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The geminal PCH coupling constants of the NMR spectra of phosphonium salts are 

commonly in the range 11 - 16 c/see. However there are a few examples of unusually low 

values. Hendrickson, Maddox, Simms and Kaesz (1) observed one such example for the 

phosphonium salt (I) (JpCa = 4 c/set.) and put forward a tentative suggestion that fitted 

in wit? tneir general hypothesis that the 2 character of the phosphorus bonding orbitals was 

the major factor in determining the size of JpcH. They considered that an electronegative 

group attached to phosphorus increases the 2 character of the phosphorus orbitals which point 

to alkyl carbon atoms and this in turn increases JpCH. To explain the low coupling constant 

of (I) they suggested that the phosphorane form (II) made a contribution to the structure of 

the salt. 

O-Me 
+ 
O-Me 

We assume from Wis that apart from reducing the positive charge, this contribution was 

expected to decrease the s character of the phosphorus bonding orbital directed towards the - 

methylene carbon atom and ti-e coupling constant accordingly. 

Nixon and S&mutzler(*) examined a number of compounds with the partial 
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structure (III) where X = electronegative atom or group and observed a range of values for 

JPCH from 3.9 to 12.2 c/set. Applying Hendrickson's Ideas these workers expected the 

i 
= P-CH2C1 

I 
X 

III 

groupings to divert a large degree of 2 character into the orbitals of phosphorus which point 

towards i;ne _CH Cl group and thus to increase J 3-.-L I.~.... >-L- -..- 
2 PCH' nut tnelr aata snowed that this is not 

generally the case. 

Manatt, Juvinall, Wagner end Ellemsn (3) have determined the relative signs of PH. 

PCH and HPCH couplings for methyl-, dimethyl- and trimethylphosphine and found them all to be 

positive. The PCH couplings for triethylphosphine and the methylphosphines, which all have 

low 2 character (<lo<) in the bonding orbitals of phosphorus, were close to zero and JpCH was 

found to'becone more negative as the phosphorus atom bonding orbltals gain 5 character. The 

large HCP couplings of phosphonium salts (14.4 c/set. for tetramethylphosphonium iodide) which 

should have phosphorus bonding orbitals possessing 255 5 character, are therefore most 

certainly negative. From the large positive shift of JpCs for trivinylphosphine (22 _ 

hybridised carbon atom), it was deduced that the effect of the electronegative metnoxyl group 

in (I) Ii to increase tine 2 character of the bondin, m orbitals of carbon to phosphorus and 

cause a positive shift for JpCII. 

We have examined the spectra of a series of compounds of tie type (IV), in which the 

electronegatlvity of the group X is varied. T:le parameters for the spectra are given&n 

Table 1. 

P+CH2X Iial- 

Iv 
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TA3LZ 1. 

Coupling Constants and Chemical Shifts for the Aliphatic Protons 

Selt 

Ph$i~OH Cl- 

Ph&i,O~*~e cl- 

Ph &Ii Cl 
:' 2 

Cl- 

R:$CRpBr 3r- 
.' 

P:?,+pC&I I- 

of the Triphenylphosptoniurr: Salts. 

Solvent 

CLYCl- 
> 

CFzC02H 

ClXl 3 

CF3CO*,Y 

CDCl 3 

CFJCO,H L 

PCRPX ppm. JPCH c/set. 

4.49 0 

4.37 1.5 

4.18 4.0 

4.81 4.0 

3.68 6.0 

4.3; 6.3 

CDcl_ 
; 

CF$COSH 

3.m 

5.20 

6.0 

6.3 

Remarks 

singlet 

See Hendrickson 

et al.(l) 

See Driscoll 

et al.(") 

CF3CO$ 5.45 7.8 Spar Sol. CDCL 
2 

It has been reporteC(5) that the type of halide ion in methyltriphenylphosphonium 

salts does not zffect the P-methyl coup1ir-q constant. Therefore the marked changes of JpCM 

s:ho!n by the salts fn Table 1 must be due to the substituent X. Tne geminai coupling constant 

increases ?n t?e order: 

JPCH,OR < JPCHzOC3 < JPCHECl = J?CH23r < JPCRSI 

'The trend Is clearly for the coupling constant tc increase as the electronegativlty of X 

decreases. Evidence will be presented later in this paper that these coupling constants are 

negative. Ti-.e nethylene resonance of the hydroxynethylphosphon:um salt (IV, X = 01:) in 

deuterochloroform solution appears as a s'nglet but in trifluoroacettc acid solution it is 2 

closely spaced doublet witlr J 
PCZ 

= 1.5 c/set. (T:he change in coupling constant and ctenical 

shift for a protons in trifluoroacetic acid as compared with deuterochloroform has been 

discussed by Griffin and Gordon.) (5) 

We have also examined the spectra of several seits of the general structure (V) in 

~?Lcl- the phosphorus atom bears a methyl group as well as a substituted methyl croup. 
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The hybridisation 

shown to be small 

that occur at the 

- - 
9-p \/ \/ 

A 
C’L,, 

2 

CH2X 

Hal- 

V 

changes at the methyl carbon atom in the mettylphosphine series (3) have been 

and we therefore expect the P-Me coupling to reflect hybridisation changes 

phosphorus atom. The parameters of these spectra are given in Table 2. 

TABLE 2. 

Coupling Constants and Chemical Shifts for the Aliphat:c Protons 

of the $Piiosphefluorene Salts (V). 

Salt 

Ve, X = OH, Hal = 3r- 

Vb, X = OKe, Hal = Cl- 

vc, x = Cl, Hal = cl- 

Ve, X = I, Hal = I- 

Vf, X = E, Pial = I- 

vg, x = c 
3' 

Hal = I- 

Solvent 

ClXl 
3 

CP,C02H 

CDC13 

CF CO23 
3 

CDCl 
3 

CF,C02H 
/ 

CF3C02H 

CF3C02E 

CF3COPE 

PCH2X ppm. Jpce,x c/=c. 
4.74 0 

4.82 1.1 

4.40 4.4 

5.91. 4.8 

4.07 8.0 

5.44 7.4 

5.34 8.4 

CH-nm . , 

7.15 

7.50 

7.05 

7.57 

6.81 

7.41 

7.32 

7.55 

7.55 

JPCP c/set. 
3 

15.4 

15.0 

15.6 

15.0 

15.6 

14.9 

14.8 

15.0 

14.7 

Like the corresponding triphenylphosphoniu salts the size of toe methylene 

coupling constants increase as the electronegativitg of X decreases. In contrast tne methyl 

PCH coupling constants of the salts (Va-e) do not change and in trifluoroacetic acid the 

constants are, within experimental error, tile same as those sk.own by the dimet:lylphosphoniu 

salt (Vf) and the met~.ylet~~~lphosp'ronium salt (Vgj. These results indicate the-; there is 

little or no increase in the s character of the bonding: orbitals of tie phosphorus atom. I,:e - 

accept that tne phosphorus bonding orbLta1 tc the metiiyl carbon atom will not experience 

exactly tne same change as the phosphorus bonding orbital t0 tile metkylene ca+On atOm- 



llowever the absence of any changes for the former would.imply that the changes in the latter 

are quite small and that the low PCH coupling constants are due mainly to rehybridisation at 

the methylene carbon atom. 

Several workers(5' 7, have indicated that the 2 orbital of an atom tends to 

concentrate in the hybrid orbitals that are directed to the less electronegative atoms, and 

it has been found(') that halogen and oxygen atoms bonded to a methyl group cause the 

geminal coupling constant to decrease (in fact, a positive shift for a negative constant) 

When two electronegative groups are bonded to a nethylene group we would expect an even 

larger proportion of 2 character to be directed into the bonding orbitals of carbon which 

point to hydrogen and a corresponding larger decrease in the geminal coupling constant. A 

positively charged phosphorus atom (bonded to the methylene &roup) will act as an 

electronegative group as well as a probe for detecting hybritiisation changes on.the carbon 

atom. Thus for t:?e grouping $-CLIP-X we would predic t t>!at so long as there are no 

hybridisation changes for the phosphoru; atom, JxCP and J _ w:ll show fairly large positive 
L PCLi 

shifts. Cur results confirm this prediction for JpCh-. 

The parallel changes in JPC3 end JpCa give furt2er confirmation that the geminel 

coupling for phosphonium salts is negative. Further the trend for the low coupling constant 

of the salts (IV) and (V) to decrease with rising electronegativity of X indicates that these 

coupling constants also have a negative sign. 

Similar effects on the size of the couplin,, r constant would be expected to occur i'or 

phosphine oxides and pkosphine sulpk2des. (2) Tne spectra of t.i?e p?l@Spi-!.ne oxides (VI) and 

(VII)(3) (see Table 3) confirm this; the oxides exhibit hi+ F-net:,;-1 ~ecinal coupiiny and 

low P-G-$X coupling. 

TA3LE f. 

Coupling Constants and Chemical Shifts for the AlipbatLc Protons 

of t:le Phosphine Oxides. 

Oxide Solvent C:i2X ppm. J PCiIPX 
c/set. CH3 ppm. J ~ C:i c/see. 

VI CXl:, 6.4 5.3 a.55 17.4 _ 

6.59 7 a.08 1’ .’ 

It is 21~0 apparent that the phosphlne oFides are most unlikely to have 

contributing phosphorane forms as a cause for the low couplinlj constants. (1) 
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CH2OMe 
0 

The preparation end characterisation of the new compounds will be reported later 

as part of another programme. (10) The NMB spectra were obtained using a Perkln-Elmer El0 

spectrometer with !IW as an internal reference and the coupling constants were determined 

from spectra expended to 1 c/set. per unit. 
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