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Orally Bioavailable Potent Soluble Epoxide Hydrolase Inhibitors
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A series of N,N-disubstituted ureas having a conformationally restriciedor trans-1,4-cyclohexanet to

the urea were prepared and tested as soluble epoxide hydrolase (sEH) inhibitors. This series of compounds
showed low nanomolar to picomolar activities against recombinant human seEH. Both isomers showed similar
potencies, but the trans isomers were more metabolically stable in human hepatic microsomes. Furthermore,
these new potent inhibitors show a greater metabolic stability in vivo than previously described sEH inhibitors.
We demonstrated thétans-4-[4-(3-adamantan-1-ylureido)cyclohexyloxy]benzoic atgy (t-AUCB, 1Csq

= 1.3 £ 0.05 nM) had excellent oral bioavailability (98%,= 2) and blood area under the curve in dogs

and was effective in vivo to treat hypotension in lipopolysaccharide challenged murine models.

Introduction appear to be polar binding sites in the catalytic tunnel. However,

. the usefulness of these compounds was limited by the difficulties

The soluble epoxide hyd_rolase (SEH, EC 3:3'.2'3) be'of‘gs to encountered during formulation as well as their rapid metabolism
the a/p hydrolase fold family of enzymésand is involved in

A . X
the metabolism of endogenously derived fatty acid epoxides and"m VIVO- Because the flexible alkyl chain of these later

- : . L . compounds is susceptible to metabolism byxidation and
other lipid epoxidesd. Epoxyeicosatrienoic acids (EETs}he S - : : .
primaryp meg bolites Opf c);tochrome PA50 epo(xygen%ihses of cytochrome P450 oxidatio¥f,we decided to investigate if more

arachidonic acid, are known to act at vascular, renal, and Cardiacconformationally restricted compounds could be made that were
’ ’ ’ more metabolically stable. To achieve this goal, we recently

levels of blood pressure regquiatibEETs have also been shown reported piperidine-based conformationally restricted sEH in-
to possess anti-inflammatory propertieShe SEH enzyme b, o on oc TPAU, APAU, or AMAU that showed
Cgﬁg_tllga”y EY(?;O%Z:S E;Tiggobqggd.rg;?“:gtc.’ssmznz'; aéC'dS improved bioavailability in a canine mod¥lThese piperidine-
Eiemonszrla\gadl that sEVI: inhil;)ition sli niglcantl rtla\éll?é\és thevblood based inhibitors, however, still suffer from a short in vivo half-
ressure of the spontaneouslv h grtensiveyrats (SHRsyell life. In addition, those compounds in piperidine-based series
gs angiotensin Ilﬁnduced h pyert}é:%sive sRecently. we also that showed optimal area under the curve (AUC) in a canine
=0 Ny’ ., .__model did not have optimal potency on the human enzyme. The
demonstrated that SEH inhibitors not only dramatically synergize most potent compounds in this series, such as TPAU, did not
nonsteroidal anti-inflammatory drugs (NSAIDs) but also shift show a good AUG? Furthermore, we recently also reported

.O?I'p'n metgbolomlc profiles away from propagation of conformationally restricted N,Ndisubstituted ureas harboring

n amrnfslltlon. . . ) polar groups as potent SEH inhibitdfsThus, in this study, we
We initially reported conformationally restricted NiMisub- f,ther explore conformationally restricted SEH inhibitors based

stituted ureas, e.g., DCU or ACU (Figure 1) as simple SEH o4 Acy as a simple scaffold in which a cyclohexane ring serves

|nh|p|tors}0 Even though these compounds were very potent ot oniy as a linker between a urea group and a polar group

(Ki in the low nanomolar range), they were very difficult to ;¢ 5150 as a template to restrict the structure (Figure 2).

use for in vivo studies because of their poor physical properties 14 pa effective in vivo, in addition to potency, compounds

such as water solubility. Thus, a second homologous series of o {0 have ; o o
. S good metabolic stability and pharmacokinetic and
flexible SEH inhibitors such as AUDAAUDA-BE, and AEPU distribution properties. Thus, the metabolic stability of synthe-

. . b,11 . H N . L . . .
were mves'qgateéf? These fiexible compoHnds |mpr.oved sized potent SEH inhibitors was determined in human hepatic
water solubility over DCU and ACU, thus facilitating efficacy icrosomeds To determine the oral bioavailability of potent

stuldles n severgl argjlénaél mort]jéls?. '?‘EP}J 'IIUStL?ti.S that g compounds, we screened the compounds in a canine model for
polar group can be added to the molecule roughly five carbons y,, qa|action of compounds with good pharmacokinetic proper-

away from the central urea carbonyl group, increasing solubility e "Finajly, the efficacy and the oral bioavailability of the best

W'thk?Ut reducing p(ljftenc% Slr_rglarly a;erlets; of polar resuguesl inhibitor 13gin this series of compounds have been determined
such as esters, sulfones, amides, and carbamates can be placgdl ice and canines, respectively.

roughly 5-7 A from the central pharmacophore where there

Chemistry

* To whom correspondence should be addressed. Phone: 530-752-7519 p ; TN ;
(office). Fax: 530-752-1537. E-mail: bdhammock@ucdavis.edu. Scheme 1 outlines the general synthesis of Misubstituted

a Abbreviations: t-AUCB, trans-4-[4-(3-adamantan-1-ylureido)cyclo- ~ Ureas having &is- or trans-1,4-cyclohexane ring between the
hexyloxy]benzoic acid; AUDA, 12-(3-adamantan-1-ylureido)dodecanoic carbonyl group on the urea and an oxygen atom in a benzyloxy

acid; AUDA-BE, 12-(3-adamantan-1-ylureido)dodecanoic acid butyl ester; _ _
DCU, N,N'-dicyclohexylurea; ACUN-adamantyN'-cyclohexylurea; AEPU, or a phenoxy group. All compoundsa-g, 9a-g, 13a-g,

1-adamantan-1-yl-85-[2-(2-ethoxyethoxy)ethoxy]peniyirea; APAU,N-(1- 16a—k were synthesized as a single isomer starting from
acetylpiperidin-4-yl)N'-(adamant-1-yl)urea; TPAUN-(1-(2,2,2-trifluoro- commercially availablérans-4-aminocyclohexanol hydrochlo-
ethanoyl)piperidin-4-yIN'-(adamant-1-yl)urea; AMAUN-((1-acetylpiperidin- ride 1 (Scheme 1).

4-yl)methyl)N'-(adamant-1-yl)urea-FCTU, 1-[4-(4-fluorophenoxy)cyclo- . . . . .
hexyl]-3-(4-trifluoromethoxyphenyl)urea:FCUB, 4{3-[4-(4-fluorophenoxy)- The Mitsunobu COUp“ng_ reaCt]éhWaS used for the Inversion
cyclohexylureidgbenzoic acid. of secondary alcohol configuration on the cyclohexane ring and
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Figure 1. Common inhibitors of sEH. I§ is for in vitro inhibition of the recombinant human sgH.
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Figure 2. General structures of the new series of compounds.

alcohol on a cyclohexane ring. A common intermed&ater
the synthesis of cis isome&a—g or trans isomeré3a—g was
obtained by the reaction of trans isonZewith p-nitrobenzoic
acid in the presence of diisopropyl azodicarboxylate (DIAD)
and triphenylphosphine (PRhin THF in excellent yield.
Hydrazinolysis of the phthalic group in the intermedi&ie
followed by the reaction of amir@with 1-adamantyl isocyanate
in DMF, provided compound having the required cis config-
uration, which after hydrolysis under basic conditions afforded
the desired cis alcoh@. The reaction of the cis alcoh8lwith
various substituted benzyl bromides gave compo®@aesy. 9h
and9i were also synthesized froBreacting with iodomethane

allowed us to avoid tedious column chromatographic separations@nd cyclohexanemethyl methanesulfonate, respectively. By
of a cis/trans mixture that are time-consuming and not practical Modification of a previously published methtthe cis alcohol
for large-scale preparation of these compounds because ofl0 was obtained fronb after saponification followed by a

solubility limitations. The configurations of the isomeBaf{-g
vs 9a—¢g; 13a—g vs 16a—k) and purity could be easily
confirmed by comparisons of their NMR spectra. The relative

microwave-assisted phthalimide ring-closing reaction in the
presence of excess triethylamine in D¥fAVIitsunobu coupling
of the cis isomerl0 with various substituted phenols gave

configurations of trans and cis isomers were established by thecompoundslla—f having the desired trans configuration in

comparison of peak assignments such as chemical shifts in
and 13C NMR with previous reportectis- and trans-1,4-
cyclohexane isomerf$.We also observed thdd NMR spectra

moderate to excellent yields. This was followed by the hydrazi-
nolysis of the phthalic group and urea formation resulting in
trans isomerd.3a—f. Saponification of the ester3f led to the

of these compounds showed that trans isomers have the expectet@rget acid 13g Compounds16a—f, 16h, and 16j were
stable conformation in which both non-hydrogen substituents Synthesized by reaction of 1-adamantyl isocyanate with amines
are equatorial, but cis isomers exist in rapid equilibrium between 15a—f, 15h, and 15j that were obtained by the Mitsunobu

the two chair forms, which is consistent with the conformational
mobility reported by Johnston et ¥l.and Hill et al?° Trans
isomers 3a—g were prepared by the reaction with various
substituted benzyl bromides from the alcoBsohat was obtained
by the reaction of with 1-adamantyl isocyanate in the presence
of Et;N in DMF.

Compounds3h and 3i also were synthesized fror® by

reacting with iodomethane and cyclohexanemethyl methane-

reaction of trans alcoho# with various substituted phenols
followed by the removal of the phthalic group. Saponification
of the esterd 6f, 16h, and16j also led to the target acid$6g
16i, andL6k, respectively.

Compounds20a—c were synthesized by urea formation
starting from the isocyanaté8aor 18b by reacting with amines
12f or 15f followed by soponification of corresponding esters
19a—c (Scheme 2). Corresponding amid2® and 23 of the

sulfonate, respectively. Initial attempts to synthesize cis isomersurea-based inhibitor$6d and 13d, respectively, were synthe-

9a—g and16a—k through the direct inversion of the configu-
ration of the hydroxyl group from thigans-cyclohexanoP was

sized as shown in Scheme 3. The EDC coupling of 1-adaman-
tylacetic acid21 with amines24'> and15d gave amide®2 and

problematic. In the presence of the urea group, the Mitsunobu 23, respectively. Compounds having different linkers such as a

coupling reaction gave a dehydrated product exclusik€lhe
protection of the amino group ih by a phthalic (Phth) group
that is void of a hydrogen, however, minimized the dehydration

n-butyl, acetylenyl, or phenyl group between a urea group and
an oxygen atom were synthesized by the procedure outlined in
Scheme 4. Compoun@g, 29, and31were synthesized starting

problem, suggesting that a hydrogen on the urea group is likely from commercially available 4-fluorophen2b. Compound®7

responsible for thg-elimination of the hydroxyl group on the
cyclohexane ring in the compourf? Thus, compound9a—

0, 13a—g, and16a—k were synthesized from the Phth-protected
aminocyclohexano#l by alternating the configuration of the

and 29 were synthesized by the reaction of 1-adamantyl
isocyanate with the amines derived from compou@ésand
28 that were obtained by Mitsunobu coupling @b with
alcohols32%> and33,28 respectively. The reaction of 1-adamantyl
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Scheme 1.Synthesis otis- andtrans-1,4-Cyclohexane Based Urea Derivatives
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aReagents and conditions: (a) 1-adamantyl isocyanasbl, XMF, room temp, 6 h; (b) RPhCHBr, NaH, DMF, 0 to room temp, 12 h; (c) Nefken’'s
reagent, KCOs, H,O, room temp, 30 min; (d) PRhp-nitrobenzoic acid, DIAD, THF, room temp, 12 h; (e) 35% hydrazine ;,Clt} MeOH, room temp,
1 day; (f) 1-adamantyl isocyanate, DMF, room temp, 12 h;(qN NaOH, CHCN, room temp; (h) NaH, RPhCH:Br, DMF; (i) Rs-PhOH, PPk DIAD;
THF, room temp, 12 h; (j) {i1 N NaOH; (ii) E&N, MW, 110°C, DMF, 30 min; (k) R-PhOH, PPk DIAD, THF, room temp, 12 h; (I) aquesul N NaOH,
CHsCN, 90°C, 6 h.

Scheme 2 Scheme 3.Synthesis of Amide Derivative®2 and 232
R ° QO F
e = 7 R‘ ye¥¥onnt
122: Ezgng/le 19a, trans, R = OCFs, R' = CO,Me ﬂ F

19b, cis, R = OCF3, R'= CO,Me

a
19¢, cis, R = CO,Me, R' = CO,Me @i / 2
(b) OH b
20a, trans, R = OCFs, R' = CO,H 21 \ o .0
20b, cis, R = OCFs, R' = COpH O \©\
20c, cis, R=CO,H, R'=CO,H N F
H

aReagents and conditions: (&2f (for 199 or 15f (for 19b,c), DMF,

room temp, 12 h; (b1 N NaOH, acetonitrile, water, 9%C, 6 h. F. 23
o 5
HN™ F
24

isocyanate with anilin®0, which was obtained starting from

25 by following the procedure of Fotsch et &l.gave the desired

urea3l. Scheme 5 shows t_he_ syntheses of cis/trans mixed ureas Reagents and conditions: (&% EDC, CHCla, room temp, 2 h: (b)
36 having a methylene unit instead of an oxygen atom on the 154 £pc, cHCl,, room temp, 2 h.

cyclohexane ring of eithel3d or 16d. The ketone34 was

obtained by the PDC oxidation of the alcoh@al Wittig

olefination of ketone34 with 4-fluorobenzyltriphenylphospho-  hydrogenation on 10% Pd/C generating desired comp@&énd
nium bromid@® afforded the olefir85, which was subjected to  as an inseparable 1.25:1 (trans/cis) mixture.
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Scheme 4.Synthesis of Urea Compounds Having Different Linker in Place of the Cycloh&xane
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aReagents and conditions: (a) PhthNgQEH,),CH,OH (32), DIAD, PPh;, THF; (b) PhthNCHC=CCH,OH (33), DIAD, PPh;, THF; (c) (i) 1-fluoro-
4-nitrobenzene, ¥CO;, DMF, 150 °C; (ii) 10% Pd/C, H (1 atm), EtOAc, room temp; (d) (i) 35% hydrazine, &, MeOH, room temp, 1 day; (ii)
1-adamantyl isocyanate, DMF; (e) 1-adamantyl isocyanate, DMF.

Scheme 5. Synthesis of Compounds Having a Carbon Isostere  Table 1. SAR of Various Substituents catis- or trans-Cyclohexane
in Place of an Oxygen Atomn Ring
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Results and Discussion oh %%O 40£05

Incorporation of Ether Groups on ACU. We have previ- JO
ously shown that ureas with a linear alkyl chain having a variety 3i O/O 40403
of polar groups such as an ester, amide, or ether about five to W
seven atoms away from the urea moiety increase water solubility
without changing the potency on the human sEBecause of \OQ
the instability of most esters in vivo, they are most appropriate 9% O 25201
as “soft drugs”. Thus, we turned our attention to ethereal kS
derivatives. Incorporation of a hydroxyl group at position 4 on Q
the cyclohexane ring in ACU such &ans-2 resulted in higher 3a 0 17=0.1
ICso value than the parent ACU (Table 1). However, compound I‘%O’
38, which replaces the cyclohexane ring with a lineasutyl
chain, resulted in even greater reduction of inhibition activity, Q 0okt

9+0.

suggesting that restriction of the linear chain by a cyclohexane 9a O"\O
is beneficial. Because of the existence of conformational isomers B
of 1’4'diSUbStitUteq Cycmhexan,e' the C,O"?S,ponding cis isomer aValues are the meatt SD of three independent experiments. At least
8was also synthesized. Interestingly, this cis isoéheas 5-fold three concentrations above and below the repeategl Were used to
less potent compared to trans isor@eBoth isomers, however,  generate the data.
became almost equally potent upon etherification of alc¢Biol
vs9h, 3i vs 9i, and3avs 9a), and the cis isomers became more resulted in increased solubility while maintaining or enhancing
potent when etherified with large groups suct8a®i, 3a, and the inhibition potency! Thus, we tested whether adding a third
9a These results suggested that the absence of a hydrogen dongrolar function will have a similar effect on these conforma-
at position 4 on the cyclohexane is crucial for obtaining highly tionally restricted urea inhibitors (Table 2). In general, as
potent inhibitors. In support of this hypothesis we observed that previously observed, the addition of a third polar group relatively
an ester analoguer,( 4-nitrobenzoic acid 4-(3-adamantan-1- far away from the urea carbonyl did not significantly influence
ylureido)cyclohexyl ester) also showed excellent potencyy(IC  the inhibition potency of the human sEH except for a carboxylic
= 1.3 nM). acid at the ortho position of the phenyl ring 18k, for which
Comparison of Cis and Trans Isomers.We previously the 1G5 is decreased-100-fold. Furthermore, the cis isomers
showed that the addition of a third polar group about 11 atoms 9a—g and 16a—g were nearly as potent as the trans isomers
away from the urea carbonyl on a linear chain of a urea inhibitor 3a—g and 13a—g.
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Table 2 would be anticipated to be valuable physiological tools leading
N to constant exposure following subcutaneous injection in oil or
OM/GR2 administration as a wax plug. Surprisingly, the incorporation
@\ j\ O n of a free carboxylic acid group ii3g and 16g not only
N ”” dramatically increased the water solubility but also increased
— — the metabolic stability of the compounds. The improved
compd n R '(ﬁf@l)a (%Srtgr?q'g%ng) Sob‘jﬁ’}l')'tf metabolic stability of the compound8gand16gis most likely
p— caused by the de_creased I|p0ph|I|C|_ty_ pf these comp_ounds, which
3m 1 H 17401 67 31< x < 63 redgces their affinity for or accessibility to metabo_llc enzymes,
3b 1 4-Br 17402 a1 31< x < 63 particularly the cytochrome P450 famityThe relatively high
3¢ 1 2-Me 16+0.1 67 16<x <31 inhibitor potency of the free carboxylic acid containing com-
gg : g-((ﬁ:—ldicl areo? x woexta pounds at para and meta positiot8g 16g 16i) is partly due
3f 1 26-diF 17+ 0.1 43 16< x < 31 to having a sufficient distance between the urea group and the
3g 1 26-diF,4-CPr 35+0.1 34 63<x <125 carboxylic acic®? Moving the carboxylic acid group to the ortho
gg g j:g';vle 028-% 8.(1)3 gg iéz i : gi position (L6k), however, dramatically decreased inhibitory
3¢ 0 4-NO, 0644 0.03 nd 31< x < 63 activity. In general, cis isomers showed poorer metabolic
13d 0 4F 0.80+ 0.05 69 16< x < 31 stability against human hepatic microsomes than the corre-
13e 0 3,5-diF 1.0£0.1 nd 31<x <63 sponding trans isomers. Presumably, cis isomers were more
Cisl39 0 4-COH 13+0.05 ~99 500 susceptible to metabolism by CYP 450s than the trans isomers.
9a 1 H 0.9+ 0.1 nd 31< x < 63 Docking Compounds 13g and 16g with sEH Enzymelo
9 1 4-Br 21£01 20 31<x<63 understand the observation that the cis isomers were, in general,
gg 1 %e g'gi 8'1 ;‘5‘ gij i - gg more potent than the trans isomers, we manually docked
%9 1 26-diCl 15+ 0.1 26 16< x < 31 inhibitors 13gand16ginto the active site of SEH. For this, we
of 1 26-diF 1.1+ 0.1 19 31<x <63 used the published X-ray crystal structure of human sgEH
?ga é ivGB'rdiF’ 4-Cpr igi 8-? gg éii’jﬁ?o complexed with a urea-based ligand (4-(3-cyclohexylureido)-
16b 0 4-OMe 0.55¢ 0.06 14 63< x < 125 butyric acid, CU4, PDB accession number 1ZB3).
16c 0 4-NO 0.72+0.05 15 31<x < 63 Between two plausible binding modes fb8g and 16g, the
122 g ;"SF_diF Oléo&i 8-(1)1 %(1) é?j i : g; orientation given in Figure 3 is more favorable. The other
16g 0 4.COH 0.89+ 0.04 08 ~500 binding mode that is used to explain the increased activity of
16i 0 3-COH 1.94 0.03 nd >500 previous inhibitors, making an H-bond with G#, resulted in
16k 0 2-COH 330+ 30 nd >500 steric clashes between the phenyl group of the inhibitors and

aValues are the meatt SD of three experiment8.Metabolic stability the residues of the binding site, such as et

in_ human hepatic microsomes. The remaining percentage of the parent Qur previous report also showed that this methionine residue
compounds was measured after incubation for 60 min. nd, not determined.

¢ Solubilities were measured in sodium phosphate buffer (pH 7.4, 0.1 M) p.layssé an |mportz_ant role in bl_ndlng of the inhibitor inta the factlve
containing 1% of DMSO. The data present a range where the solubility is SIt€-> T0 test this hypothesis, we made thanstrans-1,3-bis-
greater than the lower value. Results are the means of three separatd4-hydroxycyclohexyl)ure@9. We found that the potency (k¢
experiments. = 1400+ 200 nM) of 39 is dramatically decreased compared

to DCU (ICsp = 52 nM) in which both hydroxyl groups &89
ed are replaced by hydrogens. These results clearly demonstrated
d that a hydroxyl group on a cyclohexane BB interacts
unfavorably with one of the active site residues, presumably
with Met33”. The observation th&t and8, which possess only
one 4-hydroxycyclohexyl group, showed almost equal or greater
inhibitory potency compared to DCU suggested that these
compounds, and presumably other compounds in the same series
(Table 2), orient themselves to avoid an unfavorable interaction

The metabolic stability of these compounds was determin
against human hepatic microsomes fortified with NADPH, an
their water solubility was determined in sodium phosphate buffer
(Table 2). We previously showed that metabolism and water
solubility are important factors contributing sEH inhibitor
potency in vive?® To produce more metabolically stable
inhibitors, we first hypothesized that metabolism on the benzylic
position is the most susceptible in these inhibitor skele®®ns. ‘' 337 [
We thus decided to take two approaches to improve the with Met (Flggre 3)-
metabolic stability of the inhibitors: introduction of steric shields ~ AS seen in Figure 3, compoundsSg and 16g were bound
and removal of the metabolically susceptible position. Therefore, Primarily through interactions with T§#, Tyr*%5 and Asg*®
compounds were synthesized by introducing a methyl group or with the urea pharmacophore. We also found that the carboxy-
halogen atom(s) as steric shields on ortho position(s) of the laté of compoundd.3g and 16g could form hydrogen bonds
phenyl ring, such a8c—g and 9c—g, and by eliminating a with Met*18 and with Arg‘osanq Tr_ﬁz“, geparately_. Presu_mably,
methylene unit, such ak3a—g and 16a—g. Both approaches _the presence Qf_extra H-bpndlngllﬁgmlght explain the s_,llghtly
failed to stabilize the compounds except fb8g and 16g increased activity of cis isomers compared to trans isomers.
suggesting that the benzylic position is not a susceptible  Structural Contribution to Inhibition. Before moving onto
metabolic group in this series of compounds. Moreover, phenoxy the determination of the pharmacokinetic properties of these
derivatives having electron-withdrawing group(s) suchés-f inhibitors, we evaluated the effect of structural components of
showed metabolic instability, also supporting the hypothesis that €ach inhibitor by dividing them into four parts (P1, P2, P3, and
the phenyl group is not susceptible to metabolism. In addition, P4, Table 3).
despite the favorable in vitro activity and metabolic stability of First, as we demonstrated previoushyreplacement of the
compounds such as3b (0.87 £ 0.03 nM, stability= 82%), adamantyl group with a-trifluoromethoxyphenyl group at P1
they were found to be poor candidates for in vivo studies in c-FCTU, 20a and 20b showed no changes in potency
because of minimal water solubility (in general less than 31 compared tal6d, 13g and 16g In contrast to20a and 20b,
uM). Compounds such as tipefluoro derivativel3d, however, introduction of a free carboxylic acid close to the urea group
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a.

Trp524

Arg408

Figure 3. (a) Superposition of the compounii3g (green) andl6g (magenta) docked into the active site of human sEH. The residué® apd
Leu**8 are omitted for clarity. (b) H-bonding df3gwith residue Met'. (c) H-bondings ofL6gwith residues Aré® and TrF?* Black lines indicate
possible hydrogen bonds.

Table 3. Contribution of Each Portion (P1, P2, P3, and P4) in the Inhihitor

0O Z

P1 P2 P3 P4

compd R X L Y z 1Gs502 (NM)
c-FCTW p-CR0-Ph NH cis-dHex (0] F 0.9+ 0.1
20a p-CR0-Ph NH trans-dHex O p-COH-Ph 0.9+ 0.1
20b p-CR0-Ph NH cis-cHex O p-COzH-Ph 0.6+ 0.1
c-FCUPRP p-COH-Ph NH cis-dHex (0] p-F-Ph 220+ 5
20c p-COH-Ph NH cis-cHex (e} p-COH-Ph 8300+ 200
22 adamantyl CH trans-dHex OCH 2,6-diF 3.5+ 0.3
23 adamantyl CH cis-cHex O 4-F 9.1+ 0.8
27 adamantyl NH n-Bu (0] 4-F 3.9+:0.3
29 adamantyl NH CHC=CCH, o} 4-F 42+ 2
31 adamantyl NH 1,4-Ph O 4-F 2¥%0.2
36 adamantyl NH cHex Ch 4-F 2.5+ 0.3

aValues are the meatt SD of three experiment8.Reference 15.

as inc-FCUB and20c dramatically decreased potency. These macophore is generally more active than the amide group

results also support the poor potencyl®k compared tdl6g (Scheme 2). However, the amides generally show greater
and 16i. These data suggested that the potency of thesesolubility and reduced melting point.
compounds could be optimized by focused libraries atP1. Third, to validate the choice of a cyclohexane group as a

Second, to test the importance of the urea group as aconformationally restricted spacer at the P3 region, compounds
pharmacophore, amide derivativ&3and23were synthesized.  having different linkers such asmbutyl, acetylenyl, or phenyl
They showed 3.5- and 9-fold less potency compared to the group between the urea group and the oxygen atom on a
corresponding urea compour@fsand16d, respectively, which cyclohexane linker, were synthesized to evaluate the importance
was consistent with previous comparisons between amide-baseaf the cyclohexane ring as a linker as illustrated by analogues
and urea-based compounid® suggesting that the urea phar- 27, 29, and 31 (Scheme 3). When the cyclohexane linker is
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Table 4. Comparison of Potencies of Selected Inhibitors for sEH from Various Animal Species

ICs0 (NM) solubility AUCH
compd mouse SEH ratsEHP  hamstersEM catsEM  dog SEM  human sEM (M) mp (°C) (x10* nM+min)
AUDA 10 11 5 3 3 3 63< x < 125 142-143 0.4
AEPU 3 5 2 27 86 14 256 x < 500 74-75 1.9
APAU 9 6 2 450 500 15 >500 205-206 3.7
13g 8 8 2 6 1 2 >500 2506-255 14.2

aFull data on the activity of TPAU on the sEH from other species are not included because of the instability of the compound on sipradel(1d/,
AUC = 0.33 x 10* nM*min). ® Measured with fluorescent ass&Measured with radioactive assayArea under the curve (AUC) estimated from a plot of
the inhibitor concentration in plasma (nM) versus time (minutes) following an oral dose of 0.3 mg/kg of the indicated compounds given to docsridasgly

16

14 -

- -
© o N
4 ' '

AUC (x10* nM min)
[}

AUDA TPAU AMAU AEPU APAU 3f 16d 20b 16g 13g

Figure 4. Pharmacokinetic profile data for selected compounds as
obtained via oral administration in a canine model. Area under the curve
(AUC) was estimated from a plot of inhibitor plasma concentration
(nM) versus time (min) following an oral dose of 0.3 mg/kg of the
indicated compounds in triglyceridés.

13f

switched to a flexible lineam-butyl group, the inhibitory activity
dropped by about 4-fold. Interestingly, enhancing the rigidity
by incorporating a phenyl group or an acetylene group also
decreased inhibitory activity by at least 3-fold and 40-fold,
respectively.

The importance of the P4 region was tested by making
analogue36 as a mixture by changing an oxygen atom to its
isostere, a methylene unit. Removal of an oxygen atom in either
13d or 16d, however, decreased potency, suggesting that the
oxygen atom helps not only to increase water solubility but also
to maintain potency (Scheme 4).

Pharmacokinetic Screening At this point, we investigated
in vivo properties of these inhibitors. This pharmacokinetic
screening was performed following oral administration in dgs.
As can be seen in Figure 43g 16g and20b, which have
improved metabolic stability and water solubility, are more
bioavailable thari6d or 3f. Meanwhile, estet3f was metabo-
lized quickly to the corresponding aciti3g as a its major
metabolite, presumably by esterade€ompoundl3gshowed
an almost 40-fold increase in AUC compared to AUDA (or
TPAU) and a 4-fold increase compared to APAU. Since it has
been demonstrated that the gastrointestinal absorption in human
and dogs is very similar, it is hoped that these results will be
transferable to humart§. Compounds that are both poorly

chosen to assess oral bioavailability. The oral bioavailability
of 13gwas determined after a single oral (po) and intravenous
(iv) administration in the dogs. It was dosed at 0.3 mg/kgiv (
= 2) in 1% morpholine saline and 0.3 mg/kg po= 2) in 1%
morpholine saline in two dogs via syringe. After a single
administration of compounti3gto female dogs, plasma samples
were collected over 24 h and plasma concentrations were
determined by HPLEMS/MS. Its oral bioavailability in dogs
under these conditions was 98%= 2) with aTyax0f 8 h and
aTyp of 19 h.

Comparison of Inhibitory Activity for sEH from Different
Animal Species.At this point, we decided to investigate the
inhibitory activity of selected inhibitors to SEH enzyme from
various animal species. AEPU, TPAU, and APAU, especially
APAU, showed poor inhibitory activities against SEH enzymes
from cat and dog. AUDA and.3g were potent against sEH
enzymes regardless of the species of origin, g showed
better water solubility and metabolic stability than AUDA (Table
4).

Efficacy of 13g in Mice. With a compound having good
pharmacokinetic property and good oral bioavailability in hand,
our attention moved to its in vivo activity. The ability 489
to regulate murine blood pressure was evaluated. Administration
of lipopolysaccharide (LPS) to mice causes profound and often
fatal hypotension in addition to other symptoms. In this study,
the administration of only 1 mg/kg df3gto mice treated with
LPS returned the blood pressure to normal, while more than 10
mg/kg of AUDA-BE were required to have a similar effect.
Even 0.5 mg/kg ofl13g returned blood pressure to 60% of
normal values. These efficacy data strongly supported the
increased efficacy af3gcompared to AUDA-BE suggesting
that our approach to optimize this lead was successful. To
support the hypothesis that reversal of hypotension is directly
derived from the inhibition of sEH, we determined the plasma
EETs/DHETS ratio by LE&MS/MS. As seen in Figure 5, the
increase in blood EETs/DHETS ratio caused by a low dose of
13gsupports the argument thaBgis reducing hypotension by
inhibiting the sEH.

gonclusion

We have described the synthesis and struetacivity
relationships of a series of conformationally restricted sEH

soluble in water and have a stable crystal structure as indicatedinhibitors using acigtrans-cyclohexane spacer. Our efforts to

by a high melting point are difficult to formulate. This situation
is made even more difficult with urea structures such as AUDA
that are also poorly soluble in common formulating reagents.
The increased potency df3g over AUDA partially addresses

optimize the cyclohexane portion of the lead ACU successfully
improved pharmacokinetic properties and potency as well. We
demonstrated that compout8g which has excellent bioavail-
ability, showed improved physical properties such as increased

the above issue because less material needs to be deliveredvater solubility and metabolic stability compared to previously

Although 13g possessed a relatively high melting point, this
problem is offset by the dramatically increased water solubility.
In addition, the benzoic acid df3gwas not susceptible to the
J oxidation that causes rapid metabolism of AUDA.
Bioavailability of 13g in Dogs.CompoundlL3ghad the best
blood levels from the pharmacokinetic screening, so it was

reported sEH inhibitors and enabled us to formulate the
compound easily for animal studie$3g also showed good
inhibitory activity against sEH enzymes from several different
animal species, which will allow for the investigation of a variety
of animal models using the same compound. In additidy
was shown to be more than 10 times effective in vivo in
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1.

Oxylipin ratio*

LPS+Vehicle LPS+AUDA-BE LPS+13g
Figure 5. LPS exposure produced temporal changes in plasma

oxylipins derived from epoxygenase and soluble epoxide hydrolase

pathways. %) Results (average: SD; n = 4) in LPS-exposed mice
treated with vehicle, AUDA-BE, ofl3g are depicted as the ratio of
(CEETs) DHETShoserved(Y EETS DHETS)enice only DOSES are as fol-
lows: AUDA-BE, 10 mg/kg;13g 1 mg/kg. Only the 8,9-, 11,12-, and

Hwang et al.

3.58-3.41 (m, 1H), 3.3%#3.24 (m, 1H), 2.13+1.81 (m, 13H),
1.50-1.33 (m, 6H), 1.56-1.33 (m, 2H), 1.170.99 (m, 2H).13C
NMR (CDCls): 6 156.65, 139.01, 128.49, 127.63, 127.57, 76.56,
70.14, 51.04, 48.64, 42.66, 36.57, 31.68, 30.82, 29.68. MS (ESI)
m/z 383.3 (M+ H*). Anal. (G4H34N,O;) C, H, N.
trans-1-Adamantan-1-yl-3-[4-(4-bromobenzyloxy)cyclohexyl]-
urea (3b). The general method above was used \pithromobenzyl
bromide to afford a white solid (0.42 g, 90% yield). Mp 25261
°C.H NMR (CDClg): ¢ 7.45 (d,J = 8 Hz, 2H), 7.20 (dJ = 8
Hz, 2H), 4.48 (s, 2H), 3.95 (s, 1H), 3.90 @ = 8 Hz, 1H), 3,-
58-3.43 (m, 1H), 3.353.22 (m, 1H), 2.121.89 (m, 13H), 1.76
1.60 (m, 6H), 1.49-1.33 (m, 2H), 1.171.01 (m, 2H).13C NMR
(DMSO-dg): 6 156.43, 138.77, 131.09, 129.37, 120.14, 76.03,
68.16, 49.32, 47.04, 42.04, 36.14, 30.70, 30.26, 28.93. MS (ESI)
m/z 461.2 (M+ HY).
trans-1-Adamantan-1-yl-3-[4-(2-methylbenzyloxy)cyclohexyl]-
urea (3c).The general method above was used with 2-methylbenzyl
bromide to afford a white solid (0.34 g, 86% yield). Mp 24748
°C.™H NMR (CDCl): 6 7.34-7.29 (m, 1H), 7.23+7.13 (m, 3H),

14,15-epoxides and corresponding diols were summed because the 5,63-51 (S, 2H), 3.96 (s, 1H), 3.91 (d,= 8 Hz, 1H), 3.57-3.43 (m,

regioisomer is a poor sEH substrate and spontaneously lactonized.

ameliorating hypotension than AUDA-BE in an LPS-sepsis
model. Further studies on the pharmacology of these and relate
inhibitors of the sEH are underway.

Experimental Section

General. All reagents and solvents were obtained from com-
mercial suppliers and were used without further purification. All

1H), 3,38-3.25 (m, 1H), 2.32 (s, 3H), 2.131.87 (m, 13H), 1.69

1.62 (m, 6H), 1.5%1.35 (m, 2H), 1.19-1.03 (m, 2H).13C NMR

(CDCly): 6 156.59, 136.76, 130.36, 128.58, 127.83, 125.95, 76.80,
8.76, 51.12, 48.76, 42.70, 36.60, 31.75, 30.83, 29.72, 18.96. MS
ESI)m/z 397.5 (M+ HY).

trans-1-Adamantan-1-yl-3-[4-(2-chlorobenzyloxy)cyclohexyl]-

urea (3d). The general method above was used with 2-chlorobenzyl

bromide to afford a white solid (0.36 g, 86% yield). Mp 24354

°C.H NMR (CDCl): ¢ 7.50 (dd,J = 7 and 2 Hz, 1H), 7.35

7.17 (m, 3H), 4.62 (s, 2H), 3.95 (s, 1H), 3.90 (d= 8 Hz, 1H),

reactions, unless otherwise described, were performed under an iner8.60-3.45 (m, 1H), 3.4%+3.31 (m, 1H), 2.1#1.85 (m, 13H),

atmosphere of dry nitrogen. Melting points were determined on an
OptiMelt melting point apparatus and are uncorrecf¢t NMR
and C NMR spectra were recorded at 300 and 75 MHz,

1.71-1.61 (m, 6H), 1.541.36 (m, 2H), 1.2+1.04 (m, 2H).13C
NMR (CDCl): ¢ 156.58, 136.77, 132.79, 129.30, 128.98, 128.60,
126.93, 77.40, 67.38, 51.11, 48.67, 42.67, 36.58, 31.68, 30.83,

respectively. Elemental analyses were determined at Midwest 29.70. MS (ESI)m/z 417.9 (M+ H™).

Microlab, Indianapolis, IN. Microwave reactions were performed
in an ETHOS SEL labstation (Milestone Inc., Shelton, CT). Mass
spectra were measured by EMS equipped with a Waters 2790
and a Waters PDA 996 using electrospraly) (onization. Flash
chromatography was performed on silica gel. The following

reagents were prepared by literature methods: benzyl bromide,

methanesulfonic acid cyclohexylmethyl est&®-fluorobenzyl-
triphenylphosphonium bromidé@ 4-phthalylamino-1-butanaf 4-
phthalimidobut-2-yn-1-of”
trans-1-Adamantan-1-yl-3-(4-hydroxycyclohexyl)urea (2)To
a solution of 1-adamantyl isocyanate (5 g, 28 mmol) in DMF (35
mL) were addedrans-4-aminocyclohexanol hydrochloride (6.4 g,
42 mmol) and EN (5.9 mL, 42 mmol) at 0°C. The reaction
mixture was warmed to room temperature and stirred overnight.
After addition d 1 N HCI (40 mL) and water, the resulting white
precipitates were collected by suction filtration. The collected solid
was thoroughly washed with water. Recrystallization from methanol
afforded 7.5 g (92%) of the title compound as a white solid. Mp
254—257 °C. *H NMR (DMSO-dg): ¢ 5.48 (d.J = 9 Hz, 1H),
5.38 (s, 1H), 4.48 (dJ = 5 Hz, 1H), 3.42-3.28 (m, 1H), 3.2&
3.13 (m, 1H), 2.021.93 (m, 3H), 1.8#1.68 (m, 10H), 1.63
1.54 (m, 6H), 1.24-0.93 (m, 4H)3C NMR (DMSOg): ¢ 156.48,

trans-1-Adamantan-1-yl-3-[4-(2,6-dichlorobenzyloxy)cyclohexyl]-
urea (3e).The general method above was used with 2,6-dichlo-
robenzyl bromide to afford a white solid (0.39 g, 86% yield). Mp
259-260 °C. 'H NMR (CDClg): 6 7.33-7.24 (m, 2H), 7.2%
7.12 (m, 1H), 4.75 (s, 2H), 3.95 (s, 1H), 3.91 (d= 8 Hz, 1H),
3.58-3.31 (m, 4H), 2.1#1.82 (m, 13H), 1.761.56 (m, 6H),
1.52-1.34 (m, 2H), 1.221.04 (m, 2H).13C NMR (CDCk): o
156.57, 136.96, 133.98, 129.91, 128.56, 77.37, 65.14, 51.14, 48.73,
42.69, 36.60, 31.76, 30.79, 29.73. MS (EBlz 451.2 (M+ H).

trans-1-Adamantan-1-yl-3-[4-(2,6-difluorobenzyloxy)cyclohexyl]-
urea (3f). The general method above was used with 2,6-difluo-
robenzyl bromide to afford a white solid (0.36 g, 86% yield). Mp
244-246 °C. 'H NMR (CDClg): ¢ 7.33-7.20 (m, 1H), 6.96-
6.83 (m, 2H), 4.59 (s, 2H), 3.94 (s, 1H), 3.88 (d= 9 Hz, 1H),
3.55-3.42 (m, 1H), 3.46-3.27 (m, 1H), 2.1+1.89 (m, 13H),
1.69-1.60 (m, 6H), 1.481.31 (m, 2H), 1.26-1.03 (m, 2H).13C
NMR (CDCl): 6 162.12 (d,J = 250 and 8 Hz), 156.54, 130.11
(t, J =10 Hz), 114.46 (tJ) = 19 Hz), 111.43 (ddJ = 25 and 10
Hz), 77.37,57.57,51.13, 48.71, 42.68, 36.58, 31.71, 30.73, 29.71.
MS (ESI)m/z 419.2 (M+ H™). Anal. (G4H32FN2O;) C, H, N.

trans-1-Adamantan-1-yl-3-[4-(2,6-difluoro-4-isopropoxyben-
zyloxy)cyclohexyllurea (3g).The general method above was used

68.16, 49.32, 47.24, 42.05, 36.16, 33.97, 31.17, 28.96. MS (ESI) with 2-bromomethyl-1,3-difluoro-5-isopropoxybenzeti&to afford

m/z 293.2 (M+ H™). Anal. (Ci7H2sN20,) C, H, N.

General Procedure for the Synthesis of Trans Isomers 3ah
and 9h.To a solution of compound (1 mmol) in DMF (10 mL)
was added 60% sodium hydride in oil (1.5 equiv) & After 10
min, benzyl bromide (1.2 equiv) was added. The reaction mixture
was allowed to slowly warm to room temperature overnight. The

a white solid (0.37 g, 78% yield). Mp 182186 °C. 'H NMR
(CDCly): 6 6.39 (d,J =10 Hz, 2H), 4.49 (s, 2H), 4.494.41 (m,
1H), 3.95 (s, 1H), 3.91 (dJ = 8 Hz, 1H), 3.54-3.39 (m, 1H),
3.35-3.23 (m, 1H), 2.0861.89 (m, 13H), 1.6#1.61 (m, 6H),
1.45-1.24 (m, 2H), 1.31 (dJ = 6 Hz, 6H), 1.18-1.01 (m, 2H).
13C NMR (DMSO-dg): 6 161.93 (ddJ = 246 and 12 Hz), 158.98

reaction was quenched by adding water, and the resulting white (t, J = 15 Hz), 156.43, 105.92 (] = 21 Hz), 99.16 (dd,) = 29
precipitates were collected and washed with water. The solids wereand 10 Hz), 76.03, 70.37, 56.41, 49.33, 47.00, 42.04, 36.15, 30.65,

chromatographed by a dry loading method.
trans-1-Adamantan-1-yl-3-(4-benzyloxycyclohexyl)urea (3a).

30.11, 28.94, 21.53. MS (ESth/z 477.4 (M+ HY).
trans-1-Adamantan-1-yl-3-(4-methoxycyclohexyl)urea (3h).

The general method above was used with benzyl bromide to afford The general method above was used with iodomethane to afford a

a white solid (0.35 g, 91% vyield). Mp 24245 °C. H NMR
(CDCly): 6 7.40~7.23 (m, 5H), 4.52 (s, 2H), 4.168.92 (m, 2H),

white solid (0.23 g, 75% yield). Mp 212214 °C. 'H NMR
(CDCl): 6 4.12-3.98 (m, 2H), 3.58-3.42 (m, 1H), 3.34 (s, 3H),
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3.18-3.06 (M, 1H), 2.13-1.88 (m, 13H), 1.741.58 (m, 6H),
1.41-1.24 (m, 2H), 1.26-1.03 (m, 2H).33C NMR (DMSO-de): 6

156.43, 77.59, 55.06, 49.33, 47.08, 42.04, 36.14, 30.66, 29.83,

28.93. MS (ESIm/z 307.4 (M+ H*). Anal. (CigH30N20,) C, H,
N.

trans-1-Adamantan-1-yl-3-(4-cyclohexylmethoxycyclohexyl)-
urea (9h). The general method above was used with methane-
sulfonic acid cyclohexylmethyl ester to afford a white solid (0.21
g, 54% yield). Mp 249-250 °C. *H NMR (CDCly): 6 3.95 (s,
1H), 3.91 (d,J = 8 Hz, 1H), 3.56-3.41 (m, 1H), 3.22 (dJ = 6
Hz, 2H), 3.19-3.08 (m, 1H), 2.13-:0.99 (m, 32H), 0.960.79 (m,
2H). 13C NMR (CDCk): ¢ 156.78, 77.30, 74.44, 50.98, 48.64,
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(d, J = 8 Hz, 1H), 4.02 (s, 1H), 3.663.51 (m, 2H), 2.231.07

(m, 23H).13C NMR (CDCL): ¢ 156.70, 139.19, 128.45, 127.54,
127.50, 73.02, 69.81, 50.96, 47.63, 42.69, 36.58, 29.69, 28.64,
28.51. MS (ESIyn/z 383.3 (M+ H*). Anal. (GaHaN202) C, H,

N

cis-1-Adamantan-1-yl-3-[4-(4-bromobenzyloxy)cyclohexyl]-
urea (9b). 9bwas synthesized from compoudby the general
procedure as that described for the synthesis of trans is@aets
and 9h with p-bromobenzyl bromide. Yield: 85% (0.39 g). Mp
207-208°C. 'H NMR (CDCly): o 7.46 (d,J = 8 Hz, 2H), 7.22
(d, J =8 Hz, 2H), 4.44 (s, 2H), 4.09 (d, = 6 Hz, 1H), 4.01 (s,
1H), 3.67-3.50 (m, 2H), 2.19-1.35 (m, 23H)13C NMR (CDCk):

42.67, 38.42, 36.58, 31.73, 30.83, 30.34, 29.68, 26.80, 26.00. MS¢ 156.59, 138.26, 131.55, 129.16, 121.29, 73.20, 69.12, 51.03,

(ESI) m/z 389.5 (M+ H+) Anal. (024H40N202) C, H, N.
cis-4-Nitrobenzoic Acid 4-(1,3-Dioxo-1,3-dihydroisoindol-2-
yl)cyclohexyl Ester (5)22 To a solution oftrans-2-(4-hydroxycy-
clohexyl)isoindole-1,3-dioné (38 g, 155 mmol), triphenylphos-
phine (65 g, 248 mmol), and 4-nitrobenzoic acid (41 g, 248 mmol)
in 1500 mL of THF was added dropwise diisopropyl azodicar-
boxylate (50 g, 248 mmol) at room temperature. The reaction

47.70, 42.70, 36.58, 29.70, 28.65, 28.47. MS (B8 461.1 (M
+ HY).
cis-1-Adamantan-1-yl-3-[4-(2-methylbenzyloxy)cyclohexyl]-
urea (9c). 9cwas synthesized from compourby the general
procedure as that described for the synthesis of trans is@aers
gh and 9h with 2-methylbenzyl bromide. Yield: 66% (0.26 Q).
Mp 156—-158°C. 'H NMR (CDCly): 6 7.41-7.07 (m, 4H), 4.46

mixture was stirred overnight. The solvent was evaporated, and (s, 2H), 4.11 (dJ = 8 Hz, 1H), 4.03 (s, 1H), 3.663.51 (m, 2H),

the resulting solid was recrystallized from methanol to afford 53 g
(87%) of the title compound as a white solitH NMR (CDCl):
0 8.40-8.36 (m, 4H), 7.79 (ddd] = 0.12, 0.02, and 0.02 Hz, 4H),
5.39 (s, 1H), 4.374.22 (m, 1H), 2.822.65 (m, 2H), 2.272.16
(m, 2H), 1.84-1.65 (m, 4H).

cis-4-Nitrobenzoic Acid 4-Aminocyclohexyl Ester (6).An
amount of 35 wt % hydrazine hydrate (0.93 g, 10.1 mmol) was
added to a solution of compour&(2.0 g, 5.1 mmol) in CHCI,
(50 mL) followed by MeOH (50 mL) at room temperature. The
reaction mixture was allowed to stir overnight. The resulting white
precipitates were filtered off, and the solvent was removed in vacuo.
The resulting white solids were dissolved in aqueduN HCI
solution and washed with Gi8l,. The aqueous layer was basified
with exces 1 N NaOH solution and then extracted with £CHp.
After the aqueous layer was dried with Mg$Ghe solvent was
evaporated affording crudeans-4-nitrobenzoic acid 4-aminocy-
clohexyl ester6 as a white solid (1.1 g, 89% yield), which was
used in the next step without further purificatid. NMR (DMSO-
ds): 0 8.26 (dd,J = 44 and 9 Hz, 4H), 6.72 (d] = 7 Hz, 2H),
5.08 (s, 1H), 2.061.36 (m, 9H).

cis-4-Nitrobenzoic Acid 4-(3-Adamantan-1-ylureido)cyclo-
hexyl Ester (7).To a solution compoun@ (0.66 g, 2.5 mmol) in
DMF was added 1-adamantyl isocyanate (0.4 g, 2.3 mmol) followed
by triethylamine (0.35 mL, 2.5 mmol) at®®. The reaction mixture
was stirred overnight. The reaction mixture was poured into water,

and the resulting precipitates were collected and washed with water.

The crude product was recrystallized from £Li/hexanes to afford
0.9 g (89%) of the title compound as a white solid. Mp 247
°C.H NMR (CDCly): 4 8.24 (dd,J = 29 and 9 Hz, 4H), 5.23 (s,
1H), 4.13 (d,J = 7 Hz, 1H), 4.05 (s, 1H), 3.753.61 (m, 1H),
2.17-1.41 (m, 23H). MS (ESIm/z 442.2 (M+ H*).

cis-1-Adamantan-1-yl-3-(4-hydroxycyclohexyl)urea (8)To a
solution of este (1 g, 2.3 mmol) in THF (100 mL) was added 1
N NaOH solution (4.6 mL, 4.6 mmol) at room temperature. The
reaction mixture was stirred overnight, at which time the reaction
was quenched by additionfd N HCI solution (5.5 mL). The
resulting white precipitate was collected by filtration and recrystal-
lized from methanol/water to afford 0.63 g (95% vyield) of the title
compound as a white solid. Mp 26207 °C. 'H NMR (DMSO-
de): 6 5.67 (d,J = 8 Hz, 1H), 5.45 (s, 1H), 4.41 (s, 1H), 3.63
3.51 (m, 1H), 3.46-3.36 (m, 1H), 2.06-1.92 (m, 3H), 1.8#1.78
(m, 6H), 1.62-1.53 (m, 6H), 1.5+1.36 (m, 8H).'3C NMR
(DMSO-dg): 0 156.39, 65.51, 49.29, 45.04, 42.08, 36.16, 30.95,
28.95, 28.24. MS (ESin/z 293.2 (M+ H*). Anal. (Ci7H2sN205)
C, H, N.

cis-1-Adamantan-1-yl-3-(4-benzyloxycyclohexyl)urea (9afCom-
pound 9a was synthesized from compourtl by the general
procedure as that described for the synthesis of trans is@aets
and9h with benzyl bromide. Yield: 86% (0.33 g). Mp 18182
°C.H NMR (CDCly): 0 7.43-7.24 (m, 5H), 4.49 (s, 2H), 4.11

2.33 (s, 3H), 2.181.43 (m, 23H).13C NMR (CDCk): o 156.68,
137.03, 136.50, 130.24, 128.30, 127.67, 125.89, 73.35, 68.44, 50.94,
47.63, 42.68, 36.57, 29.68, 28.69, 28.57, 18.98. MS (ESY
397.2 (M+ HT).
cis-1-Adamantan-1-yl-3-[4-(2-chlorobenzyloxy)cyclohexyl]-
urea (9d). 9dwas synthesized from compoudby the general
procedure as that described for the synthesis of trans is@aets
and 9h with 2-chlorobenzyl bromide. Yield: 82% (0.34 g). Mp
168-172 °C. *H NMR (CDClg): 6 7.31-7.20 (m, 1H), 6.93
6.83 (m, 3H), 4.54 (s, 2H), 4.04 (d,= 7 Hz, 1H), 3.96 (s, 1H),
3.65-3.51 (m, 2H), 2.121.39 (m, 23H).13C NMR (CDCk): o
156.72, 136.93, 132.77, 129.28, 128.88, 128.52, 126.85, 73.72,
67.05, 50.98, 47.69, 42.69, 36.58, 29.69, 28.73, 28.54. MS (ESI)
m/z 417.1 (M+ H™).
cis-1-Adamantan-1-yl-3-[4-(2,6-dichlorobenzyloxy)cyclohexyl]-
urea (9e). 9ewas synthesized from compourdby the general
procedure as that described for the synthesis of trans is@aeis
and9h with 2,6-dichlorobenzyl bromide. Yield: 58% (0.26 g). Mp
160-163 °C. 'H NMR (CDCl): 6 7.40 (m, 3H), 4.71 (s, 2H),
4.08 (d,J = 8 Hz, 1H), 4.01 (s, 1H), 3.673.54 (m, 2H), 2.13
1.44 (m, 23H).13C NMR (CDCk): ¢ 156.68, 136.92, 134.12,
129.82, 128.49, 74.22, 64.97, 50.94, 47.55, 42.66, 36.58, 29.68,
28.73, 28.49. MS (ESlin/z 452.1 (M+ H™).
cis-1-Adamantan-1-yl-3-[4-(2,6-difluorobenzyloxy)cyclohexyl]-
urea (9f). 9f was synthesized from compout@dby the general
procedure as that described for the synthesis of trans is@aets
and9h with 2,6-difluorobenzyl bromide. Yield: 63% (0.26 g). Mp
121-131°C. *H NMR (CDClg): ¢ 7.31-7.19 (m, 1H), 6.93
6.84 (m, 2H), 4.54 (s, 2H), 4.04 (d,= 7 Hz, 1H), 3.96 (s, 1H),
3.66-3.52 (m, 2H), 2.1%1.42 (m, 23H).13C NMR (CDCk): ¢
162.03 (dd,J = 250 and 8 Hz), 156.61, 130.03 (,= 10 Hz),
114.44 (tJ = 20 Hz), 111.37 (dd) = 26 and 10 Hz), 73.56, 57.21,
50.98, 47.57, 42.68, 36.59, 29.70, 28.58, 28.36. MS (BESH
419.2 (M+ HY).
cis-1-Adamantan-1-yl-3-[4-(2,6-difluoro-4-isopropoxybenzyl-
oxy)cyclohexylurea (99). 9awas synthesized from compoud
by the general procedure as that described for the synthesis of trans
isomers3a—h and9h with 2-bromomethyl-1,3-difluoro-5-isopro-
poxybenzenel7. Yield: 53% (0.25 g). Mp 7880 °C. 'H NMR
(CDCly): ¢ 6.41 (d,J = 9 Hz, 2H), 4.54-4.42 (m, 1H), 4.46 (s,
2H), 4.20-3.97 (m, 2H), 3.65-3.50 (m, 2H), 2.1+ 1.45 (m, 23H),
1.32 (d,J = 7 Hz, 6H).53C NMR (CDCk): ¢ 162.68 (ddJ = 247
and 12 Hz), 159.41 (i = 14 Hz), 156.70, 106.28 (§ = 21 Hz),
99.23 (dd,J = 29 and 10 Hz), 73.41, 70.83, 56.97 {t= 3 Hz),
50.88, 47.35, 42.63, 36.58, 29.68, 28.51, 28.39, 21.90. MS (ESI)
miz 477.2 (M+ HY).
cis-1-Adamantan-1-yl-3-(4-methoxycyclohexyl)urea (3i). 3i
was synthesized from compouBdy the general procedure as that
described for the synthesis of trans isom&es-h and 9h with
iodomethane. Yield: 85% (0.26 g). Mp 22220 °C. 'H NMR
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(CDCly): 6 4.11 (d,J = 7 Hz, 1H), 4.06 (s, 1H), 3.653.52 (m,
1H), 3.38-3.24 (m, 1H), 3.30 (s, 3H), 2.161.38 (m, 23H).13C
NMR (CDCly): 6 156.67, 75.07, 55.69, 50.97, 47.57, 42.70, 36.59,
29.70, 28.36, 28.22. MS (ESin/z 307.2 (M + H*). Anal.
(C1gH30N20,) C, H, N.
cis-1-Adamantan-1-yl-3-(4-cyclohexylmethoxycyclohexyl)-
urea (9i). 9i was synthesized from compourdby the general
procedure as that described for the synthesis of trans is@aets
and 9h with methanesulfonic acid cyclohexylmethyl ester. Yield:
70% (0.27 g). Mp 216:217°C.*H NMR (CDCls): 6 4.15 (d,J =
7 Hz, 1H), 4.07 (s, 1H), 3.673.50 (m, 1H), 3.43-3.34 (m, 1H),
3.18 (d,J = 7 Hz, 2H), 2.171.06 (m, 32H), 1.06-0.82 (m, 2H).
13C NMR (CDCh): 6 156.68, 73.86, 73.32, 50.97, 47.71, 42.69,

Hwang et al.

4.29 (m, 1H), 4.33 (qJ = 7 Hz, 2H), 4.28-4.18 (m, 1H), 2.6+
2.19 (m, 4H), 1.88-1.79 (m, 2H), 1.69-1.56 (m, 2H), 1.38 (1) =
7 Hz, 3H).

General Procedure for the Synthesis of Trans Isomers 13a
f. Hydrazine hydrate (35 wt %, 2 equiv) was added to a solution
of compoundL1in CH,CI, followed by MeOH at room temperature.
The reaction mixture was allowed to stir for 1 day. The resulting
white precipitates were filtered off, and the solvent was removed
in vacuo. The resulting white solids were dissolved in aqueous 1
N HCI solution and washed with Gi&l,. The aqueous layer was
basified with exces 1 N NaOH solution and then extracted with
CH.,Cl,. After the aqueous layer was dried with Mg&S@e solvent
was evaporated affording crude amih2 which was used in the

38.46, 36.59, 30.38, 29.70, 28.68, 28.51, 26.83, 26.05. MS (ESI) next step without further purification. To a solution compourd

m/z 389.2 (M+ H*). Anal. (CoaHaoN202) C, H, N.
cis-2-(4-Hydroxycyclohexyl)isoindole-1,3-dione (1033 A 1 N

in DMF was added 1-adamantyl isocyanate (0.9 equiv) followed
by triethylamine (1 equiv) at €C. The reaction mixture was stirred

NaOH solution (19 mL, 19 mmol) was added at room temperature overnight. The reaction mixture was poured into water, and the

to a solution of esteb (5 g, 12.7 mmol) in THF (100 mL). The

resulting precipitates were collected and washed with water. The

mixture was stirred overnight at room temperature, at which time crude product was purified by column chromatography by a dry

the reaction was quenched by additiohloN HCI solution (40

loading method.

mL). The solvent was removed under reduced pressure, and the trans-1-Adamantan-1-yl-3-[4-(4-bromophenoxy)cyclohexyl]-

resulting white precipitate that formed was collected by filtration
and dissolved in DMF. After adding triethylamine (6.5 g, 64 mmol)
at room temperature, the reaction mixture was heated at’@50

for 30 min in the microwave. After cooling to room temperature,

urea (13a).84% vyield. Mp 205-210 °C. 'H NMR (CDCl): ¢
7.33 (d,J = 9 Hz, 2H), 6.75 (dJ = 9 Hz, 2H), 4.18-4.04 (m,
1H), 4.02-3.90 (m, 2H), 3.65-3.50 (M, 1H), 2.26-1.80 (m, 13H),
1.77-1.42 (m, 8H), 1.29-1.11 (m, 2H) 23C NMR (DMSO-): 6

the reaction mixture was poured into water and then extracted with 156.65, 156.45, 132.16, 117.93, 111.67, 74.48, 49.36, 46.79, 42.05,
ether. The organic layer was washed with water thoroughly. After 36.15, 30.35, 29.71, 28.95. MS (ESlyz 447.1 (M+ H™).

the organic layer was dried with MgQQhe solvent was removed
in vacuo. The resulting white solids were recrystallized fromyCH
Cly/hexanes. Yield: 60% (1.9 gy NMR (CDCly): ¢ 7.76 (ddd,
J=38, 5, and 3 Hz, 4H), 4.214.07 (m, 2H), 2.722.55 (m, 2H),
1.96 (d,J = 14 Hz, 2H), 1.73-1.50 (m, 4H).

General Procedure for the Synthesis of Trans Isomers
(Phenoxy Intermediates) 1la-ftrans-2-[4-(4-Bromophenoxy)-
cyclohexyljisoindole-1,3-dione (11aCompoundlLlawas prepared
in 35% yield from compoundO using the procedure detailed for
compoundb. 'H NMR (CDCl): ¢ 7.83 (dd,J =5 and 3 Hz, 2H),
7.71 (dd,J =5 and 3 Hz, 2H), 7.397.33 (m, 2H), 6.83-6.77 (m,
2H), 4.32-4.13 (m, 2H), 2.49-2.20 (m, 4H), 1.88-1.77 (m, 2H),
1.65-1.49 (m, 2H).

trans-2-[4-(4-Methoxyphenoxy)cyclohexyl]isoindole-1,3-di-
one (11b). Compoundl1lb was prepared in 38% yield from
compound10 using the procedure detailed for compoutidH
NMR (CDCl): ¢ 7.85-7.77 (m, 2H), 7.747.65 (m, 2H), 6.92
6.76 (m, 4H), 4.284.11 (m, 2H), 3.77 (s, 3H), 2.472.19 (m,
4H), 1.88-1.75 (m, 2H), 1.641.45 (m, 2H).

trans-2-[4-(4-Nitrophenoxy)cyclohexyl]isoindole-1,3-dione (11c).
CompoundLlcwas prepared in 28% yield from compoub@using
the procedure detailed for compoubdH NMR (CDCl): ¢ 8.21
(d, I =9 Hz, 2H), 7.88-7.69 (m, 4H), 6.98 (dJ = 9 Hz, 2H),
4.53-4.40 (m, 1H), 4.324.18 (m, 1H), 2.56:2.20 (m, 4H), 1.95
1.82 (m, 2H), 1.73-1.52 (m, 2H).

trans-2-[4-(4-Fluorophenoxy)cyclohexyl]isoindole-1,3-dione
(11d). Compoundl1d was prepared in 40% yield from compound
10 using the procedure detailed for compousd 'H NMR
(CDCly): ¢ 7.77 (ddd,J = 38, 5, and 3 Hz, 4H), 7.066.84 (m,
4H), 4.30-4.15 (m, 2H), 2.48-2.31 (m, 2H), 2.26 (dJ = 11 Hz,
2H), 1.89-1.77 (m, 2H), 1.651.49 (m, 4H).

trans-2-[4-(3,5-Difluorophenoxy)cyclohexyl]isoindole-1,3-di-
one (11e). Compoundlle was prepared in 31% yield from
compound10 using the procedure detailed for compousdiH
NMR (CDCl): ¢ 7.93-7.64 (m, 4H), 6.536.31 (m, 4H), 4.38&
4.06 (m, 2H), 2.56-2.11 (m, 4H), 1.96-1.36 (m, 4H).13C NMR

trans-1-Adamantan-1-yl-3-[4-(4-methoxyphenoxy)cyclohexyl]-
urea (13b). 82% vyield. Mp 226-237 °C. 'H NMR (CDClk): ¢
6.89-6.80 (m, 4H), 5.59 (dJ = 7 Hz, 1H), 5.40 (s, 1H), 4.19
4.08 (m, 1H), 3.69 (s, 3H), 3.38.28 (m, 1H), 2.021.48 (m,
19H), 1.44-1.29 (m, 2H), 1.23-1.08 (m, 2H).13C NMR (CDCh):
0 156.55, 154.18, 151.73, 117.89, 114.74, 76.62, 55.83, 51.13,
48.47, 42.68, 36.57, 31.47, 30.63, 29.70. MS (B8l 399.26
(M + HY).
trans-1-Adamantan-1-yl-3-[4-(4-nitrophenoxy)cyclohexyl]-
urea (13c).95% yield. Mp 205-227 °C. *H NMR (CDCl): ¢
8.16 (d,J = 9 Hz, 2H), 6.90 (dJ = 9 Hz, 2H), 4.35-4.23 (m,
1H), 4.17-3.90 (m, 2H), 3.683.54 (m, 1H), 2.26-1.87 (m, 13H),
1.71-1.51 (m, 8H), 1.341.16 (m, 2H).13C NMR (DMSO-dg): 6
162.95, 156.43, 140.44, 125.91, 115.70, 75.29, 49.36, 46.65, 42.04,
36.14, 30.22, 29.55, 28.95. MS (ESt)yz 414.24 (M+ H).
trans-1-Adamantan-1-yl-3-[4-(4-fluorophenoxy)cyclohexyl]-
urea (13d).84% yield. Mp 242-245°C. IH NMR (CDCly): ¢
6.98-6.91 (m, 2H), 6.856.79 (m, 2H), 4.123.94 (m, 3H), 3.66
3.51 (m, 1H), 2.171.88 (m, 12H), 1.731.45 (m, 9H), 1.2&
1.11 (m, 2H).13C NMR (DMSO-ds): ¢ 156.43, 155.81 (dJ =
236 Hz), 153.42 (dJ = 2 Hz), 117.17 (d,J = 8 Hz), 115.81 (d,
J=23Hz), 74.91, 49.35, 46.81, 42.04, 36.14, 30.37, 29.82, 28.93.
MS (ESI)m/z 387.24 (M+ H™).
trans-1-Adamantan-1-yl-3-[4-(3,5-difluorophenoxy)cyclohexyl]-
urea (13e).87% yield. Mp 255-258°C. IH NMR (DMSO-dg): ¢
6.76-6.64 (m, 3H), 5.56 (dJ = 8 Hz, 1H), 5.32 (s, 1H), 4.43
4.30 (m, 1H), 3.453.31 (m, 1H), 2.06:1.73 (m, 13H), 1.69
1.35 (m, 8H), 1.32-1.15 (m, 2H).3C NMR (CDCk): 6 163.91
(dd,J =246 and 16 Hz), 159.85, 156.50, 99.67, 99.54, 99.42, 99.29,
96.42 (t,J = 26 Hz), 76.00, 51.29, 48.32, 42.75, 36.64, 31.38, 30.30,
29.77. MS (ESI)m/z 405.24 (M+ HY).
trans-4-[4-(3-Adamantan-1-ylureido)cyclohexyloxy]benzoic Acid
Ethyl Ester (13f). 68% yield. Mp 187189°C. H NMR (DMSO-
dg): 0 7.88 (d,J =9 Hz, 2H), 7.04 (dJ = 9 Hz, 2H), 5.61 (dJ
=7 Hz, 1H), 5.40 (s, 1H), 4.494.38 (m, 1H), 4.27 (q) = 8 Hz,
2H), 3.43-3.29 (m, 1H), 2.08-1.78 (m, 13H), 1.651.53 (m, 6H),

(CDCly): ¢ 168.42, 165.59, 165.38, 162.33, 162.12, 159.72, 134.10, 1.52-1.36 (m, 2H), 1.29 (tJ = 8 Hz, 3H), 1.33-1.15 (m, 2H).
132.04, 123.32, 99.64, 99.51, 99.39, 99.26, 96.76, 96.42, 96.08,°C NMR (CDCk): ¢ 166.59, 161.64, 156.73, 131.68, 122.75,

75.64, 49.51, 31.14, 27.44.
trans-4-[4-(1,3-Dioxo-1,3-dihydroisoindol-2-yl)cyclohexyloxy]-
benzoic Acid Ethyl Ester (11f). Compoundllawas prepared in
34% vyield from compoundlO using the procedure detailed for
compounds. 'H NMR (CDCl): 6 7.99 (d,J = 9 Hz, 2H), 7.85-
7.81 (m, 2H), 7.757.69 (m, 2H), 6.93 (dJ = 9 Hz, 2H), 4.46-

115.12, 75.21, 60.79, 51.03, 48.11, 42.65, 36.56, 31.26, 30.28,
29.66, 14.51. MS (ESin/z 441.4 (M+ H*). Anal. (GeHzeN2Oq)
C, H, N.

trans-4-[4-(3-Adamantan-1-ylureido)cyclohexyloxy]benzoic Acid
(13g).To a solution of urea in CECN was added lithium hydroxide
(3 equiv) followed by water at room temperature. The reaction



Epoxide Hydrolase Inhibitors

Journal of Medicinal Chemistry, 2007, Vol. 50, No.3835

mixture was stirred overnight. The solvent was evaporated in vacuo by the general procedure for the synthesis of trans isof®asf.
and washed with EtOAc. The aqueous layer was acidified with 1 82% yield. Mp 203-204°C. *H NMR (CDCly): 6 7.35(d,J=9
N HCI to give white precipitates. The resulting white solids were Hz, 2H), 6.76 (dJ = 9 Hz, 2H), 4.43-4.36 (m, 1H), 4.17 (dJ =
collected by suction filtration and washed with water. The crude 7 Hz, 1H), 4.09 (s, 1H), 3.713.57 (m, 1H), 2.2+1.43 (m, 23H).

product was recrystallized from MeOH to git8g(88% yield) as
a white solid. Mp 256-255°C. '"H NMR (DMSO-dg): 6 12.58 (s,
1H), 7.86 (d,J = 9 Hz, 2H), 7.02 (dJ = 9 Hz, 2H), 5.62 (dJ =
8 Hz, 1H), 5.41 (s, 1H), 4.484.36 (m, 1H), 3.63-3.54 (m, 1H),
2.11-1.34 (m, 21H), 1.321.11 (m, 2H).13C NMR (DMSO-dg):

13C NMR (CDChk): o 156.85, 156.62, 132.40, 117.86, 112.78,
71.86, 51.90, 47.46, 42.67, 36.56, 29.65, 28.40, 28.26. MS (ESI)
miz 447.3 (M+ H*).
cis-1-Adamantan-1-yl-3-[4-(4-methoxyphenoxy)cyclohexyl]-
urea (16b). Compound16b was synthesized from compourid

0 166.99, 161.11, 156.43, 131.37, 122.61, 115.08, 74.39, 49.36,through 15 by the general procedure for the synthesis of trans

46.75, 42.04, 36.14, 30.34, 29.73, 28.93. MS (B8 413.3 (M
+ H+) Anal. (CQ4H32N204‘CH40) C, H, N.

Synthesis of Cis Isomers (Phenoxy Intermediates) 14d,h,j.
cis-2-[4-(4-Bromophenoxy)cyclohexyl]isoindole-1,3-dione (14a).
Compoundl4awas prepared in 68% yield from compouédsing
the procedure detailed for compoubdH NMR (CDCl): ¢ 7.83
(dd,J =5 and 3 Hz, 2H), 7.71 (dd] = 5 and 3 Hz, 2H), 7.43
7.36 (m, 2H), 6.956.87 (m, 2H), 4.56 (s, 1H), 4.3%4.13 (m,
1H), 2.80-2.61 (m, 2H), 2.252.14 (m, 2H), 1.721.52 (m, 4H).

cis-2-[4-(4-Methoxyphenoxy)cyclohexyl]isoindole-1,3-dione

(14b). Compoundl4b was prepared in 52% yield from compound
4 using the procedure detailed for compoudmdH NMR (CDCly):
0 7.83 (dd,J = 6 and 3 Hz, 2H), 7.71 (dd] = 6 and 3 Hz, 2H),
7.00-6.73 (M, 4H), 4.5%+4.46 (m, 1H), 4.264.14 (m, 1H), 3.77
(s, 3H), 2.84-2.61 (m, 2H), 2.29-2.10 (m, 2H), 1.721.46 (m,
4H).

cis-2-[4-(4-Nitrophenoxy)cyclohexyl]isoindole-1,3-dione (14c).
Compoundl4cwas prepared in 44% yield from compouhdsing
the procedure detailed for compoubdH NMR (CDCly): ¢ 8.21
(d, J = 9 Hz, 2H), 7.86-7.67 (m, 4H), 7.05 (dJ = 9 Hz, 2H),
4.78-4.69 (m, 1H), 4.36-4.17 (m, 1H), 2.782.60 (m, 2H), 2.29-
2.17 (m, 2H), 1.86-1.53 (m, 4H).

cis-2-[4-(4-Fluorophenoxy)cyclohexyllisoindole-1,3-dione (14d).
Compoundl4dwas prepared in 80% yield from compouhdsing
the procedure detailed for compousidH NMR (CDCl): 6 7.84—
7.80 (m, 2H), 7.7%7.67 (m, 2H), 6.986.94 (m, 4H), 4.51 (s,
1H), 4.26-4.12 (m, 1H), 2.76:2.60 (m, 2H), 2.18 (dJ = 13 Hz,
2H), 1.79-1.49 (m, 4H).

cis-2-[4-(3,5-Difluorophenoxy)cyclohexyl]isoindole-1,3-di-
one (14e). Compound1l4e was prepared in 48% yield from
compound4 using the procedure detailed for compotéH NMR
(CDCly): 6 7.90-7.64 (m, 4H), 6.616.47 (m, 2H), 6.46:6.34
(m, 1H), 4.59-4.50 (m, 1H), 4.29-4.13 (m, 1H), 2.77#2.58 (m,
2H), 2.29-2.12 (m, 2H), 1.76'1.52 (m, 4H).

cis-4-[4-(1,3-Dioxo-1,3-dihydroisoindol-2-yl)cyclohexyloxy]-
benzoic Acid Ethyl Ester (14f). Compoundl4f was prepared in
78% vyield from compound! using the procedure detailed for
compoundb. 'H NMR (CDClg): 6 8.00 (d,J = 9 Hz, 2H), 7.86-
7.65 (m, 4H), 7.01 (dJ = 9 Hz, 2H), 4.73-4.65 (m, 1H), 4.34 (q,
J =7 Hz, 2H), 4.28-4.15 (m, 1H), 2.86-2.62 (m, 2H), 2.28
2.17 (m, 2H), 1.751.52 (m, 2H), 1.38 (tJ = 7 Hz, 3H).

cis-3-[4-(1,3-Dioxo-1,3-dihydroisoindol-2-yl)cyclohexyloxy]-
benzoic Acid Ethyl Ester (14h).Compoundl4h was prepared in
70% vyield from compound! using the procedure detailed for
compoundb. IH NMR (CDCly): ¢ 7.83 (dd,J = 6 and 3 Hz, 2H),
7.70 (dd,J = 6 and 3 Hz, 2H), 7.657.61 (m, 2H), 7.36 (tJ =8
Hz, 1H), 7.23 (dddJ = 8, 3, and 1 Hz, 1H), 4.704.65 (m, 1H),
4.22 (tt,J = 12 and 4 Hz, 1H), 3.92 (s, 3H), 2.8€.58 (m, 2H),
2.28-2.16 (m, 2H), 1.751.53 (m, 4H).

cis-2-[4-(1,3-Dioxo-1,3-dihydroisoindol-2-yl)cyclohexyloxy]-
benzoic Acid Ethyl Ester (14j). Compoundl4j was prepared in
68% vyield from compoundd using the procedure detailed for
compound. 'H NMR (CDCl): ¢ 7.81 (dd,J =5 and 3 Hz, 2H),
7.80-7.77 (m, 1H), 7.69 (dd]) = 5 and 3 Hz, 2H), 7.437.38 (m,
1H), 7.00-6.94 (m, 2H), 4.68-4.64 (m, 1H), 4.54 (q) = 7 Hz,
2H), 4.19 (tt,J = 13 and 4 Hz, 1H), 2.74 (dg} = 13 and 4 Hz,
2H), 2.30-2.22 (m, 2H), 1.721.55 (m, 4H), 1.43 (tJ = 7 Hz,
3H).

Synthesis of Cis Isomers (Phenoxyureas) 16d,h,j. cis-1-
Adamantan-1-yl-3-[4-(4-bromophenoxy)cyclohexyl]urea (16a).
Compoundl6a was synthesized from compourid through 15

isomers13a—f. 86% yield. Mp 188-189 °C. 'H NMR (DMSO-

de): 0 6.98-6.74 (m, 4H), 5.76 (dJ = 8 Hz, 1H), 5.42 (s, 1H),
4.34-4.24 (m, 1H), 3.69 (s, 3H), 3.58.41 (m, 1H), 2.051.33

(m, 23H).13C NMR (CDCk): ¢ 156.57, 154.06, 151.51, 117.76,
114.78, 72.55, 55.83, 51.08, 47.82, 42.71, 36.59, 29.70, 28.63,
28.35. MS (ESIm/z 399.3 (M+ H™). Anal. (CxuH3aN,05) C, H,

N

cis-1-Adamantan-1-yl-3-[4-(4-nitrophenoxy)cyclohexyllurea
(16c).CompoundL6cwas synthesized from compoufd through
15by the general procedure for the synthesis of trans isofrB=s
f. 79% yield. Mp 213-216°C. *H NMR (CDCl): ¢ 8.28 (d,J =
8 Hz, 2H), 8.19 (dJ = 8 Hz, 2H), 5.275.18 (m, 1H), 4.24 (dJ
=6 Hz, 1H), 4.1 (s, 1H), 3.753.60 (m, 1H), 2.181.44 (m, 23H).
13C NMR (CDCk): ¢ 162.90, 156.52, 141.29, 126.16, 115.44,
72.40, 51.13, 47.58, 42.69, 36.56, 29.69, 28.47, 28.17. MS (ESI)
m/z 414.2 (M+ H*). Anal. (G3H3:N3O4) C, H, N.
cis-1-Adamantan-1-yl-3-[4-(4-fluorophenoxy)cyclohexyl]-
urea (16d). Compoundl16d was synthesized from compounid
through 15 by the general procedure for the synthesis of trans
isomersl3a—f. 92% yield. Mp 206-209 °C. 'H NMR (CDCl):
0 6.98-6.91 (m, 2H), 6.84-6.78 (m, 2H), 4.34 (s, 1H), 4.30 (d,
= 10 Hz, 1H), 4.20 (s, 1H), 3.743.56 (m, 1H), 2.13-1.44 (m,
23H).13C NMR (CDCh): ¢ 158.89, 156.70, 155.74, 153.60, 153.57,
117.50, 117.39, 116.12, 115.82, 72.44, 51.00, 47.66, 42.69, 36.58,
31.72,29.68, 28.52, 28.30. MS (E®fyz 387.2 (M+ H'). Anal.
(Ca3H31FNO;) C, H, N.
cis-1-Adamantan-1-yl-3-[4-(3,5-difluorophenoxy)cyclohexyl]-
urea (16e).Compoundl6e was synthesized from compourid
through 15 by the general procedure for the synthesis of trans
isomers13a—f. 83% yield. Mp 193-198 °C. 'H NMR (CDClL):
0 6.45-6.34 (m, 3H), 4.43-4.35 (m, 1H), 4.183.93 (m, 2H),
3.71-3.57 (m, 1H), 2.13-1.43 (m, 23H).13C NMR (CDCk): o
164.52, 164.36, 162.10, 161.94, 159.45, 156.36, 99.68, 99.61, 99.48,
99.40, 96.14, 95.88, 95.62, 73.01, 49.33, 44.87, 42.06, 36.14, 28.94,
28.03, 27.19. MS (ESlin/z 405.5 (M+ H*).
cis-4-[4-(3-Adamantan-1-ylureido)cyclohexyloxy]benzoic Acid
Ethyl Ester (16f). Compoundl6f was synthesized from compound
14 through15 by the general procedure for the synthesis of trans
isomers13a—f. 69% yield. Mp 10%+136 °C. *H NMR (CDCl):
0 7.89 (d,J = 9 Hz, 2H), 7.04 (dJ = 9 Hz, 2H), 5.78 (dJ =8
Hz, 1H), 5.40 (s, 1H), 4.614.53 (m, 1H), 4.27 (¢J = 7 Hz, 2H),
3.56-3.46 (m, 1H), 2.02-1.93 (m, 3H), 1.88-1.39 (m, 20H), 1.30
(t, J= 7 Hz, 3H).13C NMR (CDCk): o 166.62, 161.46, 156.86,
131.70, 122.63, 115.22, 71.57, 60.80, 50.87, 47.35, 42.68, 36.58,
29.67, 28.47, 28.28, 14. 52. MS (ESt)yz 441.28 (M+ HY).
cis-4-[4-(3-Adamantan-1-ylureido)cyclohexyloxy]benzoic Acid
(16g).CompoundlL6gwas prepared frori6f according to the same
procedure described for compouh8g 88% yield. Mp 178-187
°C. H NMR (DMSO-dg): 6 12.60 (s, 1H), 7.87 (dJ = 9 Hz,
2H), 7.01 (d,J = 9 Hz, 2H), 5.80 (dJ = 7 Hz, 1H), 5.42 (s, 1H),
4.62-4.52 (m, 1H), 3.59-3.45 (m, 1H), 2.09-1.38 (m, 23H)13C
NMR (DMSO-dg): 6 166.97, 160.91, 156.36, 131.44, 122.63,
115.22, 72.24, 49.35, 44.90, 42.07, 36.15, 28.94, 28.09, 27.32. MS
(ESl) m/z 413.2 (M+ HT). Anal. (G4H32N204-0.5CH,0) C, H,
N

cis-3-[4-(3-Adamantan-1-ylureido)cyclohexyloxy]benzoic Acid
Methyl Ester (16h). Compound 16d was synthesized from
compoundl4 throughl5 by the general procedure for the synthesis
of trans isomersl3a—f. 67% yield. Mp 153-156 °C. 'H NMR
(DMSO-dg): 0 7.54-7.48 (m, 1H), 7.457.39 (m, 2H), 7.25
7.20 (m, 1H), 5.78 (dJ = 8 Hz, 1H), 5.41 (s, 1H), 4.564.47 (m,
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1H), 3.84 (s, 3H), 3.5%3.44 (m, 1H), 2.0%+1.94 (m, 3H), 1.86 cis-4-{ 4-[3-(4-Methoxycarbonylphenyl)ureido]cyclohexyloxy -
1.82 (m, 6H), 1.76:1.54 (m, 12H), 1.521.39 (m, 2H).13C NMR benzoic Acid Ethyl Ester (19c).'H NMR (CDCl): ¢ 7.96 (t,J
(DMSO-dg): 6 165.94, 157.07, 156.27, 130.96, 129.95, 121.20, = 9 Hz, 1H), 7.42 (dJ = 9 Hz, 1H), 7.16 (s, 1H), 6.87 (d,= 9
120.77, 116.00, 72.11, 52.11, 49.24, 45.04, 41.97, 36.05, 28.86,Hz, 1H), 5.21 (dJ = 8 Hz, 1H), 4.574.51 (m, 1H), 4.36 (¢J =
27.93, 27.29. MS (ESlwz 427.3 (M+ H™). 7 Hz, 1H), 3.92-3.77 (m, 1H), 3.88 (s, 1H), 2.671.95 (m, 1H),
cis-3-[4-(3-Adamantan-1-ylureido)cyclohexyloxylbenzoic Acid ~ 1.88-1.56 (m, 1H), 1.39 (t) = 7 Hz, 1H).*3C NMR (CDCk): 6
(16i).COmp0und]_6iwaS prepared frorhi6h according to the same 167.09, 167.01, 161.49, 154.39, 143.88, 131.78, 131.12, 123.95,
procedure described for compouh8g 91% yield. Mp 219-222 122.63, 118.00, 115.31, 71.31, 61.07, 52.12, 47.81, 28.41, 28.01,
°C. 'H NMR (DMSO-dg): 6 12.98 (s, 1H), 7.547.35 (m, 3H), 14.52. MS (ESI)m/z 441.2 (M+ H").
7.22-7.16 (m, 1H), 5.78 (d) = 8 Hz, 1H), 5.41 (s, 1H), 4.56 General Procedure for the Hydrolysis of 19a-d To Synthesize
4.45 (m, 1H), 3.573.43 (m, 1H), 2.02-1.94 (m, 3H), 1.96-1.37 20a—c. To a solution of urea in C¥CN was added lithium
(m, 20H).13C NMR (DMSO<g): 6 167.14, 157.09, 156.36, 132.25, hydroxide (3 equiv fo20ab, 6 equiv for20c) followed by water
129.85, 121.49, 120.51, 116.14, 72.17, 49.34, 45.08, 42.06, 36.15,at room temperature. The reaction mixture was stirred overnight
28.95, 28.07, 27.38. MS (ESkvz 413.2 (M + H*). Anal. or warmed to 90C for 6 h. The solvent was evaporated in vacuo
(Ca4H32N204) C, H, N. and washed with EtOAc. The aqueous layer was acidified with 1

cis-2-[4-(3-Adamantan-1-ylureido)cyclohexyloxy]benzoic Acid N HClI to give white precipitates. The resulting white solids were
Ethyl Ester (16j). CompoundL6d was synthesized from compound collected by suction filtration and washed with water. The crude
14 through15 by the general procedure for the synthesis of trans Product was recrystallized from MeOH. _
isomers13a—f. 88% yield. Mp 157-160 °C. 'H NMR (CDCly): trans-4-{ 4-[3-(4-Trifluoromethoxyphenyl)ureido]cyclohexyl-
8 7.74 (dd,J = 8.00 and 2 Hz, 1H), 7.427.35 (m, 1H), 6.95 oxy}benzoic Acid (20a) Mp 244-273°C.*H NMR (DMSO-dg):
6.89 (M, 2H), 4.57-4.50 (m, 2H), 4.46 (s, 1H), 4.31 (4,= 7 Hz, 0 12.59 (s, 1H), 8.51 (s, 1H), 7.86 (@= 9 Hz, 1H), 7.47 (dJ =
2H), 3.73-3.58 (m, 1H), 2.16-1.90 (m, 11H), 1.761.60 (m, 12H), 9 Hz, 1H), 7.22 (dJ = 9 Hz, 1H), 7.03 (d,J = 9 Hz, 1H), 6.19
1.35 (t,J = 7 Hz, 3H).13C NMR (CDCk): o 166.69, 157.00, (d,J=9Hz, 1H), 4.52-4.38 (m, 1H), 3.6%+3.45 (m, 1H), 2.12
156.92, 133.18, 131.70, 121.62, 120.06, 114.76, 72.16, 60.84, 50.891-87 (M, 1H), 1.58-1.28 (m, 1H).*C NMR (DMSO<): ¢ 167.07,
47.64, 42.61, 36.58, 29.66, 28.66, 28.17, 14.50. MS (E%1) 161.10, 154.47, 141.98, 139.87, 131.43, 122.74, 121.69, 118.55,
441.3 (M + HY). 115.10, 74.31, 47.17, 30.01, 29.66. MS (ESl}z 439.1 (M +

H*). Anal. (GiH2:1FsN;0s) C, H, N.

cis-4-{ 4-[3-(4-Trifluoromethoxyphenyl)ureido]cyclohexyloxy} -
benzoic Acid (20b).Mp 210-212°C. 'H NMR (DMSO-dg): ¢
12.60 (s, 1H), 8.48 (s, 1H), 7.87 (d,= 8 Hz, 1H), 7.47 (dJ =

cis-2-[4-(3-Adamantan-1-ylureido)cyclohexyloxy]benzoic Acid
(16k). CompoundL6k was prepared frori6j according to the same
procedure described for compouh8g 85% yield. Mp 215-221
o~ 1
7617_”7_'23/'?me1'\|"§’07§16)1 (zdﬁzfgs (S'z,lm),7é§§57 (?% (:mé m) 9 Hz, 1H), 7.21 (dJ = 9 Hz, 1H), 7.03 (dJ = 8 Hz, 1H), 6.35
1H), 5.67 (d,) = 7.62 Hz, 1H), 5.51 (s, 1H), 4.580.49 (m, 1H), (& J=8Hz, 1H), 4.66-4.57 (m, 1H), 3.733.60 (m, 1H), 1.87
3.52-3.37 (m, 1H), 2.021.74 (m, 11H), 1.741.44 (m, 12H)35C 1-50 (M, 1H).B3C NMR (DMSOy): 9 167.04, 160.90, 154.36,
NMR (DMSO<s): o 167.14, 157.09, 156.36, 132.25, 129.85, 141.99, 139.84, 131.48, 122.77, 121.67, 118.57, 115.28, 71.95,

121.49, 12051, 116.14, 72.17, 49.34, 45.08, 42.06, 36.15, 28.95,?3'6:' F2L~701’) %7~3H6~NMS (ESin/z 439.1 (M + H). Anal.
. + 211121 3IN2Us, i ’ .
é8'|(_)17’,\127'38' MS (ESHz 413.2 (M+HT). Anal. (CoaHaaNoOy) cis-4-{ 4-[3-(4-Carboxyphenyl)ureido]cyclohexyloxy ben-
v Bh TN i H o 1 .
2-Bromomethyl-1,3-difluoro-5-isopropoxybenzene (17)To a zoic Acid (20¢) Mp 250-257°C. 'H NMR (DMSO-e): 0 13.04

solution of 2,6-difluoro-4-hydroxylbenzyl alcoi8l(0.55 g, 2.72 (1?_:)5,716%),((18\.]62 gsHiHiH?G;ig%d(’]m: %H&’lesl_?) (g‘J‘; (%;Ii
mmol) in THF (27 mL) were added PP[1.07 g, 4.08 mmol) and - ! : . h e

- ; 8 Hz, 1H), 4.70-4.62 (m, 1H), 3.73-3.60 (m, 1H), 1.93-1.50 (m,
CBr, (1.35 g, 4.08 mmol) at 8C. The reaction mixture was warmed 1H). 3C NMR (DMSOdy): 6 167.14, 167.02, 160.89, 154.05,

to room temperature and the stirred for 5 h. The solvent was 14479 131.48. 130.57 122.79 122.74. 116.52 115.29 71.95
evaporated in vacuo and the residue was purified by column , 6'4 ‘27 66. 2’7 33 .An(:il @:'22,\"206_1'/3(:;_'40) C H N e

chromatography to give 0.63 g (88%) of the titled compound as General Procedure for the Synthesis of Amide Derivatives

colorless oil.'H NMR (CDCL): o 6'42_(d"] = 10 Hz, 2H), 4.51 22 and 23.To a solution of 1-adamantineacetic acid (1 mmol) in
(S, 2H), 4.54-4.44 (m, 1H), 1.34 (d) B 6 Hz, 6H). ) CH,Cl, (10 mL) were added an appropriate amine (1 mmoRNEt
General Procedure for the Synthesis of 19ac. To a solution (1.5 mmol), and EDCI (1.1 mmol) at ©C. The reaction mixture
of the appropriate amine (1.1 equiv) in DMF was added the \yarmed up to room temperature and was stirred overnight. The
indicated isocyanate (1 mmol) followed by triethylamine (1.1 equiv) gplvent was evaporated, and the remaining residue was dissolved
at 0°C. The reaction mixture was stirred overnight. The reaction j, EtoAc and washed with water. The organic layer was dried with
mixture was poured mto_water, and the r_esultlng precipitates were MgSO, and filtered. After the solvent was evaporated, the residue
collected and washed wiita 1 N HClsolution followed by water. was purified with column chromatography with 280% EtOAc
The crude product was recrystallized from £LHp/hexanes or was in hexanes.
purified by silica gel chromatography using 30% EtOAc in hexanes trans-2-Adamantan-1-yIN-[4-(2,6-difluorobenzyloxy)cyclohexyl]-
as an eluent. acetamide (22) The general method was used withto afford a
trans-4 4-[3-(4-Trifluoromethoxyphenyl)ureido]cyclohexyl- white solid (0.26 g, 62% vyield). Mp 169171 °C. 'H NMR
oxy}benzoic Acid Ethyl Ester (19a).!H NMR (CDCl): 6 7.97 (DMSO-dg): 0 7.54 (d,J =8 Hz, 1H), 7.49-7.38 (m, 1H), 7.15
(d,J=9Hz, 2H), 7.34 (dJ = 9 Hz, 2H), 7.15 (dJ = 9 Hz, 2H), 7.05 (m, 2H), 4.51 (s, 2H), 3.583.43 (m, 1H), 3.35 (s, 2H), 3.35
6.88 (d,J =9 Hz, 2H), 6.52 (s, 1H), 4.67 (d,= 8 Hz, 1H), 434 325 (m, 1H), 2.041.47 (m, 19H), 1.291.09 (m, 4H).13C NMR
(9,9 =7 Hz, 2H), 4.36-4.20 (m, 1H), 3.843.69 (m, 1H), 2.2+ (DMSO-dg): 6 169.01, 161.20 (dd] = 248 and 8 Hz), 130.81 (t,
2.08 (m, 4H), 1.69-1.54 (m, 2H), 1.38 (tJ = 7 Hz, 3H), 1.33- J =10 Hz), 114.09 (t) = 20 Hz), 111.56 (dJ = 25 Hz), 111.55
1.23 (m, 2H)*C NMR (CDCk): 0 166.69, 161.61, 154.67, 137.51, (d, J = 13 Hz), 76.52, 56.66, 49.98, 46.67, 42.13, 36.50, 32.21,
131.74,122.89, 122.16, 121.35, 115.17, 74.99, 60.90, 48.48, 31.03,30.22, 30.05, 28.07. MS (ESkn/z 418.3 (M + H*). Anal.
30.16, 14.53. MS (ESlin/z 467.2 (M+ H™). (CasH33FNOy) C, H, N.
cis-4-{ 4-[3-(4-Trifluoromethoxyphenyl)ureido]cyclohexyloxy} - cis-2-Adamantan-1-yl-N-[4-(4-fluorophenoxy)cyclohexyl]acet-
benzoic Acid Ethyl Ester (19b).?H NMR (CDCl): ¢ 7.98 (d,J amide (23). The general method was used witbd to afford a
=9 Hz, 2H), 7.35 (dJ = 9 Hz, 2H), 7.13 (d) = 9 Hz, 2H), 6.87  white solid (0.27 g, 70% yield). Mp 151152 °C. H NMR
(d,J= 9 Hz, 2H), 6.85 (s, 1H), 5.01 (d,= 8 Hz, 1H), 4.57-4.51 (DMSO-dg): 6 7.64 (d,J = 8 Hz, 1H), 7.09 (tJ = 9 Hz, 2H),
(m, 1H), 4.36 (qJ = 7 Hz, 2H), 3.89-3.72 (m, 1H), 2.071.52 6.97-6.90 (M, 2H), 4.46:4.38 (m, 1H), 3.743.62 (M, 1H), 1.95
(m, 8H), 1.39 (tJ = 7 Hz, 3H). MS (ESI)m/z 467.2 (M+ H™). 1.78 (m, 9H), 1.76-1.48 (m, 16H).13C NMR (DMSO-dg): ¢
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169.02, 156.37 (dJ = 236 Hz), 153.38 (dJ = 2 Hz), 117.29 (d,
J = 8 Hz), 115.88 (dJ = 23 Hz), 71.91, 49.88, 45.60, 42.14,
36.51, 32.24, 28.08, 27.57, 27.12. MS (EBl 386.3 (M+ H™).
Anal. (GH3z.FNO,) C, H, N.
2-[4-(4-Fluorophenoxy)butyl]isoindole-1,3-dione (26)Com-
pound26 was prepared in 85% yield from compouB@using the
procedure detailed for compouri Mp 84—87 °C. 'H NMR
(CDCl): 6 7.83 (dd,J =5 and 3 Hz, 2H), 7.71 (ddl = 5 and 3
Hz, 2H), 6.97-6.89 (m, 2H), 6.836.76 (m, 2H), 3.94 (tJ =6
Hz, 2H), 3.76 (t,J = 7 Hz, 2H), 1.94-1.75 (m, 4H).13C NMR
(CDCly): 6 168.49, 157.19 (d] = 238 Hz), 155.05 (dJ = 2 Hz),
134.01, 132.13, 123.26, 115.78 M= 23 Hz), 115.46 (dJ =8
Hz), 67.80, 37.687, 26.67, 25.36. MS (E8ljz 314.1 (M+ H™).
Anal. (ClngeFNO3) C, H, N.
1-Adamantan-1-yl-3-[4-(4-fluorophenoxy)butyljurea (27).Com-
pound 27 was synthesized from compourb by the general
procedure for the synthesis of trans isomEss—f. Mp 138-141
°C.H NMR (DMSO-dg): ¢ 7.09 (dt,J = 9 and 2 Hz, 2H), 6.92
(ddd,J =29, 4, and 2 Hz, 2H), 5.66 (8§ = 5 Hz, 1H), 5.44 (s, 1H),
3.92 (t,J = 6 Hz, 2H), 3.012.92 (m, 2H), 2.0%1.94 (m, 3H),
1.86-1.82 (m, 6H), 1.76-1.56 (m, 8H), 1.52-1.40 (m, 2H).13C
NMR (100 MHz, DMSO¢e): 6 156.37 (d,J = 235 Hz), 157.07,
154.96 (dJ =2 Hz), 115.71 (dJ = 31 Hz), 115.65, 67.79, 49.35,
42.06, 38.45, 36.15, 28.96, 26.74, 26.22. MS (B8Iy 361.23
M + HT).
2-[4-(4-Fluorophenoxy)but-2-ynylJisoindole-1,3-dione (28)Com-
pound28 was prepared in 90% yield from compouB8using the
procedure detailed for compourtd Mp 119-121 °C. IH NMR
(300 MHz, CDC¥}): 6 7.90-7.86 (m, 2H), 7.767.73 (m, 2H),
6.97-6.84 (m, 4H), 4.62 (1) = 2 Hz, 2H), 4.49 (tJ = 2 Hz, 2H).
13C NMR (CDCh) ¢ 167.05, 157.74 (d) = 239 Hz), 153.71 (dJ
=2 Hz), 134.33, 132.00, 123.64, 116.30 Jd&= 8 Hz), 115.88 (d,
J= 23 Hz), 81.17, 78.05, 56.82, 27.33. MS (E8ijz 310.1 (M
+ HT). Anal. (GgH12FNGOs) C, H, N.
1-Adamantan-1-yl-3-[4-(4-fluorophenoxy)but-2-ynyllurea (29).
Compound29 was synthesized from compou@8 by the general
procedure for the synthesis of trans isom&3s—f. Mp 135-136
°C.1H NMR (CDCl): ¢ 7.02-6.85 (m, 4H), 4.64 (dd) = 2 and
2 Hz, 2H), 4.29-4.06 (m, 2H), 4.0+ 3.94 (m, 2H), 2.13-2.02 (m,
3H), 2.01-1.90 (m, 6H), 1.7+1.62 (m, 6H).13C NMR (DMSO-
dg): 0 156.76 (d,J = 239 Hz), 156.24, 153.67 (dl = 2 Hz),
116.11 (dJ = 8 Hz), 115.82 (dJ = 23 Hz), 85.82, 76.58, 56.27,
49.60, 41.94, 36.10, 28.95, 28.48. MS (EBlE 357.2 (M+ H™).
Anal. (C21H25FN202) C, H, N.
1-Adamantan-1-yl-3-[4-(4-fluorophenoxy)phenyllurea (31).
Compound31was prepared in 85% yield from compoud@using
the procedure detailed for compoudexcept the product was
purified by column chromatography. Mp 16207 °C. 'H NMR
(DMSO-dg): 6 8.24 (s, 1H), 7.34 (d) = 9 Hz, 2H), 7.18 (tJ =
9 Hz, 2H), 6.99-6.86 (m, 4H), 5.82 (s, 1H), 2.691.85 (m, 9H),
1.66-1.59 (m, 6H).13C NMR (CDCk): 6 158.70 (dJ = 241 Hz),
155.11, 153.50 (dJ = 2 Hz), 153.33, 134.59, 122.61, 119.92 (d,
J = 8 Hz), 119.43, 116.34 (d] = 23 Hz), 51.37, 42.39, 36.49,
29.63. MS (ESI)m/z 381.2 (M+ H™). Anal. (GgH2sFN2O;) C,
1-Adamantan-1-yl-3-(4-oxocyclohexyl)urea (34)To a solution
of 34 (1.5 g, 5.1 mmol) in DMF (50 mL) was added PDC (4.8 g,
12.8 mmol) at room temperature. After being stirred overnight, the
reaction mixture was poured into water. The resulting white
precipitates were filtered and washed with water thoroughly. The
resulting solid was purified by recrystallization from DCM/hexanes
to give 1.26 g (85%) of the titled compound. Mp 244060 °C. 'H
NMR (DMSO-dg): 6 5.95-5.71 (br s, 1H), 5.555.33 (br s, 1H),
3.88-3.68 (m, 1H), 2.472.30 (m, 2H), 2.28-2.14 (m, 2H), 2.1+
1.77 (m, 11H), 1.761.45 (m, 8H).13C NMR (DMSO-d): o
210.03, 156.48, 49.42, 45.22, 42.02, 38.50, 36.14, 31.92, 28.94.
1-Adamantan-1-yl-3-[4-(4-fluorobenzylidene)cyclohexyllurea
(35).To a solution of 4-fluorobenzyltriphenylphosphonium bromide
(2.33 g, 5.2 mmol) in THF (15 mL) was added 1.6rivutyllithium
in THF (3.25 mL, 5.2 mmol) at-78 °C, and the mixture was
warmed to room temperature. A solution3% (0.5 g, 1.72 mmol)
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in THF (5 mL) was added dropwise over 10 min to the reaction
mixture at room temperature and heated to reflux overnight. After
the mixture was cooled to room temperature, the reaction was
quenched by adding water. THF was removed in vacuo. The
remained aqueous layer was extracted with EtOAg)(2The
combined organic layers were dried over Mg2@d concentrated
in vacuo, and the residue was purified by column chromatography
(3:7 EtOAc/hexanes) to give 0.56 g (70%) of the titled compound
as a white solid. Mp 193199 °C. 'H NMR (CDCly): 6 7.15—
7.08 (m, 2H), 7.026.94 (m, 2H), 6.20 (s, 1H), 4.324.02 (m,
2H), 3.82-3.66 (m, 1H), 2.79-2.66 (m, 2H), 2.42-2.22 (m, 2H),
2.15-1.88 (m, 9H), 1.741.59 (m, 6H), 1.371.07 (m, 4H).13C
NMR (CDCl): 6 162.96, 159.71, 156.72, 141.02, 134.08, 130.49,
130.39, 122.17, 115.18, 114.90, 51.01, 48.59, 42.70, 36.57, 35.27,
34.97, 34.23, 29.68, 27.05.
1-Adamantan-1-yl-3-[4-(4-fluorobenzyl)cyclohexyl]urea (36).
To a solution 0f35 (0.3 g, 0.78 mmol) in EtOAc was added 10%
palladium on carbon. The solution was filled with,,Hand the
reaction mixture was stirred for 2 h. After the solution was filtered
through Celite, the filtrate was concentrated in vacuo. Purification
by column chromatography (3:7 EtOAc/hexanes) gave the title
compound, 0.28 g (95%), as a white solid. Mp 3887 °C. 'H
NMR (CDCl): ¢ 7.10-6.88 (m, 4H), 5.20 (d) = 8 Hz, 0.56H),
4.85 (s, 0.56H), 4.72 (dl = 8 Hz, 0.44H), 4.66 (s, 0.44H), 3.83
3.74 (m, 0.56H), 3.563.34 (m, 0.44H), 2.46 (d] = 7 Hz, 1.12H),
2.42 (d,J = 7 Hz, 0.88H), 2.0#1.90 (m, 9H), 1.721.44 (m,
11H), 1.29-1.13 (m, 2H), 1.16-0.95 (m, 2H).13C NMR (CDCh):
0 161.33 (d,J = 243 Hz), 156.92, 156.84, 136.74 @= 3 Hz),
136.59 (d,J = 3 Hz), 130.42 (d,) = 8 Hz), 130.40 (dJ = 8 Hz),
115.01 (dJ = 21 Hz), 114.95 (dJ = 21 Hz), 50.90, 50.86, 49.36,
45.84,42.72,42.68, 41.60, 39.31, 38.18, 36.58, 33.90, 31.80, 30.20,
29.68, 27.64. MS (ESin/z 385.3 (M+ H™). Anal. (G4Hz3sFNO)
C, H, N.
1-Adamantan-1-yl-3-(4-hydroxybutyl)urea (38).Compound38
was prepared in 90% vyield from 1l-adamantyl isocycnate and
4-amino-1-butanol using the procedure detailed abové é&xcept
that the titled compound (93%) was recrystallized from MeOH.
Mp 149-152°C.H NMR (DMSO-dg): 9 5.60 (t,J =5 Hz, 1H),
5.44 (s, 1H), 4.39 (tJ = 5, 1H), 3.413.33 (m, 2H), 2.94-2.86
(m, 2H), 2.0+-1.94 (m, 3H), 1.88-1.80 (m, 6H), 1.621.56 (m,
6H), 1.42-1.27 (m, 4H).:3.C NMR (DMSO-dg): 0 157.09, 60.56,
49.34, 42.08, 38.73, 36.18, 30.01, 28.97, 26.75. MS (B3
267.2 (M+ H"). Anal. (GsH26N202) C, H, N.
trans,trans-1,3-Bis(4-hydroxycyclohexyl)urea (39)To a solu-
tion of 1,1-carbonyldiimidazole (0.2 g, 1 mmol) in GBN (10
mL) were addedrans-4-aminocyclohexanol (0.76 g, 5 mmol) and
triethylamine (0.7 mL, 5 mmol) followed by water (5 mL) at room
temperature. The reaction mixture was stirred overnight, and the
organic solvent was evaporated in vacuo. The resulting white
precipitate was filtered and washed with water thoroughly. The
resulting sample was purified by recrystallization from methanol
to give the titled compound (30%) as a white solid. Mp 2290
°C.1H NMR (DMSO-dg): 0 5.51 (d,J = 8 Hz, 2H), 4.49 (dJ =
4 Hz, 2H), 3.4+3.17 (m, 4H), 1.8+1.66 (m, 8H), 1.250.95 (m,
8H). 13C NMR (DMSO-ds): 6 156.86, 68.19, 47.54, 33.99, 31.19.
MS (ESI)m/z 257.2 (M+ H™). Anal. (G3H24N203) C, H, N.
Molecular Modeling. Molecular modeling was performed using
“BioMedCAChe 5.0” software (Fujitsu Computer Systems Corpo-
ration). The atomic coordinates of the crystal structure of human
SEH complexed with CU4 were retrieved from Protein Data Bank
(PDB) (entry 1ZD3)2 Compounds3gand16gwere docked into
the ligand-binding pocket manually by superposition with the parent
molecule (CU4). The ligand and the amino acid residues within
8.0 A from the ligand were minimized on MM geometry (MM3).
Metabolic Stability Assay. Human hepatic microsomes were
purchased from BD diagnostics (Sparks, MD). The incubation
mixture consisted of microsomal protein in potassium phosphate
buffer (100 mM, pH 7.4) and M test compound in a final volume
of 1 mL. The concentration of hepatic microsomal protein was 0.05
mg/mL. An NADPH-generating system containing 50 mM MgClI
57 mM glucose 6-phosphate, 2 mFINADP*, and 5 unit/mL
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glucose 6-phosphate dehydrogenase (Sigma, St. Louis) was prepared For the cytosolic preparation (hamster, cat, and dog), we used a
and added to the incubation mixture with a 10% volume of the radioactive based assay to determing,Malues?* Enzyme extracts
reaction mixture. After the addition of the NADPH-generating were incubated with inhibitors for 5 min in pH 7.4 sodium
system, the mixture was incubated at°&for 0 and 60 min. The phosphate buffer at 30C prior to substrate (racemiéH]-trans
reaction was terminated by the addition of one volume of ethanol. 1,3-diphenylpropene oxide) introduction (§&] = 50 «M; ~12000
All incubations were made in triplicate. The concentrations of the dpm/assay). The enzymes were incubated &€3or 5—10 min.
test compound in the reaction mixture were measured by LEG/MS  The reaction was quenched by addition ofi80of methanol and
MS, using a Micromass Quattro Premier triple quadrupole tandem 200 uL of isooctane, which extracts the remaining epoxide from
mass spectrometer (Micromass, Manchester, U.K.) equipped withthe agueous phase. The activity was followed by measuring the
an atomospheric pressure ionization source [atomospheric z-sprayquantity of radioactive diol formed in the aqueous phase using a
pressure chemical ionization (APcl) or electrospray ionization (ESI) liquid scintillation counter (Wallac model 1409; Gaithersburg, MD).
interface]. The separation was performed by Ultra Performance LC Conditions used gave rates that were linear with both time and
(UPLC; Waters Corporation, Milford, MA) with an Aquity column  enzyme concentration and that resulted in at least 5% but not more
(BEH 2.1 mmx 50 mm, 1.7um; Waters Corporation) at a flow  than 30% hydrolysis of the substrate. Assays were performed in
rate of 0.3 mL/min at ambient temperature. Solvent A was 10% triplicate. Gy results are the averages of three replicates.
acetonitrile and 90% water containing 0.1% formic acid, and solvent  Blood Pressure Determination and Oxylipin Profile. Male
B was acetonitrile containing 0.1% formic acid. Mobile phases were mice (C57BL/6, 8 weeks old, Charles River Laboratories) between
mixed with a linear gradient from 30% B to 100% B for 5minand 22 and 25 g were used in all treatments. The LPS was from
then isocratic for an additional 8 min with 100% B. Five microliters Escherichia coliserotype 0111:B4 purchased from Sigma-Aldrich.
of standard and the extracted microsome samples were injected ontd3gwas dissolved in trioleine containing 1% ethanol and AUDA-
the column. Data were analyzed with MassLynx software (version BE was dissolved directly in trioleinel.3g and AUDA-BE were
4.0). administered by oral gavage immediately after ip injection of LPS
Bioavailability Protocol. All in vivo experiments were done (10 mg/kg) in saline. Blood pressure was determined with a Visitech
following protocols approved by the Animal Use and Care BP-2000 (Visitech Systems, Apex, NC) described by Schmelzer
Committee of University of CaliforniaDavis. Two dogs weighing et al®
between 19 and 22 kg were used in the exposure studiesZ Blood was collected by cardiac puncture with an EDTA-rinsed
per time point). For pharmacokinetic screening, oral doses of 0.3 syringe. An amount of 1@L of a mixture of triphenyphosphine,
mg/kg were administered via syringe in 1 mL of tristerate at 40 butylated hydroxytoluene, and indomethacin (0.2% for each, w/w)
°C. For the determination of the bioavailabilif3gwas separately =~ was added to each collection tube. Each sample was spun
administered in saline containing 1% morpholine at 0.3 mg/kg orally immediately and the plasma separated. All samples were stored at
and intravenously. Dogs were bled via the retro-orbital route at 0, —80 °C until analysis. The ratio of EETs to DHETs was determined
15, 30, 60, 120, 180, 240, 300, 360, 480, and 1440 min after oral using a previously reported methéfd.
dosing and at 0, 5, 10, 15, 30, 45, 60, 120, 150, 180, 240, 300,
360, and 1440 min after intravenous dosing. All blood samples  Acknowledgment. The authors thank Dr. James Sanborn
were collected into EDTA tubes. Plasma was separated by for many helpful discussions. We also thank Dr. Jozsef Lango
centrifugation and stored &t78 °C until used. Plasma was assayed  for assistance with mass spectral determinations. This work was
by electrospray LEMS/MS as described above. Least-squares supported in part by NIEHS Grant ES02710, NIEHS Superfund
regression of the standard concentrations was used for sampIeGram P42 ES04699. and NIEHS Center Grant P30 ES05707
quantitation. ' '
Enzyme Preparation. Recombinant murine, rat, and human Supporting Information Available: Elemental analysis data
sEHs were produc_eql in a baculovirus expression sy$t€rand for the selected compounds and HPLC &RdNMR data for the
were purified by affinity chromatography as previously repoffed.  eyaluation of isomeric purity of compounds3f and 16f. This
Liver samples from hamster, dog, and cat are generous gifts frommaterial is available free of charge via the Internet at http:/
Dr. W. Yokoyama (USDA), Dr. G. Gross (University of Wiscon-  pubs.acs.org.
sin), and Dr. A. Hill (University of California, Davis), respectively.
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Elemental analysis of selected compounds:

Compd

Mol. Formula

Cald

Found

2
8
3a
3f
9a
13f
139
16b
16¢
16d
169
16i
16k

20a

C17H2sN202
C17H2sN202
C24H34N20;
C24H32F2N20;
C24H34N202
C26H3sN204
C24H32N204-CH40
C24H34N205
C23H31N304
C23H31FN20;
C24H32N2040.5 CH,0
C24H32N204
C24H32N204

Ca1H21F3N205

C, 69.83; H, 9.65; N, 9.58
C, 69.83; H, 9.65; N, 9.58
C, 75.35; H, 8.96; N, 7.32
C, 68.88; H, 7.71; N, 6.69
C, 75.35; H, 8.96; N, 7.32
C, 70.88; H, 8.24; N, 6.36
C, 67.54; H, 8.16; N, 6.30

C, 72.33; H, 8.60; N, 7.03

C, 66.81; H, 7.56; N, 10.16

C,71.47;H,8.08; N, 7.25
C, 68.67; H, 8.00; N, 6.54
C, 69.88; H, 7.82; N, 6.79
C, 69.88; H, 7.82; N, 6.79

C, 57.53; H, 4.83; N, 6.39

C, 69.90; H, 9.85; N, 9.60
C, 69.75; H, 9.90; N, 9.57
C, 75.26; H, 8.97; N, 7.19
C, 68.99; H, 7.75; N, 6.74
C, 75.10; H, 8.94; N, 7.33
C, 70.73; H, 8.15; N, 6.45
C, 67.61; H, 8.26; N, 6.36
C, 72.04; H,8.74; N, 7.03
C, 66.85; H, 7.58; N, 10.06
C,71.13; H,7.99; N, 7.20
C, 68.48; H, 7.59; N, 6.71
C, 69.48; H, 7.83; N, 6.68
C, 69.66; H, 7.80; N, 6.68

C,57.41; H,4.81; N, 6.39
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Compd Mol. Formula Cald Found
20b C,1H51F3N,0s C,57.53; H, 4.83; N, 6.39 C,57.33; H,4.81; N, 6.29
20c C21H22N,06-1/3CH4O C, 62.63; H,5.75; N, 6.85 C, 62.80; H, 5.56; N, 6.95
22 CasH33F2NO; C,71.91;, H,7.97; N, 3.35 C,72.13; H, 7.95; N, 3.49
23 C24H32FNO; C,74.77,H,8.37; N, 3.63 C,74.52; H, 8.40; N, 3.77
26 C1sH16FNO3 C, 69.00; H, 5.24; N, 4.47 C, 69.00; H, 5.24; N, 4.60
28 Ci1sH1,FNO3 C, 69.90; H, 3.91; N, 4.53 C,69.84; H,3.94; N, 451
29 C21H25FN20; C,70.76; H, 7.07; N, 7.86 C, 70.56; H, 7.02; N, 7.81
31 Ca3H25FN20O; C,72.61; H,6.62; N, 7.36 C, 72.60; H, 6.63; N, 7.39
36 Co4H33FN,O C, 74.96; H, 8.65; N, 7.29 C,74.68; H, 8.64; N, 7.24
38 Ci5Hy6N,0, C,67.63; H,9.84; N,10.52 C, 67.47; H, 10.06; N, 10.51
39 C13H24N203 C, 60.91; H, 9.44; N, 10.93 C, 60.78; H, 9.39; N, 10.86
3h C1sH30N20; C, 70.55; H, 9.87; N, 9.14 C, 70.37; H, 9.93; N, 9.08
9h C24H40N20; C, 74.18; H,10.38; N, 7.21 C, 73.93; H,10.37; N, 7.20
3i C1gH30N,0, C, 70.55; H, 9.87; N, 9.14 C, 70.71; H, 9.95; N, 9.10
9i C24H4N20; C,74.18; H, 10.38; N, 7.21 C,74.08; H,10.42; N, 7.28
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Figure 1. *H NMR of 1:1 mixture of 13f and 16f, demonstrating that the distinct peaks can be used to
S3

determine the isomeric purity of the compounds, such as doublet at & 5.62 and multiplet 4.50-4.37 for

the trans-isomer and the corresponding peaks at & 5.78 and 4.61-4.52 for the cis-isomer.
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Figure 2. *H NMR of 13f.
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Figure 3. 'H NMR of 16f.
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Figure 4. HPLC data for 13f and 16f. the compounds monitored at 254 nanometers with a reversed
phase column (ZORBAX SB-C18, 4.6 mm x 250 mm x 5 um, Hewlett Packard) running isocratically

with a solvent of acetonitrile/0.1% aqueous TFA (70:30, v/v), for 20 min at a flow rate of 1 mL/min.
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