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STEREOCONTROLLED SYNTHESIS OF CLERODIN HOMOLOG
——— A SYNTHETIC APPROACH TO STRUCTURE-ACTIVITY RELATIONSHIPS —

Yasuhiro Kojima and Natsuki Kato¥*

Department of Agricultural Chemistry, Nagoya University, Chikusa, Nagoya 464, Japan

Summary: In order to elucidate the structure-activity relationships of the antifeeding di-

terpenes having a neo-clerodane skeleton, clerodin homolog '% was stereoselectively synthesized
through 18 steps via a key intermediate 1,\} Perhydrofuro[2,3-b]furan ring in the synthesized
homolog was more unstable than that of the natural product, and gave a tri-MeOH adduct ’.\'5, in a

similar behavior to that of the model compounds 1 and %

In order to elucidate the structure-activity relationships of the antifeed-
ing substancesl) having a neo-clerodane skeleton2a) | such as clerodian), clero-
dendrin Azc}, and caryoptin253, we have recently reported both the synthesiss»4)
of perhydrofuro{2,3-b]furan derivatives (% and %), which have partial structures
of natural products, and their antifeeding activities?) for the larvae of Spodo-
ptera litura F. which were 1/10~1/20 fold only, compared with those of the
natural products. As one of some reasons for the latter result, it was assumed
that the model compounds, % and %, had more unstable perhydrofuro{2,3-b]furan
ring4) than that of the natural products: quantitative experiments of % with
MeOH gave a tri-MeOH adduct é at room temperature, whereas clerodin was only
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converted into a mono-MeOH adduct Q under the same condition. The unstability
of the model compounds may be attributed to the flexibility and easiness of the
free rotation of the perhydrofuro[2,3-b]furan rings as compared with those of
the natural products. Then, we planned to synthesize clerodin homologs (é'ng)
and an ortho-di-substituted phenyl compound 9, in which the free rotation and
flexibility of their perhydrofuro[2,3-b]}furan rings would be sterically cont-
rolled.

In this paper, we wish to report the stereocontrolled synthesis of clerodin
homologén Since the transformation of a furan alcohol %9 to 3 could be carried
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out with a methodology recently reported by u53’4), an epoxy acetonide %3 which
possessed five asymmetric carbons was chosen as a key intermediate for the
stereocontrolled synthesis of E.

We commenced a preparation of the key intermediate %} via Diels-Alder
reaction with methyl gentisate readily attained by methylation of gentisic acid
(MeOH, H;S04, reflux). Diels-Alder reaction of a p-quinone, prepared by silver
oxide oxidation®) of methyl gentisate, with butadiene (SnCl4, CH3zCN, 0°) gave a
mixture of cis- and trans-adducts %; (90.8% from methyl gentisate) in a ratio
of 4 : 1, which was converted into a dihydro derivative k? by the reduction with
Zn-AcOH (60°, 2hr, 97.2%). Epimerization of k} by NaOCHz (MeOH, -20°) improved
the ratio of the cis- and trans-decalin derivatives to 1 : 3.3. Since the mix-
ture was difficult to separate on TLC, it was transferred to the next reaction
without separation. Catalytic hydrogenation (H,, 10%Pd/C, EtOAc, rt) of the
derivatives gave a mixture of a trans-diketo ester %} and its cis-isomer in
98.8% yield with a ratio of 3 : 1, which were separated by silica gel column
chromatography. Partial reduction of 14 by NaBH, (dioxane-iso-PrOH-H,0, rt)
afforded only the desired C0®-a-alcohol 15 in 87.8% yield, and the B-configu-
ration of c® proton was proved from the coupllng constants, J=12.0 and 4.0 Hz,
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of 1ts signal at §3.96. The alcohol %é was then transformed into a trans keto
diol a? by treatment with ethylene glycol (p-TsOH, benzene, 90.5%) followed by
reduction with LiAlH4 (Et,0, 0°, 88.0%) and finally deketalization®) with p-TsOH
(80%AcOH-H,0, Tt, 65.8%)7).

Elongation of C; unit at a c? position in aP was initiated by transfor-
mation into a tetrahydropyranyl ether 17 by using dihydropyrane (p-TsOH, CH;Clp,
0°, 89.0%). Treatment of 17 with TosMICB) (tert-BuOK, DME-tert-BuOH, rt) af-
forded a nitrile der1vat1ve %? in 74.7% yield, which was converted into a single
product, nitrile acetonide a?, by treatment with p-TsOH in MeOH followed by the
protection-with dimethoxypropane (p-TsOH, acetone, 0°, 91.0% from 18) o-Con-
figuration of a nitrile group in 19 was proved from a deshielding effect to cl7-
methylene protons by the nitrile group. Treatment of 19 with LDA afforded a
mixture of H? and its epimer aP (a? : %9=3 : 2). The 817—methy1ene protons of
%3 and %9 appeared as doublet signals at §3.68 and 3.80 and §3.86 and 4.45, re-
spectively. The low-field shift of the latter might be attributed to the align-
ment on the same side, i.e., a-configuration, of the C17—methylene and nitrile
groups. A nitrile acetonide a? was then transformed into a vinyl acetonide %}
in 75.5% yield by treatment with DIBAH (toluene, -78°) followed by Wittig reac-
tion with methylene triphenylphosphorane (THF, -78° to 0°). Reaction of %}
with m-CPBA (NapHPO4, CHyCl, rt) gave an epoxy acetonide 22 in 81.0% yield,
which was a mixture of a key intermediate 11 bearing a d651red configuration
wvith respect to the cll position and its eplmer 23 in a ratio of 92 : 89),
Recently we developed the method to determine the configuration and conformation
by combination of empirical force-field calculation and lanthanide induced shift
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experiments). The determination of the relative configuration with respect

to the cl1 position of %} was achieved by applying the method to two diastereo-
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mers, %ﬁ and %?, which were derived by the reduction of %3 with LiAlHy.
Transformation of the epoxy acetonide %3 to a final product i was initiated
by the reaction of it with lithium di(3-furyl)cuprate-2furyllithium-Me,S com-
plexll) (Et20, 0°), yielding a desired furan alcohol 10 and its epimer 26 with
respect to the cl1 position in a ratio of 92 : 8, witﬁba quantitative yféld.
Treatment of a furan derivative {9 with 80%AcOH-H;0 afforded a furan triol %J
in a quantitative yield. The triol %7 was then transformed into a perhydrofuro-
[2,3-b]furan derivative %? having a natural form in 77.0% yield by a sequence
similar to that previously developed for the synthesis of the model compounds,
% and %3’4). Acetylation of %? (Acy0, Py, rt) followed by acid work-up gave a
final product 3 in a quantitative yield. The clerodin homolog 3 was unexpect-
edly converted into only a ring opening product, tri-MeOH adduct 29, by the
reaction with MeOH (p-TsOH, rt). This behavior in é agreed with €%at of the
perhydrofuro[2,3-b]furan rings in‘% and %4). It was suggested that c8 and/or
c9 methyl groups in the neo-clerodane diterpenes may considerably bring a very
subtle contribution to the stability of the perhydrofuro[2,3-b]furan ring.
Furthermore, the magnitude of the stability of the ring may be apparently corre

12).

lated to the potency of their biological activities According to these con

cepts, the synthesis of the clerodin homologs (gﬂzg) is currently under way.
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