TN N-OH
Two endogenous fatty acid amides, anandamitia®(and Anandamide (1a) H
oleamide {b),2~* have emerged as prototypical members of this o
class that serve as chemical messengers (Figure 1). Anandamide \/\/\/\/A/\/\/\)J\NH2
(1a), which was only discovered a little more than a decade Oleamide (1b)
ago and is the most recognizable member of the endogenous Fatty Acid Amide Hydrolase
fatty acid ethanolamidesbinds and activates both the central (FAAH)
type-1 (CB1) and peripheral type-2 (CB2) cannabinoid receptors. Q
Anandamide 1a), and members of the cannabinoid fanfily, TN N OH
have been implicated in the modulation of nocicepfioch, Arachidonic Acid (1¢)
feedingl®!lemesis, anxiety? cell proliferationt®14inflamma- \/\/\/\/_\/\/\/\/lc])\
tion, 1> memory!® and neuroprotection after brain inju¥yThus, - OH
the cannabinoids have clinical relevance for analgesia, anxiety, Oleic Acid (1d)

epilepsy, cachexia, cancer, and Alzheimer’s disease as well asFigure 1. Substrates of fatty acid amide hydrolase (FAAH).

) ! o
other neurodegenerative diseases: ment of sleep aids that induce physiological sleep lacking the

Oleamide {b) was found to accumulate in the cerebrospinal side effects of the sedative-hypnotics (e.g., benzodiazepene

fluid of animals under conditions of sleep deprivation and to | which include rebound insomnia. anteroarade amnesi
induce physiological sleep in a dose dependent manner where® ass), ch Include rebou somnia, anterograde amnesia,

it reduced motility, shortened the sleep induction period, and anghzu'igfmﬁflg P:;f:é't‘?gh of anandamifie) @nd oleamide
lengthened the time spent in slow wave sleep 2 at the expense( P gl : ille) !

of wakening?# In a structurally specific manner, it was found 1b) is terminated by the enzyme fatty_acid amide hyqlrolase
to modulate serotonergic systeth@® and GABAergic trans- (FAAH,2 Figure 1)207s3 Fatty acid amide hydrolase is an
mission?425 block glial gap junction cetcell communica- integral membrane protein that degrades the fatty acid amide

: AT
tion,26-27 decrease body temperature and locomotor actfity, famtllymo(fjie?r(ijt?q[?nnornsdflgpall?k? 'ltlli)tlig- rltz cegtralr nrﬁr\:joulstm
and exhibit the characteristic in vivo analgesic and cannabinoid syste stributio cates tha egrades neuromoduiating

behavorial effects of anandamidi?? albeit without direct fatty acid amides at their sites of action and is intimately

cannabinoid receptor activation. It has been suggested that thénVOI\’ed in their regulatloﬁ._ Fatty acid a_mlde hydrolase s
cannabinoid behavorial effects of oleamidébl may be currently the only characterized mammalian enzyme that is in

. C . the amidase signature family bearing an unusual catalytic Ser-
mediated through an as yet unknown distinct pharmacological 0333730
target?* Because oleamidé ) may play a critical role in sleep, Ser-Lys triack®3* Recently, the crystal structure of FAAH

: ; o : : cocrystallized with an irreversibly bound arachidonyl fluoro-
itm rovi n exciting ther ti tential for th velop- . . oo .
ay provide an exciting therapeutic potential for the develop phosphonate confirmed its unusual catalytic triad and provided
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Figure 2. Examples of FAAH inhibitors.

significant augmented behavioral responses (e.g., increased . . . . . .
analgesia, hypomotility, catalepsy) to administered anand.slmide,f:::t'Vlty :el?nonshllps (SAR) oPf targeting trl‘e Séposmon of i
(18) and oleamidelb) resulting from increased brain levels of e central oxazole ring (e.g., various aryl and nonaromatic

the fatty acid amides that correlated with a CB1-dependent substituents). Herein we report the synthesis and evaluation of
analgesic phenotyp-43 As such, FAAH has emerged as an this more extensive series of 5-substituted 7-phenyl-1-(oxazol-

interesting new therapeutic target for a range of clinical 2-yhheptan-1-ones along with the results of proteome-wide
disorder 44 selectivity screening of candidate inhibitéfs.

Due to the potential therapeutic relevance of inhibiting FAAH, ~ Chemistry. Key to the divergent synthesis of the inhibitors
there has been increasing interest in developing potent andWas the preparation of the intermediaté from which all the
selective inhibitors of this enzyme (Figure 12£50 These requisite compounds could be synthesized. Intermediatas
include the discovery that the endogenous sleep-inducing OPtained by Vedejs oxazole metalatithgondensation with
molecule 2-octyl a-bromoacetoacetate2d) is an effective 7-phenylheptanal, and TBS protection of the resulting alcohol.
FAAH inhibitor 55 a series of reversible inhibitors bearing an Selective C5-oxazole lithiatidhof 4 followed by treatment with
electrophilic keton54566Ye.g., trifluoromethyl ketongb) that ~ BUsSnCI afforded stannan& Stille coupling? of stannanes
have not proven selective for FAAH over other mammalian With a systematic series of aryl halides produéed.1, which
serine hydrolasé3and a set of irreversible inhibitdis 505253 could be readily converted to the corresponding 5-aryl substi-
(e.g., fluorophosphonatec and sulfonyl fluorides). Recently, ~ tuted 7-phenyl-1-(oxazol-2-y)heptan-1-ong2-17 via TBS
two classes of compounds have been disclosed that providedeprotection and oxidation of the liberated alcohol with Dess
significant advances in the development of an inhibitor with Martin periodinane (Scheme 1).

therapeutic potential. One class is the aryl carbamates 2€l)g., The synthesis of the candidate inhibitors that bear a nonaro-
that acylate an active site catalytic serine and which were shownmatic C5-oxazole substituent is summarized in Scheme 2. After
to exhibit anxiolytic activity and induce analgedfs’59.63.64 selective C5-oxazole lithiatior} was treated with a range of

However, the selectivity of such aryl carbamate inhibitors is €lectrophiles (Cg(g), CRCON(CH)z, CH;CON(CHs)z, DMF,
low, and recent studies show that either no or minimal selectivity 12, Brz, N-chlorosuccinimideN-fluorobenzenesulfonimide, GH
is achieved (e.g., other targets2if are carboxylesterase 6 and dimethyl disulfide) to givel9b, 19g—i, 190 and19g—u, many
triacylglyceride hydrolase%¢ A second class is the-keto- of which served as precursors to additional candidate inhibitors
heterocycle-based inhibitors of which some are extraordinarily bearing further modified C5-substituents. Carboxylic &2t
potent (e.g.2eand2f).4547516267These competitive inhibitors ~ was directly converted to a series of amid28¢ 20f, 20j—m;
bind to FAAH via reversible hemiketal formation with an active RNH, or R:NH, EDCI, and HOAY) as well as to its correspond-
site serine and are not only potent and extraordinarily selective ing methyl este20c by treatment with TMSCHRM The ester
for FAAH versus other mammalian serine hydrola®e2 but 20c was converted to the carboxamidéd by treatment with
many are efficacious in vivo and promote analgé&fs. methanolic ammonia. Carboxami@®d was dehydrated with
From these latter studieg€f has emerged as an advanced TFAA and pyridine to provide nitrile20n, which in turn was
lead45:51.62.6668 |t has been shown tha&f is a potent FAAH converted to the tetrazolis3f upon treatment with NafN Using
inhibitor (K; = 4.7 nM) that induces analgesia by raising @ method developed by Chen et al., iodide was transformed
endogenous anandamide levils more than 300-fold selective  to 19p (FSG:CR.CO,CH;z, Cul) bearing a C5 trifluoromethyl
for FAAH over any other serine hydroladelacks significant ~ substituent*”>The O-methyl pyrimidine derivativesl8d, 18¢)
offsite target activity when surveyed against a full panel of were treated with TMSCI and Nal to yield the uracil analogues
receptors and enzymes (Cerep assay profiling), and does no{20v, 20w). In each case, deprotection of the TBS ether followed
significantly inhibit the common P450 metabolism enzymes by Dess-Martin periodinane oxidation of the liberated alcohol
(3A4, 2C9, 2D6) or the human ether-a-go-go related gene Yielded the corresponding-ketoheterocycles.
(hERG). As part of a continuing program in developing FAAH Enzyme Assay.Enzyme assays were performed at-23
inhibitors, it was of interest to more fully explore the structure ~ °C with purified recombinant rat FAAH expressedHn coli’®
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(unless indicated otherwise) or with solubilized COS-7 mem-
brane extracts from cells transiently transfected with human
FAAH cDNAS32 (where specifically indicated) in a buffer of 125
mM Tris/1 mM EDTA/0.2% glycerol/0.02% Triton X-100/0.4
mM HEPES, pH 9.0 buffet® The initial rates of hydrolysis
(=£10—20% reaction) were monitored using enzyme concentra-
tions (typically 2 nM) at least two times below the measured
Ki by following the breakdown of!C-oleamide andKjs
(standard deviations provided in Supporting Information Tables)
established as described (Dixon plbt)Lineweaver-Burk
analysis previously established reversible, competitive inhibition
for 2f and related compounds.

Results and Discussion

Aryl Substitution. We previously disclosed a small set of
5-aryl-substituted 7-phenyl-1-(oxazol-2-yl)heptan-1-oftes)d
this study defined a smooth increase in inhibitory potency as
the hydrogen-bonding capability of the 5-aryl substituent
increasedZh to 2g to 2f, Figure 3). Complete removal of the
pyridine nitrogen of2f, providing compounai, resulted in a
significant loss of FAAH inhibitory potencyk; = 80 nM, 140
nM reported in ref 45). This loss of inhibitory potency proved
consistent with a loss in binding affinity due to a hydrogen-
bond interaction. Monte Carlo simulations 2ffsuggested that
the pyridine nitrogen oRf is involved in a direct hydrogen-
bond to the hydroxyl of Thr236 and the protonated nitrogen of
Lys1424577 As depicted in the modeling studies and as
evidenced by the tolerated variance in the positioning of such
pyridyl hydrogen-bond acceptors in a series of FAAH inhibi-
tors the interaction is between the conformationally mobile
catalytic residues at the active site of the enzyme and is

Romero et. al.

o
compd R Ki, UM
2f 2-pyridyl 0.0047
29 2-furyl 0.012
2h 2-thienyl 0.055
2i phenyl 0.08

Figure 3. a-Keto oxazole inhibitors of FAAH.

R2 [\

3 |\\ (o]

AN A o} 2iR=H, K;=0.08 uM
Ki (M)

R 2-position 3-position 4-position
NO, 0.13 (12a) 0.028 (13a) 0.05 (14a)
NH, 0.75 (12b) 0.019 (13b) 0.09 (14b)
CO,CH;  0.06 (12c) 0.012 (13c) 0.04 (14c)
COH 6.0 (12d) 0.005 (13d) 0.06 (14d)
F 0.11 (12e) 0.05 (13e) 0.062 (14e)
OCHj,3 04 (12f) 0.04 (13f) 0.1 (14f)
OH 0.17 (12g) 0.05 (13g) 0.14 (14g)
SO,NH, 1.5 (12h) 0.002 (13h) 0.01 (14h)
CONH, 0.3 (12i) 0.006 (13i) 0.01 (14i)
COCF3 50 (12)) 0.016 (13j) 0.065 (14j)
CN 0.13 (12k) 0.015 (13k) 0.04 (14k)

Figure 4. Effect of substitution on the benzene ring.

such interactions, a systematic series of benzene derivatives
bearing substituents on the 2-, 3-, and 4-positions was examined
(Figure 4). Several important trends emerged from the examina-
tion of this series. Substitution at the 2-positiclR (series)
reduced inhibitory potency relative to the unsubstituted phenyl
derivative2i (R = H, K; = 80 nM), whereas substitution at the

3- (13 series) or 4-positionsld series) moderately (up to 8-
fold for 4-substitution) or significantly (up to 40-fold for
3-substitution) enhanced the inhibitory potency. Without excep-
tion, the rank order FAAH inhibitory potency for each sub-
stituent is 3-substitutior 4-substitution> 2-substitution. It is
likely that the 2-substituents disfavor the near coplanar arrange-
ment of the phenyl and oxazole rings observed in modeling
studies>’” leading to the lower inhibitory potencies for this
series versus2i (R = H) itself. The exceptions to this
generalization are smallRe R = F; 12k, R = CN) electron-
withdrawing (L2¢, R = CO,CHjy) substituents that approach or
match the activity oPi.

The 3- and 4-positions exhibit similar substituent trends, but
with the 3-substituent providing inhibitors as much as 10-fold
more potent than the corresponding 4-substituent (typically 2
to 3-fold). Although the generalizations are not fully defined
with this set of substituents, the increases in inhibitory potency
relative to2i were greatest with electron-withdrawing versus
electron-donating substituents (e.g., OH, QOKH,) and appear
to benefit further if the electron-withdrawing substituent embod-
ies both hydrogen-bond acceptor and donor capabilities. It is
possible that the electronic character of the substituent may
be responsible for or contribute to the changeXinvalues
especially for the 4-substituents. Here, the electron-donating
substituents (NBl OCHs;, OH) provided inhibitors less active
than the parent phenyl derivati2g whereas electron-withdraw-
ing substituents enhanced the activity. However, the fact that
the substituent effects do not smoothly follow rank order trends
and that the most potent series constitute the meta (not para or

adaptable to the positioning of the hydrogen-bond as well as ortho) substituents suggests that the electronic effect of the

the residue (Ser217 and Lys142) involved. To further explore

substituent is not the only source of the modulated binding
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N CFs, NOy), albeit within a narrow range and not with a rank
RON / W\/@ order that strictly reflects the electronic properties of the pyridyl
zl\; 3 © o] 2f R = H, K; = 0.0047 uM substituent.
)1 T " Since the study with the substituted benzene derivatives
compd R K, uM compd R K, uM (Figure 4) revealed that it was possible to place substituents in
15a 3-CH, 0.015 15k 3-CO,CH; 0.13 the meta-position of the benzene rirdg¢, 13h, 13i) and obtain
15b 4-CH; 0.0006 151 4-CO,CH; 0.0013 inhibitors that were more potent or equipoten2fpwe explored
15¢c 5-CH; 0.0028 15m 5-CO,CH;  0.0035 the addition of these substituents (e.g.,,C8s, CO,H, CONH;;
::: i'gg?_i g-gggg :::: 2‘8823"'3 S-Oogg 15k—t) to the pyridine ring oPf to establish whether this would
15f 4N 8 0.0011 15p 4-co:H 0.05 lead to a further enhancement in inhibitory potency. As expected,
159 4-CF; 0.0035 15q 5-CO,H 0.007 substitution at the pyridyl 3-position (ortho-substitution) with
15h 4-NO, 0.0032 15r 6-CO,H 0.02 either a methyl esterl6k) or carboxylic acid 150 resulted in
1651 4-NH, 0.025 16s 5-CONH,  0.0012 decreased inhibitory potency analogous to observations in the
155 4-F 0002 15t 6-CONH;  0.001 12 series (Figure 4). Methyl ester substitution at the remaining
N positions provided inhibitors that were more potent than the
0 /3 corresponding phenyl seriesl3c 14¢ with the 4- and
R—Q | 0 _ _ 5-substitution matching or exceeding the potency by 3-
© 29R=H Ki=0.012uM and 1.3-fold, respectively, and 6-substitution approaching, but
compd R K.uM compd R Ki, uM not enhancing, that a2f. Notably, this places the C4 methyl
16a -CO,CH; 0.0055 16b -CO,H  0.015 ester (5)) among the most potent of the 4-substituents and
among the most potent inhibitors of the series. Importantly, this
f ’Kj incorporation of the pyridine nitrogen infi@candl4cenhances
S o inhibitory potency 10-fold, which is consistent with its proposed
RK\J/( =H, K= role as a hydrogen-bond tor roaching the 20-fold
e} 2h R = H, K; = 0.055 pM ydrogen-bond acceptor approaching the 0

enhancement observed wif versus phenyl derivativei.
Similarly, addition of a carboxamide to the pyridyl 859 or
17a —CO,CH; 0.007 17¢ -SO,NH, 0.003 6-position (5t) resulted in significant increases in inhibition
176 -COMH  0.011 (2.5- and 4-fold, respectively relative 26), providing the most
Figure 5. Effect of substitution on a pyridine, furan, and thiophene potent inhibitors in the series and compounds that are more than
fing. 5-fold more potent than the corresponding phenyl setig§ (

e ) L 14i). Finally, the substitution of a carboxylic acid at the 4-, 5-,
affmltles. Notably, several of the 3-substituted derivativeé3 (. 6-positions off provided effective inhibitors of FAAH
series) approach or match the potency26f(Ki = 4.7 nM), with 15q (5-CO;H) and15r (6-CO,H) approaching the potency
which benefits from the presence of the pyridyl group hydrogen- ¢ »¢ This is especially significant since the in vitro assays for
bond acceptor (20-fold increase over phenyl derivae  EaAH inhibition are conducted at pH 9 where the inhibitors
without the deliberate use of a weakly basic heterocyclic 4re fully jonized, likely masking their true inhibitory potency
nitrogen as a hydrogen-bond accegfoithe carboxylic acid ¢ physiological pH. Thus, not only were many of the candidate
of 13d, carboxamide ofi.3i, and primary sulfonamide df3h inhibitors as potent or more potent thaf but several of these
appear to be in an optimal position in the active site to benefit compounds 15¢—t) contain moieties that would be expected
from stabilizing binding interactions that match the effect of g productively alter the physicochemical propertiebfe.g.,
the pyridine nitrogen of. Notably, 13d and 13i have FAAH water solubility). With these observations, we examined the
inhibitory potencies indistinguishable fro&f, whereasl3h is incorporation of these substituents on both the furan and
twice as potent agf. thiophene rings o2gand2h (16ab, 17a—c). All led to similar

Concurrent with these studies, the effect of substitution on or increased inhibitory potency as compared to parent inhibitors
the pyridine ring of2f was examined (Figure 5). Initially, a  2g or 2h of which 17cis notably 18 times more potent than
methyl scan of the pyridine subunit was performed with parent2h.
placement of a methyl group at each available site (3-, 4-, 5-,  Additional aryl substituents that were examined in this study
and 6-positions). Whereas methyl substitution at the 3-position are summarized in Figure 6 and complement those disclosed
(159 led to a modest 3-fold decrease in inhibitory potency, (e.g.,18a—c) along with2f.4> The addition of methoxy groups
substitution at the 4-, 5-, and 6- positiont5b—d) led to to the pyrimidine ring oft8aand18c(18d, 18€ had no effect
inhibitors that were 1.5 to 8-fold more potent than the parent on inhibitory potency relative td8a and 18c. Tetrazole18f
2f. With the optimal substitution being at the 4-positid(f), experienced a 12-fold decrease in inhibitory potency compared
several additional substituent$5e—-j) were examined at this  to 2f, although it is still more potent than phenyl derivatRie
position and all led to modest increased inhibitory potency (up A significant decrease in inhibitory potency was observed for
to 6-fold) compared t®f (exceptl15i, 4-NH,). None of the dimer 18g
derivatives in this 4-substituted seriekb@—j) quite matched Small, Nonaromatic SubstituentsThe results of the studies
the potency ofl5b (4-CHg), and interestingly this increased  with the aryl substituents (vide supra), as well as previous
potency relative t@f proved relatively independent of whether  studies?® indicated that typically electron-deficient aryl groups
this 4-substituent was an electron-donating or electron- bearing substituents capable of hydrogen-bonding at the 5-posi-
withdrawing group that might significantly alter the pyridyl tion of the oxazole of these-ketoheterocycles are important
nitrogen basicity and hydrogen-bond capability. Nonetheless andfor imparting low nanomolar inhibitory potency. As such, we
excluding15i, the substituent effects do roughly mirror a trend were interested in establishing if this would be observed with
that might reflect their impact on the hydrogen-bond acceptor nonaromatic substituents that were also capable of hydrogen-
capability of the pyridine nitrogen (GHHOCH; > CO,CHg, CN, bonding. Consequently, a representative series of such candidate

compd R K, uM compd R Ki, uM
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Figure 6. Effect of additional aryl groups. Compound8a—c are
from a previous stud$® See Supporting Information for a more
extensive table which includes previous 5-heterocyclic substituents.
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200 —c-N s 0.01 20w \fk/l“ 0.35
0o N" 0
H
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Figure 7. Effect of nonaromatic substituents.

inhibitors bearing electron-withdrawing substituents was pre-
pared and examined for FAAH inhibition (Figure 7). Although
the carboxylic aci®0bled to only a small increase in inhibitory
potency relative t®0a (R = H), all other carboxylic acid and
ketone derivatives20c—i, 20n) exhibited excellent inhibiton
substantially exceeding the potency2ifaand approaching or
exceeding the activity a2f with 20n (K;j = 400 pM) emerging
as a picomolar inhibitor. Notably, even though a 5-fold loss of
potency is observed with the carboxylic a@db as compared

to 2f in an assay artificially conducted at pH 20b is still a
very potent inhibitor of FAAH that qualitatively possesses
different physicochemical properties (e.g., solubility) tt#n

Romero et. al.

CH(OH),COMCFs
F

0.2 0.4 0.6 0.8
Op

Figure 8. —Log K; (uM) versusoy.

0.2 0

to 20a(R = H). In contrast and unexpectedly, derivatiZgp—t
which contain C5-substituents that are not regarded as hydrogen-
bond acceptors all exhibited potencies greater than tha0af

(R = H) and approaching or exceeding thataif Especially
noteworthy was the observation tHQp (R = CF3) exhibited
extraordinarily potent inhibition of FAAHK; = 800 pM).
Moreover, this series exhibited a well-defined trend for the
halide substituents (GF | = Br > Cl > F) that tracks with
their electron-withdrawing properties. With this in mind, a
correlation plot of the inhibition-tlog K;) versus the Hammett

0p constant for this entire series was constructed (Figuf@ 8).
The activity of this series, which constitutes a set of relatively
small substituents that can occupy accessible space in the FAAH
active site, was found to follow a well-defined correlation with
0p (R? = 0.91) in which the electron-withdrawing substituents
predictably enhance the inhibitory potency. In addition, this
substituent effect was established to be large=( 3.01),
resulting in a 1000-fold increase & per unit change iy,
which indicates that the electronic character of the substituent
is the dominant factor contributing to the differences in binding
affinity. Presumably, this arises from the increased electrophilic
character of the C2 carbonyl imparted by the electron-withdraw-
ing C5 substituent that leads to an increased strength of the
covalent bond formed with the Ser241 OH, enhancing the
stability of the adduct and slowing the off-rate, thus lowering
the K; value. The definition of this fundamental relationship
between theK; and substituent propertyof) permits the
prediction of an expecteHl; value. With confidence, we can
assert that the carboxylic acid®Qp) binds FAAH as the
carboxylate anion (C& vs CQH, o, = 0.11 vs 0.44) under
the conditions of the assay (from tlk& value, pH 9). Even
more interestingly, we are able to establish that both the
aldehyde20i and trifluoromethyl keton0h exist in solution

as gem diols (at C5, but not C# and'3C NMR, Supporting
Information) and inhibit the enzyme with potencid§ & 6

and 3.5 nM) at a level more consistent with this C5 substituent
gem diol versus carbonyl active site binding and providing the
first op, estimates for such substituents (0.26 for CH(@ah)d
0.33 for C(OH)}CFs). On occasion, an anomalougof 0.22 is
reported or used for CHO (vs 0.42) that may more accurately
reflect an analogous but unrecognized gem diol. That is, the
correlation betweemw, andK; is sufficiently dependable that
deviations from expectations can be utilized to establish features
of active site binding that are not a priori known. Similarly,
with the correlation in hand, several of the potent inhibitors in

A small, but systematic exploration of the amide derivatives Figure 7 were retrospectively prepared and examined based
(20j—m) illustrated a smooth increase in inhibitory potency as solely on this relationship. Notabl20c 20n, and20p bearing
the polarity of the six-membered ring decreased. Analogous to the strongest electron-withdrawing substituents display subna-

prior observation4® substitution on the oxazole with a 5-methyl
substitutentZ00) resulted in a significant loss in activity relative

nomolar inhibitory potency. Aside from its role in establishing
the potent FAAH inhibitors detailed herein, to our knowledge
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Figure 9. —Log K; (uM) versusoy. compd R K. uM compd R K., uM
. ) . . 21g 6-CO,CH; 2.3 21j  5-COH 45
this also represents the first delineation of a fundamental 21h 5-CO,CH; >10 21k  6-CONH, 2.1
substituent effect for such-ketoheterocycles that has eluded 21i  6-CO,H >10 211 5-CONH, 3.0
experimental verificatioff "°in studies conducted to date. Figure 10. The effect of removing the electrophilic carbonyl.

While additional substituent features can and will further

modulate the binding affinity of the candidate inhibitors (e.g., potency and productive deviation from the correlation. Impor-
H-bonding, hydrophobic, or steric interactions), the magnitude tantly, its deviation from the correlation does not negate the
of the electronic effect of the substituent € 3.01) on the correlation, and the correlation does not negate the prior
activity of a conjugated-ketoheterocyclel) suggests the latter ~ modeling observations with the 2-pyridyl substituent. Rather,
will dominate, especially with small substituents. For example, its productive deviation from the correlation highlights a special
if one tries to incorporate th20j—m carboxamide series into  character of this substituent and allows the identification of
the correlation, each is significantly less potent than predicted active site binding features that are not a priori known. Similarly,
indicating that the larger six-membered ring amides embody the substituted phenyllR—14) and pyridyl seriesX5) cluster

steric Q0j—m) and additional hydrophilic 20j and 20k) in regions surrounding the parent phenyl or pyridyl substituent.
characteristics that incrementally destabilize inhibitor binding. The latter series exhibits less variation in #ig whereas the
More interestingly, placing the larger pheny; (= 80 nM, o;, former exhibits a greater variation and the trends reflect the
= 0.05 or—0.01), 2-furyl Ki = 12 nM, o, = 0.02), 2-thienyl expected impact of an added electron-withdrawing substituent,
(Ki = 55 nM, 0, = 0.05), and 2-pyridyl K; = 4.7 nM, op = albeit within a range where it is further modulated by additional

0.17) substituents (disclosed in ref 45) on the correlation plot features that affect binding site affinity.

(Figure 9) revealed several interesting features. The 2-pyridyl  Finally, two uracil derivatives20v, 20w) were also examined
and 2-thienyl substituents appear to fit the correlation well, but in this series, and onl\20v exhibited excellent inhibitory
this may in fact be misleading. The phenyl substituent, which potency.

is larger than the substituents depicted in Figure 8, exhibits a The Electrophilic Carbonyl. Consistent with past observa-

K; notably weaker than the correlation would predict. However, tions?® the alcohol precursors to several of ttneketohetero-
even here and with the choice of = —0.01 (vs 0.05), it cycles @la—1) were examined and found to be approximately
provides a correlation that is not unreasonable. Although there 10¢—10® times less potent than the corresponding ketone (Figure
may be several explanations for this behavior, we have 10). However, it should be noted that in many instances DMSO
interpreted this to indicate that there may be destabilizing stock solutions of compoundadla—21l were reevaluated by
(presumably steric) interactions that accompany binding of such analytical LCMS after biological testing and were found to
a large C5 substituent in the active site. In contrast, the 2-thienyl contain small (0.1%) amounts of a material that was consistent
(slightly weaker than predicted) and 2-pyridyl (slightly more in mass and retention time to the corresponding ketone and that
potent than predicted) substituents exhig that appear to be  increased in relative amount upon sample storage. In other cases,
predicted by the correlation but are anomalous when comparedthe ketone peak was not seen (detection limits of ca. 0.02%).
to the phenyl or furyl substituent. We attribute this to a key Given the very high potency of the ketones {16 10*-fold
stabilizing active site hydrogen bond (discussed earlier in more potent than the alcohols) and the tendency of the alcohols
modeling studies, ref 45) which compensates for the destabiliz- to slowly autooxidize to the corresponding ketones (data not
ing steric interactions progressively enhancing the potency of shown), it is beyond current technical and analytical detection
the inhibitors bearing the 2-thienyl and 2-pyridyl substituents limits to conclusively rule out the possibility that the activity
such that 2-thienyl approaches and 2-pyridyl exceeds the of these alcohol samples is due to trace amounts of ketone
correlation prediction. Consistent with this, the 2-furyl substitu- impurities.

ent also positively deviates from the correlation consistent with  Inhibition of Recombinant Human FAAH. Rat and human

its relative H-bonding capabilities. Interestingly, the H-bonded FAAH are very homologous (84% sequence identity), exhibit
pyridyl nitrogen (partial protonation) would make this substitu- near identical substrate selectivities and inhibitor sensitivities
ent a stronger electron-withdrawing substituent. Whether the in studies disclosed to datéand embody an identical amidase
productive deviation of the 2-pyridyl substituent is best inter- signature sequence, suggesting the observations made with rat
preted simply as benefiting from an additional stabilizing FAAH would be analogous to those made with the human
H-bond, or whether this represents an enhanced electronic effecenzyme. Consequently, key inhibitors in the series were
of the H-bonded substituent, is not a question that can be examined against the human enzyme, and consistent with
answered with this study. However, it does suggest that the previous observatioAswere found to exhibit the same relative
modeled® H-bonded array is responsible for its improved and absolute potencies (Figure 11).
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compd Ki, 1M (human) Ki, uM (rat) fold selectivity) that fail to inhibit either TGH or KIAA1363.
15q 0.008 0.007 Notably, this reversal of selectivity fror20a (>10* change in
;:L g‘ggg ggg relative activity) occurs with both increases in affinity for FAAH
20n 0.001 0.0004 and disruption of affinity for TGH and KIAA1363, both of
Figure 11. Inhibition of recombinant human fatty acid amide which are effectively assesged and OP“_m'Zed (ml_‘”t'd'mens'onal
hydrolase. SAR) with the proteome-wide selectivity screening.
compd K, uM  FAAH KIAA1363 TGH Conclusion
2f 00047 0.002 >100 (>50000) 0.6 (300) ) ,
13d 0005 14 >100 (>70) >100 (>70) A series of 5-substituted 7-phenyl-1-(oxazol-2-yl)heptan-1-
13h 0002 04 >100 (>200) 0.2 (0.5) ones was prepared and evaluated for FAAH inhibitory potency
13i 0006 27  >100(>40) >100 (40) as well as FAAH selectivity versus competitive serine proteases
1:: 8'8882 8'8817 :gg Ez;ggggs) 322?3058) (e.g., TGH, KIA1363). Aromatic and nonaromatic substituents
15f 00011 00008 >100 (>125000) 0.4 (500) were explored on the 5-position of the oxazole€ffand many
15g 0.0035 0.0015 >100 (>67000) 2 (1300) of these inhibitors approached or substantially exceeded its
15h 00032 0.0016 >100(>63000) 0.2 (125) potency. Just as importantly, proteome-wide selectivity screening
::3 8'832 8'8325 :gg E:ggé 0 346((12‘108) of the candidate inhibitors showed extraordinary selectivity for
j . . . .
15| 00013 00006 100 (>170000) 0.9 (2000) FAAH over all other serine hydroleises anq proteases. Thus,
15q 0.007 005  >100(>2000) 3 (60) addition of a C5 substituent @0a (R = H), which is 100-fold
15r  0.02 0.1 >100 (>1000)  >100 (>1000) selective for TGH, results in inhibitors now selective for FAAH
16b 0.015 0.85  >100 (>120) >100 (>120) versus TGH. Most notable of these is the addition of a
18d 0005 0.4 >100 (>250)  0.07 (0.2) carboxylic acid either directly on the oxazol20p) or on the
18e 0026 9 >100 (>11) 3(0.3) i S )
20a 0048 25 19 (8) 0.02 (0.008) 5-aryl group (e.g.,15r) which imparts a 1061000-fold
200 0030 097 >100(>100)  >100 (>100) selectivity for F/—\AH. .For small, nonaryl substituentsZ a
20c 0.0009 0.03 >100(>3300) 0.3 (10) fundamental relationship between tig and the electronic
20d 00045 035  >100(>300)  7(20) character of the substituentj was defined that not only
ggnm 8'8884 8'3865 :gg Ezfg%m g 822023) permits a prediction of the expecti&g but also led to the design
20p 00008 0077 >100(>1300) 0.2 (3) of FAAH inhibitors with Kis as low as 400 pM. Finally, several
20r 0008 019  13(70) 0.1(0.5) of these inhibitors15g—t, 20b) contain substituents that would
20v 0012  0.005 >100(>20000) 30 (6200) be expected to productively alter the physicochemical properties
20w 0.35 0.68  >100(>150) 30 (40)

Figure 12. Selectivity screening; I, uM (selectivity).

Selectivity Screening.Early assessments of-ketohetero-
cycle inhibitors of FAAH against possible competitive enzymes (tert-Butyldimethylsilyloxy)-7-phenylheptyl)-5-(tributylstannyl)ox-
(e.g., phospholipase A2, ceramidase) revealed no inhibition. azolé” (5, 1.27 g, 1.92 mmol), Pd(PR)a (221 mg, 0.191 mmol),
Consequently, a method for proteomic-wide screening capablef"‘”d methyl 6-chloropicolinate (658 mg, 3.83 mmol) were dissolved

of globally profiling all mammalian serine hydrolases was

developed? and studies have shown that ilaéketoheterocycle
class of inhibitors are exquisitely selective for FAARS266
However, two enzymes did emerge as potential competitive raphy (SiQ, 5-10% EtOAc/hexanes) yielded methyl 6-(2-(&rt-

targets: triacylglycerol hydrolase (TGH) and an uncharacterized putyidimethylsilyloxy)-7-phenylheptyl)oxazol-5-yl)picolinate as a
membrane-associated hydrolase that lacks known substrates oglear oil (975 mg, 100%)1H NMR (CDCls, 500 MHz) 6 8.12—

function (KIAA1363). In this screen, l§g values are typically
higher than the measurd( values, but the relative potency,
the magnitude of binding affinity differences, and the rank order 7.0 Hz), 4.10 (s, 3H), 2.67 (t, 2Hl = 7.5 Hz), 2.04-1.96 (m,

binding determined in the assay parallels that established by
standard substrate assays.
Summarized in Figure 12 are the results of the selectivity

of 2f and will facilitate their in vivo exploration.

Experimental Section
6-(2-(7-Phenylheptanoyl)oxazol-5-yl)picolinic Acid (15r)2-(1-

in anhydrous 1,4-dioxane (40 mL), and the mixture was warmed
at reflux for 24 h under Ar. The mixture was diluted with EtOAc,
washed with saturated aqueous NaCl, and dried oveSGa
Evaporation in vacuo yielded the crude product. Flash chromatog-

8.10 (m, 1H), 7.99 (t, 1HJ = 7.8 Hz), 7.96-7.89 (m, 1H), 7.86
(s, 1H), 7.35-7.32 (m, 2H), 7.257.22 (m, 3H), 4.94 (t, 1H) =

2H), 1.74-1.67 (m, 2H), 1.551.39 (m, 6H), 0.97 (s, 9H), 0.17

(s, 3H), 0.07 (s, TH)}3C NMR (CDClk, 125 MHz)d 166.5, 165.8,
150.3, 148.7, 148.2, 143.3, 138.4, 128.8, 128.6, 126.8, 126.0, 124.3,
122.5,69.2, 53.4, 36.8, 36.3, 31.8, 29.6, 26.1, 26.1, 25.5, 4.8,

screening of selected candidate inhibitors. In general, these new_, -

o-ketoheterocycle inhibitors were very selective for FAAH over

TGH and KIAA1361 except3h, 18d, 18¢ 20a and20r, which
were selective for TGH. Thus, substitution at the C5 oxazole mL), treated with BuNF (1 M in THF, 4.6 mL, 1.81 mmol), and
position with either aromatic or nonaromatic substituents stirred at room temperaturerfé h under Ar. The reaction mixture
provides selective inhibitors compared to unsubstitu2éa

which itself is 100-fold selective for TGH over FAAH.
Consistent with prior observations, incorporation of a substituted Which was filtered through a short silica gel pad. The silica gel
2-pyridyl group at C5 provided superb selectivitid$ Eeries,

>100-fold selective) analogous to that observed \Ritlitself,

whereas the incorporation of substituted phenyl groui (
series) or nonaryl substituent&((series) at C5 provided more

modest FAAH selectivities. Most notably, substitution of a

carboxylic acid either directly on the oxazole rir@0p) or on
the 5-aryl moiety 13d, 15q, 15r, 16b) appears to impart even
greater selectivity for FAAH providing inhibitors>(50—1000-

Methyl 6-(2-(1-tert-butyldimethylsilyloxy)-7-phenylheptyl)ox-
azol-5-yl)picolinate (1.95 g, 1.51 mmol) was dissolved in THF (30

was diluted with EtOAc, washed with saturated aqueous NaCl, and
dried over NaSO,. Evaporation in vacuo yielded the crude alcohol,

pad was washed with 10% EtOAc/hexanes followed by 60%
EtOAc/hexanes to afford the alcohol (1.24 g, 82%), which required
no further purification. The alcohol (1.24 g, 3.14 mmol) was
dissolved in CHCI, (25 mL), and DessMartin periodinane (2.0

g, 4.72 mmol) was added. The mixture was stirred at room
temperature fo2 h before silica gel was added, and the reaction
mixture was evaporated in vacuo to afford the crude ketone
absorbed on silica gel. Flash chromatography ¢(SitD—30%
EtOAc) yielded methyl 6-(2-(7-phenylheptanoyl)oxazol-5-yl)pi-
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colinate (L5n) as a white solid (1.13 g, 91%): mp 561 °C; 'H diluted with EtOAc, washed with saturated aqueous NaCl, and dried
NMR (CDCl;, 500 MHz)6 8.19 (d, 1H,J = 7.0 Hz), 8.12-8.09 over NaSQ,. Evaporation in vacuo yielded the crude alcohol, which
(m, 2H), 8.06-8.03 (m, 1H), 7.36-7.33 (m, 2H), 7.26:7.24 (m, was filtered through a short silica gel pad. The silica gel pad was
3H), 4.11 (s, 3H), 3.19 (t, 2H] = 7.0 Hz), 2.69 (t, 2HJ = 7.5 washed with 10% EtOAc/hexanes followed by 60% EtOAc/hexanes
Hz), 1.89-1.83 (m, 2H), 1.751.69 (m, 2H), 1.551.47 (m, 4H); to afford the alcohol (559 mg, 91%) which required no further
13C NMR (CDCh, 125 MHz) 6 188.9, 165.5, 158.0, 152.7, 149.0, purification. The alcohol (544 mg, 1.71 mmol) was dissolved in
147.0,143.1,138.7, 128.8, 128.7, 128.4, 126.0, 125.6, 123.7, 53.5,CH,Cl, (10 mL), and DessMartin periodinane (1.09 g, 2.57 mmol)
39.6, 36.3, 31.7, 29.4, 29.4, 24.3; ESIOF m/z 393.1796 (M+ was added. The mixture was stirred at room temperature for 2 h
H™, Cy3H2sN,04, requires 393.1809). before silica gel was added, and the reaction mixture was evaporated
Methyl 6-(2-(7-phen_ylheptano_yl)oxaz_ol-5-yl)picolinaﬁh, 1.13 in vacuo to afford the crude ketone absorbed on silica gel. Flash
g, 2.88 mmol) was dissolved in a mixture of 3:2 THR{H (48 chromatography (Sig) 5-20% EtOAc/ hexanes) yielded methyl
mL:32 mL), and LiOH (360 mg, 8.64 mmol) was added. The 2-(7-phenylheptanoyl)oxazole-5-carboxyla?@¢) as a white solid
reaction mixture was stirred f@ h atroom temperature before (473 mg, 87%): mp 9691 °C; 'H NMR (CDC1s, 400 MHz) 6
the mixture was made acidic with the addition of aqueebiN HCI. 7.84 (s, 1H), 7.257.21 (m, 2H), 7.157.12 (m, 3H), 3.93 (s, 3H),
The solution was diluted with EtOAc, and the organic layer was 3.04 (t, 2H,J = 7.5 Hz), 2.57 (t, 2H,J = 7.5 Hz), 1.76-1.68 (m,
separated from the aqueous layer. The aqueous layer was extractegH), 1.63-1.56 (m, 2H), 1.421.32 (m, 4H);13C NMR (CDCJ;,
with EtOAc (3x). The combined organic extracts were washed with 100 MHz)6 188.4, 158.5, 157.7, 143.9, 142.8, 134.8, 128.6, 128.4,
saturated aqueous NaCl and dried ovep®@. Evaporation in 125.8, 53.0, 39.7, 36.0, 31.4, 29.1, 29.1, 23.7; -EBDF m/'z
vacuo yielded the crude acid. Flash chromatography 4S162% 316.1533 (M+ H*, CigH2NO,, requires 316.1543).
';‘fg_Hl/zEg?écl)Hyﬁ:\‘ﬂj;lesélfz a%glthsll-sIOIIg é91911_ ?ghgl%Z{Hmp Methyl 2-(7-phenylheptanoyl)oxazole-5-carboxyl&6d 71 mg,
' ( e OV z)0 8. : (m; ). 0.225 mmol) was dissolved in a mixture of 3:2 THEH(6 mL:4
7.22-7.08 (m, 5H), 3.08 (t, 2H) = 7.5 Hz), 2.61 (t, 2H) = 7.5 . '
. mL), and LiOH (28 mg, 0.672 mmol) was added. The reaction
Hz), 1.76-1.68 (m, 2H), 1.68 1.62 (m, 2H), 1.451.41 (m, 4H); mixture stirred fo 2 h atroom temperature before the mixture was
13C NMR (THF-dg, 125 MHz)6 185.6, 163.1, 156.4, 151.4, 147.6, TN - -
made acidic with the addition of aqueo@ N HCI. The solution
144.7,141.0, 137.1, 126.7, 126.5, 126.1, 123.9, 122.8, 121.1, 37.1,W diluted with EtOA dth icl ted f
34.3, 30.0, 27.6, 27.5, 22.2; ESTOF mz 379.1645 (M+ H* as diuted wi ¢, and the organic layer was separated from
C H’ N O’ re ljires 3’79 16’52) ’ the aqueous layer. The aqueous layer was extracted with EtOAc.
22r123 24, T€Q : : The combined organic extracts were washed with saturated aqueous

2-(7-Phenylheptanoyl)oxazole-5-carboxylic Acid (20bR-(1- NaCl and dried over NSO,. Eval o :
h . . poration in vacuo yielded the
(tert-Butyldimethylsilyloxy)-7-phenylheptyl)oxazdié(4, 970 mg, crude acid. Flash chromatography ($i®—2% AcOH/EtOAC

2.60 mmol) was dissolved in anhydrous THF (20 mL) and cooled gradient elution) yielde@0b as a white solid (60 mg, 88%): mp

to —78 °C, andt-BuLi (1.7 M in pentane, 1.99 mL, 3.38 mmol) o,
h - . . 47—-48 °C; 'H NMR (CDs0OD, 600 MHz)6 7.62 (s, 1H), 7.22
was added dropwise under Ar. The reaction mixture was stirred 7.19 (m, 2H), 7.147.09 (m, 3H), 3.04 (t, 2H) = 7.5 Hz), 2.58

for 2 h at—40°C and recooled te-78 °C, and CQ (g) was bubbled (t. 2H, J= 7.5 Hz), 1.74-1.68 (M, 2H), 1.62 1.59 (M, 2H), 1.4%

ou o souion o L Th cacion oL vas e 15 af - R (.00, 150 i 1990 1964 1504
' ! 143.3, 143.3, 134.6, 128.9, 128.7, 126.1, 39.6, 36.3, 32.0, 29.5,

aqueous NaCl, and dried over }$2. Evaporation in vacuo yielded - :
the crude acid which was purified by flash chromatography £SiO 282413379) ESHTOFm/2302.1382 (M H*, Ci7H20NO,, requires

0—2% AcOH/EtOAc gradient elution) to afford 2-(1eft-butyldim- e )
ethylsilyloxy)-7-phenylheptyl)oxazole-5-carboxylic acid as a clear ~ FAAH Inhibition. *“C-Labeled oleamide was prepared fréi@-
oil (921 mg, 85%): H NMR (CDC1s, 500 MHz) 6 7.91 (s, 1H), labeled oleic acid as describ&e. The truncated rat FAAH (rFAAH)
7.37-7.34 (m, 2H), 7.277.25 (m, 3H), 4.98 (t, 1H) = 7.0 Hz), was expressed i&. coli and purified as describe@.The purified
2.69 (t, 2H,J = 7.5 Hz), 2.071.94 (m, 2H), 1.721.69 (m, 2H), recombinant rFAAH was used in the inhibition assays unless
1.52-1.44 (m, 6H), 0.99 (s, 9H), 0.18 (s, 3H), 0.09 (s, 3HC otherwise indicated. The full-length human FAAH (hFAAH) was
NMR (CDCl, 125 MHz)6 169.3, 161.5, 143.1, 139.2, 134.5, 128.8, expressed in COS-7 cells as descriBéahd the lysate of hFAAH-
128.7, 126.0, 126.3, 69.0, 36.8, 36.4, 31.8, 29.5, 26.1, 26.1, 25.4,transfected COS-7 cells was used in the inhibition assays where
18.6,—4.6, —4.8. explicitly indicated.
2-(1-(tert-Butyldimethylsilyloxy)-7-phenylheptyl)oxazole-5-car- The inhibition assays were performed as descritfédin brief,
boxylic acid (921 mg, 2.21 mmol) was dissolved in a mixture of the enzyme reaction was initiated by mixing 1 nM of rFAAH (800,
MeOH:toluene (8 mL:20 mL) and cooled to°@, and TMSCHN 500, or 200 pM rFAAH for inhibitors witlK; < 1—2 nM) with 10
(2 M'in hexanes, 2.76 mL, 5.51 mmol) was added dropwise under M of 4C-labeled oleamide in 50@L of reaction buffer (125 mM
Ar. The reaction mixture was stirred at room temperature for 0.5 h TrisCl, 1 mM EDTA, 0.2% glycerol, 0.02% Triton X-100, 0.4 mM
before it was cooled to €C. Acetic acid was added dropwise untii  HEPES, pH 9.0) at room temperature in the presence of three
the solution turned from yellow to clear and bubbling ceased. The different concentrations of inhibitor. The enzyme reaction was
mixture was evaporated in vacuo, and the resulting solid was terminated by transferring 20L of the reaction mixture to 500
dissolved in EtOAc. The solution was washed with saturated yL of 0.1 N HCI at three different time points. TH4C-labeled
aqueous NaHC@washed with saturated aqueous NaCl, and dried oleamide (substrate) and oleic acid (product) were extracted with
over NaSQ,. Evaporation in vacuo yielded the crude product which  EtOAc and analyzed by TLC as detailé®.TheK; of the inhibitor
was purified by flash chromatography (SiQL0—-30% EtOAc/ was calculated using a Dixon plot as described (standard deviations
hexanes) to afford methyl 2-(Ieft-butyldimethylsilyloxy)-7- are provided in the Supporting Information tabl&s)ineweaver-
phenylheptyl)oxazole-5-carboxylate as a white solid (831 mg, Burk analysis was performed as describétlin the presence or

90%): mp 38-39°C; 'H NMR (CDC1;, 500 MHz)6 7.78 (s, 1H), absence of 8 nM of2f, respectively, confirming competitive,
7.36-7.33 (m, ZH), 7.257.23 (m, 3H), 4,92 (t, 1HJ =70 HZ), reversible |nh|b|t|0rf‘5

3.98 (s, 3H), 2.67 (t, 2H) = 7.5 Hz), 2.12-1.94 (m, 2H), 1.72 o . . .
1.67 (m, 2H), 1.53-1.43 (m, 6H), 0.98 (s, 9H), 0.17 (. 3H), 0.08 asSdeeltez:iltgtlf%/ Screening.The selectivity screening was conducted
(s, 3H);3C NMR (CDClk, 125 MHz)6 169.0, 158.5, 143.1, 142.6, '

%241'5’zé_zfﬁ’;gffélﬁ'.%‘ 69.1,52.5,36.7, 36.3, 31.8, 29.5, 26.1, Acknowledgment. We gratefully acknowledge the financial
Methyl 2-(1-tert-butyldimethylsilyloxy)-7-phenylheptyl)oxazole- support of the National Institutes of Health (DA15648, D.L._B.;
5-carboxylate (831 mg, 2.62 mmol) was dissolved in THF (10 mL), DA017259 and DA015197, B.F.C.) and the Skaggs Institute
treated with BUNF (1 M in THF, 2.31 mL, 3.14 mmol), and stired ~ for Chemical Biology, and the postdoctoral fellowship support

at room temperature f® h under Ar. The reaction mixture was for F.A.R. (American Cancer Society).
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Supporting Information Available: Full experimental details

and characterization, FAAH assay measurement errors, and purities

(HPLC analysis) of the FAAH inhibitors disclosed herein. This
material is available free of charge via the Internet at http://
pubs.acs.org.
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