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The azaphospholes &NN(Me)C(Me)=N (LN) and kC(H)C(Me)=NN(Me) (L,) 
have been used to synthesize the air-sensitive Pt” complexes [Pt(PPh,),L,] and 
[Pt(PPh,),L] (L = L,, L,), which are stable towards dissociation in solution at 
-40°C. One representative (Pt(PPh3)sLN] (I) has been the subject of a single-crystal 
X-ray diffraction study. I is monoclinic, space group P2,/c, with a 15.680(5), b 
13.679(6), c 27.82(2) A, /3 113.86(4)O; 2 = 4; R = 0.071 for 5492 observed reflections. 
The flat azaphosphole ligand is a-P bonded to the metal centre (Pt-P 2.227(4) A) 
which completes its pseudo-tetrahedral coordination sphere with the three PPh, 

groups W-P@“) 2.337 A). ‘H and 31P NMR data for the new complexes are 
discussed. 

Introduction 

Recently there has been much interest in heteroolefinic compounds containing 
two-coordinate trivalent phosphorus doubly bonded to carbon or nitrogen, A3-phos- 
phaalkenes -P=C< and X3-phosphazenes -P=N-, respectively [l]. Both acyclic and 
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Fig. 1. 1,5-Dimethyl-1,2,4,3-triazaphosphole (LN) and 2,5-dimethyl-1,2,3diazaphosphole (L,). 

Fig. 2. Schematic structure of [Pt(PPh,),MesP=CPh,]. 

cyclic species have been synthesized. The electron distribution in these compounds 
can be studied by investigating the availability of the n-electron pairs on phosphorus 
and nitrogen as well as of the s-electrons of the P=C or P=N bond for metal 
coordination. 

In the azaphospholes (such as L, and L,, see Fig. 1) the phosphazene or 
phosphaethene group has become part of an aromatic heterocyclic system. Towards 
zerovalent Cr, MO, W, Fe and Mn carbonyl fragments they coordinate via the 
phosphorus lone pair [2,3]. Structural and spectroscopic results indicate a P-donor 
ability in these complexes similar to that of triphenylphosphite (1,2,3-d& 
azaphospholes) and triphenylphosphine (1,2,4,3-triazaphospholes). Other studies 
using Au”’ centres [4], however, show the P-donor strength to be comparable to that 
of the pyridinic nitrogen, since coordination in AuMqClL (L = di- and tri- 
azaphospholes) switches from P to N depending upon the substituents and their 
position. Unfortunately the complexes Au’ClL were not amenable to spectroscopic 
studies, preventing a comparison of the ligands L in coordination with different 
oxidation states of the same metal. 

To help elucidate these and other aspects of azaphosphole chemistry we are 
currently extending studies of the ligands 1,5-dimethyl-1,2,4,3-triazaphosphole (LN) 
and 2,5-dimethyl-1,2,3-diazaphosphole (Lc) (Fig. 1) with Pt” and Pt” as the metal 
coordination centres. 

For example, in the case of Pt” one could expect not only a-P coordination but 
also q2-P=N(L,) or p72P=C(L,) coordination of the ligands. Such an ambivalent 
coordination behaviour was observed by us for a phosphaalkene in the complex 
[Pt(PPh,),MesP=CPh,J [5a]; the solid state structure (Fig. 2) shows a-P coordina- 
tion, whereas in solution q2-P=C bonding is clearly present [5]. 

In this paper we describe the reactions of L, and L, with [Pt(PPh,),] and 
[Pt(PPh,),C,H,] as the Pt” substrates, and the crystal and molecular structure of 
[Pt(PPh3)3LN]. A future paper will be concerned with the coordination of L, and 
L, to Pt* and Pdn. 

All preparations were carried out under oxygen-free dry nitrogen. The solvents 
were carefully dried and distilled before use. The complexes [Pt(PPh,),] and 
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[Pt(PPh,),C,H,] [6] and the azaphosphole ligands [7,8] were prepared by published 
methods. The 31P NMR spectra were recorded on Bruker WP 80 (32.4 MHz) and 
Varian XL-100 (40.5 MHz) spectrometers. The ‘H NMR spectra were recorded on a 
Bruker WM 250 spectrometer. Elemental analyses were carried out by the Elemental 
Analytical section of the Institute for Applied Chemistry TN0 (Utrecht, The 
Netherlands). 

Preparation of [Pt(PPh,), L, / 
To a solution of L, (1.27 mmol, 0.147 g) in 5 ml of toluene was added 

[Pt(PPh,),] (1.15 mmol, 1.13 g). The dark red solution was stirred at room 
temperature and within 30 min a yellow product began to separate. After 2 h 15 ml 
of pentane was added to the mixture and the pale yellow solid was filtered off, 
washed three times with 5 ml of pentane, and dried in vacua for 2 h. Yield 92%. 
Recrystallization from warm toluene gave yellow crystals of the toluene solvate 

]Pt(PPh,),L,I.C,H,. 
Analyses: Found: C, 64.13; H, 5.00; N, 3.52; P, 10.07. C&H,,N,P,Pt calcd.: C, 

64.58; H, 5.08; N, 3.53; P, 10.41%. 

Preparation of [Pt(PPh,)L,J 
To a solution of L, (0.90 mmol, 0.103 g) in 5 ml of toluene was added 

[Pt(PPh,),] (0.82 mmol, 0.80 g). The dark red solution was stirred at room 
temperature, and after about 20 min, a yellow precipitate started to separate. After 2 
h 15 ml of pentane was added, and the pale yellow solid was filtered off, washed 3 
times with 5 ml of pentane, and dried in vacua for 2 h. Yield 90%. 

Analyses: Found: C, 63.40; H, 4.89; N, 2.52; P, 11.05. C,,H,,N,P,Pt calcd.: C, 
63.56; H, 4.76; N, 2.56; P, 11.30% 

Preparation of [Pt(PPh3)2(LN)Z J 
A solution of L, (2.26 mmol 0.260 g) in 2 ml of toluene was added to 

[Pt(PPh,),C,H,] (0.40 mmol, 0.300 g) and the yellow suspension was stirred for 3 h 
at room temperature. After addition of 20 ml of pentane the pale yellow solid was 
filtered off, washed 4 times with 5 ml of pentane, and dried in vacua for 1 h. Yield 
74%. 

Analyses: Found: C, 52.89; H, 4.87; N, 9.03; P, 12.48. C,,H,,P,N,Pt calcd.: C, 
53.11; H, 4.45; N, 8.85; P, 13.04%. 

Preparation of [Pt(PPh3)2(Lc)2 J 
A solution of L, (1.58 mmol, 0.180 g) in 2 ml of toluene was added to 

[Pt(PPh,),C,H,] (0.31 mmol, 0.230 g). The brown-yellow solution was stirred at 
room temperature and after 1 h a further 1.58 mm01 L, was added, whereupon the 
solution became lighter in colour and finally, after 30 min, yellow. After a further 0.5 
h the solution was cooled to -20°C and the complex was precipitated by addition 
of 20 ml of pentane followed by cooling for 3 h at - 80°C. The pale yellow product 
was filtered off at low temperature, washed twice with 5 ml of cold pentane, and 
dried in vacua for 1 h. Yield 91%. 

Analyses: Found: C, 55.22; H, 4.62; N, 6.49; P, 12.68. Q,H,l$P,Pt calcd.: C, 
55.76; H, 4.68; N, 5.91; P, 13.07%. 
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X-Ray crystal structure determination of C,, H5, N3 P4 Pt * C, H, 
Data collection and reduction: Yellow crystals of the title complex were grown 

from toluene solution at room temperature and a suitable specimen was mounted in 
a Lindemann capillary under N, atmosphere. 

Preliminary Weissenberg film data indicated that the crystal was monoclinic, 
space group P2,/c. The crystal was transferred to an ENRAF NONIUS CAD 4F 
diffractometer for data collection. The setting angles of 16 carefully centred reflec- 
tions were used in a least-squares calculation which led to the cell constants (Table 
1). 20405 intensities up to 0 = 25” were collected in the w/28 scan mode using 
Zr-filtered MO-K, radiation. A decay of 10% was observed during data collection as 
monitored by the standard reflection (8 3 4). After merging equivalent reflections 
(merging index, 8%) a set of 9600 reflections was obtained of which 5492 with 
I > 2Sa(I) were used in the calculations. Data were corrected for Lorentz and 
polarisation effects but not for absorption. The structure was solved by standard 
Patterson and Fourier methods and refined by anisotropic blocked full-matrix 
least-squares procedures with the programme ILIAS [9]. A difference Fourier map 
indicated that the crystal structure contained additional disordered toluene mole- 
cules of crystallization. Refinement was continued with a disorder model for toluene. 
Hydrogen atoms were included at calculated positions and refined in the riding 
mode on the parameters of their neighbouring atom, except for the methyl-hydrogen 
atoms which were refined as a rigid group. 

Assignment of N(3) and C(55) was a problem, since these atoms could not be 
distinguished easily, neither from the chemical connectivity nor from peak heights in 
a difference map. On examining bond length information from the Cambridge 
Crystallographic Database it was found that N-N distances tend to be longer than 
N-C distances in triazole systems. The assignment of the m ring atoms, as 
shown in Fig. 3, is therefore based on the assumption that the distances of 1.31 and 
1.39 A are more likely to correspond to a C = N and a N u N bond, respectively 
than vice versa. The resulting model seems to fit reasonably, although the presence 
of the alternative form with N(3) and C(55) interchanged cannot be excluded. This 

(Continued on p. 381) 

TABLE 1 

CRYSTALLOGRAPHIC DATA 

Formula Cd%,N,P,PtW-b 
Mw 1189.2 

W=group P&/c 

Z 4 

a (A) 15.680(5) 

b (A) 13.679(6) 

c (A) 27.82(2) 

B @a) 113.86(4) 

v (AS) 5457(S) 
D(calc) (g cm-“) 1.448 

V’W 2408 

@fo-&) (cm-‘) 28.68 
N 5492 
A 0.071 

RW 0.066 
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TABLE2 

FRACTIONALATOMICCOORDINATES 

Atom x/a v/b Z/C 

W) 
P(l) 
P(2) 
P(3) 
P(4) 
N(1) 
N(2) 
N(3) 
c(l) 
c(2) 
C(3) 
C(4) 
C(5) 
C(6) 
C(7) 
C(8) 
c(9) 
c(l0) 
c(l1) 
C(12) 
C(13) 
C(14) 
c(l5) 
c(l6) 
W7) 
C(18) 
C(19) 
C(20) 
C(21) 
c(22) 
c(23) 
c(24) 
c(25) 
C(26) 
C(27) 
c(28) 
c(29) 
c(30) 
C(31) 
cx32) 
c(33) 
c(34) 
c(35) 
c(36) 
C(37) 
C(3W 
c(39) 
c(40) 
c(41) 
c(42) 
C(43) 
C(44) 
c(45) 

0.22222(4) 0.25%3(3) 
0.2287(2) 0.4222(2) 
0.1742(2) 0.2529(3) 
0.1302(2) 0.1589(3) 
0.3682(3) 0.2042(3) 
0.4532(S) 0.218(l) 
0.4271(9) 0.1392(9) 
0.5159(9) 0.130(l) 
0.297(lj 0.5092(9) 
0.389(l) 0.481(l) 
0.448(l) 0.550(l) 
0.416(l) 0.639(l) 
0.326(l) 0.665(l) 
0.26849) 0.603(l) 
0.283q9) 0.449(l) 
0.300(l) 0.372(l) 
0.340(l) 0.388(l) 
0.366(l) 0.479(l) 
0.348(l) 0.557(l) 
0.307(l) 0.540(l) 
0.1177(9) 0.4886(S) 
0.0852(9) 0.534(l) 

-0.002(l) 0.57ql) 
-0.057(l) 0.577(l) 
-0.024(l) 0.534(l) 
0.0628(9) 0.4903(9) 
0.195(l) 0.3629(9) 
0.287(l) 0.396(l) 
0.308(l) 0.473(l) 
0.242(l) 0.517(l) 
0.150(l) 0.486(l) 
0.127(l) 0.409(l) 
0.2266(9) 0.163(l) 
0.254(l) 0.071(l) 
0.279(l) ~0.004(1) 
0.284(l) 0.013(l) 
0.267(l) 0.101(l) 
0.2341) 0.175(l) 
0.0493(S) 0.2351(9) 
0.012(l) 0.189(l) 

-0.082(l) 0.185(l) 
-0.144(l) 0.229(l) 
-0.107(l) 0.277(l) 
-0.0121(9) 0.276(l) 
0.166(l) 0.1477(9) 
0.106(l) 0.166(l) 
0.139(l) 0.160(l) 
0.230(l) 0.136(l) 
0.291(l) 0.116(l) 
0.2572(9) 0.124(l) 
0.005(l) 0.185(l) 

-0.064(l) 0.113(l) 
-0.157(l) 0.135(l) 

0.42600(2) 
0.4526(l) 
0.3352(l) 
0.4545(l) 
0.4611(2) 
O&21(5) 
0.5139(5) 
0.5152(5) 
0.4324(5) 
0.4414(6) 
0.4311(6) 
0.4114(6) 
O&33(6) 
0.4141(5) 
0.5245(5) 
0.5580(S) 
0.612q6) 
0.6318(6) 
0.5979(6) 
0.5442(5) 
0.4297(5) 
O&41(5) 
0.4444(6) 
0.3911(6) 
0.3574(5) 
0.3767(5) 
0.3037(5) 
0.3213(6) 
0.2962(6) 
0.2537(6) 
0.2349(6) 
0.2599(5) 
0.3061(5) 
0.3314(6) 
0.3061(S) 
0.2584(S) 
0.2374(6) 
0.2586(6) 
0.2950(4) 
0.2468(6) 
0.2167(6) 
0.2342(6) 
0.2834(6) 
0.3133(5) 
0.5266(5) 
0.5515(5) 
0.6052(6) 
0.6345(6) 
0.611q6) 
0.5566(5) 
0.4319(5) 
0.4139(5) 
0.3958(6) 
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TABLE 2 (continued) 

Atom x/a y/b z/c 

c( W -0.184(l) 

c(47) -0.117(l) 

c(48) -0.022(l) 

c(49) 0.1263(9) 

c(50) 0.104(l) 

c(51) 0.095(l) 

c(52) 0.110(l) 

C(53) 0.133(l) 

C(54) 0.1396(9) 

C(55) 0.528(l) 

C(56) 0.619(l) 

c(57) 0.587(l) 

C(58) 0.519(l) 

c(59) 0.481(l) 

c(60) 0.489(l) 

c(61) 0.535(l) 

c(62) 0.572(l) 

c(63) 0.564(l) 

c(64) 0.524(2) 

c(65) 1.535(2) 

CW) 1.559(2) 

C(67) 1.547(2) 

C(68) 1.511(2) 

c(69) 1.487(2) 

C(70) 1.498(2) 

c(71) 1.555(3) 

H(2) 

H(3) 
H(4) 
H(5) 
H(6) 
H(8) 
H(9) 
WlO) 
Wll) 
Wl2) 
H(14) 
Wl5) 
Wl6) 
WV 
I-w) 
W20) 
W21) 
W22) 
~(23) 
~(24) 
W26) 
H(27) 
H(28) 
~(29) 
W3’3) 
~(32) 
W33) 
W34) 

0.415(l) 
0.519(l) 

0.460(1) 
0.301(l) 
0.1991(9) 
0.282(l) 
0.350(l) 

0.400(l) 
0.367(l) 
0.292(l) 
0.1283(9) 

-0.028(l) 
-0.125(l) 
-0.065(l) 

0.0880(9) 
0.342(l) 
0.379(l) 
0.260(l) 
0.097(l) 

0.056(l) 
0.255(l) 
0.294(l) 
0.302(l) 
0.280(l) 
0.214(l) 
0.059(l) 

-0.108(l) 
-0.218(l) 

0.232(l) 
0.305(l) 
0.281(l) 
0.0273(9) 
0.005(l) 

-0.090(l) 
-0.164(l) 
-0.145(l) 
-0.048(l) 

0.176(l) 
0.171(2) 
0.078(l) 
0.187(l) 
0.282(l) 
0.341(l) 
0.307(l) 
0.213(l) 
0.153(l) 
0.107(2) 
0.252(2) 
0.153(2) 
0.102(2) 
0.149(2) 
0.248(2) 
0.299(2) 
0.287(3) 

0.409(l) 
0.530(l) 
0.689(l) 
0.737(l) 
0.628(l) 
0.299(l) 
0.328(l) 
0.490(l) 
0.630(l) 
0.601(l) 
0.536(l) 
0.609(l) 
0.611(l) 
0.534(l) 
0.4568(9) 
0.360(l) 
0.500(l) 
0.576(l) 
0.521(l) 
0.384(l) 
0.062(l) 

-0.076(l) 
-0.045(l) 

0.117(l) 

0.244(l) 
0.155(l) 
0.147(l) 
0.227(l) 

0.3%3(6) 
0.4143(6) 
0.4322(5) 
0.4377(5) 
0.3848(6) 
0.367q6) 
0.4029(6) 
0.4558(7) 
0.4721(6) 
0.477q7) 
0.4734(9) 
0.5585(7) 
0.2989(g) 
0.2908(8) 
0.2522(8) 
0.2216(8) 

0.2298(8) 
0.2684(8) 
0.336(l) 
0.241(l) 
0.249(l) 
0.290(l) 
0.322(l) 
0.313(l) 
0.273(l) 
0.196(2) 

0.4560(6) 
0.4391(6) 
0.4019(6) 
0.3883(6) 
0.4079(5) 
0.5427(5) 
0.6392(6) 
0.6737(6) 
0.6129(6) 
0.5175(5) 
0.5058(5) 

/0.4711(6) 

0.3760(6) 
0.3155(5) 
0.3498(5) 
0.3542(6) 
0.3107(6) 
0.2345(6) 
0.2012(6) 

0.2454(5) 
0.3702(6) 
0.3238(8) 
0.2378(8) 
0.202q6) 
0.2381(6) 
0.2322(6) 
0.1795(6) 
0.2112(6) 
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TABLE 2 (continued) 

Atom x/a v/b Z/C 

H(35) 
H(36) 
H(38) 
H(39) 
H(40) 
H(41) 
~(42) 
H(44) 
H(45) 
HW) 
H(47) 
H(48) 
H(50) 
H(51) 
H(52) 
H(53) 
H(54) 
W59) 
HW) 
H(61) 
H(62) 
H(63) 
H(66) 
H(67) 
H(68) 
H(69) 
W70) 
H(561) 
H(562) 
H(563) 
H(571) 
H(572) 
H(573) 

HWl) 
H(642) 
HW3) 
H(711) 
H(712) 
H(713) 

-0.153(l) 
0:0145(9) 
0.035(l) 
0.093(l) 
0.2541) 
0.362(l) 
0X39(9) 

-0.043(l) 
-0.209(l) 
-0.257(l) 
-0.138(l) 

0.031(l) 
0.092(l) 
0.077(l) 
0.104(l) 
0.145(l) 
0.1559(9) 

0.446(l) 
0.460(l) 
0.541(l) 
0.607(l) 
0.593(l) 
1.587(2) 
1.56q2) 
1.502(2) 
1.459(2) 
1.479(2) 
0.617(l) 
0.636(l) 
0.672(l) 
0.652(l) 
0.565(l) 
0.598(l) 
0.490(2) 
0.596(2) 
0.490(2) 

1.539(3) 
1.516(3) 
1.629(3) 

0.316(l) 
0.307(l) 
0.187(l) 
0.173(l) 
0.132(l) 
0.096(l) 

0.110(l) 
0.037(l) 
0.078(l) 
0.250(l) 
0.380(l) 
0.338(l) 

0.064(l) 
-0.106(l) 
-0.239(l) 
-0.203(l) 
-0.032(l) 

0.308(l) 
0.414(l) 
0.353(l) 
0.186(l) 
0.080(l) 
0.116(2) 
0.026(2) 
0.110(2) 
0.285(2) 
0.376(2) 
0.213(2) 
0.096(2) 
0.201(2) 
0.077(l) 
0.003(l) 
0.114(l) 

O.W2) 
0.091(2) 
0.043(2) 
0.363(3) 
0.242(3) 
0.275(3) 

0.2973(6) 
0.3525(5) 
0.5285(S) 
0.6244(6) 
0.6767(6) 
0.6350(6) 
0.5375(5) 
0.4144(5) 
0.3808(6) 
0.3827(6) 
0.4148(6) 

0.4460(5) 
0.3570(6) 
0.3266(6) 
0.3897(6) 
O&37(7) 
0.5129(6) 
0.3145(8) 
0.2458(8) 
0.1917(8) 
0.2061(8) 
0.2747(8) 
0.225(l) 
0.296(l) 
0.353(l) 
0.338(l) 
0.267(l) 

0.4400(9) 
0.4688(9) 
0.5089(9) 
0.5531(7) 
0.5597(7) 
0.5950(7) 
0.360(l) 
0.360(l) 
0.314(l) 
0.187(2) 
0.162(2) 
0.207(2) 

problem was not pursued further in view of the quality of the dataset. The final 
model with 620 parameters converged to R and R, values of 0.066 and 0.071, 
respectively. 

The weighting scheme employed was: weight = 2.1459/(a2(F) + 0.001 F’). A 
final difference Fourier map revealed nine peaks of density ranging from 1.1 to 3.1 
ek’ which are ascribed to absorption and decay effects. Scattering factors of 
Cromer and Mann [lo] were used. Anomalous dispersion terms were taken from 
Cromer and Liberman [ll]. 

The atomic coordinates are listed in Table 2. Complete lists of the structural 
parameters and temperature factors are available from one of the authors (A.L.S.). 
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Results 

In contrast to the results of Scherer et al. [12], who observed that [Pt(RR’N- 
P=NR”),] was formed in the reaction of RR’N-P=N-R” with [Pt(COD),], 
we found that L (L = L,, L,) leads to decomposition products with this particular 
Pt” substrate. However, both L, and L, react with [Pt(PPh,),] in a l/l ratio to 
afford the species [Pt(PPh,),L] (eq. l), which may be isolated as yellow crystalline 
solids in high yield. The complexes [Pt(PPh3)2L2] have been synthesized similarly 
from the 4/l reaction of L and [Pt(PPh,),C,H,] (eq. 2). 

b(PPh,),l + Ls [Pt(PPh,),L] 

[Pt(PPh&,H,] + 4Ls [Pt(PPh,),L,] + 2L + C,H, 

(1) 

(2) 

In the latter reaction when two equivalents of azaphosphole are used a variety of as 
yet unidentified species (some presumably containing C,H,) are formed, together 
with [Pt(PPh,),L]. Only when an excess of ligand is present does isolation of pure 
[Pt(PPh3)2L,] become possible. Introduction of a third azaphosphole does not 
appear to take place under these conditions. 

All these new compounds, whose stoichiometry has been established by elemental 
analyses and ‘H and 31P NMR data (see Tables 3, 4), are air sensitive, and are 
readily soluble in toluene or dichloromethane but practically-insoluble in pentane or 
hexane. It should be emphasized that like most tetrahedral Pt” phosphine complexes, 
these new isolated species give temperature dependent 31P NMR spectra, and 
limiting data were obtained at -40°C in toluene-ds or dichloromethane-d,. 

A typical illustrative spectrum, that of [Pt(PPh,),(L,),], is presented in Fig. 4. 
As with all the other new azaphosphole species, the multiplicity of the 31P NMR 
signals suggests a tetrahedral metal coordination sphere of four phosphine donor 
ligands, with large ‘J(Pt,P) values which may be considered characteristic for 
zerovalent Pt compounds. However, unlike many [Pt(PR,),] systems the spectra so 
obtained essentially contain only the appropriate four coordinate Pt” species, with 
no evidence for three coordinate species. On consideration of the possible equilibria 

[Pt(PPh, >,I * [Pt(PPh, >,I + PPh, 

and [Pt(PPh,),L] s [Pt(PPh,),] + L 

TABLE 3 

‘H NMR DATA FOR [Pt(PPh,),L+,,] (n = 2, 3) B 

Compound W==CH) ‘J(P,CH) WMe) “J(P,NMe) b WMe) 4J(P,CMe) 

LJ 4.07 1.4 2.65 0.7 
PiPPh,),L, = 3.75 <l 2.42 <l 
pt(pP&),(L,), c 3.80 (1 2.46 <l 
L,’ 7.25 43.7 3.66 7.6 2.33 1.3 
Pt(Pfi,),Lc = 5.32 d 42.9 2.93 8.5 2.12 il 
Pt(PPW,(Lc)a = 6.07 ’ 42.9 3.46 7.7 2.17 (1 

“The spectra were recorded at -40°C in -Cl,, g(ppm) relative to TMS, coupling constants in Hz. 
’ 4J(PNNMe) (LN) or ‘J(PNMe) (L,) ‘The PPh, signals were found in the range 6:75-7.75 ppm. 
d 3J(PtPCH) 47 Hz. ’ ‘J(PtPCH) was not observed. ‘Data from rd. 2. 
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TABLE 4 

31P NMR DATA FOR [Pt(PPh,),L+,,] (n = 2,3,4) AND [Pt(PPh,),CO]” 

Complex 

Pt(PPh,),L,’ 
Pt(PPh,),L, * 
Pt(PPh,),(L,), b 
PYPPh3)z(L& e 
PYPPh,),(L&’ 
Pt(PPh,),(L,),’ 
Pt(PPh,), b 
Pt(PPh,),CO b 

PPh, 

S(P) 

14.2(d) 
12.4(d) 
18.8(t) 
13.0(t) 
12.2(t) 
12.6(t) 

9.1(s) 
13.1(s) 

‘J(Pt-P) 

4068 
4051 
4138 
4094 
4097 
4163 
3814 
3593 

P’(L, or L,) *J(P,P’) 

W) ‘J(Pt-P’) 

234.4(q) 3580 55 
204.3(q) 3415 5-l 
237.8(t) 4377 54 
231.0(t) 4428 53 
195.9(t) 3887 57 
197.9(t) 3942 57 

u The spectra were recorded at -4O”C, (ppm) relative to external 85% H,PO,, downfield shifts being 
positive, coupling constants in Hz. b In toluene-d,. ’ In CD2C12. 

1000 Hz 

C 

I 

Fig. 4. 32.4 MHz 3’P NMR spectrum of [Pt(PPh,),(L,),] in CD&l, at -40°C. 
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this latter observation implies that the azaphosphole is more strongly bound than 
PPh,. The same conclusion may also be drawn for the coordination of a second 
azaphosphole, since 31P NMR measurements of a l/l mixture of [Pt(PPh,),L] and 
azaphosphole ( - 40°C CD&l,) shows that the equilibrium. 

Pt(PPh,),L + L G= [Pt(PPh,),L,] + PPh, 

lies predominantly over to the right hand side. 
To help understand this behaviour, and to ensure correct characterization of these 

new azaphosphole complexes in the solid state, particularly with regard to the ligand 
coordination mode, we undertook a crystallographic study of a representative 
member, [Pt(PPh,),L,]. 

Description of the molecular geometry of [Pt(PPh3)3 L, J * C,H, 
The crystal structure of the title compound involves the packing of 4 discrete 

molecules of the complex and 4 disordered toluene molecules in the unit cell. Figure 
3 presents an ORTEP view of the complex and sets out the numbering scheme. The 
disorder model used for toluene is shown in Fig. 5. 

Some selected bond lengths, bond angles and non-bonding contact distances and 
angles are presented in Table 5. 

The central Pt atom, which is coordinated to four P-donor ligands, has a slightly 
deformed tetrahedral configuration with Pt-PPh, distances (2.327(3), 2.333(3) and 
2.352(4) A) significantly longer than the Pt-P (azaphosphole) distance (2.227(4) A). 

Fig. 5. Toluene disorder model; PLUTO drawing of PPh, ligands with the torsion angles 
Pt-P-C(a)-C(b),C(b) closest to Pt. 
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TABLE 5 

SELECTED GEOMETRICAL DATA 

Bond lengths (i) 

Pt(l)-P(1) 2.333(3) P(2)-C(19) 1.84(l) 
Pt(l)-P(2) 2.327(3) P(2)-C(25) 1.84(l) 
Pt(l)-P(3) 2.352(4) P(2)-C(31) 1.84(l) 
Pt(l)-P(4) 2.227(4) P(3)-C(37) 1.86(2) 

P(l)-C(1) 1.83(l) P(3)-C(43) 1.84(l) 

P(l)-C(7) 1.87(2) P(3)-C(49) 1.85(l) 
P(l)-C(13) 1.83(l) P(4)-N(1) 1.63(l) 

+ (C-C) P(1) 1.380(5) (C-C) P(2) 1.384(6) 

P(4)-N(2) 
N(l)-C(S5) 

N(2)-N(3) 
N(3)-C(55) 
N(3)-C(57) 
C(55)-C(56) 

1.64(l) 
1.31(2) 
1.39(2) 
1.32(2) 
1.46(2) 
1.48(3) 

(C-C> P(3) 1.383(5) 

‘(C-C) P(i) is the average of C-C bond lengths for P(i)(Ph), 

Bond angles (deg.) 

P(l)-Pt(l)-P(2) 
P(l)-PYl)-P(3) 
P(l)-Pt(l)-P(4) 
P(2)-Pt(l)-P(3) 
P(2)-Pt(l)-P(4) 
P(3)-Pt(l)-P(4) 
Pt(l)-P(l)-C(1) 
Pt(l)-P(l)-C(7) 
PYl)-P(l)-C(13) 
C(l)-P(l)-C(7) 
C(l)-P(l)-C(13) 
C(7)-P(l)-C(13) 
Pt(l)-P(2)-C(19) 
Pt(l)-P(2)-C(25) 
Pt(l)-P(2)-C(31) 
C(19)-P(2)-C(25) 
C(19)-P(2)-C(31) 
C(25)-P(2)-C(31) 

109.6(l) 
113.9(l) 
106.3(l) 
111.7(l) 
106.7(l) 
108.3(l) 
118.6(5) 
118.0(5) 
116.6(4) 

97.3(7) 
99.2(6) 

103.6(6) 
116.3(5) 
120.0(5) 
117.7(4) 

97.9(6) 
99.8(6) 

101.5(6) 

Pt(l)-P(3)-C(37) 
Pt(l)-P(3)-C(43) 
Pt(l)-P(3)-C(49) 
C(37)-P(3)-C(43) 
C(37)-P(3)-C(49) 
C(43)-P(3)-C(49) 
Pt(l)-P(4)-N(1) 
Pt(l)-P(4)-N(2) 
N(l)-P(4)-N(2) 
P(4)-N(l)-C(55) 
P(4)-N(2)-N(3) 
N(2)-N(3)-C(55) 
N(2)-N(3)-C(57) 
C(55)-N(3)-C(57) 
N(l)-C(55)-N(3) 
N(l)-C(55)-C(56) 
N(3)-C(55)-C(56) 

Nonbonding contact distances (i) and angles (deg.) 

NWH(2) 
N(l)-H(20) 

N(2)-H(42) 

2.74(2) 

3w2) 
2.31(2) 

C(2)-H(2)-N(1) 
C(20)-H(20)-N(1) 
C(42)-H(42)-N(2) 

117.1(5) 
119.2(5) 
116.5(5) 
101.3(7) 

99.0(6) 
100.3(6) 
130.4(5) 
133.1(5) 

96.5(7) 
108.(l) 
106.(l) 
114.(l) 
120.(l) 
126.(l) 
115.(l) 
125.(2) 
119.(2) 

152.4 (15) 
164.2 (13) 
156.6 (13) 

The angles between the Pt-PPh, bonds (ranging from 109.6(l) to 113.9(l)‘) are 
somewhat larger than the ideal tetrahedral vahte, while those in which the Pt-tri- 
azaphosphole bond participates are somewhat smaller (ranging from 106.3(l) to 
108.3(1)“). 

The three PPh, ligands show no unusual features, with the carbon-carbon 
distances within the compound studied ranging from 1.32(3) to 1.42(2) A; the 
average of the 54 independent vahtes is 1.382(3) A. The triphenylphosphine ligands 
have a propellor conformation, with the three phenyl rings twisted from the 
respective C-P-Pt planes in the same direction (Fig. 5). The shortest non-bonding 
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contact distance between an N atom of the triazaphosphole ligand and the triphenyl- 
phosphine ligands is 2.31(2) A (Table 5). 

Discussion 

Although the organic chemistry of azaphospholes has been much studied, only a 
few types of complexes containing these ligands have been isolated [2,3,4]. There are 
many interesting aspects of such complexes, such as the influence of the metal 
oxidation state on the coordination mode(s) of these ambidentate ligands and the 
way this affects the further reactions of the azaphosphole unit. 

In this work we have shown that, despite the availability of alternative bonding 
modes, the azaphospholes L, and L, show exclusively P coordination with zerova- 
lent platinum substrates. The complexes [Pt(PPh,),L] and [Pt(PPh,),L,] therefore, 
not unexpectedly, bear a resemblance to the isoelectronic d” [Pt(PR3)J (R = aryl, 
alkyl) [13] complexes, and are characteristically air-sensitive in solution and the solid 
state. At room temperature, like the tetrakisphosphine complexes, the new Pt” 
azaphosphole species undergo ligand exchange processes on the NMR timescale. 
However, limiting 31P NMR spectra (- 40°C) show only the original species, with 
no evidence for either three coordinate species and free ligand(s) or mixtures of four 
coordinate [Pt(PPh3)lpL4_n]. Therefore it may be concluded that three coordinate 
[Pt(PPh,),L] must be intrinsically unstable with respect to the latter species. This is 
emphasized by the fact that reaction of [Pt(PPh,),(C,H,)J with L (one equivalent), 
the method most likely to produce [Pt(PPh,),L], only generates four coordinate Pt” 
species. In this respect it is clear that with soft Pt” the aromatic azaphospholes 
exhibit behaviour which differentiates them from other phosphorus donors such as 
tertiary phosphines or phosphaalkenes. 

It was noted in the results that the nature of the 31P NMR spectra, the synthetic 
method employed, and the possible equilibria to be expected with these Pt” species 
together suggest that L, and L, are stronger ligands than PPh,. An approximate 
qualitative guide to the intrinsic electronic properties of these and other ligands 
capable of stabilizing four coordinate Pt” can be obtained by comparing appropriate 
31P NMR parameters (Table 4). For example, the trend in ‘J(Pt,PPh,) in 
[Pt(PPh,),L’] (L’ = CO, PPh,, L,, Lc) gives an order for overall electron donation 
to the metal of L, = Lc > PPh, > CO. From this series it may be concluded that L, 
and L, have comparatively weak s-acceptor properties. 

Comparison of ‘J(Pt,P) for the azaphospholes themselves reveals that in both 
[Pt(PPh,),L] and [Pt(PPh3)2L2] it is L, which has the consistently higher one bond 
coupling to the metal than L,. This is in agreement with the results obtained by 
other workers for [W(CO),L’] (L’ = phosphorus donor), which show that ‘J(W,P) 
increases with increasing substituent electronegativity [14]. It is also noteworthy that 
in these tungsten complexes the coupling constant for PPh, (280 Hz) [15] is a little 
larger than that for L, (276 Hz) [2]; whereas in [Pt(PPh,),L’] (L’ = PPh,, Lc) the 
difference in ‘J(Pt,P) is comparatively much greater, the values being 3814 and 3475 
Hz, respectively. 

The crystallographic analysis of [Pt(PPh,),L,] revealed, as was anticipated from 
the ‘J(Pt,P) and 8(P) values, that L, is P-coordinated. 

The structural features of this platinum complex and [Pt(PPh,),CO] show two 
particularly interesting aspects (See Table 6). 



388 

TABLE 6 

COMPARISON OF METAL-CENTRED BOND ANGLES (“) AND BOND LENGTHS (A) IN 
[Pt(PPh,),L,] AND [Pt(PPh,),CO] 

Lengths 
Pt-P(Ph,) 
Pt-P(Ph,) 
Pt-P(Ph,) 
Pt-P(L,) 

An&es ’ 

[Pt(PPh3)3hI 

2.327(3) 
2.333(3) 
2.352(4) 
2.227(4) 

[Pt(PPh,),CO] u 

2.333(S) 
2.333(8) 
2.352(S) 

P-Pt-P 
P-Pt-P 
P-Pt-P 

109.6(l) 109.6(2) 
111.7(l) 110.9(3) 
ll3.9(l j 113.7(3) 

” Data from Ref. 16. ’ Between PPh, ligands only. 

First, the angles defining the pseudotetrahedral geometry of the metal centres are 
closely comparable. This is presumably because both linear CO and flat L, with 
limited steric bulk are unlikely to greatly affect the coordination sphere, so that the 
precise configuration is to a large extent determined by the interactions of the three 
triphenylphosphine ligands. 

Second, the very similar Pt-P(sp3) distances in the two complexes do not reflect 
the different electronic properties of L, and CO though, not unexpectedly, these 
bond lengths are considerably larger than those in [Pt(PPh,),] (2.25-2.28 A) [17]; 
this is a natural consequence .of the presence of the electron pair which a good u 
donor such as CO or L, will add to the metal electron count. 

As might be expected from considerat{on of the phosphorus hybridization, the 
Pt-P bond for the azaphosphole (2.227(4) A, sp2 P) is found to be much shorter than 
for the tertiary phosphines (- 2.33-2.35 A, sp3 P). The same effect is also seen in the 
Pt-P(sp2) distances of [Pt”Cl,PEt,MesP=CPh,1[18] and [Pt’(PPh,),MesP=CPh,] 
[5] which are 2.199(2) and 2.218(3) A, respectively. Upon coordination in 
[Pt(PPh3)3LN] the free azaphosphole ligand does not undergo any large structural 
changes, the N-P-N angle and the average interatomic ring distance being virtually 
identical in both situations (See Table 7). Furthermore, combined with other 
structural information, such as the coplanarity of this ring system and the Pt-P(L,) 
bond, there is no evidence for a hybridization change of the sp* phosphorus centre. 

All the data taken together provide a consistent picture of the azaphosphole 
ligands L, and L, acting towards Pt” as good u-donors with low s-acceptor 
properties. 

Y3 /CH3 
(2)N-C(1) 

Fig. 6. L, with the adopted numbering scheme for Table 7. 
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TABLE 7 

COMPARATIVE BOND LENGTHS (A) IN FREE AND COORDINATED L, u 

Bond L, [Pt(PPh,),L,I 

P-N(l) 1.638(4) 1.64(l) 
P-N(3) 1.636(3) 1.63(l) 

N(l)-N(2) 1.332(S) 1.39(2) 

N(2)-C(1) 1.342(5) 1.32(2) 

N(3)-C(1) 1.341(5) 1.31(2) 

C(l)-C(2) l&5(6) 1.48(3) 

N(2)-C(3) 1.460(6) l&(2) 

” Numbering is as shown in Fig. 6; free ligand distances are taken from ref. 19. 
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