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A series of novel cyanoacrylates containing furan or tetrahydrofuran moieties were synthesized, and
their structures were characterized by *H NMR, elemental analysis, and single-crystal X-ray diffraction

analysis. The herbicidal, plant growth regulatory,

fungicidal, and antiviral activities of these

cyanoacrylates were evaluated. The results of herbicidal activities showed that most of these
cyanoacrylates exhibited higher herbicidal activities against dicotyledonous weeds than monocotyl-
edonous weeds, and the compounds containing the tetrahydrofuran moiety gave higher herbicidal
activities than corresponding furan analogues; (2)-ethoxyethyl 2-cyano-3-isopropyl-3-(tetrahydrofuran-
3-yl)methaneaminoacrylate showed excellent herbicidal activities against amaranth pigweed in
postemergence treatment at a dose of 375 g/ha. At the same time, these cyanoacrylates had
interesting plant growth regulatory activities, and some compounds stimulated radicle growth of
cucumber, whereas some compounds had an inhibitory effect. These cyanoacrylates showed

fungicidal activities as well.
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INTRODUCTION

The herbicidal activity of cyanoacrylates has attracted
considerable attention for decadés-6). These compounds are
inhibitors of photosystem Il (PSII) electron transport, and they
inhibit the growth of weeds by disrupting photosynthetic electron
transport at a common binding domain on the 32 kDa polypep-
tide (D1 protein) of the PSII reaction center. In recent years,
we have been focusing on modifying thédroup and its effects
on the herbicidal activityd—10). Among these cyanoacrylates,
cyanoacrylate®2 containing pyridyl exhibit high herbicidal
activities, of which compound has excellent herbicidal activity

(8).
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Bioisosterism is an effective way to optimize bioactive
compoundsX1). The development of neonicotinoids represents

promising class of insecticides with excellent chemical and
biological properties. The first successful member of this family
is imidacloprid4, developed by Nihon Bayer Agrochem KK in
1991 (12). As a subclass chloronicotinyl compounds, nitenpyram
5 from Takada Chemical Industrie43), acetamiprics from
Nippon Soda 14), and thiaclopridZ from Bayer CropScience
(15) were brought to the market in 1995, 1996, and 2000,
respectively. In the development of a novel insecticide, 2-chloro-
5-thiazolyl compound, named thiamethoxam, was developed
by Novartis Crops Protection in 199814, 17). Another,
clothianidin 9, was introduced to the market by Bayer Crop-
Science in 2002 18). Dinotefuran10 with a tetrahydro-3-
furylmethyl group instead of an aromatic heterocyclic ring was
developed by Mitsui Chemicals and was first registered in Japan
in 2002 (9, 20). 2-Chloro-5-thiazole and tetrahydro-3-furan are
bioisosteric analogues of 2-chloro-5-pyridine. Encouraged by
these reports, we developed an idea that the replacement of
2-chloro-5-pyridy! unit with 2-chlorothiazoyl or tetrahydro-3-
furfuryl in 2 could improve their herbicidal activities.

In previous work, we have reported the syntheses of cy-
anoacrylates containing the 2-chloro-5-thiazoyl group and their
excellent herbicidal activitie®). Herein, we report the synthesis
of a series of novel cyanoacrylates containing furan or tetrahy-
drofuran moieties and their evaluation for herbicidal activities.
Because cyanoacrylates have been shown to be important

a successful example of bioisosterism. Neonicotinoids are ascaffolds with broad spectrum biological activitieal(25),
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these title compounds were also subjected to fungicidal, plant
growth regularity, and antiviral assays.
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MATERIALS AND METHODS

Synthetic Procedures.The melting points of the products were
determined on an X-4 binocular microscope (Beijing Tech Instrument
Co., Beijing, China) and were not corrected. Proton NMR spectra were
obtained at 300 MHz using a Bruker AC-P 300 spectrometer. Chemical
shift values §) are given in ppm and were downfield from internal
tetramethylsilane. Elemental analyses were determined on a Yanac
CHN Corder MT-3 elemental analyzer. The reagents were all analyti-
cally or chemically pure. All solvents and liquid reagents were dried
in advance and distilled before use. 2-Cyano-3,3-(dimethylthio)acrylate
19a and 2-cyano-3-alkyloxy-3-alkylacrylateEOb—e were prepared
according to the published procedu® 9). (£)-(Tetrahydrofuran-2-
yl)methanamine (18) was purchased from Acros.
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Synthesis of Furan-2-ylmethanamine (12)To a mixture of furfural
(9.61 g, 0.10 mol) and hydroxylamine hydrochloride (8.69 g, 0.13 mol)
in water (15 mL) was added dropwise sodium carbonate (6.63 g, 0.05
mol) in water (25 mL). Then, the mixture was heated to reflux for 1 h.
After the mixture was cooled and filtered, 2-furfural oxinté was
collected as a solid. The mother liquid was extracted by dichlo-
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g, 0.1 mol), and a catalytic amount of AIBN (0.49 g) in carbon
tetrachloride (150 mL) was heated to reflux for 2 h. Then, the mixture
was cooled and filtered, and the filtrate was washed with water (20
mL x 2). The organic layer was dried over anhydrous magnesium
sulfate, filtered, and condensed under reduced pressure to give 2,2,2-
trichloro-1-(furan-3-yl)ethanoneld) (27.5 g) in 100% yield as a brown

oil, which was used without further purificatiotd NMR (CDCl): 6

%.96 (s, 1H), 7.50 (s, 1H), 8.36 (s, 1H).

Synthesis of Furan-3-carboxamide (15)The reaction of compound
14(0.95 g, 4.45 mmol) and ammonia (5 mL) was carried out in a sealed
tube at 80°C for 8 h. Then, the mixture was diluted with water and
continuously extracted by dichloromethane for 4 h. The organic layer
was dried over anhydrous magnesium sulfate and filtered. The filtrate
was concentrated under reduced pressure to give furan-3-carboxamide
(15) as a solid (0.46 g, 93.0%); mp 17576 °C. *H NMR (CDCl):

6 6.81 (s, 1H), 7.15 (s, 1H, NH), 7.62 (s, 1H, NH), 7.69 (s, 1H), 8.15
(s, 1H).

Synthesis of Furan-3-ylmethanamine (16).Under a nitrogen
atmosphere, compourid was added in single portion to a mixture of
lithium aluminum tetrahydride (0.41 g) in dry ether (50 mL), and the
mixture was heated to reflux for 6 h. Then, water (2 mL) was dropwise
added and 25% aqueous potassium hydroxide solution was then added
dropwise until the solid in the mixture was dissolved. Then, the mixture
was extracted by dichloromethane and the organic layer was dried over
anhydrous magnesium sulfate. After the mixture was filtered, the filtrate
was concentrated under reduced pressure to give furan-3-ylmethanamine
(16) as a yellow oil (0.2 g, 69.4%), which was used without further
purification.'H NMR (CDCl): 6 1.94 (s, 2H, NH), 3.60 (s, 2H, CH),

6.27 (s, 1H), 7.24 (s, 1H), 7.27 (s, 1H).

Synthesis of &)-(Tetrahydrofuran-3-yl)methanamine (17). Com-
pound16 (0.5 g, 5.1 mmol) and 5% Pd/C (0.2 g) in ethanol (10 mL)
were hydrogenated at 100 atm and room temperature for 40 h. Then,
the mixture was filtered and the solid was washed by ethanol (5<mL
4). The filtrate was concentrated under reduced pressure to five (
(tetrahydrofuran-3-yl)methanamin&?) in 77.5% yield as a yellow oil
IH NMR (CDCl): ¢ 1.53—1.64 (m, 2H), 1.992.10 (m, 1H), 2.23
2.37 (m, 1H), 2.7%2.73 (m, 1H), 3.48-3.53 (m, 1H), 3.7+3.79 (m,
1H), 3.83—3.91 (m, 2H), 4.83 (s, 2H).

General Synthetic Procedures for Target Compounds 20ae,
2la—e, 22a—e, and 23ae. A mixture of intermediatel9 (5 mmol)
and 18 (or 12,16, or17; 6 mmol) and ethanol (12 mL) was refluxed
for 1—3 h and then evaporated under reduced pressure to give crude
product. The product was purified by vacuum column chromatography
on a silica gel.

romethane, and the extract was dried over anhydrous magnesium sulfate Data for 20a. Yield, 90.1%; mp 6769 °C. 'H NMR (CDCk): ¢

and filtered, and the solvent was evaporated to give another crop of
compoundll. Compoundll was obtained (10.97 g, 98.8% yield),
mp: 78—80°C, which was used without further purification.

To a mixture of compound.l (2.22 g, 20 mmol) and Raney Ni

1.21 (t,3)un = 7 Hz, 3H, CH), 1.52—1.63 (m, 1H, THF), 1.882.10
(m, 3H), 2.66 (s, 3H, SCH), 3.54—3.64 (m, 3H), 3.70 () = 5 Hz,
2H, OCH), 3.75-3.84 (m, 2H, THF), 3.883.95 (m, 1H, THF), 4.02

4.10 (m, 1H, THF), 4.30 (B4 = 5 Hz, 2H, CQCH,), 10.21 (s, 1H,

(1 g) in ethanol (20 mL), hydrogen was bubbled for 12 h. Then, the NH). Anal. calcd for GsH2:N,O,S: C, 53.48; H, 7.05; N, 8.91.
mixture was filtered and the solid was washed with ethanol (5smL Found: C, 53.44; H, 7.01; N, 8.95.
2). The filtrate was combined and dried over anhydrous magnesium Data for 20b. Yield, 91.5%; mp 33-35 °C. *H NMR (CDCl): ¢
sulfate, filtered, and evaporated under reduced pressure to give furan-1.21 (t,*Jws = 7 Hz, 3H, CH), 1.53—1.65 (m, 1H, THF), 1.872.11
2-ylmethanamine (12) (27.5 g) as an oil in 60.0% yield, which was (m, 3H), 2.30 (s, 3H, CkJ}, 3.29-3.37 (1H, THF), 3.48-3.61 (m, 3H),
used in the next procedure without further purification. 3.69 (t,%Jun = 5 Hz, 2H, OCH), 3.76—3.83 (m, 1H, THF), 3.88
Synthesis of 2,2,2-Trichloro-1-(4,5-dihydrofuran-3-yl)ethanone 3.95 (m, 1H, THF), 4.01—4.10 (m, 1H, THF), 4.29 3844 = 5 Hz,
(13). A mixture of 2,3-dihydrofuran (2.10 g, 30 mmol) and pyridine 2H, CO:CH;), 10.10 (s, 1H, NH). Anal. calcd forsgH:N204: C, 59.56;
(2.77 g, 35 mmol) im-hexane (50 mL) was cooled t015 °C. To the H, 7.85; N, 9.92. Found: C, 59.32; H, 7.80; N, 9.92.
mixture, trichloroacetyl chloride (5.41 g, 30 mmol) imhexane (10 Data for 20c. Yield, 76.3%; mp 34-36 °C. *H NMR (CDCl): ¢
mL) was dropwise added and the mixture was stirrgddftn atroom 1.19-1.27 (m, 6H), 1.541.66 (m, 1H, THF), 1.962.11 (m, 3H), 2.62
temperature. Hydrochloric acid (10%, 25 mL) was then added to the (g, 3Jus = 8 Hz, 2H, CH), 3.30—3.39 (m, 1H, THF), 3.493.61 (m,
mixture. The organic layer was washed successively with hydrochloric 3H), 3.69 (t,%Jun = 5 Hz, 2H, OCH), 3.77—3.8 (m, 1H, THF), 3.89
acid (10%, 50 mL), sodium carbonate (10%, 40 mL2), and water 3.97 (m, 1H, THF), 4.02—4.10 (m, 1H, THF), 4.27 844 = 5 Hz,
(40 mL). Then, the organic layer was dried over anhydrous magnesium 2H, CO,CH,), 10.07 (s, 1H, NH). Anal. calcd forH,4N,O4: C, 60.79;
sulfate and filtered, and the solvent was evaporated under reducedH, 8.16; N, 9.45. Found: C, 60.81; H, 8.06; N, 9.35.
pressure to afford 2,2,2-trichloro-1-(4,5-dihydrofuran-3-yl)ethanB ( Data for 20d. Yield, 90.3%; mp 4244 °C. *H NMR (CDCL): 6
as an orange oil (5.3 ¢, 82.1%); bp 9C/6 mm Hg.'H NMR 1.06 (t,3Jun = 7 Hz, 3H, CH), 1.19 (t,%Juy = 7 Hz, 3H, CH), 1.53—
(CDCl): 6 3.05 (t,3us = 10 Hz, 2H), 4.66 (t3Jun = 10 Hz, 2H), 1.69 (d, 4H), 1.94 (m, 2H, C#), 2.01—2.08 (m, 1H, THF), 2.542.59
7.85 (s, 1H). (m, 2H), 3.29-3.36 (m, 1H), 3.4#3.53 (m, 1H, THF), 3.57 (t,
Synthesis of 2,2,2-Trichloro-1-(furan-3-yl)ethanone (14)A mix- 8Jun = 5 Hz, 2H, OCH), 3.68 (t,%Jun = 5 Hz, 2H), 3.77#3.83 (m,
ture of compoundl3 (21.6 g, 0.1 mol), N-bromosuccinimide (17.8  1H, THF), 3.89-3.95 (m, 1H, THF), 4.024.08 (m, 1H, THF), 4.28
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(t, 3Jun = 5 Hz, 2H, CQCHy,), 10.08 (s, 1H, NH). Anal. calcd for
CieH26N204: C, 61.91; H, 8.44; N, 9.03. Found: C, 61.98; H, 8.36; N,
8.96.

Data for 20e. Yield, 80.6%; mp 46-47 °C. *"H NMR (CDCl): o
1.21 (t,%3un = 7 Hz, 3H, CH), 1.40 [d, 6H, C(CH)g], 1.55—1.66 (m,
1H, THF), 1.96-2.11 (m, 3H), 3.173.26 (m, 1H), 3.373.35 (m, 1H,
THF), 3.54—3.62 (m, 3H), 3.69 (8Jun = 5 Hz, 2H, OCH), 3.78—
3.86 (m, 1H, THF), 3.963.97 (m, 1H, THF), 4.024.10 (m, 1H, THF),
4.29 (t,%Jun = 5 Hz, 2H, CQCHy), 10.43 (s, 1H, NH). Anal. calcd for
C16H26N204: C, 6191, H, 844, N, 9.03. Found: C, 6189, H, 830, N,
8.95.

Data for 21a. Yield, 94.0%; mp 46-42 °C. *H NMR (CDCl): o
1.21 (t,%Jun = 7 Hz, 3H, CH), 2.67 (s, 3H, SCH), 3.57 (9,3un = 7
Hz, 2H, OCH), 3.69 (t,%Jun = 5 Hz, 2H, OCH), 4.29 (t,3Jus = 5
Hz, 2H, CQCH,), 4.78 (d,*Juns = 6 Hz, 2H, CHNH), 6.28—6.29 (m,
1H, furan), 6.34—6.36 (m, 1H, furan), 7.40 (m, 1H, furan), 10.24 (m,
1H, NH). Anal. calcd for G4H1gN20,S: C, 54.18; H, 5.85; N, 9.03.
Found: 54.12; H, 5.90; N, 8.97.

Data for 21b. Yield, 76.8%; yellow oil.*H NMR (CDCls): ¢ 1.20
(t, 3Juu = 7 Hz, 3H, CH), 2.34 (s, 3H, CH), 3.57 (9,34 = 7 Hz,
2H, OCH), 3.68 (t,%Jun = 5 Hz, 2H, OCH), 4.28 (t,3Jus = 5 Hz,
2H, CO,CHy), 4.39 (d,2Jun = 6 Hz, 2H, CHNH), 6.37 (s, 1H, furan),
7.41 (s, 1H, furan), 7.45 (s, 1H, furan), 10.15 (m, 1H, NH). Anal. calcd
for Ci4H18N204: C, 60.42; H, 6.52; N, 10.07. Found: 60.38; H, 6.55;
N, 10.02.

Data for 21c. Yield, 72.0%; yellow oil.'H NMR (CDCl): 6 1.20
(t, 3w = 7 Hz, 3H, CH), 1.29 (1,334 = 7 Hz, 3H, CH), 2.71 (q,
8Jun = 7 Hz, 2H, CH), 3.56 (q,%Jun = 7 Hz, 2H, OCH), 3.68 {t,
3Jun = 5 Hz, 2H, OCH), 4.28 (t,%J4n = 5 Hz, 2H, CQCHy), 4.53 (d,
3Jun = 6 Hz, 2H, CHNH), 6.28—6.29 (m, 1H, furan), 6.35%5.36 (M,
1H, furan), 7.41 (m, 1H, furan), 10.09 (m, 1H, NH). Anal. calcd for
CisH20N204: C, 61.63; H, 6.90; N, 9.58. Found: C, 61.58; H, 6.90; N,
9.66.

Data for 21d. Yield, 75.4%; yellow oil.'H NMR (CDCl): 6 1.09
(t, 3Jun = 7 Hz, 3H, CH), 1.20 (t,%Jun = 7 Hz, 3H, CH), 1.63—1.76
(m, 2H, CH), 2.65 (t,3Jus = 7 Hz, 2H, CH), 3.56 (9,3Jun = 7 Hz,
2H, OCH), 3.68 (t,%Juy = 5 Hz, 2H, OCH), 4.27 (t,3Jun = 5 Hz,
2H, CO,CHy), 4.51 (d,3Jun = 6 Hz, 2H, CHNH), 6.27—6.28 (m, 1H,
furan), 6.35—6.36 (m, 1H, furan), 7.41 (m, 1H, furan), 10.12 (m, 1H,
NH). Anal. calcd for GeH2oN2O4: C, 62.73; H, 7.24; N, 9.14. Found:
C, 62.70; H, 7.28; N, 9.11.

Data for 21e.Yield, 78.3%; mp 2729 °C. 'H NMR (CDCl): ¢
1.20 (t,3Jun = 7 Hz, 3H, CH), 1.42 (d,3Jun = 7 Hz, 6H, CH, CH),
3.57 (9,3 = 7 Hz, 2H, OCH), 3.69 (t,%Jun = 5 Hz, 2H, OCH),
4.28 (t,3Juy = 5 Hz, 2H, CQCH,), 4.57 (d,3Jun = 6 Hz, 2H, CH-
NH), 6.27—6.28 (m, 1H, furan), 6.3%.37 (m, 1H, furan), 7.41 (m,
1H, furan), 10.42 (m, 1H, NH). Anal. calcd forg2.N-O4: C, 62.73;

H, 7.24; N, 9.14. Found: C, 61.79; H, 7.19; N, 9.21.

Data for 22a. Yield, 90.8%; yellow oil.'H NMR (CDCl): ¢ 1.21
(t, 3Jun = 7 Hz, 3H, CH), 1.58—1.69 (m, 1H, THF), 2.052.18 (m,
1H, THF), 2.46-2.60 (m, 1H, THF), 2.69 (s, 3H, SGH 3.54—3.63
(m, 5H), 3.70 (t2Jun = 5 Hz, 2H, OCH), 3.76—3.96 (m, 3H, THF),
4.30 (t,%Jun = 5 Hz, 2H, CQCH_), 10.13 (s, 1H, NH). Anal. calcd for
C14H2oNO4S: C, 53.48; H, 7.05; N, 8.91. Found: C, 53.38; H, 6.98;
N, 9.12.

Data for 22b. Yield, 83.9%; mp 26-28 °C. 'H NMR (CDCl): o
1.21 (t,3J4y = 7 Hz, 3H, CH), 1.58—1.69 (m, 1H, THF), 2.162.21
(m, 1H, THF), 2.29 (s, 3H, Ck), 2.49—2.59 (1H, THF), 3.283.41
(m, 2H, THF), 3.54—3.61 (m, 3H), 3.69 @Jun = 5 Hz, 2H, OCH),
3.76—3.87 (m, 2H, THF), 3.963.97 (m, 1H, THF), 4.29 (£J4y =5
Hz, 2H, CQCH), 10.00 (s, 1H, NH). Anal. calcd for GH2:N,O4: C,
59.56; H, 7.85; N, 9.92. Found: C, 59.74; H, 7.71; N, 10.13.

Data for 22c. Yield, 72.0%; mp 35-36 °C. '"H NMR (CDCl): o
1.19-1.29 (m, 6H), 1.59-1.72 (m, 1H, THF), 2.182.22 (m, 1H, THF),
2.46-2.65 (m, 3H), 3.2#3.43 (m, 2H, THF), 3.543.61 (m, 3H), 3.69
(t, 3Jun = 5 Hz, 2H, OCH), 3.76—3.87 (m, 2H, THF), 3.90—3.97 (m,
1H, THF), 4.28 (1334 = 5 Hz, 2H, CQCH;), 9.94 (s, 1H, NH). Anal.
calcd for GsH24N2O4: C, 60.79; H, 8.16; N, 9.45. Found: C, 60.93;
H, 8.17; N, 9.54.

Data for 22d. Yield, 70.2%; mp 43-45°C. *H NMR (CDCl): ¢
1.08 (t,3J4 = 7 Hz, 3H, CH), 1.21 (t,3J4u = 7 Hz, 3H, CH), 1.59—
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1.73 (m, 3H), 2.10—2.21 (m, 1H, THF), 2.45—2.58 (m, 3H), 3.29—
3.42 (m, 2H, THF), 3.533.61 (m, 3H), 3.69 (t3Jun = 5 Hz, 2H,
OCH,), 3.76—3.87 (m, 2H, THF), 3.90—3.97 (m, 1H, THF), 4.28 (t,
8Jwn = 5 Hz, 2H, CQCHy), 9.97 (s, 1H, NH). Anal. calcd for
CigH26N204: C, 61.91; H, 8.44; N, 9.03. Found: C, 61.81; H, 8.41; N,
9.19.

Data for 22e.Yield, 80.6%; mp 5456 °C. *H NMR (CDCl): ¢
1.21 (t,33uy = 7 Hz, 3H, CH), 1.40 [d, 6H, C(CH)3], 1.59—1.70 (m,
1H, THF), 2.1+-2.22 (m, 3H), 2.452.58 (m, 1H, THF), 3.173.26
(m, 1H, THF), 3.32-3.49 (m, 2H), 3.533.62 (m, 3H), 3.70 (t,
8Jun = 5 Hz, 2H, OCH), 3.74—3.97 (m, 3H), 4.28 (Jun = 5 Hz,
2H, CO,CHy), 10.32 (s, 1H, NH). Anal. calcd for{H26N-04: C, 61.91;

H, 8.44; N, 9.03. Found: C, 61.93; H, 8.29; N, 9.25.

Data for 23a. Yield, 91.9%; yellow oil.'H NMR (CDCl): 6 1.20
(t, 3Jun = 7 Hz, 3H, CH), 2.70 (s, 3H, SCh), 3.57 (q,3Jun = 7 Hz,
2H, OCH), 3.69 (t,%Jun = 5 Hz, 2H, OCH), 4.29 (t,3Jus = 5 Hz,
2H, COCHy), 4.63 (d,3Jun = 6 Hz, 2H, CHNH), 6.37 (s, 1H, furan),
7.42—7.43 (m, 2H, furan), 10.18 (m, 1H, NH). Anal. calcd for
C1H1gN2OsS: C, 54.18; H, 5.85; N, 9.03. Found: C, 53.91; H, 5.98;
N, 8.92.

Data for 23b. Yield, 88.6%; yellow oil.*H NMR (CDCl): ¢ 1.20
(t, 33un = 7 Hz, 3H, CH), 2.34 (s, 3H, CH), 3.57 (q,3Jun = 7 Hz,
2H, OCH), 3.68 (t,%Jun = 5 Hz, 2H, OCH), 4.28 (t,3Jus = 5 Hz,
2H, CO,.CHy), 4.39 (d,*Jun = 6 Hz, 2H, CHNH), 6.37 (s, 1H, furan),
7.41 (s, 1H, furan), 7.44—7.45 (m, 1H, furan), 10.07 (m, 1H, NH).
Anal. calcd for GsH1gN2O4: C, 60.42; H, 6.52; N, 10.07. Found: C,
60.45; H, 6.52; N, 10.02.

Data for 23c. Yield, 69.0%; mp 42-43 °C. *H NMR (CDCl): 6
1.21 (t,%3wn = 7 Hz, 3H, CH), 1.29 €3y = 7 Hz, 3H, CH), 2.71 (q,
33y = 7 Hz, 2H, CH), 3.56 (q,3Juu = 7 Hz, 2H, OCH), 3.68 (t,
8Jun = 5 Hz, 2H, OCH)), 4.28 (t,3Jyn = 5 Hz, 2H, CQCH,), 4.41 (d,
8Jun = 6 Hz, 2H, CHNH), 6.37 (s, 1H, furan), 7.41 (s, 1H, furan),
7.44—7.45 (m, 1H, furan), 10.02 (m, 1H, NH). Anal. calcd for
CisH20N204: C, 61.63; H, 6.90; N, 9.58. Found: C, 61.69; H, 6.92; N,
9.49.

Data for 23d. Yield, 52.5%; mp 6769 °C. 'H NMR (CDCl): ¢
1.08 (t,3Juy = 7 Hz, 3H, CH), 1.21 fJuy = 7 Hz, 3H, CH), 1.64—
1.77 (m, 2H), 2.62 (t3Juy = 7 Hz, 2H, CH), 3.57 (q,3Jun = 7 Hz,
2H, OCH), 3.69 (t,3Juy = 5 Hz, 2H, OCH), 4.27 (t,3Jus = 5 Hz,
2H, CQ,CHy), 4.40 (d,2Jun = 6 Hz, 2H, CHNH), 6.37 (m, 1H, furan),
7.41 (m, 1H, furan), 7.447.45 (m, 1H, furan), 10.04 (m, 1H, NH).
Anal. calcd for GeH2oN2O4: C, 62.73; H, 7.24; N, 9.14. Found: C,
61.67; H, 7.29; N, 8.98.

Data for 23e.Yield, 35.0%; yellow oil.*H NMR (CDCl): 6 1.21
(t, 33y = 7 Hz, 3H, CH), 1.42 (d,334 = 7 Hz, 6H, CH), 3.19—3.28
(m, 1H, THF), 3.57 (q3Jus = 7 Hz, 2H, OCH), 3.69 (t,%Jun = 5 Hz,
2H, OCHp), 4.27 (t,3Jun = 5 Hz, 2H, CQCHy), 4.46 (d 334y = 6 Hz,
2H, CH:NH), 6.37 (m, 1H, furan), 7.41 (m, 1H, furan), 74%.45 (m,
1H, furan), 10.42 (m, 1H, NH). Anal. calcd forg2:N.Os: C, 62.73;

H, 7.24; N, 9.14. Found: C, 61.71; H, 7.22; N, 9.38.

X-ray Diffraction. The crystal structure of the compougdb was
determined, and X-ray intensity data were recorded on a Bruker
SMART 1000 CCD diffraction meter using graphite monochromated
Mo Ko radiation ¢ = 0.71073 A). In the range of 2.4% 6 < 21.06,
3067 independent reflections were obtained. All calculations were
refined anisotropically. All hydrogen atoms were located from a
difference Fourier map and were placed at calculated positions and
were included in the refinements in the riding mode with isotropic
thermal parameters.

Herbicidal Activity Bioassay. The herbicidal activities of com-
pounds20a—e,2la—e,22a—e,23a—e, and3 were evaluated using a
previously reported procedure (7—9).

Plant Material Two dicotyledonous crops, rap8r@assica napus
L.) and amaranth pigweed (Amaranthus retroflexus), and two mono-
cotyledonous crops, alfalfa (Medicago satilzg and hairy crabgrass
[Digitaria sanguinalis (L.) Scop.], were used to test the herbicidal
activities of compounds. The seeds of amaranth pigweed were
reproduced outdoors and stored at room temperature. Seeds of alfalfa
and rape and hairy crabgrass were bought from the Institute of Crop,
Tianjin Agriculture Science Academy.
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Culture Method. The seeds were planted in 6 cm diameter plastic . N e e a
boxes containing artificial mixed soil. Before plant emergence, the DOXES jo 1= mro m2- o, 190 - e R2e ots o oM
were covered with plastic film to retain moisture. Plants were grown g 21, 22, 23: a: R" = MeS, b: R' = Me, ¢: R' = Et. d: R' = Pr-n, e: R = Pr-i
in the green house. The fresh weight of the above ground tissues was aKey: 19, R! = MeS and R? = MeS; 19b, R = Me and R? = OEt,
measured 10 days after treatment. The inhibition percent was used t01g: RI = Et and R? = OMe; 19d, R* = Pr-n and R? = OMe; and 19,
describe the control efficiency of the compounds. R! = Pr-j and R? = OMe. Compounds 20-23: a, R! = Mes; b, Rt = Me;

Treatment. The dosage (activity ingredient) for each compound ¢, R! = Et d, Rt = Pr-n; and e, R! = Pr-i,
corresponded to 1.5 kg/ha. Purified compounds were dissolved in 100
uL of N,N-dimethylformamide with the addition of a little Tween 20 Antiviral Biological Assay. The antiviral activities of the compounds
and then were sprayed using a laboratory belt sprayer delivering a 750,44inst TMV (tobacco mosaic virus) were assayed by the conventional
L/ha spray volume. Compounds were sprayed immediately after seedpf.|eaf method according to the reported meth@d, 30). A fresh
planting (preemergence treatment) or after the expansion of the first g4t of the 5-6 growth stage of tobacco that had been inoculated by
true leaf (postemergence treatment). The mixture of same amount of e jyice-leaf rubbing method (the concentration of TMV was 588
water, N,N-dimethylformamide, and Tween 20 was sprayed as the j15-2 ,g/mL) was cut into two halves along the main vein. The two
control. Each treatment was triplicated. The activity numbers repre- pajyes were immersed into the test solution and double distilled water
sented the percent displaying herbicidal damage as compared t0 thego; 20 min, respectively, and then cultured at @5 for 72 h. Each
control. The error of the experiments was 2%. treatment was performed in triplicate. The in vitro inhibition ratio was

Plant Growth Regulatory Activity Assay. The plant growth  cajcylated by comparing the average numbers of the viral inflammations
regulatory activities of compoun@da—e,21la—e,22a—e, an®23a—e on the two-half leaves according to eq 1.

were evaluated using previously reported procedures3@y,Seeds

of cucumber were incubated at 2€ in the dark for 72 h, and 10
cotyledons were cut offN,N-Dimethylformamide solutions of the test
compounds were prepared at concentrations of 10 mg/L. The experi- ) L o .
ments were conducted in sterile Petri dishes (6 cm diameter) lined with WhereY is the antivirus inhibition ratio (in vitro) (%), CK is the average
a sheet of filter paper. To each dish was added 0.3 mL of the test numbers of viral inflammations on control half leaf (in vitro), and A is
solution, and the solvent was evaporated before addition of 3 mL of the average numbers of viral inflammations on treatment half leaf (in
water, followed by the above cotyledons. Assays were carried out at Vitro)-

26 °C in the dark in an incubator for 5 days. The number of roots was

counted, and the growth regulatory activities were evaluated. Controls ResULTS AND DISCUSSION

were performed under the same conditions, using only water. Each

Y = 100(CK— A)/CK 1)

treatment was performed in triplicate. Synthesis. Intermediate furan-2-ylmethanamine (12) was
Fungicidal Activities Bioassay.The in vitro fungicidal activities synthesized from furfural as shown 8theme 1. Furfural was
of compound20a—e,21a—e,22a—e, an23a—eagainstGibberella  condensed with hydroxylamine hydrochloride to give 2-furfural

zeae Alternaria solani,Physalospora piricolaCercosporaa rachidi-

cola, and Cladosporium cucumerinumvere tested by means of . . .
mycelium growth assays according to a previously reported method catalyst provided furan-2-ylmethanamirie, which was used

(26). The test solution (1 mL, 50 mg/L) was poured into sterile culture without further purification.
plates (9 cm diameter), and agar culture medium (9 mL) was added. Furan-3-ylmethanamine (16) and (tetrahydrofuran-3-yl)-
Sterile water (1 mL) and agar culture medium (9 mL) were used as methanamine 1(7) were prepared from 2,3-dihydrofuran as
controls. The inocula, 4 mm in diameter, were removed from the shown in Scheme 2. 2,3-Dihydrofuran was reacted with
margins of actively growing colonies of mycelium, placed in the centers trichloroacetyl chloride in the presence of pyridine to obtain
of the. above plates, and incubated at Z& The diameter of the _ 2,2,2-trichloro-1-(4,5-dihydrofuran-3-yl)ethanori)in 82.1%
my?ellum was measured for 72 h. Each treatment was performed in yie |4 according to a reported procedugil). The compound
plpate. The inhibition percent was used to describe the control 13was treated with N-bromosuccinimide to give 2,2,2-trichloro-
efficiency of the compounds. 1-(furan-3-yl)ethanone (14), and its reaction with ammonia
yielded furan-3-carboxamidel®). The compoundl5 was
soluble in water; hence, a continuous extract from the aqueous
layer was applied, and the yield was 93.0%, whereas the reported
yield was 70% (32). The reduction of furan-3-carboxamiti) (
using lithium aluminum tetrahydride provided furan-3-ylmetha-

oxime (11), and subsequent reduction using Raney Ni as a

inhibition percent (%)=
(average hyphal diameter in the control
average hyphal diameter in the treatment)/
average hyphal diameter in the control
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Table 3. Herbicidal Activities of Compounds 20-23 and 3 (1.5 kg/ha,
Percent Inhibition, %)

postemergence treatment preemergence treatment
amaranth hairy amaranth hairy
rape pigweed alfalfa crabgrass rape pigweed alfalfa crabgrass
20a 475 378 234 0 0 9.5 21.8 35.7
20b 579 36.4 28.7 7.1 8.5 0 11.3 5.7
20c 637 46.1 22.2 0 7.4 8.4 3.0 0
20d  36.3 164 192 0 0 0 15.0 0

Figure 1. Molecular structure of compound 23h. 206 972 100 605 100 80.0 32 203 400
0

2la 229 30.2 18.6 131 207 105 37.8

- — 21b 201 323 54 172 85 32 120 421
.‘:ﬁl[i " W, gn .- 2c 479 226 359 273 163 95 0 121
PR 5 21d 229 316 126 10 307 0 0 228
- 2le 563 419 263 0 33 63 45 378
F&A&_ﬁyf 2a 505 433 42 0 0 21 0 5.7
B : 22b 523 205 54 0 0 126 75 34
& 22c 680 516 257 111 341 42 60 0
- - 22 588 81 114 10 0 95 0 0
Figure 2. Packing diagram of compound 23b. 2% 882 378 413 576 0 126 23 0
23a 308 288 311 51 0 84 165 0
Table 1. Hydrogen Bonds for Compound 23b 23h  49.8 371 20.4 0 0 211 6.8 228
23c 338 233 0 0 0 116 23 0
bond length (A) or degree (°) 23d 252 143 311 0 0 0 45 357
N(L)-H 0.860 23e 519 274 132 0 0 21 105 336
He-0(2) 1,942 3 100 100 413 899 689 137 15 186
N(1)-+-0(2) 2.638
<N(1)-H-+-0(2) 137.13

Table 4. Herbicidal Activities of Compounds 20e and 3 (Percent
Inhibition, %)

Table 2. Selected Bond Lengths (A) and Torsion Angles (°) of

Compound 23b postemergence treatment
selected lengths  selected  lengths  selected torsion torsion rate amaranth hairy
compd /ha, rape igweed crabgrass
bod (&)  bond  (A) angles angles (°) a (gha) i Py 9
20e 750 70.2 100 67.9

C1-C2 1.330(4) C6-C8  1.398(3) N1-C6-C8-C10 -2.2(3) 375 65.0 100 21
C2-C3 1418(3) C6-C7  1.492(3) N1-C6-C8-C9  -179.07(18) 3 750 100 100

C3-C4 1.339(3) (C8-C9 1.419(3) C6-C8-C10-02 5.5(3) 375 100 923

C4-01 1.349(3) C8-C10 1.438(3) C6-C8-C10-03 —174.03(17)

01-C1 1.365(4) C10-02 1.222(2) (C9-C8-C10-02 -177.5(2)

N1-C6 1316(2) C10-03 1.342(2) C9-C8-C10-03 29(3) length of C(6)—N(1) (1.316 A) bond is shorter than the normal

C—N single bond (1.49 A), which suggest that the electron
) ] ] ] ] density is localized among N(Z)C(6)—C(8)—C(10)-0(2) and
namine (16) in 69.4% yield, and further reduction using Pd/C O(3). Considering the additional hydrogen bond, the atoms
gave (tetrahydrofuran-3-yl)methanamine in 77.5% yigld)( H(1)—N(1)—C(6)—C(8)—C(10)—O(2) are close to planar, and

Intermediated 9 were reacted witli2 or 16—18in refluxing the deviations from the least-squares plane through the atoms
absolute ethanol to give the target compou@@s-23in good are all less than or equal to 0.027 nm. For the furan rings [O(1),
yields (Scheme 3). All of these target compounds were C(1), C(2), C(3), and C(4)], the deviations from the least-squares
confirmed by*H NMR and elemental analysis. plane through the ring atoms are smaller than 0.002 nm. The

Crystal Structure Analysis. Compound23b was recrystal- dihedral angle between the two planes is 76.®&hich is
lized from ethyl acetate/petroleum ether to give colorless crystals reasonable considering the3smnfiguration of C(11).
suitable for X-ray single-crystal diffraction with the following Herbicidal Activities. In our previous work, the cyanoacry-

crystallographic parameterst= 7.5899(16) Ab = 21.892(5) late structure modified by the replacement of phenyl with pyridyl
A, c=9.352(2) A,o. = 90.00°,8 = 106.485(4)°;y = 90.00°, and thiazole showed good herbicidal activiti8s9). To further
u = 0.092,V = 1490.1(6) &, the fact that there are four amplify the interaction of these cyanoacrylates with the lipo-
molecules in the unit cell and the space grd@/n, z = 4, philic binding domain, pyridyl was replaced by tetrahydrofuran
Dy = 1.241 mg/nd, F(000)= 592, T = 294(2) K, 2.45°< 0 < or furan heterocycles in 2-cyanoacrylates, and their herbicidal
21.06°; and the finaR factor, Ry = 0.0438 andvR, = 0.0979. activities were evaluatedTable 3). Most of the compounds

It could be seen from the X-ray single-crystal analysis that 20a—e,2la—e,22a—e, and23a—eshowed greater herbicidal
amino and carbonyl are of the same side of the vinyl, and there activities in postemergence treatment than in preemergence
existed an intramolecular hydrogen bond between the nitrogentreatment. In postemergence treatment, most of the compounds
atom and the oxygen of the carbonfdigure 1 andTable 1). exhibited higher herbicidal activities against dicotyledonous
Selected bond lengths are listedTiable 2. The bond length  weeds (rape and amaranth pigweed) than monocotyledon weeds
of C(6)—C(8) (1.398 A) is longer than normake& (1.34 A), (alfalfa and hairy crabgrass), especially rape. The strueture
C(6)—C(7) (1.492 A), and C(8YC(9) (1.419 A), the bond length  activity relationship according to herbicidal activities against
of C(8)—C(10) (1.438 A) is shorter than normat-C (1.54 rape in the postemergence treatment showed that the compounds
A), the bond length of C(18)O(2) (1.222 A) is shorter than  containing tetrahydrofuran moiety, whether 2- or 3-substituted,
normal C=0 (1.34 A), the bond length of C(10D(3) (1.342 gave higher herbicidal activities than corresponding furan
A) is shorter than normal single-€0 (1.44 A), and the bond  analogues.Z)-Ethoxyethyl 2-cyano-3-isopropyl-3-(tetrahydro-
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Table 5. Plant Growth Regulatory Activities (10 mg/L), Fungicidal Activities (50 mg/L), and Antiviral Activities (100 mg/L) of Compounds 20-23 and
3

fungicidal activities

plant growth antiviral
G. A C. P. C. regulatory activities
Zeae solani rachidicola piricola cucumerinum activities (TMV)

20a 40.0 0 45 17.9 34.2 -0.6

20b 10.0 0 9.1 44.6 132 -6.6 75
20c 20.0 10.7 22.7 375 15.8 24 132
20d 23.3 0 45 32.1 10.5 8.4 0
20e 333 14.3 18.2 28.6 0 325 7.2
21a 36.7 25.0 22.7 16.1 15.8 144

21b 46.7 0 22.7 44.6 21.1 -0.6

21c 20.0 0 27.3 35.7 21.1 114 133
21d 30.0 10.7 9.1 36 132 14.4

21e 233 17.9 22.7 375 132 24 0
22a 0 214 27.3 25.0 21.1 -9.6

22b 0 35.7 27.3 12.5 184 -6.6

22¢ 20.0 179 9.1 39.3 79 415 7.2
22d 0 10.7 27.3 411 21.1 5.4 9.4
22e 0 0 9.1 17.9 5.3 144 49
23a 36.7 36 9.1 12.5 13.2 14.4 8.0
23b 333 0 136 44.6 36.8 -18.6

23c 333 10.7 45 35.7 26.3 234

23d 16.7 25.0 318 12.5 211 -6.6 0
23e 0 25.0 22.7 304 13.2 114

3 6.7 7.1 22.7 214 0 -3.6 18.3

furan-3-yl)methaneaminoacrylat2Qg exhibited excellent her-  regulatory, fungicidal, and antiviral activities of these cy-
bicidal activities against amaranth pigweed and hairy crabgrassanoacrylates were evaluated. The results of herbicidal activities
in postemergence treatment. (Z)-Ethoxyethyl 2-cyano-3-meth- showed that most of these cyanoacrylates exhibited higher
ylthio-3-(2-chloro-5-pyridyl)methaneaminoacryla® (vas pre- herbicidal activities against dicotyledonous weeds than mono-
pared for comparison of herbicidal activity. This comparison cotyledonous weeds, and the compounds containing the tet-
(Tables 3and4) clearly showed that the compouB@ehad a rahydrofuran moiety gave higher herbicidal activities than
higher level of herbicidal activities against amaranth pigweed corresponding furan analogues?){ethoxyethyl 2-cyano-3-
and hairy crabgrass in postemergence treatment than compoundsopropyl-3-(tetrahydrofuran-3-yl)methaneaminoacrylate showed
3. In particular, compoun@0e showed excellent herbicidal excellent herbicidal activities against amaranth pigweed in
activities against amaranth pigweed in postemergence treatmenpostemergence treatment even at a dose of 375 g/ha. At the

even at a dose of 375 g/ha. same time, these cyanoacrylates had interesting plant growth
Plant Growth Regulatory Activities. The plant growth regulatory activities, and some compounds stimulated radicle
regulatory activities of compoun@®a—e, 21a—e, 22a—e, 23a— growth of cucumber, whereas some compounds had an inhibi-

e, and3 were evaluated, and their effects on the radicle growth tory effect. These cyanoacrylates showed fungicidal activities
of cucumber were shown ifable 5. Interestingly, some  as well.

compounds, such &)eand?22c, stimulated radicle growth of

cucumber, whereas other compounds, suchais, had an LITERATURE CITED

inhibitory effect: Compoundg0eand22cgave 32.5 and 41.5%

promotion, respectively, and compoup@b gave 18.6% inhibi- (1) Huppatz, J. L; Phillips, J. N. Herbicidal crontonic acid deriva-

tives, their preparation and compositions containing them. U.S.

tion. Patent 4935052, 1990.

Fungicidal Activities. The in vitro fungicidal activities of (2) Huppatz, J. L.; Mcfadden, H. G.; Huber, M.-L.; McCaffery,
compounds20a—e, 2la—e, 22a—e, 23a—e, and 3 against L. F. Cyanoacrylate inhibitors of photosynthetic electron trans-
G. zeaeA. solani,P. piricola, C. rachidicola, andC. cucumeri- port. In Structural Requirements for Inhibitor Potency and
numwere evaluated by means of mycelium growth assays. The Herbicidal Activity; Baker, D. R., Fenyes, J. G., Steffens, J. J.,

Eds.; Synthesis and Chemistry of Agrochemicals Ill; Maple
Press: New Nork, 1992; pp 186—199.

(3) Kluth, J.; Santel, H. J.; Schmidt, R. R. (Bayer AG). 3-Amino-
2-cyanoacrylic acid ester herbicides. U.S. Patent 4832733, 1989.

screening datar@ble 5) revealed that some compounds showed
fungicidal activities. For example, compoung@fa and 21b
exhibited 40 and 46.7% inhibition effect against mycelial growth

of G. zeaerespectively, and compoundb, 21b, and23b (4) Matsunaga, K.; Sato, J.; Omura, H.; Kudose, K.; Yamada, S.;
gave 44.6% inhibition againgt. piricola. No structure-activity Kato, K. 3-Aminoacrylic and derivative and herbicide. JP
relationship was apparent. 2002138075, 2002.

Antiviral Activities. The antiviral activities of some target (5) Everson, A. C.; Coughlin, D. J.; Guaciaro, M. A.; Fleming,
compounds against TMV were evaluated by the conventional L. B.; Maravetz, L. L; Huppatz, J. L3-Amino-a-cyanoacrylates

half-leaf method. To our disappointment, the compounds showed ~__and their use as herbicides. WO 03051823, 2003. =
low antiviral activities as shown iffable 5. (6) Plath, P.; Goetz, N.; Rack, M.; Landes, A.; Zagar, C.; Witschel,

M.; Grossmann, K. Production of-cyanop-aminoacrylates and

In summary, a series of novel cyanoacrylates containing furan their salts useful as herbicides. WO 03051824 2003.
or tetrahydrofuran moieties were synthesized, and their structures (7y wang, Q. M.; Huang, R. Q.; Cao, H. Y.; Sun, H. K.; Li, H.;
were characterized by1 NMR, elemental analysis, and single- Cheng, M. R.; Li, Y. H. Synthesis and herbicidal activity of

crystal X-ray diffraction analysis. The herbicidal, plant growth 2-cyanoacrylates containing heterocycle. CN 1483320, 2004.



2-Cyanoacrylates Containing Furan or THF Moieties

(8) Wang, Q.; Sun, H.; Cao, H.; Cheng, M.; Huang, R. Synthesis
and herbicidal activity of 2-cyano-3-substituted-pyridinemethy-
laminoacrylatesJ. Agric. Food Chem2003,51 (17), 5030—
5035.

(9) Wang, Q.; Li. H.; Cao, H.; Li. Y.; Huang, R. Synthesis and
herbicidal activity of 2-cyano-3-(2-chlorothiazol-5-yl)methy-
laminoacrylates). Agric. Food Cherm2004,52 (7), 1918-1922.

(10) Liu, Y.; Zhao, Q.; Wang, Q.; Li, H.; Huang, R.; Li, Y. Synthesis
and herbicidal activity of 2-cyano-3-(2-fluoro-5-pyridyl)methyl-
aminoacrylates). Fluorine Chem2005,126, 345—348.

(11) Lima, L. M. A.; Barreiro, E. J. Bioisosterism: A useful strategy
for molecular modification and drug desig@urr. Med. Chem.
2005,12 (1), 23—49.

(12) Elbert, A.; Overbeck, H.; lwaya, K.; Tsuboi, S. Imidacloprid, a
novel systemic nitromethylene analogue insecticide for crop
protection.Proc. Brighton Crop Prot. Conf-Pests Dis.1990,

1, 21-28.

(13) Minamida, I.; lwanaga, K.; Tabuchi, T. Synthesis and insecticidal
activity of acyclic nitroethene compounds containing a het-
eroarylethylamino groupl. Pestic. Scil993,18, 41-48.

(14) Takahashi, H.; Mitsui, J.; Takakusa, N. NI-25, a new type of
systemic and broad-spectrum insecticiBeoc. Brighton Crop
Prot. Conf.—Pests Disl992,1, 89-96.

(15) Shiokawa, K.; Tsuboi, S.; Kagabu, S.; Sasaki, S.; Moriya, K.;
Hattori, Y. Preparation of (heterocyclylmethyl)imidazolines,
-thiazolidines, -tetrahydropyrimidines, and -tetrahydrothiazines
as insecticides. EP 235725, 1987.

(16) Senn, R.; Hofer, D.; Hoppe, T.; Angst, M.; Wyss, P.; Brandl,
F.; Maienfisch, P.; Zang, L.; White, S. CGA 293 343: A novel

broad-spectrum insecticide supporting sustainable agriculture

worldwide. Proceedings of the Brighton Crop Protection
Conference—Pest and DiseaseBCPC: Farnham, Surrey,
United Kingdom, 1998; pp 27—36.

(17) Maienfisch, P.; Huerlimann, H.; Rindlisbacher, A.; Gsell, L.;
Dettwiler, H.; Haettenschwiler, J.; Sieger, E.; Walti, M. The
discovery of thiamethoxam: A second-generation neonicotinoid.
Pest Manage. Sck001,57, 165—176.

(18) Uneme, H.; lwanaga, K.; Higuchi, N.; Minamida, I.; Okauchi,
T. Preparation of (pyridylmethyl)guanidines as insecticides. EP
376279, 1990.

(19) Wakita, T.; Kinoshita, K.; Yamada, E.; Yasui, N.; Kawahara,
N.; Naoi, A.; Nakaya, M.; Ebihara, K.; Matsuno, H.; Kodaka,
K. The discovery of dinotefuran: A novel Neonicotinoest
Manage. Sci2003,59, 1016—1022.

(20) Wakita, T.; Yasui, N.; Yamada, E.; Kishi, D. Development of a
novel insecticide, dinotefuranl. Pestic. Sci2005, 30, 122—
1238.

(21) Song, B.; Zhang, H.; Wang, H.; Yang, S.; Jin, L.; Hu, D.; Pang,
L.; Xue, W. Synthesis and antiviral activity of novel chiral
cyanoacrylate derivatived. Agric. Food Chen005,53, 7886—
7891.

J. Agric. Food Chem., Vol. 55, No. 8, 2007 3017

(22) Song, B.; Yang, S.; Zhong, H.; Jin, L.; Hu, D.; Liu, G. Synthesis
and bioactivity of 2-cyanoacrylates containing a trifluorometh-
ylphenyl moiety.J. Fluorine Chem2005,126, 87-92.

(23) Yang, S.; Jin, L. H.; Song, B. A.; Zhong, H. M.; Liu, G. The
preparation method and bioactivity of cyanoacrylate derivatives.
CN 100403507, 2004.

(24) Wang, F. Y.; Xu, S. H.; Ni, J. P.; Diao, Y. M.; Liu, L.; Shen,

X. X.; Hu, E. Y, Li, C. L.; Guo, L. Q.; Ma, H. J. Application

of ethyl 2-cyano-3-amino-3-phenyl acrylate in preventing and

curing plant diseases and insect pests. CN 1559210, 2005.

Wang, F. Y.; Sun, H.; Ni, Y. P.; Li, J.; Guo, L. Q. 2-Cyano-3-

substituted phenylacrylate compounds, compositions and their

preparing process and application as disinfectant of agricultural

crops. CN 1317483, 2002.

Clough, J. M.; Godfrey, C. R. A. The strobilurin fungicides. In

Fungicidal Activity, Chemical and Biological Approaches to

Plant Protection Hutson, D. H., Miyamoto, J., Eds. Wiley Series

in Agrochemicals and Plant Protection; John Wiley & Sons:

Surrey, United Kingdom, 1998; pp 109—148.

Einhellig, F. A.; Schan, M. K.; Rasmunsen, J. A. Synergistic

effects of four cinnamic acid compounds on grain sorgh®feamnt

Growth Regul1983,1, 251—258.

(28) Demuner, A. J.; Barbosa, L. C. A.; Veloso, D. P. New
8-oxabicyclo[3.2.1]oct-6-en-3-one derivatives with plant growth
regulatory activity.J. Agric. Food Chem1998 46, 1173-1176.

(29) Chen, N. C.Pesticide’s Bioassay TechniquBress of Beijin
Agriculture University: Beijing, The PeopkeRepublic of China,
1990; p 194.

(30) Li, H.; Hu, T. S.; Wang, K. L.; Liu, Y. X.; Fan, Z. J.; Huang,
R. Q.; Wang, Q. M. Total synthesis and antiviral activity of
enantioenrichedH)-deoxytylophorinineLett. Org. Chem2006
3(11), 806—810.

(31) Hojo, M.; Masuda, R.; Sakaguchi, S.; Takagawa, M. A conve-
nient synthetic method fg#-alkoxy- ands-phenoxyacrylic acids
and 3,4-dihydro-B-pyran-5- and 2,3-dihydrofuran-4-carboxylic
acids.Synthesi€986,12, 1016—1017.

(32) Zanatta, N.; Faoro, D.; Silva, S. C.; Bonacorso, H. G.; Martins,
M. A. P. Convenient synthesis of furan-3-carboxylic acid and
derivatives.Tetrahedron Lett2004,45, 5689—5691.

(25)

(26)

(27)

Received for review December 16, 2006. Revised manuscript received
February 14, 2007. Accepted February 15, 2007. This work was

supported by the National Key Project for Basic Research (2003CB114400)

and the National Natural Science Foundation of China (20421202) and

Program for New Century Excellent Talents in University (NCET-04-0228).

JF0636519



