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The new molecule CRPCljF is formed in the reaction of 
CFJPC~Z with ClF and exists in a trigonal bipyramidal 
framework. The fluorine atom and the trifluorometh yl 
group assume axial positions as indicated by 19F 
nuclear magnetic resonance measurements. New 
descriptive data on chlorine monofluoride are also 
given. 

Introduction 

Attention has been focused on the spatial arrange- 
ment of atoms and groups bonded to pentavalent 
phosphorus and the results have indicated that the most 
electronegative units assume axial positions in a trigonal 
bipyramidal structure.’ When one or more CR groups 
are bonded halophosphoranes, however, some am- 
biguity exists. The “F n.m.r. spectrum of CFXPF4 has 
been interpreted in terms of a molecule with an axial 
CK group contrary to the general conclusion reached 
above.’ Alternatively one could also conclude that the 
molecule existed with an equatorial CF3 in a trigonal 
bipyramid or with an axial CF, in a tetragonal pyramid 
depending on the underlying assumptions one is willing 
to propose. On the other hand, the (CF&,PC15., 
molecules have structures2F3 which are totally consistent 
with the earlier stereochemical generalization. It is 
clear, therefore, that much more data on the fluoro- 
carbonhalophosphoranes is needed with particular 
emphasis on experiments designed to give stereo- 
chemically significant results. The present work makes 
use of the 19F nuclear magnetic resonance method to 
obtain further information along these lines. 

It was of interest to synthesize the new molecule, 
CRPCLF, in which the electronegativity of the CF3 
group is only marginally greater than that of the chlorine 
atoms. These units might then be expected to compete 
for one of the axial sites with the fluorocarbon group 
having a small advantage. These conclusions were 
based upon the electronegativity values of Cl = 3.0, 
CR = 3.4 and F = 4.0, and it was expected further 
that the relatively large masses of the chlorine atoms 
and the CF3 group would preclude rapid intramolecular 
exchange processes. The n.m.r. experiments confirmed 
these expectations. 

(1) E. L. Muetterties. W. Mahlrr and R. Schnwtzlrr, Inorg. Chem.. 2. 
613‘(1963). 

(2) 1. E. Griffith% /. Chem. Phys.. 41, 3510 (1964). 
(3) I. E. Griffiths and A. L. Beach, ibid., 44, 2686 (1966) 

Trifluoromethyltrichlorofluorophosphorane was form- 
ed in the low temperature (-160” to -83°C during 3 
hours) reaction of liquid CFJPC12 (3.46 mmole; v.p. at 
17.3”, 330.4 mm, lit.4 329.1 mm) with gaseous chlorine 
monofluoride (3.46 mmole).’ The new phosphorane 
was separated from everything else except CF3PC14 by 
passing the mixture formed in the reaction through 
traps held at -45, -64 and -196°C. The fraction 
held at --64” which contained CF,PC&F and a small 
amount of CFJPCI~ impurity (0.0944 gm sample yielded 
0.0457 Cl; calc’d. 0.0447 gm Cl for CF3PC13F) was 
transferred in vacuum to a 5 mm O.D. glass tube and 
its F19 n.m.r. spectrum at -50°C was measured at 
56.4 MHz. The results are listed in the Table along 
with those for CFJPC14 and (CFj)2PCl3 which have not 
appeared before. 

Table I. F” Nuclear Magnetic Resonance Spectra* 

Cotnpound 6( P-F) &C-F) IP.F JP-WI IWFKI 

CF,PCI,F -206 -0.1 1000 149 8.4 
CF,PCI, - 1.1 - 154 - 

(CFM’CL - -0.1 - 193 - 

* Chemical shifts reialive to CFCOOH are in ppm and spin 
spin coupling constants are in cycles/second. 

The chemical shift 6(P-F) relative to CFJCOOH has 
a value characteristic of an apical fluorine atom not 
undergoing positional exchange (cf. -2 11 ppm for 
PC14F)* and a comparison of the chemical shift &C-F) 
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in CFsPC13F with those in CFsPCL and (CF&PCL, where 
the CR groups are known to be in apical positions,2*3 
indicates an apical CFJ group. If the fluorine atom 
were undergoing rapid intramolecular exchange a smal- 
ler downfield chemical shift would be expected resulting 
from the averaging of the equatorial and axial shifts. 

From these results and those presented earlier, one 
must conclude that the generalization of Muetterties, 
Mahler, and Schmutzler’ concerning the relation be- 
tween electronegativity and stereochemistry in trigonal 
bipyramidal molecules appears to be valid over a wide 
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range of substituents. The case of CKPR, however, is 
still open to question since additional evidence based 
upon vibrational spectroscopy’ favors an equatorial CF3 
contrary to the conclusions based upon 19F n.m.r.results. 
In addition, the influence of the steric requirements of 
large atoms and groups, particularly in the fluoro- 
carbonhalophosphoranes, has still to be properly 
evaluated. 
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