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summary: Regiospecific synthesis of substituted y-hydroxybutenolide was
accomplished by photosensitized oxygenation of 2-trimethylsilyl-
furan derivatives, and chemoselective oxidation of furan ring
having tri- and tetra-substituted olefins in the side chain was
also achieved.

Y-Hydroxybutenolide moiety is present in various biologically active
natural products, such as strigoll and manoalidez. 2-Methyl-4-hydroxybut-
enolide in strigol has been prepared by the addition of singlet oxygen to 3-
methyl-2-furoic acid followed by reduction3, and other effort to synthesize 2-
methyl derivative has been reported4. However the simple and efficient
synthetic method of y-hydroxybutenolide possesing various substituents, such
as tri- and tetra-substituted olefins has not been established yet.
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In the course of our synthetic study of antibiotic sesterterpenoid,
mancalide, it was necessary to develop the efficient synthetic method of 8-
substituted~-y-hydroxybutenolide. The most likely method appeares singlet
oxygenation of 3-substituted-2-trimethylsilylfuran because of the following
reasons. 1. The regiospecific generation of the carbonyl of y-hydroxy-
butenolide would be achieved by the very fast intramolecular silyl migration
of the intermediary endoperoxide of 2—trimethylsilylfuran5. 2. 2-Trimethyl-

silylfuran having various substituents will be readily prepared with the
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regioselective manner?’7 3. 2-Trimethylsilyl substituent might accelerate the

rate of 1,4-addition of singlet oxygen to furan resulting chemoselective
oxidation of furan ring rather than ene reaction of the olefin moiety in the
side chain with singlet oxygen{(Scheme) .

The requisit 2- and 5-trimethylsilyl-3-alkylfuran 1 and 2 were prepared
from furan-3-methanol by similar procedure as Goldsmith’se. Compound 6 was
prepared through compound 3 from f8-cyclocitryl phenyl sulfone8 by the
alkylation with 2—trimethylsilyl—3-chloromethylfuran7(n—BuLi/-78'C/lh/0'C/2h):
followed by reduction(Na-Hg/EtOH/reflux/1h).

The results of their oxygenation are listed in the Table. In entries 1,
2, and 3,the exellent results were obtained under the condition A: 0.08M
solution of the silylfuran in CH2C12 was irradiated with iodo-halogen lamp
(300W) under bubbling oxygen(l5ml/min) for 5 minutes in the presence of
catalytic amount of tetraphenylporphin at -78°C. Especially in the case of 3,
furan ring was oxygenated highly chemoselectively because the tetrasubstituted
double bond of compound 3 was hindered with phenylsulphone and trimethylsilyl-
furan substituents. On the other hand,compound i7 which had trisubstituted
olefins afforded the objective y-hydroxybutenolide(46%) and further oxidized
products (21%) under the same condition. It has been known9 that the difference
of the reaction rate between 1,4-addition to furan and ene reaction of tri-
substituted olefin with singlet oxygen is enough large to control the reactions
of these two types, and that the 2-methyl group of furan accelerates the

reaction ratelo.

After studying the reaction condition in detail, flow rate of
oxygen and concentration of substrates were found to be important factors for
the selective oxygenation. Under the controlled condition (B), compounds 4, 6,
and 7 which was the important intermediate for the synthesis of manocalide
provided the corresponding y-hydroxybutenolides in exellent yield chemo-
selectively. Condition B: 0.08M solution of the silylfuran in methanol was
irradiated with the same lamp under bubbling oxygen(2.5ml/min) in the presence
of catalytic amount of rose Bengal through agueous sodium nitrite filter at
-78°C. When dendrolasin(_S_}1 was oxygenated under the condition B, a mixture of
the regioisomers(l:1 by nmr) of y-hydroxybutenolide were obtained in 48% yield.
The time consumed the starting material was three times longer than that of 2-
trimethylsilyl derivative 4. Therefore, 2-trimethylsilyl substituent of furan
serves not only to the regiospecific formation of substitued y-hydroxybuteno-
lide but also to the clean fission of the intermediary peroxide and to the
acceleration of the reaction rate of singlet oxygen to furan.

The above results demonstrate that photosensitized oxygenation of 2-
trimethylsilylfuran derivatives is a useful synthetic method of substituted
vy-hydroxybutenolide. Consequently, this method is also useful for the
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Table. Oxygenation of 2—Trimethylsi1ylfurans.3
Entry Substrate Product yield(%)}3
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were characterized by ir, nmr, and mass Or
elemental analyses. b. Yields of entry 1 and 2 were based on nmr,

and yields of others were isolated one.
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synthesis of 2 (5H)~-furanon having substituted olefins in the side chain
because it can be derived from y-hydroxybutenolide easilyl4. The application
of this methodology to the synthesis of manocalide, iso-manoalide, and neo-

manoalide will be described in forthcoming publication.

Acknowledgements: We are grateful to Kuraray Co., Ltd. for the supply of

geraniol. This work was supported in part by a Grant-in-Aid for Special

Project Research from Japanese Ministry of Education, Science, and Culture.

References

1. C.F.Cook, L.P.Whichard, M.E.Wall, G.E.Egley, P.Coggoa, P.A.Luhan, and
A.T.McPhail, J. Am. Chem. Soc., 94, 6198(1972).

. E.D.de Silva and P.J.Scheuer, Tetrahedron Lett., 21, 1611(1980).

J.B.Heather, R.S.D.Mittal, and C.J.Sie, J. Am. Chem. Soc., 96, 1976(1974).

. G.K.Cooper and L.J.Dolby, J. Org. Chem., 44, 3411(1979).

For the mechanistic study of the rearrangement of the endoperoxide of

[S2 BN - VS I N
. .

furan, the singlet oxygenation of 2-methyl-5-trimethylsilylfuran has been
reported; W.Adam and A.Rodriguez, Tetrahedron Lett., 22, 3505(1981).

6. D.Goldsmith, D.Liotta, M.Saindane, L.Wayvkole, and P.Bowen, Tetrahedron
Lett., 24, 5835(1983). They have reported silylation of the anion regio-
selectively derived from furan-3-methanol-t-buthyldimethylsilylether in
86% yield(BulLi/ether/rt/6h; TMSC1l/0°C/48h). We obtained 3-hydroxymethyl-
2-trimethylsilylfuran 1 (R=H) with its regioisomer 2( R=H) (9:1 by nmr) by
silylation of the dianion regioselectively derived from furan-3-methanol
(n-BulLi/THF/-78°C/2h/0°C/1h; TMSC1/0°C/12h) followed by acid treatment in
92.5% overall yield. l(R=H) afforded its t-buthyldimethylsilyl ether
quantitatively (t—BDMSCl/DMAP/CHZClz). Compound 2(R=t-BDMS) was obtained
from 3-furanmethanol in 37% overall yield by the similar method as
Goldsmith’s.

7. S.P.Tanis and D.B.Head, Tetrahedron Lett., 25, 4451(1984).

S.Torii, K.Uneyama, and M.Ishihara, Chemistry Lett.,4738(1975).

9. H.H.Wasserman and R.W.Murray, "Singlet Oxygen", p. 300, Academic Press,
New York (1979).

10. E.L.Clnnan and M.E.M-Mochammadi, J. Am. Chem. Soc., 106, 7112(1984).

11. Ww.C.still, J. Am. Chem. Soc., 100, 1481(1978).

12. Reference 7. They have examined the relative rate of furan vs. olefin

oxidation of 2- and 5-trimethylsilyl-3-alkenylfuran by 40% peracetic acid,

and described that if the alken is more than trisubstituted, the major or

exclusive oxidation product is the result of attack at the olefin portion.

13. I.Kuwajima and H.Urabe, Tetrahedron Lett., 22, 5191(1981).
l4. s.Katsumura, A.Ohsuka, and M.Kotake, Heterocycles, 10, 87(1978).

(Received in Japan 4 July 1985)



