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Rearrangements in Fluxional Trifluorophosphoranes : IH Nuclear Magnetic 
Resonance Study 

By JOHN W. GILJE,*t RON W. BRAUN, and ALAN H. COWLEY 
(Department of Chemistry, The University of Texas at Austin, Austin, Texas 78712) 

Summary Dynamical lH n.m.r. studies of the fluxional (d.n.m.r.) studies of the fluxional trifluorophosplioranes 
trifluorophosphoranes, H,PF, (1) and CF,(H)PF, (2) are 
reported and the observations are discussed in terms of 
rearrangement modes. 

H,PF, (l), and CF,(H)PF, (2).4 
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MANY fluxional five-co-ordinate phosphorus compounds 
have been investigated by n.m.r. spectroscopy.l However, Fe 
only for Me,NYF4 has detailed information been secured for 
the ligand permutational process(es) in an acyclic species.2 
Since no such information is available for systems of the 
type X2PF, or XYPF, we have undertaken dynamical n.m.r. 
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t On sabbatical leave from the Chemistry Department, University of Hawaii, Honolulu, Hawaii, during the 1972-1973 academic 
year. 
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FIGURE Experimental and computed 1H n.m.r. spectra of 
H,PF, (1). Only the pertinent portions of the low field P-H 
multiplet are reproduced. The spectra of CF,(H)PF, (2) were 
very similar to those of (1) since F-C-P-H coupling in (2) is 
unresolved. 

In  the region of slow exchange the lH spectra of (1) and 
(2) consist of a doublet of triplets of doublets centred a t  
r 2.9 and 2-7, respectively, with J(PH) 865, J(HPFB) 105, 
J(HPF,) 34 Hz for (1) (-90") ; and J(PH) 955, J(HPF,) 
117, and J(HPF,) 35 Hz for (2) (-150"). Assuming tri- 
gonal bipyramidal stereochemistry these data establish the 
ground state geometries.$ 

As the temperature increases the twelve-line spectra of 
(1) and (2) collapse and are replaced by eight-line spectra 
(doublet of quartets) when exchange becomes rapid on the 
n.m.r. time scale (Figure). The preservation of an appro- 
priately weighed H-P-F coupling [SO Hz for (l), 88 H z  for 
(2 ) ]  indicates that the exchange process is intramolecular, 
a view which is substantiated by the insensitivity of the 
spectra to changes in solute concentration. 

The spectra in the intermediate exchange region were 
simulated6 (Figure) by assembling a probability matrix 
such that the equatorial fluorine ligand of (1) or (2) had an 
equal probability of exchanging with either of the axial 
fluorine ligands. Satisfactory agreement between the 
computed and experimental spectra was not attainable 
with any other probability matrix. The following activa- 
tion parameters were calculated in the usual manner 
assuming a transmission coefficient of unity; (1) A H $  14.2 
kcal mol-1; AG,:, 10.2 kcal mol-l; (2), AH* 8.8 kcal mol-1; 
AG,:,, 6-3 kcal mol-1. 

Several authors7 have discussed the important differentia- 
tion between modes and mechanisms of rearrangement. 
The rearrangement modes are merely permutational in 
character and do not contain any information regarding the 
pathway (mechanism) via which a species proceeds from the 
initial to the final state. In  the case of trigonal bipyra- 
midal systems the complete set of rearrangements has been 
described in terms of six such modes, Mi.7b Thus d.n.m.r. 
data, which are interpreted within the framework of the 
'jump model,' are best discussed with reference to the 
pertinent rearrangement modes. In  contrast to Me,NPF, 
[which rearrranges via ( M I ,  M,)§] (1) and (2) rearrange by 
the previously unreported modes (M,, M4) with the built-in 
ambiguity of corresponding to either the ue or uue one-step 
processes (or a mixture of these) due to the spectroscopic 
indistinguishability of (1 b) and (lc) . 

3 These structures are easily assignable because previous work6 has established that J(HPF,) lies in the range 100-140 Hz whilst However, the J(HPF,) falls between 20 and 40 Hz. 
spectral resolution was such that no H-P-F coupling was observed. 

Earlier 1*F dataas had been used to deduce the ground state geometry of (1). 

3 The symbol (Mi, M,) is taken to mean that no differentiation between modes M i  and M ,  (or combinations thereof) is possible 
with the available data. 
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We have indicated how the rearrangements might take 
place, but a sequence of multi-step processes involving 
higher energy species with an axial hydride ligand could 
also be accommodated by modes (M2,  M4). (Received, 29th August 1973; Corn. 1228.) 

1 For recent review articles, see R. Schmutzler, Angew. Chem. Internat. Edn. ,  1965, 4, 496; K. Mislow, Accounts Chem. Res., 1970, 3, 
321; R. R. Holmes, ibid., p. 296; L. S. Khaikin and L. V. Vilkov, Russ. Chern. Rev., 1971, 40, 1014; E. L. Muetterties, Rec. Chem. 
Prop . ,  1972, 31, 51. 
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