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We synthesized 33 new phenylpiperazine derivatives and assessed their acari-
cidal activity. These derivatives were synthesized through sequential reactions 
consisting of the sulfonylation of 2-substituted 4-methylaniline with chlorosul-
fonic acid, reduction with red phosphorus and iodine, alkylation by alkyl halide, 
cyclization with bis(2-chloroethyl)amine hydrochloride, and N-substitution reac-
tion of phenylpiperazines with various reagents. All phenylpiperazines synthe-
sized were evaluated for acaricidal activity and their structure–activity relation-
ships discussed, it was found that 4-substituted 1-[2-fluoro-4-methyl-5-(2,2,2-
trifluoroethylsulfanyl)phenyl]piperazine derivatives exhibited good acaricidal 
activity. Among them, 1-[2-fluoro-4-methyl-5-(2,2,2-trifluoroethylsulfanyl)
phenyl]-4-(trifluoromethylsulfonyl) piperazine showed the highest level of activ-
ity against Tetranychus urticae and provided a high level of activity against Tetranychus kanzawai and Panonychus citri. In addition, studies on 
the effect at various stages of T. urticae exhibited that this compound showed good activity against both adults and eggs.
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Introduction

About 300,000 to 500,000 species of mites are distributed 
throughout the world. Among them, spider mites perform a 
piercing and sucking process to remove cell contents, resulting 
in reduced photosynthesis and transpiration rates in plants.1,2) 
Plants slightly infected by spider mites show leaf discoloration 
and defoliation, bud and fruit shedding, and reduced fruit yield 
and quality; in serious cases, the entire plant may die.3) As a re-
sult, more than 150 crops types, such as cotton, citrus, apples, 
vegetables, tea, and flowers are damaged, causing significant 
losses to agriculture and forestry every year.4–11)

On the other hand, 53 species of resistant mites have been 
reported to exist in the world.9) This resistance is caused by the 
inappropriate and frequent use of pesticides and a series of char-
acteristics of the mites themselves, such as a short generation 

cycle, rapid reproduction, a high inbreeding rate, and a high 
mutation rate, the number of mites with serious resistance to 
existing acaricides is increases every year.12–14) Therefore, it is 
always desirable to develop innovative agrochemicals with new 
modes of action and structures for spider mite control.

In the process of finding promising new acaricides, we fo-
cused on phenylpiperazines such as vortioxetine and negazo-
done, launched as antidepressants, which are attracting attention 
as target molecules for drug development. In addition, pipera-
zine derivatives have been studied for applications in insecti-
cides and fungicides.15,16) On the other hand, we also focused 
on a recently developed acaricide, flupentiofenox, having a 
2,2,2-trifluoroethylsulfanyl group in the molecule.17) With these 
things in mind, we developed a series of new synthetic phenyl-
piperazine derivatives having a 2,2,2-trifluoroethylsulfanyl 
group and other related sulfanyl groups (Fig. 1). The present 
paper deals with the synthesis and acaricidal activity of various 
phenylpiperazine derivatives against Tetranychus urticae (two-
spotted spider mite) and their structure–activity relationships. 
For the most active compound selected, further studies compar-
ing its efficacy against T. urticae, Tetranychus kanzawai (Kan-
zawa spider mite) and Panonychus citri (citrus red mite), as well 
as its efficacy against T. urticae eggs, were conducted.
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Materials and methods

1.  Synthesis of chemicals
1.1.  General procedure

The synthetic route of 1-[2-fluoro-4-methyl-5-(2,2,2- 
trifluoroethylsulfanyl)phenyl]-4-(trifluoromethylsulfonyl)pipera-
zine (5-1) is depicted in Fig. 2. Commercially available 2-fluoro-
4-methylaniline (1-1) was reacted with acetyl chloride to give N-
acetyl 2-fluoro-4-methylaniline, which was treated with chloro-
sulfonic acid, giving 4-fluoro-5-amino-2-methylbenzenesulfonyl 
chloride. The obtained benzenesulfonyl chloride was converted 
to 4-fluoro-5-amino-2-methylbenzenethiol (2-1) with a good 
yield by reducing it with red phosphorus in the presence of a cat-
alytic amount of iodine. Then the benzenethiol derivative (2-1) 

was reacted with 2,2,2-trifluoroethyl iodide to give the 2-fluoro-
4-methyl-5-(2,2,2-trifluoroethylsulfanyl)aniline (3-1). The reaction 
of 3-1 with bis(2-chloroethyl)amine hydrochloride was carried 
out in diethylene glycol monomethyl ether and the corresponding 
phenylpiperazine (4-1) was obtained. Finally, trifluoromethanesul-
fonation of 1-[2-fluoro-4-methyl-5-(2,2,2-trifluoroethylsulfanyl)
phenyl] piperazine (4-1) with trifluoromethansulfonic anhydride 
in the presence of triethylamine afforded 1-[2-fluoro-4-methyl-5-
(2,2,2-trifluoroethylsulfanyl)phenyl]-4-(trifluoromethylsulfonyl)
piperazine (5-1). A low-field chemical shift of the piperazine ring 
protons in 1H NMR spectra certainly suggested the addition of a 
trifluoromethylsulfonyl group.

The synthetic route of 1-[5-substituted sulfanyl-2-fluoro-
4-methylphenyl]-4-(trifluoromethylsulfonyl) piperazine deriva-

Fig.  1.  Piperazine compounds with biological activity and flupentiofenox as an acaricide, and target compounds in this study.

Fig.  2.  Synthetic routes of 2-substituted phenylpiperazine derivatives (5-1–5).
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tives (5-6–13) is shown in Fig. 3. The key intermediate 2-1 from 
Fig. 2 was treated with several alkyl halides and potassium car-
bonate in N,N-dimethylformamide (DMF) to afford 2-fluoro-
4-methyl-5-substituted sulfanyl aniline derivatives (3-6–13). 
The corresponding phenylpiperazine derivatives (4-6–13) were 
prepared by cyclizing the aniline derivatives (3-6–13) with 
bis(2-chloroethyl)amine hydrochloride. Compounds (4-6–13) 
were reacted with trifluoromethanesulfonic anhydride to give 

the desired final products (5-6–13) under the same condition as 
that for 5-1.

1-[2-Fluoro-4-methyl-5-(2,2,2-trifluoroethylsulfanyl)phenyl]
piperazine derivatives substituted on the nitrogen atom of a 
piperazine ring were prepared as outlined in Fig. 4. The alkyl 
and benzyl derivatives were synthesized via alkylation and ben-
zylation of a key intermediate 4-1 from Fig. 2. The reaction with 
several alkyl halides and substituted benzyl halides in the pres-

Fig.  3.  Synthetic routes of 5-substituted sulfanyl phenylpiperazine derivatives (5-6–13).

Fig.  4.  Synthetic routes of N-substituted phenylpiperazine derivatives (5-14–33).
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ence of potassium carbonate in DMF gave the corresponding 
4-alkyl-1-[2-fluoro-4-methyl-5-(2,2,2-trifluoroethylsulfanyl)
phenyl] piperazine derivatives (5-14, 15) and substituted 4- 
benzyl-1-[2-fluoro-4-methyl-5-(2,2,2-trifluoroethylsulfanyl)
phenyl] piperazine derivatives (5-16–19). Similarly, 4-substituted 
carbonyl-1-[2-fluoro-4-methyl-5-(2,2,2-trifluoroethylsulfanyl)
phenyl] piperazines (5-20–24) and 4-substituted sulfonyl-1-
[2-fluoro-4-methyl-5-(2,2,2-trifluoroethylsulfanyl)phenyl]
piperazines (5-25–33) were synthesized from the same interme-
diate 4-1 as shown in Fig. 2. Amidation and sulfonamidation of 
compound 4-1 with several acid halides and sulfonyl halides in 
the presence of triethylamine afforded the desired 4-substituted 
1-phenylpiperazine derivatives (5-20–33).

1.2.  Typical procedure
The general synthetic methods for the representative com-
pounds are described below. The chemical structures of all 
compounds were confirmed by 1H NMR spectra, which were 
recorded on a JEOL JNM-400 (400 MHz) spectrometer using 
tetramethylsilane (TMS) as an internal standard. All melting 
points (mps) were measured by a Mettler Toledo MP90 melting 
point system and are uncorrected.

1.2.1.  5-Amino-4-fluoro-2-methylbenzenethiol (2-1)
To a dichloromethane (200 mL) solution of 2-fluoro-
4-methlyaniline (25.3 g, 202 mmol) and triethylamine (30.7 g, 
304 mmol) was added acetyl chloride (17.4 g, 222 mmol) at 0°C 
and the mixture was stirred at room temperature for 4 hr. The 
resulting mixture was poured into water and extracted with 
chloroform. The organic layer was washed with brine, dried 
over anhydrous sodium sulfate, and evaporated. A solid deposit 
was washed with hexane to give 2-fluoro-4-methly-acetanilide 
(28.0 g, 83%) as a white solid. The obtained solid was added to 
chlorosulfonic acid (58.0 g, 498 mmol) at 0°C, and the mixture 
was stirred at 80°C for 2 hr. The resulting mixture was poured 
into ice water and extracted with ethyl acetate. The organic 
layer was dried over anhydrous sodium sulfate and evaporat-
ed. A solid deposit was washed with diisopropyl ether to give 
5-acetoamino-4-fluoro-2-methylbenzenesulfonyl chloride 
(19.3 g, 43%) as a white solid. To an acetic acid (80 mL) solu-
tion of the obtained solid were added red phosphorus (7.87 g, 
254 mmol) and iodine (921 mg, 3.63 mmol) at room tempera-
ture, and the mixture was stirred under reflux for 2 hr. The re-
sulting mixture was poured into ice water and extracted with 
ethyl acetate. The organic layer was dried over anhydrous so-
dium sulfate and evaporated. A solid deposit was washed with 
hexane to give 5-acetylthio-2-fluoro-4-methly-acetanilide 
(16.3 g, 93%) as a white solid. The obtained solid was added to 
a 10% aqueous solution of sodium hydroxide (400 mL), and 
the mixture was stirred under reflux for 3 hr. A diluted hydro-
chloric acid was added to the mixture to adjust it to pH 7. The 
resulting mixture was extracted with ethyl acetate. The organic 
layer was dried over anhydrous sodium sulfate and evaporated. 
The residue was purified via silica gel column chromatography 
(ethyl acetate / hexane=1 / 3) to give 2-1 (8.50 g, 80%) as a white 
solid. mp: 55–58°C; 1H NMR δH (CDCl3, TMS): 6.80 (1H, d, J 

H,F=12.0 Hz), 6.75 (1H, d, J H,F=8.4 Hz), 3.57 (2H, br.s), 3.14 
(1H, br.s), 2.22 (3H, s).

1.2.2.  2-Fluoro-4-methyl-5-(2,2,2-trifluoroethylthio)aniline (3-1)
To a N,N-dimethylformamide (5 mL) solution of 5-amino-
4-fluoro-2-methylbenzenethiol (950 mg, 6.04 mmol) were added 
potassium carbonate (1.00 g, 7.24 mmol) and 2,2,2-trifluoro-
1-iodoethane (1.27 g, 6.05 mmol) at room temperature and the 
mixture was stirred at room temperature for 4 hr. The resulting 
mixture was poured into water and extracted with ethyl acetate. 
The organic layer was washed with brine, dried over anhydrous 
sodium sulfate and evaporated. The residue was purified via sili-
ca gel column chromatography (ethyl acetate / hexane=1 / 3) to 
give 3-1 (1.16 g, 80%) as a yellow oil. 1H NMR δH (CDCl3, TMS): 
6.98 (1H, d, J H,F=9.0 Hz), 6.86 (1H, d, J H,F=10.4 Hz), 3.63 
(2H, br.s), 3.28 (2H, q, J=9.9 Hz), 2.36 (3H, s).

1.2.3.  1-[2-Fluoro-4-methyl-5-(2,2,2-trif luoroethylthio)
phenyl]piperazine (4-1)

To a diethylene glycol monomethyl ether (5 mL) solution of 
2-fluoro-4-methyl-5-(2,2,2-trifluoroethylthio)aniline (3.58 g, 
15.0 mmol) was added bis(2-chloroethyl)amine hydrochloride 
(2.70 g, 15.0 mmol), and the mixture was stirred at 150°C for 
10 hr. The resulting mixture was poured into an aqueous solu-
tion of saturated sodium bicarbonate and extracted with chlo-
roform. The organic layer was dried over anhydrous sodium 
sulfate and evaporated. The residue was purified via silica gel 
column chromatography (methanol / chloroform=1 / 5) to give 
4-1 (4.00 g, 86%) as a brown oil. 1H NMR δH (CDCl3, TMS): 7.13 
(1H, d, J H,F=9.0 Hz), 6.91 (1H, d, J H,F=13.2 Hz), 3.28 (2H, q, 
J=9.0 Hz), 3.11–3.01 (8H, m), 2.41 (3H, s), 1.70 (1H, br.s).

1.2.4.  1-[2-Fluoro-4-methyl-5-(2,2,2-trif luoroethylthio)
phenyl]-4-(trifluoromethylsulfonyl)piperazine (5-1)

To a dichloromethane (3 mL) solution of 1-[2-fluoro-4-methyl-
5-(2,2,2-trifluoroethylthio)phenyl]piperazine (150 mg, 
0.486 mmol) were added triethylamine (98.0 mg, 0.970 mmol) 
and trifluoromethanesulfonic anhydride (206 mg, 0.730 mmol) 
at 0°C, and the mixture was stirred at 0°C for 0.5 hr. The result-
ing mixture was poured into an aqueous solution of saturated 
sodium bicarbonate and extracted with ethyl acetate. The or-
ganic layer was washed with brine, dried over anhydrous sodi-
um sulfate and evaporated. The residue was purified via silica 
gel column chromatography (ethyl acetate / hexane=1 / 5) to 
give 5-1 (122 mg, 57%) as a white solid. mp: 84–86°C; 1H NMR 
δH (CDCl3, TMS): 7.13 (1H, d, J H,F=8.8 Hz), 6.95 (1H, d,  
J H,F=12.8 Hz), 3.69–3.64 (4H, m), 3.28 (2H, q, J=9.6 Hz), 
3.16–3.11 (4H, m), 2.43 (3H, s). ESI-MS: m/z 441.20 [M+H]+.

1.2.5.  1-(4-Chlorobenzyl)-4-[2-fluoro-4-methyl-5-(2,2,2- 
trifluoroethylthio)phenyl])piperazine (5-17)

To a N,N-dimethylformamide (1 mL) solution of 1-[2-fluoro-
4-methyl-5-(2,2,2-trifluoroethylthio)phenyl]piperazine (100 mg, 
0.324 mmol) were added potassium carbonate (67.0 mg, 
0.485 mmol) and 4-chlorobenzyl chloride (57.0 mg, 0.354 mmol) 
at room temperature, and the mixture was stirred at room tem-
perature for 3 hr. The resulting mixture was poured into water 
and extracted with ethyl acetate. The organic layer was washed 
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with brine, dried over anhydrous sodium sulfate, and evaporat-
ed. The residue was purified via silica gel column chromatogra-
phy (ethyl acetate / hexane=1 / 3) to give 5-17 (110 mg, 78%) as 
a yellow oil. 1H NMR δH (CDCl3, TMS): 7.30–7.27 (4H, m), 7.12 
(1H, d, J H,F=8.8 Hz), 6.90 (1H, d, J H,F=13.2 Hz), 3.53 (2H, 
s), 3.27 (2H, q, J=9.6 Hz), 3.07 (4H, t, J=4.8 Hz), 2.60 (4H, t, 
J=4.8 Hz), 2.42 (3H, s). ESI-MS: m/z 433.15 [M+H]+.

2.  Acaricidal assays
2.1.  Tetranychus urticae

The acaricidal activity of phenylpiperazine derivatives was eval-
uated using the foliar spray method with T. urticae, which was 
multiplied from a sensitive strain. The test solution was pre-
pared as 100 g a.i./L of emulsifiable concentrate (EC) formula-
tion of the phenylpiperazine derivatives and diluted to several 
concentrations (100, 10, 3, 1 ppm) with water containing a wet-
ting agent (High-ten-Power®, 0.2 mL/L). The day before treat-
ment with the test solution, ten adult female spider mites were 
released on the leaf of a kidney bean plant (cv.Himetebo, growth 
stage: first foliage leaf developing). The plant and spider mites 
were sprayed with an equivalent of 300 L per hectare of the test 
solution. Control plots were treated with water containing the 
agent. Each treatment consisted of two replicates. The plants 
were held in an air-controlled room (16 : 8L : D, 25°C). Eight days 
after treatment, the surviving mites were counted.

2.2.  Tetranychus kanzawai
The acaricidal activity of phenylpiperazine derivatives was eval-
uated using the foliar spray method with T. kanzawai, which was 
multiplied from a sensitive strain. The test solution was prepared 
as 100 g a.i./L of EC formulation of the phenylpiperazine deriva-
tives and diluted to several concentrations (10, 3, 1 ppm) with 
water containing a wetting agent (High-ten-Power®, 0.2 mL/L). 
The day before treatment with the test solution, ten adult fe-
male spider mites were released on the leaf of a kidney bean 
plant (cv.Himetebo, growth stage: first foliage leaf developing). 
The plant and spider mites were sprayed with an equivalent of 
300 L per hectare of the test solution. Control plots were treated 
with water containing the agent. Each treatment consisted of 
two replicates. The plants were held in an air-controlled room 
(16 : 8L : D, 25°C). Eight days after treatment, the surviving mites 
were counted.

2.3.  Adults of Panonychus citri
The acaricidal activity of phenylpiperazine derivatives was evalu-
ated using the leaf-disk method with P. citri, which was multi-
plied from a sensitive strain. The test solution was prepared as 
100 g a.i./L of EC formulation of the phenylpiperazine derivatives 
and diluted to several concentrations (10, 3, 1 ppm) with water 
containing a wetting agent (High-ten-Power®, 0.2 mL/L). The day 
before treatment with the test solution, five adult female spider 
mites were released onto each of five citrus leaf disks (1 cm di-
ameter) on an agar medium (4 g a.i./L) in a Petri dish (9 cm). Five 
leaf disks of citrus were lay on the agar medium in a petri dish. 
The leaf disks and spider mites were sprayed with an equivalent 
of 300 L per hectare of the test solution. Control plots were treat-

ed with water containing the agent. The spider mites on leaf disks 
were held in an air-controlled room (16 : 8L : D, 25°C). Three days 
after treatment, the surviving mites were counted.

2.4.  Adults of T. urticae
The acaricidal activity of phenylpiperazine derivatives was 
evaluated using the leaf-disk method with T. urticae, which was 
multiplied from a sensitive strain. The test solution was prepared 
as 100 g a.i./L of EC formulation of the phenylpiperazine deriva-
tives and diluted to several concentrations (10, 3, 1 ppm) with 
water containing a wetting agent (High-ten-Power®, 0.2 mL/L). 
The day before treatment with the test solution, ten adult female 
spider mites were released onto each leaf disk (3 cm diameter) 
of a kidney bean plant on an agar medium (4 g a.i./L) in a Petri 
dish (9 cm). Three kidney bean leaf disks were laid on the agar 
medium in a Petri dish. The leaf disks and spider mites were 
sprayed with an equivalent of 300 L per hectare of the test solu-
tion. Control plots were treated with water containing the agent. 
The spider mites on leaf disks were held in an air-controlled 
room (16 : 8L : D, 25°C). Three days after treatment, the surviving 
mites were counted.

2.5.  Eggs of T. urticae
The acaricidal activity of phenylpiperazine derivatives was 
evaluated using the leaf-disk method with eggs of T. urticae, 
which was multiplied from a sensitive strain. The test solution 
was prepared as 100 g a.i./L of EC formulation of the phenyl
piperazine derivatives and diluted to several concentrations 
(10, 3, 1 ppm) with water containing a wetting agent (High-ten-
Power®, 0.2 mL/L). The day before treatment with the test so-
lution, five adult females of T. urticae were released onto each 
leaf disk (3 cm diameter) of a kidney bean plant on an agar me-
dium (4 g a.i./L) and allowed to oviposit for 24 hr. Three kidney 
bean leaf disks were laid on the agar medium in a petri dish. 
After removal of the adults, the leaf disks with eggs were sprayed 
with an equivalent of 300 L per hectare of the test solution. Con-
trol plots were treated with water containing the agent. The 
spider mites on leaf disks were held in an air-controlled room 
(16 : 8L : D, 25°C). Seven days after treatment, the surviving 
mites and unhatched eggs were counted.

Results and discussion

1.  Synthesis
The desired compound 5-1 was synthesized through succes-
sive reactions consisting of the formation of 4-fluoro-5-amino-
2-methylbenzenethiol (2-1), alkylation of the thiophenol of 2-1, 
cyclization of the aniline (3-1), and trifluoromethanesulfonation 
of the piperazine 4-1 as shown in Fig. 2. We found that after 
the acetylation of aniline (1) to consider the rules of electro-
philic aromatic substitution, treatment of the acetyl-protected 
compound with chlorosulfonic acid led to an almost perfect 
regioselective reaction. For the subsequent reduction of sulfo-
nyl chloride, we chose to use red phosphorus and iodine, but 
we could also obtain the desired 2-1 by other common reduc-
tion methods. From the J H–F coupling of 1H NMR data on 
the benzene ring, it is suggested that proton atoms remain in 
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the ortho and meta positions from the fluorine atom, and the 
sulfonyl group was determined to be located at the para posi-
tion from the fluorine atom. Next, we attempted to convert the 
obtained 2-1 into alkylated products. As a result, S-selective 
alkylation of aminobenzenethiol 2-1 was achieved with a stoi-
chiometric amount of 2,2,2-trifluoroethyl iodide, leading to the 
compound 3-1 without a N-alkylated product. For the forma-
tion of the piperazine ring, we followed the method of Paudel 
et al. using bis(2-chloroethyl)amine hydrochloride at a high 
temperature because of its high yield and easy operation18) de-
scribed in several reports.19–22) In the cyclization reaction of 3-1 
with bis(2-chloroethyl)amine hydrochloride leading to the com-
pound 4-1. Finally, we converted the piperazine 4-1 with Tf2O 
into the compound 5-1. Phenylpiperazine derivatives 5-2–5, 
having other substituents at the 2-position, were similarly syn-
thesized using the same methods as for 5-1. The selectivity of all 
sulfonation and alkylation was also good.

Following the synthesis methods for 2-substituted phenyl-
piperazine derivatives (5-1–5), 5-substituted sulfanyl phenyl-
piperazine derivatives (5-6–13) were also synthesized, provid-
ing 5-substituted sulfanyl aniline derivatives (3-6–13) prepared 
through various substitution reactions of benzenethiol (2-1) 
with several alkyl halides (Fig. 3). In the cyclization reactions 
of 3-6–13, the corresponding phenylpiperazine derivatives (4-
6–13) yielded as much as 4-1. The subsequent sulfonation with 
Tf2O was successfully advanced to give 5-6–13.

As mentioned later, 4-substituted 1-[2-fluoro-4-methyl-
5-(2,2,2-trifluoroethylsulfanyl)phenyl]piperazine was more 
acaricidally active against T. urticae than were 2-substitued 
phenylpiperazine derivatives (5-2–5) and 5-substituted sulfanyl 
phenylpiperazine derivatives (5-6–13); therefore, many kinds of 
phenylpiperazines (5-14–33) with various substituents on the 
piperazine-nitrogen atom were synthesized. There are two types 
of reaction conditions, inorganic base and organic base, shown 
in Fig. 4. In the alkylation and benzylation reactions, 5-14–19 
were synthesized in the presence of K2CO3. On the other hand, 
amidation and sulfonamidation reactions in the presence of tri-
ethylamine afforded 5-20–33.

2.  Acaricidal activity
Acaricidal activity against T. urticae was evaluated for 33 types 
of phenylpiperazine, and the results are summarized in Tables 
1–3. Further, acaricidal activity against T. urticae, T. kanzawai, 
and P. citri was evaluated for 5-1, and the results are summa-
rized in Table 4. Finally, Table 5 shows the acaricidal activity of 
5-1 against adults and eggs of T. urticae. Acaricidal activity was 
graded as follows: 10: mortality 100%; 9: 99–90%; 8: 89–80%; 7: 
79–70%; 6: 69–60%; 5: 59–50%; 4: 49–40%; 3: 39–30%; 2: 29–
20%; 1: 19–10%; 0: 9–0%.

2.1.  The influence of Y on acaricidal activity against T. urticae
Table 1 summarizes the acaricidal activity of the phenyl
piperazine derivatives (5-1–5) substituted with a halogen atom, 
a methyl group or a cyano group at the 2-position of the ben-
zene ring. In every substituent, phenylpiperazine derivatives 

(5-1–5) tended to exhibit excellent acaricidal activity against 
T. urticae at the rate of 100 ppm. Compared with the unsubsti-
tuted compound 5-2, the introduction of a fluorine atom at the 
2-position of the benzene ring increased activity, and it fully 
controlled T. urticae even at 3 ppm; however, no considerable in-
fluence was recognized in the activity relationships between 5-2 
and its methyl derivative (5-3). Furthermore, a marked increase 
in the activity of 5-4 obviously indicated that the cyano group is 
also effective for eliciting good efficacy against T. urticae. These 
findings suggest that the electron-withdrawing group might be 
of importance for the high activity. On the other hand, the bro-
mo-substituted compound (5-5) was moderately active because 
of having a bulky halogen atom or a weaker C–Br bond energy 
than the C–F bond.

2.2.  The influence of R1 on acaricidal activity against T. urticae
Table 2 shows the influence of the substituents of the sulfur 
atom on acaricidal activity. 5-Alkyl-substituted sulfanylphenyl
piperazine derivatives (5-6–7) showed poor activity in compari-

Table  1.	 The influence of the substituents of the 2-position on the ben-
zene ring on acaricidal activity against T. urticae.

No. Y mp (°C)
Acaricidal activity

100 10 3 (ppm)

5-1 F 84–86 10 10 10
5-2 H 58–60 10 7 1
5-3 Me oil 10 5 2
5-4 CN 132–134 10 10 10
5-5 Br 82–84 10 9 5

Table  2.	 The influence of the substituents of the sulfur atom on acari-
cidal activity against T. urticae.

No. R1 mp (°C)
Acaricidal activity

100 10 3 (ppm)

5-1 CF3CH2 84–86 10 10 10
5-6 Me oil 5 2 0
5-7 iso-Bu oil 9 4 1
5-8 CH2=CHCH2 oil 9 3 0
5-9 CH≡CCH2 oil 9 5 2
5-10 NCCH2 oil 9 4 0
5-11 c-PrCH2 oil 10 10 9
5-12 4-ClPhCH2 oil 0 0 0
5-13 CF3CH2CH2 oil 8 3 0
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son with 5-1, and the alkenyl group (5-8), alkynyl group (5-9) 
and cyanomethyl group (5-10) exhibited almost the same ac-
tivity levels as 5-6–7; however, 5-cyclopropylmethylsulfanyl-
phenylpiperazine (5-11) showed exceptional activity. On the 
other hand, the 4-chlorobenzyl type (5-12) was inactive because 
of having a bulky substituent. In addition, the introduction of a 
3,3,3-trifluoropropyl group as a fluoroalkyl group similar to the 
2,2,2-trifluoroethyl group, which is the best substituent for acar-
icidal activity, decreased activity. We thus assume that the space 
on the sulfur atom may be important for acaricidal activity.

2.3.  The influence of R2 on acaricidal activity against T. urticae
The efficacy of various substituents for acaricidal activ-
ity is compared in Table 3, while keeping the aryl group on 
the piperazine ring at 1-position a 2-fluoro-4-methyl-5-
(2,2,2-trifluoroethylsulfanyl)phenyl group which elicited po-
tent activity. Table 3 shows the acaricidal activity of phenyl-
piperazines, whose nitrogen atoms were substituted with an 
alkyl group (5-14–19), acyl group (5-20–24), or sulfonyl group 
(5-25–33). A variety of R2 substituents on the piperazine ring 
made no significant difference in activity at 100 ppm, and even 
the simplest substituent, the methyl group (5-14), perfectly con-
trolled T. urticae with the 10 ppm application. Elongation of 

the alkyl chain, like the butyl group (5-15), led to a decrease 
in activity, while the bulkier benzyl group (5-16) exhibited 
good acaricidal activity. Among the substituted benzyl group 
(5-17–19), the para position was the most active, followed by 
the meta and the ortho position. On the other hand, all 4-acyl-
1-[2-fluoro-4-methyl-5-(2,2,2-trifluoroethylsulfanyl)phenyl]
piperazine derivatives (5-20–24) showed good acaricidal activity 
against T. urticae even in the 3 ppm application; in particular, 
the acetyl derivative (5-20) fully controlled T. urticae at 3 ppm. 
Among the substituted benzoyl group (5-22–24), the para- 
chloro-substituted derivative (5-22) was the most active, with 
the same tendency as the substituted benzyl group, but there 
was almost no difference in activity between the meta and ortho 
positions. Regarding phenylpiperazines having various kinds 
of alkylsulfonyl groups (5-25–27), ethyl and isopropylsulfonyl
piperazine derivatives (5-26, 27) markedly decreased the ac-
tivity, although the methylsulfonylpiperazine derivative (5-25) 
exhibited more than 80% mortality against T. urticae even at a 
low concentration, i.e., 1 ppm. Furthermore, a marked increase 
in the activity of 5-1, 5-28, 5-29, and 5-30 obviously indicat-
ed that the trifluoromethyl, chloromethyl, difluoromethyl, and 
2,2,2-trifluoroethyl groups also elicit good efficacy. We thus as-
sumed that the electron-withdrawing group would be effective 
for a higher level of acaricidal activity. Among the substituted 
phenylsulfonyl group (5-31–33), the para-chlorophenylsulfonyl 
derivative (5-31) was more active than the meta-substituted de-
rivative (5-32); on the other hand, the ortho- substituted deriva-
tive (5-33) was almost inactive even at 10 ppm. Thus, the sub-
stituents on the nitrogen atom of the piperazine ring were well 
tolerated and showed good activity in many compounds.

3.  Further acaricidal activity of compound 5-1 against T. urticae, 
T. kanzawai and P. citri

Since compound 5-1 exhibited the highest activity against T. ur-
ticae, a comparative study on the acaricidal activity of 5-1 against 
T. urticae, T. kanzawai, and P. citri was conducted. As shown in 
Table 4, 5-1 exhibited a similar tendency of activity among the 
three species (T. urticae, T. kanzawai and P. citri) of mite tested. 
On the other hand, the commercially available acaricide fenpy-
roximate showed the same activity levels against T. urticae and 
T. kanzawai when compared with 5-1 but showed poor activity 

Table  3.	 The influence of the substituents of the nitrogen atom of the 
piperazine ring on acaricidal activity against T. urticae.

No. R2 mp (°C)
Acaricidal activity

100 10 3 1 (ppm)

5-1 CF3SO2 84–86 10 10 10 9
5-14 Me oil 10 10 7 0
5-15 n-Bu oil 9 2 0 0
5-16 PhCH2 oil 10 10 8 8
5-17 4-ClPhCH2 91–93 10 10 8 8
5-18 3-ClPhCH2 oil 10 9 2 2
5-19 2-ClPhCH2 oil 10 4 0 0
5-20 MeCO oil 10 10 10 9
5-21 CF3CO 76–78 10 9 7 5
5-22 4-ClPhCO oil 10 10 10 9
5-23 3-ClPhCO oil 10 10 7 5
5-24 2-ClPhCO oil 10 9 8 0
5-25 MeSO2 128–129 10 10 10 8
5-26 EtSO2 117–119 10 5 6 6
5-27 iso-PrSO2 109–110 10 4 2 0
5-28 ClCH2SO2 103–104 10 10 10 9
5-29 CF2HSO2 88-90 10 10 10 7
5-30 CF3CH2SO2 142–144 10 10 10 8
5-31 4-ClPhSO2 124–126 10 10 10 9
5-32 3-ClPhSO2 95–97 10 9 9 3
5-33 2-ClPhSO2 oil 7 0 0 0

Table  4.	 Acaricidal activity of compound 5-1 against T. urticae, T. kan-
zawai and, P. citri.

No. Concentration  
(ppm)

Acaricidal activity

T. urticae T. kanzawai P. citri

5-1 10 10 10 10
3 10 10 10
1 9 7 6

fenpyroxi-
mate

10 10 10 7
3 10 10 4
1 9 9 2
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against P. citri. These results suggest that the phenylpiperazine 
5-1 can control mites without interspecies differences.

4.  Further acaricidal activity of compound 5-1 against adults 
and eggs of T. urticae

Next, we evaluated acaricidal activity against T. urticae at vari-
ous life stages, such as adults and eggs. As shown in Table 5, 
against eggs, both 5-1 and fenpyroximate exhibited almost the 
same activity levels as against adults; however, 5-1 showed a 
higher level of activity against both stages in comparison with 
fenpyroximate.

Conclusion

Regarding the substituent effect of the 2-position on the benzene 
ring (Y), a fluorine atom (5-1) and a cyano group (5-4) were 
found to be especially active against T. urticae. Regarding the 
substituent effect of R1, the 2,2,2-trifluoroethyl group (5-1) was 
the most effective substituent with regard to activity. Regarding 
the substituent effect on the nitrogen atom of the piperazine ring 
(R2), many compounds exhibited potent activity against T. urti-
cae. In particular, the trifluoromethylsulfonyl group (5-1), ace-
tyl group (5-20), 4-chlorobenzoyl group (5-22), chloromethyl
sulfonyl group (5-28), and 4-chlorophenylsulfonyl group (5-31) 
were very active.

Furthermore, our findings indicate that compound 5-1 per-
fectly controlled T. urticae, T. kanzawai, and P. citri even at 
3 ppm and had no interspecies differences. In addition, 5-1 ex-
hibited high activity against both adults and eggs of T. urticae. 
Though data are not shown for the experiments with mitochon-
dria (Spodoptera litura (Sf9) insect cells), respiration in vitro was 
not inhibited by 5-1. The mode of action of the present phenyl-
piperazines is under investigation.
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