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ASYMMETRIC TOTAL SYNTHESIS OF STOECHOSPERMOL
USING INTRAMOLECULAR (2+2) PHOTOCYCLOADDITION REACTION

Masahide Tanaka, Kiyoshi Tomioka, and Kenji Koga*
Faculty of Pharmaceutical Sciences, University of Tokyo,
Hongo, Bunkyo-ku, Tokyo 113, Japan

Summary: The first asymmetric total synthesis_of stoechospermol, a representative spatane
diterpene having cis, anti, cis-tricyc]0[5.31L02’6]decane ring system, was achieved. Using
the intramolecular asymmetric (2+2) photocycloaddition reaction of the diastereomeric ester
11, the readily available butenolide 9 was transformed into the optically active dilactone
12a and 12b. Subsequent construction of tricyclic carbon ring system and introduction of
substituents in a right stereochemistry gave rise to optically pure stoechospermol 1.

The cis, anti, Ei§ftricyc1o[5.3il02’6]decane ring system is found in spatane diterpenes

2 and spatol 23) and bourbonene sesquiterpenes {such as 8-

(such as stoechospermol 11’
bourbonene 34) in opposite configurations. The uniqueness in carbon framework of these
natural products as well as cytotoxicity found in some spatane d1‘terpenes3’5 have stimulated
us to synthesize these compounds in optically active forms having the desired absolute

configurations.6 The first total synthesis of 1 in racemic form has been reported by Salomon
et al using (2+2) photocycloaddition reaction.
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We report here the first asymmetric total synthesis of 1 by the strategy shown in Scheme
I, using optically active y-hydroxymethyl-y-butenolide derivative 4 (R"=H) as a chiral
synthon. We have reported that intermolecular (2+2) photocycloaddition product 5, obtained
by the attack of cyclopentene derivatives to 4 (R"=Me) from the less hindered side ("A"-
side), was successfully utilized to the asymmetric total synthesis of 3.6’8 The adduct 6
from the hindered side ("B"-side) should thus be a promising intermediate leading to 1, but
this approach was not realized due to the unfavorable stereoselectivity of this process.
Therefore, intramolecular version of this (2+2) photocycloaddition from 7 to 8 was examined.
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Esterification (DCC-CHZClz) of chiral butenolide 10,10 obtained by acidic detritylation

(c. HC1-MeQOH) of readily available optically pure butenolide 9,11 with the corresponding

acid12

gave the diastereomeric mixture 11 (96%). Upon UV irradiation in acetonitrile, 11 was
transformed into a 1:1 mixture of 12a and 12b (61%). On the concomitant desilylation and
Jones oxidation,13 both diastereomers gave the same keto-lactone 13, indicating that regio-
and stereoselectivity of this intramolecular cycloaddition reaction was fully controlled by
the chiral center of the butenolide portion regardless of that of the cyclopentene portion.
Construction of tricyclic carbon ring system was achieved by transforming 12a and 12b
into 19 via 15 as follows. Successive treatment of 12a with methyllithium and trimethyl
orthoformate gave acetal 14 (67%), which was converted to 15 (aq. HF-MeOH, then NaH-PhCHZBr-
DMF, 57%). On the other hand, 12b was at first converted into benzyl-lactone 12c¢ (47%) by

13,14 and then 12c was treated with methyllithium and

the inversion of configuration at C-7,
trimethyl orthoformate successively to give 15 (quant). Then, 15 was converted to 16 by
DIBAH reduction and following Huang-Minlon reduction (53%). Conversion of 16 to diketone 17
was performed by a sequence of reactions: H2504-aq. THF, NaBH4—aq. THF, NaIO4-aq. AcOEt,
Meli-ether, then Jones oxidation (67%). Upon treatment with potassium tert-butoxide in tert-
butanol, 17 gave 18 (85%), but its possible isomer by another cyclization mode could not be
detected.15 Stereoselective catalytic hydrogenation (5% Pd/C-ether) of 18 and removal of C-3
carbonyl oxygen (N2H4—K0H) of the resulting keto-alcohol gave the alcohol 19 (54%) having the
desired relative and absolute configuration.

Introduction of C-5 hydroxyl substituent was performed as follows. Successive reaction
of 19 with Jones reagent followed by phenylselenation-oxidative elimination16 gave the enone
20 (42%), which was converted to the allylic alcohol 21 by a sequence of reactions: DIBAH
reduction, Mitsunobu reaction,'’ then NaOH hydrolysis (72%). Epoxidation of 21 with m-CPBA
in CH2C12 exclusively gave 22 (81%), in which chiral center at C-5 was properly created
reflecting the molecular folding and anchoring effects of the hydroxyl group. Then, 22 was

transformed into 23 in four steps (85%).13
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Now is the stage to introduce alkyl side chain with the right stereochemistry at C-7
position. Thus, 23 was subjected to the reaction of the sodio diethyl malonate in DME by way
of its tosylate to 24 (64%), which was reduced to the corresponding allylic alcohol 25 (88%)
by modifying Marshall's method.18 Bromination of 25 to 26, elongation of the chain and
successive reductive desulfurization gave 27.13 Deprotection13 of 27 furnished 1 of mp 64-
64.5°C, [a1}’ +38.5° (c=0.47, E1OH), [al3? +39.1°(c=1.13, CHC1,) (Tit., mp 64-65°C," [al?’
+21.8° (EtOH),1 [aJD+29.4° (c=1.07, CHC13)2). Spectroscopic data (NMR, IR, Mass) of 1
prepared here were completely identical with those of the natural product.

Now that the utility of y-hydroxymethyl-y-butenolide 10 as a chiral synthon for the
asymmetric synthesis of spatane diterpenes has been illustrated, the asymmetric synthesis of
spatol 2 is the subject of current studies.
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