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New types of some carbonyl- and cyano-phosphonium ylide complexes of 
paUadium(I1) were readily prepared in good yield by treatment of the corre- 
sponding bis(phosphonium)henachlorodipalladate, [R3P’-CH2-Z],[Pd,Cl,]‘- 
(R3P = Ph3P, Z = COMe, COOEt, CONH, or CN; R3P = PhMe,P, Z = COPh), 
with sodium acetate. 

Introduction 

Recently, we reported [ 1 ] a simple preparation of n-allylphosphonium 
ylide complexes of palladium(I1) in high yield by the reaction of bi.s(allyl- 
phosphonium)hexahalogenodipalladates with sodium acetate. This preparation 
is superior to others [2] because air-sensitive ylides do not need to be handled. 
NMR studies of such n-alIylphosphonium ylide complexes of palladium(U) in 
dimethylsulfoxide-d, suggested that the ally1 anion component is coqrdinated 
to the palladium atom as a phosphonium-n-ally1 ligand, which has a strong o- 
interaction with the palladium atom, or as a dynamic ally1 ligand. On the basis 
of these and other chemical and physical studies on the complexes, the struc- 
ture was concluded to be that of a monomeric phosphonium-n-ally1 ylide dihalo- 
genopalladate(I1). 

We have applied this convenient technique to prepare in high yield the 
palladium complexes of stabilized phosphonium ylides involving electron-with- 
drawing substituents such as acyl, ethoxycarbonyl, carbamoyl, and cyan0 
groups by treating the corresponding bis(phosphonium)hesachlorodipalladates, 
[R3P+-CH2-Z]2 [Pd2C16]2- (Ia, Z = COPh; Ib, 2 = COMe; Ic, Z = COOEt; Id, 
Z = CONH,; Ie, Z = CN) with sodium acetate. The NMR and IR spectral behav- 
ior of these stabilized ylide compleses of paUadium(II) are compared with the 
Ir-allylphosphonium ylide complexes of palIadium(I1). 
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Results and discussions 

The starting materials, bis(ca.rbonyl or cyanomethylphosphonium)hexa- 
chlorodipalladates (ia-Ie), are readily obtained as brown needles by treating 
the substituted phosphonium chloride with disodium tehachloropaliadate in 
methanol at room temperature (eqn. 1). This anion exchange reaction is the same 
as that used for the preparation of bis(alIylphosphonium)hesahalogenodipa.Ua- 
date, [ RJP’ -CH? -CH=CH? ]? [ Pd2 X6 I*- [ 11. in Table 1, yields, melting points, 
and analyses are listed. It is concluded that the organic part of the original 
phosphonium salt does not coordinate to the metal, because the NMR and IR 
spectra of the products were essentially identical with those of the original 
phosphonium chlorides. 

2 [R,P’-CH,-Z]CI- + 2Na,PdcI, -~4~~c~ - [R~P+--c~--z]~ [pd,ci6]2- (I) 

(Io-Ie) 

I 
=’ \ pd /C’\p~_/H--P+R3 (2) 

-2 HOAc R,P+-CH’ ‘Cl/ ‘c, 

( la-Ie) I 
z 

(II o-De) 

a, R,P = PhMQp. Z = COPh 

b.R,P = Ph3p. Z = COMe 
c, R,P = Ph3P, 2 = COOEt 
d, R3P = Pn,P , Z = CONH, 
e,R,P = Pn,P, 2 = cN 

The addition of sodium acetate to a methanol suspension of Ia-Ie afforded the 
corresponding phosphonium ylide complexes of pa.lladium( II) (IIa-Ile) as yellow- 
ish-orange solids in 7435% yield (eqn. 2). Th . err analyses, melting points, and 
yields are listed in Table 2 and infrared spectral data are summarized in Table 3. 

According to Adams and Chandler [3], trans-[Pdz&CL] complexes exhibit 
one terminal (370-345 cm-’ ) and two bridging (310-300 and 280-250 cm-’ 
y(Pd-CI) stretching bands. The infrared spectra of Ha-He in the solid state ex- 
hibit one terminal Pd-Cl stretching frequency at 343-320 cm-’ and two bridg- 
ing Pd-CI stretching vibrations at 318-290 and 260-250 cm-’ , suggesting that 
two terminal chloride ions in Ia-Ie are substituted by the carbanion center of 
stabilized phosphonium ylides to give a dimer complex, di-p-chiorobis(trialkyl- 
phospboniumacyl or cyanomethyl)dichlorodipalladate(Ii) (Ha-He). The carbonyl 
stretching frequencies are shifted to lower region by only 38-5G cm-’ in IIa-IId, 
which excludes the coordination of the carbonyl group to the palladium atom 
asinLla’. 
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Ta.wJE 3 

SELECTED LWFRARED DATA (KLBr’ 

COmpOUOd 

la 

Ra 

Absorprion (cm-” 

Y (C=O’ Y (CSX) 

1675 

1637 

PU (c-o’ 

38 

Y (Pd-CI) 

330 5 

330 m (retminai’ 
290 WI) 

260 m 
(btidgrog) 

tb 1720 329 s 

IJb 1673 47 335 m (wlminal) 

IC 1730 330 s 
IIC 1683 50 330 m (term~rul) 

295 <s&h) 
255 m 

(bridging’ 

Id 
IId 

1698 
16.50 48 

320 5 
343 m (rermti) 
318 m 
260 m 

(bndging’ 

le 
De 

2220 m 325 s 
2195 m 320 m (terminal) 
2220 m 290- 

250 (br’ (bndsmg) 

+pMe,P” 

PhMeZPC I 
PhMe2P+ 

I 
Ph3P+ cl- 

(UCI’ (Ilo’) tD3, 

The v(C=O) absorption of [o-(trimethy&annyI)phenacyl]triphenyIphos- 
phonium chloride (III) showed a very intense absorption band at 1480 cm-’ [4] 
(Av(C=O) 185 cm”; compare with v(C=O) 1665 cm-’ of [Ph3P*--CH2COPh]C1-) 
indicative of intramoIecu1a.r coordination of carbonyl group to a tin atom 
as an oxy-n-aUy1 &and. Recently, Tanaka et al. [5] reported similar sulfur ylide 
complexes of platinum and palladium in which the coordination of the carbonyl 
group did not occur [v(C=O) 1629-1650 cm-’ 1. This is also confirmed by X-ray 
and NMR spectroscopic studies [6]. 

NMi3 spectral data for la-Ie and Lla-IIe are summarized in Table 4. The 
NMR spectra of JIa-Ie showed a characteristic methylene doublet signal 
(6 5.0&5.62) due to coup!ing with the phosphorus atom. The patterns are 
identical with those of the original pbosphonium chlorides. 

On the other hand, the NMR spectra of the yhde complexes Ila-Ile ex- 
hibited characteristic peaks due to methine protons. The appearance of two 
doublet signals for the methine proton of the phosphonium ylide may be ex- 
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TABLE 4 

NMR SPECTRA OF BIS(PHOSPHONlUM)HEXACHLORODtPALLADATES la-le AND PHOSPHONIUN 
YLiDE COMPLEXES OF BIS(DICHLOROPALLADATE) Ila-lie IN DIMETHYLSULFOXIDE-d6 

Compound Chermcal shift (6 ppm) and [coupling constant (Hz)] 

P+--CH, <n = 2 for 1. 

” = 1 for II) 
other swlals Asngnment 

Ia 

lb 

Ic 

Id 5.00d[ 15.01 

le 

Ua 

5.62d115.01 

5.15d[4.01 
4.15d15.61 

Sib 

IIC 

IId 

Ile 

5.00d[14.0] 

5.47d[12.0) 

5.17d[14.01 

5.41d[3.0) 
5.1Od[6.01 

3.94d18.31 
3.73df6.0) 

3.90(br) 

3.82d[4.0] 
3.60[4.Ol 

2H 

2H 

2H 

2H 

0.5H 1H 
0.5H 

1H 

t:z; 1H 

8.3.7.5m 
2.40dI 14.01 

8.0-7.5m 
2.37s 

7.8.7.2m 
-?.03q[7.0] 

1.14117.01 

8.0-7.7m 

7.5tbr) 

8.0-7.7m 

8.3-7.5m 
2.43d[10.01 
2.20d[10.01 

8.0.7.5m 
2.25s 

8.0-7.5m 
3.98Q[7.01 
0.981[7.01 

8.0-7&m 
6.6(br) 

8.2.7.4m 

1OH 
6H 

15H 
3H 

15H 
2H 
3H 

15H 
2H 

15-s 

10H 
3H 
3H 

15H 
3H 

15H 
2H 
3H 

15H 
2H 

15H 

Ph-P and PhCO 
CH3-P 

Pb-P 
CHJ-CO 

Pb-P 
CH-,-0 
CH3-C 

Ph-P 
HzN-CO 

Ph-P 

Ph-? 

CHJW-P 
CHj(b)-P 

Ph-P 
CHs-CO 

Ph-P 

CH2-O-CO 
CH3-C 

Ph-P 
HzN-CO 

Ph-f 

plained by the monomeric structure of IIa in the solution of DMSO-db includ- 
ing two equilibrium isomers. Moreover, the two methyl groups on the phosphorus 

0 

II Cl \ _ / (DMSO) 

Ph Meb 

(3) 

atom of the ylide complex (Ila) exhibited two sets of doublet signals in equal 
intensities [6 2.20 (J(P-H) 10 Hz) and 6 2.43 (J(P-H) 10 Hz)]. The separation 
of two methyl protons in Ila is ascribed to the presence of the neighboring asym- 
metric carbon atom, which is induced by the o-bond formation between ylidic 
carbon atom with the palladium atom. The dissociation of IIa-ITe into monomeric 
structures in polar solvent was supported by the cryoscopic molecular weight 
determination of Ile in nitrobenzene (monomeric IIe cakd. mol. wt. 476. Found 
mol. wt. 587). 
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Experimental 

IR spectra were measured on a Jasco Model DS 403-G spectrometer in 
KBr disks. NMR spectra were recorded on a Jeol C-60HL spectrometer in di- 
methylsuifoxide-d6 using tetramethylsilane as an internal standard at 25”. 
All operations of the preparative procedure were performed at room tempera- 
ture without any precautions to exclude oxygen or moisture. Starting phos- 
phonium chlorides were obtained by the reaction of the corresponding trial- 
kylphosphines with phenacyl chloride, a-chloroacetone, ethyl chloroacetate, 
a-chloroacetarnide, and chloroacetonitrile, respectively. 

Preparations of Ta and iIa are described as representative examples, and 
those of other compounds are listed in Table 5. 

Bis(phenacylphenyldimethylphosphonium)hexachlorodipalladate (la) 
A mixture of palladium chloride (177 mg, 

(177 mg, 3.0 mmol), and methanol (5 ml) was stirred for 5 h at room tempera- 
ture to give a methanol solution of sodium tetrachloropalladate. Escess sodium 
chloride was separated by filtration. A methanol (5 ml) solution of phenacyl- 
phenyldimethylphosphonium chloride (292 mg, 1.0 mmol) was added dropwise 
to the above filtrate. Reaction occurred instantaneously giving brown needles 
of Ia, which were filtered and washed with a large volume of water in order to 
remove sodium chloride. The Ia was isolated in 79% yield (371mg). 

To a methanol (10ml) suspension of Ia (469 mg, 0.5 mmol) was added 
dropwise a methanol (5 ml) solution of sodium acetate (90 mg, 1.1 mmol) 
with vigorous stirring. The mixture was stirred for 5 h at room temperature. The 
color of the precipitate changed gradually from brown to yellowish orange. The 
IIa was isolated by filtration and purified by washing with large volumes of 
water to remove sodium chloride; yield of IIa was 85% (369 mg). 
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