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LIGANDS FOR TRANSITION METALS. 
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Service de Chimie Organique, Faculd des Sciences CP 16O,Univer& Libre de Bruxelles 
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Summary. 2,3-Diphenyl-1,4,5,8,9,12-hexa-azatriphenylene 2 and 2,3,6,7-tetraphenyl-1,4,5, 
8,9,12-hexa-azauiphenylene 3 can be synthesized by the direct condensation of hexa-aminobenzene 
with glyoxal and benzil. It is, however, not possible to make specifically one of the compounds, 
which is always accompanied by the parent compound 1 and the fully substituted hexaphenyl-hexa- 
azatriphenylene 4. It is nevertheless possible to optimize the yields of 2 and 3 by a careful choice of 
the experimental conditions. 

The first synthesis of dipyrazino[2,3-f; 2’,3’-hlquinoxaline or 1,4,5,8,9,12-hexa-azatripheny- 
lene 1 (abbreviated as HAT) was inefficient and required 10 steps (1). Later work by Rogers (2) and 
by Praefcke’s and our laboratories ( 3. 4, considerably improved the synthesis of hexa-aminobenzene 5 

and its condensation with glyoxal or masked forms of glyoxal, and access to 1 is now rather straight- 
forward as well as to its symmetrically hexasubstituted derivatives (5). As part of our search for tris- 
chelating ligands for transition metals able to selectively bind to different ions, we report now on the 
synthesis of 2,3-diphenylHAT 2 and 2,3,6,7_tetraphenylHAT 4 from 5. 
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The unsubstituted HAT 1 was shown previously to give polymetallic complexes of Cru (1) and 
Ru*+ (6). The new ligands should thus open the way to the selective synthesis of mixed polymetallic 
complexes containing for example Cu(I) and Ru(II), where the metal centtes would share a common 
conjugated system. Previous examples of ligands having two or more different chelating centres are 
known, but the metal atoms chelated by these ligands are not conjugated to each other. This is the 

case for the macrocycle described by Chambron and Sauvage 0: in this molecule, the two metal 
atoms <are separated by a polyoxyethylene chain and are thus independent of each other. Ligands 2 
and 3, on the other hand, are expected to yield heterometallic complexes [e.g. Cu(I)/Ru(II)] where the 

metal ions are conjugated to each other. 
Whereas HATS carrying six identical substituents are well known (5*& g), the synthesis of un- 

symmetrically substituted compounds such as 2 or 3 from 5 raises the problem of competing conden- 

sation reactions. 
The attempted condensation of 5 with two equivalents of glyoxal gave poor yields of 9,10-d& 

amino-1,4,5,8-tetra-aza-phenanthrene 6 (I), and using only one equivalent of benzil gave the very 
unstable and difficult to purify 2,ZdiphenyE5,6,7,8-tetra-aminoquinoxaline 7 

NH2 6 NH2 7 

It was thus decided to resort to one-pot syntheses by adding adjusted amounts of glyoxal and 
benzil in the best order. In all cases a mixture of the four HATS 1 - 4 was isolated, and it was at- 
tempted to optimize the yield of the required compound 

After systematic variations of the temperature, pH, concentration and addition order of the rea- 
gents, a 96 % overall yield of the four compounds 1 - 4 was obtained, with 2,3-diphenylHAT 2 con- 
tributing 34 96 (lo). It is especially worth mentioning that before the addition of the first equivalent of 
glyoxal, the medium should contain excess ammonia in order to avoid the fast formation of HAT 1. 

When the same procedure was adapted to the synthesis of 2,3,6,7-tetraphenylHAT, a new 

compound was isolated in up to 58 % yields: 2,3,7,8-tetraphenyl-5,1O-diamino-l,4,6,9-tetra-aza-an- 
thracene 8 (11). 

Ph 
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2,3,6,7_TetraphenylHAT 3 (12) was finally isolated with a yield of 35 4% based on 5. Here 
again, a fairly high initial concentration of ammonia is uitical. 

Access to unsymmetrically substituted HATS is thus now fairly straightforward, especially 
since it was found that the Birch reduction of 2.4,~uinitro-1,3,5-triaminobenzene to hexa-amino- 
benzene can be greatly improved. We have observed indeed that the yield of this reduction, performed 
according to Rogers (2), critically depends on the rate of addition of the sodium metal to the medium: 

the yield of 5 raises from 4 96 to over 90 96 when the time to add 2.4 g of sodium is shortened from 

30 min to less than 3 min. 
Interestingly, all attempts using masked forms of glyoxal such as NN’dimethyl-[2,3;7,8;4a, 

lOa;5a,9a]-octahydro-di-[l,4]-oxazino-[2,3-b;2’,3’-e]-di-[ 1,4]-oxane (13) (Le Rouzic’s reagent) or 
glyoxal-di(cyc1ohexylimine) ( 14~ 15) gave no result in the synthesis of these unsymmetrically substi- 
tuted HATS, contrary to what was found previously for the formation of the unsubstituted 1. 
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