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p - cF3 BoNDS -- 

PEIEX COOPER, ROY FIZLDS, ROIERT N. HASZELDINE, GORDON B. MITCHELL and 

SRMAIEL N. NONA 

Chemistry Department, UMIST, Manchester I&l 1QD (Great Britain) 

Tris(trifluoromethyl)phosphine and ethylene reacted efficiently 

under U.V. irradiation to give ~,~,Ftrifluoropropylbis(trif1uorometbyl) 

phosphine in good yield. With vinyl fluoride, vinylidene fluoride, and 

propene the reaction was regioselective rather than regiospecific, and 

the yield of 1:l adduct was low. In these reactions, and in those with 

vinyl chloride, but-1-ene, and hexafluoropropene, in which only traces 

of l:l-adduct could be detected, the bulk of the olefin and of the 

phosphine was recovered, and numerous by-products consistent with 

radicalintermediates were identified. With propyne, l,l,l-trifluoro+ 

bis(trifluoromethyl)phosplino-cis-but-2-enewasobtained 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 J,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 - CP3 bond of ethylbis(trifluoromethyl)phosphine was reported. 

(c3’) PCH +CH 
32 25 24 A CF3(C2R5)PCH2CH2CF3 

79% 

We now report our further investigations of the scope of this unusual 

photochemical reaction. 
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RESULTS AND DISCUSSION 

Ultraviolet irradiation of an equimolar mixture of ethylene and 

bis(trifluoromethyl)phosphine, with the liquid products shielded from 

further irradiation , gave j,3,3-trifluoropropylbis(trifluoromethyl)phosphine 

(1) in excellent yield, together with recovered tris(trifluoromethyl)- 

phosphine, tetrskis(trifluoromethyl)diphosphine, and an unidentified high- 

boiling mixture. 

(cF?)~P + c~H~~&(CF,)~FW~C~~CF~ + (CFJ)2PP(CF3)2 

il) 73id 1% 

The major product (l), which was fully characterised, was identical to 

that formed when bis(trifluoromethyl)phosphine reacted pnotochemically with 

3,J,+trifluoropropene (see below). 

(CF3)2PH + CF3CH=CH2 Z. (cF~)~P~H 0.i CF 
2 2 3 

(1) 90% 

The same product was also formed, but much more slowly, when 

ethylene and tris(trifluoromethyl)phosphine were kept together in vacua 

at 200 'C inthedark. Only ff$ of (1) was obtained after 200 h, the bulk of 

the starting materials being recovered unchanged, compared with 7% in 

a shorter time under U.V. irradiation. 

Irradiation of tris(trifluoromethyl)phosphine with other olefins also 

gave 1:l 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 6F3 and 

(CF 
3 
)g are both koown to react regiospecifically with these olefins 

[2,3,4], the mixture of 1:l adducts can best be accounted for by two 

radical paths. The other products can be accounted for by side-reactions 

of the intermediate radicals, 3. for propene, Scheme 1 (p. 320). 
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(cq2PCH2CHcH3 

;// .-.‘\\\\ 

. 
CFJCH2CHCHJ 

(cF~)~Pc$ cyX3 1 

(cF:)~PcH=cHcH~ 

Scheme 1 

. . 
(CF&P + CF- 

2 

Although attack by CFJ radicals appears to be L. major reaction pa.th, 

attempts to initiate the reaction between tris(trifluoromethyl)phosphine 

and propene by the incorporation into the reaction mixture of trifluoroiodc 
. 

methane, which was expected to provide an alternative source of CF 
3' 

were 

unsuccessful; the phosphine and olefin were recovered (IO@6 and 91% 

respectively). Asomethane proved similarly unsuccessful. 

The photochemical reaction with vinyl chloride gave only a trace of 

the expected 1:l 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. (CFJ)2PCH=CHC1 or (~FJ)2PCC1=CH2; CF;ICH2CH2C1 or CFJCEKICHJ) 
. 

radical attack, whether by (CF ) P or by CF 
32 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:l 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:l adduct (2) was obtained in 2&yield (based on consumed 

phosphine), and a less volatile product (15$) was identified by its mass 

spectrum as a 2:l adduct of propyne to the phosphine. Vhether this 

latter was formed by insertion into two P-CF5 bonds, or by telomerisation 

could not be determined. 

(CQP 
(CFJ)2P 

+ u. V. \ /” > C=C 
A\ 

+ [(CFj)jP(Cj”4)2] 
CFi 

3 
CF 

CHJC-=CH 3 15':: 

(2) 24;; 

EM-2-yne and hexafluorobut-2-yne, however, failed to react with tris- 

(trifluoromethyl)phosphine, both the phosphine and the alkynes being 

recovered essentially quantitatively. 

U.v irrsdiation.oftris(trifluoromethyl)phosphine oxide, most 

conveniently prepared by the reaction of dichlorotris(trifluoromethy1) 

phosphorane with oxalic acid [5]* g ave tris(trifluoromethyl)phosphine 

in 165/o yield, together with a mixture of carbonyl fluoride, hexafluoro- 

ethsne, and phosphorus trifluoride. Presumably anti-fluorine migrates 

from carbon to phosphorus to liberate difluorocarbene, as occurs in the 

pyrolysis of difluorotris(trifluoromethyl)phosphorane [6]; 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 [cf.61 . 

(CF#=O 

-‘dF2 
-I (CFJ)2 P(O)P 

ZF* 
.,CF5P(O)F, 

-'dF2 

----45~ 

F5PO + 'dE'2---, F5P + COF2 

(CF5)5PO + 'dF2 ------+D @F&P + COF2 

The formation of hexafluoroethsne, however, suggested a radical cleavage 

similar to that found with tris (trifluoromethyl) ghosphine, was dS0 

occurring. 
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Although irradiation in the presence of ethylene gave a small amount of 

volatile material, this did not contain P-Cl'3 groups; the involatile 

product contained CF 3' CF3P(O), and CH2CH2 groups, but was clearly not 

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

oxide was recovered unchanged, the reaction was not investigated further. 

Irradiation of the phosphine oxide wi-th pLopyne and with tetrafluoroethylene 

was also unsuccessful, the only major reac-tion being complete polymer- 

isation of the tetrafluoroethylene. 

The photochemical reactions of bis(trifluoromethyl)phosphine and 01 

dimethylphosphine with 3,3,3-trifluoropropene gave excellent yields of 

the I:1 adducts (1) and (3) respectively, with no trace of the possible 

isomers (4) and (5). 

Me2PCH2CH2CF3 

(3) 

Ne2PCHNeCF 
3 

. 
Attack by the H2P radical on this olefin is thus exclusively at the 

terminal position, as predicted on the simple basis of stability of the 

intermediate radicals 

R2PCH2CHCF3 more stable than P.,PCH(CF3)cH, 

without regard to the electronegativity of the substituents attached to 

the phosphorus k. 7). Dimethylphosphine failed to react with trifluoro- 

propene in the dark at 50 'C. 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 l,l- 

dichloro-2,2-difluoroethylene [8-J. 

Reactions were carried out in sealed silica or Pyrex reaction tubes 

( ~a. 300 cm3 volume), using standard vacuum-line manipulation techniques. 

N.m.r. chemical shifts (1H at 60.0 MKz, internal T.M.S.,"F 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 Xeactions of Tris(trifluoromethyl)ohosphine 

These reactions were carried out in silica tubes, placed 20 cm from 

a Hsnovia U.V.S. 500 medium pressure mercury lamp, with the products 

shielded from further irradiation. 

(4 With ethylene 

Irradiation (120 h) of ethylene (0.27g, 9.7 mmol) and tris(trifluoro- 

methyl)phosphine (2.3Og, 9.7 mmol) gave tetrakis(trifluoromethy$dfphosphine 

(O.O14g,196), recoveredtris(trifluoromethyl)phosphine (O.jOg, 14%), 

bis(trifluoromethyl)-3,3,3-trifluoropropylphosphine (nc)(l.6lg, 73% 

based on consumed phosphine), b.p. (isoteniscope) 91.3 'C, "I' n.m.r 

+ 8.2 (complex multiplet, 
1 

E3CH2) + 21.5 (d, CF3-P 74.7 Hz) with intensity 

ratio 1:2, H n.m.r. + 2.7(complex AA'BB' withfurthercouplingto CF3andtoP). 

AnsIysis: Found: C, 22.9; H, 1.7%; z +, 266. 

C5H4FyP requires C, 22.6; H, 1.5%; E+, 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 CF3CH2CHFP(CF3)2 ["P n.m.r. + 27.6, a doublet of 

multiplets, resolved at 94.1 MIIs into a pair of doublets (76 Hz) of 

quintets (8 Hz), separated by 39 Hz, assigned to the (CF3)2P group 

adjacent to a chiral carbon, +12.6, (d, 8Hr, of' t, 10 Hz, CF3C) and 

-117.5(multiplet, CFH)] and CF3CKFCH2P(CF3)2 c"F n.m.r. + 23.2(d 77 Hs 

of multiplets (CF3)2PCH2), + 13.6(d 8 Hz of q 8 Hz, CF3C), and -66.0 

(d 48Hz of d 30 Hz of d 12 Hz of q 7 Ha, Cl?H)_?in the ratio 5.8:1, 

together with another small component. Vinyl fluoride (<s), tris- 

(trifluoromethyl;phosphine(0.7g, 3096x and l,l,l,j-tetrafluoropropane (C.6g, 

459/o), and a small amount of fluorofoxm were also identified. A yellow 

oil (C.46g) was shown to be complex mixture. 

(c) With vinylidene fluoride 

Vinylidene fluoride (0.64g, 10 mumk) and the phosphine (2.38g, 

10 mmol) were irradiated (120 h) to give a mixture (0.2Og, @b) consisting 
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mainly of CF3CH2CF2P(CFJ)2 [19F n.m.r. + 29.2, d 81 Hz, (C$)2PCF2; -12.4, 

d 85 Hz of nonets 0 Hz,CF2 ; +18mult, overlappedbyothersignals, CF 
1 3' 
H, + 3.0 complex multiplet, CH2 group] together with two other components 

containing (CF3)2PCH2 and one containing (CF3),P group ["F n.m.r., 

+z?j, two doublets (78 Hz) of triplets (2 Hz) and a doublet (76 Hz) of 

multiplets). Tris(trifluoromethyl)phosphine (0.7g, 3@6) and vinylidene 

fluoride (0.2g, 3@6) were recovered. 

(d) With vinyl chloride 

After irradiation (168 h) of a mixture of tris(trifluoromethy1) 

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 following components of the volatile 

product (0.2g): (CF~)~PCH= C~f~~~(trace); CH2=CHP(CF3)2(trace); CF3CH2CH2Ci 

Or CF3CHClCH3 (~a. 16%); CF3CH2Ch2P(CF3)2(trace); CHCl = CHP(CF3)2 

or CH2m CClP(CF ) (~a.%&); CF3CHC1CH2P(CF3)2 or CF3CH2CHC1P(CF3)2 (trace); 

CH2 = CClP(CP3): ?r CHCl = CH2P(CF3)2 (89/o); 

CH3CHClP(CF3)2(ca. 

and CH2C1CH2P(CF'3)2 or 

1% based on phosphine consumed). 

(e) With nrooene 

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 

(0.4Og) was shown by g.c./m.s. to contain: CH3CH:CEP(CF3)2 (~a. 21%); 

CH3CH2CH2P(CF3)2 (27% 19F n.m.r. shows doublet +22.6S, with J(CF3-P) 

72.5 Hz, in agreement with that found for CH3CH2CH2P(CF3)2 prepared 

from bis(trifluoromethyl)phosphine and propene [4]); CH3CH(CH2CF3)P(CF3)2 

(l@b based on phosphine consumed); and CH3CH(CF3)CH2P(CF3)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 mml), 

the phosphine (1,4Og, 60c/o) and olefin (0.78g, 53%) were recovered, and 

the highercboiling volatile product (1.12g) was shown by g.c./m.s. to be 

a very complex mixture containing only a trace of [(cF~)~Pc~F~]. 
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63) With propyne 

The phosphine (1.76g, 7.4 mol) and propane (0.3&T, 7.4 mol) were 

irradiated (96 h) to give, after preparative g.c., l,l,l-trifluoro-j- 

bis(trifluoromethyl)phosphino-cis-but-2-ene (n.c.)(O.Vg, 24% based on 

phosphine consumed), "F n.m.r. +25.3(d, J(CFJ)2P 82 Hz), and +16.8 (d, J 

CF~-H 7.3 HZ, d, JCF7-P 4 Hz, q JCFJ-CH3 2 Hz), 'H n.m.r. 6.0s, (d, J 

H-P 19.3 Hz, q, W-CF3 7.3 Hz, q, JH-CH3 1.6 Hz) and 1.96 (multiplet) 

in the ratio 1:2. Tris(trifluoromethyl)phosphine (0.54g, 31%) and 

propyne (O.Ojg, 10%) were recovered, and a high-boiling liquid product 

(0.5g) was shown by g.c./m.s. to be mainly a 2:l adduct [(CF3)jPC6H8]. 

Analysis: Found: c, 26.4; H, 1.896; g+, 278 

C6H4FyP requires C, 25.9; H, 1.4% M, 278 

(h) With propene in the presence of trifluoroiodomethane 

Tris(trifluoromethyl)phosphine (l.j2g, 5.6 mmol), propene (0.2jg, 

5.6 mmol) and trifluoroiodomethane (O.lOg, 0.5 mmol) were irradiated 

(268 h) to give recovered phosphine (1.32g, lOO%), propene (0.21g, Yl%), 

and small amounts of high-boiling liquid and of iodine. 

Thermal Reaction of Tris(trifluoromethyl)phosphine with Ethylene 

Tris(trifluoromethyl)phosphine (1.6Og, 6.7 mmol) and ethylene 

(O.lYg, 6.7 mmol) were kept at 200 'C (200 h) to give recovered ethylene 

(O.l6g, 87%) and phosphine (1.44g, Y%), together with bis(trifluoromethy1) 

-3,j,Ftrifluoropropylphosphine (O.l5g, 8% on initial phosphins, 81% 

on phosphine consumed), and a tarry residue. 

Photochemical Reactions of Tris(trifhroromethyl)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. 



326 

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 (O.llg, 310/Q, tris(trifluoromethyl)phosphine 

(O.o5g, 16%), and a mixture of carbonyl fluoride, hexafluoroethane, and 

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

(b) With ethylene 

Irradiation of the phosphine oxide (1.96g, 7.7 mmol) and ethylene 

(0.225, 7.7 mmol) for 200 h gave recovered phosphine oxide (1.39g, 71%) 

and ethylene (O.O89g, 41%), a small volatile fraction (0.5g) which showed 

CF3(but not P-CF3) signals in its "F n.m.r. spectrum, and an unidentified 

liquid product muxture (0.30s) which showed a CF ,-P(V) doublet (+4.3, 

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

(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 (~a. 1 mmol) of carbonyl 

fluoride, phosphorus trifluoride, and hexafluoroethane, recovered tris- 

(trifluoromethyl)phosphine oxide (1.54g, 9@$), and polytetrafluoroethylene 

(0.65g, 97%). 

Photochemical Reaction of Bi.s(trifluoromethyl)phosphine with 3,3,3- 

Trifluoropropene 

Bis(trifluoromethyl)phosphine (2.Olg, 11.8 mmol) and 3,3,3-trifluoro- 

propene (l.l4g, 11.8 mmol) were irradiated (120 h) to give hydrogen 

(0.1 mmol, 2%); a mixture of trifluoromethsne (0.7 mmol, @A), trifluoro- 

propene (O.l5g, 13% recovery), 3,3,3-trifluoropropae (ca. 0.1 mmol, l%), 

bis(trifluoromethyl)phosphine (0.2g, ?OE/, recovery) and an unidentified 

component (0.9 mmol); tetrakis(trifluoromethyl)diphosphine (O.O8g, 4% 

on phosphine consumed) and bis(trifluoromethyl)-3,3,3-trifluoropropyl- 

phosphine (2.46g, 9% on olefin consumed). 
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Photochemical Reaction of Dimethylohosohine with j,J.j-Trifluoroprooene 

Dimethylphosphine (0.62g, 10.1 mmol) and 3,3,3-trifluoropropene 

(1. log, 11.4 mmol) were irradiated (50 h) to give hydrogen (0.3 mmol, 4c/o), 

a mixture of dimethylphosphine (O.O5g, 74:) and trifluoropropene (O.O6g, 

@L), trifluoropropane (0.3 mmol), and dimethyl-3,3,j-trifluoropropyl- 

phosphine (n.c.) (1.29g, 7@; on olefin consumed), b.p. (isoteniscope) 

105.5 Oc, 19F n.m.r. + 10.3 (t, JCF3CH2 10.3 Hz, d, JCF3-P 2.8 Hz) and 

'H n.m.r. 2.1 (d, JCHjP 2.7 Hz) 2.6 and 7.3 (complex multiplets). 

Analysis: Found: C, 38.3; H, 6.5%; g+, 158. 

C5HloF3P requires C, 38.0; H, 6.3%; M, 158. 

Thermal Reaction of Dimethylphosohine with j,j,j-TriflUOrODrOpene 

Dimethylphosphine (0.75g, 12.1 mmol) and 3,3,3-trifluoropropene 

(1.16g,l2.1 mmol) were kept in the dark at 50 'C (120 h) to give recovered 

olefin (l.O9g, 95%) and phosphine (0.62g, 830/o), and an unidentified 

solid (0.15g). 
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