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EXPLORATORY POLYMER SYNTHESLS

I. Reprints of the following papers based on research supported in part
vader this grant and in part under NASA Grant 15-004-038 (spomscred by
KASA-Ames Laboratory, Moffett Field, Califormia) were received and the
required copies forwarded to Office of University Affairs, Code ¥, NASA,
Washington, D. C.

A. D'Alelio, G.F. sand R.K. Schoenig, Polymeric Schiff Bases., ¥XII.
The Syntheses and Thermal Stabilities of Polyazines and Derived
Polystilbenes. J. Macromol. Sci.-Chem., A2(5), pp. 979-1043 (1968).

B. D'Alelio, G.F., D.M. Feigl, H.E. Kieffer, and R.K. Mehta, Polymeric
Schiff Bases. XIIL. The Direct Synthesis of Cross-Linked Polymeric
Azomethines. J. Macromol. Sci.-Chem., A2(6), pp. 1223-1234 (1968).

C. D'Alelio, G.F¥., R.K. Mehta, D.M. Feigl, H.E. Mieffer, and R.L.
Germenprez, Polvmeric Schiff Bases., XIV, The Synthesig of Cross-
Linked Polymeric Azomethines by Exchange Reacrions. J. Macromol.
Sci,-Chem., A2(G), pp. 1235-1259 (1963).

D. D'alelio, @.F., H.E. Kieffer, R.L. Germenprez, znd R.K. Mehta,
Polymeric Schiff Bases. XV. The Synthesis of Cross-Linked Polymeric

Azomethines from Aminc Aryl Ketones. J. Macromol. Sci.-Chem.,
éE(G), °p. 1261-1269 (1963).

8. B'Alelio, ¢.7., F.R. Meyers, W.F. Strazik, and R.L. Cermonprez,
Polymeric Schirf Bases. XVI. Alternative Syntheses for the Imino-
benzylidens Polymers. J. Macromol. Sci.-Chem., A2{7), pp. 1333-
1351 (1968).

F. D'Alelio, G.F., W.F. Strazik, D.M. Feigl, znd R.K. Schoenig,
Polymeric Schiff Bases. XVII. Azomethine Copolymers. J. Macromol.
Sci.-Chem., A2(8), pp. 1457-1492 (1968).

I¥. ©No further effort has been expendasd on Schiff base polymers containing

o-hydroxy substitution {cf. Report ¥o. 16, Item ILI7, p. 3, MNASA Grant

KsG339).
‘ll e x { { - 1
I1T. The entive'wesearch effort. is being’directed to the synthesis of polymers

of enhanced cenductivity and to the exploration of the structural para-

meters which contribute to zonductivity. As the first approach to
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achieving this objectivé}apolymeric azomethines which contain hetero-
cyclic aromatic terciary nitrogen eatoms as part of the linear chain hfﬂé““
been selected as candidates.\\These polymer systams were described in

the research proposzal for thiglgrant submitted to NASA October 1, 1988.

Typical polymers are the polyszomethines related to the Schiff bases in

which the henzene rings are rzplaced by pyridine rings, e.g.,

R R R K
.—-{.é—Ar-(‘hN ~Nix -—-é@—zlﬁ-hr-m:ﬁ , and #@-Eﬂﬁ@—ﬂ:}i .

These polymers can (1) ?é used as donors in charge-transfer complexes,
{23 quaternarized permitting the attachment of short or long branches
{including dipoie dye moleculss) to the backbone, and (3) the quaternar-

)
ized ionic site can be complexed with acceptors to yield charge transfer
complexes.

Since ik is importan: that che parameters that contribute to conduc-
tion be understc?é, and since pelymer molecules themselves are complex
substances in wﬂich the causes for smail or subtle thanges in proparties

are difficult to establish, it was considered esgential that prototype

monomeric molecules, which ars similar in structure to the repeating
r

:
units In the polywmer molecules, be studied first and understocd. TFor

this reé;on the regsearch has been divided intn two parts. The first part
deals with monomers, their syntheses and their prototype reactions; the
second part deals with the polymers.

Monomers.

1. The followiﬁg wonomers of high purity have been synthesized and

characterized by elemental snalyses, infrared specura, meliing points

and solubility./ .

a. @Nﬂ-‘iﬂ—@ b. - @-H:ﬂﬂ@



c. @NﬁC-@-Cﬁdﬁ@ a. ¢ )-cak M2 Nt -
2. The syntheses of the following monomers were also attempted:
a. QEZLCH=HJI;3‘ .
The elemental analysis of the isolated product was poor, and its

infrared spectrum indicated high contamination with the bis-

compound, @-cn{u-@]z ]

This synthesis will be attempted again under different experimental

conditions.

L. (ZS}CH;NiE:}Q&£H<Z§>.

The elemental analysis of the isolated product was not satisfactory,

b
v’

Its infrared spectrum indicated a polymeric mature and showed strong
hands for -NMH. 1ts molecular weight, determined by vapor phase
osmometry, was 120C. The data indicate that the repeating struc-

turai unics are:
-{-HNJIQQ-NH HHNJIQE-NH i .
" N :G N E i'n

This svnthesis has been repeated under different experimenkal con-
ditions, the product has been fractionated and the fractions are

being characterized.

c. CGHSHﬂzﬁI:zg;z;g::iﬂﬁﬁﬂc6ﬁ5 , Dibenzylidene phenosaphranine.
c 1
65

Humerous efforts were made to prepare this model quaternarized

bis-Schiff base from benzsaldehvde anéd phenosaphranine,

ﬂ\
QS

In spite of our broad experience in 3chiff base syntheses, none of

i



these experiments was successful. The elemental analyses and the
infrared spectra were unsatisfactory; the data obtained indicated
that the derivatives were mono-Schiff bases. These results were
most puzzling since the second amino group could not be made to

react with benzaldehyde to g?ve a di-Schiff base. A literature
study on the syntheses of phenosafranine showed that, the formula

as written, is for one of the isomeric dipolar forms of

HZHiijE%%ﬁj?:NH.HCl s which, in reality, shows that the second

amine group is a ketamine, and not a true amino compound, which
could not react with aldehydes to yield a Schiff base. Therefore,
only a mono-Schiff base is possible.
CgHsC _’ P N=HCCgH5 , Dibenzylidene Acriflavipe.

CHy €1
The experiences encountered in the attempts to react benzaldehyde

with acriflavine, HZNI§ZB:;§E:>LNHZ ;» paralleled those of pheno-
rd
CHy <1
safranine. Only the mono-Schiff base could be obtained because
the formula usually written for acrifiavine is an isomeric form

of the ketamine and thus only a mono-Schiff base, the mono-

X
benzylidene acriflavine, C6HSCH=N1§:]IQ§/\\ NB.HCL, can be obtained,
_ -

The diguarternarized di-Schiff base, Eﬁ:iﬁ=ﬂﬂ4<:S}CH=N has

ca_{\\ gy X

been obtained by reaction of ithe di-Schiff base,

E;ELN=HC<Z:S”CH=NJE;§ with 2 moles of methyl iodide. Its structure

has been confirmed by MMR.



The same compound was obtained when the di-Schiff base was re-
acted with 4 moles of methryl iodide, establishing the important
fact that the -CH=N- Schiff base moiety was not methiodated but
that only the pyridime nitrogen was quaternarized., This would in-
dicate that the polymers can be quaternarized at the pyridine
nitrogen without reaction at the Schiff base 1inkagg; reaction at
the Schiff bage moiety, -C=N- , would destroy the conjugation of

the linear chain and potential conductivity,

V. Polymers.

1.

2.

All the polymer studies performed to date have been of a preliminary
and exploratory nature, to establish the parameters for satisfactory
synthesis. This work was initiated to accelerate the project while
developing unaquivocal data on the prototype reactioﬁs of the mono-
Mars.

A number of polymeric azomethines containing pyridine rings in the
backbone have been prepared by condensing 2,6-dilaminopyridine with
(1) terephthaldehyde, p-OHCC H, CHO 3 (2) 1.,h4-diacetyl bERzen?;
p-CH3C0CH,COCHy and (3) 2,6-diacetyl pyridine, H300011:B~COGH3,
respectively, fo polymers presumed to have the f£ollowing structures

respectively,

—ﬂf—I{C-@-CH,—_-N-ﬂ\E-Ni:ﬁ (1)

Eg ?83
e Vo=l ()
HqC

:.%-@-ZZ\I ~H= (3)

and (&) by the reaction of p-phenylanediamine with 2,6-diacetyl

pyiidine te a polymer of the probably structure,

¥
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These exploratory syntheses were attempted ir DMAC solution, or as

melts. In solutiom, terephthaldebyde and the diamines usually lead

to brickdust polymers. When the diketones, such as para-cdiacetyl

- +
t I3

benzene or 2,6-diacetyl pyridiné were usaed as the dicarbonyl compound,
5
very little polycondensation cccurred sven when the reaction was
catalyzed by ZnClz; hovever, all of these condensations could he
forced to the black polymer stage by melt condensation at temperatures
in the range of 150°C to 200°C to products with melting points greater
that 290°C. Extended heating or overheating yielded polymers of re-
duced solubility in DMAC. Good solubility is required to perform the
quaternarization and other post-reactions of the polymers.
_ Studies will be continued to establish the experimental parameters
required to give high molecular weight polymers with good solubility
in appropriate solvents. Studies will be continued on the fclliowing

-

selected systems which show premise:
a. CH3CO—©-COCH3 + H@I@-Nﬂz
b. ﬂacoc:@-cocas + ﬁzﬂ-@-ﬂﬂz

c. }13000-@-%(:}{3 + Hzx@-nnz

a.  omc¢ oo + HZN-©-N32

A low meolecular oligomer was prepared for preliminary studies on the
quaternarization post-reactions. The elemental analysis and infrared

spactroscepy indicated that its structure was

oﬁ@-fﬁm@n%:%- :



A sample of the oligomer was cast from DMAC solution and it showed
fair film forming properties. When TCNE was added to the solution,
in a ratio of 1 mole TCNE per each mole of pyridine nitrogen, a con-

siderable darkening of the solution ccecurred. The films cast from

. N * H ’ B

this solution were better than from the original oligomer; and the
4

elemental analysis indicated a 1:1 complex of TONE per: mole of

pyridine ring.

It was subjected to quaternarization with an excess of Ciql; the
elemental analysis of the reaction product and its infrared spectrum
indicated that quaternarization did indeed take place on the pyridine
nitrogen and, as expected, alkylation of the terminal —NH2 group also
took place. The probable structure of the product is:
HqC CH
N3 2 -CH3L
o%éﬂ A-cz_ﬂ{ N 3%
/k\ == 2 CQH3}2
CHy 1

The product showed scome solubility in water,



