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Abstract: In biological system, bivalent ligands often possess increased functional affinity for their
receptors canpared w ith monovalent ligands Based on the infomation of 3D structure of AHAS-
imazaquin (IQ) complex, 8 symmetrical bivalentmolecules of imazapicw ere designed and synthesized
Their structures w ere confimed by IR, 'H NMR and elanentary analysis The preliminary bioassay
results show ed that the inhibition rate to the acetohydroxyacid synthase fran dimeric compounds w ere
less potent than that of imazapic A nd the inhibition rate to the grow th of rape (B rassica campestris
L. ) root from bivalent conpoundsw ere very close to that of imazapic at concentration of 1000 g/mL.
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1 Introduction

M ultivalent ligand-receptor interactions, know n as the
cluster effect, are defined as secific simultaneous
associations of multiple ligands present on am olecular
construct that bind to multiple receptors presented on a
biological entity[l'zl. In biological systams, multivalent
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ligands often possess increased functional affinity for
their targets campared with that of monovalent
ligands

L aurence et a deduced that symmetrical
inhibitors might bridge wo adjacent active sites
via coupling o w eakly binding benzam idine, w hich
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denonstrated a  ranarkable  distanced-defined
structure-activity relationship against human tryptase
with series possessing subnanomolar potencies

Kopytek et al ' reported bism ethotrexate (M TX )
binds simultaneously w ith v o dihydrofolate reductase
(DHFR) enzymes, thus foming a ternary complex

The bisM TX show s about a 100-folds higher affinity
than M TX (Fig 1). L uedtke et al ' found that the
dimerization Kananycin A increases its affinity to the
HNV -1 Rev reponse elenent (RRE) by 2200-fold

Pang et al 1 carlier et al ', Hu et al ' and
Kryger et al el reported that inhibitors of
acetylcholinesterase (AChE) were designed on the
basis of a structure-based divalent gpproach This

approach leads to a dimeric inhibitor comprising wo
tethered inhibitors expected to bind simultaneously
with wo proximal sites, thereby achieving enhanced
affinity and selectivity. There are many other
successful medicinal exanples of multivalent ligands
that bind more strongly to their respective multivalent
receptor ¥ Several different mechanisns may
contribute to higher potencylls]. Up to now there is
fev reports on multivalent interaction in herbicide
development This highlight of cluster effect provided
us a reference and guidance to design and synthesize
multivalent pesticide molecules for the discovery of
better agrochem icals
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Fig 1 B isvalent canpounds

A cetohydroxyacid synthase (AHAS) is the first
canmon enzyme in the pathway for the biosynthesis
of branched-chain anino acids This enzyme may be
inhibited by several fanilies of canpounds Among
these canpounds, the sulfonylureas and
im idazolinones, are developed
commercial herbicides **'. Recently Jennifer et al (7
reported the 3D structure of the A rabidopsis thaliana
AHAS-imazaquin (IQ) camplex In this camplex,
there are tvo herbicide molecules bound to each
subunit One of these isw ithin the channel leading to
the active site, whereas a second is located= 20 A
(2 0m) fran the active site According to
multivalent interactions, multivalent ligands could be
simultaneously associated w ith different subunits of
AHAS and might showv higher affinity with active
sites In this paper several bivalent imidazolinone
compounds were designed and synthesized w ith
expection that the synthesized bivalent compounds
may bind more strongly to AHAS

extensively as

2 M ater alsand methods

21 Cheamisry
Reagents and solvents were purchased from B eijing
Chemical Reagents Campany and w ere used w ithout
further purification Colunn chraomatography was
perfomed on silica gel 200 300 mesh obtained from
Qingdao Haiyang Chemical Ca , L td A nalytical thin-
layer chrom atography was perfomed w ith silica gel
plates, and the plotsw ere visualized under UV light at
254 'm or iodine vapor. Elemental analysis (C, H,N)
and ESIMS were perfomed at Institute of
Chemistry, Chinese A cadeny of Sciences N uclear
m agnetic resonance spectrun w ere recorded in CDCl
solution, using B rucker DPX 300 M Hz spectrom eter
(perfomed by China A gricultural U niversity). IR
(KBT1) (Vua, Gn ) spectraw ere recorded on FT-IR
IR200 spectrophotom eter.
2 1 1 Procedure for the preparation of compound 2
To a solution of dicyclohexylcarbodiimide (DCC)
(5 g, 24 mmol) in dry methylene chloride(50 mL ),
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2-( 4-isopropyl-4-m ethy|-5-ox0-2-im idazolin-2-y1 ) -5-
m ethyInicotinic acid (1) (6 g, 21 mmol) was added

After stirring at roan temperature for 2 5 hours, the
m ixture w as filtered and concentrated to give aw hite

H;C COOH
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Z CH
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solid The crude product was recrystallized from
m ethylene chloride to give4 3 g (80%) of the dione
(Schemel) .

CH(CHs):

3a Y=CH:CH:

3b Y=CH.CH:CH:
3¢ Y=CHx(CH:).CH:
3d Y=CH:(CH:);CH:
3e Y=CHx(CH:):CH>
3f Y=CH(CH:)sCH
3g Y=CH:(CH:)sCH:
3h Y=CH:(CH:),CH:

Schanel

2 1 2 General procedure for the synthesis of
products 3a 3h  To themixture of ethylene glycol
(0 08 g,1 4mmol) and canpound 2(1 g, 3 9mmol)
in absolute DM F, sodiun hydride (Q 09 g,
3 9mmol) was added with ice-cooling under
nitrogen Gas evolution was observed A fter 4 hours,
the reaction w as neutralized with @ 2 g(3 9 mmol)
agueous anmoniun chloride, stripped and partitioned
with water and ethyl acetate The organic layer was
separated and dried over anhydrous magnesium
sulfate A fter filtered, the solution w as concentrated in
vacuo, and the resulting residue was purified by
colunn chramatogrgphy with a mixture of ethyl
acetate and petroleun ether (1 3, V/V) as eluent to
give 0 5 g(60% ) of awhite solid (3a) . The sane
procedure was used for the synthesis of 3b  3h
(Schemel).

2 2 Evaluation of biological activity in vitro and
in vivo

2 2 1 AHAS inhibition in vitra  AHAS activity
was measured using the colorimetric assay in 50 mmol/L
potassium phosphate (pH 7 0) containing 50 mmol/L
pyruvate, 1 mmol/L thianine diphosphate, 10 mmol/L
MgChL and 10 M mol/L FAD B8 The synthesized
canpoundsw ere enulsified firstly and then incubated
at 37 for 30 min The reaction was stopped w ith
25M L of 10% H,S0, and heated at 60 for 15 min
to convert acetolactate into acetoin The acetoin was

quantified by incubation with O 5% creatine andd -
naphthol (5%, W /V) for 15 min at 60 and was
measured at A525 Imidazolinone was used as a
control

2 2 2 Inhibition of the growth of rape (B rassica
campestris L. ) root in viva 20 rape seeds w ere
soaked in distilled water for 4 h and then placed on
filter pgper in a 9-an Petri plate, to which 3 mL of
inhibitor solution had been added in advance
Duplicate was tested for each trial The plate was
placed in climatic chanbers and allov ed to gem inate
for 72 h at (28+1) The length of roots was
measured and the percentage inhibition was
calculated

3 Reaultsand discussion

Intram olecular cyclization of 2-(4-isopropyl-4-m ethy|-
5-0x0-2-im idazolin-2-y1) -5-methyInicotinic acid (1)
using approximately an equimolar anount of theDCC
in the presence of CH,CL at 20 32 , gave
canpound 2 in 80% yield as a white solid

Esterification of compound 2 w ith different diol in the
presence of sodium hydride in dimethylfoman ide
gave bis-imazapic (3a 3h). The physical property,

ESIM S, yields and elenental analysis of compounds
3a 3h are listed in Table 1, '"H NMR and IR data are
collected in Table 2
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Table 1 Experimental data for caonpounds 3a 3h
Campd Fomula A ppearance mp ESIM S . Yield Elemental analysis(%, Calcd )
[M +Na] (%) c H N
3a C3HzNgOg W hite solid 1728 173 4 599 60 4 62 27(62 49) 6 40(6 29) 14 71(14 57)
3b C31HagNgOg V iscous w hite oil - 613 49 8 62 89(63 04) 6 57(6 48) 14 34(14 23)
3c C3H4NgOg W hite solid 207. 6 208 1 627 66 3 63 38(63 56) 6 82(6 67) 14 01(13 90)
3d CzHoNgOg W hite solid 2123 2130 641 63 4 63 79(64 06) 6 95(6 84) 13 69(13 58)
3e C3yHuNgOg W hite solid 2111 2115 655 59 8 64 46(64 54) 7.22(7.01) 13 43(13 28)
3f CaxsHuNgOg  Viscous yellow oil - 669 50 2 64 79(65 00) 7.29(7 17) 13 18(12 99)
39 CasHugNgOg  Viscous yellow oil - 683 49 6 65 29(65 43) 7.49(7 32) 12 94(12 72)
3h Ca7H5NgOg  Viscous yellow oil - 697 44 9 65 71(65 85) 7.65(7 47) 12 68(12 45)
Table2 ‘HNMR and IR data of canpounds
Compd IR, v/an ! IHNMR(CDCl;/TMS),d
3a 2968,1727,1627 078 Q08.(m,3H),09 10(m,3H),128(d,3H,J=33Hz),196 2 06(m,1H),2 43(d, 3H,J =
10 8Hz),4 55 4 66(m,2H),7 61 7 62(m,1H),8 50 8 51(m, 1H), 8 89(s, 1H)
3b  2963,1732,1627 08 090(m,3H),097 104(m,3H),1 27(d,3H,J=3 0Hz),1 97 2 06(m,1H),2 42(d,3H,J =
3 0Hz),243 2 48(m,1H),4 42 4 62(m,2H),7. 64 7 65(m,1H),8 50 8 51(m,1H), 8 81(s
1H)
3c 2967,1723,1631 08 087(m,3H),099 105(m,3H),1 32(d,3H,J=13Hz),182 186(m,2H),2 00 2 08(m,
1H),2 43(d,3H,J=2 3Hz),4 28 4 44(m,2H),7.60 7 63(m,1H),8 49 8 50(m, 1H),8 73(s
1H)
3d 2931,1720,1628 083 087(m,3H),101 105(m,3H),1 34(d,3H,J=7.4Hz),145 152(m,1H),1 74 1 80(m,
2H),2 03 2 07(m,1H),2 45(d,3H,J=12Hz),4 26 4 37(m,2H),7.60 7 61(m,1H),8 49 8 50
(m,1H), 8 81(s 1H)
3e 2963,1730,1631 083 090(m,3H),101 106(m,3H),133(d,3H,J=L9Hz),163 171(m,2H),173 1 76(m,
2H),199 2 08(m,1H),2 45(d,3H,J=12Hz),4 22 4 36(m,2H),7.61 7. 62(m,1H),8 48 8 49
(m, 1H),8 70(s 1H)
3f 2931,1728,1628 084 087(m,3H),103 107(m,3H),125(d,3H,J=30Hz),135 137(m,1H),153 1 58(m,

2H),168 173(m,2H),2 03 2 07(m,1H),2 49(d, 3H,J=1 3 Hz),4 26 4 35(m,2H),7 61
7.63(m,1H),8 49 8 50(m, 1H), 8 80(s 1H)

39 2931,1 729, 1 620

079 090(m,3H),102 107(m,3H),1 32(d,3H,J=40Hz),140 143(m,2H),152 1 57(m,

2H),167 1 74(m,2H),203 2 07(m,1H),2 45(d, 3H,J =10 5Hz),4 25 4 35(m, 2H), 7. 62
7.64(m,1H),8 49 8 50(m, 1H), 8 76(s 1H)

3h 2929,1728,1 629

09 098(m,3H),100 105(m,3H),1 35(d,3H,J=41Hz),153 157(m,1H),167 1 74(m,

6H),2 03 2 07(m, 1H),2 43(d,3H,J=12Hz),430 435(m,2H),7 62 7 63(m, 1H),8 48

8 49(m, 1H),8 79(s 1H)

Inhibition of the plant AHA'S was measured
using the colorimetric assay. As shovn in Table 3,
the inhibition of the imazepic was 94 6% at
the concentration of 100M g/mL, but the dimeric
canpounds were less potent than imazapic The
grow th inhibition of rape rootw as undertaken in vivo
to evaluate their herbicidal activity. As a whole, the
potency of the bivalent compoundsw ere very close to
that of imazapic(Table 3). Campound 3b (74%), 3f
(72 4% ), 39(78%), 3h(80% ) expressed the same
level of activity as monovalent conpounds(75 3% ).

It is obvious that bis-imazgpic showed different
activity in vivo and in vitra First, maybe the length of
linker was not much longer enough to bind
simultaneously to the o active sites in one plant
AHAS Or the confomation and structure of the
bivalent molecules was not perfectly fit to the active
sites of bivalent receptors Second, the bis-imazapic
m ight express new physiological actions on w eed, and
there might be other mechanian of action on target
enzyme The accurate explanation to this problem
needs further research
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Table 3 Biological activities of canpounds

Inhibition of AHA'S activities(% )

In vivo herbicidal activity of the compounds(% inhibition)

Campd
1Y g/mL 10U a/mL. 1004 g/mL 100U g/mL
1 - - 94 6 75 3
3a 0 60 250 69 5
3b 71 12 6 21 6 740
3c 0 130 218 57. 3
3d 20 4 248 30 2 67. 1
3e 0 54 201 58 9
3f 74 17.1 380 72 4
39 189 24 2 300 780
3h 131 20 8 28 2 80 0

In summary, symm etrical bivalent molecules via
intran olecular cyclization and esterification w ith diol
have been synthesized A Il new compounds were
confimed by "H NMR, IR, ESIM S and elemental
analysis B is-imazapic canpounds digplayed potential
herbicidal activity in viva However, the dimeric
compounds expressed weak affinity to plant AHAS
The results suggested that these bivalent molecules
maybe have different physiological actions on w eeds
and further research is needed
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