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NMR Behaviour and Crystal Structure of Tri-ter-butylphosphineallylchloroplatinum(I1) 
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The NMR behaviour of the title compound in 
CDCl, solution is reported and discussed in terms of 
the ally1 asymmetry induced by the difference in 
bonding modes between Pft-butyl), and CT. The 
X-ray structure determination shows the presence of 
four possible orientations of the ally1 group in the 
molecule. 

Introduction 

The PMR features of Pd(II) and Pt(I1) ally1 com- 
plexes depend markedly on both the ancillary ligands 
and - to a minor extent - on the ally1 group itself. 
Generally, species of type [(allyl)PdLCl] display a 
dynamic PMR spectrum at temperatures much lower 
than their [(allyl)PdCl] z analogs [l] . Further, both 
[(allyl)MLX] (M = Pd, Pt; L = phosphines or arsines; 

X = halide or acetate) and [(allyl)Pd(PMe,Ph)(X2- 
CY)] (X2CY = xanthate, carbamate, oxinate) [2-71 
show syn-anti proton exchange, whereas [(allyl) 
PdC112 displays a static PMR behaviour under the 
same experimental conditions [ 1, 81. Thus, the 
magnetic non-equivalence of ally1 protons appears to 
decrease, along with the ally1 group dynamism, with 
decreasing difference in the u donor ability between 
L and X in complexes [(allyl)MLX] . Examples of this 
trend are provided by complexes in which either L = 
X or the difference in bonding modes between L and 
X tends to vanish, such as [(CaHs)Pt(PCy,),]’ [9], 
[(2,Me-C,H4)Pt(GL)]’ (L-L = o-phenylene-bis- 
(dimethylarsine) and bis(diphenylphosphino)ethane] 
[lo], [(allyl)Pd(X-Y)] (X-Y = bidentate Schiff 
base [l l] , and [(allyl)MLR] (M = Pd, Pt; R = C6H5 
and C6HC14 [12, 131) which show a static PMR 
spectrum at ambient temperature. These facts might 
be interpreted in terms of a perturbation of the ally1 
symmetry caused by the ligands L and X. As a matter 
of fact, the syn-anti proton exchange via $ -q3 
interconversion - which was invoked to account for 
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the ally1 group mobility [14-171 - is likely to be 
enhanced by asymmetry in the ally1 group. For 
instance, [(2 ,Me-allyl)Pd(PPh&!l] was shown by 
X-ray analysis to contain an assymmetric ally1 moiety 
[18] and it displays a static PMR spectrum only at 
low temperature [l] , whereas [(2-Me-allyl)Pd(X-Y)] 
(X-Y = bidentate Schiff base) has a symmetric ally1 
group [19] and a static PMR spectrum at room 
temperature [ 11, 191. 

However, there is a number of other factors liable 
to induce fluxionality of the ally1 moiety, such as (i) 
the presence in solution of potentially coordinating 
ligands (e.g., [(~3-allyl)Pt~]’ is fluxional in the 
presence of halides [20, 211, and (ii) the strength of 
the metal-ally1 bond, viz. dynamic behaviour sets in 
when the metal-ally1 bond is lengthened, as in the 
case of [(r13C3H5)Pd(PPh3)(SnC13)] [22] and, 
possibly, of [(allyl)Pt(diene)]’ [23] and [(allyl) 
ML(SnCl,)] [24,25]. 

Which connection exists, if any, between asym- 
metry and fluxionality of the ally1 group is an open 
question requiring a wealth of evidence from struc- 
tural investigations. 

We have determined the crystal structure of the 
new complex ((q3-allyl)Pt [P(t-butyl),] Cl}, and 
studied the PMR behaviour in CDC13 solution which 
allows the measurement of Jr+n, J~_H, and Jnt_n as 
clues to the nature of the Pt-ally1 bond in solution. 
Also, the P(t-butyl)3 was expected to induce signifi- 
cant asymmetry on the ally1 group owing to its 
steric hindrance and basicity [26]. 

Results and Discussion 

NMR Behaviour 

The PMR spectrum of ((r13-C3HS)Pt]P(t-butyl)3] - 
Cl} varies appreciably with temperature. At low 
temperature the spectrum is consistent with an 
approximate first order pattern for the allylic pro- 
tons. The values of chemical shifts and coupling 
constants are quoted in Table 1. The values of Jp and 









Structure of Pt(III) Ally1 Complex 

more effective in distorting the symmetry of the ally1 
configuration as the therminal ally1 carbons are closer 
to the P-Pt-Cl plane. As a matter of fact, the effect 
of trans-influence should be fully operative only when 
a square-planar geometry is achieved. In the appar- 
ently symmetric configurations C(l)-C(2’)-C(3) and 
C(l)-C(2)-C(3) the C(3) carbon occupies a space 
position rather away from the Pt-P-Cl plane. 

Experimental 

‘H NMR spectra were recorded in CDCls solution 
with Varian 90 MHz and Bruker 270 MHz Spectro- 
meters. 31P NMR spectra were registered in CDCl, 
and ds-toluene with a Bruker WP-60 Spectrometer 
operating at 24.28 MHz with ‘H complete decoupl- 
ing. Molecular weight was determined in CHCla 

solution with a Knauer Dampfdruck-Osmometer. IR 
spectra were recorded with a Perkin-Elmer 457 spec- 
trophotometer. 

[Pt(allyl)Cl], was prepared as previously described 
[37] and P(t-butyl), was synthesized according to 
the literature method [38]. The preparation of 
{(r13-allyl)Pt [P(t-butyl)s] Cl} has been performed 
according to the method described by Mann et al. 

[7] for the preparation of the PPh, analog. Anal. 

Found: C = 37.7, H. = 7.0, Cl = 7.2%. PtClCr5Hn 
requires: C = 38.00, H = 6.80, Cl = 7.48%. @t-cl 
= 288 cm-’ . P.M. = 170-180 “C (dec.). 

Single crystals were obtained as transparent prisms 
on cooling at -20 “C a solution in toluene. Proces- 
sion photographs and single-crystal diffractometry 
showed that the crystals belong to the triclinic 
system, space group Pi (after structure determina- 
tion), with a = 14.505(5), b = 8.338(3), c = 8.321(3) 
A, o = 115.1(l), /3=99.6(l),? = 87.O(l)“,V = 898.4 
8?; D, = 1.60, D, = 1.62 g cmF3 for Z = 2;/..t(MoKo) 
= 62.82 cm-‘. 

Intensity data were collected from a crystal of 
approximate dimensions 0.31 X 0.23 X 0.20 mm, on 
a Philips PWI 100 four-circle diffractometer operat- 
ing in the e/28 scan mode (scan width = 0.8”, scan 
speed = 0.03” s-l). 3120 independent reflections up 
to fI = 25’ were measured, of which 2779 had I > 
2.50(I), u(1) being calculated from counting statis- 
tics. During the data collection two standard reflec- 
tions were measured every 180 min to check the 
stability of the crystal and electronics. Intensities 
were corrected for Lorentz and polarization effects 
and converted to the absolute scale by Wilson’s 
method. Experimental absorption correction was 
applied following the method proposed by North, 
Phillips and Mathews [39] . 

The structure was determined by the heavy-atom 
technique. A Patterson synthesis revealed the posi- 
tion of the Pt atom; the conventional R value was 
0.22. The positions of the remaining non-hydrogen 
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atoms were derived from subsequent difference 
Fourier maps. 

The structure was refined by full-matrix least- 
squares procedure. The function minimized was 
Cw[ IF,I-- IF,I]*,inwhichw= 1. 

The scattering factors were those of the Inter- 
national Tables for X-ray Crystallography [40]. The 
correction for the real and imaginary parts of the 
anomalous dispersion was applied to Pt, Cl and P 
[41] . The refinement was carried out allowing the 
Pt, Cl and P atoms to vibrate anisotropically, while 
isotropic thermal parameters were applied to the C 
atoms of the t-butyl groups. At this stage a difference 
Fourier synthesis, phased with these atoms, was cal- 
culated. Inspection of this map in the ally1 moiety 
region showed five maxima (instead of three), named 
C(l), C(2), C(3), C(2’) and C(3’), whose weights are 
about 1 for C(1) and about 0.5 for the remaining 
ones. This reveals disorder in this part of the com- 
plex and a model was chosen, on the basis of the 
weights. in which the allylic group was allowed to 
take up the different orientations of Figure 2. 
Probably the maximum C(1) represents the overlap 
between two carbon atoms with a weight of 0.5 for 
each. Nevertheless, no evidence of this situation 
arises from an accurate inspection of the difference 
Fourier map. Therefore we assume a model in which 
C(1) is the same for any orientation. The molecular 
arrangement shows that C(2), C(3) and C(2’), C(3’) 
are approximately related by a mirror plane passing 
through Pt, Cl and P. A further refinement cycle 
was carried out in which the population parameters 
of C(2), C(3), C(2’) and C(3’) were introduced. The 
R value fell to 0.038. At this stage a difference 
Fourier map yielded the coordinates of the H atoms 
of the methyl groups. The refinement was carried 
on with the H atoms of the methyl groups cons- 
trained to their normal geometry (C-H = 1.08 A) 
using the group-refinement procedure [42]. The 
final R value for the 2779 observed reflections with 
I > 2.5 a(I) was 0.033. 

The calculations were carried out on the CYBER 
76 computer of the “Centro di Calcolo Interuniversi- 
tario Italia Nord Orientale” with the SHELX-76 
system of crystallographic programs [43]. 
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