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The complexes Co(nqo)3 (nqoH = 1-nitroso-2- 
naphthol or 2-nitroso-l-naphthol) have been prepar- 
ed by the interaction of the nitrosonaphthol with 
cobalt(II) chloride in air and under nitrogen. Under 
anaerobic conditions the formation of Co(nqoh 
is accompanied by reduction of the ligand. The 
reduction leads to various organic products via 
nitrenelquinoneimine intermediates. The complexes 
Co(nqoh are also formed together with Na[Co(nqo)Z- 
(NO?)J by nitrosation of the respective naphthol 
and by the interaction of Na[Co(N02)6] with nqoH. 
Reaction of Na3(Co(NOz)6] with nitrosonaphthol, 
in the presence of sodium nitrite, gives Na[Co(nqo)z- 
(NO,),]. Na[Co(nqo)JNOz)J reacts with nqoH 
under basic conditions to give Co(nqoh and with 
pyridine or benztriazole to give Co(nqo)z(NOz)L 
(L = pyridine or benztriazole). 

Introduction 

Cobalt complexes derived from 1 -nitroso-2- 
naphthol (1 -nqoH) and 2-nitroso-1 -naphthol 
(2-nqoH) (the abbreviation nqoH will be used to 
denote both l-nqoH and 2-nqoH) have been known 
for a considerable time and the former has been used 
extensively as a complexing reagent for cobalt both 
for analytical and extraction purposes [l-3]. How- 
ever, the reactions leading to the complexes and the 
composition and properties of the complexes have 
not been fully investigated. The products arising from 
the interaction between the nitrosonaphthols and 
cobalt(H) salts have been formulated as Co(nqo)s. 
The formulation Co( 1 -nqo), has been suggested for 
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the product of the reaction between the sodium salt 
of l-nitroso-2-naphthol and a cobalt(U) salt [4]. 
Several studies indicated that the reaction between a 
cobalt(I1) salt and the nitrosonaphthol involves 
reduction of the ligand but the products arising 
from this process have not been investigated [S]. 
The i.r. spectra of Co(nqo)s have been reported 
[6] and recently a structural proposal has been made 
for Co(l-nqo)s based on studies of its 13C n.m.r. 
spectrum [7]. Some reports have dealt with the 
cobalt complexes derived from sulphonated nitroso- 
naphthols [8] and we have studied complexes deriv- 
ed from 4methyL2-nitrosophenol and 4chloro-2- 
nitrosophenol [9]. As a continuation of our studies 
[lo] on 2-nitrosophenol complexes we now report 
on several cobalt(II1) complexes of 1 -nitroso-2- 
naphthol and 2-nitroso-1-naphthol and on the reac- 
tions leading to them. 

Results and Discussion 

The reaction of cobalt(I1) chloride with l-nitroso- 
2-naphthol in methanol, in air or under nitrogen, gave 
a red solution and solid Co(l-nqo), as the major 
product. The solution contained some Co( 1 -nqo)3 
and several other products, isolated in small or trace 
quantities. The soluble products, which were separat- 
ed chromatographically, included 6-hydroxydibenzo- 
[i,mn] acridine-8ane and 2-hydroxy-1,4-naphthoqui- 
none. These were characterised by comparison with 
authentic samples and/or by mass spectrometry. 
Contrary to previous reports [4] the reaction of 
potassium 1 -nitroso-2-naphtholate with cobalt(I1) 
chloride also afforded the cobalt(II1) complex Co(l- 
nqo)3 as the major product together with smaller 
amounts of several organic products. The yield of 
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TABLE 1. Data for Reactions of CoC12*6HzOa with Nitrosonaphthols. 

nqoH (xmol equiv.) Conditionsb Products Organic productsd 

Co(nqo)sc Total wt (g) Product number’ (% yield)g 

wt (g) Yield (%)e 
-_ 

1-nqoH (3.0) A 5.1 88 0.65 1 (4OP 

1-nqoH (3.5) A 5.6 98 0.85 1 (34)h 

1-nqoH (3.0) N 4.1 71 1.20 l(19P 

1-nqoH (5.0) N 5.6 98 2.90 1(3O)h, 2 (13)’ 

Na(l-nqo) (2.0) A 3.0 51 1.77 1 (5)h 

Na(l-nqo) (3.0) A 5.2 89 0.50 1 (8P 
2-nqoH (3.0) A 4.8 83 0.80 3 (2)‘, 4 (l)k, 5 (l)‘, 6 (2)m 

2-nqoH (3.5) A 5.5 95 0.88 3 (2)‘, 4 (2)k, 5 (l)‘, 6 (3)” 

2-nqoH (2.5) N 4.0 69 0.71 3 (8)‘, 4 (12)k, 5 (2)‘, 6 (18)m 

2-nqoH (3.5) N 5.6 97 1.00 3 (33, 4 (7)k, 5 (I)‘, 6 (8)m, 7 (3)” 

2-nqoH (5.0) N 5.6 97 3.07 3 (13, 4 (4)k, 5 (l)l, 6 (6)m, 7 (15)” 
___- 

a2.4 g, 1 mol equiv. bA = in air; N = under nitrogen. ‘See Table II for analytical data. dEach reaction afforded several 
products. Only those characterised are listed. eBased on CoCl2*6HaO. fProduct number: 1. 6-hydroxydibenzo[i,mn] acri- 
dine-8-one; 2. 2-hydroxy-1,4-naphthoquinone; 3. 1,2-naphthoquinone-2-imine; 4. 2-amino-N(4)-1-hydroxy-2-naphthyl-1,4- 
naphthoquinone monoimine; 5. Z-amino-l-naphthol; 6. dibenzo[b,i] phenazine; 7. dibenzo[b,i] phenazine-5,12diol. gBased on 
Reaction. 1 given in text. hm/e 297 (M+), 269, 240; identical (t.1.c.) with authentic sample [15]. 
118. ‘m/e 157 (M+), 130, 102. km/e 314 

‘m/e 174 (M+), 146,129, 
(M), 286, 285, 257; identical (t.1.c.) with authentic sample [ll]. ‘m/e 159 

(M+), 130; identical (t.1.c.) with authentic sample [16]. “m/e 280 (M+); identical (t.1.c.) with authentic sample (171. “m/e 
312 (M+), 283; identical (t.1.c.) with authentic sample [ll]. 

Co(l-nqo)s and the nature and yields of the organic 
products are dependent on the relative molar ratios 
of the reactants and conditions used (Table I). 
Analogous reactions involving 2-nitroso-1-naphthol 
gave mainly Co(2nqo)a and several organic products 
isolated in small or trace amounts. The latter included 
1,2-naphthoquinone-2-imine, 2-amino-N(4)-l- 
hydroxy-2-naphthol-1,4naphthoquinone monoimine, 
2-amino-l -naphthol, dibenzo [b,i] phenazine and 
dibenzo [b,i] phenazine-5 ,12-diol which were 
characterised by comparison with authentic samples 
and/or by mass spectrometry. The formulation of 
the major products of the above reactions as cobalt- 
(III) trischelates is consistent with the analytical data 
and is supported by relative molecular mass measure- 
ments and their diamagnetic character. 

The yields of Co(nqo)s and the nature and yields 
of the organic products obtained from the reactions 
carried out under nitrogen suggest (a) that the oxida- 
tion of Co(I1) to Co(II1) involves reduction/ 
deoxygenation of the nitrosonaphthol and (b) that 
the stoichiometry of the reactions is as indicated by 
Reaction 1. Some reduction of the nitrosonaphthol 
also occurs when the reactions are carried out in air. 
These observations are in accord with earlier electro- 
chemical studies which have indicated ligand reduc- 
tion [5]. The reduction of the nitrosonaphthol gives 
initially a nitrene/quinoneimine species (nqH). 

Further reactions of this intermediate lead to the 
organic products via routes which we have discussed 
elsewhere in relation to the deoxygenation of 
2nitrosophenols or their complexes by triphenyl- 
phosphine or metal carbonyls [ 1 1 - 131. 

2CoC12 + 7nqoH + 

2Co(nqo)a + Ha0 t 4HCl t [nqH] (I) 

1 
organic products 

The complex Co(2nqo)s was also obtained, 
together with the complex Na[Co(2-nqo)2(N02)z], 
by the nitrosation of l-naphthol using sodium nitrite 
and acetic acid in the presence of cobalt(I1) chloride 
hexahydrate. Similarly nitrosation of 2-naphthol 
afforded Co(l -nqo)a and Na [Co( 1 -nqo),(N02),] . 
The dinitro complexes also resulted from the reac- 
tion of sodium hexanitrocobaltate(II1) with the 
respective nitrosonaphtho1 in the presence of sodium 
nitrite. Their formulation is indicated by analytical 
data, their diamagnetism and their conductivity in 
acetone (AM = CQ. 150 X1 cm’ mol-‘) which is 
typical of a I:1 electrolyte [14]. Further support 
for the formulation is provided by their reaction 
with pyridine or benztriazole to give diamagnetic, 
nonconducting complexes of type Co(nqo)2(N0,)L 
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TABLE II. Analytical Data for Nitrosonaphtholcobalt(II1) Complexes. 
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Complex Elemental Analysis 

Found(%) Required(%) 

C H N Co Na C H N Co Na 

Relative Molecular Molar 
Mass Conductance 
Found Required s2l cm2 mo1-’ 

Co(l-nqo)3 62.4 3.1 7.0 10.3 - 62.5 

co(~-wo)3 62.5 3.7 6.6 10.7 - 62.6 

Na[Co(l-nqo)2(NO2)2] 45.3 2.7 11.0 10.9 4.6 46.3 

Na[Co(2-nqo)2(N02)2] 45.4 2.8 10.3 10.6 4.0 46.3 

CoU-nqo)2(NWpy* 56.6 3.7 9.5 10.7 - 56.8 

Co(2-nqoMNO&vb 57.0 3.7 9.4 10.5 - 56.8 

Co(l-nqo)2(N02)bzt 54.5 3.3 13.8 9.5 55.0 

Co(Z-nqo)2(N02)bzt 54.6 3.2 14.1 9.4 55.0 

3.1 6.1 10.3 - 530*40 575 - 

3.1 6.1 10.3 545+45 575 - 

2.4 11.4 11.2 4.4 - _ 142 

2.4 11.4 Il.2 4.4 - - 156 

3.2 10.6 11.2 - - _ 0.5 

3.2 10.6 11.2 - - - 2.8 

3.1 14.8 9.5 - - - 1.2 

3.1 14.8 9.5 - - _ 1.6 

a 
py = pyridine. bbzt = benztriazole. 

(L = pyridine or benztriazole) and sodium nitrite. 
Each of the complexes Na[Co(nqo)2(N02)2] reacted 
readily with the respective nitrosonaphthol under 
neutral or basic conditions to give Co(nqo)3. Under 
acidic conditions no reaction occurred thus account- 
ing for the isolation of two types of complexes in the 
nitrosation reactions. 

The i.r. spectra of all complexes are consistent 
with the NO group of the ligand bound through the 
nitrogen atom and their diamagnetic character is in 
accord with the strong ligand field of the l-nqo- 
and2-nqo- ligands [lo]. Attempts to obtain struc- 
tural information on the complexes of type Co(nqo)3 
by mass spectrometry were unsuccessful. No metal- 
containing ions were observed in the spectra indicat- 
ing decomposition of the complexes in the mass 
spectrometer. Thin layer chromatographic examina- 
tion of all products formulated as Co(nqo)3 showed 
the presence of two components. This suggests that 
each product is a mixture of two isomers. The forma- 
tion of isomers is not unexpected. The ambidentate 
and asymmetric nature of the ligand can give rise to 
linkage and/or geometrical isomers. Attempts to 
separate the two isomers by column chromato- 
graphy failed. However, upon heating the mixture of 
these isomers in toluene under reflux almost 
complete conversion of one isomer into the other was 
achieved. 

to a solution of the nitrosonaphthol (x mol equiv.) 
in methanol (100 cm3) and the mixture was stirred 
(3 h). The resulting mixture of isomers of 
tris(naphthoquinoneoximato)cobalt(III) was filtered 
off, washed with methanol and dried at 100 “C/O.1 
mm. The combined filtrate and washings on drying 
at 40 “C/O.1 mm gave a multicomponent residue 
which was chromatographed on silica gel using 
toluene followed by gradual change to chloroform 
and then to methanol. 

Nitrosation of I- or 2-Naphthol in the Presence of 
Cobalt(R) Chloride Hexahydrate 

A solution of sodium nitrite (10.2 g, 5 mol equiv.) 
in water (50 cm3) was added to a stirred solution 
of l-naphthol (12.8 g, 2 mol equiv.), cobalt(I1) 
chloride hexahydrate (7.0 g, 1 mol equiv.), acetic 
acid (1.5 cm3) and sodium acetate (15 g ) in ethanol- 
water (2:l) (300 cm3). After 3 h the mixture was 
filtered to give a dark purple solid which was dried 
at 100 ‘C/l mm and then successively extracted 
(Soxhlet) with chloroform and acetone. Removal of 
the solvent from the chloroform and acetone extracts 
gave residues of tris(l,2naphthoquinone-2oximato) 
cobalt(II1) (10.8 g, 45%) and sodium dinitrobis(l,2- 
naphthoquinone-2_oximato)cobaltate(III) (2.1 g, 
10%) respectively. 

Experimental 

Similarly, nitrosation of 2naphthol gave tris(l,2- 
naphthoquinone-l-oximato)cobalt(III) (41%) and 
sodium dinitrobis(I ,2-naphthoquinone-l-oximato)- 
cobaltate(III) (26%). 

See Tables I and II for analytical and other data. Interaction of Sodium Hexanitrocobaltate(III) with 
I -Nitroso-2-naphthol or 2-Nitroso-I-naphthol 

Reaction of Cobalt(II) Chloride Hexahydrate with A solution of 1-nitroso-2-naphthol (0.5 g, 3 mol 
I-Nitroso-2naphthol or 2-Nitroso-I-naphthol equiv.) in methanol (50 cm3) was added dropwise to 

A solution of cobalt(H) chloride hexahydrate 
(2.4 g, 1 mol equiv.) in methanol (50 cm3) was added 

a solution of sodium hexanitrocobaltate(II1) (0.4 g, 
1 mol equiv.) in water (50 cm3). After stirring for 2 h 
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of sodium dinitrobis(l,2-naphthoquinone-l-oximato)- 
cobaltate(II1) (0.19 g, 1 mol equiv.) in acetone (50 
cm”). The mixture was stirred (3 h) and was then 
dried. The residue was extracted with chloroform 
and the extract was dried to give tris(l,2naphtho- 
quinone-l-oximato)cobalt(III) (88%). 

Similarly bis(1 -naphthoquinone-2oximato)cobalt- 
(III) (89%) was obtained when 2-nitroso-1-naphthol 
and sodium dinitrobis( 1,2-naphthoquinone-2- 
oximato)cobalt(III) were used. 

the mixture was filtered to give tris(l,2naphtho- 
quinone-1 -oximato)cobalt(III) (98%). 

Similarly tris( 1,2-naphthoquinone-2-oximato) 
cobalt(II1) (98%) was obtained when 2-nitroso-l- 
naphthol was used. 

Interaction of Sodium Hexanitrocobaltate(III) with 
I-Nitroso-2-naphthol or 2-Nitroso-I naphthol in the 
&esence of Sodium Nitrite 

A solution of I-nitroso-2-naphthol (0.35 g, 2 mol 
equiv) in methanol (50 cm3) was added dropwise 
to a stirred solution of sodium hexanitrocobalt(II1) 
(0.4 g, 1 mol equiv.) and sodium nitrite (0.7 g, 10 
mol equiv.) in water (50 cm”). After stirring for 2 
the mixture was dried at 50 “C/O.1 mm and the 
residue was extracted with acetone. Removal of the 
solvent from the acetone extract gave sodium dinitro- 
bis(l,2-naphthoquinone-1 -oximato)cobaltate(III) 
(0.5 g, 96%). 

Similarly, 2-nitroso-1 naphthol gave sodium 
dinitrobis( 1,2-naphthoquinone-2_oximato)cobaltate- 
(III) (95%). 

Interaction of Sodium Dinitrobis(naphthoquinone- 
oximato)cobaltate(III) with Pyridine 

Sodium dinitrobis( 1,2-naphthoquinone-l- 
oximato)cobaltate(III) (0.7 g, 1 mol equiv.) and 
pyridine (0.3 g, 3 mol equiv.) in acetone (200 cm”) 
were heated under reflux (10 h). The mixture was 
dried and the residue was extracted with chloro- 
form (200 cm3). The extract, on drying at 50 “C/ 
0.1 mm gave a residue of nitrobis(I,2naphthoqui- 
none-l-oximato)pyridinecobalt(III) (84%). 

Similarly nitrobis(l,2-napthoquinone-2-oximato)- 
pyridinecobalt(II1) (80%) was obtained when sodium 
dinitrobis(l,2-naphthoquinone-1 -oximato)cobaltate- 
(III) was used. 

Interaction of Sodium Dinitrobis(naphthoquinone- 
oximato)cobaltate(III) with Benztriazole 

Sodium dinitrobis(l,2-naphthoquinone-1 oximato) 
cobaltate(II1) (1.29, 1 mol equiv.) and benztriazole 
(0.8 g, 3 mol equiv.) in acetone (200 cm3) was heated 
under reflux (10 h). The mixture was dried and the 
residue was extracted with chloroform. The extract 
was dried and washed with methanol to give nitro- 
bis(l,2-naphthoquinone-1 -oximato)benztriazole- 
cobalt(M) (38%). 

Similarly nitrobis(l,2-naphthoquinone-2oximato) 
benztriazolecobalt(II) (42%) was obtained when 
sodium dinitrobis( 1,2-naphthoquinone-2-oximato) 
cobalt(III) was used. 

Interaction of Sodium Dinitrobis(naphthoquinone- 
oximato)cobaltate(III) with Nitrosonaphthol under 
Neutral Conditions 

A solution of I-nitroso-2naphthol (0.04 g, 1 mol 
equiv.) in methanol (10 cm3) was added to a solution 

Interaction of Sodium Dinitrobis(naphthoquinone- 
oximato)cobaltate(III) with Nitrosonaph thol under 
Basic Conditions 

A solution of 1-nitroso-2naphthol (0.04 g, 1 mol 
equiv.) in methanol (10 cm3) was added to a solu- 
tion of sodium dinitrobis( 1,2-naphthoquinone-I oxi- 
mato)cobaltate(III) (0.19 g, 1 mol equiv.) in acetone 
(50 cm3). Sodium hydroxide (2 M, 8 drops) was 
added. The mixture was stirred (1 h) and dried. The 
residue. was extracted with chloroform. The chloro- 
form extract was dried to give tris( 1,2naphthoqui- 
none-l-oximato)cobalt(III) (90%). 

Similarly tris(l,2-naphthoquinone-2oximato)- 
cobalt(III) (90%) was obtained when 2-nitroso-l- 
naphthol and sodium dinitrobis(l,2naphthoquinone- 
2oximato)cobaltate(III) were used. 

Interaction of Sodium Dinitrobis(naphthoquinone- 
oximato)cobaltate(III) with Nitrosonaphthol under 
Acidic Conditions 

Sodium dinitrobis(l,2-naphthoquinone-1 oxi- 
mato)cobaltate(III) (0.102 g, 1 mol equiv.) and 
l-nitroso-2-naphthol (0.040 g, 1 mol equiv.), were 
stirred in acetic acid (10 cm3) for 1 h. After removal 
of the solvent the resultant solid was extracted with 
chloroform to give sodium dinitrobis( 1,2-naphtho- 
quinone-1 -oximato)cobaltate(III) (98% recovery). 
The chloroform extract on drying gave a residue of 
1 -nitroso-2-naphthol(96% recovery). 

Similarly, 2-nitroso-1-naphthol and sodium 
dinitrobis(l,2-napht.hoquinone-2oximato)cobaltate- 
(III) were recovered in 97 and 96% yield respec- 
tively. 

Action o Heat on Tris(naphthoquinoneoximato)- 
cobaltate III) f 

A mixture of isomers of tris( 1,2naphthoquinone- 
Ioximato)cobalt(III) (Rf 0.35 and 0.42 in chloro- 
fom) (0.5 g) was heated in toluene (50 cm3) under 
reflux 168 h. Removal of the solvent gave tris(l,2- 
naphthoquinone-1 -oximato)cobalt(III) (mainly Ri 
0.35). 

Similarly, a mixture of isomers of tris(l,2- 
naphthoquinone-2oximato)cobalt(III) (Rf 0.40 and 
0.47 in chloroform) gave tris(l,2-naphthoquinone- 
2_oximato)cobalt(III) (mainly Rr 0.40). 



Co(III) Complexes of Nitrosonaphthols 

Acknowledgements 

We thank the Procurement Executive, Ministry 
of Defence, for partial support of this work. 

References 

M. Hlinski and G. von Knorre, Ber., 18, 699 (1885). 
R. S. Young, ‘Cobalt, its Chemistry, Metallurgy and 
Uses’, Reinhold. N.Y. v. 57 (1966). 
I. V. Pyatnitski, ‘Analytical Chemistry of Cobalt’, 
Israel Program for Scientific Translations Ltd., p. 39 
(1966). 
A. Janowski and J. J. Cukrowski, J. Mol. Str., 7, 185 
(1971). 
R. Paulais and S. Marhuenda, Bull. Sot. Chim. France, 
18, 206 (1951). 

6 

7 

8 

9 

10 

11 

12 

13 

14 
15 
16 
17 

155 

C. M. Callahan, W. C. Fernelius and B. P. Block, Anal. 
Chim. Acta, 16, 101 (1957). 
S. Gurrieri and G. Siracusa, Znorg. Chim. Acta, 5, 650 
(1971). 
L. A. Epps, K. Wiener, R. C. Stewart and L. G. Marzilli, 
Inorg. Chem., 16, 2663 (1977). 
S. A. Bajue, C. Lalor and K. L. Stuart, J. Znorg. Nucl. 
Chem., 37, 51 (1975). 
J. Charalambous, G. Soobramanien, N. A. Nassef and H. 
D. Mathewson, unpublished results. 
R. G. Cawthorne, J. Charalambous, W. M. Shutie, P. B. 
Taylor and A. Betts, Inorg. Chim. Acta, 37, 345 (1979), 
and references therein. 
D. K. AIlen, J. Charalambous, L. I. B. Haines, M. H. 
Johri, D. S. Peat and H. Mathewson, submitted. 
R. G. Buckley, J. Charalambous and E. G. Brain, sub- 
mitted. 
J. Charalambous, M. J. Kensett and J. M. Jenkins, J. 
Chem. Sot. Chem. Comm., 400 (1977). 
W. J. Geary, Coord. Chem. Rev., 7, 89 (1971). 
R. G. Buckley,Ph.D. Thesis, CNAA (1980). 
Obtained from Pfalz and Bauer Inc. 
M. Gates,J. Am. Chem. Sot., 72, 228 (1950). 


