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“YF and *P N.M.R. Characterisation of Phospha-alkene and Phospha-alkyne
Intermediates in the Alkaline Hydrolysis of Trifluoromethylphosphine

By HosseiN EsuriacH-HosseINi, HaAroLD W. Kroto, and JorN F. Nixon*
(School of Molecular Sciences, University of Sussex, Brighton BN1 9Q7J, Sussex)

and SYDNEY BROWNSTEIN, JoHN R. MorToN, and KEITH F. PRESTON

(National Research Council, Ottawa, Canada)

Summary ¥F and 3P N.m.r. spectroscopy has confirmed
the existence of a previously postulated phospha-alkene
intermediate in the base hydrolysis of perfluoroalkyl
phosphines; a phospha-alkyne ‘intermediate is also
formed.

HaszerLpINE and his co-workers!—* have postulated that
the reactions between fluoroalkyl phosphines (Rp),PH,_,
(m = 1 or 2), and various bases involve either phospha-
alkene intermediates or proceed via a hydride shift
mechanism, with the former mechanism being preferred,
e.g. reaction (1).

AN MeOH MeOH
CF-PHR —> C=PR—> CH-PR(OMe) (1)
v ~HF

Previously some of us (HW.K. and J.F.N.) identified
and characterised by microwave spectroscopy® several
phospha-alkene species R2?P=CR!, (R=H,R*=H; R!=F,
R2=H; R=H,R%>=Cl) by high temperature pyrolysis re-
actions of suitable precursors. We now report that the
phospha-alkene CF,=PH and the phospha-alkyne® FC=P
are indeed intermediates in the room temperature reaction
(2) between CF,PH, and solid KOH or NaOEt and we have
characterised both species by *F and 3P n.m.r. spectro-

scopy.

KOH KOH
CF,PH, —> CF,=PH ——> FC=P )
—HF —HF

The 'P{H} n.m.r. spectrum of the products formed
when gaseous CF,PH, is passed rapidly twice through a
U-trap containing KOH pellets in a high vacuum system
is shown in Figure 1(a). (For convenience and safety the
spectra were recorded at ca. —80 °C but the compounds
show evidence of some stability above this temperature).

The strongest resonance in the 3'P{1H} spectrum in
Figure 1 is that of unchanged CF;PH, but the low-field
doublet of doublets pattern is exactly that expected for

1000 Hz
——
(b)

FC=P
S
(b)
@) 11 F,C=PH CF3PH, (Ll
Figure 1. 3P (ca. —80°C) n.m.r. spectra of the products of

the reaction (2) between CFPH, vapour and solid KOH at
room temperature; (a), H decoupled; (b) 'H undecoupled.

CF,=PH and arises from coupling between phosphorus and
the two non-equivalent fluorine nuclei F!' and F? (see

Table). Furthermore the !H-undecoupled 3P n.m.r.
TasrLe. !'H, YF, and 3P n.m.r. chemical shift and coupling
constant data for ¥,C=PH and FC=P.»

F,C=PH
(FY) 42 §(P)  —201-4
$(F?) —24-6 ~(H) 3-55
17(PH) 166-6 3J(F'H) 19:2 3J(F*H) 40-0
2J(PFY) 2136 2] (PF?) 82-3 2J(F'F?) 25-4
FC=P
#(F) —966 8P)  —346-4 :J(PF) 1820

a WF shifts are in p.p.m. relative to CC,F and 3P shifts in
p-p-m. relative to P(OMe); [high-field shifts are negative from
Me,Si, CCL,F, and P(OMe)y]. Coupling constants are in Hz.
Assignments of F! and F? are based on a comparison of the
magnitudes of 2 J(F'H) and 3] (F2H) with the analogous 3J(FH)
data for related fluoroalkenes (J. W. Emsley, J. Feeney, and
L. H. Satcliffe, ‘Progress in NMR Spectroscopy,’ vol. 10,
Pergamon, Oxford, 1977).



654
spectrum [Figure 1(b)] exhibits a further large doublet

pattern for all the lines (/en 166-6 Hz) from coupling to
the single proton directly attached to phosphorus.

L

1F (ca. —80 °C) n.m.r. spectrum of CF,=PH.

FI1GURE 2.
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In Figure 2 the F n.m.r. spectra of CF,=PH is shown,
exhibiting a total of 16 lines for the two non-equivalent
fluorine atoms. The coupling constants obtained agree
with those of the phosphorus spectrum.

The 3P{*H} n.m.r. spectrum (Figure 1) also exhibits a
weak high-field 1:1 doublet which is unchanged on proton
undecoupling and can be assigned to FC=P since the *F
n.m.r. spectrum reveals a similar doublet of identical
2 [pcr Splitting.

The concentration of FC=P can be increased by extending
the contact time of the reactants and can be made quantita-
tive.®

Ir. data on the phospha-alkene and phospha-alkyne
compounds have been recorded’” [v(C=P) 1340; v(C=P)
1660 cm~1] and fuller details will be published elsewhere.}

We thank the S.R.C. for post-doctoral support for this
work.

(Recetved, 12th April 1979; Com. 395.)

t Added in proof: We have recently also characterised the phospha-alkene CF;P=CF, by 1°F and %P n.m.r. studies of the

reaction between (CF,;),PH and KOH.
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