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The photostimulated reaction of arylthiolate ions with endo-3-bromocamphor produced both reduction
and substitution products. The pK, and proton affinities of the conjugated acids were found to be good

indicators of the reactivity.

Introduction

a-Halocarbonyl compounds such as endo-3-bromocamphor (1)
are potential substrates for substitution by a radical nucleophilic
substitution (Sgy1) mechanism' which involves an intermolecular
electron transfer step (inter-ET). It is known that the presence
of a carbonyl group in aliphatic substrates facilitates an inter-
ET reaction pathway, since these m-electron acceptors decrease
the energy of the LUMO of the substrate.? Consequently, the oxo-
group may enhance the initiation steps by redox catalysis, allowing
the formation of radicals. On the other hand, we have described
the reactivity of 3-camphoryl radicals with diverse nucleophiles?
and showed that those conjugated radicals can delay the coupling
reactions due to their stability.?

Other examples involving conjugated radicals have been re-
ported. For instance, p-nitro-1,1-dimethylphenacyl chloride af-
forded substitution products with 2-nitropropane, diethyl mal-
onate or diethyl methylmalonate anions via the Sgy1 process,
whereas classical substitutions were observed when PhS~ or p-
MeC;H,SO,™ ions were used.*

On the other hand, a-substituted nitroalkanes (XR'R*CNO,),
such as 2-bromonitropropane,® are some of the most extensively
studied in Sgy1 reactions at an sp’ carbon.® Different substituents
(R) have been reported, including cyclic, heterocyclic, and alkyl
groups functionalized by -OH, —CN, and —CO,Me, which react
with a large variety of nucleophiles. In particular, with ArS™ anions
these reactions could proceed by ET or X-philic’ mechanisms
(Scheme 1) depending on the nucleophile?® leaving group® and
solvent.” The substitution reaction is favored by weak nucle-
ophilic ArS™ anions and the polar reaction is facilitated by
strong nucleophilic ArS™ anions. Therefore, p-O,NC¢H,S™ and 1,3-
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benzothiazol-2-yl thiolate give only the Sgy1-nitrosulfide product,
while the phenyl, tolyl, and benzyl thiolate yield the disulfide redox
product.” The X-philic mechanism has also been reported with
gem-bromonitroalkanes and aliphatic thiolates such as -BuS~."

Additionally, other reports on a-keto radicals have been
studied.” o-Keto radicals react with a double bond by an
intramolecular path, giving cyclization adducts which are inter-
esting synthetic products.”? Further, o-keto radicals generated
from a-halo ketones have an electrophilic radical-like behavior.'®
However, Mark6 et al. have reported an unexpected nucle-
ophilic behaviour for these radicals during addition reactions
with alkenes.™ A study on the reactivity of radicals towards
nucleophilic or electrophilic reactions suggests that nucleophilicity
and electrophilicity are inversely related. This study has shown
that tert-butoxycarbonylmethyl radicals (o-keto) are sometimes
both weak nucleophiles and weak electrophiles (dual behavior),
depending on their tendency to attack sites with relatively higher
or lower electron density.'®

The main goal of this study was to evaluate the reactivity
of the 3-camphoryl radicals with sulfur-centered nucleophiles.
Additionally, theoretical calculations were performed to fully
understand the reactivity.

Results and discussion

The photostimulated reaction of 1 with ArS~ ions afforded
substitution products together with a reduction product in good
yields with DMSO as solvent (reaction 1). Thus, different ArS-
ions, such as benzenethiolate (2), 4-methoxybenzenethiolate (3),
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Table 1 Reactions of endo-3-bromocamphor with arylthiolate ions, du-
ration 270 min®

ArS~ (M) Conditions Yield of products® Ratio endo/exo®

1 2(0.5) DMSO hv 7,27 8, 61 8,4.7

2 2(0.5) DMSO — — —

3 3(0.5) DMSO hv 7,22 9,72 9,44

4 3(0.5) DMSO — — —

5 4(0.5) DMSO hv 7,24 10,68 10,4.5

6 4(0.5) DMSO — — —

7 5(0.5) DMSO hv 7,28 11,58 11,6.2

8 6(0.5) DMSO hv 7,35 12, 387 12, endo-isomer

“0.1 M of substrate was used. ® Yields quantified by GLC using the internal
standard method. ¢ Ratio measured by GLC. ¢ Dicamphor was found as
product with 5% yield.

4-methylbenzenethiolate (4), 2-naphtalenethiolate (5) or pyridin-
2-thiolate (6) ions were used as nucleophiles (Table 1).

hv
- +
© *AS Thuso © 0(1)
Br SAr
2 7,27% 8, 61%
1, BrCam 3 22% 9,72%
4 24%  10,68%
5 28% 11,58 %
6 35%  12,38%

When PhS™ ions were used, 1 reacted yielding both endo- and
exo-3-camphorylphenylsulfide (8) (61% yield, exo/endo = 4.7)
(Table 1, entry 1). In the dark, however, this reaction did not occur
(Table 1, entry 2). The absence of reaction in the dark and the
light catalysis indicate that no polar mechanism is involved. The
Sx2 path is unlikely due to the steric hindrance on the camphor
moiety. Furthermore, an X-philic mechanism could be excluded
considering both the lack of reactivity in the dark and the reactivity
order shown, which is contrary to what is expected under this
process.” Similar results have been found when 3-6 were used as
nucleophiles (Table 1, entries 3-8).

It is interesting to observe the presence of the substrate dimer
(dicamphor) as well as poor yield of the substitution product
during the reaction of 1 with 6 (Table 1, entry 8). These results
show that the coupling reaction of 3-camphoryl radicals with 6
is slower than those corresponding to other nucleophiles studied.
The formation of this dimer also confirms a radical mechanism
with camphoryl radicals as intermediates.

Finally, considering that these reactions are catalyzed by light,
in addition to the formation of substitution products as well as
the production of dicamphor during slow coupling reactions,
we propose that these reactions occur by the Sgy1 mechanism,
as shown in Scheme 2. When 1 receives one electron from the
nucleophile, a dissociative inter-molecular electron transfer takes
place (inter-DET) and radical 7° is formed by fragmentation of
the C-Br bond (Scheme 2, reaction 2). Radical 7° could either
be reduced to form camphor (7) or afford radical anion 13-
by reaction with the nucleophile (Scheme 2, reactions 3 and 4).
This radical anion intermediate finally affords the substitution
products in addition to a new radical 7° (Scheme 2, reaction 5),
which can continue the propagation steps in the chain reaction.
The formation of the reduction product 7 also indicates that the

A s 1 _NVIDMSO % -
- + HS \
g e
7T+ AS > Z% @)
13- + 1 _DET Z& (5)
- Br
Scheme 2

coupling reaction of 7° with sulfur-centered nucleophiles is not
efficient, probably due to the stability of this radical.

Considering that the proposed Sgy 1 mechanism includes several
steps, namely initiation, propagation and termination, it was
interesting to evaluate the relative reactivity of ArS™ toward 7° in
competitive experiments.’® In these competitive reactions, the ratio
of products depends on the relative rate of the coupling between
them. Thus, we selected 2 as a reference to evaluate the relative
reactivity in separate competitive reactions.

Three competitive reaction pathways can occur from the inter-
mediate 3-camphoryl radicals, outlined in Scheme 3: (a) coupling
with anions 3, 4, 5, or 6 to yield the substitution product (9, 10,
11 or 12) after electron transfer; (b) hydrogen abstraction from the
solvent (DMSO) to afford reduction product 7; (¢) coupling with
2 to give substitution product 8 by electron transfer.

o Es [DMSO] Z f
c[AFS] . 0

SAr 7"
97,10, 117or 12° kc[Phsi SPh

Scheme 3

Thus, by determining the products distribution in the competing
reactions we were able to calculate the relative reactivity using eqn

1.
ké_ [ArSCam], [PhS7],
k, [PhsCam], [ArS ],

C

(1

In eqn (1), [PhS7], and [ArS], are the initial concentrations
of both nucleophiles, while [PhSCam], and [ArSCam], are the
concentrations of the substitution products at time 7.

As evaluated from the competitive experiments (Table 2), the
relative reactivity, established for the coupling reaction of different
anions with 3-camphoryl radicals,is3 >4 > 2 > 5 > 6. Table 2 also
shows that the ratios between substitution and reduction products
are close to 3 in all cases.

To further understand our current experimental results, we
carried out theoretical calculations by employing the B3LYP
functional at the 6-31+G* level and LANL2DZ (for sulfur atoms),
as implemented in Gaussian 03." First, geometries were optimized
for anions 2-6. Subsequently, Mulliken population analyses were
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Table 2 Competition experiments of different anions with 1 under irradiation for 270 min in DMSO

Expt Nucleophiles, M 1,M Yield of Products® k'./ky £0.1 (average) Ko+ k/ky
1 2,0.5 3,0.50 0.10 8,16 9,59 3.69 3.10
2 2,0.5 4,0.50 0.10 8,23 10, 45 1.95 2.97
3 2,0.5 5,0.50 0.10 8,35 11, 31 0.89 2.95
) 2,0.5 6,1.00 0.10 8, 52 12,12 0.11 2.64
“ From duplicated experiments: average error <10%. The product yields were quantified by GLC using the internal standard method.

achieved to obtain the charge density on the sulfur atom (Fig.
1). The calculated charge density on the sulfur could indicate the
reactivity these anions may have toward 7°. If radical 7° reacts
with high-charge density species, these theoretical results predict
the following reactivity order: 3 > 4 > 2 > 5 > 6 (Fig. 1), in full
agreement with the experimental trend observed during this work.
This reactivity order clearly indicates that, under the conditions
studied, this o-keto radical shows an electrophilic behavior and is
more likely to attack electron-rich sites.

(0451 (-0447) [-0444)  [0.401)  [-0376)

SRid

Fig. 1 The charge density on sulfur calculated using the B3LYP func-
tional for anions 2—6.

Moreover, one could employ experimental pK, values for the
conjugated acids to predict the relative reactivity of the corre-
sponding nucleophiles. Bordwell and Hughes used this approach
to determine the nucleophilicity order by using Sy2 reactions' and
electron donor capacity by using ET reactions.?® The rationale is
that the lower the pK, value for the conjugated acid, the higher
the stability of its conjugated base, and consequently, the lower
reactivity during the coupling reaction. The pK, values for the
conjugated acids of the nucleophiles studied in this work are listed
in Table 3. To the extent of our knowledge, there are no published
reports on pK, values for arenethiols 5 and 6, however, the trend
observed for the rest of the nucleophiles is in agreement with
experiments. Furthermore, the pK, of the nucleophile’s phenolic
analogues in DMSO has been reported, which are also included in
Table 3. The trend in pK, values is in excellent agreement with the
experimental results reported here, assuming that the trend in the
pK, values in the phenolic analogs mirrors the sulfur series used
in this work. Therefore, it seems that the acidity of the anion’s
conjugated acid is a good indicator of its reactivity in this type of
reaction.

Considering frontier orbitals, the most important interaction
in this coupling reaction is found between the HOMO of the
nucleophile and the SOMO of the substitution product. It has
been shown that the AEr (HOMO-SOMO) predicts the reactivity
of aromatic* and vinyl*? radicals with enolate ions. On the

Table 3 pK, values in DMSO from the literature and proton affinities
calculated for arenethiolate compounds

Compound 3 4 2 5 6
pK., X=S 11.35* 10.82* 10.28* — —
X=0 19.1* 18.9* 18 17.2¢ 15.7¢

PA? kcal mol™ = ArS™ +
H,O0* — ArSH + H,0

—43.99 —43.75 4329 4292 -41.71

“Ref. 28. ? Ref. 29. ¢ http://www.chem.wisc.edu/areas/reich/pKatable/.
4 Calculated with B3LYP/6-31+G* employing the model IEFPCM and
acetonitrile as polar solvent, all values are zero point corrected at 6-31+G*
level.

contrary, the aryl thiolates studied have significantly different
charge distribution making them unsuitable to compare their
HOMOs energy without considering the solvent effect owing to
their different solvation. Additionally, small energetic changes,
associated with the substitution product’s electronic properties
(SOMO) do not determine the reactivity.”® So far, previously
presented arguments preclude the use of the frontier orbitals
theory to predict the reactivity in these systems.

A more representative theoretical measure, representing the
reagents’ stability, could be their proton affinities (PA). Therefore
we calculated the PA corresponding to the different anions,
including consideration of the solvent (Table 3). As can be seen,
the pK, and the estimated PA values of the conjugated acids follow
the same trend and are good indicators of the reactivity, since both
can reasonably predict experimental results. Finally, in the studied
system the coupling reactions depend on the stability of reagents
rather than the stability of the radical anions of the substitution
product.

Conclusions

In conclusion, we report the reactivity and theoretical calculations
of endo-3-bromocamphor (1) with sulfur-centered nucleophiles by
the Sgn1 mechanism. Under these conditions, 1 afforded good
yields of both substitution and reduction products using DMSO
as solvent. The experimentally determined relative reactivity of the
nucleophiles, with respect to 3-camphoryl radicals, was 3 > 4 > 2
> 5 > 6. Theoretical calculations of the charge density, in addition
to pK, and PA values of the conjugated acid involved, allowed a
detailed understanding of the experimental reactivity observed. It
is interesting to note that the pK, and PA values of the conjugated
acids are good indicators of the anions’ reactivity. Additionally,
these results predict the electrophilic behavior for a-keto radicals,
in contrast with reactions observed with alkenes.* They are also
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relevant to understand the behavior of conjugated radicals toward
the Sgn1 reaction mechanism.

To the extent of our knowledge, this is the first study on the
behavior of a-keto radicals toward nucleophiles.

Experimental
General methods

Irradiation was conducted in a reactor equipped with two 400-W
UV lamps emitting maximally at 350 nm (Philips Model HPT,
water-refrigerated). '"H and “C-NMR spectra were recorded on
a High Resolution Spectrometer Avance 400 (working frequency
400 MHz and 100 MHz, respectively), at ambient temperature in
CDCl; (Aldrich).

Materials

endo-3-bromocamphor, ArSH (2, 3, 4, 5 and 6) and potassium -
butoxide were commercially available and used as received. DMSO
was distilled under vacuum and stored under molecular sieves
4A).

Photostimulated reactions of endo-3-bromocamphor with ArS~
ions in DMSO

The following procedure is representative. To 5 mL of dry and
degassed DMSO under nitrogen #-BuOK (5.1 mmol), and PhSH
(5 mmol) were added. After 15 min, endo-3-bromocamphor
(1.0 mmol) was added and the reaction mixture was irradiated. The
reaction was quenched with an excess of methyliodide. The residue
was dissolved with water and extracted with diethyl ether. Finally,
HNO; was added to the aqueous phase up to pH = 5-6. The
aqueous phase was then extracted with diethyl ether. The products
were isolated by column chromatography. In similar experiments
the products were quantified by GC using the internal standard
method.

Competition experiments

The experiments were carried out in 5 mL of dry and degassed
DMSO under nitrogen adding 2.5 mmol of ArSH, 2.5 mmol
of PhSH and #BuOK (5.1 mmol). After 15 min, endo-3-
bromocamphor (1.0 mmol) was added and the reaction mixture
wasirradiated. The reaction was quenched with an excess of methyl
iodide and the work-up for individual nucleophiles was similar
to the above mentioned. The reactivity ratio was performed in
duplicate.

Reactions in the dark

The procedure was similar to that of the previous reaction, except
that the reaction flask was wrapped with aluminium foil prior to
substrate addition.

Isolation and characterization

1,7,7-trimethyl-3-(phenylthio)bicyclo[2.2.1]heptan-2-one (8).
The ether layer was dried over MgSO, and evaporated under
reduced pressure to afford a colourless oil. The desired product

was purified by column chromatography employing ethylic
ether : petroleum ether (2: 98).

ex0-8 GC/MS (ET*) m/z (%): 260.15 (M*) (34.6); 232 (4.64);
149 (100); 123.2 (35.18); 116.15 (16.14); 83.1 (8.24); 81.1 (11.64).
endo-8 GC/MS (EI+) m/z (%): 260 (44), 232 (6), 150 (11), 149
(100), 147 (11), 134 (5), 123 (37), 116 (16), 115 (10), 109 (6), 81
(12), 65 (6), 55 (12).

endo-8 '"H-NMR: 6: 0.92 (s, 3H), 0,96 (s, 3H), 1.03 (s, 3H), 1.73
(m, 3H), 2.03 (m, 1H), 2.28 (m, 1H), 3.92 (d, 1H), 7.33-7.17 (m,
3H), 7.43-7.56 (m, 2H). "C-NMR §: 9.70, 19.39, 19.71, 21.47,
30.82, 46.03, 48.7, 56.69, 58.6, 126.9, 129.01 (2C), 130.93 (2C),
135.73, 215.91. ex0-8 '"H-NMR &: 0.96 (s, 3H), 0.98 (s, 3H), 1.02
(s, 3H), 1.71 (m, 3H), 2.02 (m, 1H), 2.28 (m, 1H), 3.33 (d, 1H),
7.17-7.33 (m, 3H), 7.43-7,56 (m, 2H). "C-NMR 4: 9.57, 19.4,
19.83,21.51, 30.91, 46.74, 51.32, 57.70, 58.11, 126.59, 129.02 (2C),
130.10 (2C), 135.84, 216.90. HRMS: (MH+) exact mass calcd for
C,sH,OS 261.1313 found: 261.1308.

3-(4-methoxyphenylthio)-1,7,7-trimethylbicyclo[2.2.1]heptan-2-
one (9). The ether layer was dried over MgSO, and evaporated
under reduced pressure to afford a colourless oil. The desired
product was purified by column chromatography employing
ethylic ether : petroleum ether (5:95).

endo-9 GC/MS (EI+) m/z (%): 292 (4), 291 (13), 290 (55), 180
(13), 179 (100), 177 (8), 147 (9), 146 (41), 139 (11), 123 (17), 81
(11), 55 (13). ex0-9 GC/MS (EI*) m/z (%): 292 (4), 291 (11), 290
(51), 180 (12), 179 (100), 177 (7), 147 (9), 146 (41), 139 (11), 123
(19), 81 (12), 55 (13).

endo-9 "H-NMR 6: 0.86 (s, 3H), 0.94 (s, 3H), 1.00 (s, 3H), 1.40—
1.51 (m, 1H), 1.60-1.86 (m, 2H), 1.99-2.11 (m, 1H), 2.19 (t, J =
1.3, 1H), 3.76 (dd, J, = 1.8, J, = 4.6 1H), 3.79 (s, 3H), 6.81-6.87
(m, 2H), 7.47-7.53 (m, 2H). *C-NMR §: 9.69, 19.38, 19.63, 21.26,
30.77,45.93, 48.52, 55.34, 58.25, 58.66, 114.59 (2C), 125.6, 134.58
(2C), 159.46, 216.14. ex0-9 'H 6: 0.95 (s, 3H), 0.96 (s, 3H), 1.01
(s, 3H), 1.35-1.53 (m, 1H), 1.58-1.88 (m, 2H), 1.97-2.08 (m, 1H),
2.26 (d, J = 4.3, 1H), 3.16 (s, 1H), 3.80 (s, 3H), 6.81-6.87 (m,
2H), 7.47-7.53 (m, 2H). “*C &: 9.57, 19.85, 21.59, 28.62, 29.08,
46.69, 51.19, 55.34, 58.66, 59.60, 114.59 (2C), 127.87, 133.96 (20),
159.28, 217.32. HRMS: (MH+) exact mass calcd. for C;;H,,0,S
291.1419 found: 291.1418.

1,7,7 - trimethyl - 3 - (4 -methylphenylthio)bicyclo|2.2.1]heptan-2-
one (10). The ether layer was dried over MgSQO, and evaporated
under reduced pressure to afford a colourless oil. The desired
product was purified by column chromatography employing
ethylic ether : petroleum ether (2 : 98).

endo-10 "H-NMR 6: 0.896 (s, 3H), 0.96 (s, 3H), 1.03 (s,
3H), 1.40-1.51 (m, 2H), 1.64-1.88 (m, 2H), 2.01-2.11 (m, 1H),
2.24 (t, J = 4.32, 1H), 2.33(s, 3H), 3.84 (dd, J = 1.94, J =
44, 1H), 7.1-7.14 (m, 2H), 7.42-7.46 (m, 2H). “C-NMR:
§ 9.69, 19.39, 19.65, 21,1, 21.41, 30.80, 45.97, 48.60, 57.37,
58.64, 129.76 (2C), 131.76 (2C), 133.09, 137.17, 216.01. exo-
10 '"H 6: 0.96 (s, 3H), 0.97 (s, 3H), 1.01 (s, 3H), 1.39-1.55
(m, 1H), 1.58-1.84 (m, 2H), 1.97-2.10 (m, 1H), 2.28 (d, J =
4.24, 1H), 2.33 (s, 3H), 2.42 (s,1H), 3.27 (s, 1H), 7.09-7.14 (m,
2H). 7.39-7.43 (m, 2H). “C §: 9.57, 19.85, 21.04, 21.54, 28.71,
29.1, 46.7, 51.26, 58.06, 58.54, 130.96 (2C), 131.83 (2C), 133.89
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136.86, 217.07. HRMS: (MH+) exact mass calcd. for C,;H,;0S
275.1464 found 275.1468.

1,7,7-trimethyl-3-(naphthalen-2-ylthio)bicyclo[2.2.1]heptan-2-
one (11). The ether layer was dried over MgSO, and evaporated
under reduced pressure to afford a colourless oil. The desired
product was purified by column chromatography employing
ethylic ether : petroleum ether (5:95).

endo-11 GC/MS (EI') m/z (%): 312(4), 311 (14), 310 (58),
200(15), 199(100), 197(8), 166(40), 165(24), 123(18), 115(21),
81(9), 55(12). exo-11 GC/MS (EI*) m/z (%): 312 (4), 311 (13),
310 (55), 200 (14), 199 (100), 197 (8), 166 (39), 165 (25), 123 (19),
115 (21), 81 (11), 55 (12).

endo-11 'H-NMR ¢: 0.94 (s, 3H), 0.98 (s, 3H), 1.04 (s, 3H),
1.40-1.51 (m, 2H), 1.79-1.89 (m, 1H), 2.05-2.15 (m, 1H), 2.31 (t,
J=4.3,1H),4.04 (dd, J=1.6,J=4.6, 1H), 7.47 (ddd, J, =14, J, =
4.8,7J;=1.6, 2H), 7.59 (dd, J, = 8.8, J, = 1.6, 1H), 7.75-7.82 (m,
3H), 7.98 (d, J = 1.2, IH). "C-NMR: 6§ 9.71, 19.40, 19.73, 21.52,
30.86, 46.10, 48.66, 56.84, 58.70, 126.07, 126.57, 127.38, 127.70,
128.54, 128.74, 129.53, 132.19, 133.02, 133.68, 215.99. exo-11 'H
6:0.92 (s, 3H), 1.01 (s, 3H), 1.06 (s, 3H), 1.67-1.78 (m, 2H), 1.79-
1.89 (m, 1H), 2.01-2.15 (m, 1H), 2.35 (d, J = 4.1, 1H), 3. 64 (s,
1H), 7.42-7.52 (m, 2H), 7.56-7-62 (m, 1H), 7.73-7.86 (m, 3H),
7.92(d, J=1.2,1H). BC 6:9.69, 19.40, 19.86, 21.60, 23.00, 23.74,
28.93,51.26, 57.85, 126.07, 126.57, 127.36, 128.21, 128.40, 128.81,
129.60, 132.03, 132.54, 133.69, 217.49. HRMS: (MH+) exact mass
calcd for C,)H,,OS 311.1469 found: 311.1470.

endo-1,7,7-trimethyl-3-(2-piridynthio)bicyclo[2.2.1]heptan-2-one
(12). The ether layer was dried over MgSO, and evaporated
under reduced pressure to afford a colourless oil. The desired
product was purified by column chromatography employing
ethylic ether : petroleum ether (20 : 80).

GC/MS (EI+) m/z (%): 262 (16), 261 (98), 233 (47), 228 (13),
219 (14), 218 (100), 201 (21), 200 (35), 190 (32), 186 (21), 162 (17),
158 (16), 152 (32), 151 (45), 150 (90), 136 (29), 123 (19), 117 (19),
112 (64), 111 (63), 107 (22), 95 (19), 93 (19), 91 (20), 82 (22), 81
(23), 79 (34), 78 (42).

'"H-NMR 6: 0.98 (s, 3H), 1.05 (s, 3H), 1.07 (s, 3H), 1.36-1.47
(m, 1H), 1.70-1.79 (m, 1H), 1.79-1.97 (m, 2H), 2.39 (t, 1H), 5.04
(d, 1H), 6.99 (ddd,J,=7,J,=5,1,=0.8, 1H), 7.24 (dd, J, =8, J, =
0.8, 1H), 7.47 (ddd, J, =8,1,=7,J,=1,1H), 8.38 (dd, J, =5, J, =
1, 1H) *C-NMR ¢: 9.71, 19.45, 19.84, 22.36, 31.04, 46.26, 48.59,
51.59,52.16, 58.74,119.87, 122.48, 136.03, 149.33, 157.57, 216.41.
HRMS: (MH+) exact mass calcd. for C;sH;,NOS 262.1266 found
262.1267.

Dicamphor. Isolated by column chromatography in the reac-
tion involving nucleophile 6 and identified by comparison with the
literature.®

Computational procedures

These calculations were performed with Gaussian 03.2 The
characterization of stationary points was performed by Hessian
matrix calculations. The exploration of the potential surface was
carried out within the functional B3LYP?* at 6-31+G* level and
LANL2DZ for sulfur atoms. The charge distribution was obtained
by Mulliken Population Analysis from the anion optimized
structures. The themochemical study was carried out with full

optimization using acetonitrile solvent according to the polarized
continuum model IEFPCM.*
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