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Zirconium-Mediated Ring Contraction:
An Efficient Synthesis of Enantiomerically
Pure Key Intermediate of Carbocyclic Oxetanocin
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Abstract: A key intermediate 3b of carbocyclic oxetanocin analogues (COXTs) 2 was prepared
from 4-vinylfuranoside derivative by zirconium-mediated ring contraction.

Carbocyclic oxetanocin analogues (COXTs) 2 which have a cyclobutane moiety instead of an oxetane
sugar portion of oxetanocin (1) has attracted much attention because of their potent antiviral activities.! For
the syntheses of COXTs, preparation of the optically active cyclobutane derivative as a key intermediate
through chiral synthesis, optical resolution, and/or enzymatic method has been reported.1:2
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2 X=CH,, Y=NH,, Z=H (COXT-A)
X=CHj, Y=OH, Z=OH (COXT-G)

During our studies on the chemistry of organozirconium compounds, we found that an efficient ring
contraction of 5-vinylpyranoside or 4-vinylfuranoside derivatives by treating with zirconocene ("CpyZr")
equivalent in the presence of BF3+OEt, proceeds stereoselectively through an intramolecular addition of (Z)-
allylic zirconium of a cyclic oxocarbenium ion 4 to yield 1,2-cis-vinylcyclopentanol or 1,2-cis-
vinylcyclobutanol derivatives in an optically pure form (Scheme 1).3 In these transformations, an efficient
formation of the 1,2-cis-vinylcyclobutanol derivative from 4-vinylfuranoside prompted us to examine a
preparation of 3b since the relative stereochemistry of the ring contraction product is ideally suited to the
preparation of 3. We describe herein an efficient synthesis of an optically pure 3¢ by the zirconium-mediated
ring contraction which we developed.
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2-Deoxy-4-vinylfuranoside § for the zirconium-mediated ring contraction can easily be prepared from the
known furanose derivative 64 in three steps (60 % from 6); i) H;0*/MeOH, ii) CSo/NaH, Mel, Et,O reflux,
iii) nBuzSnH/toluenc reflux. Reaction of § in the presence of BF3OEt; with "Cp,Zr",5 which was generated
in situ from Cp,ZrCl; and nBulLi (2 equimolar) in toluene at -78 °C~ambient temperature, gave a (15,2R,35)-
2-vinyl-3-(benzyloxymethyl)cyclobutanol (7) in 64 % yield as we expectedS-? [lH-NMR ring protons
(CDCl3) §; 4.39 (ddd, J=6.8, 6.5, 4.4 Hz, 1H), 2.95 (ddd, J=7.5, 6.8, 6.3 Hz, 1H), 2.60 (m, 1H), 2.17
(ddd, J=12.4, 6.8, 6.5 Hz, 1H), 2.01 (ddd, J=12.4, 9.3, 4.4 Hz, 1H), [a]p +82.6° (¢ 1.31, CHCl3)]. The
subsequent conversion of 7 to 3b was accomplished without any difficulties in three steps; i)
TBDMSCl/imidazole/DMF (86 %), ii) O3/CH,Cl3-2.5 % Py at -78 °C follwed by NaBH, reduction (66 %),
iii) Hy/Pd-C in MeOH (97 %). Although all of the cyclobutanol derivatives were characterized by spectral
data, the final confirmation was attained by converting 3b to the known dibenzoate 3¢8 and by comparing the
TH-NMR spectral data and the specific rotation values. Thus we accomplished an efficient synthesis of the
optically pure intermediate 3 of carbocyclic oxetanocin 2. Further applications of the zirconium-mediated ring
contraction to other vinyl sugar derivatives for the synthesis of biologically important compounds are being
undertaken, which will be reported in due course.
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