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A 1965 communication reported that 2-isoprop-
oxy-2-methyl-1-methylenecyclopropane (lIc) at
160°C  afforded 1-isopropoxy-1-cyclopropyl-
ethene (2¢) in 95 % yield' (Scheme 1). No ratio-
nalization for this abnormal methylenecycloprop-
ane isomerization was offered;' the reaction was
not mentioned in the subsequent full paper? and
it has remained unverified and unexplicated.?
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A broad interest in methylenecyclopropane
chemistry* has led us to a reinvestigation of this
reaction. The rearrangement lc to 2c has been
confirmed, two additional examples of the reac-
tion have been documented, and a rationale for
the overall conversion has been formulated and
subjected to an experimental test.

Samples of 2-alkoxy-2-methyl-1-methylenecy-
clopropanes (1) purified by preparative gas chro-
matography were heated in sealed tubes at 160
170°C for up to 12 hours. Analysis by capillary
GC indicated formation of a single product in
each case; isolation of the reaction products by
preparative GC followed by mass spectrometric
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and 'H NMR spectroscopic analyses provided
convincing evidence to support the assignment of
structure 2. For product 2a, for instance, the
signals for the vinyl methylene protons were seen
as an AB pattern at 3.94 and 3.84 ppm; the
chemical shifts for vinyl protons predicted for
1-alkoxy-1-alkylethenes are 3.90 and 3.82 ppm.°
The CH,O-singlet appeared at 3.5 ppm, and the
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cyclopropyl proton signals at 1.47 (m, 1H) and
0.69-0.55 (m, 4H).

When, however, a rearrangement product was
collected by preparative GC and placed in an
NMR tube with CDCl;, and there was an un-
avoidable delay in recording the NMR spectrum,
the observed absorptions indicated a mixture of
compounds. Reexamination of such an NMR
sample by GC/MS, and isolation of individual
components followed by immediate recording of
NMR spectra, served to identify the components
as the vinyl ether 2, cyclopropyl methyl ketone
(3), and the corresponding dialkyl ketal 4. Traces
of water in the CDCl;, apparently, hydrolyzed
the vinyl ether to give ketone 3 and an alcohol,
and another equivalent of the ether reacted with
that alcohol to form ketal 4 (Scheme 2).

The ketals 4 showed some of the expected
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Scheme 2. 2

complications in NMR spectra from diastereo-
topic protons; in 4b the —OCH,-proton signals
were seen as two 2H multiplets at 3.49 and 3.33
ppm, while the isopropyl methyl groups in 4¢
gave doublets at 1.23 and 1.16 ppm.

The rearrangement of 1 to 2 may be most sim-
ply formulated as a reversible methylenecyclo-
propane rearrangement to (1-alkoxyethylidene)-
cyclopropane (5),* which then may isomerize to
the more thermodynamically stable isomer 2 in
an acid-catalyzed reaction (Scheme 3). In agree-
ment with this hypothesis it was found that for-
mation of 2a was suppressed, and a substantial
amount (43 %) of 5a accrued, when an octane
solution of la was heated in the presence of
1,8-bis(dimethylamino)naphthalene. The inter-
mediate 5a was characterized by mass spectro-
metry and NMR (3H singlets at 1.91 and
3.72 ppm).
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using 0.2 mm i.d. 25 m cross-linked dimethyl sili-
cone and phenyl methyl silicone fused silica capil-
lary columns, a Hewlett Packard 5790 gas chro-
matograph with both columns connected to a sin-
gle injection port, and the two FID detectors
connected to HP 3390A and 3392A recording
integrators. Preparative gas chromatographic
separations were accomplished using a Varian
Aerograph A-90P3 and a 0.6x366 cm 20 %
SE-30 on Chromosorb-W HMDS 60/80 column.
Mass spectra and GC/MS data were obtained
with a Hewlett Packard 5970B mass-selective de-
tector interfaced to a 5890 series gas chroma-
tograph and a 9336 computer.

2-Methoxy-2-methyl-1-methylenecyclopropane

(1a) was prepared from 1,1-dichloro-2,3-cis-di-
methylcyclopropane,’ sodium methoxide, and so-
dium fert-butoxide in dimethyl sulfoxide;? the
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The rearrangement of 1 to 2, then, which as a
purely thermal reaction may not be readily ex-
plained, may be viewed as an unexceptional con-
version involving two steps, viz. a thermal reac-
tion followed by an acid-catalyzed tautomeriza-
tion.

Experimental

Proton NMR spectra were recorded for CDCl,
solutions with Me,Si as internal standard on a
“Mohawk 250”, an in-house-designed 5.87 Tesla
FT spectrometer based on Cryomagnet Systems
rf equipment and a Nicolet 1280 computer, or on
GE QE-300 or GN-500 spectrometers. Analytical
gas-liquid chromatographic analyses were done

*5c¢ has been postulated as a possible intermediate in
the reaction 1c— 2c¢ (Ref. 6).

5 2

corresponding 2-propyl and 2-isopropyl com-
pounds, 1b and 1c, were obtained from the re-
spective potassium alkoxides following the litera-
ture precedent."? NMR spectra for 1a and 1c
were in accord with the literature reports; 1b
NMR: 5.62 (m, 1H), 5.39 (m, 1H), 3.45
(m, 2H), 1.55 (m, 2H), 1.45 (s, 3H), 1.43-1.36
(m, 1H), 1.17-1.11 (m, 1H), 0.9 (t, 3H); mass
spectrum: m/e 126 (M*, 0.1 %), 111 (2), 85 (2),
84 (17.7), 69 (63), 67 (4), 43 (100), 41 (50),
39 (26).

Rearrangements of 2-alkoxy-2-methyl-1-methyl-
enecyclopropanes (1) were done in sealed base-
washed and distilled water rinsed tubes; neat gas-
chromatographically purified samples were
heated in a bath of mesitylene at reflux
(b.p. 165°C) for up to 12 h. Reaction mixtures
were analyzed by capillary GC, GC/MS, and pro-
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ton NMR spectroscopy. 2a: m/e 98 (M*, 63 %),
67 (69), 55(52), 43 (57), 41 (75), 40 (65),
39 (100); NMR: 3.93 (m, 1H), 3.81 (m, 1H), 3.5
(s, 3H), 1.47 (m, 1H), 0.69-0.55 (m, 4H). 2b:
mie 126 (M*, 6.4 %), 85 (37), 83 (16), 69 (89),
43 (100), 42 (37), 41 (83), 39 (60); NMR: 3.9
(m, 1H), 3.78 (m, 1H), 3.58 (t,2H), 1.65
(m, 2H), 1.45 (m, 1H), 0.95 (t, 3H), 0.73-0.55
(m, 4H). 2c: mle 126 (M*, 10%), 84 (20),
83 (28), 69 (100), 56 (22), 43 (61), 42 (38),
41 (66), 39 (44); NMR: 4.26 (sept., 1H), 3.91
(m, 1H), 3.74 (m, 1H), 1.95-1.88 (m, 1H), 1.18
(d, 6H), 0.67-0.52 (m, 4H).

Partial hydrolysis of a major rearrangement
product 2 in CDCl; gave two additional com-
pounds, viz. methyl cyclopropy! ketone, identi-
fied by its distinctive NMR spetrum® and by di-
rect mass spectral and gas chromatographic com-
parisons with an authentic sample (Aldrich), and
a 1,1-dialkoxy-1-cyclopropylethane. The dimeth-
oxy compound 4a was also synthesized independ-
ently from methyl cyclopropyl ketone and metha-
nol;’ the two samples of the ketal were identical
on the basis of GC/MS comparisons.

(1-Methoxyethylidene)cyclopropane (5a) was
formed by heating a 12 % solution of 1a in octane
containing 4.6 mole % of 1,8-bis(dimethylamino)
naphthalene for 5.5 h at 153°C. Analysis of the
reaction mixture by capillary GC showed 1a : 2a :
5a (retention times 2.96 : 4.38 : 5.05 min on the
dimethyl silicone column with the column oven
temperature at 40°C for 4 min followed by a
temperature gradient of 10°C min™') in the area
percentage ratio 45 : 12 : 43. 5a: NMR: 3H sin-
glets at 1.91 and 3.72 ppm; MS: m/e 98 (M*,
7%), 97 (6), 83 (4), 67 (20), 55 (13), 53 (15),
43 (100).
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