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The efficient and regioselective synthesis of the naphthoqui-
none core of streptovaricin U 1 via the Diels—Alder reaction
of 1-methoxy-2-methyl-3-trimethylsilyloxybuta-1,3-diene 5
with the 2,6-dibromo-3-methyl-1,4-benzoquinone 6 is de-
scribed.

The streptovaricin family are representative ansamycin anti-
biotics aswell asrifamycins and have been used clinically asan
important class of antibiotics! So far more than fifteen
congeners have been isolated from Streptomyces spectabilis and
al consist of a unique naphthoquinone core and a poly-
propionate ansa chain composed of nine contiguous chiral
centres.t The unique structures and important biological activity
of the streptovaricins have dlicited considerable attention from
synthetic chemists.2

Recently we reported the highly stereoselective synthesis of
the ansa chain segment of streptovaricin U 1 and protostrepto-
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varicinsincluding nine contiguous chiral centres? by the use of
the stereospecific methylation of v,0-epoxy acrylates with
trimethylaluminium.4 Streptovaricin U 1 isaunique open-chain
ansamycin from the streptovaricin family and shows inhibitory
activity against RAUSCHER leukemia virus RNA-dependent
DNA polymerase.5 We now report the highly efficient synthesis
of the naphthoquinone core of streptovaricin U 1 via the Diels—
Alder reaction of the silyloxy diene 5 with the dibromoquinone
6.

Although 1-methoxy-2-methyl-3-trimethylsilyloxybuta-
1,3-diene 5 is a known compound and has often been used in
Diels-Alder reactions,® we prepared it by the modified
procedure shown in Scheme 1 for improved yield and synthetic
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Scheme 1 Reagents and conditions: i, NaH (1.5 equiv.), THF, 0 °C, 1 h; ii,
(Me0),S0; (2 equiv.), DMF, 0 °C, 1 h, then 1 m ag. K,CO3, MeOH; iii,
LDA, THF, —78 °C, then MesSiCl, —78 °C to room temp.

convenience. Thus butan-2-one 2 was treated with NaH and
HCO,Me in THF at 0 °C to give the sodium enolate 3, which
was treated, after the solvent was replaced from THF to DMF,
with dimethyl sulfate to give trans-4-methoxy-3-methylbut-
3-en-2-one47in 79% yield.t The butenone 4 was quantitatively
transformed into the silyloxy diene 5 by treatment with LDA in
THF followed by addition of MesSiCl. The crude diene 5 thus
obtained was used directly for the Diels-Alder reaction. On the
other hand, 2,6-dibromo-3-methyl-1,4-benzoquinone 6, the
dienophile for the Diels-Alder reaction, was synthesized
according to the protocol of Trost and Pearsong in two steps; (i)
bromination of m-cresol with Br, in AcOH; (ii) oxidation of the
resulting tribromide with chromium(iir) oxide in AcOH (90%
yield for the two steps).

The key Diels-Alder reaction was performed by heating a
mixture of the diene 5 (4.1 mmol) and the dibromoquinone 6
(3.2 mmol) in benzene (20 ml) at 90 °C for 2 hin asealed tube
(Scheme 2). After cooling, the solvent was evaporated under
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Scheme 2 Reagents and conditions: i, CsHs, sealed tube, 90 °C, 2 h; ii, 2%
HCI, DME, 12 h; iii, MeOCH,CI, Pri,NEt, CH,Cl,, 3.5 h; iv, NaN3, PPhs,
DMSO, 3h; v, ag. HCHO, THF, 2 d; vi, Ha, PtO,, Boc,O (5 equiv.), EtOH,
3 h, then O, 12 h; vii, H,, PtO,, EtOH, 1 h, then (Me0),SO (10 equiv.),
1 m NaOH, 2 h; viii, Ph,0O, 185 °C, seadled tube, 12 h
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reduced pressure and the residue was treated with 2% HCI in
DME, giving rise to the adduct 7. The crude product 7 was
subsequently treated with CICH,OMe and Pri,NEt in CH,Cl, to
afford the protected bromoguinone 8 as light yellow crystals
(mp 169-172 °C) in 85% overall yield. Subsequent conversion
of 8 to the aminonaphthoquinone 10 was accomplished by the
reaction of 8 with NaN3 and PPh;z in DMSO followed by
treatment of the resulting iminophosphorane 9 with agueous
formaldehyde in THF. Thus the desired aminonaphthoquinone
10 was obtained asred crystals (mp 177-179 °C) in 68% yield.
Although compound 10 is itself the naphthoquinone core of
streptovaricin U 1, it is necessary to further transform it into the
naphthalene derivative 13 for the coupling reaction with the
ansa chain segment, since the amino group on anaphthoquinone
ring such as 10 is not sufficiently basic for further transforma-
tion. The conversion of 10 into the target molecule 13 was,
however, unexpectedly troublesome and required ingenuity.
Eventually the desired transformation was overcome by the
following reaction sequence. Hydrogenation of 10 over Adams
catalyst in EtOH in the presence of di-tert-butyl dicarbonate
(Boc,0) followed by treatment with oxygen gave rise to the
N-Boc-aminonaphthoquinone 11 as light yellow crystals (mp
141-143 °C) in 85% yield. The product 11 was subsequently
converted to the naphthalene dimethyl ether 12 (mp
104-106 °C) by hydrogenation over Adams' catalyst in EtOH
followed by treatment of the resulting dihydroquinone with
dimethyl sulfate and 1 m NaOH in 83% yield. The synthesis of
the fully functionalized aromatic core 13 of streptovaricin U 1
was accomplished by removal of the Boc group in 12 by
thermolysis in Ph,O at 185 °C (sealed tube), resulting in
formation of 13 in 87% yield.

Thus an efficient and regioselective synthesis of the naph-
thoquinone core of streptovaricin U 1 has been established. The
overall yield of 13 from the dibromoquinone 6 was 35%. The
manipulations employed in the conversion of 10 into 13 may be
widely applicable to the synthesis of various aminonaphthoqui-
nones. The coupling reaction of the aromatic core 13 with the
ansa chain segment toward the total synthesis of 1 is now in
progress.

1788 Chem. Commun., 1997

This work was aso supported by a Grant-in-Aid for
Scientific Research on Priority Areas (No. 08245101) and a
Grant-in-Aid for Scientific Research (No. 09874149) from the
Ministry of Education, Science, Sports, and Culture of Japan.

Footnotes and References

* E-mail: miyasita@schem.ec.hokudai.ac.jp
1 All new compounds exhibited satisfactory spectra (*H and 13C NMR, IR)
and elemental analyses.

1 K.L.Reinhart, J. and L. S. Shield, Fortschr. Chem. Org. Naturst., 1976,
33, 231; P. V. Desshmukh, K. Kakinuma, J. J. Ameel, K. L. Reinhart, Jr.,
P. F. Wiley and L. H. Li, J. Am. Chem. Soc., 1976, 98, 870;
K. L. Reinhart, J., F. J. Antosz, P. V. Desshmukh, K. Kakinuma,
P. K. Martin, B. |. Milavetz, K. Sasaki, T. R. Willy, L. H. Li and
F. Reusser, Antibiotics, 1976, 29, 201.

2 P. A. McCarthy, Tetrahedron Lett., 1982, 23, 4199; B. M. Trost and
W. H. Pearson, Tetrahedron Lett., 1983, 24, 269; B. Fraser-Reid,
L. Magdzinski, B. F. Molino and D. R. Mootoo, J. Org. Chem., 1987, 52,
4495; B. Fraser-Reid, B. F. Molino, L. Magdzinski and D. R. Mootoo,
ibid., 1987, 52, 4505; D. R. Mootoo and B. Fraser-Reid, ibid., 1987, 52,
4511; P. A. McCarthy and M. Kageyama, ibid., 1987, 52, 4681
W. R. Roush and A. D. Palkowitz, ibid., 1989, 54, 3009; D. R. Mootoo
and B. Fraser-Reid, ibid., 1989, 54, 5548; Z. Wang and S. L. Schreiber,
Tetrahedron Lett.,, 1990, 31, 31; D. R. Mootoo and B. Fraser-Reid,
J. Chem. Soc., Perkin Trans. 1, 1990, 739; Tetrahedron, 1990, 46, 185;
W. R. Roush and D. J. Madar, Tetrahedron Lett., 1993, 34, 1553.

3 M. Miyashita, T. Shiratani, K. Kawamine, S. Hatakeyama and H. Irig,
Chem. Commun., 1996, 1027.

4 M. Miyashita, M. Hoshino and A. Y oshikoshi, J. Org. Chem., 1991, 56,
6483.

5 W. M. J Knall, K. L. Rinehart, Jr., P. F. Wiley and L. H. Li, J. Antibiot.,
1980, 33, 249.

6 S. Danishefsky, C.-F. Yan, R. K. Singh, R. B. Gammiill, P. M. McCurry,
Jr., N. Fritsch and J. Clardy, J. Am. Chem. Soc., 1979, 101, 7001;
A. P. Kozikowski and K. Sugiyama, Tetrahedron Lett., 1980, 21,
3257.

7 S. Sugasawa, S. |. Yamadaand M. Harahashi, J. Pharm. Soc. Jpn., 1951,
71, 1345.

8 B. M. Trost and W. H. Pearson, Tetrahedron Lett., 1983, 24, 269.

Received in Cambridge, UK, 1st July 1997; 7/04596D



