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Title: “Synthesis of substituted 2-iodoaniline and 2-iodoacetanilide”

Abstraet

In view of the extensive natural occurrence and biological importance of the
2-iodoaniline and 2-iodoacetianilide compound a general and facile method for the
synthesis of aryl-iodidc derivatives through iodine-cupper(H) acctate in acetic
acid, afforded the comesponding iode compound in the better yield, In this
purpose differcnt 2-iodoaniline or acctanilide compounds were synthesized from

p or m-substituted ary} amines by iodination rcaction (Scheme 1).

| ) X, X4
Iz + ({CHyC 00 Cu.Hio +
R, CH,COOH > R, R4
Rz Rz Rz
13,14,15,16,17 3,7,89,11,12 4,5,6,10
Scheme 1
Where,
Substrates Product
13 R:= CHj, R|=H 3 X = i, K,=H, R1= CH3
4 Xi=H,X;=1, R=H,R,=CH,
5 Xi=H, X;=H, Ri=H,R:=CH;
14 R: = CH;, R2=H 6 X] = H, X1= I, R1= CH;;, R2= H
15 Rg = Cl, R]:H 7 X[ = I, R]= H, Rz"-" t

B X|=H, R1= H, R2=C1

16 Ra= NO:, R|=H 9 X] =1, R=H, R1= Nﬂz
10 K| = I, X1=H, R1= I, R2= N
11 X;=1,R=H, Rz= N}

17 H = DH, R-=H 12 X = H, R\= DH, Rzz H

All the synthesized compounds were characterized by using analytical data oblained
from M.P., UV, IR, 'H NMR and "C NMR.

vii
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' SUMMARY

Investigation incorporated in this disseration titled *Synthesis of substituted 2-
iodoaniline and 2-iodoacelanilide™ have been presented in four chapters. The first is the
introductory section, in which the background, biclogical action and the imporiant
synthesis are presented. Chapter two deals with results and discussion of the synthesis of
substituted aryl iodide. Chapler three was deals with Lhe delailed methodologies and
experimental procedures for the synthesis of 2-substituted aniline or acetanilide
derivatives, spectra and references. Chapter four also deals with the biological test of the

synthesized products.

Chapter ]

It represents the importance and synthesis of aryl jodide derivatives. Aryl iodide is the
first door of synthesis to biological and pharmaceutical active compound. So it was
important in synthetic and pharmaceutical chemistry. Aryl iodide presence in nature, its
derivative has proved considerable interest due to their pharmacological activities.
Various methods are known for the synthesis of aryl iodide detivatives but todine-copper
{I1) acetate in acetic acid procedures for the synthesis of 2-iodoaniline of acetanilide

detivatives are limited 1o number.

Chapter 11

In Chapter II, result and discussion of the synthesis of 2,6-diiodo-4-methylaniline,
2-iodo-4-methylacetanilide, 4-methylacetanilide 3, 4, § and 2-iodo-5-
methylacetanilide, 4-chloro-2,6-ditodoaniline, 4-chioro-2-iodoaniline 6, 7, 8 and
also  2-iodo-4-mitroaniline,  2,3-diiodo-4-nitroacetanilide,  2,6-diiodo4-
nitroaniline, 3-amino-4-iodophenol 9, 10, 11, 12 were described as shown in the
scheme 1.Reactions were carried oul through iodine-copper (I1) acetate in acetic acid
at 120°C-130%C for 6-11hs. Swucture of all of these synthesized 2-icdoaniline and 2-

jodoacetanilide derivatives have been eslablished on the basis of their UV, IR and NMR

spectral evidences.

viii
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NHC
NH, NH, OCH;

] Xy X2 X4
I; + {CHCO0)RCu.Heo
>

+
CH;COOH R1 R1
1 Rz Rz
' Rz 4,5,6,10
P bl b )
13,14,15,16,17 3,7,8,9,11,12
Scheme 1
Where,
Substrates Product
13 Rz = CH;, R['=H 3 Xl = i, R|z H, Rz = CH;
4 Xi=H X;=1, R=H,R;=CH»
s X|=H,X2:H, R|'-_“H,R1=CH3
., 14 R1 = CI‘E}., REEH 6 X] = H, Xz = I, R|= CH}, Rz =H
15 R2=CL R|=H 7 X|=LR|=[‘LR1=C|.

8 Xf‘H, R1=H, R2=Cl
16 R;=NO;, R\=H 9 Xi=1L,R;=H,Ry=NO;
' 10 X1=LX=H,R=1 R:=NO:
11 X, =LR=H E;=N0O;

17 R|=DH, R2=H 12 X|“_-‘H,R|= GH, R2=H

Ix



Chapter 111

In chapter I, all the experimental procedure and analytical data are reported. This

chapter also conlains references and spectra of the synthesized compounds.

Chapter IV

In Chapter IV, introduction, methodology, results and discussion, references and
conclusion of the biological test of the synthesized compounds are presented. Nine
synthesized 2-iodoanilinc and 2-iodoacetanilide derivatives compounds have been (ested
for antimicrobial activity against five gram-positive and eight gram-negative bacteria as
well as three human fungal pathogens. Among tested compound §,9.10 exhibited

relatively greater or moderate (8-25mm) inhibition of growth of the microorganism.
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Introduciion

INTRODUCTION

1.1. Aromatic iodide

bromides and chlorides. There are a mnsldcrable number of different methods, direct or
indirect, for their synthesis, and they are widely used in chemica! laboratories and sometimes,
also in chemical indusiry and medicine’. Moreover, they are able 1o form a large variety of

siable, aromatic polyvalent iodine compounds, which have found increasing applications in

modemn organic synthesis®,

Aromatic iodo compounds are an impertant class of compounds in synthetic organic chemistry.
They are useful for the preparation of organometallic reagents and some are potential
intermediates for the synthesis of pharmaceutical and bicactive materials. They are useful in

melal calalyzed coupling reactions which are widely applied in the preparation of complex

molecules.
(a) lodide

An iodide ion is an jodine atom with a —1 charge®, Compounds with iodine in formal oxidation
state—} are called iodides. This can include ionic compounds such as caesium iodide or
covalent compounds such as phosphorus triiodide. This is the same naming scheme as is seen
with chloride sand bromides. The chemical test for an iodide compound is to acidify the
aqueous compound by adding some drops of acid, to dispel any carbonate ions presenl, then
adding lead(1) nilrate, yvielding a bright yellow precipitate of lead iodide. Most ionic iodides
are soluble, with the exception of yellow silver iodide and yellow lead iodide. Aqueous

solutions of iodide dissolve jodine better than pure water due to the formation of complex ions:

I'(aq) +12(s) #15 (aq)
The color of new triledide 1ons formed 15 brown.

(b) Iodide as an antioxidant

Iodide can function as an antioxidant as it is a reducing species that can detoxify reactive
oxygen species such as hydrogen peroxide. Over three billion years ago, blue-green algae were

the most primitive oxygenic photosyntheticorganisms and are the ancestors of multiceilular

1
__ y



Introdudion

evkaryoticalgae. Algae (hat contain the highest amount of iodine (1-3 % of dry weight) and
peroxidase enzymes, were the first living cells to produce poisonous oxygen in .the
atmosphere® ® . Therefore algal cells required a protective antioxidant action of their molecular
components, in which iodides, through peroxidase enzymes, seem to have had this specific
role®™ ", In fact, iodides are greatly present and avaitable in the sea, where algal phytoplanktan,
the basis of marine food-chain, acis as a biologica! accumulator of jodides, selenium and n-3

fatty acids™ ™" .

(¢) Antioxidant biochemical mechanism of iodides'*

2 "= [++ 2 e (electrons) = =0.54 VoIt ;
2 I+ Peroxidase + H;Ou+ 2 Tyrosine — 2 lodo-Tyrosine + HyO + 2 e (antioxidants);

2 &~ + H0, + 2 H+{of intracellular water-solution} — 2 HzO

Antioxidant biochemical mechanism of jodides, probably one of the most ancient mechanisms
of defense from poisonous reactive oxygen species:
2 I+ Peroxidase + H;O»+ Tyrosine, Histidine, Lipids, Carbons— Iodo-Compounds + H,O

+ 2 & (antioxidanis)

Clinical Use

Todide (>6mg/day) can be nsed to treat patients with hyperthyroidism due to its ability to block
the release of thyroid hormone(TH), known as the Wolfl-Chaikoff Effect, from the thyroid
gland. In fact, prior to 1940, icdides were the predominant antithyroid agents. In large doses,
iodides inhibit proteolysis of thyroglobulin. This permils TH to be synthesized and stored in
colloid, but not released into the bloodstream.

Of note, this treatment is seldom used today as a stand-alone therapy despite the rapid
improvement of patients immediately following administration. The major disadvantage of
iodide treatment lies in the fact that excessive stores of TH accumulate, slowing the onset of
action of thicamides (TH synthesis blockers). Additionally, the functionality of iodides fade
alter the initial treatment period. An "escape from block™ is also a concern, as extra stored TH

may spike following discontinuation of treatment B,
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1.2. Some Aromatic iodide compound and their importance.
(a) The Halogenated hydroxyquinolines™

Diiodohydroxyquin (lodoquinol), ledochlorhydroxyquin (Clioquinol). The halogenated
hydroxyquinclines were among the first synthetic drugs active in amebiasis.
Iodochtorhydroxyquin (introduced in 193 1} and diicdohydroxyquin (introduced in 1936) are

effective against organisms in Lthe bowel Jumen but not againsi trophozoites in the intestinal

walil or extrainiestinal tissues.

Jodogquinol, also known generically as Diiodohydroxyquinon. Todine is the active ingredient,

used for generations as a treatment for amoebic infections and similar large cell organisms,

fungi, algae and protozoa.”

(i) Chemistry

Ialogen-substituled  B-hydroxyquinelines have had extensive clinical use, chiniofon
(8-hydroxy-7-iodoquinoline-5-sulfoniace id), iodachlorhydroxyquin {clioquinol) (5-chloro-8-
hydroxy-7-iodoquinoline} ~ and  diiodohydroryquin (iodoguinol)  {(8-hydroxy-5,7-
diiodoquinoline). Iodochlorhydroxyquin contains approximately 408 iodine and 12% chlorine,

and diiodohydroxyquin centains approximately 4% iodine (Fig. 1).

cl t
2 %
o -
| N I N
OH OM
lodochlorhydroxyguin Diiodohydroxyquin

Figure | Structure of Jodochlorhydroxyquin and Diigdohydroxyquin

Absorption, Metabolism & Exeretion knowledge is incomplete on the pharmacekinetics of the
hydroxyquinolines. Iodochlerhydroxyquin is more readily absorbed than diiodohydroxyquin.

Metabolic studies in humans using 14C iodochlothydroxyquin indicated that maximal plasma
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concentrations were reached at 4 hr afler administration of a single dose and then decreased,
with an apparent half-life of between 11 and 14 hr. Approximately 25% of a single 750-mg
oral dose was excreted in the urine over 72 hr. Use of radioactive jodochlorhydroxyguin in
animals showed high uplake of the drug in visceral tisstes. The drugs may interfere with
certain thyroid function tests by increasing protein-bound serum iodine levels, leading to a

decrease in "'l uplake.

{(ii) Antiamebic Effects

The mechanism of action of diiodohydroxyquin and iodochlorhydroxyquin against amebas is

not known. Opinions vary on whether the drugs act only against trophozoites or against cysts

as well.

(iii) Clinical Uses

A. Intestina! Amebiasis: Diiodohydroxyquin and iodochlorhydroxyquin are altemative drugs
for he treatment of asymptomatic or mild to moderate intestinal arnebiasis. However, until the
question of the association of iodochlorhydroxyquin with the SMON syndrome is resolved,
only diiodohydroxyquin should be used in therapy. The drugs are not effective in the initial
treatment of severe intestinal disease but are nsed in the subsequent 2radication of the

infection. They are not effective against amebomas or extraintestinal forms of the disease,

including hepatic amebiasis.

(b) 1231-labeled bicyelic nucleoside analogue {BCNA}”

An iodine-123 labeled bicyclic nucleoside analogue ({1231]-4) (Fig. 2) has been synthesized
and evaluated as a potential single photon emission tomography (SPECT) reporter probe for
the non-invasive imaging of expression of the varicella zoster virus thymidine kinase {VZV-tk)
reporter gene. In vitro enzymatic assays revealed Lhat the non-radioactive mono-iodo derivative
4 has good alTinity for VZV-TK (1C50: 4.2 pM). Biodistribution of [1231])-4 was examined in
normal mice. Evaluation of [1231}4 in HEK-293T cells showed 1.74-fold higher accumulation

in VZV-TK-expressing cells compared to control cells.
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Figure 2: 123I-labeled bicyclic nucleoside analogue (BCNA)

(c) Thyroid hormones'>'™"*

(1) Thyroxine

Thyroxine (Fig. 3,4), or 3, 5, 3, 5-tetraiodothyronine {often abbreviated as Ty}, a form of

thyroid hormenes is the major hormone secreted by the follicular cells of the thyroid gland.

I O

HO I OH

NH>

Figure 3: Structure of Thyroxine (3,5, ', 5'-tetratodothyronine)
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Figore 4: Structure of 3D- vdW model of Thyroxine, Ty,

T is transported in blood, with 39.95% of the secreted T, being protein bound, principally to
thyroxine-binding globulin {TBG), and, to a lesser extent, to transthyretin and serum albumin.
T4 is tnvolved in cootrolling the rate of metabolic processes in the body and influencing
physical developmen. Adminisiration of thyroxine hes been shown to significantly increase

the concentration of nerve growth factor in the brains of adult mice.

Thyroxine is a prohormone and a reservoir for the active thyroid hormone triiodothyronme (T3)
which is about four limes more potent. T, is converted in the tissues by deiodinases to Ts. The

half-life of thyroxine once released into the blood circulatory system is about 1 week.

(2) Triiodothyronine (T3}

Triiodothyronine (T3) (Fig. 5, 6, 7), are tyrosine-based hormones produced by the thyroid
gland. An important component in the synthesis of thyroid hormones is iodine. The major form
of thyroid hermone in the blood is thyroxine (Ts), which bas a lenger half life than T3, The
ratio of T4 to T; released in the blood is roughly 20 to 1. Thyroxine is converted to the active
T5 (three to four times more potent than Ty) within cells by deiodinases (5'-iodinase). These are
furlher processed by decarboxylation and deicdination fo produce iodothyronamine (T)a} and
thyronamine {Tya).
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HO I OH

NH-

Figure 5: Structure of Triiodothyronine (T; ).

Figure 7: 3D-balls strnctore of Triiodothyronine, T3 (3, 3', 5-triiodo-L-thyronine), '
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() Circulation

Most of the thyroid hormone circulating in the blood is bound to transport proteins. Only a
very small frection of the circulating hormong is free {unbound) and biologically active, hence

measuring concentrations of free thyroid hormones is of great diagnostic value.

When thyroid hormone is bound, it is not active, so the amount of free T/T, is what is
important. For this reason, measuring totat thyroxine in the blood can be misleading (Table 1)

Table 1: Measuring total thyroxine in the blood.

Type Percent
bound to thyroxine-binding globulin (TBG) T0%%
bound to transthyretin or "thyroxine-binding prealbumin” (TTR or TBPA} 10-15%
paraalbumin 15-20%
unbound Ty ([T4) 0.03%
unbound T3 (fT3) 0.3%

T; and T cross the cell membrane, probably via amino acid importins, and function via a well-

studied set of nuclear receptors in the nucleus of the cell, the thyreid hormone receptors.

Tia and Tea are positively charged and do not cross the membrane; they are believed to
function via the trace amine-associated receptor TAAR1 (TARI, TAl), a G-protein-coupled

receptor located in the cell membrane.

Another critical diagnostic tool is ineasurement of the amount of thyroid-stimulating hormone

(TSH) that is present.

(ii) Function

The thyronines act on nearly every celt in the body. They act to increase the basal metabolic
rate, alfect protein synthesis, help regulate long bone growth (synergy with growth hormone),
neuronal maturation and increase the body's sensitivity to calecholamines (such as adrenaline)
by permissiveness. The thyroid hormones are essential to proper development and
dilferentiation of all cells of the human body. These hormones also regulate protein, fat, and

carbohydrate metabolisin, affecting how human cells use energetic compounds. They also
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stimulate vilamin metabolism. Numerous physiological and pathological stimuli influence

thyroid hormone synthesis.

Thyroid hormone leads to heat generation in humans, However, the thyronamings function via
some unknown mechanism to inhibit neuronal activity; this plays an important role in the
hibemnation cycles of mammals and the moulting behaviour of birds. One effect of

administering Lhe thyronamines is a severe drop in body temperature.

(iii} Related discases
Both excess and deficiency of thyroxine can cause disorders,

+ Thyrotoxicosis or hyperthyroidism {an example is Graves Discase} is the clinical
syndrome caused by an excess of circulating free thyroxine, free triiodothyronine, or

both. It is a common disorder that affects approximately 2% of women and 0.2% of

mcn.

« Hypoihyroidism (an example is Hashimoio's thyroiditis) is the case where there is a

deficiency of thyroxine, trifodiothyronine, or both.

« Clinical depression can sometimes be caused by hypothyroidism. Sowne research has
shown that Ts is found in the junctions of synapses, and regulates the amounts and
activity of serotonin, norepinephrine, and Gama-aminobutyric acid (GABA}) in the

brain.

{(iv) Medical use of thyroid hormones

Both T; and Ty are used Lo treat thyroid hormone deficiency (hypothyroidism). They are both
absorbed well by the gut, so can be given oraliy. Levothyroxine, the most commonly used
synthetic thyroxine form, is & stercoisomer of physiclogical thyroxine, which is metabolised
more slowly and hence usually only needs once-daily administration. Natural desiccated
thyroid hormones, also under the commercizl name Armour Thyroid, Is derived from pig

thyroid glands, it is a "natural” hypothyroid treatment containing 20% T and traces of Tz, T,
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and calcitonin. Also available are synthetic combinations of T3/T4 in different ratios (such as

Thyrolar} and pure-Ty medications (Cytomel).

Thyronamines have no medical usages yet, though their use has been proposed for controlled

induction of hypothermia which causes the brain to enter a protective cycle, useful in

preventing damage during ischemic shock.

Synthetic thyroxine was first successfully produced by Charles Robert Harington and George
Barger in 1926,

(v) Production of the thyroid kormones

Thyroid hormones (T, and Ts) are produced by the follicular cells of the thyroid gland and are
regulated by TSH made by the thyrotrophs of the anterior pituitary gland. Because lhe effects

of T4 in vivo arc mediated via T3 (T4 is converted o T; in target tissues; T3 is 3- to 5- fold more

active than Ta).

Thyroxine (3,5,3',5'-tetralodothyronine) is produced by folticular cells of the thyroid gland. It
is produced as the precursor thyroglobulin (this is nof the same as TBG}), which 1s cleaved by

enzymes to produce active Ty.

Thyroxine is produced by attaching iodine atowns to the ring structures of tyrosine melecules.

Thyroxine (T4) contains four iodine atoms. Triiodothyronine (T3} is identical to Ta, but it has

one less iodine atom per molecule.

Iodide is actively absorbed from the bloedstream by a process calied iodide trapping. In this
process, sodium is cotransported with iodide from the apical side of the membrane into the cell
and then concentrated in the thyroid follicles to about thirty times its concentration in the
blood. Via a reaction with the enzyme thyroperoxidase, iodine is bound to tyrosine residues in
the thyroglobulin molecules, forming wnonoiodotyrosine (MIT} and diiodotyrosine (DIT).
Linking two moicties of DIT produces thyroxine. Combining one particle of MIT and onc

particle of DIT produces triiedothyronine.

+ DIT + MIT - ¢-T; (biologically inactive)
«  MIT + DIT — triicdolhyronine {usually referred to as Ta)
+ DIT + DIT — thyroxine {referred to as Tj)

10
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Proteases digest iodinated thyroglobulin, releasing the hormones T4 and T;, the biologically
active agents central to metabolic regulation. Thyroxine is supposedly a prohormone and a
resarvoir for the most active and main thyroid hormone Ts. Ty is converted as reqnired in the
tissues by deiodinases. Deficiency of deiodinase can mimic an iodine deficiency. T3 is more

active than T, and is the fnal form of the hormone, thongh it is present in less gnantity than Ts.

{vi) Effect of iodine deficiency on thyroid hormone synthesis

I there is a deficiency of dietary iodine, the thyroid will not be able to make thyroid hormone.
The lack of thyroid hormone will lead to decreased negative feedback on the pituilary, leading
(o increased production of thyroid stimnlating hormone, which canses the thyroid to enlarge
(goiter). This has the effect of increasing lhe thyroid's ability to tap more todide,

compensating for the iodine deficiency and allowing it to produce adequate amounts of thyroid

hormone.

(vii) Effects of thyroxine

. Increases cardiac output
« Increases heart rate
+ Increases ventilation rate
« Increases basal melabolic rate
. Potentiates the effects of catecholamines (i.e increases sympathetic activity)
+ Potentiates brain developinent

« Thickens endometriun in females

(3) 3-Todothyronamine (T,MA)

3-jodothyronamine (T;AM) is an endogenous thyronamine (Fig. 8). TiAM is 2 high-affinicy
ligand for Lhe trace amine-associated receptor TAARI1 (TARI, TAL), a G protein-coupled

receplur“‘m, When injected into rodents, TiAM causes a rapid drop in body temperature and

alterations in blood pressure and heart rate®’,

I



Introduciion

HO NH»

Figure B: Structure of 3-iodothyronamine (T,AM)

T)AM may be part of a signaling pathway to modulate cardiac function as the compound can

induce negative inotropic effects and decrease cardiac output®,

(4) Monoiodotyrosine

Monoiodotyrosine (Fig. 9) an iodinated amino acid and 2 precursor of thyroid hormone. Two units

can combine to form 3, 3'-diiodothyronine. It is abbreviated "MIT"H,

O
OH

NH
HO 2

Figure 9: Structure of Monoiodotyrosine
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(5) Diiodotyrosine

Diiodotyrosine (Fig. 10} is a modulator of thyroid peroxidase™.

O

OH

NH,
HO

Figure 10; Structure of Diiodotyrosine.
(6) 3,3'-Diiodothyronine

3, 3"-Diiodothyronine (Fig. 11) is a metabolite of thyreid hormone. It is formed from the

breakdown of Iri-iodothyronine (T3} (Scheme 2). Levels can be alfected in cerain disease

PO
1 O

states?>,

NH,

HO® ~C

Figure 11: Structure of 3,3'-Dilodothyronine,

13
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Scheme 2: 3, 3-Diiodothyrenine made from T, (Thyroxine).

(7) 2-]4-(4-hydroxy-3-iodophenoxy)-3, S-diicdophenyl] acetic acid™

3-[4-(4-hydroxy-3-iodophenoxy)-3, 5-dijodophenyljacetic acid (Fig. 12) was use as a Thyroid

hormone receptor beta-1.

OH

O

Fipure 12: Structure of [4-(4-Hydroxy-3-Todo-Phesoxy)-3, %-Diiodo-Phenyl]-Acetic Acid.
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Function of this compounds:

1. Thyroid hermone receptor activity

2. Signal transducer activity

3. Receptor activity

4. Ligand-dependent nuclear receptor activity
5. Steroid hormone receptor activity

6. Bmding

7. Nucleic acid binding

8. DNA binding

9. Transcription factor activity

1.3. Synthesis of organic iodo-compound and their derivatives by
various methods:

lodination of aromatic compounds has been the subject of numerous studies due to the interest
of iodo derivatives as substrates for reactions involving C-C bond formation mainly mediated
by transition metals. These derivatives have been used in the synthesis of many inleresting
natural products and bioactive compounds. Concerning iodination procedures, the moderate
reactivity of iodine with aromatic substrates delermined the use of different activating agents to
effectively succeed in the goal. Todonium domating reagents and other more sophisticated

procedures have also been employed. The wide range of methods described so far revealed the

lack of an efTicient and general enough procedure.

1.3a. lodination of Methoxybenzenes with N-Iodosuccinimide in Acetonitrile

In 1996, M. C. Carreno et alt’ reported that N-iodosuccinimide {NIS) as iodinatton agent. The
ability of N1§ to achieve nuclear iodination of activated aromatic compounds under very mild
conditions and in good to excellent yields. Whereas NCS (N-chlorosuccinimide) and NBS
(N-bromosuccinimide) have been extensively used for many years as halogenating agents for

aromatic substrates under different conditions, aromatic iodinations using N-igdoamides have

been used in a lesser extent.

15
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Methoxy aromatic derivatives used in this study were commercially available, These

compounds were submited to reaction with NIS in CHyCN at different temperatures. The

results are collected in the Table 2.

Representative procedure

To a solution of | mmol of the aromatic compound in 4 ml of CH;CN, 1.5 mmol NIS was
added and the reaction was stired at the desired reaction temperature. After the time required
in each case, the solvent was evaporated and ether added. The etheral phase was washed with

aqueous NaHSO; solution followed by water. The ether layer was dried over MgS0, and

evaporated to give the crude compound.

Table 2: lodination of Aromatic ring with CH;CN/ N-iodosuccinimide (NIS)

Substrate Temp.  lime  Yiel (%) Producte Scheme No
1,4-MeQ-benzene 20°C 16h Q5% 2-iodo-1,4-McO-benzene 3
1,2-MeO-benzene 82°C 18h 5% 4-iodo-1,2- MeO-benzens 4

Anisale R2=C &h 0594 4-indoanisole 5

1,2,4-McO-benzene 20°C 4h 05% 5-10do-1,2,4-Me(O-benzene 6
OCH; CH;
CH3CN +N-iodosuccinimide
o
20°C, 16 h
ﬂCH; DCHJ
1, 4-MeO-benzene 2-iodo-1, 4-MeO-benzene
Scheme 3

16
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CH, CH,
OCH;
OCH, CH;CN +N-iodosuccinimide (NIS)
-
82°C, 18h
|
1, 2-MeO-benzene 4iodo-1, 2- MeO-benzene

Scheme 4

OCH; OCH;
CH;CN +N-iodosuccinimide (NIS)
— -
829C, 6h

Anisole 4-iodoanisole

Scheme 5

CH, CH,
OCH; ) OCH,
CH,CN +N-jodosuccinimide (NIS3)
o=
20°C, 4h I
OCH
-3 GCHJ
1,2, 4-MeO-benzene S-iodo-1, 2, &MeO-benzene
Scheme 6

17
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1.3b. A Novel Iodination of Aromatic Rings Using lodine/Metallic Nitrate

In 1998, Mehnan S. ef. al.?® reponed a new and convenient synthetic method for the jodination
of an aromatic ring using I; and nitrate.To a solution of anisole (3 mmel) and I (1.7 mmol) in
acetic acid (10 mL) was added sodium nitrate {©.3 mwnof} at roem temperature. The reaction
mixture in a condenser-atiached flask was heated at 85°C for 6 hrs under a deoxygenated argon
atmosphere. During the reaction, three additional portions of sodium nitrate (3x 0.3 mmol)
were added respectively at the first every hour. The resulting mixture was treated with 10%
aqueous NaHSO; solution (20 mL) and extracted with ether (3x 30 mL). The organic extracts
were washed with brine (20 mL) and dried with Na;SO,. Evaporation of solvenls in vacuo
gave the crude jodination product. The crude product was purified by [lash chromatography

(hexaneibenzene) with silica gel to afford 4-iodoanisole in 92% yield.

The new method, various aromatic rings with an electron-donating group, they {Mehnan 5.
et. al.) can be successfully iodinated in good yield in the absence of strong acid (Table 3). It is
quite peculiar that neither a strong acid nor acetic anhydride is necessary for the iodmation.
And the reaction needs only cheap and readily available chemicals. Moreover, the directional

selectivity of jodination is excellent to produce para-icdoaromatic ring except for toluene.

A change of the counter-cations of nitrate (NaN0O3, KNO; or Ca(NO3);) makes little effect on

the result of jodination. Thus, it is apparont that 1, is activated by the action of NO;™ not by any

melallic cations.

18
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Table 3. Iodination of Aromatic Rings with I/NO;™

Subsirate Ntz mmol of Ninte  Temp. {C) Thoe ()  Yield' (%) Product’
wivike MaMNg, 12 &5 6 92 dindoenisale
anisols NaNG, 0.4 8 4 97  &indomimle
wivk KNO, 12 &s 6 MW dindombwl
misote CaN0y)r 410 0.6 B 6 9 diodzbok
anisole - 0 8s 6 0 4iodoanisale
diphenylether NaNG, 14 .14 2 A 44 -dhiodo diphenrylether
9 methykasbonle NaMg, 0.6 0 pa| 87 3,5-diodo-S-methyloriumie
S-benrylcarhamie MaNQ, 0.6 30 10 88,  Sbenryldbdiiodocarbaznle’
eniline C{NDy )y 4H,0 0.6 &5 30 37 #iodoscctanitide
aceoanilide CaND) 40,0 0.6 S ! | {7 4iodoscehnilide
durene NiMD, 12 116 6 &5  l-dode-235Hetamethylbenzene
mesitylene NaNO, 1.2 116 4 81  l-iodo-2,4,5-trimethylbenzene
m-Tylene Ca(NOy)4HD 1.2 116 2 90 l-iodo-2,4-dimethylbenzene
totuene CaNO,), 4H,0 10 114 15 61" jodololuepes

chlprsbenzeme  Ca(NOy)y4H0 a0 116 13 0 l<hlorod-iodobenzene

*3.0 mmol of substratc, 1.7 mmol of I, nitrale and 10 mL. of acetic acid were used under an argon
atresphere untess otherwise specified. bvields of pure and isolated products. “All the structures were
identified by IR, NMR dats and melting points. *Ctygewn as bubbled through the reaction mixture,"3.3
mmaol of I, were used. 'GC vield. *para: ortho=61: 394 mp 174-175 ’C (heptane /benzene); IR (KD}
554 em s H NMR (100 Mliz, CDCly /TMS) 5.36 (s, 2H), 7.00-7.22 (m, 7H). 7.62 (d, 2H), 8.28 (s.
2H); C 44.82%, H 2.57%, N 2.75% for C,oH);NI; found C 44.68%, H2.63%, N 2.46%.

1.3¢. Oxidative Iodination of Aromatic Amides Using Sodium Perborate or
Hydrogen Peroxide with Sodium Tungstate

Philipp Beinker et af ¥in 1998, had reported the fodination using Sodium Perborate.- Sodium
perborate (3 g) was dissalved in a mixture of glacial acetic aoid (15 em’) and acetic anhydride
{10 cm®). A solution of polassium iedide (1.4 g) and sodium tungstate (300 mg} in water
(10 cm®) was added together with conc. sulfuric acid (5 cm’). The substrate {7.5 mmol) in
glacial acetic acid (10 con’) was added and the solution was warmed to 50°C over 1 h. The
mixture was poured into water {100 em’} and the excess fodine was destroyed with sodium
thiosulfate and the solution was neutralized with sodium hydroxide. The product was [ltered
and recrystallized from ethancl. The products {Fable 4) were identilied by their 'H NMR
speclra and melting point data. Occasionally it was necessary Lo extract the product with

chloroform in this last step. The exlract was then washed with water, dried over sedium sulfate

and the solvent evaporaled to give the product,
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Also reporied the lodination Using Hydrogen Peroxide. - Hydrogen peroxide (30%, 3 cm’) was
dissolved in glacial acetic acid (20 em”), cooled in ice and treated with cone. sulfuric aFid
(1 em’). A solution of potassium iodide (1.6 g) and sodium tungstate (300 mg) in water
{10 cm3) was added. After 15 min a solution of the substrate (10 mmol) in glacial acetic acid
(10 cm3) was added and the mixture was warmed to 50°C for 1 h. The mixture was poured into
water (100 cm’) and the excess iodine was destroyed with sodium sulfite, The solution was
neutralized with sodium hydroxide and the iodo derivative fillered and receystallized, The
products {Table 4) were identified by their 'H NMR spectra and mp data.

Table 4. lodInation of aromatic amidas

Sodiui! perborate ﬁ%ﬁ;\: .

Substrala Produd Yield (%) Mpfc  Yiek (%} MpC  mp’
Acelanilide 4-lodoacatanilide 83 180 95 175 180
2-Melhylacetanilide 4-lodo-2-methylacatanilde 51 185 87 185 162
3-Methviacetanilide 4-lodo-3-methylacetanilide 7 128 87 tas 134
4-Methylacetanilide 2-lodo-4-methylacetanilide 35 - 130 40 125 13
2,3 Dimethylacetanilde 2 3 Dimethyl-4-iodoacetanilide 43 155 69 158
2 4-Dimelhylacelanilide 2 4 Dimethy-8-iedoacetanilide 30 86 55 85
2 B-Dimelhytacetaniide 2,6-Dimethyk>iedoacstanilide 51 180 I 190
2-Mrracetanilide d-tonfo-2-nitroaniline 45 121 - 123
4-Nitraacetanilide 2-\odo~4-nitroaniline 38 114 - - 115

2-lodo-4-nroacetantlide i 200 202
MethyD N- MethyD 2-acetylamino-5- 31 110 a7 110
acetylarmhraniate iodobenzoats

* Miclonary of Organic Campounds, ed J  Buckinghal and F. Macdonald, Chapman and Hell, London Bith adn., 1958,

1.3d. Oxidative lodination of Aromatic Amines and Other Arenes, with
Sodium Percarbonate as the Oxidant

Agnieszka Zielinska and Lech Skulski® reported that Four casy eco-friendly laboratory
procedures are presented for the oxidative iodmation of various arenes with molecular iodine,
in the presence of sodium percarbonate as the oxidant. The purified mono- or diiodinated

products were oblained in 60-92% yields. The four general procedures given below:
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Generst Procedure 1, applicable for some arylamines (Table %), Powdered diiodine (0.51 g,
2.0 mmol; 0% excess) was suspended in a mixture made of ethyl acetate (8 mL) and glacial
acetic acid (10 mL), then sodium percarbonate {0.31 g, 3.0 mmol; 50% excess) was slowly
added portionwise, with stiring, within 20-30 min., next followed by an aromatic amine
(4.4 mmol; 10% excess){when aniline was diiodinated, only 2.2 mmol of aniline was added].
The stirring was continued for 30 mm at .., next the temperature was raised to 45-50 °C, and
the stirring was continued for a further 3.5 h. After cooling, the reaction mixture was slowly
added to an ag. Na;S0; solution (1 g Na;SOs dissolved in 70 mL cold water), with stirring. The
precipitated crude products were collected by filtration, washed well with cold water until the
filirates were neutral, dried preliminarily by the suction, an next air-dried in the dar they
were recrystallized from either hexane or anhydr. ethanol. 1f the semisolid crude products
could not be efficiently isolated, they were extracted with CHCl; (3 x 10 mL), the combined
extracts were dried over anhydr. MgSO,, filtered, the solvent was distilled off, and the

solidified residues were recrysiallized fromn hexane or anhydr. EtOH.

General Procedure 2, applicable for easily oxidizable arylamimes (Table 5). Powdered
diiodine (0.51 g, 2.0 munol; 0% excess) was suspended in a mixture made of ethyl acetate
{20 mL) and glacial acetic acid (0.11 mL), and sodinm peccarbonate (0.31 g. 3.0 mmot;
50% excess) was slowly added poriionwise, with stirring, within 20-30 min., next followed by
an aromatic amine (4.4 mmol; 10% excess). The reaclion mixure was stirred at 45-50 °C for
4 h. Afier cooling, it was slowly added, with slirring, to an 2q. Na>SO; solution (1 g Na:50;
dissolved in 70 mL cold water). The following workups were the same as above. The crude

solid products were recrysiallized from anhydr. ethanol or hexane.

General Procedure 3, applicable for benzene and some weakly activated arenes (Table 3).
Powdered diiodine (0.5] g, 2.0 mmol; 0% excess) was suspended in 2 mixture made of glacial
acetic acid (6 mL) and acetic anhydride (3 mL}, and sodivm percarbonate {0.42 g, 4 mmol;
100% excess) was slowly added portionwise, with stirring, within 20-30 min. The stirred
reaction mixture was slowly warmed up to 30-35 °C, and an activated arene (4.2 mmol,
5% excess) or benzene (2.1 mmol; 5% excess —~ for the diiodination of benzene) were added.

Afer cooling the reaction mixtures to 5-10 °C, the varied amaunts of concd. (95%) Hz50,

were slowly added dropwise with stirring and keeping the given temperature:
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» 5,27 mL H;S0Q, (9.68 g; 98 mmol) for the iodination of 4-MeCgH,COOH and
4-MeCeH COOMe;

» 5.30 mL H;504 (9.74 g ; 99 mmol) for the iodination of 4-0:NC;H,OMe;

+5.50 mL H,S0,4 (10.11 g ; 102 mmol) for the iodination of 4-0;NCzHsMe;

»7.50 mL H;50, (13.8 g ; {40 mmo}) for the diiodination of PhH.

The reaction mixture was stirred at 45-50 °C for 2 h. After cooling, it was slowly added, with
stirring, to an aq. Na;S0s solution (1g Na;SQ; dissolved in 50 mL cold water). The precipitates
were collected by filtration, washed well with cold water until the filtrates were neutral, air-
dried in the dark, and recrystallized [rom appropriate crganic solvents to give the purified solid

indinaled products.

Genera! Procedure 4, applicable for benzene and some deactivated arenes (Table 5).
Powdered difodine (0.56 g, 2.2 mmol; 10% excess) was suspended in a mixture made of glacial
acetic acid (8 mL) and acetic anhydride (5 mL), and sodium percarbonate (1.25 g, 12 mmol;
100% excess) was slowly added portionwise, with stuming, within 20-30 min. The reaction
mixture was stowly warmed up to 30-35 °C, and a deactivated arenc (4.0 mma!l; 0% excess) or
benzene {2.0 mmol; 0% excess — for the diiodination of benzene) were added. After cooling
the reaction mixtures to 5-10 °C, the varied amounts of concd (95%) H;50, were slowly added

drop wise with stirring and keeping the given temperature:

« 3.60 mL H2504 (6.60 g ; 67.5 mmol) for the iodination of PhnCOOH;

+ 467 mL H:50, (858 g ; 87.6 mmol} for the iodmation of Phl, PhCOOMe, and
4-MeCH,CO0I;

» 4.93 mL H;50; (9.06 g ; 92 mmol) for the iodination of PhH and 4-0;NCeH Me.

Next, the reaction mixtures were stirred at 35-40 °C for a further 2 h. ARer cooling, they were
slowly added to stitred ag. NaySO; solutions {2 g Na;50: dissolved in 50 mL cold water}. The
precipilates were collected by filtration, washed well with cold water until the filirates were
neutral, dried preliminarily by the suction, air-dried in the dark, and recrystallized from

appropriate organic solvents to give the purified solid iodinated products.
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The final yields given in the Table 5 for the purified iodinated products were calculated from

the amounts of those reactants (arene or diiodine) which were used in the oxidative iodination

reactions in stricily stoichiometric quantitics (0% EXCESS).

Table 5: Pure Todinated Products Prepared

Substrate Procedure Product Yield MPAS)  Lit, mp*
(%) o (9
PhNH; 1 4-1CsHNH> 68  63-65/(H) 62-63
PhNH; 1 2,4-L,CHINH; 85  93-94/(H) 95-96
4-1CgH NH; I 24-LCHNH; 78 9697(H) 9596
2-BrCsHINH; 1 4-1-2-BrCgH3NHa 67  TI-74AG) T1-72
2-MeCsHsNH; L 4-1-2-MeCgH3NH; 86  86-87(H) B86-88
PhNMe; P A-1CHNMe:» 60 81-834E) 81-B2
2-CIC¢HNH; 2 4-1-2-CICsH;NH; 73 60-61/(H) 62-63
PhH 3 1,4-1,CeHs 83 128-1304L) 129
PhH 4 1,4-15CsHa g3 128-1304L) 129
Phl 4 1,4-1,CeH, 94  128-1294L) 129
PhCOOH 4 3-1CeH4COOH 93 185-1874C) 187-188%
4-MeCgHsCOOH 4 3-1-4-MeCgH,COOH 79 208-209/(C)208-2107
PhCOOMe 4 3-1CHCOOMe 60  52-53/(L) 50-52
4-NO,CsHMe 3 2.1-4-NO;CH:Me 75 S1-32i(N} 54-55
4-NO;CsHaiMe 4 2-14-NO;CHiMe 87  S1-53/(N) 53-54
4-NO2CsHiOMe 3 2-1-4-NO,CeH3 OMe 92 95-96/(L) 96-97
4-MeOCsH, COOMe 3 3--4-MeOCsHsCOOMe 85 93-95/(N)  94-96

* Solvent used for recryslall

{4:1}%; N: EtOH-H2C (3:2).

ization: C: CCls; E: E1OH; G: heptane; H: hexane; L: EtOH-H,O
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Resulis pod Discuysion

Present work: Synthesis of substituted 2-iodoaniline and
2-iodoacetanilide

2.1. Raticnale

Aromatic iodides are a considerable number of different methods, direct or indirect, for their
synthesis and they are widely used in chemical jaboratories and sometimes, also in chemical
industry and medicing'. Moreover, they are able to form a large variety of suable, aromatic
polyvalent iodine compounds, which have found incteasing applicalions in modem organic

. 2
synthesis’,

Much work has been reported on the bromination and chlorination of aromatic compounds.
However, since it is known that iodination is usually difficult accomplish due to the reducing
effect of the hydrogen iedide produced, the iodination of aromatic compounds has been caried out
in the presence of an oxidizing reagent such as mitric acid, jodic acid, sulfur uioxide or hydrogen
peroxide™. Many procedures are available for the iodination of activated ary]l compounds by
jodine-thallium(l) acetate™, iodine-mercury(Il) acetate®®, jodine-silver(} acetate™, iodine-
ammonium hexanitratocerate(TV)” and alkali metel iodide-ammenium hexanitratocerate(TV)"".
Moreover, Bird and Surridge recently reported™ that the iodination of aromatic compound with
jodine and copper(Il) halide gave the aryl iodides. Still more recently, it was reported the
iodination of (he less reactive substrates with iodine-atuminum(1II) and copper(lI) chloride® gave

the corresponding aryl halide.

Due to the natural cccurrence and biological imporance of the aromatic iodide derivatives and
lack of convenient aromatic iodinalion precursors, we were interested in developing a general and
facile method for the synthesis of aromatic iodide derivatives. We became interested in the

synthesis of substituted 2-iodoaniline and 2-iodoacetanilide derivatives through iodine and

copper({l) acelate in acetic acid reactions.
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RESULTS AND DISCUSSION
2.2. Synthesis of substituted 2-iodoaniline, 2-iodoacetanilide and
acetanilide from p-toluidine

Compound 3, 4, 5 were prepared by refluxing Lhe solution mixture of p-toluidine 13, iodine,
copper {I1) acetate and acetic acid in oil bath with st'in'ing 9 hr at IZU“C as shown in the Scheme 7.

NH,
I; + (CHyCOORCu. qu
CH,COOH
CH, 2,6-diiode4- methylamlm: E—mdn-d-me'thylacetanmde 4-meth3r!acctamhdt
p-toluidine 3 4 5
13
Scheme 7

Afler usual workup and purificatien by column chromatography on silica gel, iodo-p-toluidine

derivatives 3, 4, § were obtained (Table 6).

Table 6: Preparation of disubstituted or monosubstituted aniline or acetanilide.

Entry | Substrate Product Yield (%)
NH,
I §
s
CHs
3
NH»
NH ’LCI
I
26
1
CH
CH; f &
13
o
22
Hl
5
23



Reqults and Discussion
2.2a. Characterization of 2, 6-diiodo4-methylaniline 3

A light yellowish crystal was obtained (yield 35%), mp. 110°C, which was not moisture sensitive.
The stracture of compound 3 was established by spectral data. In UV (Fig. 13a) spectrum, the
value was found in the range of hmax 400.35, 202.00 nm indicated amino group.

The 1R spectrum (KBr) {Fig.13b} of this compound exhibiled absorption bands at vp.3406.1 and
3317.3 cm for Suetching of amine proton (-NH;), 3037.7 and 2898.8 cm’! for stretching of
methyl and aromatic (methyne) protons {-CH;, -CH), 1608.5,146C and 1366.1 em” for stretching
and bending of aromatic ring and primery aromatic amine respectively (C-C and N-H), 700.1 and
846.7 cm™ for waging of primary aromatic amine (N-H).

The 'H NMR spectrum (Fig. 13¢) (400 Milz, CDCls} of the compound 3 explained the chemieal
shift position 8y 7.45 (s, 211, C-3 & C-5) two methyne group in aromatic ring (-CH) which are
chemically equivalent, § 4.19 (s, 2H) for the presence of primary amine (-NH;) group,
5 2.15 (s, 3H) for presence of methyt group {(Ar-CH;} that iz assured structure of the compound 3.

The structure of the compound 3 was further confirmed by its “C NMR data (Fig. 13d)
(100 MHz, CDCIl3) at the chemical shift position of 5 143.83 due o the presence of (C-NHi)
carbon, at & 139.77 designed for C-3 & C-5 was similar chemical enviromment, 130.97 and 19.22
due to the presence of (C-CH;) and (Ar-CHs) carbon respectively and 8 81.45 also indicated that

similar chemical environment {C-2 & C-6) of Ar-I carbon.

2.2b. Characterization of 2-iodo-4-methylacetanilide 4
A brownish colored cryslal was obtained (yield 26%) and mp, 125-130°C. The stuructore of

compound 4 was recognized from its spectral data. [n LY spectrum {Fig.14a) the value was found

in the mnge of 401.85 & 199.99 nm.
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The IR spectrum (KBr) (Fig. 14b} demonstrated following characieristic peaks: Vi 3265.3cm”
(Strelching secondary amine, -NH-}, 1654.8 em’! for (stretching C=0), 1523.7 em” for stretching

of (-C=C-, aromatic ring) and 1290.3 cm” for stretching of aromatic amine {C-N).

In the '"H NMR spectrum (Fig. 14¢) (400 MHz, CDC;) of this compound 4 the chemical shift was
observed at § 7.99 (d, 1H, /=7.96 Hz) and 7.12 (d, 1H, J= 8.05Hz) for one proton doublet (-CH-)
of C-6& C-5 respectively, 7.59 (s, 1H) for secondary amine group of (-NH-), 7.32 (s, 1H} for
—~CH- of {C-3), 2.26 (s, 3H) for three praton of methyl (Ar-CH;} group in aromatic ring and 2.20
(s, 3H} for Lthree proton of -CO-CH; group.

The compound was further established from its "*C NMR spectrum (Fig. 14d) (100 MHz, CDCly).
The chemica! shifls of this compound were showed following characteristic peak: 8¢ 168.15
(-C=0), 145.98 (C-NH), 138.96 (C-6), 135.79 (C-CHj, C-4}, 129.92 (C-3), 122.12 (C-5), 90.29
(Ar1, C-2), 24.67 (<CO-CH;) and 20.30 (Ar-CHz). The PC NMR spectrum indicated (he presence
of nine carbons in the molecule comesponding to 1he molecular formula CsHplNQ, thereby

suggesting the formation of the compound 4.

On the basis of complete analysis of the UV, IR, 'H NMR and *C NMR spectrs, the structure of

this compound was accorded as 2-iodo-4-methylaceranilide 4,

2.2¢. Characterization of 4-methylacetanilide 5

The product § was a brownish crystal (yield 22%), mp. 148-151%C. The siructure of compound 5
was assigned by spectral data. In the UV spectrum (Fig. 15a} the absorption was found in the
range of An., 201.04 nm.

The IR spectrum (KBr) (Fig. 15b) showed 3292.3 em” (-NH-} of the acetanilide group, and
1662.5 cm”! due to the presence of (-C=0) group in the acetanilide.
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The 'H NMR spectrum (Fig. 15¢) (400 MHz, CDCly)of this compound § showed the
chemical shifl at &y 7-52 {s, 1H) for secondary amine group (-NH-), 8 7.35 (d, 2H, /=8.23 Hz)
for <CH- of C-2 & C-6 proton, § 7.08 {d, 2H, J= 8.07 Hz} for C-3 & C-5 proton and & 2.28
(s, 3H} & & 2.21 (s, 3H) displayed methyl groups (Ar-CH; and -COCH;) respectively, which
confirmed the stucture of compound 5. The presence of eleven hydrogen atoms was in good

agreement wilh the molecular formuia of CoHpNG.
2.3. Synthesis of 2-iodo-5~-methylacetanilide from m-toluidine

Compound 6 were prepared by reluxing the solution mixture of m-1oluidine 14, ioding, copper{il)

acetate and acetic acid in oil bath with stirring 10 hr at 130°C as shown in the Scheme B.

NH, JY

HN O
I, + (CH;C00),Cu.Ho ]
m-toluidine 2-iodo-5-methylacetanilide
14 6

Scheme 8§

Afler usual warkup and purification by column chromatography on silica gel, iodo-m-toluidine

derivative 6 {55%, yield) was oblained.
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2.3a. Characterization of 2-iodo-5-methylacetanilide 6

A brownish crystalline product was obtained (yield 55%). The structure of compound 6 was
confirmed by UV, IR, and NMR data. In UV spectrum (Fig, 16a) (he Ama, value was found in the

range of 400,99 & 201.08 nm.

The IR specirum (Fig. 16b) of the compound 6 showed the following absorption bands:
3315.4 {(-NH) cm™' due to the vy of Lhe acetanilide group, and a band at 1668.3 cm”' due to

¥

the presence of (-C=0) group in the acetanilide.

The 'H NMR spectrums {Fig. 16¢) {400 MHz CDCls} of the compound 6 revealed Lhat one proton
doublet at 8 7.67 (d, tH, J = 8.5 Hz, C-3) and § 7.42 (d, 1H, J= 1.94, C-6) respectively due to
aromatic proton. § 7.46 (s, 1H) indicted the secondary amine —-INH-, 8 7.03 (dd, 1H, J = 2.1 Hz,
8.3 Hz,) for one proton double doublet (-CH-) of C-4, § 2.36 (s, 3H, Ar-CHa) and & 2.13 (s, 3H,
CQCHs) indicated Lhe presence of three protons singlet of terminal (-CH;) methyt groups which

confimmed the structure of product 6.

The struchure of the compound further confirmed by its *C NMR spectrum {Fig. 16d) (100 MHz,
CDCL). It was observed that the chemical shifl at 8¢ 168.52 (C=0), 142.03 (C-NH}, 139.11 {C-3),
138.11 {C-CHs), 21.11 (C-6), 115.02 (C-4), 94.43 (Ar-I), 28.13 (COCH;} and 24.58 (Ar-CH,). So
the ¥C NMR spectrum indicated the presence of nine carbon atoms in the molecule corresponding

te the molecular formula Col gINO, thereby suggesting the [ormation of compound 6.
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2.4. Synthesis of 4-chloro-2,6-diiodoaniline and 4-chloro-2-iodoaniline from
4-chloroaniline

Compound 7, 8 were prepared by refluxing the solution mixture of 4-chloroaniline 15, iodine,
copper(Il) acelate and acetic acid in oil bath with stirring 11 hr at 130°C as shown in the

Scheme 9.
NH
2 NH, NH,

LHCH,COORCuH,0 | | |
CH,COOH +

Cl Cl Cl

4-chloroaniline 4-chloro-2,6-diiodoaniline  4-chloro-2-iodoaniline
15
7 8

Scheme 9

After usual workup and purification by column chromalography on silica gel, iodo-4-chloroaniline

derivative 7, 8 was obtained {Table 7}.

Table 7: Prepamation of iodo-4—chlerpaniline derivatives 7, B.

Entry Substrate Prodect Yicld (%)
NH
| 1
NH» \©/ 30
Cl
¥
1 x N,
ct !
15 45
<l
B
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Results apd Discussion

2,4a. Characterization of 4-chloro-2, 6-diiodoaniline 7

Yeliowish amorphous powder was obtained (yietd 30%), mp. 127-129°C. The slructure of
compound 7 was interpreled by spectral data, In UV spectrum (Fig. 17a) the homax ¥alue was found
in the range of 400.89 & 159.92 pm.

The IR spectrum (KBr) (Fig. 17b) of this compound assipned the following characteristic
absorption peaks: Ve 3408.0 and 3317.3 em™ for stretching of primary amine (-NHz) group. A
strong band at 860.2 cm™ represents the chlorine-carbon stretching.

The 'H NMR spectrum (Fig. 17¢) (400 MIiz, CDCly) of this compound expressed following
chemical shift at 3y 7.60 (s, 2E[} indicated that two proton of similar chemical environment of C-3
& (-5 carbon in the benzene rng and & 4.59 (s, 2H) also expressed primary amine (-NHz} group

with benzene ring 2s 2 terminal amine.

The compound 7 also established by following characteristic 3¢ NMR spectrum (Fig. 17d)
(100 MHz, CDCls): 8¢ 145.16 (C-NHz), 138.33 (C-3 & C-5), 123.25 (C-CD) and 80.25 (C-T}. 5o
the *C NMR speclrum indicated the presence of nine carbons in the molecule corresponding to

the molecular formula CoH4CII:N, thereby suggesting the formation of compound 7.

1.4b. Characterization of 4-chloro-2-iodoaniline 8

The brownish crystalline product was oblained (yield, 45%), mp, 40-42°C. The stucture of
compound 8 was interpreted by spectral data. In UV spectrum (Fig. 18a} the Amax ¥alue was found
in the range of 240.65 & 200.51 nm.

The IR specwum (KBr) (Fig.18b) of Lthe compound 8 exhibited the absorption at V. 3408.0 and
3317.3 cm” for stretching of primary amine (-NH;) group. A strong band at 8658.0 em’' represents
Lthe chlorine-carbon stretching.
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The 'H NMR spectrum (Fig. 18c) (400 MHz, CDCls} of this product B showed that a one proton
doublet at 8y 7.58 (d, 1H, J = 2.3Hz, C-3) & 6.64 (d, lH, /= 1.1Hz, C-6) respectively and one
proton double doublet at 7.08 (dd, 1H, /= 2.3Hz, 8.5Hz, C-5), which amached in benzane ring.
8 4.07 (s, 2H) also indicated primary amine (-NHj), atlached with benzene ring es a terminal. Th¢1
spectrn displayed the presence of five hydrogen corresponding to be confirmed 1he structure of

product B.

Further analysis the structure of 8 confirmed by its 3¢ NMR spectrum (Fig.18d} {100 MHz,
CDCls). It was observed that the chemical shifl at & 145.57 (C-NHy), 137.78 (C-3), 129.26 {C-5),
123.18 (Ar-C), C-4), 114.99 (C-6) and 83.46 (Ar-I, C-2). So the ’C NMR spectrum indicated the
presence of nine carbon atoms in the molecule corresponding to the molecular formula CoHsClIN,

thercby suggesting the formation of compeund 8.

2.5, Synthesis of compound 9, 10, 11 from 4-nitrosniline

Compound 9, 10, 11 were prepared by refluxing Lhe solution mixture of 4-nitroaniline 16, iodine,

copper(Il) acetate and acetic acid in oil bath with stirring 10 hr at 130°C as shown in Lhe

Scheme 10,
NH, NH, ;\ "
1;+CH,C004CuH,0 ! " NH | I I
CELOCH h + @ +
|
N: +
o .f""- o t +
b 00 oMo %
*‘”"‘:“’““' Yiodod mitrmsuiline 2. 3diiodo-4-nitroacetanilide 3 ¢ diiodo-t nitroaniline
9 10 1

Scheme 10

After usual workup and purification by column chromatography on silica gel, indo—4-nitroaniline

decivative 9, 10, 11 was oblained (Trble 8).



Results and Discussion

Table 8: Preparation of iodo-4-nitroaniline derivatives 9, 10, 11.

Entry Substrate Product Yield (%)
NH,
¢r kil
N

Q0

9

DJ\ HH

1
|

1 | 26
I

NH,

+ oo
O "0 10
16 HH;
b
35
o "*“c—

4 5a, Characterization of 2-iodo-4-nitroaniline 9

A yellowish crystaline product was obtained (yield 30%}, mp. 105-109°C. The structure of
compound 9 was interpreted by spectral data. In UV spectrum (Fig.19a} the Ama value was found
in the range of 240.00 & 200.00 nm.

The IR spectrum (KBr) (Fig. 19b) of this compound assigned the following characteristic
absorption peaks: vma 34774 and 33713 cm” (str. Ar-NH), 1608.5 and 1488.9 cm’

(str. Ar-NOs).
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The 'H NMR spectrum (Fig. 19¢) (400 MHz, CDCl3) of this compound expressed following
chemical shift at & 6.68 (d, iH, Ar-H, /=8.932 Hz), § 8.70 (d, {H, Ar-H, /=2.36 Hz} and
§ 8.64 (dd, YH, Ar-H, /=2.37Hz, 8.91Hz,} indicated the presence of one protons doublet and
double doublet of C-6, C-3 and C-5 respectively. Two hydrogen singlet at Lhe position of &y 4.83
(s, 2H) showed of primary amine (-NH;) group as a termina! in benzene ring.

The compound was further established from ils *C NMR spectrum (Fig. 19d} (100 MHz, CDCly).
The chemical shifis of this compound were showed following characteristic peak: 8¢ 152.33
(C-NHgz}, 139.33 (C-NOy}, 80.53 {Ar-[, C-2), 13551 (C-3), 125,72 (C-5) and 112.27 (C-6) for
remaining carbon atoms. The 1’C NMR spectrum indicated the presence of six carbons in the

molecule was corresponding the molecular formula CgHsTN2Os, thereby suggesting the formation

of the compound 9.

2.5b. Characterization of 2, 3-diiodo-4-nitroacetanilide 10

A yellowish crystaline compound 10 was oblained (yield, 26%). It was recognized from its

spectral data. In UV spectrum {Fig. 20a) the value A, was found in the range of 320.00, 241.08
& 202.14 nm.

The IR spectrum (K Br} (Fig.20b} of this compound illustrated following characterstic absorption
bands: v 3276.8 cm’’ stretching for aromatic sccondary amine {(-NH-) group in acetanilide,
1346.2 and 1506.3 cm™ siretching for aryl-nitro {-NOj) group, where as a band at 1683.7 cm”' due

to the presence of keto (-C=0) group in the acetanilide.

The 'H NMR spectrum (Fig. 20c) (400 MHz, CDCly) assigned the chemical shili for the
determination of molecular structure of compound 10. It is observed that a Lhree protons singlet at
3 2.23 (5, 3H) for methyl group of (CH1), 2 one proton singlet at 5 7.47 (s, 1H) for secondary
amine proup of (-NH-), a one proton doublet at & 7.68 (d, 1H, Ar-H, /=8.9Hz,) showed Ar-tH of
C-6 and also one proton doubtet at 5 8,19 (d, 1H, /=9.01 Hz) for Ar-H of C-3.
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The compound was further cstablished from its ’C NMR spectrum (Fig. 20d) (100 MHz, CDXCl;).
The chemical shifis of this compound showed foljowing characteristic peak: &¢c 168.528 (C=0),
143.631 (C-NH), 142.035 (C-NOy), 125.138 (C-5), 118.988 (C-6), 94.43]1 (Ar-], C-2), 90.291
(Ar-l, C-3), and 24.837 (COCH;) for remaining carbon atoms. The 13C NMR spectrum indicated
the presence of eight carbons in the molecule was comesponding the molecular formula

CgHgl;N; 03, Lhereby suggesting the formation of the compound 10.

On the basis of analysis of the UV, IR, 'H NMR, '3C NMR speclre, the structure of compound 10

was accorded as 2, 3-diiodo-4-nitroacelantlide.

2.5¢. Characterization of 2, 6-diiedo-4-nitroaniline 11

A light yellow crystalline product was obtained (yield 38%), mp. 249-250°C. The structure of
compound 11 was interpreted by speciral data. In UV spectrum {Fig.212) the & ma value was
found in the mnge of 243.05 & 204.09 nm.

The IR spectrum (KBr} (Fig. 21b) of (his compound assigned Lhe following characleristic
absorption peaks: Vi 3479.5 and 3373.1 em™ {sir. Ar-NHy), 1609.6, 1489.5 e’ (str. Ar-NOy).

The *H NMR spectrum (Fig. 21¢) (300 MHz, CDCly) of this compound expressed following
chemical shifi at & 5.33 (s, 2H) indicated two hydrogen singlet of primary amine {-NH;) group as a
termina! in benzene ring. 5 8.54 (s, 2H) showed same chemical environment at C-3 and C-5 in

benzene ring. [is peaks confirmed the structure of product 11,

The compound was further established from its C NMR spectrum (Fig. 214} (100 MHz, CDXCl;).
The chemical shifis of this compound were showed following characteristic peak: 8¢ 152.338
(C-NH;}, 143.832 (C-NOy), 135315 {C-3 & C-3) and 04.431 (Ar-I, C-2 & C-6) for remaining
carbon atoms. The *C NMR spectrum indicated the presence of six carbons in the molecule was
corresponding the molecular formula CsHilaNzOz. thereby suggesting the formation of Lhe
compound 11.
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2.6, Synthesis of 3-amino-4-iodophenol 12 from 3-Aminophenol

Compound 12 were prepared by refluxing the solution mixture of 3-aminophenol 17, iodine,

copper(ll} ecetate and ecetic acid in oil bath with stiming 6 hr at 120°C es shown in the

Scheme J1.
NH- NH.
I
1,HCH3CO0);Cu.H,0
T——
CH;COOH OH
oH 3-amino-4-iodophenol
3-aminophenol -amino-3-10d0pheno
17 12

Scheme 11

AfRer usual workup and purification by column chromatography on silica gel, iodo-3-aminophenol

derivative 12 (yield, 60%) was obtained.
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2.6a. Characterization of 3-amino-4-iodophenol £2

A bright yellow crystalline compound was obtained, yicld % 60. The structure of compound 12
was recognized by spectral data. The UV spectrum (Fig. 22a) of the compound showed at

absorption bands at 239.99 & 202.55 nm.

The IR spectrum (KBr)Fig. 22b) of this compound expressed following absorption band at
34774 and 3371.3 em” indicted stretching of aromatic primary amine (-NH;z) group, 3198.2

¥ max

cm” for phenolic OH group and 1606.6 for C=C.

The 'H NMR spectrum (Fig. 22¢) (400 MHz, CDCl3) of this compound revealed an one proten
singlet at 8y 1.57 {3, 1H, Ar-OH), two proton singlet at & 4.84 (s, 2H, N3}, an one proton doublet
at & 6.65 (d, 1H, /=8.94Hz, C-5) & 6 8.54 (d, IH, J=2.38, C-2) respectively, and 8 8.03 (dd, IH,
J= 2.39Hz, 8 9Hz) indicated the presence of one proton double doublet for Ar-H of C-6. The

presence of six hydrogen atoms was in good agreement with the compound 12.

The compound 12 was further analysis by 13C NMR spectrum (Fig. 22d) (100 MHz, CDCls). Tt
was observed that the chemical shift at 8¢ 152.36 (Ar-OH, C-1), 139.27 (Ar-NH,, C-3), 135.30
(C-53, 125.71 (C-6), 112.26 {C-2) and 80.52 {Ar-I, C-4). So the 3¢ NMR spectrum indicated
the presence of six carbon atoms in the molecule corresponding to Lhe molecular formula

C4HLINQ, thereby suggesting the formation of compeund 12.

Dept (Fig. 22d) spectrum showed that there were hree tertiary carbons present at 513550, 125.71

and 112.26 in the ring.
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Results and Discassion

Table 9: Distinction among some spectral data of 2, 6-Diiodo-4-methylaniline; 2-icde-4-methylacetanilide; 4-methylacetanilide;
2-iodo-S-methylaceianilide 3, 4, 5, 6.

1471.6, 13596.4,

C;’:_P' Structure UE‘?‘} IR ‘pe“;‘f} 10 Vs 'H NMR (519) BC NMR (8¢)
" 702.00 | 3406.1, 3317.3 (INHa), | 7.45 (s, 2H, C-3 & C-5), 4.19 (5, 2H, | 143.83 (C-NH;), 139.77 (C-H, C-3 & C-5),
l : 3037.7, 2898.8 (-CHy, | NH,), 2.15 (s, 3H, Ar-CH3). 130.97 (C-CHs), 81.45 (Ar-L, C-2 & C-6),
3 -CH), 1608.5, 1460, 19.22 (Ar-CHj).
1566.1,700.1 and
467
,LB 42532, 132653, 1654.8, 1523.717.95 (d, 1H, J=7 96 Hz, C-6), 7.59 | 168.15 (C=0), 14598 (C-NH), 138.96
Mg 24005 & |and 12903 (s, 1H, NH), 7.32 (5, 1H, C-3), 7.12 | (C-6), 135.79 (C-CHs, C-4), 129.92 (C-3),
4 ' 199 99 (d, 1H, J = 8.09Hz, C-5), 2.26 {s, 3H, | 122.12 (C-5), 9029 (ArI, C-2), 24.67
Ar-CHs), 2.20 (s, 3H, -CO-CHa). (-CO-CHy), 20.30 (Ar-CH3).
OHy
’Ln 24136 & | 3292.3 (.NH-), 3255.6, | 7.52 (s, 18, N, 735 (d, 2H, CH,
NH 20104 | 1662.5 (-C=0)1602.7, | /=8.23 Hz, C-2 & C-6), 7.08 (d, 2H,
s Q 1550.7, 1510.2, CH J = 807 Hz, C-3 & C-5), 2.28
1454.2, 1402.2, (s, 3H, Ar-CHs), 2.21 (s, 3H, -COCHa)
1365.5, 1321.1, 819.7
CHy
24067 & | 3315.4 ((NH-), 16683 | 7.67 (4, 1H, J = 85 Hz, C-3), 746 | 168.52 (C=0), 14203 (C-NH). 13%.11
200108 | (-C=0),1606.6, (s, 1H, NH), 7.42 {d, 1H, J = 1.94, [ (C-3), 138.11 (C-CH,),121.11 {C-6), 115.02
s | HN- 0 1581.5, 1533.3, C-6), 7.03 (dd, 1H, J=2.1 Hz, 8.3 Hz, | (C-4), 94.43 (Ar-T), 28.13 (COCHy), 24.58
C‘“cm

1311.5, 819.7.

C4), 2.36 (5, 3H, Ar-CHa), 2.13 (s, 3H,
COCHj).

{Ar-CHs).
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Table 10: Distinction among some spectral data of 4chlore-2, 6-diiodoaniline & 4-chloro-2-iodoaniline 7, 8.

C;I:lp- Structure U‘iifm} IR Spectrum ift Vs M 'H NMR (5u) ¥C NMR (8¢)
u 2
NHp [ 199.92 | 3408.0 & 3317 3(-NHy, | 7.60 (5, ZH, C-3 & C-5), 4.59 (s, 2, | 145.16 (C-NH;), 13833 (C-3 & C-5),
| ] 16047, 14427, 8602 | NHz). 12325 (Ar-Cl, C-4), B0.25 (Ar-L, C-2 &
; (Ar-Cl). C-6).
cl
NH, 30051 | 3408.1 &33173 ((NHy), | 7.58 (4, 1H, J = 230z, C-3), 7.08 | 145.57 (C-NHy), 137.78 (C-3), 129.26
| 1603.7, 14436, 868.0|(dd, |H, /= 23Hz, 85Hz, C-5), 6.64 | (C-5), 123.18 (Ar-Cl, C4), 11499
{Ar-Cl). (d, 1H, /= 7.1Hz, C-6), 4.07 (s, 2H, | (C-6), 83.46 (Ar-1, C-2).
8 NHa).
&
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Table 11: Distinction among some spectral data of 2-iodo-4-nitroaniline; 2, 3-diiodo-4-nitroacetanilide; 2, 6-diiodo-4-nitroaniline;

3-amino-d-iodophenol 2, 10, 11 & 12.

Comp. UV (nm} i
No. Structure Aot IR spectrum in Vias €m 'H NMR (6y) C NMR (3¢}
NH> 240.00 & | 34774 & 3371.3 (-NHa), | 4.83 (5, 2H, NH3), 6.68 (d, 1H, Ar- | 152.33 (Ar-NH;, C-1), 139.33 (Ar-NO,
; 200.00 1608.5, 14889 (-NO»), | H, /=8.932 Hz, C-6), 8.64 {dd, 1H, | C-4), 135.51 (C-3), 125.72 (C.5), 112.27
0 : 1301.9, 1257.5, 11148. | Ar-H, J/=237Hz, 8.91Hz, C-5),|(C-6).80.53 (ArI, C-2).
8.70 (d, 1H, Ar-H, /=2.36, C-3),
G’N:“’ﬂ
41\ 32000, |3276(-NH-), 16837 2.23 (s, 3H, -CHy), 7.47 (s, 1H, | 168.528 (C=0), 143.631 (Ar-NH, C-1),
(-C=0}, 1618.2, 15969, | -NH), 7.68 (4, 1H, Ar-H, /=8.9Hz, ) )
o | 241 08 & 1566.1 1506.3 (N0, | C-6). 8.19 (4, 1E. Ar-E, J=5.01 142.039 {Ar-NQ,;, C-4), 125.138 (C-5),
10 202.14 1346.2, 1332.7, 1301.9, | C-5) 118.588 {C-6), 94.431 (ArL C-2),
l 1267.1, 1112.9, 848.6, 50.291 (Ar-I, C-3), 24.837 {COCH).
N 750.3.
o* o
NH, 352.01 & | 3479.5 & 3373.1 (-NHg}, | 5336 (s, 2H, -Niky), & 8.545|152.338 (AnNH;, C-1), 143.832
I I 1609.6, 14895 (-NO3), | (s, 2H, C-3 & C-5).
I 204.09 1302.7, 1257.5, 1118.5. (Ar-NO;, C4), 135315 (C-3 &C-5),
94,431 (Ar-I, C-2 & C-6).
'D"'N:"D
NH- 23990 & | 3477.4&3371.3 (-NHL), | 1.57 (s, 1H, Ar-OH), 4.84 (s, 2H, | 152.36 (Ar-OH, C-1), 139.27 (Ar-NH,,
12 ' 1606 .6, 14889, 13015, |8.03 (dd, 1H, J/2.39Hz, 85Hz,

1257.5, 11143,

C-6), 8.54 (d, 1H, J=2.38, C-2)

112.26 {C-2), 80.52 (Ar-I, C-4).
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EXPERIMENTAL



Experimental

EXPERIMENTAL

3.1 Chemical reagents and experimental instruments

All commercial reagents were purchased from E. Merck (Germany) and were used without
further purification. Thin fayer Chromatography (TLC) plate made by Merck silica gel coated
was used and visualized by UV tamp {254-365nm). Column chromatography was used for the
separation by Merck silica gel (60-120) mesh, All evaporations were carried out with the help
of rotary vacuum evapomtor (Buchii, Swilzerland) at bath temperature 40°-55°C. Melting
points were determined on Gallenkamp (England) melting point apparatus. Infrared (iR)
spectra were obtained in em” and recorded by SHIMADZU FTIR Spectrometer using KBr
pellet. UV spectra were recorded in dry CHCly with Shimatzu visible spectrophotometer and
"H NMR spectra and C NMR spectra were recorded by Bruker Model DPX 400 MHz

spectrometer in CDCls using as the solvent.

3.2. lodination of p-toluidine

A mixture of p-toluidine 13 (5.014g, 0.0468 mol), jodine (12.424g, 0.0489 mol), cupper(l[}
acetate (9.339g, 0.0468 mol} and acetic acid 220 mi was taken in 500 ml ene-peck round-
borlom flesk and put on the oil-bath and was stimed and refluxed for 9 hr at 120°C. The
completion of the reaction was monitored by TLC. After completion of the reaction, acetic acid
was evaporaled to dryness and residue was extracted with chloroform (50x3). The product was
neutralized by saturated solution of sodium hydrogen carbonate (NaHCO;), free iodine was
removed by using sodium thiosulfate {Na;$,03) solution, dried with anhydrous Na;$0s and

concentrated under reduced pressure.

The crude product was purificd by column chromatography on silica gel with hexane:

chloroform in different ratio. Three compounds (3, 4, 5) were isolated in different ratio

{Scheme 7). J%
NH, NH;
| | »e N0
l; + (CI‘IJCGG};CUH;U I
CH,;COOH § + +
CHy CHy CHy CH;,
p-toluidine 16-diiodo—4-methylaniline 2-iodo—4-methylscetanilide +-methylacetanilide
13 k! 4 5
Scheme 7
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3.2.1. Study of 2, 6-diiodo-4-methylaniline 3

Structure:

2,6-diiodo-4-methylaniline
3

Compound name: 2, 6-diiodo-4-methylaniline
Synonym: 2,6-diiode-p-toluidine

Chemical Formula: C;HIzN

Molecular Weight: 358.946

Yield (%): 35

Physical stage: Yellowish amorphous powder.
mp. 110°C

R;value: 0.94 n-hexane:chloroform (2:1)

UV(CHCHh): e 400.35, 202 nm

Experimental

IR (KBr): viex 3406.1, 3317.3 (-NHy), 30377, 2898.8 (-CHs, -CH), 1608.5, 1460, 1365.1,

7001.1 and 846.7 cm™.

'H NMR {400 MHz, CDCl;): 5, 7.45 (s, 2H, C-3 & C-5), 6 4.19 (s, 2H, NH:},

5 2.15 (s, 3H, Ar-CH;}.

13C NMR (100 MHz, CDClLy): 3 143.83 {Ac-NHy), 139.77 (C-H, C-3 & C-5), 130.97 (C-CH,,

C-4), 8145 {Ar-), C-2 & C-6), 19.22 (Ar-CH).

Dept-135: 139.77 (C-H, C-3 & C-5), 19.22 {Ar-CH;).
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3.2.2. Study of 2-iodo-4-methylaceianilide 4

BN

NH™ "0

Structure:

CH;
2-iodo-4-methylacetanilide
4

Compound name: 2-iodo-4-methylacetanilide
Synonym: N-{2-iodo-4-meihylphenyljacetamide
Chemical Formula: CoH gINO

Molecular Weight: 275.086

Yield (%): 26

Physical stage: Brownish crystal

mp. 125-130°C

R; value: 0.77 n-hexane:chloroform (2:1}

UY{CHCL): Apae 401.85 & 199.99 nm

IR: v 3265.3 (-NH-), 1654.8 (C=0), 1523.7 (-C=C-) and 1290.3 (C-N} em’".

Experimentnl

'H NMR (400 MHz, CDCL): 8 7.99 (d, 1, /=7.96 Hz, C-6), 8 7.59(s, 1H, NH),

6 7.32 (s, 1H, C-3), 6 7.12{d, 1H, J=8.09Hz, C-3),
& 2.26(s, 3H, Ar-CH3), 6 2.20 {s, 3H, -CO-CH,).

3C NMR (100 MHz, CDCL): 8¢ 168.15 (C=0}, 145,98 (C-NH}, 138.96 (C-3), 135.79
‘ (C-CH;, C-4),129.92 {C-5), 122.12 (C-6), 90.29 (Ar-I, C-2),

24.67 (-CO-CH3), 20.30 (Ar-CHa).

- Dept-135: 129.92 (C-3), 122.12 (C-5), 138.96 (C-6), 24.67(-CCO-CHy), 20.30 (Ar-CH3}.

*
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Experimental

3.2.3. Study of 4-methylacetanilide 5

A

NH

Structure:

CH;
4-methylacetanilide
5

Compound name: 4-methylacetanilide.

Synonyms: p-acctotoluidide; N-(4-methylphenyDacetamide; N-p-tolylacelamide.
Chemical Formula: CoH, NO

Muolecular Weight: 149.190

Yield (%0): 22

Physical state: Brownish crystal

mp. : 148-151°C

R, value: 0.30 n-hexane:chloroform (2:1)

UV(CHC:): hna; 201.04 nm

IR (KBr): vy 3292.3 (-NH-), 3255.6, 1662.5 (-C=0), 1602.7, 1550.7, 1510.2, 1454.2,

1402.2, 1365.5, 1321.1 and 819.7 cm™,

'H NMR (400 MHz, CDCly): 84 7.52 (s, TH,NH), § 7.35 (d, 2H{, CH, /=8.23 Hz, (-2 & C-6),
§7.08 (4, 2H, CH, J= 8.07 Hz, C-3 & C-5), 8 2.28 (s, 3H,
Ar-CHj), 8 2.21 (s, 3H, -COCHa).
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Experimental
3.3, Synthesis of 2-iodo-5-methylacetanilide 6

A mixture of m-toluidine 14 (5.418g, 0.0506 mol), iodine (§2.934g, 0.0509 mol}, cupper(li)
acetate (10.468g, 0.0524 mol) and acetic acid 230 ml was taken in 500 ml one-neck round-
bottorn flask and put on the oil-bath and was stirred wilh refluxed for 10 hr at 130°C. The
completion of the reaction was monitored by TLC and completion of the reaction, eeetic acid
was evaporated to dryness and was extracted wilh chioroform. The product was neutralized by
a saturated solution of sodium hydrogen carbonate (NaHCOs), free iodine was removed by

using sodium thiosulfate soluticn, dried with anhydrous Na;SO4 and concentrated under

reduced pressure.

The crude product was purified by column chromatography on silica gel with hexane:

chloroform in different ratio. One compound 6 was isolated (Scheme 8).

\H2 HN® "0
1, + (CH;COD};CU.H;O I
1
CH,;COOH
CH; CH3
m-toluidine 2-iodo-5-methylacetanitide
14 6
Scheme 8
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33,1, Study of 2-iodo-5-methylacetanilide 6

A

HN® "0
|
Strocture:
CH,
2-indo-5-methylacetanilide
6

Compound name: 2-iodo-5-methylacctanilide.
Synonyms: N-(2-iodo-5-methyl|pheny)acetamide.
Chemical Formula: CoH oIND

Molecular Weight: 275.086

Yield (%): 55

Physical state: Brownish crystal

R, value: 0.73 n-hexane:chloroform (2:1)

UV(CHCI:3): hmax 400.99 & 201.08 nm

Experimental

IR (KBr): vp3315.4 (-NH-}, 1668.3 {(-C=0),1606.6, 1581.5, 1533.3, 1471.6, 13964, 1351.5,

819.7.

' NMR (400 MHz, CDCly): 8, 7.67 (d, 1H, /= 8.5 Hz, C-3), 5 7.46 (5, 1H, NH), 3 7.42 (d,
1H, = 1.94 Hz, C-6), 8 7.03 (dd, 1H, J=2.1 Hz, 8.3 Hz,C-4),

§2.36 (s, 3H, Ar-CHs), 8 2.13 (s, 3H, COCHj).

13C NMR (100 MHz, CDCl3): 3¢ 168.52 (C=0), 142.03 (C-NH). 139.11 (C-3}, 138.11
(C-CH;),121.11 (C-6), 119.02 (C-4), 94.43 (Ar-1), 28.13

(COCH), 24.58 (Ar-CHj).

Dept-135: 139.11 (C-3), 121.11 {(C-6), 119.02 (C-4), 28.13 (COCH3), 24.58 (Ar-CHj).
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Experimental
3.4, Synthesis of 4-chloro-2, -diiodoaniline & 4-chloro-2-iodoaniline 7,8

A mixture of 4-chloroaniline 15 {10.152g, 0.0796 mol), iodine (20.256g, 0.0797 mol),
cupper(ll) acetate (16.896g, 0.0846 mol) and acetic acid 170 ml were laken in 500 ml one-neck
round-bottom flask and put on 1he oil-bath and was stirred with reflux for11 hr at 130°C. The
+ progress of the reaction was monitored by TLC (n-hexane/chloroform 3: 1), After completion of
the reaction, the mixture was then evaporated to dryness under reduced pressure and the
residue was then evaporated to dryness under reduced pressure and the residue was extracted
with chloroform (3x50 mL). The chloroform extract was neutralized by a saturated solution of
sodium hydrogen carbonate (NaHCOy), free iodine was removed by using sodium thiosulfate

solution, dried with anhydrous Na,SQ, and concentrated under reduced pressure fo obiain

brownish hlack semisolid.

The latter was purified by chromatography on a column of silica gel wilh n-hexane,

n-hexane /chloreform 2:1 and two compounds (7, 8) were isolated (Scheme 9).

NH; NH, NH,
LHCH,COORCuH,0 | ! 1
CH,COOH T
Cl Cl Cl
4-chloroaniline 4-chlero-2,6-diiodoaniline  4-chloro-2-iodoaniline
15
7 8

Scheme 9
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Experimental

3.4.1, Study of 4-chloro -2, 6-diiodoaniline 7

NH.,
i ]
Structure:
Cl
4-chloro-2,6-diiodoaniline
7

Compound name:. 4-chloro-2, 6-dilodoaniline

Chemical Formula: CsHyCILN

Molecular Weight: 379,365

Yield {%%): 30

n;p. : 127-126 °C

Physical state: yellowish amorphous powder

R value: 0.98 n-hexane:chioroform (3:1)

UV(CHCL): Agax 400.89 and 199.92 om

IR (KBr): v 3408.0 & 3317.3 ((NH2), 1604.7, 1442.7, 860.2 (Ar-Cl). |

'H NMR (400 MHz, CDCLy): 8 7.60 (s, 2H, C-3 & C-5), § 4.59 (s, 2H, NH;).

3¢ NMR (100 MHz, CDCIy): 3 145.16 {C-NHp), 13833 (C-3 & C-5),123.25 (C-CD.
80.25 {C-1).

Dept-135: 138.33 (C-3 & C-3).
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3.4.2. Study of 4-chloro-2-iodoaniline 8

NH;
]
Structure:
Cl
4-chloro-2-iodoaniline
8

Compound name:.4-chloro-2-iodoaniline
Chemical Formula: CsHCIN

Molecular Weight: 253.468

Yield (%0): 45

mp. : 40-42 bC

Physical state: Light brownish white ash ¢rystal
R value: 0.87 n-hexane:chloroform (3:1)

UV(CHCIs): dmay 400.75 and 200.51 nm

IR (KBr): v 3408.1 &3317.3 (-NH), 1603.7, 1443.6, 868.0 (Ar-Cl).

Experimental

14 NMR (400 MHz, CDCs): 8 7.58 (4, 1H, J = 2.3Hz, C-3), 7.08 (dd, 1H, = 2.311z,

8.5Hz, C-5), 6.64 (d, 1H, /= 7.18z, C-6), 4.07 (s, 2H, NH).

3C NMR (100 MHz, CDCh): 5c 145.57 (C-NHy), 137.78 (C-3), 129.26 (C-5), 123.18

{C-Cly, 114.99 (C-6), 83.46 (C-I).

Dept-135: 137.78 (C-3), 129.26 (C-5), ] 14.99 (C-6).
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Experimenial

3.5. Synthesis of 2-iodo-4-nitroaniline &2, 3-diiodo-4-nitroacetanilide

9,10,11

A mixture of 4-nitroaniline 16 (7.865g, ¢.0369 mol), iodine (20.078 g, 0.0750 mol), cupper{1}
acetate (12.052g, 0.0604 mol) and acetic acid 300 m] was taken in 500 ml one-neck round-
hottomn flask and put on the oil-bath and was stirred with reflux for 10hr at 130°C. The progress
of the reaction was monitored by TLC (n-bexane/chloroform 1:2). After completion of the
reaction, the mixture was then evaporated Lo dryness under reduced pressure and the residue
was extracted with chloroform (3x50 mL). The {:hl(;ruform extract was ncutralized by a
saturated solution of sodium hydrogen carbonate (NaHCO3), free iodine was removed by using

sodium thiosulfate solution, dried with anhydrous Na;S5Q, and concentrated under reduced

pressure Lo obtain brownish black semisolid.

The latter was purified by chromatography on a column of silica gel with n-hexane,

n-hexane /chloroform 2:}, chloroform, acetone and two compound (9, 10, 11} were isolated

(Scheme 10).
NH, NH; J\ NH,
[HCH,CO0RCu,0 | 0" hH | | '
CH,COO0H t ¥
LN N N |
-.O U _0/ \L‘O 05 ‘0- _G#H:}ﬂ
4-mtrt;:ﬁmlmt 2.iodo-4-nilroaniline 1 1diiodo-4-nitroacetanitide 1 6-diiodo-4-nitroanitine
g 18 1

Scheme 10
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3.5.1. Study of 2, 3-diiodo-4-nitroacetanilide 9

NH,

Structure:
NL
O O
2-iodo-4-nitroaniline

9

Compound name: 2-lodo-4-nitroaniline
Synonyms: 2-iodo-4-nitrobenzenamine
Chemical Formula: CsH<IN:O;
Nolecular Weight: 264.021

Yield (%o): 30

mp. 105-109°C
Physical state: Yellowish crystal
Ry value: 0.83 n-hexane : chloroform (1:2)

UV(CHCl3}: Aqx 240.00 & 200.00 nm

Experimental

IR (KBr): v 3477.4 & 3371.3 (-NH2), 1608.5,1488.9 (-NOy), 1301.9, 1257.5, 1114.8.

'H NMR (400 MHz, CDCly): 8 8.70 (d, 1H, Ar-H, J=2.36Hz, C-3), 6 8.64 (dd, 1H, Ar-H,
F2.37 Hz, 881 Hz, C-5), § 6.68 (d, 1H, Ar-H, /=8.932 Hz,

C-6), § 4.83 (s, 2H, NH»).

130 NMR (100 MHe, CDCl3): 8¢ 152.33 (C-NH3), 139.33 (C-NOy), 80.53 (C-1),
135.51 {C-3), 125.72 (C-5), 112.27 (C-6}.

Depi-135: 135,51 (C-3), 125.72 (C-5), 112.27 (C-6).
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Experimental

1.5.2. Study of 2, 3-diiodo-4-nitroacetanilide 10

S

0

Structure:

. +
0 M 8
2,3-diiodo-4-nitroacetanilide
10

Compound name:. 2, 3-diiodo-4-nitroacetanilide

Synonyms: N-(2, 3-diiedo-4-nitrophenyl)acetamide

Chemical Formula: CzHsl:N:2Cs

Maolecular Weight: 431.954

Yicld (%): 26

Physical state: Yellowish crystal

R, value: 0.47 n-hexane : chloroform {1:2)

UV(CHCIs): hax 320.00 & 202.14 nm

IR (KBr}: Vaux3276(-NH-), 1683.7 (-C=0), 1618.2, 1596.9, 1566.1, 1506.3 (-NOy), 1346.2,
1332.7, 1301.9, 1267.1, 1112.9, B48.6, 750.3.

'H NMR (400 MHz, CDCy): 5 5 8.19 (d, 1H, Ar-H, /=9.01Hz, C-5), & 7.68 (d, 1H, Ar-H,

J=8.0Hz, C-6), 6 7.47 (s, 1H, -NH), 2.23 (s, 3H, -CH3) .

3¢ NMR (100 MHz, CDCly): 8¢ 168.528 (-C=0), 143.631 (C-NH), 142.039 (C-NCa).
125.138 {C-5), 118.988 (C-6), 94.431 (C-], C-2), 90.291 (C-],
C-3}, 24.837 ( COCH3)

Dept-135: 125.138 (C-5), 118.988 (C-6), 24.837 (COCHS).

57 . h



Experimental

3.5.3. Study of 2, 6-diiodo-4-nitroacetanilide 11

NH;,

Structure:

+
LN

0
1,6-diiodo-4-nitroaniline
11

Compound name;. 2, 6-diiodo-4-nitroaniline
Chemical Formula: CeFLI:N;O»

Molecular Weight: 389.917

Yield (%): 38

Physical state: Yellow crystal

mp.: 249-250°C

R value: 0.38 n-hexane : chloroform (1:2)
UV{CHClI3): hay 322.01 & 204.09 nm

IR (KBr): vy 3479.5 & 3373.1 (-NH;), 1609.6, 1489.5 (-NOg), 1302.7, 1257.5, 1118.5.

'[{ NMR {400 MHz, CDCly): 8u 5.336 (s, 2H, -NHy), 8 8.545 (s, 2H, C-3 &C-5).

12C NMR (100 MHz, CDCly): 8¢ 152,338 (C-NH,), 143.832 (C-NOy), 135315 (C-3 &C-3)
94.431 (Ar-1, C-2 & C-6)
Dept-135: 135,315 (C-3 &C-5)
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Experimental
3.6. Synthesis of 3-amino-4-iodophenol 12

A mixture of 3-aminophenof 17 (8.908g, 0.0816 mol), iodine (23.366g, 0.0520 mol), cupper(Il}
acetate (18.438g, 0,.0924 mol} and acetic acid 120 ml was taken in 500 m! one-neck ronnd-
bottom flask and put on the oil-bath and was stired with refluxed for 6 hr at 120°C. The
progress of the reaction was monitored by TLC (n-hexane/chloroform 1:3). After completion of
the reaction, the mixture was then evaporated to dryness under reduced pressure and the
residue was extracted with chloroform (3x50 mL). The chloroform extract was neutralized by a
saturated solution of sodium hydrogen carbonate {NaHCO3), free iodine was removed by using

sodium thiosulfate solution, dried with anhydrous Na;SC4s and concentrated under reduced

pressure to obtain brownish black semisolid.

The latter was purified by chromalography on a column of silica gel with n-hexane,

chloroform and one compound (12) was isolated (Scheme 11).

NH, NH,
I,+(CH,CO0),CuH,0 |
—T——
CH,COOH

OH
3-aminophenol 3-amino-4-iodophenol
17 12

Scheme 11
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Experimental

3.6.1, Study of 3-amino—4-iodophenol 12

NH,
|
Structure:
OH
3-amino-4-iodophenol
12

Coempound name: 3-amino-4-iodophenol

Chemical Formula: CeHINO

Molecular Weight: 235.022

Yield {%2): 60

Physical state: Bright yellow crystal

R; value: 0.68 n-hexane : chloroform {1:2)

UV(CHCL): Amax 401.87 & 202.55 nm

IR (KBr): vmay 3477.48&3371.3 (-NH>), 3198.2 (Ar-Oll), 3107.0, 1606.6, 1488.9, 1301.9,
1257.5, 1114.8.

'H NMR (400 MHz, CDCl;3): 1.57 (s, 1H, Ar-OH), 4.84 (s, 2H, NHz), 6.68 (d, 1H, /=8.94 Hz,

C-5), 8.03 (dd, 1H, /=2.39Hz, 8.9Hz, C-6), 8.54 (d, 1H, /=2.38 Hz, C-2).
3¢ NMR (100 MHz, CDCly): 8¢ 152.36 (C-OH), 139.27 (C-NH,), 135.50 (C-5}, 125.71
{C-6), 112.26 {C-2), 80.52 {C-I).

Dept-135: 135.50 (C-5), 125.71 (C-6), 112.26 (C-2).
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Figure 15a: UV spectrum of the compound 5
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Abs

Scan Spectrum Curve

1.000 'l
214
HHLG
0.750- @
0.50
0.250-
0.000¢ ' |
190.00 300.00 400.00 450.00
wavelength({(nm)
Peak 436.58 9.999
Peak 47235 9.999
Pegk 400,99 0770
Peak 240.67 .99
Peak 201 .08 0.313
Vailey 416.20 0,600

Figure 16a: UV spectrum of the compound 6
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Spectra

Scan Spectrum Curve

2.000r . ® Instrument Pedformancs
> Model ; SPECTROPHOTOMETERS
3 NH [1 Specral Bamgdwidih © 200 am
y i 2 I # 5Scan Snactrum Performance
Sean Range | 19000 o 450,00 nm
1.500F Measure Mace * Alr
& Iritereai ; 2.00 nm
| Speed | Fast
: Data Fee : Untrdled? spd
Create CatefTime @ Honday, A 24, 2009 3:51.57 PM
1 .DBD B Datz Typr - Orgunal
Melhod File:
® Analyse Nate
. Analyser © Admanesliator
4 Sampte Name ;
US‘DD — Lomment :
w Mo, PV Wavelength{nm}ahs  Comment
0.000 { 1 ‘
190.00 300.00 400.00 450.00
wavelength{nm}
Peak 436.28 5.99%
Peak 400.3% 1.566
Pzak 240.21 9,009
Peak 195,62 0.379

Valley 416.86 0.000

Figure 17a: UV spectrum of the compound 7
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fad Tud =

Scan Spectrum Curve

1.500
:
I NH: 1
1.125-
I
0.750p
3
0.375 lf
0.000 | .
190.00 300.00 410.00
wavelength(nm)

Peak 400.75 1.121

Peak 240.65 9.999

Peak 200,51 0.343

Figure 18a: UY spectrum of the compound 8
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Figure 18¢; TH NMR spectrum of the compound 8 (Expension)
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Figure 19¢: 'H NMR spectrum of the compound 9 (Expansion)
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Figure 20a: UV spectrum of the compound 10
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Figure 21a: UV spectrum of the compound 11

105



601

11 puncdwo? ay) jo wnapdads |y qT7 HNS1g

[y £ SRAGE B oyl STy g Haprgy
D'y  HORANCER AT e kG 1540 o
e E ] BL'BLAE imup LT 10 L]
oeEH ey i LR I ATy
e | AT Jman i ML NTdAH 1Ay
1] 'mArTRs AOE LD Helpl  BRSTIIDTID sy
BOGT 1 03s mES v Sl YRS T
T
Lig: =1 oL ot a1 48 ooosl orpEsT f=Lro g 1Ri .04 Ll i Ly sl
s ! ! . ! § i o
LIS R 1 H S T Y T L o4 P O T T Y NN SN AN (VI POVL-SU FOVR [ . L.|_||,|,_z.._< 1 L. [ AYPOUL A S, | SR gl - osE
1 . -
1 m -
. #1001 i , r
H v -
. __,__ ! - L0 - t , } oor
i | E
. i
H ' _" ﬂﬂnnﬁ. .
. 1 & Ex o] : \ .
! g ! - -r i —
. I 1 1 :
| . y H -
_ L b | _ 0 .
q H i h n ! ] I
. . it voel I ; | : i .
! i i " i 1 : TR -
. si5EF o _“ = ‘ _ N H . .— oos
- rill I v ' \ 5 i -
! 1 1z Nl | :
' [ ko _n I _" . J.Thrn__ .
' . i LI 1 "
. noy __._.. ol L E -
: ! ¢ A IF i ! i .
H H 1 N [N -
1 ' o1 1 | Q L " e | —— rss
Bl 1 b N | . } o owaa P H T _ -
N [N ." "y ..._ r .“ ! ..-.I : , Cho ]
o i r Ty i i Jo -
N I ] L P ' h PR )
! - o i T : : vl
_ _ _ _ LU oo : ; ;o -
1 ' 1 r = = | [ J—
i LS REEELEE e e T ey e
5 1] 1 I . ] ' i 1 L P 1 1=
' ] 1 1 W H r v e E IR
J_ P SRR ! _ | i T e
i I | oL ‘o 1 [ b H T [ | R -
Pl i e o THN i j e : -
! i c! Iy | L ! [ i . , -
o SO e i N - ! ) - FE— : -
T 3 il _“ _“ or \ : [ " ! o N
o ! " i T " 1 H ._ i | ! el -
o, [ ' 1 i \ 1 L b -
LR} (L - L L EI | . : ,
! I " e L v \ A T 1 - | _
[ .__ v o . ' N LI B B w L . B e
._m “___ “._ 1 13 =1 __ .._ b ...._ m. 1 o Bl 1 ._
o HE N | : ' | P . .
-} .“ Lo ' [N 1 ! _.._._ ._m ; .
[ ' N . J \ ! —
g H Vo \ 0o _ - I
g “ . - i L ; i :
X PR B __. [ m..._a__ ! h d..“. otd
oy ! i
3 1 _
. :.m m ' L%
1! | _
.. “. orhar
! I
\ H |

r1)33dg



TPy T8 FA- J- 1 HIIH
wi w0l G260 Wlndd
IH vl FE- 24
ot (52O d2d
I 5L FDAG i 14
wid [ogtrl dii
wl o o2 X3
SJayxaesed 1000 Hee {1

ar- ¥ A

] e

td OO 7

0 55

H3 [ Yu ]

Ivd p2I00FL O00F =5
e L2E 15

sostimeand Dutssastag - 24

IHA OLOBEF Q0P s
gir 00" 9- I'd
136N OF B 1-]
H Lare
au=snzzm LI T|INYH] sv==ssaccaama
Jan QOa00d0 T T 1]
W ait EH
Jasn aga E 4]
S0 00T EL 1]
21ic ol |

135 QFEBSYR"d cr
?H QEOSEL O S04
H a0l H»G
& k1]

ZE ™
ELXD LNZATOS
=X ol
QEGT Al Wit
Ty [ Moy e O - A

Qe ag Wt i LM]
w2t Iwi L

wd rOGO0E 31
Co31mub By WIL1LECNBEIY - 24
1 O ud

) DHdNE
TLIGY ECLL]

ESIIFmE g RYED INTIN]

sxadg

01

11 punodwoz ay) Jo waapads YINN H, 21T aandig

wga
, i : i 1 —
o 2 b
i b=3 =
i
1
o ,____. .
|
D.mz..D
[
IHM
,.rrf_,, \
m.m-_.ﬂ-_uﬁu [IFEEZEEEEE '..I.ru_.n-.-n-__.n..__.r._ .r._rr..rr_.-r_.H- -
o o= — Fd L LD - o @ ok LR O D 6wl O g e :..r.."m_u‘.._r: =]
EUWEEIF EEMEIEUEEEEWEEH ﬂ-__-_.n-r.u- l._..l. =
BBl dafipuedy i asESSnRdlBYEnd



v3S M SESED LW wAle
wihpwld Korwg Ol L& L]
T BE 106 za
-l v L i
LI T (AT F]
il CoW 0 wll
wl on A2 =
[T EL IR .1

or L 3d

o 1]
oG£ n
1] i

mi L

ra 1ORETYT D01 ~s
LI 13
ramibwiaEd Bwcttaliee - £
[-m QOGOOF OGOT 2045
o oo 321 1l
w00 W ]
- O e £l
AN o Dl Hhla
H AW

[ ML Lol [ 4= 0 -]

vinwem ] FTIHIHI m=witiriie-w

Zr TRQCTT OO FLoE
oo 8- 1.
s of § 1d
Xl 1w
summms 1 TPNTHE) rurss-scamnd
33E DOGIOTY O na
EYTRE S ol ) ia
Mt PODCOOoS | 1]
W B BOC n
aawn o § E )
JAEN SR D L]
ruCEL D

L. Tils P -] or
™ ari B L]
H Eee"rRlsZ -

L =

441 3 ]
123 FLY Rt

. ML (]
o hal Dk W
AR A Tl ]

TR Wi § 5T
521 miy
LOOR “ag

Bl mug LEVLIAIREAY - By
] = =]

2 e L]
[FR11 I

VAR TRAN SR HLEQ 13D

CRERS 4 [

801
11 punodwos ayy Jo wnydads YN Iy, ‘RIT andig

O 05 agl o3t udld
1 ) - E
__U..uZ\.D.
=
1 I
THH
}
\./ ;
a ma v "y W ..l.ﬂ £ b= ]
Fa e R ) - ch ) a3
& L Ln = wt @ F]
SE s = i Ao



anl
[ punodwed 3y jo wanadds JIWN ge1-1daq :p1z 24ndig

T T I A1 ] T o3 ar oy o8 anl nat Drl =14 tad
wifwEa RIGTS & oo _._p-..__.__.._::_..:...:.._.__._r_.rp._n::__:_:_r:_._.____.._:___.._._.__.r:_:..__._.L_FL:_:_.:_:-.:E.:..._._.._....__:.._.__.__..___.n._._:.____.._.___._...___....-._.r..[..L:::_p:._::__...._._..._.___._
e L B oL
s RO L ¥
™o SO L ¥}
i Ef AL wla
L N- - -4 L]

ol Vierd R wE W ey Ob

ar t Sa
L] x
R w1
] s
=3 =0
o FREGLE OOC =
e 2 15

ol Lierk bl Daraxbdiog - £

LOOEIF] T Oor 205

e
= G N [l |
L <ul
w0 CE P 3d
el B I rd
v of § Ecr
ML T
BLFI= [ o)
mwdtnan Bl WIENTAY == "rEIEE
e CrEwY DO 1005
. u- 1w d
aEm o B Za
ELLl - ] 14
a1 L

mmbesnr L) TIHYHD =mmmarersasy

Imd vR[OEHD D LIRE ]
Jai oROIORED O n
3 gl on Q L]
AFT DOTOEOOE T o
e Rt £ahk]
0 ERE 1
3367 00 4 £
1En DCLOR nJ
piel L Iy
3k QreClzy @ [
he eicCe B S0 4 L0 N v 5
u DET PRIRE et N
| 3 o3
LS ]
will 18T LW 305
s 4 7 .
[T4%T 1] T Wk Lt =
Furiifa P T [T - | | . <
ol 1 O LTI B m
L1 a1y : r
T OSOROGE ALl HN
aasirak g ETTVEIRNZY - 4
1 e ]
L3 DX
Trine Jarh

B D iy PR b B ST

anxdg



— LA fa e -

Abs

Scan Spectirum Curve

Z.DDD = ] .L
2 2
I'|'|"‘ NHZ —I
1.500} l
OH
1.0G0+
E(‘
j\ l
0.000 i ) )
190.00 300.00 400.00 450.00
wavelength{nm)
Peak 435.98 9.999
Peak 423.01 9.999
Peak 401.87 0.420
Peak 239.99 0.999
Peak 202.55 0.306
Valley 415.94 0.000

Figure 22a: UV spectrum of the compound 12
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ANTIMICROBIAL SCREENING



Antimicrobial sereening

INTRODUCTION

Bacteria and fungi are responsible for many infectious diseases. The increasing clinical
implications of drug resistant fungal and bacterial pathogens have lent additional urgency to
antimicrobial drug rescarch. The deterioration of human population due to enhance of
prevalence of infections diseases is becoming a global problem'. It was found from the
literature lhat nitrogen and sulfur containing compounds showed marked microbial
activities?®. When heterocyclic part of the compounds, such as; imidazole, nitroimidazole
etc. become attached to carbohydrates’ their efficiency to inhibit bacteria of fungus sharply
increased. [t was also found that a large number of biologically active compounds possesses
aromatic and heteroaromatic mnolecule may possess greater potential for biological activity®,

In vitro antimicrobial activities of fused pyrimidines were successfully evalvated in our

laboratory”.

M. shaheb'® a post praduate student carried out in vitro antimicrobizl activates of fused
pyrimnidine derivatives. M. S. Rabman'' showed that antimicrobial activities of alkaloids

plants leaves. The alkaloids were screened against several pathogenic bacteria.

S M. Shahed'™ ¥ a former tesearch student of organic laboratory carries out antifungal

activities of a series of acylated D-Mannose derivatives.

M. Fakruddin'* also a research student of organic laboratory carries out antifungal activities
of a scries of fused pyrimidine derivatives. He used live human pathogenic bacteria viz.
Bacillus cereus, Baciltus megaterium, Bacillus, Vibrio parahemolyticus, Aspergillus niger
and panicitfum sp. 8. M. Abe Kawsar™ '* also a former research student of organic

laboratory carried out in vitro antibacterial activities of a series ol acylated undine

derivatives.

Recently, our groups synthesized 2-substituted banzofurans'’, isoindonone and
isuquinulinune” and tested their antibacterial and antifungal activities. Plants are the natural
reservoir of many antimicrobial agents. In recent times, traditional medicine as an alternative
form of health care and to overcome microbial resistance has led the researchers to

investigale the antimicrobial activity of medicinal plants.
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Antimicrobial screening

The present work was under taken to select the chemicals (iodide derivatives) Lhat have not

been studied before pathogenic microorganisms of animals and plants.

4.1. Materials and methods

The anti bacterial activities of furan derivatives were studied against thirleen bacteria and
the activities of the same compounds were also studied against three fungi. For the detection

of antibacterial activities Lhe disc difTusion method'? was followed.

The antimicrobial screening which is the first stage of antimicrobial drug research is
performed to ascertain the susceptibility of various fungi and bacteria to any agent. This test
ineasures the ability of each test sample to inhibit the in vitro fungal and bacterial growth.

This ability inay be estimated by any of the foliowing three methods.

a} Disc diffusion method
bY Serial dilution method

¢) Bicautographic method

Among the above mentioned techniques the disc difTusion'® is a widely accepted in vitro
investigation for prefiminary screening of test agents which may possess antimicrobial
activity. It is essentially a quantitative or qualitative test indicating the sensitivity or
resistance of Lhe microorganisms to the test materials. However, no distinction between

bacteriostatic and bactericidal activity can be made by this method™.

4.2, Principle of disc diffusion method

In this classical method, antibiotics dilTuse from a confined source through the putnent agar
gel and create a concentration gradient. Dried and sterilized filter paper discs {6 mm
diawmneter} containing Lhe test samples of known amounts are placed on nutrient agar medium
uniformly seeded with the test microorganisms. Standard antibiotic {Kanamycin) discs and
blank discs are used as posilive and negative control. These plates are kept at low

temperature {4'C) for 24 hours to allow maximum dilfusion of the test materials to the
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Antimicrobial screening

surrounding media. The plates are then inverted and incubated at 37°C for 24 hours for
optimumn growth of the organisms. The test materials having antimicrobial property inhibit
microbial growth in the media surrounding the discs and thereby yield a clear, distinct area
defined as zone of inhibilion. The antimicrobial activity of the test agent is then determined

by measuring the diameter of zene of inhibition expressed in millimetre.

In the present study the crude extracts, fractions as well as some pure compounds were Lested
for antimicrobial activity by disc diffusion method (Fig. 22). The experiment is carried out

more than once and the mean of the readings is required'.

Figure 22: Disc diffusion method

4.3, Experimental

43a. Apparatus and reagents:

Filter paper discs Petri dishes Inoculating loop

Sterile cotton Sterile forceps Spirit bumner

Micropiperte Screw cap test tbes Nose mask and Hand gloves
Laminar air flow hood Autoclave Ineubator

Refrigerator Nutrient agar medium Ethanol

Chloroform
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4.3b. Test materials

Table 12: List of compounds used for antimicrobial activities

Antimicrobial screening

Comp. .
N Name of the test chemicals Molecular structure
o
MNH
A
3 2.6-Dilodo-4-mathylaniline
Ha
NHJ\D
4 2-Iodo-4-methylacetanilide I\?
H
MHJ‘“O
5 4-Methylacetanilide ?
Hs
HM J‘\O
6 N-(2-iedo-5-methylpheny)acetamide I \©\
CH;
e
|
7 4-chloro-2,6-diiodoaniline \ﬁj/
&1
NHz |
8 4-chloro-2-icdoaniline l:;/
Cl
WH;
1
9 2-lodo-4-nitroaniline
L
G‘LNH
10 2.3-diiodo-4-nitroacetanilide @1
I
oMo
NH;
12 3-amino-2,4-ditodophenol 'ﬁl
OH
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4.3c. Test organisms

Antimicrobial screening

The microbial strains used for the experiment were coilected as pure cultures from the

Justiute of Nulrition and Food Science (INFS), University of Dhaka. Both gram positive and

gram-ucgative organisms were taken for the test and they are listed in the Table 13.

Table 13: List of test microorganisms

Gram positive Bacteria

Gram negative Bacteria

Fungi

Bacitius cereus

Esherichia coli

Candida albicans

Baciifus megaterium

Pseudomonas acruginesa

Aspergillus niger

Bacillus subtilis Salmonella paratyphi Sacharomyces cerevaceae
Staphyiococcus aureus Salmonella typhi
Sarcing lutea Shigella boydii

Skigella dysenteriae

Fibrio mimicus

Vibrio parahemolyticus

4.3d. Composition of culture medium

Nutrient agar medium {DIFCO) (Table 14) was used in the present study for testing Lhe

sensitivity of the organisms to the test materials and to prepare fresh cultures.

Table 14: Composition of nutrient agar medium,

a. Nuirient agar medium

| Ingredicnts Amounts
Bacto peptong 0.5 gm/litter
Sodium chloride .5 gm/flitter
Bacto yeast extract 1.0 gm/litter
Bacto apar 2.0 gm/litter
Distilled water g.s. 100 ml
pH 7.2-7.6 at 25°C
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Antimicrobial screening

b. Nutrieni both medium
Ingredients Amounts
Baclo beef extract 0.3 gm/litter
Bacto peptone Q.5 gmﬂitter
Distilled water g.5. 100 ml

pH

7.2+0.1 at 25°C

c, Muller-Ifunton medium

Ingredients

Amounts

Beef infusion

30 gmilitter

Casamino acid

1.75 gm/litter

Starch

0.15 gm/litter

Bacio agar

1.70 gm/litter

Distilled water g.5.

100 ml

pH 7.3£0.2 at 25°C
d, Tryptic soya both medium

Ingredients Amounts

Bacto tryptone 1.7 pmv/litter

Bacto soytone 0.3 pm/litter

Bacto dextrose {125 gm/litter

Sedium chloride (.5 gm/flitter

Di potassium hydrogen phosphate (.25 gm/litter

Distilled water q.s. 100 mi

pH

7.3+0.2 at 25°C

Nutrient agar medium (DIFCO) is the most frequently used and also used in the present study

for testing the sensitivity of the organisms to the test materials and 1o prepare fresh cultures,
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4.4. Preparation of medium

Amount of each of the constituents was taken in a conical flask and distitled water was added
to it to make the reguired volume. The conlents were heated in a water bath to make a clear
solution. The pH (at 25°C) was adjusted at 7.2-7.6 using NaOH or HC1 10 ml and 5 ml of the
medium was then transferred in screw cap test iubes to prepare plates and slants respectively.
The test tubes were then capped and sterilized by autoclaving at 15-{bs pressurc at 121°C for

90 minutes. The slants were used for making fresh culture of microorganisms that were in

turn used for sensitivity study.

4.5, Sterilization procedure

To avoid any type of contamination and cross contamination by the test organisms the
antimicrobial screening was done in Laminar Hood and al} types of precautions were strictly
maintained. UV light was switched on an hour before working in the Laminar Hood.
Petridishes and other glassware were sterilized by autoclaving at a temperature of 121"C and
a pressure of 15-lbs./sq. inch for 20 minutes. Micropipette tips, cotton, forceps, blank discs

etc. were also sterilized by UV light.

4.6, Preparation of subculture

Jn an aseptic condition under laminar air cabinet, the test orpanisms were transferred from
the pure cultures to the agar slants with the help of a transfer loop to have {resh pure cultures.
The inoculated strains were then incubated for 24 hours at 37°C-for (heir optimum growth.

These fresh cultures were used for the sensitivity test.
4.7. Preparation of the test plates

The test organisms were transferred from the subculture to the test tubes containing about 10
ml of melted and sterilized agar medium with the help of a sterilized transfer loop in an
aseptic arca. The test tubes were shaken by rotation to get a uniform suspension of the
organisms. The microbial suspension was immediately transferred to the sterilized
petridishes. The petridishes were rotated several times ¢lockwise and anticlockwise to assure

homogenous distribution of the test organisms in the media.
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4,8. Preparation of discs

Three types of discs were used of antibacterial screening. They were:
(a) Standard Discs
{(b) Blank Discs and
(c) Sample Discs

The descriptions of these discs were given below:

{a) Standard Discs
These were used as positive control to ensure the activity of activity of stendard antibiotic

against the test organisms as well as for comparison of the response produced by the know
antibacterial agent with that of produced by the test sample. [n this investipation ,

Kanamyein, (30 Pg/ disc) standard disc was used as the reference.

{b) Blank Discs
These were used as negative control which ensures that the residual salvents (lefi over the

discs even afler air-drying) and the filter paper were not active thernselves.

{c) Preparation of Sample Discs with Test Sample
Measured amount of each test sample was dissolved in specifie volume of solvent to obtain

(he desired conccntrations in an aseptic condition. Then discs were soaked wilh solution of

test samples and dried.

4.9, Diffusion and incubation

The sample dises, the standard antibiotic discs and the control discs were placed gently on
the previcusly marked zones in the agar plates pre-inoculated with test microorganisms. The
plates were then kept in a refrigerator at 49C for about 24 hours upside down to allow
sufficient difTusion of the materials from the discs to the surrounding agar medium. The

plates were then inverted and kept in an incubator at 37°C for 24 hours.
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4.10. Determination of the zone of inhibition

The antimicrobial potency of the iest agents are measured by their activity to prevent the

growth of the microorganisms surrounding the discs which gives clear zone of inhibition.

After incubation, the antimicrobial activity of the test materials was determined by measuring

the diameter of the zones of inhibition in millimeter with transparent scale.

Figure 23: Determination of the zone of inhibition
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4.11. RESULTS AND DISCUSSION

The antimicrobial activities of new aryl iodo derivatives were examined in Lhe present study.
The antibacterial activities of 2-iodoanilin or acetanilide derivatives were studied against
thideen bacteria such as Bacillus cereus, Bacillus megaterium, Baciilus  subtilis,
Staphylococeus  aureus, Sarcina futea, Escherichia coli, Pseudomonas aeruginosa,
Salmonella paratyphi, Salmonella typhi, Shigella boydii, Shigella dysenterice, Vibrio
mimicus, Vibrio parahemolyticus and the activities of the same compounds were also studied
against three fungi such as Candida albicans, Aspergillus niger, Sacharomyces cerevaceat.

All compounds were soluble in chloroform and some compounds were showed mild to
sensitive inhibitory activity against microbial growth & the average zone of inhibition
produced by them 8-25 mm. The result of the diameter of inhibition zone and percentage of

inhibition of microbial growth due to the effect of chemicals, are presented in fable 15 to

table 16,

The antibacterial activitics were mensured in terms of diameters of zone of inhibition in
{mm). All experiments were performed thricc fo minimize the experimental plus individual
errors. The mean value of the diameters of zone inhibition (M.DIZ) was laken as in disc for
determining antimnicrobial spectra. Sensitivity test results are in table 15 to 16 and were

compared wilh a standard antibiotic kanamyein (30-40 pe/disc}.

The gram positive and gram negative as well as pathogenic fungi used in the present
investigation, three synthesized compounds {8, 9 and 10) werc found comparatively good
inhabilant activity against most of the tested organismis, at a2 dose of 400 ug/disc shown in
tahies 15 and 16. There were completely no activities of the synthesized compounds 3, 4, 5,

6, 7 and 12 (Table 15 & Table 15).
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Two compounds 2-iodo-4-nitroaniline and 2,3-diiodo-4-nitroacetanilide (9, 10) showed mild
(M.DIZ 8-10 mm) and sensitive (M.DEZ [7-25 mm, but the fungi Aspergilius niger showed
mnild activities, M.DIZ 13 mm) activitics all wested organisms respectively (Table 16). Ume
the other hand, 4-chloro-2-iodoaniline, B showed sensitive activities (M.DIZ 16-19 mm) =l
the tested organisms except the fungi Aspergillis niger (M.DIZ 13 mm). But the compound
4-chloro-2,6-diiodoaniline, 7 was showed full resistance against all the tested organisms.

Therefore, it is not possible to determine Lhe essential structure feature for antimicrobial

action of this series of compound properly.
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Test microorganisms Diameter of zone of inhibition(mm)”
o NHJ\: NH’LG o It
|
W U | xan
GHy &
3 4 5 ¢ 7
Gram positive bacteria
Bacillus cereus - - - - - 30
Bacillus megaterium - - - - - 31
Bacillus subiilis - - - - - 31
Staphviococcus aurens - - - - - 32
Sarcinu hutea - - - - R 32
Gram negative bacteria
Escherichia coli - - - - - 31
Pscudomonas aeruginosd - - - - - 32
Salmonella paratyphi - - - - - 32
Salmonella typhi - - - - - 32
Shigella bovdii - - - - . 32
Shigella dysenteriae - - - - - 3]
Vibrio mimicus - - - - - 32
Vibrio parahemolyticus n - - - - 32
Fungi
Candida albicans - - - - - 32
Aspergillus niger - - - - - 32
Sacharomyces cerevacoe - - - - - 32

*potency per disc 400 pg
Intergretation of sensitivity test results:
Gram (+) Bactleria:
18mm (M.DLF)
14-18 mm (M.DIZ) = Intermediate
=14 mm {M DIZ)
KAN: Standard kanamycin dise

Grant (-) bacteria
= lamm (M.DIZ)
13-16 rum (M.DIZ) = Intermediate
»>13 mm (M.DIZ)

= Sensilive = Kensilive

= resistant

= restslant

. indicaled no sensitivity or zone ol inhibition lower than 6 mm.
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Table 16: Antimicrobial activities of test samples 8, 9,10 & 12

Test microorganisms Diameter of zone of inhibition(mm)”
I | P& | O’J‘HH | I v
(;, ¢:| fl" KAN
o oMo
8 9 10 12

Gram positive bact.

Bacillus cereus 16 8 17 - 30

Bacillus megateritm 17 8 18 - 31|
| Bacillus subtilis 16 12 25 - 31

Staphylococcus anrens 17 10 22 - 32

Sarcing lutea 17 10 19 - 32

Gram negative bact,

Escherichia coli 17 1¢ 21 - 31

Pseudomonas aeruginosa 17 10 17 - 32

Salmonella paratyphi 16 10 20 - 32

Salmonella typhi 17 9 20 - 32

Shigella boydii 19 10 19 - 32

Shigella dyvsenteriae 17 9 18 - 31

Vibrio mimicus 16 10 20 - 32

Vibrio parahemolyticus i6 10 16 - 32

Fungi

Candida albicans 17 10 20 - 32

Aspergiflus niger 13 3 13 - .32

Sacharomyces cerevacde 17 10 20 - 32

*potency per disc 400 pg

Interpretation af sensitivity test resulty;

Gram (+) Bacteria: Gram {-] barteria

1 #mm (M.DIZ} = Bensitive »16mm (M.DIZ) = Sensinve

14-18 mm {M.DIZ) = Intermediate 13-16 mm {M.D1Z) = Intermediate

=14 mm (M.DIZ) = resistant >13 mm {M.DIZ) = resistanl

KAN: Standard kanamyein dize
i indicated no sensitivily or zone of inhibition lower than 6 .
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4.12. Conclusion

Nine synthesized iodo compounds have been tested for in antimicrobial activity against five
gram-positive and eight gram-negative bacteria as weil as three human funga! pathogens.
Some ol this compound demonstrated mild to sensitive antimicrobial activity against most ol
the test organism. Form these structures we found that the aryl-nitro group causes relatively

microbial growth inhibition.

Two compounds 8, and 9 were showed intermediate and mild activity, could probably bed
due to their chlorine, iodine and nitra and acetanilide group of C4, C-2 and C-4, C-1
position of Benzene ring respectively. The higher activity ol the ¢compound 10 could
probably bed due to their nitro and acetanilide group of C-4 & C- position of benzene ring.
Which subsequently facilitated the diffusion of the chemical entities through the microbial

cell wall? Among the tested compound 3, 4, 5, 6, 7, 12 were showed resistant the enfire

iested microorganism.
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CONCLUSIONS

e In this thesis, we demonstrated a convenient and facile method for the synthesis of 2-

iodoaniline and 2-iodoacetanitide from @ or p-substituted amine.

« The one pot iodination reaction of o or p-substituted amine by iodine, copper(Il}
acetate  in  acetic acid  afforded  2,6-diiodo-4-methylaniline,  2-iodo-4-
methylacetanilide, 4-methylacetanilide, 2-iodo-5-methylacetanilide, 4-chloro-2,6-
dijodoaniling, 4-chloro-2-iodoaniline,  2-iodo-4-nitroamiline, 2,3-diiodo-4-
nitroacelanilide, 2,6-diiodo-4-nitroaniline and 3-amino-4-iodopheno! is also establish

successfully.

« Finally, all synthesized compounds (excepl the compound 11) were tested

antibacterial and antifungal activity, some of them demonsirated mild to moderate

antimicrobial activity against most of the test orpanism.

e Therefore this methodelogy could be utilized to synthesize the biclogically imporiant

ioda-aniline and iodo-acetanilide derivatives. This method will be attractive 1o both

organic and medicinal chemistry.
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