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50. A Carbon-13 Study of 6bPhosphine Platinum Complexes 
by P. S. Pregosin and R. Kunz 

Laboratorium ftir anorganische Chernic: 
EidpnGssische Technische Hochschule, Univcrsitiitstrasse 6. 8006 Zurich 

(4. XI. 74) 

Swmmavy. The W-NMR. spectra of a series of complexes of type [PtCl,(PR&] and 
[PtCl,(YR&] have becn measured. Thc values aJ(Pt, C) are shown to reflect changes in the metal 
hybridization whilc the values [8J(P*,C) + 5J(P~ ,C) ]  arc found to vary only slightly. It is sug- 
gested that the phosphorus hybridization in these complexes varies only slightly. 

Introduction, - Although I3C-NMR. is used increasmgly in organometallic 
chemistry [I] there are as yet no systematic studies of the effects of molecular 
geometry and metal hybridization state on the lac-parameters of complexes of the 
type [PtCl,(PR,)J and [PtCl,(PR3)J. These molecules are of interest in that their 
lSC-NMR. spectra offer the opportunity to investigate a) interactions witlun the 
ligand via observation of the values *J(P, C), b) changes at the metal center via 
aJ(Pt, C) and c) potential long range intra ligand interactions via changes in the 
l8C chemical shifts, S W .  The latter parameter is recognized to be sensitive to non- 
bonded steric interactions [Z]. 

Experimental. - "C-NMR. spectra were measured as deuteriochloroform solutions in 
spinning 10 mm tubes using a Bvttker IIX-90 apectrometcr equipped with Fonrvier Transform (VT) 
accessorics. 

The deuteriated solvent served as both intcrnal UC reference and stabilization signal (W). 
Chemical shifts are rcported relative to tetramethylailane and are estimated to be correct to 
k O . 1  ppm. Coupling constants are f 1.5 HE. 

The spectra werc routinely measured in FT modc using pulse lcngths of 4-7 ps (90' pulse is 
approximately 12 ps). Samples were measured in single coil mode, thus allowing the transmitter 
coil. normally used in crossed coil mode, to m y  a sccond (usually phosphorus) dccoupling 
frcquency provided by a Brukw frequency synthesimr. Spcctra were normally run undcr con- 
ditions Of complete. XH-decoupling. The compounds under consideration axe all known previously 
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and were synthesized using literature methods [3]. Satisfactory fits of calculated with observed 
W-NMR. spectra were obtained using the program NMRCAL.1). 

Results sad Discussion. In  ordcr to facilitate interprctation of the spectra of 
the platinum analogs we have measured the spectra of some tram-[PdCl,(PR,)d 
complexes. 'A typical example is that of traras-[X-'dCl,(PPr~)rsn),l shown in Fig. 1. The 
nomenclature for the various coupling constcants and chemical shifts for the re- 
mainder of this article will be consistent with structure 1. The relative geometry of 

phosphorus atoms A and €3 will be specified in each instance. Despite the simplifica- 
tion which is produced by proton noise decoupling, each of the carbon resonances in 
Fig. 1 represents the X portion of the spin system A B X .  

c1 

1 

The magnetic non equivalence of the phosphorus atoms in these complexes, and 
thus the decision to consider th.is ABX and not an AA'X, is a consequence of the 
carbon isotope effect on phosphorus (when P-atom A is adjacent to P-atom B is 
adjacent to 1%). The magnitude of this isotope effect is not certain, however we 
believe it to be relatively small*). The numbers of lines observed for the mth carbon 
atom resonance in a molecule of this type has been reccntly shown [5] to depend 
upon the relative values of 8J(Pa, PB), J(PA, C,) and J(PB, C,) as well as the chemi- 
cal shift difference between the phosphorus atoms. Thus it is possible to observe 
from two to six lines for a given carbon atom. The 1 : 2: 1 triplets observed for the a 
and y carbons (lowest and highest field resonances respectively), in Fig. 1 result 

1) 

2, 

The computer program NMRCAL was pmvided by Nicolct Instrument Co. Madison, 
Wisconsin, 1975. 
Our calculations for those and similar spin systcms suggest a magnitude of ~ 0 . 5 - 1 . 0 . H ~ .  
For related references se,e [5]. 
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whenever aJ(P~,  PB) is relatively large 161 and when the value ~ ( Y A ,  C,) + J(PB, C,)], 
which represents the separation of thc two equally intense lines of the triplet, is 
observable. The I3C-NMR. spectra were assigned using cxpcctcd aliphatic substituent 
effects within a homologous series, off-resonance decoupling techniques and suitablc 
model compounds. In Fig. 2 is shown the 1%-NMR. spectrum of &um-[PtCl,(PEt,)2]!. 

Fig. 2. IsC-NMR. S+ectrum of trans-[PtCl,(PRt,),l with 1H deco+ling 

In addition to the features produced by the presencc of the phosphorw atoms 
the spectrum now contains the lo6Pt (I = 112, natural abundance = 33.7%) satellitcs. 
In the seven line multipkt representing C,, thc thrce most intense lines (lines 2, 4 
and 6 from left to right) represent the X portion of thc ABX with the separation of 
lines 2 and 6 having the value [lJ(P*, C) + sJ(P~,  C)]. The remaining four lines arc 
the IWt  satellites. When, as in this case, the value 2J(Pt, C) is approxhiately one 
half of pJ(Pn, C)] several of the satellite resonances may overlap. Thus the resonance 
immediately to the left of the center line, line 3, is the result of the overlap of the 
low field satellite of line 4 with thc high field satellite of line 2. Similarly, linc 5 is 
the superimposition of the high field satellite of line 4 with the low field satellite of 
line 6. The resonance of Cp appears as a broadened single line presumably the result 
of unresolved small couplings to both metal and phosphorus atoms. I t  js interesting 
to note, as is shown by both figures, that there is no observable coupling of phos- 
phorus to C,. In similar fashion one can extract thc various coupling constants from 
the spectra of the remaining complexes. 

In Table 1 are listed the two-bond couplings of platinum to Ca which may bc 
seen to vary from w 14-41. Hz. The range is similar to those found by Chrk  ef cal. 171 
in their study of platinum alkyl derivatives containing tra~-dimethylphenylphos- 
phine groupings. However, in addition to obscrving a decrease in *J(Pt, C) on going 
from Pt(1I) to Pt(IV), as have these authors, we observe a dependence of the values 
sJ(Pt, C) on molecular geometry. Thus the values *J(Yt, C) in the rnolcculcs cis- 
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Table 1. Cowplingsr) to t'As a-aC-atom in the Complexes [Pt(PR,),CZs] a d  [Pt(PR&C.$] 

Pt(l1) 
Et 41.0 38.8 24.9b) 33.7 h) 
n-Pr 36.6 38.1 22.7 33.0 
n-BU 36.6 38.0 22.7 *) 32.2 

Et 22.09 36.6 16.1 32.2 
a-Pr 20.5 33.7 16.1 32.2 
n-Bu 20.1) 34.4 14.6 32.2 

fi(W 

a) 
b) Measurcd in CD8Cl,. 
c) 

Coupling constants arc estimatcd to be correct to + 1.5 H i  

T h i s  coupling constant has a positive sign. 

[PtCl,(P%)J (R = Et, n-Pr, @-I3u) are of the order of 36-41 Hz while the correspond- 
ing fans derivatives fa11 in the range 22-25 Hz. The analogous ranges for the Pt(IV) 
derivatives are 20-22 Hz and 1.4-16 Hz rcspectively. Additionally, we find good 
agreement between the values "(I%, C) in thc cis Pt(I1) isomers and the Pt(I1) 
bridged species rYt,Cl,(PR,)J, R = Et, rc-l'r ('Table 2). 

-1 Loupiing tiunsranrs are 1.3 i iz .  wierniw S ~ I I T S  are rciarive ro me caroon resonance or I ?via 
and are 0.1 ppm. 

b) Not observed. 

The dependence of a platinum-Iigand atom coupling constant on both metal 
oxidation state and molecular geometry has bcen observed previously. Thus 
lJ(Pt--alP) [S), 1J(Pt.-l5N) 191, aJ(Pt-N-CH) [lo] and 3J(Pt-P-CH) [ll] have all 
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been shown to have such a dependence. Of particular interest is the good correlation 
(see Table 3) between aJ(Pt ,  C) and 1J(Pt, P) with respect to  relative sensitivity to 
changes of either molecular geometry or metal oxidation state. Additionally, there 
seems also to be a similar dependence of 3J(Pt, C) on both metal oxidation state and 
molecular geometry (see Table 4). 

Table 3. A Comparison ofthe Effects af Conjigwation and Oxidation State ON the Valws J(la6l’rt, 
a J(lDSPt, lac) and  PA, C) + a J(&, C)] frw the Complexes with R = n-Butyl 

cis Pt(1I) 
trans Pt(1I) 
- _.-._ - I .5 

cis Pt(I1) 
cis Pt(1V) 

trans Pt(I1) 
tYm8.T Pt(1V) 

1.7 --_- 

1 .€I ---- 

1.6 

1.4 

1.8 

1.6 

1.2 

1.1 

1.1 

1.0 

Table 4. Co@ling conslants~) to the B and y carbon a l m s  i~ the complexes 

ww 
Et 27.8 16.1 
n-Pr 26.3 15.4 15.4 13.0 
n-Bu 25.8 1.4.6 15.3 13.2 

W V )  
Et 9.S 1’) 
n-Yr 9 16.1 ”) 13.2 
n-Bu 11.4 14.6 1’) 12.5 

8) Estimated to be correct to 1.5 Hz. 
b) Not observed. 

The values (J(PA, C) + J(PB, C)] are shown in ’Tables 1, 2 and 4 and may be seen 
to vary from 32-40 Hz, for the a-carbon (Table 1) and from 12-16 Hz for the y-carbon 
(Table 4). Couplings of phosphorus atom to the /?-carbon atom are always less than 
6 Hz and are frequently below the spectral resolution. 

Recently Malzn [12] has reported the various phosphorus-carbon coupling con- 
stants for a number of trialkyl phosphines and noted that the magnitudes of IJ(P,  C) , 
OJ(P, C) and sJ(P, C) vary only slightly and thus, in those molecules, have a limited 
diagnostic utility. This apparently is not the case for platinum and palladium com- 
plexes since these magnitudes vary considerably. We notc that in the bridged specks, 
2, [Pt,C14(PR,),1, R = Et, .rz-Pr, N-Bu, wherc J(P=, C) is across 5 bonds, the magni- 
tudes of the phosphorus-carbon couplings closely parallel those of the conip1exes 
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(see Table Z), suggesting that,  although we may only extract ["](PA, Cm) + 
*+~J(PB, C,)] from the 'simple' I3C-NMR. spectra of the bis-phosphine complexes, 
we may qualitativcly take this value to approximate nJ(Pa, Cm) when n > 1. This is 
reasonable since couplings of phosphorus atom to carbon atom through 4 or more 
bonds in aliphatic systems are usually quite small [12] [13]. The v*alues 3J(P, C) seem 
to show a small dependence on molecular geometry but no significant dependence 
on thc metal oxidation state. The values ['J(PA, C) + 3J(Ps, C)] vary slightly as a 
iunction of these two paranieters; however, as is seen from Table 3 not nearly as 
dramaticly as the values 2J(Pt, C). 

HELVETICA CHIMICA ACTA - Vol. 58, F a x .  2 (1975) - Nr. 50 

In considering all the data the good correlation of zJ(Pt, C), aud to a lesser extent, 
"(Pt, C), with IJ(Pt, P) is interesting in that it suggests a common term in the theo- 
retical expressions for these couplings. In the consideration of the factors affcctirig 
the values lJ(Pt, P) the dominance of the Ferwzzi contact term (equ. 1) is assumed 
[14]. Since some experimental evidence exists suggesting that the A E [9] [lo] and 
j ~ , j s ( O ) ] ~  3, terms are not 

IJ(Pt, p) X Y P t  YP x;t g$ t ~ 6 S ( o ) 1 2  iy3S(o)12/A (1) 

important several authors [8] [14] have settled on the term & (a term which i s  
common to both couplings) as the dominant factor. There is, however, little direct 
evidence that M$ should bc discounted. Recently we have shown [16! that,  in amine 
complexes of Pt(I1) and Pt (IV) containing 15N enriched dodecylamine, one observes 
values of lJ('fiNN, H) (71-73 Hz) which suggest the nitrogen hybridization is sp3 and 
does not changc as a function of molecular geometry in these two metal oxidation 
states [17]. Since conclusions concerning the electronic and structural configuration 
of pliosphiiie complexes are drawn from thc magnitude of IJ(Pt, P) it would be 
useful to know i f  this constancy was also true for phosphorus. 

If onc assumes constant carbon hybridization4) the values nJ(P, C,) should, in 
some measure, reflect the changes which occur a t  phosphorus. In our complexes we 
observe only small changes in the values k3J(P~, C) + "(Pn, C)], which we approxi- 
mate as 3 J ( P ~ ,  C),  suggesting no major alterations a t  phosphorus. Additionally the 
magnitudes of these couplings (12.5-16.1 Hz) are in reasonable agreement with 
those observed in phosphonium salts5) (n-Bu,%P+Br- ; 15.4 Hz, n-Bu,PH+Cl-; 14.9 Hz 
and +z-Ru3MeP+I- ; 15.7 Hz) where the phosphorus hybridization is approximately 
sp3. The couplings [l](I'*, C) k 3J(Ps, C)], which vary from 32-39 Hz, are also re- 

$) The term y a ~ ( O ) ~  will be similar for coupling to different phosphorus atoms in the same 
inolecule. Thus in trisubstitutcd trialkylphosphine complexes of F't(I1) similar cis/trans ratios 
are observed as in the bis trialkylphosphine complexes [16]. 
Duddell ct al. [12] coinment that  in coinplexes of type [PtCl,(PMe,),] the valucs lJ(lSC,H), 
in a sxics of related coinplcxcs, are essentielly invariant. 

.. ~ ~~ ~~ 

4) 

7 Set [Za], p. 159. 
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waling but more difficult to interpret due to lack of information concerning the 
sign and magnitude of a J ( P ~ ,  C). 

Several authors [I31 [18] have reported on thc values IJ(P, C) and these are 
recognized to be positive and have magnitudes in the rang" 40-56 Hz for compounds 
of the type RaRIP+X-, R = alkyl, R1 ;= H or alkyl, X = halogen. In  the lulogen 
bridged species, [Pt2C1,(PR,)J, the obscrved JJ( kJ, C) values are -40 Hz. Goodfedlow & 
Goggin [19] have found for N%[PtC&(PMeJ] and Nl<4[PtC16(PMe8)] values of 
lJ(P, C) for 43.6 and 46.4 Hz respectively. The rcsonances of the a-carbon atoms 
of the cis Pt(I1) complexes are not deceptivcly simple and thus may be analyserl 
using literature methods [5b]. We calculatce) Tor IJ(PA, C) values of approximatcly 
+ 39 Kz and for SJ(PB, C) values of approximately - 1. Hz. Allowing for sniall changcs 
in SJ(Yn, C) and a geometric dependence of '](PA, C) (cis > trauts), which is similar 
in relative magnitude to a J ( p ~ ,  c) the obscrved values of [ l j ( P ~ ,  c) + 3./(P& c)} now 
seem understandable. Thus the values in the rangc 32-36 Hz result from small') 
decreases in lJ(P*, C) in combination with a small negative value for '~J(PB, C). 
We therefore conclude that since the relativc clianges in the coupling constants 

sJ(Pt, C) and 1J(Pt, P) are of the order of magnitude 40-80°/0 they are indeed domi- 
nated by the changes which occur at  the metal and that the supposition of tbc 
dominance of the term in the Fermi contact term (cqu, 1) is most probably correct. 

The lSC chemical shifts for the complexes are shown in Ttlblc 5. ft is worth noting 
that a) the resonance positions of thc a-carbon atoms ol the cis isomers are consistently 
to low field of those of the trans isomers by approxirnatcly 4-5 yprn and b) the chem- 
ical shifts of the carbon atoms further down the chain arc rather insensitive to both 
metal oxidation state and complex geometry and thus do not offer any evidence for 
ilttru ligand interactions. Several explanations for observation a) a x  possible : 

1) the presence of a proximate phosphorus atom bearing a partial positive charge; 
2) a neighboring group anisotropic effect; 
3) a subtle rehybridization effect as it manifests itsclf in small changes in thc 

phosphorus-carbon bond lengths. 
We consider the first suggestion unlikely in that quaternization of phosphorus 

induces a high field shift in the a-carbon atom (n-Ru,P: 6 = 29.3 1121, 25.2 (Za]; 
lo-Bu,P+Br, S = 18.9) [lq. If, as shown by X-Ray studies (see [21a] and [21b]) 
donation from the phosphorus atom to the metal atom in the cis isomers results in 

e, Although thc calculated d u e s  for IJ(PA,C) and aJ(J?,, C) givc a correct fit with the observed 
spectrum it is likely that this solution is not unique. Thc overlap of platinum satellites with 
the lines noted by both f3OU69 and Nelson [b] as 10, 11, rccpircd that we carry out a scries of 
calculstions based on linewidths to estimate the separation of these lines. Additionally we do 
not have exact knowledge of the isotope effect, (VA - Yn), and havc madc a second group of cal- 
culations based on values of (VA - YR) of 0.5-2 Hz. Other reasonable solutions gives vaIues 
of lJ(Pr,C) up t o  w 45 Hz and SJ(Pn,C) of - - 6 112. Thcse changes do not invalidate our 
qualitativc conclusions since a 10% change in ~J(PB,C;) in conjunction with L value of - 4 
to - 8 Hz for 8J(P~,C) give the observed [~J(PA,C) + 5 J ( p ~ , C ) 3  values. If the  coupling 
8J(P~,C) changes algebraically (the values lJ(Pt, I?) are all positive) and in similar ratio to othcr 
couplings modified by the changing term then in the R(IV) isomers 3J(Yn, C) may bc oi 
the order of - 10 I-Iz and lJ(P~.C)  will have changed less than 10%. 
We feel, from our data, that a 1 0 4 5 %  change might be possible. Others [PO] have suggested 
values of 1-2%. 

--. 

7) 
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Table 5. Chsrnical shiftsa) in Matiawn c0mplex.w of the type [Pt(PR,),Cl,J 

R n = P  

cis trans 

n-4 

17.1 
8.7 

27.2 
18.1 
15.6 

24.4 
26.5 
24.1 
13,7 

13.0 
8.0 

23.3 
17.5 
1.6.0 

20.6 
26.1 
24.4 
13.9 

Mly 
9.2 

26.7 
18.2 
15.8 

24.5 
26.2 
24.2 
13.7 

12.7b) 
7.9 

22.3 
17.2 
15.9 

20.0 
25.4 
24.3 
13.7 

*) 

b, Measured in CD,Cl,. 

*C Chcmical shifts am relative to the carbon rescinance of TMS and arc estimated to' be 
correct to & 0.1 ppm. 

shorter bond lengths than in the trans isomers onc might expect more positive charge 
to be developing on these molecules and thus, as in phosphonium ions, a high field 
shift. Point 2 seems equally unlikely since there is little change from the C, resonance 
position of the planar complexes after two chlorine atoms are added to the metal 
atom in C ~ S  position to phosphorus and tram to each other (tvults-(PtCl&PBu,)d = 
20.6, tlans-[PtC~(PBn,),] = 20.0). The last suggestion seems reasonable, although 
not definite. We know the C-P-C bond angles in free phosphines are less than 109" 
(see C22)) presumably due to the greater s-character of the lone pair. As the quatcrni- 
zation of the phosphorus atom proceeds, via complexation, more s-character is 
distributed through the P-C bonds thus making them shorter. 'fie equation for cp, 
the paramagnetic screening term in the overall scrccning term u, has an inverse 
dependence on the cclbe of thc bond lengths to carbon [2]. Thus a small difference in 
the phosphorus-carbon bond lengths in the complexes. associated with the small 
differences we observe in our phosphorus-carbon couplings, might produce the 
observed effect a)1 A shorter P-C, bond length in the cis isomers increases the relative 
magnitude of op which in turn results in a higher frequency for the resonance of 
that carbon. 

up oc - 119 (2) 

(3) Y = yH, (1 - u). 

The dependence of the 13C chemical shift on rno1ecul.a geometry may prove 
diagnostically useful and we are currently engaged in studies of phosphine complexes 

a) X-Ray structures for any complete set of four complcxes arc, unfortunately. not in tho 
literature. 

-- 
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of different metals in an effort to assess its generality. Similarly we feel that thc 
magnitude of %J(Pt, X, C), where X is a donor atom other than phosphorus, may 
potentially be useful as a diagnostic probe, especially where platinum-proton cou- 
plings are not readily observed. Lastly, our conclusions concerning donor atom 
hybridization should add yet another nail to the lid of the coffin which will bury 
the n-bonding theory as a major sourcc 01 the NMR. tram in€luence [23] in phosphine 
complexes. We have shown, via nJ(P, C,) values, that the phosplmus does not 
change its nature to any major extent in our complexes and certainly not sufficiently 
to account for the changes in %J(l't, C ) .  Arguments which embrace platinum-phos- 
phorus d d  31; bonding and a consequent large synergic increase in the donor ability 
of the ligand atom seem unfounded. 
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