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Abstract—The stable thromboxane A; analog (* )-dimethanothromboxane A, 1 was synthesized from bicy-

clo[3.1.1]heptane 2 via the tricyclic compound 4.

Arachidonic acid is converted enzymatically into biolo-
gically important substances (prostaglandins, thrombox-
anes, leukotrienes, etc.), one of the most conspicuous
being thromboxane A, (TXA;)' because of its outstand-
ingly potent platelet aggregating and smooth muscle
contracting activities. TXA, was first recognized in 1969
by Vane et al.® as a rabbit aorta contracting substance
(RCS) released by gunia pig lung. Because of its short
life, direct isolation of this substance was quite difficult.
However, Samuelsson et al. found that thromboxane B,
was produced as a major metabolite when prostaglandin
G, (PGG,) was incubated with human platelets, and
indicated that an extremely unstable intermediate with
the properties similar to RCS existed in the conversion
of PGG, to TXB,. Furthermore, they succeeded in trap-
ping this substance (TXA,) as stable TXB, derivatives by
some trapping experiments, and postulated 2.6-diox-
abicyclo[3.1.1]heptane skeleton as the main framework
of TXA, (see Fig. 1).>* The biogenetic pathway from
arachidonic acid via endoperoxides (PGG, and PGH,)
was also reasonably deduced.

Although TXA, is extremely labile (half-life 32 sec in
an aqueous pH 7.4 solution at 37°), the activities
superior to other prostaglandins and the chemically rare
structure still made it too attractive to be discarded.
Therefore, the synthesis of more stable TXA, congeners
to decrease the lability of the original substance seems to
deserve particular attention. Although the syntheses of
other natural and modified prostaglandins have exten-
sively been carried out, only a restricted number of
TXA, analogs® have so far been reported, probably for
the reasons that the characterization of TXA, has not
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been confirmed directly, and that the chemical synthesis
of TXA, congeners is not as easy as that of other
prostaglandins and requires the development of new
synthetic methodology. In this series of papers are des-
cribed the syntheses of TXA, analogs which circumvent
the instability.

It has been known that the replacement of some
oxygen atom or atoms in the labile moieties of pros-
taglandins (e.g. PGH or PGI) by nitrogen, sulfur or
methylene groups sometimes improves the stability of
the original molecules to a high extent.® Our plans to
obtain the stable analogs are based on this trend.

In this article we wish to describe the synthesis of
()9, 11), 11a-dimethanothromboxane A, 1 in which the
two oxygen atoms in the bicyclic system of TXA, are
replaced by two methylene groups.”®

RESULTS AND DISCUSSION

Our synthetic plan is outlined as shown in Scheme 1.
Through this route it is easy to synthesize many analogs
with a variety of w-chains.

The first problem was the construction of key com-
pound, bicyclo[3.1.1Jheptan-2-one. As a starting material
leading to 2 was chosen 4-(p-toluenesulfonyl-oxymethyl)-
cyclohexanone 3 which was readily available from ethyl
p-hydroxybenzoate in six steps according to the known
methods® (50% overall yield). Although the conversion of
3 to 2 had been reported by Musso et al.’ it was not
satisfactory because of low yield. Among some attempted
conditions, utilization of sodium bistrimethylsilylamide
(2 equiv) in benzene at 80° overcome the difficulty to
provide the ketone 2 in 57% yield. Alternatively, treat-
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ment of 3 with sodium hydride in dimethyl sulfoxide at
70° gave the same product in 31% yield. Our attention
was directed to the synthesis of the aldehyde § (see
Scheme 2). In the conversion of 2—7, we had some
difficulty. Formation of the enamine of 2 with pyrrolidine
was sluggish. Michael reaction of 2 with methyl vinyl
ketone in the presence of sodium hydride in THF gave
the condensation products of the ketone themselves.
This transformation was, however, achieved by Stork’s
method. Deprotonation of 2 with lithium diisopropy!-
amide in THF at -78° followed by trapping of the
resulting anion with (E)-trimethyl-(3-iodo-1-methyl-1-
propenyl) silane' furnished the alkylated ketone 6 in
48% yield. Moreover, the compound 6 was smoothly
converted to the 1,4-diketone 7 in 87% yield by epoxida-
tion with m-chloroperbenzoic acid and then exposure of
the resulting epoxide to formic acid."' Intramolecular
condensation of 7 was conducted using 10% aqueous
KOH in methanol under reflux to give the enone 8 (85%).

Stereoselective reduction of the double bond in 8 was

the enone 8 was treated with lithium-ammonia at —78°
and then the crude products containing the correspond-
ing saturated alcohols were oxidized with Jones reagent
to afford two saturated ketones in 51% (less polar) and
26% (more polar) vields, respectively. It was difficult to
differenciate between them on the basis of their spectra.
However, reduction of bicyclo[4.4.0}dec-1-en-3-one with
lithium-ammonia was well-known to give predominatly
the trans-isomer.' It was considered that our system
would be close to this one. Therefore, the major product
was tentatively assigned to the desired trans-ketone 9
based on this result. This was supported by the further
transformation of the major product into the final com-
pound. Regioselective introduction of a double bond into
the system was realized by two-step sequence: bromina-
tion and dehydrobromination. As a brominating reagent
2-carboxyethyltriphenylphosphonium perbromide'® was
employed to afford a thermodynamically more stable
bromo ketone. Reaction of 9 with this reagent (1.1 equiv)
in THF at 0° provided the bromo ketone 10 (70%) along
with dibromo ketone (12%). The subsequent dehy-
drobromination with LiBr and Li,CO; in DMF at 125°
furnished the enone 4 in 76% yield. Conversion of 4 into
§ was achieved by means of cleavage of the olefin part
via oxidation of the double bond to the corresponding
diol. Treatment of 4 with osmium tetroxide in a THF
solution containing pyridine at room temperature (87%)
and then oxidative cleavage of the obtained diol 11 with
fresh lead tetraacetate' (3 equiv) in methanol and ben-
zene at room temperature afforded the aldehyde § as a
sole product in 80% yield.

The extension of both side chains aimed at the last
compound was accomplished without any difficulty as
shown in Scheme 3. Condensation of § with tri-n-butyl-
2-oxoheptylidenephosphorane'® in ether at room tem-
perature formed the trans-enone 12 in 90% yield, which
was reduced with NaBH, in methanol at —40° to provide
two allylic alcohols as a diastereomeric mixture 13 (88%).
Although the separation of them was easy in this step, it
was conducted later. After protection of the hydroxy
group in 13 as a tetrahydropyranyl (THP) ether, the
obtained compound 14 was converted to the compound
15 by reduction of the ester moiety using diisobutyl-
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aluminum hydride (DIBAL) in toluene at —78° followed
by oxidation of the resulting alcohol with SO,-pyridine
complex and DMSO" (79% in two steps). Wittig reaction
of 15 with the ylide, derived from 4-carboxybutyl-
triphenylphosphonium bromide and dimsylsodium,"” and
then esterification with diazomethane gave the com-
pound 16 in 83% yield. After removal of THP group i.1 16
with a catalytic amount of pyridinium p-toluenesulfonate
(PPTS)"™ in methanol at 55°, the diastereomers (17 and
18) were separated. Column chromatography on silica gel
with cyclohexane-AcOEt (8:1) afforded the less polar
compound (32%), the more polar one (47%), and a mix-
ture of them (83% total yield). The methyl esters 17 and
18 were led to the corresponding carboxylic acids 1 and
19, respectively, by hydrolysis with aqueous KOH.
Determination of the stereochemistry at C-15 position
(PG numbering) on the basis of the physical data was
hardly possible. It was, however, generally observed on
prostaglandins'® that C,sa-isomer showed more polar
properties on silica gel plate than C,s8-isomer. There-
fore, the more polar compound was tentatively assigned
to Cisa-form 1 and the less polar to C,sB-form 19.

Furthermore, the biological activities of these car-
boxylic acids were compared. The more polar compound
1 showed the very potent contractile activity on the
isolated rat aorta (CDso: 2.68x 10™"' M). On the other
hand, the value of less polar 19 was 5.36x 107*M.
However, both compounds did not possess the action of
platelet aggregation.™® Although in the preliminary
communication’ we reported that the compound 1 had
the action of platelet aggregation, it was found that the
compound 1 did not possess platelet aggregating activity
but an inhibitory effect on platelet aggregation. This will
be reported in detail. It was fully supported from their
biological activities that the more polar compound was
Cisa-form.

The synthesis of dimethano-TXA, was thus com-
pleted.
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EXPERIMENTAL

IR spectra (IR) were taken on a Hitachi IR spectrometer Model
260-30. Nuclear magnetic resonance (NMR) were recorded at
100 MHz on a Varian XL-100 spectrometer using tetramethyl-
silane as an internal standard. Mass spectra (MS) were
obtained on a JEOL JMS-01 spectrometer at 75¢V. Thin layer
chromatography was performed on 0.25 mm pre-coated silica gel
plate (Fasq) supplied by Merck (Art no 5715). Column chromato-
graphy was conducted on silica gel available from Merck. Unless
otherwise specified, reactions were carried out under nitrogen
atmosphere. Usual work-up refers to pouring a reaction mixture
into a mixture of water with organic solvents, separation, re-
extraction of the aqueous phase, washing of the combined
organic layers with brine, drying the organic extracts and
evaporation of the solvents under reduced pressure at 20-35°.
The solvent of extraction and drying reagent were described in
parenthesis.

Bicyclo[3.1.1]heptan-2-one 2

Hexamethyldisilazane (75 mL, 0.36 mol) was added to a suspen-
sion of NaNH; (14.1g, 0.36 mol) in dry benzene (600 mL). The
reaction mixture was stirred under reflux for 2 hr. To the mixture
was -added a solution of 4-(p-toluenesulfonyloxymethyl) cyclo-
hexanone 3 (51 g, 0.18 mol) in dry benzene (600 mL) under reflux
over 4 hr. After stirring for 1 hr, usual work-up (ether, MgSO,) gave
an oil, which was chromatographed on silica gel (cyclohexane-
AcOEt 10: 1) to afford the bicyclic ketone 2 (11.3 g, 57%): R 0.44
(benzene-AcOEt 9:1); IR (neat) »1715cm™'; NMR (CDCly) &
2.98-2.76 (m, 1H), 2.76-2.27 (m, 5H), 2.16-1.98 (m, 2H), 1.76-1.50
(m, 2H); MS m/z 110 (M*), 95, 82, 67; exact mass found 110.0754
(Calc for C7H,00. 110.0731).

3-[(E)-3-Trimethylsilyl-2-butenyl)bicyclo[3.3.1]-heptan-2-one 6

To a solution of LDA, prepared from (i-Pr,NH (10.7mL,
75.6 mmol) and n-BuLi (47.3mL, 1.48 M in hexane, 69.3mL) in
dry THF (120 mL) at —10°, was added at —78° a solution of the
ketone 2 (7g, 63mmol) in dry THF (80 mL) over 2hr. The
mixture was stirred at the same temperature for 1 hr, after which
was added a solution of (E)-trimethyl-(3-iodo-1-methyl-pro-
penyl)-silane (17.7g, 69.3 mmol) in dry HMPT (12.1 mL) over
0.5 hr. The solution was stirred at —78° for 2 hr and then warmed
to room temperature over 2hr. Usual work-up (ether, MgSOJ)
gave an oil, which was chromatographed on silica gel (benzene-
AcOEt 10:1) to afford the compound 6 (7.2g, 48%): Rf
0.65 (benzene-AcOEt 9:1); IR (neat) v 1715, 1625, 1255, 840,
755cm™; NMR (CDCl;) & 5.80-5.52 (m, 1H), 1.70 (s, 3H), 0.04
(s, 9H); MS m/z 236, 221, 207, 195.

3-(3-Oxobutyl)bicyclo[3.1.1]heptan-2-one 7

A solution of m-chloroperbenzoic acid (409 mg 2.47 mmol) in
CH,Cl; (5mL) was added to a solution of the compound 6
(373 mg, 1.58 mmol) in CHCl; (20 mL) at 0°. The reaction mix-
ture was stirred for 3 hr, after which HCOOH (1 mL) was added
at room temperature. This solution was stirred for 0.5 hr. The
usual work-up (AcOEt, Na;SO,) gave an oil, which was chroma-
tographed on silica gel. Elution with cyclohexane-AcOEt (2:1)
afforded the diketone 7 (249 mg, 87%); IR (neat) » 1715cm™’;
NMR (CDCls) 6 2.90-1.33 (m, 16H), 2.10 (s, 3H); MS m/z 180
(M™), 165, 137, 123: exact mass found 180.1145 (Calc for C\1H ;402
180.1150).

8,10-Methanobicyclo[4.4.0)dec-1-en-3-one 8.

Aqueous KOH (10%; 15mL) was added to a solution of the
diketone (4.5g, 25 mmol) in MeOH (45 mL). The mixture was
stirred under reflux for 2hr. The usual work-up gave an oil,
which was chromatographed on silica gel. Elution with cyclo-
hexane-AcOE:t (4:1) afforded the enone 8 (3.4g, 85%): Rt 0.35
(benzene-AcOEt 9:1); IR (neat) » 1665, 1630cm™'; NMR
(CDCly) 6 5.67 (d, J = 3 Hz, 1H); MS miz 162 (M"), 147, 134, 120,
105, 91,

trans-8,10-Methanobicyclo[4.4.0)decan-3-one 9
To a solution of Li (29 mg, 4.1 mmol) in liq NH3 (20 mL) was
added at —78° a solution of the enone 8 (42 mg, 0.62 mmol) and
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t-BuOH (0.05 mL 0.52 mmol) in dry ether (SmL) over 10 min.
The solution was stirred for 10 min and NHCI (400 mg) was
added in one portion. After evaporation of NH; at room tem-
perature, water (3mL) was added. The usual work-up (ether,
MgSO,) afforded an oil. To a solution of the residual oil in
acetone (2mL) Jones reagent was added at 0° until orange color
of the reagent persisted, and i-PrOH was added until the solution
became green. The mixture was concentrated, and the usual
work-up gave an oil, which was chromatographed on silica gel.
Elution with cyclohexane-AcOEt (18:1) afforded the trans-
ketone 9 (22 mg, 51%) and its cis-isomer (11 mg, 26%). 9: Rf 0.57
(benzene-AcOEt 9:1); IR (neat) v 2950, 2830, 1715 em™': NMR
(CDCl3) § 2.68-0.94 (m, 16H); MS m/z 164 (M*), 149, 136, 122;
exact mass found 164.1205 (Calc for C11H)60, 164.1201).

Bromination of 9

A solution of 2-carboxyethyltriphenylphosphonium per-
bromide (368 mg, 0.63 mmol) in dry THF (1 mL) was added to a
solution of the ketone 9 (100 mg, 0.60 mmol) in dry THF (2mL)
at 0°. The mixture was stirred for 20 min and filtered through a
pad of MgSO., which was washed with THF (5 mLx2). After
evaporation of the solvent, the residual oil was chromatographed
on silica gel. Elution with cyclohexane-benzene (1:1) afforded
the bromoketone 10 (105mg, 70%) and the dibromo ketone
(24 mg, 12%). 10: Rf 0.64 and 0.44 (benzene); MS m/z 244 and
242 (M*), 214, 200, 163,

Dehydrobromination of 10

A solution of the bromo ketone 10 (1.02 g, 4.1 mmol) in DMF
(5 mL) was added to a suspension of LiBr (547 mg, 6.15 mmol)
and Li;CO; (744 mg, 9.84 mmol) in DMF (10 mL) at 125° over
10min. The reaction mixture was stirred for [hr. The usual
work-up (ether, MgSO,) gave an oil, which was chromatographed
on silica gel. Elution with cyclohexane-AcOEt (16: 1) afforded the
enone 4 (520 mg, 76%): Rf 0.43 (benzene-AcOEt 9:1); IR (neat) v
2959, 2870, 1680, 810, 745 cm™"'; NMR (CDCls) § 7.05 (dd, J = 10
and 2 Hz, 1H), 5.94 (dd. J = 10 and 3 Hz, 1H); MS m/z 162 (M),
147, 134, 120, 119, 105; exact mass found 162.1020 (Calc for
C11H 140, 162.1044).

(2R*, 35%)-3-formyl-2-methoxycarbonylmethy! bicyclo[3.1.1]hep-
tane §

A solution of OsO; (489 mg, 1.86 mmol) in THF (4.5mL)
was added to a solution of the enone 4 (238mg, 143
mmol) in pyridine (1.6 mL) at room temperature. The reaction
mixture was stirred for 2hr, And then a solution of NaHSO;
(1.01 g, 9.7 mmol) in H,0 (15 ml) was added. The usual work-up
gave the diol 11 (250 mg, 87%), which was used for the next
reaction. Rf 0.46 (benzene~-AcOEt 1:2); MS m/z 196 (M"), 178,
160.

To a solution of the diol 11 (250 mg, 1.27 mmol) in dry MeOH
(50mL) and dry benzene (25mL) was added fresh
PB(OAc)(1.69 g, 3.8 mmol) in one portion. The reaction mixture
was stirred for 15 hr. After removal of the solvent, water (25 mL)
was added. The usual work-up (AcOEt, MgSO,) gave an oil. The
residual oil was chromatographed on silica gel. Elution with
cyclohexane-AcOEt (8:1) afforded the aldehyde 5 (200 mg,
80%). Rf 0.46 (benzene-AcOEt 9:1); IR (neat) v 2950, 2870,
2850, 2750, 1740; 1730 cm™'; NMR (CDCly) 5 9.67 (d, J = 1.5 Hg,
1H), 3.65 (s, 3H); MS m/z 196 (M*), 178, 168, 164, 152, 136; exact
mass found 196.1095 (Calc for C;;H;603, 196.1099).

(2R*, 38*)-3-(E)}-3-0x0-1-octenvl-2-methoxvcarbonylmethyl{( E}-
bicyclo(3.1.1]heptane 12

A solution of tri-n-butyl-2-oxoheptylidene-phosphorane
(640 mg, 2.04 mmol) in ether (2mL) was added to a solution of
the aldehyde § (200 mg, 1.02 mmol) in ether (2 mL). The solution
was stirred for 24 hr and concentrated. The residual oil was
chromatographed on silica gel. Elution with cyclohexane~AcOEt
(16:1) afforded the enone 12 (268 mg, 90%): Rf 0.47 (benzene
-AcOEt 9:1); IR (neat) v 2950, 2870, 1740, 1700, 1680, 1630,
990 cm™'; NMR (CDCly) 8 6.74 (dd, J = 16 and 7 Hz, 1H), 6.07
(d,J = 16 Hz, 1H), 3.62 (s, 3H), 0.91 (1, ] = 7 Hz, 3H); MS m/z 292
(M"), 274, 260, 236, 219: exact mass 292.2067 (Calc for C1sH2s0s,
292.2038).

S. OHUCHIDA el al.

Reduction of 12

To a solution of the enone 12 (268 mg, 0.91 mmol) in MeOH
(SmL) was added NaBH,4 (138 mg, 3.64 mmol) in one portion at
—40°. The reaction mixture was stirred for 50 min, and AcOH
(0.02mL) was added slowly. Usual work-up {AcOEt, Na,SOy)
gave an oil which was chromatographed on silica gel. Elution
with cyclohexane-AcOEt (4:1) afforded the allylic alcohol 13
(238 mg, 88%): Rf 0.48 and 0.40 (benzene-AcOEt 4:1): IR (neat)
v 3400, 2950, 2870, 1740, 980 cm™'; NMR (CDCls) & 5.56-5.44 (m,
2H). 4.17-3.95 (m, 1H), 3.64 (s, 3H), 0.89 (t, ] =7 Hz, 3H); MS
miz 294 (M"), 276, 235, 223, 205, 191.

Tetrahydropyranyration of 13

To a solution of the allylic alcohol 13(232 mg, 0.78 mmol) in dry
CH,Cl; (SmL) were at 0° p-TsOH (10 mg) followed by dihy-
dropyran (0.079 mL, 0.94 mmol). The solution was stirred for
20 min. After treatment with saturated aqueous NaHCO; (1 mL),
usual work-up (AcOEt. Na;SOq) gave an oil which was purified
by column chromatography on silica gel (cyclohexane-AcOEt
9:1) to afford the compound 14 (281 mg, 94%). Rf 0.58 and 0.52
(benzene-AcOEt 4:1); IR (neat) v 2950, 2870, 1740, 980 cm™";
MS mjz 347, 307, 294, 276, 223.

(2R*,  3§*)-3-((E)-3-tetrahydropyranyloxy-1-octenyl)-2-formyl-
methyl bicyclo[3.1.1)heptane 18§

To a solution of the compound 14 (281 mg, 0.74 mmol) in dry
toluene (6 mL) was added DIBAL (1.26 mL, 1.76 M in toluene,
2.22 mmol) at-50°. The solution was stirred for 20 min, after
which MeOH was added to destroy the excess reagent. The
solution was warmed to —10°, and water (1 mL) was added. After
stirring for 0.5 hr at room temperature, the mixture was filtered,
and the solid was washed with EtOH. Concentration of the
combined organic layers gave an oil (261 mg, 100%), which was
used for the next step without further purification. Rf 0.39 and
0.28 (benzene-AcOEt 4:1); IR (neat) v 3400, 2950, 2870,
980cm™",

EtsN (0.02mL. 444 mmol) was added to a solution of the
obtained alcohol in dry DMSO (5 mL). The solution was stirred
for Smin, and a solution of SO;-pyridine complex (355 mg,
2.22 mmol) in dry DMSO (2.5 mL) was added. The solution was
stirred for 20 min and poured into ice-water (10 mL) containing
NH.(CI (1g). Usual work-up (AcOEt, Na,SO,) gave an oil which
was chromatographed on silica gel. Elution with cyclohexane-
AcOEt (16:1) afforded the aldehyde 15 (218 mg, 84%): Rf 0.78
and 0.73 (benzene~AcOEt 4:1); IR (neat) v 2930, 2860, 2820,
2710, 1720, 980 cm™'; NMR (CDCl3) § 9.71 (bs, 1H), 5.63-5.06
(m, 2H), 4.73-4.48 (m, 1H), 4.17-3.70 (m, 2H), 3.61-3.33 (m, 1H),
0.99-0.73 (m, 3H); MS m/z 348 (M), 304, 277, 246, 203.

Methyl  (2R*,  3S*M(Z)-((E)-tetrahvdropyranyloxy-1-octenyi)
bicyclo(3.1.11heptane-2-hept-5-enoate 16.

A solution of dimsylsodium, prepared from NaH (86 mg, 64%
dispersion in mineral oil, 2.31 mmol) in dry DMSO (2.5mL) at
65°, was added to 4-carboxy-butyltriphenylphosphonium bromide
(515 mg, 1.15 mmol) in dry DMSO (2.5 mL) at 25°. The solution
was stirred for 5 min, after which a solution of the aldehyde 15
(201 mg, 0.57 mmol) in dry DMSO (2.5 m]) was added in one
portion. The reaction mixture was stirred for 1hr at 30° and for
an additional 1 hr at 40°. The mixture was poured into ice water
and acidified to pHS with aqueous (CO;H),. Usual work-up gave
an oil which was treated with ethereal diazomethane. The methyl
ester was chromatographed on silica gel. Elution with cyclo-
hexane-AcOEt (16:1) afforded the compound 16 (214 mg, 83%):
Rf 0.61 (benzene~AcOEt 8:1); IR (neat) » 2950, 2870, 1740,
980 cm™'; NMR (CDCL) 5.68-4.90 (m, 2H) 4.74-4.56 (m, 1H),
4.16-3.74 (m, 2H), 3.66 (s,3H), 3.60-3.44 (m, IH), 1.02-0.73
(m, 3H); MS m/jz 446 (M™), 415, 345, 344, 291, 273,

Methyl (2R*, 3S*)(Z)-((E)-3-hydroxy-1-octenyl}bicyclo[3.1.1]
heptane-2-hept-5-enoate 17 and its isomer 18

To a solution of the compound 16 (207 mg, 0.46 mmol) in MeOH
(3 mL) was added PPTS (11.64 mg, 0.04 mmol) at 55°. The solution
was stirred for 2 hr, and AcOEt (30 mL) was added. Usual work-up
gave an oil which was chromatographed on silica gel. Elution with
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cyclohexane-AcOET (8: 1) afforded the compound 17 (more polar
79 mg, 47%), the C-15'isomer 18 (less polar 54 mg, 32%) and the
mixture of them (7mg, 4%). Rf 0.32 for 17 and 0.37 for 18
(benzene-AcOEt 4: 1): IR (neat) v 3450, 2940, 2870, 1740, 980 cm ™"

(2R*, 3S*}(Z)-3-((S*)-3-hydroxy-1-octenyl)bicyclo-[3.1.1}heptan-
2-hept-5-enoic acid 1 (dimethanothromboxane A;) and its
C-15 epimer 19

Aqueous KOH (5%; 1 mL) was added to a soln of the com-
pound 17 (79mg, 0.21 mmol) in EtOH (1 mL). The reaction
mixture was stirred for S0 min at 45° and cooled to 0°. The
mixture was acidified to pH4 with IN HCl and diluted with
AcOEt. Usual work-up and chromatography (cyclohexane-
AcOEt 1:1) afforded the compound 1 (66 mg, 88%): Rf 0.58
(benzene-AcOEt 1:1); IR (neat) » 3350 (br), 2930, 2860, 1710,
970cm™"; NMR (CDCl;) § 5.60-5.28 (m.4H). 5.04-4.53 (2H.
-OH and -CO,H), 4.26-4.03 (m, 1H), 1.03-0.78 (m, 3H); MS m/z
348 (M"), 330, 277, 259, 241, 234, 203; exact mass found 348.2683
(Cale for CnH3s03, 348.2664).

The C-15 epimer 19 was obtained from the compound 18 in the
same way. Rf 0.63 (benzene-AcOEt 1:1); IR (neat) v 3350 (br),
2930, 2860, 1710, 980 cm™'; NMR (CDCL) & 5.58-4.92 (m, 6H, 2H
disappeared by D,O exchange), 4.20-3.97 (m, 1H), 1.10~0.77 (m,
3H); MS mfz 348 (M™), 330, 277, 259, 241, 234, 203; exact mass
found 348.2661 (Caic for C2H30s, 348.2664).
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