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case, it may cyclize in two possible manners to form
methylvinylcyclobutanols [II1] as well as methylcyclo-
hexenol [IV]according to the following scheme:

When a solution of 6-hepten-2-one in pentane was
irradiated with a low pressure mercury resonance
quartz lamp,® acetone (329;), butadiene (239;) and an
alcohol fraction (7.59;) isomeric with the starting
ketone (found: C, 74.63; C, 10.48) were formed among
some unreacted ketone (209) and high molecular
weight material. The major alcohol (6%), separated
by gas chromatography, was identified to be 1-methyl-
2-vinyleyclobutanol [III] (found: C, 74.88; H, 10.77;
n%p 1.4598; vymax 3320, 3060, 1635, 990 and 910 cm. ).
The n.m.r. spectrum exhibits a singlet at 8.85 7 (— CHjy),
a multiplet at 7.90-8.70 7 (—CH,), a quartet at 7.15
r (allylic), a singlet at 6.36 7 (—OH), a triplet at 5.52,
5.10 and 4.93 7 (terminal vinyl) and a multiplet at 3.50-
4.45 7 (non-terminal vinyl) and the relative intensities
of these peaks are 3:4:1:1:2:1, respectively. Its
double bond region in the n.m.r. spectrum was essen-
tially identical with that of a known allyl system.” The
other alcohol component (1.49,) had been identified
tentatively to be 1-methyl-3-cyclohexenol {IV], Ymax
3320 and 3005 cm.~!; 8.80 7 (singlet, —CH;) and 4.42
r (singlet, vinylene). Upon hydrogenation the alcohol
fraction absorbed one mole equivalent of hydrogen, and
the hydrogenated mixture was separated by gas chroma-
tography into l-methyl-2-ethylcyclobutanol® and 1-
methylcyclohexanol in 4: 1 ratio, identical in all respects
with the corresponding authentic samples.

The isolation of both III and IV in the present in-
vestigation conclusively substantiates the step-wise
mechanism.? It also indicates that the reactive state
responsible for this reaction may be a triplet since the
intermediate radical was free to delocalize over an allylic
system.?
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IONIZATION POTENTIAL OF BENZYNE
Sir:

The chemistry of benzyne (1,2-dehydrobenzene) in
solution has received considerable attention, and has
been reviewed by a number of authors.! Recently, the
transient spectrum of an intermediate has been ob-
served in the flash photolysis of o-iodophenylmercuric
iodide and other precursors,? which is almost certainly
attributable to benzyne. We wish to report the de-
tection of benzyne in the thermal decomposition of 1,2-
diiodobenzene in a reactor coupled to a mass spec-
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trometer.® The detection of free radicals and other
products is carried out by ionization of a portion of the
product stream with electrons of low energy, such that
only parent ions are formed. The thermal decomposi-
tion of 1,2-diiodobenzene in this reactor at 960° (resi-
dence time ~1073 sec., pressure ~10~* mm.) leads to
the formation of the following products: iodine atoms,
iodophenyl radicals, phenyl iodide, phenyl radicals,
benzene, a product of parent mass 76 and a product of
parent mass 132. The reactions giving rise to these
products are thought to be

G =0 =0
I —_— . —_— |
i—;—H 76
(wall)
©I -1 © +Hewall) ©
78
: ) —
152

These reactions are similar to those reported in the
photolysis of 1,2-diiodobenzene in solution.* A com-
parison of the ionization efficiency curves for benzene,
the product of mass 76 and an added xenon standard
leads to the vertical ionization potentials: benzene,
9.50 v.; mass 76, 9.75 v. Identification of this species
of mass 76 as benzyne by its parent mass alone is not
sufficient, since three other structures for C¢Hs hydro-
carbons can be written: HC=CCH=CHC=CH (I),
H:.C=C=C=C=C=CH:; (II) and H;C=(C=C=
CHC=CH (III). Formation of any of these three
species from 1,2-diiodobenzene appears quite improb-
able. Formation of I would require one H-atom to
migrate to a next-but-one carbon, II and III require the
migration of two H-atoms. Moreover, the identity of
the product of mass 76 with any of these can be ruled
out on the basis of the expected ionization potentials.
II and III, being substituted butatrienes, will have
ionization potentials less than that of butatriene itself,
9.28 v.>  The ionization potential of I can be estimated
sufficiently closely for the present purposes by compar-
ing the changes in ionization potential along the two
series: ethylene, propylene, 2-butene; and ethylene,
vinylacetylene and I. Substitution of H in ethylene
by —C==CH decreases the ionization potential slightly
less (0.72 v.) than substitution by —CHs (0.78 v.).°
Comparison with 2-butene, derived from ethylene by a
1,2-disubstitution, gives the ionization potential of I
to be 9.40 v. The observed value for mass 76 is clearly
larger than expected values for I, II or III.

The thermal decompositions of 1,4- and 1,3-diiodo-
benzene under the same conditions were also examined.
The former produced iodophenyl radicals, benzene, and
again a compound of mass 76, but no product of mass
152. The ionization potential of the species of mass 76
in this case, however, was 9.46 v., in good agreement
with the estimated value for I. The course of this
reaction is evidently

1 )
@ I, @-» =L, HC=CCH=CHC=CH
1 I
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The decomposition of 1,3-diiodobenzene also led to the
formation of a product of mass 76, with the same ioniza-
tion potential, 9.46 v. The formation of I in this case
requires a H-atom migration

@ @ ©._,Hc CCH=CHC=CH
H

This migration may occur either before or after ring
rupture.

The presence of a product of mass 152 in the decom-
position of the ortho compound, and its absence in the
decompositions of the para and meta compounds, sup-
ports the ionization potential evidence that the product
of mass 70 from the ortho compound is benzyne.

Although the preliminary m.o. calculations of Berry,
¢t al..* do not permit an accurate prediction of I (ben-
zyne), they indicate that the orbital of highest energy is
a benzenoid orbital, and that the ionization potential
of benzyne therefore should not be greatly different
from that of benzene. Our observed value is in qualita-
tive agreement with this conclusion. Electron impact
ionization potentials correspond approximately to
vertical transitions, and that observed here for benzene
(9.50 v.) is .25 v. higher than the ijonization potential
obtained by spectroscopy (9.247 v.7) and photoioniza-
tion* (9.245 v.). A further increase of (0.25 =+ (.1 v.
in the vertical ionization potential of benzyne over that
of benzene may possibly represent merely a greater
change in configuration between the neutral and charged
species, rather than a change in adiabatic ionization
potential.
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A PREFERRED INVERSION IN AN ELECTROPHILIC
DISPLACEMENT: MERCURIDEBORONATION OF exo-
AND erdo-5-NORBORNENE-2-BORONIC ACIDS

Sir:

The inherent stereochemical preference of electro-
philic displacement at saturated carbon has been one of
the most elusive of chemical problems. That retention
is possible has long been known, inasmuch as all the
familiar alkyl migrations to an electron-deficient atom
may be so classified. Bromodemercuration proceeds
with retention,! but the brominating agent may complex
with the lea\mcr mercuric ion, resulting in a cyclic
transition state in which retention of conﬁguratlon of

the carbon atom would be inevitable. Related ex-
Br
’C \/Br
\H'g
X

planations have been applied to the stereochemical
preferences of carbanion intermediates, which range
from retention to some net inversion, depending on the
solvent.? We have now found what appears to be a
concerted transannular electrophilic displacement in
which nversion is faster than retention. The order of
magnitude of the ratio is hundreds.

(1) F. R. Jensen and L. H. Gale, J. Am. Chem. Soc., 82, 148 (1960); a
review of earlier literature is included. F. R. Jensen, I.. D. Whipple, D. K.
Wedegaertener and J. A. l.andgrebe, ibid., 82, 2466 (1960); F. R, Jensen.
ibid., 88, 2469 (1960).
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(1961).

COMMUNICATIONS TO THE EpITOR

1019

We recently have reported the preparation, separa-
tion, unequivocal identification and analysis for isomer
ratios of exo- and endo-3-norbornene-2-boronic acid.?
Boiling either the exo or the endo boronic acid with an
equimolar quantity of mercuric chloride in aqueous 839
acetone until most of the acetone evaporates yields
80-839%, of nortricyclylmercuric chloride, long needles,

m.p. 140° dec.* _.imal. Caled. for C;HHgCIl: C,
25.54; H, 2.76; Hg, 60.93; Cl, 10.77. Found: C,
25.61; H, 2.83; Hg, 61.18; Cl, 10.61.
or HLC‘Z.,CIHg
B(OH), H
H B(OH).

That the exo isomer, in which the carbon from which
the boron is displaced must undergo inversion of con-
figuration, reacts hundreds of times faster than the
endo is established by the following observations. A
solution (1.4 M in 93%, endo acid and 0.4 M in mercuric
chloride in aqueous 839, acetone was allowed to stand
26 hr. at 25°. The mercuric salts were precipitated
with hydrogen sulfide, the acetone distilled and the
organic material extracted with ether. The recovery
of boronic acid with a few per cent impurity (checked by
infrared) was 1059,. Similarly, 0.4 M 969, endo acid
and 0.2 M mercuric chloride refluxed 10 hr. led to 709
recovery of pure endo boronic acid and at least 209,
conversion to boric acid. Thus, with 0.4 J reactants
the first half-life of the endo isomer at 25° must be con-
siderably greater than 26 but probably not more than a
few hundred hours. In contrast, the half-life of the exo
isomer under these conditions is 20-30 min. Nortri-
cyclylmercuric chloride crystallizes from the reaction
mixture in 5-10 min., the recovery of impure exo acid
after 30 min. was only 30%, and starting with a 5.83
exo/endo ratio (by weight), 0.39 M exo and 0.35 M
mercuric chloride led in 22 min. to a 3.0 exo/endo ratio
(by gas chromatography of derived dehydronorbor-
neols). In other competition experiments run longer
times with either exo or endo in excess, it appeared
within experimental error that only the exe isomer was
disappearing. We anticipate complexity in the de-
tailed kinetics of the reaction,® and have first investi-
gated a more crucial point.

The relative reactivities of the exo and endo boronic
acids are relevant to the question of steric preference
in electrophilic substitution only if the carbon-boron
bond is being broken in the rate-determining step.
That this is the case is shown by the B!*/B! isotope
effect, 1.7 =+ (.79 for the endo, 2.99 for the exo isomer.
Measurements were made by degrading appropriate
samples to boric acid and determining the neutron
cross section. The method will be described in detail
later.

The possibility exists that the deboronation is not
transannular but involves direct displacement of boron
followed by rapid rearrangement of the resulting nor-
bornenylmercuric chloride. However, the reaction
conditions used do not normally permit mercurideboro-
nation of aliphatic boronic acids® and would require an
unknown type of interaction between the double bond
and the carbon atom undergoing displacement. In
contrast, m-complex formation with HgCl+ followed by
transannular displacement seems straightforward.

(3) D. 8. Matteson and J. O. Waldbillig, J. Org. Chem., 38, 366 (1963).

(4) The corresponding bromide and acetate have been reported by S.
Winstein, E. Vogelfanger and K. C. Pande, Chem. Ind. (London), 2060
(1962). We wish to thank Professor Winstein for verifying the identity of
our chloride with his (by infrared) in advance of publication.

(3) H. G. Kuivila and T. C. Muller, J. Am. Chen. Soc., 84, 377 (1962).
(8) K. Torssell, Acta Chem. Scand., 18, 115 (19389).



