
CHEMISTRY OF THE TRIFLUOROMETHYL GROUP 
PART 111. PHENYLBISTRIFLUOROMETHYLPHOSPHINE AND RELATED COMPOUNDS1 

ABSTRACT 

'I'he reaction of trifluoroiodomethane with tetraphenylcyclotetraphosphine leads to the 
rormation of ~henvlbistrifluoromethvl~hos~hine and ~he~lvltrifluoromethvliodo~hos~hine. 
The mechanism of t h e  reaction is discusseh and the physfcal and chemical prbpert'ies of 
these compounds itre reported. Bromine reacts with phenylbistrifluoromethylphosphine to 
form phenylbistrifluoron~ethyldibromophosphorane which is hydrolyzed to phenyltrifluoro- 
methylphosphinic acicl, CGH~(CF~)P(O)OH. 

INTRODUC'I'ION 

In previous papers in this series, the donor properties of methyl-trifluorometh yl- 
phosphines were studied by the investigation of their ability , t o  form complexes with 
boron trifluoride and platinuin (11) chloride ( I ) ,  and with a series of nickel (11) salts (2). 
Since much is known of the corresponding coinplexes of aryl phosphines, it seemed worth- 
while to study the donor properties of aryl-trifluoron~ethyl-phosphines. Unlike the 
inethyl-trifluoroitiethyl-phosphines which have been known for some time (3, 4, 5), the 
phenyl-trifluoromethyl-phosphines had not been previously reported, although their 
arsine a~ialogues had been prepared (6). We now report the preparation of phenylbistri- 
fluoroniethylphosphine. 

DISCUSSION AND RESULTS 

Phe~~ylbistrifluoron~etl~ylphosphiiie has been prepared by the reaction of trifluoroiodo- 
methane with tetraphe~~ylcyclotetraphospl~i~~e, the properties of which have been reported 
by other workers (7, 8, 9). The reaction was performed a t  185', above the melting point 
of the tetraphosphine, and the other reaction products, besides phenylbistrifluoronlethyl- 
phosphine, are phenyltrifluorometl~yliodophosphine, which is a very illvolatile reddish 
brown liquid, and small amounts of fluoroform and hexafluoroethane. 

The mechanism of this reaction, involving the interaction of a perfluoroiodoalkane 
with a four-membered phosphorus ring is of some interest. R free-radical mechanism 
involving fission of phosphorus-phosphorus bonds by the attack of CFS radicals seems 
probable. This is supported by the fact that the reaction will occur thermally or on ultra- 
violet irradiation of the tetraphosphine with trifluoroiodomethane. Since the simultaneous 
breaking of four P-P l~onds  is unlikely, the following reaction scheme inay be suggested. 

l i ld (~~1~~~sc l ' i /~k  received Decotrbcr 5,  1960. 
Confribufio7~ fro712 tlze Deparfti7o~f of Clzenzisfry, Universiky of Bri t ish Coluii~bia, Va7~coz~ver, B.C. Fro)iz 
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BEG AND CLARK: TRI1:LUOROIVIETI-IYL GROUIJ 565 

This scheme is supported by the observation that the reaction products contain 
phenylbistrifluoro~~~etl~~~lphosphine and pl~e~~yltrifluoromethyliodophospl~ine in an ap- 
proxin~ately 2:l ratio, and also by the results of a separate experiment which indicated 
extensive disproportionation of the iodophosphine a t  200" as indicated above. 

Phenylbistrifluoroinethylphosphine is a colorless liquid boiling a t  148-150"; it  is stable 
a t  200" and prolonged heating to 300" causes only partial decomposition. I t  is not hydro- 
lyzed by acids, but reacts very slowly with water a t  100" and much more rapidly with 
aqueous sodium hydroxide a t  80". hydrolysis products are fluoroform and either 
phenylphosphonous acid C ~ I - I S P O ~ H ~ ~ ,  or its sodium salt. 

Phenylbistrifluoron~etlzylphosphine does not react with iodine a t  room temperature, 
but a t  185" the trifluoro~llethyl groups are cleaved as trifluoroiodomethane. There is no 
evidence of the formation of the diiodophosphorane, CGH5(CF3)2P12. I-Iowever, the 
phosphine reacted vigorously with bronzine a t  room temperature to form phenylbistri- 
fluoromethyldibron~opl~osphorane. This is in agreement with the usual decrease in 
stability for tlichloro-, dibrorno-, and diiodo-plzosphoranes. Phenylbistrifluoron~ethyl- 
dibromophosphorane is readily hydrolyzed by water losing only one of the two tri- 
fluoromethyl groups per molecule as fluoroform and producing phenyltrifluoromethyl- 
phosphinic acid, CGH6(CFa)P(O)OH. 

Phenyltrifluorometlzyliodophospl~i~~e is a reactive liquid which is readily hydrolyzed. 
Whereas alkaline hydrolysis produced fluorofornl and the sodium phenylphosphonate, 
treatment with water gives phenyltrifluorornethylphosphine and phenyltrifluoromethyl- 
phosphinic acid, CGH~(CF~)P(O)OH.  

The production of pl~enyltrifluoromethylphospl~i~zic acid from the aqueous hydrolysis 
of phenylbistrifluoro~~~etl~~~ldibromophosphorae provides an  interesting link between 
the trifluoromethyl- and aryl-phosphorus co~~ipounds. Whereas hydrolysis of triaryl- 
dichlorophosphoranes yields phosplline oxides ( 1  0) , hydrolysis of tristrifluoromethyl- 
dichlorophosphorane (11) gives bistrifluorometlz~~lphosphinic acid and one equivalent 
of fluoroform. 

The hydrolysis of phenylbistrifluoro~nethyldibromophosphorae shows that the inter- 
mediate compound CGI-15(CF3)2P(OI-I)2 is unstable. 

The trifluoromethyl groups behave in the same way as  in the hydrolysis of tristrifluoro- 
methyldichlorophosphorane and the phenyl group shows its customary resistance to 
hydrolytic attack. 

The formation of phenyltrifluoro~nethylpl~osphinic acid from the hydrolysis of phenyl- 
trifluoromethyliodophosphine is consistent with the general reactions of halophosphines 
(12). The  spontaneous oxidation-reductio~z of the apparently unstable hydrolysis product 
leads to the production of phenyltrifluoromethylphosphine and phe~lyltrifluoronlethyl- 
phosphinic acid. 

The  infrared spectra of these phenyl-trifluoromethylphosphorus compounds show the 
expected features. Absorption associated with the strong carbon-fluorine stretching 
vibrations occurred in the 1100-1200 cm-I region. However, i t  is of interest to notice 
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566 C.4N.AL)IAN JOG11iiAL OF CI-IEMlSTRY. VOL. 39, 1901 

that the spectrum of silver -phenyltrifluoromethylphosphinate, CtjHS(CFB)P(O)OAg, 
showed absorption a t  1225 cm-' corresponding to the P:O vibration. This absorption 
occurs in the same region for the aryl and alkyl phosphinic acids RJ'(0)OI-I, which are 
weak acids. For the strong acid, trifluoron~ethylphosphonic acid, this vibration is shifted 
to the higher frequency of 1300 cin-' (13, 14). This might suggest that phenyltrifluoro- 
methylphosphinic acid is a fairly weak acid. 

EXPERIMENTAL 

'The preparations of the starting materials were carried out in a nitrogen atmosphere. 
Reactions with trifluoroiodomethane were carried out in sealed evacuated Pyrex tubes 
and the products and reactants were manipulated by standard vacuum techniques, out  
of contact with air and moisture. 

Preparation of Tetraphenylcyclotetraphosphi.lze 
Phenyldichlorophosphine was obtained by the method of Buchner and Lockhart (15). 

The preparation of phenylphosphine by the i\/Iichaelis inethod (16, 17) is very cuinbersoine 
and gives a low yield. A much easier inethod (9, 18) is by reduction of phenyldichloro- 
phosphine with lithium alurninum hydride. Phei~yldichlorophospl~ii~e (18.8 g) dissolved 
in 100 n ~ l  diethyl ether was added cautiously to a well-stirred suspension of lithium 
aluminum hydride (3 g) in 100 in1 ether. The  reaction was vigorous and cooling was 
necessary. After the addition of pl~enyldichlorophosphine had been completed, the 
mixture was refluxcd for 30 minutes and 3 in1 of water were added dropwise. After being 
refluxed for an hour, the mixture was distilled and the resulting phenylphosphine, 
distilling a t  160°, was driecl over calcium chloride (yield 55%). 

The preparation of tetraphen~~lcyclotetraphosphosphi~~e by the Michaelis' method (10) is 
not convenient and the compouncl was prepared by adding phenylphosphine (I1 g) in 
50 1111 ether to a well-stirred solution of phenyldichlorophosphine (18 g) in 50 ml ether. 
The solution gradually turned yellow but solid was not immediately deposited. After the 
addition was complete, the solution was refluxed for 3 hours during which time a white 
solid was deposited. The ether solution was decanted and the remaining solid was washed 
and dried. The yield of tetraphenylcyclotetraphosphine (111.p. 149-50") was goy0. 

Reaction of Tetraphenylcyclotetraphosphine witlz Triflz~oroiodomethane 
Tetraphenylcyclotetraphosphine (1.0 g) was sealed with trifluoroiodomethane (2.025 g) 

and left a t  room temperature for 24 hours. The solid phosphine was insoluble in tri- 
fluoroiodomethane. No reaction occurred a t  70' C over 24 hours, nor a t  150' C for 12 
hours, but on heating a t  185' C for 12 hours a dark-red involatile liquid was obtained 
and 0.558 g of unreacted trifluoroiodomethane was recovered. The dark-red liquid was 
shaken with mercury and the remaining liquid extracted with ether. After reinoval of 
the ether, a liquid (0.45 g) of low volatility was obtained and identified as phenylbistri- 
fluoroinethylphosphiile (Found: C, 39.35%; H ,  2.10%; F, 45.40%; P ,  12.30%. Calculated 
for CBH,F,P: C, 39.03%; H,  2.03%; F, 46.36%; P ,  12.6070). 

Phenylbistrifluoron~ethylphosphi~~e is a colorless oily liquid whose odor is not as 
obnoxious as those of other phosphines. I t  boils a t  148-150° and its vapor pressure is 
given by the equation log p,, = 7.5606 - (1985/T), whence the latent heat of vaporiza- 
tion is 9054 cal mole-' and the Trouton's coilstant is 21.37. I t  is stable in air and does not 
react with water up to 100' C. I t  does not react with silver iodide, a solution of silver 
iodide in potassium iodide, or with carbon disulphide. 
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BEG AND CL.-\RK: TRIFLUOROMETI-IYL GROUP 567 

Two separate experiments were performed to investigate the inechanisiii of the above 
reaction and to characterize the other reaction products. 

( I )  Tetrapheiiylcyclotetrap1iospl1iiie (2 g) was sealed with trifluoroiodomethaiie (5 g) 
in a Pyrex tube and was irradiated with ultraviolet radiation from a 200-watt U.V. lamp. 
The reaction was slow (possibly because of the heterogeneous phases), but after 15 
days phenylbistrifluoroi~~etl~ylpliosphii~e (0.899 g) aiid unreacted trifluoroiodometliane 
(2.192 g) were obtained. The rest of tlie product was a thick reddish syrup which showed 
strong absorption in tlie 1.R. between 8-9 p,  characteristic of C-F stretching frequencies. 
This was not identifiecl. 

(2) Tetraphenylcyclotetraphospliine (7.5 g) xiras sealed with 18 g trifluoroiodometliane 
and l~eatecl a t  185" C for 12 hours. A volatile mixture of hexafluoroetha~~e and fluoro- 
form (0.022 g),  and 5.5 g of unreacted trifluoroiodometliane were recovered. The  remaining 
liquid was subjected to fractional distillatioi~ under 20 mm pressure. Two fractions were 
obtained, one boiling a t  62-65" (4.9 g) and tlie other boiling a t  112-116" (3.8 g). A thick 
liquicl which solidified on standing remained in the distillation flask. This showed strong 
absorption in the I.R., corresponding to the C-F stretching frequencies. Another 
experinleiit to identify this completely involatile liquid showed that it contailled some 
ioclides, including phosphorus triiodide. When treated with a large excess of trifluoroiodo- 
methane and mercury, some pure phei~ylbistrifluorometl~yl phosphine was obtained, but 
the illail1 product was a very viscous pale-yellow liquid, presumably polyineric. 

The liquid distilling a t  62-65" was identified as  pl~enylbistrifluoron~ethylphosphine 
and the fraction distilling a t  112-114" was identified as phenyltrifluoromethyliodophos- 
phine. (Found: I ,  41.2Y0. Calculated for C7H6F3PI: 1, 41.78y0.) 

Reactions of PhenylbistriJl?ioromethylphosphine 

( a )  Ilydrolysis 
Plienylbistrifluoroinetl~ylphosphine (0.277 g) \vas sealed ~vi th  water (1.28 g). There 

was no reaction a t  room temperature aiid the reactants formed two separate layers. After 
heating a t  80" for 24 hours, only a trace of fluoroform was obtained, while after 36 hours 
a t  110°, 0.038 g fluoroforin was evolved. Traces of benzene were also identified spectro- 
scopically. There remainecl a white crystalline solid \vhich melted a t  69" and was 
identified as pl~enylphospl~onous acid. 

Plie11~~lbistrifluoroi~iet1~~~lphospliiiie (0.273 g) was sealed with 5 1111 of 20% aqueous 
sodium hydroxide solution. Tlle reaction was slow a t  room temperature with the evolution 
of fluoroform. The tube was heated to 80" for 24 hours. The  production of 0.149 g fluoro- 
form (11101. wt. obtained 70.0, calculated 70.0) showed that the hydrolysis was 96.4% 
coinplete (CF3 obtained as CFSH: 54.8%; calculated for CCHsP(CF3): 56.170). The solid 
obtained on evaporation of the solution was identified spectroscopically as the sodium 
salt of phenylphosphonous acid. 

Pheiiylbistrifluoro~~~etli~~lphospliiiie (0.372 g) aiid 36 N hydrochloric acid (2 g) were 
sealed. There was 110 reaction a t  room temperature and the reactants formed separate 
layers. There was no reaction a t  80" for 24 liours and a t  110" for 48 hours. The tube was 
finally heated to 185" for 120 hours. At the end of this period the amount of fluoroform 
evolved was only 0.0022 g and the phosphine was recovered alnlost quantitatively. 

(b )  Reactio~z with Halogens 
(I)  Iodine.-Phenylbistrifluoromethylphosphine (0.389 g) and iodine (1.163 g) did 

not react a t  room temperature, nor after heating a t  150" for 24 hours. The mixture was 
finally heated to 185" for 48 liours. The products obtained, were fluoroforni (0.032 g), 
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trifluoroiodomethane (0.481 g), (mol. wt. 194, calculated 196), benzene (0.055 g), and 
traces of unreacted phosphine. The  coilversion into fluoroform and trifluoroiodomethane 
accounted for 91.5% of the trifluoromethyl group. The  formation of fluoroform and 
benzene may be due to the presence of small traces of moisture on the iodine which is 
not removed even on extensive drying. The  solid left in the tube, after pumping off the 
volatiles, contained phosphorus triiodide and no phenyltrifluoroinethyliodophosphine. 

(2) Bromine.-Phenylbistrifluoromethylphosphine (0.6965 g) and bromine (0.450 g) 
were combined. The  ensuing vigorous reaction was controlled by performing the experi- 
ment in carbon tetrachloride solution and pumping off the volatiles after the reaction was 
complete. This was marked by the persistence of the bromine color. The  reaction gave 
an orange-yellow solid which was very reactive towards moisture and was identified 
as  phenylbistrifluoromethyldibromophospl~oraie (Found: Br, 38.93%. Calculated for 
C8H6FtPBr2: Br, 39.41y0). On reacting the dibroinophosphorane with water, one equiva- 
lent of CF3 was lost and a white solid was left. The dibromophosphorane (0.324 g) was 
sealed with water (1.0 g) and left a t  room temperature overnight. Fluoroform (0.060 g) 
was evolved corresponding to a loss of one equivalent of CF3 per mole (Found: CF3, 
18.4%. Calculated for C8I-16F6PBr2:CF3, 34.5%). A white solid was obtained by pumping 
off the liquids, recr~istallizing the residue from water, and finally drying over phosphorus 
pentoxide. The solid was identified spectroscopically as phenyltrifluoroinethylphosphinic 
acid, C61-I6(CF3)P(O)OI-I. The acid melted a t  84-86'. The silver salt of the acid was 
obtained as  needle-shaped crystals by treating the aqueous solution of the acid with 
silver oxide. The same salt could also be obtained from the reaction illixture of phenyl- 
bistrifluoroinethyldibromophosphorane and water which had stood overnight and had 
lost one equivalent of CF3. The silver salt c~Hb(cF3)  P(0)OAg (Found : Ag, 33.81%. 
Calculated for C7H6F3P02Ag: Ag, 34.06%) melted a t  294-96" and was very sensitive 
to light. 

(6) Pyrolysis of the Phosphine 
Phenylbistrifluorometl~ylphosphine (1.058 g) was heated to  210" for 48 hours; 1.004 g 

of the phosphiile and traces of fluoroform and silicon tetrafluoride (identified spectro- 
scopically) were obtained. Phosphine (0.639 g) was heated to  300" for 48 hours. The  
tube walls were etched but the phosphine was not all pyrolyzed: 0.48 g was recovered 
unchanged. The other volatile inaterials were fluoroforin, silicon tetrafluoride, and some 
benzene trifluoride. 

Reactions of Phenyltrz~uoromethyliodophosphine 
Phenyltrifluoromethyliodophosphine is a reddish-brown liquid which boils a t  112-114" 

a t  20 mm. It  fumes in air and reacts slowly with water. The solution obtained by absorp- 
tion of water is highly acidic. I t  disproportionates on heating. 

(a )  Hydrolysis 
Phenyltrifluoromethyliodophosphine (0.334 g) was treated with 5 ml of 20% sodiunl 

hydroxide. There was immediate reaction a t  room temperature. The  tube was heated to 
100" for 15 hours. Fluoroform (0.0694 g) (mol. wt. found 69.8, calculated 70.0) was 
evolved (CF3 found, 20.75y0; calculated for C7H6F3PIl 23.0370). The  hydrolysis was only 
90% complete. The residue contained a hygroscopic sodium salt whose I.R. spectrum 
corresponded with that of sodium phenylphosphonate. 

Phenyltrifluoromethyliodophosphine (0.334 g) was treated with 0.125 g water and left 
in a sealed tube overnight. When water and other liquids were removed, a white solid 
was left. The melting point was 84-86" and in all respects the compound was similar to 
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that obtained from the hydrolysis of phenylbistrifluoro~nethyldibromophospl~orane. The 
silver salt was also prepared by reacting more of the iodophosphine with water and pre- 
cipitating the iodide as  silver iodide. The solution was concentrated ,in vacz~o and the 
solid dried over P206.  The silver salt was identified analytically (Foulid: Ag, 33.80%. 
Calculated: Ag, 34.06%) by its melting point of 294-96", and also spectroscopically. 

The above treatment of the iodophosphine also gave a small amount of a liquid whose 
I.R. spectrum showed the presence of P-H, P-C61-16, and P-CF3 bonds. The hydrolysis 
with water therefore appears to give some pl~enyltrifluoromethylphosphine. 

( b )  Reaction with TriJEz~oroiodomethane 
The iodophosphine (2.347 g) was heated with trifluoroiodomethane (2.200 g) a t  200" 

for 12 hours. Trifluoroiodomethane (2.210 g, 96.17') was recovered and the main products 
of reaction, presunlably from the disproportionation of the iodophosphine, were phenyl- 
bistrifluoromethylphosphine (0.617 g), phosphorus triiodide, and benzene. So~ne  of the 
unreacted iodophosphine was also identified among the products. 

(c )  Reactions with Trifluoroiodomethane and Mercz~ry 
The iodophosphine (2.8 g) and trifluoroiodomethane (10 g), with 54 g mercury, were 

sealed in a tube and shaken for 24 hours. Trifluoroiodomethane (8.9 g) was recovered and 
phenylbistrifluoromethylphosphine (1.5 g) was obtained. The loss of 1.1 g of trifluoroiodo- 

Hg methane indicated that ,the reaction C ~ H ~ P C F B I  +CFSI --+ CeH6(CF3)?P had occurred. 
Besides the phosphine, some polymers were also obtained as mentioned earlier. 

Pyrolysis of phenyltrifluoromethylphosphine iodide: The iodophosphine (2.003 g) was 
heated in a sealed tube to 220" for 12 hours. Fluoroform (0.02 g) and trifluoroiodomethane 
(0.06 g) were obtained as the volatile products and there remained phenylbistrifluoro- 
methylphosphine, benzene, phosphorus triiodide, and some unreacted phenyltrifluoro- 
methyl iodophosphine. 

The  I.R. spectra were taken on a Perltin-Elmer model 21 double-beam instrument 
with rock salt optics. Liquid films were used for liquids and I<Br pellets for solids. The 
following absorption bands were noted for the cornpounds mentioned. 

Phenylbistrifluorornethylphosphine 
-.-. 

1870 iwj  1835 iwj  1810 iwj 1770 iwj 1745 ( \ \ T )  

1730 (w) 1670 (w) 1645 (w) 1590 (w) 1490 (w) 
1445 (in) 1330 (w) 1265 (w) 1190 (s) 1140 (s) 
1100 (s) 1070 (m)  1030 (w) 1000 ( m )  875 (w)  
805 ( 4 )  750 jm j 745 jmj  690 (m j 

Phenyltrifluoromethyliodophosphine 
3060 (w) 2900 (w) 2340 (w) 1880 (w) 1800 (w) 
1725 (w) 1710 (w) 1690 (w)  1675 (w) 1660 (w) 
1585 (w) 1490 (w) 1440 (m) 1385 (w) 1335 (w) 
1310 (w) 1270 (w) 1210 (m) 1150 (s) 1115 (s) 
1070 (m) 1025 (m) 1000 (m) 830 (w) 745 (s) 
715 (w) 690 (111) 

Silver phenyltrifluoromethyl phosphinate 
3080 (w) 2000 (w) 2300 (w) 1860 (w) 
1815 (w) 1725 (w) 1710 (w) 1690 (w) 1756 (w) 
1640 (w) 1630 (w) 1590 (w) 1555 (w) 1485 (w) 
1440 (m) 1335 (w) 1225 (s) I200 (m)  
1140 (s) 1110 (s) 1045 (m) 1015 (m) 905 (m)  
970 (m) 870 (w) 760 (w) 740 (m) 715 (m) 695 ( ~ n )  
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