Pelagia Research Library

Der Chemica Sinica, 2012, 3(5):1297-1304

Library
ISSN: 0976-8505
CODEN (USA) CSHIAS

Synthesis, Characterization and Antimicrobial Studes on a New Mannich
Base N-(Morpholinomethyl)phthalimide and its Zinc(ll), Cadmium(Il) and
Mercury(ll) Complexes

M. Ramest* and A. Sabastiyar?
®Department of Chemistry, J. J. College of Enginegeaind Technology, Tiruchirappalli- 620
009, Tamil Nadu, India.
Department of Chemistry, Urumu Dhanalakshmi Colldgeichirappalli- 620 019, Tamil
Nadu, India.

ABSTRACT

The new Mannich base N-(morpholinomethyl)phthakm{MMP) was prepared by Mannich condensation of
morpholine, formaldehyde and phthalimide. Thgtdnsition metal complexes with this ligand weyathesized in
non-aqueous media. The ligand and metal compleres gharacterized on the basis of elemental anslysblar
conductance, UV, IR and NMR spectral studies. Ttientate chelation of MMP, bonding through carbooyygen

of the imide moiety and C-N-C of morpholine ringsisygested. Based on the MR, NMR studies octahedral
geometry is assigned for all the metal complexée. ligand and the Znand Cd complexes were screened for
their in vitro antibacterial and antifungal activéts employing agar well diffusion technique. Thenptexes are
more active than the ligand.
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INTRODUCTION

Synthetic cyclic imides possess structural featusich confer potential biological activity andgimaceutical use
[1] on them. Their molecules contain an imide risg that they are hydrophobic and neutral, andtvamefore cross
biological membranes in vivo. Metal complexes of i@gh bases have been studied extensively dueeo th
selectivity and sensitivity of the Mannich basealigs towards various metal ions. Metal complexeMaifinich
bases are known to behave as antimicrobial, ardimagl antidepressant, antipyretic, analgesic anti- a
inflammatory drugs [2-5]. Recently, a new Mannicasé ligand, N-(morpholinomethyl)phthalimide has rbee
prepared by us by the condensation of morpholinendldehyde and phthalimide and its"zicd' and H{
complexes have been synthesized and characterized

MATERIAL AND METHODS

All the reagents used were of A.R. grade and tiverts used were commercial products of the higheatlable
purity. Elemental analysis (C, H and N) was perfednusing Carlo Erba 1108 elemental analyzer. Thewctance
data of the complexes were obtained in M DMF solutions at room temperature using a digianductivity
bridge, Systronics Direct Reading Conductivity Me894 with a dip type conductivity cell. Infrareghestral
measurements were made for the free ligand amdetal complexes as KBr pellets using Perkin ElmmrcBum-1
FT IR Spectrometer. The far IR spectra were tal®@nguRatio Recording Bruker 3000 Hyperion Microseapth

Vertex 80 FTIR spectrometer. The mass spectrayatfithe ligand was carried out using JEOL-GC MATEC-
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MS (EI/Cl) mass spectrometer. Thé NMR spectra of the ligand and the complexes wecerded on JEOL GSX-
400 FT NMR spectrometer (400 MHz) employing TMSirgsrnal reference and DMSO-d6 as solvent at ambien
temperature. Thé’C NMR spectrum of the ligand was recorded using LJEXSK-400 spectrometer in CDLCI
solution at ambient temperature. The metal andrecimtents were estimated by standard literatueqoiures [6].

RESULTS AND DISCUSSION

Synthesis of the ligand

N-(Morpholinomethyl)phthalimide (MMP) was synthesiz by Mannich condensation reaction [7] of morphali
formaldehyde and phthalimide in 1:1:1 mol ratiotHaimide (29.42 g, 0.1 mol) was mixed with formethgyde (15
mL, 0.1 mol) followed by adding morpholine (17.6 ptL.1 mol) into the mixture at room temperaturenvagibnstant
stirring. After 2 days the colourless solid mastoted was filtered, washed with water and drietiGffC in an air
oven and recrystallised from ethanol. The percenyégjd of the compound was 85 (M.Pt: 1C).

The analytical and spectral data obtained for theigand are summarized below:

Analysis: Calculated for &H4N,Os: C 63.41, H 5.69, N 11.38 %, Found: C 63.55, H658 11.50 %; FT-IR
(KBr, cmi?): 2962 (aromatic C-H), 2853(aliphatic C-H), 177204, 1640(C=0), 1640-1413(aromatic C = C), 1267,
1152(C-N-C), 1112 (C-O-C¥{ NMR (DMSO-d;, dppm): 7.85(4H, aromatic), 4.43(2H, N-GM), 2.50(4H,
N(CH,),), 3.54(4H, O(CH),) (Fig.1); *C-NMR (DMSO-d, &ppm): 134.50— 123.13(aromatic carbons),
134.50(Bridgehead carbons) 168.68(C=0 carbons®466(CH,), carbons), 50.34(N(Ch, carbons) (Fig.2); Mass
(m/z): 246 (M+ peak), 202, 160, 77 (Fig.3) the fregmtation pattern of the ligand [8] is showrSicheme-2

Thus based on elemental analysis, UV, 1R, NMR, *C NMR and mass spectra data, MMP is assigned the
molecular structure as provided in Scheme-1. jstat structure determined by single crystal X-t#fjraction has
already been reported by us [9].
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Scheme-1

Synthesis of the metal complexes

All the complexes of MMP were isolated from non-aqus medium using ethanol [10]. In each case, tie h
ethanolic solution of the metal salt was added slavith constant stirring to the hot ethanolic 4@n of the ligand

in 1:1 mol ratio. The insoluble complex formed Viiftered, washed with ethanol to remove the unedechetal salt
or ligand, and then dried in an air oven at®@5
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Scheme-2 Mass spectral fragmentation pattern of MMP
Characterization of metal complexes
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Chemical and microelemental analysis

To find out the stoichiometry of the metal complexihe weight percentages of the metal ions, araodsC, H, N
were determined. The observed analytical datarablé 1) are in good agreement with the calculatddes. The
molar conductance values (Table 1) measured #0° M DMF solutions show that all the complexes ar@-no
electrolytes [11].

Bonding atoms and stereochemistry

A comparison of IR andH NMR spectra of the metal complexes with thosthefligand, suggests the coordination
sites of the ligand and the modes of coordinatibantons to the metal centre. Far IR spectra haenliaken only
for zn'", Cd' and HJ chloro complexes. From these studies an attempaige to fix the modes of coordination of
the ligand and to assign the stereochemistry arthmdhetal ion in a complex. The structurally intpot IR and far
IR absorption frequencies of the 'Zi€d' and HY complexes are presented in Table 2.

Table 1. Analytical and Conductance Data for MMP ad its Zn", Cd" and Hg' Complexes

Contents (found / Calcd) % Av Ohm?
C H N Metal Anion cm? mol?
MMP (CiaH1sN,O;) 6355 63.41 565 569 11.50 11.38 - - -
ZnChL.MMP.2H,0O 3.67 366 734 732 1714 17.10 18.62 1857 22.@2.10 14.35
ZnSQ.MMP.2H,0O 3.44 3.44 6.89 6.87 16.08 16.05 23.61 23.57 30.8D.92 27.12
CdChL.MMP.2H,0 3.27 326 654 652 2624 2618 1658 16.53 46.686.04 32.45
CdSQ.MMP.2H,0O 3.08 3.08 6.17 6.16 24.75 2474 2114 21.13 15.26.88 10.09
HgChL.MMP.2H,0O 2.71 2.70 542 541 3882 38.75 13.74 13.72 38.38.25 12.38

Compound

IR spectral analysis

The carbonyl stretching vibrations [12] of the fid®P ligand are appearing at 1771(sh), 1704(s) #D(m) cm

! But in the chloro complexes of ZnCd' and HJ the carbonyl absorption bands have shifted to riegions at
about 1700 and 1610 ¢chindicating the binding of one of the two carbooylygen atoms to the metal ion [13,14].
It is consistent with the observations of Adamalednd lan Fairlamb et al. The C-N-C stretchingafitons of the
free MMP ligand appear at 1267 and 1152 cm-1. énctiioro complexes of ZnCd' and Hd the absorption bands
have lowered to the region of 1153-1051 csmggesting the coordination of the tertiary amiitoogen atom of the
morpholine moiety of MMP. In the case of the sulphaomplexes of Zhand Cd the carbonyl stretching
vibrations are found to appear in two different ioag of 1771-1704 and 1640-1610 tnsuggesting the
involvement of only one carbonyl oxygen in coordioa to the metal ion. The C-N-C vibrations of thlannich
base ligand in the sulphato complexes have alsereivto 1151 and 1112 &npointing to the binding of the
morpholine ring nitrogen atom to the metal ion. Tiresence of coordinated water molecules [15] linhal five
complexes prepared is supported by the appeardnabsorption bands at about 3450, 1610, 850 andcB3b
assigned tovop, dHon, prHon and pwyoy Vibrations respectively. The far IR spectra [16]tloe zd' complexes
indicate the vibrations due to Zn-O @30 cnt, Zn-N at[] 460 cm' and Zn-Cl at 352 cih Similarly the far IR
spectra of cl complexes showcg.o at[450,veq.n atld390 andvcy.cr at (B30 cmt. Similarly the Hd complexes
have vibrational frequencies at 40840-O), 303 {ng.n) and 280 Yug.d) cm™. Thevs vibrations of the sulphato
complexes appear at 1003, 968 and 898 wrile v, vibrations appear at 773-736, 737-710 and 7106675 The
v, vibrations are seen at 850 ¢randv, vibrations are seen at 526 tnThese observed vibrations of the sulphato
group are consistent with those associated witlttiedating bidentate sulphato group.

'H NMR spectral analysis

The *H NMR resonance signals of the MMP complexes with, Zd' and HJ are presented in Table 3 and the
spectra of the complexes are shown in Figure 4.pfbtn signal of N(ChH), group of morpholine ring in MMP has
experienced a downfield shift frod2.49 ppm t0d2.51 ppm in the metal complexes. The downfieldtisig of the
N(CH,), proton signal points to the involvement of morphelring nitrogen in bonding with the metal atorh3][
The aromatic protons in the metal complexes hase ekperienced a small downfield shift. This majidate the
coordination of one of the carbonyl oxygen atomshe metal centre. The drift of electron densitynf the
carbonyl oxygen to the metal centre may cause stapéetion of electron density in the aromatic ring. all the
complexes signals due to protons of the coordinatgeér molecules [18] appear at abdB8it35 - 3.83 ppm.

Such a peak is not seen in the spectrum of theMiM® ligand. Hence it is concluded tH&at NMR spectra of all
the complexes studied support the modes of codidinauggested by IR data. i.e. coordination ofagbonyl
oxygen, morpholine ring nitrogen and aqua ligand.

Based on the results of analytical, conductancean&'H NMR data, a hexacoordinated geometry is assidoed
the zrl', Cd' and Hd complexes of MMP as shown in Figure 5 and 6.
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In vitro Antimicrobial Activities

Based on the values of the measured zones of fitmp{Table 4 and 5) all the microorganisms testelfound to
be sensitive to the test compounds. It has beearadrs that the increase in concentration of the dempound
increases the zone of inhibition. It is seen tihat metal chloro and sulphato complexes of MMP eklhilgher
activity than the free MMP ligand against both Haeterial organismE.coli andS.aureusThe enhanced activity of
the metal complexes can be explained on the bésikatation theory [19]. Chelation reduces the ptjeof the
metal ion and increases lipophilic or hydrophobiiaracter of the metal chelate favouring the difinsif the metal
chelate through the cell membrane. In other wotds ¢helation of the metal ion leads to the breakdmiv
permeability barrier of the cell wall. Hence themeation mechanism through the lipid layer of theroorganism
becomes more effective, causing an increase iartibacterial activity of the complexes [20].

The metal chloro and sulphato complexes of MMP Has®en screened for their fungitoxity by employigniger
and C.albicans Metal complexes are invariably found to be manad to the fungal species than the free ligand.
The increased activity of the metal chloro and lsatp complexes against fungal species screenedilsanbe
explained on the basis of chelation theory. Furtherpresence of uncoordinated heteroatoms suha N in
the chelate molecule will involve in the formatiohhydrogen bonds with the active centres of tHeommstituents
resulting in the interference of the normal cethgesses. Thus the presence of polar groups like, CEaN, C-O
etc. in the chelate molecules are expected to eehtire fungitoxity [21]. Thus the molecules teshedie greater
chance of interaction with the nucleotide baseseamein the cells of fungal species. The metal dergs at a
higher concentration of 1Q®/mL show comparable activity to that of the stadddrugs used.

Table 2. Important IR Absorption Bands (cm?) of MMP and its Zn", Cd" and Hg' Complexes

Compound Vczo  Vene VMo VMN VM-x Vo OHOH  PriHoH  PwHOH
1771
MMP 1704 iig; - - - - - - -
1640
1699 1128 3434

ZnChb.MMP.2H,0 1608 1051 530 465 352 3967 1608 865 650

1772 1150
ZnSQ.MMP.2H,0O 1706 526 460 - 3450 1610 852 617

1610 1112

1769
1152 3459 660
CdCL.MMP.2H,0O 1702 1107 461 392 329 3518 1611 840 640
1611
1772 1151
CdSQ.MMP.2H,0O 1705 440 360 - 3459 1609 853 611
1609 1112

1770 1153

H9CL.MMP.2H,O 1711 405 303 280 3463 1612 859 632
1612 1106

Table 3.'H NMR Resonance Signalsdppm) for MMP and its Zn", Cd" and Hg' Complexes

Compound O(CH,), of morpholine ring  N(CH.), of morpholine ring '\ﬁl‘?g‘zlze_ple Aromatic protons  Water

MMP 3.54 2.50 4.43 7.85 -
ZnCL.MMP.2H,0 3.56 251 4.44 7.90to0 7.83 3.72
ZnSQ.MMP.2H,0 3.55 251 4.44 7.91to0 7.86 3.61
CdCL.MMP.2H,0 3.56 251 4.44 7.90t07.83 3.88
CdSQ.MMP.2H,0 3.54 2.50 4.44 7.90to0 7.85 3.35
HgClL.MMP.2H,0 3.56 251 4.44 7.91t07.86 3.36

Table 4. Antibacterial Activity of MMP and its Metal Complexes
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Zone of Inhibition (mm)
Compound E.coli S.aureus
Conc. of Compound (ug/mL) | Conc. of Compound (ug/mL)
25 50 75 100 25 50 75 100
MMP 6 7 10 12 5 7 10 11
ZnCL.MMP.2H,0O 20 21 22 24 8 10 12 13
ZnSQ.MMP.2H,O 14 16 19 23 11 12 15 16
CdCL.MMP.2H,0 14 15 17 19 8 9 10 11
CdSQ.MMP.2H,0 10 12 13 15 9 10 12 13
Kanamycin 15 - - - - - - -
. Tetracyclin - - - - 13 - - -
Table 5. Antifungal

Activity of MMP and
its Metal Complexes

Zone of Inhibition (mm)

Compound A. niger C. albicans

Conc. of Compound (ug/mL) | Conc. of Compound (pg/mL)
25 50 75 100 25 50 75 100

MMP 5 6 7 8 6 8 9 10
ZnChL.MMP.2H,0 8 10 12 13 8 9 10 12
ZnSQ.MMP.2H,0 11 12 13 15 10 12 13 16
CdCL.MMP.2H,0 8 9 11 12 7 8 9 10
CdSQ.MMP.2H,0 9 10 12 13 9 11 12 14

Amphotericin 12 - - - - - - -
Nystatin - - - - 14 - - -

MMP

1

MMP

Fig. 1.'H NMR Spectrum of MMP Fig. 2.3*C NMR Spectrum of MMP

[T T A Y P U P Y (R B

Fig. 3 Mass Spectrum of MMP
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Fig. 4.*H NMR Spectrum of (a) ZnCI2.MMP.2H20, (b) ZnSO4.MMP.2H20, (c) CdCI2.MMP.2H20, (d) CdSO4.MMP.2H20, (e)

HgCl2.MMP.2H20
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Fig. 5. Structure of M Cl,, MMP.2H,0
(M=zn", cd" and Hg")

o
Fig. 6. Structure of M SQ,.MMP.2H ,0
(M=2zn", cd" and Hg")

CONCLUSION

The new Mannich base N-(morpholinomethyl)phthalin{iMP) was prepared and characterized on the lodisis
elemental analysis, IR, NMR and mass spectral ddta.bidentate chelation of MMP to 'ZrCd' and Hd ions
through one carbonyl oxygen of the imide moiety &l-C of the morpholine ring has been suggestddth&
complexes studied are non-electrolytes and argrasian octahedral geometry. Both the MMP ligarditae Zr\
and Cd complexes screened for in vitro antimicrobial tti are found to be toxic to the bacterial anddah
species tested.
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