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Fatty acid amide hydrolase (FAAH). an Intracellular serine hydrolase enzyme, participates in 
the deactivation of fatty acid ethanolamides such as the endogenous cannabinoid anandarelde, 
the intestinal satiety factor oleoylethanolamlde, and the peripheral analgesic and anti-
Inflammatory factor palmitoylethanolamide. In the present study, we report on the design; 
synthesis, and structure�activity relationships (SAR) of a novel class of potent, selective, and 
systemically active Inhibitors of FAAH activity, which we have recently shown to exert potent 
arudolytic-like effects In rats. These compounds are characterized by a carbamic template 
substituted with alkyl or aryl groups at their 0-arid N-termlnl. Most compounds Inhibit FAAH, 
but not several other serine hydrolases, with potencies that depend on the size and shape of 
the substituents. Initial SAR Investigations suggested that the requirements for optimal potency 
are a lipqphllic Nalkyi suhstltuent (such as n-butyl or cyclohexyl) and a beiit O-aryl substituent. 
Furthermore, the carbamic group is essential for activity. A 3D.QSAR analysis on the 
alkylcarbarnic acid aryl esters showed that the size and shape of the O-axyl moiety are correlated 
with FAAH inhibitory potency. A CoMSIA model was constructed, Indicating that whereas 
the steric occupation of an area corresponding to the meta position of an O.phenyl ring improves 
potency, a region of low steric tolerance on the enzyme active site exists corresponding to the 
pare position of the same ring. The bent shape of the O-aiyl moieties that best fit the enzyme 
surface closely resembles the folded conformations observed In the complexes of unsaturated 
fatty acids with different proteins. URB524 (N.cyclohexylcarbamlc acid biphenyl-3-yl ester, 
9g) Is the most potent compound of the series (ICto 83 nM) and was therefore selected for 
further optimization. 

Introduction 

The fatty acid ethanolamides (FAEs) constitute a 
newly characterized family of lipid mediators,’ which 
Include the endogenous cannabinold (endocannabkiolc) 
anandamidet (arachidonoylethanolamide. 1, Figure 1). 
the intestinal satiety factor oieoylethanolainlde3 (OEA, 

Figure 1), and the peripheral analgesic and anti-
nflammatory factor pahnitoylethanolainide4 (PEA, 3. 

Figure 1). The FAEs are normally present In mam-
malian organs and tissues, where their formation Is 
thought to be mediated through receptor-dependent 
cleavage of N.acylphosphatdylethanolamlne (NAPE), a 
minor phospholipid component of cell membranes.S 
After formation and release from cells, polyunsaturated 
FAEs such as anandamlde may be eliminated via a two-
step process consisting of high-affinity transport Into 
cells,6 followed by intracellular degradation catalyzed 
by the serine hydrolase, fatty acid amide hydrolase 
(FAA}0.7 On the ether hand, saturated and monoun-
saturated FAEs such as OEA and PEA are not sub-
strates for transmembrane transport and their macti-
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Figure 1. 

vation may be exclusively mediated via FAAH-catalyzed 
hydrolysis. 

Various classes of FAAH inhibitors have been identi-
fied. Reversible inhibitors Include endogenous com-
pounds such as 2-octyl-y-bromoacetoacetate9 (4. Figure 
2) as well as numerous synthetic agents containing 
electrophilic carbonyls, such as trifluoromethyl ketones. 
a-kate esters, and a-keto amide&° Particularly promis-
ing within this group are the remarkably potent acyl 
heterocycles developed by Boger and collaborators." 
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Table 1. Inhibitor Potencies (IC,o) of Test Compounds on 
Fatty Acid Amide Hydrolase (FAAH) Activity 

4 

X s a, IC,,(gM)es.Eai. 

-:8 
6 CH- o o �D-_cHl  >30,000 

2 
ii a,,� o o 

18,290–1fl 

324–5! 

8 

Figure 3903–5 

among which 1-oxazolol4,5-blpyridin-2-yl ketones sub-
Y}f). stituted with a C8�C12 unsaturated chain or with a ss n� o o 764–38 

�phenylalkyl chain of four to eight methylene units (e.g., 
5, Figure 2) best Irreversible ’AIr 0 0 1 U 18*1.144 compound gave the results. U 

Inhibitors comprise fatty acid sulfonyl fluorides or 
13 (1>- cit. ° tX) fluorophosphonates such as hexadecanesulfonyl fluo- 

ride12 (AM374, 6. Figure 2). 
’ (I} NH 0 >0°’  

Although the pharmacological properties of ananda- 
mide and other FAEs underscore the potential thera-

161’ 0.-peutic Interest of FAAH Inhibition,51"3 the development 
of suitable clinical candidates from currently available 

iftc- 
B WIWO inhibitors may be difficult. The presence of a lipid-like 

chain may confer to these compounds a number of ’()) >30000 
unfavorable blophannaceutical properties, Including low 
water solubility, high plasma protein binding, and high 

, Q- >30!00 accumulation In fat tissues. Furthermore, the alkyl 
chain also may limit the target selectivity of current 

94 0- ° ° -C) FAAH 

Inhibitors by Increasing their tendency to 
bind to other endocannablnold-metabolizing erymes,ç>.

 -Q 008–42 such as monoglyceride lipase’4 and cannabinold ye-
ceptors.l2.b.lS Therefore, the design of potent and selec-

C}’ ° ° 

5,421–501 
tive small-molecule Inhibitors of FAAH remains an 25 essential 

step In the validation of this enzyme 
as a 

therapeutic target. Pc ° _,o The cloning of 
rodent and human FAAH has revealed 

the existence of a close structural relationship among 3,532–503 

different mammalian forms of this enzyme and between 
these and bacterial amidases. This homology 

Is 

particu-
larly 

the level 

the "signature Sc (2>- 0 0 37*339 evident at of amldase 
sequence", a highly 

conserved 

domain enriched In 
glycine and sex-me r sldues,1-’0 Site-directed mutagen-

have 
that 

three 98 C>- o o b,..P 264–09 eels studies 
shown 

serine residues 
within this domain are essential for catalytic activity (S217, S218, and 5241), 

one of which (S241) may act as 
0 ° ° 630 nudeophile during the catalytic process. This iucleo- philic 

serine may be activated 
by 

the lysine residue 26 -<J-() 2,307–326 K142 
rather than through 

the 

Ser-His-Asp Interaction 
characteristic 

of other serine hydrolases.17 0- ° ° 
In the present 

study, we report 
on 

the synthesis of a 
series 

of a]kylcarbamlc acid aryl esters ), designed as 27 (2>- 0 O,H,, 3,75W43 
Inhibitors of FAAH by progressive modification of the 
structure of. a known Inhibitor 

of 

the serine hydrolase 
91 0� 0--.Q 

acetylcholinesterase (AChE) (compound 19), and on the 
biological activity 

of some 

other known carbamates 
-rj 7 and 20-21 In Table 

1). We 

investigated 11(compounds  (2>- 0 >30.600 
the Importance for FAAH Inhibition of the carbainate 

group and the stereoelectronlc properties of Its N- and 
of the carbaniate group by replacing It with Isoster 

the O-substltuents. 
In particular, we 

evaluated the role 
groups. Moreover, carbanilc acid esters having confor-N8norflfl- -.xi’ , 22571 37A I> 
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ft Reagents and conditions: (a) cC8H11NCO. SUN, toluene. 
refiux, 8-24 h z) biphenyl.3-ylamlno, CH3CN. DMAP. reflux, 
12 h (b c-C8HnOH, reflux, 24 h (c) (COCI)s. T}IF, 25 C, 2 Ii; 
(d) (CeHtLNH2. EtN, CH2Cl2, 25 C. 20 h; (a) E4N, toluene, 
reflux, 20 h for lOs; t-BuOK, taluene, 50 C, 15 win for lob; 
CH?.C12. reflux, 14 h for lOc; 80-100 °C, 20 h for lOd; (ft) sodium 
naphthalen-2-olate, CHChI 25 C. 1 ii; (M OG8H11NH2, 25 °C, 4 
h. 

matlonally constrained 0-aryl moieties, designed to 
mimic the binding conformation of the FAEs chain, 
allowed us to conduct a 3D-QSAR analysis of the steric 
requirements of the carbamate group 0-substituent. 

We have recently shown that representative members 
of this series (e.g., URB532, 7, Figure 3) are systemically 
active Inhibitors of FAAH activity.18 The fact that these 
compounds exert profound anxiolyt!c-like effects in rats 
suggests that they may provide candidates for the 
development of Innovative antianxiety medicines.18 

Chemistry 
The synthesis of compounds 9, 11, 13, 16, and 18 is 

Illustrated In Scheme 1. Cydohexylcarbanilc acid aryl 
esters 9a�1 were obtained by addition of the suitable 

moocin xp ess7127A i 

Tatzla etal. 

aryl alcohols to Isocyanatocyclohexane. Carbarnate 11 
was prepared by treatment of dllmldazol-1-ybnethanone 
(10) with biphenyl-3-ylaniine,19 followed by cyclohex-
anol, and amide 13 from naphthalene-2-carboxylic acid 
(12) via acyl chloride. The preparation of lGa�d In-
volved coupling of an lso(thlo)cyanatØ with 

an 

appropri-
ate thiol or amine. Finally, the thlocarbarnate 18 was 
synthesized from thlophosgene (17), naphthalen-2-al, 
and cyclohexylamine. 

Compounds 7 and 10-27 were purchased from Sigma-
Aldrich. 

Results and Discussion 

We measured FAAH activity In rat brain membranes, 
using P}Ilanandamlde as a substrate.18 Half-maximal 
concentrations (lC0) for Inhibition of FAAH activity by 
compounds Ba�i., 11, 13, lBa�d, and 19-27 ’are re-
ported In Table 1. We first tested  the AChE inhibitor 
carbaryl (19) and Its 

p-tolyl 

(20) and 2-naphthyl (21) 
analogues. Only the latter analogue showed a weak 
Inhibitory activity, which was enhanced by Introducing 
more llpophllfc alkyl residues on the carbamic nitrogen. 
Thus, replacing the methyl group of 21 with a.cyclohexyl 
resulted in a 60-fold decrease In 1050 (compound 22). 
Submicromolar potencies also were observed with the 
n-butyl derivatives I and 23, whereas the very low 
activity of 24 confirmed the essential role of the 0-
substituent In FAAH inhibition. Importantly, unlike 
carbaryl (19), which Inhibited eel acetyicholinesterase 
(AchE) activity with an 1Cm of 3.1 jiM, compounds 7 
and 20-24 had no effect on the activities of this enzyme 
or of horse-serum butyryicholinesterase when tested at 
concentrations as high as 30 jiM (data not shown). 
Furthermore, the compounds (1-100 jiM) did not dis-
place the binding of I314IWIN-55212-2 (10 nM) to rat 
cerebellar CB, receptors or human recombinant CB2 
receptors and did not affect l3Hjanandamlde (100 nM) 
transport in astrocytoma cells (data not shown). 

Next, to examine the role of the carbamate function 
In FAAH Inhibition, we prepared several Isosters of 22. 
Both the ester 13 and the urea lOa were ineffective. 
Furthermore, replacement of oxygen with sulfur (com-
pounds 16b�d, 18) also led to Inactive analogues, with 
the partial exception of the thiocarbamic acid S-naph-
thyl ester lOb. These results suggest that the carbamic 
group Is essential for inhibition of FAAH activity by this 
series of compounds. 

The hypothesis that guided our subsequent design 
was that the FAAH Inhibitory activity may be Improved 
by Introducing aromatic substituents of defined shape 
on the oxygen atom. We further assumed that this 
moiety acted as a leaving group after the nucleophilic 
attack of the S241 residue of FAAH’on the carbonyl of 
the Inhibitors, resulting In enzyme carbanioylation. 
Though direct evidence for this mechanism is still 
needed, the findings that compound 7 Inhibits FAAH 
activity in a noncompetitive manner (Figure 4) and that 
extensive dialysis (1 TJmL of sample, 16 hat 4 C) does 
not reverse Inhibition (data not shown) support the 
notion that these compounds Interact Irreversibly with 

FAAH. 

Comparison of the structures of compounds 7 and 22 
provided a first Insight into the shape requirements for 
the 0-substituent A systematic conformational analysis 
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Figure 4. Lineweaver�Jiurke analysis of the hydrolysis of 
[3Hlanandaxnlde (1-100 pM) by rat brain membranes In the 
absence (U) or presence (C]) of compound 7(1 pM). Results are 
from one expethnent, representative of five In which maximal 
velocities (V.) for rfflndamIde hydrolysis were 2271 1 
477 pmolI(mln.mg) protein in control samples and 703 – 188 
pmoI!(mln’m protein In the presence of compound 7 (pc 
0.05). Michaelis�Menten constants (K5,) were 9.3 – 2.3 irM 
In control samples and 10.2 – 3.3 1tM In the presence of 
compound 7(p> 0.05, Students t test; n = 5). 

B 
Figure S. (A) Representation of minimum energy conforma-
tions of 22 (green carbons) and 7 (white carbons. In gauche 
and anti conformations) after superposition of the carbamate 
group (B) Superposition of the biphenyl moiety of 91 (orange 
carbons) to the lipophilic chain of arachidonic acid, cocrystal-
lized with adipocyte lipid-binding protein (white carbons), 
COX-1 (yellow carbons), or COX-2 (green carbons). 

of the benzyloxyphenyl fragment of 7 revealed two 
families of accessible conformers, mainly differing In the 
torsion angle around the 0�Cl-I2 bond, with the two 
phenyl rings In anti or In gauche conformation. Appar-
ently, the gauche conformation of 7 more closely re-
sembled the shape of the naphthyl derivative 23 when 
the compounds were superimposed via their common 
carbamate group (Figure 5A). This led us to hypothesize 
that a bent shape of the carbamate 0-substituent could 
favor enzyme inhibition,, possibly by allowing a greater 

flflC’lD .XP 22’17A I 
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steric complementarity between the inhibitor and the 
active site of the enzyme. This hypothesis was further 
developed by supposing that the aryloxy group may 
mimic the fatty acid chain of anandarolde and other 
FAGs (e.g., 1-3) by counterfeiting the arrangement of 
the first 10� 12 carbon atoms In the so-called *U-shaped" 
conformation of these molecules.20 

Accordingly, we conducted a systematic exploration 
of the steno requirements of the aromatic 0-substitu-
ents by synthesizing a series of carbainates in which 
the shape of the 0-residue was gradually modified, 
while maintaining the cydohexyl substituent on the 
carbamic nitrogen. Starting from the phenyl and naph-
thyl derivatives 9a and 22, we prepared a series of 
compounds with lipophilic groups potentially able to 
occupy either a region of space antipodal to the carbam-
ate group (Be, 25, 26) or a region corresponding to the 
mete position of the phenyl ring (Ga�d,f,g). The design 
of these compounds took Into consideration the possibil-
ity of calculating a 3D-QSAR model correlating steric 
parameters with inhibitory potency after superposition 
of their modeled structures. 

Within this second set of compounds, greater Inhibi-
tory potencies were obtained with those molecules that 
had a bent shape. In particular, we observed the 
strongest FAAH inhibition with the m-blphenyl deriva-
tive URB524 (9g), whose 1C5o value (63 nI’sl) Indicates 
a 36-fold Increase In potency over the Isomeric p-
biphenyl derivative 26. The comparison between Se and 
9f, Bc and 9d, and Sb and 25 is also suggestive of a 
similar trend. While the O.phenyl derivative 9a was 
almost Inactive, we obtained compounds of moderate to 
good Inhibitory potency by substituting the mete posi-
tion of Sa with groups of suitable sizes (91b,h,g). 
Importantly, the carbamates 9a�g 25. and 26 did not 
significantly Interact with AChE or with cannabthoid-
related targets such as CB, or C132 cannabinold recep-
tors and endocannabinold transporter at concentrations 
as high as 30 suM. 

It Is noteworthy that the n7-biphenyl fragment of Sg 
may be superposed to the first 10 carbons of the fatty 
acid chain of arachidonic acid in the conformations 
adopted by this compound when bound to various 
proteins. The coordinates of such complexes are avail-
able through the Protein Data Bank .21 Figure 6 shows 
the superposition of Sg on arachidonic acid In the 
conformation the latter adopts when interacting with 
human adipocyte lipid-binding proteIn, COX- 1,23 and 
COX-2.24 It should be noted that the two phenyl rings 
of Sg can occupy regions of space corresponding to the 
first two cis double bonds of arachidonic acid- A folded 
conformation similar to that Illustrated in Figure 5B 
was found, together with other more straight conforma-
tions, for arachidonic acid In complex with human 
serum albujnln.ts Similar folded conformations also 
were observed for oleic acid and other unsaturated fatty 
acids bound to human fatty acid binding proteins 
(FABP).m These observations led us to consider the 
m-biphenyl fragment as a putative blolsoster of the first 
moiety of such chains, being able to reproduce the bent 
shape of the first two cis-double bonds of the arachldonyl 
chain. 
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Figure 6. (A) Plot of the experimentally observed plCgo data 
vs those calculated by the 3D-QSAR CoMSIA model for the 
14 compounds reported In Table 2. A PLS model with two 
latent variables gave the following statistics: i 0.62. s = 
0.32. 0.54. (B) 3D-QSAR graphical depiction of the 
coefficients for the COMSIA fields, calculated by PLS analysis 
on the pLC50 values of the 14 compounds reported In Table 2. 
All the compounds are represented as lines except 7 (white 
carbons) and fig (orange carbons), which are represented as 
sticks. The colored volumes Indicate the points where the 
Influence of the steric potential on pICo Is more significant 
The color codes are the following: blue, very pnsftive green, 
positive; yellow, negative (see Experimental Section). 

We next replaced the aromatic 0-substituent with 
flexible alkyl chains. In the 2-acyloxazolopyridilne series 
of competitive FAAH Inhibitors described by Boger and 
collaborators.1t the Introduction of an ł-phenyl$ntyl 
group leads to one of the most potent Inhibitors. By 
contrast, In our series the presence of the same moiety 
was detrimental to the Inhibitory activity (see com-
pounds 27 and 91). Together with their differences In 
Inhibition kinetics, these results support the notion that 
the two classes of compounds Inhibit FAAH through 
separate mechanisms. 

A further Indication of the distinct SAR profile of the 
N-alkylcarbamlc acid aromatic esters described here Is 
the 

fact 

that compound 1.1, which has a bent shape like 
9g but Inverted N- and 0-substituents. was Inactive. 
This suggests that the binding pockets of the two 
moieties have specific stereoelectronic requirements. 

The correlation between molecular shape and FAAH 
Inhibitor potency was tested by 3D-QSAR methods. A 
number of key compounds characterized by variations 
of their steric (and not electrostatic or lipophilic) fea-
tures were selected, and only the correlation between 
steric field and biological activity was Investigated. A 
3D-QSAR analysis was performed by partial least 
squares (PLS) regression on the comparative molecular 
similarity Index analysis (CoMSIA) steric field em-

WrInMM,.p 507157A I 

Tarzia et al. 

Table 2. Experimental and Observed p1Cm Values on FAAH 
Activity Inhibition for the MAlbylcarbamate Aryl Esters 
Included in the 3D-QSAR Analysis 

p1Cm - 

compd R1 R5 obd calcd 

7 n-bulyl benzyloxyphenyl 8.41 6,48 - 
23 n-butyl 6-b 612 5.81 
24 n-butyl 4-fluorophenyl 4.94 4.99 
22 cyclohexyl 2-napbthyl 6.49 6.22 
Os cydohexyl phenyl 5.42 5.41 
Oh cyclohexyl m.tolyl 6.09 5.94 
25 cyslohexyl p-tolyI 5.27 5.55 
Os cyduhexyl it 6.76 6.76 6.31 
94 cyclohexyl 6-ethyinaphthalen-2y1 5.45 6.13 
Os cyclohexyl (-4-styiy1pheny1 5.48 5.49 
Of cydohexyl (4.styzylpheny1 6.58 6.89 
Og cydohexyl biphen)4-3-yl 7.20 6,98 
26 cydahexy] blpheny14-yl 5.64 5.55 
Sb cvclohexvl 3-uentv1phenvl 6.73 6,83 

ploylng, as the dependent variable, the Inhibitory 
potency expressed on a -log scale (pICa. Only the 
carbamate derivatives having a Ilpophilic N-substftuent 
and an aromatic O-substituent were included in the 
analysis, since they represented a chemically homoge-
neous set with an Initial standard deviation In plCso 
values of 0.67 units around a mean value of 6.06. 

The superposition of the carbamnate fragments and the 
phenyl rings (see Experimental Section) led to a P1.5 
model with two latent variables endowed with ap-
preciable descriptive and predictive power (2 = 0.82, s 
= 0.32, qi.00 = 0.54) for the 14-compound set, whose 
experimental and calculated pICse values are reported 
in 

Table 2 and graphically plotted In Figure 6A. 
The coefficients of the steric field are represented In 

Figure 8 as Isopotentlal surfaces. As can be observed 
from the green and blue surfaces corresponding to a 
positive and very positive correlation, respectively, 
between steno occupancy and potency, two favorable 
regions were detected by our modal. The first (at the 
top right of Figure GB) was due to the lower mean p1Cm 
values observed for the Nbutyl derivatives with respect 
to the N-cyclohexyl ones. It should be noted that this 
positive region would be much more relevant If the 
compounds having small N-substttuents (19-21) could 
be Included In the analysis, but this was precluded by 
the fact that only one of them had a measurable 1Cm. 
As a consequence. the Importance of the N-substltuent 
Is ubderestimated by our 3D-QSAR model, which, 
however, was developed essentially to investigate the 
O.substituent requirements. Indeed, a larger and deeper 
favorable region was observed for this moiety, as Il-
lustrated by the green and blue volumes at the bottom 
of Figure GB, Indicating the presence of steric bulk, 
positively correlated with Inhibitory potency, around the 
mete position of the proximal ring of the Oblphenyl 
substituent. This region corresponds to the second ring 
of the naphthyl system (especially the areas about Its 7 
and 8 positions) and of the distal phenyl of the styryl 
substituent In its (2)-configuration. It Is reasonable to 
assume the proximity of this region to the binding site 
surface of FAAH, which would result in an Improvement 
of dispersion forces and/or lipophilic interaction between 
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the enzyme and the Inhibitor. Thus, the 0-aromatic 
moiety; which Is hypothesized to serve as a leaving 
group In the reaction leading to enzyme carbamoylatlon, 
would exert its effect on lrthil,ltrny potency at an early 
recognition stage of the process. 

We observed a small region with moderately negative 
coefficients, represented by the yellow surface at the 
bottom left of Figure 68, opposite the point of attach-
ment of the phenyl ring to the carbamate group. It 
Indicates that longer straight fragments can be accom-
modated at the binding pocket In a less efficient manner 
than the folded ones. The most relevant example Is 
represented by p-biphenyl derivative 26, whose potency 
Is much lower than that of its m -biphenyl Isomer 9g 

We Interpret the CoMSIA coefficients to Indicate the 
existence of a large cavity with a curved shape In the 
active site of enzyme, where suitable 0-substituents can 
be accommodated,. so that the Interaction of their 
carbonyl group with the active serhie of the enzyme Is 
facilitated. This result further highlights the similarity 
between the m-biphenyl moiety and the conformation 
of arachidonic acid bound to FABP (Figure 6), strength-
ening the Initial hypothesis that FAEs bind to FAAH 
In a folded conformation, at least for the first 10 carbon 
atoms. We cannot exclude, however, that the fatty acyl 
chain of anandamide and the 0-substituent of our 
carbamate esters are docked to different binding pockets 
within the FAAH active site. The availability of FAAH 
3D coordinates, which were published for a covalent 
adduct of the enzyme with O.methylarachldonyl flue-
rophosphonate MAFP)ts while the present manuscript 
was under review, may help to resolve this Issue. It is 
worth noting that In this crystal the arachidonyl chain 
of the Inhibitor takes a turn after Its first double bond 
and Is flanked by aromatic residues Interacting with the 
first two double bonds, which may be mimicked by the 
two phenyl rings in compound 9g. 

In conclusion, ’we have characterized a new class of 
PAAI-f Inhibitors, namely, alkylcarbamnic acid aryl, es-
ters, and demonstrated that their inhibitory potency can 
be improved by shape modulation of the aromatic 
0-substituent The marked arodolytic-like properties of 
these compoundsL8 should encourage further Investiga-
tions of their SAR. Indeed, a systematic structural 
modulation of the biphenyl derivative 9g Is currently 
underway In our laboratories. 

Experimental Section 

(a) Chemicals, Materials, and Methods. All reagents and 
compounds land 19-27 were purchased from Sigma-Aldrich 
with the exception of sc,n Sd,30 g,$’ 8h,1 and biphenyl-a-
ylamine,19 whose preparation is reported In the literature. 
Solvents were RP grade unless otherwise indicated. Purifica-
tion of the crude materials obtained from the reactions, 
affording the desired products, was carried out by flash column 
chromatography on silica gel (Kleselgel 60. 0.040-0.063 inca, 
Merck). TLC analyses were performed on precoated silica gel 
on aluminum sheets (Kieselgel 60 F. Mercic). Melting points 
were determined on a BUChI SMP-510 capillary melting point 
apparatus and are uncorrected. The structure of the unknown 
compounds was unambiguously assessed by MS. ’H NMR, JR, 
and elemental analysis. El-MS spectra (10 eV) were recorded 
with a Fisons Trio 1000 spectrometer. Only molecular Ions 
(M) and base peaks are given. 1H NMR spectra were recorded 
on a Broker AC 200 spectrometer. Chemical shift 66 scale) 
are reported in parts per million (ppm) relative to the central 
peak of the solvent, Coupling constants (Jr values) are given 
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In hertz (Hz). IR spectra were obtained on a Shhnadzu ST-
8300 or a Nicolet Atavar spectometer. Absorbances are re-
ported as v (cm’). Elemental analyses were performed on a 
Carlo Erba analyzer. All products had satisfactory (within :1:0.4 
of theoretical values) C. H. N analyses results. 

General Procedure for the Synthesis of Cyciohexyl 
carbamic Acid Aryl Esters (Ra-e,g-I). To a stirred mixture 
of the suitable aryl alcohol Sa-e.g-1 (0.5 mmol) In toluene (3 
mL), EtaN (3 mg. 0.004 mL, 0.03 camel) and o.00H,,NCO (69 
mg. 0.07 mL, 0.55 mmol) were added. After reflwdng the 
reactants for 5 h, a further amount of c-CeH,NCO (34 mg. 
0.035 mL, 0.27 mmol) was added, and the mixture again 
reacted for 3 h [9g. 19 h; In the case of $a,b a third addition 
of c-CeH,1NCO (34 mg, 0.035 caL., 0.27 mmol) was necessary; 
overall, these reactions required 24 h: in the case of 9e, the 
Initial mixture was refluxed 8 h, no further addition of cC8H-
NCO being necessary], then cooled, and concentrated. Purifi-
cation of the residue by column croinatography (cyclohexane/ 
EtOAc 9:1 for 9a,b,h; 8:2 for 91; 85:15 for Sc: 955 for 9g: 
CH2CI3 for 9d.e) and recrystallization gave Os-e.g-i. 

Cvclohexyicarbamic Acid Phenyl Ester (9a). White 
needles. Yield: 73% (80 m. Mp: 137’C (MeOl-I) Olt. 128-
30°C from 50% EtOH). MS (El): mlz 219 (Mt), 94(100). ’H 
NMR(CDCI3): 61.20-2.05 (m, 1011), 3.57 (m, 114), 4.01 (brs, 
II-!), 1.11-7.40 (m, 514) ppm. The JRspectrum Is In agreement 
with literature Anal. (C13H,7NO2) C. H. N. 

Cyclohexylcarbamic Acid sn.TolyI Ester (Sb). White 
needles. Yield:- 81% (101 mg). Mp: 117-118°C (MaOH). MS 
(El): rn/z 233 (M), 101 (100). ’H NMR (CDC13): 6 1.18-2.05 
(in, 10M,235 (s. 314), 3.57 (in. 1H), 4.90 (brs 110. 6.91-7.02 
(in, 314), 7.23 (t, 114) ppm. JR (KBr): 3305, 1744, 1709 cm’. 
Anal. (C,4141eNO,) C. H. N. 

Cyclohexylcarbasnic Acid 8-Bromonaphtbulen-2-yl Es-
ter (Sc). Yellow needles. Yield: 66% (115 mg). Mp; 370-171 
’C: (MeOH). MS (El); mlz 348 (f44), 114 (100). 114 NMR 
(CDCJ3); 6 1.18-2.09 On, 1011), 3.63 (in, IM, 5.03 (br d., 114), 
726-7.99 (in, 611) ppm. IR (KBr); 3316. 1737, 1708 cm-4. 
Anal. (Ci,H,aBrNO,) C. H, N. 

cyclobexylcarbamic Acid 6-Ethylnapbthalen-2-yl Es-
ter (Dcl). White needles. Yield: 74% (110 mg). Mp: 162-164 
’C (lvIeOH). MS (El): mlz 297 (M), 157 (100), 114 NMR 
(CDC1,): 6 1.17-07 (in, 1314), 2.81 (q, 214), 3.61 (m. ill), 4.97 
(hr d, to, 7.22-7.79 (in, 01-I) ppm. IR (CHC13): 3440, 1132 
car-1. Anal. (C,eHnNO,) C, H, N. 

(4-Cyclokexylcarbnmic Acid 

4-Sr"’M;’V?’NM’5

ipnyl Ester 
(9e). White crystals. Yield: 86% (138 m: 165-166 ’C 
(MeOH). MS (El): mlz 321 (M), 196(10R (CDC13): 
6 1.22-2.05 (in, 104, 3.56 (in, 1H), 4.91 (hr d, lI-I), 7.03 (d, 
1H, J= 16.7), 7.12 (d, 111, J= 16.7), 7.13 (d. 214), 7.26-7.52 
(m, 7H) ppm. IR (CHCI3): 3440, 1736,963 cm. Anal. (CziHrs-

NO,) C. 14, N. 

Cyclobexylcarbainic Acid Blphenyl-3-yl Ester (99). 
White crystals. Yield: 97% (143 mg). Mp: 141-143 °C 
(MeOH), MS (El): rn1r 170 (100). ’H NMR (COds): 6 1.22-
2.06 (iii, 1014). 3.59 (m, 114), 4.94 (hr d. 111), 7.12-7.61 (in, 
9M PaL JR (CHCI,): 3440, 1733 cm-1. Anal. (C,9H21N0,) C. 

Cycloiiexylcarbamic Acid 3-Pentyiphenyl Ester (9h). 

White crystals. Yield: 98% (142 mg). Mp: 94-95 ’C (petro-
leum ether). MS (El): ,nfz 289 (Ml. 164 (100). ’H NMR 
(CDCI,): 60.89 (t, 314), 1.18-2.05 (m, 1611), 2.60 (t, 20, 3.57 
(in. 1H). 4.88 (br d, 11]), 6.93-7.27 (in, 414) ppm. IR (Kflr): 
3306, 1743, 1705 car’. Anal. (CisHNO2) C. H, N. 

Cycloberylcarbaniic Acid 5-Phenylpeutyl Ester (91). 

White needles. Yield: 80% (115 nsgJ. Mp: 55-56 °C (EtiO/ 
petroleum ether). MS (El): m1z289 (M+),146 (100). ’H NMR 
(CDC,): 6 1.09-1,96 (m, 161]), 2.62 (t, M. 3.49 (in, IM, 4.04 
(t,.2H), 4.53 Or s. 114), 7.16-7.28 (m. 5F1) ppm. JR (CHCIi): 
3442, 1703 car’. Anal. (C,HNO,) C, H, N. 

Synthesis of (2)-Cyclohesylcarbasnic Acid 444tyryiphe-
nyl Ester (Of). A stirred mixture of benzyltriphenylphospho-
alum chloride (16.8 g, 43.3 mrnol). 4-hydroxybenzaldehyde 
(5.28 g, 43.3 mmol), DELI (6.8 g, 45 mmol), and CH3CN (67 
caL) was refluxed ford hand concentrated. Purification of the 
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residue by column croznatography (cyclohexane’EtOAc 85:15) 
gave pure E.stilben4-ol (2 g) and   1:1 MR)  mixture ofZ 
and E-stllben-4-ols (0.458 g. 2.33 mmol). This was dissolved 
In toluene (13 raL). and Et3N (0.014 g. 0.019 mL. 0.14 reinol) 
and c-C2H1,NCO (0,32g. 0.33 soL, 2.57 mmoO were added. The 
mixture was refluxed under stirring for 3 h, cooled, and 
concentrated. Purification of the residue by column crocoatog-
raphy (cyclotieranefEtOAc 85:15) gave the desired product 
along with a substantial amount of Be. Reciysta]llzathm gave 
Of (105 tug) as a white solid. Mp: 131-133 ’C (EtOH/Ha. 
MS (El): mlz 321 (Mi, 198 (10, ’H NMR (CDCh): d 1,19-
2.04 (in. 1014), 3.54 (in, 114), 4.88 (br d, 111). 6.54 ((L 111, J-
122), 6.60 (d, IH, J= 12.2), 6.98 (d, 211), 7.24 (in, 711) ppm. 
IR (CHC1): 3440, 1738 car’. Anal. (Ci,HnNO C, H, N. 

Synthesis of Blphenyl-3-yl Carbantic Acid Cyclohexyl 
Ester (11). To a stirred solution of b1pheny1-3-ylarnlne (90 mg, 
0.53 mmol) In CHSCN (2 ml.), d2mldazol-1-y1niethanone (10) 
(345 tug, 2.13 mmol) and DMA? (12 mg, 0.1 nim4 were added. 
After the mixture was refluxed for 14 h, c-CeHuOH (800 rag. 

.0.84 niL, 8 m64 was added. The mixture reacted tinder refiml 
for 24 h and then was cooled and concentrated. Purification 
of the residue by column cromatography (cyclohexene/EtOAc 
9:1) and reciystaillzatlongave 11 asa white solid. Yield: 55% 
(96 mg). Mp: 127-129 ’C (MOH). MS (El): m1z295 (M4).141 
(100). ’H NMR (CDCI3): 6 1.30-2.03 (in, 1011). 4.78 (in, 1H), 
6.66 Or a, 111), 7.31-7.47 (so, 60, 1.59-7.70 (in, 3}l) ppm. 
IR (KBr): 3320. 1125. 1689 car’. Anal. (CieHuNOp) C. H, N. 

Synthesis of N.Cyclohexyl-Z-naphthalen-2-ylaceta-
mtde (13). To asth’red, cooled (0 ’C) solution of naphthalene-
2-carboxylic acid (12) (188 mg, 1 ininal) In dry THP (3.3 ml.) 
under N2 atmosphere, (COd), (508 mg, 0.35 ml.., 4 mmol) was 
added. The mixture was stirred at room temperature for 211 
and then concentrated. The residue was dissolved In CH2C1, 
(3.3 znt), and then EL5N (283 mg, 0.39 mL, 2.8 zitmol) and 
cC8H,,N{, (131 rag, 0.15 mL, 1.3 nimol) in a minimal amount 
of CHiCI,, were added. The mixture reacted at room temper-
ature for 20 Ii and then was concentrated. Purification of the 
residue by column cromatography (cyc1ohexane1fltOAc7:3) and 
reciystalftzatlon gave 13 as White needles, Yield. 33% (88 mg). 
Mp: 185-186 ’C (EtOAc). MS (El): ni/z 261 (Mi. 168 (100). 
’H NMR (CDCh): 6 0.89-1.88 (in, 104, 3.73 (sand in, 311), 
5.26 (br s, 111), 7.35-7.81 (in, 7H) ppm. IR (KBr): 3285, 1640 
car’. Anal. (C,5H,,NO) C. H, N. 

Synthesis of iCyclohex)4.3-naphthalen.2-ylurea (18a)" 
A stirred mixture of naphthalen-2-ylamlne (iSa) (143 tug, 1 
malol), c-C,H,,NCO (14a) (138 mg, 0.14 mL, 1.1 mrnol), RUN 
(5 mg, 0.07 ml.., 0.05 mmol); and toluene (5 ml.) was refluxed 
for 20 h. Two further ainowits of ida (69 mg, 0.07 ml., 0.55 
mmol) were added during this period, after 5 and 3 h. 
respectively. The mixture was then cooled and concentrated. 
Purification of the residue by column chromatography (cycle-
hexane/EtOAc 85:1 and rectystalllzatlon gave iGa as a white 
solid. Yield: 30% (80 mg). Mp: 204 ’C (MeOH) (lit. 204-205 
’C).UAnal. (Cn}Is,N,O) C,H, N. 

Synthesis of Cycloheiçylthiocurbamlc Acid S-Naph-
tbalen-2-yl Ester (16b).’To  astirred solution of t-BuOK (2.1 
tug, 0.018 mmcl) and naphthalene-2-thtol (15b) (300 mg, 1.875 
mmol) In toluene (0.6 mL), C511NCO (Fin) (235 rag. 0.24 
mL, 1.875 mmol) In toluenØ 0.6 niL) was added dropwise at 
50 ’C during 5 mm. The mixture was stirred at the same 
temperature for 15 mlii and then cooled and ifitered. Recrys-
talflzathn gave lOb as a white solid. Yield:- 60% (318 rag). 
Mp: 153 ’C (MOH). MS (El): mIx 159, 115 (100). ’H NMR 
(CUCI,): 60.98-1.98 (in. 10H), 3.75 (in, 111), 529 (br s, 111), 
7.50-7,62 (m, 34, 7.83-1.90 (in, 411), 8.09 (a, 111) ppm. IR 
(KBr): 3294, 1843 cur’. Anal. (C,7H1NOS) C, H, N. 

Synthesis of 1.Cvc1obxy1.3.naphtha1en.2-y1th1ourea 
(lic). Ton stirred solution if naphthalen-2-ylainlne (ISa) (143 Mg.

1 niniol) In C145CI, (21inL), o.C5HuNCS (14b) (141 tug. 
0.14 ml., I rrim1) was added. The mixture was stirred at room 
temperature for 5 i% refluxed for 14 h. cooled, and concen-
trated. Purification of the residue by column cromatography 
(CN,d,) and reciystalllzation gave lOc as white solid. Yield: 
51% (145 rag). Mp: 165-167 ’C (EtOH) (lit. 172 ’C from 
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aqueous ELOH).nMS (El): m/s 284 (Mi, 143(100). ’H NMR 
(CDCI,): 61.02-2.18(m, 111-l),4.31 (m, 111), 6.02 (d, 111). 7.30 
(dd. 114). 7.55 On, 114). 1.84 (d, 111), 7.15-7.95 (in, dli) ppm. 
IR (KBr): 3331. 3192, 1598 cur’. Anal. (C,iH,0NS) C. H, N. 

Synthesis of Cyclohexyldithiocarbamlc Acid .Naph-

thaierz-2-yl Ester (lid). A stirred mixture of napbthalene-
2-thiol (15b) (125 mg, 0.78 mmol) and cC8H11NCS (14b) (110 
zag, 0.11 mL, 0.78 mmcl) was heated at 80-100 ’C ma sealed 
tube for 20 Ii, cooled, and filtered. Recrystallization gave led 
as a white solid. Yield: 46% (108 zag). Mp: 118-122 ’C 
(toluene/n-pentane). MS (El): m1z 301 (Mi. 160 (100). 111 
NMR (CDC1: 60.97-1.94 (in. 1011), 4.38 (in, 114), 6.54 (br s, 
114), 7.56-7.66 (in. 34.7.89-8.00 (in, 314), 8.13 (a, 111) ppm. 
IR (KBr): 3337, 1580 car’. Anal. (C,rHaNS C. H. N. 

Synthesis of Cyclohexylthlacarbamic Acid O-Naph-

thalen-2-yl Ester (18). To a stirred solution of CCI2 (17) 
(57 rug, 0.038 mL. 0.5 mmol) in CHCI, (2 niL), sodium 
naphthaen-2-clate [obtained as a sticky solid by adding 
napbthalen-2-ol (72 rag, 0.5 mmol) to a solutfon’óf Na (0.11 
rag, 0.5 mmol) In dry MeOH (1 niL), stirring the mixture for 
0.5 h, evaporating the solvent, and drying the residue] was 
added (exothermic reaction). After stirring the reactants at 
room temperature for 1 ii. c-CHuNHa (99 tug, 0.11 ml.. 1 
mmol) was added (exothermic reaction). The mixture reacted 
at room temperature for 4 hand then was concentrated. H2O 
was cautiously added to the residue, and the mixture was 
extracted with EtOAc. The combined organic layers were dried 
(Na,504) and concentrated. Purification of the residue by 
column chromatography (cycichexartelEtOAc 9:1) and recrys-
tallization gave 18 as a light-yellow, garilu-smelling solid 
Yield: 60% (86 mg). Mp: 154-155 ’C (Et011). MS (El): mix 
144,115 (100). ’H NMR (CDCb): 6 1.22-222 (in, 1011). 4.14 
(m, 111), 6.64 and 6.84 (LH),rr 724-1.32 (in, 111). 7.46-7.54 
(in, 311). 7.79-7.90 (m, 314) ppm. IR (NuJol): 3212. 1623 cm-I. 

Anal. (C,7H19N0S) C. H, N. 

(b) Pharmacology. Cell fractions were prepared from brain 
homogenates, and membrane PAAII activity was assayed 
using anandamlde[ethanolamlne-3H] (AniericanRadislabeled 
Chemicals. ARC (St. Louis, Missouri), 60 Cl/rnmol) as a 
substrat&8 (3HJAnaitdamlde transport assays were conducted 
Inhuman astrocytoma cells, praincubating cells with Inhibitors 
for 10 ruIn at 37 ’C, prior to exposure to H)anandandde for 
4 mm.’ CB, and CB2 binding assays were conducted In rat 
cerebellar membranes (27000g) and CB,-overexpràslng CHO 
cells (purchased from Receptor Blology-Peddu-Elnier, Wells-- 
sley, MA), respectively, using j1-I]WIH552l2-2 (NEN-Dupont, 

Boston, MA, 40-60 ClImmol, lOaM) as a llgant15 Cholinest-

erase assays were conducted, with a cowiusnlal kit (Sigma, 
St Louis, MO), using purified enzymes (electric efil acetyicho-
Jinesterase type V-S and horse-serum chelInesterase, both from 
Sigma, St. Louis, MO) and following vendor’s Instructions. 

(c) Molecular Modeling. Molecular models were bulk by 
applying the standard tools In S)4y1, version 8.6 (trlpos Inc., 
1699 South Henley Pd, Louis, MO, 63144). Their geometries 
were optimized by energy minimization, employing the Merck 
molecular force field 94s (MMPF94s),ni Implemented In Sybyl. 
Conformational analysis was performed by systematic scan-
ning of the rotatable bonds and energy mhuinthatlon to a 
gradient of 0.01 kcal mol’ k’. The conformations giving the 
highest Intersection volume with the template structure were 
employed for compound alignment In the following analysis. 
For 3D42SAR analysis, mlnhnum energy conformations of the 
compounds were aligned by a rigid root-mean-square (tins) fit 
of the five atoms In the carbamate fragment and the six carbon 
atoms In the closer phenyl ring, employing 9g as a template 
structure. For compounds? and Of. the ceritrold of the distal 
phenyl ring was also superposed to that of 9g. The CoMSIAY 
modules of Sybyl were employed for the quantitative structure-
activity study. The CoMSiAsteric field was calculated within 
a lattice with a grid resolution of 2 A. whose extension was at 
least 4 A beyond every molecular boundary In all directions. 
An sp9 carbon was taken as the probe atom. Regression 
analyses were performed using the PLS’ algorithm In SybyL 
The cross-validation technique with the leave-one-out (LOO) 
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procedure° was applied to calculate qkooas a rough estimate 
of the predictive power and to choose the optimal number of 
latentvartables. Variables with an energy standard deviation 
lower than 2 kcal/moi were discarded to minimize the Influence 
of noisy columns and to speed the computation. The final non-
cross-validated analyses were derived with the number of 
latent variables corresponding to the first maximum 9I.00 
value, or before nonsignificant Increase of qz.00 (I.e.. <0.05). 
No filter was applied to the dependent variables In this case. 
The contour volumes of the 3D-QSAR model, represented in 
Figure 6B correspond to the following cutoff values for the 
product of the PLS coefficients and the standard deviation of 
the steric potential,(blue) +0.05. (green) ’*0.01. (yellow) 
<-0.01, (red) <-0.05. 
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