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2.1 Introduction

Amides represent one of the key functional groups in both chemistry and biology [1].
Exchange of amine group in amides via selective C(O)-N cleavage known as
transamidation reactions. Transamidation is one of the important routes for the
diversification of amides [2]. However, direct transamidation usually requires harsh
reaction conditions due to the inherent stability of C(O)-N bond in planar amides [3]. In
this context, recently a promising two-step strategy, i.e. transformation of planner amides
into twisted amides (also known as activated amides) followed by nucleophilic
displacement with external amines, has been developed for the facile transamidation
process [4]. Using this approach, Garg [5], Szostak [6] and others [7] have explored
various metal and metal-free transamidation reactions in a wide range of simple amides
with different amines under mild conditions.

a-Ketoamides are prevalent structural motifs present in drugs [8] (e.g. narlaprevir-antiviral;
biricodar-anticancer), drug candidates [9] (e.g. inhibitors of SARS-CoV-2 main protease,
proteasome and epoxy hydrolase inhibitors) and bioactive natural products [10] (e.g.
complestatin, rapamycin) (Figure 2.1, I-III). In addition, a-ketoamides have also been
explored as H>Os-activated prodrugs [11], photo-affinity labelling (PAL) probes [12], etc.,
(Figure 2.1, IV-V). On the other hand, a-ketoamides are valuable synthetic intermediates
and synthons that have been exploited in the preparation of various cyclic and acyclic

molecules [13], heterocyclic compounds [14], etc. [15].
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Figure 2.1 Structures of some bioactive a-ketoamides.
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Scheme 2.1 Transamidation of a-ketoamides with alkyl amines.
Considering the biological and synthetic importance, different approaches have been
developed for the preparation of a-ketoamides [16]. In particular, i) oxidation of a-
hydroxyamides [16c, d] and a-arylacetamides [16e], 1i) oxidative amidation of aryl methyl
ketones [16f, g], aryl glyoxals [16h, i], ethylarenes [16j, k] and terminal-alkynes [16], m],

ii1) direct amidation of a-ketoacids with amines using amide coupling agents [16n, o] and
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1v) palladium-catalyzed double carbonylative amination of aryl halides [16p], have been
well explored. However, most of the above methods suffer from some disadvantages
including use of harsh reaction conditions, low yields, longer reaction time, etc. [16a, b].
To the best of our knowledge, transamidation approach in o—ketoamides has not been
explored in the literature. Nevertheless, transamidation approach will be highly useful for
generating a library of a—ketoamides of biological importance without using amide-
coupling agents, oxidants, etc. Moreover, o—ketoamides are very interesting substrates for
the transamidation reactions because o—ketoamides are known as “activated amides” due to
adjacent keto-group and easier rotation of the C(O)-N bond [13d, 16a-b, 17]. The last
couple of years, our research group is focused on the chemistry of N-nitrosamines [18], and
we have reported fert-butyl nitrite promoted transamidation of secondary amides with
various amines at room temperature [19]. In addition, recently, we have also explored the
transformation of N-Boc-amides into aryl ketones with Grignard reagents [20]. In
continuation of these works, here we disclose the transamidation reactions in a-ketoamides
with alkyl amines under different conditions at room temperature (Scheme 2.1).

2.2 Results and discussion

At the outset, to understand the reactivity of simple a-ketoamides in transamidation,
primary amide such as 2-oxo-2-phenylacetamide (1a), secondary amides such as N-methyl
and N-phenyl 2-oxo-2-phenyl acetamides (1b and 1¢) and fert-amides such as N-ethyl N-
phenyl and N-benzyl N-phenyl 2-oxo-2-phenylacetamides (1d and 1e) were subjected to
the transamidation reactions with benzylamine (Table 2.1). The reactions were performed

in dichloromethane (AR grade) for 2 hours at room temperature in the absence of catalyst,
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base and additives. However, no reactions were observed with all these amides (i.e. 1a-1e),
while starting materials were recovered. It is also worth noting that these amides were also
found to be unreactive with benzylamine even at 80 °C (the reaction were carried in DCE),
which indicates their high stability.

Table 2.1 Transamidation of various a-ketoamides with benzylamine.*®

o hom-oir

1a-1n
O H
N.
H
©*§ W ©*W W
(1a) (1b) (1c) (1d)
00% (00%)° 00% (00%)° 00% (00%)° 00% (00%)°
O I|3n
N\Ph
o}
(1e) (1f) (19) (1h)
00% (00%)° 00% <5% 00%
O IIBOC
N<
Pr
Q)E ©*W ©*W ©*r
(1i) (1§ (1k) (1
00% 00% 97% 87%
(1m) (1n)
92% 95%

#Reaction conditions: Amide 1a-1n (1 mmol) and benzylamine (120 puL, 1.1 equiv.) was
stirred in DCM (3 mL) at room temperature. °Isolated yields. “Yield of the reaction at 80
°C in DCE.
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Therefore, activated amides such as N-Boc, N-tosyl and N-nitroso amides (1f-1m) as well
as N-acyl glutarimide (I1n) were prepared and subjected to transamidation reactions in
dichloromethane at room temperature. Surprisingly, N-Boc-protected primary and
secondary amides (1f-1j) failed to undergo transamidation, while starting materials were
recovered. However, to our delight, 2-oxo-N-tosyl (1k and 11) and N-nitroso (1m)
phenylacetamides as well as 2-oxo N-acyl glutarimide (1n) underwent transamidation very
efficiently and gave the desired product 3a in good to excellent yields in the absence of
base or catalyst. In particular, 2-oxo-N-tosyl N-phenyl 2-phenylacetamide (1k) gave 3a in
quantitative yield.

Table 2.2 Screening of solvent and base.?

Q TS NH2 i HV@
N solvent N
Ph _sovent.
1k 2a 3a

S. No. Solvent Base Time (min)  Yield (3a)
(%)°
1 Acetonitrile 15 71
2 Dichloromethane 15 80
3 Dioxane 15 68
4 Tetrahydrofuran 15 70
5 Methanol 15 64
6 Dichloromethane Cs2C0O3 15 85
7 Dichloromethane Et:N 15 81
8 Dichloromethane DBU 15 82
9 Dichloromethane 30 97

*Reaction conditions: Amide 1k (0.379 gm, 1 mmol) and benzylamine (120 uL, 1.1 equiv.)
was stirred in solvent (3 mL) at room temperature without or with base (1.1 equiv.).
"Isolated yields.
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Seeking further optimization, transamidation of N-tosyl N-phenyl 2-oxo-2-phenylacetamide
(1k) with benzylamine was screened in different solvents (AR grade), including
acetonitrile, dichloromethane, dioxane, tetrahydrofuran and methanol (Table 2.2).

These reactions were carried out at room temperature only for 15 minutes. Among these
solvents, dichloromethane was found to be superior to provide the desired product in 80%
yield, while other solvents gave relatively low yields (Table 2.2, entries 1-5). Further, the
effect of a base in transamidation was investigated in the presence of Cs>COs, EtzN and
DBU (Table 2.2, entries 6-8). However, the influence of base with respect to yield was
found to be negligible. Nevertheless, in the absence of a base, the reaction was completed
within 30 minutes to provide the desired product 3a in 97% yield (Table 2.2, entry 9).
Having realized the optimized condition, the scope of different amines in transamidation
reaction was investigated with N-tosyl N-phenyl 2-oxo-2-phenylacetamide (1k) (Table
2.3). Initially, linear and branched primary alkyl amines such as n-propyl, n-butyl, n-hexyl,
iso-propyl, iso-pentyl, cyclopropyl and cyclohexyl-amines were subjected to the
transamidation at room temperature. To our delight, all these reactions proceeded very
smoothly and provided a library of a—ketoamides 3b-3h in 89-95% yields. Likewise,
electron donating and withdrawing groups functionalized benzyl amines also participated
in the transamidation reaction and provided the desired products 3i and 3j in 93-95%
yields. Interestingly, heteroaromatic amines such as 2-aminomethyl pyridine and 2-
aminoethyl pyridine also acted as efficient nucleophiles in the transamidation process and

provided the desired products 3k and 31 in 95% and 93% yields, respectively.

Department of Chemistry, IIT (BHU), Varanasi. Page 22



Chapter-2

Table 2.3 Transamidation of N-tosyl a—ketoamide (1k) with different amines.*®
O Ts R2 0 R?
| N . |
N. NH DCM, 30 min, RT N._;
Ph + i~ » R
0 R'=H, alkyl, aryl 0
Tk 2b-2u 3b-3u
N
@%Nw wNW @*w .
(3b 95%) (3c 92%) 92%)
(3e 94%) (3f: 89%) (39: 94%)
(3h 91%) 3: 93%) (31 95%)
(3k 95%) (31: 93%) (3m: 85%)
Q RS
N
o}
(3n: 88%) (30: 89%) P 94%)

o X=H (3s: 00%)
(3r: 89%) X=Me (3t:00%)
X=OMe (3u:00%)

dﬂrg - oL

(39: 95%

#Reaction conditions: Amide 1k (0.379 gm, 1 mmol) and amine (1.1 equiv.) were stirred in
DCM (3 mL) at room temperature. "Isolated yields.

Similarly, acyclic, and cyclic secondary amines such as diethylamine, pyrrolidine,

piperidine, morpholine and N-benzhydryl piperazine participated in transamidation process
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efficiently and gave the desired products 3m-3r in good to excellent yields. Further, the
transamidation of 1k was investigated with arylamines such as aniline, 4-methoxy and 4-
methyl anilines under optimized conditions. However, no reaction was observed with
anilines suggesting that the nucleophilicity of amines play important role in transamidation
reactions (Table 2.3, 3s-3u).

Having explored the scope of amines, different N-tosyl protected aryl a—ketoamides (1ka-
1ki) were examined in transamidation reaction with benzylamine to attest broad scope of
the developed methodology (Table 2.4). It was pleasant to observe that electron donating
(e.g. Me and OMe) as well as withdrawing groups (e.g. F, Cl, and Br) functionalized (i.e.
on aryl ring) N-tosyl N-phenyl o—ketoamides 1ka-1kh readily underwent transamidation
within 30 minutes to provide the desired products 4a-4h in 81-95% yields. However,
strong electron withdrawing group such as 4-NO> functionalized substrate 1Kki took three
hours to provide the desired product 4i in 86% yield. Furthermore, heteroaryl o—ketoamide
1kj also efficiently participated in the transamidation reaction and provided the desired
product 4j in 91% yield. Having examined the transamidation of various aryl o—
ketoamides, an alkyl o—ketoamide i.e. 2-oxo-N-phenyl-N-tosylpropanamide (1kk) was
subjected to the transamidation with benzylamine under optimized conditions. It was
pleasant to observe that the transamidation proceeded smoothly at room temperature and
provided the desired product 4k in 95% yield, witnessing a broad scope of the developed

methodology.
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Table 2.4 Transamidation of different N-tosyl a—ketoamides with benzylamine.*>¢

NH,
O Ts o 4
N DCM, 30 min, RT N
R Ph * > R
0 0
1ka-1kk 2a 4a-ak

1ka:R=4-MePh; 1kb:R=4-OMePh;1kc:R=3-OMePh
1kd:R=3,4-di-OMePh; 1ke:R=4-FPh; 1kf:R=4-CIPh;1kg:R=2-CIPh
1kh:R=4-BrPh;1ki:R=4-NO,Ph; 1kj:R=3-Pyridyl; 1kk:R=Me

Mﬂw@ @wg @wg

(4a: 92%) (4b: 94%) (4c: 91%)

(4d: 92%) (4e: 93%) (4f: 94%)

4g 81%) (4h: 95%) 86%)°
w Hsckm L

(4j: 91%) (4k: 95%)

*Reaction conditions: Amide lka-1kk (1 mmol) and benzylamine (120 pL, 1.1 equiv.)
were stitred in DCM (3 mL) at room temperature. °Isolated yields. “The reaction was
carried out for 3 hours.

Furthermore, the scope of transamidation in other activated amides, such as N-nitroso a-
ketoamide (Im) and 2-oxo-N-acyl glutarimide (1n) was investigated with selected amines
under the optimized condition developed for N-tosyl-amides (Table 2.5). To our delight,
various primary and secondary a-ketoamides were achieved in 82-95% yields from 1m and

1n via transamidation within 30 minutes at room temperature.
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Table 2.5 Transamidation of N-nitroso a—ketoamide (1m) and N-acyl glutarimide (1n)
with amines.*®

1 2
N.
R
30 min
(3a, 92%°, 95% (3b, 90%°, 91% (3f: 83%°, 87%
©)Hr \/@ ©)J\’(N\/ ©)H(
(31: 90%°, 91% (3m: 82%°, 88% (3p: 85%° ,89%

*Reaction conditions: Amide 1m or In (I mmol) and amine (1.1 equiv.) were stirred in
DCM (3 mL) at room temperature. ®Isolated yields. “Yields from 1m. ¢Yields from 1n.

Among the different activated amides used in transamidation reactions, N-Boc-amides
received special attention [4-7]. Because, N-Boc-amides can be easily generated from
existing primary and secondary amides under mild conditions. As indicated in the
introduction, simple N-Boc amides are well investigated in transamidation reactions under
different reaction conditions, including under nickel [4a] and palladium [4b] catalysis, base
[6a, b] or solvent [6e] promoted conditions, etc. [4]. Considering these reports, N-Boc N-
phenyl o—ketoamide (1g) was subjected to transamidation with benzylamine in different
solvents without and with bases.

The optimization of reaction condition was investigated using N-Boc N-phenyl o-

ketoamide (1g, 1 mmol) and benzylamine (2a, 1.5 mmol) as model substrates (Table 2.6).
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Initially, the reaction was tested in different solvents (AR grade) including THF,
acetonitrile, dichloromethane, toluene and DMSO in the absence of base or additives.

Table 2.6 Optimization of transamidation of N-Boc N-phenyl a-ketoamide (1g) with
benzylamine (2a).>°

(0] Boc (0] H
N NH, Base (equiv.) N
Ph F -
o Solvent, Time o
RT

19 2a 3a
Entry Base Equiv. Solvent Time Yield(%)P
1. - - THF 6 h nr
2. - - CH3;CN 6h nr
3. - - DCM 6h nr
4. - - Toluene 6h nr
5. - - DMSO 6h nr
6. Cs,CO; 1.0 DCM 6h 68
7. K,CO3 1.0 DCM 6h 20
8. CsF 1.0 DCM 6h 34
9. EtsN 1.0 DCM 6h 21
10. DBU 1.0 DCM 6h 66
11. DABCO 1.0 DCM 6h 47
12. Pyridine 1.0 DCM 6h nr
13. Cs,CO5 1.5 DCM 2h 84
14. Cs,CO; 2.0 DCM 2h 80°¢
15. Cs,CO; 3.0 DCM 2h 70°¢
16. Cs,CO; 1.5 THF 2h 70
17. Cs,CO4 1.5 CH5CN 2h 77

*Reaction conditions: Substrate (1g, 1 mmol, 325 mg), benzylamine (2a, 1.5 mmol, 0.164
mL) and base were stirred in solvents (AR grade) (3 mL) for an appropriate time. *Isolated
yield.®5-10% of Boc-deprotected parent amide was observed.
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However, the desired product 3a was not observed even after 6 h at room temperature
(Table 2.6, entries 1-5). Therefore, the reaction was further investigated in the presence of
different organic and inorganic bases (1.0 equiv.) in dichloromethane (Table 2.6, entries 6-
12). Among them, Cs2COs gave the desired product 3a relatively in high yield, i.e. 68%
(Table 2.6, entry 6). The optimization of the reaction was further continued by increasing
the equivalence of Cs>COs. To our delight, 3a was achieved in 84% yield in the presence of
1.5 equiv. of Cs2CO; within 2 h at room temperature (Table 2.6, entry 13).

In fact, a decrease in yield was observed with 2.0 and 3.0 equiv. of Cs>CO3 (Table 2.6,
entries 14-15). In these cases, considerable amount (~ 5-10%) of deprotection of Boc
group in 1g was observed indicating that N-Boc amides are not stable under strong basic
conditions. Moreover, the transamidation reactions in THF and acetonitrile in the presence
of Cs2COs3 also gave the desired product 3a, however in low yields (Table 2.6, entries 16
and 17).

This optimization study reveals that transamidation in N-Boc a—ketoamides can be
achieved efficiently in dichloromethane in the presence of Cs>CO3 (1.5 equiv.) at room
temperature. Under this condition, N-Boc N-phenyl a—ketoamide (1g), N-Boc N-methyl a—
ketoamide (1h), N-Boc N-propyl a—ketoamide (1i) and N-Boc N-benzyl a—ketoamide (1j)
were participated in transamidation with benzylamine and provided 3a in 75-84% yields

within two hours (Scheme 2.2).
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Scheme 2.2 Transamidation of different N-Boc a-ketoamides with benzylamine.

It is also worth mentioning that the mono-N-Boc amide 1f was obtained as the major
product while attempting the preparation of N,N-di-Boc-2-oxo 2-phenyl acetamide (1fa)
from the primary amide 1a (Scheme 2.3). Moreover, the transamidation of N-Boc 2-oxo 2-

phenyl acetamide (1f) with benzylamine gave the desired product 3a only in 31% yield.

0]
NH 2 (BOC)zO/DCM
@) 4 DMAP
1a 1f (70%) 1fa (Trace amount)

DCM

NH, |
©_/ Cs,CO5 (1.5 equiv.)
RT, 30 min

o

Scheme 2.3 Preparation of N-Boc a-ketoamide 1f and transamidation with benzylamine.
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Further, the scope of different amines in transamidation was investigated with N-Boc N-
phenyl a—ketoamide (1g) in the presence of Cs;CO; (Table 2.7). Initially, the amide 1g
was subjected to transamidation with different primary alkyl and benzyl amines under
optimized conditions.

Table 2.7 Transamidation of N-Boc a-ketoamide (1g) with different amines.*®

(0] 2
N Rz\ Cs,CO4 (1.5 equiv.) O l?
“ph T 1/NH - N\R1
R
o DCM, 2 h, RT o

R'=H, alkyl, aryl

19 2b-2u 3b-3u
©)H‘/N\/\ ©)J\'(N\/\/ Q)%N\A ©)H‘/ Y
(3b 93%) (3c 91%) (3d 89%) (3e: 85%)

(3f: 81%) (39: 86%) (3h: 87%) (3i: 91%)
0
©)J\”/ N~
s !
(3j: 94%) (3k 90%) (3| 89%) (3m: 73%)
O O S
©*"® O O O
(6] (6]
(3n: 89%) (30: 88%) (3p: 85%) (39: 85%)

X=H (3s: <5%)
X=Me (3t:<5%)
(3r: 84%) X=0OMe (3u:<5%)

N ¥ e,

*Reaction conditions: Amide 1g (325 mg, 1 mmol), Cs2CO3 (489 mg, 1.5 equiv.), and
amine (1.5 equiv.) were stirred in DCM (3 mL) at room temperature. ®Isolated yields.
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These reactions proceeded smoothly and provided the desired products 3b-31 in
comparable yields (i.e. 81-94%) to that of N-tosyl amides. Further, various secondary
amines were subjected to transamidation with amide 1g. It was pleasant to observe that all
these secondary amides participated in the transamidation reaction and provided the desired
products 3m-3r in 73-89% yields. It is worth noting that the deprotection of Boc-group in
amide 1g was observed in ~5-10% during the transamidation reaction with secondary
amines. Moreover, as shown in the Table 2.6, more amount of Boc-deprotection was
observed with the increased amount of base Cs2CO;. These data indicate that a strong basic
condition (i.e. reactions with secondary amines or in the presence of more amount of base)
can lead to deprotection of Boc group in the N-Boc amides. However, N-tosyl amides were
found to be stable in which no deprotection of tosyl groups was observed with secondary
amines during the transamidation reactions. Nevertheless, like N-tosyl amide, N-Boc amide
also failed to react with anilines in the presence of Cs2CO;3 (Table 2.7, 3s-3u).

Having explored the scope of different amines, the transamidation of a wide range of
functionalized N-Boc o—ketoamides withbenzylamine was investigated under optimized
conditions (Table 2.8). To our delight, N-Boc a-ketoamides bearing electron donating and
withdrawing groups (i.e. on aryl ring) such as methyl, methoxy, fluoro, chloro and bromo
underwent transamidation smoothly and provided the corresponding a—ketoamides 4a-4h
in 72-90% yields. The effect of substitution on the aryl ring was found to be negligible with

respect yields.
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Table 2.8 Transamidation of different N-Boc N-methyl a-ketoamides with benzylamine.*®

@)Hr ©/\ Cs,CO3 (1. Sequw <©)H( \/©
DCM, 2 h, RT
1ha-1hh 4a-4h
1ha:R=4-Me; 1hb:R= 4-OMe; 1hc: R 3-OMe

1hd:R= 3,4-di-OMe; 1he:R=4-F; 1hf:R=4-C|
1hg:R=2-Cl;1hh:R=4-Br

J@w@ J@W@ @wg

(4a: 89%) (4b: 90%) (4c: 87%)
(4d 87%) (4e: 82%) 83%)
(4g: 72%) (4h: 85%

®Reaction conditions: Amide 1lha-lhh (1 mmol), Cs:CO; (489 mg, 1.5 equiv.),
benzylamine (0.164 mL, 1.5 equiv.) in DCM (3 mL) at room temperature. ®Isolated yields.

Overall, these studies indicate that N-tosyl a—ketoamides are providing better results than
N-Boc a—ketoamides in terms of yields and reaction conditions. Moreover, the reactivity of
o—ketoamides is comparable or better than simple amides. A plausible mechanism for the
transamidation reaction is shown in Scheme 2.4 [6]. The reaction of activated a—ketoamide
with amines generates the tetrahedral intermediate A. This unstable intermediate undergoes

C-N bond cleavage to provide the desired transamidation product.
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o z
' o R o R
R N-R? N. 2
R3. R’
“NH A /H\ Product
R2 Z=Ts, Boc, and NO. R™ Z

Scheme 2.4 Proposed mechanism for transamidation of a—keto amides with amines.

2.3 Conclusion

In conclusion, transamidation reaction in o—ketoamides was demonstrated with a wide
range of N-tosyl and N-Boc o—ketoamides at room temperature. Transamidation of N-tosyl
o—ketoamides with alkyl amines carried out in the absence of catalyst, base or additives,
while Cs,COswas used in the case of N-Boc o—ketoamides. Broad substrate scope and
excellent functional group tolerance are the merits of the developed methodology. We
believe that this methodology will be highly useful for combinatorial synthesis a—
ketoamides in a short span of time.

2.4 Experimental section

2.4.1. General procedure for the synthesis of a-Ketoamides (1a-1c, 1d, 1e and 1n)

The a-ketoamides 1a-1¢ were prepared using the literature reports [21]. The amides 1d,

le, and 1n were synthesized using following procedure-

Q 1.50Cl, o R
OH DCM, RT, 1hr N\R
> 3
¢} 2. R'R?NH, Et;N O

2-Oxo0-2-phenylacetic acid (1 mmol, 0.150 gm) was taken in a round bottom flask under N>

atomosphere in DCM and cooled to 0 °C to which thionyl chloride (2 mmol, 0.145 mL)
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was added. The reaction mixture was allowed to stir for 1 hour after which a mixture of
amine (1.5 mmol) and triethylamine (2 mmol, 0.264 mL) was added at 0 °C and stirred till
the completion of reaction at room temperature. Reaction was monitored by thin layer
chromatography. After that, the reaction mixture was diluted with ethyl acetate, and
washed with brine and H>O. The organic layer was dried over Na>SOs, filtered, and
evaporated under reduced pressure to give crude product, which was purified by column
chromatography on silica gel to afford the title compounds 1d, 1e, and 1n.

2.5 Analytical Data of 1d, 1e and 1n

2.5.1. N-ethyl-2-o0x0-N-2-diphenylacetamide (1d) [22]

O Et The title compound was obtained as a pale-yellow solid. M.p. 92-94
|
N ~
©)\V( Phl " °C. The residue was purified by column chromatography in silica gel
o
(1d) eluting with hexane: EtOAc (80:20), Ry= 0.62; Yield 76% (191 mg).

'H NMR (500 MHz, CDCl3) 6 = 7.83 (d, J = 7.3 Hz, 2H), 7.56 (t, J =
7.4 Hz, 2H), 7.42 (t, J = 7.7 Hz, 2H), 7.23 (d, J = 6.9 Hz, 2H), 7.12
(dd, J = 7.3, 1.7 Hz, 2H), 3.97 (q, J = 7.2 Hz, 2H), 1.27 (t, J = 7.2
Hz, 3H). 3C NMR (125 MHz, CDCl3) § = 190.8, 166.6, 139.3,
134.1, 133.6, 129.4, 129.3, 128.7, 128.6, 128.3, 43.5, 12.9.

2.5.2. N-benzyl-2-o0xo0-N,2-diphenylacetamide (1e) [23a]

O Bn The title compound was obtained sticky solid. The residue was
|
N ~
©)J\g Ph purified by column chromatography in silica gel eluting with hexane:
(le) EtOAc (80:20), Ry= 0.60; Yield 95% (235 mg). 'H NMR (500 MHz,
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CDCls) 6 = 7.88-7.82 (m, 2H), 7.56 (t, J= 7.4 Hz, 1H), 7.42 (t, J =
7.8 Hz, 2H), 7.33-7.28 (m, 5H), 7.17-7.11 (m, 3H), 6.95 (dd, J =
7.8, 1.5 Hz, 2H), 5.09 (s, 2H). '*C NMR (125 MHz, CDCls) 6 =
190.5, 166.9, 139.3, 136.2, 134.2, 133.5, 129.3, 129.2, 128.8, 128.7,
128.6, 128.3, 128.2, 127.8, 52.3.

2.5.3. 1-(2-oxo0-2-phenylacetyl)piperidine-2,6-dione (1n)

o o The title compound was obtained as a dirty white wax. The residue
T'/\[; was purified by column chromatography in silica gel eluting with

(1n) hexane: EtOAc (80:20), Ry = 0.55; Yield 80% (195 mg). 'H NMR

(500 MHz, CDCl3) § = 8.01-8.03 (m, 2H), 7.65 (td, J = 7.6, 1.1 Hz,
1H), 7.51 (t, J = 7.6 Hz, 2H), 2.75 (td, J = 6.6, 1.5 Hz, 4H), 2.06 (dt,
J=6.3,5.1 Hz, 2H). 3C NMR (125 MHz, CDCl;) § = 183.8, 171.8,
166.5, 134.7, 131.4, 130.5, 128.7, 32.6, 16.6. HRMS: Calc. for
Ci3H12NOs [M+H]': 246.0766, Obser.: 246.0766.
2.6 General procedure for the synthesis of V-Boc a-ketoamides (1f-1j, 1ha-1hh)
oy DMAP (0.1 equiv.) O Boc
WN\R (Boc),0 (1.3 equiv.) . ©)S(N\R
© DCM, 0 °C - RT, 1012 h 0

R= Alkyl or aryl

To a stirred solution of amide (1.0 mmol, 1.0 equiv.) and DMAP (0.1 equiv., 12 mg) in
dichloromethane (5 mL) was added di-tert-butyl dicarbonate (Boc2O) (1.3 equiv., 0.3 mL)

or (2.6 equiv., 0.6 mL for 1f) at room temperature. The resulting reaction mixture was
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allowed to stir for 10-12 h at room temperature. After completion, the reaction mixture was

quenched with saturated solution of NaHCO; (10 mL) and extracted with EtOAc (3 x 20

mL). The combined organic layers were washed with water (1 x 20 mL) and brine (1 x 20

mL), and evaporated under reduced pressure. The crude product was purified by silica gel

column chromatography (SiO»: ethyl acetate/hexane) to obtain the N-Boc-a-keto-amides

11-1j, 1ha-1hh.

2.7 Analytical data

2.7.1. tert-Butyl (2-oxo-2-phenylacetyl)carbamate (1f)

The title compound was obtained as a colorless liquid. The
residue was purified by column chromatography in silica gel
eluting with hexane: EtOAc (70:30), R, = 0.35; Yield 70%
(174 mg). 'H NMR (500 MHz, CDCl3) 6 = 8.46 (s, 1H), 8.16
(s, 2H), 7.67 (d, J= 0.7 Hz, 1H), 7.52 (t, J = 7.6 Hz, 2H), 1.47
(s, 9H). *C NMR (125 MHz, CDCls) 6 = 186.4, 149.3, 134.8,
132.3, 130.5, 128.8, 84.2, 27.8. HRMS: Calc. for C13HsNO4

[M+H]*: 250.1079, Obser.: 250.1079.

2.7.2. tert-Butyl (2-oxo-2-phenylacetyl)(phenyl)carbamate (1g)

I?oc
N\
Ph

The title compound was obtained as a white solid. M.p.116—
118°C. The residue was purified by column chromatography
in silica gel eluting with hexane/EtOAc (95:05), Ry = 0.32.

Yield = 85% (276 mg). 'H NMR (500 MHz, CDCls) 6= 7.99
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(dd, J = 8.3, 1.2 Hz, 2H), 7.64 (dd, J = 11.3, 3.9 Hz, 1H),
7.55-7.45 (m, 4H), 7.43 (dd, J = 8.4, 6.3 Hz, 1H), 7.33-7.31
(m, 2H), 1.27 (s, 9H). *C NMR (125 MHz, CDCls) 6 = 187.4,
169.4, 151.6, 135.7, 134.2, 132.9, 129.5, 129.3, 128.8, 128.8,
128.2, 86.1, 27.5. HRMS: Calc. for C;9H;9NNaO4 [M+Na]:

348.1212, Obser.: 348.1229.

2.7.3. tert-Butylmethyl(2-oxo-2-phenylacetyl)carbamate (1h) [23b]

The title compound was obtained as a white solid. M.p. 72—
74°C. The residue was purified by column chromatography in
silica gel eluting with hexane/EtOAc (95:05), Rr=0.62. Yield
= 83% (218 mg). '"H NMR (500 MHz, CDCls) 6 = 7.86-7.84
(m, 2H), 7.61 (t, J = 7.4 Hz, 1H), 7.48 (t, J = 7.7 Hz, 2H),
3.29 (s, 3H), 1.26 (s, 9H). '*C NMR (125 MHz, CDCl3) 6 =
187.7, 169.9, 151.7, 134.1, 132.9, 129.4, 128.7, 86.0, 29.8,

27.5.

2.7.4. tert-Butyl (2-oxo-2-phenylacetyl)(propyl)carbamate (1i)

The title compound was obtained as a colorless sticky liquid.
The residue was purified by column chromatography in silica
gel eluting with hexane/EtOAc (95:05), Ry = 0.56. Yield =
81% (236 mg). 'H NMR (500 MHz, CDCl3) § = 7.83 (d, J =

8.1 Hz, 2H), 7.58 (t, J = 7.4 Hz, 1H), 7.47 (t, J = 7.8 Hz, 2H),
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3.79— 3.74 (m, 2H), 1.71 (dt, J = 8.9, 6.7 Hz, 2H), 1.26 (s,
9H), 0.98 (1, J = 7.5 Hz, 3H). *C NMR (125 MHz, CDCl3) &
= 187.6, 169.6, 151.7, 133.9, 132.9, 129.3, 128.6, 85.6, 44.7,
27.4, 21.5, 11.1. HRMS: Calc. for C1sH;7NNaO4 [M+Na]":

286.1055, Obser.: 286.1062.

2.7.5. tert-Butyl benzyl(2-oxo0-2-phenylacetyl)carbamate (1j)

L?oc
N\
Bn

The title compound was obtained as a white solid. M.p. 51-52
°C. The residue was purified by column chromatography in
silica gel eluting with hexane/EtOAc (95:05), Rr=0.35. Yield
= 86% (292 mg). 'H NMR (500 MHz, CDCl3) 6= 7.83-7.84
(m, 2H), 7.60 (d, J = 7.3 Hz, 1H), 7.48 (t, J = 7.7 Hz, 2H),
7.43 (d, J= 7.2 Hz, 2H), 7.37 (t, J = 7.4 Hz, 2H), 7.32 (d, J =
7.2 Hz, 1H), 4.99 (s, 2H), 1.25 (s, 9H). '*C NMR (125 MHz,
CDCls) ¢ = 187.5, 169.7, 151.7, 136.7, 134.0, 132.9, 129.4,
128.8, 128.6, 128.0, 127.7, 86.0, 46.4, 27.5. HRMS: Calc. for

C14H17NNaO4 [M+Na]*: 362.1368, Obser: 362.1352.

2.7.6. tert-Butyl methyl(2-oxo-2-(p-tolyl)acetyl)carbamate (1ha)

The title compound was obtained as a colorless sticky liquid.
The residue was purified by column chromatography in silica
gel eluting with hexane/EtOAc (90:10), Ry = 0.58. Yield =

80% (222 mg). 'H NMR (500 MHz, CDCL3) § = 7.74 (d, J =
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8.2 Hz, 2H), 7.29 (d, J = 7.9 Hz, 2H), 3.29 (s, 3H), 2.43 (s,
3H), 1.28 (s, 9H). '*C NMR (125 MHz, CDCls) 6= 187.6,
170.0, 151.7, 145.2, 130.4, 129.5, 129.5, 85.9, 29.8, 27.5,
21.8. HRMS: Calc. for CisHisNNaOs [M+Na]™: 300.1212,

Obser.: 300.1213.

2.7.7. tert-Butyl(2-(4-methoxyphenyl)-2-oxoacetyl)(methyl)carbamate (1hb)

|
oY
(0]
MeO

(1hb)

O Boc

“CH3

The title compound was obtained as a colorless sticky liquid.
The residue was purified by column chromatography in silica
gel eluting with hexane/EtOAc (95:05), Ry = 0.58. Yield =
81% (237 mg). 'H NMR (500 MHz, CDCl3) § = 7.79 (d, J =
8.9 Hz, 2H), 6.95 (d, 2H), 3.86 (s, 3H), 3.27 (s, 3H), 1.26 (s,
9H). '*C NMR (125 MHz, CDCl3) ¢ = 186.7, 170.0, 164.2,
151.7, 131.7, 125.8, 114.0, 85.7, 55.5, 29.7, 27.5. HRMS:
Calc. CisHi9NNaOs [M+Na]": Obser.:

for 316.1161,

316.1161.

2.7.8. tert-Butyl(2-(3-methoxyphenyl)-2-oxoacetyl)(methyl)carbamate (1hc)

0]

MeO
(0]

(1hc)

I?oc
N
CHs;

The title compound was obtained as a colorless sticky liquid.
The residue was purified by column chromatography in silica
gel eluting with hexane/EtOAc (90:10), Ry = 0.53. Yield =
78% (229 mg). '"H NMR (500 MHz, CDCl3) 6 = 7.42-7.33
(m, 3H), 7.13-7.15 (m, 1H), 3.84 (s, 3H), 3.28 (s, 3H), 1.29

(s, 9H). 3C NMR (125 MHz, CDCl3) 6 = 187.5, 169.7, 159.9,
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151.7, 1342, 129.7, 122.4, 120.8, 112.9, 85.9, 55.5, 29.7,
27.5. HRMS: Calc. for CisHi9NNaOs [M+Nal]™: 316.1161,

Obser.: 316.1159.

2.7.9. tert-Butyl(2-(3,4-dimethoxyphenyl)-2-oxoacetyl)(methyl)carbamate (1hd)

0
Meow
o)
MeO

(1hd)

EISoc
N\
CHj3

The title compound was obtained as a colorless sticky liquid.
The residue was purified by column chromatography in silica
gel eluting with hexane/EtOAc (95:05), Ry = 0.56. Yield =
76% (245 mg). '"H NMR (500 MHz, CDCl3) 6 = 7.47 (d, J =
1.7 Hz, 1H), 7.31 (dd, J = 8.3, 1.8 Hz, 1H), 6.88 (d, J = 8.4
Hz, 1H), 3.92 (d, J = 9.5 Hz, 6H), 3.27 (s, 3H), 1.28 (s, 9H).
3C NMR (125 MHz, CDCls) 6 = 186.8, 169.8, 154.1, 151.7,
149.3, 126.0, 125.1, 110.3, 110.2, 85.6, 56.1, 56.0, 29.8, 27.5.
HRMS: Calc. for C14H;7NNaO4 [M+Na]": 286.1055, Obser.:

286.1062.

2.7.10. tert-Butyl (2-(4-fluorophenyl)-2-oxoacetyl)(methyl)carbamate (1he)

0]

Department of Chemistry, IIT (BHU), Varanasi.

The title compound was obtained as a colorless sticky liquid.
The residue was purified by column chromatography in silica
gel eluting with hexane/EtOAc (95:05), Ry = 0.55. Yield =
79% (222 mg). '"H NMR (500 MHz, CDCls) 6= 7.89-7.86 (m,
2H), 7.17 (t, J = 8.6 Hz, 2H), 3.28 (s, 3H), 1.30 (s, 9H). 1*C
NMR (125 MHz, CDCl3) 0= 186.2, 169.6, 166.2 (d, J =

256.8)J, 151.8, 132.0 (d, J = 9.6 Hz), 129.4 (d, J = 2.9 Hz),
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116.1 (d, J=22.3 Hz, 86.0, 29.8, 27.6. HRMS: Calc. for
C14H16FNNaO4 [M+Na]": 304.0961, Obser.: 304.0958.

2.7.11. tert-Butyl (2-(4-chlorophenyl)-2-oxoacetyl)(methyl)carbamate (1hf)

The title compound was obtained as pale-yellow sticky liquid.

|
m N\CH3 The residue was purified by column chromatography in silica
(0]
Cl

gel eluting with hexane/EtOAc (95:05), Ry = 0.53. Yield =

78% (232 mg). 'H NMR (500 MHz, CDCl3) § 7.79 (d, J =
6.7, 2H), 7.47 (d, 2H), 3.28 (s, 3H), 1.31 (s, 9H). *C NMR
(125 MHz, CDClL) o= 186.5, 169.4, 151.8, 140.6, 131.3,
130.7, 129.2, 86.1, 29.9, 27.6. HRMS: Calc. for C14H1sNNaO4
[M+Na]": 320.0666, Obser.: 320.0664.

2.7.12. tert-Butyl (2-(2-chlorophenyl)-2-oxoacetyl)(methyl)carbamate (1hg)

Cl O Boc The title compound was obtained as a pale sticky liquid. The

|
N
(j)ky( CH3 residue was purified by column chromatography in silica gel
O

eluting with hexane/EtOAc (95:05), Ry = 0.51. Yield = 73%

(217 mg). '"H NMR (500 MHz, CDCl;) 6= 8.13 (dd, J = 7.8,
1.8 Hz, 1H), 7.54-7.51 (m, 1H), 7.45-7.41 (m, 2H), 3.27 (s,
3H), 1.36 (s, 9H). *C NMR (125 MHz, CDCls) 6 = 185.1,
169.7, 152.1, 135.0, 134.7, 132.5, 131.2, 131.0, 127.2, 85.7,
29.8, 27.6. HRMS: Calc. for CisHisCINNaOs [M+Na]:

320.0666, Obser.: 320.0662.
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2.7.13. tert-Butyl (2-(4-bromophenyl)-2-oxoacetyl)(methyl)carbamate (1hh)

O Boc The title compound was obtained as colorless sticky liquid.
N\
m e The residue was purified by column chromatography in silica
Br
(1hh) gel eluting with hexane/EtOAc (95:05), Ry = 0.51. Yield =

75% (256 mg). 'H NMR (500 MHz, CDCl3) § = 7.70 (d, J =
8.5 Hz, 2H), 7.63 (d, J = 8.6 Hz, 2H), 3.27 (s, 3H), 1.30 (s,
9H). *C NMR (125 MHz, CDCl3) J = 186.6, 169.4, 151.7,
132.1, 131.7, 130.7, 129.3, 86.0, 29.8, 27.6. HRMS: Calc. for
C14H17BrNNaO4 [M+Na]': 364.0160, Obser.: 364.0162.

2.8 General procedure for the synthesis of NV-tosyl a-ketoamides (1k, 11 and 1ka-1kk)
[24]

0]

o] 0
(COCI),, DMF R?NHTs, DMAP .
OH . Cl - N.
R4 ~ R R4 R?
DCM, 0 °C EtsN, DCM

0 o

To a solution of 2-oxo-aryl/alkyl acetic acid (1 mmol) in CH>Cl> (2 mL) were added oxalyl
chloride (0.1 mL, 1.2 mmol, 1.2 equiv.) and DMF (two drops) at 0 °C. The mixture was
stirred until gas evolution stopped. Then, the reaction mixture was concentrated under
reduced pressure and was used directly in the next step. To a mixture of the N-phenyl
sulfonamide (1 mmol), DMAP (0.5 mmol%) and EtzN (0.155 mL, 2 mmol) in CH2Cl> (10
mL) was added slowly the acyl chloride made above in CH>Cl> (2 ml) at 0 °C. The reaction
mixture was stirred at room temperature for 2 h. Then the reaction mixture was washed

with 5% HCI, brine and H>O. The organic layer was dried over Na,SOs, filtered, and
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evaporated under reduced pressure to give crude product, which was purified by column
chromatography on silica gel to afford N-tosyl a-ketoamides 1k, 11 and 1ka-1kk.

2.9 Analytical data

2.9.1. 2-Oxo-N,2-diphenyl-NV-tosylacetamide (1k) [25]

The title compound was obtained as a colorless oil. The

|
wN\ph residue was purified by column chromatography in silica gel
O

eluting with hexane: EtOAc (80:20), Ry = 0.52; Yield 93%

(351 mg). IR: 3061, 2921, 1700, 1377, 1229, 1173. '"H NMR
(500 MHz, CDCls) § = 7.94 (d, J = 7.4 Hz, 2H), 7.75 (d, J =
8.2 Hz, 2H), 7.63-7.62 (m, 1H), 7.53 (t, ] = 7.8 Hz, 2H),
7.45-7.32 (m, 5H), 7.13 (d, J = 7.3 Hz, 2H), 2.47 (s, 3H). 13C
NMR (125 MHz, CDCl:) § = 187.6, 166.7, 145.9, 134.6,
134.0, 133.4, 132.7, 130.5, 130.2, 129.7, 129.6, 129.4, 129.0,
128.9, 21.8.

2.9.2. N-Methyl-2-o0x0-2-phenyl-N-tosylacetamide (11) [25]

The title compound was obtained as yellow oil. The residue

[
w N\Me was purified by column chromatography in silica gel eluting
o

with hexane: EtOAc (70:30), R, = 0.60; Yield 78% (137 mg).

'H NMR (500 MHz, CDCl3) 6 = 7.95-7.93 (m, 2H), 7.93—
7.89 (m, 2H), 7.66-7.62 (m, 1H), 7.52 (dd, J = 10.6, 4.6 Hz,
2H), 7.39 (d, J = 6.7 Hz, 2H), 3.24 (s, 3H), 2.45 (s, 3H). °C

NMR (125 MHz, CDCl3) 6 = 188.0, 167.2, 145.9, 1344,
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133.4, 132.7, 130.1, 129.6, 128.8, 128.3, 30.7, 21.7. HRMS:

Calc. for CisHi1sNO4S [M+H]": 318.0800, Obser.: 318.0807.

2.9.3. 2-Oxo-N-phenyl-2-(p-tolyl)-N-tosylacetamide (1ka) [25]

0

(@)
MeQAW

(1ka)

Ts
N.
Ph

The title compound was obtained as pale-yellow oil. The
residue was purified by column chromatography in silica gel
eluting with hexane: EtOAc (80:20), Ry = 0.48; Yield 82%
(321 mg). '"H NMR (500 MHz, CDCl3) 6 = 7.80 (dd, J = 25.8,
6.6 Hz, 4H), 7.44-7.31 (m, 8H), 7.14 (s, 2H), 2.47 (s, 3H),
2.44 (s, 3H). °C NMR (125 MHz, CDCl3) § = 187.2, 166.7,
145.9, 145.8, 134.1, 133.5, 130.5, 130.2, 130.1, 129.7, 129.7,

129.4, 129.0, 21.9, 21.7.

2.9.4. 2-(4-methoxyphenyl)-2-Oxo-N-phenyl-/V-tosylacetamide (1kb) [25]

O]

m
MeO

(1kb)

Ts
N.
Ph

The title compound was obtained as pale-yellow oil. The
residue was purified by column chromatography in silica gel
eluting with hexane: EtOAc (80:20), Ry = 0.52; Yield 83%
(338 mg). 'H NMR (500 MHz, CDCl3) 6 = 7.88 (d, J = 8.7
Hz, 2H), 7.79 (d, J = 8.2 Hz, 2H), 7.42—7.33 (m, 4H), 7.14 (d,
J=17.3 Hz, 2H), 6.98 (d, J = 8.8 Hz, 2H), 3.88 (s, 3H), 2.47 (s,
3H). *C NMR (125 MHz, CDCl3) § = 186.2, 166.9, 164.8,
145.7, 134.2, 133.6, 132.0, 130.6, 130.1, 129.7, 129.4, 129.0,

125.6, 114.3, 55.6, 21.7.
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2.9.5. 2-(3-methoxyphenyl)-2-Oxo-N-phenyl-N-tosylacetamide (1kc)

The title compound was obtained as pale-yellow oil. The

|
MGOWN‘% residue was purified by column chromatography in silica gel
O

(1ke) eluting with hexane: EtOAc (80:20), Ry = 0.55; Yield 81%

(330 mg). '"H NMR (500 MHz, CDCls) § = 7.75 (d, J = 8.0
Hz, 2H), 7.49 (d, J = 7.5 Hz, 1H), 7.45-7.41 (m, 3H), 7.41-
7.33 (m, 4H), 7.20-7.17 (m, 1H), 7.13 (d, J = 7.3 Hz, 2H),
3.85 (s, 3H), 2.47 (s, 3H). C NMR (125 MHz, CDCl3) § =
187.3, 166.5, 159.9, 145.8, 133.3, 130.5, 130.2, 129.9, 129.7,
129.4, 129.0, 122.7, 121.5, 112.7, 55.4, 21.7. HRMS: Calc.
for C22H20NOsS [M+H]": 410.1062, Obser.: 410.1069.

2.9.6. 2-(3,4-dimethoxyphenyl)-2-Oxo-/N-phenyl-/V-tosylacetamide (1kd)

The title compound was obtained as a pale-yellow sticky

|
I\/Ieoji>)S‘/N‘Ph solid. The residue was purified by column chromatography in
MeO ©

(1kd) silica gel eluting with hexane: EtOAc (80:20), Ry = 0.54;

Yield 80% (350 mg). '"H NMR (500 MHz, CDCL) & = 7.79
(d, J=8.1 Hz, 2H), 7.51 (dd, J= 8.3, 1.8 Hz, 1H), 7.42 (dd, J
= 8.7, 6.1 Hz, 2H), 7.36 (dd, J = 14.2, 7.9 Hz, 4H), 7.13 (d, J=
7.3 Hz, 2H), 6.94 (d, J = 8.4 Hz, 1H), 3.96 (s, 3H), 3.91 (s,
3H), 2.47 (s, 3H). °C NMR (125 MHz, CDCls) § = 186.3,
166.6, 154.7, 149.4, 145.8, 134.2, 133.6, 130.6, 130.1, 129.7,

129.4, 129.1, 125.8, 125.8, 110.4, 110.1, 56.2, 56.0, 21.7.
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HRMS: Calc. for C3sH2NOsS [M+H]": 440.1168, Obser.:

440.1172.

2.9.7. 2-(4-fluorophenyl)-2-Oxo-N-phenyl-N-tosylacetamide (1ke) [25]

The title compound was obtained as a pale-yellow solid. M.p.
159-161 °C. The residue was purified by column
chromatography in silica gel eluting with hexane: EtOAc
(80:20), Ry = 0.52; Yield 75% (297 mg). 'H NMR (500 MHz,
CDCl3) 6 =7.98 (dd, /= 8.7, 5.3 Hz, 2H), 7.74 (d, /= 8.3 Hz,
2H), 7.39 (ddd, J = 24.7, 16.3, 7.8 Hz, 5H), 7.23-7.17 (m,
2H), 7.13 (d, J = 7.4 Hz, 2H), 2.46 (s, 3H). *C NMR (125
MHz, CDCl3) 6 = 185.9, 167.5, 166.4(d, J =256 Hz), 166.4,
145.9, 133.8, 133.3(d, J =9.8 Hz), 132.2, 130.4, 130.2, 129.7,

129.4, 129.1(d, J =23.2 Hz), 128.9, 116.3, 116.2, 21.7.

2.9.8. 3, 2-(4-chlorophenyl)-2-Oxo-N-phenyl-/V-tosylacetamide (1kf) [25]

The title compound was obtained as a pale-yellow solid. M.p.
157-159 °C. The residue was purified by column
chromatography in silica gel eluting with hexane: EtOAc
(80:20), Ry = 0.55; Yield 78% (322 mg). 'H NMR (500 MHz,
CDCl3) 0 =7.89 (d, J = 8.5 Hz, 2H), 7.73 (d, J = 8.3 Hz, 2H),
7.51 (d, J = 8.4 Hz, 2H), 7.46-7.34 (m, 5H), 7.12 (d, J = 7.4
Hz, 2H), 2.47 (s, 3H). 3*C NMR (125 MHz, CDCl3) 6 = 186.3,

166.4, 146.0, 141.2, 133.8, 133.3, 131.1, 130.9, 130.4, 130.3,
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129.5, 129.4, 129.0, 128.9, 21.8.

2.9.9. 2-(2-chlorophenyl)-2-Oxo-/N-phenyl-/V-tosylacetamide(1kg)

The title compound was obtained as a pale-yellow solid.
M.p.158-151 °C. The residue was purified by column
chromatography in silica gel eluting with hexane: EtOAc
(80:20), Ry = 0.50; Yield 74% (306 mg). 'H NMR (500 MHz,
CDCl3) 0 = 8.08 (s, 1H), 7.76 (d, J = 7.2 Hz, 2H), 7.52 (dt, J
=23.6, 7.7 Hz, 2H), 7.46-7.31 (m, 6H), 7.14 (d, J = 5.7 Hz,
2H), 2.46 (s, 3H). °C NMR (125 MHz, CDCls) 6§ = 185.4,
166.1, 145.7, 135.1, 135.0, 134.0, 133.4, 132.4, 131.2, 131.0,
130.2, 130.1, 129.6, 129.4, 129.0, 127.1, 21.7. HRMS: Calc.

for C21HisNCIO4S [M+H]": 414.0567, Obser.: 414.0566.

2.9.10. 2-(4-bromophenyl)-2-Oxo-/N-phenyl-/V-tosylacetamide (1kh) [25]

The title compound was obtained as pale-yellow oil. The
residue was purified by column chromatography in silica gel
eluting with hexane: EtOAc (80:20), R, = 0.50; Yield 78%
(356 mg). '"H NMR (500 MHz, CDCl3) 6 = 7.81 (d, J = 8.4
Hz, 2H), 7.73-7.67 (m, 4H), 7.46-7.34 (m, SH), 7.12 (d, J =
7.4 Hz, 2H), 2.47 (s, 3H). *C NMR (125 MHz, CDCl3) 6 =
186.5, 166.3, 146.0, 133.8, 133.3, 132.4, 131.5, 130.9, 130.4,

130.3, 130.1, 129.8, 129.5, 129.0, 21.8.
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2.9.11. 2-(4-nitrophenyl)-2-Oxo-N-phenyl-N-tosylacetamide (1ki)

The title compound was obtained as a colorless sticky liquid.
The residue was purified by column chromatography in silica
gel eluting with hexane: EtOAc (80:20), Ry= 0.30; Yield 76%
(321 mg). 'H NMR (500 MHz, CDCl3) § = 8.39 (d, J = 8.8
Hz, 2H), 8.15 (d, J = 8.7 Hz, 2H), 7.67 (d, J = 8.3 Hz, 2H),
7.49-7.44 (m, 1H), 7.42 (t, J = 7.5 Hz, 2H), 7.36 (d, J = 8.2
Hz, 2H), 7.12 (d, J = 7.3 Hz, 2H), 2.48 (s, 3H). *C NMR (126
MHz, CDCL) ¢ = 185.7, 166.0, 151.0, 146.3, 137.3, 133.4,
133.0, 130.6, 130.5, 130.3, 129.9, 129.6, 129.0, 124.1, 21.8.
HRMS: Calc. for C21H17N206S [M+H]": 425.0807, Obser.:

425.0805.

2.9.12. 2-Oxo-N-phenyl-2-(pyridin-4-yl)-N-tosylacetamide (1kj)

The title compound was obtained as a white solid. M.p. 114—
116 °C. The residue was purified by column chromatography
in silica gel eluting with hexane: EtOAc (70:30), Ry = 0.35;
Yield 76% (288 mg). 'H NMR (500 MHz, CDCl3) 6 = 9.15
(d, J= 1.5 Hz, 1H), 8.86 (dd, J=4.8, 1.5 Hz, 1H), 8.25-8.24
(m, 1H), 7.70 (d, J = 8.3 Hz, 2H), 7.51-7.44 (m, 2H), 7.40 (t,
J=17.6 Hz, 2H), 7.37-7.33 (m, 2H), 7.12 (d, J = 7.4 Hz, 2H),
2.48 (s, 3H). 1*C NMR (125 MHz, CDCl3) ¢ = 186.3, 166.0,

154.5, 150.9, 146.2, 136.6, 133.6, 133.2, 130.3, 129.8, 129.6,
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129.0, 128.5, 123.8, 21.8. HRMS: Calc. for C20H16N2NaO4S
[M+Na]": 403.0728, Obser.: 403.0728.

2.9.13. 2-Oxo-N-phenyl-N-tosylpropanamide (1kk)

0 Ts The title compound was obtained as colorless oil. The residue
|
H3CJ\WN\Ph was purified by column chromatography in silica gel eluting
O (1kk)

with hexane: EtOAc (80:20), R, = 0.65; Yield 85% (268 mg).
'H NMR (500 MHz, CDCl3) 6 = 7.66 (d, J = 8.4 Hz, 2H),
7.47-7.38 (m, 3H), 7.32 (d, J = 8.0 Hz, 2H), 7.07-7.05 (m,
2H), 2.52 (s, 3H), 2.45 (s, 3H). 3C NMR (125 MHz, CDCl;)
§ = 194.6, 167.5, 145.9, 134.8, 133.4, 130.2, 130.1, 129.7,
129.4, 128.9, 26.8, 21.7. HRMS: Calc. for CisHigNOsS
[M+H]": 318.0800, Obser.: 318.0798.

2.10 Synthesis of N-methyl-/V-nitroso-2-oxo-2-phenylacetamide (1m)

N J<
o~ O

H |
N. (1.5 equiv.) N.
Me » Me
© DCM, RT,1h ©

1m

N-Methyl-2-oxo0-2-phenylacetamide 1b (163 mg, 1 mmol) was stirred in dichloromethane
(3 mL) for approximately 2 min at room temperature to which fert-butyl nitrite (0.176 mL,
1.5 mmol) was added via a syringe and allowed to stir for 1 h. After completion,
dichloromethane was evaporated and then subjected to silica gel (60—120 mesh) column

chromatography purification (SiO2: ethyl acetate/hexane) to obtain the title compound (1m)
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obtained as yellow oil as non-separable isomers (1.0:0.5). Column chromatography was
performed with hexane: EtOAc (90:10), Ry = 0.75; Yield 60% (115 mg). '"H NMR (500
MHz, CDCl3) 6 = 8.02 (dd, J = 8.3, 1.0 Hz, 2H), 7.92 (dd, J = 8.3, 1.0 Hz, 4H), 7.71-7.64
(m, 3H), 7.56-7.49 (m, 6H), 3.98 (s, 3H), 3.28 (s, 6H). *C NMR (125 MHz, CDCls) J =
188.5, 186.0, 172.4, 164.0, 135.3, 135.0, 132.5, 130.1, 129.5, 129.2, 128.9, 52.8, 25.5. This
compound was found unstable during the mass spectrum analysis. Hence, HRMS could not
be obtained.

2.11 Procedures for the transamidation reactions

2.11.1. General procedure for the transamidation of /V-tosyl amides with alkyl amines

@ Is R3 DCM i ES

30 min, RT
o) (@]

To a stirred solution of alkyl amine (1.1 mmol) in DCM (3 mL) was added N-tosyl a-
ketoamide 1k, 11, 1ka-1kk (I mmol) at room temperature. The resulting mixture was
allowed to stir for 30 min. After completion, the reaction mixture was diluted with H>O (10
mL) and extracted with EtOAc (3 x 30 mL). The combined organic phases were dried over
anhydrous Na;SO4 and concentrated under vacuum. The residue was purified by column
chromatography on silica gel (gradient eluent of EtOAc in hexane) to give the desired
products 3a-30 and 4a-4k.

2.11.2. General procedure for the transamidation reaction of N-Boc amides with alkyl
amines

0
O Boc R3  Cs,COq (1.5 equiv.) |
N. N - R1 \R4
R R? . ~NH -

5 R* DCM, RT, 2 h o}
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To a stirred solution of alkyl amine (1.5 mmol) and cesium carbonate (1.5 mmol, 489 mg)

in DCM (3 mL) was added N-Boc a-ketoamide 1f-1j, 1Tha-1hh (I mmol) at room

temperature. The resulting mixture was allowed to stir for 2 hours. After completion, the

reaction mixture was diluted with H2O (10 mL) and extracted with EtOAc (3 x 30 mL).

The combined organic phases were dried over anhydrous Na>SOs and concentrated under

vacuum. The residue was purified by column chromatography on silica gel (gradient eluent

of EtOAc in hexane) to give the desired products 3a-30 and 4a-4h.

2.12 Analytical data

2.12.1. N-Benzyl-2-oxo0-2-phenylacetamide (3a) [26a]

0}

H
N
(0]

(3a)

L

The title compound was obtained as yellow gum. The
residue was purified by column chromatography in silica
gel eluting with hexane/EtOAc (90:10), Ry=0.39. Yield =
96% (229 mg). 'H NMR (500 MHz, CDCl3) 6 = 8.38—
8.36 (m, 2H), 7.65-7.62 (m, 1H), 7.51-7.47 (m, 2H), 7.41
(s, 1H), 7.37-7.29 (m, 5H), 4.58 (d, J = 6.1 Hz, 2H)."*C
NMR (125 MHz, CDCl3) ¢ = 187.5, 161.5, 137.1, 134.5,
133.3, 131.2, 128.9, 128.5, 127.9, 127.9, 43.5. The title
compound 3a was also obtained from 1h 31% (74 mg);
from 1i 84% (201 mg); from1j in 79% (189 mg); from 1k
in 75% (179 mg); from 11 in 80% (191 mg); from 1m

94% (225 mg); and from 1n 96% (229 mg).
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2.12.2. 2-Oxo-2-phenyl-N-propylacetamide (3b) [26a]

The title compound was obtained as colorless oil. The
residue was purified by column chromatography in silica
gel eluting with hexane/EtOAc (90:10), Ry= 0.35. Yield =
95% (181 mg). 'H NMR (500 MHz, CDCls) 6 = 8.28—
8.27 (m, 2H), 7.59-7.57 (m, 1H), 7.44-7.43 (t,J = 8.1 Hz,
2H), 7.23 (s, 1H), 3.34-3.39 (m, 2H), 1.63-1.55 (m, 2H),
0.94 (t, J = 7.4 Hz, 3H). >*C NMR (125 MHz, CDCls) 6=
188.0, 161.9, 134.2, 133.3, 131.0, 128.3, 41.0, 22.4, 11.2.
The title compound 3b was also obtained from N-Boc N-
phenyl a-ketoamide 1g in 93% (178 mg); from 1m 90%

(171 mg) from 1n 91% (173 mg).

2.12.3. N-Butyl-2-ox0-2-phenylacetamide (3¢) [26a]

The title compound was obtained as yellow oil. The
residue was purified by column chromatography in silica
gel eluting with hexane/EtOAc (90:10), Ry=0.48. Yield =
92% (188 mg). 'H NMR (500 MHz, CDCl3) 6 = 8.34—
8.32 (m, 2H), 7.63-7.60 (m, 1H), 7.48-7.45 (m 2H), 7.11
(s, 1H), 3.41-3.37 (m, 2H), 1.60-1.56 (m, 2H), 1.42—1.38
(m, 2H), 0.95 (t, J = 7.4 Hz, 3H). 3C NMR (125 MHz,
CDCl3) 0 = 187.9, 161.7, 134.3, 133.4, 131.2, 128.4, 39.1,

31.3, 20.0, 13.7. The title compound 3¢ was also obtained

Department of Chemistry, IIT (BHU), Varanasi. Page 52



Chapter-2

from N-Boc N-phenyl a-ketoamide 1g in 91% (187 mg).

2.12.4. 2-Oxo-2-phenyl-N-propylacetamide (3d) [26a]

The title compound was obtained as pale-yellow viscous
oil. The residue was purified by column chromatography
in silica gel eluting with hexane/EtOAc (90:10), Ry =
0.25. Yield = 92% (214 mg). 'H NMR (500 MHz, CDCl3)
0 = 8.34-8.33 (m, 2H), 7.65-7.59 (m, 1H), 7.51-7.44 (m,
2H), 7.10 (s, 1H), 3.39 (dd, J = 13.4, 7.1 Hz, 2H), 1.60
(dd, J=14.7, 7.5 Hz, 2H), 1.43-1.26 (m, 7H), 0.91-0.88
(m, 3H). 1*C NMR (125 MHz, CDCls) § = 187.9, 161.7,
134.3, 133.4, 131.2, 128.4, 39.5, 31.4, 29.2, 26.5, 22.5,
14.0. The title compound 3d was also obtained from N-

Boc N-phenyl a-ketoamide 1g in 89% (220 mg).

2.12.5. N-Isopropyl-2-oxo-2-phenylacetamide (3e) [27]

O H
N
(Y'Y
(3e)

The title compound was obtained as off white solid. M.p.
77-78°C. The residue was purified by column
chromatography in silica gel eluting with hexane/EtOAc
(90:10), Ry= 0.42. Yield = 94% (179 mg). 'H NMR (500
MHz, CDCl;) 6 = 8.34-8.32 (m, 2H), 7.63—7.60 (m, 1H),
7.49-7.46 (m, 2H), 6.92 (s, 1H), 4.18-4.12 (m, 1H), 1.26
(d, J = 6.6 Hz, 6H). '*C NMR (125 MHz, CDCl3) § =

188.0, 160.9, 134.3, 133.4, 131.2, 128.4, 41.7, 22.4. The
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title compound 3e was also obtained from N-Boc N-
phenyl a-ketoamide 1g in 85% (162 mg).

2.12.6. 2-Oxo-N-(pentan-3-yl)-2-phenylacetamide (3f)

The title compound was obtained as sticky liquid. The

H
N . . c
©)J\[f (\ residue was purified by column chromatography in silica
(0]

(3f) gel eluting with hexane/EtOAc (90:10), Ry= 0.35. Yield =

89%(194 mg). IR: 3000, 2953, 1708, 1672, 1480, 1235'H
NMR (500 MHz, CDCl;) ¢ = 8.34-8.32 (m, 2H), 7.62-
7.59 m, 1H), 7.49-7.45 (m, 2H), 6.83 (s, 1H), 3.89-3.82
(m, 1H), 1.69-1.61 (m, 2H), 1.53-1.44 (m, 2H), 0.94 (t, J
= 7.5 Hz, 6H). *C NMR (125 MHz, CDCls) ¢ = 188.10,
161.6, 134.3, 133.4, 131.2, 1284, 52.5, 27.3, 10.2.
HRMS: Calc. for C13HsNO, [M+Na]": 220.1338, Obser.:
220.1344. The title compound 3f was also obtained from
N-Boc N-phenyl a-ketoamide 1g in 83% (181 mg); from
1m 83% (181 mg) from 1n 81% (177 mg).

2.12.7. N-Cyclopropyl-2-oxo-2-phenylacetamide (3g) [28]

H
N
©)H1/ W residue was purified by column chromatography in silica
O

o The title compound was obtained as colorless oil. The
(39)

gel eluting with hexane/EtOAc (90:10), Ry,=0.32. Yield =
94% (177 mg). 'H NMR (500 MHz, CDCl3) 6 = 8.32—

8.31 (m, 2H), 7.62-7.58 (m, 1H), 7.47-7.44 (m, 2H), 7.22
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(s, 1H), 2.87-2.83 (m, 1H), 0.89-0.85 (m, 2H), 0.66—0.62
(m, 2H). 1*C NMR (126 MHz, CDCl3) § = 187.5, 163.1,
134.4, 133.2, 131.2, 128.4, 22.5, 6.4. The title compound
3g was also obtained from N-Bo cN-phenyl a-ketoamide

1g in 86% (163 mg).

2.12.8. N-Cyclohexyl-2-oxo-2-phenylacetamide (3h) [21]

The title compound was obtained as colorless gum. The
residue was purified by column chromatography in silica
gel eluting with hexane/EtOAc (90:10), Ry= 0.20. Yield =
91% (210 mg). 'H NMR (500 MHz, CDCl3) 6 = 8.34—
8.32 (m, 2H), 7.63-7.60 (m, 1H), 7.49-7.46 (dd, J=11.1,
4.6 Hz, 2H), 6.95 (s, 1H), 3.89-3.83 (m, 1H), 2.0-1.97
(m, 2H), 1.78-1.75 (m, 2H), 1.65-1.64 (m, 1H), 1.44—
1.38 (m, 2H), 1.32-1.21 (m, 3H). 3C NMR (125 MHz,
CDCl3) 0 =188.1, 160.8, 134.3, 133.5, 131.2, 128.4, 48.5,
32.7,25.4, 24.7. The title compound 3h was also obtained

from N-Boc N-phenyl a-ketoamide 1g in 87% (201 mg).

2.12.9. N-(4-fluorobenzyl)-2-oxo-2-phenylacetamide (3i) [26a]

The title compound was obtained as white solid. M.p. 84-
8 °C. The residue was purified by column

chromatography in silica gel eluting with hexane/EtOAc
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(90:10), Ry=0.39. Yield = 93% (238 mg). '"H NMR (500
MHz, CDCl3) ¢ = 8.3 —8.28 (m, 2H), 7.6-7.60 (m, 1H),
7.53-7.43 (m, 3H), 7.33-7.27 (m, 2H), 7.02 (td, J = 8.7,
2.8 Hz, 2H), 4.53 (d, J = 6.1 Hz, 2H). *C NMR (125
MHz, CDCl3) 0 = 187.4, 163.2, 161.5, 161.3, 134.4,
133.2, 132.9, 131.1, 129.6, 129.5, 128.4, 115.7, 115.5,
42.7. The title compound 3i was also obtained from 1g

91% (233 mg).

2.12.10. N-(4-methoxybenzyl)-2-oxo-2-phenylacetamide (3j) [26c]

0]

H
N
(jﬁﬂ

(31)

\/©/OM6

The title compound was obtained as yellow solid. The
residue was purified by column chromatography in silica
gel eluting with hexane/EtOAc (90:10), Ry=0.39. Yield =
95% (255 mg). 'H NMR (500 MHz, CDCls) § = 8.36
(dd, J=8.3,1.2 Hz, 2H), 7.67-7.61 (m, 1H), 7.50 (dd, J =
11.0, 4.7 Hz, 2H), 7.43 (s, 1H), 7.28 (d, J = 7.9 Hz, 2H),
6.95-6.85 (m, 2H), 4.52 (d, J = 6.0 Hz, 2H), 3.81 (s, 3H).
BC NMR (125 MHz, CDCl3) § = 187.6, 161.5, 159.1,
134.3, 133.2, 131.1, 129.2, 129.1, 128.4, 114.1, 55.2,
42.9. The title compound 3j was also obtained 1g 94%

(252 mg).
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2.12.11. 2-Oxo-2-phenyl-N-(pyridin-2-ylmethyl)acetamide (3k) [29]

O

The title compound was obtained as orange viscous
liquid. The residue was purified by column
chromatography in silica gel eluting with hexane/EtOAc
(90:20), Ry=0.21. Yield = 95% (227 mg). '"H NMR (500
MHz, CDCl3) 6 = 8.60 (d, J = 4.4 Hz, 1H), 8.36 (d, J =
7.6 Hz, 2H), 8.21 (s, 1H), 7.72-7.62 (m, 2H), 7.51 (t, J =
7.8 Hz, 2H), 7.32 (s, 1H), 7.24 (dd, J = 7.1, 5.3 Hz, 1H),
4.72 (d, J= 5.4 Hz, 2H). 3*C NMR (125 MHz, CDCl3) § =
187.6, 162.0, 155.5, 149.3, 136.9, 134.3, 133.3, 131.1,
128.5, 122.6, 122.0, 44.3. The title compound 3k was
also obtained from N-Boc-N-phenyl a-ketoamide 1g in

90% (216 mg).

2.12.12. 2-Oxo-2-phenyl-N-(2-(pyridin-2-yl)ethyl)acetamide (31)

The title compound was obtained as a white solid. M.p.
4648 °C. The residue was purified by column
chromatography in silica gel eluting with hexane/EtOAc
(95:20), Ry = 0.15; Yield = 93% (236 mg). IR: 2966,
2871, 1710, 1677, 1544, 1287. 'H NMR (500 MHz,
CDCL) ¢ = 8.56 (d, J = 4.7 Hz, 1H), 8.30-8.28 (m, 2H),
7.92 (s, 1H), 7.64-7.58 (m, 2H), 7.47-7.44 (m, 2H), 7.19—

7.15 (m, 2H), 3.84-3.81 (m, 2H), 3.09 (t, J = 6.4 Hz, 2H).
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3C NMR (125 MHz, CDCl3) § = 187.9, 162.0, 158.9,
149.3, 136.7, 134.2, 133.4, 131.1, 128.4, 123.4, 121.7,
38.5, 36.6. HRMS: Calc. for C;sHisN.O, [M+Na]":
255.1134, Obser.: 255.1147. The title compound 31 was
also obtained from N-Boc N-phenyl o-ketoamide 1g in
89% (226 mg); from 1m 90% (227 mg) from In 91%

(229 mg).

2.12.13. N,N-Diethyl-2-0xo0-2-phenylacetamide (3m) [26a]

NV

The title compound was obtained as a colorless oil. The
residue was purified by column chromatography in silica
gel eluting with hexane/EtOAc (80:20), Ry= 0.25. Yield =
85% (174 mg). 'H NMR (500 MHz, CDCl3) § = 7.91 (d, J
= 8.4 Hz, 2H), 7.61 (t, J = 7.4 Hz, 1H), 7.48 (t, J = 7.8
Hz, 2H), 3.54 (q, J = 7.2 Hz, 2H), 3.22 (q, J = 7.1 Hz,
2H), 1.26 (t, J = 7.2 Hz, 3H), 1.13 (t, J= 7.1 Hz, 3H). 1*C
NMR (125 MHz, CDCl3) § = *C NMR (125 MHz,
CDCl3) 6 =191.5, 166.6, 134.4, 133.1, 129.5, 128.8, 77.2,
77.0, 76.7, 42.0, 38.7, 14.0, 12.7. The title compound 3m
was also obtained from N-Boc N-phenyl a-ketoamide 1g
in 73% (150 mg); from 1m 82% (170 mg) from 1n 88%

(180 mg).
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2.12.14. 2-Phenyl-1-(pyrrolidin-1-yl)ethan-1-one (3n) [27]

The title compound was obtained as yellow oil. The
residue was purified by column chromatography in silica
gel eluting with hexane/EtOAc (80:20), Ry= 0.26. Yield =
88% (168 mg). '"H NMR (500 MHz, CDCl3) § = 8.02—
7.98 (m, 2H), 7.65-7.62 (m, 1H), 7.52-7.49 (m, 2H), 3.66
(t, J=6.8 Hz, 2H), 3.43 (t, /= 6.4 Hz, 2H), 1.95-1.94 (m,
4H). C NMR (125 MHz, CDCl3) 6 = 191.6, 164.9,
134.6, 132.9, 129.9, 128.9, 46.7, 45.2, 25.9, 24.0. The title
compound 3n was also obtained from N N-Boc N-phenyl

a-ketoamide 1g in 89% (181 mg).

2.12.15. 1-Phenyl-2-(piperidin-1-yl)ethane-1,2-dione (30) [264a]

The title compound was obtained as a white solid. M.p.
9495 °C. The residue was purified by column
chromatography in silica gel eluting with hexane/EtOAc
(80:20), Ry=0.20. Yield = 89% (193 mg). '"H NMR (500
MHz, CDCL) 6= 7.98 — 7.92 (m, 2H), 7.67 — 7.61 (m,
1H), 7.51 (t, J= 7.7 Hz, 2H), 3.70 (s, 2H), 3.30-3.27 (m,
2H), 1.71-1.68 (m, 4H), 1.55 (d, J = 5.0 Hz, 2H). *C
NMR (125 MHz, CDCls) o= 191.9, 165.4, 134.6, 133.2,
129.6, 129.0, 47.0, 42.1, 26.2, 25.4, 24.4. The title

compound 30 was also obtained from N-Boc N-phenyl o-
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ketoamide 1g in 88% (191 mg).

2.12.16. 1-Morpholino-2-phenylethane-1,2-dione (3p) [26a]

The title compound was obtained as yellow oil. The
residue was purified by column chromatography in silica
gel eluting with hexane/EtOAc (80:20), Ry=0.21. Yield =
94% (205 mg). '"H NMR (500 MHz, CDCl3) 6= 7.97-7.95
(m, 2H), 7.67-7.64 (m, 1H), 7.54-7.51 (t, J = 7.8 Hz,
2H), 3.82-3.77 (m, 4H), 3.66-3.64 (m, 2H), 3.39-3.37
(m, 2H). 1*C NMR (125 MHz, CDCl3) § = 191.1, 165.4,
134.9, 133.0, 129.7, 129.1, 66.7, 66.7, 46.3, 41.6. The title
compound 3p was also obtained from N-Boc N-phenyl a-
ketoamide 1g in 85% (186 mg); from 1m 85% (186 mg)

from 1n 89% (196 mg).

2.12.17. 1-Morpholino-2-phenylethane-1,2-dione (3q) [26b]

The title compound was obtained as yellow solid. M.p.
82-84 °C. The residue was purified by column
chromatography in silica gel eluting with hexane/EtOAc
(80:20), Ry = 0.45. Yield = 95% (223 mg). '"H NMR (500
MHz, CDCl3) 6 = 7.92 (d, J= 8.1 Hz, 2H), 7.64 (t, J= 7.4
Hz, 1H), 7.50 (t, J = 7.8 Hz, 2H), 4.04-3.98 (m, 2H),
3.62-3.57 (m, 2H), 2.76-2.71 (m, 2H), 2.63-2.58 (m,

2H)."3C NMR (125 MHz, CDCl3) 6 = 191.2, 165.6, 134.8,
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132.9, 129.5, 129.0, 48.6, 43.6, 27.7, 27.2. The title
compound 3q was also obtained from N-Boc N-phenyl o-

ketoamide 1g in 85% (200 mg).

2.12.18. 1-(4-Benzhydrylpiperazin-1-yl)-2-phenylethane-1,2-dione (3r) [30]

The title compound was obtained as brown viscous oil.
The residue was purified by column chromatography in
silica gel eluting with hexane/EtOAc (80:20), R, = 0.10.
Yield = 89% (341 mg). 'H NMR (500 MHz, CDCl3) 6 =
7.96-7.91 (m, 2H), 7.62 (d, J = 7.4 Hz, 1H), 7.50 (t, J =
7.7 Hz, 2H), 7.41-7.39 (d, J = 7.3 Hz, 4H), 7.28 (d, J =
7.4 Hz, 3H), 7.21-7.17 (m, 2H), 4.28 (s, 1H), 3.80-3.78
(m, 2H), 3.38-3.36 (m, 2H), 2.54-2.52 (m, 2H), 2.37—
2.36 (m, 2H). *C NMR (125 MHz, CDCls) § = 191.5,
165.3, 141.8, 134.7, 133.1, 129.6, 129.0, 128.7, 127.8,
127.3,75.8, 51.9, 51.4, 46.1, 41.4. The title compound 3r
was also obtained from N-Boc N-phenyl a-ketoamide 1g

in 84% (323 mg).

2.12.19. N-Benzyl-2-oxo0-2-(p-tolyl)acetamide (4a) [28]

0]

(4a)

1 )

The title compound was obtained as a white solid. M.p.
81.1-81.5 °C. The residue was purified by column
chromatography in silica gel eluting with hexane/EtOAc

(80:20), R, = 0.62. Yield = 92% (232 mg). 'H NMR (500
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MHz, CDCl3) 0 = 8.29 (d, J = 8.2 Hz, 2H), 7.44 (s, 1H),
7.36-7.30 (m, 5H), 7.28 (d, J = 8.0 Hz, 2H), 4.57 (d, J =
6.1 Hz, 2H), 2.43 (s, 3H). '*C NMR (125 MHz, CDCls)
0o=187.0, 161.8, 145.7, 137.2, 131.4, 130.8, 129.2, 128.8,
127.9, 127.8, 43.4, 21.9. The title compound 4a was also
obtained from N-Boc N-methyl a-ketoamide 1ja in 89%

(225 mg).

2.12.20. N-Benzyl-2-(4-methoxyphenyl)-2-oxoacetamide (4b) [28]

O

(@)
Meow

(4b)

H
N

L

The title compound was obtained as a white solid. M.p.
95.3-95.7 °C. The residue was purified by column
chromatography in silica gel eluting with hexane/EtOAc
(80:20), Ry = 0.65. Yield = 94% (22 mg). 'H NMR (500
MHz, CDCl3) ¢ = 8.44-8.42 (m, 2H), 7.51 (s, 1H), 7.37—
7.29 (m, 5H), 6.96-6.93 (m, 2H), 4.56 (d, J = 6.1 Hz,
2H), 3.88 (s, 3H). '*C NMR (125 MHz, CDCl3) § = 185.5,
164.7, 162.1, 137.2, 133.9, 128.8, 127.8, 127.7, 126.3,
113.8, 55.5, 43.4. The title compound 4b was also
obtained from N-Boc N-methyl a-ketoamide 1jb in 90%

(242 mg).

2.12.21. N-Benzyl-2-(3-methoxyphenyl)-2-oxoacetamide (4c) [28]
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The title compound was obtained as colorless oil. The
residue was purified by column chromatography in silica
gel eluting with hexane/EtOAc (80:20), Ry= 0.55. Yield =
91% (235 mg). '"H NMR (500 MHz, CDCls) J = 8.00 (d,
J=17.6 Hz, 1H), 7.84 (d, J = 1.3 Hz, 1H), 7.47 (s, 1H),
7.40-7.30 (m, SH), 7.19-7.16 (m, 1H), 4.56 (d, J = 6.1
Hz, 2H), 3.85 (s, 3H). >*C NMR (125 MHz, CDCl3) § =
187.3, 161.6, 159.5, 137.1, 134.4, 129.5, 128.9, 127.8,
127.7, 124.1, 121.4, 114.6, 55.4, 43.4. The title compound
4c was also obtained from N-Boc N-methyl a-ketoamide

1jc in 87% (234 mg).

2.12.22. N-Benzyl-2-(3,4-dimethoxyphenyl)-2-oxoacetamide (4d) [31]

MeO

MeO

0]

Y

(4d)

H
N

L

The title compound was obtained as a white solid. M.p.
119-121 °C. The residue was purified by column
chromatography in silica gel eluting with hexane/EtOAc
(80:20), Ry=0.59. Yield = 92% (275 mg). '"H NMR (500
MHz, CDCl;) 6 = 8.26 (d, J = 3.6 Hz, 1H), 7.88 (dd, J =
4.5, 2.3 Hz, 1H), 7.51 (s, 1H), 7.33-7.28 (m, 5H), 6.92
(dd, J= 9.6, 6.5 Hz, 1H), 4.55 (s, 2H), 3.95 (s, 3H), 3.92
(s, 3H). ¥C NMR (125 MHz, CDCl3) 6 = 185.3, 162.1,
154.7, 148.8, 137.2, 128.8, 127.8, 127.7, 127.4, 126.4,

112.6, 110.2, 56.1, 55.9, 43.4. The title compound 4d was
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also obtained from N-Boc N-methyl a-ketoamide 1jd in

87% (260 mg).

2.12.23. N-Benzyl-2-(4-fluorophenyl)-2-oxoacetamide (4¢) [28]

The title compound was obtained as a white solid. M.p.
6667 °C. The residue was purified by column
chromatography in silica gel eluting with hexane/EtOAc
(80:20), Ry= 0.60. Yield = 93% (239 mg). 'H NMR (500
MHz, CDCl;) 6 = 8.48-8.46 (m, 2H), 7.47 (s, 1H), 7.38—
7.30 (m, 5H), 7.17-7.13 (dd, J = 12.8, 4.5 Hz, 2H), 4.56
(d, J = 6.1 Hz, 2H). 3C NMR (125 MHz, CDCl;) § =
185.6, 166.6 (d, J = 256.25 Hz), 161.3, 137.0, 134.3 (d, J
= 10.0 Hz), 129.8 (d, J = 2.5 Hz), 128.8, 127.8, 115.8,
115.6, 43.5. The title compound 4e was also obtained

from N-Boc N-methyl a-ketoamide 1je in 82% (211mg).

2.12.24. N-Benzyl-2-(4-chlorophenyl)-2-oxoacetamide (4f) [28]

The title compound was obtained as a white solid. M.p.
111.9-112.3 °C. The residue was purified by column
chromatography in silica gel eluting with hexane/EtOAc
(80:20), Ry= 0.63. Yield = 94% (256 mg). 'H NMR (500
MHz, CDCl;) ¢ = 8.36 (d, J = 8.6 Hz, 2H), 7.47-7.45 (m,
2H), 7.38-7.31 (m, 5H), 4.57 (d, J = 6.1 Hz, 2H). BC

NMR (125 MHz, CDCl;) 6 = 186.1, 161.1, 141.3, 136.9,
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132.7, 131.7, 129.0, 128.9, 127.90, 127.9, 43.5. The title
compound 4f was also obtained from N-Boc N-methyl o-

ketoamide 1jf in 83% (227 mg).

2.12.25. N-Benzyl-2-(2-chlorophenyl)-2-oxoacetamide (4g) [32]

The title compound was obtained as a white solid. M.p.
91-92 °C. The residue was purified by column
chromatography in silica gel eluting with hexane/EtOAc
(80:20), Ry= 0.63. Yield = 81% (221 mg). '"H NMR (500
MHz, CDCl3) 6 = 7.71-7.69 (m, 2H), 7.50-7.44 (m, 4H),
7.40-7.32 (m, 2H), 7.29 (s, 1H), 4.58 (d, J = 6.1 Hz, 4H).
B3C NMR (125 MHz, CDCl3) § = 190.0, 160.6, 136.9,
134.0, 133.1, 131.3, 130.4, 128.9, 128.0, 127.9, 126.6,
43.7. The title compound 4g was also obtained from N-

Boc N-methyl a-ketoamide 1jg in 72% (197 mg).

2.12.26. N-Benzyl-2-(4-bromophenyl)-2-oxoacetamide (4h) [28]

0]

(4h)

1 )

The title compound was obtained as a white solid. M.p.
113—-114 °C. The residue was purified by column
chromatography in silica gel eluting with hexane/EtOAc
(80:20), Ry= 0.58. Yield = 95% (301 mg). 'H NMR (500
MHz, CDCl3) ¢ = 8.27 (d, J = 8.6 Hz, 2H), 7.63 (d, J =
8.6 Hz, 2H), 7.43 (s, 1H), 7.37-7.32 (m, 5H), 4.56 (d, J =

6.1 Hz, 2H). 3C NMR (125 MHz, CDCL) 6 = 186.3,
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161.1, 136.9, 132.8, 132.1, 131.98, 130.2, 128.9, 127.9,
129.9, 43.5. The title compound 4h was also obtained

from N-Boc N-methyl a-ketoamide 1jh in 85% (270 mg).

2.12.27. N-Benzyl-2-(4-nitrophenyl)-2-oxoacetamide (4i)

0]

o
O2N (4i)

1

The title compound was obtained as a pale-yellow solid.
M.p. 91-92 °C. The residue was purified by column
chromatography in silica gel eluting with hexane: EtOAc
(80:20), Ry = 0.38. Yield 86% (244 mg). 'H NMR (500
MHz, CDCl3) 6 = 8.55 (d, J = 8.8 Hz, 2H), 8.31 (d, J =
8.8 Hz, 2H), 7.47 (s, 1H), 7.39-7.35 (m, 5H), 4.59 (d, J =
6.1 Hz, 2H). *C NMR (125 MHz, CDCl3) 6§ = 185.9,
160.3, 150.8, 137.9, 136.6, 132.4, 128.9, 128.1, 127.9,
123.5, 43.7. HRMS: Calc. for C;sH;3sN2Os [M+H]":

285.0875, Obser.: 285.0875.

2.12.28. N-Benzyl-2-0x0-2-(pyridin-3-yl)acetamide (4j)

The title compound was obtained as a white solid. M.p.
120 °C. The residue was purified by column
chromatography in silica gel eluting with hexane: EtOAc
(80:20), Ry=0.25. Yield = 91% (218 mg). 'H NMR (500
MHz, CDCl;) 6 = 9.53 (d, J = 1.6 Hz, 1H), 8.82 (dd, J =
4.8, 1.5 Hz, 1H), 8.68 (dt, J = 8.0, 1.8 Hz, 1H), 7.54 (s,

1H), 7.44-7.42 (m, 1H), 7.38-7.30 (m, 5H), 4.57 (d, J =
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6.1 Hz, 2H). 3C NMR (125 MHz, CDCL) ¢ = 186.4,
160.5, 154.3, 152.2, 138.6, 136.8, 129.1, 128.9, 128.0,
127.9, 123.3, 43.6. HRMS: Calc. for CisHi2N2NaO»

[M+Na]": 263.0796, Obser.: 263.0792.

2.12.29. N-Benzyl-2-oxopropanamide (4k) [33]

0]

A p L)

O (4k)

The title compound was obtained as a colorless liquid.
The residue was purified by column chromatography in
silica gel eluting with hexane: EtOAc (80:20), Ry = 0.30.
Yield = 95% (168 mg). '"H NMR (500 MHz, CDCl3) 6 =
7.36-7.28 (m, SH), 7.27 (s, 1H), 4.47 (d, J = 6.1 Hz, 2H),
2.50 (s, 3H). 3C NMR (125 MHz, CDCl3) § = 197.0,
159.9, 136.9, 128.8, 127.9, 43.5, 24.5. HRMS: Calc. for

CioH12NO2 [M+H]": 178.0868, Obser.: 178.0861.
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2.13 Few spectra of the products

5%
65'F
9TL
6L
0cL
0£'L
€L
€L
€L

3
EEL
EEL
PEL
bEL
S€L
SE°L
9€L
LEL
LEL
LEL
BE'L
8€L
6E°L
we
e
e
Bv'L
6¥°L
6¥°L
05°¢
152
L
9L
WL
£9°L

5974~

59°2

S9°L°

968,
98
9’8

LE°8

BE'R!

(3a)

Y

————— 05|
e —— 1T
3207

JE——

. =207

= 967 |

4.0 s

45

5.0

55

6.0

9.5

10.0

f1 (ppm)

6F'EF—

mh.oh.
oo A.‘RW
STLL

mm.hﬁ
mmﬁ)
059214
mw.mdm
YT IET

Nm.mmﬁ
mtfm.ﬁ \
60°LET-

TST9T—

18°481—

(3a)

60 50 40 30 20 10

70

190 180 170 160 150 140 130 120 110 100 a0
1 (ppm)

200

Figure 2.2 'H and 1*C NMR of product 3a in CDCI;

Page 68

Department of Chemistry, IIT (BHU), Varanasi.



Chapter-2

RABEIRRFY 8582828 KEIREEE
N S N S N TLETMmm aninnco
L) e R N e

W M [ v
o W b=3 {=3
Qoo (=1 <
NS ~N o~
9.5 9.0 85 8.0 75 7.0 6.5 6.0 5.5 4.5 4.0 35 3.0 2.5 2.0 15 1.0 0.5 0.0
f1 (ppm)
b ~ (= [22]
i 2 ki 180 T8 RE
Lo o MmN ™~ I~ o o m ~ s
— — _— = NN~ T T N~
| | SNy ~ Il N
[}
I 1 1
‘ ‘ 1 [
210 200 190 180 170 160 150 140 130 120 110 100 ) 90 70 60 50 40 30 20 10 0 -10
f1 (ppm

Figure 2.3 'H and 3C NMR of product 3q in CDCl;

Department of Chemistry, IIT (BHU), Varanasi.

Page 69



Chapter-2

VO T M= OO O [} o
MEmmEmmm N~~~ * n
NERNENNNNNNNN ‘U o
e s | —— |

0]

)H(H

O (4k)

-
|

L
g ¥ i
w o (=3 f=]
L 2 =
<o ~ P
————7——— 7T T T T T — 77—
9.5 9.0 85 B0 75 7.0 6.5 6.0 5.5 5.0 45 4.0 35 3.0 25 2.0 1.5 1.0 0.5 0.0 -0.5
f1 (ppm)
a 5 2 22 o0 0 @
v a O oy fee i b A
& n M oA NG o <«
2 =4 e R s NN < ~
| | | N ~ | |
1
]
| ‘
T T T T T T T T T T T T — T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

f1 (ppm)

Figure 2.4 'H and 3C of product 4k in CDCl;

Department of Chemistry, IIT (BHU), Varanasi. Page 70



Chapter-2

2.14 References

[1]

(a) A. Greenberg, C. M. Breneman, J. F. Liebman, The Amide Linkage: Structural
Significance in Chemistry, Biochemistry, and Materials Science. Wiley-
Interscience: New York, 2000; (o) D. Kaiser, A. Bauer, M. Lemmerer, N. Maulide,
“Amide activation: an emerging tool for chemoselective synthesis,” Chemical
Society Reviews, 47(2018) 7899-7925.

(a) V. R. Pattabiraman, J. W. Bode, “Rethinking amide bond synthesis,” Nature,
480(2011) 471-479; (b) R. M. de Figueiredo, J. S. Suppo, J. M. Campagne,
“Nonclassical routes for amide bond formation,” Chemical Reviews, 116(2016)
12029-12122; (¢) T. A. Dineen, M. A. Zajac, A. G. Myers, “Efficient transamidation
of primary carboxamides by in situ activation with N, N-dialkylformamide dimethyl
acetals,” Journal of the American Chemical Society, 128(2006) 16406—16409.

(a) P. Acosta-Guzman, A. Mateus-Gomez, D. Gamba-Sanchez, “Direct
transamidation reactions: mechanism and recent advances,” Molecules, 23(2018)
2382; (b) R. M. Lanigan, T. D. Sheppard, “Recent developments in amide synthesis:
Direct amidation of carboxylic acids and transamidation reactions,” European
Journal of Organic Chemistry, 2013(2013) 7453-7465; (c) L. Becerra-Figueroa, A.
Ojeda-Porras, D. Gamba-Sanchez, “Transamidation of carboxamides catalyzed by
Fe (II1) and water,” The Journal of organic chemistry, 79(2014) 4544-4552; (d) C.
L. Allen, B. N. Atkinson, J. M. J. Williams, “Transamidation of primary amides
with  amines using hydroxylamine hydrochloride as an inorganic
catalyst,” Angewandte Chemie International Edition, 51(2012) 1383-1386; (e) T. B.
Nguyen, J. Sorres, M. Q. Tran, L. Ermolenko, “Boric acid: a highly efficient catalyst
for transamidation of carboxamides with amines,” Organic letters, 14(2012) 3202-
3205; (f) N. A. Stephenson, J. Zhu, S. H. Gellman, S. S. Stahl, “Catalytic
transamidation reactions compatible with tertiary amide metathesis under ambient
conditions,” Journal of the American Chemical Society, 131(2009) 10003-10008.

(a) J. E. Dander, N. K. Garg, “Breaking amides using nickel catalysis,” ACS
catalysis 7(2017) 1413-1423; (b) C. W. Liu, M. Szostak, “Twisted Amides: From
Obscurity to Broadly Useful Transition-Metal-Catalyzed Reactions by N—C Amide
Bond Activation,” Chemistry—A European Journal, 23(2017) 7157-7173; (¢) S. C.
Shi, S. P. Nolan, M. Szostak, “Well-defined palladium (II)-NHC precatalysts for
cross-coupling reactions of amides and esters by selective N-C/O-C
cleavage,” Accounts of Chemical Research, 51(2018) 2589-2599; (d) R. Takise, K.
Muto and J. Yamaguchi, “Cross-coupling of aromatic esters and amides,” Chemical
Society Reviews, 46(2017) 5864-5888; (e) G. Meng, S. Shi, R. Lalancette, R.

Department of Chemistry, [IT (BHU), Varanasi. Page 71



Chapter-2

[5]

[6]

Szostak and M. Szostak, “Reversible twisting of primary amides via ground state N—
C (O) destabilization: highly twisted rotationally inverted acyclic amides,” Journal
of the American Chemical Society, 140(2018) 727-734; (f) R. Szostak, S. Shi, G.
Meng, R. Lalancette, M. Szostak, “Ground-state distortion in N-acyl-fert-butyl-
carbamates (Boc) and N-acyl-tosylamides (Ts): twisted amides of relevance to
amide N-C cross-coupling,” The Journal of Organic Chemistry, 81(2016) 8091-
8094; (g) M. B. Chaudhari, B. Gnanaprakasam, “Recent Advances in the
Metal-Catalyzed Activation of Amide Bonds,” Chemistry—An Asian Journal,
14(2019) 76-93.

(a) E. L. Baker, M. M. Yamano, Y. J. Zhou, S. M. Anthony, N. K. Garg, “A two-
step approach to achieve secondary amide transamidation enabled by nickel
catalysis,” Nature communications, 7(2016) 11554; (b) J. E. Dander, E. L. Baker, N.
K. Garg, “Nickel-catalyzed transamidation of aliphatic amide derivatives,” Chemical
science, 8(2017) 6433-6438.

(a) Y. M. Liu, S. C. Shi, M. Achtenhagen, R. Z. Liu, M. Szostak, “Metal-Free
Transamidation of Secondary Amides via Selective N-C Cleavage under Mild
Conditions,” Organic letters, 19(2017) 1614-1617; (b) G. C. Li, M. Szostak,
“Highly selective transition-metal-free transamidation of amides and amidation of
esters at room temperature,” Nature communications, 9(2018) 4165; (c¢) G. Meng, P.
Lei, M. Szostak, “A general method for two-step transamidation of secondary
amides using commercially available, air-and moisture-stable palladium/NHC (N-
heterocyclic carbene) complexes,” Organic letters, 19(2017) 2158-2161; (d) S. Shi,
M. Szostak, “Pd—PEPPSI: A general PdA-NHC precatalyst for Buchwald—Hartwig
cross-coupling of esters and amides (transamidation) under the same reaction
conditions,” Chemical communications, 53(2017) 10584-10587; (e) M. M. Rahman,
G. Li, M. Szostak, “Metal-Free Transamidation of Secondary Amides by N-C
Cleavage,” The Journal of Organic Chemistry, 84(2019) 12091-12100; (f) G. L1, C-
L. Ji, X. Hong, M. Szostak, “Highly chemoselective, transition-metal-free
transamidation of unactivated amides and direct amidation of alkyl esters by N—
C/O-C cleavage,” Journal of the American Chemical Society, 141(2019)
11161-11172; (g) G. Li, T. Zhou, A. Poater, L. Cavallo, S. P. Nolan, M. Szostak,
“Buchwald—Hartwig cross-coupling of amides (transamidation) by selective N—C
(O) cleavage mediated by air-and moisture-stable [Pd (NHC)(allyl) Cl] precatalysts:
catalyst evaluation and mechanism,” Catalysis Science & Technology, 10(2020)
710-716; (h) G. Li, M. Szostak, ‘“Non-classical amide bond formation:
Transamidation and amidation of activated amides and esters by selective N-C/O—C
cleavage,” Synthesis, 52(2020) 2579-2599; (@) G. Li, M.

Department of Chemistry, IIT (BHU), Varanasi. Page 72



Chapter-2

Szostak, "Transition-Metal-Free  Activation of Amides by N-C Bond
Cleavage,” The Chemical Record, 20(2020) 649-659; (j) G. Li, S. Ma, M. Szostak,
“Amide bond activation: the power of resonance,” Trends in Chemistry, 2(2020)
914-928.

(a) O. Verho, M. P. Lati, M. Oschmann, “A two-step procedure for the overall
transamidation of 8-aminoquinoline amides proceeding via the intermediate N-acyl-
Boc-carbamates,” The Journal of Organic Chemistry, 83(2018) 4464-4476; (b) C.
W. Cheung, M. L. Ploeger, X. L. Hu, “ Nickel-catalyzed reductive transamidation of
secondary amides with nitroarenes,” ACS Catalysis, 7(2017) 7092-7096; (¢) J. I.
Chen, Y. Z. Xia, S. Lee, “Transamidation for the synthesis of primary amides at
room temperature,” Organic letters, 22(2020) 3504-3508; (d) R. Ramkumar, S.
Chandrasekaran, “Catalyst-Free, Metal-Free, and Chemoselective Transamidation of
Activated Secondary Amides,” Synthesis, 51(2019) 921-932; (e) W. J. Guo, J. J.
Huang, H. X. Wu,T. T. Liu, Z. F. Luo, J. S. Jian, Z. Zeng, “One-pot transition-metal
free transamidation to sterically hindered amides,” Organic Chemistry Frontiers,
5(2018) 2950-2954.

(a) A. Arasappan, F. Bennett, S. L. Bogen, S. Venkatraman, M. Blackman, K. X.
Chen, S. Hendrata, Y. H. Huang, R. H. Huelgas, L. Nair, A. I. Padilla, W. D. Pan, R.
Pike, P. Pinto, S. M. Ruan, M. Sannigrahi, F. Velazquez, B. Vibulbhan, W. L. Wu,
W.Y. Yang, A. K. Saksena, V. Girijavallabhan, N. Y. Shih, J. S. Kong, T. Meng, Y.
Jin, J. Wong, P. McNamara, A. Prongay, V. Madison, J. J. Piwinski, K. C. Cheng, R.
Morrison, B. Malcolm, X. A. Tong, R. Ralston, F. G. Njoroge, “Discovery of
narlaprevir (SCH 900518): a potent, second generation HCV NS3 serine protease
inhibitor,” ACS medicinal chemistry letters, 1(2010) 64-69; (b) A. Y. Howe, S.
Venkatraman, “The discovery and development of boceprevir: A novel, first-
generation inhibitor of the hepatitis C virus NS3/4A serine protease,” Journal of
Clinical and Translational Hepatology, 1(2013) 22-32; (c¢) M. Knaack, P. Emig, J.
W. Bats, M. Kiesel, A. Miiller, E. Giinther, “Synthesis and Characterization of the
Biologically Active 2-[1-(4-Chlorobenzyl)-1H-indol-3-yl]-2-oxo-N-pyridin-4-yl
Acetamide,” European Journal of Organic Chemistry, 2001(2001) 3843-3847.

(a) L. L. Zhang, D. Z. Lin, Y. Kusov, Y. Nian, Q. J. Ma, J. Wang, A. von Brunn, P.
Leyssen, K. Lanko, J. Neyts, A. de Wilde, E. J. Snijder, H. Liu, R. Hilgenfeld, “o-
Ketoamides as broad-spectrum inhibitors of coronavirus and enterovirus replication:
structure-based design, synthesis, and activity assessment,” Journal of Medicinal
Chemistry, 63(2020) 4562-4578; (b) L. Zhang, D. Lin, X. Sun, U. Curth, C. Drosten,
L. Sauerhering, S. Becker, K. Rox, R. Hilgenfeld, “Crystal structure of SARS-CoV-

Department of Chemistry, IIT (BHU), Varanasi. Page 73



Chapter-2

[10]

[11]

[12]

[13]

[14]

2 main protease provides a basis for design of improved a-ketoamide
inhibitors,” Science, 368(2020) 409-41; (¢) S. Pacifico, V. Ferretti, V. Albanese, A.
Fantinati, E. Gallerani, F. Nicoli, R. Gavioli, F. Zamberlan, D. Preti, M. Marastoni,
“Synthesis and biological activity of peptide a-ketoamide derivatives as proteasome
inhibitors,” ACS medicinal chemistry letters, 10(2019) 1086-1092; (d) D. V. Patel,
D. V.; D. Jr. G. Richard, H. K. W. Hsu, S. K. Anandan, B. R. Aavula, 2008,
(US2008/0200467A1).

(a) J. Garfunkle, F. S. Kimball, J. D. Trzupek, S. Takizawa, H. Shimamura, M.
Tomishima, D. L. Boger, “Total synthesis of chloropeptin II (complestatin) and
chloropeptin 1,” Journal of the American Chemical Society, 131(2009) 16036-
16038; (b) J. Staunton, B. Wilkinson, “Biosynthesis of erythromycin and
rapamycin,” Chemical reviews, 97(1997) 2611-2630.

(a) T. Meng, J. Han, P. Zhang, J. Hu, J. Fu, J. Yin, “Introduction of the a-ketoamide
structure: en route to develop hydrogen peroxide responsive prodrugs,” Chemical
science, 10(2019) 7156-7162; (b) J. J. Fu, J. Han, T. T. Meng, J. Hu, J. Yin, “Novel
o-ketoamide based diazeniumdiolates as hydrogen peroxide responsive nitric oxide
donors with anti-lung cancer activity,” Chemical Communications, 55(2019) 12904-
12907.

E. Ota, K. Usui, K. Oonuma, H. Koshino, S. Nishiyama, G. Hirai, M. Sodeoka,
“Thienyl-substituted o-ketoamide: a less hydrophobic reactive group for photo-
affinity labeling,” ACS Chemical Biology, 13(2018) 876-880.

(a) D. Bonne, T. Constantieux, Y. Coquerel, J. Rodriguez, “Stereoselective multiple
bond-forming transformations (MBFTs): the power of 1, 2-and 1, 3-dicarbonyl
compounds,” Chemistry—A European Journal, 19(2013) 2218-2231; (b) W.
Raimondi, D. Bonne, J. Rodriguez, “1, 2-Dicarbonyl Compounds as Pronucleophiles
in  Organocatalytic =~ Asymmetric  Transformations,” Angewandte = Chemie
International Edition, 51(2012) 40-42; (¢) W. Raimondi, D. Bonne, J. Rodriguez,
“Asymmetric  transformations involving 1, 2-dicarbonyl compounds as
pronucleophiles,” Chemical Communications, 48(2012) 6763-6775; (d) A.
Muthukumar, S. Sangeetha, G. Sekar, “Recent developments in functionalization of
acyclic a-keto amides,” Organic & Biomolecular Chemistry, 16(2018) 7068-7083.
(a) F. Heaney, J. Fenlon, P. McArdle, D. Cunningham, “a-Keto amides as
precursors to heterocycles—generation and cycloaddition reactions of piperazin-5-
one nitrones,” Organic & Biomolecular Chemistry, 1(2003) 1122-1132; (b) D. C.
Rogness, R. C. Larock, “Synthesis of N-Aryl isatins by the Reaction of Arynes with
Methyl 2-Oxo0-2-(arylamino) acetates,” The Journal of Organic Chemistry, 76(2011)
4980-4986; (¢) Y. X. Jia, D. Katayev, E. P. Kundig, “Synthesis of 3-

Department of Chemistry, IIT (BHU), Varanasi. Page 74



Chapter-2

[15]

[16]

hydroxyoxindoles by Pd-catalyzed intramolecular nucleophilic addition of aryl
halides to a-ketoamides,” Chemical communications, 46(2010) 130-2; (d) J. X. Hu,
H. Wu, C. Y. Li, W. J. Sheng, Y. X. Jia, J. R. Gao, “Nickel-Catalyzed
Intramolecular Nucleophilic Addition of Aryl or Vinyl Chlorides to a-Ketoamides
Through C-Cl Bond Activation,” Chemistry—A European Journal, 17(2011) 5234-
5237; (e) P. Acosta, D. Becerra, S. Goudedranche, J. Quiroga, T. Constantieux, D.
Bonne, J. Rodriguez, “Exploiting the reactivity of 1, 2-ketoamides: Enantioselective
synthesis of functionalized pyrrolidines and pyrrolo-1, 4-benzodiazepine-2, 5-
diones,” Synlett, 26(2015) 1591-1595.

(a) Y. Xu, G. Lu, S. Matsunaga, M. Shibasaki, “Direct anti-Selective Catalytic
Asymmetric Mannich-Type Reactions of a-Ketoanilides for the Synthesis of
v-Amino Amides and Azetidine-2-amides,” Angewandte Chemie, 48(2009) 3353-
3356; (b) O. Basle, W. Raimondi, M. Duque Mdel, D. Bonne, T. Constantieux, J.
Rodriguez, “Highly diastereo-and enantioselective organocatalytic michael addition
of a-ketoamides to nitroalkenes,” Organic Letters, 12(2010) 5246-5249; (c¢) J.
Stockigt, A. P. Antonchick, F. R. Wu, H. Waldmann, “The Pictet-Spengler reaction
in nature and in organic chemistry,” Angewandte Chemie International Edition,
50(2011) 8538-8564; (d) Q. Liu, S. Perreault, T. Rovis, “Catalytic asymmetric
intermolecular Stetter reaction of glyoxamides with alkylidenemalonates,” Journal
of the American Chemical Society, 130(2008) 14066-14067.

(a) C. De Risi, G. P. Pollini, V. Zanirato, “Recent developments in general
methodologies for the synthesis of a-ketoamides,” Chemical Reviews, 116(2016)
3241-3305; (b) D. Kumar, S. R. Vemula, G. R. Cook, “Recent advances in the
catalytic synthesis of a-ketoamides,” ACS Catalysis, 6(2016) 4920-4945; (c) M.
Nakamura, J. Inoue, T. Yamada, “A two-step, one-pot synthesis of diverse N-
pyruvoyl amino acid derivatives using the Ugi reaction,” Bioorganic & Medicinal
Chemistry Letters, 10(2000) 2807—-2810; (d) A. Ghoshal, M. D. Ambule, R.
Sravanthi, M. Taneja, A. K. Srivastava, “Copper-catalyzed oxidative cleavage of
Passerini and Ugi adducts in basic medium yielding a-ketoamides,” New Journal of
Chemistry, 43(2019) 14459-14474; (e) B. Song, S. Wang, C. Sun, H. Deng, B. Xu,
“Cesium carbonate promoted aerobic oxidation of arylacetamides: an efficient
access to N-substituted a-keto amides,” Tetrahedron Letters, 48(2007) 8982—8986;
() W. Wei, Y. Shao, H. Hu, F. Zhang, C. Zhang, Y. Xu, X. Wan, “Coupling of
methyl ketones and primary or secondary amines leading to a-ketoamides,” The
Journal of Organic Chemistry, 77(2012) 7157-7165; (g) Z. Zhang, J. Su, Z. Zha, Z.
Wang, “A novel approach for the one-pot preparation of a-ketoamides by anodic
oxidation,” Chemical Communications, 49(2013) 8982-8984; (h) A. Y. Shaw, C. R.

Department of Chemistry, IIT (BHU), Varanasi. Page 75



Chapter-2

[17]

[18]

Denning, C. Hulme, “Selenium dioxide-mediated synthesis of a-ketoamides from
arylglyoxals and secondary amines,” Tetrahedron letters, 53(2012) 4151-4153; (1)
J. Chen, H. Wu, Q. Gui, X. Han, Y. Wu, K. Du, Z. Cao, Y. Lin, W. M. He,
“Electrochemical Synthesis of oa-Ketoamides under Catalyst-, Oxidant-, and
Electrolyte-Free Conditions,” Organic letters, 22(2020) 2206-2009; (j) B. Du, B.
Jin, P. Sun, “The syntheses of a-ketoamides via nBusNI-catalyzed multiple sp3 C—H
bond  oxidation of  ethylarenes and  sequential  coupling  with
dialkylformamides,” Organic & Biomolecular Chemistry, 12(2014) 4586—4589; (k)
M. Ramanathan, C. Kuo, S. Liu, “One pot synthesis of a-ketoamides from
ethylarenes and amines: a metal free difunctionalization strategy,” Organic &
Biomolecular Chemistry, 14(2016) 11446-11453; (1) C. Zhang, N. Jiao, “Dioxygen
activation under ambient conditions: Cu-catalyzed oxidative amidation—
diketonization of terminal alkynes leading to a-ketoamides,” Journal of the
American Chemical Society, 132(2010) 28—29; (m) Q. W. Tan, P. Chovatiab, M. C.
Willis, “Copper-catalyzed synthesis of alkylidene 2-pyrrolinone derivatives from the
combination of a-keto amides and alkynes,” Organic & Biomolecular Chemistry,
16(2018) 7797-7800; (n) V. C. Kokotou, A. Peristeraki, C. G Kokotos, D. A. Six, E.
A. Dennis, “Synthesis and activity of 2-oxoamides containing long chain -amino
acids,” Journal of Peptide Science: An Official Publication of the European Peptide
Society, 11(2005) 431-435; (o) A. Orliac, D. G. Pardo, A. Bombrun, J. Cossy,
“Xtalfluor-E, an efficient coupling reagent for amidation of carboxylic
acids,” Organic letters, 15(2013) 902-905; (p) F. Ozawa, H. Soyma, T. Yamamoto,
A. Yamamoto, “Catalytic double carbonylation of organohalogen compounds
promoted by palladium complexes,” Tetrahedron Letters, 23(1982) 3383—3386; (p)
Y-K, Zhang, B. Wang, “Synthesis of a-Ketoamides from B-Ketonitriles and Primary
Amines: A Catalyst-Free Oxidative Decyanation—Amidation Reaction,” European
Journal of Organic Chemistry, 2019(2019) 5732-5735; (q) M. K. Reddy, S. Mallik,
I. Ramakrishna, M. Baidya, “Nitrosocarbonyl-Henry and Denitration Cascade:
Synthesis of a-Ketoamides and a-Keto Oximes,” Organic Letters, 19(2017) 1694-
1697.

R. D. Bach, I. Mintcheva, W. J. Kronenberg, H. B. Schlegel, “Torsional barriers in
alpha-keto amides. Model studies related to the binding site of FK506,” The Journal
of Organic Chemistry, 58(1993) 6135-6138.

(a) P. Chaudhary, S. Gupta, N. Muniyappan, S. Sabiah, J. Kandasamy, “An efficient
synthesis of N-nitrosamines under solvent, metal and acid free conditions using tert-
butyl nitrite,” Green Chemistry, 18(2016) 2323-2330; (b) P. Chaudhary, S. Gupta, P.
Sureshbabu, S. Sabiah, J. Kandasamy, “A metal free reduction of aryl-N-

Department of Chemistry, IIT (BHU), Varanasi. Page 76



Chapter-2

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

nitrosamines to the corresponding hydrazines using a sustainable reductant thiourea
dioxide,” Green Chemistry, 18(2016) 6215-6221; (c¢) P. Chaudhary, R. Korde, S.
Gupta, P. Sureshbabu, S. Sabiah, J. Kandasamy, “An Efficient Metal-Free Method
for the Denitrosation of Aryl N-Nitrosamines at Room Temperature,” Advanced
Synthesis & Catalysis, 360(2018) 556-561; (d) P. Chaudhary, S. Gupta, N.
Muniyappan, S. Sabiah, J. Kandasamy, “Regioselective nitration of N-alkyl anilines
using tert-butyl nitrite under mild condition,” The Journal of Organic Chemistry,
84(2019) 104-119.

P. Sureshbabu, S. Azeez, P. Chaudhary, J. Kandasamy, “tert-Butyl nitrite promoted
transamidation of secondary amides under metal and catalyst free
conditions,” Organic & Biomolecular Chemistry, 17(2019) 845-850.

P. Sureshbabu, S. Azeez, N. Muniyappan, S. Sabiah, J. Kandasamy,
“Chemoselective synthesis of aryl ketones from amides and Grignard reagents via C
(O)-N bond cleavage under catalyst-free conditions,” The Journal of Organic
Chemistry, 84(2019) 11823-11838.

D. Wang, K. Zhang, L. H. Jia, D. T. Zhang, Y. Zhang, Y. J. Cheng, C. Lin, B.
Wang, “nBusNI-Mediated oxidation of methyl ketones to a-ketoamides: using
ammonium, primary and secondary amine-salt as an amine moiety,” Organic &
Biomolecular Chemistry, 15(2017) 3427-3434.

P. Das, H. M. Begam, S. K. Bhunia, R. Jana, “Photoredox-Catalyzed Tandem
Demethylation of N, N-Dimethyl Anilines Followed by Amidation with a-Keto or
Alkynyl Carboxylic Acids,” Advanced Synthesis & Catalysis, 361(2019) 4048-4054.
(a) C. Zhang, Z. Xu, L. Zhang, N. Jiao, “Copper-Catalyzed Aerobic Oxidative
Coupling of  Aryl Acetaldehydes with Anilines Leading to
o-Ketoamides,” Angewandte Chemie, 123(2011) 11284-11288; (b) P. Sureshbabu,
S. Azeez, N. Muniyappan, S. Sabiah, J. Kandasamy, “Chemoselective synthesis of
aryl ketones from amides and Grignard reagents via C (O)-N bond cleavage under
catalyst-free conditions,” The Journal of Organic chemistry, 84(2019) 11823-11838.
X. Li, G. Zou, “Acylative Suzuki coupling of amides: acyl-nitrogen activation via
synergy of independently modifiable activating groups,” Chemical Communications,
51(2015) 5089-5092.

X. Liu, Z. X. Zhang, B. Zhou, Z. S. Wang, R. H. Zheng, L.W. Ye, “Synthesis of a-
keto imides through copper-catalyzed oxidation of N-sulfonyl ynamides,” Organic
& Biomolecular Chemistry, 15(2017) 10156-10159.

(a) Z. L. Zhang, J. H. Su, Z. G. Zha, Z. Y. Wang, “A novel approach for the one-pot
preparation of o-ketoamides by anodic oxidation,” Chemical Communications,
49(2013) 8982-8984; (b) P. H. Li, Z. Wang, H. Fu, Q. P. Dai, C. W. Hua, “Cu

Department of Chemistry, [IT (BHU), Varanasi. Page 77



Chapter-2

[27]

[28]

[29]

[30]

[31]

[32]

[33]

(I)/{NbeO19} catalyzed N-acylation of aryl acetic acids with amines under aerobic
conditions,” Chemical Communications, 54(2018) 12471-12474; (c¢) H. Cha, J. Y.
Chai, H. B. Kim, D. Y. Chi, “Synthesis of aliphatic a-ketoamides from a-substituted
methyl ketones via a Cu-catalyzed aerobic oxidative amidation,” Organic &
Biomolecular Chemistry, 19(2021) 4320-4326.

W. Wei, Y. Shao, H. Y. Hu, F. Zhang, C. Zhang, Y. Xu, X. B. Wan, “Coupling of
methyl ketones and primary or secondary amines leading to a-ketoamides,” The
Journal of Organic Chemistry, 77(2012) 7157-7165.

Y. K. Zhang, B. Wang, “Synthesis of a-Ketoamides from -Ketonitriles and Primary
Amines: A Catalyst-Free Oxidative Decyanation—Amidation Reaction,” European
Journal of Organic Chemistry, 2019(2019) 5732-5735.

M. Gergely, R. Farkas, A. Takacs, A. Petz, L. Kollar, “Synthesis of N-
picolylcarboxamides via palladium-catalyzed aminocarbonylation of iodobenzene
and iodoalkenes,” Tetrahedron, 70(2014) 218-224.

M. Ramanathan, C. K. Kuo, S. T. Liu, “One pot synthesis of a-ketoamides from
ethylarenes and amines: a metal free difunctionalization strategy,” Organic &
Biomolecular Chemistry, 14(2016) 11446-11453.

L. Liu, L. Du, D. Zhang-Negrerie, Y. F. Du, K. Zhao, “Metal-Free Tandem
Oxidative Aryl Migration and C—C Bond Cleavage: Synthesis of a-Ketoamides and
Esters from Acrylic Derivatives,” Organic letters, 16(2014) 5772-5775.

G. X. Gu, T. L. Yang, O. R. Yu, H. Qan, J. Wang, J. L. Wen, L. Dang, X. M. Zhang,
“Enantioselective iridium-catalyzed hydrogenation of a-keto amides to a-hydroxy
amides,” Organic Letters, 19(2017) 5920-5923.

D. Ghosh, R. Nandi, S. Khamarui, S. Ghosh, D. K. Maiti, “Selective amidation by a
photocatalyzed umpolung reaction,” Chemical Communications, 55(2019) 3883-
3886.

Department of Chemistry, IIT (BHU), Varanasi. Page 78



