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The activation of methyl groups of ligands in co- 
ordination compounds is not so common as in orga- 
nometallic compounds. Previously, we reported 123 
that one of the methyl groups of the Schiff base 
chelate (I), 

Y . 
C”3 

(1) 

undergoes a base-catalysed hydrogen exchange reac- 
tion, where X = NHs, NO2-, CHsNH2, and pyridine. 
The methyl group that is exchanged in I is later 
assigned to the methyl group adjacent to the diimine 
bridge [3]. Likewise, the methyl hydrogens of the 
bis(dimethylglyoximato)cobalt(III) complexes, [Co- 
(dgH),(X),]+‘- with X= NHs, CHsNH2, CN-, or 
NO2-, are deuterated in 2% NaOD/D20 solution [4] . 
Recently, Golding et al. [5] reported that the methyl 
group of the pyruvilidene-imine chelate complex of 
tetraamminecobalt(II1) undergoes a facile hydrogen 
exchange reaction. Thus, the methyl groups reported 
to be exchanged so far are all imine methyls. 

We report here that the methyl hydrogens of the 
P-diketonato chelates of cobalt(II1) ions, [Co(N),- 
(RC(=O)CHC(O)CHs)] 2+, undergo base-catalysed 
deuteration in deuterium oxide, where @I)4 = (NH&, 
(en)2, (tn)2, (bpy), and R = CHs or CFs*. 

The complexes examined in this work were [Co- 

NWdacac)lI2, [co(42(acacNI2, [Co(tn)2bcac)l- 
12, [Ww92bc)l Br2, PWen)2bcac)l Br2, [Co- 
(42(tfac)lI2, [Wd2Wac)lI2, [Co(en)2(Me- 
acac)] 12, and [ [Co(en)2(Et-acac)] 12. They were pre- 
pared by the literature methods [6] and [Co(bpy),- 
(acac)] Br2 and [Co(phen)2(acac)] Br2 were recrystal- 

tAuthor to whom ail correspondence should be addressed. 
*Abbreviations; vn = ethylenediamine, tn = 1,3-propane- 

diamine, bpy = 2,2 -bipyridine, phen = l,lO-phenantroline, 
acac = 2,4-pentanedionate, tfac = trifluoroacetylacetonate, 
Me-acac = methylacetoacetonate, Et-acac = ethylacetoaceto- 
nate, gIy = glycinate, ala = ataninate, val = valinate, and maI = 
malonate. 

lized from methanol. The sample complexes were 
dissolved in deuterium oxide containing an appro- 
priate amount of sodium carbonate to adjust the 
solution pH and the intensity of the methyl proton 
resonance was followed at suitable time intervals**. 
The deuteration at methyl groups was base-catalysed 
and the observed pseudo-first-order rate constant, 
k ohs, was converted to the second-order rate con- 
stant, k, by the equation k = kobs/[OD-] .** 

Table I summarizes the rate constants obtained at 
36.4 “c. It is noteworthy that the rate of [Co(bpy)2- 
(acac)] Br2 is about three orders of magnitude larger 
than the rates of the (NH3)4, (en)2, and (tn)2 com- 
plexes and is also much larger than even the rate of 
alpha-hydrogen exchange in [Co(en)2(gly)] 2+ [7] . 
Since the ligand-field strengths of bpy, NHs, en, and 
tn ligands are not so different and the overall charge 
on the complex is the same for all these complexes, 
the remarkable acidity of [Co(bpy)2(acac)] 2+ might 
be correlated to the hydrophobic nature of this 
complex cation. The rate constants for the acetyl- 
acetonato chelates of (NH&, (en)2, and (tn)2 com- 
plexes are roughly an order smaller than those for 
the exchange of alpha-hydrogens of the alaninato or 
valinato chelates of bis(ethylenediamine)cobalt(III) 
[8]. Likewise, the values obtained here are much 
larger than those for the imine methyls of the Schiff 
base chelates (I). 

The trifluoroacetylacetonato chelates of bis(ethy- 
lenediamine) and bis(trimethylenediamine)cobalt- 
(III) undergo base-hydrolysis, as well as the methyl 
hydrogen exchange, to cis- [Co(en),(OH),]’ and 

TABLE I. The Rate of Methyl Hydrogen Exchange at 36.4 “C. 

Complex k (mol-r dm3 se?) 

lCo(NHs)4(acacllI2 
lCo(en)2(acac)l I2 
[Co(tn)2(acacllI2 
lCo(bpy12 (acacl 1 Br2 
[Co(phen)2(acac)] Br2 
[Co(en)2(tfac)l I2 
lCo(tn)2(tfac)l I2 
[Co(en)2(Me-acac)] 12 
[Co(tn)2(Et-acac)] 12 

2.9 x 10-s 
3.7 x 10-s 

::; x 1o-3 
a) 
5.5 x lob) 
5.5 x lObI 
no exchange 
no exchange 

a)Decomposition. b)See text. 

**Proton magnetic resonance spectra were run on a Varian 
TdO spectrometer at 36.4 “c. The solution pH was adjusted 
by sodium carbonate. The OD- concentration was calculated 
from direct pH meter readings by the empirical formula, 
pD = pH (meter readings) + 0.42 (at 20 “C) and K,(DaO) = 
0.15 X 10-14. See; (a) T. H. Fife and T. C. Bruice, J. Phys. 
Chem., 65, 1079 (1961); (b) P. K. Glasoe and F. A. Long, 
J. Phys. Chem., 64,188 (1960). 
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cis-[Co(tn),(OH)a]+,* respectively, which then be- 
come equilibrium mixtures with the corresponding 
trans isomers. The base-hydrolysis and subsequent 
isomerization of the ethylenediamine complex was 
studied spectrophotometrically under pseudo-first- 
order conditions; [OK] > [Co] , ionic strength = 
1.0 mol dmm3 with sodium perchlorate. The base- 
hydrolysis of [Co(en),(tfac)] 2+ was found to follow 
the rate law, rate = k[Co] [OH-] with k z 1.6 X 10V2 
mol-’ dm3 set-’ at 27 “C. This rate is unexpectedly 
large when compared to the very stable nature of 
[Co(en)2(acac)] ‘+ and is comparable to the rates of 
base-hydrolysis of [Co(en)2(mal)]’ [9] and [Co(en),- 
(CO,)]’ [lo]. The rate data for the isomerization of 
[Co(en),(OH),]’ and the relevant spectroscopic data 
were in agreement with those given in the literature 
[ 111. The rate of base-hydrolysis of [Co(en)?(tfac)] 2+ 
is much smaller than the rate for the methyl hydro- 
gen exchange. Therefore, the hydrogen exchange is 
assumed to take place while retaining the chelate 
structure of the tfac group. The larger rates of the 
tfac complexes might result from the electron- 
withdrawing effect of the CF3 group and this is con- 
trasted with the methyl- and ethyl-acetoacetonato 
complexes, where no hydrogen exchange at the 

*Thus, the trifluoroacetylacetonato complexes gave, upon 
treating with concentrated aqueous solutions of sodium car- 
bonate, the corresponding carbonato complexes. Anal. 
Found: C, 17.77; H, 4.78; N, 16.56% for the compound iso- 
lated from the reaction [Co(en)a(tfac)] (CIO4)s + Na2COs. 
Calcd for [Co(en)s(COa)]ClO4: C, 17.74; H, 4.76; N, 
16.55%; Found: C, 15.11; H, 5.13; N, 13.83% for the com- 
pound obtained from the reaction ICo(en)?(tfac)I, + NaT- 
CO,. Calcd for [Co(en)a(COs)]I*2&0: Ci4.94; H, 5.Oi; 
N, 13.93%. Found: C, 20.52; H. 5.44; N, 13.49% for the 
compound isolated from the reaction [Co(tn)a(tfac)] I2 + 
NasCOs. Calcd for [Co(tn)2(COs)]I*Ha0: C, 20.40; H, 
5.38; N, 13.60%. 
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methyl groups was observed, possibly due to the 
electron-releasing methoxy and ethoxy groups. 

For all the complexes, since the methine hydro- 
gens of uncoordinated fl-diketones are exchanged 
with deuterium instantaneously, it is quite easy to 
confirm whether the methyl hydrogen exchange takes 
place in coordinated or free ligands. 
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