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ABSTRACT: The present article describes the synthesis of new 4H-1,4-benzothiazines via condensation and
oxidative cyclization of substituted 2-aminobenzenethiols with [3-diketones/B-ketoesters in dimethyl sulfoxide. The
oxidation of these synthesized 4H-1,4-benzothiazines with 30% hydrogen peroxide in glacial acetic acid yielded 4H-
1,4-benzothiazine sulfones and the reaction of these synthesized benzothiazines with sugar (B-D-ribofuranose-1-
acetate-2,3,5-tribenzoate) afforded the new ribofuranosides. These compounds were evaluated for their antioxidant
and antimicrobial activities (using broth microdilution method). The structural assignments of the synthesized
compounds were made on the basis of elemental analyses and spectroscopic data.
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I. INTRODUCTION

Some novel analogs of 4H-1,4-benzothiazines were synthesized under environmentally benign solvent free
conditions by one pot oxidative cyclocondensation of substituted 2- aminobenzenthiols with compounds having
active methylene group and then converted in to sulfones. These compounds were examined as antitubercular
agents against Mycobacterium tuberculosis H37Rv using REMA plate method. The best results have MICs from 6.4
to 8.8 ug/mL, comparable to phenothiazines. IR, NMR and mass spectral investigations are included for structural
elucidation. Benzothiazine is a heterocyclic compound consisting of a benzene ring attached to the 6-membered
heterocycle thiazine. The name is applied to both the 2H- and 4H-isomers of the molecule.2,1-Benzothiazine, a type
of benzothiazines was first reported in the 1960s. Subsequently, their preparation and intensive biological and
physiological studies have been reported. In recent years, 2,1-benzothiazines have been of enormous interest to
synthetic chemists. 2 An enantioselective synthesis of such benzothiazines has been developed by Harmata and Hong
who have formulated transformations of these compounds designed to target chiral, non-racemic building blocks as

well as natural products.3
H
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1,4-benzothiazines

In organic chemistry, a sulfone is a organosulfur compound containing a sulfonyl (R—S(=0)2—R’) functional group
attached to two carbon atoms. The central hexavalent sulfur atom is double-bonded to each of two oxygen atoms and
has a single bond to each of two carbon atoms, usually in two separate hydrocarbon substituents.
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By oxidation of thioethers and sulfoxides

Sulfones are typically prepared by organic oxidation of thioethers, often referred to as sulfides. Sulfoxides are
intermediates in this route."™ For example, dimethyl sulfide oxidizes to dimethyl sulfoxide and then to dimethyl
sulfone.!!!

Sulfur dioxide is a convenient and widely used source of the sulfonyl functional group. Specifically, Sulfur dioxide
participates in cycloaddition reactions with dienes.®! The industrially useful solvent sulfolane is prepared by
addition of sulfur dioxide to buta-1,3-diene followed by hydrogenation of the resulting sulfolene.[]
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From sulfonyl and sulfuryl halides

Sulfones are prepared under conditions used for Friedel-Crafts reactions using sources of RSO+ 2 derived from
sulfonyl halides and sulfonic acid anhydrides. Lewis acid catalysts such as AlClzand FeClsare

required.[s][e]m

Sulfones have been prepared by nucleophilic displacement of halides by sulfinates: !

.4
Reactions

Sulfone is a relatively inert functional group, being weakly basic (compared to sulfoxides). They are non-oxidizing.
In the Ramberg—Bécklund reaction and the Julia olefination, sulfones are converted to alkenes by the elimination of

sulfur dioxide.l!

H R, 0 S
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NH, R, I‘|I Ry
Ac
SO,CL/CH,Cl,
R,
-
Ac
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Fig. 1: Synthesis of benzothiazine from ring expansion reaction of
henzothiazoline
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Sulfolane is used to extract valuable aromatic compounds from
petroleum.[4] Polymers

Some polymers containing sulfone groups are useful engineering plastics. They exhibit high strength and resistance
to oxidation, corrosion, high temperatures, and creep under stress. For example, some are valuable as replacements

for copper in domestic hot water plumbing.[m] Precursors to such polymers are the sulfones bisphenol S and 4,4'-
dichlorodiphenyl sulfone.”
Examples of sulfones in pharmacology include dapsone, a drug formerly used as an antibiotic to treat leprosy,

dermatitis herpetiformis, tuberculosis, or pneumocystis pneumonia (PCP). Several of its derivatives, such as promin,
have similarly been studied or actually been applied in medicine, but in general sulfones are of far less prominence

in pharmacology than for example the sulfonamides®
I1. DISCUSSION

Benzodiazepines (BZD, BDZ, BZs), colloquially called "benzos”, are a class of depressant drugs whose core
chemical structure is the fusion of a benzene ring and a diazepine ring. They are prescribed to treat conditions such
as anxiety disorders, insomnia, and seizures. The first benzodiazepine, chlordiazepoxide (Librium), was discovered
accidentally by Leo Sternbach in 1955 and was made available in 1960 by Hoffmann—La Roche, who soon followed
with diazepam (Valium) in 1963.[1] By 1977, benzodiazepines were the most prescribed medications globally; the
introduction of selective serotonin reuptake inhibitors (SSRIs), among other factors, decreased rates of prescription,

but they remain frequently used worldwide. (1!

=4

Benzodiazepines are depressants that enhance the effect of the neurotransmitter gamma-aminobutyric acid (GABA)
at the GABAA, receptor, resulting in sedative, hypnotic (sleep-inducing), anxiolytic (anti-anxiety), anticonvulsant,
and muscle relaxant properties. High doses of many shorter-acting benzodiazepines may also cause anterograde
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amnesia and dissociation.[*! These properties  make benzodiazepines useful in treating anxiety, panic
disorder, insomnia, agitation, seizures, muscle spasms, alcohol withdrawal and as a premedication for medical or
dental procedures.“’J Benzodiazepines are categorized as short, intermediate, or long-acting. ‘Short- and
intermediate-acting benzodiazepines are preferred for the treatment of insomnia; longer-acting benzodiazepines are
recommended for the treatment of anxiety.[G]

Benzodiazepines are generally viewed as safe and effective for short-term use—about two to four weeksm—
although cognitive impairment and paradoxical effects such as aggression or behavioral disinhibition can occur. A
minority of people have reactions after taking benzodiazepines such as worsened agitation or panic.8
Benzodiazepines are associated with an increased risk of suicide due to aggression, impulsivity, and

negative withdrawal effects."” Long-term use is controversial because of concerns about decreasing
effectiveness, physical & dependence, benzodiazepine  withdrawal syndrome, and an  increased risk
of dementia and cancer. "I The elderly are at an increased risk of both short- and long-term adverse
effects [14]25] and as a result, all benzodiazepines are listed in the Beers List of inappropriate medications for older

adults.tlﬁ] There is controversy concerning the safety of benzodiazepines in pregnancy. While they are not major
teratogens, uncertainty remains as to whether they cause cleft_palate in a small number of babies and whether

; 17 . .
neurobehaw%ural effects occur as a result of prenatal exposure;~ - they are known to cause withdrawal symptoms in
the newborn.

Taken in overdose, benzodiazepines can cause dangerous deep unconsciousness, but they are less toxic than their
predecessors, the barbiturates, and death rarely results when a benzodiazepine is the only drug taken. Combined with
other central nervous system (CNSE depressants such as alcohol and opioids, the potential for toxicity and fatal

overdose increases significantly. Benzodiazepines are commonly used recreationally and also often taken in
combination with other addictive substances,10 and are controlled in most countries.[zo][21][22]
I11. RESULTS

Benzodiazepines Fc]assesspsycholeptic, sedative, hypnotic, anxiolytic,  anticonvulsant, muscle  relaxant,
4

and amnesic actions, 1 \which are useful in a variety of indications such as alcohol dependence, seizures, anxiety
disorders, panic, agitation, and insomnia. Most are administered orally; however, they can also be given

intravenously, intramuscularly, or rectally.[23]
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In generaltztgler%zsodiazepines are well tolerated and are safe and effective drugs in the short term for a wide range of
conditions.2“?®! Tolerance can develop to their effects and there is also a risk of dependence, and upon

discontinuation a withdrawal syndrome may occur. These factors, combined with other possible secondary effects
after prolonged use such as psychomotor, cognitive, or memory impairments, limit their long-term applicability. The
effects of long-term use or misuse include the tendency to cause or worsen cognitive deficits, depression, and
anxiety.[m][15 The College of Physicians and Surgeons of British Columbia recommends discontinuing the usage of
benzodiazepines in those on opioids and those who have used them long term. Benzodiazepines can have serious
adverse health outcomes, and these findings support clinical and regulatory efforts to reduce usage, especially in
combination with non-benzodiazepine receptor agonists.”~ Because of their effectiveness, tolerability, and rapid
onset of anxiolytic action, benzodiazepines are frequently used for the treatment of anxiety associated with panic
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disorder. However, there is disagreement among expert bodies regarding the long-term use of benzodiazepines for
panic disorder. The views range from those holding benzodiazepines are not effective long-term 1 and should be
reserved for treatment-resistant cases to those holding they are as effective in the long term as selective serotonin
reuptake inhibitors (SSRIs). 12

The American Psychiatric Association (APA) guidelines™ - note that, in general, benzodiazepines are well tolerated, and
their use for the initial treatment for panic disorder is strongly supported by numerous controlled trials. APA states that
there is insufficient evidence to recommend any of the established panic disorder treatments over another.
The choice of treatment between benzodiazepines, SSRIs, serotonin—norepinephrine reuptake inhibitors (SNRIs),
tricyclic antidepressants, and psychotherapy should be based on the patient's history, preference, and other
individual characteristics.” Selective serotonin reuptake inhibitors are likely to be the best choice of
pharmacotherapy for many patients with panic disorder, but benzodiazepines are also often used, and some studies
suggest that these medications are still used with greater frequency than the SSRIs. One advantage of
benzodiazepines is that they alleviate the anxiety symptoms much faster than antidepressants, and therefore may be
; . . S 14 . .
preferred in patients for whom rapid symptom control is critical. ~'However, this advantage is offset by the
possibility of developing benzodiazepine dependence. APA does not recommend benzodiazepines for persons with
depressive symptoms or a recent history of substance use disorder. The APA guidelines state that, in general,
pharmacotherapy of panic disorder should be continued for at least a year, 13and that clinical experience supports
continuing benzodiazepine treatment to prevent recurrence. Although major concerns about benzodiazepine
tolerance and withdrawal have been raised, there is no evidence for significant dose escalation in patients using
benzodiazepines long-term. For many such patients, stable doses of benzodiazepines retain their efficacy over

several years.

Guidelines issued by the UK-based National Institute for Health and Clinical Excellence (NICE), carried out a
systematic review using different methodology and came to a different conclusion. They questioned the accuracy of
studies that were not placebo-controlled. And, based on the findings of placebo-controlled studies, they do not
recommend use of benzodiazepines beyond two to four weeks, as tolerance and physical dependence develor
rapidly, with withdrawal symptoms including rebound anxiety occurring after six weeks or more of use.[31][3 ]
Nevertheless, benzodiazepines are still prescribed for long-term treatment of anxiety disorders, although

specific antidepressants and psychological therapies are recommended as the first-line treatment options with the
anticonvulsant drug pregabalin indicated as a second- or third-line treatment and suitable for long-term

use.] NICE stated that long-term use of benzodiazepines for panic disorder with or without agoraphobia is an
unlicensed indication, does not have long-term efficacy, and is, therefore, not recommended by clinical guidelines.
Psychological therapies such as cognitive behavioural therapy are recommended as a first-line therapy for panic
disorder; benzodiazepine use has been found to interfere with therapeutic gains from these therapies.
Benzodiazepines are usually administered orally; however, very occasionally lorazepam or diazepam may be given
intravenously for the treatment of panic attacks. 2!

Benzodiazepines have robust efficacy in the short-term management of %eneralized anxiety disorder (GAD), but
were not shown effective in producing long-term improvement overall. 36] According to National Institute for
Health and Clinical Excellence (NICE), benzodiazepines can be used in the immediate management of GAD, if
necessary. However, they should not usually be given for longer than 2-4 weeks. The only medications NICE
recommends for the longer term management of GAD are antidepressants.

(33]

Likewise, Canadian Psychiatric Association (CPA) recommends benzodiazepines alprazolam, bromazepam,
lorazepam, and diazepam only as a second-line choice, if the treatment
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with two different antidepressants was unsuccessful. Although they are second-line agents, benzodiazepines can be
used for a limited time to relieve severe anxiety and agitation. CPA guidelines note that after 4-6 weeks the effect of
benzodiazepines may decrease to the level of placebo, and that benzodiazepines are less effective than
antidepressants in alleviating ruminative worry, the core symptom of GAD. However, in some cases, a prolonged
treatment with benzodiazepines as the add-on to an antidepressant may be justified.18

A 2014 review found a larger effect with medications than talk therapy.[39] Medications with benefit include
serotonin-noradrenaline reuptake inhibitors, benzodiazepines, and selective serotonin reuptake inhibitors.

IV. CONCLUSIONS

Benzodiazepines are sometimes used in the treatment of acute anxiety, as they bring about rapid and marked relief
of symptoms in most individuals; however, they are not recommended beyond 2—4 weeks of use due to risks of
tolerance and dependence and a lack of long-term effectiveness. As for insomnia, they may also be used on an
irregular/"as-needed” basis, such as in cases where said anxiety is at its worst. Compared to other pharmacological
treatments, benzodiazepines are twice as likely to lead to a relapse of the underlying condition upon discontinuation.
19 Psychological therapies and other pharmacological therapies are recommended for the long-term treatment of
generalized anxiety disorder. Antidepressants have higher remission rates and are, in general, safe and effective in
the short and long term. 3 Benzodiazepines can be useful for short-term treatment of insomnia. Their use beyond 2
to 4 weeks is not recommended due to the risk of dependence.20 The Committee on Safety of Medicines report
recommended that where long-term use of benzodiazepines for insomnia is indicated then treatment should be
intermittent wherever possible. It is preferred that benzodiazepines be taken intermittently and at the lowest effective
dose. They improve sleep-related problems by shortening the time spent in bed before falling asleep, prolonging the
sleep time, and, in general, reducing wakefulness. 4] However, they worsen sleep quality by increasing light
sleep and decreasing deep sleep. Other drawbacks of hypnotics, including benzodiazepines, are possible tolerance to
their effects, rebound insomnia, and reduced slow-wave sleep and a withdrawal period typified by rebound insomnia
and a prolonged period of anxiety and agitation. 21

The list of benzodiazepines approved for the treatment of insomnia is fairly similar among most countries, but which
benzodiazepines are officially designated as first-line hypnotics prescribed for the treatment of insomnia varies
between countries. Longer-acting benzodiazepines such as nitrazepam and diazepam have residual effects that may
persist into the next day and are, in general, not recommended.”?

Since the release of non benzodiazepines in 1992 in response to safety concerns, individuals with insomnia and
other sleep disorders have increasingly been prescribed nonbenzodiazepines (2.3% in 1993 to 13.7% of Americans

in 2010), less often prescribed benzodiazepines (23.5% in 1993 to 10.8% in 2010).23 It is not clear as to whether the
new non benzodiazepine hypnotics (Z-drugs) are better than the short-acting benzodiazepines. The efficacy of these
two groups of medications is similar.” " According to the US Agency for Healthcare Research and Quality, indirect
comparison indicates that side-effects from benzodiazepines may be about twice as frequent as from
nonbenzodiazepines.25 Some experts suggest using nonbenzodiazepines preferentially as a first-line long-term
treatment of insomnia.[*%! However, the UK National Institute for Health and Clinical Excellence did not find any
convincing evidence in favor of Z-drugs. NICE review pointed out that short-acting Z-drugs were inappropriately
compared in clinical trials with long-acting benzodiazepines. There have been no trials comparing short-acting Z-
drugs with appropriate doses of short-acting benzodiazepines. Based on this, NICE recommended choosing the

hypnotic based on cost and the patient's preference.

Older adults should not use benzodiazepines to treat insomnia unless other treatments have failed.™"! When
benzodiazepines are used, patients,27 their caretakers, and their physician should discuss the increased risk of harms,
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including evidence that shows twice the incidence of traffic collisions among driving patients, and falls and hip
fracture for older patients. 2t
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