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Summary

SUMMARY

Several N-containing heterocycles and also trifluoroethoxy and trideuteriomethoxy
group containing aryl ethers are found in various biological active and pharmaceutical
valued molecules. Several researchers have participated in substantial progress towards
transition metal catalyzed/mediated dehydrogenative C-X (X =N & O) bond coupling
reactions. Metal free approaches (i.c. using organo-iodine reagents) are preferably mild
and environment friendly as trace amount of metal impurities with the isolated product
of metal mediated reaction may alter the biological and physical properties of products.
These iodine-based reagents are preferred because of their ease of availability, less
toxicity, high reactivity, impressive functional group tolerance. and environmentally
benign  nature.  Iodine  derivatives such as  N-iodosuccinimide(NIS),
phenyliodine(Ill)diacetate (PIDA), phenyliodine(IID)-bis(trifluoroacetate) (PIFA),
iodosobenzene (PhIO), IBX, and DMP are commonly used in organic synthesis. We
have applied these type of iodine-based reagents for synthesis of N-containing
heterocycles and also trifluoroethoxy and trideuteriomethoxy group containing ether
molecules Herein, we depict our first project as an intramolecular C(sp2)-H amidation
for preparation of N-Substituted Benzimidazole using N-iodosuccinimide in 2,2.2-
trifluoroethanol for construction of C-N bond. Different functional groups were well
tolerated, which gives a library of N-substituted benzimidazoles.
dehydrogenative C(sp?)-H amidation by NIS

|
N
o} o
Nag R? N
Rag t" v . R:‘@[ Y—R?
ZSNH CF3CH,0H Z N
R R!

rt, ~10 min

Figure I. Dehydrogenative C(sp2)—H amidation using NIS.




Summary

Second work is substituted quinazolin-4(3H)-one synthesis developed in ball mill by
controlling the reactivity of IBX with amine. Any combination of reaction by using
contact-explosive (combination of amine and hypervalent iodine) in extreme condition
is realistically challenging. Following, a methodology is developed for the successful
preparation of quinazolin-4(3H)-one derivatives using of 2-aminobenzamides, aryl or

alkyl aldehydes and o-iodoxybenzoic acid (IBX) of under solvent-free ball-milling

condition.
9 Q oH o
NH I\ R-CHO
2 + 0 ; : . NH
NH, ball-mill i A .
(o]
2-aminobenzamide 1BX at maximum contact
R = Aryl or Alkyl

Figure I1. Quinazolin-4(3H)-ones synthesis from 2-aminobenzamide and aldehydes in

presence of IBX.

Apart  from these dehydrogenative C-H  trifluoroethoxylation  and
trideuteriomethoxylation has been reported using phenyliodinetrifluoroacetate
controlled by HSAB principle. The hard electrophiles carbenium ion preferably reacted
with the hard oxygen based nucleophilic alcohols and the -OCH>CF;z and -OCD; was
incorporated in aryl ether synthesis,

Regioselective C-H Alkoxylation

NHR NHR . NHR
PhI(OCOCF :
i S ( 3)2 > ] \—R' H \—R'
T CD30D/CF3CH,OH P
DCM ;
H rt, 12 h O‘CD3 E O\/CF3

Figure II1. I (III) mediated C-H Etherification of anilides.
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CHAPTER 1

Introduction: lodine-Based Reagents and

Organic C-X (X =N & O) Bond Synthesis

1.1 ABSTRACT

The discussion in this chapter is primarily focused on an overview of organo-iodine
based reagents and their utilization in organic transformation. It is divided in three parts:
(1) Types of iodine reagents utilized in organic synthesis, (2) C-N bond construction
reaction and (3) C-O bond formation reaction. As well as. a space of discussion for the
evolution of these reagents and their recent developments in context of C-X (X =C, S,
P & halogen) bond formation reactions has also been explored. At the end of this

chapter, justification has been placed toward the aim of present thesis.

1.2 INTRODUCTION

lIodine is a trace element in human body that is found in food. The symbol of
iodine is ‘1" and atomic number is 33. In the periodic table the position of iodine is
indexed in period 5 and group 17- the heaviest member of halogen group. It was
discovered in elemental form by the French chemist Bernard Courtois' in 1811.2 This
lustrous and black non-metallic solid sublimes readily to form purple vapour. In 1813,
Joseph Louis Gay-Lussac named iodine from its colouring feature after the Greek word
‘iodos” means violet.* Its electronic configuration is [Kr]d'’s’p®. which characterizes it

as a p-block element. Melting point of iodine is 113.7 °C and boiling point is 184 .4 °C.

[25]




Chapter 1: Introduction: Iodine-Based Reagents and Organic
C-X (X =N & 0) Bond Synthesis

Reportedly iodine was extracted from seaweed at carly days while at present
time iodate minerals remains the main source of iodine. It is the least abundant element
among halogens, present in trace amount (0.46 ppm relative to bromine 2.5 ppm,
chlorine 126 ppm and fluorine 544 ppm). Japan and Chile are the World’s main
manufacturer of iodine.* It is basically available in supplement form and an average
human being requires a daily intake of about 0.1 mg of iodide. Almost 20 mg of iodine
is present in human body is mainly in thyroid gland. Iodine is necessary for the synthesis
of thyroid hormone. A deficiency of iodine causes a discase known as ‘goitre’ i.c.
enlargement of the thyroid gland. We get sufficient iodine as iodized salt to avoid iodine
deficiency in most cost-effective way. Among 37 known isotopes of iodine (s3I)
(from %I to '**1), "*I is the longest-lived radioactive isotopes of iodine. It has half-life

about 15.7 million years. *'I may be used to destroy thyroid cancer tissues.’

1.3 IODINE-BASED REAGENTS

Commonly used iodine reagents in organic synthesis are given below (Figure
1.1) from oxidation state -1 to &> & A’ —iodanes. These reagents are applied for synthesis
of various C-O, C-N, C-S and carbon halogen bonds in many reactions like oxidative
carbon halogen bond synthesis of organic substance, oxidative cationic ring formation.
functionalization of organic unsaturated compounds and oxidative rearrangements of

organic substrate etc.

[26]




Chapter 1: Introduction: Iodine-Based Reagents and Organic
C-X (X =N & 0) Bond Synthesis

Oxidation state

-l Nal, KI,
0 I, fe)
I ICI, IBr, I0ACc, N—I
o (NIS)
Hypervalent iodine
23 - iodanes
OAc OH Ar "
1 ! N - R= aryl, vinyl,
Ph-10 Ph—-! Ph—l /| alkyny|
OAc OTs Ar
(PiDA,DiB)  (HTIB) (fodonium sal) x=ott, BF,, OTs,
halide
A% - iodanes
[o]
o] o]
I~0Ac .
AcO” pac J"OH
DMP IBX
Vil NalO,

Figure 1.1. Common iodine reagents.

1.3.1 -I oxidation state iodine reagent

The iodine centre of these type of reagents is nucleophilic in nature. The iodide
anion basically acts as iodinating agent for preparation of alkyl or aryl iodide. Various
investigators applied sodium salts such as sodium iodide (Nal) for iodination of
different type of aromatic systems. Such type of iodination of imidazo-fused
heterocycles was reported using sodium iodide as the iodine source and a promoter,

K>S20s (or) oxone (Scheme 1.1).°

[27]




Chapter 1: Introduction: Iodine-Based Reagents and Organic
C-X (X =N & 0) Bond Synthesis

Nal (2 equiv)

" /\fN — K55,0g (2 equiv}h . I/\l_‘_/,N —
1. Y/, ~/ 17 y, N
N \_g, CH,CN, 50 °C N R,
|

=N A~ N A~ =N
I 1 |

68% 84% 60%

Scheme 1.1. Nal mediated iodination of Imidazo| 1.2-a]pyridines.

Iodide anion of KI also acts as nucleophilic agent and is used as iodine source
in organic synthesis. The mixture of iodine (III) reagent PIFA and KI mediated
regioselective ctothoxyiodination of enamides has been developed using cthanol as a

solvent at room temperature (Scheme 1.2).”

PhI(OCOCF;),

. (1.5 equiv) OFt R
R\N/\\\J_rr Kl (2.4 equiv) - RI}I/\‘/
PG EtOH, 4A MS, rt PG |

Scheme 1.2. Ethoxyiodination of enamides.

1.3.2 Molecular iodine as a reagent

Commercially available, eco-friendly and inexpensive molecular iodine is
considered as the alternatives for traditional metal-based reagents towards the C-H bond
activation in organic synthesis.® Recently. molecular iodine has been widely used in
numerous organic transformations by the virtue of its low toxicity, greater atom
economy and to overcome the problem of making the final product free from any trace
amount of metal for metal-mediated reactions.” Molccular iodinc majorly finds its

potential applications for oxidative transformations like iodocyclization, amination of
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C-H bond and aromatization. Based on literature reported plausible mechanism, the
exact role of iodine in these type of synthesis has been understood. In 2017, metal free
iodine catalyzed iodocyclization of N-substituted-2-alkynylanilines followed by
protodeiodination for the preparation of N-substituted indole has been reported in

dichloromethane solvent at room temperature condition (Scheme 1.3).!

R

>
= I, (20 mol%)
- Iy
NH DCM, rt, 24 h N
Ar Ar

Scheme 1.3. Iodine catalyzed cyclisation of N-aryl-2-alkynylanilines.

Junbiao Chang’s group reported molecular iodine mediated aromatic C-H
amination of 1, 3-diarylurea derivatives afforded benzimidazol-2-ones.'! This synthetic
procedure is simply operative and applicable for a large number of urea derivatives

(Scheme 1.4)

N._O 1, cs,C04
HN T (:I =0
“Ar  DCE, reflux

Scheme 1.4. [,-Mediated aromatic C—H amination.

An oxidative aromatization promoted by iodine has been reporied using

methanol as solvent in heating condition.'? A spectrum of variously substituted anisole
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derivatives afforded from cyclohexenones in presence of iodine in refluxing methanol

(Scheme 1.5).

(o] OMe
Ry Rs I, (2 equiv) Ry Rs
: o
Ry Ry MeOH, reflux Ry R,
COOQEt COOEt

Scheme 1.5. I mediated aromatization reaction.

1.3.3 Monovalent iodine (I) reagent

Iodine centre of (+]) iodine reagents behave as electrophilic iodine sources in
organic bond formation reaction. These type of reagents are environmentally benign,
economic, metal free and non- toxic reagent. Among these, N-iodosuccinimide (NIS) is
the frequently used monovalent iodine reagent in organic synthesis. It is soluble in
MeCN, THF and dioxane but insoluble in ether and CCls. Recently, NIS has been
applied as a leading reagent for the replacement of metal catalyst in organic synthesis.
It has been utilized as efficient electrophilic reagent for carbon-nitrogen bond formation
reaction to form various N- heterocycles through C(sp2-H) amidation.

A metal free rapid preparation of indole from N-protected 2-vinylanilines has
been depicted using NIS in DCM solvent at room temperature.'* The reaction proceeds
through formation of C-N bond followed by aromatization afforded N-substituted
indole derivatives (Scheme 1.6).

. _Ph )
NIS (2 equiv
NHTs CHzclz,rt N

v

Ts

Scheme 1.6. Metal-less indole synthesis using NIS.
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In 2017, G. Sekar and coworkers developed a methodology for base and additive
free intramolecular carbon nitrogen bond formation reaction through cross-coupling of
N-H and aromatic C-H bonds by the use of N-iodosuccinimide (NIS) (Scheme 1.7)."
Substrate having electron withdrawing group like 5-nitro substituent and 7-azaindole

did not afford the corresponding product under the standard condition.

R1m o NIS (1 equiv.) NIS (1 equiv.) \(‘;I&_
N DCE, 80°C
NHR 5 j
Me Br

82% 72% 75%

Scheme 1.7. NIS mediated indolo|1,2-a|quinazolinones preparation.

1.3.4 Hypervalent iodine reagent

The word “Hypervalent’ is implied for that main group element which does not
follow octet rule precisely and containing more than 8 electrons in its outermost shell.
Thus, compounds with higher oxidation state iodine are called under general name of
hypervalent iodine compounds or iodanes.'” There are three types of hypervalent iodine
reagents which are identified as - (1) trivalent iodine or A*-iodanes compound, (2)
pentavalent iodine or A’-iodanes compound and (3) heptavalent iodine or A’-iodanes
compound (according to ITUPAC) which have ten, twelve and fourteen electrons in

valence shell of iodine centre respectively.'® There are a very few example of A’-iodanes
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compounds like inorganic 1F7, HIO4 & NalO4 compounds which have hardly used in

organic transformation.

1.3.4.1 Trivalent iodine compound

In 1969, J. J. Musher introduced the concept of hypervalent iodine. German
chemist, Conrad Willgerodt synthesized (dicholoroiodo)benzene (PhICI:) which is
reportedly the first hypervalent iodine compound.!” Trivalent iodine centers are found

both the inorganic as well as organic compounds,

Inorganic trivalent iodine agents

Iodine (III) halides are known I (III) inorganic compounds which are very
unstable compound. As for example IF; & ICl3 decomposes at -28 °C and 47 — 62 °C
respectively. Therefore, these are hardly used in organic transformation as a reagent.'®
Various inorganic I(II[) oxide derivatives are presented in literature like I(OR3),

(10):S04. (10)28¢04 and OIOTY.

Organoiodine(I1I) compound:

Recently, organo-hypervalent iodine (III) regents have been extensively used
for the development of new methodology in organic synthesis. Iodine (III) reagents
show similar kind of reaction (like various reductive elimination, several oxidative
addition and ligand coupling) in accordance with that of inorganic transition metals
containing reagents, although conversely, these are preferred due to selective oxidant
property & environmentally benign nature.'” There are variety of reactions reported ¢.g.

reductive elimination, oxidative transformation & ligand coupling by applying I(IIT)
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derivatives such as iodobenzene diacetate, iodobenzene trifluoroacetate and other
iodine(III) & iodine (V) hypervalent derivatives afford construction of C-C, C-O, C-N
and C-S bond?*® Most Common and commercially available I(IIT) reagents,
phenyliodine(IlI) diacetate, phenyliodine(II)-bistrifluoroacetate are abbreviated as
PIDA (or DIB) & PIFA respectively.'® The important derivatives of hypervalent I(IIT)

compounds are given below (Figure 1.2).

20 Cl\,Cl AcOy, -OAc F3COCO, | OCOCF;
lodosylbenzene, (Dichloro)iodobenzene,  (Diacetoxy)iodobenzene, [Bis(trifluoroacetoxy)iodo]
IDB IBD PIDA or DIB or IBDA benzene, BTl or PIFA
HO. | _OTs I NTs AcO_ I NTs,
[Hydroxy(4-methylphenyl [N-(4-methylphenylsulfonyl) Acetoxy{(4-methyl)N- tosyl
sulfonyloxy)iodo]benzene, P 3 benzenesulfonamidyl}-iodoso
HTIB or HTI imino]phenyl-I® - iodane banzens

Figure 1.2. Common organoiodine (IIT) reagents.

Typical procedure for synthesis of common I(III) compounds

In principle. two strategies are followed for preparation of hypervalent iodine
(III) compounds. They are 1) oxidative addition of suitable ligand to low valent iodine
& ii) ligand exchange in trivalent iodine derivatives (Table 1.1). Organic iodine (III)
dichloride is routinely synthesized by direct chlorination of aryl iodide in chloroform or
dichloromethane with chlorine gas at low temperature. It can be also prepared by ligand

exchange in other I (III) derivatives. The direct chlorination method has been utilized
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to the kilogram-scale preparation of (dichloroiodo)arenes at -3 to 4 °C temperature
condition.?! Generally, (dichloroiodo)arenes are crystalline yellow solids which are
light sensitive. These iodine (III) chlorides are also thermally unstable for prolonged
storage even at low temperature. Practically most important I (III) acetate, PIDA can be
synthesized by oxidation of phenyl iodide with oxidant such as sodium perborate
(NaBOQs3.10H>0) or peracetic acid (AcOOH) or meta-chloroperbenzoic acid (nCPBA)
or potassium peroxodisulfate (K2S20s) in acetic acid.?> The second important
I(IDacetate, PIFA can be prepared by both oxidative addition as well as ligand

exchange approach.?

Table 1.1. Typical procedure of preparation of iodine (III) reagents.

Substrate Reagents & condition Product Type of srtategy
Phi Cly, CHCly, rt PhICl, Oxidative addition
Phl Oxone, CF3COOH, rt PhI(OCOCF3).  Ooxidative addition
PhI NaBOj3, 4H,0 or mCPBAOr  pL(OCOCH,),  Oxidative addition

AcOOH, AcOH, rtor 45 °C

PhI{OCOCHg,), CF;COO0H, rt PhI{(OCOCF;),  Ligand exchange
PhI(OCOCH;), NaOH, H,0, rt, 2h PhIO =

PhI(OCOCH;), TsOH.H,0, MeCN, rt PhI(OH)(OTs)  Ligand exchange
PhI(OCOCH;), Ts,NH, CH,Clg, rt PhI(OAC)(NTSz)  |igand exchange
PhI{OCOCHj3), E?132|;.OLGIUEHEICHCI3 PhI(OCOR), Ligand exchange
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Synthesis of this oxidising agent from iodoarenes and oxone combination in
trifluoroacetic acid solvent has been developed at room temperature. In ligand exchange
approach, PIFA is readily isolated when PIDA is treated with TFA under room
temperature condition. When PIDA is hydrolyzed with aqueous NaOH. iodosylarenes
is isolated.?*

“Koser’s reagent” i.e. [Hydroxy(tosyloxy)iodo|benzene (HTIB) is prepared by
treating (diacetoxyiodo)benzene with TsOH.H2O in acetonitrile at room temperature.>
Acetoxy(bistosyl)imido iodobenzene [PhI(NTs2)(OAc)] is prepared from PIDA with
bis(tosyl)imide combination in dichloromethane solvent.?

Phenyliodine diacetate (PIDA) with appropriate carboxylic acid readily gave

[bis(aceloxy)iodo]arenes [PhI(OCOR);] through ligand exchange strategy.?’

Structure and reactivity of 1 (III) Compounds

According to ITUPAC recommendations, iodine (IIT) compounds are known as
23-iodanes.The most general type of 2*-iodanes are RIL; (L = heteroatom ligands and R
= C-ligands) which contains ten electrons at central iodine atom. It shows an overall
distorted trigonal bipyramidal geometry with approximately T-shaped structure bearing
R (less electronegative C-ligand) and two lone pairs remain in an equatorial site, while
most electronegative heteroatom ligands, L are projected toward axial position.!> The
linear L-I-L bond in RIL2 which is less stronger as compared to normal covalent bond
between two atoms, is a highly polarized 3c-4e bond*® composed from the central iodine
nonhybridized 5p orbital and one orbital from each apical L, ligand.

There are two fundamental modes of the reaction of iodine (III) reagents

involving i) Ligand exchange where no change of oxidation state of iodine centre and
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ii) reductive elimination where reduction of hypervalent I (III) to iodide.”® Single-
clectron transfer reaction,* ligand coupling and radical type reaction are also seen for

23-iodanes under suitable conditions.

Synthetic transformations of trivalent iodine compounds

Being an electron deficient species the iodine centre of hypervalent iodine
compounds are highly clectrophilic thus these type of reagents have tendency to accept
clectron from nucleophilic centre. Therefore it always reduced to form low valent iodine
compound i.e. iodoarene. The following section focuses only the utilization of common

hypervalent iodine (IIT) compound in organic transformations.

Iodosylbenzene

Iodosylbenzene is commonly abbreviated as IDB. It is a fruitful oxidant and
only soluble in methanol and DMSO among common organic solvents. Recently,
myriad oxidation reactions using iodosylbenzene have been developed by various
groups. Isolation of dihydrofuran from Michael adduct was possible using

iodosylbenzene and tetrabutylammonium iodide (Scheme 1.8).%!

PhIO (1.5 equiv),
BuyNI (1.5 equiv)

H,O, rt, 16 h
Ph PhH

O~ "Ph

» O o)
—Ph
O/_

Scheme 1.8. PhIO and tetrabutylammonium iodide induced dihydrofurans
preparation.
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The treatment of N-(but-3-en-1-yl)-4-methylbenzenesulfonamide with
iodosylbenzene in the presence of additive, BFs:EtzO provide 3-fluoro-1-
tosylpyrrolidine (Scheme 1.9).*2 The transformation follows cyclic carbocation

intermediate pathway. Herein, fluorine atom comes from the additive, BF3-Et20.

PhIO (2 equiv), F
NNHTS . BFS.Etzo (1 equw) - <_S
CH,Cly 1t, 4 h N
|
Ts

Scheme 1.9. Oxidative fluorinative cyclization of N-(but-3-en-1-yl)-4-

methylbenzenesulfonamide.

(Dichloroiodo)benzene

(Dichloroiodo)benzene is shortened as IBD. (Dichloroiodo)benzene is
extensively utilized as chlorinating reagents. A regioselective chlorination of aryl ring
was achieved with an aromatic electron-rich ketone using (dichloroiodo)benzene
affording 4-amino-3-chloroacetophenone instead of ortho-chlorination of ketone
(Scheme 1.10).%

0]

0]
PhICI, (1 equiv), "
pyridine (1 equiv) D)“\
—’,
H,N THF, 0-3°C H,N

Scheme 1.10. I (II) mediated regioselective chlorination.
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Through Curtious type rearrangement, carbamoy! azides were isolated from

primary alcohol using PhIC1,-NaNj in ethyl acetate solvent (Scheme 1.11).3

PhICI, (1 equiv), 0]
NaN3(10 equiv)

R0 » R‘NJ\N-},
EtOAc, 0 °C, 24 h H

Scheme 1.11. Oxidative rearrangement to synthesis carbamoy! azides.

(Diacetoxyiodo)benzene

(Diacetoxyiodo)benzene is commonly known as PIDA or DIB. It is the most
potent, practically convenient and well-investigated oxidant among iodine (III)
reagents. One of the application of PIDA is the synthesis of similar type of reagents by
ligand exchange of acetate group. It is closely related with PIFA in reactivity though
PIFA is stronger oxidant than that of PIDA. DIB can be used as oxidant to oxidize
various alcohol. PIDA with combination of molecular iodine can be utilized for
oxidation of alcohol (primary and secondary) to ketones and carboxylic acid
respectively. PhI(OAc)2 and I: combination furnished methyl ester from aldehyde or

alcohol in methanol with high efficiency (Schemel.12).*
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A~

R OH

or PhI(OAc),  I» o]

o r

)]\ MeOH, rt, R OMe

R H
0O.__OMe C}é ;OMe { o OMe 0._ _OMe
O NO, Br
87% 89% ! 83% 82%

Scheme 1.12. Efficient oxidation of alcohols & aldehyde by PIDA-L.

Various chemists utilized (diacetoxyiodo)benzene to construct carbon-
heteroatom bond through nitrenium ion intermediate. In 2015, Fu and his co-workers
developed oxidative C-H amination for the synthesis of benzimidazol-2-one from N,
N'-diarylureas using an oxidant PIDA and an additive Cs2COs3 in HFIP solvent (Scheme

1.13).%¢

E PhI(OAC), (1.5 equiv) NB

0 Cs,CO03 (1.2 equiv)
R~©/ Y » R =0
HN\Q HFIP, rt
y R'@

R

N et / /
N N N
©:N>=0 ©:N>=0 N>=O N\FD

o o 0 O

64% 68% 66% 52%

Scheme 1.13. DIB enabled benzimidazolinones synthesis.
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TIodosobenzene bis(trifluroacetate)

(Bis(trifluoroacetoxy)iodo)benzene, PIFA is more costlier than PIDA, although
it has been extensively used as an oxidant in organic transformation. This reagent assists
to formation of an aryl radical cation when treated with aryl ether. PIFA and Lewis acid
combination can oxidise aromatic ring. Such as para-triflation of anilides was achieved

using PIFA and AgOT{ mixture in DCE solvent (Scheme 1.14).%

NHAC NHAC
PIFA (1.5 equiv)
AgOTf (1.2 equiv)
" bcEt R

oTf

NHAc NHAc NHAc NHAc
Cl
COEMe F Ac
OTf oTf oTf oTf
71% 58% 62% 84%

Scheme 1.14. PIFA mediated oxidative C-O bond synthesis.

Kita’s group developed a homo-coupling reaction for synthesis of C-C bond by
taking substituted arenes, using PIFA as an oxidant and BF5.0Et: as a Lewis acid at —

78 °C (Scheme 1.15).%
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R R pIFA BF, 0B, *
2 >
CH,Cly, -78 °C

R 3-6h

R=Me, Etor |

Scheme 1.15. BTI mediated homo-coupling of alkyl arenes.

[Hydroxy(tosyloxy)iodo]benzene (HTIB)

HTIB is valuable sulphur containing hypervalent I(I1I) reagent which is used as
oxidant for sulfonyloxylation of unsaturated C-C bond & phenyliodonation in organic
synthesis. HTIB is commercially available iodine (III) reagents. Wei and co-workers
discovered a methodology for preparation of 3.6-disubstituted-1,2.4.5-tetrazines by

taking hydrazones in presence of HTIB in DCM at 0 °C (Scheme 1.16).%

Ts
HTIB (1.1 equiv) N R
=, .NHTs pyridine (6 equiv) N Y
R N - T A N
DCM, 0 °C R I}l’
Ts

Scheme 1.16. HTIB enabled 3.6-Disubstituted-1,2.4,5-tetrazines synthesis.

N-ligands containing I(III) reagent

Hypervalent iodine (III) compounds having I-O bonds are more familiar than
that of I-N bonds. Thermal stability of acylic hypervalent iodine (III) derivatives with
nitrogen ligands is less compared to their counterpart with oxygen ligands. These
nitrogen ligands containing reagents are extensively applied for nitrogen transfer
reactions in synthesis. Several group reported, alkyl, alkenyl, acetylenic and allylic

amination using aryliodine(I1I) derivatives having nitrogen ligands. The Muniz’s group
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reported intermolecular oxidative alkenyl amination using PhI(OAc)NTs2 (Scheme

1'17140
PhI(OAc) NT NTs,
= (OAC)NTs; F
(1 equiv) -
i DCE, 80 °C
R
NT52 NT52 NTSZ
Z & I I Z
MeOQO
78% 83% 65%

Scheme 1.17. Terminal alkynes C—H amination using I(III) reagent.

In 1974, Abramovitch & co-workers presented iodonium ylides with nitrogen
analogous known as iodonium imides.*! The procedure for synthesis of iminoiodanes
was developed one year later by Yamada and Okawara.*? Aziridination of alkenes was
possible by using this iminoiodanes which acts as precursor of nitrenc. As an example,
in presence of N-tosyliminophenyliodane with molecular iodine and
tetrabutylammonium iodide (TBAI), metal free, radical induced aziridination of styrene

compounds has been developed by Minakata and coworkers (Scheme 1.18).%

PhINTS, I, (10 mol%) NTs
R‘©/\ nBuNI(5 mol%) - R*@A
MeCN, rt, 3 h
NTs NTs NTs NTs
(j/ N /@/QNC/Q/Q @(Q

94% 90% 80% 92%

Scheme 1.18. Aziridination of syrenes utilising N-Tosyliminoiodane.
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Diaryliodonium salts

Iodonium salts are habitually assigned as 8-I-2 ionic species having two carbon
substituents connected with an appropriate counter ion RI"X". It is not formally
hypervalent iodine compound due to 8-¢lectron at iodine centre in its valence shell. '
X- ray structural data confirms, it has pseudo trigonal bipyramidal geometry at iodine
centre that is identical with that of iodine (IIT) compounds. Also the structures described
the existence of sturdy secondary interaction between centre iodine and anionic
counterpart. Therefore, from structural point of view iodonium salts are generally
categorized 10 electrons hypervalent derivatives. Diarylaiodonium salts provides direct
arylation of inactivated C-H bonds. Olofsson and co-workers reported O-arylaion of

ethyl acetohydroxamate (Scheme 1.19).4

J\ oH BFy tBUONa (1.1 equiv) J{\ "
> N
BO7 N o MeCN,rt, 30 min  EtO” "N"""Ph

Scheme 1.19. Metal free O-Arylation of ethyl acetohydroxamate.

1.3.4.2 Pentavalent iodine compounds

Due to their easy accessibility iodine (V) reagents are considered as an excellent
alternative of metal mediated inorganic reagents. 2>-iodanes or pentavalent iodine are
influential hypervalent iodine compound. lodine (V) reagents have been utilized for
selective oxidation in organic transformation.*” In 1893, Hartmann and Meyer started
the use of 2-iodoxybenzoic acid, commonly known as IBX.*® But gram scale use of it

in any large scale reaction was confined owing to explosion at elevated temperature®’
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and hardly soluble in common organic solvent excluding DMSO.** However in DMSO
solvent, IBX cannot be handled as it lacks ease of isolation and purification. Therefore
people interested to develop modified IBX. In 1983, Dess and Martin first developed
modified IBX i.e. triacetoxybenziodoxolone which is generally known as Dess-Martin
Periodinane (Figure 1.3) % abbreviated as DMP. Several other modified derivatives of

IBX such as solid supported IBX°, psecudo-IBX' are described by various

investigators.
HO 0 OAc
AcO,
(g N -0Ac
) @0
o} (o]
o-iodoxybenzoic acid Dess-Martin Periodinane
(IBX) (DMP)

Figure 1.3. Commercially available iodine (V) reagents.

Typical procedure for synthesis of common iodine (V) reagents

A safe and appropriate method for preparation of IBX was developed by
Santagostino and coworkers in 1999 by taking o-iodobenzoic acid and oxone
(2KHSOs5.KHSO4.K>S0y) in de-ionised water at 70 °C.>! This method is also suitable

for gram-scale synthesis of IBX (Scheme 1.20).

| ié
QOxone N
C[ | e
o]
cooy H0.70°C @;(

Scheme 1.20. Synthesis of IBX using oxone.
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Although DMP is commercially available, but it can easily prepare by treatment

of IBX in presence of acetic anhydride and PTSA at 80 °C for 2 h (Schemel.21).*’

Q. oH AcO_ OAC
I Ac,0, PTSA I OAc
0 = 0
80°C,2h
0 0

Scheme 1.21. Preparation of DMP using PTSA.

Structure and reactivity of iodine (V) reagents

According to IUPAC nomenclature, iodine (V) compounds are called 2°-
iodane. The Geometry of these compounds (RIL4) is square bipyramidal bearing C-
ligand, R & non-bonding electrons pair remain in an apical position and four
electronegative hetero-atomic ligand reside in a basal position.'® The C-ligand, R is
joined by usual covalent bond with iodine and remaining ligands are joined to iodine
atom through two orthogonal three centre four electron bonds.'® Organoiodine(V)
compounds mostly IBX and DMP are applied as an efficient oxidizing reagents.*’
However, there are some drawback with these reagents such as limited solubility of
IBX in many solvents, and its violent nature at elevated temperature, while DMP is

moisture sensitive.

Synthetic transformation of pentavalent iodine compound

Selective oxidation of alcohol to ketone has been carried out using IBX and its
derivatives. Nicolaou and co-worker discovered various methodology using IBX such
as selective benzylic oxidation, formation of o.p-unsaturated carbonyl compound,

oxidative cyclisation of anilides and preparation of amino sugars. o.f3-unsaturated
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compounds are able to prepare in one step from corresponding alcohol by using IBX

(Scheme 1.22).%2

OH O

IBX (2-2.3 i

fluorobenzene : DMSO
(2:1), 60-65°C

Scheme 1.22. Preparation of . B-unsaturated ketones by applying IBX.

To avoid solubility problem of IBX, P. Mal and co-workers applied IBX in
solvent free mechanochemical procedure.> Using IBX in Ball mill, several oxidation
procedure like oxidation of amine to imine, sulphide to sulfoxide, synthesis of
benzimidazol, dithiane deprotection and conversion of olefin to haloketone have been
developed in 2015. Likewise, preparation of 2-substituted benzimidazole from benzyl
alcohol and o-phenylenediamine by treatment of IBX was reported (Schemel.23).

IBX (1.1 equiv.),

ball mill C[N\)—Q
X" oH ot 3~
| /,
R_@/\ N, N R

NH,
C~0 <O
b A ~
N N N
H g H H ¢
82% 88% 85%

Scheme 1.23. Synthesis of 2-substituted benzimidazole using IBX in ball-mill.

DMP is crystalline® and soluble in common organic solvents such as

chloroform and dichloromethane. DMP must be stored moisture free condition.
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Selective oxidative power and mild reaction condition makes DMP as an important
oxidizing reagents. Addition of water accelerate the oxidizing power of DMP in reaction
system. Preparation of y-lactam from pyrrole by using DMP has been discovered in

good yields (Scheme 1.24).%

[\  DMP (@5 equi) d N
N CH,Cly, 0 °C- rt R
R
0
CfL N‘ Cﬁ d
H
|
56% 81% 83%

Scheme 1.24. Transformation to y-lactams from pyrroles using DMP.

1.3.5 lodine reagent in ball-mill

At an early stage of chemistry, mechanochemical reaction were carried out by
taking a mortar and pestle. But. this technique is restricted due to irregular and relatively
modest grinding strength, also speed and for moisture and air sensitive reactants.*® To
avoid this type of limitation, well-equipped programmed electrical shaker or mixture
mill or planetary mill was accomplished for mechanochemical reactions in a sealed
vessel (ceramic or metal jar) which is more authenticate than that of hand pestle.
Therefore, such a control manner grinding is needed a milling ball that is generally
made with tungsten carbide, agate, stainless steel and zirconia etc. So, it is called as ball
mill. Various investigators reported iodine reagents mediated organic transformation in

ball mill for synthesis of C-C or carbon-heteroatom bonds.>” For construction of C-C
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bond. our group developed elemental iodine mediated solvent free biaryl preparation
from electron rich arenes and also I»/oxone mediated electrophilic iodination of electron
rich arenes (Scheme 1.25).%%

=
R Io, Oxone X ) NN
l/\/_‘ Ball-mill | Z Ball .",., |//
R all-mi R/ all-mi R

Scheme 1.25. I>/oxone mediated aryl iodination & biaryl preparation in ball mill.

LR
|

Our group also developed regioselective aryl iodination using iodine (I) reagent
N-iodosuccinimide under ball-milling condition.” Instead of benzylic iodinations, aryl
iodination was occurred for corresponding electron rich alkyl arenes with good to

excellent yield (Schemel.26).

pE
— \
Ball-mill R

R
| CHO OCHj,
R l . OCHj, Il ‘ i
|
OCHj,4
75% 72% 80%

Scheme 1.26. Regioselective iodination of electron rich arenes.

PIDA promoted aminobromination of electron deficient olefin has been reported
using the combination of TsNH> and NBS in ball-mill at room temperature
(Scheme1.27).%° Using this methodology. various system such as o. B-unsaturated

ketones, cinnamates and cinnamides could be aminobrominated in solvent free system.
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fo} Br O

S PhI{OAc) S :
R R2 + TsNH, + NBS e ] Re
= ball-mill, 30 hz, rt = NHTs

(Y

Scheme 1.27. I (III) mediated aminobromination reaction in ball-mill.

To develop better synthetic methodology to overcome the restriction in
traditional methods like solubility of reacting substrate solvent-less ball milling
technique has paid a reputation in organic synthesis. In 2018, Carsten Bolm's group
presented solvent free iodocyclization of o-alkynylanisoles in ball mill. Molecular
iodine facilitate this electrophilic iodocyclization, vyielded 3-iodobenzofurans

derivatives through 5-endo-dig cyclization (Scheme 1.28).°!

x [
=
~7 I, (1 equiv) X\ —
R > R \ ¥
= 16 Hz, 1h Z =0 7R,

ball milling

Scheme 1.28. Molecular iodine induced electrophilic cyclization in ball-mill.

1.4 IODINE REAGENTS IN ORGANIC SYNTHESIS
Methodology using iodine-based reagents instead of metal base reagents in
organic synthesis have gained significant attention to the researchers. In this section, we

will discussed various organic transformations mediated by iodine-based reagents

towards development of C-C. C-O, C-N, C-S, C-P and carbon- halogen bonds which
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and Organic

are believed to have utilization in several pharmaceuticals, industrial and agrochemical

process.

1.4.1 Carbon-carbon bond synthesis

Intermolecular C-C bond construction

Kita and coworkers developed C-C bond forming selective arylation of anildes

using 2. 2"-iodobiphenyls and an oxidant mCPBA %2 Treatment of

aromatic amine and

sulfonanilides leads to the C-C bond construction reaction with in-situ generated iodine-

based reagent through the nitrenium/carbenium ion intermediate. This cross-biaryl

coupling methodology gave C-selective product with good to excellent yield under

ambient reaction condition (Scheme 1.29).

RO;S.,
£ RO,S.

R1
MsHN ‘ MsHN 1 MsHN #
66% Br 82% Br 94% Br

Scheme 1.29. Metal free cross biaryl coupling.

' MeO
A (5 mol%) NH ; O
@Rz mCPBA ( 15.C~,q|.u\a')> : I
TFE-DCM (1:1), rt OO R?: O '
MeO

cata\yst

MSHN
Me

99% Br
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o p-unsaturated esters can be achieved through intermolecular C-C bond
formation using IBX in DMSO solvent from unsaturated alcohol and stabilized Wittig
ylide. This one pot oxidation strategy furnished corresponding esters with high
efficiency (Scheme 1.30).%

IBX (1.5 equiv)

R"OH *+ Ph;PyCO,Et » X -COEt
DMSO, rt, 1-48 h
X CO2Et A COEt  CH
@/\/ @/\/\/ 5 11\\\/‘\\\/002E1
98% 65% 80%

Scheme 1.30. Preparation of o.f-unsaturated esters using Wittig ylide.

Intramolecular C-C bond synthesis
3H-indoles was efficiently synthesized from enamines through intramolecular
cyclisation, mediated by iodine in DMF solvent. A wide spectrum of enamines having
different functional groups are treated in optimum condition and respective 3H-indoles

were isolated in good yields (Scheme 1.31).%

) R
Rs R, < Iég.‘heguw}.‘ ) 3R2
2 3 £ equiv
SN I
H Ry DMF, 100 °C N™ "Ry
EtOOC g, | EtOOC g, EtOOC g PROC y1e
7 Ph / Ph y/ Ph
»—Ph
N N N N
Me
69% 65% 74% 68%

Scheme 1.31. Jodine mediated intramolecular cyclisation of enamines.
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In 2014, Kang Zhao’s group developed a metal-less methodology for making of
acridones skeletons by direct carbon-carbon bond formation.®> A spectrum of 2-(N-
arylamino)aldehydes was allowed for intramolecular CDC reaction using PIDA as an

oxidant and BPO as an additives in DMF solvent at 100 °C (Schemel.32).

o}
PIDA (1.2 equiv)
7 CHE BPO (0.2 equiv)
R_| R1 e R R1
Z>N DMF, 100 °C N
R Ry
o] O o} 0]
O
N N CF; N l*ld
| | | Bn
81% 60% 82% 74%

Scheme 1.32. Preparation of acridones derivatives using PIDA.

Junbiao Chang and co-workers reported I, and KI induced oxidative
intramolecular carbon-carbon bond formation reaction from N, N’-disubstituted
amidines in DMSO solvent.®® The corresponding substrates were treated in standard
reaction condition and respective product were isolated good to medium efficiency

(Scheme 1.33).
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R

N 1,/KI, K,CO4 N
)i\ @R1 0 - /J\\ R
R N DMSO, 100 °C Ry N

Ph Ph Ph Ph
PhA N PhA\N Ph)*N %‘N

90% 92% 39% 85%

Scheme 1.33. Chang’s approach for synthesis of quinazoline.

1.4.2 Carbon-Sulphur bond synthesis
Intermolecular C-S bond synthesis
In 19935, Kita and co-workers accomplished nucleophilic sulfenylation of aryl
ethers and alkoxynaphthalenes using iodine-based reagents.” Thiophenol was applied
as sulphur source. Several diarylsulfied was isolated in good efficiency (Scheme 1.34).
Direct arylthiation of anilines derivatives using thiophenol was accomplished in
presence of catalytic amount of iodine and an oxidant DTBP under solvent free

conditions (Schemel.35).%
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OMe OMe
OO RSH, PIFA OO S
HFIP
OMe OMe
OR OR
SPh
PhSH, PIFA
HFIP
pr Pr
OMe OMe
Cro L
NO,
OMe OMe
62% 87%
OMe OEt Pr
SPh SPh SPh
'Pr iPr Pr
62% 67% 70%

Scheme 1.34. Kita's strategy for sulfinylation.
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NR4R,
R@\ /©/
RQSH @/NR1R2 |2 (150/0) B
+ > NR;R
DTBP * 2

0

Scheme 1.35. lodine-catalyzed direct arylthiation.

A regioselective intermolecular C-S bond construction using flavones has been
developed in presence of sulfonyl chloride by the treatment of NH4l. Valuable thioether
compounds having different functional group were isolated with good to excellent yield

by this methodology (Scheme 1.36).%

0 E"O 0
< NH,! S
Ry | + o Ry | \©\
0
o R DMF, 130 °C " R,
o] 0 o
S S Br. S
aslseasiasens
o] 0 F 0

81% 78% 81%

Scheme 1.36. Regioselective sulfenylation using ammonium iodide.

Intramolecular C-S bond synthesis
Intramolecular cyclisation via C-S bond construction of thiobenzamides to the
formation of benzothiazoles has been presented under metal free condition through

radical cation intermediate (Scheme 1.37)."

n
o
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Ri R4
N_ _Ph N
R@/ \g/ Phl(OCOCF3;), - R‘C[ \>—Ph
CF3CH,0H S
OMe OMe
N N N
Y—ph /(j: Y—ph »—ph
S Me S Br S
OMe
50% 84% 26%

Scheme 1.37. BTI mediated cyclization of thiobenzamides.

Heteroarylthioureas  derivatives can be  transformed into  N-(pyridin-2-
yl)benzo|d|thiazol-2-amine compounds via an oxidative intramolecular C-S bond

construction method using PIFA as oxidant (Schemel.38).”!

H H N
NYN N PIFA R —NH
R R, —— > s
f S NZ 2 THF,rt, 10 min NE*’ §R"

Scheme 1.38. PIFA mediated synthesis of N-(Pyridin-2-yl)benzo|d]thiazol-2-amines.

Under metal free, intramolecular dehydrogenative carbon-sulfur bond synthesis
of thioamides leads to 1,3-benzothiazepine derivatives has been established by Ming Li
and co-workers using organo-iodine regent. This methodology is operationally simple

and has broad substrate scope (Scheme 1.39).7?
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X Gue
N__S |
N ~ X
Rl \rf . /@/ OH HFIP _ p T
Rz
Me
/ /f / | N
S"< S%Pﬁo S O 87 g Z Ph
3 Ph \Ph Py p\’
Ph™ Ph 0" ‘ph
67% 85% 86% 67%

Scheme 1.39. Ming Li’s approach for construction of 1,3-benzothiazepincs.

1.4.3 Carbon-nitrogen bond formation
Intramolecular C-N bond synthesis

In aqueous solution of H20: or TBHP, an intermolecular amination of
benxoxazoles was developed in presence of catalytic amount of teterabutylammonium

iodide. Respective 2-aminobenzoxazoles was efficiently prepared (Scheme 1.40).7*

'BuNI (5 mol%)
X: aq Hy0o, 1t

9 R1 o R
; . [ i
R@: D + HN | Z:eaTBHP,80°C R@[ N
N R, CH45CN, AcOH N R,
0 (@] o
O, S OO
N S/ cl N _/ N/>_

X: 80% Z: 80% X:68% Z: 83% X:60% Z: 65%

Scheme 1.40. TBAI -catalyzed intermolecular amination of benxoxazoles.
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Our group have presented selective N-arylation of sulfonanilides. N-
arylsulfonaanilides could be attained using appropriate soft nuclephile. Nitrenium ions
are known to be soft electrophile which resulted in formation intermolecular C-N bond

formation (Scheme 1.41).7*

NHSO,R SOR

QTPh Phl (30 mol%) N
* mCPBA (1.5 equiv) /©/ @
or @Ph HFIP/DCM (2:1), 1t R4 R

Scheme 1.41. Mal’s approach for N-selective arylation of sulfonanilides.

R 2

Intramolecular C-N bond synthesis
Junbiao Chang’s group have reported molecular iodine promoted C-N bond
synthesis reaction.” Pyrido[ 1.2-a]benzimidazoles derivatives could be isolated from N-

arylpyridin-2-amines by the use of iodine & base combination at 60 °C (Scheme 1.42).

N7 2, K2CO3 R4 N R,
R1 o R2 i P /
N 1,4-dioxane,
H

N
60 °C
M8 — Me Cl MeO, Me

N — p—

o2 oS ;
N/ N/ Vi N/ V4

Me
70% 69% 91%

Scheme 1.42. Chang’s strategy for synthesis of pyrido| 1.2-a]benzimidazoles.
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In 2014, Tanimori and co-workers presented N-substituted indazole synthesis
from arylhydrazones.”® They established an iodobenzene catalysed C-H amination

protocol of using oxone as an oxidant at -10°C (Scheme 1.43).

R,
Phl (10 mol %)
~N  Oxone (1.5 equiv) N
Ry i — > R! N
H‘ “Rs TFA, ‘10 C N

Scheme 1.43. lodobenzene catalysed C-H amination reaction.

1.4.4 Carbon-oxygen bond synthesis
Intermolecular C-O bond construction

o-hydroxy ketones were synthesized from benzylic secondary alcohol using
IBX and I> combination in DMSO & dioxane solvent. A variety of a-hydroxy ketones

was efficiently prepared by this methodology (Schemel.44).”’

OH o
l5, (30 mol%),
IBX (3 equiv)
R » R
DMSO: Dioxane (2:1) OH
80 °C
9 o} 0 0
E OH OH F\C
82% 81% 55% 66%

Scheme 1.44. Sckar’s approach for preparation of a-hydroxy ketone.
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Intramolecular C-O bond construction

Several C-O bond synthesis reaction has been achieved in presence of iodine-
based reagents.”® A metal free intramolecular C-O bond construction catalyzed by
molecular iodine. was discovered in THF in presence of TBHP.”* As a result.
oxazolines were obtained from B-acylamino ketones with good to high efficiency

(Scheme 1.45).

0 o]
l, / TBHP, 5
R 0 K,CO R
3 J-L 23 » 3 />—R1
Ry H R, THF,80°C Ry N
0 o} o}

0 o] 0
spegiopssNogec
Ph Cl Ph MeO pr” N

82% 85% 78%

Scheme 1.45. 1, catalysed oxazolines synthesis.

Kang Zhao and coworkers reported an intramolecular metal free C(sp3)-O bond
synthesis by the usc of PIDA-NaN;.”® This dehydrogenative strategy gave us a large

spectrum of aminal skeleton under mild reaction condition (Schemel.46).
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«-OH ng X,OYRZ
N PIDA (1.5 equiv) N
T B e
DCE, rt
X= CH,, C=0,
o 07 e © 07 Oﬁ Oj
N© N\©/CF3 N N\©
O,
84% 82% 70% 68%

Scheme 1.46. Zhao’s approach for oxygenation of N, N-diaryl tertiary amines.

1.4.5 Carbon- phosphorus bond synthesis

Regioselective meta C-H functionalization of sulfanilide furnished C-P bond
when treated with PIDA in methanol followed by addition of phosphorous moiety.”
This one pot C-H activation methodology did not require any metal catalyst. The
reaction proceeded active dienimine intermediate which is formed by the reaction of
sulfanilide and PIDA in methanol. Then subsequent attacks happened from nucleophile

phosphines or phosphites provided aryl phosphonium salts or phosphonates (Scheme

1.47).
02 02 83
HN™Rs PhI(OAc) Ry G
Cla,
Re MeOH Re Re
. FIQ R or

then PR3 P’® P/,O
or ! © OR
R P(OR)s Ri Raco Ry (ORk

Scheme 1.47. Canesi’s approach for DIB mediated C-P bond formation.
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1.4.6 Carbon- halogen bond synthesis

Various carbon halogen bond construction reaction was developed by several
investigators using iodine reagents.®’ In 2013, an iodoarene-catalyzed fluorination of
1,3-dicarbonyl compounds was discovered by Kitamura’s group. (Difluoroiodo)arene,
a trivalent iodine compound was first formed from the mixture of m-CPBA, an aqueous

80a

HF and iodoarenes.® Then this iodine reagent react with enols afforded desired

fluorinating compounds (Schemel .48).

aqueous HF
Arl(20 mol%)

U mMCPBA (1.5 equiv) o o
R R, CH,Cl,, 40 °C R;’H“T’M‘Rz
F

Scheme 1.48. lodoarene catalysed fluorination of 1.3-dicarbonyl compounds.

lIodine substituted quinolones are important building block in natural product
and medicinal agent. Therefore, preparation of iodinated quinolones are always reputed
task for organic chemists. A metal free regioselective iodination of quinolines at the C3

position was reported using molecular iodine and TBHP combination (Scheme1.49) 8%

H |
I,, TBHP AN
Rm 2 == Rm
N/ DCE, 120 °C N

Scheme 1.49. C3 iodination of quinolines using molecular iodine.

[62]




Chapter 1: Introduction: Iodine-Based Reagents and Organic
C-X (X =N & 0) Bond Synthesis

1.4.7 Heteroatom-heteroatom bond synthesis®’

Kirihara and co-workers developed Nal/H2O: mediated oxidative
homocoupling of thiols to provide disulfides.®!* From mechanistic sight of view iodine
was produced from oxidation of Nal by oxidant H2O2. This iodine supposed to react

with a thiol to furnish iodosulfonium intermediate followed by react with another

R
we;
]

molecule of thiol to give disulfide product (Schemel.50).
SH Nal (1 mol%),
H,0, (1 i

R~©/ 505 ( equIV}rR<©/
EtOAc, rt

Scheme 1.50. Nal/H,0O: mediated disulfides synthesis from thiols.

In 2014, dehydrogenative N-N bond coupling reaction of anilines was revealed
by Hazra and co-workers. Using 1.0 equivalent of PIDA symmetrical azobenzenes via
homocoupling and increasing it to 2.2 equiv. unsymmetrical azobenzenes through cross

coupling are isolated in ethanol at low temperature (Scheme1.51).%"

“ EtOH, -20 to 60 °C

PIDA (1 equiv) : NJ:J—@R
R

NH;

PIDA (2.2 equiv)
EtOH, -20 to 60 °C

Scheme 1.51. Hazra's approach for preparation of azoderivatives.
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1.4.8 Tandem C-C & C-X (X=N, O & I) bond Synthesis

Direct synthesis of indole derivatives under room temperature condition from
mixture of arylhydrazines & nitroalkenes was possible by taking molecular iodine and
diethyl phosphite combination. A large spectrum of indole compounds were isolating
by this strategy in good yield.*? The reaction supposed to go via hydrazone intermediate

followed by [3, 3]-sigmatropic rearrangements (Scheme 1.52).

Ar

.
" _@\ . KI\ p@0mol%)
Z > NHNH,.HCI NO, HP(O)(OE), (2 equiv),

neat, rt

_i_
N
IZ - >

Scheme 1.52. lodine catalysed synthesis of indole derivatives from arylhydrazines.

Metal free an efficient electrophilic intramolecular ipso-iodocyclization of para-
unsubstituted arylalkynes has been reported to achieve spiro[4,5]trienyl acetates. When,
para-unsubstituted arylalkynes were treating with NIS (N-iodosuccimide) and acetic

acid, ipso-iodocyclization was possible (Schemel.53).%

R
I N0
NIS, HOAC
R, . » AcO
_
rt, 3h

N” >0 R [
| 1 R

Scheme 1.53. NIS mediated ipso-iodocyclizations of para-unactivated arylalkynes.

1.5 CONCLUSION & OBJECTIVE
Therefore, we have herein mainly summarized historical background of iodine
based reagents and its application towards organic synthetic methodology. The

objective of this thesis was to improve iodine-based reagents mediated metal free
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synthetic methodologies for construction of C-N (Figure 1.4) and C-O (Figure 1.5)
bonds.

% Dehydrogenative intra and intermolecular C-N bond synthesis.

I{é\} lodine (1)
>/ | Ve - “\

+ = I.\C—N/.'
A .
\N) lodine(V)

Figure 1.4. Approach for dehydrogenative C-N bond synthesis.

% Dehydrogenative intermolecular C-O bond synthesis.

f”g) lodine (ll)

|,\g/.‘ —

Figure 1.5. Approach for dehydrogenative C-O bond synthesis.

[65]




Chapter 1: Introduction: Iodine-Based Reagents and Organic
C-X (X =N & 0) Bond Synthesis

1.6 NOTES & REFERENCES

6.

9.

10.

1.

12.

13.

Stang, P. J., Chem. Eng. News 2003, 81, 130.
Courtois, B., Annali di Chimica (1813), 88. 304.
Greenwood, N. N. a. E., A.. Chemistry of the Elements, Butterworth-
Heinemann, Oxford. (1997).
Tremblay, J.-F., Chemical & Engineering News. 89, 22.
Rivkees, S. A. S.. Charles: Freemark, Michael (1998). The Journal of Clinical
Endocrinology & Metabolism, , 83, 3767.
Semwal, R.: Ravi, C.; Kumar, R.: Meena, R.; Adimurthy, S.,J. Org. Chem.
2019, 84, 792.
Beltran, R.; Nocquet-Thibault, S.: Blanchard, F.: Dodd, R. H.; Cariou, K., Org.
Biomol. Chem. 2016, 14, 8448.
Liu, D.; Lei, A.. Chem. Asian J. 2015, 10, 806.
Parvatkar, P. T.; Parameswaran, P. S.: Tilve, S. G., Chem. Euro.J. 2012, 18,
5460.
Takeda, Y.: Kajihara, R.; Kobayashi, N.; Noguchi, K.; Saito, A., Org. Lelt.
2017, 19, 6744.
Meng, Y., Wang, B.: Ren, L.; Zhao, Q.; Yu, W.: Chang, J., New J. Chem.
2018, 42, 13790.
(a) Mphahlele, M. J., Molecules 2009, 14, 5308.. (b) Kotnis, A. S.. Tehhedron
Letters 1990, 31, 481.
Li.Y.-L.:Li, J.: Ma, A.-L.: Huang, Y.-N.: Deng. J.. J. Org. Chem. 2015, 80,

3841.

[66]




Chapter 1: Introduction: Iodine-Based Reagents and Organic
C-X (X =N & 0) Bond Synthesis

14. Badigenchala, S.; Sekar. G.. J. Org. Chem. 2017, 82, 7657.

15. Yoshimura, A.; Zhdankin, V. V., Chem. Rev. 2016, 116, 3328.

16. (a) Varvoglis, A.. Hypervalent Iodine in Organic Synthesis: Academic Press:
London,1997.. (b) iba, K., In Chemistry of Hypervalent Compounds;
Akiba, K., Ed.; VCH Publishers: New York, 1999; Chapter 1, pp. 1-8.

17.  Willgerodt, C.. J. Prakt. Chem. 1886, 33, 154

18.  Hypervalent lodine Chemistry: Preparation, Structure and Synthetic
Applications of Polyvalent lodine Compounds, First Edition. Viktor V.
Zhdankin 2014.

19.  Murarka, S.: Antonchick, A. P. In Hypervalent Iodine Chemisiry, Wirth, T.,
Ed.; Springer International Publishing: Cham, 2016, p 75.

20. (a) Muniz, K., Top Curr Chem. 2016, 373, 105.; (b) Samanta, R.; Matcha,
K.: Antonchick, A. P.. Eur. J. Org. Chem. 2013, 2013, 5769.
21. Zanka. A_; Takeuchi. H.: Kubota. A.. Org. Process Res. Dev. 1998. 2. 270.
22. (a) Zielinska, A.; Skulski. L., Molecules 2002, 7, 806.: (b) linuma, M.;
Moriyama, K.; Togo, H., Synlett 2012, 23, 2663.; (c¢) Hossain, M. D.;
Kitamura, T., Synthesis 2005, 2005, 1932.; (d) Sharefkin, J. G. a. S., H.,
Organic Syntheses 1963, 43, 62.

23.  Zagulyaeva, A. A.; Yusubov, M. S.; Zhdankin, V. V., J. Org. Chem. 2010, 73,
2119.

24, McQuaid, K. M.; Pettus, T. R. R., Synlett 2004, 2004, 2403.

25. Basdevant, B.; Legault, C. Y., J. Org. Chem. 2015, 80, 6897.

26. Raben, C.; Souto, J. A.; Gonzalez, Y.; Lishchynskyi, A.; Muiiiz, K., Angew.

Chem. Int. Ed. 2011, 50, 9478.

[67]




Chapter 1: Introduction: Iodine-Based Reagents and Organic
C-X (X =N & 0) Bond Synthesis

27.

28.

29.

30.

31

32,

33.

34,

35.

36.

37.

38.

39,

40.

41.

42,

43,

Sutherland, A.; Vederas, J. C., Chem. Commun. 2002, 224,

Hach, R. J.; Rundle, R. E.. J. Am. Chem. Soc. 1951, 73, 4321.

Ochiai, M. i. H. L. C., Modern Developments in Organic Synthesis (ed. T
Wirth), Topics in Current Chemistry, vol. 224, Springer Verlag, Berlin, p. 5.
Kita, Y.; Tohma, H.; Hatanaka, K.: Takada, T.: Fujita, S.; Mitoh, S.: Sakurai,
H.: Oka, S.,J. Am. Chem. Soc. 1994, 116, 3684,

Ye, Y.: Wang, L.; Fan, R.,J. Org. Chem. 2010, 75, 1760.

Cui. J.: Jia. Q.: Feng, R.-Z.; Liu. S.-S.: He. T.: Zhang, C.. Organic letters 2014,
16, 1442.

Ranjan, P.; Prakash, O., Synth. Commun. 2009, 39, 596.

(a) Li, X.-Q.; Wang, W.-K.; Zhang, C., Adv. Synth. Caltal. 2009, 351, 2342.;
(b) Li. X.-Q.: Zhao, X.-F.: Zhang, C.. Synthesis 2008, 2008, 2589.

Ii-i\radc, N. N.: Tiwari. G. B.: Huple. D. B.. Synlett 2005, 2005, 2039.

Jipan, Y; Chang, G.: Zhixuan, S.: Haijun. Y : Hua. F., Eur. J. Org. Chem.
2015, 2015, 5869.

Pialat, A.; Liégault, B.; Taillefer, M., Org. Lett. 2013, 15, 1764.

Kita, Y. Dohi, T., Chem. Rec. 2015, 15, 886.

Liu, H.; Weli, Y., Tetrahedron Lett. 2013, 54, 4645.

Souto, J. A.: Becker, P.: Iglesias, A.: Muiiiz. K...J. Am. Chem. Soc. 2012, 134,
15505.

(9]

Abramovitch. R. A.: Bailey. T. D.; Takaya. T.;: Uma, V...J. Org. Chem. 1974,
39, 340.

Yorinobu, Y.; Tamotsu, Y.; Makoto, O., Chem. Lett. 1975, 4, 361.

Kiyokawa, K.: Kosaka, T.; Minakata, S., Org. Lett. 2013, 15, 4858.

[68]




Chapter 1: Introduction: Iodine-Based Reagents and Organic
C-X (X =N & 0) Bond Synthesis

44,

45,

46.

47.

48.

49.

50.

51.

52

33,

54,

55,

56.

57.

58.

59.

60,

61,

Ghosh, R.: Stridfeldt, E.; Olofsson. B.. Chem. Euro. J. 2014, 20, 8888.
Ladziata, U.; Zhdankin, V. V., ARKIVOC 2006, 26.

Hartmann, C.; Meyer, V., Ber. Disch. Chem. Ges. 1893, 26, 1727.
gicolaou, K. C.: Mathison, C. J. N.: Montagnon, T.. J. Am. Chem. Soc 2004,
126, 5192.

Duschek, A.; Kirsch, S. F., Angew Chem. Int. Ed. 2011, 50, 1524,

Dess. D. B.: Martin. J. C.. J. Org. Chem. 1983, 48. 4155.

Miilbaier, M.: Giannis, A.. Angew. Chem. Int. Ed. 2001, 40, 4393,

Frigerio, M.; Santagostino, M.; Sputore. S.. J. Org. Chem. 1999, 64, 4537.
Eicolaou, K. C.: Zhong, Y. L.; Baran, P. S.. J. Am. Chem. Soc. 2000, 122,
7596.

Achar, T., Kumar; Maiti, S.; Mal, P., RSC Adv. 2014, 4, 12834,
Schrockeneder, A.: Stichnoth, D.: Mayer. P.: Trauner, D., Beilstein J. Org.

Chem. 2012, 8, 1523.

Howard, J. K.: Hyland, C. J. T.; Just, J.; Smith. J. A., Org. Lett. 2013, 135,

1714.

Cinc¢ic, D.; Brekalo. I.; Kaitner, B.. Chem. Commun. 2012, 48, 11683.
Zhdankin, V. V., © 2014 John Wiley & Sons, Ltd. Published 2014 by John
Wiley & Sons, Ltd.

Bose, A.; Mal, P.. Tetrahedron Leit. 2014, 55, 2154,

Maiti, S.: Mal, P._ Synth. Commun. 2014, 44, 3461.

Wu, X.-L.; Xia, J.-J.; Wang, G.-W., Org. Biomol. Chem. 2008, 6, 548.
Mantovani, A. C.; Hernandez, J. G.; Bolm, C., Eur. J. Org. Chem. 2018, 2018,

2458.

[69]




Chapter 1: Introduction: Iodine-Based Reagents and Organic
C-X (X =N & 0) Bond Synthesis

62,

63.

64.

63.

66.

67.

68.

69.

70,

71.

72.

73.

74.

75

76.

77.

Ito, M.; Kubo, H.: Itani, I.; Morimoto, K.; Dohi, T.; Kita, Y., J. Am. Chem. Soc.
2013, 135, 14078.

Maiti, A.; Yadav, J. S., Synth. Comm. 2001, 31, 1499.

He,Z.; Li, H.: Li, Z., J. Org. Chem. 2010, 75, 4636.

Zheng, Z.: Dian, L.; Yuan, Y.. gangﬂegrerie, D.: Du. Y.: Zhao, K.. J. Org.
Chem. 2014, 79, 7451.

Lv. Z.: Wang. B.: Hu. Z.: Zhou. Y.: Yu. W.; Chang. J.. J. Org. Chem. 2016. 81.
9924,

Kita, Y. T., T Tohma, H,J. Org. Chem. 1995, 60, 7144.

Yang, D.; Yan, K.; Wei, W.; Zhao, J.; Zhang, M.; Sheng, X.; Li, G.; Lu, S.;
Wang. H.. J. Org. Chem. 2015, 80, 6083.

Zhao, W.Z.. A. Ge, H. Zheng, L..J. Org. Chem. 2015, 80,9167.
Downer-Riley. N. K.: Jackson. Y. A.. Tetrahedron 2008, 64, 7741.

Mariappan, A.; Rajaguru, K ; Santharam Roja, S.; Muthusubramanian, S ;
Bhuvanesh, N., Fur. J. Org. Chem. 2016, 2016, 302.

Guo, W. S.; Gong, H.: Zhang, Y. A.;: Wen, L. R.: Li, M., Org. Lett. 2018, 20,
6394.

Froehr, T.: Sindlinger, C. P.: Kloeckner, U.; Finkbeiner, P.: Nachtsheim, B. J.,
Org. Lett. 2011, 13,3754,

Maiti, S.; Mal, P., J. Org. Chem. 2018, 83, 1340.

Lv, Z.; Liu, J.; Wei, W.; Wu, I.; Yu, W.; Chang, J., Adv. Synth. Catal. 2016,
358, 2759.

Kashiwa, M.; Sonoda, M.; Tanimori, S., Eur. J. Org. Chem. 2014, 2014, 4720,

Guha, S.; Kazi, 1.; Mukherjee, P.; Sckar, G., Chem. Commun. 2017, 53, 10942,

[70]




Chapter 1: Introduction: Iodine-Based Reagents and Organic
C-X (X =N & 0) Bond Synthesis

78. (a) Gao, W. C.; Hu, F.; Huo, Y. M.; Chang, H. H.; Li, X.; Wei, W. L., Org.
Lett. 2015, 17, 3914.; (b) ang‘_ N.: Cheng, R.; Zhang-Negrerie, D.; Du, Y.;
Zhao. K..J. Org. Chem. 2014, 79, 10581.

79. Deruer, E.; Coulibali, S.; Boukercha, S.; Canesi, S., J. Org. Chem. 2017, 82,
11884.

80. (a) Kitamura, T.; Muta, K.; Kuriki, S., Tetrahedron Lett. 2013, 54, 6118.; (b)
Sun. K.: Lv. Y.: Wang. J.: Sun, J.: Liu, L. Jia, M.: Liu, X.: Li, Z.; Wang, X_.
Org. Lett. 2015, 17, 4408,
81. (a) Kirihara, M.; Asai, Y.: Ogawa, S.: Noguchi, T.; Hatano. A.; Hirai, Y.,
Synthesis 2007, 2007, 3286.; (b) Monir, K.; Ghosh, M.; Mishra, S.; Majee.
A Hajra, A., Euro. J. Org. Chem. 2014, 2014, 1096.
82. Singsardar, M.; Chakraborty, A.; Jana, S.; Hajra, A., ChemistrySelect 2017, 2,
8893,
83. Tang, B.-X.: Tang, D.-].; Tang, S.: Yu. Q.-F.: Zhang, Y -H.: Liang, Y.: Zhong.

P.; Li, J.-H., Org. Lett. 2008, 10, 1063.

[71]




[72]




CHAPTER 2

Metal Free Intramolecular C(sp2)-H Amidation for
Synthesis of 1,2-Disubstituted Benzimidazole

2.1 ABSTRACT

dehydrogenative C(sp?)-H amidation by NIS

N
O - v
R3_| R2
ZNH csscnzm-l
F'h rt, ~10 min

This section mainly focuses on the development of simplest approach towards the
utilization of monovalent electrophilic iodine reagent, N-iodosuccinimide (NIS) for an
intramolecular dehydrogenative C(sp2)H-NH bond formation reaction. The stronger
oxidising properties of hypervalent iodine(III) reagents restricted their use for oxidative
C-H amination reactions. However, the —N synthesis reaction of non-prefunctionalized
C-H and N-H bonds works fine without any trouble under base-free and metal-free mild

condition. The reaction is simply operative under room temperature condition and 1,2-

disubstituted benzimidazoles are prepared with high efficiency of yield.
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2.2 INTRODUCTION

The mimetic synthetic approach based on small molecular system chemistry' is
well known for knowing the nature of complex chemical reactions and thereby applying
them accordingly in a simplified manner. In this context, the soft forces or cooperative
multiple weak interactions? such as hydrophobic effect’, halogen bonding”, charge-
transfer’, cation-n and anion-n° etc. are also significantly explored within the scope of
chemical reaction systems.” To understand the role of such weak supramolecular
interactions controlling a chemical reaction it is therefore necessary to analyze the

reaction system as a whole at molecular level.®

Improvement of environmentally benign methods® for making carbon-nitrogen
bond is of huge importance'® because of the abundance of nitrogen containing
compounds among numerous synthetic intermediates, natural products. pharmaceutical
agents and biologically active molecules etc. In contrast to metal enabled carbon-
nitrogen bond construction reactions'', direct amination of C-H bond without any use
of metal-based reagent is of great significant to convey various amines by sustainable
methods.'? Therefore, waste free and cost effective methods for the synthesis of C-N
bonds utilizing metal-less and organo-iodine reagents are in demand'® towards
exploring several cross-dehydrogenative coupling (CDC) or oxidative cross C-N bond
formation reactions.' However, C-H amination reactions by using monovalent

iodine(I) reagent like N-iodosuccinimide (NIS) are very limited."?
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Benzimidazoles being a heterocyclic moieties are well recognized due to their

16

substantial utility in pharmaceutical and material chemistry.'® These molecules are

2
known to exhibit anti-cancer,'’ glli-inf(:c:«ti\-'(:.]R anti-inflamatory.'” anti-hepatitis B.*
anti-HIV.?! anti-depressant,”> and anti-tumor® activities. The drug esomeprazole
(Nexium), having a benzimidazole moiety was found to be one of the best-demanding
drugs in 2009.** 1.2-Disubstituted benzimidazoles are also important heterocyclic
scaffolds holding a broad range of biological activities (Figure 2.1).""2°2% Therefore,
the methodology for preparation of 1,2 disubstituted benzimidazoles has been paid a
large of attention by investigators. Although there are variety of methods available for

construction of N-H benzimidazoles skeletal, but metal-less direct access to N-

substituted benzimidazoles were limited.

HOOC\@[
~ 0 _g.-
NS5B
O—  (Anti-Hepatitis C)

Esomeprazole
(Anti-ulcer)

HOOC

Telmtsarlan
(Anti-hypertensive)

Figure 2.1. Drugs having benzimidazoles moiety.

In 2011, Zeng’s group developed Pd-catalyzed dehydrogenative intramolecular
amidation using an oxidant, PIDA in solvent toluenc for 16 h constant stirring at room

temperature (Scheme 2.1).%°
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N\\.,Rz PdCl,, Phl(OAc), N
CLY T
4 |

Ry

toluene, rt, 16 h \
R4

Scheme 2.1. Zeng’s intramolecular amidation catalyzed by Pd (II).

Gratifyingly, similar type of reaction was carried out without using Pd catalyst
and base, treated with PIDA at room temperature condition. The reaction took less than

30 min while instead of toluene fluorinated solvent, TFE was used (Scheme 2.2).%

I(OACc),

Nyg-Re ©/ N
Ly - L=
NH TFE, rt N
R R4

1

Scheme 2.2. Mal’s approach for PIDA mediated amidation.

Very recently, Yu and Chang with co-workers presented molecular iodine and
base induced intramolecular C-H amidation reaction (Scheme 2.3).% In this reaction,

they did not isolate any imine derivative.
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Nsg Ro N
@[ ¥ 2, KiCOg @[ Y g,
'
l:.IH N
R4

DCM, rt, \
R2

Scheme 2.3. Yu and Chang’s of C-H amidation approach using iodine.

However, a simpler methodology for similar transformation for the synthesis of
N-substituted benzimidazole from o-sulfonamidophenyldiamines has been reported.
We have developed an intramolecular C(sp2)-H amidation reaction (Scheme 2.4)*
using monovalent iodine instead of strong oxidant such as phenylene iodine diacetate

(PIDA).

I* [
NQ‘,R1 (NIS) N\‘:/R1 i N
o H 'I'I' == ®>_R1 >_R1
NH  TFE, rt N N, N

Ts <10min | Ts T4 H Ts

Scheme 2.4, NIS enabled intramolecular C(sp2)-H amidation.
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2.3 RESULTS AND DISCUSSIONS

Table 2.1. Screening of reaction conditions.

OO o OO0
N | N
Ts 4a Ts 9,

Entry Reagent (equiv) Solvent Time (min)  Yield? (%)
1 N-iodosuccinimide (1.1) TFE 15 min 81
2 N-iodosuccinimide (1.5) TFE 15 min 91
3 N-iodosuccinimide (1.8) TFE 10 min 98
4 N-iodosuccinimide (1.8) MeCN 10 min 81
5 N-iodosuccinimide (1.8)  Dichloromethane 30 min 85
6 N-iodosuccinimide (1.8) DCM 20 min 86
7 N-iodosuccinimide (1.8) THF 30 min 40
8 N-iodosuccinimide (1.8) DMF 10 min 56
9 N-iodosuccinimide (1.8) EtOAc 25 min 61
10 N-iodosuccinimide (1.8) Ethanol 15 min 85
11 N-iodosuccinimide (1.8) Acetone 20 min 61
12 N-iodosuccinimide (1.8) 1.4-Dioxane 30 min 80
13 N-iodosuccinimide (1.8) MeNO> 25 min 50
14 Iodine (1.8) TFE 40 min 50
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15 N-chlorosuccinimide(1.8) TFE 25 min 55
16 N-bromosuccinimide (1.8) TFE 35 min 75
17 TBAI(1.8)¢ TFE 1h -
18 TEAI (1.8) TFE 1h =

“Tetrabutyl ammonium iodide. *Tetracthyl ammonium iodide. “No Reaction. “Isolated
yield after column purification.

) 26

Initially, N-tosyl imine (1a) “° was taken as the model substrate for screening the

reaction conditions. The N-tosyl benzimidazole product {) was formed in 98% yield
when 1.8 equiv of N-iodosuccinimide (NIS) was utilized as a reagent in 2.2.2-
trifluoroethanol (TFE) in open atmosphere under room temperature condition (Table
2.1, entry 3). Screening of other non-fluorinated solvents indicated TFE is the most
productive solvent for this reaction (Table 2.1, entries 4-13). Using molecular iodine in
TFE, without utilizing any base within 40 min, transformation led to the product with
50% of yield (Table 2.1, entry 14). Treatment with NCS or NBS as reagent in TFE
substrate 1a gave desired product with 55% and 75% vyield respectively (Table 2.1,
entries 15 and 16). An effort to use of alkyliodide salts as reagent did not provide desired
product (Table 1, entries 17 & 18). Therefore, the reaction was standardized under this
reaction condition with 1.8 equiv. of N-iodosuccinimide in TFE solvent (Table 2.1,
entry 3).

Then. for further synthetic utility we focus on exploring substrate scope using
the optimum condition for this carbon-nitrogen coupling strategy for preparation of 1,2-

disubstituted benzimidazoles (Figure 2.2). N-Tosyl 2-substituted benzimidazoles
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having differently substituted aryl ring at 2-position have been well studied.
Benzimidazole derivatives containing electron deficient halogen groups (2a-f), -NO»
(2j-k), -CN (2i) groups on aryl moicty were synthesized with high efficiency.
Correspondingly, clectron releasing alkyl (2g-h) or alkoxy (2f) groups bearing
benzimidazole compounds were isolated in excellent yields. Construction of
benzimidazole skeletal with fused aryl rings e.g. anthracenyl (21). pyrenyl (2m) and
heteroaromatic (2mn) at 2-position were prepared with high efficiency. Benzimidazole
derivative having cyclohexyl substitutent (20) was successfully synthesized with 96%

yield. X-ray crystallographic analysis data indicated the structure of compound 2h.

Benzimidazoles bearing several functional groups such as hydroxy, carbonyl,
olefin, alkyne, etc. on aryl ring at 2-position were also isolated with good to high
efficiency (Figure 2.3). All the sensitive functional groups were well tolerated in the

optimum condition.
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N _R
R NIS (1.8 equiv) @:N\)—R1
N.H TFE, rt, 10 min N
|
1 Ts

2 Ts

Br, Br
N N N
D OO OO
" N e
Ts Ts

2a, 98% 2b, 93% 2¢, 70%
Br
N N N
C[: \>—< >—F @: \>—< >—C| C[ N OMe
N H Iy
T Ts Ts
2d, 90% 2e, 95% 2f, 89%
-0
3
N
Ts
o
2g, 80% i
CCDC: 1569701
N N
\>—< >—< @j ‘~}—< >—CN
) I
1] v Ts
2h, 95% ) 2i, 75%
OyN
N N N
C-O OO Ty
N N N
~T - e
2, 85% 2k, 82% 21, 91%
2
N
Ts
2m, 81% 20, 96%

Figure 2.2. Exploring C-H amidation.
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Ts

@:N\‘v& NIS (1.8 equiv.) N\>_R
' 1
NE TFE, r.t. 10 min N
|
1 Ts

N N
O Cry-Cron
N N
Ts @:N\ P Ts
2p, 96% [s,! 2r, 80 %
Ts
29,72 %
N Ph N
OO0 OO
N N
Ts Ts

2s, 90 % 2t, 81 %

Figure 2.3. Functional group tolerance of C-H amidation.

Multi-substituted benzene core benzimidazoles (Figure 2.4) were also prepared
with high efficiency. Substituents such as -Cl, -Me, -NO; and -COOH gave good vield

of product. Electron rich methyl substituents (2ab-ac) furnished corresponding

benzimidazoles in better yields than that of electron deficient groups (2aa, 2ad-af).
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N Ny Rz NIS (1.8 equiv)’ XN
Ry R »—Ro
A TFE, rt Z~N
! Ts
'
1°° 2
Br
cl N N
O LYo
cl H W
Ts N B, Ts
2aa, 95% ;@[ N 2ac, 97%
N
Br Ts F
N 2ab, 98% cl N
-0 T~
O,N N cl N
Ts O2N Ts
2ad, 80% /@:N@ 2ae, 85%
HooC N
Ts
2af, 94 %

Figure 2.4. Synthesis of core-modified benzimidazoles.

Benzimidazoles containing different N-protecting groups were also applied
towards this C-H amidation reaction. Also with p-methylbenzenesulfonyl (Ts) groups.
other protecting groups such as methane sulfonyl, benzoyl groups and benzene sulfonyl
were treated to isolate 1.2-disubstituted benzimidazole derivatives (Figure 2.5).
Specially, products with sulfonyl protecting groups (2Zba-bc) were isolated in

comparatively higher yields than carbonyl protecting groups (2bd, 2be).
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Ny Re NIS (1.8 equiv N
R1—'\ - (1.8 equiv) R1—:\ YR,
N TFE, rt, 30 min A ~N
Ts

1 2

Br
OO CI—O)
3 N
N . L
SO,Me N\)_@ S0,Ph
2ba, 97% N 2bc, 92%

S0,Ph
2bb, 96%

Br,
Q’N@ CI-0O)
N N
N N
i \
Bz Bz
2bd, 65% 2be, 40%

Figure 2.5. Benzimidazoles having different protecting groups.

Preparation of N-substituted benzimidazole was attained in one-pot approach.
Amine and aldehyde (equimolar amount) are refluxed in ethanol and followed by
adding 1.8 ecquiv. N-iodosuccinimide under room temperature condition, the

benzimidazole 2a could be formed in good yield (Figure 2.6).

Br

NH

@E 2 OHC X,  i)EtOH, reflux, 1h @%—@
+ | >
NHTs B~ 7 i) NIS (1.8 equiv) N
TFE, t Ts
12 1b’ 20, 5201

(1.0 equiv) (1.0 equiv) ' °

Figure 2.6. One-pot synthesis of 1,2-disubstituted benzimidazols.
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De-protection of the para-toulenesulfonyl (-Ts) group from 2a was carried out
by the use of NaOH (5 M) in refluxing ethanol solvent ** (Figure 2.7) and the de-
protected benzimidazole compound 2-(2-bromophenyl)-1H-benzo[d]imidazole (2a')

was obtained in 73% yield.

@[N\ C 5 M NaOH
N EtOH, reflux, 5 h

Ts 2a

2a', 73%

Figure 2.7. De-protection of tosyl(-Ts) group.

Some control experiments have been done and was shown in Figure 2.8. In
presence TEMPO (Figure 2.8-1) or in the dark condition (Figure 2.8-ii), the substrate 1a
was treated under optimum condition, produced the product 2a with similar yield as in

standard condition. The kinetic isotopic effect’! (Figure 2.8-iii) was calculated to be as

kikp = 1.45. This indicates that the C (sp*)-H bond is taking part in the transformation.

Based on our previous work.* & the control experiments on whatever we have

done, a possible mechanism for reaction is outlined in Figure 2.9. Iodide moiety of N-

iodosuccinimide being an electropositive species, is supposed to co-ordinate with the

imine bond which is electron rich and N-center of -NH simultancously to furnish an
1

intermediate 3 followed by g)rmation of cyclic iodonium ion intermediate 4.

Subsequently, the carbon-nitrogen bond construction with the formation of another

intermediate 5 was anticipated. Anion formed from succinimide would assist to take
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proton to form compound 6. Finally, the aromatization by HI elimination furnished

product 2.

i) Br.
\:@ TEMPO (1 equiv.) Br
@:N\ NIS (1.8 equiv.) N
A
N TFE, < 10 min @:N
Ts

Ts 1a
ii) 2a, 98 %
Br
dark condition Br
Na NIS (1.8 equiv) N >:
N
@N.H TFE, < 10 min @EN
'I'S 1a Ts
iii) 2a, 98 %
NIS "
Crs s S P
,,IJH‘-H"' + TFE, rt, 10 min N
1p Ts N Ts 2p
@ D kulkp = 1.45
NH

' I
1p Ts

Figure 2.8. Control experiments. 1) Reaction with TEMPO as a radical scavenger. ii)

Reaction in the dark condition. iii) ) KIE experiment.
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a) !

o] +
@N\ > V vR2 o) NZR.

4’_
/I"‘u h‘- J
N R "
NH I'TIH +
1 R1 4 R -
b) |::N—I + HI » i;NH + 1y
o] 0 [ \ |
N N, Rz N R;
@N\HQ -~ @N%H - @@L
/ / N.
: R 6 R Y A
HI H 1

Figure 2.9. Possible mechanistic pathway.

Hydroiodic acid (HI) is one of the by-product of the reaction. which can protonate
the N-center of -NHTs group leading to decrease of the nucleophilic character of
nitrogen N-centre.

(1]

The excess use of NIS is attributed for the neutralization of by-product HI with
the help of succinimide. Succinimide was isolated using 3:2 (hexane: ethyl acetate)
mixture as eluent by column chromatography during detection of polar compound 2-(2-
nitrophenyl)-1-tosyl-1H-benzo[d|imidazole-6-carboxylic acid (2af. Figure 2.4). Iodine
was released when the reaction mixture was evaporated to dryness which indicates HI
possibly react with excess NIS (Figure 2.9). The 'H MR spectra of separate reaction
mixtures of deuterated aldimine (1p’ ) and aldimine (1p), suggest that the proton of

succinimide comes from NH proton but not from aldimine C (sp?)-H proton (Figure

2.48 & 2.49).
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2.4 ROLE OF FLUORINATED SOLVENT?? (TFE)

In order to reduce the charge transfer reactivity between amine nitrogen and
iodine reagents, the nitrogen centers were protecied with m-acceptors like -S=0O
(sulfonyl) or -C=0 (benzoyl) group by the n—n* control.** Thus, utilizing the weak
interactions like halogen bonding (N...I"...x), n—n*, solvent effect etc. this C(sp?)-H
amidation reaction could be done casily. Kita’s group have investigated that hypervalent
iodine reagents in fluorinated solvent such as hexafluoroisopropanol (HFIP), the radical
cationic intermediate finds stabilization by solvent e to its high polarity and
low-nucleophilic nature of the solvent.**® Also Donohoe. Compton and coworkers
presented how HFIP acts with Phc hypervalent iodine reagents ** Trifluoroethanol is also
one of the commonly used important fluorinated solvents to stabilize cationic or cation-
radical species produced in presence of iodine-based reagents.*3*33¢3! Following, the
use of a highly polar and non-nucleophilic solvent 2,2.2-trifluoroethanol (TFE) was
essential towards the succes.s of the reaction because solvent TFE is known to stabilize

1

the cationic iodonium ion. Therefore, we concluded that TFE promoted the reaction by

helping to stabilize intermediate 4 and S (Figure 2.9).

[88]




Chapter 2: Metal Free Intramolecular C(sp2)-H Amidation for Synthesis of 1,2-
Disubstituted Benzimidazole

2.5 KINETIC ISOTOPIC EFFECT (KIE) EXPERIMENT

The kinetic isotopic study®! is given in Figure 2.8. It has been carried out by
following the general procedure for synthesis of N-substituted benzimidazoles. The
reaction was performed using of aldimine (1p) and deuterated aldimine (1p’) equimolar
amount in presence of 1.8 equiv N-iodosuccinimide in TFE. The reaction mixture was
dried by evaporation and crude mixture was passed through a short-pad silica gel
column applying hexane: ethyl acetate (9:1) mixture as eluent. The '"H NMR spectra of

the mixture for whole sample was taken in CD;Cl for the calculation of ku/kp.

2.6 CONCLUSIONS

In conclusion, the reaction system and the mechanistic insight suggest an
efficient route to synthesis of functional molecules with help of multiple weak
interactions. The selection of appropriate reaction condition helps to carry out difficult
reactions. Through the C(sp®)-H amination reaction using N-iodosuccinimide, 1.2-
disubstituted benzimidazole were synthesized easily. Thus, we have achieved an
additive base frec synthesis of benzimidazoles. A plethora of substrate scopes define

the synthetic utility of the methodology.
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2.7 EXPERIMENTAL PORTION

General information. All reaction are performed in normal condition not in inert
condition. Chemical yields are indicated as isolated yield which were purified by
Column chromatographic ?sing silica gel (mesh 100-200) and hexane-cthyl acetate
mixtures as eluent, unless otherwise specified. NMR spectra were recorded either on a
Bruker 400 MHz or on a Bruker 700 MHz instrument at room temperature. he
chemical shift values are given in parts per million (ppm) with respect to residual
chloroform (7.26 ppm for 'H and 77.16 for 1*C) (in case of DMSO-ds: 2.5 ppm for 'H
and 39.5 for '*C). The peak patterns are indicated as follows: chemical shift in ppm (3).
multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, brs = broad singlet, m =
multiplet). The coupling constants (/) are reported in hertz (Hz). High-resolution mass
spectra (HRMS) were obtained on an ESI-TOF (time of flight) mass spectrometer. FT-
IR spectra were recorded in wave number (cm™). clling points of the compounds were
measured using a digital melting point apparatus and are uncorrected. Thin-layer
chromatography (TLC) was done on Merck Silica Gel F254 plates (0.25 mm). Solvents
(both for reaction and chromatography), o-phenylenediamine and its derivatives, all
corresponding aldehydes were bought from commercial source and used without further

purification. All starting materials were prepared by following literature report.>

General Procedure for Preparation of N-Substituted Benzimidazoles. NIS (0.251
mmol. 1.8 equiv) was added to a stirred solution of N-substituted imine 1 (0.139 mmol,
1 equiv) in 0.5 ml TFE (2.2.2-trifluoroethanol) at room temperature. The progress of
the reaction was monitored by thin layer chromatography (TLC) using appropriate

mixture of ethyl acetate and hexane as eluent. Upon completion of the reaction, solvent
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was completely evaporated to dryness. Then the crude reaction mixture was purified by

silica gel column chromatography using n-hexane and ethyl acetate as eluent.

Procedure for Preparation of 2-(2-Bromophenyl)-1-tosyl-benzo[d]imidazole (2a).
NIS (57 mg. 0251 mmol) was added to a stirred solution of N-(2-((2-
bromobenzylidene)amino)phenyl)-4-methylbenzenesulfonamide 1a (60 mg. 0.139
mmol) in TFE (0.5 mL) at room temperature. Upon completion (ca. 10 min) of the
reaction, TFE was completely evaporated to dryness. The crude mixture was purified
by silica gel column chromatography using n-hexane and ethyl acetate (92:8) as eluent
to 2-(2-bromophenyl)-1-tosyl-benzo[d]imidazole 2a (58.5 mg. 0.137 mmol, yield:

98%).

Compound characterization data

2-(2-romophcnyl)—l-tosyl-bcnzo[d]imidazolc (2a).? 58.5 mg; Yield: 98%:; Ry=0.5
(hexane:ethyl acetate 4:1): white solid: lit.>’ mp 154-156 °C; 'H MR (400 MHz,
CDCls): 5 8.17 (d. J=8 Hz, 1H), 7.8 (d.J = 8 Hz. 1H), 7.66 (d,J = 8 Hz. 1H), 7.54 (d.J
=8 Hz, 2H), 7.48-7.39 (m, 5H), 7.19 (d, J = 8 Hz, 2H), 2.36 (s, 3H): '*C NMR (100
MHz, CDCl3): & 150.7, 146.1, 1422, 135.1, 132.8, 132.6, 132.4, 132.0, 131.7, 129.9,

127.5,126.5,125.8, 125.1, 124.7, 120.8, 114.2, 21.7.

2-(4-Bromophenyl)-1-tosyl-benzo|d]imidazole (2b). 55 mg: Yield: 93%:. Ry= 0.5
(hexane: ethyl acetate 4:1); white solid; mp 135-136 °C: 'H NMR (400 MHz, CDCl3):
88.19 (d,J = 8 Hz, 1H), 7.10 (d, J = 8 Hz, 1H), 7.61 (d, J = 8 Hz, 2H), 7.50 (d.J =8

Hz, 2H), 7.41 (m, 2H), 7.33 (d,J = 8, 2H), 7.11 (d, 2H), 2.32 (s, 3H): '*C NMR (175
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MHz, CDCL): & 153.1, 146.0, 142.7, 134.9, 1339, 132.5, 1311, 129.9, 129.1, 127.0,
125.8, 125.6, 125.5, 120.5, 115.3, 121.7: IR (KBr): ¥ = 2921, 1562,1480, 1450, 1377,
1250, 1189, 1177, 1072, 1057 cm’'; HR-MS (ESI-TOF): m/z = 427.0114. calcd for

C20H1sBrN20,S (M+H): 427.0110.

2-(3-Bromophenyl)-1-tosyl-benzo[d]imidazole (2¢). 62 mg: Yield: 70%: Rr= 0.5
(hexane:ethyl acetate 4:1); white semi-solid: "H NMR (700 MHz, CDCl;): 6 8.20 (d.J
=8.2 Hz, 1H), 7.73 (d,J = 7.9 Hz, 1H), 7.66 (d, J = 7.9 Hz, 1H), 7.60 (s, 2H), 7.45 (t,
J=7.8Hz, 1H), 740 (t,J= 7.6 Hz, 1H), 7.35 (d, /= 7.4 Hz, 3H), 7.13 (d, /= 8.1 Hz,
2H), 2.34 (s, 3H): *C NMR (175 MHz, CDCl5): & 152.2, 146.1, 142.5, 135.0, 133.9,
133.5,133.4, 132.0, 130.0, 129.7, 129.3. 127.1, 125.8, 125.5, 121.7,120.3, 115.2, 21.8;
IR (KBr): 7 =2924, 2108, 1640, 1536, 1448, 1381, 1253, 1177, 1084, 1012 cm™"; HR-

MS (ESI-TOF): m/z = 427.0106, calcd for C20H1sBrN202S (M+H"): 427.0110.

2-(4-Fluorophenyl)-1-tosyl-benzo[d]imidazole (2).2” 32 mg; Yield: 90%: Re= 0.5
(hexane:ethyl acetate 4:1). white solid: lit.>” mp 118-120 °C; '"HNMR (0 MHz,
CDCls): 58.20 (d.J = 8 Hz, 1H), 7.71 (d.J = 8 Hz, 1H), 7.62 (dd, J1=8 Hz, Jo=4 Hz,
2H), 7.46-7.37 (m, 2H), 7.31 (d. J = 8 Hz, 2H), 7.18-7.10 (m, 4H), 233 (s. 3H): 1°C
NMR (175 MHz, CDCls): & 164.3 (d. 'Je.r= 249.9 Hz), 153.2, 146.0, 142.6, 135.0,
134.0. 131.7 (d. Yer =8.6 Hz). 1299, 127.0. 126.1 (d. “Je.r = 3.4 Hz). 125.7, 125.6.

120.5, 1153, 115.1 (d. %Je.r=21.8 Hz), 21.7.

2-(4-Chlorophenyl)-1-tosyl-benzo[d]imidazole(2¢).2* 76 mg; Yield: 95%; Ry = 0.5

(hexane:ethyl acetate 4:1); white solid: lit.>* mp 138-139 °C: 'H NMR (700 MHz.
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CDCly): 5 8.19 (d, J = 8.2 Hz, 1H), 7.72 (d. J = 7.9 Hz, 1H), 7.58 (d. J = 8.1 Hz, 2H).
7.48 —7.42 (m, 3H), 7.40 (1, J = 7.6 Hz, 1H), 7.33 (d, J = 8.1 Hz, 2H), 7.11 (d, J = 8.1
Hz, 2H), 2.33 (s, 3H); >C NMR (175 MHz, CDCLy): & 153.1, 146.1, 142.7, 137.1, 135.0,

134.0, 132.3, 130.0, 128.6, 128.2, 127.0, 125.8, 125.6 120.6, 1153, 21.8,

2-(3-Bromo-4-methoxyphenyl)-1-tosyl-benzo[d]imidazole (2f).>” 53 mg: Yield:
89%: Rr= 0.4 (hexane:ethyl acetate 4:1); white solid: lit.?” mp 146-148 °C; 'HMR
(400 MHz, CDCls): 6 8.18 (d,J = 8 Hz, 1H), 7.70 (d. J =7.2 Hz, 1H), 7.66-7.64 (m,
2H), 7.44-7.37 (m, 2H), 7.34 (d.J = 8 Hz, 2H), 7.12 (d. J = 8 Hz, 2H), 6.99 (d.J = 8
Hz, 1H). 4.00 (s, 3H), 2.34 (s. 3H): *C NMR (175 MHz, CDCls): 5 157.8, 152.6, 146.0,
142.6,135.4,135.0, 134.0,131.9, 129.9, 127.0, 125.6, 125.5, 123.5,120.4, 115.3, 110.9,

110.8,56.5, 21.8.

2-(Ortho-Tolyl)-1-tosyl-benzo[d]imidazole (2g).”” 25 mg; Yield: 80%: Rf = 0.5
(hexane:ethyl acetate 4:1); white solid: 1it.>” mp 132-134 °C: 'H NMR (400 MHz,
CDCI;):B.Z? (d.J =8 Hz. 1H). 7.79 (d.J = 8 Hz. 1H), 7.50-7.44 (m, 5H), 7.31-7.28
(m, 2H), 7.22-7.18 (m, 3H), 2.40 (s, 3H), 2.09 (s, 3H): '*C NMR (175 MHz, CDCl;): &
152.5, 146.0, 142.3, 139.1, 135.4, 133.3, 130.8, 130.5, 130.3, 129.9, 129.8, 127.5,

125.5,125.0, 1249, 120.5, 114.5, 21.8, 20.0.

2-(4-Isopropylphenyl)-1-tosyl-benzo[d]imidazole (2h).>” 48 mg: Yield: 95%: Rr=0.5
(hexane:ethyl acetate 4:1); white solid: lit.”” mp 135-137 °C; 'HNMR (400 MHz,
CDCI3): 6 8.19 (d. J =8 Hz. 1H), 7.71(d. J = 8 Hz, 1H). 7.53 (d.J = 8 Hz, 2H). 7.42—

7.29 (m, 6H), 7.07 (d, J = 8 Hz, 2H), 3.01 (sept, J = 8 Hz, 1H), 2.32 (s, 3H), 1.32 (d,J
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=8 Hz. 6H). *C NMR (100 MHz. CDCl3): & 154.5, 151.8. 145.7. 142.8, 135.1, 134.1,

131.0,129.8, 127.5,127.2, 1259, 125.4, 125.3,120.4, 115.3, 34.3, 24.0, 21.7.

4-(1-Tosyl-benzo[d]imidazol-2-yl)benzonitrile(2i).” 45 mg; Yield: 75%: R¢= 0.4
(hexane:ethyl acetate 4:1); white solid; lit.>” mp 146-148 °C: 'HNMR (0 MHz,
CDCls): 6 8.18 (d. J = 8 Hz. 1H), 7.77-7.73 (m, 5H). 7.50-7.44 (m. 2H), 734 (d./=8
Hz, 2H). 7.13 (d,J = 8 Hz, 2H), 2.34 (s, 3H): *C NMR (175 MHz, CDCls): & 152.0,
146.4, 1427, 1348, 134.7, 133.9, 131.7. 131.5, 130.1, 126.9, 1263, 1259, 120.8,

118.3,115.2, 114.3, 21.8.

2-(2-Nitrophenyl)-1-tosyl-benzo[d]imidazole (2j). 68 mg: Yield: 85%. Ry = 0.3
(hexane:ethyl acetate 4:1); Yellow solid, mp 80-81 °C: 'H MR (700 MHz, CDCl3): &
8.32 (d./=8.4 Hz, 1H). 8.09 (d./=8.2 Hz, 1H), 7.76 (d. / = 7.1 Hz, 3H), 7.54 — 7.45
(m, 4H), 7.42 (t.J = 7.4 Hz, 1H), 7.19 (d.J = 8.0 Hz, 2H), 2.36 (s. 3H): "C NMR (175
MHz, CDCl;): 6 148.9, 148.5, 146.4, 142.4, 134.9, 133.2, 133.1, 132.9, 131.6, 130.1,
127.4,126.3,126.0, 125.2, 124.8, 120.8, 114.0, 21.8; IR (KBr): v =2924, 1638, 1531,
1448, 1347, 1253, 1176, 1087,1013 cm™'; HR-MS (ESI-TOF): m/z=394.0855, calcd for

C20H1sN304S(M+H"): 394.0856.

2-(4-Nitrophenyl)-1-tosyl-benzo[d]imidazole(2k).* 65 mg: Yield: 82%: R =0.4
(hexane:ethyl acetate 4:1): Yellow solid. lit.® mp 168-170 °C; 'H NMR (700 MHz,
CDCls) & 8.34 (d,J = 7 Hz, 2H), 8.20 (d.J = 7.7 Hz, 1H), 7.85 (d,J = 8.8 Hz, 2H), 7.75

(d.J =7 Hz, 1H),7.50~7.43 (m, 2H). 7.35 (d.J = 6.3 Hz, 2H), 7.15 (d. J = 6.3 Hz, 2H),
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2.35 (s, 3H): "C NMR (175 MHz, CDCl3): § 151.7. 149.0, 146.4, 142.7, 136.5, 134.8,
133.9,132.1, 130.1, 126.9, 126.4, 1259, 1229, 120.9, 115.3, 21.8.

2-(Anthracen-9-yl)-1-tosyl-benzo[d]imidazole (21).”” 54 mg: Yield: 91%: Ry =0.45
(hexane:ethyl acetate 4:1); yellow solid; lit.?” mp 195-197 °C; 'H MR (400 MHz,
CDCLs): 8 8.63 (s, 1H), 836 (d, J = 8 Hz, 1H), 8.05 (d, J= 8.4 Hz, 2H), 7.89 (d, J = 8
Hz. 1H). 7.56 =7.50 (m, 2H), 7.44-7.40(m, 2H), 7.23-7.17 (m, 4H), 6.97 (d, J=8 Hz,
2H). 6.7 (d, J=8 Hz, 2H), 2.22 (s, 3H) *C NMR (175 MHz, CDCl3): 6 150.3, 145.6,
142.6, 134.4, 133.6. 131.9, 130.9, 130.4, 130.1, 1295, 128.5. 127.5, 127.2. 126.6.

125.8,125.7,125.3, 125.0, 123.6, 120.8, 114.5. 21.7.

2-(Pyren-1-yl)-1-tosyl-benzo[d]imidazole (2m).”” 42 mg: Yield: 81%: R=0.45
(hexane:ethyl acetate 4:1); white solid; lit.?” mp 129-131 °C; 'H MR (400 MHz,
CDCls): 0 8.36 (d./ = 8 Hz. 1H). 8.26 (d. J = 8 Hz, 2H), 8.20-8.13 (m. 4H). 8.04 (t. J
=8 Hz, 1H), 7.90 (d,J =8 Hz, 1H), 7.82 (d. J =9.2 Hz, 1H), 7.57-7.49 (m, 3H), 7.08
(d.J=8.4 Hz, 2H). 6.65 (d.J = 8.4 Hz, 2H). 1.98 (s, 3H): '*C NMR (100 MHz, CDCl3):
6 152.1, 145.7, 142.6, 134.8, 133.8, 132.8, 131.2, 131.0, 130.6, 129.4, 1293, 129.0,
128.4, 1274, 1272, 126.4, 126.0, 1258, 125.7, 1252, 1244, 1243, 1243, 1241,

123.6,120.7, 114.9, 21.3.

2-Chloro-6-methoxy-3-(1-tosyl-benzo[d]imidazol-2-yl)-quinolone (2n).>’ 57 mg;
Yield: 95%: R¢= 0.4 (hexane:ethyl acetate 3:1); white solid; 1it.>” mp 171-173 °C; 'H
gMR (700 MHz, CDCl3): 3 8.17 (s. 2H). 8.02 (d. J = 9.1 Hz, 1H), 7.82 (d. /= 7.8 Hz,
1H), 7.51-7.45 (m, 5H), 7.19 (d, J = 7.7 Hz, 2H), 7.12 (s, 1H), 3.96 (s, 3H), 2.37 (s.

3H) . "C NMR (175 MHz, CDCls): 5 158.8, 148.2, 146.7, 146.4, 144.2, 142.3, 140.5,
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134.9,133.0,130.2, 130.1 127.4,126.9,126.2, 125.3, 124.8, 124.3, 121.0, 114.3, 105.6,

559.21.8.

2-Cyclohexyl-1-tosyl-benzo[d]imidazole (20). *’ 65 mg; Yield: 96%; R¢=0.5 (hexane:
ethyl acetate 4:1): white solid: lit>’ mp 107-109 °C: '"H NMR (400 MHz, CDCI3):
58—&03 (m, 1H). 7.75 (d. J = 8 Hz, 2H), 7.68-7.66 (m. 1H). 7.35-7.30 (m. 2H), 7.27
(d.J =8 Hz, 2H), 3.52-3.45 (m, 1H), 2.38 (s, 3H), 1.93-1.84 (m, 4H), 1.75-1.66 (m,
3H), 1.43-1.30 (m, 3H); *C NMR (100 MHz,CDCls): 5159.8, 145.9, 142.1, 136.1,
133.0, 1303, 126.7, 1248, 124.7, 1199, 114.1, 38.3, 32.7.26.4, 25.9, 21.8.
2-Phenyl-1-tosyl-1H-benzo|d]imidazole (2p).>* 57 mg; Yield: 96 %: Ry = 04
(hexane:ethyl acetate 4:1): white solid. 1it.** mp 103 °C. 'H MR (400 MHz, CDCl3) &
8.21 (d./=8 Hz. 1H). 7.73 (d./=8 Hz, 1H). 7.62 (d.J =8 Hz, 2H). 7.55 (t.J = 8 Hz,
1H), 7.50 — 7.36 (m. 4H), 7.33 (d, ] = 8.0 Hz, 2H), 7.08 (d. J = 8 Hz, 2H), 2.30 (s, 3H).
3C NMR (100 MHz, CDCl3) & 154.1, 145.8. 142.7, 135.0, 133.9, 130.9, 130.6, 130.1,
129.8,127.7,127.0, 125.5, 125.4, 120.5, 115.2, 21.7.
1-(4-(1-Tosyl-1H-benzo|d]imidazol-2-yl)phenyl)ethanone (2q). 40 mg; Yield: 72 %:
R = 4.5 (hexane:ethyl acetate 4:1); white solid: mp 164-165 °C: 'HMR (400 MHz,
CDCls) 6 8.19 (d, J = 8.0 Hz, 1H). 8.06 (d,J = 8.0 Hz, 2H), 7.81 — 7.68 (m, 3H), 7.48-
7.39 (m, 2H), 7.35 (d, J = 8.0 Hz, 2H). 7.12 (d. J = 8.0 Hz, 2H), 2.69 (s, 3H), 2.33 (s,

3H). “C NMR (100 MHz, CDCl3) & 197.7, 153.0, 146.1, 142.8, 138.4, 1349, 134.7,

133.9,131.3, 130.0, 127.7,127.0, 126.0, 125.7, 120.8, 115.3, 26.9, 21.8. : IR (KBr): i
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= 2063, 1645, 1380, 1256, 1174, 1080 cm'; HR-MS (ESI-TOF): m/z = 391.1112,
calculated for C22HisN>O3S (M+H"): 391.1111.

4-(1-Tosyl-1H-benzo[d]imidazol-2-yl)phenol (2r).”* 48 mg; Yield: 80 %; R = 0.4
(hexane:ethyl acetate 7:3): light brown solid: lit.** mp 163164 °C; 'HMR (400 MHz,
CDCl3) 6 9.00 (s, 1H), 8.22 (d.J =8 Hz, 1H), 7.73 (d.J = 7.6 Hz, 1H), 7.44 — 7.40 (m,
2H), 7.37 (d. J =8.0 Hz, 2H), 7.30 (d, J=8 Hz, 2H), 7.08 (d, J = 8 Hz, 2H), 6.71 (d,
J=28.0Hz, 2H), 2.29 (s. 3H). *C NMR (100 MHz, CDCl5) & 159.4, 154.9, 145.9, 145.8,

141.8, 134.9, 133.8, 132.7, 129.8, 127.2, 125.6, 120.5, 119.8, 115.5, 115.2, 21.7. HR-

MS (ESI-TOF): m/z = 365.0984, calculated for C20H16N203S (M+H"): 365.0954.

(E)-2-(4-styrylphenyl)-1-tosyl-1H-benzo[d]imidazole (2s): 54 mg: Yield: 90%: R¢ =
0.5 (hexane:ethyl acetate 9:1); white solid: mp 170 — 172 °C: 'H MR (400 MHz,
CDCl3) 6 8.22 (d.J = 7.6 Hz, 1H), 7.73 (d,J = 7.2 Hz, 1H), 7.66 (d. J = 8.4 Hz, 2H),
7.61 (d,J = 8.4 Hz, 2H), 7.57 (d,J = 7.6 Hz, 2H), 7.47 — 7.41 (m, 2H), 7.41 - 7.27 (m,
5H), 7.26 (d,J =8 Hz, 1H), 7.19 (d, J = 16.4 Hz, 1H), 7.10 (d,J = 8.2 Hz, 2H), 2.32 (s,
3H). 3*C NMR (100 MHz, CDCl3) & 154.2, 145.8, 142.9, 139.7, 137.1, 135.1, 134.1,

131.4, 130.6, 129.83, 129.0, 1289, 128.2, 1279, 127.1, 126.9, 125.8, 125.6, 125.5,

120.5,115.4, 21.7. IR (KBr): V' =2081, 1629, 1378, 1187, 1172, 1117 1072 cm™'; HR-

MS (ESI-TOF): m/z = 451.1471, calculated for C2sH2:N20:8 (M+H"): 451.1475.

2-(4-(Phenylethynyl)phenyl)-1-tosyl-1H-benzo[d]imidazole (2t).° 48 mg; Yield: 81
%: Re = 0.5 (hexane:ethyl acetate 9:1): white solid: '"H NMR (400 MHz, CDCl;) & 8.22
(d.J=8Hz. 1H), 7.74 (d.J = 7.2 Hz, 1H). 7.64 (m, 4H). 7.59 (dd. J 1= 7.6, .J »=4 Hz,

2H). 7.51 — 7.41 (m, 2H), 7.41 — 7.32 (m, 5H), 7.11 (d. J = 8.4 Hz, 2H). *C NMR (100
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MHz, CDCl3) 6 153.6 145.9, 142.8, 135.0, 134.1, 131.8, 131.0, 130.9, 129.9, 129.7,
128.8, 128.6. 127.0, 125.7, 125.5, 123.0, 120.5, 115.4, 91.7, 88.9. 21.7. HR-MS (ESI-

TOF): m/z = 4491333, calculated for C25H20N20:S (M+H"): 449.1318

2-(4-Bromophenyl)-5,6-dichloro-1-tosyl-benzo[d]imidazole (2aa).>” 57 mg: Yield:
95%: Re= 0.7 (hexane:ethyl acetate4:1); white solid: lit.?” mp 206-208 °C: 'H MR
(400 MHz, CDCls) ¢ 8.33 (s, 1H), 7.79 (s, 1H), 7.62 (d,J = 8.2 Hz, 2H), 747 (d, J =
8.3 Hz, 2H), 7.29 (d. J = 8.4 Hz, 2H), 7.15 (d, J = 8.2 Hz, 2H), 2.20 (s, 3H); *C NMR
(175, MHz, CDCls): & 154.8, 146.7, 142.0, 134.5, 133.1, 132.5, 131.3, 130.2, 130.00,

129.9,128.2, 127.1, 126.1, 121.7, 116.8, 21.6.

2-(2-Bromo-5-fluorophenyl)-5,6-dimethyl-1-tosyl-benzo[d]imidazole (2ab).>’ 59
mg; Yield: 98%: Re= 0.5 (hexane:ethyl acetate 4:1); white solid; lit.>” mp 121-123 °C;
'HgMR (400 MHz, CDCl): 8 7.92 (s, 1H), 7.63-7.58 (m, 1H), 7.56 (s, 1H), 7.54 (d,
J=4.0Hz. 2H), 7.22 (d. J= 8.1 Hz, 2H), 7.16-7.10 (m, 1H), 7.07 (dd. /,=8.4.J2=3.0
Hz. 1H). 2.46 (s. 3H), 2.38 (s, 6H). *C NMR (175 MHz, CDCl3): & 160.5 (d. 'Jc.
7=247.1 Hz), 148.6, 146.3, 140.4, 135.7, 135.2, 134.6. 134.0 (d. *Jcr = 8.0 Hz), 133.6
(d. 3Jer =8.4 Hz), 131.2, 130.1, 127.5, 120.9, 119.9 (d. Jcr = 23.6 Hz), 119.5 (d.

4Jer=3.0 Hz), 119.1 (d. e = 21.7Hz),114.4, 21.9,21.0,20.3.

2-(3-Bromo-4-methoxyphenyl)-5,6-dimethyl-1-tosyl-benzo[d]imidazole (2ac). 59
mg; Yield: 97 %; Ry= 0.4 (hexane: ethyl acetate 4:1), white solid; mp 140-141 °C: 'H
NMR (400 MHz, CDCls): & 7.95 (s. 1H). 7.68 — 7.56 (m. 2H), 7.46 (s. 1H). 7.31 (d.J =

8.4 Hz, 2H), 7.12 (d, J = 8.1 Hz, 2H), 6.98 (d. J = 9.0 Hz, 1H), 4.00 (s, 3H), 2.45 (s,
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3H). 2.36 (s. 3H). 2.34 (s, 2H): *C NMR (175 MHz, CDCL3) & 157.6, 151.8, 145.8,
135.4, 135.2, 135.1, 134.7, 132.4, 131.9, 130.4, 1298, 127.0, 123.6, 120.4, 115.5,
110.9,110.8,56.5,21.8,20.9, 20.3; IR (KBr): ¥ = 2920, 1847, 1629, 1487, 1377, 1269,
1175, 1081, 1019 cm'; HR-MS (ESI-TOF): m/z = 485.0534. calcd for C23Ha BrN>03S

(M+H"): 485.0529.

2-(2-Bromophenyl)-6-nitro-1-tosyl-benzo[d]imidazole (2ad). 42 mg: Yield: 90%: Ry
= 0.4 (hexane:ethyl acetate 4:1); white solid; mp 150-152 °C: 'H MR (700 MHz,
CDCls): 3 9.10(s, 1H). 8.36 (dd.J = 8.2 Hz, 1H). 7.88 (d.J = 8.8 Hz. 1H). 7.67 (d.J =
7.6 Hz, 1H), 7.53 (d, J = 8.1 Hz, 2H), 7.49-7.42 (m, 3H), 7.30-7.19 (n, 2H), 2.40 (s,
3H): *C NMR (175 MHz, CDCls): § 155.1, 147.1, 146.2, 145.7, 134.3,132.8, 132.5,
132.4,132.3,131.0, 130.4, 128.0, 126.8, 124.5,121.2, 120.7, 111.2, 22.0; IR (KBr): v
=12097, 1641, 1595, 1523, 1461, 1385, 1271, 1176, 1086, 1012; HR-MS (ESI-TOF):

m/z=471.9937, calcd for C2oH14BrN3O4S (M+H"): 471.9961.

2-(4-Ethylphenyl)-5, 6-dichloro-1-tosyl-benzo[d]imidazole (Zae). 51 mg; Yield:
85%; Ry = 0.6 (hexane:ethyl acetate 4:1) white solid; mp 170-172 °C: 'H MR (400
MHz, CDCl3): 6 8.33 (s, 1H), 7.78 (s, 1H), 7.49 (d,J = 8.2 Hz, 2H), 7.37-7.21 (m, 4H),
7.11 (d,J = 8.1 Hz, 2H), 2.76 (q.J = 7.6 Hz, 2H). 2.34 (s, 3H), 1.31 (t,J = 7.6 Hz, 3H):
3C NMR (100 MHz. CDCls): 6 156.2. 147.8, 146.3. 142.1, 134.6. 133.2. 131.0, 130.0,
129.6, 1295, 127.5, 127.2, 126.6, 121.5, 116.8, 29.0, 21.8, 15.5; IR (KBr): V' =2965,
2362, 1624, 1595, 1433, 1383, 1281, 1190, 1177, 1075, 1018 cm™'; HR-MS (ESI-TOF):

m/z = 445.0539, calcd for C22HisCl2N202S (M+H"): 445.0539.
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2-(2-nitrophenyl)-1-tosyl-1H-benzo[ d]imidazole-6-carboxylic acid (2af).”” 56 mg;
Yield: 94%: Ry = 0.3 (hexane:ethyl acetate 1:1); white solid; 1it.”” mp 158-160 °C: 'H
NMR (400 MHz, DMSO-Dg) 6 8.58 (s, 1H), 8.41 (m, 1H), 8.05 (d. J = 8.0 Hz, 1H),
7.96 (m, 2H), 7.89 (d. J = 8.0, 1H), 7.71 (m, 1H), 7.48 (d. J = 7.6 Hz, 2H), 7.39 (d. J =
7.6 Hz. 2H). 2.34 (s, 3H). *C NMR (100 MHz DMSO0-D¢) & 166.9, 151.2, 147.7. 147.0,
145.0, 134.3, 133.3, 132.9, 132.6, 131.9, 130.6, 128.3, 126.9, 126.3, 124.8, 124.8,

120.5,114.8, 21.2.

2-(2-Bromophenyl)-1-methylsulfonyl-benzo[d]imidazole (2ba). 78 mg; Yield: 97%:
R=0.3 (hexanc:cthyl acctate 4:1); yellow solid: mp 155-156 °C: 'H MR (400 MHz,
CDCl3): & 7.94 (dd. J, = 6.0, J>=2.9 Hz, 1H), 7.89-7.84 (m, 1H), 7.69 (d, J = 7.6 Hz,
1H). 7.53-7.46 (m, 3H), 7.45-7.37 (m, 2H). 3.28 (s, 3H):"*C NMR (175 MHz, CDCls):
6 150.7, 132.5, 132.4, 132.3, 132.3, 131.8, 127.1, 126.1, 1254, 123.5, 121.2, 113.5,
4227:1R (KBr): v = 1604, 1641, 1462, 1450, 1185, 1049 ¢cm™": HR-MS (ESI-TOF):

m/z =350.9791, caled for C1aHi1BrN202S (M+H"): 350.9797.

2-(2-Fluorophenyl)-1-(phenylsulfonyl)-benzo[d]imidazole (2bb). 76 mg: Yield:
96%; Rr= 0.5 (hexane:ethyl acetate 4:1); white semi-solid, '"H NMR (700 MHz, CDCls):
58.14 (d,J=83 Hz, 1H), 7.77 (d, J = 8.0 Hz, 1H), 7.60 (d, J= 8.2 Hz, 2H), 7.57-7.51
(m, 2H). 7.47-7.42 (m. 2H). 7.38 (dt. J1= 21.1, J> = 7.6 Hz, 3H). 7.30-7.24 (m. 1H).
7.17 (dd,J; = 16.9, J> = 8.0 Hz, 1H); "*C MR (175 MHz. CDCls): 6 161.1 (d. 'Je k=
250 Hz), 147.9, 143.0, 137.9, 134.6, 133.3, 132.8(d. *Jc. /= 8.75 Hz), 132.2, 129.4,
127.1, 1259, 125.3, 123.7 (d. *Jc = 3.5Hz). 120.8, 118.8 (d.*Jc. r= 14 Hz). 115.7(d,

2Jc.r=21 Hz), 114.4; IR (KBr): v =2096, 1624, 1583, 1482, 1448, 1382, 1311, 1253,
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1187, 1125, 1187, 1079, 1018 cm™'; HR-MS (ESI-TOF): m/z= 353.0767. calcd for

C19H13FN202S (M+H™): 353.0755.

2-Phenyl-1-(phenylsulfonyl)-benzo[d]imidazole (2bec).”* 72 mg; Yield: 92%; R¢=0.5
(hexane:ethyl acetate 4:1): white solid: lit.%* mp 64-65 °C; 'HMR (400 MHz, CDCl3):
6822 (d.J=77Hz 1H). 7.73 (d. /= 7.5 Hz., 1H). 7.59 (d.J = 7.0 Hz, 2H). 7.53 (m,
1H). 7.50 — 7.45 (m, 2H), 7.50 — 7.39 (m. 5H). 7.28 (t..J = 7.9 Hz. 2H): ’C NMR (175
MHz. CDCly): & 154.0, 142.6, 137.9, 134.5, 133.9, 130.9, 130.6, 129.9, 129.2, 127.7.

126.9, 125.6. 125.4, 120.5, 115.2.

2-(Ortho-Tolyl)-1-benzoyl-benzo[d]imidazole (2bd). 25 mg; Yield: 65%:; R=0.5
(hexane:ethyl acetate 4:1); yellow semi-solid: 'H NMR (700 MHz, CDCl3): 6 7.88 (d.
J=8.0Hz, 1H), 7.61 (d.J =79 Hz. 2H), 7.50 (d. /= 8.1 Hz, 1H). 7.47 (t. /= 7.5 Hz,
1H), 7.40 (t, J = 7.6 Hz, 1H), 7.31 (dt, J1= 23.0,J:= 7.8 Hz, 4H), 7.17 (t.J =7.5 Hz,
1H), 7.07-7.10 (m, 2H), 2.37 (s, 3H): "C NMR (175 MHz, CDCL): & 168.8, 153.6,
142.9, 137.1, 134.1, 133.6, 133.3, 130.8, 130.5, 130.5, 130.1, 129.8, 128.5, 125.6,
124.8, 124.6, 120.3, 113.7, 20.2: IR (KBr): v =2107, 1641, 1311, 1259, 1223, 1146,
1101, 1073 cm™'; HR-MS (ESI-TOF):m/z=313.1308. calcd for C2:HisBrN.O (M+H"):

BlISAIES5,

2-(2-Bromophenyl)-1-benzoyl-benzo|d]imidazole (2be). 16 mg: Yield: 40%: Ry =
0.6 (hexane:ethyl acetate 4:1): semi-solid:'H NMR (700 MHz, CDCl3): 6 7.90 (d. J =
8.0 Hz. 1H), 7.73 (d. J = 7.7 Hz. 2H). 7.59 (d.J = 7.6 Hz, 1H), 7.51 (. J = 7.4 Hz, 1H),

7.45 —7.38 (m, 3H), 7.35 (d.J = 8.1 Hz, 4H). 7.19 (1. J = 7.7 Hz, 1H) *C NMR (175
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MHz, CDCL): & 168.2, 152.2, 142.3, 133.9, 133.8, 132.9, 132.8, 132.6, 131.4, 130.7,
128.5, 127.5, 125.4, 124.9, 123.0, 120.6, 114.1; IR (KBr): v =2093.07, 1642, 1448,
1310,1225, 1147 cm™;HR-MS (ESI-TOF): m/z=377.0271, calcd for CaoHpBrN,O

(M+H"): 377.0284,

2-(2-Bromophenyl)-1H-benzo[d]imidazole (2a").”” 37 mg: Yield: 73%: R = 0.4
(hexane:ethyl acetate 4:1); white solid: '"H NMR (700 MHz, DMSO-Ds): 6 7.82 (d.J =
7.9 Hz, 1H), 7.77 (d,J = 7.5 Hz, 1H), 7.65 — 7.60 (m, 2H), 7.56 (t,J = 7.3 Hz, 1H), 7.48
(t.J = 7.5 Hz, 1H), 7.29 — 7.23 (m, 2H); *C NMR (175 MHz, DMSO-Dy): 6 150.3,
133.4,132.3,132.1, 131.5, 127.8, 122.4, 121 6.

1p': Mp 102-104 °C; '"H NMR (400 MHz, CDCl3) 8 7.79 (d.J = 8 Hz, 2H), 7.72 (s, 1H),
7.63 (d,J = 8 Hz, 1H), 7.58 (d.J = 8 Hz. 2H), 7.53-7.48 (m, 3H), 7.22 (dd. J, = 16, .)»
= 8 Hz. 1H), 7.12-7.08 (m,1H), 7.03 (d,J = 8. Hz 3H), 2.27 (s, 3H): '*C NMR (100

MHz, CDCls) 6 159.4 (t.J = 25.0 Hz), 143.7, 140.9, 136.1, 135.5, 132.3, 132.2, 129.5,

129.1, 1289, 127.8, 127.2, 125.5, 121.3, 117.0, 21.6; IR (KBr): V' =3285, 2165, 1916,
1613, 1485, 1337, 1165, 1215 em™'; HR-MS (ESI-TOF): m/z = 352.1215, calculated for

C20H7DN20.S (M+H"): 352.1225.
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'H and ®C NMR Spectra of selected the compounds

NMR Spectra
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Figure 2.10. 'H-NMR of 2-(2-Bromophenyl)-1-tosyl-benzo[d]imidazole (2a).

CDCl, (100 MHz)

SR8 RIBREEERERER @ oo <+
e R R D e . R R ey ] ~
D = 09 00 00 00 60 00 O O 04 O O O3 O I~ o =
—frTTrTFTTIFTTTTIIT T [ . o
Py ~ 1
Br,
M
AN
N
‘
ol
L l“ ‘ .
200 190 180 170 160 150 140 130 120 110 100 90 80 60 50 40 30 20 10 0

1 (ppm)

Figure 2.11. >*C-NMR of 2-(2-Bromophenyl)-1-tosyl-benzo[d]imidazole (2a).
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Figure 2.12. 'H-NMR of 2-(4-Bromophenyl)-1-tosyl-benzo[d]imidazole (2b).
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Figure 2.13. *C-NMR of 2-(4-Bromopheny)-1-tosyl-benzo[d]imidazole (2b).
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Figure 2.14. '"H-NMR of 2-(3-Bromophenyl)-1-tosyl-benzo[d]imidazole (2¢).
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Figure 2.15. ®C-NMR of 2-(3-Bromophenyl)-1-tosyl-benzo[d]imidazole (2c).
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Figure 2.16. '"H-NMR of 2-(4-Fluorophenyl)-1-tosyl-benzo[d]imidazole (2d).
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Figure 2.17. *C-NMR of 2-(4-Fluorophenyl)-1-tosyl-benzo[d]imidazole (2d).
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Figure 2.18. '"H-NMR of 2-(4-Isopropylphenyl)-1-tosyl-benzo|d]imidazole (2h).
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Figure 2.19. ®C-NMR of 2-(4-Isopropylphenyl)-1-tosyl-benzo[d]imidazole (2h).
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Figure 2.20. 'H-NMR of 2-Chloro-6-methoxy-3-(1-tosyl-benzo[d]imidazol-2-yl)-
quinolone (2n).
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Figure 2.21. '*C-NMR of 2-Chloro-6-methoxy-3-(1-tosyl-benzo[d [imidazol-2-y1)-

quinolone (2n).
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Figure 2.22. '"H-NMR of 2-Cyclohexyl-1-tosyl-benzo[d]imidazole (20).
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Figure 2.23. *C-NMR of 2-Cyclohexyl-1-tosyl-benzo[d]imidazole (20).
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Figure 2.24. '"H-NMR of 2-phenyl-1-tosyl-1H-benzo[d]imidazole (2p).
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Figure 2.25. >C-NMR of 2-phenyl-1-tosyl-1H-benzo[d]imidazole (2p).
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Figure 2.26. '"H-NMR of 1-(4-(1-Tosyl-1H-benzo[d]imidazol-2-yl)phenyl)ethanone
(2q).
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Figure 2.27. *C-NMR of 1-(4-(1-Tosyl-1H-benzo[d]imidazol-2-yl)phenyl)ethanone
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Figure 2.28, 'H-NMR of 4-(1-Tosyl-1H-benzo[d]imidazol-2-yl)phenol (2r).
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Figure 2.29. *C-NMR of 4-(1-Tosyl-1H-benzo[d]imidazol-2-yl)phenol (2r).
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Figure 2.30. '"H-NMR of (E)-2-(4-styrylphenyl)-1-tosyl- 1H-benzo[d]imidazole (2s).
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Figure 2.31. C-NMR of (E)-2-(4-styrylphenyl)-1-tosyl-1H-benzo[d]imidazole (2s).
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Figure 2.32, 'H-NMR of 2-(4-Bromophenyl)-5.6-dichloro-1-tosyl-benzo[d]imidazole
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Figure 2.34. '"H-NMR of 2-(2-nitrophenyl)-1-tosyl-1H-benzo[d]imidazole-6-
carboxylic acid (2af).
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Figure 2.35, "C-NMR of 2-(2-nitrophenyl)-1-tosyl-1H-benzo[d]imidazole-6-

carboxylic acid (2af).
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Figure 2.36. 'H-NMR of 2-(2-bromophenyl)-1-methylsulfonyl-benzo[d]imidazole

(2ba).
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Figure 2.37. *C-NMR of 2-(2-bromophenyl)-1-methylsulfonyl-benzo[d]imidazole
(Zba).
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Figure 2.38. 'H-NMR of 2- (2- Fluorophenyl)-1-(phenylsulfonyl)-benzo|d|imidazole
(2bb).
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Figure 2.39. >C-NMR of 2- (2- Fluorophenyl)-1-(phenylsulfonyl)-benzo[d]imidazole
(2bb).
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Figure 2.40. 'H-NMR of 2-Phenyl-1-(phenylsulfonyl)-benzo[d]imidazole (2bc).
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Figure 2.41. *C-NMR of 2-Phenyl-1-(phenylsulfonyl)-benzo[d]imidazole (2bc).
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Figure 2.42, '"H-NMR of 2-(Ortho-Tolyl)-1-benzoyl-benzo[d]imidazole (2bd).
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Figure 2.43. *C-NMR of 2-(Ortho-Tolyl)-1-benzoyl-benzo[d]imidazole (2bd).
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Figure 2.44. '"H-NMR of 2-(2-Bromophenyl)-1-benzoyl-benzo[d]imidazole (2be).
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Figure 2.45. >*C-NMR of 2-(2-Bromophenyl)-1-benzoyl-benzo[d]imidazole (2be).
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Figure 2.46 '"H-NMR of 1p’.
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Figure 2.47. *C-NMR of 1p".
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Figure 2.48. 'H-NMR of the mixture of (E)-N-(2-(benzylideneamino)phenyl)-4-

methylbenzene sulphonamide (1p) with NIS in TFE.
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Figure 2.49 '"H-NMR of the mixture of 1p’ with NIS in TFE.
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CHAPTER 3

Mechanochemical Synthesis of Substituted
Quinazolin-4(3H)-one by Using IBX

3.1 ABSTRACT

o}
R CHO
NH; \
o NH
©\)\ (:I\g ban mill ©\)N:\R

2-aminobenzamide

R = Aryl or Alkyl

Conducting any transformation using unsubstituted aryl amines and hypervalent

iodine (V) reagents by simply adding is unworkable due to lofty exothermic reaction or

explosive decompostion. Diverting the explosion via intramolecular control led to a

successful chemical reaction when anilines containing -CONH group at ortho-position.

In constrained media i.e., extreme condition of the reactants under solvent-free ball-

milling condition, anthranilamide, aromatic or aliphatic aldehydes and I (V) reagente.g.

2-iodoxybenzoic acid (IBX) delivered substituted quinazolin-4(3H)-one derivatives in

good to high yields.

3.2 INTRODUCTION

Reaction environment can control the reactivity of a chemical system such as

encapsulation within the cavity of a container molecule like cyclotrisiloxane' or

cyclobutadiene.? which a kind of reactive species that do not undergo oligomerization.

[129]




Chapter 3: Mechanochemical Synthesis of Substituted Quinazolin-4(3H)-one by
Using IBX

Similarly, white phosphorus was also found to be air-stable upon encapsulation within
a tetrahedral metallo-supramolecular cage molecule.’ Hemiaminals are unstable which
is stabilized by fitting into a molecular receptor. It was developed by Rebek and co-
workers.* Combination of iodine and ammonia is popular contact explosive because of
formation of nitrogen triiodide (NI3).> Likewise. hypervalent iodine compounds being
an oxidizer® react with amines’ explosively without using any solvent. Aryliodonium
imides or iminoiodane are synthesized by the reaction of iodine(IIl) derivatives and
electron deficient amines. At higher temperature, this type of compound explode® and
hence kept at low temperature’ and inert atmosphere. Hypervalent iodine compounds
arc used as reagents for carbon-nitrogen bond synthesis reactions.®!* Mechanochemical
conditions like ball milling is found to be one of the superior techniques in solvent-less
synthesis.!! Under solvent free ball-milling condition'' maximum concentration puts in
the system under high stress and therefore high exothermic reaction or explosion
possibly occur between hypervalent iodine derivatives reagents and electron rich
amines. Therefore, synthetic applications using hypervalent iodine compounds and
primary amines under solvent-less condition are confined.'> Our group developed a
method of controlling the reactivity of primary amine and hypervalent iodine(III) into
a successful chemical transformation in presence of the acid-salt NaHSO,."* Herein,
taming of aryl amine-iodine(V) explosion through an intramolecular control was
demonstrated towards the synthesis substituted quinazolin-4(3H)-one."* This synthesis
protocol is reported to be simple and is expected to have wide application in synthetic
chemistry. Also. it may be possible hercafter to work with explosives for development

of newer methodologies in organic synthesis or in supramolecular chemistry.
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3.3 RESULTS AND DISCUSSIONS

Last few decades have gained significant interest to develop newer
methodologies using hypervalent iodines in organic synthesis.'> Easy commercial
availability, high stability at room temperature (most of them), selective oxidizing
ability and environmental sustainability of hypervalent iodine reagents build it highly

widespread in establishing new synthetic methodology.'®

We report here a method for
preparation of quinazolin-4(3H)-ones'” (Figure 3.1) from o-aminobenzamide and aryl
or alkyl aldehydes with treatment of o-iodoxybenzoic acid (IBX).'"* An explosion was
noticed (Figure 3.1-a) during mixing of benzaldehydes. aniline in presence of IBX in
ball-mill."” Identical observations were also found with Dess-Martin periodinane
reagent (DMP). However, benzamide was not reacted with IBX and no such explosion
was perceived under identical condition (Figure 3.1-b).Additionally, no explosive
decomposition occurred when the reaction was carried out with 2-aminobenzamide and

IBX without any aldehyde (Figure 3.1-c). On the other hand the reaction was fruitful

with 2-aminobenzamide under similar condition (Figure 3.1-d).

Our group have reported a CDC (cross dehydrogenative coupling) reaction
using primary amines in presence phenyleneiodine diacetate (PIDA) under solvent-less
ball milling condition, i.e.. at maximum contacts of the reactants.'> The treatment of
amine with PIDA as stronger oxidant, the amine’s basicity was modulated using an

additive NaHSOy acid-salt (Figure 3.2-a).
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a)
Q oH
1 R-CHO
Q,, O - X
mixing
NH
2 o) Explosion
b)
(0]
Q oH
NH I R-CHO
2+ 0 : . »  No Reaction
ball-mill
(6]
c)
(0]
?i _OH
d”m + o __ Baikmid »  No Explosion
NH,
(e}
d)
O
Q oH o
NH | 4 R-CHO
2 ¢ 0 - NH
NH, ball-mill N,)\R
(0]
2-aminobenzamide IBX at maximum contact successful

R = Aryl or Alkyl

Figure 3.1. Reaction of iodine (V) and amine group of different system. a) Explosion
observed when aryl amine treated with the aldehydes in presence of IBX. b) Benzamide
was observed to be unreactive with IBX. ¢) No explosion was observed of reaction of
2-aminobenzamide and IBX d) 2-aminobenzamide treated with aldehydes in presence

of IBX provided quinazolin-4(3H)-one with IBX under ball milling condition.

[132]




Chapter 3: Mechanochemical Synthesis of Substituted Quinazolin-4(3H)-one by
Using IBX

Known
a) Aliphatic amine reactivity

reaction controller

/

o) Y o]

: OAc i+ H M,. Ry N
Ph—I ball-milling H
! OAc !

contact-explosive

b) Aromatic amine reactivity under ball-milling

oxone - | "
o =
N / oxidant RY N [ g
| =
7 NH,

R=-H, -MGN IBX :
-OMe Explosion

lodine based oxidant

This work

¢) Quinazolin-4(3H)-one synthesis

reaction controller

IBX NH
\ 1.1 i
(1.1 equiv) -

ball-milling N” "R

R' = Aryl or Alkyl

Figure 3.2. Comparing the recent work with the reported literature reports.
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A correlation in the reactivities of the aryl amines with treatment of oxone (non-iodine
based oxidant)®® and IBX (iodine based oxidant) are given in figure 3.2-b. Anilines
treated with oxone and led to the generation of the azo-derivatives while IBX reacts
differently which caused an explosion. Reactions of 2-aminobenzamide and aryl
aldehydes led to quinazolin-4(3H)-one in presence of IBX at maximum concentration

of the reactants 7.e., in ball-mill (Figure 3.2-c).

For searching optimum condition of the reaction, anthranilimide (1) and 2-
ethylbenzaldehyde (2a) were used as representative substrates (Table 3.1). At first, 70%
of the 2-(4-cthylphenyl)quinazolin-4(3H)-one (3a) product was observed. when 1, 2a
with 1.1 equiv of IBX were shredded together in a 10 mL of ball-milling jar for 1.5 h
(entry 1). IBX was successively added after 30 mins of mixing 1 and 2a however, the
yield was increased to 91% (entry 2). It was found that yield appreciably decreased
when other equimolar proportions of IBX was used (entries 3-4). Also various oxidants
like Dess Martin periodinate and oxone (entries 7 to 8) were applied but none of them
provided better results compare to IBX. IBX under in situ conditions obtained from 2-
iodobenzoic acid-oxone combination gave lower yields of product (entry 35).
Gratifyingly, when silica-gel*! was utilized as an additives during the griping of liquid
aldehydes. the yield of the products were observed to be consistent in repetition of the
reactions. Interestingly no explosion could be found, when IBX was mixed during the
starting of the reaction (entry 1. Table 3.1). at 30 min (Entry 2) or 1 h (entry 6) after

mixing of 1 and 2. Therefore, we got an explosion free methodology.
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Table 3.1. Screening of reaction conditions.?

@]
(@]
OHC reagent > NH
@\)LNHZ + \©\ silica gel, @\):/
NH, gt ball-mill,
15h
1 2a 3a Et
Entry Reagent (equiv) ® Yield (%)°
14 o-iodoxybenzoic acid (1.1) 70
2 o-iodoxybenzoic acid (1.1) 91
3 o-iodoxybenzoic acid (1) 78
4 o-iodoxybenzoic acid (1.2) 85
5¢ IBA (1.1) - oxone (1.5) 59
6f o-iodoxybenzoic acid (1.1) 90
79 DMP (1.1) 44
8 Oxone (1.1) 42

“Reaction condition: 1a (1 equiv) and 2a (1 equiv) and 60 mg silica gel for

approximately 60 pL of 2a, "Reagent was mixed after 30 min. “Isolated yields. ‘1, 2a
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and IBX were added together. “2-Iodobenzoic acid (IBA). ' IBX was mixed after 1 h.

£Dess Martin periodinate.

0 IBX o
NH, (1.1 equiv) - I:I “NH
NH *  RCHO silica gel N/J\R
£ ball-mill
1 2 15-45h 3
o) o) 0 o)
L. Ol oor. oL
N N” N/)\© N//ké
3a,91%,1.5h 3b, 95%,1.5h 3¢,79%, 1.5h 3d,92%,2h
0 0 0 o}
NH NH NH NH Br
AeURaasy SoUhaae
3e, 82%,1.5h 3f, 84%,2h 3g, 35% (50%%), 3 h 3h,94%, 4 h

0O 0O

0
el Crr. Cor. OO
= = = =
N N N S N
| N
OMe &

3i,68%,3.5h 3j,89%,3.5h 3k, 71%, 3 h 31,52%,4.5h

o] O 0 o] o]
sesdiice Do I e
N/ NA% N/J\.)\ N¢I\/\

3m, 70%, 1.5 h 3n, 65%,3.5h 30,84%,2h 3p, 68%, 2.5h

Figure 3.3. Preparation of quinazolin-4(3H)-one compounds from reaction of 1 and
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liquid aldehydes. * Yields based on recovered aldehydes, for compound 3k IBX is put

after 1 h.
o IBX Q
1.1 equiv)
NH, ( - NH
©\)r: = RCHO ball-mill PR
. 1.5-4h
1 2 3
0 o) o
Cl Br Br
3q,60%, 3 h 3r, 78%, 1h 3s,50%, 1.5 h
o o o
dNH @I\)LNH | dNH
NA\@m P N/)\@
OMe F
3t, 76%, 1.5h 3u, 40% (78%2),4 h 3v,59%,1.5h
o] 0 0
oL seJdeclioede
L U "1
. o
3w, 60%, 3 h 3x, 65%, 1.5 h 3y, 24% (64%2), 1.5 h

Figure 3.4. Preparation of quinazolin-4(3H)-one compounds from reaction of 1 and
solid aldehydes. * Yields based on recovered aldehydes, for compound 3y, IBX was

added after 1 h.
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Using optimum condition, the substrate scope of this methodology was further
explored for the preparation of quinazolin-4(3H)-one derivatives (Figure 3.3-3.4) and
the respective products were formed in good to excellent yields. Mono-alkyl substituted
benzaldehydes gave better yield of corresponding quinazolin-4(3H)-one derivatives
(3a-b and 3d,e-f) than that of benzaldehyde (3¢). Nevertheless, sterically crowded aryl
aldehydes furnished the corresponding quinazolin-4(3H)-ones (3g, 3u) in
comparatively inferior yields. The reactions were observed to be smooth and productive
with aldehydes bearing halogen atom (3h, 3i, 3g-s, 3v) and cyano group at para position
(3w). Aldehydes having methoxy substitution rendered quinazolin-4(3H)-ones in lofty
yields (3], 3t). Similarly. the reaction also took place with aldehydes including fused
aromatic ring system such as napthyl (31). pyranyl (3x), anthryl (3y). etc. Various
aliphatic aldehydes such as cyclohexyl (3n). 3-phenylbutraldehyde (30) and
butraldehyde (3p) afforded desired heterocycles with high yield. X-ray crystallographic

analysis data indicated the structure of compound 3a. (Figure 3.5).

Q@ Oxygen
Q Nitrogen
Q Carbon

Figure 3.5. Crystal structure of 3a (CCDC No. 1823611).

The mechanistic pathway of the quinazolin-4(3H)-ones synthesis is described in Figure

3.6 based on the observations shown in Table 3.1 and the literature reports.”” The yield
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of the reaction was increased significantly when IBX was mixed after 30 min of initial
grinding of the reactants 1 and 2. It has expected that the adduct 4 is generated from the
mixture of 2-aminobenzamaide and the aryl aldehyde followed by reaction with the o-
iodoxybenzoic acid to provide 5. Finally, from S the quinazolin-4(3H)-one 3 was

produced with the formation of the iodosobenzoic acid 6.

i 0
OH
NH ‘]:
X @[«o
N" R
RCHO H Y
2 _~ 4 .IBX
o S o)
NH, NH "N” "R
. <
1 /J\ = — HOZ! OH
Z |
N7 R Y oH 0’ C
f
3 |
LY
o) o
5
O 6 (IBA)

Figure 3.6. Possible mechanism for the quinazolin-4(3H)-ones preparation using IBX.

Aryl amines created explosion where there was no reaction of benzamide with
IBX. Although, quinazolin-4(3H)-ones was isolated from 2-aminobenzamide under
identical condition (Figure 1). 2-Aminobenzamide bearing one amine part (highly
reactive) and another unreactive part supposed to be an aniline derivative with ordinary
reactivity. Therefore, we controlled the reactivity of o-iodoxybenzoic acid under
mechanomilling condition which afforded successful chemical reaction in presence of

2-aminobenzamide.
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In addition, a large scale preparation was done to establish the synthetic utility
of this transformation. By treating 2-aminobenzamide (1, 0.550 g) with 4-ethyl
benzaldehyde (2a, 0.541 mL) under optimized reaction condition, product 2-(4-

ethylphenyl)quinazolin-4(3H)-one (3a) was formed in 68 % yield (Figure 3.7).

fo) ]
GHE IBX (1.1 equiv)
+ _—
NH, silica gel (550 mg) Nék@\/
ball-mill
1 2a 2.5h 3a
(4.04 mmol) (4.04 mmol) 0.684 g, 68%
0.550 g 0.541 mL

Figure 3.7. Large scale synthesis of 3a.

3.4 CONCLUSIONS

In conclusion, we foresee an explosion of contact-explosives, aryl amines-IBX
is curbed and the safety benefits of using them are substantial, e.g. complex challenging
reactions can be achieved ecasily by selecting suitable reaction environment. The
presented methodology also describes the introduction of quinazolin-4(3H)-ones
preparation chemistry and may find broad use in the context of mechanochemical

reaction towards synthesis of natural product and pharmaceutical chemistry.
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3.5 EXPERIMENTAL SECTION

General Methods. Ball Milling experiments were carried out in an open atmosphere
and at room temperature conditions in Retsch MM 200 high speed vibration mixture
milling instrument (21 Hz). All yields are mentioned as isolated yields after column
chromatographic purifications of the compounds using silica gel (mesh 230-400) and
hexane-ethyl acetate mixtures as eluent, unless otherwise specified. NMR spectra were
recorded on either a 400 MHz or a 700 ?XIHZ instrument at 25 °C. The chemical shift
values are reported in ppm (parts per million) with respect to residual chloroform (7.26
ppm for 'H and 77.16 for *C) or DMSO (2.5 ppm for 'H and 39.5 for *C). Data e
reported as follows: chemical shift in ppm (6). multiplicity (s = singlet. d = doublet, t=
triplet, q = quartet, brs = broad singlet. m = multiplet), coupling constant (Hz) and
integration. High-resolution mass spectra (HR-MS) were recorded on an ESI-TOF (time
of flight) mass spectrometer. IR (infrared) spectral data are reported in wave number

(em™). Melting points (mp) of the compounds were determined using a digital melting

point apparatus and are uncorrected.

Caution. When aniline and IBX were mixed under solvent free condition or at
maximum contact, immediate explosion was observed. However. no such explosion
could be observed under similar condition when 2-aminobenzamide and aryl aldehydes
were reacted in presence of IBX. However, recommended that the general safety
protocols at the laboratory should be cautiously exercised and all the reactions should

be carried out in fume hoods behind a blast shield.
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2-Iodoxybenzoic acid (IBX) was prepared by following reported literature
procedure.??

General Procedure for Preparation of quinazolin-4(3H)-ones. 2-Aminobenzamide
(1. 0.44 mmol, 1.0 equiv). aldehyde (2. 0.44 mmol, 1.0 equiv), 60 mg silica gel (only
for liquid aldehyde) and a stainless-stecl milling ball were added to 10 mL of stainless-
steel jar. Milling was carried out for 30 min and then IBX (0.484 mmol, 1.1 equiv) was
added to the mixture. Again milling was performed for 1 h. The progress of the reaction
were monitored by TLC after taking a small portion of the reaction mixture and
dissolving in DCM (with appropriate solvent as eluent). After completion,
dichloromethane was used for extracting the compound from the solid reaction mixture.
hc solvent was evaporated to dryness and the crude reaction mixture was purified by

silica gel column chromatography using appropriate hexane-ethyl acetate mixture.

Large scale preparation of 3a: One third of the 25 ml stainless steel milling jar was
filled with 2-aminobenzamide (550 mg. 4.04 mmol), 2- ethylbenzaldehyde (541.5 pl,
4.04 mmol), 550 mg silica gel and one ball (15 mm dia). After 1 h milling, IBX (1.24
g. 4.44 mmol) was added and also milled for 1.5 h. Then, after extraction of the reaction
mixture with DCM. followed by silica gel column chromatography with (1: 5.7) ethyl

acetate - hexane mixture as eluent provided product 3a (684 mg, 68%).

Spectral Data of the Compounds
2-(4-Ethylphenyl)quinazolin-4(3H)-one (3a).>* R, = 0.5 (hexanc/cthyl acetate 4:1):

white solid; Yield: 91% (100 mg); lit.2* mp 201-204 °C: 'H NMR (700 MHz, CDCls)
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51138 (s. 1H), 8.33 (dd. Ji=7.7. /> = 0.72, 1H). 8.16 (d. J = 8.4 Hz, 2H), 7.85 (d. J
=84 Hz 1H), 7.82 - 7.78 (m_H)‘_ 7.50 (t,J = 7.7 Hz, 1H), 7.41 (d, J = 8.4 Hz, 2H),
2.76 (q.J = 7.7 Hz, 2H), 1.31 (1, J = 7.7 Hz, 3H); *C NMR (175 MHz, CDCls) & 163.7.
152.1, 149.2, 148.9, 135.2, 129.8, 128.8, 127.8, 127.6, 126.9. 126.6, 120.8, 29.0, 15.4;
HR-MS (ESI-TOF): m/z calculated for CiHisNO;» [M+H]": 251.1179. found:

251.1200.

2-(2-Ethylphenyl)quinazolin-4(3H)-one (3b). Ry = 0.5 (hexane/ethyl acetate 7:3);
white solid; Yield: 95% (105 mg); mp 145-147 °C; ]HMR (400 MHz, CDCl3) 8 11.11
(s, 1H), 8.20 (d, J =8 Hz, 1H), 7.79 (m, 2H), 7.55 (d, J= 7.6 Hz, 1H), 7.51 — 7.42 (m,
2H), 7.39 (d__= 7.6 Hz, 1H), 7.34 (. J=7.6 Hz, 1H), 2.89 (q.J = 7.2 Hz, 2H). 1.22 (t.
J = 7.6 Hz, 3H); *C NMR (100 MHz, CDCl3) 6 163.4. 153.8, 149.3, 143.2, 1345,
133.4,130.8,129.8, 1289, 127.9, 127.1, 126.5, 126.3, 120.8, 26.9, 15.7; IR (KBr): 0 =
1962, 2862, 2096, 1651, 1302, 1267, 1148 cm™'; HR-MS (ESI-TOF): m/z calculated for

CisH14NO2 [M+ H] ™: 251.1179. found: 251.1191.

2-Phenylquinazolin-4(3H)-one (3¢).>> Ry = 0.5 (hexane/ethyl acetate 4:1): white solid:
Yield: 79% (76mg): lit*” mp 239-241 °C; 'H NMR (400 MHz, DCla) 6 11.69 (s. 1H),
8.34 (d.J =8 Hz, 1H), 8.27 (m, 2H), 7.86-7.79 (m, 2H), 7.60 (m, 3H), 7.51 (t.J=7.2
Hz, 1H); "C NMR (100 MHz, CDCl3) 5 163.9, 151.9, 149.7, 135.1, 132.9, 131.8, 129.2,

128.2,127.5,126.9, 126.5, 121.0

2-(o-Tolyl)quinazolin-4(3H)-one (3d).”> Ry = 0.4 (hexane: ethyl acetate 4:1); white
solid; Yield: 92% (96 mg) : 'H NMR (400 MHz, CDCl3) 8 10.79 (s, 1H). 8.24 (d.J=8
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Hz, 1H), 7.80 (d.J = 4 Hz, 2H), 7.57 (d,J = 7.2 Hz, 1H). 7.50 (dt, Ji= 8, > = 4 Hz,
(6]

1H), 7.43 (,J = 7.2 Hz, 1H), 7.35 (d, J = 7.2 Hz, 2H), 2.53 (s, 3H); 3C NMR (100

MHz, CDCls) 5 163.14, 153.6, 149.2, 137.0, 134.9, 133.7, 131.6, 130.7, 128.9, 127.9,

127.1,126.5, 126.4, 120.9, 20.2.

2-(p-Tolyl)quinazolin-4(3H)-one (3¢).”* Ry = 0.5 (hexane/ethyl acetate 4:1); white
solid; Yield: 82% (86 mg); 'H NMR (700 MHz, DMSO-ds ) 6 12.46 (s, 1H), 8.14 (d, J
= 7.7 Hz, 1H), 8.10 (d, J = 8.4 Hz, 2H), 7.83 (t,J = 7.7 Hz, 1H), 7.73 (d. J = 7.7 Hz,
1H), 7.51 (t,J = 7.7 Hz, 1H), 7.36 (d, J = 7.7 Hz, 2H), 2.39 (s, 3H); '*C NMR (175
MHz, DMSO-ds) 6 162.3, 152.3, 148.8, 141.5, 134.6,129.9, 129.2, 127.7,127.4, 126 .4,
125.9. 21.0: HR-MS (ESI-TOF): m/z calculated for C1sH12NO2 [M+ H|": 237.1022,

found: 237.1026.

2-(4-Isopropylphenyl)quinazolin-4(3H)-one (3f).> Ry = 0.5 (hexane/ethyl acetate
4:1); white solid: Yield: 84% (97 mg); 'H EMR (400 MHz, CDCl3) 6 11.73 (s, 1H),
834 (d.J = 7.6 Hz, 1H), 8.21 (d. J = 8 Hz, 2H). 7.89 — 7.74 (m, 2H), 7.57 — 7.47 (m,
1H). 7.44 (d. J= 8.4 Hz, 2H), 3.15 - 291 (m, 1H). 1.32 (d. J = 6.8 Hz, 6H); °C NMR
(100 MHz, CDCls) 6 164.1, 153.2, 1519, 149.8. 1349, 1304, 128.1, 127.6, 127.3,

126.7.126.5,120.9, 34.3, 23.9.

2-Mesitylquinazolin-4(3H)-one (3g).”° Ry = 0.5 (hexane/ethyl acetate 4:1). white
solid: Yield: 35% (40 mg). 50% (based on recovered aldehyde): lit.*® mp 192-194 °C:
'H NMR (400 MHz, DMSO-ds ) & 12.42 (s, 1H), 8.17 (d. J = 7.6 Hz, 1H), 7.83 (t. J =

7.6 Hz, 1H), 7.67 (d,J = 8.0 Hz, 1H), 7.54 (t.J = 7.6 Hz, 1H). 6.97 (s. 2H), 2.29 (s, 3H),
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2.12 (s. 6H); 3C NMR (100 MHz, DMSO-ds) & 161.8, 154.3, 148.9, 138.4, 135.4.

134.5,132.0, 128.0, 1274, 126.7, 1259, 121.1, 20.8, 19.1.

2-(2-Bromophenyl)quinazolin-4(3H)-one (3h).”” R;= 0.4 (hexanc/ethyl acetate 4:1);
white solid: Yield: 94% (126 mg): lit.?” mp 159-160 0C:ENMR (400 MHz, CDCl3) &
10.60 (s, 1H), 8.26 (d.J = 8 Hz, 1H), 7.82 (d,J = 4 Hz, 2H), 7.71 (. J = 7.2 Hz. 2H),
7.57 - 7.49 (m, 1H), 7.47 d, J = 7.2 z, 1H), 7.40 (1, J = 8 Hz, 1H): *C NMR (100
MHz, CDCl) 6 162.6, 152.2, 149.1, 135.3, 135.0, 133.9, 132.1, 131.4, 128.1, 128.1,

127.5,126.6,121.2, 121.1.

2-(2-Fluorophenyl)quinazolin-4(3H)-one (3i).2> Ry = 0.4 (hexanc/cthyl acetate 4:1);
white solid: Yield: 68% (72 mg): "H NMR (400 MHz, CDCls)  10.37 (s, 1H), 8.30 (m.
2H), 7.81 (m, 2H), 7.52 ( 1H), 7.52 (d, J = 8 Hz, 1H), 7.35 (1.J = 8 Hz, 1H),7.23 (&,
J=8 Hz,1H); *C NMR (100 MHz, CDCl3) 6 162.2, 160.9 (d, Je.r =249.9 Hz), 149.1,
148.6 (d, YJc ¢ = 1.6 Hz), 134.9,133.6 (d, YJo.r = 9.2 Hz), 131.5 (d, Yc 5 = 2.0 Hz),
128.13, 127.3, 126.7. 125.3 (d. Ucr=33 Hz), 121.3, 120.4 (d. er=93 Hz), 116.8

(d, 2Je,r=23 Hz).

2-(4-Methoxyphenyl)quinazolin-4(3H)-one (3j).>> Ry = 0.5 (hexane/ethyl acetate
4:1); white solid: Yield: 89% (99 mg); "H NMR (400 MHz DMSO-ds ) 6 12.41 (s, 1H),
8.19 (d.J = 7.6 Hz, 2H). 8.13 (d.J = 7.6 Hz, 1H), 7.79 (t.J = 7.2 Hz, 1H), 7.69 (d. J =
8.0 Hz, 1H), 7.47 (t.J = 7.2 Hz, 1H), 7.08 (d, J = 7.6 Hz, 2H), 3.84 (s, 3H): *C NMR
(100 MHz, DMSO-ds) 6 162.4, 162.1, 151.9, 1489, 134.5, 129.5, 127.3, 126.1, 125.9,

124.8,120.7, 114.0, 55.5.
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2-(Pyridin-4-yl)quinazolin-4(3H)-one (3k).>®* R, = 0.3 (hexane/ethyl acetate 1:1):
white solid: Yield: 71 % (70 mg): NMR (400 MHz, DMSO-de) & 12.79 (s. 1H), 8.79
(d.J=52 HZ,H)A_ 8.18 (d. J=7.6 Hz. 1H). 8.12 (d. /=6 Hz, 2H), 7.88 (t..J =8 Hz.
1H). 7.80 (d.J = 8.0 Hz. 1H). 7.59 (t.J = 7.6 Hz. 1H); *C NMR (100 MHz, DMSO-d¢)

§162.2, 150.7, 150.4, 148.4, 139.9, 134.9, 127.8, 127.5, 125.9, 121.7. 121.5.

2-(Naphthalen-1-yl)quinazolin-4(3H)-one (31).° R, = 0.4 (hexane/ethyl acetate 7:3):
white solid; Yield: 52% (62 mg):’.i{ NMR (400 MHz, DMSO-ds) 6 12.66 (s, 1H), 8.23
(d.J = 8 Hz, 1H), 8.47 (d.J = 8.8, 1H). 8.13 (d,J = 8 Hz, 1H). 8.07 — 8.03 (m, 1H),
7.90 — 7.84 (m, 1H), 7.80 (d. J = 6.8 Hz, 1H). 7.74 (d. J = 8 Hz. 1H), 7.68 — 7.63 (m,
1H). 7.62 - 7.56 (m, 3H); *C NMR (100 MHz, DMSO-ds) 6 161.9. 153.7, 148.7. 134.5,
133.1, 131.7, 130.3, 130.3, 128.3, 127.7, 127.5, 127.0, 126.8, 126.3, 125.8, 125.2,
125.0, 121.2; HR-MS (ESI-TOF): m/z calculated for CisHi2NO2 [M+ H] ™: 273.1022,

found: 273.1039.

2-([1,1'-biphenyl]-2-yl)quinazolin-4(3H)-one (3m).** Ry = 0.4 (hexane/ethyl acetate
4:1): white solid: Yield: 70% (92 mg)‘.NMR (400 MHz, CDCl3) 6 9.43 (s. 1H), 8.17
(d.J=7.6 Hz, 1H), 7.87 (d.J =7.6, 1H), 7.78 (m, 2H), 7.58 (t.J = 7.6 Hz, 1H), 7.49 (d,
J=17.6Hz, 3H), 7.32-7.26 (m, 5H); *C NMR (100 MHz, CDCl3) 5 161.9, 153.7, 149.2,
140.7, 139.3, 134.8, 132.8, 131.1, 131.0, 130.5, 129.1, 128.9, 128.2, 128.1, 127.9,

127.1,126.5, 120.8.
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2-Cyclohexylquinazolin-4(3H)-one (3n).* Ry = 0.5 (hexane/ethyl acetate 3:2): white
solid: Yield: 65% (65 mg): '"H NMR (400 MHz, CDCl5) & 10.86 (s, 1H), 8.27 (d. J =
7.6 Hz, ), 7.79-7.70 (m, 2H), 7.46 (t, J = 7.6 Hz, 1H), 2.70 (t,J = 12 Hz, 1H). 2.06
(d.J=11.6 Hz, 2H), 1.92 (d. J = 12.8 Hz, 2H), 13_87 —1.65 (m, 3H), 1.54 — 1.35 (m.
3H): *C NMR (100 MHz, CDCl3) & 164.5. 160.4. 149.7. 134.9. 127.5. 126.4. 126.3.

120.9, 44.9, 30.6, 26.1, 25.8.

2-(3-Phenylbutyl)quinazolin-4(3H)-one (30). Ry = 0.5 (hexane/ethyl acetate 7:3);
white solid; Yield: 84% (102 mg); mp 165-166 °C; '"H NMR (400 MHz, CDCl3) § 12.05
(s, 1H), 833 (d,J= 7.62, 1H). 7.79 (m, 2H). 7.52 (1. J=7.2 Hz, 1H). 7.37 (d.J=6.8
Hz, 2H), 728 (d,J = 6.4 Hz, 2H), 7.20 (d, J = 6.8 Hz, 1H), 3.55 (m, 1H), 3.19-2.94
(m, 2H), 1.42 (J’= 6.4 Hz. 3H): *C NMR (100 MHz. CDCls) 6 164.4. 155.7. 149.6,
145.5,134.9,128.7,127.5,127.1,126.7, 126.6, 126.4, 120.6, 44.7. 38.8, 21.1; IR (KBr):
0=2973,2923,2103, 1653, 1467, 1335, 1251 cm™"; HR-MS (ESI-TOF): m/z calculated

for C17H1sNO; [M+ H] ™: 265.1335, found: 265.1361.

2-Butylquinazolin-4(3H)-one (3p).”2 Ry = 0.3 (hexane/ethyl acetate 7:3); white solid;
Yield: 68% (57 mg): 'H NMR (400 MHz, DMSO-ds) 6 12.18 (s, 1H), 8.07 (d. J = 7.6
Hz. 1H). 7.77 (t.J = 6.8 Hz, 1H). 7.59 (d.J = 7.6 Hz, 1H), 7.45 (. J=7.1 Hz. 1H). 2.57
(t.J = 6.4 Hz, 2H). 1.74 (m, 2H), 0.93 (1. J = 6.8 Hz, 3H): *C NMR (100 MHz, DMSO-

des) 6 161.9, 157.3, 148.9, 134.3, 126.8, 125.9, 125.7, 120.8, 36.4, 20.2, 13.5.

2-(4-Chlorophenyl)quinazolin-4(3H)-one (3q).”” Ry = 0.5 (hexane/ethyl acetate 4:1):

white solid; Yield: 60% (67 mg): lit.>” mp 298-299 °C: 'H NMR (400 MHz, DMSO-
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ds) 6 12.62 (s, 1H), 8.20 (d. J = 8.4 Hz, 2H), 8.14 (d. J = 8, 1H), 7.85 (t, / = 7.6 Hz,
1H). 7.74 (d. J = 8.0 Hz, 1H). 7.63 (d. J = 8.0 Hz, 2H), 7.53 (t. J = 7.6 Hz. 1H); "*C
NMR (100 MHz, DMSO-ds) 6 161.7, 151.4, 148.6, 136.3, 134.7, 131.6, 129.6, 128.7,
127.5. 126.8, 125.9, 120.9: HR-MS (ESI-TOF): m/z calculated for C14HoNO-2Cl [M+

H] ": 257.0476. found: 257.0479.

2-(4-Bromophenyl)quinazolin-4(3H)-one (3r).>” Ry = 0.6 (hexane/ethyl acetate 4:1);
white solid; Yield: 78% (104 mg): lit.?” mp 298-300 "C:“?-I NMR (400 MHz, DMSO-
de) 8 12.60 (s, 1H). 8.13 (d.J = 8.4 Hz, 3H), 7.84 (.J = 6.4, 1H), 7.76 (d. J = 6.4 Hz,
3H), 7.53 (t,J = 6.4, 1H): 3C NMR (175 MHz, DMSO-ds) 6 162.2, 151.5, 148.6, 134.7,

131.9,131.7, 129.8, 127.5, 126.8, 125.9. 125.2, 121.0

2-(2-Bromo-5-fluorophenyl)quinazolin-4(3H)-one (3s). Ry = 0.5 (hexane/ethyl
acetate 7:3); white solid: Yield: 50% (69 mg); mp 229-230 "C:% NMR (400 MHz,
CDCl3) 6 10.56 (s, 1H), 8.28 (d, J = 8 Hz, 1H), 7.82 (m, 2H), 7.68 (dd. J, = 8.8, .= 4
Hz, 1H), 7.61 — 7.49 (m, 2H), 7.16 (dd., J: = 8.4,J2 - 5.6 Hz, 1H); *C NMR (100 MHz,
CDCl3) § 162.4, 162.0 (d, Je ¥ = 250.3), 150.9, 148.9, 136.5 (d, Jc.r = 7.9 Hz). 135.5
(d.*Je,r =79 Hz). 135.2. 128.2,127.8, 126.7, 121.3. 119.6 (d. 2Jc.¥=22.3 Hz). 118.9
(d, 2Jc, r=24.6 Hz), 1153 (d. *Jc.r = 3.5 Hz); IR (KBr): b = 3427, 2096, 1651, 1338,
1251, 1203 cm™'; HR-MS (ESI-TOF): m/z calculated for C14HsNO,"”BrF [M + H] " :

318.9877, found: 318.9904, C14HsNO2* Br [M + H] *: 320.9857, found: 320.9885.

2-(3-Bromo-4-methoxyphenyl)quinazolin-4(3H)-one (3t). Ry = 0.5 (hexane/ethyl

acetate 7:3): white solid; Yield: 76% (110 mg): mp charred at 250 °C; '"H NMR (400
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MHz, DMSO-de) & 12.50 (s, 1H), 8.47 (s. 1H), 8.25 (d, /=8 Hz, 1H), 8.13 (d.J=8 Hz,

1H). 7.83 (. J = 8.4 Hz, 1H), 7.73 (d.J = 8 Hz, 1H), 7.51 (. J = 7.6 Hz, 1H), 7.28 (d.J
=84 Hz, IH); NMR (100 MHz, DMSO-ds) & 162.3, 158.0, 150.8, 148.7, 134.7,
132.4,128.8,127.5, 126.5, 126.2, 125.9, 120.7, 112.7, 110.73, 56.7: IR (KBr): § = 3193,
2089, 1643, 1224, 1141, 1055 cm™: HR-MS (ESI-TOF): m/z calculated for
CisH;INO,Br [M + H] : 331.0077. found: 331.0081, C;sH;NO>*'Br [M + H]

333.0057, found: 333.0059.

2-(2-Iodo-4,5-dimethylphenyl)quinazolin-4(3H)-one (3u). R, = 0.4 (hexane/ethyl
acetate 4:1): white solid: Yield: 40% (66 mg). 78% (based on recovered aldehyde) ; mp
215-216 °C:NMR (400 MHz, DMSO-ds) 6 12.49 (s, 1H), 8.17 (d. J = 7.6 Hz. 1H),
7.85 (t.J = 7.2 Hz, 1H), 7.76 (s, 1H), 7.69 (d, J = 8 Hz, 1H), 7.56 (t.J = 7.2 Hz, 1H),
7.35 (s, 1H), 2.26 (s, 3H), 2.23 (s,); 3C NMR (100 MHz, DMSO-ds) & 161.6, 155.2,
148.6, 140.5, 139.3, 137.1, 136.6, 134.6, 130.8, 127.5, 1269, 125.9, 121.2, 92.5, 18.8,
18.7; IR (KBr): © = 2873, 2090, 1644, 1463, 1288, 1138, 1020 cm™!; HR-MS (ESI-

TOF): m/z calculated for Ci6HisNO2I [M+H]": 377.0145, found: 377.0174.

2-(4-Fluorophenyl)quinazolin-4(3H)-one(3v).”* R, = 0.5 (hexane/ethyl acetate 7:3):
white solid; Yield: 59% (62 mg); NMR (400 MHz, DMSO-de) 6 12.59 (s, 1H), 8.25
(t,J=8.0, Hz, 2H), 8.15(d, /= 7.6 Hz, 1H), 7.84 (t. /= 7.6 Hz, 1H), 7.74 (d. /= 8.0
Hz, 1H), 7.52 (t,J = 7.2 Hz, 1H), 7.40 (t,J = 8.4 Hz, 2H); "C NMR (100 MHz, DMSO-
de) 8 164.0 (d, 'Jc.r=247.0 Hz). 161.9, 150.7, 148.3, 134.7, 130.4 (d, *Jc.r- 9.1 Hz),

129.3 (d, YJc.r- 2.5 Hz), 127.5, 126.7, 125.9, 120.7, 115.7 (d. 2, $=22.0 Hz).
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4-(4-0x0-3,4-dihydroquinazolin-2-yl)benzonitrile (3w).” R; = 0.4 (hexane/ethyl
acetate 4:1):; white solid: Yield: 60% (65 mg): 'BH NMR (400 MHz, DMSO-ds) 6 12.76
(s. 1H), 8.34 (d.J=8.4 Hz, 2H). 8.18 (d.J=8 Hz, 1H). 8.04 (d. /=8 Hz, 2H), 7.87 (1.
J=72Hz 1H). 7.78 (d.J= 8.0 Hz 1H), 7.57 (t.J = 7.2 Hz. 1H): "*C NMR (100 MHz,
DMSO-ds) 6 162.2, 151.1, 148.2.137.0, 134.8, 132.6, 128.7, 127.7, 127.2,125.9, 121.3,

118.4,113.6.

2-(Pyren-1-yl)quinazolin-4(3H)-one (3x). Ry = 0.4 (hexane/ethyl acetate 7:3): yellow
solid; Yield: 65% (99 mg); mp charred at 250 °C :% NMR (400 MHz, DMSO-ds)
12.84 (s, 1H), 8.48 (d, J =9.2 Hz, 1H), 8.43 (d. J = 8.0 Hz, 1H), 8.42 — 8.36 (m, 2H),
834 -8.32 (m, 2H), 8.30 -8.25 (m, 3H), 8.15(1,J = 7.6z, 1H). 7.90 (t,J=8.4. 1H),
7.81 (d.J = 8.0 Hz, 1H). 7.62 (t.J = 7.6 Hz. 1H): '*C NMR (100 MHz, DMSO-ds) &
162.1,154.1, 148.9, 134.6,131.9, 130.8, 130.2, 128.9, 128.8, 128.6, 128.5, 127.6, 127.3
(20), 126.9, 126.8, 126.1, 125.9, 125.8, 124.5 (2C), 123.8, 123.6, 121.3; IR (KBr): © =

3308, 2862. 2089, 1636, 1278, 1148 cm™': HR-MS (ESI-TOF): m/z calculated for

C24H14aNO2 [M+ H] ™: 347.1179. found: 347.1199.

.2-(Anthracen-9-yl)quinazolin-4(3H)-one (3y).'”® Ry = 0.4 (hexane/ethyl acetate 7:3):
white solid; Yield: 27% (34 mg), 64% (based on recovered aldehyde); '"H NMR (400
MHz, CDCl3) 6 9.27 (s, 1H), 8.63 (s, 1H), 8.41 (d, /= 7.6 Hz, 1H), 8.12 — 8.04 (m, 2H),
7.92 — 7.84 (m, 4H), 7.63 (m. Hz, 1H), 7.51 (m, 4H); *C NMR (100 MHz, CDCl3) &
162.1, 152.2, 149.1, 135.2, 131.2, 130.1, 129.7, 1289, 1283, 127.7, 127.6, 127.2,

126.8,125.8, 124.0, 121 .4,
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TH & ®C NMR spectra of selected compounds

'H NMR (700 MHz, CDCI,)
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Figure 3.8. '"H NMR spectra of 2-(4-Ethylphenyl)quinazolin-4(3H)-one (3a).

*C NMR (175 MHe, CDCIl,)
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Figure 3.9. *C NMR spectra of 2-(4-Ethylphenyl)quinazolin-4(3H)-one (3a).
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IH NMR (400 MHz, CDCIy)
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Figure 3.10. '"H NMR spectra of 2-(2-Ethylphenyl)quinazolin-4(3H)-one (3b).

3C NMR (100 MHz, CDCly)
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Figure 3.11. '>C NMR spectra of 2-(2-Ethylphenyl)quinazolin-4(3H)-one (3b)
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IH NMR (400 MHz, CDCIy)
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Figure 3.12. 'H NMR spectra of 2-(4-Isopropylphenyl)quinazolin-4(3H)-one (3f).
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Figure 3.13. °C NMR spectra of 2-(4-Isopropylphenyl)quinazolin-4(3H)-one (3f).
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'H NMR (400 MHz, CDCI,)
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Figure 3.14. 'H NMR spectra of 2-(2-Fluorophenyl)quinazolin-4(3H)-one (3i).

BC NMR (100 MHz, CDCI,)
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Figure 3.15. "C NMR spectra of 2-(2-Fluorophenyl)quinazolin-4(3H)-one (3i).
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'H NMR (400 MHz, DMSO-d6)
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Figure 3.16. 'H NMR spectra of 2-(Pyridin-4-yl)quinazolin-4(3H)-one (3k).

3C NMR (100 MHz, DMSO-d6)
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Figure 3.17. C NMR spectra of 2-(Pyridin-4-yl)quinazolin-4(3H)-one (3k).
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"H NMR (400 MHz, DMSO-d6)
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Figure 3.18. "H NMR spectra of 2-(Naphthalen-1-yl)quinazolin-4(3H)-one (31).

15C NMR (100 MHz, DMSO-d6)
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Figure 3.19. C NMR spectra of 2-(Naphthalen-1-yl)quinazolin-4(3H)-one (3I).
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'H NMR (400 MHz, CDCI)
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Figure 3.20. '"H NMR spectra of 2-Cyclohexylquinazolin-4(3H)-one (3n).
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Figure 3.21. '*C NMR spectra of 2-Cyclohexylquinazolin-4(3H)-one (3n).
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'HNMR (400 Mz, CDCly)
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Figure 3.22. 'H NMR spectra of 2-(3-Phenylbutyl)quinazolin-4(3H)-one (30).
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Figure 3.23. >C NMR spectra of 2-(3-Phenylbutyl)quinazolin-4(3H)-one (30).

[161]




Chapter 3: Mechanochemical Synthesis of Substituted Quinazolin-4(3H)-one by
Using IBX

"H NMR (400 MHz, DMSO-d6)
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Figure 3.24. '"H NMR spectra of 2-Butylquinazolin-4(3H)-one (3p).
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Figure 3.25. *C NMR spectra of 2-Butylquinazolin-4(3H)-one (3p).

[162]




Chapter 3: Mechanochemical Synthesis of Substituted Quinazolin-4(3H)-one by
Using IBX

'H NMR (400 MHz, DMSO-d,)
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Figure 3.26. 'H NMR spectra of 2-(Pyren-1-yl)quinazolin-4(3H)-one (3x).
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Figure 3.27. *C NMR spectra of 2-(Pyren-1-yl)quinazolin-4(3H)-one (3x).
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CHAPTER 4

PIFA Mediated C-H Trifluoroethoxylation and
Trideuteriomethoxylation of Anilides Controlled by
HSAB Principle

4.1 ABSTRACT

Regioselective C-H Alkoxylation

NHR NHR .  NHR
N PhI(OCOCF XN N
Rl ( 3)2 > [ YLrif Yg
_J CD4ODICF,CH,0H Pl
DCM :
H m,12h Owcp, | O~CFs

Phenyliodine bis(trifluoroacetate) (PIFA) assisted methodology on intermolecular C-H
etherification of anilides has been shown for preparation of -OCH>CF; and -OCDs
containing aromatic ethers. By utilizing non-covalent interactions and hard-soft acid-
base (HSAB), the reactivity of the system has been controlled with respect to the feature
of added nucleophiles. The combination of anilides and PIFA furnished electrophilic
nitrenium ions (soft), however, due to presence of hard nucleophiles like alcohols the

reactivity was found exclusively on carbenium ions (hard).

4.2 INTRODUCTION

The reactivity of a chemical systems can be altered by its reaction environment. !
Therefore it is essential to understand the role of cooperative weak interactions (soft

force)? in making new functional molecules. The weak interactions® like charge-

[165]




Chapter 4: PIFA Mediated C-H Trifluoroethoxylation and
Trideuteriomethoxylation of Anilides Controlled by HSAB Principle

2.6 anion-n.” halogen bonding.® etc. are being

transfer,’ hydrophobic effect.” cation-m,
explored to control reactivity of certain chemical systems.” Recently, we have explored
that the weak interactions can be used for C-H functionalization reactions on non-
functionalized aromatic systems.!’ In this regard we have also shown the utility of
iodine(I1I) reagents for the C-H functionalization reactions.®'! Herein, we demonstrate
the C-H etherification of anilides for the preparation of several -OCH2CF3 and -OCD3

incorporated aryl ethers through the reactivity switch to carbenium ion'' over nitrenium

ion'? via hard-soft acid-base (HSAB) control."

Intrinsic physical and chemical properties of ~-OCH2CFs group such as great
metabolic stability, high electronegativity and improved lipophilicity drawn
trifluoroethoxy containing molecules special attention and made them important
synthetic targets.'* Trifluoroethyl aryl ethers exist in various pharmaceutically crucial
molecules like para-trifluoroethoxy-aniline derivative is utilized as ""F-MRI probe for
the purpose of hypochlorite ion detection,' and lansoprazole is familiar to be applicd
for of proton pump inhibition.'® However, several deuterated organic molecules are also
popular due to their particular bioactivities.!” CD3O- containing fewer biologically
important molecules have been shown in Figure 4.1.'® Thus development of expedient
synthetic methods for preparation of  trifluoromethoxylation and

trideuteriomethoxylation are of great significance.
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a) Trifluoroethoxy containing molecules

HN Ok
/>_
{ j EI Lg:? CF,
o—/
19F MRI probe for Lansoprazole

CIO" detection

b) Trideuteriomethoxy containing molecules

OH N(CD,),
@O/\/N \K
0CD;

Venlafaxine (SD-254)  2-(2'-Boc-aminoethoxy)[Da]anisole

Figure 4.1 Trifluoroethoxy and trideuteriomethoxy motif containing essential

molecules.

The general protocol for trifluoroethoxy aryl ether synthesis by the nucleophilic
addition of phenol or phenoxide to trifluoroethyl electrophiles like trifluorocthyl iodide
or trifluoroethyl mesylate.'” However, several developments have been reported using
metal catalyzed (e. g Pd-, Cu- or Fe-based catalysts) from haloarenes assisted by ligand

and base at higher temperature condition.?’

Reported literatures for aromatic
trideuteriomethoxylation are also mostly through metal catalyzed C-halogen bond
functionalization.?! Intermolecular dehydrogenative coupling reactions for C-C or C-

heteroatom bond formation are more engrossing than conventional coupling reactions

because of hardly demanded prefunctionalized substrates.?> Very recently, Ji and Li
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have described a directing group assisted Pd-catalyzed dehydrogenative

trifluoroethoxylation on arene in presence of iodine(III) oxidant (Scheme 4.1).%

0] 0]

Pd
WP Pd \-Pe
H Phl(OCOCH;), H
H 0

CF4CH,0H 4
CF,

Scheme 4.1. Pd-catalyzed dehydrogenative etherification.

However, in order to diminish toxic metal contamination in drug molecules,
metal-free pathways are more popular in pharmaceuticals synthesis. Our group reported
PIDA and iodine mixture mediated aliphatic etherification in CF3CH>OH and CD30OD

is shown in scheme 4.2.%¢

D;C. 5

PhI(OAC), PhI(OAC),
S IS | S
R - R4 —2—» RO
= [ CD50D _ CF3CH,OH = [

Scheme 4.2, Metal free aliphatic etherification.

There is no metal free synthetic method reported for trifluoroethoxylation and
trideuteriomethoxylation by aromatic selective C(sp2)-H bond functionalization.
Previously we have presented PIDA-iodine mediated aliphatic etherification using
CF3CH20H and CDs;OD. Herein we have reported a metal and additive free simple
method for aromatic etherification towards incorporation of -OCH;CF; and -OCD3 by

using inexpensive PhI(OCOCFs), (PIFA) as an oxidant (Scheme 4.3).%
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_CDj OACF3
Rt X ‘PhI(OCOCFg)z Rl Xy PhI(OCOCF3;), - =
L= CD,0D/DCM = CF3CH,0OH =
(1:1), rt rt
NHR NHR NHR

Scheme 4.3. Our approach for selective C-alkoxylation reaction.

It is shown in Figure 4.2 that the soft electrophile* nitrenium ion can be
switched to the hard electrophile carbenium ion by breaking the aromatic ring current.
Interestingly, Kikugawa’s group have shown that in absence of any added nucleophile,
the by-product benzene iodide obtained from the reactions of anilides and PIFA can act
as nucleophile for the dehydrogenative C-N bond construction.”® However, in the
present reaction system, the solvents trifluoroethanol (TFE) and methanol-d4 (CD;0D)
led to their selective incorporation via para C-H functionalization of the anilides. The
reactivity of the anilides system could be rationalized in preference for C-O bond
formation in presence of hard nucleophile alcohols due to the formation of carbenium
ion (hard electrophile) ! over nitrenium ion (soft electrophile).'?* 2’ The nitrenium ion
is considered as softer electrophile®® over carbenium ion because during formation the
carbenium ion loses the aromatic ring current (Figure 4.2). Thus via HSAB control, **
the competitive reactivity of carbenium ion over nitrenium is presented here for the
dehydrogenative C-O bond synthesis on the aromatic ring of anilides. Although there
are several reports on the hypervalent iodine induced aromatic carbon-oxygen bond
formations with alcohols,?” however, through this work we show systematically that
HSAB principle can be applied to module the reactivity of a chemical system in
presence of added nucleophiles. To the best of our knowledge, there is hardly a method

present on metal-less synthetic method for trifluorocthoxy and trideuteriomethoxy by
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selective aryl C(sp2)-H bond functionalization. This metal-less. base-free, directing
group-free and room temperature condition provides a robust alternate to conventional
metal catalyzed C-O bond synthesis reactions. The trifluorocthoxy'** and
trideuteriomethoxy®” aryl ethers are essential structural candidate in innumerable drug

molecules and we present a simple and easy method for preparation of them.

R
0=
O
H

iodine(lll) | PhI(OCOCF3;),

I \

R
O TR

nitrenium carbenium
a N b
| )/ \\)
soft @ \ ROH  hard
Y ‘ R = -CH,CF5

Figure 4.2 N-H arylation Vs C-H etherification by HSAB control.
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4.3 RESULTS AND DISCUSSION

We started our investigation by treating benzanilide (1a) with 1.2 equivalent of
phenyliodinetrifluoroacetate (PIFA) in CD3OD (Table 4.1). After 12 h, 59% yield of
the corresponding product 2a was observed. Applying BF3.Et20 as an additive. notable
improvement of the reaction could not be reached, while the reaction went in vain
completely in presence of strong base, K2CO3. Maximum yield of the respective product
was attained with 1.5 equivalent of PIFA oxidant in the solvent CD:0D-DCM (1:1) at
room temperature condition. Instead of PIFA. phenyliodinediacetate (PIDA) or
iodosylbenzene (PhIO) was used, it furnishes inferior results. Also the condition i.e., in-
situ formed iodine(III) from PhI-mCPBA was attempted but no desired product was
isolated.

Table 4.1. Optimization conditions of trideuteriomethoxylation.

0 o]
HN)LPh HN™ “Ph
oxidant
CD,0D
condition
H OCD,
1a 2a
entry oxidant solvent Yield® (%)
1 PIFA (1.2) CDs;0D 59
2 PIFA (1.2) CD;OD 61
3 PIFA (1.2) CD;OD-ACN (1:1) 68
4 PIFA (1.2) CD;OD-DCM (1:1) 73
5¢ PIFA (1.2) CDs;0OD NR
6 PIFA (1.5) CD;0OD-DCM (1:1) 77
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7 PIDA (1.5) CD;OD-DCM (1:1) 14
8 PhIO (1.5) CD;OD-DCM (1:1) 0
9 PhI(1)-nCPBA (1.5)  CD;OD-DCM (1:1) trace

All reactions were done at room temperature conditions. *The yield was
determined after isolation by column chromatography and based on recovered starting
materials. "2.0 equivalent of BF;.Et;0 was used as additive. “1.5 equiv of K>COs,

was used as an additive.

o} 0
HNJ\R" HNJLR"
S PIFA (1.5 equiv NS
R— o> [ 1w
/ CD;0D-DCM (1:1) =
r,12h
H OCD4
1 2
NHBz NHBz NHBz NHBz
i A i Br ~ i g
0CD; OCD, OCD, OCD;
2a, 77% 2b, 55% 2¢, 71% 2d, 58%
NHBz NHBz NHBz NHPiv
0CD, 0OCD,4 OCD4 OCD4
2e, 66% 2f, 67% 2g, 53% 2h, 54%

Figure 4.3. Scope of CD30- incorporation reaction.

[172]




Chapter 4: PIFA Mediated C-H Trifluoroethoxylation and
Trideuteriomethoxylation of Anilides Controlled by HSAB Principle

Oxygen
Nitrogen

Carbon

lodine

00 00

Deuterium

Figure 4.4. X-ray crystal structure of compound 2b (CCDC No. 1811546).

To test the generality of this carbon-oxygen bond formation reaction. several
carboanilide substrates were used under standard reaction condition (Figure 4.3).
Electron deficient halogen groups such as Br-, I- containing anilides as well as alkyl
substituted electron rich anilides tolerated tridueteromethoxylation to produce —OCD3
incorporated products in moderated to good yields. Besides from pivoanilide, 2h
trideuteriomethoxylation was possible with good yield. X-ray crystallographic analysis

data confirmed the structure of compound 2b (Figure 4.4).

Besides, the optimum probable condition for the trifluoroethoxylation was the

use 1.5 equiv of PIFA in TFE-DCM (1:1) at room temperature (entry 5, Table 4.2).
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Table 4.2. Optimization conditions of trifluoroethoxylation.

0] (0]
HNJ\ HN AN
~ oxidant
CF5;CH,OH
condition
H O._CF;
r 2r
entry oxidant solvent yield (%)?
1 PIFA (1.2) TFE (3 equiv) in DCM <5
2b PIFA (1.2) TFE (3 equiv) in DCM 10
3 PIFA (1.2) CFsCHz0OH 29
4 PIFA (1.5) CF3CH20H 42
5 PIFA (1.5) TFE-DCM (1:1) 47
6 Phl-Oxone (1:2) TFE <10
7 Phl — mCPBA (1:4) TFE 1"

“The yicld was determined after isolation by column chromatography and based

on recovered starting materials. *2.0 equivalent of BF3.Et20 was used as additive.
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Next, the standardized protocol was verified towards trifluorocthoxylation
reaction by using TFE as nucleophile (Figure 4.5). As expected. clectronically diverse
several benzanilides were allowed to react with iodine(IIl) condition to furnish para-
trifluoroethoxy anilides. In addition, corresponding trifluoroethoxylation was possible

from acetanilide substrate 1r and pivoanilide substrate 1s although in low yield.

o]
.. N

HN™ 'R HN® "R"
PIFA (1.5 equiv)

TFE-DCM (1:1)
rt, 12 h

~
[ Jw
=

O._CF;
2

NHBz NHBz NHBz NHBz

Br @,I ©/C| ©/COF'h
O._CF3 O._CF; O _CFs

_CF3
2i, 77% 2j, 67% 2k, 64% 21, 25%

NHBz NHBz NHBz NHBz

0._.CF; O._CFs O._CFj3

2m, 72% 2n, 40% 20, 65% 2p, 69%

J\igi NHAC NHPiv
O A o: CFs  O__CFs

2q, 43% 2r, 47% 2s, 48%

O.__CF,

L

Figure 4.5. Scope of CF3CH,0- incorporation reaction.
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Based on literature reports,?! a plausible mechanism for the iodine(IIT) mediated
alkoxylation reaction is depicted in Figure 4.6. The formation of intermediate 3 through
nucleophilic attack was possible from N-center of benzanilide to iodine center of iodine
(IIT) with the generation of one molecule of TFA. The elevated reactivity of the N-center
are not usually controllable in presence of I (III) reagents and thus essential to be
controlled either intra- or intermolecularly. Previously, our group reported that a CDC
reaction was possible using contact-explosives primary amines and phenyliodine
diacetate under solvent-less condition i.e., at maximum concentration of the reactants.*
However, it is probably due to the n—n*co non-covalent interaction the lone-pair of
nitrogen can be protected to react with very oxidizing agent PIFA.'” N-arylation reaction
was observed through the by-product iodobenzene due to - stacking by the two phenyl
rings. However, the alkyl ethers would experience steric effect for the N-alkoxylation
and led to the C-alkoxylation at the para position via carbenium ion intermediate. On
the other hand, possibly due to the interaction of anilide and the iodine(III) could lead
to the generation of nitrenium ion 4.'2* 32 This nitrenium ion (4) should be the softer
clectrophile compare to the carbenium ion (5) because during the formation via

resonance the aromatic ring current in the carbenium ion would get lost.
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(o} Ph O
g L PhI(OCOCF3;), i L
NTTR -~ = F3COCO” N7 R"

\|
© CF,COOH
Y

. :<R ) __
0 H
N{>/® - OZ(N@H
®

5 carbenium

3

4 nitrenium -

#R'OH Y

R R
O:< L] 0#
O
H
+ P + CF3COOH
+ CF3COOH ,

Figure 4.6. Proposed mechanism of the C-alkoxylation over N-arylation.

Therefore, trifluoroecthanol or methanol-ds acted as nucleophile to facilitate the
addition to electrophilic carbon center of 5 and followed by deprotonation with the help
of trifluoroacetate ion to give the final alkoxylated product. Canesi et al. have also
disclosed for the synthesis of nitrenium ion in sulfonanilides and their reactions with
aromatic compounds.* Consequently, the HSAB principle and weak interactions play
a crucial role to perceive nitrenium vs. carbenium ion reactivities

During the reaction of N-methyl aniline with phenyliodine trifluoroacetate
under optimum reaction condition caused highly exothermic reaction and no product
was observed. Under optimisation reaction condition para-halo substituted anilides

(Scheme 4.4) was treated. no products was detected because of steric factor.
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H. .Me
Phl(OCOCF;),

no products
TFE'D(r:tM (1:1) (highly exothermic)

NHAc NHBz NHBz

R

unreacted

Scheme 4.4. Treatment N-methyl aniline with PIFA and unreacted para-substituted

anilides.

4.4 CONCLUSIONS

In conclusion, we have developed an intermolecular oxidative carbon-oxygen

bond formation reaction towards trifluoroethoxylation and trideuteriomethoxylation on
anilines. Metal-free, additive-free and room temperature condition transformation
offers an alternative to traditional metal catalyzed coupling reactions. We anticipate that

this oxidative transformation protocol for -OCH2CF; and -OCD3 incorporated aromatic

cthers might have a beneficial effect in pharmaceuicals synthesis.

4.5 EXPERIMENTAL SECTION

General information

All reactions have been done at room temperature condition. Isolated yields are
reported after purified by column chromatography using silica gel (mesh 100-200) and

hexane-cthyl acetate mixtures as eluent. NMR spectra were recorded on either 400 MHz
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or 700 MHz instrument at room temperature. The chemical shift values are given in

parts per million (ppm) with respect to residual chloroform (7.26 ppm for 'H and 77.16
for 1*C) (in case of DMSO-ds: 2.5 ppm for 'H and 39.5 for '*C). The peak patterns are
indicated as: chemical shift in ppm (6). multiplicity (s = singlet. d = doublet. t = triplet.
q = quartet, brs = broad singlet, m = multiplet). The coupling constants (.J) are reported
in hertz (Hz). High-resolution mass spectra (HRMS) were obtained on an ESI-TOF
ét,ime of flight) mass spectrometer. FT-IR spectra was recorded in wave number (cm™).

Melting points of the compounds were determined using a digital melting point

apparatus and are uncorrected.

Chemicals: Solvents (both for reaction and chromatography), aniline
derivatives, and PIFA were purchased from commercial source and used after
purification wherever necessary. Carboanilides were synthesized from aniline

derivatives by following literature report.**

General Procedure for Synthesis of N-(4 trideuteriomethoxymethoxyphenyl)
anilides

(0.761 mmol, 1.5 equiv.) PIFA was added to the stirred solution of N- Substituted
aniline 1a (0.507 mmol, 1 equiv.) in DCM and CDs;OD (1:1) mixture room
temperature. The reaction mixture was stirred for 12 h. Upon formation of the reaction
it was completely -'aporaled to dryness. Then the resulting crude mixture was purified
by column chromatography on silica gel using n-hexane and ethyl acetate as eluent.

Procedure for Synthesis of N-(4- trideuteriomethoxyphenyl)benzamide (2a): (327

mg, 0.761 mmol) PIFA was added to the stirred solution of anilide 1a (100 mg, 0.507
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mmol) in DCM and CD3;0OD (l:l)ixture at room temperature. The reaction mixture
was stirred for 12 h. Upon formation of the product it as completely evaporated to
dryness. Then the resulting crude mixture was purified by column chromatography on
silica gel using n-hexane and ethyl acetate as eluent to N-(4-
trideuteriomethoxyphenyl)benzamide (40 mg, 0.173 mmol, vield: 77%).

Yield: 77% (40 mg, 35%). Ry= 0.5 (hexane: ethyl acetate 4:1); white solid; mp 156-
158 °C, ?—I NMR (400 MHz, DMSO-ds): 6 10.12 (s, 1H), 7.94 (d, J = 8 Hz, 2H), 7.67
(d.J = 8 Hz, 2H), 7.65-7.49 (m, 3H), 6.94-6.90 (m, 2H); *C NMR (100 MHz, DMSO)
6165.1,155,5,135.0,132.2,131.3,1283,127.5, 1219, 1 l? 54.5-53.9 (m):; IR (KBr):

v'= 2259, 2131, 1651, 1515, 1259, 1115, 1046 cm™'; HR-MS (ESI-TOF): m/z =

231.1195, calculated for Ci4H0D3NO2 (M+H"): 231.1207.

N- (2-Iodo-4- trideuterimethoxyphenyl)benzamide (2b): Yield: 55% (30 mg, 34%):
Rr=0.5 (hexane: ethyl acetate 4:1); white solid; mp 156-157°C; 'H NMR (400 MHz,
gCh): 6 8.21 (d, J = 12 Hz, 1H), 8.07 (s, 1H), 7.95 (d, J = 8 Hz, 2H), 7.59-7.49 (m,
3H), 7.35 (s. 1H), 6.97-6.94 (m, 1H); "*C NMR (100 MHz, CDCl3) § 165.4. 156.9,
134.7,132.1, 131.8, 129.0, 127.2, 123,9d23.2, 114.9, 91.5, 55.4-54.8 (m); IR (KBr):
V= 2071, 1643, 1524, 1281, 1102 em’; HR-MS (ESI-TOF): m/z = 378.9994,

calculated for C4HoD3INQO2 (M+H™): 378.9993.

N-(2-Bromo-4- trideuterimethoxyphenyl)benzamide (2c¢): Yield: 81% (82 mg,
74%): Ry = 0.4 (hexane: ethyl acetate 4:1); white solid; mp 160-161 °C; 'H NMR (400
MHz, CDCl3): 6 8.37 (d. /= 12 Hz, 1H), 8.23 (s, 1H), 7.92 (d. /= 8 Hz, 2H), 7.59-7.49

(m, 3H), 7.14 (s, 1H), 6.93 (d, J = 8 Hz. 1H); *C NMR (100 MHz, CDCl5) & 165.3,
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156.6, 134.8, 132.1, 129.3, 129.0, 127.2, 123.2, 117.7, 114.9, 114.0, 55.5-54.8 (m): IR
(KBr): v =2069, 1647, 1490, 1290, 1262, 1219, 1106, 1003 cm™"; HR-MS (ESI-TOF):
m/z = 309.0321 & 311.0301, calculated for CiuHoD3BrNO2 (M+H"): 309.0312 &

311.0293.

N-(2,6-Dimethyl-4-trideuterimethoxy-phenyl)benzamide (2d): Yield: 48% (47 mg,
41%): Ry = 0.35 (hexane: ethyl acetate 4:1); white solid; mp 178-180 °C; "H NMR (400
MHz, CDCl): 6 7.88 (d,J = 8 Hz, 2H), 7.56-7.52 (m, 2H), 7.47-7.43 (m, 2H), 6.63 (s,
2H). 2.21 (s, 6H): '*C NMR (100 MHz, CDCls) § 166.4. 158.4, 137.1, 134.6, 131.7,
128.7,127.3,127.0, 113.5, 54.7-54.1 (m), 18.2; IR (KBr): ¥ =2359, 2071, 1638, 1489,
1331, 1278, 1226, 1165, 1114, 1053 em™; lgR-MS (ESI-TOF): m/z = 259.1511,

calculated for C1sH14D3sNO2 (M+H™): 259.1520.

N-(3,5-Dimethylphenyl-4-trideuterimethoxy)benzamide (2¢): Yield: 66% (53 mg.
46%): R¢ = 0.5 (hexane: ethyl acetate 4:1): deep yellow solid; mp 132-133 “CLIBH NMR
(400 MHz. CDCls): 6 10.04 (s, 1H). 7.94 (d. J = 8 Hz, 2H). 7.59-7.49 (m. 3H), 7.44 (d.
2H). 2.22 (s, 6H): *C NMR (100 MHz, DMSO) & 165.2, 1527, 135.0, 134.5, 131.4,
130.1, 128.3, 127.6, 120.9, 58.9, 58.7-58.1 (m), 16.0; IR (KBr): v = 2065, 1648, 1489,
1291, 1224, 1100, 1026 cm™": R-MS (ESI-TOF): m/z = 259.1547. calculated for

Ci6H14D3sNOz (M+H"): 259.1520.

N-(2-Ethyl-4-trideuterimethoxyphenyl)benzamide (2f): Yield: 67% (70 mg, 61%):
R = 0.4 (hexane: ethyl acetate 4:1); white solid: mp 165-166 °C; "H NMR (400 MHz,

CDCL): 6 7.87 (d, J = 8 Hz, 2H), 7.68 (s, 1H), 7.60 (d, J = 8 Hz, 1H), 7.56-7.52 (m,
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1H). 7.49-7.45 (m. 2H). 6.80-6.75 (m. 2H). 2.63 (q.J1 =J2 =J3 = 8 Hz 2H). 1.24 (1. Ji
=J, = 8 Hz, 3H); 3C NMR (100 MHz, CDCls) § 166.3, 1579, 138.8, 135.0, 131.8,
128.8, 128.0, 127.1, 126.5, 114.5, 111.4, 55.1-54.5, 24.73, 14.09; IR (KBr): v = 2359,
2067, 1643, 1494, 1300, 1217, 1111 cm™: R-MS (ESI-TOF): m/z = 259.1506,

calculated for Ci1sH1aD3NO> (M+H™): 259.1520.

N-(2,6-Diisopropyl-4-trideuterimethoxyphenyl)benzamide (2g): Yield: 43% (38
mg, 34%); Ry = 0.5 (hexane: ethyl acetate 9:1); white solid; mp 233-234 °C: ?—I NMR
(400 MHz, CDCls): 6 7.89 (d. J = 8 Hz, 2H), 7.55 (t, q. J1 =J> =8 Hz, 1H), 7.48-7.45
(m, 2H), 7.39 (s, 1H), 6.75 (s, 2H), 3.17-3.07 (m, 2H), 1.20 (d, J = 8 Hz, 12H); *C
NMR (100 MHz, CDCI3) & 167.4. 1595, 148.1. 134.7, 131.8, 128.8. 127.3, 124.2,
109.1, 55.0-54.1 (m), 29.2, 23.7: IR (KBr): v = 2069, 1647, 1515, 1485, 1341, 1276,
1114 cm™'; HR-MS (ESI-TOF): m/z = 315.2150, calculated for C20H22D3NO> (M+H):

315.2146.

N-(2-Methyl-4-trideuterimethoxyphenyl)pivalamide (2h): Yield: 54% (31 mg,
28%): Rr = 0.4 (hexane: ethyl acetate 4:1); white solid; mp 102-104 "C:’BH NMR (400
MHz, CDCls) 6 7.54 (d, J = 12 Hz, 1H), 7.08 (s, 1H), 6.74-6.72 (m, 2H), 2.21 (s, 3H),
1.33 (S, 9H); “C NMR (175 MHz, CDCls) & 176.8, 157.2, 132.3, 128.8, 125.6, 116.0,
111.6, 54.9-54.4 (m), 39.5, 27.8. 18.1: IR (KBr): v = 2961, 2216, 2066, 1643, 1294,
1235, 1109, 1032 cm' HR-MS (ESI-TOF): m/z = 247.1494. calculated for

C13Hi1sD3sNO2(M+H™): 247.1496.
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General Procedure for Synthesis N-(2,2,2-trifluoroethoxymethoxyphenyl)anilides:

PIFA (1.109 mmol, 1.5 equiv.) was added to the stirred solution of N- Substituted

aniline 1 (0.739 mmol. 1 equiv.) in DCM and TFE (1:1) mixture at room temperature.

The reaclion. mixture was stirred for 12h. Upon formation of the product it was
2

completely evaporated to dryness. Then the resulting crude mixture was purified by

column chromatography on silica gel using n-hexane and ethyl acetate as eluent.

Procedure for Synthesis of N-{2-bromo-4-(2,2,2-trifluoroethoxy)phenyl}
benzamide (2i): (233 mg, 0.543 mmol) PIFA was added to the stirred solution of N-
Substituted aniline 1a (100 mg, 0.362 mmol) in DCM and TFE (l:l)ixture at room
temperature. The reaction mixture was stirred for 12 h. Upon formation of the product
it as completely evaporated to dryness. Then the resulting crude mixture was purified
by column chromatography on silica gel using n-hexane and ethyl acetate as eluent to

N-{2-bromo-4-(2,2.2-trifluoroethoxy)phenyl }benzamide (68 mg, 0.181 mmol, yield:

77%).

Yield: 77% (88 mg, 65%): Ry = 0.5 (hexane: cthyl acctate 4:1): white solid: mp 120-
122 °C:; F NMR (376.3 MHz, CDCl3) 6 -73.9: 'H NMR (400 MHz, CDCl3) 6 8.47 (
J=8Hz. 1H), 8.29 (s. 1H). 7.92 (d.J =8 Hz. 2H), 7.59-7.52 (m, 3H). 7.23 (s. 1H), 6.99
(dd, J1=J>=4Hz, 1H), 435 (q,J1 =J2 =J3 = 8 Hz, 2H); *C NMR (100 MHz, CDCl3)
6 1653, 154.1, 134.6, 132.3, 131.1, 129.1, 127.2, 123.2 (q, Jc-r = 277 Hz), 123.0,
119.46, 114.95, 114.62, 66.5 (q, Jc-r = 36 Hz): IR (KBr): v = 2095, 1647, 1495, 1266,
1163, 1084 cm™'; HR-MS (ESI-TOF): m/z = 373.9994 & 375.9974, calculated for

CisH i BrFsNO; (M+H™): 373.9998 & 375.9978.
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N-{2-Iodo-4-(2,2,2-trifluoroethoxy)phenyl}benzamide (2j): Yield: 67% (52 mg,
50%): Ry =0.5 (hexane: ethyl acetate 4:1): light pink solid; mp 141-142 °C: YF NMR
(376.3 MHz, CDCls) § -73.9; '"H NMR (400 MHz, CDCl;) & 8.34 (J = 8 Hz, 1H),
8.13 (s. 1H). 7.96 (d. J = 8 Hz. 2H). 7.59-7.53 (m. 3H). 7.45 (s. 1H). 7.02 (dd. J =.» =
4 Hz. 1H). 435 (q. J1 = J> =J3 = 8 Hz, 2H): '*C NMR (100 MHz, CDCl3) & 165.4.
154.3,134.5, 133.7, 132.3, 129.1, 127.3, 125.6, 123.2 (q, Jc.r = 276 Hz) 124.62, 176‘9.
115.8, 90.8, 66.5 (q, Je-r = 35 Hz); IR (KBr): ¥ = 2098, 1644, 1266, 1162 cm’"; HR-

MS (ESI-TOF): m/z = 421.9845, calculated for CisH1F3INO2 (M+H"): 421.9859.

N-{2-Chloro-4-(2,2,2-trifluoroethoxy)phenyl}benzamide (2k): Yield: 64% (67 mg,
47%): Ry =0.5 (hexane: ethyl acetate 4:1): white solid: mp 125-126 °C: F NMR (3763
MHz, CDCl3) § -73.9;: '"H NMR (400 MHz, CDCls) & 8.48 (J’ = 8 Hz, 1H), 8.28 (s,
1H), 7.91 (d.J = 8 Hz, 2H), 7.59-7.52 (m, 3H). 7.07 (s. 1H), 6.94 (dd. J =.J> = 4 Hz,
1H), 4.35 (q. J1 = J> =J3 = 8 Hz, 2H); "*C NMR (100 MHz, CDCls) & 165.4, 153.9,
134.6,132.3,129.9, 129.1, 127.2, 1243, 123.2 (q, Jc.r =277 Hz), 122.9, ll% 114.3,
66.5 (q. Jor = 36 Hz): IR (KBr): v = 2360, 1645, 1479, 1286, 1159, 1084 cm™"; HR-

MS (ESI-TOF): m/z = 330.0504, calculated for C;5sH; CIFsNO, (M+H"): 330.0503.

N-{2-Benzoyl-4-(2,2,2-trifluoroethoxy)phenyl}benzamide (2I): Yield: 25% (19 mg,
15%): Rr = 0.4 (hexane: ethyl acetate 4:1 ); vellow solid; mp 156-157 °C; F NMR
(376.3 MHz. CDCl3) & -73.8; 'H NMR (400 MHz, CDCl3) 6 11.57 (s. 1H). 8.85 (d.J =
12 Hz, 1H), 8.03 (d,J = 8 Hz, 2H), 7.74 (d,J = 8 Hz, 2H), 7.65-7.62 (m, 1H), 7.57-7.49
(m, 5H), 7.27-7.20 (m, 2H), 4.32 (q. Ji = J2 = J3 = 8 Hz, 2H): *C NMR (100 MHz,

CDCI3) 6 199.5, 165.8, 151.9, 138.3, 136.0, 134.6, 133.0, 132.2, 130.0, 1289, 128.7,
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127.4, 1248, 123.51, 122.7 (q, Jor = 277 Hz), 120.9, 120.3, 66.5 (q, Jer = 35 Hz); IR
(KBr): ¥ = 2113, 1634, 1288, 1173, 1074 cm’'; HR-MS (ESI-TOF): m/z = 400.1148,

calculated for C22Hi6FaNOs (M+H"): 400.1155.

N-{4-(2,2,2-Trifluoroethoxy)phenyl}benzamide (2m): Yield: 72% (70 mg, 47%); Rt
= 0.5 (hexane: cthyl acetate 4:1); white solid; mp 179-181 °C; "’F NMR (376.3 MHz,
DMSO-dg) & -72.5; NMR (400 MHz, DMSO-dg) & 10.2 (s, 1H), 7.94 (d, J = 8 Hz.
2H), 7.72 (d.J = 8 Hz, 2H), 7.58-7.52 (m, 3H), 7.06 (d,J = 8 Hz, 2H), 4.73 (q.J1 =)
=J5 =8 Hz, 2H) : '*C NMR (100 MHz. DMSO) & 165.3, 153.1. 134.9, 133.7. 131.5.
1284, 127.6, 124.1 (q. Jox =276 Ha), 1219, 149, 649 (q. Jor = 33 Ha): IR (Ko

V= 2091, 1648, 1281, 1157, 1075 cm™'; HR-MS (ESI-TOF): m/z = 296.0872,

calculated for CsHi2FaNO2 (M+H"): 296.0893.

N-{2-Methyl-4-(2,2,2-trifluoroethoxy)phenyl}benzamide (Zn): Yield: 40% (50 mg,
34 %): Re= 0.4 (hexane: ethyl acetate 4:1); white solid; mp 154-156 °C; 'F NMR
(376.3 MHz, CDCl;) ¢ -74.0; laH NMR (400 MHz, CDCls) 6 7.88 (d. J = 8 Hz, 2H),
7.74 (d.J = 8 Hz, 'H), 7.60-7.48 (m, 4H), 6.86-6.80 (m, 2H), 434 (q./1=J>o=J3=8
Hz, 2H), 2.31 (s, 3H); "C NMR (100 MHz, CDCl3) § 166.0, 155.1, 134.8, 132.8, 132.0,
130.5, 128.9, 127.2, 125.67, 123.5 (q, Je.r = 275 Hz), 117.5, 112.8, Gﬁ.w. Jey =36
Hz). 18.23: IR (KBr): v = 2358, 2087. 1639, 1279, 1221, 1156, 1109 ¢cm™": HR-MS

(ESI-TOF): m/z = 310.1072, calculated for CisH 1aFsNO2(M+H"): 310.1049.

N-{2,6-Dimethyl-4-(2,2,2-trifluoroethoxy)phenyl}benzamide (20): Yield: 65% (75

mg. 52%): Rr = 0.5 (hexane: ethyl acetate 4:1); white solid: mp 178-179 °C: '"F NMR
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(8]
(376.3 MHz, DMSO-ds) & -72.6; 'H NMR (400 MHz, DMSO-ds) & 9.66 (s, 'H). 7.99

(d,J =8 Hz, 2H), 7.60-7.50 (m 3H), 6.85 (s, 2H), 4.73 (q..Js =J> =J3 = 8 Hz, 2H), 2.16
(s, 6H); 3C NMR (100 MHz, DMS0) & 165.2, 155.2, 137.2, 134.4, 131.4,129.6, 128.4,
128.2, 127.5, 124.1 (q. Jor = 276 Hz). 113.9, 64.7 (q. Jc.h= 34 Hz). 18.25; IR (KBr):
7 =2097, 1640, 1522, 1490, 1271, 1154, 1083cm™; HR-MS (ESI-TOF): m/z =

324.1210, calculated for C17H16F3NO2(M+H"): 324.1206.

N-{2-Ethyl-6-methyl-4-(2,2,2-trifluoroethoxy)phenyl}benzamide (2p): Yield: 69%
(79 mg, 55%): Rr = 0.5 (hexane: cthyl acetate 4:1); white solid: mp 130-132 °C; F
NMR (376.3 MHz, CDCls) & -73.9: '"H NMR (400 MHz, CDCl3) & 7.86 (d, J = 8 Hz,
2H). 7.69 (d, J = 8 Hz, 2H), 7.57-7.54 (m, 1H), 7.50-7.46 (m, 2H). 6.86 (s, 1H), 6.81-
6.78 (m 1H), 435 (q. 1 =J2=J3=8 Hz, 2H), 2.64 (q,J1 =J»=J3 = 8§ Hz, 2H), 1.25 (1,
J1=J2=8Hz): "CNMR (100 MHz, CDCl3) 5 166.2, 155.5, 138.8, 134.8, 131.9, 129.8,
128.9, 1284, 127.2, 126.3, 123.8 (q, Jc-r = 277 Hz). 115.80, 112.45, 66.2 (q. Jc-r = 36
Hz), 24.6, 13.9; IR (KBr): v = 2360, 2103, 1640, 1531, 1271, 1211, 1163, 1109 cm™;

HR-MS (ESI-TOF): m/z =324.1211, calculated for C;7HisFsNO2(M+H"): 324.1206.

N-{2,6-Diisopropyl-4-(2,2,2-trifluoroethoxy)phenyl}benzamide (2q): Yield: 43% :
Rr =0.5 (hexane: ethyl acetate 9:1); white solid; mp 215-217 °C: ""F NMR (376.3 MHz,
CDCl3) ¢ -73.9; NMR (400 MHz, CDCl3) 6 7.91 (d. J = 8 Hz, 2H), 7.60-7.56 (m,
1H), 7.51 (t, J1 =8 Hz.J» = 2H). 7.27 (s, 1H), 6.78 (s, 2H), 4.38 (q. J1 =J2 =J3 = 8 Hz,
2H), 3.13 (sept. J = SBHZ, 2H). 1.21 (d.J = 8 Hz, 12H): '*C NMR (100 MHz, CDCl3) &
167.3, 157.5, 148.7, 134.6, 132.0, 129.0, 127.7, 127.3, 125.8, 123.6 (q, Jor = 276 Hz),

110.20, 66.1 (q, Je-r = 35 Hz), 29.3, 23.6: IR (KBr): v =2966, 2872, 1646, 1525, 1339,
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@
1209, 1177 em'; HR-MS (ESI-TOF): m/z = 380.1838. calculated for

C21H24F3NO2(M+H"): 380.1832.

N-{4-(2,2,2-Trifluoroethoxy)phenyl}acetamide) (2r): Yield: 47% (54 mg. 28%): R
= (0.5 (hexane: ethyl acetate 4:1); white solid: mp 135-136 °C: "F NMR (376.3 MHz.
CDCl3) 6 -74.0; 'H NMR (400 MHz, CDCl3) & 7.43 (d.J = 12 Hz, 2H), 6.88 (d./ =8
Hz. 2H). 431 (q.J1 =J> =J3 = 8 Hz, 2H). 2.15 (s. 3H): *C NMR (100 MHz, CDCl3) &
168.6, 154.2, 123.4 (q, Je-r = 274 Hz), 122.0, 115.6, 66.3 (q, Jcr = 35 Hz), 24.4; IR

(KBr): v =2089, 1640, 1286, 1246, 1163 cm™'; HR-MS (ESI-TOF): m/z = 234.0729,

calculated for C1oH10FsNO2(M+H"): 234.0736.

N-{4-(2,2,2-Trifluoroethoxy)phenyl}pivalamide (2s): Yield: 48% (68 mg, 44% ). Rt
= 0.5 (hexane: ethyl acetate 4:1); white solid; mp 123-124 °C; "’F NMR (376.3 MHz,
CDCl3)  -74.0; "H NMR (400 MHz, CDCl3) 6 7.46 (d,J = 8 Hz, 2H), 7.29 (s, 1H), 6.90
(d.J =8 Hz. 2H), 4.32 (q. J1 =J2 =J5 = 8 Hz, 2H). 1.31 (s, 9H): *C NMR (100 MHz,
CDCl3) § 176.7, 154.1, 132.9, 123.4 (q. Jer = 276 Hz), 1219, 115.6, 66.5 (q. Je-r = 35
Hz), 39.6. 27.7: IR (KBr): v/ =2977, 2359, 2096, 1651, 1515, 1409, 1368, 1286, 1236,
1160, 1082 cm’'; HR-MS (ESI-TOF): m/z = 276.1220, calculated for

C13H6FsNO2(M+H™): 276.1206.
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Scheme 4.5. Carboanilides failed to produce any trifluorocthoxylation product under

o

optimized condition.

NHBz NHBz NHBz
©/00Ph f NO, ©/SH
NHBz NHBz NHBz

o

Scheme 4.6. Unsuccessful trideuteriomethoxylation reaction on the above substrates.
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'H, C and F NMR Spectra of selected compound

DMSO-d,. 400 MHz

o~
S SESBERLERERNTEEERS b 883
Ll ol ol ol ol ol = LRl
| i o e -
o
“f\@
0CD;

1.00—

110 105 100 95 9.0 8.5 8.0 75 70 65 60 S.r!il 5.)0 45 4.0 35 30 25 20 15 10 05 00 05
(ppem)

Figure 4.7. '"H-NMR of N-(4- trideuteriomethoxyphenyl)benzamide (2a).
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Figure 4.8. "C-NMR of N-(4- trideuteriomethoxyphenyl)benzamide (2a).
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Figure 4.9. "H-NMR of N- (2-iodo-4- trideuterimethoxyphenyl)benzamide (2b).
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Figure 4.10, *C-NMR N- (2-iodo-4- trideuterimethoxyphenyl)benzamide (2b).
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Figure 4.11. 'H-NMR of N-(3.5-dimethylphenyl-4-trideuterimethoxy)benzamide (2¢).
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Figure 4.12.">*C-NMR of N-(3.5-dimethylphenyl-4-trideuterimethoxy)benzamide (2e).
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Figure 4.13. '"H-NMR of N-(2-ethyl-4-trideuterimethoxyphenyl)benzamide (2f).
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Figure 4.14. BC-NMR of N-(2-ethyl-4-trideuterimethoxyphenyl)benzamide (2f).
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Figure 4.15. '"H-NMR of N-( 2-methyl-4- trideuterimethoxyphenyl)pivalamide (2h).
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Figure 4.16. “C-NMR of N-( 2-methyl-4- trideuterimethoxyphenyl)pivalamide (2h).
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Figure 4.17. "F-NMR of N-{2-iodo-4-(2,2.2-trifluoroethoxy)phenyl}benzamide (2j).
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Figure 4.18. '"H-NMR of N-{2-iodo-4-(2.2.2-trifluoroethoxy)phenyl}benzamide (2j).
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Figure 4.19. > C-NMR of N-{2-iodo-4-(2.2.2-trifluoroethoxy)phenyl }benzamide (2j).
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Figure 4.20. "H-NMR of N-{2-chloro-4-(2.22-trifluoroethoxy)phenyl } benzamide

2K).
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Figure 4.21. '"H-NMR of N-{4-(2,2,2-trifluorocthoxy)phenyl} benzamide (2m).
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Figure 4.22. '*C-NMR of N-{4-(2.2,2-trifluoroethoxy)phenyl}benzamide (2m).
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Figure 4.23. ""F-NMR of N-{2-methyl-4-(2.2.2-trifluoroethoxy)phenyl} benzamide

(2n). Inset: the "F spectra recorded for the same sample after few months.
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Figure 4.24. "H-NMR of of N-{2-methyl-4-(2,2 2-trifluoroethoxy)phenyl} benzamide

(Zn).
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Figure 4.25. *C-NMR of N-{2-methyl-4-(2,2,2-trifluoroethoxy)phenyl }benzamide

(2n).
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Figure 4.26. ""F-NMR of N-{2,6-dimethyl-4-(2.2.2-trifluorocthoxy)phenyl } benzamide

(20).
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Figure 4.27. '"H-NMR of N-{2.6-dimethyl-4-(2.2.2-trifluoroethoxy)phenyl}

benzamide (20).
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Figure 4.28. PC-NMR of N-{2.6-dimethyl-4-(2.2,2-trifluoroethoxy)phenyl}

benzamide (20).
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Figure 4.29. "F-NMR of N-{2-ethyl-6-methyl-4-(2,2,2-trifluoroethoxy)phenyl}

benzamide (2p).
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Figure 4.30. '"H-NMR of N-{2-cthyl-6-methyl-4-(2.2 2-trifluorocthoxy)phenyl}

benzamide (2p).

[208]




Chapter 4: PIFA Mediated C-H Trifluoroethoxylation and
Trideuteriomethoxylation of Anilides Controlled by HSAB Principle

CDCl,. 100 MHz

3 3 2383328383%¢ edzegae T s
& 8 83pRsNEaNEs SyEsih : o3
| | | et I St | ]

=0

HN™ “Ph

O._CF,

| H‘l“ 1

200 150 180 170 180 150 140 130 120 110

100 a0
11 (ppm)
Figure 4.31. BC-NMR of N-{2-cthyl-6-methyl-4-(2,2 2-trifluorocthoxy)phenyl}

benzamide (2p).
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Figure 4.32. ""F-NMR of N-{2.6-diisopropyl-4-(2.2 2 trifluoroethoxy)phenyl}

benzamide (2q).
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Figure 4.33. 'H-NMR of N-{2.6-diisopropyl-4-(2.2.2-trifluorocthoxy)phenyl}

benzamide (2q).

[211]




Chapter 4: PIFA Mediated C-H Trifluoroethoxylation and
Trideuteriomethoxylation of Anilides Controlled by HSAB Principle

CDCl,, 100 MHz
- o~ [y ) ND o

BB ¢ JHRREEE B s}383383 g%

g B F 2238d3N 2 rfessss g3

| I I Y G | B Sl I

O._CFs
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 S0 40 30 20 10 o

F1 (ppm)

Figure 4.34."3C-NMR of N-{2.6-diisopropyl-4-(2.2.2-trifluoroethoxy)phenyl}

benzamide (2q).
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Figure 4.35. ""F-NMR of N-{4-(2.2,2-trifluorocthoxy)phenyl }acctamide (2r).

CDCl,, 400 MHz

I3825 3938 2
M= P P 00 o T T 1]
NN bl
NHAc
0. _.-CF;
_Ul-« TR
g % g 2
o - ™~ o
00 95 90 B5 B0 75 70 65 60 55 50 45 40 35 30 25 20 L5 L0 05 00 05
f1 (ppm)

Figure 4.36.' H-NMR of N-{4-(2,2.2-trifluoroethoxy)phenyl }acetamide (2r).
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Figure 4.37. *C-NMR of N-{4-(2.2 2-triflucroethoxy)phenyl }acetamide (2r).
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Figure 4.38. ""F-NMR of N-{4-(2.2 2-trifluoroethoxy)phenyl}pivalamide (2s). Inset:

the 'F spectra recorded for the same sample after few months.

[214]




Chapter 4: PIFA Mediated C-H Trifluoroethoxylation and
Trideuteriomethoxylation of Anilides Controlled by HSAB Principle

CDCl,, 400 MHz

(s - u e e m -

A e o

[s] [ e S T ] o o -

—y L i
HN
O._CFy

__J_LJ,_ L PN T T

gz £ z g

] ~ i

10.5 9.5 8.5 7.5 7.0 6.0 4.0 3.0 2.0 1.0 0.0

5.0
f1 (ppm})

Figure 4.39. 'H-NMR of N-{4-(2.,2.2-trifluoroethoxy)phenyl}pivalamide (2s).
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Figure 4.40. '*C-NMR of N-{4-(2.22-trifluoroethoxy)phenyl} pivalamide (2s).
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Conclusion

C(sp2 ) —H Amidation

Eur. J. Org. Chem. 2018, 4178-4186

|
|
x N*’.’Rz 0&#0

N
Z N

Quinazolin-4(3H )-one
Synthesis
Beilstein J. Org. Chem. 2018, 14, 2396-2403.

C-H Etherification of
Anilides

Asian J. Org. Chem. 2018, 7,715 - 719

NH CF3CH,OH
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?i/OH @\)J\NHZ
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/
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NHR NHR . NHR
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Crystallography Data

» Crystallographic Data for 2h (Chapter 2. figure 2.2); CCDC 1569701.

e}

W
-
\

[l

Empirical formula
Formula weight
Temperature
Crystal system
Space group

a

B

c

A

p
¥

Volume

Z

Peale

I

F(000)
Crystal size
Radiation

20 range for data collection

C23H22N20,S
390.48

296.15 K
monoclinic

P2/c

9.7529(2) A

11.4965(2) A
18.1948(4) A

90°

95.5910(10)°

90°

2030.37(7) A®

4

1.277 g/cm?

0.180 mm"!

824.0

0.33 x 0.29 x 0.22 mm?
MoKa (2. = 0.71073)
4.196 10 51.998 °
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Crystallography Data

(6 -12<h<12,-14<k<13,-22
Index ranges

<1<22
Reflections collected 29248

3985 [Rint = 0.0404, Reigma =
Independent reflections

0.0231]
Data/restraints/parameters 3985/0/256
Goodness-of-fit on F 1.045
Final R indexes [>=2c (I)] R =0.0503, wR> = 0.1421
Final R indexes [all data] Ri=0.0661, wR>=0.1573
Largest diff. peak/hole 0.51/-030¢ A?

# Crystallographic Data for 3a (Chapter 3, figure 3.5); CCDC 1823611

0
N H

N/ =
Empirical formula Ca2H2sN4O2
Formula weight 500.58
Temperature 296.15 K
gystal system triclinic
Space group P-1
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Crystallography Data

Unit cell dimensions

Volume

z

Density (calculated)
Absorption coefficient
F(000)

Crystal size

Radiation

Theta range for data collection

Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F*
Final R indexes [[>=2c (1)]
Final R indexes [all data]

Largest diff. peak/hole

a=5.0503(3) A a=92.215(6)°
b=15.3328(10) B =91.359(4)°

¢ =17.0240(10) y=99.349(4)°
1299.17(14) A3

2

1.280 g/cm’®

0.081 mm"!

528.0

0.31 x 0.26 x 0.21 mm*

MoKa (.= 0.71073)

2.396 to 50.922°
-6<h<6,-18<k<18, -20<1<20
14947

4773 [Rint = 0.0653, Ryigma = 0.1250]
4773/3/345

0.971

R =0.0857, wR2 = 0.2434

R; =0.2356, wRz = 0.3599

0.61/-035¢ A
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Crystallography Data

» Crystallographic Data for 2b (Chapter 4. figure 4.4). CCDC 1811546.

Empirical formula

Formula weight
Temperature/K
Crystal system
Space group
a/A

b/A

c/A

of°

pre

/°

Volume/A®

Z

Pealc gf Cm?'

[221]

CD,

L7

CuH2INO:
353.15
296(2)
monoclinic
P2y/n
13.5248(4)
4.75210(10)
20.5802(6)
90
103.3740(10)
90
1286.84(6)
4

1.823




Crystallography Data

wmm™

F(000)

Crystal size/mm’?
Radiation

20 range for data collection/®

Index ranges

Reflections collected

Independent reflections

Data/restraints/parameters

Goodness-of-fit on F?

Final R indexes [[>=2c (I)]

Final R indexes [all data]

Largest diff. peak/hole / ¢ A

2.481

688.0

0.21 % 0.18 x 0.15
MoKa (A = 0.71073)
3.288 10 61.066
-19<h=<19.-6<k=6,
-29<1<29

21340

3935 [Rine = 0.0298,
Rsigma = 0.0206]
3935/0/164

1.228

R1=0.0186, wR2 =
0.0532

R;=0.0218, wR; =

0.0659

0.44/-1.00
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An Intramolecular C(sp?)-H Amidation Using N-lodosuccinimide
Md Toufique Alam,™ Saikat Maiti,”’ and Prasenjit Mal*!®

Abstract: An N-iod inimide (NI5) mediated i lecular

ydrog Cisp®-H amidation is mported for easy and
convenient access o 1,2 The
nonprefunctionalized Cisp®l-H and N{sp'}-H bonds were di-

rectly coupled using NIS in uifluoroethanol, which proved to
be mild alternative to strong oxidative iodinellll) reagents. The
reaction worked at room temperature, under an air atmosphere,
and in the absence of any base additive.

Introduction

Benzimidazoles are heterocydlic systerns that are well known for
their extensive use In pharmaceutical chemistry and materials
science"! These molecules have also shown anticancer” anti-
infective,” anti-infl B ant-HIV,' anti-
depressant”™ and amtu'not"” activities. The drug esomepraz-
ole (Nexdum], which contalns a benzimidazole molety, was re-
ported 1o be one of the best-selling drugs in 2009 (Figure 1a).™
M!wbsttwwd benzimidazole systems are also found in vamws

lly active 319 Therefore, the synth of

cally ¥
b les has d a lot of from organic

1% antl-h

chemists.

The deved of & ally benign hods!""! for
C-N-bond synthesis is hugely significant”'?! in contrast to metal
mediated C-N coupling reactions,'" metabfree direct C-H

reactions rep an imp approach for the
symthedis of various amines by sustainable methods."*' Cost-
effective and waste-free methods for the construction of C-N
bonds using metsl-free iodlne—besed resgents are popular'™
and various cross-dehydrog: pling (CDC) or oxidati
C-N cross-coupling reactions have been repoﬁzd."" However,
the number of examples that have been reported for C-H amin-
ation using N-iod inimide {NIS) is limited." "

Small-molecule systems ch ' s an increasingly pop-
ular approach to undonw\dr\g the oomplrmy of chemical re-
actions and working o g them In a simpl-
fied manner. Cooperative multiple weak m-rxunm"" like:

ydroph effects,”™ halogen bonding™"! charge-transfer In-

teractions,*? cation-z interactions, anion-a interactions,”"™
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Figure 1. al I g drog b} Commrol of the mac-

thaty of amines i peesance of phengliodire dacetate PIDA], For evarmple,
the ususlly explosve reaction of benzylamines snd PIDA wes controlled by
the addition of NaHS0, " sulfonamices in fluorinated sobwnes lod 10 carb-
ooles, " styrene was dfunchonaloed through cation-m mberactiom 3

haw-soh ackd-base [HSAB) control*! etc. are being explored
in i jon systemns.” Therefore, in order to control a
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chemical reaction through weak supramolecular Interactions it
is important to understand the reactivity of the system as a
whole

Results and Discussion

Ina of our
chemical reactions using weak mteractions’®” in mnovefuru:
tionalized aromatic systems,”™ in this paper we report an intra-
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Abstract

Performing any synthesis using several arylamines and hypervalent iodinet V) reagents by direct mixing is unrealistic because of the
high exothermic reaction or explosion. Herein we demonstrate, when anilines were substituted with an amide group at the ortho-
position, successful chemical reactions could be performed duc 1o intramolecular control. At maximum contact of the reacting

hit: 11k & I

ical ¢

ces, L. under solv diti

2 inod des. aryl-, alkylaldebydes and the iodine{ V)

reagent o-wdoxybenzme acid (IBX) led 10 substituted quinazolin-4(3#/)-one denvatives in farr yields.

Introduction

An iodine and ammoma mixture is 8 well-known contact explo-
sive due to formation of Ni; |1]. Similarly, hypervalent iodines
as oxidizing compounds [2] react violently with amines under
solvent-free conditi [3]. Aryliod, imides or imino-
iodanes can be | 1 by the wreatment of electron-defici

violent exothermic reactions or even explosions may take place
between hypervalent todine reagents and electron-rich amines.
For this reason, synthetic methods based on hypervalent iodine
reagents and primary amincs under solvent-free conditions or
d media are limited [8]. Recently. we have deseribed

amines with sodime([11). However, these compounds explode at
higher temperatures |4] and hence are stored under inert atmo-
sphere and low lemperature [5]. Polyvalent iodine derivatives
are versatile reagents for C-N bond constructions [4,6].
Mechanochemical conditions such as ball milling are consid-
ered to be one of the p techniques in
thesis [7]. Under these conditions, i i is

free syn-

a method for the successlul reaction of primary amines and
hypervalent iodine(111) reagents by controlling the reactivity
using an acid salt, NaHSOy, as additive [9].

Results and Discussion
The last few decades have witnessed a significant growth in

expeeted 1o put those systems under high stress and therefore

ganic synthesis using hypervalent iodines [10-12]. Their casy
availability, high stability, controlled oxidizing ability, and en-
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Soft-Hard Acid-Base-Controlled C—H Trifluoroethoxylation and
Trideuteriomethoxylation of Anilides

Saikat Maiti, Toufique Alam, and Prasenjit Mal**

Abstract: Phenyhiodinetrifluoroacetate (PIFA)-mediated de-
hydrogenative C-H etherification of anilides is reported
for the synthesis of -DCH,CF, and -OCD, incarporated an
ethers. Nucleophilicity of the added nucleophiles and
soft-hard acid-base (SHAB) principle were rationalized o
understand those reactions. Anilides and PIFA led to the
electrophiles either softer nitrenium nom or hardev -:anlw
nium jons. The harder teophile sk i re-
acted with the carbenium ions to produce aryl ethers.

Intrinsic physiochemical properties like greater metabolic sta-

bility, high elec gativity and imp d Epophilicity due 1o
the -OCH,CF, group, t.he trifiuoroethaxy containing molecules
become significant in organic synthesis. Trifluoroethyl aryl
ethers are present in several pharmaceutically valwed mole-
cubes such as pare-trifluorcethoxyaniline derivative is used as
F-MRI probe for the detection of hypochlorite jon™ and lan-
sopcmlehm&tnmnlckuﬁ’dhﬂhepurpamofpmm
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¥ Contaring imp mol-

tion, we demonstrate here C—H etherification of aromatic ani-
lides for the synthesis of -OCH,CF, and -OCD, Incorporated aryt
ethers through the reactivity regulation of nitrenium ion’'”

pump inhibition (Figure 1a)" Similary, several trick

thoxy containing molecules are alo well recognized due to
thelr specific bicactivities!” Two -OCD, containing fewer bio-
logicalty Impanam rnolemies ate shown in Fqurelh“ Thus

the d ol y hods. for trifluaro-
methoxylation and tri i hoxylation are of great im-
pontance,

The reactivity of a chemical systems are known to be con-
trolied by local i " The coopesative weak interac-
tions' like charge-transfor,™ hydrophobic effect,™ cation-x,""
anion-x," halogen bonding, "™ are significantly explored in
chemical synthess."™ We have reported recently that weak in-
teractions can be used for C-H mano-nitration reaction on in-
dolines,"* soft-hard acid-base (SHAB) principle could be ap-
plied in C—N bond formation reactions on sulfonanifides using
hypervalent iodine(ll,"" potential use of lodine(ll reagents
for varlous C-H functionalization reactions, et In continua-

fa) Or. S Maiei, Md T Alam, Dv. 2 Mol

aver jon'™ vis SHAB control' Hrpewalem lodi-
neliil) pounds are well reputed as non-toxic p oxi-
dizing agents. Application of lodine{lill reagents m C-heteroa-
tom bond fo by oxidative functionali of anilides

have been documented in several reviews ™
As shown in Scheme 1, the softer electrophie™ nitrenium
lon is switchable to the harder electrophile carbenium lon by
losing the aromatic ring current."™ Kikugawa and co-workers
have shown that by-product icdobenzene from the reactions
of anilides and phenyliodinetriflucroacetate (PIFA)"™ " reacted
further for a dehydrogenative C-N bond formation reaction™”!
However, In this work the solvents 2.2.2-trifl thanol (TFE}
and [DJMeOH (CD,0D) led 1o selective incorporation at parg
position of anifides by C-O bond formation. These reactions
were favored due to hard-hard preference by the alcohols
with harder carbenium lons™ owver the softer nitrenium
ions." ™™ Thus the role of SHAB principle” is clearly estab-
lished for the dehydrogenative C-0 bond formation of ani-
Ind!s Although there are reports on the hypervalent iodine
d ic C-0 bond fons with alcohols™ nev-

Schood of Chemmoal Sciences, Matianal Ingtitufe of Soierce Educition ond
Ressarch (MSER), HEM Bhubansiway, PO Bhimpur-Padungur, Via famnd Dés-
triet Khuwdo
Odisha 732050 (india)
E-malf: pmal@reier ac.in
B Sepporting iormution and ifve DRCID identifcation numberiil for the ou-
@ rhoefs) of This articke can be doand under hetps /idal ong 10,1002/
@poc 20T B00ES.
Askn & Org. Chem. JOIR. 7. 113119

Wiley Online Libeary

s

entheless, this work can be considered as a proof-of-concept of

SHAB principle 1o regulate chemical reactions by added nucle-

mlﬂe-s‘roﬂwhmo‘ourknowludqe there is no metal free
hesi hod for trifl hoxylation and trid

tholyhmo by selective aromatic Clsp2i-H bond functionaliza-
tion. 5o, this metal-free, additive-free and directing group-free
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