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Abstract. The use of the theoretical PALLAS 3.0 program, to study
the toxic behaviour of tetramethylcarboxylic acids, potential pharma-
ceuticals derived from o-phenylenediamines, indicates that o-pheny-
lenediamines are highly toxic (level 1), while the tetramethycar-
boxylic acid derivatives (0-PhDTA and 3,4-TDTA) are dlightly toxic,
similar to EDTA (level 3). Therefore these ligands 0-PhDTA and 3,4-
TDTA, similar to EDTA, can be used as sequestering agents of toxic
metals and overload of essential metalsin biological systems.

Key Words: Theoretical program, toxicity, aromatic diamines, tetra-
methylcarboxylic acid derivatives.

Resumen. Célculos tedricos realizados con € programa PALLAS 3.0
para €l estudio del comportamiento téxico de los acidos tetrametilcar-
boxilicos derivados de las o-fenilendiaminas como productos farma-
céuticos potenciales, indican que las o-fenilendiaminas son muy toxi -
cas (nivel 1), mientras sus derivados &cidos tetrametilcarboxilicos (o-
PhDTA and 3,4-TDTA) son ligeramente toxicos similares a EDTA
(nivel 3). Por lo tanto estos ligandos pueden usarse como agentes se-
cuestrantes de metales toxicos y esenciales en exceso en los sistemas
bioldgicos.

Palabras clave: Programa tedrico, toxicidad, diaminas arométicas,
derivados del &cido tetrametil carboxilico.

I ntroduction

Medicinal coordination chemistry is an important new area of
chemistry [1,2]. Metal ions such as beryllium, lead and mer-
cury can induce toxicity in humans. Essential metal ions can
be toxic when present in excess. The use of chelating agents
for removing toxic metal or overload of essential metals from
the human body is an area of growing importance. Chelating
agents enhance the excretion of the poison. All chelating ag-
ents act according to the same genera principle: the chelator
forms a complex with the metal ion which reveals alower tox-
icity and is more easily eliminated from the body. The greatest
problem concerning the use of chelating agents is their low
therapeutic range, which is mainly due to the inherent toxicity
[2-5].

EDTA is the synthetic polyaminopolycarboxylic acid
most widely used as a sequestering agent. It is a tetramethyl-
carboxylic acid derived from the aliphatic diamine ethylenedi-
amine. In chelation therapy EDTA is widely used as calcium
and sodium salts. Inthe USA, EDTA has been widely used for
more than 30 years and some 100.000 patients have been treat-
ed with over 2 million injections, often to remove the calcium-
containing plagques which clog up the arteries in the prevalent
disease atherosclerosis [3]. CaNa,(EDTA) is also clinically
used for the treatment of lead poisoning. The lead chelate

formed by exchange of calcium for lead promptly passes out
through the kidney and is excreted in the urine [2-8]. Specia-
tion tells us that two essential metals, zinc and manganese,
will be coexcreted with the lead complex and so topping up
with these is often necessary [8,9]. Indeed, it is now advocated
that the EDTA is administered as a complex of zinc [10].

Wilson's disease results from a genetically inherited
metabolic defect in which copper can no longer be tolerated at
normal levels. The clinical manifestations are liver disease,
neurological damage, etc. Chelation therapy with K,Ca
(EDTA) is used [2]. Other essential metals in excess such as
manganese, cobalt and zinc have also been treated by chelat-
ing agents, most frequently CaNay(EDTA) [2].

Iron overload is a potentially fatal disorder, damaging the
heart, liver, and other organs [2,11]. However, at pH > 2
EDTA is relatively ineffective as selective chelating agent for
iron(l11) because it does not prevent the precipitation of ferric
hydroxide in the weakly akaline range pH 8-9 [11-15].

Similarly, we have found that EDTA and similar ligands
[15-18] are not good sequestering agents for beryllium(ll),
another cation with strong hydrolysis[19,20].

Contrarily, we have found that tetramethylcarboxylic lig-
ands derived from o-phenylenediamines, such as o-PhDTA (o
phenylenediamine-N,N,N’ N’ -tetraacetic acid) and 3,4-TDTA
(3-4-toluenediamine-N,N,N’ N’ -tetraacetic acid), are better
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seguestering agents than EDTA for iron(I11) [14,15]. More-
over, 0-PhDTA and 3,4-TDTA also are better sequestering
agents than EDTA for the very toxic cation beryllium(l1): the
lower basicity of the nitrogen atoms allows Be(ll) to compete
favourably with H*, to form the complex BelL2- (ligand H,L)
at pH < 4, hindering the formation of the hydrolytic species of
Be(ll) [15,18].

Despite their beneficial effects as a metal chelator, EDTA
and its related compounds are still chemical agents and, as
indicated by Paracelsus almost 500 years ago, al chemicals
are toxic if given in sufficient amounts. As with any medical
procedure, the risk of the treatment has to be balanced against
its beneficial effects[3].

The phenylenediamines are very toxic compounds since
they are classic promutagens and procarcinogens [21]. Beca-
use 0-PhDTA and 3,4-TDTA are derivatives of o-phenylene-
diamines, and good sequestering agents for Be(l1) [16], Fe(l11)
[14], Cd(11) [22] and Pb(11) [23], we considered it very impor-
tant to study their toxicity and compare them with EDTA.

For this study we used the PALLAS 3.0 program [24], a
powerful program for the prediction of the behaviour of phar-
maceuticals. We also studied the prediction of the other para-
meters such as pKa, logP (partition coefficient) and logD (dis-
tribution coefficient).

Theoretical Section

a) Prediction of the pKa, logP (partition coefficient), logD
(distribution coefficient).

pKa values have been predicted by a calculation method
which assumes that substituents produce free energy changes
which are lineally additive. This assumption has led to the
Hammett and Taft equations, which are the starting points for
pKa predictions.

The logarithm of the partition coefficient (log P) of the
neutral species of compounds has been calculated in n-
octanol/water system. The calculations are based on the struc-
tural formulae of the compounds.

Substances which contain ionogenic functions may exist
as a mixture of the dissociated and undissociated forms at dif-
ferent pH values. In this case the apparent partition coefficient
is the distribution coefficient D (mostly used as log D) which
refersto more complex partitioning equilibria.

Log P and log D are important values to define the lipo-
philicity which is a property that has attracted considerable
interest in medicinal chemistry and environmental sciences.

Hydrophobic interactions with receptors, penetration across
biological membranes during drug transport, as well as toxic
aspects of drug action underline the important role of lipophi-
licity in drug research. On the other hand, soil sorption, aquat-
ic toxicity, bioaccumulation and biodegradation processes un-
ravel the influential role of lipophilicity in the environmental
fate of chemicals. n-octanol/water partition coefficient (log P,
log D), is the most widely accepted measure of lipophilicity.
b) All predictions as well as the metabolic behavior in ani-
mals, health hazards and the toxic effects in mammals have
been obtained using the PALLAS 3.0 program [24].

The metabolic behaviour is given as a metabolic tree
whereas the toxicity is represented as a diagram together with
bioaccumulation and bioavailabilicity and physico-chemical
parameters.

In the quoted diagram, single refers to single exposures in
the environmental or very short-term administration of chemi-
cals. Medium dose = 50 to 500 mg/kg body weight. The range
of relative toxicity is 1>2A>2B>3>4.

Results and Discussion

In Table 1, the experimental protonation constants (pKa) of
aniline and phenylendiamines in aqueous solution are given
together with the values calculated. The experimental values
have been determined at 25°C and | = 0.1M in KCI [21] .

The results in Table 1 indicate that a good agreement
between the calculated and experimental pKa values is
observed.

In Table 2, the logP values are given. It is inferred from
Table 2 in general that the lipophilicity of the tetraacids is
smaller than that of the original bases. Therefore, the
tetraacids are less environmentally pollutant than the free
organic bases.

The diagrams of prediction of logD vs pH for all the com-
pounds in Table 2 have been obtained. In al curves for the
free organic bases it is observed that logD increases with the
increase in of pH except for ethylendiamine. An opposite
effect occurs with the tetraacids. This fact indicates that the
lipophilicity decreases in the tetraacids with the increment of
pH.

The metabolic tree predicted for all compounds have been
determined. These data together with the toxicity diagram
indicate that the free aromatic diamines are strongly toxic:
oncongenic, mutagenic and sensitive (predicted toxicity: high-
ly probable, level 1) while their tetraacid derivatives similar to

Table 1. Protonation constants of phenyleneamine and phenylendiamines [21] together with the calculated valuesin this work (in parentheses).

equilibria AN 0-PDA 34TDA mPDA  26TDA 24TDA  pPDA  25TDA 4-Cl-0-PDA
H* +L® HL* 465458 461(4.88) 497(498) 501(4.88) 507(459) 526(4.98) 6.22(652) 6.28(6.39) 3.94(4.09)
H* + HL ® H,L* 1.81(0.74) 2.30(L21) 256(2.35) 2.67(206) 2.72(2.36) 2.99(2.75) 3.08(2.77)  0.6(-0.03)
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Table 2. Calculated logP for aromatic diamines [21] and tetramethy! -

carboxylic acid derivatives [15] studied in thiswork.

compound logP compound logP
0o-PDA 0.02 o-PhDTA -0.20
34-TDA 0.44 34-TDTA 0.21
m-PDA 0.12 mPhDTA -0.10
2,6-TDA 0.46 2,6-TDTA 0.24
2,4-TDA 0.44 2,4-TDTA 0.21
2,5-TDA 0.44 25 TDTA 0.21
p-PDA 0.01 p-PhDTA -0.21
4-Cl-0-PDA 0.89 4-Cl-0-PhDTA 0.67
Ethylendiamine -1.60 EDTA —2.28

EDTA are slightly toxic: teratogenic (predicted toxicity:
uncertain, level 3).

Toxicity diagrams of the o-phenylenediamine (Fig. 1a),
tetramethylcarboxylic acid derivative (o-PhDTA) (Fig. 1b)
and EDTA (Fig. 1c) for comparison purposes are included. o-
PhDTA and EDTA present similar toxicity as is observed in
Fig. 1.

Acknowledgements

We wish to thank the Ministerio de Educacion y Ciencia
(DGESIC) Spain through grant PM98-0148, and CompuDrug
International, Inc.South San Francisco, California, 94080
USA, for facilitating the PALLAS 3.0 program.

Figurala.

Pedro Gili and Alfredo Mederos

JE EROLAMMATE TRAGETICE Prosictred ey st

Figura1b.

Figura 1c.

References

1. Guo, Z.; Sadler, P. J. “Metals in Medicine” Angew. Chem. Int.
Ed. 1999, 38, 1512.

2. Lippard, S. J. “Metals in Medicing” in Bioinorganic Chemistry,
University Science Books, Mill Valley, California, 1994. Chapter
9.

3. Taylor, D. M.; Williams, D. R. Trace Element Medicine and
Chelation Therapy. The Royal Society of Chemistry, Cambridge,
1995. Chapter 7.

4, Seiler, H. G.; Sigel, A.; Sigel, H. Eds., Handbook on Metals in
Clinical and Analytical Chemistry, Marcel Dekker, Inc., New
York, 1994.

5. Baran, E. J. Quimica Bioinorganica, McGraw-Hill, Madrid,
1995, p. 260.

6. Goyer, R. A. in Handbook on Toxicity of Inorganic Compounds
Seiler, G.; Sigel, H.; Sigel, A. Eds., Marcel Dekker, New York,
1988. Chapter 31.



On the Toxicity of the Aromatic Diamines and their Tetramethylcarboxylic Acid Derivatives

7. Kaim, W.; Schwederski, B. Bioinorganic Chemistry: Inorganic
Elementsin the Chemistry of Life, Wiley, New Y ork, 1994, 334.

8. Duffield, J. R.; Williams, D. R. Chem. Brit. 1989, 25, 375.

9. May, P. M.; Williams, D. R. FEBS Lett. 1977, 78, 134.

10. Williams, D. R. in Introduction to the Principles of Drug Design,
2nd edn, Smith, H. J. (ed) Bristol: Wright, J. 1988.

11. Barnard, C. F. J,; Fricker, S. P.; Vaugham, O. J. in Insights into
Seciality Inorganic Chemicals, The Royal Society of Chemistry,
Cambridge, 1995, Chapter 3.

12. Martell, A. E.; Handkock, R. D. “ Metal Complexes in Agueous
Solutions” . Modern Inorganic Chemistry Series, Plenum Press,
New York, 1996, Chapter 5.

13. Motekaitis, R. J.; Sun, Y.; Martell, A. E. Inorg. Chim. Acta,
1992, 198-200, 421.

14. J. Sanchiz, S. Dominguez, A. Mederos, F. Brito and JM. Arrieta,
Inorg. Chem. 1997, 36, 4108.

15. Mederos, A.; Dominguez, S.; Hernandez-Molina, R.; Sanchiz, J;
Brito, F. Coord. Chem. Rev. 1999, 193-195, 957.

107

16. Chinea, E.; Dominguez, S.; Mederos, A.; Brito, F.; Arrieta, J. M ;
Sanchez, A.; Germain, G. Inorg. Chem. 1995, 34, 1579.

17. Nakasuka, N.; Takahashi, K.; Tanaka, M. Anal. Chim. Acta 1988,
207, 361.

18. Mederos, A.; Dominguez, S.; Chinea, E.; Brito, F.; Midallini, S,;
Vacca, A. Bol. Soc. Chil. Quim. 1997, 42, 281.

19. Bruno, J. J. Chem. Soc. Dalton Trans 1987, 2431.

20. Chinea, E.; Dominguez, S.; Mederos, A.; Brito, F.; Sanchez, A ;
lenco, A.; Vacca, A. Main Group Met. Chem 1997, 20, 11.

21. Mederos, A.; Dominguez, S.; Herndndez-Molina, R.; Sanchiz, J;
Brito, F. Coord. Chem. Rev. 1999, 193-195, 913.

22. Mederos, A.; Dominguez, S.; Esparza, P.; Sanchiz, J.; Ruano, R.
F.; Sanchez, A.; Arrieta, J. M. to be published.

23.Villagra, D.; Sanchiz, J.; Esparza, P.; Dominguez, S.; Mederos,
A.; Brito, F.; Arrieta, J. M. to be published.

24. PALLAS 3.0 for Windows. Pkcale 3.2, Prolog P5.1, PrologD2.0,
EInEx4.0, Metabol Expert 11.0, HazardExpert 3.1 1999. CompuDrug
International, Inc. South San Francisco, California, 94080 USA.





