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The reaction between 1,2-cyclic sulfites and soft carbon centered nucleophiles
has been investigated. For monosubstituted cyclic sulfites, the main products
were y-lactones or acetoxy esters. For 1,2-disubstituted cyclic sulfites, cycloprop-
anes, carbonate and dioxolanes were the main products. A mechanistic rationale

tor the product formation is presented.

The chiral y-lactone functionality is prevalent in many
natural products.! y-Lactones are found in flavour com-
ponents,?™* in feromones,>!? in lignans,'? and in cellular
signalling substances.!**¢ In addition, substituted
v-lactones have been widely utilised as chiral templates
for the preparation of complex natural products.!’2°
The enantiomers can show striking differences in biol-
ogical activity, and as a result of this, a large number of
methods for the asymmetric synthesis of lactones have
been developed recently.?!-3¢

Cyclic sulfites and sulfates have similar synthetic poten-
tial to epoxides and have been proposed as new synthetic
epoxide equivalents. The electrophilic chemistry of cyclic
sulfates and sulfites has recently been reviewed.’”3% We
have previously reported that a cyclic sulfite can react
with dimethyl malonate anion to form a y-lactone, albeit
in low yield.* 1,2-Cyclic sulfites are most conveniently
prepared from vicinal diols, which are now available in
high enantiomeric excesses by asymmetric dihydroxy-
lation (AD) of alkenes.**4!

In this work we have explored the possibility of
preparing enantiomerically pure y-lactones from the
readily available vicinal-diols via 1,2-cyclic sulfites.
Enantiomerically pure cyclic sulfites have been treated
with soft carbon nucleophiles such as the anions of
B-diesters or B-keto esters. These nucleophiles alkylate
the cyclic sulfites forming y-hydroxy esters and acetoxy
esters which can subsequently cyclise to y-lactones. We
have also studied the efficiency, the enantioselectivity
and some limitations of this process.

*To whom correspondence should be addressed.
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Results and discussion

The chiral diols (1a—g) were prepared in good yields and
excellent enantiomeric purities by asymmetric dihydroxy-
lation*>*! of the corresponding alkenes. As shown in
Scheme 1, the cyclic sulfites (2a-g) were formed by
treating diols 1a—g with thionyl chloride in dichlorometh-
ane. The yields of cyclic sulfites were good, and, with the
exception of the symmetrical cyclic sulfite 2f, a near
equimolar ratio of diastereomeric cyclic sulfites were
formed. No epimerisation of the chiral carbon atoms
during the formation of the cyclic sulfites could be
detected.

Reactions with dimethyl malonate and dimethyl 2-methyl-
malonate enolates. We have previously reported that
dimethyl malonate anion reacts with cyclic sulfite 2a in
DMF to give the y-lactone (3S,4R)-4,5-dihydro-3-
methoxycarbonyl-4-phenyl-2 (3H)-furanone 3a,H in low
yield.?®* The variation in yield of lactone 3a,H as a
function of different solvents and bases was investigated.
In DMSO, acetonitrile and THF, the yield of lactone
3a,H decreased, and in HMPA only diol 1a could be
isolated upon completion of the reaction. In DMF, or
mixtures of solvents such as DMF-THF (4:1) or DMF-
acetonitrile (4:1), the yields were higher than in the
other solvents used. Sodium hydride was the preferred
base and was found to give superior yields compared
with lithium hydride, dimsyl sodium, potassium fert-
butoxylate and LDA. The best yields so far were obtained
by heating the cyclic sulfite in DMF at 80 °C for 2 h with
a threefold excess of dimethyl malonate anion generated
by sodium hydride. Under these conditions cyclic sulfite
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2a produced the y-lactone (3a,H) as shown in Scheme 1
in 63% yield (Table1) with an enantiomeric excess
greater than 95% (as determined by 'H NMR spectro-
scopy using tris[3-(heptafluoropropylhydroxymethyl-
ene)-(+)-camphorato]europium [Eu(hfc);] as a chiral
shift reagent and benzene-ds as the solvent). The
400 MHz NMR spectrum of 3a,H revealed that the
lactone is formed as a single epimer suggesting that the
stereochemically labile center at C-3 adopts the thermo-
dynamically more stable 3S,4R-arrangement (the phenyl
group at C-4 is trans relative to methoxycarbonyl sub-
stituent). When the reaction mixture was heated for
prolonged periods, other products, (4R)-4,5-dihydro-4-
phenyl-2(3H)-furanone (4a,H), dimethyl (25)-2-
phenylcyclopropane-1,1-dicarboxylate (5a), and the car-
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bonate (4R)-4-phenyl-1,3-dioxolan-2-one (6a) were

formed in minor quantities (< 1%).

The y-lactone is formed by an Sy2 displacement on
the benzylic position on the cyclic sulfite as depicted in
Scheme 2. The reactions were not performed with total
exclusion of water and the resulting sulfite monoester
8a,H was hydrolysed to the y-hydroxy ester 9a,H which
spontaneously cyclised to the y-lactone 3a,H. Lactone
3a,H will also hydrolyse and decarboxylate to lactone
4a,H upon increasing the reaction time. The formation
of the cyclopropane by-product S5a,H is interesting
because this product must be formed via a double
displacement, where the malonyl moiety in the sulfite
ester 8a,H is deprotonated by the excess of the basic
nucleophile, and in the next step the malonyl anion

Table 1. Product distribution from the reaction between cyclic sulfites and dimethyl malonate or dimethyl 2-methylmalonate

anions.

Substrate Reagent Yield of products (%)

Ar R’ R? 2 3 4 5 6 7
aH Ph H H 32 60 +3 1 <1 <1
a,Me Me 3 76 +17 8+17
b.H p-MeOOC-CgH, H H 13+17 <1 9 60
b,Me Me 18+1° 77
cH 2-Naphthyl H H 26 5 10+37 11
c,Me Me 37 20+6° <1 2 9
dH p-Cl-CgH, H H 2 63 5 2 5 5
d,Me Me 1 20+ 3° 8+1° 5 33
eH p-MeO-CgH, H H 1" 73 5
e,Me Me 12 33+557 5
fH Ph Ph H 16 24 31
gH Ph Me H 17 7 23 1" 7
g,Me Me 19 16 36

2Diastereomeric mixture.
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displaces the sulfite group in a second, intramolecular
Sn2 reaction. This type of reactivity has previously been
described for the much more reactive cyclic sulfates,*?
but is not known for epoxides, and rarely observed for
cyclic sulfites.

When monosubstituted cyclic sulfites (2b—e) were
treated with dimethyl malonate anion under similar
conditions, the yield of the y-lactone generally decreased
(Table 1), with the exception for the para-methoxy-
phenyl-substituted cyclic sulfite 2e, where the correspond-
ing y-lactone 3e,H could be isolated in 73% vyield,
suggesting that the reaction proceeds more smoothly
when an electron-donating substituent is present at the
site of nucleophilic attack. Consequently, electron-with-
drawing substituents should be disadvantageous for the
reaction; the para-methoxycarbonylphenyl substituted
cyclic sulfite (2b) gave a total yield of lactones (3b,H
and 4b,H) of only 15%. The para-chlorophenyl substi-
tuted cyclic sulfite (2d) gave lactones 3d,H and 4d,H in
68% yield. The naphthyl substituted cyclic sulfite 2¢
performed poorly pointing to steric bulk as another
limitation for the reaction. All lactones were formed as
a single epimer indicating complete thermodynamic con-
trol over the C-3 chiral carbon under the basic reaction
conditions. Typically, the cyclic sulfites that performed
poorly were less reactive, giving less clean reaction mix-
tures containing large amounts of ketone 7.

When trans- 1,2-disubstituted cyclic sulfites 2f and 2g
were employed, only traces of the y-lactones 3f,H and
3g,H could be isolated (Table 1). These lactones were
formed as one enantiomer, showing that this process is
capable of producing y-lactones with three consecutive
enantiomerically pure chiral centers albeit in very low
yield. The major products were cyclopropanes, 5f and
5g, and carbonates 6f and 6g. The increased formation
of cyclopropanes versus vy-lactones can be explained
by the increased steric hindrance induced by the
B-substituent in the primary S\2 displacement by
dimethyl malonate anion, reducing the rate of formation
of monosulfite 8,H. The formation of cyclopropanes
from 8,H is an intramolecular reaction, and will still
proceed relatively smoothly compared with the bimolec-
ular reaction even though the intramolecular reaction
will also be negatively affected by increased size of the
B-substituent.

The yield of lactones generally increased when
dimethyl 2-methylmalonate anion was used as nucleo-

phile (Table 1) with the exception of the disubstituted
cyclic sulfites where no lactone was formed. For example,
with the phenyl substutited cyclic sulfite 2a the total
lactone yield increased to 77% with an enantiomeric
excess greater than 95% [as determined by ‘H NMR
spectroscopy using Eu(hfc); as the chiral shift reagent].
In all cases where the y-lactone 3,Me was formed,
3R*,4R*- and 3S*4R*-diastereoisomers were formed in
ratios ranging from 99:1 to 3:2 showing that the nucleo-
philic addition took place with variable diastereoselectiv-
ity. The relative stereochemical assignment of the 3.5,4.5-
and the 3R,4S-diastereoisomers is based on the 'H NMR
chemical shifts of the ester methoxy and the C-3 methyl
group. In the 3S,4S-isomer, the methoxy group is cis to
the aryl substituent, and thus located in the deshielding
cone of the aryl group with an expected downfield shift.
For the 3R,4S-isomer the C-3 methyl group is located in
the deshielding cone with an expected downfield shift,
whereas the methoxy group will appear at a normal
chemical shift. This effect of the aryl substituent can be
observed in (35.45)-3a,Me where the C-3 methyl is
located at 3 1.51 and the methoxy group at & 3.46,
whereas the corresponding chemical shift in the 3R.4S-
isomer is & 1.05 and & 3.78, respectively. These conclu-
sions are supported by difference NOE-experiments with
irradiation of the C-3 methyl group and comparing these
NOE results with the internuclear distances calculated
for the global minimum for 3d,Me (Table 2).

The decarboxylation reaction of 3,Me to 4,Me takes
place via a planar enol intermediate. This allows the
conformation with the lowest energy to be formed and
the frans product is expected. The formation of trans
products is supported by comparing the observed NOE
and the measured coupling constant** between H3 and
H4 (J; ,) with the internuclear distances and the calcu-
lated coupling constant (as determined by MacroModel
V5.04%) for 4d,Me (see Table 3 and Fig. 1).

Formation of carbonates. The formation of cyclic carbon-
ates 6, with retention of the C-4 stereochemistry was
puzzling. There was evidence that the carbonate carbon
originated from the malonate as reactions performed
without dimethylmalonate showed no carbonate forma-
tion. In these reactions, however, decomposition of the
cyclic sulfite to the corresponding diol took place. We
have previously described how cyclic sulfites show ambid-
ent electrophilic properties towards different nucleo-

Table 2. Comparative examination of NOE and internuclear distances for the two diastereomeric compounds of 3d,Me.

3R4R (E=—133.1kJ mol™")?

3S5,4R (E=—132.4 kJ mol ")?

NOE (%) Distance/A? NOE (%) Distance/A®?
Me to Ph - oH 1.66 2.92 and 5.24 1.99 4.24 and 4.84
Me to H4 8.44 2.59 2.98 2.60
Me to H5 — 4.41 and 4.43 2.67 4.30 and 3.19

#Conformation energy. °From Me-C.
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Table 3. Comparative examination of measured and calcu-
lated coupling constants, NOE and internuclear distances for
the two diastereomeric compounds of 4d,Me.

3R4S 3S4S
E/kJ mol~'2 -33.1 -29.3
J3,4/Hz ((calculated)  12.0 7.8
J3,4/Hz (measured) 1.7
NOE Distance/ [}istance/
(%) A® AP
Me to Ph - oH 0.69 3.96 and 4.19 3.66 and 3.73
Me to H3 7.30 2.18 2.17
Me to H4 5.40 2.64 3.12

2Conformation energy. °From Me-C.

philes.*> In the reaction between cyclic sulfites and
chloride ions the chloride ion can react either at carbon,
liberating the sulfite monoester as a leaving group in a
normal S\2 process, or react at sulfur, liberating an
alkoxy ion as the leaving group.*’ If the malonate anions
follow a similar pattern of reactivity a nucleophilic attack
on sulfur as shown in Scheme 2 can be envisioned as a
competing reaction to the Sy2 reaction on carbon leading
to the y-lactone as described above. The nucleophile
attacking the sulfite sulfur atom is not neccessarily a
malonate enolate ion; hydroxide or hydride ions could
also add to the sulfur atom leading to ring-opening and
sulfite decomposition. When dimethyl malonate or
dimethyl 2-methylmalonate are present, the liberated
alkoxy ion can then transesterify the malonate and
liberate the sulfinate ion by hydrolysis. A second acyl
substitution on the mixed malonate ester can then yield
a carbonate and an ester enolate as shown in Scheme 2.

This hypothesis was tested by performing the reaction
with dimethyl 2,2-dimethylmalonate. This malonate,
which is devoid of nucleophilic properties, can only react

1,2-CYCLIC SULFITES

after an external nucleophile has ring opened the cyclic
sulfite, but should otherwise follow the general scheme
for carbonate formation as shown in Scheme 2.
Gratifyingly, the reaction between cyclic sulfite 2a and
dimethyl 2,2-dimethylmalonate gave more carbonate 6a
than did dimethyl 2-methylmalonate and dimethyl
malonate. In the disubstituted cyclic sulfites the forma-
tion of carbonates is much more pronounced; treatment
of sulfite 2f gives carbonate 6f in 31% yield. This effect
can be attributed to the increased steric bulk of the sulfite
substrate, leading to a shift in selectivity from the more
hindered benzylic carbon to the less encumbered sulfite
sulfur atom, resulting in carbonate formation.

Reactions with ethyl acetoacetate and ethyl 2-methyl-
acetoacetate enolates. In contrast with reactions between
cyclic sulfites and malonate enolates, no y-lactone was
formed when cyclic sulfite 2a was treated with the enolate
generated from ethyl acetoacetate (Scheme 3). The main
product in this reaction was acetoxy ester 11a together
with two diastereoisomers of dioxolane 12a and small
amounts of carbonate 6a (Table 4). A tentative rationale
for the formation of the acetoxy ester is given in
Scheme 4. The reaction sequence starts with a nucleo-
philic substitution of the acetoacetate enolate on the
benzylic carbon of the cyclic sulfite. The resulting mono-
sulfite anion is then hydrolysed and the liberated alkoxide
is then added to the more electrophilic ketone carbonyl
rather than to the less electrophilic ester as in the
analogous reaction with the malonate enolates. After the
addition to the ketone a retro-Claisen condensation
sequence takes place giving the acetoxy ester 11. When
11 is treated with dilute acid y-lactone 4 is formed in
quantitative yield.

The trans-disubstituted cyclic sulfites 2f and 2g gave
product mixtures in which acetoxy esters 11f and 11g
were present in smaller amounts and products originating
from S-nucleophilicity, 6f/6g and 12f/12g were more

(3R, 4S)y-4dMe
S O @) &
C H 0 cl

Fig. 1.

(35, 45)-4d Me
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pronounced. As was the case for the reactions with
malonate anion, this effect can be connected to the
increased bulk of the sulfite substrate leading to a shift
in nucleophile selectivity to the less encumbered sulfite
sulfur atom rather than the carbon atom.

The unusual mechanism for the dioxolane formation
12 (Scheme 4) is sustantiated by hydrolysis of the two
diastereomers 12g. The diol product formed turned out
to be a diastereomer of diol 2g which proved that the
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dioxolane was formed by an inversion at the secondary
carbon atom.

When cyclic sulfite 2a was treated with ethyl 2-methyl-
acetoacetate three groups of stereoisomeric products
appeared: ethyl (2R/S,3R)-4-acetoxy-3-phenyl-2-methyl-
butyrate (11a,Me), (4R)-4,5-dihydro-3-methyl-4-phenyl-
2(3H)-furanone (4a,Me) originating from C-C cleavage
between C2 and C3 in the acetoacetate, and a diastereo-
meric mixture of dioxolanes 2-(1-ethoxycarbonylethyl)-
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Table 4. Product distribution from the reaction between cyclic sulfites and ethyl acetoacetate or ethyl 2-methylacetoacetate

anions.

Substrate Reagent Yield of products
No. Ar R? R2 2 4 6 7 10 1 12
aH Ph H Hnt 2 1 1 2 2 70 18+10°
a,Me Me 7 24 +43° 10+7+72
f Ph Ph H 26 29 19 3 6 3+5°
g Ph Me H 9 8+1° 19 14 1 8 1M+112
#Diastereomeric mixture.

EtO Hydrolysis EtO

S-nucleophilicity

9) R o, i
OEt OEt OEt
OO?"W O’XLdY Hydrolysis O%‘/
JIE =L A == 5
© Ar
R

R'=H, Me, Ph
R?=H, Me.
o’S\
Ar 4
?H1
Scheme 4.

2-methyl-4-phenyl-1,3-dioxolane (12a,Me) originating
from S-nucleophilicity.

Conclusions

Our work shows that chiral cyclic sulfites undergo Sy2
displacements by soft carbon nucleophiles forming
enantiomerically pure y-lactones and acetoxy esters. It
also shows that if the cyclic sulfites are B-substituted, the
increased steric bulk of the sulfite substrate leads to a
shift in regioselectivity to the less encumbered sulfite
sulfur, yielding carbonates and dioxolanes. In several
cases, formation of cyclopropanes by double Sy2 dis-
placement can be observed.

11
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(o]
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Ar\\\“““ ~,
"/R1
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/S\o
0% ™o
,’,\) Ar
’R1
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Experimental

General. Proton NMR spectra were recorded on a Jeol
Eclipse 400 (399.65 MHz) or PMX 60SI (60 MHz) spec-
trometer and CDCl; was used as the solvent unless
otherwise stated. The chemical shifts are reported in ppm
downfield from Me,Si.

Gas chromatography was performed on a Varian 3400
gas chromatograph equipped with a Supelco SPB 5
capillary column (15 m x 0.32 mm ID).

Combined gas chromatography—-mass spectrometry
was carried out on a Hewlett Packard 5890 Series II
gas chromatograph equipped with either a Supelco
SPB 5 (25mx025mm ID) or a pB-cyclodextrin
(50mx0.25mm ID) column connected to a VG
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Analytical Tribrid mass spectrometer. The mass spectra
were recorded using EI ionisation (70 eV) and the ion
source temperature was 180°C. CI ionisation was per-
formed with isobutane as the reactant gas and the ion
source temperature was 150 °C.

Preparation of diols 1a-d, 1f and 1g. The diols 1a—d; 1f
and 1g were prepared in yields ranging from 61 to 80%
from the corresponding alkenes according to literature
procedures®!** using (DHQD),-PHAL (to give the R
isomer) or (DHQ),-PHAL (to give the S isomer) as a
chiral ligand. Enantiomeric purities were usually above
99.9% (GC).

Preparation of (R)-1-(4-methoxyphenyl)-1,2-ethanediol
(le). The title compound was prepared according to
literature procedures*'** using (DHQD),-PHAL, in 61%
yield and the enantiomeric purity was better than 99.9%
(GC). 1e: 'H NMR (400 MHz): 6 2.35 (1 H, br s), 2.75
(1 H, br s), 3.66 (2H, m), 3.80 (3H, s), 474 (1 H, m),
6.85 (2H, d, J=8.4Hz), 7.25 (2H, d, /J=8.4 Hz). MS
[m/=z (% rel. int.)]: 168 (2, M), 150 (15), 137 (16), 121
(100). [2]& —39 (¢ 1.0. EtOH).

General procedure for the preparation of cyclic sulfites.
The cyclic sulfites 2a—d, 2f and 2g were prepared in yields
ranging from 74 to 99% from the corresponding diols
according to literature procedures.*®

Preparation of (R)-1-(4-methoxyphenyl)-1,2-ethanediol
cyclic sulfite [(R)-4-(4-methoxyphenyl)-1,3,2-dioxathio-
lan-2-one] (2e). The title compound was prepared from
diol le in accordance with the literature procedure®
except that the reaction temperature was —78°, and 4
equiv. of triethylamine were present. The yield was 99%.

2e: 'TH NMR (400 MHz): & 3.81 (3H, s), 4.15[1/2H,
dd (apparent triplet), J=8.4 Hz], 4.47 (1/2H, dd, J=
9.2, 10.8 Hz), 4.67 (1/2H, dd, J=6.4, 9.2Hz), 4.88
(12H, dd, J=6.8, 8.4Hz), 537 (1/2H, dd, J=64,
10.8 Hz), 5.88 (1/2 H, dd, J=6.8, 7.6 Hz), 6.92 (2 H, m),
7.28 (1 H, d, J=8.8 Hz), 7.41 (1 H, d, J=8.8 Hz). MS
[m/z (% rel. int.)]: 214 (1, M), 184 (0.4), 150 (21), 135
(25), 121 (100).

Reaction of cyclic sulfites with malonate anion — general
procedure. Sodium hydride (0.36 g of a 20% suspension,
3.0 mmol) was washed four times with petroleum ether
(b.p. 40-60°C) under dry nitrogen, dry DMF (4 ml)
was added and the resulting slurry was cooled in an ice
bath. Dimethyl malonate (0.40 g, 3.0 mmol) or dimethyl
2-methylmalonate (0.44 g, 3.0 mmol) was added and the
reaction mixture was stirred for a few minutes after the
gas had evolved. The cyclic sulfite (1.0 mmol) was added
and the reaction mixture was stirred with heating
(70-80°C). The reaction was monitored by GC. The
reaction was quenched by addition of sulfuric acid (20%,
S5ml). The resulting mixture was extracted with ethyl
acetate (2x10ml) and the combined organic phases
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were washed with sulfuric acid (20%, 5ml), water
(2.5 ml), saturated sodium hydrogencarbonate solution
(2x2.5ml) and brine (5ml) before being dried
(MgSO,). The products were separated by flash chroma-
tography (SiO,; 20% EtOAc in n-heptane).

Reaction of cyclic sulfite S-2a with dimethyl malonate anion.
The reaction was performed as described in the general
procedure and the reaction time was 4.5 h. The y-lactone,
(3S,4R)-4,5-dihydro-3-methoxycarbonyl-4-phenyl-2 (3 H)-
furanone (3a,H) was isolated.

3a,H: 'H NMR (400 MHz): §3.76 (1 H, d, /=9.7 Hz),
3719 (3H,s),422 (1H,m, J=7.6 Hz), 428 (1 H, t, J=
8.3 Hz),4.72 (1 H, t, J=8.3 Hz), 7.3 (5 H, m). 13C NMR
(100.5 MHz): 6 45.21, 53.14, 53.31, 72.38, 126.90, 128.23,
129.31, 138, 167.51, 171.11. MS [m/z (% rel. int.)]: EI,
220 (9, M), 189 (10), 176 (46), 175 (100), 161(87), 145
(35), 131 (83). The enantiomeric purity was better than
95% as determined by 'H NMR spectroscopy using
Eu(hfc); as a chiral shift reagent and benzene-dg as
the solvent.

Two additional products were tentatively identified
by combined GC-MS: dimethyl (25)-2-phenylcyclo-
propane-1,1-dicarboxylate (5a) and (4S)-4-phenyl-1,3-
dioxolan-2-one (6a).

5a: MS [m/z (% rel. int.)]: EI, 234 (8, M), 202 (34),
171 (40), 170 (80), 143 (12), 129 (12), 121 (99), 115
(100).

6a: MS [m/z (% rel. int.)]: EI, 164 (61, M), 120 (9),
119 (11), 105 (25), 91 (64), 90 (100).

Reaction of cyclic sulfite S-2b with dimethyl malonate anion.
The reaction was performed as described in the general
procedure and the reaction time was 24 h. Three products
were isolated: 1-(4-methoxycarbonylphenyl)-1-ethanone,
(3R/S, 4R)-4,5-dihydro-3-methoxycarbonyl-4-(4-meth-
oxycarbonylphenyl)-2(3H)-furanone (3b,H) and (45)-4-
(4-methoxycarbonylphenyl)-1, 3-dioxolan-2-one(6b).

3b,H: 'H NMR (400 MHz): & 3.74 (1 H, m), 3.80
(3H,s), 391 (3H,s), 429 (2H,m), 475 (1 H, m), 7.32
(2H, d, J=8.0 Hz), 8.05 (2 H, d, /=8.0 Hz). *C NMR
(100.5 MHz): 8 45.1, 52.4, 53.1, 53.4, 125.6, 127.1, 130.6,
142.1, 166.4, 167.3, 170.8. MS [m/z (% rel. int.)]: EI, 220
(23), 189 (20), 162 (100), 131 (85), 103 (16). CI, 279
(100, M+H).

6b: 'H NMR (400 MHz): 6 3.93 (3 H, s), 4.28 (1 H,
t, J=80Hz),484 (1H,t, J=84Hz),574 (1H,t,J=
8.0Hz), 7.33 (2H, d, /=88 Hz), 8.10 (2H, d, J=
8.8 Hz). MS [m/z (% rel. int.)]: EI, 222 (22, M), 191
(100), 163 (14), 133 (30), 105(36). CI, 223 (100, M+ H).

Reaction of cyclic sulfite S-2¢ with dimethyl malonate anion.
The reaction was performed as described in the general
procedure and the reaction time was 3 days. Three
products were isolated: (3S,4R)-4,5-dihydro-3-meth-
oxycarbonyl-4-(2-naphthyl )-2(3H)-furanone (3¢,H), (4R)-
4,5-dihydro-4-(2-naphthyl)-2(3H)-furanone (4¢,H) and
(4S)-4-(2-naphthyl)-1,3-dioxolan-2-one (6c).



3c,H: 'H NMR (400 MHz): § 3.81 (3 H, 5), 3.85 (1 H,
d, J=10.3 Hz), 4.39 (2 H, m), 4.81 (1 H, m), 7.34-7.90
(7H, m). MS [m/z (% rel. int.)]: EL, 212 (57), 165 (3),
154 (100), 141 (6), 128 (7). CL, 271 (100, M+H).

4c,H. MS [m/z (% rel. int.)]: EL, 212 (55, M), 165 (3),
154 (100), 141 (7), 115 (6). CL, 213 (100, M +H).

6c: 'H NMR (400 MHz): & 4.44 (1 H, t, J=8.3 Hz),
487 (1H, t, J=8.3Hz), 5.84 (1 H, t, J=7.8 Hz), 7.51
(3H, m), 7.92 (4 H, m). MS [m/z (% rel. int.)]: EL, 214
(93, M), 170 (19), 165 (20), 154 (28), 141 (100), 128
(46), 115 (32).

Reaction of cyclic sulfite R-2d with dimethyl malonate anion.
The reaction was performed as described in the general
procedure and the reaction time was 4.5 h. Four products
were identified: (3R,45)-4,5-dihydro-3-methoxycarbonyl-
4-(4-chlorophenyl)-2(3H)-furanone (3d,H), (45)-4,5-di-
hydro-4-(4-chlorophenyl)-2(3 H)-furanone (4d,H), dimeth-
yl (2R)-2- (4-chlorophenyl)-cyclopropane-1,1-dicarboxyl-
ate(5d) and (4R)-4-(4-chlorophenyl)-1,3-dioxolan-2-one
(6d).

3d,H: '"H NMR (400 MHz): & 3.69 (1H, d, J=
10.2 Hz), 3.78 (3 H, s5), 4.21 (2 H, m), 4.69 (1 H, m), 7.18
(2H, d, J=8.8 Hz), 7.33 (2 H, d, J=8.8 Hz). 13C NMR
(100.5 MHz): 6 44.67, 53.25, 53.39, 72.13, 128.47, 129.57,
134.24, 135.1, 167.34, 171.0. MS [m/z (% rel. int.)]: EI,
256 (10, M), 254 (26, M), 225 (3.5), 223 (11), 212 (24),
211 (67), 210 (69), 209 (100), 198 (12), 197 (43), 196
(37), 195 (93), 181 (21), 179 (57), 167 (51), 165 (92),
151 (23), 149 (33).

4d,H: MS [m/z (% rel. int.)]: EI, 198 (8, M), 196 (22,
M), 140 (32), 138 (100), 127(2), 125 (6), 103 (155).

5d: 'H NMR (400 MHz): & 1.73 (1 H, dd, J=5.5,
9.12 Hz), 2.15 (1 H, dd, J=5.1, 8.0 Hz), 3.17 (1 H, t,
J=8.8 Hz),3.40 (3H,s),3.78(3H,s),7.12(2H,d, J=
8.4 Hz), 7.23 (2 H, d, J=8.4 Hz). MS [m/z (% rel. int.)]:
El, 270 (6, M), 268 (18, M), 238 (19), 236 (56), 206
(36), 204 (96), 157 (35), 155 (100), 151 (23), 149 (62).
6d: MS [m/z (% rel. int.)]: EI, 200 (23, M), 198 (38, M),
156 (5), 154 (15), 127 (29), 126 (37), 125 (87), 124 (100).

Reaction of cyclic sulfite R-2e with dimethyl malonate anion.
The reaction was performed as described in the general
procedure except that THF was the solvent. The reaction
time was 24 h. Two products were isolated: (3R,4S)-
4,5-dihydro -3 -methoxycarbonyl -4 -(4 -methoxyphenyl) -
2(3H)-furanone (3e,H), (45)-4,5-dihydro-4-(4-methoxy-
phenyl)-2(3H)-furanone (4e,H).

3¢,H: 'H NMR (400 MHz): & 3.68 (1H, d, J=
10.3 Hz), 3.77 (3 H, s), 3.78 (3 H, s5), 4.10-4.25 (2 H, m),
4.66 (1H, t, J=8.0Hz), 6.88 (2H, d, J=8.4Hz), 7.15
(2H, d, J=8.8 Hz). ®*C NMR (100.5 MHz): § 44.71,
53.23, 53.55, 55.41, 72.59, 114.72, 128.16, 128.75, 159.50,
167.66, 171.42. MS [m/z (% rel. int.)]: EI, 250 (51, M),
219 (9), 206 (52), 190 (60), 175 (48), 161 (100), 132 (58).

4¢,H: MS [m/z (% rel. int.)]: EI, 192 (37, M), 134
(100), 121 (17), 119 (18).

1,2-CYCLIC SULFITES

Reaction of cyclic sulfite S-2f with dimethyl malonate anion.
The reaction was performed as described in the general
procedure, but a higher temperature (90-100°C) and 9
equiv. of sodium hydride and dimethyl malonate were
used. The reaction time was 2 days. Two products were
identified: dimethyl (2S,35)-2,3-diphenylcyclopropane-
1,1-dicarboxylate (5f) and (4S5,55)-4,5-diphenyl-1,3-
dioxolan-2-one (6f).

5f: 'H NMR was in accordance with the literature.*
MS [m/z (% rel. int.)]: EI, 310 (1, M), 278 (62), 246
(100), 218 (23), 191 (76).

6f: 'H NMR (60 MHz): § 545 (2 H, s), 7.4 (10 H, m).
MS [m/z (% rel. int.)]: EI, 240 (38, M), 196 (20), 195
(31), 178 (16), 167 (65), 90 (100).

Reaction of cyclic sulfite RR-2g with dimethyl malonate
anion. The reaction was performed as described in the
general procedure, but a higher temperature (90-100 °C)
and 9 equiv. of sodium hydride and dimethyl malonate
were used. The reaction time was 3 days. Three products
were isolated: (3R/S,4S,5R)-4,5-dihydro-3-methoxycar-
bonyl-5-methyl-4-phenyl-2(3 H)-furanone (3g,H), dimethyl
(2S,3R)-2-methyl-3-phenylcyclopropane-1,1-dicarboxylate
(5g) and (4R,5R)-5-methyl-4-phenyl-1,3-dioxolan-2-one
(6g).

3g,H: "H NMR (400 MHz): § 1.02 (3 H, d, J=6.3 Hz),
381(3H,s),395(1H,d, J=83Hz),421 (1H, t, J=
7.3 Hz), 5.07 (1 H, m), 7.14-7.45 (5 H, m). MS [m/z (%
rel. int.)]: EI, 234 (2, M), 190 (29), 175 (8), 162 (95),
161 (27), 131 (100).

5g: The 'H NMR data is in accordance with the
literature.*” MS [m/z (% rel. int.)]: EI, 248 (20, M), 233
(8), 216 (21), 188 (23), 185 (48), 184 (81), 129 (87),
121 (100).

6g: '"H NMR (400 MHz): & 1.57 (3H, d, J=5.9 Hz),
4.61 (1H, dq, J=5.9, 83 Hz), 5.13 (1 H, d, /=8.3 Hz),
7.32 (5 H, m). MS [m/z (% rel. int.)]: EI, 178 (54, M),
133 (30), 117 (6), 105 (63), 90 (100).

Reaction of cyclic sulfite S-2a with dimethyl 2-methylma-
lonate anion. The reaction was performed as described in
the general procedure except that the reaction temper-
ature was 60°C. The reaction time was 24 h. The
v-lactones, (3R and 3S,45)-4,5-dihydro-3-methoxycar-
bonyl-3-methyl-4-phenyl-2(3H)-furanone (3a,Me) was
isolated as a nearly 1:1 diastereomeric mixture in
addition to a 1:8 diastereomeric mixture of (3.5 and
3R,4R)-4,5-dihydro-3-methyl-4-phenyl-2 (3 H)-furanone
(4a,Me) and (45)-4-phenyl-1,3-dioxolan-2-one (6a).

3a,Me (35,4S): 'H NMR (400 MHz): § 1.11 (3 H, s),
384(3H,s),4.19(1 H,t, J=6.6 Hz),4.56 (1 H, dd, /=
6.2, 9.2 Hz), 470 (1 H, dd, J=6.8, 9.2 Hz), 7.1-7.35
(5H, m). MS [m/z (% rel. int.)]: EI, 234 (55, M), 219
(1), 203 (8), 189 (3), 175 (10), 158 (87), 131(100), 115
(71). CI, 235 (100, M+H).

3a,Me (3R,4S): 'H NMR (400 MHz): § 1.57 (3 H, s),
3.52 (3 H,s), 3.64 (1 H, dd, /=8.0, 11.0 Hz), 4.57 (1 H,
dd, /=8.0, 8.8 Hz), 4.78 (1 H, dd, J=8.8, 11.0 Hz),
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7.1-7.35 (5 H, m). MS [m/z (% rel. int.)]: EI, 234 (2, M),
219, (2), 203, (3), 189 (100), 175 (83), 158 (5), 131,
(18), 115 (33). CI, 235 (100, M +H).

4a,Me (3R,4R): '"H NMR (400 MHz): 8 1.26 (3 H, d,
J=6.9Hz), 2.73 (1 H, m), 3.27 (1 H, m), 4.15 (1 H, dd,
J=9.16, 10.6 Hz), 4.55 (1 H, dd, J=8.1 H and 9.2 Hz),
7.25-7.40 (5H, m). BC NMR (100.5 MHz): & 13.49,
41.77, 50.07, 71.80, 127.33, 128.01, 129.24, 138.2, 179.0.
MS [m/z (% rel. int.)]: EI, 176 (39, M), 118 (100), 91 (18).

6a: 'H NMR (400 MHz): & 4.34 (1 H, dd, J=8.1,
8.4 Hz), 4.80 (1 H, t, J=8.4 Hz), 5.67 (1 H, t, J=8.1 Hz).
13C NMR (100.5 MHz): § 53.2, 71.22, 125.92, 129.33,
129.83, 136. MS [m/z (% rel. int.)]: EL, 164 (65, M), 119
(12), 105 (25), 91 (100).

Reaction of cyclic sulfite S-2b with dimethyl 2-methyl-
malonate anion. The reaction was performed as described
in the general procedure and the reaction time was
3.5h. The main product isolated was 1-(4-methoxy-
carbonylphenyl)-1-ethanone 77%. The minor products
were (3R and 3S5,45)-4,5-dihydro-3-methoxycarbonyl-3-
methyl -4 -(4 -methoxycarbonylphenyl) -2(3H) -furanone
(3b.Me). which were isolated in a 1:9 diastereomeric
mixture.

3b,Me (35,4S): '"H NMR (400 MHz): 6 1.11 (3 H, s),
3.86 (3H, s) 3.93 (3H, s), 4.26 (1 H, m), 4.58 (1 H, dd,
J=5.9,9.3Hz),4.74 (1 H,dd, J=7.3,9.3 Hz), 7.22 (2 H,
d, J=8.3 Hz), 8.03 (2 H, d, /J=8.3 Hz). MS [m/z (% rel.
int.)]: EI, 292 (43, M), 277 (1), 261 (63), 248 (20), 247
(6), 233 (13), 216 (35), 189 (49), 178 (60), 157 (87),
129 (95), 115 (100).

3b,Me (3R,4S): '"H NMR (400 MHz): § 1.60 (3 H, s),
3.53(3H,s),3.93(3H,s),4.30 (1 H,m), 4.61 (1 H, m),
481 (1H,dd,J=9.3,11.2 Hz), 7.33 (2H, d, /J=8.3 Hz),
8.04 (2 H, d, J=8.3 Hz). MS [m/z (% rel. int.)]: EI, 292
(2, M), 277 (3), 261 (16), 247 (100), 233 (93), 129 (33),
115 (47).

Reaction of cyclic sulfite S-2¢ with dimethyl 2-methylma-
lonate anion. The reaction was performed as described in
the general procedure and the reaction time was 2 days.
Three groups of products were isolated: (3R,4S)- and
(35,45)-4,5-dihydro-3-methoxycarbonyl-3-methyl-4-(2-
naphthyl)-2(3H)-furanone (3¢,Me) in a 1:4 diastereo-
meric mixture, (3R, 4R)- and (3S,4R)-4,5-dihydro-4-
(2-naphthyl)-3-methyl-2(3H)-furanone (4¢,Me) in a
nearly 1:1 diastereomeric mixture and (4S5)-4-
(2-naphthyl)-1,3-dioxolan-2-one (6c¢).

3¢,Me (35,4S): 'H NMR (400 MHz): § 1.15 (3 H, s),
3.88 (3H, s), 4.35 (1 H,m), 4.69 (1 H,m), 4.80 (1 H,
dd, J=17.3, 9.3 Hz), 7.2-8.9 (7H, m). MS [m/z (% rel.
int.)]: EI, 284 (48, M), 239 (100), 225 (82), 208 (30),
195 (11), 179 (42), 141 (41).

3¢,Me (3R,4S): '"H NMR (400 MHz): § 1.64 (3H, s),
3.50 (3H, s), 3.79 (1 H,m), 4.65 (1 H,m), 493 (1 H,
dd, /=8.8, 10.7 Hz), 7.2-8.9 (7 H, m). MS [m/z (% rel.
int.)]: EI, 284 (100, M), 239 (8), 225 (9), 208 (18), 195
(7), 181 (18), 179 (17), 170 (100), 141 (85).
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4c,Me: MS [m/z (% rel. int.)]: EI, 226 (63, M), 212
(59), 181 (8), 168 (61), 154 (100), 128 (14).

6¢c: MS [m/z (% rel. int.)]: EI, 214 (75, M), 170 (22),
154 (45), 141 (100), 128, (40).

Reaction of cyclic sulfite R-2d with dimethyl 2-methylma-
lonate anion. The reaction was performed as described in
the general procedure and reaction time was 3 h. Three
products were isolated: (3R,4R)- and (3S,4R)-4,5-dihy-
dro -4-(4 -chlorophenyl ) -3 -methoxycarbonyl -3 -methyl -
2(3H)-furanone (3d,Me) in a 7: 1 diastereomeric mixture,
(35,4S5)-4,5-dihydro-4-(4-chlorophenyl)-3-methyl-2 (3 H)-
furanone (4d,Me) and (4R)-4-(4-chlorophenyl)-1,3-di-
oxolan-2-one (6d).

3d,Me (3R,4R): '"H NMR (400 MHz): § 1.11 (3 H, s),
3.84(3 H,s),4.17[1 H, dd (apparent triplet), /=6.8 Hz],
4.51 (1 H, dd, J=6.0, 9.4 Hz), 4.69 (1 H, dd, J=7.1,
9.3 Hz), 7.08 (2H, m), 7.32 (2 H, m). MS [m/z (% rel.
int.)]: EI, 270 (2, M), 268 (6), 225 (33), 223 (100), 211
(26), 209 (78).

3d,Me, (35,4R): '"H NMR (400 MHz): & 1.57 (3H,
s), 3.57 (3H, s), 3.59 (1 H, dd, J=8.0, 11.0 Hz), 4.57
(1 H.dd. J=8.1,9.0 Hz).4.74 (1 H,dd, J=9.0, 11.0 Hz),
7.10 (2 H, m), 7.32 (2 H, m). MS [m/z (% rel. int.)]: EI,
270 (15, M), 268 (47, M), 139 (2), 237 (8), 194 (18),
192 (55), 167 (18), 165 (55), 156 (25), 154 (68), 115
(100).

4d,Me (35,4S): '"H NMR (400 MHz): § 1.19 (3 H, d,
J=6.8 Hz), 2.62 (1 H, m), 3.18-3.25 (1 H, m), 4.04 (1 H,
dd, J=9.3,10.7 Hz), 447 (1 H,d, J=8.8 Hz), 7.13 (2 H,
d, J=8.8 Hz), 7.29 (2 H, d, J=8.8 Hz). MS [m/z (% rel.
int.)]: EIL, 212 (11, M), 210 (31), 154 (34), 152 (100),
127 (4), 125 (12).

6d: 'H NMR (400 MHz): § 4.29 [1 H, dd (apparent
triplet), J=8 Hz], 4.79 (1 H, t, J=8 Hz), 5.63 (1 H, t,
J=8Hz),7.29(2H,d, /=8 Hz),7.40 (2H, d, /=8 Hz).
MS [m/z (% rel. int.)]: EI, 200 (22, M), 198 (67, M),
163 (13), 156 (1), 155 (2), 154 (4), 153 (6), 141 (9), 139
(25), 127 (17), 126 (36), 125 (51), 124 (100), 119 (21),
114 (15), 112 (47), 91 (31), 89 (89).

Reaction of cyclic sulfite R-2e with dimethyl 2-methylma-
lonate anion. The reaction was performed as described in
the general procedure and the reaction time was 3.5 h.
Three products were isolated: (3R and 3S,4R)-
4,5-dihydro-3-methoxycarbonyl-4-(4-methoxyphenyl)-3-
methyl-2(3H)-furanone (3e,Me) in a 2:1 diastereomeric
mixture and (3S,45)-4,5-dihydro-4-(4-methoxyphenyl)-
3-methyl-2(3H)-furanone (4e,Me).

3e,Me (3R,4R): '"H NMR (400 MHz): 6 1.10 (3 H, s),
3.78 (3H,s), 3.82(3H,s),4.14 (1 H, t, J=6.6 Hz), 4.51
(1H,dd, J=6.2,9.2Hz),4.68 (1 H, dd, /=173, 9.2 Hz),
6.87 (2H, d, J=8.8 Hz), 7.08 (2H, d, /J=8.8 Hz). *C
NMR (100.5 MHz): & 15.85, 48.50, 53.42, 55.37, 70.65,
114.44, 127.9, 129.03, 159.3, 171.0, 175,2. MS [m/z (%
rel. int.)]: EI, 264 (40, M), 233 (9), 219 (100), 205 (75),
188 (15), 150 (25), 121 (69),

3e,Me (3S,4R): 'H NMR (400 MHz): 3 1.54 (3 H, s),



3.55(3H,s),3.56(1H, dd, /=8.0, 11.4 Hz), 3.79 (3H,
s), 4.54 [1 H, dd (apparent triplet), J=8.1 Hz], 4.72
(1H,dd, J=8.8, 11.0 Hz), 6.87 (2 H, d, /=8.8 Hz), 7.08
(2H, d, J=8.8 Hz). *C NMR (100.5 MHz): § 19.26,
46.0, 52.60, 55.34, 55.90, 69.17, 114.43, 125.46, 128.83,
159.78, 168.80, 175.5. MS [m/z (% rel. int.)]: EL, 264 (36,
M), 233 (4), 219 (24), 205 (21), 188 (7), 150 (92),
121 (100).

4e,Me: 'H NMR (400 MHz): & 1.24 (3H, d, J=
7.0 Hz), 2.66 (1 H, m), 3.25 (1 H, m), 3.81 (3 H, s), 4.09
(1H, dd, J=9.2, 10.6 Hz), 4.51 [l H, dd (apparent
triplet), J=28.8 Hz], 6.90 (2 H, d, J=8.4 Hz), 7.16 (2 H,
d, J=8.4 Hz). MS [m/z (% rel. int.)]: EI, 206 (69, M),
161 (12), 148 (100).

Reaction of cyclic sulfite RR-2g with dimethyl 2-methyl-
malonate anion. The reaction was performed as described
in the general procedure and the reaction time was 24 h.
One product was isolated: (4R,5R)-5-methyl-4-phenyl-
1,3-dioxolan-2-one (6g).

Reaction of cyclic sulfites with ethyl acetoacetate anion—
general procedure. Sodium hydride (0.36 g of a 20%
suspension, 3.0 mmol ) was washed four times with petro-
leum ether (b.p. 40—60 °C) under dry nitrogen, dry DMF
(4 ml) was added and the resulting slurry was cooled in
an ice bath. Ethyl acetoacetate (0.39 g, 3.0 mmol) or
ethyl 2-methylacetoacetate (0.43 g, 3.0 mmol) was added,
and the mixture was stirred a few minutes after the gas
had evolved. The cyclic sulfite (1.0 mmol) was added
and the reaction mixture was heated to 70-80°C. The
reaction was monitored by GC and was quenched and
worked up as described for the dimethyl malonate
reactions.

Reaction of cyclic sulfite S-2a with ethyl acetoacetate anion.
The reaction was performed as described in the general
procedure and the reaction time was 22 h. Several prod-
ucts were identified: (4R)-4,5-dihydro-4-phenyl-2(3H)-
furanone (4a,H), (4S)-4-phenyl-1,3-dioxolan-2-one
(6a), ethyl (1R/S,2S)-1-acetyl-2-phenylcyclopropane-
carboxylate (10a), ethyl (3 R)-4-acetoxy-3-phenylbutyrate
(11a,H) and a diastereomer mixture of (2R,4S)- and
(25,4S)-2-(ethoxycarbonylmethyl )-2-methyl-4-phenyl-
1,3-dioxolan (12a,H).

4a,H: MS [m/z (% rel. int.)]: EI, 162 (28, M), 131 (3),
117 (7), 104 (100).

10a: MS [m/z (% rel. int.)]: EI, 232 (100, M), 203
(11), 186 (86), 158 (42).

11a,H: 'H NMR (400 MHz): & 1.14 (3H, t, J=
7.3 Hz), 2.00 (3H, s), 2.64 (1 H, dd, /=8.4, 15.8 Hz),
2.77(1 H, dd, J=7.0, 15.8 Hz), 3.50 (1 H, m), 4.04 (2 H,
q,J=7.3Hz),4.15(1 H,dd, /J=7.3,11.0 Hz), 4.26 (1 H,
dd, J=6.2, 11.0Hz), 7.21-7.33 (5H,m). *C NMR
(100.5 MHz): 8 14.17, 20.90, 37.71, 41.16, 60.57, 67.57,
127.28, 127.74, 128.67, 140.32, 170.84, 171.74. MS [m/z
(% rel. int.)]: EI, 205 (3), 190 (90), 178 (6), 163 (33),
135 (20), 118 (85), 104 (89). CI, 251 (100, M +H).
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12a,H (diastereomer mixture): 'H NMR (400 MHz):
6 1.27 (3H, t, J=7.3Hz), 1.61 (0.67x3H, s), 1.68
(0.33x3H, s), 2.78 (0.33 x2 H, s), 2.83 (0.67x2 H, s),
373 (1H,m), 4.18 (2H,m), 4.33 (1H,m), 5.09
(1 H, m), 7.28-7.50 (5 H, m). 13C NMR (100.5 MHz): §
14.27, 14.28, 25.17, 25.40, 44.59, 45.23, 60.68, 60.70,
71.94, 72.09, 78.27, 78.5, 108.74, 108.84, 126.39-128.64,
137.91, 138.6, 169.45, 169.49. MS [m/z (% rel. int.)]: EI,
235 (45), 220 (20), 190 (23), 163 (87), 144 (58), 131
(42), 120 (100). CI, 2 (M +H).

Reaction of cyclic sulfite SS-2f with ethyl acetoacetate
anion. The reaction was performed as described in the
general procedure, but a higher temperature (90-100 °C)
and 9 equiv. of sodium hydride and ethyl acetoacetate
were used. The reaction time was 3 days. Four products
were identified: ethyl (1 R/S,2S,3.5)-1-acetyl-2,3-diphenyl-
cyclopropanecarboxylate (10f), ethyl (3R,4R)-4-acet-
oxy-3,4-diphenylbutyrate (11f,H), (2R/S,4S,5R)-2-(eth-
oxycarbonylmethyl )-2-methyl-4,5-diphenyl-1,3-dioxolan
(12f,H) and (485,55)-4,5-diphenyl-1,3-dioxolan-2-one
(6f).

10f: MS [m/z (% rel. int.)]: 308 (22, M), 266 (13), 262
(100), 247 (42), 220 (27), 219 (27) 191 (76).

11f,H: 'H NMR (400 MHz): & 1.07 (3H, t, J=
7,4 Hz), 1.92 (3H, s), 2.58 (2H, dd, J=6.8, 8.8 Hz),
3.67 (1H,m), 393 (2H, q, J=74Hz), 595 (1H, d,
J=7.8 Hz), 7.18-7.45 (5§H, m). MS [m/z (% rel. int.)]:
EI, 326 (0.3, M), 283 (2), 266 (5), 239 (15), 220 (14),
193 (11), 178 (61), 149 (72), 107 (100).

12f,H (diastereomer mixture): 'H NMR (400 MHz): &
1.28 (0.4x3H, t, J=73Hz), 1.34 (0.6x3H, t, J=
7.3Hz), 1.79 (0.6 x3H, s), 1.99 (0.4x3H, s), 2.96
(04%x2H,s),3.12(0.6x2H, s), 420 (04x2H, q, J=
7.3 Hz), 4.26 (0.6 x2 H, q, J=7.3 Hz), 5.56 (0.6 H, s),
5.58 (0.4 H, s), 6.98-7.09 (5H, m). MS [m/z (% rel.
int.)]: 239 (21), 220 (84), 197 (33), 179 (30), 165 (14),
146 (10), 132 (100), 107 (34).

Reaction of cyclic sulfite RR-2g with ethyl acetoacetate
anion. The reaction was performed as described in the gen-
eral procedure but a higher temperature (90-100 °C) and
9 equiv. of sodium hydride and ethyl acetoacetate were
used. The reaction time was 4 days. Three products were
identified: methyl (1R/S,2R,3R)-1-acetyl-2-phenylcyclo-
propanecarboxylate (10g), ethyl (3S,4R)-3-phenyl-4-
acetoxypentanoate (11g,H), (2R/S,4R,55)-2-(ethoxycar-
bonylmethyl) -2 -methyl -4 -phenyl -5 -methyl -1,3-di-
oxolan(12g.H), (4S,5R)-4,5-dihydro-5-methyl-4-phenyl-2-
(3H)-furanone (4g,H) and (4R,5R)-5-methyl-4-phenyl-
1,3-dioxolan-2-one (6g).

4g.H: MS [m/z (% rel. int.)]: 176 (10, M), 148 (5), 117
(3), 115 (5), 104 (100).

10g: MS [m/z (% rel. int.)]: 246 (48, M), 200 (61), 158
(13), 128 (45), 43 (100).

11g,H: 'H NMR (400 MHz): & 1.10 (6 H, m), 1.99
(3H, s), 2.61 (2H, dd, J=6.6, 11.0 Hz), 3.34 (1 H, m),
401 (2H, m), 5.16 (1 H, m). MS [m/z (% rel. int.)]: EI,
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220 (13), 204 (100), 178 (34), 174 (11), 158 (17), 130
(28). CI, 265 (45, M+H).

12g,H: 'H NMR (400 MHz): (diastereomer mixture),
60.77(0.63x3H,d, J=6.6 Hz), 0.80 (0.37x3H,d, J=
6.6 Hz), 1.26 (0.37x3 H, t, J=7.3 Hz), 1.29 (0.63 x 3 H,
t, J=7.3 Hz), 1.60 (0.63x3 H, s), 1.80 (0.37x3 H, s),
2.78 (0.37x2H, s), 2.90 (0.63x2H, s), 4.17 (2H, m),
461 (1H,m), 524 (0.37x1H, d, J=6.8 Hz), 525
(0.63x 1 H,d, J=6.8 Hz), 7.24-7.50 (10 H, m). MS [m/=
(% rel. int.)]: (diastereomer 1), EL, 249 (1), 220 (82), 202
(27), 174 (11), 177 (45), 158 (22), 134 (100), 132 (47),
128 (30). CI, 265 (28, M+H). MS [m/z (% rel. int.)]:
(diastereomer 2), EI, 249 (11), 220 (100), 202 (29), 177
(10), 174 (8), 158 (22), 132 (43), 128 (25). CI, 265
(61, M+H).

Reaction of cyclic sulfite S-2a with ethyl 2-methylace-
toacetate anion. The reaction was performed as described
in the general procedure and the reaction time was 24 h.
Three product groups were identified: (3R/S,4R)-
4,5-dihydro-3-methyl-4-phenyl-2 (3 H)-furanone (4a,Me),
ethyl  (2R/S,3R)-4-acetoxy-3-phenyl-2-methylbutyrate
(11a.Me) and (2R/S.45)-2-[(R/S)-1-ethoxycarbonyl-
ethyl]-2-methyl-4-phenyl-1,3-dioxolan (12a,Me).

11a,Me: (diastereomer 1) 'H NMR (400 MHz): § 0.96
(3H,d,/J=6.8Hz), 1.29 (3H, t, J=6.8 Hz), 1.96 (3 H,
s), 2.78 (1H,m), 3.22 (1 H,m), 4.18 (3H, m), 4.31
(1H, m), 7.17-7.34 (5 H, m). '3C NMR (100.4 MHz): §
14.21, 1593, 20.81, 4223, 47.33, 60.61, 66.68,
127.41-128.93, 139.25, 170.72, 175.64. (Diastereomer 2)
'"H NMR (400 MHz): § 1.02 (3H, t, J=6.8 Hz), 1.25
(3H, d, J=6.8Hz), 1.98 (3H, s), 2.89 (1 H,m), 3.22
(1H,m), 393 (2H, q, J=6.8Hz), 438 (2H,m),
7.17-7.34 (5H, m). *C NMR (100.5 MHz): § 13.94,
14.98, 20.83, 42.72, 47.35, 60.28, 65.25, 127.08 — 128.65,
140.16, 170.87, 174.74. (Both diastereomers) MS [m/z (%
rel. int.)]: EIL, 219 (1), 204 (54), 189 (100), 177 (42), 161
(15), 135 (23), 131 (36), 118 (71). CI, 265 (5, M+H).

12a,Me: 'H NMR (400 MHz): (diastereomer mixture)
8 1.22-1.36 (6 H, m), 1.51 and 1.59 (3H, 2xd, J=24,
3.0Hz), 291 (1H,m), 3.60 and 3.72 (1 H,m), 4.18
(2H,m), 428441 (1H,m) 5.01-5.16 (1H,m)
7.28-7.48 (5 H, m). MS [m/z (% rel. int.)]: EI, 249 (6),
234 (1), 203 (1), 163 (100), 143 (5), 129 (20). CI: 265
(1, M+H).

Molecular modeling. Molecular modeling was performed
using MacroModel v 5.0 software on a Silicon Graphics
INDY workstation. To find all low-energy conformations
for compounds (3S,45)-4,5-dihydro-4-(4-chlorophenyl )-
3-methyl-2(3 H)-furanone [(3S,4S5)-4d,Me] and (3R,4S)-
4,5-dihydro-4-(4-chlorophenyl )-3-methyl-2(3H)-furan-
one [(3R,4S5)-4d,Me], a 3000-step Monte Carlo con-
formational search using the MM2* force field and
GB/SA chloroform solvent model was performed.
Conformations were minimised with Polak—Ribiere
conjugated gradient until the gradient was below
0.05kJ A™'. For compound (3S,45)-4d,Me, two unique
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conformations were found with a difference in conforma-
tional energy of 3.5kJ mol™'. For compound (3R.,4S)-
4d,Me, four unique conformations were found within
3.2 kJ mol~! of the global minimum.
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