Chapter-4

Nal/TBHP-Promoted C-N Bond Formation
Via Oxidative Coupling of Benzyl Mercaptan
with Amine: A Facile Approach for The
Synthesis of Amides

4.1 Introduction

The amide bonds are not only significant chemical links of peptides [1],
polypeptides, and proteins but are also used as intermediates in organic chemistry[2],
pharmaceuticals, polymers[3][4][5]- and agrochemicals. Additionally, the amide bond
is the most liked dedicated functional group in organic chemistry due to its auspicious
properties like stability, high polarity, and conformational diversity. In recent times,
amides have also been engaged in several cross-coupling reactions via C—N bond
cleavage[6][7][8]. Usually, various methods have been reported for the synthesis of
amides, such as the reaction of the amine with carbonyl derivatives, hydration of nitriles
[9][10][11][12][13], hydroamination of alkynes,[14][15][16][17] direct oxidation of
benzylamines to benzamides, [18][19] and also oxidative decyanation of aryl-
acetonitriles to primary benzamides[20][21][22][23]. Nonetheless, these methods
endure several disadvantages, such as using stoichiometric amounts of toxic/hazardous
reagents, forming large amounts of by-products, using costly metal complexes and
ligands, etc. During the last decades, excessive hard work has been carried out by
chemists to develop proper and green approaches to the synthesis of amides. In view of
this, the development of a novel and more efficient approach for the synthesis of an

amide has become a challenging task for chemists and industrialists. The use of metal
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catalyst in amide bond formation allows the beginning from other substrates rather than

carboxylic acids, which opens the new synthetic route to achieve the goal compounds.

As a result of our research on the development of a sustainable approach

towards organic synthesis and amide bond formation [24] and based on the reported

methods to avoid the use of transition metal catalyst by Nal in organic synthesis, we

report an efficient and facile technique for the oxidative coupling of benzyl mercaptan

with amine into the corresponding benzamides using Nal/TBHP. The present reaction

proceeds through the C—H bond cleavage of benzylic carbon of benzyl mercaptan under

mild reaction conditions. As far as we know, there is no report on the oxidative coupling

of benzyl mercaptan with an amine to provide the corresponding amide, and this is the

first report about this reaction under transition metal-free conditions (Scheme 4.1).

4 A
0
R R;
TN SH /> TBHP, 100°C N
R, = + H=N
= \ Nal, MeCN |
Rz R2
(1.0 mmol) (1.0 mmol) (3a-z)
(n 2
R,=Aromatic,Aliphatic, R,,R;=Aliphatic,Aromatic, Heterocyclic
\_ J

‘Scheme 4.1 Nal/TBHP-Promoted C-N bond formation via oxidative coupling of benzyl

mercaptan with amine

4.2 Results and Discussion

Our study initiated with optimization using a model reaction of benzyl

mercaptan (mmol) (1) and aniline (mmol) (2) in the presence of Nal and TBHP (Table
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4.1) in acetonitrile solvent. While the reaction was carried out at 100° C with 50 mol%
of catalyst Nal and lequivalent of TBHP(aq), only 35% of the product was isolated
(Table 4.1, entry 1). First of all, the amount of oxidant was screened. The % yield was
increased with the increasing amount of oxidant (Table 4.1, entries 2,3). Even on
increasing the amount of oxidant TBHP(aq) from 3 to 4 equivalent, there was a decrease
in the product's yield (Table 4.1, entry 4). Therefore the amount of oxidant was fixed
as 3 equivalent for further studies. Decreasing the amount of catalyst also significantly
impacted the yields of product 2a (Table 4.1, entries 5-7). Surprisingly, the maximum
yield of the product was obtained with 30 mol% of catalyst Nal (Table 4.1, entry 7).
The use of TBHP (decane) as a substitute for TBHP (aq) significantly reduced the
reaction yield (Table 4.1 entry 9). Other catalysts KI, I, NH4l, and TBAI, were also
screened, but none of them would match the catalytic efficacy of Nal (Table 4.1,
entries 10-13). Consequently, the effect of various solvents was screened, and the
reaction was suppressed in both polar and non-polar solvents (Table 4.1, entries 14-
18). Next, various oxidants H»O,, DTBP, K,S,0s, MnO2, and DDQ were also
examined, but the expected yield of the product was not obtained(Table 4.1, entries
19-23). In additional optimization, Nal without TBHP (Table 4.1, entry 24), TBHP
without Nal (Table 4.1, entry 25), and reaction without Nal and TBHP (Table 4.1,
entry 26) in the presence of MeCN have been carried out; still, they did not provide the
desired product. Finally, the effect of temperature was examined, and it was found that

100°C was the best condition (Table 4.1, entries 27-29).
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Table 4.1 Optimized reaction condition for the model reaction (3a)

4 )
(0]
SH TBHP, Temp. \
©/\ ' : > ©)k;l
Nal, Solvent
(1.0 mmol) (1.0 mmol) Yield (90%)
(1) (2)
(3a)
\_ J
S.N. Oxidant Catalyst Solvent Temp(°C) Yield®
(Equiv.) (mol%) (%)
1 TBHP (1)(aq.) Nal (50) MeCN 100 35
2 TBHP (2)(aq.) Nal (50) MeCN 100 45
3 TBHP (3)(aq.) Nal (50) MeCN 100 60
4 TBHP (4)(aq.) Nal (50) MeCN 100 55
5 TBHP (3)(aq.) Nal (40) MeCN 100 72
6 TBHP (3)(aq.) Nal (35) MeCN 100 84
7 TBHP (3)(aq.) Nal (30) MeCN 100 90
8 TBHP (3)(aq.) Nal (25) MeCN 100 68
9 TBHP (3) (dec.) Nal (30) MeCN 100 35
10 TBHP (3) (aq.) KI (30) MeCN 100 45
11 TBHP (3) (aq.) 1,(30) MeCN 100 48
12 TBHP (3) (aq.) NH4I (30) MeCN 100 51
13 TBHP (3) (aq.) TBAI (30) MeCN 100 35
14 TBHP (3) (aq.) Nal (30) EtOAc 100 30
15 TBHP (3) (aq.) Nal (30) DMSO 100 66
16 TBHP (3) (aq.) Nal (30) DMF 100 58
17 TBHP (3) (aq.) Nal (30) THF 100 65
18 TBHP (3) (aq.) Nal (30) HZO 100 43
19 HZO2 Nal (30) MeCN 100 38
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20 DTBP Nal (30) MeCN 100 30
21 K S Os Nal (30) MeCN 100 44
22 MnO_ Nal (30) MeCN 100 36
23 DDQ Nal (30) MeCN 100 22
24 Nal (30) MeCN 100 ND
25 TBHP(aq) - MeCN 100 ND
26 - - MeCN 100 ND
27 TBHP(aq) Nal (30) MeCN 80 70
28 TBHP(aq) Nal (30) MeCN 90 82
29 TBHP(aq) Nal (30) MeCN 110 87

The bold row represents optimized conditions.

@Al the reactions were performed with 1 mmol of benzyl mercaptan.
®) The yields refer to the isolated pure products after 26 h of the reaction times

To increase the prospect of the substrate that is benzyl mercaptans (1) and
different amines aniline (2a), 4-nitroaniline (2b), Benzyl amine (2d), n-methyl aniline
(2e), 3,5-dimethylaniline (2f), 2-aminopyridine (2g), 4-methylaniline (2i), 4-
methoxyaniline (2j), N,N-dimethylbenzene-1,4-diamine (2k), 2-napthylamine (21),
piperidine (2m), diphenylmethanamine (2n), cyclohexanamine (20), diethylamine (2r),
3-nitroaniline (2s) having different substitution patterns were examined (Table 4.2).
All the substrates were successfully converted to the corresponding amides in good to
excellent yields. It was observed that the % yield of the product was increased slightly
in the case of the electron-withdrawing group containing benzylamine due to the
increase in the polarity of the carbonyl group. In contrast, the % yield was decreased in
the case of the electron-donating group containing benzylamine due to the decrease in
polarity of the carbonyl group. There is also the effect of aliphatic acyclic and cyclic
amine on the yield of the products. The yield was somewhat lower in the case of

aliphatic amine than cyclic amine as a result of the improved nucleophilicity of
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piperidine & pyrrolidine. It was also noted that there is a slight reduction in % yield of

morpholine owing to the —I effect of oxygen.

Table 4.2 Screening of substrates for the synthesis of amide
4 )

R
o B N s > TBHP, 100“ /
17 + =N
Z \ Nal, \u(N
R,

(1.0 mmol) (1.0 mmol) (3a- L)
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[2lproducts were characterized by 'H, 13C NMR and IR analysis.

Pligolated yield.
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4.3 Control experiments to establish the mechanism of the reaction

To understand the reaction mechanism, some control experiments were carried out
using radical scavengers TEMPO and BHT (Scheme 4.2). The results of the control
experiment recognized the involvement of radical intermediates in the course of the
reaction. The blank experiments using benzyl mercaptan alone formed thiobenzoic acid
(Scheme 4.2, reaction no 3). Therefore, we suspect the intermediacy of thiobenzoic acid,
which is obtained from benzyl mercaptan under standard reaction, to confirm this
already synthesized thiobenzoic acid was subjected to the standard reaction conditions,
which provided the disulfide in 45% yield. Still, when the same reaction was carried out
in the absence of TBHP, no product was formed (Scheme 4.2, reaction no 4). Now
disulfide reacts with an amine to provide amide, i.e., the final product in more than 92%
yield (Scheme 4.2, reaction no 5). These outcomes showed that first benzyl mercaptan
converted to thiobenzoic acid that can be spontaneously converted to disulfide, and the
disulfide can suddenly react with an amine to form an amide. To validate the
intermediacy of disulfide, the reaction of thiobenzoic acid with aniline was carried out
in the presence of disulfide reducing agent DL dithiothreitol (DTT) (3 equivalent and 5
equivalent) under standard conditions; no product was formed (Scheme 4.2, reaction no
6). The formation of disulfide was also identified from its '"H NMR and 3*CNMR. In
another control experiment i.e., in reaction 7, the product amide was not formed. These
results supported our estimation that intermediate thiobenzoic acid is undoubtedly the

main intermediate during the reaction path (Scheme 4. 2, reaction no 7).
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Scheme 4.2: Control experiments to establish mechanism of the reaction
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4.4 Mechanism of C-N bond formation via oxidative coupling

On the basis of the above outcomes and forgoing literature reports[25], a
possible mechanism was proposed (Scheme 4.3). At the outset, tert-butoxyl and tert-
butylperoxy radicals are generated by the reaction of TBHP with iodide anions. Now
the benzyl mercaptan is converted to thiobenzoic(1A) acid with the help of TBHP.
Then, thiobenzoic acid 1A reacts with terz-butyl peroxy radicals to provide the free
radical 1-B, and 1-B further undergoes a self-homocoupling process to provide
disulphide1-C. Finally, disulfide 1-C reacts with amine 2 to form the final product 3

and 1-D, and thus 1-D reacts spontaneously with an amine to give the final product.

. 121
OH + 'BuO X ’X ‘BuOOH
‘BuOOH Bu0O H,0
4 R ~N
( ‘Bu-0-OH —_— ‘Bu-0 + OH )
SH SH HO SH 0. _SH o) SH

Bu-O - y 'Bu-O-+ OH’E

Bu-O é OH é u é 5
. )
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Scheme 4.3: Plausible mechanism of amide bond formation

4.5 Gram-scale synthesis of benzamide with benzyl mercaptan &

aniline
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(1) (2) (33)(69%’

Scheme 4.4 Gram-scale synthesis of Benzamide (3a)

Moreover, the usefulness of the current plan was authenticated by undertaking

the model reaction on a gram scale (Scheme 4.4). Benzylmercaptan 1(10.0mmol) with
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aniline 2 (10mmol) were stirred at 100°C for 24 h using 30 mol% Nal catalyst & 3.00
mol% TBHP in 100mL MeCN solvent. After completing the reaction (monitored by
TLC), water was added to quench the reaction. The reaction mixture was extracted with
ethyl acetate (10 mL x 3) followed by drying over anhydrous Na>SO4. The solvent was
evaporated under reduced pressure to provide the crude product which was purified by
column chromatography on silica gel (100-200 mesh) to give the desired pure products

3 in good to excellent yields (69%).

4.6 Conclusions

In summary, a facile, novel method has been developed for the Nal catalyzed
direct amidation of benzyl mercaptan through oxidative coupling with the amine using
TBHP as an oxidant. All the reactions were accomplished without transition metal. The
current procedure performed adequately for various substrates, together with electron
releasing and an electron-withdrawing group containing benzyl mercaptan and various

amines.

4.7 Experimental Section

4.7.1 General experimental procedure for the synthesis of compound 3

Benzyl mercaptan (1.0 mmol), fert-butyl hydroperoxide (TBHP) (70% aqueous
solution,3.0 mmol),Nal (30 mol%) and MeCN( 15mL)were added to a 50 ml round
bottom (RB) flask. The reaction mixture was agitated at 100 °C with amine (1.0 mmol)
for 24 hr. After completing the reaction (monitored by TLC), water was added to
quench the reaction. The reaction mixture was extracted with ethyl acetate (10mL x3)
followed by drying over anhydrous Na>SOj4. The solvent was evaporated under reduced

pressure to provide the crude product, which was purified by column chromatography
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on silica gel (100-200 mesh) to give the desired pure products 3 in good to excellent

yields.

4.7.2 Characterization data of synthesized compounds and 3(a-t)

N-Phenylbenzamide (3a)

White solid, m.p.162-163 °C; 90% yield '"H NMR (500 MHz, CDCl3) 5 7.94 —
7.83 (m, 3H), 7.71 — 7.64 (m, 2H), 7.61 — 7.56 (m, 1H), 7.54 — 7.49 (m, 2H), 7.44 — 7.36 (m,
2H), 7.22 — 7.15 (m, 1H).3C NMR (126 MHz, CDCI3) 5 165.7, 137.9, 135.0, 131.9, 129.1,

128.8, 127.0, 124.6, 120.2.

N-(4-Nitrophenyl)benzamide(3b)
Light yellow solid, m.p.196-198 °C; 84% yield;'H NMR (500 MHz, CDCl;) 5:
8.28-8.25 (xm, 2H), 8.08 (s, 1H),7.93-7.89 (m, 2H), 7.87-7.84 (m, 2H), 7.62-7.57 (m, 1H),

7.54 (4.8 Hz, 2H) ppm; *C NMR (126 MHz, CDCL) 5: 171.5, 150.2, 147.6, 139.5, 136.3,

133.1, 132.6, 129.3, 124.4 ppm;

4-Chloro-N-phenylbenzamide(3c)

White solid, m.p.154-156 °C; 89% yield;'"H NMR (500 MHz, CDCl3) § 7.90 —
7.84 (m, 2H), 7.77 (brs, 1H), 7.68 — 7.63 (m, 2H), 7.43 — 7.36 (m,2H), 7.21 — 7.13 (i,
1H), 7.04 — 6.97 (m, 2H). 13C NMR (126 MHz, CDCI3) § 165.2, 162.5, 138.1, 129.1,

128.9, 127.1, 124.4, 120.1, 114.0.

N-Benzylbenzamide (3d)

Yellow solid, m.p.120-122 °C; 87% yield; '"H NMR (500 MHz, CDCI3) § 7.84
—7.80 (m, 2H), 7.55 — 7.49 (m, 1H), 7.47 — 7.41 (m, 2H), 7.39 -7.36 (m, 4H), 7.35 —
7.30 (m, 1H), 6.59 (brs, 1H), 4.66 (d, J = 7.1, 2H). 3C NMR (126 MHz, CDCI3) §

167.5,138.2, 134.4, 131.6, 128.8, 128.6, 128.0, 127.7, 127.0, 44.2.
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N-Methyl-N-phenylbenzamide(3e)

White solid, m.p. 125 -126 °C; 89% yield; 'H NMR (500 MHz, CDCI3) § 7.34
—7.29 (m, 2H), 7.27 — 7.21 (m, 3H), 7.21 — 7.15 (m, 3H), 7.08 —7.03 (m, 2H), 3.53 (s,
3H).3C NMR (126 MHz, CDCI3) § 170.9, 144.8, 135.8, 129.7, 129.2, 128.7, 127.8,

126.9, 126.6, 38.5.

N-(3,5-Dimethylphenyl)benzamide (3f)

White solid, m.p. 141 -143 °C; 86% yield;'H NMR (500 MHz, CDCls) & 7.98 (brs,
1H), 7.91 — 7.83 (m, 2H), 7.59 — 7.52 (m, 1H), 7.52 — 7.43 (m,2H), 7.31 (s, 2H), 6.81 (s, 1H),
2.32 (s, 6H).3C NMR (126 MHz, CDCl;) & 165.8, 138.8, 137.8, 135.1, 131.7, 128.7, 127.1,

126.3, 118.1, 21.4.
N-(Pyridin-2-yl)benzamide(3g)

White solid, m.p. 83 -84 °C; 86% yield; "TH NMR (500 MHz, CDCl;) 5 9.38 (brs,

1H), 8.43 (d, J = 10.5, 1H), 8.10 (ddd, J = 6.25, 2.3, 1.12, 1H),7.97 — 7.90 (m, 2H), 7.76 (ddd,
J=10.5,9.25,2.3, 1H), 7.60 — 7.53 (m, 1H), 7.51 — 7.44 (m, 2H), 7.03(ddd, J = 9.25, 6.25, 1.3,
1H). *C NMR (126 MHz, CDCL3) § 166.1, 151.8, 147.8, 138.5, 134.4, 132.2, 128.8, 127.4,

119.9, 114.4.

4-Methoxy-N-phenylbenzamide(3h)

White sold, m.p. 156 -158 °C; 89% yield;'H NMR (500 MHz, CDCl;) § 7.90 —

7.84 (m, 2H), 7.77 (brs, 1H), 7.68 — 7.63 (m, 2H), 7.43 — 7.36 (m, 2H), 7.21 — 7.13 (m, 1H),
7.04 — 6.97 (m, 2H), 3.90 (s, 3H). 3C NMR (126 MHz, CDCLs) & 165.2, 162.5, 138.1, 129.1,

128.9,127.1, 124.4, 120.1, 114.0, 55.5.
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N-(p-Tolyl)benzamide (3i)

White solid, m.p.157-158 °C; 87% Yield: '"H NMR (500 MHz, CDCl3) & 7.95 (s,
1H), 7.86 — 7.79 (m, 2H), 7.50 (dd, J = 8.6, 3.5 Hz, 3H), 7.43 (t, J = 7.7Hz, 2H), 7.14 (d, ] =
6.8 Hz, 2H), 2.32 (s, 3H); 3C NMR (126 MHz, CDCls) 5 165.7, 135.5, 135.1, 134.2,131.7,

129.5,128.7,127.1, 120.4, 20.9.

N-(4-Methoxyphenyl)benzamide(3j)

White solid, m.p.155-156 °C; 88% Yield: "H NMR (500 MHz, CDCl3) & 7.85
(d, J=6.1 Hz, 2H), 7.80 (s, 1H), 7.53 (t, /= 6.0 Hz, 3H), 7.46 (t, J= 6.3 Hz, 2H), 6.90
(d, J=7.4 Hz, 2H), 3.81 (s, 3H); ¥C NMR (126 MHz, CDCls) § 165.6, 156.7,

135.1,131.7, 131.1, 128.7, 127.0, 122.2, 114.3, 55.5.

N-(4-(Dimethylamino)phenyl)benzamide (3k)

White solid, m.p.161-163 °C; 84% Yield: '"H NMR (500 MHz, CDCls) 5 7.87
(d, J=17.4 Hz,2H), 7.75 (s, 1H), 7.55-7.46 (m, 5H), 6.75 (d, J = 9.0 Hz, 2H), 2.95 (s,
6H); *C NMR (126MHz, CDCl) § 165.5, 148.2, 135.3, 131.5, 128.7, 127.7, 127.0,

122.1, 113.0, 40.9.

N-(Naphthalen-1-yl)benzamide (31)

Yellowish solid, m.p.159-160 °C; 89% Yield: 'H NMR (500 MHz, DMSO) &
10.44 (s, 1H), 8.11 (d, J = 7.5 Hz, 2H), 8.04 — 7.94 (m, 2H), 7.87 (d, J =8.1 Hz, 1H),
7.66 — 7.60 (m, 2H), 7.60 — 7.47 (m, 5H); 3C NMR (126 MHz, DMSO)  166.7,
135.0,134.4, 134.3, 132.1, 129.7, 128.9, 128.5, 128.3, 126.8, 126.5, 126.4, 126.0, 124.4,

123.8.
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1-(2-Naphthalenecarbonyl)piperidine (3m)

Pale Yellow solid, m.p.172-173 °C; 85% Yield: '"H NMR (500 MHz, CDCIl5):
7.91— 7.86 (m, 4H), 7.56 — 7.48 (m, 3H), 3.71 (br's, 4H), 1.70 — 1.53 (br s,6H); 3C
NMR (126 MHz, CDCl3): 6 170.5, 133.9, 133.6, 132.8, 128.4, 128.2, 127.8, 126.9,

126.6, 126.5, 124.3, 49.0, 46.3, 26.5, 26.2, 24.6.

N-Benzhydrylbenzamide (3n)

Yellow solid, m.p.193-195 °C; 88% Yield: '"H NMR (400 MHz, CDCl3) 6 7.80 (d,
J=17.1Hz, 2H), 7.48 (t, ] = 7.4 Hz, 1H),7.40 (t, ] = 7.5 Hz, 2H), 7.35-7.23 (m, 10H), 6.78 (d, J
=17.5 Hz, 1H), 6.44 (d, J = 7.9 Hz, 1H); *C NMR (126 MHz, CDCls) § 165.5, 141.5, 134.3,

131.7,128.8, 128.7, 127.6, 127.6, 127.1,57.5.

N-Cyclohexylbenzamide (30)

Yellow solid, m.p.145-146 °C; 89% Yield: "H NMR (500 MHz, CDCl;) 5 7.80 —
7.73 (m, 2H), 7.51 — 7.47 (m, 1H), 7.45 — 7.39 (m, 2H), 6.10 (d, J= 5.5 Hz, 1H), 4.02 — 3.95
(m, 1H), 2.04 (dd, J = 12.8, 3.9 Hz, 2H), 1.79 — 1.73 (m, 2H), 1.69 — 1.63 (m, 1H), 1.47 — 1.38
(m, 2H), 1.23 (tdd, J = 12.2, 9.7, 3.4 Hz, 3H); *C NMR (126 MHz, CDCl) & 166.6, 135.1,

131.2, 128.5, 126.9, 48.7, 33.2, 25.6, 25.0.

1-(4-Pyridinecarbonyl)piperidine (3p)

Yellow solid, m.p.145-146 °C; 89% Yield: '"H NMR (CDCls, 500 MHz): § 8.70
(s, 4H), 3.75 (m, 2H), 3.32 (t, J=5.0 Hz, 2H), 1.71 (br s, 2H), 1.56 (brs, 6H); *C NMR (CDCls,

126 MHz): 6 167.6, 150.2, 144.1, 121.1, 48.5, 43.0, 26.5, 25.5, 24.4ppm
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1-(4-Fluorobenzoyl)piperidine (3q)

Yellow solid, m.p.60-61 °C; 90% Yield: "H NMR (CDCl3,500 MHz): § 7.43 - 7.39
(m, 2H), 7.12 - 7.06 (m, 2H), 3.66 (s, 2H), 3.36 (br s, 2H), 1.61 (br s,6H); *C NMR (CDCl,

126 MHz): 6 169.4, 164.85, 161.6, 132.5, 129.1, 115.6, 115.3, 48.9, 43.3,26.4, 25.8, 24.6.

N,N-Diethylbenzamide (3r)

White solid, m.p.39-40 °C; 90% Yield: "H NMR (500 MHz, CDCl3) 8 7.41 —7.33
(m, SH), 3.55 (q, J = 7.2, 2H), 3.24 (q,J = 7.2, 2H), 1.25 (t, J = 6.5, 3H), 1.10 (t, ] = 6.5, 3H).

3C NMR (126 MHz, CDCl3) 5 171.4,137.2,129.1, 128.4, 126.2, 43.3,39.3, 14.2, 12.9.

N-(3-Nitrophenyl)benzamide (3s)

White solid, m.p.39-40 °C; 90% Yield: "H NMR (500 MHz, CDCl3): § 8.53 (t,J
=22, 1H), 8.13 (ddd, J = 8.2, 2.2, 1.0, 1H), 8.09 — 8.02 (m, 2H), 7.96 — 7.89 (m, 2H), 7.66 —
7.59 (m, 1H), 7.59 — 7.53 (m, 3H). *C NMR (126 MHz, CDCl3) 3 165.9, 148.7, 139.0, 134.0,

132.5, 130.0, 129.0, 127.1, 125.8, 119.2, 114.9.

1-(4-Pyridinecarbonyl)piperidine(3t)

White solid, m.p.139-140 °C; 84% Yield:'H NMR(CDCls, 500 MHz): 5 8.70 (s,
4H), 3.75 (m, 2H), 3.32 (t, ]=8.33 Hz, 2H), 1.71 (br s, 2H), 1.56 (brs, 6H); 3C NMR (CDCls,

126 MHz): § 167.6, 150.2, 144.1, 121.1, 48.5, 43.0, 26.5, 25.5, 24.4;
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4.7.3 Spectral Data of Product N-Phenylbenzamide (3a)
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Figure 4.1 '"H NMR of N-Phenylbenzamide(3a)
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Figure 4.2 '3C NMR of N-Phenylbenzamide
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4.7.4 Spectral Data of Product 1-(2-Naphthalenecarbonyl)piperidine(3m)
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Figure 4.3 '"H NMR of 1-(2-Naphthalenecarbonyl)piperidine(3m)
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4 )

Figure 4.4 "H NMR of 1-(2-Naphthalenecarbonyl)piperidine(3m)
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4.7.5 Spectral Data of Product piperidin-1-yl(pyridin-4-yl)methanone(3t)

( A

Figure 4.5 "H NMR of piperidin-1-yl(pyridin-4-yl)methanone(3t)

Page | 115



Nal/TBHP-Promoted C-N Bond Formation Via Oxidative Coupling of Benzyl...

3 2 5 BET
= R S Ll ¥ BaE
It} | 1 I
0
7 5
N~
M-ML—“
270 260 2350 240 230 220 210 200 190 180 170 160 150 {40 130 120 110 100 <0 BO 70 &0 50 40 in 20 10 1]
1 [ppm)

Figure 4.6 3C NMR of piperidin-1-yl(pyridin-4-yl)methanone(3t)
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