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Mixed-ligand Palladium(II) Complexes Containing 0,0’-Chelated g-Diketonate
and 7*-Carbon-bonded Ethyl 3-Oxobutanoate Anions. Preparation
and Reactions with Some Lewis Bases™
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Department of Chemistry, Faculty of Science, Osaka City University, Sumiyoshi-ku, Osaka 558
(Received October 20, 1982)

Novel palladium(II) complexes [Pd(f-dik)(p3-etac)] (5), in which anions of a f-diketone and ethyl 3-oxo-
butanoate coordinate to the central metal atom by the 0,0’-chelation and the 7® carbon bonding, respectively,
were prepared by the reactions of a dinuclear complex [PdCI(7*-etac)], with thallium(I) f-diketonates in benzene

or acetone at room temperature.
propylamine and benzylamine were investigated.

Reactions of 5 with Lewis bases (L) such as triphenylphosphine, diethylamine,
In almost all reactions, only the 73-carbon-bonded ester li-

gand in 5 was converted into a terminal-carbon-bonded one to afford complexes [Pd(f-dik)(etac-C*)L]. The
bonding modes for the ligands in these products as well as in 5 were determined by means of IR and *H and G

NMR spectroscopy.

Four kinds of coordination modes for the monoanion
of ethyl 3-oxobutanoate have been observed so far
in palladium(II) complexes: 0,0’-chelation (1, 3),1
7% carbon bonding (2),» central carbon bonding (3),V
and terminal carbon bonding (4).®
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Of these complexes, 3 and 4 were derived from 1 and
2 by the reactions with Lewis bases, respectively.

Similarly, all these bonding modes described
above!~® as well as O-unidentate bonding”-8-*) have
also been established for 2,4-pentanedione and other
f-diketones in palladium(II) and platinum(II) com-
plexes. Comprehensive studies on the interconversion
among these bonding modes of f-diketonate anions
have recently been performed.®

As the continuation of this line of studies, we in-
tended to prepare novel complexes of palladium(II)
which involve two kinds of coordination modes for
B-diketonate monoanions and to examine relative sta-
bility of each bonding mode. In this paper, prepara-
tion and characterization of complexes 5a—c and
their reactions with some Lewis bases to show which
bonding mode is less stable are described.
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t  Present address: Toyo Polymer Co., Ltd., Minami-
kaneden, Suita 564.

Results and Discussion

Preparation and Characterization of Complexes 5.

The 73 complex of ethyl 3-oxobutanoate anion with
palladium(II), [PdCl(»*-etac)], (2), which was first
prepared by Tezuka et al.,?) was used as a starting
material for preparation of complexes 5. The bridge-
splitting and concurrent chloride-abstracting reactions
of 2 with twice molar amounts of thallium(I) g-diketo-
nates yielded mononuclear complexes 5a, 5b, and 5¢
in high yields, whose analytical data are given in
Table 1.

The 'H NMR data for complexes 5 in CDCI; are
listed in Table 2 and compared with those for 2 which
were previously reported” and reasonably interpreted
on the basis of the 7® structure confirmed by X-ray
analysis.?®)  Complex 5¢ shows five signals due to the
etac ligand, together with a singlet at 6.12 ppm attrib-
utable to the methine proton of the 0,0’-chelated
hfac ligand.¥ These five signals from etac appear as
a singlet at 3.74 ppm, two doublets at 2.80 and 3.87
ppm, a triplet at 1.36 ppm and a multiplet centered at
4.3 ppm, with relative intensities of 1:1:1:3:2. The
first three signals can be assigned to the H®, H", and
He protons of the allylic moiety and the others to
methyl and methylene protons of the ethyl groups by
comparison with those of 2. The spectral pattern
similar to that of the starting complex 2 confirms that
the »? structure of the etac ligand in 2 is maintained
intact in the reaction product 5c, although the H¢
signal observed for 2 can not be detected for 5¢. This
conclusion is firmly supported by the 3G NMR for
5¢ and 2 listed in Table 3. Both spectral data are
in fairly good agreement with each other, although
three additional signals from hfac appear in the spec-
trum of 5¢. The three signals resonate at 90.1, 175.4,
and 117.8 ppm from internal Me,Si and each couples
to F nuclei appearing as a multiplet, a quartet and
a quartet, respectively, the coupling constants in-
creasing in this order. These signal frequencies and

*% In this paper B-dik represents a monoanion of §-
diketones such as 2,4-pentanedione (acacH), 1,1,1-trifluoro-
2,4-pentanedione (tfacH), and 1,1,1,5,5,5-hexafluoro-2,4-
pentanedione (hfacH), etac denoting that of ethyl 3-oxo-
butanoate.
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TABLE 1. ANALYTICAL DATA FOR THE NEWLY PREPARED COMPLEXES
Found(Caled) (%)
No. Complex Mol wt2)
(@ H N

5a [Pd(acac)(yi-etac)] 39.56(39.48) 4.68(4.81)

5b [Pd(tfac) (7?-etac)] 33.65(33.97) 3.33(3.37)

5¢ [Pd(hfac)(n3-etac)] 29.66(29.85) 2.28(2.28)

6a [Pd(acac)(etac-G*)(PPh,)] 57.68(58.35) 5.24(5.23) 596 (597)
6b [Pd(tfac)(etac-G*) (PPh,)] 53.69(53.61) 4.25(4.34) 654 (651)
6c [Pd(hfac)(etac-C4) (PPhy)] 50.63 (49.42) 3.61(3.58) 715(705)
6d [Pd(acac)(etac-G*) (Et,NH)] 43,96 (44.18) 6.56(6.67) 3.36(3.43) 402 (418)
6e [Pd(tfac)(etac-C*) (n-PrNH,)] 38.21(37.56) 5.04 (4.95) 3.24(3.13) 477 (478)
7 [Pd(etac-G*) (PhCH,NH,),] (hfac) 50.31(50.31) 4.87(4.88) 5.54(5.50)

a) In CH,CI, at 28 °C.

TasLe 2. 'H NMR para ror compLexes 3 in CDCl»)
HC
n‘\ b |
c=o. "¢
/7 \
HC\."‘ Pd—-}c——o\
c—"o ¥ 1d
Rz/ H C\ .",
f=0
CH3CH20
-dik 3-etach) .
Complex R! R2 p-di 7 -etac Coupllpf I(fi)nstants
CH, CH CH,-CH, He HP H: H¢ m Hz
2 1.31t 4.29m 3.74d 2.59dd 3.59 10.46d J(bc)=3.4,
J(bd)=1.2,
J(CH;-CH,)=7.2
5a CH; CH, 1.94, 1.98 5.35 1.37t 4.3m 3.58d 2.58d 3.48 J(bc)=4.0,
J(CH;-CH,;)=8.0
2.09 1.36 t J(bc)=3.0,
5b CH,;,CF, 12.12 5.73 1.38¢ 4.3m 3.69d 2.68d 3.59 “J(CH,-CH,) =6.8
5¢ CF; CF, 6.12 1.36t 4.3m 3.87d 2.80d 3.74 J(bc)=4.0,

J(CH,-CH,)=8.0

a) Chemical shifts in ppm from internal Me,Si at 33 °C. d: Doublet, dd: doublet of doublets, t: triplet, m:

multiplet.

coupling constants are compatible with those for the
0,0’-chelate of hfac.

As is seen in Table 2, the similarity of the tH NMR
data for 5b to those for 3¢, except the additional methyl
signal from tfac in 5b, shows that the coordination
structures of the g-dik and etac ligands around pal-
ladium are the same in these complexes. Owing to
the unsymmetrical nature of tfac, two geometrical
isomers, cis(CH,,CH,) and trans(CHj,CH,), coexist in
the case of 5b.

H3C, F3C,
>C:.— o ch‘\ >(.}:0 ch‘\

HCG{ Pd—}C—0 HCY Pd—i{C—O
A\ 7 \ A\ 7N\
0 d H o K H

FsC c=0' HaC >c =0

£to EtO
¢is(CH,,CH,) trans(CH,CH,)

Although the very slight splitting is recognized in the
methyl signals from the tfac and ester ligands, other
signals do not discriminate these two isomers. On
the other hand, the 13C NMR spectrum (Table 3)

b) HY proton signals for 5 are not observable.

of 5b clearly exhibits the presence of cis(CH,,CH,)
and trans(CH,,CH,) isomers in CDCl;, two sets of
signals attributable to the trifluoromethyl-substituted
carbonyl carbon and the methyl and methylene carbons
of ethyl group appearing at 167.8, 14.0, 62.0 and at
168.3, 14.5, 62.2 ppm, respectively. Each set of sig-
nals can be assigned only arbitrarily to the cis or trans
isomer.

Complexes 5 including the acac complex 5a are
soluble in most organic solvents such as haloalkanes,
ketones, ethers, aromatic hydrocarbons, and even in
hexane. Although 5b and 5c are stable in these
organic solvents, 5a is rather unstable and a less
soluble substance precipitates from its solution in
chloroform on addition of hexane, which is not isolated
in a pure form (see Experimental section). The H
NMR spectrum of 5a in CDCI,, therefore, includes
some signals other than those assignable to [Pd(acac)-
(p3-etac)], even immediately after dissolution. Only
the latter signals are listed in Table 2. In this case,
two methyl signals from acac are observed at 1.94
and 1.98 ppm and such different environments of the
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Tasre 3. 13C NMR pata FOrR coMpPLEXES 5b anp 5¢ v CDCl»)
H3C, F3C.
\ HC N H2C
Hcg;:D\N '>: 0 Hc/.g.—.o\m —ic—a
N /0 HTTN N /0N
P Wl K L0 e M
Fac =0 HaC t=d
CHa‘CHzO/ CH3°H20/
5b
¢is(CH,,CH,) trans(CH,;,CH,)
tfac n3-etac
CH, CH CF, CF,CO CH,CO CH,-CH, CH, CH C-OH
167.8q 14.0 62.0
28.8 95.2 118.8q {10830 194.5 {14‘5 {622 41.2 42.1  154.8
(285) (33)
F3C,
>9,:.‘.0 qu\
HCY Pd— {C—O
- 7N
C—O - H
/ HE '
F3C \c=o"
CH3CH20/
5¢c
hfac 73-etac
CH CF, CF,CO CH,;-CH, CH, CH C-OH C=0
2 14.5 62.3 46.4 47.7 152.0 175.4
5c 90.1m 117.8q 175.4q 13.9 62.5 42.4 43.2 156.0 175.7
(2) (285) (34)
a) Chemical shifts in ppm from internal Me,Si. Figures in parentheses give J(**F-C) in Hz. q: Quartet, m:
multiplet,
TaBLe 4. CHARAcTERiSTIC IR BANDS IN NUJOL®
ﬂ-dik etac
——
Complex »(C-=0) +»(C==C) v(G-=0)/em™ 5(CCC) or
= v(OH)/cm‘l — v(Pd—-C)/ m-1
cm Ester Ketone ¢
20 3200m 1675 vs 548 s
5a 1577 vs, 1520 vs 3200w 1673 s 548w
5b 1610 vs, 1523 m 3200w 1670 s 545w
5¢ 1627 vs, 1605 s 3200w 1675 s 543w
1557 m, 1532 m
6a 1580 vs, 1515vs 1743 s 1661 s c)
6b 1620 vs, 1520 m 1741's, 1665 s c)
6c 1625 vs, 1540 m 1745vs 1670 s c)
6d 1568 vs, 1525 vs 1745vs 1640 s 540m
Ge 1615vs, 1517 m 1725vs 16305, sh d)
7 1661 vs 1698 s 1645 vs 525s
a) vs: Very strong, s: strong, m: medum, w: weak, sh: shoulder. b) Ref. 3a. c) Not assignable due to over-

lapping with the ligand bands of triphenylphosphine. d)

methyl hydrogens are caused by unsymmetric coordi-
nation of the ester ligand in 5a.

Table 4 lists the characteristic IR bands of com-
plexes 5 and products of their reactions with Lewis
bases. The bonding modes of the f-dik and etac
ligands are easily diagnosed on the basis of the spectral

pattern in the 1500—1700-cm~ region. Two or four
bands observed in the 1520—1627-cm~! region for 5

Not detectable.

are assigned to the »(C==0O)-»(C==C) vibrations of
the 0,0’-chelates of g-dik,% while a band in the 1670—
1675-cm~1 region is assigned to the »(C=O)(ester) of
the 73-carbon-bonded etac ligand.?®) Weak bands
around 545 and 3200 cm™! are attributed to the
6(GCC) and »(OH) vibrations, respectively, charac-
teristic of the 7® carbon bonding of etac by reference
to the data for complex 2.22)



1396 Kurumi Yamapa, Shigeru Bapa, Yukio NAKAMURA, and Shinichi KawacucH1 [Vol. 56, No. 5
TasLe 5. 'H NMR para ror compLExEs 6 anp 7 v CDCL»
X ’
=N Lo, A | (R B S8
HC} Pd P ¢
\é‘:'o/ \L L/ L (o] ‘o
&/
6 7
(Pd-Y =Pd-CH,COCH,COOCH,CH,)
p-dik etac-C*
Complex R? R2 L ——
CH, CH CH,-CH, CH, CH,-Pd
6a CH; CH,; PPh, 1.58, 2.00 5.27 1.19t 4.09q 3.54 2.26d {4}
cis(CH,,P) CH; CF 1.74 3.56 2.31d {3}
6b" {tmns(CsHa,P) CF, CH, TPhs {2.18 3.72 118t 4.12q {3.62 {2.40d {3}
6c CF, CF; PPh, 6.30 1.23¢t 4.26q 3.64 2.59d {2}
6d® CH, CH, Et,NH 1.90 5.27 1.27t 4.19q 3.56 2.67
5.71 2.72
6e® CH,, CF; »-PrNH, 2.10 {5.73 1.30t 4.22q 3.55 {2.76
7° CF, CF, PhCH,NH, 5.62 1.22¢ 4.15q 3.64 2.30
a) Same as footnote a) for Table 2. Figures in braces give 3J(*P-H) in Hz. b) Data for the low-temperature
limitting spectrum at —29°C are given. c¢) Chemical shifts for L. Et: 2.7m, 1.42t (for 6d). »-Pr: 2.7 m,

1.7m, 0.99t (for 6e). CH,: 3.49 (for 7).

Reactions of 5 with Lewis Bases Producing Terminal-
carbon-bonded Complexes of etac. Although the reac-
tions of complexes 5 with triphenylphosphine and a
variety of nitrogen bases such as propylamine, diethyl-
amine, {-butylamine, benzylamine, pyridine, and piper-
idine were tried, only five complexes of the type 6
and complex 7 listed in Table 1 could be isolated
as reaction products in pure forms. Quite high solu-
bilities of these products in most organic solvents de-
scribed earlier make those isolation difficult. When
complexes 5 were allowed to react with an equimolar
amount of triphenylphosphine in benzene or chloro-
form, the 7% carbon bonding of the etac ligand in 5
was converted into the terminal carbon bonding to
afford neutral complexes 6a, 6b, and 6ec.

\
‘L =0 /CHaCOCH2CO0E
5§ ————————— H—C Pd M
\c""o/ N
-4
R? R2 L
6a CH;, CH, PPh,
Gb CH,(CF,) CF,(CH,) PPh,
6c CF, Cr, PPh,
6d CH, CH, Et,NH
Ge CH,(CF,) CF,(CH,) n-PrNH,

Similarly, diethylamine and propylamine reacted with
5a and 5b to produce 6d and 6e, respectively. In
contrast with these bases, benzylamine reacted with
5¢ to give solely the cationic complex 7, irrespective
of the reactant mole ratio, which has hfac as a counter
anion in the outer sphere.

+3L

5¢ —» [Pd(CH,COCH,COOE)L,](CF,COCHCOCF,)
7 (L=PhCH,NH,) @)

The analytical and molecular weight data for these

complexes isolated are also included in Table 1.

The "H NMR data for complexes 6 and 7 are col-
lected in Table 5. The H*, H®, and H° signals ob-
served for 5 are lost in 6a—c and instead two signals
appeared at 3.54—3.64 and 2.26—2.59 ppm as a sin-
glet and a doublet with relative intensity of 1:1, each
signal corresponding to 2H protons. Such a spectral
change indicates that the 73-carbon-bonded etac ligand
in 5 was converted into the terminal-carbon-bonded
one in 6a—c as shown by Eq. 1. Thus, the singlet
and the doublet are assigned to protons of the central
methylene and the terminal methylene coordinated to
palladium, respectively, by reference to the spectral
data of 4 (L=py or 1/2-bipy).3*) The latter meth-
ylene protons couple to 31P cis to them to give a doublet
with 3J(P-H)=2—4 Hz.

As Fig. la shows, the 'H NMR spectrum of 6a in
the methyl and methylene proton regions exhibits
two methyl signals from acac at 1.58 and 2.00 ppm.
The lower-field signal is assigned to the methyl protons
trans to P, while the higher-field one to the methyl
cis to P because such an appreciable upfield shift is
caused by the anisotropic shielding effect of triphenyl-
phosphine at the cis position.%)

Figure 1b shows the variable-temperature 'H NMR
spectra of 6b in the same regions as in Fig. la. The
spectrum at room temperature (33 °C) is composed
of a broad singlet (3.56 ppm), a broad doublet (2.37
ppm), and two collapsed signals (ca. 1.7 and 2.2 ppm).
With increasing temperature, the first two signals sharp-
en, while the other two give a coalesced signal. On
the other hand, as the temperature is lowered, the
first two signals become broader and split, and then
sharpen to give two sets of signals each composed of
a singlet and a doublet at —29 °C. Similarly, other
two signals gradually sharpen with decreasing tem-
perature finally giving two sharp singlets at 1.74 and
2.18 ppm, which correspond to resonances of the meth-
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TasrLe 6. 3C NMR parta ror compLEX 6¢c v CDCL»
F3G
/9:_0\ /CH200CHQCOOCH20H3
HC \ Pd\ 2 3
/":o/ Pt 4)
FaC 2 3 /3
6¢c
hfac etac-G*
CH CF, CF,CO CH,-CH, CH,-Pd CH, C-0(0) c-0
89.9 117.4q, 117.7q 174.9q 14.1 60.7 26.9d 50.4 168.3 205.6
(285) (285) (35) [5.1]

a) Same as footnote for Table 3. Figures in parentheses and brackets give J(**F-C) and J(*'P-C), respec-

tively.
@ N N
; :Ii Ll’. ppm
(b)
o Jb\
-
- J\/\/\
-2°C J“U
—29°C
1 1 1
4 3 2 ppm
Fig. 1. H NMR spectra at 100 MHz of (a) [Pd(acac)-

(etac-C*)(PPh,)], 6a (CDCl,; 33 °C) and (b) [Pd-
(tfac) (etac-C%) (PPh,)], 6b (CDCl;; —29, —2, 33,
and 47 °C) in the methyl and methylene proton
regions.

yl groups cis and trans to P (compare Figs. la and
1b). These results imply that complex 6b exists as
a mixture of two geometrical isomers, c¢is(CH,, P)
and trans(CH,, P) (in the mole ratio of 1:1.3), in
CDCl; at —29 °C and these isomers are readily in-
terconvertible at 33 °C. and above. In Table 5, the
low-temperature limitting spectral data for these iso-
mers are given.

Table 6 denotes the 3C NMR data for 6c as a
representative of 6 which gives the most simple spec-
trum. Two trifluoromethyl signals appear at 117.4

Chemical shifts for PPhy: Ct, 127.6d[55.7]; C?, 134.4d[11.1]; C?3, 128.6d[11.1]; C%, 131.3d[2.6].

and 117.7 ppm as quartets with !J(C-F)=285 Hz,
thus reflecting the slight difference in environments
caused by the trans ligands, etac and triphenylphos-
phine and also showing stereochemical rigidity of this
complex in CDCI; at room temperature.

Much attention has recently been given to the
mechanisms of geometrical isomerization of the square-
planar metal complexes.!®) In the case of the present
complex 6b, coupling of the terminal methylene pro-
tons of etac to 3P is maintained during the isomeriza-
tion (see Fig. 1b), showing inapplicability of the dis-
sociative mechanism involving the Pd-P bond rupture.
Thus the transformation, as depicted below, of a five-
coordinate intermediate A, in which the fifth coordi-
nation site of palladium is occupied by the ester car-
bonyl oxygen atom, may be the most probable mech-
anism to be proposed:

o (o] o~
* CHoCCHaCOEE c oE—¢
LR WA A
(A)

I™~c

* o o
o c cHaeHaloEt
= Nra \, = O\ r X\ o= O\ pa \7
— X — =
P P P
E3 O *

The C,O-chelation of tfac as in A has been found
as a stable bonding mode for the tfac dianion in a
series of [Pd(tfac(2-)-C,0)LL’]-type complexes'’) and
the Pt(II) analogues.!?)  An intermolecularly associated
complex, in which the metal atom of a reacting species
is coordinated by the ester carbonyl oxygen of a neigh-
boring molecule, is also conceivable as an alternative
intermediate for the coordination-site exchange. Such
an example that another molecule of the same species
acts as a catalyst was found for the ¢-pyridyl complex,
[Pd(acac)(e-pyridyl)PPhy], and the effect was termed
“self catalysis” by Tanaka et al.1®» Similar phenome-
non was also observed for [Pd(acac)(CH,CN)PPhg].1%
As described above, complexes 6a and 6¢ are stereo-
chemically rigid in CDCl,; at room temperature, while
6b shows fluxional motion under the same conditions.
However, it is not rationalized why only complex 6b
having the unsymmetric tfac ligand brings about the
coordination-site exchange.

As is seen in Table 5, reaction products with nitrogen
kases, both 6d and 6e, show only a single methyl



1398

signal from g-dik in their *H NMR spectra. Two
possibilities are conceivable: 1) Accidental coinci-
dence of the two methyl signals; 2) coalescence to a
single peak by coordination-site exchange of the f-
dik ligand. In the present case, the second possibility
to occur will probably be excluded because the acac
complex 6a does not cause such a reaction and 6e
shows two methine and CH,-Pd proton signals cor-
responding to the c¢is(CH,,N) and trans(CHyN) iso-
mers.

The product complex, 7, from the reaction of 5¢
with benzylamine gave satisfactory analysis as Pd(etac)-
(hfac) (PhCH,NH,); which differs from other products,
6, in composition. However, the coordination mode
of etac to palladium is the same as that in 6 on the
basis of the similarity of 'H NMR data (Table 5).
On the other hand, the methine proton from hfac
in 7 resonates at higher field (5.62 ppm) than that
(6.30 ppm) in 6¢. Such an upfield shift of the methine
proton signal is generally observed for the outer-sphere
complexes of the type [PdL,](hfac), compared with
the O,0’-chelate because of the higher charge density
on noncoordinating anion: the methine protons of
[Pd(hfac);],¥ [Pd(n-PrNH,),](hfac),™  [Pd(py).l-
(hfac),,® and [Pd(PMe,Ph),](hfac),®®) resonate at
6.42, 5.92, 6.00, and 5.67 ppm in CDCl,, respectively.

When the IR spectral data (Table 4) of 5 and 6
are compared with each other, a considerable difference
is noticed only in the absorption bands characteristic
of the etac ligand. Thus complexes 5 have the »(OH)
and »(C=O)(ester) bands at around 3200 and 1670
cm™1, respectively, while complexes 6 show no absorp-
tion bands around 3200 cm™2, but exhibits two strong
»(C=0) vibrations in the 1725—1745 and 1630—
1670-cm~! regions. This confirms the above-men-
tioned conclusion that the #3-carbon-bonded enolate
anion of 3-oxobutanoate was converted into the ter-
minal-carbon-bonding of the keto tautomer. These
carbonyl bands assignable to the »(C=O)(ester) and
»(C=0) (keto) vibrations are also found for complexes
of the type 4 as follows: [PdCl(etac-C*)(py)s] 1740vs,
1650vs; [PdCl(etac-C*)(bipy)] 1730vs, 1640vs.3*)

The IR spectrum of complex 7 has four bands of
strong to medium intensities in the 1600—1700-cm—!
region. Of these, a medium band observed at 1619
cm™! is assigned to the §(NH,) vibration of the coor-
dinated benzylamine and hence omitted in Table 4.
Although two strong bands at 1698 and 1645 cm—!
are slightly closer mutually than those for 6, they can
be assigned to the »(C=0) vibrations of the terminal-
carbon-bonded etac ligand. On the other hand, no
band shows in the region attributable to the »(C==0) -+
»(C==C) vibrations of the 0,0’-chelated f-dik ligand,
but instead a strong band appears at 1661 cm~1. The
frequency of this band is close to that for potassium
1,1,1,5,5,5-hexafluoro-2,4-pentanedionate, thus con-
forming to the cationic formulation [Pd(etac-C*)-
(PhCH,NH,);](hfac) which was deduced from the 'H
NMR spectral data.

Consideration on Bonding Nature of the p-dik and etac
Ligands in 5. As described before, complexes 5b
and 5¢ are stable in solution, but 5a is rather unstable
in mest organic solvents and decomposes to give an
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uncharacterized crude substance. The stability dif-
ference among these complexes may be brought about
by the substituent effect for the methyl groups of acac.
The more basic acac ligand can coordinate more
tightly to palladium than tfac and hfac do and de-
stabilize the 7%3-carbon-bonding of etac to the metal
as a result. The conversion of the 73-carbon-bonded
etac ligand in 5a into the terminal-carbon-bonded
one without any free ligand in solution could produce
a less soluble substance in which presumably the vacant
site of palladium is coordinated by a free carbonyl
oxygen of another molecule.

In all the reactions of 5 with Lewis bases except
that of 5¢ with benzylamine, it was found that the
0,0’-chelate of the $-dik ligand in 5 is more stable
than the 7% carbon bonding of etac and the latter
was converted into the terminal-carbon-bonding.
Powell ¢t al. have studied insertion reactions of ole-
fins,1%) 1,2-dienes,’® and 1,3-dienes!” (L’) into the
allylic palladium bonds of the »3-allylic complexes (-
allyl)Pd(X) (X=hfac, acac, or chloride). In either
case of the bidentate ligands (hfac and acac), the 7!-
allylic complex (y'-allyl)(L’)Pd(X) was conceivable as

Y

[ —

Pd(X)

an intermediate on the basis of syn-anti proton exchange
on the NMR time scale, whereupon the less substituted
terminal carbon of the allylic moiety invariably linked
with the metal atom. These results are also in accord
with the present case to give 6 but not the central-
carbon-bonded etac complexes as follows:

OH
o /CH26=CH(':R

Pd —

(.../\

+ L

However, similar palladium(II) complexes, 3, con-
taining the central-carbon-bonded etac ligand have
been prepared so far by the reactions of bis-0,0'-
chelate, 1, with L. (L=a variety of nitrogen bases).?)

Experimental

Preparation of Complexes 5. The starting dinuclear 73
complex, [PdCl(n3-etac)], (2) was prepared according to
the Yanase’s modification® of the method originally proposed
by Tezuka.?®

[Pd(acac)(7*-etac)] (5a): Complex 2 (225 mg, 0.415
mmol) was dissolved in benzene (30 cm®) on heating and
then the solution was cooled to room temperature. Thallium-
(I) 2,4-pentanedionate (277 mg, 0.913 mmol) was added to
the solution and the mixture was stirred for 2 h at room
temperature. After standing for further 2—3 h, the mix-
ture was filtered to remove thallium(I) chloride precipitated
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and the filtrate was concentrated to 5cm?® under reduced
pressure. On addition of hexane, a crude decomposition
product was deposited and again removed by filtration.
The filtrate was evaporated to dryness to obtain a yellow
solid (214 mg) in a 719, yield.

The crude substance shows no IR band at 3200 cm-1,
which is assigned to the »(OH) vibration of the 73-carbon-
bonded etac, but instead shows a new strong IR absorp-
tion at 1620 cm=!. The substance has not been further
characterized because of its poor solubility in most organic
solvents.

[Pd(tfac)(n*-etac)] (6b): Thallium(I) 1,1,1-trifluoro-2,4-
pentanedionate (326 mg, 0.913 mmol) was added to a sus-
pension of 2 (225 mg, 0.415 mmol) in acetone (20 cm3).
After being stirred for 30 min at room temperature, the
mixture was allowed to stand for further 2—3 h to precip-
itate thallium(I) chloride, which was filtered and the filtrate
was then concentrated to 2—3 cm3 under reduced pressure.
On addition of hexane to the concentrate, a pale yellow
solid (246 mg) was obtained in a 76%, vyield.

[Pd(hfac) (y*-etac)] (6¢c): To a suspension of 2 (225 mg,
0.415 mmol) in acetone (20 cm3®) was added thallium(I)
1,1,1,5,5,5-hexafluoro-2,4- pentanedionate (376 mg, 0.913
mmol). After being stirred for 30 min at room temperature,
the mixture was allowed to stand for additional 2—3 h and
then filtered to give a transparent solution, which was evap-
orated to dryness under reduced pressure. The residue was
redissolved in hexane and filtered again to remove a small
amount of insoluble substance. The filtrate was evaporated
to dryness under reduced pressure, affording a pale yellow
solid (302 mg) in an 829, yield.

Reactions of [Pd(p-dik)(p3-etac)] (5) with Lewis Bases. 5a
with Triphenylphosphine: Triphenylphosphine (156 mg, 0.598
mmol) was added to a benzene (15 cm?) solution of 5a (200
mg, 0.598 mmol) and the mixture was stirred for 20 min
at room temperature. The solvent was then evaporated to
2—3 cm?® under reduced pressure before adding hexane to
deposit a yellow powder of [Pd(acac)(etac-C%)(PPh;)] (6a).
Scratching the flask was necessary to deposit 6a effectively.
Recrystallization from benzene-hexane gave a yellow crys-
talline solid (303 mg) in an 859, yield.

5b with Triphenylphosphine: Complex 5b (100 mg, 0.257
mmol) was also allowed to react with triphenylphosphine
(68 mg, 0.26 mmol) in benzene (10 cm3) at room temper-
ature. After being stirred for 30 min, the solution was con-
centrated to 2—3 cm?® under reduced pressure and hexane
was added to the concentrate. A yellow crystalline solid
of [Pd(tfac)(etac-CG*)(PPh;)] (6b), deposited from the solu-
tion on standing at room temperature. The yield was 139
mg (81%).

5c with Triphenylphosphine: Chloroform (10 cm3) was used
as a solvent for the reaction of 5¢ (100 mg, 0.226 mmol)
with triphenylphosphine (59 mg, 0.23 mmol). When the re-
action mixture was stirred for 20 min at room temperature
and then concentrated under reduced pressure, an oily sub-
stance was obtained, which was extracted with petroleum
ether and the extract was left at —20 °C to give an orange

crystalline solid of [Pd(hfac)(etac-C*)(PPh,)] (6¢). The yield
sas 76 mg (48%).
S5a  with Diethylamine: Diethylamine (0.07 cm3, 0.677

mmol) was added to a benzene (15 cm?®) solution of 5a (200
mg, 0.598 mmol) and the mixture was stirred for 1h at
room temperature before the solvent was evaporated to 2—
3 cm?® under reduced pressure. A pale yellow powder of
[Pd(acac)(etac-C*) (Et,NH)] (6d), was deposited by scratch-
ing the flask after the addition of hexane. Recrystallization
from benzene-hexane gave a crystalline solid in a 539%
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yield (132 mg).

5b with Propylamine: Propylamine (0.03 cm?, 0.364 mmol)
was added to a benzene (10 cm?®) solution of 5b (140 mg,
0.360 mmol) and the mixture was stirred for 20 min at room
temperature. Evaporation of the solvent under reduced
pressure left an oily residue, which was extracted with hexane.
A yellow powder of [Pd(tfac)(etac-C*)(n-PrNH,)] (6e), pre-
cipitated from the extract on standing overnight at —20
°C. The yield was 103 mg (609%).

5c¢ with Benzylamine: A three times molar amount of benz-
ylamine (0.10 cm?, 0.914 mmol) was allowed to react with
5¢ (130 mg, 0.294 mg) in benzene (10 cm?®) for 30 min with
stirring at room temperature. Evaporation of the solvent
under reduced pressure left an oily substance. The sub-
stance was redissolved in a small amount of acetone, hexane
was added to the solution, and then the solution was kept
for a week at —20 °C, from which a pale yellow powder
of [Pd(etac-C*)(PhCH,NH,),](hfac) (7), was precipitated.
The yield was 130 mg (59%). Even when an equimolar
amount of benzylamine was used, the same complex 7 was
produced in a low yield.

Measurements. Infrared spectra were obtained in
Nujol mull with a JASCO DS 701G infrared spectrophotom-
eter. NMR spectra were recorded on JNM-MHI100 (in the
case of 'H) and FX60Q (for 3C) instruments. Molecular
weight was determined in dichloromethane at 28 °C with
a vapor pressure osmometer manufactured by Knauer, West
Berlin, West Germany.
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