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Abstract—Using the method of electron spectroscopy we showed that reaction of alkyl-substituted 2,2'-
dipyrrolylmethene derivatives with copper(Il) aminoacid complexes led to the formation of heteroligand
complexes with two chelated metallocycles forming their coordination sphere. Formation constants of the
heteroligand complexes were established and their interrelations with the structure of the aminoacid residue
side group were elucidated. It was found that alongside the ability to the primary solvolytic dissociation of
aminoacid complex, the main effect on the formation of combined coordination sphere of the chelate is defined
by the steric factor depending on the structure of substituent in the aminoacid.
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An important branch of the modern coordination
chemistry is the investigation of features of formation
of metallocomplexes containing a metal atom in a
heteroligand environment. Such complexes, in partic-
ular, are structural models of active centers of metallo-
enzymes whose basis is mainly constituted by donor
atoms of aminoacids and heterocyclic compounds [1,
2]. Varying the nature of ligands involved into the
combined coordination sphere provides a fine control
over physicochemical properties of the metallo-
complex moieties. Therefore attention of researchers is
more and more attracted by the heteroligand complexes
that combine in one molecule the fragments of com-
pounds of different nature imparting them principally
new properties that are not inherent to the respective
homoligand analogs.

Unlike the relatively well studied homoligand di-
pyrrolylmethene complexes [3-5], an information
concerning their heteroligand complexes is restricted
to the results of the study of coordination interactions
of dipyrrole ligands (Hdpm) with several simple
cheated Cu(Il) and Co(II) salts [6]. It was shown that
under the conditions of excess of Cu(Il) acetate or
acetylacetonate a heteroligand complex formed in the
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reaction mixture, while an excess of the ligand led to
the formation of homoligand complex [Cu(dpm),]. There-
fore at the synthesis of heteroligand complexes
[CuL(dpm)] (L = AcO, Acac and Hfacac') yield is
40% or less [7, 8]. Nevertheless, we found [6] that in
the reactions with Cu(Il) and Co(Il) valinates only the
heteroligand complexes [MVal(dpm)] were formed.
This obviously is defined by high stability of the
macrocyclic system containing aminoacid cheated
ligand toward substitution and solvolysis reactions.
Thus a possibility appears for predefined synthesis of
dipyrrolylmethene heteroligand complexes containing
coordinated anion of an aminoacid.

CH; CH;
H 5C2 \ o \ \ CH3
NH N=
H,C CH;,
Hdpm

The purpose of this work was the study of the
reaction between 3,3'.4,5,5'-pentamethyl-4'-ethyl-2,2'-
dipyrrolylmethene (Hdpm) and Cu(ll) aminoacid
complexes with glycine-like structure of the
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coordination node ([Cul,], L = Val’, Tre", Leu’, Asp,
Trp, Arg, B-Ala’, Phe’, Lys’) in dimethylformamide
(DMF).

Figures 1-3 show changes in electron absorption
spectra of solutions of chelate salts [CuL,] observed on
the addition of Hdpm. Increase in Hdpm concentration
leads to the appearance and regular increase in the in-
tensity of absorption band in the region of 497-499 nm
with simultaneous a growing intensity of the band of
the parent Hdpm (438 nm).

The curves of spectrophotometric titration (Fig. 4)
reflect the growth of optical density of the formed
coordination compound due to uniform increase in

concentration of the chromophor ligand in the system.
In the point of equivalence that corresponds to the
concentration ratio [Hdpm]/[Cul,] = 1.0 occurs a
sharp bend on the titration curve followed by the
region where the curve is practically parallel to the
horizontal axis, the zone of saturation. Thus, the results
obtained confirm the substitution of one aminoacid
anion in the parent chelate complex CuL, by the dpm™
anion with the formation of the respective heteroligand
complexes [Cul(dpm)] according to the following
scheme (for simplicity the substituents in Hdpm are
omitted) (Scheme 1).

For the reaction with Cu(Il) f-alaninate (Scheme 2).

Scheme 1.
= ==
O
) HN—/ N—/
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Cu(Val),: R = CH(CHj;),; Cu(Leu),: R = CH,CH(CHz;),; Cu(Tre),: R = CH(CH;)(OH); Cu(Lys),: R = (CH,);NH,; Cu(Arg),:
R = (CH,);NHC(NH)(NH,); Cu(Asp),: R = CH,COOH; Cu(Phe),: R = CH,C¢Hs; Cu(Trp),: R = |

NH
Scheme 2.
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Comparison of the obtained electron spectra with
the data published for the homoligand complex [Cu
(dpm);] (Amax = 460, 512 nm [9]) shows a significant
(13—15 nm) hypsochromic shift of the maximum of the
strong band in the spectra of the heteroligand
complexes [CuL(dpm)] as compared with the
homoligand ones. The hypsochromic shift of the
absorbtion maximum in going from [Cu(dpm),] to
[CuL(dpm)] indicates the lower polarization of the =-
electron system of the dipyrrole ligand by the Cu(II)

[CuL(dpm)]

atom when the latter is in a heteroligand environment.
This obviously is a result of a decrease in the residual
positive charge on the Cu®" owing to the effective
electron transfer via M—O bonds between the cation
and aminoacid anion.

It should be noted that [Cu(Phe)(dpm)] complex
unlike the other ones possesses a strong charge transfer
band in the region of 402 nm (Fig. 3). From the data
[10] follows that enhanced stability of Cu(Phe), as
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Fig. 1. Variations in electron absorption spectra of solu- ’
tions at the titration of Cu(Val), with Hdpm solution: [HL]/
[Cu(Val),] = (1) 0.5and (2)2.5.
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Fig. 2. Variations in electron absorption spectra of solu- 0.04F
tions at the titration of Cu(Phe), with Hdpm solution: [HL]/
[Cu(Phe),] = (1) 0.73 and (2) 2.91.
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l Fig. 4. Curves of spectrophotometric titration for systems:
(a) Cu(Val),-Hdpm-DMF, (b) Cu(B-Ala),-Hdpm-DMF,
01l and (c¢) Cu(Lys),—Hdpm— DMF.
compared with the complexes formed by aliphatic
\ aminoacids is due to an additional interaction (back
\ coordination) of Cu*"ion with the n-electron system
of the phenyl group of the Phe™ anion that possesses a
] N = negative inductive effect. This leads to enhanced
Rt e coordination interactions of the aminoacid ligand with
1 1 . . . . .
0-% 50 450 550 . nm the central ion and to increased residual positive

. . . charge on the latter that promotes more effective
Fig. 3. Variations in electron absorption spectra of solu- f £ el densi f h bital £
tions at the titration of Cu(Trp), with Hdpm solution: [HL]/ tr.ans er O. ¢ ecu‘onf ensity er the 021; itals o
[Cu(Trp),] = () 0.16 and (2) 3.00. dipyrrole ligand (dpm") on the orbitals of Cu™".
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From the data of electron absorption spectra of the
studied systems in the region of the ratio [Hdpm]/
[CulL,] > 1.0 we elucidated the apparent molar
extinction coefficients and the constants of complex
formation for the complexes [Cul(dpm)] (see the
table). The formation constants are calculated along
the equation:

where [CulL(dpm)] and [Hdpm] are equilibrium
concentrations of the heteroligand complex and ligand
(mol I'") obtained directly from the spectra, cy5 is the
initial concentration of aminoacid complex (mol 1™).
The numerical K values for all the studied systems are
practically independent of the concentration of the
parent aminoacid complex. Actually, from the analysis
of the data on solubility, solvation and chelate
macrocyclic interaction of the aminoacid complexes of
Cu(II) with tertaphenylporphyn [11, 12] follows that in

K- [CuL(dpm)][HL] _ [CuL,][Hdpm] the electron-donor solvents the following solvolysis
[CuL(dpm)]* {ctu> — [Cul(dpm)]}[Hdpm] ~  reactions of [CuL,] are possible:
Solv ? Solv
R*HC\ /Cu /CH-—R +2Solv =—= R*HC\ /Cu
c—0 T\NHZ c—0 T AN
[ I Solv
O Solv (0] Solv
Solv Solv R
/HzN\ l/O_C_CH—NHZ(SOIV) +2Solv =—= SOlV\l O_C_CH"‘NHz(SOlV)
R—HC Cu Cu
Ne—0o” T AN SolvH,N—HC—C—0 4 X
i Solv (Solv)H, Lol T Solv
0O Solv R O Solv

Owing to the low ability of electron-donor solvents,
DMF in particular, to solvation of anions (including
COO" group) [13], the solvolysis of [CuL,] complexes
affects only the donor—acceptors Cu«N bonds
retaining intact the electrical neutrality of the solution.
Therefore we may assume that in the studied diluted
solutions with [CuL,] concentration below 1x10~° mol 1"
the averaged log K (see the table) are standard thermo-
dynamic values.

The processes of formation of [CuL(dpm)] com-
plexes by substitution of aminoacid ligand in the Cu
(I) coordination sphere of aminoacid chelate
complexes [Cul,] are characterized by the constants
by 8-10 orders of magnitude lower than those found
for the substitution by dpm™ of acetate ion in Cu(AcO),
[6]. Such difference results from the higher stability of
aminoacid chelate complexes toward solvolytic and
dissociation processes [11]. It is obvious that when the
process of substitution should be preceded by
thedissociation of the aminoacid complex with a loss
of one ligand, then the stability of [CuL,] should
correlate with the constants characterizing substitution
of the aminoacid ligand leading to the formation of
heteroligand complex. Unfortunately, the absence of

data on the stability of [CuL,] in DMF currently does
not allow the confirmation of the assumed dependence.
Comparison of the final and stepwise stability
constants of [CuL,] in aqueous solutions does not lead
to an unequivocal conclusion because of the difference
in stability for the series of aminoacid complexes in
water and in organic solvents [12] due to the difference
in solvation of hydrophilic parts of the molecules.
Nevertheless, the results obtained by us allow to state

Absorption maxima (A, nm) and constants of formation
(log K°) of complexes [CuL(dpm)] in DMF at 298.15 K

Complex Amax, NM log K°
[Cu(Leu)(dpm)] 498 0.52+0.03
[Cu(Val)(dpm)] 498 1.30+0.07
[Cu(Trp)(dpm)] 498 1.54+0.08
[Cu(Asp)(dpm)] 497 2.10+0.10
[Cu(Phe)(dpm)] 402, 499 2.14+0.10
[Cu(Ala)(dpm)] 497 2.3240.12
[Cu(Lys)(dpm)] 498 2.40+0.14
[Cu(Tre)(dpm)] 498 2.41+0.13
[Cu(Arg)(dpm)] 498 2.46+0.15
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certain regularities. Thus, the formation constants of
heteroligand complexes with the anions Leu™ and Val
whose side chains are branched alkyl groups, and Trp
that contain residue of aromatic indole ring are by 0.9—
1.6 orders of magnitude less than the corresponding
values for the other studied complexes. This is caused
most probably by steric hindrances that restrict
substitution of the aminoacid ligand by dipyrrole one.
In the case of Cu(Trp), the substitution reaction is
hindered by stacking effect at the interaction of indole
rings in the complex [14, 15]. Other aminoacid
complexes enter easier into the substitution reactions.
The highest value of log K° characterizes the reaction
with Cu(Arg), whose primary dissociation is promoted
by strong interaction between acidic guanidine frag-
ment of arginine with electron-donor DMF molecules
[16].

Thus, we studied features of formation of nine
copper(Il) heteroligand complexes containing coor-
dinated anions of an aminoacid and of alkyl-
substituted 2,2'-dipyrrolylmethene in DMF. The ob-
tained data on the electron absorption spectra and
formation constants, and the revealed regularities
allow to optimize conditions for the synthesis of the
heterologand [CuL(dpm)] complexes and contribute to
theoretical knowledge necessary for the creation of
new coenzyme preparations, biocatalysts and drugs on
the basis of oligopyrrole heteroligand complexes.

EXPERIMENTAL

3,3',5,5'-Tetramethyl-4,4'-diethyl-2,2'-dipyrrolyl-
methene is synthesized and purified according to the
procedure described in [17].

Cu(Il) aminoacid complexes were synthesized and
characterized by the data of elemental analysis,
electronic and IR spectroscopy in keeping with
procedures described in [18, 19]. Solid samples prior
to the spectrophotometric investigations were ground
and dried to constant weight in a vacuum.

DMF of the quality “extra purity” was dried over
molecule sieves 4 A and distilled under reduced pres-
sure. Content of water in the solvent determined by
Fisher method was not higher than 0.02 %.

Study of reactions between the Cu(Il) aminoacid
complexes and 2,2'-dipyrrolylmethene was carried out
with the use of spectrophotometric method. The
electron absorption spectra of the solutions of the
reaction mixtures were registered in the range 350—800
nm on a SF-103 spectrophotometer (Akvilon, Russia)

coupled with a personal computer by means of a prog-
ram package “Spectr 1.0.” For the measurements fused
glass cells were used with the absorbing layer
thickness 2 and 10 mm placed in a Peltier cell termo-
stated at 298.15 K.

For measuring the composition, equilibrium con-
centration, and apparent molecular extinction coef-
ficient of the metallocomplex moieties formed in
solution a methodology was applied of spectrophoto-
metric titration. The titration curves were obtained by
plotting on the ordinate axis the absorption of the
formed metallocomplex, minus the absorption of pure
ligand at the same wavelength. Concentrations of
reagents were varied in the range 10°—10"° mol "'
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