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As the kinetic energy of the reactants is increased there is an
enhanced formation of other products, including those such
as SiH,*, SiH*, CH,*, CH*, and C* which are formed in
endothermic processes.

The fact that eq 1 is the major reaction in CF3*-SiH, col-
lisions is not surprising, since it is well documented that the
major reaction of silanes with positive ions is hydride trans-
fer.6-? Furthermore, kinematic studies of the H™ transfer from
silanes have shown that the reaction proceeds mainly by a di-
rect stripping-type mechanism as contrasted to the formation
of a long-lived intermediate complex.!! The surprising feature
of the reaction is that at low Kinetic energies ions such as CH3*,
CH,F*, and SiHF,*, which represent extensive redistribution
of H and F atoms, are formed.

The surprising feature alluded to arises from the fact that,
at the pressures used, the mean free path in the collision cell
is ~30 times longer than the ion path and, hence, all products
must result from a single collision of CF3* and SiHy. Thus to
form CH3*, for which only the neutral products SiHF; (or
SiF, + HF) are possible, a collision complex must be formed
which holds together long enough for six (or seven) bonds to
be broken and six bonds to be formed. In view of the tendencies
of positive carbon centers to abstract hydride from silanes®-°
and of positive silicon centers to abstract fluoride from fluo-
rocarbons,'2 and on the basis of the known bridging properties
of hydrogen and fluorine in inorganic!? and organosilicon!4
chemistry, we propose the mechanism shown in Scheme I. In
this mechanism the necessary long-lived complex is held to-
gether by alternating hydrogen and fluorine bridges that arise
as hydride and fluoride are successively exchanged and the
center of positive charge alternates between carbon and silicon.
As the redistribution proceeds, the complex is pictured as
passing continually through double-bridged structures, the first
of which is shown at the top of Scheme I. Stable product ions
may be formed by random unimolecular break-up of the
complex at various stages and those ionic products actually
observed are underlined. The rate constant for the total reac-

7827

tion of CF3* with SiHy at 1.3 eV is 6.5 X 10710 cm?/s,

In confirmation of the mechanism proposed in Scheme I is
the fact that the same extensive redistribution products are
formed in SiH;* collisions with CF3H, a system which results
in the same intermediate collision complex and presumably
the same mechanism. The entrance into the mechanistic se-
quence from these reactants is shown in the upper right of
Scheme I. It is interesting that the extensive redistribution
products are definitely not observed in collisions of SiH3* with
CF,.

The fall-off in yield of CH3* and CH,F* at the higher
energies (Table I) is in accord with a shorter complex lifetime
and the existence of more energetically feasible reaction
channels, as the internal energy of the complex is increased.
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Deuterium Labeling Studies of
Bicyclo[3.1.0]hexatriene
Sir:

We had previously reported preliminary results which were
compatible with the intermediacy of bicyclo[3.1.0]hexatriene
(I) when exo,exo0-4,6-dibromobicyclo[3.1.0]hex-2-ene (II) was
treated with potassium rert-butoxide.! A priori, the conversion
of IT to 6-rert-butoxyfulvene (IIT) in high yield resulted either
from two HBr eliminations accompanied by the addition of
t-BuOH or an HBr elimination followed by the substitution
of tert-butoxide for bromide. III was accompanied by two
minor side products, 6-bromofulvene and bromobenzene,
which clearly arose by different mechanistic pathways. To
further substantiate our initial claim, we examined the deu-
terium isotope effect on product distribution.

By labeling the halogens at C4 and C¢ we demonstrated that
bromobenzene was formed by loss of the C4 hydrogen and Cq
halogen. The 6-bromofulvene presumably was the result of a
cis 1,4 HBr elimination generating 6-bromobicyclo[3.1.0]
hexa-1,3-diene (IV) which then underwent a disrotatory
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electrocyclic ring opening converting the diene into the product
triene. IV would also be the precursor of the 6-tert-butoxy-
fulvene III. As shown in Scheme I, path a, the transformation
could entail a second HBr elimination generating the triene
I followed by addition of t-BuOH and then a similar electro-
cyclic opening. Several alternative pathways would convert IV
to I1I without necessitating further loss of HBr. Grohmann had
suggested nucleophilic attack of terr-butoxide at Cg with
concomitant ring opening and loss of bromide (path b).2 Ad-
dition-elimination to 6-bromofulvene would also form III
(path ¢).

Invoking Scheme I, one can predict the result of replacement
of a bridgehead hydrogen with deuterium. For example, the
primary isotope effect of a deuterium at C; would enhance
formation of bromobenzene at the expense of both fulvenes.
However, if the deuterium were at Cs, IV deuterated at Cs
should be formed at a rate comparable to the undeuterated
material. The partitioning of IV between 6-bromo and 6-
tert-butoxyfulvene should be unchanged if both were the result
of only one HBr elimination. However, if I1I arose via I, the
amount of 6-zert-butoxyfulvene should decrease due to the
primary isotope effect.

To test this analysis, we prepared the monodeuterated di-
bromide I1, containing one deuterium equally distributed be-
tween the bridgehead carbons, from 6-deuterio-1,4-dioxa-6-
spiro[4.4]nonene (V) which was prepared by bromination,
dehydrobromination, and Na/r-BuOD reduction of 1,4-
dioxa-6-spiro[4.4]nonene. V was converted to I by sequential
reactions with CH»Br»/LiN(SiMej3),, H;0%, SeO», AlHj3, and
HBr.? Under conditions identical with those employed for the
undeuterated dibromide, bridgehead deuterated II was con-
verted in poor yield to 6-rert-butoxyfulvene; the major products
were bromobenzene and 6-bromofulvene. These results dem-
onstrate that the loss of both bridgehead hydrogens was re-
quired for the formation of the 6-terr-butoxyfulvene. This
observation is consistent with a mechanism entailing the in-
termediacy of bicyclo[3.1.0]hexatriene I and not a pathway
entailing only one HBr elimination.

The following procedure was used to analyze for deuterium
content and location. The standard conditions for the trans-
formation of deuterated II to 6-dimethylaminofulvene (VI)
were as follows: | mM of Il in | ml of THF was added under
argon over 30 min to 3 ml of THF at —75 °C containing 6 mM
of KO-¢-Bu and 8 mM of HNMe,. After stirring for 1 hat —75
°C, the solution was quenched by H,O. To prevent any pos-
sibility of exchange, the aqueous washes were kept neutral or
alkaline.* The deuterium content of the product aminofulvene
VI was determined by mass spectral analysis after conversion
to 6-phenylfulvene. 3¢ To ascertain the location of the deute-
rium, we utilized the observation that the hydrogens at C; and
C, of VI are easily exchanged by mild acid catalysis.” More-
over, under more vigorous conditions, exchange will even occur
at C; and C;. Typically, the product VI was split into two
portions: only one of which was exchanged. Both samples were
then converted to the 6-phenylfulvene. Comparison of the
deuterium content of each established the location of the label
as being distributed at one or more of the three distinct sets of
positions: Cg, Ci and Cy4, and C, and C;. We could not distin-
guish between C; and C,4 or between C; and Cs by this method.
Consistent with formation of I, the mixture of bridgehead
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monodeuterated dibromides was converted in poor yield to VI
containing a total of 0.09 D (0.03 D at C; and C; and 0.06 D
at C;and Cy).

To exclude the possibility of hidden skeletal rearrangements,
we prepared Il deuterated at C3 and at Cq. II deuterated at Cs
was prepared by acid catalyzed exchange of the a-methylene
protons of 6-bromo-2-bicyclo[3.1.0]hexanone followed by the
procedure stated above. The dibromide II containing 0.5 D at
C; was converted in excellent yield to VI containing 0.32 D at
Cyand C3 and 0.06 D at C; and Cg.

To label C¢, II was prepared from deuterated benzvalene.®
The labeled dibromide contained 1.5 total D of which 0.75 was
at Cg, 0.22 at Cy and Cy, respectively, and 0.15 at C; and Cs,
respectively. Upon conversion in high yield to the aminofulvene
VI, followed by exchange, 0.7 D remained in the molecule. By
I'H NMR, all the deuterium was at Cg.

From these two labeling studies it is apparent that no skeletal
rearrangements occurred. Moreover, deuterium at Cs or Cg,
or as will be seen at C, or C4, had no effect on the reaction
course.” Only deuterium at either bridgehead position ad-
versely affected the formation of 6-tert-butoxy or 6-di-
methylaminofulvene. These results are consistent only with
the formation of bicyclo[3.1.0]hexatriene, the chemistry of
which is described in the following communication.®
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Chemistry of Bicyclo[3.1.0]hexatriene
Sir:

This paper focuses on two aspects of the chemistry of bicy-
clo[3.1.0]hexatriene (I): (1) the acidity of I and (2) the
transformation of I to fulvenes.

The complex nature of the latter was revealed by the ex-
amination of the products arising from a mixture of 2- and
4-deuterio-exo,exo-4,6-dibromobicyclo[3.1.0]hexenes (II)
prepared by alane-d; reduction of 6-bromo-2-bicyclo[3.1.0]-
hexenone followed by exposure to HBr. By 'TH NMR the sole
deuterium was equally divided between C» and C4. Under the
standard conditions previously outlined,' this labeled dibro-
mide was converted to 6-dimethylaminofulvene (III) con-
taining 0.3 D distributed between C; and C4.2 The amount of
deuterium washed out varied between 0.6 and 0.8 D, depending
on the reaction conditions, The Sn2’ products isolated from
the reaction had not lost deuterium as judged by 'H NMR,
thus precluding prior exchange of II.
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