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The synthesis of 1,4,5,8,9,12-hexaazatriphenylene (HAT), a new ligand for 
low-vale& transition metals, is described; it gives mono-, his- and tris-chromium 
tetracarbonyl complexes. The CO stretching frequencies in (HAT)Cr(CO), show 
that HAT is a stronger electron acceptor than X,10-phenanthroline_ 

Continuing our investigations on complexing properties [l] of 1,4,5,8-t&a- 
azaphenanthrene (TAP) and substituted derivatives, we undertook the synthesis 
of a new heterocyclic system, viz. dipyrazino [ 2,3-f] [2’,3’-h ] quinoxaline or 
1,4,5,8,9,12-hexaazatriphenylene (IV) (hereafter abbreviated .& HAT). This was 
synthesized in three steps from 9-nitro-TAP (I) [2] _ 
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II was prepared from I by a classical amination /3]. After reduction and fur- 
ther condensation of III with aqueous gIyoxal, HAT (IV) was obtained with an 
overall yield of 34% based on 9-nitro-TAP (I)_ IV was suspended in benzene and 
irradiated in the presence of three equivalents of chromium hexacarbonyl [ 11 _ 
After 20 hours irradiation, the mixture contains three different blue complexes 
easily separable by column chromatography. 

HAT crCo6 
C,H#v 

Cr,(CO),,(HAT) + Cr,(CO)8(HAT) f Cr(CO),(HAT) 

Elution gave 30% of CrX(CO)l,(HAT), 20% of Cr,(CO),(HAT), 5% of Cr(C0)4- 
(HAT) and 38% of unchanged HAT. 

It is noteworthy that the di- and trimetallic complexes are formed in the 
highest yields; this is due to the fact that the mono- and dimetailic complexes 
are much more soluble than the free hgand, and are thus available for trapping 
the photogenerated Cr(CO),. This was demonstrated as follows_ Cr(C0)6 in 
degassed THF was photolysed, and the resulting yellow solution of Cr(CO)s- 
(THF) was added to a chloroform solution of one equivalent of HAT_ After 12 
hours at room temperature, work-up gave, in addition to 50% of recovered 
ligand, 40% of Cr(CO),(HAT), 5% of Cr,(CO)&HAT) and only traces of the 
trimetallic complex. The structure of these new chelates was established from 
IR and. ‘H NMR data. 

The trimetallic complex Cr,(CO)&HAT) is pale blue-green, whereas the 
other two are deep blue. It is also eluted first from silica gel by ethyl acetate/ 
hexane (30/70). These qualitative properties point to a highly symmetrical and 
non-polar system. The ‘H NMR spectrum shows only a sharp singlet at 9-56 
ppm (TMS; DMSO-&); all protons are thus equivalent. Four carbonyl IR bands 
are found at 1995,1935,1915 and 1865 cm-’ (CH&) as expected for local 
C,, symmetry. 

The dimetallic complex Cr,(CO)s(HAT) is dark blue. The ‘H NMR spectrum 
shows a singlet at 9.52 ppm (2 H), and two doublets at 9.36 and 9.72 ppm, each 
integrating for 2 H and with a coupling of 3.0 Hz. This spectrum is in agreement 
with structure V. 
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Despite several purifications, this compound showed five IR bands at 2010, 
1995,1935,1915 and 1865 cm-’ (CHCI,). Some coupling between the Cr(C0)4 
moieties must thus be assumed; further analysis has not been attempted. 
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TABLE 1 

CARBONYL STRETCHING FREQUENCIES (in CHC13) AND CALCULATED FORCE CONSTANTS 
FOR Cr<C0)4L 

L V(C0) <cm-‘) 

axial equatorial 

&&GO) 
<NIII-~) b 

k=q.(CO) 
<Nm-l ) c 

phen 2008 1907 1883 1831 1539 1409 
TAP = 2013 1926 1910 1857 1558 1447 
HAT 2010 1930 1915 1860 1559 1452 

a The vaIues for CrCC0)4TAP have been remeasured with a higher accuracy; they differ slightly from 
those given in ref. 1. ’ tl NIXI-‘_ c i4 Nm-I _ 

The blue-violet monometallic complex is eluted last. The ‘H NMR spectrum 
shows one singlet at 9.39 ppm (2 II), and two doublets (J = 3.0 Hz) at 9.30 and 
9.65 ppm, each integrating for 2 H_ This spectrum is in agreement with struc- 
ture VI. There are four carbonyl &-etchings found at 2010,1930,1915 end 
1860 cm-’ (CIIC13), as expected for iocal C,, symmetry. 

A comparison of the electronic properties of three chelating ligmds, l,lO- 
phenanthrohne, tetraazaphenanthrene and hexaazatriphenylene is possible on 
the basis of their carbonyl stretching frequencies. Table 1 lists the relevant fre- 
quencies and the corresponding force constants found by the Cotton-Kraihanzel 
force field. The values show that HAT is a slightly better electron acceptor then 
TAP, both being stronger acceptors than phenanthroline. 

Experimental 

The IR spectra in the CO stretching region were recorded on a Perkin-Elmer 
357 spectrometer. Proton magnetic resonance spectra were determined on a 
Jeol 100 spectrometer. Chemical shifts are reported as 6 units in ppm with tetra- 
methyl&me as internal standard. 

9-Amino-IO-n&o-TAP (II) 
9-Nitro-TAP (4-04 g; 17 mmol) was dissolved in the minimal amount of hot 

ethanol/dioxane (60/40 v/v). The solution was cooled rapidly with stirring, to 
give a fine suspension_ Powdered hydroxylamine hydrochloride (7.5 g; 108 
.mmol) was introduced and potassium hydroxide (8.0 g; 142 mmol in 90 ml of 
methanol) was then added to the cooled mixture. Stirring was maintained for 
0.5 h at 0°C and 1 h at room temperature. The resulting brown suspension was 
poured into ice-water. After one night, the yellow precipitate (2.8 g) was 
removed, rinsed with water then methanol, and dried; 9-amino-lo-nitro-1,4,5,8- 
tetraazaphenanthrene (II) obtained in 65% yield was used without further puri- 
fication. 

9,10-Diamino-TAP (III) 
A solution of hydrazine hydrate 98% (5 ml) in 20 ml ethanol/dioxane (l/l) 

was added dropwise during 1.5 h to a hot suspension of powdered compound 
II (2.0 g; 8 mmol) in 300 ml ethanol/dioxane containing 1.5 g of Pd/C (10%). 
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The mixture was then refluxed until the starting material baa disappeared (TLC), 
and was then filtered hot, to give red needles on cooling. The filtrate was 
evaporated to dryness and the residue t&mated with water. The total yield of 
9,1o-diamin o-TAP (l-4 g) was 80%. An analytical sainple was recrystallized 
from ethanol, m_p_ 270-310°C (dec). Found: C, 56-7; H, 3.9; N, 39.6 (mol_wt. 
212.2). CloHsNs calcd.: C, 56.6; H, 3.8; N, 39.6%. ‘H NMR (DMSO&): H(2), 
H(7): 8.88 ppm (d); H(3), H(6): 8.97 ppm (d); J(H,H) = 2.0 Hz. 

1,4,.5,8,9,12-Hexaazafriphenylene (IV) 
Diamine III (1.4 g; 6 mmol) was added to a boiling mixture of 150 ml of 

ethanol with 20 ml of acetic acid_ Glyoxal(2 ml of a 30% aqueous solution) 
was added dropwise and the suspension slowly disappeared. After a few minutes 
a brown solid suddenly separated, and this was removed after cooling_ It was 
continuously extracted for 24 h with 500 ml of boiling chloroform, and the 
chloroform solution was treated with charcoal and filtered through a tkZn layer 
of silica gel. Evaporation of the solvent gave the HAT (l-04 g; 65%) as a pow- 
der. M-p. >350” C. An analytical sample recrystallized from water/acetic acid 
(7/3) gave white needles. Found: C, 61.4; H, 2.6; N, 35.8 (mol.wt. 234.2). 
Ci2HsNe calcd.: C, 61.5; H, 2.6; N, 35.9%. ‘H hMR (CDCl,): 9.30 ppm (s). 
Mass spectrum: m/z = 234. 

The metallic complexes of HAT were prepared using the experimental con- 
ditions described previously [l] _ The separation was performed on silica gel 
(0.063-0.02 mm) with a mixture of ethylacetate/n-hexane (30/70)_ Unchanged 
hgand was eluted with boiling chloroform. 
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