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synopsis 
Acetylenic polyesters containing either residues of 2-butyne-l,4diol, acetylenedi- 

carboxylic acid, or both of them, were prepared and characterized. Polyesters of 2- 
butyne-1,Pdiol with succinic, adipic, and phthalic acids were obtained aa soluble poly- 
mers by use of known methods. The polymaleate ester of 2-butyne-l,4-diol waa obtained 
either aa a soluble or aa an insoluble polymer, depending on the experimental conditions. 
Relatively high temperature or long reaction periods led to the formation of insoluble 
polymers. Polyesters of acetylenedicarboxylic acid with diethylene glycol, tetra- and 
hexamethylene glycols, 2-butene-l,Pdiol, and 1,Pcyclohexane dimethanol were pre- 
pared by melt polycondensation in bulk. These polyesters were obtained aa insoluble, 
rubbery materials, except those of Zbutene-1,Pdiol and 1,Pcyclohexane dimethanol, 
which were obtained both aa linear or aa nonlinear polymers. The insolubility of the 
polyesters of acetylenedicarboxylic acid waa due to crosslinking reactions involving the 
conjugated system -C&-C=O. While the melt polycondensations in bulk involving 
either 2-butyne-l,4diol or acetylenedicarboxylic acid were entirely controlled reactions, 
those carried out between acetylenedicarboxylic acid and Zbutyne-1,Pdiol were very 
often associated with highly exothermic decompositions involving carbonization. The 
decompositions could be eliminated when the melt polycondensation in bulk waa pre- 
ceded by a fore-condensation in solution. Solid, soluble, powdery low polymers (DP = 
2-3) having softening temperatures of about 150-175°C. were thus obtained. 

A large number of linear polyesters have been synthesized' since the 
pioneering work of Carothers and co-workers.* In spite of the wide scope 
of the field only a few linear polyesters containing triple bonds were pre- 
pared. Marvel and Johnson3 prepared polysebacate of 2-butyne-l,4- 
diol by direct esterification and also by transesterification with the dimethyl 
ester and compared the physical properties of the polymer to those of the 
derived saturated polyester. Batzer and Weisenberger4~~ synthesized 
the polyesters of acetylenedicarboxylic acid with hexa-, hepta-, and deca- 
methylene glycols4 by carrying out the polycondensation in solution.6 
Recently, Sladkov et al.7 reported the synthesis of acetylenic polyesters 
by the oxidative coupling of the dipropargyl esters of maleic, succinic, 
and isophthalic acids to give polyesters of the type 

where R is the residue of the acid. 
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The preparation of linear unsaturated polyesters in which the unsat- 
urated carbon is adjacent to a carbonyl group, is complicated by side 
reactions leading to crosslinking.s-ll It was the purpose of the present 
work to find out the optimal general conditions for the polymerization 
leading to the formation of acetylenic polyesters with the elimination of 
crosslinking and to overcome the great sensitivity12 associated with the 
acetylenic starting materials and polymeric products. In this connection 
we investigated the preparation of linear polyesters based on either acety- 
lenedicarboxylic acid or butyne-l,4diol, as well as a polyester consisting 
of both of them. Polyesters containing triple bonds in both the diacid 
and glycol. residues have not yet been reported. Polyesters containing 
the residue of either 2-butyne-l,4diol or acetylenedicarboxylic acid alone 
were prepared in order to study separately the behavior of each of the 
acetylenic compounds under various experimental conditions used for the 
polycondensation reaction, before applying the polycondensation for both 
of them together. 

Acetylenic polyesters might also be of great interest and importance 
as regards the relationship between chemical structure and physical prop- 
erties of high polymer~.13,1~ 

RESULTS AND DISCUSSION 

Preparation of Polyesters of 2-Butyne-1,l-diol 

The polyesters of 2-butyne-l,4-diol with succinic, adipic, phthalic 
and maleic acids were prepared by known methods, such as direct poly- 
esterification and reaction between the glycol and the acid anhydride. 
The polymerization was carried out under pure dry nitrogen in two stages. 
A mixture of the glycol and the acid or its anhydride (1-1.2 : 1 molar ratio) 
was first heated for 2-8 hr. a t  180-19OoC. under atmospheric pressure. 
During this period water distilled out and viscous low polymers were 
formed. The polymerization was then continued under vacuum (1-10 
mm. Hg) for another 10-20 hr., during which excess of the glycol distilled 
out and higher polymers were formed. 

The polyesters of the above first three saturated acids were obtained as 
linear polymers soluble in various solvents. Molecular weights, softening 
points, and solubilities are recorded in Table I. Whereas these linear 
soluble polyesters were obtained even under relatively drastic experimental 
conditions, milder conditions were required for the formation of linear 
soluble polymaleate esters. 

Polycondensations leading to formation of maleic acid polyesters suffer 
from side reactions involving the carbonyl conjugated carbon-carbon 
double bond, which results in crossliiking.s~g This side reaction is affected 
mainly by heat, and is strongly accelerated by o x ~ g e n . ~ - ~  The effect of 
oxygeh can be prevented by using antioxidants. The polycondensation 
of 2-butyne-l,4-diol with maleic acid or maleic anhydride was carried out 
under various experimental conditions in a nitrogen atmosphere. 



T
A

B
L

E
 I

 
Po

ly
es

te
rs

 of
 2

-B
ut

yn
e-

l,4
di

ol
 

H
+

O
-C

H
?-

C
~-

C
H

?~
-C

-R
-C

+
O

H
 

II 
II 

6
6

 
C

O
O

H
 

O
H

 
* 

C
a1

cd
.a 

Fo
un

d 
0
 

m
 

So
fte

ni
ng

 
va

lu
e,

 m
g.

 
va

lu
e,

 m
g.

 
E

xp
t. 

te
m

p.
, 

N
aO

H
/g

. 
N

aO
H

/g
. 

-
 

2 2 5 

no
. 

Po
ly

es
te

r R
 

So
lu

bi
lit

y 
“C

. 
po

ly
m

er
 

po
ly

m
er

 
M

, 
n 

C
J %

 H
, 

%
 c

, %
 H

, 
%

 
19

 
-4

H
9

4
H

-r
- 

So
l. :

 c
hl

or
of

or
m

, D
M

F,
 D

M
SO

 
40

 
12

.9
 

11
.1

 
33

30
 

19
.8

 
56

.8
 

4.
8 

56
.8

 
5.

2 
M

 
In

so
l. 

: 
ac

et
on

e,
 n

itr
ob

en
ze

ne
, 

T
H

F
 

D
M

F,
 T

H
F

 
21

 
-C

H
z-

-(
C

H
2)

z-
C

H
z-

 
So

l. :
 

ac
et

on
e,

 c
hl

or
of

or
m

, 
40
-4
4 

30
.2

 
10

.5
 

19
70

 
10

.0
 

60
.7

 
6.

2 
60

.4
 

6.
1 

8 
In

so
l. 
: 

et
ha

no
l, 

be
nz

en
e 

18
” 

--
C

H
2(

 C
H

2)
o-

C
H

2-
 

Po
l. 
: 

ch
lo

ro
fo

rm
, n

itr
oe

th
an

e,
 

54
 

30
.9

 
4.

9 
22

40
 

8
.8

 
66

.1
 

8
 0

 
65

.8
 

8
.2

 
4
 

D
hl

F
 

m
 

In
ao

l. :
 

et
ha

no
l, 

be
nz

en
e 

z 
So

l. 
: 

ac
et

on
e,

 ch
lo

ro
fo

rm
, D

M
F

 
V

is
co

us
 

14
.9

 
1.

7 
48

20
 

22
.3

 
66

.1
 

3.
7 

64
.0

 
4.

0 
In

so
l. 
: 

m
et

ha
no

l 
pr

od
uc

t 
So

l.:
 

ac
et

on
e,

 D
M

F
 

V
isc

ou
s 

12
4.

7 
85

.2
 

In
so

l. 
: 

ch
lo

ro
fo

rm
, t

ol
ue

ne
 

pr
od

uc
t 

38
1 

2.
3 

-
 
-
 
-
 
-
 

8
 

22
 8 

-C
H

d
H

- 

8
 
T

he
 e

le
m

en
ta

ry
 a

na
ly

se
s w

er
e 

ca
lc

ul
at

ed
 fo

r 
w

ho
le

 v
al

ue
s o

f 
n.
 

T
he

 p
ol

ys
eb

ac
at

e e
st

er
 w

as
 p

re
pa

re
d 

ac
co

rd
in

g 
to

 M
ar

ve
l a

nd
 J

oh
ns

on
.3

 

ps
 

w
 
0
 

c
 



2382 B.-A. FEIT, D. RAUCHEH, AND A. ZILKIIA 

It was found that the linearity or nonlinearity of the maleate polyesters 
obtained was not dependent on the presence of antioxidants, such as N- 
phenyl naphthylamine or hydroquinone, but was, however, dependent 
on reaction time and temperature. Relatively high temperatures and 
long reaction times resulted in nonlinear polyesters which were insoluble 
in dimethylfornianiide. Even at relatively low reaction temperatures, 
linear soluble polyesters were converted into insoluble ones on increasing 
the reaction time. This occurred at a certain defined stage of the reaction. 
In one experiment, for example, the polyester was soluble until its car- 
boxyl value reached a value of 100 nig. NaOH/g. polymer, whereafter 
crosslinking took place. Such a behavior was also observed by Vincent9 
and Kohn.I2 

The following experimental conditions were suitable for preparing lin- 
ear polymaleate-2-butyne esters: (a) heating an equimolar mixture of 
the glycol and maleic acid at 16&18OoC. for 90 min. (b)  heating the above 
mixture at 130-150OC. for 4-9 hr.; ( c )  heating an equimolar mixture of 
the glycol and maleic anhydride at 135-145OC. for 3-6 hr. 

Preparation of Polyesters of Acetylenedicarboxylic Acid 

Polyesters of acetylenedicarboxylic acid and of the following diols were 
prepared : (a) diethylene glycol, (b)  tetramethylene glycol, (6) hex- 
amethylene glycol,* (d) 2-butene-l,4-diol, (e )  1 ,Ccyclohexane dimeth- 
anol, 0) 2-butyne-1,4-diol. The polyesters of the glycols (a-e) were 
prepared by direct melt polyesterification. Experimental difficulties 
existed in the synthesis and isolation of these acetylenic polyesters, which 
were similar to those encountered in the case of the polyesters of maleic 
acid. This was the “drying” phenomenon-the conversion of a linear 
soluble polyester to an insoluble, nonlinear one.* Batzer and Weisen- 
bergel.5.6 already noticed that in the course of removal of solvent from their 
solutions, acetylenedicarboxylic acid polyesters were converted into insol- 
uble polymers. This “drying” phenomena of the polyesters of acetylenedi- 
carboxylic acid is to be attributed to the existence of the -C=C-C=O 

conjugated system. This system might be responsible for the reactions 
leading to crosslinking, in analogy to the -C=C-C=O system in the 

case of the polymaleate esters. 
The polyesterificatioris were carried out under nitrogen in order to 

prevent crosslinking due to oxygen convertibility. Heat convertibility 
could not be entirely eliminated, although relatively low temperatures 
(8O-14O0C.) were used. Much higher temperatures could not be used, 
as acetylenedicarboxylic acid decomposes at 179OC. The general method 
employed for the preparation of the polyesters of the glycols (a-e) was 

* Poly( hexamethylene-acetylenedicarboxylate) has already been prepared6~8 by poly- 
condensation in solution. 

I 
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as follows. A 1 : 1 molar mixture of the acid and the glycol was heated 
at  constant temperature (8OOC.) for 9-48 hr. under nitrogen at  atmospheric 
pressure. It was further heated at 80-140OC. (1490 mm. Hg) for 4-12 
hr. The polyesters of diethylene glycol and tetra-, and hexamethylene 
glycols were obtained as yellow, spongy, rubber-like insoluble materials, 
whereas the polyesters of 1,4-~yclohexane dimethanol and of 2-butene-l,4- 
diol were obtained both as linear powdery soluble polymers and as in- 
soluble ones, depending on the polymerization conditions. The linear 
polyesters of 2-butene-l14-diol changed to insoluble ones on storage under 
vacuum at  room temperature for one month. The linear polyesters of 
1,4-~yclohexane dimethanol showed a greater resistance to crosslinking 
and remained linear even after long storage periods. It should be em- 
phasized in this connection that whereas soluble linear polyesters were 
obtained from 2-butjrlle-l,4diol and various diacids (Table I), most of 
the polyesters prepared from acetylenedicarboxylic acid were insoluble 
(or became insoluble) similar to the polyesters of maleic acid. Some of 
the properties of the polymers, molecular weights, and analytical data are 
presented in Table 11. 

Preparation of Polyesters of Acetylenedicarboxylic Acid and 
Butyne-l,(i-diol 

In addition to the difficulties encountered in preparing linear acetylenic 
polyesters which were due to the conjugated systems -C=C-C-0 and 

-C=C-C=O, other great experimental difficulties arose due to the 

high energy content of the above acetylenic diol and diacid starting 
materials and polymeric products. Because of the great accumulation of 
reactive unsaturated centers, the reaction mixture was relatively very 
sensitive, and spontaneous highly exothermic decompositions involving 
carbonization occurred very often. To eliminate these decompositions 
three methods of preparation were examined : direct polyesterification, 
direct polyesterification in the presence of antioxidants, and a two-stage 
polycondensation consisting of a fore-condensation in the first stage to 
give low condensates, which were further condensed in the second stage to 
higher polymers. 

In the first method, an equiinolar mixture of the diol and the diacid was 
kept under nitrogen a t  6OoC./690 mm. Hg. This method proved to be 
inefficient, since decomposition occurred within 15-240 min. from the 
beginning of the reaction in 11 out of 13 experiments carried out. The 
decompositions occurred mainly towards the end of the dissolution of the 
acid in the melted diol. In a modification of this method the reactants 
were dissolved in a minimal quantity of acetone in order to homogenize 
the reaction mixture and heated under reflux in a nitrogen atmosphere 
for 15-60 min. The acetone was distilled out and the reaction mixture was 

I 

I 
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heated a t  80°C. to continue the condensation. This modification im- 
proved the results since decompositions occurred only in three experiments 
out of the eight carried out. However, this modification was useful only 
for small-scale preparations, as the solubility of the acid was small as 
compared to that of the diol, so that it separated out as a solid on removal 
of the acetone. 

In the second method, the direct polyesterification was carried out in 
the presence of antioxidants (N-phenyl-2-naphthylamine, phydroquinone, 
2,5di-tertbutyl hydroquinone) to establish whether the decomposition 
was caused by an oxidation reaction involving radicals. An equimolar 
mixture of the diol and the diacid together with the antioxidant (5 mole- 
%) were kept under nitrogen at 8OoC./6W nim. Hg for 4-26 hr. This 
was found to be partially efficient. Although no decompositions occurred 
in four out of the eight experiments carried out, the temperature inside 
the reaction mixture rose temporarily up to 150-16OoC., indicating that 
there was an exothermic side reaction which was not followed by de- 
composition. 

The only method which proved to be efficient was the third one in which, 
in the first stage an equiinolar mixture of diol and the diacid was dissolved 
in dioxane, acetone, or tetrahydrofuran (20 g./lOO ml. solvent) and the 
solution refluxed for 24 hr. The solvent was then distilled out and the 
viscous residue was heated for 20-24 hours at 8OoC./690 mm. Hg, and for 
an additional 4 hr. at 8OoC/5-70 mni. Hg, during which the reaction mixture 
solidified. No decompositions occurred in the eight experiments carried 
out. Only low polymers having 2-3 segmers could be obtained, since the 
polymers were infusible at the temperature used, and higher temperatures 
led to decompositions. 

The polymers obtained from 2-butyne-l,4-diol and acetylenedicarboxylic 
acid were soluble hi acetone, dimethylformamide (DMF), and dimethyl 
sulfoxide (DMSO), and insoluble in ether, chloroform, and water. They 
had relatively high softening points (150-175OC.) even though their degree 
of polymerization was low (n = 2-3). This was in contrast with the low 
softening temperatures obtained with the other linear acetylenic poly- 
esters prepared. It seems that the high rigidity of the triple bonds of the 
diacid and the glycol is responsible for this behavior. 

The fact that soluble polymers were obtained from the above acetylenic 
diol and diacid is interesting and somewhat surprising, as most of the 
polyesters prepared from acetylenedicarboxylic acid were insoluble (Table 
11) and their tendency to crosslinking was already noticed by Batzer and 
Wei~enberger.~,~ Bradleys and co-workers have shown that polyesters 
of maleic acid undergo crosslinking after attaining a certain niiniinal chain 
length. In our case, the very short chain length obtained (n = 2-3) may 
similarly be responsible for the lack of crosslinking. 

It was shown that the polyesterifications in bulk, carried out with either 
2-butyne-l,4-diol or acetylenedicarboxylic acid were entirely controlled 
reactions (Tables I and 11), in contrast with the bulk polyesterifications 

This behavior might be ascribed to the antioxidant present. 
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carried out with both of them together, which were generally Uncon- 
trollable and accompanied by complete decomposition and carbonization. 
This indicated that there was some mutual influence of the acetylenic 
diol and diacid used which caused these violent reactions. 

that 2-butyne-l,4-diol readily Undergoes the Meyer- 
Schuster rearrangement in the presence of strong acids to form hydroxy- 
methyl vinyl ketone: 

It is 

0 
H+ I1 

HO-CH2-Cd-CH20H+HO-CH2C-CH=CH=CHZ 

The reaction is strongly exothermic. Acetylenedicarboxylic acid present 
in the reaction mixture is a very strong acid (pK, = 1.74)16 as compared 
to the other investigated diacids, and it caused such a rearrangement of 
the butyne diol. This was supported by the fact that small quantities of 
hydroxymethyl vinyl ketone distilled out during the exothermic decom- 
positions. The heat evolved in this rearrangement seems to be the cause 
for the uncontrollable reactions by decomposing the acetylenedicarboxylic 
acid (which is decomposed at  18OO"C.). The temporary rise of temperature 
(up to 15O-16O0C.) found in some of the bulk polyesterifications carried 
out in the presence of antioxidants might be due to such a rearrangement, 
which took place to a certain extent. 

NMR spectra of the soluble poly acetylenedicarboxylate of 2-butyne- 
1,4diol prepared by using the fore-condensation method did not show the 
presence of any (CHF) hydrogens. This confirmed that no hydroxy- 
methyl vinyl ketone residue was incorporated in the polymer. 

The infrared spectra of all the acetylenic polyesters prepared showed 
no absorption band for the C=C bond, the same as was already noticed 
by Marvel and J ~ h n s o n . ~  This might be explained by the symmetry of 

Polyesters 
which precipitated directly as a h e  granular precipitate gave good ele- 
mentary analytical results; polyesters such as, the polyphthalate and 
polyacetylenedicarboxylate of 2-butyne-l,4-diol which precipitated as 
viscous materials that solidified only on standing in the cold, showed 
deviations in their elementary analyses. The analyses of the polyacetylene- 
dicarboxylate esters of 2-butyne-174-diol gave high values of per cent 
hydrogen. This might be due to trapped water molecules, which could 
not be removed under nondestructive conditions. Such a behavior was 
already noticed in the case of other polyesters.* 

the polymer as regards the triple bond." / 

The polyesters were purified by precipitation from solution. 

EXPERIMENTAL 

Materials 

Acetylenedicarboxylic acid was prepared from the potassium salt l8 

Norite 
It was dried in vucuo over phosphorus 

and was recrystallized several times from ether-petroleum ether. 
was used to remove the color. 
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pentoxide, m.p. 178-179'C. 2-Butyne-1,4-diol (B.D.H.) was dissolved 
in hot ethyl acetate, the color removed with Norite, and precipitated in 
the cold with toluene. This process was repeated several times until a 
pure crystalline product, m.p. 57-58"C., was obtained. 

Other diacids and glycols used were recrystallized or fractionally distilled 
before use. 

Pyridine, a high purity grade, was refluxed for 5 hr. over sodium hy- 
droxide pellets and fractionally distilled. 

Triethylamine was refluxed for 5 hr. over sodiuin hydroxide pellets; 
the fraction boiling at 87-88'C./690 mm. Hg was used. Acet.ic anhydride 
was fractionally distilled. 

The acetylation reagent was prepared by dissolving acetic anhydride 
(0.3 ml.) in 250 ml. of either pyridine or triethylamine. 

Determination of Molecular Weights 

Number-average molecular weights were determined from the hydroxyl 
and carboxyl endgroups of the polyesters. The carboxyl valuelg was the 
weight number of milligrams of NaOH required to neutralize the carboxyl 
endgroups in 1 g. polymer. The hydroxyl value was the weight (in mil- 
ligrams) of NaOH equivalent to the quantity of acetic acid used in the 
acetylation of the hydroxyl groups present in 1 g. polymer. The molecular 
weight was calculated as follows:19 

Hydroxyl value + carboxyl value 
2 X 40 X lo00 

= moles of polymer per gram 

Molecular weight = l/moles of polymer per gram 

The procedure given by Sorensen and Campbelllg €or the determination 
of carboxyl and hydroxyl endgroups was used with some modifications. 

The carboxyl value was determined by direct titration of the polymer 
suspended in water, acetone, dimethylformamide, or pyridine with aqueous 
sodium hydroxide solution, phenolphthalein being used as indicator. 
This indicator could not be used in the determination of the carboxyl 
value of the polyesters of acetylenedicarboxylic acid with tetramethylene 
and hexamethylene glycols, and with 2-butene-l,4-diol and 2-butyne-l,4- 
diol, since the solutions of these polymers were colored. Anhydrous 
titrationsm by sodium methoxide or Triton B were therefore carried out 
using thymol blue as indicator, the polymers being suspended in dioxane 
or triethylamine, respectively. 

The hydroxyl value was determined by using the pryidine-acetic anhy- 
dride acetylation reagent. l9 However, very dark solutions were obtained 
with the use of this acetylation reagent in the case of polyphthalate and 
polymaleate esters of 2-butyne-1,4-diol and in the case of the polyacetylene- 
dicarboxylate esters of diethylene, tetramethylene, and hexamethylene 
glycols, 1,4-cyclohexanedin~ethanol, 2-butene-l,4diol, and 2-butyne-l,4- 
diol. To overcome this difficulty, triethylamineacetic anhydride was 
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used as an acetylation reagent. The acetylation was carried out at reflux 
temperature for 2 hr. When this reagent was used, hydrolysis of excess 
acetic anhydride was not necessary, since it could be titrated directly by a 
solution of Triton B with thymol blue as indicator.20 Determination of 
the hydroxyl groups of 2-butyne-1,4-diol with t'he use of this reagent gave 
good reproducible results. 

Polycondensation Procedure 

The polycondensation was carried out in a reaction vessel which was 
composed of a three-necked flask fitted with a condenser for downward 
distillation, an adapter for introducing nitrogen, and an opening through 
which samples can be removed during the reaction. The reaction vessel 
was sealed in an external vessel having an opening fitted with a reflux con- 
denser. The temperature inside the reaction vessel was determined by 
the vapors of the boiling liquid in the external vessel. The polycondensa- 
tions were carried out in a pure dry nitrogen atmosphere. 

A mixture of 2-butyne-l,4-diol 
(3.44 g., 0.04 mole) and succinic anhydride (3.3 g., 0.033 mole) was heated 
at 18OOC. under atmospheric pressure (690 mni.) for 2.5 hr., under 2-4 
mm. pressure for 10 hr., and under 1 mm. pressure for another 10 hr. 
The polyester melt obtained was dark brown. The polymer was dis- 
solved in hot chloroform (25 ml.), filtered, and precipitated with acetone 
(25 ml.). The polyester precipitated on cooling as a fine light brown 
powder. 

Polyadipate of 2-Butyne-l,4-diol. A mixture of 2-butyne-l,4-diol (3.44 
g., 0.04 mole) and adipic acid (4.88 g., 0.033 mole), was heated a t  186°C. 
under atmospheric pressure for 3.5 hr. and under 1 mni. pressure for 18 hr. 
more. The polymer was dissolved in hot acetone (50 nd.), filtered, and 
precipitated with a small quantity of water. The polyester precipitated as 
a fine powder. 

Polyphthalate of 2-Butyne-1,4-diol. A mixture of the diol (3.44 g., 0.04 
mole) and phthalic anhydride (4.94 g., 0.033 mole) was heated at 186°C. 
under atmospheric pressure for 8 hr. (during this stage besides water, a 
small quantity of phthalic anhydride distilled out) and under 7-12 mm. 
pressure for 12 hr. more. The polymer melt obtained was dark brown. 
The polymer was dissolved in hot chloroforni, filtered, and evaporated to 
dryness in vacuo. It was obtained as a brown plastic material which did 
not solidify at room temperature 
Polyacetylenedicarboxylate of 1 ,li-Cyclohexane Dimethanol. Acetylene- 

dicarboxylic acid (3.42 g., 0.03 mole) and 1,4-~yclohexane dimethanol 
(4.3 g., 0.03 mole) were heated at 8OOC. under atmospheric pressure for 7 hr. 
and under 3040 mm. pressure for 2 hr. more. The polymer was dissolved 
in chloroform (300 nil.), filtered, and evaporated to dryness. The solid 
residue was triturated with petroleum ether and filtered; a white soluble 
polymer was obtained. 

Polysuccinate of 2-Butyne-1,l-diol. 
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In an alternative procedure, a mixture of acetylenedicarboxylic acid 
(3.211 g., 0.0284 mole) and 1 ,4-cyclohexane dimethanol (4.056 g., 0.0284 
mole) was heated at 80°C. under atmospheric pressure for 9 hr. and under 
a pressure of 60-90 mni. for 5 hr. more. The temperature was raised to 
llO°C., and the reaction mixture was further heated for 5 hr. at a pressure 
of 35 mm. A mixture of soluble and insoluble polymers was obtained which 
was separated by extraction with hot chloroform. The insoluble polymer 
is a spongy, light-yellow material which is insoluble in mcresol, dichloro- 
acetic acid, or trifluoroacetic acid. 
Polyacetylenedicarboxylate of Diethylene Glycol. Acetylenedicarboxylic 

acid (6.003 g., 0.0527 mole) and diethylene glycol (5.588 g., 0.0527 mole) 
were heated under atmospheric pressure at 80°C. for 36 hr., at 110°C. for 
2.5 hr., and at 140°C. at a pressure of 17 mm. for a further 1.5 hr. The 
yellowish spongy polymer was insoluble, and it was purified by washing 
with methanol and ether. 
Polyacetylenedicarboxylate of Hexamethylene Glycol. Acetylene- 

dicarboxylic acid (4.56 g., 0.04 mole) and hexamethylene glycol (4.72 g., 
0.04 mole) were heated under atmospheric pressure at 80°C. for 24 hr., at 
110OC. for 4 hr. and at a temperature of 140°C. and a pressure of 5 mm. for 
4 hr. more. 
Polyacetylenedicarboxylate of Tetramethylene Glycol. Acetylene- 

dicarboxylic acid (6.464 g., 0.0566 mole) and tetramethylene glycol (5.1 g., 
0.0566 mole) were heated at 80°C. under atmospheric pressure for 48 hr. 
The yellowish spongy polymer obtained was insoluble. It was purified 
by trituration with methanol and with ether. 
Polyacetylenedicarboxylate of 2-Butene-l,4-diol. A mixture of the di- 

acid (5.54 g., 0.0486 mole) and 2-butene-l14-diol (4.28g., 0.0486 mole) was 
heated at 80°C. under atmospheric pressure for 48 hr., and under a pressure 
of 20-25 mm. for 5 hr. more. The polymer obtained was colored dark 
brown. It was dissolved in acetone, filtered, and evaporated to dryness. 
A viscous residue remained which solidified to a yellowish powder on stand- 
ing in a vacuum desiccator over phosphorus pentoxide. 

Polyacetylenedicarboxylate of 2-Butyne-l,4-diol. This polymer was 
prepared by several procedures. 

(a) A mixture of the diol (4.30 g., 0.05 mole) and of the diacid (5.70 g., 
0.05 mole) was heated at 80°C. under atmospheric pressure for 12 hr. The 
polymer was dissolved in a minimal quantity of acetone. From this 
solution it was precipitated either by adding chloroform, ethanol or water. 
The polyester precipitated usually as a viscous oil which solidified in the 
cold (-20°C.). The light yellow polymer is soluble in acetone, dimethyl- 
formamide, diniethyl sulfoxide, and tetrahydrofuran. It softened at  about 
160-165OC. 

(b) 2-Butyne-l14-diol (0.025 mole) and acetylenedicarboxylic acid 
(0.025 mole) were dissolved in acetone (20 ml.) and heated in the poly- 
merization vessel at 8OOC. under atmospheric pressure. The acetone dis- 
tilled out, and a viscous liquid remained. The heating was continued for 

The polymer was spongy and insoluble. 
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24 hr. a t  atmospheric pressure and at  25 mm. for 2.5 hr. further. The 
polymer was purified as before and had the same properties. 

(c )  2-Butyne-1 ,kdiol (0.05 mole) and acetylene dicarboxylic acid (0.05 
mole) were dissolved in acetone (50 ml.) and the solution was refluxed for 
24 hr. The solution was transferred to the polymerization vessel and 
heated at  8OOC. The acetone distilled out, and the viscous oily residue was 
heated for 22 hr. a t  atmospheric pressure and for a further 4 hr. at 70 mm. 
The polymer was purified as before. It had a 
carboxyl value of 136.6 mg. NaOH/g. polymer and a hydroxyl value of 
100.2 mg. NaOH/g. polymer, which leads to a molecular weight of 338. 

It softened at  150-175OC. 

ANAL. Calcd. for (CsH404)z + H20: C, 55.5%; H, 2.9%. Found: C, 54.7%; H, 
4.0%. 

(d) 2-Butyne 1,4diol (0.05 mole) and acetylenedicarboxylic acid (0.05 
mole) were dissolved in dioxane (50 ml.) and the solution was refluxed for 
24 hr. The solution was transferred to the polymerization vessel and 
heated for 2 hr. at 8OOC. and 30 mm. pressure to evaporate the dioxane. 
The residue was heated at, 8OOC. under atmospheric pressure for 20 hr. and 
for a further 4 hr. under 5.5 mm. pressure. The polymer was purified as 
before. It softened at  150-175°C. It had a carboxyl value of 92.3 mg. 
NaOH/g. polymer and a hydroxyl value of 62.0 mg. NaOH/g. polymer, 
which leads to a molecular weight of 518, equivalent to a trimer. 

ANAL. Calcd. for (C*HaO& + HzO: C, 56.4%; H, 2.7%. Found: C, 55.5%; H, 
4.0%. 

References 
1. Wilfong, R. E., J .  Polymer Sci., 54, 385 (1961). 
2. Carothers, W. H., and J. A. Arvin, J .  Am. Chem. SOC., 51, 2560 (1929). 
3. Marvel, C. S., and J. H. Johnson, J .  Am. Chem. Soc., 72, 1674 (1950). 
4. Batzer, H., and G. Weisenberger, Makromol. Chem., 11.83 (1953). 
5. Batzer, H., and G. Weisenberger, Makromol. Chem., 12, 1 (1954). 
6. Batzer, H., H. Holtschmidt, F. Wiloth, and B. Mohr, Makromol. Chem., 7, 82 

7. Sladkov, A. M., V. V. Korshak, and A. G. Makhsumer, Izv. Akad. Nauk SSSR, 

8. Bradley, T. F., E. L. Kropa, and W. B. Johnston, Ind. Eng. Chem., 29, 1270 

9. Vincent, H. L., Id. Eng. Chem., 29, 1267 (1937). 

(1951). 

Otd. Khim. Nauk, 6 ,  1343 (1963). 

(1937). 

10. Voigt, J., M a k r m l .  Chem., 27,80 (1958). 
11. Ordelt, Z., M a k r m l .  Chem., 63, 153 (1963). 
12. Kohn, S., and G. Taguet, Mem. Sew. ChiM. Ekzt (Paris), 41,203 (1956-57). 
13. Hdl, R., and E. E. Walker, J .  Polymer Sea'., 3 ,  609 (1948). 
14. Bunn, C. W., J .  Polymm Sn'., 16,323 (1955). 
15. Copenhaver, J. W., and M. H. Bigelow, Acetylene and Carbon Monozide Chem- 

16. Ashton, H. W., and J. R. Partington, Trans. Faraday Soc., 30.598 (1934). 
17. Bellamy, L. J., The Infra-Red Spectra of Complez Molecules, 2nd Ed., Wiley, New 

18. Blatt, A. A., Organic Syntheses, Coll. Vol. II, Wiley, New York, 1944, p. 10. 

istry, Reinhold, New York, 1949, p. 135. 

York, 1958, p. 60. 



ACETYLENIC POLYESTERS 2391 

19. Sorenson, W. R., and T. W. Campbell, Preparative Methods of Polynwr Chemistry, 

20. Patchornik, A., and S. E. Rogozinski, Anal. Chem., 31,985 (1959). 
Interscience, New York, 1961, p. 134. 

W3um6 
On a pr6part5 et  caract6ris6 des polyesters ac6tyl6niques contenant soit des r6sidus de 

2-butine-l,Pdiol, soit de l’acide acbtylkne-dicarboxylique ou bien les deux. E n  employ- 
ant des methodes connues, on a obtenu des polymkres solubles de polyesters de Zbutine- 
1,Pdiol avec les acides succinique, adipique et phtalique. L’ester polymal6ique du 2- 
butine-1,Pdiol a &6 obtenu soit comme polymkre soluble, soit comme polymkre insoluble 
suivant les conditions exp6rimentales. TTne temperature relativement 6lev6e ou de 
longues p6riodes de reaction conduisent B la formation de polymkres insolubles. Des 
polyesters de l’acide ac6tylkne, dicarboxylique avec le di6thylhe glycol, les t6tra- et 
hexa-m6thylkne glycols, le 2-butkne-1,Pdiol et le 1,~cyclohexane-dim6thylol ont 6th 
pr6par6s par polycondensation en bloc B 1’6tat fondu. Ces polyesters sont insolubles, 
caoutchouteux, except& ceux du 2-butkne-1,Pdiol et du 1,4-cyclohexane-dim6thylol, 
que l’on a obtenu sous forme de polymkres lin6aires ou non-lin6aires. L’insolubilite des 
polyesters de l’acide ac6tylkne-dicarboxylique est due aux reactions de pontage impli- 
quant, le systkme conjugn6 -C&-C=O. Alors que les polycondensations en bloc h 
1’6t,at, fondu comprenant soit le Zbutine-1,Pdiol ou l’acide ac6tylkne-dicarboxylique, 
sont des reactions entikrement contr6l&s, celles effectu6es entre l’acide acetylkne- 
dicarboxylique et le 2-butine-1,Pdiol sont trks souvent accompagnhes de d6compositionx 
fortement exothermiques entrainant une carbonisation. Les d6compositions peuvent 
&re 6limin6es lorsque la polycondensation en bloc B 1’6tat fondu est pr6c6dee d’une con- 
densation anterieure en solution. On obtient dors des polymkres solides, solubles, pul- 
vbrulents, de faible poids mol6culaire (Dp  = 2-3) et poss6dant des temp6ratiires de 
ramolissement d’environ 150-175°C. 

Zusammenfassung 
Acetylenpolyester rnit 2-Butyn-1,Pdiol- oder Acetylendicarbonsiiureresten, oder rnit 

beiden, wurden dargestellt und charakterisiert. Polyester von 2-Butyn-l,4diol rnit 
Bernstein-, Adipin- und Phthalsiiure wurden nach bekannten Methoden als losliche 
Polymere erhalten. Der Polymaleatester von 2-Butyn-1,Pdiol wurde je nach den 
Versuchsbedingungen entweder als losliches oder als unlosliches Polymeres erhalten. 
Relativ hohe Temperaturen oder lange Reaktionszeiten fuhrten zur Bildung unloslicher 
Polymerer. Polyester von Acetylendicarbonsaure mit Diathylenglycol, Tetra- und 
Hexamethylenglycolen, 2-Buten-1,Pdiol sowie 1,PCyklohexandimethanol wurden durch 
Schmelzpolykondensation in Substanz dargestellt. Diese Polyester wurden als unlosliche 
kautschukartige Stoffe erhalten, mit Ausnahme derjenigen aus ZButen-1,Pdiol und 
l,PCyklohexandimeChanol, welche sowohl lineare als auch nichtlineare Polymere bil- 
deten. Die Unloslichekeit der Polyester aus Acetylendicarbonsaure wurde durch Ver- 
netzungsreaktionen mit dem konjugierten System -C=C,C=O verursacht. Wiihrend 
die Schmelzpolykondensation in Substanz mit ZButyn-1,Pdiol oder Acetylendicarbon- 
siiure vollstiindig unter Kontrolle gehalten werden konnte, waren die mit Acetylendi- 
carbonsiiure und 2-Butyn-1,Pdiol ausgefuhrten oft mit einer hochgradig exothermen 
Zersetzung rnit Karbonisiernng verbunden. Die Zersetzung konnte dmch Ausfuhrung 
einer Vorkondensation in Losung vor der Schmelzpolykondensation in Substanz aus- 
geschaltet werden. Es wurden so feste, losliche, pulverartige Niederpolymere (Dp = 

2-3) rnit Erweichimgstemperaturen von et,wa 15(r17fi0 erhalten. 
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