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A Novel Carbene-Carbene Rearrangement 

Sir: 

The reaction of 7,7-dibromo-2-norcarene (1) with methyl-
lithium gave as the main product 5>»«-7-bromo-7-methylnor-
bornene (2).1'2 It was proposed that formation of compound 
2 involved rearrangement of 7-norcar-2-enylidene (3) to 7-
norbomenylidene (4)3 (Scheme I). Several cases of carbene-
carbene rearrangements have been reported,4 particularly in 
aromatic systems, but the interconversion of carbenes 3 and 
4 would be a novel example. It was therefore of interest to at
tempt the generation of carbene 3 unambiguously and record 
its behavior. One way to accomplish this would be to treat the 
appropriate N-nitrosourea with base,5 a reaction that has 
successfully generated cyclopropylidenes.6 A diazotate is an 
intermediate in this reaction and it can be isolated as a salt 
under special conditions.5 

From anf/-7-carboxy-2-norcarene (5)7 the corresponding 
urea 68 was prepared in the usual way via the isocyanate in 65% 
overall yield. Oxidation of 6 at -78 0C with N2O4 in THF 
afforded a 79% yield of the N- nitrosourea 7.9 Treatment of 7 
with KOC(CH3)3 in THF at -40 0C gave diazotate 8 as a 
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light brown powder.10 The salt reacted with excess methanol 
with evolution of nitrogen, giving awft'-7-methoxynorbornene 
(9) and e/ufo-2-methoxytricyclo[4.1.0.O3'7]heptane (10) in a 
ratio of 2:1, identified by comparison with authentic samples.'' 
The same products in a ratio of 3:1 were formed in a reaction 
of 8 with 2 equiv of methanol in pentane. On the other hand, 
decomposition of the salt 8 with excess acetic acid afforded 
a/z//-7-acetoxy-2-norcarene (II)12 as the sole volatile product 
(Scheme II). 

Different intermediates are apparently involved in these 
reactions. The formation of compound 11 is reasonably ex
plained by internal return of an ion pair,13 and the ethers 9 and 
10 are those expected from the 7-norbornenyl cation (12) and 
methanol.14 However, on the basis of our experiments it seems 
unreasonable that 12 results from a carbonium ion rear
rangement.15 Deamination of anf;-7-amino-2-norcarene hy
drochloride (13)16 with sodium nitrite in THF/acetic acid 
afforded the acetate 11 (72% yield), besides several minor 
unidentified compounds. Furthermore, treatment of the di
azotate 8 with Et3O+BF4

- 17 in ether/methylene chloride 
produced a complex mixture with the ether 14'8 as the main 
component; <4% of the rearranged ether, an?i'-7-ethoxy nor
bornene (15), was found. A similar reaction of the diazotate 
8 with 10 molar equiv of H2SO4 in excess methanol/THF af
forded ann'-7-methoxy-2-norcarene (16)19 as the major 
product (75%) and no norbornene derivatives. When the latter 
reaction was carried out using D2SO4 in methanol-di/THF, 
no deuterium was incorporated into the product 16. On the 
other hand, the decomposition of 8 in excess methanol-rfj re
sulted in better than 97% incorporation of deuterium at C-7 
of the ether 9, as shown by the absence of a broad singlet at 5 
3.12 (CCl4). The ethers 9,14,15, and 16 were unaffected by 
the reaction conditions. 

Apparently, protonation of 8 results in formation of the 
corresponding diazonium ion which under acid conditions does 
not equilibrate with the diazo compound. Hence, products 
derived from the 7-norcar-2-enyl cation (17) are observed. On 
the other hand, basic conditions result in the diazo compound 
and, subsequently, the carbene 3 which rearranges to 7-nor-
bornenylidene (4).20 The latter should be nucleophilic rather 
than electrophilic, owing to interaction of the double bond with 
the electron-deficient carbon,21 a conclusion that has recently 
been borne out by experiment.22 Hence, protonation of 4 by 
methanol affords the carbonium ion 12, from which the ob
served products 9 and 10 can be derived. 

As expected the reaction of the N- nitrosourea 7 with 
LiOCH3 in pentane6 produced mainly a liquid (75%) which 
consisted of the ethers 9 and 10 in a ratio of 4:1 besides a small 
amount of a«n'-7-hydroxynorbornene.23 The same products 
were isolated when pentane was replaced by m-2-butene;24 

no addition to the double bond of the alkene was observed. 
Neither did the presence of diethyl fumarate result in forma
tion of spiro compounds. Furthermore, we were not able to 
observe the expected color changes owing to formation of an 
intermediate diazo compound during any of the decomposition 
reactions; however, the base-induced decomposition of 7 in the 
presence of fumaronitrile gave the pyrazoline 1825 which is 
clear evidence for the presence of such an intermediate. 

Our results contrast with those reported26 for the decom-
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position of the homologue 7V-nitroso-./V-aHf;-bicyclo-
[3.1.0]hex-2-en-6-ylurea which rearranged via carbonium 
ions. 
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Detailed Potential Energy Surfaces for 
Carbonium Ion Rearrangements: CSHTO+ 

Sir: 

In earlier work,1-2 we have emphasized that reactions oc
curring in the field-free regions of conventional magnetic sector 
mass spectrometers do so with excess energies in the transition 
state, which are comparable to, or less than, those present in 
solution reactions. Important experimental evidence for this 

Figure 1. Potential surface for unimolecular reactions of protonated ace
tone and protonated propionaldehyde. 
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view is found in the occurrence of large primary deuterium 
isotope effects.2"4 

Investigations of such unimolecular reactions (i.e., those 
responsible for metastable peaks) have uncovered cases where 
isomerization of an ion is the rate-determining step, followed 
by more rapid dissociation from the newly formed isomeric 
structure.5'6 A specific case is the rate-determining isomer
ization of protonated acetone (1) to protonated propional
dehyde (2) prior to dissociation.6 The most plausible mecha
nism for this reaction is via the primary carbonium ion 3 as, 
or near to, a transition state (Scheme I). The approximate heat 
of formation of 3 (176 kcal mol-1) can be estimated;7 the 
agreement with the measured transition-state energy (190 kcal 
mol-1)6 for the rate-determining step for isomerization of 1 
prior to dissociation is satisfactory. 

This scheme is incorporated into the potential energy surface 
shown Figure LA consequence of this potential surface is that 
ions initially generated as structure 2 should not be able to 
attain configuration 3. This follows since the activation energy 
for elimination of C2H4 from 2 (~48 kcal mol-1; measured 
transition-state energy6) is less than the energy (~56 kcal 
mol-1) which would be needed to cause isomerization of 2 to 
1 via 3. 

The most plausible mechanism whereby C2H4 loss can occur 
from 2 is via two successive 1,2-hydride shifts followed by 
cleavage of the central C-C bond in the primary carbonium 
ion 5.1,2-Hydride shifts of this type are symmetry allowed and 
are known from calculations8 and solution NMR experiments9 

to proceed with negligible energy barriers, i.e., with activation 
energies close to the reaction endothermicities or exothermi-
cities. Other possible isomerizations are ring closure of 4 and 
5 to form the more stable protonated oxirane 7 and protonated 
oxetane 8, respectively. These isomerizations, which should 
be rapid and reversible at energies appropriate to slow uni
molecular dissociations, are incorporated into Scheme II and 
Figure 1. 

Since we have deduced that the primary carbonium ion 3 
is not accessible starting from 2, it follows that 7, once formed, 
must open exclusively to the secondary cation 4. However, 
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