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Summary 

Chelate ylide ligands, 2-pyridylcarbonyhnethylides, C,H,NC(O)CHZ (2 = 
4-picoline (Y,i,) and 3,5-lutidine (Yi,,)) and their metal complexes of the 
MCl& and [PtL,J[Cl04]2 types (M = Pd”, Pt”; L = Ypic, Ylut Lz = (Ypicjz, 
(YlutjZ, (bpy)(Y,i,), (bpy)(Y,,,) (bpy = 2,2’-bipyridine)) were prepared. On the 
basis of IR, ‘H and 13C NMR spectra, it is proposed that the ylide ligands are 
coordinated to the metal ions via the ylide carbon and pyridine nitrogen atoms. 
The configurations of the metal complexes as well as the properties of the ylide 
carbon-to-metal bonds are discussed. 

Introduction 

Previously we have reported palladium(I1 j and platinum(H) complexes with 
several phenacylides, which contain an ylide carbon-to-metal bond [ 11. In order 
to obtain a better understanding of the properties of the ylide-metal bond, we 
have undertaken an investigation of palladium(H) and platinum(H) complexes 
with chelate ylides having a carbonyl-stabilized ylide carbon atom and a pyri- 
dine ring. Although several chelate ylide complexes with these metal ions have 
been studied [2--51, no metal complexes with chelate pyridinium ylides are 
known. This paper reports the preparation of palladium(H) and platinum(H) 
complexes with shelate pyridinium ylide ligands, 2-pyridylcarbonylmethylides 
(CSH4NC(0)CHZ, Z = 4-picoline (Y,i,) and 3,5-lutidine (Yi,J). Their configura- 
tions and the properties of the ylide carbon-to-metal bonds are discussed on the 
basis of IR, ‘H and 13C NMR spectra. 

2 - Pyridylcarbonylmethylides 

X = 4 - CH, and 3.5 -KH, I2 
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Results and discussion 

PdCl&XMe,), and PtCl,(SMe,)2 reacted with equimolar amounts of Ypic and 
Ylut to give the complexes MCl,L (M = Pd I’, Pt”; L = Ypic, YiUt). Furthermore, 
PtCl,Y& and PtCIZYlut reacted with Ypic, YiUt, and bpy (2,2’-bipyridine) to 
yield IPtL12+ complexes CL = typic 12, (Y~z, (bw)(Y,d, and (bpyW&), 
although the palladium(I1) analogs were not obtained under similar reaction 
conditions. - 

MClzL (M = Pd”, Pt”; L = Ypic, YrUt) 
Table 1 summarizes the relevant IR frequencies of the 2-pyridylcarbonyl- 

methylides and their palladium(H) and platinum(I1) complexes. Upon complex 
formation the v(C=O) bands of the Z-pyridylcarbonylmethylides shift to higher 
frequencies by 154-182 cm-‘, suggesting that coordination to metal ions 
through the ylide carbon atom has occurred as pointed out previously Cl]. The 
magnitudes of the high frequency shifts of v(C=O) in these complexes are larger 
than those observed for the corresponding phenacylide complFxes; v complexed - 
vfree = 144 and 146 cm-’ fpr frans-PtCl,(PPhMe,)(PhC(0)CHNCdH4CH3-4) and 
trans-PtClz(PMeS)(PhC(0)CHNCSH4CH3-4), respectively [l]. This may suggest 
that the metal--carbon bond of the 2-pyridylcarbonylmethylide complexes is 
more highly stabilized, partly due to the chelate effect, than the M-C bond of 
the phenacylide complexes_ PdCl,L and PtCl*L (L = Ypic, Yi,,) exhibit two 
v(Pd-Cl) and v(Pt-Cl) bands near 290 and 330 cm-‘, suggesting the cis-config- 
uration of these complexes [ 6). 

In the ‘H NMR spectra of PtCl,Y,i, and PtC12YlUt, measured in liquid sulfur 
dioxide, H(6) and H, signals of the ylides have satellites due to spin-spin coup- 
ling with the *“Pt nucleus (see Table 2). This indicates coordination to the 
metal ion through the pyridine nitrogen atom as well as the ylide carbon. The 
*J(Pt-H,) values of 142 and 143 Hz are comparable with that of cis-PtC12- 
(PPhMez)(PhC(0)CH$M_e,) (134 Hz) and considerably larger than those of tram- 
PtCX,(PPhMez)(PhC(0)CHSMe,) (85 Hz) and trans-PtClz(PPhMe,)(PhC(0)- 
CHNCSH&H3-4) (91 -Hz) [I]. The magnitude of the 3J(Pt-H(6)) values (50 and 
51 Hz) is somewhat larger than those of PtC& (N-substituted 2-pyridylmethan- 
imine) (38-40 Hz) [ 71, which reflects the stable chelate ring of the 2-pyridyl- 

TABLE 1 

RELEVANT IR FREQUENCIES OF THE 2-PYRIDYLCARBONYLMETHYLIDES AND THEIR METAL 
COMPLEXES (in Nujol mulls. cm-l) 

ypic 1529 
PdClzYpic 1687 

RCI2Ypic 1694 
LPt<Ypi&l LCIO4l2 1697 

CPt<bpy)(Ypi=)lCCIC412 1711 

Ylut 1530 
PdCbYIut 1684 

PtCIZYlut 1696 
[~<Yl,,t)21[C10412 - 1696 

v<c=o j u(M-Cl) 

- 

296.336 
291.330 

- 
- 
- 

311.339 
290.337 

- _-_ - 
cPt@PY)(YIUt)lCCi0412 - l/2 H20 

- 
1705 - 
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(I) 

carbonylmethylide complexes. Upon coordination, the H(6) signals of the 
ylides, as well as the other proton signals of the pyridine ring, shift downfield 
through inductive effect of the metal ion. On the other hand, the H, signals 
occur at higher fields than those of the free ylides. This is also true for the H, 
signals_ Coordination to the metal ion through the pyridine nitrogen atom leads 
to a decrease of the original paramagnetic anisotropy effect of the lone-pair 
electrons of the nitrogen atom on the H, signal. Also, coordination through the 
ylide carbon atom would cause a configurational change around the ylide car- 
bon atom from sp* to sp3, as is depicted in I. In this geometry the H, signal is 
considered to be not significantly affected by the paramagnetic anisotropy 
effect of the carbonyl group. These upfield shifts of the H, and H, signals are 
considered to surpass the downfield shifts owing to the inductive effect of the 
metal ion. Furthermore, it is noteworthy that the sp3 configuration of the ylide 
carbon atom results in the sharp H, signals having no * 4N coupling, although in 
the free ylides the H, signals were split into three lines owing to 14N coupling [ 81. 

PdCl,L (L = Ypic, Y,,,) exhibited similar behavior of the chemical shift to the 
platinum(I1) analogs (see Table 2). 

The infrared v(C-V) bands of these complexes occur at higher frequencies 
than those of the free ylides, suggesting the ylide carbon-platinum ligation 

TABLE 2 

RELEVANT ‘H NMR DATA OF THE 2-PYRIDYLCARBONYLMETHYLIDES IN CHLOROFORhI-d 
AND OF THEIR METAL COMPLEXES IN LIQUID SULFUR DIOXIDE AT 24OC = 

Compound H<6) H, Hff 

ypic 
PdClzYpi, 
PtC11_Ypi, 

LPtWpi&l CC10412 
CPt(bPY)(Yp&l CCIO4l2 

Ylut 
Pd%Yl,t 
PtC12Ylut 
cPt(YluthlCC10412 
CPt<bpy)(Y~Ut)ICC10412 

8.52 
9.00 

9.34 (50) 
8.81 <25) 
c 

8.48 
9.06 

9.36 (51) 
8.71 (26) 
c 

7.50 b 9.61 
6.91 8.42 
6.42 (142) 8.42 
6.47 (138) 8.42 

7.15 (126) 8.47 
7.46 b 9.31 
6.78 8.25 
6.36 (143) 8.26 
6.48 <138) 8.22 
7.10 (125) 8.46 

a Chemical shifts (6. ppm) and coupling constants between the Ig5Pt nucleus and protons in parentheses 
<Hz). ’ *J<t4N-Ha) = 2.5 Hz. c Not determined because of obscuration by other signals. 
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24’C 

-32 

-62 

H(4) H(5) H,$l, H/J!Zl 
I 1 I 1 

9.0 60 7.0 6.0 6 (pprn) 

Fig_ 1. Temperature-dependent ‘H NMR spectra of [Pt(Ypic)2][C104]2 in liquid sulfur dioxide. 

(Table 1). Figure 1 shows the ‘H NMR spectra of [Pt(Ypic)2][C104]2 in liquid 
sulfur dioxide at various temperatures. The pyridine ring proton and ylide pro- 
ton signals, together with the jJ(Pt-H(6)) and ‘J(Pt-H,) values, are essentially 
unchanged in the temperature range measured. However, the proton signals of 
the 4-methylpyridinium ring vary remarkably. At 24°C both the H, protons 
give one signal as do the HP protons, showing that two H, and two Ho protons 
are magnetically equivalent, respectively. At low temperatures these protons 
become non-equivalent to give-four signals (Hal, H&z, Hpr, and Hpe), while onIy 
one Pmethyl proton signal has been observed, suggesting the equivalence of 
two 4methyl groups in the complex. 

For the [Pt(Ypi,),]‘+ cation, where the platinum ion is coordinated by the 
yhde carbon and pyridine nitrogen atoms, four configurations (II-V) are 
possible. Non-equivaIence of the H, as well as the HP signals observed at low 
temperatures would be due to restricted rotation around the Cmethylpyridi- 
nium nitrogen-ylide carbon bond. The configuration of the [Pt(bpy)(Ypi,)]*+ 
complex is considered to be VI, in which the geometry around the_ coordinated 
ylide carbon atom is quite similar to that in IV or V. The spectrum of this bpy 
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CHj 
2+ 

H3C- 

(IPI (PI 

/ 
CH3 

1 
2+ 

1 

complex gave equivalent H, and H, signals, respectively, even at -60°C in 
liquid sulfur dioxide. This finding indicates unhindered rotation around the 
ylide carbon-4-methylpyridinium nitrogen bond even at this temperature. 
Accordingly, the restricted rotation around the C-N bond observed in the 

CPttYpic )21** complex may not be attributed to configurations IV or V. Con- 
figuration III seems to be unfavorable because the rotation around the C-N 
bond is impossible owing to large steric hindrance between the 4methylpyridi- 
nium rings. Thus, configuration II is the most plausible one for the [Pt(Ypi,)212+ 
complex. 

Although the 2J(Pt-H,) value is simihr to that of PtClzYpic, the 3J(Pt-H(6)) 
value is extremely small compared with that of PtC12Ypic (see Table 2). In addi- 
tion, H(6) resonances occur at a slightly higher field in the [Pt(Ypic)2]** com- 
plex. These findings reflect the weak coordination of the pyridine nitrogen 
atoms to the platinum ion in the bis-ylide complex, which may be explained in 
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terms of mutual steric repulsion between the pyridiue rings iu configuration II. 
The [Pt(Ylut)J2+ complex also gave two non-equivalent H, and P-methyl sig- 
nals, respectively, at -6O”C_ The spectral behavior of the H(6) signal was quite 
similar to that of the Ypic analog. 

The 13C NMR parameters for the [Pt(Ypic)2]*+ and [Pt(YlUt)J2+ complexes 
as well as those for the free ylides are summarized in Table 3 *. The i3C signal 
assignment has been performed by comparing the chemical shifts with those of 
2-substituted pyridines [9] and the coupling constants between i3C and directly 
bonded hydrogen atoms (‘J(C-H)) with those of pyridine and pyridinium salts 
[lo] _ The C, signals of the complexes appear at extremely high fields compared 
with those of free Ypic and YIUt. Furthermore, the ‘J(C,-H) values are smaller 
than those of free Ypic and Ylut in which the ylide carbon has an sp* configura- 
tion [S] . These facts reflect the sp3 configuration of the complexed ylide car- 
bon atom, as has been illustrated in II. The C, signals occur with satellites due 
to the lg5Pt coupling. Although there have been no data reported on direct ylide 
carbon-platinum coupling which could be compared with the present values, 
the ‘J(Pt-C,) values are relatively larger than those of other methylplatinum 
compounds: trcms-PtMeC1(PMe2Ph)2, 673 Hz [ 111; cis-PtMez(Me2AsCsH4AsMe2), 
690 Hz [12]; cis-PtMe2(AsMe2Ph)2, 685 Hz [13]. This may reflect the stable 
ylide carbon-platinnm(II) bond. 

ig5Pt coupling satellites are also observed at the 13C signals of the pyridine 
rings of coordinated Ypic and YIUt. The magnitude of the couplings decreases 
in the order C(6) > C(3) - C(5) > C(4). Small values of 4J(Pt-C(4)) are com- 
parable with the case of bpy-platinum(H) complexes [ 14-161. The *J(Pt- 
C(2)) values of both the Ypic and Yiut complexes have been measured to be 
almost zero in spite of large values of ‘J(Pt-C(6)). This may be explained by 
assuming that the coupling contributions with opposite sign from the two-bond 
path (Pt-N-C) and from the three-bond path (Pt-C-C-C) apparently cancel 
at the C(2) position to produce negligible coupling. 

The 13C signals of the $-methyl- and 3,5-&methylpyridinium rings also occur 
with the lg5Pt coupling satellites. The relatively large value of the ‘J(Pt-C,) in 
spite of the long distance between the C, and the platinum atoms may reflect 
an important contribution of the x-meclnmism of spin-spin coupling in the 
pyridinium ring. 

Experimental 

Preparation of 4-mefhyCpyridin_ium (YPiC) and 3,5-dimethyipyridinium 

2-pyridykarbonylmethylide (Ylut) 

4-Picoline (3.3 g, 35 mmol) was added to a methanol (30 cm3) solution of 
2-(bromoacetyl)pyridinium bromide 1171 (4.0 g, 15 nnnol). After it had been 
stirred for 3 h at room temperature, the solution was evaporated to dryness 
under reduced pressure. The resulting product was dissolved in water (10 cm3), 

* The 13C NMR spectra were measured for PtL2C12 (L = Ypic. Ylut) in methanokf4. since the solu- 
biity of CPtLd [Cl041 2 was not enough for the measurement. The tH NMR spectra of PtL2C12 in 
liquid sulfur dioxide and in methanol-d4 were essentially identical to those of the perchlorate com- 
plexes. 
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followed by the addition of a 30% K&O, aqueous solution (80 cm3). After the 
solution was extracted with dichloromethane, the extracts were evaporated to 
dryness to afford a crude solid. This was recrystallized from a mixture of 
dichloromethane and petroleum ether (30--50°C) to give yellow crystals of 
Ypie (l-96 g, 65% yield)_ M.p. 44.5-46°C (decomp.). Found: C, 73.42; H, 5.54; 
N, 13.04_ C13H,,N,0 calcd.: C, 73.56; H&70; N, 13.20%. 

Y rut was also prepared by the reaction of 3.5-lutidine (3.2 g, 30 mmol) with 
2-(bromoacetyl)pyridinium bromide (4.0 g, 15 mmol) in the same way (1.8 g, 
58% yield)- M-p. 12, Q-131°C. Found: C, 74.26; H, 6.16; N, 12.23. C,,H,,N,O 
cakd.: C, 74.31; H, 6.24; H, 12.38%. 

Preparation of dichloro~2-pyridylcarbony~methyZide)pZatinum(II) and -palla- 
dium(II)> MCizL (n/r = IV, Pd”; L = Ypic, Yluc) 

A dichloromethane (2 cm3) solution of Ypic (0.10 g, 0.47 mmol) was added 
to PtC12(SMe2)2 [IS] (0.22 g, 0.55 mmol) in the same solvent (4 cm3). The 
mixture was allowed to stand overnight at room temperature to give a yellow 
precipitate of crude PtClzYpic, which was recrystallized from dimethyl suffoxide 
(0.072 g, 32% yield). M-p. 227°C. Found: C, 32.62; H, 2.58; N, 5.69. 
C13H12N20ClzPt cakd.: C, 32.63; H, 2.53; N, 5.86%. 

PtClzYl,t also was prepared by the reaction of YIut with PtC12(SMe& in the 
same way (36% yield). M-p. 260°C. Found: C, 33.99; H, 2.76; N, 5.75. 
C,e H,,N,0C12Pt calcd.: C, 34.12; H, 2.86; N, 5.69%. 

The palladium(H) analogs were prepared by the reaction of PdC12(SMe& 
1191 with an equimolar Ypic and Ylut in dichloromethane. They were recrystal- 
lized from a mixture of dimethyl sulfoxide and acetonitrile (62 and 65% yield). 
PdClzY,i,- M-p. 236°C. Found: C, 40.09; H, 3.32; N, 7.37. C1sH12N20Cl2Pd 
c&d.: C, 40.08; H, 3.11; N, 7.19% PdCl,Y,,t: M-p. 242°C. Found: C, 41.03; 
H, 3.46; N, 6.86. C,,H,,N=OCl,Pd calcd.: C, 41.67; H, 3.50; N, 6.86%. 

The complexes obtained here were soluble in liquid sulfur dioxide, but 
poorly soluble in common organic solvents_ 

Preparation of bis(2-pyridylcarbonylmethylide)platinum(II) perchlorate, 

P~W~C~OJJ~ CL = Ypic, Yruc) 
A dichloromethane (10 cm3) solution of Y,i, (0.75 g, 3.50 mmol) was added 

to a stirred solution of PtClz(SMe2), (0.50 g, 1.27 mmoi) in dichloromethane 
-(lo cm3). The mixture was stirred overnight at room temperature to give a pale 
green precipitate of Pt(Y,i,)zCl? l x H20.(0_69 g), as confirmed by IR and ‘H 
NMR spectra. The product was dissolved in methanol (15 cm3), followed by the 
addition of magnesium percblorate (0.35 g) in methanol (10 cm3) to give a pale 

. yellow precipitate of [Pt(Y,i,)2] [C104]2t which was recrystallized from acetone 
(0.42 g, 40% yield). Found: C, 37.35; H, 2.85; N, 6.66. C26H24NZ01,,ClZPt 
calcd.: C, 38.15; H, 2.96; N, 6.84%. 

CWYlutM [Cl0 1 4 2 was also prepared by the use of Ylut in the same way and 
recrystallized from acetonitrile to give a white powder (51% yield). Found: C, 
40.33; H, 3.48; N, 7.74%. C,,H,,N,O&l,Pt c&d.: C, 40.60; H, 3.52; N, 7.89%. 

Reactions of PdC12(SMe& with an excess amount of L (L = Ypi,., Y1,,) in 
dichloromethane did not give PdL&lZ but yielded only PdC12L. 
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Preparation of (2,2’-bipyridine)(2-pyridylcarbonyImethylide)platinum(~I) 
perchlorate, [Pt(bpy)L]jClO4]2 (L = Ypic and Ylut) 

.2,2’-Bipyridine (0.040 g, 0.25 mmol) was added to a suspension of PtCl*Y,i, 
(0.10 g, 0.21 mmol) in water (7 cm”). The mixture was stirred for 1.5 h at 
room temperature, followed by the addition of a 3 cm3 aqueous solution of 
sodium perchlorate (0.11 g, 0.78 mmol) to give a pale green powder of [Pt(bpy)- 
typic )I Ic10412 which was recrystallized from hot water (0.099 g, 62% yield). 
Found: C, 35.97; H, 2.63; N, 7.41. C23H2,-,N40&lZPt calcd.: C, 36.23; H, 2.64; 
N, 7.35%. 

A pale green powder-of [Pt(bpy)(Y,,,)] [C104]+ - 4 Hz0 was also obtained in 
the same way (57% yield). Found: C, 36.32; H, 2.69; N, 7.18. C24H23N409_5- 
C12Pt calcd.; C, 36.70; H, 2.95; N, 7.13%. 

Spectra 
IR and ‘H NMR spectra were measured as described previously [l] _ 13C NMR 

spectra were recorded in chloroform-d and methanol-d, at 15.03 MHz using the 
pulse Fourier transform technique on a JEOL FX 60 spectrometer at 34°C. 
13C chemical shifts were measured relative to TlMS as the internal standard_ 

Acknowledgement 

The authors wish to express hearty thanks to Professor Toshio Tanaka for 
his continuous encouragement throughout this study. 

References 

1 H. Koezuka. G. Matsubayashi and T. Tanaka. Inorg. Chem., 13 (1974) 443; 15 (1976) 417. 
2 ZI. Kise. H. Endo and %l. Seno, Bull. Chem. Sot. Jpn.. 50 (1977) 3245 and references cited therein. 

3 S-A_ Dias. A-W. Downs and W.R. McWhinnie. J. Chem. Sot. Dalton, (1975) 162. 
4 BI. Kate. H. Urabe. Y. Oosawa, T. Saito and Y. Sasaki. J. Organometal. Chem.. 121 (1976) 81. 
5 Y. Oosawa, H. Urabe. T. Saito and Y. Sasaki. J. OrganometaI. Chem.. 122 (1976) 113_ 
6 J-R. Ferraro. Low-Frequency Vibrations of Inorganic and Coordination Compounds, Pierum Press, 

New York. 1971. 
7 K. Kawakami. T. Ohara. G. RIatsubayashi and T. Tanaka, Bull. Chem. Sot. Jpn.. 48 (1975) 1460. 
8 G. hlatsubayashi. Bull. Chem. Sot. Jpn.. 54 (1980) 915. 
9 J.B. Stothers. Carbon-13 NBIR Spectroscopy. Academic Press. New York. 1972. 

10 F.A.L. Anet and I. Yavari. J. Org_ Chem.. 41 (1976) 5389. 
11 M.H. Chisholm. H.C. Clark. L-E. illanzer. J.B. Stothers and J.E.H. Ward, J. Amer. Chem. Sot.. 95 

(1973) 8574. 

12 H.C. Clark and J.E.H. Ward. Can. J_ Chem.. 52 (1974) 5iO. 
13 A.J. Cheney. B.E. Mann and B.L. Shaw, Chem. Commun.. (1971) 431. 
14 ST. Chow and R-B. hIartin. Inorg. Nucl. Chem. Lett.. 10 (1974) 1131. 
15 L.E. Erickson. J-E. Sarneski and C.N. ReiIley. Inorg. Chem.. 14 (1975) 3007. 
16 J-E. Sarneski, A-T. McPhail. K.D. O_laa. L.E. Erickson and C.N. ReiIIey. J. Amer. Chem. Sot., 99 

(1977) 7376. 
17 G.R. Clemo. WAIcG. Morgan and R. Rapper. J. Chem. Sot.. (1937) 965. 
18 E.G. Cox, H. Saenger and W. Wardlaw. J. Chem. Sot.. (1934) 182. 
19 F.G. Mann and D. Purdie, J. Chem. Sot. (A). (1967) 1520. 


