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A SYNTHESIS OF A C,-C, BUILDING BLOCK FOR THE
ENANTIOMER OF HENNOXAZOLE A UTILIZING A REGIO-
SELECTIVE RING OPENING OF A CYCLIC ACETAL?
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Abstract - AC,-C; building block (4) for the enantiomer of hennoxazole A (1), an
antivirus and analgesic active marine natural product, was efficiently synthesized
from (S)-malic acid utlizing the following key steps: (1) the stereoselective
construction of an an#-1,3-diol, (2) the regioselective ring opening of a cyclic
acetal, and (3) the oxidative transformation of the olefin into the ketal of the methyl
ketone in a one-pot process,

Hennoxazole A (1), isolated from a marine sponge Polyfibrospongia sp.,l is an interesting addition to the
growing family of pharmacologically active compounds of marine origin. It is active against herpes
simplex virus type 1, and displays peripheral analgesic acﬁvity.l This biologically active compound
possesses a structurally unique tetrahydropyran/hemiketal function adjacent to a bis-oxazole moiety as
shown in the structure (1) (Scheme 1). Its structural uniqueness as well as intriguing biological activity
led several gr()upsz'?’ to synthesize 1. We have already symhesized3b the C;-C; building block (2) and
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the oxazole moiety (3). We now report the synthesis of another new C,-C; building unit (4), which will

ultimately produce the enantiomer of l.2 The key featres are (1) the stereoselective construction of an

anti-1,3-diol, (2) the regioselective ring opening of a cyclic acetal, and (3) the oxidative ransformation of
the olefin into the ketal of the methyl ketone in a one-pot process.

The starting material for 4 was methyl (5)-3,4-dihydroxybutyrate (5), prepared from (S)-malic acid in 2

steps.4 Regioselective silylation of § with tert-butyldiphenylsilyl chloride (TBDPSCI) gave the

monosilyl ether (6), which was converted to the corresponding Weinreb amide (7) in 69% yield with an

excess of N, O-dimethylhydroxylamine hydrochloride and tr'Lmcthylaluminum,s‘6 as shown in Scheme 2.

Allylation of 7 was easily achieved with allylmagnesium bromide to give the allyl ketone (8).

Stereoselective reduction of 8 was achieved by use of terramethylammonium triacetoxyborohydride in

acetonitrile-acetic acid to give the diol (9) in which the ratio of anti- t0 syn-isomers were 95:5.

Differentiation of anti- and syn-1,3-diols was accomplished by the measurement of the >C NMR specira

of the corresponding dimethyl acetal according to the known method.”"®  The anti-diol (9) thus obtained

was converted to the benzylidene acetal (10) using benzaldehyde dimethylacetal in the presence of
camphorsulfonic acid (CSA) in almost quantitative yield. Attempted reductive cleavage of the acetal ring

in 10 under varions conditions proved to be fruitless. However, after quantitative desilylation with.
tetrabutylammonium fluoride, the regioselective ring cleavage of the resulting alcohol {11) was achieved
by use of & molar equivalents of diisobutylaluminum hydride (DIBAL) to give the diol (12) as a sole
product.  Obviously, the primary hydroxyl function of 11 will actas a tf:thcr9 so that initial complexation
of DIBAL will give the corresponding aluminum alkoxide, which will facilitate the intramolecular attack,

and then reduction followed by hydrolysis will give the diol (12). Selective protection of the primary
hydroxyl group with a npivalate function and the secondary hydroxyl group with a et
butyldimethylsilyl(TBS) function, respectively, afforded the fully protected compound (13). The final
task remained was transformation of the terminal olefin to the a-methyl ketone or its acetal derivative.

We first attempted the Wacker oxidation with 10 to 14 in an attempt to test the feasibility of the
transformation, The first reagents iried were usuval palladium(II) chleride and copper (IL) chloride, 10 but
the desired transformarion would not occur.  After numerous attempts, however, replacing copper(II)
chloride for copper(l) chloride led to the methyl ketone (14) by heating the reaction mixture at 45C.

Furthermore, we searched a method that would achieve oxidation with concomitant protection of the
resulting carbonyl group. When the olefin (10) was subjected to the Hunt's ethylene ketalization with
mercuric acetate-ethylene glycol and palladium(II) chloridf:,11 the only isolable product was again the
ketone (14}.  On the other hand, however, when the olefin (13) was successively treated with mercuric
acetate-p-toluenesulfonic acid in ethylene glycol and palladium(IT} chloride-copper(I) chloride-lithium
chloride-lithium carbonate, a modified Hunt's ethylene ketalization, the desired C,-C; building block (4)
for the enantiomer of hennoxazole A (1) was obtained in 68% yiv.:]d.1 2

Thus, we could prepare 4 in 10 steps from readily available diol (5) in an overall yield of ca 19%. This

efficient synthetic route will open the way to natural hennoxazole A (1) when (R)-malic acid is used as a
starting material instead of its antipodal (§)-isomer. The synthetic works toward this end are now

actively being carried out in our laboratories.




HETEROCYCLES, Vol, 47, No. 1, 1998

75

OH TBDPSCI OH MeNHOMe 0 OH
z imi : MegAl H
MeOzC._A_ OH —Mdazole _ yeo.c A __oTBDPS 3 MeO~NJ'k_/\/OTBDPS
THF Me
5 n, 15 h 6 45°C, 15 h 7
73% 69%
QO QH HO OQH
MgBr H ¢
g I A_oteDps _MedNHB(OAG) A _OTBDPS
THF MeCN-ACcOH (1:1)
0°C, 15 h 8 -20°C, 15 h 9
89% 84%
Ph Ph
PhCH{OMe), . B
CSA o070 BugNF in Et,0 o 0o Bu'>AIH
CH,Cl /\/k/f\,omops THF N\/E\/OH CHoCl
m2h 1,15 h 1,15 h
97% 10 quant " 86%
Oy, PACl,, CuCl| 45°C, 15 h
95% ag. DMF | 74%
£
o 070
M A _A_oteops
14
1) Hg{CAC) 2, p-TsOH
1) PivCl, pyridine HOCH.CH,OH ™/
BnQ  QH iy Bn ?TBSOP . 2h wop_
A v v
= OH 2) TBSOTt & 2) PdCly, LiCl
12 2,8-lutidine 13 LioCOj3, CuCi 4
0°C > 1t, 20 min 64°C, 2 h
87% 68%
Scheme 2
ACKNOWLEDGMENTS

This work was partly supported by Grants-in-Aid from the Ministry of Education, Science, Sports and
Culture, Japan.  One of the authors (N.M.) thanks the Japan Society for the Promotion of Science for the

fellowship.

REFERENCES AND NOTES

1.
113, 3173,

T. Ichiba, W.Y. Yoshida, P.J. Scheuer, T. Higa, and D.G. Gravalos, J. Am. Chem. Soc., 1991,

We selected the enantiomer of T as a synthetic target to investigate its possible biological activities.

Synthesis of the enantiomer of 1 and determination of the absolute configuration were reported; see

(a) P. Wipf and S. Lim, J. Am.Chem.Soc., 1995, 117, 558.

1996, 50, 157.

{b) P. Wipf and S. Lim, Chimia,




76

10.
11.
12.

HETEROCYCLES, Vol. 47, No. 1, 1998

{a) A.G.M. Barrett and J.T. Kohrt, Synrlett, 19935, 415, (b) Cheng, Z.; Hamada, Y.; Shioiri, T.
Synlent, 1997, 109.

S. Saito, T. Hasegawa, M. Inaba, R. Nishida, T. Fujii, S. Nomizu, and T. Moriwake, Chem. Lett.,
1984, 1389,

A. Basha, M. Lipton, and S.M. Weinreb, TetrahedronlLett., 1977, 4171.

The starting ester (5) was sometimes contaminated with methyl (§)-2,4-dihydroxybutyrate whose
separation was difficult. However, after conversion to the Weinreb amides, the desired amide (7)
could be purified by careful column chromatography on silica gel followed by recrystallization
{ether/hexane).

(a) S.D. Rychnovsky, B. Roger, and G. Yang, J. Org. Chem., 1993, 58, 3511. (b)Y. Hamada,
F. Yokokawa, M. Kabeya, K. Hatano, Y. Kurono, and T, Shioiri, Tetrahedron, 1996, 52, 8297.
The *C NMR spectrum of the dimethyl acetal from the anti-diol (9) confirmed the nature of the diol,
with peaks at 100.108 corresponding to the acetal carbon and 24.890 and 24.997 corresponding to
the gem-dimethyl’s.

S. Takano, M. Akiyama, and K. Ogasawara, Chem. Pharm.Bull., 1984, 32, 791.

J. Tsuji, Synthesis, 1984, 369.

DF. Hunt and G.T. Rodeheaver, TetrahedronLett., 1972, 3595,

4, a yellow oil; IR v,,"™ cm™ : 3071, 2959, 2932, 2858, 2349, 1716, 1589, 1471, 1428, 1361,
1309, 1113, 910, 823, 739, 702, 648, 613; 'H NMR (TMS/CDCl,), 0.08 (3H, s), 0.09 (3H, s),
0.89 (SH, s), 1.22 (9H, 5), 1.25 (3H, s5), 1.54-1.77 (2H, m), 2.07 (14, m), 2.39 (1H, m), 3.73-
3.97 (5H, m), 3.99-4.10 (3H, m), 4.52 (2H, AB q, J=12 Hz), 7.33 (5H, m).

Received, 3rd March, 1997




