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Consecutive ring-expansion reactions of oxiranes with dimethylsulfxonium methylide were studied
experimentally and modeled computationally at the density functional theory (DFT) and second-
order Møller-Plesset (MP2) levels of theory utilizing a polarizable continuum model (PCM) to
account for solvent effects. While the epoxide to oxetane ring expansion requires 13-17 kcal mol-1

activation and occurs at elevated temperatures, the barriers for the ring expansions to oxolanes
are higher (ca. 25 kcal mol-1) and require heating to 125 �C. Further expansions of these oxolanes to
the six-membered oxanes are hampered by high barriers (ca. 40 kcalmol-1).We observe the complete
conservation of the enantiomeric purities for the nucleophilic ring expansions of enantiomeric
2-mono- and 2,2-disubstituted epoxides and oxetanes with dimethylsulfoxonium methylide. This is
a convenient general approach for the high-yielding preparation of optically active four- and five-
membered cyclic ethers from oxiranes.

Introduction

Small four- and five-membered cyclic ethers (oxetanes and
oxolanes) are the key structural fragments of many biologi-
cally active compounds. For instance, the oxetane ring is
present in taxol1,2 and its analogue baccatin,3 laureatin,4

oxetin,5 and oxetanocin.6 The incorporation of an oxetane
ring into the structure ofN,N-dimethyl-4-(p-tert-butylphenyl)-
butylamine results in remarkable changes of its physicochem-
ical characteristics such as lipophilicity, amphiphilicity, hERG

liability, and basicity of the nearby amine group.7 Optically
active oxetanes are important intermediates in the preparation
of biologically active compounds, such as sarracenin,8 ero-
gorgiaene,9,10 and some others.11 Chiral oxetanes are also
intermediates inorganic synthesis: the enantioselectiveoxetane
ring openings promoted by Lewis acids12 or peroxides13 give,
respectively, hydroxyketones and 3-hydroperoxyalkanols,
whereaswithBrønsted acids optically active alkenes, unsaturated
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alcohols, or diols form.14,15 The stereoselective reductive
opening of oxetanes with lithium powder in the presence of
catalytic amounts of DTBB followed by treatment with
various electrophiles leads to optically active alcohols.16

The oxolane ring is a fragment of many enantiomerically
pure marine polycyclic esters,17 alkaloids,18-22 lignanes,23

and terpenoids.24

The existing procedures for the preparation of optically
active oxetanes and oxolanes utilizing diols,13,14 oxiranes,11

ketones,25 acetaldehyde and cyclopentadiene,8 tosylates,10

etc.26 either require many steps14,27 or expensive reagents or
give products with low enantiomeric excess.25 It is well
documented that the methylenation of epoxides with di-
methylsulfoxoniummethylide (1) produces oxetanes in good
yields under mild reaction conditions.28

Therefore it is somewhat surprising that the methylena-
tion of optically active epoxides with 1 has not received
more attention, since they are readily available in high ee
via Sharpless29,30 or Shi14,31-34 as well as many other35-38

epoxidations or through a large variety of other methods.39-49

Only recently optically active 2-(3-chlorophenyl)oxetane was
obtained via ring expansion of 3-chlorostyreneoxide.50 For the
preparation of optically active 2,2-disubstituted oxetanes the
one-pot consecutive methylenation of prochiral ketones in the
presence of an optically active heterobimetallic complex was
suggested.51 The reaction involves the formation52 of optically
active oxiranes; the enantiopurity was slightly amplified in the
second step as a result of partial kinetic resolution of the
intermediates. This transformation is applicable to the prepara-
tion of optically pure (ee> 99%) methyl oxetanes in good
preparative yields (62-88%). However, the results are quite
sensitive to the substitution pattern. While phenylethylketone
displays an enantioselectivity of 91%, the chemical yield was
only 26%. Thus, the extension of this approach to the enantio-
selective preparation of a larger variety of 2,2-substituted oxi-
ranes may be problematic, mostly because of ee loss in the first
step and insufficient enantioamplification in the second.51 A
moregeneral approach tooptically activeoxacyclesmay involve
consecutive ring expansions of the respective optically active
lower homologue via the reaction with 1 as the methylenation
reagent. As this reaction proceeds via transition structure 2 and
intermediate betaine 3,28 leaving the stereogenic center un-
touched, complete retention of the configuration of the product
4 is expected (Scheme 1). This approach may be useful for the
construction of larger rings, i.e., the hitherto unknown methy-
lenation of oxetanes to oxolanes (n= 1).

As part of developing novel ylide chemistry53,54we recently
demonstrated55 that upon the treatment of epoxides with an
excess of 1 small amounts of oxolanes form, demonstrating the

SCHEME 1. Consecutive Oxacycle Ring Expansion with Dimethylsulfoxonium Methylide (1)
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feasibility of consecutive nucleophilic ring expansions with 1.
The synthetic potential as well as the mechanism and stereo-
chemistry of this transformation still remains unexplored.Here-
in we present experimental and computational results on the
consecutive expansions of cyclic ethers with 1 as the methylena-
tion agent. We have also studied experimentally the regio- and
stereospecificity of the epoxide andoxetane ring expansionswith
1 to estimate their potential for the preparation of optically
active oxetanes and oxolanes.

Results and Discussion

First we computed56 the consecutive ring expansions with
1 involving highly polarized transition structures and be-
taines. Since conventional gas-phaseDFTandMP2methods
overestimate the energies of such structures,57 we employed a
polarizable continuum model (PCM) to account for solvent
effects.58 This solvation model was previously successfully
used59 for the parent Corey-Chaykovsky reaction of 1 with

carbonyl compounds.60 We used DMSO as the solvent for
both our computational modeling and the experiments. The
attack of 1 on oxirane (5, Scheme 2) through TS1 is asso-
ciated with a 17.5 kcal mol-1 barrier, which is in line with the
experimental observation that only moderate heating is
required;61 the gas phase computed barrier is much higher
(30.1 kcal mol-1). The ring opening is exothermic leading to
betaine 6; elimination of DMSO through low-energy TS2

gives oxetane (7). The ring expansion occurs via SN2-back-
side attack of 1 on the CH2-O fragment (the barrier for the
frontside attack is ca. 30.1 kcal mol-1 higher). Despite only a
small ring strain release,62 the overall transformation of 1 to
7 is highly exothermic (ΔH298=-52.2 kcal mol-1). This large
driving force arisesmainly from (i) themethylene transfer from
the ylide into the oxacycle and (ii) the large increase in solvation
energy in going from 1 to betaine 6. Indeed, the gas-phase
reaction (1 þ 5 f 6) is þ18.5 kcal mol-1 endothermic, em-
phasizing the importance of including the solvent in the
computations.

The barrier for the attack of 1 onto 7 increases by ca. 8 kcal
mol-1 (TS3); DMSO loss from betaine 8 through TS4 is a
fast process as both structures lie energetically below the
reactants. The ring expansion of oxolane 9with formation of

SCHEME 2. Oxirane (5), Oxetane (7), and Oxolane (9) Ring Expansions with 1a

aRelative ΔH298 at MP2/6-31þG(d), PCM, DMSO in kcal mol-1, critical bond distances in Å.
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the six-membered oxane ring 11 through betaine 10 and TS6

is hampered by the very large barriers for the initial attack
(TS5, 38.0 kcalmol-1). The results computed atMP2 deviate
only slightly from theDFTbarriers, which are 18.9, 28.2, and
39.2 kcal mol-1 through TS1, TS3, and TS5, respectively
(PCM-B3PW91/6-31þG*).63

Thus, computations indicate a substantial increase in the
barrier for the ring expansions of cyclic ethers from 5 to 7 and
to 9. This is due to decreasing contributions of the in-plane p-
orbitals to the bonding between the reactants in the HOMO-
2 of the transition structures TS1, TS3, and TS5 (Figure 1).
The overlap of these orbitals, that describes the newly
forming C-C bond, decreases with increase of the ring
size.

As expected, themethylenation of the epoxide ring is quite
sensitive to the substitution pattern. This is apparent from
the computations on the reaction of methyloxirane (12) with
1 (Scheme 3): the presence of the methyl group in 12 has no
influence on the barrier for the attack on the CH2 group
(TS7, 17.2 kcal mol-1, cf. TS1, 17.5 kcal mol-1, Scheme 2),
whereas the barrier for the attack on the tertiary carbon is
much higher (TS8, 21.6 kcal mol-1). Remarkably, in 2,2-
disubstituted oxirane (13) the presence of another alkyl
group decreases the barrier for the attack on the methylene
carbon by 1.6 kcal mol-1 (TS9) relative to monomethyl
derivative (TS7), presumably because of larger strain release
in TS9 versus TS7. As a consequence, the reactivity of 2,2-
disubstituted oxiranes toward 1 must be higher than that

of 2-monosubstituted substrates. Thus, our computations
show that the ring expansions of oxacycles occur regioselec-
tively and stereospecifically.

To verify our computational findings experimentally, we
studied themethylenation of enantiopure (R)-2-phenyl- (14),
(R)-2-(n-hexyl)- (15), (R)-2-benzyloxymethyl- (16), (R)-2-
ethyl-2-phenyl- (17), and (2R,3R)-2-methyl-3-phenyl- (18)
oxiranes (Table 1, entries 1-5). The reactions proceed
smoothly in DMSO or tBuOH at 50-75 �C; 1 was prepared
in situ from dimethylsulfoxonium iodide and sodium hy-
dride or potassium tert-butylate (see Experimental Section
for details). As a result we observed full conservation of
the optical purity and retention of the stereochemistry was
observed for the resulting oxetanes 19-22 (Table 1). In
agreement with the computations the reactivity of 18 was
too low to study the stereochemistry of the ring expansion as
only trace amounts of product 23 were identified in the GC/
MS analysis (Table 1, entry 5).

Our computations show that the ring expansion of ox-
etane 7 to oxolane 9 is accompanied by a ca. 26 kcal mol-1

barrier. As a consequence, we were able to achieve satisfac-
tory conversions only upon heating to 125 �C. Oxetanes
24-32were transformed to the respective oxolanes 33-41 in
56-91% preparative yields after 0.5-24 h representing a
new general oxetane ring expansion reaction (Table 2, entries
1-9). The resulting oxolanes are stable in the presence of 1;
this agrees well with the high barrier computed for the attack
of 1 onto 9 (Scheme 2).

We also tested the stereospecificity of the expansion of (S)-
2-phenyloxetane (19) and (S)-n-hexyloxetane (20) and
found complete conservation of the optical purity and

FIGURE 1. Selected orbital diagrams and energies for TS1, TS3, and TS5.

(63) We employed the method B3PW91, which is more trustworthy for
energy evaluations than other DFT methods (see Schreiner, P. R.; Fokin,
A. A.; Pascal, R. A.; A. de Meijere, Org. Lett. 2006, 8, 3635-3638).
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SCHEME 3. Relative Barriers for the Attack of 1 on 2-Methyl-(12) and 2,2-Dimethyloxirane (13)a

aRelative ΔH298 at MP2/6-31þG(d), PCM, DMSO in kcal mol-1, critical bond distances in Å.

TABLE 1. Ring Expansions of Optically Active Oxiranes with 1 in DMSO

aThe stereochemistry was determined through the optical rotations in combination with GC on optically active stationary phase (SiHydrodex β-6-
TBDM).
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stereochemistry of resulting oxolanes (S)- and (R)-42 and
(S)-43 (Table 2, entries 10 and 11).

Conclusions

Themethylenations of oxacycles with 1 occur via SN2-type
transition structures and are accompanied by fast elimi-
nation of DMSO. The expansion of the oxirane ring is
associated with barriers of 15-17 kcal mol-1, thus requiring
only moderate heating; 2-alkyl- and 2,2-dialkyloxiranes
are similarly reactive. The oxetane ring expansions require

ca. 25 kcal mol-1 and take place at 120-130 �C to give
oxolanes in high preparative yields. Asymmetric epoxides
and oxetanes react with 1 regioselectively and stereospecifi-
cally. Full retention of enantiomeric purity and stereochem-
istry are observed for these nucleophilic ring expansions.
Thus, this represents a new and general method for the
preparation of optically active cyclic ethers from optically
pure epoxides. Oxolanes are stable even under prolonged
heating with 1 as the computed barriers for the ring expan-
sion to the six-membered oxanes are too high.

Experimental Section

General Procedures for Oxirane Ring Expansions. Procedure
A. To a well-stirred suspension of 0.038 g (1.6 mmol) of NaH in
dry DMSO (5 mL) was added 0.352 g (1.6 mmol) of trimethyl-
sulfoxonium iodide at room temperature. The mixture was
gently heated to 50-70 �C, and 2-hexyloxirane (1 mmol) in
DMSO (1 mL) was added in one portion. The reaction mixture
was stirred at that temperature for 24-48 h, cooled, carefully
quenched with water, and extracted three times with n-hexane.
The combined extracts were washed with water and brine and
dried over Na2SO4. Removal of the solvents gave the crude
product, whose purification by chromatography (Al2O3, penta-
ne-ether, 10:1) gave analytically pure oxetane 20 in 91%
preparative yield.

Procedure B. To a well-stirred suspension of 0.226 g (2 mmol)
of t-BuOK in dry t-BuOH (5mL) was added 0.440 g (2mmol) of
trimethylsulfoxonium iodide at room temperature. The mixture
was gently heated to 50-70 �C, and oxirane (1mmol) in t-BuOH
(1 mL) was added in one portion. The reaction mixture was
stirred at that temperature for 15-72 h, cooled, carefully
quenched with water, and extracted three times with n-hexane.
The combined extracts were washed with water and brine and
dried over Na2SO4. Removal of the solvents gave an oil, further
purification as above gave pure oxetanes 19, 21, and 22 in
80-88% preparative yields (Table 1). The enantiomeric purity
(>98%) was determined on GC HP6890 with Hydrodex-β-
6TBDM stationary phase (25 m � 0.25 mm capillary column,
80-150 �C (1 �C/min), 150-250 �C (20 �C/min).

(S)-(-)-2-Phenyloxetane (19) through Procedure B64. 1H
NMR (CDCl3, δ, ppm): 2.48-2.70 (m, 1 H), 2.85-3.09 (m, 1
H), 4.52-4.68 (m, 1 H), 4.69-4.87 (m, 1 H), 5.76 (m, 1 H),
7.18-7.49 (m, 5 H). 13C NMR (CDCl3, δ, ppm): 30.7
(CH2), 68.3 (CH2), 82.9 (CH), 125.2 (CH), 127.8 (CH), 128.5
(CH), 143.6 (C). [R] D = -38.0� (c 0.0329, CHCl3). MS (m/z):
134 (12%), 104 (60%), 105 (100%), 106 (33%), 77 (40%), 51
(20%).

(R)-(þ)-n-Hexyloxetane (20) through Procedure A13. 1H
NMR (CDCl3, δ, ppm): 0.87 (t, J = 7 Hz, 3 H), 1.15-1.45 (m,
8H), 1.52-1.58 (m, 2H), 2.32 (m, 1H), 2.62 (m, 1H), 4.50 (dt, 1H,
J = 6.0, J = 8.0 Hz), 4.64 (dt 1H, J = 6 Hz, J = 8 Hz), 4.85
(pentet, 1H J = 7 Hz). 13C NMR (CDCl3, δ, ppm): 14.6 (CH3),
23.2 (CH2), 24.6 (CH2), 28.0 (CH2), 29.8 (CH2), 32.4 (CH2), 38.6
(CH2), 68.6 (CH2), 83.4 (CH). [R]D=þ9.17� (c 0.0287 g/mL,
CHCl3). MS (m/z): 124 (7%), 113 (5%), 95 (10%), 81 (25%), 71
(100%), 67 (25%), 57 (20%), 55 (40%), 53 (5%).

(R)-(þ)-2-Benzyloxymethyloxetane (21) throughProcedureB65.
1H NMR (CDCl3, δ, ppm): 2.45-2.62 (m, 2 H), 3.23-3.60 (m, 2
H), 4.43-4.61 (m, 2 H), 4.51 (s, 2 H), 4.86-4.93 (m, 1 H),
7.12-7.29 (m, 5 H). 13C NMR (CDCl3, δ, ppm): 23.9 (CH2),
70.0 (CH2), 73.4 (CH2), 73.5 (CH2), 81.2 (CH), 127.6 (CH), 127.7
(CH), 128.4 (CH), 138.3 (C). [R]D = þ4.7� (c 0.0090 g/mL,

TABLE 2. Ring Expansions of Oxetanes with 1 in Diglyme (120-
130 �C)

aThe stereochemistry was determined through the optical rotations in
combination with GC on optically active stationary phase (SiHydrodex
β-6-TBDM).

(64) Lo, M. M.-C.; Fu, G. C. Tetrahedron 2001, 57, 2621–2634.
(65) Chakraborty, T.K.;Hussain, A.K.; Joshi, S. P.Chem.Lett. 1992, 12,

2385–2388.
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CHCl3).MS (m/z): 178 (1%), 107 (65%), 105 (20%), 92 (20%), 91
(100%), 79 (24%), 65 (35%), 57 (75%), 51 (24%).

(S)-(-)-2-Ethyl-2-phenyloxetane (22) through Procedure B
51
.

1H NMR (CDCl3, δ, ppm): 0.84 (m, 3 H), 1.79-2.20 (m, 2 H),
2.60-2.96 (m, 2H), 4.41-4.68 (m, 2H), 7.16-7.49 (m, 5H). 13C
NMR (CDCl3, δ, ppm): 7.5 (CH3), 33.3 (CH2), 36.0 (CH2), 65.0
(CH2), 89.3 (C), 124.2 (CH), 126.5 (CH), 128.0 (CH), 146.8 (C).
[R]D=-63.1� (c 0.0169 g/mL,CHCl3).MS (m/z): 162 (7%), 132
(25%), 117 (45%), 105 (50%), 91 (45%), 77 (80%), 51 (100%).

General Procedure for Oxetane Ring Expansions. To a well-
stirred suspension of 0.24 g (10 mmol) of NaH in dry diglyme
(5 mL) was added 1.32 g (6 mmol) of trimethylsulfoxonium
iodide at room temperature. The mixture was gently heated to
120-130 �C, and 1 mmol of oxetane in diglyme (1 mL) was
added in one portion. The reaction mixture was stirred at
120-130 �C for 0.5-20 h, cooled, carefully quenched with
water, and extracted three times with n-hexane. The combined
extracts were washed with water and brine and dried over
Na2SO4. Removal of solvent and purification by chromatogra-
phy on silica gel (pentane-ether, 8:1) gave the respective
oxolanes 33-43, in 56-84% preparative yields (Table 2).

2-Methyl-2-phenyloxolane (33)66,67. 1H NMR (CDCl3, δ,
ppm): 1.50 (s, 3 H), 1.68-2.31 (m, 4 H), 3.83-4.10 (m, 2 H),
7.17-7.43 (m, 5 H). 13C NMR (CDCl3, δ, ppm): 25.8 (CH2),
29.7 (CH3), 39.5 (CH2), 67.6 (CH2), 84.3 (C), 124.7 (CH), 126.3
(CH), 128.1 (CH), 148.2 (C). MS (m/z): 162 (1%), 147 (100%),
105 (90%), 91 (18%), 77 (54%), 51 (20%).

2-Methyl-2-(4-methylphenyl)oxolane (34). Colorless liquid.
1H NMR (CDCl3, δ, ppm): 1.44 (s, 3 H), 1.60- 2.20 (m, 4 H),
2.25 (s, 3 H), 3.72-4.03 (m, 2 H), 7.00-7.10 (m, 2H), 7.15-7.25
(m, 2 H). 13C NMR (CDCl3, δ, ppm): 21.0 (CH3), 25.8 (CH2),
29.8 (CH3), 39.4 (CH2), 67.5 (CH2), 84.1 (C), 124.6 (CH), 128.7
(CH), 135.8 (C), 145.1 (C).MS (m/z) 176 (5%), 161 (100%), 119
(98%), 91 (48%), 65 (24%), 51 (13%). HRMS (m/z): found
176.1203; calcd for C12H16O 176.1201.

2-(4-Fluorophenyl)oxolane (35)68. 1HNMR (CDCl3, δ, ppm):
1.65-1.78 (m, 1 H), 1.86-2.03 (m, 2 H), 2.16-2.31 (m, 1 H),
3.79-3.92 (m, 1 H), 3.98-4.07 (m, 1 H), 4.76-4.84 (m, 1 H),
6.89-7.02 (m, 2H), 7.16 - 7.28 (m, 2 H). 13C NMR (CDCl3, δ,
ppm): 26.0 (CH2), 34.7 (CH2), 68.6 (CH2), 80.1 (CH), 115.0 (d,
J=21Hz, CH), 127.2 (d, J=8Hz, CH), 139.0 (d, J=2Hz, C),
162.0 (d, J = 234 Hz, C). 19F NMR (CDCl3, δ, ppm, CBr2F2):
-115.9 (s). MS (m/z): 166 (23%), 165 (30%), 123 (100%), 109
(40%), 95 (67%), 75 (60%), 50 (40%).

2-Methyl-2-naphtyloxolane (36). Colorless liquid. 1H NMR
(CDCl3, δ, ppm): 1.44 (s, 3 H), 1.62-2.36 (m, 4 H), 3.82-4.10
(m, 2 H), 7.29-7.50 (m, 3 H), 7.65-7.87 (m, 4 H). 13C NMR
(CDCl3, δ, ppm): 25.8 (CH2), 29.6 (CH3), 39.4 (CH2), 67.7
(CH2), 84.40 (C), 122.9 (CH), 123.8 (CH), 125.5 (CH), 126.0
(CH), 127.5 (CH), 127.9 (CH), 128.1 (CH), 132.3 (C), 133.2 (C),
145.5 (C).MS(m/z): 212 (21%), 197 (100%), 155 (75%), 127 (60%).
HRMS (m/z): found 212.1206; calcd for C15H16O 212.1201.

2,2-Di-n-butyloxolane (37)69. 1H NMR (CDCl3, δ, ppm):
0.85-0.93 (m, 6 H), 1.04-1.50 (m, 12 H), 1.51-1.68 (m, 2 H),
1.70-1.90 (m, 2H), 3.72 (t, J=7Hz, 2H). 13CNMR(CDCl3, δ,
ppm): 14.1 (CH3), 23.4 (CH2), 26.3 (CH2), 26.6 (CH2), 35.1

(CH2), 38.3 (CH2), 67.2 (CH2), 84.9 (C). MS (m/z): 127 (100%),
85 (26%), 57 (58%).

2,2-Diphenyloxolane (38)70. 1H NMR (CDCl3, δ, ppm): 1.76-
2.00 (m, 2 H), 2.44 (t, J = 11 Hz 2 H), 3.92 (t, J = 11 Hz, 2 H),
7.04-7.46 (m, 10 H). 13C NMR (CDCl3, δ, ppm): 25.6 (CH2),
38.7 (CH2), 67.5 (CH2), 88.1 (C), 125.9 (CH), 126.85 (CH),
128.4 (CH), 146.6 (C). MS (m/z): 224 (56%), 165 (15%), 148
(15%), 147 (98%), 115 (18%), 105 (100%), 91 (14%), 77 (70%),
51 (24%).

1-Oxaspiro[4.6]undecane (39). Identical to the standard sam-
ple obtained earlier.55

1-Oxaspiro[4.11]hexadecane (40)71. Colorless liquid. 1H NMR
(CDCl3, δ, ppm): 1.27 (bs, 20 H), 1.46-1.62 (m, 4 H), 1.68-1.93
(m, 2H), 3.70 (t, J=8Hz, 2H). 13CNMR (CDCl3, δ, ppm): 20.1
(CH2), 22.2 (CH2), 22.5 (CH2), 25.6 (CH2), 26.1 (CH2), 26.6
(CH2), 33.1 (CH2), 36.1 (CH2), 66.4 (CH2), 85.5 (C). MS (m/z):
224 (7%), 97 (100%), 84 (64%), 55 (43%). HRMS (m/z): found
224.2140; calcd for C15H28O 224.2143.

7-tert-Butyl-1-oxaspiro[4.5]decane (41)72.Colorless liquid. 1H
NMR (CDCl3, δ, ppm): 0.8 (s, 9 H), 1.21-1.30 (m, 4 H),
1.49-1.58 (m, 5 H), 1.65-1.71 (m, 2 H), 1.77-1.86 (m, 2 H),
3.73 (t, J=8Hz, 2 H). 13C NMR (CDCl3, δ, ppm): 23.8 (CH2),
25.4 (CH2), 27.7 (CH3), 32.4 (C), 37.1 (CH2), 38.2 (CH2), 47.8
(CH), 66.7 (CH2), 80.9 (C). MS (m/z): 196 (6%), 97 (100%), 84
(15%), 55 (25%). HRMS (m/z): found 196.1828; calcd for
C13H24O 196.1827.

(S)-(-)-2-Phenyloxolane (42)73. 1H NMR (CDCl3, δ, ppm):
1.68-1.85 (m, 1 H), 1.9 -2.11 (m, 2 H), 2.22-2.34 (m, 1 H),
3.85-3.90 (m, 1 H), 4.00-4.07 (m, 1 H), 4.88-4.91 (m, 1 H),
7.2-7.4 (m, 5 H). 13C NMR (CDCl3, δ, ppm): 26.1 (CH2), 34.7
(CH2), 68.7 (CH2), 80.7 (CH), 125.7 (CH), 127.1 (CH), 128.3
(CH), 143.5 (C). MS (m/z): 148 (78%), 147 (100%), 117 (15%),
105 (80%), 91 (12%), 77 (20%); [R]D=-37.6�, (c 0.0162 g/mL,
CHCl3). The enantiomeric purity (>98%) was determined on
GC HP6890 with Hydrodex-β-6TBDM stationary phase (25 m
� 0.25 mm capillary column, 80-150 �C (1 �C/min), 150-
250 �C (20 �C/min). (R)-(þ)-2-Phenyloxolane (42): yield 85%.
[R]D = þ40.7� ( c 0.0142 g/mL, CHCl3).

(R)-(þ)-n-Hexyloxolane (43)70. 1H NMR: 0.81-0.91 (m,
3 H), 1.15-1.48 (m, 11 H), 1.77-2.08 (m, 3H, 3.62-3.94 (m, 3
H). 13C NMR: 14.1 (CH3), 22.6 (CH2), 25.7 (CH2), 26.4 (CH2),
29.4 (CH2), 31.4 (CH2), 31.9 (CH2), 35.8 (CH2), 67.7 (CH2), 79.5
(CH); [R]D =þ 3.98�, (c 0.0061 g/mL, CHCl3). MS (m/z): 156
(<1%), 138, 71 (100%). The enantiomeric purity (>98%)
was determined on GC HP6890 with Hydrodex-β-6TBDM
stationary phase (25 m x 0.25 mm capillary column, 80-150 �C
(1 �C/min), 150-250 �C (20 �C/min).
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