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Abstract

New macrocyclic polyaza compounds containing the 1-methylpyrazole moiety are synthesized in high yield by [2+2]dipodal
condensation and reduction. The ring contracted structure of the Schiff base has been elucidated by NMR. Two of these
macrocycles form dinuclear complexes with copper and silver. Macrocyclic Schiff3megtracts 74.5% silver from
agueous to organic phase.

Introduction Preparation of pyrazole precursors

The interest in the study of new polyaza compounds has iﬂimethyl-l-methyl-S,5-pyrazo|edicarboxylatla. Methy

creased enormously owing to the analogy of their transitic?gdide (15.3 g, 108 mmol) was added dropwise over a

metal complexes with the active site of metalloproteins a%riod of 30 mi,nutes to a solution of dimethyl-3,5-pyrazole

metallognzymes [1. 2]. . ... dicarboxylate (20 g, 108 mmol) in acetone. After the
Previously, one of us has reported the synthesis Ofd'ﬁetfémpletion of the reaction (tic, 4 hr), the solvent was

ent series of polyaza macrocycles and macrobicycles Qo ed under reduced pressure and the residue in water

taining two or three 3,5-disubstituted pyrazole units link as extracted with % 100 mL portions of chloroform. The

to the polyamine chains by imines or amine bonds [3, 4 rganic layer was dried over anhydrous 8@y, filtered

In basic medium, these ligands formed di- or tripyrazola d distilled to yield compound. Yield 65%, m.p. 86C

sodium salts from which di- and or tetra-nuclear Zn (ll) an enzene)tH NMR (CDCl) 63.91 (s, 3H, OCH), 3.94 (s,

Cu (I) complexes were formed [4, 5]. The acid base beh OCHy), 4.26 (s, 3H, NCH), 7.35 (s, 1H, PzH): m/z 198
viour of these polyamines have also been reported recerp&;)_ T Y T T ’

[6]. Now, we have synthesized new macrocyclic Schi

bases and polyamines containing the 1-methylpyrazole in—MethyI—B,S-bis (hydroxymethyl)pyrazdte A solution of

ety and studied the complexing pehayiour of two of the%‘?methyl-l-methyl-?;,5-pyrazo|edicarboxylate (3.72 g, 20
compounds towards copper and silver ions. mmol) in 200 mL of dry ether was added dropwise under
nitrogen to a suspension of 3.08 g (80 mmol) of LiAlkh
] ) 200 mL of the same solvent. After the addition was complete
Experimental section (2 hr) the reaction was allowed to reflux for 24 hr. The excess
1 13 . . of LiAIH 4 was hydrolysed by slow and consecutive addition
H NMR and *°C NMR spectra were obtained using &f 25 mL of MeOH and 100 mL of saturated aqueousJSH
Bruker Ac 200 MHz spectrometer using TMS as an interngbjution. After separation of the solid in suspension by fil-
standard and CD@ID20O as solvent. FAB mass spectrgration and by evaporation of solvents a oily residue was
were recorded on a JEOL SX 102/DA-6000 mass spectightained. The water was removed from this residue azeo-
meter using xenon (6KV, 10 mA) as the FAB gas. Infraregippjcally with ethanol to yield the title compound in 60%
spectra were recorded on a Pye Unicam SP3-300 infra@gm_ 1H NMR (D20): § 3.63 (s, 3H, NCH), 4.36 (s, 3H,

spectrophotometer by using KBr (solid) as medium. U¥H,0H), 4.46 (s, 4H, CHOH), 6.16 (s, 1H, PzH); m/z 142
spectra were recorrded on a Shimadzu UV-240 spectropf@gﬁr)_

tometer. Dimethyl-3,5-pyrazoledicarboxylate was prepared
by the reported method [7]. Preparation of 1-methyl-3,5- (1H-pyrazole)dicarbaldehyde
* Author for comespondence. 3. To a refluxing solution of 1-methyl-3,5-bis (hydroxy-

t Present Address: Faculty of Science, B.B.K. D.AV. ColegeMethyl)pyrazole (5.6 g, 40 mmol) in dioxane was added
Amriitsar-143001, India. solid MnO, (40 g, 460 mmol) portionwise. The refluxing
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was then continued, the reaction was complete after fowas added solid NaBH(151 mg, 4.0 mmol) portionwise.
hours. Insoluble material was then removed by filtratioAfter stirring for 2 h at room temperature, the solvent was
through a celite bed and washed with hot dioxane. Tteaporated and 10 mL of water was added to the residue.
solution was decolourized with charcoal and after filtratioThe solution was extracted with 8 25 mL of chloroform
evaporated to dryness to yield the title compound in 70%nd the organic layer was dried over anhydrous®@, to
yield m.p. 70C. L.R. (KBr) 1675 cmt! (CO); 'H NMR yield a thick liquid. Yield 80%H NMR (CDCls) 2.02 (br,
(CDCl3) 8 4.26 (s, 3H, NCH), 7.4 (s, 1H, PzH), 9.92 (s, s, 6H, NH), 2.75 (br, s, 16H, 8XNC}), 3.74 (s, 6H, NCH),

1H, CHO), 10.00 (s, 1H, CHO¥3C NMR (CDCk): § 40.54 3.76 (s, 4H, PzCh), 3.83 (s, 4H, PzC}h), 6.10, 6.12 (s, 2H,
(NCHz), 114.05 (G), 179.85, 185.40 (CO); m/z 138 (\); PzH); 13C NMR/DEPT (CDC}): 36.09/+ve phase (G4},
Anal Calcd for GH4N202: C, 52.17; H, 4.35; N, 20.28. 44.47/-ve phase (g), 47.17/ve phase (¢), 48.94/-ve

Found 51.94; H, 4.07; N, 20.08. phase (¢_3 and (G,—s), 49.10/~ve phase (g_3 & Cg_s),
104.06/+ve phase (}, 141.71/absent (£}, 149.61/absent
Preparation of macrocyclic ligands (C3); miz 419 (MF+1).

Compound4. A solution of 1-m_ethy|-3,5-pyrazo|edicar-C0mpoundab_ This compound was prepared from Schiff
baldehyde3 (276 mg, 2.0 mmol) in 20 mL of MeCN was 556 imidazolidinesb (466 mg, 1.0 mmol) and NaBH
added dropwise to a stirring solution wExylylenediamine (150 mg, 4.0 mmol) as described foa The title compound
(276 mg, 2.0 mmol) in 20 mL of the same solvent. After th o5 s isolated as the hydrochloride salt by treating the
mixture WaS_St'”?d ov_ermgh'F t_h_e desired compqund SeP@sidue with 10mL of 36% HCI and 100 mL of ethanol.
ated asa t_h|ck q|l, whlch solidified after s_,cratchmg to 9VField 85%.1H NMR (D,0): 1.80—2.00 (m, 8H, CH2), 2.93—
a white solid Whlch was isolated by flltra.tlon, was_hed with 5o (m, 16H, 8XNCH), 3.70 (s, 6H, NCH), 4.07 (s, 4H,
MeCN and E$O dried under vacuum to yield the title COMp,_chy), 4.25 (s, 4H, Pz—CH),6.53 (s, 2H, PzC-4): m/z
pound. Yield 30%, m.p. 95C. |.R. (KBr) 1639 cnt* (CN); 475 (mF + 1),
1H NMR (CDCl) § 4.14 (s, 6H, 2xNCH), 4.78 (s, 8H,
4xNCHp), 6.96 (s, 2H, 2xPzC}), 7.22-7.39 (m, 4xArH),
8.35 (s, 2H, 2xCH=N)13C NMR (CDCk+DMSO-d) & _ _ _
37.64 (NCH), 63.97 (Ph-CH), 64.42 (Ph-CH), 107.67 Synthesis of dinuclear silver complexes
(C4), 125.76 (Ar), 126.02 (Ar), 127.79 (Ar), 137.60 (Ar),
138.57 (@), 147.71 (G), 150.08 (N=G), 156.92 (N=G); To a solution of 1-methyl-3,5-pyrazoledicarbaldehy8le
m/z 477 (MF+1); Anal. Calcd. for GgHogNg: C, 70.58; H, (138 mg, 1 mmol) in methanol (50 mL) was added sil-
5.38: N, 23.52. Found: C, 70.84; H5.58: N, 23.71. ver nitrate (170 mg, 1 mmol) and solution stirred at
room temperature. A solution of diethylenetriamixe/
Compoundsa. This compound was prepared as describdg-aminopropyl)1,3-propanediamine (1 mmol) was added
for 4 using diethylenetriamine (206 mg, 2.0 mmol). Th&lowly over a period of 20 minutes. The solution turned yel-
desired compound separated as a white solid. Yield 70%w and became turbid. The solution was filtered through
m.p. 122°C. I.R. (KBr) 1650 cnt! (CN); 1H NMR (CDCl;)  celite and the filtrate treated with NaCiQd3 mmol) in
8 8.32 (s, H), 8.26 (s, B), 7.64 (s, H), 7.04 (s, ), methanol. A pure yellow solid separated which was filtered
4.30 (s, NCH), 4.24 (s, NCH), 3.91 (s, H), 3.97 (s, Washed with methanol and dried under vacuum over gaCl
He), 2.44-3.74 (m, rest of the H's)*3C NMR (CDCk) , 1
§ 36.83, 37.08 (NCH), 52.37, 53.04 [g_S (Imidazolid- 5a Agz(C|O4)2 Yield 60%, m.p. > 25€C. I.R. 1647 crm
ine ring)], 45.10, 45.80[C_s (Imidazolidine ring)], 54.06, (CN). Anal. Calcd. for GoHzoN10Ag2 (ClOs)2: C, 23.09;
idazolidine ring)], 155.46, 155.29 (N={ 105.36, 104.74 5b. Aga(ClO)z. Yield 50%, m.p. > 250C. I.R. 1647 cm

Ca), 145.31, 144.17 (§), 149.55, 149.37 (§),; m/z 411 ] .
EM“J)F +1); Anal Calcd(gfor GoHaoN1o: C Sé%& H 731 (=CN). Anal. Calcd. for G4H3sN10Ag2 (ClOg4)2: C, 32.69;
' ' . LT H, 4,315 N, 15.39. Found: C, 33.05; H, 4.64; N, 15.74.

N, 34.14. Found: C, 58.33; H, 7.19; N, 33.94.

Compound5b. This compound was prepared as de-
scribed for compoundsa using N- (3-aminopropyl)1,3- Synthesis of dinuclear copper complexes
propanediamine (262 mg, 2.0 mmol). The desired com-
pound separated as a white solid. Yield 70%, m.p. 425 Compound5a/5b (0.1 mmol) was dissolved in methanol
I.R. 1640 cnt! (CN); TH NMR (CDCl3) § 7.94 (s, H), 7.92  (10mL). Cu(CIQ)2-6H.0 (0.2 mmol) dissolved in meth-
(s, H»), 6.56 (s, H), 6.47 (s, H), 4.10 (s, NCH), 4.03 (s, anol (5 mL) was added to the above solution. A blue colour
NCHg), 3.97 (s, H), 3.91 (s, H), 1.57-3.52 (m, rest of developed and precipitates were formed immediately. The
the H's); m/z 467 (M +1); Anal. Calcd. for G4H3gN10: C, precipitates were filtered and dried over CaCl
61.30; H, 8.15; N, 30.04. Found: C, 61.58; H, 8.37; N, 30.32.

5a. Cup(ClOs),. Yield 50%, m.p. > 256C. |.R.1640 cm?t
Compoundéa. To a stirred suspension of Schiff base im{(—~CN). Anal. Calcd. for GoH3zgN1oCW (ClO4)2: C, 32.50;
idazolidine5a (410 mg, 1.0 mmol) in 10 mL of ethanolH, 4.07; N, 19.02. Found: C, 32.77; H, 4.39; N, 19.40.
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Table 1. Extraction (%) profile for compounga of 3,5-pyrazoledicarbaldehyde with diethylenetriamine in

Compound L Nat K+ TI* Agt Ba®+ Mg2 c&t Skt methanol at room temperature did not precipitate out the
expected Schiff base [6]. Th&H NMR and 13C NMR
spectra of the solution indicated the presence of more
than one species which corresponded to a mixture of tet-
raimine and imidazolidine isomers [6]. Consequently, the
Table 2. Selectivity of Agh against alkali and alkaline earth metals mixture was reducedn situ with NaBH; to obtain the
hexaamine macrocycle in moderate yield. 3,5- (1-Methyl-
pyrazole)dicarbaldehyd&[ m.p. 70°C], which is reported
140.5 1405 1693 106.4 177.3 116.4 in this paper for the first time, was prepared from 3,5-
bis (hydroxymethyl)-1-methylpyrazole by oxidation with
MnO, in dioxane in 80% yield. Compound4 and 5
were prepared by the [2+2] dipodal condensation of 3,5-
5b. Ctp(ClO4)2. Yield 60%, m.p. > 25€C. I.R. 1640 cni!  (1-methylpyrazole)dicarbaldehyd&, with an equimolar
(-CN). Anal. Calcd. for G4H3gN10Ag2 (ClOs)2: C, 36.36; amount of m-xylylenediamines/diethylenetriamimé(3-
H,4.79; N, 17.67. Found: C, 36.59; H, 5.10; N, 18.06.  aminopropyl)1,3-propanediamine in acetonitrile at room
temperature gave in all three cases stable solids which sep-
arated from solution and were identified as Schiff bhaad
Extraction measurements [15] the imidazolidine isomer§a and 5b respectively in good
yields (Scheme 1). The IR spectradénd5 show a band at
For the extraction experiments, metal picrate solutions we{g39—1645 cml which indicates the presence of an imine
prepared in double distilled water. The solution of compoungtoup. There is no band corresponding to free carbonyl
5a(0.001 M) was prepared in chloroform (A.R. grade). Thgnd free amino group which indicates that the cyclization
solutions of macrocycle and metal picrateS were taken in t?ﬁs taken p|ace_ A parent ion peak iS Observed in the mass
tubes with a Septum and were shaken for five minutes aggectra Of Compoun% and 5. In the lH NMR Spectrum
kept at constant temperature (271 °C) for 4 hr. An aliquot of 4 the presence of the 1-methyl substituent breaks the
of the chloroform layer was taken and diluted to 10 mL in ghagnetic equivalence of the pyrazole environment. In the
measuring flask with acetonitrile. The U.V. absorption wasc NMR spectrum, different signals can be observed for
measured a.tmax_ 374 nm. The extraction of metal picratqhe quaternary carbons labelled asahd Q’} [the pyrazo|e
was calculated as the percentage of metal picrate extractgd c, appears at lower field thansECs], as well as for
in the chloroform layer and the values reported here are thyse of the imine carbons [the @ more deshielded than
mean of three independent measurments which are withig],
+2% error (Table 1). To fully characterize compoundsa and5b, a compar-
ison with4 is very illustrative, because in this compound the
) ) formation of the imidazolidine ring is precluded by the pres-
Results and discussion ence of the benzene ring. TA&C NMR spectrum oba s
) . very complex showing 20 different signals. The signals can
The synthesis of polyaza macrocycles containing heteroags arranged in two sets of 10 of similar relative intensities.

matic moieties like pyridine, pyrrole, thiophene and furaj| of these spectral features suggest that the species formed
rings have been reported by [2+2] dipodal condensation gf, 14 pe either a unique one with all its carbon nuclei mag-
a,o-diamines with the corresponding dialdehydes followeglyica|ly nonequivalent or a mixture of at least two different
by hydrogenation of the Schiff bases [8-10]. However, whefe cies with 2-fold symmetry in almost the same proportion.
sucha,w-diamines have NH or OH groups in the middle 0frg gecide which one of the two possibilities was the correct
the chain then the condensation with dialdehydes givg§e e have compared thiC NMR spectrum of compound

a product which corresponds to a mixture of the desired, \\iih thel3C NMR of polyaza compoun@containing the
tetraimine Schiff base together with an imidazolidine isomﬂr-benzylpyrazole moiety [6]. Compoufidshows 28 signals
formed by nucleophilic addition of two secondary aminghich can be arranged in two sets of 14 of similar relat-
groups of the tetraimine macrocycle across the adjacent intensities. HMQC and multiple bond HMBC 2D-NMR
imine bonds. Similar processess have been reported in igeronuclear correlation spectra were used to characterize
synthesis of tetraimine Schiff base macrocycles in Whictymnoundr. Based on the comparable spectral features and
Ba (Il) [11] and Pb 1l _[12_] were used as metal templating,o tact that the NMR spectra of the Schiff basesug-
agents. In fact, tetraimine dicopper (Il) complexes havg.qt the existence of only one constitutional isomer it is
also been prepared from ring-contracted oxazolidine legdhsonaple to suppose that although the condensatian of
complexes by transmetallation with concomittant expansig), either m-xylylenediamine or diethylenetriamine bk

of the macrocycle [13]. Furthermore, Martelt al. have (3 aminopropyl)1,3-propanediamine could afford a mixture
characterized the structure of the imidazolidine isomer o the two possible constitutional isomers, the most abund-

tained by [2+2] dipodal condensation of diethylenetriaming,; shoyid be the one with 1-methylpyrazole substitutents in
andm-phthaldehyde by X-ray crystallography [14]. In conypq opposing positions and displaying ymmetry. Con-
trast to the above behaviour the [2+2] dipodal condensation

5a 0.00 0.53 0.53 2.94 745 044 0.70 042 0.64

Ag+/Nat Ag+Kt Ag+Ba2t Ag+Mg2t Ag+Cat Ag+/Srt
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Scheme 1.

sequently, the saturated polyamirGessand6b obtained by per perchlorate hexahydrate in methanol. The cyclic nature
reduction of5a and5b, respectively may correspond to theof the ligand was suggested by the presence of strong ab-
isomers with the same disposition (with the methyl groumorption bands due to —CN at 1640-1647¢nand by the
in opposing positions). In théH NMR spectra oféa and absence of bands due to free carbonyl and free amino groups.
6b the 1-methyl substituent breaks the magnetic equivaleritlke molecular formula of the complexes is confirmed by
of the pyrazole environment. TH&l NMR spectrum oa elemental analysis.
shows two different types of ##z, CHhNH and NCH; pro- For determining the extraction, the ligand solution in
ton signals and a broad singlet at 2.75 (NGHThe 13C  chloroform was equilibrated with metal picrate solution in
NMR spectrum of6a shows that the carbon atomg @nd water. The amount of metal picrate extracted into the chlo-
Cs which are closer to the pyrazole 1-methyl substituenipform layer was determined in accordance with Lambert-
appear at higher field thanz@nd G which are closer to Beer’s law by measuring the absorbance.@ix 374 nm.
the pyrazole spnitrogen. It was found that compoun®a extracts Ag- 140.5 times

as compared to Naand K", 106.4 times as compared to
Complexation studiesThe silver complexes were pre-Mg2t, 177.3 times as compared to &a 116.4 times as
pared by condensation of equimolar amounts of 1-methylempared to St and 169.3 times as compared to’Ba
3,5-pyrazoledicarbaldehyde and diethylenetrianNA@- From these obvservations it is concluded that compdiand
aminopropyl)1,3-propanediaminein the presence of AgNQelectively extracts silver over alkali and alkaline earth metal
as templating agent in methanol. The copper complexesis.
were prepared by treating the compousaf5b with cop-
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