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Synthesis and Characterization of
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Abstract: Bis(trifluoromethyl)thiophosphinic acid, (CF,),P(S)OH, has been prepared by the reaction of concen-
trated sulfuric acid with salts of the acid. The new moderately strong (K, ~ 3.2 X 10-%) monothio acid is stable in
aqueous solution but yields 1 mol of CF;H per mole of acid upon alkaline hydrolysis. The acid has been charac-
terized by chemical and spectroscopic methods including gas-phase infrared spectra which suggest that the acid has
the (CF;),P(S)OH structure. Dehydration of the acid with POy, proceeds smoothly to give good yields of the
anhydride, [(CF;),P(S)].0, which is extremely inert toward electrophilic reagents such as hydrogen halides and
hydrogen sulfide. The anhydride reacts with nucleophilic reagents such as dimethylamine to yield the amino-
phosphine (CF,),P(S)N(CHj,), and with halide ions in solution to yield the thiophosphoryl halides, (CF;).P(S)X
(X = F, Cl, Br). The residual product in both systems was the (CF;);PSO~ ion as a salt or in solution. Neutral
hydrolysis of the anhydride gave a solution of the parent acid, and alkaline hydrolysis liberated 2 mol of CF;H per

mole of anhydride to leave the CF;PO,S?" ion in solution.

and its anhydride are discussed.

Bis(triﬂuoromethyl)dithiophosphinic acid, (CF;).PS,-
H, has been recently prepared, -2 and bis(trifluoro-
methyl)phosphinic acid, (CF;),PO;H, has been known
for many years.® Salts of the unknown monothio
acid, (CF;).P(S)OH, were obtained while attempting
to prepare the ester (CF;),P(S)OCH; from (CF;),P(S)CI,
methanol, and trimethylamine.* We wish to report
herein the synthesis of (CF;),P(S)OH from this salt
and by other methods and also the preparation and
characterization of the anhydride of the acid, [(CF;),-
P(S)L.0.

Results

Synthesis and Structure of Bis(trifluoromethyl)thio-
phosphinic Acid. The reaction of (CF;),P(S)Cl with
methanol and trimethylamine yields a white, involatile
solid which we formulate as a mixture of tri- and tetra-
methylammonium salts of ClI~ and (CF;),POS~ ions*
(eq 1). Treatment of this mixture with concentrated

(CF::P(S)Cl + CH;0H + 2(CH3);N —>
(CF;PSO~ + CI~ + (CH,)N* 4 (CHy);NH* (1)

sulfuric acid under mild conditions (i.e., allowing the
mixture to warm slowly from —196° to room tempera-
ture) results in a vigorous reaction which produces HCl
and the new oxythio acid, (CF;),P(S)OH, as a mixture
of volatile products which may be easily separated by
vacuum fractionation.

The acid has also been obtained by the careful oxi-
dation of (CF,),PSH with a small excess of dry air, but
a pure product was never obtained by this method.
Attempts to prepare the monothio acid by sulfur oxi-
dation of (CF;),POH following the method used! to
prepare (CF;),PS;H were unsuccessful owing to the
combination of high temperatures required to induce
reaction and the low thermal stability of the monothio
acid (vide infra).
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90, 2015 (1968).

(2) K. Gosling and A. B, Burg, ibid., 90, 2011 (1968).

(3) H. J. Emeléus, R, N. Haszeldine, and R. C. Paul, J. Chem. Soc.,

563 (1965).
(4) R. G. Cavell and W. Sim, unpublished observations.

The infrared and nmr spectral properties of the acid

Salts of the monothio acid give stable aqueous solu-
tions containing the same anions as solutions of the
acid itself, The nmr spectra of salt solutions and aque-
ous acid solutions are identical, showing a simple
doublet with a coupling constant?® (2/pr) of 97.4 Hz and
a chemical shift (¢) of 73.1 ppm (vs. CCLF). Al-
though neutral hydrolysis of (CFj),P(S)Cl yields the
monothio anion, neutralization with silver carbonate
led to a desulfurization® and the formation of only
(CF3),PO; in the solution; hence, the monothio acid
cannot be obtained by means of reactions analogous
to those used to prepare (CF;).PO,H.* Alkaline
hydrolysis of the monothio acid and its salts liberates 1
mol of fluoroform per mole of compound to leave the
CF;PSO,2~ ion® in solution, thus demonstrating the
presence of a bis(trifluoromethyl)thiophosphoryl group.

The "F nmr spectrum of the acid shows a simple
doublet (3Jzp = 120 Hz, ¢ +72.2 ppm vs. CCL;F) and
the 3'P nmr spectrum a septet (Jrp = 123 Hz, 8p
+58.4 ppm vs. P,O¢). These parameters are in agree-
ment with those expected for a pentavalent bis(tri-
fluoromethyl)thiophosphoryl group.! The single-pro-
ton nmr signal is relatively sharp at room tempera-
tures, but the chemical shift varied between samples
possibly because of concentration differences or the
presence of impurities in this difficultly handled com-
pound. Cooling of any one of the samples results in
the broadening of the peak and a shift of the resonance
to lower field; however, the signal remained unresolved
even at —100°, indicating that the proton suffers rapid
exchange between environments on the nmr time scale.
In contrast, the proton spectrum of the dithio acid,
(CF;);PS;H, which showed a single peak at ordinary
temperatures, gave a doublet’” at —114° which was of
the correct order of magnitude for a P~H coupling
(*Jpy) through sulfur, indicating that the exchange rate
in this case could be sufficiently reduced by cooling to
provide a lifetime of the proton in one environment
which is sufficient for resolution of the coupling to

(5) The notation for coupling constants is due to J. I. Musher and E. J.
Corey, Tetrahedron, 18, 791 (1962).

(6) A. A. Pinkerton and R. G. Cavell, 7norg. Chem., 10,2720 (1971).

(7) R. G. Cavell, unpublished observations.
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phosphorus. It seems reasonable to expect more
facile exchange in systems involving oxygen.

The KBr windows of infrared cells were rapidly
etched by the acid, but the infrared spectrum could be
recorded with windows protected by a film of paraffin
waXx. The spectrum shows strong bands in the CF;
region with values typical of those for a (CF;),P com-
pound. The band at 3615 cm™! (2665 cm~! in the deu-
terio compound) can be assigned to an OH stretch and
the band at 1000 cm~!toa POH bend. Using the ratio
between the OH and OD stretching vibrations (1.35),
the POD bend is predicted to be at 740 cm™~! (i.e., very
close to the P=S stretching band in energy). The ap-
pearance of bands in the spectrum of the deuterio com-
pound at 810 and 695 cm~! and the absence of the ex-
pected band at 773 cm™! (vp_g) are attributed to Fermi
resonance between POD bending and P==S stretching
vibrations, because both vibrations transform as A’
under C, symmetry and are therefore subject to Fermi
interaction if they are of similar energy.® The com-
plete spectrum with assignments is given in Table I.

Table I. Infrared Spectras®
(CFg)- (CFg)- [(CF3)- Assign-
P(S)OH P(S)OD P($)1.0 ment
3615 (s) Yo
2665 (s) voD
1214 (vs) 1214 (vs) 1206 (vs)
1188 (vs) 1188 (vs) 1182 (vs) VCF,
1145 (m) 1145 (m) 1153 (m, sh)
1000 (s) dron
980 (m))
929 (Vs)f Vasym POP
903 (m)
925 (s) 925 (s) 841 (s) )
810 (s) See text
773 (m) 803 (m) VP=g
713 (m) 713 (m) 754 (w) Ssym CF;
732 (m) VYsym POP
695 (m, sh)c See text
636 (w)
549 (m) 549 (m) 551 (m) Sasym CF3
497 (m) 497 (m) 495 (m) vpC
442 (w, sh)
414 (w) 414 (w) 413 (m) P=S bend
e All frequencies in cm™! ¢ Abbreviations: », stretching;
6, deformation; s, strong; m, medium; w, weak; v, very, sh,

shoulder. ¢P=S stretch and POD bend bands shifted from ex-
pected positions by Fermi resonance.

The infrared data are consistent with the (CF,),P-
(S)OH structure in the gas phase rather than the isomeric
(CF;),P(O)SH structure. However, the marked varia-
tion of proton chemical shift with concentration and
temperature suggests that an equilibrium of the type
shown in eq 2 may be important in nonaqueous solvents.

S (o}
7 7
(CFy),P — (CF:)P 2
OH SH

The mass spectrum of the acid has a strong parent ion
and shows the expected fragmentation and rearrange-
ment patterns in the mass spectrometer.® The com-
plete spectrum is shown in Table II.

(8) F. A, Cotton, “Chemical Applications of Group Theory,” 2nd
ed, Wiley-Interscience, New York, N. Y., 1967, p 330.

(9) (a) R. G. Cavell and R, C. Dobbie, Inorg. Chem., 7, 101 (1968);
(b) ibid., 7, 690 (1968).
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Table II. Mass Spectras.?
——(a) (CF3).P(S;0OH——

——(b) [(CF3%P(S),0—

mle Relint Assignment mle Relint Assignment
218 20.9 GFsPSOH 4184 11.1 CiF1aP:S5,0
198 0.5 C,F;PSO 349 4.1 C;FsPsS:0
186 1.8 C;F,POH 317 1.5 C;Fy,P,S0O
150 0.4 C,F;P 267 3.1 C,F7P,SO
149 3.2 CF;PSOH 230 0.5 C,F:PS;0
128 2.7 217 4.5 CF¢PSO
127 1.2 201 0.6 C,FsPS
119 1.1 CFP, C;F; 185 1.1 C,F:PO
117 1.0 CF;POH 167 1.9 CF.POS
101 0.6 SPF, 151 1.1 CF,PS
100 0.6 CF;P, C;F, 135 8.4 CF,PO

99 4.2 FPSOH 129 0.9 CF,PSO
85 0.5 F.PO 119 4.5 CF;, CE,P
83 2.2 FPSH 113 0.7 CF,PS

82 1.4 FPS 101 0.7 SPF,

80 0.8 PSOH 100 0.8 CF;P, C;F;
78 0.5 CFPO 81 2.0 CF,P, G,F;
76 5.8 CPSH 80 0.5 S0

69 13.3 CF,, PF, 69 14.8 CF;, PF;
67 13.3 FPOH 64 4.2 S,

66 0.4 FPO 63 19.1 PS

64 0.5 PSH 50 1.1 PF, CF,
63 5.7 PS 47 4.2 PO

51 5.0 CF.H 45 0.6

50 1.7 CF, PF 43 0.5

48 0.9 SO 32 4.0 S

47 3.8 PO 31 3.3 P, CF

44 1.4 CPH, C;FH

38 0.8 F.

36 1.0 HOF

32 0.8 S

31 1.8 P, CF

= Intensities are expressed relative to the total ionization defined
as Z(intensity) for all ions with m/e >30 whose intensity is greater
than 29 of the base peak. ® All species are positive ions and masses
are calculated for the 325 isotope unless otherwise indicated.
¢ Identified by mass measurement: found, mfe 217.9395; re-
quired for C;FsPSOH, m/e 217.9390. ¢ Identified by mass mea-
surement: found, mfe 417.8672; required for C,F.P:S:0, m/e
417.8675.

Properties of Bis(trifluoromethyl)thiophosphinic Acid.
The acid was found to be thermally unstable; heating
at 150° for 4 days led to dehydration, condensation, and
rearrangements giving the anhydride and the dithio
acid as major volatile products. The failure of others!?
to prepare the monothiodifluoro acid, F:P(S)OH, is
perhaps not surprising in view of the low thermal sta-
bility of the CF; analog.

Typical acid behavior was demonstrated by the
formation of 1:1 salts in the reactions of the acid with
anhydrous dimethylamine or with aqueous solutions of
sodium bicarbonate. These acid salts do not react
with anhydrous HCI, suggesting that the acid is a
reasonably strong one. Potentiometric titration of an
aqueous solution of the acid prepared from the anhy-
dride gave K, ~ 3.2 X 1072,

Attempts to form sulfur-bridged dimers of the acid
anion by reaction of the salts with halogens (¢f. the
synthesis of F,P(S)S:(S)PF,!! and (CFj;).P(S)Sy(S)P-
(CF;),1?) led to the formation of thiophosphoryl halides
and no other volatile products were obtained. The
(CF3),PO;~ ion was found in the residual products of

(10) C. B. Colburn, W. E. Hill, and D. W. A. Sharp, J. Chem. Soc. 4,
2221 (1970).

(11) H. W. Roesky, F. N. Tebbe, and E. L. Muetterties, [norg. Chem.,
9, 831 (1970),

(12) A. A. Pinkerton and R, G. Cavell, J. A4mer. Chem. Soc., 93, 2384
(1971).
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both chlorine and bromine oxidations, indication that
the reactions are complex. Steps similar to eq 6 (vide
infra) involving halide attack on the anhydride may be
involved.

The acid reacted smoothly at 70° to cleave the P-N
bond in dimethylaminobis(trifluoromethyl)phosphine
sulfide and form the anhydride according to

(CF3):P(S-N(CH;): + 2(CF;):P(S)OH —>
(CE%P(S)-O-P(S)XCFs), + (CH:);NH;*(CF;:PSO~ (3)

A reaction of the acid with dimethylaminobis(tri-
fluoromethyl)phosphine did not give the expected
mixed-valence compound (CF;),P(S)-O-P(CF3);, in
contrast to the ready preparation!? of (CF;).P(S)-S-
P(CF;); by a similar reaction; instead the anhydride,
[(CF3).P(S)O, and the known!3'4 sulfur-bridged di-
phosphine, [(CF3),P],S, were obtained as the only vola-
tile products, plus a mixture of the amine salts of the
(CF;3),PSO~ and (CF;),PO,~ ions.®® This appears to
be a very complex system which involves oxygen-sulfur
exchange and mutual oxidation-reduction reactions.

Although the dithio acid is rapidly reduced by hy-
drogen iodide,!? the monothio acid was found to be re-
sistant to reduction even in the presen¢e of mercury.
Metallic mercury alone did not react with the mono-
thio acid. The acid was also not oxidized by air at
room temperature.

Synthesis and Structure of Bis(trifluoromethyl)thio-
phosphinic Anhydride. Dehydration of (CF,),P(S)OH
with P.O, at 70° gave good yields of the anhydride,
(CF3):P(S)-O-P(S)(CF3);. Low yields of the same
compound were also obtained from the AlCl-
catalyzed addition of sulfur to (CF,),P-O-P(CF;), at
100°. Elevated temperatures led to inseparable mix-
tures of products. Also, (CF3),P(S)I reacted rapidly
with a stoichiometric amount of silver carbonate to
give good yields of the anhydride, a reaction which is
similar to the preparation!® of (CF;);P-O-P(CF;).;
however, the product was contaminated with a small
amount of (CF;),P-S-P(CF;); which could not readily
be removed. Reaction of (CF;),PS;H with (CF;),P-
(O)-N(CH;), proceeded smoothly at 70°, but instead of
giving the unsymmetrical compound (CF;),P(O)-S-
P(S)(CF;), which might have been expected, the re-
action gave only the anhydride, [(CF;),P(S)LO, con-
taminated with traces of starting materials which
could not be removed by vacuum distillation. Similar
results were obtained using (CF;),P(S)OH and (CF3).-
P(S)-N(CH,),, indicating that the oxygen bridge is
more readily formed. Previous studies on the fluoro-
phosphorus system!® gave similar results; the oxygen
bridge was readily formed and the unsymmetrical
isomers could only be made with difficulty.

The compound is a true anhydride and may be dis-
solved in water to give acidic solutions which can be
titrated with standard alkali to give a molecular weight
of 412 (418 required for (CF;),P,S,0). The anion ob-
tained by neutral hydrolysis was shown to be (CFj;).P-
SO~ by nmr spectroscopy.® Alkaline hydrolysis
yields 2 mol of fluoroform per mole of compound, and
the CF;PSO.?~ ion® may be identified as the only
fluorine-containing species present in the hydrolysate;

(13) R. G. Cavell and H. J. Emeléus, J. Chem. Soc., 5825 (1964).
(14) A, B. Burg and K, Gosling, J. Amer. Chem. Soc., 87, 2113 (1965),
(15) J. E. Griffiths and A. B. Burg, ibid., 84, 3442 (1962).

(16) T. L. Charlton and R. G. Cavell, Inorg. Chem., 9, 379 (1970).

this is consistent with the presence of two bis(trifluoro-
methyDthiophosphoryl groups in the molecule.®

The '*F nmr spectrum is second order, showing a
sharp doublet due to | 2zp + “Jxp| with a separation of
129 Hz, with less intense lines on either side of the two
major lines. The pattern is characteristic of the °F
nmr spectra of XzAA’X,’' systems such as™!? (CFj),-
P-P(CFg)z, (CFg)zP“O“P(CFg)z, (CFg)zP“S“P(CFg)z, and
(CF3):P(S)-S-S-P(S)(CF;), and supports the symmetric
formula. The 3!'P nmr spectrum shows the same major
spacing, 129 Hz, with the major septet having further
structure due to the second-order effects. Complete
analysis of the spectrum is not possible at this time, but
both the '*F and 3'P chemical shift parameters (¢p
+70.7 ppm vs. CCI,F and 8p +72.8 ppm vs. P,O,) are
compatible with the existence of equivalent pentavalent
phosphorus atoms.

The infrared spectrum shows the expected strong
bands in the CF; region, with values expected for a
(CF3):P compound. Three bands centered at 930 cm—!
may be assigned to the P-—O—P structure!® and the band
at 802 cm~! to a P==S stretching vibration. The com-
plete spectrum is shown in Table I.

The mass spectrum shows the expected fragmenta-
tion and rearrangement patterns® and a strong parent
ion. The complete spectrum is shown in Table II.

Properties of Bis(trifluoromethyl)thiophosphinic Anhy-
dride. The anhydride was thermally stable to 160°
and was not oxidized by dry air at room temperature.
Heating with mercury to 100° for 7 days led to no com-
pound formation nor to any desulfurization.

In general, the compound was inert toward elec-
trophilic reagents in the gas phase except at elevated
temperatures. The products obtained from the high-
temperature reactions with HX may be explained if
initial reaction occurs according to eq 4, followed by
thermal decomposition of the monothio acid to give the
observed products. In the case of HI, the reaction is
further complicated by the reactions!? of HI with

(CF;)P(S)-O-P(S)Y(CF;): + HX —>
(CF:P(S)OH + CF;:P(S)X (4)
(X = Cl, Br, I, SH)

(CF3),P(S)I and with (CF;),PS;H (formed by the ther-
mal decomposition of (CF;).P(S)OH) to give (CF3),-
PSH in both cases.

Nucleophilic attack by halide ions in acetonitrile solu-
tion is rapid, as in the case of the fluoro analog,'® giving
good yields of the expected thiophosphoryl halides and
the thiophosphinate anion according to

(CFkP(S)-O-P(S)(CFs) + X~ —>
(CF3):PSO~ + (CF:2P(S)X (5)
(X = F, Cl, Br)
No reaction occurred when the same system was used
in an attempt to prepare [(CF;).P(S)].S, using, as X,
the (CF;).PS;~ ion.

Rapid nucleophilic attack by dimethylamine takes
place at low temperatures according to
(CF3)P(S)-O-P(S)(CF;) + 2(CH;3)NH —>

(CEs):P(S)-N(CH,), + (CH;):NH:*(CF;»PSO~ (6)

Discussion

The symmetrical structure of the anhydride was ex-
pected from work on analogous fluoro systems!o-18
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and is clearly demonstrated by the pattern shown by the
F nmr spectrum”!? and from the products obtained
from the rapid attack of a variety of nucleophiles. Its
marked resistance to electrophilic attack is notable and
may perhaps be explained in terms of the low availabil-
ity of the lone pairs on sulfur due to the action of the
highly electronegative bridging atom combined with
that of the CF; substituents, This same proposal may
explain the resistance of the monothio acid toward re-
duction by hydrogen iodide in contrast to the ex-
tremely rapid reduction of the dithio acid, (CF;),PS,H,
by hydrogen iodide'? under similar conditions. If one
assumes that the reaction proceeds by initial attack on
the sulfur by the proton in HI, then the increased elec-
tronegativity of the substituents accompanying sub-
stitution of oxygen for a sulfur in (CF;).P(S)OH
probably leads to a marked reduction in the avail-
ability of lone pairs on the sulfur (and hence its nucleo-
philicity) and a marked reduction in reactivity. Further
support for this interpretation comes from the
knowledge that difluorodithiophosphinic acid, F;PS;H,
with its highly electronegative fluorine substituents, is
only slowly reduced” by HI even on warming to 65°,

Experimental Part

Standard vacuum techniques were used throughout. The system
was constructed from Pyrex glass with stopcocks lubricated with
Apiezon grease. Routine infrared spectra for purposes of identi-
fication were recorded on a Perkin-Elmer 337 spectrometer. Spec-
tra of new compounds were recorded on Perkin-Elmer 421 dual-
interchange or Beckman IR11 instruments. Fluorine nmr spectra
were recorded on Varian A-56/60A and HA-100 spectrometers
operating at 56.4 and 94.1 MHz, respectively, using approximately
15% solutions in CCL,F for volatile compounds and similar con-
centrations in HyO or CD;CN for involatile salts. Proton spec-
tra were recorded on the same instruments operating at 60 and 100
MHz, respectively, using the same solutions. Phosphorus spectra
were recorded on neat samples at 40.5 MHz with the Varian HA-100
spectrometer, a signal-averaging computer being used in the case of
(CF;)4P3S,0 to obtain a good spectrum, Fluorine chemical shifts
were measured to relative to CCI;F as solvent or in a capillary,
proton shifts relative to external TMS, and phosphorus shifts relative
to an external P,O¢ capillary.’® Mass spectra were recorded on an
AEI MS9 instrument operating at an ionizing voltage of 70 eV
with samples introduced as gases with a heated inlet system. Start-
ing materials were prepared by indicated literature methods. Re-
agent grade chemicals were used as supplied. Reagent gases were
vacuum distilled before use. Methanol was redistilled from sodium
methoxide. All reactions were carried out in sealed Pyrex glass
tubes except where otherwise noted.

Preparation of Bis(trifluoromethyl)thiophosphinic Acid. (1)
From (CF;).P(S)Cl.  Bis(trifluoromethyl)thiophosphoryl chloride!-2
(0.7317 g, 3.10 mmol), methanol (~3.8 mmol) freshly distilled
from sodium methoxide, and trimethylamine (~6.3 mmol) reacted
below room temperature to produce a white solid. The volatile
products (only excess methanol and trimethylamine) were removed
to leave a solid which was then allowed to react with concentrated
sulfuric acid while warming slowly from —196° to room tempera-
ture. Vacuum fractionation of the volatile products gave (CFj)e-
P(S)OH (0.3495 g, 1.60 mmol, 519 yield) which was trapped at
—63°,

(2) From (CF;).PSH and Dry Air, Bis(trifluoromethyl)mercapto-
phosphine?? (0.049 g, 0.242 mmol) was allowed to react with air
(dried by passage through a series of —196° traps) containing
0.13 mmol of oxygen for 24 hr at room temperature. Vacuum
fractionation gave (CF;,P(S)YOH (0.0204 g, 0.094 mmol) which
contained a trace of (CF3):PS:H, trapped at —63°.

Preparation of the Deuterium-Enriched Acid. A sample of
(CF4),P(S)OH was allowed to react with several fresh samples of
DCl until an enrichment of ~60 % was achieved.

(17) T. L. Charlton and R. G. Cavell, Inorg. Chem., 8, 281 (1969).
(18) A. C. Chapman, J. Horner, D. J. Mowthorpe, and R. I, Jones,
Chem, Commun., 121 (1965).
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Preparation of Bis(trifluoromethyl)thiophosphinic Anhydride.
(1) From (CF;),P(S)OH and P.Oy,. Bis(trifluoromethyljthiophos-
phinic acid (0.3495 g, 1.60 mmol) and excess P,Oy (1 g) were al-
lowed to react for 2 days at 70°. Vacuum fractionation gave
(CF,)sP;8,0 (0.268 g, 0.642 mmol) in 8077 yield, which was col-
lected at —84°, as the only volatile product.

(2) From (CF;);P-O-P(CF3).. Tetrakis(trifuoromethyl)diphos-
phoxane!s (0.0373 g, 0.105 mmol) was combined with resublimed
sulfur (0.5 g) in the presence of a trace of resublimed ALCls and
heated to 100° for 3 days. Vacuum fractionation of the volatile
products gave (CF;)P.S,0 (0.0153 g, 0.037 mmol) in 359 yield.
A more volatile fraction contained (CF,;):PCl and (CF;),P(S)Cl
Reaction in the absence of AlCls did not proceed below 180°,
and at this temperature led to an inseparable mixture of products.

(3) From (CF;):P(S)I and Ag.CO; Iodobis(trifluoromethyl)-
phosphine sulfide! (0.0110 g, 0.335 mmol) and silver carbonate
(0.0484 g, 0.175 mmol) were allowed to react for 15 hr at room
temperature. The reaction actually began well below room tem-
perature. Vacuum fractionation gave (CF;)P:S,0 (0.0624 g)
which contained about 7% of (CF;);P-S-P(CF;); impurity.

(4) From (CF;),PS;H and (CF;)P(O)-N(CH;).. Bis(trifluoro-
methyl)dithiophosphinic acid®2? (0.0721 g, 0.308 mmol) and di-
methylaminobis(trifluoromethyl)phosphine oxide® (0.0378 g, 0.165
mmol) did not react during 4 days at room temperature. A fur-
ther 2 days at 70° gave (CF;)sP.S,0 (0.0478 g, 0.114 mmol) con-
taminated with about 4% (molar basis) of (CF;).PS;H. Aninvola-
tile oil remained in the reaction tube. .

(5) From (CF;),P(S)OH and (CF;).P(S)-N(CHs).. Bis(trifluoro-
methyl)thiophosphinic acid (0.0864 g, 0.396 mmol) and dimethyl-
aminobis(trifluoromethyl)phosphine sulfide? (0.0406 g, 0.166
mmol) were combined and allowed to warm slowly from —78° to
room temperature, and the mixture was then allowed to stand for
4 days at room temperature. Vacuum fractionation gave (CFs),-
P,S;0 (0.0430 g, 0.103 mmol) contaminated with 8.0% of (CF;).P-
(S)-N(CH;),. The solid which remained in the reaction tube was
identified as (CH;).NH, * (CF;),PSO~.

Vapor Pressure of Bis(trifluoromethyl)thiophosphinic Acid. The
variation of the vapor pressure with temperature was examined in a
Pyrex spiral-gauge microtensimeter. The data (temperature, °C;
pressure, mm), 4.0 (7.5), 10.0 (10.2), 14.5 (12.7), 20.3 (16.4), 24.8
(20.8), 31.6 (30.2), 35.3 (3€.6), 40.3 (47.1), 44.5 (57.4), and 50.1
(74.8), obey the linear equation log P = —1954/T + 7.90, which
gives a calculated AH.., of 8940 cal mol~!, an extrapolated boiling
point of 116°, and a Trouton constant of 23.0 eu.

Vapor Pressure of Bis(trifluoromethyl)thiophosphinic Anhydride,
[(CF3):P(S)):0. The vapor pressure data for the anhydride (ob-
tained with a grease-free mercury-in-glass microtensimeter) (tem-
perature °C; pressure, mm), 8.1 (8.5), 10.7 (9.0), 13.5 (10.2), 15.5
(11.2), 17.5 (12.7), 20.0 (14.1), 22.3 (15.8), 24.2 (17.9), 25.6 (19.5),
27.5 (21.3), 30.1 (23.8), 33.4 (28.1), 36.3 (31.8), 39.4 (37.7), 42.3
(42.7), 45.1 (49.0), 48.4 (56.6), 52.4 (67.6), 56.9 (82.6), and 59.9
(91.9), obey the linear equation log P = —1941/T + 7.78, giving a
calculated heat of vaporization of 8880 cal mol~!, an extrapolated
boiling point of 122.6°, and a Trouton constant of 22.4 eu.

Reactions of Bis(trifluoromethyl)thiophosphinic Acid. (1) With
Heat. A sample of the acid (0.1196 g, 0.550 mmol) heated at 150°
for 4 days decomposed and rearranged to give 0.0914 g of volatile
products which were found to be unreacted (CF3).P(S)YOH, (CF3),-
PS:;H, and (CF;)4P:S;0 in the molar ratio 3.0:4.9:2.1 by nmr. No
involatile material was observed.

(2) With Water. No fluorocarbon-containing volatile products
were formed when (CF;),P(S)OH (0.0317 g, 0.145 mmol) reacted
with ~0.5 ml of degassed distilled water for 24 hr. The resultant
aqueous solution was quite stable and had the same nmr parameters
as aqueous solutions of salts of the acid. The acid was quite
volatile in water vapor, and the aqueous solution could be distilled
to leave no residue.

(3) With Aqueous Alkali. Room-temperature reaction of (CFj).-
P(S)OH (0.0632 g, 0.290 mmol) with ~5.0 ml of 109, NaOH solu-
tion for 24 hr gave CF;H (0.0204 g, 0.291 mmol) as the only vola-
tile product. The aqueous alkaline solution contained CF;PSO.*"
ions® (analyzed by nmr). A sodium nitroprusside test? indicated
the absence of S?~ ions.

(4) Preparation of Salts. (a) Na*(CF;):PSO~. Sodium bicar-
bonate (0.0206 g, 0.245 mmol) was dissolved in ~1.0 ml

(19) A. B. Burg and A, J. Sarkis, J. Amer. Chem. Soc., 87, 238 (19_65).
(20) W. J. Criddle and G. P. Ellis, ‘‘Qualitative Organic Chemical
Analysis,” Butterworths, Washington, D. C., 1967, p 2.
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of water and allowed to react with (CF;),P(S§)OH (0.0586 g, 0.269
mmol). When the reaction had ceased, CO, and the solvent
were removed under vacuum to leave a white solid, the ir
spectrum of which suggested a hydrate. Anal. Caled for H,0,C-
F¢PSNa: H, 0.74. Found: H, 0.79. Treatment of the solid
with concentrated sulfuric acid gave a small amount of (CFj),P-
(S)YOH. The nmr specttum of an aqueous solution of the salt
showed the same species as solutions of the acid.

(b) (CH;3):NH,"(CF;:>PSO~. When (CF:3:P(S)OH (0.1146 g,
0.525 mmol) and dimethylamine (0.0266 g, 0.590 mmol) were
warmed together, a rapid reaction occurred below room temperature
to produce a white solid. After 18 hr only a trace of (CH3):NH
was recovered. The solid dissolved in water to produce a stable
solution with nmr parameters which compared well with those
recorded® for the (CF;),PSO~ ion.

(5) With (CF;).P-N(CH;).. Dimethylaminobis(trifluoromethyl)-
phosphine?! (0.0426 g, 0.200 mmol) and (CF;),P(S)OH (0.0900 g,
0.413 mmol) were combined and allowed to warm slowly from —78°
to room temperature over a period of 3 days. Vacuum fractiona-
tion gave 0.0662 g of a mixture which contained [(CFj).P],S13.14
and [(CF;),P(S)).0 in the ratio 1.15:1. A white solid remained
which was identified as a mixture of amine salts of the (CF;),PSO~
and (CF;),PO;~ %6 ions in the ratio 1.65:1. A minor amount of an
involatile oil which reacted with the air also remained in the reac-
tion tube.

(6) With Hg. No reaction occurred when a sample of (CFs).-
P(S)OH (0.0727 g, 0.334 mmol) was maintained in contact with
excess mercury for 7 days at room temperature, Only unchanged
(CF;)P(S)OH (0.0662 g, 0.304 mmol) was recovered.

(7) With HI. (a) In the Absence of Hg. No reaction occurred
when (CF;),P(S)OH (0.0747 g, 0.343 mmol) was treated with hy-
drogen iodide (~3.5 mmol) at room temperature for 5 days. Vac-
uum fractionation gave (CF;),P(S)OH (0.0608 g, 0.279 mmol after
iodine contamination had been removed with mercury). Difficulty
was experienced in separating all of the unreacted acid from the HI.

(b) In the Presence of Hg, A similar reaction involving (CF).-
P(S)OH (0.0750 g, 0.344 mmol), hydrogen iodide (~3.4 mmol),
and excess mercury gave unchanged acid (0.0655 g, 0.300 mmol)
and large amounts of hydrogen on vacuum fractionation.

(8) With Dry Air. Unchanged (CF;),P(S)YOH (0.0745 g, 0.342
mmol) was recovered after 4 days of room-temperature reaction
of the acid (0.0817 g, 0.374 mmol) with air (dried by passage through
several —196° traps) containing ~0.4 mmol of O,.

Reactions of the Bis(trifluoromethyl)thiophosphinate Anion. (1)
With HCl. No reaction occurred when a sample of (CHs)-
NH, *(CF;),PSO~ was treated with excess HCI] at room temperature
for 24 hr.

(2) With Cl; and Br,, When (CH;),NH:"(CF;),PSO~ (0.0698 g,
0.266 mmol) was combined with chlorine (0.0110 g, 0.155 mmol)
and warmed slowly from —78° to room temperature, the only vola-
tile product obtained was (CF;).P(S)Cl132 (0.0244 g, 0.103 mmol).
A similar reaction between (CH;);NH;"(CF;),PSO~ (0.73 mmol)
and bromine (0.42 mmol) produced only (CF;),P(S)Brt.2 (0.36
mmol). The solid products of the chlorination reaction contained,
according to !°F nmr data,? the (CF;),PO,” ion as well as unreacted
(CF;),POS~. Residues from the bromination reaction contained
only (CF;).PO,~ and no other fluorocarbon phosphorus species.

Reactions of Bis(trifluoromethyl)thiophosphinic Anhydride. (1)
With Heat. A sample of (CF;).P.S:0 (0.0581 g, 0.139 mmol)
heated to 160° for 3 days showed no observable change and was
almost quantitatively recovered (0.0570 g, 0.136 mmol).

(2) With Dry Air, Air, dried by passage through several —196°
traps, containing ~0.2 mmol of oxygen, was allowed to react with
(CF3)4P,S,0 (0.0454 g, 0.108 mmoles) at room temperature for 3
days. Almost quantitative recovery of unchanged (CF;).P.S.0
(0.0446 g) was achieved on vacuum fractionation.

(3) With Water. No volatile fluorocarbon products were ob-
tained when (CF;).P:S;0 (0.1726 g, 0.413 mmol) was treated with

(21) G. S. Harris, J, Chem. Soc., 512 (1958).

10.0 ml of degassed, distilled water. The aqueous solution ¢on-
tained (CF;),PSO~ ions (demonstrated by nmr).6 The solution
was diluted to ~90 ml and titrated against 0.100 M NaOH under
an atmosphere of nitrogen. The endpoint was detected potentio-
metrically at 8.39 ml corresponding to a molecular weight of 412.
The pH at the half-neutralization point was 2.49.

(@) Aqueous Alkali. The reaction of (CF;)P:S:0 (0.0636 g,
0.152 mmol) with 5.0 ml of degassed 1097 NaOH solution for 24
hr at room temperature gave CF;H (0.0207 g, 0.296 mmol) as the
only volatile product. The aqueous alkaline solution contained
CF,;PSO,?" ionst (identified by nmr).

(5) With Hydrogen Sulfide. No reaction occurred when (CF3)s-
P.S,0 (0.0440 g, 0.105 mmol) was heated for 5 days at 100° with
hydrogen sulfide (~1.1 mmol). After heating for a further 5 days
at 170°, 0.0386 g of a mixture of (CF;%,PS;H,:? (CF3),P(S)OH,
and (CF;)4P:S;0 in the ratio 6.8:1.6:1.6 (analyzed by nmr) was
trapped at ~132°. A trace of sulfur remained in the reaction tube
and a small amount of noncondensable gas (O, ?) was also obtained.

(6) With HCI and HBr. A sample of (CF;.P:S.0 (0.0386 g,
0.092 mmol) failed to react with hydrogen chloride (~1.0 mmol)
during 4 days at 100°. Heating at 160° for a further 5 days pro-
duced 0.0318 g of a mixture of (CF;),P(S)Cl,%2 (CF;).PS;H,!?
and (CF,;),P;S,0 in the ratio 6.9:2.1:1.0 (analyzed by nmr) trapped
at —132°.

A similar reaction involving (CF;)4P,S,0 (0.0468 g, 0.112 mmol)
and hydrogen bromide (~1.1 mmol) did not proceed during 6 days
at 100°. A further 5 days at 150° yielded 0.0486 g of a mixture
trapped at —132° of (CF:{)QPSQI‘I,I'2 (CF:{)QP(S)BF,I'2 and (CFa)zP'
(S)OH in the ratio 1.4:7.2:1.4.

(7) With HI. (a) In the Absence of Hg, Very little reaction took
place when (CF3)4P,S,0 (0.0893 g, 0.214 mmol) and hydrogen iodide
(~2.1 mmol) were heated for 5 days at 100°, A further 5 days at
150° led to ~509 reaction to give a mixture of products analyzed
(by nmr) as starting material, (CF3),P(S)OH, (CF;),PS:H, (CF;),PI,
(CF3).PSH, and much iodine.

(b) In the Presence of Hg, No reaction occurred between (CF3)s-
P,S;0 (0.0482 g, 0.115 mmol) and hydrogen iodide {~1.1 mmol) in
the presence of excess mercury during 2 days at room temperature.
Vacuum fractionation recovered unchanged (CF;):P.S,0 (0.0483 g,
0.115 mmol). Hydrogen gas was produced.

(8) With (CH3):NH. A sample of (CF;),P:S,0 (0.0340 g, 0.081
mmol) reacted rapidly below room temperature with excess di-
methylamine (~0.8 mmol). Vacuum fractionation after 17 hr
at room temperature gave (CF;),P(S)-N(CH;),*2 (0.0176 g, 0.072
mmol). The white salt remaining in the reaction tube was identi-
fied as (CHa)zNH2+(CF3)2PSO—.

(9) With Sodium Halides. Reactions were carried out by con-
densing the anhydride onto a frozen solution of the halide in 0.3 ml
of acetonitrile. The reaction was allowed to proceed at 70° until
there was only one liquid layer (the anhydride is immiscible with
acetonitrile), which in general required about 24 hr. The solvent
was removed from the products by vacuum fractionation. In
reaction c, total separation proved to be impossible.

(a) Sodium fluoride (0.0132 g, 0.315 mmol) reacted with [(CF3).-
P(S)1:0 (0.1134 g, 0.271 mmol) to give (CF;).P(S)F! (0.0543 g,
0.247 mmol) and a residue containing (CF;),PSO~ ions (identified
by nmr).6

(b) Sodium chloride (0.0214 g, 0.366 mmol) reacted with [(CFs).-
P(S));0 (0.1364 g, 0.326 mmol) to give (CFy.P(S)CI%2 (0.0737 g,
0.312 mmol) and a residue containing (CF;),PSO~ ions (identified
by nmr).¢

(c) Sodium bromide (0.0323 g, 0.314 mmol) reacted with [(CFj),-
P($)}:0 (0.1110 g, 0.265 mmol) to give (CF;),P(S)Br!.2 and a resi-
due containing (CF3),PSO™ ions (identified by nmr).¢

(10) With Hg. No reaction occurred when [(CF:).P(S)1:0 was
heated for 7 days at 100° with excess mercury.
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