
163 

Journal of Organometaltic Chemistry. 129 (1977) 163-168 
@ Ekevier Sequoia S-k, Lausanne - Printed in The Netherlands 

A FOURIER TRANSFORM 13C NMR STUDY OF PHENYL-PHOSPHORUS, 
-ARSENIC, -ANTIMONY AND -BISMUTH DERIVATIVES 

L.F. WUYTS, D.F. VAN DE VONDEL and G.P. VAN DER KELEN * 

Labomtory for Geneml and Inorganic Chemistry-B, University of Ghent. Kri_igslaan 271. B- 
9000 Ghent (Belgium) 

(Received September 24th. 1976) 

13C NMR spectra of triphenyl-phosphine, -amine, -stibine and -bismuthine 
and related metal carbonyl complexes, chalcogenides and phenyl salts have been 
recorded and the data are compared with literature data. The substituent effects 
of electron-donor and electron-acceptor substituents can be related to Hammett- 
Taft constants (a:). 

Introduction 

Substituent effects on the n-electron distribution in benzene derivatives can 
be related to the Hammett-Taft constants u& [l]. Most progress in the correla- 
tion of NMR data with this parameter has been made in the case of i9F NMR of 
para- and meta-substituted fluorobenzenes [ 2,3]. The % shifts of the ring car- 
bon atoms in the corresponding nonfluorinated compounds might, however, be 
expected to reflect the substituent effects more accurately, since both the pat-a 

and meta carbon shii can be obtained from a single sample. So, we have under- 
taken the study of the 13C NMR spectra of triphenyl-phosphine, -amine, -stibine 
and -bismuthine and some related derivatives (metal carbonyl complexes, chalco- 
genides and phenyl salts). 

Results and -on 

Tbe “G{lH ) decoupled spectral data are shown iri Table I_ The J(“C--‘-‘P) 
coupling constants are given in brackets. The chemical shifts are calculated in 
ppm relative to TMS. The observed values are negative since the resonances occur 
at higher frequencies, i.e. at lower magnetic field. The reproducibility of the 
chemieaI shifts was +0_07 ppm, Where a comparison with shifts reported else- 
where [4,5] is possible, the discrepancies are mostly less than 1 ppm: The res- 
onanee of the substituted carbon atom (C,), if observed, is identified by the ab- 
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sence of NOE * upon decoupling. The assignment of the para carbon resonance 
is based on its relative intensity (1 : 2) compared with the ortho and meta car- 
bon resonances; in addition, the para carbon resonances in phosphorus derivatives 
show weak or no 13C-3’P coupling, as expected_ The assignment of the metu 
carbon vs. the ortho carbon resonance follows the work of Bodner and Gaul [ 51. 
Their assumption that zJ(13C-3’P) is larger than 3J(‘3C31P) seems to fail how- 
ever in certain cases. 

Assuming the contribution from the inductive effect of a substituent X to 
both the pam and meta carbon shifts to be the same, the so-callled correctedparu 
shift, S,('3C)-S,('3C), has been defined as a measure of the resonance interac- 
tion between the benzene ring and its substituent [S]. This parameter clearly 
resembles the empirical resonance-related parameter 6,( 19F)--S,( *‘F) discovered 
by Taft et al. 171, for the i9F shifts of the fluorobenzene. For 13C, Lauterbur 
183 reported a satisfactory correlation between the o; values for X = H, CH3, 
OH and OCH, and the differences between the para and meta carbon shifts in 
the corresponding benzene derivatives. On the basis of the u& values obtained by 
Taft from reactivities [9] and of the 13C chemical shifts for monosubstituted 
benzenes given by Maciel and Natterstad [lo] we obtain the following relation: 

&(i3C)-&,(i3C) = -22.06 u; 

The correlation coefficient is 0.980 and the mean square deviation is 0.36 ppm. 
Moreover, it should be noted that this relation holds for both electron-donor 
(-R) and electron-acceptor (+R) substituents, while the analogous relation in 
the “F NMR spectroscopy fails for +R substituents because of direct polar con- 
jugation [ll]_ The 0; values calculated by the use of the above equation com- 
plete Table I. 

The ok value for triphenylphosphine is almost zero indicating the phenyl- 
phosphorus ST interaction to be negligible. The negative a: values for triphenyl- 
amine, -stibine and -bismuthine shows an electron release by (p-p)s conjugation 
from the Group VB metal towards the phenyl ring. The electrical dipole moment 
of triphenylbismuthine is about zero [25-271. An early X-ray diffraction study 
suggested that the molecule is planar 1281, although this was questioned later 
1291. Planarity implies sp* hybridization on bismuth and the lone pair would 
then occupy’s p-orbital. A relatively strong delocalization of the p-lone pair elec- 
trons on bismuth to the s framework of the ring could then explain the low 
donor capacity of trivalent bismuth; indeed this compound does not form 
donoracceptor complexes with boron halides and the bismuthine pentacar- 
bonyls of Cr, MO and W [12] are very unstable. The ok value for X = Bi(C,H& 
may be compared with the value for X = I 191. 

The resonance parameter is positive for all the tetravalent phosphorus deriva- 
tives under study meaning that a delocalization of R charge occurs from the 
phenyl group to the vacant, low energy 3d, orbitals of phosphorus. The phos- 
phonium salts exhibit the largest x delocalization, undoubtedly because of the 
formal positive charge on phosphorus in these compounds. 

Comparing the 0% values for the compounds 24,25 and 26 with the oR ** 
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TABLE 2 

CHANGES IN ok IN GOING FROM A TRIPLY- TO A QUADRUPLY-COORDINATED DERIVATIVE 
OFP.AsANDSb 

LMn<CO)4Br LMoWO)s LWCO)s LFe<CO)4 LCo(C0)3SnC13 

<‘%&i)3p O.OSf 0.060 0.069 0.091 0.122 
<C6%+3h 0.076 0.052 &O62 0.076 O.IOg 
(C6%)3Sb O-069 0.046 0.054 0.072 0.090 

For the metal carbonyl complexes the 0% parameters yield the sequence: 
PJiW%l~ ICdCOM, IMoW% < WWVJ < WnWhXl, IWCOM, 
[Mn2(CO)8P(C,J35)3] < [Co(CO),SnCl,], indicating that the net positive charge 

on phosphorus increases in this order. This can be taken as an indication of the 
increasing o-withdrawing power of the metal carbonyl moiety on going from 
[Ni(C0)3] to [Co(C0)3SnC13]. Strictly speaking the decrease of the positive 
charge on phosphorus in going from [Co(CO)3SnC13] to [Ni(CO),] could also be 
considered a consequence of increasing metal-to-phosphorus ‘IT back-bonding in 
this order. Little importance has to be attached, however, to the latter hypoth- 
esis since a bonding is generally thought to be negligible in Ni-L linkages [ 131. 

Table 2 summarizes the changes in the resonance parameter in going from tri- 

131.0 132.0 133.0 

P 12p’12 1 BE IcV) 

Fig 1. Plots of f.(I3@IP) <-_c) and %<I~c-~*P) (A) versus bIndIng energy (BE) for P~p~&levck 
(The numben refer to the COt,,~,Ul& listed in Table 1 and the ESCA shS.tts are taken from ret 16-j - 
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to t&m-coordinated phosphorus, arsenic or antinomy. 

Au& = uk (carhonyl complex) - u; (free ligand) . 

Assuming Au: to be proportional to the stability of the complex under study, 
this is seen to decrease in the order L = P(&H,), > As(C6H5)3 > Sb(C,H,), for 
each metal carbonyl residue considered. 

As for the coupling constants, a significant correlation between J(‘3C-3’P) 
and PzD ESCA shifts is expected since both parameters are sensitive to changes 
in the orbital hybridisation of the phosphorus atom [ 14,151. Plots of ‘a3J( “C- 
‘*P) coupling constants versus Pzpl ,* binding energies (BE) are shown in Fig. 1. The 
gradients of these plots are in agreement with the observations made by other investi. 
gators that 2J(J3C-3’P) decreases while ‘J( 13C-“P) increases upon quatemization 
of a phosphorus atom [17]. The plot of 3J(‘3C--3’P) against the binding energy for 
P, I 12 levels suggest the sign of the three-bond coupling constants to be positive 
for both the triply- and quadruply-coordinated phenyl phosphorus derivatives 
considered. However, the relationship between 2J(‘3C_71P) and Pzppl12 BE’s sug- 
gests the two-bond coupling constants to change sign in going from the metal 
carbonyl complexes to triphenylphosphine oside and tetraphenylphosphonium 
iodide_ These conclusions are in good agreement with results obtained from selec- 
tive proton decoupling experiments_ Indeed, the 2.3J( 13C-31P) coupling con- 
stants were found to be positive in triphenylphosphine [ 18 J and in its pentacar- 
bony1 complexof molybdenum(V), while the 2J(13C-3’P) has been shown to be 
negative in tetraethylphosphonium bromide [ 171. 

Experimental 

The LXMn(C0)4 complexes were obtained by direct reaction between L and 
halomanganese pentacarbonyl [ 191. [Mn(CO),P(C,H,)3]2 was obtained by ex- 
posure to ultraviolet radiation of an oxygen-free cyclohexane solution of 2.6 
mmoles of MQ(CO)~,-, and 5.1 mmoles of P(C,H,), [20]. To form the LM(CO)5 
derivatives, M = Cr, MO, W, a solution of 0.01 mole of M(C0)6 and 0.005 mole 
of the &and L in dioxane was refluxed until the infrared absorption associated 
with the A,(2) mode of the LM(CO)5 complex stopped growing. The mixture 
was then cooled and filtered, and the solvent evaporated in vacua; the residue 
was recrystallized several times from a chloroform/methanol mixture. 

The LFe(CO), species were prepared by a combination of photochemical and 
thermal reactions using Fe(CO)5 both as solvent and reactant 1211. The com- 
pounds LCo(CO)3SnC13 were synthesized from [LCo(CO)3]2Hg with tin(IV) 
chloride as described by Newman and Manning [ 221. The triphenylphosphine 
chalcogenides were made as previously described [ 231 and the salts (C&).Z’I- 
and (CaH,),As’I- as described by Chatt and Mann [24]. 

The ‘H decoupled Fourier transform pulsed 13C NMR spectra were recorded 
with saturated solutions of the compounds in CDCls with a Bxuker-Physik HF& 
spectrometer operating at 22.63 MHz. CDC13 was used to provide an internal 
deuterium lock. 
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