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Prep aration of the enantiomeric pair of 3-[2-(3-benzenesul fonylamino-7-oxabicyclo[2.2.1] hept-2-y |-
methyl)phenyl] propionicacid, anovel thromboxaneantagonistisreported. They aresynthesized fromei ther
enantiomers of known (1R,2R,3R,4S)-3-[2-(3-carboxy-7-oxabicyclo[2,2,1] hept-2-yl-methyl)phenyl]-
propionic acid methyl ester viaepimerization, modi fied Curtius' rear range ment and sulfonylamino for ma

tion. Other deriv ativesmay bepreparedsimilarly.

INTRODUCTION

Platelet ab nor mal ity may resultinvar i ousblood clot-
tingdisor ders' which may befatal. Theregulation of platelet
functions, especially aggregation, isrelatedto second mes
sen gers such adenosine diphosphate and thromboxane A,
(TXA:).? These molecules generate a positive feedback
mechanismleadingtoanirreversibleplateletaggregation
and thrombi for mation. Of thetwo ampli fi ers, thromboxane
Azismorepotentanditsef fectsareir reversible. Moreover,
thromboxane A, isalso related to pathophysiological con di-
tionssuch asasthma, myocar dial infraction, cor onary spasm
and many other diseases. Thromboxanean tag o nistsmay then
beuseful for thetreat ment of these diseases.

Therehasbeencontinuinginter estinthedesignand
synthesis of thromboxane antagonists.> Most prostanoid
TXAzantag onistscontaina6-carboxyhex-2-enyl up per side
chain, whichresemblesnat ural prostaglandins. How ever,
these prostanoi dsun dergo [*-oxi dationreadilyinvivo.* Con-
sequently, their bi ologi cal half-livesarerel atively short,
mak ingthemlessuseful for clini cal use. For example, S-145,
one of themost potent TX Az antag o nistshasahalf-lifeof 30
min utesonly inrats. In cor po ration of an interphenylene
group may prevent F-oxi dation, resultingincompoundswith
better pharmacokinetic profiles.

Previ ously wereportedthesynthesisof interphenylene
bicyclo[2.2.1]heptanederiv ativeswhich are po tent throm-
boxaneantagonists>® Intheliter ature, 7-oxabicyclo[2.2.1] -
heptanederiv ativesaregener ally morewater sol ublewith

greater po tency than their bicyclo[2.2.1]heptane coun ter-
parts. Therefore, wepro posed that thesameratio nalemay be
appli cabletotheinterphenyleneanalogs.”® Moreover, enan
tiomersmay havedif fer ent pharmacologies.” Asare sult, we
planned to synthesize both enantio mersof 3-[2-(3-benzene
sul fonylamino-7-oxabicyclo[ 2,2,1] hept-2-yl-methyl)phenyl]-
propionic acid 9 and 9'. Theavail abil ity of thisenantiomeric
pair should al low usto study their phar macologi cal prop er
ties.

Previously, bicyclo[2.2.1]heptane derivatives were
syn the sized by alkylation of norcamphor and sub se quent
functional group transfor mation of theketoneto benzen sul-
fonamide asre ported (Fig. 1).° Enantiomerically selective
synthesisof thesecom poundsmay useei ther (+)-norcamphor
or (-)-norcamphor asstartingmateri als. How ever, thesame
rationaleisnot ap pli cabletothe 7-oxabicyclo[2.2.1] heptane
deriv atives. Alkylation of 7-oxabicyclo[2.2.1]heptanoneis
not stereospecific; both :- and [-alkylation prod uctswere
obtained (data not shown). Moreover, these regiosterec
isomerswerealsodif fi culttoseparate.

Thus, anal ter native synthetic ap proach wassought. In
thisar ti clewereport thesynthesisof 1 using the known
(1R,2S,3R,4S)-3-[ 2-(3-carboxy-7-oxabicyclo[ 2.2.1] hept-2-
yl-methyl)phenyl]propionic acid methyl ester asthe starting
material ° By epimerization of the 3-carboxylic acid, Curtius
rearrangement and subsequent sulfonylamino formation
should af fordthedesir abletar get com pound9. Al though the
synthesisof1’ hasnot been reported, it can beprepared sim i-
larly. Thus9*can also besynthesized usingasimi lar syn
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Fig. 1. Com par i son of alkylation of norcamphor and 7-oxabicylo[2.2.1] heptan-2-one. 1. LDA, -78*C; o- THPO(CH,) =
PhCH2Br; 2. Ho2NOCHS3; 3. LAH; H*; 4. PHSOCI, pyridine; 5. Jonesox i dation.

thetic scheme.

RESULTSANDDISCUSSION

Thesynthesisof 9 started with the known, (1R,2S,3R,
45)-3-[2-(3-carboxy-7-oxabicyclo[ 2.2.1] hept-2-yl-methyl)-
phenyl]propionic acid methyl ester 1. Theori entation of the
3-carboxylicacidisonthe‘wrong’ side of themol ecule(cis-
ori entation). Therefore, itwasnecessary to beepimerizedto
thetrans-form. Since epimerizationiseasier with an al de-
hyde than an acid, lisconvertedintoitscor respondingal de-
hyde 2 by Her bert’ sreduction™ usingsequential reaction
withbor ane-methyl sul fidecom plexand PCCoxi dation. The
reason we used bor ane-methy| sul fide com plex in stead of
diboranein THF isbe causethefor mer reagentisrel atively
stableatroomtemper ature, whichisrequiredinoursituation.
Anisolatedyield of 68.1% of al dehyde 2 can be ob tained.
Epimerizationwith di luteNaOMein MeOH? at roomtem per-
atureresultedinthetrans-aldehydeinquanti tativeyield. The
reactionwasmoni toredwith*H-NMR spectrography. The
cis-al dehydehasadoublet at 9.70 ppm (J = 4.2 Hz), which
slowly disap peared with the ap pear ance of anew dou blet at
9.60 ppm (J= 1.4 Hz).

Oxi dationof a dehydeinto carboxylicacidissel dom
mentioned in the literature. Carboxylic acids are usually
formedasover-oxidativeproductsfromal cohol oxi dationin
poor to low yield. Instead we employed KMnQOa-crown
ether?** asthe ox i dizing agent and ob tained epimerized
carboxylic acid 3in 64%, in which the crown ether servesasa
host-guest com plex with K* to increasethesol ubil ity of
KMnG,inorganicsol vents.

Transfor mation of carboxylic acidsinto aminescanbe

done by Curtius' rearrangement. Carboxylic acid 3 was
added with ethyl chloroformate, triethylamine and ace
tone.>*® Af ter anhour, al startingmateri al swerecon sumed
asdetected by TLC, withthefor mation of lesspolar ester.

AqueousNaNs was then added. A new product carbonyl

azide 5wasformed. Thetolu eneex tract wascon centrated

andrefluxed for 3hoursinac etone. IR moni tor ing showed a
peak withstrongabsorptionat 2268cm™, atypi cal absorption
peak for isocyanate 6.

Di recthy droly sisof theisocyanate 6 by sul furic acid,
fol lowed by trap ping of the amine formed with benzene sul-
fonyl chlorideinbasiccondi tion af fordslessthan 10%yield
of thedesir ableproduct. Therefore, adif fer ent ap proachwas
sought. Thein ter medi ate was trapped as tert-butoxy car
bamate 7 in stead. Thus the unpurified isocyanate 6 was dis-
solved in tert-butanol and refluxed until the 2268 cm™ IR ab-
sorptiondisap peared and a3450 cm™ peak emerged, show ing
carbamate 7 for mation. Di lute HCl wasadded to themix ture
and stirred over night withthefor mation of theam mo nium
chloridesalt8 at 54% yield. In the pro cess, the methyl ester
was also being hydrolyzed. Benzenesulfonamide 9 was
formed after reaction with benzenesulfonyl chloride in
pyridine. Thechiral part ner (1S,2S,3S,4R)-3-[ 2-(3-benzene-
sulfonylamino-7-oxabicyclo[2,2,1] hept-2-yl-methyl)phenyl]
propionic acid 9'wassynthesizedsimilarly.

Thesyntheticschemeal lowsthepreparationof various
7-oxabicyclo[2.2.1]heptanederiv ativesfor thestudy of their
structure and activity relationships. Preliminary studies
showed that both (1R,2R,3R,4S)-3-[2-(3-benzene sul fonyk
amino-7-oxabicyclo[2,2,1] hept-2-yI-methyl)phenyl] propionic
acid 9 and (1S,2S,3S,4R)-3-[ 2-(3-benzenesul fonyl-amino-
7-oxabicyclo[2,2,1] hept-2-yl-methyl) phenyl] propionic acid
9' processinter estingbutdif fer ent phar macologi cal proper
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Fig. 2. Synthesisof (1R,2R,3R,4S)-3-[2-(3-benzenesulfonylamino-7-oxabicyclo[ 2,2,1] hept-2-yl-methyl) phenyl] propionic
acid. 1. BH3-Me,S; 2. NaOMe; 3. KMnQy,, 18-crown-6; 4. CICOOEL, EtsN; NaN3; 5. Toluene,4; 6. tBUuOH, 4; 7. 5%

HCI; 8. PhSO,CI, Et3N.

ties. Com pound9 prevents U46, 619, a po tent thromboxane
agonistinduced rat aortaring contrac tion at nanomolar con-
centrationwhileitalsoinhibitshuman platelet aggregation
induced by the sameag o nist. Ontheother hand, com pound 9
wasfarlesspotentthanitsenantiomer. Their phar macologi-
cal studieswill bereportedindue course. Ef fortswill also be
madein synthesizing more potent antag o nistsbased onthe
same chem istry. Epimerization of the 3-carboxylic acid ex-
empli fiesamildand practi cal method for such acon ver sion.
Itmay alsobeappli cableinother simi lar transfor mations.

EXPERIMENTAL

Melting points were de ter mined on aFargo MP-ID
hot-stageap paratusandareuncor rected. Opti cal rotations
werere corded onaJasco P-1010digi tal polarimeter. Proton
NMR spec trawerere corded at 200 MHz on aVarian Mer-

cury-200 NMR spectrom eter. Car bon NMR spectrawerere
cordedat 50MHzonaVarianMer cury-200NMR spectrom e
ter. Proton and car bon chemi cal shiftsarere ported onthe
delta scale as parts per million (ppm) downfield from
tetramethylsilane(TMS) asinter nal ref er ence. Massspectra
weremeasuredwithaVGAnalyti cal Model 70-250sMass
Spectrometer. Infrared (IR) Spectra were recorded on a
Perkin EImer Par agon 500 IR Spectrom eter. All reagents
wereused asobtainedcommer cially.

Synthesis of (1R,2S,3R,49)-3-[2-(3-for myl-7-oxabicyclo-
[2,2,1]hept-2-ylI-methyl)phenyl]propionic acid methyl
ester 2

Carboxylic acid 1 (5.75 g, 18.10 mmol) was dis solved
in50mL of anhy drousTHF. Atroomtem per atureand un der
anar gonat mo sphere, bor ane-methyl sul fidecomplex (1.75
mL, 18.10 mmol) was added dropwise. Af ter stir ring for 2
hours, 50 mL of ice-water was added into the re ac tion mix-
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turecautiously. Thesolutionwasex tractedwith ethyl acetate
(50 mL < 4). The com bined or ganic layer was washed with
sat urated brineand dried with an hy drousNa,SO.. Af ter fil-
trationandevaporation, anoily resi duewasobtained.

Under ar gon at mo sphereat roomtem per ature, theoily
resi duewasdissolvedin 35mL of di chloromethane. There-
ac tion flask was placed into anice bath. Af ter 10 min utes,
PCC (7.37 g, 34.02 mmol) was added. It was al lowed to stir
for an other 10 min utesbeforetheice bath wasre moved. Af-
ter thereaction mix turewas stirred at room tem per aturefor
one and a half hours, it was fil tered through a pad of Celite.
Thefil tratewascon centrated and the prod uct waspuri fied
withsil icagel chromatography (EtOAc:n-Hexane=1:2). The
aldehyde2 3.72 g (72.1% yield) of was ob tained as an ail,
[0]2 +24.17 (c 1.0, CH,Cl,); IR (CH,Cl,) cm™: 2998, 2955,
1734, 1718, 1438, 1268, 1246, 1201, 1175;*H-NMR (CDCl 3,
200 MHz) &: 9.70 (1H, d, J= 4.2 Hz), 7.18 (4H, s), 4.86 (1H,
d,J=4.4Hz),4.36 (1H, d,J=4.4Hz), 3.68 (3H, s), 2.96 (2H,
dd, J=8.0 Hz, 7.4 Hz), 2.71~2.55 (6H, m), 1.82~1.40 (4H,
m); *C-NMR (CDCl;, 50 MHz) &: 203.0, 173.1, 138.5,
137.9, 129.5, 129.0, 126.8, 78.3, 77.5, 58.8, 51.7, 49.1, 34.8,
32.2, 29.5, 28.9, 27.4; MS, m/e(rel ativeintensity %): 302
(M*, 4), 284 (26), 266 (14), 240 (17), 177 (24), 159 (30), 141
(31),129(51), 117 (100), 115 (55), 105 (41), 91 (52), 81 (49),
77 (21), 55 (14); HRMS Calcd for CygH,,0,: 302.15181.
Found: 302.15190.

Synthesis of (1S,2R,3S,4R)-3-[2-(3-for myl-7-oxabicyclo-
[2,2,1]hept-2-ylI-methyl)phenyl]propionic acid methyl
ester 2/

Similarly,al dehyde2’ was ob tained from 1" in 60%
yieldasalightyel lowishoil.[2]% -23.87 (¢ 1.0, CH,Cl,)."’

Synthesis of (1R,2R,3R,49)-3-[2-(3-formyl-7-oxabicyclo-
[2,2,1]hept-2-ylI-methyl)phenyl]propionic acid methyl
ester 3

Aldehyde2(0.05g,0.166 mmol) wasdissolvedin 1 mL
of anhy drousMeOH. Themix turewasplaced under anar gon
at mo sphereandthereactionflask wasplacedintoanicebath.
It was stirred for 10 minutes before NaOCH3 (0.0037 g;
0.0068 M in MeOH) wasadded. Theice bathwasremoved af-
ter 10 min utesof stir ring. Themix turewasal lowed towarm
toam bi ent tem per atureand reacted for 3 hours. OnemL of
sat uratedammoniumchloridesolutionwasadded, andthe
mix ture was ex tracted with EtOAc (2.0 mL ¢ 3). The com-
bined or ganic lay erswerewashed with sat u rated brineand
dried with an hy drousNa,SO,. Af terfil trationandevapora
tion, 0.05 g of the al dehydewasob tained. (Quan.), []%

Chern et al.

+8.0F (¢ 1.0, CH:Cl,); IR (CHClp) cmi™; 2996, 2955, 1733,
1720, 1438, 1293, 1201, 1176; *H-NMR (CDCl;, 200 MHz)
5:9.60 (1H, d,J = 1.4 Hz), 7.16 (4H, ), 4.88 (1H, t, I = 4.4
Hz), 3.68(3H, ), 3.00 (2H, dd, J = 8.4 Hz, 7.0 Hz), 2.86~2.47
(6H, m), 1.79~1.40 (4H, m); *C-NMR (CDCl, 50 MHz) &
200.5, 173.2, 138.6, 137.2, 129.7, 128.9, 126.7, 126.5, 80.9,
77.1,62.8,51.6, 45.0, 37.0, 35.0, 29.2, 27.5, 26.1; MS, n/e
(rel ativeintensity %): 302(M ", 4), 284 (24), 277 (24), 275
(24), 187 (29), 177 (29), 157 (44), 143 (34), 129 (49), 117
(100), 115 (51), 105 (49), 91 (60), 81 (55), 77 (47), 65 (20),
55 (19); HRMS Calcd for GisH.204: 302.15181. Found:
302.15181.

Synthesis of (1S,2S,3S,4R)-3-[2-(3-for myl-7-oxabicyclo-
[2,2,1]hept-2-yl-methyl)phenyl]propionic acid methyl
ester 3

Similarly, carbaldehyde 3" was obtained from 2’ in
91.2%yield. [w]®-7.7° (c 1.0, CH,Cl,)."

Synthesis of (1R,2R,3R,4S)-3-[2-(3-car boxy-7-oxabicyclo-
[2,2,1] hept-2-yl-methyl)phenyl]propionic acid methyl
ester 4

Aldehyde3(1.16 g, 3.84 mmol) wasdissolvedin 30 mL
of anhy drousac etone. Under roomtem per atureandar gonat
mo sphere, acat alytic amount of 18-crown-6 was added and
stirredfor 10 min utes. Potassium per manganate (0.67g,4.23
mmol) wasadded por tion wiseover an hour. Af ter theresult
ing mix turewasthen stirred for an other 2 hours, itwasevap o
rated un der reduced pressure. The solid waswashed with hot
water (20 mL = 2) and wasfil tered through a pad of Celite.
Thefil trate waswashed with di chloro methane (60 mL x 1)
and the ague ous layer was acid i fied with 2N HCI. Af ter ex-
tractionwith di chloro methane (30 mL : 5), the com bined or-
ganic layer was washed with sat u rated brine. The or ganic
layer wasthen dried with an hy drous Na,SO4. Af terfil tration
andevap oration, theoil resi duewaspuri fied by sil icagel
chromatography (EtOAc: nHexane=1:1). A slightly yel low
ish oil was ob tained in 0.78 g (63.9% yield),[]% +35.5% (c
1.0, CHCI3); IR v (CH,Cl2) cm™: 3490, 2998, 2955, 1735,
1710, 1422, 1274, 1176; "H-NMR (CDCl3, 200 MHz) &: 8.65
(1H, bs), 7.17 (4H, ), 4.80 (1H, d, J=5.2 Hz),4.32 (1H, d, J
=3.2Hz), 3.67 (3H, s), 3.02 (2H, dd, J = 8.4 Hz, 7.6 H2),
2.80~2.40 (6H, m), 1.71~1.25 (4H, m); *C-NMR (CDCls, 50
MHz) & 177.1, 173.4, 138.7, 137.5, 129.8, 129.0, 126.6,
126.4, 80.7, 78.0, 55.0, 51.7, 46.7, 37.3, 35.0, 29.2, 27.5,
25.9; MS, m/e(rel ativeintensity %): 318 (M*, 16), 300 (38),
272 (26), 178 (14), 155 (25), 141 (58), 129 (51), 117 (100),
115 (65), 105 (48), 91 (60), 77 (35), 67 (21), 55 (14); HRMS
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Calcd for CisH2,0s: 318.14673. Found: 318.14672.

Synthesis of (1S,2S,3S,4R)-3-[2-(3-car boxy-7-oxabicyclo-
[2,2,1]hept-2-yl-methyl)phenyl]propionic acid methyl
ester 4

Carboxylic acid 4° wasobtained simi larly from3' in
65.9% yield.[:]5-35.1% (¢ 1.0, CH,CI,)."

Synthesis of (1R,2R,3R,4S)-3-[2-(3-amino-7-oxabicyclo-
[2,2,1]hept-2-yl-methyl)phenyl]propionic acid 8

The above carboxylic acid 4 (0.792 g, 2.49 mmol) was
dissolvedin6mL of anhy drousac etone. Under roomtem per-
atureand ar gon at mo sphere, triethylamine (0.29mL, 2.08
mmol) was added. There ac tion ves sel wasthen placed into
an ice bath. Ethyl chloroformate (0.20 mL, 2.05 mmol) was
added dropwise. Af ter stir ring for 5 min utes, 0.6 mL of ice
water was added cau tiously. So dium azide (0.194 g, 2.98
mmol in 1 mL of water) wasadded dropwiseand thereaction
tem per aturewasmaintained at 0°C.

Tothereactionwasadded 5 mL of purewater and was
ex tracted with EtOAc (10 mL 3 3). The com bined or ganic
layer was washed with sat u rated brine and dried with an hy-
drous Na,SO,. Theor ganiclayer wasthenfil tered and evap o-
rated under reduced pressuretoremovetheacetone. Theresi-
duetoluenesolutionwasal lowedtoreflux for 3hours. Af ter
evaporation,yel lowishoil 6wasobtained. | R spec tros copy
confirmed it asanisocyanate (2268 cm™* absorption peak).

Theisocyanate 6wasdissolvedin5mL of tert-butanol.
Af ter refluxing for 12 hours, theex cessiveal co hol wasre-
moved under reduced pressure. Totheresi dueoil 7, 25 mL of
5% HCI was added and the so lu tion was stirred over night.
Theaqueoussolutionwasex tracted with di chloro methane
(20 mL x3). Theremainingagueoussolutionwasevaporated
under vacuum. Theammoniumsalt 8 (0.264 g) was ob tained
at 54% yield, which wasused in the next step with out fur ther
purification, *H-NMR (dg-MeOH, 200 MHz) &: 7.22~7.17
(4H, m), 4.69 (1H, bs), 4.24 (1H, bs), 3.25 (1H, m), 3.01~2.57
(7H, m), 2.02~1.53 (4H, m); "*C-NMR (ds-MeOH, 50 MHz)
4:176.8,140.2,138.1, 130.9, 130.2, 128.1, 127.7, 81.5, 78.5,
59.0, 50.4, 37.0, 35.9, 29.9, 28.5, 24.0.

(1S,2S,35,4R)-3-[2-(3-amino-7-oxabicyclo[ 2,2, 1] hept-2-yl-
methyl)phenyl]propionic acid 8 wassynthesizedsimilarly
from 4 in 57% yield (crude).!’

Synthesis of (1R,2R,3R,45)-3-[2-(3-benzenesulfonyl-
amino-7-oxabicyclo[2,2,1]hept-2-yl-methyl)phenyl]-
propionic acid 9

The above amine8 (0.05 g, 0.161 mmol) was dis solved
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in2mL of an hy drous pyridine under an ar gon at mo sphere.
Thereaction ves sel was placed into an ice bath. Benzene
sulfonyl chloride (0.023 mL, 0.177 mmol) was added and
stirred at 0=Cfor 2 hours. Af ter wards8 mL of icewater was
added and the mix turewas ex tracted with EtOAc (3 mL x 3).
Thecom bined or ganiclayer waswashed with brineand dried
with Na,SO,. Af ter fil trationandevaporation, theresi due
was purified with silica gel chromatography (EtOAc:
nHexane = 1:1). Thetar get com pound 9 wasob tained in
50.1% yield (0.02 g), [m]Z -2.4* (c 1.0, CH,Cl,); IR
(CH.Cl,) cm™: 3686, 3601, 3054, 2956, 1737, 1606, 1422,
1270, 1164, 1093; *H-NMR (CDCls, 200 MHz) &: 7.79 (2H,
d, J = 7.0 Hz), 7.70~7.46 (3H, m), 7.16~7.05 (2H, m),
7.03~6.90 (2H, m), 6.04 (1H, d, J=4.8 Hz), 451 (1H,t,J =
4.0 Hz), 4.16 (1H, d, J = 4.0 Hz), 4.11~2.37 (7H, m),
1.93~1.25 (4H, m); *C-NMR (CDCl3, 50 MHz) &: 177.8,
139.2,138.1, 136.9, 132.8,130.3, 129.2, 128.5, 127.1, 126.8,
126.5,79.9, 79.3,60.7,51.2, 36.8, 34.6, 29.7, 26.8, 23.3; MS,
m/e(rel ativeintensity %): 415(M*, 11.5), 274 (96), 252 (79),
141 (30), 117 (32), 77 (100); HRM S Calcd for C,H,sNOsS:
415.14534. Found: 415.14534.

Synthesis of (1S,2S,3S54R)-3-[2-(3-benzenesulfonylamino-
7-oxabicyco[2,2,1]hept-2-yl-methyl)phenyl] propionic acid 9

Theenantiomerwasobtainedsimilarly from8, [z]%
+2.2% (c 1.0, CH,Cl,) .Y’
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