Correspondence

Hydrolysis and Nuclear Magnetic Resonance
Studies of Fluorme Exchange

Sir:

A variety of mechanisms have been suggested to ex-
plain nmr studies of fluorine exchange in compounds
such as SF4, PFE,2 RPF4,3 RzSer, RS1F4 f and Rz-
SiF;~% The purpose of this correspondence is to
emphasize the role of hydrolysis in fluorine exchange
processes and to suggest a technlque for reducing
hydrolysis.

An nmr study of fluorine exchange for the diethyl-
amine catalyzed hydrolysis of tnmethylﬂuoros1lane
has recently been completed.® No exchange occurs in

(CHBSIF + H0 T——————"—> (CH,),SiOH + HF
’ (CsHs);NH catalyst _ .
CHiCN solvent l slow (1)
1/,(CH;)sS1081(CHa )s + 1/2Hzo

the absence of H;O; however, addition of H,O and
(C:H;),NH produces the equilibrium system (1) and the
rate of fluorine exchange may be followed by monitoring
the collapse of the proton nmr doublet of (CH3)3$1F asa

L)

E] b c’
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Figure 1.—Proton nmr spectrum at +38° of (a) (CH;):SiF
(0.58 mmol) in 0.5 ml of acetonitrile solution, (b) after addition of
H,0 (4.5 X 104 g, 0.025 mmol) and (C:H;):NH (0.41 mmol) and
(c) after further addition of (CH3)351N(C2H5)2 (74 X 107%'g,
0.51 mmol).

function of H,O, (C;H;):NH, and (CHj;)sSiF concen-
tration and temperature.! Hydrolysis is accompanied
by slow condensation of trimethylsilanol to hexa-
methyldlsﬂoxane :
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Figure 2.—Fluorine nmr spectrum at —30° of (a) (C:H;):NSF;
(1.0 mmol) in 0.5 ml of trichloroflucromethane, (b)-after addition
of H:O (5.6 X 10~ g, 0.031 mmol) and (c) after further addition
of (CH;)SiN(CaHs)s (8.4 X 102 g, 0.58 mmol) Chemical shift
relatlve to internal CFCls, )

The equilibrium nature of hydrolysis suggests that
the rate of fluorine exchange is more a function of the
equilibrium constant and the absolute values of the
forward and reverse rates than of the amount of mois-
ture present in solution. In other words, traces of
moisture or HF, below the usual detection limit, could
markedly influence the nmr spectra. With this in
mind, we decided to study the nmr spectra of reactive
mietalloid—fluorine compounds such as N,N-dlmethyl-
aminosulfur triﬂdoride and N,V -diethylaminosulfur tri-
fluoride, which have been prepared by Demitras and
MacDiarmid’ and von Halasz and Glemser® but for
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which only poorly resolved fluorine and proton nmr
spectra were obtained.

Under rigorously anhydrous conditions, well resolved
fluorine and proton nmr spectra were obtained for
(CH3),NSF; and (C,H;),NSF;® confirming our hypoth-
esis that fluorine exchange due to traces of moisture
or HF was responsible for the unresclved nmr spectra.

If an equilibrium of the type represented by eq 1 is
respouisible for fluorine exchange then it should be
possible to stop fluorine exchange by removing H,O or
HF. Since it is well known that HF may react with
glass equipment to generate Hy0, it is important that
HF be removed. A chemical reagent such as (CH;)s-
SIN(CoH3); will react with HF and H,O" and the effect
of adding (CH,)sSiN(C.H;): to a rapidly exchanging
system is shown in Figures 1 and 2.

The anhydrous proton nmr spectrum of (CHjs)sSiF
(Figure 1a) and fluorine spectrum of (C.H;):NSF;
(Figure 2a) show well resolved multiplets. Addition
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of HyO and catalyst (C.H;);NH to 1a and H,O to 2a
produces collapsed spectra consistent with rapid fluorine
exchange (Figures 1b and 2b), however, addition of
(CH;)3SiN(C,H;); to 1b and 2b stops fluorine exchange
and well resclved spectra reappear (Figures lc and 2¢).
The results are entirely consistent with hydrolysis as
the mechanism of fluorine exchange.

Unless the presence of traces of H;O or HF has been
rigorously excluded, the possibility that hydrolysis
provides a low-energy pathway for fluorine exchange in
other reactive metal fluorides must be considered.*!
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