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SUMMARY

Tris(trifluoromethyl )phosphine and ethylene reacted efficiently
under u.v. irradiation to give 3,3,3-trifluoropropylbis(trifiueromethyl )
phosphine in good yield., With vinyl fluoride, vinylidene fluoride, and
propene the reaction was regioselective rather than regiospecific, and
the yield of 1:1 adduct was low. In these reactions, and in those with
vinyl chloride, but-1-ene, and hexafluoropropene, in which only traces
of 1:1-adduct could be detected, the bulk of the olefin and of the
phosphine was recovered, and numerous by-products consistent with
radical intermediates were identified. With propyne, 1,1,1-trifluoro-3-
bis({ trifluoromethyl )phosphino~cis-but-2-ene was obtained in moderate yield,
but no reaction occurred between the phosphine and either but~-2-yne or
hexafluorcbut-2-yne, Tris(trifluoromethyl)phosphine oxide did not form
an adduct with ethylene, tetrafluoroethylene, or propyne.

Bis{trifluoromethyl )phosphine and dimethylphosphine both reacted
readily under u.v. irradiation with 3,3,3-trifluoropropene, the

phosphinyl radical attacking the terminal carbon in each case.

INTRODUCTION

In an earlier paper in this series [2:], the insertion of ethylene into

the P - CF3 bond of ethylbis(trifluoromethyl)phosphine was reported.

U, V,
' PR S A— c CH,CF
(<3135)2I>02H5 + Gy, CF 5 (C H JPCH,CH,CF
T9%
We now report our further investigations of the scope of this unusual

photochemical reaction.

0022-1139/82/0000-0000/$02.75 © Elsevier Sequoia/Printed in The Netherlands



318

RESULTS AND DISCUSSION

Ultraviolet irradiation of an equimolar mixture of ethylene and
bis(triflucromethyl )phosphine, with the liquid products shielded from
further irradiation, gave 3,3,3-trifluoropropylbis(trifluoromethyl )phosphine
(1) in excellent yield, together with recovered tris(trifluoromethyl)-
phosphine, tetrakis(trifluorometnyl)diphosphine, and an unidentified high~

boiling mixture.

U Ve
.__;(CF5)219c1120}:2c:1«‘3 + (CF3)2PP(CF3)2

(1) 3% 1%

(CF,),P + C_H

3)3 274

The major product (1), which was fully characterised, was identical to
that formed when bis(trifluoromethyl)phosphine reacted pnotochemically with

3,3,3-trifluoropropene (see below).

_ U, V.
(CF3)2PH + CF,CH=CH, —~"% (CFB)QPCHZCHch

37 3
(1) 90%

The same product was also formed, but much more slowly, when
ethylene and tris(trifluoromethyl)phosphine were kept together in vacuo
at 200 °C inthe dark. Only 8% of (1) was obtained after 200 h, the bulk of
the starting materials being recovered unchanged, compared with 73% in
a shorter time under u.v., irradiation,

Irradiation of tris{trifluoromethyl)phosphine with other olefins also
gave 1:1 adducts in some cases, but in much lower yields, and in several
instances mixtures of by-products also resulted, as shown in the Table.
These by-products, and the large difference in yield between the photo-
chemical and thermal reactions with ethylene strongly suggest the involvemen!
of radical intermediates in the reactions.

Vinyl fluoride, vinylidene fluoride, and propene clearly react non~
regiospecifically with tris(trifluoromethyl)phosphine. Since éF3 and
(CFB)zﬁ are both lmown to react regiospecifically with these olefins
[2,3,4], the mixture of 1:1 adducts can best be accounted for by two
radical paths. The other products can be accounted for by side-reactions
of the intermediate radicals, e.g. for propene, Scheme 1 (p. 320).
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U, V. o ) 7 °
(cr« ) PRLIALIN 3)EP + CFy
O, CH=CH, CH 5 CH=CH,
(czﬂ3 )2PCHZCHCH5 (315'3c1i2<3110113
RH, LH"
(CF;), PO, CH,CE, CF ;CH, CH(CH, )P (CF; ),
\'d

(CF5 ) 2PCH=CHCH3 ((:533 )2PCH20H( CH, )CF5

Scheme 1

Although attack by (.317‘3 radicals appears to be ¢ major reaction path,
attempts to initiate the reaction between tris(trifluoromethyl)phosphine
and propene by the incorporation into the reaction mixture of trifluoroiod:
methane, which was expected to provide an alternative source of 6F3’ were
unsuccessful; the phosphine and olefin were recovered (100% and 91%
respectively). Azomethane proved similarly unsuccessful.

The photochemical reaction with vinyl chloride gave only a trace of
the expected 1:1 adducts, the major products, identified by g.c./m.s.,
presumably being derived from the intermediate radicals in reactions
similar to those shown above for the reaction with propene. Although the
analysis of this reaction mixture did not distinguish between pairs of
isomers (e.g. (CF ) PCH=CHC1 or (CF ) PCC1=CH,; CFBCHZCHECI or CFBCHCH)HB\
radical attack, whether by (CF ) P or by C}S‘3 would be expected to take
place at the CH2= group, so that products with the chlorine attached to
the terminal carbon atom are the more likely., With hexafluoropropene,
only a trace of the expected 1:1 adducts could be detected in a very

complicated product mixture.
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When a mixture of tris{trifluoromethyl)phosphine was irradiated with
propyne, the 1:1 adduct (2) was obtained in 24% yield (based on consumed
phosphine), and a less volatile product (15%) was identified by its mass
spectrum as a 2:1 adduct of propyne to the phosphine. Whether this

latter was formed by insertion into two P~CF, bonds, or by telomerisation

3

could not be determined.

CF,),P
( /')3 (CF3)2P H
+ — eV \c=c - +  [(cF,).P(C.H,),]
N 3737N'37402
CH oF
CH,,C=CH 3 3 1504
(2) 24!

But~2-yne and hexafluorobut-2-yne, however, failed to react with tris-
(‘brifluoromethyl)phosphine, both the phosphine and the alkynes being
recovered essentially quantitatively.

U,v irradiation.of tris{trifluoromethyl)phosphine oxide, most
conveniently prepared by the reaction of dichlorotris({trifluoromethyl)
phosphorane with oxalic acid [5:], gave tris(trifluorome'lhyl)phosphine
in 16% yield, together with a mixture of carbonyl fluoride, hexafluoro-
ethane, and phosphorus trifluoride. Presumably an ¢-fluorine migrates
from carbon to phosphorus to liberate difluorocarbene, as occurs in the
pyrolysis of difluorotris(trifluoromethyl)phosphora.ne E6:]; abstraction of

oxygen from the starting material and from phosphorus oxyfluoride by the
difluorocarbene would then give the carbonyl fluoride, phosphorus
trifluoride and tris (trifluoromethyl)phosphine observed [g_i_‘. 6] .

~CF, =CF, ~CF,
(CFB)SPd) —_— (c:u‘3)2 P(O)F ___»,CF31>(0)F2 __._..-.>F3PO

F3PO + CF2—> F.P + COF2

3

(CF3)3P0 + EF,) ——> (CF,),P + COF

5)3 2

The formation of hexafluoroethane, however, suggested a radical cleavage
similar to that found with tris (trifluoromethyl) phosphine, was also
occurring.



322

Although irradiation in the presence of ethylene gave a small amount of
volatile material, this did not contain P—CF5 groups; the involatile

product contained CF CFBP(O), and CH,CH, groups, but was clearly not

’
a 1:1 adduct, and coild not be identified. Since 71% of the phosphine

oxide was recovered unchanged, the reaction was not investigated further.
Irradiation of the phosphine oxide with propyne and with tetrafluoroethylene
was also unsuccessful, the only major reaction being complete polymer-

isation of the tetrafluoroethylene.

The photochemical reactions of bis(trifluoromethyl)phosphine and of
dimethylphosphine with 3,3,3~trifluoroprovene gave excellent yields of
the 131 adducts (1) and (3) respectively, with no trace of the possible
isomers (4) and (5).

Me2PCHZCHZCF

(CF_ ), PCHMeCF., Me ,PCHMeCF

3 5)2 5

(3) (4) (5)

3

Attack by the R2P radical on this olefin is thus exclusively at the
terminal position, as predicted on the simple basis of stability oi the
intermediate radicals

R2PCH2CHCF more stable than R2PCH(CF3)CH2

3
without regard to the electronegativity of the substituents attached to

the phosphorus [gi. 7]. Dimethylphosphine failed to react with trifluoro-
propene in the dark at 50 oC. The possibility of nucleophilic attack by
the phosphine on this olefin is thus discounted, although it occurs with
such highly electron-deficient olefins as hexafluoropropene and 1,1-
dichloro~2,2-difluoroethylene [87).

EXPERIMENTAL

Reactions were carried out in sealed silica or Pyrex reaction tubes
(ca. 300 cm’ volume), using standard vacuum-line manipulation techniques.
N.m.r., chemical shifts (1H at 60.0 MHz, internal T.M.S”19F at 56.46 MHz,
external T.F.A.) are given positive values to low field of the reference.

Mass spectra were obtained using an A.E,I. MS902 spectrometer.
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Photochemical Reactions of Tris(trifluomgethyl)phosphine

These reactions were carried out in silica tubes, placed 20 cm from
a Hanovia U.V.S. 500 medium pressure mercury lamp, with the products

shielded from further irradiation.

(a) With ethylene

Irradiation (120 h) of ethylene (0.27g, 9.7 mmol) and tris(trifluoro-
methyl)phosphine (2.30g, 9.7 mmol) gave tetrakis(trifluoromethyjdiphosphine
(0.04g, 1%), recovered tris(trifluoromethyl )phosphine (0.30g, 14%),
bis(trifluoromethyl)-3,3,3-trifluoropropylphosphine (nc)(1.61g, 73%
based on consumed phosphine), b.p. (isoteniscope) 91.3 °C, 9% nomer
+ 8.2 (complex multiplet, ggscnz) + 21.5 (4, CF;-P 74.7 Hz) with intensity
ratio 1:2, 1H n.m.r. + 2.7(complex AA'BB' with further coupling to CF5 andto B),

Analysis: Found: C, 22.9; H, 1.7%; M, 266.

CoH,FgP requires C, 22.6; H, 1.5% NM', 266.

(b) With vinyl fluoride

Vinyl fluoride (0.46g, 10 mmol) and the phosphine (2.38g, 10 mmol)
were irradiated (120 h) to give a mixture (0.66g, 23%) shown by n.m.r.
to consist mainly of CF30H2CHFP(CF3)2 [19F n.m.r. + 27.6, a doublet of
multiplets, resolved at 94.1 MHz into a pair of doublets (76 Hz) of
quintets (8 Hz), separated by 39 Hz, assigned to the (CFB)ZP group
adjacent to a chiral carbon, +12.6, (d, 8Hz of t, 10 Hz, CFBC) and
-117.5(multiplet, CFH)] and CF3CHFCH2P(CF3)2 [19F n.m.r. + 23.2(d 77 Ho
of multiplets (cpj)zpcnz), + 13,6(d 8 Hz of q 8 Hz, CFBC), and -66.0
(a4 48Hz of d 30 Hz of d 12 Hz of g 7 Hz, CFH) lin the ratio 5.8:1,
together with another small component. Vinyl fluoride (<2%), tris-
(trifluoromethyl} phosphine (0.7g, 30%) and 1,1,1,3-tetrafluoropropane (O.6g,
45%), and a small amount of fluoroform were also identified. A yellow

o0il (0.46g) was shown to be complex mixture.

(¢) VWith vinylidene fluoride

Vinylidene fluoride (0.64g, 10 mmol) and the phosphine (2.38g,
10 mmol) were irradiated (120 h) to give a mixture (0.20g, 6%) consisting
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mainly of CF3 CF P(CF ) [ F n.m.r. + 29,2, 4 81 Hz, (CF ) BCF,; -12.4,
d 85 Hz of nonets 8 Hz, CF2, + 18 mult, overlapped by other sn.gnals CF3'

H, + 3.0 complex multiplet, CH2 group:] together with two other components
containing (CF3)21>CI-I2 and one containing (CFB)ZP group l: Ip N.M.T.,

+23, two doublets (78 Hz) of triplets (2 Hz) and a doublet (76 Hz) of
multiplets ], Tris(trifluoromethyl)phosphine (0.7g, 305%) and vinylidene

fluoride (0.2g, 30%) were recovered.

(d) Vvith vinyl chloride

After irradiation (168 h) of a mixture of tris(trifluoromethyl)
phosphine (2,35g, 9.8 mmol) and vinyl chloride (0.61g, 9.8 mmol), the
phosphine (1.93g, 83%) and olefin (0.45g, 74%) were recovered. G.c./m.s,
allowed the identification of the follovwing components of the volatile
product (0.2g): (CF3)2PCH= CHCF, (trace); CH2=CHP(CF )2 (trace); CF5CH,CH,C1
or CF5CHC1CH, (ca. 16%); CF,CH20H2P(CF3)2(trace); CHC1 = CEP(CF3)2
or CH,= CClP(CF3)2 (ca. 8%); CFBCHCICH P(CF )2 or CFBCH20HCIP(CF )2 (trace);
CH, = CC1P(CF ) or CHCl = CH P(CF )2 (8,0), and CH,C1CH,P(CF )2 or
LHBCHCIP(CF ) (ca. 12% based on phosph:.ne consumed)

(e) With propene

Tris(trifluoromethyl)phosphine (1.73g, 74%) and propene (0.27g,
66%) were recovered after the phosphine (2.35g, 9.8 mmol) and propene
(0.41g, 9.8 mmol) had been irradiated for 168 h. The volatile product
(0.40g) was shown by g.c./m.s. to contain: CHBCH CHP(CFS) (ca. 21%);
CHBCH CH2P(CF3)2 (27%; 9F num.r. shows doublet +22. 68, with J(CFB—P)
72.5 Hz, in agreement with that found for CHBC‘I P(CF )2 prepared
from bis(trifluoromethyl)phosphine and propene [4]), CHBCH(CH CFB)P(CF )2

(16% based on phosphine consumed); and CH CH(CF )CH2P(CF )2 (trace).

(f) With hexafluoropropene

After irradiation (300 h) of a mixture of tris(trifluoromethyl)-
phosphine (2.35g, 9.8 mmol) and hexafluoropropene (1.45g, 9.8 mmol),
the phosphine (1.40g, 60%) and olefin (0.78g, 53%) were recovered, and
the higher-boiling volatile product (1.12g) was shown by g.c./m.s. to be
a very complex mixture containing only a trace of [(CF3)3P03F6].
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(g) With propyne

The phosphine (1.76g, 7.4 mmol) and propyne (0.30g, 7.4 mmol) were
irradiated (96 h) to give, after preparative g.c., 1,1,1-trifluoro-3-
bis(trifluoromethyl )phosphino-cis-but-2-ene (n.c.)(0.34g, 24% based on
phosphine congumed), % nomer. +25.3(a, J(CFB)ZP 82 Hz), and +16.8 (4, J
CFB-—H 7.% Hz, 4, JCF3—P 4 Hz, g JCF3-0H5 2 Hz), 5 nomer. 6.0%, (a4, J
BE-P 19.3 Hz, q, JH-CF3 7.3 Hz, q, .71«1—0113 1.6 Hz) and 1.96 (multiplet)
in the ratio 1:2. Tris(trifluoromethyl)phosphine (0.54g, 31%) and
propyne (0.03g, 10%) were recovered, and a high-boiling liquid product

(0.5¢) was shown by g.c./m.s: to be mainly a 2:1 adduct [(CFB)BPCGHBJ'

Analysis: Found: C, 26.4; H, 1.8%; E', 278

C6H4F9P requires C, 25.9; H, 1.4%: M, 278

(h) With propene in the presence of trifluoroiodomethane

Pris(trifluoromethyl )phosphine (1.32g, 5.6 mmol), propene (0.23g,
5.6 mmol) and trifluoroiodomethane (0.10g, 0.5 mmol) were irradiated
(268 h) to give recovered phosphine {1.32g, 100%), propene (0.21g, 91%),
and small amounts of high-boiling liquid and of iodine.

Thermal Reaction of Tris(irifluoromethyl)phosphine with Ethylene

Tris( trifluoromethyl )phosphine (1.60g, 6.7 mmol) and ethylene
(0.19g, 6.7 mmol) were kept at 200 °¢ (200 h) to give recovered ethylene
(0.16g, 87%) and phosphine (1.44g, 90%), together with bis(trifluoromethyl)
-3,3,3-trifluoropropylphosphine (0.15g, 8% on initial phosphine, 81%

on phosphine consumed), and a tarry residue.

Photochemical Reactions of Tris(trifinoromethyl)phosphine Oxide

Tris(trifluoromethyl)phosphine oxide, conveniently prepared by
chlorination of the phosphine at room temperature, followed by reaction
of the dichlorophosphorane with oxalic acid [5], was irradiated alone

and with olefins as described above for the phosphine.
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(a) Alone

Tris(trifluoromethyl )phosphine oxide (0.35g, 1.4 mmol) was irradiated
(200 h) to give a small amount of non-condensable material (0.05 mmol),
recovered phosphine oxide (0.11g, 31%), tris(trifluoromethyl)phosphine
(0.05g, 16%), and a mixture of carbonyl fluoride, hexafluoroethane, and

phosphorus trifluoride, identified by their i.r. spectra.

{v) With ethylene

Irradiation of the phosphine oxide (1.96g, 7.7 mmol) and ethylene
(0.223, 7.7 mmol) for 200 h gave recovered phosphine oxide (1.39g, 71%)
and ethylene (0.089g, 41%), a small volatile fraction (0.5g) which showed
CFB(but not P-CF3) signals in its 19F n,m,r. spectrum, and an unidentified
3—P(V) doublet (+4.3,

98 Hz) and complex signals at +10.4, + 11.4 in its 19F n.m.r. spectrum,

liquid product muxture (0.30g) which showed a CF

(c) With tetrafluoroethylene

The phosphine oxide (1.72g, 6.8 mmol) and tetrafluoroethylene (0.68g,
6.8 mmol) were irradiated (70 h) to give a mixture (ca. 1 mmol) of carbonyl
fluoride, phosphorus trifluoride, and hexafluoroethane, recovered tris-
{trifluoromethyl )phosphine oxide (1.54g, 90%), and polytetrafluoroethylene
(0.65g, 97%).

Photochemical Reaction of Bis(trifluoromethyl)phosphine with 3,3,3-

Trifluoropropene

Bis(trifluoromethyl )phosphine (2.01g, 11.8 mmol) and 3,3,3-trifluoro-
propene (1.14g, 11.8 mmol) were irradiated (120 h) to give hydrogen
(0.1 mmol, 2%); a mixture of trifluoromethane (0.7 mmol, 6%), triflucro-
propene (0.15g, 13% recovery), 3,3,3-trifluoropropane (ca. 0.1 mmol, 1%),
bis(trifluoromethyl )phosphine (0.2g, 10% recovery) and an unidentified
component (0.9 mmol); tetrakis(trifluoromethyl)diphosphine (0.08g, 4%
on phosphine consumed) and bis(trifluoromethyl)-3,3,3-trifluoropropyl-
phosphine (2.46g, 90% on olefin consumed).
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Photochemical Reaction of Dime 1phosphine with Trifluoropropene

Dimethylphosphine (0.62g, 10.1 mmol) and 3,3,3-trifluoropropene
(1.10g, 11.4 mmol) were irradiated (50 h) to give hydrogen (0.3 mmol, 4%),
a mixture of dimethylphosphine (0.05g, 7%) and trifluoropropene (0.06g,
6%), trifluoropropane (0.3 mmol), and dimethyl-3,3,3~trifluoropropyl-
phosphine (n.c.) (1.29g, 78% on olefin consumed), b.p. (isoteniscope)
105.5 °¢, YF nom.z. + 10.3 (%, JOF;CH, 10.3 Hz, d, JCF;~P 2.8 Hz) and
"H nomer. 2.1 (a, JCHEP 2.7 Hz) 2.6 and 5.3 (complex multiplets).

Analysis: Found: ¢, 38.3%; H, 6.5%; M', 158.

05H10F3P requires C, 38,0; H, 6,3%; M, 158.

Thermal Reaction of Dimethylphosphine with 3,3,3-Trifluoropropene

Dimethylphosphine (0.75g, 12.1 mmol) and 3,3,3-trifluoropropene
(1.16g,12.1 mmol) were kept in the dark at 50 °c (120 h) to give recovered
olefin (1.09g, 95%) and phosphine (0.62g, 83%), and an unidentified
solid (0.15g).
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