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SUMMARY

ao’-Dimethylstilbene is obtained in the reaction of diphenylacetylene with
CH;MgBr and L,PdCl, (L =benzonitrile or norbornadiene), in 65%; yield based
on the alkyne. Stilbene and a-methylstilbene form as side products (~25%). No
reaction takes place when phosphines_or arsines are present as L in 1.,PdCl,. The
addition of strong nucleophiles like Ph;P. Ph,PCH,CH,PPh, or (PhO);P to a cold
mixture (—70°) of (C¢HsCN),PdCl, and CH;MgBr yields the corresponding
L,Pd(CH,),, indicating the presence of methyl-palladium components in the reac-
tion reagent and offering thereby a convenient synthesis of these compounds.

INTRODUCTION

Salts and complexes of transition metals were shown to play an important part
in a2 number of alkylation reactions of acetylenic! and olefinic? ™% compounds. These
alkylation reactions® often lead to the formation of a great number of products which
is not always desirable. It is therefore of interest to seek and study those systems
which display a certain degree of specificity. We report here the reactions of palladium
based reagents in which diphenylacetylene is symmetrically dimethylated to give
a,o-dimethylstilbene. The effect of ligands in the palladium compound on its reactivity
or inertness has also been studied. This question which has recently been raised in
connection with homogeneous hydrogenation® is still a matter of much concern.

Palladium compounds® are known to take part in several types of alkylation
reactions. However, instances of symmetrical alkylations of unsaturated compounds
are still rare. Two cases reported lately deal with the formation of stilbene from the
reaction of vinyl halides or vinyl acetate with “C4HsPdCl” (not isolated)® and the
formation of substituted butadienes from the reaction of terminal olefins and di-
phenylacetylene with bis(benzonitrile)palladium dichloride®.

* For Part I see ref. 1.
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RESULTS AND DISCUSSION

The alkylation of diphenylacetylene

The reactions of palladium compounds of the type L,PdCl, in which L is
benzonitrile or norbornadiene (bicyclo[2.2.1 heptadiene) with CH;Li or with CH ;-
MgBr result in the formation in situ of very reactive alkylating agents. In their reac-
tion with diphenylacetylene the latter is dialkylated to a,2’-dimethylstilbene (2,3-di-
phenyl-2-butene) (65 %;). Side products in low yields were stilbene and a-methyl-
stilbene. Condensation products in which hexaphenylbenzene® was identified were
obtained only in the case of the benzonitrile compound (yield less than 109).

Generally, a higher percentage of hydrogenation, at the expense of alkylation
was observed when CH;Li was used (Table 1, run 1). The combined yield of addition
products was 809 based on the alkyne.

With other ligands in L,PdCl, such as phosphites, triphenylarsine (Table 1,
runs 4-6) or triphenylphosphine the yields were very low or practically zero.

TABLE 1

DISTRIBUTION OF ADDITION PRODUCTS (mole%) IN REACTIONS OF DIPHENYLACETYLENE WITH
L,PdCl,/CH,Li or L,PdCl,/CH,MgBr

Run Lin Alkylating Max Dimethylstilbene Methylstilbene Stilbene Yields
L,PdCl, agent temp. (VA

O cis trans cis trans  trans cis

1 CsH;CN CH;Li 25 293 10.3 10.2 10.2 10 30

2 CsHsCN CH,;MgBr 25 55.2 144 45 5 438 16.3 80

3 C,Hg? CH,Li 25 530 16.1 175 None None 134 80

4 (CéHsO);P CH,;MgBr 120 320 26.1 5.85 13 19.8 3.7 <5

5 (CH;0);P CH,Li 70 29.2 14.6 13.5 (13.5) 292 <5

6 (CeHs)sSb CH MgBr 50 50.5 133 180 180 None 182  Trace

7 (CsHs)sAs CH,;Li 70 Trace Trace Trace Trace  Trace Trace Trace

8 — (PdCl;) CH;MgCl 159 (13.67) 6.8 6.8 9.1 524

@ Norbornadiene. ® Data from ref. 13. © Quantity too small for each to be determined individually.

Isomerisation of the product

As shown in Table 1 the geometry of the product is predominantly cis. When
samples were kept for longer periods at 0 or 25° the ratio of cis- to trans-dimethyl-
stilbene increased considerably (Table 2). No such isomerisation was observed in
the reaction of rhodium compounds with diphenylacetylene! and in the correspond-
ing reaction with chromium catalysts’ the isomerisation of olefins in the system was

in the opposite direction (cis to trans).

The trapping of methylpalladium compounds in the reagent system

, When potential ligands such as triphenylphosphine, 1,2-bis(diphenylphos-
phino)ethane, triphenyl phosphite and several others were added to the mixture of
(C¢HsCN),PdCl, and CH;MgBr at —70 or —60° the corresponding dimethyl-
palladium compound L,Pd(CH,), could be isolated. It is well known® that com-
pounds of this type can be prepared by the reaction of L,PdCl, with CH,MgBr and
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TABLE 2

cis/trans RATIOS OF o,&/-DIMETHYLSTILBENE AT DIFFERENT REACTION TEMPERATURES AND TIMES, IN THE
REACTION OF (PhCN),PdCl,/CH ;MgBr WITH DIPHENYLACETYLENE

Run Hours at cis/trans
ratio
—60° o° Total
1 1 1 1.5
4 4 192
4 8 12 20
4 68 72 225
2 2 7.3 4 38
“AL25°.

they probably also form when L=C;H;CN or C,;Hjg, but dimethyipalladium com-
pounds having these two ligands were too unstable to be isolated. It seems however
that ligand displacement took place without cleaving® any palladium—methyl bonds
which may have formed, unlike several reported cases where such cleavage was
observed!'®. As has been done in other cases'! it may be argued that a compound
such as (C4HsCN),Pd(CH3), did form in the reaction mixture at —70°. Generally,
the method seems to offer a convenient synthetic route to dimethylpalladium com-
pounds.
The reactions can be summarized as follows:

(CGHSCN)ZPdClz —60° Lde(CH3)3+CGH5CN

T — [(C4HsCN),Pd(CHs5), |
CH,MgBr
PRC=CPh
PhC(CH,)=C(CH,)Ph+ Pd°+
CcHsCN
L=Ph,P, (PhO),P, Ph,PCH,CH,PPh,

The results suggest that coordination of diphenylacetylene is a prerequisite for the
reaction and that ligands in the palladium compound compete with the alkyne in
this respect. It is expected that cyclisations and condensations of the alkyne would
be more affected by this competition than additions since they apparently require
the coordination of more than one diphenylacetylene molecule to the metal. Con-
sequently, with loosely bonded ligands such as benzonitrile which are easily displaced
by diphenylacetylene!Z, cyclisation of the alkyne is not completely hindered, although
it is less than with just PdCl,!? but with the other, better attached ligands it is not
observed. With the complexes containing still more strongly attached ligands even
addition reactions occur only at high temperatures and with poor yields, if at all. In
comparison with the reported result'?, for the similar reaction of PdCl, (represented
in Table 1, run 8), the yield of addition products increases considerably in the reac-
tions of thie benzonitrile and norbornadiene complexes. The extent of hydrogenation
is also much smaller with these complexes and this probably causes the considerable
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increase of dialkylation. In other systems studied so far the dominant product of
alkylation of diphenylacetylene was a-methylstilbene mainly because reactions of
hydrogen transfer competed strongly with alkylation? or because the reaction was
a two step process of which only the first consisted of alkylation!. When the effect
of transition metal salts on the reaction of diphenylacetylene with CH;MgBr was
studied!3, it was found that among many salts examined only CuCl,, CuBr, and
MnCl, yielded cis-a,a’-dimethylstilbene as an important product. The present results
show that a desired specificity in alkylation can be achieved not only by a proper
choice of the metal ion but also by the choice of different compounds of the same
metal. However, the connection between the presence of ligands and the repression
of hydrogen transfer reactions is not clear at present.

The role of compounds like (C¢HsCN),Pd(CHj), and C;HgzPd(CH3), in the
alkylation reaction is questionable. Although probably formed initially they both
may yield the same transient complex containing Pd—CHj3 groups and coordinated
PhC=CPh as the reactive species. Those dimethylpalladium compounds which could
be isolated [L = Ph, P, (PhO);P or Ph,PCH,CH,PPh,] did not react with the alkyne
even at temperatures where disintegration of the Pd—CH; bond took place, again
probably because the alkyne did not coordinate to the palladium atom in these cases.
The triphenyl phosphite compound is a limit case where [ (C¢Hs0);P],PdCl,/CH ;-
MgBr gave alkylation products in low yields.

Although benzonitrile in other conditions is known to react with CH;MgBr,
to form acetophenone (after hydrolysis), this did not interfere with the reaction be-
tween the Grignard reagent and (C¢HsCN),PdCl, even though excess of the former
was present. In runs carried out below —30° no acetophenone was detected among
the products. With runs kept for long periods at room temperature some acetophe-
none was observed when CH;Li was used, but none in runs of CH;MgBr.

EXPERIMENTAL

Ether and tetrahydrofuran (THF), were filtered through alumina, refluxed
first over sodium then over LiAlH,, on which they were stored. Other solvents were
dried by refluxing over sodium. All operations in this work were carried out under
an atmosphere of dry argon.

Starting materials

Palladium compounds were prepared by standard procedures: (PhCN),-
PdCl,'#, C,;HgPdCl,'®, [(CH;0)3P],PdCl,'®, (Ph;Sb),PdCL,'?, (PhyAs),PdCl,
(prepargd by using the procedure in ref. 17), [Ph,P(CH,),PPh,|PdCl,!2, (Ph;P),-
PdClL,*?.

[(PhO),P],PdCL,. Into a benzene solution (30 ml) of triphenylphosphite (9.3
g, 3 mmole), PACL, (1.76 g, 1 mmole) was added. After stirring for 24 h the slurry was
warmed to 90°, cooled and the white precipitate filtered and washed in hexane/ben-
zene mixture. The substance is insoluble in CCl,, hexane, ether or water, very soluble
in THF and chloroform. M.p. 168° (decomp.). (Found: C, 56.86; H, 3.92; Cl, 8.62.
C;36H30Cl,04P,Pd caled.: C, 54.3; H, 3.7; Cl, 8.9%.)

Reaction of (PhCN),PdCl, with CH,MgBr and PhC=CPh
A suspension of bis(benzonitrile)palladium dichloride (7.3 g, 19.5 mmole) in
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150 ml of THF was cooled to —60° and a solution of CH3;MgBr in THF (1.4 N) was
added dropwise, until the mixture gave a positive Gilman test (~ 100 ml). During
the addition (PhCN),PdCl, dissolved and a yellow precipitate formed. (This precip-
itate would turn black if warmed above — 20°.) After stirring for 2 h, diphenylacetylene
(1.07 g, 6 mmole) in THF (20 ml) was added, and the mixture kept for 2 h at —60°,
then warmed up to room temperature. The black slurry was hydrolysed after 12 h
with dilute aqueous HCI (100 ml, pH 4.5). The products are shown in Table 1. Reac-
tions of (PhCN),PdCl, with CH;Li and PhC=CPh, were carried out similarly.
Products were also analysed at predetermined times at (° or 25° (Table 2).

Reaction of C;HgPdCl, with CH;Li or CH;MgBr and PhC=CPh

A solution of norbornadienepalladium dichloride (0.7 g, 3 mmole) in THF
(50 ml) was cooled to —60°. Methylmagnesium bromide (20 ml, 1.5 N) or methyl-
lithium (10 ml, 1.5 N), were slowly added and a white precipitate was obtained. With
these quantities, the Gilman test was positive. Diphenylacetylene (360 mg, 2 mmole)
in THF (20 ml) was added and after 30 min of strong stirring the mixture was warmed
up, kept for 2 h at room temperature and hydrolysed. The products were analysed by
VPC (Table 1).

Reaction of [(PhO);P],PdCl, with CH;Li and PhC=CPh

Bis(triphenyl phosphite)pailladium dichloride (0.8 g, 1 mmole) in 50 ml THF
was reacted with a CH;MgBr solution (20 mmole). Diphenylacetylene (89 mg, 0.5
mmole) was added in 20 ml THF. Reactions were carried out for 3 h at room tem-
perature, at 70° and at 120°, the latter by adding 100 ml p-xylene and refluxing. The
slurry turned black only at 120°. Samples were worked up by the standard procedures
and products analyzed by VPC. Low yields were detected in the second and third
runs only.

Attempted reactions of other compounds of the type L,PdClI,

Similar procedures were used with the compounds [(CH;0);P],PdCl,, (at
70°), (Ph;Sb),PdCl, (at 50°) and (PhsAs),PdCl, and (Ph;P),PdCl, {(at 70°). Very
small yields of dimethylstilbene (< 5 %) were obtained with the first two compounds
and none with the last two.

Attempted reactions of PhC=CPh with compounds of the type L,Pd(CHs), .

Compounds of the type L,Pd(CH3), [L=(PhO),P, Ph;P, (Ph,)PCH,CH,P-
(Ph),] were reacted with equivalent quantities of diphenylacetylene in cold or in
boiling THF, and in boiling p-xylene. No alkylation products of the alkyne were
detected, despite decomposition of the palladium compounds.

Isolation and identification of products

The work-up of hydrolysed mixtures and their VPC analysis was described
previously*-”. The presence of decomposed palladium compounds and of metallic
palladium interfered with gas-chromatographic analysis and careful filtration was
necessary before analysis. All products were isolated and compared with authentic
samples.

oo’ -Dimethylstilbene. This compound was prepared according to Kharasch
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and Kleiman?°. Both cis and trans isomers were obtained. The first had the lower
retention in gas chromatography on SE-30. The NMR spectrum of each showed two
single bands in the ratio of 5/3, at § 7.08 (aromatic H) and 2.18 (methyl group) for the
cis isomer (m.p. 66°) and at 7.3 and 1.92 for the trans isomer (m.p. 107°).

[ 1,2-Bis(diphenylphosphino)ethane]dimethylpalladium. To (C¢HsCN),PdCl,
(0.76 g, 2 mmole) in THF (60 ml)at —70°, CH;MgCl (15 mmole) in THF (15 ml) were
added. After stirring for 2 h, 1,2-bis(diphenylphosphino)ethane (1.4 g, 3 mmole) was
added in 50 ml THF and stirring continued for 3 h while the colour of the mixture
turned white. The mixture was brought to room temperature and acidified ice water
(pH 5-6) added. The product was extracted with ether and the extract dried and eva-
porated. Upon addition of a few drops of acetone or ethyl methyl ketone to the
residue the crystalline product was obtained, m.p. 163° (decompn.), yield 60%.
(Found: C, 62.68; H, 6.03. C,3H;,P,Pd calcd.: C, 62.9; H, 5.63 %.) The infrared
spectrum and m.p. conformed with those reported®. NMR spectrum in CDCl,
(TMS as standard) showed three multiplets at § 0.2-1.0, 2.2 and 7.5-7.6 with the re-
spective intensity of 3, 2, 10 attributed respectively to the methyl, methylene and
aromatic hydrogen atoms. :

Bis(triphenyl phosphite)dimethylpalladium. The same procedure was used except
that 6 mmoles of phosphite were added to a solution containing 2 mmoles of palladium
complex, and hexane was used to crystallise the product from the evaporated ethereal
extract. The compound, long colourless needles, could be kept in and recrystallised
out of cold (0°) hexane but decomposed in dioxane, THF and more slowly in methylene
chloride. The yield was about 609, m.p. 96° (decompn.). (Found: C, 59.59; H, 4.92;
P, 796. C33H;404P,Pd caled.: C, 60.03; H, 4.76; P, 8.19 %) NMR spectrum in
CH,Cl, showed multiplets at § 0.0 (six methyl H), and & 7.1 (30 aromatic H).

Bis(triphenylphosphine)dimethylpalladium. The same procedure was used. THF
was added to the final ether extract to prevent fast decomposition of the product,
which was insoluble in all solvents used (hexane, ether, THF, dioxane, CCl,, CH,CL,).
The yield was about 40 9. M.p. 128° (decompn.) (lit.? 198°). (Found: C, 67.97; H, 6.13.
C;3gH36P,Pd caled.: C, 69.0; H, 5.45%.) IR (cm™'): 1133 (1129), 875, 655, 529 (529)
482 (480), values in parentheses reported by Coates®. NMR in CHCl,, multiplets at
0 0-0.4, and 7.4-7.7 with respective intensity of 1/4.6. The spectrum is not very clear
and fast decomposition is observed.

Instrumentation

A Wilkens Hi-Fi model 600 was used for gas chromatographic analysis and
a Wilkens model A-700 was used for preparative separations. Infrared spectra were
obtained with a Perkin—-Elmer model 337 spectrophotometer and NMR spectra were
obtained with the Varian T-60 and HR-100 instruments.
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