Tetrahedron Letiers, Vol.31, No.5, pp 705-708, 1990

0040-4039/90 $3.00 + .00
Printed in Great Britain

Pergamon Press plc

SYNTHETIC STUDIES ON NEW SUGAR OXETANOSE: SYNTHESIS OF
D-ERYTHROOXETANOSE AND ITS REACTION WITH SILYLATED ADENINE DERIVATIVE

Shigeru Nishiyama,* Tadaaki Ohgiya, Shosuke Yamamura,* Kuniki Kato,* Masashi Nagai,*
and Tomohisa Takita™

Department of Chemistry, Faculty of Science and Technology, Keio University
Hiyoshi, Yokohama 223, Japan
* Research Laboratories, Pharmaceuticals Group, Nippon Kayaku Co. Ltd.
3-31-12 Shimo, Kita-ku, Tokyo 115, Japan

Summary: Related to antiviral antibiotic oxetanocin, 1-O-acetyl-g-D-erythrooxetanose was
synthesized in two different methods, and coupling reaction with silylated adenine provided «- and
p-L-threofuranosyl adenines via an unusual neighboring group participation.

In connection with oxetanocin (1) possessing prominent antiviral activities as well as a novel nucleoside
structure,! our extensive investigation? has also been focussed on developments of an oxetanose (four membered
ring sugar) chemistry. Up to now, only few informations have been known about chemical features of this new
sugar series. During chemical modifications of oxetanocin by Nippon Kayaku group, epinor-oxetanocin (2)
carrying p-D-threooxetanoside as a sugar moiety has been found to exhibit more potent antiviral activities than 1.3
This observation prompted us to start syntheses of oxetanoses and evaluate their effect to biological activities.
Along this line we have synthesized a representative D-erythrooxetanose, however its glycosidation with silylated
adenine derivative did not afford an expected oxetanosyl adenine, but furanosyl adenines were obtained via an
unusual acyloxy group participation ‘We describe herein our synthetic process.

OXETANOCIN (1) EPINOR-OXETANOCIN ERYTHROOXETANOSE

The known diacetonide (3) was partially hydrolized, and again protected in two steps to 4,5 which was
further converted to the corresponding D-glucitol derivative (5). Sclective protection of the three OH groups in 5
afforded an alcohol (6)° in over 90% yield. This acyclic compound was further derivatized in four steps to afford a
mesyl ester (7).5 Cyclization of 7 took place in the desired direction to an oxetanc derivative (8)5 in 38% yield. In
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a. i) 2%H,S04 room temp. (88%); i) NBu2SNO, then BnCl, nBugNBr / PhH, reflux temp.; i) MPMCI, NaH / DMF, room temp. (82% In two
steps). b. i) 4N HCl - THF, room temp., two days; li) NaBH, / aq. dioxane, room temp., 15 h (72% in two steps). c. i) 2,2-
dimethoxypropane, cat. TSOH, MS 4A / acetone. d. i) BnBr, NaH / PhH, refiux temp., 13 h (88%); i) (PhgP)3RhCl, DABCO / aq. EtOH,
reflux temp., 1.5 h, then HgCly, HgO / aq. acetone, room temp., 20 min (88%); iii) MsClI, pyr. / CHoCly, room temp., two days (37%); iv)
DDQ / CHoCls - HyO,room temp., 2 h (91%). e. NaH / PhMe, reflux temp., 16 min (38%). f. i) 2% HySO,4 - dioxane, 50°C, 3 h (98%); i)
PhgP, CCly / pyr., 55°C, 75 min (83%); iii) LIAIH4 / Etp0, 49C, two days (80%); Iv) Swemn oxid. (97%).

the next stage, the acetonide function in 8 was removed, and then the resulted diol was transformed into a methyl
ketone (9) in three steps.

This methyl ketone could also be synthesized by a different route which involved the cyclization of an epoxy-
alcohol (13)6. The crystalline dial hydrate (10)7 was treated with ethylidenephosphorane to give a mixture of
olefinic products. Without separation, the mixture was submitted to DIBAL reduction to afford 11 (ca. 2:1
mixture), and the primary OH group was protected with benzyl group to give 12. Treatment of 12 with mCPBA
effected epoxidation to provide a mixture of epoxy-alcohol (13). After alkaline treatment of 13, the crude product
was subjected to Moffatt oxidation to give a mixture of 9, 145 and 155 (ca. 1 : 1 mixture) in 18, 14 and 25%
yields, respectively.? Baeyer-Villiger oxidation of 9 so far obtained gave rise to 1-O-acetyl derivative (16)8 in high
yield, which was hydrogenated to afford 1-O-acetyl-g-D-erythrooxetanose (17).8

According to our methodology used in the total synthesis of 1,2 the erythrooxetanose (17) was fully acylated
to 188 which might be applicable to the glycosidation via the seven-membered ring participation as depicted in [A).
In Lewis acid (SnCly)-mediated N-glycosidation with N-benzoyl-bistrimethylsilyladenine, any formation of
oxetanosyl adenines could not be monitored on tlc, but a mixture of 9-(L-threofuranosyl)adenines was obtained in
71% yield. The mixture could be separated as their tetrabenzoates (20, 21) in 75 and 17% yields. Their structures
were unambiguously confirmed by comparison of the spectral data and optical rotations with an authentic 9-(D-
threofuranosyl)adenine tetrabenzoates synthesized by the known procedure.10 Inversion of the configuration at C;
position suggested the ring expansion might pass through an acyclic intermediate [B] generated by the acyloxy
group participation from C, position, followed by recyclization to afford preferentially less strained furanose
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a. i) PhaPEtBr, nBuLi/ THF, -30°C - refiux temp.; i) DIBAL - H / PhMe, -30°C - room temp. (37% in two steps). b. nBuySnO / PhMe, reflux

temp., 23 h, then BnBr, NBuyNBr, 35 h (100%). ¢. MCPBA / CH,Clp, 4°C, 38 h (100%). d. i) aq. KOH / DMSO, 150°C, 50 min; i) Moffatt

oxid.. e. mCPBA / CHoClo, 49C, two days (97%). f. Hy, Pd-black / MeOH, room temp., 5 h (88%). g. i) pivaloy! chioride, pyr., 4°C, 20 h
(58%); i) ethyt 2,2-dimethyimalonyl chioride, pyr. / CHyClp, room temp., 18 h (73%).
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derivative than the corresponding oxetanose, though it was not clear that the process took place before or after the
N-glycosidation.!! This ring opening of the oxetanose has not been observed in usual furanose and pyranose
sugars, thus, the chemical feature of the oxetanose may be similar to that of g-lactones. Further synthetic studies on
oxetanosyl nucleosides is still going on.

This research has been supported in part by grants from the Ministry of Education, Science and Culture, to
which grateful acknowledgment is made.
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