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OBJECTS AND SUMMARY OF THE INVENTION
NUCLEAR ALKYLATED PYRIDINE ALDEHYDE
It is therefore an object of the inevntion to provide
POLYMERS AND CONDUCTIVE COMPOSITIONS
pplyelectrolytes containing positive cationic centers in
THEREOF
high molecular weight.
Alan Rembaum, Altariena-. and Stanley Singer. Pasadena, a
Another object of the invention is to provide a method
Calif., assignors to California Institute of Technology,
of synthesizing a class of polyelectrolytes having high
Pasadena, Calif., a corporation of California
conductivity and high temperature stability.
No Drawing. Filed Sept 11, 1968, Ser. No. 759,220
Yet another object of the invention is the provision of
Int Cl. C08f 3/40,5/00
conductive polymeric compositions in high yield from
UA CL 260—67
9 Claims
10 readily available low-cost starling materials and under
mild and simple synthesis conditions and procedures.
These and other objects and attendant advantages of
ABSTRACT OF THE DISCLOSURE
the invention will be come apparent as the description
A thermally stable, relatively conductive polymer is
proceeds.
disclosed. The polymer is synthesized by condensing in 15
According to the invention, polymers of the formulae:
the presence of catalyst a 2-, 4-, or 6-nuclear alkylatcd
2-, 3-, or 4-pyridine aldehyde or quaternary derivatives
thereof to form a polymer of the formulae:
-U—LCH=CH3.538,053
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are prepared by reacting in the presence of catalyst an
aikylated pyridine aldehyde of the formulae:

25
CUO and R

CHO

where n is an integer greater than 2 and R' is aromatic
or aliphatic. The pyridine groups are liked by olefinic
groups between 2-4. 2-6, 2-3, 3-4, 3-6 or 4-6 positions. 30
The quaternary polymer (II) is also prepared by quaterwhere R is lower al!:yl of 1 to 5 carbon atoms, n is an
nking the polymer of Formula I. Conductive composiinteger greater than 2 and preferably an integer from 10
tions are prepared by disserving the quaternary polymer
to 1000 or more, and R' is a quaternizing moiety selected
and an organic charge transfer complexing agent such as
from the group consisting of aliphatic and aromatic moieTCNQ in a mutual solvent such as methanol.
35 ties and preferably i; lower alkyl, aryl, lower alkenyl or
lower aralkyl.
The aldehyde group may be on any of the five ring
carbon positions. The alkyl group (R) must be positioned
ORIGIN OF THE INVENTION
on one of the remaining for.r carbon positions in which
The invention described herein was made in the per- 40 it is activated by the ring nitrogen atom. For example,
formance of work under a NASA contract and is subject
when the aldehyde is in The 2-position. the alkyl group
to the provisions of Section 305 of the National Aerocan be in the 4- or 6-position. When the aldehyde is in
nautics and Space Act of 1958, Public Law 85-568 (72
the 3-position, the alky! can be in the 2-, 4-, or 6-position;
Stat. 435; 42 USC 2457).
and when the aldehyde is in the 4-position, the alkyl may
45 be in the 2- or 6-position. Thus the olefin (—CH=CH—)
BACKGROUND OF THE INVENTION
grorp will bridge repeating pairs of pyridine molecules
Field of the invention
between 2-4, 2-6, 2-3, 3-4, 3-6 cr 4-6 positions.
The present invention relates to novel polymers and
Exemplary pyridine carboxaldehydes for use in the
to conductive compositions incorporating the same. More
process of the invemion are 6-methyl-2-pyridine-carboxparticularly, the invention relates to solid and heterocy- 50 aldehyde, 4 - methyl - 2 - pyridine - carboxaldehyde, and
clic polymers and to methods of synthesizing and utiliz2-meihyl-4-pyr;dine-carboxa!dehyde. The polymerization
catalyst may be either acidic or basic and is of the class
ing such polymers.
that induces the activated R (alkyl) and an aldehyde moiDescription of the prior art
ety from a pair of pyridine carboxaldehyde molecules to
Recently, solid nitrogen-containing polymers with poly- 55 eliminate water to form a bridging olefin group. The pyrielectrolyte properties have been s> nthesized. These polydine aldehyde monomers are reacted in presence of the
mers are of considerable interest due to the discovery of
catalyst until a solid resin or polymeric product is obtained. In the case of the first aforementioned nonthe pseudo-metallic behavior of certain heterocyclic orquaternized pyridine carboxaldehyde monomeric mateganic salts. The polymers are of interest since being organic in nature, they provide greater resistance to radia- 60 rials, the reaction is suitably conducted with heating and
stirring at temperatures at about 140° C. for a pr.riod of
tion and cosmic rays than that exhibited by conventional
one-half to 24 hours or more until a polymer is obtained.
inorganic crystalline conductors.
The catalyst may be an acid or acid anhydride. A preThe available poly-electrolyte nitrogen-containing polyferred catalyst is acetic anhydride but other catalysts such
mers suffer^from complex processing with specially prepared starting materials and the conductivity and heat C5 as phosphorus pentoxide or zinc chloride are also effective
in forming polymers according tc the invention. Polymstability'have not been particularly high. It would be deerization of the quate;r.:zed compounds is catalyzed by
sirable to prepare polymers having conductivity approachorgamc bases such is pyridine or piperk'ine. When acetic
ing that of inorganic semiconductors that could be preanhydride is utilized, it may be used as tile solvent for the
pared from readily available low-cost materials and be
processed under mild reaction conditions to form con- 70 polymerization.
The quaternary analogues of the polymer described
ductive polymers cf higher conductivity and heat resistabove can be prepared by quaterr.izalion of the pyridine
ance.
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carboxaldehyde monomer. The qnaternization reaction
proceeds by direct addition of quatcrnization re-igcnts to
the pyridine carboxaldehyde. Suitable quaternization reagents are the halides or sulfates of the desired quaternary
moiety such as lower alkyl, aryl, lower alkenyl or lower
aralkyK. iodides or sulfates such as metb.l iodide or di"methyl sulfate.
It has further been discovered according to the invention that the quaternary pyridine derivative readily undergoes polymerization with mild alkaline catal>st in aqueous
solution. The base-catalyzed polymerizaticn proceeds at
room temperature to form a black polymer having low
specific resistivities of about I X l O 8 ohm-cm. The quaternary derivative obtained with dimethyl sulfate is found to
be a black water-soluble polymer while thai obtained with
methyl iodide is found to be water-insoluble. The quaternized polymers may also be obtained by qnaternization
of the first described polymer with quaterr.ization reagents.
More severe conditions are required to ouaternize the
final polymer, heating and stirring with reflux being utilized to form the analogous products. .
Compositions of even higher conductivity can be prepared by forming polymeric analogues of organic charge
transfer complexes with a negative organic charge transfer completing agent. For example, the folymeric quaternary pyridinium polymer of the invention, (P 4 •)„, can
be combined xvith a salt of 7.7.8,8-leiracy2r.oqiiinodimethane (TCNQ) to form products believed to have the structure (P + ) n (TCNQ) n where n represents the number of
quaternary nitrogen centers in the polymer. The mechanism of electronic transporters or pseudo-metallic behavior of the polymeric s;i!ts is not well understood. The
salts have also been found to exhibit even higher electrical
conductivity in the presence of neutral cyano compounds
such as neutial TCNQ. On addition of neutral TCNQ, the
resistivity of the product is further lowered, probably
caused by increased electron delocalization. These charge
transfer complexes are formed by dissolving the polymer
and the TCNQ in mutual solvents such as methanol. The
resulting precipitate is filtered and.dried to form the desired charge transfer complex.
DESCRIPTION OF THE PREFERRED
EMBODIMENTS
The invention will now be illustrated by the following
detailed examples of practice. It is to be understood that
these examples are offered by way of illustration only and
are not intended in any way to limit the invention.
Example I :-:. , . - . • .
Seventy-three grams of purified 6-meihyl-2-pyridinecarboxaldehyde were added to 200 cc. of acetic anhydride.
The mixture was heated with stirring at reflux for about
18 hours. The mixture was rendered bask with aqueous
potassium hydroxide and stirred for one near. The solid
material that formed was removed by filtration and was
washed in 1500 cc. of distilled water. The solid polymer
was reprecipitated by potassium hydroxide, refiltered and
vacuum dried for two days at 50° C. to yield 64.04 grams
of solid (87.89C- yield). The polymer forms a black film on
evaporation from methanol solution and exhibits a specific
resistivity of I07 to iO3 ohms-cm. The polymer is believed
to have the structure indicated below:

Sixty-one grams of the polymer were dissolved in 200
cc. of metharol and were passed through an alumina
column to yield three fractions which were vacuum evaporated, and dried in an oven at 50° C. for 18 hours. The
first fraction of about 9 grams exhibited shrinking at 265°

C. with little change noied through 330° C. A second
fraction of about 18.5 grams shrank at about 310° C.
with again little change through 330° C. The third fraction
of about 16.5 grams exhibited little change with no
. charring evident through 340° C.
d
The quaternary polymers can be prepared by quaternization of the polymer of Example I with typical quaternization reagents such as dimethyl sulfate or methyl iodide.
Example II
JQ
Ten grams of the polymer of Example I were reacted
with a stoichiometric excess of dimethyl sulfate. The
weight of the final product demonstrates a quantitative uptake of dimethyl sulfate to form a quaternary polymer of
15 the formula:

20

{•—SO,CHj
CH»

When methyl iodide was substituted for the dimethyl
25 sulfate, a water-insoluble oolymer was formed in high
yield.
The quaternary polymer can also be prepared by prequaterm'zation of the pyridine aldehyde monomers. With
the quaternized monomers, it has been discovered that
30 the polymerization reaction will proceed under very mild
conditions of room temperature and mild alkali st":h as
25% alkali metal hydroxide or 1% of piperidine.
Example III
2.5 grams of 6-methyI-2-pyridine-carboxaldehyde were
35
reacted at 25' C. with 2.6 grams of dimethyl sulfate in
ether. 20 cc. of a 25% KOH aqueous solution were added
to an aqueous solution of the resulting quaternary compound, and a black, water-soluble polymer resulted. When
4-1 methyl iodide was utilized as the quaternizotion reagent,
the resulting polymer was water-insoluble.
The specific resistance of the black water-soluble quaternary polymer was measured and found to be about
1X10* ohm-cm. A quantity of the quaternary polymer
45 was dissolved in aqueous methanol and a molar equivalent
amount of lithium-TCNQ was added to the solution of
polymer. TDe specific resistance of the composition was
lowered to IxlO 4 ohm-cm. This conductivity is comparable to that of some conventional inorganic semiconduc50 tors.
Thus, a new class of conductive organic polymeric
compositions have been provided by the invention. These
compositions can be used in the fabrication of conductive
coalings, antistatic materials and as conductive heat-re5- sistant compounds for use in the fabrication of electronic
components. Polymers can be formed from soluble starting material at very low polymerization temperatures,
thus rendering the polymers readily adaptable to the preparations of^ films, molded structures and coatings. Tbe
polymeric compositions of the invention exhibit a high
conductivity compared to other polymers and organic
complexes and materials. The conductivity in some of
the products approaches that of inorganic semi-conductors. Since the materials are organic rather than inorganic
C5 metal compounds, they appear to be more radiation and
cosmic ray resistant than typical inorganic crystal materials. Moreover, the polymers of the invention which
are soluble in methanol can readily be fabricated into
thermally stable films of relatively high conductivity by
70 casting a solution of the polymer in methanol onto a
surface and evaporating the methanol. Furthermore, the
polymers are synthesized from readily available low-cost
starting materials and thus would appear to be considerably less expensive than any known family of conductive
75 organic materials.
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It is to be realized that only preferred embodiments
of tne invention have been disclosed, "and that numerous
substitutions, alterations and modifications are permissible, all without departing from the spirit and scope of
the invention as defined in the following claims.
What is claimed is:
. ' T. A method of syntheskirig a solid polymer comprising the steps of:
" , •" '
condensing in the presence of a catalyst selected from
the group consisting of zinc chloride and scetic an- 10
hydride a nuclear alkylated pyridine aldehyde of
. the formula:
. "
•
•
.

R2 is a quaternizing moiety selected from the group
consisting of lower alkyl, aryl, lower alkenyl and
lower aralkyl until a solid polymer of the formula:

-0
K-

is obtained where n is, an integer greater than 2 and
the —CH=CH— olennic group is positioned between
2-4, 2-6, 2-3, 3—4, 3—6, or 4-6 positions on a pair of
molecules.
6. A method according to claim 5 wherein said catl-i-.-lj^HCO.
15 alyst is selected from potassium hydroxide, pyridine and
piperidine.
7. A polymer having a specific resistivity of no more
wbere R is lower alkyl of 1 to 5 carbon atoms until
than 109 ohm-cm, of the formula:
a solid polymer of the formula:'_ V-.l- _'"T
20

-=-CH=CH-

5
is obtained where H is an integer greater thza 2 and "
the —CH=CH— group, is positioned between 2—4,
2-6, 2-3, 3—4, 3-6', or 4^6 positions "on'a pair of
molecules.
-. .
2. A method according to claim 1 in which said pyr- 30
idene aldehyde is 2-, 4-, or 6-methyl-pyridine-2-. 3-, or
4-carboxaldehyde.
' . •
3. A method according to claim 2 in which said aldehyde is selected from the group consisting of 6-ciethyl-2pyridine-carboxaldehyde, 4-rnethyl-2-pyridine-cari:-oxa!de35
iiyde and 2-msthyl-4-pyridine-carboxaldehyde.
4. A method according to claim 1 wherein said catalyst
is acetic anhydride.
5. A method of synthesizing a polymer comprising the
steps of:
condensing at low temperature in the'presence of a
rnild alkali catalyst a nuclear alkylated pyrioine aldehyde of the formula:

_ Awhere R' is selected from the group consisting of lower
alkyl, aryl, lower alkenyl or aralkyl, n is an integer greater than 2, and the —CH=CH— clefinic group is positioned between 2-4, 2-6. 2-3, 3-4, 3-6 or 4-6 positions
en a pair of molecules.
8. A conductive composition of matter comprising the
polymer of claim 7 in combination with a tetracyanoquinodimeihane charge transfer complexing agent.
9. A. composition according to ciaim S wherein said
charge transfer complexisg is lithium tetracyanoquinodimethane.
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