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INTRODUCTION

In our previous papers,'~¥ we have reported the synthesis
and herbicidal activity of sulfonylureas I with imidazo[1,
2-a]pyridine moiety against paddy weeds (Fig. 1).

In our continued study, we have found that some com-
pounds showed a potential herbicidal activity against broad-
leaf weeds in cereal fields. Among them, compound I (X=
MeSO,, R'=R2=0Me) showed broad spectrum against not
only broadleaf weeds but also grass weeds as a promising
compound.

With much interest in the remarkable activity of this com-
pound, we undertook the synthesis of the derivatives and
tested herbicidal activities of them.

MATERIALS AND METHODS

1. Synthesis of Compounds

IR spectra were taken on a Shimadzu IR-420 spectrom-
eter. 'H NMR spectra were recorded at 200 MHz on a
Bruker AC-200P spectrometer with tetramethylsilane as an
internal standard. All melting points were uncorrected.

Sulfonylureas I were synthesized by the reaction of corre-
sponding sulfonamides II with phenyl N-pyrimidinyl-
carbamates IIT (Fig. 2).
1.1 General synthesis of sulfonamides II

The general synthetic routes of key intermediates, 2-sul-
fenyl-, sulfinyl- and sulfonyl imidazo[1,2-a]pyridine-3-sul-
fonamides II, are shown in Fig. 3.

Ethyl 2-methylsulfonylimidazo[1,2-a]pyridine-3-
carboxylate IV® was substituted with various thiols to give

! Studies on Sulfonylureas with Fused Heterocycles (Part 4).
For Part 3, see Ref. 3.
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Fig. 1 Sulfonylureas with imidazo [1,2-a] pyridine moiety.

2-alkylsulfenyl or 2-arylsulfenyl derivatives V. The sequence
of hydrolysis, decarboxylation, sulfonation, chlorination and
aminolysis gave the sulfonamide derivatives Ila. Each step
proceeded in a good yield but this sequence was circuitous.
Therefore, we developed a simple synthetic route to the sul-
fonamide derivatives Ila from compound VI,® which is the
intermediate of imazosulfuron.?

Compounds IIb and Ile were readily prepared by the
oxidation with m-chloroperbenzoic acid (mCPBA) of IIa.V
1.1.1 Typical synthesis of 2-ethylthioimidazo [ 1,2-a ] pyri-

dine-3-sulfonamide Ila (R= Et)

To a suspension of sodium hydride (60%, 1.2 g, 30 mmol)
in DMF (20 ml) was added dropwise a solution of ethane-
thiol (2.2 ml, 30 mmol) in DMF (15 ml) under ice cooling.
After the solution was stirred for 1 hr, 2-chloroimidazo[1,
2-a]pyridine-3-sulfonamide VI (2.3 g, 9.9 mmol) was added,
and the resulting suspension was stirred at 115-120°C for 7 hr.
The reaction mixture was poured into water (150 ml) and
acidified with conc. HCL The resulting precipitate was
collected by filtration, washed with water and dried under
reduced pressure to give 2.3 g (8.9 mmol, 90%) of ITa (R = Et)
as brown solid. mp 169-171°C. 'H NMR (DMSO-d,) ¢
ppm: 1.38 (3H, t, J=7.3 Hz), 3.20 (2H, q, /=7.3 Hz), 7.15
(1H, ddd, J =6.8, 6.8, 1.2 Hz), 7.50 (1H, dd, J =8.9, 6.8 Hz),
7.69 (1H, dd, J=8.9, 1.2 Hz), 7.75 (2H, def's), 8.62 (1H, d,
J=6.8 Hz). 1R (nujol) ypae cm~1: 3300 (NH), 1332 (SO,),
1309 (SO,), 1164 (SO,), 1147, 756, 740. Anal. Found: C,
41.74; H, 420 ; N, 16.27, Calcd. for C4H,;N;0,S,: C, 42.01 ;
H, 4.31; N, 16.33%.

1.2 General synthesis of sulfonylureas I

Sulfonylureas I were synthesized by the reaction of the
corresponding sulfonamides IT with carbamates II1.

1.2.1 Typical synthesis of 1-(2-ethylsulfonylimidazo /[ 1,2-a]
pyridin-3-ylsulfonyl)-3-(4,6-dimethoxypyrimidin-2-yl)
urea 6

To a suspension of 2-ethylsulfonylimidazo| 1,2-a] pyridine-
3-sulfonamide Ic (R=Et; 2.0 g, 6.9 mmol) and phenyl N-(4,
6-dimethoxypyrimidin-2-yl)carbamate III (R!=R2=0Mge;
1.9 g, 6.9mmol) in acetonitrile (20 ml) was added 1,8~
diazabicyclo[5.4.0]-7-undecene (1.1g, 6.9 mmol) and the
mixture was stirred at room temperature for 2 hr. The reac-
tion mixture was poured into ice water (300 ml) and acidified
with conc.HCl. The resulting precipitate was collected by
filtration, washed with water and ether, and dried under
reduced pressure to give 2.5g (5.7 mmol, 83%) of 6 as a
colorless solid. mp 197-199°C. 'H NMR (DMSO-d,) ¢
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Fig. 2 Synthesis of sulfonylureas I.
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Fig. 3 Synthetic routes to sulfonamides II.

ppm: 1.17 (3H, t, J=7.4 Hz), 3.59 (2H, q, J =7.4 Hz), 3.96
(6H, s), 6.01 (1H, s), 7.50 (1H, ddd, J=7.0, 7.0, 1.2 Hz), 7.81
(IH, ddd, J =9.0, 7.0, 1.1 Hz), 8.01 (1H, dd, J=9.0, 1.2 Hz),
921 (1H, dd, J=7.0, 1.1 Hz), 10.80 (1H, def.s), 13.1 (1H, br).
IR (nUjol) vmax cm~': 3370 (NH), 1720 (C=0), 1318 (SO,),
1165 (SO,). Anal. Found : C.41.01 ; H, 3.93: N, 17.75, Calcd.
for C,sH1sNgO,S,: C, 40.85: H, 386 N, 17.86%.

2. Herbicidal Activity
2.1 Greenhouse test for pre-emergence

Plastic pots (10 cm in diameter) were filled with sterilized
sandy clay loam soil. Seeds of various kinds of plants (see
Tables) were sown in the soil at a depth of about 0.5cm. A
solution, which was prepared by dissolving each compound

in acetone (containing 2 v/v% of Tween 20) and bringing the
solution to volume in 0.1 v/v% Tween 20, was uniformly
sprayed on the soil surface at a specified dose rate.
weeks after the treatment, the herbicidal activity against each
plant was evaluated visually by the following ratings.

Herbicidal effect, 5: 100% control (complete kill), 4: 88 to
99% control, 3: 76 to 87% control, 2: 51 to 75% control, 1: 1
to 50% control, 0: zero% control (no effect).

Phytotoxic effect, 5: 100% damage(complete damage), 4 :
50 to 99% damage, 3: 25 to 49% damage, 2: 13 to 24%
damage, 1: 1 to 12% damage, 0: zero% damage.

2.2 Greenhouse test for post-emergence

Plastic pots (10 cm in diameter) were filled with sterilized
sandy clay loam soil. Seeds of various plants (see Tables)
were sown in the soil at a depth of about 0.5cm. When the
plants were grown up to the 3-leaf stage, a solution, which
was prepared by dissolving each compound in acetone
(containing 2 v/v% of Tween 20) and bringing the solution to
volume in 0.1 v/v% Tween 20, was uniformly sprayed on the
foliage at a specified dose rate. Three weeks after the treat-
ment, the herbicidal activity against each plant was evaluated
visually using the value as mentioned above.

Four

RESULTS AND DISCUSSION

1. Synthesis

The key intermediates, sulfonamide derivatives Ila, were
synthesized by the reaction of compound VI with the corre-
sponding thiols in the presence of more than 2 equivalents of
base. It means that deprotonated VI could be substituted
with thiolate to give Ila. Even though the sulfamoyl group
at the 3-position was deprotonated in this reaction. it was still

Table I Structure, physical properties and herbicidal activities of sulfonylureas.
A =N
SO,NHCONH— }
N 2
Pre-emergence Post-emergence

Injury Herbicidal Activity Injury Herbicidal Activity
No. R n R! R? mp(C) a becde fgh a bcde f gh
1 Me 0 OMe OMe 183-187 0 0104122 0 0113410
2 Me 1 OMe OMe 186-188 0 0002200 0 0013300
3 Me 2 OMe OMe 199-203 0 1334521 1 1334431
4 Et 0 Olgﬁe OMe 171-174 0 0204201 0 1212311
5 Et 1 OMe OMe 179-180 0 0104111 0 0123211
6 Et 2 OMe OMe 197-199 0 2444 4 4 4 0 4 444 442
7 n-Pr 0 OMe OMe 171-173 0 0104100 0 0110210
8 n-Pr 1 OMe OMe 139-142 0 0003100 0 0111221
9 n-Pr 2 OMe OMe 184-189 0 0314230 0 13223360
10 /-Pr 0 OMe OMe 170-173 0 0004101 0 0112211
11 7/-Pr 1 OMe OMe 148-151 0 0001100 0 0111111
12 7/-Pr 2 OMe OMe 180-184 0 1 424423 0 1422231
13 Ph 0 OMe OMe 154-159(dec.) 0 0002100 1 0001210
14 Ph 1 OMe OMe 120-125(dec.) 0 0001100 0 0111210
15 Ph 2 OMe OMe 205-208(dec.) 0 0001100 0 0001210
16 Et 2 OMe Cl 165-169 0 0112310 0 1221511
17 Et 2 Me Me 198-201(dec) 0 0011201 1 2221312

a: Triticum aestivum L. cv Nourin No.4 b: Avena fatua L. ¢: Alopecurus myosuroides Huds.
d: Bromus tectorum L. e: Matricaria chamomilla L. f: Sinapis arvensis L.
g: Stellaria media (L..) Cyr. h: Chenopodium album L.var.centrorubrum Makino
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Table 2 Herbicidal activity (post-emergence) of TKM-19
and metribuzin.

Dose Injury Herbicidal Activity

Compound  (g/ha) a b c d e f g h
400 0 4 4 4 4 4 4 2

TKM-19 100 0 4 4 4 4 4 4 1
25 0 4 4 4 4 4 4 1
500 1 3 5 4 5 5 5 -v
Metribuzin 250 1 1 2 1 5 5 5 R
125 0 0 2 1 2 5 4 D

1): not examined a: Triticum aestivum L. cv Nourin No.4

b: Avena fatua L. c. Alopecurus myosuroides Huds. d: Bromus tectorum L.

e: Matricaria chamomilla L. f. Sinapis arvensis L. g: Stellaria media (L.) Cyr.
h: Chenopodium album L.var.centrorubrum Makino

able to increase the reactivity against nucleophilic attack at
the 2-position.

Compounds ITa can be oxidized with one and two equiva-
lent of mCPBA to give IIb and Ilc, respectively. Sul-
fonamides II easily reacted with III to give L.
physical properties of I are shown in Table 1.

Structures and

2. Herbicidal Activity

As shown in Table 1, the herbicidal activity of sulfonylur-
eas varied with the oxidation stage of sulfur atom and the
substituent R at the 2-position.

In comparison with the oxidation stage of sulfur atom,
sulfonyl compounds showed higher activity than sulfinyl and
sulfenyl compounds. Alkylsulfonyl groups enhanced her-
bicidal activity especially against grass weeds including
Bromus tectorum L. which is rampant in wheat fields. The
relative order of activity with R was Et>Me> i-Pr> n-Pr, Ph.

Most of the compounds synthesized didn’t show phytotox-
icity to wheat by both pre- and post-emergence applications.

Among the substituents (R!, R?) on the pyrimidine ring,
dimethoxy compounds exhibited a potential activity. Com-
pounds 16 and 17 showed less activity than 6.

From these findings, 1-(2-ethylsulfonylimidazo[l,2-a]
pyridin-3-ylsulfonyl)-3-(4,6-dimethoxypyrimidin-2-yl) urea 6
(TKM-19), which had the best combination of substituents
and oxidation stage of sulfur atom, was selected for further
evaluation as the promising compound (Table 2).

TKM-19 showed an excellent herbicidal activity against
grass weeds as well as broadleaf weeds by post-emergence
application at the rate of 25 g/ha. On the other hand, high

safety to wheat was evident even at the rate of 400 g/ha.
TKM-19 showed more potential herbicidal activity against
grass weeds and higher safety against wheat than metribuzin.

In conclusion, our study indicated that sulfonylureas
containing 2-alkyl (especially ethyl) sulfonylimidazo[1,2-a]
pyridine moiety showed a potential herbicidal activity against
grass and broadleaf weeds, particularly against Bromus
tectorum L., which is difficult to be controlled with herbicides
on the market, with an excellent selectivity for wheat by pre-
and post-emergence applications.
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