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The oxidation of 2,6xylenol with molecular oxygen has been studied using toluene w a 
solvent and bis(n-butyl-,V-salicylideneiminatn)cobalt (II) as a catalyst. The products of the 
oxidation were 3,5,3’,5’-tetramethyldiphenoquinone-4,4’ and low moleculnr weight poly(‘2,6- 
dimethylphenylene-1,4oxide). During this reaction the irreversible oxidation of cohult (II) 
chelate has been observed. A simple reaction scheme has been suggested to describe t,he con,- 
plex kinetic behavior. 

INTROl>UCTIO?r 

Owing to its great industrial importance, 
the mctal-cat.alyzed oxidation of 2,6-di- 
substituted phenols with molecular oxygw 
has been the subject of many papers. A 
large number of different oxidizing agents 
has been already used. Effcctivc cata1yst.s 
of this oxidation include cobalt.(II) che- 
latcs, especially the iV,N’-ethylencbis(sali- 
cylidcneiminato)cobalt (II), and their de- 
rivatives (salcominc~s) (1-5). Lately the 
USC of cobalt(II)-pht.halocynninc (6, 7), 
cobalt (II)-tctraphcnylporphyrin (6’), and 
cobalt (II)-dimcthylglyoximc (6) has been 
reported in the litwaturc. In thcsc papers 
consideration has bwn predominantly given 
to the reaction conditions and product,s, 
whereas kiwtic data arc rather scarw. 
Recently in our instit,utr it was found 
that bis(n-butyl-N-salicylidcneiminato)- 
cobalt(II), whose extraordinary btthavior 
in redox reactions has already bwn dtb- 
scribed (8), showed under certain condi- 
tions t.he ability also to catalyze xylcnol 
oxidation. The subject of this paper is the 
kinetics and products of this reaction. 

~:XPERIhlKNThL METHOI)S 

Chelates bis(n-butyl-iV-salicylidenc~imi- 
nato)cobalt(II) (COB,) and Tris(n-butyl- 
N-salicylidcnoiminato)cobalt(III) (CoH3) 
wcrc prepared according to Charles (9). 
The analyses of Co and x agreed 1vit.h 
theoretical values. 2,~Xylrnol (Chemical 
Works Z&M, Czechoslovakia) was purifird 
by zone melting and cont.ainod 0.015% of 
impurities. Tolwnr: (T,achcma, Czwho- 
Slovakia) was purificld by distillation. 

‘l’hc oxidation of 2,6-xyl(lnol was carried 
out under an atmosphere of pure oxygen 
in a stirred glass reactor. The amount of 
the absorbcad oxygcw was mcasurcd volu- 
nwtrically, by means of a 50-ml graduated 
gas burt%tc attached to this reactor. The 
measurements were carritld out within the 
wgion whcrc no influcncc of stirring on the 
rate of reaction was obscrwd. Spwtro- 
metric mcasurcmc~nt,s wre performed on 
an ir spectromctw GR 10 (Zeiss, Jcns), 
on a uv-VIS spectromctcr Spwtromom 202 
(Hungary), and on a Varian E3 X-band 
EPR spectrometer with lOO-kHz modula- 
t,ion. The tic analyses wclre pcrformcd on 
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:wt,iv:ttcd l;tyclre of silk gcal G. ‘l’hc tnobilo 
phnsc ~3s a mixturr: of bc~tizcwc :itid 
mc+h;tttol, 95: 5 (v,:v). Co(I1) ws d~tw- 
tnincd sl,(“:troI)hotont(,tric:;ll~ aftcxr oxtwc- 
tion into thcb wttctr layw ;IS :1 tliioc*y:ttt:ltc~ 
cotnplrs. 

l’uw solutions of 2, G-xyltwA in tolwnc 
show no pcwcptible oxygen absorption n t 
ttmptraturw of 20-40°C. Addition of 92 
111g (0.2” rtltrlol) of CoR2 to 10 1111 of 
tolu~tw contnitiing 1.19 g (9.T8 mtnol) of 
2,Gxylenol cuuwd the solution t.o absorb 
10s ml (4X tnmol) of oxygckn during 24 hr, 
thereby giving tht: stoi~hiotiic~t.ric ratio 2,ci- 
x~lcttol :oxggcn of 2.03: 1. X0 free 3,6- 
xylcnol was found in the solution. Filtmtion 
of the reaction slurry g:tw 0.52 g of rcbd 
prwipitatc. Tlw ir and uv-VIS spcwtra of 
this cw~tpouttd wrc idcni icul with the 
spectra of ;3,.i,:3’,;i’-t(~tratttc‘tlt3-ldipht,tlo- 
quinonc-4,4’. ‘l’hc idwtificstion was wti- 
firmed by tic. The filtrate XY~IS dilukd with 
the s;lmc volume of mc~t.ltattol. A \vhitt: 
prwipitntc wuld bc isfkltod (0.45 g). ‘I’hc: 
ir spwt rutn of t,his prwipit:ttc~ \v:~s identical 
with thcb spwtrutn of poly (L’,(i-dimc+hyl- 
pltt~n~l(~tto-l,4-oxitlt~). ‘l’he molwular weight 

d~~tc~rmitic~d vis:cwtnctl.rically (IO) was ap- 
proximatc~ly 2. IO’. l’he rcm:~itting products 
0bt:iitic~d on w:iporation of tIi(b rcwtion 
tttixturc wre a Co(II1) cwtttpound id(wti- 
ficbd 1)~ ~tl~wts of ir, uv-1’1s spectra :md t,lc 
:ts Cuf33, and a c~:)tttpouttd (O.l!) g), the ir 
spwtruttl of \\hic*h cotwspottcl~~d with the: 
spc~cWttti of lo\\- ttto1wula.r \veight polynwr. 
‘I’licwfot-c!, t.hc CoI&(.:it:llyz(!d oxid:~t.ioti 
f)f 2,(i-x~l~ttol follo\Vs t 11~ stc,ic,hiotnc,tric 
c~~rr:~t ion : 

COB, 
---. 

-nH,O 

+-$J~+“;op(==f 
3 3 3 

(1) 

l’ho rate of oxygcw absorptioti by t’,O- 
xyl~~nol solut,ions in tolucw \v:ts nwasutwl 
under the: atmosphcrc: of put-o oxygcm with 
various CoI& and 2,6-xylctiol initial cotiwti- 
trations at. various tcwiycrat.uws. ‘I’hc plot 
of absorbed oxygen vs time was an S-shapcld 
curve with variable slope (SW E’ig. 1). ‘I’hc 
reaction nitc dctcrmitwd from the tangent 
in the tniddlc, npproxitn:ttc~ly litwar part of 
the curve was proportional to the squaw 
of t.hc Co& initial c~ottc,ctttratiott. ‘l’hc 
rcwtion order wlut,iw to Z,(i-xylcnol initkl 
wtwntration \~:ts not csxplicit,. nlo wlntioti 
bctt,\vwti t.licb r:itct of twtc*tion and t.trmIwra- 
turc pa~scd through :I maximum. In the 
wurw of the oxidation that initial wd color 
of tltcx solution gradu:llly changed to grwn, 
indicat,irtg cvid(antly the oxidation of Co(I1) 
to Co(II1). ‘l’ho dwrc~asct of Co(I1) wttwn- 
tration was cwttfirtnc~d by dirtbet analysis. 
‘I’hc wsults arc summarkd in Tublc 1. 
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TABLE 1 

Rate of 2,6-Xylenol Oxidation at Various Temperatures and 
Various 2,6-Xylenol and CoI& Initial Concentrations 

_-- ~-__ -- 
Temperature (“C) 29.8 
~2,6-Xylenol]o (mol/liter) 0.33 
[COB&. lo* (mol/liter) 0.51 0.76 0.97 1.28 1.58 1.95 
Rate X 10’ (mol/likr.min) 0.18 0.50 0.71 1.45 2.0 3.06 
[2,6-Xylenol]o (mol/liter) 0.047 0.11 0.15 0.20 0.25 0.30 
CCoB&. lo* (mol/liter) 1.95 
Rate X 10’ (mol/liter~miu) 1.9 2.1 2.2 2.4 2.5 2.7 

3.10 3.14 
0.33 

3.0 

Temperature (“C) 
[2,6-Xylenol]o (moI/Iiter) 
[CoB&.l(r (mol/liter) 
Rate X 10’ (mol/liter.min) 
[CoBz]-1Of (mol/liter) 

unreactcd after 4 hr 
-~_ 

20 30 40 50 
0.33 

1.87 2.01 1.90 1.90 
1.6 3.2 3.3 2.3 

1.60 1.78 1.86 1.90 
-. .- --- 

added to the tolucne solution of CoB2 in 
the cuvctte of an EPR spcctromcter, the 
EPR sibma (octet) rcprcscnting t.he intcr- 
action of an unpaired ctlcctron with t,hc 
magnetic moment of the Co nucleus 
(I = .$) was rcgistcrcd. Analogous spectra 
have already been reported in the literature 
and they have bwn assigned to adducts 
bctwecn molecular oxygen and cobalt (I I) 
complexes with the stoichiomeky 1 : 1 
(I I, 12). Nevcrthelcss, when pure and dry 
CoBz solutions in tolucne were allowed in 
contact with molecular oxygen, no volu- 
metrically measurable absorption was dc- 
tcrmincd. Both the oxygen abwrption and 
the oxidation of Co(I1) t.o Co(II1) were 
observed in the presence of moisture. The 
reaction was irreversible. The final molar 
ratio COB,: O2 absorbed was found to bc 
1:0.24. The final products of this reaction 
were a chclatc CoB3 identified both by 
means of ir and uv-VIS spectra and by tic 
and oxides of cobalt(II1). The stoichiom- 
etry of this reaction may therefore be 
writt.cn as follows : 

12CoB2 + 30, + 2H,O --) KoB, 
+ 4CoO(OH). (2) 

As watc>r was ow of t.ht: final produc+ in 
2,6-xylenol oxidation, it scxmctd wry ronson- 
able that tho Co(H) dccreasc obscrwd 

during this oxidation was t,he result of 
Reaction (2). It was verifird that at the 
temperatures used the COBS chelat,e had 
no cffcct on the 2,6-xylcnol oxidation, and 
its rate was always proportional to the 
concentration of remaining COB*. Thus 
Reaction (2) simultaneously reduced the 
catalytic activity of the cobalt chclatr. 

The abscncc of an induction period and 
an incrpasc of reaction rate was observed 
after a small addition of cyclohexylamine 
to the reaction mixture (Fig. 1). By means 
of ir and uv-VIS spectroscopy, the reaction 
product was found to be 2,6-dimethyl-1,4- 
bcnzoquinone. 

The results show that the Cons-catalyzed 
oxidation of 2,6-xylcnol is a complex 
process and that a rather complicated 
reaction mechanism should be expected. 
From the EPR measurements it has been 
concluded that in the initial reaction st.agcs 
an adduct is formed bctwen the Co& 
chclatc and oxygen. The volumetric mea- 
surements show that, the concentration of 
this adduct should be very low. It is 
assumed from the external order of the 
oxidation with rcxgard to the Co(I1) initial 
ctm!t!Iltrati~JIl that tht: next step should 
bc: the reaction of this adduct with another 



Co& 111,h’u1,~, probably to give ldl,! 

CO%* 02. COB2 CO117pI(‘X. ‘I’hc~ prim:lr> rncli- 

CUl fnwduc*ts should tw fornwd t,y ttlcl 
rrwtion of t.his ~omplcx with ‘L,(j-xylcllol. 

con, + 0, G CoI3& (3 

con,02 + Co132 -+ c:Uf~,o,Cof3, (-I) 

C01320~C013~ + 2,G-xyl(wJt ---f 
r:ltliwt protlu~ts. (3 

On the twsis of p:ipcrs by Tk&Z cl ul. (13) 
it is prcsunwd that I hew radic!als arc fixc4 
On tfi(’ (‘Uh:~lt :LtOnis, and that, tflt! rC:LC’tiOll 

procwds by a sc~p~c~~c~t of wdox t\nct 
c~xch:lrqy stcLf)s \vitllin 111~ ligand sptwrc‘ of 
tlw c:~t:ilyt.ic: conif~l~~x. 

The wnsitivity of mc~1:il-c~:ital~zc~tl oxi- 
dntions of pli~nols lo itw pr(wn(‘(: of :illiinc5 
is ~41 known from tlw litwitrrrc (2, 14). 
Amines c9tcar the lignnd splicw of the Ilwf;fl 
ntom and sutjstnnt inlly inflwnw I hct clwnii- 
cal chnr:letw of the catnl~tic complt~s. .\s 
a result t.twrc arc ~llnngw tjotfl in kirwtic3 
and rc~action products. rf’llid vxs found also 
with clic4nt.c CoI&, if c~clofiox~lariiillc wis 
ndd~d. -4 diffwcwt rwction nwh:~ni:sm 
ShtJdd 1JC 1lWd t0 15~Jhill thP tJCIlXO- 

quilloJlc~ form:lt ion. It, is suppowtl t Iw 

nniinc displaws 1.lic r:ittica:ils fixc\d on t lw 

cobali :itoni, ant1 ilif: 0xid:iticJn of 2,6- 
xy1~~1101 f)r(~(~(~~~(tsorltsitl(~ Ui(t (*otJ;iIt ~YII~I~J~I~S. 

cfic:l:lt.cl is sribstanti:~tIy lo\\-c>r. l‘ho struc- 
tur:ll differcnws twt~vtw thcsc chcl;lt OS 
should cau5c: t,his boh:ivior. l‘hc~ salcominc~s 
arc planar (IS), wh(~rcas the t)is(atkyl-.\.- 
s;~li~~~litl~~ric?i~Jii~i;~to)~~ot~:~lt~(II) c*lic4ntcxs :ir(: 
known to tw tf4rahc~tlrnl (I/i). -4 dis- 
;itlvnrit:igc~ous rc~org~lliiz:ltioJJ of t.tic:ir ligand 
sphwc is c*onuc~c*lc~tl lvitli ttic foriiint.ion of 
adducts \vitti osygcm. I,o\v adduct u~nc’m- 

tr:~tion and slo\vw r(~:wt.ion r:i1(, should l~c 
otJS(‘rV(‘,t :1:: n ,‘011~(‘,~11,‘11,‘f‘. 
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