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Reaction of Palladium Chloride and Sodium
Alkylsulfinates with Diolefins

Summary: trans-Sulfonyl palladation products 2 and 3, ob-
tained by the reaction of PdCls, and sodium alkylsulfinates
with diolefins, have been reduced selectively to give either
saturated or unsaturated sulfones. Dicarbonylation of 2 pro-
vided the pentacyclic compound 6.

Sir: Recently we have reported that sodium toluenesulfinate
in the presence of PdCly undergoes sulfur dioxide extrusion
to form a Pd-tolyl intermediate,! which reacts with diolefins
to give the cis addition products? (e.g., complex 1, eq 1). In
marked contrast to toluenesulfinate, alkylsulfinates react with
diolefins as S-nucleophiles® to give the trans-sulfonyl-pal-
ladated complexes 2 and 3 in high yields? (eq 2). Into a ho-
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mogeneous red solution of PdCls (1 mmol) and sodium tert-
butylsulfinate® (2 mmol) in 4 mL of H>0 and 6 mL of ethanol
was added endo-dicyclopentadiene (1.3 mmol) and the reac-
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tion mixture was stirred at ambient temperature for 3-4 days.
Dilution of the reaction mixture with HsO, extraction with
EtOAc, drying of the extracts over MgSQy, and subsequent
evaporation of the solvent gave yellow tarry residue, which was
subjected to column chromatography (silica gel, hexane—
acetone gradient) to give di-u-chloro-bis[exo-6-(tert-butyl-
sulfonyl)-3a,4,5,6,7,7a-hexahydro-endo-4,7-methanoin-
dene-endo-5¢,27]dipalladium(II) (2)6 (R = tert-butyl or
neophyl in 82 or 85% yields, respectively). Similarly di-
u-chloro-bis[1-(¢tert-butylsulfonyl)cyclooct-4-ene-8a,47]di-
palladium(II) (3) was obtained in 87% yield by reaction with
1,5-cyclooctadiene.

The structure of complex 2, with trans orientation of the
sulfonyl group and palladium and the remaining double bond
positioned close to palladium, was determined unequivocally
by selective hydrogenation and carbonylation reactions. Hy-
drogenation of 2 (R = tert-butyl, in acetone, atmospheric
pressure for 2 h) provided saturated sulfone 4 quantitatively.
In the presence of 5-6 equiv of pyridine, selective hydroge-
nation of the Pd-C bond took place, leaving the Co—Cj3 double
bond intact, to give unsaturated sulfone 5 in 92% yield (>98%
selectivity from VPC analysis; SiDC 550, He, 240 °C). Com-
plex 2 (R = neophyl) was also hydrogenated selectively to give
either saturated (4) or unsaturated sulfones (5) in 93 or 91%
yields, respectively.” In the 'H NMR spectrum of complex 2
(R = tert-butyl, acac complex) the Hg, proton on the sulfo-
nyl-bearing carbon appeared as a doublet of quartets (6 3.45;
Sty Hse = 5.0 and J = 1.5 Hz in CDCl3). The Hg, proton of 4
was split into a ddd (6 3.11; Jug, Hs, = 7.5, S Hey Hie = 5.5, and
JHe, 1, = 1.5 Hz in CDCly). These observations, judging from
the NMR spectra of norbornane systems,® clearly indicate the
exo configuration of the sulfonyl group and trans relationship
between sulfonyl group and palladium.

Carbonylation (CO, 25 atm at 100 °C for 4 h in methanol
with or without 5-6 equiv of pyridine) gave a mixture of
doubly carbonylated products? 619 and 7! in quantitative
yield, the ratio depending on reaction conditions (eq 3). Under
controlled conditions (CO, 25 atm, at 85 °C for 4 h in ben-
zene-methanol 1:5 (v/v), 10 equiv of pyridine), 6 was produced
selectively (together with 7 in <5%). Although 6 was thermally
stable (160 °C for 3 h under arong), 6 isomerized completely
to 7 when exposed to a catalytic amount of H;SOy in refluxing
methanol. Carbonylation of 2 in HoO-THF (CO, 25 atm, at
100 °C for 4 h in the presence of 10 equiv of pyridine) gave 8
quantitatively, whose spectra and melting point were identical
with those of the products obtained by alkaline hydrolyses of
6 and 7. Reduction of 8 (in HoO with 6 equiv of NaBH, and 1.1
equiv of KOH at ambient temperature for 2 h and acidic
workup!?) gave the five-membered lactone 9 in quantitative
yield. The presence of five-membered lactone groups in 6, 8,
and 9 and a five-membered ketone in 713 is apparent from the
IR spectra of these compounds (1765, 1765, 1770, and 1735
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cm~l, respectively).

The structure of 6 reflects stereospecific carbonylation with
retention of configuration and stereospecific cis addition of
Pd-acyl to the coordinated double bond (eq 4). That is, after
the first carbonylation with retention of configuration, cis
addition of Pd-acyl to the double bond coordinated to Pd
seems to take place to give intermediate 11. The formation of
6 as a primary product might be explained as a result of a
second carbonylation with retention of configuration followed
by nucleophilic displacement of Pd(0) by the carbonyl oxygen
atom, probably via intermediate 13. A similar carbonylation
was observed!4 for the alkoxyl counterparts!® of 2 (with al-
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koxyl group in place of sulfonyl group). The present dicar-
bonylation is expected to serve as another methodology for
triquinacene and dodecahedrane chemistry.!®
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endo- and exo-7-Cyanonorcaradiene Endoperoxides:
Synthesis, Characterization, and Transformations!

Summary: The title compounds, 3a and 3b, were prepared
by singlet oxygenation of the corresponding norcaradiene
derivatives 2a and 2b, characterized by diimide reduction as
the respective norcarane endoperoxides 4a and 4b, and
transformed into their respective diepoxides 5a and 5b on
heating and ene epoxides 6a and 6b on deoxygenation with
triphenylphosphine.

Sir: Recent publications? on the photooxidation of cyclo-
heptatriene, providing evidence for the formation of the (2 +
4) and (2 + 6) adducts A and B, prompt us to communicate
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our preliminary results that the singlet oxygenation of 7-
cyanocycloheptatriene (1) affords the (2 + 4) adduct C, pos-
sessing the norcaradiene endoperoxide structure. Since elec-
tron-withdrawing substituents at the 7 position in cyclohep-
tatriene favor the norcaradiene valence tautomer,” a search
for the norcaradiene endoperoxide skeleton C was warranted
in the singlet oxygenation of 7-cyanocycloheptatriene (1).

The tetraphenylporphyrin-sensitized photooxygenation
of 1 in CCly at 0 °C, using a General Electric 400-W sodium
lamp, followed by low temperature (—30 °C) silica gel chro-
matography eluting with CHsClo—pentane (2:1), afforded 3a,
mp 194-195 °C (from MeOH), in 33% vield and 3b, mp
107-108 °C (from 1:1 CH,Cly/CCly), in 42% yield. As side
product (5% yield) the known? endoperoxide of tropone was
also obtained, matching the physical constants and spectral
data of the authentic material.
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