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then allowed to pass through the solution until the exit 
gases gave no test for ozone. The peroxide content of the 
solution wad then determined and found to consist of 40 
inmoles of mtive oxygen. 

For the determination of glyoxal the following procedure 
was used. To 1 cc. of the ozonized cyclooctatetraene solu- 
tion (measured a t  room temp.) was added 10 cc. of water 
containing 1 g. of sodium bisulfite and the mixture was 
h a t e d  with excess 2,Pdinitrophenylhydrazine reagent and 
heated on the water bath for 0.5 hr. From this was obtained 
0.1142 g. of glyoxal bis-2,4-dinitrophenylhydrazone, m.p. 
316" (from pyridine) alone and when mixed with an authen- 
tic sample. Jacobs and Witcherll report m.p. 311-312' 
for this derivative. 370 other carbonyl products were 
isolated. Therefore the total yield of glyoxal from this 
experiment corresponds to  2 .2  mmoles of glyoxal per mmole 
of cyclooctatetraene ozonized. 
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The preparation of vinylene carbonate has been 
described :is well as its polymerization product.2 
This same reference describes a hydrolysis product 
of the polymer as being water-soluble, and the 
statement is made that it is "undoubtedly -(CH- 

This solubility behavior is inconsistent with the 
behavior of other polymeric materials having a 
regularly repeating sequence of hydroxyl functions 
along a long carbon chain. Pure poly(viny1 alcohol) 
of reasonahly high molecular weight, for instance, 
is not soluble in cold water but is soluble in hot 
water. The solution on cooling is metastable, tend- 
ing to  gel on prolonged standing. 

We have hydrolyzed poly(viny1ene carbonate) 
under alkaline conditions to give a product whose 
solubility behavior is in line with that predicted for 
a polymer having the structure given. 
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The carbonate was prepared by the method of 
Newman and Addor.2 The monomer mas poly- 
merized in a sealed tube a t  75", with 0.5% of 
benzoyl peroxide as catalyst. The hard, clear poly- 
mer was dissolved in dimethylformamide and the 
solution poured into a large volume of distilled 
water. The white precipitate was washed with dis- 
tilled water and dried at  50". The inherent viscosity 
determined in dimethylformamide mas 0.31. The 
poly(viny1ene carbonate) was suspended in LIT 
sodium hydroxide solution a t  room temperature, 
the polymer soon going into solution, and the hydro- 
lyzed product precipitating out as a white powder 
about a minute later. This was filtered off, washed 
well with water, and dried. 

Anal. Calcd. for CHzO:C, 40.0; 11, 6.7. Found: 
C, 39.2;H, 7.2 .  

The filtrate obtained after hydrolysis on acidi- 
fication generated carbon dioxide. 

Polymethylol is insoluble in water up to  140" 
and in most organic solvents, swells in boiling di- 
methylformamide, and is soluble in hot dimethyl 
sulfoxide, precipitating from this hot solution on 
cooling. A number of derivatives could be prepared 
by reaction in hot dimethyl sulfoxide, including the 
acetate, cinnamate, and phenyl urethane. 

A possible explanation for the inconsistence re- 
garding solubility may be found in the fact that 
partially esterified poly(viny1 alcohol) and cellulose 
are water-soluble (or a t  least more hydrophilic), 
whereas the parent alcohols are insoluble in cold 
water, By analogy, it could be argued that the 
hydrolysis product obtained by Kewman and Ad- 
dor might have been an incompletely hydrolyzed 
poly(viny1ene carbonate). 
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Glutaconic ester has frequently been prepared2-* 
by procedures which employ acetonedicarboxylic 
ester, a compound which is cumbersome to prepare 
but which has recently become commercially 
a~a i lab le .~  In the most recent procedure,3 a good 
yield (67%) of glutaconic ester was reported, 
However, the yields were variable since the re- 
quired high pressure catalytic hydrogenation of 
acetonedicarboxylic ester was difficult to repro- 
duce; the hydrogenation was sensitive to the age of 
the catalyst and to its method of preparation. 
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We have now developed a convenient three-step 
synthesis of glutaconic ester with an over-all yield 
of 63-73% by the following procedure. The com- 
rnercially available diethyl ethoxymethylenemalo- 
natee was condensed with malonic ester. The result- 
ing tetraester was hydrolyzed and decarboxylated 
with dilute hydrochloric acid, and the crude gluta- 
conic acid which resulted was esterified by the 
usual procedure. 

EXPERIMENTAL 

Diethyl glutaconate. To a solution of 23.0 g. (1.00 mole) of 
sodium in 300 ml. of absolute ethanol was added 160 g. 
(1.00 mole) of diethyl malonate, followed by 216 g. (1.00 
mole) 01' diethyl ethoxymethylenemalonate.6 After the 
mildly exothermic reaction's was complete, the reaction 
mixture \vas allowed to stand a t  room temperature for 24 
hr. during which time the red solution solidified. A mixture 
of acetic acid (150 ml.), concentrated hydrochloric acid (100 
nil.), and water (1 1.) was added, and the solution was ex- 
tracted Fvith benzene. The benzene was removed from the 
extract in ~)acu0,7~ and the liquid residue was refluxed with 
dilute (1 : 2 )  hydrochloric acid (300 ml.) for 24 hours. The 
a.at,er and other volatile materials were removed in vacuo;7b 
the residue was dissolved in absolute ethanol, dried with 
magnesium sulfat,e, filtered, and again concentrated in 
aac~o.7b The residue was dissolved in absolute ethanol (300 
ml.); 6 ml. of concentrated sulfuric acid was added, and the 
solution xas refluxed overnight. The reaction mixture was 
processed in the usual manner and gave 117 g. (63.0%) of 
diethyl glutaconate3; b.p., 84-87'/0.5 mm., ny 1.4448, 
The dieskr was hydrolyzed to give glutaconic acid,*,g m.p. 
136-137"; neut. equiv., 65.0 (calcd. 65.1). 

From :t second preparation a 75y0 yield of diethyl gluta- 
conate WAS obtained. 
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It has recently been reported2 that the Diels- 
Alder addition of methacrylic acid to  cyclopenta- 
diene yields a mixture of isomeric products, in 

(1) Taken from a thesis presented by T.V.A. to the 
Department of Chemistry, Princeton University, 1957, in 
partial fulfillment of the requirements for the B.A. degree. 

(2) J. S. Meek and W. B. Trapp, J .  Am. Chem. Soc., 79, 
3909 (1957). 

which the aduct with the exo-carboxyl predominates 
in violation of the rule3 of maximum overlap of 
unsaturation. We wish to  report that an even more 
striking violation of this principle occurs in the 
addition of cyclopentadiene t o  itaconic anhydride. 
After this work was complete, we learned4 that 
Drs. B. E. Tate and A. Bavley, of Chas. Pfizer and 
Co., had carried out a thorough investigation of the 
cyclopentadiene-itaconic acid a d d i t i ~ n , ~  so me are 
presenting here a brief summary of our findings. 

The adduct (I) of cyclopentadiene and itaconic 
anhydride was one of the first prepared by Diels 
and Alder6 in their study of the diene addition. 
It was hydrolyzed to a diacid, but no evidence was 
presented to  permit a decision between the alterna- 
tive configurations IIa  and IIb. 

It has nom been found that treatment of the di- 
acid with iodine-bicarbonate solution' results in the 
formation of an iodo-lactone. A clear decision be- 
tween the formulas IIIa and IIIb can be made on 
the basis of the infrared spectrum, which shows two 
peaks in the carbonyl region, a t  5 S O p  and 5 . 9 2 ~  
(Nujol). The latter is assigned to the carboxyl 
group, while the former can be due only to a six- 
membered lactone, since y-lactones of this series 
have been s h o ~ v n ~ ~ ~  to absorb at  5.G1-5.69p. The 
methyl ester (IV) of the iodo-lactone also shows two 
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