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The addition reactions of conjugated dienes with
various transition-metal compounds have been studied
by many workers. For example, cobalt hydrocar-
bonyl,) methyl or acetylcobalt tetracarbonyl,® man-
ganese hydrocarbonyl,® methyl-manganese pentacar-
bonyl,¥ and palladium chloride® add to butadiene to
form m-allyl metal complexes by way of 1,4 addition
reactions. Furthermore, Heck® has reported that aryl-
palladium chlorides, prepared in situ from aryl-mercury
compounds and lithium palladium chloride, react with
conjugated dienes to form l-arylmethyl-z-allyl-palla-
dium chloride dimers in moderate yields. We have
now found that ferrocenylpalladium chloride will also
add to conjugated dienes.

The reactions of conjugated dienes with ferrocenyl-
palladium chloride, prepared in situ from ferrocenyl-
mercuric chloride and lithium palladium chloride in
acetonitrile, gave l-ferrocenylmethyl-z-allylpalladium
chloride derivatives, plus a small amount of biferrocenyl
(IIT). The products were isolated by evaporating the
solvent and by then chromatographing the crude prod-
ucts on alumina. Butadiene, isoprene, and 2,3-di-
methylbutadiene all gave the expected z-allylpalladium
chlorides (IIA, IIB, and IIC). However, the reaction
of methyl sorbate with ferrocenylpalladium chloride
resulted in the formation of methyl 5-ferrocenyl sorbate
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(IV); this reaction seems to proceed though the z-
allylic intermediate (V). The evidence for the nature
of the organic ligand in the binuclear z-allylic palla-
dium chloride complexes comes from NMR and IR
spectra, and the chloro-bridged binuclear structure for
these compounds is supported by the conversion into
the mononuclear acetylacetonate derivatives, pyridine
derivatives, and triphenylphosphine derivatives.
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Experimental”

Materials. The ferrocenylmercuric chloride was pre-
pared according to the method described by Fish and Rosen-
blum.®

The Preparation of Chloro-m-allylic Palladium Complexes.
Lithium palladium chloride solutions were prepared by stir-
ring 0.42 g (10 mmol) of anhydrous lithium chloride with
1.77 g (10 mmol) of anhydrous palladium chloride overnight
at room temperature in 100 m/ of acetonitrile. Into this
lithium palladium chloride solution, a mixture of 4.20 g
(10 mmol) of ferrocenylmercuric chloride and diolefins in a
fourfold equivalent amount was then stirred at room tem-
perature. In the reaction with butadiene, butadiene was
added, by bubbling, to the reaction mixture under atmos-
pheric pressure. The products were isolated by filtering to
remove the solvent. The residue was dissolved in methylene
chloride; subsequent recrystallization from ethanol afforded
yellow crystals (mp 228—229°C, 6—109, yields), which were
identified as biferrocenyl?) by a comparison of the IR spec-
trum and by a mixed-melting-point determinations with an
authentic sample. Further elution with methylene chloride
and recrystallization from benzene-cyclohexane afforded the
yellow product.

1-Ferrocenylmethyl-r-allylpalladium Chloride Dimer (II A).

Mp 145—147°C (dec.). Yield, 35%. IR spectrum: 237,
255 cm-! (Pd-Cl bridge). NMR sepctrum: 2.67 (d, J=
6.0 Hz, H,), 2.70 (d-d, J=11.0 and 0.3 Hz, H,), 3.65 (d-d,
J=17.0 and 0.3 Hz, H,), 3.80 (d-t, /=11.0 and 6.0 Hz, H,),
4.09 (s, ferrocene ring protons), 5.32 ppm (m, H,).

Found: C, 44.22; H, 4.08%,. Calcd for C,;H;,Fe,Pd,Cl,:
G, 44.12; H, 3.96%.

1-Ferrocenylmethyl-2-methyl-r-allylpalladium Chloride Dimer (I
B). Mp 157—159°C (dec.). Yield, 24%. IR spec-
trum: 237, 255 cm~! (Pd-Cl bridge). NMR spectrum: 2.11
(s, CHy), 2.67 (d, J=0.5 Hz, H,), 2.72 (d, J=5.5Hz, H,),
3.70 (d, j=0.5Hz, H,), 3.93 (t, J=5.5 Hz, H,), 4.08 ppm
(s, ferrocene ring protons). Found: C, 45.65; H, 4.45%.
Calcd for CyHgFe,Pd,Cly: C, 45.60; H, 4.339%,.

1-Ferrocenylmethyl- 1,2-dimethyl-m-allylpalladium Chloride Dimer
(I1 C). Mp 127—129°C. Yield, 29%. IR spectrum:
237, 255 cm-t (Pd-Cl bridge). NMR spectrum: 2.13 (s,
CH; on the terminal carbon atom of the z-allyl group),
2.18 (s, CH; on the central carbon atom of the n-allyl group),
2.65 (d, J=0.5Hz, H,), 2.70 (s, H,), 3.78 (d, J=0.5 Hz,
H,), 4.08 (s, ferrocene ring protons).

Found: C, 47.10; H, 4.77%,. Calcd for C;,H,Fe,Pd,Cl,:
C, 47.04; H, 4.68%,.

The Preparation of m-Allylic Palladium Acetylacetonate Com-
plexes. The corresponding chloro-complex (0.4g) in
benzene was mixed with a solution of thallium acetylaceto-
nate (5%, excess) in benzene and kept at room temperature
for 30 min. After the thallous chloride had then been
filtered off, the filtrate was evaporated to dryness; the residue
was recrystallized from benzene - light petroleum to give pale
yellow crystals.

I-Ferrocenylmethyl-r-allylpalladium Acetylacetonate. Mp
93—94°C (dec.). Found: G, 51.47; H, 5.019%,. Calcd for
C,oH,,OFePd: C, 51.31; H, 4.949%,.

1-Ferrocenylmethyl-2-methyl-m-allylpalladium Acetylacetonate.

7) All melting points are uncorrected. The NMR spectra were
measured on a Hitachi H-60 spectrometer at 60 MHz in CDCI,,
using tetramethylsilane as the internal reference. The chemical
shifts are given in ppm.
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Mp 140—141°C (dec.).

Found: C, 52.62; H, 5.389%,.
52.36; H, 5.279%,.

1-Ferrocenylmethyl - 1,2- dimethyl -ri- allylpalladium  Acetylacetonate.
Mp 69—70°C (dec.).

Found: C, 53.50; H, 5.65%,.
53.35; H, 5.54%,.

The Preparation of Chloro-(w-allyl)-pyridine-palladium Com-
plexes. A solution of the chloro-bridged palladium com-
plex (0.10 g) in methylene chloride was treated with a solu-
tion of pyridine (5% excess) in ether. After 10 min, the
solvent was removed under reduced pressure; the residue
was then recrystallized from benzene - cyclohexane to give
pale yellow crystals.

Chloro-( I-ferrocenylmethyl-r-allyl) -pyridine Palladium. Mp
116—118°C (dec.).

Found: C, 49.81; H, 4.45; N, 3.17%.
NFePdCl: C, 49.59; H, 4.38; N, 3.04%.

Chloro-( I-ferrocenylmethyl-2-methyl-m-allyl ) -pyridine Palladium.
Mp 118—120°C (dec.).

Found: C, 50.83; H, 4.69; N, 3.11%,.
NFePdCl: C, 50.65; H, 4.67; N, 2.97%.

Chloro-( I-ferrocenylmethyl-1,2-dimethyl-r-allyl ) -pyridine
dium. Mp 110—112°C.

Found: C, 51.70; H, 4.99; N, 2.989%,.
NFePdCl: G, 51.66; H, 4.95; N, 2.869%,.

The Preparation of Chloro-(w-allyl)-triphenylphosphine-palladium
Complexes. To a solution of the chloro-bridged complex
(0.10 g) in warm benzene (20 m!), a solution of triphenyl-
phosphine (5% excess) in benzene was added; the resultant
mixture was rapidly cooled to ca. 8°C. Pale yellow crystals
were then filtered off and recrystallized from benzene - cyclo-
hexane.

Chloro-( I-ferrocenylmethyl-m-allyl) -triphenylphosphine Palladium.
Mp 142—144°C.

Found: G, 59.91; H, 4.799%,.
C, 59.73; H, 4.70%,.

Chloro-( I-ferrocenylmethyl-2-methyl-r-allyl ) -triphenylphosphine
Palladium. Mp 103—105°C.
Found: G, 60.22; H, 5.13%.

C, 60.29; H, 5.05%,.

Chloro-( I-ferrocenylmethyl-1,2-dimethyl-r-allyl ) -triphenylphosphine
Palladium. Mp 107—109°C.
Found: G, 60.87; H, 5.21%,.

G, 60.82; H, 5.10%.

Methyl 5-Ferrocenyl Sorbate (IV). A mixture of 4.2 g
(10 mmol) of ferrocenylmercuric chloride, 4.8 g (40 mmol)
of methyl sorbate, and a lithium palladium chloride solution
(prepared from 1.77 g of palladium chloride, 0.42 g of lithium
chloride, and 100 m! of acetonitrile) was stirred at room
temperature for 12 hr; the products were then isolated as
in the preparation of chloro-z-allylic palladium complexes.
The products were chromatographed on alumina. First elu-
tion with methylene chloride afforded yellow crystals (mp
228—229°C, 109, yields), which were identified as bifer-
rocenyl. Further elution with methylene chloride and
recrystallization from benzene - cyclohexane afforded yellow
crystals (mp 44—45°C, 289, yields), which were identified
as methyl 5-ferrocenyl sorbate on the basis of their IR and
NMR spectra.

IR spectrum: 1712, 1641, 1620 cm-!. NMR spectrum:
2.08 (s, CHy), 3.69 (s, OCH,), 4.05, 4.29, 4.40 (ferrocene
ring protons) 5.80, 6.48, 7.68 ppm (ABX pattern, H,, H,,
and H;).

Found: C, 68.58; H, 5.81%,.
68.56; H, 5.729%,.

Calcd for Gy H,,OFePd: C,

Calcd for C,,H,;OFePd: C,

Caled for CpgH,q-

Calcd for CyoHoy,-

Palla-

Calcd for Gy H,,-

Calcd for C3,H;,PFePdCl:

Calcd for C3,H;,PFePdCl:

Caled for Cy,H,,PFePdCl:

Calcd for C;H,,O,Fe: C,





