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Abstract: Ca(II) macrocyclic complexes �(Et4�n�tetraeneN4)CaX2� (where n = 14,
16, 20, 24, 32, X = Cl-, NCS-) have been synthesized via cyclocondensation of
3,4-hexanedione with aliphatic diamines, such as 1,3-diaminopropane, 1,4-dia-
minobutane, 1,6-diaminohexane, 1,8-diaminooctane or 1,12-diaminododecane. The
synthesized complexes were characterized by elemental analyses, conductance
measurements and IR and 1H-NMR spectroscopy.

Keywords: macrocyclic complexes, alkaline earth metal complexes, IR spectra,
NMR spectra.

INTRODUCTION

Interest in synthetic macrocyclic complexes has developed due to their relevance

concerning naturally occurring biomolecules. Synthesis of several azamacrocycles us-

ing metal ions as templates has been reported. In addition to the wide use of transition

metal ions as templates,1–12 alkaline earth metal ions have also been found useful as

templates in the synthesis of a few macrocycles. Drew et al.13 synthesized Mg(II)

complexes of an N5 macrocycle derived from 2,6-diacetylpyridine and 1,8-diami-

no-3,6-diazaoctane using Mg2+ as the template. The 2 + 2 condensation of 2,5-difo-

rmulfuran and 1,3-diaminopropane using Ba2+ as the template has been reported to

yield a Ba(II) macrocyclic complex.14 Ca(II), Sr(II) and Ba(II) complexes of macro-

cycles derived from 2,6-diacetylpyridine and ethylenediamine have been reported by

Nelson and Drew.15 The synthesis of a conjugated 18-membered N6 macrocycle de-

rived from 2,6-diacetylpyridine and o-phenylenediamine in which Ca2+, Sr2+ and

Ba2+ act as effective templates has also been reported.16

Earlier Mg(II) complexes17,18 of large ring tetraazamacrocycles derived from

�-diketones and diaminoalkanes were reported and in the present paper the Ca(II)

complexes of such macrocycles derived from 3,4-hexanedione are described.
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EXPERIMENTAL

Materials

Ca(NO3)2
.4H2O, CaCl2

.2H2O and KCNS (Merck) were of AR grade. 3,4-Hexanedione

(Merck), 1,3-diaminopropane (Fluka) and 1,4-diaminobutane (Fluka) were used after distillation.

1,8-Diaminooctane (Fluka) and 1,2-diaminododecane (Fluka) were used as received. Methanol and

1-butanol were distilled before use.

Analytical methods and measurements

Calcium was determined volumetrically by EDTA using Eriochrome Black T as indicator19

and nitrogen was determined by the Kjeldahl method. The IR spectra were recorded as KBr pellets

in the region 4000–200 cm-1 on a Perkin Elmer 577 Grating Infrared Spectrophotometer. The
1H-NMR spectra were recorded in DMSO-d6 on a Jeol FX-90Q FT NMR spectrometer at 90 MHz

using TMS as the reference. Conductances were determined on a Systronics Direct Reading conduc-

tivity meter-304 using 10-3 M solutions in dimethylsulfoxide.

Synthesis of thiocyanatocalcium(II) complexes of tetraazamacrocycles

To a 1-butanolic solution of Ca(NO3)2
.4H2O (4.6 mmol) a 1-butanolic solution of 3,4-hexa-

nedione (9.2 mmol) was added and 1,3-diaminopropane (9.2 mmol) in 1-butanol was added

dropwise under constant stirring. Stirring was continued for 5–6 h and the reaction mixture was then

refluxed for 6–9 h. KCNS (9.2 mmol) dissolved in methanol was added and the contents were stirred

for about an hour. The solid which separated was filtered, washed with 1-butanol and dried under re-

duced pressure.

Similarly, the reactions with 1,4-diaminobutane, 1,6-diaminohexane and 1,8-diaminooctane

in 1 : 2 : 2 mole ratios were carried out. The solid products were separated and dried. However, no

solid product could be obtained from 1,12-diaminododecane. The analyses and the characteristics of

the complexes are given in Table I.

Synthesis of chlorocalcium(II) complexes of tetraazamacrocycles

To a 1-butanolic solution of CaCl2
.2H2O (7.7 mmol), a butanolic solution of 3,4-hexanedione

(15.4 mmol) was added. 1,3-Diaminopropane (15.4 mmol) in 1-butanol was added dropwise under

constant stirring. Stirring was continued for 5–6 h and solid which separated was filtered, washed

with 1-butanol and dried under reduced pressure.

Similarly, the reactions with 1,4-diaminobutane, 1,6-diaminohexane, 1,8-diaminooctane and

1,12-diaminododecane in 1 : 2 : 2 mole ratios were carried out. The solid which separated was fil-

tered, washed with 1-butanol and dreid under reduced pressure. The analyses and the characteristics

of the complexes are given in Table I.

RESULTS AND DISCUSSION

Reaction of 3,4-hexanedione, 1,3-diaminopropane and calcium nitrate in the

presence of KCNS resulted in the formation of the Ca(II) complex (I) of a

14-membered tetraazamacrocycle according to the following scheme (Scheme 1).

Similar reactions with 1,4-diamimobutane, 1,6-diaminohexane and 1,8-dia-

minooctane resulted in the formation of Ca(II) complexes of macrocycles having

16, 20 and 24-membered rings, respectively.

Reactions of calcium chloride with 3,4-hexanedione and diaminoalkanes,

such as 1,3-diaminopropane, 1,4-diaminobutane, 1,6-diaminohexane, 1,8-diami-

nooctane and 1,12-diaminododecane, in 1 : 2 : 2 mole ratios yielded the Ca(II)

complexes (II) of 14- to 32-membered tetraazamacrocycles.
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The molar conductances of these complexes lay in the range 8.0–18.0 ohm–1 cm2

mol–1 (Table I) in dimethylsulfoxide. This shows the non-electrolytic behaviour20 of

the complexes and supports the coordination of both the thiocyanate and chloro groups

to the metal. Thus calcium is hexacoordinated in these complexes. Octahedral coordi-

nation of calcium has been reported in bis(urea)bis(dihydrogenphosphato)calcium21

and tetramethylammonium calcium triazide.22

Infrared spectra

The infrared spectra of the Ca(II) complexes of tetraazamacrocycles show bands
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n = 3, 4, 6, 8, 12

Scheme 2.

Scheme 1.



at 1580–1640 cm–1, characteristic of coordinated >C=N groups. Cabral and cowork-

ers23 reported such bands at 1630–1650 cm–1 in the Ca(II), Sr(II) and Ba(II) com-

plexes of a macrocycle derived from 2,6-diacetylpyridine and ethylenediamine. None

of the spectra exhibited absorption bands at 3100–3400 cm–1 or at 1700 cm–1 attribut-

able to unreacted NH2 or C=O groups, respectively. N-Bonded thiocyanate CN

stretching frequencies were observed at 2040–2080 cm–1. The lowering of this fre-

quency in the calcium complexes compared to that observed for free thiocyanate (2100

cm–1)23 supports the coordination of thiocyanate to the metal atom. Fenton and

Cook24 reported N-bonded thiocyanate CN stretching frequencies at 2065, 2081 and

2073 cm–1 in Ca(II), Sr(II) and Ba(II) complexes, respectively, of the macrocycle

3,15,21-triaza-6,9,12-trioxabicyclo �15.3.1� heneicosa-1(21),2,15,17,19-pentaene.

Nuclear magnetic resonance spectra

The 1H-NMR spectra of the Ca(II) complexes were recorded and the � values

(ppm) are given in Table II. The spectra confirm the structures of the complexes. In

free 1,3-diaminopropane, the �-CH2 protons appear as a triplet at � 2.14 ppm and

the �-CH2 protons as a quintet at � 0.89 ppm. In KIM (III), the �-CH2 protons were

reported to appear at � 2.11 ppm.7 This downfield shift is due to the deshielding by

the �-electrons of the C=N bond. The free macrocycles would have exhibited these

resonances at almost the same positions as in KIM. In the NMR spectra of Ca(II)

complexes of macrocycle derived from 3,4-hexanedione and 1,3-diaminopropane,

the �-CH2 protons of the amine residue appear as a triplet at � 2.77–2.78 ppm and

the �-CH2 protons appear as a broad multiplet at � 1.33–1.35 ppm. The upfield

shifting of the signals of the �- and �-CH2 protons in these complexes as compared

to KIM supports the coordination of the nitrogen of the macrocycle to the metal

atom. In the other macrocyclic complexes, the �-CH2 protons exhibit a triplet at al-

most the same position as in the complexes of the macrocycle derived from

3,4-hexanedione and 1,3-diaminopropane and the other methylene protons of the
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amine residue are observed at higher field (� 1.39–1.59 ppm). The methyl and

methylene protons of the ketone residue of these macrocyclic complexes exhibit

weak signals. The CH2
(b) protons appear as a quartet at � 2.03–2.30 ppm and the

CH3
(a) protons as a triplet at � 0.96–0.99 ppm. In free 3,4-hexanedione, the CH2

protons appear at � 2.77 ppm as a quartet and the CH3 protons at � 0.99 ppm as a

triplet. The high field shift of the CH2 protons in the macrocyclic complexes con-

firms the coordination of the nitrogen of the macrocycle to the calcium atom.
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I Z V O D

KOMPLEKSI Ca(II) SA TETRAAZAMAKROCIKLIMA IZVEDENIM OD

3,4-HEKSANDIONA I DIAMINOALKANA

R. N. PRASAD, MITHLESH AGRAWAL i SANGEETA MALHOTRA

Department of Chemistry, University of Rajasthan, Jaipur-302004, India

Sintetizovani su makrocikli~ni kompleksi Ca(II) �(Et4�n�tetraenN4)CaX2� (gde je n

= 14, 16, 20, 24, 32, X = Cl-, NCS-) ciklokondenzaciom 3,4-heksandiona sa alifatskim

diaminima, kao {to su 1,3-diaminopropan, 1,4-diaminobutan, 1,8-diaminooktan ili

1,12-diaminododekan. Sintetisani kompleksi su karakterisani elementalnom ana-

lizom, merewem provodqivosti, kao i pomo}u IR i 1H-NMR spektroskopije.

(Primqeno 8. januara 2004)

REFERENCES

1. M. Fujiwara, T. Matsushita, T. Shono, Polyhedron 3 (1984) 1357

2. N. W. Alcock, K. P. Balakrishnan, P. Moore, G. A. Pike, J. Chem. Soc. Dalton Trans. (1987) 889

3. S. Balasubramanian, C. N. Krishnan, Polyhedron 5 (1986) 669

4. M. M. Bishop, J. Lewis, T. D. O’Donoghue, P. R. Raithby, J. N. Ramsden, J. Chem. Soc. Dalton

Trans. (1980) 1390

5. M. C. Thompson, D. H. Busch, J. Am. Chem. Soc. 86 (1964) 3651

6. D. A. Baldwin, R. M. Pfeiffer, D. W. Reichgott, N. J. Rose, J. Am. Chem. Soc. 95 (1973) 5152

7. S. C. Jackels, K. Farmery, E. K. Barefield, N. J. Rose, D. H. Busch, Inorg. Chem. 11 (1972) 2893

8. R. N. Prasad, A. K. Gupta, P. K. Rai, J. Prakt. Chem. 333 (1991) 145

9. R. N. Prasad, A. K. Gupta, P. K. Rai, Z. Naturforsch. 47B (1992) 1701

10. R. N. Prasad, A. K. Gupta, P. K. Rai, Synth. React. Inorg. Met.-Org. Chem. 24 (1994) 749

11. R. N. Prasad, D. S. Parihar, Monats. Chem. 122 (1991) 683

12. R. N. Prasad, Mala Mathur, J. Serb. Chem. Soc. 67 (2002) 825

13. M. G. B. Drew, A. H. bin Othman, S. G. Mcfall, S. M. Nelson, J. Chem. Soc. Chem. Commun.

(1978) 818

14. M. G. B. Drew, F. S. Esho, S. M. Nelson, J. Chem. Soc. Dalton Trans. (1983) 1653

15. S. M. Nelson, M. G. B. Drew, J. Chem. Soc. Dalton Trans. (1982) 407

16. M. G. B. Drew, J. de O. Carbral, M. F. Cabral, F. S. Escho, S. M. Nelson, J. Chem. Soc. Chem.

Commun. (1979) 1033

17. R. N. Prasad, S. Malhotra, J. Serb. Chem. Soc. 57 (1992) 171

18. R. N. Prasad, M. Jain, S. Malhotra, Bol. Soc. Chil. Quim. 37 (1992) 329

MACROCYCLIC COMPLEXES OF Ca(II) 667



19. A. I. Vogel, A. Text Book of Quantitative Inorganic Analysis, ELBS and Longman, 1962, p. 434

20. K. R. Adam, G. Anderegg, L. F. Lindoy, H. C. Lip, M. Mcpartlin, J. H. Rea, R. J. Smith, P. A.

Tasker, Inorg. Chem. 19 (1980) 2960

21. T. D. Hayden, E. E. Kin, K. Eriks, Inorg. Chem. 21 (1982) 4054

22. F. A. Mautner, H. Krischner, C. Kratky, Monats. Chem. 119 (1988) 1245

23. J. de O. Cabral, M. F. Cabral, W. J. Cummins, M. G. B. Drew, A. Rodgers, S. M. Nelson, Inorg.

Chim. Acta 30 (1978) L313

24. D. E. Fenton, D. H. Cook, J. Chem. Soc. Chem. Commun. (1978) 279.

668 PRASAD, AGRAWAL and MALHOTRA



MACROCYCLIC COMPLEXES OF Ca(II) 663



644 PRASAD, AGRAWAL and MALHOTRA


