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Studies of Chelation. Part 9.t Cobalt Complexes of 1 -[(Substituted 
phenyl)azo]-2-naphthol and 1 -[(Substituted phenylimino)methyl]-2- 
naphthol Ligands. Tautomerism and Reactivity 

By Joseph A. Connor and David J. Fine, Department of Chemistry, The University, Manchester M13 9PL 
Raymond Price, I.C.I. Ltd., Organics Division, Hexagon House, Blackley, Manchester M9 3DA 

Spectroscopic characterisation (’H and 13C n.m.r., i.r., Raman, and u.v.-visible) of various 1 -[(substituted pheny1)- 
azo]-2-naphthols, R-Haz (R = 4‘-Me, 4‘-OMe, 4’-CI, H, 2’-OMe, 2’-Me, 2’-CI, and 2’-Br), and 1 -[(substituted 
phenylimino)methyl]-2-naphthols, R-Hsb (R = 4’-OMe, 4’-Me, 4‘-CI, H, 4‘-Br, 4‘-CF3, 4’-CN, 4’-NO,, 2’-OMe, 
2‘-Me, 2‘-CHMe,, 2’-C1, 2’-CN, and 2’-N02), in the solid state and in solution in both polar and non-polar 
solvents has shown that the hydrogen-bonded keto-tautomer is dominant in polar solvents. Reaction of cobalt(l1) 
salts with R-Haz and with R-Hsb in ethanol produces [CoL,], cis-[Co(Hl),X,], and fac-[CoL,] (1 = R-az or 
R-sb). The tautomeric form of the ligand in these complexes is established by vibrational spectroscopy and shown 
to be predominantly keto (hydrazone, ketoenamine) in [Co(R-az),], in [Co(R-Haz),X,], and [Co(R-Hsb),X,] 
(X = CI or Br) but predominantly enolimine in [Co(R-sb),]. The interconversion of [CoL,] and [Co(HL),X,] is 
established generally : the intermediate, five-co-ordinate [Co( R-Hsb)( R-sb)X] is identified in certain cases (R = 
4-OMe, 4‘-Me, or H). In the chelation process, proton loss follows ring closure and is succeeded by tautomeris- 
ation where this occurs. The facility with which the chelating ligand deviates from coplanarity of the benzene and 
naphthalene rings is a critical feature of the chelation process. The formation of [Co(R-az),] from [Co(R-az),] 
and from [Co(R-Haz),X,] in the presence of air occurs easily and is acid catalysed. [Co(R-sb),] is formed only 
under vigorously oxidising conditions. The isoelectronic ligands R-Haz and R-Hsb should not be regarded as 
identical in their reactivity towards cobalt(l1). 

r w M i + , w m  in tlie technically important 2 : 1 chromium- 
( 1 1 1 )  and cobalt(~rr) coinplexes [M(ABC),] (M = Co or Cr) 
( f t ritlc n t a t e 2,2’-dihydroxydiarylazo-ligands, ABC, 
can arise. in tlirec distinct ways. The first, which is 
simply gwmetric, gives rise to  11 isomeric forms of which 
two have tlie ligand in the vvcer configuration and nine 
have the I igand co-ordinated facia1ly.l The second arises 
from fluctuating co-ordination between tlie two nitrogen 
atonw of tlie am-group and the metal ion.2 The third 
is produced from tlie two non-planar configurations of 
the ligancl in its fiycirazone form, when the co-ordinated 
nitrogen i\ formally sb3 hybr id i~ed .~  Spectroscopic 
studies lia\re shown that the different isomeric forms 
in tcrconvcrt rapidly a t  ambient temperature in solution 
hy intramolecular processes; that  is to say, without 
redistribution in the case of the unsymmetrical com- 
pound j M (ARC) (A’B’C’)]. 

Substantial significance has been attached to  com- 
parisons Iwtween isoelectronic azomethine and azo- 
compoun(ls, and the complexes which they form with a 
particular transition metal.4 

To exainine this isomerism more closely because of its 
potential tcchnological importance we have studied a 
group of 1- (2‘- or 4’-substituted phenyl)azo]-2-naphthols 
[ ( I ) ,  R-Waz and the isoelectronic Schiff bases 1-[(2’- or 
4’-subs t i t 11 t (d phen ylirnino) me t liyl] - 2-napht hol s [ (2) , R- 
Hsb’, a n d  tlie complexes which they form with cobalt(I1) 
salts. Tfie action of acid and of base on these com- 
plexes ha\ bren observed. We have chosen to  work 
with bidentxte ligands and to study the cobalt(r1) com- 
plexes w l i i c f i  they form in order to simplify the system as 
far as possihlt.. 

Lye shall show that there are significant c1iffercncc.s 
between the complexes formed by the two types of 

t Par t  8,  J .  A .  Connor and G. A. Hudson, J .  Organomet. CFem., 
1980, 185, 385. 

ligands and that a critical feature oi the chelate ring 
closure process, which precedes proton loss, is the ease 
with which the ligand suffers distortion as a result of 
rot a t  ion. 

KESULTS A N D  DISCUSSION 

1.  Ligand Tuutonzerism.-Various analytical techniques 
have been used to determine the effect of solvent and of 
suhstituents on the azo-hydrazone equilibrium in 1- 
[(substituted phenyl)azo]-2-naphthols [( l) ,  2 = N]. 
Rather less attention has been given to  the isoelectronic 
enolimine-ketoenamine [(Z), 2 = CHI tautomerism. 

( 1 ) Z  = N  afo (R-Haz)  hydrazone 
( 2 )  Z = CH enolimine ( R  - Hsb 1 ket oena mine 

We have made a detailed comparison of  the spectra of 
analogous compounds of both series in solution and in the 
solid state, with the following results. 

The most significant lH 
and l3C: n.m.r. parameters for a selection of tlic 1- 
[(substituted phenylimino)methyl]-2-naphthols (2) and 
1-[ (substituted phenyl)azo]-2-naphthols (1) are given in 
Table 1 ,  together with othcr data for comparison. 

In the 2’-subs ti tuteti azoine tliines, the met liinc proton 
resonance appears as a doublet; the splitting of this 
doublet increases with the electron-releasing character 
of the substituent. Most striking is the sliift (ca.  ci 
p.p.m.) of both C(2) and C(12) in [(2), R = 2’-0AIc], 

(a )  Azomethine compounds. 
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TABLE 1 

J.C.S. Dalton 

Selected 13C and IH i1.m.r. chemical shifts 6 (p.p.m.) for 1,2-disubstitutccl naphthalenes in ClICl, solution 
(GU. 0.25 mol dm-3) 

l,%Naphthoquinone 
2-Naphthol 
2-H ydroxy- l-naphthaldehydc 
1 -Chloro-2-naphthol 
R-Ilaz Ii 

4’-OMe 
4’-Me 
2’-OMe 
2’-Me 

R-Hsb R 
4’-OMe 
4’-Me 
4’-C1 
4’-NO, 
2’-OMe 
2’-Me 
2‘-CHMe, 
2’-Cl 
2’-NO2 

C(1) 
179.8 
109.61 
111.08 
113.37 

121.68 
121.60 
116.36 
124.89 

109.09 
108.72 
109.30 
109.49 
108.57 
108.80 
109.16 
109.30 
109.97 

C(2) 
180.9 
153.35 
164.57 
149.40 

161.19 
167.70 
176.85 
172.10 

168.88 
170.63 
168.21 
169.01 
177.26 
171.29 
169.16 
168.82 
168.87 

C(1l)H 

192.87 

154.06 
153.65 
156.31 
167.35 
149.69 
153.50 
155.63 
155.68 
157.02 

C(1l )H 

10.56 

9.25 
9.18 
9.20 
9.36 
9.10 (8.0) * 
9.26 (4.7) 
9.22 (4.0) 
9.28 (3.0) 
9.34 (2.7) 

C(12) 

141.94 
143.85 
149.99 
143.15 

139.06 
142.46 
145.32 
152.25 
151.21 
143.48 
143.77 
143.37 
142.02 

Ref. 
a 
b 

d 
C 

C 
c 
c 
C 

c 
C 

C 

c 
c 
c 
c 
c 
c 

a 1. A.  McDonald, T. J .  Simpson, and A. I;. Sicrakowski, A ~ r s t .  J .  Chem., 1977, 30, 1727. L. Ernst, Chem. Bey. ,  1975, 108, 
2030. CThis work. N. I<. Wilson and R. D. Zehr, J. Org. Chenz., 1978, 43, 1768 lJ(CH)/€Iz in parentheses. 

when compared with other l-[(2’-substituted phenyl- 
in? ino) methyl! -2-n aphthols. When other electron- 
donating 2’-substituents [(2), R = 2’-Me or 2’-CHMe21 
are consiciercd, it would appear that the shift to lower field 
of both these carbon atoms C(2) and C(l2) in [(I) and (2), 
R = 3‘-ONc: is the result of the bifurcated liydrogen- 
bond c,tructure shown below in which annclation of a 

five- an( 
evidence 

a six-membered ring occurs. There is 
for stabilisation of the hydrogen bond by 

no 
1lC 

forrnation of two six-membered rings which might-have 
occurred in [ ( Z ) ,  R = 2’-NO,]. 

In  the 4’-substituted series, the methine proton 
resonance is a single, broad signal. Spectroscopic data 
suggest that  these compounds exist mainly in the 
enolimine (2A) form in a weakly polar solvent (CDCl,) 
and in the solid state, but the equilibrium shifts in 

TABLE 2 
Effect of solvent polarity on lH n.m.r. clicniical shifts 

6 (p.p.m.) of l-[(substituted phcnylimino)inethyl]- 
%naphthols, R-Hsb 

Y-NO, 14.54 9.34 8.10 a 
I< 6 (OI-I/NH) 6 [C( l l )H]  6 (H8) Solvent 

14.58 9.54 8.43 b 
T-Cl 15.30 9.40 8.19 a 

15.54 9.58 8.41 b 
2’-OMe 15.60 9.10 7.93 a 

15.75 9.45 8.37 b 
4’-N02 14.78 9.36 8.09 a 

c 9.62 8.48 b 
4‘-C1 15.06 9.28 8.08 a 

15.48 9.58 8.43 b 
4’-OMe 15.56 9.25 8.06 a 

15.87 9.43 8.33 h 
CDCI,. (CD,),SO. c Not observed. 

favour of the ketoenamine form (2B) in a polar protic 
solvent (ethanol). The 2’-substituted azomethine deriv- 
atives exist mainly in the ketoenamine (2B) form in both 
weakly polar and polar protic solvents, and also in the 
solid state. The influence of solvent polarity is also 
manifest (Table 2) in the lH n.m.r. spectra of the azo- 
methine ligands recorded in both CDCl, and [2H,]dmso 
(dmso = dimethyl sulphoxide). The shift to lower field 
in the more polar solvent is greater for the 4’-substituted 
ligands than for the 2’-substituted series. 

The compounds of the 2’-sub- 
stituted series (1) can be distinguished from those of the 
4’-substituted series by the observation of a doublet (,J 
8 Hz) centred at 6 8.1 p.p.m. in the lH n.m.r. spectra of 
the former; this signal is due to H5 on the naphthalene 
ring. The observation of this signal is consistent with 
the dominance of the azo-tautomer (1A) in solutions of 
the 2’-substituted phenyl series in weakly polar solvents. 
This is confirmed by a decrease in the separation between 
the doublet due to H8 (3J 8 Hz) centred at  S 8.5 p.p.m. 
and the aromatic proton multiplet from 60-66 Hz in the 
4’-substituted series to 50-56 Hz in the 2’-substituted 
series. 

All the l-[(substituted phenyl)azo]-2-naphthol deriv- 
atives show a broad signal a t  6 cn. I6 p.p.m., wliicli is 
due to the excliangeable 11 ydrogen-bonded liydroxyl/ 
aniinyl proton. From the position of the signal, hydro- 
gen bonding would appear to be strongest in [(l) ,  
R = 2’-OMe] (6 16.53 p.p.m.) and weakest in [(l), R = 
4’-OMel (6  15.60 p.p.ni.) ; we have observed exactly 
similar substituent effects in the position of the OH/NH 
resonance of 2-[(2’- and 4’-substituted phenyl)azo]-4- 
methylphenol compounds which are assumed to exist 
entirely in the azo-form, although exchange between 
the azo and hydrazone tautomers is fast (7  > lo4 s-l) 
a t  150 K. 

The i.r. (solid mulls) and electronic spectra (ethanol) 
confirm the view that the l-f(4’-substituted pheny1)- 
azoI-2-naphthol compounds exist principally in the 

( b )  Axo-compomds. 
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hydrazone form in these media.g The 2'-substituted 
analogues exist in the azo-form (1A) in a weakly polar 
solvent (cliloroform) and as equilibrium mixtures with a 
slight preference for the hydrazone form in ethanol 
solution and in the solid state. Crystallographic studies 
of various 1-[(2'- and 4'-substituted plienyl)azo]-2- 
naphthols have confirmed the o-quinonoid, hydrazonc 
structure in the solid state; however, the location of the 
liydroxyljaminyl proton has not been estab1ished.l" 

The strength of tlw hydrogen bonding in the azo- 
metliine (2) series is less than in the corresponding azo- 
compounds ( 1 ) ,  and is dependent upon both the position 
(2' > 4') and the nature (OMe > NO,) of the substituent 
on the plienyl ring. In strictly comparable cases, there 
is cvidenve to suggest that the azonietliine ligand [e.g. 
(2), R -= 4'-OMe; pKtL(OH) lO.SO] is a stronger acid 
than the corresponding azo-ligand [c'.g. ( l ) ,  R = 4'-0,14e; 
pK,,(OH) 12.641. 

Almost all o f  the complexes of cobalt with the ligantls 
R-Haz ( 1 )  ant1 R-Hsh ( 2 )  which are described in tlic 
next section are prepared in ethanol solution, in wliicli 
the ketonic tautomer ( I H ,  2R) is present in higher con- 
centration than the enol tautomer ( IA,  2A). 

Comjdcxes of Axo-ligaizds, R-Haz.-Previous work 
has shown l2 that R-Haz (R = 4'-OMe, 4'-Me, or H)  
react wit11 cobalt(I1) acetate to form neutral, dark green, 
liigli-spin (ILeR. 4 . 3 4 . 5  B.M." a t  295 K), tetrahedral 
complexes, 'Co(R-az),]. No complex is formed when R 
is an electron-attracting substituent. The same ligands. 
R-Haz ( R  --= 4'-OMe, 4'-Me, or H) ,  react with cobalt(I1) 
Idides  Cox, (X = C1 or Br) in ethanol to form neutral, 
rcddish brown, high-spin (peg. 5.0-5.2 R.14. a t  295 I<) 
octahedral complexes LCo(R-Haz),X,]. The azo-ligantls, 
R-Haz (K 1 1'-0Me, 4'-Me, or H) ,  react with ?;a,- 
iCo(CO,),, in ethanol to form dark blue octahedral 

Addition of liydrochloric acid (2 mol) to [Co(R-az),] 
(R = H) i n  dry deoxygenated ethanol gives [Co(R-Haz),- 
Cl,j (K -= I i )  if the acid is added slowly: too rapid 
addition causes disintegration of the complex and liber- 
ation of H-Haz. Addition of potassium acetate (2 mol) 
t C J  LCo(R-Haz),C12] (R = H) in dry ethanol a t  reflux 
produced [Co(R-az),] (R = H) after 0.5 li, but if the 
period of rrflux is extended (24 11) the product is fac- 
~Co(R-az),j ( R  = H). When the same reaction with 
potassium acetate is carried out under strict anaerobic 
c-onditions no cobalt(rI1) complex is fornied even after 
36 I1 at  refus.  Addition of potassium acetate (1 mol) to 
an ethanol wlution of [Co(R-Haz),Cl,] (R = H, 1 mol) 
and reflusing for 2 h produced [Co(R-az),] (R = H), and 
on leaving the filtrate obtained from the reaction to stand 
in air overnight fac-[Co(R-az),] (R = H) was formed. 
l;inally, !Co(R-az),] (R = H, 1 mol) is oxidised to fac- 
[Co(R-az),l ( R  = H) by the reaction of hydrochloric 
acid (0 .1  mol) in aerated ethanol a t  reflux (1 h). I;urther 
clarification of the acid-catalysed oxidation of [Co(R-az),] 
( R  : H) is provided by the observation that ;Co(R-az),] 
(1C = H) does not react with I<-Haz (R = H) (1 : 1) in 

2. 

~LK-:CO( R-~z),!. 

* Throughout this paper: 1 13.AI. z 0.27 x A in2. 

refluxing aerated ethanol, nor on refluxing alone in 
aerated ethanol to form fac-[Co(R-az),] (R = H), but 
the cobalt(Ir1) complex is formed rapidly when an 
aerated ethanolic solution containing equimolar amounts 
of both [Co(R-az),] (R = H) and [Co(R-Haz),Cl,l ( R  = 
H) is heated at reflux. 

It seems that the loss of HX resulting from the addi- 
tion of I<[O,CCH,] to a solution of [Co(R-Haz),X,] 
causes an increase in the acidity of the mixture which is 
sufficient to change the redox potential, E"{[Co(R-az),]/ 
[Co(R-az),],R-Haz) in favour of the cobalt(Ir1) complex. 
Normally, an increase in tlie acidity of a system in- 
volving proton loss could be expected to favour the 
lower oxidation state. In this case i t  wouI(1 seem that 
both oxygen and H "  are involved as oxidation only 
takes place if both are present. 

With the exception of (R-Haz, R = 2'-OMe), no 
cobalt complex can be isolated when l-[(Z'-substituted 
plienyl) azo]-2-naphthols are used as ligands. I t  scenis 
likely that this complex [Co(R-az),! (TC = 2'-OMe) 
(pen. 4.30 B.M.) is stabilised by a weak interaction 
between the metlioxy-group and the cobalt atom. An 
interaction of this kind is known l3 in tlir complex 
[Cu(R-az)C1] (R = 2'-OMe). 

The i.r. and Raman spectra6 of the complexes 
generally show a marked sharpening of the absorptions 
compared with those of the free ligand. The broad 
absorption at  ca. 1550 cm-l in the free ligand R-Haz 
wliicli is assigned to a combination o f  vihrations in- 
volving NH bending and -N=C stretching of the (NH- 
N=C) group associated with the hydrazone tautomer (In) 
appears as a sharp, strong absorption a t  cn. 1 545 cn1-l in 
the spectra of the complexes. This would seem to 
indicate that the ligands co-ordinated to tlie colialt atom 
maintain the hydrazone structure. The vibration 
v(N=N), identified as contributing to the strong absorp- 
tion at  1380 cm-l in the Raman spectrum of R-Haz 
(R = 4'-Me), is not observed in the Raman spectrum of 
[Co(R-az),], which is consistent with a shift of the tauto- 
meric equilibrium in favour of the hydrazone form on co- 
ordination. We were most surprised not to c>txerve any 
strong absorption below 400 cm-l in the i.r. and Raman 
spectra of the octahedral [Co(R-Haz),X,j complexes, 
despite a number of attempts to do so with a variety of 
different samples of analytically pure matvrial. The 
lack of any observation of ~(CO-Xi) precludes the identi- 
fication of the geometry of the [Co(R-Haz),X,- com- 
plexes; however, the fact that  these complexes are 
readily converted to fnc-[Co(R-az),] suggests that they 
may have the cis configuration, as have the Co(K-Hsb),- 
X,] complexes which will be described below. 

Coqfdcxes of Axomethine Lignlads, R-Hsb.-It was 
generally found advantageous to work in an  inert (de- 
oxygenated nitrogen gas) atmosphere and to use de- 
oxygenated solvents in the preparation of these com- 
plexes. Previous work has described l4 the complexes 
of cobalt formed by %[(substituted p~ieny1imino)metliyl~- 
phenols. In order to maintain the closest possible 
comparability with the azo-ligand systems already 

3. 
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described, we have used a series of 1-[(substituted phcnyl- 
i mi no) met 11 yl] - 2-11 a pli t 1101s , R-H sb . 

Cobalt(I1) acetate reacts with R-Hsb (R = H, 4’-OMe, 
4‘-1LIe, 4’-C1, 4‘-Br, 4’-CF3, 4’-CN, 4‘-NO,, 2’-0Me, 2‘- 
CHhTc,, and 2’-C1) in methanol to form paranmgiwtic 
(pclr = 4.0-4.2 R.M. at  295 K), neutral red tetraliedral 
comnpleses, [Co(R-sl~)~] (see Table 3). !Ire have 11wn 
unable to prepare a complex from I<-Hsb ( R  =T 2’-CX, 
2’-KOz) despite various attempts to do so: the rwson 
for this is not apparent. Previousljr, complexes of 
ligands bearing a substituent in the 2’-position on tlic 
plienyl ring have been reported l5 to be exceedingly 
difficult or impossible to prepare and unfa\-ourable 
steric effects were blamed. Our experience would 
indicate that the solubility of the components in the 
reaction medium and the need for anaerobic conditions 
are the dominant influences. The ligand in these 
[Co(R-sb),j complexes is present in the enolimine 
tautomeric forrn. The evidence for this is provided by 
a shift (10-20 cm-l) of the absorption assigned to 
v(P1i + C=N) and v(C - C) to lower wavenumbers, 
and a shift (30 cm-l) of the absorption assigned to the 
naphtholic C-0 stretching vibration to higher wave- 
numbers. 

Addition of a solution of any anhydrous cobalt(I1) 
halide, COX, (X = C1 or Br), in dry ethanol to a refluxing 
solution of R-Hsb (R = H, 4’-OMe, 4’-Me, 4’-Cl, 4’-Br, 
4’-CF,, 3‘-hfe, 2’-Me, and 2’-CHMe,) results in the form- 
ation of neutral, green, high-spin (pea. 4.9-5.2 B.M. a t  
295 K) octahedral complexes [Co(R-Hsb)&,] in which 

TABLE 3 
[Co( R-sb),] complexes 

R Empirical formula C H c o  N 

4‘-Me C36H28CoN202 74.7 4.9 9.9  a.0 

F-I C34H24CoN2”2 73.8 4.5 10.2 5.4 

(a) Analyses Analysis (%) 
h r- > 

4’-OMe C,,H,&oN,O, 71.5 4.7 10.5 4 . 3  
(70.7) (4.6) (9.6) (t .6) 

(74.6) (4.8) (10.:) (4.8) 

(74.1) (4.4) (10.7) (5.1) 

(65.8) (ij.!) (9.5) (4.5) 

(57.6) (3.1) (8.3) (4.0) 

(62.9) (3.2) (8.G) (4.1) 
4’-CN C,,H2,CoN40, 72.4 4.0  9.7 9.6 

(71.9) (3.7) (9.8) (9.3) 

4‘-Clb C~~H,,CI,CON,O, 66.6 3.6 9.0 4.4 

4’-I3r C,,H,,Br,CoN,O, 67.5 J,J 8.2 3.8 

4’-CF: C,,H,,CoF,N,O, 63.0 3.2 8.4 4.1 

4’-??O, C,~H,,CON~O, 65.0 3.5 8.9 8.9 
(63.7) (3.4) (9.2) (8.7) 

T-OMe C,,H2,CoN,04 69.8 4.6 10.0 4.5 

2’-CHMe, C,,H3,CoN,0, 76.5 5.8 9.2 4.2 

2’-C1 C,,H2,C1,CoN~0, 65.4 3.6 8.9 4.1 

(70.7) (4.6) (9.6) (4.6) 

(75.6) (5.7) (9.3) (4.4) 

(65.8) (3.5) (9.5) (4.5) 
(b) ,Magnetic moment (295 K) and  conductivity in nitrocthane 

R pen./B.M. A/S cm2 mol-1 
solution 

4‘-OMe 4.21 (1 
H 4.03 (1 
4’-C1 4.22 <1  
2’-CHMe, 4.03 (1 

Found (calc.). “1: Found 11.1, calc. 11.5%. c Br: 
Found 22.8, calc. 22.5%. dF:  Found 16.9, calc. 16.674. 

C1: Found 11.6, calc. 11.5%. 

T A B L E  4 
Characterization of cis-[Co(l<-Hsb),S,] complcxcs 

( N )  .lnalytical d a t a “  for S = Cl 
.Innlysis (‘)A) 

7 ~~ h___--- 

R LCnipirical forniu1,i c 13 c1 co N 
4‘-0A[c c,, tt,,Cl,CoN,( 63.8 4.5 10.3 8.3 3.9 

4’-Jlc c3,H3&1,c01s2~ ), 66.0 4.5 10.9 9.1 3.9 

H C34H2,C~,CON2()2 65.4 4.1 11.3 9.2 4.2 

(58.9) (3.5) (20.5) (8.5) (4.0) 

(63.2) (4.4) (10.4) (8 6) (4.1) 

(66.3) (4.6) (10.9) (9.0) (4.3) 

(65.4) (4.2) (11.4) (9.4) (4.5) 
4’-C1 C,,H,4Cl,CoN,~~, 58.2 3.8 19.2 8.3 3.8 

4’-Br C,4N,4Br,Cl,CoN20, 52.0 3.0 9.3 7.5 3.5 
(52.5) (3.1) (9.1) (7.5) (3.!) 

4’-CF,‘ C,,H,,CI,CoF,N,O, 57.0 3 . 5  9.0 7.4 3.6  
(56.8) (3.2) (9.3) (7.8) (3.7) 

2‘-Me C,,H,,C1,CoN20, 65.7 4.5 10.3 8.9 4.0 
(66.3) (4.6) (10.9) (9.0) (4.3) 

2’-CHMe, C,,H,,C12CoN,0, 66.6 5.5 10.0 8.0 l3.8 
(67.8) (5.4) (10.0) (8.3) (4.0) 

(b) -4nalytical da ta  for X - Br 
.4nalysis (76) 

-7 r~ --A 

R Empirical formula C H Hr (‘0 N 
4’-OMe C,,H,,Br,CoN,O, 56.1 4 0 20.5 7.9 3.4 

(55.9) (3.9) (20.7) (7.6) (:<,ti) 
4’-;\Ie C,,H,,Br,CoN,O, 56.7 4.0 21.3 8.0 3.6 

(58.3) (4.1) (2 1.ti) (8.0) (3 .8)  

(57.2) (3.6) (22.4) (8.3) (3.9) 
4’-C1 ,I C,,H,,Hr,C:I,CoN,02 51.9 3.1 20.3 7.5 3.5 

H C34H26Rr2CoN202 57.0 3.5 22.4 g . 0  3.8 

(52.2) ( 3 . 1 )  (20.4) (7.5) (3.6) 
4’-Rr C,,H,,Rr,CoN,O, 46.6 2.8 3.5.3 6.5 3 . 1  

(46.8) (2.8) (36.7) (6.8) ( 3 . 2 )  
2’-Me C,,H,,Br,CoN,O, 58.4 4.2 21,s 7.7 3.7 

(53.3)  (4.1) (21.6) (7.9) ( 3 3 )  

(60.2) (4.8) (20.1) (7.4) (3.5) 
Y-CHIVle, C,,H ,,Hr,CoN,C), 00.3 4.8 19.9 7.4 3.4 

(c) Magnetic inoinent (295 K) and solution coiitluctivity 
A (dilif)/S IZ(LCtN0,)IS 

R X I ~ ~ ~ . / B . M .  cm2 mol“ c1n2 in01 
4‘-OMc CI 4.90 27 .3  9.1 
4’-OM c 13 r 6.24 40.1 12.0 
4’-Mc c.1 6.24 10.4 2.0  
H c 1 5.10 0 . 2  2.4 
4’-C F, Cl 5.03 43.7 1 0 . 0  
2’-CH Mc, C1 5.09 8.0 :: . (i 
~ ‘ - M c  (‘I 5.0 1 1 6 . 3  12.2 

Found (cs~c.). I, Br:  Found 21.0; calc. 20.4”(,. I:: 

no proton loss from the ligand occurs (Table 4). At- 
tempts to prepare complexes from the ligands R-Hsb 
(R = 2’-CN, 2’-NO,, 4’-CN, or 4’-NO,) were un- 
successful. The i.r. and Raman spectra ti of tliese cobalt- 
(TI) complexes are consistent with an increase in  t l ~ l  
ketoenamine character in the co-ordinatecl azometliine 
ligand in the [Co(R-Hsb),X,] complexes compared to the 
tetrahedral [Co(R-sb),] complexes. The vibrational 
spectra of [Co(R-Hsb)J,] also contain two strong 
absorptions at  330 and 290 cm-l (X = Cl) and 260 and 
240 cm-l (X = Br), which are assigned to v(Co-X) and 
indicate a c is  stereochemistry for the halogen ligands. 

The red tetrahedral [Co(R-sb),] (R = 4’-OMe, 4’-Me, 
or 4’-Cl) complexes react with acid, H X  (X = CI, Br) 
(2 mol), in dry ethanol to give the green octahedral cis- 
[Co(R-Hsb),X,]. The addition of base (potassium 
acetate, 2 mol) to cis-[Co(R-Hsb),X,] in ethanol and 
heating a t  reflux for 1 h produces [Co(R-sb),] in high 

Found 14.9; calc. 15.0”h. C1: F o u r ~ t l  9 .0;  cnlc. 9 . 1 ° 0 .  
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yield. However, when only one mol of potassium acetate 
was added to a stirred, refluxing solution of cis-[Co- 
(R-Hsb)&,] ( R  = 4'-OMe or 4'-Me; X = C1 or Br) in 
the minimum amount of dry ethanol required to effect 
solution, dark purple crystals were deposited from the 
reaction during 15 h. These crystals could be ground to 
:t dark brown powder. Elemental analysis, the magnetic 
moment of the solid ( p e ~ .  3.47 B.M. at 295 K,  R = 4'-Me, 
X = Br), and the very low molar conductivity in drnf 
(dimethylformamide) solution are consistent with a five- 
co-ordinate cobalt(I1) species. The i.r. spectra of 
these purple species are very complex. Bands charac- 
teristic of both enolimine (as in [Co(R-sb),]} and keto- 
enamine (as in cis-[Co(R-Hsb),X,]} forms of the ligand 
are observed. In the low frequency region only one 
strong band is observed at 315 cm-l (X = Cl) or 240 
cm (X = Br). This fact together with tlie observation 
that the pattern of relative intensities of i.r. absorptions 
in the region 625-1 700 cm-'l is not well reproduced by a 
1 : 1 mixture of [Co(R-sb),] and cis-[Co(R-Hsb),X,], 
establish that these purple complexes are discrete com- 
pounds having the constitution LCo(R-sb) (K-Hsb)X] 
The diffuse reflectance spectra indicate (Table 5 )  that 

TABLE 5 

1)iff use reflectance spectra of [Co(lZ-sb),], cis-[Co( R-Hsb),- 
BrJ, and [Co(R-Hsb)(K-sh)Rr] (K = 4-'OMc or 4'-Me) 
complexes 

Complex 
[ C o  (4'- Me-sb) 2] 

[Co (4'-ONle-sb) 

i;/Clll  1 

7 300, 8 800, 1 1  000, 16 700, 

7 500, 9 100, 11 000, I6  700, 
20 600, 21 800 

18 300, 21 S O 0  

cis-[Co(4'-Me-Hs\s) 2Br,] 5 100, 5 900, 7 300, 15 400, 
21 600 

21 400 
cis- [Co(4'-0Me-Hsb) aBr2] 5 200, 6 100, 7 500, 16 000, 

[Co(Q'-Mc-Hsb)(4'-Me-sb)Rr] 

[('0(4'-( )I\il~-~Isb)($'-OMc-sb)Rr] 

4 500, 6 800, 8 000, 1 0  100, 
17 500, P I  900 

4 700, 7 000, 8 400. 1 0  '700. 
17 !MO, 22 500 

tlie complexes [Co(R-sb) (R-Hsb)X] are clistinguisliahle 
from [Co( R-sb),] and cis-[Co( R-Hsb),X,] . 

The cobalt(I1) complexes czs-[Co(R-H~b)~X,] are not 
oxidised to cobalt(ri1) complexes {e.g. [Co(R-sb),j) by the 
action of potassium acetate or by the combined action of 
acid and air on [Co(R-sb),]. The tris-(ligand) coni- 
plexes can be prepared by the action of hydrogen peroxide 
(100 ~01.9;) on a mixture of R-Hsb and [Co(R-sb),] in 
ethanol a t  reflux. The l H  n.m.r. spectrum of [Co(R-sb),] 
(R = 4'-Me) shows three methyl resonances (6 1.70, 2.05, 
and 2.20), indicative of afac configuration of the ligands. 

Comparison of Axo and Axomethirre Complexes.- 
In considering the complexes formed by the ligands 
R-Haz and R-Hsb with cobalt(I1) the following points 
need to be borne in mind. In ethanol solution, the 
ligands 4'-R-Hsb, 4'-R-Haz, and 2'-R-Hsb all exist pre- 
dominantly as the ketonic tautomer, but this tautomer is 
only slightly favoured in the case of 2'-R-Haz. All of 
these ligands exist as intramolecular hydrogen-bonded 

4. 

structures in solution ; the strength of this hydrogen 
bonding generally decreases in the order 2'-R-Haz > 
4'-R-Haz > 2'-R-H;b > 4'-R-Hsb. I t  is known that 
azobenzene is planar both in the gas phase ant3 in the 
solid state.16 [(Phenylimino)methyl]benzene in not 
planar, the torsion angle about the phenyl(C)-N bond is 
35-55", depending on the phase.17 We suggest that  
twisting of the phenyl ring about the C-N bond will also 
occur in the 1 -[(substituted pheny1imino)met hyll-2- 
naphthols we have used. This deformation is expected 
to occur more easily in the ketoenamine tautorner. 
Simple niodels of [CoL,] arid cis-jCo(HL),X,] (L = 2'- 
or 4'-R-az and 2'- or 4'-R-sb) suggest that twisting of the 
phenyl ring relative to the naphthalene ring will favour 
co-ordination. 

Although the synthesis of the cobalt( 11) complexes of 
both R-Haz and R-Hsb is carried out in neutral ethanol 
solution, in which the keto-tautomer of tlie ligand is 
present in higher concentration than the enol tautomer, 
it is important to recogiiise that both tautoniers axti 
present and that co-ordination of the metal can originate 
from either tautomer of each ligand. This is indicated 
by the Scheme. The Scheme emphasises first, that 
rotation of the singly co-ordinated ligand about the 
C(2)-OH bond (enol) or the 2-NH bond (keto) must 
precede chelation ; secondly, that proton loss follows 
chelation ; and thirdly, that tautonierisation of t lit-' 

1 1  

!+ 

R 

r 

R 

L 

lo", 
H 12+ 

R 

')+ 
1 --OH2 
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clielated ligand may be assisted by proton loss in the 
presence of a base (e.g. acetate). 

Protonation of the ligand wliicli occurs when [CoL,] 
(L = R-az, R-sb) is treated with acid to form cis- 
/ Co(HLj,X,] will most likely occur a t  nitrogen rather 
than oxygen. Wlien col)alt( 11) acetate reacts with €€IA, 
the product is [CoT,,], but w1ir.n cobalt(1r) lialicles are 
used, tlie product is LCo(N L)&]. This i.s consistent 
with tlie greater basicity of the acetate ion compared 
with halide ion, and intlicatcs that the p K i L  of the co- 
ordiiiated ligaiid, IllL, in  /CO(HI,)~X& is less tlian that of 
acetic acid (ph',, 4.75) and greater than that of tlie 
liydrohalogenic acid. In this (*()titext, we notch that thc 
acidity of ~-1iydros~~l~t.iizc~ic. (salicylic.) acid I ~)I i~ , (O€l) l3 .2  1 

is less than that of it\ cx)inplex j Co(t~ti)2(Hsal)]2 I ipI<:,- 
(OH) 1.801.*8 

I t  appears tliat failure to prepare c~)mplcses of 2'- 
R-Haz can be seen ;is the conscqueiict' of two unfavour- 
able factor.;: tlie relativcbly liigli conwritration o f  the 
liydro?cyazo-tautc)ri~~~r (1'4) and tlie streiigtli of Iiyclrogcw 
bonding in a planar sg,stchni. 

The difference i i i  tlie effect o f  substituents, wliicli is 
apparent i n  tlic series o f  /CoL,j (L 7 K-az and R-sb) 
complexes, is even more pronouiiced in tlic case of cis- 
[ Co(HL)&,J complexes. The azo-ligancls only form 
these complexes when IC is an electroii-donor substituent 
( R  == 4'-OMe or 4'-iVk). Azometliine ligands having a 
wide range of electroii-donor and electron-acceptor sub- 
stituents in tlic 4'-position form cis-LCo(R-Hsb),X,] 
cornylexes, and even wlien R is a sterically demanding 
group (-CHMe,) in the 2'-position it is possible to iso- 
late the octahedral cis <lilialogeno-complex. These dif- 
ferences serve to underline the importance of tlie ad- 
vantage of non-planarity for tlie azometliine ligands 
wliicli allows the 2'-substituent to avoid an unfavourable 
environment for chelation. 

Although botli series (R-Haz and R-Hsl)) of  ligands 
give higll-SpiIi tetraliedral conq)lexes, [CoL,], spectro- 
scopic studies indicate tliat, whereas the ligand is bound 
in its keto-form jliydrazone, (1B)] when L is R-az, it is 
bound in the enol Lenolimine, (2A)I form when L is R-sb. 

The ease with wliicli [Co(R-Haz),X,] antl [Co(R-az),i 
complexes can be oxidised to fac-LCo(R-az),J is in 
marked contrast to tlie greater difficulty which is 
experienced in oxidising the analogous azornethine 
systems to give fac--Co( R-sb),] which are readily reduced 
to I Co(R-sb),]. The complexes [CoL,] and [Co(HL),X,] 
(L = R-az antl R-sb) are readily interconverted with acid 
and base. In botli cases, tlie protonation requires slow 
addition of HX to LCoL,] if [Co(HL),X,] is to be formed 
in high yield. The reaction with base is a rapid and 
clean reaction when it is carried out anaerobically, but 
when air is present in the reaction of  Co(R-Haz),X,] 
with base, oxidation occurs to give fac-[Co(R-az),]. The 
corresponding acid-catalysed oxidation does not occur in 
tlie case of cis-[Co(R-Hsb),X,]. Reaction between 
equimolar proportions of [Co(HL),X,] ancl base produces 
five-co-ordinate [Co(HL)(L)Xj (1, = R-sh, R = 4'-OMe, 
4'-Me, or H), but either oxidation {to [COT,,] (I, 1 

R-az)} or complete dehydrohalogenation (to [CoI,,] 
(L = R-sb)} is observed in all the other systems in- 
vestigated under the same conditions. 

I t  is clear that the isoelectronic ligancls R-Haz and 
R-Hsb should not he regarded as closely comparable, 
still less as identical in their reactivity towards cobalt- 
( 1 1 ) .  Co-ordination to the metal probably starts from 
the niore abundant keto-tautonier I ( lR) ,  (2Bjj in  each 
case by formation of a bond to nitrogen; intramolecular 
rotation of the uiiidentate ligand precedes chelation 
which is followed by loss of a proton. Tlie ability of the 
ligand to become non-planar as a result of rotation about 
the phenyl(C)-N bond plays a crucial role in promoting 
the stability of tlie different complexcs by diniinisliing 
u ~ i  favoura ble rwn- bonding s t eric in t erat-t i c  bns. 

E S P  E l i  1 M E NT AI, 

All  reactioiis requiring an inert atiiiosphere were cnrrietl 
out in dry, tleosygenatccl dirii trogcn using conventionnl 
vacuum-line and Sclilenk-tube techniques. Solvents were 
dried, cleaeratetl, ancl distilled before use. Melting points 
were recorded on a calibrated liot-stage block. Infrared 
spectra were recorded as niulls (Nujol, liesachlorobutadiene) 
on 1% 267 (NaC1 plates) or 457 ( G I  plates) grating infrared 
spectrometers in tlie range 200-4 000 cni-l, ancl calibrated 
with polystyrene. Electronic spectra were recorded with ;I 

PE 402 u.v.-visible spectrometer in a variety o f  solvents am1 
diffuse reflectance spectra were measured with a Unicani 
SP700 instrument. Proton n.ni.r. spectra were recor:lecl on 
a l>E 1112R (60 MHz)  spectronieter and 1% n.ni.r. spectra 
were recorded on a WP80 (20 MHz) spectrometer using 
CDCl, as solvent. Magnetic nieasurenients were perfornietl 
by tlie Gouy method using a tube calibrated with Hg[Co- 
(NCS),]. 
niol dni solutions in various solvents using a Phillips 
Pl< 9500 conductivity bridge. The samples of cobalt(I1) 
acetate and cobalt(I1) halides were of reagent grade. The 
anhydrous cobalt(11) halides were prepared by heating tlic 
liytlrated material a t  120-140 "C under vacuuni for 
3-4 h. 4-Trifluoromethylaniline was obtained from Kocli 
Light Laboratories. 2-Cyano- and 4-Cyano-aniline were 
provided by I .C.I .  Organics Uivision. 2-(l-Mctlij.l- 
ethy1)aniline was purchased from Fluorcheni Ltd. All 
otlier aromatic arnines used were of reagent grade from 
H.D.H. Ltcl., as was 2-hydroxy-l-nap~itlialtfehyde. Azo- 
met liine 1 igan tls were prepared by heat iiig equ i niola r 
quantities of 2-hydrosy-l-naphthaldehyde antl tlie aromatic 
aniine in etlianol a t  reflus for 90 min. Tlie product crystal- 
lised from tlie reaction mixture on cooling to ambicnt 
temperature. The following compounds are reported for the 
first t inie . ( a )  1 - i (4'- Trifluovonzetliy lpli eny Zi In i no) metlz~d] - 2- 
naphthol. Yellow crystals, ni.p. 137-139 "C (Found: C, 
68.8; H, 4 .0 ;  I;, 17.6; N ,  4.5.  Calc. for Cl8HI2F3NO: C, 
68.6; H, 3.8;  I;, 18.1; N, 4.4y0).  H I r  (toluene) 0.40. 'H 
N.rn.r. 6 (p.p.ni.) 6.92, 7.07 ((1, H3), 7.63, 7.78 (d, H*), 8.00 
(d, H*), 9.18 [C(l l )H],  14.93 (OH/NH). (6) 1-[(4'-Cyano- 
+lzenylimino)methyl]-2-nap/ithol. Orange crystals, n1.p. 232 
-284 "C (Found: C, 79.1; H, 4.3;  N, 10.0. Calc. for 
C,,HlzN,O: C, 79.4; H, 4.4;  N, 10.3%). Rk* (toluene) 0.14. 
1H N.m.r.  6 (p.p.m.) 7.03, 7.18 (d, H3), 7.77, 7.92 (d, H4), 

Met Izy Ze t k y l )  pli e ny 1 i mi no] met 11 y Z } - 2 -naphthol . Brig h t yello tv 

crystals, 11i.p. 134-135 "C (Found: C, 82.2; H, 6.5; N, 

Conductivity measurements were made on 1 0  

8.10 (d, Ha), 9.34 [C(l l )H],  14.80 (OH/NH). ( G )  1-{[2'-(1- 
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4.6. Calc. forC,,H,,NO: C, 83.0; H, 6.6; N, 4.8%). RF 
(toluene) 0.36. lH N.m.r. 6 (p.p.m.) 1.30 ((1, CH,), 3.46 
(quintet, CH), 6.98, 7.14 (d, H3), 7.67, 7.83 (d, H4), 8.06 (d, 
Ha), 9.22 [C(ll)N), 15.55 (OH/NH). (d )  1-[(2’-Cyano- 
~?ienylimino)methyl]-2-nap?ithol. Yellow crystals, m.p. 198 
“C (Found: C, 79.0; H, 4.2; N, 10.1. Calc. for C1,H1,N20: 
C, 79.4; H, 4.4; N, 1O.3y0). Rk? (toluene) 0.19. lH N.m.r. 
S (p.p.ni.) 7.03, 7.18 (d, H3), 7.72, 7.87 (cl, H*), 8.08 (d, H8), 
9.46 [C(ll)If], 14.37 (OH/NH). 

Preparation of Bis( 1-[ (4’-substituteJ plie~z~~limino)rnetlyl]-  
2-naplz tholato )cobalt (I I )  Complexes, [Co (I<-sb) ,] ( I<  = 4’-0hIc, 
Me, C1, Br, CF,, CN, or NO,).-A solution of cobalt(I1) 
acetate, Co[0,CCH3],-4H20 (0.01 mol), in metllano1 (15 cm3) 
was added dropwise during 0.25 h to a stirred, refluxing 
iiiixture of the ligand li-Hsb (0.02 mol) in nietlianol (50 
an9) .  The mixture was boiled under reflux for 1-2 h 
during wliicli time a red microcrystalline solid was deposited 
from the solution. This red solid was isolated by filtration 
of the hot mixture, washed with methanol, arid tlricd under 
vacu u i n .  Analytical and representati vc physical and 
spcxtroscopic data 6 for tlicsc complexes are collectctl in 
T:kblc! 3. 

Preparation of Bis{ 1 -[ (2‘-substituted ~henyliinino)?izet/i~~l~- 
2-na+htholato )cobalt(rI) Counplexes, [Co(J<-sb),] (I< = 2’- 
OMe, CHMe,, or Cl).--A solution of cobalt(r1) acetate, 
Co[0,CCH3],-4H,0 (0.01 mol), in nitrogcn-purged, dry 
methanol (15 cm3) was added dropwise during 0.25 11 to a 
stirred, refluxing mixture of the ligantl, l<-Hsb (0.02 niol), 
in nitrogen-purged dry nietlianol (50 cni3). Tlic niixturc 
was boiled under reflux in  a nitrogen atmosphere for 24 h, 
during wliich time a red microcrystalline solid was deposited 
from the solution. This red solid was isolated by filtration 
under anaerobic conditions of the hot reaction mixture. 
The solid was then washed with nitrogen-purged dry 
methanol and dried under vacuuiii. Analytical ant1 rep- 
resentative physical and spectroscopic 6 data for these 
complexes arc collected in Table 3. 

Preparation of cis-Dihalogenobis( 1-[ (4‘-substituted plienyl- 
imino) methyl] -2-naphthol)cobaZt ( I I )  Complexes, cis- [Co- 
(lC-Hsb),X,] (R = H,  4’-OMe, 4’-Me, 4’-C1, o~ 4’-Br).--A 
solution of the anhydrous cobalt(I1) halide, COX, ( X  = C1 or 
Rr) (0.005 mol), in dry ethanol (15 cm3) was added dropwise 
during 0.25 h to a stirred refluxing solution of the ligantl, 
li-Hsb (0.01 mol), in dry etlianol (100 ~111~).  The dark 
green mixture was heated under reflux for 24 h, during 
which time a dark green solid was deposited from the 
solution. The dark green solid was isolated by filtration of 
the hot reaction mixture, washed with dry ethanol, and dried 
under vacuum. The dry solid was then subjected to Soxhlet 
extraction with ethanol for 8 h giving one product only as 
dark green crystals. Analytical and representative physical 
and spectroscopic ti data for these coniplexes are collected 
in Table 4. 

Preparation of cis-DihaZogenobis( 1 -[ (R-Phenylimi no) - 
methyl]-2-nap?~thol)cobalt(11) Complexes, cis-[Co(R-Hsb),X,] 
(K = 4’-CF,, 2’-CHMe,, or 2’-Me).-A solution of the anhy- 
drous cobalt(r1) halide COX, (X = C1 or Br) (0.002 mol) in de- 
aerated dry ethanol (15 cm3) was added dropwise during 
0.25 h to a stirred refluxing solution of the ligand, R-Hsb 
(0.004 rnol), in deaerated dry ethanol (75 om3) under nitro- 
gen. The dark green solid which was deposited from the 
refluxing solution during a period of 24 h was isolated by 
filtration of the hot reaction mixture under anaerobic condi- 
tions, waslied with deaerated dry ethanol, and dried under 
vacuuni. Analytical and representative physical and 

spectroscopic 13 data for the green crystalline complexes are 
collected in Table 4. 

Reaction of [Co(R-sb),] (R = H) with EIydrochloric Acid.- 
Hydrochloric acid (1.0 cm3 of 10 mol dm-, solution, 0.01 
niol) was added dropwise during 0.25 h to  a stirred refluxing 
mixture of [Co(K-sb),] (R = H, 2.75 g, 0.005 mol) in dry 
ethanol (100 om3). The colour of the reaction mixture 
changed from red to green on addition of the acid. The 
mixture was heated under reflux during 1 h, allowed to  cool 
slightly, concentrated (to 50 cm3), and then filtered. A 
grcen solid was isolated, washed with ethanol, and dried 
(Found: C, 65.0; H ,  4.0; C1, 10.0; Co, 8.9; N, 4.3. Calc. 
for C,,H2,C1CoN,0,: C, 65.4; H, 4.2; C1, 11.3; Co, 9.3; 

Reaction of cis-[Co(R-Hsb),X,] (R = H, 4’-OMe, 4’-Me, 
OY 4’-C1; X = C1 OY Br) with Potassium Acetate.-(a) A 
filtered solution of potassium acetate (0.008 mol) in ethanol 
(15 cn?) was atltled to a stirred, refluxing mixture of the 
green cobalt(I1) complex, [Co(R-Hsb),X,] (0.004 mol), in 
ethanol (50 c:n3). The mixture was heated a t  reffux for 
0.5 11 during wliich tinic a red crystalline product was 
depositecl from tlic solution. The red solid was isolated by 
filtration and washed successively with ethanol (2 x 10 
cnin), thcn water until the washings were halide-free, anti 
again with etlianol (20 ~ 1 1 1 ~ ) .  The solid was dried under 
vacuuni [ ( I t  = H),  Found: C, 73.9; H, 4.4; Co, 10.5; 
N, 5.1. Calc. for C,,H,,CoN,O,: C, 74.1 ; H, 4.4; Co, 10.7; 
N, 5.1y0]. [(li = 4’-0Me), Found: C, 69.1; H, 4.3; Co, 
9.5; N, 4.4. Calc. forC3,H2,CoN,04; C, 70.7; H, 4.6; Co, 
9.6; N, 4.6y0]. [(R = 4’-Me), Found: C, 74.9; H, 4.9; 

4.8; Co, 10.2; N, 4.8Y0]. [(R = 4’-C1), Found: C, 65.6; 
H, 3.4; C1, 11.0; Co, 9.8; N, 4.4. Calc. for C,,H,,Cl,Co- 
N,O,: C, 65.8; H, 3.6; C1, 11.5; Co, 9.5; N, 4.5y0]. 

(b)  A filtered solution of potassium acetate (0.001 mol) in 
dry etlianol (5 cm3) was added dropwise during 0.25 h t o  a 
stirred, refluxing solution of the green cobalt(I1) complex 
[Co(l<-Hsb),X,] (0.001 niol) in the minimum quantity of 
dry ethanol required to  dissolve the complex. After about 
0.25 11, a yellow-brown precipitate started to  form. It was 
occasionally necessary t o  add a small quantity of fresh 
solvent in order t o  assist stirring. The yellow-brown pre- 
cipitate slowly redissolved. The reaction mixture was 
heated a t  reflux for a total of 15 h during which dark purple 
crystals were deposited from the solution. The purple 
solid was isolated by filtration, washed with dry ethanol, 
then with water until the washings were halide-free, then 
with ethanol again. The solid product was dried under 
vacuum [(R = 4’-OMe; X = CI), Found: C, 67.2; H, 4.4; 
C1, 5.5; Co, 9.4; N, 4.3. Calc. for C,,H,,ClCoN,O,: C, 
66.7; H, 4.5; C1, 5.5; Co, 9.1; N, 4.3y0]. [(R = 4’-OMe; 
X = Br), Found: C, 62.2; H,  4.2; Br, 11.6; Co, 8.6; N, 
4.0. Calc. for C,,H2,BrCoN,04: C, 62.4; H, 4.2; Br, 11.5; 
Co, 8.5; N, 4.0y0]. [(R = 4’-Me; X = Cl), Found: C, 
69.8; H, 4.7; C1, 5.4; Co, 9.4; N, 4.8. Calc. for C36H,,- 
ClCoN,O,: C, 70.2; H, 4.8; Cl, 5.8; Co, 9.6; N, 4.5y0]. 
[(R = 4’-Me; X = Br), Found: C, 65.6; H,  4.4; Br, 12.1; 
Co, 9.2; N, 4.2. Calc. for C3,H,,BrCoN20,: C, 65.5; H, 
4.4; Br, 12.1; Co, 8.9; N, 4.2y0]. Infrared spectra of 
[Co(R-sb)(R-Hsb)X] (200-400 cm-l region only) : (R = 4’- 
OMe; X = C1) 385w, 347m, 317s, 296m, 270w br, and 
250w br cm-l. (R = 4’-OMe; X = Br) 390w, 345w, 325w, 
295111, 28Om, and 240s cm-l. (12 = 4’-Me; X =- CI) 380w, 
350111, 338w, 313s, and 2701~1 cin-l. (R = 4’-Me, X = Br) 
38Ow, 350ni, 338w, 300w, 271m, and 240s c1n-l. 

N, 4.5%). 

Co, 10.6; N, 4.8. Cak. for C,,H,,CON,O,: c, 74.6; H, 
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566 J.C.S. Dalton 
Pvepnratioiz of fac- [ Tris{ 2- [ (4'-methylfih eny lim ino) ~nethyl]  - 

~ . zn~ l / t l~o la to )coha l t (~~r ) ]  .-*4 solution of cobalt(1r) acetate 
(1.24 g, 0.005 mol) in methanol (10 (3111~) was added dropwise 
during 0.25 11 to a stirrcd refluxing solution of the ligand 
1 -[ (4'-nietl~ylphen~~liniino)nietliyl]-2-1i~plitliol (4.0 g, 0.0 15 
11101)  in methanol ( 1  60 cm3). Hj7drogen peroxide ( LO cm3, 
1 0 0  vol. 04)) was a t l t l t ~ l  and the resulting niixturc u-as Iwatetl 
nl  rcflus for 2 11, during whicli time the colour of the misturc: 
cl~an~:ecl from rctl to green and a green crystallinc solid was 
tlepositccl. Tile green solid was isolated by filtration of t l ic .  
hot mixture, washed with nietlianol, ant1 drictl uiitlcr vacuum 
(Found: C, 77 .0 ;  H, 4.8; Co, 6 . 7 ;  N, 5 1 .  Calc. for 
C,,H,,CoS,O,: C, 77.2;  H, 5 . 0 ;  Co, 7 .0 ;  S, 5.0°A).  
lH S.1n.r. 8 (p.p.ni.) 1 . 7 0  (s, 3 H), 2.05 (s, 3 H), 2.20 (s, 
3 H), 6.0--8.6 (ni, 33 13). 

M'e thank the S.13.C. and I.C.I. Ltcl., Organics 1)ivision 
for support of this work through a CASE studentship (to 
1). J .  F,), Mr. J .  Friend for recording the 13C n.ii1.r. spectra, 
and Dr. 1-3. IV. Cook ( I .C. I .  C)orporatt. Laboratory) for record- 
ing the l h n a n  spectra. 
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