Mechanism of Cyclopropane Formation via
Diazotization of Aliphatic Amines’

Sir:

Aprotic diazotization of aliphatic amines affords
hydrocarbons in increased yield: olefins with a mini-
mum of skeletal rearrangement and double-bond mi-
gration and relatively large amounts of cyclopropanes.?
These results have been interpreted as arising from
poorly solvated (i.e., unstabilized) cationic intermedi-
ates. However, aliphatic carbenes also give, tia intra-
molecular processes, nonrearranged olefins and cyclo-
propanes.® The possibility of carbenic and cationic
processes occurring concurrently during the diazotiza-
tion process has been raised but not adequately re-
solved.®®® The following experiments clearly demon-
strate that under conditions of protic and aprotic di-
azotization, carbenic intermediates are not involved.

For example, 1,l-dy-isobutyldiazonium ion (1) can
yield, by loss of nitrogen, migration of methyl, and loss
of proton, 3,3-dp-1-butene. Similarly methylcyclo-
propane arising directly from 1 would also contain two
deuterium atoms per molecule. If the carbene inter-
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mediate (2) were involved, methylcyclopropane derived
from it could only contain one deuterium atom. In-
asmuch as significant amounts of hydrogen-deuterium
exchange occur during the aprotic diazotization proc-
ess,” an absolute deuterium determination of the
methylcyclopropane obtained is of questionable value.
However, since l-butene can only arise from 1 via
a cationic process,??® the difference in absolute deute-
rium content of the l-butene and methylcyclopropane
formed from 1,1-d,-isobutylamine (3) is a measure of the
amount of 2 involved. This correlation is valid only
if it is assumed that cyclopropane formation can occur
by loss of one of the methyl protons in either a con-
certed process or via a protonated methylcyclopropane.
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Diazotization of 3-d»® in chloroform or in DOAc-
D.O (1:1) gave hydrocarbon mixtures which were
separated (glpc), trapped, and analyzed.™® In each case
the deuterium content of the 1-butene and the methyl-
cyclopropane were found to be essentially the same
(Table I). However, the minor differences (~1-2%

Table I. Diazotization of (CH;);CHCD,ND,

Deuterium contentb———

Aow -

System Acid-solvent do dy dv dy d dr  dy di dy
1 DOAc-D:O 0 496 0 397
2 HOAc-H:O 0 595 0 397 0 16 84
3 HOAc-HCCl; 10 40 50 8 38 54 16 44 40
4 DOAc-HCCl; 017 83 015 85 2 29 69
5 DOAc-hexanol-d 0 991 0 892
6 DCI-HCCl;¢ 0 595 0 397

o Amine [3% 1-d), 977 1-db] (1 equiv), H(D)OAc (1 equiv), and
octyl-ONO (1.1 equiv) and solvent at reflux. * Low-voltage mass
spectrometry. ©Loss of deuterium relative to 1-butene and
methylcyclopropane can be best explained by a 1,2-hydride shift
followed by loss of deuterium or hydrogen. This phenomenon is
presently being studied using 2-d-isobutylamine. ¢ Cf. ref 5,
footnote 14b.

less deuterium in methylcyclopropane) can be attributed
to either the intermediacy of 2 or an equilibrating
methylcyclopropane which is capable of losing a por-
tion of its deuterium in its conversion to methylcyclo-
propane but not to l-butene.® The extensive Joss of
deuterium in system 3 is the result of protium-deuterium
exchange occurring during the reaction.® The results
are in excellent agreement with the extent of deuterium
incorporation observed in the system isobutylamine-
d-DOAc-HCCl;.> The seemingly anomalous results
obtained from the reaction 3-do-DOAc-HCCl;y® are
also best explained as resulting from protium-deu-

(6) 1,1-dy-Isobutylamine was prepared by the reduction of isobuty-
ronitrile with lithium aluminum deuteride. Attempts to prepare the
amine by a modified Beauveault-Blanc reduction (V. L. Hansley,
Ind. Eng. Chem., 39, 55 (1947)) on isobutyronitrile led to deuterium
exchange at the tertiary carbon, and as a result the amine obtained was
approximately 15% di, 50% ds, and 35% ds (+-H:-D ~ 60:40)
species.

(7) The isomer hydrocarbon composition was essentially the same
as that observed previously.

(8) Low-voltage mass spectrometry.

(9) The possibility of an equilibrating protonated methylcyclopropane
can account for the minor differences in deuterium content of 1-butene
and methylcyclopropane. The 1-butene can result either by methyl
migration and loss of a proton or vig an equilibrating protonated
cyclopropane followed by loss of the methyl proton. No deuterium,
however, can be lost in either process.
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terium exchange—a result of the experimental difficulty
of creating an absolutely proton-free environment and
of protium generation during olefin formation. The
amount of exchange is reduced when diazotization is
effected in excess hexanol-d (system 5) as a result of
swamping the reaction with exchangeable deuterium
(i.e., dilution of protium).

The intermediacy of a carbene can be eliminated or
restricted to a maximum level of involvement of ca.
0.197. However, considering the wide range of ex-
perimental conditions and the excellent internal con-
sistency in relative deuterium content of the methyl-
cyclopropane and 1-butene, a better explanation for the
differences observed is the limited involvement of an
equilibrating deuterated (or protonated) methylcyclo-
propane. ¥
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The Synthesis of Bicyclo[4.2.2]deca-2,4,7,9-tetraene.
New Sources of cis- and rrans-9,10-Dihydronaphthalene
and Bullvalene!

Sir:

The energy surface on which several C;¢Hyo hy-
drocarbons exist features a number of paths between the
isomers accessible either photochemically or thermally.
The interconversion of bullvalene (I) and c¢is-9,10-
dihydronaphthalene (II) and the thermal conversion
of Nenitzescu’s hydrocarbon, tricyclo[4.2.2.0%%]deca-
3,7,9-triene (III), to II have been described by Doering
and Rosenthal.2 We have previously added the
photochemical conversion of 1 to III and a second
hydrocarbon, as yet of unknown structure.?
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wish to further enrich the known minima on this energy
surface by adding the hitherto unknown bicyclo[4.2.2]-
deca-2,4,7,9-tetraene (IV). In addition, a new source
of cis- and trans-9,10-dihydronaphthalene has been
found. Finally, although we plan to report at length
on the properties of IV later, we cannot resist describing
its facile conversion to bullvalene.

In a procedure previously described by Boekel-
heide*? and others,®” diazoacetic ester was decomposed
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thermally in the presence of cyclooctatetraene® and
a small amount of cupric sulfate, This procedure led
to methyl bicyclo[6.1.0Jnona-2,4,6-triene-9-carboxylate
(Va). Nuclear magnetic resonance (nmr) spectros-
copy showed that the rearrangements noted in this
system®~7 had been avoided. Conversion of Va to
the salt of the tosylhydrazone Ve was accomplished
via the acid Vb, the acid chloride Vc, and the aldehyde
Vd by unexceptional steps. Decomposition of the
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dry salt of Ve at 90-120° led not to the conventional®
product bicyclo[6.2.0]deca-2,4,6,9-tetraene (VI) but to
a complex mixture of Cj;H;y products. These com-
pounds, in order of their elution from a 2-m, 209

- o
@CHNWTS Na 120,
GORIOSRI G

n + 1V

Dow-Corning 710 silicone oil column, are: trans-
9,10-dihydronaphthalene (20.097),° II (11.69),° cis-
l-phenylbuta-1,3-diene (4.6%),'® IV (37.8%), and
1,2-dihydronaphthalene (13.3%). Cyclooctatetraene
(12.79%) and small, variable amounts of naphthalene
were also formed. All compounds save IV were
identified by comparison of spectra with those of
authentic samples.

The structure of IV remains to be proved. In
particular, it must be carefully differentiated from the
isomeric VI. The 100-Mcps nmr spectrum!! of IV
shows two multiplets integrating for two protons each
at 604 and 565 cps from tetramethylsilane, a sym-
metrical four-line pattern centered at 546 cps integrating
for four protons, and a two-proton multiplet centered
at 312 cps. On irradiation of the 312-cps signal, the
four-line pattern at 546 cps collapses to a sharp singlet.
Thus this signal can be assigned to the four protons on
the ethylene bridges of IV. Norbornadiene shows a
similar four-line pattern and identical behavior on
decoupling of the bridgehead protons.!! It is most
difficult to reconcile this behavior with structure
VL
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