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TCIR 636
Pro ject: 4-08-03-0035

THE PREPARATION OF METHANEPHOSPHONYL CHLOROFLUORIDE

I. OBJECT.

The work reported herein was undartaken under
Project 4-08-03-005, Agents of the G Serles, In connection
with an lnvestigation of the mechanism of the fifth step
of the GB synthesis. This involved, among other things,
a study of the formation and properties of methansphosphonyl
chlorofluoride which might be a possible Intermediste 1in the
GB synthesis.

II. HISTORICAL.

The mechanism of the fifth step of the GB synthesis
proposed by the German Iinvestigators in which the dichlorids
of the di-dl mixture reascts with isopropanol with formation of
chloro-GB, simultaneously with the reactlon of the difluoride
end isopropancl with formation of GB and HF, with the latter
product convertlng the chloro-GB to GB, ssema doubtful since
1t has besn reported that the rate of reaction of difluorlde
with lsopropanol 1s extremely slow. Among the posalble pos-

tulations of various typss of mechanisms of the fifth step
are two which Iinvolve the intermedlate formation of methane~
phosphonyl chloroflucride. The followlng two sequences of
equations may serve to illustrate the postulated mechanisms:

l.a. CH;P0C1ly + (CHz)oCHOH —> CH3PO(C1)O0CH(CHz) o + HCL
b. CHzPO(C1)OCH(CH3)p + CHzPOF, ~—2 CHzPO(F)OCH(CHz)
+ CHzPOC1F
c¢. CHsPOCIF + (CHz) o CHOH — CHzPO(F)OCH(CHy)p

+ HC1
2.a. CHzPOClg + CH 2CHzPOC1F
b. CHZPOCIF * g — CHZPO(F)OCH(CHz)
+ HC1
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Because of these conslderatlons, 1t was of 1lnterast
%o investigate the synthesls of the hyvothetical intermedlatas
CHzPOC1F, and to Jetermins lts chemical and physlicel propertles.
However, 1% was reallized that 1ts synthesls and 1ts reaction
with isopropanecl, according to equation 2,would by no means
prove that the fifth step actually lnvolves lts intermedlate
formatlon accordinzg to elther one of the two posslibllitlss
outlired above, but would indicate the possibllities of 1ts
being an intermedfats in the fifth step reactlons.

ITI. EXPERIMENTAL.

The methanephosphonyl dichloride, difluoride, anrd
GB used in thls work was obtained from the Pilot Plant of the
Plants Division or Process Laboratory of the Chemical Division.

A. Prevaration of Methanephosphonyl Chlorofluoride.

. Plent GB was heated in a 3-1. round-bottom
flask, equloped with a reflux condenser surmounted by a glass
tube extending directly into the exhaust tract. The vot
temperature rose to 160° at whichpolint gas evolutlion began.
The temperature then drooped to 145%, remained constant as
lonz as gas was evolved, and finally began to rise gradually.
At 180° the heatine was stopped and the slightly yellow-
brown colored residus of crude methanefluorophosphonlc acid
cooled to room temperature for further reaction with thlonyl

chloride.

To 438.5 m. of crude methanefluorophosphonic
acid was added 500 =7.,0f thionyl chloride (c.p.) in one portion
and the mixture refluxed for 6 hours untll the temperature
rose to 80°. Another 50 g¢. of thionyl chloride was then added
and the mlxture heated for another 3 hours during which the
pot temperature finally reached 127°. Distlillatlion of the
reaction product throuzh a 15 ¢m. column packed with helices
at 68 mm. pressaure ylslded 389 . of crude chlorofluoride
bolling at 52-67°. The product wes redistilled through a
30 cm., hellx-packed column, to yleld 240 g. of a constantly
bolling fraction at 41° and 30 mm. pressure.

Datermination of ionlec fluorine:
For CHzPOC1F calc. 0%; found, 1.77%

Based on this analysis the product contains
9 .3% of msthanenho-shonvyl difluoride, if the fonie fluorine
1s caleculated as such.
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The distﬁil&té'was splldified by cooling with
a dry lce-acetone bath and slowly thawed. The part which was
liquld at -23° was filtered from the crystal sludge, and the
cut of the fllter residue melting at =-23° to -19° separated
by filtration. The residue meltlng above -19° was discarded.
Determlination of ionic fluorine in the fraction melting at
-23° to -19° showed a content of 1.56% F=. Since Ifractional
erystallization did not lower the difluoride content markedly,
190 2. of the recrystallized product was redistilled tnrough
the 30 cm. column giving 127 g. of distillate at 34-35°

and 14 mm. pressure.

Determination of ionic fluorine: found O0.5%.

The content of 0.5% F- corresponds to 2.7% of methanephosphonyl
difluoridse.

Analysis of another sample of chlorofluoride
prepared as described above, but purified only by repeated
distillation under reduced pressure,gave the following values:

CHEPOCIF Calculated Found
Ccl 30.44 30.45
Total F 16.31 16.47
Ionic F o) 0.87

Yields of 72-82% of crude CHzPOCIF, b.p. 120-144°, were obtained
in a largs number of varlous runa. The bollling point at
atmospheric pressure of the pure compound is 126.0-126.5°.

B. Determination of Disproportionstion of Methane-
phosphonyl Chlorofluorice.

Samples of approximately 0.40 g, of methane-
phosphonyl chloroefluoride having an ionic fluorine content
of 0.83% were bulbed, welghed, and keot in a thermostat at
60 ¥ 0.5° for various periocds of time. The samples, re-
moved frem the thermostat, were cooled In ice water and
immediately titrated for lonic flyorine. The obtained values
are listed in Table 1 in column Column 4 glves the per-
centages of diflucride present product as calculated

from the values in column 3. ¢
N




Table 1

Analysis of Samples of Methanephosphonyl Chlorofluoride

1 2 3 4
Sample No. Time Ionic F Difluorlde
hr. z

1 0 0.83 4,37
2 3.25 1.83 8.58
3 20.25 1.78 9,37
4 418.5 1.87 9.84
5 70 2.11 11.11

C. Purlficatlon of Methanephosphonyl Difluoride.

Methanephosvhonyl difluoride obtalned from the
Pilot Plant was distillsd through 40 ¢m., helix packsd column,
of 12 mm. dlametsr. The fraction boiling at 98-98.5° was
g¢irred at room temperature for 24 hours with 5% by welght of
dry, powdered sodium fluoride. The difluocride was then dis-
tilled at low pressure without removing the NaF, in order to
avoid exposure to the atmosphere, and without applying heat
to the distillation flask. The difluoride was condensed in
a recelver by cooling with dry ice acetone. Determination
of lonle fluorine and acldity proved 1t to be purer than any
other sample of difluoride puriflied in different masnner.

Analysis: Calculated Found
4 7
Ionlc F 18.99 19.16
Acidity (calec. as 100 100.18
CHzPOFp)

D. Detarmination of Ionie Fluorine in Pure Di1-D1
Mlxture.

~ The methanephosohonyl dichloride used in this
run was purified by fractionation throush a 40 cm., hellx
packed heated column, at a refiux ratio of 10:1. A cut,
constantly bolling at 160°, was collected as pure dichlorids.

An equimolar mixture of pure methanephosphonyl
dichloride and difluoride was prepared and lts content of
ionic fluorine determined over a perled of 96 hours at room
temperature. The values obtalned are listed in Table 2.
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Table 2
Analysis of Samples of Di-D1 Mixture

Time Ionie F
hr.

1 9.357
4 9.32
24 9.34
96 9.02

Iv. DISCUSSION.

Methanephosphonyl chlorofluoride can easily be
prepared in fair ylelds by chlorination of methanefluoro-
phosphonic¢ acid with thionyl chloride under reflux. Ylelds
of 80% of crude chlorofluoride have been obtained frequently.

It has been observed that the chlorofluorlide has a
pronounced tendency to disproporiionate aceora.ag to the
equation,

2CH;POCIF —3 CHzPOCly + CHzPOFg

Into dichloride and diflucride when refluxed at atmospherlc
pressare. Thls makes 1t Ilmpossible to fractionate the chloro-
fluoride through long columns at atmospheric pressure. It 1s
advisable to use short columns not lenger than 15 cm., and
carry out the fractionation under reduced pressure. A product
purified in -this manner will always contain a small percentage
of difluoride. The purest oroduct obtained during this work
had a difluoride content of 2.7% and was sufficiently pure for
furthsr reactions.

The dlsproportlonation of the chlorofluoride at
60° was followed over a period of 70 hours by determination
of the lonlc fluorine content. Under the conditlions of the
analysis the P-F llnkage in the chlorofluoride is atable
towards hydrolysis, behaving like the second P-F linkage in
the difluoride. Hasnce, any disproporticnation to difluoride
and dichloride will result in the formatlon of a hydrolyzable
P-F bond, and can be followed by the increase of ionlc fluorine
in the chlorofluoride. The values in Table 1 show that over
a period of 70 hours the ionic fluorine content increases 1.28%,
corresponding to an increase cof 6.74% in difluoride content.
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The presen. pl’'ot plant process for the production
of dl-dl mixture conzists In fluorinatlion of methanephosphonyl
dichloride with 1 mol of anhydrous HF; the resulting di-di
mixture appears not to contain methanephosphonyl chlerofluoride.
3lnce the chlorofluoride does not, or at least only to a
amall extent, disproportlonate at the tempsratures applied
durlng the fluorination process, 1t must be assumed that the
slow dlsproportionation 1a catalyzed by anhydrous HF, or
that the fluorination of a L1 group ‘takes place at a

~-P
F

rate several ordsrs of magnitude faster than that of a —P012
groupling. .

The first assumption that the disproportionation
1s catalyzed by HF finds a parallel in the fluorination of
the much more reslstant -CClz and CHFp groups with anhydrous
HF which has besn investigated thoroughly by Whalley (J.
Soc, Chem., Ind., 66, 427=-430, 430-433 (1947); 867, 331-333
(1948)). AliphatTc compounds such as CHzCClz, CHoC1l.CCls,

CH3:CHCly etc. can be converted to the monofluorides under

suitable conditions with HF (catalyzed by SnClsg or uncatalyzed)
in good yilelds. 1If, howevdr, the reaction is carried out with
antimony pentachloride as catalyst no monofluoride 1is obtalned,
but fluorination proceeds to the di or trifluorlde stage,
respectively. Whalley concludes from hlis observatlons that

in the pclyfluorination the actual role of the antlimony
catalyst is twofold. Flrst, it seems to act &s a true
catalyst and serves the purvose of homogenizing the immiscible
halohydrocarbon and HF. Second, it provides a sultable medium
for the disproportionation of the monofluorlde according to

the equation:
2RR*CC1F —3 RR'CFy *+ RR'CCl,

Drawing a parallel between the fluorination of -PCl, and >CCls
grouplngs, 1t 13 obvious that the former proceeds wlith extreme
ease. Hence, 1t 1s possible that the dilsproportionatlon of
=PC1F to -PC1l, and -PF2 does not require as active a catalyst
as pensavalent antimony, but 1s effected by HF, the fluorinating

agaent ltselfl.

The possibility of & reversibillty of the dls-
provortionation reactlon of methanephosphonyl chlorefluorilde
13 by no means excluded. Since the present pllot plant process
for the di-d4i mixture consists In fluorination of methane-

Sk
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phosphonyl chloride with one equivalent of anhydrous HF, an
equllibrium formation of the chlorofluoride will result in a
decrease of the lonle fluorine content below the theoretical
value for the di-dl mlxture. Therefors, the values for ionic
fluorine in a di-di mixture freshly prepared from the purified
components were determined over a period of 96 hours. The
values obteined are listed in Table 2. The change in lonic
fluorlne content during the first 24 hours is within the
llmits of experimental error. After 96 hours & decrease of
0.35% of F~ was observed corresponding to about 19 reaction
according to .

CH4POFy + CHZPOClg —> Z2CHzPOCLF.

The only conclusion to be drawn from this result 1is the
possibility of chlorofluoride formation to & smell extent with
the equillibrium almost exclusively in favor of the di-di mixturs.
This, however, does not exclude a mechanism of the fifth step
as 1llustrated by equations 1 and 2. A determination of the
rate of reaction of the fifth step might be helpful in
eliminating the German mechanism andfor mechanisms 1 and 2
(see Historical section) from the list of theoretically
possible routés. The overall rate of the German process would
be determined by the slowest one of the three steps,all of
which can be determined singly. The same considsration

holds for the proposed mechanlsms 1 and 2. Preliminary ex-
periments indicate that reaction 1lc(=2b) is rather rapid,
whereas 1b 1s extremely slow, if it occurs at all; this

leaves la as rate determining step. Mechanism 2 appears to

be excluded due to the slow rate of step 2a as compared to the
rapld formation of GB from the di-dl mixture.

Since determinations of the rate of reaction of GB
formation from di-di mixture by calorimetric measurements have
been carried out,in the meantime,by Physical Branch and seem
to indicate a higher order of reaction, further work in the
Indlcated direction has heen discontinued.

Y. SUMMARY.

Methanesphosphonyl chlorofluoride, b.p. 126.0-
126.5%, b 41, has been prepared in good yield by chlorination
figo

of ¢rude rophosphonic acld with thionyl chloride, and
i1ts rate of disproportionation at 60° has been determined.

Two poatulated mechanisms for the fifth step of
the GB synthesls and the mechaniam proposed by the German
investicgators avpear to be improbable on account of the data
obtalined during thls investigat!on.
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