J. Am. Chem. S0d.997,119, 5057-5058

Palladium-Catalyzed Carboxylation of Allyl
Stannanes

Min Shi and Kenneth M. Nicholas*

Department of Chemistry and Biochemistry
The Unbersity of Oklahoma
Norman, Oklahoma 73019-0370

Receied Naoember 18, 1996

The world’s dwindling petroleum reserves and increasing

atmospheric concentrations of carbon dioxide have stimulated
considerable interest in the capture and chemical conversion of
carbon dioxide. Among several approaches being examined

toward this objective is the activation of carbon dioxide by
transition metal complexés Efforts in our group have centered
on defining and elucidating the reactivity patterns of coordinated
carbon dioxidé and on the development of new catalytic
reactions of this typically unreactive molecdleEspecially
synthetically attractive are reactions of €@hich result in
carbon-carbon bond formation, e.g., the classic carboxylation
of Grignard reagents.Indeed, insertions of C{nto the metal-
carbon bonds of electropositive main group métdland many
transition metafsare common, but corresponding reactions with
less polar organometallics, though still thermodynamically
favorableS are rarer. Promoting such transformations would

be highly desirable since the resulting metal carboxylates
(RCO;M) should be more amenable to subsequent transforma-

tion of the weaker M-O bond, enhancing the prospects for

catalytic conversions to organic products. We report herein the

first examples of a transition metal catalyzed insertion o, CO
into otherwise unreactive tincarbon bonds.
Allyltributyltin (1) does not react with C&On THF even at

70°C and 33 atm (24 h). However, under the same conditions

in the presence of 8 mol % Pd(PHhor Pd(PBuy)4 stannand
is quantitatively converted to the carboxyla$90%) and3
(10%) (eq 1).8 The formation of isomeB must occur during
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Co, 1 1]
R3Sn-CH;CH=CHR' — ™ R Sn-0-C-CH,-CH=CHR' +  R;Sn-0-C-CH=CH-CH,R’
Pd(PPh.
1 (R=Bu, R=H) THFd(70 08)42,4 h 2(90%)  (R=Bu, R=H) 3 (10 %)
4 (R=Ph, R'=H) ! ’ 5 (70 %) (R=Ph, R'=H) 6 (30%)

7 (R=Bu, R'=Me)
1)

the reaction temperature (10Q) and time (72 h) afforded no
improvement. Surprisingly, crotyltributyltirv( R = Me) failed
to undergo carboxylation entirely (7€, 33 atm, 8 mol % Pd-
(PPR)a).

A number of other transition metal complexes, including
Pd(CHCN).Cl,, (PhsP%RNCI, and (PEP:RuU(CO)H;, were also
tested for their ability to catalyze the carboxylation (10 33
atm) of allyl stannané; in each case, howevetwas recovered
unchanged. The Lewis acid BEt0, an effective catalyst for
the addition of allyl stannanes to aldehydedikewise failed
to induce the carboxylation df Thus, of the systems evaluated
to date, only Pd(0) complexes have been found to be effective
carboxylation catalysts.

Multiple carboxylation of poly(allyl)stannanes also can be
effected with Pd(0) catalysis. Thus, diallyldibutylti8) feacted
completely with CQ under the standard conditions to afford
allyl dicarboxylates®, 10 (2.3:1)8 and, presumablyi1 (overall
yield >90%, eq 2):! Surprisingly, no singly inserted product,

CO. n
Bu,SN(CHp-CH=CHp), — 3= Bu,SN(0-C-CH,-CH=CH,), +
8 Pd(PPhy),, 9
THF, 70°C, 24 h

1
Bu,Sn(0-C-CH=CH-CHs),
(2.3:1) 10
i
+ Bu,$n-0-C-CH=CH-CH;3
0-C-CH,-CH=CH,

0 12

Il
Bu,(CH,=CHCH,)SnOCCH,CH=CH,
)

i.e., 12, was detected. In the Pd-catalyzed reaction of tetraal-
lyltin (13) with CO, a complex mixture of carboxylates

the product-forming sequence because neither the starting(@lly)a-nSn(Q:C-allyl), (n = 1—4) was produced after 24 h

material () nor the product?) was isomerized in refluxing
THF in the presence of Pd(Ph Under the same carboxy-
lation conditions a 30% conversion of allyltriphenyltiy R =
Ph) to insertion products and6 (7:3) was found, increasing
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judging byH NMR analysis. However, if the reaction time
was extended to 72 h, the major products (ca. 80 % yield) were
the isomeric tetracarboxylatéd, 15, and16,11i.e., all four Sn-

allyl bonds had inserted CGQeq 3). Under these conditions
double bond isomerized products5 16 n = 3, 4) dominated

ca. 4:1.

CO, 1l
—————>  Sn(0-C-CH,-CH=CH,), +
Pd(PPhy),,
THF,70°C,72h

o
Il
SN(CH,-CH=CH,), Sn(0-C-CH=CH-CHy),

13 14 15

o
n 1]
+  Sn(0-C-CHy-CH=CH,),., (0-C-CH=CH-CHa),

16
(n=1,2,3,4)
(3)
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at 70°C for 24 h with stirring. After cooling and release of the pressure,
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Of the various stannanes tested only those possessing allyl
tin bonds were found to undergo carboxylation. Hence,
tetrabutyltin, tetraphenyltin, vinyltributyltin, and benzyltribu-
tyltin each were recovered unchanged after contact with/ CO
Pd(PPk)4 under the usual conditions; propargyltriphenyltin
appeared to undergo polymerization. Various allyl silanes, e.g.,
allyltrimethylsilane, allyltriphenylsilane, and allyltrimethoxysi-
lane, were likewise found to be unreactive. While these
reactivity findings generally correlate with the strength of the
C—M (M = Sn, Si) bond?the failure of the crotyl- and benzyl-
tin derivatives to react with C£and the diminished reactivity
of allyltriphenyltin (4) suggests that a specific Pdllyl interac-
tion may play an important role in catalysis.

These observed structure/reactivity features in combination
with the established reactivity of Paillyl complexes with C&}3
lead us to propose Scheme 1 aseatative catalytic mecha-
nism: (i) oxidative addition of allylstannane to Pd(Q)dives
n3- and#n'-allyl palladium complexed7 and 18; (i) insertion
of CO; into thent-allyl palladium bond ofl8 (or the Pd-Sn
bond); and (iii) reductive elimination of the carboxylate and

organotin groups to give the product and regenerate Pd(0). The

sensitivity of the reaction to substitution on or adjacent to the
Sn—allyl unit suggests that an initiaj>-complex may precede
the oxidative addition step; however, no indication of complex-
ation of 1 by Pd(PPl)4 was provided by'H NMR analysis
(CeDg). Although transmetalation from Sn to Pd(Il) compleies

and the activation of allyl electrophiles (e.g., halides, carbonates)

by Pd(0) complexé8 are both well documented, Pd(0) activa-
tion of allyl tin reagents has little precedéfit.However, the
viability of an (z3-allyl)Pd(stannyl) intermediate such &g is
supported by formation of a Pt analog in the reaction of Pt-
(ethylene)(PPh) with (allyl)SnMes.r” The viability of CG,
insertion into the P&C bond of17 or 18 is bolstered by prior
examples of C@ insertion reactions of;’- and n3-allyl-Pd
complexes? Since neither starting material nor product
isomerization occurs under the reaction conditioap €if),
isomerization of the intermediate G@serted species, e.4.9,
apparently occurs prior to product reled&eAn alternative
mechanistic pathway involving reaction of an intermediate Pd-
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Pd(PPhy), ?)\/\
PPh,),Pd—SnR
RgSn/oY\/ ( 3)219 NR,

o

(7?-COy) complex with the allyl stannad®cannot be excluded
at this time. However, IR spectra of Pd(RRHCO; solutions

(1 atm, THF) showed no absorptions in the 162500 cnt?
region expected for such a speci®sand the mismatched
nucleophilic character of both the allyl stann#rend such C@
complexe$229mitigate against this possibility. Finally, we note
that although allyl stannanes are well established participants
in radical allyl transfer reactiorid,the catalytic carboxylation
of 1 was unaffected by the addition of the radical inhibitors
TEMPO and 2,6-dimethyl phenol (0.1 equiv), rendering unlikely
the intervention of a radical pathway.

In conclusion we have discovered a new catalytic reaction
of carbon dioxide in which a metakarbon bond is activated
toward CQ insertion. The product organotin carboxylates,
especially diorganotin esters, have a wide range of commercial
applicationg? Efforts are underway to elucidate the mechanistic
details of this reaction and to identify systems enabling the
carboxylation of other unreactive metadarbon bonds and
subsequent transformation thereof.
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