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Microwave-Assisted  Chemoselective  Transamidation  of
Secondary Amides by Selective N-C(O) Bond Cleavage under
Catalyst, Additive and Solvent-Free Conditions

3.1 Introduction

The amides constitute a crucial functional group in pharmaceutical chemistry, polymer
science, and synthetic chemistry [1-4]. Various health disorders can be prevented as well as
treated with the carboxamide functional group containing moieties [5-7] (Figure 3.1). Due
to the significance of amides, a great deal of work has been put into creating synthetic
processes for producing a variety of amides. The most promising method for creating amide
bonds among the several methods is the transamidation of amide with amine [8, 9] which
offers a straightforward, rapid approach with good atom economy. Although transamidation
of secondary amides is challenging but due to the importance of secondary amides in
natural products and pharmacologically active molecules [10, 11], the recent focus was
given to this group of substrates.

Garg and co-workers have developed two-step strategies for the transamidation of
secondary amides, in the first step amides were activated through steric and electronic
distortion of the N—C(O) amide bond to give non-planar N-Boc amides. In the second step,
transamidation with various nucleophilic amines in the presence of Ni catalyst was

achieved [12-14].
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Figure 3.1 Some examples of bioactive substituted amides.

On the other hand, Szostak and co-workers have demonstrated transamidation of N-tert-
butoxycarbonyl (N-Boc) [15, 16], N-toluenesulphonate (N-Ts) activated secondary amides
with palladium [17-20], base catalysts [21], and recently in the absence of any additives
under mild conditions [22]. Recently transamidation of N-Boc, N-nitroso, N-tosyl and N-
pivaloyl activated primary and secondary amides have been reported without any catalyst
under mild conditions [23-28], and Xile Hu et. al reported nickel-catalyzed reductive
transamidation of secondary amides with nitroarenes as the nitrogen source [29].
Microwave irradiations (MW]1) are a non-conventional and environmentally friendly
energy source and have been successfully employed recently to promote organic

transformations [30-33]. A handful number of microwave-irradiated transamidation has
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been reported including transamidation of unactivated primary amides with K;S;0g [34],
heteropoly anion-based ionic liquids as catalysts [35], and transamidation of tertiary amides
with ammonium-salt as catalyst [36], unactivated primary, secondary, and tertiary amides
using iodine and hydroxylamine hydrochloride as a catalyst [37].

(A) Previous work: Microwave irradiated transamidation of unactivated amides

(0] (0]
H .
. _H ) Microwave 1
(0] R'J\N + R'-N - R'J\N’ (ref. 34)
' \ K,S,0g, Water |
H H 8 H
100 °C, 10 min.
(o) (0]
) I H R’ [PYPS]3PW1,04 L Rt
@ RN H-N W Sorvertiree. K N7 (ref. 35)
b R2 , Solvent-free R2
70-140 °C, 10-90 min.
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_R2? NH4X
(i) R1 N + H,N NH, 5 R! l}l/\NHz
R3 MW, 70-140 °C H  (ref. 36)
3-10 h
i w i
R2 ) NH,OH.HCI, I, R4
iv 1 N~ + H-N > 1 N f. 37
L RS ww,1200c R o (et3D)
R . R
40-120 min.

(B) Present work: Microwave irradiated transamidation of activated 2° amides

Microwave

Catalyst and
solvent-free

Scheme 3.1 (A) Previous work: microwave irradiated transamidation of unactivated amides
(i-iv). (B) Present work: catalyst and solvent-free, chemoselective transamidation of N-Boc
secondary amides.

However, despite their several merits, the transamidation reactions of unactivated

secondary amides took a longer time and involved a catalyst. The transamidation reactions
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can be easily carried out for primary or tertiary amides without the prerequisite of amide
activation, while transamidation of secondary amides involves the use of activated amides.
Therefore, the development of a simple, catalyst-free, metal-free, additive-free, and
environmentally acceptable approach for transamidation of activated secondary amides via

unconventional methods is still in demand.

Using non-toxic solvents and planning for energy efficiency are the two most
important green chemistry concepts in organic synthesis [38-40]. This demanded to switch
from conventional thermal procedures to non-conventional methods while synthesising
organic compounds. In 2018, we reported cerium-catalyzed transamidation of N-(COCFs3)
activated secondary amides through a non-conventional heating system under ultrasonic
irradiation [41]. This encouraged the use of non-conventional heating system for
transamidation reactions. Herein, we utilized a microwave-irradiated green method for a
metal and additive-free transamidation of N-Boc activated secondary amides under solvent
free-conditions. Microwave technology has received a lot of attention in the field of organic
synthesis, because microwaves can speed up the rate of reaction and frequently noticeably
shorten the reaction time, provide better yields and higher purity, uniform, and selective
heating with lower energy usage, achieve greater reproducibility of reactions, and aid in
developing convenient and cleaner synthetic routes [31, 42-44]. The primary goal of
employing microwave technology was to make this transition as "green" as possible by

increasing reaction efficiency and reducing the time and energy required for the reaction.
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As far as our knowledge this is the first report on transamidation of N-Boc activated

secondary amides under microwave irradiation (Scheme 3.1).

Table 3.1 Optimization of reaction conditions for transamidation of N-Boc, N-
phenylbenzamide under microwave irradiation(®

o (o]
MW, solvent
Ph)LN’Ph + O . PhJ\O

é oc H Temperature'
1a 2a 3a
Entry Solvent microwave Temp. Time Yields
power (W) (°C) (min.) (%)®]
1 Water 150 60 60 30
2 Ethanol 150 60 60 35
3 Methanol 150 60 60 38
4 1,4 Dioxane 150 60 60 32
5 DMF 150 60 60 55
6 DMSO 150 60 60 45
7 Acetonitrile 150 60 60 40
8 - 150 60 15 62
9 - 200 60 12 75
10 - 300 60 10 80
11 - 350 60 10 80
12 - 300 70 10 85
13 - 300 80 8 93
14 - 300 100 8 93
15[ - - 80 4h 20

[{IReaction conditions: tert-butylbenzoyl(phenyl)carbamate 1a (1.0 mmol), piperidine 2a
(1.5 mmol), in solvent (Iml) under Microwave-irradiation. isolated yield. FIConventional
heating at 80 °C for 4 h.
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3.2 Result and discussion

3.2.1 Optimization of reaction conditions

Initially, the unactivated amide, such as N-phenyl benzamide, was subjected to the
transamidation reaction with piperidine 2a to obtain the product 3a. The reaction was
conducted under microwave irradiation without catalysts, additives, and promoters at 150
W. However, the desired product 3a was not obtained under the above-said conditions.
Then we performed the reaction with N-activated secondary amide, i.e., N-Boc, N-
phenylbenzamide 1a with piperidine 2a under the same reaction conditions. To our delight,
this reaction gave the product 3a a good yield. Encouraged by this result, N-Boc, N-
phenylbenzamide 1a, and piperidine 2a were chosen as model substrates, and different

reaction conditions were examined.

The reaction was carried out in different polar solvents like water, ethanol, methanol,
DMF, 1,4- dioxane, dichloromethane, and acetonitrile under controlled microwave
irradiation at 150 W in catalyst-free condition for 1 h at 60 °C, which offered only 30 to
55% of the desired product 3a (Table 3.1, entry 1-7). Hence, the reaction was carried out
in solvent-free conditions at 150 W at 60 °C. Surprisingly the reaction gave the product 3a
in 62% vyield within 15 min (Table 3.1, entry 8). Next, we investigated the effect of
microwave power on the yield of the product formation by varying microwave power from
150 W to 350 W in solvent-free conditions at 60 °C. A better yield of 80% was obtained at

300 W in 10 min (Table 3.1, entry 10). To find the optimal temperature, we conducted the
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experiments at progressively higher temperatures, 70 °C, 80 °C and 100 °C. Interestingly
the reaction at 80 °C under solvent-free conditions was driven to completion with the
desired product 3a to a maximum yield of 93% in 8 min (Table 3.1, entry 13). Further, an
increase in temperature above 80 °C did not show any improvement in yield (Table 3.1,
entries 14). To understand the assistance effect of microwave the model reaction was
conducted under the same reaction conditions in the conventional heating method (without
microwave) it gave only 20 % yield of the product 3a even after 4 h (Table 3.1, entries
15). This suggests that N-Boc, N-phenylbenzamide 1a, (1.0 mmol), piperidine 2a, (1.5
mmol) at 80 °C in MW, 300 W under catalyst and solvent-free is the optimal condition for

this transamidation reaction and the structure was identified by *H, *C and HRMS spectra.

3.2.2 Substrate Scope

Once the optimal conditions are in our hands (Table 3.1, entry 13), we next explore the
scope and limitations of this developed transamidation methodology. We examined the
variety of N-Boc activated aliphatic and aromatic amides with a series of electron-donating,
electron-withdrawing, primary, secondary aromatic, aliphatic and sterically hindered
amines and found that they reacted smoothly under optimized reaction conditions (Scheme
3.2-3.5). After completion of the reaction, the reaction mixture was cooled to room
temperature diluted with ethyl acetate, and washed water. The organic layer was dried over

Na>SO4 and concentrated under vacuum and the crude product was purified by column
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chromatography on silica gel using n-hexane-ethyl acetate as eluent to give the desired

products (3a-3ah).
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j])\ R catalyst & i
_Ph solvent-free condition _R!
Ph” °N LR ) > Ph™ N
Boc H R MW, 300 W R2
1a 2 80 °C, time 3
(1.0 mmol) (1.5 mmol) (yield, time)
o o 3c: FG = 2-OCHj3, 91%, 9 min
P I /@ O 3d: FG = 4-CHj, 92%, 8 min
Ph” "N Ph” N Ph)]\N 3e: FG = 3-OCH3, 91%, 8 min
CH, H FG  3f: FG = 4-F, 88%, 9 min

3a: 93%, 8 min  3b: 87%, 9 min

39: FG = 4-NO,, 82%, 10 min
3h: FG = 2-Cl, 80%, 11 min

3i: FG = 4-CN, 80%, 11 min

0 o) Nl\ o) /O o
Ph)j\H Ph)j\” Z Ph)l\u Ph)LH/CHS

OH

3k: 90%, 10 min 3m: 86%, 10 min

2 L

H
3n: 78% 13 min

31: 93%, 8 min

Ph)oj\NJ<

30: 81% 13 min

3j: 84%, 11 min

Scheme 3.2 Microwave-irradiated catalyst and solvent-free transamidation of N-Boc
aromatic amides with amines.
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(o) (0]
Ph PN MW, 300 W
RJLFTI' + H,N” “Ph > RJ\N/\Ph
Boc 80 °C, time H
1a-i 2p 3
(1.0 mmol) (1.5 mmol) (yield, time)
(0] Cl O (0]
O,N
N~ Ph N">Ph 2 N~ Ph
H H H
3p: 92%, 9 min 3q: 92%, 8 min 3r: 92%, 8 min
(0] (o) (o)
N~ Ph N~ Ph N~ Ph
H H H
H,CO Br O,N
3s: 86%, 9 min 3t: 86%, 9 min 3u: 91%, 9 min
(0] (0] (o)
N~ Ph H3CJ\N/\Ph H3Cj)LN/\Ph
H H CH H
F,;C 3
3v: 92%, 9 min 3w: 89% 9 min 3x: 89% 10 min

Scheme 3.3 Microwave-irradiated catalyst and solvent-free transamidation of N-Boc
amides with benzyl amine.

It was observed that the yields of reaction are related to both the structure and electronic
properties of amines; in fact weakly nucleophilic aromatic amines and nucleophilic
aliphatic amines both reacted smoothly (Scheme 3.2, 3a-30). Electron donating groups on
ortho, meta (methoxy) and para (methyl) positions of aryl amines were well tolerated and
showed good to excellent yields under optimized conditions ( Scheme 3.2, 3c-3e). Whereas
electron-withdrawing groups at ortho position (-CI) and para position (-F, -CN, -NO3), due

to its decreased nucleophilicity gave moderate to good yields [45-49] (3f-3i). However,
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the low reaction rate for 3j (84 %), 3n (78%) and 30 (81%), is due to the sterically hindered
amines [15, 50].

Further examined the scope of the developed methodology with Boc-activated
secondary amides such as tert-butyl benzoyl(phenyl)carbamate (1a), tert-butyl (2-
chlorobenzoyl)(phenyl)carbamate (1b), with various amino-acid-derived nucleophiles
(Scheme 3.6) such as Phenylalanine (5a), valine (5b), and alanine (5c) delivered the
secondary amides viz benzoylphenylalanine (6a), Benzoylvaline (6b), Benzoylalanine (6c),

2-chlorobenzoyl)phenylalanine (6d), (2-chlorobenzoyl)alanine (6e) in good to excellent

yields (6a-e).
X | i
R
.CH; | Mw, 300 W R1
Ph N + /N\ 2 T’ Ph)LN/
Boc H R 80 C, time Rz
4 2 3
(1.0 mmol) (1 mmol) (yield, time)
G X SO
~ Ph” N M
Ph N Ph N Ph
N H H Ph I':ll
3y: 89%, 11 min 3p: 92% 9 min 3z: 82%, 11 min 3aa: 91%, 8 min
F Z o)
(o) O N (o]
P /©/ LI | Ph)LN/ﬁ M A
Ph N Ph N CH,; Ph N
H H _o H
3f: 88%, 9 min 3ab: 90%, 10 min  3ac: 91%, 8 min 3ad: 83% 13 min

Scheme 3.4 Microwave-irradiated catalyst and solvent-free transamidation of tert-butyl
benzoyl(methyl)carbamate with aliphatic and aromatic amines.
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X | .
R
_Ar , MW, 300 W R
S F ow_
Boc H” "R 80 °C, time R2
4
2 3
(1.0 mmol) (1.5 mmol) (vield, time)

R = CH; and iPr
Ar = Ph and 4-Br-CgH,

H
Ho ¢ H
3ae: 84% 9 min 3af: 84% 10 min 3ag: 83% 9 min
3 N
H;;CJL”/\Ph H3C\|)LN L H Ph
CH, T Br 3
3w: 86% 8 min 3ah: 82% 10 min 3x: 84% 9 min

Scheme 3.5 Microwave-irradiated catalyst and solvent-free transamidation of N-Boc
activated aliphatic amides with amines.

o)

Ao o B XA
s + HO MW, 300 W OH
Ar r}l m)\NHZ —— Ar f‘|l
Boc o 80 °C, time H (o)
1a, b 5a-c 6
(1.0 mmol) (1.5 mmol) (yield, time)
o Ph gl CHs O CH, y
OH OH N
N b H o5
H o o
6a: 87% 9 min 6b: 85% 10 min 6c: 86% 9 min
Cl O Ph Cil O CH;
OH
N OH N)w(
H ) H 0
6d: 88% 8 min 6e: 87% 9 min

Scheme 3.6 Microwave-irradiated catalyst and solvent-free transamidation of N-Boc
activated amides with amino acids.
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3.3 Mechanistic studies

3.3.1 Competition reactions

To understand the reaction mechanism of secondary amide transamidation under
microwave irradiation, the following factors might be helpful: reaction rate, selectivity
pattern, and steric, electronic influences of amides and amines. Experiments involving
intermolecular competition between various amides and amines were conducted in this
context. Competition reaction between electron donating and electron withdrawing amides
with benzylamine gave 3u as a major product, indicating electron withdrawing amides to be

more reactive than electron donating amides (Scheme 3.7 A).

o] o]
A. Ph
N” N~ Ph
é H
ocC
H;CO 1d H;CO 3s,14 %
o + HzN/\Ph MW, 300 W + (o)
Y om o
N/Ph 2p 80 °C, 8 min /©)‘\N/\Ph
[ :] \ H
Boc
O,N 1f O,N 3u,78 %
B 0 o]
Ph
Ph)]\rﬂ’ Ph)LN/\Ph
ta Boe MW, 300 W 3p. 72%
f +
0 + HN Ph —— > 0
_Ph 80 °C, 8 min PR
N 2p N” “Ph
1 Boc H
3x, 28 %
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C.
Ph)LN’Ph 2a MW, 300 W
éoc * 80 °C, 8 min
1a /O
H,N
21

Ph
Ph)LN - 2s MW, 300 W

Ph

o)

M

N

3a, 65 %

+

3aa,72 %
+

A + o ; F
Boc g 80°C,8min i /©/
1a /©/ Ph N
H,N

Scheme 3.7 Selectivity of amides and amines in transamidation reaction (Competition

reactions).

The following experiment was conducted between aromatic and alkyl amides, and observed

to be aromatic amides are more reactive (Scheme 3.7 B). Furthermore, intermolecular

competition reactions between amides and different amines revealed nucleophilicity of

amines is dominating factor (Scheme 3.7 C, D).
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3.3.2 Control experiments

To support the microwave-mediated transamidation's mechanistic pathway, further control
experiments were carried out on model reaction (Scheme 3.8) with 4.0 equiv. of radical
scavenger TEMPO (2,2,6,6-tetramethylpiperidin-1-yl) oxidant) and BHT (butylated
hydroxytoluene) separately under optimized reaction conditions. Both TEMPO/BHT did
not quench the reaction, this shows that the reaction does not proceed via radical
intermediate but through a nucleophilic pathway. Overall, these results provide a strong

support for the acyl substitution mechanism of the amide bonds [23].

2 I
,}l + HN<:> Standard ConditioE ©)L"O
Boc TEMPO/ BHT

1a 2a 3a, >90% yield

Scheme 3.8 Control experiments with radical scavengers.

3.3.3 Plausible reaction Mechanism

A plausible reaction pathway for the conversion of carbonyl derivatives into the

corresponding amides is outlined in (Figure 3.2).

R e
&N/ + '1‘ —_— HO /R1 O)J\N
I H” “R2 N ; R2
BOC R2 H\ /Boc
184 2 A N 3
R

Figure 3.2 Proposed mechanism for microwave-irradiated transamidation of secondary
amides.

Department of Chemistry 11T (BHU), Varanasi Page 127



Chapter 3

Based on the literature [21, 22], and our finding a plausible mechanism for the
transamidation reaction is shown in (Figure 3.2). The reaction of activated amide with
amine generates thetetrahedral intermediate (A). This unstable intermediate undergoes C-N

bond cleavage to provide the desired transamidation product (3).

3.4 Gram-scale synthesis of 3a

After that we tested the practical applicability of this protocol in multigram scale synthesis
(Scheme 3.9). The reaction of N-Boc, N-phenylbenzamide 1a (1.56 g, 5.0 mmol), and
piperidine 2a (0.64 ml, 7.5 mmol) gave the desired transamidated product 3a in (1.95g)

89% yield under the optimized reaction conditions.

i I
N MW, 300 W N
I + HN >
Boc 80 °C, 8 min
1a 2a 3a
5 mmol 7.5 mmol 89 % Yield

Scheme 3.9 Gram-scale procedure for transamidation of N-Boc amide with amine.
3.5 Appilcation of this methodology (synthesis of Paracetamol)

After exploring the scope of various amides, we attempted to synthesize Paracetamol,
an analgesic and antipyretic drug commonly used as a pain reliever and fever reducer, using
this developed transamidation method. The reaction of N-Boc acetanilide 1h (1.0 equiv)

with p-hydroxy aniline 2z (1.5 equiv) gave the desired product N-(4-hydroxyphenyl)

Department of Chemistry 11T (BHU), Varanasi Page 128



Chapter 3

acetamide 3ai in 90% vyield (Scheme 3.10). These examples illustrate the potential

synthetic utility of this method.

( OH )
(0] OH (0]
P . MW, 300 W P S
H;C l}l " —> H;C ;}]
Boc HyN 80 °C, 8 min H
1h 2z 3ai: 90% yield
(1.0 mmol) (1.5 mmol) Paracetamol (anodyne)
& J

Scheme 3.10 Synthesis of Paracetamol by transamidation of N-Boc, acetanilide.

3.6 Experimental section

3.6.1 General procedure for the synthesis of amides
All amides used in the study were synthesized by previously reported methods [51].
3.6.2 General procedure for synthesis of N-Boc activated secondary amides

N-Boc-activated amides were synthesized according to the reported method [21]. To an
oven-dried round bottom flask, amide (1.0 equiv.), DMAP (0.1 equiv.) and
dichloromethane were added, the reaction temperature was maintained at 0 °C to this Boc
anhydride (1.5 equiv.) was added dropwise. After the addition of Boc anhydride, the
reaction mixture was stirred for 14-24 h at room temperature. The progress of the reaction
was monitored with TLC, after the completion of the reaction, mixture was concentrated
under reduced pressure and purified by column chromatography and the product was

obtained in excellent yield.
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3.6.3 General procedure for metal-free transamidation of N-Boc activated secondary

amides with amines

A mixture of appropriate N-Boc activated amide (1.0 mmol) and amine (1.5 mmol) was
placed in a 10-mL pressurised vials with ‘‘snap-on’’ cap and irradiated in the microwave
using 300 W power at 80 °C for 8-10 min. The completion of the reaction was monitored
with TLC, after completion the reaction mixture was cooled to room temperature and
diluted with ethyl acetate, and washed water. The organic layer was dried over Na,SO4 and
concentrated under vacuum and the crude product was purified by column chromatography

on silica gel using n-hexane-ethyl acetate as eluent to give the desired products.

3.7 Analytical data

3.7.1 Analytical data of starting materials

tert-Butyl benzoyl(phenyl)carbamate (1a) Yield 95%; white solid; m.p. 97 °C; *H NMR
(500 MHz, CDCls): & 7.76 (d, 2H), 7.54 — 7.53 (m, 1H), 7.47 — 7.43 (m, 4H), 7.37 — 7.36
(m, 1H), 7.30 (d, 2H), 1.25 (s, 9H); 3C NMR (126 MHz, CDCls): 5 172.9, 153.5, 139.3,
137.1, 131.9, 129.4, 128.4, 128.3, 128.1, 127.9, 83.6, 27.6; HRMS (ESI) for C1gH19NO3
(m/z) [M + H]" calcd: 298.1365, found: 298.1382.

tert-Butyl (2-chlorobenzoyl)(phenyl)carbamate (1b) Yield 94%; white solid; m.p. 235-
238 °C; 'H NMR (500 MHz, CDCls): & 7.52 — 7.40 (m, 3H), 7.39 —7.28 (m, 6H), 1.22 (s,

9H); 1*C NMR (126 MHz, CDCls): § 170.1, 152.6, 138.8, 138.2, 131.2, 130.6, 129.9, 129.7,
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129.2,128.8, 128.8, 127.5, 84.4, 27.9; HRMS (ESI) for C1sH1sCINO3 (m/z) [M + H]* calcd:

332.0975, found: 332.0963.

tert-Butyl (3-nitrobenzoyl)(phenyl)carbamate (1c) Yield 95%; white solid; m.p. 223-225
°C; 'H NMR (500 MHz, CDCls): § 8.45 (s, 1H), 8.30 (d, 1H), 7.96 — 7.94 (d, 1H), 7.58 —
7.55 (t, 1H), 7.40 — 7.36 (t, 2H), 7.32 — 7.29 (t, 1H), 7.29 —7.18 (m, 2H), 1.20 (s, 9H); 13C
NMR (126 MHz, CDCls): 6 170.3, 152.9, 148.0, 138.5, 133.8, 129.6, 129.5, 128.4, 128.1,
126.0, 123.0, 84.5, 28.5, 27.7; HRMS (ESI) for CigH1sN20s (m/z) [M + H]* calcd:

343.1216, found: 343.1243.

tert-Butyl (4-methoxybenzoyl)(phenyl)carbamate (1d) Yield 88%; white solid; m.p.
143-145°C; 'H NMR (500 MHz, CDCls): § 7.45 (d, 2H), 7.33 (t, 2H), 7.23 (d, 2H), 7.16 (t,
1H), 6.79 (d, 2H), 3.71 (s, 3H), 1.08 (s, 9H); 3C NMR (126 MHz, CDCl3) § 172.7, 162.3,
153.8, 138.2, 130.0, 129.6, 128.5, 128.1, 127.4, 113.4, 82.8, 55.4, 27.5; HRMS (ESI) for

C19H2:NO4 (m/z) [M + H]+ calcd: 328.1471, found: 328.1467.

tert-Butyl (4-bromobenzoyl)(phenyl)carbamate (1e) Yield 88%; white solid; m.p. 83—
85°C; 'H NMR (500 MHz, CDCla): § 7.71 (d, 2H), 7.62 (d, 2H), 7.39 — 7.27 (m, 4H), 7.13
(t, 1H), 1.21 (s, 9H); ®C NMR (126 MHz, CDCls) & 172.8, 162.4, 153.4, 138.2, 130.2,
129.8, 128.6, 128.2, 127.5, 113.5, 79.3, 27.7; HRMS (ESI) for C1gH1sBrNOs (m/z) [M +

H]+ calcd: 376.0470, found: 376.0483.
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tert-Butyl (4-nitrobenzoyl)(phenyl)carbamate (1f) Yield 88%; white solid; (m.p. 103 °C;
IH NMR (500 MHz, CDCls): § 8.33 (d, 2H), 7.92 (d, 2H), 7.39 — 7.30 (m, 4H), 7.29 —
7.11 (m, 1H), 1.21 (s, 9H); BC NMR (126 MHz, CDCls) § 172.4, 162.0, 153.5, 137.9,
129.8, 129.3, 128.2, 127.8, 127.0, 113.0, 28.6, 27.2; HRMS (ESI) for C1gH18N2Os (m/z [M

+ H]+ calcd: 343.1216, found: 343.1204.

tert-Butyl b(4-trifluoromethyl)(benzoyl)(phenyl)carbamate (1g) Yield 88%; white solid;
m.p. 125-127°C; *H NMR (500 MHz, CDCls): 8 7.61 (d, 2H), 7.55 (d, 2H), 7.38 — 7.36 (t,
2H), 7.31 (d, 2H), 7.24 (t, 1H), 1.09 (s, 9H); 3C NMR (126 MHz, CDCl3) 5 172.2, 153.4,
141.6, 137.9, 132.7 (g, J = 32.8 Hz, 1C), 129.0, 128.6, 128.0, 127.8, 125.6 (g, J = 3.8 Hz,
1C), 125.2 (g, J=272.1 Hz, 1C), 84.3, 27.8; 1°F NMR (471 MHz, CDCls): & -63.2; HRMS

(ESI) for C19H18F3NO3 (m/z) [M + H]+ calcd: 366.1239, found: 366.1254.

tert-Butyl benzoyl(methyl)carbamate (1h) Yield 87%; yellow oil; *H NMR (500 MHz,
CDCl3): § 7.52 (m, 2H), 7.47 — 7.45 (m, 1H), 7.41 — 7.38 (m, 2H), 3.32 (s, 3H), 1.16 (s,
9H); ¥C NMR (126 MHz, CDCls): § 173.7, 153.6, 137.9, 130.9, 128.1, 127.5, 83.0, 71.8,

32.6, 27.4; HRMS (ESI) for C13H17NOs (m/z) [M + H]* calcd: 236.1208, found: 236.1219.

tert-Butyl acetyl(phenyl)carbamate (1i) Yield 84%; white solid; (m.p. 58 °C; *H NMR (500
MHz, CDCls): & 7.43 — 7.36 (m, 2H), 7.35 — 7.28 (m, 1H), 7.11 — 7.10 (m, 2H), 2.59 (s, 3H), 1.40
(s, 9H); **C NMR (126 MHz, CDCls): § 172.9, 152.8, 138.9, 128.9, 128.2, 127.8, 83.2, 27.8, 26.3;

HRMS (ESI) for C13H17NO3 (m/z) [M + H]* calcd: 236.1208, found: 236.1251.
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tert-Butyl acetyl(4-bromophenyl)carbamate (1j) Yield 84%; white solid; (m.p. 122 °C;
'H NMR (500 MHz, CDCls): § 7.54 (d, 2H), 6.99 (d, 2H), 2.61 (s, 3H), 1.41 (s, 9H); °C
NMR (126 MHz, CDClz): 6 172.8, 152.4, 137.9, 132.2, 129.9, 121.7, 83.6, 27.9, 26.5;

HRMS (ESI) for C13H16BrNO3 (m/z) [M + H]" calcd: 314.0314, found: 314.0308.

tert-Butyl isobutyryl(phenyl)carbamate (1k) Yield 82%; yellow oil; (*H NMR (500
MHz, CDCls): § 7.30 —7.27 (t, 2H), 7.23 — 7.21 (d, 1H) 6.99 — 6.97 (m, 2H), 3.57 —3.53 (m,
1H), 1.30 (s, 9H), 1.15 (d, 6H); *C NMR (126 MHz, CDCls): & 180.5, 152.8, 139.5, 128.9,
128.2, 128.2, 127.5, 82.9, 34.8, 34.7, 27.9, 19.6; HRMS (ESI) for C15H2:NOs (m/z) [M +

H]* calcd: 264.1521, found: 264.1543.

3.7.2 Analytical data of transamidation products

Phenyl(piperidin-1-yl)methanone (3a) Yield 93%; white solid; m.p. 48 °C; *H NMR
(500 MHz, CDCls): § 7.43 — 7.29 (m, 5H), 3.74 (s, 2H), 3.36 (s, 2H), 1.77 (s, 2H), 1.70 (s,
2H), 1.54 (s, 2H); 3C NMR (126 MHz, CDCls): 5 170.5, 135.3, 129.8, 128.6, 127.0, 48.7,

43.0, 24.5; HRMS (ESI) for C12H1sNO (m/z) [M + HJ* calcd: 190.1189, found: 190.1223.

N-Methyl-N-phenylbenzamide (3b) Yield 87%; yellow oil; (*H NMR (500 MHz, CDCls):
0 7.25 (d, 2H), 7.18 — 7.11 (m, 3H), 7.09 — 7.05 (m, 3H), 6.98 — 6.97 (d, 2H), 3.44 (s, 3H);
13C NMR (126 MHz, CDCls): ¢ 170.8, 145.0, 126.0, 129.7, 129.3, 128.8, 127.8, 127.0,

123.6, 38.5; HRMS(ESI) for C14H1sNO (m/z) [M + H]* caled: 212.0997, found: 212.1023.
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N-(2-Methoxyphenyl)benzamide (3c) Yield 91%; white solid; m.p. 60 °C; *H-NMR (500
MHz, CDCl3): § 8.54 (d, 2H), 7.90 (m, 2H), 7.55 — 7.51 (m, 3H), 7.50 (m, 2H), 6.93 (s,
1H), 3.92 (s, 3H); 1*C-NMR (125 MHz, CDCls): & 165.5, 148.4, 135.6, 131.9, 129.0, 128.1,
127.3,124.1, 121.5, 121.5, 120.1, 110.2, 56.1; HRMS (ESI) for C14H13NO2 (m/z) [M + H]*

calcd: 228.0946, found: 228.0932.

N-(4-Methylphenyl)benzamide (3d) Yield 92%; white solid; m.p. 158 °C; *H NMR (500
MHz, DMSO-ds): & 10.17 (s, 1H), 7.96 (d, 2H), 7.67 (d, 2H), 7.60 — 7.57 (m, 1H), 7.54 (d,
2H), 7.17 (d, 2H), 2.29 (s, 3H); *C NMR (126 MHz, DMSO-ds): 5 165.8, 137.1, 135.5,
133.0, 131.9, 129.5, 128.8, 128.1, 120.9, 21.0; HRMS (ESI) for C14H13NO (m/z) [M + H]*

calcd: 212.0997, found: 212.0930.

N-(3-Methoxylphenyl)benzamide (3e) Yield 91%; white solid; m.p. 108 °C; *H NMR
(500 MHz, DMSO-de): & 7.68 (d, 2H), 7.39 (s, 1H), 7.67 (d, 2H), 7.36 — 7.31 (m, 3H), 7.23
—7.16 (m, 1H), 7.15 (m, 1H), 6.93 (d, 1H), 6.74 — 6.72 (m, 1H), 3.81 (s, 3H); °C NMR
(126 MHz, DMSO-ds): 6 165.8, 156.7, 138.9, 135.2, 131.3, 129.3, 128.9, 127.1, 112.2,
110.2, 105.3, 55.6; HRMS (ESI) for C14H13NO2 (m/z) [M + H]* calcd: 228.0946, found:

228.0957.

N-(4-Fluorophenyl)benzamide (3f) Yield 88%; white solid m.p. 185-187°C; *H NMR
(500 MHz, DMSO-ds): 6 10.36 (s, 1H), 8.00 — 7.85 (d, 2H), 7.83 (d, 2H), 7.65 (m, 1H),
7.60 (d, 2H), 7.59 — 7.23 (m, 2H); C NMR (126 MHz, DMSO-ds): 5 165.8, 159.6 (d, J =

240.6 Hz, 1C), 135.7, 135.0 (d, J = 6.3 Hz, 1C), 131.9, 128.7, 127.9, 122.5 (d, J = 7.6 Hz,
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1C), 1155 (d, J = 22.7 Hz, 1C); °F NMR (471 MHz, CDCls): § - 117.8; HRMS (ESI) for

C13H10FNO (m/z) [M + H]" calcd: 216.0746, found: 216.0732.

N-(4-Nitrophenyl)benzamide (3g) Yield 82%; white solid; m.p. 196 °C; 'H NMR (500
MHz, DMSO-ds): & 10.84 (s, 1H), 8.29 (d, 2H), 8.08 (d, 2H), 7.67 — 7.64 (m, 1H), 8.00 (d,
2H), 7.59 — 7.57(m, 2H); 3C NMR (126 MHz, DMSO-ds): & 166.5, 145.6, 142.7, 134.4,
132.5, 128.8, 128.1, 125.0, 120.1; HRMS (ESI) for C1sH10N203 (m/z) [M + H]* calcd:

243.0691, found: 243.0684.

N-(2-Chlorophenyl)benzamide (3h) Yield 80%; white solid; m.p. 97 °C; *H NMR (500
MHz, CDCls): § 8.58 (d, 1H), 8.45 (s, 1H), 7.93 (d, 2H), 7.60 — 7.58 (t, 1H), 7.57 — 7.50 (t,
2H), 7.42 (dd, 1H), 7.34 — 7.26 (m, 1H), 7.08 — 7.07 (m, 1H); 1*C NMR (126 MHz, CDCl3):
0 165.6, 135.0, 134.9, 132.5, 129.3, 129.2, 128.2, 127.4, 125.0, 123.3, 121.8; HRMS (ESI)

for C13H10CINO (m/z) [M + H]" calcd: 231.0451, found: 231.0434.

N-(4-Cynophenyl)benzamide (3i) Yield 80%; yellow solid; m.p. 168-170 °C; *H NMR
(500 MHz, CDCls): & 8.03 (s, 1H), 7.88 (d, 1H), 7.79 (d, 1H), 7.67 — 7.64 (m, 3H), 7.61 —
7.50 (m, 2H), 7.48 — 7.34 (m, 2H); 3C NMR (126 MHz, CDCls): & 173.2, 142.1, 133.6,
133.5, 129.5, 129.2, 128.9, 127.3, 120.0; HRMS (ESI) for C1sH10N20 (m/z) [M + H]"*

calcd: 223.0793, found: 223.0798.

N-(2,6-Dimethylphenyl)benzamide (3j) Yield 84%; white solid; m.p. 167-169 °C; ‘H

NMR (500 MHz, CDCls): § 7.95 (d, 2H), 7.61 — 751 (t, 1H), 7.43 (t, 2H), 7.28 (s, 1H), 7.19

Department of Chemistry 11T (BHU), Varanasi Page 135



Chapter 3

— 7.14 (m, 3H), 2.31 (s, 6H); *C NMR (126 MHz, CDCls): § 166.3, 135.9, 134.9, 134.2,
132.2,129.1, 128.6, 127.9, 127.6, 18.8; HRMS (ESI) for C15sH1sNO (m/z) [M + H]* calcd:

226.1154, found: 226.1173.

N-(3-Hydroxypyridin-2-yl)benzamide (3k) Yield 90%; White solid; m.p. 95-97 °C; H
NMR (500 MHz, DMSO-ds): & 7.97 (d, 1H), 7.71 (d, 2H), 7.40 — 7.35 (m, 1H), 7.29 (m,
2H,), 7.27 (s, 1H), 7.24 (d, 1H), 7.23 (m, 1H,) 4.54 (s, 1H,); 3C NMR (126 MHz, DMSO-
de): 6 168.9, 146.7, 143.3, 138.9, 134.5, 131.4, 129.9, 129.9, 124.1, 120.4; HRMS (ESI) for

C12H10N202 (m/z) [M + H]" calcd: 215.0742, found: 215.0778.

N-Cyclohexylbenzamide (31) Yield 93%; white solid; m.p. 154-156 °C; *H NMR (500
MHz, CDCl3):8 7.75 — 7.74 (m, 2H), 7.49 — 7.42 (m, 1H), 7.40 — 7.26 (d, 2H), 5.99 (s, 1H),
4.00 — 3.95 (d, 1H), 2.04 — 2.02 (m, 2H), 1.76 —1.74 (m, 2H), 1.69 — 1.64 (m, 1H), 1.46 —
1.41 (m, 2H), 1.39 — 1.20 (m, 2H); 3C NMR (126 MHz, CDCls): 5 166.9, 135.4, 131.6,
128.8, 127.2, 49.0, 33.6, 25.9, 25.2; HRMS (ESI) for C13Hi7NO (m/z) [M + H]* calcd:

204.1310, found: 204.1329.

N-Methylbenzamide (3m) Yield 86%; yellow solid; m.p. 82-83 °C; *H NMR (500 MHz,
CDCl3):6 7.76 — 7.74 (m, 2H), 7.48 — 7.39 (m, 1H), 7.38 — 7.26 (m, 2H), 6.42 (s, 1H), 2.99
—2.98 (m, 3H); 3C NMR (126 MHz, CDCls): § 168.6, 134.8, 131.5, 128.7, 127.0, 27.0;

HRMS (ESI) for CsHyNO (m/z) [M + H]" calcd: 136.0684, found: 136.0670.
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N-(3s,5s,7s)-Adamantan-1-yl)benzamide (3n) Yield 78%; white solid; (m.p. 143-145 °C;
IH NMR (500 MHz, CDCl3): & 7.74 — 7.72 (m, 2H), 7.50 — 7.46 (m, 1H), 7.44 — 7.28 (t,
2H), 5.82 (s, 1H), 2.15 (s, 9H), 1.77 (d, 6H); 3C NMR (125 MHz, CDCl3): 5 166.9, 162.6,
136.3, 134.8, 131.3, 130.8, 129.1, 129.1, 128.7, 126.9, 52.5, 41.9, 36.6, 29.7; HRMS (ESI)

for C17H21NO (m/z) [M + H]* calcd: 256.1623, found: 256.1641.

N-(tert-Butyl)benzamide (30) Yield 81%; white solid; m.p. 136 °C; *H NMR (500 MHz,
CDCl3): § 7.73 — 7.71 (m, 2H), 7.47 — 7.43 (m, 1H), 7.40 — 7.26 (m, 2H), 1.48 (m, 9H); °C
NMR (125 MHz, CDCls): 8 167.0, 136.0, 131.23, 128.6, 126.8, 51.7, 29.0; HRMS (ESI)

for C11H1sNO (m/z) [M + H]* calcd: 178.1154, found: 178.11609.

N-Benzylbenzamide (3p) Yield 92%; white solid; m.p. 103-105 °C; *H NMR (500 MHz,
CDCls): 8 7.83 (d, 2H,), 7.55 (t, 1H), 7.48 — 7.39 (m, 2H), 7.35 — 7.29 (m, 4H), 6.43 (m,
1H), 4.69 (d, 2H); 3C NMR (126 MHz, CDCls): § 167.5, 138.4, 134.6, 131.8, 129.0, 128.8,
128.1, 127.8, 127.1, 44.4; HRMS (ESI) for C14H13NO (m/z) [M + H]" calcd: 212.0997,
found: 212.0981.

N-Benzyl-4-fluorobenzamide Yield 92%; white solid; m.p. 104-106 °C; *H NMR (500

MHz, CDCls): § 7.67 — 7.37 (m, 1H), 7.35 — 7.26 (m, 7H), 6.54 (d, 1H), 4.66 (d, 2H); *3C
NMR (126 MHz, CDCls): § 165.7, 152.4, 149.2, 144.6, 131.8, 129.0, 120.7, 99.3, 59.8,
53.9, 18.3, 14.5; HRMS (ESI) for C14H12CINO (m/z) [M + H]" calcd: 246.0607, found:

246.0618.

N-Benzyl-3-nitrobenzamide (3r) Yield 92%; white solid; m.p. 94-96 °C; *H NMR (500

MHz, CDCls): § 8.62 (s, 1H), 8.35 (d, 1H), 8.19 (d, 1H), 7.64 (m, 1H), 7.36 — 7.35 (m, 5H),
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6.90 (t, 1H), 4.67 (d, 2H); 3C NMR (126 MHz, CDCl3):5 165.0, 148.1, 137.5, 135.9,
133.3, 129.9, 128.9, 127.9, 127.9, 126.1, 121.8, 44.4; HRMS (ESI) for C14H12N2O3 (m/z)
[M + H]" calcd: 257.0848, found: 257.0832.

N-Benzyl-4-methoxybenzamide (3s) Yield 86%; white solid; m.p. 125 °C; *H NMR (500
MHz, CDCls): 6 8.00 (d, 1H), 7.67 (d, 2H), 7.25 — 7.16 (m, 4H), 6.89 (d, 2H), 6.80 (s, 1H),
4.54 (d, 2H), 3.80 (s, 3H); 3C NMR (126 MHz, CDCla): 5 167.1, 167.1, 164.8, 162.5,
162.5, 138.6, 133.0, 129.08, 129.0, 128.1, 127.8, 126.9, 121.5, 114.3, 114.0, 55.6, 44.3;

HRMS (ESI) for C15sH1sNO2 (m/z) [M + H]* calcd: 242.1103, found: 242.1137.

N-Benzyl-4-bromobenzamide (3t) Yield 86%; white solid; m.p. 161-162 °C; 'H NMR
(500 MHz, DMSO-de): & 8.41 (s, 1H), 7.47 (d, 2H), 7.35 (d, 2H), 6.69 — 6.60 (m, 5H), 4.49
(d, 2H); 3C NMR (126 MHz, DMSO-ds): & 165.6, 140.0, 138.0, 131.3, 130.4, 130.3,
128.7, 127.7, 127.2, 121.0, 120.9, 53.9; HRMS (ESI) for C14H1,BrNO (m/z) [M + H]*

calcd: 290.0102, found: 290.0126.

N-Benzyl-4-nitrobenzamide (3u) Yield 92%; white solid; m.p. 146-167 °C; *H NMR (500
MHz, CDCls): & 7.79 — 7.66 (m, 3H), 7.65 — 7.61 (m, 3H), 7.49 (t, 2H), 7.26 — 7.18 (m,
1H), 4.98 (s, 2H); 13C NMR (126 MHz, CDCls): § 166.1, 137.7, 137.6, 133.4 (q, J = 32.7
Hz, 1C), 128.9, 127.9, 127.8, 127.5, 125.7 (q, J = 3.8 Hz, 1C), 124.7 (q, J = 273.4 Hz, 1C),
44.2; 9F NMR (471 MHz, CDCls): § - 62.9; HRMS (ESI) for C1sH12FsNO (m/z) [M + H]*

calcd: 280.0871, found: 280.0855.
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N-Benzylacetamide (3w) Yield 89%; white solid; m.p. 60 °C; *H NMR (500 MHz,
CDCl3): § 7.27 — 7.15 (m, 5H), 6.23 (s, 1H), 4.27 (d, 2H), 1.87 (s, 3H);**C NMR (126
MHz, CDClz): & 170.2, 138.4, 128.7, 127.9, 127.5, 59.7, 43.7, 23.2; HRMS (ESI) for

CoH1:NO (m/z) [M + H]" calcd: 150.0841, found: 150.0868.
N-Benzylisobutyramide (3x)

Yield 89%; white solid; m.p. 91 °C; *H NMR (500 MHz, CDCls): § 7.33 (d, 2H), 7.32 —
7.26 (m, 3H), 5.82 (s, 1H), 4.43 (d, 2H), 2.41 — 2.36 (m, 1H), 1.19 (d, 6H); *C NMR (126
MHz, DMSO-ds): § 176.9, 138.7, 128.9, 127.9, 127.6, 43.6, 35.8, 19.8; HRMS (ESI) for

C11H1sNO (m/z) [M + H]" calcd: 178.1154, found: 178.1163.

N-Phenylbenzamide (3y) Yield 89%; white solid; m.p. 164 °C; 'H NMR (500 MHz,
CDCly): & 7.90-7.88 (d, 3H), 7.68 — 7.57 (d, 2H), 7.56 — 7.48 (t, 1H), 7.40-7.37 (t, 2H),
7.19 (t, 2H), 7.16 (t, 1H); 3C NMR (126 MHz, CDCls): 5 165.8, 137.9, 135.0, 131.8,
129.1, 128.8, 127.0, 124.6, 120.3; HRMS (ESI) for C13H11NO (m/z) [M + H]* calcd:

198.0841, found: 198.0853.

N-(2-Ethylphenyl)benzamide (3z) Yield 82%; white solid; m.p. 159 °C; 'H NMR (500
MHz, CDCls): & 7.97 (d, 1H), 7.90 (d, 2H), 7.60 (s, 1H), 7.58 (t, 1H), 7.52 (t, 2H), 7.29 (t,
2H), 7.19 (t, 1H), 2.73 (g, 2H), 1.32 (t, 3H); 3C NMR (126 MHz, CDCls): 5 166.0, 135.6,
135.3, 135.2, 132.0, 129.0, 128.8, 127.2, 127.0, 125.9, 124.1, 24.6, 14.2; HRMS (ESI) for

CisH1sNO (m/z) [M + H]" calcd: 226.1154, found: 226.1132.
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N-(4-Methoxyphenyl)benzamide (3aa) Yield 91%; green solid; m.p. 154-156 °C;'H
NMR (500 MHz, CDCls): & 7.89 (m, 3H), 7.55 (m, 3H), 7.50 — 7.47 (m, 2H), 6.29 (d, 2H),
3.83 (5,3H);*C NMR (126 MHz, CDCls): 6 165.7, 135.0, 131.7, 131.0, 128.7, 127.0, 122.2,
114.3, 99.3, 55.2; HRMS (ESI) for C14H13NO2 (m/z) [M + H]* calcd: 228.0946, found:

228.0977.

N-(4-Methylpyridin-2-yl)benzamide (3ab) Yield 90%; White solid; m.p. 115-116 °C; *H
NMR (500 MHz, DMSO-de): & 8.12 (d, 1H), 7.76 (d, 2H), 7.63 (s, 1H), 7.63 — 7.51 (m,
1H), 7.33 — 7.28 (m, 2H), 7.23 (s, 1H), 7.06 (s, 1H), 2.31 (s, 3H); 3C NMR (126 MHz,
DMSO-de): 6 165.8, 152.8, 152.3, 148.2, 133.0, 131.9, 129.5, 128.8, 127.7, 120.8, 19.2;

HRMS (ESI) for C13H12N20 (m/z) [M + H]* calcd: 213.0950, found: 213.0978.

Morpholino(phenyl)methanone (3ac) Yield 91%; yellow solid; m.p.73-75 °C; *H NMR
(500 MHz, CDClg): & 7.42 — 7.40 (m, 5H), 3.77 — 3.45 (m, 8H), 3C NMR (126 MHz,
CDCIs): 6 170.5, 135.3, 129.9, 128.6, 127.0, 66.9, 48.2, 42.6; HRMS (ESI) for C11H13NO>

(m/z) [M + H]" calcd: 192.0946, found: 192.0955.

N-Cyclopropylbenzamide (3ad) Yield 83%; white solid; m.p. 55-57 °C; *H NMR (500
MHz, CDClz): 6 7.65 (d, 2H), 7.38 — 7.17 (m, 3H), 6.36 (d, 1H), 2.80 — 2.77 (m, 1H), 0.75
(s, 2H), 0.52 (s, 2H); *C NMR (126 MHz, CDCls): § 169.1, 134.6, 131.6, 128.7, 127.0,

23.3, 6.9: HRMS (ESI) for C10H12NO (m/z) [M + H]* calcd: 162.0841, found: 162.0867.

N-(2-Chlorophenyl)acetamide (3ae)
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Yield 84%; white solid; m.p. 84-86 °C; *H NMR (500 MHz, CDCls): 5 8.28 (d, 1H), 7.55
(s, 1H, NH), 7.29 (d, 1H), 7.20 (m, 1H), 7.19 — 6.19 (m, 1H), 2.16 (s, 3H); *C NMR (126
MHz, CDCls): § 168.4, 134.7, 129.1, 127.8, 124.7, 122.7, 121.8, 25.0; HRMS (ESI) for

CsHsCINO (m/z) [M + H]" calcd: 170.0294, found: 170.0263.

N-(4-Chlorophenyl)acetamide (3af) Yield 87%; white solid; m.p. 178 °C; *H NMR (500
MHz, CDClg): § 7.75 (s, 1H), 7.42 (m, 4H), 2.17 (s, 3H); *C NMR (126 MHz, CDCls): &
168.4, 136.9, 131.9, 121.5, 116.9, 24.6; HRMS (ESI) for CsHsCINO (m/z) [M + H]" calcd:

170.0294, found: 170.0298.

N-(2-Nitrophenyl)acetamide (3ag) Yield 83%; white solid; m.p. 93 °C; 'H NMR (500
MHz, CDCls): & 8.57 (s, 1H), 8.08 (s, 1H), 7.73 (d, 1H), 7.54 (d, 1H), 7.33 —7.28 (m, 1H),
2.17 (s, 3H); 13C NMR (126 MHz, CDCls): 5 168.8, 150.7, 138.0, 127.3, 124.3, 122.4,
120.1, 24.5; HRMS (ESI) for CgHgN203z (m/z) [M + H]" calcd: 181.0535, found:

181.0553.

N-(2-Bromophenyl)isobutyramide (3ah) Yield 82%; white solid; m.p. 95 °C; *H NMR
(500 MHz, CDCls): & 8.42 (d, 1H), 7.73 (s, 1H), 7.39 (d, 1H), 7.30 (m, 2H), 7.29 — 7.03 (m,
1H), 4.01 (d, 2H), 2.65 — 2.59 (m, 1H), 1.10 (d, 6H); *C NMR (126 MHz, CDCls): &
175.29, 134.80, 129.04, 127.88, 124.57, 122.57, 129.02, 121.67, 37.12, 19.70; HRMS(ESI)

for C10H12BrNO (m/z) [M + H]" calcd: 242.0102, found: 242.0132.
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N-(4-Hydroxyphenyl)acetamide (3ai) Yield 84%; white solid; m.p. 168 °C; *H NMR (500
MHz, DMSO-de): & 9.64 (s, 1H), 9.13 (s, 1H), 7.34 — 7.32 (m, 2H), 6.68 — 6.66 (M, 2H),
1.98 (s, 3H); 3C NMR (126 MHz, DMSO-de): & 167.5, 153.1, 131.0, 120.8, 114.9, 23.7,
HRMS (ESI) for CsHsNO> (m/z) [M + H]* calcd: 152.0633, found: 152.0701.

N-Benzoyl phenylalanine (6a) Yield 87%; white solid; m.p. 181-183 °C; 'H NMR (500
MHz, CDCls): & 7.61 (d, 2H), 7.43 (t, 1H), 7.33 (t, 2H), 7.23 —7.16 (m, 3H), 7.13 (d, 2H),
6.59 (d, 1H), 5.01 (t, 1H), 3.30 — 3.16 (dd, 2H); 3C NMR (126 MHz, CDCls): & 174.6,
167.8, 135.7, 133.4, 132.0, 129.4, 128.7, 127.3, 127.1, 53.7, 37.3; HRMS (ESI) for
C16H1sNO3 (m/z) [M + H]* calcd: 270.1052, found: 270.1073.

N-Benzoylvaline (6b) Yield 85%; white solid; m.p. 130 °C; *H NMR (500 MHz, CDCls): &
7.81 (d, 2H), 7.50 (t, 1H), 7.45 (t, 2H), 6.80 (d, 1H), 4.80 — (m, 1H), 2.36 (t, 1H), 1.05 (d,
6H); 1*C NMR (126 MHz, DMSO-ds): & 175.8, 168.1, 168.0, 133.8, 131.9, 128.7, 127.1,
57.6, 31.3, 19.0, 17.8; HRMS (ESI) for C12H1sNO3 (m/z) [M + H]" calcd: 222.1051, found:
222.1040.

N-Benzoylalanine (6¢) Yield 86%; white solid; m.p. 163 — 165 °C; *H NMR (500 MHz,
DMSO-dg): & 8.67 (d, 1H), 7.90 (d, 2H), 7.56 (t, 1H), 7.48 (t, 2H), 5.14 (s, 1H), 4.45 — 4.42
(m, 1H), 1.41 (d, 3H); 3C NMR (126 MHz, DMSO-ds): & 174.7, 166.7, 134.4, 131.8,
128.1, 127.9, 18.6, 17.3; HRMS (ESI) for C10H11NO3z (m/z) [M + H]* calcd: 194.0739,
found: 194.0714.

N-(2-Chlorobenzoyl)phenylalanine (6d) Yield 88%; white solid; m.p. 190 — 192 °C; 'H

NMR (500 MHz, CDCls): & 7.75 (d, 1H), 7.40 (d, 1H), 7.35 (t, 1H), 7.29 (t, 1H), 7.24 (dd,
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2H), 7.18 (dd, 2H), 7.15 (t, 1H), 6.61 (d, 1H), 5.01 (t, 1H), 3.30 (dd, 2H); *C NMR (126
MHz, CDCls): 6 174.6, 167.8, 135.7, 134.0, 133.4, 132.0, 129.4, 128.7, 127.3, 59.8, 127.1,
53.7, 38.0; HRMS (ESI) for Ci6H14CINOs (m/z) [M + H]" calcd: 304.0662, found:

304.0683.

N- (2-Chlorobenzoyl)alanine (6e) Yield 87%; white solid; m.p. 171-173°C; *H NMR (500
MHz, DMSO-ds): 5 8.69 (d, 1H), 8.33 (d, 1H), 8.32 (t, 1H), 7.64 (t, 1H), 7.57 (d, 1H), 4.45
(m, 1H), 1.43 (d, 3H); 3C NMR (126 MHz, DMSO-ds): & 174.8, 166.7, 134.4, 131.9,
129.4, 128.7, 127.9, 49.6, 19.7; HRMS (ESI) for C10H10CINOz (m/z) [M + H]* calcd:

228.0349, found: 228.0356.

3.8 Spectral data of few products
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