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Recrystallization of bis(dibenzylideneacetone)palladium from various sol- 
vents affords novel binuclear palladium-dibenzylideneacetone complexes of 
composition Pda (Dibenzylideneacetone)s (Solvent)_ These new complexes were 
identified by spectroscopic (IR, NMR, UV, and mass) and thermogravimetric 
analyses, together with a confirmative crystallographic structure determination. 
The C=C bonds of a given dibenzylideneacetone ligand coordinate separately 
to two palladium atoms to yield a binuclear complex in which each palladium 
atom exhibits trigonal coordination. The Pd-Pd distance is 3.245 A. 

Ligand exchange reactions, oxidative addition reactions, and complex foi- 
mation reactions with p- and o-quinones were investigated and found to yield a 
variety of new organopalladium complexes. 

Introduction 

In 1970 a novel zerovalent palladium complex, Pd(DBA)a [DBA: diben- 
zylideneaceto~e (PhHC=CHCOCH=CHPh)] , was reported [l] . Among the 
nickel triad, Ni(COD)i and Pt(COD)2 are well known zerovalent complexes 
containing an organic ligand. Since Pd(COD)a is unknown, Pd(DBA)s -is a 
,useful and interesting zerovalent complex. Hitherto, ligands used for the pre-. 
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*.**On weave from Department de Chimie Inorganique. The University. Toulouse, France. _. 
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paration of palladium(O) complexes have been limited to phosphines [Z - 41, 
phosphites [Z] , arsines [23, isocyanides 133 and carbon monoxide [5]. 

Moseley and Maitlis found analogous platinum complexes, Pt(DBA)z and 
Pt(DBA)s f6]. Both groups (Maitlis and Ishii) published papers on the reac- 
tions with acetylenic [7,83 and olefinic compounds [9] . 

In this paper, the preparation of novel binuclear Pd2 (DBA)s(SoIvent) 
complexes and, their structural elucidation (IR, &Jl$R, UV, mass, and X-ray 
diffraction) are reported. Furthermore various reactions of these binucIear 
complexes are described. 

Results and discussions 

An attempt to elucidate the structure of Pd(DBA)2 [l] led us to a dis- 
covery of novel binucleq palladium complexes. Recrystallization of Pd(DBA)2 
in chloroform gives purplish needle-like crystals whose composition shows good 
agreement with the formula Pd, (DBA)s(CHCl,) (la). Use of benzene or 
toluene as a recrystallization solvent also gives purple crystals satisfying the 
composition PdZ (DBA)s (C, He ) (Ib) and Pdz (DBA)s (Cs Ha CHs ) (Ic), re- 
spectively, In addition a complex with decadeuteriodibenzylideneacetone 
(CsD5 CH=Cl!& CO (II), and a complex with p,p’-dimethoxydibenzylidene- 
acetone, (p-CHsOC6H4 CH=C!H)ZCO (III), were prepared. Both of these are 
binuclear- While (III) has no chloroform, (II) does. 

Physical characteristics of the complexes (la) - (Ic), (II), and (II..) 

M-p. and elemental analysis of these new complexes are summarized in 
Table 1. These five complexes appear as deep purple needles, fairly stable in air 
in the solid state. They decompose gradually in organic solvents to precipitate 
metallic palladium. The complexes are slightly soluble in C&Cl,, CHCls, 
C6 Hs and THF to give‘deep violet solutions. 

Interconversions between (Ia), (Ib) and (Ic) may be effected through 
recrystallization from the appropriate solvent. The yield was found to be 
highest in CtiCls and lowest in’ C6 H5 CHs; 

(Id =6H6 rl------r (Ib) 
,4,- 

*_;;-’ 

(Id 

TABLE I 

YIELD. M.P. AND ANALYSIS OF THE COMPLEXES <I&-U=).-(II) AND <III) 

Comphx Yield (,%) M-m @Zdec.) _, 1 A&‘& found (calcd.) (6) 
C H 

Ua) .:x0. 122-124 60.15.<60.34) 4.23 (4.X+)= 
(Ib) - 62.5~ 142-144 -. 68.88 C68.89) 4.92 (4.87) 
UC) 36 140-141 68.86 (69.12) 
(II) 80 X32-133 

: .5.07 (5.00) 

(III) . 72 -.. .14!j-?43 ., ‘_ 62.59 (62.47) .: 5.06 (4.97) ’ -. _ 

“(Ia) Cl 10.04 (10.27); 0 4.81 (4.64): Pd 20.76 <20.56). 
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TABLE 2 

iNFRARED VIBRATIONAL FREQUENCIES @m-I ) OF (Ia) AND (iI) IKBrl 

<Ia) DBA (II) DBA-cJ lo”’ Assignment 

1620 vs(sh) 1657 m(sh) 1620 m(sh) 1658 
1614 vs 1651 vs 1615 vs 1651 

m(sh)j 
vs u<c=o> 

1627 m 1627 m 
1600 

v(C=C) 
m(sh) 1591 vs(br) 1591 m(sh) 1594 m 

1574 m 1574 s 1550 m 1 vCC=C(arom.)l 

C 975 w(br)l 983 vs [ 977 w(br)l 983 vs 6 tCH(trans)l 

oDecadeuteriodibeniylideneacetone. 

Spectroscopic analyses of the complexes (la) and (II) 

Assignable infrared active vibrational frequencies of (Ia) and (II) are sum- 
marized in Table 2 along with those of the corresponding free ligand molecules. 
Notable differences in the spectra of (Ia) and (II) in comparison with those of 
dibenzylideneacetone and dibenzylideneacetone_dl o may be depicted as fol- 
lows: a characteristic G[CH(trans)] vibration observed at 983 cm‘-’ in the free 
ligands disappears almost completely in (Ia) and (II) though a weak broad band 
appears at a slightly lower frequency (975 cm-’ w, br) in both. The CO 
stretching bands of {Ia) and (II) are shifted about 40 cm-l to lower frequencces 
compared with those of the free ligands. Although the behavior of the v(C=C) 
bands in (Ia) and (II) is uncertain because of accidental masking by the strong 
CO bands, the spectra, as described, are completely consistent with coordina- 
tion of DBA to the metal through the C=C moiety. 

The incorporation of chloroform in complex (II) was substantiated by the 
presence of absorption bands of medium intensity at 747 and 766 cm-l [as- 
signable to Y(C--C~)] . The bands are hidden in the -spectrum of (Ia) by strong 
6 [CH(arom)] absorptions. 

Electronic spectra 

Electronic absorption maxima of (Ia) and DBA in THF are shown in 
Table 3 along with a tentative assignment. Both the n--rr* and X-X* transitions 
of (Ia) remain unchanged from those of the free ligand. These observations 
strongly suggest the coordination of the ligand to palladium by its olefinic 
double bond and not by its carbonyl moiety as suggested by Moseley and 
Maitlis for Pd(DBA)* [S] . 

‘TABLE 3 

@LECTRONIC ABSORPTION MAXIMA (run) OF (Ia) AND DBA (IN THF) 

:@a? DBA Assignment 

236 m .234m . . 
3OO(sh) :. : 

.Tp--n* 

.321 s 321’s --. n+T* 
3.74 w 
520 VW 

: . . C.T. 
d--cr 
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Fig. 1. The ‘H NMR spectra of complexes (Ia), (IIj and (III) taken in CDC13 or CD2C12- Resonances 
resulting from the presence of free DBA are cross-hatched. 

‘H NMR spectra of (Ia) were measured in CD& or in CD1,C12 and the 
interpretation of the spectra was assisted by the availability of 1 H NMR spectra 
of (11) and (III) in these solvents. Owing to the low solubility of these com- 
plexes, repeated scans were necessary in order to obtain comparatively good 
signal to noise ratios (Fig. 1). During the long time necessary for such repeated 
scans part of the coordinated DBA was liberated, as is evident from the inten- 
sity changes. The resonances resulting from the free ligand are shown as striped 
lines in Fig. 1. ._ 

In .the spectrum of _(I?) a multiplet centered at 3.5 7 is the ten ring-proton 
resolnance of the coordinated DBA as confirmed by its disappearance tn the 
spectrum of (II): The eight ring-proton resonance of the coordinated p-me- 
thoxy-DBA in (III) appears as a multiplet in the same region. Olefinic proton 
..r&sonz+nces of the coordinated DBA spread over 2.5 to 5.5 7 while, as expected, 

‘. for~the~DBA-d~o~complex @)-the spread is smaller (3.5 to 5.5 7). 
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In coordinated DBA the olefinic proton resonances are shifted consider- 
ably to high field as are the phenyl ring proton resonances. This observation 
not only implies an influential role of the olefinic double bond but also a 
contribution of the phenyl ring to the coordination of dibenzylideneacetone to 
palladium. 

Mass spectra 

Mass spectra of the complexes (Ia) and (II) clearly indicate the presence of 
CHCls , DBA, and DBA-d, 0 in the complexes as evidenced by the appearance 
of the fragments CHCI,’ (m/e 83, 85, 8’7), CHCl; (m/e 118, 121), (CsHs- 
CH=CH)zCO+ (m/e 234), and (CsDsCH=CH)zCO+ (m/e 244). 

Mass spectroscopic analyses of the complexes (Ib) and (Ic) were also 
conducted and gave fragments Cs Hg (m/e 78) and tropylium cation C, H, + (m/e 
91), respectively, which are indicative of the presence of C,H, in (Ib) and of 
Cs Hs CHg in (1~). 

Thermogravimetric analysis 

The results of a thermogravimetric analysis of (Ia) in air indicate that 
the complex loses weight in steps. The first decrease of about 12% of the total 
weight corresponds to liberation of CHCls , - the second decrement amounts to 
46%, exactly corresponding to loss of two DBA molecules in the complex; and 
the third step, though rather gentle, may be interpreted as liberation of the 
final DBA ligand. A final plateau at about 24.3% is attributed to formation of 
‘palladium oxide. 

X-ray structural analysis of the complex (Ia) 

Pdz(DBA)a (CHCl, ) (Ia) crystallizes in space group Csh 5-P2, /c of the 
monoclinic system with four formula units in a cell of dimensions: a 13.536(3), 
b 13.474(2), c 25.415(4) A, p 109.5(l)“. Intensity data were collected on a 
FACS-1 automatic x-ray diffractometer out to 26(Cu-K,) 106”. A total of 
3819 unique reflections having Fo2 > 3a(Fo2 ) were obtained and were cor- 
rected for the effects of absorption. The structure was solved by standard 
methods and refined by full-matrix least-squares techniques to a final conven- 
tional R index of 6.7%. 

The molecular structure of (Ia) is shown in Fig. 2. The binuclear complex 
consists of two Pd atoms (Pd-Pd 3.245 A) bridged by the three DBA mole- 
cules. Coordination of the Pd atoms to these DBA molecules is through the 
e=C olefin portions of the ligands. The coordination about Pd is trigonal if one 
considers only the centers of the. double bonds. Average distances k the mole- 
.kle are Pd-C 2.25(l); C=C l-20(3); C-C l-54(2) and C=O l-19(4) A; The 
p’d-C distances are approximately 0.15 A longer than in typicai Pt-olefin 
‘ii-complexes. The extreme shortness of the C=C distance is most surprising, and 
&ray be partially the result of the foreshortening of these bonds through’excess-’ 
&e-thermal motion. 

Independently, -Mazza and Pierpont [lo] have- carried out ‘a struct~al: 
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Fig 2. k drawing of the Pd,(DBA)s molecule. showing the s-cis, s-trans conformation of each of the DBA 
lipands. Only the a-C atoms of the phenyl rings are shown. The H atoms are omitted for the sake of 
ClaritY. 

study of Pda (DBA)s l Cl& Cls . The structure of the Pdz(DBA)s molecule is 
essentially that reported here, the major difference being that Mazza and Pier- 
pont find two DBA molecules in the s-cis, s-trans conformation and one in the 
more symmetric s-cis, s-cis conformation, whereas we find all three to be in the 
s-&s, s-tram conformation (Fig. 2). Mazza and Pierpont find a more reasonable 
value of 1,36(2) A for the C=C distance upon application of approximate cor- 
rections for vibrationaI disorder in some instances. Their Pd-Pd distance of 
3.240(2) a is in excellent agreement with the vaiue of 3.245(2) A found here. 
Thus while a change of solvent from CHC!13 to CH2CIp results in a change in 
conformation of one of the DBA ligands, it has fittIe effect on the bond 
distances within the molecule. 

Discussion of the structure df Pd2 (DBA), -Solvent 

The spectral and X-ray evidence presented here leaves no doubt that 
Pda (DBA)a *Solvent is formed under the conditions noted and that the. bond- 
ing of the DBA ,ligands to the Pd is through the olefinic double bonds. Moseley 
and Maitlis [6) have suggested that coordination of DBA is through the car- 
bony1 group in Pd(DBA)a . This interpretation may not be valid as the compo- 
sition of the Pd complex appears to be markedly solvent dependent. Thus there 
is the possibility of dissociation of the complex in CHCIS . Moreover, the low- 
frequency shift of abollt 40 cm-’ in Y(C=O) seemsrather small for CO coordi- 
nation when compared with a shift of abotit 150 cm-l- for metcaZ-CO coordi- 
nation in MofCO), (Acrolein)z Eli] . . -. 

W& have re-examined the IR and-. electronic .spectra and find almost the 
same spectral -patterns from Pd(DBA), [I] as those from complex (Ia), except. 
for a supe*po&ion of free DBA bands on the spectra. Since.varic& solvents 
appear%0 crystallize easily .with., Pda (DBA)s we- suggest _ that a DBA solvent-of 
crystallization :is a. diSti&t : possibility, leading. to the characterizatiofi of 
Pd(-DI3A)i [Ij asPdZ(DBA)s.-DBA. y . . . . .‘. -. :: ,. : : 
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ti$2ACTtONS OF Pd2(DBA)3 

300A i ZPd 

1 

rO)Pa rLt) 

0 = p- guinones 

Reactions of Pda IDEW~ 

The new binuclear palladium(O) complexes Pd, (DBAb (Solvent), (Ia), 
(Ib), (Ic) and (III) have the same reactivity patterns reported earlier for 
rd(DBAj2 [ 11. Shown in Scheme 1 are the reactions of Pdz (DBA)B with car- 
.bon monoxide (decomposition into Pd and DBA), with triphenylphosphine or 
With Bipy, with o-Phen (ligand exchange reaction), with allylic halides (oxida- 
tive addition reaction), and with p- and o-quinones. 

Ligand exchange reactions 

The reaction of (Ia) with carbon monoxide (DBA was recovered quantita- 
tively) and the reaction with excess of PPha in benzene at room temperature 
under nitrogen to give (Phs P)4 Pd” in high yield are consistent with the z--bond- 
ing of the DBA ligand to the Pd atom. 

In the reaction between (Ia) and a large excess of Bipy in acetone yellow- 
orange coloured crystals of the complex (DBA)Pd(Bipy) (IV), m-p. 135” dec. 
in 87% yield, were obtained. The complex (IV) is unstable in air and decom- 
poses in a few days. 

Analogous complexes were prepared: (DBA)Pd(o-Phen)(&Q), (DBA)Pd- 
[@ipy)(Acetone), (DBA-d, O-)Pd(Bipy)(Acetone), tid (DBAII, 0 )Pd(o-Phen)- 
(H20). 

Oxidatiue addition reactions 

Into a benzene suspension of (Ia), excess lchloro-5-phenyb2,4-pentadiene 
was added, and the reaction at room temperature under nitrogen gives free DBA 

and a yellowish n-allylic complex (V)j dec. 195 ‘- 197” in 85% yield. 

;id2(DBA)3 + 2PhCH=CR~C”=&Cp+j2C,~ 
&+‘H-\ ‘. 

1 n benzene ; 
PhCH =-CR 

.I 

‘WC, 

-0BA 

. . ;Pd,- 

rsi, R &.j .- ; Cl /g._ ..I 
: 

.cm,&&CH3 
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By reaction with Tl(Acac), (V) was converted into the Acac derivative of (V), 
m.p. 128 -‘130” dec. in 77% yield. This complex is soluble in CHCl, and &Hs 
and was identified by its NMR spectrum. 

With l-chloro-4-methyl-5-phenyl-2,4-pentadiene the corresponding n-al- 
lylic chloro complex (VI) (yellow, m-p. 171 - 174”) 76% yield) and Acac deriva- 
tive (yellow-orange, m-p. 96 - 97” dec., 61% yield) were obtained. 

Preparation of palladium-p-quinone-ligand complexes 

Schrauzer prepared a number of Ni’-duroquinone complexes [12]. 
Takahashi and Hagiwara prepared (Ph,P),Pd@-Q) complexes in the reactions 
of Pd(PPh, )4 with p-benzoquinone and 1,4_naphthoquinone in benzene [ 133 _ 

Pdp (DBA)3 has ‘been found to be an excellent starting material for the 
preparation of Pd-p-quinone n-coordinated complexes. When an acetone sus- 
pension of (Ia) is treated with p-quinone (Q)(p-benzoquinone, duroquinone, 
1,4_naphthoquinone, and 2-methyl-1,4_naphthoquinone) at room temperature 
under nitrogen, the complexes (Q)PdL, (VII) crystallize in good yield. 

Pd, (DBA), + 4L + 2Q f; ~2 (Q)PdL, f 3DBA 
(VII) 

The complexes (VII) with o-Phen or Bipy ligand are obtained as yellow- 
red crystals. The complexes are stable in the solid state. With the exception of 
duroquinone complexes with TMEDA they are also stable in solution. 

Quinone-Pd-PPh3 complexes (p-benzoquinone and 1,4-naphthoquinone) 
have already been reported 1131. However they are prepared more readily and 
with higher purity and yield by the method outlined here. 

Yield, m-p., colour and Av(C0) of the complexes (VII) are tabulated in 
Table 4. Also in Table 4 values of Av(CO), the .carbonyl stretching frequency of 
the coordinated quinone ligand compared with that of the free quinone, are 
tabulated. Generally a 30 - 100 cm- ’ shift of v(C0) to lower frequencies is 
observed. These values may be compared with Av(C0) (36, 31 cm-*) of 
r-olefinic_Pd. complexes (Ph,P)z Pd(Olefin) (Olefin: dimethyl fumarate, dime- 
thy1 maleate) and. Av(C0) (76 cm-‘) of (Duroquinone)Ni(COT) [143 and are 
very. different from -Av(CO) (150. cm-‘) observed for oxygen coordination to 
the metal atom in M~(CO)~(Acrolein)~ [ll] . Therefore, it seems likely that 
the coordination of p-quinones to the Pd atom involves the olefinic double 
bonds and riot the carbonyl moiety. 

The order of Av(C0) (TMEDA > Bipy > o-Phen > Ph3P) reflects. the 
polarity. of the carboFy1 group of the quinone ligand in the complexes (VII). 
The .higher .Av( CO) value indicates greater polarity. 

In the NMR spectra: of these complexes (VII) (in CD&), olefin protons 
of. the quinone iigands show a’ high field shift, for example 1.34 7 (TMEDA) 
-and- 0.71 ~(Bipy) injBQ)PdLz’. Such shifts are consistent with the coordination 
of -p-be&oqui&ge -to .Pd Asia. dioiefin. The protons adjacent to ihe nitrogen 
atoms of &py and o-Phen ligands In- (VII) show a. low field shift (0.2.- 0.3 7) 
consistent ~with coordination of the nitrogen atoms of the ligands to the Pd 
tit&& ‘In th$. NMIL _&&@a of (NQ)Pd(TMEDA) and (K,)Pd(TMEDA) com- 

--p!bxes,. .the N-methyl ‘protbris of the.,TMED+ ligand appear as two (NQ) and 
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Fig 3. The NMR spectrum and proposed structure of (K3)PdcTMEDA). 

three (K3 ) peaks, respectively. This indicates the nonequivalence of two methyl 
groups on a nitrogen atom of TMEDA and restricted free rotation because of the 
coordination of the N atom to Pd. The NMR spectrum and molecular structure 
derived for (K,)Pd(TMEDA) are depicted in Fig. 3. 

TABLE 4 

YIELD AND PHYSICAL PROPERTIES OF THE QUINONE COMPLEXES (VII) 

Complexa Yield <%) M.p.<dec.) Colour Au(C0) (cm-l) 

BQ 
<BQ)Pd(o-Phen) 
(BQ)Pd<Bipy) 
<BQ)Pd(TMEDA) 
<BQ)Pd(PPh& 

DQ 
<DQ)Pd<o-Phen)(HzO) 
(DQWd(BlpY) 
<DQ)Pd<TMEDA) 

NQ 
(NQ)Pd(o-Phen) 
<NQ)Pd<Bipy) 
<NQ)Pd(TMEDA) 
(NQ)Pd(PPha)z 

K3 
<K+?d(o-Phen)<HzO) 
GWPd<BIpy) 
<K3)Pd(TMEDA) .. 
W3)Pd(PPh3)2 

90 240 Ruby-red 
94 190 Red-orange 
76 133-135 Red 
92 156-157 Dark red 

85 205 Deep red 
85 210 Deep red 
59 130 Brown-red 

95 

:: 
86 

85 
65 
58 
77 

285 Orange 
215 Yellow-orange 
130-132 Ruby-red 
161-163 Red-orange 

235 
225 
138-146 
128-130 

Orange 
Yellow-orange 

~Yellow-orange 

<1662. 1647) 

;: 
(65) 
35 . 

(1637) 
112 
75 
95 

(1662) 
60 
61 
62 
21 

(1668) 

81 . . 
72 
74. 
37 

“BQ p-iienzoquinonei DQ duxoquinone: NQ .1,4&phtboquinone _&d JCi 2-methyl-1,4-naphtlioqutione. 
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~he&~k & --extensi+e literatk on oxiiative addit& reac&ofis- c$ Jaw 
.&lent. &e&l &nplexes [15 ; $81; Among these, oxidake $ddition rea&&& of 
tetia~hlo‘ro-ij2-benzoqluinone:with M’(PPh,), (MC+ Pt, Pd),‘M’(CO)Cl(PPhs)~ 
.(M 7 Rh, Ir) [19] atid‘ trans-ku(CO)s (PPhs )2 as well as that of ?,lO-phenan- 
..thr3nequinone with Ir(CO)Cl(PPh3)2 -[2l] are well established. In genetil, the 
rea&ioti scheme is: 

We find- reactions between (Ia) and o-quinones in the presence of ligand 
afford new o-quir+one-Pd complexes, such as (o-Q)PdL,. When an Ndonor 
ligand (o-Phen, Bipy, TMEDA, and Py) was added to an acetone suspension Of 

(Ia), the c&k of the sohition clknged to yellow. Then the addition of o-qui- 
none ca&ed a sudden colour change of the solution, and the crystallization of 
the o-quinone-Pd complex. Yield and physical properties of (o-Q)PdLa (VIII) 
aie shown -in Table.5.. These complexes are ktable in the solid state, but decom- 
pqse in solution. in air. The strogg Y(CO) (1650 - 1700 cm-‘) band of the 
original o-quinones @sappears -in all (VIII), and a c@racteristic .o-diolato ab- 
sorption band emerges. Therefore, it seems that contrary to the n-olefin-Pd 
cotiplekes of p-qeone, the two carbonyl oxygen atoms of o-quinone (pseudo- 
butazjiene structur&j coordinate to %he.Pd atom. 

.TABLE k 

YIELD AND PtiYSICAL PROPER%iES OF TI-kCOMPLEXkS (VIII)= 
,. _: 
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_ i’ :. ,:-, : 
::. _ Dibenkylideneacetone. (DBA) ias prepared by- a .dondehsation of ‘dcetone 
z and benzaldehyde 1221 i The analogous decadeuteri&DBA-and p,p:-dimeihoxy- 
:DBA were also prepared by the same method by. using the corresponding 
aldehyde.. DBA-di ,, :, m__p. ,102 - -104” ) 91% yield. Co&merciaI gumteed. grade 
PdClz was used without any purification. 

. . :.. \ 

Preparations of the bin&ear complexes 

Tris(dibenzylideneac~tone)dipalldium(chlorofo~m)~ (Ia). Palladium ‘&lo: 
ride, 1.05 g (5.92:nimole), was added to hot (ca. 50”) methan&, 150 r&l, con- 
taining DBA 4.60 g (19.6 mmolti) arid sodium acetate 3.90 g (47.5 mmole). 
The mixture was stirred for 4 h at 40” to give a reddish-purple precipitate and 
allowed to cool to complete the precipitation_ The precipitate was removed by 
filtration, washed successively with water and acetone and dried in vacua. The 
precipitate, 3.39 g, was dissolved in hot chloroform, 120 ml, and. filtered to 
give a deep violet solution_ To the solution, diethyl ether, 170 ml, was.added 
slowly. Deep purple needles precipitated. These were removed by filtration; 
washed with diethyl ether, and dried in vacua. The complex (Ia), m-p.- 122.- 
124” dec., satisfying the composition Pdz(DBA), (CHCl,) was obtained in 

80% yield. 

Tris(dibenzylideneacetone)dipalladium(benzene) (Ib). A&he recrystalliza- 
tion solvent in the above procedure benzene was used instead of chloroform to 
give a similar deep-violet .needle-like crystalline complex (Ib), m-p. 142 - 144” 
dec., satisfying. the compo&ion Pdz (DBA)s (C, Hs ). The compound -was ob- 
tained in 62;5% yield. 

: 

Tris(dibenzy Liden~a~etone)dipalLadium( toluene) (1~). Toluene as, a re- 
crystallization solvent gave a similar deep violet needle-like crystalline complex 
(Ic)., m.p. 140 -.141” dec., satisfying the composition Pdz(DBA)3(Cs H,CH,). 
It was obtained in 36.0% yield. 

Tris(decad~uterio~ibenz~lideneacetone)~ipalZadium(chlorof~rm) (II): By 
a rh&od- similar to that us&d]to prepare (Ia);.deep violetneedle-like crystallinI 
cotip$x’(II); m-p. 132 - 133y” dec.; sati$ytig the composition-Pd,(DBA-d,,),- 
(CHCl,)was obtained in SO%yield: 

-. 
‘. ... .- --. : ; ‘: ‘. 

Tris(p,pi-diiethox$-D~AJdipa&&um. (iII)_ Also by .the si&lar method, 
deep. violet Geedie-li&e .qMalline- com$iGx (III) ,. m.p_:1&.-‘-143”, de:., Sqtisfy- 
ing :.the ,compositioF’-PC, (rj;~~‘-dim~thoxy-DBA)s.-.was--obtBined in:72_3%-yi&l& . . . . 
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Hitachi Model 124, Jasco Model 403-G, Jeol Model HA-100 with S/N booster, 
and Hjtachi Model RMS-4 instruments, respectively. Thermogravimetric analy- 
sis was carried out using a Kahn Electrobalance. X-ray structural analysis was 
carried out using a FACS-1 automatic X-ray diffractometer. 

Reuctihzs of Pd2 (Dl3&3 (CHCl,)complex (Ia). 

Ligand exchange reacti?ns. The dark red coloured suspension of (la) (48.5 
mmole). and PPhs (779 mmole) in benzene gave yellowish crystals. After purifi- 
cation by washing with benzene and then ether, the complex (Ph3 P)4Pdo was 
obtained in 82% yield. 

The reaction of (Ia) (1.05 mmole) with Bipy (10 mmole) at RT under N, 
in ether took place with the precipitation of yellow-orange coloured crystals of 
the compIex (DBA)Pd(Bipy) (IV), m.p. > 135” dec. in 87% yield. (Found: C, 
65.11; H, 4.55; N; 5.68. Calcd,: C, 65.27; H, 4.46; N, 5.64%) When acetone 
was used as a solvent, a complex (DBA)Pd(Bipy)(acetone), m.p. 110”, was 
obtained in 71% yield. 

Oxidatiue addition reactions. The preparation of I-chloro-5-phenyl-2,4- 
pentadiene was ctiied out as follows: 

PhCHzCHO CHz=CHMgBr 

65% 
+ PhC!H=CH++CH=CH2 soc1:!. 

55% 
OH 

PhCH=CH--CH=CHCH$l 

(b.p.125-13OO) 

To a benzene suspension of (Ia) (1.00 g) PhCH=CH-CH=CHCHa C1 (0.36 g) 
was added at RT under N,, and after 24 h an 85% yield of the complex (V), 
m.p. 195 - 197O, was obtained Because of its extremely low solubiiity in 
organic solvents, recrystallization of (V) was unsuccessful. PhCH=C(CHs )- 
--CH=CHCHaCl was prepared similarly, and the corresponding complex (VI) 
(yellow, m.p. 171- 174”) 76% yield) was obtained. 

Preparation of palladium-p-quinone complexes (VII) 

Preparation of p-q&zones. p-Benzoquinone, 1,4-naphthoquinone, and 
Z-methyl-l ,4_naphthoquinone used were guaranteed grade reagents. Duroqui- 
none was prepared by a literature method 1231, starting from nitration of 
durene, in a yield of 35% (overall). 

Preparation of (quinone)Pd& (V111 complexes. As an example, the pre- 
par&on of (BQ)Pd(o-Phen), m-p. 240” dec., is described. To an acetone sus- 
pension of (Ia); o-phenanthroline was added at RT ,under- N2, and when the 
colour of the solution became yellow addition of p-benzoquinone in acetone 
caused the crystallization of ruby-red needle-like crystals. After ~recrystalliza- 
tion from. chl&oform/acetone, 90% yield of the complex was obtained_ 
(F’ound:.C;-.5878; H;.3.29; N,-6.38, Calcd.: C, 59_41;.H, 3.17; N;6.30%.) IR;. 
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:=’ -. 

-,: v(C0) 1610, 1597 cm-’ and NMR (CDCla) 4.20 (s,4) (coordinated quinone 
‘$&gand) [free Q 3.35 (s)], 2.23 (q,2), 2.11 (s,2), 1.56 (dd,2) and l.l5(dd,2)~ 
,:l:i;- coordinated o-Phen) . 

-.i . 
_::. : Analyses of other (VII) complexes. (BQ)Pd(Bipy): (Found: C, 51.68; H, 

,.:.X31; N, 7.52. Calcd.: C, 51.84; H, 3.26; N, 7.56%.) (DQ)Pd(o-Phen)(H,O). 
(Found: C, 56.88; H, 4.77; N, 5.98. Calcd.: C, 56.36; II, 4.73; N, 5.98%.) 

-“(DQ)Pd(Bipy). (Found: C, 55.91; H, 4.74; N, 6.57. Calcd.: C, 56.29; H, 4.72; 
;.N, 6.56%.) (NQ)Pd(o-Phen). (Found: C, 59.07; H, 3.30; N, 6.23. Calcd.: C, 
-.?59.41; H, 3.17; N, 6.30%.) (NQ)Pd(Bipy). (Found: C, 56.82; H, 3.45; N, 6.68. 
,:.Calcd.: C, 57.09; H, 3.35; N, 6.66%.) (NQ)Pd(TME.VA). (Found: C, 50.17; H, 
I; 5.79; N, 7.21. Calcd.: C, 50.47; H, 5.83; N, 7.36%.) (K3)Pd(Bipy)_ (Found: C, 
‘.. 57.51; H, 3.76; N, 6.47. C&d.: C, 58.01; H, 3.71; N, 6.440/o.) (K,)Pd(o-Phen)- 

(H,O). (Found: C, 57.56; H, 3.53; N, 5.75. C&d.: C, 57.94; H, 3.80; N, 
5.87%.) (K,)Pd(PPh,), _ (Found: C, 70.05; H, 4.81. Calcd.: C, 70.29; H, 

i 4.77%.) 

Preparation of palladium--o-quinone complexes (VIII) 

Preparation of o-quinones. Both of the quinones, 1,2-naphthoquinone and 
9,10_phenanthrenequinone, were recrystallized from commercial reagents. 
4-tert-Butyl-o-benzoquinone was synthesized by Fremy’s salt oxidation of 
p-tert-butylphenol, m.p. 65 - 66”) 73% yield [24] . 4,5-Dimethoxy-1,2-ben- 
zoquinone, m.p. 234 - 235”) 

,. 1253. 
was prepared by Wanzlick and Jahnke’s method 

Preparation of palladium-o-quinone complexes (VIII). When the colour 
of the solution [o-Phen was added to an acetone suspension of (Ia) under Ns ] 
became yellowish, the addition of 9,10-phenanthrenequinone changed instanta- 
neously the colour of the solution to green, and 24 h later bluish crystals 
precipitated. The complex (9,10-phenanthrenequinone)Pd(o-Phen), m-p. 
> 300” was obtained. (Found: C, 62.14: H, 3.49; N, 5.74. Calcd.: C, 63.11; H, 
3.26; N, 5.66%.) 

As shown in Table 5, twelve complexes (VIII) were obtained in good 
yield. Analyses of them are given here. (9,10-PQ)Pd(Bipy). (Found: C, 59.52; 
H, 3.66; N, 5.76. Calcd.: C, 61.33; H, 3.43; N, 5.95%.) (9,10PQ)Pd(py), . 
(Found: C, 60.95; H, 3.85; N, 5.87. Calcd.: C, 60.97; H, 3.84; N, 5.92%.) 

’ (9,1&PQ)Pd(TMEDA). (Found: C, 54.25; H, 5.35; N, 6.40. Calcd.: C, 55.76; 
H, 5.62; N, 6.50%.) (1,2-NQ)Pd(o-Phen). (Fomld: C, 58.61; H, 3.46; N, 
6.22%.) (I,%NQ)Pd(Bipy). (Found: C, 56.57; II, 3.41; N; 6.64. Calcd.:.C, 

;-’ 57.10; H, 3.35; N, 6.66%.) (4,5-MeO-1,2-BQ)Pd(o-Phen). (Found: C, 50.47; H, 
> 3.52; N, 5.89. Calcd.: C, 52.82; H, 3.55; N, 6.16%.) (4,5-MeO-1,2-BQ)Pd- 
; (Bipy). (Found: C, 49.68; H, 3.74; N, 6.18. Calcd.: C, 50.19; H, 3.77; N, 
... 6.50%.) (4,5-MeO-I,2-BQ)Pd~Py), . (Found: C; 49.98; H, 4.28; N, 6.48. Calcd.: 
i_. C, 49.96; H, 4.19; N, 6.47%.) (4-t-Bu-1,2-BQ)Pd(o-Phen). (Found: C, 59.20; H, 
-: 3.20; N, 6.42. Calcd.: C, 59.41; H, .3.17; N, 6.30%.) (4-t-Bu-1,2-BQ)Pd(Bipy). 
.g- (Found: C, 56.12; H, 4.75; N, 6.63. Calcd.: C, 56.29; H; 4.72;.N, 6.56%.) 
-,. (4-t-Bu-&2-BQ)Pd(Py), _ (Found: C, 54.90; H, 5.19; N, 6.44. Cal&l.: C, 56.02; 
:_ H, 5.17; N, 6.53%.) 
7: 
-. 
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