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Abstract. Synthesis, spectral and solution studies on 2-ethyl imidazolate-bridged
(2-Etlm) homo-binuclear copper(ll)—copper(ll) and hetero-binuclear copper(ll)—
zinc(Il) homologue are described. Magnetic moment values of homo-binuclear
complexes indicate that the imidazolate group can mediate antiferromagnetic
interactions. Optical spectra of hetero-binuclear complex at varying pH values suggest
that the imidazolate-bridged complex is stable over the pH-range 745-10%0.
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1. Introduction

The deprotonated form of imidazole can serve as a bridging ligand for transition metal
ions™™. Imidazolate-bridged binuclear metal complexes like bovine superoxide
dismutase [Cu(ll)-Im-Zn(11)SOD] *® are of much interest. Of late, synthesis and
characterization of several imidazolate-bridged binuclear copper(I1) complexes have been
reported ™', All these complexes exhibit antiferromagnetic spin-exchange interactions.
A survey of the literature shows that only a few studies on imidazolate-bridged
copper(I1)-zinc(11) complexes pertaining to the SOD model have been reported 2. In
this paper, we report the synthesis of substituted 2-ethyl imidazolate (2-Etim) bridged
copper(l1)—copper(ll) and copper(ll)-zinc(l1) complexes as models for Cu-CuSOD and
Cu-ZnSOD respectively.

2. Experimental

2.1 Materials

Diethylenetriamine and 2-ethylimidazole (both from SD Fine Chem) and copper
perchlorate hexahydrate (Aldrich) were used as supplied. All other chemicals used were
of reagent grade.

*For correspondence
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2.2 Yynthesis of complexes

2.2a [(Dien)Cu-2-Etim-Cu(dien)] (ClOy4);: Methanol—acetonitrile (5:1) solutions of
copper(I1) perchlorate hexahydrate (0x40) gm, 2 mmol), diethylenetriamine (0206 gm,
2 mmol) and 2-ethylimidazole (082 gm, 1 mmol) were mixed together and well stirred.
The pH of the solution was raised to 105 by addition of 1 M NaOH solution. On leaving
the contents overnight, dark blue crystals were formed, which were filtered, washed with
ethanol and dried in vacuo at room temperature. Yield » 60%.

2.2b [(Dien)Cu-2-Etim-Zn(dien)] (ClO,)s: Methanol—acetonitrile (5:1) solutions of
copper(I1) perchlorate hexahydrate (05870 gm to 370 gm, 1 mmol), diethylenetriamine
(0403 gm 1 mmol) and 2-ethylimidazole (0082 gm, 1 mmol) were mixed together and
dtirred well (part A). Similarly, methanol—acetonitrile (5:1) solutions of zinc(Il)
perchlorate hexahydrate (05872 gm, 1 mmol) and diethylenetriamine (0403 gm, 1 mmol)
were mixed together and stirred well (part B). Again, solutions of part A and part B were
mixed together and stirred well. The pH of this resulting solution was raised to around
10% pH by adding 1 M NaOH solution and the contents were left overnight. Blue crystals
of the desired complex formed were collected, washed with ethanol and dried in vacuo at
room temperature. Yield » 55%.

2.3 Instrumentation

2.3a EPR spectra: X-band EPR spectra were recorded with a Varian E-line century
series EPR spectrometer equipped with a dua cavity and operating at X-band with
100 kHz modulation frequency. TCNE (g = 2X0028) was used as field marker.

2.3b Optical spectra: Optical spectra were recorded in 100% DMSO and in 50%
aqueous DM SO solution on a Shimadzu UV-VIS 160 spectrophotometer.

2.3c Magnetic moment: Magnetic susceptibility measurements were carried out with

mercury(ll)tetrathiocynato  cobaltate (1) (cq= 164" 10°cgs unit) as standard
reference.

3. Resultsand discussion

The 2-ethylimidazolate-bridged (2-Etlm) homo-/hetero-binuclear complexes were
prepared by the following sequential routes without isolation of the mononuclear species.

Cu* + dien ® [(dien)Cu-OH,]*, (1)
[(dien)Cu-OH,]* + 2-EtimH ® [(dien)Cu-2-EtimH]?, (2)

[(dien)Cu-OH,]*" + [(dien)Cu-2-EtImH]**

gdien)Cu Cu(dien)u™
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Zn* + dien ® [(dien)Zn-OH,]%, (4)

[(dien)Cu-2-EtlmH]* + [(dien)Zn-OH,]**

" (9)

&
=
®

D
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These homo-/hetero-binuclear complexes give satisfactory elemental analyses (table 1).

Tablel. Analytical and physical datafor imidazolate-bridged copper(l1) complexes.

Elemental analysis % found (calc.)

D. temp.* Mett

Complex Colour  (°C) C H N Cu Zn (BM)

[(dien)Cu-2-Etim-Cu(dien)](ClO4); Deep 180 2142 448 1546 17%2 — 1246
blue (21446) (4>54) (15%41) (17+48)

[(dien)Cu-2-Etim-Zn(dien)](ClO,); Blue 165 2189 4x8 1584 8J0 8%3 1%9
(21:41) (463) (1587) (872) (8%0)

* Decomposition temperature

200 2400 2600 2800 * 3000 J200 3600 3600 3800 4000 4200

Magnetic field (Gauss)
Figure 1. X-band EPR spectra of [(dien)Cu-2-Etim-Cu(dien)]* (a) and (b), and

[(dien)Cu-2-Etlm-Zn(dien)]*" (c) and (d) in polycrystalline powder recorded at RT
and LNT. (Inset, half-field signals.)
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3.1 Magnetic properties

Room temperature effective magnetic moment (Ug;) values for both homo-/hetero-
binuclear complexes are summarized in table 1 along with their physical data. The low
values of magnetic moment (146 BM) of homo-binuclear complexes are indicative of
antiferromagnetic exchange. As expected, room temperature magnetic moment values of
hetero-binuclear complexes differ markedly from that of the homo-binuclear copper(I1)—
copper(l) complex. The observed room temperature magnetic moments are around
179 BM, in agreement with a one-spin (S= 1/2) system.

3.2 EPRstudies

EPR spectra of polycrystalline powder of both homo-/hetero-binuclear complexes at
liquid nitrogen temperature (LNT) as well as room temperature (RT) are shown in figure
1. Basic spectra characteristics at both temperatures are the same with dlightly better

Table 2. EPR and optical parameters (100% DMSO) for imidazolate-bridged
copper(ll) complexes.

[(dien)Cu-2-Etim-Cu(dien)](ClO,); 26057 290 206 185 606
[(dien)Cu-2-Etim-Zn(dien)](CIO,); 26049 290 205 182 612

@ T
R —
(b
2600 2700 2800 300 3200 3600 3600 3800

Magnelic field (Gauss)

Figure 2. X-band EPR spectra of [(dien)Cu-2-Etlm-Cu(dien)]** and [(dien)Cu-2-
Etlm-Zn(dien)]** in frozen 50% aqueous DM SO solution at 77 K.
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resolution a LNT. Confirming the magnetic measurements, the spectra of homo-
binuclear complex show the spectral features of an antiferromagnetically coupled
binuclear species: (i) The DMy = £ ‘half-field’ signalsis observed at ~ 1600 G, (ii) DM =
+ 1 region shows two broad signals at — 2940 G and 3200 G (RT) and is characteristic of
isotropic spectral feature. The calculated value of gig is 206. The spectra of hetero-
binuclear complex are characteristic of S=1.

EPR spectra of the homo-/hetero-binuclear complexes in frozen 100% DMSO
solution a LNT are shown in figure 2. The EPR parameters calculated from their
respective spectra are given in table 2. The DM = £1 regions of EPR spectra of homo-
binuclear complex show two broad signals at —3070 and 3500 G. The parallel and
perpendicular components of separations dy and d. is derived from the following
expressions:

¢=2Dfg;  ad  d =Pl (6)

where D is the zero-field splitting parameter. The two broad signals at 3070 and 3500 G
were thus assigned to the split g~ signal, alowing the calculation of zero-field splitting
parameter (D). Analysis of the spectrum gave the following values: |D|= 054 cm™,
gy=220 and g~ =2X%6. The value of D is consistent with those of other binuclear
complexes®’. The spectrum of hetero-binuclear complex exhibits the usual line-shape for
mononuclear copper(ll) complexes with g, > g~ > 203, indicating axial symmetry. The
calculated values are g =2495, g. =205, Aj=168G and g/A;= 130G, indicating
square pyramidal geometry with dx’~y* ground state. The spectrum is similar to the
earlier reported hinuclear copper(I1)—zinc(l1) complexes®2'.

3.3 Solution studies of hetero-binuclear complex

pH-dependence stability of an aqueous solution of hetero-binuclear complex was also
studied by optical spectrophotometry. Visible spectra recorded as a function of pH clearly
show that the complex is stable over the pH-range 7>45-100 (figure 3). The pH of the
solution in the range 200 to 1160 pH unit was adjusted using HCIO, and NaOH
solutions. Attempts were made to study the species formed due to breaking of
imidazolate-bridge. In 50% aqueous DM SO solution at pH 75, the spectrum (figure 3)

Table3. | & (hM) at variable pH values and EPR data (at pH 7:45) for [(dien)Cu-2-
Etlm-Zn(dien)](ClOy); in 50% aqueous DM SO solution.

pH | max (NM) g g A (G)
20 760 - - -
300 626 - - -
4560 620 - - -
6X%0 616 - - -
745 613 221 205 185
8%60 613 - - -
1000 613 - - -

1160 607 - - -
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400-0 ' 600:0 ; * 9000 NM
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Figure 3. pH-dependent optical spectra of [(dien)Cu-2-Etim-Zn(dien)]*" complex in
50% aqueous DM SO solution at room temperature.

shows a d—d band at | o 613 Nnm which remains unchanged up to pH 10%. As the pH is
decreased from 7:5 to 20, we observe a broad band at 760 nm characteristic of the Cu®*
ion in 50% aqueous DM SO. Below the physiological pH < 745, bridge breaking takes
place according to the following reaction.

[(dien)Cu-2-Etim-Zn(dien)]* %%:®
[(dien)Cu-2-EtImH]?" + [(dien)Zn-OH,]*, (7)

[(dien)Cu-2-EtimH]?* %%® [(dien)Cu-OH,]% + 2-EtimH
%%® Cu?" + dien. (8)

Above pH 10%0, the | vaue is 607 nm which is indicative of the bridge homo-
binuclear species [(dien)Cu-2-Etim-Cu-(dien)]*". The | na value is also observed at
606 nm in 100% DM SO and supports the formation of bridged homo-binuclear copper
complexes.

4, Conclusion

The synthesized hetero-imidazolate bridged (2-Etlm) complex shows its stability over the
pH-range 7X5-10%. The homo-binuclear imidazolate-bridged complex demonstrates a
model for antiferromagnetic exchange interactions. All results indicate that these
imidazolate-bridged complexes act as good models for superoxide dismutase.

Acknowledgement

EPR spectral facilities provided by the Regional Sophisticated Instrumentation Centre,
Indian Ingtitute Technology, Bombay is gratefully acknowledged. One of the authors
(SK) thanks the Council of Scientific & Industrial Research, New Delhi for an
associateship.



Homo- and hetero-binuclear imidazolate-bridged complexes 27

References

OCONOUTAWNE

. Folks G, Frihart C, Rabinowitz W N and Lippard S J 1976 J. Am. Chem. Soc. 98 5720

Dewan J C and Lippard S J 1980 Inorg. Chem. 19 2079

. Folks G and Lippard SJ 1977 J. Am. Chem. Soc. 99 5804

Young CL, Dewan H R C and Lippard SJ 1978 J. Am. Chem. Soc. 100 729

. Coughlin PK, Lippard SJ, Martin A L and Bulkowski J E 1980 J. Am. Chem. Soc. 102 7616

Haddad M S and Hendrickson D N 1978 Inorg. Chem. 17 2622

. Haddad M S, Duesler E N and Hendrickson D N 1979 Inorg. Chem. 18 141

. Mori W, Nakahara A and Nakaya Y 1979 Inorg. Chim. Acta 37 L507

. Hendricks H M and Reedjik J 1979 Inorg. Chim. Acta 37 509

. Landrum J T, Reed C A, Hatana K and Scheidt W R 1978 J. Am. Chem. Soc. 100 3232

. Landrum J T, Reed C A, HatanaK and Scheidt W R 1980 J. Am. Chem. Soc. 103 6729

. Evan C A, Rabenstein D L, Geier G and Erni W | 1977 J. Am. Chem. Soc. 99 8106

. Ishied S Sand Kuehn C G 1978 J. Am. Chem. Soc. 100 6754

. Costes JQ, SerraJ F, Dahan F and Phaurent J 1986 Inorg. Chem. 25 2790

. Sato M, Ikeda M, Fukada M, Ikeda T and Nakaya J| 1987 Inorg. Chem. Acta 47 136

. Sigel H (ed.) 1981 Metal ionsin biological system (New Y ork: Marcel Dekker) vol 13, p. 259
. Patel R N and Pandeya K B 1988 Synth. React. Inorg. Met.-Org. Chem. 28 23

. Sato M, Nagae M, UcharaM and Nakaya J 1984 J. Chem. Soc., Chem. Commun. 1661

. LuQ, LuoQ, Dai A B and Hu G Z 1990 J. Chem. Soc., Chem. Commun. 1429

. Mao ZW, YuK B, ChenD,Han SY, Sui Y X and Tang W X 1993 Inorg. Chem. 32 3104

. Mao Z W, Chen D, Tanj W X, Yu K B and Liu L 1992 Polyhedron 11191

. Pierre J, Pierre L, Chautemps P, Refaif S, Beguin C G, Marzouki A E, Serratrice G, Ray P and

Laugier J 1994 J. Chem. Soc., Chem. Commun. 111

. Patel R N and Pandeya K B 1998 J. Inorg. Bio-Chem. 72 109

. Patel RN, Patel A P and PandeyaK B 1999 J. Indian Chem. Soc. 76 362

. Patel RN, Patel A P and PandeyaK B 1999 Indian J. Chem. A38 900

. Patel RN, PandeyaH C and Pandeya K B 1999 Synth. React. Inorg. Met-Org. Chem. 29 1733
. Patel RN, Kumar S and Pandeya K B 2000 Indian J. Chem. A39 1124



