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(c 1.4, MeOH); 'H NMR (100 MHz, CDCl;) 6§ Me,Si 1.24 (3 H,
s),3.13(1H,'/,ABq, J = 14.6 Hz), 3.23 (1 H, !/, ABq, J = 14.6
Hz), 3.53 (3 H, br s), 7.2-7.4 (5 H, m); IR (NaCl, neat) 3410, 3060,
1585, 1485, 1440, 1365, 1045, 735 cm™.

Utilizing exactly the same procedure above on the crude epoxide
obtained from (-)-DET afforded (R)-(-)-8: [«]%p —2.631° (c 0.8,
MeOH).

(8)-(+)-2,2,4-Trimethyl-4-[(phenylthio)methyl]-1,3-di-
oxolane (9). A solution of the crude diol 8 (1.4 g, ca. 2.2 mmol,
1.0 equiv) and D-camphorsulfonic acid (20 mg) was stirred in
2,2-dimethoxy propane (5 mL) at room temperature for 6 h. The
mixture was diluted with CH,Cl,, poured into 0.1 N NaOH, and
thoroughly extracted with CH,Cly. The combined extracts were
dried over anhydrous sodium sulfate, filtered, evaporated, and
separated on silica gel (eluted with 5% Et,0 in hexanes and then
20% Et,0 in hexanes) to afford 181 mg (35% overall from 6) of
the acetonide 9 (oil): [a]%p +4.27° (c 1, CHCl,); 'H NMR (100
MHz, CDCl,), 8 Me,Si 1.39 (9 H, 5), 3.15 (2 H, 5), 3.73 (1 H, !/,
ABq, J = 8.8 Hz),4.00 (1 H, !/, ABq, J = 8.8 Hz), 7.23-7.38 (6
H, m); IR (NaCl, neat) 3060, 1585, 1480, 1440, 1370, 1210, 1055,
980, 730, 685 cm™.

From (R)-(-)-8, (R)-(-)-9 was obtained: [a]?p —4.545° (c 2.0,
CHCly).

(8)-2,2,4-Trimethyl-4-[ (phenylsulfinyl)methyl]-1,3-di-
oxolane (10). To a stirred solution of sulfide 9 (180 mg) in CH,Cl,
(5 mL) was added m-chloroperoxybenzoic acid (28 mg, 0.16 mmol)
at room temperature. After 1.5 h, sequential addition of 10-mg
portions of m-chloroperoxybenzoic acid was carried out every hour
until the total amount added reached 93 mg. The mixture was
diluted with CH,Cl,, poured into 0.1 N NaOH solution, and
thoroughly extracted with CH,Cl,. The combined extracts were
dried over anhydrous sodium sulfate, filtered, evaporated, and
separated on PTLC silica gel (eluted with 25% hexanes in Et,0)
to afford a mixture of diastereomeric sulfoxides 10 (125 mg, 23%
overall from 6). A pure sample of each diastereomer could be
obtained by repeated PTLC on silica gel (eluted with 25% hexanes
in EtQO).

One Isomer: 'H NMR (100 MHz, CDCl,) 6 CHCI; 1.42 (6 H,
s), 1.49 (3 H, s), 2.95 (2 H, d), 3.81 (1 H, !/, ABq, J = 8.8 Hz),
4.40 (1 H, !/, ABq, J = 8.8 Hz), 7.4-7.6 (5 H, m). The Other
isomer: 'H NMR (60 MHz, CDCl;) § CHCl; 1.36 (6 H, s), 1.62
(3H,s),296(2H,d),3.80 (1H, !/, ABq, J = 9 Hz), 4.08 (1 H,
1/, ABq, J = 9 Hz), 7.3-7.7 (5§ H, m). The mixture of diastereomers
obtained from the initial reaction was used directly for the sub-
sequent Pummerer reaction, without purification.

(R)-(+)-2,2,4-Trimethyl-4-(hydroxymethyl)-1,3-dioxolane
(2). A stirred solution of the sulfoxide 10 (286 mg, 1.1 mmol, 1.0
equiv) and sodium acetate (550 mg, 6.6 mmol, 6.0 equiv) was
heated to reflux in acetic anhydride (12 mL) for 11 h. The mixture
was allowed to come to room temperature, diluted with CH,Cl,,
poured into 1 N NaOH solution, and thoroughly extracted with
CH,Cl,. The combined extracts were dried over anhydrous sodium
sulfate, filtered, evaporated, and purified on PTLC silica gel
(eluted with 25% Et,0 in hexanes) to afford 285 mg (88%) of
the a-acetoxy sulfide, which was directly used for the subsequent
reduction to 2 or hydrolysis to 1.

Reduction to 2. To a stirred solution of the crude acetate
obtained above (270 mg, 0.91 mmol, 1.0 equiv) in dry Et,0 (10
mL) at 0 °C was added lithium aluminum hydride (182 mg, 4.55
mmol, 5.0 equiv) in one portion. After 1 h, a saturated aqueous
sodium sulfate solution was added dropwise to quench the excess
hydride. The mixture was filtered and evaporated followed by
a bulb-to-bulb distillation (ca. 1 mm) to afford the alcohol 2 (105
mg, 80%) as a colorless oil: [«]?®y +4.42° (c 2.4, CH,Cl,) (85%
ee based on resolved 2 [«]%p +5.2°).

From (R)-(-)-9, (§)-(~)-2 was obtained: [«]®*p —4.46° (c 1.3,
CH,Cl,) (85% ee based on resolved 2 [a]*p -5.33°).

To verify the % ee calculated above, the (S)-acetonide alcohol
2 (16 mg, 0.11 mmol, 1.0 equiv) was treated with triethylamine
(0.017 mL, 0.12 mmol, 1.11 equiv), and (-)-camphanyl chloride
(3, 24 mg, 0.11 mmol, 1.0 equiv) in THF (0.8 mL) for 2 h at room
temperature. The mixture was filtered and evaporated to afford
39 mg (100%) of the corresponding camphanyl esters; HPLC
analysis (silica gel B10, eluted with 10% EtOAc in hexanes)
indicated an 92.5:7.5 ratio of 5:4, which corresponds to ca. 85%
diastereomeric excess.

(8)-(-)-2,2,4-Trimethyl-1,3-dioxolane-4-carboxaldehyde (1).
Procedure A: Swern Oxidation of 2. To a stirred solution
of oxalyl chloride (0.24 mL, 2.756 mmol, 1.1 equiv) in CH,Cl, (10
mL) at -78 °C was added Me,SO (0.39 mL, 5.5 mmol, 2.2 equiv)
over a 5-min period. After the suspension was stirred for 20 min,
(R)-(+)-2 (365 mg, 2.5 mmol, 1.0 equiv) in CH,Cl, (3 mL) was
added at ~78 °C. After stirring for 55 min, Et;N (1.75 mL, 12.5
mmol, 5.0 equiv) was added at —78 °C and the cooling bath was
removed. The thick white suspension was stirred for 3.5 h at room
temperature, diluted with Et,O (70 mL), washed with water, dried
over anhydrous sodium sulfate, filtered, evaporated, and carefully
bulb-to-bulb distilled to afford 156 mg (43%) of the optically active
(8)-aldehyde 1 as a clear, colorless oil: [@]*p -11.561° (¢ 5.0,
CH,Cly); tH NMR (100 MHz, CDCl,) 6§ Me,Si 1.37 (3 H,s), 1.40
(3H,s),1.43(3H,s),3.72(1 H,'/,ABq,J = 9.0 Hz),4.23 (1 H,
1/, ABq, J = 9.0 Hz), 9.63 (1 H, s).

Procedure B. To a stirred solution of the a-acetoxy sulfide
(obtained above from the Pummerer reaction) (400 mg, 1.35 mmol,
1.0 equiv) in MeOH (5 mL) was added K,CO; (100 mg), and the
mixture was refluxed for 2 h, After being cooled to room tem-
perature, Et;0 (25 mL) was added, and the mixture was fiitered,
carefully evaporated, and bulb-to-bulb distilled to afford 100 mg
(51%) of the pure aldehyde as a clear, colorless oil.

The aldehyde 1 was obtained from the (-)-DET sequence:
[a]?®p +10.42° (c 0.2, CH,Cly).
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Synthesis and Conformational Aspects of cis- and
trans-3-Carbomethoxy-6-oxabicyclo[3.1.0]hexane
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It is recognized that 3-aminocyclopentanecarboxylic acid
is a valuable probe for the study of the biological action
of the neurotransmitter y-aminobutyric acid (GABA).
Striking differences in activity are noted for the cis and
trans isomers in both neurotransmitter uptake! and action
at the receptor.?

(1) (a) Pitzer, K. 8. Science 1945, 101, 672. (b) Kilpatrick, J. E.; Pitzer,
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Donath, W. E. J. Am. Chem. Soc. 1959, 81, 3213-8.
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Figure 1. The two major conformations of 6-oxabicyclo[3.1.0]-
hexane.

In our studies on the synthesis of affinity labeling agents
for the GABA receptor it is essential to verify the stereo-
chemistry of the isomers of 3-carbomethoxy-6-oxabicy-
clo[3.1.0]hexane (3a, 3b) that will be used as precursors
in the synthesis of a bicyclic aziridine analogue of GABA.
Chromatographic separation was achieved for epoxides 3a
and 3b, and isomer assignments were made on the basis
of the 'H NMR spectra and the known conformational
preferences of the oxabicyclic ring system. Unlike six-
membered rings that exist in several well-defined ener-
getically distinct conformational forms, five-membered
rings interconvert readily between many minimal energy
forms by “pseudorotation” or ring puckering.* Substit-
uents that change the torsional strain of the ring and in-
crease the potential barrier to “pseudorotation”, however,
stabilize some conformations relative to others. The
conformational analysis of these compounds can be carried
out by various spectral techniques. In general, it has been
observed that those conformations in which such sub-
stituents are situated in the most puckered part of the
cyclopentane ring are preferred,® regardless of their “axial”
or “equatorial” orientation on the ring.? The epoxide ring
in 3 would, a priori, be expected to have a dramatic in-
fluence on the conformational equilibrium of this molecule.
Raman,® far infrared,’® and microwave® ! spectral studies,
as well as dipole moment measurements®'112 and ab initio
(SCF) molecular orbital calculations, in fact, all indicate
that oxabicyclohexane and bicyclo[3.1.0Jhexane (BCH)
both exist in only one stable conformation, the pseudo-boat
form (Figure 1). When the total energies of the different
possible conformers of BCH were plotted as a function of
the angle ¢ between the plane of ring carbons 1, 2, 4, and
5 and the plane created by carbons 2-4, a single energy
minimum was observed that corresponded to ¢ = +24.7°.13

(2) (a) Hendrickson, J. B. J. Am. Chem. Soc. 1961, 83, 4537-47. (b)
Hendrickson, J. B. Ibid. 1963, 85, 4059.

(3) Ouannes, C.; Jacques, J. Bull. Soc. Chim. Fr. 1965, 3601-10.

(4) Lewis, J. D.; Laane, J. J. Chem. Phys. 1974, 61, 2343-5.

(5) Lord, R. C.; Malloy, T. B., Jr. J. Mol. Spectrosc. 1973, 46, 358-70.

(6) Carreira, L. A.; Lord, R. C. J. Chem. Phys. 1969, 51, 2735-44.

(7) Lafferty, W. J. J. Mol. Spectrosc. 1970, 36, 84-93.

(8) Erlandsson, G. Ark. Fys. 1955, 9, 341-3.

(9) Creswell, R. A.; Lafferty, W. J. J. Mol. Spectrosc. 1973, 46, 371-80.

(10) McCullough, dJ. J.; Henbest, H. B.; Bishop, R. J.; Glover, G. M.;
Sutton, L. E. J. Chem. Soc. 1965, 5496-9.

(11) Mjoberg, P. J. Chem. Phys. 1978, 29, 201-8.

(12) Steyn, R.; Sable, H. Z. Tetrahedron 1971, 27, 4429-47.

(13) Sinnott, M. L.; Widdows, D. J. Chem. Soc., Perkin Trans. 1 1981,
401-2.
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Table I. **C and 'H Chemical Shifts for cis- and trans-
3-Carbomethoxy-6-oxabicyclo[ 3.1.0}hexane (3b, 3a)¢

3a (trans) 3b (cis)

5¢ N 8¢ INY
carbonyl carbon? 175.03 1.60 174.94 4.91
C,,C, 55.89  8.55 55.88  11.29
oC 51.55 1.85 51.68 3.10
C, 37.47 3.50 38.12 7.05
C,,C, 31.50 2.93 30.52 5.01
OCH, 3.63 0.88 3.63 0.72
1, 5-Ha 3.47 2.52 4.42 1.12
3-H (8) 2.65 224 (a)2.60 1.42
2,4-Hg 2.35 1,90 2.70 1.54
2,4-Hao 1.85 1.62 1.85 0.82

¢ Chemical shifts are reported in parts per million (5)
downfield from the internal standard, tetramethylsilane;
the solvent was deuteriochloroform (CDCl,). ? The
assignments are noted in the structure illustrated in the
reaction scheme. ¢ All ®C assignments were based on off-
resonance decoupled spectra. ¢ Chemical shift difference
at a mole ratio of 0.2 tris{ 3-(heptafluoropropylhydroxy-
methylene)-d-camphorato Jeuropium(III)(Eu(hfc), to 3.

The normal shape of this curve represents mainly the
3-methylene group moving across the energy barrier be-
tween the energy minima of the two puckered conforma-
tions, i.e., the pseudo-boat and pseudo-chair forms. Typ-
ically, this potential function is asymmetric, and two
minima are observed that differ in energy if one ring
conformer is more stable than the other. The existence
of a single energy minimum at & positive value of ¢,
therefore, indicates that normally there is no stable
chairlike conformer for this compound. This preference
was explained for the oxabicyclic system, by Steyn and
Sable,'* using models. In the pseudo-boat conformation
the dihedral angle between 1H, and 2H,, is 55°, whereas
in the pseudo-chair form this angle is decreased to 25° or
less.

McCullough and co-workers!? studied the dipole mo-
ments of some 3-substituted oxabicyclo[3.1.0]hexanes.
They verified that the boatlike form, favored by torsional
energies about bonds C;-C; and C,—Cj;, is generally pre-
ferred. The cis- and trans-3-cyano compounds were both
found to exist in this conformation. Their study also re-
vealed, however, that steric interactions or dipole~dipole
interactions between the 3-substituent and the epoxide
oxygen can be large enough, as in the case of the cis-3-
bromo derivative, to make the chairlike conformation the
more stable one.

The isomeric epoxides 3a and 3b were prepared by the
route shown in Scheme I. From mechanistic considera-
tions of the epoxidation reaction with peracids!516 it was
expected that both epoxide isomers would be formed. It
was predicted that the steric bulk of the ester group could
restrict the formation of the cyclic intermediate and result

(14) Hanselaer, R.; Samson, M.; Vandewalle, M. Tetrahedron 1978, 34,
2393-7.

(15) Levy, G. C.; Nelson, G. L. “Carbon-13 Nuclear Magnetic Reso-
nance for Organic Chemists”; Wiley-Interscience: New York, 1972; p 24.

(16) Gunthard, Hs. H.; Heusser, H.; Fiirst, A. Helv. Chim. Acta 1953,
36, 1900-17.
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Table IT. Observed and Calculated Proton Coupling Constants for cis- and
trans-3-Carbomethoxy-6-oxabicyclo[ 3.1.0]hexane (3b, 3a)?

observed coupling
constants (Hz)

calculated coupling constants® (Hz) (dihedral angles)

J protons 3a (trans) 3b (cis)

trans-chair

trans-boat cis-chair cis-boat

la, ba

la, 20; ba, 4a

la, 28; 5o, 468

20, 3a; 4a, 3o

2w, 36 4o, 38

20, 28; 4o, 48 1
28, 3a; 48, 3o

26, 38; 46, 36

WO OO
QLOBRWOOO

1.2 (105°)

8.8 (15°%)

8.8 (15°) 8.3 (20°)

7.2 (145°)

5.5 (135°) 0.8 (100°)

7.8 (25°)

@ Coupling constants are reported in Hz; the solvent was deuteriochloroform (CDCl,). ? The dihedral angles were esti-
mated from Drieding models. The out of plane angles for the 3-carbon were approximated using references 12 and 14 as
model systems. An angle of +15° was assumed for the cis boat** and a slightly larger angle of + 18° was used for the trans-
boat.!? The out-of-plane angles for the chair forms were assumed to be less than the —14.25° calculated for the cis-bromo-
epoxypentane!? because the ester group does not exert the severe dipole-dipole repulsion of the bromine atom on the
epoxide oxygen. It would not be expected to force the molecule into a conformation where H,, and H,, were totally
eclipsed. An angle of 10° was considered to be more realistic; possibly it would be smaller but not larger. ¢ The carbo-
methoxy group is in the 3a position in this isomer. ¢ The carbomethoxy group is in the 33 position in this isomer.

in a predominance of the thermodynamically stable trans
isomer 3a. It could also be argued that the carbomethoxy
group is in a favorable position to participate in the for-
mation of the transition state, directing the epoxy oxygen
cis, as described by Cerefice and Fields!” for the ep-
oxidation of dihydrophthalates. The interpretation of the
stereochemical outcome of the Cerefice and Fields ex-
periments is controversial, however, and others have pro-
posed a reasonable steric explanation.'®!® Since it is
possible that both of these effects could be operating in
our epoxidation, we attempted to determine their relative
importance to the observed isomer ratio by running the
reaction in methylene chloride and in ether. Ether was
selected because it is a polar solvent capable of disrupting
the hydrogen bonding that is important in the cyclic
transition state leading to both products and essential to
any cis directing effects of the carbomethoxy group. When
the product of the epoxidation reaction in methylene
chloride was chromatographed on silica, two compounds
were obtained in a 3:1 ratio; the more abundant compound
was eluted first. Both substances had satisfactory ele-
mental analysis (£0.40%) for the desired product, identical
mass and *C NMR spectra. When the reaction was car-
ried out in ether, it proceeded at least 5 times slower than
in methylene chloride, as expected. The same two com-
pounds were isolated with the same isomer predominating.
The isomer ratio, however, was 87:13. These results sug-
gested that the major isomer is the trans isomer.

The 'H NMR spectra of the two isomers were distinctly
different. The spectrum of the minor isomer appeared to
be a simple first-order spectrum. Chemical shifts and
coupling constants for this isomer could be measured with
a 60- and an 80-MHz instrument. The spectrum of the
major isomer was complex and it was necessary to carry
out decoupling experiments on a 90-MHz spectrometer in
order to determine the chemical shifts and coupling con-
stants. The chemical shift assignments for both isomers
are listed in Table I.

The coupling constants measured for 3a and 3b are
listed in Table II. The dihedral angles corresponding to
these J values were calculated by the Karplus equation,
modified by Altona and co-workers® and applied by Steyn

(17) Shreve, O. D.; Heether, M. R.; Knight, H. B.; Swern, D. Anal.
Chem. 1951, 23, 277-8.

(18) Field, J. E.; Cole, J. O.; Woodford, D. E. J. Chem. Phys. 1950, 18,
1298.

(19) Patterson, W. A, Anal. Chem. 1954, 26, 823-35,

and Sable!* to the 3-hydroxy isomers of 6-oxabicyclo-
[3.1.0)hexane. Either the cis and trans isomers are both
in pseudo-boat form or the trans is in the pseudo-boat form
and the cis is in the pseudo-chair form because of steric
or dipole repulsion.

As noted, McCullough and co-workers'? suggested that
the dipole repulsions in the c¢is-3-bromo derivative of 6-
oxabicyclo[3.1.0}hexane contributed to the assumption of
the pseudo-chair form. The question addressed in this
work is the effect of the 3-ester on the conformation of the
fused ring system. The predicted coupling constants 2 or
4H,-8H, and 2 or 4H;-3H,, in the pseudoboat structure
can be calculated from the dihedral angles estimated from
models (Table II). If the cis isomer 3b is in the pseudo-
chair form, the dihedral angle for the 26-3a protons is
estimated from models to have a coupling constant of
about 5 Hz. Alternatively, in the pseudo-boat form the
dihedral angle (100°) should give a coupling constant ap-
proaching 0 Hz. The latter was observed for the minor
isomer. This is in agreement with the coupling constants
observed for 3-hydroxy,4?! 3-acetoxy, 3-cyano,'? and more
recent studies of the solvolysis of sulfonate esters of the
3-hydroxymethyl derivatives.?? The assignment of the
methylene signals in the minor isomer was made on the
basis of this coupling. The downfield methylene protons,
which were not coupled to the C-3 proton, were consistent
with the 8-pseudo-equational protons of the cis isomer in
the pseudo-boat conformation. In the major isomer both
methylene protons are coupled to each other and to the
C-3 proton and their shift valves are very close so that
unambiguous assignment of a and 8 hydrogens could not
be made. When the upfield proton was irradiated in a
90-MHz NMR, the downfield signal collapsed to a doublet
with J = 8 Hz. The upfield proton appeared more strongly
coupled to the C-3 proton (J = 9 Hz) consistent with the
diaxial orientation of these two protons in the pseudo-boat
conformation of the trans isomer. Although our correlation
of coupling constants for these two protons with isomer
assignment agreed very well with those of Steyn and Sa-
ble,!* there was no correlation between assignment of
chemical shifts valves for the methylene protons. Pre-

(20) Williams, D. H.; Fleming, I. “Spectroscopic Methods in Organic
Chemistry”, 2nd ed.; McGraw-Hill: London, 1973; p 56.

(21) Altona, C.; Buys, H. R.; Hageman, H. J.; Havinga, E. Tetrahedron
1967, 23, 2265-2279.

(22) Cocu, F. G.; Wolczunowicz, G.; Bors, L.; Pasternak, Th. Helv.
Chim. Acta 1970, 53, 1511-25,
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Figure 2. Plot of the lanthanide-induced chemical shift profiles
(Ad) for the C-1 and C-5 protons (O, A) and C-33 (A) and C-3«
(@) protons of the major isomer 3a (A, A) and the minor isomer
3b (O, @) of 3-carbomethoxy-6-oxabicyclo[3.1.0]hexene vs. the
mole ratio of shift reagent Eu(fod); (tris(6,6,7,7,8,8,8-hepta-
fluoro-2,2-dimethyl-3,5-octanedionato)europium) to 3. Incre-
mental amounts of the shift reagent dissolved in CDCl, were added
to solutions of 3a (0.32 M) or 3b (0.42 M).

sumably, this is due to the differing inductive and field
effects of the hydroxy and carbomethoxy substituents.

In order to further substantiate the isomer assignments,
13C and 'H NMR studies were carried out with Eu(hfc),
and Eu(fod);. This would be a credible way to differentiate
the cis and trans isomers of 3 if our conformational analysis
were correct.”® There are two potential coordination sites
for the europium ion in 3, the epoxide oxygen and one of
the two ester oxygens. In the pseudo-boat form (but not
the pseudo-chair) conformation of the cis isomer the eu-
ropium can bind simultaneously to these two sites to form
a seven-membered ring chelate in which the metal is oc-
tacoordinate. This is not true for either conformation of
the trans isomer. For this isomer a preference for the exo
lone pair of electrons on the epoxide oxygen, with possible
dimer formation in concentrated solution, was predicted.
The results of the NMR experiments were consistent with
this interpretation (Figure 2).

The observed chemical shift changes were linear from
0 to 0.4 mol ratio (mr) of Eu(hfc); to compound, with
correlation coefficients greater than 0.996. The values for
mr = 0.2 are listed in Table . The 13C data clearly shows
both epoxide and ester are involved in binding europium
to the minor isomer, while only the carbons of the epoxide
ring are significantly shifted in the major isomer. The 'H
NMR data indicates that the 8 and « protons of the minor
isomer are in very different environments when europium
is present, confirming that the europium is bound on one
face of the molecule preferentially. In the major isomer
the methylene protons are affected by the shift reagent
almost to the same extent, while the 8 proton on C; is
greatly deshielded. Figure 2 suggests that the minor isomer
forms a 1:1 complex with the shift reagent, whereas the

(23) David, F. J. Org. Chem. 1981, 46, 3512-3519.
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major isomer does not. This technique was recently used
to establish the stereochemistry of isobenxofuran photo-
dimers.

Experimental Section

All materials obtained from commercial suppliers, except so-
dium metal and m-chloroperbenzoic acid, were purified prior to
use. All liquid starting materials were distilled. Ethanol and
methanol were distilled over magnesium metal. Thionyl chloride
was purified as described in Fieser and Fieser.?® Triethylamine
was distilled over calcium hydride and stored over sodium hy-
droxide pellets.”® Solvents were passed through basic alumina
(Merck reagent grade) and distilled. Silica gel 60 was used in
column chromatography. Boiling points are reported uncorrected.
IR spectra were recorded on a Beckman Model IR-33 spectrom-
eter. '"H NMR was determined on the following spectrometers:
Varian T-60, Varian EM-360, Varian FT-80A, and Perkin Elmer
R-32; 3C spectra were obtained with a Varian FT-80 spectrometer.
Both 'H and 3C spectra were taken in deuteriochloroform (CDCl,)
and chemical shifts are expressed in parts per million (5) downfield
from the internal standard, tetramethylsilane (Me,Si). Mass
spectra were obtained with positive chemical ionization (methane)
on a Reibermag GC-MS instrument. Tris[3-(heptafluoro-
propylhydroxymethylene)-d-camphorato]europium(IIl) derivative
(Eu(hfc),) and tris(6,6,7,7,8,8,8-heptafluoro-2,2-dimethyl-3,5-oc-
tanedionato)europium (Resolve-Al EuFOD; 99% pure) were
products of Aldrich Chemical Co.

cis- and trans-3-Carbomethoxy-6-oxabicyclo[3.1.0]hexane
(3b, 3a). 3-Cyclopentenecarboxylic acid (1), prepared by the
method of Schmid and Wolkoff,?® was converted to the acid
chloride by treatment with thionyl chloride.?” The addition of
the acid chloride to a solution of methanol (excess) containing
1.3 equiv of triethylamine gave the ester 2 in 61% yield from the
acid: bp 32 °C (1.2 mm); '"H NMR 6 2.65 (d, 4 H), 3.08 (m, 1 H),
3.68 (s, 3 H), 5.63 (s, 2 H).

A solution of the ester 2 (17.0 g, 0.14 mol) in 60 mL of methylene
chloride was cooled to 2 °C and m-chloroperbenzoic acid (Aldrich,
80%, 32.2 g, 0.19 mol) in 220 mL of methylene chloride was added
dropwise over a 1-h period. The reaction mixture was stirred at
room temperature for approximately 24 h. Freshly prepared
sodium sulfite solution (10 mL) was added and stirring continued
until a negative starch-iodide test was obtained. The methylene
chloride layer was separated and washed successively four times
with 20 mL of 10% sodium bicarbonate, two times with 20 mL
of water, and two times with 20 mL of saturated sodium chloride
solution, dried (Na,S0O,), and concentrated at reduced pressure.
The isomeric mixture of 3 was obtained (14.9 g, 0.11 mol) in a
78% yield as clear, colorless oil: bp 40 °C (0.4 mm).

The isomers 3a and 3b were separated on a medium-pressure
silica gel column (1 m X 3 cm) using 20% ethy! acetate in hexane
as eluant. The ratio of the first compound (3a) recovered off the
column to the second (3b) was 3:1. The two compounds were
verified as isomers by their mass spectra (m/e 142 (parent ion))
and elemental analysis (caled for C;H,,0;, C, 59.14; H, 7.09; found
for first isomer, C, 58.80; H, 7.18; found for second isomer, C, 58.78;
H, 7.18]; 'H NMR and 3C NMR spectral data are presented in
Tables I and II.
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