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THE REACTIONS OF CARBON DIOXIDE WITH DIALKYL COMPLEXES OF PALLADIUM (II)
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Dialkylpalladium complexes, [Pd(CH;),L,] and [PA(C,Hg) Lyl reacted
with co, to yield CO,-coordinated complexes, [Pd(CH3)(C02)L2] (L =
PEt3, 1, and PMeth, 2 (isolated as an acetone solvate)) and [Pd(C2H4)—
(COZ)LZ] (L = PEt3, 3, and PMePh2, 4) , respectively. Complexes i,— i{

2

were isolated and characterized on the basis of elemental analysis,

chemical reactions, IR, and lH—NMR spectral evidence.

In recent years much attention has been focused on the interaction of carbon
dioxide with transition metal compounds.l) In spite of a considerable number of
hitherto known CO2
been reported on the palladium complex, although the catalytic ability of [Pd(CO3)—
(PPh3)2]2) and [Pd(dpe)2]3’4) (dpe = Ph?PCH2CH2PPh§) has been claimed in the catalytic
fixation of CO2 to produce formamides,2 ) 4)

-coordinated and/or -inserted transition metal complexes, none has

formates, and formic acid. Here we

report the synthesis and characterization of several new C02—coordinated palladium
complexes which were prepared by the reactions of gaseous carbon dioxide with some

dialkyl complexes of palladium(II).S)

On passing co, through a colorless clear solution of trans—[Pd(CH3)2(PEt3)2]6)
in hexane at room temperature for ca. 15 h, the white precipitate gradually
accumulated in the solution with an accompanying evolution of methane. Recrystalli-
zation of the precipitate from acetone yielded white crystals whose stoichiometry
corresponded to [Pd(C§3)(C02)(PEt3)2] 1l on the basis of spectral ang)chemical
evidence (vide infra). Similar reaction of gigf[Pd(CH3)2(PMePh2)2] with co, in
toluene afforded [Pd(CH3)(COZ)(PMePh2)2], recrystallization of which from acetone
yielded white crystals 2 which contained one mole of acetone as a crystallization

solvent.

[Pd (CH L2] + CO —_— [Pd(CH3)(C02)L2] + CH4

3)2 2

PEt.,
L = 3

PMePhZ, 2 (as acetone solvate).

L

Complexes 1 and 2 are insensitive to air in a solid state at room temperature and
decomposed at 85-90°C and 106-110°C, respectively in vacuo.

Treatment of 1 and 2 with conc. HZSO4 released quantitative amounts of methane

and Co, on the basis of their formula. Decomposition of 1 with DZSO4 evolved a

theoretical amount of CH3D. Thermolysis of 2 in vacuo at 220°C released CH,, C,H¢

and C02. Reaction of 1 and z,with methyl iodide led to the formation of [Pd(CH3)IL2]
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Table 1. IR spectra of Pd—CO2 complexes (KBr, cm—l)
Compounds CO2 bands § (C-H)
[Pd(CH3)(C02)(PEt3)2] 1 2610w, 1610s, 1350s, 825m ll80ma)

[PA (CH,) (CO,) (PMePh,),]- (CH;) ,CO 2 2605w, 1605s, 1405s, 1350s, 835m  1185m™

[Pd(C2H4)(C02)(PEt3)2] 3 2600w, 1630s, 1350s, 830m 1160m o)

[Pd(C2H4)(C02)(PMePh2)2] 4 2600w, 1605s, 1400s, 1360s, 832m 1170mb)

a) ¢§(C~H) of Pd—CH3. b) S (C-H) of coordinated C Hy.

with the accompanying evolution of CH, and CO,. All the chemical evidence suggests
the presence of co, and CHy moieties coordinated to Pd in complexes 1 and 2. The
IR absorptions assignable to the coordinated co, in 1 and 2 are listed in Table 1.
The similar absorptions have been reported for [Rh (C02)2(CO)2(PPh3)3] CeH 68)
[Cu(O CCH )(CO )L ] (L = PPh39) and P(C 1l)310)) 8§ (C-H) Values (also included in
Table 1) and v(Pd—C) (530 cm_l for 1 and not discernible for 2) are all somewhat

5) The lH NMR
spectra (100 MHz at 25°C, chemical shifts are in § values with respect to tetra-

methylsilane as an external standard, downfield positive) Of,k in (CD3)2CO and 2 in

and
higher than those of the corresponding parent dialkyl complexes.

CD2C12 were consistent with the postulated formula. 1: 0.03 ppm (triplet, 3JP_H =
6 Hz, 3H, Pd-CH ), 1.75 ppm (multiplet, 12H, P-CH —), and 1.20 ppm (quintet,

oy 0~ e Hz, 18H, P-C-CH,); 2: -0.03 ppm (broad singlet, 3H, PA-CH;), 1.86
ppm (singlet, 6H, P- CH ), 7.56 and 7.36 ppm (multiplet, 20H, P-Ph), and 2.07 ppm
(singlet, ~6H, (CH3)2CO). The broad singlet at -0.03 ppm in 2 split into a triplet
by lowering the temperature to -40°C indicating the presence of a dissociation of 2
in the solution at 25°C.

The fact that complexes 1 and g give well-resolved lH—NMR signals with Pd-CH3
resonances at the normal positions indicates that the complex is diamagnetic and the
central palladium metal should be divalent. In order to meet these requirements,
the binuclear structure with a spin-spin interaction between two Pd atoms of the
types either [I] or [II] are postulated as possible structures for 1l and 2. The
molecular weight measurement (vapor pressure osmometry in benzene) for 1l and 2
exhibited the values close to the mononuclear structure (460 for 1 and 550 for E)'

However, these findings do not exclude the possibility of [I] or [II], since the

CO CH3 (e{0]
\|/ At L] A0 L s
d CPds-eeeee-- - Pd Pd
/ \ /\ L v \(coz)/l Y T A
C02 CH3
[T] [TT] [ITII]

! I
L*-C = PEt (CH CH ) for L
and PMe(Ph)(—t}) for 2.
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possible dissociation of the tertiary phosphine ligand in l}and E,in the solution, as
suggested by the NMR spectral observation, may cause the decrease in the apparent
molecular weight value. The alternative possible structure [III], in which metalla-
tion of carbon atoms in the phosphorus ligand is involved, can not be ruled out at
the present time, as the metallation of phenyl ortho carbon in the arylphosphine

complexes is now amply demonstrated. A few examples of metallation of alkyl carbon
in some tertiary phosphine complexes is also known for e.g., [Ru(MeZPCHZCHZPMeZ)z],lzx
[PtCl(—CHZCH2CH2PBut2)(PButzPrn)],l3) and [ﬁdCl{P(g—tolyl)z(C6H4éH2)}{P(gftolyl)3}].14)
Bubbling CO2 into a hexane solution of the diethyl complex, trans—[Pd(Csz)z—

(PEt3)2],5) at -20 to -40°C for 15 h yielded a thermally unstable white powder

which was characterized as a zerovalent palladium complex, [Pd(C2H4)(C02)(PEt3)2] 3
(vide infra). Similarly obtained was [Pd(C2H4)(C02)(PMePh2)2] 4 by the reaction of
[Pd(C2H5)2(PMePh2)2]5) with co, in toluene at -20 to -40°C for 15 h. Complexes 3 and
i decomposed at room temperature and 50°C, respectively, releasing CO2 and ethylene

L,] + CO

[Pd(C2H5)2 2 2

—_— [Pd(C2H4)(C02)L2] + C.H

276
y ={PEt3, %
PMeth, i
(1:1) whose amounts were close to the theoretical values calculated on the basis of
their formula. Treatment of 1 and % with HZSO4 evolved CO2 and ethane (1:1). Their
reaction with an excess amount of methyl iodide yielded [PdI2L2] (L = PEt, and PMeth)
with an accompanying evolution of C02, C2H4, CH4, and C2H6° The IR spectra of 3
and i are very similar to those of l,and %, respectively. Characteristic IR
absorptions of 3 and i are included in Table 1. A similar value of 1203 cm_l for
§ (C~H) of the coordinated ethylene has been reported for [Pd(C2H4)(PPh3)2].15) The
lH--NMR spectrum of 3 (in (CD3)2CO) and 4 (in CD2C12) at -40°C showed only signals
due to the tertiary phosphine ligand. 3: 1.72 ppm (multiplet, 2H, P—ng—) and 1.14
ppm (quintet, 3JP_H Q§3JH_H5¥ 8 Hz, 3H, P—C—C§3); 4: 1.82 ppm (broad singlet, 6H,
P—C§3) and 7.63 and 7.42 ppm (multiplet, 20H, P-Ph). Although the signal due to the
coordinated ethylene could not be observed in the spectra measured at -40°C, the
spectrum of 4 at 25°C exhibited a new signal at 3.35 ppm. The absence of
a signal due to the coordinated ethylene at -40°C may be attributable to the partial
dissociation of the ethylene ligand, i.e., the slow exchange between coordinated and
uncoordinated ethylene molecules might have caused the apparent disappearance of
their signals.

Isolation of Pd(0) complexes coordinated with both CO2 and ethylene may have
implications related to the reported CO2 effect on the catalytic activity and
selectivity in the dimerization of butadiene catalyzed by Pd(0) complexes, such as
[Pd(PPh3)4],16’l7) [Pd(PEt3)3], [Pd{P(C6H11)3}2], and [Pd(PPh3)3],18)

interaction of CO2 with a palladium complex has been postulated in the catalytic
18)

where direct

reaction.

Complexes 1 - i represent the first examples of the Coz—coordinated palladium
complex, although the formation of the carbonate complex [Pd(COi)(PPh3)2] has been
reported in the reaction of Pd(0) complex with both 0, and co, . 2
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