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The pur pose of this study wasto syn the size com poundsin which the 1,2,4-oxadiazole moi ety replaced
the am ide bond of ONO3805 and to eval u ateits 5u-reductaseinhibi tory activ ity asapotential benignpros
tatichy per plasiather apeutictar get. Four 1,2,4-oxadiazolederivatives, 1, 2, 8, and 20, wereeval uatedinvitro
against 5ti-reductase of rat liver microsome. The pre pared 1 and 2possessedsimi lar binding af finity (Ki) to
that of ONO3805. Therefore, theuseof 1,2,4-oxadiazolering assur ro gate of theam idebond inONO3805 has
asuccessful resultinthisstudy. Itleadsnot only toenhancechemi cal stabil ity but also tomaintainmeaningful
inhibitory activity. Thebutyricacid moi ety of theseinhibi torsisconsideredtoplayanim por tant rolein
mimicing the phos pho ric acid por tion of coenzyme-NADPH inin ter act ing with the ac tive site of 5t-

reductase.

INTRODUCTION

Steroid 5ci-reductase is a membrane-associated en-
zyme, whichcat alyzesthereductionof testoster onetothebi-
ologi cally more ac tive dihydrotestosterone (DHT) in the
presenceof NADPH.' El evated DHT hasbeenimpli cated asa
causativefactor of skindisor dersand benign prostatichy per-
plasia(BPH).? Therefore, inhi bi tionof 5ei-reductase is an at-
tractivetar getforther apeuticinterventionindisor dersasso
ci atedwith el evated lev elsof DHT such asBPH,** acne,®
malepat ternbald ness,® and hirsutism.” A num ber of 5ci-
reductase inhibitors have been reported, including both
steroidal® and nonsteroidal inhibi tors.® Starting our re search
programtofind anew 5 t-reductaseinhibi tor, wefocused our
at tention on the de vel op ment of novel nonsteroidal com-
pounds, especially ONO3805. Accordingtothebioiso ster-
ism,*® someresearch groups have suc cessfully replaced the
ester oramidegroupof bi ologi cally activecom poundsby an
1,2,4-oxadiazolemoi ety toim prove in vivoefficacy.™ The
intramolecular acid cat alyzedthehy droly sisof theamide
bond"?** eventhoughthehy droly sisex hibitsahalf-lifeof 7
yearsunder neutral condi tionsandat roomtem per ature.** In
ad di tion, wefound that theam idebond of ONO3805 was par-
tially cleavedinaDM SO-ds solutionat 37 °C in four months.
Replacement of theamidebond with a1,2,4-oxadiazolering
forincreasinghydrolyticresistance,*> metabolicstabil ity,
andim prov i ng pharmacokinetic per for mance™ has been re-
ported. Herein, deriv ativeswith 1,2,4-oxadiazol esur rogate

of theamidebondin ONO3805 aspotential 5u-reductase in-
hibi torsweredesignedandsynthesized (Fig. 1).
RESULTS AND DISCUSSION

Thesynthesisof tar get compound 1lisil lustratedin
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Fig. 1. Theamidelink age of ONO3805 wasre placed
with 1,2,4-oxadiazole bioisostere.
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Schemel. The cou pling of sub sti tuted amidoxime5 and 4-
[1- (4-isobutylphenyl)ethoxy]-2,3-dimethylbezoicacid (6)
using1,1‘-carbonyldiimidazole in THF af forded 7, which
wasfol lowed by cyclizationin diglyme at 110 °C to form the
1,2,4-oxadiazolederiv ative8.” Finally, treat ment of 8 with
a kalinesolutiongave89%yieldof 1. Therequired 5 was
prepared from 2-cyanophenol by alkylation with ethyl
bromobutyrate and subsequent treatment with hydroxyl-
amine. Theother frag ment 6 wasprepared by amodi fied pro-
cedurefromHarris.*® The oxadiazoleiso mer 2 was pre pared
by ini tial treat ment of sub sti tuted amidoxime 14 and diester
16withNaH in THFto af ford ethyl butyr atel7and amix ture
containing18 and 19. Finally, hy droly sisof 17 and the mix-
ture of 18 and 19 withaqueouslithiumhy drox ideaf forded
1,2,4-oxadiazole 2 and 20, respectively (Schemelll). There-
quired amidoxime 14 was pre pared as shown in Schemel l.
Firstly, thetreat ment of 2,3-dimethyl-p-anisal dehyde with
hydroxylamine-o-sulfonic acid in amixed sol vent of water
and acetonitrile (1:1) to pro duce benzonitrile10, which was
demethylation with BBr; to give 11. Then, 11 cou pled with
1-(4-isobutylphenyl)eth anol by Mitsunobureactiontofur-
nish benzonitrile 12.%° Sub se quent treat ment of 12 with hy-
droxylaminein Et;N yielded amide13 (48%) and amidoxime
14 (45%). The other frag ment 16 was pre pared from methy!|
salicylate by alkylation with ethyl 1-bromobutyrate.
Theprepared 1,2,4-oxadiazolederiv atives, 1, 2, 8, and
20, weresubjected against 5 ti-reductaseinhi bi tionassay (Ta
ble1). The 1,2,4-oxadiazoleiso mers 1 and 2 possessed high
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inhibitory activityto5ci-reductase with Ki = 15.63 and 22.36
nM, respectively, whichiscom parablewiththat of ONO3805
(Ki=8.46 nM). Thesere sults dem on strated that the 1,2,4-
oxadiazole moi ety isasuseful astheamidebioisosterein
ONO3805 chemi cal stabil ity. Holt et al.** pro posed that the
butanoic acid moi ety of ONO3805 waslo cal ized inthere
gion of the phos phate groups of NADPH, and the lipophilic
part wasori entatedintheregion of thesteroidal ringsCand D
tooc cupy thehy dro pho bic pocket of 5a.-reductase. Inter est
ingly, compound8lostactivity against 5 ai-reductase (Ki > 50
KLM). Thisresult mightindi catethat 8 could not fit into the
neg ative-ionizableregion becausethecarboxylicfunction
was masked by an ethyl group. Sur prisingly, com pound 20
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Table 1. Binding Affinity Against 5ci-Reductase of Rat Liver

Microsome
Compounds Binding Affinity
Ki +SD (nM)?

1 15.63 £ 9.69
2 22.36 + 6.30
8 NAP

20 NAP
ONO3805 8.46 + 5.92

4Vadues arein four experiments.
b Not active at concentration of 50 pM.

didnot show any inhibi tory activ ity. Thereason might bethat
theben zoic acid moi ety isun ableto func tion asthe butanoic
acidmoi ety inl and2infittingintothenegative-ionizablere-
gionaspro posed.

The initial result showed that the 1,2,4-oxadiazole
bioisosteres, 1 and 2, couldsuccessfully retaininhibi tory ac-
tivity of 5a-reductaseby compar i sonwiththeamidelink age
of ONO3805. The oxadiazole 8 lost its ac tiv ity when but-
anoic acid moi ety was masked by an ethyl group, indi cating
that the carboxylic acid group wasim por tant to mimic the
phosphoricacidportionof NADPH. Moreover, the 2- alkoxy-
benzoic acid moi ety also could not fit the ac tive site of 5ii-
reductase. Therefore, theneg ativeionizableregion of 5a-
reductaseiscon sid ered to play animpor tant roleinitscat a-
lyticactivity of reducingtestoster onetoDHT.

EXPERIMENTALSECTION

All of the sol ventsand chem i calswerere agent grade.
Nor mal phasesil icagelsof 9385 (230-400 mesh) for col umn
chromatography, and TL C platesof 573 (Si60with F 54, 0.25
mn) were pur chased from E. Merck A. G., Darmstadt, Ger-
many. [4-**C]-Testoster one(2.10GB a/mmol) waspur chased
from NEN Life Sci ence Prod ucts, Inc., Boston, U.S.A. Mélt-
ing pointsmeasured on aBuchi 510 melting point ap paratus
wereun cor rected. IR spectrawererecorded onaJascoA-100
infrared spectrophotometer.*H- and *C-NMR spec trawere
ob tained on Bruker DPX-200 or Bruker AM X-400 spec tro-
photometersusingthesol vent peaksasref er encestandards.
EIM S spec trawerere corded on Finnigan Mat GCQ™ GC/
MSand HREIMSon JEOL JM S-HX-100 massspectrom eter.
El emental anal y seswerecar ried out on aPerkin-Elmer 240
el emental analyzer andtheresultswerewithin+0.4%of theo
retical val ues.
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Ethyl 4-(2-cyanophenoxy)butyrate (4)

Toastirred so lution of 2-cyanophenol (20 g, 0.17 mol)
and K>CO;s (25.84 g, 0.19 mol) dis solved in dried acetonitril
(500 mL) was added-r-bromo-n-butyric acid ethyl ester (32.8
g,0.17mol) under ni trogen. Themix turewasheated at reflux
for 11 h, fil tered, and con centratedinvacuo. Theresi duewas
subjectedtochromatography (silicagel, n-hexane/ethyl ace
tate = 9/1, Ry =0.19) to af ford4 (36.4 g, 92 %) asacol or less
oil. *H NMR (200 MHz, CDCls) i 7.42-7.51 (m, 2H, ArH),
6.90-6.98 (m, 2H, ArH), 4.03-4.14 (m, 4H, CH,), 2.52 (t, 2H,
J=7.2Hz, COCHy>), 2.04-2.17 (m, 2H, CH>), 1.20 (t, 3H, J=
7.1 Hz, CHs); **C NMR (50 MHz, CDCl3) & 172.9, 160.3,
134.2,133.6, 120.7, 116.2, 112.1, 101.8, 69.5, 60.4, 30.2,
24.0, 14.0; MS (ElI) mv/z 233 (M"); Anal. Calcd. for
C13sHisNOs: C, 66.94; H, 6.48; N, 6.00. Found: C, 66.88; H,
6.46; N, 5.98.

Ethyl 4-[2-[amino(hydr oxyimino)methyl]phenoxy]-
butyrate (5)

Toastirred solution of hydroxylaminehy drochloride

(2.989,42.9mmol) inab soluteeth anol (250 mL) wasadded
K2CO0z(5.929,42.86 mmol) at roomtem per atureunder ni tro
gen for 10 min, and then added aso lution of 4 (5.0 g, 21.4
mmol) in ab solute eth anol (10 mL). Themix turewas heated
at reflux for 11 hand then evap orated in vacuo. Theresi due
wassubjectedto chromatography (sil icagel, CHCls, R =
0.15) to give 5 (2.69 g, 47%) asacol or lessoil. '"H NMR (200
MHz, CDCl5) & 7.61 (dd, 1H,J = 7.63 Hz, ArH), 7.26-7.31
(m, 1H, ArH), 6.87-6.98 (m, 2H, ArH), 5.37 (br s, 2H, NH>),
4.01-4.16 (m, 4H, CHy), 2.48 (t, 2H, 3= 7.2 Hz, CHy), 2.08-
2.14(m, 2H, CH,), 1.21 (t, 3H, J = 7.1 Hz, CHs); *CNMR
(50 MHz, CDCls) @173.9, 156.3, 152.2, 130.8, 129.7, 121.1,
120.9, 112.5, 67.6, 60.5, 30.7, 24.4, 14.1; MS (El) m/z 266
(M™); Anal. Calcd. for CisH1sN2Oa4: C, 58.64; H, 6.81; N,
10.52. Found: C, 58.60; H, 6.58; N, 10.30.

4-[2-[4-[1-(4-1 sobutylphenyl)ethoxy]-2,3-dimethyl-N-
benzoyloxy]car bamimidoylphenoxy]butanoic acid ethyl
ester (7)

Toastirred solution of 6 (300 mg, 0.92 mmol) and
1,1'- carbonyldiimidazole (193.9 mg, 1.20 mmol) dissolved
indried THF (30 mL) was added 5 (318.2 mg, 1.19 mmol) at
roomtem per ature. Themix turewasstirredfor 18 h un der ni-
trogen. Af ter themix turewasreacted completely (indi cated
by phosphomolybdic acid on TLC plate dis played an or ange
spot), puri fiedby chromatography (silicagel, n-hexane/ethyl
acetate=7/3,R=0.17) to af ford 7 which was recrystallized
from ether to give awhite solid (210 mg, 40%). mp 103-104
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°C; *H NMR (200 MHz, CDCls) & 8.87 (dd, 1H, J=7.2; 1.3
Hz, ArH), 6.89-7.54 (m, 8H, ArH), 6.59 (d, 1H, J= 8.7 Hz,
ArH), 5.58 (br s, 2H, NH.), 5.33 (g, 1H, J = 6.3 Hz, CH),
4.04-4.15 (m, 4H, OCH,), 2.51 (s, 3H, CH3), 2.41-2.47 (m,
4H, -COCH; ArCH,), 2.28 (s, 3H, CHs), 2.05-2.18 (m, 2H,
CH,), 1.75-1.89 (m, 1H, CH), 1.63 (d, 3H, J = 6.5 Hz, CH3),
1.20 (t, 3H,J = 7.1 Hz, CH3), 0.87 (d, 6H, J= 6.6 Hz, CH,);
3C NMR (50 MHz, CDCly) & 173.0, 165.8, 158.2, 156.7,
156.3, 141.0, 140.1, 139.4, 131.8, 130.8, 129.3, 128.3, 127.0,
125.1, 122.7, 121.3, 119.6, 112.5, 109.9, 109.6, 76.1, 67.8,
60.6, 45.1, 30.9, 30.1, 24.5, 24.5, 22.4, 17.2, 14.2. 12.2; MS
(El) m'z574.5(M"); HRMS (EI) Calcd. for C3HaN20s (M™¥):
574.3042. Found: 574.3035.

4-[2-[5-[4-[1-(4- sobutylphenyl)ethoxy]-2,3-dimethyl phenyl]-
[1,2,4]oxadiazol-3-yl]phenoxy]butanoic acid ethyl ester
8

A solutionof 7 (220 mg, 0.38 mmol) dissolvedindried
2-methoxyethyl ether (diglyme, 10 mL) was heated at 110°C
under ni trogenfor 10 h. Af ter cool ing, thesolutionwascon
centratedinvacuo, puri fiedby chromatography (sil icagel,
n-hexane/ethyl ac etate = 9/1) to give 8 (Ry = 0.27), and fol-
lowed by recrystallization from eth anol to fur nish awhite
solid (200 mg, 95%). mp 81.5-82.0 °C; *H NMR (200 MHz,
CDCl;) 58.05(dd, 1H,J=7.7; 1.8 Hz, ArH), 7.76 (d, 1H, J=
8.8Hz, ArH), 7.0-7.39 (m, 7H, ArH), 6.69 (d, 1H,J = 8.8 Hz,
ArH), 5.37 (g, 1H, J = 6.4 Hz, CH), 4.04-4.20 (m, 4H, CH>),
2.67 (s, 3H, CH3), 2.64 (t, 2H, J= 7.0 Hz, -COCH;), 2.43 (d,
2H,J=7.2Hz, ArCHy), 2.33 (s, 3H, CH3), 2.10-2.27 (m, 2H,
CHy), 1.76-1.89 (m, 1H, CH), 1.65 (d, 3H, J = 6.4 Hz, CH3),
1.20 (t, 3H,J = 7.1 Hz, CH;), 0.87 (d, 6H, J =6.6 Hz, CH);
13C NMR (50 MHz, CDCly) & 175.7, 173.4, 166.9, 158.5,
157.3,141.0,139.9, 138.9, 131.9, 131.3, 129.3,128.9, 127.1,
125.1, 120.6, , 116.7, 116.4, 112.7, 110.6, 76.1, 67.5, 60.3,
45.0, 30.5, 30.1, 24.4, 24.4, 22.3, 17.5, 14.2, 12.3; MS (El)
m/z 556.5 (M*), 511, 396 (base peak); HRMS (EI) Calcd. for
CasHaoN20s (M™): 556.2937. Found 556.2928.

4-[2-[5[4-[1-(4-1sobutylphenyl)ethoxy]-2,3-dimethylphenyl]-
[1,2,4] oxadiazol-3-yl]phenoxy]butanoic acid (1)
Toastirred suspen sion of 8 (500 mg, 0.89 mmol) in
meth anol (150 mL) was added 10% NaOH (15 mL) at room
tem per ature. And themix turewasstirred for 5 days. Af ter
cool inginanice-bath, themix turewasacidi fiedwith6 N
HCIl topH 3-4 under vig or ousstir ring, fil tered, and washed
withwater. Thesolid wasrecrystallized from eth anol to af-
ford 1 as a white solid (408 mg, 89%). mp 143-144°C; 'H
NMR (200 MHz, CDCl3) & 8.03 (dd, 1H,J = 7.7 Hz, ArH),
7.73 (d, 1H,J=8.7 Hz, ArH), 7.39-7.47 (m, 1H, ArH), 7.22-
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7.26 (m, 2H, ArH), 6.99-7.11 (m, 4H, ArH), 6.68 (d, 1H, J =
8.9Hz, ArH), 5.36 (g, 1H,J = 6.1 Hz, CH), 4.18(t, 2H,J = 5.8
Hz, O-CH>), 2.70 (t, 2H, J= 7.1 Hz, -COCH), 2.64 (s, 3H,
CHs), 2.42 (d, 2H, J = 7.1 Hz, ArCH3), 2.32 (s, 3H, CHs).
2.10-2.22 (m, 2H, CH,), 1.71-1.91 (m, 1H, CH), 1.64 (d, 3H,
J=6.7 Hz, CHg), 0.86 (d, 6H,J = 6.6 Hz, CHs); >*CNMR (50
MHz, CDCl,) & 176.9, 176.0, 166.7, 158.7, 157.1, 141.1,
139.9, 139.0, 132.2, 131.4, 129.4, 129.0, 127.2, 125.1, 120.9,
116.4, 116.2, 112.6, 110.7, 76.4, 66.7, 45.1, 30.6, 30.1, 24.4,
24.4,22.4,17.5,12.3; MS (El) mz528.3 (M*), 368.1, 161.1
(base peak); HRMS (EI) Calcd. for GoHzsN2Os (M+)Z
528.2624. Found 528.2636.

2,3-Dimethyl-4-methoxybenzonitrile (10)

Toastirred solution of 2,3-dimethyl-p-anisaldehyde (5
g, 30.5 mmol) dis solved in acetonitrile (200 mL) was added
dropwise an ague ous so lution (200 mL) of hydroxylamine-
o-sulfonicacid (5.17 mg, 45.7 mmol) at room tem per ature
dur ing 30 min period, and then the mix ture was heated at 60
°Cfor 18 h. Af ter cool ing, the mix turewasneu tral ized with
10% NaOH and evap o rated in vacuo. Theresi duewas ex
tracted with CHCls (53 60 mL), dried over N&:SOxs, fil tered,
con centrated, chromatographed (sil icagel, n-hexane/ethyl
acetate=96/4, R; = 0.32), and recrystallized from acetonitrile
to fur nish 10 as awhite solid (4.69 g, 96%). mp 40 °C; IR
(KBr): 2950, 2840, 2225, 1590, 1580 cm™; *H NMR (200
MHz, CD:OD) & 7.41 (d, 1H, J=8.6 Hz, ArH), 6.71 (d, 1H, J
=8.6 Hz, ArH), 3.84 (s, 3H, OCH3), 2.41 (s, 3H, CH3), 2.11
(s, 3H, CHs); **C NMR (50 MHz, CDCls) & 160.5, 141.1,
131.4, 126.3, 119.3, 107.9, 104.7, 55.6, 18.1, 11.7; MS (EI)
m/z 161 (M*), 146; Anal. Calcd. for C,(H;NO: C, 74.51; H,
6.88; N, 8.69. Found: C, 74.63; H, 7.16; N, 8.40.

2,3-Dimethyl-4-hydr oxybenzonitrile (11)

Toastirredsolutionof 10 (4.69 g, 29.1 mmol) dis
solved in dry di chloro methane (200 mL) was added BBr;
(21.9 g, 87.3 mmol) at 0°Cunder ni trogen. Thereactionmix
ture was warmed up to 50 °C for 6 h, and then poured into
crushed-icewhilestirringvigor ously. Theresulted mix ture
was ex tracted with CHCl3 (4 = 150 mL), dried over Na,SOs,
filtered, decoloured by active char coal, and fol lowed by
recrystallization from CHCl 3 to give 11 asawhite solid (4.21
g, 98%). mp 134°C; IR (KBr): 3285, 2227 cm™; '"H NMR
(400 MHz, CDCls) &7.32 (d, 1H, J = 8.4 Hz, ArH), 6.73 (d,
1H,J=8.4 Hz, ArH). 6.19 (s, 1 H, OH). 2.44 (s, 3H, CHs3),
2.17 (s, 3H, CH3); ®*CNMR (50 MHz, CDCl;) & 157.8, 142.5,
131.3,124.4,119.3,113.3,104.4, 18.3, 11.7; MS(El) m/z 147
(M"); Anal. Calcd. for CoHgNO: C, 73.45; H, 6.16; N, 9.52.
Found: C, 73.10; H, 6.34; N, 9.31.
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2,3-Dimethyl-4-[1-(4-isobutylphenyl)ethoxy] benzonitrile
(12)

To astirred soution of 11 (300 mg, 2.04 mmol), 1-(4-
isobutylphenyl)eth anol (472.8 mg, 2.65 mmol) and tri phen-
yl phosphine (802.6 mg, 3.06 mmol) dis solved in THF (30
mL) was added diethylazodicarboxylate (532.9 mg, 3.06
mmol) at roomtemper atureunder ni trogen. Af ter 8 h, thecol-
our of solutionwaschangedfromcol or lessto blackishgreen,
con centrated, triturated with ether, fil tered, and then thefil-
tratewaspuri fied by chromatography (sil icagel, n-hexane,
Rr=0.1), fol lowed by recrystallization from n-hexaneto give
12 asawhite solid (305 mg, 49%). mp 66 °C; IR (KBr): 2960,
2930, 2875, 2225, 1590 cm™. *H NMR (200 MHz, CD;OD) i
7.09-7.27 (m, 5H, ArH), 6.60 (d, 1H,J = 8.7 Hz, CH), 5.33 (q,
1H, J=6.4Hz, CH), 2.44 (d, 2H,J=7.1Hz, CH,), 2.44 (s,
3H, CHs), 2.26 (s, 3H, CHs), 1.77-1.91 (m, 1H, CH), 1.65 (d,
3H,J=6.4Hz, CH;), 0.88 (d, 6H,J = 6.6 Hz, CH3); *CNMR
(50 MHz, CDCl ;) #158.9, 141.2, 141.1, 139.5, 131.0, 129.3,
126.8,125.0, 119.2, 110.8, 104.5, 76.3, 45.0, 30.0, 24.3, 22.2,
18.2, 12.0; MS (El) m'z 307 (M™); Anal. Calcd. for C»H,sNO:
C,82.04; H,8.20; N, 4.56. Found: C, 81.71; H,8.21; N, 4.51.

4-[1-(4-1 sobutylphenyl)ethoxy]-2,3-dimethylbenzamide
(13) and 4-[1-(4-I sobutylphenyl)ethoxy]-2,3- dimethyk
benzamidoxime (14)

Toastirred solution of hydroxylaminehy drochloride
(2.03 g, 29.28 mmol) and triethylamine (2.96 g, 29.28 mmol)
dissolvedinabsoluteethanol (200mL)wasadded 12 (0.90 g,
2.93 mmol). The mix turewas heated at re flux for 8 days un-
der ni trogen. Themix turewasthen evap oratedinvacuoand
the resi duewassubjectedtochromatography (sil icagel,
n-hexane/ethyl ac etate = 7/3). Thefast-moving frac tion was
col lectedtogivel3 (R = 0.33) which wasrecrystallized from
CHCl3to of ford awhite solid (0.32 g, 48%). mp 125-126°C;
IR (KBr): 3383, 3193, 2920, 1706, 1646, 1596, 1464 cm™; 'H
NMR (200 MHz, CD;0D) & 7.23 (d, 2H,J = 8.1 Hz, ArH),
7.07 (d, 2H, J=8.1 Hz, ArH), 7.04 (d, 1H, J= 8.5 Hz, ArH),
6.64 (d, 1H, J = 8.5 Hz, ArH), 5.39 (q, 1H, J = 6.4 Hz, CH),
4.63 (br s, 2H, NHy), 2.41 (d, 2H,J=7.2 Hz, CH»), 2.31 (s,
3H, CHs), 2.25 (s, 3H, CHs), 1.74-1.87 (m, 1H, CH), 1.60 (d,
3H,J=6.4Hz,CH,), 0.86 (d, 6H,J = 4.7 Hz, CH); ®*CNMR
(50 MHz, CDs0OD) & 175.7, 157.1, 141.1, 140.9, 135.6,
129.3,126.7,125.5, 125.2,110.6, 76.1, 45.1, 39.5, 23.8, 21.7,
16.1, 11.2; LCMS (ESI, acetic acid) m/z326.2 (MH*); Anal.
Calcd. for C21H27NO2: C, 77.50; H, 8.36; N, 4.30. Found: C,
77.55; H, 8.56; N, 4.24. The low-moving frac tion was col-
lected to give 14 (Rr = 0.18) which was recrystallized from
acetonitrile to give awhite solid (0.31 g, 45%). mp 140-141
°C; IR (KBr): 3490, 3381, 3250, 2927, 1640, 1595, 1494
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cm™’; '"H NMR (200 MHz, CD;OD) & 7.23 (d, 2H, J = 8.0 Hz,
ArH), 7.07 (d, 2H, J = 8.0 Hz, ArH), 6.90 (d, 1H, J = 8.5 Hz,
ArH), 6.55 (d, 1H, J = 8.5 Hz, ArH), 5.25 (g, 1H, J = 6.4 Hz,
OCH), 4.69 (br, 2H, NH,), 2.42 (d, 2H,J=7.1Hz, CH,), 2.28
(s,3H, CH3), 1.88 (s, 3H, CH;), 1.75-1.88 (m, 1H, CH), 1.55
(d, 3H, J = 6.4 Hz, CHs), 0.86 (d, 3H, J = 6.6 Hz, CH3); °C
NMR (50 MHz, CDCl;) & 156.5, 153.8, 140.8, 140.4, 136.7,
129.3, 126.8, 126.4, 125.3, 125.2, 110.5, 76.0, 45.1, 30.2,
24.4, 22.4, 16.9, 12.2; MS (ESI, acetic acid) nmz 341.1
(MH"); Anal. Calcd. for C»,H,gN,0O,: C, 74.08; H, 8.29; N,
8.23. Found: C, 74.12; H, 8.10; N, 7.98.

2-(3-Ethoxycar bonylpropoxy)benzoic acid methyl ester
(16)

Toastirred suspension of 15 (10 g, 65.72 mmol) and
K2COs (18.2 g, 131.44 mmol) in dried acetonitrile (300 mL)
was added -bromobutyric acid ethyl ester (12.8 g, 65.72
mmol) at reflux for 24 hunder ni trogen. Thehot mix turewas
fil tered, washed with acetonitrile, and con cen trated. There-
sultingresi duewassubjectedtochromatography (sil icagel,
n-hexane/ethyl ac etate=95/5) toobtainl16 (17.1 g, 98%) asa
yel lowishoil."H NMR (400 MHz, CDCl3) & 7.74 (dd, 1H,J=
1.8, 7.62 Hz, ArH), 7.37-7.41 (m, 1H, ArH), 6.90-6.94 (m,
2H, ArH), 4.09 (q, 2H, J=7.2Hz, CH>), 4.05(t,2H, J=6.1
Hz, CH,). 3.84 (s, 3H, CH3), 2.54 (t, 2H, J= 7.3 Hz, CH,),
2.07-2.13 (m, 2H, CH>), 1.21 (t, 3H, J = 7.3 Hz, CH3); *°C
NMR (50 MHz, CDCls) §173.2, 166.7, 158.2, 133.3, 131.6,
120.2,120.2, 113.1, 67.4, 60.3, 51.8, 30.4, 24.4, 14.1. Anal.
Calcd. for CuH1g0s: C, 63.15; H, 6.81. Found: C, 63.30; H,
6.78.

4-[2-[3-[4-[1-(I sobutylphenyl)ethoxy] -2,3-dimethyl phenyl]-
[1,2,4] oxadiazol-5-yl]phenoxy]bu tyric acid (2) and
2-[3-[3-[4-[1-(I sobutyl phenyl)ethoxy]-2,3-dimethylphenyl]-
[1,2,4]oxadiazol-5-yl]propoxy]benzoic acid (20)
Toamixturesolutionof 14 (1 g, 2.94 mmol) dis solved
inanhy drousTHF (20mL) containing4 A pow deredmolecu
lar sieves(3g) wasstirred at roomtem per aturefor 30 minur
der ni tro gen, and then so dium hy dridewas added (17.54 mg
of 80% disper sionin oil, 3.23 mmol). The mix ture wasthen
heated at 60 °C for 1 h. Af ter cool ing, to the mix turewas
addedasolutionof 16 (2 g, 7.51 mmol) in THF (10 mL) and
theresulting mix turewasthen heated at 60°C for 3 h. The so-
lutionwasevaporatedinvacuoandtheresi duewassubjected
tochromatography (sil icagel, n-hexane/CHCIs = 6/4). The
fast-moving band was col lected to af ford17 (R; = 0.28) asa
yel low ish oil (145 mg, 9%). IR (neat): 2955, 1734, 1595,
1546, 1464 cm™; *H NMR (200 MHz, CDs0OD) & 8.11 (dd,
1H, J=1.8; 8.0 Hz, ArH), 7.62 (d, 1H, J = 8.6 Hz, ArH),
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7.44-7.53 (m, 1H, ArH), 7.26 (d, 2H, J = 6.2 Hz, ArH),
7.01-7.11 (m, 4H, ArH), 6.68 (d, 1H,J = 8.7 Hz, ArH), 5.35
(q, 1H, J = 6.3 Hz, OCH), 4.04-4.20 (m, 4H, CH>), 2.64 (t,
2H,J=7.2Hz, CHy), 2.55(s, 3H, CHs), 2.43(d, 2H, J=7.1
Hz, CH,), 2.32 (s, 3H, CHj), 2.12-2.26 (m, 2H, CH,),
1.74-1.89 (m, 1H, CH), 1.65 (d, 3H, J=6.3Hz, CH3), 1.20 (t,
3H,J=7.1Hz, CH,), 0.88 (d, 6H,J=6.6 Hz, CHz); *CNMR
(50 MHz, CDCl3) @ 173.8, 173.2, 169.4, 157.7, 157.3, 140.9,
140.3,137.9,133.8, 131.6, 129.3, 128.5, 126.8, 125.2, 120.7,
119.2,113.9, 113.0, 110.7, 76.0, 67.6, 60.3, 45.1, 30.5, 30.1,
24.5,24.3,22.4,17.7,14.2,12.3. Com pound17 was used for
thenextreactionwithout further puri fi cation. Subsequently,
tothesolutionof17 (60 mg, 0.11 mmol) dissolved indioxane
(8 mL) wasadded 3mL of 1 N LiOH at 80°C for 30 minun der
vigorousstirring. Af ter cool ing, themix turewasacidi fied
with4NHCI topH 3-4, evap orated, and subjectedtochroma-
tography (sil icagel, CHCls/CHzOH = 97/3) to give 2 which
was recrystallized from acetonitrile to af ford awhite soild
(35 mg, 60%). mp 103-104 °C; IR (KBr): 2955, 1709, 1595,
1547, 1463, 1339, 1265 cm™; *H NMR (200 MHz, CD;0D) &
8.10 (dd, 1H, J = 1.61; 6.91 Hz, ArH), 7.61 (d, 1H, J = 8.66
Hz, ArH), 7.44-7.52 (m, 1H, ArH), 7.26 (d, 2H, J= 7.4 Hz,
ArH), 6.99-7.10 (m, 4H, ArH), 6.69 (d, 1H, J=8.7 Hz, ArH),
5.35(q, 1H,J = 6.3 Hz, OCH), 4.17 (t, 2H,J=5.9 Hz, OCH),
2.71(t, 2H,J=7.1Hz, CH,), 2.53 (s, 3H, CHs), 2.42 (d, 2H, J
=7.2Hz, CHy), 2.31 (s, 3H, CHs), 2.12-2.27 (m, 2H, CHy),
1.76-1.89 (m, 1H, CH), 1.63(d, 3H,J =6.3 Hz, CH3), 0.87 (d,
6H, J = 6.6 Hz, CH); *C NMR (50 MHz, CDCl;) & 178.1,
173.8,169.4, 157.6, 157.4, 140.9, 140.3, 137.9, 133.8, 131.6,
129.3,128.5,126.8, 125.3, 120.9, 119.2, 113.8, 113.0, 110.8,
76.0, 67.3, 45.1, 30.9, 30.1, 24.3, 24.3, 22.4, 17.7, 12.3;
LCMS (ESI, EtsN) m/z 527.3 (M-1), 441.3 (base peak);
HRMS (ESI) Calcd. for Ca,H3sN,Os (M™): 528.2624. Found:
528.2618.

The slow-moving band was col lected to giveamix ture
of 18 (R =0.15) and 19 (R;=0.17) asayel lowish il (0.7 g)
and then it was hy dro lyzed with 1 N LiOH for 1 h at 60°C.
Afteritwasacidifiedandevaporated, thesolutionwasel uted
by amix tureof CHCls/CH3OH (97/3) toaf ford 20 (Rf =0.14)
asayel low ish oil (132 mg, two steps gave 9% yield). IR
(neat): 2954, 1694, 1600, 1460 cm™; *H NMR (200 MHz,
CDs0D) & 8.13 (dd, 1H,J=1.7; 7.8 Hz, ArH), 7.47-7.55 (m,
2H, ArH), 7.23 (d, 2H, J = 8.0 Hz, ArH), 7.0-7.14 (m, 4H,
ArH), 6.65 (d, 1H, J=6.4 Hz, ArH), 5.32 (g, 1H, J = 6.4 Hz,
OCH), 4.37 (t, 2H, J=6.4 Hz, OCH), 3.14 (t, 2H, J=7.1 Hz,
CH,), 2.46 (s, 3H, CHs), 2.42 (d, 2H, J = 7.1 Hz, CH)),
2.36-2.53 (m, 2H, CHy), 2.29 (s, 3H, CHs), 1.75-1.88 (m, 1H,
CH), 1.63(d, 3H, J= 6.4 Hz, CH5), 0.86 (d, 6H, J= 6.6 Hz,
CHj); ¥*C NMR (50 MHz, CDCl;) fi 177.2, 169.9, 165.8,
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158.0, 157.6, 141.4, 140.7, 138, 135.4, 134.2, 129.7, 128.9,
127.4, 125.6, 122.8, 119.0, 118.6, 113.1, 111.1, 110.0, 76.5,
68.8, 45.5, 30.6, 26.2, 24.8, 23.2, 22.8, 18.2, 12.8; LCMS
(ESI, EtsN) m/z 527.4 (M-1); HRMS (FAB) Calcd. for
CaH5,0:N, (MH"): 529.2701. Found: 529.2702.

Rat 5:-Reductase Inhibition Assay

Theinhi bi tionassay was per formed ac cording to that
reported by Russell et. al*with somemi nor modi fi cations.
Briefly, in 200 pL of 20 mM so dium phos phate buffer (pH
6.5), containing 5M [4-*C]-testosterone(2.10GB a/mmol),
200 p.M of NADPH and 0.05% Tween-80, var i ousamounts of
thetested com pound wasadded. Thereactionwasini ti ated
with thead di tion of 20 pg of rat liver microsome and in cu-
bated at 37 °Cfor 30 minutes. Af terincubation, thereaction
waster mi nated withthe ad di tion of 1 mL of ac etone. The
supernatant wasremoved and dried. Theresi duewas spot ted
on a TLC plate (sil icagel) and devel oped with di chlora
methane/ether 1:1. Radioactivities were recorded with a
Bioscan y-ray detec tor. Theamount of prod uct formed was
cal culatedcorrespondingly.
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