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Abstract

We report a direct and simple protocol for the synthesis of 5-chloro-thiosulfadiazine compounds. This reaction
has been achieved using two-phase systems of organic solvents (NaOAc/ H,O and Na,COs/ H,O. The use of
NaOAc or Na,CO; for the preparation of chloro compounds provided all the advantages of cost, safety, and
environmental concerns; thus, this method will give broad utility to the organic/medicinal chemist that is

pursuing the synthesis of sulfonamides derivatives.
Keywords: Sulfadiazine; Thiophene ; Na,COs; NaOAc; H,0.
1. Introduction

Since the discovery of sulfonamides in 1935, extensive studies have been made, and a huge number of
structurally sulfonamide derivatives have been reported [1]. Sulfonamides are still one of the most attractive
drugs in medicinal chemistry because of their wide availability [2]. The importance of these drugs in medicinal
chemistry, such as sulfadiazine, is well known as antibacterial, antifungal, anti-inflammatory, and anticancer
agents [3-8]. Recently, thiophene has been considered as one of the most interesting rings in synthetic
chemistry. It is a class of heterocyclic compounds that is readily available, stable, and easily functionalized [9].
Moreover, it is found to play a vital role in drug design and exhibits a broad spectrum of biological activities

such as antibacterial, antifungal, anti-inflammatory and anticancer [10-13].

* Corresponding author.
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Although several replacements of sulfonamides have been made utilizing five and six-membered rings, no such
modification has been done with thiophenes. Thus, in this work, we report a simple and efficient method for the

synthesis of 5-chloro-thiosulfadiazine compounds (schemel).
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schemel: This work to synthesize the primary chloro of thiosulfadiazine compounds
2. Experimental

All compounds and other reagents were purchased from Sigma Aldrich and Oakwood Chemicals and were used
without further purification. The *H NMR and *C NMR spectra were recorded on a Bucker Avance 400 MHz
NMR spectrometer. The mass spectra were obtained using the atmospheric solid analysis probe method as an

ionization source.
2.1. Synthesis of 5-chloro-thio sulfadiazine compounds using NaOAc

To a round bottom flask, sodium acetate (7.3 mmol, 0.6 g) was dissolved in water (4 ml). Then, substituted 2-
amino pyrimidine (3.7 mmol) and 5-chloro-thiophene-2-sulfonylchloride (3.7 mmol) were added. The reaction
mixture was heated and stirred at 85 "C . After completion of reaction, the mixture was filtered and washed with

5% HCI. The crude was recrystallized with ethanol.
2.1.1. 5-chloro-N-(pyrimidin-2-yl)thiophene-2-sulfonamide (3a)

It was obtained as an orange solid in 87 % vyield. ‘H NMR (400 MHz, DMS0-d6) & 7.10 (1H, t, J = 4.9 Hz),
7.21 (1H, d, J = 4.0 Hz), 7.65 (1H, d, J = 4.1 Hz), 8.63 (2H, s). *C NMR (400 MHz, DMS0)3 110.43, 125.54,
126.58, 128.56, 150.36, 158.01, 158.87. HRMS (ASAP-MS) m/z: calcd for CgHgCIN;O,S, [M+H]", 275.9662;
found, 275.9617.

2.1.2. 5-chloro-N-(4,6-dimethylpyrimidin-2-yl) thiophene-2-sulfonamide (3b)

It was obtained as a yellow solid in 79 % yield. *"H NMR (400 MHz, DMSO-d6) & 2.16 (6H, s), 6.33(1H, s), 6.93
(1H, d, J = 3.8 Hz), 6.96 (1H, d, J = 3.8 Hz). ®*C NMR (400 MHz, DMSO) & 23.78, 109.15, 125.46, 126.56,
128.49, 150.53, 163.79, 167.23. HRMS (ASAP-MS) m/z: calcd for C1oH;oCIN;0,S, [M+H]", 303.9975; found,
303.9974.
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2.1.3. 5-chloro-N-(4,6-dimethoxypyrimidin-2-yl) thiophene-2-sulfonamide (3c)

It was obtained as a white solid in 77% yield. *H NMR (400 MHz, DMSO-d6) & 3.85 (6H, s), 5.64 (1H, s), 6.93
(1H, d, J = 3.8 Hz), 6.96 (1H, d, J = 3.8 Hz). *C NMR (400 MHz, DMSO) & 54.21, 49.73, 125.45, 126.55,
128.51, 150.51, 160.08, 163.22, 171.40. HRMS (ASAP-MS) m/z: calcd for C1oH;oCIN;0,S, [M+H]", 335.9874;
found, 335.9882.

2.1.4. 5-chloro-N-(4-methylpyrimidin-2-yl)thiophene-2-sulfonamide (3d)

It was obtained as a brown solid in 80% yield. '"H NMR (400 MHz, DMSO-d6) 6 2.20 (3H, s), 6.44 (1H, d, J =
5.0 Hz), 6.93 (1H, d, J = 3.9 Hz), 6.96 (1H, d, J = 3.9 Hz), 8.07 (1H, d, J = 5.0 Hz). *C NMR (400 MHz,
DMSO) 6§ 23.95,109.94, 125.48, 126.56, 128.50 ,150.48, 158.16, 163.88, 167.58. HRMS (ASAP-MS) m/z:
calcd for CgHg CIN;0,S, [M+H]", 289.9818; found, 289.9869.

2.1.5. 5-chloro-N-(5-chloropyrimidin-2-yl)thiophene-2-sulfonamide (3¢)

It was obtained as a white solid in 61 % yield. *H NMR (400 MHz, DMSO-d6) & 6.93 (1H, d, J = 3.7 Hz), 6.97
(1H, d,J= 3.7 Hz) 8.26 (2H, s). *C NMR (400 MHz, DMSO) & 112.30, 117.70, 126.48,128.50,150.58,
156.57,162.40. HRMS (ASAP-MS) m/z: calcd for CgH5sCI,N30,S, [M+H]", 309.93; found, 309.93.

2.1.6. 5-chloro-N-(4-hydroxy-6-methylpyrimidin-2-yl) thiophene-2-sulfonamide (3f)

The product was obtained as a white solid in 83% yield. *H NMR (400 MHz, DMSO-d6) & 2.13 (3H, s), 5.70
(1H,5), 6.94 (1H, d, J = 3.7 Hz), 6.96 (1H, d, J = 3.7 Hz). **C NMR (400 MHz, DMSO) 5 21.01, 102.42, 125.60,
126.61, 128.66 ,150.23, 153.89, 156.10, 162,16. HRMS (ASAP-MS) m/z: calcd for CgHg CIN;O3S, [M+H]",
305.9768; found, 305.9715.

2.1.7. 5-chloro-N-(4-chloropyrimidin-2-yl)thiophene-2-sulfonamide (3g)

It was obtained as a pale-yellow solid in 79 %.'H NMR (400 MHz, DMSO-d6) & 6.80 (1H, d, J = 5.56), 6.93
(1H, d, J= 3.8 Hz), 6.96 (1H, d,J = 3.8 Hz), 8.26 (1H, d,J= 556 Hz). ®*C NMR (400 MHz, DMSO) &
117.70,125.44, 126.55, 128.47 ,150.56, 156.55, 162.50. HRMS (ASAP-MS) m/z: calcd for CgHsCI,N30,S,
[M+H]", 309.9292; found, 309.9290.

2.1.8. 5-chloro-N-(4-hydroxypyrimidin-2-yl)thiophene-2-sulfonamide (3h)

It was obtained as a white solid in 77 % yield. '"H NMR (400 MHz, DMS0-d6) & 6.80 (1H, d, J = 5.0 Hz), 6.93
(1H, d,J = 3.8 Hz), 6.96 (1H, d, J= 3.8 Hz), 8.07 (1H, d, J = 5.0 Hz). *C NMR (400 MHz, DMSO) &
23.95,109.94, 125.48, 126.56, 128.50 ,150.48, 158.16, 163.88, 167.58. HRMS (ASAP-MS) m/z: calcd for CgHs
CIN;05S, [M+H]", 291.9611; found, 291.9610.

2.1.9. 5-chloro-N-(4-chloro-6-methylypyrimidin-2-yl)thiophene-2-sulfonamide (3i)
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The product was obtained in 80 % yield. *H NMR (400 MHz, DMSO-d6) & 2.13 (3H, s), 5.71 (1H,s), 6.93 (1H,
d, J = 3.9 Hz), 6.96 (1H, d, J = 3.9 Hz). *C NMR (400 MHz, DMSO) & 20.01, 108.69, 111.88, 126.40, 129.98,
153.18, 161.00, 162.99, 169.53. HRMS (ASAP-MS) m/z: calcd for CgH; CI,N3;0,S, [M+H]", 323.94; found,
323.95.

2.1.10. 5-chloro-N-(4-chloro-6-methoxypyrimidin-2-yl)thiophene-2-sulfonamide (3j)

The product was obtained as a solid in 83% yield. *H NMR (400 MHz, DMSO-d6) 6 3.82 (3H, s), 6.11 (1H,s),
6.93 (1H, d,J = 3.9 Hz), 6.96 (1H, d, J = 3.9 Hz). *C NMR (400 MHz, DMSO) & 54.21,94.73, 125.45, 126.55,
128.51 ,150.51, 160.08, 163.22, 171,40. HRMS (ASAP-MS) m/z: calcd for CqH; CI,N30,S, [M+H]", 339.93;
found, 339.94.

2.2. Synthesis of 5-chloro-thiosulfadiazine compounds using Na,CO4

5- chloro thiophene-2-sulfonyl chloride (6 mmol) was added slowly to the mixture of amino pyrimidine and
Na,CO; (8 mmol) in water (9 ml). The reaction mixture was heated and stirred at 80 ‘C for 30 min. After
completion of reaction, the solid was filtered and washed with 10% HCI. The crude was pure without further
purification.

2.2.1. 5-chloro-N-(pyrimidin-2-yhthiophene-2-sulfonamide (3a)

It was obtained as a solid in 90 % yield. *H NMR (400 MHz, DMSO-d6) & 7.10 (1H, t, J = 4.9 Hz), 7.21 (1H,
d, J = 4.0 Hz), 7.65 (1H, d, J = 4.1 Hz), 8.63 (2H, s). **C NMR (400 MHz, DMSO0)& 110.43, 125.54, 126.58,
128.56, 150.36, 158.01, 158.87. HRMS (ASAP-MS) m/z: calcd for CgHgCIN;O,S, [M+H]", 275.9662; found,
275.9617.

2.2.2. 5-chloro-N-(4,6-dimethylpyrimidin-2-yl) thiophene-2-sulfonamide (3b)

It was obtained as an orange solid in 81 % vyield. '"H NMR (400 MHz, DMSO-d6) & 2.16 (6H, s), 6.33(1H, s),
6.93 (1H, d, J = 3.8 Hz), 6.96 (1H, d, J = 3.8 Hz). *C NMR (400 MHz, DMSO) § 23.78, 109.15, 125.46,
126.56, 128.49, 150.53, 163.79, 167.23. HRMS (ASAP-MS) m/z: calcd for C1oH;,CIN;0,S, [M+H]", 303.9975;
found, 303.9974.

2.2.3. 5-chloro-N-(4,6-dimethoxypyrimidin-2-yl) thiophene-2-sulfonamide (3c)

It was obtained as a white solid in 88% yield. *H NMR (400 MHz, DMSO-d6) & 3.85 (6H, s), 5.64 (1H, s), 6.93
(1H, d, J = 3.8 Hz), 6.96 (1H, d, J = 3.8 Hz). **C NMR (400 MHz, DMSO) & 54.21, 49.73, 125.45, 126.55,
128.51, 150.51, 160.08, 163.22, 171.40. HRMS (ASAP-MS) m/z: calcd for C;oH1oCIN30,S, [M+H]", 335.9874;
found, 335.9882.

2.2.4. 5-chloro-N-(4-methylpyrimidin-2-yl)thiophene-2-sulfonamide (3d)
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It was obtained as a dark brown solid in 71% yield. '"H NMR (400 MHz, DMSO-d6) & 2.20 (3H, s), 6.44 (1H, d,
J=5.0 Hz), 6.93 (1H, d, J = 3.9 Hz), 6.96 (1H, d, J = 3.9 Hz), 8.07 (1H, d, J = 5.0 Hz). *C NMR (400 MHz,
DMSO) 8 23.95,109.94, 125.48, 126.56, 128.50 ,150.48, 158.16, 163.88, 167.58. HRMS (ASAP-MS) m/z:
calcd for CgHg CIN;0,S, [M+H]*, 289.9818; found, 289.9869.

2.2.5. 5-chloro-N-(5-chloropyrimidin-2-yl)thiophene-2-sulfonamide (3e)

It was obtained as a yellow solid in 74 % vyield. *H NMR (400 MHz, DMSO-d6) & 6.93 (1H, d, J = 3.7 Hz),
6.97 (1H, d, J = 3.7 Hz) 8.26 (2H, s). *C NMR (400 MHz, DMSO) & 112.30, 117.70, 126.48,128.50,150.58,
156.57,162.40. HRMS (ASAP-MS) m/z: calcd for CgH5CI,N;0,S, [M+H]", 309.93; found, 309.93.

2.2.6. 5-chloro-N-(4-hydroxy-6-methylpyrimidin-2-yl) thiophene-2-sulfonamide (3f)

The product was obtained as a white solid in 85 % yield. *H NMR (400 MHz, DMS0-d6) & 2.13 (3H, s), 5.70
(1H,5), 6.94 (1H, d, J = 3.7 Hz), 6.96 (1H, d, J = 3.7 Hz). *C NMR (400 MHz, DMSO) & 21.01, 102.42, 125.60,
126.61, 128.66 ,150.23, 153.89, 156.10, 162,16. HRMS (ASAP-MS) m/z: calcd for CgHg CIN;O3S, [M+H]",
305.9768; found, 305.9715.

2.2.7. 5-chloro-N-(4-chloropyrimidin-2-yl)thiophene-2-sulfonamide (3g)

It was obtained as a dark-yellow solid in 70 %.*H NMR (400 MHz, DMSO-d6) & 6.80 (1H, d, J = 5.56), 6.93
(1H, d,J = 3.8 Hz), 6.96 (1H, d, J= 3.8 Hz), 8.26 (1H, d, J= 5.56 Hz). °C NMR (400 MHz, DMSO) &
117.70,125.44, 126.55, 128.47 ,150.56, 156.55, 162.50. HRMS (ASAP-MS) m/z: calcd for CgHsCI,N30,S,
[M+H]", 309.9292; found, 309.9290.

2.2.8. 5-chloro-N-(4-hydroxypyrimidin-2-yl)thiophene-2-sulfonamide (3h)

It was obtained as a solid in 81 % yield. "H NMR (400 MHz, DMSO-d6) & 6.80 (1H, d, J = 5.0 Hz), 6.93 (1H,
d, J = 3.8 Hz), 6.96 (1H, d, J = 3.8 Hz), 8.07 (1H, d, J = 5.0 Hz). *C NMR (400 MHz, DMSO) & 23.95,109.94,
125.48, 126.56, 128.50 ,150.48, 158.16, 163.88, 167.58. HRMS (ASAP-MS) m/z: calcd for CgHg CIN3O3S,
[M+H]", 291.9611; found, 291.9610.

2.2.9. 5-chloro-N-(4-chloro-6-methylypyrimidin-2-yl)thiophene-2-sulfonamide (3i)

The product was obtained as a white solid in 89 % yield. *H NMR (400 MHz, DMSO-d6) & 2.13 (3H, s), 5.71
(1H,s), 6.93 (1H, d, J = 3.9 Hz), 6.96 (1H, d, J = 3.9 Hz). *C NMR (400 MHz, DMSO) & 20.01, 108.69, 111.88,
126.40, 129.98, 153.18, 161.00, 162.99, 169.53. HRMS (ASAP-MS) m/z: calcd for CgH; CI,N30,S, [M+H]",
323.94; found, 323.95.

2.2.10. 5-chloro-N-(4-chloro-6-methoxypyrimidin-2-yl)thiophene-2-sulfonamide (3j)
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The product was obtained as a white solid in 84 % vyield. *"H NMR (400 MHz, DMSO-d6) & 3.82 (3H, s), 6.11
(1H,s), 6.93 (1H, d, J = 3.9 Hz), 6.96 (1H, d, J = 3.9 Hz). *C NMR (400 MHz, DMSO) & 54.21,94.73, 125.45,
126.55, 128.51 ,150.51, 160.08, 163.22, 171,40. HRMS (ASAP-MS) m/z: calcd for CqH; CI,N303S, [M+H]",
339.93; found, 339.94.

3. Results and Discussions

To optimize the reaction conditions, compound 2 was chosen as the model substrate. As it is widely known,
several derivatives of sulfonamides have been prepared using a one-phase system of organic bases like pyridine
[14]. Thus, we started our work by examining the literature method to determine if thiophene bearing
sulfonamides could be similarly prepared as benzene sulfonamides. Cooling a mixture of 1 and 2 in pyridine
(entries 1 and 2) resulted in a 50 and 45 % vyield of product. NMR analysis of the crude reaction mixtures
showed did not complete conversion of the starting material to product. It was noted that 2-amino pyrimidine
was slightly soluble in cold pyridine. Even though we increased the reaction time for 24 hrs, no increase in yield

was noted (entry 3).

Table 1: Optimization of Reaction Conditions.

o A o
ol I:-,’ __h(:; .F_f.t_,l _ “H ;’.TH_ Base/Solvent [ .-;i. ﬂ s o
o i M™ TMH;  TempTime [ ‘,‘C: “"f,: i

Ho W
1 2 3

Entry Base Solvent C Time yield
1 pyridine - 0 1lh 50 %
2 pyridine - 0 3h 45 %
3 pyridine - 0 24 h 40 %
4 pyridine - rt 24 h 28 %
5 pyridine acetone 0 4h 53 %
6 pyridine acetone rt 24 h 33 %
7 NaOAc water 0 3h 0

8 NaOAc water 85 2h 87 %
9 Na,CO, water 0 6h 0

10 Na,CO, water 80 30 min 90 %

This poor yield was due to insolubility of 2-amino pyrimidine in cold pyridine. When we ran the reaction at
room temperature, we observed that the product was formed with low yield and some pyridine byproducts (entry
4). We tried to remove the pyridine form the reaction mixture by extraction method. We used mild acidic
solution (5-10 % Ag. HCI) during work-up. Unfortunately, we could not isolate and analyze the byproducts due
to difficulty removing the pyridine solvent. To circumvent this problem, we tried to use a mixture of pyridine
and anhydrous acetone to decrease the amount of pyridine and improve the yield, but no significant advantage
was observed (entries 5 and 6). Although the use of pyridine as a base has led to remarkable progress in the

formation of sulfonamides, unsuccessful results for the synthesis of thiophene compounds have been noted.
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Next, due to the unsuccessful results of using pyridine, we tried to mix two phase systems of organic solvent
like NaOAc or Na,CO; with water. To our knowledge, water was reported as one of the greenest solvents for
chemical reactions because of cost, safety, and environmental concerns [15]. The reaction was carried out in the
presence of a mixture of NaOAc and water. We ran the reaction at 0 °C for 3 h. Unfortunately, no product was
observed (entry 7). Attempts to perform the product at lower temperatures in this reaction provided only starting
materials, so a higher temperature was necessary to prepare the compounds. Under thermal condition, the
product was formed with a good yield (entry 8). Mixed solvents of Na,CO; and water were also tested. We
found that using of Na,COs in water at 80°C led to a significant diminished yield (entry 10) while no significant
observed in cold condition (entry 9). At this point it was noted that extremely poor solubility of 2 at cold
condition. We were pleased to observe that the solubility of the reactants in the presence of NaOAc and Na,CO;
increased significantly compared to pyridine. From the above results it was clear that a mixture of
NaOAc/water and Na,CO,/ water at thermal condition were found to be efficient, leading to good yield. As

NaOAc and Na,COj; solvents provided the best yield, we examined the scope of this methodology.

Synthesis of 5-chloro-thiopsulfadiaizine compounds using NaOAc

_i__s__a | g TN MaOse H O - ,i’" = o N
<! & A STy sscc e '“N-/L"H_':-?“-ﬁ'th‘-""( !
[ T O
1 2a-j 3a-j
| >N e} \O
N/)\N,g S._cCl | \)N\ 0 SO
I S._cl
H O\@/ N7 N’ﬁU WAL T s
H o O N H 6\@/

3a, 87% 3b, 79% 3¢, 77%

B
Il S
HO N//‘\N’S ¢

3d, 80% 3e, 61% 3f, 83%

rN i S /m\ i S._cl SN

ZNNEES Cl Ho N ON-S \ Q

o N ” 5@/ H (')'U cl N//szﬁ\@/CI
H

(0]
39, 79% 3h, 77% 3i, 80%
~o
D
o~ _S Cl
cI” N Hb‘\@/
3j, 83%

Scheme 2: Synthesis of 5-chloro-thiosulfadiazine compounds using NaOAc
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The reactivity of differentially substituted 2-amino pyrimidine with 5-chlorothiophene-2-sulfonyl chloride using

NaOAc/water was investigated (scheme 2).

Moderate to good yields were achieved regardless of the electronic effects of substituents in the pyramidine
ring (3a-j). While the presence 4-OH-, 4-Cl-, 4,6-OMe-, and 4,6-Me in pyrimidine gave the products in 77-87%
yields when reacted with 5-ClI thiophene sulfonyl chloride (3b-d and 3f-j, respectively), 5-Cl- decreased the
yield to 61% (3e).

Synthesis of 5-chloro-thiopsulfadiaizine compounds using Na,COs

A series of 5-chloro-thiophene was examined using a mixture of sodium carbonate and water. As it was shown
in Scheme 3, good to high yields were obtained (3a-3j). In comparison between the results in Scheme 2 with
Scheme 3, the reactions of compounds in the presence of sodium carbonate were rapid, and the products were
obtained in pure form after simply washing the products with small portions of 10% HCI than compounds in the

presence of sodium acetate.

0
SN pN Na,C0,/ H,0 p N o
o Re L ———FRr 8.0l
0 N "NHp 80°C/30min N H/ﬁ’ \
0
1 2a-j 3a-]

3a, 90% 3b, 81% 3c, 88%
=N Chx
/E\/ fs') S._Cl \(\/)N\ ('s)' S _cl /EAN o
N ” 5\@/ N H’BU PN §\®/CI
0

3d, 71% 3e, 74% 3f, 85%

rN i S f)N\ 1 s o] =N

N\ -S o NS | Q

o Nl 5@/ H (')'U/ cl N/)\N’ﬁ\Q/C'
0

H
3g, 70% 3h, 81% 3i, 89%
~o
D
o~ _S Cl
CI” N H(‘)‘U
3j, 84%

Scheme 3: Synthesis of 5-chloro-thiosulfadiazine compounds using Na,CO3
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The use of sodium carbonate as a base for the formation of S-N bond not only proved its efficiency but also

allowed for the first time obtaining new compounds of 5-chloro-thiosulfadiazine compounds in excellent yields.

4. Conclusion

In conclusion, we have successfully developed an efficient and simple method for the synthesis of 5-cl

thiosulfadiazine compounds by using a mixture of Na,CO3/H,0 and NaOAc/ H,0.

The mix of two-phase systems of organic solvents for the synthesis of chloro compounds provides all the
advantages of cost, safety, and environmental concerns; thus, we believe this method gives broad utility to the

organic/medicinal chemist that is pursuing the synthesis of sulfonamides derivative.

5. Limitations

This strategy is not limited to synthesizing the chloro compounds but is also feasible for synthesizing different

halogens with aliphatic and aromatic compounds.

6. Recommendation

According to the promising results above, this environmental method will allow scientists to synthesize a wide

range of organic compounds.
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