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Abstract-A series of pallylic palladium complexes has been prepared directly from allene. The 
polarity of the solvents used in the preparations has been found to have a significant effect upon the 
structure and composition of these complexes. NMR data in support of the proposed structure 
are tabulated. 

THE preparation of n-allylic palladium complex compounds has been reported using 
ally1 alcohols, 2a~b ally1 halides2c~d~u and conjugated dienes? Structural studies have 
led to the conclusion that these n-allylic complexes occupy two ligand positions of the 
palladium and that, in the solid state at least, the plane described by the three carbon 
ally1 moiety is perpendicular to that of the paIladium<hlorine system.3up6 NMR 
studies have confirmed the delocalized n-bonded structure in nonpolar solventsLkr~b~o 
but in a polar solvent, dimethyl sulfoxide, transformation to a a-bonded structure has 
been reported,Od 

We now wish to report that novel ?r-allylic complexes may be prepared directly 
from allene. When allene is bubbled into a solution of dichloro bis-benzonitrile palla- 
dium (IQ6 a rapid reaction occurs and Ia, di-p-chloro-di-7@-chloro-allyl) dipal- 
ladium (II)4o is isolated. When an inverse method of addition is used (i.e. dichloro 
bis-benzonitrile palfadium (II) introduced as a solid to allene in benzene), the major 
product is Ib, di-,u-chloro-?r-(fi-chloroallyl) -n’-(/?-(3-chloro- 1 -propen-2-yl)-allyl)-di- 
palladium (II). When allene is bubbled into a benzonitrile solution of dichloro 
his-benzonitrile palladium (II) the product is Ic, di-,u-chloro-di-n-v-(3-chloro- I- 
propen-2-yl)-allyl)-dipalladium (II). 
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l Part of the material reported herein was the subject of a preliminary communication. Tetrahedron 
Letters 301 (1964). 
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When allene is bubbled into a solution of dichloro bis-benzonitrile palladium (II) 
in methanol, two products are isolated, Ic and Id, di-p-chloro-di-r-(/%(3-methoxy-l- 
propen-2-yl)-allyl) dipalladium (IQ in approximately equal amounts. This is in 
contrast to the recently reported work of Lupin and Shawa in which the chloro 
compound (Ic) was the only product isolated from the reaction of allene with sodium 
chloropalladite in methanol. 

NMR spectral data which supports the structural assignments are given in Table 1 
below. Because of the low solubility of these complexes, in some cases it was necessary 

TABLE 1. Proton NMR Data 

Compound Solvent Ha Hb H, Ha He Hf 

la Dimethy -4.13 - - - - 
slllfoxlde-d* 
Bcnzonittilc -327(l) -422(l) - - - - 

Ib Dimcrhyl 
sulfoxide+l, 4*1X4) - 3.54 - 4.11 -5+X2) -4+43(2) / 

(4) (2) 
- 5.76 

Benzonittile 

Benzene 

IC Dimcthyl 

sulfoxidc-d, 

CDCI, Id 

(C,H,PdCl)s Dimcthyl 
sulfOXidC-da 

-3*lK2) --4.12(v) - 2.7X2) - 4lOot - 5.30 -4.15 or 
- 4.15(v) -. 548(2) 

- 2.30(2) - 3.79(v) -2.41 - 3.79(v) - 4.87 r;::g; 
- Z%(2) - 5*04(2) 

- - -3.42 -429 -5.%X2) - 4.42(2) . 
(4) (2) 

-5.77 

- 2.83(2) - 4*IOor -5-35 
CHsO 

- - -&loot -3.41 
-- 4*15(w) - 5*55<2) -4*15(w) (3) 

- 3*86(4) - - - - Fhy- 
dtogen 

- 5*8&(l) 

Benzoni~tile - 2.96(2) -A-01(2) - 
pentct 

- - - - 5*37(l) 
00 (Y) 

BCllZllC - 2.41(2) -357(2) - 
hcpttl 

- - - -462(l) 
(x1 W 

CDCI, - 2.88(2) -3*88(2) - 
heptet 

- - - -S.Is(l) 
(XI (Y) heplcl 

NMK dala is ptesenlcd as ppm tclarive 10 a tcttamethyl ailanc smndard. 
Relative peak intensities in patenlhcsca. 

v - peaks incompletely tcsohcd; total relative intensity. 6. 

: = E%e,. .I == 12 c/s. 
incompletely resolved; total telative inrcnsiry, 4. 

y - DoubIct, I - 7 c/s. 
z - Broad. saddle shaped peaks. 

to use hexadeuterodimethyl sulfoxide as a solvent. This solvent causes a change in 
bonding (T -+ a) 4c but the structural integrity of the carbon skeleton is maintained. 
Data on the unsubstituted di-p-chloro-di-r-ally1 dipalladium (Ii) is included for 
comparison. Lupin and Shaw6 have recently reported NMR data on iodobridged- 
and acetylacetonate-complexes containing the Ic carbon skeleton and their assigments 
agree with our previously postulated structure.l 

The reaction of dichloro-bis-benzonitrile palladium (II) with tetramethyl allene 
in benzene solution afforded II, di-~-chloro-di-lr-(j?-chloro-a,a,a’,~’-tetramethyl 
allyl)dipalladium (II) in good yield. Apparently steric factors have little importance 
in this reaction. 

* M. S. Lupin and B. L. Shaw, Tetrahedron Hefters 883 (1964). 
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It is possible that the reaction proceeds by one of the routes discussed below with 
the polarity of the solvent and the relative amounts of allene and dichloro bis- 
benzonitrile palladium (II) acting as determining factors in the product formation. 

CwC=Ck f (wZN)2PdCla 

10, I- 4 excess altene 
more polar solvent 

* 

r CiSQ 0 

products lb, Ic and Id 

The allene insertion mechanism recently postulated by Heck’ for this reaction also 
offers satisfactory explanation for the product (Ia) obtained in benzene, but is less 
satisfactory in its unmodified form in explaining the formation of Id which is obtained 
along with Ic in methanol soIution, since solvolysis of the chloro compound, Ic, in 
methanol at 25” for 20 hr afford only 20% Id with 66 % Ic recovered unchanged, 
while in the reaction of dichloro bis-benzonitrile palladium (II) with allene in methanol 
at 25”, 42 ‘A Ic and 46 ‘A Id are isolated after only 5 min reaction time. However, an 
insertion reaction mechanism for this reaction is possible if, prior to insertion, a 
methoxy palladium chloride or a methanol solvated palladium chloride is formed. 
The Heck mechanism could then be written as below with insertion across the Pd-0 
rather than the Pd-Cl bond. 

ApparentIy the insertion reaction does not occur on the central carbon atom in 
the methoxy system, since no 2-methoxy-v-ally1 palladium derivatives are observed. 
Since the chloro compound Tc is also observed, the chloride insertion mechanism of 
Heck is also occurring. 

? R. F. Heck, Summer Sympsium on the Mechanism of Inorganic Reactions. 
Society, Division of Inorganic Chemistry, Preprint 180 (1944). 

American Chemical 
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Another mechanistic possibility is an external attack of methanol preferentially 
on the a-carbon of the allene rr-complex with dichloro bis-bcnzonitrile palladium (II) 
followed by an insertion-type reaction 

(C,H,CN)pPdCl, f CH,OH + PdCI(OCH,)(C,H,CN), 

PdCl&?~OH)(C,H,CN) 

CH,OCH, 

(C6H,CN),PdCI(OCH,) + CH,-=C--CH, --, (CIH,CN),Pd--C 
/ 

I 

iI 8H 

CH+kCH,’ 

CH,CH,OCH, 

Id -C,H,CN 
4 (C,H,CN),Pld-CH,-f-i 

,! I /CH, 

Cl 

(C,HbCN),PdCfp + C&==C=CH, _jl c Cf-4 
(C,H,(=N) d + I 

CH,OCH, I 

2 c! 
’ !H t 

CH,OH 

CH,-OCH, 

t! 
CH,=C==CH, 

(GHtCN)~-CH+-iH~ (Wf,CN)Pd- c 

4 l 1 H, 

-C+H,CN 
Y 
d 

Since Lupin and Shaws report an “excellent yield” of the chloro complex Ic and 
find no methoxy complex Id when sodium chloropalladite is reacted with aliene in 
methanol, it is probable that the benzonitrile in the complex plays some part in pro- 
moting methanol incorporation into the allene system. 

EXPERIMENTAL 

Allene was obtained from the Matheson Company and used without further purification. Tetra- 
methyl allene was obtained from Columbia Organic Chemicals Company and PdCl, from Matheaon, 
Coleman and Bell. Dichloro bisbenzonitrile palladium(R) was prepared by the method of Rharaxh, 
Seyler and Mayo.& 

All mps are uncorrected. Microanalyses were by J. C. Edwards and associates. NMR spectra 
were taken on a Varian Associates Model A-60 instrument and data are reported in ppm (6) relative 
to an internal tetramethyl ailane standard. 

Di-cc-chlbro-di-~-chloroollyr)-dipallal), Ia. Allene was bubbled into a solution of 1.00 g 
(2.61 mmole) dichloro bisbenzonitrile palladium(R) in 100 ml benzene for 5 min at 25”. During 
thii time the solution changed in color from deep red-brown to pale yellow. The benzene solution 
was then evaporated under vacuum to small volume and 100 ml low boiling pet ether added. The 
resulting solid was filtered, washed with pet ether and air-dried yielding 419 mg (61.4%) of Ia dec. 
pt. 180-185”. Recrystallization from benzene-heptane afforded pure la doz. pt. 182-185”. [Found: 
C, 16.4; H, 2.1; Cl, 32.2; Residue 56-7. C,H,CI,Pd, requires: C, 16-6; H, l-9; Cl, 32.6%; Residue 
(as PdO) 56.3.1 NMR spectral data are reported in Table 1. 

Di-~~-chloro-~(-(8-chlor~~lyl)-n’-~~3-ch~or~l-prope~2-y~Ily~ dipalladi~m (ii), Ib. Dichloro 
his-benzonitrile paIladium(i1) (3.246g, 8.47 mmole) was added in portions as a solid to 125 ml 
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benzene through which allene was bubbling at 25”. The Pd salt dissolved rapidly to give a yellow 
solution. This solution was evaporated to small volume and 100 ml low boiling pet ether added. The 
resulting precipitate was filtered, washed with pet ether and air-dried yielding 1.893 g (94~7 %) of Ib 
m.p. 150-152”. Recrystallization from benzene afforded pure Ib, m-p. 153-l 55”. (Found: C, 23.3; 
H, 3.1; Cl, 29.6; Residue 52.2. GH&l,Pdt requires: C, 22.8; H, 2.6; Cl, 29~9%; Residue as 
PdO, 51.6). NMR spectral data are reported in Table 1. 

Di-~-chloro-di-~-(3-c~~o~~l-propen-2-yn-allyl)-dipalladiumCII), Ic. AIlene was bubbled into 
a solution of 541 mg (2-54 mmoles) PdC& in 25 ml benzonitrile at 25”. During the course of the 
reaction, the solution changed in colour from dark red-brown to yellow brown. Upon addition of 
150 ml pet ether a solid formed which was filtered, washed with pet ether and air-dried yielding 640 mg 
(97.9 %) of Ic, dec. pt. 165-170”. Recrystallization from benzene-heptane afforded pure Ic, dec. pt. 
179-181” in 78-5 % yield. (Found: C, 28-l ; H, 3.2; Cl, 27.1; Residue 47.7. C,,H,,Cl,Pd, requires: 
C, 28.0; H, 3.1; Cl, 27.5%; Residue as PdO, 47.5). NMR spectral data are reported in Table 1. 

Reaction of dichloro &is-benzonitrile palladium (II) with allene in methanol. Allene was bubbled 
into a solution of 1GO g (2.6 mmoles) dichloro bis-benzonitrile palladium(I1) in 125 ml methanol at 
25”. During the course of the reaction the solution changed in colour from brownish black to pale 
yellow and a preciptate formed. The total reaction mixture was evaporated to dryness and the 
residue (l-10 g) was taken up in 8 ml benzonitrile. The insoluble residue was filtered, washed with a 
small amount of benzonitrile and air-dried yielding 199 mg (29.7%) of Ic, dec. pt. 180-185”. (Upon 
admixture with an authentic sample of Ic the dec. pt. was undepressed.) The filtrate was then 
evaporated to smaller volume and chromatographed on “Florisil” (Floridin Co., Magnesium Silicate). 
The fraction eluted with 4 : 1 benzene: heptane (81 a5 mg, 12-l %) appeared from its NMR spectrum to 
be more Ic. Further elution with 5 : 1 benzene : chloroform afforded 72.4 mg of intermediate fractions 
containing Ic and Id followed by 305.6 mg (46.3%) of pure Id, m.p. 123.5-125”. Recrystallization 
from benzene-heptane afforded pure Id, m.p. 123*5-124.5”. (Found: C, 33.5; H, 4-8; Cl, 14.4. 
C,,H,,Cl,O,Pd, requires: C, 33.2; H, 4.4; Cl, 14-O%.) NMR spectral data are reported in Table 1. 

Di-p-chloro-di-fl-chloro-a,x,a’,a’-telmmethyl ak’yl)-diplfudium(Ir) ; II. To a solution of 769 mg 
(2.01 mmoles) dichloro bis-benzonitrile palladium(R) in 110 ml benzene at 25” was added 7.21 g 
tetramethylallene. Over a period of 5 min the solution changed in colour from red-brown to pale 
yellow. The solution was evaporated to small volume and heptane added. The resulting solid was 
filtered, washed with heptane and air-dried yielding 423 mg (77-2 %) of II, dec. pt. 137-140”. Recry- 
stallization from chloroform-heptane afforded pure II, dec. pt. 140-141”. (Found: C, 30.8; H, 4.9; 
Cl, 26.4. C,,H,,Cl,Pd, requires: C, 30.7; H, 4-4; Cl, 25.9%). The NMR spectrum (in CD(&) 
shows two methyl peaks of equal intensity at l-62 and 164 c/s relative to a tetramethyl silane internal 
standard. 


