Tetrahedron Letiers, Vol. 35, No. 34, pp. 6203-6206, 1994
Pergamon Elsevier Science Lid

Printed in Grest Britain
0040-4039/94 $7.00+0.00
0040-4039(94)01302-0

Synthesis of Unsaturated Acids by 1,2-Addition of Formic Acid to Conjugated
Dienes Catalyzed by Palladium on Carbon in the Presence of Mono and
Bidentate Phosphines.

Giuseppe Vasapollo, Anoma Somasunderam, Bassam El Ali
and Howard Alper*

Department of Chemistry, University of Ottawa, 10 Marie Curie, Ottawa, Ontario, Canada K1N 6N5

Abstract ; Di-, and trisubstituted 1,3-dienes are converted to 7.5-unsaturated acids by use of formic acid,
carbon monoxide, and catalytic quantitios of Pd-C / PPh3 / PhoP(CH2)4PPh in 1,2-dimcthoxycthane. A B,y

unsaturated acid was obtained when the monosubstituted diene, isoprene, was used as the reactant.

Numerous papers and patents have appeared on the subject of the transition metal complex catalyzed
hydrocarboxylation and hydroesterification of conjugated dienes. Depending on the reaction conditions,
unsaturated and/or saturated mono and/or diacids or diesters are formed, with dimerization and carbonylation
reactions occuring in some cases. Examples include the formation of esters of 3,8-monodicnoic acid by
palladium acetate catalyzed carbonylation of 1,3-butadiene in alcohol,! the oxidative carbonylation of the same
substrate in methanol catalyzed by PdCl2 to give dimethyl-2-butene-1,4-dicarboxylate,? and the rhodium
dicarbonyl iodide dimer catalyied'l.d-addition. under acidic conditions, affording 3-pentenoic acid as the major
product.3 There are no examples, to our knowledge, of the hydrocarboxylation of conjugated dienes which
proceeds with good selectivity for net 1,2-addition of formic acid to one of the double bonds of the diene.

We have recently shown that palladium on carbon, together with 1,4-bis(diphenylphosphino)butane
[dppbl, can catalyze the addition of formic acid (or oxalic acid) to alkencs.4 It sccm conccivable that the Pd/C-
dppb system, either as such or appropriately modified, could catalyze the carbonylation of conjugated dienes,
hopefully with some selectivity. Indeed, quite selective 1,2-addition of formic acid to a diene does take place,
with a modified catalytic system, resulting in the formation of v,8-unsaturated acids in reasonable yields. We

now communicate the interesting results of this investigation.
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Only trace amounts of 3,5-dimethyl-4-hexenoic acid (2) were formed on treatment of 2,4-dimethyl-1,3-
pentadiene (1), in 1,2-dimethoxyethane (DME), with two equivalents of formic acid, catalytic quantitics of 10%
Pd/C, dppb, and 6.2 atmospheres of carbon monoxide at 110 °C for 24h (eq. 1).

PA/C, dppb, PPh J o
/K/l\ pRb, PPhs x COOH  (eq. 1)

) CO, HCOOH, DME (2)

It was previously observed, that in the palladium catalyzed addition of formic acid to alkynes, that the presence of
both a bidentate and a monodentate phosphine were beneficial for the reaction.4-5 When the reaction of 1 with
carbon monoxide and formic acid was repeated with triphenylphosphine, under otherwise identical reaction
conditions, the v,8-unsaturated acid (2) was isolated as the only product in 60% yield of pure material (the crude
was much higher). Only traces of 2 were detected in the absence of PPhj (i.c. both PPh3 and dppb are required
for the reaction), and no reaction occurs using nitrogen instead of a carbon monoxide atmosphere. The optimum
ratio of 1/ dppb / PPh3 / Pd-C was 179/5.0/2.5/1.0.6

The conversion of 1 to 2 indicates selective 1,2-addition of formic acid to the least substituted double
bond of the diene (i.e. 1,1-disubstituted vs. trisubstituted), Reaction occured in 78% selectivity at the same type
of 1,1-disubstituted double bond of 2-methyl-1,3-pentadienc (3) giving 3-methyl-4-hexenoic acid (4), with the
remainder (22%) being the isomerized B,y-unsaturated acid 5, the total isolated yicld being 48%.

/\/k —_— /\)\/COOH + )\/LCOOH (eg. 2)
(3) (4)

(5)

The major product of the reaction of a cyclic diene (i.c. formally 1,4-disubstituted) 1,3-cyclooctadiene (6), under
the usual conditions, was the Y,3-unsaturated acid, 7, with isomeric acids (8,9) formed as by-products {total

yield, 52% (eq. 3)].
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COOH
COOH
O — Q- O7Cu =
COOH
(6) (7) (8) (9)
48 : 15 : 37

Finally, it is noteworthy that, in the case of isoprene (10), a monosubstituted diene, the process is

selective but affords only the B,y-unsaturated acid (11) in 57% yield of pure product (eq. 4).

/\]/ L HOOC\/\r o

(10) (11)

In conclusion, trisubstituted and disubstituted 1,3-dienes undergo hydrocarboxylation with formic acid
catalyzed by Pd/C, PPh3, and dppb with 1,2-addition being the principal pathway. The monosubstituted diene,
isoprene, also reacted in a selective manner but gave only the fB,y-unsaturated acid. These reactions occur under
quite mild conditions (6.2 atm, 110 °C), afford products not readily accessible by other routes, and show

superior selectivity to known catalytic diene hydrocarboxylation processes.
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