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Abstract: Ca(Il) macrocyclic complexes [(Ety[n]tetraeneN,)CaX,] (where n = 14,
16, 20, 24, 32, X = CI, 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 'H-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,!~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(1I)
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(I) macrocyclic complex.!4 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.!5 The synthesis of a conjugated 18-membered N macrocycle de-
rived from 2,6-diacetylpyridine and o-phenylenediamine in which CaZ*, Sr2* and
BaZ" act as effective templates has also been reported. 16

Earlier Mg(IT) complexes!7-18 of large ring tetraazamacrocycles derived from
a-diketones and diaminoalkanes were reported and in the present paper the Ca(Il)
complexes of such macrocycles derived from 3,4-hexanedione are described.

* Author to whom correspondence should be addresed.
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EXPERIMENTAL

Materials

Ca(NO3),-4H,0, CaCl,-2H,0 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 indicator!?
and nitrogen was determined by the Kjeldahl method. The IR spectra were recorded as KBr pellets
in the region 4000-200 cm™' on a Perkin Elmer 577 Grating Infrared Spectrophotometer. The
TH-NMR spectra were recorded in DMSO-dg 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 1073 M solutions in dimethylsulfoxide.

Synthesis of thiocyanatocalcium(Il) complexes of tetraazamacrocycles

To a 1-butanolic solution of Ca(NO;3),"4H,0 (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 1.

Synthesis of chlorocalcium(Il) complexes of tetraazamacrocycles

To a 1-butanolic solution of CaCl,-2H,O (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 1.

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(Il) 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(Il) 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.



poysow [yeplaly] oyr ur FOSTH YIm JUSWIBII) UO PIAOWAIL SI YOIYM USFOJIU 9J8UBADOIY) SPN[OUI JOU OP SON[BA N YL«

(L99) (zeo)  (Ty) (96°5¢) ove

S'LI 799 0€'6 69'8 €TSS mopx  [UsON)eD("NowenapzInA)] 6
(9e'L)  (zoD  (80'8) (06'2S) 0€€

TPl 0€'L ST°01 618 L9°TS nofeh  [AsoNJed(PNeusenaoz]na)] 8
(Log)  ®zID  (1€L) (LE8Y) 43

€1l 208 AN 6T'L 96'8% nofeA  [AsoNJeD(PNeuwsena91]na)] L
(698)  (91°CD)  (00°L) (26'9%) (1143

$'6 §9'8 €0°Cl 169 6891 mofpp  [AsoNJeD(PNaweenay1]1nE)] 9
(00'9) (8¢8)  (9z01) (€L19) 01¢

081 86'S 1€'8 ST0T L8'V9 MO[[OX [C1oeD("Nausenaze]na)] S
(zw)  Qoon  (¢v'6) (15°09) 08¢

TSI ST°L €001 6£°6 $6°09 MO[[OX [C1oeD("Neusena[yz]ha)] b
(zog)  (z1D  (L88) (69°LS) 081

¥01 86'L 6111 6L'8 9L°9S MOJ[2X [C1oeD("Nousena[oz]h1a)] €
(c06)  (¢9CD)  (81'8) 91°t¢) S6T

LS 206 $sTl LT3 L8€S MO[[aK [C10eD("Nausena[91]79)] T
r96)  @Brcr)  (9L°L) (€0°29) 8T

08 856 €EET S9'L 96°16 MO[[OX [C1oeD("Nausena[y1]ha)] 1

(,-fou,m>, o) (pored)  (pafed)  ('pored) ('pored) o/ dwoy o
SOUEIONPTOD TEO punoj ey punoj N PpunojH punoq 5 uonisodwooop xordwo) sydusg
,/S9sK[euy pue .mojoy

So[0A0010BWEZENI) JO SoX[dWw0o (T[)e) PIIPMIS oy} JO SONSLIdORIRYD Pue sasA[euy T A 1VL



664 PRASAD, AGRAWAL and MALHOTRA

Ca(NO4) 4H,0 + 2H,C—C Hz—ﬁ—E—CHg—CHj + 2 HoN={CH,);—MNH-
0 0

KCMS

H _,(‘\ }I(‘I 1,00
HEC\ ICIL L

.E‘I-&E‘_N N CH,, ta}

\;;’,.-’*i"‘"

fHﬁ 1]

(1)

;z' e
i
/ \
HsCs C->Hs
Uy
n=3,4,6,8,12
Scheme 2.

The molar conductances of these complexes lay in the range 8.0-18.0 ohm™~! cm?
mol ! (Table I) in dimethylsulfoxide. This shows the non-electrolytic behaviour2? 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)calcium?!
and tetramethylammonium calcium triazide.22

Infrared spectra

The infrared spectra of the Ca(Il) complexes of tetraazamacrocycles show bands
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at 1580-1640 cm™!, characteristic of coordinated >C=N groups. Cabral and cowork-
ers?3 reported such bands at 1630-1650 cm! in the Ca(II), Sr(II) and Ba(Il) com-
plexes of a macrocycle derived from 2,6-diacetylpyridine and ethylenediamine. None
of the spectra exhibited absorption bands at 3100-3400 cm™! or at 1700 cm™! attribut-
able to unreacted NH, or C=0O groups, respectively. N-Bonded thiocyanate CN
stretching frequencies were observed at 20402080 cm™!. The lowering of this fre-
quency in the calcium complexes compared to that observed for free thiocyanate (2100
cm1)23 supports the coordination of thiocyanate to the metal atom. Fenton and
Cook?4 reported N-bonded thiocyanate CN stretching frequencies at 2065, 2081 and
2073 em ! in Ca(Il), Sr(I) 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 H-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 ¢-CH, protons appear as a triplet at 0 2.14 ppm and
the 8-CH, protons as a quintet at 0 0.89 ppm. In KIM (III), the @-CH, protons were
reported to appear at 0 2.11 ppm.” This downfield shift is due to the deshielding by
the ;r-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(Il)
complexes of macrocycle derived from 3,4-hexanedione and 1,3-diaminopropane,
the a-CH, protons of the amine residue appear as a triplet at  2.77-2.78 ppm and
the B-CH, protons appear as a broad multiplet at 0 1.33—1.35 ppm. The upfield
shifting of the signals of the a.- and -CH> protons in these complexes as compared
to KIM supports the coordination of the nitrogen of the macrocycle to the metal

Ph Ph
\C C/
\
0 N—CH, ()
AN
JCH, ®
0 N—CH,
N\ 7/
Cc—cC
\
Ph Ph
(110)
Scheme 3.

atom. In the other macrocyclic complexes, the a-CH, 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



peoiq = g 9ordnnu = w ‘yuad = d 9oyenb = b 9opduy =2

qr1T 1L6°0 des'1 1€8°C [<(SON)eD("NBusenay[+7]"1d)] 6
9€1'C 1960 q95°1 18T [“(soN)eD(PNBueenai[oz]Ma)] 3
bo1T 1L6°0 qss°1 16L°T [“(soN)eD(PNBusenai[91]9)] ‘L
bogt 186°0 wqse’| 18L°C [“(soN)eD(PNBusena[¢1]M14)] 9
bg1t 196°0 qs'1 19L°C [G1oeD("Nausenay[ze]g)] £
bo1°T 1660 9Lyl 18T [1oe0("Nausena[4z]"a)] v
b60'C 186°0 wzy'] ISLT [C1oeD("Neusen[oz]ha)] €
bsoT 1L6'0 q6€'1 18L°T [C1oeD("Nausenai[91]717)] T
beoT 1L6°0 qee’1 ILL'T [C1oeD("Nousen[y1]M1d)] T
(@°HD ®HD CHD J1ay10 pue ¢ ‘HO-P sorduos on opdeg
ANPISAT U0 ANPISAT duTwy

sa[oAoo1ovwIEZERI3) JO Saxa[dwoo (T))e) parpms dys Jo (wdd ‘) syrys [eorwayd JINN-H; I 19VL



MACROCYCLIC COMPLEXES OF Ca(ll) 667

amine residue are observed at higher field (0 1.39-1.59 ppm). The methyl and
methylene protons of the ketone residue of these macrocyclic complexes exhibit
weak signals. The CH,(®) protons appear as a quartet at 6 2.03-2.30 ppm and the
CH;(® protons as a triplet at 3 0.96-0.99 ppm. In free 3,4-hexanedione, the CH,
protons appear at  2.77 ppm as a quartet and the CH3 protons at d 0.99 ppm as a
triplet. The high field shift of the CH, protons in the macrocyclic complexes con-
firms the coordination of the nitrogen of the macrocycle to the calcium atom.
Acknowledgments: The authors thank the Head of the Department of Chemistry, University of

Rajasthan, Jaipur, for providing laboratory facilities and the U.G.C., New Delhi, for grants and a fellowship
through the career award project.

Nn3BOJN

KOMITIEKCH Ca(ll) CA TETPAA3AMAKPOLIMK/IMMA U3BEJEHUM O]
34-XEKCAHIVMOHA 1 TMAMMWNHOAJIKAHA

R. N. PRASAD, MITHLESH AGRAWAL u SANGEETA MALHOTRA

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

CunrernsoBanu cy Makpouukianaau komriekcn Ca(Il) [(Ety[n]tetraenN,)CaX,] (tae je n
=14, 16, 20, 24, 32, X = CI', NCS") uMKJIOKOH/eH3auOM 3,4-XeKCaH/IMOHA ca aaudaTCKUM
AMaMHUHUMA, Kao 1To cy 1,3-tmamuHonponad, 1,4-nuamuHoOyTaH, 1,8-1MaMHUHOOKTAH UIIH
1,12-nuamunoponekad. CHHTETHCAHN KOMIUIEKCH Cy KapaKTepHCAaHU €JEMEHTAJTHOM aHa-
JIM30M, MEPEH-EM NIPOBOJIJLUBOCTH, Kao 1 momohy IR u "H-NMR cnektpockonuje.

(ITpumibeno 8. janyapa 2004)
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