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Synopsis. The ring proton signals have been as-
signed for the 1H NMR spectra of the green paramagnetic
tetraammine(5-nitrosalicylato)cobalt(III) chloride nitrate
hydrate and (quadridentate amine)(5-nitrosalicylato)cobalt-
(II1) chloride nitrate hydrate, [Co(5-NOgsal)L]Cl-NOs-nH20
(L: (NHs)q, trien, 2,3,2-tet, and 3,2,3-tet). The 'H NMR spec-
tra indicate that the unpaired electron on the coordinated 5-
nitrosalicylato ligand of the title complexes is located over the
m-orbital of the chelated ligand

Previously, we have been concerned with the
XPS!2 of the green paramagnetic tetraammine(5-
nitro(or nitroso)salicylato)cobalt(III) complexes, i.e.,
it has been established that an unpaired electron of
these complexes is delocalized partly on the cobalt
atom and partly on the chelated ligand (coordinated 5-
nitrosalicylato ligand). In the NMR spectra of these
complexes, the signals of the ammine proton have
been assigned,® but the ring proton and carbon signals
of the chelated ligand have so far remained unsolved.
We have now devised appropriate conditions for the
measurement of the NMR spectra of the green para-
magnetic cobalt(III) complexes. The present paper
deals with the measurement of the ring protons of the
green paramagnetic tetraammine(5-nitrosalicylato)cobalt-
(IIT) chloride nitrate hydrate and the related com-
pounds.
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Fig. 1. The 'HNMR spectra of the paramagnetic
complex 1 and the diamagnetic complex 2 in 1.8 mol
dm~3 D;SOa..
1A-C: [Co(5-NOgsal)(NH3)4]Cl-NO3-Hz20,

2: [Co(5-NOgsal)(NH3)s]NOs- H20.

Results and Discussion

The 'H NMR spectra of the chelated ligand of the
green paramagnetic tetraammine(5-nitrosalicylato)-
cobalt(III) chloride nitrate hydrate, [Co(5-NOssal)-
(NH3)4]C1-NOs-H20 (1), have not previously been
observed, because the measurement is difficult. How-
ever, appropriate conditions for the NMR measure-
ment of the green paramagnetic cobalt(III) com-
plexes are now established as follows: The con-
centration and solvent, temperature and accumula-
tion number are 4.640.2X102moldm=3 in 1.8
mol D2SO4 solution, —20°C and two hundred times,
respectively. On the other hand, the 3C NMR spectrum
of 1 did not show the expected signals, because of
paramagnetism. The H NMR spectra of 1, as is
shown in Fig.1(A), have indicated three ring pro-
tons at § 7.36, 7.91, and 8.61 under the same condi-
tions. This spectrum showed six signals at 25°C as
is shown in Fig.1(B). In addition, after 10 min, as is
shown in Fig. 1(C), these signals decrease with increase
of the ring proton signals at é 7.16, 8.05, and 8.71;
these are chemical shifts of the ring protons of the
corresponding orange diamagnetic nitrate hydrate,
[Co(5-NOgsal)(NH3s)4]NO3-HzO (2). Finally, the ring
proton signals of 1 are similar to those of 2. Thus, the
signals at 8 7.36 (d, H), 7.91 (dd, H),and 8.61 (d, H) of 1
have been assigned to the Hs, Hy, and He ring protons,
respectively. The chemical shifts and the coupling
constants of the ring protons of 1 are closely similar to
those of 2 as is shown in Table 1. Thus, the o-bonds
which are formed from protons and carbons (sp? con-

figuration) of the chelated ligand of 1 resemble the

o-bonds of 2, i.e., the partly unpaired electron can not
be delocalized over a hydrogen of the chelated ligand
and a substituted methyl group? of the corresponding
green paramagnetic tetraammine(4-methyl-5-nitro-
salicylato)cobalt(III) chloride trihydrate, [Co(4-Me-5-
NOgsal)(NHs)4]Cl2-3H20 (3), previous reported. It
can be concluded that the partly unpaired electron
on the chelated ligand is localized over the m-orbital of
the chelated ligand. This is in agreement with the
XPS results,? i.e., the C Is binding energy and FWHM
of 1 are different from those of 2. Then, the electronic
state of the m-orbital of the chelated ligand of 1 should
be different from that of 2.

The ring proton signals of the corresponding green
paramagnetic (5-nitrosalicylato)cobalt(III) complexes
with the quadridentate amine ligands such as trien (4,
5), 2,3,2-tet (6), and 3,2,3-tet (7) were measured under
the same conditions and the results are collected in
Table 1. The ring proton signals of the chelated ligand
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TasLe 1. 'H NMR SPECTRA OF COMPLEXES 1, 2, AND 4—7
- -
(0]0]6] NO,
O 4
3
C 1 Hs 8 Incen H, ® Iucen ‘Juccen Hs  *Juccen  Temp
No. ormapiex ) Hz P Hz Hz P Hz °C
1 [Co(5-NOgsal) (NH3)4]C1:NO3-Hz0 7.36 d 9.6 791dd 9.6 4.0 8.61 d 4.0 —20
7.28d 9.6 7.85dd 9.6 4.0 8.50 d 4.0 ~+25
4 [Co(5-NOgsal)trien]Cl*NO3-2H20 7.34% 7.92% 8.64" —+25
5 [Co(4-Me-5-NOgsal)trien] 7.27 s — 8.34 s +25
CI-NOs3:2H20 .
6 [Co(5-NOgsal) (2,3,2-tet)] 7.40 d 9.6 7.96 d 9.6 8.66 +25
CI'NO3-2H:0 ‘
7 [Co(5-NOgsal) (3,2,3-tet)] 7.22 d 9.6 7.78dd 9.6 4.0 8.46 d 4.0 +25
C1.NOs-2H20
2 [Co(5-NOgsal) (NH3)4]NO3-H20 7.16 d 9.3 8.05dd 9.3 3.5 8.71d 3.5 +25

Solvent: 1.8 mol dm=3 D2SOq; Standard' internal DSS (6=0). a: broad signal.
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o
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of complex 7 are very sharp similar to those of 1,
though those of complex 4 are broad. Thus, the ring
proton signals of the chelated ligand of complexes 4—
7 are sharp with the increase of the total number of the
center methylene carbons of the quadridentate amine
ligands. This property is attributable to the coordi-
nated quadridentate ligands.?

On the other hand, the ammine proton signals at §
3.44 (s, 6H) and 3.94 (s, 6H) of 1 are similar to those (8
3.44 (s, 6H) and 3.94 (s, 6H)) of 2 under the same
conditions. This result agrees with that of XPS of 2,2
i.e., the N Is binding energy of ammine ligands of 1 is
similar to that of 2.

Experimental

Measurements. The NMR spectra were recorded with
Varian XL-200 NMR spectrometer.
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Complexes. Green paramagnetic tetraammine- or
(quadridentate amine)(5-nitrosalicylato)cobalt(III) chloride
nitrate hydrate® (1, 4—7) and orange diamagnetic tetraam-
mine(5-nitrosalicylato)cobalt(III) nitrate hydrate® (2) were
prepared by the methods of the previous papers.
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