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HETEROCYCLO-SUBSTITUTED SULFA
DRUGS: PART XI. NOVEL BIOLOGICALLY
ACTIVE N-(PIPERIDINO-, MORPHOLINO-,

PIPERAZINO-) DITHIOCARBAMYL-AZO
DYES AND THEIR CHELATES

IBRAHIM M.A. AWAD"

Department of Chemistry, Faculty of Science, University of Assiut,
Assiut, 71516, Egypt

(Received December 07, 1999; In final form February 16, 2000)

A Series of novel azo-sulfa drugs of piperidino-, morpholino-, mono-, and bis-piper-
azino-N-dithiocarbamyl-azo dyes (la-h — IV a-h) are synthesiezed via a reaction of 4-[(4’-het-
erocyclo-substituted) suflamoy! and/or sulfonyl] benzenediazonium salts with N-piperidino-,
N-morpholino-, mono-, and bis- N-piperazino- dithiocarbamate sodium salts in acid medium
to afford the corresponding azo dye legands. Interaction of these ligands with metal salts:
iron(II1), copper(1) and mercuric(II) chlorides in ethanolic solution afforded the correspond-
ing metal chelates (I'a-h — ‘IVa-h), (I"a-h — “IVa-h) and (I"“a-h — “IVa-h). Ligands and their
metal chelates are characterized by microanalysis, IR, UV-Vis H-NMR spectroscopy and are
screened in vitro for their antimicrobial activities. Chelation of ligands induces a remarkable
increase in their antimicrobial activity.

Kevywords: N-(piperidino-mrpholino-piperazino-) dithiocarbamate azo dyes; chelation; bio-
logical activity

INTRODUCTION

Heterocyclo-substituted sulfa drug compounds containing azo group are of
great value due to their usefulness as models for therapeutic effects and
biological systems (antifungal, antibacterial)lhaving anticancer, antimalar-
ial, antitubercular, anti-inflammatory properties,z_5 strong chelating
agents for occupational poisoning by metals®’ and are used as antidotes
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for chronic metal intoxication arising from therapy or household
contamination®®. Optimum dosages of these antidotes circulate in the
blood-stream without much depletion of the body’s essential heavy
metalsS. Moreover, the azo compounds occupy a scientific position as
excellent azo dyes, and as analytical reagentsm‘lz. It is also reported that
the replacement of hydrogen of the SO,NH, group by heterocyclic amines
enhances the fungicidal and bactericidal activity '3,

Deferoxamine mesylate is selective for iron with little or no effect for
other metals. It is nontoxic and has been used in the treatment of hemo-
chromatosis and as an effective antidote for the treatment of acute iron
poisoning in children®.

In continuation of our interest in heterocyclo- substituted azo sulfona-
mide derivatives, we report the synthesis and charactersation of novel azo
dye sulfa drugs based on N-piperidino-, N-morpholino-, N-piperazino-
dithiocarbamate sodium salt moieties'*!3 to give N-piperidino-, N-mor-
pholino-, N-piperazino- dithiocarbamyl azo dye ligands and their com-
plexes with some transition metals ions: Fe*3, Cu*2, Hg*2. Our aim is also
to test the change in the antimicrobial activity of azo dye ligands on chela-
tion with these metals.

EXPERIMENTAL

All chemicals and solvents were reagent grade. The infrared spectra were
obtained in KBr pellets by a Shimadzu IR 470 spectrophotometer.
'H-NMR spectra were recorded on a Varian EM-390 MHz instrument in a
suitable deuterated solvent (F3CCO,H) using TMS as internal reference.

Synthesis of piperidino-, morpholino-, and mono-, bis-,
piperazino-N- dithiocarbamate sodium Salts (I - IV)

The sodium salts of these compounds were prepared by treating piperid-
ine, morpholine and/or piperazine (reagent grades) in cold and dry diethyl-
ether with carbon disulfide and adding sodium hydroxide solution with
vigorous stirring over a Sh period. molar ratio: (cyclic amine): (CS,):
(NaOH) = (1) : (1) : (1). The crude products were recrystallized from iso-
propyl alcohol.
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Preparation of p-[(p’-Heterocyclo-Substituted) Sulfamoyl
and/or sulfonyl] benzenediozonium chlorides

The diazonium salts were prepared by diazotization of p’-(aminosulfo-
nyl)-aniline, p’-(acetyl aminosulfonyl) aniline, p’-(guanidinyl sulfonyl)
aniline. p’-(2”-pyridyl aminosulfonyl) aniline, p’-(2”-pyrimidy! aminosul-
fonyl) aniline, p’-(2”-(4- methyl) pyrimidyl aminosulfonyl) aniline,
p’-(2”-(4,6- dimethy!l) pyrimidyl- aminosulfonyl) aniline, p’-(2”-thiazolyl
aminosulfonyl) aniline, p’-(2”’-methoxazolylaminosulfonyl) aniline, (0.01
mol) dissolved in a mixture of acetone (20 ml) and 80 ml of 60% pure
hydrochloric acid with sodium nitrite (0.7g, 0.01 mol) at 0 — 5°C with vig-
orous stirring over an 8 h period.

Synthesis of p’-[(p’-heterocyclo- substituted)-N-(piperidino-,
morpholino-, (mono) — and (bis) — piperazino-)]
phenylazo dithiocarbamate dyes (Ia-h — IV a-h)

To ice cold solutions of N-piperidino-, N-morpholino., and/or N-piper-
azino- dithiocarbamate sodium salts (1, 83, 1.85, 1.84, 2.92g, 0.01 mol) in
25 ml of 50% sodium hydroxide solution, a cold hydrochloric acid solu-
tion of the diazonium salt was added dropwise with stirring. The reaction
mixture was further stirred and kept at 0 — 5°C for 7h followed by addition
of 5% aqueous sodium hydroxide to pH 7, when a yellowish brown precip-
itate separated, excess of cold water was added. The product was col-
lected, washed well with water, and recrystallized from ethanol (Table I).

Synthesis of iron(III), copper(Il) and mercury(Il), azo (piperidin-,
morpholin-, mono-, and bis- piperazine-)-N-yl dithiocarbamate
chelates (I'a-h — I'V’a-h) (I"a-h — IV”a-h) and (I'’a-h — IV”’a-h)

A boiling solution of the appropriate azo {(heterocyclo-substituted)-pipe-
ridino-, morpholino-, momo- and bis- piperazino- N-yl dithiocarbamate-
azo dye ligand (0.01 mol) in a mixture of ethanol and dilute acetic acid 5%
(5:1) was added dropwise with stirring to a solution of the given metal salt
(0.01 mol): ferric chloride, copper chloride and mercuric chloride in etha-
nol (40 ml). Stirring was continued for 30 min at 80 °C. The reaction mix-
ture was cooled and the precipitate was filtered, washed throughly with
distilled water, dried and recrystallized from ethanol and dried over P40,
(Table II).
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PHYSIOLOGICAL ACTIVITY

Antibacterial and Antifungal Activity

All the newly synthesized legands and their chelates were tested in vitro
for antibacterial and antifungal activities which were measured by using
the disc-diffusion method®>3%. The tested compounds were dissolved in
sterile N, N-dimethyl formamide (reagent grade) and added at a concentra-
tion of 0.5 mg/ disc. (Whatman No. 3 filter paper, 0.5 Cm diameter). The
antibacterial spectrum was tested with six strains of bacteria, namely: Ser-
ratia marcescems (DSM/608), Bacillus cereus (DSM 345), Pseudomonas
aerginosa (DSM 1299), Micrococcus roseus (DSM 348), Klebsiella pneu-
moniae (DSM 581 ) and Staphylococcus aureus (DSM 346). Also, the anti-
fungal effect was tested with three species of fungi, namely: Aspergillus
flavus (Link Aucc 164), Penicillium chrysogenum (thom Aucc 530) and
Alternaria alternata (Fries Keissler Aucc 1110). The culture medium for
bacteria was normal nutrient agar (NA) (composed of beef extract, 3g pep-
tone, 5g agar, 15g/L and adjusted to pH 7 before sterilization at 121 °C for
30 min). Glucose-Czapek’s agar medium, (NaNO;, 2g; KH, POy, 1g; Mg
SOy. TH,0, 0.5g; KCI/ 0.5g. glucose. 10g; agar, 15g/L of distilled water)
was used for fungi. The inoculated plates were incubated at 37+1°C for
24-48 h in the case of bacteria and at 28 °C for 7-8 days in the case of
fangi. The inhibition zones of microbial growth produced by different
compounds were measured>>.

RESULTS AND DISCUSSION

On the basis of our previous studies of heterocyclo-substituted azo dye
sulfonamide derivatives'6-32 with observations on their antimicrobial
importance prompted us to synthesize a novel series of azo-sulfa drugs
derived from N-(piperidino-, morpholino-, mono- and bis piperaziono-)
dithiocarbamic acid moieties.'62% The compounds were synthesized via
the reaction of 4-[’4-heterocyclo-substituted) sulfamoyl and/or sulfonyl]
benzene diazonium chorides with N-(piperidino, morpholino-, piper-
azino-) dithiocarbamate sodium salts (I — IV) in acid medium to afford
4-['4-heterocyclo-substituted) sulfamoyl and/or sulfonyl] phenyl
azo-S-dithiocarbamyl-N-piperidine, N-morpholine, mono-, and bis- N-
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piperazine dyes (Ia-h — IV a-h). Heterocyclo-N-dithiocarbamate sodium
salt can be represented as:

)1—5
/ \ / 2 “
X N—H + CS; + NaOH — s '2)”552'“ x\—/q—c\+ 5 Na
'S
(—)?5
I—1)
X S
I CH: Piperidine
II 0] Morpholine
I NH Piperazine (mono)
IVv. N Piperazine (bis)

The metal chelates are prepared via the reaction of ligands (Ia-h — [Va-h)
with metal chlorides in ethanolic boiling solution (equal-molar ratio) to
give iron chelates (‘la-h ~ ‘IVa-h), copper chelates (“Ia-h — “Va-h) and
mercury chelates ("’Ia-h — "“IVa-h) as new chelated compounds containing
heterocyclo-N-dithiocarbamyl-S-azo moieties and heterocyclo-substi-
tuted sulfamoyl and/or sulfonyl moieties. The aim was to study their bio-
logical activities and to ensure a wide variation in their electronegativity,
solubility, antitubercular activity and their chemical properties.

Ligands are reddish to yellowish brown, while their metal chlates are
reddish yellow to pale greenish brown crystalline powders, which were
confirmed by some representative IR spectra (Table III) and 'H-NMR
spectra (Table IV) along with microanalysis data (Table LII).

Generally, the synthesized azo compounds displayed a prominent maxi-
mum UV absorption at 510-520 nm, in addition to other maxima at differ-
ent wave-lengthes depending upon the structure type of (R) substituents.
Comparatively, the UV absorption characteristics are in good agreement
with the recently reported data.>! However, this absorption maximum has
been shifted to slightly lower wave-lengths 455485 nm for iron, copper
and mercury chelates. This hypsochromic shift may be attributed to the
contribution of electrons of the chromophore (-N =N-) azo group and
chromophore ("C=S) thio group of dithiocarbamates in chelate formation.
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TABLE IV 1H-NMR Spectra of Some Piperidino-, Morpholino- and mono-, bis- Piperazino-
Dithiocarbamyl Azo-Sulpha Drugs and Their Chelates in CDCly (Chemical Shifts) in & ppm

Cyelic gpine
Compd. Aromatic SO,NH CH;._ Sulpha s I\N \N-H
No Prowtons (m) (s) (s) CHy-CHy /
(t)
Ib  720-782(@4H) 875(1H) 2.35(3H) X =CH, -
2.70 - 2.85
‘Ib 7.40-8.08 (4H) 8.70(1H) 2.30 (3H) (21, 4H, 2a CH,) -
“Ib  7.35-8.08 4H) 865(IH) 2.32 GH) (213;53 ‘2825}{2) .
3.85
“Ib  4.70-808 (4H) 8.65(IH) 2.30(3H) (t, 2H, YCHy) -
piperidine
b 7.51-775@H) 872(I1H) 2.25(3H) X=0 -
2.70 - 2.80
b 7.25-7.85(4H) 8.70(1H) 2.20 3H) (21, 4H, 20 CH,) -
" 3.35-3.65
Ib  7.30-7.80 (4H) 8. ; -
b (4H) 8.68 (1H) 2.20(3H) (21, 4H, 2p CHy)
b  7.30-7.80(4H) 8.65(1H) 2.22(3H) Morpholine -
6.80-7.00 (3H)
11 0] 8.85 (1H) - 9.95 (1H)
7.50-8.30 (4H)
ma 7T e (H) X =NH 9.90 (1H)
. - 2.65-2.78 :
7.60-8.40 (4H) (21, 4H, 20, CHy)
3.30-375
6.70 - 7.20 (3H)
41101 8.75 (1H) - (21, 4H,2BCHy) 980 (1H)
7.85 — 8.50 (4H) Piperazine (mono-)

6.65 - 7.25 (3H)
"11ld 8.75 (1H) - 9.85 (1H)
7.75-8.85 3H)

IR spectra of ligands and their chelates confirmed the structures by the
presence of this azo group (-N = N-) band at 1565 Cm™, asym and sym
(80, NH) band at 1360 Cm~!, and 1140 Cm™". In addition, the attachment

of the ligands to the Fe*3, Cu*?, Hg*?metal ions are manifested by the

appearance of two coordinate bands v (M«S) at 355 Cm‘l, and v (M&N)

/N
—1 .y
at 360 Cm™ through the :N_E\ ,E dithiocarbamyl group and azo

e

group-N=N- forming more stable six-membered rings than five-membered
rings.
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'HNMR spectra of some representative compounds using deutrated sol-
vent (CDL3) are in good accordance with the proposed structures, and the
following signals were assigned for compounds (Ia — "’Ia) as: § 7.20-7.82
(m, 4H, aromatic protons), & 8.75 (s, 2H, SO,NH,), 8 2.70-2.85 (2t, 4H,
20.CHy), 8 3.55-3.70 (2 t, 4H, B.CH,), & 3.85 (t, 2H, y CH,) for piperidine
ring (Table IV). The metal to ligand ratio in both iron, copper, mercury
was found to be 1 : 1 as indicated by elementary analysis for nitrogen and
sulfur (Table I, 2).

BIOLOGICAL EVALUATION

Antibacterial Activity

The results obtained from antibacterial effects indicated that all synthe-
sized compounds [(Ia — IVa) — (Ih — IVh)] ligands and their chelates [('Ta —
"IVa) — ('Ih — ""IVh)], exhibited pronounced activities against all bacteria
used (inhibition zones ranged from 2.0-25.5 mm). On the other hand, lig-
ands of heterocyclo amine dithiocarbamy! azo dye derivatives are compar-
atively more active and have ware remarkable effects than the free
p-amino-benzene sulphonamide derivatives (normal sulpha drugs) against
Micrococcus roseus, Pseudomonas aeruginosa and Staphylococcus
aureus. Furthermore, 1,4-bis-piperazino- dithiocarbamyl ligands and their
iron and copper chelates exhibited clear activities against bacteria used.
Interestingly, mercury chelates of all ligands [("la — ""IVa) — ("’Ih —
”’IVh)] exhibited particularly strong effects against all bacteria used (inhi-
bition zones ranged from 8.5 — 25.5 mm.)

Antifungal Activity

The synthesized compounds (ligands and their chelates) also possessed
excellent antifungal activities (inhibition zones ranged from 4.0 — 14.0
mm). Ligands (Ic — I'Vc), (Id - IVd) and (Ih — IVh), and their chelates [(‘Ic
—IVc) — ("Ic = "IVc)], [('Id - “IVd) - ("’I1d - ""1Vd)] and [('Th — ‘IVh) —
("’Th — "”IVh)] indicated high activity against Penicillium chrysogenum.
Furthermore, ligands (Ie — I'Ve), (If — IVf), (Ig — IVg) and their chelates
[(Te - 'TVe), ("’Te — "'Tve], [('Tf — ‘IVE) — ("'If - "”IVD)] and [('Ig — ‘Tvg) —
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Equation I1

("’Ig — ""IVg)] have more potent effects against Alternaria alternata. On
the other hand, all mercury chelates have potent effects (inhibition zones
ranged from 9.0 — 14.0 mm) against all fungi tested (Table V).
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