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| A series of new transition metal complexes [ML(Ln)CL,] where Ln = L13, L15 and L17 (L(13) = 11,13-dimethyl-1,4,7,10-
tetraazacyclotrideca-4,6,10,13-tetraene-5,6-diol, L(15) = 9,11-dimethyl-1,4,8,12-tetraazacyclopentadeca-1,3,8,11-tetraene-2,3-diol and

| L(17) = 10,12-dimethyl-1,4,9,13-tetraazacycloheptadeca-1,3,9,12-tetraene-2,3-diol) and M = Cu(Il), Co(II), Ni(II), Mn(II) and Zn(II)

| have been synthesized by template method. All the synthesized complexes were characterized by IR, UV, ESR, X-ray microanalysis, |

| elemental analysis, thermal studies and magnetic susceptibilities and the geometry of the complexes found to be octahedral. |

| |
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INTRODUCTION

A large number of synthetic polyaza macrocycle ligands
[1-4] has undergone a rapid growth since the early 1960s
due to the instigating contribution of Curtis [5-7] and Busch
[8,9] by their synthesis of large number of synthetic polyaza
macrocyclic ligands. The utilization of metal template method
for the synthesis of multidendate macrocyclic ligands has been
confessed as offering high yielding and selective routes to new
ligands and their complexes [1,3,8,10-15]. The ability to interact
with both metal cations [16-18] and anionic species [19-34]
has attracted the inorganic chemist in several ways and macro-
cyclic ligands has been a fascinating area of current research
in this growing world. Polyamine macrocycle can protonate
in aqueous solution which in turn furnishing polyammonium
receptors that can be applied for anion coordination. Two or
more polyamine groups such as aliphatic chains or aromatic
units has been acts as one of the most explored classes of aza
macrocycles while the polyamine moieties act as binding sites
for metal cations or anionic groups and the spacers can rearrange
the distance between the binding moieties. An exact tuning of
both the binding feature of polyamine units and structural

characteristics of spacers has led to the achievement of recep-
tors with specific function, able not only to bind but also to
find applications as models for catalytic metallobiosites [35-
42] or as optical chemosensors [43-45] for metals or anions.
This has been characterized as an achievement in terms of its
flexibility, hydrophobicity or presence of additional functional
group. These models figure out the application for protein metal
binding sites in a substantial array of metallo proteins in various
biological systems, which has resulted in growing interest and
guest in designing innovative macrocyclic ligands, and also
these models are very important to study the magnetic exchange
phenomena, chemotherapy, specific metal intoxication and
catalysis. From the knowledge of the importance of complex
containing macrocyclic ligands has led to a great effort being
supported in developing reliable inexpensive synthetic routes
for these compounds [46-48]. Preparation of metallic comp-
lexes are of great importance in dealing with the functional
role of metalloenzymes [49], magnetic interaction between,
paramagnetic centers [50-52] and for the fabrication of metallo
supramolecular architectures [53]. In addition to that cyclic
polyamides have been extensively studied as anion receptors
[54] and previously it has been shown [55,56] to bind DNA and
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inhibit HIV replication. Enormous progress have been made
in interpreting the structural aspects of anion coordination in
recent years [57,58]. Many of the findings designate that these
will be prominent structural parallels with transition metal co-
ordination chemistry. For example, ditopic binding of nitrate
[59,60], cascade complexes with fluoride [61] sandwich form-
ation with sulfate [62], as well as the chelate and macrocyclic
effects [59-63] in the stabilization of anion complexes. These
similarities can be found out to resemblance between the coord-
inate covalent bonds in transition metal complexes and the
hydrogen bonds formed in anion complexes. Further presump-
tion of the topological relationship between transition metal
and anion co-coordination chemistry the segregation of persis-
tent structural motifs for given anion under a variety of conditions.

The present investigation achieves the template synthesis
and characterization of series of transition metal complexes
of 13, 15 and 17-membered tetraamide macrocycle disubstituted-
dimethyl-tetrasubstituted-tetraazacycloalka-tetrasubstituted-
tetraene-disubstiuted-diol with metals of Cu, Co, Ni, Mn and
Zn and all the newly synthesized complexes were subjected to
the experimental analysis by governing their characteristic
features and structural elucidation.

EXPERIMENTAL

Synthesis of precursor [P1], [P2] and [P3]: Propane-
1,3-diamine (47.8 mmol) was dissolved in minimum amount
of ethanol in a beaker. When 7.4 mmol of diethyl oxalate was

CHj

=

added dropwise to propane-1,3-diamine solution, the precursor
N',N*-bis(3-aminopropyl)oxalamide [P2] (white precipitate)
was formed and identified by TLC technique. The solution was
stirred for about 0.5 h to ensure the completion of the reaction.
Then the formed precursor was filtered, washed with CHCl;
and then subsequently dried in vacuum over anhydrous CaCl,.
Similarly [P1] N',N*-bis(2-aminoethyl)oxalamide and [P3]
N',N*-bis(4-aminobutyl)oxalamide were synthesized using the
corresponding ethane-1,2-diamine and butane-1,4-diamine,
respectively. In order to avoid the cyclization, excess of corres-
ponding alkane disubstituted diamine was added and compared
to diethyl oxalate while in the preparation of all the three precu-
rsors [P1], [P2] and [P3].

Synthesis of cyclic product [Cyl], [Cy2] and [Cy3]:
Precursor [P2, 2.47 mmol] was added to a hot ethanolic solution
in a beaker. Then 2.47 mmol of acetyl acetone was added to
the solution and stirred for 45 min to get a cyclic product [Cy2]
and identified by TLC technique. It was filtered and dried in
vacuum over anhydrous CaCl,. Similarly, [Cy1] and [Cy3]
are prepared using the corresponding precursors [P1] and [P3],
respectively.

Synthesis of metal complexes: Precursor [P2,2.93 mmol]
was dispersed in hot ethanol. To this, about 2.93 mmol of
copper(Il) chloride dihydrate in hot ethanol was added. To the
above mixture, 2.92 mmol of acetyl acetone was added and stirred
for 1 h. Then solution was allowed to evaporate completely over
water bath to obtain a green coloured precipitate (Scheme-I).
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The precipitate formed was washed with ether, filtered and
dried in vacuum over anhydrous CaCl, and the precipitate
identified as [CuL(15)CL]. Similarly, cobalt(II) [CoL(15)Cl,],
nickel(Il) [NiL(15)Cl;], manganese(II) [Mn(15)CL] and zinc
(IT) [ZnL(15)CL,] complexes (Scheme-I) were synthesized
using corresponding metal salts, respectively and also [ML(13)CL]
and [ML(17)CL], where M = Cu(II), Co(II), Ni(II), Mn(II) and
Zn(II) were prepared using the corresponding precursors [P1]
and [P3], respectively as described above.

RESULTS AND DISCUSSION

Table-1 shows that results of various physico-chemical
analyses of the synthesized 13, 15 and 17-membered tetraamide
macrocycle disubstituted-dimethyl-tetrasubstituted-tetra-
azacycloalka-tetrasubstituted-tetraene-disubstiuted-diol with
Cu(II), Co(II), Ni(IT), Mn(II) and Zn(II) ions. Based on the
experimental and analytical results, the various steps involved
in the synthesis of the complexes [ML(15)Cl,] can be seen in
Scheme-1.

[ML(15)ClL]: The elemental analysis data (Table-1) con-
firmed the formula [ML(15)Cl,] where L(15) =9,11-dimethyl-
1,4,8,12-tetraazacyclopentadeca-1,3,8,11-tetraene-2,3-diol
proposed for the complexes. Through the X-ray microanalysis
data, the elements identified in the nickel(I[) complex (Fig. 1)

2.7+
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Ni
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Energy (keV)

Fig. 1. X-ray microanalysis of 15-membered tetraamide Ni(II) complex

were carbon, nitrogen, oxygen, chlorine and nickel and the
same elements were identified in zinc(II) complex. The weight
% obtained for individual atoms support the proposed formula
of the complexes.

In thermogravimetric analysis (Fig. 2), there was no change
of mass, upto 241.8 °C which revealed that there was no water
molecule presents in the copper(Il) complex. By weight loss
method, thermal studies of other cobalt, nickel, manganese
and zinc complexes were also analyzed for heating at 120 °C
for 2 h, which shows the absence of water molecules present
in any of the above complexes.

[ML(13)ClL]: The elemental analysis data (Table-1) con-
firmed the formula [ML(13)Cl,] where L(13) = 11,13-dimethyl-
1,4,7,10-tetraazacyclotrideca-4,6,10,13-tetraene-5,6-diol
proposed for the complexes. In addition to copper(Il) (Fig. 3),
nickel(Il) and zinc(II) complexes were analyzed through X-
ray microanalysis and cobalt(Il) complex was analyzed by
thermogravimetric analysis (Fig. 4).

[ML(17)Cl;]: The elemental analysis data (Table-1) corro-
borates the formula [ML(17)CL] where L(17) = 10,12-dimethyl-
1,4,9,13-tetraazacycloheptadeca-1,3,9,12-tetraene-2,3-diol
proposed for the complexes. In addition to copper(II), nickel(II)
and zinc(Il) complexes were analyzed through X-ray micro-
analysis and cobalt(I) complex was analyzed by thermogravi-
metric analysis (Fig. 5).

IR analysis: The presence of amide moiety in all the
precursor [P1], [P2] and [P3] were confirmed and authen-
ticated by the appearance of the bands in the region 1654 cm’
(for [P2] (amide I (C=0 str.) and 1524 cm™ (amide II (NH
deformation) (Fig. 6). Consequently, the absence of band at
1751 cm™ in the IR spectra shows that there was no unreacted
carbonyl group of the starting material ester during the form-
ation of precursor from condensation reaction of ester with
amine.

By the reaction between precursor [P2] and pentane-2,4-
dione yields the cyclic product [Cy2]. The IR spectrum of the
cyclic product [Cy2] (Fig. 7), indicates that amide I band at
1652 cm™ and amide II band at 1556 cm™. Further, a cyclic
polyamide [Cy2] was synthesized to ascertain the mode of
coordination of amide in complexes by the reaction between
the precursor [P2] with ethane-1,2-diamine in the absence of

TABLE-1
ANALYTICAL DATA OF TRANSITION METAL COMPLEXES OF 13, 15 AND 17-MEMBERED MACROCYCLIC COMPLEXES

Elemental analysis (%): Obsd. (calcd.)

Complexes
M Cl C H N
[CuL(15)CL,] 15.43 (15.86) 17.57 (17.73) 38.79 (38.95) 5.37 (5.49) 13.83 (13.98)
[CoL(15)Cl,] 14.57 (14.89) 17.76 (17.93) 39.24 (39.40) 5.44 (5.56) 13.05 (14.14)
[NiL(15)CL,] 14.54 (14.81) 17.73 (17.95) 39.18 (39.43) 5.39 (5.56) 13.08 (14.16)
[MnL(15)CL)] 13.89 (14.01) 18.04 (18.12) 39.60 (39.81) 5.46 (5.61) 14.07 (14.29)
[ZnL(15)CL,] 14.02 (14.21) 17.91 (18.08) 39.55 (39.71) 5.48 (5.60) 14.04 (14.26)
[CuL(13)CL,] 17.37 (17.04) 18.96 (19.06) 35.89 (35.44) 4.78 (4.83) 15.30 (15.03)
[CoL(13)CL,] 16.29 (16.01) 19.17 (19.29) 35.97 (35.88) 4.81 (4.89) 15.27 (15.22)
[NiL(13)CL,] 16.21 (15.94) 19.05 (19.31) 35.98 (35.91) 4.79 (4.89) 15.24 (15.23)
[MnL(13)CL] 15.33 (15.09) 19.26 (19.51) 36.55 (36.27) 4.88 (4.95) 15.43 (15.39)
[ZnL(13)CL,] 15.64 (15.29) 19.31 (19.46) 36.36 (36.18) 4.86 (4.93) 15.39 (15.35)
[Cul(17)Cl,] 14.74 (14.82) 16.48 (16.57) 41.94 (42.01) 6.00 (6.07) 12.97 (13.07)
[CoL(17)CL,] 13.81 (13.89) 16.66 (16.75) 42.38 (42.46) 6.08 (6.13) 13.13 (13.21)
[NiL(17)CL,] 13.72 (13.83) 16.70 (16.76) 42.39 (42.49) 6.07 (6.14) 13.16 (13.22)
[MnL(17)CL,] 12.99 (13.07) 16.82 (16.91) 42.76 (42.87) 6.10 (6.19) 13.27 (13.34)
[ZnL(17)ClL,] 13.18 (13.26) 16.79 (16.87) 42.94 (42.85) 6.09 (6.18) 13.25 (13.31)
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4.5 7 metal. Similar IR spectral data were also obtained for the cyclic
products [Cy1] and [Cy3].
36 The IR spectrum of [CuL(15)Cl,] (Fig. 8) implies that
g amide I peak at 1664 cm™ and amide II peak appears at 1518
cm’. The IR spectra of metal complex [ML(15)Cl,] showed
277 that upon complexation, amide I band shifts by 2-17 cm’
cé towards higher frequency and amide II band shifts by 5-13
184 cm’' towards lower frequency. It has been known that amide I
band shifts to higher side while amide II band shifts to lower
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Fig. 3. X-ray microanalysis of 13-membered tetraamide Cu(II) complex
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Fig. 8. IR spectrum of 13-membered tetraamide macrocyclic Cu(Il) complex

nickel(IT) and manganese(II) complexes present in [ML(15)Cl,]
are shown in Table-2. The results showed the octahedral nature
of all four synthesized complexes.The same observation had
also been observed for [ML(13)Cl,] and [ML(17)CL] complexes.

With the evidence from the literature available, it was
compared with the electronic spectrum of octahedral Cu(Il)
complex [CuL(15)Cl,] (Fig. 9) in visible region the band
observed at Amax = 634 nm (15773 cm™) was attributable to the
transition By, — *B,,. Similarly, the same electronic spectral
details has been observed for the complexes of [CuL(13)Cl]
and [CuL(17)Cl,].

The electronic spectrum of Co(II) complex [CoL(15)Cl],
the m-* and n-7t* transitions in the UV regions appeared to
overlap to produce only one band at Am.x = 239 nm. Usually

TABLE-2
SPECTRAL AND MAGNETIC MOMENT (u.;) DATA OF THE METAL COMPLEXES
Vibrational frequency (cm™) Electronic
Complex - - B Herr (B.M.)
V(NH) V(C=0) (amide I) S(NH) (amide II) spectral (cm™)

[Cy2] 3298 1652 1556 - -
[CuL(15)CL,] 3301 1664 1518 15773 1.9
[CoL(15)CL,] 3301 1660 1523 15083 and 18797 4.6
[NiL(15)Cl,] 3297 1652 1518 13966 33
[MnL(15)CL,] 3301 1656 1528 - 5.3
[ZnL(15)Cl,] 3298 1655 1524 — —
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Fig. 9. Electronic spectrum of 15-membered tetraamide Cu(II) complex

for octahedral Co(IT) complex (Fig. 10), the bands correspond
to the transitions ‘T o(F) — “Tag, *Ti(F) — *As,, “Tig(F) —
Ty, (P) can be expected. The observed band at 15083 cm’!
and 18797 cm™ may be assigned for the transition ‘T ,(F) —
*As, and *T 1 (F) — “T.4(P), respectively, by comparing the
observed value with the reported in the literature value and it
was found to be various transitions of octahedral cobalt(II)
complexes. Similarly, same electronic spectral data had been
observed for [CoL(13)CL] and [CoL(17)Cl.] complexes.
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Fig. 10. Electronic spectrum of 15-membered tetraamide Co(II) complex

The electronic spectrum of Ni(Il) complex in [NiL(15)Cl],
UV regions shows two bands due to TT-7t* (Amax = 236 nm) and
n-T* (Amax = 310 nm) transitions. Electronic spectrum of the
complex displays band at 13966 cm™ attributed to the transition
and *A,, — *T1(F) (v2) of an octahedral Ni(Il) complex (Fig.
11). Similarly, same electronic spectral data had been observed
for [NiL(13)Cl,] and [NiL(17)Cl,] complexes.

In solid state, EPR spectrum of [CuL.(15)Cl,] was recorded
at room temperature (Fig. 12). This spectrum shows that p =
1.81 B.M. and it is in good concordance with the usual observed
value for Cu(Il) system corresponding to one unpaired electron.
Similarly, same EPR spectral data has been observed for the
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Fig. 11. Electronic spectrum of 15-membered tetraamide Ni(II) complex
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Fig. 12. ESR spectrum of 15-membered tetraamide Cu(II) complex

complexes of 13- and 17-membered macrocylic copper(Il)
complexes.

Conclusion

Transition metal complexes of 13-, 15- and 17-membered
tetraamide macrocycle disubstituted-dimethyl-tetrasubstituted-
tetraazacycloalka-tetrasubstituted-tetraene-disubstiuted-diol
have been synthesized by template fashion. The synthesized
complexes are characterized by X-ray microanalyses, TGA,
elemental analyses and magnetic susceptibilities as well as by
IR, UV, ESR spectral studies and the geometry of all the synth-
esized complexes were found to be octahedral.
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