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Dibenzylideneacetone Complexes of Transition Metals

A.Z.Rubezhov

Information on dibenzylideneacetone complexes of transition metals is reviewed. Their methods of preparation,
physicochemical and chemical properties, and also applications as reagents and catalysts are discussed.
The bibliography includes 162 references.
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I. INTRODUCTION

Immediately after they were first prepared,1'2 transition metal
complexes with dibenzylideneacetone (DBA) (palladium and platinum
complexes in the first place) attracted the attention of both organo-
metallic chemists and synthetic chemists because of their high
reactivity and ease of preparation, and the debate concerning
their structure continued until 1974 when the structure was reliably
established by X-ray structure analysis. DBA complexes of
palladium and platinum are now firmly established in the armoury
of chemists as convenient starting materials for the preparation of
organic derivatives of these metals that are difficult to obtain by
other methods, and also as homogeneous catalysts in a great variety
of reactions (allylation, nucleophilic addition reactions, alkylation,
cross-linking, etc.).

The aim of this review was to survey the available material on the
preparation of DBA complexes, especially those of the platinum
metals, to show how the formation of complexes with a specific
structure (monomeric DBA derivatives, dimeric complexes, solvates
of dimers) depends on the preparation conditions used and the
reagents, to outline the synthetic possibilities of this class of com-
pound, which is highly reactive, and to summarise the very disjoint
information on the use of DBA complexes of palladium and platinum
as catalysts. However before doing this it is necessary to discuss the
properties of free dibenzylideneacetone which characterise it as a
potential ligand.

II. DIBENZYLIDENEACETONE AS A LIGAND

To assess DBA as a ligand in complexes with transition metals it
is necessary to be aware of its conformational properties and elec-
tronic structure because these are controlling factors in coordination.
To assess the second factor it is sufficient to have data on the nature
of the frontier orbitals, i.e. the highest occupied (HOMO) and lowest
unoccupied (LUMO) molecular orbitals of the DBA molecule.
Such an assessment has been made;3 the simplest analogue of DBA,
divinyl ketone C H 2 = CHCOCH = C H 2 in the s-cis,s-cis conformation,
was considered as the model molecule. The energies of the frontier
orbitals of the divinyl ketone molecule3 are shown in Fig.l.

LUMO.

HOMO- π, (11.69eV) ( c

Figure 1. Frontier molecular orbitals of divinyl ketone.

Analogous data for acrolein CH2 = CHCHO 3 and ethylenef are
given in Fig.2 for comparison. The HOMO of divinyl ketone is an
oxygen /^-orbital which is a non-bonding AO of the oxygen in the

jThe energy of the HOMO of ethylene was taken to be the
ionisation energy / = 10.62 eV;4 the energy of the LUMO was
calculated from u.v. spectroscopic data (the energy of the π -• π*
transition is 61 000 cm"1).5
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carbonyl group (the charge on the oxygen, qo = 0.82, agrees well
with results obtained by other authors6). Its energy (10.81 eV) is
similar to the energy of the corresponding MO in acrolein (10.15 eV)
but these orbitals have different symmetries; in the acrolein mole-
cule the non-bonding AO of the oxygen in the carbonyl group is
oriented along the χ axis, i.e. it is a /^-orbital.

more easily coordinated than the carbonyl group. Nevertheless,
bidentate coordination, with the α,β-unsaturated ketone forming
chelate or bridging complexes, is also possible.3'8 Hence, a priori,
for DBA the possibility of both « -* d% and π -* d types of
coordination cannot be excluded. As will be shown below, both

LUMO

HOMO ( C

Ο η (10.15 eV)

Ο) π (10.93 eV)

LUMO (C

HOMO K?b

Q\ π (2.87 eV)

Ά π (10.62 eV)

Figure 2. Frontiers molecular orbitals of: a) acrolein; 6) ethylene.

The next occupied MO in the divinyl ketone molecule (and also in
acrolein) is the π-bonding MO of the C = C bond with an energy of
11.69 eV (11.76 eV in acrolein); the corresponding antibonding
TI*-MO'S have energies of 6.96 eV for divinyl ketone and 6.39 eV for
acrolein. For ethylene the energy of the π-ΜΟ is 10.62 eV which is
comparable with the energies of the corresponding MO's in divinyl
ketone and acrolein; the energy of the lowest π*-ΜΟ in ethylene is
2.87 eV which is considerably different from the energy of the
corresponding orbitals in divinyl ketone. Hence the formation of a
d -* π* type metal —ligand donor-acceptor back bond, particularly
with metals in low oxidation states for which the highest occupied
d orbitals have energies in the region of 8 eV,7 will be energetically
more favourable for the two α,β-unsaturated carbnonyl compounds
(acrolein and divinyl ketone) than for ethylene. This conclusion
agrees with results8 indicating an increase in the stability of olefinic
π-complexes of transition metals in low oxidation state when acceptor
substituents are introduced into the olefin molecule.

The most suitable donor orbitals in the divinyl ketone molecule
are the n- and π-orbitals and the second are more favourable although
their energy is somewhat lower (AE = 0.9 eV). As a rule, therefore,
in α,β-unsaturated carbonyl compounds the double bond is much

( I )

(Π) >

(III)

(IV)

s-cis, s-cis

' s-trans, s-cis

( V )

(VI) s-trans, s-trans

Figure 3. Possible conformations of DBA.

We shall now discuss the conformational properties of DBA. In
principle it is possible to have the following alternatives of a planar
arrangement of the C = C and C = Ο bonds relative to each other
combined with different configurations of the ethylenic bonds
(Fig.3):9'10 three s-cis,s-cis conformations (I, II, and III), two

% η -*• «/-Coordination was assumed for DBA in its complexes with
Pd° and Pt 0; 2 see also Ref. 3.
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s-trans,s-cis (IV and V), and one s-trans,s-trans conformation (VI).
However, Stuart — Brigleb models and van der Waals diagrams with
Stuart — Brigleb radii show that the planar s-trans,s-trans structure
(VI) is impossible owing to repulsion between the β and β' hydrogen
atoms (the overlap is 1.2 A); structures I and IV§ are completely
planar and hence energetically more favourable [the small overlap
(0.21 A) between the α and β' hydrogen atoms in structure IV can be
disregarded].12 In structures II, III, and V steric hindrance forces
one or both of the phenyl groups out of the plane of the double
bonds. U.v.,12'13 n.m.r.,14 and i.r. 9 spectroscopic data also indicate
that DBA molecules occur in solution only with a trans configura-
tion of the two ethylenic bonds. This is also supported by dipole
moment data.14 Thus the conformational characteristics of DBA in
solution define it as an olefin in which the two double bonds are
unlikely to be coordinated to the same metal atom because they have
different symmetries. Coordination of DBA as a 1,4-diene is there-
fore less favoured and effectively two possibilities remain: DBA acts
as a bridging ligand in binuclear complexes or is an ordinary uniden-
tate olefin with somewhat greater potentialities for donor-acceptor
back bonding compared to ethylene. How such potentialities are
realised will be shown below.

complexes of the chelate type and more likely to act as a uni- or
bi-dentate π-olefinic ligand.

The available X-ray structural data indicate that all the possible
modes of bonding between DBA and transition metals occur.

However, we shall first discuss the spectroscopic (u.v., i.r., and
n.m.r.) properties of DBA complexes.

Table 3. Parameters of the 13C n.m.r. spectra of DBA and
L2Pt(DBA) complexes.21

L

PEt 3

AsEt3

DBA
(unooord.)

124 6
123.0
135,4

/

134.8
135.8
142.7

p t - t ' 4

cc

49.7
46.3

135.4

cd

61.0
58.0

142.7

, ( P,-c £ )

235
275

,(P.-C d )

180
185

Table 1. U.v. spectra (λ in nm) of DBA, TBAA, and their
palladium and platinum complexes.16'17

DBA

233 m ·
325 s.
374
520 w.

TBAA

231 m.
320 s.

Pd(DBA)2

235 m.
336 s.
378
538 m.

Pt(DBA)2

235 m.
336 s.

56S m.

Pd2(DBA)3.
CHCI3

236 m.
300 sh. 321 s.

Pd3(TBAA)3.
.CHCI3

234 m.
320 s.

Assignment

.ι-»π *
η->π *

unassigned
d->d

Note. s. = strong, m. = medium, w. = weak, sh. = shoulder.

Table 2. I.r. spectra (cm"1) of DBA, TBAA, and their palladium
and platinum complexes.16·17

DBA

1667 m.sh.
1651 s.
1627 m.
1591 s.

1574 s.

9 8 3 S .

TBAA

1667m.sh.
1650s.
1628m.
1591 s.sh.

1575 s.

981s.

Pd
(DBA)2

1656
1613

—

1579
1544

—

Pt
(DBA)2

1652
1624
1593
1579
1527

—

Pd2(DBA)3.
.CHCI3

—

1620, 1614 s.
1600 s.

1574 m.

975 w .

PcfeNC.D.CH^
=CH).CO] 3 .

• CHC1,

—

1620,1615 s.
1591 m.

1550 m.

977 w .

Pd3(TBAA)3.
.CHCI3

—

1620, 1614 s.
1590 m.

1575 m.

981 w.

Assignment

v(C=O)
KC=C)aiiph
w ( C = C ) a r o m

"(CH)trans

III. THE STRUCTURES OF DBA COMPLEXES OF TRANSITION

METALS

As indicated above, in its metal complexes DBA can act as both
an n- and a π-donor ligand but in the latter case, owing to its
conformational characteristics, DBA is less likely to form diene

§However, measurements of the molar Kerr constants of DBA
can be reconciled with an s-cis,s-cis conformation only on condition
that the phenyl groups are rotated by 26.5° around the 1,4-axes.

The u.v. spectra of uncoordinated DBA, the complexes Pd(DBA)2,
Pt(DBA)2, and Pd2(DBA)3.CHCl3, and also tribenzylideneacetyl-
acetone (TBAA) and Pd3(TBAA)3.CHCl3 are compared in Table 1.

It is clear that the bands due to the η -* π* and π -> π* transi-
tions in DBA show no change in either position or intensity on
coordination. In the opinion of the authors of Refs.16 and 17 this
indicates that the carbonyl group in DBA is not involved in the
coordination.

I.r. spectroscopic data for DBA, Pd(DBA)2, Pt(DBA)2, Pd2(DBA)3.
.CHCI3, Pd2[(C6D5CH = CH)2CO]3.CHCl3) TBAA, and Pd3(TBAA)3.
.CHC13 are compared in Table 2.

The conclusions drawn from the i.r. spectra by different authors
are very contradictory. The data in Table 3 [Table 2? (Ed. of
Translation)] can provide support for coordination both via the
carbonyl group and via the C = C double bonds in DBA.

Next we shall consider the n.m.r. spectroscopic data for DBA
and its complexes. The similarity between the lH n.m.r. spectral

characteristics of uncoordinated DBA and complexes of the type
M(DBA)2 (M = Pd, Pt) was noted as far back as 1971.2 In
compounds of the type M2(DBA)3 (M = Pd, Pt) the signals of the
olefinic protons in DBA are shifted to low field on coordination
with the metal atom.18'19 JH n.m.r. spectroscopic data indicate that
only one of the two C = C bonds in DBA is coordinated to the
platinum in L2Pt(DBA) type complexes.20 This was also confirmed
for the complexes L2Pd(DBA) (L = PPh3, PEt3, PPh2Me, AsPh2,
AsEt3) by 1 3C n.m.r. spectrosocpy (Table 3).21

N.m.r. spectroscopic data thus show that the coordination of the
DBA is of the π -> d type and the DBA complexes of Pd and Pt can
be regarded as π-olefin derivatives of these metals.

The question of the structure of DBA compounds of palladium,
platinum, and rhodium was finally resolved by X-ray structure
analysis.

Dibenzylideneacetone forms several types of complex: M(DBA)2

(M = Pd, Pt), M(DBA)3 (M = Pd, Pt), M2(DBA)3.Solv (M = Pd,
Pt), MO2C12(DBA)2 (M = U), and C5Me5M(DBA) (M = Rh).
X-Ray structure determinations have been carried out on all these
types except M(DBA)2.
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Figure 4. Structure of UO2C12(DBA)2 in the crystal.

Figure 5. Structure of C5Me5Rh(DBA) in the crystal.

Figure 6. Structure of Pd(DBA)3 in the crystal.

In the uranyl compounds the DBA is coordinated to the uranium
atom via the oxygen atom of the carbonyl group (Fig.4);22"24 the
ligand is in the s-cis,s-cis conformation and the changes in the C = Ο

and CH = CH bond lengths in DBA owing to coordination are
unimportant. The phenyl rings are in the plane formed by the

Ο
II

—CH = CH-C-CH = CH—,

system, i.e. the DBA is in the planar cis,cis-(orm (I) which is
energetically the most favourable for uncoordinated DBA.

Figure 7. Structure of Pd2(DBA)3.CH2Cl2 in the crystal.

In the rhodium complex (Fig. 5) DBA acts as an T|4-dienone lig-
and.25'26 The coordinated DBA has the symmetrical s-trans,s-trans
configuration (VI) which, as has already been mentioned, is impos-
sible for the uncoordinated ligand because of the intramolecular
H.. .H interaction between C(3)H and C(5)H; this distance is 1.2 A
in free DBA and 1.89 A in the rhodium complex. The DBA mole-
cule in this complex is under considerable strain and this is evidently
the reason for the high catalytic activity of C5Me5Rh(DBA).
Tris(dibenzylideneacetone)palladium (Fig.6) is a tris-olefin complex
of Pd0.2 7 Each of the three pentadiene ligands is coordinated by
only one C = C bond, the DBA molecule is in the most favourable
s-cis,s-trans conformation (IV), and the relatively small changes in
the DBA bond lengths on coordination reflect the weakness of the
metal —ligand bond in these complexes.

In the solvated complexes Pd2(DBA)3.Solv the three ligands are
bonded to the palladium atoms in different ways depending on the
nature of the solvent Solv.28'29 When Solv = CH2C12 two of the
DBA molecules are in the s-cis,s-trans conformation but the third is
in the s-cis,s-cis form (Fig.7). When Solv = CHC13 all three DBA
ligands are in the s-cis,s-trans conformation. The factors determining
the conformational properties of the DBA ligands in the Pd2(DBA)3

complexes are considered28'29 to include not only the intramolecular
contacts in DBA itself but also interligand interactions and, all in
all, they will lead to an optimally strong π-bond between the metal
and the olefin fragment of the DBA. On these grounds the most
favourable DBA conformation will be s-cis,s-cis, in which the two
C = C fragments are oriented approximately in the trigonal planes of
the two Pd atoms. However, this does not provide sufficient
separation between the two metal centres. The s-cis,s-trans con-
formation is more suitable from the latter point of view.
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The interaction-between-the-metal-atoms factor does not of
course apply in "monometallic" complexes but the s-cis,s-trans con-
formation usually still occurs because of the DBA — DBA interligand
interactions. However, in (bipy)Pd(DBA), where there are no such
interactions, the DBA ligand is in the s-cis,s-cis conformation
(W-conformation) (Fig.8).30

at -60 °C all three coordinated DBA ligands have an s-cis,s-trans
conformation with the s-trans fragment of the ligand bonded to the
metal atom. On raising the temperature the following equilibrium
occurs:

Figure 8. Structure of (bipy)Pd(DBA) in the crystal.

The available experimental data on the strutures of DBA com-
plexes in the crystalline state thus agree fairly well with the prelimi-
nary assessments discussed above. The structures of the complexes
in solution have been studied by n.m.r. spectroscopy.31"33

In a CDCI3 solution the Pd2(DBA)3.CHCl3 molecule has the
three DBA ligands in the s-cis,s-trans conformation,33 as in the
crystal. Similarly, the : H n.m.r. spectrum of Pd2(DBA)3.CH2Cl2 in
CD2CI2 shows that one of the DBA ligands is in the s-cis,s-cis form,
also agreeing with the X-ray structural results.29

There was found to be a linear correlation between the values of
/(AB) and δ(Η) for the olefinic protons in the DBA ligands. Hence
the spin —spin interaction is determined by the same factors as the
chemical shift. In the opinion of Kawazura et al.31 the ability of
the ligand to form a donor-acceptor back bond with the metal
(π-back-donation) is one such factor. The capability of olefin
ligands for back donation in turn depends on two factors: the
geometry of the olefin (cis or trans) and the distance between the
metal atoms and the double bond.

From the results of MO calculations for olefinic complexes of
nickel34 with the metal and the C = C bond located in the same plane,
trans-olefms are more capable of back donation than cw-olefms. In
the case where all three DBA ligands are in the s-cis,s-trans form
(the CHCI3 solvate) the mean distances between the Pd and the
C = C bond (2.19-2.22 A) are shorter than in the CH2C12 solvate
where one ligand is in the s,cis,s-cis conformation. The interaction
of these two trends evidently also determines the structure of the
complexes in solution.

For the analogous platinum complex Pt2(DBA)3.CHCl3, whose
structure has not been determined by X-ray diffraction, lH n.m.r.
data for a solution in CDCI3 3 2 indicate that two of the DBA ligands
have the s-cis,s-trans conformation and one is in the s-cis,s-cis form,
as in Ref.31; the connection between /(Pt —H) and the capability of
DBA for back donation is discussed.

Studies have been made of the ! H n.m.r. spectra of M(DBA)3

complexes (M = Pd, P t ) 2 3 which will be more dynamic in solution
as compared to the binuclear M2(DBA)3 compounds.27 In CDCI3

In the Pt complex the amount of the equilibrium form containing
the s-trans,s-trans ligand may be fairly large. The authors attribute
this to more effective back donation in the Pt derivative than in the
Pd complex.

Thus DBA complexes of Pd and Pt have the same structure in the
crystalline state and in solution. The conformational and energy
characteristics of DBA as a potential ligand which were discussed
above apply almost totally in its complexes with the platinum metals.
In these derivatives DBA acts as an olefin with an electron-accepting
substituent and the compounds discussed can be regarded as π-olefin
complexes of platinum metals in low oxidation states.35

IV. METHODS OF PREPARING DBA COMPLEXES OF TRANS-
ITION METALS

For the preparation of DBA complexes of transition metals only
one method, the reaction of an excess of DBA with a metal salt in
the presence of a base, is used, 1.2.16.18,21,28,35-39 T l i e r e a c t i o n s a r e

usually carried out in an alcoholic or aqueous-alcoholic solution,
with sodium acetate or carbonate as the base.

A second method, the substitution of other ligands by DBA,39 has
no preparative value and is used only to determine the comparative
stability of the complexes of palladium with DBA and TBAA.̂ j

Pd(DBA)2 was first obtained1 by adding sodium acetate to a
methanol solution of a mixture of Na2PdCl4 and DBA (DBA/Pd^3)
heated to 60 °C. Cooling to room temperature gave a brownish
black crystalline complex of composition Pd(DBA)2 which is fairly
stable in air in the solid state but slowly decomposes in solution
depositing palladium metal. This complex is sparingly soluble in
CH2CI2, CHCI3, and benzene forming highly coloured solutions.

Pd(DBA)2 was later obtained37 by adding a hot aqueous solution
of K2PdCl4 to an alcoholic solution of a three-fold excess of DBA
and an eight-fold excess of NaOAc in alcohol in a nitrogen atmo-
sphere. However, the products had different i.r. spectra, as was
noted in Ref.28. If the complex obtained by the latter method37 is
recrystallised from CHC13 or CH2CI2 the product has an i.r. spectrum
similar to that of the specimen obtained by the first method.1 A
detailed investigation of the latter showed18'21 that its recrystallisation
from CHCI3 or any other organic solvent gives complexes with the
composition Pd2(DBA)3.Solv, where Solv represents a molecule of
the solvent used. A very convenient method for preparing Pd(DBA)2

HTBAA, PhCH = CHCOC(COCH = CHPh) = CHPh, (m.p. 112 to
113 °C) has an s-cis,s-trans conformation according to i.r., u.v., and
n.m.r. spectroscopic data.39
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is the addition of palladium chloride to a hot (~50 °C) methanol
solution of a mixture of DBA and AcONa (Pd/DBA/AcONa
ratios = 6/20/50).18 Ater the reaction mixture has been stirred at
40 °C for 4 h a reddish purple precipitate with m.p. 135 °C and the
composition Pd(DBA)2 is formed. This is evidently the complex the
authors of Refs.l and 2 were dealing with. Dissolving it in hot
chloroform gives a dark violet solution from which purple acicular
crystals with m.p. 122-124 °C and the composition Pd2(DBA)3.
.CHCI3 are deposited when ether is added. If Pd(DBA)2 is dissolved
in benzene, toluene, or dichloromethane, the corresponding solvates
Pd^DBA^.Solv, where Solv = C6H6, QH5Me, or CH2C12, crystal-
lise out.28 It is interesting that the complexes formed by
/7,/?'-dimethoxydibenzylideneacetone18'21 and /?,/?'-di-isopropyldi-
benzylideneacetone25 contain no solvent molecules but have the
composition Pd2L3, where L is the corresponding DB derivative.
Interconversion of the Pd2(DBA)3.Solv complexes occurs on recrys-
tallisation from the appropriate solvent.18 However, in the prepa-
ration of Pd2(DBA)3.Solv the use of chloroform is recommended28

because recrystallisation from this solvent gives the maximum
product yield (~80%). The palladium complex with p,p'-di-iso-
propyldibenzylideneacetone mentioned above was obtained by
dissolving the PdL2 initially formed in THF and then adding metha-
nol. It is interesting that in the preparation of tris(di-isopropyldi-
benzylideneacetone)dipalladium36 the reagents were mixed in the
"reverse" order: anhydrous sodium acetate was added to a hot
mixture of DBA and Na2PdCl4 in methanol; the yield of the final
product was 75%.

TBAA reacts with PdCl2 and AcONa under the conditions
described above18 to form, after recrystallisation from CHCI3, the
purple acicular complex Pd3(TBAA)3.CHCl3 in an 84% yield.39 As
with DBA, the precipitate formed initially gives the corresponding
solvate Pd3(TBAA)3.Solv on crystallisation from CHC13, CH2C12, or
benzene. Unfortunately the composition of the initial precipitate
was not determined. Like the Pd2(DBA)3.Solv complexes, the
TBAA complexes can be interconverted on recrystallisation from the
appropriate solvent.f When the reaction of PdCl2 with TBAA is
carried out in cyclohexanol instead of methanol, the cyclohexanol is
oxidised to cyclohexanone in an 81 % yield calculated on the basis of
the palladium chloride used in the reaction.39

Another palladium complex with DBA, mononuclear tris(dibenzyl-
ideneacetone)palladium, is also known. Pd(DBA)3 can be obtained
in two ways: by adding a four-fold excess of DBA to a benzene
solution of Pd2(DBA)3.C6H6

 3 8 or by the reaction of Na2PdCl4 with
DBA in aqueous alcohol in the absence of sodium acetate.37 In the
first case a mixture of the complex Pd(DBA)3 with free DBA is
formed. Chemical analysis of the complex indicates the presence of
one molecule of benzene to each molecule of the compound.
Pd(DBA)3.C6H6 dissociates readily in solution, giving Pd(DBA)2.
Thus, taking account of the results from Ref.28, we may conclude
that there is a series of DBA complexes of palladium in equilibrium
with each other:

DBA DBA

Pd2(DBA)3 ^ Pd(DBA)2 ^ Pd(DBA)3.

A similar mononuclear tris(dibenzylideneacetone)platinum complex
has been obtained.2 It is prepared by boiling K2PtCl4 with a three-
fold excess of DBA in methanol in the presence of sodium acetate.
Air or oxygen must be present but its role is not clear; chemical

fHence the scheme given in Ref.18 is also valid for TBAA
complexes.

anlaysis shows that the product contains no "extra" oxygen.
Maitlis et al.36 mention that Pt(DBA)2 is formed by the reaction of
K2PtCl4 with DBA in the absence of oxygen; however, in later
work37 these authors, referring to methods for preparing Pt(DBA)n

(n = 2, 3), do not mention anything about the determining effect of
oxygen or air. A comparison of methods for preparing Pt(DBA)2

and Pt(DBA)3 shows that the latter is formed in a more prolonged
reaction (4 h as against 10 min) and at higher DBA/Pt and
AcONa/Pt ratios (17/1.2 and 30/1.2 respectively, as against 10/3.6
and 35/3.6). Furthermore Pt(DBA)3 is formed at 40 °C but
Pt(DBA)2 in boiling ethanol (~80 °C). The two complexes are very
different in colour: Pt(DBA)2 is purplish black and Pt(DBA)3 is
canary yellow. The tris-complex dissociates completely to Pt(DBA)2

and free DBA when dissolved in organic solvents;2 this is indicated
by cryoscopic determinations of the molecular weight in benzene.
Pt(DBA)2 forms the solvates Pt2(DBA)3.Solv when it is dissolved in
such solvents as ΟβΗβ, CHC13, toluene, etc.19 These results have
been confirmed for the platinum complex with p,p '-di-isopropyldi-
benzylideneacetone.36 The addition of an aqueous solution of
K2PtCl4 to a boiling solution of NaOAc and p,p '-di-isopropyldi-
benzylideneacetone in ethanol (K2PtCl4/NaOAc/di-isopropyl-DBA
ratios = 7.2/73.0/15.7) followed by boiling for 1 h gave a black
complex of composition PtL2, where L = />,/?'-di-isopropyldibenzyl-
ideneacetone, which in THF forms a dark purple solution. After
evaporation of the solution and the addition of methanol violet-
black crystals of composition Pt2L3 slowly crystallised out. The
complex obtained in Ref.16 is evidently the solvate Pt2(DBA)3.
.CH2C12 and not Pt(DBA)2,

19 because it was produced by crystal-
lising the crude Pt(DBA)2 from dichloromethane. In the same
work16 the mixed complexes L2Pt(DBA) (L = PPI13) were obtained
by the reaction of L4Pt with DBA in toluene; this is another
example of the preparation of DBA complexes by ligand substitution.
Triphenylphosphine is easily displaced from Pt(PPh3)4 by other
α,β-unsaturated olefins;16 the complexes (Ph3P)2PtL', where L' is
4-phenylbut-3-en-2-one or l,3-diphenylprop-2-en-l-one, were
obtained in this way. The spectroscopic properties of these com-
plexes are similar to those of the DBA complexes. It is interesting,
in connection with this, that 4-phenylbut-3-en-2-one (benzylidene-
acetone) forms complexes with Fe° which have an Ti2-olefinic or
η 1 " 4 heterodiene structure17·40"47 depending on the nature of the
other ligands bonded to the iron atom. The formation of r|2-olefinic
complexes has also been observed in the reaction of 4-methyl-pent-
3-en-2-one with the Pt11 derivatives K2PtCl4 and (C^H^P^C^; 4 8 ' 4 9

with Pd11 π-allylic complexes are formed.50'51

Thus the DBA complexes with palladium and platinum which
were originally thought to have the composition M(DBA)2 in fact
have the more complex structure M2(DBA)3.Solv; another type of
DBA complex, M(DBA)3, is also known for palladium and platinum.
Finally, there are reports of DBA complexes of rhodium25 and
uranium22 containing respectively one and two molecules of the
ligand per metal atom. The rhodium derivative Me5C5Rh(DBA)
was obtained25 by the reaction of di^-chloro-bis(pentamethylcyclo-
pentadienylrhodium) with DBA in alcohol in the presence of
Na2CO3, i.e. by the usual method of preparing DBA complexes of
transition metals. The uranium complex UO2C12(DBA)2 was
isolated in the photodimerisation of DBA in the presence of
UO2C12.

22 It has long been known that DBA is dimerised to
l,3-diphenyl-2,4-dicinnamoylcyclobutane by UO2C12

 5 2 and SnCl4

 5 3

whereas photodimerisation in the absence of metal salts gives
l,2-diphenyl-3,4-dicinnamoylcyclobutane.54 The reaction of DBA
with metal salts has also been mentioned elsewhere.55"59 For
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example, under the action of alkali metal alkoxides the semicarb-
azone of trans,trans-ΌΒΑ cyclises to cis- and ira/w-l,2-diphenylcyclo-
pent-3-enes.55 Five-membered alicyclic compounds are formed by
the reaction of DBA with Os™ salts in the presence of Zn dust;56

reductive dimerisation gives l-styryl-2-cinnamoyl-3,4-diphenylcyclo-
pentanol in a quantitative yield. Electrochemical reduction of DBA
or the action of such reducing agents as Mg and Zn amalgams also
lead to reductive dimerisation but the yield of the cyclopentanol
mentioned above is very small.57"59 Similar reductive dimerisation
reactions occur in the Os^ —Zn system with other α,β-unsaturated
ketones.56

V. CHEMICAL PROPERTIES OF DBA COMPLEXES OF
TRANSITION METALS

Two types of reaction are characteristic for DBA complexes of
transition metals: substitution of the ligands without changing the
oxidation state of the central metal atom and oxidative addition
which, as a rule, takes place with substituion of the DBA ligands.
The reactivity of the palladium compounds has been studied most
thoroughly because these compounds are readily available and
stable. Note that the kinetic and thermodynamic stabilities of the
DBA complexes of Pd and Pt are diametrically opposed. The DBA
ligand is the most labile of the known π-ligands60 because it is easily
displaced even by such ligands as acetylenes; however, the thermo-
dynamic stability of DBA complexes of transition metals is comparable
with the stability of such strong complexes as the π-allylic complexes.
For example, the dissociation energy of the Pt —DBA bond is
273 kJ mol"1 6 1 which is greater than the corresponding energy of
the Pd —π-allyl bond in bis-n-allylpalladium chloride (237 kJ mol"1).

1. Ligand Substitution Reactions

Even in the earliest work on the chemistry of DBA complexes1'2

the high tendency for coordinated DBA to be replaced by various
ligands was noted. The strength of the reaction depends on the
nature of the metal atom and the properties of the substituting
ligand. A soft base such as triphenylphosphine reacts with
tris(dibenzylideneacetone)dipalladium, replacing all the ligands and
forming tetrakis(triphenylphosphine)palladium:18·21 even a large
excess of the harder base bipyridyl (bipy) replaces only two DBA
molecules on reaction with Pd2(DBA)3 in acetone, forming the
unstable complex (bipy)Pd(DBA).18'21 Pyridine (py) and o-phen-
anthroline (phen) react similarly. Complete replacement of DBA
from the platinum complex Pt2(DBA)3 occurs only on reaction with
the stronger π-acceptor AsPh3 (reagent ratio AsPh3:Pt2(DBA)3 =
4);18 reaction with an excess of R3P (R = Me, Et, Ph) or a
deficiency of AsPh3 [AsPh3: Pt2(DBA)3 = 2] gives the partially
substituted products L2Pd(DBA) (L = PMe3, PEt3) PPh3, AsPh3).16

These results indicate that the DBA complexes with platinum are
more stable and also that the strength of the metal —DBA bond
increases with the degree of substitution. This may be due to the
stabilising effect of the η-donor ligands; however, the results of a
thermogravimetric study18'21 show that the stepwise detachment of
DBA ligands from a palladium complex occurs even in the absence
of other ligands.

From a practical point of view the reactions of DBA complexes
with olefins are the most interesting because they are at present the
only method for preparing olefinic π-complexes of Pd° of the type
L2Pd(olefin).62

(a) Reactions with olefins. Pd2(DBA)3 reacts with olefins
without «-donor ligands being present but the olefinic complexes
formed have not been isolated because they decompose to palladium
metal and free DBA under the reaction conditions used (acetone,
room temperature).18·63·64 Stable (olefin)PdLn complexes are
formed if ligands such as bipy, phen, or P(OR)3 are present in the
reaction mixture together with the olefin.18'63"65 The stability of the
complexes formed is determined by both the nature of the olefin and
the basicity of the ligand L. Only olefins with electron-accepting
substituents form stable complexes; for stable complexes to be
formed the lower the π-accepting ability of the olefin the greater
must be the σ-donor properties of the ligands. A table showing the
effect of the nature of the olefin and the ligand L on the stability of
(olefin)PdLn type complexes has been published.18'64

Table 4. Stability of the palladium olefin π-complexes
(olefm)PdLrt.

66

Olefin

Maleic anhydride
Dimethyl fumarate
Divinylsulphone
Dimethyl maleate
Acrylonitrile

e

2.25
1.49
1.33
1.27
1 20

L

bipy phen

+

tmeda ·

+

P(OI'h),

++

P(OMe),

f
PPh,

M
i

l
l

Note. + + ) complex stable and can be isolated; +) a complex is
formed but decomposes during isolation; -) no complex formed.

*tmeda = tetramethylethylenediamine.

The e values given in Table 4 are taken from Ref.66; they
characterise the electronic properties of a grouping bonded to a vinyl
radical, e < 0 for electron-donating, and e > 0 for electron-
accepting substituents. Syrene (substituent = phenyl), for which
e = -1 , is used as a standard.

Stable complexes are formed only with olefins which have
e Ss 1.20. Olefins with e < 1.20 [butyl acrylate (1.06), methacrylo-
nitrile (0.81), acrylic acid (0.77), methyl vinyl ketone (0.68), and ethyl
acrylate (0.22)] do not give stable olefinic complexes even when
L = bipy; in all cases (bipy)Pd(DBA) compounds are formed. It
also follows from Table 4 that stable complexes are formed with
such good σ-donating and weak π-accepting ligands as bipy and
phen; less powerful σ-donors, e.g. tmeda and P(OR)3, form com-
plexes only with a very strong π-acceptor, such as maleic anhydride.
The weak σ-donor PPh3 does not form stable mixed complexes with
any of the olefins listed in Table 4; in all cases Pd(PPh3)n is formed.

The reactions of olefins with Pt-complexes of DBA are similar16'66

but as platinum is more nucleophilic than palladium67 stable olefinic
complexes are formed even with phosphines and arsines. The
following complexes have been obtained:39 (PPh3)2Pt(olefin) (where
olefin = 4-phenylbut-3-en-2-one or l,3-diphenylprop-2-en-l-one),
(PEt3)2Pt(CF2 = CF2), and (AsPh3)2Pt(CCl2 = CC12). Similar com-
plexes are formed in the reaction of L2Pt(DBA) with olefins.39

DBA is thus displaced from its complexes by an olefin such as
tetrachloroethylene which is capable of displacing stilbene and
diphenylacetylene from (PPh3)2Pt(olefin) complexes.68·69 In the
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sequence indicating the ease of substitution of ligands60 DBA is
placed next to acetylenes:

G,H4 < C.H2« DBA < (CN)S C=C (CN)2 < (CO « PPh3) <
< O2NC0H4C=CCeH4NO2.

/7-Quinones react with Pd2(DBA)3 in the presence of neutral ligands
similarly to olefins, forming L2Pd(quinone) type complexes,28 which
can also be obtained by reactions of PdL4 with the corresponding
quinones.70 However, the preparation of π-quinone complexes of
palladium via the DBA complexes is more advantageous and gives
products with a higher degree of purity and greater yields.

The reaction of olefins with DBA complexes of palladium in the
presence of neutral ligands thus gives previously known67 Pd°
derivatives; their stability is governed by the delicate electronic
balance between the donor and acceptor properties of the neutral
ligands and the olefins. Quite recently, by combining electron-
donating and electron-accepting olefins, a group of Japanese
authors7 1 '7 2 has prepared mixed olefinic complexes of Pd° by the
reaction of Pd2(DBA)3 with an electron-accepting olefin in the
presence of an excess of an electron-donating olefin or diene. The
acceptor olefins used were maleic anhydride, dimethyl fumarate, and
tetracyanoethylene, and the donor olefins were cyclo-octadiene,
norbornadiene, norbornene, and cyclopentene.

New tri-coordinated complexes of Pd° have been obtained by this
method. Up to the present only two purely olefinic π-complexes of
Pd° are known: (cod)2Pd, where cod = cyclo-octa-l,5-diene,73"76

and (CH2 = CH 2) 3Pd; 7 3 ' 7 5 the method for preparing mixed olefinic
derivatives proposed in Refs.71 and 72 offers further prospects for
obtaining these practically important compounds. The stabilisation
of Pd° by a combination of electron-donating and electron-accepting
olefins evidently plays an important role in the palladium-catalysed
cyclotrimerisation reactions between dimethyl acetylenedicarboxylate
(an electron acceptor) and norbornadiene or norbornene (electron
donors).77

(b) Reactions with acetylenes. Another very interesting aspect of
the reactivity of DBA complexes of palladium and platinum is their
reaction with acetylenes. The investigation of these reactions has
provided many fundamentally important results which are of general
significance for the chemistry of organometallic compounds of
transition metals.

The ability of DBA complexes of palladium and platinum to react
with alkynes has been mentioned in earlier work devoted mainly to
the study of reactions with olefins.16·20'39'64

The reaction of (PEt3)2Pt(DBA) with hexafluorobutyne in toluene
at room temperature over a period of 48 h gives a quantitative yield
of the known complex (PEt3)2Pt(CF3C = CCF3). 1 6 The same
product is formed by the reaction of (DBA)2Pt with an excess of
hexafluorobutyne in the presence of triethylphosphine18'20 or of
tetrakis(triethylphosphine)platinum with C F 3 C s C C F 3 . 7 5

The reaction of acetylenes with DBA derivatives of palladium has
been studied more thoroughly. The reaction of Pd2(DBA)3 with
dimethyl acetylenedicarboxylate (dmad) in the absence of phospho-
rus-containing or any other stabilising ligands leads to the formation
of a polymeric cyclopentadiene-palladium complex which was
isolated and characterised by its lH n.m.r. spectrum.64

A similar metalladiene complex of platinum, platinacyclopenta-
2,4-diene, is formed by the reaction of dmad with Pt(DBA)2 or
Pt(DBA)3.

76 It was not isolated pure but was characterised by the
'H n.m.r. spectrum and by conversion to the bis(triphenylphosphine)
adduct {(PPh3)2Pt[C(COOMe)]4}rt. These metallacyclopentadiene

complexes are suggested to be intermediates in the cyclotrimerisation
of acetylenes catalysed by Pd° and Pt° compounds.76

The results of the reaction of Pd2(DBA)3 with dmad in the
presence of η-donor ligands depend to a considerable extent on the
nature of the ligand used.64'77 In the case of PPh3 a bis(triphenyl-
phosphine) complex of Pd° with dmad is formed initially; this
complex reacts with a second dmad molecule to form palladiacyclo-
pentadiene. P(OPh)3 also reacts with Pd2(DBA)3 and dmad to
give bis(triphenylphosphite)(dmad)palladium(0) in the initial stage
but the latter complex is not converted to palladiacyclopentadiene
on reaction with excess of the alkyne. However, treatment of the
polymeric palladiacyclopentadiene with triphenyl phosphite gives
bis(triphenylphosphite)palladiacyclopentadiene as expected.
Bidentate «-donor ligands (bipy, phen, tmeda, dmg, bte, badn)f react
with Pd2(DBA)3 in the presence of dmad, by-passing the π-acetylene
complex stage, and forming the corresponding palladiacyclopenta-
diene straightaway. It is interesting in this regard that the reaction
between bipy, Pd2(DBA)3, and maleic anhydride takes place with
intermediate formation of a π-olefinic complex which is later
converted to palladiacyclopentadiene. The stability of the inter-
mediate π-acetylene complex therefore depends on the nature of the
η-donor ligand, as follows: bipy at phen <̂  PPh3 < P(OPh)3. In
this sequence from left to right there is a marked increase in the
π-accepting ability of the ligands which will stabilise the π-acetylenic
derivatives of Pd0.7 8

The palladium complex of TBAA referred to previously reacts
with dmad in the presence of bipy to form the bipyridyl complex of
palladiacyclopentadiene.39

(c) Preparation of enyl type complexes. The ability of DBA
derivatives of Pd to form π-allyl complexes by oxidative addition of
allyl substrates, which was mentioned in the early work of Japanese
authors,1 is a characteristic property of Pd° compounds. μ-Bridging
bis-Tt-allylpalladium halides or cationic π-allyl complexes can be
obtained depending on the way the reaction is carried out. For
example, the reaction of Pd2(DBA)3 with methylallyl chloride in
benzene gives di^-chloro-bis(n-methylallylpalladium);1 allyl
bromide, allyl chloride, but-2-enyl chloride, and cinnamyl chloride
react similarly. The rate of oxidative addition varies in the order:64

C3H6Br > C3H6C1 > 2-C4H7Cl > 1 -C4H7C1 > S-PhGjH.Cl.

For example, the reaction with allyl chloride takes 5 min but with
cinnamyl chloride 30 min are required.

If the complex (bipy)Pd(DBA) is used in the reaction with the
allyl halides or Pd(DBA)2 is used in the presence of bipy, then
cationic π-allyl complexes of palladium are formed.64 The reactions
of the allyl halides with the complex (TBAA)3Pd3.CHCl3 are
similar.39 However, all these reactions are of no practical interest
for the preparation of π-allyl complexes of palladium. Unfortu-
nately π-allyl halide compounds of platinum, which are difficult to
obtain, cannot be produced by this method. The reaction of DBA
complexes of Pt with allyl halides takes place in the presence of
donor ligands and gives cationic π-allyl compounds of platinum
which are of little interest from a practical point of view.

Allyloxyphosphonium and allylisothiouronium salts react with
Pd2(DBA)3 in a similar way to the allyl halides; in the presence of
donor ligands cationic π-allyl complexes of palladium are formed in
high yields.79

Jdmg = dimethylglyoxime, bte = l,2-bis(methylthio)ethane, and
badn = biacetyldianil.
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In all the work quoted above in this section1'39'64·79 the π-allyl
complexes are formed from compounds which already contain an
allylic system (allyl halides, allyloxyamidophosphonates, allylisothio-
uronium salts, etc.), so that the production of π-allylic compounds is
not unexpected. On the contrary, in view of the clear tendency
of palladium to form π-allylic type complexes,80 the isolation of
π-allylic derivatives from these reactions is a normal result.

From this point of view the series of papers on the reaction of
DBA complexes of palladium and platinum with triphenylmethyl
chloride81"83 and triarylcyclopropenylium bromide84"86 form a clear
contrast. Although the benzyl group is known to be capable of
r|3-type bonding with a transition metal atom,87"92 the formation of
a π-allylic ligand from triphenylmethyl precursors has not been
established with a sufficient degree of certainty.93 Complexes of the
{M[CPh2(C6H4X)]Cl}n (M = Pd, Pt; X = H, F, OMe) type have
been obtained by the reaction of dibenzylideneacetone derivatives of
palladium or platinum with substituted triphenylchloromethanes.82

For these compounds a dimeric structure with a Pd2Cl2 bridging
fragment was proposed on the basis of the far infrared spectra
[v(M —Cl) = 288 cm"1] and molecular weight determination. X-Ray
structure determinations on acetylacetonate derivatives83 showed that
the Pd and Pt compounds are isostructural and there is T|3-coordina-
tion of the CPh3-ligand with the metal atom, i.e. the structure of the
complex in the crystalline state is:

Ph

M=Pd ,

The importance of this work81"83 is that the results obtained
enable the structure of similar nickel complexes, which were prepared
as long ago as 1966,93 to be described correctly.

Interesting structure types of ri3-complexes have been reported.84"86

The reaction of DBA complexes of palladium and platinum with
phenyl-substituted cyclopropenylium bromides gives sparingly
soluble complexes of the [M3(C3R

1R2)2Br] type which undergo
reactions that are typical of complexes with bridging M2CI2 frag-
ments.86 An X-ray structure determination was carried out on
Pd3[C3Ph(/7-MeOC6H4)2]2(acac)2. The structure85 can be described
as two palladiacyclobutenyl "units" {(acac)Pd(C3R

1Ri)}, with
ri3-type bonding of each of them to a third palladium atom:

Pd2(DBA)3 + Me C

\

Ph

Br Me COO pd

B1

Treatment of this complex with aqueous NaOH regenerates
the original Pd2(DBA)3, reactions with thallium β-diketonates or
cyclo-octa-l,5-diene in the presence of AgPF6 lead to cleavage
of the μ-bromide bridges and formation of monomeric [(PhCH =
CHC(OCOMe)C2H2Ph)Pd(acac)] or {[PhCH = CHC(OCOMe).
.C2H2Ph]Pd(cod)]PF6.

The formation of a π-allylic ligand can be represented as attack
by MeCO+ on the oxygen atom of the carbonyl group in DBA; a
similar process—the formation of allylic complexes of iron by the
reaction of MeCO + BFJ with Fe[RCH = CHC(O)R1](CO)4—has been
reported.95

2. Other Reactions of DBA Complexes of Palladium and Platinum

Some of the reactions discussed in this section have been
mentioned previously. For example, the total replacement of DBA
by phosphines,16'28 and partial substitution by bipyridyl and phen-
anthroline18'21 and also by phosphines and arsines.16 Below we
shall consider reactions of DBA derivatives, mainly those of
palladium, which also take place with total or partial replacement of
the DBA and lead to the formation of various palladium complexes
which are, in a number of instances, difficult or impossible to prepare
by other methods. A common feature of the reactions discussed
below is oxidation of the metal atom (particularly palladium to form
Pd11 derivatives), i.e. these processes are essentially reactions in
which there is oxidative addition to a complex of palladium in a
low-valent state. However, the special properties of DBA
complexes lead, in this instance, to unexpected results. For
example, the oxidation of triphenylphosphine complexes of
zerovalent nickel, palladium, and platinum by oxygen is known to
give peroxo-deriva-tives of these metals.96 The dibenzylideneacetone
derivative of palladium does not form peroxo-complexes under these
conditions; the oxidation of Pd2(DBA)3 by oxygen in the presence
of bipy gives (bipyridyl)dihydroxopalladium18'64 and formaldehyde.
The forma-tion of formaldehyde in this reaction presupposes the
intermediate formation of (bipyridyl)peroxopalladium which is
reduced by methanol to the dihydroxo-complex. It is interesting
that oxidation of (bipy)Pd(DBA) by the action of 7% H2O2 in
methanol also gives (bipyridyl)dihydroxopalladium.64

The oxidation of Pd2(DBA)3 by oxygen in the presence of
dimethylglyoxime takes place quite differently:18'64

/H·

Λ'ΟΗ

Pd2(DBA)3 + 4
/ \

Ο
I

NOH / =

+ 3DBA + H,O.

Thus during the reaction a C —C bond in the cyclopropenyl ring
has been broken; in the unsymmetrically substituted phenyldi-
(4-methoxyphenyl)cyclopropenylium bromide it is predominantly the
MeOC6H4C-CC6H4OMe bond that is broken.

Another unusual r|3-complex has been obtained by the reaction of
Pd2(DBA)3 with acetyl bromide:94

All the oxygen is quantitatively used in converting the oxime
hydrogen to water; similar reactions are observed with acetylacetone
and 8-quinolinol.64

In the reaction of (L-L)Pd(DBA), where L - L = bipy or phen,
with aroyl- or tosyl azides the DBA ligand is displaced and amide
derivatives of palladium(II) are formed:97
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j | >Pd(DBA) + RN3 -5CM- £ / W < ^

R=4-MeCeH4CO, X=N3, L—L=bipy;
R=Ts, X=NHTs, L—L=bipy;

R=Ts, X=NHTs, L—L=phen.

(L—L)Pd(N3)2 type complexes, which were identified by i.r. spectro-
scopy, are formed as by-products. If the reaction is carried out in
methanol instead of ethanol the amount of by-product increases.

Table 5. Use of dibenzylideneacetone complexes of palladium as
catalysts.

1203

Reaction

Η,
PhCsCH —>- PhCH=CH,

θ
R'CH^ClRICHR'OAc+Nu -> RICH=C(R')CHR»Nu+

® e Θ _
+R>(Nu)CH(R«)=CHR·; Nu=CH(COOMe),, C,H©
RC ( OU,=CHRH^OA^RC<O,CH/X.

ο ο.
1 ° + X-/x/OAc-* 1

Ν ^ / Ν

1 1
Ph Ph

R'C(O) / N QO)R>+ <^N—OZ-^R'Ci/^^
II NCR·
° 11

0
Z-Me. PhCH,, Ac, Ph

COOR

{
Ο

cH-=<i+iT°-rT°i
x ^ N/X-'V
R R1

A,— "̂ ΟνΤ* χτ^

PhCH(Me)Br -» PhCH(Me)CH(Me)Ph

ArCHA + CO -» ArMe + ArCH,CH,Ar

Ο

Ο ~ *

H. + O.-.H.O,

II

~~ ο

jf^f + CO, -S**^/ V-

RhCH=CHt + CO + MeOH -> PhCHCOOMe

Me

Catalyst

Pd2(DBA)3.CHCl3

Pd2(DBA)3.PhC^H

Pd(DBA)2.DPPE

Pd2(DBA)3.DPPE

Pd2(DBA)3

Pd(DBA)2.DIOP

Pd2(DBA)3.CHCl3.L
L = PPh3,DPPE

Pd2(DBA)3.CHCl3

Pd(DBA)2-PR3

Pd(DBA)2-PR3

R4N[Pd(OH)DBA2]

Pd(DBA)2

Pd2(DBA)3.PR3

Pd(DBA)3

Pd(DBA)2

Pd(DBA)2.PR3

Pd2(DBA)3

Pd2(DBA)3

Pd2(DBA)3

Refs.

[118]

[119, 120J

[121]

[122]

[123]

[1241

[125]

[126]

[127]

[127]

[128]
[129]

[1301

[131]

[132J

[133]

[134]

[135]

[136]

Table 5 (contd.).

Catalyst Refs.

CH,=C=CH, + H2O

II
CH.-=C=CH, + ROH ~> / N f . / N

O R

R

ArCl + R,Si, -

II

c Ν
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X . .

—x_
- o '

N

=o

CN
1

2 / Ο , xCOOR

c o H>°

O-Qi^P
RX /COOMc R\

I c o Rv

R'CsC-C-OCOMe ~ M e 0 H ' R 1 <

R'

Ο HCOOH/NEt,

Pd(DBA)2.PR3

Pd(DBA)2.PR3

Pd(DBA)2.PR3

Pd(DBA)2

Pd(DBA)2

Pd(DBA)2.MeCN

Pd2(DBA)3

Pd(DBA)2.PPh3

Pd2(DBA)3.CHCl3.PPh3

Pd(DBA)2.DPPE

Pd2(DBA)3.CHCl3.PR3

Pd(DBA)2-DPPE

Pd(DBA)2.DPPE

Pb2(DBA)3

Pd2(DBA)3.diphos

Pd2(DBA)3

Pd2(DBA)3

Pd2(DBA)3.PPh3

Pd2(DBA)3

Pd2(DBA)3

[137]

[137J

[137]

[138—140]

[141]

[142J

[143, 144]

[145]

[146]

[147]

[148]

[1491

[150]

[151]

[152]

[153]

[154J

[155]

[156]

[157]

[158]

[159]

Benzoyl isocyanate reacts with (bipy)Pd(DBA) by a completely
different route, forming a metallaoxazoline ring by 1,4-addition of
Pd° to the heterodiene system:98

(bipy)Pd(DBA) + Ph— '/ — • (biPy) P d '
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A similar palladiathiazoline complex is formed by the reaction of
(bipy)Pd(DBA) with thiobenzoyl isocyanate.98 The same compound
is obtained in a quantitative yield by the reaction of (bipy)Pd(DBA)
with 2-phenylthiazoline-4,5-dione.98 During the reaction CO is
liberated vigorously; it is assumed98 that a palladiathiazine deriva-
tive is formed initially and this is converted to the palladiathiazoline
complex with elimination of carbon monoxide. However, under the
same conditions the biacetylanil derivative of dibenzylideneacetone-
palladium reacts with phenylthiazoline-4,5-dione without elimination
of CO, giving a 76% yield of the palladiathiazoline complex. This
complex does not eliminate CO even on heating.

The use of dibenzylideneacetone complexes to obtain various
σ-derivatives of palladium and platinum is described in a series of
papers. 1 0 0 " 1 0 6 § σ-phenyl complexes of palladium with sterically
hindered phenoxy groups have been synthesised by the Reutov —
Sokolov method (see Ref.108); the preparation of σ-palladiated
complexes by using Pd(DBA)3 has been reported.109"115

In all the reactions listed above in this section there is oxidative
addition of the various substrates to Pd° with formation of Pd11

derivatives. There are two reports in which DBA compounds of
Pd° react either without a change in the formal oxidation state of the
palladium114 or with the formation of formally univalent palladium
derivatives.115

In Ref.114 complexes of palladium with 1,4-diazabutadienes were
obtained starting from Pd2(DBA)3, Pd3(TBAA)3, and Pd3(TTAA)3

(TTAA = tritoluylideneacetylacetone) which was synthesised by the
authors. However, the anticipated (l,4-diazabutadiene)Pd(DBA)
type complexes could not be isolated because they are too unstable.
In the opinion of these authors114 the reason for the instability of
such compounds is the imbalance between the electron-donating and
electron-accepting properties of 1,4-diazabutadiene and DBA.
Whereas the former is a strong σ-donor, the π-accepting properties
of DBA are clearly insufficient to reduce the electron density on the
metal atom. To stabilise the complexes it is necessary to use either
less basic diazabutadienes or ligands which are better π-acceptors
than dibenzylideneacetone. Hence the principles governing the
choice of ligand will be approximately the same as in the preparation
of π-olefinic complexes of Pd° starting from Pd2(DBA)3 (see above).
In fact, the introduction of strongly electron-accepting substituents
into the 1,4-diphenyldiazabutadiene molecule led to the formation of
a stable Pd° compound. On the other hand, the use of electron-
accepting olefins [tetracyanoethylene (TCNE), maleic anhydride
(MA), dimethyl fumarate (DMF), and diethyl fumarate (DEF)] as
co-reagents enables olefin-diazabutadiene complexes of Pd° with
more basic diazabutadienes to be obtained:

Pd2(DBA)3 + + olefin -+ (π-οΜϊη)Ρά

R

R

R = Bul, R ^ H , olefin = TCNE; R = Bu\ R1 = H, olefin = MA;
R = Pr\ R ^ H , olefin = MA; R = cyclo-C6HU, R ^ H , olefm = MA;
R = cyclo-C3H5) R1 = Me, olefin = DMF; R = 4-MeOC6H4, R

1 =H,
olefin = DMF; R = 4-MeOC6H4) R

1 = H, olefin = DEF;
R = Bu\ R ^ H , olefin =DMF; R = Bu\ R ^ H , olefin = DEF;
R = Pr2CH, R1 = H, olefin = DMF.

§For more detail see the review in Ref.107.

A comparison of these results with those in Table 4 shows that all
the diazabutadienes used have σ-donor properties which surpass
those of such strong σ-donors as trimethyl and triphenyl phosphite
and resemble those of tetramethylethylenediamine.

The reaction of Pd2(DBA)3 with an excess of MeNC gives solutions
which are stable in the absence of air and which react with iodine to
give the Pd11 derivative (MeNC)2PdI2. The Pd2(DBA)3/MeNC
system is concluded to be a synthetic equivalent of Pd(MeNC)x

species. The reaction of Pd2(DBA)3 and methyl isocyanide with
[(MeNC)4Pd](PF6)2 gives dimeric Pd1 complexes in a good yield.115

Similar dimers containing Pd-Pd, Pd — Pt, and Pd —Mn bonds
have been obtained.116·117

VI. USE OF DBA COMPLEXES OF THE PLATINUM METALS AS
HOMOGENEOUS CATALYSTS

DBA complexes, particularly those of palladium, have recently
been intensively studied as catalysts of very varied reactions. An
attempt to classify this work is made in Table 5.

It appears from the examples given in this table that catalysis by
DBA complexes of palladium in essence differs little from catalysis
by other Pd° complexes160'161 but the use of DBA catalysts is to be
preferred because of their easy accessibility and the simplicity of
working with them.

. . . o O o - - -

The bulk of the work on the chemistry of DBA complexes of
transition metals and determination of their structures was carried
out in the period 1971 — 1974 and subsequent publications relate
mainly to their use as reagents, catalysts, etc. DBA derivatives of
palladium and platinum are now firmly established in preparative
organometallic chemistry as highly reactive starting materials
suitable for the synthesis of the most diverse classes of organo-Pd
and organo-Pt compounds. However, the DBA molecule may
be of interest in organometallic chemistry not only as an olefinic or
dienone ligand as such but also as a model structural fragment in a
number of more complex organic molecules of other classes. For
example, metal complexes with semi-quinonoid π-ligands can be
regarded162 as unusual "closed" analogues of DBA complexes like
(DBA)RhC5Me5,

26 as follows:

n = 21.6°

The validity of this analogy is confirmed by the considerable
similarity observed in the angles α and β, which characterise the
conformational changes in the dienone system resulting from
π-coordination of the double bonds to the transition metal atom.162
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