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Enantioselective Synthesis of Reported Hippospongic Acid A
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Abstract : Total synthesis of hippospongic acid A, an inhibitor of In this communication we describe the enantioselective synthesis of a

gastrulation of starfish embryos, has been studied. A compound havirggmpound having the structure assignedhtppospongic acid A.

the structure assigned to hippospongic acid A was synthesizeurthermore, we propose an alternative structure for the natural product

enantioselectively. The spectral data of the synthetic compound wern the basis of a comparison of the spectral data of the synthetic and

slightly different from those of the natural product and an alternativeratural compounds.

structure was proposed for the natural product. Our synthetic strategy consists of a coupling of a geranylgeranyl unit
(B) and a hydropyran ring uniAf, the latter of which is synthesized

Hippospongic acid A1) isolated from a marine spondsippospongia enantioselectively from myrcen8)(using baker's yeast reduction as the

sp., is an attractive natural product because it exhibits potent inhibitorghirality induction method (Scheme 1) .

activity in gastrulation of starfish embrybsn addition, a biogenetically R-1

irregular triterpene structure (tail-to-tail coupling of geranylgeranyl and ﬂ

geranyl diphosphates) has been assigned on the basis of spectral 0
analysis. The absolute stereochemistry has not been determined yet. * (X F@WW
Rhopaloic acid AZ) isolated from a marine spondehopaloeidesp., RO = PhS

B

has a related norsesterterpene structure and exhibits potent cytotoxicity A

against some human tumor cell lines and inhibitory activity in ﬂ OR

gastrulation of starfisR.From the interests in biological activity and a )\/\/U\/

new triterpene carbon skeleton, we investigated the total synthesis of /H/\)/\/\ORQ ~ &

hippospongic acid A. HO OH ¢ Myrcene (3)
Scheme 1

For the synthesis of the hydropyran uri),( myrcene 8) was first
converted intoa-hydroxyketone4 in three steps in 36% overall yield
(Scheme 2). Treatment éfwith baker's yeastat room temp. yielded

HO,C (R-diol 5 (96% yield) in high enantiomeric purityafter the diol part
. _ 2 / was protected as an acetonidewas subjected to photosensitized
oxidation in DMF using hematoporphyrin as a sensitizer. The
Rhopaloic acid (2) endoperoxide thus obtained in good yield was reduced with hNaBH

50 °C to give 1,4-diob in 46% yield from5. The diol part in6 was
protected as bisbenzoate and the acetonide group was hydrolyzed. The
resulting 1,2-diolr was then converted into epoxi@eHydrolysis of the

OH OBz
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Figure 1

Myrcene (3)

GG = ;i/\(\/\(\/ﬁ/\/ﬁ/

a. 1) mCPBA, ii) HCIOy in aq. THF, iii) Swern oxid.; b. Baker's yeast; ¢. i) DMP, PPTS, ii) O,/hv, hematoporphyrin, DMF, iii) NaBHy;
d. i) BzCl, Py, ii) p-TsOH; e. i) MsCl, Py, ii) K,COs, iii) NaOH; f. 1) BzCl, Et;N, ii) MsCl, Et;N, DMAP, iii) mCPBA; g. i) NaOH, ii)
MPM-C], NaH, iii) (i-PrO);Al in refluxing Tol; h. i) TIPS-Cl, imid., ii) DDQ, iii) NCS, Me,S; i. i) GG-SPh, n-BuLi, DABCO, ii) Na,
n-BuOH, iii) n-BuyNF; j.i) MnO,, ii) NaClO,, +-BuOH, 2-methyl-2-butene

Scheme 2
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benzoates 08 with alkali resulted in the concomitant formation of a References and Notes

hydropyran ring to gived (69% from6). Benzoylation, dehydratién N
through mesylate, and epoxidation afforded epoxil@ as a
diastereomeric mixture (29% for three steps). After the protective group
was changed t@-methoxybenzylether, the oxirane ring was opened(z)
with aluminum triisopropoxide in refluxing toluene to give allylic
alcohol11in 60% yield from10, which was converted into the chloride
12in three steps (84%). Thus obtained chlofi@devas reacted with the
lithio-anion of geranylgeranyl phenyl sulfide (GG-SPh) in the presence
of DABCO and the resulting coupling product was subjected tqQ3)
desulfurization using the Bouveault-Blanc conditions and then
deprotection of silylether to yieltl3 (61% yield after purification by
AgNOgz-impregnated silica-gel chromatography) having the desired
carbon skeleton. Finallg3was converted intdRj-1 ([o]p23 +47.1°lit.

[(J(]D25 +37°) in a two step reaction in 69% yield. Thus, we achieved théﬂ')
enantioselective synthesis of a compound corresponding to the reported
hippospongic acid AThe *H and13C NMR spectra of the synthetic
compound were similar to those of the natural product. However, the(5)
multiplet at 2.15 ppm (H-2' ) which appeared in tHeNMR spectrum

(500 MHz) of the natural product was not observed as a separate signal
in the spectrum (600 MHz) of the synthetic compound. Moreover, th%)
13C NMR signals observed at 125.0, 28.3, and 25.7 ppm in the spectrum
of the natural product appeared at 123.5, 27.3 and 26.6 ppm,
respectively, in the synthetic compound. These facts revealed that the
structures of natural product and synthetic compound are quite similar,
but not identical. Since th&®C NMR signals described above are
assignable to C-4', C-2', and C-3', we propose an alternative striscture(7)
possessing a normal triterpene carbon skeleton for hippospongic acid A.
Work on confirmation of the new structure by synthesis is currently in
progress.

HO,C

Figure 2
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Various dehydration conditions including S©@Gh pyridine,
POCL in pyridine have been examined, but the yields of the

desired exomethylene derivative were less than 35% because of

the formation of an unstable product (probably a compound
containing a tetrasubstituted double bond).

Spectral data of syntheti)¢1: 'H NMR (600 MHz, CDC}) 1.43
(1H, m, H-4), 1.60 (12H, s, $19', H-20", H3-21', Hy-22'), 1.68
(3H, s, H-18"), 1.95-2.01 (6H, m, 6', H,-10', H,-14"), 2.01-
2.12 (11H, m, H-4, B2, H-3', Hy-7', Hy-11', Hy-15Y), 2.31-2.41
(2H, m, H-5), 3.90 (1H, dJ = 12.6 Hz, H-7), 4.32 (1H, d, =
10.1 Hz, H-3), 4.72 (1H, dl = 12.6 Hz, H-7), 5.07-5.14 (4H, m,
H-4', H-8', H-12', H-16"), 5.26 (1H, d,= 7.0 Hz, H-1'), 5.97 (1H,

s, H-8), 6.34 (1H, s, H-8§3C NMR (150 MHz, CDC}) 170.1 (C-

1), 140.6 (C-2), 135.8, 135.0, 134.9 (C-5', C-9', C-13"), 132.6 (C-
6), 131.2 (C-17"), 127.1 (C-8), 125.0 (C-1)), 124.4, 124.2, 124.2,
123.5 (C-4', C-8', C-12', C-16'), 75.6 (C-3), 67.1 (C-7), 39.7 (C-6',
C-10', C-14'), 33.7 (C-4), 32.9 (C-5), 28.2, 27.3 (C-2', C-3)), 26.8,
26.7, 26.6 (C-7', C-11', C-15'), 25.7 (C-18'), 17.7 (C-22), 16.1,
16.0, 16.0 (C-19', C-20", C-21".
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