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Synthesis of Thromboxane Receptor Antagonists with Bicyclo[3.1.0]Jhexane Ring

Systems
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Thromboxane A, receptor antagonists 11a, 15a, 26a, 30a, 34a, 36a, 46a, 52a, 61a, 72a, and 82a, which contain
6-oxabicyclo[3.1.0]hexane, 6-thiabicyclo[3.1.0]hexane, bicyclo[3.1.0]hexane, or 6,6-dimethylbicyclo[3.1.0]hexane ring
systems with heptenoic and (phenylsulfonyl)amino side chains, and their corresponding sodium salts and methyl
esters were synthesized. This study then examined the inhibitory effects of their sodium salts for the platelet aggregation
induced by arachidonic acid with rabbit platelet-rich plasma and platelet aggregation induced by collagen with rat

washed platelets.

Thromboxane A, (TXA,) is a short-lived arachidonic
acid metabolite! and a powerful inducer of platelet ag-
gregation? and vascular® and respiratory smooth muscle
constriction.* The structure of TXA, was originally
proposed on the basis of structural studies carried out on
its degradation products and metabolites, and was finally
confirmed by the synthetic work of Still and co-workers.?

As the formation of TXA, plays a role in the patho-
genesis of myocardial ischemia and thrombosis, consid-
erable efforts have been directed toward the synthesis of
agents that would either inhibit TXA, biosynthesis’ or
block the action of TXA, at the receptor level.” As the
inhibition of TXA, formation by thromboxane synthetase
inhibitor would be considered to lead to accumulation of
prostaglandin Hy, (PGHy,), which is also considered to exert
TXAy-like activity via the common receptor,®? the latter
approach has been considered to be more attractive and
effective.®

Due to the short half-life of TXA, or PGH,, the syn-
thesis of several stable analogues of TXA, or PGH, with
modified ring systems has been attempted to evaluate their
biological characteristics.® For these purposes, one or
both oxygen atoms have been replaced by carbon units or
nitrogen or sulfur atoms, or the oxygen and carbon atoms
have been transposed in their oxabicyclo[3.1.1]heptane or
2,2-dioxa[2.2.1]heptane ring systems. Further modification
of these analogues led to the discovery of several deriva-
tives that have been reported to be potent TXA, receptor
antagonists and some of them have been evaluated in
clinical studies.
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Recently, the (phenylsulfonyl)amino function of the
non-prostanoid TXA, antagonist BM-13,177!! has been
applied to PGH, or TXA, analogues with bicyclic ring
systems of norbornane, pinane, and oxabicyclo[2.2.1]hep-
tane, and extremely potent and effective TXA, antagon-
istic activity both in vitro and in vivo has been found.1?
Among a number of compounds, di-7-[3-endo[(phenyl-
sulfonyl)amino]bicyclo[2.2.1]hept-2-exo-yl]-5(Z)-heptenoic
acid (S-145) has been reported to have remarkably high
potency in the therapy of various TXA,-mediated patho-
physiological disorders and is presently undergoing ex-
tensive clinical trials.

In our attempt to design thromboxane receptor antag-
onists, we chose compounds with the bicyclo[3.1.0]Jhexane
ring system that retains a certain structural similarity to
TXA,. Replacement of two oxygen functions of the 2,6-
dioxabicyclo[3.1.1]heptane ring system of TXA, by their
carbon equivalent and the subsequent elimination of either
one of the bridged carbon atoms led to the bicyclo-
[3.1.0]hexane ring system. ‘In the compounds designed,
which can be represented by the general formula A, we

X H
S0P N H Y " NHS02CsHs
OH
TXA: [A] X=0, S, CHz. C(CHa);

retained the «-heptenoic acid side chain and replaced the
w-octenol side chain by a (phenylsulfonyl)amino function.
The carbon atom at the 6-position of the bicyclic ring
system was further replaced by oxa, thia, and dimethyl-
carba functions. In each case, synthesis of the stereoiso-
mers with respect to the stereochemical relationship of the
a-carboxylic side chain to the (phenylsulfonyl)amino side
chain or bicyclic ring juncture was attempted. From ob-
servations of the structure-activity relationships of the
synthesized compounds, we also expected to obtain some
information about the stereoelectronic requirement of the
6’-oxygen or 7-carbon function of the TXA, 2,6-dioxabi-
cyclo[3.1.1]heptane ring system for the affinity to the re-
ceptor.

Chemistry

Stereoisomers of 6-oxabicyclo[3.1.0]hex-2-yl-5(Z)-hep-
tenoic acid derivatives, 11a and 15a, in which the (phe-
nylsulfonyl)amino group was substituted at the 3-position
and in the trans relation to the 2-heptenoic acid side chain,
were synthesized according to the reaction sequences de-
scribed in Scheme 1. 2-(4-Hydroxycyclopenten-3-yl)-
ethanol (1)!3 was converted to its mono(triphenylmethyl
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ether) derivative 2 and then transformed to the corre-
sponding acetate 3 or methanesulfonate 4 by the usual
reaction procedures. Compound 4 was converted to azide
derivative 5 with sodium azide in N,N-dimethylformamide
(DMF). Subsequent reduction of 5 with triphenyl-
phosphine and hydrolysis of the resulting phosphine imino
derivative with water gave the amine derivative 6. Sul-
fonylation of 6 with benzenesulfonyl chloride and tri-
ethylamine gave the (phenylsulfonyl)amino derivative 7
whose triphenylmethyl substituent was subsequently hy-
drolyzed with acid to obtain 8. Epoxidation of 7 with
3-chloroperbenzoic acid proceeded smoothly and gave
preferentially the triphenylmethyl ether of 9 although the
hydrolysis of the triphenylmethyl group with acid failed
to give 9 due to the lability of the epoxide function to acid.
The selectivity of the epoxidation was probably due to the
steric effect of the (triphenylmethoxy)ethyl substituent and
also to the interaction between the sulfonamide proton and
the reagent.!* On the other hand, stereocontrol by the
directing effect of the free hydroxy group in 8 was not
observed as expected and epoxidation of 8 provided a
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mixture of 9 and 13 in a 2:1 ratio (in 66% yield). The steric
effect of the hydroxyethyl group or the directing effect of
the (phenylsulfonyl)amino group might overcome the di-
recting effect of the hydroxy group in this epoxidation. To
secure the structure of 9 and 13, the stereochemistry of
9 was confirmed by X-ray crystallographic analysis. Swern
oxidation's of 9 yielded the aldehyde 10. Wittig reaction
of 10 with 3 equiv of ylide, prepared from (4-carboxy-
butyl)triphenylphosphonium bromide and dimsylsodium
in dimethyl sulfoxide (DMSQ) at room temperature pro-
duced the desired 5(Z)-heptencic acid derivative 1la.
Treatment of 1la with 1 equiv of aqueous NaOH and
lyophilization gave 11b for biological examination studies.
Esterification of 11a with diazomethane in ether gave
methyl ester 12. By the same procedure, the isomeric
(phenylsulfonyl)amino alcohol derivatives 13 were con-
verted to 15a,b and 16.

According to the reaction sequence described in Scheme
I1, the other two stereoisomers of 6-oxabicyclo[3.1.0]hex-
2-yl-5(Z)-heptenoic acid derivatives, 26a and 30a, in which
the (phenylsulfonyl)amino group and the 2-heptenoic acid
side chain are in a cis relationship, were synthesized.
Mitsunobu reaction!® of 2 with diethyl azodicarboxylate,

(15) Omura, K.; Swern, D. Tetrahedron 1978, 34, 1651.
(18) A review: Mitsunobu, O. Synthesis 1981, 1.



Synthesis of Thromboxane Receptor Antagonists

Scheme III%

RO
. S~ "
12 =™, NCs N=NC0CH, 2k, S ="VcoR
NHSO0:CgHs NHSO2CsHs
32 R=H 34a R=H
33 R=S0;CH3 34b R=Na
35 R=CHj;

S .
="VC0.R
NHS0;CeHs

36a R=H
38b R=Na
37 R=CH3

n,m, o, ki

16

triphenylphosphine, and benzoic acid gave 17 accompanied
by cyclopenta-1,3-dienylethanol trityl ether. The benzoyl
group was hydrolyzed to obtain 18, which was further
converted to the (phenylsulfonyl)amino derivative 22 and
the corresponding hydrolysis product 23 by the sequence
used for the conversion of 2 to 7 and 8. Epoxidation of
23 with 3-chloroperbenzoic acid gave 24 stereospecifically
with no trace of the stereoisomer of the epoxide. The
stereospecificity seems to result from the synergistic di-
recting effects of the hydroxyethyl and (phenylsulfonyl)-
amino groups. Swern oxidation of 24 afforded the alde-
hyde derivative 25, which mainly existed in a cyclic aminal
form due to the cis relationship of the two side chains. To
obtain the isomeric epoxide, compound 23 was converted
to the cyclic animal derivative 28 by Swern oxidation.
Epoxidation of 28 proceeded from the sterically less hin-
dered side and compound 29 was obtained as the sole
product. These compounds 25 and 29 were also converted
to 26a,b and 27 or 30a,b and 31, respectively, by the
procedure described for the conversion of 10 to 11a,b and
12.

To obtain 6-thiabicyclo[3.1.0]hex-2-yl-5(Z)-heptenoic
acid derivative 34a, compound 12 was treated with thio-
cyanic acid to give a mixture of the regioisomers of the
thiocyano alcohol derivatives 32 (Scheme III). The
methanesulfonate (33) of 32, treated with KOH in a
methanol-dioxane mixture, gave 34a. By the same pro-
cedure, compound 16 was converted to 36a. Compounds
34a and 36a were also converted to their sodium salt or
methyl ester derivatives, 34b, 35, 36b, and 37.

Scheme IV
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Table I. Inhibition of Platelet Aggregation by
Bicyclo[3.1.0]hexane Analogues

rat WP?
M relative
compd ICgo, M ICso, nM agonist activity®
S-145/ 1.0¢ 1.0¢ 100
15b 2.6 4.0 82
26b 49.1 23.0 26
11b 391.1 100.0 0
34b 11.3 2.9 74
36b 178.1 10.0 0
46b 5.3 8.3 67
52b 318 25.0 33
61b 11.3 12.5 22
82b 44.0 4.3 22
72b 438.4 4.1 11

@ Aggregation of platelet-rich plasma (PRP) was induced by 500
uM of arachidonic acid. ?Aggregation of washed platelets (WP)
was induced by 4 ug/mL of collagen. ¢The partial agonistic activ-
ity (shape change of rate WP) induced by test compound at 1 uM
was calibrated for that of S-145. 9The value varied from 0.9 to 1.9
uM for every measurement as the standard compound; thus, each
IC;, measured by three experiments for the other compound was
corrected for the value for S-145. The relative ranges of three
values of ICg’s to their average were approximately 20% for most
of comparative compounds. ©The value varied from 0.8 to 2.5 nM
on every measurement as the standard compound; thus, each ICg,
measured by three experiments for the other compound was cor-
rected for the value for S-145. The relative ranges of three values
of ICg's to their average were approximately 20% for most of
comparative compounds. fdi-7-{3-endo-{(Phenylsulfonyl)amino}-
bicyclo[2.2.1]hept-2-ex0-yl}-5(Z)-heptenoic acid:

QWCOZH
NHSO,CHs

Next, we synthesized the stereoisomers of bicyclo-
[3.1.0]hex-2-y1-5(Z)-heptenoic acid derivatives, 46a, 52a,
and 61a, in which the (phenylsulfonyl)amino group was
substituted at the 3-position and in the trans or cis relation
to the heptenoic acid side chain. Stereocontrolled cyclo-
propanation of 1 by Simmons—Smith reagent prepared
with a Zn(Ag) couple and diiodomethane gave 38 (Scheme
IV). Compound 39, the trityl ether of 38, was oxidized

with pyridinium dichromate (PDC) in DMF or by Swern
oxidation to give keto derivative 40. The corresponding
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oxime 41 was reduced to the mixture of amino derivatives
by application of the method developed by Barton et al.'”
which includes the reaction with diphenyl disulfide and
tri-n-butylphosphine in tetrahydrofuran (THF) followed
by reduction of the resulting (phenylsulfonyl)imino in-
termediate with sodium cyanoborohydride in acetic acid
(AcOH). After phenylsulfonylation of the reaction mix-
ture, hydrolysis of the trityl ether and separation by col-
umn silica gel chromatography, compound 44 and its iso-
mer 50 were isolated. On the other hand, stereocontrolled
cyclopropanation of alcohol 18 by the same Simmons-
Smith reagent gave 54. Compound 54 was oxidized to the
ketone derivative 55 with PDC in DMF and the corre-
sponding oxime 56 was reduced by the same procedure as
described for the reduction of 41. After phenyl-
sulfonylation of the amine and the following hydrolysis,
only stereoisomer 59 was obtained in good total yield.
These (phenylsulfonyl)amino alcohol derivatives 44, 50,
or 59 were converted to their corresponding acid, sodium
carboxylate, or ester derivatives 46a,b and 47 or 52a,b and
53 or 61a,b and 62, respectively by the procedure described
for the conversion of 9 to 11a,b and 12.

Preparation of the stereoisomers of the 3-(phenyl-
sulfonyl)amino derivative of 7-(6,6-dimethylbicyclo-
[3.1.0]hex-2-yl-5(Z)-heptenoic acid, 72a and 82a, was also
examined. Addition of dibromocarbene occurred from the
sterically less hindered side when 3 was allowed to react
with bromoform and benzyltriethylammonium chloride in
a refluxing mixture of 40% aqueous NaOH and dichloro-
methane, and 63 was obtained in 84% yield (Scheme V).
Reaction of 63 with Me,CuSCNLi, and hexamethyl-
phosphoramide (HMPA) in ether followed by methylation
with methyl iodide!® gave the dimethyl derivative 64. The
stereochemistry of the introduced dimethylcyclopropyl
function was confirmed by X-ray crystallographic analysis
of 64. Swern oxidation of hydrolysis product 65 gave the
keto derivative 66. The enolate of 66 produced under
thermodynamically controlled conditions was protonated
under kinetically controlled conditions and 74, the isomer
of 66, was obtained in quantitative yield. Both isomers

(17) Barton, D. H. R.; Montehwewell, W. B.; Simon, E. S.; Zard, S.
Z. J. Chem. Soc., Chem. Commun. 1984, 337.
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Pharm. Bull. 1985, 33, 3564.
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were converted to the corresponding (phenylsulfonyl)-
amino alcohol derivatives 70 and 80 by the procedure
described for the conversion of 40 to 44. Both isomers 70
and 80 were converted to their corresponding acid, sodium
carboxylate, or ester derivatives 72a,b and 73 or 82a,b and
83, respectively, by the procedure described for the con-
version of 9 to 11a,b and 12.

Biological Results and Discussion

Sodium salt of the TXA, analogues described in this
paper were examined for their inhibitory activity against
platelet responses induced by TXA,-dependent and
TXA,independent aggregatory agents: (i) aggregation of
rabbit platelet-rich plasma (PRP) induced by arachidonic
acid (AA), (ii) aggregation of rat washed platelets (WP)
induced by collagen, and (iii) aggregation of rat WP in-
duced by thrombin or ADP. For comparison, the inhi-
bitory activity of S-145 in these tests was examined at the
same time. All compounds blocked both AA-induced ag-
gregation of rabbit PRP and collagen-induced aggregation
of rat WP, whereas they caused no inhibition when
TXA,-independent aggregatory stimuli (e.g., ADP and
thrombin) were used (data not shown). The IC;; values
of these compounds for aggregation of rabbit PRP and rat
WP are shown in Table I. As these compounds showed
partial agaonistic activity (occurrence of platelet shape
change), the relative agonistic activity to S-145 was also
listed in Table L.

Although none of them surpassed the inhibitory effect
of S-145, all the compounds tested showed inhibitory ef-
fects with ICs; values of 2.6-4.38.4 uM in the rabbit PRP
test and of 2.9-100 nM in rat WP test. Interestingly, these
bicyclo[3.1.0]hexane TXA, analogues display the inhibitory
effect depending on their relative stereochemistry of the
molecule. In general, the compounds with trans-oriented
a-heptenoic acid and (phenylsulfonyl)amino side chains
like 15b or 46b exhibited lower ICs, values than the cor-
responding compounds with cis-oriented side chains like
26b or 52b. The effects of variation in the function of the
6-position of the bicyclo[3.1.0]Jhexane ring system was not
so prominent especially in the rat WP test. And most
interestingly, the relative stereochemistry of the a-hep-
tenoic acid side chain and three-membered functions of
the bicyclo[3.1.0]hexane ring system had strong effect on
the biological activity. Thus, 2-endo-3-exo configured
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Figure 1. Competitive inhibition of the specific binding of
[®H]S-145 by various compounds. Rat WP (1.7 X 108) were
incubated with 1.1 nM [2H]S-145 in the presence of various
concentrations of S-145 (0O), 26b (m), 34b (A), 46b (X), 61b (V¥),
72b (#), 15b (@), 11b (O), 36b (&), 52b (V), and 82b (). In-
cubation was carried out at 24 °C for 60 min. The control value
(100%) was defined as the specific binding of [*H]S-145 in the
absence of these compounds. Data are mean values for three
experiments performed in triplicate.

derivatives 15b, 34b, 46b, and 82b exhibited lower I1Cs
values than the corresponding 2-exo-3-endo configured
compounds 11b, 36b, 61b, and 72b in both tests except
82b, which exhibited almost the same value as 72b in rat
WP test. And, the IC;; values of these 2-endo-3-exo con-
figured derivatives in the inhibition for collagen-induced
aggregation of rat WP ranged in almost the same order as
S-145. From the diversity of the structures of TXA, an-
tagonists hitherto synthesized, TXA, receptor has been
thought to have considerable tolerance for structural
change in the bicyclic ring system. But the structure-
activity relationship in this series of specific TXA, an-
tagonists might indicate that stereochemical factors of the
6-oxygen function of the TXA, 2,6-dioxabicyclo[3.1.1]-
heptane ring system plays a more critical role for its
binding to the receptor and the effect of this function
seems to be more prominent than that of the corre-
sponding 7-carbon function.

The ICs, values for collagen-induced aggregation of rat
WP are regarded as more important indices than those for
AA-induced aggregation of rabbit PRP from the recent
observations that (a) the collagen-induced aggregation of
rat platelets directly depended on the action of TX A,
and (b) TXA, receptors on rat platelets have almost the
same specificity as those on human platelets.?» The
binding characteristics of TXA, receptors on rabbit pla-
telets has been reported to be somewhat different from
those on humans.?»# The displacement of the specific
(3H)-S-145 binding by the compounds listed was done for
further confirmation of receptor antagonism in rat WP
(Figure 1). From log-log plots of ICy, (aggregation in rat
WP) and the K, values ((3H)-S-145 binding; from Figure
1), highly linear correlations were observed for the inhi-
bitory potencies of the compounds between collagen-in-
duced aggregation and (®H)-S-145 binding to rat WP

(19) Nakano, K.; Terawaki, A.; Arita, H. J. Biochem. 1987, 101,
1169.

(20) Hanasaki, K.; Nakano, T.; Arita, H. Thrombosis Res. 1987, 46,
425.

(21) Hanasaki, K.; Arita, H. Biochem. Pharmacol. 1988, 37, 3923.

(22) Hanasaki, K.; Arita, H. Thrombosis Res. 1988, 50, 365.

(23) Narumiya, S.; Okuma, M.; Ushikubi, F. Br. J. Pharmacol.
1986, 88, 323.
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Figure 2. Graphic correlation of receptor affinity and antiag-
gregatory potency of S-145 (O), 26b (m), 34b (a), 46b (X), 61b
(v), 72b (), 15b (@), 11b (O), 36b (A), 52b (¥), and 82b (<).
Each point represents a log—log plot of ICs, (collagen-induced
aggregation of rat WP) versus K; value ([*H]S-145 binding to rat
WP). The K; values were determined by radioligand competition
studies as described in Figure 1 and were calculated from the
Cheng and Prusoff equations using the K4 value of [*H]S-145 (0.67
nM) obtained by Scatchard analysis. The ICy, values were taken
from the normalized concentration—response curves obtained from
the inhibition by the respective compounds for the aggregation
of rat WP induced by 4 ug/mL of collagen. The reported points
were fitted with a least-squares linear regression (r = 0.9394).

(Figure 2). Biosynthesis of TXA, as well as 12-HETE in
rabbit WP stimulated by thrombin was not inhibited by
all the listed compounds at concentrations of up to 10 uM
(data not shown). These data strongly imply the inhibitory
mechanism on platelets of the compounds to be TXA,
receptor antagonistic action. In conclusion, some com-
pounds like 36b, 82b, and 72b, which showed comparable
activity to S-145 in the inhibition against aggregation of
rat WP, lacked agonistic activity or showed relatively
weaker agonistic activity than S-145. These compounds
should be subjected to further biological evaluation.

Experimental Section

Unless otherwise stated, all reactions were carried out under
a nitrogen atmosphere with dry solvents being used under an-
hydrous conditions and with anhydrous MgSO, being used as a
drying agent for extracts. The organic solvents were removed by
evaporation under reduced pressure with a rotary evaporator.
Medium-pressure column chromatographies on Merck “Lobar”
prepacked columns packed with LiChroprep Si 60 [size A (240-10
mm, 40-63 um), size B (310-25 mm, 40~63 um), and size C (440-37
mm, 40-63 um)] were carried out for separation and purification
of the products. Melting points were determined with a Yan-
agimoto micro melting point apparatus and are uncorrected. IR
spectra were determined with a Hitachi Model 260-10 spectro-
photometer, and NMR spectra were determined on a Varian
EM-390 spectrometer.

dl-cis-2-(2-Hydroxycyclopent-4-enyl)ethanol Tri-
phenylmethyl Ether (2). To an ice-cooled and stirred solution
of 14.0 g (109 mmol) of 1 in 500 mL of CH,Cl, were added a
solution of 32 g (114 mmol) of triphenylmethyl chloride in 100
mL of CH,Cl,, 19.8 mL (142 mmol) of triethylamine (Et;N), and
300 mg of 4-(dimethylamino)pyridine, and the mixture was stirred
at room temperature for 20 h. The product was isolated by CH,Cl,
extraction. The CH,Cl, layer was washed with diluted aqueous
HCI, saturated aqueous NaHCOQj,, and saturated aqueous NaCl
and then dried and evaporated. The product was purified by
column silica gel chromatography using an ethyl acetate
(AcOEt)-n-hexane (1:4) mixture as an eluent, and 38.63 g (936%)
of 2 was obtained as an oily product: IR (CHCly) 3450 cm™!; NMR
(CDCly) 6 1.5-2.0 (2 H, m), 2.15-2.85 (3 H, m), 3.02-3.5 (2 H, m),
4.2-4.5 (1 H, m), 5.4-5.6 (1 H, m), 5.6-5.7 (1 H, m), 7.15-7.65 (15
H, m).
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dl-trans-2-(2-Azidocyclopent-4-enyl)ethanol Triphenyl-
methyl Ether (5). To an ice-cooled and stirred solution of 3.83
g (10.3 mmol) of 2 in 50 mL of CH,Cl, were added 0.88 mL (11.3
mmol) of methanesulfonyl chloride and 1.72 mL (12.36 mmol)
of EtsN, and the mixture was stirred at 0 °C for another 30 min.
The product was isolated by CH,Cl, extraction. The CH,Cl, layer
was washed with 2 N aqueous HCI, saturated aqueous NaHCOj,
and saturated aqueous NaCl, dried, and evaporated. The sample
of crude dl-cis-2-[2-[(methylsulfonyl)oxy]cyclopent-4-enyl]ethanol
triphenylmethyl ether (4) thus obtained was dissolved in 50 mL
of DMF, and 12.05 g (185.4 mmol) of sodium azide was added.
The mixture was then allowed to react at 75 °C for 5 h. After
cooling, the product was isolated by AcOEt extraction. The AcOEt
layer was washed with saturated aqueous NaCl, dried, and
evaporated. The product was purified by column silica gel
chromatography using an AcOEt-benzene (9:1) mixture containing
1% of triethylamine as an eluent, and 3.99 g (98%) of 5 was
obtained: IR (CHCl,) 2080 cm™!; NMR (CDCl,) 5 1.50-1.85 (2
H, m), 2.20-3.0 3 H, m), 3.15 (2 H, t,J = 6 Hz), 3.50-3.80 (1 H,
m), 5,59 (2 H, s), 7.20-7.60 (15 H, m). The product was subjected
to the next reaction without further purification.

dl-trans-2-(2-Aminocyclopent-4-enyl)ethanol Tri-
phenylmethyl Ether (6). A solution of 3.99 g (10.1 mmol) of
5 and 3.54 g (13.5 mmol) of triphenylphosphine (PhyP) was allowed
to react at room temperature for 15 h. To this solution was added
1 mL of water and the mixture was stirred at 45 °C for 2 h and
then under reflux for 1 h. After cooling, the product was isolated
by AcOEt extraction. The AcOEt layer was washed with saturated
aqueous NaCl, dried, and evaporated. The residue was separated
by column silica gel chromatography using an AcOEt-benzene
(4:1) mixture as an eluent, and the crude product of 6, which was
contaminated with a small amount of PhyP, was obtained: NMR
(CDCly) 6 1.31 (2 H, s), 1.57-1.82 (2 H, m), 1.83-2.17 (1 H, m),
2.23-2.80 (2 H, m), 3.00-3.27 (1 H, m), 3.15 (2 H, t, J = 6 Hz),
5.55 (2 H, s), 7.03-7.56 (15 H, m). The crude product was sub-
jected to the next reaction without further purification.

dl-trans-2-[2-[(Phenylsulfonyl)amino]cyclopent-4-
enyl]ethanol Triphenylmethyl Ether (7). To an ice-cooled
and stirred solution of the crude product 6 obtained in the previous
reaction in 20 mL of CH,Cl, were added 1.97 mL (14.23 mmol)
of EtsN and 1.45 mL (11.38 mmol) of benzenesulfonyl chioride.
After stirring of the mixture at 0 °C for another 30 min, the excess
reagent was decomposed by addition of diluted aqueous NH,OH,
and the product was isolated by CH,Cl, extraction. The CH,Cl,
layer was washed with saturated aqueous NaCl, dried, and
evaporated. The product was purified by column silica gel
chromatography using an AcOEt-benzene (4:1) mixture as an
eluent, and 2.84 g of 7 (55.2% from 5) was obtained as a non-
crystalline powder: IR (CHCI,) 3360, 1335, 1320, 1155 cm™; NMR
(CDCly) 6 1.33-1.83 (2 H, m), 1.85-2.20 (1 H, m), 2.33-2.82 (2 H,
m), 3.03 (2 H,t,J = 6 Hz), 3.32-3.67 (1 H, m), 4.76 (1 H, d, J
=8 Hz), 549 (2 H, s), 7.17-7.57 (18 H, m), 7.70-7.90 (2 H, m).
Anal. (C45,HyNOGS) C, H, N.

dl-trans-2-[2-[(Phenylsulfonyl)amino]cyclopent-4-
enyllethanol (8). A solution of 1.37 g (2.69 mmol) of 7in a
mixture of 5 mL of 1 N aqueous HCI, 10 mL of THF, and 10 mL
of MeOH was allowed to react at 45 °C for 2 h. The solvents were
evaporated, and the product was isolated by AcOEt extraction.
The AcOEt layer was washed with saturated aqueous NaHCO;
and saturated aqueous NaCl, dried, and evaporated. The product
was purified by column silica gel chromatography using an
AcOEt-benzene (4:1) mixture as an eluent, and 2.16 g (99%) of
compound 8 was obtained on recrystallization from ether: mp
112-113 °C; IR (CHCly) 3650-3100, 1340, 1320, 1155 cm™; NMR
(CDCl; + CD30D) 6 1.40-1.70 (2 H, m), 1.90-2.23 (1 H, m),
2.30-2.80 (2 H, m), 3.50-3.70 (1 H, m), 3.60 (2 H, t, J = 6 Hz),
5.59 (2 H, s), 7.43-7.67 (3 H, m), 7.8-8.0 (2 H, m). Anal. (Cy5-
H;,;0,NS) C, H, N, S.

dl-(10,22,38,5)- and -(18,2¢,38,53)-2-(Hydroxyethyl)-3-
[(phenylsulfonyl)amino]-6-oxabicyclo[3.1.0]hexane (9 and
13). A solution of 732 mg (2.74 mmol) of 8 and 650 mg (3.0 mmol)
of 80% 3-chloroperoxybenzoic acid in 10 mL of CH,Cl, was al-
lowed to react at 0 °C for 15 h. The excess reagent was decom-
posed by addition of 5% aqueous sodium thiosulfate and stirring
of the mixture, and the product was isolated by CH,Cl, extraction.
The CH,Cl, layer was washed with saturated aqueous NaHCO;
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and saturated aqueous NaCl, dried, and evaporated. The residue
was separated by column silica gel chromatography using an
AcOEt-benzene (1:1) mixture as an eluent. From the less polar
fraction, 335 mg (43.4%) of 9 was obtained. A portion of the
product was recrystallized from CH,Cl,—n-hexane: mp 124-125
°C; IR (CHCl,) 3100-3850, 1345, 1155 cm™; NMR (CDCly) &
1.00-1.53 (2 H, m), 1.62 (1 H, s), 1.77-2.06 (2 H, m), 2.10-2.43
(1 H, m), 3.30-3.80 (6 H, m), 5.08 (1 H, d, J = 10 Hz), 7.43-7.65
(3 H, m), 7.72-795 (2 H, m). Anal. (C;sH;;NO,S) C, H, N, S.
From the polar fraction 174 mg (22.6%) of 13 was obtained. A
portion of the product was recrystallized from CH,Cl;—benzene:
mp 101-103 °C; IR (CHCly) 3400-3200, 3360, 1320, 1155 ¢cm™;
NMR (CDCl,) 6 1.23-2.35 (5 H, m), 2.42 (1 H, br s), 3.20 (1 H,
m), 3.33-348 (2H, m), 3.69 (2 H,t,J =6 Hz), 568 (1 H,d, J
= 8 Hz), 7.47-7.63 (3 H, m), 7.80-7.95 (2 H, m). Anal. (C,s-
H;NO,S) C,H, N, S.

dl-(10,20,38,5a)-2-(Formylmethyl)-3-[ (phenylsulfonyl)-
amino]-6-oxabicyclo[3.1.0]hexane (10). To a cooled solution
of 0.105 mL (1.2 mmol) of oxalyl chloride in 20 mL of CH,Cl, with
dry ice-acetone bath at -70 °C was added 0.19 mL (2.4 mmol)
of DMSO dropwise, and the mixture was stirred at -70 °C for
another 5 min. To the mixture was added a solution of 271 mg
(0.96 mmol) of 9 in CH,Cl, dropwise. After the reaction mixture
had been allowed to react at —60 °C for 15 min, 1.67 mL (12 mmol)
of EtsN was added and the temperature of the reaction mixture
was allowed to rise to room temperature. After stirring of the
mixture at room temperature for an additional 1 h, the oxidation
product was isolated by AcOEt extraction. The AcOEt layer was
washed with water, 2 N aqueous HCl, saturated aqueous NaHCO;,
and saturated aqueous NaCl, then dried, and evaporated. The
crude product 10 thus obtained was subjected to the next reaction
without further purification: IR (CHCI,) 3360, 2820, 2720, 1725,
1345, 1160 cm™; NMR (CDCl,) 6 1.67-2.17 (2 H, m), 2.20-2.67
(m, 3 H), 3.30-3.63 (3 H, m), 4.97-5.35 (1 H, m), 7.40-7.67 (3 H,
m), 9.62 (1 H, s).

dl-(1a,20,38,5x)-7-[3-[ (Phenylsulfonyl)amino]-6-oxabicy-
clo[3.1.0]hex-2-y1]-5(Z)-heptenoic Acid (11a). A suspension
of 216 mg (5.6 mmol) of 60% sodium hydride in mineral oil in
10 mL of DMSO was heated at 70 °C for 2.5 h. To the cooled
solution of sodium (methylsulfinyl)methide in DMSO at 12 °C
was added 1.36 g (3 mmol) of (4-carboxybutyl)triphenylsulfonium
bromide, and the mixture was stirred at room temperature for
20 min. A solution of 236 mg of the crude 10 in 3 mL of DMSO
was added to this reagent solution, and the mixture was allowed
to react at room temperature for 2 h. AcOEt and water were added
to the reaction mixture, and after acidification of the aqueous
layer with 2 N aqueous HCl, the product was isolated by AcOEt
extraction. The AcOEt layer was washed with 2 N aqueous HCI
and saturated aqueous NaCl, then dried, and evaporated. The
product was separated by column silica gel chromatography using
an AcOEt-benzene (2:1) mixture as an eluent. The crude product
of 11a thus obtained was subjected to the next reaction without
further purification: IR (CHCl,) 3360, 1705, 1345, 1160 cm™; NMR
(CDCly) 6 1.50-2.20 (9 H, m), 2.33 (2 H, t, J = 6 Hz), 3.27-3.63
(2 H, m), 4.90-5.60 (3 H, m), 7.40-7.65 (3 H, m), 7.78-7.97 (2 H,
m).
dl-(1a,22,38,5a)-7-[3-[ (Phenylsulfonyl)amino]-6-oxabicy-
clo[3.1.0]hex-2-y1]-5(Z)-heptenoic Acid Methyl Ester (12).
A solution of diazomethane in ether was added to an ice-cooled
solution of the crude 11a obtained in the previous reaction in 5
mL of CH,Cl,. The solvents were evaporated, and the residue
was purified by column silica gel chromatography using an
AcOEt-benzene (2:1) mixture as an eluent, and 153 mg of 12 (42%
from 9) was obtained: IR (CHCl3) 3350, 1720, 1335, 1155, 1088
cm™}; NMR (CDCl,) 6 1.50-2.16 (9 H, m), 2.28 (2 H, t, J = 6 Hz),
3.27-3.60 (3 H, m), 3.66 (3 H, s), 5.00-5.60 (3 H, m), 7.47-7.66
(3 H, m), 7.80-7.97 (2 H, m).

dl-Sodium (1a,20,38,5a)-7-[3-[ (Phenylsulfonyl)amino]-6-
oxabicyclo[3.1.0]hex-2-y1]-5(Z)-heptenoate (11b). A sample
of 67 mg (0.18 mmol) of 11a was dissolved in 1.8 mL of 0.1 N
aqueous NaOH, and the solution was lyophilized to obtain 69 mg
of compound 11b: Anal. (C;3H2,0;NSNa) C, H, N, S, Na.

By the procedure described for the conversion of 9 to 11a,b
and 12, 13 was converted to 15a,b and 16.

(18,22,38,58)-2-(Formylmethyl)-3-[ (phenylsulfonyl)-
amino]-6-oxabicyeclo[3.1.0]hexane (14). IR (CHCly) 3350, 2820,
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2720, 1725, 1325, 1155 em™1; NMR (CDCJ,) 6 1.12-2.53 (5 H, m),
3.30-3.53 (3 H, m), 5.30 (1 H, d, J = 8 Hz), 7.37-7.67 (5 H, m),
7.70-8.00 (2 H, m), 9.78 (1 H, s).
dl-(18,22,38,56)-7-[3-[ (Phenylsulfonyl)amino]-6-oxabicy-
clo[3.1.0]hex-2-y1]-5(Z)-heptenoic Acid (15a). IR (CHCl,) 3350,
1705, 1325, 1155 cm™!; NMR (CDCly) 6§ 1.20-2.40 (9 H, m), 2.33
(2H,t,J =6 Hz), 2.77-3.18 (1 H, m), 3.34 (2 H, m), 5.25-5.67
(3 H, m), 7.40-7.63 (3 H, m), 7.77-7.95 (2 H, m), 7.60-8.40 (1 H,
m).
dl-Methyl (18,2,38,58)-7-[3-[ (Phenylsulfonyl)amino]-6-
oxabicyclo[3.1.0]hex-2-y1]-5(Z)-heptenoate (16). IR (CHCI,)
3360, 1720, 1320, 1155 cm™!; NMR (CDCl;) 6 1.23-2.45 (9 H, m),
230 (2H,t,J =6Hz),2.80-3.23 (1 H,m), 3.35 (2 H, ), 3.69 (3
H, m), 5.10-5.65 (3 H, m), 7.43-7.70 (3 H, m), 7.80-8.00 (2 H, m).
dI-Sodium (18,2¢,38,58)-7-[3-[ (Phenylsulfonyl)amino]-6-
oxabicyclo[3.1.0]hex-2-y1]-5(Z)-heptencate (15b). Anal.
(C18H2205NSN8) C, H, N, S, Na.
dl-trans-2-[2-(Benzoyloxy)cyclopent-4-enyl]ethanol
Triphenylmethyl Ether (17). To an ice-cooled and stirred
solution of 1.86 g (5 mmol) of 2, 2.62 g, (10 mmol) of PhyP, and
1.22 g (10 mmol) of benzoic acid in 100 mL of THF was added
1.74 g (10 mmol) of diethyl azodicarboxylate, and the mixture
was allowed to react at room temperature for 15 min. MeOH (1
mL) was added to the mixture and the solvent was evaporated.
The residue was triturated with diethyl ether and insoluble
material was filtrated and washed with diethyl ether. The solvent
was evaporated and the residue was separated by column silica
gel chromatography using an AcOEt-n-hexane (1:9) mixture as
an eluent and 0.72 g (40.9%) of 17 was obtained as an oil. IR
(CHCI3) 1695 cm™t; NMR (CDCly) 6 1.55-1.95 (2 H, m), 2.33 (1
H,dd,J =12 and 2 Hz), 2.81 (1 H,dd, J = 12 and 5 Hz), 2.9-3.4
(3 H, m), 5.13-5.36 (1 H, m), 5.45-5.70 (2 H, m), 6.95-8.15 (20
H, m). From the less polar fraction 0.72 g (40.9%) of cyclo-
penta-1,4-dienylethanol triphenylmethyl ether was obtained.
dl-trans-2-(2-Hydroxycyclopent-4-enyl)ethanol Tri-
phenylmethyl Ether (18). A mixture of 1.32 g (2.8 mmol) of
17 and 0.8 g (5.79 mmol) of Na,COj3 in 4 mL of water and 10 mL
of THF was stirred under reflux for 5 h. After cooling, the solvents
were evaporated, and the product was isolated by CH,Cl, ex-
traction. The CH,Cl, layer was washed with saturated aqueous
NaCl, dried, and evaporated. The residue was purified by column
silica gel chromatography using an AcOEt-benzene (1:2) mixture
as an eluent and 0.98 g (95.0%) of 18 was obtained as an oil: IR
(CHCl,) 3450 cm™; NMR (CDCl,) § 1.50-1.83 (3 H, m), 2.06-2.40
(1 H, m), 2.47-2.83 (2 H, m), 3.05-3.40 (2 H, m), 4.0-4.23 (1 H,
m), 5.43-5.7 (2 H, m), 7.10-7.65 (15 H, m).
By the procedure described for the conversion of 2 to 8, 18 was
converted to 23.
dl-cis-2-(2-Azidocyclopent-4-enyl)ethanol Triphenyl-
methyl Ether (20). IR (CHCl;) 2080 cm™; NMR (CDCly) &
1.55-2.10 (2 H, m), 2.27-3.40 (3 H, m), 3.18 (2 H, t, J = 6 Hz),
3.73-4.10 (1 H, m), 5.40-5.80 (2 H, m), 7.10-7.60 (15 H, m).
dl-cis-2-(2-Aminocyclopent-4-enyl)ethanol Triphenyl-
methyl Ether (21). NMR (CDCl;) 6 1.40-2.00 (2 H, m), 2.08-2.20
(1 H, m), 2.40-2.85 (2 H, m), 3.05-3.35 (2 H, m), 3.37-3.70 (1 H,
m), 5.40-5.80 (2 H, m), 7.17-7.63 (15 H, m).
dl-cis-2-[2-[(Phenylsulfonyl)amino]cyclopent-4-enyl]-
ethanol Triphenylmethyl Ether (22). Noncrystalline powder;
IR (CHCIl,) 1335, 1160 cm™; NMR (CDCl,) § 1.47-1.88 (2 H, m),
1.90-2.07 (1 H, m), 2.12-2.48 (1 H, m), 2.57-2.90 (1 H, m), 2.92-3.17
(2H,m), 3.78-4.17(1H,m), 5.11 (1 H,d, J = 9 Hz), 547 (2 H,
8), 7.17-9.58 (18 H, m), 7.70-7.88 (2 H, m). Anal. (Cy,H3;NO,S)
C,H,N.
dl-cis-2-[2-[ (Phenylsulfonyl)amino]cyclopent-4-enyl]-
ethanol (23). IR (CHCly) 3650-3100, 3360, 1325, 1155 cm™; NMR
(CDCly) 6 1.45-1.90 (2 H, m), 1.92-2.57 (3 H, m), 2.65-3.00 (1 H,
m), 3.65 (2 H, t, J = 6 Hz), 3.80-4.23 (1 H, m), 5.64 (2 H, s), 5.97
(1H,d,J =9 Hz), 7.43-7.70 (3 H, m), 7.85-8.10 (2 H, m).
dl-(18,20,30,58)-2-(Hydroxyethyl)-3-[ (phenylsulfonyl)-
amino]-6-oxabicyclo[3.1.0]Jhexane (24). A solution of 255 mg
(0.95 mmol) of 23 and 226 mg (1.05 mmol) of 80% 3-chloroper-
oxybenzoic acid in 10 mL of CH,Cl, was allowed to react at 0 °C
for 4 h. The product was isolated and purified by the procedure
described for the epoxidation of 8, and 225 mg (83.0%) of 24 was
obtained. A portion of the product was recrystallized from
CH,Cly—n-pentane; mp 109-111 °C: IR (CHCl,) 3650-3100, 3350,
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1330, 1150; NMR (CDCly) 5 1.58-2.05 (5 H, m), 2.20-2.50 (1 H,
m), 3.30-3.53 (2 H, m), 3.55-3.90 (1 H, m), 3.75 (3 H, 5), 4.92 (1
H,d, J = 11 Hz), 7.40-7.63 (3 H, m), 7.83-7.93 (2 H, m). Anal.
(Ci3H;NO,S) C, H, N.

By the procedure described for the conversion of 9 to 11a,b
and 12, 24 was converted to 26a,b and 27.

dl-(18,583)-2-(Phenylsulfonyl)-3-hydroxy-6a,7«-epoxy-2-
azabicyclo[3.3.0]octane (25). IR (CHCly) 3600-3150, 3360, 1325,
1155 cm™}; NMR (CDCl,) é 1.55-2.45 (4 H, m), 2.85-3.15 (1 H,
m), 3.30-3.85 (2 H, m), 4.23-4.50 (1 H, m),4.99 (1 H,d, J = 12
Hz), 5.38-5.67 (1 H, m), 7.36-7.65 (3 H, m), 7.75-8.05 (2 H, m).

dI-(18,20,3,58)-7-[3-[ (Phenylsulfonyl )amino]-6-oxabicy-
clo[3.1.0]hex-2-y1]-5(Z)-heptenoic Acid (26a). IR (CHCly) 3350,
1700, 1340, 1155 cm™; NMR (CDCl;) § 1.50-1.90 (4 H, m),
1.93-2.50 (7 H, m), 3.41 (2 H, s8), 3.55-3.90 (1 H, m), 4.94 (1 H,
d, J =11 Hz), 5.35-5.57 (2 H, m), 7.40-7.63 (3 H, m), 7.73-7.97
(2 H, m), 8.80-9.60 (1 H, m).

dl-Methyl (18,2a,3¢,58)-7-[3-[ (Phenylsulfonyl)amino]-6-
oxabicyclo[3.1.0]hex-2-y1]-5(Z)-heptenoate (27). Mp 56-57
°C (CH,Cl,—n-pentane); IR (CHCl,) 3350, 1720, 1335, 1155 cm™;
NMR (CDCly) § 1.50-1.87 (4 H, m), 1.92-2.45 (7 H, m), 3.39 (2
H,s), 3.50-3.87 (1 H, m), 3.66 (3 H, s), 4.70-4.98 (1 H, m), 5.33-5.52
(23 H, m), 7.40-7.60 (3 H, m), 7.75-7.93 (2 H, m). Anal. (Cie-
H,:NO;S) C, H, N, S.

dI-Sodium (13,20,3,50)-7-[3-[(Phenylsulfonyl)amino]-6-
oxabicyclo[3.1.0]hex-2-y1]-5(Z)-heptenoate (26b). Anal.
(C18H2205NSN8'1/2H20) C, H, N, S, Na.

dl-(la,5a)-2-(Phenylsulfonyl)-3-hydroxy-2-azabicyclo-
[3.3.0]oct-6-ene (28). To a cooled solution of 0.28 mL (3.2 mmol)
of oxalyl chloride in 35 mL of CH,Cl, in a dry ice-acetone bath
at —78 °C was added 0.45 mL of DMSO, and the mixture was
stirred at =78 °C for 5§ min. To the mixture was added a solution
of 672 mg (2.51 mmol) of 23 in 5 mL of CH,Cl,. After the mixture
was allowed to react at -60 °C for 15 min, 4.2 mL (30 mmol) of
Eit;N was added and the temperature of the mixture was allowed
to rise to room temperature. The reaction mixture was stirred
at room temperature for an additional 1 h, then the oxidation
product was isolated and purified by the procedure described for
the preparation of 10, and 456 mg (64.0%) of 28 was obtained:
IR (CHCI;) 3550, 3200-3450, 1345, 1155 em™; NMR (CDCl,) &
1.50-2.20 (2 H, m), 2.50-3.00 (2 H, m), 3.15-3.65 (1 H, m), 4.10-4.45
(2 H, m), 5.10-6.40 (3 H, m), 7.35-7.70 (3 H, m), 7.75-8.05 (2 H,
m).
dl-(18,58)-2-(Phenylsulfonyl)-3-hydroxy-68,78-epoxy-2-
azabicyclo[3.3.0]Joctane (29). A mixture of 265 mg (1.0 mmol)
of 28 and 258 mg (1.2 mmol) of 80% 3-chloroperoxybenzoic acid
in 10 mL of CH,Cl, was stirred at room temperature for 3 h. The
oxidation product was isolated and purified by the procedure
described for the preparation of 10, and 76 mg (27%) of 29 was
obtained: IR (CHCl,) 3580, 3360, 1350, 1160 cm™; NMR (CDCly)
6 1.5-3.0 (3 H, m), 3.2-3.65 (2 H, m), 3.65-4.0 (1 H, m), 4.5-4.9
(1 H, m), 5.4-5.75 (1 H, m), 7.3-7.65 (3 H, m), 7.75-8.2 (2 H, m).

By the procedure described for the preparation of 12 from 9,
31 was prepared from 29.

dl-Methyl (1o,20,3a,52)-7-[3-[ (Phenylsulfonyl)amino]-6-
oxabicyclo[3.1.0]hex-2-y1]-5(Z)-heptenoate (31). Mp 66-67
°C (CH,Cly—n-pentane); IR (CHCl;) 3375, 1728, 1150, 1095 cm™;
NMR (CDCl,) 6 1.5-1.9 (4 H, m), 1.9-2.5 (7T H, m), 3.33 (2 H, s),
3.45-3.8 (1 H, m), 3.67 (3 H, s),4.82 (1 H, d, J = 9 Hz), 5.30-5.56
(2 H, m), 7.35-7.65 (3 H, m), 7.75-8.0 (2 H, m). Anal. (Ci,-
H,:NO;S) C, H, N, S.

dl-(18,20,38,58)-7-[3-[ (Phenylsulfonyl)amino]-6-thiabicy-
clo[3.1.0]hex-2-y1]-5(Z)-heptenoic Acid (34a). A two-layer
mixture of 4.5 g (0.6 mmol) of potassium thiocyanate in 5 mL of
water, 6.75 g of phosphoric acid, and 15 mL of diethyl ether was
stirred vigorously at room temperature and the ether layer was
separated. The solution of thiocyanic acid in diethyl ether thus
obtained was added to an ice-cooled and stirred solution of 568.5
mg (1.5 mmol) of 12 in 30 mL of diethyl ether. After the tem-
perature of the reaction mixture had risen to room temperature,
the mixture was allowed to react for another 2 h, and the product
was isolated by ether extraction. The ether layer was washed with
2 N aqueous Na,COj and saturated aqueous NaCl, dried, and
evaporated. To the ice-cooled and stirred solution of the product
containing dl-methyl 7-[18(or 28)-hydroxy-2a(or la)-thiocyano-
46-{(phenylsulfonyl)amino]cyclohex-3a-yl]-5(Z)-heptenoate (32)



236 Journal of Medicinal Chemistry, 1990, Vol. 33, No. 1

obtained in the previous reaction in 10 mL of CH,Cl, were added
0.128 mL (1.65 mmol) of methanesulfonyl chloride and 0.314 mL
(82.25 mmol) of Et;N. After the mixture had been allowed to
react at 0 °C for 30 min, the product was isolated by CH,Cl,
extraction. The CH,Cl, layer was washed with 2 N aqueous HCl,
saturated aqueous NaHCO;, and saturated aqueous NaCl, then
dried, and evaporated. The product containing d/-methyl-7-[18(or
28)-[(methylsulfonyl)oxy]-2a(or 1la)-thiocyano-48-[(phenyl-
sulfonyl)amino]cyclohex-3a-yl]-5(Z)-heptenoate (33) was then
dissolved in 25 mL of dioxane and 15 mL of 5% NaOH solution
in MeOH, and the mixture was stirred at room temperature for
12 h. After the solvents had been evaporated, AcOEt and water
were added to the residue. The aqueous layer was acidified with
2 N aqueous hydrochloric acid, and the product was isolated by
AcOEt extraction. The AcOEt layer was washed with 2 N aqueous
HCl and saturated aqueous NaCl, dried, and evaporated.
Crystallization of the residue from ether-n-hexane gave 444 mg
(77.3% from 12) of 34a: mp 133-134 °C; IR (CHCIl3) 3360,
3350-3100, 1700, 1320, 1155, 1085 cm™; NMR (CDCly) § 2.50-1.30
(11 H, m), 2.90-3.40 (3 H, m), 5.20-5.70 (3 H, m), 7.37-7.70 (3
H, m), 7.60-8.30 (1 H, m), 7.76-8.00 (2 H, m) Anal. (ClgH%N“
0,S,) C, H, N, S.

dI-Methyl (18,2¢,38,58)-7-[3-[ (Phenylsulfonyl)amino]-6-
thiabicyclo[3.1.0]hex-2-y1]-5(Z)-heptenoate (35). IR (CHCI,)
3370, 3100-3350, 1700, 1155, 1083 cm™!; NMR (CDCly) 8 1.50-2.50
(11 H, m), 3.07-3.46 (3H, m), 3.70 (3 H, s),5.06 (1 H,d,J = 10
Hz), 5.36-5.57 (2 H, m), 7.43-7.70 (3 H, m), 7.80-7.97 (2 H, m).

dl-Sodium (13,2¢,38,53)-7-[3-[ (Phenylsulfonyl)amino]-6-
thiabicyclo[3.1.0]hex-2-y1]-5(Z )-heptanoate (34b). Anal.
(C18H22N0452Na-1/2H20) C, H, N, S, Na.

By the procedures described for the preparation of 34a,b and
35 from 12, 36a,b and 37 were prepared from 16.

dl-(10,20,38,5c)-7-[3-[ (Phenylsulfonyl)amino]-6-thiabicy-
clo[3.1.0]hex-2-y1]-5(Z)-heptenoic Acid (36a). IR (CHCly) 3370,
3100-3350, 1700, 1155, 1083 cm™; NMR (CDCly) 6 1.5-1.9 4 H,
m), 1.9-2.6 (7 H, m), 3.15 (2 H, m), 3.63-4.05 (1 H, m), 5.25 (1
H, d, J = 10 Hz), 5.25-5.60 (2 H, m), 7.4-7.7 (3 H, m), 7.8-8.0
(3H, m).

dl-Methyl (1a,20,383,5a)-7-[3-[(Phenylsulfonyl)amino]-6-
thiabicyclo[3.1.0]hex-2-y1]-5(Z)-heptenoate (37). IR (CHCl,)
3370, 1720, 1155, 1088 cm™%; NMR (CDCl;) 6 1.50-2.50 (11 H, m),
3.14 (2H, m), 3.66 (3H,s),3.73-4.10(1 H,m),514 (1 H,d, J
= 10 Hz), 5.25-5.65 (2 H, m), 7.35-7.63 (3 H, m), 7.77-7.97 (2 H,

m).

dl-Sodium (1,20,33,5c)-7-[3-[ (Phenylsulfonyl)amino]-6-
thiabicyclo[3.1.0]hex-2-y1]-5(Z)-heptenoate (36b). Anal.
(ClsH22N0482N8‘1/2H20) C, H, N, S, Na.

dl-(18,2a,3x,50)-2-(Hydroxyethyl)-3-hydroxybicyclo-
[3.1.0]hexane (38). To a hot stirred solution of 80 mg (0.49 mmol)
of silver acetate in 200 mL of AcOH was added 13.1 g (200 mg-
atom) of zinc powder in one portion. The mixture was stirred
for 30 s, and the zinc-silver couple formed was isolated by de-
cantation and was washed with ether (5 X 50 mL). A solution
of 26.8 g (100 mmol) of diiodomethane in 80 mL of ether was
added dropwise over 1 h to a suspension of zinc-silver couple
product in 120 mL of ether so as to maintain a gentle refluxing
of ether and then a solution of 6.4 g (63.3 mmol) of 1 in 10 mL
of ether. The mixture was stirred under reflux for another 4 h.
After cooling, the mixture was poured into saturated aqueous
NH,CI and the product was isolated by AcOEt extraction. The
AcOEt layer was washed with saturated aqueous NaCl, dried, and
evaporated. The product was purified by column silica gel
chromatography using an AcOEt-benzene (1:1) mixture as an
eluent, and 3.98 g (56%) of 38 was obtained. A portion of the
product was recrystallized from CH,Cl,—n-pentane: mp 72-73
°C; IR (CHCly) 3450 cm™; NMR (CDCly) 6 0.0-0.5 (1 H, m), 0.5-0.8
(1H, m), 1.1-1.14 (2 H, m), 1.5-2.0 (3 H, m), 2.0-2.8 (4 H, m),
3.55-4.1 (2 H, m), 4.1-4.35 (1 H, m). Anal. (CgH,,0,) C, H.

dl-(18,20,32,50)-3-Hydroxy-2-[2-(triphenylmethoxy)-
ethyl]bicyclo[3.1.0]hexane (39). To an ice-cooled and stirred
solution of 2.1 g (14.8 mmol) of 39 and 4.36 g (15.6 mmol) of
triphenylmethyl chloride in 50 mL of CH,Cl, were added 2.5 mL
(17.8 mmol) of Et;N and 100 mg of 4-(dimethylamino)pyridine,
and the mixture was allowed to react at 0 °C for 30 min and at
room temperature for 20 h. The product was isolated and purified
as described for the preparation of 2 and 5.46 g (95.7%) of 39 was
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obtained: IR (CHCly) 3450 em™; NMR (CDCly) 6 0.1-0.4 (1 H,
m), 0.5-0.8 (1 H, m), 1.0-1.35 (2 H, m), 1.4-2.5 (6 H, m), 2.95-3.28
(1 H, m), 3.28-3.55 (1 H, m), 4.10 (1 H, t, J = 6 Hz), 7.0-7.6 (15
H, m).
dl-(18,22,58)-2-[2-(Triphenylmethoxy)ethyl]bicyclo-
[3.1.0]hexan-3-one (40). A mixture of 5.62 g (14.8 mmol) of 39
and 11.1 g (29.5 mmol) of PDC in 30 mL of DMF was stirred at
room temperature for 3 h, The mixture was poured into ice water
and the product was isolated by AcOEt extraction. The AcOEt
layer was washed with saturated aqueous NaCl, dried, and
evaporated. The residue was purified by column silica gel
chromatography using an AcOEt-benzene (1:9) mixture as an
eluent and 3.21 g (56.8%) of 40 was obtained: IR (CHCI;) 1725
cm™}; NMR (CDCly) § -0.35-0.0 (1 H, m), 0.45-0.80 (1 H, m),
0.9-1.8 (3 H, m), 1.95-2.4 (2 H, m), 2.47-3.0 (2 H, m), 3.0-3.4 (2
H, m), 7.1-7.6 (15 H, m).
dl-(18,22,50)-3-(Hydroxyimino)-2-[2-(triphenylmeth-
oxy)ethyl]bicyclo[3.1.0]hexane (41). To an ice-cooled and
stirred solution of 1.11 g (16.8 mmol) of KOH in 65 mL of MeOH
were added 1.17 g (16.8 mmol) of hydroxyamine hydrochloride
and then a solution of 3.21 g (8.4 mmol) of 40 in 35 mL of MeOH,
and the mixture was stirred at room temperature for 3 h. The
reaction mixture was poured into water and the product was
isolated by AcOEt extraction. The AcOEt layer was washed with
saturated aqueous NaCl, dried, and evaporated. The residue was
purified by column silica gel chromatography using an AcOEt-
benzene (1:9) mixture as an eluent and 3.30 g (99%) of 41 was
obtained on recrystallization from benzene-n-hexane: mp 133-134
°C; IR (CHCl,) 3560 cm™; NMR (CDCl,) 6 —0.4-0.2 (1 H, m),
1.23-1.60 (1 H, m), 1.13-1.67 (4 H, m), 1.95-2.30 (1 H, m), 2.4
(1H,d,J=18Hz),28(1H,d,J =18 Hz), 3.0-34 (2 H, m),
7.2-7.64 (15 H, m), 8.08 (1 H, s). Anal. (C;;H»;NO,) C, H, N.
dl-(18,24,38,58)- and (18,2¢,3¢,58)-3-[(Phenylsulfonyl)-
amino]-2-[2-(triphenylmethoxy)ethyl]bicyclo[3.1.0]hexane
(43 and 49). To an ice-cooled and stirred solution of 2.91 g (7.31
mmol) of 41 in 20 mL of THF were added 1.92 g (8.77 mmol) of
diphenyl disulfide and 3.27 mL (13.16 mmol) of n-tributyl-
phosphine and the mixture was allowed to react at room tem-
perature for 1 h. The mixture was then cooled to -70 °C, and
10 mL of acetic acid and 1.65 g (26.32 mmol) of sodium cyano-
borohydride were added. After the mixture was stirred at -70
°C for 10 min, the temperature of the mixture was allowed to rise
gradually to room temperature. Saturated aqueous NaHCO, was
added to the mixture and the product was isolated by AcOEt
extraction. The AcOEt layer was washed with saturated aqueous
NaCl, dried, and evaporated to obtain the crude product con-
taining di-(18,22,36,508)- and (18,2¢,3¢,583)-3-amino-2-[2-(tri-
phenylmethoxy)ethyl]bicyclo[3.1.0]hexane (42 and 48). To an
ice-cooled and stirred solution of the crude product containing
42 and 48 obtained in the previous reaction in 30 mL of CH,Cl,
was added 4.2 mL (32.9 mmol) of benzenesulfonyl chloride and
9.13 mL (65.8 mmol) of EtsN, and the mixture was allowed to
react at room temperature for 3 h. The product was isolated and
purified as described for the preparation of 7 and 2.18 g of the
mixture consisting of 43 and 49 was obtained.
dl-(18,20,38,58)- and (18,20,3c,58)-2-(Hydroxyethyl)-3-
[(phenylsulfonyl)amino]bicyclo[3.1.0]hexane (44 and 50).
A solution of 1.77 g (3.38 mmol) of the mixture containing 43 and
49 in 50 mL of 80% aqueous acetic acid was stirred under reflux
for 15 h. The solvents were evaporated, and the product was
isolated by AcOEt extraction. The AcOEt layer was washed with
saturated aqueous NaHCO; and saturated aqueous NaCl, then
dried, and evaporated. The product containing 44, 50, and their
corresponding acetates was dissolved in a solution of 716 mg of
NayCOj in 60 mL of MeOH and 30 mL of water, and the mixture
was stirred under reflux for 5 h. After cooling, the mixture was
poured into water and the product was isolated by AcOEt ex-
traction. The AcOEt layer was washed with saturated aqueous
NaCl, dried, and evaporated. The residue was separated by
column silica gel chromatography using AcOEt-benzene (1:2)
mixture as an eluent. From the less polar fraction, 593 mg (63%)
of 44 was obtained. A portion of the product was recrystallized
from CH,Cly—ether: mp 109-111 °C; IR (CHCI;) 3650-3100, 3360,
1325, 1160 cm™; NMR (CDCl,) § -0.14-0.34 (2 H, m), 0.94-2.34
(8 H, m), 2.54-2.99 (1 H, m), 3.69 (2 H, t, J = 6 Hz), 539 (1 H,
d, J = 8 Hz). 7.29-7.69 (3 H, m), 7.77-8.04 (2 H, m). Anal.
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(C14H;sNO,S) C, H, N. From the polar fraction, 154 mg (16%)
of 50 was obtained. A portion of the product was recrystallized
from CH,Cl,—ether: mp 109-113 °C; IR (CHCl,) 3650-3100, 3360,
1335, 1150 ecm™; NMR (CDCly) § -0.98-0.5 (2 H, m), 0.94-2.22
(8 H, m), 2.3-2.67 (1 H, m), 3.44-3.92 (3 H, m), 508 (1 H,d, J
= 8 Hz), 7.32-7.6 (3 H, m), 7.67-8.00 (2 H, m). Anal. (C{;H;s-
NOsS) C, H, N.

By the procedure described for the conversion of 9 to 11a,b
and 12, 44 was converted to 46a,b and 47.

dl-(18,20,33,58)-7-[3-[(Phenylsulfonyl)amino]bicyclo-
[3.1.0]hex-2-y1]-5(Z)-heptenoic Acid (46a). IR (CHCl;) 3360,
3250, 1705, 1320, 1155 cm™Y; NMR (CDClg) 6§ -0.07-0.37 (2 H, m),
1.00-2.50 (13 H, m), 2.60-3.03 (1 H, m), 5.10 (1 H, d, J = 9 Hz),
5.20-5.70 (2 H, m), 7.47-7.68 (3 H, m), 7.83-8.05 (2 H, m), 8.00-9.00
(1 H, brs).

dI-Methyl (13,2¢,33,53)-7-[3-[ (Phenylsulfonyl)amino ]bi-
cyclo[3.1.0]hex-2-y1]-5(Z)-heptenoate (47). IR (CHCI;) 3360,
1725, 1325, 1155 cm™!; NMR (CDCly) 3 -0.14-0.3 (2 H, m),
0.93-2.36 (13 H, m), 2.43-2.96 (1 H, m), 3.61 (3 H, 5), 4.46-4.73
(1H,d,J =9Hz),52-53(2H, m), 7.36-7.6 (3 H, m), 7.73-7.93
(2 H, m).

dl-Sodium (18,2¢,38,58)-7-[3-[ (Phenylsulfonyl)amino]bi-
cyclo[3.1.0]hex-2-y1]-5(Z )-heptenoate (46b). Anal.
(ClgH24O4NSN8'l/4H20) C, H, N, S, Na.

By the procedure described for the conversion of 9 to 11a,b
and 12, 50 was converted to 52a,b and 53.

dl-(18,2a,32,53)-2-(Formylmethyl)-3-[ (phenylsulfonyl)-
amino]bicyclo[3.1.0]hexane (51). IR (CHCl;) 3520, 3360, 1155
cm™; NMR (CDCly) § -0.1-0.5 (2 H, m), 0.8-2.40 (7 H, m), 2.9-4.1
(1 H, m),5.17-5.33 (0.6 H, dd, J = 7 and 3 Hz), 5.47-5.6 (0.4 H,
m), 7.3-7.57 (3 H, m), 7.57-7.88 (2 H, m).

dl-(16,2a,30,53)-7-[3-[(Phenylsulfonyl)amino]bicyclo-
[3.1.0]hex-2-y1]-5(Z)-heptenoic Acid (52a). IR (CHCly) 3360,
3250, 1705, 1320, 1155 cm™; NMR (CDCly) 6 -0.11-0.52 (2 H, m),
0.92-2.82 (13 H, m), 3.42-3.85(1 H, m),4.90 (1 H, d, J = 8 Hz),
5.07-5.62 (2 H, m), 7.30-7.67 (3 H, m), 7.67-8.02 (2 H, m).

dl-Methyl (18,20,32,58)-7-[3-[ (Phenylsulfonyl)amino]bi-
cyclo[3.1.0]hex-2-y1]-5(Z)-heptenoate (53). IR (CHCI,) 3360,
1720, 1340, 1155 cm™; NMR (CDCly) 3 -0.07-0.5 (2 H, m),
0.93-1.37 (2 H, m), 1.37-2.6 (11 H, m), 3.60 (3 H, s), 3.47-3.83
(1H,m),468(1 H,d, J =9 Hz), 51-5.6 (2 H, m), 7.4-7.63 (3
H, m), 7.7-8.0 (2 H, m).

dl-Sodium (18,2¢,30,53)-7-[3-[ (Phenylsulfonyl)amino]bi-
cyclo[3.1.0]hex-2-y1]-5(Z )-heptenoate (52b).  Anal.
(CIQH24O4NSN8'1/4H20) C, H, N, S, Na.

dl-(1a,2,383,5a)-3-Hydroxy-2-[2-(triphenylmethoxy)-
ethyl]bicyclo[3.1.0]hexane (54). To a hot stirred solution of
100 mg (0.61 mmol) of silver acetate in 80 mL of AcOH was added
11.5 g (176 mg-atom) of zinc powder in one portion. The mixture
was stirred for 30 s, and the zinc—silver couple formed was isolated
by decantation and was washed with ether (5 X 50 mL). A solution
of 23.57 g (88 mmol) of diiodomethane in 50 mL of éther was
added dropwise over 1 h to a suspension of zinc-silver couple
product in 120 mL of ether so as to maintain a gentle refluxing
of ether and then a solution of 8.2 g (22 mmol) of 18 in 10 mL
of ether was added. The mixture was stirred under reflux for
another 4 h. The product was isolated and purified by the pro-
cedure described for the preparation of 38, and 7.50 g (87%) of
54 was obtained: IR (CHCly) 3450 cm™; NMR (CDCly) 6 0.33-0.66
(2 H, m), 0.86-1.30 (2 H, m), 1.34 (3 H, s), 1.43-1.77 (3 H, m),
1.81-2.27(2H, m), 3.28 (2 H,t,J =6 Hz),3.95(1 H,d, J =6
Hz), 7.2-7.63 (15 H, m).

By the procedure described for the conversion of 39 to 46a,b
and 47, 54 was converted to 61a,b and 62.

dl-(1a,20,5x)-2-[2-(Triphenylmethoxy)ethyl]bicyclo-
[3.1.0]Jhexan-3-one (55). Mp 104-105 °C (from CH,Cl,—n-hex-
ane); IR (CHCly) 1730 cm™; NMR (CDCly) 6 0.67-1.0 (1 H, m),
1.07-2.09 (5 H, m), 2.14-2.37 (2 H, m), 2.39-2.77 (1 H, m), 3.21
(2H,t,J =6Hz),7.17-7.67 (15 H, m). Anal. (CyHy50,) C, H.

dl-(1a,2a,5a)-3-(Hydroxyiminoe)-2-[2-(triphenylmeth-
oxy)ethyl]bicyclo[3.1.0]hexane (56). IR (CHCI;) 3580 cm™);
NMR (CDCly) § (mixture of syn and anti compounds) 0.40-0.77
(1 H, m), 0.90-3.40 (8 H, m), 3.23 (2 H, t, J = 6 Hz), 7.1-7.7 (16
H, m).

dl-(10,20,36,5a)-3-[ (Phenylsulfonyl)amine]-2-[2-(tri-
phenylmethoxy)ethyl]bicyclo[3.1.0]Jhexane (58). IR (CHCl;)
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3360, 1330, 1160 cm™; NMR (CDCl,) 6 0.0~0.3 (1 H, m), 0.4-0.7
(m, 1 H),0.7-2.27 (7TH,m), 3.0 (2H,t,J = 6 Hz),3.2-3.5 (1 H,
m), 443 (1 H,d, J = 6 Hz), 7.17-7.65 (19 H, m), 7.7-7.9 (2 H, m).
dl-(1a,20,38,50)-2-(Hydroxyethyl)-3-[ (phenylsulfonyl)-
amino]bicyclo[3.1.0]hexane (59). IR (CHCl;) 3360, 3250, 1330,
1160 cm™}; NMR (CDCl,) § 0.12-0.33 (1 H, m), 0.43-0.77 (1 H,
m), 0.86-2.33 (9 H, m), 3.27-3.63 (1 H, m), 4.8-5.05 (1 H,d, J =
6 Hz), 7.43-7.67 (3 H, m), 7.8-8.0 (2 H, m).
dl-(1e,20,30,50)-2-(Formylmethyl)-3-[ (phenylsulfonyl)-
amino]bicyclo[3.1.0]hexane (60). IR (CHCls) 3350, 1715, 1338,
1155 em™!; NMR (CDCl;) 6 0.24-0.47 (1 H, m), 0.53-0.84 (1 H,
m), 0.87-1.90 (3 H, m), 1.95-2.57 (4 H, m), 3.23-3.6 (1 H, m), 4.85
(1 H,d,J =6Hz), 7.4-7.8 (3 H, m), 7.89-8.0 (2 H, m), 9.68 (1
H, s).
dl-(10,20,33,5c)-7-[3-[ (Phenylsulfonyl)amino]bicyclo-
[3.1.0]hex-2-y1]-5(Z)-heptenoic Acid (61a). Mp 81-83 °C
(AcOEt-n-pentane); IR (CHCly) 3360, 3250, 1705, 1320, 1160 cm™;
NMR (CDCl,) 6 0.08-0.33 (1 H, m), 0.36-0.73 (1 H, m), 0.74-1.3
(2H, m), 1.3-2.43 (11 H, m), 3.13-3.53 (1 H, m),4.92 (1 H,d, J
= 6 Hz), 5.06-5.50 (2 H, m), 7.43-7.66 (3 H, m), 7.76-8.01 (2 H,
m), 8.53-9.66 (1 H, m). Anal. (ClgH25N04s) C, H, N, S.
dI-Methyl (1¢,20,33,50)-7-[3-[ (Phenylsulfonyl)amino ]bi-
cyclo[3.1.0]hex-2-y1]-5(Z)-heptenoate (62). IR (CHCly) 3350,
1720, 1350, 1155 cm™; NMR (CDClg) 5 0.08-0.34 (1 H, m),
0.39-0.71 (1 H, m), 0.86-1.29 (2 H, m), 1.45-2.39 (11 H, m),
3.16-3.46 (1 H,m), 3.63 (3H, s), 464 (1 H, d, J = 6 Hz), 5.03-5.49
(2 H, m), 7.43-7.66 (3 H, m), 7.76-7.99 (2 H, m).
dl-Sodium (1a,2¢,36,5a)-7-[3-[ (Phenylsulfonyl)amino]bi-
cyclo[3.1.0]hex-2-y1]-5(Z )-heptenoate (61b). Anal.
(CIQH24O4NSN8‘1/4H20) C, H, N, S, Na.
dl-cis-2-(2-Acetoxycyclopent-4-enyl)ethanol Triphenyl-
methyl Ether (3). A mixture of 15.3 g (41.3 mmol) of 1, 40 mL
of acetic anhydride, and 0.1 g of 4-(dimethylamino)pyridine in
60 mL of pyridine was allowed to react at room temperature for
2 h. The solvent and excess reagent were evaporated in vacuo,
and the product was isolated by AcOEt extraction. The AcOEt
layer was washed with diluted aqueous KHSO,, saturated aqueous
NaHCO,, and saturated aqueous NaCl, dried, and evaporated.
The residue was purified by column silica gel chromatography
using an AcOEt-n-hexane (1:9) mixture as an eluent and 16.87
g (99.0%) of 3 was obtained: IR (CHCly) 1720 cm™; NMR (CDCly)
61.5-3.05(5H,m),1.9(3H,s),3.14 (2H,t,J =6 Hz), 5.2-545
(1 H, m), 5.6 (2 H, s), 7.05-7.9 (15 H, m).
dl-(lo,20,3,5)-6,6-Dibromo-3-acetoxy-2-[2-(triphenyl-
methoxy)ethyl]bicyclo[3.1.0]hexane (63). A mixture of 16.5
g (40 mmol) of 3, 14 mL (160 mmol) of bromoform, 1 g of ben-
zyltriethylammonium chloride, and 50 mL of 40% aqueous NaOH
in 80 mL of CH,Cl, was stirred vigorously at 50 °C for 20 h. After
cooling, the mixture was diluted with 200 mL of CH,Cl,, and the
insoluble material was removed by filtration through a pad of
Hyflo Super Cel. The filtrate was washed with water and satu-
rated aqueous NaCl, then dried, and evaporated. The residue
was purified by column silica gel chromatography using an
AcOEt-n-hexane (1:9) mixture as an eluent and 19.6 g (84%) of
63 was obtained: IR (CHCly) 1735 cm™; NMR (CDCl,) 6 1.5-2.55
(7TH, m),192(3H,s),3.16 (2H,t,J =6 Hz), 5.06-5.3 (1 H, m),
7.1-7.7 (15 H, m).
dl-(1o,22,30,5x)-3-Acetoxy-6,6-dimethyl-2-[2-(triphenyl-
methoxy)ethyl]bicyclo[3.1.0]hexane (64). To a cooled sus-
pension of 26.3 g (216 mmol) of cuprous thiocyanate in 250 mL
of ether with dry ice-acetone bath at —-60 °C was added 1.4 N
methyllithium in ether, while the temperature was kept at —50
°C, and the mixture was gradually warmed to 0 °C in 30 min.
Then the mixture was cooled to —20 °C, and a solution of 11.5
g (19 mmol) of 63 in 50 mL of ether and 8.56 mL (47.5 mmol)
of HMPA were added dropwise and stirred at -20 °C for another
1h. The mixture was cooled to —50 °C and a large excess of methyl
iodide was added in one portion. After 10 min, the reaction
mixture was quenched with aqueous NH,Cl at -78°C and the
insoluble material was removed by filtration through a pad of
Hyflo Super Cel and washed with ether. The filtrate was washed
with diluted aqueous NH; and saturated aqueous NaCl, dried,
and evaporated to obtain a crude product of 64. A portion of the
product was recrystallized from MeOH: mp 83-90 °C; IR (CHCl,)
1725 cm™; NMR (CDCl,) 6 0.93 (6 H, s), 0.8-1.4 (3 H, m), 1.4-2.2
(4H,m),1.92(3H,s),312(2H,t,J =6 Hz),4.95-5.2 (1 H, m),
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7.05-7.7 (15 H, m). Anal. (C4;H3,04) C, H. The product was
subjected to the next reaction without further purification.
dl-(la,20,30,5a)-6,6-Dimethyl-3-hydroxy-2-[2-(triphenyl-
methoxy)ethyl]bicyclo[3.1.0]hexane (65). A mixture of the
crude product 64 obtained in the previous reaction, 29 mL (58
mmol) of 2 N aqueous NaOH, 60 mL of MeOH, and 60 mL of
THF was stirred under reflux for 3 h. The solvents were evap-
orated, and the product was isolated by AcOEt extraction. The
AcOEt layer was washed with saturated aqueous NaCl, dried, and
evaporated. The residue was purified by column silica gel
chromatography using an AcOEt-n-hexane (1:5) mixture con-
taining 2% of Et;N as an eluent and 7.41 g (95.0% from 63) of
65 was obtained as an oil: IR (CHCl;) 3420 cm™; NMR (CDCly)
60.87(3H,s),0.93(3H,s),0.75-1.1 (1 H, m), 1.1-1.4 (1 H, m),
1.5-2.1 (1 H, m), 2.44 (1 H, br s), 3.0-3.43 (2H, m), 4.12 (1 H,
m), 7.0-7.8 (15 H, m).
dl-(lo,2a,50)-6,6-Dimethyl-2-[2-(triphenylmethoxy)-
ethyl]bicyclo[3.1.0Jhexan-3-one (66). To a cooled and stirred
solution of 0.74 mL (8.3 mmol) of oxalyl chloride in 20 mL of
CH,Cl, in a dry ice—acetone bath at 70 °C was added dropwise
a solution of 1.2 mL (16.9 mmol) of DMSO in 1 mL of CH,Cl,,
and the mixture was stirred for another 5 min. Next, a solution
of 2.9 g (7.03 mmol) of 65 in 5 mL of CH,Cl, was added dropwise.
After the reaction mixture had been allowed to react at -60 °C
for 20 min, 6.84 mL (49.2 mmol) of Et;N was added and the
temperature of the reaction mixture was allowed rise to room
temperature. The oxidation product was isolated and purified
as described for the preparation of 10 and 2.86 g (39%) of 66 was
obtained as an oil: IR (CHCly) 1725 cm™; NMR (CDCly) 5 0.82
(3H,s),100(8H,s),08-1.3(2H, m), 1.4-2.3 (4 H, m), 2.48 (1
H,dd, J = 20 and 6 Hz), 3.2 (2 H, t, J = 6 Hz), 7.1-7.6 (15 H,
m) Anal. (ngHaoOz), C, H.
dl-(16,2a,53)-6,6-Dimethyl-2-[2-(triphenylmethoxy)-
ethyl]bicyclo[3.1.0]hexan-3-one (74). A mixture of 4.5 g (11
mmol) of 66 and 10.86 g (36.8 mmol) of potassium tert-butoxide
in 110 mL of DMF was stirred at room temperature for 8 h. The
mixture was poured into a cooled and stirred solution of 12 g (0.2
mol) of acetic acid in 200 mL of CH,Cl, with a dry ice—acetone
bath at —20 °C, and the product was isolated by AcOEt extraction.
The AcOEt layer was washed with saturated aqueous NaHCO;
and saturated aqueous NaCl, dried, and evaporated. The product
was purified by column silica gel chromatography using an
AcOEt-benzene (1:9) as an eluent and 3.37 g (75%) of 74 was
obtained. A portion of the product was recrystallized from MeOH:
mp 120-121 °C; IR (CHCI;) 1725 cm™; NMR (CDCl3) 6 0.80 (3
H,s),0.93 (3 H,s), 1.0-1.68 (3 H, m), 2.0-2.93 (4 H, m), 3.03-3.48
(2 H, m), 7.10-7.60 {15 H, m). Anal. (CyHj3,0, C, H.
dI-(18,22,3¢,53)-6,6-Dimethyl-3-hydroxy-2-[2-(triphenyl-
methoxy)ethyl]bicyclo[3.1.0]hexane (75). To a cooled solution
of 1.64 g (4 mmol) of 74 in 164 mL of THF in an ice bath was
added 2.03 g (8 mmol) of lithium tri-tert-butoxyaluminohydride,
and the mixture was stirred at room temperature for 2.5 h. Excess
reagent was decomposed by adding water and the product was
isolated by AcOEt extraction. The AcOEt layer was washed with
saturated aqueous NaCl, dried, and evaporated. The product was
purified by column silica gel chromatography using benzene
containing 1% of Et;N as an eluent and 988 mg (60%) of 75 was
obtained: IR (CHCIl,) 3430 cm™; NMR (CDCl,) 6 0.77-1.13 (2
H, m), 0.88 (3 H, s), 1.30 (3 H, s), 1.44-1.80 (2 H, m), 1.80-2.22
(1 H,m), 2.23-2.6 (2H, m), 2.77 (1 H, br s), 2.90-3.20 (1 H, m),
3.23-3.52 (1 H, m), 4.55 (1 H, t, J = 9 Hz), 7.1-7.6 (15 H, m).
By the procedure described for the conversion of 40 to 44, 66
was converted to 70.
dl-(10,20,5¢)-6,6-Dimethyl-3-(hydroxyimino)-2-[2-(tri-
phenylmethoxy)ethyl]bicyclo[3.1.0]hexane (67). IR (CHCl,)
3490, 3325 cm™); NMR (CDCl,) ¢ (mixture of syn and anti com-
pounds) 0.83 (3 H, s), 0.93 (3 H, s), 0.9-1.4 (2 H, m), 1.6-2.1 (2
H, m), 2.4-2.8 (3 H, m), 3.21 (3 H, m), 7.0-7.6 (15 H, m), 8.38 (1
H, brs),0.83 (3 H, s),0.9 (3 H, s),0.95-2.25 (4 H, m), 2.27 (1 H,
d,J =18 Hz),2.58 (1 H, dd, J = 18 and 5 Hz), 3.03 (1 H, m), 3.2
(2H,t,J =6 Hz),7.0-7.7 (16 H, m).
dl-(1a,20,38,50)-6,6-Dimethyl-3-[ (phenylsulfonyl)-
amino]-2-{2-(triphenylmethoxy)ethyl]bicyclo[3.1.0]hexane
(69). Mp 163-165 °C (from MeOH); IR (CHCl,) 3360, 1320, 1160
cml; NMR (CDCly) 6 0.87 (3 H, s), 0.93 (3 H, s), 0.6-1.2 (5 H,
m), 1.2-2.2 (5 H, m), 2.9-3.2 {2 H, m), 3.2-3.6 (1 H, m), 4.98 (1
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H,d, J = 8 Hz), 7.1-7.95 (18 H, m), 7.7-7.95 (2 H, m). Anal.
(C3sH47NOSS) C, H, N.

dl-(1a,20,38,50)-6,6-Dimethyl-2-(hydroxyethyl)-3-[ (phe-
nylsulfonyl)amino]bicyclo[3.1.0]hexane (70). IR (CHCI,)
3550, 3370, 1325, 1165 cm™; NMR (CDCl,) 6 0.9 (3 H, s), 0.94 (3
H, s), 0.6-1.3 (2 H, m), 1.4-2.15 (5 H, m), 2.35 (1 H, br s), 3.43
(1H,brs),362(2H,t, J=6Hz),5760(1H,d,J="7Hz),
7.4-7.7 (3 H, m), 7.8-8.1 (2 H, m).

By the procedure described for the conversion of 9 to 11a,b
and 12, 70 was then converted to 72a,b and 73.

dl-(1a,20,38,5c)-6,6-Dimethyl-2-(formylmethyl)-3-[ (phe-
nylsulfonyl)amino]bicyclo[3.1.0]Thexane (71). NMR (CDCl;)
609 (H,s),0.99 (3H,s),0.55-1.45 (3 H,m), 1.7-2.2 (2 H, m),
2.4-2.9 (2 H, m), 3.2-3.7 (1 H, m), 5.67 (1 H, br s), 7.35-7.7 (3
H, m), 7.75-8.0 (2 H, m), 9.65 (1 H, s).

dl-(10,20,38,50)-7-[6,6-Dimethyl-3-[ (phenylsulfonyl)-
amino]bicyclo[3.1.0]hex-2-y1]-5(Z)-heptenoic Acid (72a). IR
(CHCly) 3360, 3250, 1705, 1320, 1160 cm™!; NMR (CDCly) § 0.9
(3H,s),0.92 (3H,s), 0.6-2.25 (11 H, m), 2.34 (2 H, t,J = 6 Hz),
3.47 (1 H, m), 5.2-5.5 (1 H, m), 5.65 (1 H, d, J = 9 Hz), 7.35-7.7
(3 H, m), 7.8-8.0 (2 H, m), 9.09 (1 H, br s).

dl-Methyl (10,20,38,5a)-7-[6,6-Dimethyl-3-[(phenyl-
sulfonyl)amino]bicyclo[3.1.0)hex-2-y1]-5(Z)-heptenoate (73).
IR (CHCly) 3360, 3270, 1720 cm™; NMR (CDCl,) 6 0.65-1.10 (2
H, m), 093 (3H, s),0.94 (3 H, s), 1.3-2.35 (11 H, m), 3.35-3.55
(1H,m),3.71(3H,s),499 (1 H,d, J =8 Hz), 5.2-5.4 (2 H, m),
7.45-7.65 (3 H, m), 7.83-7.93 (2 H, m).

dl-Sodium (l«,2¢,383,5«)-7-[6,6-Dimethyl-3-[ (phenyl-
sulfonyl)amino]bicyclo[3.1.0]hex-2-y1]-5(Z)-heptenoate (72b).
Anal. (CyHy0,NSNa-H,0) C, H, N, S, Na.

By the procedure described for the conversion of 2 to 8, 75 was
converted to 80.

dl-(18,20,33,50)-3-Azido-6,6-dimethyl-2-[2-(triphenyl-
methoxy)ethyl]bicyclo[3.1.0]hexane (77). IR (CHCl,) 2080
c¢cm™; NMR (CDCl,) §0.73-1.2 (2 H, m), 0.80 (3 H, s), 0.97 (3 H,
s), 1.4-2.6 (5 H, m), 2.98-3.43 (3 H, m), 7.1-7.63 (15 H, m).

dl-(168,20,36,53)-6,6-Dimethyl-3-[(phenylsulfonyl)-
amino]-2-[2-(triphenylmethoxy)ethyl]bicyclo[3.1.0]hexane
(79). Mp 166-167 °C (MeOH); IR (CHCl;) 3360, 1320, 1155 cm™;
NMR (CDCl,) 6 0.63-1.07 (2 H, m), 0.84 (3 H, s), 0.89 (3 H, s),
1.1-24 (5 H, m), 2.85-3.4 (3H, m), 465 (1 H,d, J = 9 Hz), 7.1-7.62
(18 H, m), 7.78-7.98 (2 H, m). Anal. (Cy3HyNO4S) C, H, N.

dl-(18,20,36,58)-6,6-Dimethyl-2-(hydroxyethyl)-3-[ (phe-
nylsulfonyl)amino]bicyclo[3.1.0]hexane (80). IR (CHCI;)
3100, 1325, 1155 cm™; NMR (CDCl,) 6 0.63-1.3 (2 H, m), 0.88
(3H,s),0.95 (3 H,s), 1.3-2.7 (6 H, m), 3.0-3.38 (1 H, m), 3.68
(2H,t,J =6 Hz), 533-5.9 (1 H, m), 7.32-7.67 (3 H, m), 7.79-8.0
(2 H, m).

By the procedure described for the conversion of 9 to 11a,b
and 12, 80 was then converted to 82a,b and 83.

dl-(18,2¢,34,58)-6,6-Dimethyl-2-(formylmethyl)-3-[ (phe-
nylsulfonyl)amino]bicyclo[3.1.0]hexane (81). IR (CHCly)
3360, 2825, 2725, 1725, 1330, 1160 cm™; NMR (CDCl,) 6 0.85-1.2
(2H, m), 0.86 (3H,s),0.96 (3H,s), 1.2-2.3 (3 H, m), 2.53-2.7
(2 H, m), 3.05-3.4 (1 H, m), 5.25-5.5 (1 H, m), 7.47-7.7 (3 H, m),
7.8-8.0 (2 H, m).

dl-(168,2¢,36,58)-7-[6,6-Dimethyl-3-[ (phenylsulfonyl)-
amino]bicyclo[3.1.0]hex-2-y1]-5(Z)-heptenoic Acid (82a). IR
(CHCly) 3350, 3240, 1700, 1315, 1150 cm™!; NMR (CDCl,) &
0.73-1.10 (2 H, m), 0.87 (3 H, s), 0.99 (3 H, s), 1.3-2.3 (9 H, m),
235 ((2H,t,J =6Hz),295-34 (1H,m),507(1H,d,J =9 Hz),
5.2-5.55 (2 H, m), 7.39-7.68 (3 H, m), 7.77-7.97 (2 H, m), 7.9-8.9
(1 H, m).

dl-Methyl (18,2¢,38,583)-7-[6,6-Dimethyl-3-[(phenyl-
sulfonyl)amino]bicyclo[3.1.0]Thex-2-y1]-5(Z)-heptenoate (83).
IR (CHCIy) 3350, 1720, 1320, 1155 cm™; NMR (CDCly) 6 0.85-1.15
(2H, m),0.88 (3H,s), 1.00 (3 H, s), 1.37-2.50 (11 H, m), 3.0-3.45
(1H, m),3.70 3 H,s),477(1 H,d, J =9 Hz), 5.2-5.6 (2 H, m),
7.43-7.7 (3 H, m), 7.8-8.03 (2 H, m).

dl-Sodium (18,2¢,38,58)-7-[6,6-Dimethyl-3-[(phenyl-
sulfonyl)amino]bicyclo[3.1.0]hex-2-y1]-5(Z)-heptenoate (82b).
Anal. (Cng2804NSN8‘H20) C, H, N, S, Na.

Biological Methods. Materials. [*H]S-145 was synthesized
at Shionogi Research Laboratories, Osaka, Japan. Collagen (type
IV, soluble), thrombin, arachidonic acid, ADP, and bovine serum
albumin (BSA) were purchased from Sigma, St. Louis. Collagen
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was solubilized in isotonic saline before use.

Inhibitory Effect on Rabbit PRP Aggregation: Prepa-
ration of Rabbit PRP. Mature male rabbits (NIBS-JW)
weighing 2.2-2.6 kg were used. With the animal under sodium
pentobarbital anesthesia (Somnopentyl, Pitman Moore, ca. 20
mg/kg, iv), blood was withdrawn from the carotid artery through
a cannulation tube using a syringe containing sodium citrate
(3.8%, !/, volume). The sample was left standing for 20 min
at room temperature and then centrifuged at 210g for 10 min at
22 °C to obtain PRP. The remaining blood was centrifuged at
3000 rpm for 10 min to obtain platelet-poor plasma (PPP).

Measurement of Inhibition of Platelet Aggregation.
Platelet aggregation was examined by the method of Born,* using
an AUTO-RAMS61 type aggregometer (Rika-Denki Co., Ltd.,
Tokyo) as reported previously.?? A pair of samples of PRP (400
uL) placed in a cuvette were warmed at 37 °C for 1 min with
stirring (1200 rpm), and then a saline solution of the test com-
pound (50 uL) or saline was added. Exactly 2 min later, a solution
of sodium arachidonate (50 uL) was added to each of the samples,
and the changes in light transmission were recorded, with the light
transmission for PRP and PPP taken as 0% and 100%, re-
spectively, and the maximum light transmission after addition
of sodium arachidonate as the maximum aggregation. The percent
inhibition « was expressed as the difference between 1 and the
ratio of the maximum aggregation with the test compound to that
with the saline.

The ICy, value for each compound was obtained by regression
analysis of the concentration-inhibition relationship among 12-16
points of & covering three concentrations and ranging from 20
to 80%, obtained by three experiments. The ICy, values obtained
were calibrated for the ICy, value (standard: 1.0 uM) of S-145
obtained with the same PRP sample and are shown in Table L
The ICy, values for S-145 fluctuated [1.29 £ 0.42 (SD) uM, n =
21] for each sample of platelets, and thus the confidence limits
of the ICs; values shown in Table I are believed to be of this level.

Inhibitory Effect on WP Aggregation: Preparation of WP,
Rat blood was taken from the abdominal aorta with an injection

(24) Born, G. V. R. Nature (London) 1962, 194, 927.

(25) Uchida, K.; Nakamura, M.; Konishi, M.; Ishigami, T.; Komeno,
T. Jpn. J. Pharmacol. 1987, 43, 9.

(26) Reagents (Schemes I-V): (a) sodium azide (NaNj) in N,N-
dimethylformamide (DMF), (b) triphenylphosphine (Ph,P) in
tetrahydrofuran (THF), (c) aqueous THF, (d) benzenesulfonyl
chloride (PhSO,Cl), triethylamine (Et;N), in CH,Cl,, (e) 1 N
HCl in THF-MeOH, (f) 3-chloroperoxybenzoic acid (m-CPBA)
in CH,Cl,, (g) oxalyl chloride {(COCIl),], dimethyl sulfoxide
(DMSO, Me,S0O) in CHyClg-EtsN, (h) sodium (methyl-
sulfinyl)methide (Na*MeS(=0)CH,"), (4-carboxybutyl)tri-
phenylphosphonium bromide (Br-PhsP*(CH,),CO.H), in
DMSO, (i) diazomethane (CH,;N,) in CHyCly—ether, () 0.1 N
aqueous NaOH, (k) diethyl azodicarboxylate (EtO,CN=
NCO,Et), PhyP, benzoic acid (PhCO,H) in THF, (1) K,CO; in
MeOH-H;0, (m) methanesulfonyl chloride (MeSO,Cl), Et3N,
in CH,Cly, (n) thiocyanic acid (HSCN) in ether, (o) KOH in
MeOH-dioxane, (p) Zn(Ag), diiodomethane (CH,l,) in ether,
(q) triphenylmethyl chloride (trityl chloride, TrCl, PhyCCl),
Et3N, 4-(dimethylamino)pyridine (4-Me,NCH,N), in CH,Cl,,
(r) pyridinium dichromate (PDC) in DMF, (s) hydroxyamine
hydrochloride (NH,OH-HCl), NaOH in MeOH, (t) diphenyl
disulfide (Ph,S,), tributylphosphine (n-BugP), in THF—sodium
cyanoborohydride (NaBH4CN), acetic acid (AcOH), (u) bro-
moform (CHBr;), benzyltriethylammonium chloride
(PhCH,N(Et)4Cl), 40% aqueous NaOH in CH,Cl,, (v) cuprous
thiocyanate (CuSCN), methyllithium (MeLi), hexamethyl-
phosphoramide (HMPA), in ether-methyl iodide (Mel), (w)
NaOH in MeOH-THF-H,0, (x) potassium tert-butoxide
(Me3sCOK) in DMSO-AcOH, (y) lithium tri-tert-butoxy-
aluminohydride [LiAIH(OCMey)s} in THF.

Journal of Medicinal Chemistry, 1990, Vol. 33, No. I 239

syringe under sodium methylhexabarbital anesthesia and was
collected into 0.15 volumes of acid citrate dextrose (85 mM di-
sodium citrate, 70 mM citric acid, and 110 mM glucose) containing
12 ug/mL PGE;. PRP obtained by centrifugation at 160g for 10
min was layered on 40% bovine serum albumin. Platelets were
sedimented at 1200g for 25 min and resuspended in 0.5 mL of
resuspension buffer (137 mM NaCl, 2.7 mM KC], 1.0 mM MgSO,,
3.8 mM NaH,PO,, pH 7.35). Platelets were separated from plasma
proteins by gel filtration through a column of Sepharose 2B and
suspended in the resuspension buffer.

Measurement of Inhibition of Platelet Aggregation. Rat
WP (5 X 108 cells/mL) were preincubated with 1 mM CaCl, for
2 min at 37 °C in the presence of various concentrations of the
test compounds dissolved in water, and then 4 ug/mL of collagen
was added. The aggregation was monitored with the aggregometer
in terms of the increase in light transmission. The ICg, values
for each compound, calculated from the values of percent in-
hibition obtained by three experiments and calibrated (standard:
1.0 nM) in a similar way to that described above, are shown in
Table I. The ICy, value of S-145 fluctuated for every experiment
[1.56 + 0.82 (SD) nM, n = 8].

Measurement of Platelet Shape Change. Rat WP (5 % 108
cells/mL) were preincubated with 1 mM Ca,Cl, for 2 min at 37
°C, and then 1 uM test compounds dissolved in water were added.
The response of platelet shape change induced by each compound
was monitored with the aggregometer in terms of the increase
in light transmission and were expressed as a percentage of that
induced by 1 uM S-145.

Binding Experiments. The binding assays in rat WP were
carried out according to the method used in the [3H]U46619
binding as described previously.?2 The specific binding of
[®H]S-145 is defined as the differences between binding in the
presence and absence of 10 uM unlabeled S-145.

Acknowledgment. We express our sincere thanks to
Dr. M. Narisada for his helpful discussions. We also ex-
press our thanks to Dr. M. Shiro and Mr. H. Nakai for
performing the X-ray crystallographic analyses, and to Dr.
Y. Makisumi and Mr. T. Nagasaki for synthesizing [*H]-
S-145.

Registry No. 1, 54483-55-5; 2, 112967-36-9; 3, 112918-28-2;
4, 123489-95-2; 5, 113007-88-8; 6, 113007-89-9; 7, 113007-90-2; 8,
113007-91-3; 9, 113084-33-6; 10, 113007-92-4; 11a, 112967-17-6;
11b, 123539-11-7; 12, 112917-64-3; 13, 113084-34-7; 14, 123539-05-9;
15a, 112968-63-5; 15b, 123539-12-8; 16, 112968-64-6; 17, 112918-
26-0; 18, 112967-37-0; 19, 123489-96-3; 20, 113007-93-5; 21,
113007-94-6; 22, 123489-97-4; 23, 113007-95-7; 24, 112917-65-4;
25, 113007-96-8; 26a, 112967-19-8; 26b, 113033-22-0; 27, 112967-
20-1; 28, 113007-97-9; 29, 113007-96-8; 30a, 123539-06-0; 30b,
123618-33-7; 31, 112967-18-7; 32 (isomer 1), 123489-98-5; 33 (isomer
1), 123505-90-8; 34a, 112967-21-2; 34b, 123539-13-9; 35, 112917-
66-5; 32 (isomer 2), 123490-06-2; 33 (isomer 2), 123505-91-9; 36a,
123539-07-1; 36b, 123618-34-8; 37, 112967-24-5; 38, 112918-24-8;
39, 112918-25-9; 40, 123489-99-6; 41, 112918-37-3; 42, 123490-00-6;
43, 112917-38-1; 44, 112917-40-5; 45, 112917-41-6; 46a, 112917-50-7;
46b, 112917-52-9; 47, 112917-51-8; 48, 123490-01-7; 49, 112917-39-2;
50, 112917-34-7; 51, 112917-46-1; 52a, 112917-54-1; 52b, 112917-
55-2; 53, 112917-53-0; 54, 112918-27-1; 55, 112918-38-4; (Z)-56,
123539-08-2; (E)-56, 123539-14-0; 57, 123490-02-8; 58, 112917-42-7;
59, 112917-43-8; 60, 112917-47-2; 61a, 112917-57-4; 61b, 112917-
58-5; 62, 112917-56-3; 63, 112918-29-3; 64, 112918-30-6; 65,
112918-31-7; 66, 123490-03-9; (Z)-67, 123539-09-3; (E)-67,
123539-10-6; 69, 112945-26-3; 70, 112917-45-0; 71, 112917-49-4;
72a, 112917-62-1; 72b, 112917-63-2; 73, 123490-04-0; 74, 123490-
05-1; 75, 112945-29-6; 77, 112918-34-0; 79, 112917-37-0; 80,
112917-44-9; 81, 112917-48-3; 82a, 112917-60-9; 82b, 112917-61-0;
83, 112917-59-6; TXA,, 57576-52-0; PhyCCl, 76-83-5; PhyP*-
(CH,),CO,HBr", 17814-85-6.



