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Summary

Keto-stabilized mono-ylides of 1,2-bisdiphenylphosphinoethane and bisdi-
phenylphosphinomethane, Ph,P—(CH,),—P*(Ph),—C"H—C(O)—R (Ph = C¢Hs;
n=1 or 2; R = CcH;, CH; or OCHs3), and their palladium(I1) and platinum(1I)
halide complexes were prepared and characterized by means of infrared, 'H and
31p NMR spectra. The chelate ylide ligands coordinate to the metal through the
ylide carbon and phosphine phosphorus forming a six or five-membered chelate
ring. The stability of the M—C(vlide) bonding is discussed on the basis of the
results of the reaction of the complexes with pyridine.

Introduction

Transition metal complexes of keto-stabilized ylides have been well studied and
are of interest because of the stability of the ylides as ligands and the ease of
detection of the coordination of the ylide carbon to the metal by means of
infrared spectroscopy [1—6].

We have tried to convert one of the two phosphine moieties in 1,2-bisdiphe-
nylphosphinoethane or bisdiphenylphosphinomethane into keto-stabilized
ylides to facilitate the coordination ability of the ylides. Thus we have synthesiz-
ed a series of chelate ylide ligands, Ph,P—(CH,),—P*(Ph),—C H—C(O)—R (Ph =
CeHs; =1 or 2; R = C¢Hs, CH; or OCHj3). They coordinate to palladium(II) -
or platinum(II) to form chelate ylide complexes of the type MX,(Y) (M =Pd or
Pt; X = Cl, Br, I or SCN; Y = chelate ylide) with a six- or five-membered chelate
ring [7—9]. A single crystal X-ray analysis of one of the complexes, PACl,(bdep)
(bdep = benzoylmethylenediphenyl-2-diphenylphosphinoethylphosphorane)
confirmed that the ligand is coordinated to palladium via the ylide carbon and
phosphine phosphorus in square planar geometry [10]. The chelate ylide com-
plexes are notably more stable than complexes of keto-stabilized ylides of tri-
phenylphosphine which are monodentate [5]. The chelate ylides provide a
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convenient series of complexes for comparison of the properties (e.g. trans-
effect or influence) of a phosphine and an ylide occurring together in a com-
plex. The present paper reports the details of the preparation and chara\,tenza-
tion of the ylides and their complexes.

Results and discussion

The yields, melting points and analytical data of the phosphonium salts,
ylides and complexes are given in Table 1. The formation of the chelate ylide
complexes is facile and the yields are generally good. The complexes are thermal-
ly stable and are not affected by air. Carbonyl stretching frequencies in the
infrared spectra, recorded in KBr disks, and the chemical shifts and the coupling
constants of the methine proton of the ylides adjacent to carbonyl group in
'H NMR spectra, recorded in either chloroform-d,, dichloromethane-d,, N,N-
dimethylformamide or dimethylsulfoxide, are given in Table 2. 3P NMR data
are also given in Table 2. The abbreviations of the names of the ylides are as
follows.

1) Ph,P—CH,—CH,—P*(Ph,)—C H—C(O)—R type:

bdep (R = C¢Hs), benzoylmethylenedxphenyl-2-diphenylphosphinoethylphospho-
rane; adep (R = CH,), acetylmethylenediphenyl-2-diphenylphosphinoethyl-
phosphorane; cdep (R = OCHj;), carbomethoxymethylenediphenyl-2-diphenyl-
phosphinoethylphosphorane; cedep (R = OC,H;), carboethoxymethylenedi-
phenyl-2-diphenyliphosphinoethylphosphorane;

2) Ph,P—CH,—P*(Ph,)—C H—C(O)—R type:

bdmp (R = C¢Hs), benzoylmethylenediphenyldiphenylphosphinomethylphos-
phorane; admp (R = CH,;), acetylmethylenediphenyldiphenylphosphinomethyl-
phosphorane; cdmp (R = OCHj;), carbomethoxymethylenediphenylphosphino-
methylphosphorane;

3) Ph;P*—C H—C(O)—R type:

btp (R = CsH;), benzoylmethylenetriphenylphosphorane; ctp (R = OCH,), carbo-
methoxymethylenetriphenylphosphorane.

The carbonyl stretching frequency of keto-stabilized ylides and ylide com-
plexes is a convenient probe to infer the coordination of the ylide to the metal.
It has been suggested that the high-frequency shift of »(CO) upon complex
formation is an indication that the ylide coordinates to the metal through the
ylide carbon to form an M—C(ylide) (sp?®) bond [2,7]. This is also the case for
all the ylide complexes in the present study, except for PACl,(bdep), (see Table
2), and the ylide carbon seems to coordinate to Pd or Pt. A single crystal X-ray
analysis of PdCl,(bdep) has shown that bdep coordinates through the ylide
carbon and phosphine phosphorus to form a square planar coordination around
Pd [10]. The »(CO) (1526 cm™) for PACl,(bdep), is identical with that of bdep
indicating that the two ligands coordinate to palladium through phosphine
phosphorus atoms only.

The carbonyl stretching frequencies of the keto-stabilized ylides are depen-
dent on the basicity of the substituent [11]. The v(CO) are in the order;
cdep(i1614) > adep(1532) > bdep(1526) and cdmp(1616) > admp(1532) >
bdmp(1526), and this order reflects the electron releasing effect of the substi--
tuents which is in the order OCHj; > CH; > C¢Hs. The frequencies become

(continued on p. 118)
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higher upon complex formation but the order is unaltered, (see Table 2).

The coordination of the ylide carbon to the metal is also suggested by the
coupling of the ylide methine proton with the 93Pt nucleus for the three plati-
num complexes (Table 2) [6]. The resonance of the ylide methine proton shifts
to lower field upon coordination of the ylide ligand. The 'H NMR spectrum of
PAd(SCN),(bdep) showed two ylide methine proton signals (8 6.12 and § 6.46
ppm with an intensity ratio of 1 : 2) indicating that the complexes with both
N- and S-coordinated SCN group exist in solution. The signal at higher field
has been tentatively assigned to the complex with N-coordination, because the
chemical shifts of the proton in some complexes seem to be generally at higher
field for N-coordination of the ambidentate SCN ligand [13,14]. However the
v(CN) for SCN in the infrared spectra of the complex in a solid state is only at
2082 cm™!, suggesting N-coordination [12].

The 3!'P NMR spectra of bdepHBr and bdep show two doublets with 3J(PP)
(42 Hz) and 3J(PP) (38 Hz), respectively (Table 2). It seems reasonable to
assign the signals at 6 12.2 and § 12.4 ppm to Ph,P*—CH,—CH,—, 6 —26.4 ppm
to —CH,—P*(Ph,)—CH,—C(0O)—, and 6 —17.1 ppm to —CH,—P*(Ph;)—CH—C-
(O)— because the chemical shifts of the phosphine phosphorus are unlikely
to change very much in the phosphonium salt and the ylide, whereas those of
the phosphonium phosphorus and the ylide phosphorus are likely to shift
considerably due to the significant change of the environment [15—17]. These
assignments are compatible with the *'P chemical shifts of Ph;P—CH—C(O)—Ph
[11] and Ph3P [19]. The signals in the spectra of the other phosphonium salts
and the ylides have been assigned in similar fashion. The assignments of the
signals in the spectra of PtCl,(bdep) and PtCl,(cdep) are possible by means of
2J(PtCP) and J(PtP). Thus in the case of PtCl,(bdep), the signal at 6 —19.7 ppm
(PJ(PtCP) 145 = 5 Hz) is assigned to —CH,—P*(Ph,)—CH—C(O)— and the one at
5 —5.5 ppm (J(PtP) 3949 = 5 Hz) to Ph,P*—CH,—CH,— by referring to the data
for some tertiary phosphine complexes of platinum in the literature [18]. Simi-
lar assignments are possible for PtCl,(cdep) and for other platinum complexes
by analogy. The assignments in the spectra of palladium complexes, however,
are not so straightforward. The assignments given in Table 2 are tentative ones
which were made on an assumption that a chemical shift of the ylide P is at
lower field than that of the phosphine P. The shift values seem to be compatible
with the data reported for some tertiary phosphine complexes of palladium [18].

The ylide ligands in the monodentate ylide complexes of palladium [5] were
completely displaced on refluxing in pyridine within 30 min. This suggests that
substitution of the ylide by pyridine occurs readily. The infrared spectra of
the palladium chelate ylide complexes after refluxing in pyridine for 3 h show-
ed the carbonyl stretching absorptions of both complexed and free ylide ligands.
The absorption of the displaced free ylide was the strongest for PdCl.(cdep),
medium for PdCl,(adep) and PdCl,(cdmp) and negligible for PdCl,(bdep),
PdCl,(bdmp) and PdCl,(admp). The infrared spectra of the platinum complexes
after refluxing in pyridine for 3 h indicated that the ligand had not been dis-
placed at all from platinum. These results suggest that for the substituent of
the ligand by pyridine, (1) the complexes of the chelate ligands are more stable
than those of the monodentate ylides; (2) the platinum complexes are more
stable than the palladium complexes; (3) the five-membered chelate rings of
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admp and cdmp are more stable than the six-membered chelate ring of adep
and cdep; (4) the stability is also dependent on the substituents, i.e. C¢Hs >
CH; > OCH; reflecting the electron inductive effect.

Experimental

1,2-Bisdiphenylphosphinoethane [20], bisdiphenylphosphinomethane [21],
dichlorobis(benzonitrile)palladium(II) [22] and dichlorobis(dimethyl sulfide)-
platinum(II) [23] were prepared according to the literature. All operations for
preparing the ylide ligands were carried out under a nitrogen atmosphere and
those for preparing the ylide complexes were carried out in air.

Preparation of ylide ligands .

To a solution of a ditertiary phosphine (0.050 mol) in chloroform (70 ml),
a solution of BrCH,C(O)R (0.050 mol) in chloroform (50 ml) was added drop-
wise at 20°C with stirring. After the addition was completed, the mixture was
stirred for 1 h and was then added dropwise to diethyl ether (500 ml). The
white precipitate of the phosphonium salt which formed immediately was wash-
ed with diethyl ether (150 ml) and dried in vacuo.

Triethylamine (0.50 mol) was added to a suspension of the phosphonium
salt (0.050 mol) prepared as described above in benzene (350 ml) and the mix-
ture was stirred for 2 h. It was filtered to remove Et;N - HBr and benzene was
distilled off under reduced pressure to give the ylide as a white powder. The
yields are given in Table 1. The phosphonium salts are white crystalline solids
which are soluble in polar solvents and insoluble in benzene, diethyl ether or
n-hexane. The white crystalline ylides are soluble in polar solvents and benzene
but insoluble in n-hexane.

Preparation of dichloro(benzoylmethylenediphenyl-2-diphenylphosphinoethyl-
phosphorane)palladium(Il), PACl,(bdep), and related compounds

A solution of bdep (3.1 g, 0.6 mmol) in dichloromethane (30 ml) was added
dropwise to a stirred solution of dichlorobis(benzonitrile)palladium(II) (2.3 g,
0.6 mmol) in dichloromethane (30 ml) at 20°C. n-Hexane (10 ml) was added
to the mixture and it was concentrated to 30—40 ml. The yellow crystals which
precipitated were filtered, washed with two 5 ml portions of diethyl ether and
dried at 130—140°C in vacuo for 12 h, (3.4 g, yield 82%).

Other palladium(II) complexes, PACL,(Y) (Y = adep, cdep, cedep, bdmp,
admp or cdmp) were prepared similarly. The complexes are yellow and stable
in air. They are soluble in dichloromethane, nitromethane and N,N-dimethyl-
formamide and insoluble in benzene or n-hexane. The solubilities of the cedep,
bdmp, admp and cdmp complexes are much lower than those of the bdep,
adep and cdep complexes. PdX,(bdep) (X = Br, I or SCN) were prepared by
metathesis of a solution of PdCl,(bdep) in dichloromethane with an alkali
metal salt in methanol.

Preparation of dichloro(benzoylmethylenedipheny!l-2-diphenylphosphinoethyl-
phosphorane)platinum(II), PtCl,(bdep), and related compounds
A solution of bdep {3.1 g, 0.6 mmol) in chloroform (50 ml) was added drop-
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wise to a stirred solution of dichlorobis(dimethyl sulfide)platinum(II) (2.3 g,
0.6 mmol) in dichloromethane (70 ml) at 60°C. After the addition was complet-
ed, the mixture was stirred for 20 min n-Hexane (20 ml) was added to the mix-
ture and it was concentrated to 70 ml. The white crystals which precipitated
were filtered, washed with two 5 ml portions of diethyl ether and dried at
130—140°C in vacuo for 12 h, (3.7 g, yield 79%).

Other platinum(II) complexes, PtCl,(Y) (Y = adep, cdep, cedep, bdmp, admp
or cdmp) were prepared similarly. The bdep and bdmp complexes are pale yel-
low and the other complexes are white crystals. They are soluble in dichloro-
methane, nitromethane or N,N-dimethylformamide and insoluble in benzene or
n-hexane. The solubilities of the cedep, bdmp, admp or cdmp complexes are
much lower than those of the bdep, adep or cdep complexes. PtX,(bdep) (X =
Br, I or SCN) were prepared by metathesis of a solution of PtCl,(bdep) in di-
chloromethane with a solution of an alkali metal salt in methanol.

Preparation of dichlorobis(benzoylmetnylenediphenyl-2-diphenylphosphino-
ethylphosphorane)palladium(II), PdCl.(bdep),

A solution of dichlorobis(benzonitrile)palladium(II) (0.11 g, 0.03 mmol)
in benzene (10 ml) was added dropwise to a solution of bdep (0.31 g, 0.06
mmol) in benzene (10 ml) at 60°C with stirring. n-Hexane (30 ml) was added
and the mixture was kept at 5°C for 12 h. The yellow crystals which precipitat-
ed were filtered, washed with two 5 ml portions of diethyl ether and dried in
vacuo, (0.20 g, yield 56%).

Preparation of dichlorobis(benzoylmethylenetriphenylphosphorane)palladium-
(11), PdCl,(btp),, and dichlorobis(carbomethoxymethylenetriphenylphos-
phorane)palladium(II), PdCi,(cip),

A solution of btp (3.8 g, 1 mmol) in dichloromethane (50 ml) was added to
a solution of dichlorobis(benzonitrile)palladium(II) (1.9 g, 0.5 mmol) in di-
chloromethane (50 ml) with stirring at 20°C. The mixture was kept at 20°C
for 12 h. The pale brown solid which precipitated was filtered, washed with
two 20 ml portions of diethyl ether and dried in vacuo, (3.3 g, yield 70%).
PdACli{ctp), was prepared similarly to give a pale yellow solid, (2.6 g, 6 g, yield
55%).

Physical measurements

Infrared spectra were recorded 6n a Hitachi EPI G2 spectrometer with KBr
disks. 'H NMR spectra were recorded on a JEOL PS-100 spectrometer (100 MHz)
with tetramethylsilane as an internal standard. 3'P NMR spectra were recorded
on a Hitachi R-20B spectrometer (24.3 MHz) with proton noise decoupling.
31p chemical shifts (6 positive are measured up-field from 85% H;PO, as an
external standard. The spectra of the phosphonium salts and the ylides were
recorded in chloroform with the concentrations of ca. 20 wt%. The solubilities
at room temperature of the ylide complexes in the ordinary solvents were not
enough for the 3'P NMR spectra measurements. Therefore, they are dissolved
in N,N-dimethylformamide (DMF) by warming at about 80°C for 0.5—2 min
to attain the concentrations of ca. 20 wt%. The spectra were recorded quickly
at 35°C after the solutions were cooled at the temperature. No precipitation
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occurred during the measurements and the material recovered by addition of
diethyl ether to the sample solutions showed that the complexes had not been
decomposed by warming in DMF for a short time. Sufficient concentrations
were not attained for PdCl,(cdep), PACl,(bdmp), PtCl,(bdmp) or PtCl,(cdmp)
even by this warming procedure. Consequently, the ylide complexes which had
been prepared in DMF from an ylide ligand and PdCl,(PhCN), or PtCl,(Me,S),
were subjected to measurements in situ without the isolation of the complexes.
The *'P NMR spectra of PdCl,(bdep) or PtCl,(bdep) which were recorded by
this in situ technique were identical with those of the isolated complexes, so
that we may well regard the spectra recorded for PdCl,(cdep), PACl,(bdmp).
PtCl,(bdmp) or PtCl.(cdmp) in situ to be identical with those of the isolated
samples. The solvent effects of 3'P chemical shifts generally were very small
and we have found that the difference of the shifts for bdep in chloroform,
dichloromethane and DMF within 1 ppm.

Reaction with pyridine

The ylide complex (0.3 g) was refluxed in pyridine (5 ml) for 3 h for the
chelate ylide complexes or 30 min for the monodentate ylide complexes.
Pyridine was removed in vacuo and the infrared spectrum of the residual solid
was recorded in each case to check the displacement of the ylide ligand.
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