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Multigram quantities of methyl 2-cyclopropene-1-carboxylate have been converted in five steps to
the syn-E and syn-Z isomers of 2,3,2’-d;-vinylcyclopropane with high levels of deuterium incorpora-

tion and stereoselectivity.

Introduction

An experimental determination of the stereochemistry
of the thermal vinylcyclopropane to cyclopentene rear-
rangement!~3 is of some importance, for whatever in-
sights may be gained from computational and experi-
mental studies on the stereochemistry of the rearrange-
ment will be most readily compared for vinylcyclopropane
and deuterium-labeled vinylcyclopropanes themselves.
With this ambition in mind the deuterium-labeled vinyl-
cyclopropanes syn-E-1-d; and syn-Z-1-d; were selected as
synthetic objectives.

syn-E-1-dy D syn-Z-1-0,

While some progress has been made toward establish-
ing the stereochemical characteristics of the thermal
vinylcyclopropane to cyclopentene rearrangement for a
few substituted yet geometrically unconstrained sys-
tems,®~1! no experimental work relevant to the stereo-
chemistry of the rearrangement of the parent hydrocar-
bon has ever been reported. The fact that the thermal
stereomutations of deuterium-labeled vinylcyclopro-
panes!?~1* are very much faster than rearrangements to
cyclopentenes, and thus that the stereochemistry of any
stereoselectively labeled vinylcyclopropane will be com-
promised before appreciable amounts of deuterium-
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labeled cyclopentenes can be formed, constitutes one
obvious impediment to such stereochemical studies.
Another follows from the relative inaccessibility of suf-
ficient quantities of appropriately labeled vinylcyclopro-
panes. The present work reports a synthetic route that
overcomes the second obstruction in the path of informa-
tive stereochemical work.

As a point of comparison, Willcott and Cargle’s classic
kinetic studies of the thermal stereomutations of vinyl-
cyclopropane depended in part on an adventitious syn-
thesis of a ds-vinylcyclopropane having labels at C(2) and
C(3) in a cis,anti disposition.!34 A mixture of stereo-
isomers of 1-vinyl-2,3,2’-trichlorocyclopropane treated
with sodium in CH30D gave anti-1-ds with substantial
stereoselectivity; according to 100 MHz 'H{?H} NMR
spectral indications, the product mixture contained about
88% anti-1-d; and 6% each of rac-1-ds and syn-1-ds.1314
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CH=CHD CH=CHD
anti-1-¢, rac-1-dy

H=CHD
syn-1-d

One thus might aspire to at least this level of deuterium-
labeling stereoselectivity at C(2) and C(3), to controlled
definition of stereochemistry of the deuterium label at
C(2"), and to securing substantially greater amounts of
labeled vinylcyclopropanes: the synthetic work leading
to anti-1-d; and minor amounts of rac-1-dz and syn-1-ds
afforded only some 35 uL of these vinylcyclopropanes.1314

Results and Discussion

The overall strategy adopted to make vinylcyclopro-
panes syn-E-1-d; and syn-Z-1-ds in useful quantities and
the requisite degrees of deuterium incorporation and
stereochemical control took advantage of prior experience
gained while constructing related deuterium-labeled cy-
clopropanes, as outlined in Scheme 1. Were adequate
amounts of a 2-cyclopropene-l-carboxylate such as 2
available, reduction with lithium aluminum deuteride
followed by a D3O workup would afford the alcohol 3
having deuterium labels at C(2) and C(3) in the syn
orientation.'%1¢ Application of the sequence developed
by Ghatlia® would in turn convert the CD;OH function
of 3 into the corresponding deuterioaldehyde 4 and
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dibromovinyl derivative 5. Two equivalents of butyl-
lithium would give the lithioethynyl intermediate 6,
which could be quenched with H;O or DO to give 7 or 8.
These ethynyl compounds could then be converted to syn-
E-1-d; and syn-Z-1-d; through reactions with diisobutyl-
aluminum hydride, followed by D;0 or HyO (Scheme 1).°
The first synthesis of methyl 2-cyclopropene-1-carboxy-
late was reported in 1956 by Doering and co-workers.!”
Pyrolysis of the Diels—Alder adduct from dimethyl acety-
lenedicarboxylate and the norcaradiene valence isomer
of 7-(methoxycarbonyl)cycloheptatriene gave dimethyl
phthalate and the cyclopropene ester. This ester was not
isolated but its presence was inferred, for hydrogenation
gave the known methyl cyclopropanecarboxylate.l”
Mpyhre and co-workers!® have published syntheses and
spectroscopic characterizations of two }3Cs-labeled ver-
sions of 2 applying this fragmentation reaction and flash
vacuum pyrolysis (FVP) techniques.!”1922 In attempts
to adapt this precedent to larger-scale preparations of
the ester, 7-(ethoxycarbonyl)cycloheptatriene was syn-
thesized?®2¢ by the reaction of benzene and ethyl diazo-
acetate in the presence of the rhodium(II) trifluoroacetate
dimer?5?¢ and combined with dimethyl acetylene-
dicarboxylate to give the tricyclo[3.2.2.0%%Inonadiene
adduct. In FVP runs employing 10 g of this adduct, a
packed quartz tube, and temperatures between 360 and
380 °C, only small amounts of the byproducts ethyl
2-butynoate and butadienoate were formed; from each
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run, 300 to 600 mg of the cyclopropenecarboxylate was
obtained. Unconverted starting material was recovered
and recycled. With this FVP route and a substantial
investment of time and effort a total of some 5 g of ethyl
2-cyclopropene-1-carboxylate was secured. Alternative
synthetic methods for preparing the ester remained of
interest.

Photochemical decomposition of alkyl diazoacetates!%16
in the presence of acetylene, in diethyl ether or dimethyl
ether or methyl terz-butyl ether, did not give cyclopropene
esters in adequate yields and purities; about 3 g of ethyl
2-cyclopropene-1-carboxylate was prepared in the course
of these explorations. Analysis by 'H and 13C NMR
spectroscopy of a GC purified sample of this ester
confirmed its identity. Thermal reactions of bis(trimeth-
ylsilylacetylene with the rhodium-generated carbene
from ethyl diazoacetate?’-3! did not seem sufficiently
promising to warrant a sustained developmental effort.

Rhodium-catalyzed condensation of methyl diazoace-
tate with acetylene in methylene chloride was reported
in 1992 by Shapiro and co-workers.? Only very small
quantities of 2 were synthesized and the ester was not
isolated; it was converted directly through reactions with
cyclopentadiene or a thiol to give more stable compounds
which could be isolated and characterized.

HC=—=CH Rhy(OAC) 4
+
CH,CI
N,CHCO Me 2 72 COzMe

2

Initial implementations of this reaction gave 2 in 30—
50% yields. An improved procedure was developed: the
dropwise addition of the diazoacetate over 4 h to a cooled
methylene chloride solution of rhodium acetate dimer
that had been presaturated with purified acetylene gave
2 in yields as high as 70%, as determined by GC analyses
against a standard. The identity of the product was
confirmed by mass spectrometry. Approximately 20 g of
2 as a solution in methylene chloride was accumulated
from several repetitions of this reaction.

This procedure is a substantial advance over the other
methods tried for making multigram quantities of methyl
2-cyclopropene-1-carboxylate. Thanks to its efficacy, the
projected syntheses of substantial amounts of syn-E-1-
ds and syn-Z-1-d; could be carried forward as planned.

Reduction of ethyl or methyl 2-cyclopropene-1-carboxy-
late with lithium aluminum deuteride in diethyl ether,
followed by treatment of the reaction mixture with D,O,
gave the d,-labeled alcohol 8.151¢ Ethyl 2-cyclopropene-
1-carboxylate obtained by the FVP or the photochemical
route was reduced directly, since it was available as an
ethereal solution. The ester prepared using the rhodium
acetate catalyst, available as a solution in methylene
chloride, was filtered and concentrated by slowly remov-
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ing the solvent using a Kugelrohr transfer apparatus.
The concentrated ester could be stored without serious
decomposition in the refrigerator for days; it did not prove
as labile as one might have supposed. Addition of diethyl
ether to the concentrate caused the precipitation of a
white solid, presumably dimethyl maleate and fumarate.
Filtration gave an ethereal solution which was reduced
with LiAlD, and then treated with D0 to provide alcohol
3.

Oxidation of the acid-sensitive cyclopropylcarbinol 3
to the readily air oxidized aldehyde 4 proved to be a
troublesome step. Numerous methods were tried before
this oxidation was accomplished with PCC and Celite.3334
Under these conditions the reaction was complete after
6 h and a nearly quantitative yield of the desired
aldehyde 4 was achieved.

Aldehyde 4 was treated with carbon tetrabromide, zinc,
and triphenylphosphine®-% to give 5§ which, upon treat-
ment with 2 equiv of butyllithium, gave the lithicethynyl
intermediate 6. This intermediate may be allowed to
react with water to give the ds-ethynylcyclopropane 7 or
with D;0 to afford the ds-analog 8.

Reductions of the alkynes 7 and 8 to alkenes syn-E-1-
ds and syn-Z-1-d; were most successful when all traces
of ether from the crude dibromide were carefully removed
to minimize overreduction and the reaction time was not
prolonged; reaction mixtures were monitored carefully
and then worked up before overreduction became sig-
nificant. The vinylcyclopropanes were distilled and then
purified by preparative GC on an SE-30 column: 820 mg
of syn-E-1-d3; and 578 mg of syrn-Z-1-d; were obtained.

Both samples contained a few percent of ethylcyclo-
propane-ds, according to mass spectrometric and GC
analyses and direct comparisons with an authentic
sample of unlabeled ethylcyclopropane. This side-
product stems from overreduction of the ethynylcyclo-
propane intermediates 7 and 8. Further preparative GC
on a f3,"-oxydipropionitrile (5,5’-OPDN) column provided
pure syn-E-1-d; and syn-Z-1-ds.

Figure 1 shows 'H NMR spectra for an authentic
sample of unlabeled vinylcyclopropane#® and the final
products syn-E-1-d; and syn-Z-1-d; after the SE-30 chro-
matography. The very high stereochemical specificity
and deuterium incorporation at C(2") achieved through
the synthetic route followed are evident in the second and
third spectra. The ethylcyclopropane-ds; impurities, about
2% in the syn-E-1-ds sample and 6% in the syn-Z-1-ds
product, are apparent at 4 0.9, 1.3, and 1.55 ppm.#!

Figure 2 records the upfield region of the H NMR
spectrum of the syn-E-1-d; product after purification
through preparative GC on a 3,5’-ODPN column. Some
syn C(2) and C(3) hydrogen absorption intensity at 6
0.35—0.40 stems from lack of 100% deuterium incorpora-
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Figure 1. 'H NMR (300 MHz) spectra for vinylcyclopropane
(top), syn-E-1-ds (middle), and syn-Z-1-ds (bottom). The ds-
labeled vinylcyclopropanes, isolated by GC on an SE-30
column, are contaminated with some ethylcyclopropane-ds.

tion. The C(1) hydrogen at 6 1.4 appears as an apparent
quartet, for it is coupled with three vicinal hydrogens.

Neither the small amounts of ethylcyclopropane-d;
present in the samples after the SE-30 chromatography,
nor the small amounts of incompletely deuteriated vi-
nyleyclopropanes in the product mixtures, compromise
the intended stereochemical and kinetic studies in which
the syn-E-1-d; and syn-Z-1-d3 vinylcyclopropanes are to
be employed. The immediate synthetic objectives thus
have been met, and methyl 2-cyclopropene-1-carboxylate
may now be considered a readily available starting
material for other synthetic applications.

Experimental Section

General. All 'H and '3C NMR spectra were obtained for
CDCl; solutions. Chemical shifts are reported in ppm with
respect to residual CHCl; at 6 7.26 downfield from Me.Si,
unless otherwise noted. Analytical gas chromatographic
analyses were done utilizing two 25 m x 0.2 mm columns,
Ultra 1 (cross-linked methyl silicone gum) and Ultra 2 (cross-
linked 5% phenylmethyl silicone). Diethyl ether was dried
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Figure 2. 'H NMR (300 MHz) spectrum of the upfield
absorptions of syn-E-1-ds after purification by GC on a 3,5'-
ODPN column. The absorption at 6 0.35—0.40 ppm is ascribed
to a syn hydrogen in syn-E-1-d,, an incompletely deuteriated
version of the major synthetic product.

over sodium and benzophenone and distilled prior to use.
Carbon tetrachloride and methylene chloride were dried over
3A molecular sieves and used without further purification.
Cyclohexane was shaken with concentrated sulfuric acid,
separated, dried over sodium, and then distilled through a
Vigreux column. All reactions were carried out under a
nitrogen atmosphere.

Ethyl 2-cyclopropene-l-carboxylate was synthesized
using flash vacuum pyrolysis (FVP) techniques and prepara-
tive-scale glassware (Aldrich) from 3-(ethoxycarbonyl)-6,7-bis-
(methoxycarbonyl)tricyclo[3.2.2.024]nona-6,9-diene.'® From a
small portion of the product mixture in ether the ester was
isolated by preparative GC using a 1-m 20% Carbowax 20M
on Chromosorb P-NAW 60/80 column at 87 °C. H NMR: 6
6.91(d, J = 1.2 Hz, 2H), 4.16 (q, J = 6.9 Hz, 2H), 2.22 (t, 1H),
1.28 (t, J = 6.9 Hz, 3H). 13C NMR: ¢ 103.7, 60.5, 16.8, 14.3,
14.2; lit.42 (CCly) 6 6.84 (d, J = 1.8 Hz, 2H), 4.03 (q, 2H), 2.08
(t, 1H), 1.22 (t, 3H).

Methyl diazoacetate was prepared!®4® and isolated as a
fluorescent yellow oil. 'H NMR: & 4.74 (s, 1H), 3.74 (s, 3H);
lit.18 6 4.77, 3.75.

Methyl 2-Cyclopropene-l-carboxylate (2). Rhodium
acetate (100 mg, Strem, 2.3 x 1074 mol, 0.2 mol % with respect
to the diazoacetate) and 400 mL of reagent grade CH,Cl;
decanted from 3A molecular sieves were placed in a 1-L three-
necked round-bottomed flask fitted with an addition funnel,
a condenser, and a gas inlet tube. The flask was then cooled
in an ice-water bath, and acetylene (Matheson, 99.6%) was
bubbled into this green solution for 1 h, causing it to turn
deeper green. A solution of 9.98 g of methyl diazoacetate (99.8
mmol) in 400 mL of CHyCl; was then added over 4 h via a
pressure-equalizing addition funnel as acetylene was bubbled
into the reaction mixture. The disappearance of the diazoace-
tate was followed by capillary GC analysis of aliquots filtered
through a cotton plug to remove catalyst. When the reaction
was complete, the reaction solution was filtered through filter

(42) Kimura, K.; Horie, S.; Minato, I.; Odaira, Y. Chem. Lett. 1978,
1209-1212.
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Vol. IV; pp 424—426.
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paper to remove the catalyst. The yield of methyl 2-cyclopro-
pene-1-carboxylate in the filtrate, determined using GC by
analyzing a small weighed aliquot combined with methyl
crotonate as a standard, was about 75%, or approximately 7.4
g. The solution also contained about 4% of fumarate and
maleate esters. The cyclopropene ester was concentrated by
removal of the solvent via Kugelrohr distillation at rt and
atmospheric pressure. The distillation was continued, as the
pressure was slowly decreased by opening the system to an
aspirator; the concentrate of about 20 mL obtained was stored
at —20 °C before it was used without further purification in
the next step.

1-(d:-Hydroxymethyl)-syn-2,3-ds-cyclopropane (3). Into
a 1-L three-necked round-bottomed flask fitted with an addi-
tion funnel and reflux condenser was placed a slurry of 7.00 g
of LiAlD, (Aldrich, 167 mmol) in 100 mL of ether. About 7.4
g of 2 (75 mmol) dissolved in 50 mL of ether was then added
over 2 h via a pressure-equalizing addition funnel. The
reaction mixture was stirred overnight. In the morning,
capillary GC analysis showed that the reaction was complete.
The reaction flask was cooled in an ice bath and then 7 mL of
DO was added slowly, which caused significant fizzing for a
large excess of LiAlD, had been used. The hydrolysis mixture
was stirred for another 30 min, and then it was treated with
7 mL of 15% NaOD/D;O and an additional 7 mL of D;O.
Aluminum salts were removed by filtration through a sintered
glass funnel and were rinsed with liberal portions of ether.
Concentration of the filtrate by distillation of ether through a
Vigreux column provided a solution weighing 16.13 g, 30% of
which was alcohol 3 (about 85% yield, by analytical GC). The
product had GC retention times identical with those charac-
teristic of commercial cyclopropanemethanol.

A small aliquot of product from the LiAlD,4 reduction of ethyl
2-cyclopropene-1-carboxylate was isolated by preparative GC
on a 2-m 10% XF-1150 on Chromosorb W-NAW 60/80 at 74
°C. 'HNMR: 6 1.1 (t,J =78 Hz, 1H) 0.5 (d, J = 7.8 Hz, 2H)
3.5 (s, 1H).

1-(d-Formyl)-syn-2,3-d;-cyclopropane (4). To a 1-L round-
bottomed flask was added 40.00 g of PCC (Aldrich, 186 mmol),
40.00 g of predried Celite, and 400 mL of CHClg. The crude
alcohol 3 (approximately 4.3 g, 57 mmol) was added via
syringe, causing the solution to turn from orange to brown.
After 4 h, analysis of an aliquot filtered through a Florisil plug
by capillary GC indicated that the reaction was complete. The
reaction mixture was then diluted with 1 L of ether and filtered
through a 5-cm pad of Florisil in a sintered glass funnel; the
solid was rinsed liberally with ether, until no more aldehyde
was evident in the filtrate (by analytical GC). The slightly
yellow organic filtrate was concentrated by slow distillation
through a Vigreux column to about 100 mL. Capillary GC
analysis confirmed the identity of aldehyde 4 by comparisons
with commercial d¢-aldehyde.

1-(1'-d-2',2’-Dibromoethenyl)-syn-2,3-d;-cyclopropane
(5). To a solution of 52.48 g of PPhj (Aldrich, 200 mmol) in 1
L of CH;Cl; in a 3-L flask was added 13.11 g of purified zinc*
(201 mmol). The resultant slurry was cooled in an ice—water
bath and a solution of 66.38 g of CBry4 (Aldrich, 200 mmol) in
200 mL of CHyCl; was added. The reaction mixture was
stirred for 24 h at rt, and then about 4.2 g (approximately 57
mmol) of aldehyde 4 in ether and CH:Cl; was added. After a
minimum of 12 h, the progress of the reaction was checked by
analytical GC of an aliquot. When the aldehyde was no longer
evident, the reaction mixture was diluted with 1.8 L of pentane
which caused an oil to separate. The pentane solution was
then decanted from the oil into another reservoir. The residual
oil was redissolved in 300 mL of CH;Cls; 600 mL of pentane
was added to it, and then the pentane solution was decanted
from the separated oil. This procedure was done a total of
five times. The combined pentane solutions were concentrated
in batches by rotary evaporation until a very slightly yellow
oil with some solid precipitate remained. Just enough CH,-
C]; was added to dissolve the cil, and then just enough pentane
was added to cause the salts to precipitate. The solution was

(44) Perrin, D. D.; Armarego, W, L. F.; Perrin, D. R. Purification of
Laboratory Chemicals; Pergamon: Oxford, 1980; p 547.
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filtered through a Celite plug into another flask. Rotary
evaporation to remove the solvent provided a colorless oil and
a small amount of solid. The latter was removed by the
addition of pentane, filtration through a cotton plug, and then
careful rotary evaporation to yield 11.00 g of an oil which, by
analytical GC, contained 92.6% of the dibromide (78% for two
steps from the alcohol). 'H NMR: 6 1.84 (t, J = 8.1 Hz, 1H)
0.88 (d, J = 8.1 Hz, 2H).
1-(d-Ethynyl)-syn-2,3-d;-cyclopropane (8). A 100-mL
three-necked round-bottomed flask was fitted with a water
condenser and then charged with 7.65 g (33 mmol) of (dibro-
moethenyl)cyclopropane 5 and 30 mL of dry cyclohexane.
Using a syringe, 34 mL of 2.0 M n-BulLi (Aldrich, 68 mmol) in
cyclohexane was added dropwise over 15 min to the reaction
mixture cooled in a salt—ice water bath. Stirring was contin-
ued as the reaction mixture was held at —10 and 0°C for 2 h
and then at rt for 3 h, and then an aliquot was worked up and
analyzed by capillary GC; the reaction was complete as evident
by the absence of the dibromide. Both the reaction flask and
a coil attached to the condenser were then cooled in an ice
bath. A slow quench with 12 mL of D20 (Aldrich, 99.9 atom
% D) was added, and the layers were separated. The aqueous
portion was extracted once with 30 mL of cyclohexane. The
organic portions were combined, dried over MgSO,, filtered,
and analyzed by GC. This solution was used directly in the
subsequent reduction. A small amount was isolated by
preparative GC purification on a 3-m 20% SE-30 on Chro-
mosorb P NAW column at 65 °C. 'THNMR: ¢ 0.76 (d, J = 8.3
Hz, 2H) 1.22 (t, J = 8.3 Hz, 1H).
1-(2’-Z-d-Ethenyl)-syn-2,3-ds-cyclopropane (syn-Z-1-ds).
A 250-mL three-necked round-bottomed flask was charged
with the cyclohexane solution of 8 prepared immediately
above. Using a syringe pump, 50 mL of 1.0 M DIBAL-H
(Aldrich, 50 mmol) in cyclohexane was added over 1 h. The
reaction mixture was stirred overnight and was then cooled
in an ice—water bath. The addition of 8 mL of HyO gave an
emulsion which was eliminated by adding five 4-mL aliquots
of 10% HCl. The layers were separated and the aqueous acidic
layer was extracted with a 50-mL portion of cyclohexane. The
combined organic material was washed with 50 mL portions
of 5% aqueous NaHCO; and of H;O. Analysis by GC indicated
a 15:70:15 ratio of ethylcyclopropane to ethenylcyclopropane
to ethynylcyclopropane. Concentration of this organic solution
was achieved by distillation of the low-boiling components,
including the desired compound through a 20-cm Vigreux
column into a receiving flask cooled in a dry ice—acetone bath
under a helium atmosphere. This distillate contained all three
(ethyl, ethenyl, and ethynyl) cyclopropanes along with some
butane from both the n-BuLi and DIBAL-H reactions. Pre-
parative GC through a 3.5-m x 0.63-cm 25% SE-30 on
Chromosorb P-NAW 60/80 column (oven at 45 °C) provided
578 mg of syn-Z-1-d; (ret time 22 min), 98% pure by analytical
GC of the headspace (25% yield from 7.65 g of (dibromoethe-
nyl)cyclopropane 6); the remaining 6% was ethylcyclopropane-
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ds. 'THNMR: 6 5.32 (m, 1H) 4.81 (d, J = 10.2 Hz, 1H) 1.39 (q,
J = 8.3 Hz, 1H) 0.67 (d, J = 8.3 Hz, 2H). The deuterium
incorporation at the vinyl position was estimated to be better
than 95% by dividing the integral of the residual proton signal
at 5.0 ppm by that at 4.8, taken to be unity (Figure 1). Further
preparative GC purification of a small portion using a 3,3"-
ODPN column provided an NMR sample free of ethylcyclo-
propane-ds. The ratio of integrated 'H NMR absorption
intensities at 0.7 (anti C(2,3) H) and 0.4 ppm (syn C(2,3) H)
was estimated to be 100:9.

1-(2'-E-d-Ethenyl)-syn-2,3-ds-cyclopropane (syn-E-1-ds).
Treatment of 10.19 g of (dibromoethenyl)cyclopropane 5 (44.5
mmol) with 46 mL of 2.0 M r-Buli in cyclohexane (Aldrich,
92 mmol), following the protocol and workup procedure
described above but using shorter reaction times (about 4 h)
and H20 to quench the intermediate ethynyllithium compound,
provided a cyclohexane solution of 7. In the manner used to
obtain the Z isomer, the ethynyleyclopropane 7 was converted
to syn-E-1-ds utilizing a D;O workup of the DIBAL-H reaction
mixture immediately after analytical GC of an aliquot indi-
cated nearly complete reaction but minimal overreduction (3
h). The ratio of ethylcyclopropane to ethenylcyclopropane to
ethynylcyclopropane in the product mixture was 4:89:7 by
analytical GC. Purification and isolation was achieved in the
manner described above to afford 820 mg (26% yield from the
(dibromoethenyl)cyclopropane §) of preparative GC purified
material, with 2% contamination by ethylcyclopropane-ds. 'H
NMR: 6 5.32 (m, 1H) 5.04 (d,J = 7.0 Hz, 1H) 1.40 (g, J = 8.3
Hz, 1H) 0.70 (d, J = 8.1 Hz, 2H). The deuterium incorporation
at the vinyl position was estimated to be better than 95% by
comparisons of the integrals for the residual proton signal at
4.8 ppm versus the 2°-H absorption at 5.04 ppm (Figure 1). As
with the Z isomer, a small portion was subjected to preparative
GC purification to provide an NMR sample that was free of
ethyleyclopropane-d; (Figure 2). The ratio of integrated 'H
NMR absorption intensities at 0.7 (anti C(2,3) H) and 0.4 ppm
(syn C(2,3) H) was about 100:5.

Ethylcyclopropane was synthesized according to litera-
ture methods**~47 and purified through preparative GC puri-
fication on a 3.5-m x 0.63-cm 25% SE-30 on Chromosorb
P-NAW 60/80 column. H NMR: é 0.02 (q, J = 4.8 Hz, 2H),
0.38 (2H), 0.63 (m, 1H), 0.95 (t, J = 7.2 Hz, 3H), 1.21 (m, 2H).

Acknowledgment. We thank the National Science
Foundation for support of this work through CHE-
9100246.

JO941318A

(45) Bloodworth, A. J.; Chan, K. H,; Cooksey, C. J. J. Org. Chem.
1986, 51, 2110—2115.

(46) Herr, C. H.; Whitmore, F. C.; Schiessler, R. W. J. Am. Chem.
Soc. 1945, 67, 2061—-2063.

(47) Van Volkenburgh, R.; Greenlee, K. W.; Derfer, J. M.; Boord, C.
E. J. Am. Chem. Soc. 1949, 71, 172-175.



