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Abstract

D-mannose sugar was used to prepare [benzoic acid 6-formyl-2,2-dimethyl-tetrahydro-
furo[3,4-d][1,3]dioxol-4-yl ester] (compound A). The condensation reaction of folic acid with
(compound A) resulted in the formation of new ligand [L]. These compounds were
characterized by elemental analysis CHN, atomic absorption A.A, (FT-1L.R.), (U.V.-Vis),
TLC, E.S. mass (for electrospray), molar conductance, and melting point. The new
tetradentate ligand [L], reacted with two moles of some selected metal ions and two moles of
(2-aminophenol), (metal : ligand : 2-aminophenol) at reflux in water medium to give a series
of new complexes of the general formula Ko[M2(L)(HA)2] where M= Co™, Ni™, Cu and
Cd™. These complexes were characterized by elemental analyses [(C.H.N) and (A.A)], (FT-
I.R), (U.V-Vis.), molar conductance, 'H,'3C-NMR, TLC and magnetic moment
measurements. From the above data the proposed geometry about Co™, Ni™, Cu™ and Cd™,
is tetrahedral structure. Biological activity of the lignd and its complexes was carried out on
staphylococcus aureu, bacillus subtilis escherichia coli and psedomonas aeruginosa.

Key Words: vitamin Bo, Cd“?complexes infrared spectra , Schiff base, 'H,'3C-NMR, TLC
measurements.
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Introduction

Folic acid (pteroylglutamic acid) is heterocyclic compound which is composed of three
large sub-components!!l, These are the pteridine ring, para-amino benzoic acid and glutamic
acid. Glutamic acid is an amino acid that the body can actually synthesize by itself and is
found in proteins, also known as vitamin M, vitamin Bo,1?! vitamin BcPl. Mixed-ligand
complexes, play an important role in numerous chemical systems like water softening, ion
exchange resin, electroplating, and dying!4!%l. The electrophilic carbon atoms of aldehydes
and ketones can be targets of nucleophilic attack by amines. The end result of this reaction is
a compound in which the C=0O double bond is replaced by a C=N double bond. This type of
compound is known as imines, or Schiff base!!!l, In this work, we report the synthesis
characterization and biological study of folic acid ligand and (compound A) with mixed
ligand, and its complexes with selected transition elements, Scheme (1)
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Where M=(Co", Cul, Ni", and Cd'?)
Scheme (1)

Experimental

Reagents were purchased from Fluka and Redial — Dehenge Chemical Co. and used
without further putrefaction. FT-L.R spectra were recorded using THERMO SCIENTIFIC,
ID5, ATR NICOLET, IS5 FT-IR spectrophotometer in the range (4000-400) cm™!. Electronic
spectra of the prepared compounds were measured in the region (200-900) nm for 107 M
solutions in (DMSO) for the ligand and in distilled water for the complexes at 25°C using a
Shimadzul60 spectrophotometer with 1.000£0.001 cm matched quartz cell. Elemental
microanalyses were performed on a (C.H.N) analyzer model THERMO SCIENTIFIC FLASH
2000 ORGANIC ELEMENTAL ANALYZER. Metal content of the complexes were
determined by atomic absorption (A.A) technique using a Shimadzu AA 680G atomic
absorption spectrophotometer. Electrical conductivity measurements of the complexes were
recorded at 25°C for 10 M solutions of the samples in (DMSO) for the ligands and in
distilled water for the complexes using a PW 9526 digital conductivity meter. Magnetic
measurements were recorded on a Bruker BM6 instrument at 298°K following the Farady's
method. Most of the measurements were made in Department of Chemistry, Manchester
University, UK
Synthesis of [benzoic acid 6-formyl-2,2-dimethyl-tetrahydro-furo(3,4-
d][1,3]dioxol-4-yl ester](A)

Compound A Fig.(1) , was prepared according to the following steps as in scheme (2).

1) To a IL of anhydrous acetone acidified with (14 mL) conc. H2SO4 was added (20 g,
184.9 mmol) of D-mannose. The mixture was allowed to stir for 4-5 hrs., and a light yellow
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solution was formed. This was neutralized with anhydrous Na2COs3, and then filtered off.
Solution was removed under reduced pressure and a solid was formed. This was re-
crystallized from toluene to yield white crystals (20 g, 90% yield), m.p.(120-122 °C).

2) (6 g, 20.5 mmol) of compound (1) dissolved in (40 mL) of pyridine, then (5 mL) of
benzoyl chloride was add to the stirred mixture that chilled in an ice bath. After (1 h.) of
stirring, the solution was kept away from light for (24 h.) at room temperature and poured into
vigorously stirred mixture of ice-water (25 mL). The mixture was stirred for (2 h.).
Extracted with chloroform at room temperature (25 °C) by using separating funnel to separate
the chloroform layer (its density is higher than the water). Washing the layer with a solution of
hydrochloric acid twice, and water separating layer, then washed with distilled water (25 ml),
dried by anhydrous magnesium sulfate, stir for a quarter of an hour, filtered and evaporated
white precipitate will be formed to give two crops of needles (2.8 g, 46.66 % yield), m.p (108
°C).

3) A solution of (2 g ), (5.2 mmol) from compound 2 and 80% acetic acid (50 mL) was
kept at room temperature with stirring for (48 h.). after which time the solution was
concentrated, and white precipitate was formed. This was filtered off and then redissolved in
butanol, dried and evaporated. A pale yellow product of diol (1.5 g, 75% yield), m.p. (100 °C)
was formed.

4) A solution of diol (2 g ), (6.1mmol) dissolved in a small amount of ethanol was added
over (30 min) to the solution of sodium periodate (0.24 g ),(1.1 mmol) in H2O (10 mL). The
oxidation was allowed to proceed for (1 h.) at (0 °C) and then white product was formed
immediately which was allowed to cool for (1 h.) the solid was removed by filteration , and
then dried by adding (20 mL) of ethyl acetate to give (0.9 g, 45% yield), m.p. (290 dec. °C)
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Synthesis of the ligand [L]

To a solution of folic acid (2 g, 3.61 mmol) in methanol (20 ml)] was added to a mixture
of KOH (0.25 g, 4.55 mmole), in (1 ml) of water and (compound A) (1.04 g, 3.56 mmole)
dissolved in methanol (5 ml). The reaction mixture was allowed to reflux for (48 hr.), and
then stirred at RT for (1 hr.). A mustard solid was formed which collected, by filtration, dried
under vacuum for (24 hr.). Yield: (1g), (50 %) of the total compound. m.p (dec.250 °C),
according to the scheme (V) .
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Synthesis of the Complex

Synthesis of K2[Co2(L)(HA)z2]Jcomplex. A solution from [L] (0.172 g, 0.723 mmole) in a
hot distilled water (20 ml), mixed with another solution of 2-aminophenol was (0.097 g , 9.7
mmole) in a hot distilled water (5 ml), was added slowly to a stirred solution of manganese(II)
chloride tetrahydrate (0.176 g, 0.89 mmole) in (10 ml) distilled water. The resulting mixture
was heated at refluxed for (2 hr.), during which, the solution became brown- yellow in color.
The solution was concentrated by evaporating ethanol at room temperature and a deep-brown
solid was formed. This was collected by filtration, dried under vacuum to give (0.23 g, 76.6 %
yield), of the title compound, m.p (dec. 240 "C).

Synthesis of K»[Ni2(L)(HA):], K2[Cuz2(L)(HA):] and
K>[Cd2(L)(HA):]Complexes

A similar method to that mentioned above was used to prepare the complexes of [L] with
(Cd", Ni',, and Cu'"). Fig.(1), and the same quantities of both of the ligand [L] and (2-
aminophenole) were used. Table (1) stated the quantities, reaction conditions and physical
properties of the prepared compounds.

Results and Discussion
Synthesis of the ligand|L]

The FT-L.R spectra of Fig.(2) show the five steps of forming (compound A). In the
spectrum of folic acid Fig.(3) there are two sharp absorption bands at (3414 and 3547 cm™)
due to the stretching vibration of vsy(N-H) and vasy(N-H) of the primary amine (R-NH2) group
121 Tn the spectrum of (Compound A) Fig(4) there is a double bonds due to the carbonyl
group v(C=0) stretching vibration at (1728 and 1631.7 cm™)!!*!4  These bands were
disappeared in the spectrum of the ligand [L]. Fig(5). Accompanied by the appearance of a
new band at (1689.6 cm™) range assigned to the v(C=N) stretching indicates Schiff base
reaction !>16] Table (2). The (U.V-Vis) spectrum for the ligand [L], Fig.(11) exhibits a high
intense absorption peak at (215 nm) (46511 cm™) (€max= 700 molar'.cm™), (281 nm) (35587
cm!) (emax= 688 molar!.cm™) assigned for (m—n*) and a shoulder peak at (346 nm) (28901
cm™!) (€max= 182 molar!.cm™) assigned to (n—n*) transition,!!7-'#! Table (3).

Synthesis of the Complexes

The reaction of the ligand [L] with (2-aminophenol) and (Co", Ni", Cu" and Cd" ) was
carried out in methanol under reflux. All complexes are stable in the solid state. The analytical
and physical data, Table (1) and spectral data Table (2) are compatible with the suggested
structures. In The FT-LR spectra:- Band at (1689.6 cm™) that assigned to the v(C=N)
stretching [!>16] of the spectrum of the ligand [L], Fig.(5) is shifted to lower frequency about
(123 cm™) range compared with the spectra of the Co™?, Ni*2, Cu*?, and Cd"? complexes due
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to the forming ring system with the metal ions and delocalization of electron m density. The
spectrum of [L] Fig.(5), shows sharp band at (1724 cm™) due to the v(C=0) stretching ['*!4]
this band is shifted to lower frequency because of the coordination with the metal ions. Metal
oxygen and metal nitrogen band further confirmed by the presence of peaks at (582-584 cm™)
and (425-480 cm™) range were assigned to v(M-O), and v(M-N), stretches for the Ni*?, Co*?,
Cu™? and Cd*™ complexes, respectively. Table (2). The (U.V-Vis.) Spectra:- Figs.(12), (13),
(14) and (15) display the (U.V- Vis) spectra of the Co™, Ni*2, Cu*?, and Cd"? complexes,
respectively. Table (3) summarized the absorption peaks of the complexes In each case the
spectrum showed two intense peaks in the (U.V) region at (283-247 nm) assigned to the
ligand field ['”). The spectra of (Co™?), (Ni*?) and (Cu™) complexes Figs.(12,13 and 14)
exhibited strong peaks at visible region at: (500 nm) (20000 cm™) (€max= 30 molar!. cm™),
(490 nm) (20408 cm™), (€max= 550 molar!. cm™) and (530 nm) (18867 cm™), (€max =100
molar!. cm™) assigned to (“A>—*Tip), (Ti—'Txp), PT>—Ty) (d-d) transitions respectively
suggesting tetrahedral structures % around (Co*?), (Ni*?) and (Cu*?). The strong peak at
visible region (410 nm) (24390 cm™) (€max = 600 molar!. cm™) in the Cd- complex is
assigned to charge transfer transition confirming tetrahedral structure around Cd" ionf*!
Fig.(15). The molar conductance: - The observed molar conductance value measured in
(DMSO) (10 M solution) at room temperature lies in the (70-80 S. cm? mole™!) range,
indicating their electrolytic nature with (1:2) ratio of the complexes ?>?. Table (3). The
magnetic moment The magnetic moments values of the Kz[Niz(L)(HA)2] complexes are
shown in Table (3-30). The value of p efr lies in (2.83 B. M.) of the complexes indicating
paramagnetic properties and tetrahedral geometry around (Ni'?) ion. 1241,

"H-NMR Spectrum of K>[Cdz(L)(HA):] Complex

The 'H-NMR spectrum for K2[Cd2(L)(HA)2] complex in DMSO-d® Fig.(17) showed peak
at (3 1.45 ppm-CH)(6H) attributed to two methyl groups. The quartarete signal obtained at (&
2.10 ppm-CH)(4H) due to methylene CH2 group. The doublet signal obtained at (6 2.30 ppm-
CH)(3H) due to methylene CH2 group is shifted to low field as a result of the effect of C=0
group. Another doublet signal obtained at (8 4.40 ppm-CH)(1H) is due to methylene CH2
group is shifted to low field because of the cycle effect from one side and N-H group effect
of the other side. A signal at (6 4.0 ppm)(1H) assigned to (NH) aromatic. The triplet signal at
(6 4.5 ppm-CH)(3H) assigned to methane (CH) group. This group has shifted to low field as a
result of the effect of (NH sec.) amide group. Two triplet signals assigned to CH group of
tetrahydrofuran, the first at (6 4.2 ppm-CH)(3H), and the second at (8 6.7 ppm-CH)(3H) is
shifted to low field-high frequency as a consequence of the effect of C-O group. Another
two triplet signals observed, due to the 1,3-dioxoan. The first at (6 4.3 ppm-CH)(4H). The
second signal at (8 4.9 ppm-CH)(4H) is shifted to low field-high frequency because of the
effect of C-O group. The doublet signal at (7.6 ppm-CH)(2H) due to aldimine group. A single
signal at (6 8.2 ppm-CH)(1H) due to (-CH=N) pyrazine group. A single signal at (& 8.3 ppm-
NH)(1H) due to (NH) amide group. And multiple group of resonance signals at (6 7.2-8.8
ppm-CH) range due to benzene ring. The NMR spectral data of Ko[Cd2(L)HA2] complex was
compared with the spectral data for the ligand according to chemoffes program..Table (4)
summarized the details of the chemical shifts.

BC-NMR Spectrum of Kz[Cd»(L)(HA)] Complex
The *C-NMR spectrum of the K2[Cd2(L)(HA):2] complex in DMSO-d6 solvent is
shown in Fig.(1V). The characterized resonances are listed in Table (5).
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E.S-mass Spectrum of (Compound A)

The E.S-mass (+) spectrum of compound (A), Fig.(A) shows the parent ion peak at
(M/Z=292.09), which corresponds to (M)", other fragments are summarized in Table (6).
Peak detected at [M/Z=315.1 is assigned for (M+Na)"

E.S-mass Spectrum of ligand [L]

The E.S-mass (+) spectrum of derivative ligand [L]. Fig.() ?), shows the parent ion peak at
(M/Z=791.14), which corresponds to (M) ¥, other fragments are summarized in Table (7).
Peak detected at [M/Z=814.5 is assigned for (M+Na)*

Biological Activity for the ligand (L] and its Complexes

The biological activity for the ligand (L] and its complexes were studied using inhibition
method .[2528] Four types of pathogenic bacteria two were gram positive which are
Staphylococcus aureuand Bacillus subtilis, the second two were gram negative which are
Escherichiacoli and Psedomonasaeruginosa. The ligand (L], did not show any inhibition
diameter against any type of the four bacterial, neither after 24 hrs. nor after 48 hrs., Table
(8). However complexes show more activity than the ligand under similar experimental
conditions with the same kinds of bacteria.

Thin-Layer Chromatography (TLC) Measurement

The T.L.C technique measurement for the derivative ligand (L] was performed with Co™,
Ni?2, Cu*?, and Cd*? complexes and resulted the appearance of a new spots in different
positions belong to Co™, Ni*2, Cu™, and Cd*? ion complexes this spots position are differs
from the position of the starting materials spots about (4.8 mm) range indicating the forming
of new compounds.

The Proposed Molecular Structure

The proposed molecular structure of K2[Ni2(L)(HA)2] complex according to chemoffice
program displays the band angles and band length Table (9) and the proposed geometrical
shape of the complex is tetrahedral Fig.(Y ).
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Table No. (1): The physical properties of [L]and its complexes.

Yield w.t of metal
M.W ‘l]j Ion=mmole | m.p°C Found, (Cal.) %
Compound ¢ Color C H N K metal
(Compound A) 29228 45 - 290 | Yellow And |(61.64) | (5.52) | (32.84) - )
’ Dec. white 60.41 | 5.00 32.11
[L] - Deep (51.47) | (3.82) | (12.40) | (9.89)
79185 1 30 230 | Mustered | 5070 | 3.01 | 1120 | 9.00 |
K> [Cox(L) (HA),] 0.756 270 (50.98) | (3.72) | (11.63) | (3.61) | (10.88)
1083.83 1 60 Dec. | PaleBrown |50 337 301 | 1103 | 3.1 | 901
K [Cuy(L) (HA)] 1093.05 70 0.757 240 | Pale-Brown |(50.55)| (3.69) | (11.53) | (3.58) | (11.36)
' Dec. 43.88 | 3.01 9.78 3.00 9.55
K, [Nix(L) (HA),] 1083 35 63 0.753 230 Green (51.00) | (3.72) | (11.64) | (3.61) | (10.48)
' Dec. 48.17 | 2.52 9.01 2.01 9.00
K, [Cdy(L)(HA),] 1190.78 76 0.755 260 Brown (46.40) | (3.39) | (10.59) | (3.28) | (18.88)
' Dec. 4490 | 2.42 8.00 2.60 16.65
(Calcu.): calculated (dec.): decomposed

Table No. (2): The FT-LR spectral data(wave numbervecm™! of [L]and its complexes

v(N-H) | v(N-H)
Compound | primary | Secondary | v(O- H) | v(COO")as [v(C=N)imine| V(CHs) U(C-N)arf)ma R/I/I- g
R-NH, R.-NH v(CO0Y) s v(C-N)aliph. -
- 3344(br - 1724(sh 1689.6(sh) | 1350(sh 1396(sh
[compound A] ® 1558&}3 o 1288Esh;
(L] 1444.6(sh)
. 3475(sh) - 3051(br) - - - -
2-aminophenole 3305(sh) ) 1217(sh)
K, [Cox(L)(HA),] - 3332.9(sh) - 1602.8(sh) | 1573.9(sh) | 1320(sh) | 1317(sh)
1514(sh) 1273(sh) | S84(sh)
1404(sh) 425(sh)
K, [Nix(L)(HA),] - 3£10(sh) - 1602.8(sh) | 1573.9(sh) | 1300(sh) | 1317(sh) 584(sh)
1514(sh) 1273(sh) 430(sh)
1404(br)
K [Cuy(L)(HA),] - 3319(sh) - 1593(sh) 1577.7(sh) | 1325(sh) 1350(w) 582.5(sh)
1539(br) 1276.8(br) 486(sh)
1396(s)
K, [Cdy(L)(HA)] - 3332.9(br) - 1604.7(sh) | 1573.9(s) | 1330(sh) 1349(w) 584(sh)
1541(br) 1273(sh) 460(sh)
1409.9(br)
S: strong vs: very strong m: medium w: weak s,sh: strong sharp br: broad 0.0.p: out of plane aliph: ali phatic
arom: aromatic v: stretching 8: bending
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Table No. (3): Electronic spectral data and conductance measurements of the ligand
and complexes.

Compound A nm em! | €m molar. M.C*(ohm'.c
p v em?! . m’mole') | Geometrical | Solvent | Ratio
Assignment
shape
215 | 46511 700 n—¥ - - - -
[L] 281 | 35587 688 n—n*
346 | 28901 182 n —>*
YAY Yoyye You.
Ligand field 77 Tetrahedral | DMSO 1:2
418 | 23923 401 A= "Typ)
Kz[COz(L)(HA)z]
436 | 22935 416 A= "Typ)
500 | 20000 30 A T
247 | 40485 2421 Ligand field 76 Tetrahedral | DMSO 1:2
418 | 23923 457 T—'T,
K,[Nin(L)(HA),]
436 | 22935 474 T T
490 | 20408 550 T T
254 139370 2452 Ligand field 80 Tetrahedral | DMSO 1:2
420 |238092 400 T
Ka[Cux(L)(HA),]
437 | 22883 433 ’Ty—Ts
530 | 18867 100 T—°T,
YVe [ YVayyY o0 Ligand field 70 Tetrahedral | DMSO 1:2
K5[Cdy(L)(HA),]
410 | 24390 600 Ch.T

Table No. (4):'"H-NMR Spectral data of K>[Cd2(L)(HA):]

Group H 8 ppm
Methane Cay-H 4.5
1,3-dioxolan Coo.10-H 4.3-4.9
Tetrahydrofuran Caig-H 4.2,6.7
1-benzene Capsa....H 7.2-8.8
Aldimine Ca-H 7.6
2-pyrazine Cpe-H 8.2
Methylene C83928-Ho 2.10,2.30, 4.40
Methyl Cas,14-Hs 1.45
Aromatic C-NH C3-NH 4.0
Amide C9-NH 83
DMSO solvent 2.5
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Table No. (5):'3C-NMR Spectral data of K>[Cd2(L)(HA)]

Group (ol 3 ppm
Aliphatic Coy 1ye
Pyrimidine C 2522 178,)VY
Benzen C (L6192, 148,120,147,132,131
Pyrazine C (232724 145, 149,150, 146
Amide Cps) 169
Carboxyl C3640) 177,167
DMSO solvent 29
Imine CH (7 164
Benzen CH 25,1517....) | 123,113,127,109,116,126,129,132,104
Tetrahydrofuran |CH (11,1098 78,92,73,95
Aliphatic CH @) 57
Pyrazine CH (26 144
Aliphatic CH; (28,3839 24,26
Aliphatic CH; (13,14 23

Table No. (6):E.S-mass spectral data of (compound A).

Fragment Ions Mass/charge (m/z) | Relative abundance
M]* 292.09 30
[M-{COH }]" 264.2 15
[M-{ COH-CH, }]* 250.2 55
[M-{ COH-CH,-CH,}]" 236.0 32
[M-{ COH-CH,-CH,- CsH,0;}]" 121.0 62
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Table No. (7):E.S-mass spectral data of [L].

Fragmentations Mass/chr-ge (m/z) | Relative abundance
[M]* 791.14 22
[M-{C;H,0, }1 671.11 20
[M-{C;H40,-C,HKO, }1* 575.2 18
[M-{C;H40,-C,HKO, -C¢Hs05}]" 447.0 25
[M-{C;H40,-C,HKO, -C¢Hs05-C,H;N}]" 406.08 21
[M-{C;H40,-C,HKO, —C¢HsO3-C,H3N -CsN,O}]* 274.0 8
[M-{C;H,40,-C,HKO, —C¢H30;3-C,H;N -CsN4O —~C,HsN}]* 231.0 32
[M-{C;H40,-C,HKO, —CsHs03-C,H;N -CsN,O —C,HsN-CsH, }]* 169.0 40
M-{C;H40,-C,HK O, ~CsHs0;-C,H;N -CsN,0 —~C,H;sN-CsH,-C,H;NO }1 111.9 19

Table No. (8):Inhibition circle diameter in millimeter for(compoundA),ligand[L] and
complexes after 24 hrs.,and after 48 hrs.

Staphylococcus aureu | Pseudomonas aeruginosa Bacillus subtilis Escherichia coli
Compounds
24 hrs. 48 hrs. 24 hrs. 48 hrs. 24 hrs. | 48 hrs. 24 hrs. 48 hrs.
(Compound A) and [L] 0 0 0 0 0 0 0 0

Ks[Cox(L))(HA)] 20 22 . . 18 17 18 18
K5 [Niy(La))(HA),] 20 19 12 12 17 18 10 10
Ko[Cux(L)(HA)] 15 17 . 10 15 15 17 16
Ko[Cda(Lz)(HA)] 20 24 15 16 18 19 14 13

Table No.(9):The propsed bond lengths and bond angles of K>[Cd2(L)(H A):]complex.

Bond length (A”) Bond length (A%)
Type of bond Type of angles

1.790 O-Ni-O 180.000
Ni-O
Ni-N 4.434 O-Ni-N 77.183
N-H 1.050 Ni-O-C 109.500
C-H 1.100 H-N-Ni 126.702
C-N 1.260 N-Ni-N 158.914
Cc-C 1.395 Ni-N-C 52.614
C-0 1.208

(A")= Angstrom,, (")= degree
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Where M=(Co", Cu", Ni", and Cd'?)

Figure No. (1): formation of complexes

Figure No.(2) : The L.R. spectra of the four steps of forming (compound A)
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Figure ( 11) The U.V-Vis Spectrum of derivative ligand [L]
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Figure ( 12 ) The U.V-Vis Spectrum of Kg[Coz(L)(HA)z] complex Figure (13 ) The U.V-Vis Spectrum of Kg[Nig(L )}(HA)z] complex
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Figure (14 ) The U.V-Vis Spectrum of Kz Cuz(L)(HA)zJcomplex Figure ( 15 ) The U.V-Vis Spectrum of Ka[C do(L) (HA)z]complex
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Figure No. (1 ): "TH-NMR Spectral data of Kz[Cdz(L)(HA)2]complex
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Figure No. (\V): "C-NMR of K;[Cd2(L)(HA):]complex.
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Figure No. (2+) :The proposed molecular structure of K;[Ni2(L)(HA):] complex
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