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ABSTRACT
A series of new tetrazolone and tetrazolethione derivatives were synthesized and fully
characterized by IR, MS, HRMS, 1HNMR and

13

CNMR. This was achieved via the

reaction of N-hydroxymethyl and N-hydroxyethyl tetrazoles with different
electrophiles, namely; acetic anhydride 132, benzyl bromide 72, 1,6-dibromohexane
139, ethyl 2-chloroacetate 142 and succinic anhydride 144.
The reaction of 130, 131 and 48a with acetic anhydride 132 occurred at Oxygen and
produced the new derivatives 133-135 as a result of direct nucleophilic substitution of
hydroxyl group at the electrophilic carbon of acetic anhydride 132. The same mode of
reaction occurred for reaction of 48a with benzyl bromide 72 to afford the new
compound 138. The reaction of 131 with succinic anhydride 144 occurred also by
attack of the hydroxyl group and produced the new compound 145.

Reaction of 130 and 131 with alkyl halides 72, 139 and 142 showed different modes
of reaction that involved a loss of formaldehyde from 130 and 131 and led to the in
vii

situ formation of the intermediates 33 and 35, respectively. 33 reacted with benzyl
bromide 72 and 1,6-dibromohexane 139 via N4 to produce compound 148 and the
dimer 151, respectively. Finally; 35 reacted with 72, 139 and 142 via the S
nucleophile to produce 150, the dimer 154 and 156, respectively.

.

The synthesized compounds along with the starting materials were evaluated for in
vitro antibacterial activity against four gram negative (Escherichia coli, Proteus

viii

mirabilis, Klebsiella pneumonia, and Pseudomonas aeruginosa) and three gram
positive isolates (Staphylococcus aureus, Enterococcus faecalis, and Bacillus subtilis)
bacteria, and also evaluated in vitro antifungal activity against Candida Albicans
fungi. The zone of inhibition was measured using the well diffusion assay and
indicated that compounds 130, 131, 133, 134, 145, 48a, 135, 33, 35 and 156 showed
potential antibacterial effect. In vitro minimum inhibitory concentration (MIC) was
determined for the latter compounds by microbroth dilution assay.

MIC values

indicated that tested compounds exhibited a varied range (0.2–37 mg/mL) of
antibacterial activity against the tested bacterial strains. On the other hand, all
compounds showed potential antifungal effect, and MIC values indicated that tested
compounds exhibited a varied range (0.12-37 mg/ml) of antifungal activity against the
tested fungal strains.

ix

الملخص
تم في هذا البحث تحضير مجموعة من مشتقات التيترازول وتحديد الشكل الكيميائي لها باستخدام التحاليل
الطيفية مثل طيف األشعة تحت الحمراء و طيف الكتلة و أطياف الرنين المغناطيسي.
و قد تم إنجاز ذلك من خالل مفاعلة المشتقات  130و  131و  a48مع عدد من المركبات اإللكتروفيلية المختلفة
و هي :أنهيدريد حمض األستيك  132و البنزيل برومايد  72و 1و -6ثنائي برومو الهكسان  139و إيثل -2
كلورو أسيتات  142و أنهيدريد حمض السكسنيك .144
تفاعل  130و  131و  48aمع أنهيدريد حمض األستيك  132حدث على ذرة األكسجين و نتج عنه المشتقات
الجديدة  135-133نتيجة الهجوم المباشر لمجموعة الهيدروكسيل على مركز اإللكتروفيل في أنهيدريد حمض
األستيك  .132و تفاعل المركب  48aبنفس الطريقة مع البنزيل برومايد  72لينتج المركب الجديد .138
هذا و قد نتج عن تفاعل المركب  131مع أنهيدريد حمض السكسنيك المركب الجديد  145و الذي تكون أيضا
نتيجة الهجوم المباشر لمجموعة الهيدروكسيل.

x

أما تفاعل  130و  131مع هاليدات األلكيل  72و  139فقد حدث بمسارات مختلفة تضمنت فقد جزيء
الفورمالدهيد من المشتقات  130و  131مما أدى لتكوين المركبات الوسيطة  33و  35على الترتيب .المركب
الوسيط  33تفاعل مع البنزيل برومايد  72و 1و-6ثنائي برومو الهكسان  139من خالل ذرة النيتروجين رقم 4
في الحلقة النتاج المركب  148و المركب  151على الترتيب .من ناحية أخرى ،المركب الوسطى  35تفاعل مع
 72و  139و  142من خالل ذرة الكبريت باعتبارها النيوكليوفيل لينتج عنها المركب  150و المركب  154و
المركب  156على الترتيب.

xi

تم تقييم المجموعة مخبريا ً لخواصها المضادة للبكتيريا ضد أربعة أصناف سالبة الجرام (اإلشريكية القولونية،
المتقلبة الرائعة ،الكبسيلة الرئوية ،و الزائفة الزنجارية) و ضد ثالثة من البكتيريا موجبة الجرام (المكورات
العنقودية الذهبية ،المكورة المعوية البرازية ،و العصوية الدقيقة) و كذلك تقييم المجموعة مخبريا لخواصها
المضادة للفطريات ضد فطر كانديدا ألبيكان .تم قياس قطر منطقة التثبيط باستخدام فحص الحساسية باالنتشار  ،و
تم تحديد تركيز الحد األدنى المثبط مخبريا ً من خالل فحص  MICالمرق المخفف microbroth dilution
 . assayتشير قيم ال  MICإلى أن المركبات التى أخضعت لالختبار أظهرت قيم مختلفة تراوحت ما بين (
 0.2حتى  37.0ملغ/مل) من النشاط المضاد للبكتيريا ضد سالالت البكتيريا المفحوصة و ( 0.12حتى 37
ملغ/مل) من النشاط المضاد للفطريات ضد ساللة الفطر المستخدم في الفحص.
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Chapter one
Introduction & Literature
Survey

1

1 Introduction
1.1 Tetrazole ring
Tetrazoles are an important class of synthetic organic heterocyclic compounds
consisting of five membered ring containing four nitrogens and one carbon atom. The
chemistry of tetrazoles was presented in two comprehensive reviews by R. N. Buttler
[1,2]. The simplest tetrazole has the formula CN4H2, and is found in two tautomeric
forms (Figure 1) [1].

Figure 1: Tautomeric structures of tetrazole (R = H)
The parent tetrazole is a white to pale yellow crystalline solid with weak characteristic
odor, soluble in water and alcohol. It is acidic in nature due to presence of four
nitrogen atoms. Tetrazoles can be regarded as nitrogen analogues of carboxylic acids
(bioisosters). Tetrazoles have pka values similar to the corresponding carboxylic acids
(4.5-4.9 vs 4.2-4.4, respectively) due to the ability of the moiety to stabilize a negative
charge by electron delocalization [1,2]. Tetrazole nitrogen’s have a considerable
amount of local electron density, which consequently leads to a wide range of stable
metallic and molecular complexes. Furthermore, the tetrazole ring possesses a strong
electron-withdrawing inductive effect (-I) which surpasses the weak mesomeric effect
(+M), therefore the ring is a deactivating group [1,2]. Tetrazoles undergo
electorophilic as well as nucleophilic substitution [1]. The most common nucleophilic
type reactions of the tetrazole nitrogen’s arise from the acidity of the ring N-H bond.
The tetrazolic acids form stable anions when treated with bases and are more reactive
than neutral tetrazoles towards electrophiles and alkylating agents (Scheme 1). The
product is a mixture of 1N- and 2N-alkyl isomers, the relative proportions of which
depend upon the conditions of the alkylation, the steric requirements of the alkylating
agent and the influence of the 5-substituant. In general electron donating substituents
at the C-5 tend to favor 2N- alkylation [3].
2

Scheme 1: Reactions of tetrazole with electrophiles
1.2 Possible structures of tetrazole ring
Tetrazole ring have two possible structures, aromatic and non-aromatic.
1.2.1 Aromatic Systems
In this system, tetrazole ring is a 6π-azapyrrole type system with two tautomeric
forms 1a and 1b (Figure 1) [1]. The tautomerism is a rapid process in solution and
individual tautomers cannot be detected even at low temperature. The corresponding
dipole moments are 5.63 D for the 1H-tautomer and 2.19 D for the 2H-form. In the
gas phase, the 2H-tautomer tend to be the dominant form, while in solution the 1Htautomer is favored because of solvation effects [1,2]. It should be pointed out that a
free N-H bond exists in nearly 1:1 ratio of 1H and 2H-tautomeric forms.
It is presumable theoretically that a hypothetical non-aromatic 5H-form 7 also exists,
however; up till now no experimental method detected this species Figure 2 .

3

Figure 2: Chemical structure of the hypothetical 5H-tetrazole

According to calculations by MP2 method, the 5H-form of unsubstituted tetrazole
possesses a very high energy and is improbable by thermodynamic reasons. However
these species may be presumed as highly reactive short-lived intermediates in some
chemical transformations of nitrogen-containing heterocycles [4].
1.2.1.1 Aromatic systems not requiring exocyclic conjugation:
Substituents bearing π-electrons on the tetrazole-5-carbon undergo conjugation with
the tetrazole ring, e.g. 5-aryltetrazoles 8 (Figure 3).

Figure 3: Conjugation in 5-aryltetrazole system
1.2.1.2 Aromatic systems involving exocyclic conjugation:
The mesoionic tetrazole systems are well known in this field, for example,
1,3-dimethyl-5-iminotetrazole 9 (Figure 4). In this compound the exocyclic
conjugation is to a nitrogen atom [1].

Figure 4: Exocyclic conjugation of 1,3-dimethyl-5-iminotetrazole
4

1.2.2 Non-aromatic systems
Non-aromatic tetrazoles appear to be relatively rare. The relative instability of the
non-aromatic tetrazole system is illustrated by the preferred existence of the
iminoazimines 10 in the acyclic nitrogen form rather than the fused tetrazoline form
10a (Figure 5) [1].

Figure 5: Chemical structures of non-aromatic tetrazole system

Tetrazolines with an exocyclic double bond at the C-5 atom are well known. There are
two well-known types of this substitution, the 1,4-dihydrotetrazol-5-one 11, and 1,4dihydrotetrazole-5-thione 12 (Figure 6).

Figure 6: Chemical structures of 1,4-dihydrotetrazol-5-one and 5-thione

The 1,4-dihydro tetrazol-5-one 13a and 1,4-dihydro tetrazole-5-thione 14a are the
normal tautomeric structures (dominant form) for 5-hydroxytetrazole 13 and tetrazole5-thiol 14, respectively, as shown in (Figure 7).

5

Figure 7: Tautomeric structures for 13 and 14

The position of the tautomeric protons depend on the substituents, and there is no
clear explanation as to how the substituent inﬂuences the tautomeric equilibria [5].

1.3

Synthesis of tetrazoles

There are two major methods to construct the tetrazole ring which are: the cyclization
of tetrazenes, and via the cycloadditon reactions.

1.3.1 Cyclization of tetrazene.
The reaction of 1,4-dialkoxycarbonyl-1,4-dialkyl-2-tetrazene 15a-c with a number of
nucleophiles was studied by Wadsworth et al [6]. The course of the reaction was
found to depend on the size of the 1,4-dialkyl groups. For example; compound 15a (R
= CH3) gave the highest yield of 1,4-dimethyl tetrazol-5-one 17a, when warmed with
piperidine via cyclization of the intermediate 16. On the other hand 15b (R = benzyl)
gave 17b in low yield, while 15c (R = cyclohexyl) did not give any yield of tetrazole
[6]. The outcome of the latter two cases is attributed to the decomposition of
intermediate 16 via route B to form 18b-c (Scheme 2). The effect of the increased
size of the alkyl group may reflect the geometry of the transition state leading to 16ac, which based on least ring strain, would have the N-alkyl groups cis and in close
proximity. Aqueous sodium hydroxide gave similar results, except that the yield of
17a was lower.
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Scheme 2: Synthesis of 1,4-dialkyl tetrazol-5-one 17 from 1,4-dialkoxycarbonyl-1,4dialkyl-2-tetrazene 15a.

1.3.2 Cycloaddition reactions
The cycloaddition reaction of azides with C-N multiple bonds lead to the formation of
tetrazole ring. The most two common types of C-N multiple bonds are the cyanides
and isonitriles. Selected examples for using cyanides and isonitriles to synthesize the
aromatic tetrazole are discussed below:

1.3.2.1 Cycloaddition reaction of azides with cyanides:
The tetrazole ring 22 is obtained via the reaction of sodium azide 20 with nitriles 21
as shown in Scheme 3 [3].

Scheme 3: Synthesis of tetrazoles from cyanide group
7

Another example is the intra-molecular cycloaddition reaction of azide with the nitrile
23 in the same molecule which enhances the rate of reaction (Scheme 4) [7].

Scheme 4: Synthesis of tetrazole 24 via intra-molecular [3+2] cycloaddition
Functionalized poly tetrazoles are another example for aromatic tetrazoles, for
example;

an

excess

of

1-bromo-3-cyanopropane

reacts

with

1,3-bis[2-

(tributylstannyl)tetrazole-5-yl]benzene 25 to produce 26, which can be subsequently
converted to 27 via cycloaddition reaction with Bu3SnN3. 27 reacts further with
Br(CH2)3CN to give 28, (Scheme 5) [7]. This cycloaddition affords an efficient route
to novel tetrazoles which can be isolated in their non-metallated (N-H) form by
reaction with HCl [7].

Scheme 5: Synthesis of multi-functional tetrazole
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1.3.2.2 Cycloaddition reaction of azides with isonitriles
The synthesis of aromatic tetrazoles can be achieved via the cycloaddition reaction
between isonitriles and azides [7]. For example; the synthesis of 5-iodotetrazole 31
was accomplished via introducing the azide moiety into nitrilium ion 29 using iodine
azide (Scheme 6).

Scheme 6: Synthesis of 5-iodotetrazole via cycloaddition reaction

1.4 Synthesis of tetrazolones and tetrazolethiones:
Tetrazolones and tetrazolethione are the most two common known derivatives of
tetrazole. There are two major derivatives of tetrazolones and tetrazolethione. The
first one is 1-substituted terazolone and its thione counterpart, and the second is the
1,4-disubstituted tetrazolone and its thione counterpart. The syntheses of these types
are discussed below.
1.4.1 Synthesis of 1-substituted tetrazolone and its thione counterpart.
1,4-dihydro-1-phenyl-5H-tetrazol-5-one 33 can be prepared via cycloaddition reaction
of phenylisocyanate 32 with sodium azide 20 as shown in scheme 7 [8-9].

Scheme 7: Synthesis of 1,4-dihydro-1-phenyl-5H-tetrazol-5-one
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In the same manner; 1,4-dihydro-1-phenyl-5H-tetrazole-5-thione 35 can be
synthesized. The only difference is the use of phenylisothiocyanate 34 instead of
phenylisocyanate 32 as illustrated in Scheme 8 [10].

Scheme 8: Synthesis of 1,4-dihydro-1-phenyl-5H-tetrazole-5-thione

1.4.2 Synthesis of 1,4-disubstituted tetrazolone and its thione counterpart.
There are many chemical pathways and convenient methods that lead to the formation
of 1,4-disubstituted tetrazolone 37. Examples are the reaction of alkyl azides with aryl
isocyanates, acyl isocyanates, carboalkyloxy isocyanates, and sulfonyl isocyanates, as
well as the reactions of aryl azides with sulfonyl isocyanates, (Scheme 9) [11].

Scheme 9: Synthesis 1,4-disubstituted-1,4-dihydro-tetrazol-5-ones
1,4-disubstituted tetrazolone can be synthesized directly from the substituted azides
and isocyanates derivatives. For example; 1,4-dihydro-tetrazol-5-ones 40 was
synthesized via the reaction of fluorinated alkyl azides 38 with isocyanates 39
(Scheme 10) [12].
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Scheme 10: Synthesis of 1-substituted 4-perfluoroalkyl tetrazol-5-ones
1.4.2.1 Synthesis of 1,4-disubstituted tetrazolone via alkyl/aryl isocyanates
1-Vinyl-4-alkyl(or aryl)-1,4-dihydro tetrazol-5-ones 43, can be prepared by treatment
of alkyl(or aryl) isocyanates 36 with a three-fold excess of β-chloroethyl azide 41,
followed by dehydrochlorination of the adducts 42 with dilute base (Scheme 11) [13].

Scheme 11: Synthesis of 1-vinyl-4-alkyl(or aryl)-1,4-dihydro tetrazol-5-ones
The only disadvantage of this method is the long reaction time (5-6 weeks at 97°C)
needed to accomplish the first cycloaddition step. Indeed, alkyl azides have been
shown [11] to react only slowly with aryl isocyanates and not at all with alkyl
isocyanates or aryl isocyanates bearing electron-donating substituents. In order to
obtain vinyltetrazolones with alkyl substituents or electron-rich aryl substituents at the
4-positin, an indirect method can be used which profits from the activating effect of a
sulfonyl group in isocyanate cycloadditions (Scheme 12) [13].
In all examples studied, the hydroxyethylation of 46a-d led to a single alkylated
product to which the thermodynamically most stable 1,4-structure 48a-d was
assigned. Vandensavel et al [11], reported that several 1,4-disubstituted tetrazol-5ones are readily prepared by 1,3-dipolar cycloaddition of alkyl azides and to a lesser
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extent aryl azides, with aryl- ,acyl-, carboalkoxy-, sulfonyl- or chlorosulphonyl
isocyanates.

Scheme 12: indirect method for synthesis of 1-vinyl-4-alkyl( or aryl)-1,4-dihydro
tetrazol-5-ones
Vandensavel et al [11] also reported that butyl isocyanate was found to be unreactive
towards all azides used, i.e., butyl azide, phenyl azide, p-nitrophenyl azide, pmethoxyphenyl azide, and tosyl azide. Although aryl isocyanates also did not react
with aryl azides and tosyl azide, slow addition was observed with equimolar amounts
of butyl azide and cyclohexyl azide, and the corresponding cycloadducts 50 were
isolated in high yields Scheme 13 [11].
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Scheme 13: Reaction of butyl azide and cyclohexyl azide with isocyanate

1.4.2.2 Synthesis of 1,4-disubstituted tetrazolone via acyl- and carboalkoxy
isocyanates
Efforts to obtain cycloadducts from the reactions of aryl azides with benzoyl
isocyanate, chloroacetyl isocyanate, and trichloroacetyl isocyanate (few months at
60°C) went unsuccessfully. On the contrary, when isocyanates were treated with alkyl
azides in the absence of solvent, 1,4-dihydro-1-alkyl-4-acyl(or carboalkoxy)tetrazol5-ones (52) were obtained in good yields (Scheme 14) [11].

Scheme 14: Reaction of isocyanates with alkyl azide
The rate was enhanced by the introduction of electron-withdrawing substituents on the
isocyanate. The new compounds of type 52 all exhibited the unusual properties
attributed to azolides [11]. For instance, they underwent facile hydrolysis and
alcoholysis at room temperature to yield 1,4-dihydro-1-alkyl tetrazol-5-ones (53). In
some cases, hydrolysis even occurred under atmospheric moisture and preventing the
isolation of the adducts in the pure state (Scheme 15) [11].
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Scheme 15: Hydrolysis or alcoholysis of 52 at room temperature

1.4.2.3 Synthesis of 1,4-disubstituted tetrazolone via sulfonyl isocyanates:
Sulfonyl isocyanates were found to react readily with alkyl and aryl azides to give
1,4-dihydro-1-alkyl(or aryl)-4-sulfonyl tetrazol-5-ones 55 (Scheme 16) [11].

Scheme 16: Reaction of alkyl/aryl with sulfonyl isocyanates
Bistetrazol-5-ones were also prepared by this method from diisocyanates or diazides.
Thus, 56 was obtained from m-phenylenedisulfonyl isocyanate and n-butyl azide
(55°C, 3 days) (Figure 8), and 57 resulted from the reaction of p-tolylsulfonyl
isocyanate and 1,5-diazidopentane (55°C, 6 days) [11] (Figure 9). Also bistetrazol-5one 60 was prepared by reaction of 1,5-diazidopentane 57 with trichloroacetyl
isocyanate 59 and subsequent methanolysis of the crude mixture[11] (Scheme 17).

Figure 8: chemical structure of bistetrazol-5-ones
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Figure 9: chemical structure of bistetrazol-5-ones with aliphatic spacer

Scheme 17: Synthesis of bistetrazol-5-one 60

1.4.2.4 Synthesis of 1,4-disubstituted tetrazolone via addition to chlorosulphonyl
isocyanates (CSI).
Alkyl azides react instantaneously with chlorosulphonyl isocyanate at ambient
temperature in a variety of solvents to give alkyl(chlorosulphonyl)tetrazolones (62; R1
= alkyl , R 2 = SO2Cl), as an example for 1,4-disubstituted tetrazolone, in high yield as
hygroscopic liquids which decomposed unless kept under nitrogen. Vandersavel et al
[11], reported that the n-butyl derivative (62; R 1 = nBu, R 2 =SO2Cl) was observed to
decompose spontaneously to an unidentified viscous material. Other isocyanates
furnish similar products on prolonged reaction and at higher temperatures. Suschitzky
et al [14] also prepared various alkyltetrazolones from CSI (62; R 2 =SO2Cl), which
on removal of the chlorosulphonyl group (aqueous sodium sulphite at pH 7-8) gave
the stable cyclic amides (62; R 2 =H). Although some of these have been made by a
different method [14], the CSI route is convenient especially for the preparation of
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alkyl and alicyclic derivatives (62; R 1 =alkyl, R 2 =H). With 1,5-diazidopentane
(N3(CH2)5N3) 58, the bistetrazolone was obtained (63; R=SO2Cl or H) (Figure 10).

Scheme 18: Reaction of alkyl azides with chlorosulphonyl isocyanate

Figure 10: Chemical structure of bistetrazolone 63
1.5 Derivatization of tetrazolones and tetrazolethiones
Alkylation of tetrazolones 33 and tetrazolethiones 35 may occur at any position of the
tetrazole ring (2, 3, 4, O and S) leading to the formation of new tetrazole derivatives
Figure 11. There are 4 types of selected examples and they are discussed below.

Figure 11: Different possible alkylation of tetrazoles 33 and 35
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1.5.1 Alkylation of 5-hydroxy tetrazole (1,4-dihydro tetrazol-5-one)
Hattori et al [15] reported that the methylation of 1,4-dihydrotetrazol-5-one or 1,4dihydro-1-methyl-5H-tetrazol-5-one using diazomethane gave, in addition to the 1,4dimethyl-5H-tetrazol-5-one, a very small amount of a compound that they considered
to be 1,2- or the mesoionic 1,3-dimethyl product. From the reported carbonyl
absorption of this compound, Awadallah et al [16], concluded that it is the 1,3mesoionic product (Scheme 19). The mesoionic product 1-aryl-3-benzyl-5tetrazolium-5-olates 71, was formed in low yield in the rearrangement of 1-aryl-5benzyloxytetrazoles 69 into the 1-aryl-4-benzyl tetrazol-5-ones 70 or by benzylation
of the anion of the corresponding 1,4-dihydro-1-aryl-5H-tetrazol-5-ones 73 (Scheme
20) [17].

Scheme 19: Methylation of 1,4-dihydrotetrazol-5-one or 1,4-dihydro1-methyl-5Htetrazol-5-one
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Scheme 20: Rearrangement products of 1-aryl-5-benzyloxytetrazoles 69

Raap et al [18], reported that the reaction of 5-hydroxytetrazole 13 (1,4-dihydro
tetrazol-5-one 13a) with two equivalents of ethyl bromoacetate 74 in the presence of
triethylamine produced only 1,4-dicarbethoxymethyltetrazol-5-one 75 (Scheme 21).

Scheme 21: Reaction of 13a with ethyl bromoacetate 74

18

1.5.2 Alkylation of 1-substituted tetrazole.
1.5.2.1 Methylation of 1-Substituted tetrazolone:
N-methylation reaction of 1-aryl tetrazol-5-ones 76a-d with dimethyl sulfate in the
presence of 20% NaOH and a phase transfer catalyst afforded 1-aryl-4-methyl
tetrazol-5-one 77a-d. Thionation of the latter in the presence of tetraphosphorous
decasulfide furnished the 1-aryl-4-methyl tetrazole-5-thione 78a-d in moderate to
good yields (Scheme 22) [19].

Scheme 22: Synthesis of 1-aryl-4-methyl tetrazole-5-thiones 78a-d

1.5.2.2 Reaction of tetrazolones with 2-chloroethanol
Awadallah et al reported that the reaction of tetrazolones 73a-c or 33 with 2chloroethanol 47 in the presence of potassium hydroxide afforded a mixture of the
corresponding 1,4-disubstituted isomers 79a-b/48a and 1,3-disubstituted isomers 80ac (Scheme 23). The isomers can be distinguished by their IR spectra, 1H-NMR and
13

C-NMR spectra. The separation of the two isomeric products is achievable by

chromatography [16].
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Scheme 23: Reaction of tetrazolinones with 2-chloroethanol.
The product of alkylation of tetrazolethiones using ethylene oxide 82 was time
dependent, for example; Awadallah et al reported that, alkylation of the
tetrazolethione 81 with ethylene oxide 82 in AcOH 83 for 4 days produced the
mesoionic 1,3-disubstituted compound 80b, rather than the 1,4-product 79b, which
was previously reported by Flasova et al [20]. The results obtained by Awadallah et.
al. for this compound was confirmed by X-ray analyses (Figure 12). However; when
the reaction was carried for only one day, the alkylation occurred at the sulfur atom
producing compound 84 [16]. Further alkylation of this intermediate under the same
reaction conditions, for another 4 days produced the 1,3- isomer 80b (Scheme 24).
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Scheme 24: Alkylation of tetrazolethione using ethylene oxide

Figure 12: X-ray structure for 1,3-mesoionic compound 80b
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1.5.2.3 Arylation of 1-substituted tetrazolone and tetrazolethione:
Quast and Nahr reported that N-alkylation of 33 with 3-bromocyclohexene 85
followed by dehydrogenation of the resulting product with 2,3-dichloro-5,6-dicyano1,4-benzoquinone (DDQ) yielded 1,4-diphenyltetrazol-5-one 86 (Scheme 25) [21].

Scheme 25: Synthesis of 1,4-diphenyl tetrazol-5-ones 86
The coupling of 33 with phenyl boronic acid 87 produced 1,4-diphenyl tetrazol-5-one
86 in good yields. Pyridine was used as a base in the reaction and 3A° molecular
sieves were added to absorb the excess water generated during the course of the
reaction (Scheme 26) [19].

Scheme 26: Synthesis of 1,4-diphenyl tetrazol-5-ones by phenyl boronic acid
Lam et al also reported the C(aryl)-N bond formation during the reaction of aryl
boronic acids with 5-phenyl-2H-tetrazole in the presence of cupper acetate [22].
Gundugola et al successfully synthesized 1,4-diaryl tetrazol-5-one derivatives 89a–f
by the copper mediated coupling of a series of ortho substituted boronic acids 88a–f
(R 1 =H, OMe, Cl, CF 3 , Br, C  CH) with 33 in the presence of pyridine and
molecular sieves (Scheme 27) [23].
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Scheme 27: Copper catalyzed N-arylation of 1-phenyl-1H-tetrazol-5(4H)one
Treatment of 89b–e with Lawesson’s reagent 90 [24] produced the corresponding 1,4diaryl tetrazole-5-thiones 91b–e (Scheme 28). All the attempts to thionate 89a (R =
H) using the same reagent 90 went unsuccessful [23].

Scheme 28: Thionation of tetrazol-5-ones with Lawesson’s reagent

Compound 92 was ultimately prepared by the lithiation of 91e followed by
protonation in ethanol (Scheme 29).
Sabourin and co-workers have reported 2-methyl-3-butyn-2-ol 93 as a useful and
inexpensive reagent in palladium catalyzed cross coupling reaction with aryl halides
[25-26]. The Sonogashira coupling of 1-(2-bromophenyl)-4-phenyl tetrazole-5-thione
91e with 2-methyl-3-butyn-2-ol 93 yielded 94 which upon treatment with sodium
23

hydroxide in toluene gave the desired 1-(2-ethynylphenyl)-4-phenyl tetrazole-5-thione
95 (Scheme 29) [23].

Scheme 29: Synthesis of tetrazole-5-thiones 92 and 95 from 91e

Treatment of 89b and 91b with boron tribromide produced 1-(2-hydroxyphenyl)-4phenyl tetrazol-5-one 96 and its thio derivative 97, respectively (Scheme 30). This
reaction demonstrated the stability of tetrazol-5-ones and tetrazole-5-thiones under
strong Lewis acid conditions such as boron tribromide [23] (Scheme 30).
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Scheme 30: Lewis catalyzed conversion of 89b and 91b to 96 and 97

1.5.2.4 Alkylation of 1-phenyl tetrazol-5-one
Poplavskaya et al [27] reported that alkylation of 1-phenyl tetrazol-5-one 33 with
dibromoalkanes for example 98 at a ratio of 2:1 results in formation of Bis-tetrazoles
99 (Scheme 31).

Scheme 31: Poplavskaya synthesis of bistetrazoles 99

1.5.3 Alkylation of 1,4-disubstituted tetrazolone
Poplavskaya et al [27] also reported that reaction of 1-(2-bromoethyl)-4-phenyl
tetrazol-5-one 100 with 1-phenyl tetrazole-5-thione 35 in acetonitrile in the presence
of triethylamine yields 1-phenyl-4-[2-(1-phenyltetrazol-5-ylthio)ethyl]tetrazol-5-one
101 (Scheme 32).
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Scheme 32: Reaction of 100 with 1-phenyl tetrazole-5-thione 35

Alkylation of 1-phenyl-1H-tetrazole-5-thiol mainly occurs at the S atom rather than at
the nitrogen atoms. This outcome is attributed to the possible tautomeric structures of
1-substituted tetrazole-5-thiones (Figure 13) [28]. Some literature reported that 4Htautomer thione form (102) exists dominantly both in solution and in solid state and is
thermodynamically more stable [29]. Another literature reported that the
commercially available 1-substituted tetrazole-5-thiols (102b) are currently believed
as a genuine one among the three possible tautomers [30].

Figure 13: Tautomeric structures for 1-substituted tetrazole-5-thiones

Ismael et. al recently reported that the reaction of 1-methyltetrazole-5-thiol 103 with
thiosaccharyl chloride 104 occurs at the S atom and produced 5-thiosaccharyl-1methyltetrazole 105 [31].
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Scheme 33: Reaction of 1-methyltetrazole-5-thiol with 104 occurs at S atom

An interesting work for the indirect synthesis of 1,4-tetrazolethiones derivatives was
recently reported by Wu et.al. [32]. They reported the synthesis of 14 novel
compounds via the reaction of 1-phenyl-1H-tetrazole-5-thiol 106 with styrenyl
substrates, for a represented example 107, to produce 109.

Scheme 34: Jimmy Wu et.al synthesis 1,4-disubstituted tetrazol-5-thione 108.

They claimed that compound 109 cannot be synthesized directly from the reaction of
106 and 107 without the appropriate catalyst. The reaction occurs firstly at S atom to
produce hydrothiolation product 108, and is then followed by rearrangement to give
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the hydroamination product 109 under Ga(OTF)3 catalysis. However; they proposed a
mechanism for this outcome and reported that the reaction likely proceeds through a
kinetically favored hydrothiolation event to produce compound 108, which then
undergoes rearrangement to the thermodynamically preferred formal hydroamination
product 109 [32].

1.5.4 Claisen rearrangement of 1,5-disubstituted
The thermal rearrangement of 1,5-disubstituted tetrazolones was reported by Elwood
and Gates [33]. The reaction of 5-chlorotetrazole 110 with sodium alloxides 112a-c
(produced from the corresponding allyl alcohol 111a-c), at low temperatures produces
compounds 113a-c, which undergo claisen rearrangement to compounds 114a-c at
high temperature (Scheme 35).

Scheme 35: The possibility for Claisen rearrangement of 1,5-disubstituted tetrazoles
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1.6 Importance of tetrazoles
Tetrazoles are an increasingly popular functionality with wide ranging applications.
They found use in coordination chemistry as ligands [3] and in various material
sciences. Applications include photography, explosives [3], information recording
systems and agriculture composition. In addition, extensive work has been carried out
in the field of medicinal chemistry, where tetrazoles are frequently used as
metabolically stable surrogates for carboxylic acids [3].
The tetrazole ring is different from other azole systems as it represents the functional
group for a full series of carbazolic acids RCN4H, i.e. full nitrogen analogues of
carboxylic acids RCO2H, and hence the tetrazole group has a similar acidity and
metabolism to carboxylic acids [1,34].
Tetrazoles are ionized at physiological pH and exhibit a planer structure like their
carboxylic acid counterparts. However, Hansch has shown that anionic tetrazoles are
almost 10 times more lipophilic than the corresponding carboxylates while having
similar acidity (pka 4.5-4.9 vs. 4.2-4.4 respectively) [1,2,35]. The increase in
lipophilicity could account for the higher membrane permeability seen with tetrazole
bioisosteres.
Hydrogen bonding capability of tetrazolic anions with receptor recognition sites is key
interaction for enhanced binding affinity [3]. In addition, in the design of drug
molecules, one advantage of tetrazoles over carboxylic acids is that they are resistant
to many biological metabolic degradation pathways [3].
Tetrazole derivatives have been used as anti-arrhythmic agents 115 (Figure 14) [3],
anti-diabetic agents [3], anti-cholesterol agents [3], antifungal agents [3], muscarinic
agonist 116, anti-allergic agents 117 (Figure 15) [3], and for the treatment of
neurodegenerative diseases 118-121 (Figure 16) [3]
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Figure 14: Tetrazole derivatives as anti-arrhythmic agents

Figure 15: Tetrazole derivatives as muscarinic agonist drugs 116 and anti-allergic
agents 117

Figure 16: Tetrazole derivatives used in medicinal field
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Some tetrazole derivatives are used as drugs such as the analgesic Alfentanil
(R39209) 122 (Figure 17) [36].

Figure 17: Chemical structure for the analgesic Alfentanil
The Antibiotic Flomoxef (6315-S) 123 [37] is another example. It is metabolized in
the body liquids to produce 1,4-dihydro-1-(2-hydroxyethyl)-5H-tetrazole-5-thione 124
(Scheme 36) [38].

Scheme 36: Metabolism of Flomoxef 123 in the body liquids
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Some tetrazole derivatives show good antibacterial activity, e.g. biphenyltetrazole
derivatives connecting with 1,3,4-oxadiazoles for example compound 125 (Figure 18)
[39].

Figure 18: Chemical structure for the antibacterial biphenyltetrazole
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Cardiovascular activity
The 5-(4`-methyl-1,1`-biphenyl-2-yl)-tetrazole subunit has been used as a carboxylic
acid mimic in the class of so called sartan derivatives. Angiotensin II (AII) is the
octapeptide responsible for the peripheral effects of the rennin-angiotensin system
which include the regulation of blood pressure and volume homeostasis. Losartan 126
was the first non-peptide angiotensin receptor antagonist to appear on the market
followed by Valsartan 127 and Candesartan 128 (Figure 19). This subunit has
become ubiquitous in the most potent and bioavailable antagonists disclosed to date
[3].

Figure 19: Chemical structures for the cardiovascular activity drugs
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The antiproliferative of the novel diaryl tetrazole-5-ones 89a-f and tetrazole-5-thions
90a-b (Figure 20) was evaluated in rapidly growing suspension cultures of L1210
leukemia cells and slow growing monolayer cultures of SK-BR-3 mammary tumor
cells. Since Ki-67-positive tumor cells were correlated with the clinical course of
cancer, it was also of interest to determine whether tetrazole derivatives would inhibit
the expression of human Ki-67 nuclear protein, which is an excellent marker of tumor
cell proliferation [23].

Figure 20: Novel 5-oxo and 5-thio tetrazole derivatives as antiproliferative
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Chapter two
Statement & Objective of
the Problem
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2. Statement and objective of the problem
Microbial infections have been of recent concern due to the increasing emergence of
multidrug-resistant strains, intractable pathogenic microorganisms and newly arising
pathogens. There is a continuous demand to find drugs that have effects on Grampositive and Gram-negative, as well as multidrug-resistant bacteria. The discovery
and

development

of

structurally

novel

antimicrobial

agents

with

good

pharmacological profile and excellent activity towards resistant strains are highly
desirable. On that base; the current project aims to:
1) Synthesize new derivatives of 1,4-disubstituted tetrazolones and 1,4disubstituted tetrazolethiones derivatives.
2) Evaluation of the antibacterial and antifungal activity of the synthesized
compounds. The evaluation will involve in vitro antibacterial activity against
four gram negative (Escherichia coli, Proteus mirabilis, Klebsiella
pneumonia, and Pseudomonas aeruginosa) and three gram positive isolates
(Staphylococcus aureus, Enterococcus faecalis, and Bacillus subtilis) bacteria,
and evaluation antifungal activity against (Candida Albicans) Fungi.
In order to achieve the project aim, the work is divided into three stages as the
following:
2.1 Synthesis of the starting materials
2.2 Investigations of the reactions modes of the starting materials with different
electrophilic species to obtain a new series of compounds possessing tetrazole-5ones and tetrazole-5-thiones rings.
2.3 Evaluation of the antibacterial and antifungal activity of the synthesized
compounds.
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2.1 Synthesis of the starting materials
The first stage in the current project is the synthesis of starting materials required for
syntheses of the new derivatives. The starting materials 33, 35, 130, 131 and 48a will
be prepared according to the reported procedures. The IUPAC names of the required
starting materials are shown in (Table 1), and the reactions outline are shown in
(Scheme 37).
Table 1: IUPAC names for the starting materials
Compound

Lit.

1,4-dihydro-1-phenyl-5H-tetrazole-5-one (33)

8-9

1,4-dihydro-1-phenyl-5H-tetrazole-5-thione (35)

10

1,4-dihydro-1-hydroxymethyl-4-phenyl tetrazol-5-one (130)

40

1,4-dihydro-1-hydroxymethyl-4-phenyl tetrazole-5-thione (131)

40

1,4-dihydro-1(2-hydroxyethyl)-4-phenyl-5H-tetrazol-5-one (48a)

16

Scheme 37: Synthesis of starting materials
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2.2. Investigation of the reaction modes of the starting materials with different
electrophilic species to obtain a new series of compounds possessing tetrazole5-ones and tetrazole-5-thiones moieties.
In the second stage of the project, the reactions of the synthesized starting materials
130, 131 and 48a with different electrophiles will be investigated. Different
electophilic species will be utilized, that include acetic anhydride 132, benzyl bromide
72, 1,6-dibromohexane 139, ethyl 2-chloroacetate 142 and succinic anhydride 144.

2.2.1 Reactions of tetrazol-5-ones 130, 48a and tetrazole-5-thione 131 with acetic
anhydride 132
The reaction of 130, 131 and 48a with acetic anhydride 132 is expected to give the
new derivatives 133-135, respectively. The expected products will result from the
direct nucleophilic substituation of hydroxyl group of 130,131 and 48a at the
electrophilic carbon of acetic anhydride 132 (Scheme 38).

Scheme 38: Suggested reaction of 130,131 and 48a with acetic anhydride 132
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2.2.2 Reactions of tetrazol-5-ones 130, 48a and tetrazole-5-thione 131 with
benzyl bromide 72
The reaction of 130, 131 or 48a with benzyl bromide 72 in presence of potassium
hydroxide and 18-crown-6 as phase transfer catalyst in DMSO, is expected to afford
compounds 136, 137 and 138, respectively (Scheme 39).

Scheme 39: Suggested reaction of 130, 131 and 48a with benzyl bromide 72
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2.2.3 Reactions of tetrazol-5-ones 130 and tetrazole-5-thione 131
with 1,6-dibromohexane 139.
The reaction of 130 or 131 with one equivalent of 1,6-dibromohexane 139 is
expected to give compounds 140 and 141, respectively.

Scheme 40: Suggested reaction of 130 and 131 with 1,6-dibromohexane 139

2.2.4 Reaction of 1,4-dihydro-1-hydroxymethyl-4-phenyltetrazole-5-thione 131
with ethyl chloroacetate 142
The reaction of 131 with ethyl chloroacetate 142 is expected to react via nucleophilic
substitution at the chlorine atom of 142 to produce 143. The other possibility is the
trans-esterification of ethyl group of the ethyl chloroacetate 142.

Scheme 41: Suggested reaction of 131 with ethyl chloroacetate 142
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2.2.5 Reactions of tetrazole-5-thione 131 with succinic anhydride 144
The reaction of 131 with succinic anhydride 144 is expected to occur via nucleophilic
substitution at the electrophilic carbon of 144 to produce 145 (Scheme 42).

Scheme 42: Suggested reaction of 131 with succinic anhydride 144
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2.3 Antibacterial activity testing of 1,4-disubstituted tetrazolones and
tetrazolethines.
The second stage in our project is testing any potential antibacterial and antifungal
activity for the new derivatives of tetrazolones and tetrazolethines and its starting
materials against 7 clinical bacterial isolates, four gram negative bacteria (Escherichia
coli, Proteus mirabilis, Klebsiella pneumonia, and Pseudomonas aeruginosa) and
three gram positive isolates (Staphylococcus aureus, Enterococcus faecalis, and
Bacillus subtilis), and Candida Albicans fungi.
Two tests will be applied in this stage:
2.3.1 Agar well diffusion method zone of inhibition in mm.
In this test, any potential antibacterial and antifungal activities for our starting
material and new derivatives of tetrazolones and tetrazolethiones will be tested. The
zone of inhibition will be measured for each tested compound.
2.3.2 MIC determination test
All compounds that show any measurable antibacterial or antifungal activity in the
agar well diffusion method zone of inhibition will be further tested to determine their
minimum inhibitory concentration (MIC) using microbroth dilution assay.
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Chapter Three
Results & Discussion
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3 Results and discussion
3.1 Preparation of starting materials
The starting materials 33, 35, 130, 131 and 48a were prepared according to the
reported procedures [8-10, 16, 40]. The IUPAC names of the required starting
materials, their melting point along with the reported melting points are shown in
(Table 2).
m.p. ˚C

m.p. [Lit]

1,4-dihydro-1-phenyl-5H-tetrazole-5-one (33)

189-191

189-190 [8-9]

1,4-dihydro-1-phenyl-5H-tetrazole-5-thione (35)

154-156

147-146 [10]

1,4-dihydro-1-hydroxymethyl-4-phenyltetrazol-5-

72-73

72-73 [40]

98-100

96-97 [40]

oil

36-37 [16]

Compound

one (130)
1,4-dihydro-1-hydroxymethyl-4-phenyltetrazole-5thione (131)
1,4-dihydro-1(2-hydroxyethyl)-4-phenyl-5Htetrazol-5-one (48a)

3.2 Preparation of the new tetrazole derivatives

3.2.1 Reactions of tetrazol-5-ones 130, 48a and tetrazole-5-thione 131 with acetic
anhydride 132
This reaction was done in pyridine at room temperature for 24 h, and was found to
give the expected substitution products 133-135.

Scheme 43: Reaction of 130, 131, 48a with acetic anhydride 132
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The spectroscopical analyses data obtained for the products outlined in (Scheme 43)
proved that the reactions produced compounds 133-135.
In the IR spectrum of 133 as a model compound; the disappearance of the OH peak in
the region around 3500-3000 cm-1 is a clear indication about occurrence of the
reaction at the hydroxyl group. Furthermore; the appearance of the new ester bond
peak at 1760 cm-1 is an unambiguous indication about the formation of the product
133 (Figure 21).

Figure 21: The IR spectrum for compound 133
The formation of compound 133 was also confirmed by the mass spectrometry
analysis. The chemical formula for compound 133 is C10H10N4O3 and the calculated
molecular weight according to the chemical formula is 234.2. The analysis was done
using electrospray technique (ES). The required molecular ion for compound 133 was
shown in positive and negative ion modes. The positive ion mode ES+ showed two
main peaks for (C10H11N4O3) [M + H]  = 235.2 and (C10H10N4O3Na) [M + Na]  =
257.2. The mass spectrum of compound 133 in the positive ion modes is shown in
(Figure 22).
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Figure 22: MS spectrum of compound 133
The purity of compound 133 was also confirmed by the HRMS analysis. The
monoisotopic mass calculated for (C10H10N4NaO3) [133 + Na]+ is 257.0651 and the
obtained analysis result is 257.0662 indicating high purity of compound 133 (Figure
23)

Figure 23: HRMS spectrum of compound 133
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The structure of compound 133 was also supported by 1H-NMR analysis data. The
singlet at 2.2 ppm with an integration value corresponding to 3H is assigned to the
protons of the acetyl group (CH3C=O), while the singlet at relatively high  (6.0 ppm)
with an integration value corresponding to 2H is assigned to the methylene protons
(NCH2O). The aromatic ring protons appeared as multiplet peaks in the region of 7.48 ppm (Figure 24).
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Figure 24: 1H-NMR spectrum of compound 133
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The 13C-NMR spectrum provided another confirmation about the suggested structure
of compound 133. The spectrum clearly showed the methyl carbon of the acetyl
group (CH3C=O) at 20.6 ppm, and the carbon of the methylene group (NCH2O) at
65.6 ppm, in addition to the signals for the aromatic ring carbons at 119.3, 128.1,
129.5 and 134.3 ppm. The two peaks at high  are attributed to the carbonyl carbon
(C=O) of the tetrazole ring (148.3 ppm) and the carbonyl carbon (CH3C=O) of the acetyl
group (169.4 ppm) (Figure 25).

Figure 25: 13C-NMR spectrum of compound 133
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The DEPT135 13C-NMR was of a great importance in the elucidation of the chemical
structure of the synthesized compound. It enabled a clear and unambiguous
identification of each type of carbons in compound 133 i.e. CH, CH2, CH3 and
quaternary carbons. The CH and CH3 carbons oriented up in the spectrum while the
CH2 is down. The quaternary carbons completely disappeared (Figure 26). The full
physical and analytical data are reported in the experimental part.

Figure 26: DEPT135 13C-NMR spectrum of compound 133
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3.2.2 Reactions of tetrazol-5-ones 130, 48a and tetrazole-5-thione 131 with
benzyl bromide 72.
The reactions of 130,131 or 48a with benzyl bromide 72 using potassium hydroxide
and 18-crown-6 in DMSO at room temperature are expected to afforded compounds
135-137 (scheme 44).

Scheme 44: Reaction of 130, 131, 48a with benzyl bromide 72.
Investigation of spectroscopical analytical data obtained for the expected products
136-138 showed that these three reactions and under the same reaction conditions
provided different products from the expected products. The three reactions behaved
in different manners and produced different products. On that basis each reaction will
be discussed individually in order to explain its mode of reaction.
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3.2.2.1 Reaction of 130 with benzyl bromide 72
Reaction of 130 with benzyl bromide 72 is expected to give compound 136 as a result
of direct attack of the OH at the electrophilic carbon of the benzyl bromide 72. The
obtained analyses data (IR, MS, 1H-NMR,

13

C-NMR, X-ray) showed that this

compound was not formed. Instead a completely different and unexpected product
148 was formed (Scheme 45).

Scheme 45: Suggested reactions of 130 with benzyl bromide 72.
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Compound 148 is believed to be formed via two stages. The first one and under the
reaction conditions involved the loss of formaldehyde CH2O from the starting
materials 130 to form 33. The keto form intermediate 33 may exist in equilibrium
with its enol form 146. In this case compound 147 can be formed as a result of direct
attack of the OH of 146 at the electrophilic carbon of benzyl bromide 72. However;
this pathway did not take place and in the second step, the N4 of the tetrazole ring of
33 acted as a nucleophile and attack the electrophilic C of the benzyl bromide 72 to
produce compound 148.
The synthesis of compound 148 was previously reported via direct reaction of 33 with
benzyl bromide 72 [41]. The melting point and the spectroscopical data obtained for
compound 148 were in good agreement with the data reported for this compound but
no X-ray data was reported. Fortunately; a suitable crystal for compound 148 was
obtained and analyzed by X-ray (Figure 27).

Figure 27: X-ray structure of compound 148
The bond lengths and bond angles for compound 148 are shone in tables 3 and 4,
respectively.
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Table 3: Bond lengths for compound 148 in angstrom A°
The bond

Distance in A°

The bond

C(1)-O(1)

1.2134(18)

C(9)-C(10)

1.391(2)

C(1)-N(1)

1.3679(19)

C(9)-N(4)

1.4295(18)

C(1)-N(4)

1.3841(19)

C(10)-C(11)

1.392(2)

C(2)-N(1)

1.4579(19)

C(10)-H(10)

0.9500

C(2)-C(3)

1.509(2)

C(11)-C(12)

1.384(2)

C(2)-H(2A)

0.9900

C(11)-H(11)

0.9500

C(2)-H(2B)

0.9900

C(12)-C(13)

1.385(2)

C(3)-C(4)

1.390(2)

C(12)-H(12)

0.9500

C(3)-C(8)

1.392(2)

C(13)-C(14)

1.391(2)

C(4)-C(5)

1.387(2)

C(13)-H(13)

0.9500

C(4)-H(4)

0.9500

C(14)-H(14)

0.9500

C(5)-C(6)

1.385(2)

N(1)-N(2)

1.3588(18)

C(5)-H(5)

0.9500

N(2)-N(3)

1.2701(18)

C(6)-C(7)

1.383(2)

N(3)-N(4)

1.3742(17)

C(6)-H(6)

0.9500

C(9)-C(10)

1.391(2)

C(7)-C(8)

1.387(2)

C(9)-N(4)

1.4295(18)

C(7)-H(7)

0.9500

C(10)-C(11)

1.392(2)

C(8)-H(8)

0.9500

C(10)-H(10)

0.9500

C(9)-C(14)

1.383(2)

C(11)-C(12)

1.384(2)

C(1)-O(1)

1.2134(18)

C(11)-H(11)

0.9500

C(1)-N(1)

1.3679(19)

C(12)-C(13)

1.385(2)

C(1)-N(4)

1.3841(19)

C(12)-H(12)

0.9500
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Distance in A°

Table 4: Bond angles, Ɵ (o) for compound 148
The bond

bond angles, Ɵ (o)

The bond

bond angles, Ɵ (o)

O(1)-C(1)-N(1)

127.93(14)

C(6)-C(7)-H(7)

119.9

O(1)-C(1)-N(4)

130.83(14)

C(8)-C(7)-H(7)

119.9

N(1)-C(1)-N(4)

101.25(12)

C(7)-C(8)-C(3)

120.06(14)

N(1)-C(2)-C(3)

112.08(12)

C(7)-C(8)-H(8)

120.0

N(1)-C(2)-H(2A)

109.2

C(3)-C(8)-H(8)

120.0

C(3)-C(2)-H(2A)

109.2

C(14)-C(9)-C(10)

121.30(14)

N(1)-C(2)-H(2B)

109.2

C(14)-C(9)-N(4)

120.20(13)

C(3)-C(2)-H(2B)

109.2

C(10)-C(9)-N(4)

118.49(13)

H(2A)-C(2)-H(2B)

107.9

C(9)-C(10)-C(11)

119.07(14)

C(4)-C(3)-C(8)

119.41(14)

C(9)-C(10)-H(10)

120.5

C(4)-C(3)-C(2)

120.67(13)

C(11)-C(10)-H(10)

120.5

C(8)-C(3)-C(2)

119.89(13)

C(12)-C(11)-C(10)

120.39(14)

C(5)-C(4)-C(3)

20.35(14)

C(12)-C(11)-H(11)

119.8

C(5)-C(4)-H(4)

119.8

C(10)-C(11)-H(11)

119.8

C(3)-C(4)-H(4)

119.8

C(11)-C(12)-C(13)

119.52(14)

C(6)-C(5)-C(4)

119.97(14)

C(11)-C(12)-H(12)

120.2

C(6)-C(5)-H(5)

120.0

C(13)-C(12)-H(12)

120.2

C(4)-C(5)-H(5)

120.0

C(12)-C(13)-C(14)

121.15(14)

C(7)-C(6)-C(5)

119.98(15)

C(12)-C(13)-H(13)

119.4

C(7)-C(6)-H(6)

120.0

C(14)-C(13)-H(13)

119.4

C(5)-C(6)-H(6)

120.0

C(9)-C(14)-C(13)

118.55(14)

C(6)-C(7)-C(8)

120.22(14)

C(9)-C(14)-H(14)

120.7
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The bond

bond angles, Ɵ (o)

The bond

bond angles, Ɵ (o)

N(2)-N(1)-C(2)

121.61(12)

N(3)-N(4)-C(1)

110.39(11)

C(1)-N(1)-C(2)

126.59(13)

N(3)-N(4)-C(9)

120.22(12)

N(3)-N(2)-N(1)

108.23(12)

C(1)-N(4)-C(9)

129.35(12)
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3.2.2.2 Reaction of 131 with benzyl bromide 72.
Reaction of 131 with benzyl bromide 72 is expected to give compound 137 as a result
of direct attack of the OH at the electrophilic carbon of the benzyl bromide 72 as this
is the most visible reaction. The second possible products may form as a result of
losing formaldehyde CH2O from starting material 131 to form the intermediate 35,
then this intermediate and via its available nitrogen nucleophile (N4) may attack the
electrophilic carbon of the benzyl bromide 72 to produce compound 149, or may give
compound 150 via the thiol tautomer 106 attack at the benzyl bromide 72 (Scheme
46).

Scheme 46: Suggested reactions of 131 with benzyl bromide 72
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The chemical formula for compound 137 is (C15H14N4OS) and the corresponding
molecular weight for this formula is 298.4. The obtained mass spectrum (Figure 29);
showed no indication about the existence of any peak related to the molecular weight
of 137. This provided a clear and unambiguous proof that the product obtained has a
different chemical structure from the suggested structure 137.

Figure 28: MS spectrum of compound 150
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The second possibility to investigate is the formation of either compound 149 or 150.
The two compounds 149 and 150 are structural isomers and they have chemical
formula (C14H12N4S) and corresponding molecular weight is 268.3. This molecular
weight is consistent with the obtained mass result [269.3 M + H] + shown in (Figure
28). The two compounds 149 and 150 are known compounds, 149 was synthesized
via thionation of compound 148 while 150 was synthesized from direct benzylation of
106 as shown in (Scheme 47). Their syntheses along with some data analyses are
reported in litterateurs [41, 42].

Scheme 47: Syntheses of 149 and 150

The physical and analytical data obtained for this compound in the current study are
consistent with that data reported for compound 150. The 1H-NMR and
spectrum for compound 150 are shown in Figures 29 and 30, respectively.
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13

C-NMR

Figure 29: 1H-NMR for compound 150
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Figure 30: 13C-NMR for compound 150
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3.2.2.3 Reaction of 48a with benzyl bromide 72
The reaction of 48a with benzyl bromide 72 produced the expected product 138. This
compound is produced as a result of direct attack of the OH group of 48a at the
electrophilic C of the benzyl bromide 72. In this case the starting material 48a did not
lose acetaldehyde and did not form the intermediate 33. This in turn prevents any
tautomeric equilibrium tetrazol-5-one/ tetrazol-5-ol for the intermediate 33, so the
reaction mainly occurred at the OH of the hydroxyethyl group of 48a (Scheme 48).

Scheme 48: Reaction of 48a with benzyl bromide 72 to form 138

The structure of compound 138 was confirmed by spectroscopical analyses data (IR,
MS, 1HNMR and 13CNMR).
In the IR spectrum, the disappearance of the OH peak in the region around 3500-3300
cm-1 is a clear indication about occurrence of the reaction at the hydroxyl group.
Furthermore; the appearance of the new strong ether bond stretching band at about
1220 cm-1 is another confirmation for the structure of 138 (Figure 31).
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Figure 31: IR spectrum of compound 138

The structure of compound 138 was also supported by the result of MS. The
molecular formula of 138 is [C16H16N4O2] and the calculated molecular weight
corresponding to this chemical formula is 296. The MS spectrum showed a major ion
peak at 319 that corresponds to the required molecular mass [M + Na]+ (Figure 32)

Figure 32: MS spectrum of compound 138
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The purity of compound 138 was confirmed by the HRMS analysis. The
monoisotopic mass calculated for (C16H16N4O2Na) [138 + Na]+ is 319.1171 and the
obtained analysis result is 319.1159 indicating high purity of compound 138 (Figure
33)

Figure 33: HRMS spectrum of compound 138
The structure of compound 138 was also supported by 1H-NMR analysis data. The
two protons of NCH2 appeared as triplet at 3.9 ppm (t, J = 5.5 Hz, 2H), while the two
protons of NCH2CH2O appeared as triplet signal at a little higher  4.3 ppm (t, J = 5.5
Hz, 2H). The two protons of the CH2Ph appeared as a singlet at  4.6 ppm. The
aromatic ring protons appeared as multiplet in the region 7.3-8.0 ppm (Figure 34).
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Figure 34: 1HNMR spectrum of compound 138
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The structure of compound 138 was also supported by the 13C-NMR spectrum. A total
of 12 different carbons are expected for compound 138. This was indeed what the
spectrum showed. The spectrum clearly showed the carbons of the three chemically
different methylene groups. The NCH2 signal resonated at 44.7 ppm, while the carbon
of NCH2CH2O resonated at 66.33 ppm. The C of the benzyl group OCH2Ph resonated
at 73 ppm (Figure 35). The aromatic carbons appeared in the range of 119-137 ppm,
while the C=O of the ring resonated at 149.2 ppm.

Figure 35: 13C-NMR spectrum of compound 138
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The DEPT135 13C-NMR supported the identification of each carbon via showing the
three CH2 groups oriented down in the DEPT135

13

C-NMR spectrum, while the CH

carbons of the aromatic rings are oriented up in the spectrum. The two quaternary
aromatic carbons along with the C=O carbon disappeared from the DEPT135
NMR spectrum (Figure 36)

Figure 36: DEPT135 13C-NMR spectrum of compound 138
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3.2.3 Reaction of tetrazol-5-one 130 and tetrazole-5-thione 131 with
dibromohexane 139.
The reaction of 130 or 131 with dibromohexane 139 in presence of potassium
hydroxide and 18-crown-6 in DMSO at room temperature were expected to occur at
the O atom of the hydroxymethyl group of 130 and 131. The spectroscopical analyses
results obtained for the products of these two reactions showed that each reaction
behaved in a different mode and produced different products from the expected
products. In order to explain the modes of these reactions, each reaction will be
discussed individually.

3.2.3.1 Reaction of tetrazol-5-one 130 with dibromohexane 139
The reaction of 130 with dibromohexane 139 afforded compound 151 instead of the
expected product 140 (Scheme 49).

Scheme 49: Reaction of 130 with dibromohexane 139
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The product 151 was formed as a result of losing formaldehyde CH2O from the
starting material 130 and formation of the intermediate 33. Two equivalents of this
intermediate and via the N4 nucleophile reacted with one equivalent of the
dibromohexane 139 to form the bis product 151.
The structure of 151 was confirmed first by mass analysis as the molecular formula of
151 is [C20H22N8O2] and the calculated molecular weight corresponding to this
chemical formula is 406. The MS spectrum showed two major ion peaks equal to 407
[M + H]+ and 429 [M + Na]+.

Figure 37: MS spectrum of compound 151
The structure of 151 was also confirmed by the 1HNMR spectrum. The obtained
spectrum showed high degree of symmetry which in fact supports the suggestion of
formation of 151. The protons of NCH2 with integration value corresponding to 4
protons at 4.1 ppm and appeared as triplet 2 x (t, J = 7.1 Hz, 2H), the next multiplet
signal with integration value corresponding to 4 H at 1.9 ppm was attributed to the
protons of NCH2CH2. The last multiplet signal which also has an integration value
corresponding to 4 H at 1.5 ppm is the signal for NCH2CH2CH2. On the other hand,
and at the lower filed of the spectrum, three sets of signals belong to the aromatic ring
protons. The first one with integration value corresponding to 2 H at 7.4 ppm and
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appeared as triplet 2 x (t, J = 7.5 Hz, 1H). The second set has an integration value
corresponding to 4H at 7.5 ppm and appeared as triplet 2 x (t, 2H). The last set of
signals with integration value also corresponding to 4 H resonated at 7.9 ppm and
appeared as a doublet 2 x (d, J = 7.9 Hz, 2H) (Figure 38).

Figure 38: 1H-NMR spectrum of compound 151
The

13

C-NMR spectrum also supported the structure of compound 151. Due to the

symmetry of compound 151 a total of only 8 different carbons were seen in the
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spectrum. The signal of C=O of the tetrazole ring resonated at about 149.1 ppm and
the four signals of the aromatic ring resonated about 134.7, 129.4, 127.7 and 119.3
ppm. The three signals in the aliphatic region of the spectrum are attributed to the
three different CH2 groups with the NCH2 carbon at the highest  48.8 ppm value
(Figure 39)

Figure 39: 13C-NMR spectrum of compound 151
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The DEPT135

13

C-NMR spectrum of compound 151 enabled the identification of

each carbon. The C=O of the tetrazole ring that resonated at about 149 ppm in the
13

C-NMR spectrum completely disappeared in the DEPT135 13C-NMR spectrum. The

quaternary aromatic carbon C-N that resonated at 134.7 ppm also disappeared. The
other three CH carbons of the aromatic ring were oriented up in the DEPT135
NMR spectrum while the three CH2 were oriented down (Figure 40)

Figure 40: DEPT135 13C-NMR spectrum of compound 151
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3.2.3.2 Reaction of 131 with dibromohexane 139
The reaction of 131 with dibromohexane 139 was expected to give compound 141 as
a result of direct nucleophilic attack of the OH group at the carbon of the
dibromohexane 139 (Scheme 50).

Scheme 50: Suggested reaction of 131 with dibromohexane 139
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The first confirmation about excluding the formation of compound 141 came up from
the mass analysis. The obtained mass spectrum showed no indication about the
formation of compound 141 which has a molecular formula of C14H19BrN4OS and
corresponding molecular weight 371. The mass spectrum even did not give any
indication about the existence of Br, as this will be normally seen as doubling of
peaks with nearly equal intensity but with two differences in mass units due to the
isotopes of Br. The second option to investigate was the formation of compound 152
as a result of losing formaldehyde from the starting material 131 to form the
intermediate 35 as this case occurred in previous reaction of this work. The
intermediate 35 then may react with 1,6-dibromohexane 139 via the N4 of the
tetrazole ring. If this is the case the product will be compound 152 which has a
molecular formula of C13H17BrN4S and its corresponding molecular mass is 341. The
obtained mass spectrum showed again no indication about the existence of this
compound.
The absence of the Br isotopes from the obtained mass spectrum pushed the thought
towards that the reaction in fact occurred at the two electrophilic carbons of 139 but
not only at one C-Br bond. This is the only possible and logical justification about the
absence of the Br isotopes from the mass spectrum. This would give a chance to
formation of the dimer products 153 or 154. The scifinder data base showed that
compound 154 is a known compound, and it was synthesized via reaction of 106 (2
equivalents) with dibromohexane 139 and its structure was confirmed by X-ray
analysis data [43].
The reported physical and analytical data are consistent with the data that was
obtained in the current work for compound 154. The data comparison led to a
conclusion that the obtained product is compound 154 but not its isomeric compound
153.
The mass analysis result showed two molecular ion peaks at 439 [M + H] + and 461
[M +Na]+. This mass result is in accordance with molecular weight of compound 154
(Figure 41).
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Figure 41: MS spectrum of compound 154
The 1H-NMR showed the expected peaks for each proton. The integration values for
each set of protons supported the suggested dimer structure of the product. The
obtained integration values were with full accordance with structure 154. In the
aliphatic region of the 1H-NMR spectrum; three sets of protons were seen at 1.5 ppm
(m, 4H), 1.9 ppm (m, 4H) and 3.4 ppm (t, J = 13.7, 4H, SCH2). In the aromatic region
of the spectrum; at about 7.5-7.7 ppm multiplet peak with integration value
corresponding to 10 protons (2 phenyl groups) was observed (Figure 42). The

13

C-

NMR proofed the structure of compound 154; in the aliphatic region of the spectrum
three signals for the CH2 groups at 28.0, 28.9 and 33.1 ppm were observed and the
later was assigned for the SCH2 carbon. In the aromatic region; the carbons of the
phenyl groups were observed at 123.8, 129.8, 130.1 and 133.7 ppm. The signal at
154.4 was assigned for the S-C (Figure 43). The product 154 was compared with an
authentic sample prepared by direct alkylation of 35 (2 equivalent) with 139 (1
equivalent) and it showed the same Rf, melting point value and same IR spectrum.
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Figure 42: 1HNMR spectrum of compound 154
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Figure 43: 13C-NMR spectrum of compound 154
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3.2.4 Reaction of 131 with ethyl chloroacetate 142
The reaction of 131 with ethylchloroacetate 142 is expected to occur via nucleophilic
substitution at the chlorine atom of the ethylchloroacetate 142 to produce 143. The
spectroscopical analyses data showed that the product in fact is not the expected
compound 143. Instead of the direct attack of the O nucleophile of 131 at the
electrophilic carbon of 142, compound 131 lost formaldehyde (CH2O) and formed the
intermediate 35. Formation of the intermediate 35 may direct the reaction in two
ways. The first may involve the direct attack of 35 via its available nitrogen
nucleophile N4 at the electrophilic carbon of 142. This pathway will produce
compound 155 (Scheme 51).

Scheme 51: Suggested reaction of 131 with ethylchloroacetate 142

78

The other possible pathway that the reaction may undergo is via the reaction at S
nucleophile i.e. through the formation of the tautomer 106. The expected product for
this pathway is compound 156 (Scheme 51).
The mass spectrum showed the molecular ion peak at 287 [M + Na]+ that is
corresponding to the molecular formula of C11H12N4O2S (Figure 44). Both
compounds 155 and 156 have the same molecular formula as they are isomers, mass
analysis did not provide any information about which is the correct isomer. However;
the 1H-NMR and

13

C-NMR data provided unambiguously that the isomer formed is

compound 156, and no indication about the formation of either 143 or 155 was
observed.

Figure 44: MS spectrum of compound 156
The 1H-NMR spectrum showed the signals for the five protons of the aromatic ring as
multiplet at 7.6 -7.5 ppm. The protons of the ethyl group resonated at 4.2 ppm (q, 2H,
CH2) and at 1.2 ppm (t, J = 7.1 Hz, 3H). The signal for the SCH2 was observed at 4.1
ppm as a singlet (Figure 45). The position of the SCH2 protons on the 1H-NMR
spectrum confirmed that the reaction occurred at the S atom as if the reaction occurred
at the N4, the protons of the NCH2 will be resonated at about 5.2 ppm.
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Figure 45: 1H-NMR spectrum of compound 156
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In the 13C-NMR no indication about the existence of the C=S (164 ppm) was shown.
Instead a peak at about 153.1 ppm was observed and assigned for the N=C-S of the
tetrazole ring. This provided a clear and unambiguous proof about the exact structure
of the obtained product 156. In addition to C=O of the ester group (167.5) ppm and
the aromatic carbons at (119-133) ppm, three signals in the aliphatic region of the
spectrum were observed at 14.1 ppm (CH3), 35.2 ppm (SCH2) and 62.5 ppm (OCH2)
(Figure 46). This compound is a known compound and all the data obtained are
consistent with the reported data [44].

Figure 46: 13C-NMR spectrum of compound 156
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3.2.5 Reaction of 131 with succinic anhydride 144
The reaction of 131 with succinic anhydride 144 using dry pyridine as reaction
solvent at room temperature for 24h proceeded as expected. In this case no indication
about the loss of formaldehyde was observed (Scheme 52).

Scheme 52: Reaction of 131 with succinic anhydride 144
The structure of 145 was confirmed by the IR spectroscopy which shows clearly the
broad OH acid band (3400-2500) cm-1. The presence of C=O functional groups was
indicated at 1780 cm-1 which is characteristic for an ester bond, and 1700 cm-1
characteristic for the C=O acid. The absence of OH peak around 3400 cm-1 supports
the suggested structure. The IR spectrum of compound 145 is shown in (Figure 47).
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Figure 47: IR spectrum of compound 145
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The mass spectrum showed the molecular ion peak at 331 [M + Na]+ that is
corresponding to the molecular formula of C12H12N4O4SNa (Figure 48).

Figure 48: MS spectrum of compound 145
The structure of compound 145 was also supported by 1H-NMR analysis. The peaks
of the two methylene groups have nearly identical chemical environment so they are
coinciding on each other and appeared almost as singlet with integration value
corresponds to 4 H at 2,7 ppm. The signal at 6.3 ppm was assigned to the OCH2
group. The aromatic protons appear as multiplet at 7.9 -7.4 ppm (Figure 49).
The 13C-NMR spectrum also supported the structure of compound 145. The spectrum
showed the signal of the COOH group at 176.6 ppm and signal of the ester group at
170.8 ppm. The signal at 164.4 ppm was assigned to the carbon of the C=S. The five
signals of the aromatic carbons are appeared at 123.7-130.5 ppm. The carbon of the
OCH2 group appeared at 67.9 ppm, while the carbons of the two methylene groups
appeared at 28.5 ppm due to their identical chemical environment (Figure 50).
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Figure 49: 1H-NMR of compound 145
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Figure 50: 13C-NMR of compound 145
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3.3 Antibacterial activity of new derivatives of 1,4-disubstituted tetrazol-5-ones
and its thione counterparts, and its preparative starting materials.
Two main tests, Agar well diffusion assay methodology and microbroth dilution assay
were employed to screen DMSO solution of 1,4-disubstituted tetrazol-5-ones
compounds 148, 133, 151, 138, and 135, and 1,4-disubstituted tetrazole-5-thiones
150, 134, 154, 156, and 145, and also its preparative starting materials 33, 35, 130,
131, and 48a for testing any potential antibacterial activity against 7 clinical bacterial
isolates, four gram negative bacteria (Escherichia coli, Proteus mirabilis, Klebsiella
pneumonia, and Pseudomonas aeruginosa) and three gram positive isolates
(Staphylococcus aureus, Enterococcus faecalis, and Bacillus subtilis), and Candida
Albicans isolates obtained from Al-Shifa Hospital Microbiology laboratory Were used
as test organisms. All compounds either in powder or oil forms were weighed ranged
from (45 to 250 mg) and dissolved completely in DMSO. The volume of used DMSO
varied and ranged from 750 to 2000 µl.
3.3.1 Agar well diffusion method zone of inhibition in mm.
In short, 6 holes were punched on each of three Muller Hinton agar plates that were
inoculated with standardized bacterial suspension [45]. 50 µl of each of the tested
compounds were carefully dispensed in the corresponding hole. Plates were set for 30
minutes at the refrigerator temperature and then incubated for 24 hours at 37 oC. The
zone of inhibition in mm for the tested compounds is illustrated in (Table 5). The
effect of compounds ranges between one microbe and all 7 microbes, compounds 130,
131, 144, and 35 have showed activity for all tested bacteria (broad spectrum),
especially for Pseudomonas aeruginosa, but compounds 148, 150, 138, 151 and 156
showed no activity. All compounds exhibited good activity against Candida albicans
fungi, compounds 130, 156, 35, 133, 48a and 131 have showed moderate to excellent
antifungal activity against the tested strain.
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Table 5: zone of inhibition in mm for the tested compounds a,b
Zone of inhibition in mm

Compound

Gram-positive bacteria

Gram-negative bacteria

S.S

P. M

K. P

E.C

P.A

C. A

S. A

B. S

Fungi

130

42

38

33

34

22

30

24

24

131

42

32

30

26

19

31

23

20

133

10

9

14

11

nd

nd

nd

22

134

nd

10

12

15

nd

nd

nd

16

148

nd

nd

nd

7

nd

nd

nd

14

150

nd

nd

nd

nd

nd

nd

nd

11

151

nd

nd

nd

nd

nd

nd

nd

16

154

nd

nd

nd

nd

nd

nd

nd

9

145

24

17

19

16

11

12

11

15

156

13

9

13

14

nd

nd

nd

23

48a

nd

nd

12

12

13

11

nd

21

135

nd

nd

9

15

nd

12

nd

16

138

nd

nd

nd

20

nd

nd

nd

14

33

12

11

14

10

9

nd

nd

15

35

18

12

16

14

8

19

11

22

a

S.S Streptococcus spp., S. A Staphylococcus aureus, B.S Bacillus subtilis, P.M
Proteus mirabilis, K.P, Klebsiella pneumonia, E.C Escherichia coli, P.A
Pseudomonas aeruginosa, C. A Candida albicans, b nd. not detected
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3.3.2 MIC determination using microbroth dilution method
All compounds that showed any measurable antibacterial /antifungal activity were
further tested to determine their minimum inhibitory concentration (MIC) using
microbroth dilution assay. Each compound was serially diluted in fixed volumes
containing standardized bacterial /fungal suspension (standardization was made by
comparing growth to 0.5 McFarland turbidity standards). A positive growth control
was included for each plate. Microtiter plates were incubated for 24 hours at 37 oC.
Growth inhibition was detected by adding 50 µl of 0.5% aqueous TTC, supplied by
Merck. MIC was defined as the lowest concentration of inoculum that inhibited
visible growth, as indicated by TTC staining [46]. Table (6)
Table 6: The MIC results of compounds that exhibited antibacterial activity (mg/mL)

Compound

E.coli

Staphylococcus aureus

130

1.7636

0.196

131

0.5879

1.7636

133

13.888

2.6666

134

13.888

4.6299

145

1.3717

1.3717

156

15.873

5.291

48a

8

5.291

135

37.036

37.036

33

1.5432

1.5432

35

1.76372

1.76372

Compounds 130, 131, 133, 134, 145, 48a, 135, 33, 35 and 156 were evaluated for
their antibacterial activity against gram positive (Staphylococcus aureus) and gram
negative (Escherichia coli) bacteria to determine the MIC. These compounds showed
antibacterial activities by the microbroth dilution assay. MIC results are summarized
in Table 6. Zones of inhibition around the tenth compounds (130, 131, 134, 133, 145,
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48a, 135, 33, 35 and 156) by the microbroth dilution method are shown in (Figure
51). Reduction of 2, 3,5-triphenyltetrazolium chloride giving a red color was then
used as an indicator of bacterial metabolism. In MIC results, compound 130 is the
most effective compound on staphylococcus aureus as antibacterial agent, but 131 is
the most effective on E.coli

Figure 51: MIC results for staphylococcus aureus & E. coli
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All compounds were evaluated for their antifungal activity against Candida albicans
fungi to determine the MIC. These compounds showed antifungal activities by the
microbroth dilution assay. MIC results summarized in Table 7. Compound 151 is the
most effective compound on Candida albicans as antifungal agent.
Table 7: The MIC results of compounds that exhibited antifungal activity (mg/ml)

Compound

Candida Albicans

130

1.7636

131

5.291

133

0.888

134

13.888

145

1.3717

156

15.873

48a

15.873

135

37.0366

33

0.1715

35

0.5878

148

4.6296

151

0.1235

138

3.441

150

15.873

154

0.7716
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Chapter Four
Experimental Part
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4 Experimental
1

H NMR spectra were recorded at 400 MHz and 13C NMR spectra at 100.0 MHz on a

Bruker AC400 spectrometer. Chemical shifts are denoted in ppm () relative to
internal solvent standard. The splitting patterns for NMR spectra are designated as
follows: s (singlet), d (doublet), t (triplet), q (quartet), m (multiplet) or combinations
thereof. Coupling constants (J) are designated in Hz. Assignments were made with
the aid of DEPT135, experiments. Mass spectra were recorded on a VG 70/70 Hybrid
or a Kratos MS-50 mass spectrometer by ES (positive ion and negative ion mode)
with flow injection via a Waters 2790 separation module autosampler. IR spectra were
obtained using a Nexus 670/870 FT-IR spectrometer. X-Ray structure determination
was obtained using X-ray single crystal data and was collected at 230 K using
graphite monochromated Mo Kα λ = 0.7107 Å radiation on a Bruker SMART APEX
CCD diffractometer. Data reduction was carried out using SAINT and the structure
was solved using SHELXS-97. Melting point determinations were made using a
Stuart Scientific SMP1 apparatus and are uncorrected.

Analytical TLC was

performed on Fluka or Merck silica gel aluminium backed plates containing a 254 nm
fluorescent indicator.

The plates were visualised under UV light. Column

chromatography employed Apollo (for flash chromatography) silica gel, using GPR
hexane, GPR diethyl ether and GPR ethyl acetate. THF was dried by distillation from
sodium benzophenone ketyl. All reactions were conducted in dry glassware under
nitrogen atmosphere, unless otherwise stated. All chemicals were used directly from
supplier’s vessel without further purification, unless otherwise stated.
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4.1 General Procedures
4.1.1 Synthesis of starting materials
The starting materials 33, 35, 130, 131 and 48a were prepared according to the
reported procedures [8-10, 16, 40]. The melting points of the prepared compounds
along with all other analytical data were in full agreement with the reported data. Both
literature and obtained melting points are shown in (Table 1).

Compound

m.p. ˚C

m.p. [Lit]

1,4-dihydro-1-phenyl-5H-tetrazole-5-

189-191

189-190 [8-9]

154-156

147-146 [10]

72-73

72-73 [40]

98-100

96-97 [40]

oil

36-37 [16]

one (33)
1,4-dihydro-1-phenyl-5H-tetrazole-5thione (35)
1,4-dihydro-1-hydroxymethyl-4phenyltetrazol-5-one (130)
1,4-dihydro-1-hydroxymethyl-4phenyltetrazole-5-thione (131)
1,4-dihydro-1(2-hydroxyethyl)-4phenyl-5H-tetrazol-5-one (48a)
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4.1.2 General procedures for synthesis of compounds 133-135
To a solution of 130, 131 or 48a (1mmol) in dry pyridine (20 ml), acetic anhydride
132 (1.2 mmol) was added dropwise and the reaction mixture was stirred for 24h.
H2O (100 ml) was added and the organic layer was extracted with ethyl acetate (3 x
20 mL) and dried over Na2SO4. Solvent was removed in vacuo and the crude product
133 was purified by flash chromatography (Hexane: Et2O, 1:1) to give the pure
product 133 as brown powder. The crude product 134 was purified by flash
chromatography (Hexane: ethyl acetate, 2:3) to give the pure product 134 as viscous
oil. The crude product 135 was purified by flash chromatography (Hexane: Et2O,
1:1→ Et2O) to give the pure product 135 as oil.

1,4-dihydro-1-(Acetoxymethyl)-4-phenyl-5H-tetrazol-5-one 133

Mp (οC) 73–77; yield 51.0 %; 1H NMR (400 MHz, CDCl3) δ ppm: δ 7.9 (m, 2H, Ph),
7.5 (m, 2H, Ph), 7.4 (m, 1H, Ph), 6.00 (s, 2H, NCH2O), 2.2 (s, 3H, CH3C=O);

13

C

NMR (100 MHz, CDCl3) δ 169.4 (CH3C=O),149.2 (C=O), 134.3, 129.5, 128.0, 119.3
(aromatic ring), 65.6 (OCH2N), 20.6 (CH3C=O). IR (KBr): ʋmax cm−1: 1760 (C=O,
ester), 1729(C=O), 2981(C-H, aliphatic), 3089 (C-H, aromatic). MS-CI m/z
(C10H10N4O3Na) = 257.0 [M + Na]+.
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1,4-dihydro-1-( Acetoxymethyl)-4-phenyl-5H-tetrazole-5-thione 135

Viscous oil; Yield 40.0 %; 1H NMR (400 MHz, CDCl3) δ ppm: δ 8.0 (m, 2H, Ph), 7.5
(m, 2H, Ph), 7.4 (m, 1H, Ph), 6.2 (s, 2H, OCH2N), 2.1 (s, 3H, CH3C=O).

13

C NMR

(100 MHz, CDCl3) δ 169.4 (CH3C=O), 164.4 (C=S), 134.5, 129.9, 129.4, 123.7
(aromatic ring), 67.8 (OCH2N), 20.5 (CH3C=O). IR (KBr): ʋmax cm−1: 1760 (C=O,
ester), 2985 (C-H, aliphatic), 3078 (C-H, aromatic). MS-CI m/z (C10H10N4O2SNa) =
273.0 [M + Na]+.

1,4-dihydro-1-(Acetoxyethyl)-4-phenyl-5H-tetrazole-5-one 135

Viscous oil; Yield (60 %); 1H NMR (400 MHz, CDCl3) δ ppm: δ 7.9 (m, Hz, 2H, Ph),
7.5 (t, J = 7.9 Hz, 2H, Ph), 7.4 (m, 1H, Ph), 4.5 (t, J = 5.2 Hz, 2H, OCH2), 4.3 (t, J =
5.2 Hz, 2H, NCH2), 2.1 (s, 3H, CH3C=O).;

13

C NMR (100 MHz, CDCl3) δ 170.9

(CH3C=O), 149.1 (C=O), 134.4, 129.5, 127.8, 119.4 (aromatic ring), 61.0 (OCH2),
44.3 (NCH2), 20.8 (CH3C=O). IR (KBr): ʋmax cm−1: 1750 (C=O, ester), 1743 (C=O),
2959 (C-H, aliphatic), 3019 (C-H, aromatic). MS-CI m/z (C11H12N4O3Na) = 271.0 [M
+ Na]+.
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4.1.3 General procedures for synthesis of compounds 148, 150, 138
To a mixture of 130, 131 or 48a (1.6 mmol) and KOH (3.2 mmol) and 18-crown-6
(0.8 mmol) in DMSO (30 ml), benzyl bromide 72 (1.6 mmol) was added dropwise.
The reaction mixture was stirred for 24h. H2O (100ml) was added to the reaction
mixture and stored at 0°C until white precipitate was formed (24h). The solid
precipitate was filtered and washed with petroleum ether (2 x 15ml) and dried to give
the products 148 and 150 respectively as white powders. The pure product 138 was
obtained as clear oil upon recrystallization from EtOH.
1,4-dihydro-1-(benzyl)-4-phenyl-5H-tetrazol-5-one 148 [41]

Mp (οC) 99–102 (Lit. 95-96); yield 37.0 %;

1

H NMR (400 MHz,CDCl3) δ ppm:1H

NMR δ 8.0 (t, J = 1.6 Hz, 1H, Ph), 7.9 (t, J = 1.6 Hz, 1H, Ph), 7.5 (m, 8H, 2 x Ph), 5.2
(s, 2H, CH2Ph);

13

C NMR (100 MHz, CDCl3) δ 148.9 (C=O), 134.6, 134.2, 129.6,

129.4, 129.0, 128.9, 128.8, 128.7, 128.5, 127.7, 121.9, 119.2 (Ph and Bn), 48.5
(NCH2Ph). IR (KBr): ʋmax cm−1: 1726(C=O), 2948(C-H- aliphatic), 3107(C-H
aromatic). MS-CI m/z (C14H12N4ONa) = 275.0 [M + Na]+.
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1H-5-(benzylthio)-1-phenyltetrazole 150 [42]

Mp (οC) 73–74 (Lit. 67-70); yield 56.0 %; 1H NMR (400 MHz, CDCl3) δ ppm: 7.5
(m, 5H, Ph), 7.4 (m, 5H, Ph), 4.7 (s, 2H, SCH2Ph).

13

C NMR (100 MHz, CDCl3) δ

153.9 (N=C-S), 135.2 (NPh), 133.6, 130.1, 129.9, 129.3, 128.9, 128.2, 123.8,
(aromatic rings), 37.7 (CH2Ph). IR (KBr): ʋmax cm−1: 2971(C-H, aliphatic), 3055(C-H,
aromatic). MS-CI m/z (C14H13N4S) = 269.0 [M + H] +.

1,4-dihydro-1-(benzyloxyethyl)-4-phenyl-5H-tetrazol-5-one 138

Viscous oil; Yield (47 %); 1H NMR (400 MHz, CDCl3) δ ppm: 8.0 (m, 2H, Ph), 7.5
(m, 3H, Ph), 7.4 (m, 3H, Ph), 7.3 (m, 2H, Ph), 4.6 (s, 2H, OCH2Ph), 4.3 (t, J = 5.5 Hz,
2H, OCH2CH2), 3.9 (t, J = 5.5 Hz, 2H, NCH2CH2).

13

C NMR (100 MHz, CDCl3) δ

149.2 (C=O), 137.6 (NPh), 134.8, 129.4, 129.0, 128.5, 128.4, 127.9, 127.8, 119.4
(aromatic rings), 73.0 (OCH2Ph), 66.5 (OCH2), 45.0 (NCH2) . IR (KBr): ʋmax cm−1:
1729 (C=O), 2929, 2867 (C-H, aliphatic), 3031 (C-H, aromatic), 1218 (C-O). MS-CI
m/z (C16H16N4O2Na) = 319.0 [M + Na]+.
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4.1.4 General procedures for synthesis of compounds 151,154
To a mixture of 130 or 131 (1.6 mmol) and KOH (3.2 mmol) and 18-crown-6 (0.8
mmol) in DMSO (30ml), 1,6-dibromohexane 139 (1.6 mmol) was added dropwise
and the reaction mixture was stirred for 24h. H2O (100 ml) was added to the reaction
mixture and stored at 0 °C for 24 h. The milky white product that formed was purified
by recrystallisation from EtOH to give the pure compounds 151 and 154 as white
powders.

1,4-dihydro-4,4'-(hexane-1,6-diyl)bis(1-phenyltetrazol-5-one) 151

Mp (οC) 105-108; Yield (11 %); 1H NMR (400 MHz, CDCl3) δ ppm: 7.9 (m, 4H,
2Ph), 7.5 (t, J = 7.9 Hz, 4H, 2Ph), 7.4 (t, J = 7.5 Hz, 4H, 2Ph), 4.1 (t, J = 7.1 Hz, 4H,
2NCH2), 1.9 (m, 4H, 2NCH2CH2), 1.5 (m, 2H, 2NCH2CH2CH2).

13

C NMR (100

MHz, CDCl3) δ 149.1 (2 x C=O), 134.7, 129.4, 127.7, 119.3 (2 x Ph), 44.8 (2 x
NCH2CH2), 28.3 (2 x NCH2CH2), 25.8 (NCH2CH2CH2). IR (KBr): ʋmax cm−1: 1715
(C=O), 2942 (C-H, aliphatic), 3079 (C-H, aromatic). MS-CI m/z (C20H22N8O2Na) =
429.0 [M + Na]+.
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1,6-bis(1-phenyl-1H-tetrazol-5-ylthio)hexane 154 [43]

Mp (οC) 131-134 (Lit. 127-129); Yield (10 %); 1H NMR (400 MHz, CDCl3) δ ppm:
7.6 (m, 10H, 2Ph), 3.4 (t, J = 7.1 Hz, 4H, 2 x SCH2), 1.9 (m, 4H, 2NCH2CH2), 1.5
(m, 4H, 2 NCH2CH2CH2).

13

C NMR (100 MHz, CDCl3) δ 154.4 (2 x C=S), 133.7,

130.1, 129.8, 123.9 (2 x Ph), 33.1 (2 x NCH2CH2), 28.9 (2 x NCH2CH2), 28.0
(NCH2CH2CH2). IR (KBr): ʋmax cm−1: 2938 (C-H, aliphatic), 3072 (C-H, aromatic).
MS-CI m/z (C20H23N8S2) = 439.0 [M + H]+.

4.1.5 General procedures for synthesis of compound 156, 145
To a mixture of 131 (0.96 mmol) and KOH (1.92 mmol) and 18-crown-6 phase
transfer catalyst (0.1268 mmol) in DMSO (30ml), ethylchloroacetate 142 (0.96 mmol)
or succinic anhydride 144 were added dropwise. The reaction mixture was stirred for
24h at room temperature. H2O (100 ml) was added and the organic layer was
extracted with ethyl acetate (3 x 20 mL) and dried over Na2SO4. Solvent was removed
in vacuo the pure products 156 and 145 were obtained as a pale yellow solid 9 and
white powder 10 upon recrystallization from EtOH.

100

Ethyl 2-(1-phenyl-4,5-dihydro-1H-tetrazol-5-ylthio)acetate 156 [44]

Mp (οC) 83-85 (Lit. 87-88 ); Yield (42 %); 1H NMR (400 MHz, CDCl3) δ ppm: 7.5
(m, 5H, Ph), 4.2 (m, 2H, OCH2CH3), 4.1 (s, 2H, SCH2), 1.2 (t, J = 7.1 Hz , 3H,
CH3CH2O).

13

C NMR (100 MHz, CDCl3) δ 167.5 (CH3CH2C=O), 153.3 (N=C-S),

133.4, 130.4, 129.9, 129.5, 123.8, 119.7 (Ph), 62.5 (OCH2CH3), 35.2 (SCH2), 14.1
(OCH2CH3). IR (KBr): ʋmax cm−1: 1745 (C=O, ester), 2980 (C-H, aliphatic), 1170 (CO,). MS-CI m/z (C11H12N4O2SNa) = 287.0 [M + Na]+.

Tetrazol-4-ylmethyl succinate 145

Mp (οC) 185-191; Yield (50 %); 1H NMR (400 MHz, CDCl3) δ ppm: 7.9 (m, 5H, Ph),
6.3 (s, 2H, OCH2), 2.7 (t, J = 1.5 Hz, 4H, 2C=OCH2CH2C=O). 13C NMR (100 MHz,
CDCl3) δ 176.6 (COOH), 170.8 (OC=O), 164.4 (C=S), 130.5, 129.7, 129.4, 124. 1,
123.7 (aromatic rings), 67.5 (OCH2), 28.5 (2 x CH2). IR (KBr): ʋmax cm−1: 24003500 (OH- acid), 1780 (C=O, ester), 1700 (C=O, acid), 2870 (C-H, aliphatic). MS-CI
m/z (C12H12N4O4SNa) = 331.0 [M + Na]+.
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Conclusion
In this work, a new series of 1,4-disubstituted tetrazol-5-ones 133, 135, 138, 145, 151,
148 and 1,4-disubstituted tetrazol-5-thiones 134, 150, 154, 156 was synthesized and
fully characterized by IR, MS, 1H-NMR and 13C-NMR.
The series was evaluated for in vitro antibacterial and antifungal activity against four
Gram negative (Escherichia coli, Proteus mirabilis, Klebsiella pneumonia, and
Pseudomonas aeruginosa) and three Gram positive (Staphylococcus aureus,
Enterococcus faecalis, and Bacillus subtilis) bacteria, and Candida albicans fungi.
The zone of inhibition was measured using the well-diffusion assay, and in vitro
minimum inhibitory concentration (MIC) was determined by microbroth dilution
assay.

MIC values indicate that the compounds exhibited a varied range (0.2–

37 mg/mL) of antibacterial activity against the tested bacterial strains. Compounds
130, 131 showing the best results. And exhibited a varied rage (0.12-37 mg/mL) of
antifungal activity against the tested fungal strain. The best results are for compounds
151, 33.
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