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Abstract: Cyanation of bis(4,5-dicyano-1-methyl-2-imidazolyl)amine(1) using cyanogen chloride gave
N,N-bis(4,5-dicyan0-1-methyl—Z imidazolyl)cyanamide(S) as a light yellow solid. Compound 3is thermally labile
and upon heating the N-CN bond is cleaved and the reactive amine intermediate readily reacts with the moisture
giving 1. Nucleophilic aromatic substitution(SNAr) reaction of the sodium salt of 1 with cyanuric chloride gave
N,N,N',N',N",N"-hexakis(4,5-dicyano-1-methyl-2-imidazolyl)melamine(5), as a white microcrystalline solid.
Compound Sis thernmlly stable up to 300 °C in nitrogen and air. Compound 5 showed strong emission bands at 476
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INTRODUCTION

The chemistry of high nitrogen containing compounds is of considerable interest for the syntheses of

- ’

thermally stable materials for high temperature applications and advanced materials.! Several high nitrogen
compounds have been recently synthesized in our group which include new cyanoazacarbons from 4,5-

3

dicyanoimidazole, such as 2,4,5-tricyanoimidazole,” 4,4',5,5'-tetracyanobiimidazole’, hexacarbonitriletris-
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(imidazo)triazine (HTT)", and also a salt of N,N',N"-tricyanoguanidinate dianion (C,N )*. Recently,
reported the synthesis of a new acidic secondary amine, bis(4,5-dicyano-1-methyl-2-imidazolyl)amine (1, pKa

~ 4.2), and a non-basic tertiary amine, tris(4,5-dicyano-1-methyl-?_—in’lidazolyl)amine(2).6
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Our work on these and similar derivatives have allowed us to describe the 4,5-dicyano-1-methyl-2-
imidazolyl group as an electron withdrawing moiety similar to a cyano group. However, the former is a

slightly weaker, more sterically demanding group and is less prone to being a leaving group. In the pursuit of
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our research towards the synlnesm of materials with nlgn mtrogen conien [ syumeses and propemes of 1\( N-

bis(4,5-dicyano- 1-methyl-2-imidazolyl)cyanamide(3) and N,N,N',N',N",N"-hexakis(4,5-dicyano-1-methyi-2-
imidazolyl)melamine(5) are described in this paper.

ESULTS AND DISCUSS

As an extension of the SyAr reactions of 2-halo-4,5-dicyano-i-methyiimidazoies with aliphatic
amines’ and aromatic amines® and in accordance with our pursuit towards the syntheses of high nitrogen
containing materials from dicyanoimidazole, we allowed the anion of 1 to react with cyanogen chloride to

give N,N-bis(4,5-dicyano-1-methyl-2-imidazolyl)cyanamide (3, eq 1).
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The IR spectrum of 3 did not show any v, band typical for 1, but it showed a weak vow at 2164 em

for the cyano group of the cyanamide functionality and it had the correct M™ 302 for the structure in its mass
spectrum. The 'H chemical shift of the methyl hydrogens of 3 in DMSO-dg (3.39 ppm) is different from those
of'1 (3.57 ppm) and 2 (3.49 ppm).‘S The ""C NMR chemical shifts of 3 are different from those of 1 and 2°
however, the N-cyano carbon could not be detected in the "CNMR. Itis likely 3 has undergone solvolysis in
DMSO-ds. By our cyanide analogy, 3 is related to the unknown, and presumably very reactive molecule,
N(CN)s.
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spectroscopy. This suggested that 3 readily decomposed upon heati
secondary amine intermediate formed (either an anion or a radical) reacted with the atmospheric moisture to
give 1. This observation is consistent with its solvolysis, as noted above in the NMR studies. Altcrnatively,
the cyclotrimerized product of 3 could be synthesized by the SyAr reaction of the anion of 1 with cyanuric

chloride (4, eq 2).
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Compound 5 has a branched tertiary amine structure substituted with dicyanoimidazoles and s-triazine.
There are several s-triazine based branched amines reported in the literature. An analogous compound to § is
N,N,N',N',N",N"-hexaphenylmelamine.'® Sekiguchi et al.'' reported the synthesis of bis- and tris(4,6-
dichloro-1,3,5-tniazinyl)amine by the reaction of 2-amino-4,6-dichloro-1,3,5-triazine with cyanuric chloride.
Recently, Kawaguchi and Nozaki'? reported the synthesis of poly(triazinyl)amines by the reaction of ammonia
with cyanuric chloride at higher temperatures. Kim er al. reported the synthesis of hyperbranched
polyethynylenes with a 1,3,5-triazine moiety by the Heck coupling of an AB, monomer, 2-(3-

ethynylphenoxy)-4,6-bis(4-iodophenoxy)-1,3,5-triazine, using (Ph,P),PdCl, and Cul. By our cyanide

attempt to prepare this compound by the reaction of dicyanamide with cyanuric chloride was unsuccessful.
The trianion of N,N’N”-tricyanomelamine has been known for a long time'® but the corresponding acid
rapidly polymerizes.

Besides the triazine-based tertiary amine derivatives, there are also reports of homoaromatic tertiary
arylamines. Foe example, Stickley and Blackstock'® reported the syntheses, cyclic voltammetric and ESR
studies of 1,3,5-tris(diarylamino)benzenes. Among the other examples are polymeric branched aromatic
tertiary amines such as poly(trxphenyl)ammes , poly(1,3,5- tnammobemene) and triphenylamine-based

ight emltﬁng diodes (1.EDs)

.83 sieailiil [ A

oligo(arylenevinylen es)'? which nd applications in electronics su

‘A. len vv nich nnada L

'3‘
&
=
g

The cyanamide derivative 3 undergoes solvolysis in DMSO and thermally decomposes to give 1 in the

presence of moisture. However, 3 appears to be stable in the solid state at ambient temperatures. Compound

il

on the other hand, is a
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table, white solid. Unlike the qe(‘m\dﬂrv and tPrfmrv amines 1 and 2, the melamine

derivative (5) appears to be more soluble in polar solvents such as DMSO suggesting it is less crystallinc.
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This may be atiributed to the
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from the methyi groups. The crystal structure of 2 showed considerable steric hindrance which resuited in the
imidazole rings twisted out of the plane by ca. 4408 Attempts to grow a single crystal of 5 have so far not

been successful.

High nitrogen content and electron withdrawing groups, in general, confer oxidative stability to related
compounds.’ Therefore, the thermal stability of 5 was studied using thermogravimetric analysis in air and
nitrogen at 5 °C/min heating rate. Compound 5 was stable in nitrogen and air, up to 300 °C. Subsequent
weight loss was more rapid in air. The decomposition was complete by 600 °C in air and by 700 °C in

nitrogen. There were no stable intermediate states in these thermograms after the onset of decomposition.

Aromatic tertiary amines, such as triphenylamine, show strong emission around 400 nm and may be
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