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The Wacker-type oxidation is an important procedure catalyzed by palladium complexes. A mild and
general method for the preparation of B-substituted-§-oxosulfoxides from the corresponding B-substi-
tuted-vy,5-unsaturated sulfoxides is described. The products are versatile synthetic intermediates for
the preparation of syn- and anti-1,3-diol and 1,3-aminoalcohol derivatives.
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A large number of dense vicinally functionalized compounds
are present in Nature. The method of choice to introduce vicinal
functionality is through nucleophilic attack, either inter- or intra-
molecular, initiated by the addition of an electrophile to an
alkene.! The palladium catalyzed oxidative functionalization
of unsaturated alcohols to 2-vinyltetrahydrofurans was first
described by Hosokowa and co-workers? using catalytic Pd(OAc),
in the presence of stoichiometric Cu(OAc), under an oxygen atmo-
sphere, Eq. 1.

)Oi/\/\ Cat. Pd(OAc),
Ph = Cu(OAc),, 0,

In continuation of our interest in utilizing the sulfinyl group as an
intramolecular nucleophile for the hetero-functionalization of al-
kenes? activated by electrophiles,* we were attracted to the possi-
bility of using catalytic amounts of a Pd?* salt in a Wacker-type
reaction to prepare an alkene diol from an allyl alcohol, Scheme
1. By way of 1,2-asymmetric induction, the new carbinol stereo-
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center was expected to be introduced with good diastereoselectiv-
ity. In addition, the alkene diol was envisioned to be further
transformed by reaction with NBS into a bromotriol via intramo-
lecular sulfinyl group participation.

We describe herein the results of our investigation on the Wac-
ker-type reaction of B-substituted-y,5-unsaturated sulfoxides.
Reaction of allyl alcohol® 1 with stoichiometric amounts of
Pd(OAc),(CH5CN), in anhydrous THF® in the presence of potassium
carbonate and water (2 equiv) yielded the keto alcohol 2 in 75%

PdOAc

5

o)
Ph S an
\\_7 X + HPdOAc (1)

Sole isomer

yield and none of the expected diol” 3. Interestingly, 2 was
obtained in a better yield using only catalytic amounts of PdCl,
in the presence of stoichiometric amounts of CuCl in aqg DMF®
under an oxygen atmosphere.® It is noteworthy that the sulfoxide
configuration is retained in the product.!® The reaction probably
proceeds via intermediate I formed by chelation of PdCl, to sulfur
and the alkene,!! followed by intermolecular attack of water'? to
afford intermediate II, which then undergoes dehydropalladation
to yield HPdCI and enol 4 which tautomerizes to keto alcohol 2,
Scheme 2.
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The generality of the reaction was explored, and the results are and carbon (compare entries 1, 2 and 4, 5), (b) protecting the

tabulated in Table 1. A perusal of the Table reveals that the reaction hydroxy group (entry 3), and (c) double bond geometry'> (compare
outcome is not affected by (a) the relative configurations at sulfur entries 1 and 4). Terminal alkenes'® cleanly afforded the corres-

Table 1
Oxidative functionalization of alkenes with catalytic PdCl,*

Entry Alkene Aldehyde/ketone Yield (%) Time (h)

O~ OH O~ OH O
; e e 5512
p-Tol = p-Tol
1 2
O~ OH O~ OH O
2 é+ 2 é+ 2 95 (12)
p-Tol™ = p-Tol”
5 6
9 OTBS o- OTBSO
3b o &+ 65 (12
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7 8
OH
=
9

O OH O

S 89 (12
p-Tol” \/'\/\/\Ph p-Tol” (12)
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Table 1 (continued)

Entry Alkene Aldehyde/ketone Yield (%) Time (h)
p-Tol” = p-Tol”~
15 16
e $3
8 S S 83 (8)
p-Tol 1 = p-Tol 1
(0] 17 0 18
O~ OTBS 0~ OTBS
9 S st~ 85 (5
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19 20
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23 24
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25 26
o~ Me  ~oTBDPS o e
14¢ Ph/S+ _— Ph/S‘L\)\/U\/OTBDPS 81 (12)
27 28
O~ OTBDPS O~ OTBDPS
e St S St 73 (12
15 Ph” OTBDPS Ph” OTBDPS 012
29 30 O

2 All reactions were carried out on 0.5 mmol scale using 10 mol % of PdCl, and 1 equiv of CuCl in ag DMF under an oxygen atmosphere at 65 °C for 5-12 h.

b 25% of 2 was also isolated.
¢ Racemic substrate was used.
9 The sulfoxide 30 was characterized as the corresponding sulfone.

¢ The reaction did not proceed to completion even after 12 h and some unreacted starting material was recovered; yield is based on recovered starting material.

ponding aldehydes as the sole products!®> without any trace of the
methyl ketone (entries 9 and 12). The reaction did not proceed
when attempted on tri-substituted alkenes!® employing the stan-
dard reaction conditions. Over extended periods of time, at higher
temperatures and/or using stoichiometric amounts of PdCl,,
decomposition was observed. Steric factors are probably responsi-
ble for the lack of reactivity of tri-substituted alkenes. A sulfide and
a sulfone are suitable substrates and afford keto alcohols in good
yields (entries 7 and 8). Interestingly there was no poisoning of
the catalyst by the sulfide and the sulfone which are also capable
of complexing palladium chloride. The B-protected amino sulfox-
ide'” yielded the expected amino ketone derivative without inci-
dent (entry 13). That a heteroatom at the pB-position to the
sulfoxide is not required was shown from the result of the reaction
of a B-methyl substituted alkene'® (entry 14). Finally a mixture of
B-siloxy-8,m-unsaturated sulfoxide!'® was subjected to the stan-

dard reaction conditions to furnish an w-keto alcohol which was
characterized after oxidation to the sulfone (entry 15). The reaction
conditions are mild, and protecting groups are tolerated.

The B-hydroxy d-ketosulfoxide can be reduced to the corres-
ponding syn- or anti-1,3-diols following literature procedures to
furnish important intermediates in the synthesis of polyhydroxy-
lated natural products.?® The p-amino protected-3-ketosulfoxide
can likewise be reduced selectively to furnish syn- or anti-1,3-
aminoalcohol derivatives. 1,3-Aminoalcohols are structural sub-
units present in many synthetic?! and natural products®? possess-
ing potent biological activity. Their potential as chiral auxiliaries
and ligands in asymmetric synthesis is well recognized.?® In this
context, it is noteworthy that B-hydroxy-8-ketosulfoxides are
obtained readily using the present methodology in comparison to
the methodology reported by Solladie and co-workers using a
B-dioxolane protected p-keto ester as starting material.?*
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In summary, we have described a novel, general and mild meth-

od for the preparation of B-substituted-8-oxosulfoxide derivatives
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