Chapter 4

Synthesis of Thioamides from Amides Using Lawesson Reagent
in Solvent-Free Conditions: A Chromatography-Free Approach

4.1 Introduction

Sulfur-containing compounds, especially thiocarbonyls, are highly versatile
intermediates or precursors that find many applications both in synthetic and biological
chemistry [1]. Thioamides are important building blocks; as they are applied broadly in the
areas of synthesis of many significant sulfur-containing heterocycles, such as thiazolines,
thiazoles, thiazolinones, thiadiazoles, tetrazoles, mesoionic rhodanine, betaines and other

heterocyclic [2-9].
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Figure 4.1 Representative bioactive thioamide scaffolds.
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There are many medicinal applications of thioamide functional groups, including antifungal
and antibacterial agents [10, 11], as well as the treatment of diseases such as tuberculosis
and leprosy. Ethion-amide is employed as a second-line treatment when the disease shows
resistance to other antibiotics [12]. It has found widespread applications in many
synthetically useful transformations, and their derivatives have attracted considerable
attention because of their utility in the synthesis of a variety of biologically and
pharmaceutically relevant moieties such as Ethion-amide, propylthiouracil, closthioamide,
hydroxymethyl thiolactam cyclothialidine, and ncyclo-hexylethyl-ETAsV [13], etc.

(Figure 4.1).

Organic chemists for many years have been interested in the conversion of the
carbonyl group into thiocarbonyl group. Among the various procedures available for the
synthesis of thioamides, the most general one involves the thionation of amides and nitriles
using sulfur-transfer reagents, such as Lawesson reagent [14-16], P4S10 [17], (NH.)2S [18,
19], (TMS).S [20], Ss [21], PSCIs [22]. Hye Young Jang, et al. reported the aerobic
oxidation of thiols by wusing the metal catalyst CuCl;, base TBD (1,5,7-
triazabicyclo[4.4.0]dec-5-ene), oxidant O. (under 1-atmosphere nitrogen) in toluene at 100
°C in 18 h [23]. Nguyen, T. B. et al. have reported the oxidative coupling of two different
aliphatic primary amines into thioamides by elemental sulfur under solvent-free conditions
at 130 °C [24]. In 2018 A. Savateev et al., reported that thioamide synthesis using

potassium poly(heptazineimide), a carbon nitride based photocatalyst, effectively promotes
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the Kindler reaction under visible light irradiation [25]. C. Oliver Kappe, et al. [27] reported
the synthesis of thioamides via Kindler reaction with a three-component condensation
reaction of aldehydes, amines, and elemental sulfur using 1-methyl-2-pyrrolidone (NMP) as
a solvent employing microwave flash heating at 110-180 °C for 2-20 min. In literature,
thioamide is synthesized from nitrile involving thioacetic acid in the presence of calcium
hydroxide [28], gaseous H>S in the presence of anion-exchange resin (Dowex 1X8, SH-
form) [29], microwave-assisted solvent-free [30] NaSH and MgCl> in DMF [31] sodium
hydrogen sulfide and diethylamine [32]. Verma et al. [33] have reported microwave-
induced synthesis under solvent-free conditions, and Kotyk et al. [34] have reported
mechanochemical grinding methods under solvent-free conditions, but both methods
required chromatographic separations. X. Hu, reported chromatography-free synthesis, but
the reaction was carried out in solvent and took longer reaction time [35]. The
disadvantages of some of the synthetic strategies include the use of metal catalysts,
expensive reagents, longer reaction times, use of environmentally hazardous organic
solvents, harsh reaction conditions, a tedious work-up procedure, and low yields, besides
this all the reported methods required chromatography to obtain the pure compounds
[36-38]. Therefore, the development of a facile, metal-free, efficient, and environmentally

friendly method is still in demand.

In continuation of research work, we have developed a metal-free, efficient, facile,

and oxidant-free protocol for the synthesis of thioamide derivatives by using the
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environmentally safe, amide/ nitriles and Lawesson reagent in solvent-free conditions, and
the pure compounds have been obtained without chromatographic separation it requires

plenty of solvents that affect the economic and environments (Scheme 4.1).
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Scheme 4.1 Synthesis of thioamides.

Amides are cheap and naturally abundant materials reported for their use as key starting
materials in various organic syntheses. On the other hand, Lawesson reagent (LR) is an
omni-available, low-priced, and powerful versatile thionating reagent for C-S bond
formation. In recent years, with the increase in environmental awareness with respect to
green chemistry, there is also a pressing need to develop eco-friendly approaches for the
preparation of various chemicals. There has been developing stress on the exploitation and
design of environment-friendly solvent-free reactions to reduce the amount of toxic waste
arising from chemical processes stimulated by inflexible environment protection laws
[39,40]. Due to the emergent concern for the influence of organic solvents on the
environment as well as on the human body, organic reactions without the use of

conventional organic solvents have attracted the attention of synthetic organic chemists.
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Although some modern solvents, such as ionic liquids and water, have been extensively
studied recently, not using a solvent at all is absolutely the best option. The development of
solvent-free organic reactions is thus gaining prominence because solvent-free reactions not

only reduce environmental pollution but are also high-yielding and cost-effective.

4.2 Results and Discussion
4.2.1 Optimization of The Reaction Conditions

At the beginning of our study, the reaction between amide/nitrile 1a (1.0 mmol) and
Lawesson reagent (0.6 mmol) was carried out as the model substrate for the synthesis of the
desired product 2a. This included different parameters like solvent, temperature, and molar
ratio of the reactant (Table 4.1). First of all, the model reaction was carried out in different
non-polar and polar solvents. In non-polar solvents toluene, benzene at its boiling
temperature in 1h gave the product 2a in 45, 50% yield respectably (Table 4.1, entries 1-
2), and in the case of polar aprotic solvents like tetrahydrofuran, dichloromethane,
acetonitrile, at its refluxed temperature gave the product 2a but no satisfactory yield was
obtained (Table 4.1, entries 3-5). Then we examined polar protic solvents like, methanol,

ethanol, and water failed to give the desired product 2a (Table 4.1, entries 6-8).

Then the reaction was carried out in solvent-free conditions. To our enchantment,
the yield was improved significantly, and it gave 85% yield in 25 min at 80 °C when the
reaction was performed without solvent (Table 4.1, entry 9). Solvent-free conditions

increase the rate of reaction due to an increase in collision frequency, which results in a
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decrease in the reaction time; this could be the reason which resulted in high yield in
solvent-free conditions. Next, other factors, such as temperature and amount of the
Lawesson reagent, were also evaluated. Increasing the reaction temperature above 80 °C
didn’t have a significant effect on the yield of 2a (Table 4.1, entries 10-11). Whereas on
decreasing the temperature the yields of our desired product 2a also decrease (Table 4.1,
entry 12). It is important to mention that the reaction temperature affects the yield of the
product and increases the amount of Lawesson reagent with no significant effect on the
yield of 2a (Table 4.1, entries 13-14). Therefore, the optimized conditions selected for
thioamides 2a synthesis were amide 1a (1.0 mmol), and Lawesson reagent (0.6 mmol) at 80

°C without solvent.

The reactions involving the LR reagent have formed a six-membered ring byproduct

A (Figure 4.2) [41,42].
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Figure 4.2 Representative six-membered by-products A.
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After completion of the reaction, the mixture was kept aside at room temperature and
diluted with ethyl acetate, and the undissolved byproduct A was isolated by filtration. The
byproduct A was recrystallized from benzene and confirmed by its melting point and
HRMS spectral data. In workup procedures, it is generally insoluble in ethyl acetate and
separated by simple filtrations. Furthermore, byproduct A was recrystallized from
benzene and confirmed by melting point and HRMS data [43]. To obtain the desired
product (2a), the solvent ethyl acetate was removed under reduced pressure giving the
yellow residue, which was recrystallized from ethanol, and pure (2a) was obtained in
83% vyield without any chromatographic separation. The final product 2a was
characterized for its molecular structure and composition by spectral data *H, *3C NMR

spectral analysis.
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Table 4.1 Optimization of the Lawesson reagent, solvent, temperature, and time for the
synthesis of thioamide 2al®
0 S

Lawesson reagent
NH, (mmoh) NH,
1a Solvent 2a
Temp, Time
S.No Solvent LR (mmol) Temp Time (min) Yield
(C) ()0

1 Toluene 0.6 Reflux 60 50
2 Benzene 0.6 Reflux 60 45
3 THF 0.6 Reflux 60 40
4 DCM 0.6 Reflux 60 35
5 Acetonitrile 0.6 Reflux 60 40
6 Methanol 0.6 Reflux 60 n.r
7 Ethanol 0.6 Reflux 60 n.r
8 Water 0.6 Reflux 60 n.r
9 Solvent-free 0.6 80 25 85
10 Solvent-free 0.6 90 25 86
11 Solvent-free 0.6 100 25 87
12 Solvent-free 0.6 75 25 52
13 Solvent-free 1.0 80 25 85
14 Solvent-free 1.0 70 25 55

[ Reaction conditions: amide (1.0 mmol), Lawesson reagent (0.6 mmol) at 80 °C.
[bljsolated yield.
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Encouraged by these results, we next studied the substrate scope of this reaction. A series
of thioamides were synthesized in good to excellent yields under the optimized reaction
conditions, and representative results are listed in (Scheme 4.2). Both electron-donating
and electron-withdrawing groups are compatible for this reaction. It was found that
electron-donating substituents such as required longer reaction time (Scheme 4.2), as the
electron-donating substituent amide decreases the electrophilic character of amide. The
electron-withdrawing substituent-containing amides required a shorter reaction time as
compared to electron-donating substituent-containing amides. Notably, the reaction of
heterocyclic amides, such as pyridine-2-thiocarboxamide and thionictoniamide, also
proceeded smoothly to provide the thioamide in moderate yields (Scheme 4.2, 2k, 2q).
The scope of the above established methodology was also evaluated with various tertiary
amides derivatives (Scheme 4.3) and nitriles derivatives (Scheme 4.4) for obtaining

thioamide products. The outcomes showed favorable results with good yield values.
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Scheme 4.2 Substrate scope with various primary amides!®
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2] Reaction conditions: amide (1.0 mmol), Lawesson reagent (0.6 mmol) at 80 °C

bl |solated yield.
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Scheme 4.3 Substrate scope with various secondary/tertiary amides!?
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[a] Reaction conditions: amide (1.0 mmol), Lawesson reagent (0.6 mmol), at 80 °C.

bl |solated yield.
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Scheme 4.4 Substrate scope with various benzonitrilel®
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4] Reaction conditions: benzonitrile (1.0 mmol), Lawesson reagent (0.6 mmol)
at 80 °C. "l |solated yield.

Scheme 4.5 Synthesis of Ethionamide

O S
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N NH2 (06 mmol) AN NH2
NI - NI
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Et Et
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Ethionamide

(antituberculosis drug)

After exploring the scope of this methodology, we attempted to synthesize ethinamide, a
promising antituberculosis drug designed to work by stopping the growth of bacteria and
treating tuberculosis (TB) in the body using the developed method. The reaction of
2-ethylisonicotinamide 1u (1.0 mmol) with LR (0.6 mmol) gave the desired product 2u in

86% vyield (Scheme 4.5).
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4.2.2 Gram-scale synthesis protocol for thiobenzamide (2a)

0O S
Lawesson reagent
9.0 I
NH, (®-0mmobh) NH,
80 °C, 25 min
1a Solvent-free 2a
(15.0 mmol) 83% (1.67 g)

Scheme 4.6 Synthesis of 2a on gram-scale.

To validate the prospective synthetic application of the established methodology for
thiobenzamide (2a), the experiment was conducted on a gram scale using amide (1a) (15.0
mmol, 1.0 equiv.), Lawesson reagent (9.0 mmol, 0.6 equiv) under optimized reaction
conditions (Scheme 4.6) gave an 83% yield of (2a). The experimental work showed a

robust and acceptable gram-scale method for the synthesis of thiobenzamide (2).

4.3 Proposed mechanism

On the basis of the experimental and previous reports, a proposed mechanism for
synthesizing the thioamide reaction is shown in (Figure 4.4) [44]. Lawesson reagent has a
four-membered ring of alternating sulfur and phosphorus atoms. The central phosphorus-
sulfur four-membered ring dissociates to form two reactive dithiophosphine species. The
reactive species dithiophosphine ylide reacts with benzamide 1a and gives
thioxaphosphenate intermediate A; it undergoes cycloreversion to give thiobenzamide 2a
along with the by-product 2,4,6-tris(4-methoxyphenyl)-1,3,5,2,4,6-trioxatriphosphinane

2,4,6-trisulfide, which was confirmed by melting point, and HRMS data. The mechanism
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may involve activating the amide group by complexation with Lawesson reagent followed

by nucleophilic addition to produce thioamide.
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Figure 4.3 Probable reaction mechanism.

4.4 Conclusion

In conclusion, a highly efficient and practical method for synthesizing a series of
biologically interesting thioamide derivatives has been developed from Lawesson reagents
in solvent-free conditions. The cheap and readily available LR acted as the sulfur source to
assemble the thioamide derivatives that do not require any acidic or basic media. This

reaction represents adequate access to thioamides from readily available starting materials
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with good functional group tolerance. The prominent advantages of this method are shorter
reaction time, chromatography-free, and easy work-up.

4.5 Experimental Section

4.5.1 General Procedure for the Synthesis of Thioamides

An oven-dried round bottom flask (25 ml) equipped with a stir bar was charged with
amide/nitrile (1.0 mmol), and Lawesson reagent (0.6 mmol). The reaction mixture was
heated at 80 °C, and TLC monitored the progress of the reaction. After completion of the
reaction, the mixture was cooled at room temperature; the solid was dissolved with ethyl
acetate and undissolved byproduct A was isolated by filtration. Byproduct A was
recrystallized from benzene and confirmed by melting point and mass spectra. The solvent
ethyl acetate was removed under reduced pressure, and the yellow residue was
recrystallized from ethanol to obtain the pure product (2a). All the products were

characterized based on 'H-NMR, *C-NMR, and HRMS spectral data.

4.6 Analytical data for [2a-2t, 3a-3t]

Thiobenzamide (2a)

S

©)‘\NH2

yield 90%; Yellow crystalline solid; m.p. 116-127 °C; 'H NMR (500 MHz, DMSO-ds); &
9.87 (s, 1H), 9.51 (s, 1H), 7.87-7.98 (m, 2H), 7.52-7.49 (m, 1H), 7.43-7.40 (m, 2H) ppm.
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13C NMR (126 MHz, DMSO-dg); & 200.6, 139.9, 131.5, 128.3, 127.7 ppm. HRMS ESI
[M+H]" calculated for C7H7NS 138.0299; found: 138.0294
4-Methylthiobenzamide (2b)

S

H3;C

Yellow Crystalline solid; yield 90%; m.p. 167-168 °C; *H NMR (500 MHz, DMSO-dg); &
9.76 (s, 1H), 9.42 (s, 1H), 7.82-7.81 (d, 2H), 7.23-7.21 (d, 2H), 2.33 (s, 3H). 13C NMR
(126 MHz, DMSO-ds); & 200.2, 141.8, 136.9, 128.9, 127.8, 21.3, HRMS (ESI) m/z: [M+H]
+ calculated for CsHgSN 152.0455; found: 152.0450

4-Aminothiobenzamide (2c)

/©)‘\NH2
HoN

Yellow Crystalline solid; yield 90%; m.p. 187-188 °C; *H NMR (500 MHz, DMSO-dg); &
9.16 (s, 1H), 8.96 (s, 1H) 7.79-7.77 (d, 2H), 6.51-6.49 (d, 2H), 5.83 (s, 2H); 13C NMR (126
MHz, DMSO-ds); & 198.4, 1528, 130.1, 125.8, 112.4, HRMS (ESI) m/z: [M+H]+
calculated for C7HgSN2 153.0408; found: 153.0406

4-Methoxythiobenzamide (2d)

S

/©)LNH2
MeO

Yellow Crystalline solid; yield 90%; m.p. 154-155 °C; *H NMR (500 MHz, DMSO-dg); &
9.76 (s, 1H), 9.41 (s, 1H), 7.84-7.82 (d, 2H), 7.23-7.21 (d, 2H), 3.33 (s, 3H). 3C NMR
(126 MHz, DMSO-ds); & 200.1, 141.7, 137.0, 128.8, 127.8, 21.3, HRMS (ESI) m/z:
[M+H]" calculated for CsHgNOS 168.0405; found: 168.0401.
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4-t-butylthiobenzamide (2e)

S

t-Bu

Yellow Crystalline solid; yield 90%; m.p. 145-147 °C; 'H NMR: (500 MHz, DMSO-ds); &
9.77 (s, 1H), 9.42 (s, 1H), 7.84 (d, J = 8.6 Hz, 2H), 7.43 (d, J = 8.6 Hz, 2H), 1.29 (s, 9H).
13C NMR (126 MHz, DMSO-ds); § 200.3, 154.5, 137.2, 127.6, 125.1, 35.0, 31.3, HRMS
(ESI) m/z: [M+H]" calculated for C11H1sNS 194.0925; found: 194.0920.
4-Nitrothiobenzamide (2f)

O,N

Yellow solid; yield 90%; m.p. 155-157 °C; 'H NMR (500 MHz, DMSO-dg); § 10.23 (s,
1H), 9.82 (s, 1H), 8.27-8.24 (m, 2H), 8.04-8.01 (m, 2H), 13C NMR (126 MHz, DMSO-ds);
5 198.8, 149.0, 149.6, 128.8, 123.6, HRMS (ESI) m/z: [M+H]" calculated for C7HsSNO>
169.0119; found: 169.0113.

S

FsC

Yellow Crystalline solid; yield 90%; m.p. 134-136 °C; 'H NMR (500 MHz, DMSO-ds); &
10.12 (s, 1H), 9.73 (s, 1H), 8.00-7.98 (d, 2H), 7.80-7.78 (d, 2H), 3C NMR (126 MHz,
DMSO-ds); & 199.4, 143.8, 137.8, 128.3, 125.4, 124.4, HRMS (ESI) m/z: [M+H]"
calculated for CsHsSNF3 206.0173; found: 206.0170

4-Chlorothiobenzamide (2h)
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S

Cl

Yellow Crystalline solid; yield 90%; m.p. 131-133 °C; *H NMR (500 MHz, DMSO-ds); &
9.95 (s, 1H), 9.57 (s, 1H), 7.92-7.90 (d, 2H), 7.50-7.48 (d, 2H), 13C NMR (126 MHz,
DMSO-dg) & 199.1, 138.5, 136.5, 129.5, 128.3, HRMS (ESI) m/z: [M+H]* calculated for
C7HesCINS 171.9909; found: 171.9905

4-Bromothiobenzamide(2i)

S

/©)J\NH2
Br

Yellow Crystalline solid; yield 90%; m.p. 140-142 °C; *H NMR (500 MHz, DMSO-dg); &
9.95 (s, 1H), 9.57 (s, 1H), 7.92-7.90 (d, 2H), 7.50-7.48 (m, 2H), 3C NMR (126 MHz,
DMSO-ds) 6 199.1, 138.5, 136.5, 129.5, 128.3, HRMS (ESI) m/z: [M+H]" calculated for
C7HeBrNS 215.9404; found: 215.9409

4-Fluorothiobenzamide (2))

S

F

Yellow solid; yield 90%; m.p. 145-147 °C; *H NMR (500 MHz, DMSO-ds); 6 9.89 (s, 1H),
9.51 (s, 1H), 8.51 -7.96 (m, 2H), 7.27- 7.24 (m, 2H), 13C NMR (126 MHz, DMSO-de); &
199.0, 165.3, 136.3, 130.9, 115.2, HRMS (ESI) m/z: [M+H] + calculated for C7HsFSN
156.0205; found: 156.0201

2-Pyridinecarbothioamide (2Kk)
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Yellow solid; yield 90%; m.p. 136-137 °C; *H NMR (500 MHz, DMSO-dg); & 10.17 (s,
1H), 9.93 (s, 1H), 8.59 (m, 1H), 8.53-8.51 (d, 1H) 7.98-7.95 (d, 1H), 7.59-7.57 (m, 1H), 13C
NMR (126 MHz, DMSO-ds); 6 195.1, 152.1, 148.0, 137.8, 126.7, 125.0, HRMS (ESI) m/z:
[M+H]* calculated for CeHsN2S 139.0251; found: 139.0258

2-Bromothiobenzamide (2I)

Br S

©/U\NH2

Yellow solid; yield 90%; m.p. 197-199 °C; 'H NMR (500 MHz, DMSO-ds); & 10.12 (s,
1H), 9.66 (s, 1H), 7.61 (m, 1H), 7.40-7.37 (d, 1H) 7.35-7.33 (d, 1H), 7.28-7.25 (m, 1H), 3C
NMR (126 MHz, DMSO-ds;) 6 201.5, 145.0, 132.9, 130.2, 128.5, 127.9, 117.4, HRMS
(ESI) m/z: [M+H]" calculated for C7HsBrSN 215.9404; found: 215.9409
2-Chlorothiobenzamide (2m)

Cl S

©/U\NH2

Yellow Crystalline solid; yield 90%; m.p. 67 °C; 'H NMR (500 MHz, DMSO-d6); & 10.17
(s, 1H), 9.69 (s, 1H), 7.46-7.34 (m, 4H), 3C NMR (126 MHz, DMSO-ds); § 201.1, 143.0,
130.1, 129.7, 128.7, 128.0, 127.3, HRMS (ESI) m/z: [M+H]" calculated for C7HsCINS
171.9909; found: 171.9913.
3-Nitrothiobenzamide (2n)

O-5N
2 \©)\NH2
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Yellow Crystalline solid; yield 90%; m.p. 130-131 °C; *H NMR (500 MHz, DMSO-ds); &
10.21 (s, 1H), 9.86 (s, 1H), 8.71-8.70 (s, 1H), 8.34-8.28 (d, 2H) 7.74-7.71 (m, 1H), 3C
NMR (126 MHz, DMSO-ds); 6 197.8, 147.7, 141.1, 133.5, 130.1, 125.9, 122.6, HRMS
(ESI) m/z: [M+H]* calculated for CeHsN2SO, 171.0150; found: 171.0153.

3-Bromothiobenzamide (20)
S

Br:
\©)‘\NH2

Yellow Crystalline solid; yield 90%; m.p. 106-107 °C; *H NMR (500 MHz, DMSO-dg); &
10.03 (s, 1H), 9.62 (s, 1H), 7.90-7.82 (m, 2H), 7.59-7.58 (m, 1H) 7.57-7.44 (m, 1H), BC
NMR (126 MHz, DMSO-d6); 6 198.8, 141.7, 133.1, 131.2, 130.3, 127.4, 126.3, HRMS
(ESI) m/z: [M+H]" calculated for CeHsBrNS 203.9404; found: 203.9401

3-Chlorothiobenzamide (2p)
S

Cl
\@)‘\NHZ

Yellow solid; yield 90%; m.p. 107-108 °C; *H NMR (500 MHz, DMSO-dg); 6 10.01 (s,
1H), 9.62 (s, 1H), 7.86-7.82 (m, 2H), 7.59-7.58 (m, 1H) 7.57-7.44 (m, 1H), 3C NMR (126
MHz, DMSO-d6); 6 198.8, 141.7, 133.1, 131.2, 130.3, 127.4, 126.3, HRMS (ESI) m/z:
[M+H]" calculated for CeHsCINS 159.9909; found: 159.9912.

3-Pyridinecarbothioamide (2q)

S
| X NH,
~
N
Yellow solid; yield 90%; m.p. 117-118 °C; *H NMR (500 MHz, DMSO-ds); & 10.07 (s,

1H), 9.73 (s, 1H), 9.00 (s, 1H), 8.66-8.65 (d, 1H), 8.20-8.19 (d, 1H). 7.46-7.44 (m, 1H), 3C
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NMR (126 MHz, DMSO-d6); 6 198.3, 152.9, 148.0, 135.6, 135.3, 123.5, HRMS (ESI)
m/z: [M+H]" calculated for CsHsN2S 139.0252; found: 139.0256.
1-Naphthalenecarbothioamide (2r)

SauNH,

¢

Yellow Crystalline solid; yield 90%; m.p. 198-199 °C; 'H NMR (500 MHz, DMSO-d¢); &
10.24 (s, 1H), 9.77 (s, 1H), 8.14 (d, 1H), 7.97-7.92 (m, 2H), 7.59-7.44 (m, 4H), 2*C NMR
(126 MHz, DMSO-ds); 6 202.9, 142.0, 133.4, 128.8, 128.6, 128.5, 126.9, 126.6, 125.5,
125.5, 123.6, HRMS (ESI) m/z: [M+H]" calculated for Ci1H7N:S; 186.0299; found:
186.02913.

Thioacetamide (2s)
S

N

H;C NH,

Yellow Crystalline solid; yield 90%; m.p. 197-198 °C; *H NMR: (500 MHz, DMSO-ds); &
9.29 (s, 1H) 9.17 (s, 1H), 3C NMR (126 MHz, DMSO-ds); & 204.5, 32.9, HRMS (ESI)
m/z: [M+H] + calculated for C7H7N1S: 76.0143; found: 76.0147

Benzeneethanethioamide (2t)
NH,
Y

Yellow Crystalline solid; yield 90%; m.p. 106-107 °C; *H NMR (500 MHz, DMSO-ds); &
4.12 (s, 2H), 7.43-7.41 (m, 3H), 7.37-7.31 (d, 2H), 7.59-7.58 (m, 2H) 7.30-7.28 (m, 2H),
13C NMR (126 MHz, DMSO-ds); & 207.5, 134.8, 133.4, 129.4, 129.3, 129.3, 128.6, 52.0,
HRMS (ESI) m/z: [M+H]* calculated for CsHgN1S: 152.0456; found: 152.0450.
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4.7 Spectral data of a few products
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