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Tis study focussed on the synthesis of sulfamethoxazole derivatives and their biological evaluation. Te sulfamethoxazole
derivatives were successfully biologically evaluated against Mycobacterium tuberculosis, Staphylococcus aureus, and Chinese
Hamster Ovarian (CHO) cells. Te biological evaluation revealed compounds with improved antitubercular activity and an-
tibacterial activity against S. aureus as well as safety profle when compared to the starting material, sulfamethoxazole. Te most
active compounds againstMycobacterium tuberculosis were3q with 92% inhibition followed by 3s (90%), 3k (88%), 3t (85%), and
3o (84%).

1. Introduction

Microbial infections pose a substantial health risk, especially
to those people with a weakened immune system as a result
of various factors such as other ailments, immunosup-
pressants, and cancer-treating strategies. As a result, the
search for better acting, efcient, and safe antimicrobial
agents remains of great interest [1]. Tuberculosis (TB),
a communicable disease that is caused by bacillus Myco-
bacterium tuberculosis (Mtb), is one of the leading causes of
death due to a single infectious agent worldwide even
eclipsing HIV/AIDS. Te World Health Organisation
(WHO) has reported that the emergence of COVID-19 has
negatively afected the whole process of TB management [2].
Tis resulted in an increase in the number of people who
developed TB in 2020. In addition, all previously set goals for
eradicating TB such as incidence rate, death rate, and cost
reduction for the treatment of TB for the year 2020 were not
met. To help WHO achieve its goals of eradicating TB by the
year 2035, more intensifed research and innovative methods
are needed especially in identifying new drugs that can also

treat drug-resistant TB strains such as multidrug and
extended-drug TBs [3].

Sulfonamides are a class of synthetic antimicrobial
compounds with broad pharmacological applications. An
example of such sulphonamides includes sulfamethazine,
sulfadiazine, sulfamethoxazole (SMZ) (1), sulfasalazine,
sulfsoxazole, sulfamerazine, sulfadimethoxine, sulfafur-
azole, and sulphanilamide [4]. Sulfamethoxazole, an anti-
biotic that has caught the attention of a lot of researchers due
to its wide biological activity, will be of focus in this research
project. Sulfamethoxazole (1), which is usually used in
combination with trimethoprim (Figure 1) (cotrimoxazole),
has been extensively used for the treatment of microbial
infections. For example, cotrimoxazole made it to the South
Africa’s list of essential medicines for use by people infected
with HIV. Tis is because cotrimoxazole drastically pre-
vented opportunistic infection by diseases such as malaria,
pneumonia, and diarrhoea [5, 6]. In addition, cotrimoxazole
was investigated for potential application against skin and
soft tissue infections [7] and tuberculosis [8]. Sulfame-
thoxazole derivatives have been extensively investigated for
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their biological activity against various ailments. Rajama-
nickam et al. investigated sulfamethoxazole derivatives as
potential antimicrobial agents [9], and Akili et al. used
molecular modelling to design and synthesise sulfame-
thoxazole derivatives for the treatment of cancer [10, 11]
while the mixture of sulfamethoxazole with rifampicin
(Figure 1) showed improved anti-Mycobacterium
tuberculosis activity [12]. Furthermore, sulfamethoxazole
derivatives were evaluated as possible antimalaria agents
[13] and were identifed as potent inhibitors of Trypanosoma
brucei and Trypanosoma cruzi phosphofructokinases. [14]
Previously, we reported on benzylamine derivatives
possessing sub 20 μM activity against Mycobacterium
tuberculosis [15]. In our eforts to identify compounds
with antibacterial activity, we report the synthesis and
antibacterial evaluation of benzylated sulfamethoxazole
derivatives as potential anti-Mycobacterium tuberculosis,
their safety profle, and their activity against
Staphylococcus aureus here.

2. Results and Discussions

2.1. Synthesis of Benzylated Sulfamethoxazole Derivatives.
In order for us to gain access to the sulfamethoxazole de-
rivatives with antibacterial activity, sulfamethoxazole (1) was
treated with various salicylaldehyde derivatives under re-
ductive amination reaction conditions. Reductive amination
is a powerful synthetic method that is used to gain access to
pharmaceutical drugs that are used in the treatment of
various ailments such as cancer, diabetes, fungal infections,
mental treatment, cardiovascular treatment, and many more

[16]. Initially, sulfamethoxazole (1) was treated with various
aromatic aldehydes under reductive amination reaction
conditions using sodium borohydride in methanol to aford
sulfamethoxazole derivatives. Unfortunately, the use of
sodium borohydride returned sulfamethoxazole starting
material and the reduced aldehyde product [17]. After the
unsuccessful use of sodium borohydride, 2-methylpyridine
borane complex was employed as the reducing reagent.
Tus, sulfamethoxazole (1) was treated with various aro-
matic aldehydes under reductive amination reaction con-
ditions using 2-methylpyridine borane complex in methanol
to yield benzylated sulfamethoxazole derivatives as shown in
Scheme 1 [18]. Te successful synthesis of all compounds
was confrmed by both 1H and 13C NMR, IR and mass
spectroscopy.

Te 1H NMR spectra of the compounds showed the
disappearance of the aldehyde functional group signal
around 10 ppm and the appearance of the new methylene
signals ranging from 4.21 to 4.32 ppm in addition to other
proton signals from the aromatic aldehyde. To supplement
the 1H NMR spectroscopic data, the 13C NMR spectral data
were recorded. Te 13C NMR spectra of 3a–t showed the
disappearance of the aldehyde signal around 196 ppm and
the appearance of the methylene signals in the region of
40.28–41.67 ppm. In addition, the disappearance of the NH2
functional group that was observed around 6.06 ppm and the
appearance of the new NH functional group signals
(8.05–10.24 ppm) was observed on the 1H NMR spectra of
products 3a–t. Furthermore, the analysis of the IR spectra of
products 3a–t supported their formation by revealing the
presence of functional groups such as OH (∼3500 cm−1), NH
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Figure 1: Te structures of sulfamethoxazole, trimethoprim, and rifampicin.
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(∼3300 cm−1), CH stretch (∼3000 cm−1), C�C, C�N
(∼1600 cm−1), S�O (∼1400 cm−1), N-O (∼1300 cm−1), C-O
(∼1000 cm−1), and C-halide (>500 cm−1).

3. Biological Assays of Benzylated
Sulfamethoxazole Derivatives

3.1. Anti-Mycobacterium tuberculosis Activity. All syn-
thesised compounds were evaluated for their biological
activity against Mycobacterium tuberculosis (Mtb) H37RV
strain. Te biological assays were performed following
a broth dilution method in 7H9_ADC_GLU_TW (7 days),
and rifampicin was used as a positive control [19]. In ad-
dition, sulfamethoxazole (SMZ) was also biologically eval-
uated to better understand the impact of the structural
modifcations. Te results for the in vitro biological assays
are displayed in Table 1. As observed in Table 1, SMZ
achieved tuberculosis growth inhibition of 80% at the tested
concentration of 20 μM. In our eforts to improve the activity
of SMZ towardsMycobacterium tuberculosis, a series of SMZ
derivatives based on salicylaldehydes were synthesised. Tis
produced compounds with mixed activity against TB. For
example, 5 compounds displayed improved antitubercular
activity, 5 compounds displayed slightly reduced antitu-
bercular activity, 4 compounds displayed signifcant loss of
activity, while 7 compounds displayed total loss of antitu-
bercular activity compared to sulfamethoxazole.

Temost active compound in this series was 3qwith 92%
inhibition, followed by 3s (90%), 3k (88%), 3t (85%), and 3o
(84%). Tese compounds performed better than our starting
material, SMZ (80%). However, most compounds displayed
reduced activity to no activity against TB. For example, 3n
(78%), 3r (77%), and 3l (76%) displayed antitubercular
activity closer to that of SMZ, while compounds such as 3c
(64%), 3b (52%), and 3e (36%) displayed signifcant loss of
activity compared to SMZ. In addition, 3a, 3d, 3f–h, 3j, and
3m all displayed complete loss of antitubercular activity
(0%) in comparison to the activity of SMZ.

Interestingly, all compounds with a complete loss of
activity possessed benzyl with substituents at the same
positions (2, 3, and 5) with the exception of 3a and 3d. In
general, trisubstituted benzyl substituents resulted in
a complete loss of activity (e.g., 3d) or reduced antituber-
cular activity (e.g. 3c). Tus, we have synthesised SMZ
derivatives, some with improved antitubercular activity,
while others displayed reduced antitubercular activity when
compared to SMZ.

3.2. Anti-Staphylococcus aureus (ATCC 25923) Activity.
Staphylococcus aureus (S. aureus) is a Gram-positive bac-
terium that is a member of the microbiota of the body,
normally found in the upper respiratory tract and on the
skin [20]. Although approximately 30% of the human
population is designated permanent carriers of S. aureus
where it is mostly found on the skin, nostrils, and women’s
lower reproductive tract, [21, 22] it remains the major cause
of mild infections such as pimples, impetigo, boils, cellulitis,
folliculitis, carbuncles, scalded skin syndrome, and abscesses
to problematic infections such as pneumonia, meningitis,
osteomyelitis, endocarditis, toxic shock syndrome, bacter-
aemia, and sepsis [23]. In addition, the emergence of an-
tibiotic microbial resistant such as methicillin-resistant
S. aureus (MRSA) has contributed to the increased eco-
nomic burden of the world [24]. Tus, in our eforts of
designing compounds with broad antibacterial properties,
SMZ derivatives were evaluated for their potential activity
against S. aureus. Te single point growth inhibitory po-
tential of the samples was determined using a 96-well plate-
based assay following the Clinical and Laboratory Standards
Institute guidelines [25].

All compounds were evaluated against S. aureus at
a concentration of 32 μM. At this concentration, compounds
were designated as either being active (100%) or inactive
(0.00%). Te activity of these compounds was compared to
the activity of sulfamethoxazole in addition to the positive
control, kanamycin. While SMZ showed activity against
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Table 1: Summarised biological activity results of benzylated sulfamethoxazole derivatives.
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Table 1: Continued.

OH

NO2

NO2

3h

0 − 95.72

OH

3i

71.7 − 86.69

OH

Br

Br
3j

0 + 96.55

Rifampicin (0.01 μM) + ND ND
Emitine (0.029 μM) ND ND +
Kanamycin ND + ND
SMZ (1) 80.8 − 67.6
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Mycobacterium tuberculosis, it was inactive against S. aureus.
Te modifcation of SMZ improved the activity of some
derivatives, while others remained inactive like SMZ. For
example, compounds 3b–e, 3j, 3m–o, 3q, and 3s possessed
antibacterial activity against S. aureuswhile the remainder of
the compounds was inactive.

3.3. Further Anti-Bacterial Activity. To increase the scope
and activity of the synthesized compounds, all benzylated
sulfamethoxazole derivatives were also biologically evalu-
ated against bacteria such as Acinetobacter baumannii
(ATCC 19606), Enterobacter cloacae (ATCC 700323),
Escherichia coli (ATCC 25922), Klebsiella pneumoniae
(BAA-1705), and Pseudomonas aeruginosa (ATCC 27853).
Tese bacteria together with Staphylococcus aureus are re-
sponsible for the majority of nosocomial infections, and they
have developed the ability to evade current antimicrobial
agents [26, 27]. Unfortunately, all benzylated sulfame-
thoxazole derivatives were inactive against all fve bacterial
pathogens.

3.4.CytotoxicityActivityAssays. In addition to the biological
assays against Mycobacterium tuberculosis and S. aureus,
cytotoxicity assays were also performed for all compounds
against Chinese Hamster Ovarian (CHO) cells to determine
the safety profle of these compounds at a specifc con-
centration. Quantitative assessment of toxic activity in vitro
was determined via the MTT [3-(4,5-Dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium Bromide] assay with emetine used
as a standard. [28]Te test compounds were mostly not toxic

at the concentration 25 μM especially when compared to the
starting material SMZ. Sulfamethoxazole showed a per-
centage survival of 67% at the same concentration of 25 μM.
Te most active SMZ derivative was 3d with 49% cell
survival followed by 3f with 62%. Tese two derivatives
showed improved toxicity to CHO cells compared to SMZ
(67%). Te remaining compounds possessed poor activity
towards CHO cells. For example, SMZ derivative 3l (103%)
appeared to stimulate CHO cell growth, while other de-
rivatives such as 3a (98%), 3b (96%), 3c (97%), 3g (99%), 3h
(95%), 3j (96%), 3m (97%), 3p (90%), and 3q (92%) pos-
sessed much improved safety profle compared to SMZ. In
addition, the remainder of the compounds possessed cell
survival of over 80%, which is still an improvement in
comparison to SMZ (Figure 2). Tus, the modifcation of
SMZ with salicylaldehyde produced compounds with im-
proved safety profle (>80% cell survival) except for two
compounds (<60%).

3.5. Structure-Activity Relationship. Te efect of sub-
stituents on the antibacterial activity and cytotoxicity of the
synthesised compounds was examined. Te presence or
absence of certain functional groups and their position can
result in compounds with improved or decreased biological
activity including their safety profle (cytotoxicity). For
example, most SMZ derivatives with trisubstituted benzyl
substituents were not active against Mtb (3a, 3d, 3f–h, 3j,
and 3m). However, the same compounds showed excellent
safety profle against CHO cells except for 3d and 3f which
proved to be more toxic than SMZ. However, compounds

Table 1: Continued.

OH

OH
3q

92.4 + 94.10

OH

3r

77.9 − 87.26

NHO

3s

90.0 + 83.45

OH

3t

85.9 − 86.54

Rifampicin (0.01 μM) + ND ND
Emetine (0.029 μM) ND ND +
Kanamycin ND + ND
SMZ (1) 80.8 − 67.6
Active�+. Inactive� −. ND�not determined.
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3d, 3j, and 3m displayed excellent antibacterial activity
against S. aureus indicating their selectivity towards
S. aureus. On the other hand, SMZ derivatives containing
disubstituted benzyl substituents showed excellent Mtb
activity. For example, 3q (with 2,4-dihydroxy functional
groups) was the most active, followed by 3k (with 2-

hydroxy-4-methoxy), 3t (with 2-hydroxy-3-methyl), and 3o
(3-bromo-2-hyrodroxy), thus performing better than SMZ.
Unfortunately, not all compounds with disubstituted benzyl
substituents showed excellent activity against Mtb, in-
dicating the important role played by diferent functional
groups. For example, compounds 3b, 3e, 3i, 3l, 3n, and 3p all
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Figure 2: Te plot of CHO % survival of sulfamethoxazole derivatives.

Table 2: ADMET predictions of the benzylated sulfamethoxazole derivatives.

Structure MW LogS LogP
Predicted ADMET properties Rules satisfed

Plasma protein binding
(PPB) (%) nHA nHD H-HT Clearance Half- life TPSA Lipinski Pfzer GSK

3a 393.06 −3.216 2.939 99.90 7 3 0.838 0.594 0.167 107.69 Yes Yes Yes
3b 437.00 −3.219 3.119 99.45 7 3 0.688 0.84 0.163 107.69 Yes Yes No
3c 467.02 −3.353 2.824 99.70 8 3 0.711 1.196 0.185 116.92 Yes Yes No
3d 434.09 −3.482 2.248 99.82 11 3 0.886 0.743 0.222 160.06 Yes Yes No
3e 404.08 −3.394 2.35 99.87 10 3 0.856 0.488 0.171 150.83 Yes Yes No
3f 427.02 −3.531 3.496 100.7 7 3 0.771 0.604 0.151 107.69 Yes Yes No
3g 395.08 −2.87 2.335 99.99 7 3 0.941 0.631 0.154 107.69 Yes Yes Yes
3h 449.06 −3.626 2.412 100.6 13 3 0.869 0.586 0.173 193.97 Yes Yes No
3i 399.13 −3.233 3.035 100.4 7 3 0.727 0.559 0.207 107.69 Yes Yes Yes
3j 514.92 −3.784 3.698 100.0 7 3 0.504 0.814 0.148 107.69 Yes Yes No
3k 389.1 −2.824 2.221 99.35 8 3 0.894 0.722 0.18 116.92 Yes Yes Yes
3l 403.12 −3.053 2.383 99.70 8 3 0.809 0.642 0.14 116.92 Yes Yes No
3m 610.89 −3.87 4.289 100.6 7 3 0.635 0.868 0.220 107.69 Yes Yes No
3n 393.06 −3.106 2.804 99.93 7 3 0.889 0.804 0.071 107.69 Yes Yes Yes
3o 437.0 −3.405 2.812 99.74 7 3 0.792 0.549 0.174 107.69 Yes Yes No
3p 373.11 −2.835 2.592 99.32 7 3 0.841 0.722 0.194 107.69 Yes Yes Yes
3q 375.09 −2.869 1.53 98.91 8 4 0.753 0.687 0.414 127.92 Yes Yes Yes
3r 359.09 −2.701 2.166 98.83 7 3 0.830 0.559 0.232 107.69 Yes Yes Yes
3s 410.1 −3.852 2.178 99.67 8 3 0.950 1.243 0.182 120.32 Yes Yes No
3t 373.11 −2.785 2.472 99.45 7 3 0.876 0.544 0.203 107.69 Yes Yes Yes
SMZ 253.05 −2.491 0.142 84.64 6 3 0.892 0.785 0.141 101.45 Yes Yes Yes
MW-molecular weight: 100–600 g/mol, LogS (predicted aqueous solubility): −4–0.5 log·mol/L, LogP (predicted octanol/water partition coefcient): 0–3,
LogD (pH 7.4): 1–3, human hepatotoxicity (H H-T): 0 (nontoxic)– +1 (toxic), CL (clearance): 5–15mL/min/kg (<5 (low), 5–15 (moderate), >15 (high),
half-life (T1/2): >3 hours, (short half-life <3 hours), protein plasma binding (PPB): <90%, number of hydrogen acceptors (nHA): 0–12, number of hydrogen
donors (nHD): 0–7, GSK’s rule: MW≤ 400, LogP ≤4, Pfzer’s rule: LogP ≤3, topological polar surface area (TPSA) >75, lipinski’s rule: MW≤ 500, LogP ≤5,
number of hydrogen acceptors (nHA) ≤10, number of hydrogen donors (nHD) ≤5.
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possessed reduced antitubercular activity compared to SMZ,
thus highlighting the role that was played by the functional
groups including their position on the benzyl substituent.

3.6. Adsorption, Distribution, Metabolism, Excretion, and
Toxicity (ADMET) Predictions. ADMET properties of the
synthesised compounds were analysed using the online
prediction software ADMETlab 2.0 [29, 30]. Tese physi-
ochemical predictions are very useful when designing
a molecule for drug discovery.Te ADMETpredicted results
are displayed in Table 2. Te analysis of Table 2 results
revealed the compounds with good predicted LogS values
and mixed LogP values. For example, derivative 3q pos-
sessed the best predicted LogP value of 1.53, derivatives 3b,
3f, 3i, 3j, and 3m all gave poor predicted LogP values. In
addition, all SMZ derivatives possessed poor predicted
protein plasma binding properties (>90%) while the number
of hydrogen acceptors and donors were within the required
limits. Moreover, the predicted results for human hepato-
toxicity (H-HT) were mixed, with some compounds pre-
dicted to be safer than SMZ, while others were predicted to
be more toxic than SMZ. For example, derivatives 3b
(0.688), 3c (0.711), 3i (0.727), 3j (0.504), and 3m (0.635)
were predicted to be safer than SMZ (0.892), while de-
rivatives 3g (0.941), 3k (0.894), and 3s (0.950) were predicted
to be more toxic than SMZ (0.892). Tus, the safest com-
pound was predicted to be 3j, the most toxic compound was
predicted to be 3s, while the rest of the compounds possessed
predicted values similar to the value of SMZ (0.892). Te
clearance and half-life of all compounds were also predicted.
Te derivatives with the best predicted clearance values were
3s (1.243) and 3c (1.196), while derivatives 3q (0.414) and 3s
(0.232) displayed the best predicted half-life. Furthermore,
all compounds possessed good predicted topological polar
surface area (TPSA) with the highest value of 193.97 for
derivative 3h and the lowest value of 101.45 was predicted
for SMZ. All compounds satisfed both Lipinski and Pfzer
drug discovery rules, while some compounds failed GSK
drug discovery rules.

4. Conclusion

Te sulfamethoxazole benzylated derivatives were success-
fully synthesised and characterised using 1H and 13C NMR,
IR, and mass spectroscopy. All characterised compounds
were biologically evaluated against Mtb, S. Aureus, and CHO
cells. Seven (7) compounds, mostly with similar structural
properties, were not active when evaluated against Mtb,
while the rest of the compounds showed weak (36%) to
strong (92%) percentage inhibition of Mtb. In addition, ten
(10) compounds were active when evaluated against S.
Aureus, representing 50% of all compounds. Only two (2)
compounds were active (toxic) against CHO cells, while the
rest of the compounds performed better than SMZ (less
toxic) against CHO cells. Tus, we have synthesised com-
pounds with improved safety profle, better activity against

S. Aureus, and improved antitubercular properties com-
pared to SMZ.

5. Experimental Procedures

5.1. General Information. Commercially available reagents
and solvents were purchased from Sigma Aldrich andMerck
(South Africa). All chemicals were used as received, unless
otherwise stated.Te structural properties of the compounds
were recorded and confrmed by: high-resolution mass
spectra were recorded using Sciex X500R QTOF at the
University of Limpopo Mass Spectrometry Facility; melting
points were obtained using Lasec/SA-melting point appa-
ratus from Lasec company, SA (Johannesburg, South
Africa); IR spectra were recorded using Bruker technologies
Alpha Platinum ATR FTIR spectrometer; and Nuclear
Magnetic Resonance (NMR) (Bruker Ascend 400MHz
Topspin 3.2); 1H NMR and 13C NMR spectra were refer-
enced internally using solvent signals, 1H NMR: 7.250 ppm
for CDCl3, 2.500 ppm for DMSO-d6; 13C NMR: 77.00 ppm
for CDCl3, and 39.40 ppm for DMSO-d6, respectively, which
were used as the solvents at room temperature. Chemical
shifts are expressed in δ-values parts per million (ppm) and
the coupling constants (J) in Hertz (Hz). Multiplicity of the
signals is given as follows: brs� broad singlet, s� singlet,
d� doublet, t� triplet, q� quartet, dd� doublet of doublet,
and m�multiplet.

5.2. General Synthetic Method for the Reductive-Amination of
Sulfamethoxazole Derivatives [18]. Mixture of sulfame-
thoxazole 1 (0.0500 g, 0.197mmol) and appropriate alde-
hyde 2 (0.207mol, 1.05 eq.) in methanol (15mL) was stirred
for 14 hours before being reduced with 2-methylpyridine
borane complex (0.02667 g, 0.257mmol, 1.3 eq.) and stirred
at room temperature for further 4 hours. Subsequently, the
reaction mixture was quenched with a saturated aqueous
solution of ammonium chloride and extracted with ethyl
acetate (3× 30mL). Te combined organic fractions were
dried with anhydrous sodium sulphate, the solvent removed
on a rotary evaporator, and the resulting product purifed by
fash silica gel column chromatography (5–30% ethyl acetate
in hexane) to aford the appropriate products 3a–t in good to
excellent yields.

Te exchangeable protons such as OH and NH may not
display on the 1HNMR spectra of compounds, thus afecting
proton count of some of the compounds.

N-(4-Chloro-2-hydroxybenzyl)sulfamethoxazole (3a)
as a white solid, 0.06194 g, 80%, mp 100.9–101.8°C. 1H NMR
(400MHz, DMSO) δ 10.99 (s, 1H), 9.99 (s, 1H), 7.51 (d,
J� 9.0Hz, 2H), 7.11 (d, J� 2.8Hz, 1H), 7.10 (dd, J� 8.0,
2.8Hz, 2H), 6.84 (d, J� 8.0Hz, 1H), 6.62 (d, J� 9.0Hz, 2H),
6.09 (d, J� 0.7Hz, 1H), 4.21 (d, J� 5.8Hz, 2H), 2.28 (s, 3H).
13C NMR (101MHz, DMSO) δ 170.38, 158.34, 154.42,
152.74, 129.18, 127.97, 127.42, 124.96, 122.83, 116.99, 95.72,
40.88, 12.50. Vmax (FT-IR) 3480.70, 3449.13, 3250.08,
2250.87, 2125.01, 1657.70, 1598.51, 1160.16, 1052.56,
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1023.41, 820.40, 757.81 cm−1. HRMS (ESI) [M+H]+:m/z
394.2985; calculated mass for C17H16ClN3O4S is 393.0550.

N-(4-Bromo-2-hydroxybenzyl)sulfamethoxazole (3b)
as a yellowish solid, 0.07430 g, 86%, mp 138.5–139.0°C. 1H
NMR (400MHz, DMSO) δ 10.98 (s, 1H), 10.03 (s, 1H), 7.52
(d, J� 8.8Hz, 2H), 7.23 (s, 1H), 7.22 (d, J� 7.9Hz, 1H), 7.09 (t,
J� 5.9Hz, 1H), 6.81 (d, J� 7.9Hz, 1H), 6.63 (d, J� 8.8Hz,
2H), 6.09 (s, 1H), 4.21 (d, J� 5.5Hz, 2H), 2.28 (s, 3H). 13C
NMR (101MHz, DMSO) δ 169.94, 157.93, 154.47, 152.33,
130.44, 128.76, 127.56, 117.18, 112.62, 110.07, 95.32, 40.43,
12.07.s Vmax (FT-IR) 3466.19, 3427.55, 3249.63, 2249.60,
2124.58, 1617.23, 1597.83, 1328.04, 1272.70, 1160.58, 1052.83,
1023.85, 819.95, 757.29 cm−1. HRMS (ESI) [M+H]+:m/z
438.2715; Calculated mass for C17H16BrN3O4S is 437.0045.

N-(4-Bromo-2-hydroxy-5-methoxybenzyl)sulfamethox-
azole (3c) as an orange solid, 0.08613 g, 96%, mp 186.4–
186.9°C. 1H NMR (400MHz, DMSO) δ 10.94 (s, 1H), 9.17 (s,
1H), 7.51 (d, J� 8.3Hz, 2H), 7.18−6.95 (m, 1H), 6.90 (d,
J� 8.3Hz, 2H), 6.69−6.48 (m, 1H), 6.10 (s, 1H), 4.24 (d,
J� 7.4Hz, 2H), 3.87 (s, 3H), 2.31 (s, 3H). 13C NMR (101MHz,
DMSO) δ 170.14, 158.03, 152.41, 148.57, 143.45, 128.99,
128.88, 127.43, 124.63, 113.53, 112.74, 109.98, 95.41, 56.33,
40.32, 12.20. Vmax (FT-IR) 3500.69, 3461.80, 3258.61, 3072.42,
2250.05, 2124.86, 1657.85, 1598.61, 1160.18, 1052.25, 1023.33,
820.63, 758.06 cm−1. HRMS (ESI) [M+H]+:m/z 468.3302;
calculated mass for C18H18BrN3O5S is 467.0151.

N-(2-Hydroxy-5-methoxy-4-nitrobenzyl)sulfamethoxa
zole (3d) as a yellowish solid, 0.07451 g, 87%, mp 218.4–
218.9°C. 1H NMR (400MHz, DMSO) δ 10.99 (s, 1H), 10.66
(s, 1H), 7.75 (s, J� 2.4Hz, 1H), 7.69 (d, J� 2.4Hz, 1H), 7.51
(d, J� 8.8Hz, 2H), 7.25 (t, J� 5.9Hz, 1H), 6.63 (d, J� 8.8Hz,
2H), 6.08 (s, 1H), 4.32 (d, J� 5.7Hz, 2H), 3.93 (s, 3H), 2.27 (s,
3H). 13C NMR (101MHz, DMSO) δ 169.98, 157.90, 152.19,
150.99, 147.13, 139.19, 128.81, 125.77, 124.87, 116.50, 111.20,
105.70, 95.30, 56.45, 40.28, 12.08. Vmax (FT-IR) 3489.51,
3453.91, 3253.91, 2250.01, 2124.41, 1654.02, 1507.54, 1335.44,
1160.32, 1052.54, 1023.48, 820.34, 757.70 cm−1. HRMS (ESI)
[M+H]+:m/z 435.0973; Calculated mass forC18H18N4O7S is
434.0896.

N-(2-Hydroxy-4-nitrobenzyl)sulfamethoxazole (3e) as
a yellowish solid, 0.06266 g, 79%, mp 102.0–102.5°C. 1H
NMR (400MHz, DMSO) δ 11.07 (s, 1H), 8.06 (d, J� 2.6Hz,
1H), 8.03 (s, 1H), 7.52 (d, J� 8.7Hz, 2H), 7.22 (t, J� 5.8Hz,
1H), 7.01 (d, J� 8.6Hz, 1H), 6.65 (d, J� 8.7Hz, 2H), 6.58 (d,
J� 8.7Hz, 1H), 6.08 (s, 1H), 4.30 (d, J� 5.6Hz, 2H), 2.27 (s,
3H). 13C NMR (101MHz, DMSO) δ 170.01, 161.79, 157.94,
152.25, 139.60, 128.90, 128.87, 126.36, 124.90, 124.74,
123.89, 115.33, 95.33, 40.41, 12.11. Vmax (FT-IR) 3523.64,
3417.50, 3256.84, 2250.26, 2125.31, 1598.04, 1498.17,
1398.63, 1335.70, 1291.82, 1160.65, 1052.92, 1023.82, 819.94,
757.1 cm−1. HRMS (ESI) [M+H]+:m/z 405.0874; calculated
mass for C17H16N4O4S is 404.0791.

N-(3,5-Dichloro-2-hydroxybenzyl)sulfamethoxazole (3f)
as a light brown solid, 0.07901 g, 94%, mp 179.9–180.6°C. 1H
NMR (400MHz, DMSO) δ 11.01 (s, 1H), 9.85 (s, 1H), 7.52 (d,
J� 8.9Hz, 2H), 7.40 (d, J� 2.6Hz, 1H), 7.15 (t, J� 6.0Hz, 1H),
7.10 (d, J� 2.6Hz, 1H), 6.62 (d, J� 8.9Hz, 2H), 6.09 (d,
J� 0.8Hz, 1H), 4.30 (d, J� 5.8Hz, 2H), 2.29 (s, 3H). 13C NMR
(101MHz, DMSO) δ 170.01, 157.94, 152.14, 149.69, 130.04,

128.89, 128.83, 127.43, 126.45, 124.93, 123.38, 121.81, 112.63,
95.35, 41.17, 12.11. Vmax (FT-IR) 3509.35, 3427.84, 3254.10,
2249.37, 2124.32, 1617.05, 1598.21, 1160.97, 1052.83, 1023.73,
819.99, 757.33 cm−1. HRMS (ESI) [M+H]+:m/z 428.2865;
calculated mass for C17H15Cl2N3O4S is 427.0160.

N-(3,5-Difuoro-2-hydroxybenzyl)sulfamethoxazole (3g)
as an orange solid, 0.06978 g, 90%,mp 158.9–159.3°C. 1HNMR
(400MHz, DMSO) δ 10.99 (s, 1H), 9.75 (s, 1H), 7.51 (d,
J� 8.9Hz, 2H), 7.17−7.05 (m, 2H), 6.62 (d, J� 8.9Hz, 2H), 6.09
(s, 1H), 4.28 (d, J� 5.9Hz, 2H), 2.28 (s, 3H). 13C NMR
(101MHz, DMSO) δ 169.93, 157.89, 152.16, 138.81, 129.69,
128.72, 124.84, 112.58, 111.18, 109.74, 109.52, 102.70, 95.30,
40.53, 12.04. Vmax (FT-IR) 3522.30, 3421.06, 3249.23, 2249.35,
2124.00, 1615.55, 1597.51, 1490.46, 1456.91, 1161.00, 1052.92,
1023.95, 819.97, 757.3 cm−1. HRMS (ESI) [M+H]+:m/z
396.0837; calculated mass for C17H15F2N3O4S is 395.0751.

N-(2-Hydroxy-3,5-dinitrobenzyl)sulfamethoxazole (3h)
as an orange solid, 0.07019 g, 79%, mp 111.7–112.3°C. 1HNMR
(400MHz, DMSO) δ 11.00 (s, 1H), 9.76 (s, 1H), 7.52 (d,
J� 8.7Hz, 2H), 7.12 (d, J� 2.7Hz, 1H), 7.07 (d, J� 2.7Hz, 1H),
6.63 (d, J� 8.7Hz, 2H), 6.10 (s, 1H), 4.29 (d, J� 5.6Hz, 2H),
2.27 (s, 3H). 13C NMR (101MHz, DMSO) δ 170.03, 157.96,
152.22, 140.64, 128.80, 127.34, 124.85, 123.67, 123.41, 121.29,
112.64, 111.24, 95.35, 40.58, 12.10. Vmax (FT-IR) 3520.64,
3414.50, 3250.84, 2255.26, 2126.31, 1598.04, 1493.17, 1388.63,
1335.70, 1281.82, 1157.65, 1050.92, 1022.82, 818.94, 754.1 cm−1.
HRMS (ESI) [M+H]+:m/z 450.0675; calculated mass for
C17H15N5O8S is 449.0641.

N-(3-Allyl-2-hydroxybenzyl)sulfamethoxazole (3i) as
a white solid, 0.05998 g, 76%, mp 99.2–99.9°C. 1H NMR
(400MHz, DMSO) δ 10.97 (s, 1H), 8.55 (s, 1H), 7.50 (d,
J� 9.0Hz, 2H), 7.46 (d, J� 8.8Hz, 1H), 6.75 (dd, J� 14.4,
7.2Hz, 1H), 6.62 (d, J� 8.9Hz, 2H), 6.58 (d, J� 8.8Hz, 1H),
6.10 (s, 1H), 6.02−5.85 (m, 1H), 5.08−4.94 (m, 2H), 4.28 (d,
J� 5.5Hz, 2H), 3.38−3.30 (m, 2H), 2.28 (s, 3H). 13C NMR
(101MHz, DMSO) δ 169.95, 157.96, 152.16, 137.18, 137.08,
128.89, 128.66, 128.24, 126.43, 125.45, 119.26, 115.36, 112.61,
111.15, 95.31, 41.52, 33.74, 12.08. Vmax (FT-IR) 3398.11,
3255.52, 3057.74, 2254.98, 2128.86, 1654.32, 1160.89,
1022.23, 996.26, 823.11, 760.70 cm−1. HRMS (ESI) [M+H]+:
m/z 400.1328; calculated mass for C20H21N3O4S is 399.1253.

N-(3,5-Dibromo-2-hydroxybenzyl)sulfamethoxazole (3j)
as an orange solid, 0.09398 g, 92%,mp 115.2–115.7°C. 1HNMR
(400MHz, DMSO) δ 8.45 (s, 1H), 7.62 (s, 1H), 7.49 (d,
J� 8.8Hz, 2H), 7.26 (s, 1H), 7.11 (t, J� 5.7.0Hz, 1H), 6.62 (s,
J� 8.8Hz, 2H), 6.07 (s, 1H), 4.30 (d, J� 5.6Hz, 2H), 2.28 (s,
3H). 13C NMR (101MHz, DMSO) δ 169.64, 158.48, 151.88,
151.28, 132.85, 130.54, 129.80, 128.69, 125.61, 112.56, 111.24,
111.08, 95.43, 41.43, 12.10. Vmax (FT-IR) 3398.11, 3255.52,
3053.74, 2251.98, 2122.86, 1650.32, 1159.89, 1021.23, 996.26,
823.11, 754.70 cm−1. HRMS (ESI) [M+H]+:m/z 515.9163;
calculated mass for C17H15Br2N3O4S is 514.9130.

N-(2-Hydroxy-4-methoxybenzyl)sulfamethoxazole (3k)
as a yellow solid, 0.06810 g, 89%, mp 137.1–137.5°C. 1H NMR
(400MHz, DMSO) δ 10.95 (s, 1H), 9.72 (s, 1H), 7.48 (d,
J� 9.1Hz, 2H), 7.06 (t, J� 5.8Hz, 1H), 7.03 (d, J� 8.4Hz, 1H),
6.61 (d, J� 8.9Hz, 2H), 6.40 (d, J� 2.5Hz, 1H), 6.33 (dd,
J� 8.4, 2.4Hz, 1H), 6.09 (s, 1H), 4.12 (d, J� 5.6Hz, 2H), 3.65
(s, 3H), 2.28 (s, 3H). 13C NMR (101MHz, DMSO) δ 169.91,
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159.36, 157.99, 156.02, 152.55, 129.32, 128.63, 124.01, 116.83,
112.60, 110.99, 104.15, 101.20, 95.30, 54.89, 40.51, 12.07. Vmax
(FT-IR) 3521.42, 3407.11, 3266.62, 3249.79, 2250.10, 2124.04,
1658.00, 1618.25, 1597.15, 1160.15, 1053.00, 1023.81, 820.05,
757.41 cm−1. HRMS (ESI) [M+H]+:m/z 390.2954; calculated
mass for C18H19N3O5S is 389.1045.

N-(3-Ethoxy-2-hydroxybenzyl)sulfamethoxazole (3l)
as a white solid, 0.06218 g, 78%, mp 199.1–199.8°C. 1H NMR
(400MHz, DMSO) δ 10.96 (s, 1H), 8.60 (s, 1H), 7.48 (d,
J� 8.9Hz, 2H), 7.07 (t, J� 5.9Hz, 1H), 6.83 (dd, J� 7.8,
1.5Hz, 1H), 6.73 (d, J� 6.4Hz, 1H), 6.68 (d, J� 7.7Hz, 1H),
6.60 (d, J� 7.8Hz, 2H), 6.09 (s, 1H), 4.23 (d, J� 5.8Hz, 2H),
4.03 (q, J� 7.0Hz, 2H), 2.28 (s, 3H), 1.34 (t, J� 7.0Hz, 3H).
13C NMR (101MHz, DMSO) δ 169.96, 157.96, 152.59,
146.44, 144.17, 128.67, 125.14, 124.15, 120.11, 118.77, 111.70,
111.01, 95.31, 64.08, 40.76, 14.76, 12.10. Vmax (FT-IR)
3527.72, 3405.57, 3265.70, 2237.38, 2166.20, 1615.36,
1593.99, 1520.16, 1272.10, 1229.64, 1091.79, 1074.45, 879.23,
746.4 cm−1. HRMS (ESI) [M+H]+:m/z 404.1288; calculated
mass for C19H21N3O5S is 403.1202.

N-(2-Hydroxy-3,5-diiodobenzyl)sulfamethoxazole (3m)
as an orange solid, 0.1030 g, 85%, mp 180.0–180.9°C. 1H NMR
(400MHz, DMSO) δ 10.99 (s, 1H), 9.56 (s, 1H), 7.88 (s, 1H),
7.52 (d, J� 7.2Hz, 2H), 7.40 (s, 1H), 6.61 (d, J� 7.1Hz, 2H),
6.09 (s, 1H), 4.27 (s, 2H), 2.28 (s, 3H). 13C NMR (101MHz,
DMSO) δ 169.98, 157.91, 154.14, 152.10, 144.19, 136.51, 129.60,
128.86, 128.77, 124.89, 112.60, 111.31, 95.32, 90.30, 83.77, 41.57,
12.11. Vmax (FT-IR) 3464.91, 3430.31, 3250.24, 2249.89,
2124.58, 1658.22, 1623.60, 1597.99, 1053.00, 1023.70, 820.16,
757.43 cm−1. HRMS (ESI) [M+H]+:m/z 611.8964; calculated
mass for C17H15I2N3O4S is 610.8873.

N-(3-Chloro-2-hydroxybenzyl)sulfamethoxazole (3n)
as a white solid, 0.06002 g, 77%, mp 148.8–149.5°C. 1H NMR
(400MHz, DMSO) δ 10.97 (s, 1H), 9.46 (s, 1H), 7.51 (d,
J� 9.0Hz, 2H), 7.25 (dd, J� 8.0, 1.5Hz, 1H), 7.11 (dd, J� 8.0,
7.8Hz, 1H), 6.80 (d, J� 7.8Hz, 1H), 6.61 (d, J� 8.9Hz, 2H),
6.10 (s, 1H), 4.30 (d, J� 5.5Hz, 2H), 2.28 (s, 3H). 13C NMR
(101MHz, DMSO) δ 170.00, 157.96, 152.41, 150.44, 128.75,
128.26, 128.04, 126.92, 124.55, 120.78, 120.45, 112.62, 95.34,
41.39, 12.11. Vmax (FT-IR) 3480.70, 3449.13, 3250.08,
2250.87, 2125.01, 1657.70, 1598.51, 1160.16, 1052.56,
1023.41, 820.40, 757.81 cm−1. HRMS (ESI) [M+H]+:m/z
394.0626; calculated mass for C17H16ClN3O4S is 393.0550.

N-(3-Bromo-2-hydroxybenzyl)sulfamethoxazole (3o)
as a white solid, 0.07015 g, 81%, mp 110.2–111.0°C. 1H NMR
(400MHz, DMSO) δ 10.97 (s, 1H), 9.32 (s, 1H), 7.51 (d,
J� 8.9Hz, 2H), 7.40 (dd, J� 8.0, 1.4Hz, 1H), 7.12 (dd, J� 8.0,
1.4Hz, 1H), 7.01 (t, J� 5.7Hz, 1H), 6.76 (dd, J� 10.5, 5.0Hz,
1H), 6.61 (d, J� 8.9Hz, 2H), 6.10 (s, 1H), 4.30 (d, J� 5.6Hz,
2H), 2.28 (s, 3H). 13C NMR (101MHz, DMSO) δ 170.02,
157.96, 152.39, 151.38, 131.40, 128.90, 128.76, 128.19, 127.56,
124.59, 121.25, 112.63, 111.42, 95.35, 41.67, 12.12. Vmax (FT-
IR) 3398.11, 3255.52, 3053.74, 2251.98, 2122.86, 1650.32,
1159.89, 1021.23, 996.26, 823.11, 754.70 cm−1. HRMS (ESI)
[M+H]+:m/z 438.0137; calculated mass for C17H16BrN3O4S
is 437.0045.

N-(2-Hydroxy-5-methylbenzyl)sulfamethoxazole (3p)
as a white solid, 0.06009 g, 82%, mp 102.9–103.8°C. 1H NMR
(400MHz, DMSO) 1H NMR (400MHz, DMSO) δ 10.95 (s,

1H), 9.06 (s, 1H), 7.46 (d, J� 8.6Hz, 2H), 6.62 (d, J� 9.0Hz,
1H), 6.57 (d, J� 9.0Hz, 2H), 6.24 (d, J� 2.3Hz, 1H),
6.18−6.13 (m, 1H), 6.09 (s, 1H), 4.34 (d, J� 5.1Hz, 2H), 2.45
(s, 3H), 2.28 (s, 3H). 13C NMR (101MHz, DMSO) δ 169.99,
169.98, 158.02, 157.99, 153.37, 152.81, 152.66, 140.65, 128.93,
128.91, 128.73, 128.37, 127.35, 127.28, 124.25, 124.12, 124.10,
114.96, 112.64, 95.34, 40.86, 20.33, 12.11. Vmax (FT-IR)
3449.88, 3141.86, 2976.29, 2237.38, 2166.20, 1615.36,
1593.99, 1520.16, 1467.31, 1272.10, 1229.64, 1091.79,
1074.45, 825.48, 746.4 cm−1. HRMS (ESI) [M+H]+:m/z
374.1196; calculated mass for C18H19N3O4S is 373.1096.

N-(2,4-Dihydroxybenzyl)sulfamethoxazole (3q) as
a white solid, 0.05079 g, 78%, mp 106.2–106.9°C. 1H NMR
(400MHz, DMSO) δ 10.95 (s, 1H), 9.16 (s, 1H), 9.06 (s, 1H),
7.46 (d, J� 8.6Hz, 2H), 6.62 (d, J� 9.0Hz, 1H), 6.57 (d,
J� 8.6Hz, 2H), 6.30 (d, J� 2.3Hz, 1H), 6.19−6.13 (m, 1H),
6.09 (s, 1H), 4.34 (d, J� 5.1Hz, 2H), 2.28 (s, 3H). 13C NMR
(101MHz, DMSO) δ 169.97, 158.00, 157.07, 153.36, 148.90,
136.44, 128.89, 124.09, 120.95, 112.62, 105.76, 102.12, 95.33,
40.68, 12.11. Vmax (FT-IR) 3494.31, 3464.91, 3430.31,
3250.24, 2249.89, 2124.58, 1658.22, 1623.60, 1597.99,
1053.00, 1023.70, 820.16, 757.43 cm−1. HRMS (ESI)
[M+H]+:m/z 376.2020; calculated mass for C17H17N3O5S is
375.0889.

N-(2-Hydroxybenzyl)sulfamethoxazole (3r) as a white
solid, 0.05317 g, 75%,mp 100.2–101.8°C. 1HNMR (400MHz,
DMSO) δ 10.97 (s, 1H), 9.64 (s, 1H), 7.49 (d, J� 8.9Hz, 2H),
7.11 (d, J� 7.5Hz, 1H), 7.09−6.99 (m, 1H), 6.82 (d,
J� 7.9Hz, 1H), 6.78−6.69 (m, 1H), 6.61 (d, J� 7.3Hz, 2H),
6.10 (s, 1H), 4.21 (d, J� 5.7Hz, 2H), 2.28 (s, 3H). 13C NMR
(101MHz, DMSO) δ 169.99, 157.98, 155.13, 152.63, 128.71,
128.00, 127.36, 124.51, 124.16, 118.92, 115.02, 112.63, 95.33,
40.88, 12.12. Vmax (FT-IR) 3511.42, 3401.11, 3259.62,
3232.79, 2228.10, 2119.04, 1647.00, 1608.25, 1587.15,
1130.15, 1053.00, 1020.81, 825.05, 742.41 cm−1. HRMS (ESI)
[M+H]+:m/z 360.1022; calculated mass for C17H17N3O4S is
359.0940.

N-((2-Hydroxyquinolin-3-yl)methyl))sulfamethoxazole
(3s) as a cream white solid, 0.0.05183 g, 65%, mp 238.0–
238.7°C. 1HNMR (400MHz, DMSO) δ 11.94 (s, 1H), 10.24 (s,
1H), 7.70 (s, 1H), 7.61 (d, J� 7.7Hz, 1H), 7.52 (d, J� 8.8Hz,
2H), 7.45 (m, 1H), 7.31 (d, J� 8.2Hz, 1H), 7.13 (m, 1H), 6.66
(d, J� 8.8Hz, 2H), 6.09 (s, 1H), 4.20 (d, J� 5.3Hz, 2H), 2.27 (s,
3H). 13C NMR (101MHz, DMSO) δ 169.99, 161.62, 157.94,
152.40, 142.50, 137.95, 135.06, 130.99, 129.88, 128.80, 127.67,
124.72, 121.94, 119.03, 114.92, 95.33, 41.56, 12.09. Vmax (FT-
IR) 3457.05, 3445.66, 3261.99, 3164.90, 2239.79, 2121.48,
1615.57, 1590.90, 1505.72, 1464.07, 1263.12, 1082.93, 1026.46,
822.41, 746.89 cm−1. HRMS (ESI) [M+H+]:m/z 411.1082;
calculated mass for C20H18N4O4S is 410.1049.

N-(2-Hydroxy-3-methylbenzyl)sulfamethoxazole (3t)
as a white solid, 0.06352 g, 86%, mp 158.2–158.9°C. 1H NMR
(400MHz, DMSO) δ 10.98 (s, 1H), 8.51 (s, 1H), 7.51 (d,
J� 8.9Hz, 2H), 7.03 (t, J� 5.6Hz, 1H), 6.98 (d, J� 7.5Hz,
1H), 6.69 (m, 1H), 6.62 (d, J� 8.9Hz, 2H), 6.59 (d, J� 7.8Hz,
1H), 6.11 (s, 1H), 4.27 (d, J� 5.5Hz, 2H), 2.28 (s, 3H), 2.19 (s,
3H). 13C NMR (101MHz, DMSO) δ 170.01, 158.01, 152.86,
152.66, 129.52, 128.92, 128.72, 125.99, 125.29, 124.74,
124.22, 119.41, 112.65, 111.15, 95.36, 41.56, 16.64, 12.12.
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Vmax (FT-IR) 3474.76, 3261.99, 3064.90, 2249.89, 2124.58,
1615.57, 1590.90, 1505.72, 1263.12, 1135.14, 1072.93,
1036.46, 891.55, 780.68 cm−1. HRMS (ESI) [M+H+]:m/z
374.1179; calculated mass for C18H19N3O4S is 373.1096.
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