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Recent theoretlcal and experimental studies concerned 171th the stereochemlstrv of 

d1phosphmc-s have s~cnm that their conformdtlon may follow two different trends depending 

prunarily on the electrowgatlvrty of the substltuents. Thus, on une hand, the studlcs of P H 2 4’ 

P2 (CH3) 4 
1 

nnd PL (Rut) 4 
2 

lndlcate that dlphosphlncs substituted by weakly electro- 

negative atoms or groups favour the gc~~h, ConformatIon, as a result of the stablllzlng “gauche 

effect” 3 between the adlacent lone pairs, while on the other hand the studies of P2Fq 
4 , 

p2c14 
5 

and P2 (CF$4 
4 

lndlcate in those compounds a preference for the tl’wr cunformatlon, 

which can be attributed to electrostatic repulsions between the strongly electronegative atoms 

or groups X and/or to stdblllzlng gQtrcriu lntprictlons between the lone pairs and the polar P-X 

bonds 3 

In the case of dlphosphlnes (RIPRL)2 rrhlch cdn exist UI two drastereamerlc forms, a 

great difference in the electronegatlvlty of R, and R2 may result In a conflict between these 

two trends which could be reflected by qome differences ln the propertIes of the two Isomers 

To Illustrate such a case, we report here our observation and lnterpretatlon of the large dlffer- 

ence between, and the temperature dependence of the ‘J(P-P) values In the meso and d,L dla- 

stereomers of 1,2-bls-trlfluoromethyl-dlphosphlne I 
6 

Ihe I9 F nmr spectrum of I (a+b) has been recently described 
7 

Thr. ‘H[‘9F] and 31P 

[19F] nmr spectra display the expected AA’XX’ spin systems (one for eaLh dlastereomer) The 
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spectra were temperature dependent , the parameters observed at 35°C and -100°C are given in 

table The relative signs of the ‘.J (P-H), I J(P-P) and 
3 

.J(H,H) coupling constants were obtalned 

by heteronuclear triple resonance experunents lnvol~lng 
IQ 

F noise-decoupling, 
31 

P txkllng and 

observation of the ‘H spectrum The absolute signs in the table are based son the reasonable 

assumotlon that ‘.J(P-H) IS posltlve 
8 

Table Chemical shifts (6,ppn) and coupling constants (.J,Hz) for the two isomers ’ 
of (CF3PF)2 

Cemp “c Isomer ’ J (F-t’) ‘J(P-H) %P,H) 3J(fW) S(‘H)” $lP)b 

35 a -135 2 +205 6 +3 2 +9 2 3 68 90 3 

h -183 7 +213 9 +15 2 +3 0 3 82 92 0 

-100 a -114 8 +213 7 +1 8 +7 4 _ 91 5 

b -203 4 +223 2 Cl5 5 +o 5 95 1 - 

a to low-field of (rH3),, Sl , b to high-field of 85X H3P04 , c at both temperatures, 

the populations of the Isomers are nearly equal 

The most strlklng feature In the parameters 1s the large difference between the 

I 
J(P-P) values of Ia and Lb which amounts to 48 Hz at 35’C and Increases to almost 90 Hz at 

-IOO”C 

TWO important factors can be consldered to explain this difference, the Influence of 

the relative orlentatlon of the adJacent lone pairs on the phosphorus atoms 
9 

and the Influence 

of the hybrldlzatlon state of the phosphorus atoms 
IO,11 

In the present case, we belleve that the latter factor has a minor Influence If the 

large difference observed ln the 
I 
.J(P-P) values was prlmarlly due to hybrldlzatlon changes, It 

should involve a larger 
31 

P chemical shift difference for the two dlastereomers The difference 

here observed (less than 4 ppm) 1s quite comparable to the ones observed between the dlastereo- 

12 
which do not show any dlfferenct 111 their 

I 
mers of (C6HgPH)2 J(P-P)values, and between the 

isomers of (C6H5PCH3)2 I3 which show a relatively small difference of I9 Hz Thus, It seems 

more likely that the large. difference observed 1~1 the ‘J(P-P) values for (CF~PH)~ 1s due to a 

difference In the lone pair orlentatlon 1n the two l%omers 

By an IYDO type calculation of 
1 
.J(PP) in P2H4 

14 , it was shown that this coupling 1s 

highly dependent upon the bond orlentatlon around the phosphorus A recent study bastd on an 

Ab mztzo 15 
calculation of P2H4 In four different conformatlons and using a method which 

1 
has been shown to give satisfactory results for J values 

16 
lndlcates that this coupling 
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increases as the dihedral angle @I between the dlrectlons assIgned to the lone pair electron on 

phosphorus Increases from 0’ (-283 Hz) to 180” (+I1 &) This calculation lqcludes the three 

contrlbutlons(Ferml contact, dlpolar and orbital) The angular varlatlon dependsmaInly of the 

Fermi contact term 

The ‘J(W) values obtalned from the nmr spectral analysis of (PCH3)5 
17 

and (PCF3) 5 
9 

support the ‘J(PP) calculated trend It must hovever he polnted out that an opposite trend was 

suggested in the case of P(tBu)4 
IO 

If one considers the roramers of (CF3PH)2 (Figure ) for the d,L isomer, the gauche 

rotamer gl ~111 be the most stable form since this rotamer fulflls all the factors, gauche 

relatIonshIp of the lone pairs, tram relatIonshIp of the electronegative CF3 groups, maxunum 

number of gauche InteractIons between the lone pairs and the polar P-C bonds which are conslder- 

ed to stabllue the conformatlon of dlphosphznes 1,s The decrease In temperature ~111 thus 

Increase the population of the $x.&e rotdmer which will result in an lnrrease ln I’J(P-P)l 

Thus we assIgn dlastereomer b to the d,n. isomer (‘J(P-P) = 203 4 Hz at -100”) In the meso 

Isomer, the decrease. In / ‘T(T’-P) 1 1s explalned on the basis of the preference of the electro- 

negatrve CF3 groups to adopt the trens dlsposrtlon and therefore 

It 1s noteworthy that the 2.J(P,H) and 3J(H,H) values are also markedly different I= the 

to favour the trans conform- 

two dlastereomers, but the angular dependence of these coupling constants 1s probably compllcat- 

ed by the presence of the phosphorus lone pairs and they are at present of little help for the 

conformatlonal assignment 

Ii CF3 

H 

H 

CFJ H 

CF3 
H 
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