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The N.m.r. Spectra of Substituted Diphosphines and Their Derivatives. 
Deceptively Simple Spectra 

By A. J. CARTY 
(Defiartment of Chemistry, Memorial University of Newfoundland, St. John’s, Newfoundland) 

and R. K. HARRIS 
(School of Chemical Sciences, University of East Anglia, Norwich, NOR 85c, England) 

ALTHOUGH (HI coupling constants have been bis(dipheny1phosphino) methane, l,e-bis(diphenyl- 
reported for quite a large number of phosphines and phosphino)ethane, and related compounds. Chemi- 
phosphonium salts,l there are few data in the cal shifts and (HI 31P) coupling constants for the 
literature concerning diphosphines and their compounds are summarised in the Table. In all 
derivatives except for compounds with a direct cases, the phenyl proton resonances occurred as a 
P-P bond.2 We report here the n.m.r. spectra of broad complex band between T 2 and 3 and were 
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not analysed further. The methylene proton 
spectra of Ph,PCH,.PPh,(I) and of (11), (111), (IV), 
and (V) were straightforward. The magnitude of 
2JpH for (I) and (11) may be compared with values 
of 2.7 c./sec. and 14.4 c./sec. found for Me,P and 

&Ie,PI-. On the basis of relative signs suggested 
we assign opposite signs to the coupling 

oonstanls, with the larger value negative. The 
inethyl resonance of (11) consists of a simple 
doublet indicating that B J p , ,  is probably small and 
4Jpy, - O ,  I ” J I , M e l  = 13.1 c./sec. 
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- t i  
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I1 x 

(VIII) x f= 0 
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(X) X = Se 

For compounds containing the group P*CH,-CH,-P, 
the proton resoiiances may be treated approxi- 
mately as due to the X part of an AXX’X”X”’A’ 
spin system (neglecting the yhenyl protons). 
However, there are some similarities between 
predicted spectra of the X nuclei for these systenis 
and spcctra of the X,AA’X’, type analysed by 
Harris.5 Thus half the total intensity of the X 
resonance will still be concentrated in a doublet of 
spacing I 2Jpx + 3 JPH I and limiting conditions for 
the occurence of deceptively simple spectra are still 
relevant. The diphosphine Ph,PCH,CH,.PPh, 
(VI) has a deceptively simple methylene proton 
spectrum which resembles a 1 : 2 : 1 triplet [Figure 
(a)]. The central line is slightly less than twice the 
height of the doublet lines, but it is probable that 
(aJps-aJpd2/I JppI is small-5 Now l 2 J p ~  + 3 J ~ ~ I  
= 8.5 c./sec., and both 3JpH and 2JpIII, are 
normally p o ~ i t i v e , ~ , ~  although the latter is often 
small and can be negative. Moreover, for (I) 
,JPU is 1.5 c./sec., probably positive. Thus for 
(VI) we assign 2JPH-3JpHw+4-2 c./sec., though 
values through to 2JpH -+1.5 c./sec., 3JpH - 
+7.0 c./sec. may apply if 3Jpp is large. For (VII) 
the CH, resonance is a broadened doublet and a 
deceptively simple methyl resonance is observed 
[Figure (b) 3. The separation of the outer lines of 
thc methyl resonance gives I ,JpMe + JPXe I 
= 13.0 c./sec. Since no (H, 3lP) coupling has been 

observed over five bonds in saturated 
it is reasonable to assume 5JPYe = 0 and 2JpMle 

- - -13.0 c./sec. The CH, doublet then gives I2JrH - 3JpHl Z O  and I ,JPH + 3JpHl = 5.6 c./sec. 
Using a value for 2Jpx = - 16.6 c./sec. found from 
the spectrum of (11) we obtain 3JpE-+ 11.0 or 

I 
6.5 7L f: 

I i 
7.5 8.0 

I;IGURE. ’C.’ariaii A 6 0  F Z . M L Y .  spectra of(a) CH,pvotoPzs of 
(VT) Zit CDCI,. (b) CH, m i d  CH, p v o f o m  of (VII) i ? ~  
CI;,-CO,H . Trii~nl?zeth)~lsilair zt1n.s used as au iiatemnl 
standard. 

f82-2 c.jsec. Although it is not possible to decide 
n-hich value is more correct on the present evidence, 
comparison with other (H, 31P) coupling constaats 
and with (H, 205T1),6(H, l19Sn), (H, 307Pb)7 systems, 
suggests that OJPH is likely to be larger than I JPH I . 
The latter value therefore seems somewhat the 
more probable. It can be seen that l a J P H l  and 

I 3 J p H I  do increase markedly on salt formation 
although this is not a t  first apparent from the 
spectra. Similar argunients can be applied to the 
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3 J ~ ~ 1  

C 

N f l l . 0  
or - + 22.2 -+ 11.2 
or -+ 16.8 

- + l l * 3  
or -+ 15.1 -+ 11.4 
or -+ 15.4 

 TABLE^^^ 

' Jrrr + 3 J ~ ~  ' J p m  

- 13.1 

+ 1.0 

TCH, 
7.23 
4.37 
5-92 
6-48 
5-17 
7.90 
6.53 

7 4 6  

7.29 

7.13 

Solvent 7CH 3 

CDCl, 
i .30 CF3*C02H 

CF3-C02H 
(CD,),SO 
(CD3)2SO 
CDCl, 

7.13 CF3COgH 

CF,-CO,H 

a Coupling constants in c./sec. 
b The relative signs of coupling constants have not been determined; the signs given are consistent both internally 

6 See text. 
d Values assumcd to be close to those for the corrcsponding PCH,.P compounds. 

The notation J P H  and 3 J ~ ~  refers t o  coupling to CH, protons. 

and with literature values. 

dioxide, disulphide, and diselenide. The height 
ratio of the central to outer bands of the methyl 
triplet of (VII) increases from 0.77 to -1.0 when 
the phenyl resonances are irradiated with a second 
radiofrequcncy magnetic field. This is probably 
due to an indirect effect of phosphorus-phenyl 
proton coupling. The height ratio obtained from 
thc decoupled spectra indicates that 3Jpp is 

probably large ( > 80 c./sec.), in contrast to the 
inference that JFp is small for (11). 

Diphosphines were prepared by literature 
methods,8 as were the diselenidese and diphos- 
phonium sa1ts.l The disulphides were prepared by 
shaking a warm benzene solution of the diphos- 
phine with solid P4S,, for two days. 

(Received, Decembev 16th, 1966; Cow. 1002.) 

J. €3. Hcnclrickson, 11. L. Maddox, J. J. Sims, and H. D. Kaesz, Tdvahedmz ,  1964,20, 449, and references therein. 
R. I<. Harris and R. G. Hayter, Canad. J .  Chem., 1064, 42, 2252. 
J. W. Emsley, J. Fccney, antl L. 11. Sutcliffe, "High Resolution N.3l.R. Spectra", Pergamon Press, Oxford, 1966, 

P. T. Narasimhan and hI. T. Rogers, J .  Chewi. Plijrs., 1061, 34, 1040. 
R. I<. Harris, Cnnati. J .  Climt., 1964, 42, 2275. 
J. 1'. 3Iaher and D. I;. Evans, J .  Chem. Soc., 1063, 6534. 

IT. Hcwcrtson and I-I. l<. Watson, J .  Cliem. Soc., 1962, 1490. 
P. Xipcon antl 13. II'. 3fcck, Iitor/g. CIiem., 1966, 5, 1297. 

pp. 681-683 and 1061-1068. 

' G. Klose, Anit. Plays. 1962, 9, 263. 




