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ABSTRACT

In this study, we describe the synthesis of 1,2,3 and 4 tetrazoline derivatives from D-Mannitol. The initial step of the synthetic route
involved obtaining azido D-Mannitol (ATNs) as an intermediate by treating 1,2:5,6-Di-O-isopropylidene-3,4-di-p-tosyl-D-Mannitol AT
with sodium azide. The intermediate (ATN3) was subsequently reacted with Schiff base derivatives (BS;; BS;), leading to formation of
1,2,3 and 4-tetrazoline. The last two deprotected products (DS; and DS;) were synthesized through the hydrolysis of acetal groups with
dilute solution 15% AcOH. The synthesized compounds were characterized by FT-IR, 1;H-NMR and3C-NMR spectroscopy alongside
Thin Layer Chromatography (TLC). The DPPH radical scavenging assay was used to assess antioxidant potential. Results indicated that
derivatives DS and HS; are extremely potent antioxidants"Very Active," classifying them with ICso of 0.42, and 4.31 pg/mL respectively,
DS; presented a potency more than 10-fold superior to the ascorbic acid standard with fast and stable kinetics in the first 5 minutes.
The results indicate that these derivatives of tetrazoline are potentially useful for further pharmacology investigations.

Keywords:1,2:5,6-Di-o-isopropylidene-3,4-di-p-tosyl-D-Mannitol,1,2,3,4-tetrazoline , azide , schiff base ,isopropyliden. DPPH.

INTRODUCTION

Methods: D-mannitol is a common naturally-occurring crystalline alditol that has been widely used both as a low-calorie
sweetener and as clinical osmotic diuretic to lower in intraocular pressure [1-5]. At the same time, 1,2,3 and -4
tetrazolines are important five-membered nitrogen heterocycles that can serve as well-diversified precursors for organic
synthesis through Huisgen rearrangement [6]. Such rings have attracted much attention in medicinal chemistry for their
various biological activities such as antibacterial [7], anticonvulsant [8] or anti-HIV activity [9-12]. Two new tetrazoline
derivatives containing D-Mannitol moieties incorporated with azo-Schiff bases of sulfadiazine were synthesized in this
work. The compounds synthesized were screened for antioxidant properties by using DPPH (2, 2-diphenyl-1-
picrylhydrazyl) radical scavenging assay. This is a chemical test that relies on the ability of tested compounds to quench
stable DPPH free radicals, resulting in deep violet color change towards pale yellow. Spectrophotometric monitoring of
the decrease in absorbance at 517 nm was used to monitor dissolution of radical concentration [13-16].

Material and Methods

Chemicals
All the chemicals were Merck-group- BDH and Fluke —German from in Sialkot used in this study.

Laboratory devices
The derivative compounds were characterized by Fourier transform infrared spectroscopy (FT.IR) (Bruker\ OPUS_7.5.1.8,
Germany). .1H-NMR were recorded on Fourier transform Varian spectrometer, operating at 400 HZ.

Synthesis Methods

1-Preparation of the 1,2:5,6-Di-o-isopropylidene-3,4-bis-p-tosyl-D-Mannitol[AT] [17].

A solution of 1,2:5,6-Di-o-isopropylidene-D-Mannitol (3.3 g, 12.5 m mol) in dry pyridine (65ml) and p-toluene sulfonyl
chloride (3.68 g, 23.7mmol) was added at room temperature after 6h.The mixture was poured into ice-water (400ml) and
the crystalline product separated out and filtrated off, washed carefully with cold water which dried over anhydrous
calcium chloride in desiccators under reduced pressure .After re-crystallization from methanol, to give [AT]
compound.
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Chemical Formula [AT]:C72H70N20014S2, Molecular Weight: 306.42, Yield= 61 %, white ppt m. .p-(109-111C°), R = 0.42
(4:1 ethyl acetate: n-hexane), time of reaction= 6 hrs.

2-Preparation of the 1,2:5,6-di-o-isopropylidene-3,4-diazido-D-Mannitol [ATNs] [18].

To the solution of 1,2,5,6-Di-o-isopropylidene-3,4-bis-p-tolyl sulfonyl-d-mannitol [AT] (1.2g ,2.5mmole) in N,N-Dimethyl
formamide (2ml), water (1.5ml) ,sodium azide (0.325, 5mmol), and urea (0.8 g,10.5mmole),were added. The mixture was
heated for (27h) at 110C°under nitrogen atmosphere. The cooled solution was poured into ice water (600ml),and then
was extracted with chloroform(3x10ml).Organic Layers were combined and washed with aqueous sodium bicarbonate
(10ml), and dried over anhydrous magnesium sulfate .The solvent was evaporated under reduced pressure to

give[ATNs]compound .

Chemical Formula [ATN3s]:C10H20N6O4, Molecular Weight: 288.31, Yield = 73 %, gray gummy, Rr= 0.47 (1:4 ethyl acetate:
n-hexane), time of reaction= 27 hrs.

3-General procedure of synthesis of 4-amino-N- (pyrimidin-2-yl)-3-(p- tolyldiazenyl) benzenesulfonamide [B] [19].

A solution of p-toluidine mixture (1.06 g, 0.01 mol) with hydrochloric acid concentrated (4 mL) and distilled water (20
mL); cooled to 0°C using ice-water bath apparatus was prepared first in a beaker; Then, a solution of sodium nitrite (0.68
g, 0.01 mol) in distilled water (6 mL) was added dropwise with stirring to yield the corresponding diazonium chloride .
Sulfadiazine (2.5 g, 0.01 mol) were dissolved in sodium hydroxide (2 g) and distilled water (20 mL). The production
reaction is kept at 0 °C in the ice-water bath. The cold diazonium chloride solution freshly produced (15 mL) was added,
during strong stirring after each addition in the sulfadizine solution to couple efficiently. The reaction mixture was stirred
at 0 °C for an additional 15 min after complete addition.

The brown precipitate that formed was filtered, washed with water to give compound [B] as a solid which was dry in air
and then purified through recrystallization from ethanol into compound [B].

Chemical Formula:C17H16N602S,Molecular Weight:368g\mol, yield 78% , m.p = (258) C° Brawn ppt., and Rf

=(0.74).

4- Synthesis of Schiff bases derivatives [BS1-BS:] [20].

The azo compound [B] (0.01 mol) was added to a solution of vanillin or p-hydroxybenzaldehyde (0.01 mol) in absolute
ethanol (40 mL). Two drops of glacial acetic acid were also added to the reaction mixture. The mixture was refluxed for
23-25 h.

The formed precipitates were collected by filtration, dried, and recrystallized from ethanol. The progress of the reaction
was monitored by thin-layer chromatography (TLC) using ethyl acetate:cyclohexane (4:1) as the eluent system, confirming
the formation of compounds [BS:1—BS>].

Chemical Formula [BS1]:C2sH22N604S;Molecular Weight:502,Yield=67%,brawn ppt.,m.p. = (274-276)°C, R =0.45 (4:1
ethyl acetate: n-hexane), time of reaction = 23 hr.

Chemical Formula [BS2]: C2aH20N60sS; Molecular Weight: 472.Yield= 71 % ,orange ppt. ,m.p. =250°C dec, Rf =0.34 (4:1
ethyl acetate:n-hexane),time of reaction = 25 hr.

5- Synthesis of 1,2,3-tetrazoline derivatives[HS: and HS:] [21].

To a solution of azido sugar (ATN3) (0.01 mol) in DMSO: D.W.(1:1), the chalcone derivative [Bchi-Bchs] and schiff base

derivative [BS1-BSs] (0.01mol), cupric sulfate pentahydrate (1.78 mol, 0.444 g) and sodium ascorbate (1.78 mol, 0.35 g)

were added, and the mixture was refluxed. The reaction controlled by TLC (ethyl acetate: cyclohexane 1:4). The solvent

was reduced by a rotary evaporator, extracted by CHCls, the organic layer dried by anhydrous sodium sulfate (Na250a),

filtered, and the solvent was removed in vacuum. The crude material was purified by flash column chromatography (ethyl
acetate: hexane 1:1).

Chemical Formula [HS1]:C74H76N18014S2, Molecular Weight:1505.65, Yield= 62 %, brawn ppt, m.p. = (105 dec)°C,Rs= 0.35
(4:1 ethyl acetate: n-hexane), time of reaction= 105 hrs.
Chemical Formula [HS2]:C72H72N18012S2; Molecular Weight: 1445.60, Yield=70 %, brawn ppt, m.p. = (108dec)°C, R=0.32

(4:1 ethyl acetate: n-hexane), time of reaction= 117 hrs.

6-General procedure for de-isopropilidine of compounds [DS: and DS:] [18]
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mol) isopropidine-sugar [HS: an 2] dissolved in mL) dilute acetic aci 6 stlrre -until disappearance o
(0.01 mol) isopropidi gar [HS1 and HS:] dissolved in (30 mL) dil d(lS‘V) d | disapp f

starting material from TLC.added cold D.W., extracted, organic layer dried over NazS\On,\ and reduced in vacuum to
.
~

\.

give[DS1-DSs).
Chemical Formula[DS1]:C70HesN18014S2, Molecular Weight: 1449.55, Yield= 60 %, orange ppt, rﬁp. = (118 dec),R= 0.41

(4:1 toluene: ethanol), time of reaction= 125 hrs.
Chemical Formula[DS:]:CssHsaN1801252;Molecular Weight:1389.49,Yield=72 %, orange ppt, m.p. = (112 dec),Rs = 0.32

(4:1 toluene: ethanol), time of reaction= 45 hrs.

Scheme of reactions:
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Scheme 1: Synthesis of D-mannitol bistetrazoline

Antioxidant assay
Preparation of solutions [22]
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DPPH radical solution (3mg/100mL) was prepared by dissolving DPPH in methanol é\nd,d‘ilu';iﬁ‘g"co 1000 mL in avolumetric
flask. Stock solutions of the tested compounds(DSi- HS1) 75 pg/mL were prepared similarl\y;s__ub-stock solutions (50 pug/mL
and 25 pg/mL) were then prepared by diluting the corresponding stock solutions to 10 mL Wl‘th}_\methanol.

Determination of inhibition and 1Cso[23]
Equal volumes of the sample solutions (50 pg/mL 25 pg/mL )and DPPH solution were mixed. After incubation for 5, 10,

and 15 min, the absorbance was measured at 517 nm. % inhibition of activity of DPPH = %*X 100.......
equation (1)

Where A is the control (DPPH and methanol) absorbed density and B is the sample absorbed density.

The concentration required to inhibit 50% of DPPH radicals (1Cso) was determined from the inhibition curve.

RESULTS AND DISCUSSION
Compound [AT] Compound[ATNs] showed appearance (UCH aiiph.)
TheF.T.l.R spectrum showed disappearance of the OH 2933,2980(S02asy &sy) 1373 ,1160, (UC-O-C) 1093, (UNs)
bond absorption at 3406 cm*and appearance : (UCH aiph.) 2115,1068, (UC-N) 1263 .see figure (2).
2989, 2922,(uSO2asy &sy) 1372,1160,(uC-O-
C)1058.seefigure(1). D i

MWoswaney . .!6?-
23 N, o/\’
| =
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OST O/— unee
A A \o ; : i E -
Qe ILZ R R
\/0 ‘‘‘‘ osT Figure (2): F.T.I.R spectrum of compound (ATN3)
Figure (1): F.T.I.R spectrum of compound (AT)

Compounds[B]
The FT-IR spectrum showed the appearance (N=N) 1435 cm™,(NH2 amine sutfonamide ) 3348, (U N-H pyrimidine )3252, (U
CHar.)3029 , (u C=N) 1647, (U C=C aromatic ) 1489(uC-N)1255, (u N=N) 1435,(uC-S) 801, (USO2asyasy) 1317,1146, (U CH3 methyl
group) 2933,2863.see figure (3).
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Figure (3) : F.T.I.R spectrum of compound [B].

Compounds [BS:and BS:]

FT-IR spectra of compounds [BS:1—BS:] displayed a typical absorption band between 1580 and 1655 cm™, which was
assigned to stretching vibration (C=N) in imine. The other absorption bands appeared in the range between 3420-3252
cm™ was attributed to stretching vibration of secondary sulfonamide (N-H) group. The relevant spectral changes provide
compelling support for the successful preparation of these Schiff base compounds. The main functional group
absorptions are media-specific and summarized in Table (1). FT-IR spectra (KBr,cm™) of [BS1—BS2] Compounds are showed
in Figures(4-5).
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Table (1): FT-IR bands of compounds (BS1-BSz) TR T

Com o(CH)a u(CH) o(NH) | 0(SO2m558) u(C=N) | u(N=N) | u(C-S) | u(c-N)™ Others

P. aliph. imin

BS: 3034 2866 | 3252 | 1319-1146 1580 1437 676 1261 (u OH) 3355

2934 U(Ar-OCHs)
:2866
BS2 3033 2921 3420 | 1320,1146 1655 1492 677 1277 (u on) 3354
2857
, ¢ mpenen

Transmance [%|
b

Fage 11

Figure (4): F.T.I.R spectrum of compound [BS1] Figure (5): F.T.I.R spectrurr_1 of compouﬁd [BS2]

Compounds [HS:1 and HS:].

New series of 1,2,3,4-tetrazoline derivatives [HS1 and HS:2] via the reaction between azide compound (ATNs) with
substituted Schiff bases (BS: & BSz) in presence of CuSO4-5H,0 and sodium ascorbate using a catalyst system to give
1,2,3,4-tetrazoline derivatives.

The FTIR spectrum shows Compounds (HSiandHS;) identified by the disappearance of peak at 2108cm™ for the azide

group for starting materials (ATN3) and the appearance peaks for new tetrazoline derivatives as shown in table (2) and
figures (6-7)

Table (2): Infrared spectra data for compounds [HS1 and HS:]

Comp.No NH v(C-H) v(C=C) v(N=N) v(C-N) Others
Aliph
HS1 3252 2934- 1593 1437 1261 u(OH)3355,
2866 u(ArOCH3)
Str. : 2866
HS2 3420 2981- 1593 1492 1263 u(OH)3288
2933
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Figure (6): F.T.I.R spectrum of compound (HS1)  Figure (7): F.T.I.R spectrum of compound (HSz)
Compounds [DS: and DS:].

General de-protection of compounds [DS: and DS2]by using dilute acetic acid (15%).The FTIR spectroscopy shows the
appearance of hydroxyl peak in (3327-3300) cm™.The other bands are shown in table (3) and figures (8-9.

Table (3): FTIR spectrum data of compounds [DS:and DS:]

Comp.No L(OH) | u(CH) U(CH) | u(C=C) | u(N=N) uS0: v(C-N) Others
U(NH) aliph.
Ar. asy&sy.
2983 1508 136911 1257 U(Ar-OCHs) Str. :
DS:1 3327 5931 3064 1597 78 2931
2981 1489 1371 1261 -
DS, 3300 5931 3062 1593 1180
Slonimanyy 1 semnanyy

N < AN N//
HDCD N\;A\:{N N = %:? . TO—E—N ] S_N‘(\} " . .
Figure (8): F.T.I.R. spectrum of compound (DS1) Figure (9): F.T.I.R spectrum of compound (DS2)

HNMR (400 MHz, DMSO-d6)[DS1]8(ppm) :11.57(NH-S0), 8.56 ( OH,CH- tetrazoline rings), 7.87 -7.90 (Ar-H), 3.17 (sugar
backbone protons CH, CH2 )4.57 (OH sugar backbone protons), 2.30 (CHs). See figure(10).

IHNMR (400 MHz, DMSO-d6)[DS2]8(ppm) :11.35(NH-S0), 9.17 ( OH,CH-tetrazoline rings), 6.5-7.8 (Ar-H), 3.3 (sugar
backbone protons CH, CHz),5.2(OH sugar backbone protons), 2.58 (2CHs). See figure (11).
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Figure (10 ): *tHNMR spectrum of compound (DS:1) Figure (11): *HNMR spectrum of compound (DS2)

13C-NMR (400 MHz, DMSO-d6) §(ppm) [DS1] :169.98, (C=N), 116.16- 149.65 (Ar-C), 85.32 (N-CH-N,tetrazoline),65.64-
78.5(sugar carbons),40.19 (N(CHs overlapping with solvent),21.61 (Ar-CHz) , See

figure(12).

13C-NMR (400 MHz, DMSO-d6) &(ppm) [DS:] :169.98, (C=N), 116.16- 149.65 (Ar-C), 85.32 (N-CH-N,tetrazoline),65.64-
78.5(sugar carbons),40.19 (N(CHs overlapping with solvent),21.61 (Ar-CHz) ,See figure(13).
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Figure (12): 13C-NMR spectrum of compound (DS1) Figure (13 ): 13C-NMR spectrum of compound (DS>)

Anti-Oxidant activates
The DPPH Radical Scavenging was used to evaluate the antioxidant capacity of sulfa drug (DSiand HS1) derivatives (50

pg/mL) in methanol Absorbance was recorded at Amax=517 nm. at 5, 10, and 15 determined by comparing the

absorbance of the samples against control (1.119).
Table (4) show Absorbance and Inhibition % of (DSiand HS1) at 5, 10, and 15 min.

Table (4): Absorbance and Inhibition % of (DSiand HS1) derivatives at 5, 10, and 15 min

Control Absorbance =1.119 A= 517 nm

After 5 min After 10 min After 15 min
Compounds % Sample % Sample %

Sample
Inhibition Abs. Inhibition Abs. Inhibition
o 50kg/mL 0.338 69.7944 0.334 70.1514 0333 70.2412
! 0.349 68.8114 0.347 68.9901 0.348 68.9008
25pug/mL
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50pg/mL 0.258 76.9437 0.216 76.6756 | 0.257 "|~77.0330__

HS:

25ug/MI 0.249 77.7479 0.247 77.9267 | -0.246 78.0160

The antioxidant evaluation of the synthesized tetrazoline derivatives showed that HS: (at 25ug/mL) exhibited the highest
radical scavenging activity, achieving a peak inhibition of 78.01% within 15 minutes. Notably, HS1 displayed rapid kinetics,
reaching near-maximal inhibition in the first 5 minutes. For instance, DS1 (at 50 25ug/mL), exercised a lower inhibiting
pattern of only around70.24 %. All of these results indicate that the hydrogen-donating ability of DS:1 analogue was
greater as conferred by structural modifications in HS1 derivative. Figure (14) demonstrates the standard calibration
curve of DS1-HS: derivatives.

~=~DSI _-e-nsl | 1C50, DPPH

100 y = 005 M+ 67,46}

« 648 Wl =09
S ——— —
o | —— a—
; v &4 AN 7747
= y < DAEEx + T 04N
& Y 8 2
2 Ri =099
E o -
» y > 00822 + T 208
L] y :
R~ 099

0 25 40 75

Concestration (ug'ml.)

Figure 14: The Standard Calibration Curve of (DSiand Hs1) derivatives

2- Inhibitory Concentration Value 50% (ICso)

Notably, HS: exhibited exceptional activity with an [Cso of 0.42 pg/mL, outperforming both DS: ( 4.31 pg/mL) and the
standard Ascorbic acid (4.21 ug/mL). Based on standardized classification, both derivatives were classified as "Very
Active" (ICso < 10 ug/mL). The extremely low ICso of HS: is indicative the ability to optimise its chemical structure as it
appears highly effective in effectively deactivating DPPH free radicals, considerably more than with reference commercial
agents. Table (5): Linear Regression and ICso Values of (DS1 and HS1) derivatives and Ascorbic acid.

Table (5): Linear Regression and ICso Values of (DS1 and HS1) derivatives and Ascorbic acid.

Comp Linear Equation Regression ICso
) (ng/mL)
y =0.0536x + R?=0.9999 4.31
Ds1 67.461
y =0.0108x + R2=0.9999 0.42
HS1 77.479
. y =0.1654x + R?=0.9885 4.215
ASCO.I'bIC 48122
acid
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