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ABSTRACT: A new reducing agent (2) reduced the enone (4) to give 15(5)-allylic alcohol
(5a) with excellent regio- and stereoselectivity through a five membered ring transition state.
Stereoselectivity of this reaction will be explained based on the LUMO of the enone moiety.
The resulting (5a) was led to a carbacyclin.

Sodium bis(2-methoxyethoxy)aluminum hydride (SMEAH)I) (1) is a useful reducing agent
because of both its high solubility in hydrocarbon solvents or tetrahydrofuran and its higher stability in
air than other reducing agents. Modification of SMEAH with one molar equivalent of simple alcohols,
such as methanol, was reported to give a reducing agent that had a stable structure in contrast to lithium
trialkoxyaluminum hydride.z) This modified SMEAH reagent has been reported to reduce simple ketones
or halogen-containing hydrocarbons, at room temperature or higher, to give the corresponding alcohols or
hydrocarbons.2’3) However, no report has been published on reduction of the enone moiety with this
reagent.

We have been interested in reduction of an enone, especially carbacyclin 15-enone®) (PG
numbering) such as (4) to 15(5)-allylic alcohot (5a), by SMEAH modified with various alcohols (2a-
j)(Fig. 1 and Table 1). These reducing agents were easily prepared from achiral, commercially available,
and inexpensive materials. In paticular, we focused our attention on 1,2-regioselectivity and 15(S)-stereose-
lectivity, because the generast)ion of 15(S)-allylic alcohol moiety as a biologically active substructure is one

Here, we wish to report that a new reducing agent, sodium bis(2-methoxyethoxy)(1,1,1,3,3,3-
hexafluoro-2-propoxy)aluminum hydride (2j) reduced, even at low temperature, the carbacyclin 15-enone
(4) to give 15(8)-allylic alcohol (5a) stereoselectively, and the resulting 15(S)-hydroxy compound (5a) was
led to a carbacyclin (14)6).

The starting enone (4) was prepared by two steps from the alcohol (3) through a similar method
reported by Kojima et al.”) Reduction of (4) with methanol-modified SMEAH reagent, bis(2-
methoxyethoxy)(methoxy)aluminum hydride (2a), proceeded at -78°C to yield a mixture of the allylic
alcohols (5a,5b) in good yield. As expected it was found that 1,2-reduction occurred regioselectively with
this modified SMEAH reagent. However, compared to the reduction with SMEAH itself, improvement of
15(5)-stereoselectivity was not observed as shown in Table 1.

In order to increase the 15(S)-selectivity, we then investigated the reduction of (4) in more detail by

of the synthetic challenges.
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modifying SMEAH with various hydroxy-containing compounds. These results are summarized in Table
1. 'When simple aliphatic alcohols were employed, the degree of stereoselectivity varied with the alcohols
used as ligands; slightly better selectivity was obtained with EtOH, n-PrOH and n-BuOH, but the selectivity
did not vary with i-PrOH and -BuOH. On the other hand when aliphatic alcohols containing an electron
withdrawing group were employed, excellent stereoselectivity was obtained, and especially with sodium
bis(2-methoxyethoxy)(1,1,1,3,3,3-hexafluoro-2-propoxy)aluminum hydride (2j), the best 15(S)-
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stereoselectivity, 15(S)/15(R) ratio of 94/6, was achieved).
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Carbacyclin synthesis

Furthermore, as shown in Tables 2 and 3, the ratio of the 15(S)-alcohols increased by lowering the
reaction temperature, and tetrahydrofuran or diethyl ether was the solvent of choice. From these results, it
was found that sodium bis(2-methoxyethoxy)(1,1,1,3,3,3-hexafluoro-2-propoxy)aluminum hydride (2j)
had a strong reducing power, even at low temperature(-78°C), and was an excellent reducing agent for
control of the stereochemistry in the reduction of carbacyclin 15-enone (4). Thus, we could obtain the
15(S)-allylic alcohol (Sa)g) in good yield after chromatographic purification.

Table 8. Effect of the solvent

Table 2. Effect of the temperature on the stereoselectivity In the
on the stereoselectivity in the reductioan of the enane (4) with
reduction of the enone (4) with the reagent (2])

ratio of alcohol
155 (5a) : 15R (6b)

the resgent (2)) Soiv.

ratio of nlcohotl

Temp. .
eme 155 (53) : 15R (5b) Me0\-0Me 88 12

-48°%C so  : 10 @— ez = 8

-66°¢ 92 : 8 Et 0 94 ¢ 5
-78%¢C 94 : [
All reactions were carrled out THF 94 : 6
ia THF. All resctlons were casrrled out
at -78%c,

This high 15(5)-selectivity is explained based on transition states (Ia,Ib,Ic and Id) coupled with the
consideration of electronic factors (Fig. 2); a conformation of the five membered ring in (4) is considered
to be fixed by the OTHP substituent at C;; and the @-side chain at C;, both of which would take quasi-
equatorial positions. The C;,-H bond and the C;4 double bond are considered to be synperiplanar
according to the allylic strain conccptlo). Thus, the reducing agent approaches from the less hindered side
of the carbonyl group regardless of the conformation (s-cis or s-trans) of the enone moietyl ) (Fig. 3)(for
the sake of clarity only the s-cis conformation is depicted). We also consider that the reduction of a
carbonyl group with sodium bis(2-methoxyethoxy)(1,1,1,3,3,3-hexafluoro-2-propoxy) aluminum hydride
(2j) is initiated by complexation of sodium ion to an oxygen atom, which activates the carbonyl group. 12)

On the other hand, it is quite reasonable to assume that aluminum reagent (2j) exists mainly in two
types of enantiomeric conformers such as (I1a) and (IIb) (Fig. 4).13) In this conformation, sodium ion is
fixed in the center of the four oxygen atoms by complexation of the oxygen lone-pair electrons, and two
methylene groups of the 2-methoxyethoxy group exist in gauche conformation. The structure of (¥3))
indicates clearly that it exists in a contact ion pajrlz), and we also hypothesize that the reduction proceeds
through a cyclic transition state in which five atoms, including the oxygen, the carbon, the hydrogen, the
aluminum and the sodium, are in the same plane (Fig. 5) 14),

Accordingly, when the reduction proceeds, four types of transition states, e.g. (Ia),(Ib),(Ic) and (Id),
are conceivable based on s-cis and s-trans conformation for the enone moiety (Fig. 2). Among these, (Ia) is
the most plausible transition structure because, in this particular case, a favorable n-x" attractive orbital
interaction between the LUMO of the enone moiety and the oxygen nonbonded orbital of (2j) is observed.

In this case, an n-nt repulsive orbital interaction between the oxygen and the double bond, which
presumably gives rise to an undesirable 15(R)-hydroxy product, will be surmounted by n-n" attractive
orbital interaction. 1) Therefore, the reduction proceeds through the transition state (Ia) to yield 15(S)-
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hydroxy epimer stereoselectively. It is also noted that the 15(S)-stereoselectivity goes up with the number
of fluorine atom introduced into the alkoxy group of the aluminum reagent as shown in Table 1. The
introduction of an electron withdrawing fluorine atom into an alkoxy group of the reducing agent decreases
the reducing ability. Accordingly, a closer contact of the aluminum reagent with the enone moiety is
required as a reduction occurs. This means a more favorable n-x" orbital interaction is strengthened by the
introduction of a fluorine atom. Hence, higher 15(S)-hydroxy selectivity is attributed to the stronger o’
orbital interaction induced by a fluorine atom, and the highest 15(S)-selectivity was obtained with (2j)

containing six fluorine atoms.
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Next, the alcohol (5a) was converted to a carbacyclin (14) by the following methods.

Deprotec-



Carbacyclin synthesis

tion of (5a) with hydrochloric acid gave the diol (6), which was treated with dihydropyran and p-toluene-
sulfonic acid to yield the ketone (7). The Wittig reaction of (7) in DMSO with the ylide, derived from
triphenyl 4-carboxybutylphosphonium bromide, afforded the more polar (5E)-acid (8a) together with the
less polar (5Z)-acid (8b) [(8a)/(8b) ratio of 2 to 1]. The stereochemistry at the C5 position was assigned
based on the following evidence: esterification of (8a) and (8b) with diazomethane gave respectively the
esters (9a) and (9b). Oxidation of (9a) and (9b) with osmium tetraoxide and sodium metaperiodate,
followed by reduction with sodium borohydride, yielded the hydroxy-esters (10a) and (10b). During these
reactions, a fairly large amount of the alcohol (11) was formed via a cleavage of the Cs olefinic linkage.
Hydrolysis of (10a) and (10b) with aqueous potassium hydroxide afforded the corresponding hydroxy-
acids (12a) and (12b). Lactonization of (12b) with 2,2’-dipyridyldisulfide and triphenylphosphine yielded a
macrocyclic lactone (13), which was hydrolyzed to the starting hydroxy-acid (12b) in good yield. In
contrast, a similar treatment of (12a) did not give any lactonized material. From these results, the more
polar acid (8a) was assigned as (5E)-compound and the less polar one (8b) as (5Z)-compound. Thus the
stereochemistries at the C position in (8a), (8b) and (14) have been unambiguously established . Finally,
treatment of (8a) with acetic acid in aqueous tetrahydrofuran afforded the acid(14).
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(6) ; R=H (Ba) ; R=H (8b) : R=H
() ; R=THP {(3a) ; R=Me (88) : R=Me
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Flgure 6

In conclusion, a new highly stereoselective reducing agent (2j) was developed, and its usefulness
was shown in a carbacyclin synthesis.
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Experimental
IR spectra were recorded on a Jasco IRA-2 spectrometer. IH.NMR spectra were determined on a
Varian T-60 spectrometer, and signal patterns are indicated as s, singlet; d, doublet; t, triplet; g, quartet; m,
multiplet; br, broad peak. Mass spectra were performed on a JEOL JMS-OLSG spectrometer. Optical
rotations were measured with a Perking Elmer model 141 polarimeter. Removal of solvent in vacuo was
accomplished with a rotating flash evaporator at 20-30 mmHg, usually at 35-50°C. For TLC analysis,
- precoated silica gel plates (E.Merck 60 F»54, 0.25mm) were used and spots were visualized by spraying a
solution of 0.5% vanillin in 20% ethanol in sulfuric acid (v/v), followed by heating. Columns for ordinary
chromatography were prepared with silica gel (Kanto Chemical Co. Inc., 60-110 mesh) or alumina
(E.Merck GII-III). BPLC analysis was carried out on a HITACHI 655 Liquid Chromatograph apparatus
with a TOHSOH RI-8000 RI detector, and two different silica gel columns joined in series were used
(SENSHU SCIENTTFIC Co., SSC-Silica-292 and SSC-Silica-16).

Preparation of Sodium Bis(2-methoxyethoxy)(1,1,1,3,3,3-hexafluoro-2-propoxy)aluminum Hydride
@j)

To sodium bis(2-methoxyethoxy)aluminum hydride in toluene solution (70 w/w%, 1.09g,
3.76mmol) was added dry THF(50ml) at 25°C under nitrogen atmosphere. To this solution 1,1,1,3,3,3-
hexafluoro-2-propanol (574mg, 3.42mmol) in dry THF (4ml) was added dropwise at the same temperature.
During this operation, approximately 1 eq. of hydrogen gas was evolved. The reaction mixture was stirred
at room temperature for 20min. A 20ml portion of the solution of this reagent was collected and the
removal of the solvent in vacuo gave 690mg of (2j) as a viscous colorless oil. IR(neat) :
2840,1770,1215,8550m'1. (Absorption of 3400 and 900 cm! caused by 1,1,1,3,3,3-hexafluoro-2-propa-
nol, and 1680 and 765cm™! caused by SMEAH disappeared.)

(15,2R,3R,5R)-2-[3-Ox0-5(R),9-dimethyl-1(E),8-decadienyl]-3-(tetrahydropyran-2-yl)oxy-7,7-ethyl-
enedioxybicyclo[3.3.0]octane (4)

Dry THF (130ml) was added to 930mg of 55% sodium hydride (17.5 mmol in mineral oil, washed
with hexane). 6.2g (22.4 mmol) of dimethyl 2-0x0-4(R),8-dimethyl-7-nonenyl phosphonate was added to
this suspension at room temperature, and then 5.19g (17.5 mmol) of (15,2R,3R,5R)-2-hydroxymethyl-3-
(tetrahydropyran-2-yl)oxy-7,7-ethylenedioxybicyclof3.3.0)octane 7) in dry THF(10 ml) was added with
ice-cooling. After being stirrerd for 2hr the reaction mixture was neutralized by acetic acid, and THF was
evaporated in vacuo. This mixture was dissolved in hexane (50ml) and washed with water, 5% aqueous
NaOH , water, 1% aqueous HCI, 5% aqueous NaHCO3 and water successively, and then dried over
Na;SO,. Removal of the solvent in vacuo gave 7.57g of an oily residue. This was purified by neutral
alumina (GII) column chromatography. Elution with 2% AcOEt in hexane (v/v) gave 6.52g (83%) of the
enone (4) as a colorless oil. IR(neat): 1692,1670,1625,1035,982cm™ 1. IH-NMR(CDCl3) &:
0.92(3H,d,/=6Hz), 1.08(3H,5,CH3), 1.61(3H,5,CH3), 3.90(4H,s,-CH,CH;-), 5.10(1H,brt,=CH-), 6.18-
7.02H,m,-CH=CH-). MS: m/z 362(M*-84),344,318. [0]+16.0°(c=1.2,MeOH).



Carbacyclin synthesis

(15,2R,3R,5R)-2-[3(S)-Hydroxy-5(R),9-dimethyl-1(E),8-decadienyl]-3-(tetrahydropyran-2-yl)oxy-7,7-
ethylenedioxybicyclo[3.3.0loctane (5a) and (15,2R,3R,5R)-2-[3(R)-Hydroxy-5(R),9-dimethyl-1(E),8-
decadienyl]-3-(tetrahydropyran-2-yl)oxy-7,7-ethylenedioxybicyclo[3.3.0]octane (5b)

Sodium bis(2-methoxyethoxy)aluminum hydride in toluene solution (70 w/w%, 210mg,
0.726mmol) was diluted with dry THF(10ml) and then 1,1,1,3,3,3-hexafluoro-2-propanol (111mg,
0.660mmol) in dry THF (1ml) was added dropwise at25°C. After being stirrerd for 20min the whole
was cooled to -78°C and the enone (4) (148mg, 0.33mmol) in dry THF (1ml) was added. After being
stirrerd at the same temperature for 2.5hr the reaction mixture was quenched with 0.3ml of 5 w/w%
aqueous sodium hydroxide, diluted with 5ml of brine at ambient temperature, and extracted with
AcOEt (20ml). The organic layer was washed with brine twice, dried over Na,50,4. Removal of
the solvent in vacuo gave 156mg of a crude oil. The HPLC analysis of this oil showed 94:6 [(5a):(5b)]
ratio of the alcohols. This was purified by silica gel column chromatography (10g). Elution with 20-22%
AcOEt in hexane (v/v) gave 131mg(88%) of 15(S)-alcohol (5a) and further elution with 24-30% AcOEt in
hexane (v/v) gave 9mg(6%) of 15(R)-alcohol (5b).

(5a) ; IR(neat):3480,2930,2860,1120,1030cm™ 1. 1H-NMR(CDCI:,‘) S: 0.92(3H,d,/=6Hz,CH3),
1.60(3H,s,CH3), 1.67(3H,s,CH3), 3.88(4H,s,0CH,CH,0), 4.67(1H,m,0_(|:H_0), 5.08(1H,brt,J=7THz,
=CH-), 5.52(2H,m,olefinic-H). MS : m/z 346(M*-102). [a]%3+l.2°(c=1.0,CHCl3). HPLC:tg 7.4 and
7.6min (two diastereomers based on THP group): mobile phase; a 2:5 mixture of ethyl acetate and
hexane, flow rate; 6 mi/min.

(Sb) ; IR(neat): 3430,2935,2880,1130,1020cm™!. 'H-NMR(CDCl3)8: 0.90(3H.d./=6Hz,CHy), 1.60(3H,
s, CHj), 1.68(3H, s, CH3), 3.89(4H, s, OCHyCH,0), 4.64(1H, m, O-CI:H-O)' 5.09(1H, brt, J=7THz,
=CH-), 5.58(2H, m, olefinic-H). MS: m/z 346(M*-102). [a]lz)3+10.9°(c=1.0,CHC13). HPLC:tp
12.1min [Two diastereomers based on THP group were not separated in the same condition as for (5a).]

General procedure for reduction of the enone (4)

Reduction of (4) with SMEAH or reagents (2a-i) in toluene, Ety0 or DME was performed in a
similar manner to that of (5a) by changing the ligand alcohols or the solvents. 15(S)/15(R) Ratio was
determined by HPLC analysis of the products.

(18,2R,3R,5R)-2-[3(S)-Hydroxy-5(R),9-dimethyl-1(E),8-decadienyl]-7-oxobicyclo[3.3.0]Joctan-3-ol (6)

3.3% Hydrochloric acid (40ml) was added dropwise to a solution of the compound (5a) (4.05g) in
acetone (40ml) and the resulting mixture was stirred for 30min at 0°C and 1hr at room temperature.
Stirring at room temperature was continued for 2 hr, during which time additional water (20ml) was added.
The reaction mixture was diluted and extracted with AcOEt, washed with aqueous NaHCOg3 and brine, and
then dried over NaSO,4. Removal of the solvent in vacuo gave an oily residue, which was purified by
silica gel column chromatography. Elution with 55% AcOEt in hexane (v/v) and AcOEt afforded (6)
(2.64g,91%). IR(neat): 3400,1740,970cm™!. 'H-NMR(CDCl3) & : 0.91(3H,d,J=6Hz,CH3),
1.60(3H,s,CH3), 1.67(3H,S,CH3), 3.6-4.4(2H,m,CHOH x2), 5.02(1H,brt,/=7Hz,=CH-), 5.50(2H,m,olefin-
ic-H). MS: miz 302(M*-18),284. [0]f-13.0(c=1.0, MeOH).
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(15,2R,3R,5R)2-[3(S)-(Tetrahydropyran-2-yl)oxy-5(R),9-dimethyl-1(E),8-decadienyl}-3-(tetrahydro-
pyran-2-yl)oxybicyclo[3.3.0]octan-7-one (7)

A mixture of the alcohol (6) (2.64g,8.24mmol), dihydropyran (2.25ml) and a catalytic amount of p-
TsOH in CH,Cl, (40ml) was stirred under ice-cooling for 30min. The reaction mixture was diluted with
aqueous NaHCOQ3 and extracted with ACOEt. The extracts were washed with brine and dried over
NaySO4. Removal of the solvent in vacuo gave an oily residue, which was purified by neutral alumina
(GII) column chromatography. Elution with 20-30% Et5O in hexane (v/v) afforded (7) (4.12g,quant.) as a
colorless oil. IR (neat):1740,1033,1020cm™1. 1H- NMR(CDC13) 8: 4.66(2H,brs, L .0 x2), 4.9-
5.7(3H,m,olefinic-H). MS: m/z 404(M*-84),386,302,254. [u] 3.34.3° (c=1.0, CHCl3).

17(R)-Methyl-20-isopropylidenecarbacyclin 11,15-Bis(tetrahydropyran-2-yl) Ether (8a) and (52)-
17(R)-Methyl-20-isopropylidenecarbacyclin 11,15-Bis(tetrahydropyran-2-yl) Ether (8b)
(4-Carboxybutyl)triphenylphosphonium bromide (4.8g) was added to a solution of sodium metyl

sulfinylmethide [prepared from 55% NaH in oil (720mg) and DMSO (40ml) in the usual manner] at 15-
20°C. After being stirrerd for 30min, the resulting red-colored solution was treated with the ketone (7)
(190mg,0.379mmol) in DMSO (2ml). The reaction mixture was stirred at room temperature overnight,
then poured into ice water, acidified with conc.HCl (1ml), and extracted with cyclohexane. The extracts
were washed with brine and dried over Na;SO,4. Removal of the solvent in vacuo gave a residue, which
was purified by silica gel column chromatography. Elution with 10-15% AcOEt in hexane (v/v) afforded
the (5Z)-compound (8b) (27mg,12%) as a colorless oil, and then elution with 15-30% AcoEt in hexane
(v/v) afforded the (5E)-compound (8a) (55mg,25%) as a colorless oil.

(8a); IR nea: 2930,1740,1708,1020 975cm . 'H-NMR (CDCl3) 3: 0.93(3H,m,CHy), 1.61(3H,5,CHj),
1. 68(3H s,CH3), 4.73(2H, brs’O-CH-O x2), 5.0-5.75(4H,m,=CH- x4). MS : m/z 470(M*-102),386,370.
[a] +13.6°(c-1.0,CHCl3).

(8b) ; IR(neat): 2930,1739,1708,1020, 974cm’l. 1H-NMR (CDCly) & : 0.93(3H,m,CHj3),
1.61(3H,5,CHg), 1. 67(3H,s CH3), 4.73(2H, b’s'O-CH-O x2), 5.0-5.75(4H,m,=CH- x4). MS : m/z 470(M*-
102),386,370. [cz] 3.2, 6°(c=1.0,CHCl3).

17(R)-Methyl-20-isopropylidenecarbacyclin Methyl Ester 11,15-Bis(tetrahydropyran-2-yl) Ether (9a)

Treatment of (8a) (113mg,0.197mmol) in EtyO (Sml) with excess diazomethane in Et)O followed
by evaporation of the solvent and purification with silica gel column chromatography (1g) with 30%
AcOEt in hexane (v/v) afforded 104mg(90%) of (9a) as an oil. IR(neat): 1733,1039,102501!\'1. 1y,
NMR(CDCl3) &: 0.93(3H,m,CHy), 3.67(3H,5,CH3), 4.70(2H,brs,0_cI H-0) 5-0-5.8(4H,m,CH=CH,=CH-
x2). MS: m/z 484(M*-102),466.

(5Z)-17(R)-Methyl-20-isopropylidenecarbacyclin Methyl Ester 11,15-Bis(tetrahydropyran-2-yl)
Ether (9b)

Esterification of (8b) (124mg,0.216mmol) and then treatment as described for the esterification of
(8a) afforded 111mg(87%) of (9b) asanoil. IR(neat) : 1732,1039,1025cm L. TH-NMR(CDCl3) &:
0.93(3H,m,CH3), 4.70(2H,brs,y_, CH 0)» 5.0-5.8(4H,m,CH=CH, —CH x2). MS :m/z 484(M*-102),466.
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(5Z)-17(R)-Methyl-20-hydroxycarbacyclin Methyl Ester 11,15-Bis(tetrahydropyran-2-yl) Ether (10b)
and (1S,2R,3R,5R)-2-[3(S)-(tetrahydropyran-2-yl)oxy-5(R),9-dimethyl-1(E),8-decardienyi]-3-
(tetrahydropyran-2-yl)oxy-7-hydroxybicyclo[3,3,0Joctane (11)

Osmium tetraoxide (100mg) and sodium metaperiodate (3.0g) were added to a mixture of the ester

(9b) in dioxane (30ml) and water (10ml). The whole was stirred at room temperature for 2.5hr. The

reaction mixture was diluted with brine and extracted with AcOEt. The extracts were washed with brine
and dried over NaySO,4. Evaporation of the solvent gave a residue, which was purified by silica gel column
chromatography (60g). Elution with 5-10% AcOEt in hexane (v/v) afforded 2.12g of the starting material,
and further elution with 20-30% AcOEt in hexane (v/v) gave 322mg of crude products. The products in
EtOH (5ml) were reduced with NaBH,4 (47mg) under ice-cooling. After being stirrerd for 15min, excess
reagent was decomposed with AcOH, and the reaction mixture was diluted with brine and then extracted
with AcOEt. The extract was washed with brine and dried over Na,SO,. Evaporation of the solvent gave
aresidue, which was purified by silica gel chromatography (20g). Elution with 20-30% AcOEt in hexane
(v/v) afforded 104mg of (10b), and then elution with 40-50% AcOEt in hexane (v/v) gave 103mg of the
alcohol (11).

(10b) ; IR(neat) : 3470,1740 1035,1022cm™ 1. 1H-NMR(CDCl:,,) 8: 0.94(3H,brd,CH3),
3.61(3H,s,CHgy), 4.73(2H, brs,o (13H .0)» 5.:0-5.7(3H,m,CH3). MS m/z: 460(M™*-102),442,416.

(11) ; IR(neat) : 3470,1025cm™ lH—NMR(CDCL_,,) & 0.92(3H,m,CH3), 4.72 (2H,brs,0_(l:H_o), 5.0-
5.8 2H,m,CH=CH). MS ; m/z : 304(M*-196),286(M*-204).

17(R)-Methyl-20-hydroxycarbacyclin Methyl Ester 11,15-Bis(tetrahydropyran-2-yl) Ether (10a)

Osmium tetraoxide (30mg) and sodium metaperiodate (1.0g) were added to the ester (9a) (1.27g) in
a mixture of dioxane (90ml) and water (30ml). The whole was stirred at room temperature for 5hr.
Treatment and reduction with NaBH, as described for the synthesis of (10b) gave 62mg of (10a) as an oil.
IR (neat): 3480 1740,1040, 1022cm™!. IH-NMR (CDCly) $: 0.92 (3H,brd, ,CHy), 3.62 (3H,5,CH3), 4.64
(2H, brs,O_CH 0)- 4.90-5.8 3H,m,CH=CH,=CH-). MS m/z: 460(M*-102),442,416.

(5Z)-17(R)-Methyl-20-hydroxycarbacyclin 11,15-Bis(tetrahydropyran-2-yl) Ether (12b)

A mixture of the alcohol(10b) (100mg) and 5% KOH in 30% H,O-MeOH (10ml) was stirred at
room temperature for 2hr. The reaction mixture was acidified with AcOH, diluted with brine and then
extracted with AcOEt. The extract was washed with brine, dried over Na»SO, and evaporation of the
solvent gave a residue, which was purified by silica gel column chromatography (5g). Elution with
AcOFt gave 89mg(73%) of the acid (12b). IR(neat) 3380,1735,1710,1035,1022cm"1. 1H- -NMR(CDCly) &:
0.93(3H,brd CH3) 4 76(2H,brs,q_ CH 0)s 5.0-5.7(3H,m,CH=CH,=CH-). MS m/z: 446(M*-
102),428,402,362. [a] -16.7°(c=1.0, CHCly).

17(R)-Methyl-20-hydroxycarbacyclin 11,15-Bis(tetrahydropyran-2-yl) Ether (12a)
A mixture of the alcohol(10a) (60mg) and 5% KOH in 30% H,O-MeOH (10ml) was stirred at room
temperature for 1hr. Treatment as described for (12b) afforded 49mg(67%) of (12a) as an oil. IR(neat):
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3400,1730,1710,1038,1022cm™ . IH-NMR(CDCly) 8: 0.93(3H,brd, CH3) 4.75QHbrs,g ¢ o) 50-
5.7(3H,s,CH=CH,~CH-). MS m/z: 446(M*-102),428,402,362. [0]} +2.0° (c=1.0,CHCl3).

(52)-17(R)-Methyl-20-hydroxycarbacyclin 11,15-Bis(tetrahydropyran-2-yl) Ether 1,20-Lactone (13)
Triphenylphosphine (61mg) and then 2,2-dipyridyldisulfide (51mg) were added to a solution of the
acid (12b) (85mg) in toluene (70ml). The whole was heated at 80°C for 4hr. Additional triphenylphos-
phine (30mg) and 2,2-dipyridyldisulfide (25mg) were added, and heating was continued for 3 hr. A small
amount of AcOEt was added to the reaction mixture, and the whole was washed with 1% aqueous NaOH
solution, brine, 2% aqueous AcOH and brine, and dried over Na5SO,. Evaporation of the solvent afford-
ed aresidue, which was purified by silica gel column chromatography (10g). Elution with 7-10% AcOEt
in hexane (v/v) gave 21mg of a crude product, which was further purified by thin layer plate [silica gel,
2mm x1, 23% AcOEt in hexane (v/v)] yielding 8mg(10%) of the lactone (13) IR(neat):
1732,1035,1021cm" L. ly. -NMR(CDClj) &: 0. 93(3H m,CH3) 4.732H,brs,q_ C H-0) 35-1-
5.8(3H,m,CH=CH,=CH-). MS m/z : 530(M™),428,344 [a] 3143, 3°(c=1.0, CHCly).

The hydrolysis of the lactone (13)

A mixture of (13) (3mg) and 5% KOH in 30% HyO-MeOH was allowed to stand at room tempera-
ture overnight. The reaction mixture was diluted with brine and dried over Na,SO,4. Evaporation of the
solvent gave aresidue, which was purified by silica gel column chromatography (acid washed, 0.5g). Elu-
tion with AcOEt afforded 2mg of (12b) as an oil.

Lactonization Reaction of the compound (12a)

Triphenylphosphin (45mg) and then 2,2-dipyridyldisulfide (36mg) were added to a solution of the
acid (12a) (60mg) in toluene (50mg). The whole was heated at 80°C for 4hr, and then additional
triphenylphosphine (23mg) and 2,2-dipyridyldisulfide (13mg) were added and heating was continued 3
more hr. Treatment as described for (13) afforded none of the material having an Rf value around the
lactone (13) on silica gel thin layer chromatogram.

17(R)-Methyl-20-isopropylidenecarbacyclin (14)

Water (20ml) was added to a solution of the compound (8a) (2.05g,3.58mmol) in a mixture of THF
(10ml) and AcOH (10ml). The whole was heated at 50°C for 9hr. During this time additional water
(20ml) was added and then the mixture was allowed to stand at room temperature overnight. The reaction
mixture was diluted with brine, and extracted with cyclohexane. The extracts were washed with brine, and
dried over NaySO4. Evaporation of the solvent gave an oily residue, which was purified by silica gel
column chromatography. Elution with 45% EtOAc in hexane (v/v) and EtOAc afforded 1.11g(77%) of
(14) as a colorless oil. IR (neat): 3350,1710, 967cm™ L. 1H—NMR(CDC]:;) 8: 0.92(3H,d,/=6Hz, CHj),
1.61(3H,s,CHj3), 1.68(3H,s, CH3), 3.93(1H,m,CHOH), 4.40(1H,m,CHOH), 4.9-5.4(2H,m,=CH-,=CH-),
5.48(2H,m, -CH=CH-). [a] +63°(c—1 0,CHCl3). MS :m/z 386(M*-18),368.
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