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Reaction of the tert-butyl cation, (CHj3)3C*, generated in a chemical ionization mass spectrometer (isobutane
CIMS), with various benzyltin compounds provided the [M + 57]* ion, which we postulate to be the intermediate
benzenonium ion. This intermediate ion is vertically stabilized by the carbon-tin o-bond electrons of the
~CH3SnR; group (o- conjugation) and fragments to give p-tert-butyltoluene and eventually the p-tert-butylben-
zyl cation, as well as the corresponding RsSn* cation. The intermediate benzenonium ion can also lose a proton to
give a p-tert-butylbenzyltin compound, which itself undergoes further electrophilic cleavage reactions. Substitu-
tion at the para position with a tert-butyl group prevents tert-butyl cation attack, which implies para substitution
as the predominate site for reaction. Interestingly, this latter reaction provides the [M + 1]* ion instead and gains
insights into the steric factors of this gas-phase electrophilic reaction. Competitive cleavage of alkyl, benzyl, and
phenyl groups will also be discussed along with the role of o-7 conjugation in these gas-phase electrophilic cleavage

reactions.

The concept of o~r conjugation as a viable mechanism
to explain the various properties of carbon-metal compounds
has been amply documented in recent years.22-¢ Pertinently,
the use of benzyltin compounds as models for o—7 conjugation,
utilizing such spectroscopic methods as nuclear magnetic
resonance,3b ultraviolet,2¢ visible,2¢ and UV photoelectron
spectroscopy,? has been paramount in revealing this interac-
tion of carbon-metal ¢ electrons with the = orbitals of the
benzene ring.

We have been involved in using chemical ionization mass
spectrometry (CIMS) as a means of studying gas-phase pro-
tonolysis reactions of organotin compounds.’a-¢ Furthermore,
we wanted to be able to identify intermediates in these reac-
tions in order to clarify electronic effects without the influence
of solvents. In this regard, we recently were able to study the
1,3-deoxystannylation reaction in the gas phase and demon-
strated the formation of a carbonium ion intermediate with
a series of y-phenyl-y-hydroxypropyltrimethylitin derivati-
ves.>P An extension of this latter CIMS study, with the hope
of observing intermediates in gas-phase electrophilic cleavage
reactions, was initiated with a series of benzyltin com-
pounds.

In this paper, we present evidence that the tert-butyl cation
(isobutane CIMS) undergoes electrophilic attack at the para
position of a benzene ring to provide the intermediate ben-
zenonium ion. This intermediate ion, which is vertically sta-
bilized by carbon-tin o electrons of the -CH,SnR; group,
predominantly fragments to p-tert-butyltoluene and even-
tually forms the p-tert-butylbenzyl ion as well as the or-
ganotin cation, among other gas-phase reactions.

Results and Discussion

The isobutane CIMS spectra of all the benzyltin com-
pounds, 1-9, studied are tabulated in Table I. Compound 1
can be used to illustrate the electrophilic reaction of the
tert-butyl cation in the gas phase (eq 1). This result strongly
suggests that the [M + 57]* ion (39%) must be formed by
electrophilic attack on the benzene ring by the tert-butyl
cation. Supporting this assumption is the formation of the
p-tert-butylbenzyl cation, m/e 147 (4%), which we presume
results from the formation of p-tert-butyltoluene, 10, followed
by further reaction of 10 with tert-butyl cation, via hydride
abstraction.? We substantiated this by independently
studying the isobutane CIMS of p-tert-butyltoluene and
found that the [M - 1]* ion, m/e 147, was readily formed in
a concentration dependent ion-molecule reaction, i.e., at lower
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concentrations (solid probe) the [M — 1]* ion was predomi-
nant (eq 2, Table I).
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Further supportive evidence for electrophilic attack of the

tert-butyl cation on a benzene ring was forthcoming with
several ortho- and para-substituted benzyltrimethyltin
compounds, 2—-4. Compound 2 provided the (M + 57]* ion
(100%) as well as a [M + 1]* ion, m/e 271 (28%). Furthermore,
the p-tert-butyl-o-methylbenzyl cation, m/e 161, was formed
in 49% relative abundance along with the trimethyltin cation,
m/fe 165 (99%). Compound 3, a para-substituted (fluoro)
benzyltin compound, also gave the [M + 57]* ion (14%) as well
as the trimethyltin cation (m/e 165, 100%).

Interestingly, the p-tert-butyl substituted benzyltin com-
pound, 4, provided only the [M + 1]* ion and no [M + 57]* ion
(eq 3). Thus, when steric factors prevent tert-butyl cation
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Table L. CIMS Spectra Data for Compounds 1-10

m/e (rel intensity)®

[(CH3>QC—©—CH21+

registry  parent® )
compd structure no. (m/fe) [M+1]* [M+57]* [Me3Sn]* other ions
1 Me3SnCHyPh 4314-94-7 256 313(39) 165(99) 147 (4)
+
2 MeﬁnCH;—-@ 19962-44-8 270 271(28) 827 (100) 165 (99) (CH,J;C-@—CHZ ;161 (49)
CH, CH,
3 MeﬁnCH_;—@—F 706-26-3 274 331 (14) 165 (100)
4 Me;S‘nCHZ—©—C(CHd)” 54030-97-6 312 313 (26) 165(75) 147 (14)
[ MeSn(CH2Ph)3 17841-74-6 408 465 (21) 147 (33)¢ [(PhCH;)28nMej*; 317 (36)
¥
6 O—Sn (CH;—@) 68024-62-4 462 147 (33)¢ [( @—CHJ)QSn—OJ 371 (22)
. 2
7 PhSn(CH3Ph);s 10074-33-6 471 147 (33)¢
"
8  PhsSnCH,Ph 2847-58-7 442 147 (37) [(CH);C—@-CH&«(—@)J | 422 (63)
[PhsSn]*; 351 (40)
[PhCH,SnPhy|*; 365 (33)¢
"
9 PhSn(Me)(Et)CH;Ph 68024-83-5 332 333(9) 389(22) 147 (75) [(CH3)£©—CH§nMeEt] ; 811 (100)
[PhCH,8n(Et)Ph]*; 317 (9)
[PhCH,Sn(Me)Ph]*; 303 (10)
[PhCH,Sn(Me)Et]+; 255 (12)
[PhSn(Me)Et]*; 241 (9)
10 (CHQ&—@—CH; 98-51-1 148 149 (50)® 147 (100)¢

@ Based on !29Sn isotope (total ion current normalized to 100%). ¢ Concentration dependent, i.e., low concentration favored [M
— 1]* ion. ¢ Normalized for three benzyl groups. ¢ Normalized for three phenyl groups.

attack at the para position, the tert-butyl cation acts as a
Brgnsted acid donating a proton to the benzene ring. This
experiment enhances the presumption that the tert-butyl
cation prefers attack at the para position (eq 1), thereby
maximizing o—w interactions of the CHo—~SnR3 group with the
benzenonium ion.

Several tribenzyltin compounds, 5-7, also were studied and
indeed showed the m/e 147 ion to be predominantly formed.
This further supports loss of the organotin cation as a major
fragmentation pathway.

In this regard, we had indications that other reactions oc-
curred from the intermediate benzenonium ion and they
emanated with compounds 8 and 9. Compound 8 provided the
[M + 57 = 77]* ion (m/e 422, 63%), which we presume results
from the tert-butyl cation attack followed by loss of a proton.
This would give a neutral p-tert-butylbenzyltin compound,
which would react further providing electrophilic cleavage of
the phenyl group (eq 4).
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The importance of this pathway and an indication of com-
petition between alkyl, benzyl, and phenyl groups in this
gas-phase cleavage reaction was clarified with compound 9.
The base ion (m/e 311, 100%) was formed by a reaction as
described in eq 4, while the p-tert-butylbenzyl cation (m/e
147, 75%) was also formed as shown in eq 1. Evidently, the
benzyl group is the predominant site for electrophilic attack
(the [M + 57]* and [M + 1]* ions, 22 and 9%, respectively, are
also evident).

The mechanism for cleavage of the benzyl and phenyl
groups is different than that for the alkyl groups (in this case
methyl and ethyl). In the former case, the intermediate ben-
zenonium ion is formed and loss of the triorganotin cation
follows, while in the latter case tin-carbon bond cleavage oc-
curs directly. It is obvious that the former mechanism is more
important and helps explain the increased reactivity of these
groups under electrophilic cleavage conditions in the gas
phase’ as well as in solution.”

A direct comparison between the four groups in 9 in these
gas-phase cleavage reactions may not be entirely possible. For
example the M ~ phenyl ion (m/e 255, 12%), M — benzyl ion
(m/e 241, 9%), p-tert-butylbenzyl ion (m/e 147, 75%), M —
ethyl ion (m/e 3083, 10%), and M — methyl ion (m/e 317, 9%)
can be compared, assuming the percentage of the p-tert-
butylbenzyl ion is added to that of the M — benzyl ion, giving
a cleavage ratio for benzyl:phenyl:ethyl:methyl of 9:1.3:1.1:1.
However, if we add the M + 57 — 77 ion percentage to that for
the M — phenyl ion the ratio becomes 9.3:12.4:1.1:1. These
results create difficulties in comparing the benzyl and phenyl
groups, but do qualitatively indicate their increased reactivity
in the gas phase over alkyl groups.

Clearly, the stabilization afforded by ¢—= conjugation, via
the ~-CH»SnR; group, must be invoked to explain the forma-
tion of the [M + 57]* and [M + 1]* ions, since we have not
previously observed these ions with the numerous nonfunc-

tionally substituted organotin compounds we have studi-
ed'5a—c,8



Photolysis of (+)-a-Thujene

Thus, vertical stabilization, in the gas phase, of the ben-
zenonium ion by carbon-tin ¢ electrons can be readily ob-
served by CIMS techniques and establishes this interaction
as being of prime importance in electrophilic aromatic
cleavage reactions of benzyltin compounds. To our knowledge
this is the first example of carbon-metal o—7 conjugation
being documented in the gas phase, as related to electrophilic
reactions with aromatic compounds, and the results reported
herein support previcus spectroscopic techniques?-4 as well
as solvolysis studies? concerning the significance of this ef-
fect.

Experimental Section

The CIMS were obtained on a Finnigan 1015D instrument (iso-
butane at 0.5 torr) coupled to a System Industries Model 150 com-
puter. The compounds, 1-10, were introduced using the direct inlet
technique and volatilized by slowly heating the probe (~100 °C).
Compounds 1-4 and 8 were prepared according to literature ref 3a,
10, 11, 11, and 12, respectively, and were of analytical purity.

Compounds 5, 6, and 7 were prepared similarly from tribenzyltin
chloride and the corresponding methyl, cyclopentyl, and phenyl
Grignard reagents in diethyl ether and were purified by column
chromatography (SiO; or Al;03) using benzene as the eluent. Com-
pound 5 (mp 47-49 °C) had a '"H NMR spectrum (270 MHz, CCly,
Me,Si) with signals at 0.15 (CH3Sn), 2.55 (CH»Sn), and 6.80 and 7.46
ppm (aromatic) in the correct ratios; compound 6 (mp 66-69 °C;
MeOH) had signals (60 MHz) at 1.1-1.8 (ring CHy’s}), 2.20 (CH4Sn),
and 6.63 and 7.23 ppm (aromatic); compound 7 (thick oil) had signals
(60 MHz) at 2.34 (CH3Sn) and 6.63 and 7.20 ppm (aromatic). Com-
pound 9 was prepared by the following procedure: diphenylethyl-
methyltin was reacted with hydrochloric acid in methanol to give
phenylethylmethyltin chloride. Reaction of this compound with
benzylmagnesium chloride gave 9 (bp 116-117 °C, 0.2 mm) in 77%
yield. Compound 9 had signals at 0.18 (CHj3), 1.0 (CHoCHy), 1.15
(CHCHy), and 7.0-7.38 ppm (aromatic). All new compounds (3, 6,
7,9) gave satisfactory C, H, and Sn analyses (£0.3%).
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(+)-a-Thujene has been brought into reaction under photolytic conditions with Fe(CO);5 and under thermal con-
ditions with Fe;(CO);.. It was possible to isolate from both the thermal and the photochemical reaction an adduct
resulting from ring opening and acyl-Fe(CO); insertion to yield a complex accommodating both ¢- and =-allyl com-
ponents. The observed stereospecific and regiospecific rearrangement-insertion reaction is envisioned to arise from
an orthogonal electrophilic attack of an Fe(CO), species on the «-thujene from the side opposite to the cyclopro-
pane ring. The photochemical reaction of (—)-umbellulone yielded an intractable heat-sensitive o,7-allyl complex
which readily ejects the metal to form (&£)-umbellulone. Factors governing the course of this reaction are dis-

cussed.

Our previous studies of the reactions between iron car-
bonyl and systems in which cyclopropyl groups are conjugated
with C-C w-electron units led to characterization of four dis-
tinctly different modes of rearrangement. The first one was
the thermolysis of cyclopropylethylenes in presence of
Fe(CO); to formr 1,3-dienes resulting from ring opening and
a hydrogen shift (eq 1).! The second was the photochemical
reaction, yielding cyclohexenones arising from rearrangement
coupled with carbonyl insertion (eq 2).2 We showed that the
latter reaction is general for a number of cyclopropylethylenes

T Dedicated to Professor E. Havinga on the occasion of his 70th birthday.
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and that it is quite sensitive to effects of substitution.?
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