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Allene, CH2=C=CH2, was isolated and characterized as early as 1888 (1). 
However, the chemistry of allene and its derivatives was not a subject of ex- 
tensive research. Some of the allenic compounds described in the earlier litera- 
ture were prepared using reactions where the products were of questionable 
purity. This is especially true in case of liquid products. Since the properties 
attributed to allenic compounds many times were based on such reaction 
products, they were often erroneous. For example, PrBvost, et al. (2) who car- 
bonated the Grignard reagent from propargyl bromide thought that the resinous 
portion of the products was derived from the “unstable” allenecarboxylic acid. 
That this acid is not the source of resins, under such experimental conditions, 
has since been established (3). 

In our laboratory we have recently prepared a number of alkyl-substituted 
allenic acids (4, 5 )  in a high state of purity. These compounds revealed proper- 
ties which were in many instances contrary to those in the literature. In this 
paper we are reporting some properties of 1 ,2-heptadiene-3-carboxylic acid 

(I), n-C4Hp-C=C=CH2 and its methyl ester (11), which were selected as 
a P r  

I 
COgH 

representatives of these allenic compounds. The reactions studied were : (A) 
The stability toward heat; (B) The possibility of polymerization; (C) The 
reaction as a diene or dienophile in a Diels-Alder type of reaction. This work 
was especially concerned with finding the conditions for such reactions, rather 
than the identification of products when a reaction occurred. 

HEAT STABILITY 

The stability of I toward heat was determined and the results are summarized 
in Table I, experiments one through six. The extent of reaction was measured 
indirectly by the quantity of original acid that was recovered by recrystalliza- 
tion. This method offered no means of distinguishing between decarboxylated 
and polymerized material, and the solubility of I in the recrystallization solvent 
was neglected. Since, in many cases 90 % or more of I was recovered, the latter 
factor was not extensive. 

Experiment 1 confirmed our previous findings (4) that the acid I can be 

1 The Chemistry of Allenic Acids. I. J .  Am. Chem. SOC., 74 ,  2559 (1952). 
* Abstracted from a portion of the M.S. dissertation of N. C. B., University of Pitts- 

burgh, 1953. 
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distilled without decomposition, b.p. 102" at 2 mm. Decomposition occurred 
at  a somewhat higher temperature; see experiments 2 and 3. Decarboxylation 
at  150' was not extensive, being about 10 to 15% depending on the time of 
heating. Since none of the starting acid was recovered polymerization was the 
main react<ion as also evidenced by the formation of a light-brown viscous 
product. The infrared spectrumS of the polymer exhibited very broad bands 
which we attribute to the presence of a mixture. The characteristic strong 
absorption bands of the allenic linkage near 1930 and 1950 cm-' (6) of I were 
no longer present in the product, indicating that any reaction involved the 
allenic linkage. There was a strong absorption band near 1600 cm-', character- 
istic of a double bond conjugated with the carbonyl group. There was no 
spectroscopic evidence for the presence of a terminal double bond. We con- 
clude that these reactions involved the p,y-double bond in the allenic acid. 
This is different from the reactions of I with a Grignard reagent where the 
formation of the product involved an apparent addition to the a ,P-double 
bond (7). 

Experiments 4, 5 ,  and 6 showed again the dependence of the extent of de- 
carboxylation on the time and temperature. The conditions used in experi- 
ment 6 are especially noteworthy because they parallel the ones used by Arnold, 
et al. (8) when they studied the mechanism of thermal decarboxylation. They 
found 75 % decarboxylation with 2,2-dimethylbuten-3-oic acid which is sig- 
nificantly higher than that of our allenic acid. Arnold's mechanism assumes 
that an a ,/%unsaturated acid rearranges first to its P ,  y-isomer which eliminates 
carbon dioxide through a cyclic transition state. In our allenic acid I which has 
the alp, and y-carbon atoms colinear such a transition state is not formed 
readily as can be observed using "Fisher-Hershfelder-Taylor Molecular Models." 
Thus, the relative stability of such an allenic acid over an olefinic acid can be ex- 
plained in a manner which supports the cyclic mechanism of decarboxylation. 

The effect of heat on the ester I1 is listed in Table I, experiments 7 through 
11. Since the ester is a liquid and quantities of one gram were used, we were 
not able to determine accurately the extent of polymerization during heating. 
An apparent change in viscosity was observed. In all cases the amount of de- 
carboxylation was negligible. Polymerization was the major reaction at  tem- 
peratures above 150'. The spectroscopic analysis of the viscous product in 
experiment 10 was simiIar to the analysis of the product formed by heating 
the free acid. 

POLYMERIZATION 

Since the experiments cited in section A showed that no change occurred 
when the acid I or ester I1 were heated below lOO", attempts were made to 
effect polymerization below this temperature using catalysts known to initiate 
such reactions. The literature showed no instances in which an allenic acid or 
its ester had been polymerized. There were a number of reasons for believing 

* All infrared spectra were determined using a Baird double beam spectrometer and 
were interpreted by Dr. Foil A. Miller and co-workers a t  the Mellon Institute. 
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that a catalyst-initiated polymerization might occur. Allene was polymerized 
by heating at 140” in a sealed tube (9). Tetramethylallene was polymerized by 
heating at 150” (lo), and 4-hydroxy-l,2-butadiene by heating at  its boiling 
point for 24 hours (11). The polymerization of the acrylic acid type of com- 
pounds is well known. Since such substituted ethylenes polymerize more readily 
than ethylene, we expected that our allenic acid or ester would polymerize more 
readily than allene. 

The catalysts, and conditions used for the polymerization are listed in Table I. 
Experiments 12 through 24 used the allenic acid as monomer. In most cases 
about 90 % of the acid was recovered. Decarboxylation was not extensive. 
Such findings show that the allenic acid is not only stable toward polymeriza- 
tion and decarboxylation, but also to certain catalyzed-rearrangements. Ex- 
periments 25 through 34 used the ester 11. The extent of reaction was estimated 
by noting an increase in viscosity. In some cases the infrared spectrum of the 
“product” was determined. In  cases where there was no visible change in the 
viscosity, the allenic group absorption band also did not change in intensity 
and vice versa. In cases where there were signs of reaction, spectroscopic analysis 
again showed that interaction was at  the p,y-unsaturation. We like to offer 
three possible explanations for our findings : 

(a) In a study of molecules of our monomer units, built from “Fisher- 
Hirshfelder-Taylor Molecular Models,” in which the a, p-double bond was 
activated (polarized), we found that there are a limited number of positions 
in which the monomers can be oriented, so that a ‘(collision’) would bring about 
the addition of one unit to another. It can therefore be expected that the en- 
tropy of activation of such monomer units would- be very low. As a result one 
would find a low rate constant, and polymerization would proceed at  a very 
slow rate. (b) A molecular model of a polymer formed through activation at  
the a,p-double bond, shows that groups within the chain are very restricted 
in their movements. However, this is not the case for a polymer formed from 
monomers reacting at the p,y-double bond. The entropy of formation may 
be represented as AS = S polymer - S monomer. The entropy of a polymer 
which is rigid, is Iess than for a polymer in which the groups within the chain 
are not restricted in their movements. The entropy of formation of the former 
would therefore be less than the entropy of formation of the latter. The free 
energy of formation of a rigid polymer AF = AH - TAS would therefore be 
less negative than for an unrestricted one. Hence, the polymer formed from 
molecules reacting at the a,p-double bond would be less stable than a polymer 
formed through reaction a t  the p,y-double bond. (c) When the a,@-double 
bond is polarized there might be a simultaneous shift of electrons from the 
P ,  y-double bond. 

e1 
CIHe--C-C=CHz 

COnH 

The net effect of this would be a “smearing out” of the positive center over the 
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beta and gamma positions. The beta carbon atom would therefore be relatively 
electron “rich)’ when compared to  the beta carbon atom in acrylic acid. This 
“increase” in the electron density might be enough to discourage the attack 
of the negative portion of another molecule in an attempted catalyst-initiated 
polymerization. 

DIELS-ALDER REACTIONS 

It has not been established whether the double bonds in allenic hydrocarbons 
possess dienophile properties (12). Since acrylic acid derivatives react readily 
with conjugated dienes we expected similar reactivity of our allenic acid (I) 
or its ester (11). However, no reaction took place between the ester (11) and 
an excess of butadiene a t  its reflux temperature (-4’). The acid (I) m‘as also 
completely recovered when dissolved in butadiene at room temperature (under 
pressure) for one week. 

The valence bond structure clearly shows: 

that the p orbitals which form the bond between the alpha and beta carbon 
atoms are in a plane perpendicular to the butyl and carboxyl group. Such an 
orientation does not sterically hinder additions and we do not think that steric 
hindrance is the reason for lack of reactivity. We considered therefore, other 
possible factors: lack of polarization for which we presented arguments in 
section B, and too mild reaction conditions. To test the latter possibility we 
heated the allenic acid (I) with an excess of butadiene, and a catalytic amount 
of hydroquinone, in a steel autoclave a t  100” for 18 hours. In this experiment 
we formed an acidic product but none of the original acid I was recovered. Most 
of the product was a colorless neutral fraction which showed rubber-like proper- 
ties. Analysis (elementary and spectroscopic) showed it to be a copolymer of 
butadiene and the allenic acid. A more thorough investigation of this product 
and copolymerization of allenic compounds is in progress. 

We have also considered the possibility that our allenic compounds could 
react as dienes, especially since various CY , /%unsaturated carboxyl compounds 
were successfully condensed with vinyl ethers (13) yielding six-membered 
heterocyclic compounds. 

\ /  
C 

\ /  
C 
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O H  

We have therefore heated a t  100” in a sealed tube the allenic acid (I) with an 
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excess of ethyl vinyl ether and have obtained a quantitative yield4 of a one to 
one mole addition product which we identified as ethoxyethylidine-1 ,2-hepta- 
diene-3-carboxylate (111), C4H9-C=C=CH2. This neutral compound showed 

I 

I 
c=o 
0-CH-OCzHs 

I 
CH, 

strong allenic group absorption bands at  1930 and 1950 em.-' It was not a 
Diels-Alder type of reaction product but a product formed by the addition of 
the carboxy group across the double bond according to Markovnikov rule. 
Saturated acids are known to react in that manner with vinyl ethers (14, 15). 

Because of the quantitative conversion of the allenic acid (I) into the ester 
(111) in the presence of a large excess of vinyl ethyl ether, it was inferred that 
the ester (11) would also not react as a diene. We have also tried to condense 
the allenic acid (I) with maleic anhydride in dioxane at  its reflux temperature, 
but all of the starting acid was recovered. 

EXPERIMENTAL 

A number of experiments listed in Table I were run as duplicates with results in agree- 
ment with the ones cited. To save space we have also omitted the listing of experiments 
where we used milder conditions. 

Decarboxglation and polymerization of I,R-heptadiene-3-carboxylic acid (I). A 25-ml. 
round-bottom flask containing about one gram of the acid, 20ml. of solvent, and the catalyst 
(when used) were fitted with a reflux condenser. A U-tube filled with Caroxite6 was con- 
nected to  the top of the condenser. The flask was heated t o  the desired temperature while 
a gentle stream of dry, carbon-dioxide-free stream of nitrogen was passed over the reaction 
mixture. The increase of weight of the U-tube was noted. The product was cooled, dissolved 
in ether, and the catalyst was removed by washing with water. The ether layer was dried 
with sodium sulfate, and evaporated t o  dryness in a vacuum. The residue was redissolved 
in petroleum ether and the acid I was recovered as large crystals by permitting the solvent 
to  evaporate a t  room temperature over a period of days. The crystals were washed free from 
the polymerized product with a stream of cold petroleum ether. There was no depression 
of the melting point of a mixture of these crystals with an authentic sample of I. 

The decarboxylation and polymerization of methyl 1,R-heptadiene-3-carboxylate (11) was 
performed as described above for the acid I. There was no attempt made to  recover quanti- 
tatively the starting ester. The color and viscosity of the residue was also noted. 

Reaction of 1 ,%heptadiene-8-carboxylic acid with butadiene-1,3. Compound I (5 g., 0.035 
mole) was dissolved in 25 ml. of dry ether and placed in a high pressure autoclave. The bomb 
was cooled in a Dry Ice-acetone slurry and 200 ml. of butadiene was condensed into i t .  The 
container was sealed and the mixture was kept a t  room temperature for one week. The un- 
reacted butadiene was permitted t o  boil off and 5 g. of the original acid was recovered. 

In  another experiment 5 g. (0.035 mole) of the acid (I) was kept with an excess of buta- 
diene and 0.1 g. of hydroquinone a t  100" for 18 hours. The bomb was then cooled in Dry Ice 
and the unreacted butadiene was permitted to  escape. The residue (10 9.) was diluted with 
ether and extracted with a sodium carbonate solution. Three layers appeared. The lowest 
aqueous layer upon acidification yielded 2.5 g. of an oily acid which resisted crystallization. 

The yield a t  the boiling temperature of the mixture was only 20%. 
A carbon dioxide absorbent from Eimer and Amend. 
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The two ether layers were combined and were evaporated to  dryness yielding 7.2 g. of residue 
which was elastic. Its infrared spectrum showed absorption bands characteristic of a car- 
bonyl group, an unconjugated double bond, a terminal double bond, and the absence of an 
allenic group absorption band. I t s  elementary analysisB was 73.3% of carbon and 9.9% of 
hydrogen. 

Ethosyelhylidene-f ,2-heptadiene-5-carboz2/late (111). A glass tube containing 1.0075 g. 
(0.0072 mole) of the acid (I), 15 ml. of freshly distilled vinyl ethyl ether, and 0.01 g. of hydro- 
quinone was sealed and heated for 510 minutes in an oil-bath a t  100". The tube was then 
cooled, opened, and the excess of the ether was removed a t  room temperature under re- 
duced pressure, leaving 1.6038 g .  of a colorless liquid. The hydroquinone was removed by 
adding a little cold petroleum ether (30-60") and filtering. The solvent-free filtrate weighed 
1.4914 g, b.p. 94" at  4 mm., d8 1.4530. 

Anal. Calc'd for C12H2003: C, 67.9; H, 9.9. 

A sample of the product was saponified with dilute sodium hydroxide. The basic solution 
upon acidification yielded an acid which did not depress the melting point of an authentic 
sample of the acid (I). 

Found: C, 67.6; H, 9.6. 

SUMMARY 

1. The allenic acid, 1,2-heptadiene-3-carboxylic acid (I), and its methyl ester 
(11) do not rearrange, polymerize, or decarboxylate even in the presence of 
certain catalysts at  temperatures below 100". At higher temperatures polymeriza- 
tion is more extensive than decarboxylation. 

2. The acid (I) is more stable toward thermal decarboxylation than are 
olefinic acids. 

3. Possible explanations for such an inertness have been offered. 
4. The compounds I and I1 did not react as dienes or dienophiles in Diels- 

PITTSBURGH 13, PA. 

Alder type of reactions. At 100" the acid (I) copolymerized with butadiene. 
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