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Abstract

The first pyranose-based approach to the F ring (C38–C43) of altohyrtin A1 together with a synthetic approach
to the C44–C51 chloro diene unit of1 is described. © 1999 Elsevier Science Ltd. All rights reserved.

Altohyrtin A 1 (spongistatin 1), isolated from the marine spongeHyrtios altum, has been shown to
display potent cytotoxic activity against a variety of human cancer cell lines.1 At present, the literature
is replete with interesting synthetic studies that focus on the various features of the altohyrtin molecule.2

In view of these recent developments, we wish to report our efforts towards the C38–C51 segment
2. Disconnection at the C43–C44 bond in fragment2 affords key advanced intermediates3 and 4
(Scheme 1). This paper details approaches towards the C44–C51 diene3 and C38–C43 tetrahydropyran
ring 4.

Scheme 1.
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The starting material for the synthesis of lactol4 was L-glucose which was readily converted into
the epoxide5 using known methods3 (Scheme 2). Removal of thep-toluene sulfonyl group of the
readily available5 to reveal the alcohol6 was accomplished using Na(solid) in liquid ammonia.4 After
protection of the alcohol as either the tertbutyldimethylsilyl (TBS)7 or trisopropylsilyl (TIPS) ether
8, the epoxide was cleaved in a diaxial manner to yield the 4-deoxy-4-methyl-1,6-anhydro-glucose
derivatives9 and 10. Unexpectedly, for both of these compounds, protection of the 3-hydroxyl as its
p-methoxybenzyl ether using NaH and MPM-Cl in DMF led instead to the 2,3-O,O-pseudo-diaxial
migration of the silyl ether moiety.5 The resultant isomers11 and13 were inseparable by flash column
chromatography but the isolation of the TIPS ethers12 and14 allowed detailed NMR analysis which
showed the undesired migrated product as the predominant isomer (ca. 5:1). Presumably, the silyl shift
did not occur during the transformation of8 to 10 (or 7 to 9) because the magnesium oxyanion is
less nucleophilic5b than its sodium counterpart, the entity involved in the transformation of10 into
12 (or 9 into 11). Happily, the desired protective group pattern was accomplished (Scheme 3) using
p-methoxybenzyl trichloroacetimidate6 and triflic acid (0.3 mol%).7

Scheme 2.

Scheme 3.

The use of protic acids to hydrolyse the 1,6-acetal group resulted in the concomitant hydrolysis of
the ether linkages at C2 and C3 (sugar numbering). The methodology described by Fraser-Reid8 also
gave rise to silyl and even benzyl ether hydrolysis, but lowering the reaction temperature (−55 to −60°C)
resulted in the clean hydrolysis of the 1,6-acetal group in compounds13 and 14 to give the desired
diacetates15 and 16, respectively, in excellent yields (87, 94%). The simple anomeric deacetylation
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using benzylamine as described by Wong9 should readily afford the corresponding lactol for coupling to
the phosphonate3.

The starting point for the synthesis of the C43–C51 segment3 was 2-chloro-2-propenal17, which
was prepared by a modified method of Shostakovskii10 in 40% yield over two steps from propenal. The
dianion ofβ-keto ester18,11 generated by sequential treatment of the ketoester with sodium hydride (1.6
equiv.) andn-butyl lithium (1.2 equiv.) was condensed with aldehyde17 to provide alcohol19 in 53%
yield (Scheme 4).

Scheme 4.

Making the methyl sulfonate of the C47 alcohol group in compound19 gave the required derivative
which underwent instantaneous elimination to afford the chloro diene20 (59%), exclusively exhibiting
theE-configuration at the newly formed double bond (JH48–H4915 Hz). Interestingly, the diene20 exists
in both tautomeric forms with a ratio of 91:9 with preference for theenol form. Reduction of ketone20
gave the desired alcohol21 in 69% yield. TheS-tert butyl ester21 should undergo condensation with
lithium diethyl methylphosphonate, based on a procedure described by Heathcock12 to furnish target
compound3.

In conclusion, we have described the first successful pyranose-based route to the F ring of altohyrtin
A and have demonstrated the first steps of a method for the preparation of the halogen-containing side
chain of this natural product.

Acknowledgements

We thank ESPRC for a Quota award (to DJW) and BBSRC for a ROPA award (to PDK). We also thank
Prof. S.V. Ley for useful discussions.

References

1. Altohyrtin (a) Kobayashi, M.; Aoki, S.; Sakai, H.; Kawazoe, K.; Kihara, N.; Sasaki, T.; Kitagawa, I.Tetrahedron Lett.
1993, 34, 2795. (b) Kobayashi, M.; Aoki, S.; Kitagawa, I.Tetrahedron Lett. 1994, 35, 1243. (c) Kobayashi, K.; Kitagawa,
I. Pure & Appl. Chem. 1994, 66, 819. (d) Kobayashi, M.; Aoki, S.; Gato, K.; Kitagawa, I.Chem. Pharm. Bull. 1996, 44,
2142. Spongistatin (e) Pettit, G. R.; Cichacz, Z. A.; Gao, F.; Herald, C. L.; Boyd, M. R.; Schmidt, J. M.; Hooper, J. N. A.
J. Org. Chem. 1993, 58, 1302. (f) Pettit, G. R.; Cichacz, Z. A.; Gao, F.; Herald, C. L.; Boyd, M. R.J. Chem. Soc., Chem.
Commun. 1994, 1605. Cinachyrolide (h) Fusetani, N.; Shinoda, K.; Matsunga, S.J. Am. Chem. Soc.1993, 115, 3977.

2. (a) Claffey, M. M.; Heathcock, C. H.J. Org. Chem. 1996, 61, 7646. (b) Paterson, I.; Oballa, R. M.; Norcross, R. D.
Tetrahedron Lett. 1996, 37, 8581. (c) Patersom, I.; Gibson, K. R.; Oballa, R. M.Tetrahedron Lett. 1996, 37, 8585. (d)
Paquette, L. A.; Zuev, D.Tetrahedron Lett. 1997, 38, 5115. (e) Paquette, L. A.; Braun, A.Tetrahedron Lett. 1997, 38,



216 P. D. Kary et al. / Tetrahedron:Asymmetry10 (1999) 213–216

5119. (f) Hayes, C. J.; Heathcock, C. H.J. Org. Chem. 1997, 62, 2678. (g) Paterson, I.; Keown, L. E.Tetrahedron Lett.
1997, 38, 5727. (h) Paterson, I.Tetrahedron Lett. 1997, 38, 8241. (i) Smith III, A. B.; Qian, L.; Nahayama, K.; Boldi,
A. M.; Brook, C. S.; McBriar, M. D.; Moser, W. H.; Sobukawa, M.; Zhuang, L.Tetrahedron Lett. 1997, 38, 8675 and
preceding letters. (j) Evans, D. A.; Trotter, B. W.; Cote, B.; Coleman, P. J.; Dias, L. C.; Tyler, A. N.Angew. Chem., Int. Ed.
Engl. 1997, 36, 2744 and preceding papers. (k) Guo, J.; Duffy, K. J.; Stevens, K. L.; Dalko, P. I.; Roth, R. M.; Hayward,
M. W.; Kishi, Y. Angew. Chem. 1998, 110, 202 and preceding papers.

3. (a) Carlson, L. J.J. Org. Chem. 1965, 30, 3953. (b) Fraser-Reid, B.; Magdzinski, L.Can J. Chem. 1988, 66, 2819.
4. Zottola, M. A.; Alonso, R.; Vite, G. G.; Fraser-Reid, B.J. Org. Chem. 1989, 54, 6123.
5. Examples of silyl migrations include: (a) Mulzer, J.; Schollhorn, B.Angew. Chem., Int. Ed. Engl. 1990, 29, 431. (b)

Torisawa, Y.; Shibaska, M.; Ikegami, S.Tetrahedron Lett. 1979, 20, 1865. (c) Watanabe, T.; Fujimoto, T.; Ozaki, S.J.
Chem. Soc., Chem. Commun. 1992, 681. (d) Yamazaki, Y.; Mizutani, K.; Kitazume, T.J. Org. Chem. 1993, 58, 4346. (e)
Lassaletta, J. M.; Schmidt, R. R.Synlett1995, 925. (f) Araia-Perez, M. S.; Santos, M. J.Tetrahedron1996, 52, 1996.

6. Patil, V. J.Tetrahedron Lett. 1996, 37, 1481.
7. (a) Takaku, H.; Ueda, S.; Ito, T.Tetrahedron Lett. 1983, 24, 5363. (b) Widmer, U.Synthesis1987, 568. (c) Nakajima, N.;

Horita, K.; Abe, R.; Yonemitsu, O.Tetrahedron Lett.1988, 29, 4139. (d) White, J. D.; Reddy, G. N.; Spessard, G. O.J.
Am. Chem. Soc. 1988110, 1624.

8. Zottola, M.; Venkateswara, R.; Fraser-Reid, B.J. Chem. Soc., Chem. Commun. 1991, 969.
9. Sim, M. M.; Kondo, H.; Wong, C.-H.J. Am. Chem. Soc. 1993, 115, 2260.

10. Shostakovskii, M. F.; Annenkova, V. Z.; Ivanova, L. T.; Ugryumova, G. S.Izv. Sib. Otd. Akad. NaukSSSR,Ser. Khim.
Nauk, 1967, 6, 104 (Russ).

11. Booth, P. M.; Fox, C. M. J.; Ley, S. V.J. Chem. Soc., Perkin Trans. 11987, 121.
12. Rosen, T.; Heathcock, C. H.J. Am. Chem. Soc. 1985, 107, 3731.


