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Abstract-Syntheses of the phospha-alhne complexes cis- and rmns-[PtC12(PEtsKmesityl)P=CPh*], and cis- 
[PtX2{(Mesityl)P=CPh&](X=C1, I, Me) complexes are reported. “PNMR spectra indicate that bonding of the 
phospha-alkene to the metal is via the phosphorus lone pair and this is confirmed by a single crystal X-ray 
diffraction study of cis-[PtC12(PEt3X(mesityl)P=CPhz)]CHC13. 

INTRODUCTION 
There is current interest in the chemistry of trivalent 
phosphorus compounds in which phosphorus is one or 
two coordinate. Recently we and others’-’ have 
developed synthetic routes to novel compounds contain- 
ing carbon multiply bonded to phosphorus, viz. phospha- 
alkenes, R&=PR’, and phospha-alkynes, RGP. 

In a preliminary report5 we described a number of 
transition metal complexes of the phosphaalkene 
C6H2Me3P=CPh2,3 (C6H2Me3 = mesityl). NMR studies 
on complexes of tungsten(O), rhodium(I) and 
platinum(H) indicated that in all cases the bonding of the 
phospha-alkene to the transition metal was via the 
phosphorus lone pair as in (A) rather than as in (B). 

M 

I 

(A) (B) 

These results complemented observations by Niecke6 
and Scherer’ on complexes containing the isoelectronic 
R’PNR and RPO ligands. 

We now report details of a number of platinum(I1) 
complexes of (mesityl)P=CPhl and the crystal and 
molecular structure of the chloroform solvate of cis- 
[PtCI,(PEt,) (mesityl)P=CPh2] which confirms the nature 
of the metal-ligand bonding. 

RESULTS AND DISCUSSION 

Many amine and phosphine ligands, L, cleave the 
bridge of the dinuclear complex [Pt2Cl.,(PEt&] to afford 
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transtomplexes [PtClz(PEta)L]. The “P{‘H} NMR 
spectrum of a dicbloromethane solution of 
[Pt&&(PEt,),] and (mesityl)P=CPhl, shown in Fig. 1, 

Rt3P \,/’ 
,,/ \ 

P(mesityl)=cFh3 

<I) 

3t3P, /l 

F+h3C=,(mesltyl)P 
p'\cl 

(11) 

consists of two “triplets” from coupling to ‘95Pt each 
line exhibiting a further large *J(PP’) coupling (544Hz) 
typical of formation of the trtins-isomer of 
[PtC12{(mesityl)P=CPh2)}(PEt,)l, (I), in which the phos- 
phaalkene is coordinated via the phosphorus lone pair. 
Coupling constant data are listed in Table 1. 

Removal of solvent from the solution of (I) gave a 
yellow oil from which a yellow solid, (II), can be 
obtained from pentane. The 3’P{‘H} NMR spectra of (II) 
shown in Fig. 2 indicated that it was the c&isomer of (I) 
since the magnitude of ‘J(PtP) was greatly increased 
while *J(PP’) was only 23 Hz (Table 1). The IR spectrum 
of (II) exhibited two (Pt-CI) bands at 315 and 290cm-’ 
expected for a c&complex. A solid sample of (I) could 
not be obtained pure but the IR of a mixture of (I) and 
(II) exhibited an additional band at 335cm-’ which is 
assigned as @t-Cl) for (I). 

The complex frans-[PtC12(PEt,XPCI(mesityl)CHPh2}], 
(III), was also prepared from [Pt2Cl,(PEts)2] and its 
reaction with dbu (dbu = 1.5 - diazabicyclo - [5,4,0]trans - 



H. W. KROTO et al. 

Mesityl -P = CPh, 

500 Hz 
- Mesityl- P = CPh, 

TMP 

I 
- JP+P 

Fig. 1. “P NMR spectrum of trans-[PtC12(PEt3)(mesityl)P=CPh2)1. 
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Fig. 2. “P NMR spectrum of cis-[PtC12(PEt3)(mesityI)P=CPhz)]. 

Table 1. 3’P NMR data for some PtC&LL’, complexes 

E E 

L L' 
lJPt: lJ 

Pt(PEt3) 2JPPt 

(mesityl)P=CPh2* PEt3 ci8 4294 3269 23 

(mesityl)P=CPh2-a 

PF3' 

P(OPh)38 

b 
P(OPh3)2- 

PCl,b 

PPh2Clb 

PPh3k 

PEt3b 

P(C1)(mesityl)(CHPh2)-8 

PEt3 

PEt3 

PEt3 

PBu3 

PEt3 

PEt3 

PEt3 

PEt3 

PEt3 

trans 

CIS - 

* 

trans 

cis -. 

cis 

cis - 

cis - 

trans 

2590 2844 

7388 2869 

6249 3197 

4116 2570 

6054 2977 

5077 

3815 

3164 

3373 

3520 3520 

2539 2647 

544 

19 

22 

715 

17 

17 

17 

17 

547 

(a) This work. (b) Data from ref.5.8, 10, 20, 21. (c) In Hz. 
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undec - 5 - ene) was studied to see if hydrogen chloride 
could be eliminated from the coordinated chlorophos- 
phine to afford (I). This type of reaction has been pre- 
viously established by us for PCI(mesityl)CHPh2 coor- 
dinated to zerovalent tungsten. 

The 3’P{‘H}NMR spectrum of the reaction mixture, 
however, showed only the presence of PCl(mesi- 
tyl)CHPh*, (mesityl)P=CPh, (+some phosphine oxide) 
and a platinum complex tentatively identified as trans- 
[PtCl,(PEt,)(dbu)], (IV), since the same product was 
obtained directly from [Pt2CL+(PEt&] and dbu. In the 
presence of small amounts of moisture the complex 
hydro - 1,s - diaxabicyclo - [5,4,0] - undec - 1 - ene 
trichloro(triethylphosphine) platinate(II), [[dbuH] [PtCI,, 
(PEf)]], is also formed. 

Displacement of coordinated cyclo-octadiene (COD) 
from [PtXKOD)], (X=Cl, I, Me) by 

[PtX,(COD)] -+ cis-[PtX2{(mesityl)P=CPh2}z] 

(mesityl)P=CPht readily afforded the corresponding 
phospha-alkene complexes cis-[PtX2{(mesityl)P=CPhz}z], 
(X=CI, (V), X=1, (VI) and X=Me (VII)). The 
“‘P{‘H}NMR spectra of these complexes were simple 
“triplet” patterns as expected. Coupling constant data 
are listed in Table 2 the values of ‘J(PtP) being typical 
for cis-[PtX,P,] complexes. 

‘J(PtP) for cis-[PtC12{(mesityl)P=CPh~}~], (V), 
(3950Hz) is slightly greater than the value found in 
cis-[PtClz(PEt&], (3250Hz), and much larger than that 
in trans-[PtCl*(PEtp)z], (2500 Hz). The cis-geometry in 
(V) is also confirmed by the observation of two v(Pt-CI) 
stretching bands at 320 and 298 cm-’ in the IR spectrum. 
Substitution of chloride by iodide to form cis- 
[Pt12{(mesityl)R=CPh~}~] (VI), results in an increase in 
‘J(PtP) (4009Hz) consistent with the poorer trans- 

influence of iodide. The c&geometry for (VII), 
[PtMez{(mesityl)P=CPh,),l, is inferred by the very small 
value of ‘J(PtP) (1816Hz) (see ‘J(PtP) for cis- 

[PtMez(PEt&], 1856 Hz). Bands at 550 and 522 cm-’ in 
the IR spectrum of (VII) are assigned to Pt-C stretching 
modes. 

The magnitude of ‘J(PtP) in phosphine complexes of 
platinum is given by the expression” 

h 256~’ 
‘JUW = YP’YP~ T;; -yj- 13 

2 a2( 1 - a2)ap2 

n 

x JSP@)121SPt@)~ 

‘AE 

where ‘yx is the magnetogyric ratio of nucleus X, S,(O)2 
is the s-electron density of X evaluated at the nucleus, ap2 
is the s-character of the phosphorus lone pair orbital, a2 is 
the s-character of the metal hybrid orbital, n is the number 
of ligands and ‘AE is an average triplet excitation energy. 
Changes in the magnitude of ‘J(PtP) within a series of 
platinum-phosphine complexes are largely dependent on 
changes in IS(O)r and ap2. 

Inspection of the coupling constant data in Tables 1 
and 2 indicates that in complexes in which the (mesi- 
tyl)P=CPh2 is tram to a ligand of weak trans influence 
(e.g. in cis-[PtX2L& X=CI, I or cis-[PtC12L(PEt2)l), the 
values of ‘JWtpj for (mesityl)P=CPh2 are larger than 
those of PRS (or PAr3) but lower than those of P(OR)S or 
PXs (X = halogen). 

The former can be readily interpreted in terms of the 
greater s-character of the lone pair of (mesityl)P=CPh, 
(sp2) compared with PRp (sp3), which produces a larger 
ap2 term in the equation for ‘J(PtP). The s-character of 
the lone pair of PK, however, has been calculated to be 
ca. 35%9 approximately the same as that expected for an 
sp2 hybrid. Since ‘Jcptp) for PFJ complexes, and those of 

Table 2. “P NMR data for some cis-[PtX&] complexes (X-Cl, Me) 

x = Cl -- 

L lJ(PtP)" lJ 
Ref (PtCH3j-a - 

PF3 6462 22 

PWPW3 5793 23 

(Mesityl) P = CPh2 3950 This work 

PPh3 3684 8 

PBuPh2 3641 24 

PBu2Ph 3551 24 

PBu3 3500 24 

PEt3 3520 10 

X = Me 

PPh2Me 

PEt3 

(mesityl) P = CPh2 

1851 68.0 25 

1855 67.6 10 

1816 75.0 This work 
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P(ORh where the lower electronegativity of the sub- 
stituents reduces the s-character of the lone pair, are 
larger than those of (mesityl)P=CPh, it appears that the 
charge on phosphorus, and hence the ]Ys&O)r term 
also plays an important part in determining ‘Jo.,r). 

In complexes where (mesityl)P=CPhz is frans to a 
ligand of high tmns-influence (e.g. Me, PR,) the mag- 
nitude of ‘Jcptp, falls below those of the analogous PRS 
complexes. This would indicate that (mesityl)P=CPh* has 
a lower trans influence than PRI, in line with their 
relative donor properties.‘OS” 

Some support for this view comes from consideration 
of the Pt-Cl stretching frequencies in the complexes 
cis-[PtCl&] and the magnitudes of *JcptcH1, in the 
complexes cis-[PtMe&]. For cis-[PtC&] complexes 
the average vPt-Cl stretching frequency (in cm-‘) in- 
creases along the series: 

L=PEt,(294) < PPh3(305) - {(mesityl)P 
=CPh2}(309) < P(OPhp)(322) < COD(327); 

which is the opposite order of the trans-influence of 
these ligands. Likewise ZJ~ptcHSj (Hz) in the complexes 
cis-[PtMe2L2] show a similar behaviour viz. 

L=PEt3(67.6) < PPha(69) < {(mesityl)P 

=CPh2}(75) < COD(83.4). 

SINGLE CRYSTAL X-RAY STUDIES 

The results of a single-crystal X-ray analysis of the 
chloroform solvate of cis-[PtCl,(PEt,)L], {L =(mesit- 
yl)P=CPh*}, (II), are presented in Fig. 3 and in Table 3. 
Together with those recently reported for [Cr(CO),L]‘* 

they permit a tentative discussion of the nature of the 
bonding in L and of its properties as a ligand. 

In both metal complexes L behaves as a monodentate 
P-donor ligand. The significant structural features of L in 
the two complexes are broadly similar and they are fully 
compatible with the proposed formulation of L as a 
phosphalkene with a localised P=C bond.’ In the 
chromium complex the central CrCP=CC2 skeleton 
deviates only slightly from planarity-the Cr-P=C-C(Ph) 
and C(mesityl)-P=C-C(Ph) torsion angles are 3 and 6”, 
respectively, whereas in the platinum complex the cor- 
responding torsion angles are 12 and 22”. The greater 
distortions from planarity in the platinum complex arise 
both from slight deviations from planarity of the bonds 
radiating from P(1) and C(1) but also (and more 
seriously) from a twisting of the two coordination planes 
by cu. 17” about the P=C bond (see Table 3~). However, 
the P(l)-C(I) and P(lkC(lC) bond lengths [1.660(9) and 
1.794(10)A] do not differ significantly from the cor- 
responding values in the chromium complex [l-679(4) 
and 1.822(5) A]. Valency angles at the donor phosphorus 
atom also show nearly identical distortions from an ideal 
trigonal-planar arrangement: in the platinum complex the 
C-P-C angle of 112.5(5)0 is narrowed at the expense of 
the Pt-P-C angle of 127.5(3)” [see 109.8(2) and 130.8(2) 
for corresponding angles in the chromium compound]. 
An implication of these narrow C-P-C angles is that the 
phosphorus lone pair has more s-character than would be 
expected from ideal sp*-hybridisation; a not unexpected 
conclusion since the lone pair of a monotertiary phos- 
phine is usually thought to have more s-character than 
would be expected from sp3-hybridisation in view of the 
tendency for C-P-C angles in phosphine complexes to 
be less than 109.5” and M-P-C angles.to be greater. In 

Fii. 3. A perspective view of the cis-[PtC12(PEt&H2Me,P=CPh2)] molecule showing the atom numbering and 
50% probability ellipsoids. Anisotropic vibrational parameters were used only for shaded atoms. 
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Table 3. Selected distances (A) and angles ( ’ ) in cis-fPtCla(PEtsKC6HaMesP=CPha)] 

(a) Bond lengths 

Pt-Cl(l) 

Pt-Cl(Z) 

Pt-P(l) 

Pt-P(2) 

P(l)-C(1) 

P(l)-C(lC) 

P(2)-C(2) 

P(2)-C(4) 

P(2)-C(6) 

C(l)-C(lA) 

C(l)-C(lB) 

C(2)-C(3) 

2.358(3) 

2.335(3) 

2.199(2) 

2.256(3) 

1.660(g) 

1.794(10) 

1.821(12) 

1.828(12) 

1.843(12) 

l-50(2) 

1.49(2) 

1.53(2) 

C(4)-C(5) 

C(6)-C(7) 

C(lC)-C(2C) 

C(2C)-C(3C) 

C(3C)-C(4C) 

c(4cf-cI5c) 

C(5C)-C(6C) 

C(6C)-C(lC) 

C(2C)-C(7C) 

C(4C)-C(8C) 

C(6C)-C(9C) 

1.51(2) 

1.49(2) 

l-42(2) 

1.35(2) 

1.43(2) 

1.38(2) 

1.39(2) 

1.41(2) 

1.53 (2) 
1.50 ‘(2) 

1.52 (2) 

(b) Bond angles 

Cl(l)-Pt-C1(2) 

Cl(l)-Pt-P(l) 

C1(2)-Pt-P(2) 

P(l)-Pt-P(B) 

Cl(l)-Pt-P(2) 

C1(2)-Pt-P(1) 

88.7(l) 

85.2(l) 

89.6(l) 

96.6(l) 

177.9(l) 

173.4(l) 

Pt-P(z)-c 111.9(4)-116.2(4) 

c-P(2)-c 103.8(5)-106.6(5) 

(c) Torsion angles 

Pt-P(2)&(2)-C(3) -166(l) 

Pt-P(2)-C(4)-C(5) -50(l) 

Pt-P(2)-C(6)-C(7) -56(l) 

Pt-P(l)-C(l) 

Pt-P(l)-C(lC) 

C(l)-P(l)-C(lC) 

P(l)-C(l)-C(lA) 

P(l)-C(l)-C(lB) 

C(lA)-C(l)-C(lB) 

P(2)-C-C 115(l) 

At C(aromatic) 118(l) 

P(2)-Pt-P(lI-C(1) 53.7(5) 

Pt-P(l)-C(l)-C(lA) -163(l) 

Pt-P(l)-C(l)-C(lB) 12(l) 

c(lC)-P(l)-C(l)-C(lA) 22(l) 

127.5(3) 

119.8(3) 

112.5(5) 
122.0(7) 

119.9(6) 

117.9(7) 

-117(l) 

-122(l) 

18.1(4) 
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the platinum complex the olefinic carbon atom C(1) 
subtends valency angles which are all within 2 of 120”. In 
the chromium complex the corresponding angles are 
more variable with the C(Ph)-C-C(Ph) angles being nar- 
rowed to 114.8(4)“. The differences in the planarity of the 
central skeleton of L and in the valency angles at the 
olefinic carbon atom found between the platinum and 
chromium complexes probably have a steric origin. In 
the chromium complex the mesityl ring makes an angle 
of 81” to the central CrCP=CC2 plane whereas the cor- 
responding value in the platinum complex is 67”. The 
phenyl rings are tilted at 70 and 37” to the central plane in 
the chromium complex whereas the corresponding 
values are 47 and 51” in the platinum complex. 

The Pt-PEt, and tram Pt-Cl (1) bond lengths of 
2.256(3) and 2.358(3) A are normal, being virtually iden- 
tical to the mean values of 2.258(2) and 2.361(6) A found 
in cis-[PtC12(PEt&].‘3 These values may be compared 
with the Pt-P(1) and tram Pt-Cl(2) bond lengths of 
2.19!9(2) and 2.335(3)A. Differences in the nature of the 
phosphorus hybridisation would be expected to cause 
some shortening of the P&P(l) distance relative to the 
Pt-P(2) distance. This shortening is accompanied by a 
slight but detectable diminution of trans-influence as 
judged by the Pt-Cl bond lengths. The different trans- 
influences of the two P-donor ligands may reflect the 
different types of phosphorus hybridisation, although we 
have previously’4 shown that the trans-influences of 
C-donor ligands on Pt-Cl bond lengths are insensitive to 
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the state of hybridisation of the donor carbon atom, a result 
in accord with current theories of o-trans-influence. An 
alternative explanation for the slightly lower trans- 
influence of L relative to PEt, would be that L is a 
slightly better r-acceptor. This conclusion contrasts 
somewhat with the suggestion, based on the structural 
results for [Cr(CO)sL], that L has fairly strong s-acid 
properties relative to other P-donor ligands.” 

Whatever view is taken of the relative importance of 
u- and r-effects in determining the platinum-ligand bond 
lengths in cis-[PtCl@Et3)L] it is interesting to note that 
the Pt-P and Pt-Cl distances are in accord with our 
previous discussion of bond lengths in complexes with 
cis-[PtC1,P2] donor sets.13 The Pt-P(1) bond length is 
shorter than the Pt-P(2) bond length by 0.06A and as 
expected the tram Pt-Cl bond length is also shorter, but 
by roughly half this amount. Since the bond length 
variations can be related empirically to the electron- 
withdrawing of the P-donor &and, in the sense defined 
by Tolman,15 it would appear that L can be compared 
with P(OPhh in terms of electron-withdrawing ability 
and trans-influence. 

EXPERIMENTAL 

All manipulations were carried out under an atmosphere of dry 
nitrogen gas or in ULICUO. Solvents were dried by standard 
methods and freshly distilled before use and degassed by the 
repeated freexe-thaw method. I’P NMR spectra were obtained 
using a JEOL PFf 100 Fourier transform spectrometer operating 
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