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ABSTRACT

Complexes of Cu(ll), Ni(1l), Co(Il) and Zn(l1) have been synthesized using
the Mannich base formed by the condensation of 2-amino pyridine, formal-
dehyde /benzal dehyde and succinimide. Microanalysis, molar conductance,
magnetic susceptibility, IR, UV-Vis, *H NMR, *C NMR studies have been
carried out to determine the structure of the complexes. From the data, it is
found that all the complexes possess octahedral geometry. All the title com-
plexes were screened for antimicrobial activity by the well diffusion tech-

KEYWORDS

Complexes,
Mannich base;
Complexes,
Spectra;
DMS0;
Minimuminhibitory
concentration.

nique using DM SO as solvent. The minimum inhibitory concentration (MIC)
valueswerecalculated at 37°C for aperiod of 24 h. It hasbeen found that all
the complexesare antimicrobial active and show higher activity than thefree

ligand. © 2010 Trade Sciencelnc. - INDIA

INTRODUCTION

Coordination complexesaregainingincreasngim-
portancein recent years particularly inthe design of
repository; dow releaseor long acting drugsin nutrition
and inthe study of metabolism™. Themetal ionsare
adsoknownto acce eratedrug action. Transtionmetals
areessentid for thenormal functioning of living organ-
isms. Therefore, itisnot surprisngthat transtion meta
coordination compoundsare of great interest aspoten-
tid drugg?9. A generd study of thestructura and bond-
ing features of the various Mannich base complexes
can help better understanding of thecomplex life pro-
cesses. Thefindingsof structurd studiesareinteresting

inthat the Mannich baseligands can control the stere-
ochemistry of the complexesand provide uswith nu-
merousexamplesof unusua geometriesabout the cen-
tral metd ion. Therefore, they can servetoillustratethe
coordinationflexibility of theseions.

A wide number of papersreport the synthesisand
characterization of many metal complexesof Mannich
bases derived from amino pyridine. Itiswell known
fromtheliteraturethat amino pyridinecompoundscon-
taining the aminemoi ety have astrong ability toform
metal complexes®. Succinimideiscontinued to atract
cons derableattention from theoretica standpointscon-
cerning themode of bonding and itsgenera reactivity
ascoordinated ligand. K eeping the abovefactsinmind
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andincontinuetion of our earlier work ontrangtionmeta
complexeswith Mannich bases”, the present paper
describesthe synthesisand characterization of Cu(ll),
Ni(11), Co(I1) and Zn(I1) complexeswith the biologi-
cdly important Mannich base.

TheMannichreactionisemployedintheorganic
synthesisof natura compoundslikefor instance Pep-
tides-Nucleotides-Antibiotics and Alkaloids. The
Mannich Reactionisalso used in the synthesisof me-
dicinal compoundse.g. Ralitetracycline (Mannich base
of Tetracycline), Fluoxetine (Antidepressant) and
Tolmetin (Anti-inflammeatory drug).

The Mannich reaction isathree component con-
densation in which acompound containing an active
hydrogen atomisalowed to react with an a dehyde or
ketone and a primary or secondary amine with con-
comitant rel ease of water to produce abase known as
Mannich base, inwhichtheactive hydrogenisreplaced
by an aminomethyl groupi**4. Theformation of both
C-C and C-N bond in thisaminomethylation process
makes the M annich reaction an extremely useful syn-
thetic transformation. M anni ch baseshavewide appli-
cationintheareaof pharmaceuti calsand macromo-
lecular chemistry!*®. Some M annich bases have anti-
malarial, antiviral propertieswhile some other act as
antihistamines, anti-inflammatoriesand antimicrobids.
The present work isundertaken in an attempt to syn-
thesi ze somenew Mannich bases of succinimides.

EXPERIMENTAL

Preparation of 1-(pyridin-2-yl amino)methy pyrro-
lidine-2,5-dione (SFAP)

2-aminopyridine (9.50g, 0.1mol) and succinimide
(9.09g, 0.1moal) weredissol ved in minimum amount of
distilled water and the contentsweremixed well & room
temperatureuntil aclear solutionwasobtained. (10mL,
0.1mol) of formaldehyde was added to this mixture.
After 10 daysabrownish solid product (Figure5) was
obtained and it waswashed with distilled water severa
timesand driedintheair oven at 80°C and recrystal -
lized from hot ethanol by 9 ow evaporation method.

Prepar ation of 1-phenyl(pyridin-2-yl aminomethyl)
pyrrolidine-2,5-dione(SBAP)

2-aminopyridine (9.50g, 0.1mol) and succinimide

R =H, C6H5
M = Cu, Ni, Co and Zn
X =CI, NO3

Figurel: Sructureof the complex

(9.09g, 0.1mal) weredissol ved in minimum amount of
digtilled water and the contentsweremixed well at room
temperatureuntil aclear solution wasobtained. (10mL,
0.1M) of benza dehydewasadded to thismixture. Af-
ter 10 daysabrownish solid product was obtained and
it waswashed with distilled water several timesand
driedintheair oven at 80°C and recrystallized from
hot ethanol by dow evaporation method.

M aterialsand methods

The chemica sused inthe synthesi swere obtained
from Aldrich Chemical Company and wereused with-
out further purification. The solventsused were of spec-
troscopic grade. IR spectrawererecorded on aPerkin-
Elmer FTIR spectrophotometer in KBr. *H NMR spec-
trawererecorded on aBruker Advance DPX 300 MHz
Ultra-Shield FTNM R Spectrophotometer in DM SO-
d,and CDCI, with TMSasinternal reference. Chemi-
cal shiftsare expressed in é units (ppm). Ultraviolet-
visible (UV-Vis) absorption spectrawere recorded on
Perkin-Elmer Spectrophotometer (EZ 301) at the
wavelength of maximum absorption (A, ) indimethyl-
sulfoxide (DM SO) / dimethylformamide (DMF). All
melting pointsweretaken in open capillary tubesin°C
by using Elicoinstrument and massspectraonalL UNA
instrument. Themicro-elementa resultswere obtained
onaVario-EL instrument. The human pathogenic bac-
terial species (Pseudomonas aeuroginosa, Escheri-
chia coli, Salmonella typhi, bacillus cereus, and
klebsilla pneumonia) were used for theanti microbial
sudies.

Microbial inoculumspreparation

Theyoung microbia inoculums/culturewas pre-
pared and used in the entireresearch period. Thenutri-
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TABLE 1: Physical characterization, analytical, molar conductance and magnetic susceptibility data of theligand and its

complexes
Compound Color Contents (found/caled) % AnOhmtem?mol™  pgr, ps
M etal C H N (0]

Ligand-SFA Brown - 5856 542 20.47 1555
SFA- CuCl, Dark green 11.66 44.09 407 1542 1175 12.6 1.89
SFA -NiCl, Lightgreen 1087 4448 411 1556 11.85 11.3 281
SFA -CoCl, Brown 1091 4446 410 1556 11.85 111 4,77
SFA-ZnCl, Colorless 1196 4394 406 1537 1171 10.2
SFA-Cu(NOz), Dark green 1063 40.17 371 1874 26.76 12.1 1.80
SFA-Ni(NOs), Light green 9.90 4050 374 1889 26.97 12.0 2.66
SFA-Co(NO3), Brown 9.93 4048 374 1888 26.96 11.9 4.70
SFA-Zn(NQs), Colorless 9.93 4048 3.74 1888 26.96 10.2
Ligand-SBA Brown - 68.33 538 1493 11.35
SBA-CuCl, Dark green 9.12 55.14 434 1206 9.18 111 1.77
SBA-NiCl, Light green 8.48 55,52 437 1214 925 11.8 2.83
SBA-CoCl, Brown 8.51 55,50 437 1214 924 10.9 4.72
SBA-ZnCl, Colorless 9.36 5499 433 1202 9.6 10.7
SBA- Cu(NOs), Dark green 8.47 51.23 4.03 1494 21.33 11.8 1.72
SBA-Ni(NOs), Light green 7.87 5157 4.06 15.03 2147 11.2 2.68
SBA-Co(NO3), Brown 7.90 5155 4.06 15.03 21.46 10.2 4.60
SBA-Zn(NOs), Colorless 8.70 51.11 4.02 1490 21.27 10.0

---- = No activity, No minimum bactericidal concentration (MBC)

ent broth (NB) for bacteriaand potato dextrosebroth  205.21 (C H,,N.O,); 127.03 (C,H,N,O,"); 107.13

(PDB) for fungi were prepared and poured into tubes
and gerilized. Thepuremicrobid culturescollected were
inoculated in the tubes using inocul ation needlesand
loops. Thenthesetubeswereincubated at different tem-
peratures and time duration (at 37°C and 24-48 hours
for bacteriaand at 27°C and 48-72 hours for fungi).
20mg of synthesized organic compoundsdissolvedin
2ml of DM SO were used asastock solution. Fromthe
stock solution, various concentrated discs (20, 40 and
60 pg) were prepared.

1-(pyridin-2-yl amino)methyl pyrrolidine-2,5-dione
(SFAP)

M.F: C, H,N.O,, Yield: 82%, m.p. 117-118°C,
Mol.wt: 205.21. FT-IR KBr v in cmr: 3461 (NH),
3059, 3030 (Ar-CH), 1699 (C = O), 1600 (C = C),
1191, 1153 (C-N-C). *H NMR (300 MHz, DM SO-
d) 6 2.61 (s, 4H, (CH,),), 3.34 (s, NH), 6.63-8.00
(pyridineringm, 4H). *C NMR (300 MHz DM SO-
d) 6 28.17 (s, 2C, (CH,),), 46.68 (s, 1C, CH,),
106.81 (s, C), 114.66-156.59 (m, 5C pyridinering),
177.17 (s, 2C, C=0). FABM S (positivemode) m/z:

(CH.N,*); 98.07 (C,H,NO,*); 93.10 (C,H,N,");
78.09 (C,H_N*). Calculated: C58.53%, H 5.40%, N
20.48%, O 15.59%. Found: C 58.61%, H 5.46%, N
20.42%, O 15.51%.

1-phenyl(pyridin-2-yl aminomethyl) pyrrolidine-
2,5-dione(SBAP)

M.F. C H,N.O, Yield: 78%, m.p. 102-103°C,
Mol.wt: 281.31. FT-IR KBr v in cm: 3370 (NH),
3174, 3020 (Ar-CH), 1692 (C = O), 1575 (C = C),
1220, 1185 (C-N-C), 778, 707 (mono substituted
benzenoid ring). *H NMR (300 MHz, DMSO-d,) &
2.89(s,4H), 3.34 (s,NH), 7.29-7.42 (m, 5H), 7.43-
8.07 (m, 4H, pyridine ring). *C NMR (300 MHz,
DMSO-d,) 6 28.11 (s, 2C, (CH,),), 61.72 (s, 1C,
CH), 108.53 (s, C), 113.57-178.19 (m, 10C, benzyl
& pyridinering), 192.44 (s, 2C, C=0). FABMS(pos--
tive mode) m/z: 281.31 (C N.,O,); 203.22
(C,H, N,O,%); 183.22 (C_H_ N,*); 106.12
(C,H.N*); 97.91 (C,H,NO,); 89.10 (C H*). Cal-
culated: C 68.31%, H 5.37%, N 14.94%, O 11.37%.
Found: C 68.39%, H 5.29%, N 14.99%, O 11.33%.
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TABLE 2: Anti bacterial activity zoneof inhibitionin MM

Complexes ST KP EC BC PA
Streptomycin 29 26 33 23 30
SFAP-CuCl,

SFAP-Cu(NOs), 4

SFAP-NiCI2 16 4

SFAP- Ni(NOs), e
SFAP-CoCl, 12 - 4 - 18
SFAP-Co(NOs), 10 4
SBAP-CuCl, 12 8 12 20
SBAP- Cu(NOs), 7

SBAP-NiCl, -

SBAP-Ni(NO3), T
SBAP-CoCl, 22 13 15 s J—
SBAP-Co(NOs), -~ 10 20 4 15
DMSO

---- = No activity, Nominimum bactericidal concentration (MBC)

RESULTSAND DISCUSSION

Physcd characterigtics, micro anaytical and mag-
netic susceptibility dataof thecomplexesaregivenin
TABLE 1. Theandytica dataof al the complexescor-
respond to thegeneral formulaM(L),. Magnetic sus-
ceptibility values of the complexes at room tempera-
ture are consistent with octahedral geometry around
the central metal ions. The chelates show no appre-
ciable conductance, and this supportsthe hypothesis of
their neutrd nature.

Theéd ectronic absorption spectraof theligand and
itscomplexesarerecordedinaDM SO solution. The
Co(I1) complexes(d,) exhibitstwobandshaving A,
at 306 and 788nm. Thefirgt band assigned to the -r*
trangition of the>C = N asaresult of complexesfor-
mation. The next band can be assigned to 4T1g(F) —
4A29(F) which revealsthe octahedral geometry of the
ligand around the Co?* ion. The magnetic moment of
the Co(Il) complexes (4.60-4.771,, ) suggeststhehigh
pingx coordinated octahedra arrangement of theligand
molecule around the metal ion. The spectrum of the
Ni(Il) complexes(d,) exhibitsfour bandshaving, _ at
300, 377, 759, and 798nm. The first two bands as-
signed to the n-nt* transition of the >C = N and the
ligand-to metal ion charge-transfer band (L —Ni) asa
result of complexesformation. Thelast two bands v,
and v, can be assigned to 3A29(F) — 3T1g(P)14 and

TABLE 3: Antibacterial study of investigated compounds
(MICx10*mal/L)

Complexes MIC(uG/ML) MBC(nG/ML)
SFAP-Cu(NOs), ST -125
SFAP-NiCl, ST-3.125 6.25
SFAP-NiCl, KP-6.25
SFAP- Ni(NOs), ST-6.25
SFAP- Ni(NOs), KP-12.5
SFAP-CoCl, ST-1.56
SFAP-CoCl, EC-125
SFAP-CoCl, PA-3.125 6.25
SFAP-Co(NOs), ST -6.25 125
SFAP-Co(NOs), KP-125
SBAP- Cu(NOs), KP-4.5
SBAP-CuCl, ST -4.25
SBAP-CuCl, KP-5.5
SBAP-CuCl, BC-1.5
SBAP-CuCl, PA-3.12
SBAP-CoCl, ST-1.56
SBAP-CoCl, KP-125
SBAP-CoCl, EC-6.25 125
SBAP-CoCl, BC-1.525 3.125
SBAP-Co(NOs), KP-3.125
SBAP-Co(NOs), EC-3.125 6.25
SBAP-Co(NOs), BC 6.25
SBAP-Co(NOs), PA 3.125 6.25

---- = Noactivity, Nominimum bactericidal concentration (M BC)

3A2g(F) — 3Tlg(F) , respectively. Thisindicatesan oc-
tahedral geometry around the Ni2* ion. Thisarrange-
ment issupported by itsmagnetic moment value (2.83-
2.66p1,). The Cu* ion exhibitsabroad asymmetry band
around 535nmattributed to’B, — ?A, transitionsimi-
lar to octahedra arrangement, whichissupported by
its magnetic moment value (1.89-1.72u,,). Notransi-
tionswereobservedinthevisbleregionfor theZn(Il)
complexes consistent withthed, , configuration of the
Zn? ion. Thiscomplexesisa so found to be diamag-
netic asexpected for thed,  configuration.

All the complexes are stable at room temperature,
non-hygroscopic, insolubleinwater, solublein metha:
nol, ethanol, DMF, DM SO and chloroform. Theanaly-
sesof the complexesare cons stent with the stoichiom-
etry proposed and aresummarizedinTABLE 1. All the
complexes havelow conductance va ues, which indi-
catethat the complexesare nonelectrolyticin nature.
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TABLE 4: Anti fungal activity zoneof inhibitionin MM

Compound A.O A F
Ampotericin B 20 16
SFAP
SBAP 12
SFAP-CuCl, 4 6
SFAP-Cu(NOs), 3 6
SFAP-NICI2
SFAP- Ni(NO3),
SFAP-CoCl, 3
SFAP-Co(NOs), 4 4
SBAP-CuCl, 2
SBAP- Cu(NOs),

SBAP-NICl,

SBAP-Ni(NO3),
SBAP-CoCl, 18 12
SBAP-Co(NO3), 10 8
DMSO

---- = No activity, Nominimum bactericidal concentration (MBC)

The mass spectrum of theligand showsapesk at m/z=
205.21 and 281.31 respectively corresponding to the
molecular ion peak, and itscopper complexesexhibits
the peak at m/z = 731.37 corresponding to the mo-
lecular mass of the proposed structurefor the copper
complexes. Itindicatesthe[MLX] stoichiometry for
thecomplexes. Thisstoichiometry isa so supported by
the mass spectra of the other complexes. TheC =0
stretching frequencies, in complexes are significantly
lower than C=0inthecorrespondingligands. ThelR
spectrum of the ligand shows a v(C = O)*® band at
1699 and 1692cm . The IR spectrum of the ligand
showsv(N-H) bandsaround 3461-3020cm ™ and aso
itisshifted by 15-20cm! tothelower energy regionin
the complexes compared to thefreeligand. Thisphe-
nomenon gppearsto the coordination of thesuccinimide
oxygen and amino pyridineaminenitrogento themeta
ion. The (v ,, ) bands appear around 400-450cm™!
indicating the coordination to themetd ion. Below 800
some new bonds appeared, and theseweretentatively
assigned as metal-oxygen bond formation (v,, ).
These bandsremain dmost intact in the spectra of
the complexesshowing their nonparticipationintheche-
lation; however, displacement inthesefrequenciesis
duetotheincreased positive chargeontheN atom by
thedonation of an electron pair. The'H NMR spectra

—= Fyll Poper

of the Mannich base and its zinc complexeswerere-
corded in DM SO at room temperature. The samples
were prepared by dissolutionin DM SOand the chemi-
cal shiftswererecorded with respect to TMS. The'H
NM R spectrumof theligand investigation showsasg-
nal at 8.9 ppm, whichisassigned to the NH protonin
theaminemoiety.

Antimicrobial study

All theligands and complexesweretested for in
vitro antimicrobial activity. Theantimicrobia activity
va uesof thecompoundsaga nst pathogeni c gram-pos -
tiveand gram-negative bacteriaand fungi are presented
in TABLE 2 & 3. The compound SFAP and SBAP
showed poor antibacteria activity, while Co complexes
showed good activity against Pseudomonas
aeuroginosa, E-coli, bacillus cereus, salmonella
typhi, klebsilla pneumonia bacteria. The antifungal
activity of the compoundswas studied with pathogenic
fungi, andtheresultsaregivenin TABLE 4. Ampotericin
B isused asareference. All the compounds showed
ggnificant antifungd activity, espedialy compound SBA-
Co complex, hashigh activity than others. It wasfound
that most of the synthesized compounds possess anti-
microbial properties. The maximum activity was ob-
served for the cobat complexes.
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ABREVIATION

PA- Pseudomonas aeuroginosa,

EC- E-cali,

BC- bacilluscereus,

ST- salmonella typhi

KP- klebsilla pneumonia

A.O- Aspergillusoryzae

A.F- Aspergillus fumigates

MIC- minimuminhibitory concentration
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