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Abstract: Carbon atoms produced in a low-intensity carbon arc under high vacuum react, upon cocondensation 
at a liquid N2 cooled surface, with aziridine to form an adduct which decomposes to ethylene and HCN. With 
cw-2,3-dimethylaziridine, 2-butene is produced which is only 48% cis. Either cis- or ?ran.s-2,3-dimethylcyclo-
propylcarbene, produced by Ci insertion into the unsubstituted C-H bond of the ring, fragments to acetylene and 
both cis- and fran.s-2-butene. When the carbene is produced by deoxygenation of ew-2,3-dimethylcyclopropane-
carboxaldehyde by Ci, both isomers of 2-butene are again produced. The loss of stereochemical identity is at­
tributed to the ability of the initial adduct with Ci, which is formed in a highly exothermic reaction, to circumvent a 
concerted pathway to decomposition. 

Carbon atoms have been used to produce a number 
of unique intermediates, which makes possible 

the study of the fragmentation reaction of three-mem-
bered rings. Cyclopropylcarbene has been produced 
by insertion of energetic carbon-11 atoms1 into a car­
bon-hydrogen bond of cyclopropane. Carbon atoms 
produced in a low-intensity carbon arc may form the 
same species, either by insertion into a carbon-hydrogen 
bond of cyclopropane2 or by deoxygenation of cyclo-
propanecarboxaldehyde,3 when substrate and carbon 
atoms are codeposited on a liquid N2 cooled surface. 
Ethylene and acetylene are both observed from these 
reactions, presumably by fragmentation of a cyclo­
propylcarbene intermediate (eq 1). The behavior is 

O ^ ^ H — HCssCH + H2C=CH2 (1) 

similar to cyclopropylcarbene produced by thermal 
decomposition of the sodium salt of cyclopropanecar-
boxaldehyde tosylhydrazone.4 

Likewise, carbon atoms have been found to deoxy-
genate epoxides5 and to remove sulfur from episulfides,6 

forming CO and CS, respectively, and an olefin which 
does not retain the stereochemical identity of the start­
ing material on fragmentation. If the breaking of 
two bonds of the three-membered ring occurred simul­
taneously to produce a small molecule and an olefin, 
the latter is predicted by Woodward-Hoffmann7 theory 
to be formed in a stereospecific disrotatory process. 

Therefore, we have extended the investigation to 
aziridines and studied the stereospecificity of frag­
mentation and rearrangement of cyclopropylcarbene, 
formed in carbon atom reactions. 
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Results 

Aziridine and ds-2,3-Dimethylaziridine. Codeposi-
tion of carbon arc vapor and aziridine (eq 2) produced 

r>H + C1 -* rX^ -* ! > = % -* 
HCN -I- H2C=CH2 (2) 

HCN which accounts for 16% of the carbon atoms esti­
mated to be in the arc and ethylene amounting to 18%. 
The ethylene is known to be formed from C2 in small 
amounts in most reactions,8 but HCN can reasonably 
be expected to have come only from decomposition of 
an ylide type adduct of Ci with aziridine. 

To study the stereochemistry of the fragmentation 
m-2,3-dimethylaziridine was synthesized. No isom­
eric trans aziridine could be detected by nmr. The 
codeposition with carbon arc vapor produced HCN, cis-
and 7rarcs-2--butene, and small amounts of both 1-
butene and 1,3-butadiene. The yields of olefins and 
HCN each amounted to 9% of the available Cx (see 
Table I). In analogy to the ring expansion of cyclo-

Table I. Stereospecificity of Three-Membered Ring 
Fragmentation Induced by Arc Produced Carbon Atoms 
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HCN (9)« 

H C = C H (14)6 

H C = C H (17)" 

H C = C H (22)1 

CS 

CO 

CO 

° Yield of 2-butenes and HCN based on estimated Ci present; 
see footnote 14. b C2 is also a precursor to acetylene. The sepa­
ration into yields from Ci and C2 cannot be made with the available 
data. 

(8) P. S. Skell and R. F. Harris, J. Amer. Chem. Soc, 88, 5933 (1966). 
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propylcarbene4 some of the intermediate may have 
ring expanded to the cyclic imine, but this possibility 
was not pursued. 

When carbon atoms are generated in the arc they 
take ~ 1 0 - 5 sec to reach the walls of the flask; only the 
ground state 3P and metastable singlet species (1D and 
1S) are long lived enough to reach the reaction zone9 

and be implicated in the reaction. The participation 
of the metastable singlet states in reaction with other 
substrates has been demonstrated.1011 Unlike the 
arc, carbon atoms generated by vaporization from a 
thermally heated rod are formed only in the ground-
state 3P.12 When carbon vapor, produced in this man­
ner, was codeposited with c/s-2,3-dimethylaziridine 
the yield of HCN was ~ 3 % of the estimated Q. 1 3 

Therefore, it is possible that the 3P participates to some 
extent in the arc vaporized Ci reaction.u 

cis- and /ra«5-l,2-Dimethylcyclopropane. Carbon 
arc vapor was codeposited with both cis- and trans-1,2-
dimethylcyclopropane. Acetylene and 2-butene are 
produced by the fragmentation of 2,3-dimethylcyclo-
propylcarbene, formed by insertion of a carbon atom 
into the carbon-hydrogen bond at the unsubstituted 
position of the ring. Insertion into the other ring C-H 
bonds is observed but is not relevant. Acetylene also 
comes from a C2 precursor in most reactions,8 but yields 
vary widely from substrate to substrate. The yield 
of this compound is ambiguous to that extent, but 2-
butenes can be expected only from the decomposition 
of dimethylcyclopropylcarbene. This olefin is not 
produced in a stereospecific fragmentation (Table I); 
there is some memory effect. A portion of the carbene 
must also have undergone ring expansion to dimethyl-
cyclobutene4 but this fraction was not analyzed. 

When thermally vaporized carbon was used a small 
amount of 2-butene (~2 % of C1) was formed and there­
fore, the triplet state of carbon may take a small part 
in the arc reaction. 

ds-2,3-DimethylcycIopropanecarboxaldehyde. Alde­
hydes and ketones are deoxygenated by carbon atoms 
generated in the low intensity arc, forming CO and a 
carbene. This process has been shown to involve only 
metastable singlet states of Ci, using two independent 
criteria.1016 When 2,3-dimethylcyclopropanecarbox-
aldehyde (a mixture of both exo and endo isomers with 
greater than 97% cis methyl groups) was codeposited 
with carbon vapor from the arc, cz'.s-2,3-dimethylcyclo-
propylcarbene was produced by the deoxygenation 
process. The fragmentation of this carbene produced 
acetylene and 2-butene with some loss of stereochemistry 
of the starting material (Table I). The acetylene yield 
could not be correlated with 2-butene because acety­
lene also comes from a C2 precursor.8 The ring ex­
pansion reaction of dimethylcyclopropylcarbene to 3,4-
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dimethylcyclobutene (yield 3 %, based on Ci) was also 
studied and showed a similar loss of stereochemistry: 
cis, 70%, trans, 30%. 

Discussion 

Several features are common to these three-membered 
ring fragmentation reactions. The initial reaction 
with a carbon atom produces an adduct in a highly 
exothermic reaction, and they are initiated, mainly, by 
carbon atoms in the singlet state, when a low intensity 
carbon arc is used as the source. 

Since the carbon atoms from the arc react with cis-
2,3-dimethylaziridine to give HCN and 2-butene 
(eq 3), of which only 48 % has retained the cis configura-

9 NH + C1 9 :NH=C 
\ , « 

^ 
N = C ; 

\ H 
HC=N 

tion of the starting material, fragmentation cannot be 
concerted, although this is an allowed process for three-
membered rings.7 Instead, the initial adduct with Ci 
must decompose stepwise, through a diradical inter­
mediate. The initial insertion reaction is highly exo­
thermic and possibly this surplus of energy is retained 
so that the higher activation energy reaction leading 
to the breaking of one bond at a time and the lower 
activation energy concerted process can occur. A 
small amount may be triplet induced but would not be 
great enough to alter the conclusions. This is essen­
tially the same process postulated for the nonstereo-
specific deoxygenations of cis- and ?rans-2-butene oxide 
to 2-butene and CO (accounting for 58% of the Ci),5 

the energy being provided by initial complex formation 
of carbon with the oxygen on the ring. 

When dimethylcyclopropylcarbene is produced by 
insertion into the appropriate ring C-H bonds of the 
cyclopropane there is loss of stereochemical identity 
in fragmentation with a strong preference for the trans 
isomer. There may be some contamination by the 
triplet state of carbon in the above method of pro­
duction, but when m-2,3-dimethylcyclopropylcar-
bene is produced by deoxygenation of the corre­
sponding aldehyde only a metastable singlet state is 
involved. By spin conservation the carbene is gen­
erated in the singlet state. Both methods generate 
the cyclopropylcarbene in highly exothermic reactions. 
The deoxygenation process is exothermic by 85-100 
kcal.16 The cyclopropylcarbenes from both methods 
of production decompose nonstereospecifically, so that 
a ring bond must break to produce a diradical. This 
species is free to rotate, washing out the stereochemical 
uniqueness. Fragmentation and reclosure both occur 
(eq 4). Since the carbene produced by deoxygenation 

^ 
SH ^ ^ V 

HC=CH (4) 

reclosure ^Q + ^ 

(16) P. S. Skell, J. H. Plonka, and R. R. Engel, ibid., 89, 1748 (1967). 
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(and most of that formed by C-H insertion) is generated 
in the singlet state, nonconcerted ring opening must 
be competing with the lower activation energy concerted 
pathway. Therefore, substantial vibrational energy 
from the formation step is confined long enough for 
ring opening, despite the presence of near-neighbor 
molecules which could drain off this energy. Although 
solid matrices are usually considered excellent media 
for energy relaxation, a competing ring opening ap­
pears to be general for Ci induced fragmentations. 

Wolf and Guarino17 have shown that the same di-
methylcyclopropylcarbene, produced by photolysis of 
the corresponding diazo compound at low pressure, 
rearranges and fragments stereospecifically so the con­
certed reaction predominates when the carbene pos­
sesses little internal energy. When an atmosphere of 
N2 was added to the diazo compound, both fragmenta­
tion and rearrangement became nonstereospecific, be­
cause, the authors suggest, the carbene is collisionally 
deactivated and falls to the triplet ground state. This 
is an alternative, though less appealing, explanation 
for the nonstereospecificity in our dimethylcyclopropyl-
carbene decompositions. 

Jones, et a/.,18 have produced a cyclopropylcarbene 
by the thermolysis of the lithium and sodium salts of 
bicyclo[5.1.0]octa-2,4-diene-8-carboxaldehyde tosylhy-
drazone. This method produces a singlet carbene, 
yet the products are best explained by proposing ring 
opening and then fragmentation or reclosure at various 
positions on the ring. The difference between the di-

methylcyclopropylcarbene and the above species is the 
stabilization of one electron in the ring opened diradical 
by allylic conjugation, which suggests that ring opening 
may not have a very much higher E3. than the concerted 
process, for this bicyclic carbene. 

(17) A. Guarino and A. P. Wolf, Tetrahedron Lett., 655 (1969). 
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Experimental Section 
The reaction system used in this study has been described in a 

previous publication.9 The changes which were necessary for the 
thermal vaporization of graphite have also been described before.19 

Products were analyzed by gas chromatography. Acetylene, the 
butenes, and 1,3-butadiene were analyzed on a 50 ft X 0.25 in. 
diameter column packed with 30% 2,5-hexanedione on 45-60 mesh 
Chromosorb P at 0°. The HCN was chromatographed on a 20 ft 
X 0.25 in. diameter column packed with 6.5 % SE 30 on 60-80 mesh 
Gas Chrom Z at room temperature. 

cf\s-2,3-Dimethylaziridine. a\s-2,3-Epoxybutane20'21 was made 
from m-2-butene. The epoxide was converted, in three steps, to 
the aziridine.22 

To determine HCN, the crude carbon atom reaction mixture was 
stirred with alcoholic NaOH for 24 hr. All volatile material was 
pumped off and the residue was acidified with concentrated H2SO4. 
The HCN was collected in a —196° trap under vacuum. 

cis- and ?ra«s-l,2-Dimethylcyclopropane. Both cis- and trans-2-
butene were converted into the corresponding l,l-dibromo-2,3-
dimethylcyclopropane23 stereospecifically. The dibromide was re­
duced with Na in NH3

2 4 to the cyclopropane. Each isomer was 
free of the other geometrical isomer « 2 % by gas chromatography). 

m-2,3-DimethylcycIopropanecarboxaldehyde. The ethyl ester 
of c/j-2,3-dimethylcyclopropanecarboxylic acid was made by 
decomposing ethyl diazoacetate in m-2-butene, in the presence of 
CuCl.26'26 At this point the ester was less than 2 % contaminated by 
the cis isomer (gas chromatography). The ester was reduced to the 
alcohol with LiAlH4,27 which was reoxidized to the aldehyde with 
CrO3.28 

cis- and ?ra«i-3,4-Dimethylcyclobutene. c/'s-3,4-Dimethylcyclo-
butene was synthesized by the photolysis of trans,trans-2,4-he\2i-
diene.29'30 A mixture of both cis and trans isomers was the gift of 
Dr. R. Winter. 
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