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7 ' ' + Abstract

To develop the third generation herbicidal cyclic imide (Cyl) derivatives, the new 1-(4-chloro-2-fluoro-5-
propargyloxyphenyl)-3-thiourea derivatives were synthesized and measured their herbicidal activities (plso) in
vivo (preemergence) against rice plant (Orysa Sativa) and bamyard grass (Echinochlor crus-galli). The synthetic
yields (%) of aryl derivatives (21-40) in general was higher than that of alkyl derivatives (1-20). In case of
alkyl derivatives, the synthetic yield depended on the structural forms of alkyl amine groups. From the results
of correlation analysis between herbicidal activities and substituents, the compound 8 and 24 showed the
highest herbicidal activity against the shoot and root of barnyard grass. Especially, the compounds 11 and 6
showed the selective herbicidal activities between rice plant and barnyard grass.

Key words Rice plant (Orysa Sativa), bamyard grass (Echinochlor crus-galli), pre-emergence, herbicidal
activities (plso), synthesis of 1-(4-chloro-2-fluoro-5-propargyloxyphenyl)-3-thiourea derivatives
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thiourea 25 L5} peroxidizing A|ZEAE HESIN
tHBoger, 1991). 2eol= Al T2}k 3] 9] Sfate] cfst
o 50| F=3taL §low L9 alkoxylt alkenyloxy”| 2} 3t
A AAHE F2F EGeh= 2|87] 7} o] &8E I QAT meta
o} para-{ 2ol A WAl 2|2 St SH 2 LA ek
o] =Rl AlREAL Qth 2, AREl SJate] EalE CylA
SRS A2 A 13-4 A (QSAR)
o gt H-t=Z+ 2-alkylphenyl-3-phenylthioisoindoline-1-
one(Sung 5, 2005a), 2-(4-chloro-5-(2-chloroallyloxy)-2-
fluorophenyl)-3-thioalkoxy-2,3,4,5,6,7-hexahydroisoindol
-1-ones(Sung -5, 2005b; 2005¢), 5-benzofuryl-2-[1-
(alkyloxyimino)alkyl]-3-hydroxycyclohex-2-en-1-ones
(Sung %, 2006; Chung =, 2006) So0] 9lt}

2 AFollM = cyclic imideA| A|xA|Q] 7|2 FREA H
A2 9| meta-9]2]of thiourea”7} A3HE A =L UL 1-(4-
chloro-2-fluoro-5-propargyloxyphenyl)-3-(R- x| 8})-thiourea
TeA|(Fig. 1)} @41} thiourea F-5-9] N-2]87](R)7} ¥
Shotof| wpe} Wol 7] thA|(pre-emergence)ol| A B|(Oryza
sativa)®} =3 (Echinochloa crus-galli)®) £7]9} 2]9] A
2T5(pl)S AE}ATH

/dof AHEE Al 9 8= Sigma-AldrichA] 19 £=
Junseid| EPg AloFE ARGSHIE HREAE AMH S-275
(IUPAC: 3-chloro-2-[4-chloro-2-fluoro-5-propargyloxyphenyl]-
4,5,6,7-tetrahydro-2H-indazole)— 44| E(NovatisA|) 542
AZ Agalst. 4B T2 Helo] olga HNMR
= CDCls & DMSO-de2 &= 3ta HL2o|A TMSE
WE #5248 3to Varian EM-360 2 4(200 MHz)}
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Fig. 1. General structure of 1-(4-chloro-2-fluoro-5-propargy-
loxyphenyl)-3-(R-substituted)-thiourea derivatives (R; alkyl=1-20
& aryl=21-40).

Bruker AM-300 Z2(300 MHz) spectrometer= =% 5}
o™ chemical shiftZ 6(ppm)ZteE F7|8}Stt. Mass
spectrometer— JEOL TMS- DX303 =43, 123 3185
of Lo md MEL-TEMP N2 2%35h0] B4sk7] ke
e A2 AR} gt FFHEY] 8= 200-300 mesh
silica gelo] YA column chromatography®} A} 7274w}
2 01931917, 1Hge) Agoins Felely] glste] TLC (thin
layer chromatography)< precoated silica gel plate (Merck

Co)E AHE3IAH.

712 sfelEel ey

712(S) 33HEE A 1-(4-chloro-2-fluoro-5-propargyloxy-
phenyl)-3-(R- % 2}H)-thiourea = A|(Fig. 1) %, thiourea &
9] N-ZIZA(R) 52 Z3 Y of(Ootsuka 5, 1993;
Ichiki, 1986; Hirai =, 1992) wa} oh21} Zho] 3MAlS)SIT.

2-Chloro-4-fluorophenol (I):
(11.2 g, 0.10 M)& & 20 mlo]| 7}8}aL A o)FHA 7183}
60-70°CE 9 A5HH SO,Cl(15 ml, 25.2 g, 0.19 M)& 255
2F 7haic}, A7 Sk EE NaCl 2-8) 200 mi 7}3t the.
o| methylene chloride(100 ml)= 33] o4} F&31%t) &
59| $7158 MgSO.2 AR e S7ete] 133 g9
MALEZ] 12 94% 282 Agich 'H NMR(acetone-d6): §
7.2-8.2(m, 3H), 9.64(s, 1H).

Z4 E24 2 4-fluorophenol

2-Chloro-5-nitro-4-fluorophenylmethylcarbonate (II): 36.3
g(0.248 ml)2} 12 & 150 mlof| 7}slal NaOH 9.92 g& =
50 mlofl =4 7t o3, 5°CR W25 Witk Methyl
chloroformate 23.4 g(0.248 M) 7}3}aL 4417} 59F A o]
= 5, AdE IAE oqTete A=A oA ¥ =
2], 20.5g(0.1 M)S HNO; 8.5 mi®} H,SO4 56.5 mle] &3}
G0 A As] 7Fstar 4A17 Aof thFoll SEEH W8
o} AE et IAEAE dFstal B2 oM ARt
AZ3FA 24.5 g9 II(Mp: 98-91°C)& 98% &= USith

2-Chloro-4-fluoro-5-nitrophenol (II): 30 g(0.12 M)¢| 1II
£ & 350 ml2} methanol 80 mlef 7}élxr NaOH 9.57
g(2eq)< 7Fgt thaol AT BF3HGTh W& e A2
2 Y2l 3, c-HCIS ARgato] pH 2-30.2 Qi) A4
TAEEE ostal B2 of2®H Al 4gh thzof

o] 11.5 g B THEA, M-S 50%2) +&2 .
NMR(DMSO-d6), § 6.63(d, 1H), 6.8(d, 1H), 9.3(s, 1H).
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2-Chloro-4-fluoro-5-aminophenol (IV): 5% acetic acid (20
ml)o| iron 7} 6 g& 78kl 1027 SHrAlFIch of7]9
ethyl acetate(20 ml)®} acetic acid(20 ml)9] Z.3-2Hoj
2.7 g(14 mM) 9] IS =of 7}8}a 2417t %9 g3t vt
s& S A2or YAst £8 A& gl 4 TR
glo ZAE A=t SiO, column chromatography = AJA]
= GAste 1.82 gof A% ZMED Felo| A IVE
80%9] 2&& Atk 'H NMR(DMSO-ds), § 4.9(br, 2H),
6.3(d, 1H), 6.75(d, 1H), 9.3(s, 1H),

2-Chloro-4-fluoro-S-propargyloxyphenylamine (V): 10 g
o] IV(6.2 mM)x} propargyl bromide(9.2 g, 6.2 mM)S o}
Al E(250 mi)ol| 7Fskal 382 AojFHA K.COE A7}
glo] 12A17F B¢t 3= AI ) HHe-E-2 ethyl acetate 21
2 5 2 2230 97122 Bulshn MgSO.E A%
of 2 538t 9.2 go ZAE ¥Rt SiO; column
chromatography = BR3E3 AAsto] Agh ot 2d 3
B2 AAIE £3121 2-propanol ol /dollA A Ak 24
HAAXO) phenylamine(V) 8.9 g2 89%9 4&= Aot
M.p.: 167~168°C, MS(EI), m/z(relative intensity) [M-+H]+
(200).

1-Chloro-5-fluoro-4-isothiocyanato-2-propargyloxybenzene
(VI): phenylamine(V), (8.0 g, 1.2 mM)< methylene chloride

of =Ql ¥, AHojzwAl CSCLE A3 715t AlLof A
3A17H %‘?l Aojz 3, ﬁr Ncho3-e- QL Ao A 124]
£ TLCZ 2RIgh t
of| =549} methylene chlorldei Tg*é‘}ﬂ MgSO,2 A%

1 F=oto] WAl 114 9] isothiocyanate(VI) 9.3 g2 95%
A Adct. gt o2, VT opglte] whg-o 2 7]
ot 2ol BASHIC

)
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1-(4-Chloro-2-fluoro-S-propargyloxyphenyl)-3-methylthiourea,
(1): Isothiocynate(V1)(0.7 g, 1.24 mM)2} methylamine(0.6
g, 1.5 mM)& methylene chloride(50 ml)of| &35}a1
triethylamine(0.36 ml)& A 7}5lo] Ao A 1247 Ao
ATt WS99S methylene chloride® &3} MgSO42
Azsta ¢ H=39 . SiO; column chromatography

a4 19l 1.0g9] 7]4(S) SFHE 12 92%9)
&2 A3tk Mp.:108~118°C, Rf=0.46 (ethyl acetate:
n-hexane=1:2), H—Nl\/[R(CDC13,): 6 2.58(s, 1H), 3.12(s,

3H), 4.57(s, 2H), 7.20(d, 2H), 7.24(s, 1H), 7.26(s, 1H).

Qlet 7+o wbH o0 2 35S VI alkyl W aryl %) ZHR)
amine -G A|9F0] WHS-0 & alkyl 5= A4|(2~20)Q} aryl
EA(21~40) &, F 4074e] 71(S) BEEs A7 ¢Adst
Gom 2RHE W, 77184 dike T3] foFsAth(Park,
2002).
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F54 10 018 Y3 9N Astol 202 LebAch
)= 2557 4°C oA FHE A &, STt
petridishof] o2& 21 S22 10 ME YL 3o =1 3
s AEsto] 247 wotAlgith oFAl A gl= petridisho]
A7} 5 7230 acetoned] 52 YA Fwo 71A(S) e
& 10 me-E 7hstal Gufjoll ot gk wjAlslr] fisho]
acetone®| ZHHE| 2 24 X|7F HFA|3E 2of 0.2% tween 20 &
ANe HIMAZ . A 27F 0.2 mmAE AE ARk I
A Petridishd 6704 wk£sto] T A 2K control)2] ¥7} 2¢
17 ] 150 sl A 2717t Bere] A
S22 718 560W(40Wx8) 3% 2 50| A& Conviron II
germinator¢] @o] ¥ ZA A= 30°C/12hr i} HF 27 of| A
L 25C/12hr, Z18]31 $E = 75%9] S 7S §-X 5
A 1097 ol AR

A &S dotr 7] fJste] Bie} nlo] A5 A|AT 5o
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A=5 A=A ghobs. plso) ol 10 &, £7[9F §
glo] AR gFo g BE 50% A3E UElE s (ppm)
2 B(M) BE B Thgo] BEM) 2] ol s
(-log)E #otol T 3} th(Hansch, 1971). T, f2ELL
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Aot A =ulef FE7H| 55 16 g/hao)
SHA UAE AR 2 7‘1]-%%"*
% tiJeon &, 2001). ®3F &

%“é(obs.plsg)ﬂ] HH3F ARA

LI T T o 2 1A

9.1)2 A[&314thSAS, 2002).
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71 #EAl(s)e] 2y

CylA| shet&E9] 29 Az LA (SAR)| #gh d+
A3}, WA 129 2940 ﬂuoroﬂ-lf— nEE Aoty B
Al wEe] 249 YAo| okt oA\ 2| 2-chloror} A
3t= Rhone-pouleneo| A} 7}2F3E Oxadiargylat FMCoj A
ZA|8k Sulfentrazon ¥ 18AE FA8t= 49E Sith
E3} Flumioxazin 28 4229} 5927} g€ & 12| 33E

2 398 725 1840 §RHE Ao sl g

|23t cyclic imideA] 33}E52 o] 744 Fe9] 11
HIEE WOl BYS SR AFAZA AL
fIste] o] FE o Wzt $4E F+= ZF-7F BrHMatringe,
%, 1993; Pallett, 1997). E3F t}4=2] cyclic imidesA| 3¢t

&9l peroxidizing A A4 &4 STERIMOL }z}to] g
(Verloop 5, 1976)% ©]8-3F QSAR 34 9] Ax}, A iz
359) para-3|2719} ortho-XB7]0]) S8} AHjEITHe Aol

& A H Cramer %5, 1979). Cyclic imides#| 2] peroxidizing
AzAs dF-Eo] N-aryl7| & E3Fst QA% thiourea®}
2o F2E 7HA = 3H3HE 0] peroxidizing A 284S LEL

=0 =

S0,Cl,
F OH - > F OH

Y

Cl
NaOH

Witk ARlo) 275}oi(Boger, 1991) 71(S) SEARA
1-(4-chloro-2-fluoro-5-propargyloxyphenyl)-3-(R-A]
3h)-thiourea®] FHAlof A% Z7HA| 24 5-amino-2-chloro-
4-fluorophenol (IV)E- 4-fluorophenols &4 & Z‘EO}——
S 0 & A 2519 (Ootsuka 5, 1993) 2312k 59
3t 77184 ANES skt 1Tl B =u 2
Asl A Aol ol &H 409 71AS) F=EASe T
A AL Scheme 19| A3t
SHAE] Z7HA(IV) S hydroxylZ] o] i3l propagylation—
K2C0394 A7) ZAolA propagyl bromideX} WH-5-A|#H 89%
=0 287 Ar]o] E43}t= phenylamine (V)Z €%
o 712 SEAe] BTN NHR) amineTte] S-S
olst =9 =714¢] isothiocynate?] 34J-2 phenylamine (V)
S =Ao] thiophosgene (CSCLy) £N-& HH-S-AAH 95%0] 4
o] o3} g8 HAFL jsothiocynate (VI)E AL
¥ SiO; column chromatography % A|¢lo] ulA|et thiourea
PSS A=k 718 FEAS(S)9] thiourea FAIHE
Ao] 4] isothiocynate (VI)2} alkyl 2 aryl X]2HR) amine
Asto| A A2 A HHEAIA
alkyl SEH(1~20)9 aryl QLEA(21~40)2 Z+zh BHAIs}
At} & AAE A o] YAZ alkyl FE=A4|EHot
aryl SEHS) BASS(%)0] BFOU E5, alkyl $EA
2ol A dH F3tE(cyclopentyl-Z]|2HA), 12: 30% 2 diallyl
2| 34|, 20: 95%)—— isocyanate 2] EAUR}L| gt A=
A alkyl amine®] E5Fof we} o4 ¢80l & ZolE EUt
(Park, 2002).
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Scheme 1. Synthetic process of 1-(4-chloro-2-fluoro-5-propargyloxy-pheny)-3-(R-substituted)-thiourea derivatives as substrate, (S).
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o T2 o|f-& dotr7] ¢3te] aryl U alkyl 2]3H7|(R)
o] Hammet 2|3t7] A (0) 18] 2 Tafte] 23k7] Akxo)
1 A AF4(Es)(Shorter, 1982)9} 4=8(%)1}+o] Arad
A7t A-EHA G ACE Hop g uja:
isothiocynate (VI)°] tfgt amine$ 3HES 2] 2804
ol W 2AE YFE W AR HAEY

ALE xjetxe] Mzt

Cyl# 3}e-E9) <:3]+= protoporphyrinogen IX oxidase
AAIRA A28 9 AE A 2Hgo] datEE 7)d
TEA(S)E ARgste] AH: A SHA(1~20)2 Waks 2%
A(21~40)o]| it W(Orysa sativa)?} =1|(Echinochloa
crus-galli)9] 215k 2710}tk A HS(%) ZA7ko
2RE AdsE Azl 2 FHEY HE=HMP.
°C)Z $7) Table 19 20 zH2+ Aelahgic).

HA, -‘;r 2ol tgt alkyl A SHAI(1~20) =0 disto] T
Zd Az E4U(Table o] w2, B Rejo] digh Aa)d

A& pls=2.80~4.50(H+ 3.52) 12]1 ¥ Z£7]¢ A2
L pls=3.35~4.20(B: 3.64) WS LR o). =) B
2)9] Ao plsg=3.15~4.45(H 4 3.85)% 1 be
Z7l plso=2.83~4.97(F+f: 3.56)9 A2ZALS 4
st allyl- A% 92 05 340) A2

FIEES Ay thenl 2t & b By
allyl X]2HA|(8: 4.50)7} 1142 121 cyclobutyl X214
(11: 2.80)7F 2{A2] & UEHATh B £7]o delA=
hexyl 2|2A|(6: 4.20)7} 2| 119) 7= 12|11 iso-propyl x|}
A(9: 3.35)7F A 9| g2 UYEH AT 3, =3 HejofA]
L 8 9 97} 2 719] A2 (pls=4.45)<, :LEq_L dipropyl %
SHAI(18: 3.15) = #AE, =1 E7]dw =1 Hefo] 5ot
2o BAS: 4977 A2 £2gHE, 12T cycloheptyl A

SA(14: 283)7F AY e Az BAZLE 27 Lergih
g, YR B AL $2759) F 2% 9 B Az
A plag; W 499, WET]: 445,

WZ7): 447)% alkyl NBAY F 25 9 29Y B A2

Table 1. Synthetic yield (%) and melting points of alkyl substituted (R) substrates (S) and their herbicidal activities (pIso) in vivo

(preemergence) against the two plants

No. Sub. (R) MP. (°C) Yield (%) O. sativa L. E. crus-galli.
Root Shoot Root Shoot

1 Methyl 108~118 92 3.44 3.40 3.53 3.36
2 Ethyl 134~140 79 3.61 3.78 3.59 3.82
3 n-Propyl 110~114 75 3.57 3.58 4.02 3.29
4 n-Butyl 114~118 50 3.40 3.63 3.60 3.04
5 n-Pentyl 94~104 63 2.87 3.86 3.51 3.06
6 n-Hexyl 120~123 96 3.27 4.20 3.57 2.84
7 n-Octyl 104~112 65 3.44 3.74 3.62 3.07
8 Allyl 123~132 35 4.50 3.43 445 4.97
9 I[sopropyl 96 ~104 37 4.04 3.35 445 4.00
10 Cyclopropyl 106~110 30 3.59 3.58 3.90 3.57
11 Cyclobutyl 124~131 88 2.80 3.47 3.89 4.08
12 Cyclopentyl 132~136 30 3.57 3.54 3.88 3.83
13 Cyclohexyl 128~136 73 4.16 3.88 3.83 3.27
14 Cycloheptyl 142 ~150 47 3.56 3.71 4.30 2.83
15 Cyclooctyl 58 ~66 74 3.30 3.67 3.81 3.51
16 Diethyl liq. 64 3.48 3.56 4.32 3.69
17 Diisopropyl 78 ~90 79 3.34 3.53 4.29 3.87
18 Di-n-propyl lig. 73 3.60 3.61 3.15 3.32
19 Di-n-butyl lig. 78 341 3.69 3.22 3.14
20 Diallyl liq. 95 3.36 3.51 4.07 4.72
S-275" . - 4.99 4.45 4.48 4.47

¥Standard comparing compound, 3-chloro-2-[4-chloro-2-fluoro-5-propargyl-oxyphenyl]-4,5,6,7-tetrahydro-2H-indazole.
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SHZES S-2759] AEBAT} vl ae AT}, $275% #9h =

o Zof dizte] 71 Ad=(S)Et tha w2 AU
HISEE X|2HH|o| MEE
Aryl AgA(21~40)59] F 25| djsted B2d Az

B g2 Table 20 A|515irh v Hojof gt Az
plse=2.70~4.10(B 4 3.35) 283 ¥ 27|= pls=2.60~
4.03(Ft: 3.36) HHE HERUIT: ], =99 #2: plso=
2.47~3.89(H: 3.41) 181, =19 &7 pls=2.67~
4.12(B: 3.43) HQlo] e Hoom XgA 4, 21 &
HA AxTAEE Hoje B%e Ut 2. &, H Hed
Q1o)X+ 3-chloro, 4-fluoro 2| 2HA|(36: 4.10)7} 239 7r
&, 191 3-methyl 2|ZHA|(35: 2.70)7} A4S YehR S
r+. B %70 9ol AL d-fluoro ASHAI(24: 4.03)7} 1)
-nitro A|2HA|(33: 2.60)7} 2| A 9] = 244 UEh Sl
t}. H_h ul HejofjAl= 4-fluoro 2| 2HA|(24: 3.89)7} 119

& 3-methy1 2 3HA(35: 2.47)7F A FE, =1 7]
o tom Mg ALl -2 4-fluoro A EH|(24: 4.12)7}
Y & Rﬂ&%“ 18] 3-methyl Z3HH|(35: 2.67)7} A

< 7Y e SITh Aryl A& = 235
Az S-S REAR AFESE S-2759] A
A7}, alkyl-7| PMI of thek F5ot &2 HY

714 BREE(S)E2 =l tistod= $-275

el e Blof tistoj= S-2758
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Table 2. Synthetic yield (%) and melting points of aryl substituted (R) substrates (S) and their herbicidal activities (plso) in vivo

(preemergence) against the two plants

O. sativa L. E. crus-galli.
No. Sub. (R) M.P. (°C) Yield (%)
Root Shoot Root Shoot

21 Phenyl 124~128 95 3.35 3.28 3.65 3.01
22 4-Tolyl 115~120 90 343 324 3.58 3.82
23 4-Chlorophenyl 143~145 80 3.80 3.75 343 3.02
24 4-Fluorophenyl 148~152 95 3.75 4.03 3.89 4.12
25 4-Methoxyphenyl 102~115 87 3.33 3.46 345 3.67
26 4-Bromophenyl 98 ~103 95 3.67 3.75 3.70 3.79
27 4-Hydroxyphenyl liq. 90 2.95 3.20 3.43 3.33
28 4-Nitrophenyl 132~137 95 3.10 3.33 3.27 2.85
29 3-Chlorophenyl 140~144 80 3.01 3.47 3.24 3.43
30 3-Bromophenyl 101 ~107 87 3.34 2.95 3.10 3.40
31 3-Fluorophenyl 135~139 87 3.20 3.54 2.70 3.12
32 3-Hydroxyphenyl lig. 95 3.06 3.05 343 3.57
33 3-Nitrophenyl 138~141 90 2.85 2.60 3.58 3.87
34 3-Methoxyphenyl 97~102 85 3.50 3.64 3.79 3.45
35 3-Tolyl 118~121 80 2.70 3.12 247 2.67
36 3-Cl,4-Fphenyl liq. 80 4.10 3.78 3.60 3.53
37 3,5-Difluorophenyl liq. 95 3.57 3.43 3.23 3.47
38 3,5-Dichlorophenyl liq. 80 3.40 2.70 3.70 3.87
39 3,5-Dimethylphenyl lig. 90 3.10 3.47 3.23 3.02
40 3.,4-Difluorophenyl lig. 95 3.78 3.47 3.88 3.67
S-275¥ - - 4.99 4.45 4.48 4.47

YStandard comparing compound, 3-chloro-2-[4-chloro-2-fluoro-5-propargyl-oxyphenyl]-4,5,6,7-tetrahydro-2H-indazole.
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