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N,N’-dimethylurea as an efficient ligand for Chan-Lam N-arylated
pharma-relevant motifs!!
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Q Simple and Cheap ligand Q@ Broad substrate scope
9 Chemoselective arylation of aminophenols @ Selective monoarylation of amides
Q@ In situ catalyst generation Q@ Arylation of APIs

ABSTRACT: This chapter introduces N,N’-dimethylurea (DMU) as a ligand to aid
Chan-Lam N-arylation of primary amides, anilines and 3-aminophenols with
arylboronic acids and its ester derivative as the arylating agents. The developed
methodology is catalyzed by Cu and its in-situ complexation with DMU brings about
efficient synthesis of N-arylated anilines, 3—aminophenols and primary amides in
moderate to good yields (50-90%). The [Cuz(OAc)a(DMU).] complex is synthesized and
characterized through single crystal X-ray structure elucidation. The catalyst is cheap,
free from prior synthesis of the metal-complex, provides chemoselectivity towards
N-arylation of 3-aminophenols and suitable for mono-arylation of primary amides. The
methodology is applied in a selective post-modification of two active pharmaceutical
ingredients (APIs). The developed catalytic system extends the scope of

N,N’-dimethylurea as an auxiliary in inexpensive and versatile Cu—catalysis.

lBlsaikia, R., Das, S., Almin, A., Mahanta, A., Sarma, B., Thakur, A. J., and Bora, U. N,N’-dimethylurea as an

efficient ligand for Chan-Lam N-arylated pharma-relevant motifs; Manuscript under communication
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4. N,N’-dimethylurea as an auxiliary in Chan-Lam cross—-coupling!

4.1 Introduction

The domain of carbon-nitrogen bond formation is predominantly occupied by three
strategies: Ullmann-Goldberg reaction, Buchwald-Hartwig reaction and the Chan-Lam
cross-coupling reaction [1-6]. Of these, the adopted approach depends on the starting
materials, the choice of metal and the type of C-N transformation desired. Credited for
a universal demand for more than 100 years, C-N bond formations remain to enthrall
synthetic chemists for the notable biological activities of the products [7-10]. In this
regard, it is noteworthy to mention that C-N bond containing N-arylamides,
N-arylamines and 3-arylaminophenols are significant pharma-relevant scaffolds

(Figure 4.1).
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Figure 4.1 Some bioactive molecules with C-N bonds.

From high-temperature—Pd catalysis and highly complicated phosphine ligands, passing
the baton on to milder Cu-catalysis, the pioneering fathers Chan, Evans and Lam,
independently designed an “open flask chemistry” (Cu', mild base, ambient
temperature and run in air) introducing arylboronic acids as efficient arylating agents.
Arylboronic acids and their derivatives are insensitive to air, stable, permit reactions in
an aqueous medium and are compatible with a wide range of substrates [11-13]. This

oxidative cross—coupling can allow the formation of twelve different types of
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C-heteroatom bonds and has extended its scope over the years to include a variety of
N-nucleophiles under its ambit [14-20]. Although, the utilization of arylboronic acids
may be a concern (as they are primarily synthesized from aryl halides), recent reports
have suggested that arylboronic acids and their derivatives can be directly prepared
from C-H borylations of arenes and indoles [21]. Traditional Chan—-Lam cross-couplings
were however, criticized for their long reaction duration, high catalyst loadings and
need of excess amounts of arylboronic acids. Later developments have significantly
contributed to overcoming these drawbacks making Chan-Lam cross-coupling a

preferred C-N bond forming approach over existing protocols.
4.2 Homogeneous catalysis in Chan-Lam cross-couplings

The design of a suitable ligand with Cu is the perfect answer to efficient homogeneous
catalysis in Chan-Lam cross—coupling reaction. Collman [22] reported the first catalytic
version of Chan-Lam cross-coupling utilizing commercially available [Cu(OH)-TMEDA],Cl,
to obtain N-arylimidazoles in DCM without the requirement of a base. In a consecutive
report, they adopted the same methodology and documented the N-arylation in
“water” (Scheme 4.1) [23]. However, both the reactions employed about 2 equivalents
of phenylboronic acid (1). The possible decomposition of phenylboronic acid by H,0>
formed in the disproportionation step prompted them to use large excess of

phenylboronic acids.

Collman, 2000 & 2001
[Cu(OH) TMEDA],Cl, (10 mol%)
?H DCM, rt, O,, overnight
B
N HN s
oH HE\/N - . N \;F?l
R [Cu(OH) TMEDA],Cl, (10 mol%) R
(2 equiv.) H,0, rt, O,, overnight 3
1 2 10 examples

Scheme 4.1 N-arylation of imidazoles in water

Later in 2014, Onaka et al. [24] utilized the same [Cu(OH)-TMEDA],Cl, catalyst and
found TMEDA as an effective ligand to obtain highly regioselective N-arylation of 5-alkyl
and aryl-substituted tetrazoles at room temperature (Scheme 4.2). Other similar ligands
like DMEDA and TMPDA were found to be less effective than TMEDA. The “suitable

steric environment” of TMEDA was thought to be necessary for the selectivity. The
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mechanism was found similar to that proposed by Collman’s group [22]. Unlike the
previous protocol, a base was necessary to activate the tetrazoles because of the

difference in nucleophilicities between imidazole and tetrazole.

Onaka, 2014
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Scheme 4.2 N-arylation of 5-substituted tetrazoles

In another series of reports, Duparc et al. synthesized Cu complexes with sulfanoto-
imine ligands (Scheme 4.3, A) [25] and diketimino-sulfonate ligands (Scheme 4.3, B)
[26], and utilized the chelating nature of these ligands to achieve efficient base-free
Chan-Lam cross-couplings. These chelating ligands having a sulfonate group fulfilled the
role of bases/ligands as it helped the boronic acid group to coordinate to the oxygen
atom and facilitated the transmetallation step (Scheme 4.3, C). The coordination
complexes also decreased the sensitivity of these reactions in water. The catalysts were

however, sluggish towards sterically hindered substrates.

Schaper, 2017

?H
R B R
)\ . @ ~OH catalyst )\
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Scheme 4.3 Chan-Lam cross-coupling with chelating ligands

Likewise, the research groups of Phukan and Bora designed unique water-soluble Cu-
salen type complex and a square pyramidal complex [Cu(DMAP)4l]l respectively, to

facilitate Chan-Lam arylations. Phukan’s group [27] designed an impressive
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homogeneous Cu-complex, [Cu(DMAP)al]l through the disproportionation of Cul in the
presence of DMAP. The complex gave excellent yields of the N-arylated nucleophiles
(amines, amides, azides and thiols) under base-free conditions (Scheme 4.4a). Similarly,
Bora’s group [28] designed a unique Cu-salen complex to facilitate arylation of anilines

and imidazoles in mild aqueous conditions (Scheme 4.4b).

(a) Phukan, 2016
?H
B\OH . Nu
NoH 4 @ [Cu(DMAP),I]I (2 mol%)
. MeOH, rt
Nu= amines, )
amides, (1 equiv.) 8
tosylazides, thiols 1 > 40 examples
(b) Bora, 2013
QH
HN B‘OH Cu-salen complex (20 mol%) /RN
N + - - N
L‘/:/ K,CO3 (2 equiv.), i-PrOH \;\'J
R (2 equiv.) L, air 1 R
9 1 14 examples

Scheme 4.4 Chan-Lam cross-coupling reaction through homogeneous catalysis

Peng’s group also synthesized Cu'-complexes with “tunable” N,0-bidentate ligands to
obtain N-arylimidazoles at room temperature [29]. They designed four N,0-bidentate
ligands and the activity of their corresponding Cu-complexes were tested in Chan-Lam
cross-coupling reaction of 1H-imidazoles and 1H-benzimidazoles. Out of them, L* (as
shown in Scheme 4.5) exhibited the best activity. In the methodology, the N,O-
bidentate chelating Cu-complex supposedly interacted with the boronic acid group and
brought about faster transmetallation process under base-free conditions.

Thus, it is evident that Cu-coordination complexes have exhibited superior catalytic

activity in comparison to their parent Cu-salts.
4.3 Urea as auxiliaries in homogeneous catalysis

Urea and its derivatives are small inexpensive ligands that serve as important raw
materials in organic synthesis. They are excellent hydrogen bonding molecules [30],
possess long shelf-life and are credited for their ability to coordinate to the metal
centre in both neutral and ionic states [31]. Urea-based ligands are particularly useful in

anion recognition by hydrogen bonding [32] and in asymmetric catalysis [33].

115



Chapter 4

Peng, 2018
(i)H
R? B<
| @ OH D (8 mol%) R!
No + — =T R
R H MeOH, rt, 22 h )
R2
(2 equiv.) 12
1 1 8 examples

‘/ OH . ©:)§ _D(8mol%) _
MeOH, rt, 22 h C[,}\

(2 equiv.)

13
1 11 examples

Scheme 4.5 Tunable N,0-bidentate ligands in Chan-Lam cross—coupling

With respect to organic synthesis, Bao et al. synthesized a urea-Pd/PAN composite via
electro-spinning technique and achieved more efficient Suzuki-Miyaura cross-couplings
under green catalysis [34]. Ureas are also useful as ligands to Pd for achieving
phosphine ligand-free Heck couplings [35]. In addition to that, ureas and thioureas were
also utilized to achieve hydrogenation of ketones and epoxides [36], enantio-selective
reduction of acetophenone [37] and as alternative green ligands to reprotoxic NMP for
alkylations of aryl chlorides and tosylates with Grignard reagents [38]. N-arylureas
behaved as pro-ligands for ureates, which were used for a Pd-catalyzed
heteroannulation of 1,3-dienes and haloanilines in another interesting approach [39].
Despite their tested robustness with Pd-catalysis, ureas and their derivatives are
practically unexplored as auxiliaries in cheaper and more-sustainable Cu-catalysis.

Figure 4.2 shows some common urea ligands that are employed in organic synthesis.
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Figure 4.2 Commonly employed urea ligands
4.4 Results and Discussion

In this chapter, N,N’-dimethylurea (DMU) is discussed as a ligand for N-arylation of
anilines, 3-aminophenols and mono-arylated primary amides through Chan-Lam cross-
coupling strategy (Scheme 4.6). The homogeneous catalytic system is free from prior
synthesis of the Cu-complex and is generated in situ. It efficiently helps to establish a
broad substrate scope (up to 41 examples) under mild reaction conditions. The
methodology was successfully applied in the N-arylation of two active pharmaceutical
ingredients (APIs). The currently developed Cu'"-DMU catalyst and the associated
methodology mark the use of a cheap, easily available and lesser explored ligand for Cu

in achieving sustainable Chan-Lam cross-couplings.

9& OH

#o é\OH
H N-nucleophile H
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reaction
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catalyst= [Cu(OAc),(DMU),]

Scheme 4.6 Chan-Lam N-arylation with Cu"-DMU catalyst
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4.4.1 Optimization of reaction conditions

Initially, Chan-Lam amination was tested for phenylboronic acid (1a) and aniline (15a).
10 mol% of Cu(OAc),-H20 and 25 mol% of urea were employed at room temperature
and open-air condition (open-flask chemistry) in CH3sCN:H,O mixture as solvent and
K2COs3 as the base (Table 4.1, entry 1). Water was reported to be beneficial for Cu-
coordination complexes and enhanced the solubility of Cu(OAc),:H20, urea and base.
The progress of the reaction was monitored through TLC and the reaction was allowed
to stir until one of the reactants was completely consumed. After 12 hours, the reaction
afforded 53% of the desired N-arylated product (16a).

Subsequently, “seven” urea derivatives were screened for their efficiency in Chan-Lam
cross-coupling reaction (Table 4.1, entries 1-7). The mode of coordination of urea with
the metal ions seemed to be dependent upon the type and nature of the metal.
Generally, ureas are monodentate ligands and they coordinate through the nitrogen
atom to a “soft” metal centre and through the oxygen atom to a “hard” metal centre.
Cu" ions have been reported to coordinate to the oxygen atom of urea ligands [40],
where one pair of the carbonyl oxygen acts as a hydrogen-bond acceptor and the other
participates in the formation of the Cu—oxygen coordination bond. Of the seven
screened urea ligands, the highest yield was obtained with DMU (Table 4.1, entry 6).
Upon coordination of DMU with Cu", the negative charge acquired by the oxygen atom
of DMU (via resonance) is stabilized by the positively charged Cu" ion enhancing the
overall stability of the Cu'"-DMU system in the reaction medium. The reaction was
thereafter carried out with DMU. Varying the ratio of CH3CN:H,O (Table 4.1, entry 8), a
decent yield of the desired product was not observed. The reaction conditions in entry
6 were tested again with an oxygen balloon and a very good transformation of 80% was
obtained.

To further optimize the reaction conditions, phenylboronic acid (1a) and aniline (15a)
were chosen as model substrates. Results were also tested in CH3CN or H,0O alone to
eliminate the co-solvent and also at an increased temperature of 60 °C, all with
unsatisfactory results (Table 4.1, entries 10-12). The reaction was screened with
different polar solvents like methanol (MeQH), isopropanol (IP), ethanol (EtOH) and also

without adding DMU. But, better results were not obtained (Table 4.1, entries 13-16).
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Increasing the amount of phenylboronic acid increased the amount of homocoupling

product, which was undesirable (Table 4.1, entries 17 and 18).

Table 4.1 Investigation of reaction conditions for the Chan-Lam cross-coupling reaction

between aniline (15a) and phenylboronic acid (1a).

o Cu-salt (10 mol%) H
@/B‘OH N ©/NH2 Urea ligand (25 mol%) ©N©
Basrte; 1s;l;]/ent
1a 15a 16a

Entry 1a(mmol) Cu salt Ligand Solvent (mL) Time (h) Yield™(%)
1 1.2 Cu(OAc)2:H,0 Urea CH3CN:H,0 (2:3) 12 53
2 1.2 Cu(OAc)H,0  Thiourea CHsCN:H,0 (2:3) 12 NR
3 1.2 Cu(OAc)2'H,O  Benzyl urea CH3CN:H,0 (2:3) 12 60
4 1.2 Cu(OAc),*H,0  N-Allyl urea CH5CN:H,0 (2:3) 12 68
5 1.2 Cu(OAc),*H,O  Diallyl urea CH5CN:H,0 (2:3) 12 65
6 1.2 Cu(OAc);-H,0 DMU CH5CN:H,0 (2:3) 12 70
7 1.2 Cu(OAc)2'H.0  Seleno urea CHsCN:H,0 (2:3) 12 NR
8 1.2 Cu(OAc)2:H,0 DMU CH3CN:H,0 (1:4) 12 60
9l 1.2 Cu(OAc);'H.0 DMU CH5CN:H,0 (2:3) 12 80
10 1.2 Cu(OAc)2:H,0 DMU CHsCN 12 NR
111 1.2 Cu(OAc)2:H,0 DMU CHsCN 12 NR
12 1.2 Cu(OAc)2:H,0 DMU H,O 12 NR
13 1.2 Cu(OAc)2:H,0 DMU EtOH:H,0 (2:3) 12 23
14 1.2 Cu(OAc)2:H,0 DMU IP:H,0 (2:3) 12 30
15 1.2 Cu(OACc)2-H,0 DMU MeOH:H,0 (2:3) 12 25
16 1.2 Cu(OACc),-H,0 - CHaCN:H,0 (2:3) 12 20
171! 1.4 Cu(OACc),-H,0 DMU CHaCN:H,0 (2:3) 12 63
181e! 2.0 Cu(OACc),-H,0 DMU CHaCN:H,0 (2:3) 12 53
19 1.2 Cu(OACc),-H,0 DMU CHsCN: WEBPA(2:3) 12 NR
20 1.2 Cu(OTf), - CHsCN:H,0 (2:3) 12 55

[(IReaction conditions: Aniline (15a, 0.75 mmol), Phenylboronic acid (1a, 1.2 mmol, 1.6 equiv.), Cu-salt (10
mol%, 0.1 mmol, 0.0135 g), ligand (25 mol%, 0.25 mmol, 0.022 g), K»COs (1 equiv.), solvent (5 mL), rt-
room temperature, 12 h; Plisolated yield based on aniline; Flreaction carried under O, balloon; “reaction

temperature was maintained at 60 °C; '[Homocoupling product was obtained; NR-no reaction.
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The homocoupling of boronic acids has been exclusively reported with or without base
by various research groups [41]. The basic properties of WEBPA were also tested by
employing it as a solvent along with acetonitrile in the ratio 3:2 (Table 4.1, entry 19)
[42]. Owing to triflate (—-OTf) being a better leaving group, the reaction was screened
with Cu(OTf), too (Table 4.1, entry 20). However, better results were not obtained
further. Acetate ion (—OAc) has proved to be the most effective counter-ion in Chan-
Lam cross-coupling reactions. Therefore, at room temperature with an oxygen balloon,
10 mol% of Cu(OAc);°H20, 25 mol% of DMU and 1 equiv. of K2COs3 in CH3CN:H,0 were

fixed as the optimized reaction condition (Table 4.1, entry 9).
4.4.2 Catalyst study

The Cu"-DMU catalyst was prepared by stirring Cu(OAc)2-H,0 (10 mol%) and DMU (25
mol%) in CH3CN:H,0 solvent mixture (Scheme 4.7). The resultant blue-green solid was
filtered and re-crystallized from EtOH to obtain complex (E). The model reaction (Table
4.1, entry 9) was then tested with the synthesized [Cuz(OAc)s(DMU),] complex. With
similar results in hand, we decided to continue our studies with the in-situ generated

catalyst.

CHj H;C

)\o O)\o o=H(N_

(o}

‘ HN—

o Cu o} CHs i CH~CN:H,O _<o— Cu O7CH3

- ~ 3N HyC—<C ‘

H3C<04" & ? + \H H/ " 3 oj;cu o}
—NH 5

OY‘O =0 \°
Ha —NH HsC
[Cux(OAc)4(DMU),]
[Cu(OAC); H,0] (DMU)

(Blue-green precipitate, recrystallized in EtOH)

(E)

Scheme 4.7 Synthesis of [Cuz(OAc)a(DMU);] (E)

The crystal structure of E is solved and refined in monoclinic space group P21/n, with a
half symmetry-independent molecule in the lattice. The crystal data parameter is
available in Table 4.7. ORTEP with a 50% probability ellipsoid is displayed in Figure 4.3.
The experimental section is referred to the details of the Single crystal X-ray data

collection methods; CheckCIF report is available in Annexure A.
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Figure 4.3 ORTEP diagram of compound E with 50% probability ellipsoid.

4.4.3 Substrate scope study

An overall picture of substrate scope of Chan-Lam cross-coupling of arylboronic acids
(1) with anilines (15) using the optimized reaction condition (Table 4.1, entry 9) is
shown in Table 4.2.

The developed reaction condition was applied to a variety of arylboronic acids and
anilines. The unsubstituted diphenylamine (16a) was obtained in a decent yield of 77%.
Common to Chan-Lam arylation reactions, electronic factors played an interesting role
in increasing or decreasing the yields of the desired products. The developed protocol
was useful for boronic acids with EDGs (16c, 16d) and EWGs (16l), along with
naphthylboronic acid (16k). Similarly, anilines with EDGs (16b, 16¢c) and EWGs (16e)
were also tolerated with the methodology. Cyclic primary alkyl amines like
cyclohexylamine (16h) and cyclic secondary amines like morpholine (16g) and
piperidine (16i) exhibited decent reactivity. Interesting substrates like double N-
arylation of p-phenylenediamine (16f) and multi-substituted diphenylamine (16j) could
be synthesized in decent vyields as well. Chan-Lam arylation products bearing a
heterocyclic boronic acid (160), a heteroarylamine (16m) and that bearing both
heteroaromatic fragments (16n) were also produced in moderate yields.

In practice, a conventional Chan-Lam cross-coupling reaction is hindered by three side
reactions: protodeboronation, oxidation and oxidative homocoupling of arylboronic
acids [43]. However, meticulous screening of reaction conditions can easily help to

overcome unwanted side products and maximize the formation of desired products.
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Table 4.2 Scope exploration for the Chan-Lam cross—coupling of arylboronic acids (1)
with anilines (15).0!
u(OAc),'H,0 (10 mol%)

B~on DMU (25 mol%) @ @
cho3 CH3CN H,0

oo @r“@z:: BeacW Et@r“@ oo

16a, 80% 16b, 90% 16¢, 85% 16d, 78% 16e, 70%
(TOF(h*1)ITON) = 0.9/11

CH
HN—©—NH H H 3
N
o> OO0 OO0
—/ cl CH,
16f, 50% 169, 78% 16h, 89% 16i, 70% Cl 16j, 63%
H H H H H
N N NN N.__N o N
10 or O «
N
F3C CH3 MeO” "N o]
16k, 80% 161, 74% 16m, 50% 16n, 55% 160, 73%

3 Failed attempts

16p, nd 16q, nd 16r, nd 16s, nd 16t, nd 16u, nd

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

[a]Reactlon conditions: Aniline (15, 0.75 mmol), Arylboronic acid (1, 1.2 mmol), Cu(OAc),-H>0 (10 mol%),
DMU (25 mol%), K2COs (1 equiv.), CH3CN:H,0 (2:3), r.t.= room temperature (27 °C), 12 h; nd-not detected

In addition to all the above synthesized diphenylamine derivatives, some substrates did
not pertain to our protocol and underwent unwanted side reactions. The boronic acid
counterpart of products (16p) and (16r) i.e. 4-acetylphenylboronic acid and 4-
hydroxyphenylboronic acid underwent protodeboronation predominantly to produce
phenol and acetophenone respectively under the given reaction conditions. On the
other hand, 4-cyanophenylboronic acid (precursor of 16q) suffered exclusive
homocoupling and did not give the desired product (16q). Along similar lines, attempts

with 16s, 16t and 16u were not obtained at all with this methodology.

4.4.4 Chemoselectivity of the catalyst

Next, the chemoselectivity of Cu'-DMU complex was screened. 3-aminophenol (17a)
was chosen as the model substrate for this purpose. The reaction conditions were
investigated for chemoselective Chan-Lam cross-coupling of phenylboronic acid (1a)

with 3-aminophenol (17a) and the results are presented in Table 4.3.
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Table 4.3 Investigation of reaction conditions for the Chemoselective Chan-Lam cross-

coupling of phenylboronic acid (1a) with 3-aminophenol (17a).!

u(OAc),H,0 (x mol%)
OH DMU (y mol%)
base, solvent

rt,12 h

Entry x (mol%) y (mol%) Base Solvent Yield™(%)
1 10 25 K,CO3 CH3CN:H,0 (2:3) 50
2 10 25 K2COs CHsCN 45
3 10 25 K,CO;3 1,2-DCE 60
4¢ 10 25 K2COs 1,2-DCE 64
5lelid] 10 25 K2CO3 1,2-DCE 70
glaid 10 25 EtsN 1,2-DCE 72
7Ll 20 50 EtsN 1,2-DCE 75
glelldlle] 20 50 EtsN 1,2-DCE 78
gleldl 20 50 EtsN Toluene NR
10!l 20 50 EtsN ‘BUOH 20
17!l 20 50 EtsN MeOH 43
121l 20 50 Na‘OBu 1,2-DCE 65

[BlReaction conditions: 3-Aminophenol (17a, 0.75 mmol), Phenylboronic acid (1a, 1.3 mmol, 1.7 equiv.),
Cu(OAC)2-H,0 (20 mol%), DMU (50 mol%), EtsN (2 equiv.), dry 1,2-DCE (4 mL), r.t. = room temperature ,
12 h; Plisolated yield with respect to 3-Aminophenol; Dry solvents were used; reaction carried under

oxygen atmosphere; /1.3 mmol of Phenylboronic acid was used.

Careful optimization of the amount of Cu" and DMU shows that 20 mol% of
Cu(OAc)2-H20 was necessary for the chemoselective arylation. Accordingly, the amount
of DMU was fixed at 50 mol% to maintain the desired ratio in the in-situ generated
Cu"-DMU complex. Among the bases, K2CO3 and NaO'Bu could not serve the purpose
(45-70%, Table 4.3, entries 1-5 and 12) and EtsN was screened, owing to its relevance in
Chan-Lam cross-coupling. As seen, EtsN gave the highest conversion of 78% (Table 4.3,
entries 6-11). It is supposed to enhance the re-oxidation of Cu'to Cu", help in better
generation of the active Cu'-complex and prevent its reversion to the inactive
paddlewheel species [44]. Among solvents, it was observed that dry solvents were

necessary to completely suppress the oxidation of phenylboronic acids. After a careful
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investigation of some dry solvents, 1,2-DCE was chosen for better yield (78%, Table 4.3,
entries 3-8). Subsequently, the final optimized reaction condition was fixed as 20 mol%
of Cu(OAc)2’H20, 50 mol% of DMU with 2 equiv. of EtsN in dry 1,2-DCE (78%, Table 4.3,
entry 8).

Table 4.4 summarises the various Chan-Lam arylated products obtained by the
chemoselective N-arylation of 3-aminophenols under the developed reaction condition
with Cu'-DMU complex. The absence of electronic effects gave the unsubstituted
arylated 3-aminophenol in good yield (78%, 18a). Phenylboronic acids with EDGs like
4-OMe (18b), 4-Et (18c) and 3-Me (18d) have given good yields (82%, 75% and 73%
respectively) of the desired Chan-Lam product. However, the conversion decreased to
63% for arylation with 2-Me phenylboronic acid, which may be due to the steric effect
and competing secondary reactions (18e). The developed protocol also favoured
arylation with phenylboronic acids having EWGs like 3-NO; (18l) and weakly
deactivating halogens (18f, 18g, 18h) in decent yields. With respect to aminophenols,
EDGs provided very good yields of the corresponding N-arylated product (18i and 18j).
Initially, this reaction was very susceptible to the formation of phenol as a by-product,
however, “dry” solvents and their careful optimization helped to suppress the oxidation
product to a large extent. Although 3-Nitrophenylboronic acid underwent
protodeboronation to nitrobenzene under the given reaction conditions, it gave the
desired product (18l) in 70% yield. Interestingly, aminophenol with -OMe did not react
at all under the developed protocol (18k). It probably deactivates the catalyst by the

formation of an inactive Cu"-amine complex [45].
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Table 4.4 Scope exploration for the Chemoselective Chan-Lam cross-coupling of

arylboronic acids (1) with 3-aminophenols (17).[!

QH NH; Cu(OAC),'H,0 (20 mol%) on
B\OH DMU (50 mol%
@ + @ EtsN, dry1 2 DCE
OH i, O

H H H H
@,N@OH N OH N OH HyC N OH
W JO O O @F OO
%0 Et

18a, 78% 18b, 82% 18c, 75% 18d, 73%
(TOF(h~")ITON=0.3/4)

o oo 00" o'

18e, 63% 18f, 78% 139 80% 18h, 76%
H H H H
CHj; Cl O/CH3
18i, 80% 18, 78% 18k, nd 181, 70%

[BIReaction conditions: 3-Aminophenols (17, 0.75 mmol), Arylboronic acid (1, 1.2 mmol), Cu(OAc)»-H,0 (20
mol%), DMU (50 mol%), EtsN (2 equiv.), dry 1,2-DCE (4 mL), rt = room temperature, 12 h; nd-not

detected.
4.4.5 Extension of scope of reaction

The activity of the Cu'-DMU complex was then targeted at the selective
“monoarylation” of primary amides, owing to the dominance of the N-arylamide
scaffold in pharmaceuticals [46]. Primary amides do not undergo N-arylation readily and
easily adoptable methods of arylation are few. They have been previously reported to
be N-arylated with diazonium salts [47], Goldberg arylating agent-aryl halides [48],
aryltrimethoxysilane [49], lodoferrocene [50], and hetero(aryl) electrophiles [51].
However, very few studies have been executed with boronic acid and its derivatives
[52]. Hence, we attempted to study the Chan-Lam N-arylation of primary amides with
arylboronic acid pinacol esters (BPin) as the arylating source [53]. BPin are more stable
and more accessible arylating agents in comparison to phenylboronic acids and their
conversion to the corresponding acid is simple [54]. The optimization of reaction
conditions of Chan-Lam cross-coupling of Phenylboronic acid pinacol ester (1a-BPin)

with benzamide (19a) is presented in Table 4.5.
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Table 4.5 Investigation of reaction conditions for the Chan-Lam cross-coupling of

Phenylboronic acid pinacol ester (1a-BPin) with Benzamide (19a).[!
H

B u(OAc),H,0 (x mol%) N
e DMU (y mol%)
Base dry solvent, (0]

-t°C,6h

1a-Bpin 20a
Entry Cu(OAc);'H,0 DMU Base (equiv.) Solvent Yield™(%)

1 10 25 KsPO4(1) CH3CN:H,0 NR
2 10 25 KsPO4 (1) 1,2-DCE NR
3 10 25 KsPO4 (1) 1,2-DCE:H,0 (3:2) NR

4 10 25 K3PO4(1) ‘BuOH Trace

5 10 25 KsPO4 (1) 'BuOH:DCE (3:2) Trace

6 10 25 KzPO4(2) ‘BuOH Trace

7 10 25 KzPO4(2) 'BUOH:CHsCN Trace
8 10 25 KzPO4(2) ‘BuOH:MeOH 20

9 10 25 KzPO4(2) 'BUOH:IP Trace

10 10 25 KsPO4(2) 'BuOH:Dioxane Trace

11 10 25 K3PO4(2) '‘BuOH:DMF Trace

12 10 25 KsPO4(2) '‘BuOH:DMSO Trace
13 10 25 K3PO4(2) Dry MeOH 30
14 10 25 K2COs(2) Dry MeOH NR
15 10 25 Na'OBu (2) Dry MeOH 30
16 10 25 DBU (2) Dry MeOH 40
17 10 25 DIPEA (2) Dry MeOH 35
18 10 25 EtsN (2) Dry MeOH 46

19 10 25 DABCO (2) Dry MeOH Trace

20 10 25 DMAP (2) Dry MeOH Trace
21 20 50 EtsN (2) Dry MeOH 45
22 10 25 EtsN (2) Dry MeOH 48
23 10 25 EtsN (2) Dry MeOH 55
24 10 25 EtsN (2) Dry MeOH 54
25411 10 25 EtsN (2) Dry MeOH 70
26 [A11fLLe] 10 25 EtsN (2) Dry MeOH 80
27 (L] 10 25 EtsN (2) Dry MeOH 82

[BlReaction conditions: Benzamide (19a, 0.75 mmol), Phenylboronic acid pinacol ester (1a-BPin, 1.3 mmol,
1.7 equiv.), Cu(OAc),-H,0 (10 mol%), DMU (25 mol%), EtsN (2 equiv.), dry MeOH (4 mL), 6 h; ® Isolated
yield based on benzamide, 19; [1dlle] Reaction was carried out with 1.25, 1.3 and 1.4 mmol of BPin
respectively, I reaction was carried under oxygen atmosphere; " Reaction temperature was

maintained at 60 °C and 80 °C respectively; NR- no reaction.
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It was observed that even after a meticulous study of polar solvents, non-polar solvents
and their combination, the desired N-arylated product was not obtained except for an
unsatisfactory 20% yield with ‘BuOH:MeOH solvent combination (Table 4.5, entries 1-
12). Inspired by the effect of dry solvents and molecular sieves (MS) in suppressing
oxidation by-products, further optimization studies were carried out with dry methanol
and with 3 A MS. Use of MS was not detrimental in the previous methodologies;
however, it played an important role in case of primary amides. The effect of bases
(both organic and inorganic) was then screened. The amount of base was fixed at 2
equivalents for all the optimization studies as no conversion was obtained with 1
equivalent of the base. It was seen that except for K,COs3, inorganic bases like K3PO4 and
Na‘OBu gave slightly higher but similar yields of the corresponding secondary amides
(Table 4.5, entries 13-15). On the other hand, organic bases like DBU, DIPEA, EtsN,
DABCO and DMAP provided improved yields of the product and the highest yield was
obtained with EtsN (Table 4.5, entries 16-20). An increase in the amount of Cu(ll) and
DMU to 20% and 50% respectively, did not provide significant conversion (Table 4.5,
entry 21).

Subsequently, the amount of aryl BPin was also altered to check the dependence of the
yield of N-arylated product on the equivalence of the arylating agent (Table 4.5, entries
22-24). The best yield of 55% was obtained with 1.3 mmol of aryl BPin. When the
reaction was conducted in the presence of an oxygen balloon, the reaction vyield
rocketed as anticipated, to 70% (Table 4.5, entry 25). On checking the dependence of
reaction yield on temperature, the N-arylated amide was obtained in 80% yield at 60 °C
(Table 4.5, entry 26). Although the obtained yield slightly increased to 82% on further
increasing the reaction temperature to 80 °C (Table 4.5, entry 27), the final optimized
condition was fixed at 60 °C on energy sustainable grounds.

The optimized reaction condition (Table 4.5, entry 26) endured a variety of primary
amides with EDGs and EWGs and transformed to the desired secondary amides (Table

4.6).
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Table 4.6 Scope exploration for the Chan-Lam cross-coupling of arylboronic acid

pinacol esters (1-BPin) with primary amides (19).[!

B& 0 Cu(OAC),H,0 (10 mol%) H
‘/ s ‘)LNHZ DMU (25 mol%)

EtsN, dry MeOH, 3 A MS (0]
1-BPin 60 °C, Oy, 6 h
: EtO: : : : m/@/
20a, 80% 20b, 75% 20c, 73% 20d, 90%

(TOF(h"'ITON) = 2.0/12.4

@ P o P

20e, 80% / 20f, 72% 209, 70% 20h, 73%
H H
H O N
_O N\n/©\o/ /@/N\”/© NC\©,N\”/© - ]@’ m/©
N (@]
\Oj:@, ] F o © 0
20i, 60% 20j, 80% 20k, 68% 201, 82%
H
N // N71© H
O Q jof
O (0]
@ HO
20m, 80% 20n, nd 200, trace

[BlReaction conditions: benzamides (19, 0.75 mmol), Phenylboronic acid pinacol ester (1-BPin, 1.3 mmol),

Cu(OAC)2'H20 (10 mol%), DMU (25 mol%), EtsN (2 equiv.), dry MeOH (4 mL), 6 h; nd-not detected.

Benzamides with EDGs like 2—-OEt (20b) and 4-Me (20d), along with weakly deactivating
2-Cl (20c) gave very good yields of the corresponding secondary amide. A strongly
withdrawing group 4-NO; on the primary amide slightly decreased the conversion to
70% (20g). The developed methodology was also successful in selective N-arylation of
the primary amide group in the presence of an amine group (20h) and also in the
synthesis of a highly crowded secondary amide in satisfactory yields of 73% and 60%
respectively. APIs like nicotinamide (20e), isonicotinamide (20f) and sulfonamide (20m)
bearing a single amide group could also be successfully arylated without significant
difference in their respective yields. In the case of aryl BPin, the presence of EDG like
3,4-OMe (20l) and halogen 4-F (20j) on the boronate ester provided increased yields of

the N-arylated secondary amine in comparison to the presence of a strong withdrawing
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group like 3-CN (20k). For initial studies, the developed catalyst was screened with
phenylboronic acids as the arylating source. However, after a series of investigations
and tuning of reaction conditions, we could not suppress the homocoupling of
phenylboronic acids completely. This may be because primary amides are chemically
difficult substrates and competing reactions can easily take place. Further, it was
observed that portion addition of boronic acids to the reaction mixture resulted in
greater homocoupling products. The use of less polar solvents also resulted in greater
homocoupling of boronic acids. Hence, we switched our studies to a more stable form
of boronic acid, i.e. phenylboronic acid pinacol ester (1a-BPin). Aryl B-pin could
successfully diminish the formation of coupling products. With regard to some specific
substrates, it was observed that biphenylboronic pinacol ester and 4-
Hydroxyphenylboronic pinacol ester underwent oxidation and protodeboronation
respectively under the given reaction conditions. While the corresponding
4-Hydroxyphenylbenzamide (200) was obtained in trace amount, the

biphenylbenzamide (20n) was not obtained at all.
4.4.6 Applications

The prowess of the developed homogeneous catalyst Cu"-DMU and the optimized
protocol (Table 4.5, entry 26) was applied for site-selective post modification of two
APls; Acetazolamide, a diuretic (Figure 4.4, 21a) and Glibenclamide, a hypoglycemic
(Figure 4.4, 21b). Each of these molecules possesses two different amide sites. It was
seen that the developed protocol with Cu'-DMU could selectively arylate the
sulfonamide group with aryl BPin in satisfactory yields (Figure 4.4, 22a and 22b). In the
case of Glibenclamide, loss of an isocyanate molecule takes place which is a common
metabolite of glibenclamide [55]. The remaining bioactive sulfonylurea moiety was N-
arylated at the sulfonamide group (22b). The introduction of the aryl group enhances

the lipophilicity of the molecule.
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(a) N-arylation of acetazolamide (8a)

HN. S,p o& Cu(OAGC),"H,0 (10 mol%) H ,9
T DMU (25 mol%)
Y ,>—NH * Y ,>—NH
E o

B~o Et3N, dry MeOH,
60 °C, O,, 6 h

21a 22a, 70%

(b) N-arylation of Glibenclamide (8b)

o H H
W N NHO \\ N
SN o s\b | \\
0 Cu(OAC);H,0 (10 mol%)
N Q)L

N DMU (25 mol%)
+ 0/& Et,N, dry MeOH,
! 60 °C, 0, 6h

cl B\O

22b, 50%

Figure 4.4 Site-selective post modifications of APIs

4.4.7 Plausible Mechanism

As already discussed in Chapter 1, the Chan-Lam reaction is largely dependent on the
reaction conditions and the substrates, unlike other Pd-catalyzed C-N bond formation
reactions. To simply put, the coordination of N-nucleophile promotes the denucleation
of the paddlewheel complex into monomer species in solution. Subsequently
abstraction of a proton from the amine takes place in the disproportionation step and

the resultant Cu"-aryl species is oxidized by another Cu" complex to form the Cu"

-aryl
species after transmetallation. The O-donor ligand N,N’-dimethylurea (DMU) employed
in this work is expected to increase the electron density on the Cu'-aryl species after

transmetallation and promote faster oxidation to form the Cu"

-aryl species. A slower
disproportionation step would lead to the accumulation of the Cu(ll)-aryl species and
result in the formation of unwanted side-products. The difference in the electronic

environment also facilitates the rate-determining disproportionation step. The Cu'"

-aryl
species undergoes facile reductive elimination to release the N-arylated product. The
catalyst is regenerated through re-oxidation by O,. In the same context, although
pinacol esters (BPin) are accused of inhibiting the transmetallation process through the
formation of a substantially stable Cu"-pinacol complex [56], such hindrances did not

suppress reactivity in this methodology.
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4.4.8 Conclusion

The current work explores N,N’-dimethylurea as an auxiliary in inexpensive and
versatile Cu-catalysis. The developed Cu"-DMU catalyst is cheap, free from the prior
synthesis of the metal-complex, chemoselective and suitable for mono-arylation of
primary amides. Unlike most homogeneous catalysts, it exhibits a general reactivity to
anilines, 3-aminophenols and primary amides, and provides good to very good yields.
The synthetic utility of the catalyst is demonstrated through a site-selective post-
modification of two active pharmaceutical ingredients (APls). Substrate-dependent
limitations of the developed protocol are few and all of them are characteristic of Chan-
Lam cross-coupling reactions. Although detailed mechanistic studies are not included in
the current context, it is certainly under the scope of ongoing studies. We believe that
the developed catalyst extends the scope of Chan-Lam cross-couplings through the
exploration of a simple and stable Cu-catalytic system in achieving a broad functional
group tolerance and can be considered as an industrially viable methodology. The
homogeneous catalytic system can also be explored for achieving greater efficiency in

other C-N cross—coupling reactions.

4.4.9 Experimental Section
4.4.9.1 General Information

All the chemicals used for the reactions were procured commercially and used without
further purification. The progress of the reaction was monitored through thin layer
chromatography on Merck Kieselgel Silica gel 60F;s4 plates using short wave UV light
(A=254 nm). The products were purified by column chromatography using Silica gel (60-
120 mesh). The identification of the purified products was carried out by NMR
spectroscopy. The *H and '3C NMR spectra were recorded on a 400 MHz JEOL NMR
spectrometer (400 MHz for *H and 100 MHz for 3C). Chemical shifts for both H (64)
and 13C (6c) NMR are assigned in parts per million (ppm) using TMS (0 ppm) as the
internal reference and CDCl; and DMSO-ds as solvent (CDCls: 6y = 7.25 ppm and éc¢ =
77.1 ppm; DMSO-dg: 64 = 2.5 ppm, DMSO-ds absorbed water = 3.3 ppm and é¢ = 40.0
ppm). The multiplicities of the signals are assigned as: s= singlet, d= doublet, t= triplet,

g= quartet and m= multiplet. Raw NMR data was processed using MestReNova
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software. Single crystal X-ray diffractions were collected on a Bruker SMART APEX-II
CCD.

4.4.9.2 General Experimental Procedure

A. General experimental procedure for N-arylation of Anilines (16)

, CU(OAC); Ho0 (10 mol%)

B~oH DMU (25 mol%) @ @
cho3 CH3CN H,0

In a 50 mL round-bottomed flask with a magnetic stirring bead, 10 mol% of

Cu(OAc)2-H20 (0.0182 g) and 25 mol% of DMU (0.022 g) were taken in (2+3)= 5 mL of
CH3CN:H,0. To it, arylboronic acid, 1 (1.2 mmol, 1.6 equiv.), aniline derivative, 15 (0.75
mmol) and K,COs (1 equiv.) were added. The reaction vessel was then sealed, fitted
with an oxygen balloon via a needle and stirred at room temperature for 12 h. The
progress of the reaction was monitored using TLC. After 12 h, the resulting reaction
mixture was extracted in ethyl acetate, washed with brine and concentrated on a rotary
evaporator under reduced pressure. The reaction mixture was purified by column
chromatography using ethyl acetate-hexane as an eluent to obtain the pure product

(16). Further, the products were checked for the presence of Cu, if any, by ICP-AES.

B. General experimental procedure for N-arylation of 3-Aminophenols (18)

u(OAG),H,0 (20 mol%)

OH DMU (50 mol%) OH
‘ Et3N dry1 2 DCE

In @ 50 mL round-bottomed flask with a magnetic stirring bead, 20 mol% of

Cu(OAc)2’H20 (0.0372 g) and 50 mol% of DMU (0.044 g) were taken in 4 mL of dry 1,2-
DCE. To it, arylboronic acid, 1 (1.3 mmol, 1.7 equiv.), 3-aminophenol derivative, 17 (0.75
mmol) and freshly distilled EtsN (2 equiv.) were added. The reaction vessel was then
sealed, fitted with an oxygen balloon via a needle and stirred at room temperature for
12 h. The progress of the reaction was monitored using TLC. After 12 h, the resulting
reaction mixture was extracted in ethyl acetate, washed with brine and concentrated
on a rotary evaporator under reduced pressure. The reaction mixture was purified by

column chromatography using ethyl acetate-hexane as an eluent to obtain the pure
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product (18). Further, the products were checked for the presence of Cu, if any, by ICP-
AES.

C. General experimental procedure for N-arylation of Amides (20)
B u(OAc);H,0 (10 mol%) §
‘/ ~0 ‘)L DMU (25 mol%)

Et;N, dry MeOH 3AMS 9]
C,0,6h 20

1-BPin
In @ 100 mL two-neck round-bottomed flask with a magnetic stirring bead and few
molecular sieves (3 A), 10 mol% of Cu(OAc)2'H,0 (0.0182 g) and 25 mol% of DMU (0.022
g) was taken in 4 mL of dry MeOH. To it, arylboronic acid pinacol ester, 1-BPin (1.3
mmol, 1.7 equiv.), benzamide derivative, 19 (0.75 mmol) and freshly distilled EtsN (2
equiv.) were added. The reaction vessel was then sealed, fitted with an oxygen balloon
via a needle and stirred at 60 °C for 6 h. The progress of the reaction was monitored
using TLC. After 6 h, the resulting reaction mixture was extracted in ethyl acetate,
washed with brine and concentrated on a rotary evaporator under reduced pressure.
The reaction mixture was purified by column chromatography using ethyl acetate-
hexane as an eluent to obtain the pure product (20). Further, the products were

checked for the presence of Cu, if any, by ICP-AES.
4.4.9.3 Single crystal X-ray diffraction

Single crystal X-ray diffractions were collected on a Bruker SMART APEX-Il CCD
diffractometer using Mo Ka (A =0.71073 A) radiation. Bruker SAINT software has been
employed for reducing the data and SADABS for correcting the intensities of absorption
[57]. The structure was solved and refined using SHELXL with anisotropic displacement
parameters for non-H atoms. In the crystal structure, H-atoms are located
experimentally, whereas C—H atoms were fixed geometrically using the HFIX command
in SHELX-TL [58]. No missed symmetry was observed in the final check of the CIF file
using PLATON [59,60]. Information on crystallographic parameters for all structures is

furnished in Table 4.7.
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Table 4.7 Crystallographic parameters of E

Crystal data

[CUz(OAC)4(DMU)z] (E)

Formula unit C14H28010CuzN4
Formula weight (gmol™) 539.48
Crystal system Monoclinic
T [K] 100
a [A] 10.240(7)
b [A] 8.487(5)
c[A] 13.274(9)
o [°] 90
6[°] 107.29(4)
y[°] 90
Volume [A3] 1101.5(12)
Space group P2:/n
VA 2
Deal [g/cm?] 1.627
Ri, wR2 0.453,0.0878
Instrument Bruker CCD Apex Il
CCDC No 2183901

4.4.10 Characterization data of the N-aryl derivatives:

4.4.10.1 H and *3C NMR spectral analysis of N-arylanilines (16)

Diphenylamine (16a)

N

16a

Synthesized as per the general experimental procedure A; obtained
as a colourless solid, Yield: 80% (101 mg); *H NMR (400 MHz, DMSO-
ds): 61 (ppm) 6.78 (d, J = 8.0 Hz, 2H), 7.05 (d, J = 8.0 Hz, 4H), 7.19 (t, J
= 8.0 Hz, 4H), 8.12 (br s, 1H); 3C NMR (100 MHz, DMSO-de): 6¢

(ppm) 117.3, 120.1, 129.7, 143.9. Spectroscopic data was consistent
with literature [27].

3,4-Dimethoxy-N-phenylamine (16b)

H
ORe®
o/

16b

Synthesized as per the general experimental procedure A;
obtained as a colourless solid, Yield: 90% (154 mg); *H NMR (400
MHz, DMSO-ds): &1 (ppm) 3.67 (s, 6H), 6.59 (d, J = 8 Hz, 1H), 6.66-
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6.69 (m, 2H), 6.81 (d, J = 8.0 Hz, 1H), 6.91 (d, J = 8.0 Hz, 2H), 7.12 (t,
J = 8.0 Hz, 2H), 7.81 (br s, 1H); 3C NMR (100 MHz, DMSO-ds): 6¢
(ppm) 55.8, 56.5, 104.7, 110.4, 113.6, 115.7, 118.9, 129.6, 137.3,
143.7, 145.3, 149.9. Spectroscopic data was consistent with
literature [61].

Bis—(4-methoxyphenyl)amine (16c)

H
jop e\
o o~
16c

Synthesized as per the general experimental procedure A;

obtained as a colourless solid, Yield: 85% (146 mg); *H NMR

(400 MHz, DMSO-ds): 64 (ppm) 3.64 (s, 6H), 6.76 (d, J = 8.0 Hz,
4H), 6.87 (d, J = 8.0 Hz, 4H), 7.46 (br s, 1H); 13C NMR (100 MHz,
DMSO-dg): &¢ (ppm) 55.7, 115.0, 118.5, 138.5, 153.3.

Spectroscopic data was consistent with literature [62].

4-Ethyl-N-phenylamine (16d)

Synthesized as per the general experimental procedure A;
obtained as a light yellow oil, Yield: 75% (110 mg); *H NMR (400
MHz, DMSO-dg): &4 (ppm) 1.11 (t, J = 8.0 Hz, 3H), 2.48 (g, J = 8.0
Hz, 2H), 6.70-6.73 (m, 1H), 6.96-6.98 (m, 4H), 7.03 (d, J = 8.0 Hz,
2H), 7.14 (t, J = 8.0 Hz, 2H), 7.96 (br s, 1H); 13C NMR (100 MHz,
DMSO-ds): 6¢ (ppm) 16.4, 28.0, 116.4, 118.0, 119.5, 128.8, 129.5,
135.8, 141.4, 144.5. Spectroscopic data was consistent with
literature [63].

3-Nitro-N-phenylamine (16e)

H
N

ogen

16e

Synthesized as per the general experimental procedure A;
obtained as a orange solid, Yield: 70% (112 mg); *H NMR (400
MHz, DMSO-dg): 61 (ppm) 6.93 (t, J = 8.0 Hz, 1H), 7.12 (d, J = 8.0
Hz, 2H), 7.28 (t, J = 8.0 Hz, 2H), 7.36-7.43 (m, 2H), 7.53 (d, J = 8.0
Hz, 1H), 7.75 (s, 1H), 8.69 (br s, 1H); 3C NMR (100 MHz, DMSO-
ds): 6¢ (ppm) 109.2, 113.6, 119.2, 121.9, 122.2, 130.0, 130.9,
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142.0, 145.8, 149.2. Spectroscopic data was consistent with
literature [27].

N, N*-diphenylbenzene-1,4-diamine (16f)

Synthesized as per the general experimental procedure A;

HN@NH
@ @ obtained as a off-white solid, Yield: 50% (98 mg); *H NMR (400
16f

MHz, DMSO-ds): 81 (ppm) 6.67 (t, J = 8 Hz, 2H), 6.91 (d, J = 8 Hz,
4H), 6.99 (s, 4H), 7.12 (t, J = 8 Hz, 4H), 7.84 (br s, 2H); 13C NMR
(100 MHz, DMSO-de): 6¢ (ppm) 115.5 , 118.8, 120.2, 129.5,
136.9, 145.4. Spectroscopic data was consistent with literature

[64].

4-Phenylmorpholine (16g)

OO

N (6]

—/
169

Synthesized as per the general experimental procedure A; obtained
as a light yellow solid, Yield: 78% (95 mg) *H NMR (400 MHz, DMSO-
ds): 61 (ppm) 3.03-3.05 (m, 4H), 3.68-3.70 (m, 4H), 6.76 (t, J = 8 Hz,
1H), 6.89 (d, J = 8 Hz, 2H), 7.18 (t, J = 8 Hz, 2H); 13C NMR (100 MHz,
DMSO-ds): 6c (ppm) 489, 66.6, 115.6, 119.6, 129.5, 151.6.

Spectroscopic data was consistent with literature [27].

N-Cyclohexylamine (16h)

O

16h

Synthesized as per the general experimental procedure A; obtained
as a colourless oil, Yield: 89% (117 mg), *H NMR (400 MHz, DMSO-ds):
61 (ppm) 1.07-1.19 (m, 3H), 1.25-1.34 (m, 2H), 1.54-1.58 (m, 1H),
1.66-1.71 (m, 2H), 1.88-1.91 (m, 2H), 3.11-3.16 (m, 1H), 5.22 (s, 1H),
6.44 (t, J = 8 Hz, 1H), 6.52 (d, J = 8 Hz, 2H), 7.00 (t, J = 8 Hz, 2H); 13C
NMR (100 MHz, DMSO-ds): 6¢ (ppm) 25.1, 26.2, 33.1, 51.1, 112.8,
115.6, 129.3, 148.5. Spectroscopic data was consistent with literature
[27].
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1-Phenylpiperidine (16i)

Synthesized as per the general experimental procedure A; obtained
N

©_ /\:> as a light yellow oil, Yield: 65% (78 mg), *H NMR (400 MHz, DMSO-
16i

ds): 61 (ppm) 1.46-1.49 (m, 2H), 1.53-1.59 (m, 4H), 3.05-3.07 (m, 4H),

6.69 (t, J = 8 Hz, 1H), 6.86 (d, J = 8 Hz, 2H), 7.14 (t, J = 8 Hz, 2H); 13C

NMR (100 MHz, DMSO-de): 8¢ (ppm) 24.4, 25.7, 50.1, 116.3, 118.8,

129.4, 152.2. Spectroscopic data was consistent with literature [65].

N-(3,4-dichlorophenyl)-2,4-dimethylaniline (16j)

Cl

Bogel

Synthesized as per the general experimental procedure A;
obtained as a colourless solid, Yield: 63% (126 mg), *H NMR (400
MHz, DMSO-ds): 8+ (ppm) 2.07 (s, 3H), 2.19 (s, 3H), 6.61 (d, J =8
Hz, 1H), 6.77 (d, J = 8.0 Hz, 1H), 6.93 (d, J = 8.0 Hz, 1H), 7.00 (d, J
= 8 Hz, 2H), 7.24 (d, J = 8.0 Hz, 1H), 7.76 (br s, 1H); 13C NMR (100
MHz, DMSO-ds): ¢ (ppm) 18.1, 20.9, 114.6, 115.2, 123.9, 127.8,
131.2,131.8, 132.2, 132.50, 133.8, 137.2, 147.2.

N-phenylnapthalen-2-amine (16k)

cege

H

16k

Synthesized as per the general experimental procedure A,
obtained as a colourless solid, Yield: 80% (131 mg), *H NMR (400
MHz, DMSO-dg): 6 (ppm) 7.18 (d, J = 8 Hz, 2H), 7.20-7.27 (m, 4H),
7.31-7.34 (m, 1H), 7.44 (s, 1H), 7.63 (d, J = 8 Hz, 1H), 7.70 (d, /= 8
Hz, 1H), 7.73 (d, J = 8 Hz, 1H), 8.40 (br s, 1H); 13C NMR (100 MHz,
DMSO-de): 6¢ (ppm) 109.5, 117.8, 120.4, 120.7, 123.2, 126.7,
127.9, 128.2, 128.6, 129.3, 129.7, 134.9, 1419, 143.6.

Spectroscopic data was consistent with literature [27].

N-methyl-N-(4-trifluoromethyl)phenyl)aniline (16l)

H
O oL
FsC CH3
161

Synthesized as per the general experimental procedure A;

obtained as a yellow solid, Yield: 74% (139 mg), *H NMR (400

MHz, DMSO-ds): &1 (ppm) 2.26 (s, 3H), 7.08 (d, J = 8 Hz, 4H),
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7.13 (d,J =8 Hz, 2H), 7.48 (d, J = 8 Hz, 2H), 8.56 (br s, 1H); 13C
NMR (100 MHz, DMSO-ds): 6¢ (ppm) 20.8, 114.5, 120.3,
124.1, 127.0, 130.2, 131.5, 139.2, 148.6. Spectroscopic data

was consistent with literature [66].

N-(p-tolyl)pyrimidin—2—amine (16m)

Synthesized as per the general experimental procedure A; obtained
as a colourless solid, Yield: 50% (70 mg), *H NMR (400 MHz, DMSO-
de): 61 (ppm) 2.25 (s, 3H), 6.78-6.81 (m, 1H), 7.08 (d, J = 8 Hz, 2H),
7.63 (d, J = 8 Hz, 2H), 8.45 (d, J = 8 Hz, 2H), 9.47 (br s, 1H); 13C NMR
(100 MHz, DMSO-de): 6¢ (ppm) 20.8, 112.5, 119.4, 129.3, 130.6,
138.3, 158.4, 160.5. Spectroscopic data was consistent with
literature [67].

N-(6-methoxypyridin-3-yl)pyridine-2-amine (16n)

Synthesized as per the general experimental procedure A; obtained
as a yellow oil, Yield: 55% (82 mg), *H NMR (400 MHz, DMSO-ds): 6n
(ppm) 3.76 (s, 3H), 6.64-6.67 (m, 1H), 6.71 (t, J = 8 Hz, 2H), 7.49 (t, J =
8 Hz, 1H), 7.97 (d, J = 8 Hz, 1H), 8.04 (d, J = 8 Hz, 1H), 8.35 (s, 1H),
8.87 (br s, 1H); 13C NMR (100 MHz, DMSO-ds): 6¢ (ppm) 53.4, 110.1,
110.5, 110.9, 114.4, 127.7, 131.4, 132.8, 133.0, 137.1, 137.7, 147.6,
149.0, 156.4, 157.3, 158.6.

N-phenylbenzo[d][1,3]dioxol-5-amine (160)

o0

Synthesized as per the general experimental procedure A;
obtained as a colourless solid, Yield: 73% (117 mg), *H NMR (400
MHz, DMSO-ds): 61 (ppm) 5.90 (s, 2H), 6.51 (dd, J = 8 Hz, 2 Hz, 1H),
6.65 (d, J = 8.0 Hz, 1H), 6.68-6.71 (m, 1H), 6.76 (d, J = 8 Hz, 1H),
6.90 (d, J = 8 Hz, 2H), 7.13 (t, J = 8 Hz, 2H), 7.85 (brs, 1H); 13C NMR
(100 MHz, DMSO-de): 6¢ (ppm) 101.3, 109.0, 111.3, 116.0, 119.3,
129.7, 138.3, 141.8, 145.2, 148.2. Spectroscopic data was
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consistent with literature [61].
4.4.10.2 ’H and '3C NMR spectral analysis of 3—arylaminophenols (18)

3—(Phenylamino)phenol (18a)

X o Synthesized as per the general experimental procedure B;
@ \©/ obtained as a brown solid, Yield: 78% (108 mg); *H NMR (400
18a

MHz, DMSO-de): 61 (ppm) 6.21 (d, J = 8 Hz, 1H), 6.47 (t, J = 8 Hz,

2H), 6.76 (t, J = 8 Hz, 1H), 6.96 (t, J = 8 Hz, 1H), 7.02 (d, J = 8 Hz,
2H), 7.17 (t, J = 8 Hz, 2H), 7.98 (br s, 1H), 9.14 (br s, 1H); 3C NMR
(100 MHz, DMSO-ds): 6¢ (ppm) 104.0, 107.4, 108.2, 117.5, 120.0,
129.6, 130.3, 143.9, 145.1, 158.7. Spectroscopic data was

consistent with literature [68].

3—((4-Methoxyphenyl)amino)phenol (18b)

H Synthesized as per the general experimental procedure B;

N OH
- @ \©/ obtained as a brown solid, Yield: 82% (132 mg); *H NMR (400

O 18b
MHz, DMSO-ds): 61 (ppm) 3.66 (s, 3H), 6.08 (d, J = 8 Hz, 1H),

6.30 (d, J = 8 Hz, 2H), 6.81 (d, J = 8 Hz, 2H), 6.88 (t, J = 8 Hz,
1H), 6.97 (d, J = 8 Hz, 2H), 7.68 (br s, 1H), 9.04 (br s, 1H); 13C
NMR (100 MHz, DMSO-ds): 6¢ (ppm) 55.6, 102.0, 106.2, 114.9,
121.2, 130.2, 136.6, 146.9, 154.2, 158.7. Spectroscopic data

was consistent with literature [68].

3—((4-Ethylphenyl)amino)phenol (18c)

H Synthesized as per the general experimental procedure B; obtained

N OH
\© ©/ as a brown solid, Yield: 75% (120 mg); *H NMR (400 MHz, DMSO-ds):

54 (ppm) 1.10 (t, J = 8 Hz, 3H), 2.47 (q, J = 8 Hz, 2H), 6.15 (dd, J = 8

Hz, 1.2 Hz, 1H), 6.41 (t, J = 8 Hz, 2H), 6.90-6.95 (m, 3H), 7.02 (d, J = 8
Hz, 2H), 7.86 (br s, 1H), 9.10 (br s, 1H); 3C NMR (100 MHz, DMSO-
ds): 8¢ (ppm) 16.4, 19.4, 103.0, 106.8, 107.5, 118.3, 128.8, 130.2,
135.7, 141.4, 145.7, 158.6.

139




Chapter 4

3-(m-tolylamino)phenol (18d)

\@,H@OH

18d

Synthesized as per the general experimental procedure B;
obtained as a yellow solid, Yield: 73% (108 mg); *H NMR (400
MHz, DMSO-ds): 61 (ppm) 2.20 (s, 3H), 6.22 (d, /= 8 Hz, 1H), 6.48
(t, /=8 Hz, 2H), 6.59 (d, J = 8 Hz, 1H), 6.84 (d, J = 8 Hz, 2H), 6.96
(t, J = 8 Hz, 1H), 7.06 (t, J = 8 Hz, 1H), 7.92 (br s, 1H), 9.16 (br s,
1H); 13C NMR (100 MHz, DMSO-ds): 6¢ (ppm) 21.7, 103.9, 107.4,
108.3, 114.7, 118.2, 120.9, 129.4, 130.3, 138.7, 143.9, 145.2,
158.7.

3—(o-tolylamino)phenol (18e)

H
18e

Synthesized as per the general experimental procedure B;
obtained as a yellow oil, Yield: 63% (94 mg); *H NMR (400 MHz,
DMSO-ds): &1 (ppm) 2.13 (s, 3H), 6.12 (dd, J = 8 Hz, 2 Hz, 1H),
6.24-6.28 (m, 2H), 6.84 (d, J = 8 Hz, 1H), 6.89 (t, / = 8 Hz, 1H), 7.05
(t, J=8 Hz, 1H), 7.12 (t, J = 8 Hz, 2H), 7.21 (br s, 1H), 9.03 (br s,
1H); 13C NMR (100 MHz, DMSO-ds): ¢ (ppm) 18.5, 103.1, 106.5,
107.6, 120.8, 122.4, 126.9, 130.2, 131.31, 141.8, 146.8, 158.6.

Spectroscopic data was consistent with literature [68].

3—((4-Fluorophenyl)amino)phenol (18f)

F/@H@OH

18f

Synthesized as per the general experimental procedure B;

obtained as a yellow oil, Yield: 78% (119 mg), *H NMR (400

MHz, DMSO-ds): 61 (ppm) 6.17 (d, J = 8 Hz, 1H), 6.37-6.41 (m,

2H), 6.92 (t, J = 8 Hz, 1H), 7.02 (d, J = 8 Hz, 4H), 7.93 (br s, 1H),
9.13 (br's, 1H); 3C NMR (100 MHz, DMSO-ds): &¢ (ppm) 103.3,
107.2, 107.6, 116.1, 119.6, 130.3, 140.3, 145.7, 156.8 (d, Jcr =
240 Hz), 158.7. Spectroscopic data was consistent with

literature [69].
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3-((3,4-Difluorophenyl)amino)phenol (18g)

H

F  18g

Synthesized as per the general experimental procedure B;
obtained as a orange solid, Yield: 80% (132 mg); *H NMR (400
MHz, DMSO-ds): 61 (ppm) 6.31 (d, J = 8 Hz, 1H), 6.50 (d, / = 8 Hz,
2H), 6.83 (d, J = 8 Hz, 1H), 6.96-6.99 (m, 1H), 7.04 (m, 1H), 7.22-
7.29 (m, 1H), 8.20 (brs, 1H), 9.27 (br s, 1H); 13C NMR (100 MHz,
DMSO-de): 6c (ppm) 104.4, 105.3, 105.5, 108.3, 108.6, 113.1,
118.0, 118.2, 130.4, 141.5, 143.5 (d, Jcr = 240 Hz), 144.3, 150.1
(d, Jc-r= 250 Hz), 158.7

3—((4-Chlorophenyl)amino)phenol (18h)

Synthesized as per the general experimental procedure B;
obtained as a brown solid, Yield: 76% (125 mg); *H NMR (400
MHz, DMSO-ds): 64 (ppm) 6.23 (d, J = 8 Hz, 1H), 6.45 (d, /= 8
Hz, 2H), 6.95-7.01 (m, 3H), 7.19 (d, J = 8 Hz, 2H), 8.15 (br s,
1H), 9.23 (br s, 1H); 3C NMR (100 MHz, DMSO-ds): ¢ (ppm)
104.4, 108.1, 108.7, 117.4, 118.5, 123.0, 129.3, 130.5, 143.1,
144.4, 158.7. Spectroscopic data was consistent with

literature [69].

2-Methyl-5-(phenylamino)phenol (18i)

@,HL@C)H

18i

Synthesized as per the general experimental procedure B;
obtained as a brown solid, Yield: 80% (119 mg); *H NMR (400
MHz, DMSO-dg): 61 (ppm) 1.98 (s, 3H), 6.38 (d, J = 8 Hz, 1H), 6.55
(s, 1H), 6.70 (t, J = 8 Hz, 1H), 6.84 (d, J = 8 Hz, 1H), 6.95 (d, / = 8
Hz, 2H), 7.13 (t, J = 8 Hz, 2H), 7.84 (br s, 1H), 9.05 (br s, 1H); 3C
NMR (100 MHz, DMSO-ds): 6¢ (ppm) 15.9, 104.6, 108.8, 115.9,
116.6, 119.3, 129.5, 131.3, 142.4, 144.6, 156.3. Spectroscopic

data was consistent with literature [70].
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2—-Chloro-5-(phenylamino)phenol (18j)

Synthesized as per the general experimental procedure B;

OH
\©[ obtained as a brown solid, Yield: 80% (132 mg); *H NMR (400

Cl
18] MHz, DMSO-ds): &1 (ppm) 6.50 (d, J = 8 Hz, 1H), 6.75 (s, 1H), 6.85

H
N

f

(t, /=8 Hz, 1H), 7.06 (d, /= 8 Hz, 2H), 7.12 (d, / = 8 Hz, 1H), 7.23-
7.26 (m, 2H), 8.17 (br's, 1H), 9.92 (br s, 1H); 3C NMR (100 MHz,
DMSO-dg): 6¢ (ppm) 104.5, 109.0, 110.1, 117.9, 120.5, 129.6,
130.4,143.4,143.9, 153.9

3—((3-Nitrophenyl)amino)phenol (18l)

o ! o Synthesized as per the general experimental procedure B;

2
@ \©/ obtained as a yellow solid, Yield: 70% (120 mg); *H NMR (400
18l MHz, DMSO-ds): &1 (ppm) 6.41 (d, J = 8 Hz, 1H), 6.59-6.61 (m,

2H), 7.11 (t, J = 8 Hz, 1H), 7.42 (d, J = 8 Hz, 1H), 7.46 (t, J = 8
Hz, 1H), 7.58 (d, J = 8 Hz, 1H), 7.81 (s, 1H), 8.62 (br s, 1H), 9.40
(br s, 1H); 3C NMR (100 MHz, DMSO-ds): 6¢ (ppm) 105.9,
109.4, 109.5, 109.8, 113.5, 122.1, 130.5, 130.8, 143.2, 145.8,
149.1, 158.8. Spectroscopic data was consistent with

literature [68].
4.4.10.3 ’H and 3C NMR spectral analysis of N-arylamides (20)

N-phenylbenzamide (20a)

H\(@ Synthesized as per the general experimental procedure C;
N
@ I obtained as a colourless solid, Yield: 64% (94 mg); *H NMR (400

20a MHz, DMSO-de): 61 (ppm) 7.06 (t, J = 8 Hz, 1H), 7.31 (t, J = 8 Hz,

2H), 7.49 (t, J = 8 Hz, 2H), 7.55 (t, J = 8 Hz, 1H), 7.74 (d, J = 8 Hz,
2H), 7.92 (t, J = 8 Hz, 2H), 10.20 (br s, 1H); 3C NMR (100 MHz,
DMSO-de): 6c (ppm) 120.9, 124.2, 128.1, 128.8, 129.1, 132.0,
135.5, 139.7, 166.1. Spectroscopic data was consistent with

literature [27].
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2-Ethoxy-N-phenylbenzamide (20b)

EtO
H
N
@
20b

Synthesized as per the general experimental procedure C; obtained
as a colourless solid, Yield: 64% (115 mg); *H NMR (400 MHz,
DMSO-de): 61 (ppm) 1.36 (t, J = 8 Hz, 3H), 4.13 (q, J = 8 Hz, 2H), 7.03
(9, = 8 Hz, 2H), 7.12 (d, J = 8 Hz, 1H), 7.30 (t, J = 8 Hz, 2H), 7.45 (t, J
= 8 Hz, 1H), 7.66-7.70 (m, 3H), 10.10 (br s, 1H); 3C NMR (100 MHz,
DMSO-de): 6c (ppm) 15.0, 64.8, 113.4, 119.9, 121.0, 123.9, 124.8,
129.3, 130.5, 132.8, 139.5, 156.4, 164.6. Spectroscopic data was

consistent with literature [71].

2-Chloro-N-phenylbenzamide (20c)

Cl
H
N
@f :
20c

Synthesized as per the general experimental procedure C; obtained
as a white solid, Yield: 64% (111 mg); *H NMR (400 MHz, DMSO-ds):
61 (ppm) 7.06 (t, J = 8 Hz, 1H), 7.31 (t, J = 8 Hz, 2H), 7.41 (t, J = 8 Hz,
1H), 7.47 (t, J = 8 Hz, 1H), 7.53 (t, J = 8 Hz, 2H), 7.68 (d, J = 8 Hz, 2H),
10.47 (br s, 1H); 133C NMR (100 MHz, DMSO-ds): ¢ (ppm) 120.0,
124.3, 127.8, 129.3, 130.2, 130.4, 131.5, 137.5, 139.4, 165.4.

Spectroscopic data was consistent with literature [72].

4-Methyl-N-phenylbenzamide (20d)

H
NY(OY
O

20d

Synthesized as per the general experimental procedure C; obtained
as a white solid, Yield: 64% (101 mg); *H NMR (400 MHz, DMSO-dp):
&1 (ppm) 2.42 (s, 3H), 7.13 (t, J = 8 Hz, 1H), 7.36-7.40 (m, 4H), 7.82
(d, J = 8 Hz, 2H), 7.92 (d, J = 8 Hz, 2H), 10.20 (br s, 1H); 3C NMR
(100 MHz, DMSO-de): 6c (ppm) 21.4, 120.8, 124.0, 128.1, 129.0,
129.37, 132.5, 139.7, 142.0, 165.8. Spectroscopic data was

consistent with literature [27].
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N-Phenylnicotinamide (20e)

o'

Synthesized as per the general experimental procedure C; obtained
as a brown solid, Yield: 80% (119 mg); *H NMR (400 MHz, DMSO-
ds): 81 (ppm) 7.16 (t, J = 8 Hz, 1H), 7.40 (t, J = 8 Hz, 2H), 7.60 (t, J = 8
Hz, 1H), 7.82 (d, J = 8 Hz, 2H), 8.33 (d, J = 8 Hz, 1H), 8.80 (s, 1H),
9.15 (s, 1H), 10.48 (br s, 1H); 3C NMR (100 MHz, DMSO-ds): &¢
(ppm) 120.8, 123.9, 124.4, 129.1, 131.1, 135.9, 139.3, 149.1, 152.5,

164.5. Spectroscopic data was consistent with literature [74].

N-Phenylisonicotinamide (20f)

20f

oY

Synthesized as per the general experimental procedure C; obtained
as a light brown solid, Yield: 74% (110 mg); *H NMR (400 MHz,
DMSO-ds): &1 (ppm) 7.15 (t, J = 8 Hz, 1H), 7.39 (t, J = 8 Hz, 2H), 7.79
(d, J = 8 Hz, 2H), 7.88 (d, J = 8 Hz, 2H), 8.80 (d, J = 8 Hz, 2H), 10.51 (br
s, 1H); 13C NMR (100 MHz, DMSO-ds): &¢ (ppm) 120.9, 122.0, 124.6,
129.1, 139.0, 142.4, 150.7, 164.4. Spectroscopic data was consistent

with literature [75].

4-Nitro-N-phenylbenzamide (20g)

)

209

Synthesized as per the general experimental procedure C;

NO,
H
@,N\”/©/ obtained as a Off-white solid, Yield: 64% (116 mg); *H NMR (400

MHz, DMSO-ds): 61 (ppm) 7.15 (t, J = 8 Hz, 1H), 7.39 (t, J = 8 Hz,

2H), 7.79 (d, J = 8 Hz, 2H), 8.19 (d, J = 8 Hz, 2H), 8.38 (d, J = 8 Hz,
2H), 10.57 (br s, 1H); 3C NMR (100 MHz, DMSO-de): ¢ (ppm)
120.9, 124.0, 124.6, 129.1, 129.6, 139.1, 141.1, 149.6, 164.3.

Spectroscopic data was consistent with literature [27].
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2-Amino-N-phenylbenzamide (20h)

Synthesized as per the general experimental procedure C; obtained

H,N
H
©/N)‘;© as a colourless solid, Yield: 73% (116 mg); 'H NMR (400 MHz,

SOh DMSO-ds): & (ppm) 6.31 (s, 2H), 6.60 (t, J = 8 Hz, 1H), 6.76 (d, J = 8

Hz, 1H), 7.08 (t, J = 8 Hz, 1H), 7.19-7.22 (m, 1H), 7.33 (t, / = 8 Hz,
2H), 7.63 (d, J = 8 Hz, 1H), 7.72 (d, J = 8 Hz, 2H), 9.98 (br s, 1H); 13C
NMR (100 MHz, DMSO-de): 6¢ (ppm) 115.1, 115.7, 116.8, 121.0,
123.8, 128.9, 129.1, 132.5, 139.7, 150.1, 168.3. Spectroscopic data

was consistent with literature [76].

N-(3,4-dimethoxyphenyl)-3,5-dimethoxybenzamide (20i)

o~ Synthesized as per the general experimental procedure C;
o H\ﬂ/@\ obtained as a light purple solid, Yield: 60% (142 mg); *H NMR
7 O/
\O© o) (400 MHz, DMSO-de): 61 (ppm) 3.75 (s, 3H), 3.76 (s, 3H), 3.83
20i

(s, 6H), 6.71 (s, 1H), 6.94 (d, J = 8 Hz, 1H), 7.11 (s, 2H), 7.32
(dd, J = 8 Hz, 2.4 Hz, 1H), 7.47 (s, 1H), 10.02 (br s, 1H); 13C
NMR (100 MHz, DMSO-ds): &c (ppm) 55.8, 55.9, 56.2, 103.6,
106.0, 106.1, 112.3, 112.9, 133.0, 137.5, 145.7, 148.9, 160.8,

165.0. Spectroscopic data was consistent with literature [77].

N-(4-fluorophenyl)benzamide (20j)

! Synthesized as per the general experimental procedure C;
/@’N 1l : obtained as a colourless solid, Yield: 80% (129 mg); *H NMR (400
(0]
F
20j

MHz, DMSO-ds): 61 (ppm) 7.20 (d, J = 8 Hz, 2H), 7.54 (t, J = 8 Hz,

2H), 7.60 (t, J = 8 Hz, 1H), 7.80-7.83 (m, 2H), 7.97 (d, J = 8 Hz, 2H),
10.31 (br s, 1H); 3C NMR (100 MHz, DMSO-dg): ¢ (ppm) 115.5,
115.7,122.6, 122.7, 128.0, 128.8, 132.0, 135.3, 136.0, 158.7 (d, Jcr
= 240 Hz), 165.9. Spectroscopic data was consistent with literature

[48c].
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N-(3-cyanophenyl)benzamide (20k)

H
NC N\r(©
QT
20k

Synthesized as per the general experimental procedure C;
obtained as a colourless solid, Yield: 68% (113 mg); *H NMR (400
MHz, DMSO-ds): &+ (ppm) 7.55 (d, J = 8 Hz, 2H), 7.59 (d, J = 8 Hz,
2H), 7.63 (t, J = 8 Hz, 1H), 7.98 (d, J = 4 Hz, 2H), 8.06 (d, J = 8 Hz,
1H), 8.27 (s, 1H), 10.56 (br s, 1H); 13C NMR (100 MHz, DMSO-ds):
5c (ppm) 111.9, 119.2, 123.4, 125.3, 127.6, 128.2, 128.9, 129.3,
130.6, 132.4, 134.8, 140.4, 166.4. Spectroscopic data was

consistent with literature [78].

N-(3,4-dimethoxyphenyl)benzamide (20l)

Synthesized as per the general experimental procedure C;
obtained as a colourless liquid, Yield: 82% (158 mg); *H NMR
(400 MHz, DMSO-dg): 61 (ppm) 3.75 (s, 3H), 3.77 (s, 3H), 6.94 (d,
J=8Hz, 1H), 7.36 (d, J = 8 Hz, 1H), 7.53 (t, J = 8 Hz, 3H), 7.58 (d, J
= 8 Hz, 1H), 7.97 (d, J = 8 Hz, 2H), 10.11 (br s, 1H); 13C NMR (100
MHz, DMSO-ds): 6¢ (ppm) 55.8, 56.2, 106.0, 112.4, 112.8, 127.9,
128.8, 131.8, 133.2, 135.5, 145.6, 148.9, 165.5. Spectroscopic

data was consistent with literature [79].

4-Amino-N-phenylbenzenesulfonamide (20m)

Synthesized as per the general experimental procedure C;
obtained as a dark-red solid, Yield: 80% (149 mg); *H NMR (400
MHz, DMSO-ds): 61 (ppm) 5.94 (s, 2H), 6.54 (d, J = 8 Hz, 2H), 6.97
(t, /= 8 Hz, 1H), 7.07 (d, J = 8 Hz, 2H), 7.20 (t, J = 8 Hz, 2H), 7.40
(d, J = 8 Hz, 2H), 9.83 (br s, 1H); 3C NMR (100 MHz, DMSO-ds): ¢
(ppm) 113.0, 119.9, 123.7, 124.9, 129.1, 129.4, 129.8, 138.9,

153.2. Spectroscopic data was consistent with literature [80].
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4.4.10.4 Characterization data of 22a and 22b

N-(5-(N-phenylsulfamoyl)-1,3,4-thiadiazol-2-yl)acetamide (22a)

H\S// S

4 NH
© KN»— —
22a o

Synthesized as per the general experimental procedure C; obtained as a colourless
solid, Yield: 70% (157 mg); *H NMR (400 MHz, DMSO-de): &1 (ppm) 2.21 (s, 3H), 7.15 (d, J
= 8 Hz, 1H), 7.20 (d, J = 8 Hz, 2H), 7.31 (d, J = 8 Hz, 2H), 11.17 (s, 1H), 13.07 (br s, 1H); 13C
NMR (100 MHz, DMSO-ds): 6¢ (ppm) 22.7, 121.5, 125.6, 129.8, 136.7, 161.0, 162.1,
170.0; HRMS-ESI m/z: [M+H]* calcd for C10H10N4O3S>, 298.0194; found, 299.0275

5-Chloro-2-methoxy-N-(4-(N-phenylsulfamoyl)phenethyl)benzamide (22b)

22b

Synthesized as per the general experimental procedure C; obtained as a light orange oil,
Yield: 50% (166 mg); *H NMR (400 MHz, CDCl3): &4 (ppm); 2.93-2.96 (m, 2H), 3.66 (s,
3H), 3.69-3.74 (m, 2H), 6.83 (t, J = 8 Hz, 1H), 7.09 (t, J = 8 Hz, 3H), 7.20-7.24 (m, 3H),
7.30 (d, J = 8 Hz, 2H), 7.36 (dd, J = 8 Hz, 2.8 Hz, 1H), 7.73 (d, J = 8 Hz, 2H), 7.78 (br s,
1H); 3C NMR (100 MHz, CDCls): ¢ (ppm) 35.4, 40.5, 56.1, 112.9, 121.5, 122.6, 125.3,
126.7, 127.5, 129.3, 129.5, 131.9, 132.4, 136.5, 137.5, 144.9, 155.9, 164.1; HRMS-ESI
m/z: [M+H]* calcd for C22H21CIN204S, 444.0911; found, 445.1014
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4.4.11 Representative 'H and *3C NMR spectra of N-aryl derivatives
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Figure 4.5 *H NMR spectrum of 160 in DMSO-ds (400 MHz, 298 K)
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Figure 4.6 3C NMR spectrum of 160 in DMSO-ds (100 MHz, 298 K)
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Figure 4.7 *H NMR spectrum of 18l in DMSO-ds (400 MHz, 298 K)
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