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Abstract: An highly expeditious synthetic approach for the synthesis of benzenemethanesulfonamides (1a-k) and their 
new corresponding N,N-diethyl substituted amido moieties (2a-k) has been achieved in aqueous medium at room tem-
perature. The reaction condition was thoroughly optimized thereby allowing significant rate enhancement and resulting 
into excellent yields. The chemical structures of the successful candidates were confirmed using elemental analytical and 
spectroscopic data such as IR, 1H NMR, 13C NMR and some selected mass spectral data.  

Graphical Abstract 

Environmental friendly synthesis of new N,N-diethyl-substituted-2-(phenylmethylsulfo namido)alkanamide derivatives was 
achieved in aqueous medium via synthetic modification of the benzenemethanesulfonamide precursors.  

Keywords: sulfonamide, amino acids, spectroscopy, sulfonylation.  

INTRODUCTION 

 Over the years, sulfonamides have been in clinical use [1, 
2] and are known to represent a class of medicinally impor-
tant compounds [3-5] which are extensively used as antibac-
terial agents [6-8]. Sulfonamide has played a historically 
fundamental role in the advancement of structure-activity 
relationships [9] and potential utility of pharmacokinetics in 
drug design [10]. Some currently approved drugs and re-
cently reported drug-like entities with sulfonamide structural 
 

*Address correspondence to this author at the Department of Chemistry, 
Covenant University, Canaanland, Km 10 Idiroko Road, P.M.B. 1023, Ota, 
Ogun State, Nigeria.; Tel: +2348061670254;  
E-mails: ola.ajani@covenantuniversity.edu.ng; wajanfresh@yahoo.com 

skeletons are as shown in Fig. (1) below [4-7]. Although, 
arguably, the most direct route commonly used for synthesis 
of sulfonamides involves the nucleophilic attack of sulfonyl 
chloride by ammonia in the presence of a base [11]. How-
ever, it has also been reported that the condensation of sul-
fonyl chloride derivatives with various amino containing 
precursors such as ethanamine [12], propen-2-amine [13], 
cyclohexanamine [14], p-anisidine [15], benzo[d]thiazol-2-
amine [16], 8-aminoquinoline [17, 18], diprotected glutamic 
acid [19], pyrrole [20], substituted aniline [21], afforded the 
corresponding sulfonamide derivatives in encouraging 
yields.  

 Moreover, sulfonamides and their polymer-supported 
moieties are a common functional group (-SO2NH2) in me-

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by Covenant University Repository

https://core.ac.uk/display/18295274?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1


2    The Open Organic Chemistry Journal, 2013, Volume 7 Ajani et al. 

dicinal chemistry [22-24]. They have served in a variety of 
synthetic applications [25-27] which include preparation of 
polyazamacrocyclic compounds [28], asymmetric reduction 
of prochiral ketone [29, 30], ring-closing metathesis [31], 
bridged glycomimetics [32], carbanion-mediated sulfona-
mide intramolecular cyclizations [33], heterocyclic com-
pounds synthesis [34], higher generation dendrimers [35] 
and Baylis-Hillman selective formation of α-methylene-β-
amino derivatives [36] among others. In addition, numerous 
reports have focused on benzenesulfonyl chloride and p-
toluenesulfonyl chloride in the synthesis of bioactive sul-
fonamides [37-39]. Also, reaction of benzyl sulfonyl chlo-
ride with some amino acids had been reported to give sul-
fonamides but in low to poor yields [40]. This incident of 
poor yields calls for a facile approach to preparing sulfona-
mide in improved yields. Nevertheless, despite the wide 
knowledge garnered to date on sulfonylation, we noticed that 
there have so far been no effort toward preparation of N,N-
diethyl substituted amide derivative of such ben-
zenemethanesulfonamides except that of some benzenesul-
fonamides and p-tolylsulfonamides earlier reported [41].  

 Furthermore, toxicity of the reacting solvents and dis-
charge of poisonous chemicals associated with synthesis of 
the common sulfonamide was herein overcome by using eco-
friendly synthesis in aqueous medium driven in ice bath to 
room temperature. Based on the challenges aforementioned 
and compulsory need for environmental-friendly synthetic 
practices, it is conceivable to develop a highly efficient ap-
proach to synthesis of benzenemethanesulfonamides in better 
yields and to also achieve new N,N-diethyl substituted amide 
derivatives of such scaffolds in excellent yields.  

RESULTS AND DISCUSSION 

In many synthetic processes for preparing sulfonamide de-
rivatives; not only byproducts, but also the reagents used for 
the production, may cause a threat to the environment. Syn-
thesis at high thermal energy is also associated with frequent 

discharge of poisonous gases into the environment [42]. We 
have here-in described a successful approach for the synthe-
sis of benzenemethanesulfonamides (1a-k) in high yields 
from the reaction of benzenemethanesulfonyl chloride with 
some readily available and cost effective L-amino acid pre-
cursors. The coupling reaction was initiated in ice bath and 
completed at ambient temperature in the presence of water as 
the molecular solvent of choice for environmentally-friendly 
synthetic approach. These benzenemethanesulfonamides 
have also been subsequently converted to N,N-diethyl al-
kanamide substituted scaffolds (2a-k) by benign protocol 
with an hope of producing benzothiazepine by metalation of 
the latter according to an earlier finding and reported proce-
dure [41].  

Fig. (1). Some important sulfonamide-based drugs available in market. 

 First and foremost, the coupling of benzenemethanesul-
fonyl chloride with eleven different amino acids resulted in 
the formation of the corresponding benzenemethanesulfona-
mide (1a-k) as shown in Scheme (1). Although, some of 
these benzenemethanesulfonamides (1a, 1c and 1d) had been 
reported earlier in low yields [40], that is why it is very cru-
cial to explore various reaction conditions for effective opti-
mization study in order to establish another method to obtain 
these benzenemethanesulfonamides in high and encouraging 
yields without posing any threat to the environment. It is 
interesting to note that the N,N-diethyl amide bearing sul-
fonamides (2a-k) have not been reported before, to the best 
of our knowledge. So, preliminary optimization of reaction 
conditions was done by comparing the sulfonylation of L-
proline as the representative of amino acids for the synthesis 
of (1a) under two different cases, namely: in the presence of 
(i) Na2CO3 base using water as the solvent (ii) triethylamine 
base using tetrahydrofuran (THF) solvent. It was discovered 
that although, in case ii, proline was effectively converted to 
its ammonium salt as a way of protecting the carboxyl func-
tionality, but it failed to couple with benzenemethanesul-
fonyl chloride as envisaged. This was established through 
the 1H NMR spectrum which had no aromatic-proton in the 
region around 6.0 to 8.0 ppm downfield of tetramethylsilane 
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(TMS) scale. Therefore, the case (ii) approach was discarded 
due to this disappointment.  

 On the other hand, case (i) condition using aqueous 
Na2CO3 gave the expected benzenemethanesulfonamide 
product named 1-(benzylsulfonyl) pyrrolidine-2-carboxylic 
acid (1a) via the modification of a known procedure [43]. 
Meanwhile, after establishing case (i) as the acceptable 
working procedure, it is thoughtful to play around thermo-
dynamic potential in order to validate the best reaction tem-
perature for maximum yield. Hence, the effect of variation in 
temperature was carefully studied by carrying out the cou-
pling of L-proline with benzenemethanesulfonyl chloride in 
aqueous Na2CO3 at carefully controlled temperature of 0 oC 
to room temperature, at 60 oC to 80 oC and at 120 oC to 140 
oC as shown in Entries 1, 2 and 3 respectively (Table 1). It 
was observed that the synthesis at 0 oC followed by stirring 
at room temperature afforded (1a) at excellent yield 92%, 
while at an elevated temperature of 60 oC to 80 oC, majority 
of the reacting species reverted back to the starting material 
thereby resulting in low (1a) yield of 37%.  

 Unfortunately, at extremely high temperature (120 oC to 
140 oC) as shown in Entry 3 of Table 1, no meaningful iso-
lable product was obtained. This was because of thermal 
decomposition of the L-proline precursor experienced at this 
unfriendly reaction temperature. Based on this result, it could 

be seen that the best optimization condition is to couple L-
proline with benzenemethanesulfonyl chloride in aqueous 
Na2CO3 at 0 oC to room temperature. This successfully estab-
lished procedure was then repeated for ten other amino acids 
to get the corresponding benzenemethanesulfonamides (1b-
k) in good to excellent yields. Difficulty connected with the 
poor reactivity of the benzenemethanesulfonyl chloride was 
overcome by increasing the duration of stirring at room tem-
perature to 48 h. The efficiency of the method used here-in 
(X) over the earlier reported approach (Y) [40] was evaluated 
via comparative study as shown in Table 2. For instance, the 
synthesis of (1a) earlier reported was achieved in 22% yield 
whereas excellent augmentation was experienced in our 
study here-in, which afforded (1a) at 92% yield. The result 
in Table 2 revealed that the method used in this study pro-
vided an elegant pathway towards synthesis of ben-
zenemethanesufonamide (1a-k) in excellent yields.  

 It was observed that the work-up process to get the ben-
zenemethanesulfonamides (1a-k) in solid form from acidi-
fied aqueous medium was very difficult due to high polarity 
of such sulfonamides unlike the benzenesulfonamide and p-
tolylsulfonamide which normally crystallized out easily after 
acidification. This arbitrary solubility trend in ben-
zenemethanesulfonamide is a strong indication that insertion 
of a sp3 hybridized carbon between the phenyl and SO2 unit 
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Scheme (1). Synthesis of benzenemethanesulfonamide derivatives (1a-k).  

Table 1. Synthesis of (1a) at Different Temperatures for Optimization Study 

Entry Reagent/Solvent Temperature oC Time h Yield % 

1 Na2CO3 / H2O 0 to rt 48  92 

2 Na2CO3 / H2O 60 – 80 48 37 

3 Na2CO3 / H2O 120 – 140 48 - 
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Table 2. Comparative Study of Current and Reported Method for Synthesis of (1a-k) 

Method Current Method (X) Method Reported in Ref. 40 (Y) 

Reaction Condition AA + PhCH2SO2Cl + Na2CO3/H2O AA + PhCH2SO2Cl + NaOH/Dioxane 

Reaction Temperature (oC) 0oC to rt 0oC to rt 

Reaction Time (h) 48h 2h 

Compound Codes Yield (%) Yield (%) 

1a 92.0 22.0 

1b  98.0*  

1c 94.0 44.0 

1d 97.0 29.0 

1e 89.0 61.0 

1f 87.7 70.0 

1g 98.7*  

1h  91.5*  

1i  94.1*  

1j 98.8 28.0 

1k  89.6*  

*New sulfonamide precursor, rt = room temperature, AA = Amino Acid, h = hour

(i.e. Ph-CH2-SO2Cl) confers different behaviour on the ben-
zenemethanesulfonamide, contrary to that of the common 
sulfonamides such as benzenesulfonamide and p-
tolylsulfonamide. This challenge was overcome in this pre-
sent study by using lyophilization technique to finalize the 
work-up process, followed by purification of the bulk solid 
products via column chromatography chloroform/methanol 
(3:1) as the eluting solvent to obtain pure compounds (1a-k).  

 The structures of all these compounds (1a-k) were con-
firmed using FT-IR, 1H and 13C NMR, mass spectral and 
elemental analytical data. In a general term, IR spectra of 
compounds (1a-k) showed absorption bands due to the 
stretching vibrations of O-H of acid, CH aromatic, CH ali-
phatic, C=O and C=C at 3447-3404 cm-1, 2990-2974 cm-1, 
2878-2774 cm-1, 1751-1728 cm-1 and 1620-1590 cm-1 respec-
tively. They all experienced stretching vibrational frequency 
of SO2 units as two bands near 1238-1206 cm-1 and 1171-
1151 cm-1 whereas Ar-H bending vibrational modes were 
noticed around 810-698 cm-1 as expected. In particular, the 
IR spectrum of (1a) as a representative of this group, exhib-
ited the absorption band at 3441 cm-1 due to the presence of 
O-H of carboxylic acid while bands for the CH of both aro-
matic and aliphatic were noticed at 2980 cm-1 and 2828 cm-1 
respectively. Also, the stretching vibrational bands at 1728 
cm-1 and 1620 cm-1 depicted ν (C=O) of acid and ν (C=C) of 
aromatic respectively while the two bands at 1219 cm-1 and 
1151 cm-1 were as a result of the presence of SO2 functional-
ity. The mass spectral data of (1a) showed the molecular ion 
peak at m/z 269.1 which correlated well with the molecular 
mass of the compound (269.3) while the base peak found at 
m/z 178.1 was as a result of loss of benzylic radical 
(PhCH2

.). Other daughter peaks produced by some fragmen-

tation patterns of (1a), were observed at m/z 179.1, 176.1, 
122.0 and 105.0 with relative intensities of 18.4%, 32.4%, 
49% and 32% respectively.  

 In addition, the chemical shifts and the multiplicity pat-
terns of 1H and 13C NMR were consistent with that of the 
proposed structure for all the sulfonamides of which (1a) is 
the targeted representative. So, the 1H NMR spectrum of (1a) 
in D2O exhibited a five aromatic protons singlet at  7.47 
and two protons singlet of benzylic methylene (i.e. Ph-CH2-
SO2) at  4.24. All other signals observed at upfield of TMS 
from  3.48-3.45 to  2.15-2.09 were due to the presence of 
six pyrrolo protons while that of the seventh pyrrolo proton 
(CH-COO) resonated as a doublet of doublet at  4.46-4.43. 
Furthermore, 13C NMR spectrum of (1a) ran in D2O in the 
presence of a few drops of dioxane solvent showed the pres-
ence of twelve different carbon atoms with the signals rang-
ing from 173 (C=O) to 24.3 (CH2) ppm.  

 Secondly, the conversion of benzenemethanesulfonamide 
(1a) (i.e. 1-(benzyl sulfonyl) pyrrolidine-2-carboxylic acid) 
to the targeted novel corresponding N,N-diethyl alkanamide 
substituted benzenemethanesulfonamide (2a) (i.e. 1-
(benzylsulfonyl)-N,N-diethyl pyrrolidine-2-carboxamide) 
was achieved via one-pot two-step amidation of the former 
via the modification of a known procedure [44]. In more 
detail, hence, (2a-k) were prepared by reacting the appropri-
ate benzenemethanesulfonamides (1a-k) with oxalyl chloride 
in the presence of catalytic amount of DMF for the genera-
tion of acid chloride which was subsequently treated with 
diethyl amine in the presence of Na2CO3 in aqueous medium 
to afford (2a-k) in excellent yield (Scheme 2). The result of 
the physical parameters in terms of the molecular weights, 
melting points, Rf values as well as the percentage yields of 
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Scheme (2). Synthesis of N,N-diethylamido substituted benzenemethanesulfonamide (2a-k). 

Table 3. Physical Data of N,N-diethyl Substituted Benzenemethanesulfonamides (2a-k) 

Sample Code R R1 R2 Molecular Weight Mp oC Rf
a Yield 

(2a) - - - 324.45 185-187 0.71 97.9 

(2b) - - - 338.47 210-211 0.72 99.0 

(2c) H - - 284.38 213-215 0.51 92.6 

(2d) CH3 - - 298.41 238-240 0.56 98.5 

(2e) CH2SH - - 330.47 198-200 0.71 89.0 

(2f) (CH2)2SCH3 - - 358.53 170-172 0.65 90.6 

(2g) - CH3 CH3 326.46 226-230 0.69 97.3 

(2h) - CH3 OH 328.43 240 (dec) 0.53 80.2 

(2i) - H CH2CONH2 355.46 251-253 0.58 93.2 

(2j) - H Ph 374.51 227-229 0.70 90.2 

(2k) - H OTs 544.69 265 (dec) 0.69 89.3 
aSolvent system. Chloroform: Methanol (3:1) 

the synthesized N,N-diethyl alkanamide substituted ben-
zenemethanesulfonamides (2a-k) is as shown in Table 3.  

 Hence, the molecular weights of (2a-k) ranged from 
284.38 to 544.69 while the melting points ranged from 170-
172 oC to 251-253 oC except that of (2h) and (2k) which 
decomposed at 240 oC and 265 oC respectively. It was also 
observed that upon TLC spotting, each reaction gave one 
spot each in chloroform: methanol (3:1) solvent system with 
the Rf values varying between 0.51 and 0.72. From the high 
polar nature of the solvent system and the Rf values obtained, 
it could be easily seen that these compounds were very polar. 
No wonder, they were completely soluble in water and re-
fused to crystallize even after several days. Hence, this justi-
fied why the only method by which the solid (2a-k) were 
gotten out of the solution was lyophilization technique. It 
was highly motivating to see that the entire solid (2a-k) were 

obtained in excellent yields ranging between a minimum of 
80.2% for (2h) to a maximum of 99.0% for (2b) according to 
Table 3. 

 The spectroscopic properties of the synthesized N,N-
diethylalkanamide substituted benzenemethanesulfonamides 
(2a-k) were studied and carefully examined for the structural 
characterization using IR, 1H and 13C NMR and mass spec-
tral data. It was discovered that all the spectroscopic parame-
ters were consistent with the proposed structures for (2a-k) 
(see experimental).  

EXPERIMENTAL 

General Methods 

 The melting points were determined on X-4 Digital Mi-
croscopic melting point apparatus and were uncorrected. The 
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1H nuclear magnetic resonance (NMR) spectra were re-
corded in D2O on NMR Bruker DPX 400 spectrometer oper-
ating at 400 MHz. Tetramethylsilane (TMS) was used as 
internal standard with the deuterium signal of the solvent as 
the lock and chemical shifts δ recorded in ppm. The 13C 
NMR spectra were run in D2O being the only solubilizing 
solvent for these sulfonamides, but in the presence of one 
drop of Dioxane at 100 MHz frequency since D2O had no 
carbon atom. Infrared (IR) spectra were run on Varian Ex-
calibur HE 3100 FT-IR Spectrometer while the Mass Spectra 
(MS) were obtained using Waters GCT Premier Spectrome-
ter. The elemental analysis (C, H, N) of the compounds were 
performed using Flash EA 1112 Elemental Analyzer. Ly-
ophilization was carried out where necessary by using FD-1 
Freeze Drier while concentration and removal of solvents 
was achieved with RE-2000B Buchi Rotary Evaporator. The 
pH was monitored using Portable pH Meter Model PHB4 
(accurate to ± 0.01 pH units) while all drying were con-
ducted at reduced pressure with DHG-9023A Vacuum Oven. 
The reaction progress was monitored with TLC using 
CHCl3/CH3OH (3:1) solvent system and the developed plates 
were visualized under UV lamp and/or in iodine tank where 
necessary. Column chromatographic purifications were car-
ried out on Merck silica gel F (mesh 200-300). Oxalyl chlo-
ride and phenylmethylsulfonyl chloride were obtained from 
Alfa Aesar Chemicals while all other reagents were obtained 
from Beijing Chemical Works, China. 

Procedure for Synthesis of Benzenemethanesulfonamides 
(1) 

 To a solution of amino acid (5 mmol) in H2O (6 mL) was 
added Na2CO3 (1.113 g, 10.5 mmol) with continuous stirring 
until all the solutes had dissolved. The clear solution was 
cooled to -10 oC and benzenemethanesulfonyl chloride 
(1.144 g, 6 mmol) was added in three batches over a period 
of 1 h. It was warmed up to 0 oC and stirred there for 1 h. 
Finally, the reacting mixture was then warmed up to room 
temperature and allowed to stir there for 48 h. The reaction 
was quenched by addition of dichloromethane DCM (10 mL) 
and transferred into separatory funnel where the excess of 
benzenemethanesulfonyl chloride was removed by extrac-
tion. The aqueous layer was then worked up to give a clear 
solution by addition of 2N HCl until the pH 2.2 was attained. 
The clear liquid was then lyophilized at -52 oC under re-
duced pressure for 12 h to obtain the crude solid product 
which was purified by column chromatography 
(CHCl3/CH3OH, 3:1) to afford benzenemethanesulfonamides 
(1) in good to excellent yields.  

 1-(Benzylsulfonyl)pyrrolidine-2-carboxylic acid (1a): 
Yield 1.24 g (92%); mp 108-110 oC {Lit. 107-108 oC}[40]; 
Rf = 0.84; 1H NMR (D2O, 400 MHz) : 7.47 (s, 5H, Ar-H), 
4.46-4.43 (dd, J1 = 7.2 Hz, J2 = 15.76 Hz, 1H, HOOC-CH-
CH2(a,b)), 4.24 (s, 2H, CH2-SO2), 3.48-3.45 (t, J = 7.28 Hz, 
2H, N-CH2-CH2), 2.46-2.45 (m, 1H, CHa of CH2), 2.22-2.21 
(m, 1H, CHb of CH2), 2.15-2.09 (quintet, J = 6.8 Hz, 2H, 
CH2-CH2-CH2(a,b)) ppm; 13C NMR (Dioxane, 100 MHz) : 
173.1 (CO), 132.6, 131.2 (2CH aromatic), 129.5 (2CH aro-
matic), 128.9, 60.6, 57.7, 47.1, 29.2, 24.3 ppm; IR (KBr) ν: 
3441 (OH of acid), 2980 (CH aromatic), 2828 (CH ali-
phatic), 1728 (C=O of COOH), 1620 (C=C), 1219, 1151 
(SO2 two bands), 700 (Ar-H) cm-1; MS: in m/z [rel. %]: 

270.1 [MH+, 6.5%], 269.1 [M+, 9%], 179.1 [18.4%], 178.1 
[M+ - PhCH2

·, 100%], 176.1 [32.4%], 122.0 [49%], 105.0 
[32%]. Anal calcd for C12H15NO4S (269.32): C 53.52, H 
5.61, N 5.20; found: C 53.67, H 5.49, N 5.34. 

 1-(Benzylsulfonyl)piperidine-2-carboxylic acid (1b): 
Yield 1.38 g (98%); mp 248 oC (dec); Rf = 0.87; 1H NMR 
(D2O, 400 MHz) : 7.52 (s, 5H, Ar-H), 4.28 (s, 2H, CH2-
SO2), 4.08-4.03 (dd, J1 = 3.44 Hz, J2 = 15.12 Hz, 1H, 
HOOC-CH-CH2), 3.57-3.53 (m, 1H, CHa of CH2-N), 3.16-
3.10 (m, 1H, CHb of CH2-N), 2.40-2.36 (m, 1H, CH), 2.01-
1.92 (m, 2H, 2 × CH), 1.81-1.68 (m, 3H, CH & CH2) ppm; 
13C NMR (Dioxane, 100 MHz) : 172.5 (CO), 132.5, 131.2 
(2CH aromatic), 129.5 (2CH aromatic), 128.9, 57.7, 57.6, 
44.8, 26.5, 22.1 (2CH2) ppm; IR (KBr) ν: 3422 (OH of acid), 
2974 (CH aromatic), 2822 (CH aliphatic), 1736 (C=O of 
COOH), 1603 (C=C), 1238, 1159 (SO2 two bands), 700 (Ar-
H) cm-1; MS: in m/z [rel. %]: 269.1 [M+ - CH2

·, 3.2%], 180.1 
[55%], 179.1 [65%], 178.1 [M+ - PhCH2, 100%], 165.1 
[30%], 121.0 [42%], 77.0 [Ph+, 13%], 64.0 [SO2

+, 31.7%]. 
Anal calcd for C13H17NO4S (283.35): C 55.11, H 6.05, N 
4.94; found: C 55.29, H 5.94, N 4.86. 

 2-(Phenylmethylsulfonamido)acetic acid (1c): Yield 
1.08 g (94%); mp 150-151 oC {Lit. 151-152 oC}[40]; Rf = 
0.51; 1H NMR (D2O, 400 MHz) : 7.45 (s, 5H, Ar-H), 4.19 
(s, 2H, CH2-SO2), 3.76 (s, 2H, CH2-COOH) ppm; 13C NMR 
(Dioxane, 100 MHz) : 170.6 (CO), 132.7, 131.2 (2CH aro-
matic), 129.5 (2CH aromatic), 128.9, 57.7, 40.8 ppm; IR 
(KBr) ν: 3433 (OH of acid), 3030 (N-H), 2990 (CH aro-
matic), 2832 (CH aliphatic), 1736 (C=O of COOH), 1616 
(C=C), 1215, 1171 (SO2 two bands), 702 (Ar-H) cm-1; MS: 
in m/z [rel. %]: 212.1 [M+ - OH, 7.9%], 180.1 [73%], 179.1 
[88%], 178.1 [M+ - PhCH2, 100%], 91.1 [PhCH2

+, 48%], 64 
[26%] 45 [+COOH, 2.4%]. Anal calcd for C9H11NO4S 
(229.26): C 47.15, H 4.84, N 6.11; found: C 46.99, H 5.01, N 
5.97. 

 2-(Phenylmethylsulfonamido)propanoic acid (1d): 
Yield 1.18 g (97%); mp 126-128 oC {Lit. 127-128 oC}[40]; 
Rf = 0.81; 1H NMR (D2O, 400 MHz) : 7.47 (s, 5H, Ar-H), 
4.22 (s, 2H, CH2-SO2), 4.14-4.08 (q, J = 7.28 Hz, 1H, CH-
CH3), 1.60-1.58 (d, J = 7.28 Hz, 3H, CH3-CH) ppm; 13C 
NMR (Dioxane, 100 MHz) : 176.8 (CO), 131.0, 130.6 
(2CH aromatic), 129.3 (2CH aromatic), 129.1, 60.4, 52.1, 
19.6 ppm; IR (KBr) ν: 3424 (OH of acid), 2974 (CH aro-
matic), 2822 (CH aliphatic), 1751 (C=O of COOH), 1599 
(C=C), 1213, 1169 (SO2 two bands), 698 (Ar-H) cm-1; MS: 
in m/z [rel. %]: 212.1 [22%], 180.1 [81.5%], 179.1 [91%], 
178.1 [85%], 165.1 [M – PhCH3, 55%], 122.0 [80%], 121.0 
[100%], 77.0 [Ph+, 71.4%], 64.0 [SO2

+, 54.6%], 51.0 [28%]. 
Anal calcd for C10H13NO4S (243.28): C 49.37, H 5.39, N 
5.76; found: C 49.29, H 5.28, N 5.94. 

 3-Mercapto-2-(phenylmethylsulfonamido)propanoic 
acid (1e): Yield 1.22 g (89%); mp 171-173 oC; Rf = 0.49; 1H 
NMR (D2O, 400 MHz) : 7.49 (s, 5H, Ar-H), 4.50-4.47 (dd, 
J1 = 4.24 Hz, J2 = 7.92 Hz, 1H, CH2-CH-COOH), 4.24 (s, 
2H, CH2-SO2), 3.55-3.50 (dd, J1 = 4.24 Hz, J2 = 20 Hz, 1H, 
CHa of CH2-CH), 3.39-3.33 (dd, J1 = 7.92 Hz, J2 = 20 Hz, 
1H, CHb of CH2-CH) ppm; 13C NMR (Dioxane, 100 MHz) 
: 171.5 (CO), 132.6, 131.3 (2CH aromatic), 129.5 (2CH 
aromatic), 128.7, 57.8, 52.7, 37.2 ppm; IR (KBr) ν: 3439 
(OH of acid), 2978 (CH aromatic), 2832 (CH aliphatic), 
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1728 (C=O of COOH), 1618 (C=C), 1207, 1159 (SO2 two 
bands), 810 (Ar-H) cm-1; MS: in m/z [rel. %]: 214.1 [31.7%], 
123.0 [100%], 122.0 [90%], 92.1 [PhCH3

+, 33%], 91.0 
[PhCH2

+, 88%], 77.0 [Ph+, 8%], 65.0 [HSO2
+, 34%], 45.0 

[+COOH, 28%], 36.0 [34%]. Anal calcd for C10H13NO4S2 

(275.35): C 43.62, H 4.76, N 5.09; found: C 43.45, H 4.94, N 
5.07. 

 4-(Methylthio)-2-(phenylmethylsulfonamido)butanoic 
acid (1f): Yield 1.33 g (87.7%); mp 89-90 oC; Rf = 0.68; 1H 
NMR (D2O, 400 MHz) : 7.47 (s, 5H, Ar-H), 4.23 (s, 2H, 
CH2-SO2), 4.01-3.97 (t, J = 8.84 Hz, 1H, CH-CH2), 2.76-
2.72 (t, J = 7.40 Hz, 2H, CH2-CH2-S), 2.33-2.29 (m, 1H, 
CH), 2.28-2.21 (m, 1H, CH), 2.19 (s, 3H, CH3-S) ppm; 13C 
NMR (Dioxane, 100 MHz) : 172.9 (CO), 132.6, 131.2 
(2CH aromatic), 129.5 (2CH aromatic), 128.7, 57.9, 52.8, 
29.8, 29.4, 14.7 ppm; IR (KBr) ν: 3442 (OH of acid), 2974 
(CH aromatic), 2833 (CH aliphatic), 2774 (CH aliphatic), 
1742 (C=O of COOH), 1590 (C=C), 1211, 1161 (SO2 two 
bands), 698 (Ar-H) cm-1. Anal calcd for C12H17NO4S2 

(303.40): C 47.51, H 5.65, N 4.62; found: C 47.49, H 5.64, N 
4.66. 

 3-Methyl-2-(phenylmethylsulfonamido)butanoic acid 
(1g): Yield 1.34 g (98.7%); mp 137-138 oC; Rf = 0.83; 1H 
NMR (D2O, 400 MHz) : 7.49 (s, 5H, Ar-H), 4.25 (s, 2H, 
CH2-SO2), 4.04-4.03 (d, J = 4.4 Hz, 1H, CH-CH-COOH), 
2.47-2.38 (m, 1H, CH-CH-(CH3)2), 1.15-1.13 (d, J = 7.04 
Hz, 3H, CH3-CH), 1.13-1.11 (d, J = 7.08 Hz, 3H, CH3-CH) 
ppm; 13C NMR (Dioxane, 100 MHz) : 172.4 (CO), 132.5, 
131.2 (2CH aromatic), 129.5 (2CH aromatic), 128.9, 59.2, 
57.7, 29.8, 18.1, 17.8 ppm; IR (KBr) ν: 3447 (OH of acid), 
2974 (CH aromatic), 2833 (CH aliphatic), 2783 (CH ali-
phatic), 1730 (C=O of COOH), 1618 (C=C), 1225, 1165 
(SO2 two bands), 700 (Ar-H) cm-1; MS: in m/z [rel. %]: 
271.1 [M+, 14%], 91.0 [PhCH2

+, 30%], 75.0 [65%], 72.1 
[100%], 55.0 [79%], 29.0 [50%]. Anal calcd for C12H17NO4S 
(271.34): C 53.12, H 6.32, N 5.16; found: C 53.31, H 6.50, N 
5.20. 

 3-Hydroxy-2-(phenylmethylsulfonamido)butanoic 
acid (1h): Yield 1.25 g (91.5%); mp 194-195 oC; Rf = 0.48; 
1H NMR (D2O, 400 MHz) : 7.49 (s, 5H, Ar-H), 4.48-4.46 
(m, 1H, CH), 4.24 (s, 2H, CH2-SO2), 4.05-4.04 (d, J = 4.4 
Hz, 1H, CH-CH-COOH), 1.42-1.41 (d, J = 6.64 Hz, 3H, 
CH3-CH) ppm; 13C NMR (Dioxane, 100 MHz) : 171.5 
(CO), 132.5, 131.2 (2CH aromatic), 129.5 (2CH aromatic), 
128.9, 66.1, 59.4, 57.7, 19.8 ppm; IR (KBr) ν: 3404 (OH of 
acid), 2976 (CH aromatic), 2824 (CH aliphatic), 1740 (C=O 
of COOH), 1601 (C=C), 1219, 1157 (SO2 two bands), 700 
(Ar-H) cm-1. Anal calcd for C11H15NO5S (273.31): C 48.34, 
H 5.53, N 5.12; found: C 48.29, H 5.61, N 4.98. 

 5-Amino-5-oxo-2-(phenylmethylsulfonamido) pen-
tanoic acid (1i): Yield 1.41 g (94.1%); mp 211-214 oC; Rf = 
0.38; 1H NMR (D2O, 400 MHz) : 7.48 (s, 5H, Ar-H), 4.47-
4.43 (dd, J1 = 5.04 Hz, J2 = 14.32 Hz, 1H, HOOC-CH-CH2), 
4.23 (s, 2H, CH2-SO2), 2.62-2.55 (m, 1H, CH), 2.49-2.44 
(dd, J1 = 9.2 Hz, J2 = 18.72 Hz, 2H, CH2-CH2-CON), 2.27-
2.20 (m, 1H, CH) ppm; 13C NMR (Dioxane, 100 MHz) : 
181.1 (CO of acid), 163.2 (CO of amide), 132.5, 131.2 (2CH 
aromatic), 129.5 (2CH aromatic), 128.9, 59.2, 57.7, 30.5, 
26.2 ppm; IR (KBr) ν: 3246 (OH of acid), 3075, 3053 (NH 
two bands), 2983 (CH aromatic), 2951 (CH aliphatic), 1703 

(C=O of COOH), 1659 (C=O amide), 1412 (OH bending in-
plane), 1221, 1193 (SO2 two bands), 696 (Ar-H), 631 (N-H 
bending with wagging) cm-1. Anal calcd for C12H16N2O5S 
(300.34): C 47.99, H 5.37, N 9.33; found: C 48.03, H 5.56, N 
9.41. 

 3-Phenyl-2-(phenylmethylsulfonamido)propanoic acid 
(1j): Yield = 1.58 g (98.8%); mp 158-159 oC (dec); Rf = 
0.84; 1H NMR (D2O, 400 MHz) : 7.46 (s, 10H, 2 × Ar-H), 
4.34-4.31 (dd, J1 = 5.60 Hz, J2 = 13.28 Hz, 1H, PhCH2-CH-
COOH), 4.22 (s, 2H, CH2-SO2), 3.41-3.36 (dd, J1 = 5.60 Hz, 
J2 = 20.00 Hz, CHa of CH2-Ph), 3.28-3.22 (dd, J1 = 7.60 Hz, 
J2 = 20 Hz, 1H, CHb of CH2-Ph) ppm; 13C NMR (Dioxane, 
100 MHz) : 172.3 (CO of acid), 134.8, 132.6, 131.2 (2CH 
aromatic), 130.3 (2CH aromatic), 130.1 (2CH aromatic), 
129.5 (2CH aromatic), 128.9 (2CH aromatic), 57.7, 55.0, 
36.4 ppm; IR (KBr) ν: 3441 (OH of acid), 2974 (NH), 2822 
(CH aromatic), 2776 (CH aliphatic), 1740 (C=O of COOH), 
1609 (C=C), 1221, 1171 (SO2 two bands), 702 (Ar-H), 623 
(N-H bending) cm-1; MS: in m/z [rel. %]: 270.1 [4%], 212.1 
[12%], 180.1 [90%], 179.1 [95%], 178.1 [100%], 165.1 
[60%], 122.0 [34%], 121.0 [67%], 64 [SO2

+, 70%]. Anal 
calcd for C16H17NO4S (319.38): C 60.17, H 5.37, N 4.39; 
found: C 59.98, H 5.21, N 4.42. 

 3-(4-(Benzylsulfonyloxy)phenyl)-2-(phenylmethyl-
sulfonamido)propanoic acid (1k): Yield = 2.19 g (89.6%); 
mp 195-196 oC; Rf = 0.82; 1H NMR (D2O, 400 MHz) : 7.43 
(s, 10H, 2 × Ar-H), 7.22-7.20 (d, J = 8.4 Hz, 2H, OTs-H), 
6.93-6.91 (d, J = 8.4 Hz, 2H, OTs-H), 4.31-4.28 (dd, J1 = 
5.60 Hz, J2 = 13.08 Hz, 1H, PhCH2-CH-COOH), 4.19 (s, 4H, 
2 × CH2-SO2), 3.31-3.26 (dd, J1 = 5.60 Hz, J2 = 20.00 Hz, 
CHa of CH2-Ph), 3.19-3.14 (dd, J1 = 7.52 Hz, J2 = 20 Hz, 
1H, CHb of CH2-Ph) ppm; 13C NMR (Dioxane, 100 MHz) : 
172.8 (CO of acid), 156.5, 140.9, 132.0, 131.8 (2CH aro-
matic), 131.3 (2CH aromatic), 129.6 (2CH aromatic), 129.0 
(2CH aromatic), 126.6, 123.6 (2CH aromatic), 117.1 (2CH 
aromatic), 111.8 (2CH aromatic), 58.4, 55.4, 36.1 ppm; IR 
(KBr) ν: 3435 (OH of acid), 3167 (NH), 3028 (CH aro-
matic), 2949 (CH aliphatic), 1724 (C=O of COOH), 1597 
(C=C), 1194, 1148 (SO2 two bands), 789 (S-OR ester), 694 
(Ar-H), 631 (N-H bending) cm-1; MS: in m/z [rel. %]: 180.1 
[74%], 179.1 [90%], 178.1 [100%], 165.1 [30%], 122.0 
[10%], 91.1 [PhCH2

+, 47%], 64 [SO2
+, 24%]. Anal calcd for 

C23H23NO7S2 (489.57): C 56.43, H 4.76, N 2.86; found: C 
56.38, H 4.79, N 2.69. 

 Synthesis of N,N-diethyl substituted amide of ben-
zenemethanesulfonamide derivatives (2). To a solution of 
appropriate arylmethylsulfonamides (1a-k) (2.96 mmol) in 
H2O (10 mL) in a streaming flow of nitrogen gas, was added 
oxalyl chloride (0.34 mL, 3.85 mmol, 1.30 eq.) via dropping 
pipette followed by carefully controlled addition of 1 drop of 
N,N-dimethylformamide (DMF). The resulting mixture was 
stirred at room temperature for 2 h to get crude acid chloride 
which was kept air-tighted prior to use. In a separate 250 ml 
three-necked round bottom flask, equipped with a magnetic 
stirring bar, was added Na2CO3 (0.628 g, 5.92 mmol, 2 
equiv.) to H2O (10 mL) followed by diethyl amine (DEA) 
(0.4 mL, 3.85 mmol, 1.3 equiv.) in continuous stirring and 
cooled to -15 oC. Then, earlier kept acid chloride was added 
in such a way to maintain the internal temperature of the 
reaction mixture at around -10 oC. The reacting mixture was 
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then stirred at -10 oC for 1 h; at 0 oC for 1 h and finally at 
room temperature for 1 h. The reaction was terminated, 
worked up by acidifying with 2N HCl and concentrated in 
rotary evaporator. The clear solution obtained was freeze-
dried to get crude solid product which was purified by col-
umn chromatography (CHCl3 / CH3OH, 3:1) to afford N,N-
diethylamide of benzenemethanesulfonamide derivatives 
(2a-k). 

 1-(Benzylsulfonyl)-N,N-diethylpyrrolidine-2-
carboxamide (2a): Yield = 0.94 g (97.9%); mp 185-187 oC; 
Rf = 0.71; 1H NMR (D2O, 400 MHz) : 7.53 (s, 5H, Ar-H), 
4.54-4.50 (m, 1H, CH-CON), 4.28 (s, 2H, CH2-SO2), 3.56-
3.54 (m, 2H, CH2-N), 3.19-3.14 (q, J = 7.28 Hz, 4H, 2 × 
CH2-CH3), 2.54-2.51 (m, 1H, CH), 2.28-2.24 (m, 1H, CH), 
2.16-2.14 (m, 2H, CH2), 1.39-1.35 (t, J = 7.28 Hz, 6H, 2 × 
CH3-CH2) ppm; 13C NMR (Dioxane, 100 MHz) : 173.2 
(C=O), 132.6, 131.1 (2CH aromatic), 129.4 (2CH aromatic), 
128.8, 60.8, 57.7, 47.1, 43.3 (2CH2), 29.2, 24.2, 11.4 (2CH3) 
ppm. Anal calcd for C16H24N2O3S (324.45): C 59.23, H 7.46, 
N 8.63, found: C 59.09, H 7.46, N 8.48. 

 1-(Benzylsulfonyl)-N,N-diethylpiperidine-2-carboxa-
mide (2b): Yield = 0.99 g (99.0%); mp 210-211 oC; Rf = 
0.72; 1H NMR (D2O, 400 MHz) : 7.54 (s, 5H, Ar-H), 4.30 
(s, 2H, CH2-SO2), 4.08-4.04 (dd, J1 = 3.52 Hz, J2 = 20 Hz, 
1H, CH of CH2-N), 3.60-3.57 (m, 1H, CH-CON), 3.21-3.16 
(q, J = 7.20 Hz, 4H, 2 × CH2-CH3), 2.42-2.38 (dd, J1 = 3.32 
Hz, J2 = 20 Hz, 1H, CH of CH2-N), 2.03-1.99 (m, 2H, CH2), 
1.86-1.73 (m, 3H, CH & CH2), 1.40-1.37 (t, J = 7.20 Hz, 6H, 
2 × CH3-CH2) ppm; 13C NMR (Dioxane, 100 MHz) : 173.5 
(C=O), 132.9, 131.1 (2CH aromatic), 129.8 (2CH aromatic), 
128.6, 60.6, 57.8, 47.4, 43.4 (CH2), 29.4, 24.2, 18.1, 11.4 
(CH3) ppm; IR (KBr) ν: 3028 (CH aromatic), 2951 (CH ali-
phatic), 1720 (C=O), 1593 (C=C), 1188, 1148 (SO2 two 
bands), 696 (Ar-H) cm-1; anal calcd for 338.47 C17H26N2O3S: 
C, 60.33; H, 7.74; N, 8.28; found: C, 60.29; H, 7.94; N, 7.98. 

 N,N-Diethyl-2-(phenylmethylsulfonamido)acetamide 
(2c): Yield = 0.78 g (92.6%); mp 213-215 oC; Rf = 0.51; 1H 
NMR (D2O, 400 MHz) : 7.53 (s, 5H, Ar-H), 4.29 (s, 2H, 
CH2-SO2), 4.01 (s, 2H, CH2-CON), 3.20-3.14 (q, J = 7.30 
Hz, 4H, 2 × CH2-CH3), 1.39-1.36 (t, J = 7.30 Hz, 6H, 2 × 
CH3-CH2) ppm; 13C NMR (Dioxane, 100 MHz) : 174.1 
(C=O), 133.4, 131.6 (2CH aromatic), 129.5 (2CH aromatic), 
128.6, 57.7, 49.8, 43.1 (CH2), 11.4 (CH3) ppm; IR (KBr) ν: 
3217 (N-H), 3036 (CH aromatic), 2947 (CH aliphatic), 1712 
(C=O), 1601 (C=C), 1219, 1194, (SO2 two bands), 694 (Ar-
H) cm-1. Anal calcd for C13H20N2O3S (284.38): C 54.91, H 
7.09, N 9.85; found: C 55.13, H 6.94, N 10.08. 

 N,N-Diethyl-2-(phenylmethylsulfonamido)propane-
mide (2d): Yield = 0.87 g (98.5%); mp 238-240 oC; Rf = 
0.56; 1H NMR (D2O, 400 MHz) : 7.50 (s, 5H, Ar-H), 4.26 
(s, 2H, CH2-SO2), 4.22-4.16 (q, J = 7.28 Hz, 1H, CH-CH3), 
3.18-3.12 (q, J = 7.32 Hz, 4H, 2 × CH2-CH3), 1.65-1.63 (d, J 
= 7.28 Hz, 3H, CH3-CH), 1.37-1.33 (t, J = 7.32 Hz, 6H, 2 × 
CH3-CH2) ppm; 13C NMR (Dioxane, 100 MHz) : 173.8 
(C=O), 132.7, 131.2 (2CH aromatic), 129.5 (2CH aromatic), 
128.9, 57.7, 49.8, 43.1 (CH2), 16.2, 11.4 (CH3) ppm; IR 
(KBr) ν: 3058 (N-H), 3036 (CH aromatic), 2951 (CH ali-
phatic), 1719 (C=O), 1601 (C=C), 1219, 1196, 1148 (SO2 

two bands), 696 (Ar-H) cm-1. Anal calcd for C14H22N2O3S 

(298.41): C 56.35, H 7.43, N 9.39; found: C 56.11, H 7.33, N 
9.28. 

 N,N-Diethyl-3-mercapto-2-
(phenylmethylsulfonamido)propanamide (2e): Yield 0.87 
g (89.0 %); mp 198-200 oC; Rf = 0.71; 1H NMR (D2O, 400 
MHz) : 7.46 (s, 5H, Ar-H), 4.54-4.51 (dd, J1 = 4.24 Hz, J2 = 
7.92 Hz, 1H, CH2-CH-COOH), 4.21 (s, 2H, CH2-SO2), 3.57-
3.52 (dd, J1 = 4.24 Hz, J2 = 20 Hz, 1H, CHa of CH2-CH), 
3.41-3.36 (dd, J1 = 7.92 Hz, J2 = 20 Hz, 1H, CHb of CH2-
CH), 3.18-3.12 (q, J = 7.35 Hz, 4H, 2 × CH2-CH3), 1.37-1.33 
(t, J = 7.35 Hz, 6H, 2 × CH3-CH2) ppm; 13C NMR (Dioxane, 
100 MHz) : 173.5 (C=O), 132.7, 131.2 (2CH aromatic), 
129.5 (2CH aromatic), 128.9, 57.4, 49.5, 43.1 (CH2), 35.5, 
11.4 (CH3) ppm; IR (KBr) ν: 2997 (CH aromatic), 2911 (CH 
aliphatic), 1719 (C=O), 1591 (C=C), 1220, 1194, 1144 (SO2 

two bands), 696 (Ar-H) cm-1. Anal calcd for C14H22N2O3S2 

(330.47): C 50.88, H 6.71, N 8.48; found: C 50.71, H 6.99, N 
7.97. 

N,N-Diethyl-4-(methylthio)-2-(phenylmethylsulfonamido) 
butanamide (2f): Yield = 0.96 g (90.6 %); mp 170-172 oC; 
Rf = 0.65; 1H NMR (D2O, 400 MHz) : 7.49 (s, 5H, Ar-H), 
4.24 (s, 2H, CH2-SO2), 4.23-4.20 (t, J = 6.72 Hz, 1H, CH-
CH2), 3.16-3.10 (q, J = 7.32 Hz, 4H, 2 × CH2-CH3), 2.77-
2.73 (t, J = 7.40 Hz, 2H, S-CH2-CH2), 2.34-2.24 (m, 2H, 
CH-CH2-CH2-S), 2.19 (s, 3H, CH3-S), 1.35-1.31 (t, J = 7.32 
Hz, 6H, 2 × CH3-CH2) ppm; 13C NMR (Dioxane, 100 MHz) 
: 173.8, 132.7, 131.2 (2CH aromatic), 129.5, (2CH aro-
matic), 57.7, 49.8, 43.1 (CH2), 30.8, 29.5, 16.2, 11.4 (CH3) 
ppm; IR (KBr) ν: 3028 (CH aromatic), 2945 (CH aliphatic), 
1722 (C=O), 1620 (C=C), 1200, 1126 (SO2 two bands) 698 
(Ar-H) cm-1; anal calcd for 358.53 C16H26N2O3S2: C, 53.60; 
H, 7.31; N, 7.81; found: C, 53.55; H, 7.22; N, 7.69. 

 N,N-Diethyl-3-methyl-2-(phenylmethylsulfonamido)-
butanemide (2g): Yield = 0.94 g (97.3%); mp 226-230 oC; 
Rf = 0.69; 1H NMR (D2O, 400 MHz) : 7.50 (s, 5H, Ar-H), 
4.25 (s, 2H, CH2-SO2), 4.00-3.97 (d, J = 2.84 Hz, 1H, CH-
CH-CON), 3.17-3.11 (q, J = 7.32 Hz, 4H, 2 × CH2-CH3), 
2.45-2.38 (m, 1H, CH), 1.36-1.32 (t, J = 7.32 Hz, 6H, 2 × 
CH3-CH2), 1.15-1.13 (d, J = 7.00 Hz, 3H, CH3-CH), 1.12-
1.10 (d, J = 7.00 Hz, 3H, CH3-CH) ppm; 13C NMR (Diox-
ane, 100 MHz) : 173.8 (C=O), 132.7, 131.2 (2CH aro-
matic), 129.5 (2CH aromatic), 128.9, 60.8, 57.7, 49.8, 43.1 
(CH2), 16.2, 15.5, 11.4 (CH3) ppm; IR (KBr) ν: 3053 (CH 
aromatic), 2945 (CH aliphatic), 1718 (C=O), 1611 (C=C), 
1219, 1194 (SO2 two bands), 696 (Ar-H) cm-1. Anal calcd for 
C16H26N2O3S (326.46): C 58.87, H 8.03, N 8.58; found: C 
59.01, H 7.96, N 8.61. 

 N,N-Diethyl-3-hydroxy-2-(phenylmethylsulfonamido) 
butanamide (2h): Yield = 0.78 g (80.2%); mp 245 oC (dec); 
Rf = 0.53; 1H NMR (D2O, 400 MHz) : 7.55 (s, 5H, Ar-H), 
4.54-4.52 (m, 1H, CH-CH-CH3), 4.31 (s, 2H, CH2-SO2), 
4.09-4.08 (d, J = 3.96 Hz, 1H, CH-CH-CON), 3.22-3.17 (q, J 
= 7.32 Hz, 4H, 2 × CH2-CH3), 2.85 (s, 1H, OH), 1.49-1.47 
(d, J = 6.60 Hz, 3H, CH3-CH), 1.41-1.37 (t, J = 7.32 Hz, 6H, 
2 × CH3-CH2) ppm; 13C NMR (Dioxane, 100 MHz) : 173.5 
(C=O), 132.9, 131.3 (2CH aromatic), 129.5 (2CH aromatic), 
128.9, 61.2, 58.1, 49.5, 42.5 (CH2), 16.6, 11.1 (CH3) ppm; IR 
(KBr) ν: 3396 (OH), 3030 (CH aromatic), 2945 (CH ali-
phatic), 1720 (C=O), 1601 (C=C), 1221, 1194 (SO2 two 
bands), 694 (Ar-H) cm-1. Anal calcd for C15H24N2O4S 
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(328.43): C 54.86, H 7.37, N 8.53; found: C 54.71, H 7.26, N 
8.65. 

 N1,N1-Diethyl-2-(phenylmethylsulfonamido)pentane-
diamide (2i): Yield = 0.98 g (93.2%); mp 251-253 oC; Rf = 
0.58; 1H NMR (D2O, 400 MHz) : 7.51 (s, 5H, Ar-H), 4.52-
4.48 (dd, J1 = 5 Hz, J2 = 14.32 Hz, 1H, NOC-CH-CH2a,b), 
4.26 (s, 2H, CH2-SO2), 3.17-3.12 (q, J = 7.32 Hz, 4H, 2 × 
CH2-CH3), 2.67-2.60 (m, 1H, CHa of CH2), 2.53-2.48 (t, J = 
8 Hz, 2H, CO-CH2-CH2), 2.30-2.24 (m, 1H, CHb of CH2), 
1.37-1.33 (t, J = 7.32 Hz, 6H, 2 × CH3-CH2) ppm; 13C NMR 
(Dioxane, 100 MHz) : 182.7 (C=O), 177.1 (C=O), 132.6, 
131.2 (2CH aromatic), 129.5 (2CH aromatic), 128.9, 57.7, 
53.3, 43.1 (CH2), 30.1, 25.2, 11.4 (CH3) ppm; IR (KBr) ν: 
3075 (NH), 3053 (CH aromatic), 2951 (CH aliphatic), 1703 
(C=O), 1659 (C=O of CON), 1601 (C=C), 1221, 1193 (SO2 

two bands), 696 (Ar-H) cm-1. Anal calcd for C16H25N3O4S 
(355.46): C 54.06, H 7.09, N 11.82; found: C 53.95, H 6.88, 
N 12.01. 

 N,N-Diethyl-3-phenyl-2-(phenylmethylsulfonamido) 
propanamide (2j): Yield = 1.00 g (90.2%); mp 227-229 oC; 
Rf = 0.70; 1H NMR (D2O, 400 MHz) : 7.49 (s, 10H, 2 × Ar-
H), 4.39-4.36 (dd, J1 = 5.60 Hz, J2 = 7.60 Hz, 1H, NOC-CH-
CH2a,b), 4.24 (s, 2H, CH2-SO2), 3.44-3.39 (dd, J1 = 5.60 Hz, 
J2 = 20.00 Hz, 1H, CHa of CH2a,b), 3.31-3.26 (dd, J1 = 7.60 
Hz, J2 = 20.00 Hz, 1H, CHb of CH2a,b), 3.16-3.10 (q, J = 7.32 
Hz, 4H, 2 × CH2-CH3), 2.78 (s, 2H, CH2), 1.35-1.31 (t, J = 
7.32 Hz, 6H, 2 × CH3-CH2) ppm; 13C NMR (Dioxane, 100 
MHz) : 172.4 (C=O), 135.1, 132.7, 131.2 (2CH aromatic), 
130.3 (2CH aromatic), 130.1 (2CH aromatic), 129.5 (2CH 
aromatic), 128.9 (2CH aromatic), 57.8, 55.2, 43.1 (CH2), 
36.5, 11.5 (CH3) ppm; IR (KBr) ν: 2976 (NH), 2828 (CH 
aromatic), 2774 (CH aliphatic), 1736 (C=O), 1620 (C=C), 
1206, 1153, 1148 (SO2 two bands), 698 (Ar-H) cm-1. Anal 
calcd for C20H26N2O3S (374.51): C 64.14, H 7.00, N 7.48; 
found: C 64.00, H 6.84, N 7.29. 

CONCLUSION 

 In summary, out of all the sulfonamides, the one that 
involve benzenemethanesulfonamide framework has always 
been a great challenge to synthetic chemists in high yield. 
However, we have achieved the synthesis of this targeted 
benzenemethanesulfonamide derivatives (1a-k) in excellent 
yield in order to bridge the gap of its unmet demand. We 
have also succeeded in synthetic manipulation of these scaf-
folds to obtaining novel N,N-diethylalkanamide substituted 
sulfonamides (2a-k). However, the attempted effort on in-
tramolecular cyclization of representative benzenemethane-
sulfonamide derivative (1a) and its N,N-diethylalkanamido 
substituted sulfonamide (2a) by silica mediated AlCl3 cata-
lytic approach and direct ortho-metalation respectively, 
proved abortive as both conditions failed to deliver the ex-
pected benzothiazepine product (3a). In light of these find-
ings, further study is on-going as regard the search for ap-
propriate modification to achieving benzothiazepine products 
from these sulfonamides.  
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