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Absorption, translocation and metabolism of [W]3-isopropyl-2,1,3-benzothiadiazin- 
4-one-2,2-dioxide (bentazon) by several plant species were investigated to determine 
the mechanism of bentazon selectivity. 

Marked selective phytotoxicities were observed between resistant rice (Oryza sativa L.) 
and susceptible C~perus serotinus Rottb. when treated with bentazon. Absorption and 
transolcation of bentazon did not differ greatly between highly resist,ant rice and sus- 
ceptible C. serotinus. However, a marked difference in bentazon metabolism occurred 
between the two species. In rice about 80% of the absorbed bentazon was metabolized 
within 24 h, and after 7 days about 85yo was converted to a major water-soluble me- 
tabolite and unchanged bentazon was only 5%. In C. srrolinus 50-7570 of the radio- 
activity was unchanged bentazon after 7 days. 

Large amounts of water-soluble metabolites were detected in root-treated resistant 
plants such as barnyardgrass (Echinochloa crus-galli Beauv.), soybean (Glycine max 
hferr.) and corn (%a mays L.), but only small amounts were present in such susceptible 
plants as Sagittaria pygmaea Miq. and Eleocharis kuroguwai Ohwi. Therefore, the 
mechanism of bentazon selectivity appears to be a difference between resistant and 
susceptible species in their ability to metabolize and detoxify bentazon. 

The major metabolite in rice was identified as 6-(3-isopropyl-2,1,3-benzothiadiazin- 
4-one-2,2-dioxide)-O-b-glucopyranoside, determined by CC-MS, NMR, IR and gas 
chromatography after hydrolysis with sulfuric acid or @-glucosidase. 

INTRODUCTION 

Bentaeon, 3-isopropyl-2,1,3-benzothiadi- 
azin-4-one-2,2-dioxide is a selective herbi- 
cide for weed control in soybean (1, 2), 
cereals (3, 4) and rice (5, 6, 7). Bentazon is 
generally used as a postemergence herbicide 
by foliar application. In rice culture ben- 
tazon is effective by both foliar and flooded- 
water application under flooded rice field 
conditions. 

Marked selective phytotoxicities were 
observed between resistant and susceptible 
plants when treated with bentazon. Mine 

1 On leave from Research Department, Pesticides 
Division, Sumitomo Chemical Co., Ltd., Takara- 
zuka, Hyogo, Japan. 

2 Research Dept., Pesticides Div., Sumitomo 
Chemical Co., Ltd., Takarazuka, Hyogo, Japan. 

et al. (6) investigated the herbicidal effect 
on 43 species of paddy weeds and reported 
that a marked selectivity between the 
plants was observed. Many graminaceous 
plants such as rice (Oryza sativa L.), corn 
(Zea mays L.), barley (Hordeum vulgare 
L.), barnyardgrass (Echinochloa was-galli 
Beauv.) and most grassy weeds, and soy- 
bean (Glycine max Merr.) are resistant. 
Bentazon susceptible plants are broad- 
leaved weeds and sedges such as pigweed 
(Amaranthus spp.), common lamb’s-quar- 
t,ers (Chenopodium a/bum L.), common 
cocklebur (Xanthium pensylvanicum. 
Wallr.), smartweed (Polygonum pensyl- 
vanicurn. L.), false pimpernel (Lindernia 
pyzidaria L.), Sagittaria pygmaea Riiq., 
Eleocharis kuroguwai Ohwi., purple nut- 

566 

Copyright 0 1975 by Academic Pm&no. 
All rights of reproduction in any form reserved. 



MECHANISM OF BENTAZON SELECTIVITY 567 

sedge (Cyperus rotundus L.) and C’yperus 
serotinus Rottb. 

Mine and Matsunaka (8, 9) have re- 
ported that phot’osynthetic inhibit’ion may 
be the primary mode of action of bentazon 
under flooded rice field conditions. Severe 
inhibition of CO2 fixation was observed in 
both rice and Cyperus serotilrus plants soon 
after application of bentaeon. However, in 
resistant rice almost tot,al recovery of 
photosynthetic inhibition was observed 
wi-ithin 5 days, but no recovery occurred in 
susceptible C’. serotirms. The aut’hors pos- 
tulated that, a detoxication of bentazon may 
occur in resistant, rice plant (S, 9). Herbi- 
tidal selectJivit,y may be primarily due to 
differential metabolism and detoxication of 
herbicides in plants. This basis for selec- 
tivit,y has been demonstrated for simazine 
(10, II), atrazine (12), propanil (13, 14), 
amiben (15), and pyrazone (16). 

Zaunbrecher and Rogers (17) reportled no 
differences in the absorpt,ion and t,ransloca- 
tion of bent>azon by susceptible cocklebur 
and resistant] soybean after foliar applica- 
t,ion. Hayes and Wax (1s) reported no 
significant differences in absorption of 
bentazon by leaf disks of bet’ween tolerant 
and sensitive soybean cultivars over a 10-h 
incubation period. They also reported only 
slight differences in translocation and me- 
tabolism of bentazon behween tolerant and 
sensitive cultivars of soybean by foliar ap- 
plication (18). Ot’to and Dresher (19) found 
water-soluble metabolites of [14C]bentazon 
in foliar and root-t#reat,ed soybean after 50 
and 38 days, respectively. 

This investigation was undert)aken t,o de- 
tIermine the mechanism of bentazon selec- 
tivity in plants. Highly resist,ant, rice plants 
were compared t,o susceptible C. serotinus 
plants with respect, t’o absorption, t#ranslo- 
cation, and metabolism of bent’azon. In 
addit,ion, metabolism of bentazon was de- 
termined in other resistant and susceptible 
crop plants and weeds. 

MATERIALS AND METHODS 

Plalbt materials. Rice (Oryza satiua I,. 
cultivar Nihonbare), corn (Zea mays L., 

cultivar Koushu), soybean (Glycine ma.t 
Alerr., cultivar Okuharawase), Cyperus se- 
rotinus Rottb., barnyardgrass (Echinochloa 
was-galli Beauv. var. wyxicola Ohwi), 
Xayittaria pyymaea Miy. and Eleocharis 
kurogmai Ohwi were cultivated in sand in 
a glasshouse at 23-Z%. Plants were 
fertilized with Kimura’s B nut,rient solut8ion 
(S, 20). Before treatment with bentaxon, 
plants grown in sand were removed and 
transferred t’o flasks containing 100 ml of 
the nutrient solution unless ot,herwise de- 
scribed. The flasks were covered with 
aluminium foil to shut out’ light,. 

C’hewicals. The 5O7o wettable powder 
formulation of bentJazon was used t,o in- 
vestigate the selective herbicidal effects. 
Labeled [14C]10-bentazon (specific activit’y, 
2.99 mCi/mM was used for investigating 
absorpt#ion, tlranslocat,ion and metabolism 
in plant)s. For the identificat,ion of the major 
metabolite in rice, purified bentazon (99yo) 
was used. 

Selective herbicidal e.fect betweelz rice and 
C’. serotirms. Rice and C. serotinus plants, 
grown in solution culture to the five- to six- 
leaf stage, were treated with bentazon in 
1.2 liter bot,tles. The roots of t,he plants 
were treated with t’he nutrient’ solution con- 
taining 1 liter of 0.X-200 ppm bentazon. 
The plant,s were placed in a glass chamber 
placed outdoors at 23%28°C and approxi- 
mat#ely 70-SOoj, relative humidity. The 
plant,s were harvestsed and t)heir fresh 
weights det’ermined aft,er 20 days. The 
experiments were conduct,ed in duplicate 
and repeated twice. 

-1 bsorptiorf , translocation, a,vd nletabolism 
in plants. Rice and C. serotirms plants at 
t,he four- to five-leaf stage of growth were 
root,-treat’ed with 3 ppm [l*C]bentazon in 
100 ml of nutrient solution or treated with 
0.06 WC1 of the radioactive herbicide on the 
middle of the second leaf from the top. The 
treated plants were placed in a growt’h 
chamber with a 12-h photoperiod, 28 f 2°C 
day temperature and 23 f 2°C night t,em- 

perat,ure, 60-707, relative humidity and 
light intensity of 5000-7000 lux. Absorp- 
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tion, translocation and met’abolism of 
bentazon were det#ermined periodically after 
treatment. The treated parts of the plants 
were rinsed once in 20% acetone (v/v) and 
then in distilled water. Each plant part 
was cut with a pair of scissors and homog- 
enized and extracted with cold 80% ace- 
tone (v/v) with a mort#ar and pest)le for 
three times. 

The crude 80% acetone extract’s from the 
root-treated plants and culture solut,ion 
were radioassayed at 1, 2, 4 and 7 days with 
liquid scintillation spectrometer (Beckman, 
LS-100) for determing the absorption 
through the plants. The 14C activity re- 
maining in the 80% acetone-insoluble plant 
residue was radioassayed aft,er dry com- 
bustion in oxygen wit,h an autosample- 
oxydizer (Packard, Tricarb 305). 

To examine the translocat#ion through 
the plants, crude extracts from the leaf, 
sheat#h, stem and root of the plants root- 
treated wit’h bentazon for 5 days were 
radioassayed. 

For comparing the metabolism pattern of 
the plant species by root or foliar applica- 
tion, t’he crude extracts evaporated to dry- 
ness were developed on a silica gel TLC 
(Merck, F-254, 0.25 mm thick) with 
CHC13: RIeOH, 7 :3 (v/v). Radioactive 
zones were detected with a radiochromato- 
gram scanner (Aloka, TRI\I-1B). 

For qualitative and quanlitative assay, 
aqueous solution (pH 7.0) of the crude 
extracts was partitioned with benzene and 
t#hen acidified wit,h 1 N HCI to pH 1.5 and 
was again partitioned with benzene for 
t,hree times each. The aqueous layer was 
neutralized by adding 1 N NaOH. Aliquots 
from each aqueous and t’otal benzene layer 
were developed on a silica gel TLC with 
ethyl acetate : isopropanol : water, 5 : 2 :0.5 
(v/v/v). The gel from the radioactive zones 
detected by radioautography with X-ray 
film were scraped and radioassayed with a 
liquid scintillation spectrometer. The nu- 
trient solution was also developed on a 
silica gel TLC and radioactive zones were 
assayed in the same way. 

AIetabolism of bentazon in various plant 
species. Rice, barnyardgrass, corn, Cyperus 
serotims, and Eleocharis kuroguwai in their 
four- to five-leaf stage, soybean in the three- 
to four-leaf stage and Xagittaria pygmaea in 
the six- to eight-leaf stage were root- 
treated for 4 days with 3 ppm [14C]benta- 
zon in the nutrient solution. Crude 80% 
acetone extracts from the treat,ed plant 
leaves were partitioned, chromatographed 
and radioassayed in the same way as t,he 
previous experiments. 

Isolatiolb of the major metabolite in rice. 

The fresh root and sheat’h of rice plant 
(230 g) root-treated with 350 mg bent’azon 
in a nut,rient solution for 7 clays were 
extracted with MeOH (900 ml X 3) and 
yielded of crude syrup (8.1 g). The crude 
syrup was washed with n-hexane (20 ml 
X 3) and CHCl, (20 ml X 3) and t,he re- 
sidual part which solubilzed to MeOH was 
chromatographed over silica gel tic (Merck, 
F-254, 0.5 mm thick, developed with 
CHC13: MeOH, 1: 1, v/v). The UV light 
absorptive part (Rj 0.45-0.50) was collected 
and eluted with MeOH yielded 126 mg of 
glassy material (I). NMR(acetone-de) : 
67.73 (IH, d, J = 3 Hz for H-5), 7.43 (lH, 
dd, J = 5.5, 3 Hz for H-7), 7.17 (lH, d, 
J = 8.5 Hz for H-5), 5.01 (lH, d, J = 7.0 
Hz for G-H), 5.3-4.65 (IH, m. for 
isopropylmethine), 4.5-3.3 (cu. 11H for 
glucose-H), 1.52 (6H, d, J = 6.5 Hz for 
ispropyl-CHa X 2). 

Enzymatic hydrolysis of (I) and identiJica- 
tion of the hydrolyzate (II). A solution of 
50 mg of (I) in 10 ml of 0.01 M NaOAc 
buffered with HOAc to pH 5.0 was added 
to 20 mg of emulsin (fl-glucosidase)3; the 
resultant solut,ion was allowed to shake at 
35°C for 2 hr. The mixture was extracted 
with 10 ml of EtOAc t,wice and the extract 
was dried with NasSO1. The EtOAc was 
evaporated and yielded 21 mg of yellowish 
syrup. The syrup was purified over a silica 
gel tic (developed wit,h CHC13: AleOH, 
7 : 3, v/v, Rf 0.55) and obtained as a crys- 

3 Purchased from Miles Laboratories Ltd., 
England. 
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BENTAZON CONCENTR4TIO;” ( PPm) 

FIQ. 1. Selective herbicidal effect of bentazon on rice 
and Cyperus serotinus. Rice and C. serotinus at the 
Jive- to six-leaf stage were root-treated with btmtazon in 
a nutrient solution. The plants were grown in a glass 
chamber at 23-28°C for 20 days. rice ( l ), Cyperus 
serotinus (0). 

talline (II), which was purified by recrys- 
tallization from EtOAc giving the 6-OH 
bentazon as needles (16 mg) : GC-MS ; M+ 
256, 241, 214, 198, 177, 150, 135, 107, 80. 
The material was identical with authentic 
6-OH bentazon4 by NMR an IR. 

Acid hydrolysis of (I) and identijcation of 
suyar moiety. A solution of 15 mg of (I) in 
4 ml of MeOH was mixed with 4 ml of 0.1 N 
H$O,; the resultant solution was kept at 
90°C for 1 h. The solution was concentrated 
in vacua to ca. 3 ml and washed with 
EtOAc (3 ml X 3). The aqueous layer was 
neutralized with NaHC03 and filtered. The 
aqueous filtrate was concentrated to dry- 
ness yield a thick syrup which was extracted 
with MeOH (10 ml x 2). The MeOH ex- 
tract yield a clear syrup (5 mg). To a 
solution of the syrup in 0.5 ml of pyridine 
(dry) was added 0.5 ml of (Me)rSiC1 and 
0.5 ml of [(Rle)8Si]2NH. After 5 min, the 
solution was evaporated to dryness. The 
residue was dissolved in dry CC14 and 
filtered. The filtrate was gas chromato- 
graphed and found to contain only 1,2,3,4,6- 
penta-o-trimethylsiyl-n-glucopyranose by 
co-gas chromatographic analysis with an 
authentic sample. Gas chromatographic 
conditions : Shimadzu GC3BF, FID ; (570 
SE-30, glass column 3 mm X 1 m, 17O”C, 
carrier Nz 48 ml/min) tR, a-epimer 6’45”, 
,&epimer 10’10”; (5y0 LAC-2R-446, glass 

4 Authentic sample of 6-OH bentaeon was afforded 
from BASF Company, Germany, F.R. 

column 3 mm x 1.7 m, 12O”C, carrier Nz 
36 ml/min) tE, a-epimer 3’55”, P-epimer 
7’10”. 

Herbicidal activity of the major ,metaboEite 
(I) in rice. Sagittaria pygmaea plants at the 
five- to six-leaf stage were root-treated in 
100 ml of nutrient solution with l-100 ppm 
of bentazon or the major metabolite (I) in 
rice. The treated plants were placed in a 
glass chamber at 23-28°C and their fresh 
weight of leaves was determined after 14 
days. 

RESULTS AND DISCUSSION 

The basis for selectivity was investigated 
between resistant rice and suscepOible 
Cyperus serotinus (Fig. 1). C. serotinus 
plants were almost completely killed by 
root treatment with 3.2 ppm of bentazon 
in the nutrient solution. However, rice 
plants were extremely resistant to bentazon 
and were not injured at t,he concentration 
of less t’han 50 ppm. Rice plants were not 
killed even at 200 ppm of bent’azon. The 
results indicated that rice plants were able 
ho tolerate at least a loo-fold increase in 
bentazon concentration as compared to C. 
serotinus. The growth of rice plants in the 
control plots was somewhat retarded be- 
cause of the competitive effects of C. 
serotinus in the same pots, and dry weight 
of the rice plants treated with lower doses 
of bentazon was over 100% as compared to 
that of control plots. A marked selectivity 
between rice and C. serotinus was also ob- 
served when plants were treated by foliar 
application (6). 

The absorption, translocation, and me- 
tabolism of bentazon in resistant rice and 
susceptible C. serotinus plants were inves- 
tigated to determine the basis for selec- 
tivity. Absorption of bentazon through root 
by both species is shown in Table 1. The 
amount of absorbed 14C activity in t’he 
plants was even higher in resistant rice 
than in susceptible C. serotinus. Within 
24 h, the concentrations of absorbed 14C 
activity in the plants were 526 and 195 
dpm/mg,f.w. in rice and C. serotinus, re- 
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TABLE 1 

Absorption of [X’]Bentazon in Rice and Cyperus serotinus Plants after 
Root-Uptake from 3 ppm Aqueous Solution 

Plant 
species 

Days 
after 

treat- 
ment 

Nutrient solution 
%-activity 

X104 dpm y0 

Whole plant 
‘%-activity 

X lo4 dpm 5% 

Re- Concen- 
covery tration 

in whole plant 

5% (dpm/mg, 
f.w.) 

Rice 1 647.7 77.8 120.7 14.5 92.3 526 
2 462.9 55.6 281.4 33.8 89.4 974 
4 345.5 41.5 388.8 46.7 88.2 1146 
7 136.5 16.4 586.1 70.4 86.8 1519 

Cyperus 
serotinus 

1 711.8 85.5 74.Q 9.0 94.5 195 
2 603.6 72.5 152.3 18.3 90.8 277 
4 492.0 59.1 267.2 32.1 91.2 638 
7 381.3 45.8 365 5 . . 43.9 89.7 810 

spectively. The concentrations of absorbed between rice and C. serotinus. The results 
radioactivity in the whole plant remained indicat#e that differences in absorption and 
higher in rice than in C’. serotinus up to translocation of bentazon by resist,ant rice 
7 days after t#reatment. Susceptible 6. and susceptible C. serotillus may not, be 
serotiaus plants were killed beyond the responsible for the select,ive action of benta- 
7-day period. eon between the two species. 

Distribution of 80% acetone extracted 
14C act,ivity in the plants root-treat’ed with 
[14C]bentazon for 5 days is shown in 
Table 2. 14C activit*y was dist’ributed in all 
plant parts of both species. These results 
indicate t’hat bentazon was absorbed by 
roots and readily t’ranslocated t’o stems, 
sheaths, and leaves in both species. Rice 
plants showed a high concentration of 14C 
activity in the stem. The concentration of 
14C activit,y in the leaf was very similar 

TABLE 2 

Distribution of K’ Activity in Rice and Cyperus 
serotinus Plants after 5 Days jroln 

Root-Treatment of [14C]Bentazon 

Rice 

EX- Concen- EX- ChCfXl- 
tracted tration tracted tration 
activity in plant activity in plant 

( X 113 dpm) (drxdmg, ( X 104 dpm) (dpm/mg. 
f.w.1 f.w.) 

The metabolism of bentazon in plants 
was investigated as a basis for selectivity 
between rice and C. serotinus. Crude 
80% acetone extracts from [14C]bent’azon- 
treated plants were chromatographed on 
thin-layer plates wit,h a solvent syst,em, 
CHCls: CHIOH, 7 :3. The distribut,ion of 
the radioactivity on the plates is shown in 
Fig. 2. The extract from rice indicated a 
high concentration of metabolite at Rf 0.17 
as compared to unchanged bentazon (R, 
0.48). This was true of both root and foliarly 
applied [14C]bentazon. The rate of [‘“Cl- 
bentazon metabolism in rice appeared to be 
higher in roots than in leaves. In C. 
serotinus, most of t,he radioactivity was de- 
tected as unchanged bent’azon. These re- 
sults suggested that rice metabolized benta- 
zon much fast’er than C. serotinus. 

Leaf 2.1 250 7.0 320 
Sheath 3.4 550 7.6 250 
Stem 3.5 3890 3.1 650 
Root 7.0 1460 10.0 950 

For quantitative assay, bentazon metflab- 
olism in plants was determined after 1, 3, 
4 and 7 days from root t,reatment with 
[14C]bent’azon (Tables 3, 4). After parti- 
tioning of t’he crude extracts, bentazon 
(RJ 0.59) and a few metabolites (R, 0.24, 
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ROOT APPLICATION FOLIAR APPLICATION 

[;,:,:; 

FIG. 2. Radioactive compounds extracted from roots and leaves of rirc and Cyperus serotinus treated 
with [X’]bentazon for 4 days. The bentazon-trrated plants were extracted with 80% acetone and 
chromatographed on a silica gel thin-layer plate, and radioactivity was detected with a radiochromato- 
gram scanner. 

0.68, 0.72) were detected in benzene layer greatly and percentage of the metabolites 
by silica gel tic developed wit,h ethyl ace- in shoot and root was almost same. Eighty 
tate : isopropanol : wat,er (5 : 2 : 0.5, v/v/v). to eighty-five percent of the extracted 
A major metabolite in rice (R, 0.24) was radioactivity was that of the metabolites 
predominantly in wat,er layer. Litt)le de- within 24 h and unchanged bentazon was 
composition of [14C]bentazon was observed only about 5% after 7 days. About 8&85y0 
in the nutrient solution used for the culture of the absorbed bentazon was converted to 
of rice and C. serotinus. In rice (Table 3), a major water-soluble metabolite after 7 
metabolism of absorbed bentazon occurred days. In C. serotinus (Table 4), the metabo- 

TABLE 3 

Metabolism of [YY]Bentazon in Rice Plant after Root-Uptake from 3 ppm Aqueous Solution 

Plant 
part 

Days 
after 

treat- 
ment 

Concen- 
tration 

of absorbed 
14C activky 

(dpm/mg,f.w.) 

SOyc Acetone extracted 

Benzene layer Water 
layer 

Ben- Metab- metab- 
tazon elites olites 

(%I (%I (%I 

Plant 
residue 

(%I 

Shoot 1 459.2 
2 904.6 
4 1138.3 
7 1614.3 

Root 1 791.8 
2 1237.2 
4 1170.6 
7 1241.0 

15.9 9.3 69.5 5.3 
7.6 5.5 80.7 6.2 
7.2 2.2 85.1 5.5 
6.1 2.4 85.8 5.7 

12.9 7.9 72.0 7.2 
3.8 3.4 83.5 9.3 
3.9 1.5 84.5 10.1 
4.1 1.8 86.1 8.0 
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TABLE 4 

Metabolism of [%‘]Bentazon in Cyperus serotinus Plant after Root-Uptake from 3 ppm Aqueous Solution 

Plant 
part 

Shoot 

Days Concen- SOY0 Acetone extracted Plant 
after tration residue 
treat- of absorbed Benzene layer Water 
ment 14C activity layer 

(dpdmg,f.w.) Ben- Metab- metab- 
tazon olites olites 

(%I (%I (%) (%) 

1 127.6 82.6 2.4 5.8 9.2 
2 229.6 81.7 2.4 6.6 9.3 
4 603.3 76.9 4.5 12.5 6.1 
7 797.4 75.4 2.9 16.1 5.6 

Root 1 577.1 64.4 8.7 8.6 18.3 
2 522.6 59.7 7.4 9.9 23.2 
4 838.5 53.7 6.0 15.0 25.3 
7 879.5 51.4 3.4 20.6 24.6 

lism of bentazon in root was greater than in both rice and C. serotkus soon after foliar 
shoot, but much less than in rice plants. application of bentazon. However, in re- 
The metabolites accounted for only 20-30y0 sistant rice almost total recovery of photo- 
of the extracted radioactivity after 7 days. synthetic inhibition was observed within 
Thus, the rapid metabolism of bentazon in 5 days, but no recovery occurred in sus- 
rice decreased the concetration of the active ceptible C. serotinus. Photosynthetic inhi- 
herbicide within the plant. The relative bition may be the primary mode of action 
concentrations of [14C]bentazon in the of bentazon (8). The inhibition and re- 
shoot after 7 days were 74 and 509 dpm/ covery of photosynthesis in rice and C. 
mg,f.w. (2.7 and 18.3 ppm in fresh weight) serotinus corresponded with the rate of 
in rice and C. serotinus, respectively. bentazon metabolism in these species. 

The authors (8) reported that severe in- Therefore, the mechanism of bentazon 
hibition of COZ fixation was observed in selectivity between rice and C. serotirms 

PLANT SPECIES 

RESISTANT 

rice 

ABSORBED 
RADIOACTIVITY PERCENTAGE OF COMPOUNDS 
(dpmlmg. f w.) 0 50 100 

996 

716 c 

158 

soybean 351 

SUSCEPTIBLE 

Cyperus serot1nus 

Sagittaria pygmaea 

Eleacharls kuroguwal 

571 

1403 

292 

Fro. 3. Metabolism of bcntazon in various resistant and susceptible plants. Plants at the three- to 
ciqhl-kaj stage of growth were root-treated with Sppm of CW]bentason in the nutrient solution for 
.I days in a growth chamber at 2:3-28°C. Crude 807o acetone e&acts from leaves of the treated plants 
were partitioned wilh. benzene and water, and each layer was chromatographed on silica gel thin-layer 
plates. Il’hc radioactivity was assayed ajtcr e&action from radioactive zones on the plates. 

0 Rmtazon, q mdabolites in benzene layer n metabolites in water layer, ELI plant residue. 
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(I) R=O-$9-D-glucopyranose 

(II) R=OH 

(1111 R=H (bentazon) 

Fro. 4. Major metabolite in rice treated with betiazon. 

appeared to be a difference between the 
species in their ability to metabolize 
bentazon. 

Similar metabolism experiments were 
conducted with rice and other resistant 
species such as corn, soybean and barnyard- 
grass, and susceptible species such as C. 
serotinus, Xagittaria pygmaea, and Eleocharis 
Kuroguwai (Fig. 3). All plants were root- 
treated with a solution of [‘*C]bentazon for 
4 days. The concentration of absorbed l*C 
activity in the leaf was different among the 
plant species, and there was no correlation 
between the concentration and suscepti- 
bility to bentazon. Large amounts of a 
water-soluble metabolite (Rf 0.24-0.25) 
similar to that in rice was detected in re- 
sistant rice, corn, soybean and barnyard 
grass, but only small amounts of water- 
soluble metabolites were detected in sus- 
ceptible C. serotinus, S. pygnzaea and E. 
kuroguwai. In soybean, the two different 
water-soluble met.abolites (Rf 0.17 and 
0.25) were detected. The rate of bentazon 
metabolism in different, plant species re- 
flected their susceptibilit,y to bentazon. 
These results confirmed the conclusion that 
the mechanism of bentazon selectivity ap- 
pears to be a difference between resistant 
and susceptible species in t#heir ability to 
metabolize and detoxify bentazon. 

The major metabolite of bent,azon in rice 
was determined. i\lethanol ext’racts of 
bentazon-treated rice afforded in about 
4Ooj, yield a metabolite. The evidence pre- 
sented below established that the compound 
is 6- (3-isopropyl-2,1,3-benzothiadiazin-4- 
one-2,Bdioxide)-0-P-n-glucopyranoside (I). 

The NMR spectrum of (I) indicated that 
the sugar was present as a pyranoside and 

the benzene ring moiety exhibited eight 
isolated and well-resolved signals (in ace- 
tone-ds, 67.73 (lH, d, J = 3 Hz), 7.43 
(lH, dd, J = 8.5, 3 Hz) and 7.17 (lH, d, 
J = 8.5 Hz). This splitting pattern of 
benzene ring has expected that the sugar 
group is at position 6 in comparison with 
the similar benzene splittings of 1,2- 
dimethyl-6-methoxy-4-qujnoline (21) and 
2,3-dihydro-6-methoxy-4-quinoline (22) (5, 
7 and 8-methoxy analogues give different 
splittings). 

&Glucosidase hydrolysis of (I) afforded 
the authentic 6-OH bentazon (II), indi- 
cating a C1’-p anomeric configuration and 
this result was consistent with the large 
(7.0 cps) coupling of the C1’ anomeric 
proton signal. The sugar obtained by acid 
hydrolysis of the metabolite (I) was shown 
to be n-glucopyranose by gas chromatogra- 
phy of the trimethylsilyl ether. Therefore, 
the major metabolite is 6- (3-isopropyl-2,1,3- 
benzothiadiazin-4-one-2,2-dioxide)-@/3-n- 
glucopyranoside (I) .5 

The herbicidal activity of the major 
metabolite (I) in rice was determined by 
root,-treatment in a nutrient solution. The 
activit,y of t’he metabolite (I) was weak and 
Sagittaria pygmaea plants were not injured 
even at the highest concentration of 100 
ppm. The fresh weight was 104y0 of the 
nontreated control. However, the plants 

5 Recently the authors found that Otto, BASF, 
had reported at WSSA meeting in 1975 that the 
glycosides of 6. and S-hydroxybentazon were formed 
in about equal ratios and amounts in soybeans, and 
that in most other higher plants such as wheat, 
rice, peanuts and the weeds Senecio and Chenopodium 
spp., the 6-hydroxybentazon conjugate is formed 
predominantly. 
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treated with 1 ppm of bent,azon were 
severely injured and the fresh weight was 
17’55 of the control. At more than 3 ppm, 
the plant,s were completely killed. 

Thus, the resistant plants rapidly me- 
tabolize bent.azon to t.he nonphyt,otoxic 
metabolit’e and decreased the concentration 
of the actjive herbicide in plant. Therefore, 
the main mechanism of bentazon selectivit(y 
appears to be a difference between t,he plant 
species in their ability to metabolize and 
det’oxify bentazon. 
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