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Studies on radical cyclization of 2,3-epoxy alcohols containing
a b-(alkoxy)acrylate moiety using Cp2TiClI
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Abstract—Radical-mediated opening of chiral 2,3-epoxy alcohols, containing suitably positioned b-(alkoxy)acrylate moieties, using
Cp2TiCl triggered intramolecular cyclization to give tetrahydrofuran and tetrahydropyran moieties.
� 2007 Elsevier Ltd. All rights reserved.
Tetrahydrofurans and tetrahydropyrans are the impor-
tant structural components of a large number of organic
natural products.1 Total syntheses of these natural prod-
ucts generally commence with the construction of these
saturated heterocyclic constituents.2 One of the widely
used methods for the synthesis of such tetrahydrofuran
and tetrahydropyran rings is based on radical-mediated
cyclization of b-(alkoxy)acrylates.3 Recently, we
reported that radicals formed during the opening of 2,3-
epoxy alcohols 1 with Cp2Ti(III)Cl4 could be trapped
intramolecularly by a suitably positioned a,b-unsatu-
rated ester moiety in the same molecule giving rise to
a cyclohexane ring system 2 (Scheme 1).5 This encour-
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Scheme 1.
aged us to investigate similar transformations of the cor-
responding oxo-analogs, that is, b-(alkoxy)acrylate-
containing substrates 3. Our studies revealed that intra-
molecular trapping of the radicals formed by Ti(III)-
mediated opening of the epoxide rings of 3 led to the
formation of highly substituted tetrahydrofurans and
tetrahydropyrans 4.

The details of the processes are outlined in Schemes 2
and 3. Scheme 2 describes the synthesis of the tetra-
hydropyran framework. The starting chiral epoxy alco-
hol 5 was prepared by us earlier.6 Treatment of 5 with
propynoic acid methyl ester in the presence of N-meth-
ylmorpholine (NMM) gave the ‘b-(alkoxy)acrylate’
intermediate7 which on desilylation furnished the
requisite acrylate 6 for the ring opening reaction.
Compound 6 on ring opening with Cp2Ti(III)Cl, gener-
ated in situ from Cp2TiCl2 following the reported
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Figure 1. ORTEP plot of compound 7.
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procedure,8 gave a radical intermediate that underwent
facile intramolecular trapping by the acrylate moiety
leading to the formation of the six-membered tetra-
hydropyran 79 as the major product in 52% isolated
yield, along with some other unidentified minor
compounds.

The stereochemistry of 7 was determined from the 3J
values of the C4–H proton, which did not show a large
coupling with any of its vicinal protons suggesting its
equatorial orientation in a chair-type conformation.
The CH(OH)Me proton appeared as a dq at d 4.29 with
�6 Hz couplings to the methyl protons and C3–H. The
stereochemistry at C3 was S as concluded from the fact
that diol 7 could be easily converted into its acetonide,
which otherwise would have been difficult. Finally,
equatorial orientation of the C2-substituent is possibly
more stable than axial. The axial orientation would be
expected to give rise to a lactone during the formation
of 7. That no lactone was formed in the reaction pro-
vides additional support in favor of the proposed S ste-
reochemistry for the C2 carbon. The C2H–C3H proton
coupling of �11 Hz supported the trans relationship
between them, as was observed in the carbocylic
congener.5

The stereochemistry of 7 was finally established
unequivocally from single-crystal X-ray analysis,10

which clearly showed the assigned structure (Fig. 1).

For the synthesis of the tetrahydrofuran ring, the start-
ing material was the known chiral epoxy alcohol 8,11

prepared by Sharpless kinetic resolution12 of the
corresponding racemic allylic alcohol in >92% ee as
determined using the Mosher ester method.13 Hydroge-
nation of 8 gave a diol intermediate which on treatment
with 1 equiv of propynoic acid methyl ester in the pres-
ence of N-methylmorpholine (NMM) furnished, selec-
tively, the required ‘b-(alkoxy)acrylate’ 9. Compound 9
on ring opening with Cp2Ti(III)Cl gave the five-mem-
bered tetrahydrofuran 1014 as the minor product in
12% isolated yield only. The major product obtained
in 62% yield was the acyclic compound 11,15 which
was probably formed by in situ opening of the cyclic
ether 10 during the reaction. Compound 11 could be
transformed to cyclic ether 10 in 95% yield, on treatment
with anhydrous K2CO3 in methanol, taking the overall
yield of 10 to 71%.

The stereochemistry of cyclic product 10 was determined
by 1H NMR analysis. The C2–H signal appeared as a dt
at 4.50 ppm with coupling constants of 6.0 and 9.1 Hz.
While the former was for the coupling with
–CH2CO2Me resonating at 2.59 ppm, the larger 3J value
was for the C2H–C3H vicinal coupling confirming their
cis relationship. The C4–H signal appeared as a ddd at d
4.62 with 3J values of 4.5, 3.8, and 1.5 Hz. The smaller
couplings were with C5–H2 whilst that of 4.5 Hz was
for the C3H–C4H coupling which were trans. The
–CH(OH)Me proton appeared as a dq at d 4.07 with
�6 Hz couplings with the methyl protons and C3–H.
The energy-minimized structure of 10 (Chem3D,
MOPAC) showed the H–C2–C3–H dihedral angle as
24.2 � and the H–C3–C4–H angle as 142.4� support-
ing the observed 3J values of 9.1 and 4.5 Hz,
respectively.3i

In conclusion, we have demonstrated the radical cycliza-
tions of b-(alkoxy)acrylate-containing 2,3-epoxy alco-
hols using Cp2Ti(III)Cl. Although the yields of the
cyclized products in these reactions were not very good,
the ring-opened acyclic product 11 could be cyclized to
give a moderate yield of the desired product 10. Addi-
tionally, this chemistry should be amenable to extension
for the synthesis of natural products containing similar
structural frameworks.
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