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The reactions of diphenyltrifluorophosphorane with alcohols were studied, and it was
found to be a more excellent one-step fluorinating reagent for substituting the hydroxyl
group of alcohols. Compared with difluorotriphenylphosphorane discussed in the previous

~ paper, this reagent is superior in its being able to be produced at less cost and its reaction
starting at the lower temperature, The reaction mechanism when solvent was used is
presumed to be the same as in the case of difluorotriphenylphosphorane, but reaction modes
differ when solvent was not used. To use solvent is better for preparing alkyl fluoride.

In the previous paper,) we reported that difluorotriphenylphosphorane ((CgHs)sPF,)
was found to be an available one-step fluorinating reagent for substituting the hydroxyl
group of alcohols.  Schmutzler investigated into the stereochemistry and nuclear magnetic
resonance (NMR) spectra: of fluorophosphoranes (R,PF;_,); in his papers he refers to di-
phenyltrifluorophosphorane and phenyltetrafiuorophosphorane, and a little mention is made
of their reactivity though nothing is said about the reaction with alcohols.%

Considering the result of our previous paper, we took interest in comparing the reactivi-
ties of a series of these compounds with alcohols. In this paper we report that the reaction
of diphenyltrifluorophosphorane with alcohols was carried out, and that diphenyltrifluoro-
phosphorane was found to be a still more excellent fluorinating reagent than difluorotriphenyl-
phosphorane. There are two ways for preparing the reagent; one is to treat diphenylphosphinic
acid with sulfurtetrafluoride® and the other is to treat chlorodiphenlyphosphine with arsenic
trifluoride or antimonic trifluoride.¥) By conducting all the ways, we found the method
with antimonic trifluoride to be economically far more advantageous, for it is available inex-
pensively in this country.

When the first method, that of Smith, was used, diphenyltrifiuorophosphorane was
given in a far better yield (98%) than in the literature (429%), by prolonging the heating
time.

Concerning the reaction of the reagent with alcohols, we presume that, when more than
one mole equivalent of the reagent was used, it followed the formula below, similar to the
case of difluorotriphenylphosphorane.

F
(CHs):PFs + ROH  ———>  RF + (C6H5)2P<O + HF

We first chose n—octyl alcohol as representative and examined the effect on the yield .
of n—octyl fluoride of the following conditions, always using two mole equivalents of the
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reagent to the alcohol: with acetonitrile as solvent in various reaction temperatures, without
solvent in various reaction temperatures, and without solvent in various reaction times.
As the result, we found that the reaction mode extremely varies according to the presence or
absence of the solvent. The reaction was carried out in a stainless steel reaction tube and
the yields of products based on alcohol were derived from gas chromatographic analysis of
the benzene solution obtained by adding benzene to the reaction mixture and working up
with alkali.

TasLe I
No. Reagent/Alpohol Teomp. Time Yield of product (%)
(mol. ratio) . (hr) #-Octyl fluoride  1-Octene
1 2.05 80 10 13.5 —
2 1.83 100 10 25.4 trace
3 1.84 120 10 31.0 trace
4 1.84 150 10 52.8 3.1
5 1.85 170 10 75.7 7.3

solvent-CH;CN

As shown in Table I, the yield of #—octyl fluoride increased as the reaction temperature
was made higher, when solvent was used. The yield of 1-octene increased, too, but the
amount was very small compared with that of alkyl fluoride. With this reagent, alkyl fluoride
could be obtained at the reaction temperature as low as 80°, though its yield was not so good;
besides, 1-octene was not produced, thereby making it more widely applicable than difluorotri-
phenylphosphorane, which required the reaction temperature higher than 140° to start the
reaction. For this reason as well as the economic one mentioned before, this reagent is
superior.

TasLe 1T
No Reagen’c/Al_cohol Temp. Time Yield of producj (%)
(mol. ratio) °C) (br) #-Octyl fluoride 1-Octene
6 1.96 80 10 23.1 3.2
7 2.00 100 10 38.5 8.8
8. 2. 06 120 10 37.2 24.4
9 2.05 140 10 42.0 290.4
10 1.86 160 10 21.0 37.4
without solvent
TasLe 1T
No. Re(agelllt/Aéicohol Tirélp' T]l;-me Yield of P.md‘i(%)
mol. ratio) (°C) (hr) #~Octyl fluoride 1-Octene
11 2.18 120 2 45.2 18.3
12 2.12 120 4 40. 4 21.5
13 2.06 120 6 38.9 24.6
14 2.00 120 8 40.4 24.3
15 2.06 120 10 37.2 24.4

without solvent
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Without solvent, the yield of #n—octyl fluoride was better when the reaction temperatures
were 100°, 120°, and 140° than when it was 80°, but the yield dropped at 160°, as shown in
Table TI. As for 1-octene, its yield increased as the temperature was raised, and at 160°
it predominated over that of octyl fluoride. In the case where the reaction temperature
was set constant without solvent, the yield of #n—octyl fluoride slightly decreased as the reaction
time was made longer, as shown in Table III. On the contrary, the yield of 1-octene tended
to increase until six hours; from that time on it remained constant.

From the above experimental results, it may be presumed that 1-octene was producedﬁ
by decomposition of n—octyl fluoride; but, as the peak corresponding to 1-octene was not
detected on gas chromatogram when #n—octyl fluoride was treated in the same conditions
as above (one mole equivalent each of n—octyl fluoride, diphenyltrifluorophosphorane, and
hydrogen fluoride were heated at 160° for ten hours without solvent), 1-octene must have
been produced through a different mechanism.

As in the case of difluorotriphenylphosphorane, we carried out reactions of diphenyl-
trifluorophosphorane with the representatives of primary, secondary, and w-substituted
alcohols. In a stainless steel reaction tube, with acetonitrile as solvent, alcohol and the
reagent (more than two mole equivalents to alcohol) were heated at 150° for ten hours
with stirring. To the reaction mixture benzene was added, and the benzene layer was
washed with alkali and water and distilled after drying. The result is shown in Table IV.
The yield of the products were obtained from the gas chromatography of the benzene
layer. The yields of alkyl fluorides could be made better, since the reaction conditions for
each kind of alcohol we used were not optimum. Dimethylformamid:e was also found to
be an available solvent.

- In every case, a small peak of what seemed to be oleﬁns was shown on the gas chromato-
gram. Though the reaction can be carried out in a glass apparatus with the presence of
tertiary amines to neutralize the generatmg hydrogen fluoride, the loss is smaller with a reac-
tion tube.  The products were purified using preparative gas chromatography, and as in the
cases in the previous paper, identified by comparing with the authentic samples synthesized
in other ways as to their infrared (IR) spectrum, refractive index, and retention time of gas
chromatography.

TasLe ¥V
. ' Yield
Alcohol Main product %)

n—Octyl- n—CH(CH,),F 75.7%)
n-Amyl- n~CHy(CH,),F 62.2
Benzyl- CeH;CH,F 31.8
Phenethyl- CeH,CH,CH,F 51.5
3-Chloropropyl- CICH,CH,CH,F 64.1
sec—Amyl- CH,CH,CH,CHFCH, 54.3

a) Reaction temperature was 170° in this case.

As this reagent and its reaction products are lable to be toxie, caution should be used
not to touch or inhale them directly.

Experimental

D1pheny1tr1ﬂuorophosphotane———~—A) In a 100 ml Hastelloy—C-lined autoclave, diphenylphosphinic acid
(80.0 g, 0.37 mole) and SF, (88.6 g, 0.82 mole) were heated at 150° for 12hr.  After the reaction was
completed, unchanged SF, was discharged, and then all the gas was completely eliminated in vacuo. Then
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the remaining dark brown liquid was distilled in vacuo. A yellow liquid (bp 116—117° (3 mmHg)) was
obtained in 93.8% vyield. '

B) To Ph,PCl (49.0 g, 0.22 mole) SbF,(56.0 g, 0.31 mole) was added in five portions with vigorous
stirring. It was a slightly exothermic reaction, but cooling was not necessary. After warming it at 60° for
5 hr, the reaction mixture was distilled in vacuo with N, current. SbCl; was distilled first at 120°/18 min,
and then Ph,PE; (bp 135° (4 mmHg), 22.8 g) was obtained. '

General Procedure of the Diphenyltrifluorophosphorane-alcohol Reaction In a stainless steel reac-
tion tube, freshly distilled Ph,PF; (10.2 g, 0.042 mole), alcohols (0.019 mole with #-amyl alohol, 1.67 g),
and CH,CN (30 ml) were heated at 150° for 10 hr with stirring. After cooling to room temperature, the
reaction mixture was removed into a separating funnel, and benzene (30 ml) was added. The benzene
layer was washed with 309 NaOH and H,0, and distilled after drying with Na,SO,.

The yields of the products were obtained by gas chromatographic analysis of the benzene layer.

The alkyl fluoride was obtained as main product (with #-amyl fluoride, 1.06 g), which was purified using
preparative gas chromatography. The product was identified with the authentic sample prepared in the
same manner as described in the previous paper.

The gas chromatographic analysis was also carried out, using the same apparatus under the same con-
ditions as in the previous paper.
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