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Synthesis and herbicidal properties of vinylsulfonylphenyl triketones
and their related derivatives
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Abstract : Several vinylsulfonylphenyl triketones and 2-alkoxy- and 2-(N,N-diethylamino)
ethanesulfonylphenyl triketones have been synthesized, and their herbicidal activities in flooded paddy field
were studied. Herbicidal effects of vinylsulfonyl triketones 6a-c were not satisfactory, whereas
2-alkoxyethanesulfonylphenyl triketones 7a and 7b showed good herbicidal activities without meaningful
selectivity to rice.
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Sulcotriorie, triketone type herbicide (Michaely, that phenyl vinylsulfones showed a significant
1984), have been evaluated to be a prospectable herbicidal ~ effect ~especially to barnyardgrass,

herbicide alternative to triazine-type herbicide by nonetheless safe to rice in flooded paddy conditions
(Sung, 1995). The compounds 7a-c were readily

obtained by the Michael-type addition either of
alkoxides or amines to the vinylsulfonyl group of
vinylsulfonyl triketones, and their herbicidal

it's highly active to triazine-resisting smooth
pigweed and other broad-leaf weeds, and good
selectivity to com (Wilson, 1990).  This type

herbicides have been known to kill weeds showing activities were evaluated in flooded paddy
bleaching effect, accompanying with accumulation conditions.
of phytoene and diminishing the content of Scheme 1 outlines the synthesis of vinylsulfonyl-

chlorophyll and to have carotencid (Soeda, 1987; phenyl triketones 6 and 7. Hydroxyethylsulfide 3
was prepared through "the nucleophilic substitution

of nitro group of 1 with 2-mercaptoethanol
followed by hydrolysis of the ester group of 2 with
lithium hydroxide at room temperature. Triketones,
with the active site of 4-hydro- xyphenylpyruvate 5a-c and 6 were obtained by the coupling reaction
dioxygenase (Schulz, 1993). Up to now, only two of 1,3-dicyclohexanones with acyl chloride 4,
herbicides, sulcotrione and NTBC, of the triketone prepared by refluxing 3 with thionyl chloride, and
then in situ 1,3-migration reaction of benzoyl group
was performed using acetonecyanohydrine (Montes,
1996; Ueda, 1992). The sulfides in 5 were oxidized
by m-CPBA, and then dehydrochlorination by the
treatment triethylamine of gave the vinylsulfonyl
triketones 6a< in good yields. Vinylsulfonyl
triketones 6 could be transformed to 2-alkoxy-, or
‘Corresponding author 2-(N,N- diethylamino)ethanesulfonylphenyl triketones
(Fax:+82-42-861-0307, E-mail:djjeon@pado.krict.re.kr) 7a-c, respectively, by the Michael-type addition

Mayonado, 1989). It was reported that the
molecular basis for the herbicidal activity of these

herbicides is in their ability to competitively bind

type compounds have been commercialized.

We were interested in preparing triketone type
compounds substituted with vinylsulfonyl group in
place of methansulfonyl group of sulcotrione for the
development of rice herbicide, because we found
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Scheme 1

either of alkoxides or amine to vinylsulfonyl group.
Treatment of vinylsulfones 6a with lithium
hydroxide in aqueous methanol at room tempera-
ture readily afforded the methoxyethanesulfonyl-
phenyl triketones 7a, however, more basic condition
(sodium  ethoxide) was required for the
transformation of 6b to 2-(N, N-diethylamino)
ethanesulfonylphenyl triketone 7b. 2-(N,N-Diethyl-
amino)ethanesulfonylphenyl triketone 7c¢ was readily
obtained by treatment of vinylsulfone 6c with
diethylamine in methylene chloride in good yields.

The herbicidal activity of 5, 6, and 7 were

evaluated under paddy submerged conditions
according to the following methods. The sterilized
paddy soil was filled in a test pot having a surface
area of 140 cm’ and test species were planted. The
test compounds were added on the surface as an
acetone solutions by proper rate. The pots were
placed in a greenhouse and watered for 3 weeks.
The herbicidal activity data were taken visually by
percent control, wherein 0 signifies no herbicidal
effect and 100 signifies complete kill. The results
are summarized in Table 1 and Table 2. As listed

in Table 1, compounds 5a-c showed herbicidal
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effects at a rate of 0.25 kg/ha without selectivity.
Herbicidal effects of vinylsulfonyl triketones 6a-c
were comparably weak with non selectivity to rice,
differently from our expectation. 6a and 6b showed
moderate herbicidal activities at a rate of 4 kg/ha,
while 6c and 7c showed weak herbicidal activity at
a rate of 0.25 kg/ha. Herbicidal effects of 2-alkoxy-
ethanesulfonylphenyl triketones 7a and 7b were
kept up well to the dosage of 63 g/ha, no
meaningful selectivity to rice.

Spectral Data :

2-Chloro-4-(2-hydroxy)thioethoxybenzoic ~ acid ~ propyl
ester (2): "H NMR (CDCL, 200 MHz) & 7.79 - 7.19
(3H, m, Ar), 428 (2H, t, | = 6.6 Hz, COO-CH,-),
383 (2H, q, ] = 59 Hz, O-CH»), 3.18 (2H, t, |
= 6.0 Hz, S-CHy), 235 (1H, t, ] = 55 Hz, -OH),
178 (2H, m, -CHx>), 1.02 GH, t, ] = 73 Hg,
-CHa).

2-Chloro-4-(2-hydroxy)thioethoxybenzoic acid (3): 'H
NMR (acetone-ds, 200 MHz) § 7.89 - 7.31 (3H,
m, Ar), 379 (2H, m, O-CHy), 322 2H, t, | =
6.0 Hz, S5-CHy).

2-[2-Chloro-4-(2-chlorothioethoxy)benzoyl]cyclohexane
-1,3-dione (5a): 'H NMR (CDCl;, 200 MHz) &
731 - 712 BH, m, Ar), 365 (2H, t, ] = 7.5 Hg,
Cl-CHz), 326 (2H, t, ] = 75 Hz, S-CHy), 261
- 219 (4H, m, -CH-CHy), 2.80 - 1.89 (6H, m).
2-[2-Chloro-4-(2-chlorothioethoxy)benzoyl]-4,4-dimeth
ylcyclohexane-1,3-dione (5b): 'H NMR (CDCl,
200 MHz) § 721 - 700 (3H, m, Ar), 3.55 (2H,
m, CI-CHy), 316 (2H, m, SCH»), 275 - 176
(4H, m, -CH>»CHy), 1.01 (6H, s, -CHa).
2-[2-Chloro-4-(2-chlorothioethoxy)benzoyl]-5,5-dimeth
yl cyclohexane-13-dione (5¢): 'H NMR (CDCl,
200 MHz) § 738 - 7.14 (3H, m, Ar), 3.55 (2H,
t, ] =7 Hz, C-CHy), 318 2H, t, ] = 7 Hz,
SCH2), 261 - 219 (4H, m, -CH,-CH,), 1.02
(6H, s, -CHs).
2-(2-Chloro-4-vinylsulfonylbenzoyl)cyclohexane-1,3-di
one (6a): 'H NMR (CDCl,, 200 MHz) § 7.90 -
734 (3H, m, Ar), 676 - 611 (3H, m, vinyl),
282 - 201 (6H, m, -CH»-CH,-CHy-).
2-(2-Chloro-4-vinylsulfonylbenzoyl)-4,4-dimethylcyclo
hexane-1,3-dione (6b): 'H NMR (CDCl;, 200
MHz) § 790 - 741 (3H, m, Ar), 680 - 611

Table 1. Herbicidal activity of trikrtones 5a~6c in flooded paddy condition

rate ORYSA”  ORSYA B g o
Comp. ECHORY  sCPjJU° MOOVA? CYPSE?  SAGPY?
P (g/ha)  (lea)  (seed) w
5a 4,000 80 100 100 100 100 i 100
1.000 0 70 9% ) 100 ] 100
0.250 0 20 30 30 40 ) 30
5b 4000 100 100 100 100 100 100 100
1.000 80 100 100 9 80 100 9%
0.250 30 60 70 60 60 ] 60
0.063 20 30 70 40 40 0 60
5¢ 4,000 100 100 100 100 100 100 100
1.000 80 100 80 70 100 ] 90
0.250 40 50 30 30 50 ] 50
0.063 20 0 0 0 0 ] 0
6a 4,000 50 40 50 90 100 50 100
6b 4,000 100 100 100 60 90 ; 60
1.000 30 50 80 60 70 ; 50
0.250 0 30 10 40 10 - 40
6c 4,000 10 0 70 80 80 100 70

“Rice, b)Barnyardgrass, 9Bulrush, “Monochoria, e)Fla’c-sedge, D Arrow head.
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(3H, m, vinyl), 290 - 1.38 (4H, m, -CH,-CHy),
1.14 (6H, s, -CHs).
2-(2-Chloro-4-vinylsulfonylbenzoyl)-5,5-dimethylcyclo
hexane-1,3-dione (6c): 'H NMR (CDCls, 200
MHz) ¢ 793 - 734 (3H, m, Ar), 6.75 - 6.09
GH, m, vinyl), 268 (2H, s, -CHy), 232 (2H, s,
-CHy), 112 (6H, s, -CHa).
2-[2-Chloro-4-(2-methoxyethylsulfonyl)benzoyl]cyclohe
xane-1,3-dione (7a): 'H NMR (CDCl;, 200 MHz)
6 793 - 734 (BH, m, Ar), 337 (2H, m,
O-CHz-), 343 (BH, m, SO-CHx»), 326 (3H, s,
O-CHs), 320 - 2.04 (6H, m, -CH,-CH-CHy-).
2-[2-Chloro-4-(2-ethoxyethylsulfonyl)benzoyl]-4,4-dime
thylcyclohexane-1,3-dione (7b): 'H NMR (CDCls,
200 MHz) & 791 - 727 (3H, m, Ar), 382 - 3.28
(6H, m), 260 - 140 (4H, m), 1.07 (6H, brs,
-CHs), 1.25 - 1.04 (3H, m, -CHa).
2-[2-Chloro-4-(2-diethylaminoethylsulfonyl)benzoyl]-4,
4-dimethylcyclohexane-1,3-dione  (7c): 'H NMR
(CDCls, 200 MHz) & 791 - 727 (3H, m, Ar),
3.82 - 328 (6H, m), 260 - 140 (4H, m), 1.07
(6H, brs, -CHs), 125 - 1.04 (3H, m, -CH).
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Table 2. Herbicidal activity of trikrtones 7a~d in flooded paddy condition

rate ORYSA?  ORSYA

. ECHOR” PIUY 9 9 )
Comp (kg/ha) Bleat) isced) SCPJU® MOOVA?  CYPSE SAGPY
7a 4.000 100 100 100 100 100 100 100

1.000 ) 100 90 ) 100 100 100
0.250 30 50 60 90 100 100 100
7b 4.000 100 100 100 100 100 X 100
1.000 100 100 100 100 100 X 100
0.250 70 100 100 ) %0 x 100
0.063 30 30 100 80 %) X 60
7d 4.000 60 70 100 100 9% 100 90
1.000 30 40 90 100 X 95 40
0.250 0 20 20 40 40 X 50

IRice, b)Bamyardgrass, 9Bulrush, “Monochoria, e)Flat-sedge, 9 Arrow head.



