Conversion of Hexahydrotriazinesto I midazolines
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Abstract: The isolation and characterization of an imidazoline obtained from the reaction of ammonia and an aldehyde is
reported. The stereochemistry of the imidazoline is confirmed using x-ray diffraction and is used in support of a mechanism
involving the conversion of an intermediate hexahydrotriazine to an imidazoline. The mechanism is also supported by the
direct conversion of a hexahydrotriazine to an imidazoline.

The chemistry of hexahydrotriazines has appeared in the literature since the 1800's when it was recognized
that ammoniaformed trimeric compounds with aldehydes.1 Most synthetic routes to hexahydrotriazinesin the
literature employ agueous solvent systems. Under these conditions hydrates of hexahydrotriazines are normally
isolated.2 Recently we achieved the synthesis of hexahydrotriazines under anhydrous conditions employing
acetonitrile as the solvent. These reaction conditions yield crystals of hexahydrotriazines without water present
in the lattice. Thisled to the observation of unique 1H nmr characteristics exhibited by these compounds.3
When the synthesis of hexahydrotriazine 1 was carried out by this anhydrous route a very small amount of the
isomeric hexahydrotriazine 2 was detected by 1H nmr.4

In an attempt to isolate 2 the reaction was scaled up and the product crystallized at room temperature instead of
at -300C as done previoudly. This procedure indeed gave two distinct types of crystals which could be
physically separated. The majority of the crystals were in the form of needle-like prisms while the remainder
were plate-like crystals. The needle-like crystalswere identified as 1 by 1H nmr.5 The plate-like crystals yielded
alH nmr spectrum of amolecule that no longer had C3 symmetry. However, it was not the anticipated

hexahydrotriazine 2. In fact, the 500 MHz 1H nmr spectrum indicated that there were three different pyridine
rings present. Two



rings were in quite similar environments as deduced from the extremely small chemical shift difference of their

protons. Single crystal X-ray analysis of the plate-like crystals proved them to be imidazoline 3. An ORTEP
representation (50% elipsoids) of the determined solid state structure of 3 is shown in Figure 1.6

Figure 1

An especially interesting aspect of the structure of this compound was the cis relationship of pyridinerings. The
guestion then became: How did it form? Previous experience with hexahydrotriazines led usto recall that with
mild heating and in fact even at room temperature (albeit dowly) hexahydrotriazines decompose to give
diimines and ammonia. An example of this processis the decomposition of hexahydrotriazine 4 in CDCl3

which istransformed completely to diimine 5 after sitting at room temperature for 7 days.
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Since a hexahydrotriazine was isolated from the reaction along with 3, we beleive that it is formed first and that
formation of 3 isaproduct of its decomposition, forming adiimine analogous to 5 as an intermediate. The



proposed mechanism is shown in Schemell.
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Thefirst step isthe formation of hexahydrotriazine 1, which loses ammoniato give diimine 6. The trans,trans

stereochemistry of 6 is expected from the antiperiplanar Grob-like fragmentation of 1. Deprotonation by base
(probably ammonia since the solution is saturated with it) followed by an allowed disrotatory electrocyclic ring
closure gives anion 8. Anion 8 yieldsimidazoline 3 upon protonation. This mechanism adequately explainsthe
cis stereochemistry of the pyridineringsin the product. As further proof of this mechanism hexahydrotriazine
1 was dissolved in dg-DM SO and placed in aseded tube. The sealed tube was then heated to 1100C for 24

hours. Examination of the solution at that time revealed only imidazoline 3 to be present.

A literature structure search on aryl-substituted imidazolines turned up an example of what appears to be



an anaogous anion electrocyclic ring closure for the 9 to 11 conversion shown below.7 It thus appears that this
type of ring closure for aryl substituted p-diimines may be general.
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