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The use of acetylsalicylic acid, aspirin, to relieve
pain, reduce fever plus a wide variety of other
ailments is well known. However, the theories to
explain the effects of aspirin are vague. One
theory postulates that the body under stress will
have a two fold or greater increase of copper ions
in the blood stream with a loss of essential copper
from the organs. The role of the aspirin is the
formation of a copper chelate which facilitates the
return of copper to the deficient cells [1]. The
chemistry of the coordination of aspirin with me-
tal ions is therefore necessary to have a complete
understanding of the therapeutic role of aspirin.
Copper(II)aspirinate has been prepared and struc-
tural studies of the solid [2] report a polymeric
material of units of [Cu(C 9 H 7 0 4 ) 2 ] 2 with the car-
boxylic group acting as a bridging ligand between
two Cu(II) ions as well as Cu-Cu bonding. The
aspirin complex in the solid state does not exhibit
chelation. There are no other studies that have
been reported on the interaction of aspirin with
copper; in fact, very little has been reported on
the interaction of aspirin with metal ions.
We wish to report the results for the determina-
tion of the stability constants for the iron(II)-aspi-
rin system.
The aspirin as ligand is monobasic:
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Fig. 2
The CD (upper) and UV/Vis absorption (lower) spectra of
Ni(11)-albumin solutions at pH 6.9 ( 	 ), pH 7.4 (-----),

pH 8.1 (-••-••), and pH 9.3 (	 )

is very slow, requiring > 90 min to achieve equili-
brium at 37°C and pH 7.4 (0.15 M NaCI
solution), the octahedral species reacting more ra-
pidly (via a dissociative mechanism) than the
square-planar form which reacts associatively. The
difference in kinetic behaviour between Ni(albu-
min) and Cu(albumin) could be an important fac-
tor in their different metabolic properties [4].
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with the possibility of the L - forming a chelate
with Fe(II);

Fe(II)+L- 
K1

 FeL'	 (2)

FeL' + L -
 K2

•-• FeL 2 	(3)

The formation of the complex affects the ligand
acid dissociation and the complexation may be
followed by pH titration with base. The effect of
complexation on pH is independent on whether
the aspirin is bound to the iron only through the
carboxylate group or if a chelate is formed.
Solutions of reagent grade iron(II) chloride or
perchlorate with acetylsalicylic acid of known con-
centrations were prepared. The ionic strength was
held constant with 0.1 M KNO 3 . The solutions
were titrated with standardized NaOH under a ni-
trogen gas atmosphere. The [H'] was calculated
from the pH with correction for the H' activity
coefficient. The stability constants are based on
concentrations.
The following equations were used for the deter-
mination of the stability constants:

determined graphically from plots of n vs pL at
n = 0.5 and 1.5 respectively. Higher order cons-
tants were not obtained as at high pH hydroxide
species must be considered. In some cases
Fe(OH) 2 precipitation occurs.
The pK a of acetylsalicylic acid was determined to
be 3.58. We were also concerned that hydrolysis
of the ligand may have occured. Acidification of
various reaction mixtures resulted in a white solid
precipitate which melted in the range 128-132°C
characteristic of the ligand. The results for the
constants are shown in the Table.

The values of log K t for the formation of
Fe(C 9 H 7 O4 )' appear to be reasonably precise
while log K2 is somewhat questionable particularly
at higher ferrous ion concentrations. The devia-
tions may be due to complications caused by
hydroxide formation or the formation of dimeric
complexes which need further study.
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The stability constants were calculated by a least
squares program for equation (4) with [L - ] and
n eap obtained by computer. K t and K2 were also

Table

103 [FeC1 2 ], M 103 [Aspirin], n-1 log K I • log K2 * log K l log K2 a

2.60 4.51 2.60

1.00 2.38

2.13 2.79

2.76 2.98 2.41 3.04 2.42

3.23 3.05 2.98 2.87

3.94 2.77 2.76

3.02 4.22 2.57 2.64 1.02

3.22 » 2.74 2.74

2.64 » 2.74 2.77

2.78 (Fe(C10 4 )2 ) 2.74 2.77

graphical

# computer values
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STRUCTURE-ACTIVITY RELATIONSHIPS
IN THERAPEUTIC CHELATING AGENTS

The examination of the action of a number of
structurally related dithiocarbamates as antago-
nists for acute and chronic cadmium intoxication
reveals a number of relationships involving struc-
tural parameters and various measures of antago-
nist efficacy. The structural features also have a
pronounced effect- on the histopathology of the
liver and kidney in treated animals.
The report by GALE et a1. [1] of the ability of
sodium diethyldithiocarbamate to antagonize the
acute toxicity of cadmium chloride led us to exa-
mine this action in some detail [2-6]. We found
that while sodium diethyldithiocarbamate was, in
fact, an effective antagonist, its use led to increa-
sed levels of cadmium in the brain. Subsequently,
preparation and testing of a large number of
structurally related dithiocarbamates led to the
discovery that alterations in the brain levels of
cadmium were strongly dependent on the groups
attached to the dithiocarbamate moiety and that
the transport of cadmium into the brain could be
reduced by the use of substituents with more
polar components.
All of the compounds examined had the chelating
group

/R 2	 /N 	C 

R
1
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present, with R, and R2 varied. The differences in
the relative polarities of compounds in this series
were estimated as roughly equivalent to the differ-
ences in the sums of the 7r constants for the
groups R, and R2. Each compound was thus cha-
racterized by the term (7r, + 7r 2 ) where 7r, is the
7r constant of HANSCH and LEO [7] for R, and 7r2

that for R2. It was found that compounds with
strongly polar (or ionic groups) as well as those
with very non-polar substituents were both less
effective as antagonists than compounds whose R
groups were of intermediate polarity (i.e. those
bearing —OH groups). The measures of activity
used include the following: survival ratios in acu-
te cadmium chloride intoxication and relative cad-
mium levels in various organs (brain, liver or kid-
ney) as well as composite measures which had two
or more of these factors given various relative
weights.
The pathological changes (in animals with chronic
cadmium intoxication) subsequent to the use of
these chelating agents to mobilize the cadmium
are also very strongly dependent upon the struc-
ture of the chelating agent utilized to effect the
mobilization.
Because the organ distribution of various toxic
metals is not identical, different relationships bet-
ween structure and activity of chelating agents can
be anticipated, and indeed are found [8,9] for
other toxic metallic species.
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