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Organotin halides are key intermediates in the indus-
trial' and laboratory? preparation of several important
classes of organotin compounds: unsymmetrical tetraor-
ganostannanes, stannyl hydrides, organostannoxanes,
hydroxyorganostannanes, alkoxyorganostannanes, or (acyl-
oxy)organostannanes.? The principal routes involve the
electrophilic cleavage of tetraorganostannanes by hydro-
gen halides, halogens, or tin tetrahalides and are general
enough to be used for the preparation of tri-, di-, or
monohaloorganostannanes.* In the case of trihaloorga-
nostannanes,’ more specific reactions can also be used 513
such as the 1,4—addition reaction of tetrachlorostannane
to bicyclo[2.2.1hepta-2,5-diene. This addition leads to
trichloro(5-chlorotricyclo[2.2.1.02¢Thept-2-yl)stannane (1).14
Our interest in trichloroorganostannanes as key inter-
mediates for the preparation of functional trialkoxyor-
ganostannanes'® as precursors of hybrid organic—inor-
ganic materials led us to try to prepare 1 following the

precedented route.
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When a mixture of an equimolecular amount of nor-
bornadiene and tin tetrachloride in pentane is left at 3
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°C for 18 h, colorless crystals (mp 60 °C dec) were formed
in a 72% yield, as described. However, examination of
the 'H NMR spectrum revealed some discrepancies
between this compound and the proposed structure,
which itself was only supported by an IR study and an
uninformative NMR spectrum. In particular, the pres-
ence of two ethylenic hydrogens is clearly indicative of
1,2-addition leading to trichloro(3-chlorobicyclo[2.2.1]-5-
hepten-2—yl)stannane (2), which rules out the previous
conclusions of skeletal rearrangement. It is, however,
possible that our adduct could be either an intermediate
in the formation of the reported trichloro(5-chlorotricyclo-
[2.2.1.02¢]hept-2-yl)stannane (1), or a rearranged product
formed from it.

% + 8nCi, _g__’ean.tgne (_~,S|“c'3
2

A 'H-8C heteronuclear correlation experiment al-
lowed the unambiguous assignment of both hydrogens
and carbons.'® As only one set of resonances was
observed in 'H, 13C, and 1°Sn NMR spectroscopies, it was
concluded that the reaction was stereospecific. Four
products in principle could be formed, from exo-syn, endo-
syn, or the two possible anti-additions. The stereochem-
ical determination was based on the values of hydrogen—
hydrogen,'” tin—~hydrogen, and tin—carbon!® 3J and 4J
coupling constants of which the angular dependencies are
well-known. The value of the coupling constant between
H; and Hj is 6.9 Hz which is compatible with a cis
relationship and rules out a trans addition of tin tetra-
chloride. The values of the coupling constants between,
respectively, Hy and H;, and H; and Hy, are less than 1
Hz which shows that Hy; and H; are in endo positions
and thus tin and chlorine are in exo positions. The long
range coupling recorded between H; and Hr,, and Hs and
Hy,, is indicative of an endo position for H; and Hj.1° The
fact that tin and H, are strongly coupled (Js,—g = 45 Hz)
is also indicative of an exo position for the metal. This
study was confirmed by 13C NMR spectroscopy as a value
of 3Jgn—c between the tin and the bridged carbon (Cr)
lower than 5 Hz was observed.?° In the 11%Sn NMR, the
tin resonance was found at —87 ppm.

Trichlorophenylstannane or trichloromethylstannane
did not undergo a similar addition to bicyclo[2.2.1]Thepta-
2,5-diene. Other dienes such as bicyclo[2.2.2]octadiene
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Notes

or 1,3-cyclohexadiene did not react with tin tetrachloride.
Steric hinderance at the 7 position in 7,7-dimethylbicyclo-
[2.2.1]hepta-2,5-diene inhibited the reaction, which is
congistant with hypothesis of exo attack on the double
bond. The addition reaction may plausibly be assisted
by the double bond since bicyclo[2.2.1Theptene was inert
toward tin tetrachloride. The presence of a methoxyl
group in 7-methoxybicyclo[2.2.1]Thepta-2,5-diene or
1-(methoxymethyl)bicyclo[2.2.1]hepta-2,5-diene as a po-
tential stabilizing ligand of electrophilic tin did not help
the reaction to proceed. As polar solvents such as diethyl
ether, acetone, dimethyl sulfoxide, favor S-elimination,!!%!
the ether group present on these dienes disfavored the
reverse addition reaction, probably in raising the polarity
of the medium. Despite all of these failures, the reaction
was successfully extended to 2,3-benzobicyclo[2.2.1]hepta-
2,5-diene (8) which gave an oily unstable adduct, the
trichloro(3-chloro-5,6-benzobicyclo[2.2.1Thepten-2-yl)stan-
nane 4, presenting the same characteristics as trichloro-
(3-chlorobicyclo[2.2.1]-5-hepten-2-yl)stannane 2 in 'H,
13C, and '9Sn NMR spectroscopies.?

) SnCl
+ 8nCl, —%&’ @bm )
4

3

Alkylation of both adducts with tetramethylstannane
was unsuccessful. Redistribution products of the alky-
lating agent, and bicyclo[2.2.1Thepta-2,5-diene were re-
covered.

Bicyclo[2.2.1Theptene and bicyclo[2.2.1]hepta-2,5-diene
have been widely used for studies of the course of addition
processes because of their very high reactivity in all the
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types of addition reactions.?® Usually they show a high
preference for exo-attack of the double bond as demon-
strated by the electrophilic addition of hydrochloric acid.
The same stereochemistry was also reported with thal-
lium acetate?* and with phosphorus tribromide.?5 In the
last case the interpretation of the 'H NMR spectrum
looks erroneous: the measured Jui-mz = 1.6 Hz and
Jus-us = 2.1 Hz in dichloro(3-chlorobicyclof2.2.1]-5-hep-
ten-2-yl)phosphane, contradictory with the proposed ster-
eochemistry, must be in fact attributed to Jy;-g7 and
Jus-ns respectively. With tin tetrachloride, we have
shown that electrophilic addition follows the same 1,2-
addition pathway.
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