Table I. Selected Bond Lengths in (C4H4N2)Ru3(CO) o
Rul-Ru2 2.743 (4) Ru2-C8 2.16 (3)
Ru2-Ru3 2.859 (4) Ru2-C9 2.06 (3)
Rul-Ru3 2.857 (4) Ru3-C9 2.15(3)
Ru-C (av) 1.885 Rul-C10 2.07 (3)
Rul-C8 2.08 (3) Ru3-C10 2.20(3)

2 Bond lengths in A. ® Terminal carbonyls.

groups trans to the N atoms are not parallel and the bridging
CO group, C8O8, is tilted out of the Ruj plane. Also Rul-Ru2
is ~0.12 A shorter than the other two Ru-Ru distances, which
differ negligibly from those'! in Ru3(CO),; itself (2.849,
2.859, 2.837, each £0.006). The expected mirror plane through
Ru3 and perpendicularly bisecting the Rul-Ru2 bond is vio-
lated by asymmetry in the bridging CO groups, for each of
which the Ru-C distances differ by an average of 0.10 A. The
pattern of these deviations (both bonds to Rul are short, both
to Ru3 are long) is inconsistent with the potential mirror
symmetry nor does it seem to have any rationale in terms of
electronic factors, as does the occurrence of unsymmetrical
bridges in certain other cases.! Tentatively, we regard the
asymmetry of the bridges as being at least partly a result of
packing forces. It is possible that in the ideal structure (i.e., the
one determined only by internal factors) the two Ru3-Rul and
Ru3-Ru2 bridges might have the intrinsic asymmetry observed
due to the different electron densities and different steric
factors at Rul and Ru2 as compared to Ru3. However, the
asymmetry of the bridge across Rul and Ru2 would then have
to be attributed to extrinsic factors such as intermolecular
contacts. One must, then, also recognize that if one such dis-
tortion could be of extrinsic origin, then so might all three. The
molecule appears to retain its basic structure, perhaps undis-
torted, in solution since the infrared spectrum in THF shows
at least five terminal bands (2083, 20335, 2003, 1998, and 1964
cm™!) and a broad band at 1820 cm™! with intensity ratios
consistent with terminal and bridging groups in a 7:3 ratio.
Further studies, especially by NMR are being conducted.!?
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2,4,6-Tris(2-pyrimidyl)- and
2,4,6-Tris(2-pyridyl)-1,3,5-triazines Hydrolyze
in the Presence of Copper(Il) to Form a Novel
Bis(aryl)carboximidato Chelate Complex

Sir:
The ligand 2,4,6-tris(2-pyridyl)-1,3,5-triazine, TPyT, has

been used analytically in the spectrophotometric determination
of iron,! ruthenium,? and cobalt.? Several transition metal and
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b/N /N\el‘
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lanthanide complexes of this ligand have been studied,*-!3 the
possibility of coordinating metals in both the (a) terpyridine-
and (b) bipyridine-like sites being of particular interest.!!-15
The ligand 2,4,6-tris(2-pyrimidyl)-1,3,5-triazine, TPymT, has
the potential to coordinate three metal ions in terpyridine-like
sites, but has not been extensively studied because of its un-
availability.'6.!7 In the present report we describe an improved
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synthesis of TPymT and its reaction with copper(II). Copper

promotes hydrolysis of the ligand and forms a novel bis(2-
pyrimidyl)carboximidato chelate complex, shown below. This
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N
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| =N
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chemistry is also found to occur with TPyT and with other
metal ions, knowledge of which is important in conjunction
with studies of the coordination properies and with analytical
applications of these triazine ligands.

2-Cyanopyrimidine was synthesized by literature meth-
ods!'81% (mp 40-41.5°, lit.!7 41-42°). This pyrimidine (5.5 g,
0.052 mol) was heated with stirring in a stoppered flask at 150°
for 48 h. The solidified product was then pulverized and washed
with ether to remove any unreacted starting material. The yield
of crude TPymT was 4.6 g (83.6%). Purification was achieved
by dissolving 8.0 g of crude product in 150 ml of 6 N HCI,
decolorizing with activated charcoal, precipitating the hy-
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Figure 1. Structure of the bis(2-pyrimidyl)carboximidatotriaquocopper(1I)
complex showing the 50% probability thermal ellipsoids. Selected bond
distances (in A): Cu-N1A, 2.016 (3); Cu-N1B, 2.002 (3); Cu-N2, 1.938
(3); Cu-02, 1.973 (3); Cu-03, 2.522 (2); Cu-04, 2.487 (2); interbond
angles (in degrees): N1A-Cu-N2, 82.1 (1); N1B-Cu-N2, 81.5 (1);
02-Cu-N2, 173.7 (1); 02-Cu-03, 80.2 (1); 02-Cu-04, 85.5 (1);
03-Cu-04, 165.7 (1). Hydrogen atoms are not shown.

drochloride salt with acetone, and freeing the triazine by dis-
solution of the salt in 50 ml of concentrated NH4OH from
which the product precipitated in 65% yield (5.2 g). The
structure and purity were established by the mass spectrum
(parent ion, 315), proton NMR spectrum (doublet, 9.57 ppm,
2 H; triplet, 8.39 ppm, 1 H; from internal DSS in an approxi-
mately 3 M DCl solution), and infrared spectrum (pyrimidine
modes, no N-H or carbonyl bands).

The coordination chemistry of the TPymT ligand is cur-
rently under investigation. Preliminary results indicate that
it is possible, in certain cases, for the ligand to bind more than
one metal, for example, two lead atoms.?° An interesting re-
action was observed with divalent copper. When TPymT
(0.105 g, 0.33 mmol) was shaken with a 15-ml aqueous solution
of Cu(NO3)2:3H,0 (0.242 g, 1 mmol), a green colored solution
formed (copper(Il) terpyridine complexes are green?!) that
turned blue-green within several hours and finally became blue
overnight. Slow evaporation of solvent yielded blue, needle-like
crystals, the infrared spectrum of which showed a carbonyl
band at 1726 cm™!. Analytical?? and x-ray crystallographic
data established the compound to be bis(2-pyrimidyl)car-
boximidatotriaquocopper(II) nitrate dihydrate,
{[(C4H3N,CO),N]Cu(OH2)3}(NO;)-2H,0.

_The complex crystallizes in the triclinic system, space group
P1, with two formulas in the reduced unit cell having the fol-
lowing dimensions: a = 13.626 (3), b = 6.512 (1), c = 10.497
(2) A; a2 =101.48 (1), 8 =109.32 (1), v = 94.83 (1)°; peatcd
= 1.734, pobsa = 1.732 (7) g/cm?3. The structure, shown in
Figure 1, was determined by the heavy atom method using
3385 independent reflections (26 < 55°, Fo2 > 34(F,2)) col-
lected on a four-circle automated diffractometer at 24° using
monochromatized Mo Ka radiation. Refinement by full-
matrix least-squares methods is currently at a value of 0.043
for the conventional agreement factor R, = =|F,| — |Fcll/
Z|F,|. Details will be reported elsewhere.

The copper promoted hydrolysis of TPymT to form the
bis(2-pyrimidyl)carboximidatotriaquocopper(II) chelate
complex (Figure 1) also occurs with the pyridine analogue,
TPyT. When 0.312 g (1 mmol) of TPyT was shaken with 0.724
g (3 mmol) of Cu(NOs),:3H>0 in 20 m! of water, a green so-
lution formed that turned blue overnight. Evaporation of sol-
vent produced blue needles having a 1710-cm™! infrared band
of an imide group. Chemical analysis of a sample dried to
constant weight showed the compound to be bis(2-pyridyl)-
carboximidatocopper (1) nitrate.2? To our knowledge, neither

of these bis(aryl)carboximidato ligands, alternatively named
as bis(arylcarbonyl)aminato derivatives, has been previously
prepared. The hydrolytic reaction of the corresponding triazine
in the presence of copper(II) affords a good method of,ob-
taining them.

Alkyl and aryl substituted triazines are known to hydro-
lyze,2* but these reactions generally require vigorous condi-
tions.2> This report shows that cupric ion promotes the hy-
drolysis, and preliminary infrared spectral evidence indicates
that other metal ions do the same. The TPyT molecule is hy-
drolyzed by stirring it with cobalt(II) in cold water for a period
of 24 h (ir band at 1735 cm™!, »co), boiling it for 30 min in
water with PdCl, (vco, 1725 cm™1), or refluxing it for several
hours with K;PtCly in water (vco 1730 cm™!). These hydro-
lytic reactions most likely resemble those of the unmetalated
triazines, since the other product isolated from the reaction of
copper(II) with TPyT was the expected picolinamide (mass
spectrum parent ion, 122).26
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