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Abstract—Polyfluorinated 2-benzylthiobenzothiazoles 3a-1 are prepared via a microwave-assisted, one-pot procedure. The advan-
tages, such as good to excellent yields, shorter reaction time (14-21 min), readily available starting material, and simple purification
procedure, distinguish the present protocol from other existing methods used for the synthesis of 2-benzylthiobenzothiazoles.
Bioassay indicated that most of the compounds showed significant fungicidal activity against Rhizoctonia solani, Botrytis cinerea-
pers, and Dothiorella gregaria at a dosage of 50 pg/mL. Interestingly, compared to the control of commercial fungicide, triadimefon,
compound 3c exhibited much higher activities against R. solani, B. cinereapers, and D. gregaria, which showed that the polyfluori-
nated 2-benzylthiobenzothiazoles can be used as lead compound for developing novel fungicides.

© 2006 Elsevier Ltd. All rights reserved.

1. Introduction

2-Substituted benzothiazoles constitute an important
class of compounds for medicinal, agricultural, and
organic chemists. The benzothiazole-moiety can be
found as a common substructure in a large number of
compounds with a wide range of biological activities.'
These compounds possess antitumor, antiviral, antimi-
crobial, and antiglutamate properties. Some of these
compounds have been widely used in agriculture. For
example, Bentaluron, Chlobenthiazone, and TCMTB,
which have been used for many years, are commercial
fungicides belonging to benzothiazole derivatives
(Scheme 1). 2-Benzothiazole thioether derivatives pos-
sess anticandious, antimicrobacterial, photosynthesis-in-
hibiting, fungicidal, insecticidal, and herbicidal
properties.?

Although numerous synthetic methods are available for
the construction of benzothiazole ring, facile and scal-
able routes to highly versatile benzothiazole building
blocks, such as 2-(substituted)benzylthiobenzothiazole
derivatives, are still lacking.> Microwave-assisted organ-
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ic synthesis (MAOS) continues to affect synthetic chem-
istry significantly by enabling rapid, reproducible, and
scalable chemistry development.* Numerous micro-
wave-assisted reactions have been developed in the field
of medicinal chemistry and total syntheses of natural
products.’ The methods applied for the synthesis of ben-
zothiazoles under microwave irradiation conditions
have also been reported.® However, no report is so far
available on the one-pot synthesis of 2-benzylthiobenzo-
thiazoles under microwave irradiation.

It is well known that incorporation of fluorine atom in
heterocycles not only affected the reaction course, but
also influenced the biological activity of the target
compounds. Many examples had demonstrated that
introducing a fluorine atom or a CF; group to the
molecular structure of heterocyclic compounds always
resulted in the improvement of pharmacological proper-
ties of the compounds as compared to their non-fluorine
analogs.”

As a part of our extensive research program to rapidly
synthesize novel bioactive heterocycles, we developed
herein a microwave accelerated approach for a highly
efficient assembly of polyfluorinated 2-benzylthiobenzo-
thiazoles by one-pot reaction from readily available
materials. The preliminary in vitro bioassay against four
kinds of fungi indicated that these polyfluorinated deriv-
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Scheme 1. Structures of Bentaluron, Chlobenthiazone, and TCMTB.

atives displayed excellent fungicidal activity, some of
which exhibited higher activity against R. solani, B.
cinereapers, and D. gregaria than commercial
Triadimefon.

2. Results and discussion

Conventional synthesis of 2-(substituted)benzylthio-
benzothiazoles involves two steps: (i) The synthesis of
2-mercaptobenzothiazole by nucleophilic aromatic sub-
stitution reaction of ortho-haloanilines with potassium/
sodium O-ethyl dithiocarbonate. (ii) The nucleophilic
substitution of 2-mercaptobenzothiazole by various
substituted benzyl halide.? It should be noted that the
second step usually gave the desirable products in good
yields, however, the first step always suffered from draw-
backs, such as longer reaction time (3-20 h) and the
difficulty to isolate and purify the products.?

It should be kept in mind that the last procedure to af-
ford 2-mercaptobenzothiazole in the first step reaction is
acidification of the intermediate, potassium benzothiaz-
ole-2-thiolate. Meanwhile, the following nucleophilic
substitution of 2-mercaptobenzothiazole should be car-
ried out under the basic condition. Therefore, it is pos-
sible to develop a one-pot procedure for the synthesis
of 2-(substituted)benzylthiobenzothiazoles without the
isolation of the intermediate (Scheme 2). By optimizing
the temperature, the reaction time and molar ratios of
reagents, the best results were obtained and are summa-
rized in Table 1, which correspond to the results under
conventional condition.

As shown in Table 1, by using microwave irradiation,
various 2-haloanilines reacted with 2.2 equiv. of potassi-

Bentaluron

TCMTB

um O-ethyl dithiocarbonate at 120 °C for 8-15 min. The
resulting mixture reacted with various fluorinated benzyl
bromide at 90 °C for 6 min to successfully afford the
desirable  2-(substituted)benzylthiobenzothiazoles in
good to excellent isolated yields (84-93%). Compared
to the reaction time of 7-21 h under the conventional
heating, it only took 14-21 min to finish the reaction
under microwave irradiation. Under conventional
condition, as expected, the reaction with ortho-chloro-
anilines was observed to be slower than with ortho-flu-
oroanilines. In addition, the one-pot reactions with
2-chloroanilines under traditional conditions always
gave low yields (58-65%) within 21 h, while 2-fluoroani-
lines afforded higher yields (74-82%) within the same
reaction time. However, the same level of yields under
microwave irradiation was obtained for 2-chloroanilines
and 2-fluoroanilines.

The structures of all products were confirmed by
"HNMR, elemental analysis, and mass spectroscopy.
The single-crystal structure of 3h was determined by
X-ray crystallography® as shown in Scheme 3. The crys-
tal packing revealed various non-covalent intra- and
intermolecular interactions, such as m—m stacking and
H-bonding, which played a fundamental role in three-di-
mensional organization of the molecules in solid state.
An intermolecular hydrogen bond between the F atom
and aromatic hydrogen was observed. The distance of
C—H---F is 2.50 A, and the angle of C—H:--F is
145.3°. In addition, the n—m stacking interactions be-
tween the phenyl and the benzothiazolyl were obviously
observed.

The fungicidal activities of compound 3a-1 were
screened against four kinds of fungi, R. solani, Botrytis
cinereapers, D. gregaria, and Colletotrichum gossypii,
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Scheme 2. Synthesis of polyfluorinated 2-benzylthiobenzothiazole derivatives. Reagents and conditions: (i) potassium O-ethyl dithiocarbonate,

DMF, MW, 120 °C; (ii) benzyl bromide, MW, 90 °C.
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Table 1. Results of synthesis of fluorinated benzothiazole thioethers

Compound RL R Traditional heating Microwave irradiation
Time (h)* Isolated yield (%) Time (min)* Isolated yield (%)
3a 4-F 2-F 18° + 3¢ 65 15° + 6° 90
3b 4-F 2,6-F, 18+3 62 15+6 86
3c 4-F 3,4-F, 18+3 65 15+6 86
3d 5-F 2-F 4+3 82 8+6 92
3e 5-F 2,6-F, 4+3 76 8+6 90
3f 5-F 3,4-F, 4+3 74 8+6 89
3g 6,7-F, 2-F 4+3 80 8+6 92
3h 6,7-F» 2,6-F, 4+3 78 8+6 90
3i 6,7-F, 3,4-F, 4+3 80 8+6 93
3 4-Cl, 6-CF3 2-F 18+3 61 15+6 88
3k 4-Cl, 6-CF3 2,6-F, 18+3 58 15+6 84
31 4-Cl, 6-CF3 3.4-F, 18+3 60 15+6 85

#Time to finish the reaction monitored by TLC.
®Reaction time of the first step.
“Reaction time of the second step.

b

Scheme 3. X-ray crystal structure and stacking spectrum of 2-BenzylthioBenzothiazole (3h).
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Table 2. Fungicidal activities of compounds 3a-3l

Compound Inhibition rate (%, 50 pg/mL)
Rhizoctonia Botrytis  Dothiorella Colletotrichum
solani cinereapers gregaria — gossypii

3a 82+%1 81%2 78 £2 67%1

3b 74 £ 1 78 £ 1 63+3 52%2

3c 92+2 97+2 89 %3 781

3d 82+2 83+ 1 81%3 67%2

3e 802 78 £2 74%2 56t1

3f 86+ 1 69%2 78 £3 742

3g 84 +4 86t 1 814 74+2

3h 82+ 1 69%2 81%3 633

3i 85+%1 72%2 85%3 80t 1

35 83+ 1 83+2 70 £3 70 £ 1

3k 69%2 6714 62%4 44+3

31 40%5 67%3 35+4 37+4

Tria- 90 *1 84 +2 61 %3 95%2

dimefon

at a concentration of 50 ug/ml according to the reported
method.®!'? Triadimefon, a commercial fungicide, was
used as a control. As indicated in Table 2, most of the
compounds showed significant fungicidal activity
against R. solani, B. cinereapers, and D. gregaria at a
dosage of 50 pg/mL. Generally, fluorine-substituted
compounds showed higher activity than trifluoromethyl
substituted compounds, and the derivatives containing
2-fluorobenzyl had greater activity than other fluorinat-
ed benzyl derivatives. Compounds 3¢, 3d, 3g, and 3i
exhibited broad spectrum activity and over 80% inhibi-
tion rate against the growth of at least three kinds of
fungi. Interestingly, compound 3¢ exhibited much high-
er activities against R. solani, B. cinereapers, and D. gre-
garia than triadimefon. In addition, all compounds
except 31 showed higher activity against D. gregaria than
triadimefon. It should be noted that triadimefon is one
of the most important fungicides used for the control
of R. solani, B. cinereapers, D. gregaria, and C. gossypii
in China. The results shown in Table 2 indicate that
polyfluorinated 2-benzylthiobenzothiaozloe derivatives
might be used as a new lead compound for fungicidal
development.

3. Conclusion

In conclusion, we described the first report on the micro-
wave-assisted, one-pot synthesis of polyfluorinated
2-benzylthiobenzothiaozloe derivatives. This protocol
presented many advantages, such as good to excellent
yields, shorter reaction time (14-21 min), readily avail-
able starting material, and simple purification proce-
dure, which distinguished the present protocol from
other existing methods used for the synthesis of 2-ben-
zylthiobenzothiazoles. Bioassay of the compounds indi-
cated that the polyfluorinated 2-benzylthiobenzo-
thiazoles can be used as lead structure for developing
novel fungicides. Further bioassay, optimization and
structure—activity relationships of the title compounds
are underway.

4. Experimental
4.1. Materials

All materials were commercially available and were used
directly without further purification. R. solani, Botrytis
cinereapers, D. gregaria, and C. gossypii were provided
through the courtesy of the Center for Bioassay, Central
China Normal University.

4.2. Analysis and instruments

"H NMR spectra were recorded at 400 MHz in CDCl,
solution on a Varian VNMR 400 MHz spectrometer.
MS spectra were determined using a TraceMS 2000
organic mass spectrometry, and the signals were given
in m/z. Melting points were taken on a Buchi B-545
melting point apparatus. Element analysis (EA) was car-
ried out on a Vario EL IIT CHNSO elemental analyzer.
Conventional heating was carried out on Corning stir-
rer/hotplates in oil baths. Microwave syntheses were
carried out on a Smith synthesizer™.

4.3. General procedure for the microwave-assisted
synthesis of the title compounds 3

In a microwave tube, potassium O-cthyl dithiocarbonate
(2.2 mmol) was added into a solution of fluorinated ani-
line (1 mmol) in 2 mL of DMF. Then, the sealed micro-
wave tube was placed in a Smith synthesizer™ and
irradiated at 120 °C for 8-15 min, followed by cooling
of the reaction mixture. Next, fluorinated benzyl bro-
mide (1 mmol) was added. The sealed microwave tube
was irradiated at 90 °C for another 6 min. Completion
of the reaction was checked by TLC. The resulting mix-
ture was cooled, diluted with 10 mL of ice water. The
obtained solid product was filtered and recrystallized
from acetone/petroleum ether (30-60 °C) to afford fluo-
rinated benzothiazole thioether 3.

4.4. General procedure for the conventional synthesis of
the title compounds 3

Potassium O-cthyl dithiocarbonate (2.2 mmol) was add-
ed into a solution of fluorinated aniline (1 mmol) in
2mL of DMF. The resulting solution was heated by
oil bath at 120 °C for 4 ~ 18 hour, and the mixture
was then cooled. Next, the fluorinated benzyl bromide
(1 mmol) was added. The mixture was then heated at
90 °C in an oil bath. Completion of the reaction was
confirmed by TLC. The purification procedure of the
products as described above was achieved at the end
of 3 h.

4.4.1. 4-Fluoro-2-(2-fluoro-benzylsulfanyl)-benzothiazole
(32). mp 55-57°C. 'H NMR (CDCly): & 7.59 (t,
J=28.0, 1H), 7.50 (d, J=28.0, 1H), 7.24-7.29 (m, 2H),
7.04-7.15 (m, 3H), 4.67 (s, 2H). EIMS (probe) 70 eV,
miz (rel. int.): 293 [M]" (7.83), 260 (2.60), 0126 (5.72),
109 (100), 83 (15.58); Anal. Calcd for C4sHoF,NS;: C,
57.32; H, 3.09; N, 4.77. Found: C, 57.12; H, 3.19; N,
4.66.
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4.4.2. 2-(2,6-Difluoro-benzylsulfanyl)-4-fluoro-benzo-
thiazole (3b). mp 93-94 °C. 'H NMR (CDCl;) 6 7.53
(d, /=8.0, 1H), 7.24-7.29 (m, 2H), 7.14 (t, J=8.0,
1H), 6.92 (t, J= 8.0, 2H), 4.74 (s, 2H). EIMS (probe)
70 eV, m/z (rel. int.): 311 [M]" (17.49), 278 (3.51), 175
(98.3), 109 (70.87), 93 (100); Anal. Caled for
C4HgF3NS,: C, 54.01; H, 2.59; N, 4.50. Found: C,
53.94; H, 2.74; N, 4.41.

4.4.3. 2-(3,4-Difluoro-benzylsulfanyl)-4-fluoro-benzo-
thiazole (3¢). Mp 56-58 °C. '"H NMR (CDCls) § 7.51
(d, J=8.0, 1H), 7.07-7.35 (m, 5H), 4.57 (s, 2H). EIMS
(probe) 70 eV, m/z (rel. int.): 311 [M]" (6.68), 278 (2.89),
184 (2.42), 140(14.91), 127 (100), 101 (16.16); Anal.
Calcd for C4HgF;NS,: C, 54.01; H, 2.59; N, 4.50.
Found: C, 53.91; H, 2.65; N, 4.42.

4.4.4. 5-Fluoro-2-(2-fluoro-benzylsulfanyl)-benzothiazole
(3d). Mp 54-55°C. '"H NMR (CDCly) & 7.57 (dt,
J=28.0, J=2.5, IH), 7.51 (d, J=8.0, 1H), 7.22-7.29
(m, 2H), 7.04-7.14 (m, 3H), 4.68 (s, 2H). EIMS (probe)
70 eV, m/z (rel. int.): 293 [M]* (3.04), 260 (1.41), 185
(3.15), 126(4.92), 109 (100), 83 (20.61); Anal. Calcd for
C4sHoF,NS,: C, 57.32; H, 3.09; N, 4.77. Found: C,
57.20; H, 3.22; N, 4.68.

44.5. 2-(2,6-Difluoro-benzylsulfanyl)-5-fluoro-benzo-
thiazole (3¢). Mp 92-93 °C. '"H NMR (CDCls) § 7.67
(dd, /=88, J=5.2, 1H), 7.60 (dd, J=9.6, J =24,
1H), 7.23-7.30 (m, 1H), 7.08 (dt, J =8.8, J=2.4, 1H),
6.91 (t, J = 8.0, 1H), 4.70 (s, 2H). EIMS (probe) 70 eV,
miz (rel. int.): 311 [M]" (3.96), 184 (5.98), 140(9.35),
127 (100), 101 (15.86); Anal. Calcd for C4HgF3NS,:
C, 54.01; H, 2.59; N, 4.50. Found: C, 53.89; H, 2.74;
N, 4.30.

4.4.6. 2-(3,4-Difluoro-benzylsulfanyl)-5-fluoro-benzo-
thiazole (3f). Mp 62-63 °C. 'H NMR (CDCls) é 7.66
(dd, /=818, J=52, 1H), 7.57 (dd, J=9.6, J=24,
1H), 7.26-7.32 (m, 1H), 7.05-7.16 (m, 3H), 4.53 (s,
2H). EIMS (probe) 70 eV, ml/z (rel. int.): 311 [M]*
(5.08), 184 (9.51), 140(14.91), 127 (100), 101 (15.20);
Anal. Calcd for Ci4HgF3NS,: C, 54.01; H, 2.59; N,
4.50. Found: C, 53.92; H, 2.75; N, 4.53.

4.4.7. 6,7-Difluoro-2-(2-fluoro-benzylsulfanyl)-benzo-
thiazole (3g). Mp 61-62 °C. '"H NMR (CDCly) ¢ 7.61
(d, J=8.8, 1H), 7.50 (t, J=17.6, 1H), 7.25-7.30 (m,
2H), 7.05-7.11 (m, 2H), 4.64 (s, 2H). EIMS (probe)
70 eV, m/z (rel. int.): 311 [M]" (11.69), 278 (3.26), 201
(4.42), 144 (8.54), 108 (100), 83 (20.1); Anal. Calcd for
C4sHgF3NS,: C, 54.01; H, 2.59; N, 4.50. Found: C,
53.88; H, 2.69; N, 4.40.

4.4.8. 2-(2,6-Difluoro-benzylsulfanyl)-6,7-difluoro-benzo-
thiazole (3h). Mp 78-79°C. 'H NMR (CDCl;): 6
7.63 (dd, J=8.8, J=3.6, 1H), 7.24-7.31 (m, 2H),
6.92 (t, J=8.0, 2H), 4.77 (s, 2H). EIMS (probe)
70eV, m/z (rel. int.): 329 [M]" (7.04), 158 (4.81),
127  (100), 101  (10.89); Anal. Calcd for
C4H-F4NS,: C, 51.06; H, 2.14; N, 4.25. Found:
C, 50.89; H, 2.31; N, 4.19.

4.4.9. 2-(3,4-Difluoro-benzylsulfanyl)-6,7-difluoro- benzo-
thiazole (3i). Mp 71-72 °C. '"H NMR (CDCls): 6 7.61 (d,
J=28.0, 1H), 7.24-7.32 (m, 2H), 7.08-7.17 (m, 2H), 4.54
(s, 2H). EIMS (probe) 70 eV, m/z (rel. int.): 329 [M]"
(6.52), 296 (2.99), 202 (3.59), 158 (7.51), 127 (100), 101
(6.89); Anal. Calcd for Ci4H-F4NS,: C, 51.06; H, 2.14;
N, 4.25. Found: C, 50.86; H, 2.33; N, 4.17.

4.4.10.  4-Chloro-2-(2-fluoro-benzylsulfanyl)-6-trifluoro-
methyl- benzothiazole (3j). Mp 59-60°C. 'H NMR
(CDCl3): 6 7.90 (s, 1H), 7.66-7.70 (m, 2H), 7.25-7.30
(m, 1H), 7.05-7.11 (m, 2H), 4.69 (s, 2H). EIMS (probe)
70 eV, m/z (rel. int.): 377 [M]+ (10.7), 109 (100), 83
(31.6); Anal. Calcd for C;sHgCIF4NS,: C, 47.69; H,
2.13; N, 3.71. Found: C, 47.48; H, 2.32; N, 3.58.

4.4.11. 4-Chloro-2-(2,6-difluoro-benzylsulfanyl)-6-trifluo-
romethyl-benzothiazole (3k). Mp 107-108 °C. '"H NMR
(CDCl3): 6 793 (s, 1H), 7.70 (s, 1H), 7.25-7.32 (m,
1H), 6.93 (t,J = 8.0 Hz, 1H), 4.69 (s, 2H). EIMS (probe)
70 eV, ml/z (rel. int.): 395 [M]* (5.32), 157 (5.60), 127
(100), 101 (4.71); Anal. Calced for C;sH;CIFsNS,: C,
45.52; H, 1.78; N, 3.54. Found: C, 45.34; H, 1.92; N,
3.41.

4.4.12. 4-Chloro-2-(3,4-difluoro-benzylsulfanyl)-6-trifluo-
romethyl-benzothiazole (31). Mp 60-61 °C. '"H NMR
(CDCl3): 0 7.92 (s, 1H), 7.70 (s, 1H), 7.40 (dt, J = 8.0,
J=24, 1H), 7.25-7.28 (m, 1H), 7.07-7.14 (m, 1H),
4.69 (s, 2H). EIMS (probe) 70 eV, m/z (rel. int.): 395
M]" (7.69), 157 (8.23), 127 (100), 101 (6.45); Anal.
Calcd for C;sH,CIFsNS,: C, 45.52; H, 1.78; N, 3.54.
Found: C, 45.37; H, 1.94; N, 3.39.

4.5. Bioassays of fungicidal activities

The fungicidal activities were tested according to our
previous methods.'® The tested samples were dissolved
in 0.5 mL of acetone at a concentration of 500 mg/L.
The solutions (1 mL) were mixed rapidly with thawed
potato glucose agar culture medium (9 mL) under
50 °C. The mixtures were poured into Petri dishes. After
the dishes were cooled, the solidified plates were incu-
bated with 4 mm mycelium disk, inverted, and incubated
at 28 °C for 48 h. The mixed medium without sample
was used as the blank control. Three replicates of each
test were carried out. The mycelial elongation radius
(mm) of fungi settlements was measured after 48 h of
culture. The growth inhibition rates were calculated with
the following equation: I =[(C — T)/C] x 100%. Here, 1
is the growth inhibition rate (%), C is the control settle-
ment radius (mm), and 7 is the treatment group fungi
settlement radius (mm).
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