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1,3-Disubstituted Ureas Functionalized with Ether Groups are Potent Inhibitors of the Soluble
Epoxide Hydrolase with Improved Pharmacokinetic Properties
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Soluble epoxide hydrolase (sEH) is a therapeutic target for treating hypertension and inflammation. 1,3-
Disubstituted ureas functionalized with an ether group are potent SEH inhibitors. However, their relatively
low metabolic stability leads to poor pharmacokinetic properties. To improve their bioavailability, we
investigated the effect of incorporating various polar groups on the ether function on the inhibition potencies,
physical properties, in vitro metabolic stability, and pharmacokinetic properties. The struattirgty
relationship studies showed that a hydrophobic linker between the urea group and the ether function is
necessary to keep their potency. In addition, urea-ether inhibitors having a polar group such as diethylene
glycol or morpholine significantly improved their physical properties and metabolic stability without any
loss of inhibitory potency. Furthermore, improved pharmacokinetic properties in murine and canine models
were obtained with the resulting inhibitors. These findings will facilitate the usage of sEH inhibitors in
animal models of hypertension and inflammation.

Introduction of these urea inhibitors likely result in poor in vivo availability

Cytochrome P450 epoxygenases oxidize polyunsaturated@nd difficulty in formulation?® We previously reported that a
endogenous fatty acids, such as arachidonic &éith generate  Polar functional group located on specific positions of one of
the corresponding epoxides (epoxyeicosatrienoic acids orthe alkyl chains of the urea |nh|b.|tors improves water solublllt.y
EETSY). These latter compounds have been reported as a new"d generally decreases melting points without decreasing
class of lipid mediators regulating blood pres$ufé and inhibitory potency* Further, a carboxylic acid group present
inflammation12-17 In addition, the EETSs further have vascular ©n the thirteenth atom or a polar group such as ester, sulfona-
protective effects such as suppression of reactive oxygen specieﬁ“de’ alcohol, ether, carbamate, or ketone chated on the f'fth/
following hypoxia-reoxygenatiofi or enhancement of a fibrin- ~ Sixth atom from the urea group was effective for producing
olytic pathway!® However, the metabolism of EETs to diny- Soluble inhibitors in either water or oil while retaining inhibition
droxyeicosatrienoic acids (DHETS) by the soluble epoxide POteNcy* 2 Such derivatives that have improved solubility and
hydrolase (SEH) often leads to reductions in these biological oW melting point have enhanced pharmacokinetic properties
activities® Thus, stabilizing the in vivo concentration of EETs  In mice compared to the lipophilic inhibitdf;”indicating that
through SEH inhibition represents a novel therapeutic avenue COMPounds having good physical properties result in a better
to treat hypertension, inflammation, and other cardiovascular Inhibitor for in vivo study. Although significantly improved
disorders. This hypothesis is supported by numerous in vivo phar_macokmenc properties were obtained fron_1 these |nh|b|t(_)rs,
experiments in animal models. For example, the blood pressurerélatively low absorptions and short half-lives were sitill
of spontaneously hypertensive- or angiotensin Il-induced hy- 0Pserved=2"These inhibitors may not have adequate pharma-
pertensive rats treated with SEH inhibitors is dramatically COkinetic properties to be effective as pharmaceuticals. Toward
reduced 911 Also, tobacco smoke-induced lung inflammatdn obtalnl_ng (_:ompour_1ds that have the _better absorbance and the
or lipopolysaccharide (LPS)-induced acute inflammafda longer in vivo half-lives, we have previously explored the effect
attenuated by treating with SEH inhibitors. All of these studies ©Of ureas substituted with an adamantyl group at position 1 and
support the hypothesis that anti-hypertensive and the cardio@ Piperidine group at position 3 of the uféand separately
protective effects are mediated by EETs and are dependent orféPlaced the adamantane group with various gréis.the
the extent of epoxide hydrolysis by sEf2! present study, we investigated the effect of functionalizing 1,3-

1,3-Disubstituted ureas and related compounds are very potenflisubstituted ureas with various polar ether groups on physical
inhibitors of SEH, and these compounds efficiently induce a properties, metabolic stability, and pharmacokinetic properties.
reduction in epoxide hydrolysis in several cellular and animal
models®22 However, poor physical properties, especially

limited solubility in either water or organic solvents of some ~ Scheme 1 outlines the syntheses of l-adamantan-1-yl-3-

(hydroxyalkyl)ureas and their aliphatic alkyl ether analogs.
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Scheme 1.Syntheses of 1-Adamantyl-3-hydroxyalkylureds ( heptanoate in 40% yield, followed by hydrolysis. Coupling of

3,5, 7, and9) and the Corresponding Ether Derivatives 4, 6, the resulting acid with 1-adamantylamine using 1-ethyl-3-[3-
8, and10)* (dimethylamino)propyl] carbodiimide hydrochloride (EDCI) in
a o . the presence ofN,N-4-dimethylaminopyridine (DMAP) in
@\Noo — > @NJ\NMOH — dichloromethane provided compoudin 97% yield. For the
H H preparation of the other amide anal@gwith the nitrogen on
1:n=0, 3:n=1,5:n=2 the “right side” of the carbonyl, the amino group of 5-amino-
7:n=3, 9:n=4 1-pentanol was protected in the reaction with ttbutyl)
o h Be 4 B dicarbonate in dioxane to give the corresponding protected
@\ JCJ)\ Nt R é; o 3 S; 8;:}f g; :;; S; 82:;3 intermediate in 97% yield, followed by alkylation of the
NN "o 10: n= 4, R= C3H7, hydroxyl group with 2-(ethoxyethoxy)ethyl bromidk Y in the

2 Reagents and conditions: (a) 2-hydroxyethylamine (for compaynd ~ Presence of a catalytic amount of sodium iodide and sodium
3-hydroxypropylamine (for compour8), 4-hydroxybutylamine (compound ~ hydride in DMF (28%). Then the amine was deprotected with
5), 5-hydroxypentylamine (for compour#, or 6-hydroxyhexylamine (for 4 N HCI in dioxane to afford amine salt, which was coupled

ﬁompouadg), DMF, %(bi 1b‘br°m°heptan‘(’-f (for Comp%;i'?%’« é‘brombo' with 1-adamantylacetic acid using EDCI and DMAP in dichlo-
exane (Tor compou , 1-bromopentane (for compou -bromobu- . 0

tane (for compoundB), or 1-bromopropane (for compountd), NaH, romethane to yle!d compouriB (97%). . )
DMF, rt. Scheme 5 outlines syntheses of analogs with a substituted

cyclohexyl @4—26) or phenyl @7—29) group as a linker
between the urea group and the oxygen atom in an ether group.
Reaction of 1-adamantyl isocyanate withns-4-aminocyclo-
hexanol in DMF gave l-adamantan-1-yl-3-(4-hydroxycyclo-
hexyl)urea [V) in 95% yield, followed by O-alkylation ofV

with 1-bromopentane (for compougd), 2-(ethoxyethoxy)ethyl
bromide (for compoun@5), or 3-morpholinopropyl bromide
(for compound26) in the presence of sodium hydride in DMF
to provide compound4, 25, and26, respectively, in 2540%
yields. Reaction of 1-adamantyl isocyanate with 3- or 4-ami-
nophenol gave intermediates in 95% yield, which were alkylated
with 2-(ethoxyethoxy)ethyl bromide (for compour2idand28)

or 3-morpholinopropyl bromide (for compouri9) to afford
compoundf27—29 in a range of 86-90% yields.

2, 1-bromohexane for compourl] 1-bromopentane for com-
pound6, 1-bromobutane for compourgland 3-bromopropane
for compoundL0) to afford the corresponding ether compounds
in a range of 36-55% vyields.

The syntheses of alkyl ethers with a methyl branth gnd
12) and ethylene glycol derivatives of compounglL5, 18, and
19) are described in Scheme 2A,B. As outlined in Scheme 2A,
compound?7 was brominated with triphenylphosphine and
carbon tetrabromide in DMF to produce l-adamantan-1-yl-3-
(5-bromopentyl)ured ] in 87% vyield, followed by etherification
with the corresponding alcohol (2-hexanol fbt, 2-methyl-
pentanol forl2, and triethylene glycol monomethyl ether for
18) in the presence of sodium hydride in DMF in a range of
25—-48% yields. Bromination of diethylene glycol monoethyl
ether (for 15) or 3-hydroxypropylmorpholine (fod9) using

triphenylphosphine and carbon tetrabromide in THF yielded the Results and Discussion

corresponding bromidds (87—95%), which were reacted with To synthesize soluble inhibitors with improved pharmaco-
compound’ in the presence of sodium hydride in DMF to afford  kinetic properties, a variety of urea derivatives functionalized
compoundsl5 and 19 in 52—65% yields, respectively. with various polar groups were explored in this study. We

Compounds13, 14, 16, and 17 were prepared by the previously showed that an alcohol or ether function present at
procedures depicted in Scheme 3. Monoalkylation of 1,3- least five atoms away from the urea carbonyl is very useful to
dihydroxypropane (for compount) or 1,4-dihydroxybutane make very potent soluble inhibitofé.This observation was
(for compound14) with 1-bromopropane in the presence of extended to include many polar groups such as the secondary
sodium hydride in DMF gave the corresponding monoalcohols pharmacophore. Because ease and cost-effectiveness in synthe-
3-propoxy-1-propanol and 4-propoxy-1-butanol, respectively, in sizing compounds are critical to facilitate extensive structure
approximately 18% yield. Reaction of these alcohols with activity relationship (SAR) studies, in this study an ether
the presence of sodium hydride in DMF produced compounds function was selected as the secondary functionality, which can
13 and 14 in 25-32% yields. Monoalkylation of di-(2- be easily prepared in two reaction steps in a high yield, while
bromoethyl) ether with 2,2,2-trifluoroethanol (for compouir) five or six reactions are required for the preparation of the
or 4-ethylphenol (for compountl7) using sodium hydride as a  corresponding alcohol function, eventually resulting in a lower
base in DMF afforded the corresponding 2-(2,2,2-trifluoroet- total reaction yield compared to that obtained in the preparation
hoxyethoxy)ethyl bromide and 2-(4-ethylphenoxyethoxy)ethyl of the ethef? First, five ether derivatives were synthesized to
bromide in 60% vyield. Each intermediate was reacted with determine the appropriate location for the incorporation of the
compound/ in the presence of sodium hydride in DMF to afford ether or other hydrogen binding pharmacophore. As shown in

compoundsl6 and 17, respectively, in 45% vyield. Table 1, compared to l-adamantyl-3-decylureas{|€9.4
Scheme 4 shows the syntheses of methanesulfonamide ureasM),?* compoundst, 6, 8, and10 showed potent inhibition on

(20 and21) and two corresponding amide derivative® @nd the target enzyme indicating that at least three methylene carbons

23) of compoundL5. As shown in Scheme 4A, reaction of 2-(2- between the primary urea and the secondary ether pharmacoph-

aminoethoxy)ethyl alcohol (for compoura®) and 5-amino-1- ores are necessary to produce potent inhibitory activity. In

pentanol (for compoun@1) with methanesulfonic anhydride = compounds with a shorter carbon chain len@of free alcohol

in acetonitrile gave 2-(2-hydroxyethoxy)ethylmethanesulfonamide functionality @, 3, 5, 7, and9), reduced inhibition potencies
and 5-hydroxypentylmethanesulfonamide, respectively, in 66% were observed, which is a similar result to that obtained
yield, which were reacted with in the presence of sodium  previously with an ester functionality. It should be noted that
hydride in DMF to afford compound20 and 21 in 40—55% when the free alcohol is sufficiently far from the central
yield. As described in Scheme 4B, alkylation of 7-bromohep- pharmacophore, as 8) the reduction in potency is minor. Thus,
tanoic acid ethyl ester with diethylene glycol monoethyl ether compounds such & could be used to give enhanced water
in the presence of sodium hydride in DMF afforded substituted solubility or for the synthesis of prodrugs and soft drugs. Based
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Scheme 2.Syntheses of 1-Adamantyl-3-substituted Alkyl-ufeas
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aReagents and conditions: (a)4#h CBu, DMF, rt; (b) 2-hexanol (for compoundll), 2-methyl-1-pentanol (for compourt®), or triethylene glycol
monomethyl ether (for compouriB), NaH, DMF, rt; (c) PBP, CBu, THF, rt; (d) compound’, NaH, DMF, rt.

Scheme 3.Syntheses of 1-Adamantyl-3-substituted Alkyl-urfeas
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aReagents and conditions: (a) 1,2-ethandiol (for compdiB)cr 1,3-
propandiol (for compound4), 1-propanol, NaH, DMF, rt; (b)), NaH, DMF,
rt; (c) 2,2,2-trifluoroethanol (for compound6) or 4-ethylphenol (for
compoundl?), NaH, DMF, rt; (d) compound, NaH, DMF, rt.
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on this SAR result and cost-effectiveness, compo8mdth a

pentyl linker between the two pharmacophores was selected as

a lead structure for further modifications in this study. When
water solubility of compoun® was examined, a 4-fold better
solubility was obtained compared to a nonfunctionalized lipo-
philic inhibitor. However, its solubility is still limited €2 ug/
mL) and similar to that obtained in the ester compogfhd.
Moreover, only 25% of compoun8l remained when it was
incubated with human liver microsomes for 60 min, suggesting

that 75% was metabolized by microsomal enzymes such as

P450s. These results suggest that compo8nikteds to be
modified for making compounds with not only increased
solubility but also improved metabolic stability, which can

on the target enzyme, physical properties, and in vitro metabolic
stability. Incorporation of a methyl branch on the carbon alpha
(12) or beta (2) to the ether oxygen atom of compoud
decreased both inhibition potency and metabolic stability, while
slightly enhanced physical properties were exhibited. Two
derivatives with a propoxy grou. 8 and14) showed increases

in inhibition and physical properties compared to compo8nd
However, a 3-fold reduction in stability was observed in the
compoundsi3and14), implying that a polar propyloxy group

or a branch chain incorporated in compouBddoes not
effectively produce improved inhibitors in either metabolic
stability or inhibition potency. Interestingly, an 80-fold better
water solubility than that of compourlwas observed when
an ethoxyethoxy group was introduced in the place of the
propoxy group of compoundk3 and 14 (15). Furthermore, a
significant enhancement of in vitro metabolic stability was
exhibited without a loss of inhibition potency, suggesting that
the diethylene glycol group of compourid would be very
useful for yielding inhibitors with improved pharmacokinetic
properties. It was anticipated that compodidvould be rapidly
metabolized byv-hydroxylation or byw-1 hydroxylation alpha

to the heteroatom. It was hypothesized that this metabolism
would be blocked by a terminal trifluoromethyl substituent in
16. To our surprise, compount6 showed decreased stability
in the S9 incubation, although dramatically improved water
solubility was obtained withl6 without a decrease in the
inhibition. An aryl ether derivative 1(7) also did not have
significant improvement in either solubility or stability, while
inhibition potency was maintained. Thus, neither a branch chain
(112 and 12) nor a trifluoromethyl(16) group incorporated in
the molecules provided a significant increase in metabolic
stability. As expected, compourld containing gp-ethylphenyl
group did not improve metabolic stability. On the other hand,

possibly result in inhibitors possessing enhanced pharmacoki-c0mparing compounds3 and 14 to 15, the increased polarity

netic properties.

As listed in Table 2, various ether compounds modified with
a variety of functionalities such as a branched alkyl chaih (
and 12), polar ether groupsl@—18), a morpholine 19), or a
sulfonamide 20 and 21) were synthesized to investigate the
effect of functionalization of compourdlon inhibition potency

of compoundl5 seemed to be effective for enhancing stability
as well as other physical properties.

Based on the results above, compou&iwas prepared. It
showed a dramatic improvement in physical properties and
similar stability to that of compound5, while an approximately
5-fold drop in inhibition was obtained. This indicates that the
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Scheme 4.Syntheses of 1-Adamantyl-3-substituted Alkyl-ureas with a Sulfonan@ifieutd21) and of Amide Derivatives22 and 23)
of Compoundl5?
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aReagents and conditions: (a) 2-aminoethoxyethanol (for compa@rat 5-amino-1-pentanol (for compouid), methanesulfonic anhydride, acetonitrile,
rt; (b) I, NaH, DMF, rt; (c) diethylene glycol monoethyl ether, NaH, DMF, rf; {dN NaOH, ethanol, rt; () 1-adamantylamine, EDCI, DMAP, dichloromethane,
rt; () di-(tert-butyl) dicarbonate, dioxane, rt; (g) 2-(ethoxyethoxy)ethyl bromide (prepared as described in SqBnie), NaH, DMF, rt; (h) (1) 4 N HCI
in dioxane, rt; (2) 1-adamantylacetic acid, triethylamine, EDCI, DMAP, dichloromethane, rt.

Scheme 5.Syntheses of 1-Adamantyl-3-substituted Cyclohexyl- or Phenyl-tireas

N Py OH_b’@OOO\R
NCO NJJ\N NJJ\N
H ( H H

H av)
24: R = s _~_~
25: R = &~ O

‘Re. (0
2:R= 0 N

l c,b
o /@ 27: R'= 3-[2-(2-ethoxyethoxy)ethyl]
_ORI
NJLN - 28: R'= 4-[2-(2-ethoxyethoxy)ethyl]
H H 29: R'= 4-(3-morpholinopropyl)
aReagents and conditions: (&pns-4-aminocyclohexanol hydrochloride, triethylamine, DMF, rt; (b) 1-bromopentane (for compasn@-(ethoxy-

ethoxy)ethyl bromidel(; for compound5), or 3-morpholinopropyl bromiddI(; for compound6); (c) 3-aminophenol (for compour¥) or 4-aminophenol
(for compound28 and 29), DMF, rt; (d) -(ethoxyethoxy)ethyl bromiddl(, NaH, DMF, rt.

polar ethylene glycol tail of compouriBwould be very useful considerable drop in inhibition potency was shown with the
for producing soluble compounds in either water or organic sulfonamide 20), which is 12-fold less active than compound
solvents although decreased inhibition was observed in this 15. Although the other sulfonamide derivativelj exhibited a
series. On the other hand, a morpholino derivath@ éxhibited reasonable inhibition on the enzyme, reductions in both solubil-
more desirable physical properties compared to compd®nd ity and stability were observed in this case, indicating that a
while retaining reasonable inhibition. Moreover, a 3-fold sulfonamide group attached to the ether derivatives is not useful
improved stability in the microsomal or S9 incubation was for either inhibiting the target enzyme effectively or stabilizing
gained in the polar morpholine compourik®), indicating that parent compounds against metabolism in this series. The result
a morpholino group is a very effective functionality for in Table 2 indicates that significantly enhanced improvements
producing enhanced sEH inhibitors not only with regard to in physical properties and metabolic stability were exhibited
physical properties but also with regard to metabolic stability. with the introduction of a diethylene glycol or a morpholino
When the morpholino group of compoudd was replaced by  group, as shown in compound$ and 19. We have reported

a methanesulfonamide function at least a 2-fold decrease inthat modification of the urea pharmacophore of potent sEH
stability was observed2Q and 21). Also, unfortunately, a inhibitors to the corresponding amide functionality does not
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Table 1. Inhibition of Human sEH by
1-Adamantyl-3-hydroxyalkylureas or the Corresponding Ether

Derivatives
A8
NJ\N/\(\/)Z\O R
H H
ICs0(NM)2
No n R human sEH
1 0 H 482
2 0 n-heptyl 29
3 1 H 746
4 1 n-hexyl 5.6
5 2 H 531
6 2 n-pentyl 4.4
7 3 H 84
8 3 n-butyl 4.1
9 4 H 12
10 4 n-propyl 3.7

aHuman sEH (1 nM) was incubated with inhibitors for 5 min in 25 mM
Bis-Tris/HCI buffer (200uL; pH 7.0) at 30°C before fluorescent substrate
(CMNPC) introduction (§ = 5 uM), results are triplicate averages. The

fluorescent assay as performed here has a standard error between 10 an

20%, suggesting that differences of 2-fold or greater are signiffant.

dramatically alter the inhibition potency and that an improve-

ment in physical properties is observed in the amide deriva-
tives2® This indicates that the physical properties of the ether

derivatives 15 or 19) might be further improved with the

modification of the urea pharmacophore to the amide function

without a drop in inhibition. Thus, when two amide analogues
of compoundl5 were prepared and23), compound2 with

the nitrogen atom on the left side of the carbonyl of the amide

function had approximately 50-fold decreased inhibition, while
a similar stability to that of compountl5 was obtained. The

f the nit t the right side of th id
pressnce of tne nrragen a1om on the Tign sice of e amlde 0.3 mg/kg body weight for dogs. A few sEH inhibitors such as

function did not drop inhibition potency, as shown in compoun

23, which is consistent with the previous report that the nitrogen
on the right side of the carbonyl group of the amide pharma-

cophore is important for producing potent inhibitét$iowever,

a 6-fold decrease in metabolic stability was obtained in the

amide compoun@3, indicating that an amide pharmacophore
might not be effective in this ether series for making stable
compounds in vivo while retaining potent inhibition unless the
amide functionality could be stabilized.

As shown in Table 3, the corresponding cyclohex3di
26) and phenyl 27—29) derivatives of compound$5 and 19

Journal of Medicinal Chemistry, 2007, Vol. 50, N&6221

to this linker are important for yielding very potent compounds
with improved metabolic stability while retaining reasonable
water solubility. Replacement of the cyclohexyl group by a
phenyl group ir25 resulted in approximately a 10-fold drop in
water solubility 7 and28), while similar stability was exhibited
with compound28. Interestingly, when the diethylene glycol
group was present on the 3-position of the phenyl rigg),(
stability was reduced suggesting that thetaposition on the
phenyl ring is metabolically susceptible. A phenyl derivative
with a morpholino group 29) also exhibited a 4-fold lower
solubility, but no decrease in stability was observed. Overall,
the results in Table 3 indicate that a cyclohexyl group as a linker
is effective for increasing not only inhibition potency on the
human sEH but metabolic stability without a drop in water
solubility when compared to the corresponding pentyl analogs.
Furthermore, a phenyl group as a linker between two pharma-
cophores is also effective for enhancing both inhibition and
metabolic stability, although a decrease in solubility was
observed. While in this study we concentrated on the human
§1EH, in previous studies we found over 90% correlation between

e inhibition results observed with the human and the murine
SEH21.23-25 Thus, the SAR conclusions drawn here for the
human enzyme are probably valid for the rodent enzyme, and
the best inhibitors herein are certainly also very potent inhibitor
for the rodent seEH. However, there are occasional large
differences in potency of certain compounds among model
species.

We then investigated the pharmacokinetics of a series of urea-
ether derivatives with improved physical properties and meta-
bolic stability in mice, rats, and dogs. As shown in Table 4, the
pharmacokinetic parameters (area under the curve (AUC) and
half-life (t12)) of eight derivatives were determined following
oral administration at 5 mg/kg body weight for rodents and at

compoundL5 (also called AEPU (1-adamantan-3-(5-(2-(ethyl-
ethoxy)ethoxy)pentyl)urea) or “9509are bioavailable whether
administered as a powder or a solution, however, many urea
sEH inhibitors are poorly bioavailable if they are not in true
solution. Thus, all compounds were administered by oral gavage
in tristerate solution at body temperature. In a few cases a trace
of ethanol was used to make a clear solution.

The AUC is an expression of how much and how long a
drug stays in the body and it is related to the amount of drug
absorbed systemically as well as the amount of drug metabo-

were further synthesized. Interestingly, when the pentyl linker lized, sequestered, and eliminated; while the is more

of compounds8, 15, and 19 was replaced by a cyclohexyl or
phenyl group 24—29), 4—8-fold increases in inhibition were
obtained, indicating that the increased structural rigidity and

indicative of the rates of degradation, distribution, and elimina-
tion. The experimental logP of each derivative was determined
and compared to the calculated values (clogP). Although a

increased hydrophobicity between the two pharmacophores issimilar trend was observed between the two values, there are

effective for producing highly potent inhibitors. This results in
compounds binding to the target enzyme very specifically.
Comparing compound8 and 24, replacement of the pentyl
linker (8) with a cyclohexyl 24) resulted in a poor inhibitor in
terms of physical properties (higher melting point and lower
water solubility), while similar stability was observed. However,
a huge improvement in solubility was observed when the
hydrophobic alkyl tail of compoun@4 was replaced by a polar
diethylene glycol 25) or 3-morpholinopropylZ6) group, which
has similar solubility to that of the corresponding pentyl
derivatives 15 and19). Moreover, significantly greater stabili-
ties were exhibited in the cyclohexyl derivatives with a polar
tail (25 and26) over the corresponding pentyl compounds (
and19), indicating that a cyclohexyl linker between the primary

significant differences between the calculated and experimental
logP. When we compared these data to water solubility data
(Tables 2 and 3), the changes in logP are related to their water
solubility. In the mouse, little or no apparent absorption was
observed with the compounds that have a pentyl group as a
linker (8, 15, and 19). Interestingly, a significant increase in
the AUC was obtained with the compounds that have a
cyclohexyl group as a linker2@ to 26) compared to the
corresponding pentyl compounds; (5, and19). Furthermore,

in the cyclohexyl serie2é to 26), the AUC decreased with an
increase in the logP, while the half-lives increased, suggesting
that the improved water solubility of the cyclohexyl derivatives
is likely useful for enhancing absorption that consequently
results in increased AUC. The replacement of the cyclohexyl

and the secondary pharmacophores, and a polar group attachelly a phenyl group results in compounds that were not
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Table 2. Inhibition of Human sEH, Physical Properties, and In Vitro Metabolic Stability of 1-Adamantyl-3-substituted Alkyl-urea Derivatives

ICso

aM)* Mp”
Human (°C -
SEH ) (hg/mL) microsomes S9

Solubility  Stability (%)”
in water®

R

8§ NH NH o\ 4.1 71 1.6 25 ND¢
A
/W

11 NH NH 11 45 2.3 12 ND
12 NH NH 10 49 2.0 12 ND
13 NH NH oA~ 25 oil 26 6.8 ND
14 NH NH A~ ~O0~ 2.3 oil 15 7.5 ND
15 NH NH O 14 78 120 30 11
0. F
16 NH NH \/\O/TF 14 34 234 39 11
17 NH NH /\/0\/\0@/\ 1.7 71 0.38 21 ND
18 NH NH /\/O\/\o/\/o\ 23 oil 3709 54 14
N
19 NH NH N/\o 9.0 ol 897 89 34
Q
20 NH  NH A0~ S5\ 58 oil 1082 42 12
H O
Q
21 NH  NH A~ ~o~pSn 11 93 75 59  <LD
H O
22 NH CHy A0~ 247 oil ND 32 5
23 CH, NH O 10 oil ND 5 ND

aHuman sEH (1 nM) was incubated with inhibitors for 5 min in 25 mM Bis-Tris/HCI buffer (200 pH 7.0) at 30°C before fluorescent substrate
(CMNPC) introduction (§] = 5 uM), results are averages of three separate measurements. The fluorescent assay as performed here has a standard error
between 10 and 20%, suggesting that differences of 2-fold or greater are sigrificaltelting point. ¢ Solubility in sodium phosphate buffer (0.1 M, pH
7.0) at 25+ 1.5°C. 4 Percentage (%) of test compound@s 11—22, and23) remaining aftea 1 hincubation with enzymes in human liver microsomes or
S9 fractions. Enzymes (0.125 mg for microsomes or 0.056 mg for S9 fractions) were incubated with inhi§jiterd () «M) for 0 and 60 min with data
shown for 60 min in sodium phosphate buffer (0.1 M, pH 7.4) af@7¢ Nondetermined? Limit of detection.

significantly absorbed in rodent&8§and29). Overall, it implies the presence of a cyclic linker (cyclohexgd to 26 or phenyl
that water solubility is an important factor for the absorption 28 and29) seems to increase the AUC in the dogs. For such
of this series of compounds in mice. In the rat, like in the mouse, linkers, the bioavailability is increased by the presence of polar
the cyclohexyl derivatives2@ to 26) gave overall the best  groups such as diethylene glycd@5 and 28) or morpholino
absorption and greatest metabolic stability. However, indepen- (26 and 29) groups. Overall, across the three species studied,
dent of the linker structure, compounds having a diethylene the rigidification of the structure with cyclohexyl or phenyl
glycol group (5, 25, and28) have better AUCs. Except for  group gives more bioavailable inhibitors than straight alkyl
15, these latter compounds also have a longer half-life. Overall, linkers such as the butyl or pentyl groups. Moreover, the
for the series of chemicals tested herein, water solubility is presence of a polar group attached to this linker improves
probably not as important for absorption in rats as it is in mice. absorption. There are large differences among the three species
There appears to be an optimal value of logP, between 3.0 andwith regard to the influence of structure on AUC ahg.
4.0, for good absorption. Overall, there is an apparent trend between AUC and the size
Finally, we studied these eight derivatives in a canine model of the species. However, even though the dose given to the small
(Table 4). All compounds tested were absorbed quite well, and animals (5 mg/kg) was higher than the one given to the dogs
no direct relationships between structural features and pharma{0.3 mg/kg), the total quantities received were larger for the
cokinetic parameters could be easily drawn. However, overall, dogs (6 mg instead of 0-11 mg for the rodents). There are
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Table 3. Inhibitions of Human and Murine sEHs, Physical Properties, and In Vitro Metabolic Stability of 1-Adamantyl-3-substituted Cyclohexyl- or
Phenyl-urea Derivatives

Mp? Solubility ~ Stability (%)”
in water”
Human sEH  (°C) (ug/mL)  microsomes  S9

o O~
24 @HJ\HO 1.2 205 04 2 ND
OO
s A3 1.6 155 424 91 79
H H

IC50 (IlM)a

No. R

(\o
26 @ o O"W”\) 1.8 178 134 92 81
!
(e}
27 @N*N’@L"’\/O\/\”\ 11 oil 17 56 9
o O\/\O/\/O\/
28 @NLNO 1.8 105 19 88 70

29 o ©’°W’© 1.3 191 34 93 97
25, -

aHuman sEH (1 nM) was incubated with inhibitors for 5 min in 25 mM Bis-Tris/HCI buffer (200 pH 7.0) at 30°C before fluorescent substrate
(CMNPC) introduction (§] = 5 uM), results are averages of three separate measurements. The fluorescent assay as performed here has a standard error
between 10 and 20%, suggesting that differences of 2-fold or greater are sigrificaltelting point. ¢ Solubility in sodium phosphate buffer (0.1 M, pH
7.0) at 25+ 1.5°C. 4 Percentage (%) of test compound@s 11—22, and23) remaining aftea 1 hincubation with enzymes in human liver microsomes or
S9 fractions. Enzymes (0.125 mg for microsomes or 0.056 mg for S9 fractions) were incubated with inhi§jiterd () «M) for 0 and 60 min with data
shown for 60 min in sodium phosphate buffer (0.1 M, pH 7.4) af@7¢ Nondetermined.

Table 4. Pharmacokinetic Parameters of 1-Adamantyl-3-substituted In conclusion, this work focused on producing inhibitors of
ge”_ty' 8, 15, 19)-, Cyclohexyl 34*26)” or Phenyl g8, 29)-urea human sEH with improved pharmacokinetic properties. This was
erivatives in Mouse, Rat, and Dog done by analyzing the effects of structural changes of 1,3-
mouse rat dog disubstituted ureas with an ether function present at least three

LogP atoms away from the urea carbonyl on inhibition potency,

No. (cLogPP AUC® tyf  AUC® ! AUCC  tyf physical properties (e.g., water solubility and melting point),
8 50 <LD® <LD <LD <LD 5600 130 and metabolic stability. The inhibition studies showed that a
(3.1) hydrophobic group as a linker between the primary urea and

15 36 <Lb  <LD 3000 39 8300 180 the ether function is necessary to yield potent inhibitors.
19 (21_;19) 340 15 750 200 2500 90 Furthermore, the presence of polar groups on the other side of

(1.5) the ether does not affect the inhibition potency significantly.

24  >50 1200 170 560 120 5100 120 However, up to 80-fold and 3-fold increases in water solubility

(3.4) and in vitro metabolic stability, respectively, were observed.

25 (21'97) 2800 160 5900 150 9800 90 The best results were obtained in compounds functionalized with
26 2.2 10000 80 2400 110 27000 130  ethylene glycol or morpholine groups. Furthermore, the corre-
(1.4) sponding cyclohexyl or phenyl derivatives showed improved

28 ?2-96) <LD <LD 2900 580 34000 320 metabolic stability as well as enhanced inhibition potency while
29 59 LD <D <D  <LD 8400 130 retaining reaso_nab_le water so!ublllty.__The improved water

2.3) solubility and in vitro metabolic stability were useful for

" T loaP® Caloulate oaps o — enhancing pharmacokinetic properties in animal models. Overall,
Measured logP: Calculate logP* Area under the concentration-time 5155 the three species studied, we found the bioavailability is
curve to terminal time (mitg-nM-mg~?1). 4 Elimination half-life (min). .
e Limit of detection. enhanced by the presence of cyclohexyl as a linker between
. . . . ) the urea and the ether and by a polar group, such as diethylene
many variables involved in scaling from rodent to canine gvcol or morpholine, on the other side of the ether. In summary,
species, including total size, hepatic and renal blood flow, gut \e \ere able to increase solubility and bioavailability of SEH

residence time, and many other fac_:tors. !t must a_tlso be cautionednipitors without any loss in potency. These findings are an
that blood levels correlate well with efficacy with only about i hortant basis for the design of improved, orally available
half of the marketed pharmaceuticals. Furthermore, the in vivo therapeutic agents for the treatment of hypertension and

behavior of the sEH inhibitors is not easy to predict from qammation.

microsomal and S9. These suggest that further pharmacokinetic

studies are needed to understand the mechanisms of absorptiorsxperimental Section

disposition, metabolism, and elimination for this series of  All melting points were determined with a Thomas-Hoover
compounds and, thus, be able to predict their in vivo behaviors. apparatus (A.H. Thomas Co.) and are uncorrected. Mass spectra
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were measured by LC-MS/MS (Waters 2790) using positive mode  1-Adamantan-1-yl-3{5-[2-(2-ethoxyethoxy)ethoxy]penty} -
electrospray ionization. Elemental analyses (C, H, N/F) were urea (15).To a solution of diethylene glycol monoethyl ether (13.0
performed by Midwest Microlab, IN; analytical results were within g, 95 mmol) in THF (150 mL) was added portionwise triph-
+0.4% of the theoretical values for the formula given unless enylphosphine (27.6 g, 0.11 mol) and carbon tetrabromide (35.0 g,
otherwise indicated!H and3C NMR spectra were recorded ona 0.11 mol) at 0°C. After stirring for 12 h at room temperature,
QE-300 spectrometer, using tetramethylsilane as an internal stan-hexane (100 mL) was added to the reaction mixture. This crude
dard. IR spectra were recorded on a Thermo Nicolet IR100 mixture was filtered to get rid of triphenylphospine oxide, and the
spectrometer. Synthetic methods are described for representativeorganic solvent dissolving the product was washed with water (100

compounds.

1-Adamantan-1-yl-3-(5-hydroxypentyl)urea (7).To a solution
of adamantyl isocyanate (0.20 g, 1.13 mmol) in DMF (15 mL) was
added a solution of 5-amino-1-pentanol (0.17 g, 1.69 mmol) in DMF
(15 mL) at 0°C. After stirring for 12 h, an aqueous solution of 1
N HCI (40 mL) was added into the reaction at®©, and the mixture
was stirred for 30 min. The crystalline solid product was filtered
and washed with water (40 mL) and ethyl acetate (20 mL). The
resulting solid was dried in the vacuum oven to givas a white
solid (0.75 g, 100%)!H NMR ¢ (CDCly) 1.37-1.42 (2H, m),
1.46-1.53 (2H, m), 1.5#1.62 (2H, m), 1.66 (6H, brs), 1.96 (6H,
brs), 2.06 (3H, brs), 3.13 (2H, 4,= 6.9 Hz), 3.65 (2H, tJ = 6.9
Hz), 4.14 (1H, s), 4.39 (1H, s). LC-MS (EShvz calcd for
CigH2gN20; [M + H]T, 281.22; found [M+ H]*, 281.33; mp
220°C; Anal. (ClGHZSNZOZ) C, H, N.

Compoundsl, 3, 5, and 9 were synthesized with the same
procedure used for the preparationfising the corresponding
aminoalkanol instead of 5-amino-1-pentanol.

1-Adamantan-1-yl-3-(5-butoxypentyl)urea (8).To a suspension
of 60% sodium hydride (21 mg, 0.53 mmol) aid150 mg, 0.53
mmol) in DMF (20 mL) was added dropwise 1-bromobutane (90
mg, 0.64 mmol) at room temperature. After stirring for 12 h, water

(40 mL) was poured into the reaction mixture, and the product was

extracted with ether (40 mL). The organic solution was dried over
MgSQO, and concentrated. The residue was purified using silica gel
column chromatography (hexane/ethyl acetatg:1) to give8 (80

mg, 45%) as a solidH NMR ¢ (CDCl) 0.92 (3H, t,J = 6.9 Hz),
1.35-1.38 (4H, m), 1.53-1.77 (12H, m), 1.946 (6H, brs), 2.06
(3H, brs), 3.10 (2H, ) = 6.9 Hz), 3.36-3.43 (4H, m), 4.14 (1H,

s), 4.26 (1H, s). LC-MS (ESIjwz calcd for GoHzgN.O, [M +

H]*, 337.28; found [M + H]*, 337.32; mp 71°C; Anal.
(CaoH36N20,) C, H, N.

Compounds2, 4, 6, and 10 were synthesized with the same
method used for the preparation 8fusing the corresponding
1-bromoalkane instead of 1-bromobutane.

1-Adamantan-1-yl-3-[5-(1-methylpentyloxy)pentyljurea (11).

To a solution of7 (1.02 g, 3.64 mmol) in DMF (40 mL) was added
portionwise triphenylphosphine (1.05 g, 4.01 mmol) and carbon
tetrabromide (2.00 g, 4.01 mmol) at°C. After stirring for 12 h,

mL), dried over MgS@ and concentrated. The residue was purified
using silica gel column chromatography (hexane only and hexane/
ethyl acetate= 3:1) to give brominated produtt as an oil (16.4
g, 87%). Productl (10.4 g, 53 mmol) was added dropwise to a
suspension of 60% sodium hydride (2.83 g, 70mmol) and compound
7 (9.9 g, 35 mmol) in DMF (70 mL) at OC. After stirring for 12
h, water (150 mL) was poured into the reaction mixture, and the
product was extracted with ether (100 mk 2). The organic
solution was dried over MgSnd concentrated. The residue was
purified using silica gel column chromatography (hexane/ethyl
acetate= 3:1) to afford15 (52%) as a solid*H NMR 6 (CDCls)
1.22 (3H, t,J = 6.9 Hz), 1.371.43 (2H, m), 1.46-1.53 (2H, m),
1.56-1.61 (2H, m), 1.67 (6H, brs), 1.97 (6H, brs), 2.07 (3H, brs),
3.11 (2H, gq,J = 6.9 Hz), 3.46 (2H, tJ = 6.9 Hz), 3.48-3.67
(10H, m), 4.21 (1H, s), 4.26 (1H, s¥C NMR ¢ (CDCl;) 15.12,
23.36, 29.05, 29.53, 29.68, 36.43, 40.00, 42.51, 50.74, 66.64, 69.78,
69.97, 70.57, 70.60, 71.01, 157.2. IR 1631 ¢én8299 cn1?, 3379
cm L. LC-MS (ESI)mVz calcd for GoHaoN2O4 [M + H]T, 397.30;
found [M + H]*, 397.31; mp 78C; Anal. (G2H4oN20y4) C, H, N.
Compound19 was synthesized with the same procedure used
for the preparation ofl5 using 3-morpholinopropyl bromide
prepared from the corresponding alcohol instead of 2-(ethoxy-
ethoxy)-ethyl bromide.
1-Adamantan-1-yl-3-(5{2-[2-(2,2,2-trifluoroethoxy)ethoxy]-
ethoxy} pentyl)urea (16). To a solution of 60% sodium hydride
(1.71 g, 42.8 mmol) and 2,2,2-trifluoroethanol (7.20 g, 71.4 mmol)
in DMF (40 mL) was added di-(2-bromoethyl) ether (9.20 g, 35.7
mmol) at room temperature. The reaction mixture was stirred for
3 h, and water (50 mL) was poured into the reaction. The product
was extracted with ether (30 mk 2), and the organic layer was
washed with water (30 mk 2), dried over MgS@ and evaporated
to give 2-(2,2,2-trifluoroethoxyethoxy)ethyl bromide in a crude
mixture (~60% yield). Without further purification, this bromide
intermediate was directly used for the next reaction. To a suspension
of 60% sodium hydride (3.83 g, 95.7 mmol) aid10.0 g, 39.3
mmol) stirred for 20 min in DMF (40 mL) was added this alkylated
2-bromoethyl ether intermediate at room temperature. After stirring
overnight, the product was extracted with ether (50 m2), and
the organic layer was washed with water (80 mL), dried over
MgSQ,, and evaporated. The residue was purified using column

the product was extracted with ether (60 mL), and the ether solution chromatography eluting with hexane and ethyl acetate (1:1) to

was washed with water (60 mL), dried over Mgs@nd concen-
trated. The residue was purified using silica gel column chroma-
tography (hexane/ethyl acetate 3:1) to give 1-adamantan-1-yl-
3-(5-bromopentyl)ured (1.08 g, 87%) as a solid. This bromide

provide 16 (0.36 g, 45%) as a solid. This purified product was
further recrystallized in hexane and dried in the vacuum oven for
2 days to provide very pure compourith NMR 6 (CDClg) 1.40
(2H, quint,J = 6.9 Hz), 1.50 (2H, quint) = 6.9 Hz), 1.55 (2H,

(0.10 g, 0.29 mmol) was added portionwise to a suspension of 60% quint, J = 6.9 Hz), 1.65 (6H, brs), 1.95 (6H, brs), 2.05 (3H, brs),

sodium hydride (12 mg, 0.29 mmol) and 2-hexanol (41 mg, 0.35
mmol) in DMF (15 mL) at room temperature. After stirring for 12
h, water (30 mL) was poured into the reaction mixture, and the
product was extracted with ether (40 mL). The organic solution
was dried over MgS@and concentrated. The residue was purified
using silica gel column chromatography (hexane/ethyl acetate
3:1) to afford11 (5.8 mg, 52%) as a solidH NMR ¢ (CDCls)
0.89 (3H, tJ=6.9 Hz), 1.12 (3H, dJ = 6.9 Hz), 1.36-1.40 (4H,

m), 1.48-1.68 (14H, m), 1.96 (6H, brs), 2.06 (3H, brs), 3.09 (2H,
g,J = 6.9 Hz), 3.32-3.35 (2H, m), 3.483.50 (1H, m), 4.12 (2H,
brs). LC-MS (ESI)mVz calcd for G,H4oN20, [M + H]*, 365.31;
found [M + H]*, 365.31; mp 4548 °C; Anal. (GaH4N20,) C,

H, N.

Compoundd 2 and18were synthesized with the same procedure
used for the preparation dfl using 2-methyl-1-pentanol fot2
and triethylene glycol monomethyl ether 8, respectively, instead
of 2-hexanol.

3.09 (2H, t,J = 6.9 Hz), 3.45 (2H, tJ = 6.9 Hz), 3.57 (2H, tJ
= 6.9 Hz), 3.64 (2H, tJ = 6.9 Hz), 3.68 (2H, tJ = 6.9 Hz), 3.78
(2H, t,3 = 6.9 Hz), 3.90 (2H, gJ = 6.9 Hz), 4.23 (1H, s), 4.32
(1H, s).13C NMR 6 (CDCl) 23.36, 29.20, 29.38, 29.52, 29.63,
29.92, 36.41, 40.07, 42.49, 50.71, 69.10, 69.97, 70.56, 70.70, 71.19,
71.89, 122.8, 157.3. IR 1631 crh 2909 cn?, 3352 cmt. LC-
MS (ESI) m/z calcd for GoH3z7F3N,O4 [M + H] T, 451.27; found
[M + H]*, 451.27; mp 3£4C; Anal. (G2Hs7F3N204) C, H, N, F.
Compoundl7 was synthesized with the same procedure used
for the preparation ofl6 using 4-ethylphenol instead of 2,2,2-
trifluoroethanol.
N-{5-[5-(3-Adamantan-1-yl-ureido)pentyloxy]pentyl} -
methanesulfonamide (21)To a solution of 5-amino-1-pentanol
(0.59 g, 5.7 mmol) in acetonitrile (20 mL) was added methane-
sulfonic anhydride (0.50 g, 2.9 mmol) at room temperature. After
stirring for 5 h, the solvent was evaporated. To this residue ethyl
acetate (30 mL) and water (30 mL) were poured and partitioned.
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The organic solution dissolving the product was washed with water ~ Solubility. Water solubility was determined experimentally in
(30 mL), dried over MgSQ and concentrated. The residue was 1.0 mL of sodium phosphate buffer (0.1 M, pH 7.4) as previously
purified using silica gel column chromatography (hexane/ethyl described at 25t 1.5 °C.242527
acetate= 1:3) to give 5-hydroxypentylmethanesulfonamide (0.34,  LogP Measurement and Calculation.In a 20 mL glass vial,
1.9 mmol) in 66% yield. To a suspension of 60% NaH (76 mg, 1.9 the test compound (4 mg) was dissolved in 5 mL of buffer-saturated
mmol) in DMF (20 mL), a solution of the above methanesulfona- octanol. Octanol-saturated sodium phosphate buffer (0.1 M, pH 7.4;
mide intermediate in DMF (2 mL) was added dropwise at room 5 mL) was then added to the octanol solution. The vial content
temperature. After stirring for 30 mir, (0.65 g, 1.9 mmol) was  was mixed strongly for 24 h at 2& 1.5 °C. After, the phases
added to the reaction mixture and the reaction was further stirred separated, the concentration of the tested compound dissolved in
for 12 h at room temperature. Water (50 mL) was poured into the the octanol, and the aqueous layers were measured by LC/MS-MS
mixture, and the product was extracted with ether (60 mL). The following the method described previousiyThe logP value was
ether solution was dried over Mgg@nd concentrated. The residue  obtained with the following equation: LogP log([octanol]/
was purified by using silica gel column chromatography eluting [water]). The results reported in Table 4 are averages of triplicate
with hexane and ethyl acetate (1:4) to aff@1i(0.46 g,1.0 mmol)  analyses. The calculate LogP (cLogP) value estimated by Crippen’s
in 55% yield.*H NMR ¢ (CDCls) 1.36-1.53 (6H, m), 1.59-1.66 method was generated by using CS ChemDraw 8.0.
(12H, m), 1.96 (6H, brs), 2.06 (3H, brs), 2.82 (3H, s), 3-B119 In Vitro Metabolic Stability in Human Liver Microsomes or
(6H, m), 3.66 (2H, tJ = 6.9 Hz), 4.12 (1H, s), 4.22 (1H, 5). LC- g9 Fractions. Human liver microsomal (0.125 mg) or S9 (0.056
MS (ESI) mz caled for GoHaiNJO,S [M + HJ™, 444.28; found gy protein was brought to 0.222 mL or 0.178 mL with sodium
M + H]*, 444.32; mp 93C; Anal. (GzHaiN30sS) C, H, N. phosphate buffer (0.1 M, pH 7.4), respectively. The proteins were
Compound20 was prepared with the same method used for the preincubated for 5 min in open glass tubes immersed in a shaking
preparation of compounal using 2-aminoethoxyethanol instead  bath at 37C. After this preincubation, a solution of test compound

of 5-amino-1-pentanol. (2.5uL or 2.0 uL of 100 uM for microsome and S9) was added
1-Adamantan-1-yl-3-(4-pentyloxycylclohexyl)urea (24)A mix- and the reaction was initiated by the addition of a NADPH
ture of 1-adamantyl isocyanate (0.30 g, 1.69 mmains4- generating system (2mL or 20 uL for microsome and S9,

aminocyclohexanol hydrochloride (0.38 g, 2.54 mmol), and trieth- respectively; NADP (2 mM), glucose 6-phosphate (57 mM), glucose
ylamine (0.37 mL, 2.54 mmol) in DMF (30 mL) was stirred at 6-phosphate dehydrogenase (3.5 units), and magnesium chloride
room temperature for 12 h, and to the reaction mixture was poured (50 mM) in 1 mL of sodium phosphate buffer (0.1 M, pH 7.4)).
an aqueous solutionfd N HCI (40 mL) at 0°C. After 30 min The incubation mixture (0.25 mL or 0.20 mL total volume for
stirring, the solid product crystallized was filtered and washed with microsome and S9, respectively) was shaken in a water bath at
water (50 mL) and ethyl acetate (30 mL). The resulting solid was 37 °C for 60 min. A control was prepared by the addition of ethanol
dried in the vacuum oven at 5C to give 1-adamantan-1-yl-3-(4- (1 mL) immediately after adding the NADPH generating system.
hydroxycyclohexyl)uredv (0.72 g, 100%) as a white solid. Toa  The reaction was terminated by the addition of cold ethanol (0.75
suspension of 60% sodium hydride (0.11 g, 2.74 mmol) in DMF mL for microsomes or 0.60 mL for S9), and a &0 aliquot of

(15 mL) was added a solution & (0.40 g, 1.37 mmol) in DMF 500 ng/mL 1-adamantyl-3-decylurea was added to the samples. The
(3 mL) at room temperature. After stirring for 30 min, 1-bromopen- Samples were then vortexed and centrifuged at 6000 rpm (4000 g)
tane (0.25 g, 1.64 mmol) was added to the reaction at room for 5 min. The extracts were transferred to a new glass tube and
temperature. The reaction was stirred for 12 h and water (50 mL) dried under nitrogen. The residue was reconstituted in methanol
was poured into the reaction mixture. The product was extracted (0.5 mL). Aliquots (5uL) were analyzed by LC-MS/M$!35The

with ether (60 mL), and the ether solution was dried over MgSO absolute amount of parent compounds remaining after the incubation
and concentrated. The residue was purified by column chromatog-was converted to a percentage. The results given are averages of
raphy on silica gel, eluting with hexane and ethyl acetate (1:1) to triplicate independent analyses.

afford 24 (0.12 g, 25%) as a solidH NMR ¢ (CDCly) 0.89 (3H, In Vivo Pharmacokinetic Studies. In vivo experiments were
t,J=6.9 Hz), 1.15 (2H, gqJ = 6.9 Hz), 1.35 (2H, qJ = 6.9 Hz), performed following protocols approved by the U.C.D. Animal Use
1.53-1.61 (6H, m), 1.66 (6H, brs), 1.96 (6H, brs), 1-98.11 (7H, and Care Committee. Two rodent species (mice and rats) and dogs
m), 3.14-3.19 (1H, m), 3.41 (2H, t) = 6.9 Hz), 3.56-3.52 (1H, were treated with test compounds orally at 5 mg/kg for rodents
m), 3.91 (2H, s). LC-MS (ESljn/z calcd for G,H3zgN,O, [M + and 0.3 mg/kg body weight for dogs, respectively. Compounds were
H]*, 363.29; found [M+ H]*, 363.31; mp 205°C; Anal. given by oral gavage in 3 mL of tristerate at body temperature for
(Ca2H3eN20,) C, H, N. the dogs, in 0.1 mL of oleic oil solution for the mice, and in 1 mL

CompoundQS and26 were synthesized with the same method of oleic oil solution for the rats. For the rOdentS, ﬂ.D of whole
used for the preparation of compou®d using 2-(ethoxyethoxy)- ~ blood were collected at 0, 0.5, 1, 2, 4, 6, 8, and 24 h. For dogs, 1
ethyl bromide and 3-morpholinopropyl bromide, respectively, ML of blood sample was collected into EDTAsKlood collecting
instead of 1_br0m0pentane_ tubes at 0,0.25,05,1,2,3,4,5,6, 8, and 24 h. The Samples were
centrifuged at 3000 rpm at*€ for 10 min and the plasma samples
were collected for instrumental analysis. Blood sample preparation
and LC/MS/MS analysis were performed as previously repdfied.
Pharmacokinetic parameters (AUC ahg) were calculated by
fitting the blood concentrationtime data to a noncompartmental
model with WinNonlin 5.0 (Pharsight, CA). Data are average results
obtained from at least three different animals.

Enzyme Preparation.Recombinant human sEH was produced
in a polyhedron positive baculovirus expression system following
cloning and sequencing in this laboratory and was purified by
affinity chromatography as previously reporf€ds?

IC 50 Assay Conditions.ICsg values were determined as described
using a sensitive fluorescent-based as8aynd a brief description
of the procedure is as follows: cyano(2-methoxynaphthalen-6-yl)-
methyl trans-(3-phenyl-oxyran-2-yl) methyl carbonate (CMNPC)

was used as a fluorescent substrate. Human seEH (1 nM) was -
incubated with inhibitors for 5 min in pH 7.0 Bis-Tris/HCI buffer N/EHS Grant R37 ES02710, NIEHS Center for Environmental

(25 mM) containing 0.1 mg/mL of BSA at 3 prior to substrate Health Sciences P30 ES05707, NIH/NIEHS Superfund Basic
introduction (§ = 5 «M). Activity was measured by determining ~ Research Program P42 ES04699, NIH/NHLBI RO1 HL59699-
the appearance of the 6-methoxy-2-naphthaldehyde with an excita-06A1, and UCDMC Translational Technology Research Grant.
tion wavelength of 330 nm and an emission wavelength of 465

nm for 10 min. 1Go results are averages of three replicates. The  Supporting Information Available: Syntheses and detailed
fluorescent assay as performed here has a standard error betweeanalytical data for compounds-6, 9, 10, 12—14, 1720, 22, 23,

10 and 20%, suggesting that differences of 2-fold or greater are 25—28, and29. This material is available free of charge via the
significant33 Internet at http://pubs.acs.org.
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