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Abstract

Abstract

In this work two series of new 1,5-disubstituted tetrazole derivatives
containing azo group and benzothiazole moiety have been synthesized. At
first, the primary aromatic amine 2-aminobenzothiazole was converted to
the corresponding azoaldehyde derivative containing benzothiazole moiety
la via coupling reaction of its diazonium salt with 2-hydroxy
benzaldehyde, which dissolved in sodium hydroxide solution, as coupling
reagent. Next, the resulting azoaldehyde 1a was respectively introduced in
acid-catalyzed condensation reactions with the primary aromatic amines (3-
bromoaniline, 2-chloroaniline, 2,4-dichloroaniline, 4-nitroaniline, 3-nitro
aniline, 2-amino-5-mercapto-1,3,4-thiadiazole and 2-aminobenzothiazole)
In absolute ethanol to give seven azoimines containing benzothiazole
moiety 2a-g respectively. Later, the synthesized azoimines 2a-g were
respectively introduced in [3+2] cycloaddition reactions with sodium azide
in tetrahydrofuran to obtain seven new 1,5-disubstituted tetrazole
derivatives 3a-g.

Then, azoaldehyde derivatives la-e* were prepared through coupling
reactions of the diazonium salts for the primary aromatic amines (3-bromo
aniline, 2-chloroaniline, 2,4-dichloroaniline, 4-nitroaniline and 3-nitro
aniline) with 2-hydroxybenzaldehyde, which dissolved in sodium
hydroxide solution, as coupling reagent. Next, the resulting azoaldehydes
la’-e’ were introduced in acid-catalyzed condensation reactions with 2-
aminobenzothiazole in absolute ethanol to obtain five azoimines containing
benzothiazole moiety 2a’-e" respectively. Later, treatment of the resulting
azoimines 2a’-e’ with sodium azide under the same cycloaddition [3+2]
reaction conditions afforded five new 1,5-disubstituted tetrazole derivatives
3a'-e respectively.

The structures of all new synthesized tetrazoles have been confirmed by the
spectroscopic means including FT-IR, 'H NMR and Mass. All new

synthesized tetrazoles have been tested for their antibacterial activity
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Abstract

against two types of bacteria, Staphylococcus aureous (Gram-positive) and
Escherichia coli (Gram-negative). The results indicated that all
synthesized tetrazoles except compound 3d showed medium-high activity

against Gram-positive bacteria. On the other hand, all tetrazoles showed no

effect against Gram-negative bacteria.
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Chapter One Introduction

1.1. Azo compounds

Azo compounds illustrate the largest class of compounds amongst all
known families of dyes, and characterized by the presence of the azo group
(—N=N-) in their structure, conjugated with two, distinct or identical,
mono- or polycyclic aromatic systems. In 1858 Griss! represents that
the treating of an aromatic amine with nitrous acid resulted in an unstable
salt (diazonium salt) which developed the azo coupling reaction and obtained

first azo dye - Aniline Yellow? (1) as shown in figure (1-1).

N—< >—NH2

(1)
Fig. (1-1): Structure of azo dye - aniline yellow (1)

Usually, although not exclusively azo dyes are conjugated with two,
distinct or identical, mono- or polycyclic aromatic systems and which
are distinguished greatly use and proliferation because of their high stability,

which comes back to the phenomenon of resonance as shown in azo benzene

(2).2% Scheme (1-1).
Ry S
(2)
Scheme (1-1)

1.1.1. Synthesis of azo compounds
However, almost without exception, azo compounds are made on an
industrial scale by the same reaction sequence in two phases: diazotization

and azo coupling?, as illustrated in scheme (1-2).

( , )
1 ! )



Chapter One Introduction

HNO, . Ar H .
Ar—NH;, ————————>  Ar—N=—=N" — > Ar—N—N—Ar
Diazotization Azo coupling

Scheme (1-2)

In diazotization, primary aromatic amines reacted with nitrous acid to
form aryldiazonium salts which, unlike their aliphatic counterparts, are
stable at 0°C and can be kept in solution for short periods without
decomposition. Diazotization is the conversion of a primary amine to a

diazonium ion*.

The comparatively unstable diazonium salt thus formed is reacted with a
coupling component, which may be a phenol, an aromatic amine or a -
ketoacid derivative, to form the azo compounds. This method was well-

known as azo coupling?.

There are other methods for the synthesis of azo compounds described
In literature such as: coupling of primary arylamines with nitroso compounds
(Mills reaction)®, rearrangement of an aromatic azoxy compounds in acidic
medium (Wallach reaction)®’, reduction of azoxy benzenes®®, reductive
coupling of aromatic nitro derivatives'®!!, oxidation of primary aromatic
amines'?, oxidation of hydrazo derivatives using various oxidizing

agents®>%,

1.1.2. The biological activity of azo compounds

Azo compounds have been studied more than any other class of dyes
due to their popular application, as biological activities?!, pharmaceutical??,
cosmetic? and food?*. Table (1-1) shows biological activities for some azo

derivatives.
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Table (1-1): The biological activities for some azo compounds

Com. Structure Biological activity Refe.
no.
OH
3) N=N—Ar Antimicrobial constituents against
four microorganisms viz.,
Salmonella typhi, Escherichia coli, | 25
Ar= HsC Pseudomonas aeruginosa and
Staphylococcus aureus.
sloxlislse
? ’ ? ? NO,
CHj
,Q—SO3H , —Q—COOH
Antibacterial constituents against
4) O six strains of bacteria Bacillus
NN cereus, Pseudomonas aeruginosa,
X Staphylococcus aureus, Escheri- | 26
OH chia coli, Enterobacter cloacae,
X = -H, -OH, -OCHs, -Cl, COOH, -NO, Enterococcus faecalis and one
species of fungi against Candida,
albicans.
O
>R
© ol o |
~o s The synthesized compounds, have | 27
antioxidant activity.
-0 O
O
(6) Re These compounds have
RAZ N « | antibacterial activity against E. 28
— N=N N CHs | coliand S. aureus and antifungal
activity against C. albicans and A.
R=H, 2-OH, 3-OH, 4-OH, 2-NO,,3-NO,, i i
3NOy, 3.01 3.01, 3-0CHy, 4.0CH.. niger Showing good result.
3,4,5-(OCH3), -N(CH3),
HoN
(7) o Anti-tumor.
NCSeON=N 29
(6]
(8) HOOC, Using resulting prodrug, APAZA | 30

<\ > COOH
HO N
N\ /

™ (Biocon Ltd) is a potent
inhibitor of toxin A-induced
colonic inflammation in rat model
of experimental colitis.
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no.

Com.

Structure

Biological activity

Refe.

(9)

O

Antibacterial activity against
Bacillus subtilis and antifungal
activity against Aspergillus
Niger.

31

(10)

3}@

The azopropofols, in its dark-
adapted form, has an effect on
GABAA receptors.

32

(11)

N_

OO §
NN

NO,

Antibacterial activities against
nine different bacterial strains
(E. coil (mixed), Salmonella sp.,
B. subtilis, P.vulageris,
Pseudomonas sp., S.aureus, E.
coil (+ve strai,), Rhodococci and
B. stearothermopelus).

33

1.2. Benzothiazoles

Benzothiazole (12) is fused ring system made of benzene ring fused with

thiazole ring. Thiazole ring is a five-membered ring consisting of one

nitrogen and one Sulphur atom in the ring. Figure (1-2).

(12)

Fig. (1-2): Structure of benzothiazole (12)

S

)

N

Benzothiazole derivatives have been studied and found to have

various chemical reactivity, biological and pharmacological activities such

as anti-bacterial®* and anti-fungal®. Benzothiazole nucleus containing

molecules are also reported as anti-diabetic®®, anti-tumor®” and anti-

inflammatory?,

benzothiazole derivatives.

—

Table (1-2) shows biological

activities for some

—t
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Table (1-2): The biological activities for some benzothiazole derivatives

Com. Structure Biological activity Refe.
no.
N gy N O .
(13) \>7N—N/ The synthesized compounds
E S = give anti-bacterial activities 34
against B.subtilis , S.aureus
R and E.coli and for anti-fungal
“NH | ~o | activities against Candida
R= © [Nj © [Nj albicans.
L .
CHy
(CHan
06
w | o
HzNJ\s Anti-bacterial activity and anti- | 35
fungal activity.
0
— \N/
n=1-6 HaC
N H H R4
w | TR A
ol S T R, | Antidiabetic activity. 36
o}
R;, R, = dimethylamino, 4- fluoroanilino,
diethylamino, 3-chloroanilino, diethanolamino,
4-pyridino, morpholino, 2-pyridino, piperidino,
4-sulfanilido
o)
(16) O/\NJVSTS Antitumor activity. 37
N\@—NH cl
o
(17)
/) NH; 38
Anti-inflammatory activity.
R=-Cl, 3,4,5-OCHj
e N
(18) F>|\ \>—N H, Anticonvulsant, anxiolytic 39
F o S effects and neuroprotective.
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Com. Structure Biological activity Refe.
no.
N
(19) D[ Dt
HN s Anti- inflammatory activity. 40
d N\
o CHs HO
o)
m
N 0} .
(20) Anti-inflammatory drugs, 41
Nag Fatty acid amide hydrolase
(FAAH) inhibitor.
S w
0=—=S8=0
7 s

N Anti-Alzheimer’s activity. 42
S
(0] N\
(22) \N /@: >—NH Antitumor activity againstan | 43
N ] N S O | LLC xenograft model.
\
NO,

1.3. Schiff bases

Schiff bases have been known since 1864. The reaction is named in
relation to scientist Schiff’s who prepared these compounds from simple

condensation between aldehydes and ketones with primary amines**,

. . - _R .
The general formula of Schiff bases is R—N=C\R1 nitrogen analogs of

aldehydes and ketones called Schiff bases, azomethzines or imines but imine
is the preferred name®. Schiff bases are characterized by (C=N) group
(imine) which are important compounds in the medical and pharmaceutical
fields* . If aldehydes and ketones react with primary amines, this leads to
the formation of imines and with secondary amines to form enamines®’.

Figure (1-3).
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R3
Ra_
R Rs
I Y/k.
R R, R; Ry
Imine Enamine
R4=H or C Ro, R3= C Ry, R3= HorC Rs, Ry, R5 =C
Fig. (1-3): Structures of imine and enamine

1.3.1. Synthesis of Schiff bases

These compounds can be prepared via condensation of ketones or
aldehydes with primary amines. The reaction is usually led forward by
elimination water*® because of the equilibrium constants are undesirable. A

general equation for the formation of an imine was shown in scheme (1-3).

R ®

Ra

+ Hy0

>:O+
R

Scheme (1-3)

Imine formation is acid catalyzed, generally takes place fastest at range
of pH = 4-5 and is slow down at very high or very low values of pH. The
important step is when the protonated aminoalcohol losing a molecule of
water leads to form an iminium ion as intermediate. The acid converts a poor
leaving group (-OH group) to a good leaving group ( -EII: group) via

protonating the alcohol group*’42,

o \(? \9 \9} \(‘3{9 \%/ \ﬁ;/ -
S S v i sl 0 CHR\ W My e B
(- ON-H N R H R “H R

NH, R H R H
R carbinolamine protonated intermediate imine

Scheme (1-4)
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Siddiqui*® et al. prepared five novel Schiff bases (23) from o-

formylphenoxy acetic acid and a series of aminothiazoles. Figure (1-4).

Rz Ri1 o cooH
N Z
Rs YN R,=-Br, -H, -F
\ RQ: -H, -F
S Ry=-H, -Br, -F

(23)

Fig. (1-4): Structures of Schiff bases (23)

Shinde® et al. introduced 1,3-diamine propane in condensation with

different halogeno substituted

benzaldehydes under microwave irradiation

affording novel series of bis-imines (24). Scheme (1-5).

CHO H,
Ha R EtOH, AcOH H,C—C -CH,
H,C—C'—CH, + 3 ! M.
' ' A /MW HC” ScH R
NH,  NH,
Rs R
Rz Ry Rs Rp
R=-H,-OH R,=-H,-Br,-OEt,-OMe, - Cl, -F
R,=-H,-1,-OH,-OMe,-Cl Ry=-H,-Br,-Cl,-I,-OMe (24)
Scheme (1-5)

Bekdemir and Efil*! synthesized some imine derivatives (25) via reaction

of aromatic aldehydes and aromatic amines (in 1:1 molar ratio) in presence

of ethoxyethanol as a wetting reagent under solvent-free conditions using

microwave heating. Scheme (1-6).

aiare

Welousloas

Cl OCHj3

Mlcrowave

N

Ethoxyethanol /
Ar

H

-H

R2

(25)
R, =-OH,

Scheme (1-6)

R, =-H, -CH;, -Cl, -OCH, R;=-H, -Cl

8
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Mhaske®? et al. reported synthesis of Schiff bases (26) derived from 3-
formyl chromones and various aromatic anilines under microwave

irradiation in water. Scheme (1-7).

e R R
o R1 5 2
H,0 o) Rs Ry
H — |
Rs R; NH, MW R c=n
O O Rs 4 H
o)

(26)

R, =-CHj,, -Cl R; =-H, -Cl, -OMe

Rs= -H, -Cl R, =-H, -CF;
R3 = —H, —CF3, —CH3

Scheme (1-7)

Cai* et al. prepared Schiff base (27) derived from 3,4-dimethoxybenz
aldehyde and p-aminobenzoic acid by supersonic speed gas impacting
method. Scheme (1-8).

NH, OCH3 OCHj

Jet milling
/
H
CO,H
27)

Scheme (1-8)

Azoimines (28) were synthesized in high yields using green method in

free-solvent or using aqueous slurry®* scheme (1-9).

N=N OMe N=N OMe
H,0
RNH, + o
MeO OH MeO OH
CHO HCQNR

(28)

R= 4-MCOC6H4— ,3-MCC6H4-, 4-MeC6H4-, 3-MeOC6H4-
Scheme (1-9)
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1.3.2. Reactions of imines

Imines are very important class used as intermediates in organic
synthesis for formation of heterocyclic derivatives. In organic synthesis,
there are different types of reactions that have been found by Schiff bases,
such as:
1.3.2.1. Addition reactions

The C=N group of imines may react with nucleophiles at the carbon
atom, or they may react at the nitrogen atom with electrophiles, including
proton. Aromatic Schiff's bases were treated with a-chloroacetic acid or acid

chlorides to give the addition products® (29) as shown in scheme (1-10).

=0

;U—O —Z

R=-CH,COOH , -COC4Hs , -COCH,CH; , -COCH,0CH; (29)

Scheme (1-10)

1.3.2.2. Cycloaddition reactions
Imines could be introduced in cycloaddition reactions with various
reagents to yield three®®>, four®®-%, five®!, six®? and seven®3-membered rings.
Salih® prepared some of tetrazole derivatives (31) via using [2+3]
cycloaddition reaction of imines (30) with sodium azide in tetrahydrofuran.
Scheme (1-11).

N—N N—N
AR CH _ NaN; JTHF
abs EtOH 55 C 24h. HS
Ha  ref12-15n HS
CHAr
(30) 31)

Ar=C6H5—, p-CH3C6H4-, p-CH3OC6H4-, p-N02C6H4-, m—CH3C6H4—

Scheme (1-11)
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A new 1,3 oxazepine derivatives (33-35) have been prepared through
using [5+2] cycloaddition reaction of imine derivative (32) with maleic,

succinic and phthalic anhydrides respectively®. Scheme (1-12).

NN—= ——~ cn N
CHs : H

32) (33)

R = /©/0H
cl
i= Q ,  dry benzene, ref. 8h (34)
07N o
fi= A ’
o (¢} (o}

dry benzene, ref. 13h

H
N-N
, dry benzene, ref. 8h iii CHj YO
iii= L > H
o 1) R

O (¢}

Scheme (1-12)

1.3.2.3. Formation of complexes

Khalill® et al. synthesized a novel Schiff base metal complexes (36) and
used them in determining iron in different kinds of natural water as shown
in figure (1-5).

NAN
I\}j / |
s \ Cl

O 1 O

_/

(36)
M = Ni(II), Co(Il), Cu(ll) , Zn(II), Cr(III) , Fe(III)

Fig. (1-5): Structures of Schiff base metal complexes (36)

( 1
L 1)



Chapter One Introduction

1.3.3. The biological activity of Schiff bases

Schiff bases are very important compounds in pharmaceutics and
medicines, its analogues have shown a large group of biological activities

such as anti-inflammatory®’, antifungal and antibacterial activity®®.

Noureen®® et al. reported the synthesis of some Schiff base esters (37) as

promising new antitumor. Figure (1-6).

R=-H, -OCH,, - Cl, -CH, 37)
R'=-(CH,)(CH; , -(CH,),CH;

Fig. (1-6): Structures of Schiff base esters (37)

1.4. Tetrazoles

The first tetrazole was prepared by the Swedish chemist Bladin™ in
1885. Tetrazoles are a representative class of poly-aza-heterocyclic
compounds, which consists of a 5-membered ring of one carbon and four
nitrogen atoms’®. They are unknown in nature. Tetrazoles are divided into
three categories depending on the number of the substituents: (i) parent
tetrazole (simplest tetrazole), (ii) monosubstituted tetrazoles (1- or 2- or 5-
substituted) and (iii) disubstituted tetrazoles (1,5- or 2,5-disubstituted)’? .
Figure (1-7).

12
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N—N
o\
N yd
H
1H-tetrazole

0

N—N N=—N N—N

. \ \
aw Lk QN/N\R e

N
N N
R H

1-Substituted 2-Substituted 5-Substituted

N—N N—=N

\ \
(iii) R / /\N R‘&N/N\R
N

I
R

1,5-Disubstituted 2,5-Disubstituted

Fig. (1-7): Classification of tetrazoles

Tetrazoles are a class of heterocycles with a wide range of applications
which are currently receiving great attention, therefore the literature on
tetrazole is expanding rapidly. This functional group has a role in
coordination chemistry as a ligand”™ as well as in various materials
sciences applications including nanomaterials™and specialty explosives™.
Extensive work was also carried out in the field of medicinal chemistry.
Neutral NH-tetrazoles with no functional substituents at the carbon atom of

the hetero ring can exist in 1H- and 2H-tautomeric forms’’. Figure (1-8).
R /H R
N ——N
)/ \ Kkr =
N\N/N _~—— N\ /N\

1H 2H

H

Fig. (1-8): 1H- and 2H-tautomeric forms of neutral NH-tetrazoles
with no functional substituents at the carbon atom

Tetrazole derivatives also strangest stable although tetrazole itself (m.p
158 °C, decomposes abovel80 °C) is classified as an explosive, at least for

shipping. The ring systems of tetrazoles are very resistant to reduction’®,

( 1
L B )
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1.4.1. Synthesis of tetrazoles
Tetrazoles can be synthesized by a number of methods and the synthesis
of tetrazoles by the Huisgen’ 1,3-dipolar cycloaddition reaction between

nitriles and azides (azide ion or hydrazoic acid) is a well-known process.
Scheme (1-13).

T ey A\
[2+3] / \
+ —»
T® EWG//\N/ N EWG N N
EW N® | |
R L R . R
® (38)
R=H, HNR;, M
Scheme (1-13)

A [2+3] cycloaddition is the most likely pathway for the bimolecular
addition of non-ionic azides to nitriles. In the concerted cycloaddition,
two different isomers of tetrazole, the 1,5- and the 2,5-disubstituted, can
be formed. Generally the TS1 is the preferred transition state by using

electron-withdrawing substituents R®.

Shie and Fang® treating a series of aldehydes and primary alcohols
using microwave irradiation with iodine in agueous media which leads to

produce the corresponding tetrazoles (39) at excellent yield. Scheme (1-14).

4eq. 1, 4 eq. NaN;
R/\OH NH; (28%, aq) 2 eq. ZnBr, N<\H

> —_ > —
MW (100W) [ R—CN l MW (80 W) R 4[11

. N
60°C, 15-30 min 80°C10-45 min
4 eq. NaN;
O l.leq. I, 2 ¢q. ZnBr /N ~NH
R—< NHj (28° > | R—CN > R_< |
H 5 ( 1/;, Eq.) MW (80 W) N5
rt., 1- 80°C10-45 min
(39)

R= C6H5-, 4-MCOC6H4-, 4-02NC6H4-, 2—furyl, 2—thieny1,

Scheme (1-14)
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Hajra® et al. synthesized of 1,5-disubstituted tetrazoles (40) with metal
triflate catalyzed reactions of NBS, TMSN3, alkenes and nitriles includes an

additional a-bromo functionality of the N1-alkyl substituent. Scheme (1-

15).

N—N
5 mol-% Zn(OTH), /4 \\
R2 1.5 eq. TMSN;, 1.1 eq. NBS N
> R3

R3CN,MS 4 A
25°C, 20 - 60 min
R2
1

(40)

[vs I TITIN

—_

R!, R? = alkyl, aryl, H
R3 = alkyl, aryl

Scheme (1-15)

Aldhoun® et al. have developed an efficient and a click way for the
formation of 1-glycosylmethyl-5-tosyl tetrazoles (41) from the reaction of
benzylated or acetylated glycosylmethyl azides (azidomethyl glycosides)

with TsCN at 100 °C. Scheme (1-16).

/N\
o 5 UN
N3 0 N
\\jf\ ey 100%C / - an
OR heat
OR
OR OR <
RO RO RO N'N\N
RO . Ney RO 0 % © ?\ N RO 0 N
OR—N_N OR N-N YN R Ts
! Ts/<\N’N TS7/ OR OR
S
R=Ac, Bz
Scheme (1-16)

By treating triethylammonium chloride, nitriles and sodium azide in
nitrobenzene using microwave irradiation, 5-substituted tetrazoles (42) were

synthesized and gave very good yields and short reaction times. Also

15
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sterically hindered tetrazoles, overtime those stopped by electron-donating

groups, can be prepared®. Scheme (1-17).

H
1.3 eq NaN3y N
1.3 eq. Et;N . HCI N
R—CN - R
PhNO,, MW(75W) _N
100°C,1-12h N
(42)
Cq{Hyz3—CN , BzO CN y H;C—CN , MeOZC CN
Scheme (1-17)

Treating of organic nitriles with NaNj3 in the heterogeneous catalyst such
as iodine or silica-supported sodium hydrogen sulfate enables an interesting
synthesis of 5-substituted 1H-tetrazoles® (43). Scheme (1-18).

N
6 mol- % 1, N
R—CN + 1.5 eq NaN3 > R— ”
DMF, 120°C,6- 18 h \N/N

R- CN=
NC

HacO/CN _@_CN . O i (43)
W Wt o

Scheme (1-18)

Leiming Lang®® et al. synthesized of 5-substituted 1H-tetrazoles (44) via
mesoporous ZnS nanospheres as a novel heterogeneous catalyst from
sodium azide and various nitriles that showed excellent -catalytic
performance due to high surface area and fine mesoporous structure. Scheme
(1-19).

16
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N—y
@—01\1 + NaNjg 1)MZNSS, DMF ©—<\ |
2) HCI N/N

Scheme (1-19)

Klapotke®” et al. described the 1,3-dipolar cycloaddition reaction of
organomercury(ll) azides with organonitriles, this reaction has a simple
work up procedure, without the need for a catalyst and quantitative yields.
Scheme (1-20).

N

/ =N
R'—Hg—N | (45)
—N
2
R'HgN; R
50°C /5 days
25°C/ 1 week
or several wee N%N
R'=Me, Ph R1_H9_N\ /L (46)
R? =Me , Ph , C¢Fs N= “R2
Scheme (1-20)

Nandre® et al. for the first time have developed using of glycerol without
catalyst in the synthesis of 5-substituted 1H-tetrazole (47). Therefore,
glycerol was specified as more effective solvent for this conversion because

of solubility of sodium azide and organic nitriles at 110 °C. Scheme (1-21).

N _ _

Z
070 o > o
H, OH H b0 N
- I\Ta NaN, % H, & '\Il N
_— /No‘ ’//N~‘ _— 7/
Ho/\/\OH @)\,\(g ®
OH
Glycerol (47)

Imidoyl azide intermediate

Scheme (1-21)
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Hameed® et al. have synthesized novel 1,8-diazabicyclo [5.4.0Jundec-
7-ene (DBU)-based fluorinated ILs (DBUF-ILs) (48) by solvent-free
quaternization and subsequent anion (F) exchange reactions. And the click
chemistry reaction for tetrazole (49) formation is performed under solvent-

free thermal and microwave irradiation. Scheme (1-22).

1) Quaternization

R-X
(X=Cl, Br)
N 120-125°C N
A 2) Anion exchange &)
N KF N~ ©
H,0/MeOH (1:9) | F
Anion exchange R
R= acyl chain, alkyl chain
: o (48)
Synthesis of DBU base ionic liquids
Solvent-free conditions NN

CN /
TMSN3, heating N
> H
)

F
NN
nCH
X=H,; (Cy, C4, Cs, C7, Cyp) U ?(’JAL ’ (49)

X=0 (C4, Cg, C10, C1g)
DBUF-ILs catalyzed tetrazole synthesis

Scheme (1-22)

Su® et al. synthesized a group of 1-substituted 1H-1,2,3,4-tetrazole
compounds (50) from sodium azide, amines and triethylortho formate by
Yb(OTHf); as catalyst in good yields. Scheme (1-23).

1.2 eq.
OEt 0.2 eq. Yb(OTH); /NQN
R—NH2 + EtO—< + NaN3 > R—N I
MeOCH,CH,0OH —N
OEt 100°C. 6-9h =
(50)

R: C6H5-, 3-M€C6H4-, 4-M3C6H4-, 2-C1C6H4-, 4-C1C6H4-, 2-Me-3-C1C6H3-,
2-MC-S-C1C6H3-, 2,4-C1C6H3-, 3,5-C1C6H3-, 2-C5H4N6-, 2-(4-M6C5H3N),
C¢HsCH,-, 4-CH;0-C4cH4CH,-, (S)-1-Phenylethylamine, Furfurylamine

Scheme (1-23)

( 1
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The reaction of pyridine N-oxides in sulfonyl or phosphoryl azides by
heating and pyridine in solvent-free condition have been transformed to
tetrazolo[1,5-a]pyridines® (51). Diphenyl phosphorazidate (DPPA) was

suitable reagent and gave well to excellent yield. Scheme (1-24).

R 5eq. o) R\/ N
[ 2 eq. pyridine -~ = N\

AN
| /ﬁ + e P— > , N
P I\F) N \ OPh solvent-free N~ N/

o°
OPh 120° C, 24h

R=H-, Me-, MeO-,Cl-, F- (1)

Scheme (1-24)

2-Halopyridines reacted with trimethylsilyl azide and tetrabutyl
ammonium fluoride hydrate gave tetrazolo[1,5-a]pyridines® (52). Scheme

(1-25).

X X 2 eq. TMSN; AéN\
N 1 eq. TBAF . xH,0 ‘~N~n
heat, 85° C, 24h

X=Br, Cl
R= E{CO,-, Br-, CHj- (32)

Scheme (1-25)

Yella® et al. developed a one-pot, tandem process to forming a series of
1-aryl-1H-tetrazole-5-amine (53) from their corresponding isothio cyanates,

the reaction is carried out at room temperature in DMF. Scheme (1-26).

NN

e H | N

N=C=S N.__NH N—/

i NH N Y Y| L/EGN A \(

X 3 | 3 |
| — X_l S — X NH,
/ / NaN; / DMF | /
in situ (33)

X=H ,0-Cl ,m-Cl,m-NO, ,p-Br, p-CHj
Scheme (1-26)

—
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Soliman and Salama® synthesized aryl-pyrano-bis-tetrazoloazepine
derivatives (54). Scheme (1-27).

O Ar O

| | SIC14 - NaN3
MeCN, 60-70° C

(54

Ar =Ph, 4-MEOCGH4 ,4-BrC6H4 , 4-C|C6H4 , 4-NCCGH4 , 4-HO-3-MeOC6H3

Scheme (1-27)

Rokade® et al. found a mild and convenient method copper-catalyzed
oxidative transformation of secondary alcohols to 1,5-disubstituted

tetrazoles (55) by employing TMSN; as a nitrogen source. Scheme (1-28).

NN
OH Cu(Cl04),.6H,0 (5mol%) \ N
/\)\ TMSNj (2.2 equiv.) /\)\ /
> N
R AN R DDQ (1.2 equiv.) R \
DCM, rt, 1 h R
(55)

R =Ph, 2-MeC4H,, 4-MeCgH,, 1-napthyl, 2-napthyl,
4-NO,C¢Hy, 2-CICcHy, 3-CIC6H4, 4-CIC6H42,
4-CIC6H3, 2-FC6H4, 2-FC6H4, 2-BrC6H4, 3-BrC6H4

Scheme (1-28)

1,5-disubstituted tetrazoles (57) were also synthesized via the reaction of

imidoyl chlorides (56) with sodium azide® as shown in scheme (1-29).

R
Ph N Ph /
Y \R NaNj, 25 °C YN\
= |
N
Cl DPTB (cat.) V4 _ )
CH,Cl, / H,0 (1:1) NN Me . -Ph

(56) (57) —@-Br

Scheme (1-29)
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Katritzky® et al. synthesized 1,5-disubstituted tetrazoles (59) in high
yields from imidoylbenzotriazoles (58) including short reaction times and

mild reaction conditions. Scheme (1-30).

2
R’ R? T
/ NaNy/TFA |

N L
> > 1
at TBAB (20 mol%) R \N
CH2C12/H20,1’.t. \ //
N—N
(58) (59)

R!=Me, Bn, PhCH,CH,, Ph, p-Tolyl, p-Methoxyphenyl, p-Chlorophenyl,
p-Nitrophenyl, 2-Furyl, 2-Thienyl

R?= Ph, p-Tolyl , Bn, Me,Cyclohexyl, CH,CO,Et
/

N
Bt= \N
N

The reaction of primary amines and cyanogen azide in acetonitrile/water

Scheme (1-30)

gives the intermediate imidoyl azides. These intermediates after cyclization,

generated 1-substituted aminotetrazoles (60) in good yield®. Scheme (1-31).

/R
R
~ N
/
9.6 eq. NaN; 1 eq. R-NH, N N
NC—Br ———— [NC—N;3 > | — || NH,
MeCN MeCN / H,0 (3:1) A Y,
0-15°C, 4h rt., 1-2d Ng™  "NHp TN

R=alkyl, benzyl

Scheme (1-31)

Amides were converted to imidoyl chlorides with (COCI), in the
presence of quinoline then reacted with NaN3; in DMF at 60 °C to form the
corresponding benzyloxy protected tetrazoles® (61). Scheme (1-32).
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R1
N—N
'\ o R? OMe MeO Y
R i) (COCI),, Pyridine N
MeO N CH,CI, ,4h R2

ii) NaN; , DMF

MeO
MeO 60° C, 12h R3
OMe (61)  OMe
R!=H, OH
’=H, OH
3= H, OH, NH,

Scheme (1-32)

Abood!® synthesized two new bis-1,5-disubstituted tetrazoles (64) and
(65) via treatment of bis- imines (62) and (63) with sodium azide under
[3+2] cycloaddition conditions. Scheme (1-33).

HS SH

“ / v e
A = o
w/ @ NaN3/THF N [N
N

N N
N\ heat, 24h
@ N /Ks HO OH S )\N
(62) oH N— (64) —

H
Q Q N:NON:N -
N _
O Y . L
N / _ NaN3/ THF _ l /N(
OHS AN

heat, 24h N” s

Hd (63) @ (65) @

Scheme (1-33)

22

—
| —



Chapter One Introduction

1.4.2. Biological importance of tetrazoles

The tetrazoles are representative of active pharmacophores for several
therapeutic active molecules such as antiallergic!®, anti-inflammatory%2,
antibiotic'®, antihypertensive!® and antitubercular agents’®. The B-lactam
antibiotics'® (66) of the cephalosporin class is an example of drugs
containing a 1,5-disubstituted tetrazole moiety. Figure (1-9).

H H H
7 S TN AP
_N j—
’Tll S F
/> N S*K
N—y o I
HO™ Yo
(66)

Fig. (1-9): Structure of B-lactam antibiotic containing a
1,5-disubstituted tetrazole

Losartan (67) is a sartan derivative that was the first nonpeptide
angiotensin receptor antagonist to appear on the market followed by

Valsartan (68) which includes the regulation of blood pressure and
volume homeostasis®®!%, Figure (1-10).

(67)

(68)
Fig. (1-10): Structures of Losartan (67) and Valsartan (68)

—
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Kaplancikli'® et al. synthesized a new class of tetrazole-hydrazone
derivatives includes chloro-substituted phenyl moiety (69) to perform

anticancer activity screening. Three compounds showed significant

anticancer activity. Figure (1-11).

N—N H =
g hIl_N |
\N SW N \\R
(0]
(69)

R=2-Cl ; 2,3-diCl ; 3,4-diCl

Fig. (1-11): Structures of compounds (69)

Yeung'® et al. prepared potential prodrug (71) of the parent tetrazole 7-
(2H-tetrazol-5-yl)-1H-indole (70) which is found to be an effective inhibitor
of HIV-1 attachment, the simple N-methyl tetrazole which represents a novel

example of a methyl tetrazole that acts as a prodrug for a free NH tetrazole-

containing compound. Figure (1-12).

|\q Parent tetrazole R=H (70)
and Prodrug R=Me (71)

Fig. (1-12): Structures of compounds (70) and (71)

Faria'' et al. synthesized new groups of 5-(1-aryl-3-methyl-1H-pyrazol-
4-yl)-1H-tetrazole derivatives (72), thus refer to that the pyrazole-tetrazole

that are a new structural class of azoles with antileishmanial activity. Figure

(1-13).
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N=—
— N/ N\
V4 7 °N R =3-Cl; 3,4-diCl
X / HN—I<J/
R
(72)

Fig. (1-13): Structures of compounds (72)

Chauhant'! et al. synthesized new class of thiazolone piperazine

tetrazole derivatives (73) as potent antitubercular agents as shown in figure

(1-14).
—— Tetrazole backbone with
drug-like properties
\_-S
/N
/ _N N R1
AV

0]
R =Aromatic / oraganometallic
substituent
ic Diami R, =Aliphatic unit
Antitubereular Cyclic Diamines 2 p
pharmacophore
fragmen (73 )

Fig. (1-14): Structures of potent antitubercular agents (73)

Dai''? et al. synthesized a series of tetrazole derivatives and it found that
compound (74) has stronger antifungal efficiency in comparison with the
reference drug Fluconazole. Figure (1-15).

Cl

| N

V4

N\N

74

Fig. (1-15): Structures of compounds (74)
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Chapter One Introduction

Aim of the study

The present work aims to synthesize two new series of tetrazoles
containing the biologically active benzothiazole moiety and azo group, then
all series will be tested for their antibacterial activity against Staphylococcus

aureous (Gram-positive) and Escherichia coli (Gram-negative).
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Chapter Two

2.1. Materials

Experimental Part

All chemicals, reagents and solvents were purchased from the
commercial sources summarized in table (2-1).

Table (2-1): Chemicals and their commercial sources

Chemicals ?gfrlﬁz:gar g;ln:/(\)llt ' Pli;:ty Supplied from
2,4-Dichloroaniline CsHsNCI: 162.01 |95 BDH, England
2-Aminobenzothiazole C7HsN2S 150.20 |97 Sigma Aldrich
2-Hydroxy benzaldehyde C7H602 122.12 | 98 S.D.Fine.india
3-Bromoaniline CeHsNBr 172.02 | 96 Fluka, Germany
3-Nitroaniline CeHsN20: 138.12 | 98 Fluka
4-Chloroaniline CeHsNCI 127.57 |99 Fluka
4-Nitroaniline CeHsN20: 138.12 | 99 Fluka

Carbon disulfide CS2 75.94 99 Scharlau, Spain
Diethyl ether C4H100 74.12 98 Scharlau, Spain
Dimethyl sulfoxide (CH3)2SO 78 99 BDH

Ethanol absolute C2HeO 46.06 99.9 Scharlau, Spain
Ethyl acetate C4HsO2 88.10 99 Scharlau, Spain
Glacial acetic acid CH3COOH 60 99.9 GCC
Hydrochloric acid (Conc.) HCI 36.46 99 Merck, Germany
lodine I2 253.80 |[99.5 GCC, Germany
n-Hexane CeHus 86.17 99 Scharlau, Spain
Sodium azide NaNs 65.01 99 Fluka, Germany
Sodium carbonate (anhydrous) | Na;COs 105.98 |99 Merck, Germany
Sodium hydroxide NaOH 39.99 99 BDH, England
Sodium nitrite NaNO: 68.99 99 BDH, England
Sulfuric acid H2SO4 98.08 98 Merck, Germany
Teterahyrofuran C4HsO 72.11 99.9 Scharlau, Spain
Thiosemicarbazide CHsN3sS 91.13 98 Redial de hean
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Chapter Two Experimental Part

2.2. Instrumentations

1. Silica TLC plates were used with an aluminum backing (0.2 mm, 60
F2s4). The reactions were monitored by TLC and visualized by
development of the TLC plates with lodine vapor.

2. Melting points were recorded using an Electro thermal Stuart SMP 30
capillary melting point apparatus, UK.

3. Infrared spectra were recorded on SHIMADZU FTIR-8400S Infrared
Spectrophotometer as potassium bromide discs in Kerbala University.

4. 'H NMR spectra was collected on NMR spectrometer 400 MHz,
Avance Ill 400 Bruker, Germany at 400 MHz in DMSO-ds as solvent
and TMS as an internal standard at Esfahan University, Iran.

5. Mass spectra were obtained on MS ACQUISITION PARAMETERS
Agilent 5975c with Triple-axis direct insert probe SIS at Tehran
University, Iran.

6. Autoclave was used to sterilize agar media, supplied from Prestige
Medical-England.

7. Incubator was used to maintain different temperature required for the

growth of organism, supplied from Binder - Germany.
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2.3. Preparation methods
2.3.1. Preparation of 2-amino-5-mercapto-1,3,4-thiadiazole (AMT) 1

N—N Tautomerism N—NH
AT AN
AMT

Fig. (2-1): Structure of (AMT)

A mixture of thiosemicarbazide (9.1g, 0.1mol) and anhydrous sodium
carbonate (5.3 g, 0.05 mol) was dissolved in absolute ethanol (50 mL), to
this solution carbon disulfide (7.6 g, 0.1 mol) was added. The mixture of
the reaction was refluxed with stirring on the water bath for 24 h in 65 °C.
At room temperature, the mixture was allowed to cool down. Most of the
solvent was removed under reduced pressure, the residue was dissolved in
distilled water (150 mL) and the solution was acidified carefully with
concentrated hydrochloric acid to give pale yellow precipitate that was
filtered under reduced pressure, washed well with cold distilled water and

recrystallized from distilled water to form white needles crystals, yield
(10.9069, 82%), m.p. 230-232 °C, Lit. 231 °C.
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2.3.2. Preparation of azoaldehyde derivative 1a'**

@)

N N OH
(I
1a

Fig. (2-2): Structure of azoaldehyde derivative la

A solution of 2-aminobenzothiazole (8.1 g, 0.054 mol) in H,SO,
(12mL) was cooled to 0°C. To this solution a cold solution of sodium
nitrite (3.726 g, 0.054 mol) dissolved in distilled water (20 mL) was added
drop wise with constant stirring. When the addition was completed, the
resultant reaction mixture was left in ice-chest for 1h. The ice cold solution
of diazonium bisulfate was then added drop wise to the cold solution of 2-
hydroxy benzaldehyde (6.588 g, 0.054 mol) dissolved in (44 mL) of (10%
wi/v) sodium hydroxide with constant shaking. A dark dye resulted which
darkened on adding more alkaline solution of phenol derivative. When the
addition was completed, the resultant reaction mixture was vigorously
stirred. A saturated solution of the last compound in water was neutralized
with concentrated hydrochloric acid. A solid separated out which was
allowed to stand at room temperature for 30 min., then filtered off and
washed well with distilled water. The precipitated substance was collected
and recrystallized from ethanol to yield 1a as a dark brown solid (7.79 g,

519%). The physical properties of compound 1a was given in table (2-2).
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2.3.3. General procedure for the preparation of azoimine derivatives

2a-g
OH
N
ch X
NT \N gZN\
Ar
2a-g
©\ @CI ©\ N>_
Br NO, HS/Q )\
2f 2g
Fig. (2-3): Structures of azoimines 2a-g

Azoaldehyde derivative la (1.132 g, 0.004 mol) was dissolved in
absolute ethanol (30 mL) containing two drops of glacial acetic acid, then
equimolar amount (0.004 mol) of (3-bromoaniline, 2-chloroaniline, 2,4-
dichloroaniline, 4-nitroaniline, 3-nitroaniline, 2-amino-5-mercapto-1,3,4-
thiadiazole and 2-aminobenzothiazole respectively) were added. The
reaction mixture was refluxed with stirring on a water bath at 70 °C for 22-
32 h. TLC (n- hexane: EtOAc) showed that the reactions were completed.
The mixture was then allowed to cool down to room temperature and the
colored precipitate was filtered, then recrystallized from ethanol. Table (2-
2) shows physical properties and other characteristics for the synthesized

compounds 2a-g.
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Table (2-2): Physical properties and other characteristics for the synthesized azoaldehyde derivative 1a and azoimine

derivatives 2a-g

o Structure . Color gimol | time ()| % oC Ry
NI o 0.68
la @ Y C1aHoNsO2S | Dark brown | 283.31| - 51 | 141143 | n-hexane: EtOAC
S =0 1:3
OH Br 0.78
- @N\}N\ &N O CaoH1sN4OSBr | Dark brown | 437.32 | 24 | 66 | 173-175 | n-hexane: EtOAc
J N 1:2
OH ¢l Reddish 0.73
’h @N\W%N/CQN @ CooHiaNoOSCI | " | | 30286 | 26 | 55 | 206208 | npexane: EtoAC
s 1:3
y OH Cl 0.75
2c @S\V“‘\\N&N@C' CaoH12N4OSCl2 | Brown | 42730 | 28 67 | 163-165 “-hexanle_izEtOAC
y OH 0.88
2d @\}NQN &NONOZ C20H13N503S Brown |40342| 31 71 220-222 n-hexane: EtOAC
S 1:2
OH NO, 0.7
2 NYNQN/CL/N@ C20H13N503S Dark brown | 403.42 27 70 175-177 n-hexane : EtOAc
( Ls 1:2
N OH s 0.71
of @\}N\\N/@%N« \‘( C16H10N6OS3 Brown 398.48 22 85 198-200 n-hexane : EtOAC
s NN 1:2
N CEREN 0.73
2g ©[ \}N\ /Q/NK/ jij C21H13Ns50S; Brown 415.48 32 50 204-206 n-hexane : EtOAc
g N S 1:3
[ = )
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2.3.4. General procedure for the preparation of 1,5-disubstituted

tetrazole derivatives 3a-g

OH
N
A
N N
S N ' \N
Ne /
3a-g N
Ar =
cl Cl
N—N N
sHsoloNoTIN UL
Cl NO,
3a 3b 3¢ 3d 3e 3f 3g
Fig. (2- 4): Structures of 1,5-disubstituted tetrazoles 3a-g

A mixture of imine derivatives 2a-g (0.001 mol) and sodium azide
(0.065 g, 0.001 mol) in tetrahydrofuran (20 mL) was refluxed with stirring
on a water bath at 70 °C for 24-35h. TLC (n- hexane: EtOAc) showed that
the reactions were completed. The reaction mixture was then allowed to
cool down to room temperature. The solvent was removed by evaporation
under reduced pressure and the colored precipitate was recrystallized from
ethanol. Table (2-3) shows physical properties and other characteristics for

the synthesized compounds 3a-g.
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Table (2-3): Physical properties and other characteristics for the synthesized 1,5-disubstituted tetrazole derivatives 3a-g

Com. Structure Molecular Color M.Wit. Reaction | Yield m.p. Ry
no. formula g/mol time (h) % °C

OH 0.51
N -h - EtOA
3a ©[ \>_N*N/©%'N\/©\Br CaoH1zN/OSBr | Dark | 478.33 26 63 | 135137 | Mhexane:EOAC
S I\(\N,,N purple

OH 0.56
3b ©[N\>N§N/©;,N/© C20H12N7OSCI | Dark red | 433.87 28 77 130-132 ”-hexafesztOAC
S N o C '

0.65
3c }N J@[ﬁ Q CaoHuN/OSCl, | Dark | 468.32 31 79 | 128130 | mheane EtOAC
N ,\] purple :

N Ci
0.52
3d Q/\r C2oH12Ng03S Dark | 444.43 34 73 201-203 | nhexane: BIOAC
1\( brown ;
0.62
3e @ CaoH12NsOsS | Black | 444.43 29 60 149-151 | Mhexane : EtOAC
M :
0.58
3f C[N\}N I J\ >\SH CisHoNgOSs | Purple | 439.49 24 88 116-118 | Mhexane : EtOAC
S N

0.60

N .
N _ n-hexane : EtOAC
39 ©[ \>_N§N/©g'N %;Q Ca1H12NgOS; | Brown | 456.50 35 75 152-154 e |
s LN
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2.3.5. Preparation of azoaldehyde derivatives 1a™-e™1%

_0
A N OH
N7
la’-e
Ar= /© mb f;rm @ @
Br 8 No, NO,
la 1b 1c’ 1d le
Fig. (2-5): Structures of azoaldehyde derivatives 1a -e°

Aromatic amines (3-bromoaniline, 2-chloroaniline, 2,4-dichloroaniline,
4-nitroaniline and 3-nitroaniline respectively) (0.025 mol) were dissolved
in a mixture of concentrated hydrochloric acid (8 mL) and distilled water (8
mL). The mixture was cooled at (0 °C) in an ice bath, then a solution of
sodium nitrite (1.725 g, 0.025 mol) dissolved in distilled water (10 mL)
was added drop wise to the mixture with stirring. The temperature of the
ice bath was controlled between (0-5 °C) during the addition. A solution of
2-hydroxybenzaldehyde (3.05 g, 0.025 mol) dissolved in (20 mL) of
(10%w/v) sodium hydroxide solution was prepared and cooled to (5 °C) by
Immersion in an ice bath and stirred vigorously, then the diazonium salt
solution was added very slowly to the phenoxide solution, a colored
precipitate soon separated. When all the diazonuim salt solution has been
added, the mixture was allowed to stand in an ice bath for (30 min.) with
occasional stirring, then the solution was filtered and the precipitate was
washed well with distilled water, dried upon filter paper then in oven and
recrystallized from ethanol. The physical properties and other
characteristics for the synthesized azoaldehyde derivatives 1a'-e are shown
in table (2-4).
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Table (2-4): Physical properties and other characteristics for the synthesized azoaldehyde derivatives 1a -e

Com. Structure Molecular Color M.Wt. Yield m.p. Rt
no. formula g/mol % °C
oH 0.66
la’ Nen C13HoN202Br Yellow 305.13 82 136-138 n-hexane:EtOACc
Br —0 1:2
N OH 0.72
1b’ N C13H9N20OCl Orang 260.68 89 143-145 n-hexane:EtOAC
—0 1:2
Cl
N 0.68
1c’ Cl N OH C13HsN20:Cl, Brown 295.12 75 161-163 n-hexane : Et20
Cl -0 1:2
N 0.65
1 | ON \\NQOH C1sHoNsOx Brown 271.23 85 113-115 | n-hexane : E;O
1:2
=0
N 0.74
le’ \\NQOH C13H9N304 Red 271.23 90 104-106 n-hexane : EtOAcC
O,N 0 2.3
[ = )
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2.3.6. General procedure for the preparation of azoimine derivatives
2a -e

OH

N /©/\ —N N
S
2a’-¢
cl Cl
Ar = bl bl bl ’
Br NO,
Cl 02N
2¢’ 2d° 2¢’

2a’ 2b°

Fig. (2-6): Structures of azoimines 2a -e

Azoaldehyde derivatives 1a™-e” (0.004 mol) was dissolved in absolute
ethanol (30 ml) containing two drops of glacial acetic acid, then equimolar
amount (0.6 g, 0.004mol) of 2-aminobenzothiazole was added. The
reaction mixture was refluxed with stirring on a water bath at 70 °C for 17-
25 h. TLC (n- hexane: EtOAc) showed that the reactions were completed.
The mixture was then allowed to cool down to room temperature and the
colored precipitate was filtered, then recrystallized from ethanol. Table (2-
5) shows physical properties and other characteristics for the synthesized

compounds 2a’-e".
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Table (2-5): Physical properties and other characteristics for the synthesized azoimine derivatives 2a -e

Chapter Two

Experimental Part

Com. Structure Molecular Color M.Wt. | Reaction | Yield m.p. Rt
no. formula g/mol | time (h) % °C
2a J@L C20H13N4OSBr Red 437.32 25 80 223-225 0.78
n-hexane : EtOAC
1:2
2b” Q/N C20H13N4OSCI Orang 392.86 22 57 190-192 0.67
& n-hexane : EtOAc
1:2
2c @N _N C20H12N4OSCl2 Dark 427.30 20 51 218-220 0.73
brown n-hexane : EtOAC
S )
1:2
2d° )@LN _N C20H13N503S Yellow 403.42 17 76 273-275 0.7
! n-hexane : EtOAC
1:2
2e’ @N _N C20H13N503S Light 403.42 21 72 238-240 0.67
brown n-hexane : EtOAC
S
2:3
( |
L 3% )
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2.3.7. General procedure for the preparation of 1,5-disubstituted

tetrazole derivatives 3a -e°

OH
N
AI’/NXN / N)\\S

\

N N
\N/
3a'-¢e’

cl Cl

Ar= ) , , )
Br NO,
Cl O,N
3a’ 3b’ 3¢’ 3d’ 3e’
Fig. (2-7): Structures of 1,5-disubstituted tetrazoles 3a -e

A mixture of imine derivatives 2a - (0.001 mol) and sodium azide
(0.065 g, 0.001 mol) in tetrahydrofuran (20mL) was refluxed with stirring
on a water bath at 70°C for 24-30 h. TLC (n- hexane: EtOAc) showed that
the reactions were completed. The reaction mixture was then allowed to
cool down to room temperature. The solvent was removed by evaporation
under reduced pressure and the colored precipitate was recrystallized from
ethanol. Table (2-6) shows physical properties and other characteristics for

the synthesized compounds 3a"-e".
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Chapter Two

Table (2-6): Physical properties and other characteristics for the synthesized 1,5-disubstituted tetrazole derivatives 3a'-e

Com. Structure Molecular Color M.Wt. Reaction | Yield m.p. Rt
no. formula g/mol time () % °C
OH
3a° \ Q b 0.67
Br N N~ s CaoH1N/0SBr | Dark | 478.33 30 68 | 110-112 | n-hexane : EtOAc
NN brown 1:2
OH
30’ T . N 0.7
@ A / NLS C20H12N7OSCI | Black | 433.87 28 60 132-134 | n-hexane : EtOACc
N, N 1:2
N
OH
3¢ T\ b 0.7
SN NS C20H11N7OSCl, | Dark 468.32 26 75 113-115 | n-hexane : EtOAC
N. .N brown 1:2
cl N
OH
3d’ N /N’L 0.49
SN N"s C20H12NgOsS | Brown- | 444.43 24 69 135-137 n-hexane : EtOAc
N, N .
ON N black 1:2
OH
N N N i 0.65
2 SN N~ s C20H12NgO3S Dark 444.43 27 58 123-125 n-hexane : EtOAC
NN brown 1:2
( ]
L % )
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2.4. Antibacterial test method

The antibacterial test has been carried out according to the disc
diffusion method!!®, All synthesized tetrazoles have been examined for
their antibacterial activity in vitro against one type of Gram-positive
bacteria (Staphylococcus aureous) and one type of Gram-negative bacteria
(Escherichia coli). Prepared agar and petri dishes have been sterilized by
autoclaving for 15 min. at 121°C. The agar plates have been surface-
inoculated uniformly from both culture of the tested bacteria. In the
solidified medium suitably spaced apart holes were made all 6mm in
diameter. These holes were filled with 40 uL of the prepared compounds
(5mg of the compound dissolved in 1mL of DMSO solvent). These plates
have been incubated at 37 °C for 24 h for both bacteria. The zones of

bacterial growth inhibition around the discs have been measured in (mm).
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Chapter Three Results and Discussion

3.1. Synthesis of 2-Amino-5-mercaptro-1,3,4-thiadiazole (AMT) 113

(AMT) was prepared through the reaction of thiosemicarbazide with
carbon disulfide in the presence of anhydrous sodium carbonate in absolute

ethanol as shown in scheme (3-1).

I 1. Na,CO; / EtOH Tautomerism
H2N C\ /NH 2L03 /k )\ /< K
N 2.CS,,65°C,24h. H,N SH H,N
|l| 3. Conc. HCI

AMT
Scheme (3-1)

The proposed mechanism?!®® for this reaction was shown in scheme (3-2).

[\ TN
NaCoy || @Q .

C N 2 + — O —

C HN
HN"" \H/ \\C
/ T~s Na*
H s
HN——N——H —N
S H* NaCO;’ CN
N 5
l / S"Na* s S Na* )
NH, S

A AN

Scheme (3-2)

(AMT) was identified by its melting point and FT-IR spectrum. FT-IR
spectrum, figure (3-1) of (AMT) showed the following bands at o (cm™)
(KBr): 3336 (v as. N-H, NH), 3267 (v S. N-H, NH>), 3095 (v N-H, thioketone
form), 2922 and 2773 (v N-H, intramolecularly hydrogen bonded)!!’ ,2584 (v
S-H), 1602 (v C=N), 1543 (6 N-H), 1491 (v C-N), 1172 (v C=S), 669 (v C-
S).
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3.2. Synthesis of azoaldehyde derivative la

A coupling reaction between the diazonium salt of 2-aminobenzothiazole
generated by using H,SO, instead of HCI and 2-hydroxybenzaldehyde

dissolved in NaOH solution at (0-5) °C afforded azoaldehyde derivative 1a.
Scheme (3-3).

® 0

Nt N==N SO,H

A Vs

o)
@ NaNO, / H,80,
> \ N
0-5°C 0-5°C \> N// OH
€] o
(0] Na
NaOH \© 1a
—_—

Scheme (3-3)

(7]

The coupling reaction is an electrophilic substitution reaction in aromatic
systems proceeds according to the mechanism*® described in schemes (3-4
and 3-4a).

H
® H .
O Na o7 Y H_<|)(+)

oLt T T
AN
Sodium nitrite Protonated nitrous acid
(nitrosating agent)
H
T H@ H
H—O -H,0 ® - o\
|9 Y ArZT—N—O - > Ar_,L_NQ)
.. N
~—7| H
’ T
f HO TN PN
lr”@ - > Hj - GO—N=N—Ar <—— HO—N=N—Ar
I I H
Ar Ar

Aryl diazonium cation

Scheme (3-4)
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OH
2 ¢
CHO OH CHO @ CHO CHO o CHO

®

.o
—N=N: O ~ coupling step N PT
N=N: 3 . T. _
A L@ 0-5°C NN © neN o
Ar /
CH

CHO

Scheme (3-4a)

FT-IR spectrum of azoaldehyde derivative la, figure (3-3) showed
disappearance the sharp bands at 3398 cm™ and 3273 cm™ attributed to
asymmetric and symmetric stretching vibrations of (-NH,) group in
benzothiazole, figure (3-2), also disappearing the sharp strong band at 1641
cm! for bending vibration of (-NH,) group in the same ring and appearing
strong band at 1651cm* attributed to the stretching vibration of (C=0) group
which gives good evidence that the reaction proceeded successfully and
yielded the desired azoaldehyde la. The intramolecular hydrogen bonding
between carbonyl group oxygen atom and o-hydroxy group causes a shifting
in the stretching vibration of carbonyl group towards lower frequency. The
band of azo group (N=N) stretching did not appear due to decrease the dipole
moment value of this group in azoaldehyde derivative 1a. Other bands were
listed in table (3-1).

3.3. Synthesis of azoimine derivatives 2a-g

A condensation reaction occurs between azoaldehyde derivative 1a and
the primary aromatic amines (3-bromoaniline, 2-chloroaniline, 2,4-dichloro
aniline, 4-nitroaniline, 3-nitroaniline, 2-amino-5-mercapto-1,3,4-thiadiazole

and 2-aminobenzothiazole) respectively in the presence of glacial acetic acid

44

—
| —



Chapter Three Results and Discussion

as catalyst in absolute ethanol resulted formation of azoimines 2a-g as shown
in scheme (3-5).

o oy
N abs. EtOH N
Nﬁ/ \N + Ar-NH; Nﬁ/ \N C=N + H,0
CHO 70 °C,22-32h s 0O\ 2
S Ar
la

2a-g

@ @CI @ © @OHS/A)\ (Lo

2g

Scheme (3-5)

The reaction mechanism was well-known and shown in scheme (3-6).

OH
Pl @
@ NN
N JHLIN (e " Mo
S
S |\_| i
OH OH
N N%C[(%/H+HN Ar — = H
= = —Ar
W cZ z j/ N C—NCD—Ar
S I~N_
H
OH
(%H2
T/ N NfAr HZO H j T/

Scheme (3-6)

(TLC) showed that rate of the reaction of azoaldehyde derivative 1a with
the selected aromatic amines is relatively increased with decreasing strength
of the electron-withdrawing group substituted in benzene ring of the aromatic
amine due to the relatively less decreasing in the electronic density on the
amine group nitrogen atom. It is also found that the reaction of azoaldehyde
derivative 1a with AMT was completed in a relatively shorter time than the

others, while its reaction with 2-aminobenzothiazole required relatively
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longer time than the others to complete. The reason may be attributed to the
weaker resonance of the electron lone-pair of amine group nitrogen atom with
n-electrons system of 1,3,4-thiadiazole ring than with benzene or
benzothiazole, so the electronic density on amino group nitrogen atom in
AMT will be relatively higher.

In general, the reaction of azoaldehyde derivative 1la with the selected
aromatic amines required relatively long times for completion, the reason may
be related with presence of the electron-withdrawing groups and steric
hindrance effects coming from the bulky size of azoaldehyde molecule which

Is also contained hydroxyl group in ortho position to carbonyl group.

FT-IR spectra, figures (3-4) -(3-10) at © (cm™?) (KBr) of the synthesized
azoimines 2a-g illustrate good evidence that the reactions happened
successfully by disappearing the strong band at 1651cm™ belong to the
stretching vibration of (C=0) group and appearing medium-strong band at
lower frequency at the range (1602-1622) cm attributed to the stretching
vibration of imine group (C=N). Also, the spectra were devoid of the sharp
bands for asymmetric and symmetric stretching vibrations of (-NH,) group at
the general range (3400-3250) cm™. Other characteristic bands with their

interpretation were summarized in table (3-1).
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Table (3-1): FT-IR data of the synthesized azoaldehyde derivative 1a and azoimine
derivatives 2a-g in cm

Com. FT-IR bands Fig. | Page
no. no. no.
32690 (00-1), 3064 (Uc-H, benzene rings), 2868 and 2756 (v c.,
la aldehyde), 1651 (U C:O), 1593 and 1464 (UC=C, benzene rings and UC=N, (3_3) 90
benzothiazole, vib. coupling),750 (60.0.p C-H, benzene rings)-

3379 (UO-H), 3064 (UC-H, benzene rings), 1606 (UC:N), 1577 and
1477 (UC:C, benzene rings and UC=N, benzothiazole, vib. coupling), 752 (80.0.p C-

2a (3-4) | 91

H, benzene rings)-

3317br and 3178br (UO-H), 3063 (UC-H, benzene rings), 1608 (DC:N),
2D 1523, 1477 and 1446 (UC=C,benzene rings and UC=N, benzothiazole, vib. (3-5) 92
COUDling)i 750 (60.o.p C-H» benzene rings)-

3309 (UO-H), 3063 (UC-H, benzene rings), 1610 (Uc:N), 1543 and
1475 (UC:C,benzene rings and UC=N, benzothiazole, vib. coupling), 752 (So.o,p C-

2¢ (3-6) | 93

H, benzene rings)-

3371p; (Vo-11), 3064 (U, bonzene rings), 1608 (ve-n), 1589 and
1448 (UC=C,benzene rings and UC=N, benzothiazole, vib. coupling),1514 (Uas.
No,), 1404 (un=n), 1336 (vs, NO,), 758 (80.0.p C-H, benzene rings)-
3340br (UQ-H), 3064 (UC-H, benzene rings), 1612 (UCzN), 1483 and

1442 (UC:C,benzene rings and UC=N, benzothiazole, vib. Coupling),1525
(Uas. Noz), 1399 (UN:N), 1348 (Us NOz), 752 (80.0.p C-H» benzene rings)-

3273 (UO-H), 3082 (UC-H, benzene rings), 1622 (UC:N),

1498(UC:C,benzene, Uc=N, thiadiazole and UC=N, benzothiazole , vib. coupling),
1132 (D C=S , thioketone form ) , 746 (80.0.p C-H; benzene rings)-

3317br and 3182br (UO-H), 3061 (UC-H, benzene rings), 1602 (Dc:N),
29 1523 and 1454 (vc=c,benzene and VC=N, benzothiazole, vib. coupling), /48 (3-10) | 97

(60.o.p C-H; benzene rings)-

2d (3-7) | 94

2e (3-8) | 95

2f (3-9) | 96

3.4. Synthesis of 1,5-disubstituted tetrazole derivatives 3a-g

The reaction of azoimine derivatives 2a-g with sodium azide in
tetrahydrofuran produced a series of 1,5-disubstituted tetrazoles 3a-g

respectively as shown in scheme (3-7).
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OH
OH
NaN; / THF N A
O, e O
°C,24-35 h 3
S>»N%N - 70 °C, 24-35 <\ Y

H \Ar N\N//
2a-g 3a-g
Ar =
Q0" O O o
’ ’ ’ ’ ’ ’ \
Br NO, HS’<S>\ ©[3>_
Cl NO,
3a 3b 3c 3d 3e 3f 3g

Scheme (3-7)

This reaction was classified as [3+2] cycloaddition. The common features
of this type of reactions are best accommodated by the transition state
geometry in which the dipolarphile molecule and its ligands lie in one plane,
and the azide as a 1,3- dipolar group lies in a parallel plane above or below,
so that the orbitals perpendicular to the planes interact to form o bonds, as

shown in scheme (3-8).

+
+

+
NE N Na * ®
T.-/ \\ a N .o .o
INTONY . =.. N N N
N: N/ \\Nl aﬁ/ %N' 'N/ \\N'
+ ; ' : ) : 4+ NaH
He Hd N—Ar HQ(’: l!l Ar c|:| r\|1
A —N—Ar —N—Ar —_—
/C—N Ar A/ / Ar/ \Ar‘
Ar r Ar
T.S

Scheme (3-8)

TLC technique showed that the rate of reaction is relatively increased
with decreasing strength of the electron-withdrawing group substituted in
benzene ring which is directly bonded with imine group nitrogen atom, the
reason may be attributed to the relatively less decreasing in the electronic
density on the imine group nitrogen atom, also the stability of the cyclic
transition state for azide addition may be increased when the imine derivative

Is substituted with electron-withdrawing groups, have mesomeric effect such
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as chlorine and bromine, in benzene ring which is directly bonded with imine

group nitrogen atom.

It is also found that reaction of imine derivative 2f, which containing
thiadiazole moiety directly bonded with imine group nitrogen atom, with
sodium azide was completed in a relatively shorter time than the others, while
reaction of imine derivative 2g, which containing benzothiazole moiety
directly bonded with imine group nitrogen atom, with sodium azide required
relatively longer time than the others to complete. The reason may be
attributed to increase the electronic density on the imine group nitrogen atom
in imine derivative 2f which is caused by the electron-donating resonance of
thiadiazole ring, while the electronic density on imine group nitrogen atom in
imine derivative 2g is decreased due to the electron-withdrawing resonance
of benzothiazole ring, so expected that the cyclic transition state for azide
addition to imine derivative 2f will be the more stable due to the electron-
donating resonance of thiadiazole ring, while the cyclic transition state for
azide addition to imine derivative 2g will be the less stable due to the electron-

withdrawing resonance of benzothiazole ring.

Due to presence of polarized groups such as phenolic O-H, nitro group
NO,, sulfhydryl group S-H in addition of four nitrogen atoms in tetrazole ring,

the synthesized tetrazoles showed good solubility in water.

FT-IR spectra of 1,5-disubstituted tetrazoles 3a-g, figures (3-11)-(3-17)
showed a disappearance of the medium-strong band at the range (1602-1622)
cm which is attributed to the stretching vibration of (C=N) group in azoimine
derivatives and the appearance of broad strong band at lower frequency at the
range (1564-1575) cm™ attributed to the stretching vibration of (C=N) inside
tetrazole ring which is interacted with stretching vibrations of (C=C) and
(C=N) in benzene and benzothiazole rings respectively. Beside this, the FT-

IR spectra of these derivatives were devoid of a strong band at 2133 cm*
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attributed to the stretching vibration of azide group in sodium azide. It is clear

that FT-IR data refer to the successful proceeding of cycloaddition reactions

and forming tetrazole ring. Other characteristic bands with their interpretation
were listed in table (3-2).

Table (3-2) : FT-IR data of the synthesized tetrazole derivatives 3a-g in cm™

no.

Com.

FT-IR bands

Fig.
no.

Page
no.

3a

3425y, (UO-H and UC-H, benzene rings, vib. coupling), 1570y, (UC:N,
tetrazoles; UC=C, benzene rings and UC=N, benzothiazole, vib. coupling), 1408
(UN:N), 758 (So.o.p C-H» benzene rings)-

(3-11)

98

3b

3408, (UO-H and UC-H, benzene rings, vib. coupling), 1570y (UC:N,
tetrazoles; UC=C, benzene rings and UC=N, benzothiazole, vib. coupling), 1410
(UNzN), 758 (6o.o.p C-H; benzene rings)-

(3-12)

99

3c

3410y, (UO-H and UC-H, benzene rings, vib. coupling), 1568, (UC:N,
tetrazole; UC=C, benzene rings and UC=N, benzothiazole, vib. coupling), 1404
(UN:N), 756 (60.0.p C-H; benzene rings)-

(3-13)

100

3d

3425, (UO-H and UC-H, benzene rings, vib. coupling), 1575y (UC:N,

tetrazoles UC=C, benzene rings; UC=N, benzothiazole and Vas. NO2, vib. coupling),

1413 (on=n),1305 (vs.N0,), 756 and 709 (So.0.p c-Hy benzene

rings)-

(3-14)

101

3e

3410y, (UO-H and UC-H, benzene rings, vib. coupling), 1575y (UC:N,

tetrazole; UC=C, benzene ringss UC=N, benzothiazole and Vas. NOz, vib.

coupling)1 1408 (UN:N), 1346 (Us. NOz), 744 (So.o.p C-H» benzene

rings)-

(3-15)

102

3f

3406y, (UO-H and UC-H, benzene rings, vib. coupling), 1564 (UC:N,

tetrazoles UC=C,benzene rings; UC=N, benzothiazole and UC=N, thiadiazole, vib.

coupling)y 1408 (UN:N), 756 (80.0.p C-Hs benzene rings)-

(3-16)

103

39

3417, (UO-H and UC-H, benzene rings, vib. coupling), 1566 (UC:N,

tetrazole), 1440 ( Uc=c, benzene rings and Uc=N, benzothiazole, vib.
coupling)y 1406 (UN:N), 756 (80.0.p C-Hy benzene rings)-

(3-17)

104
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3.5. Synthesis of azoaldehyde derivatives 1a -e

A coupling reaction between the diazonium salts of the primary aromatic
amines (3-bromoaniline, 2-chloroaniline, 2,4-dichloroaniline, 4-nitroaniline
and 3-nitroaniline) with 2-hydroxybenzaldehyde dissolved in sodium
hydroxide solution at (0-5) °C afforded different azoaldehyde derivatives 1a'-

e’ respectively. Scheme (3-9).

NaNO, / HCl _ ® O
NC

Ar—NH, > Ar—N=NCI o
0-5°C =
o ® \ 0-5 °C N
OH ON > Ar OH
O\ O\ 2 / \N/
NaOH
— >
la'-e’

v S - ;3 o

1a’ 1b° 1c 1d’ 1e
Scheme (3-9)

NO,

The synthesized azoaldehydes 1a'-e” were characterized by their melting
points and FT-IR spectra at v (cm™) (KBr). FT-IR spectra, figures (3-18)-(3-
22) of azoaldehyde derivatives 1a-e” were devoid of the sharp bands at the
general range (3400-3250) cm™ attributed to asymmetric and symmetric
stretching vibrations of (-NH;) group and appearance of strong band at the
range (1656-1664) cm™ attributed to the stretching vibration of (C=0) group
which gives good evidence that the reactions proceeded successfully and
yielded the desired azoaldehydes la'-e’. The intramolecular hydrogen
bonding between carbonyl group oxygen atom and o-hydroxy group causes
shifting the stretching vibrations of carbonyl groups towards lower
frequencies. The spectra also showed appearance of characteristic weak band
at the range (1402-1425) cm assigned to azo group (N=N) stretching. The
relative increasing in dipole moment of azo group in azoaldehyde derivatives
la’-e caused appearance of azo group stretching band. Other characteristic

bands were shown in table (3-3).
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Table (3-3): FT-IR data of the synthesized azoaldehyde derivatives la -e’

incm!

Com.
no.

FT-IR bands

Fig.
no.

Page
no.

la

3192 (U O-H)7 3068 (U C-H, benzene rings), 2872 (U C-H, aldehyde),
1656 (D C:O), 1573 and 1481 (D C=C, benzene rings), 1413 (D
N:N), 833, 732 and 673 (6 0.0.p. C-H, benzene rings)-

(3-18)

105

1b

3194 (D O-H), 3057 (U C-H) benzene rings), 2843 and 2740 (U C-H,
aldehyde), 1664 (U C:O), 1573 and 1475 (U C=C benzene rings),
1425 (U N:N), 767 and 742 (5 0.0.p. C-H, aromatic rings)-

(3-19)

106

1c

3412 (U O-H)1 3088 (U C-H, benzene rings), 2856 (U C-H; aldehyde),
1662 (D C:O), 1575, 1518 and 1475 (D C=Cy benzene rings), 1402
(U N=N), 831 and 771 (6 0.0.p. C-H, benzene rings)-

(3-20)

107

1d

3161 (U O-H), 3103 (U C-H, benzene rings), 2870 (U C-H, aldehyde),
1660 (U C:O), 1581 and 1481 (U C=C, benzene rings), 1523
(Uas. NOZ), 1423 (D N:N), 1340 (Ds_ NOZ), 854 and 759 (8 0.0.p.C-

H, benzene rings)-

(3-21)

108

le

3182 (1) O-H), 3086 (1) C-H, benzene rings), 2860 and 2748 (U C-H,
aldehyde), 1660 (U C:O), 1575 and 1483 (U C=C;, benzene rings),
1525(gs, N0,), 1425 (v n=n), 1350 (v no,), 810, 742 and
673 (65 0.0.p. C-H, benzene rings)-

(3-22)

109

3.6. Synthesis of azoimine derivatives 2a -e

A condensation reaction between azoaldehyde derivatives 1la™-e” and 2-

aminobenzothiazole in the presence of glacial acetic acid as catalyst in

absolute ethanol resulted in the formation of azoimines 2a™-e” as shown in

sch

eme (3-10).

Ar

OH N OH
N H N_</ abs. EtOH /@;
2 — + H,O
X N S 70°C, 17-25 h NS =N N 2
N Ar N G \(

CHO

1a'-¢’ 2a’-¢’

Cl (¢]]
SoletogioNo!
Br NO;
Cl O2N
* 2b’ 2¢’ 2d° 2¢’

2a

Scheme (3-10)
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(TLC) showed that the rate of reaction of 2-aminobenzothiazole with the
synthesized azoaldehyde derivatives la'-e is relatively increased with
increasing strength of electron-withdrawing group substituted in benzene ring
which is directly bonded with azo group due to decrease the electronic density

on the carbonyl group carbon atom (increasing the electrophilicity).

In general, the reaction of 2-aminobenzothiazole with the synthesized
azoaldehyde derivatives 1a'-e" required relatively long times for completion,
the reason may be related with decreasing nucleophilicity of amino group in
2-aminobenzothiazole due to the resonance with benzothiazole ring and
presence of steric hindrance effects caused by the bulky size of both
benzothiazole moiety and azoaldehydes molecules which are also contained

hydroxyl group in ortho position to carbonyl group.

FT-IR spectra, figures (3-23)-(3-27) at © (cm™) (KBr) of the synthesized
azoimine derivatives 2a-e" illustrate good evidence that the reactions
happened successfully by causing the disappearance of the sharp bands at
3398 cm? and 3273 cm? attributed to the asymmetric and symmetric
stretching vibrations of (-NH,) group in benzothiazole, also causing
disappearance of the sharp strong band at 1641 cm™ assigned to the bending
vibration of (-NH,) group in the same ring. The spectrum also showed the
disappearance of the sharp strong band at the range (1656-1664) cm™ belong
to the stretching vibration of (C=0) group and appearing medium-strong band
at lower frequency at the range (1600-1608) cm* attributed to the stretching
vibration of imine group (C=N). Other characteristic bands with their

interpretation were summarized in table (3-4).
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Table (3-4): FT-IR data of the synthesized azoimine derivatives 2a’-e" in cm

Com.

no.

FT-IR bands

Fig.
no.

Page
no.

2a

3443 (UO-H), 3059 (UC-H, benzene rings), 1606 (Uc=n), 1568

and 1489 (DC:C,benzene rings and Uc=N, benzothiazole, vib. coupling ),

1415 (DN:N), 831, 754 and 675 (So.o.p C-H, benzene rings).

(3-23)

110

2b°

3373 (UO-H), 3057 (UC-H, benzene rings), 1608 (UC:N), 1568,
1494 and 1475 (UC:C,benzene rings and Uc=N, benzothiazole, vib. coupling
), 1427 (UN:N), 756 (So.o.p C-H, benzene rings)-

(3-24)

111

3419 (UO-H), 3061 (UC-H, benzene rings), 1600 (UC:N), 1568
and1479 (UC:C,benzene rings and UC=N, benzothiazole, vib. coupling ),
1425 (UN:N), 752 and 673 (80.o.p C-H,benzene rings)-

(3-25)

112

2d°

3448 (Vo-n), 3103 and 3074 (Uc-H, benzene rings), 1606 (vc=n),
1568, 1494 and 1454(Dc:c, benzene rings and UC=N, benzothiazole, vib.
coupling); 1523 (Vas, N0,), 1429 (U n=n), 1342 (Vs No,), 856,
763 and 686 (8 0.0.p. C-H,benzene rings)-

(3-26)

113

2e

3377 (Vo-H), 3084 (Uc-H, benzene rings), 1608 (Uc=n), 1568
and 1492 (Uc=c, benzene rings and VC=N, benzothiazole, vib. coupling)s
1527 (Vas 0,), 1427 (0 nen), 1348 (Vs no,), 808, 759

and 675 (5 0.0.p C-H,benzene rings)-

(3-27)

114

3.7. Synthesis of 1,5-disubstituted tetrazole derivatives 3a -

This series of tetrazoles resulted from the reaction of sodium azide with

azoimine derivatives 2a’-e" in tetrahydrofuran as indicated in scheme (3-11).

ey,
OH N
NaN, / THF
S 3 i QN*
AN 7 70 °C, 24-30 h N ™ s
Ar
N ¢ S N_ N
H N, Z
N
2a'-¢ 3a’-e’
cl Cl
Ar= ; ’ ’
Br NOZ
cl NO,
3a° 3b 3¢ 3d 3¢
Scheme (3-11)
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TLC technique showed that the rate of reaction is decreased a lot in
presence of electron-donating groups substituted in benzene ring, while it is
relatively increased in presence of electron-withdrawing groups. Also, the rate
Is relatively increased with increasing strength of the electron-withdrawing
group, the reason may be assigned to decreasing the electronic density on
Imine group carbon atom (increasing the electrophilicity), also stability of the
cyclic transition state for azide addition may be increased when the imine
derivative is substituted with electron-withdrawing groups, especially by
resonance, in benzene ring which is directly bonded with azo group, so it
expected that the cyclic transition state for azide addition to imine derivative
2d” which is substituted with nitro group in para position will be the more

stable than the others.

The synthesized tetrazoles showed good solubility in water due to
presence of polarized groups such as phenolic O-H, nitro group NO; in

addition of four nitrogen atoms in tetrazole ring.

FT-IR spectra of tetrazoles 3a-e’, figures (3-28)-(3-32) showed the
disappearance of the medium-strong band at the range (1600-1608) cm
which attributed to the stretching vibration of (C=N) group in azoimine
derivatives and appearance of broad strong band at lower frequency at the
range (1573-1595) cm attributed to the stretching vibration of (C=N) inside
tetrazole ring which is interacted with stretching vibrations of (C=C) and
(C=N) in benzene and benzothiazole rings respectively. Beside this, the FT-
IR spectra of these derivatives were devoid of a strong band at 2133 cm™
attributed to the stretching vibration of azide group. It is clear that FT-IR data
refer to the successful proceeding of cycloaddition reactions and forming
tetrazole ring. Other characteristic bands with their interpretation were listed
in table (3-5).

55

—
| —



Chapter Three Results and Discussion

Table (3-5): FT-IR data of the synthesized tetrazole derivatives 3a™-e" in cm*

Com. ig.
FT-IR bands Fig. | Page
no. no. no.
3398br (UO-H and UC-H, benzene rings, vib. coupling), 1577 (UC=N,
3a tetrazole), 1454 (UC:C, benzene rings and UC=N, benzothiazole, vib. (3'28) 115

coupling), 1423 (Un=n), 765 and 684 (3o.0.p c-H, benzene rings)-

3396br (UO-H and UC-H, benzene rings, vib. coupling), 1573 (UC=N,
tetrazole, UC=C, benzene rings and UC=N, benzothiazole, vib. coupling), 1415 (3-29) 116
(UN:N), 752 (50.0.p C-H, benzene rings)-

3b°

3398br (UO-H and UC-H, benzene rings, vib. coupling), 1587 (UC=N,
3c tetrazole), 1548 and 1448 (UC=C, benzene rings and UC=N, benzothiazole, (3'30) 117
vib. coupling), 815 and 754 (60.0.p C-H, benzene rings)-

3377y (UO-H and UcC-H, benzene rings, vib. coupling), 1591 (Vc-n,
3d tetrazole), 1925 (Uas. NOz); 1454 (UC:C, benzene rings and UC=N,

benzothiazole, vib. coupling), 1400 (UN:N)l 1334 (US- NOZ)’ 850 (3_31) 118
and 750 (80.0.p C-H, benzene rings)
3427br (UO-H and UC-H, benzene rings, vib. coupling), 1595 (UC=N,

3e tetrazole), 1531 (Das. NOZ), 1479 and 1450 (UC=C, benzene rings and (3_32) 119

UC=N, benzothiazole, vib. coupling), 1406 (UN=N), 1350 (US. NOz),
806 and 734(80.0.p C-H, benzene rings)-

H NMR spectra of tetrazoles 3a-g and 3a’-¢’

'H NMR spectrum of compound 3a, figure (3-33) showed twelve signals,
overall integration = 12H, attributed to eleven nonequivalent types of aromatic
protons in addition of phenolic (O-H) proton at the following chemical shifts
in (ppm): & =6.99 (s, 1H, Ha), 7.17 (s, 1H, Hyp), 7.28 (s, 1H, Ho), 7.60 (s, 1H,
Hd), 7.72 (s, 1H, He), 7.80 (s, 1H, Hy), 7.98 (s, 1H, Hy), 8.20 (s, 1H, Hy), 8.50
(s, 1H, Hi), 8.59 (s, 1H, H;), 8.90 (s, 1H, Hy), 9.32 (br, 1H, O-H). The singlet
signals around 2.50 ppm and 3.40 ppm are assigned to DMSO and absorbed
HDO in DMSO, respectively.
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'H NMR spectrum of compound 3b, figure (3-34) appeared eleven
signals, overall integration = 12H, back to ten nonequivalent types of aromatic
protons in addition of phenolic (O-H) proton around the following chemical
shifts: & (ppm) = 7.08 (s, 1H, H,), 7.23 (s, 1H, Hy), 7.44 (s, 1H, H), 7.58 (s,
1H, Hy), 7.60 (s, 1H, He), 7.69 (d, J = 8.4 Hz, 1H, Hy), 7.88 (s, 2H, 2H,), 8.22
(d, J = 8.3 Hz, 1H, Hy), 8.57 (s, 1H, H;), 8.58 (s, 1H, H;), 9.43 (s, 1H, O-H).
The singlet signals around 2.59 ppm and 3.42 ppm assigned to DMSO and
absorbed HDO in DMSO, respectively.

'H NMR spectrum of compound 3c, figure (3-35) showed eleven signals,
overall integration = 11H, belong to ten nonequivalent types of aromatic
protons in addition of phenolic (O-H) proton at 6 (ppm) = 7.15 (s, 1H, H,),
7.28 (s, 1H, Hy), 7.54 (s, 1H, H.), 7.60 (s, 1H, Hg), 7.75 (d, J = 6.9 Hz, 1H,
He), 7.85 (d, J = 8.4 Hz, 1H, Hy), 7.94 (s, 1H, Hy), 8.04 (s, 1H, Hy), 8.13 (s,
1H, H;), 8.50 (s, 1H, H;), 9.47 (s, 1H, O-H). The singlet signals around 2.51
ppm and 3.39 ppm are due to DMSO and absorbed HDO in DMSO,

respectively.

'H NMR spectrum of compound 3d, figure (3-36): showed eleven signals,
overall integration = 12H, due to ten nonequivalent types of aromatic protons
in addition of phenolic (O-H) proton at the following chemical shifts & (ppm)
=6.81 (d, J=9.7 Hz, 1H, Ha), 7.04 (d, J = 9.2 Hz, 1H, Hp), 7.25 (s, 1H, Hy),
7.77 (s, 1H, Hy), 7.87 (s, 1H, He), 8.04 (s, 1H, Hy), 8.29 (s, 1H, Hy), 8.36, 8.37
(ss, 2H, Hyand Hy), 8.94 (s, 2H, 2H;), 10.08 (br, 1H, O-H). The singlet signals
of DMSO and absorbed HDO in DMSO appeared at 2.50 ppm and 3.39 ppm,
respectively.

'H NMR spectrum of compound 3e, figure (3-37): showed nine signals,
overall integration = 12H, belong to eight nonequivalent types of aromatic
protons in addition of phenolic (O-H) proton around the following chemical
shifts o (ppm) = 7.13 (s, 1H, Hy), 7.28 (s, 1H, Hy), 7.38 (s, 1H, H.), 7.51 (s,
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1H, Hg), 7.66 (s, 1H, He), 7.75 (s, 1H, Hs), 7.85 (s, 1H, Hy), 8.49 (Spr, 4H, 4Hp),
9.46 (s, 1H, O-H). The singlet signals of DMSO and absorbed HDO in DMSO
appeared around 2.50 ppm and 3.40 ppm, respectively.

'H NMR spectrum of compound 3f, figure (3-38): appeared ten signals,
overall integration = 9H, belong to seven nonequivalent types of aromatic
protons in addition of phenolic (O-H) proton and S-H, N-H proton in each
thiol and thione tautomeric forms, respectively as follow: & (ppm) = 3.75 (s,
1H, S-H)1, 7.24 (s, 1H, H,), 7.39 (s, 1H, Hy), 7.53 (d, J = 7.0 Hz, 1H, H,),
7.61 (s, 1H, Hq), 7.78 (s, 1H, He), 8.18 (s, 1H, Hy), 8.51 (s, 1H, Hy), 8.74 (s,
N-H, thione form), 9.37 (s, 1H, O-H). The singlet signals of DMSO and
absorbed HDO in DMSO appeared at 2.52 ppm and 3.39 ppm, respectively.

'H NMR spectrum of compound 3g, figure (3-39) showed ten signals,
overall integration = 12H, attributed to nine nonequivalent types of aromatic
protons in addition of phenolic (O-H) proton as follow: & (ppm) =7.06 (s, 1H,
Ha), 7.26 (s, 1H, Hy), 7.43 (d, J = 8.3 Hz, 2H, 2H.), 7.63 (s, 1H, Hy), 7.73 (s,
1H, He), 7.75 (d, J = 7.4 Hz, 2H, 2Hy), 7.94 (s, 1H, Hy), 8.14 (s, 1H, Hy), 8.5
(s, 1H, Hj), 9.47 (s, 1H, O-H). DMSO and absorbed HDO in DMSO appeared
singlet signals at 2.51 ppm and 3.41 ppm, respectively.

'H NMR spectrum of compound 3a", figure (3-40) showed twelve signals,
overall integration = 12H, due to eleven nonequivalent types of aromatic
protons in addition of phenolic (O-H) proton as follow: & (ppm) =7.00 (s, 1H,
Ha), 7.18 (s, 1H, Hp), 7.25 (s, 1H, H.), 7.41 (d, J = 7.8 Hz, 1H, Hy), 7.64 (d, J
= 7.9 Hz, 1H, He), 7.76 (s, 1H, H), 7.77 (s, 1H, Hy), 8.09 (s, 1H, Hy), 8.49 (s,
1H, Hi), 8.50 (s, 1H, H;), 8.52 (s, 1H, Hy), 9.34 (s, 1H, O-H). DMSO and
absorbed HDO in DMSO showed two singlet signals at 2.51 ppm and 3.39

ppm, respectively.

'H NMR spectrum of compound 3b°, figure (3-41) appeared eleven
signals, overall integration = 12H, attributed to ten nonequivalent types of

( 1
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aromatic protons in addition of phenolic (O-H) proton at 6 (ppm) = 7.00 (s,
1H, Hy), 7.18 (s, 1H, Hy), 7.22 (s, 1H, H.), 7.32 (d, J = 7.8 Hz, 1H, Hy), 7.49
(s, 1H, He), 7.52 (s, 1H, H), 7.58 (s, 1H, Hy), 7.64 (s, 1H, Hy), 7.71 (d, J = 7.3
Hz, 1H, H;), 8.50 (s, 2H, 2H;), 9.36 (s, 1H, O-H). The singlet signals at 2.50
ppm and 3.41 ppm assigned to DMSO and absorbed HDO in DMSO.

'H NMR spectrum of compound 3c”, figure (3-42) showed nine signals,
overall integration = 11H, attributed to eight nonequivalent types of aromatic
protons in addition of phenolic (O-H) proton at & (ppm) = 7.18 (s, 1H, H,),
7.31 (d, J = 8.3 Hz, 1H, Hy), 7.44 (d, J = 8.4 Hz, 1H, H,), 7.62 (s, 1H, Hy),
7.74 (d, J = 8.0 Hz, 1H, H,), 7.97 (d, J = 7.8 Hz, 1H, Hy), 8.35 (s, 2H, 2H),
8.62 (s, 2H, 2Hp), 9.34 (s, 1H, O-H). The singlet signals at 2.51 ppm and 3.40
ppm assigned to DMSO and absorbed HDO in DMSO, respectively.

'H NMR spectrum of compound 3d", figure (3-43) appeared to ten signals,
overall integration = 12H, belong to nine nonequivalent types of aromatic
protons in addition of phenolic (O-H) proton as follow: & (ppm) = 7.06(s, 1H,
H.), 7.25 (d, J = 7.5 Hz, 1H, Hy), 7.43 (d, J = 7.4 Hz, 1H, H), 7.64 (s, 1H,
Ha), 7.71 (s, 2H, 2He), 7.81 (s, 1H, Hy), 8.20 (s, 1H, Hy), 8.23 (s, 1H, Hy), 8.48
(s, 2H, 2H;), 9.43 (s, 1H, O-H). The singlet signals for DMSO and absorbed
HDO in DMSO appeared around 2.51 ppm and 3.41 ppm, respectively.

'H NMR spectrum of compound 3e”, figure (3-44) showed twelve signals,
overall integration = 12H, attributed to eleven nonequivalent types of aromatic
protons in addition of phenolic (O-H) proton at 5 (ppm) = 7.06 (s, 1H, H,),
7.21 (s, 1H, Hy), 7.27 (s, 1H, Ho), 7.42 (s, 1H, Hg), 7.70 (d, J = 8.2 Hz, 1H,
He), 7.88 (s, 1H, Hy), 7.95 (s, 1H, Hy), 8.06 (d, J = 6.3 Hz, 1H, Hy), 8.27 (s,
1H, H;), 8.33 (s, 1H, H;), 8.49 (s, 1H, Hy), 9.41 (s, 1H, O-H). The singlet
signals back to DMSO and absorbed HDO in DMSO appeared around 2.50
ppm and 3.41 ppm, respectively.
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Mass spectra of the synthesized tetrazoles 3a-g and 3a -e°

All mass spectra of the synthesized tetrazoles, figures (3-45)- (3-56)
appeared the molecular ion peak at (m/z) value is equal to the corresponding

calculated mass as indicated in table (3-6) below.

Table (3-6): The estimated molecular weight (g/mol) and measured
molecular ion mass (m/z) of the synthesized tetrazoles

3a-g and 3a’-e

Com. | Molecular weight | Molecular ion mass
no. (g/mol) (m/z)
3a 478.33 478.35
3b 433.87 433.90
3c 468.32 468.40
3d 444.43 444.35
3e 444.43 444.50
3f 439.49 439.45
39 456.50 456.40
3a 478.33 478.40
3b 433.87 433.70
3c 468.32 468.35
3d 444.43 444.45
3e’ 444.43 444.45
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Fragmentation pathways and rearrangements of the synthesized

1,5-disubstituted tetrazoles 3a-g and 3a -

The mass spectral fragmentation pattern of parent tetrazole, all isomers of
monomethyl- and dimethyltetrazole, as well as deuterated analogs was studied
by Forkey and Carpenter*?’. Moreover, the fragmentation pattern of 1-(o-, m-
, and p-tolyl)-5-phenyltetrazoles were studied and shown to consist of a
sequence of reactions, namely, initial tautomeric conversion to an azide
structure, followed by elimination of a molecule of nitrogen, and
rearrangement of the resulting nitrene intermediate to a cation-radical
derivative of a methyl-substituted 2-phenylbenzimidazole compound!2. Also,
the mass spectrometric behavior of 1-aryl-5-(1-acyl-2-dialkylamino vinyl)-
1H-tetrazoles was studied, especially using 1-phenyl-5-(1-benzoyl-2-
dimethylaminovinyl)-1H-tetrazole and its D- and ‘°N-labeled derivatives!?,
The fragmentation pattern of the synthesized 1,5-disubstituted tetrazoles 3a-
g and 3a’-e’, schemes (3-12)- (3-23), was suggested depending on the above
mentioned reports and other references!?*1?>, The mass spectra of the
synthesized 1,5-disubstituted tetrazoles showed several significant co-
fragments which refer to presence of tetrazole ring such as fragments at (m/z
=69, 70, and 71) which assigned to tetrazolyl cation, tetrazolyl radical cation,
and tetrazolium cation, respectively. Also, the fragment at (m/z =56) resulting
from the loss of nitrogen radical from tetrazolyl radical cation. Moreover, the
fragment at (m/z =57) coming from the loss of nitrogen radical and gain of
hydrogen radical from tetrazolyl radical cation. Other significant co-
fragments for tetrazole ring were shown in schemes (3-12)- (3-23).
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3.8. Antibacterial activity

In this work, the antibacterial activity of all synthesized tetrazoles has
been tested. The results of antibacterial action have been described in table (3-
7) and photographs of growth inhibition zones have been illustrated in figures
(3-57)-(3-58).

Table (3-7): The antibacterial activity for synthesized tetrazole derivatives

Bacteria | Staphylococcus aureous | Escherichia coli
(Gram-positive) (Gram-negative)
C:c:n' Diameter of inhibition zone in (mm)

3a 15 0
3b 14 0
3c 15 0
3d 0 0
3e 16 0
3f 13 0
39 15 0
3a’ 16 0
3b 16 0
3c 12 0
3d 14 0
3e 12 0
DMSO - -
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| Staphylococcus aureous | Escherichia coli
Gentamycin - )
(Gram-positive) (Gram-negative)
as control
drug Diameter of inhibition zone in (mm)
10 Mg/mL 18 15
100 Mg/mL 23 19
Highly active (inhibition zone > 15 mm)
Moderately active (inhibition zone 11-15 mm)
Slightly active (inhibition zone 5-10 mm)
Inactive (inhibition zone <5 mm)

From the data observed, it is found that just one tetrazole 3d showed no
effect against Gram-positive bacteria while the others (11 tetrazoles) showed
medium-high effect towards the same bacteria. All tetrazoles showed no effect

against Gram-negative bacteria.
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Table (3-8): Names of the synthesized compounds

Sk Structure Name
symbol
N—N
AMT H2N/< >\SH 5-amino-1,3,4-thiadiazole-2-thiol
@\% X (E)-5-(benzo[d]thiazol-2-yldiazenyl)-
la 2-hydroxybenzaldehyde
4-((E)-benzo[d]thiazol-2-yldiazenyl)-
24 @ Q @ 2-((E)-((3-bromophenyl)imino)
methyl)phenol
/@ ci 4-((E)-benzo[d]thiazol-2-yldiazenyl)-
ob @ @ 2-((E)-((2-chlorophenyl)imino)
methyl)phenol
/@C cl 4-((E)-benzo[d]thiazol-2-yldiazenyl)-
26 @ O 2-((E)-((2,4-dichlorophenyl)imino)
methyl)phenol
OoH 4-((E)-benzo[d]thiazol-2-yldiazenyl)-
2d @%&N&N@ 2-((E)-((4-nitrophenyl)imino)methyl
)phenol
OH 4-((E)-benzo[d]thiazol-2-yldiazenyl)-
%6 @M\\N&N@ 2-((E)-((3-nitrophenyl)imino)methy!)
phenol
N OH 4-((E)-benzo[d]thiazol-2-yldiazenyl)-
of @ \}NQN /N{\ 2-((E)-((5-mercapto-1,3,4-thiadiazol-
S 2-yl)imino)methyl)phenol
N o 4-((E)-benzo[d]thiazol-2-yldiazenyl)-
29 C[ DN /@/N{ ]ij 2-((E)-(benzo[d]thiazol-2-ylimino)
methyl)phenol
(E)-4-(benzo[d]thiazol-2-yldiazenyl)-
3a 2-(1-(3-bromophenyl)-1H-tetrazol-5-
yl)phenol
(E)-4-(benzo[d]thiazol-2-yldiazenyl)-
3b }NQN 2-(1-(2-chlorophenyl)-1H-tetrazol-5-
r\f N of yl)phenol
(E)-4-(benzo[d]thiazol-2-yldiazenyl)-
3c \>N§NCEF Q 2-(1-(2,4-dichlorophenyl)-1H-tetrazol
’\1 N cl -5-yl)phenol
(E)-4-(benzo[d]thiazol-2-yldiazenyl
3d @ )-2-(1-(4-nitrophenyl)-1H-tetrazol-5-
r\f yl)phenol
(E)-4-(benzo[d]thiazol-2-yldiazenyl
3e )-2-(1-(3-nitrophenyl)-1H-tetrazol-5-
r\f yl)phenol

—
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Com.

Structure Name
symbol
OH . .
N—N (E)-4-(benzo[d]thiazol-2-yldiazenyl )-
3f AN A D—sH 2-(1-(5-mercapto-1,3,4-thiadiazol-2-
DN<y N =S
S '\{‘N"\N yl)-1H-tetrazol-5-yl)phenol
N o N@ (E)-2-(1-(benzo[d]thiazol-2-yl)-1H-
39 @: \>N§NQFN%S tetrazol-5-yl)-4-(benzo[d] thiazol-2-
s ,\LN,,‘N yldiazenyl)phenol
. QN\\N OH (E)-5-((3-bromophenyl)diazenyl)-2-
la ; 5 hydroxybenzaldehyde
r —
. N on (E)-5-((2-chlorophenyl)diazenyl)-2-
1b _—0 hydroxybenzaldehyde
cl
. Cl@"“\\ oH (E)-5-((2,4-dichlorophenyl) diazenyl)-
1c L N o 2-hydroxybenzaldehyde
1d° OWO‘ N\\N OH (E)-2-hydroxy-5-((4-nitrophenyl)
diazenyl)benzaldehyde
=0
1e° Q/ N\\N OH (E)-2-hydroxy-5-((3-nitrophenyl)
diazenyl)benzaldehyde
O,N =0
OH
2a Br N @N N 2-((E)-(benzo[d]thiazol-2-ylimino)
SN A methyl)-4-((E)-(3-bromophenyl)
diazenyl)phenol
OH
b Cl @;N N 2-((E)-(benzo[d]thiazol-2-ylimino)
NQN ZN methyl)-4-((E)-(2-chlorophenyl)
S diazenyl)phenol
OH
2" Cl @N N 2-((E)-(benzo[d]thiazol-2-ylimino)
NQN S methyl)-4-((E)-(2,4-dichlorophenyl
S )diazenyl)phenol
Cl
OH
2d° N ©;¢N = 2-((E)-(benzo[d]thiazol-2-ylimino

)methyl)-4-((E)-(4-nitrophenyl)
diazenyl)phenol
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Com.

Structure Name
symbol
OH
2¢’ N N )@LN\/N 2-((E)-(benzo[d]thia_lzol-Z-yIimino)
2 @ N L methyl)-4-((E)-(3-nitrophenyl)
diazenyl)phenol
oy (E)-2-(1-(benzo[d]thiazol-2-yl)-1H
. -2-(1-(benzo iazol-2-yl)-1H -
S Br N*N@B—NJI\S tetrazol-5-yl)-4-((3-bromophenyl)
NN diazenyl)phenol
. cl OH (E)-2-(1-(benzo[d]thiazol-2-y1)-1H -
3b Nen N’Ls tetrazol-5-yl)-4-((2-
N/‘N”N chlorophenyl)diazenyl)phenol
. cl oF (E)-2-(1-(benzo[d]thiazol-2-yl)-1H -
3¢ NGy i tetrazol-5-y1)-4-((2,4-dichlorophenyl
NN )diazenyl)phenol
Cl N
. oH N/Q (E)-2-(1-(benzo[d]thiazol-2-yl)-1H -
3d @N%N g 'Ej(e_trazoI-IS-)rql)-4]((4-nitrophenyl)
oN NN iazenyl)pheno
- (E)-2-(1-(benzo[d]thiazol-2-yl)-1H -

tetrazol-5-yl)-4-((3-nitrophenyl)
diazenyl)phenol
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Conclusions and Future work

Conclusions

1. The cycloaddition reaction of all imines with sodium azide has been
considered a new general method for the synthesis of tetrazoles.

2. The rates of cycloaddition reactions for formation of 1,5-disubstituted
tetrazoles 3a-g are relatively increased with decreasing the strength of
the electron with-drawing group that substituted in benzene ring.

3. The rates of cycloaddition reactions for formation of 1,5-disubstituted
tetrazoles 3a'-e" are relatively increased with increasing the strength of
the electron with-drawing group that substituted in benzene ring.

4. All synthesized tetrazoles have relatively high solubility in water.

5. All synthesized tetrazoles have biological activity against Gram-positive

bacteria only.

Future work

1. Synthesis of different azoimines or hydrazones via introducing the
synthesized azoaldehydes in a condensation reactions with other primary
amines or hydrazines which could be used as precursors for the synthesis
of new 1,5-disubstituted tetrazoles.

2. Using the synthesized azoimines as precursors for the synthesis of -
Lactam derivatives via reaction with chloroacetyl chloride.

3. Using the synthesized azoimines as precursors for the synthesis of 1,3-
oxazepines and 1,3-oxazepanes via [5+2] cycloaddition reaction with
unsaturated and saturated cyclic anhydrides.

4. Evaluation the toxicity and minimum-influenced concentration for the
new synthesized tetrazoles.

5. Study the biological activity of the synthesized tetrazoles against other
types of bacteria in addition of fungi, virus and some diseases of the

animal tissues.
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Appendix

A. Spectroscopic figures
A.l. FT-IR spectra
A.1.1. FT-IR spectra of the synthesized AMT, 2-Aminobenzothiazole and azoaldehyde derivative la
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Fig. (3-1): FT-IR spectrum of compound AMT
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Appendix

A.1.2. FT-IR spectra of the synthesized azoimine derivatives 2a-g
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A.1.3. FT-IR spectra of the synthesized tetrazole derivatives 3a-g
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A.1.4. FT-IR spectra of the synthesized azoaldehyde derivatives 1a'-e’
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A.1.6. FT-IR spectra of the synthesized tetrazole derivatives 3a -e’
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Fig. (3-32): FT-IR spectra of compound 3e
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Appendix

A.2. 'H NMR spectra
A.2.1. 'H NMR spectra of the synthesized tetrazole derivatives 3a-g
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Fig. (3-33): *H NMR spectrum of compound 3a
= e 5 z g 8 ¢ ERE g
® ® i 0 S D 7
k
| a :
K b OH i h
| I g
N< N Br
‘ f s Na N e
| | “
| o
h e
|‘ |‘ b | f\ f'n‘ I d b
/| N | jL/U | <y
Vo
|/ k\J‘JL, _J \__ N W LJ
T E T T TET T
.0 8:8 8.’6 8:4 B:Z Bl':)pm 7:8 716 7:4 712 T:I]

Fig. (3-33a): Expanded *H NMR spectrum of compound 3a in ppm

a

9.61
b 700 OH ; 724 h
g 318 7.16 761@\7.57
753 N
@i\}k,\, N Br
7.51 S 750 ,\( N 750
f 802 d Ne

J

Fig. (3-33b): Theoretical 6 (ppm) values of compound 3a

( ]
| 120 |



Appendix

1 N

N AT

u\ L I

ooooooo

T T T T
11 10 9 8

B 59 % E238 = g 2
o w w w b~ b~ I~ I~ s b~ e~ o~
S 57 | N |

- a e

L j b OH 9 c

\“ h N d
| f Ny r\fN‘
‘ S 9 \N,,N Cl

8.8 8.6 8.4

T T T T
8.2 8.0 1.8 7.0

Fig. (3-34a): Expanded *H NMR spectrum of compound 3b in ppm

121

—
| —



Appendix

\3430.859
—3151.753

—3086.083
\3077.691
3042.974

3031.876
—2978.092
—2893.843
—2831.263

/3432793
3296326
~-3288.068

/.‘..

Q
o

-~
(0] Z
V
4
Vi
Z (on
«Q Q
=~ ©
Z. T
\Z'Z -
o (¢}

T
o o
=]
P

=
ol

T T
7.8 7.6 7.4 7.2 7.0 6.8
ppm

= |
8]
I3
=)

T T T
8.8 8.6 8.4

Fig. (3-34b): Expanded 'H NMR spectrum of compound 3b in Hz

a 961 ©
j b 700 OH 7.44
h 8.18 7.16 7.55 7.28 C
7.53 N g
@i \>’N§N N 742 d
f 751 S 7.50 ,\f N
8.02 g °N
i

Fig. (3-34c): Theoretical 5 (ppm) values of compound 3b

122

—
| —



Appendix

mll

04
94
87
85
77
\7.75
\-7.60
54
28
15
—3.39
2.51

DMSO-d;s

H;O

O-H
| W t J| L
i W L
— [T T,
gj! g .g.ESC!C!C!C!QU.
=1 P e o . | =
T T
10 8 7 6 5 4 3 2 1
ppm

z = = 3hg KE ¢ 3F R
1 F 0F SRN ¥ 5 S
] a c
J b OH d Cl
. N
DNy N h
e S g NN
N Cl
: N

gk

4 106=

| JUU\’UPDK J \J p

T T TT T

O CJ
— -—« — -—1

0.98

o -—1 -—«

8.6 8.5

T T T T T T T T T T T T T
8.3 8.2 8.1 8.0 7.9 7.8 7.7 7.6 7.5 7.4 7.3 7.2 71

ppm

Fig. (3-35a): Expanded *H NMR spectrum of compound 3c in ppm

123

—
| —



Appendix

—3399.336
3252.420
—3216.351
~-3176.464
£3149.057
~-3140.666
~3107.478
~-3100.595
—3042.812
3016.037
—2913.288
2859.720

[—

V]
(9]

Cl

(‘D —
(IJYZ
Z
/
Z O

«

Z= o)
T
ZAZ{;§-
>0

]

0 LULJUL

e e T
& & s 3
=] (=) — —

1.06 =

-—i -—< O

8.6

T T T T T T T
8.4 8.2 8.0 7.8 7.6 7.4 7.2 7.0

Fig. (3-35b): Expanded *H NMR spectrum of compound 3¢ in Hz

. 9 61 C
J 7.00 7.23
8.18 7. 16 9
f 7.53
»N*N 7. 61
e 7.51 . o N Cl
8.02
i

Fig. (3-35¢): Theoretical & (ppm) values of compound 3c

124

—
| —



Appendix

8 =+ I~ 0 Oy = In I o = S =
S QOO No®BhNS SH® e 0
— 0000 00 00 I~ N INDxIn O W0 o ol
L |
DMSO-ds
OH NO,
©[ >N§N ’\1 N
S N
°N
H;O
O-H H
L t MuUbLJ[M j L
e e A W E L .
1 10 9 8 7 6 5 4 3 2 1
ppm
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A.2.2. 'H NMR spectra of the synthesized tetrazole derivatives 3a’-¢’
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A.3. Mass spectra
A.3.1. Mass spectra of the synthesized tetrazole derivatives 3a-g
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Fig. (3-46): Mass spectrum of compound 3b
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Fig. (3-49): Mass spectrum of compound 3e
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Fig. (3-51): Mass spectrum of compound 3g

A.3.2. Mass spectra of the synthesized tetrazole derivatives 3a'-e’
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Fig. (3-56): Mass spectrum of compound 3e
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B. Antibacterial photographs
B.1. Antibacterial photographs of tetrazole derivatives 3a-g and 3a'-e
against staphylococcus aureous

Fig. (3-57): Antibacterial activity of tetrazoles 3a-g and 3a"-e" against
staphylococcus aureous
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B.2. Antibacterial photographs of tetrazole derivatives 3a-g and 3a -e

against Escherichia coli

Fig. (3-58): Antibacterial activity of tetrazoles 3a-g and 3a"-e" against

Escherichia coli
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