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Abstract

An efficient one-pot three-component synthesis gf-dihydropyridine derivatives were synthesized dy
Hantzsch reaction of dehydroacetic acid with bedet@yde or furfural by using microwave irradiati@ctinique
in basic alumina. The prepared ligands used ta yiatious complexes with Co(ll), Ni(ll), Mn(ll), Gi), Zn(I1)
and Cd(ll). The isolated solid compounds were elatgid by elemental analysis (C, H, N, M, CI), pbgki
measurements (magnetic susceptibility and moladectance) and spectroscopyd NMR, °C NMR, IR, UV-
visible, MS). Also, the synthesized compounds wesed against Gram-positive bacter&aihylococcus
aureus, Enterococcus faecalis) and Gram-negative bacterias¢herichia coli, Proteus) by disc diffusion method.
Keywords:. 1,4-dihydropyridine complexes, Microwave, Spectogsc, Antibacterial activity

1. Introduction

Microwave-assisted synthesis considered a techrdmuaccelerating the organic as well as inorgaeactions.
Where, it enhanced the reaction selectivity andization of the inexpensive reagents. Also, thisthod
characterized with shorter reaction times, low chigth yield and simplicity in processing and hamglitogether.
Moreover, the microwave deliberated an eco-friendbhnique where it was free of environmental intp8c.
The application of microwave irradiation towarde #icceleration of wide range of organic, organotie&nd
coordination chemistry was received concealableattentior®®!.

Hantzsch reaction is an significant technique fortisesis the 1,4-dihydropyridines (1,4-DHPs) whécthibited
important antimicrobial activity in the treatment warious disease as cardiovascular disé@seThere are
several commercial drugs such as Amlodipine, NgliNimodipin, Felodipine and Isradipine involvirige
1,4-dihydropyridine as mother nucletis*. All these fact encouraged us to synthesis a newptexes with
1,4-dihydropyridines derivatives and evaluate th@fogical activity against four pathogenic batter

2. Results and discussion

The prepared compounds were stable in air and leolntDMF and DMSO. The values of molar conductance
indicated that all complexes were non-electrolyld® physical properties and elemental analyséiseofolated
solid compounds were registered in Table 1.
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Table 1. Elemental analysis and physical data hfH,L , and their metal complexes

Compound vield % Calculate (Found)
Empirical Formula Colour M.p. °C (%)
F.W. Found(Calculate) 0 C H N M
H,L @)
68.14 4.72 3.46
CoHiNO Yellow 163 79
0541 (68.18) (4.76) (3.49)
(COLNED[0x] 120 () Greenish- o, ., 5641 620 454 954
617 55 Brown (56.54) (6.02) (4.56) (9.51)
[NIL(N(Et) 5)].2H,0 ©)
NiCgHseN20 Dark-Yellow 110 78 %22 8% 297 519
599 .30 (57.98) (6.16) (4.67) (9.63)
[MNL(N(Et)3)(H20)2].H:O  (4)
om0 15 QT 834 55 0%
613.585 (56.78) (6.11) (4.59) (8.86)
[CUL(N(Et)3)].2H,0 (5)
CUCHaN,Os Dark-Green 188 g, 5765 601 464 1052
604.16 (57.42) (6.14) (4.67) (10.43)
[ZnL(N(Et)3)(H20),].H:0  (6)
ZNCooHaN,Os Pale-Yellow 11 4, 5582 614 449 10.47
694,01 (55.76) (6.01) (4.47) (10.42)
[CAL(N(Et)s)(H20)2].H0  (7)
CdGygH3eN,Oq Yellow 181 76 5191 571 418 16.75
67103 (52.05) (5.67) (4.17) (16.77)
HL? ®)
63.80 4.33 3.54
CoiH1NO Yellow 155 88 -
395 370 (63.84) (4.38) (3.51)
[Co(HoL?)(N(Et)s)Cl] ©
CoCyHaN,0.Cly Green %6 63 JSrol oo o 8-41
626.490 (51.34) (5.22) (4.50) (9.41)
[Ni(H,L®)(N(Et)5)Cl] (10)
NiC,HasN;0,Cl, Yellow 167 81 gi;g gig i-gz gg;
626.250 (51.78) (5.18) (4.54) (9.39)
[Mn(H,L?(N(Et);)Cl,].H,O (11)
MNCy o205 Cly Brown 169 gg 50.63 535 437 858
640 515 (50.68) (5.30) (4.39) (8.61)
[Cu(H,L?)(N(Et);)Cl,].H,0  (12)
CUCH3N05Cl Green 171 71 goee oo a3 o7
649 125 (50.00) (5.30) (4.35) (9.80)
2
N, Yelowish- . o, 5124 510 443 10.33
32040 white (51.28) (5.12) (4.45) (10.35)
2
[Cd(HZLC)éé(EHt)S?\%] cl (14) Yellowish- 187 41 4769 474 412 1653
679.06 white (47.72) (4.76) (4.15) (16.57)

2.1. Nuclear magnetic resonance spectral studies

The *H and™*C NMR spectra of bL*, H,L? and their Cd(ll) and Zn(ll) complexes were meadlire DMSO.
The 'H NMR spectra of bL* and HL? in DMSO showed two signals at (12.07; 12.10) &69; 9.71) ppm
assignable to the (OH) and (NH) protons, respelgtivEhe multiplet signals detected in the (7.3517.6.72-
8.01) ppm regions, respectively were attributetheoaromatic protons. The sharp signal observédd& 2.54
ppm, respectively was attributed to methyl protGhl4).

The ™®*C NMR spectra of KL.* and HL? in DMSO showed significant signals at (160; 14383; 173), (162;
168) and (176; 163) attributed tg,Cy, C,; and G, respectively (Table 23, The data obtained confirmed the
formation of 4,4'-(4-phenyl-1,4-dihydropyridine-2,6-diyl)bis(3«roxy-2-methyl-2H-pyran-3(6H)-one) and
3,3'-(4-(furan-2-yl)-1,4-dihydropyridine-2,6-diylig(2-hydroxy-6-methyl-4H-pyran-4-one).
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Moreover, the’H NMR spectra of the [ZnL(N(Ef)(H.0),].H,O and [CAL(N(ER)(H,0),].H,O complexes
showed the signal attributed to (NH) proton remdimgore or less at the same positions indicating tiia
group not deprotonated. But, the lack of signale tiu(OH) protons in th&H NMR spectrum emphasized the
deprotonating of the two hydroxyl groups.

Table 2.°C NMR Chemical shifts in (ppm) assignments fot. Hand HL,

C

Carbon atoms

C 145
C, 112
Cs 110
C, 154
Cs 39

Ce 08

C, 149
Cs 100
Co 173
Cuo 106
Cu 168
Cu 22

Cus 163

2.2. Infra-red spectral studies

In the IR spectra of ' and HL? the bands observed at (1713; 1718284; 3275) and (3350; 3355) were
attributed too(C=0)™®, v(NH) "™ andv(OH) ¥ vibrations, respectively (Table 3). The appearasfdeydroxyl
group as a broabland at lower wavenumber and the two weak broad$at1912-2075 and 2149-2237 ¢m
region proposed intramoleculaydrogen bonding.

In Co(ll), Ni(I1), Mn(ll), Cu(ll), Zn(ll) and Cd(l) complexes (Scheme 1), thelH behaved as binegative
tridentate ligandvia v(NH) andthe two deprotonated hydroxyl group8OH). This mode of chelation was
maintained by the following observations: (i) theagppearance of two hydroxyl groups, (ii) the nagashift of
(NH) group (iii) the appearance of two carbonyl gzeat nearly the same frequencies, proposing thaethes
groups did not participate in bonding and (iv) &pmpearance of new bands in 442-470'@nd 527-562 cth
regions which may be attributed to (M-O) a{¥1-N) *°!, respectively.

But, the IR spectra of #i? complexes revealed that the ligand acted as aatéritlientate ligandia v(NH) and

the two carbonyl groups(C=0). This mode of chelation was confirmed by fibkowing clarifications: (i) the
negative shift of the(NH) and two carbonyl grougsi) the appearance of hydroxyl grougisnearly the same
frequencies, suggesting that these groups did amicjpate in bonding and (iv) the appearance of bands in
(449-467) cnt and (534-568) cihregions which may be attributed to (M-O) aiti-N) ™, respectively.

The complexes which have coordinated water molechiteve two sharp bands observed in 850-863 and 743—
782 cmt' attributed tgr(H,0) andpw(H,0) % vibrations, respectively.

Table 3. Most important IR spectral bands ef HH,L? and their metal complexes
Compound 1 2 3 4 5 6 7 8 9 10 11 12 13 14

ki< - - - - P e} Y. el Y. S Y: (R S Y. Y. k]
v(OH)
Vv(NH) 328/ 325¢ 3260 325¢ 3261 321C 3251 327% 3260 325 325¢ 326 3228 322%
171 1708  171C 1706 1707 1711 1706 171C 168 168¢ 168¢ 168t 168( 168:
v(C=0) '
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Microwave / 10 min

CH,
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Scheme 1. The outline of the synthesis of ligands and thestahcomplexes
2.3. Magnetic moments and electronic spectra
The UV-visible spectral bands of the isolated commts in DMSO besides the magnetic moments and the
ligand field parameters were listed in table 4. €hextronic spectra of the complexes were conquieyestrong
intra-ligand charge transfer bands. The ligand spet displayed an intense absorption band at 3269
assignable tac — =* transition of pyridine ring. A red shift was deted for this transition in the UV-visible
spectra of isolated complexes due to the coordinaif nitrogen atom of the pyridine riffgl. The other intense
band observed at 26316 ¢rattributed to n— n* transition of carbonyl group.
The electronic spectra of [CoL(N(B{H,0),].H,O and [Co(HL?)(N(Et)s)Cl,] complexes exhibited two bands
at (14705, 14992) and (17313, 17857) cascribed tdT:4—"Ax(F) and*T,;—"T1P) transitions, respectively
in an octahedral configuratidff’. The value of, (6871, 6989 cM) was intended theoretically. The values of
magnetic moment (4.9 & 5.1 BM) were reliable witttahedral geometry around the Co(ll) ion.
The diamagnetic behavior of [NiL(N(E}).2H,O complex indicated a square planar configuratiamther, the
electronic spectrum showed a specific band at 1&h64attributed tolAlg—>1Azg transition in a square planar
geometry?.
The electronic spectrum of [NighH?)(N(Et);)Cl,] complex displayed two bands at 17241 and 27778 cm
attributed t0%A,; — *T1((F) and®A,,— *T14(P) transitions, respectively, in an octahedralngemy **. The
position ofy; (10843 crit) was intended theoretically. The value of the nesignmoment (3.2 BM) confirmed
the octahedral geometry around Ni(ll) ion.
The two bands at (22222, 21505) and (28090, 268f®6) in the spectra of [MnL(N(E$)(H,0),].H,O and
[Mn(H,L?(N(Et);)Cl].H,O complexes were attributed to {AAT(G) and 6A—4T,y(G), transitions,
respectively, in an octahedral configuration. Théues of magnetic moment (5.4 & 5.3 BM) were rdbalvith
high spin d systend?.
The Cu(ll) complexes have magnetic moment value8 & 1.9 BM) which stand for those stated fok d
systems. The electronic spectrum of [CuL(NgE2H,O complex exhibited a broad band at 14428 attribtite
2B,—2Agtransition as specified for square planar Cu(lpfguration!. While, the electronic spectrum of
[Cu(H,LA(N(Et)3)Cl,].H,O complex showed a broad band at 16667 evith a shoulder at 14286 chwhich
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E’;ls]signable to 2B—2E; and 25—2A4 transitions, respectively, in a tetragonally dittd octahedral geometry
24

Table 4. Magnetic moments, electronic spectra myaohtl field parameters of metal complexes
Compound per (BM) Band position (ci)) Dq (cmi') B (cni’) B vlvy

2 4.9 14705; 17313 770 770 0.79 2.14
3 Dia. 18164 - - - -
4 5.4 22222; 28090 - - - -
5 2.0 14428 - - - -
9 5.1 14992; 17857 795 795 0.82 2.15
10 3.2 27778; 17241 1083 833 0.80 1.59
11 5.3 21505; 26316 - - - -
12 1.9 14286; 16667 - - - -

2.4. Mass spectra

The ESI-MS of 1,4-dihydropyridines derivatives éjitéd molecular ion peaks which were in covenarthwi
their molecular formula. The molecular ion peak foe ligands (KL' = CysH1gNOg & HoL? = CyiH;17NO7)
corresponds to m/z 405.41 and 395.37, respectivdbn, a base peak was appeared at m/z =167 and16&
which resemble the main fragmentation molecularghveiof the respective compounds,l and H,L?,
respectively. These peaks confirmed the structiiteeoligands. The different molecular ion peaksmsed in the
mass spectra of ligands (abundance range 2-100%)ageibed to the ligand fragmentation which ols@din
from the rupture of different bonds inside the noale by successive degradation. The spectra ohdiga
displayed molecular ion peaks in good agreemerit thi¢ proposed structure by elemental and spesturdles
(Scheme 2, 3).

3. Antimicrobial activity

The antimicrobial activity of 1,4-dihydropyridinesas encouraged us to assume systematic studieseon t
chelation affinity and test their efficiencies augti economically essential bactela ?°. Whereas, various
diseases initiated by microbial infections wereedaais threat to the human health being and evenften have
connection to some other diseases when the botlgnsysecame weakened. The developing antimicrobiejsd
to resistance various kinds of microorganisms sasch wide spectrum of antibacterial activity coaeséd one of
the most important fears of research in this zone.

. 2-hydroxy-6-methyl-3-vinyl-4 H-pyran-4-one
Molecular Weight: 152.15

C| |
3-(1-aminovinyl)-2-hydroxy-6-methyl-4 H- H HOJ\O CH;3 ‘

pyran-4-one 4-methyl-2-o0x0-2H-oxet-3-yli
" - yl-2-0x0-2H- -3-ylium
Molecular Weight: 167.16 Molecular Weight: 83.07 2-hydroxy-6-methyl-4-oxo-4 H-pyran-3-ylium 0

Molecular Weight: 125.10 “0/\|;r

(E)-4-(hydr b 2-en-1
MoluuhlrWelght 96.08

Scheme 2. The mass spectroscopic fragmentatiowastdf HL*

Hs CH, o
Molecular Weight: 405.41 \ f‘j\
f‘;(\‘\ / \ HO Y CH,
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vinyl)-2-hydroxy Molu:ularWeught 152 1*

pyran-4-one
Molecular Weight: 167.16 N o J\
OAL

furan CH; thyl-4-0x0-4H-pyran-3-yli o

Molecular Weight: 68.07 “Molecular Weight: 125.10 HO' X
4-methyl-2-0x0-2H-oxet-3-ylium
Molecular Weight: 83.07

(E)-4-(hy X} y yel 2-en-1-one
Molecular Weight: 96.08

Scheme 3. The mass spectroscopic fragmentatiomagtbf H,L?
3.1. Antibacterial activity
The isolated ligands, chelates, standard drugs t@@ecin; Nitrofurantoin) and DMSO solvent controkese
partitioned individually for their antibacterial tagty against Gram-positive Saphylococcus aureus;
Enterococcus faecalis) and Gram negative bacterial straif&saherichia coli; Proteus) *” %! The antibacterial
activity of isolated compounds was compared taaittévity of Gentamicin (CN10) and Nitrofurantoinl(®0) as
standard antibiotics and then MIC of the tested mmumds was evaluated. The antibacterial resultgesigd
that the tested compounds (Figures 1haye a modest activity against various kinds oftdrée. The MIC
values showed the highest activity for Cd(ll) coexgls against all tested bacteria. We conclude that,
complexes were more effective against Gram-posi®eaphylococcus aureus, Enterococcus faecalis) than
Gram negative bacterial strainEs¢herichia coli; Proteus) and showed better antibacterial activity than the
ligands alone.
The difference in antibacterial activity betweegalids and their complexes may be due to the cbelati
properties wherever the metal complexes became mffestive bactereostatic agents that stopping the
microorganism growth. Furthermore, the chelatiohaw®r compact the polarity of the metal ion mostle to
the partial sharing of positive charge with the @logroups as oxygen and nitrogen atoms within tieate ring
system. This manner raises the lipophilic naturehef metal ion, which preferred its penetratiorotigh the
lipid layer of the microorganism, so destroyingrthmore harmfully??.

Gram positive

(a) Staphylococcus aureus (b) Enterococcus faecalis
40
20
=100 =100
20
m 50 B 50

10 4

25

O_
e\?@"(}d’d”d’é’d’d
S«

Gram positive
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Fig.1. Effect of HL' and its metal complexes toward @phylococcus aureus, (b) Enterococcus faecalis, (c)
Escherichia coli and (d)Proteus
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Fig.2. Effect of HL” and its metal complexes toward Gphylococcus aureus, (b) Enterococcus faecalis, (c)
Escherichia coli and (d)Proteus

4. Conclusions
In this paper, the derivative of 1,4-dihydropyrieinwere synthesized by a Hantzsch reaction of dehagdtic
acid with benzaldehyde or furfural by using micrewarradiation technique in basic alumina. A serids
Co(ll), Ni(I), Mn(ll), Cu(ll), Zn(ll) and Cd(Il) @mplexes were prepared. The isolated solid compowete
elucidated by using various spectroscopic techiiqédso, the synthesized compounds were testechstgai
Gram-positive bacterieS(@phylococcus aureus, Enterococcus faecalis) and Gram-negative bacteriastherichia
coli, Proteus) by disc diffusion method. The results of antilesietl test showed that Cd(ll) complexes have the
highest activity against all tested bacteria.
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5. Experimental

5.1. Materials and reagents

The chemicals used were of the analytical reagexttegwith high purity. They included benzaldehyfefural,
ammonium acetate, dehydroacetic acid, basic alynhit@l,- 6H,0, CoC}-6H,0, CuC}-2H,0, MnCh-4H,0,
ZnCl and Cdd{ (Sigma-Aldrich). The solvent used involved abseldthyl alcohol, diethyl ether and
dimethylsulfoxid were spectroscopic pure from BDH.

5.2. Instrumentations

The reactions were made using Anton Paar’s Monov@®&microwave. The FTIR spectra were detailed on a
Shimadzu FT-IR 8400s spectrophotometer using KBcadi'H and *C-NMR spectra were determined on
Burker DMX- 500 NMR Spectrophotometer on a 300 MMith TMS as standard and DMSO as solvent (Al
albayt University-Jordan). The electronic specfr¢éhe isolated solid compounds were recorded ohim&lzu
Uv-Vis spectrophotometer 1650 having wavelengthgeat90-1100 nm and spectral band width 2 nm. The
spectra of the complexes were recorded at room deatyre in the wavelength range 200-900 nm with a
scanning rate 200 nm/minute. The Magnetic susdéptimeasurements of the complexes were perforored
faraday balance at room temperature using Hg[Co}gCG¢ a calibration MK-Magnetic balance. The molar
conductance of complexes was measured on PhilipscéBductivity meter using TOM solution in DMSO.
Elemental analyses (C, H and N) were performed arocErball08 CHNS elemental analyzer. The metal
contents of the complexes were determined by atoamhisorption type Shimadzu (A.A-670). GC mass
Spectrometer 200 Plus Shimadzu. Melting points weeasured in an open capillary Stuart SMP30 melting
point apparatus.

5.3. Procedures

5.3.1. Preparation of ligands

The  1,4-dihydropyridines  (4,4'-(4-phenyl-1,4-dihgdyridine-2,6-diyl)bis(5-hydroxy-2-methyl-2H-pyran-
3(6H)-one); H,L' and 3,3-(4-(furan-2-yl)-1,4-dihydropyridine-2,6-diylig(2-hydroxy-6-methyl-4H-pyran-4-
one); HL? (Fig. 3) were prepared by stirring a mixture oflaldehyde (benzaldehyde; furfural) (1 mmol),
dehydroacetic acid (2 mmol), ammonium acetate (lothrand basic alumina in ethanol (5 ml) at room
temperature for 15 min. The mixture was transfethto vial vessel and irradiated in microwave forrib at
400 W and 140 °C. The completion of the reactios manitored by TLC. The mixture was filtered to gdtof
alumina layer and cooled to room temperature thatewl1l0 mL was added to the reaction mixture. The
prepared ligands were filtered and recrystallizednfethanol (Scheme 1).

Fig.3. The molecular modelling of,H"and HL?
5.3.2. Preparation of Complexes
To a stirred solution of ligands (1.22 mmol) anétlrylamine (2.44 mmol) in ethanol (15 mL), methlaride
M(Cl)».XH,0 (1.22 mmol) was added drop by drop. The contemi®e allowed to string for 30 minutes then
refluxed on water bath for 3-4 h depending on tipe tof metal salt used. The yellow precipitatesenfdtered
off, washed with hot absolute ethanol and finalgllvkept in a vacuum desiccator over anhydrous €acCl

5.3.3. Preparation of Cd(l1) and Ni(ll) complexes by microwave technique

The [CAL(N(Et})(H,0),].H-0 and [Ni(HL?)(N(Et)s)Cl,] complexes were prepared by stirring a mixture gf ar
aldehyde (benzaldehyde; furfural) (1 mmol), dehgdrdic acid (2 mmol), ammonium acetate (1 mmol) and
basic alumina in ethanol (5 ml) at room temperafarel5 min. To a stirred solution of ligands (1.22nol) and
triethylamine (2.44 mmol) in ethanol (15 mL), metaloride M(CI».XH,0 (1.22 mmol) was added drop wise
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and allowed to string for 30 minutes. The mixtwas transfer to the vial vessel and irradiated icronvave for
10 min at 400 W and 140 °C. The reaction progressmonitored by TLC. After completion of the reantithe
mixture was filtered and cooled to room temperathe:n water (10 mL) was added to the reaction mixtlihe
resulting solid product was filtered and washechwitt EtOH and/or D successfully and finally preserved in
a vacuum desiccator over anhydrous GacCl

5.3.4. Biological activity

Antibacterial activity of the isolated solid compumls was tested against Gram-positi8&yghyl ococcus aureus
and Enterococcus faecalis) and Gram negative bacterial straisaherichia coli andProteus) by disc diffusion
method®. Each investigated compound was dissolved in DM®® a solution of the concentration 1 mg/ml
was prepared. The sterile medium (Nutrient Agariomagd 15 mL) in each petri plates was consistentiyddy
with cultures of Gram positive and Gram negativetéi@a. Each treatment was replicated three tirAkss, the
antibacterial activity of a standard antibiotic Gamicin (CN10) and Nitrofurantoin (F100) was measuusing
the same procedure as above. The dishes were tedubt 25 + 2°C for 24 h and the size of the resylt
inhibition zone was determined.
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