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4.1 Introduction

N-Nitroso compounds, including N-Nitrosamines and N-Nitrosamides, play important
roles in human health and diseases. In particular, N-Nitroso compounds possess a strong
carcinogenic and mutagenic property [1]. On the other hand, some N-Nitrosamines have
been used in various treatments including cancer, cardiovascular diseases, central nervous
disorders, diseases related to immunity and physiological disorders, etc [1, 2]. Besides
their biological importance, N-Nitrosamines have become valuable precursors and
intermediates in organic synthesis [11]. Besides their traditional synthetic applications,
they have been recently used as the directing group in C-H activation reactions [3].
Unlike N-Nitrosamines, the chemistry of N-Nitrosamides is less explored [12]. There are
two types of N-Nitrosamides, namely i) N-Nitroso acyl amides and ii) N-Nitroso
sulfonamides [4, 5]. In terms of synthesis and applications, the chemistry of N-Nitroso
acyl amides is better explored when compared with N-Nitroso sulfonamides [5]. For
instance, N-Nitroso acyl amides have been synthesized using various nitrosating reagents
(e.g. sodium nitrite-acetic anhydride, [6, 7] nitrosyl chloride, [8a] nitrogen trioxide,
nitrogen tetraoxide, [8b] tert-butyl nitrite [7c], etc.) and have been used in the acyl
transfer reactions, C-H activation reactions, rearrangement reactions, etc. On the other
hand, only limited methods are available for the synthesis and applications of N-Nitroso
sulfonamides. In general, N-Nitroso sulfonamides have been synthesized using sodium
nitrite and hydrochloric acid [5]. However, the use of strong acidic conditions, excess
amounts of sodium nitrite, and low yields are the major problems of the existing
methodology. As far as the applications are concerned, N-Methyl-N-Nitroso-p-

Toluenesulfonamide (Diazald) has been used as the diazomethane precursor (Scheme
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4.1) [9]. Very recently, synthesis of a-amino-ketoximes has been reported from N-

Nitrososulfonamides and aryl alkenes (Scheme 4.2) [5].
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Scheme 4.1 Diazomethane is used for esterification.
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Scheme 4.2 N-Methyl-N-Nitroso sulfonamide is used for the synthesis of a-Amino-
ketoximes.
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Scheme 4.3 Nitrosation of sulfonamide with TBN.

Our group research is mainly focused on the chemistry of N-Nitrosamines [10]. In this
context, we have reported tert-butyl nitrite (TBN)-mediated solvent-free synthesis of N-

Nitrosamines, [13] radical dimerization of thiobenzamide, [13b] transamidation of
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secondary amides, [13c] and nitration of N-Alkyl anilines [13d]. Recently, we have
reported the synthesis of benzotriazoles and benzimidazoles from o-phenylenediamine
using tert-butyl nitrite [14]. It is important to mention here that tert-butyl nitrite is a
commercially available, inexpensive, and easy-to-handle multi-tasking reagent found in
various applications in organic synthesis [15, 16, 17]. In continuation of our previous
works using TBN, here we report the synthesis of N-Nitroso sulfonamides from
sulfonamides and TBN and their synthetic applications in nitroso transfer reactions under

mild reaction conditions (Scheme 4.3).

4.2 Results and Discussion

At the outset, the reaction conditions were optimized using N-Phenyl N-Methyl
sulfonamide 1a as a model substrate with tert-Butyl nitrite (TBN) (1.0 equiv.) used as the
nitrosating agent and the reactions were performed in different solvents including
methanol, tetrahydrofuran (THF), acetonitrile, dichloromethane (DCM) and water at
room temperature. However, the reactions in methanol and THF gave the desired product
2a only (5-10%) yields (Table 4.1, entries 1-2). On the other hand, the reactions in
acetonitrile, dichloromethane (DCM), and water (Table 4.1, entries 3-5) gave product 2a
(68-98%) vyields. In particular, a quantitative yield (98%) was obtained in
dichloromethane solvent. The reaction also proceeded under solvent-free conditions,
(Table 4.1, entries 6-7) however, relatively in low yields. We further used the other alkyl
nitrites including n-butyl nitrite and amyl nitrite. The reactions proceed well with these
alkyl nitrites (Table 4.1, entries 8-9) and the product was obtained (94-96%) in

comparable yields to that of TBN.
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Table 4.1: Optimization study?® P

o H N J< o N’
\\S\\/N\ o- "0 \\S\\/N\
©/ 0 solvent, rt - ©/ O
1a 10 min. 2a
S.No. Solvent TBN (equiv.) Yield® (%)

1 CHs;OH 1.0 <5
2 THF 1.0 <10
3 CHs:CN 1.0 85
4 DCM 1.0 98
5 H.0 1.0 68
6 Solvent Free 1.0 81
7 Solvent Free 2.0 93
8 DCM (n-butyl nitrite) 1.0 96
9 DCM (n-amyl nitrite) 1.0 94

#Reaction conditions: Substrate 1a (Immol) and TBN (1.0 equiv.) in DCM (2.0 mL)

were stirred at room temperature for 10 minutes. Plsolated yields.

Having optimized the reaction conditions, we investigated the scope of the reaction
concerning sulfonamides (Table 4.2). Initially, various aryl N-Methyl sulfonamides were
prepared and subjected to the N-Nitrosation reaction with TBN under optimization
conditions. Aryl groups bearing various electron-donating functional groups such as
methyl, methoxy, and tert-butyl groups underwent N-Nitrosation within 10 min. and
provided the desired products 2a-2f in (86-97%) good to excellent yields. It is worth

noting that the sterically hindered ortho tert-butyl groups functionalized substrate also
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gave the desired product 2e in 86% good yield. Similarly, the electron-withdrawing
groups such as nitro and cyano-containing substrates also underwent N-Nitrosation
smoothly and gave the desired product 2g-2h in (89-94%) excellent yields. Moreover, the
substrates bearing halogen functional groups underwent N-Nitrosation, and the desired
products 2i in (91%) good yields. N-Methyl naphthalene sulfonamide also underwent N-
Nitrosation very smoothly and gave the desired product 2j in (94%) excellent yield.

Table 4.2: N-Nitrosation of various N-Methyl sulphonamides using TBN# °

H J< NO
O\\ N 0//N ~0 (@) !

N v _N
< S\\o (1 equiv.) 8T
DCM, rt RO/ 0
(1a-1j) 10 min. (2a-2j)
\\ N \\ N
©/ /©/ 3CO
(2a, 98%) (2b, 96%) (2c, 97%) (2d, 95%) (2e, 86%)
NO NO NO NO
|
N BN BN % UL
Q o I I Uy
NC Br
(2f, 92%) (29, 90%) (2h, 89%) (2i, 91%) (2], 94%)

@Reaction conditions: Substrates (1a-1j, 1 mmol) and TBN (1.0 equiv.) in DCM (2.0

mL) were stirred at room temperature for 10 minutes. °Isolated yields.

After exploring the scope of the aryl N-Methyl sulfonamides, we have investigated the N-
Nitrosation of various N-Alkyl benzenesulfonamides (Table 4.3). The substrates bearing
liner and cyclic alkyl groups such as hexyl and cyclohexyl underwent N-Nitrosation

smoothly and the desired products 3k-3I were obtained in good yields (90-85%). Further,
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we investigated the N-Nitrosation of various phenyl N-Benzyl sulfonamides. It was
observed that the sulfonamides bearing various N-Benzyl groups such as 4-methoxy, 3-
methoxy, 4-fluoro and 4-nitro benzyl moiety underwent N-Nitrosation and gave the
corresponding N-Nitroso sulfonamides 3m-3q in good to excellent yields (75-85%).
However, the substrate, N-Phenyl benzene sulfonamide gave the desired product 3r in

low yield (~10%).

Table 4.3: N-Nitrosation of various N-substituted benzenesulfonamides using TBN*P

NO
H _N. J<
AN, 0”0 Q_N.
S R (1 equiv.) S. R
© DCM, rt ©/ ©
1k-r 10 min. (3k-3r)

(@)
W _N \\ N \\ N
TR RO e

3k, 90% 31, 85% 3m, 82% 3n, 85%

30, 83% 3p, 79% 3q, 75% 3r, ~10%

#Reaction conditions: Substrates (1k-1r, 1 mmol, 1.0 equiv.) and TBN (1.0 equiv.) in
DCM (2.0 mL) with different amines were stirred at room temperature

for 10 minutes. "lsolated yields.

Having generated various N-Nitroso sulfonamides, we investigated the applications of
these compounds. In this context, we have investigated the use of N-Nitroso sulfonamides

as nitrosating agents for the secondary amines. We have used morpholine as the model
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substrate and investigated nitrosation using aryl N-Methyl N-Nitroso benzene
sulfonamides in 1, 4 dioxane at room temperature. The reaction was performed in the 1, 4
dioxane solvent at room temperature. It was observed that N-Methyl N-Nitroso p-Tolyl
sulfonamide gave the desired product in good yield when compared with other
sulfonamides (Scheme 4.4). We further extended the study and N-Nitrosation of various
other secondary amines were investigated using N-Methyl N-Nitroso p-Tolyl
sulfonamide. The secondary amides including piperidine, dibenzyl amine, and dihexyl

amine were successfully nitrosated using the developed methodology (Scheme 4.5).

(0]
4a ’ H

. ©
O/NO L NG N N N NN
Ph)
5b, 85% 5c, 89% 5d, 87%

Scheme 4.5 Transnitrosation with N-Methyl N-Nitroso sulfonamide with secondary

amines.
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4.3 Conclusion

In conclusion, we have successfully developed a simple and highly efficient method for
the preparation of N-Nitroso sulfonamides from sulfonamides and tert-butyl nitrite at
room temperature. The reactions gave the desired products good to excellent yields. The
application of N-Nitroso sulfonamides was explored for the nitrosation of secondary
amines under mild reaction conditions. The developed methodology is attractive in terms

of reaction conditions, yields, and execution of the reactions.

4.4 Experimental Section

4.4.1. General procedure of preparation of N-Alkyl sulfonamides from sulfonyl
chlorides: [5]

o o H
“ _CI “ _N
S\b  HgconH,  EtN.DMAP 5
R DCM R 0
0°Ctort

Substrate primary amine (methylamine: 25-30% in water, 2 equiv.) was dissolved in
dichloromethane (DCM) and cooled to 0 °C. Triethylamine (2 equiv.) and dimethyl
aminopyridine (0.1 equiv.) were added. In the end, the sulfonyl chloride (1 equiv.) was
added piece of the action. Then the solution was slowly warmed to room temperature and
stirred for an additional 12 hours. Once complete, the reaction was quenched with 1 M
hydrochloric acid. The aqueous layer was washed with dichloromethane, dried over
sodium sulphate, and concentrated under reduced pressure. The residue was obtained as a
white solid or colourless oil liquid in 90-98% yield and used directly without further

purification.
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4.4.2. Starting materials prepared: [5, 18]

H
o H o H oK PN
\\S/N\ \\S/N\ S N S\\
s o L
HCO
(1a) (1b) (1c) (1d)
H
O\\ _N

4.4.3. Procedure of preparation of N-nitroso-N-Alkyl-sulfonamides from N-Alkyl-

sulfonamides:

. L 1o
0
QN oo AN

S\\ o S\b
R O DCM, rt R

To a well oven-dried round bottom flask, N-Methylsulfonamide (0.5 mmol, 1.0 equiv.)

and tert-butyl nitrite (1.0 equiv.) were added and allowed to stir at room temperature. The
progress of the reaction was monitored by TLC. After completion, the reaction mixture

was dissolved in the DCM, washed with water (2 x 20 mL), and dried over anhydrous
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NaSOgs. Further, DCM was evaporated in vacuo and subjected to silica gel (100-200
mesh) column chromatography purification (SiO2: ethyl acetate/hexane) to obtain the
corresponding N-nitroso-N-methyl sulfonamides. Some sulfonamide was confirmed by

NMR and mass in previous literature [5].
4.5: Analytical data:

4.5.1: N-methyl-N-nitrosobenzenesulfonamide (2a) [5]

The title compound was obtained as a pale yellow liquid. The residue was purified by
column chromatography in silica gel eluting with hexane: EtOAc 90:10, Rt = 0.70; Yield:
98% (206 mg); *H NMR (500 MHz, CDCls) & 7.89 (m, J = 8.7, 1.8, 1.2 Hz, 2H), 7.62
(m, J =8.1, 7.3, 1.2 Hz, 1H), 7.50 (m, J = 7.5, 2.5, 1.2 Hz, 2H), 3.04 (s, 3H). *C NMR

(125 MHz, CDCl3) 6 136.92, 134.68, 129.66, 127.74, 28.83.
4.5.2: N,4-dimethyl-N-nitrosobenzenesulfonamide (2b) [5]

The title compound was obtained as a pale yellow liquid. The residue was purified by
column chromatography in silica gel eluting with hexane: EtOAc 92:8, Rs = 0.68; Yield:
96% (210 mg); 'H NMR (500 MHz, CDCls) & 7.79 (d, J = 8.4 Hz, 2H), 7.30 (d, J = 8.0
Hz, 2H), 3.04 (s, 3H), 2.38 (s, 3H). 3C NMR (125 MHz, CDCls) & 146.12, 134.05,

130.32, 127.94, 28.83, 21.67.
4.5.3: 4-methoxy-N-methyl-N-nitrosobenzenesulfonamide (2c) [5]

The title compound was obtained as pale yellow viscous. The residue was purified by
column chromatography in silica gel eluting with hexane: EtOAc 90:10, Rs = 0.60; Yield:

88% (230 mg); ‘H NMR (500 MHz, CDCls) & 7.84 (d, J = 9.1 Hz, 2H), 6.96 (d, J = 9.1
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Hz, 2H), 3.82 (s, 3H), 3.05 (s, 3H). 3C NMR (125 MHz, CDCls) 5 164.56, 130.34,

128.18, 114.90, 55.82, 28.77.
4.5.4: 4-(tert-butyl)-N-methyl-N-nitrosobenzenesulfonamide (2d) [5]

The title compound was obtained as a pale yellow solid. Melting point 85 °C. The residue
was purified by column chromatography in silica gel eluting with hexane: EtOAc 92:8, Rt
= 0.65; Yield: 95% (246 mg); 'H NMR (500 MHz, CDCls) & 7.83 (d, J = 8.5 Hz, 2H),
7.51 (d, J = 8.5 Hz, 2H), 3.06 (s, 3H), 1.27 (s, 9H). 3C NMR (125 MHz, CDCls) &
158.95, 133.97, 127.82, 126.75, 35.39, 30.90, 28.90. HRMS-ESI (m/z): calcd for

C11H16N203S, [M + H]* : 257.0960, found 257.0950.
4.5.5: 2,4,6-triisopropyl-N-methyl-N-nitrosobenzenesulfonamide (2e)

The title compound was obtained as a pale yellow foam. The residue was purified by
column chromatography in silica gel eluting with hexane: EtOAc 94:6, Rs = 0.82; Yield:
86% (280 mg); 'H NMR (500 MHz, CDCls) & 7.15 (s, 2H), 3.97 (m, J = 6.7 Hz, 2H), 3.13
(s, 3H), 2.85 (m, J = 13.8, 6.9 Hz, 1H), 1.19 (d, J = 6.9 Hz, 6H), 1.15 (d, J = 6.8 Hz,
12H). 3C NMR (125 MHz, CDCls) § 155.36, 152.21, 129.26, 124.47, 34.29, 29.63,
27.75, 24.50, 23.41. HRMS-ESI (m/z): calcd for C16H2N203S, [M + Na]* : 349.1562,

found 349.1553.
4.5.6: N,2,4,6-tetramethyl-N-nitrosobenzenesulfonamide (2f)

The title compound was obtained as pale yellow viscous. The residue was purified by
column chromatography in silica gel eluting with hexane: EtOAc 92:8, Rs = 0.75; Yield:

88% (229 mg); *H NMR (500 MHz, CDCls) & 6.94 (s, 2H), 3.11 (s, 3H), 2.54 (d, J = 2.2
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Hz, 6H), 2.25 (d, J = 1.9 Hz, 3H). 3C NMR (125 MHz, CDCls) § 145.05, 141.08, 132.48,
130.76, 28.22, 22.84, 21.10. HRMS-ESI (m/2): calcd for CioH1N20sS, [M + Na]* :

265.0623, found 265.0615.
4.5.7: N-methyl-4-nitro-N-nitrosobenzenesulfonamide (2g) [5]

The title compound was obtained as a pale yellow foam. The residue was purified by
column chromatography in silica gel eluting with hexane: EtOAc 79:21, Rt = 0.42; Yield:
90% (220 mg); *H NMR (500 MHz, CDCls) & 8.37 (d, J = 9.0 Hz, 2H), 8.14 (d, J = 9.0
Hz, 2H), 3.11 (s, 3H). 13C NMR (125 MHz, CDCl3) § 151.18, 142.75, 129.36, 124.93,

29.08.
4.5.8: 4-cyano-N-methyl-N-nitrosobenzenesulfonamide (2h) [5]

The title compound was obtained as a pale yellow foam. The residue was purified by
column chromatography in silica gel eluting with hexane: EtOAc 88:12, Rt = 0.45; Yield:
89% (210 mg); 'H NMR (500 MHz, CDCls) & 8.06 (d, J = 8.7 Hz, 2H), 7.83 (d, J = 8.7
Hz, 2H), 3.09 (s, 3H). 13C NMR (125 MHz, CDCls) § 141.30, 133.44, 128.56, 118.44,

116.64, 29.08.
4.5.9: 4-bromo-N-methyl-N-nitrosobenzenesulfonamide (2i) [5]

The title compound was obtained as a pale yellow viscous. The residue was purified by
column chromatography in silica gel eluting with hexane: EtOAc 87:13, R = 0.52; Yield:
91% (250 mg); *H NMR (500 MHz, CDCls) & 7.78 (d, J = 8.8 Hz, 2H), 7.66 (d, J = 8.8
Hz, 2H), 3.06 (s, 3H). ¥C NMR (125 MHz, CDCls) § 136.12, 133.10, 130.29, 129.34,

28.92.
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4.5.10: N-methyl-N-nitrosonaphthalene-1-sulfonamide (2j)

The title compound was obtained as a pale yellow solid. Melting point 105 °C The
residue was purified by column chromatography in silica gel eluting with hexane: EtOAc
80:20, Rf = 0.52; Yield: 94% (240 mg); *H NMR (500 MHz, CDCls) & 8.67 — 8.60 (m,
1H), 8.42 (dd, J = 7.4, 1.2 Hz, 1H), 8.12 (d, J = 8.2 Hz, 1H), 7.89 (d, J = 8.1 Hz, 1H),
7.61 (m, J =8.6, 6.9, 1.4 Hz, 1H), 7.56 (dd, J = 10.8, 4.8 Hz, 2H), 3.03 (s, 3H). C NMR
(125 MHz, CDCls) & 136.75, 134.28, 131.97, 131.23, 129.44, 129.27, 128.00, 127.55,
124.16, 123.78, 28.73. HRMS-ESI (m/z): calcd for C11H10N20sS, [M + Na]* : 273.0310,

found 273.0302.
4.5.11: N-hexyl-N-nitrosobenzenesulfonamide (3k)

The title compound was obtained as colourless. The residue was purified by column
chromatography in silica gel eluting with hexane: EtOAc 92:8, Rf = 0.72; Yield: 90%
(240 mg); *H NMR (500 MHz, CDCls) & 8.07 — 7.99 (m, 2H), 7.71 (td, J = 7.6, 1.0 Hz,
1H), 7.62 — 7.58 (m, 2H), 3.77 — 3.67 (m, 2H), 1.44 (dd, J = 14.5, 7.3 Hz, 2H), 1.27 —
1.19 (m, 6H), 0.88 — 0.85 (m, 3H). 3C NMR (125 MHz, CDCls) § 137.99, 134.54,
129.59, 127.95, 43.24, 31.03, 27.58, 26.38, 22.33, 13.88. HRMS-ESI (m/z): calcd for

C29H33NOg, [M + H]" : 271.11186, found 271.1120.
4.5.12: N-cyclohexyl-N-nitrosobenzenesulfonamide (3I)

The title compound was obtained as a pale yellow viscous. The residue was purified by
column chromatography in silica gel eluting with hexane: EtOAc 92:8, Rs = 0.75; Yield:

85% (235 mg); *H NMR (500 MHz, CDCls) & 7.88 — 7.83 (m, 2H), 7.58 — 7.54 (m, 1H),
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7.49 — 7.44 (m, 2H), 4.49 — 4.43 (m, 1H), 1.74 — 1.69 (m, 2H), 1.64 (m, J = 9.9, 5.3, 2.7
Hz, 2H), 1.50 — 1.43 (m, 2H), 1.38 (m, J = 7.3, 6.7, 3.5 Hz, 1H), 1.24 — 1.17 (m, 3H). 3C
NMR (125 MHz, CDCls) § 137.76, 133.36, 129.08, 127.49, 81.98, 32.28, 24.77, 23.32.

HRMS-ESI (m/z): calcd for C12H17N203S, [M + H]* : 269.0960, found 269.0985.
4.5.13: N-benzyl-N-nitrosobenzenesulfonamide (3m)

The title compound was obtained as a yellow foam. The residue was purified by column
chromatography in silica gel eluting with hexane: EtOAc 90:10, Rt = 0.68; Yield: 82%
(229 mg); 'H NMR (500 MHz, CDCls) & 7.78 — 7.69 (m, 2H), 7.53 (t, J = 7.5 Hz, 1H),
7.38 (q, J = 7.7 Hz, 2H), 7.15 — 7.10 (m, 3H), 7.01 (dd, J = 6.5, 2.6 Hz, 2H), 4.86 (s, 2H).
13C NMR (125 MHz, CDCls) & 138.01, 134.45, 129.38, 128.58, 128.30, 128.05, 127.90,
127.06, 47.26. HRMS-ESI (m/z): calcd for CisH13N203S, [M + H]* : 277.0647, found

277.0655.
4.5.14: N-(4-methoxybenzyl)-N-nitrosobenzenesulfonamide (3n)

The title compound was obtained as a dark red viscous. The residue was purified by
column chromatography in silica gel eluting with hexane: EtOAc 85:15, Rf = 0.52; Yield:
85% (260 mg); 'H NMR (500 MHz, CDCls) & 7.76 (d, J = 7.5 Hz, 2H), 7.53 (d, J = 7.5
Hz, 1H), 7.40 (t, J = 7.9 Hz, 2H), 6.99 (d, J = 8.6 Hz, 2H), 6.70 — 6.64 (m, 2H), 4.81 (s,
2H), 3.69 (s, 3H). 3C NMR (125 MHz, CDCl3) & 159.37, 138.15, 134.39, 130.05,
129.36, 127.90, 125.49, 113.91, 55.25, 45.49. calcd for CisH1sN204S, [M + H]" :

307.0753, found 307.0755.

4.5.15: N-(3-methoxybenzyl)-N-nitrosobenzenesulfonamide (30)
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The title compound was obtained as red viscous. The residue was purified by column
chromatography in silica gel eluting with hexane: EtOAc 85:15, Rt = 0.52; Yield: 83%
(250 mg); *H NMR (500 MHz, CDCl3) 6 7.77 (dd, J = 8.5, 1.1 Hz, 2H), 7.57 — 7.53 (m,
1H), 7.42 —7.38 (m, 2H), 7.05 (t, J = 7.9 Hz, 1H), 6.69 (dd, J = 8.2, 2.5 Hz, 1H), 6.61 (d,
J = 7.5 Hz, 1H), 6.50 (s, 1H), 4.84 (s, 2H), 3.62 (s, 3H). 3C NMR (125 MHz, CDCls) &
159.67, 138.04, 134.45, 129.62, 129.38, 127.94, 120.52, 113.80, 113.52, 55.13, 47.24.

calcd for C14H15N204S, [M + H]" : 307.0753, found 307.0759.
4.5.16: N-(4-fluorobenzyl)-N-nitrosobenzenesulfonamide (3p)

The title compound was obtained as pale yellow viscous. The residue was purified by
column chromatography in silica gel eluting with hexane: EtOAc 75:25, Rt = 0.48; Yield:
79% (240 mg); *H NMR (500 MHz, CDCl3) & 7.77 (dd, J = 8.5, 1.1 Hz, 2H), 7.55 (t, J =
7.5 Hz, 1H), 7.43 — 7.39 (m, 2H), 7.06 — 7.00 (m, 2H), 6.85 — 6.79 (m, 2H), 4.81 (s, 2H).
13C NMR (125 MHz, CDCls) & 163.37, 134.59, 130.42, 130.35, 129.47, 127.87, 115.59,

115.42, 45.17. calcd for C13H11FN2NaOsS, [M + Na]* : 317.0372, found 317.0380.
4.5.17: N-(4-nitrobenzyl)-N-nitrosobenzenesulfonamide (3q)

The title compound was obtained as a pale yellow foam. The residue was purified by
column chromatography in silica gel eluting with hexane: EtOAc 75:25, Rf = 0.42; Yield:
75% (240 mg); 'H NMR (500 MHz, CDCls) & 8.02 (d, J = 8.6 Hz, 2H), 7.88 — 7.84 (m,
2H), 7.62 (t, J = 7.5 Hz, 1H), 7.49 (d, J = 7.7 Hz, 2H), 7.22 (d, J = 8.6 Hz, 2H), 4.89 (s,
2H). 13C NMR (125 MHz, CDCls) § 147.52, 140.36, 137.45, 135.00, 129.72, 128.90,

127.95, 123.84, 46.34. calcd for C13H12N30sS, [M + H]™ : 322.0498, found 322.0505.
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4.5.18: N-nitroso-N-phenylbenzenesulfonamide (3r)

The title compound was obtained as a pale yellow foam. The residue was purified by
column chromatography in silica gel eluting with hexane: EtOAc 85:15, Rt = 0.79; Yield:
10% (25 mg); *H NMR (500 MHz, CDClz) & 9.80 (s, 1H), 8.03 (dd, J = 8.4, 1.5 Hz, 1H),
7.80 — 7.75 (m, 3H), 7.54 — 7.49 (m, 2H), 7.40 (dd, J = 10.7, 4.9 Hz, 2H), 7.09 (m, J =
8.5, 7.4, 1.2 Hz, 1H). 3C NMR (125 MHz, CDCls) & 138.58, 135.87, 133.70, 129.38,
127.16, 126.15, 123.95, 121.09. calcd for C12H11N2OsS, [M + H]" : 263.0490, found

263.0495.
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4.6 Spectra of Few Synthesized Compounds
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Figure 4.1 'H NMR Spectra of product 2b in CDCl3
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Figure 4.2 13C NMR Spectra of product 2b in CDCl;
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