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The Gaseous Tetramethylenechloronium Ion!
Sir:

The formation of chloronium and bromonium ions in the
gas phase was postulated? to explain the dominant peaks in
the mass spectra of higher 1-haloalkanes (eq 1). Despite the
apparent general acceptance of this rationalization,® and

the postulation of similar cyclization-displacement reac-
tions involving anchimeric assistance to explain® unusual

L+ +
cl C
R—Y,0N NCY, — R- + Y, ]\‘CY; (1)

\ /
H,C—CH, H,C—CH,
I, R=CH;; Y=Y =H 2

la, R=CH;; Y=H; YY=D
b, R=CH;; Y=D;, Y=H

Table I. Partial Mass Spectra of Labeled 1-Chlorohexanes

Relative abundance

Compound mfe 90 91 92 93 94 95

1-Chlorohexane 0.3 72. 3.6 23. 1.3
1-Chlorohexane-/,/-d, 0.2 L9 70. 3.8 23
1-Chlorohexane<,4-d, 0.5 1.6 71. 3.8 22

Table I Collisional Activation Spectra of C H,**Cl*
and C,H,D,*CI* Ions'?

1-Chloro- 1-Chloro- 1-Chloro-
1-Chloro-  1-Chloro- hexane, hexane- hexane-

mfe heptane¢  hexane? 18 eva 1,1-d,b  4,4-d,
27 16 15 16 8.0 7.4
28 4 4 4 8.5 8.0
29 9.2 10 9.1 5.4 5.5
30 5.6 5.0
31 34 3.3
39 14 15 14 7.5 7.1
40 2 2. 2 7.2 7.1
41 9.6 9.5 8.3 5.9 5.7
42 3.7 3.6
43 4.0 4.0
47 1.1 1.2 1.5 1.0 1.0
48 0.5 0.5 0.5 0.5 0.5
49 12 12 10 5.7 5.2
50 1 1. 1 2.6 2.7
51 34 33 3.6 5.5 5.2
52 0.5 0.5 0.5 1.5 2.0
33 7.2 6.5 6.7 1.7 1.5
54 <2 <2 <3 3.0 3.0
(55) (140) (180) (110) 3.5 3.5
61 4.3 4.3 4.1 2. 2.
(62) (15) (16) (13) (7) (7
(63) (19) (21) (16) (8) (8)
73 1. 1.0 1.1 0.4 0.4
74 0.1 0.1 0.4 0.3
75 4. 3.5 4.3 1.0 0.9
76 0.5 1. 1.3 1.3
77 1.2 1.2
78 0.2 0.2
90 10 11 12 0.2 0.3
91 0.7 1.1
92 5.5 7.6

@ Abundances are relative to the total ion abundance = 100, ex-
cluding m/e 55, 62, and 63 which arise in part from metastable ion
decompositions. # Abundances are relative to the total = 100 for
the ions used in footnote ¢ and their deuteriated derivatives; con-
tribution of such ions to m/e 62 and 63 is assumed to be 3/100.

peaks in the spectra of n-alkyl amines, thiols, nitriles, and
ketones,* no direct evidence for such ion structures has yet
been presented. Cyclic halonium ions have been identified
in SbFs-SO; solution by Olah, Peterson, and their cowork-
ers,” supporting previous postulates of 1,2- and 1,4-halon-
ium ion participation in solvolysis. However, although rela-
tively high stabilities are found for tetramethylenehalonium
(Cl, Br, 1) and ethylenehalonium ions in solution,® mass
spectral examples in which high ion abundance indicates
such special stabilization have been found only for
C4HgCl* and C4HgBr* ions and not for gaseous ions such
as C4Hglt, C,H4Cl*, or C;H4Br*. Recent ion-molecule
reaction studies® indicate that C4HsBr* ions are substan-
tially more stable than C,H4Br* ions. Theoretical studies’
utilizing ab initio calculations, which neglect solvent effects,
also predict the ethylenehalonium ions to be stable. Thus we
felt that unequivocal evidence for the structure of the par-
ent tetramethylenechloronium ion 1 in the gas phase was
necessary before further comparisons of gas and solution
phase behavior of these ions was warranted.

The base peak in the spectrum of 1-chlorohexane, 1, has
the composition C4HgCl*. In the mass spectra of both 1-
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chlorohexane-1,1-d> (1a)t and -4,4-d, (1b)° (Table 1) this
ion retains both deuterium atoms, consistent with the spe-
cific loss of the terminal C,Hs group as required by eq 1.

The collisional activation (CA) spectrum!? of the
C4Hg*3Cl* ions from 1-chlorohexane (Table II) is not af-
fected by lowering the electron energy, indicating that a
single ion structure is formed. The same CA spectrum is ob-
served for these ions from 1-chloroheptane, consistent with
a common mechanism of formation,

A unique feature of the chloronium ion 2 in comparison
to CICH,CH,CH,CH,* or most alternative structures is
its axis of symmetry. Thus the C4HgD>Cl* ion produced
from la should be identical with that from 1b, while open
chain ion products would differ in their position of deuteri-
um substitution. The CA spectra of the C4HgD»3*>CI™ ions
from la and 1b are virtually identical. Of course this would
be true for even an open chain C4HgCl™" structure if com-
plete H/D scrambling occurred before decomposition; the
spectra indicate that H/D scrambling, although extensive,
is not complete. Fortunately, there is a relatively small de-
gree of scrambling in the CH233Cl™ ions (m/e 49 for dg)
formed by loss of C3Hg.'3 If 1a and 1b gave the open chain
ions CICD,CH,CH,CH,* and CICH,CH,CH,CD>", re-
spectively, the m/e 49 peak of 1 should appear largely at
m/e 51 and 49 in la and 1b, respectively. However, in the
CA spectra of the C4Hg33Cl™ ions from both 1 and 1b, the
amounts of CH,Cl* and CD,Cl* formed are equivalent,
and double that of CHDCI*. This must result from decom-
position of C4HgCl* ions in which carbons | and 4 have be-
come equivalent to each other but not to carbons 2 and 3,
completely consistent with the chloronium ion structure 2.'6
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Thermal Rearrangement of Some Endo-Endo’-Bridged
Bicyclo[1.1.0]butanes
Sir:

The thermal rearrangement of bicyclo[1.1.0]butane to
butadiene is considered to be a concerted [,2s + ,2,] type
reaction.!'2 Recently Dewar and Kirschner? on the basis of
MINDOY/3 calculations concluded, that a two-step mecha-
nism with a diradical intermediate is more favorable and
not in contradiction with the allowed and stereoselective!-?
formation of the products. Wiberg and Szeimies* obtained
bicyclo[3.2.0]hept-6-ene (3) on gas phase pyrolysis of tricy-
clo[4.1.0.0%]heptane (1). Since the direct conversion 1 —
3 is forbidden,' the authors proposed cis,trans-cyclohepta-
1,3-diene (2) as intermediate, which on conrotatory ring
closure forms the cis substituted cyclobutene (3). As ex-
pected 1a is transformed to 3a.®

(D)
D) )
4
H H
D (D
D) D) )
2 (2a) 3 (3a)

1 (la)

We wish to report the results of a study, in which 1, tricy-
clo[4.1.0.02 7] hept-3-ene (5), tricyclo[3.1.0.026]hexane (9),
and tetracyclo[4.1.0.02#.035]heptane (12) were rearranged
in solution. Since in toluene-ds thermolysis of 1 produces
only a small amount of 3 and mainly 2-norcarene (4), the

4

formation of which is probably acid catalyzed,® we used te-
tramethylethylenediamine (TMEDA) as solvent and ob-
tained after heating to 200° for 24 hr 40% 3 and 60% 4.
Recently the preparation of (8) and its thermolysis to bi-
cyclo[3.2.0]hepta-2.6-diene (8) were reported.” The by-
product cycloheptatriene does not appear, if the reaction is
carried out in the presence of TMEDA. At 135° the half-
life was determined to be 1 hr, the yield more than 90%. An
overall pathway analogous to the 1 thermolysis is indicated
by the reaction product 8. Being less symmetric than 1, §
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