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Materials that contain only carbon and nitrogen have properties 
that are desirable for high-performance composites and matrices.' 
In general, they are chemically inert and have high thermal 
stability and low flammability.2-* 

Our work in cyanoazacarbon chemistry7 has led us to explore 
the reactivity of 4,5-dicyanoimidazole derivatives in an effort to 
prepare C-N only material precursors. In this communication 
we report the unusual, thermal decomposition8 of l-iodo-2-halo-
4,5-dicyanoimidazoles to give a novel trimer of Q5N12 compo
sition. Our report describes the synthesis and characterization 
of hexacyanotris(imidazo)triazine (HTT) from l-iodo-2-halo-
4,5-dicyanoimidazole derivatives. 
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Iodination of 2-halo-4,5-dicyanoimidazoles la-c with ICl in 
aqueous base easily gives the l-iodo-2-halo derivatives 2a-c 
(Scheme I).9-11 These novel, but simple, compounds contain no 
hydrogen and were viewed as precursors to a carbon nitrogen 
material. The lability12 of the N-I and C-Cl bonds of 2a is 
apparent upon examination of the TGA of 2a (Figure 1, under 
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Figure 1. TGA of l-iodo-2-chloro~4,5-dicyanoimidazole (2a). 
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N2(g), heating rate = 5 °C/min) which shows a weight loss 
corresponding to loss of ICl. 

The thermal decomposition of 2a-c (Scheme 1) gives the novel 
trimer HTTof CuNuComposition.13 Elemental analysis observed 
for HTT prepared from 2b shows the following weight percent
ages: C, 51.48; N, 47.45; H, 0.39; 1,0.00; Br, 0.12; O, 0.56 (by 
difference).14 

The mass spectrometry of HTT was possible by electron impact 
(EI) using a direct chemical ionization (DCI) probe, and also by 
chemical ionization (CI) using methane. High-resolution mass 
spectrometry of HTT yielded the following results: HRMS (EI 
with DCI probe) calculated for Ci5Ni2: 348.0369. Observed: 
348.0356. No mass spectrum of HTT was observed by EI using 
a direct probe, by CI using ammonia, or by fast atom bombard
ment. Similar problems in observing fullerene mass spectra have 
been noted.15 The combination of low volatility and low base 
strength sometimes requires special conditions to observe the 
molecular ion. Under the most favorable conditions, no evidence 
of higher order mass fragments was found by mass spectral 
analysis. 

The infrared spectrum of HTT shows a medium-strength nitrile 
stretching band at 2252 cm-1. A very strong band at 1609 cnr1 
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appears in HTT and corresponds to the C=N stretching band16 

in the triazine ring. HTT has a Xm4x of 302 nm in DMSO, which 
is nearly identical with reported values for azolo- and imidazo-
triazines17 and which is not observed for a single cyanoimidazole 
ring.7 The carbon-13 NMR data show five carbon resonances 
at 135.0, 123.2, 110.3, 106.5, and 106.2 ppm (relative to TMS 
in DMSO-flk) corresponding to the five different carbons in the 
imidazotriazine repeat unit of HTT. 

HTT is moderately soluble in polar aprotic solvents such as 
DMF and DMSO and in concentrated H2SO4. 

HTT shows very high thermal stability. The thermal decom
position point of HTT is greater than 400 0C. The TGA of the 
HTT portion of the curve shows weight losses of 21% at 489 0C 
and 51 % between 518 and 765 0C which could correspond to loss 
of (CN)2 and N2. Additional heating to 900 0C yields further 
weight loss. The unusually high nitrogen content material which 
forms in this temperature range is under further investigation. 
Qualitative flammability tests show that HTT and its thermal 
decomposition products possess remarkable kinetic resistance to 
combustion. 

The mechanism proposed for the formation of HTT is believed 
to involve a benzyne-like intermediate based on the identification 
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of a 9,10-[l,2-(4,5-dicyanoimidazolediyl)]-9,10-dihydroan-
thracene derivative from reactions using anthracene as a trapping 
agent.18 After thermally induced loss of halogen from 2a-c, the 
diradical (or dipolar) intermediate in the absence of a diene 
undergoes a cyclization. No evidence of dimeric19 or other discrete 
oligomers was found in the reaction mixture. 
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Supplementary Material Available: Experimental details for 
the synthesis of new 4,5-dicyanoimidazole derivatives (la-c, 2a-
c) and the thermal decomposition reactions of 2a,b and IR spectra, 
NMR spectra, and thermal analysis data of 2a and HTT (12 
pages). This material is contained in many libraries on microfiche, 
immediately follows this article in the microfilm version of the 
journal, and can be ordered from the ACS; see any current 
masthead page for ordering information. 

(18) Trapping studies with anthracene yielded the 9,10-[l,2-(4,5-dicy-
anoimidazolediyl)]-9,10-dihydroanthracene product: 1H NMR [200 MHz, 
(CDj)2CO, ppm] S 8.98 (s, IH), 8.58 (s, IH), 8.29 (m, 2H), 7.69 (m, 4H), 
7.55 (m, 2H); HRMS (EI with DCI probe) m/z calcd 294.0905, obsd 294.0886. 

(19) Quenching studies of 2a and 2b with 4,5-dicyanoimidazole, 1-methyl-
4,5-dicyanoimidazole, benzonitrile, and phthalonitrile failed to form dimeric 
materials or to indicate the reaction of nitrile functionality at the specified 
decomposition temperatures. 


