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THE INTRAMOLECULAR THERMAL ENE REACTION ROUTE TO (+)-9(O)-METHANO—A6(gu)—PGI1

*
Yuji Ogawa and Masakatsu Shibasaki

Sagami Chemical Research Center, Nishi-Ohnuma, Sagamihara, Xanagawa 229, Japan

Summary : (+)-9{0)—Methano—A6(9a)-PGI1, a more potent carbon analog than carbacyclin,
has been synthesized from the Corey lactone by utilizing the intramolecular

thermal ene reaction as a key step.

Since 9(0)-methano-A6(9“)-PGII, a chemically stable carbon analog of prostacyclin, was
found to be more potent than well-known carbacyclin in inhibiting platelet aggregation,1 we
have been concentrating on the development of a practical synthesis of this important
compound. In this communication we wish to report an efficient synthesis of (+)-&, which
utilizes the intramolecular thermal ene reaction for the construction of the suitable bicyclo-
[3.3.0]octane derivative readily convertible into 1

The requisite prostanoid aldehyde( Q) for the 1ntramo1ecu1ar thermal ene reaction was
readily prepared as described below. The 1actone(g was converted to the hydroxy- ester(%)
in the usual manner (i. DIBAL-H in toluene, ii. 4-carboxybutyltriphenylphosphonium bromide-
potassium ¢-butoxide in THF, 4 iii. CH2 2 98% overall yield), which was followed by oxidation
with PCC in the presence of sodium acetate to afford the keto- ester(4)3 (92%). Methy]enation
of 4 was effectively carried out by the action of Zn CHzBrz-T1C14,5 giving the d1ene(§
(81%) Owing to thermal instability of THP ethers, 2 was converted to the disilyl ether(§),
[a]D -38°{c¢ 1.36, MeOH), in two steps (i. Me,ATCT in CH.CT,, 7 i, ¢- -butyldimethylsilyl
chloride-imidazole in DMF, 89%). Hydroboration of 6 with 9-BBN in THF (2.5 equiv, 0°C)
followed by treatment with alkaline hydrogen peroxide provided the primary a]coho1(l), [a]go
+4°(c 1.36, MeOH), in a stereocontrolled manner (72%), which was subsequently treated with
Collins reagent to lead to the a1dehyde(§) in 92% yie1d.8

In order to construct the bicyclof[3.3.0]octane derivatives(gg and 22) from 8, the Lewis
acid catalyzed ene reaction of § was first attempted under the various conditions, giving the
unsatisfactory result even by the use of dialkylaluminium chloride as catalyst. 9 However, the
thermal ene reaction of 810 in toluene at 180°C proceeded quite nicely to provide two ene-
products (87% yield) in a ratio of ca. 5 : 3,11 which were tentatively assigned as 9a (major
more polar isomer), s(ppm) 3.70 (m, 1H, H ) 12, 13 4pq % (minor less polar 1somer), s (ppm)
4.15 (m, 1H, HB) 12, 13 on the basis of mechan1st1c ground of the thermal ene reaction
coupled with examination of models for the transition state.14 Stereochemistry of both 23
and 9b was further supported by the fact that both the ene-products could be readily
converted to the bicyclo[3.3.0]octene derivative(%%) by a series of reactions involving E2
elimination.

A mixture of 2% and QR underwent hydrogenation (10% Pd on C in methanol) to give 10
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in quantitative yield. Reaction of 10 with methanesulfonyl chloride and triethylamine in
toluene at room temperature afforded the mesy]ates(ll), which, after addition of DBU, was
heated at 120°C to provide 12, [o]3° -21.6°(c 1.76, “MeOH); s(ppm) 5.25 (bs, 1, olefinic
proton), 2.90 (m, 1H, HC)’ 1n 70% overa]] yield from 10 The bicyclo[3.3.0]Joctene derivative
(12) was converted to the key 1ntermed1ate(13) [a]zo -34.9°(c 1.63, MeOH); s(ppm) 5.27 (bs,
1H olefinic proton), 2.90 {m, 1H, HC)’ Just by treatment of 12 with a catalytic amount of

PPTS in aqueous ethanol 15 at room temperature for 15 hr (71% y1e1d based on the recovery of %%
16
).
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The a1coho1(%§) was then transformed to 9(0)~-methano-a -PGII(%) in the usual manner.
Oxidation of 13 with sulfur trioxide pyridine complex-triethylamine in DMSO gave the aldehyde
(14), which was directly treated with dimethyl (2- oxohepty])phosphonate sodium hydride in THF
to provide the enone(15) in 71% overall yield, [u]D -9°(c 1.82, MeOH). Reduction of 15 with
sodium borohydride in methano] at -20°C afforded the C15-ep1mer1c a1coho]s(16) PG numbering),
which, after deprotection of a t-butyldimethylsilyl ether, gave the more po]ar d1o1(17a),
[a]20 +10°(e 0.55, MeOH), in 55% overall yield together with less polar i7p (22%). F1na11y,
hydro1y51s of 17a with sodium hydroxide in aqueous methanol followed by ac1d1c extraction
provided 9(0hnethano A6(9 )-PGI (1) as a colorless powder (quantitative yield). The spectral
data of (+)- 1 thus obtained were identical with those of an authentic material. 1

In th1s way a new synthetic route to 9(0)-methano- A6(9a) PGI (m) utilizing the intra-
molecular thermal ene reaction as a key step has been realized. This efficient synthesis has
proven feasible on a large scale and should make this important compound more readily

available for additional biological studies.
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