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The Kinetics of the Aquocobalamin-Thiocyanate Reaction 
By DARWIN THUSIUS~ 

(Max-Planck-Institzct f u r  Physikalisclze Chenzie, Gottingegz, Germany) 

THE kinetics of SCN- binding to aquocobalamin 
have been studied by Randall and Alberty by 
means of the temperature-jump meth0d.l A 
single relaxation time was observed which 
exhibited a first-order dependence on anion 
concentration, leading to  apparent rate constants 
for the formation and dissociation of RoSCN.2 
We have studied the same reaction, but over a 
wider concentration range, and found the 
relaxation spectrum to consist of three time- 
constants. Evidence is presented which suggests 
that  the two additional effects arise from a linkage 
isomerization of SCN- and a conformational 
change in the corrin ring. 

Using the T-jump method, three relaxations are 
observed which, at low [SCN-1, are well separated 
on the time axis. The smallest constant, T ~ ~ ~ - ~ ,  

is concentration dependent and corresponds to the 
relaxation observed by Randall and A1berty.l 
Above ca. O.O~M-[SCN-] the effect becomes 
negligible due to complete formation of R,SCN. 
-kt 25" and p = O - ~ M ,  the formation and dissocia- 
tion rate constants determined from a plot of 
T ~ ~ ~ - ~  vs. ([SCN-] + [RoOH,]) are 1.9 x l O 3 r 1  
sec.-l and 2.1 sec.-l, respectively. On the other 
hand, T ~ ~ -  is concentration-independent and equal 
to 40 sec.-l. The fastest relaxation, 71-l, cannot 
be separated from the heating time of the instru- 
ment (in this case -3 x sec.-l) and could not 
bc studied as a function of concentration. The 
effect may therefore consist of more than one time 
constant. In  contrast to rIII, the amplitudes of 
both T~ and T~~ increase with increasing [RoSCN] 
and reach a maximum when essentially all of the 
aquo-complex is converted into product. This 
bchaviour is good evidence that T~ and T~~ are due 
to intramolecular transformations in RoSCS. 
The conditions of the T-jump experiments were: 
[cobalamin] = 0-7-3 x 
10-3-0-50~, perchlorate medium, pH 4-5 (no 
buffer), AT = 12", and A = 567 mp. 

The occurrence of three relaxation times 
indicates the presence of two cobalt species in 
addition to R,OH, and RoSCK. Stopped-flow 
experiments (25-5", p = 0 . 5 ~ ,  [cobalamin], = 
2-5 x 1 0 - 5 ~ ,  pH 4-5, A = 500mp, dead time 
= 3 msec.) confirm the existence of one of these 
additional components. Below 0 . 0 3 ~  (SCN-) 
the overall reaction is a one step process; the 

(SCN-) = 1.0 x 

formation and dissociation rate constants are 
2.3 x 1O3M-lSeC.-l and 1.8 sec.-l. At higher 
ligand concentrations, however, the anation takes 
place in two discrete steps, The data can be 
interpreted in terms of a ligand-dependent sub- 
stitution reaction followed by a first order iso- 
merization. The apparent rate constant for the 
second step is 40 sec.-l, which is identical to T ~ - ~ .  
Since we find the product spectrum to be inde- 
pendent of [SCN-] under the conditions prevailing 
in the stopped-flow experiments, it is unlikely that 
the observed optical density changes are due to a 
change in stoicheiometry a t  high ligand concen- 
trations. 

Apparently the rapid transition giving rise to 
T~ is common to a number of other cobalaniins, all 
exhibiting an "immeasurably fast" time ~ o n s t a n t . ~  
In  view of the recent evidence favouring the 
existence of temperature-dependent conforma- 
tional changes in cobalamins,* the observed 
relaxations may well arise from a rapid equilibrium 
between two conformers. The high rates ( k  9 2  
x lo" sec.-l) are consistent with an estimated 

AH of 2-3 kcal. for such a transformation.* 
711 Is provisionally assigned to a linkage iso- 

merization. This is consistent with the ligand- 
independent nature of T ~ ~ - ~ ,  the stopped-flow 
results, and the failure to find an analogous reac- 
tion with cobalamins where linkage isomerization 
is not possible (e.g., RON, and lX01) .3  Although 
thiocyanate is known to be bound through the 
sulphur atom in the crystalline complex,j the 
kinetic data imply that ca. 5-10% of the 
cobalamin exists as RoNCS in solution. The 
following minimal scheme rationalizes both the 
stopped-flow and T-jump results and is consistent 
with the reported stability constar,t.6 

k,, \ k 2 3  \ 
SCN- + RoOH, R,SCN ,r RJCS 

+ 
H P  

Here R,SCN refers to a mixture of two (or more) 
conformers in rapid equilibrium. The rate con- 
stants are: k,, = 2.0 x 1031~1-1 sec.-l, k,, = 2, 
A,, N 4, and K , ,  = 36 sec.-l at 25". 

There has been considerable interest recently 
in the linkage isomerization of thiocyanato- 
complexe~,~  but in only a few cases have rate 

7 Present address : Laboratoire D'Enzymologie, FacultC des Sciences, Orsay, France. 
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constants been r e p ~ r t e d . ~ ? ~  The novelty of the 
cobalamin system lies in what appears to be a 
rather close balance between N- and S-bonding, 
which enables both the anation and isomerization 
reactions to be followed by simply perturbing the 
equilibrium. 
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