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A Study on Ionene Polymers. Synthesis of Linear
Oligomers of a,w-Diamine Type from N,N,N',N'-
Tetramethyl-a,w-diaminoalkanes and «,w-
Dihaloethers!

In previous studies?3 the synthesis of cyclic and linear oli-
gomers as well as ionene polymers? from N,N,N’,N’-tetra-
methyl-a,w-diaminoalkanes (I) and «,w-dibromoalkanes (II)
have been well established. However, the linear oligomers have
so far been limited to the ones of o,w-dibromide type (III)
formed by 1:2 addition of I and II.2 Thus, motivated by our
interest in the biological activities of the linear oligomers and
ionene polymers® and in the application of those ammonium
salts in synthetic chemistry, we have made attempts to syn-
thesize linear oligomers of the a,w-diamine type based on the
principle described in our previous paper,® namely, by re-
ducing the reactivity of either the diamine or the dihalide or
both. In this communication we wish to report the first syn-
thesis of such linear oligomers of well-defined structures
(IVa-e) by 2:1 addition of I (x = 2 and 3) and «,w-dihalides
having one or more ether linkages.

CHS\ CH,
N(CHp):N + 2Br(CH,),Br
CHs/ CH; I
I CH, CH,

— Br(CHp),—N*—(CH,),—N—(CH,),Br

The results of the model reactions’8 for the reactions of I
with II (or the x-y reactions?3 for short) indicate that the
second step of quaternization of I or II, particularly of the
latter, can occur only with difficulty when x or y is smaller
than three. The successful synthesis of III explicitly reflects
the circumstances. The linear oligomers of the «,w-diamine
type could not be synthesized by 2:1 addition of I and II be-
cause of bond scission? in the initial 1:1 addition product, when
x = 1, or because of the too high reactivity®-8 for linear oli-
gomerization of the terminal dimethylamino groups in the 2
— y reactions (x = 2, y > 3). Furthermore, the polymers ob-
tained by the 2 — y reactions had relatively low intrinsic
viscosities.® Based on these facts we considered that linear

oligomers of the a,w-diamine type would be most easily pre-
pared from tetramethyldiaminoethane and an «,w-dihalide.
In order to avoid polymerization reaction in this system, ac-
cording to the above principle, we initially chose as the a,w-
dihalide a,w-dichloro ethers having one or more oxygens not
too far from the terminal carbons.? The following describes
some of our trials.

The reaction of tetramethyldiaminomethane with bis(2-
chloroethyl) ether in acetonitrile at 25-50 °C afforded in low
yields (2-36%) a cyclic monoammonium salt, i.e., N,N-di-
methylmorpholinium chloride, according to the mechanism
proposed previously,? while the reaction of tetramethyldi-
aminoethane with bis(chloromethyl) ether yielded at an un-
usually fast ratel% a seven-membered cyclic diammonium salt,
ie., N,N,N’,N’-tetramethylhexahydro-1,3,6-oxadiazepine.!!
These results are simply analogous to those2? of the corre-

"sponding reactions of I with II.

In contrast to the above results, the reaction of tetrameth-
yldiaminoethane with bis(2-chloroethyl) ether in acetonitrile
at 25 °C gave in a low yield (21-28%) a linear oligomer of
a,w-diamine type, i.e., 3-oxapentamethylenebis((2-N,N-
dimethylaminoethyl)dimethylammonium) dichloride (IVa),
as a white crystalline precipitate,!? irrespective of the molar
ratios (2:1 and 1:1)13 of the reactants. Similarly, the reaction
of tetramethyldiaminoethane with 1,2-bis(2-chloroethoxy)
ethane under similar conditions yielded in practically the same
yield a linear oligomer of the same type, i.e., 3,6-dioxaoc-
tamethylenebis((2-N,N-dimethylaminoethyl)dimethylam-
monium) dichloride (IVb), as white fine crystals.!4
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The yields of the oligomers could be raised by increasing
reactant concentration or reaction temperature or by changing
the solvent from acetonitrile to a more polar one such as di-
methyl sulfoxide.'®> However, an increase in reaction tem-
perature resulted in a polymerization reaction. For instance,
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the reaction of tetramethyldiaminoethane with bis(2-chlo-
roethyl) ether under high vacuym at 80 °C yielded, together
with major linear oligomer (IVa), an ionene polymer (V) which
was isolated from the precipitated product as the fraction
insoluble in hot acetonitrile. Its polymeric nature was ascer-
tained by comparing its properties with those of the polymer
independently prepared as described below.

When the same reaction was carried out in water at 100 °C
under high vacuum, a slightly yellowish viscous solution was
obtained from which, in agreement with the patent litera-
ture,'6 the same ionene polymer as above was isolated on
evaporation in a high yield. The reaction of linear oligomer
IVa with bis(2-chloroethyl) ether in the same manner also
afforded the same ionene polymer in a nearly quantitative
yield (Scheme I).

The success in our original plan prompted us to expand this
study to other combinations of I and a,w-dihalides to establish
the conditions for the linear oligomerization. Preliminary
results have already shown that the linear oligomers of «,w-
diamine type such as IVe, IVd, and IVe could be synthesized
in acetonitrile at 25 °C, most preferably at the molar ratio of
I to the dihalide of 2:1. However, an increase in the reactivity
of the diamine and/or the dihalide resulted in an increasing
tendency toward a simultaneous or exclusive polymerization
reaction, particularly at the molar ratio of 1:1.

The rate of the linear oligomerization varied remarkably
depending on x, halogen, solvent, reactant concentration,
reaction temperature, and the molar ratio of the diamine to
the dihalide. For instance, the reactions of I with the a,w-
dichlorides at 25 °C were carried out as long as 14 days under
the conditions similar to those specified in ref 15 and yet the
yields of the linear oligomers were at best moderate.!5 How-
ever, the reactions with use of the corresponding dibromides
under similar conditions were in general much faster, pro-
ducing the linear oligomers in yields surpassing 90% in 2
days.

The above-mentioned synthesis of the linear oligomers of
the a,w-diamine type exemplifies that the reaction mecha-
nisms? already established for the x~y reactions can be altered
not only by increasing the rigidity of reactants!” but also by
introducing one or more¢ polar groups into either I or, possibly
also II at appropriate positions. The linear oligomers are,
however, not quite unreactive as described above and hence
should provide us with an opportunity to synthesize a variety
of ammonium salts of low molecular weights, if we react the
oligomers with monohalides, or to synthesize ionene polymers
of a new type in which two kinds of dihalide units alternate,
separated by the same diamine unit, if we react the oligomers
with highly reactive dihalides different from those consti-
tuting the oligomers. These being realized, a number of
chemical, physicochemical, biological and other investigations
may be envisioned. Studies in this direction are in progress.
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