
to give B-2-fluorenoyl-a-rnethylacrylic acid as yellowish 
crystals, m.p. 181-182', identical to an authentic sample. 

Anal. Calcd. for C,~H,,OJ: C, i i . 69 ;  H, 5.03. Found: C, 
77.25; H, 4.91. 

The mother liquor was evaporated and the residue crys- 
tallized from light petroleum (b.p. 80-100") to give p-2- 
fluorenoglcrotonic acid ( 1  g.), m.p. 139-141' (m.p. and 
mixed m p.). Found: C,  77.32; H, 4.95. When this reac- 
tion 11-as repeated using s-tetrachloroethane as solvent, the 
mixture of isomeric acids was obtained in higher yield. 
However, the two acids were difficult to separate. Authentic 
samples of both keto-acids were prepared from the corre- 
sponding a- and P-methylpropionio acids as previously 
stated (cf. ref. 4) 
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Preparation and Polymerization 
of p-Vinylphenol 
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Recei1,ed Fehruary 10, 1959 

Recently, syntheses of p-vinylphenol have been 
reported1p2 by the decarboxylation of p-benzoxy- 
cinnamic acid followed by hydrolysis of the result- 
ing ester, and by hydrogenation of p-acetoxy- 
acetophenone followed by dehydration-hydrolysis. 
In view of this, it is of interest to describe the suc- 
cessful direct synthesis of p-vinylphenol by the 
decarboxylation of p-hydroxycinnamic acid. Al- 
though this route to the monomer has been reported 
to yield only traces of the desired product3s4 in 
contrast to the smooth conversion of o-coumaric 
acid to the o-~inylphenol,~ it was found that by 
use of the decarboxylation procedure of Wiley 
and Hobson,6 wherein the cinnamic acid in quino- 
line is added dropwise to  an evacuated, heated 
vessel containing catalyst and the product im- 
mediately distilled out, yields as high as 40% were 
obtained. The usual decarboxylation procedures 
even when carried out in vacuo gave resinous 
 product^.^-^ 

(1) B. B. Corson, W. J. Heintzelman, L. H. Schwartz- 
man, H. E. Tiefenthal, R. J Lakken, J. E. Nickels, G, R. 
Atwood, and F. J. Pavlik, J .  Org. Chem., 23, 544 (1958). 

(2) W. J. Dale and H. E. Hennis, J .  iim. Chem. Soc., 
80,3645 (1958). 

13) H. Schmid and P. Karrer. Helu. Chim. Acta. 28. 722 , .  
(1945). 

(4) K. von Auwers. Ann.. 413.253 (1917). 
i 5 j  H. Kunx-Krause a n i  P. Ganidke, Arch. Pharm., 267, 

(6) R. H. Wiley and P. H. Hobson, J .  Am. Chem. SOC., 

(7) K. Fries and G. Fickewirth, Ber., 41, 367 (1908). 
(8) C. Walling and K.  B. Wolfstirn, J .  Am. Chem. Sac., 

(9) C. G. Overberger, E. J. Luhm, and P. K. Chien, J .  

555 (1929). 

71,2429 (1949). 

69,852 (1947). 

Am. Chem. SOC., 72,1200 (1950). 

The separation of the monomer from the distil- 
late and its purification are extremely difficult 
hecause of the ease with which i t  polymerizes, 
especially in the presence of acidic reagents. Rest 
yields were obtained when the distillate ivas 
carefully acidified in the cold in the presence of 
extractant to remove monomer immediately. 
Extraction with aqueous caustic followed by neu- 
tralization with acid or carbon dioxide gave lower 
yields. The physical properties and color tests of 
the monomer agreed with those de~cribed.~ Analy- 
sis of the monomer with standard bromine-carbon 
tetrachloride or bromate-bromide solutions indi- 
cated that four atoms of bromine were added per 
mole of monomer. 

Attempts to prepare vinylphenols by the re- 
action of vinyl chloride with phenol in the presence 
of aluminum chloride as described by Seymour 
were unsuccessful.10 

p-Vinylphenol readily polymerizes on standing, 
even a t  O", or in the presence of free-radical or 
cationic initiators. The latter may be predicted on 
the basis of the presence of the electron-releasing 
phenolic group. Benzene solution viscosities indi- 
cated low molecular weight. Addition of the mono- 
mer to a mixture of sulfuric and acetic acids gave a 
swellable but insoluble cross-linked polymer, pos- 
sibly from alkylation reactions. 

Since phenols are generally inhibitors for the 
radical addition polymerization of vinyl monomers, 
consideration was given to other modes of poly- 
merization, such as the addition of the double 
bond of one molecule of vinylphenol to the ben- 
zene ring of another molecule. However, the in- 
frared spectra of the polymer obtained with cata- 
lytic amounts of either azobisisobutyronitrile or 
sulfuric acid were essentially identical and indi- 
cated vinyl-type addition polymerization." The 
monomer and polymer spectra are shown in Figs. 
1 and 2 for comparison. 

Radical initiated polymeric p-vinylphenol which 
sintered at  207-215" and melted a t  229" was ob- 
tained as a white powder on purification by repre- 
cipitation. Ionic initiation generally gave lower 
melting polymers in the 175-220" range. A co- 
polymer of styrene and p-vinylphenol was pre- 
pared from a mixture containing 10 mole % 
vinylphenol, and resulted in a polymer containing 
approximately 19 mole yo vinylphenol as deduced 
from absorption spectra and carbon-hydrogen 
analysis. I ts  softening range was 16.2-198". 

EXPERIMENTAL 

p-Hydroxycinnamic acid. The method of Vorsatzlz was 
used except that aniline was used as the catalyst as sug- 

(10) G. W. Seymour, U.S. Patent 2,006,517, July 2, 1935. 
(11) I am indebted to R.  A. Nyquist of the Dow Spec- 

troscopy Laboratory for the infrared spectra and their in- 
terpretation. 

(12) F. Vorsatz, J .  prakt. Chem., (2) 145, 265 (1936). 
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Fig. 1. Infrared spectra of p-vinylphenol monomer 
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Fig. 2. Infrared spectrum of p-vinylphenol polymer 

gested by Overberger.9 From 104 g. (1.0 mole) malonic acid, 
122 g. (1.0 mole) p-hydroxybenzaldehyde, and 5 ml. aniline 
in 150 ml. distilled pyridine, 146 g. (89010) of p-hydroxy- 
cinnamic acid was obtained, m.p. 206-208'. Three crystal- 
lizations from a 1 : 3 mixture of methanol and water gave a 
crystalline product in 41% yield, m.p. 213.0-214.5' (lit.9 
m.p. 210.5-211'). Attempts to speed the reaction by heat- 
ing gave lower yields and lower melting product. 

p-Vinylphenol. p-Hydroxycinnamic acid, 82 g. (0.5 mole), 
was dissolved in 300 g. distilled quinoline. This solution was 
added dropwise to 5 g. copper powder in a 125-ml. Claisen 
flask heated to about 225" and in vacua a t  such a rate that 
very little liquid remained in the flask. A light yellow dis- 
tillate was obtained a t  110-130" (4-8 mm.). Hydroquinone 
was present in the quinoline solution and in the distillate re- 
ceiver. The distillate was taken up in 150 ml. peroxide-free 
ether, mixed with 200 g. crushed ice, and 1200 ml. cold 3N 
sulfuric acid added slowly with stirring. The ether layer was 
removed, and the aqueous portion extracted with small 
portions of ether. The combined ether extracts were washed 
with ice cold water, dried over Drierite, and the ether 
evaporated in vacuo. A light brown solid weighing 44 g. 
was obtained. This product was recrystallized from 500 ml. 
petroleum ether (b.p. 60-70") a t  -15' giving about 5 g. 
insoluble polymer, and 25 g. (41%) of white, crystalline 
plates, m.p. 71-72.5' (lit.3 m.p. 73.5'). Recrystallization 
raised the melting point to 72-73.5". Ferric chloride solu- 
tion and concentrated hydrochloric acid gave a blue color- 
ation. Titration with standard biomate-bromidela or bro- 
mine-carbon tetrachloride solutions gave values of 4.09 and 

4.07 added bromine atoms per mole monomer, respectively. 
The monomer is soluble in alcohols, acetone, and dilute 
sodium hydroxide, and partly soluble in water, benzene, and 
petroleum ether. 

Anal. Calcd. for CaHRO: C, 79.97; H, 6.71. Found: C, 
79.53; H, 6.47. 

Carrying out the above procedure with the exception that 
the distillate m'as first extracted with 10% aqueous caustic 
and then neutralized with acid or carbon dioxide gas yielded 
only polymer as a solid or viscous oil from which very little 
monomer could be extracted with petroleum ether. 

Polymerization and copolymerization of p-vinylphenol. 
p-Vinylphenol, 5 g., and 0.005 g. azobisisobutyronitrile was 
heated for 16 hr. a t  60". An amber, brittle, glassy solid re- 
sulted which was dissolved in methyl ethyl ketone and pre- 
cipitated by pouring into heyane. Reprecipitation yielded 
4.9 g. of a white, powdery solid which sintered at  207-215' 
and melted a t  229". 

Anal. Calcd. for CSHsO: C, 79.97; H, G.71. Found: C, 
77.83; H, 6.94. 

To prepare the styrene copolymer, 2.4 g. p-vinylphenol 
and 18.72 g. styrene (0.1 and 0.9 mole fractions, respectively) 
were mixed with 0.02 g. azobisisobutyronitrile and polg- 
merized for 25 hr. a t  60" The product mas dissolved in 
methyl ethyl ketone and precipitated in hexane twice, 
yielding a white solid, 4.0 g., melting range 164-198". 

(13) R.  H. Boundy and R.  F. Boger (eds.), Styrene, ACS 
Monograph No. 115, Reinhold Publishing Co., Yew York, 
1952, p. 141. 
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Anal. Found for copolymer: C, 89.72; H, 7.16. This indi- 
cates an approximate composition of 19 mole % vinyl- 
phenol, and was confirmed by infrared absorption. 

For observing the effects of various catalysts, about 1 g. 
monomer was dissolved in 10 ml. solvent and placed in a test 
tube with a trace of initiator. With benzoyl peroxide where 
no solvent was used, the sample was heated at  60' for 24 hr. 
With boron trifluoride-etherate and aluminum chloride in 
hexane and tetrachloroethane, respectively, the polymer 
precipitated immediately on addition of the initiator, and 
blue color appeared which darkened on standing. Simi- 
larly, polymer was obtained by adding a catalytic amount 
of sulfuric acid to the monomer in hexane and allowing 
to stand a t  room temperature. When the monomer was 
added to a mixture of sulfuric and glacial acetic acids (1 : 9 
volume ratio), an immediate exothermic reaction occurred. 
The solution became purple in color, darkened on standing, 
and increased markedly in viscosity. All of the polymers 
formed except this one were soluble in ethanol and reprecipi- 
tated from water. This polymer was also insoluble in di- 
oxane, acetone, and dimethylformamide, although swell- 
able, and was isolated by pouring the reaction mixture 
into water. 
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The Nitration of Acenaphthene with 
UO2(NO&.HzO.N204 
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While investigating the behavior of UOa in red 
fuming nitric acid, the compound U02(N03)2*H20. - 
N204 was prepared. This material has been pre- 
viously made by Gibson and Katz' by reaction 
of liquid N204 with hydrated uranium trioxide. 
The compound shows interesting chemical prop- 
erties. It reacts violently with aniline and similar 
substances to produce immediate combustion. It 
dissolves in many common organic solvents being 
similar in this respect to uranyl nitrate hexahydrate. 
With ethyl alcohol and ether i t  dissolves liberating 
a colorless gas; in glacial acetic acid it dissolved 
without gas evolution indicating that this would be 
a good solvent. A glacial acetic acid solution re- 
acted a t  room temperature with acenaphthene to 
give the 5-nitro derivative, while an acetic anhy- 
dride solution reacted in the cold to give 5,6-di- 
nitroacenaphthene. 

The nitrating ability of the compound could be 
explained in the manner proposed for BF3.N204 by 
Bachman et aL2S3 The uranyl nitrate exhibits 
electronegative properties similar to  those of BF8 
and thus i t  might have the ability to distort the 
N204 in the following manner: H20.UOs(N03)z + 

(1) G. Gibson and J. J. Kats, J .  Am. Chem. Soc., 73, 
5436 (1951). 

(2) G. Bachman, H. Feuer, B. Blestein, and C. Vogt, J .  
Am. Chem. SOC., 77, 6188, (1955). 

(3) G. Bachman and C. Vogt, J .  Am. Chem. SOC., 80, 
2987, (1958). 

OzN i IN02 = (HzO.UOz(NOJ2 + NOz)-NC\z+. 
This distortion produces a nitronium ion which ac- 
cording to  present theory is necessary for nitration. 

EXPERIMENTAL 

The presence of N204 in the compound was established by 
treating it with ether and collecting the colorless gas evolved 
in an inverted test tube filled with ether. The test tube was 
stoppered and cooled in a dry ice-cellosolve bath and a color- 
less liquid was obtained. When a small fragment of ice was 
added to the liquid, a deep blue color was obtained, indicat- 
ing the presence of N204 by formation of N203.' The liquid 
was warmed and the presence of NO2 determined by odor 
and color. An analysis of compound gave 56.7% uranium 
oxide and 10.9% nitrogen (Du Pont Nitrometer). Theoreti- 
cal for UOz(NOa)2*HzO.NnO~ is 56.7% uoa and 11.1% K. 

The procedure used in the nitration of acenaphthene was 
similar to the method employed by Sacks and ?vlosebach6 in 
the preparation of 5 nitroacenaphthene but replacing nitric 
acid as the nitration agent with UO2(N0&.HzO .iS2O4. 
Two g. of acenaphthene were suspended in 16 ml. of glacial 
acetic acid. A solution containing 7.56 g. of U02(NO&-- 
H10 K204 dissolved in glacial acetic acid was slowly added 
to the acenaphthene suspension a t  room temperature. 
After most of the nitrating reagent had been added, the 
material present suddenly dissolved and was immediately 
followed by the formation of a yellow precipitate. This 
yellow crystalline product after two recrystallizations with 
glacial acetic acid gave a melting point of 100-102". The 
melting point previously reported for the nitroacenaphthene 
was 101-102'. 

In an attempted preparation of 3-nitroacenaphthene the 
method of Morgan and Harrison0 was employed. The reac- 
tion was carried out in acetic anhydride below 0'. Again 
the uranium compound replaced the nitric acid as a nitrating 
agent. Two g. of acenaphthene were dissolved in 135 ml. of 
acetic anhydride and cooled to -5'; 7.56 g. of UO?(NO&.- 
H20 N204 were dissolved in a small amount of acetic anhy- 
dride and the resulting solution added slowly to the ace- 
naphthene solution. About 1 hr. was required for the addi- 
tion of nitrating mixture. The reacting mixture was stirred 
continuously a t  a temperatmure near -7".  When only a small 
amount of the nitrating solution remained to be added, the 
temperature suddenly rose to 10" and changed from a yellow 
color to brownish green. The mixture was then cooled again 
and a yellow-green color was observed. The resulting mix- 
ture was added to cold water in order to dissolve the uranyl 
nitrate and precipitate the nitrated compound. The crude 
product (1.5 g.) was obtained while the theoretical yield for 
mononitroacenaphthene is 1 3  g. and 1.6 g. for the dinitro- 
acenaphthene. After recrystallization twice with acetic acid a 
melting point of 175.5-177' was obtained. After recrystalli- 
zation a third time followed by drying for 8 hr. under a 
vacuum, a melting point of 203-205" was observed. This 
melting point corresponds closely to the 5,fi-dinitroace- 
naphthene whose melting point has been recorded as 210- 
212.7 Chemical analysis of the nitro product obtained was as 
follows: C, 59.39%; H, 3.574, N, 11.237,; and by difference 
0, 25.79%. The theoretical per cents for the dinitroace- 
naphthene are: C, 59.02%; H, 3.30%; N, 11.47% and 0, 
26.20%. The infrared spectra of the compound prepared 
here were identical to that given by a known sample of 5,6- 
dinitroacenaphthene. It has been reported* that nitrogen 

(4)  J. R. Partington, A Textbook of Inorganic Chemistry, 

(5)  F. Sacks and G. Mosebach, Ber., 44, 2854 (1911). 
(6) G. T. Morgan and H. A. Harrison, J .  SOC. Chem. 

(7) H. J. Richter, J .  Org. Chem., 21, 619 (1956). 
(8)  J. L. Riebsomer, Chem. Revs., 36, 157, (1945). 

6th Ed., Maxmillan and Co., London (1953) p. 554. 

Ind., 49, 413T (1930). 


