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170. Comments on the Interpretation of NMR. Parameters 
in Some Platinum-Olefin Complexes 

by Paul S .  Pregosin and L. M. Venanzi 
Laboratorium fur Anorganische Chemie 

Eidg. Technische Hochschule, Universitatstrasse 6, CH-8006 Zurich 
(12. VI. 75) 

Summary. 13C- and 195Pt-NMR. parameters for the complexes trans-[PtCl2(C5HloN)- 
(CHsCH =CHCHs)] are presented. It is suggested that conclusions, concerning metal olefin bond 
strengths, drawn from NMR. studies of nuclei not directly involved in the bonding can be mis- 
leading. 

Although the Chatt-Dewar model explaining the nature of olefin bonding in square 
planar complexes of Pt(I1) is widely accepted [l], the more subtle aspects of this type 
of bond are still the subject of numerous investigations mainly by NMR. spectroscopy 
[Z]. Although this theory predicts an energy minimum when the plane of the olefin 
n-system is perpendicular to the plane defined by the metal and the remaining ligand 
atoms, X-ray studies have shown that distortions from perpendicularity may exist [3] 
and attempts have been made to correlate such distortions to changes in NMR. para- 
meters [2]. For Pt(I1) complexes of the type [PtC12X(RCH=CH%)], X = C1 [Za], 
pyridine-N-oxide [2b], pyridine [2c] it is known t h a i  the values 2J(Pt, H) may vary 
in magnitude by 15-25 Hz [a]. The factors inducing these differences are not com- 
pletely understood although explanations stemming from structural distortions and/or 
differing metal-carbon bond strengths for the CH and CH2 have been offerred [Z]. 
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We report here the results primarily from 13C- and 195Pt-NMR. studies on the 
complexes trans-[PtClz(CsHloN) (cis-2-butene)] and trans-[PtCl~(C5HloN) (trans-2- 
butene)] which demonstrate that when considering the relative strength of an olefin- 
platinum bond it is more informative to study the centers actually involved in the 
bonding (Pt and Colefin) rather than other atoms further removed from the co- 
ordination site. 

In the Table are shown the 13C- and 195Pt-NMR. parameters for the complexes 
investigated. Both the C- and Pt-spectra were obtained by direct observation using a 
Bruker HX-90 spectrometer operating in Fourier transform mode at  22.63 and 
19.34 MHz respectively. The neutral complexes were measured as deuteriochloroform 
solutions whereas the anionic complexes were measured in DzO solutions. 

The values for 1J(Pt, C) fall within the range of such values reported in the 
literature [4]. These constants are generally smaller when the olefin is situated trans 
to a ligand with a relatively strong ‘trans influence’ [5]. This is in keeping with the 
trends observed in other platinum-ligand coupling constants (e .g .  1J(Pt, P) [5] and 
1J(Pt, N) [6]). The use of the subscripts ‘c’ and ‘t’ refers to complexes containing the 
cis and trans-2-butenes respectively. 

It may be seen that the 13C chemical shifts, 6(13CH,) and d(13CHt) for entries 1 
and 2, as well as for 3 and 4, are similar. Additionally, 1J(Pt, C,) is only slightly 
different from 1J(Pt, Ct). The 195Pt chemical shifts for 1 and 2 are almost identical 
(the width at  half height of these lines is greater than the difference 46).  In view of 
the recognized sensitivity of this parameter to changes in bonding [7] or medium 
effects [8], we conclude from these and the carbon parameters that, a t  least in the 
cases of non-strained olefin pairs, the nature of the coordinate bond is not significantly 
affected by olefin geometry. 

The values d(13CH3) and 2J(Pt, C) for 1 and 2 differ significantly, as do the values 
2J(Pt, H) (66 Hz & 1 and 60 Hz & 1 for 1 and 2 respectively). Thus, judged solely 
from the two bond couplings and the position of the CH3 carbon resonances, there 
would appear to be a significant difference between these complexes. 

The apparent ‘discrepancies’ in these data are readily understood if one accepts 
that the basic difference in these olefins, (one example of which is given by the dif- 
ferences in d(13CH3) = 11.2 and 16.7 for cis and trans olefins respectively [9]) is 
carried over, in some part, to the complexes. Although the coordination chemical 
shifts, 46, (= 34.1 pprn and 33.0 pprn for CHolefin and - 3.9 pprn and - 3.6 pprn for 
CH3) in 1 and 2 are similar, the differences present in the olefins are still in the 
complexes. (d(13CH3) = 15.1 ppm, and 20.3 pprn for 1 and 2). Thus it would seem 
that, in these complexes, the differences in the ligands are manifesting themselves in 
variations in the NMR. parameters more remote from the bonding site. It has been 
suggested that, for the carbon resonances in the olefins themselves, steric factors may 
be important [9]. Such non-bonded interactions are known [lo] to be important in 
determining the carbon chemical shifts in aliphatic systems. Since complexes such as 
these are recognized to have carbon atoms which are distorted from sp2 towards sp3 
hybridization [3] [ l l ]  perhaps similar factors are operating here. Whatever the source 
it would seem that the multinuclear NMR. approach is necessary to avoid reaching 
conclusions about platinum-olefin bonding from one form of NMR., e.g. 1H, which are 
rather inconsistent with data from other forms of the technique. This is especially 
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important when the nucleus under consideration is not dircctly involved in the bond- 
ing. In fact a meaningful interpretation of thc NMR. data in complexes is not possible 
unless intra-ligand interactions are also taken into account. 

of compounds 3 and 4. 
Thanks are due t o  Dr. S.  Shupack, Villanova Univcrsity of Philadelphia, Penna. for the loan 
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171. Piperaceae Alkaloids : Part I .  
Structure of Piperstachine ; 13C- and 'H-NMR. Studies1) 

by Balawant S. Joshi, Narayanan Viswanathan and Dilip H. Gawad 
Ciba-Ccigy Kesearch Ccntrc. Bombny, Tnclin 

Wolfgang von Philipsborn 
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Dedicated to Pmf.  T .  R. Govindachlrvi on thc occasioii of his 60th Birthday 

(22. V. 7.5) 

Summary. From the stcm of Piper Irichosiachyon C .  DC. a new alkaloid designated pipcr- 
stachine (VI1) has bccn isolated. Its structurc i s  derived on thc basis of spcctral data and synthcsis 
of hexahydropiperstachinc (X). 

1) Contribution No 392 from Ciba-G&gy Research Centre : W-NMR.- Spcctroscopy, Part 7. 
Part 6 see [l]. 


