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Palladium-catalyzed arylation of 4,4,5,5-tetramethyl-2-(2-propenyl)-1,3,2-dioxa-
borolane (1a) in the presence of triethylamine or benzyldimethylamine gives a
complex reaction mixture with 3-phenylpropene (2), 2-phenylpropene (3) and
1,3-diphenylpropene (4) as the major products. With tetrabutylammonium chlo-
ride and potassium carbonate in DMF, 1-phenylpropene (5) is the main product,
and with sodium methoxide in refluxing THF, 3-phenylpropene (2) is the only
isomer formed. Arylation with phenylmercuric salts in the presence of stoichio-
metric amounts of palladium salts furnishes 3-phenylpropene (2) and biphenyl as
the main products. A possible involvement of a m-allylpalladium complex is
discussed. Arylation of m-allylpalladium chloride dimer with phenylmercuric
chloride provides 3-phenylpropene (2), 1,3-diphenylpropene (4) and biphenyl, in

various proportions depending on the conditions.

Alkenylboronates react readily in the presence of
palladium catalysts with a variety of organic ha-
lides, such as aryl halides,'? and vinylic and acet-
ylenic halides,?? to give cross-coupling products.
To our knowledge, no study has been reported on
palladium-catalyzed reactions of organic halides
with allylboronates, a class of compounds which
has taken a prominent place in carbon-carbon
bond-forming reactions.*

We recently reported that the outcome of the
reaction of arylpalladium intermediates with al-
lylsilanes is very dependent on the reaction con-
ditions used.® We report here a related study on
allylboronates as substrates. The aim of the pres-
ent investigation was to explore the possibility of
extending the very useful Heck arylation® to in-
clude allylboronates.

The catalytic reactions were performed with io-
dobenzene and benzoyl chloride as precursors for
the intermediate arylpalladium halide, and al-
kylamines, sodium acetate, potassium carbonate
or sodium methoxide were used as bases. Phe-
nylmercuric chloride or acetate was used in the
reactions that were stoichiometric in palladium.

*To whom correspondence should be addressed.
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Results and discussion

Catalytic reactions. Treatment of 4,4,5,5-tetra-
methyl-2-(2-propenyl)-1,3,2-dioxaborolane (1a)
with iodobenzene for 25 h at 100°C in aceto-
nitrile, in the presence of palladium acetate and
triphenylphosphine, using triethylamine as base
gave a complex reaction mixture. The major
components were 3-phenylpropene (2), 2-phenyl-
propene (3) and 1,3-diphenylpropene (4),
formed in 15, 25 and 15 % yield, respectively. In
addition, the mixture contained six isomeric ary-
lated propenylboronates in a total yield of less
than 25%, according to a GLC/MS analysis.
Smaller amounts of 1-phenylpropene (5) (4 %)
and biphenyl (4 %) were also formed (eqn. 1).
Conducting the reaction in the absence of solvent
or at 120°C influenced the product distribution to
only a small extent. A prolonged reaction time al-
tered neither the amount of arylated propenyl-
boronates formed nor the distribution of phe-
nylpropenes. Using diethyl 2-propene-1-bor-
onate (1b) as olefin resulted in a similar product
distribution, although the consumption of iodo-
benzene was slower, and less of 3 and somewhat
more of 4 were formed.

The reaction of 1a with benzoyl chloride,” and
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with benzyldimethylamine as base, in the absence
of triphenylphosphine as ligand led mainly to de-
boronation. The deboronation was also found to
be favoured by the use of Pd/C instead of
Pd(OAc),/2PPh,, with iodobenzene as reagent.

Two characteristic features are obvious from
the reactions above: (i) a dominant deborona-
tion, and (ii) a higher degree of arylation at the
internal carbon of la than would be expected
considering that a 80/20 ratio of terminal/internal
arylation is achieved with 1-hexene.

Compound 4 is most likely formed via aryla-
tion of 2. The deboronation that takes place to
give 2 and 3 can be explained by assuming that
the reaction proceeds via elimination of IPAB
from the palladium intermediates 6 and 7. An
analogous reaction pathway for the arylation of
vinylboronates in the presence of triethylamine
has been suggested.®
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We recently reported that the desilylation
which ensues in the arylation of allylsilanes® (eqn.
2) and vinylsilanes,’ particularly favoured in the
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absence of a phosphine ligand, could be fully sup-
pressed by the addition of silver nitrate, which
probably acts as a halide abstractor. However,
we found no effect on the deboronation of 1a due
to the addition of silver nitrate.

There seem to be two reasonable explanations
for the high degree of arylation at the internal
carbon. First, an isomerisation of 1a to the corre-
sponding vinylboronate may occur, and there-
after arylation to furnish 3. Second, a directing
effect from the dioxyboron moiety, possibly by
means of nitrogen-boron coordination, may ac-
count for the observed internal arylation. A reac-
tion of 4,5,7,8tetrahydro-2-(2-propenyl)-6H-
1,3,6,2-dioxazaborocine (1c¢) with iodobenzene
was found to give a considerable degree (30 %) of
arylation at the internal carbon (eqn. 3).

To test whether isomerisation of 1a to vinylbor-
onates takes place, compound la was subjected
to the reaction conditions used above, including
the addition of triethylammonium iodide, and
with iodobenzene omitted. We found that an iso-
merisation had indeed occurred, and that 1a had
partly been converted to a 24/10 ratio of
(Z)-1-propenylboronate and (E)-1-propenylbor-
onate after a reaction time of 25 h. To further test
the isomerisation/arylation hypothesis, a mixture
of the vinylboronates was subjected to Heck ary-
lation conditions, which resulted in a 48 % yield
of 3 as the major product (eqn. 4). In addition,
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10 % of 5, probably derived® from an arylation of
the boron-substituted carbon, was found. As in
the case of 1, a smaller amount of arylated pro-
penylboronates was observed.

It has recently been reported that tetrabuty-
lammonium chloride and potassium carbonate in
DMEF is a very efficient combination for the aryla-
tion of olefins.'” Under these conditions, starting
with 1a as olefin, 1-phenylpropene (5) was found,
surprisingly, to be the major product formed (in
40 % vyield). Only 7 % of 3, S % of biphenyl and
traces of 2 were detected (eqn. 5).

Pd(0Ac), Y
Phi+ 1a —— 5 Ph"™ + Ph

K,C03 5 3 (5)

NBu, I 40% 1%

An explanation for the formation of 5 (in eqn.
5) is not obvious. The possibility that 5 could re-
sult from isomerisation of 2 seems unlikely, since
in a separate experiment 2 remained intact when
subjected to the same reaction conditions (tetra-
butylammonium chloride, potassium carbonate
and DMF). Traces of iodobenzene were added in
this experiment to ensure that an active catalyst
had been formed. Furthermore, the formation of
5 via arylation of propene is also unlikely since
the latter is not formed from 1a under the re-
action conditions used.

Palladium-catalyzed arylation of la with so-
dium acetate as base in DMF at 100°C" was
found to be slow, and most of the iodobenzene
was recovered unchanged after two days.

The application of typical conditions used in
the cross-coupling of alkenylboronates with orga-
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nohalides,? i.e. sodium methoxide in THF under
reflux in the presence of Pd(PPh,),, provided 2
(37 % yield) as the only isomer (eqn. 6). No ary-
lated propenylboronates, biphenyl or 1,3-diphe-
nylpropene (4) were formed. However, in spite
of the use of a two-fold excess of 1a, the latter
was consumed and 50 % of the iodobenzene re-
mained after a reaction time of 2.5 h. It is note-
worthy that iodobenzene does not react with 2 to
form 4 under these conditions, and we assume
that 2 is formed in a reaction related to the cross-
coupling of alkenylboronates.

Pd(PPh3)A
Phl + 1@ ——— > Ph"z
NaOMe 2 (6)
37%

Stoichiometric reactions. Reaction of la with
phenylmercuric acetate and a stoichiometric
amount of palladium acetate in acetonitrile at
50°C with triethylamine as the base afforded
29 % of 3-phenylpropene (2), 10 % of 1,3-diphe-
nylpropene (4) and 55 % of biphenyl as the only
products detectible by combined GLC/MS analy-
sis after a reaction time of 2 h (eqn. 7). No
2-phenylpropene (3) was observed. Furthermore,
arylation with phenylmercuric acetate in the pres-
ence of a large excess of 1a (10 equiv.) resulted in
45% of 2 and 44 % of biphenyl. Arylation of 1a
with phenylmercuric chloride/palladium chloride
proceeded similarly, although the reaction was
somewhat more sluggish, and 5% of 2-phenyl-
propene (3) was formed in addition to 25 % of 2,
4% of 4 and 48 % of biphenyl (eqn. 8). The
isomer 1-phenylpropene (5), frequently seen in
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the arylation of allyl chloride, could not be de-
tected in any of the reaction mixtures.

While the deboronation is predominant with
arylmercuric salts and la, no desilylation occurs
in the reaction of arylmercuric acetate with al-
lylsilane under similar conditions."

Although the formation of 3-phenylpropene
(2) is probably analogous to the formation of 2
from allyl chloride,' i.e. involves addition of the
arylpalladium salt across the double bond fol-
lowed by palladium halide elimination, we can-
not exclude the possibility that the arylation has
occurred via a cross-coupling process.’ Two al-
ternative explanations have been considered as
well: one involves an allylpalladium complex and
the other an allylmercury complex.

It was reported by Heck that 1-methyl-r-al-
lylpalladium chloride dimer reacts with diphe-
nylmercury to produce mainly crotylbenzene and
biphenyl." The fact that biphenyl formation is
predominant in the reaction of 1a with phenyl-
mercury compounds in the presence of palladium
salts led us to examine the possible involvement
of a m-allylpalladium complex in these reactions.
We conducted an experiment in which la was
treated with palladium chloride in triethylamine
for 4 h (1a was consumed after this time accord-
ing to GLC), whereupon phenylmercuric chlor-
ide was added. An analysis revealed that 21 % of

1. PdCl,

1a + NEt, — % php~=
3 2 PhHgQl

2

21%

NE.

a
7/
P, + PhHgC —3 5 %

a
«—Pdg/z + PhHg(l ———>  25%
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2 and 77 % of biphenyl had been formed (eqn. 9).
A similar product distribution, 16 % of 2 and
56 % of biphenyl, was obtained after treatment of
n-allylpalladium chloride dimer with phenylmer-
curic chloride in triethylamine (eqn. 10). It is re-
markable that the absence of triethylamine sup-
presses biphenyl formation, and 2 and 4 are then
formed in 25% and 40% yield, respectively
(eqn. 11). It has been suggested that non-sta-
bilized nucleophilic organometallics, such as
methyl, allyl, vinyl and aryl derivatives of tin,"
zinc,' aluminium'” and zirconium,""* react with
n-allylpalladium intermediates by a mechanistic
pathway involving transmetallation followed by
reductive elimination of the two carbon ligands.

However, the long reaction time (4 h) required
to achieve complete conversion of 1a makes it un-
likely that a m-allylpalladium compound is in-
volved in the arylation of 1a when the reaction
mixture is stoichiometric in palladium (eqns. 7
and 8).

The second alternative is based on the fact that
alkylboron compounds react with mercuric
salts."” We assumed that 2 could, at least partly,
be derived from coupling of phenylpalladium
chloride with an allylmercury species, the latter
being formed from la and mercuric chloride
(formed in situ). Two equivalents of 1a were con-
sumed after treatment with mercuric chloride for

+ Ph™™2Ph + Ph—Ph

4
— 77% )
— 56%

(10)

40% — (11)
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1 h. Addition of a reaction mixture formed from
phenylmercuric chloride and palladium chloride
results in only 3 % of 2 and 23 % of biphenyl, in-
dicating that this mechanism is unlikely to oper-
ate for the formation of 2 in the addition of 1a
(eqns. 7 and 8).

Furthermore, we have conducted a reaction of
ni-allylpalladium chloride dimer with iodoben-
zene in the presence of triethylamine for 3 days,
resulting in 38 % of 4 as the major product and
7% of 2. No biphenyl was formed and 31 % of
the iodobenzene remained unchanged (eqn. 12).

Conclusion

Arylation of 1 under Heck conditions is accompa-
nied by a high degree of deboronation in all of
the reactions studied, and furnishes propenylben-
zenes. We have discussed various reaction paths
for the formation of some of these isomers and
found that the distribution is considerably de-
pendent on the reaction conditions. The debor-
onation is more predominant than the desilyla-
tion that occurs in the palladium-catalyzed aryla-
tion of allylsilanes. While the latter reaction
provides a convenient preparation of various
arylallyl and arylvinylsilanes,’ the synthetic value
of allylboronates, exemplified by 1, as substrates
in the Heck arylation reaction seems to be lim-
ited.

Experimental

Materials. Palladium acetate, allylpalladium chlo-
ride dimer, and iodobenzene were obtained from
Janssen Chimica. Palladium on charcoal (10 %
Pd) was purchased from Riedel de Haén and
palladium chloride from Johnson Matthey Chem-
icals. Triphenylphosphine and silver nitrate were
obtained from Merck-Schuchardt, phenylmer-
curic chloride from EGA-Chemie and phenyl-
mercuric acetate from Sigma Chemical Com-
pany.  Tetrakis(triphenylphosphine)palladium
was prepared by a known procedure.? 4,4,5,5-
Tetramethyl-2-(2-propenyl)-1,3,2-dioxaborolane
was prepared according to the method described
by Hoffmann.? Diethyl 2-propene-1-boronate
was also prepared by this method, using triethyl
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borate instead of 2-methoxy-4,4,5,5-tetramethyl-
1,3,2-dioxaborolane.  4,5,7,8-Tetrahydro-2-(2-
propenyl)-6H-1,3,6,2-dioxazaborocine was gen-
erously supplied by Professor R. W. Hoffmann.
The triethylamine was distilled and stored over
3 A molecular sieves. THF was purified by distill-
ation from sodium under a nitrogen atmosphere,
and the other solvents were dried with appropri-
ate molecular sieves. All other chemicals ob-
tained from commercial sources were used as
received.

General. "H NMR spectra of deuteriochloroform
solutions of the compounds were recorded on a
Varian XL 300 spectrometer. Mass spectra were
obtained on a Finnigan 4021 (Data System Incos
2100) gas chromatograph-mass spectrometer.
Quantitative gas chromatographic analyses were
performed on a Varian 1400 instrument equipped
with a 2 m column of 3% Carbowax 20M on
Supelcoport 100/120. GLC yields were deter-
mined using 2,3-dimethylnaphthalene as internal
standard. All reactions in the temperature range
between 100 and 120°C were run in a 100 ml
heavy-walled, thin-necked Pyrex tube fitted with
a Teflon stopcock. Reactions at 50 °C were run in
a round-bottomed flask with magnetic stirring.

Reaction  of  4,4,5,5-tetramethyl-2-(2-prope-
nyl)-1,3,2-dioxaborolane (1a) (eqn. 1) or diethyl
2-propene-1-boronate (1b) or 4,4,5,5-tetram-
ethyl-2-(1-propenyl)-1,3,2-dioxaborolane (eqn. 4)
with iodobenzene and with triethylamine as base.
A mixture of 13.5 mg (0.06 mmol) of palladium
acetate, 31.5 mg (0.12 mmol) of triphenylphos-
phine, 408 mg (2.0 mmol) of iodobenzene, 4.0
mmol of the boronate, 242 mg (2.4 mmol) of
triethylamine, 52.0 mg of 2,3-dimethylnaphtha-
lene and 30 ml of acetonitrile (when present) was
placed in a Pyrex tube. The tube was flushed with
nitrogen, capped, and heated in an oil bath at
100°C for 25 h. A sample was partitioned be-
tween diethyl ether and water, and the organic
phase was analyzed by GLC/MS. The reaction
with 1a at 100 or 120°C yielded 15 % of 3-phenyl-
propene (2), 25 % of 2-phenylpropene (3), 15 %
of 1,3-diphenylpropene (4), 4 % of 1-phenylpro-
pene (5), 4 % of biphenyl and less than 25 % of
six isomeric arylated propenylboronates. A simi-
lar product distribution was obtained in the ab-
sence of solvent, except for 2 being formed in
10% vyield. The reaction with diethyl 2-prop-
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ene-1-boronate (1b) gave 10 % of 2, 10 % of 3,
20% of 4, 7% of 5, 7% of biphenyl, less than
20 % of arylated propenylboronates, and 8 % of
recovered iodobenzene. The reaction of
4,4,5,5-tetramethyl-2-(1-propenyl)-1,3,2-dioxa-
borolane (eqn. 4) resulted in 48 % of 3, 10 % of 5
and 17 % of arylated propenylboronates.

Reaction of 1a with palladium-on-charcoal as cat-
alyst. The reaction was carried out as above, em-
ploying 128 mg (0.12 mmol) of palladium-on-
charcoal instead of palladium acetate and triphe-
nylphosphine. The reaction yielded less than
10 % of arylated propenylboronates.

Reaction of 1a in the presence of silver salt. The
same procedure as in the first reaction described,
except for the addition of 340 mg (2.0 mmol) of
silver nitrate. The reaction mixture contained less
than 20 % of arylated propenylboronates. and
26 % of the iodobenzene was recovered.

Reaction of 1a with benzoyl chloride. A mixture
of 22.4 mg (0.10 mmol) of palladium acetate,
281 mg (2.0 mmol) of benzoyl chloride, 671 mg
(4.0 mmol) of 1a, 338 mg (2.5 mmol) of ben-
zyldimethylamine, 51.0 mg of 2,3-dimethylnaph-
thalene and 5 ml of p-xylene was placed in a
round-bottomed flask equipped with a reflux
condenser, a drying tube, and magnetic stirring.
The flask was flushed with nitrogen and the mix-
ture was heated under reflux in an oil bath for
24 h. A sample was partitioned between diethyl
ether and water, and the organic phase was ana-
lyzed by GLC. The reaction gave less than 10 %
of arylated propenylboronates.

Reaction  of  4,5,7,8-tetrahydro-2-(2-prope-
nyl)-6H-1,3,6,2-dioxazaborocine (1c) with iodo-
benzene and with triethylamine as base (eqn. 3).
A mixture of 13.5 mg (0.06 mmol) of palladium
acetate, 31.5 mg (0.12 mmol) of triphenylphos-
phine, 408 mg (2.0 mmol) of iodobenzene,
619 mg (4.0 mmol) of 1c, 242 mg (2.4 mmol) of
triethylamine, 52.0 mg of 2,3-dimethylnaphtha-
lene and 30 ml of acetonitrile was placed in a
Pyrex tube. The tube was flushed with nitrogen,
capped, and heated in an oil bath at 100°C for
18 h. A sample was partitioned between diethyl
ether and water, and the organic phase was ana-
lyzed by GLC. The reaction yielded 12 % of 2,
30% of 3,2 % of 4,3 % of 5 and 7 % of biphenyl.
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The amount of arylated propenylboronates was
not determined.

Isomerisation of 1a to I-propenylboronates. A
mixture of 6.7 mg (0.03 mmol) of palladium ace-
tate, 15.7 mg (0.06 mmol) of triphenylphosphine,
336 mg (2.0 mmol) of 1a, 229 mg (1.0 mmol) of
triethylammonium iodide, 20 mg (0.2 mmol) of
triethylamine, 290 mg of 2,3-dimethylnaphtha-
lene and 15 ml of acetonitrile was placed in a
Pyrex tube. The tube was flushed with nitrogen,
capped, and heated in an oil bath at 100°C for
25 h. The reaction was analyzed by GLC. A yield
of 15 % of a 24/10 mixture of (Z)-1-propenylbor-
onate and (E)-1-propenylboronate was obtained.

Reaction of la with iodobenzene under solid-
liquid phase transfer conditions (eqn. 5). A mix-
ture of 13.5 mg (0.06 mmol) of palladium ace-
tate. 408 mg (2.0 mmol) of iodobenzene, 671 mg
(4.0 mmol) of 1a, 691 mg (5.0 mmol) of potas-
sium carbonate, 555 mg (2.0 mmol) of tetrabutyl-
ammonium chloride and 54.0 mg of 2,3-dime-
thylnaphthalene in 30 ml of DMF was placed in a
round-bottomed flask fitted with a stopper and
with magnetic stirring. The flask was flushed with
nitrogen and the solution was heated in an oil
bath at 50°C for 35 h. A sample was partitioned
between diethyl ether and water, and the organic
phase was analyzed by GLC. The reaction
yielded 2% of 2, 7% of 3, 40 % of 5 and 5 % of
biphenyl.

Attempted isomerisation of 3-phenylpropene (2)
under solid-liquid phase transfer conditions. A
mixture of 4.7 mg (0.02 mmol) of palladium ace-
tate, 8.0 mg (0.04 mmol) of iodobenzene, 242 mg
(1.8 mmol) of potassium carbonate, 194 mg (0.70
mmol) of tetrabutylammonium chloride, 83.0 mg
(0.70 mmol) of 2 and 73.0 mg of 2,3-dimethyl-
naphthalene in 5 ml of DMF was placed in a
round-bottomed flask with magnetic stirring. The
flask was flushed with nitrogen and the solution
was heated in an oil bath at 50°C for 35 h. A
sample was partitioned between diethyl ether and
water, and the organic phase was analyzed by
GLC. All the 3-phenylpropene (2) was recovered
unchanged.

Reaction of 1a with sodium acetate as base. The
reaction was performed as in the first reaction
described, using 180 mg (2.2 mmol) of sodium



acetate in DMF instead of 242 mg (2.4 mmol) of
triethylamine in acetonitrile. The reaction gave
15% of 2,5% of 3, 8% of 4, 9% of 5, 5% of
arylated propenylboronates, and 35% of the
iodobenzene was recovered.

Reaction of 1a with Pd(PPh;), as catalyst and
sodium methoxide as base (eqn. 6). The experi-
ment was carried out under a nitrogen atmo-
sphere. In a dry 25 ml flask equipped with mag-
netic stirring and a reflux condenser was placed
34.6 mg (0.03 mmol) of Pd(PPh,),. The flask was
flushed with nitrogen and charged with 204 mg
(1.0 mmol) of iodobenzene, 37.0 mg of 2,3-di-
methylnaphthalene and 3 ml of dry THF. After
the solution had been stirred for 30 min at room
temperature, 302 mg (1.8 mmol) of 1a, 1 ml of a
2M solution of sodium methoxide in methanol,
and 2 ml of dry THF were added, and the reac-
tion mixture was then heated under reflux for
2.5 h. A sample was partitioned between diethyl
ether and water, and the organic phase was ana-
lyzed by GLC. The reaction yielded 37 % of 2,
and 50 % of the iodobenzene was recovered.

Reaction of 1a with stoichiometric amounts of pal-
ladium acetate and phenylmercuric acetate, or of
palladium chloride and phenylmercuric chloride
(egns. 7 and 8). A mixture of 225 mg (1.0 mmol)
of palladium acetate or 177 mg (1.0 mmol) of
palladium chloride, and 337 mg (1.0 mmol) of
phenylmercuric acetate or 313 mg (1.0 mmol) of
phenylmercuric chloride, respectively, together
with 336 mg (2.0 mmol) of 1a, 101 mg (1.0
mmol) of triethylamine, 33.0 mg of 2,3-dimethyl-
naphthalene and 15 ml of acetonitrile was placed
in a round-bottomed flask with magnetic stirring
and stopper. The flask was flushed with nitrogen
and the solution was heated in an oil bath at 50°C
for 2h. A sample was distributed between
diethyl ether and water, and the organic phase
was analyzed by GLC/MS. With two equiv. of 1a,
palladium acetate, and phenylmercuric acetate,
the reaction gave 29 % of 2, 10 % of 4 and 55 %
of biphenyl (eqn. 7). The addition of ten equiv.
of 1a furnished 45 % of 2 and 44 % of biphenyl.
Two equiv. of la with palladium chloride and
phenylmercuric chloride gave 25 % of 2, 5 % of 3,
4% of 4 and 48 % of biphenyl (eqn. 8).

Reaction of 1a with palladium chloride, and sub-
sequent reaction with phenylmercuric chloride
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(eqn. 9). A solution of 336 mg (2.0 mmol) of 1a,
355 mg (2.0 mmol) of palladium chloride, 243 mg
(2.4 mmol) of triethylamine and 15 ml of aceto-
nitrile was placed in a round-bottomed flask with
magnetic stirring and stopper. The flask was
flushed with nitrogen and heated in an oil bath at
50°C for 4 h. Half of the reaction mixture was
worked up by dilution with water and subsequent
extraction with three portions of chloroform. The
combined extracts were dried over magnesium
sulfate, and the solvent was evaporated under
reduced pressure at room temperature. A 300
MHz NMR spectrum showed the presence of
n-allylpalladium chloride dimer. To the other
half of the mixture was added 313 mg (1.0 mmol)
of phenylmercuric chloride and 80.0 mg of 2,3-di-
methylnaphthalene in 6 ml of acetonitrile,
whereupon the heating was continued at 50 °C for
2 h. A sample was partitioned between diethyl
ether and water, and the organic phase was ana-
lyzed by GLC. The reaction gave 21 % of 2 and
77 % of biphenyl.

Reaction of n-allylpalladium chloride dimer with
phenylmercuric chloride in the presence or ab-
sence of triethylamine (eqns. 10 and 11). A mix-
ture of 183 mg (0.50 mmol) of m-allylpalladium
chloride dimer, 313 mg (1.0 mmol) of phenyl-
mercuric chloride, 111 mg (1.1 mmol) of triethyl-
amine (when present), 30.0 mg of 2,3-dimethyl-
naphthalene and 13 ml of acetonitrile was placed
in a round-bottomed flask with magnetic stirring
and stopper. The solution was heated in an oil
bath at 50°C for 2.5 h. A sample was distributed
between diethyl ether and water, and the organic
phase was analyzed by GLC/MS. In the presence
of triethylamine the reaction gave 16 % of 2 and
56 % of biphenyl, and in the absence of triethyl-
amine 25 % of 2 and 40 % of 4.

Reaction of la with mercury(ll) chloride, and
subsequent addition of a mixture of phenylmer-
curic chloride and palladium chloride. A mixture
of 83.9 mg (0.50 mmol) of 1a, 67.9 mg (0.25
mmol) of mercury(II) chloride, 45.0 mg of 2,3-di-
methylnaphthalene and 2 ml of acetonitrile was
placed in a round-bottomed flask with magnetic
stirring and stopper. The flask was flushed with
nitrogen and heated in an oil bath at 50°C for
1 h. A solution of 78.3 mg (0.25 mmol) of phen-
ylmercuric chloride, 44.3 mg (0.25 mmol) of pal-
ladium chloride and 28.0 mg (0.28 mmol) of
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triethylamine in 3 ml of acetonitrile was added
and the heating was continued at 50°C for 2 h. A
sample was partitioned between diethyl ether and
water, and the organic phase was analyzed by
GLC. The reaction gave 3 % of 2 and 23 % of bi-
phenyl.

Reaction of n-allylpalladium chloride dimer with
iodobenzene (eqn. 12). A mixture of 91.5 mg
(0.25 mmol) of m-allylpalladium chloride dimer,
102 mg (0.50 mmol) of iodobenzene, 56.0 mg
(0.60 mmol) of triethylamine, 51.0 mg of 2,3-
dimethylnaphthalene and 6 ml of acetonitrile was
placed in a round-bottomed flask with magnetic
stirring and stopper. The solution was heated in
an oil bath at 50°C for 3 days. A sample was par-
titioned between diethyl ether and water, and the
organic phase was analyzed by GLC. The re-
action gave 38 % of 4, 7% of 2, and 31 % of the
iodobenzene was recovered.
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