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Abstract:

Phosphine sulfides were found to be effective as a ligand in the palladium(II)-catalyzed bisalkoxycarbonylation of
olefins. Aromatic olefins and vinylsilanes were converted into the corresponding succinates in high yields under
mild conditions. Enantioselection was observed when chiral bisphosphine sulfides were used as ligands.
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achleved through intensive studies in coordmatlon chemlstry. [1,3,5] The electronm features of
phosphine chalcogenides and their complexes will provide new reactions, especially under oxidative
conditions, since phosphine chalcogenides would be stable and survive in the presence of oxidants.
We report herein a successful application of phosphine chalcogenides as ligands to the palladium-
catalyzed bisalkoxycarbonylation of olefins.
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In our search for a suitable reaction catalyzed by the transition metal complexes of phosphine
chalcogenides, triphenylphosphine chalcogenides were used, since they are commercially available
and/or are easily prepared from the parent triphenylphosphine by treating with hydrogen peroxide, or
atomic sulfur or selenium. The palladium-catalyzed bisalkoxycarbonylation of olefins in the presence
of a copper co-catalyst and oxygen as an oxidant proved to be the reaction of choice. [6,7] Although
it has been reported that the bisalkoxycarbonylation of aliphatic terminal olefins proceeded smoothly
without any ligand, [6,8-10] the use of aromatic olefins such as styrene as substrates was limited;
moreover, the chemoselection was far from satisfactory. [11-13]

Since almost no information was available on the catalytic activity of phosphine chalcogenide-
palladium catalysts, the effect of ligands in the bisalkoxycarbonylation of styrene was examined at
first (Table 1). The reactions were carried out in the presence of 10 mol% of PdCl2, 20 mol% of a
ligand, and 1 equivalent of CuCl in MeOH under atmospheric pressure of a ca. 1/1 (v/v) mixture of
carbon monoxide and oxygen at rt for 3 days. The reaction proceeded even in the absence of any
ligand to give the desired product (entry 1). A clear contrast was observed between trivalent
triphenylphosphine and pentavalent triphenylphosphinc chalcogenides; triphenylphosphine strongly

mpnenylpnoxpnme suifide (entry 4) as ligands gave the product in high
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results shown in Table 1 clearly demonstraie that triphenylphosphine
ligand for the palladium-catalyzed bisalkoxycarbonylation.

PdCl, (10 moi%), Ligand (20 moi%) Ph

Entry Ligand Yield (%)ibl
1 none 36
2 Ph3P 0
3 Ph3P=0 60
4 Ph3P=S§ 80
5 Ph3P=Se 16

[a] Reactions were carried out in a I-mmol scale by using 10 mol% of
PdCI7 and 20 mol% of the additive for 3 days at rt. [b} GC yields of
phenylsuccinate. Diphenyl ether was used as an internal standard.

Although the mechanism of the present reaction is not clear, it is evident that the inhibition of the
reaction by the use of triphenylphosphine does not arise from the oxidation of the phosphine but
from its fundamental characteristics, since phosphine oxide did not inhibit the reaction. The lability of
triphenylphosphine sulfide in the ligand exchange might play a central role.

The bisalkoxycarbonylation of other olefins also proceeded smoothly in the presence of
triphenylphosphine sulfide (Table 2). The reactions of aromatic olefins gave the desired
bisalkoxycarbonylated products in good to moderate yields (entries 1-2), and the reactions of
aliphatic terminal olefins also gave the products in moderate yields (entry 3). Although the reactions
of trans- and cis-stilbene did not proceed at all, the reactions of a cyclic olefin conjugated with an
aromatic ring afforded exclusively the cis isomer of the diester (entry 4). [14,15] Noteworthy is that
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vinyisilanes are suitable substrates in the present reaction system (entries 5-7). The 1,3-
bisalkoxycarbonylated product in entry 7 may be obtained through a 3-hydride elimination and a re-
insertion. [14,15] Although a few research groups have reported the alkoxycarbonylation of
vinylsilanes, including hydroesterification, [16-18] no report has been published dealing with
bisalkoxycarbonylation; the present reaction is the first example of the bisalkoxycarbonylation of
vinylsilanes to afford a-silylsuccinates.

Table 2. Bisalkoxycarbonylation of olefins using Pd-Ph;PS system.

Entry Substrate Product Yield (%)™
O-Me
veod N CO.Me
1 Meo—{_ )\ f\T ~ 82
MeO

COMe

2 C|_< >__.\ m/l\,COg)Me 59

= > N

~_ ,OH
T “ Y COsMe
3 u/\ &L\/COQMG 68

- - ;‘\ TN
=
4 CT ) L 35
NAS NN N COMe
COsMe
< N COgMe an
~ PhMesSim ~= phMeQSI,/\/COQMG ke
CoaMe
- Ihl A lalaM Y ) L
6 PhMele/ Vﬁ" PhMele/\{UUZI 66
| COsMe
7 PhMe,Si PhMe,si~ ~CO2Me 61

[a] All reactions were carried out in a 1-mmol scale by using PdCl, (10

mol%) PthS (20 mol%) CuCl (1 equw) CO/OZ (ca 1/1 v/v, 1 atm), in
MeGOH (10 mi) for 3 days at ri. [b] A mixture of the isomers (E/Z = 63/37)
was used as the substrate, and a mixture of the diastereomers (dr = 77/23) was

obtained. The stereochemistry of the product was not determined.

Since the present rcaction gave the products with chirality, phosphine sulfides, derived from
enantiopure phosphines, would be applicable to an asymmetric version of the present reaction.
Enantiopure phosphine sulfides, DIOPS), BINAPS?2, and ChiraphosS, [19] were prepared from
commercially available, enantiopure bisphosphines, DIOP, BINAP, and Chiraphos, respectively. In the

nresence of these chiral nhosnhine sulfides the reactions also nroceeded enantiosele (‘tlvplv affording
presence of these chiral phosphine sulfides the reactions also proceeded enantioselect rding
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PdCl, (10 mol%), ChiralPS, (10 mol%) Ph

> {__CO,Me
CuCl (1 eq.), CO/O, (1 atm), MeOH MeOQC/\/ 2
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Table 3. Enantioselective bisalkoxycarbonylation of styrene by Pd-ChiralPS)-system.[a]

Entry ChiralPS7 Yield (%) E.e.(%)lb]

1 BINAPS? 48 8

2 DIOPS? 41 24

3 ChiraphosS) 68 30
Fab A cnnnbimces wxzmins parriod mid tos o | oo 1 ala b sioleme DA A F30 e 107N
Ld] Al ICALUIULd WEIT CalliCU VUL L1 a 1-HIIHOL S0dIC DY using ravt)/ (v imnoive),
chiral bisnhosnhine sulfide (10 mol%), CuCl (1 equiv.)), CO/O9 (ca 1/1 v/ v, 1 atm)
chiral bisphosphine sulfide (10 mol%), CuCl (1 equiv.), CO/O7 (ca 1/1 v/v, 1 atm),
in MeOH (10 ml) for 3 days at rt.  [b] Determined by HPLC (Daicel Chiralcel OD

) for
hexane/2-propanol (15/1)).

In conclusion, we have found that phosphine sulfides can be applied as ligands to the palladium-
catalyzed bisalkoxycarbonylation reaction of olefins; phosphine sulfides are a new class of ligands
applicable to transition metal-catalyzed reactions under oxidative conditions. Further applications of
phosphine chalcogenides are now under investigation.
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