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SUMMARY 

The stability of the metal-carbon bond in bis(triethylphosphine)diaIkynyl 
complexes of Nl , .‘I Pd” and Pt” was investigated through the substituent effect 
exerted on metal-carbon stretching frequencies, and a linear relationship was 
established between the square of the frequencies and Taft’s polar constants of the 
substituents on alkynyl groups. 

The relationship was interpreted in terms of &c-p7c interaction between central 
metal and alkynyl groups. The interaction is considered to reinforce the metal-carbon 
bond. 

INTRODUCTION 

The chemistry of organic derivatives of transition metals has made brilliant 
progress during the past two decades and much effort has been expended on the consi- 
deration of bonding and structure. Among many kinds of complexes, alkyl derivatives 
are interesting ones, since the derivatives are considered to play significant role in 
various reactions as intermediates or active species of the catalyst’. However, our 
knowledge about properties of the metal-alkyl bond seems still insufficient. 

We have prepared and measured the IR spectra (4000-200 cm- ‘) of a series of 
square-planar dialkynyl complexes of nickel(II), palladium(I1) and platinum(II), 
namely ~~u~s-[L~M(CZCR)~], h w ere L is tertiary phosphine or stibine. It was found 
that asymmetric metal-carbon stretching frequencies were sensitive to the change 
of R. Through the relation, the bond properties will be discussed below. 

RESULTS AND DISCUSSION 

The lR spectra of the alkynyl complexes, frans-[LzM(C=CR),], were recorded 
from 4000 to 200 cm-‘, where M is Nil’, Pd” or Pt”, L is trimethylphosphine, trie- 
thylphosphine, triphenylphosphine or triethylstibine and R is listed in Table 1. 

These complexes have D,, molecular configuration (Fig. 1) around the central 
metal. The IR active metal-carbon stretching is B,, mode. The A, mode is only 
Raman active. 

From the reported spectra of Pd”‘, Pt”‘,” and PtlV5 alkyl complexes, the 
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TABLE 1 

IR SPECTRA OF WU~~-L,M(C&R)~ 

M L R r(C-M) r(P-M) v(C z C) 
(cm-‘) (cm- ‘) (cm- ‘) 

Ni Et,P 

Pd Et,P 

Pt 

Me,P 

Ph,P 

Et,P 

Me,P 

Ph,P 

Et,Sb 

Ph 
CHtF 
C= CPh 
C=CH 

557 
550 
570 
566 
578 
585 

CH=CH2 543 
Ph 545 
CH,F 560 
C= CPh 578 
Cm CH 597 
CH=CH2 544 
Ph 547 
Ph 548 

CH=CH, 544 
Ph 549 
CHIF 561 
C= CPh 578 
C= CH 580 
CH=CH 1 545 
Ph 551 
CH=CH, 337 
Ph 551 
Ph 547 

Cz CPh 578 

405 
405 
405 
405 
405 
405 

405 
405 
405 
405 
405 
340 
337 

405 
405 
405 
405 

405 
346 
346 

210.5 
2080 
2085 
2100 
2040,217o 
1985.2100 

2070 
2070 
2115 
2050,217O 
1990,212o 
2090 
2080 
2110 

2050 
2107 
2120 
2050,216O 
1996, ‘140 
2100 
2090 
2100 
2090 
2080 
2030,214o 

c@JJM CT 
P 

Fig. 1. Molecular conti_euration of the square-planar dialkynyl complexes. 

metal-carbon stretching is expected to be observed in the region, 600-500 cm- I, for 
the alkynyl complexes of Pd”, Pt” and probably Ni”. The IR spectra of the bis- 
(trialkylphosphine)dihalo complexes of these metal@*’ showed no absorption in this 
region. 

The IR spectra (600-500 cm-‘) of truns-[(Et,P)zM(C=CR),], (M=Ni, Pd or 
Pt), are shown in Fig. 2. 

These complexes exhibit one absorption in this region, which was sensitive to 
the change of R (Figs. 2,3 and Table 1). The phenylethynyl derivatives showed three 
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(a) 
_ CHzF 

(cl 

TCH3 

CH2F 

L * I 
600 550 500 cm-’ 

(b) 

CH2F 

T* 

CH*=CH 

T 
CH2=CH 

t 
y, 

7 

600 550 500 cm-l 600 550 500 cm-’ 

Fig. 2. IRspectraoftrans-[(Et,P)LM(C GCR)~]; arrowed absorptions are r(M-Cf; (a) M = Ni. (b) M = Pd. 
(c) M = Pt. 

absorptions, but two of them, about 520 and 530 cm- I, are due to the deformation of 
mono-substituted phenyl ring’ (Fi g. 3). Hence, these absorptions are considered to 
be the &, mode metal-carbon stretching vibration. The assignment for other com- 
plexes was made by comparison. 

The frequencies of the metal-carbon, metal-phosphorus and carbon-carbon 
stretchings are listed in Table 1. 

In the series of triethylphosphine 
metal-carbon stretching frequencies (v’) 

complexes, the plots of the square of the 
against Taft’s polar substituent constants 

J I 

600 500 400 
cm-’ 

Fig. 3. IR spectra of truns-[(Et3P)zM(Ck CPh),]; arrowed absorptions are v(M-C). 
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36 
T (b) 

Fig. 4. plots of 11~ VS. Taft’s polar constants (G*); 0 CH,, q CH,=CH, A Ph, 0 CHZF, x PhCEC, 
gHC~C;(rt)M=Ni,(b)M=Pd,(c)M=pt. 

(G*)’ of R showed considerably good linear relationship (Fig. 4). The least square 
treatment gave following correlation coefficients ; 0.9 1 for the series of Ni complexes, 
0.97 for Pd and Pt complexes, respectively. 

The interaction of the metal-carbon stretching with other vibrations in same 
symmetry such as carbon-carbon stretching or metal-phosphorus rocking will be 
small enough to neglect, because of the large difference in the frequencies among 
them. Therefore, the vz closely relates to the force constant of the stretching vibration 
which reflects the bond strength3’. 

It is considered that the metal-carbon bonds are reinforced in the complexes 
associated with R’s of larger c*-value, namely the more electronegative groups. For 
such substituents afforded low rc-antibonding (n*) levels” of the alkynyl groups, the 
energy difference between the n* levels and d-levels (&,. and d,._) of the central metal 
may become smaller. The dn-prc interaction will be facilitated under such situation. 
Hence, the alkynyI groups are more tightly bound to the metal atom through the 
dn-pn interaction. 

The stretching frequencies of carbon-carbon triple bonds in the complexes 
were significantly reduced from those of free alkynes (Table 1). This is considered to 
be another evidence for the existence of drc-pn interaction. 

Our interpretation is in agreement with earlier presumption’ r, the results of 
Chatt et d3*” and Calvin et al.’ and the interpretation of X-ray study of the phenyl- 
ethynyl complex of Ni1t13. 
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The effect of the ligands cis to alkynyl groups was also investigated (Table 1). 
However, no appreciable inff uence on the metal-carbon bond was conceivable from 
our results. This means that the cis effect is negligible in the square-planar diaIkyny1 
complexes, as already pointed outIS. L 

EXPERIMENTAL 

Infrared spectra 
The IR spectra of the alkynyl complexes were recorded as nujol mull and KBr 

tablets using Model DS-402G IR Spectrophotometer of Japan Spectroscopic Co., 
Ltd. by Miss H. Morimoto. 

Materials 
The following alkynes, 3-fluoro-1-propynei5, 1,3-butadiyne16, 4-phenyl-1,3- 

butadiyne16 and vinylacetylene’*, were prepared by the reported procedure. The 
latter three compounds were prepared by the action of sodium amide in liquid am- 
monia and used without isolation for further step. 

The complexes listed in Table 2 were prepared by the reaction of the chloro- 

TABLE 2 

ANALYSES AND bIELTlNG POINTS OF trans-L,MlCrCRl, 

M L R Found (y/o) Calcd. (y.2) M.p.” 

CC) 
C H C H 

Ni Et,P 

Pd Et,P 

Pt 

Me,P 

Ph,P 

l3,P 

Me,P 

Ph,P 
Et,Sb 

CH=CH, 

CH,F 
C=CPh 
C= CH 

CHzF 
C=CPb 
CrCH 
CH=CH2 

Ph 
Ph 

CHtFb 
CECPh 

CH=CH, 
Ph 
Ph 
Ph 

CE CPh 

60.32 9.23 
53.01 8.68 
70.64 7.32 
61.24 8.20 

47.10 7.72 

64.83 6.67 
54.92 7.50 

46.46 7.00 

57.63 6.15 
74.84 4.93 

56.34 5.93 56.38 5.91 21&221md 

37.31 5.5 1 37.42 5.38 138-140 

48.00 5.41 48.09 5.14 244d 
67.69 4.35 67.75 4.37 82-87 

41.15 4.91 41.25 4.95 154-l 59md 

44.63 4.78 44.52 4.67 18Od 

60.48 9.14 
52.84 8.38 
70.48 7.39 
61.10 8.21 

43-45 
6G62 

13od 
14od 

47.33 7.50 74-75.5 

64.8 1 6.80 17Od 
54.49 7.32 load 

46.62 6.71 1 IO-1 12md 

57.34 6.12 16Od 
74.96 4.84 I IS-120 md 

y d : decomposes above the temperature; md : melts with decomposition. ’ Partly isomerized to(Et,P),PtF, 
in solution. 

or bromo-complexes of Ni I* Pd” and Pt” with sodium salt of appropriate alkynes , 
in liquid ammonia in good yields. 

The vinylethynyl complexes of bis(triethyIphosphine)palladium, -platinum 

and bis(triphenylphosphine)platinum, and the butadiynyl complex of bis(triethyl- 
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phosphine)platinum were kindly presented by Mr. I. Kaneko, which were prepared by 
dehalohydrogenation method’ g. 

Other complexes were prepared by the reported procedure’*3*‘2. 
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