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To investigate further the possibility of fine tuning the interaction between two
[Mo(NO)Tp CI]" redox centres via a Schiff base copper framework, species of type 2 in which
the two [Mo(NO)Tp'CIJ". redox centres are attached via the mete-hydroxy positions of eachﬁ
benzene ring giving for example [2, M = Cu, M’ = Mo(NO)Tp Cl] are synthesized. This paper
reports the syithesis of a series of trimetallic complexes containing molybdenum nitrosy!l
groups linked by copper(Il) Schiff base metal complexes. The spectroscopic and
electrochemical properties of the new complexes are discussed.

EXPERIMENTAL

The precursor compound [Mo{NO)Tp CL,] was prepared according to the literature method [3,
6]. Other standard reagent materials were obtained from commercial sources and were used
without further purification. All synthetic reactions except those involving preparation of free
Schiff base ligands and their copper derivatives, were carried out under nitrogen. Silica gel 60
(70-230 mesh) was used for column chromatography and dichloromgthane, hexane and
tetrahydrofuran as-eluants.

IR and UIV-visible spectra were measured using PE 1600 FTIR series, Shimadzu UV-240
and PE-Lambda 2 spectrophotometers. respectively. EPR measurements were made using a
Bruker Esp 300E in an X-band field. the data being calibrated with reference to external
DPPH (g = 2.0037). Elemental analyses were performed by microanalytical laboratory of
School of Chemiistry of Bristol. Mass spectra were recorded on a Kratos MS 80 instrument by
positive ion FAB using either a glycerol or NOBA matrix. "H NMR spectra of free Schiff base
ligands were obtained using JEOL GX 270 spectrometers.

Cyclic ‘and differential pulse voltammetry were carried out using EG & G PAR 273A
galvanostat and potentiostat. Solutions in acetonitrile, dichloromethane and DMSO were ca |
x 107 M in the complex with ¢z 0.1 M [0-Bu,N][PE,] as the base electrolyte. The working and
counter electrodes were a platinum bead and platinum wire, respectively, while saturated
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alomel electrode (SCE) was used as the reference electrode. All the formal potentials were
n as the average of anodic and cathodic peak potentials. Differential pulse voltammetry
carried out using a pulse amplitude of 10 mV and I vs E relationship recorded. To obtain
. values, the separation between the two reduction potentials from differential pulse
nmetric waves, the relationship developed by Richardson and Taube was used [7]. A

f W, (differential pulse voltammogram peak-width at half-height) versus AE, was
cted.

thesis of Schiff base ligands (2, M = H, M’ = H, B = diamine). In general all the free
Schiff base ligands were synthesized in ways similar to those used in the synthesis of para-

ﬂzexyl analogues of type 1 (M = H,, M’ = H; B = diamine) [1] except that 2,4-
droxybenzaldehyde was used as the carbonyl compound in these reactions. Specific
eses are given below.

is of the copper Schiff base precursor (2, M = Cu, M’ = H, B = C,H_). A solution of
per acetate (0.172 g, 0.86 mmol) in absolute ethanol (30 cm’) was treated dropwise with
an ethanolic solution of Schiff base (2, M= H,, M’ =H, B = CH,) (0.29 g, 0.86 mmol). The
on tumed reddish brown. The mixture was refluxed for 5 h and then cooled. A brown
setiled out. The solid was filtered off and washed thoroughly with diethyl ether and
in vacuo (yield 0.3 g, 78.9%).

Symthesis of the copper Schiff base precursor [2, M = Cu, M’ = H, B = (CH.,),]. This.
compound was prepared in a similar manner to that above, using copper acetate (0.23 g, 1.02
m :sa ‘and (2, M =H,, B = CH,CH,, M’ = H) (0.305 g, 1.02 mmol). The purple precipitate
ﬁltered off and washed thoroughly with ethanol and diethyl ether and dried in vacuo
a!d 0.35 g, 85%). The other copper Schiff base precursors {(2, M = Cu, M'=H, B =

), M=Cu, M'= H, B = (CH,), M= Cu, M’ = H, B = (CH,),)} were all prepared in the
e way, and in comparable yields.

Synthesis of trimetallic complexes [2, M = Cu, M' = Mo(NO)Tp'ClL, B = diamine]. In general
i _i e complexes were prepared by treatment of one mole equivalent of the copper Schiff base

complexes (2, M = Cu, B = diamine, M’ = H) suspended in toluene with two molar
valents of Mo(NO)Tp’ Cl, in presence of small amounts of triethylamine. The reaction
e was refluxed for a period of between one day and six days. The cooled solutions were
e ,the solvent partially reduced in vacuo and the remaining solution chromatographed
ilica gel column 60 (70-230 mesh). The major red fractions were eluted by a mixture of
aromethane/hexane/THF in 6:3:1 ratio, respectively, and the solvent was evaporated in
. The red solution obtained in this step was then triturated with n-hexane affording the
d compounds as red solids. Chromatography showed the presence of varying amounts
of green species. The preparations of individual trimetallic complexes are as follows.

Synthesis of [2, M = Cu, M’ = Mo(NO)Tp'Cl, B = C,H,]. This compound was obtained by
g an appropriate copper precursor {2, M =Cu, M’ =H, B = C H1,1(0.265 g, 0.626
l) suspended in toluene, with Mo(NO)Tp'Cl, {0.62 g, 1.25 mmol} A few drops of
lamine were added to the mixture which was refluxed under nitrogen for 2 days. The
tion mixture was evaporated in vacuo and the red residue dissolved in a minimum volume
chloromethane and chromatographed using hexane/dichloromethane mixture. The first *
ie-red fraction was eluted using 50% hexane in dichloromethane. The $olid obtained from..
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to the metal ion. Such shifts were previously observed for cobalt(I) complexes of Schiff base
ligands [9]. In the trimetallic species [2,M = Cu,M’= Mo(NO)Tp CLB = C.H,.(CH,), n=2-5],
the azomethine C=N stretching frequencies appear as intense bands in the region between
1605 and 1644 cm”

Table 2. IR and electronic spectral data obtained from type (2) complexes.
[2, M =Cu, M’ = H, or Mo(NO)Tp*CL, B = diamine].

Compound IR spectral data’ UV-vis spectral data

M B M vC=N VNO VBH ho (E)

Cu CH, H 1608 550(broad, vw)", 393(20410),
324(4989), 267(13588)

Cu  (CH), H 1623 572(139, 348(22,200),
294(37,000), 260(42666)

Cu (CH, H 1606 613(131), 350(12,589)
294(24,815). 260(23667)

Cu  (CH), H 1605 658(276), 358(21,877).
294(30,853), 258(29130)

Cu  (CH.), H 1619 667(112), 349(21,646)
289(45,823)

Cu  CGH, MoNO)Tp*Cl 1605 1677 2534 700(broad), 480(10,162)
305(17.642)

Cu  (CH), Mo(NO)Tp*Cl 1623 1690 2554 700(broad), 450(16.029)
340(31,519), 295(36,335)

Cu  (CH), Mo(NO)Tp*Cl 1603 1690 2554 700(broad). 480(11,966)
310(18,595)

Cu  (CH), Mo(NOYTp*ClI 1644 1693 2554 700(broad), 480(12,366)

Cu  (CH,). Mo(NO)Tp*Cl 1622 1689 2554 700(broad), 480(16,790)
305(28.818)

‘em" in CH.CL, (for trimetallic complexes) and in DMSO for copper Schiff base complexes, "in nm, € in
dm’ mol'em” “vw, very weak.

The IR spectra of the trimetallic complexes in solution (CH,Cl,) were also characterized
by V(BH) and v(NO) at 2554 cm” and in the range 1677-1693 cm’, respectively. Generally
the v(NOQ) stretch for the trimetallic complexes are higher than those (1668-1680 cm™) in
trimetallic complexes prepared previously [1] [1, M = Cu, M" = Mo(NO)Tp'Cl, B = diamine]
but are similar to v(NO) for bimetallic complexes containing phenolato bridging ligands,
which fall in the range 1678-1685 cm™ [10].

The electronic spectra of the precursor copper Schiff base complexes [2, M= Cu, M’ =H,
B =CH,, (CH,),, n = 2-5] and their trimetallic derivatives [2, M = Cu, M’ = Mo(NO))Tp Cl,
B =CH,, (CH,),. n = 2-5] in DMSO and dichloromethane, respectively, are summarized in
Table 2. The data show that as in the para analogues (1, M=Cu, M’ = H, B = CH,, (CH,),
n = 2-5], the copper chelates exhibit absorption peaks falling in the range 667-550 nm,
consistent with the presence of planar Cu(Il) species with a N,O,” donor atom set [11].
However there is a remarkable, though small bathochromic shift of absorption bands as the
polymethylene carbon chain of the Schiff base ligands lengthens, an indication of a slight
change in structure of the complexes perhaps from planar to tetrahedral [12]. Such distortions
have been observed in related copper Schiff base complexes [13]. Intraligand transitions in
these complexes appear as intense bands in the region 398-260 nm and are believed to be of
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vary significantly with the length of the polymethylene carbon framework of the bridging
ligands in both CH,CN and CH,CI, solvents. The small but significant differences in the
reduction potentials across the series of the complexes thus do not reflect the expected
changes in structure of the complexes.

Table4. Cyclic voltammetric data obtained from type (2) complexes [2, M = Cu, M’ =
Md(NO)Tp*C]‘ B = diamine].

Compound In dichhoromethane In acetonitrile
M B M’ E’, E’, AES E, AE, AE, @AY
Cu CH, Mo(NO)T*CI -0.59 170 100 -0.42 101 89 1.0
' Cu (CH) Mo(NO)T*Cl -046 161 118 -0.42 150 69 098
Ce (CH) Mo(NO)T*Cl -0.57 169 100 -0.39 114 63 1.0
Cu (CH) Mo(NO)T*Cl  -0.58 139 120 -0.39 118 90 1.0
Cu (CH) Mo(NO)T *C1  -0.54 101 120 -0.39 86 100 1.0

‘in V, 0.1 mol dm” in [n-Bu,N][PF,] as base electrolyte, ca 1x10° mol dm” in complex, scan rate 200
mVs’, error + 10 mV; l'Es,‘ —E." in mV for the complexes; ‘ES - Ein mV for ferrocene in the same cell
under the same conditions; ‘ratio of cathodic to 2nodic peak currents for the complexes (for ferrocene in
the same cell and under same condition, A =1.0)

Comparison of data in Table 4 with that from related trimetallic complexes in which
‘Mo(NO)Tp*Cl fragments are attached to the para-position of the benzene ring (with respect
to the two oxygen atoms bonded to copper) of the copper Schiff base complexes [1] reveals
that the reduction potential for the Mo(NO)Tp*Cl centres are influenced only slightly when
their positions in the benzene ring of the Schiff base framework is changed form meza to para
although this influence is small. This difference in reduction potentials for the related
trimetallic species is of no significance other than to imply that possibly the LUMO’s in the
class of compounds discussed here have less electron charge density than LUMO’s of their
para-analogues.

In view of the suggestion that the complexes discussed here undergo two sequential one-
electron reduction exhibited a broad unresolved reduction wave in ‘their cyclic
voltammograms, all the complexes were examined by differential pulse voltammetry (DPV)
in the range -0.4 to -0.6 V in acetonitrile. Results are depicted in Table 5. Basing our DPV
observations on those of Richardson and Taube [7] who derived a relationship between E,
(formal reduction potential) and the width at half height (W,) of a differential pulse
voltammetric peak for systems where the interaction between redox centres in the same
I molecule is small, the complexes described here indicate that the Mo(NO)Tp*Cl redox
: centres interact weakly. The AE, for these compounds fall between 50-95 mV (Table 5)
whereas the theoretically calculated separation AE, for two non-interacting centres is 35.6 mV
[7). The conproportionation constants (K. for the equilibrium

[{2. M= Cu, M’ = Mo(NO)Tp*CI}] + [{2, M = Cu, M’ = Mo(NOYTp*Cl} | <
2[{2, M= Cu, M’ = Mo(NO)Tp*Cl}T

(determined using the relationship AE, = 59.16log,K_show that the monoreduced species have
'small but noticable stabilities (Table 5). This general electrochemical behaviour is consistent
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