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+Xylene (25 cc.) was mixed with varying quantities of 
acetic anhydride and the complex was slowly added in a 
manner similar to that above. When mixed a t  room tempera- 
ture, the exothermic reaction was not allowed to exceed 
30O.8 The same yellow precipitate mentioned above formed 
in this reaction from a dark red-brown solution. Washing and 
vacuum distillation were carried out in the same manner as 
previously described. No attempt was made to separate the 
isomeric mixture obtained. Very large amounts of acetic 
anhydride (eg. 0.35 mole) could not be used because of in- 
creasing amounts of tarry oxidation products coating the 
distillini flask. 

The vield of mononitro products obtained in all cases with 
the uranium nitrate-nitrogen tetroxide-water complex 
seemed to increase almost linearly with increasing amounts of 
acetic anhydride between 0.02 and 0.12 mole and then leveled 
off to an average of approximately 0.04 mole of nitro product. 
The yield then became independent of the amount of acetic 
anhydride used. With uranyl nitrate hexahydrate the 
yield increased linearly with amounts of acetic anhydride 
between 0.06 and 0.18 mole and the yield increased slowly. 

DEPARTMENT OF CHEMISTRY 
UNIVERSITY OF COLORADO 
BOULDER, COLO. 

(8) A. W. Crossley and N. R.enouff, J .  Chem. SOC., 95, 
202 (1909). 

Poly(diphenylviny1phosphine Oxide) 

K. DARRELL  BERLIN^ AND GEORGE B. BUTLER 

Received October 10, 2960 

In  previous studies concerned with cyclic poly- 
merization involving tertiary phosphine oxides it 
was postulated that a radical could forin on a carbon 
atom adjacent to a phosphoryl fu~ ic t ion .~ ,~  To 
our knowledge only one report on the polymeriza- 
tion of a vinyl substituted tertiary phosphine oxide 
has been recorded.6 Since the completion of the 
present work, an investigation of the homopoly- 
merization of several vinylphosphonates has been 
described ; low molecular weight polymers were 
obtained.6 We now wish to report the synthesis and 
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results of polymerization of diphenylvinylphos- 
phine oxide. This monomer was specifically se- 
lected for the study because: (a) there are no alyllic 
hydrogen atoms in the molecule which could 
take part in degradative chain transfer’ and (b) 
the vinyl group is in conjugation with the phos- 
phoryl group which would be adjacent to the propa- 
gation radical. 

RESULTS AND DISCUSSION 

Diphenylviiiylphosphine oxide (111) was pre- 
pared as depicted in the scheme. In  the final step 
the phosphine I1 was oxidized to give white crystals 
of diphenylvinylphosphine oxide in a yield of 47.2%. 
In  addition to the elemental analysis and infrared 
spectrum which support the structure 111, the 
oxide mas reduced under low pressure to the known 
diphenylethylphosphine oxide (IV). 

(C6Hs)2PCl + CH2=CHMgCI + ( CP,HS)ZPCH=CHZ 
I 

0 0 

IV 111 

In  contrast to vinyl phenyl ketone which is 
unstable and polymerizes upon standing,s diphenyl- 
vinylphosphine oxides (111) is stable in air and 
does not polymerize in storage for several months, 
However, in the presence of radical initiators this 
monomer homopolymerized in bulk or in solution. 
The polymer is soluble in dimethylformamide and 
alcohol, and one sample (m.p. 220-242’) in alcohol 
gave a value of 0.047 for its intrinsic viscosity. 

Although the monomer I11 does not seemingly 
contain such active hydrogen as were present in 
the compounds described in the studies mentioned 
p r e ~ i o u s l y , 3 ~ ~ ~ ~  the intrinsic viscosity measurement 
obtained on the sample of poly(diphenylviny1phos- 
phine oxide) suggests the polymer is of low mo- 
lecular weight. The degree of stabilization of the 
propagation radical through enolic-like structures 
involving the phosphoryl function may influence 
chain growth. Since the d-orbitals of the phosphorus 
atom would participate in the stabilization of the 
radical, such contributing structures as V may 
have different steric requirements from those of a 
carbon-carbon double bond composed of only 
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Z = polymer chain 
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p-orbitals. To be specific the requirement that all 
atoms attached to a carbon-phosphorus multiple 
bond must lie in or near a common plane may no 
longer holdeg Thus, greater shielding of the propaga- 
lion radical by the phenyl groups and the oxygen 
atom might result. Molecular models support this 
postulation. Efforts are underway to further in\-esti- 
gate the chemistry of this oxide 111 and related 
nionom Prs. 

EXPERIMEMTAL'~ 

Diph,enylvinylphosphine (11). To 0.4 mole of t,he vinyl 
Grigiiard reagent in 400 nil. of tetrahydrofuran was added 
dropwise, with Rtirring and cooling, a solution of 55.1 g. 
(0.25 mole) of dipheny1chlorophosphine"l in 100 ml. of dry 
benzene. The addition required 1.5 hr. and was regulated to 
sustain a gentle reflux which iyas then maintained for 20 hr. 
Decomposition 1%-as effected with 300 ml. of 10% aqueous 
ammonium chloride to a chilled reaction mixture. The wat.er 
layer was extracted three t,imes with ether and finally with 
400 ml. of hot benzene. After drying overnight, the organic 
phase was fractionated .to give 30.0 g. (56.8%) of the color- 
lees phosphine 11; b.p. 104" 10.25 mm.), n24.6 1.6260. 

Anal.1z Calcd. for CIaHl3Y: C. 79.24; H, 6.13; P, 14.62. 
Found: C, 79.43; H, 6.12; P, 14.43. 

The infrared spectrum of the phosphine has niajor peaks 
a t  3026, 3000, 1580, 1475, 1435 (phenyl-phosphorus), 1385, 
1260, 1095, 1065, 1025, 1000, 980, 950, 925, 745, and 700 
em- '  

Diphenylvi~ylphosphine oxide (111). A solution of 42.2 g. 
(0.2 mole) of diphenylvinylphosphine (11) in 200 ml. of dry 
benzene was treated dropwise with 28.5 ml. of 30y0 hydro- 
gen peroxide. The addition (3 hr.) &as adjusted to maintain 
a gentle boil in the solution. After an additional 3 hr. a t  re- 
flux, t,he solution v-as allowed to cool to room temperature 
a.nd  as then poured into 100 ml. of wat'er. The aqueous por- 
tion was extracted vith et,her, the extracts were dried over 
sodium ~ull'ate, and the organic solvent was distilled under 
a.spirator pressure. The residual oil was treated with a boiling 
solut,ion of 1: 1 benzene-pet'roleum ether (b.p. 70-90"). Upon 
cooling the solution deposited white crystals which were 
washed -4th petroleum ether; yield 22.0 g. (48.0%)) m.p. 
11 5-1 17 o~ 

Anal. Calcd. for Cu&O'P: C, 73.66; H, 5.70; P, 13.59. 
Found: C, 73.40; H, 5.88; P, 13.60. 

An infrared analysis revealed a.bsorption at  3025, 2990 
1590 (doublet), 1475, 1435(phenyl-phosphorus), 1375, 1300, 
1190 (phosphoryl group), 1100, 1065, 1000, and 970 cni.-l 
There are also broad bands from 700 to 760 cm.-l 

The oxide vas  reduced in a. Paar instrument over platinum 
at  a, pressure of 35-45 lb./sq. in. orer a 24-hr. period. The 
yield of diphenylethg-lphosphine oxide (IV) was nearly 
quant,itative, 1-11.p. 118.5-120.5" ( re~orded '~  m.p. 121"). 
The infrared spectrum has major bands at  3025, 2950, 1435, 
1175, 1115, 1065, 102j, 995, i50, and 710 em.-' 

Poly( tliphen ylvinylphosphine oxide). The polymerizations 
n-ere carried out in an atmospherc of nitrogen a t  a constant 
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teniperature. The apparatus consisted of a reaction tubr 
which was fitted with a condenser and a nitrogen inlet. 
Partial purification was achieved by dissolving the polymer 
in a minimum of absolute alcohol and reprecipitating with 
cold, dry ether. 

Bulk polymer. A weighed amount of the monomer I11 and 
di-t-butyl peroxide (1.0% by weight of the monomer) were 
placed in the reaction tube which was then imrnerscd in a 
bath a,t 140" for 24 hr. The polymer solidified to a mass and 
was purified a8 described above. The polymer exhibited 
absorption in the infrared at 3025, 2975, 1435 (phenyl- 
phosphorus bond) 1175 (phosph.ory1 group), 1115, 740, 720 
and 700 cm.-l There were also small peaks for water a t  34M) 
cm.+ and 1624 cm.-I The yield was nearIy quantitative, 
and the highest, melting fraction (m.p. 220-242") was iso- 
lated in 20%. The intrinsic viscosity measurement of thc 
highest melting fraction was obtained vith alcoholic solu- 
tions (concentrations were less than 1%) using a modified 
Ubbelohde viscometer. 

Solution polymer. The same apparatus as described earlicr 
was used. Equal amounts of monomer and dimethylforma- 
mide were placed in the reaction tube along vvith the catalyst 
(AIBK-lyo by weight of monomer). The temperature was 
maintained at, 65" for 120 hr. The infrared spectrum of this 
polymer was nearly euperimposable on that, of tho bulk 
polymer. Although elaborate precautions (nit>rogen at,mos- 
phere) were taken to maintain anhydrous conditions diiring 
the purification of the polymer, the hot polymerization 
mixture was found t o  be extremely sensitive to moisture. 
This is reminiscent, of earlier ~ o r k . ~ 9 *  The elemental a,nalj$s 
of the bulk or solution polymer suggested the presencc of 
n-ater as indicated by the infrared spectra also. 

A n d .  Calcd. for C14H130P: C, 73.66; H, 5.70; 'P, 13.59. 
Calcd. for CllHlaOP.H30: C, 68.29; H, 6.09; P, 12.80. 
Found: C, 67.74: 67.85; H, 5.71.) 5.99; E', 11.78. 
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It is w l l  known from careful studies of the 
reactions of perfluoroalkyl iodides with elementary 
~iilfur~--~ that bis(perfluoroalky1) disulfides and 
trisulfides are formed readily and in good yiclds 
a t  260" with at  best only traces of the corrcsponding 
monosulfides being found.*j2 Above 300°, however. 
a small amount of monosulfide is obtained. 
It was therefore quite surprising to discoxr that 

the reaction of 1-4,-diodoperfluorobutane nit h 
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