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As the simplest cross-conjugated cyclic hydrocarbon, methy
lenecyclopropene (1) and its derivatives have been the object of 

considerable research effort.1 Physical evidence for the parent 
hydrocarbon is, however, completely lacking despite the intense 
theoretical interest in this molecule.2 We now wish to report the 
synthesis and characterization of this compound. 

The starting material 23 was prepared from allene and chlo-
rocarbene (CH2Cl2, CH3Li).4 The bromide 3 is an equally 

CH,CU, CH,L 
H2C = C = CH2 

attractive precursor, although purification of this compound is 
somewhat more tedious.5 

H2C = : C = C H 2 

NON[Sl(CH3I3]; _ 

CHgBrj, n- pentone 
- 3 0 "C 

The synthesis of methylenecyclopropene can be effected under 
a variety of conditions. For example, the adduct 4 lg along with 
5 and unchanged 2 could be isolated when 2 was added under 
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vacuum (0.50 torr) to a solution of potassium /e/7-butoxide in 
tetrahydrofuran at -40 0 C and the volatiles were collected in a 
liquid-nitrogen trap containing cyclopentadiene. This result shows 
conclusively that methylenecyclopropene can be generated and 
transferred in vacuo and thus studies of its chemical and physical 
properties carried out. 

An important consideration in using this route is the choice of 
temperature. Below -40 0C methylenecyclopropene experiences 
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Figure 1. 90-MHz 1H NMR spectrum and decoupled spectrum of me
thylenecyclopropene obtained by passing 2 over potassium (err-butoxide 
supported on Chromosorb W. 
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Figure 2. Infrared spectrum of methylenecyclopropene recorded at 15 
K in an argon matrix. 

addition of rert-butoxide yielding 5 faster than it can be removed 
from the reaction medium. Above -40 0C the solvent and pre
cursor are, of course, too volatile for the reaction to be carried 
out in vacuo. 

When 2 was passed through a vertical 3.5-cm i.d. column 
packed with 4 cm of potassium rert-butoxide on Chromosorb W 
at 240 0 C and 10 mtorr,6 methylenecyclopropene nearly free of 
5 and unreacted 2 could be collected in a liquid-nitrogen trap. 
This route can be used to generate 15-20 mg (30-40%) of the 
hydrocarbon. Solutions of methylenecyclopropene prepared in 
this way were stable at -98 0C for at least 24 h but decomposed 
above — 7 5 0C. 

The 1H NMR spectrum, recorded at -98 0C, of 1 in tetra-
hydrofuran-</8 (Figure 1) displayed two triplets (J = 2.2 Hz) at 
8 3.47 (exocyclic protons) and 8.61 (ring protons). These chemical 
shifts suggest that la contributes significantly to the resonance 

" C H 2 

la 

hybrid. This effect is also seen in the 13C NMR spectrum where 
the exocyclic carbon appears at 5 59.57 (1ZcH = 161.5 Hz) and 
the two equivalent ring carbons at <5 132.9 ( ' /CH = 228.5 Hz). 

The infrared spectra of several substituted methylenecyclo-
propenes exhibit two distinctive bands which appear in the region 

(6) Denis, J. M.; Niamayoua, R.; Vata, M.; Lablache-Combier, A. Tet
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which results from the dehydration te«-butyl alcohol were collected in a 
liquid-nitrogen trap. 
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1810-1880 cm"1 and 1510-1550 cm"1. Although a detailed 
analysis has not yet been performed, it has been suggested that 
these absorptions originate from strong coupling of the double 
bonds. The infrared spectrum of methylenecyclopropene itself 
was obtained by slowly introducing the hydrocarbon and argon 
onto a polished copper surface cooled to 15 K with a closed-cycle 
helium refrigerator. The spectrum (Figure 2) was recorded on 
an IBM Model 98 FT IR spectrometer. Although several impurity 
peaks including those of isobutylene6 could be subtracted, we are 
still unable to associate the weak absorptions with methylene
cyclopropene. Concentration studies did, however, show that the 
five strongest peaks of the spectrum arise from methylenecyclo
propene.7 It is interesting that the high-energy transition of 
methylenecyclopropene is shifted to 1770.3 cm"1, which is also 
consistent with the dipolar structure (enhanced single-bond 
character) la. 

The mass spectrum of methylenecyclopropene (20 eV) shows 
a parent molecular ion (also base peak) at mje 52; high-resolution 
mass spectrum, mje calculated for C4H4 52.0313, found 52.0312. 

Finally, quantities of this heretofore inaccessible hydrocarbon 
are now available for additional studies of its properties, many 
of which have already been anticipated by theoreticians.2 These 
studies will be reported later. 
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Methylenecyclopropene (1) occupies a central position in or
ganic structural chemistry as the simplest member of a family 
of cross-conjugated nonalternant hydrocarbons known as the 
fulvenes.1 Both the exceptional polarity of the r system expected 

&>= & > - -
1 la 

from this structural arrangement (1 ** la) as well as the high 
strain imparted by the three-membered ring, which raises the 
energies of the <x orbitals and lowers those of the a* orbitals, are 
expected to have unusual chemical and spectroscopic consequences. 
We now report the synthesis and direct observation of this 
molecule, which had previously only been trapped in situ.2 

The immediate precursor for 1 was 2-bromomethylenecyclo-
propane (2), prepared by the addition of bromocarbene3 to allene. 

Hj . H, 

H J C = = C H ? 

N a N [ S i ( C H 3 ) 3 ] 2 , C H 2 B r 2 

n - pentane , - 30 0C 
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Figure 1. 360-MHz 1H NMR spectrum of methylenecyclopropene in 
CD2Cl2 at -90 0C. The apparent triplets shown at the top are expansions 
of the peaks at S 3.60 and 8.18. The peak at 6 5.41 is the solvent 
(CHDCl2); the smaller signal at & 7.4 is unidentified. 
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Figure 2. Ultraviolet spectrum of methylenecyclopropene in n-pentane 
at -78 0C. 

The 360-MHz NMR of 2 (purified by gas chromatography on 
a 10% Carbowax 2OM on Chromosorb W column at 90 0C) in 
CDCl3 was reproduced by computer synthesis with the following 
parameters: 5 3.51 (H1), 1.84 (H2), 1.49 (H3), 5.81 (H4), 5.64 
(H5), Jn = 8.02, Jn = 3.81, Z14 = 0.90, J15 = 1.56, J2i = 10.85, 
Jv, = Ju = 2.86, J15 = J35 = 2.14, Z45 < 0.6 Hz. 

When 2 was passed through a horizontal half-filled 1.0 cm i.d. 
X 35 cm column of potassium rerf-butoxide on Chromosorb W 
at room temperature and 20-30 mtorr,4 unchanged 2 and 2-
rert-butyoxymethylenecyclopropane (3)2b were trapped at -78 

[N. KO-Z-Bu [ N 
I / " Chromosorb W \y' 

/ room temperature 
3 r 2 0 - 3 0 mtorr J Q- t -J" 

°C whereas methylenecyclopropene (1) was trapped as a white 
solid in a second trap cooled with liquid nitrogen. It has proven 
difficult to perform this reaction so as to produce more than several 
milligrams of 1. Treatment of 2-2-d under these conditions af
forded 1, which displayed a 1H NMR spectrum (see below) that 
was identical with that of 1 generated from unlabeled 2. This 
is consistent with H/D exchange occurring at the ring carbons 
in 1 under the conditions of this reaction. 

The 360-MHz 1H NMR spectrum of 1 in CD2Cl2 at -90 0C 
(Figure 1) displayed two equivalent apparent triplets (line sepa
ration = 2.2 Hz) at 5 3.60 (exocyclic protons) and 8.18 (ring 
protons). It is clear that this spectrum displays evidence for a 
significant contribution from resonance form la. We believe that 
hydrogen bonding is also important, as evidenced by an interesting 
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