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This paper reported the synthesis, structure—activity relationship (SAR) and acaricidal activity in vitro
against Psoroptes cuniculi, a mange mite, of 25 ethyl cinnamate derivatives. All target compounds were syn-
thesized and elucidated by means of MS, 'H- and “C-NMR analysis. The results showed that 24 out of 25
tested compounds at 1.0 mg/mL demonstrated acaricidal activity in varying degrees. Among them, 6, 15, 26,
27 and 30 showed significant activity with median lethal concentration values (LC,,) of 89.3, 119.0, 39.2, 29.8
and 41.2ug/mL, respectively, which were 2.1- to 8.3-fold the activity of ivermectin (LC5,=247.4ug/mL), a
standard drug in the treatment of Psoroptes cuniculi. Compared with ivermectin, with a median lethal time
value (LT,,) of 8.9h, 27 and 30 showed smaller LT, values of 7.9 and 1.3h, respectively, whereas 6, 15 and
26 showed slightly larger LT, values of 10.6, 11.0 and 10.4h at 4.5umol/mL. SARs showed that the presence
of 0-NO, or m-NO, on the benzene ring significantly improved the activity, whereas the introduction of a hy-
droxy, methoxy, acetoxy, methylenedioxy, bromo or chloro group reduced the activity. (E£)-Cinnamates were
more effective than their (Z)-isomer. Nevertheless, the carbon—carbon double bond in the acrylic ester moiety
was proven not to be essential to improve the activity of cinnamic acid esters. Thus, the results strongly indi-
cate that cinnamate derivatives, especially their dihydro derivatives, should be promising candidates or lead

compounds for the development of novel acaricides for the effective control of animal or human acariasis.

Key words

Acariasis is a skin disease caused by mites, an ectoparasite
which widely occurs in animals and human. Psoroptes cu-
niculi is an animal ear mite living in the ear canals of animal
and can be parasitic in sheep, horse, rabbit, goat, cattle and
buffalo.) Psoroptic acariasis is a highly contagious disease,
which causes intense pruritus, serous exudations, inflamma-
tion, the formation of crusts and scabs, anorexia and reduction
of weight gain, or even death of animals.?’ Therefore, the in-
fection of this mite species may severely reduce the productiv-
ity and the quality of animal products.”

Traditionally, organophosphates, organochlorine, pyre-
thrins,? ivermectin and abamectin® have been used as effec-
tive drugs for treatment and control of animal acariasis. How-
ever, the chemical control could increase resistance of target
species to acaricides,” toxicity and environmental hazards.”®
These problems have made researchers’ efforts to discover
new effective acaricides derived from natural products due to
their easy degradation in the environment, less or not remain
in livestock, not being prone to resistance and relative safety
for humans, animals and environment.”

Cinnamic acid and its ester derivatives are widely distrib-
uted in plants including cereals, legumes, oilseeds, fruits, veg-
etables and tea or coffee beverages.'” Due to their common
occurrence in plants and their low toxicity,'"!? cinnamic acid
derivatives have attracted much attention of many pharma-
cologists. In the past decades, cinnamic acid derivatives in-
cluding natural, semi-synthetic and synthetic compounds had
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been proven to have a variety of pharmacological activities,'
such as anticancer,'*" antimicrobial,'®'® antioxidative,'®
anti-inflammatory,*>'*Y anti-Mycobactrium tuberculosis,”*>"
antiviral,” anti-human immunodeficiency virus (HIV),2¢2%
antidiabetic,® anticholesterolemic,” analgesic,*” hepatopro-
tective,”>* immunoprotective,* inducing neural progenitor
cell proliferation®” and anxiolytic activity.’® Especially, what
interests us is that cinnamic acid derivatives also have sig-
nificant antiparasitic activities on plasmodia,’” Leishmania®®
and nematode.”” Furthermore, the acaricidal activity of ethyl
cinnamate*” and trans-cinnamaldehyde®” as an analogue of
cinnamic acid were reported as well. Thus, cinnamic acid
derivatives are often used as promising starting compounds
for the development of new, highly effective drugs. Neverthe-
less, until now no systematic research on acaricidal activity of
cinnamic acid esters and their structure—activity relationship
(SAR) were reported.

Our interest in the excellent antiparasitic activities® *" and
the low toxicity'"'? of cinnamic acid derivatives prompted us
to explore their acaricidal activity and extend their pharmaco-
logic activities. This investigation presented the preparation
of a series of cinnamic acid ester derivatives and evaluation
of their acaricidal activity against P. cuniculi as well as the
discussion of their preliminary SAR.

Results and Discussion

Chemistry Compound 6 was obtained by esterifica-
tion reaction of commercially available trans-cinnamic acid
with ethanol using thionyl chloride as a catalyst in 95%
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butyl)phenoxy)phosphoryl)acetate, KOH, THF, 73%; j. (CH;),SO,, K,CO;, acetone, 53%; k. (Ac),0/Et;N, 94-99%.

Chart 1. Synthesis of Ethyl Cinnamate Derivatives

yield.*? Compounds 7-9, 11, 12, 16—28 were synthesized
by Wittig reaction of ethyl triphenylphosphanylideneacetate
[(C4Hs);P=CHCO,Et] and aromatic aldehyde in ethanol or
toluene.* Compounds 10 and 13—15 were obtained by typical
methyl-etherification or acetylation reaction of the correspond-
ing hydroxyl-substituted frans-cinnamic acid esters (7-9).
Compound 29 was synthesized by Horner—Wadsworth—Em-
mons (HWE) reaction of benzaldehyde with ethyl 2-(bis(2-
(tert-butyl)phenoxy)phosphoryl)acetate in 73% yield.*¥ Com-
pound 30 was prepared by reduction of 1 with NaBH, in the
presence of CuCl in 97% yield.* Aromatic aldehyde 1 was
obtained from sesamol by the reaction of Vilsmeier—Haack
formylation in 11% yield.*® 1,3-Benzodioxole reacted with
paraformaldehyde in a concentrated HCI solution to provide
2, and followed by treatment with bromine in glacial ace-
tic acid to yield 4 in 92% yield.* Compounds 2 and 4 were
oxidized by dimethylsulphoxide oxidation in the presence of
NaHCO, to yield intermediates 3 and 5, respectively.*” (Chart
D).

Compounds 6-30 were identified by electrospray ionization
(ESI)-MS, 'H- and "*C-NMR spectra. In positive or negative
ESI-MS spectra, 6—30 showed their corresponding molecular
ion peaks, quasi-molecular or pseudo-molecular ion peaks
[M+H]*, [M+Na]" or [M]". The NMR data were agreement
with the corresponding literature data.

Pharmacology Acaricidal Activity in Vitro Compounds
6—30 were screened for the acaricidal activity in vitro against
P. cuniculi according to our previously reported method.*~?
Ivermectin, a standard acaricidal drug, was used as a refer-
ence control. The results listed in Table 1 showed that except

22, other tested compounds showed the activity at various
degrees at 1.0mg/mL. Among them, 6, 11, 15, 26, 27 and 30
displayed the highest activity with the mite mortality of 100%,
absence of significant difference from that of ivermectin
(98.3%) (p>0.05) and the others showed low to moderate ac-
tivity (6.7-62.5%). For the higher active compounds 6, 11, 15,
26, 27 and 30, further tests were conducted at lower concen-
trations. The results showed that at 0.5 or 0.25mg/mL, these
compounds were significantly more active than ivermectin
(p<<0.05) with the exception of 11 (Table 1).

Acaricidal Toxicity The excellent activity of 6, 15, 26, 27
and 30 in Table 1 encouraged us to further determine their
acaricidal toxicity on P. cuniculi in order to get insight into
their acaricidal potency. The assay method was the same as
that described above. Ivermectin was used as a reference drug
control. The activities caused by the treatment with various
concentrations of the compounds for 24h and caused by the
treatment with the same concentration (4.5umol/mL) of the
compounds for various times were shown in Figs. 1A and
B, respectively. Toxicity regression equations for concentra-
tion—effect and time—effect of the compounds and their cor-
responding median lethal concentration values (LCs,) and
median lethal time values (LTy,) were listed in Tables 2 and
3, respectively.

Figure 1A clearly showed that the activity of all the tested
compounds including the positive drug ivermectin increased
with increase of their respective test concentrations in a cer-
tain range of concentration. Statistical analysis further showed
that at the post-treatment 24h, each of the compounds had
a significant linear correlation between the mortality rate
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Table 1. The Substitution Patterns and Acaricidal Activity of the Synthesized Compounds against P. cuniculi

ArCH=CHCO,Et

Mortality % (mean*S.D.)*

Compound
E/IZ Ar 1.0mg/mL 0.5mg/mL 0.25mg/mL
69 E CHs— 100.0+0.0 a 100.0+0.0 a 95.0+5.5a
79 E 2-OH-C(H— 26752 f ND” ND
89 E 3-OH-C(H— 22.5+5.0 f ND ND
9 E 4-OH-C Hs— 25058 f ND ND
109 E 2-OCH,~C Hs— 62.5£9.6 b ND ND
11 E 3-OCH,~C Hs— 100.0+0.0 a 35.0+=5.8 ¢ ND
129 E 4-OCH,—C¢Hs— 55.0%£55¢ ND ND
13 E 2-OAc-CHqs— 61.7x4.1b ND ND
14 E 3-OAc-C¢Hqs— 52.5%9.6 ¢ ND ND
15 E 4-OAc-C¢Hs— 100.0+0.0 a 100.0+0.0 a 73.3%£52 b
16 E 2-OH-3-OCH,~C H,— 13.3%£5.2¢ ND ND
179 E 4-OH-3-OCH;-CHs— 13.3%£5.2¢ ND ND
189 E 3,4-(OCH;),~CHs— 13.3%£5.2 gh ND ND
19 E 2,4,5-(OCH,),~C¢Hs— 8.3+4.1 gh ND ND
209 E 3,4,5-(OCH,),—C¢Hs— 6.7x5.2 hi ND ND
21 E 3,4-OCH,0-CHs— 21.7x4.1 f ND ND
22 E 2-OH-4,5-OCH,0-C(Hs— 1.7+4.1 jj ND ND
23 E 2-Br-4,5-OCH,0-C Hs— 36752 ¢ ND ND
24 E 4-CI-C(Hqs— 55055 ¢ ND ND
25 E 4-Br-C¢Hs— 50.0£8.2 ¢ ND ND
26 E 2-NO,~C(Hs— 100.0+0.0 a 100.0+0.0 a 100.0+0.0 a
27 E 3-NO,~C(Hs— 100.0+0.0 a 100.0+0.0 a 96.7+5.2 a
28 E 4-NO,~C,Hqs— 50.0%0.0 ¢ ND ND
299 VA CHs— 433+52d ND ND
309 100=0.0 a 100.0+0.0 a 100.0+0.0 a
Ivermectin 98.314.1 a 75.0+5.8 b 45.0£10.0 ¢
Control 0.020.0 j 0.0=0.0d 0.0+0.0d

a) The differences between data with the different lowercases within a column are significant (»<<0.05). b) ND denotes no determination. ¢) Natural compounds.
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Fig. 1. Effects of Tested Concentrations (A) and Treatment Times (B) of the Compounds on the Acaricidal Activity against P. cuniculi

Table 2. Toxicity Regression Equations for Concentration—Effect of the Compounds and Their LCy, Values (24 h)

Compound Regression equation® R? sl 95% CI” RA®  Linear scope (ug/mL)
ug/mL mmol/L
6 y=3.8792x—2.5675 0.9849 89.3 0.51 86.8-91.9 2.8 60-250

15 y=2.3377x+0.1483 0.9679 119.0 0.51 109.4-129.3 2.1 60-360

26 »=3.2104x—0.1148 0.9906 39.2 0.18 37.8-40.7 6.3 16-120

27 y=2.1307x+1.8600 0.9550 29.8 0.13 24.8-35.8 8.3 16-120

30 y=7.6979x—7.4278 0.9536 41.2 0.23 39.9-42.5 6.0 30-70
Ivermectin y=1.3165x+1.8491 0.9804 247.4 0.28 197.9-310.2 1.0 50-1600

a) y: Probability of average mortality; x: 1g[C (ug/mL)]. b) 95% Confidence interval. c) Relative activity=LCj, (ug/mL) of ivermectin/LCs, (ug/mL) of the tested compound.
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Table 3. Toxicity Regression Equations for Time—Effect of the Compounds at 4.5 yumol/mL and Their LT, Values
Compound Regression equation” R’ LTy, (h) 95% CI? RA? Linear range (h)
6 y=16.534x—11.969 0.9022 10.6 10.5-10.7 0.84 10-14
15 y=8.5501x—3.9043 0.9912 11.0 10.9-11.1 0.81 8-19
26 y=9.7377x—4.9128 0.9489 10.4 10.2-10.7 0.86 8-16
27 y=11.965x—5.7690 0.9277 7.9 7.8-8.1 1.13 7-11
30 y=10.376x—14.739 0.9903 1.3 1.3-1.3 6.85 1-2
Ivermectin y=5.5047x—0.2254 0.9840 8.9 8.8-9.0 1.00 8-17

a) y: Probability of average mortality. For 6, 15, 26 and 27, x=Ig[¢(h)]; for 30, x=Ig[¢(min)]. ) 95% Confidence interval. c) Relative activity=LTj, of ivermectin/LT5, of

the tested compound.

probabilities and Ig[concentration (ug/mL)] values in differ-
ent concentration ranges (R*>0.95) (Table 2). As expected,
6, 15, 26, 27 and 30 displayed the smaller LCs, values of
29.8-119.0 ug/mL than ivermectin (LC;,=247.4ug/mL) and
their relative activities (RA) reached up to 2.8-, 2.1-, 6.3-,
8.3- and 6.0-fold the activity of ivermectin (Table 2). The
results above were agreement with that observed in the activ-
ity screening experiment (Table 1). Among these compounds,
27 showed the highest activity with a LCs, value of 29.8 ug/
mL followed by 26 and 30 (LC,;,=39.2, 41.2 ug/mL). In addi-
tion, comparison of the change trend of the various curves in
Fig. 1A showed that various compounds had different activity
sensitivity to the change of test concentration with the order of
30>27~26>6>15>ivermectin.

Figure 1B showed that the activity of each compound at
4.5 umol/mL exhibited treatment-time-dependent effects in a
certain time range. Linear regress analysis showed that each of
the compounds showed a significant linear correlation between
the probability values of mite mortality and lg[treatment time
(h or min)] values in a specific time range (R*>0.90) (Table 3).
Compared with ivermectin with a LT, value of 8.9h, 27 and
30 (LT5,=7.9, 1.3h) showed the higher activity whereas 6, 15
and 26 (LT,;,=10.6, 11.0, 10.4h) showed the slightly lower ac-
tivity. Especially, the relative activity of 30 attained 6.85-fold
of that of ivermectin. On the other hand, the change trend of
the various curves in Fig. 1B presented that the activity sus-
ceptibilities of the various compounds to the treatment time
were as the following order: 30>27>26~6>15>ivermectin.

SAR The present research showed that almost all the cin-
namate derivatives have the acaricidal activity at a certain de-
gree (Table 1). Comparison of the activity and structure of the
various compounds revealed that a substituent on the benzene
ring and its substitution site can significantly influence the
activity of ethyl cinnamate. Compared with an unsubstituted
compound 6 (LC;,=89.3 ug/mL), the presence of 0-NO, or
m-NO, (26 and 27) led to a significant improvement of the
activity (LCs,=39.2, 29.8 ug/mL) whereas p-NO, derivative
(28) showed the lower activity (Table 1). Unlike the situation
of nitro group, the introduction of a hydroxyl, methoxyl or
acetoxyl to any site on the benzene ring (7-15) led to reduce
the activity. Meanwhile, the activities of methoxyl-substituted
compounds (18-20) reduced with increasing the number
of substituted methoxy groups. In addition, the presence of
methylenedioxy, bromo or chloro groups at some sites also led
to reduction of the activity, such as 21-25.

Compound 6 showed the higher activity than its configura-
tional isomer 29 (Table 1), indicating that the £ configuration
of cinnamic acid esters is more beneficial for the activity than
the corresponding Z configuration. Nevertheless, the presence

of the carbon—carbon double bond in the acrylic ester moiety
was not essential to improve the activity of cinnamic acid
esters, which was evidenced by the fact that 6 (LC,,=89.3 ug/
mL, LT,=10.6h) was less active than its dihydro derivative
30 (LCsy=41.2ug/mL, LTs,=1.3h). Although the similar case
was also found for HIV-1 integrase activity of cinnamic acid
esters,™ the double bond was thought to be crucial for other
bioactivities such as leishmanicidal and cytotoxic,™ anti-
tuberculosis (TB)**** and anti-candida albicans biofilm.'® The
leishmanicidal and cytotoxic action of cinnamic acid esters
had been explained as a Michael addition mechanism,*® in
which cinnamic acid esters as one type of a,f-unsaturated
carbonyl compounds were considered to have a conjugated
addition reaction with nucleophilic groups in biomolecules of
the natural receptors. This mechanism was also reported for
other a,f-unsaturated carbonyl compounds such as lactones,
chalcones and coumarins.**® Obviously, the present results
strongly suggest that the acaricidal action of cinnamic acid
esters might not be Michael addition mechanism and different
action mechanisms may be responsible for the different bioac-
tivity of cinnamic acid esters.

Furthermore, the conjecture above was also supported by
the fact that the effects of substituents on the benzene on the
acaricidal activity of cinnamic acid esters and other bioactivi-
ties are different. The present research showed that the intro-
duction of a hydroxyl, methoxyl or acetoxyl on the benzene
ring did not improve the acaricidal activity. But in the leish-
manicidal activity and cytotoxicity of cinnamic acid esters,*
chalcones®” and coumarins,®™ the presence of hydroxyl or
methoxyl groups led to enhancement of the activities.

From the point of view of median lethal mass concentra-
tion values (ug/mL), compounds 6, 15, 26, 27 and 30 should
theoretically have a great advantage in practice application
over ivermectin, due to their lower LC,, values (ug/mL) than
ivermectin (Table 2). However, as far as SAR analysis is con-
cerned, researchers prefer to compare median lethal molar
concentration values (mol/L) of various compounds. Though
6 and 15 had the different median lethal mass concentration
values (ug/mL), lower than that of ivermectin, they had ap-
proximately the same median lethal molar concentration val-
ues (mol/L), larger than that ivermectin (Table 2). Therefore,
for single molecule, 6 and 15 had the same acaricidal activity,
indicating that the presence of 4-acetyl hardly influenced the
activity (Fig. 2).

As is shown in Table 3, at the same molar concentration
(4.5 umol/mL), 6, 15, 26, 27 and 30 showed lower or slightly
higher LTy, values (1.3-11.0h) than ivermectin (LT;,=8.9h).
However, it was worth mentioning that the molecular weight
of ivermectin (MW=875) is much larger than that of 6, 15,
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(B1a: R =C3Hg; B1p: R=CHj)

Fig. 2. The Structure of Ivermectin (22,23-Dihydroavermectin B; Con-
sisting of B, and B,,)

26, 27 and 30 (MW=176-234). At the test concentration of
4.5 umol/mL, the mass concentration of ivermectin (3.94 mg/
mL) was 3.6-5.0 times of that of 6, 15, 26 and 27 (0.8—1.1 mg/
mL). Based on the results that at the same test molar concen-
tration, 6, 15, 26, 27 and 30 possessed lower or slightly higher
LTy, values (1.3-11.0) than ivermectin (LT;,=8.9h), it was
deduced that 6, 15, 26 and 27 probably have much lower LT,
values than ivermectin if the same test mass concentration
was used, which may be evidenced by the results in Fig. 1A
to some degree.

The present research strongly suggests that further research
should be necessary on the acaricidal mechanism of cinnamic
acid esters as well as more diverse structural modification
including cinnamamides, 3-aryl fatty acid esters or amides
and even 3-aryl aliphatic ketones. At present, these works are
partly underway in our lab.

Conclusion

In conclusion, the present study reported the synthesis of
a series of ethyl cinnamate derivatives and the acaricidal
activity in vitro against Psoroptes cuniculi, a mange mite.
Furthermore, the preliminary SAR was discussed. Almost
all the compounds were found to have the activity in varying
degrees at 1.0mg/mL for post-treatment 24h and of which 5
showed much lower LCs, values and slightly lower or higher
LT, values than a standard drug ivermectin. SAR showed that
the presence of 0-NO, or m-NO, on the benzene ring led to
significant improvement of the activity. In contrast, a hydroxy,
methoxy, acetoxy, methylenedioxy, bromo or chloro group
led to activity reduction. The E-isomer was found to be more
beneficial for improving the activity than the corresponding
Z-isomer. Nevertheless, the carbon—carbon double bond in the
acrylic ester moiety was proven not to be essential to improve
the activity of cinnamic acid esters. Thus, the present study
strongly suggests that cinnamic acid esters and their dihydro
derivatives are promising candidates or lead compounds for
the development of novel drugs for the effective control of
animal or human acariasis.

Experimental

Materials Ivermectin (=91% 22,23-dihydroavermectin
B, consisting of 95% avermectin B,, and 5% avermectin B,,)
was purchased from Sigma-Aldrich Trading Co., Ltd., Shang-
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hai, China. Other chemicals used in the present study were
purchased from J&K Chemical Ltd., Beijing, China and used
without further purification.

Apparatus Melting points (mp) were determined on an
XT-4 micro-melting point apparatus and uncorrected. 'H- and
BBC-NMR spectra were recorded on a Bruker AVANCE III op-
erating at 500 or 400 MHz, respectively and using tetramethyl
silane (TMS) as an internal standard. ESI-MS was measured
on a Trace mass spectrometer.

Synthesis of Compound 6 According to the literature’s
method,*”” compound 6 was obtained by the reaction of cin-
namic acid (1.48g, 10mmol) with absolute ethanol (15mL)
at 0°C to room temperature by dropwise addition of thionyl
chloride (3.57 g, 30 mmol).

(E)-Ethyl Cinnamate (6): Colorless liquid in 95% yield. The
data of 'H- and "*C-NMR were consistent with those in the
literature.>® Positive ESI-MS m/z: 177 [M+H]".

Synthesis of Compounds 7-9, 11, 12 and 16-28 Ethyl
triphenylphosphanylideneacetate ((C4H;);P=CHCO,Et) (4.2g,
12mmol) reacted with aromatic aldehyde (10 mmol) in 50 mL
ethanol at reflux for 1-4h (compds. 7, 11, 12, 16—28) or 50mL
toluene at reflux for 0.5h (compds. 8 and 9) to yield the de-
sired compounds according to the reported method®® with
slight modification. After removal of the solvent, the resulting
residue was subjected to a short silica gel column chroma-
tography (¢40mmXL 40mm) using petroleum ether—ethyl
acetate as eluent to remove polar triphenylphosphine oxide.
For the preparation of compounds 8, 9, 19, 20, 22, 23, 26-28,
the obtained crude products were directly recrystallized in
petroleum ether—ethyl acetate (8, 9, 19, 20, 23, 26-28) or pe-
troleum ether—ethanol (22); for the purification of the target
compounds 7, 11, 12, 16—18, 21, 24 and 25, the obtained crude
products were re-chromatographed over silica gel (926 mmXL
140mm or ¢40mmXL 200mm) using petroleum ether—ethyl
acetate (7, 16, 17, 21) or petroleum ether—ethyl ether (11, 12,
18, 24, 25) as cluent.

(E)-Ethyl 2-Hydroxycinnamate (7): White crystal in 73%
yield, mp 80-81°C (lit.?” 83-86°C). The data of 'H- and
BC-NMR were consistent with those in the literature.®” Posi-
tive ESI-MS m/z: 193 [M-+H]".

(E)-Ethyl 3-Hydroxycinnamate (8): White lamellar crys-
tal in 64% yield, mp 65-66°C (lit.* 67.7-68.7°C). 'H-NMR
(500MHz, CDCly) o: 7.64 (1H, d, J=16.0Hz), 7.24 (1H, t,
J=8.1Hz), 7.06-7.07 (2H, m), 6.91-6.93 (1H, m), 6.83 (1H,
brs, OH), 6.40 (1H, d, /=16.0Hz), 4.28 (2H, q, J/=7.1Hz), 1.34
(3H, t, J=7.1Hz). *C-NMR (125MHz, CDCl,) é: 167.9, 156.5,
145.2, 1357, 130.1, 120.6, 118.1, 117.8, 114.7, 61.0, 14.3. Posi-
tive ESI-MS m/z: 193 [M+H]".

(E)-Ethyl 4-Hydroxycinnamate (9): White rod-like crystal
in 78% yield, mp 74-75°C (lit.*¥ 73°C). The data of 'H- and
BC-NMR were consistent with those in the literature.*” Posi-
tive ESI-MS m/z: 193 [M-+H]".

(E)-Ethyl 3-Methoxycinnamate (11): Yellow 0il®® in 78%
yield. The data of 'H-NMR were consistent with those in
the literature.®® '*C-NMR (125MHz, CDCly) d: 166.9, 159.9,
144.5, 135.9, 129.9, 120.8, 118.6, 116.1, 112.9, 60.5, 55.3, 14.3.
Positive ESI-MS m/z: 207 [M+H]".

(E)-Ethyl 4-Methoxycinnamate (12): Faint yellow powder in
62% yield, mp 45-46°C (lit.*” 48—50°C). The data of 'H- and
BC-NMR were consistent with those in the literature.®® Posi-
tive ESI-MS m/z: 207 [M+H]*.
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(E)-Ethyl 2-Hydroxy-3-methoxycinnamate (16): White
crystal in 92% yield, mp 59-60°C (lit.*” 68—69°C). 'H-NMR
(400MHz, CDCl,) d: 794 (I1H, d, J=16.2Hz), 7.08 (1H, dd,
J=6.9, 2.4Hz), 6.81-6.87 (2H, m), 6.60 (1H, d, J=16.2Hz),
6.20 (1H, s, —OH), 4.26 (2H, q, J=7.1Hz), 3.90 (3H, s), 1.34
(3H, t, J=7.1Hz). *C-NMR (100 MHz, CDCl,) 6: 167.5, 146.8,
145.4, 139.5, 120.93, 120.89, 119.6, 119.3, 111.7, 60.3, 56.2,
14.4. Negative ESI-MS m/z: 221 [M—H] .

(E)-Ethyl 4-Hydroxy-3-methoxycinnamate (17): White pow-
der in 55% yield, mp 42-43°C (lit.”” 57.3-58.0°C). The data
of 'H- and 3C-NMR were consistent with those in the litera-
ture.”) Negative ESI-MS m/z: 221 [M—H]".

(E)-Ethyl 3,4-Dimethoxylcinnamate (18): Faint yellow
powder in 81% yield, mp 52-53°C (lit.”> 49-51°C). The data
of 'H- and “C-NMR were consistent with those in the litera-
ture.”® Positive ESI-MS m/z: 237 [M+H]".

(E)-Ethyl 2,4,5-Trimethoxylcinnamate (19): Faint yellow
crystal in 60% yield, mp 63-64°C (lit.” 68—69°C). 'H-NMR
(400MHz, CDCly) &: 7.97 (1H, d, J=16.0Hz), 7.01 (IH, s),
6.50 (1H, s), 6.37 (1H, d, J=16.0Hz), 428 (H, q, J=7.1 Hz),
3.93 (3H, s), 3.88 (3H, s), 3.86 (3H, s), 1.34 (3H, t, J=7.1 Hz).
BC.NMR (100MHz, CDCly) o: 167.3, 153.3, 151.5, 1427,
139.0, 115.3, 114.4, 110.2, 96.3, 59.7, 55.9, 55.8, 55.5, 13.9. Posi-
tive ESI-MS m/z: 267 [M+H]".

(E)-Ethyl 3.4,5-Trimethoxylcinnamate (20): White needle
crystal in 42% yield, mp 66-67°C (lit.”> 68—69.5°C). The
data of 'TH-NMR were consistent with those in the literature.”
BC.NMR (100MHz, CDCly) &: 167.0, 153.4, 144.6, 140.0,
130.0, 117.5, 105.2, 61.0, 60.5, 56.1, 14.3. Positive ESI-MS m/z:
267 [M+H]".

(E)-Ethyl 3,4-Methylenedioxycinnamate (21): White crystal
in 78% yield, mp 59-60°C (lit.”® 68-70°C). The data of 'H-
and C-NMR were consistent with those in the literature.”®
Positive ESI-MS m/z: 221 [M+H]".

(E)-Ethyl 2-Hydroxy-4,5-methylenedioxycinnamate (22):
Bright yellow crystal in 76% yield, mp 149-150°C (lit.*
149-150°C). The data of 'H- and *C-NMR were agreement
with those in the literature.*” Positive ESI-MS m/z: 237
[M+H]".

(E)-Ethyl  2-Bromo-4,5-methylenedioxycinnamate  (23):
Faint yellow needle crystal in 58% yield, mp 113-114°C (lit.””
mp 78-80°C). The data of 'H- and “C-NMR were consis-
tent with those in the literature.”” Positive ESI-MS m/z: 299
[M+H]".

(E)-Ethyl 4-Chlorocinnamate (24): Yellow liquid®® in 83%
yield. The data of 'H- and 3C-NMR were agreement with
those in the literature.®® Positive ESI-MS m/z: 211 [M+H]".

(E)-Ethyl 4-Bromocinnamate (25): Yellow liquid in 87%
yield. The data of 'H- and '*C-NMR were agreement with
those in the literature.”® Positive ESI-MS m/z: 279 [M+Na]".

(E)-Ethyl 2-Nitrocinnamate (26): Faint yellow crystal in
52% vyield, mp 38-39°C (lit.”” 42°C). The data of 'H-NMR
were agreement with those in the literature.®® "“C-NMR
(125MHz, CDCl;) o: 165.8, 148.4, 139.8, 133.5, 130.7, 130.3,
129.1, 124.9, 1234, 60.9, 14.3. Negative ESI-MS m/z: 221
[M].

(E)-Ethyl 3-Nitrocinnamate (27): Faint yellow needle crys-
tal in 57% yield, mp 73-74°C (lit.*? 74-75°C). The data of 'H-
and 3C-NMR were agreement with those in the literature.®”
Negative ESI-MS m/z: 221 [M]".

(E)-Ethyl 4-Nitrocinnamate (28): Yellow rod-like crystal in
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64% yield, mp 135-136°C (lit.°” 138—140°C). The data of 'H-
and *C-NMR were agreement with those in the literature.®”
Negative ESI-MS m/z: 221 [M]".

Synthesis of Compound 10 According to a typical me-
thoxylation method of phenols, compound 7 (0.58 g, 3.0 mmol)
reacted with dimethyl sulfate (0.38 g, 3.0mmol) in 20mL ace-
tone in the presence of potassium carbonate (0.5g, 3.6 mmol)
to yield compound 10.

(E)-Ethyl 2-Methoxycinnamate (10): Faint yellow oil in
53% vyield (lit.* mp 33-34°C). The data of 'H-NMR were
agreement with those in the literature.®® *C-NMR (125MHz,
CDCl,) o: 167.6, 158.4, 140.0, 131.4, 128.9, 123.5, 120.7, 118.8,
111.1, 60.4, 55.5, 14.4. Positive ESI-MS m/z: 207 [M+H]".

Synthesis of Compounds 13-15 General Procedure Ac-
cording to a typical acetylation method of phenols, the solu-
tion of compounds 7-9 (0.4g, 2.1 mmol) and acetic anhydride
(0.6g, 6.2mmol) in 20mL triethylamine was stirred for 1h at
room temperature to provide the desired compounds (13-15).

(E)-Ethyl 2-Acetoxycinnamate (13): Faint yellow oil in 99%
yield. The data of 'H- and "C-NMR were consistent with
those in the literature.®? Positive ESI-MS m/z: 235 [M+H]".

(E)-Ethyl 3-Acetoxycinnamate (14)*¥: Faint yellow oil
in 94% yield. '"H-NMR (500MHz, CDCly) 6: 7.65 (1H, d,
J=16.0Hz), 7.37-741 (2H, m), 7.25-7.26 (IH, m), 7.10-7.12
(1H, m), 6.42 (1H, d, J=16.0Hz), 4.26 (2H, q, J=7.1Hz), 2.31
(3H, s), 1.33 (3H, t, J=7.1Hz). “C-NMR (125MHz, CDCl,)
0: 169.3, 166.7, 151.1, 143.4, 136.1, 129.9, 125.6, 123.4, 120.9,
119.4, 60.6, 21.1, 14.3. Positive ESI-MS m/z: 235 [M+H]".

(E)-Ethyl 4-Acetoxycinnamate (15): White powder in 98%
yield, mp 37-38°C (1it.*¥ mp 40-42°C). The data of 'H- and
BC-NMR were consistent with those in the literature.* Posi-
tive ESI-MS m/z: 235 [M+H]".

Synthesis of Compound 29 According to the literature
method,*” compound 29 was obtained by HWE reaction of
ethyl 2-(bis(2-(tert-butyl)phenoxy)phosphoryl)acetate (0.476¢,
1.1 mmol) with benzaldehyde (0.106g, 1mmol) 15SmL anhy-
drous tetrahydrofuran in the presence of KOH (0.09 g, 1 mmol)
at 0°C for 2h.

(2)-Ethyl Cinnamate (29): Colorless liquid in 73% yield.
The 'H-NMR data were consistence with those in the litera-
ture.>

Synthesis of Compound 30 According to the literature
method,* compound 30 was prepared by reduction of com-
pound 6 (0.88¢g, 5mmol) with borohydride (0.19g, 5mmol) in
20mL methanol in the presence of cuprous chloride (0.29g,
3 mmol).

Ethyl 3-Phenylpropionate (30): Colorless liquid in 95%
yield. The data of 'H- and *C-NMR were agreement with
those in the literature.®

Pharmacology In Vitro Acaricidal Activity Assay In
vitro acaricidal activity of 6-30 was performed according to
our previously reported method.’*>? Ivermectin, a standard
acaricidal drug, was used as a reference control. All the tested
compounds were dissolved in a mixed solvent of dimethyl
sulfoxide (DMSO), Tween-80 and normal saline (1:1:8, v/v/v)
to prepare the test solution with the concentration of 1, 0.5
or 0.25mg/mL. Psoroptes cuniculi adult mites of both sexes
isolated from naturally infected rabbits were used as the tested
objects. The scabs and the cerumen, collected from the infect-
ed ears, were observed by means of a stereoscopic microscope
to isolate adult mites of both sexes. Mites were placed in 24-
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well flat-bottomed cell culture plates (10 adult mites per each
well) and followed by addition of 0.6mL of the tested solution
into each well. Each 20 mites in 2 wells were set as one test
and three replicates were made for each concentration. The
same solution without the tested compound was used as an
untreated control. Ivermectin in the same solvent represented
the treated control.

All the plates were placed in separate humidity chambers in
saturated humidity conditions at 28°C. After 24h each plate
was observed under a stereomicroscope for Smin. When the
persistent immobile mites were stimulated with a needle, lack
of reaction was considered as the indication of death. Mortal-
ity was calculated as the following formula and expressed as
means*standard deviation (S.D.):

Number of death mites

Mortalite (%) = 100
ortality (%) Number of the tested mites

Acaricidal Toxicity Assay Based on the above results of
acaricidal screening, the most effective compounds 6, 15, 26,
27 and 30 were further subjected to acaricidal toxicity evalu-
ations on P. cuniculi including the effects of tested concentra-
tion and treatment time on the activity. Ivermectin was used
as a reference drug control.

A 2.0mg/mL stock solution of the tested compound was
prepared in the same solvent as described above, and then
diluted with the same mixed solvent to obtain a series of con-
centrations. The acaricidal activity for each concentration was
tested according to the same procedure as described above.
The mortality of mites for each test was calculated and then
corrected by applying Abbott’s formula:

Corrected mortality (%)

_test mortality (%) — control mortality (%)

X100
100 — control mortality (%)

The tested compounds mentioned above at 4.5 umol/mL in
the same mixed solvent as described above were prepared to
determine LTy, values. The acaricidal activity of each tested
compound was assayed according to the method described
above. The mites in each well were observed under a ste-
reomicroscope every 10min or 1.0h and the mortality and
corrected mortality of each test in each set time were calcu-
lated. The tested compound was performed in triplicate. The
corrected mortality of each test was expressed as means=S.D.

The probit value of the corrected mortality for each tested
concentration and the corresponding Ig[concentration (ug/
mL)] were used to establish toxicity regression equation for
concentration—effect by the linear least-square fitting method.
Toxicity regression equation for time—effect was established
between the probit value of the corrected mortality for each
set treatment time and the corresponding lg [treatment time (h
or min)] value. The LCy, or LT, value of each compound and
their confidence intervals at 95% probability were calculated
from the corresponding toxicity regression equation.

Statistic Analysis SPSS 17.0 statistical software was used
to analyze the data and establish toxicity regression equations.
Duncan multiple comparison test was performed on the data
to evaluate significant difference between the activities of
various compounds at the same concentration.

Acknowledgments This work was supported by the Na-

Chem. Pharm. Bull. 261

tional Natural Science Foundation of China (NSFC 31172365
and 31101469).

Conflict of Interest The authors declare no conflict of

interest.
References
1_Bates P. G.. Vet. Parasitol, 83, 201-217 (1999).

2) Shang X. F.. Miao X. L. Wang DS LiJ. X. Wang X. 7. Yan Z.
T, Wang C. M., Wang Y., He X. R., Pan H., Ver. Parasitol., 195

136141 (2013).
3)_Dagleish M. P, Ali Q.. Powell R. K., Butz D.. Woodford M. H.. J.

Wildl._Dis., 43, 512517 (2007).

4) Cetin H., Cilek J. E.. Oz E., Aydin L., Deveci O., Yanikoglu A., Vet.
Parasitol., 170, 287-290 (2010).

3) Behera S. K., Dimri U, Singh S. K.. Mohanta R, K., Vet. Res. Com-
mun., 35, 237-244 (2011).

6) Currie B. J., Harumal P, McKinnon M., Walton S. F.. Clin._Infect.

Dis., 39, e8—el2 (2004).
7)_Halley B. A VandenHeuvel W. J. A.. Wislocki P. G.. Vet. Parasi-

tol., 48, 109125 (1993).
8) O’Brien D. J.. Vet. Parasitol., 83, 177185 (1999).
9) _Samish M., Rehacek J. A., Annu. Rey. Entomol., 44, 159182 (1999).

10) _ Clifford N. M.. J. Sci. Food Agric., 80, 1033—1043 (2000).

1) _Lafay S Gil-Izquierdo A., Phytochem. Rev.. 7, 301311 (2008).

12) Hoskins J. A.. J. Appl. Toxicol., 4, 283292 (1984).

13) Sharma P., J. Chem. Pharm. Res., 3, 403—423 (2011).

14)__De P, Baltas M., Bedos-Belval F.. Curr. Med. Chem., 18, 16721703
oL

15) Jayaprakasam B., Vanisree M., Zhang Y., Dewitt D., Nair M., J.
Agric. Food Chem., 54, 53755381 (2006).

16) De Vita D, Friggeri L., D'Auria F. D., Pandolfi F., Piccoli F., Panella
S, Palamara A, T.. Simonetti G.. Scipione L., Di Santo R., Costi R.
Tortorella S.. Bioorg. Med. Chem. Lett., 24, 1502—1505 (2014).

17) FulJ., Cheng K., Zhang Z., Fang R.. Zhu H., Eur. J. Med. Chem., 45,
26382643 (2010):

18) Sova M., Mini Rev. Med. Chem., 12, 749-767 (2012).

19) Kumar S., Arya P.. Mukherjee C., Singh B. K., Singh N., Parmar V.
S., Prasad A. K., Ghosh B., Biochemistry, 44, 1594415952 (2005).

20) Debnath B., Samanta S, Roy K. Jha T.. Bioorg. Med. Chem., 11
16151619 (2003).

21) _da Cunha F. M., Duma D., Assreuy J., Buzzi F. C., Niero R., Cam-
pos M. M., Calixto J. B., Free Radic. Res., 38, 12411253 (2004).

22) Guzman J. D.. Mortazavi P. N.. Munshi_T. Evangelopoulos D.,
McHugh T. D, Gibbons S.. Malkinson J., Bhakta S.. Med. Chem.
Commun., 5. 47-50 (2014).

23) Kakwani M. D., Suryavanshi P, Ray M., Rajan M. G. R.. Majee S.
Samad A Devarajan P.. Degani M. S.. Bioorg. Med. Chem. Lett.
21, 19971999 (2011).

24) De P., Koumba Yoya G., Constant P.. Bedos-Belval F., Duran H.,
Saffon N., Daffé M., Baltas M., J. Med. Chem., 54, 1449—1461

(2011).

25) Serkedjieva J.. Manolova N., Bankova V., J. Nat. Prod., 55, 294297
(1992).

26) Zhang X.. Neamati N., Lee Y. K., Orr A.. Brown R. D., Whitaker
N., Pommier Y., Burke T. R.Jr., Bioorg. Med. Chem. 9, 16491657
(2001).

27) Charvat T. T., Lee D. J.. Robinson W. E.. Chamberlin A. R., Bioorg.
Med. Chem., 14, 4552—-4567 (2006).

28) LeeS. U, Shin C. G, Lee C. K., Lee Y. S.. Fur. J. Med. Chem., 42,
13091315 (2007).

29) Adisakwattana S., Moonsan P.. Yibchok-Anun S., J. Agric. Food
Chem., 56, 7838-7844 (2008).

30) Lee S, Han J-M.. Kim H. Kim E. Jeong T.-S. Lee W. S.. Cho
K.-H., Bioorg. Med. Chem. Lett., 14, 4677—-4681 (2004).

31) de Campos Buzzi F., Franzoi C. L., Antonini G., Fracasso M., Filho



http://dx.doi.org/10.1016/S0304-4017(99)00058-8
http://dx.doi.org/10.1016/j.vetpar.2012.12.057
http://dx.doi.org/10.1016/j.vetpar.2012.12.057
http://dx.doi.org/10.1016/j.vetpar.2012.12.057
http://dx.doi.org/10.7589/0090-3558-43.3.512
http://dx.doi.org/10.7589/0090-3558-43.3.512
http://dx.doi.org/10.1016/j.vetpar.2010.02.031
http://dx.doi.org/10.1016/j.vetpar.2010.02.031
http://dx.doi.org/10.1007/s11259-011-9468-8
http://dx.doi.org/10.1007/s11259-011-9468-8
http://dx.doi.org/10.1086/421776
http://dx.doi.org/10.1086/421776
http://dx.doi.org/10.1016/0304-4017(93)90149-H
http://dx.doi.org/10.1016/0304-4017(93)90149-H
http://dx.doi.org/10.1016/S0304-4017(99)00056-4
http://dx.doi.org/10.1146/annurev.ento.44.1.159
http://dx.doi.org/10.1002/(SICI)1097-0010(20000515)80:7%3C1033::AID-JSFA595%3E3.0.CO;2-T
http://dx.doi.org/10.1007/s11101-007-9077-x
http://dx.doi.org/10.1002/jat.2550040602
http://dx.doi.org/10.2174/092986711795471347
http://dx.doi.org/10.2174/092986711795471347
http://dx.doi.org/10.1021/jf060899p
http://dx.doi.org/10.1021/jf060899p
http://dx.doi.org/10.1016/j.bmcl.2014.02.005
http://dx.doi.org/10.1016/j.bmcl.2014.02.005
http://dx.doi.org/10.1016/j.bmcl.2014.02.005
http://dx.doi.org/10.1016/j.ejmech.2010.01.066
http://dx.doi.org/10.1016/j.ejmech.2010.01.066
http://dx.doi.org/10.2174/138955712801264792
http://dx.doi.org/10.1021/bi050941u
http://dx.doi.org/10.1021/bi050941u
http://dx.doi.org/10.1016/S0968-0896(03)00085-3
http://dx.doi.org/10.1016/S0968-0896(03)00085-3
http://dx.doi.org/10.1080/10715760400016139
http://dx.doi.org/10.1080/10715760400016139
http://dx.doi.org/10.1039/c3md00251a
http://dx.doi.org/10.1039/c3md00251a
http://dx.doi.org/10.1039/c3md00251a
http://dx.doi.org/10.1016/j.bmcl.2011.02.022
http://dx.doi.org/10.1016/j.bmcl.2011.02.022
http://dx.doi.org/10.1016/j.bmcl.2011.02.022
http://dx.doi.org/10.1021/jm101510d
http://dx.doi.org/10.1021/jm101510d
http://dx.doi.org/10.1021/jm101510d
http://dx.doi.org/10.1021/np50081a003
http://dx.doi.org/10.1021/np50081a003
http://dx.doi.org/10.1016/S0968-0896(01)00075-X
http://dx.doi.org/10.1016/S0968-0896(01)00075-X
http://dx.doi.org/10.1016/S0968-0896(01)00075-X
http://dx.doi.org/10.1016/j.bmc.2006.02.030
http://dx.doi.org/10.1016/j.bmc.2006.02.030
http://dx.doi.org/10.1016/j.ejmech.2007.02.016
http://dx.doi.org/10.1016/j.ejmech.2007.02.016
http://dx.doi.org/10.1021/jf801208t
http://dx.doi.org/10.1021/jf801208t
http://dx.doi.org/10.1016/j.bmcl.2004.06.101
http://dx.doi.org/10.1016/j.bmcl.2004.06.101
http://dx.doi.org/10.1016/j.ejmech.2009.06.029

262 Chem. Pharm. Bull. Vol. 63, No. 4 (2015)

V. C.. Yunes R. A.. Niero R.. Eur. J. Med. Chem., 44, 4596—4602

(2009).

32) Fernédndez-Martinez E., Bobadilla R, A.. Morales-Rios M. S.. Mu-
riel P, Perez-Alvarez V. M., Med. Chem., 3. 475-479 (2007).

33) LeeE.J. KimS. R, KimJ.. Kim Y. C., Planta Med., 68, 407411

(2010).
58) Brenzan M. A.. Nakamura C. V., Dias Filho B. P., Ueda-Nakamura

T, Young M. C. M.. Correa A, G, Alvim J. Jr. dos Santos A. O.
Cortez D. A. G., Biomed. Pharmacother., 62, 651658 (2008).
39) Mahesh M., Murphy J. A., Wessel H. P, J. Org. Chem., 70, 4118

(2002).
34) Lin L.-C.. Kuo Y.-C.. Chou J.-C.. .J Nat. Prod. 62. 405-408 (1999).

4123 (2005).

60) Takeuchi Y., Ueda N.. Uesugi K.. Abe H. Nishioka H., Harayama

35) _Yabe T. Hirahara H., Harada N.. Ito N.. Nagai T.. Sanagi T. Ya-
mada H., Neuroscience, 165, 515-524 (2010).
36) Yoon B. H., Jung J. W., Lee J. J.. Cho Y. W., Jang C. G.. Jin C., Oh

T., Heterocycles, 59, 217-224 (2003).
61) Park J. O., Youn S. W., Org. Lett., 12, 2258-2261 (2010).
62) Frank H. S.. J. Org. Chem., 29, 24902491 (1964).

T _H., RyuJ. H. Life Sci., 81, 234240 (2007).

37) Wiesner J., Mitsch A.. Wissner P, Jomaa H.. Schlitzer M., Bigorg.
Med. Chem. Lett., 11, 423-424 (2001).

38) Otero E.. Robledo S. M., Diaz S.. Carda M., Mufioz D., Pafios J.,

Vélez 1. D.. Cardona W., Med. Chem. Res., 23, 13781386 (2014).

63) Axel N., Richard M., Hans P., Liebigs Ann. Chem., 12, 2135-2140
(1983).

64) Park J. K., Lackey H. H., Ondrusek B. A.. McQuade D. T., J. Am.
Chem. Soc., 133, 24102413 (2011).

65) Artuso E.. Barbero M., Degani I.. Dughera S, Fochi R., Tetrahe-

39) Xiao Y., Yang X.. Li B, Yuan H., Wan S.. Xu Y., Qin Z.. Molecules,
16, 8945-8957 (2011).

40) Garnett D. J., PCT Int. Patent WO 2001/013913 Al (2001).

41) Shen F.. Xing F.. Liu L.. Tang X.., Wang W.. Wang X.. Wu X.. Wang

dron, 62, 31463157 (2006).
66) Phillips W. M., Currie D. J., Can. J. Chem., 47, 3137-3146 (1969).
67) LiH. J., Wang L., Eur. J. Org. Chem., 2006, 50995102 (2006).
68) FEl-Batta A Jiang C., Zhao W., Anness R., Cooksy A. L., Bergdahl

X, Wang X.. Wang G, Zhang J.. Li L.. Zhang J.. Yu L. Parasitol.
Res., 110, 13211326 (2012).

42) LiD.J., Qing L. D, Fu H. Q., Chinese J. Syn. Chem., 12, 378-380
(2004).

43) Gagey N., Neveu P. Benbrahim C.. Goetz B.. Aujard 1., Baudin

1-B. Jullien L., J. Am. Chem. Soc., 129. 9986-9998 (2007).
44) Touchard F. P., Capelle N., Mercier M., Adv. Synth. Catal., 347,

707711 (2005).

45) Narisada M., Horibe 1., Watanabe F.. Takeda K., J. Org. Chem., 54
5308-5313 (1989).

46) Maes D., Vervisch S., Debenedetti S., Davio C., Mangelinckx S.,
Giubellina N., De Kimpe N.; Tetrahedron, 61, 25052511 (2005).

M.. J. Org. Chem., 72, 5244—5259 (2007).
69) Narasimhan N. S., Mali R. S. Bgrve M. V., SvnthesLs, 1979, 906—

909 (1979).

70) Ohkatsu Y, Kubota S.. Sato T. J. Jpn. Petrol. Inst., S1, 348-355
(2008).

71) VeLﬁadi C., Topakis E., Wong K. K. Y., Suckling 1. D. ChristaLo-
poulos P., Tetrahedron Asymmetry, 16, 373-379 (2005).

72) Lukin A. Y., Shevyakov S. V. Laptev A. V. Davydova O. L., Shvets
V. L Deming O. V. Strok_ach Y. P, Barachevskx V. A, Alfimov M.
V., Gromov S. P., Vedernil;ov A. 1., Lugtenburg J., Khodonov A. A.
J. Incl. Pehenom. Macro., 49, 153—161 (2004).

73) Jagdale A. R, Reddy R. S.. Sudalai A Tetrahedron Asymmetry, 20

47) Yang X.. Yao Y, Qin Y, Hou Z. Yang R.. Miao F., Zhou L.. Chen.
Pharm._Bull., 61, 731-739 (2013).

48) Xu C., Gao J.-C., Zhang J., Jiang S.-D., Synthesis, 27, 1209-1212
(2010).

49) Xu G, Wu J. P, Ai X. M., Yang L. R.. Chin_Chem, Lett, 18

335-339 (2009).

74) Sanchez-Viesca F., Ciencia (Mexico City), 25, 25-30 (1966).

75) T;Lnoguchi M. Kashimg T. S;lika H., Inoue T., Arimoto M., Yama-
guchi H., Chem. Pharm. Bull., 37, 68—72 (1989).

76) Aldou_s D. J.. Batsanov A. S., Yufit D. S., Da_lencon A.J., Dutton W.

643646 (2007).

50) Ma Y. N., Yang X. J., Pan L., Hou Z., Geng H. L., Song X. P., Zhou

M., Steel P. G., Org. Biomol. Chem., 4, 2912-2927 (2006).
77) Rochette E. M., Lewis W., Dossetter A. G. Stockm&n R. A., Chem.

L., Miag F.. Chem. Pharm. Bull, 61, 204211 (2013).
s __Yang R.. Ruan Q. Zhang B. Y. Zheng Z. L. Miao F. Zhou L.

Commun. (Cambridge, United Kingdom). 49, 9395-9397 (2013).
78) Chintgeddv V. R., Ellern A., Verlglde J. G., J. Org. Chem., 75

Geng H. L., Molecules, 19, 8051-8066 (2014).

52) Miao F.,, Yang X. J., Ma Y. N., Zheng F., Song X. P., Zhou L.,
Chem. Pharm. Bull., 60, 1508—1513 (2012).

33) Burke T. R, Jr. Fesen M., Mazumder A.. Yung J.. Wang J.. Caroth-
ers A. M., Grunberger D., Driscoll J., Pommier Y., Kohn K., J.
Med. Chem., 38, 4171-4178 (1995).

54) Cardona W., Saez J., Trop. J. Pharm. Res., 10, 671-680 (2011).

35) Buck S. B.. Hardouin C. Ichikawa S.. Soenen D. R.. Gauss C. M.,

71667174 (2010).

79) Nakazaki M., Yamggami K., Isoe S., Bull. Chem. Soc. Jpn., 34
11891194 !l961 ):

80) Liu J., Liu H., Wang L., Appl. Organomet. Chem., 24, 386-391
(2010).

81) Chen Y., Huang L., Ranade M. A., Zhang X. P., J. Org. Chem., 68

37143717 (2003).

82) Chgtteriee A. K., Choi T.-L., Sgnders D. P., Grubbs R. H., J. Am.

Hwang .. Swingle M. R.. Bonness K. M., Honkanen R., Boger D.
L., J Am._Chem. Soc., 125, 1569415695 (2003).

36) de Fatima A.. Kohn L. K.. de Carvalho J. E.. Pilli R. A.. Bioorg.

Chem. Soc., 125, 11360—11370 (2003).
83) Lee J-E. YunJ. Angew. Chem. Int. Ed., 47, 145147 (2008).
84) Su Y.-H., Wu Z. Tiin S.-K., Chem. Commun. (Cambridge, United

Med._Chem., 14, 622631 (2006).
57) Aponte J. C., Castillo D., Estevez Y., Gonzalez G., Arevalo J., Ham-

Kingdom), 49, 6528—6530 (2013).
85) Amatore M. Gosmini C., Périchon J., J. Org. Chem., 71, 6130—-6134

monda G. B., Sauvain M., Bioorg. Med. Chem. Lett., 20, 100—-103

(2006).


http://dx.doi.org/10.1016/j.ejmech.2009.06.029
http://dx.doi.org/10.1016/j.ejmech.2009.06.029
http://dx.doi.org/10.2174/157340607781745410
http://dx.doi.org/10.2174/157340607781745410
http://dx.doi.org/10.1055/s-2002-32081
http://dx.doi.org/10.1055/s-2002-32081
http://dx.doi.org/10.1021/np980153o
http://dx.doi.org/10.1016/j.neuroscience.2009.10.023
http://dx.doi.org/10.1016/j.neuroscience.2009.10.023
http://dx.doi.org/10.1016/j.lfs.2007.05.007
http://dx.doi.org/10.1016/j.lfs.2007.05.007
http://dx.doi.org/10.1016/S0960-894X(00)00684-3
http://dx.doi.org/10.1016/S0960-894X(00)00684-3
http://dx.doi.org/10.1007/s00044-013-0741-y
http://dx.doi.org/10.1007/s00044-013-0741-y
http://dx.doi.org/10.3390/molecules16118945
http://dx.doi.org/10.3390/molecules16118945
http://dx.doi.org/10.1007/s00436-012-2816-y
http://dx.doi.org/10.1007/s00436-012-2816-y
http://dx.doi.org/10.1007/s00436-012-2816-y
http://dx.doi.org/10.1021/ja0722022
http://dx.doi.org/10.1021/ja0722022
http://dx.doi.org/10.1002/adsc.200404338
http://dx.doi.org/10.1002/adsc.200404338
http://dx.doi.org/10.1021/jo00283a025
http://dx.doi.org/10.1021/jo00283a025
http://dx.doi.org/10.1016/j.tet.2004.12.061
http://dx.doi.org/10.1016/j.tet.2004.12.061
http://dx.doi.org/10.1248/cpb.c13-00221
http://dx.doi.org/10.1248/cpb.c13-00221
http://dx.doi.org/10.1016/j.cclet.2007.04.003
http://dx.doi.org/10.1016/j.cclet.2007.04.003
http://dx.doi.org/10.1248/cpb.c12-00876
http://dx.doi.org/10.1248/cpb.c12-00876
http://dx.doi.org/10.3390/molecules19068051
http://dx.doi.org/10.3390/molecules19068051
http://dx.doi.org/10.1021/jm00021a006
http://dx.doi.org/10.1021/jm00021a006
http://dx.doi.org/10.1021/jm00021a006
http://dx.doi.org/10.1021/ja038672n
http://dx.doi.org/10.1021/ja038672n
http://dx.doi.org/10.1021/ja038672n
http://dx.doi.org/10.1016/j.bmc.2005.08.036
http://dx.doi.org/10.1016/j.bmc.2005.08.036
http://dx.doi.org/10.1016/j.bmcl.2009.11.033
http://dx.doi.org/10.1016/j.bmcl.2009.11.033
http://dx.doi.org/10.1016/j.bmcl.2009.11.033
http://dx.doi.org/10.1016/j.biopha.2008.08.024
http://dx.doi.org/10.1016/j.biopha.2008.08.024
http://dx.doi.org/10.1016/j.biopha.2008.08.024
http://dx.doi.org/10.1021/jo047904d
http://dx.doi.org/10.1021/jo047904d
http://dx.doi.org/10.3987/COM-02-S23
http://dx.doi.org/10.3987/COM-02-S23
http://dx.doi.org/10.1021/ol100610v
http://pubs.acs.org/doi/abs/10.1021/jo01031a535
http://dx.doi.org/10.1021/ja1112518
http://dx.doi.org/10.1021/ja1112518
http://dx.doi.org/10.1016/j.tet.2006.01.027
http://dx.doi.org/10.1016/j.tet.2006.01.027
http://dx.doi.org/10.1139/v69-519
http://dx.doi.org/10.1002/ejoc.200600561
http://dx.doi.org/10.1021/jo070665k
http://dx.doi.org/10.1021/jo070665k
http://dx.doi.org/10.1055/s-1979-28871
http://dx.doi.org/10.1055/s-1979-28871
http://dx.doi.org/10.1627/jpi.51.348
http://dx.doi.org/10.1627/jpi.51.348
http://dx.doi.org/10.1016/j.tetasy.2004.11.037
http://dx.doi.org/10.1016/j.tetasy.2004.11.037
http://dx.doi.org/10.1023/B:JIPH.0000031129.76475.6c
http://dx.doi.org/10.1023/B:JIPH.0000031129.76475.6c
http://dx.doi.org/10.1023/B:JIPH.0000031129.76475.6c
http://dx.doi.org/10.1023/B:JIPH.0000031129.76475.6c
http://dx.doi.org/10.1016/j.tetasy.2009.01.019
http://dx.doi.org/10.1016/j.tetasy.2009.01.019
http://dx.doi.org/10.1248/cpb.37.68
http://dx.doi.org/10.1248/cpb.37.68
http://dx.doi.org/10.1039/b604952d
http://dx.doi.org/10.1039/b604952d
http://dx.doi.org/10.1039/c3cc45452e
http://dx.doi.org/10.1039/c3cc45452e
http://dx.doi.org/10.1021/jo1012515
http://dx.doi.org/10.1021/jo1012515
http://dx.doi.org/10.1246/bcsj.34.1189
http://dx.doi.org/10.1246/bcsj.34.1189
http://dx.doi.org/10.1021/jo0341158
http://dx.doi.org/10.1021/jo0341158
http://dx.doi.org/10.1021/ja0214882
http://dx.doi.org/10.1021/ja0214882
http://dx.doi.org/10.1002/anie.200703699
http://dx.doi.org/10.1039/c3cc42994f
http://dx.doi.org/10.1039/c3cc42994f
http://dx.doi.org/10.1021/jo060855f
http://dx.doi.org/10.1021/jo060855f

