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The reactivity of 2,6-dichloro—9—thiabicyclo[3.3.1]nonane (I) in nucleofilic
substitution reactions is well documented!. An intramolecular sulfonium ion has
been proposed as an intermediate in these reactions. However, this intermediate
does not account for the observed, enhanced reactivity of the first chlorine with
respect to the second one. We now report the direct observation of two interme-
diates in the solvolysis of I which offer an explanation for this phenomenon.

Dissolution of I in a mixture of FSO3H and lig. SO at -60° C gives rise to
species II; at -30° ¢ II isomerizes to III, which is stable even at higher tem-
peratures. The structural assignment is based on the CMR data and the chemical
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behavior (vide infra). Analogous results were obtained with 2,6-dibromo- and with
2,6-diiodo-9-~thiabicyclo[3.3.1] nonane. With the 2,6-dihydroxide (IV), 2,6-dime-
thoxide (V), 2-chloro-6-hydroxide (VI) and 2-chloro-6-methoxide (VII) only the
corresponding type III ions are formed. Ions II and III are also formed in apro-
tic media (SbFg5/CD,Cl,/lig. SO; or AlCl3/CD,Cl,/lig. $0,). Upon quenching ion III
in water only compounds I (ca 80% by internal return), IV and VI are formed. Iden-
tical results are obtained upon quenching ion II. Thus polymerization reactions
or skeletal rearrangements are excluded.

The CMR spectrum of II shows 4 absorption signals. This points, a priori, to
three possible structures?.

Complexation of both chlorines with solvent molecules would result in a down-

field shift with respect to I of the adjacent C-atoms in the CMR spectrum. Further
more, one would expect a temperature and solvent dependent spectrum which is not
observed.

Protonation or complexation on sulfur can be eliminated by comparison of the
results in different media. The CMR spectra of II in FSO3H/liqg. SO, and in the
aprotic media SbF5/CD,Cl,/liq. 503 or AlCl3/CDCly/lig. SOy are identical®.

Structure II as depicted in figure 1 offers a good explanation for the CMR

spectrum and the chemical behavior. In the CMR spectrum of II C, and Cg show an
upfield shift compared with I of 8.1 ppm. This can be explained by an increase

of carbon coordination at these positions which offsets the effect of a positive
charge induced by chloronium coordination. The small downfield shift for the
bridgehead carbons is caused by a partial positive charge on sulfur. The upfield
shifts for the other C-atoms might be ascribed to increasing steric interaction.
Also the fact that 2—chloro-6-bromo-bicyclo[3.3.1]nonane“ shows the same spectrum
and reactivity in FSO3H/1ié. 80, as a mixture of the dichloride and the dibromide
is in favor of this structure.

In our opinion, II is best described as a sulfurane, oriented ip a gquare
pyramid, in which two positions are coordinated by a chloronium ion.

The occurrence of II in the solvolysis of I in methanol or aqueous dioxane
explains the fact that the first chlorine is released much faster than the second
one. Presumably, electron donation from sulfur to Cg enables the adjacent chlo-
rine to assist in the release of the chlorine on C,. Apparently, hydroxy or me-
thoxy groups cannot participate in solvolysis to the same extent, which is con-
firmed by the fact that with VI and VII only the corresponding type III ions
are formed by the release of a chloride ion.

Ion III is best characterized as a sulfonium ion in which the positive
charge is delocalized on sulfur and C;. This is based on CMR spectra which show
a downfield shift for C; of ca 42 ppm with respect to 9-thiabicyclo[3.3.1]nonane.
The smaller downfield shifts for Cj; (20 ppm) and Cg (13 ppm), compared with 9-
thiabicyclo[3.3.l]nonane and I, respectively, can be explained by an inductive
effect from the partially positive sulfur as well as C, (for C; only) .

The charge densities and energies calculated with CNDO/2 agree very well
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with the observed reactivity. In the dichloride I both chlorines have a higher cal-
culated electron density than sulfur; this implies that a proton or another electro-
file will attack on chlorine. The calculated energy profile is given in figure 2%5.
Comparatively, the energy for I protonated on sulfur is also given; this energy ap-
pears to be higher than that of the proposed structure II. ‘

a
+
I1+H :"~\\
‘[ -109.04 ~108.9141
AHlau)
J 1-H" i , )
- I1+HCl
21095 ——— III + HCl
-109.4839 -109,5635
—109,6780
-1100

a)
b)

The dissociation energy of the acid used is not taken into account.
1-8" represents I protonated on sulfur.

figure 2

The reported stereospecificity and reactivity of I in nucleofilic reactions
is sufficiently explained by the intermediacy of ions II and III.
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2) The fact that both II and III are observed at the same time excludes the
possibility that II is structure III rapidly equilibrating between both

possible isomers.

3) The CMR spectrum of protonated 9-thiabicyclo[3.3.1] nonane shows 5 absorp-
tions due to the asymmetric positioning of the proton on sulfur, indicating
a relatively high energy barrier for proton exchange. If in I sulfur was
protonated one would also expect an asymmetric structure. Furthermore,
it is highly improbable that only in the dihalides protonation or complex-
ation occurs, whereas in compounds IV, V, VI and VII this would not take

place.

4) 2-Chloro—6—bromobicyclo[3.3.1]nonane was prepared by leading HBr through
a solution of I in FSO3H followed by quenching in water. In this manner

ca 70% of the mixed halide is formed due to internal return of bromine.

5) Noteworthy is the fact that in the calculations for the corresponding
difluoride the stability of the symmetric species is considerably lower with

respect to II.



