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Abstract: In b io log ica l system , b iva len t ligands of ten possess increased func tional aff in ity fo r the ir

recep to rs com pared w ith m onovalen t ligands. B ased on the info rm ation of 3D struc tu re of A HA S 2
im azaqu in ( IQ ) com p lex, 8 symm etrica l b iva len t m o lecu les of im azap ic w ere designed and syn thesized.

The ir struc tu res w ere conf irm ed by IR,
1
H NM R and e lem enta ry analysis. The p re lim inary b ioassay

resu lts show ed tha t the inh ib ition ra te to the ace tohydroxyac id syn thase from dim eric com pounds w ere

less po ten t than tha t of im azap ic. A nd the inh ib ition ra te to the g row th of rape (B rassica campestris

L. ) roo t f rom bivalen t com pounds w ere very c lose to tha t of im azap ic a t concen tra tion of 100μg /mL.
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咪唑啉酮类簇合物的合成及其除草活性
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摘 　要 :在生物体系中 ,二效价配体比单效价配体对受体有更强的亲和力。根据乙酰乳酸合成酶与

咪唑啉酮类复合物的 3D 结构信息特点 ,设计并合成了 8个对称的双甲基咪草烟类化合物 ,其结构

经红外、核磁及元素分析等确证。初步生物活性测定结果表明 :咪唑啉酮二效价簇合物对乙酰乳酸

合成酶的亲和力没有增加 ,在 100μg /mL 浓度下 ,对油菜 B rassica campestris L. 根长抑制率与单

效价化合物相当。
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1　 In troduction

M u ltiva len t ligand2recep to r in te rac tions, know n as the

c luste r effec t, a re def ined as spec ific s im ultaneous

assoc ia tions of m ultip le ligands p resen t on a m olecu la r

construc t tha t b ind to m ultip le recep to rs p resen ted on a

b io log ica l en tity
[ 1, 2 ]

. In b io log ica l system s, m ultiva len t

ligands often p ossess inc reased func tional aff in ity fo r

the ir ta rge ts com pared w ith tha t of m onovalen t

ligands.

L aurence e t a l.
[ 3 ]

deduced tha t symm etrica l

inh ib ito rs m igh t b ridge tw o ad jacen t ac tive sites

v ia coup ling tw o w eak ly b ind ing benzam id ine, w hich
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dem onstra ted a rem arkab le d istanced2def ined

struc tu re2ac tiv ity re la tionsh ip against hum an tryp tase

w ith se ries possessing subnanom o lar p o tenc ies.

Kopytek et a l.
[ 4 ]

reported b is2m etho trexa te (M TX )

b inds sim ultaneously w ith tw o dihydrofo la te reductase

(D H FR ) enzym es, thus fo rm ing a ternary com p lex.

The b is2M TX show s abou t a 1002fo lds h igher affin ity

than M TX ( Fig. 1 ) . L ued tke e t a l.
[ 5 ]

found tha t the

d im eriza tion Kanam ycin A increases its aff in ity to the

H IV 21 Rev resp onse e lem ent ( RRE ) by 22002fo ld.

Pang e t a l.
[ 6 ]

, C arlie r e t a l.
[ 7 ]

, H u et a l.
[ 8 ]

and

K ryger e t a l.
[ 9 ]

reported tha t inh ib ito rs of

ace ty lcho lineste rase ( A C hE ) w ere designed on the

basis of a struc tu re2based d iva len t app roach. Th is

app roach leads to a d im eric inh ib ito r com p ris ing tw o

te thered inh ib ito rs expec ted to b ind sim u ltaneously

w ith tw o p rox im al sites, the reby ach iev ing enhanced

aff in ity and se lec tiv ity. There are m any o the r

successfu l m ed ic ina l exam p les of m u ltiva len t ligands

tha t b ind m o re strong ly to the ir respec tive m ultiva len t

recep to rs
[ 10～14 ]

. Seve ra l d iffe ren t m echan ism s m ay

con tribu te to h igher po tency
[ 15 ]

. U p to now the re is

few reports on m u ltiva len t in te rac tion in herb ic ide

developm ent. Th is h igh ligh t of c luste r effec t p rov ided

us a refe rence and gu idance to design and syn thesize

m ultiva len t pestic ide m olecu les fo r the d iscove ry of

be tte r agrochem ica ls.

F ig. 1　B isva len t com pounds

　　A cetohydroxyacid syn thase (A HA S ) is the f irst

comm on enzym e in the pathw ay for the b iosyn thesis

of b ranched2chain am ino acids. Th is enzym e m ay be

inh ib ited by severa l fam ilies of com pounds. Am ong

these com pounds, the su lfony lu reas and

im idazo linones, a re developed ex tensive ly as

comm erc ia l herb ic ides
[ 16 ]

. Recen tly Jenn ife r e t a l.
[ 17 ]

reported the 3D struc tu re of the A rab idopsis tha liana

A HA S 2im azaqu in ( IQ ) com p lex. In th is com p lex,

there are tw o herb ic ide m olecu les bound to each

subun it. O ne of these is w ith in the channe l lead ing to

the ac tive site, w hereas a second is loca ted ≈ 20 !
(2. 0 nm ) from the ac tive site. A ccord ing to

m ultiva len t in te rac tions, m ultiva len t ligands cou ld be

sim ultaneously assoc ia ted w ith d iffe ren t subun its of

A HA S and m igh t show highe r aff in ity w ith ac tive

sites. In th is paper severa l b iva len t im idazo linone

com pounds w ere designed and syn thesized w ith

exp ec tion tha t the syn thesized b iva len t com pounds

m ay bind m o re strong ly to A HA S.

2　M a ter ia ls and m ethods

2. 1　Chem istry
Reagen ts and so lven ts w ere purchased from B eijing

Chem ica l R eagen ts C om pany and w ere used w ithou t

fu rthe r pu rif ica tion. C olum n chrom atog raphy w as

perfo rm ed on silica ge l 200～300 m esh ob ta ined from

Q ingdao H aiyang C hem ica l Co. , L td. A na ly tica l th in2
laye r chrom atography w as pe rfo rm ed w ith silica ge l

p la tes, and the p lo ts w ere v isua lized under UV ligh t a t

254 nm or iod ine vap or. E lem en ta l ana lysis (C, H, N )

and ES I2M S w ere pe rfo rm ed a t Institu te of

Chem istry, C h inese A cadem y of Sciences. N uclea r

m agne tic resonance spec trum w ere reco rded in CD C l3
so lu tion, using B rucke r D PX 300 M H z spectrom ete r

( p erfo rm ed by C hina A gricu ltu ra l U nivers ity ) . IR

( KB r) ( vm ax , cm
- 1 ) spec tra w ere recorded on FT2IR

IR200 sp ec tropho tom ete r.

2. 1. 1　Procedure fo r the p rep ara tion of com pound 2.

　To a so lu tion of d icyc lohexy lcarbod iim ide (D CC )

(5 g, 24 mm o l) in d ry m ethy lene ch lo ride ( 50 mL ) ,
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22( 42isop ropy l242m ethy l252oxo222im idazo lin222y l ) 252
m ethy ln ico tin ic ac id (1) ( 6 g, 21 mm ol) w as added.

A fter s tirring a t room tem pera tu re fo r 2. 5 hou rs, the

m ix tu re w as f ilte red and concen tra ted to g ive a w hite

so lid. The c rude p roduc t w as recrysta llized from

m ethy lene ch lo ride to g ive 4. 3 g (80% ) of the d ione

( Schem e 1) .

Schem e 1

2. 1. 2 　 G enera l p rocedu re fo r the syn thesis of

p roducts 3a～3h. 　To the m ix tu re of e thy lene g lyco l

(0. 08 g, 1. 4 mm ol) and compound 2 (1 g, 3. 9 mm ol)

in abso lu te DM F, sod ium hydride ( 0. 09 g,

3. 9 mm ol ) w as added w ith ice2coo ling under

n itrogen. G as evo lu tion w as obse rved. A fter 4 hours,

the reac tion w as neu tra lized w ith 0. 2 g ( 3. 9 mm ol)

aqueous amm onium chloride, stripp ed and partitioned

w ith w ater and ethy l ace ta te. The organ ic layer w as

separa ted and dried over anhydrous m agnesium

su lfa te. A fter f ilte red, the so lu tion w as concen tra ted in

vacuo, and the resu lting residue w as p urif ied by

co lum n chrom atography w ith a m ix tu re of e thy l

ace ta te and petro leum ether ( 1∶3, V /V ) as e luen t to

g ive 0. 5 g ( 60% ) of a w h ite so lid ( 3a ) . The sam e

p rocedure w as used for the syn thesis of 3b ～ 3h
( Schem e 1) .

2. 2　Eva lua tion of b iolog ica l activ ity in vitro and
in vivo

2. 2. 1　A HA S inh ib ition in vitro. 　A HA S activ ity

w as m easured using the colorim etric assay in 50 mm ol/L

potassium phosphate (pH 7. 0) containing 50 mm ol/L

pyruvate, 1 mm ol/L thiam ine diphosphate, 10 mm ol/L

M gC l2 and 10 μm ol /L FAD
[ 18 ]

. The syn thesized

com pounds w ere em ulsif ied f irs tly and then incubated

a t 37℃ fo r 30 m in. The reac tion w as stopped w ith

25μL of 10% H2 SO 4 and hea ted a t 60℃ fo r 15 m in

to convert ace to lac ta te in to ace to in. The ace to in w as

quan tif ied by incubation w ith 0. 5% crea tine and α2
naph tho l ( 5% , W /V ) for 15 m in at 60℃ and w as

m easured a t A 525. Im idazo linone w as used as a

con tro l.

2. 2. 2 　 Inh ib ition of the grow th of rape (B rassica

camp estris L. ) roo t in vivo. 　20 rape seeds w ere

soaked in d is tilled w ater fo r 4 h and then p laced on

filte r p ap er in a 92cm Pe tri p la te, to w h ich 3 mL of

inh ib ito r so lu tion had been added in advance.

D up lica te w as tested fo r each tria l. The p la te w as

p laced in c lim atic cham bers and a llow ed to germ inate

fo r 72 h a t (28 ±1) ℃. The leng th of roo ts w as

m easured and the percen tage inh ib ition w as

ca lcu la ted.

3　Results and d iscussion

In tram olecu la r cyc liza tion of 22(42isop ropy l242m ethy l2
52oxo222im idazo lin222y l) 252m ethy ln ico tin ic ac id ( 1 )

using app rox im a te ly an equ im o lar am oun t of the D CC

in the p resence of CH2 C l2 a t 20 ～ 32℃, gave

com pound 2 in 80% yield as a w hite so lid.

Este rif ica tion of com pound 2 w ith d iffe ren t d io l in the

p resence of sod ium hydride in d im ethy lfo rm am ide

gave b is2im azap ic (3a～3h) . The physica l p rope rty,

ES I2M S, y ie lds and e lem enta l ana lysis of com pounds

3a～3h are lis ted in Tab le 1,
1
H NM R and IR da ta are

co llec ted in Tab le 2.
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Table 1　Experim en ta l da ta fo r com pounds 3a～3h

Compd. Form ula A ppearance m. p. /℃
ES I2M S

[M +N a ] +

Yield

( % )

E lem ental analysis ( % , Calcd. )

C H N

3a C30 H36N 6O 6 W hite solid 172. 8～173. 4 599 60. 4 62. 27 (62. 49) 6. 40 (6. 29) 14. 71 (14. 57)

3b C31 H38N 6O 6 V iscous w hite oil 2 613 49. 8 62. 89 (63. 04) 6. 57 (6. 48) 14. 34 (14. 23)

3c C32 H40N 6O 6 W hite solid 207. 6～208. 1 627 66. 3 63. 38 (63. 56) 6. 82 (6. 67) 14. 01 (13. 90)

3d C33 H42N 6O 6 W hite solid 212. 3～213. 0 641 63. 4 63. 79 (64. 06) 6. 95 (6. 84) 13. 69 (13. 58)

3e C34 H44N 6O 6 W hite solid 211. 1～211. 5 655 59. 8 64. 46 (64. 54) 7. 22 (7. 01) 13. 43 (13. 28)

3f C35 H46N 6O 6 V iscous yellow oil 2 669 50. 2 64. 79 (65. 00) 7. 29 (7. 17) 13. 18 (12. 99)

3g C36 H48N 6O 6 V iscous yellow oil 2 683 49. 6 65. 29 (65. 43) 7. 49 (7. 32) 12. 94 (12. 72)

3h C37 H50N 6O 6 V iscous yellow oil 2 697 44. 9 65. 71 (65. 85) 7. 65 (7. 47) 12. 68 (12. 45)

Table 2　1
H NM R and IR da ta of com pounds

Compd. IR, v / cm - 1 1 H NM R ( CDC l3 / TM S ) ,δ

3a 2 968, 1 727, 1 627 0. 78～0. 81 (m , 3H ) , 0. 95～1. 0 (m , 3H ) , 1. 28 ( d, 3H, J = 3. 3 Hz) , 1. 96～2. 06 (m , 1H ) , 2. 43 ( d, 3H, J =

10. 8 Hz) , 4. 55～4. 66 (m , 2H ) , 7. 61～7. 62 (m , 1H ) , 8. 50～8. 51 (m , 1H ) , 8. 89 ( s, 1H )

3b 2 963, 1 732, 1 627 0. 84～0. 90 (m , 3H ) , 0. 97～1. 04 (m , 3H ) , 1. 27 ( d, 3H, J = 3. 0 Hz) , 1. 97～2. 06 (m , 1H ) , 2. 42 ( d, 3H, J =

3. 0 Hz) , 2. 43～2. 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 2 967, 1 723, 1 631 0. 82～0. 87 (m , 3H ) , 0. 99～1. 05 (m , 3H ) , 1. 32 ( d, 3H, J = 1. 3 Hz) , 1. 82～1. 86 (m , 2H ) , 2. 00～2. 08 (m ,

1H ) , 2. 43 ( d, 3H, J = 2. 3 Hz) , 4. 28～4. 44 (m , 2H ) , 7. 60～7. 63 (m , 1H ) , 8. 49～8. 50 (m , 1H ) , 8. 73 ( s,

1H )

3d 2 931, 1 720, 1 628 0. 83～0. 87 (m , 3H ) , 1. 01～1. 05 (m , 3H ) , 1. 34 ( d, 3H, J = 7. 4 Hz) , 1. 45～1. 52 (m , 1H ) , 1. 74～1. 80 (m ,

2H ) , 2. 03～2. 07 (m , 1H ) , 2. 45 ( d, 3H, J = 12 Hz) , 4. 26～4. 37 (m , 2H ) , 7. 60～7. 61 (m , 1H ) , 8. 49～8. 50

(m , 1H ) , 8. 81 ( s, 1H )

3e 2 963, 1 730, 1 631 0. 83～0. 90 (m , 3H ) , 1. 01～1. 06 (m , 3H ) , 1. 33 ( d, 3H, J = 1. 9 Hz) , 1. 63～1. 71 (m , 2H ) , 1. 73～1. 76 (m ,

2H ) , 1. 99～2. 08 (m , 1H ) , 2. 45 ( d, 3H, J = 12 Hz) , 4. 22～4. 36 (m , 2H ) , 7. 61～7. 62 (m , 1H ) , 8. 48～8. 49

(m , 1H ) , 8. 70 ( s, 1H )

3f 2 931, 1 728, 1 628 0. 84～0. 87 (m , 3H ) , 1. 03～1. 07 (m , 3H ) , 1. 25 ( d, 3H, J = 3. 0 Hz) , 1. 35～1. 37 (m , 1H ) , 1. 53～1. 58 (m ,

2H ) , 1. 68～1. 73 (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 )

3g 2 931, 1 729, 1 620 0. 79～0. 90 (m , 3H ) , 1. 02～1. 07 (m , 3H ) , 1. 32 ( d, 3H, J = 4. 0 Hz) , 1. 40～1. 43 (m , 2H ) , 1. 52～1. 57 (m ,

2H ) , 1. 67～1. 74 (m , 2H ) , 2. 03～2. 07 (m , 1H ) , 2. 45 ( d, 3H, J = 10. 5 Hz) , 4. 25～4. 35 (m , 2H ) , 7. 62～

7. 64 (m , 1H ) , 8. 49～8. 50 (m , 1H ) , 8. 76 ( s, 1H )

3h 2 929, 1 728, 1 629 0. 96～0. 98 (m , 3H ) , 1. 00～1. 05 (m , 3H ) , 1. 35 ( d, 3H, J = 4. 1 Hz) , 1. 53～1. 57 (m , 1H ) , 1. 67～1. 74 (m ,

6H ) , 2. 03～2. 07 (m , 1H ) , 2. 43 ( d, 3H, J = 1. 2 H z) , 4. 30～4. 35 (m , 2H ) , 7. 62～7. 63 (m , 1H ) , 8. 48～

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

　　 Inh ib ition of the p lan t A HA S w as m easu red

using the co lo rim etric assay. A s show n in Tab le 3,

the inh ib ition of the im azap ic w as 94. 6% at

the concen tra tion of 100μg /mL , bu t the d im eric

com pounds w ere less po ten t than im azap ic. The

grow th inh ib ition of rape roo t w as undertaken in vivo

to eva lua te the ir herb ic ida l ac tiv ity. A s a w hole, the

p o tency of the b iva len t com pounds w ere very c lose to

tha t of im azap ic ( Tab le 3 ) . C om p ound 3b ( 74% ) , 3f
(72. 4% ) , 3g ( 78% ) , 3h ( 80% ) exp ressed the sam e

leve l of ac tiv ity as m onova len t com pounds (75. 3% ).

It is obv ious tha t b is2im azap ic show ed diffe ren t

ac tiv ity in vivo and in vitro. F irst, m aybe the leng th of

linke r w as no t m uch longer enough to b ind

sim ultaneously to the tw o ac tive sites in one p lan t

A HA S. O r the conform a tion and struc tu re of the

b iva len t m olecu les w as no t p erfec tly f it to the ac tive

sites of b iva len t recep to rs. Second, the b is2im azap ic

m igh t exp ress new physio log ica l ac tions on w eed, and

there m igh t be o the r m echan ism of ac tion on ta rge t

enzym e. The accura te exp lana tion to th is p rob lem

needs fu rther resea rch.
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Table 3　B io log ica l ac tiv ities of com pounds

Compd.
Inhib ition of AHAS activities ( % ) In vivo herb icidal activ ity of the compounds ( % inhib ition)

1μg /mL 10μg /mL 100μg /mL 100μg /mL

1 2 2 94. 6 75. 3

3a 0 6. 0 25. 0 69. 5

3b 7. 1 12. 6 21. 6 74. 0

3c 0 13. 0 21. 8 57. 3

3d 20. 4 24. 8 30. 2 67. 1

3e 0 5. 4 20. 1 58. 9

3f 7. 4 17. 1 38. 0 72. 4

3g 18. 9 24. 2 30. 0 78. 0

3h 13. 1 20. 8 28. 2 80. 0

　　 In summ ary, symm etrica l b iva len t m olecu les v ia

in tram olecu la r cyc liza tion and esterif ica tion w ith d io l

have been syn thesized. A ll new com p ounds w ere

confirm ed by
1
H NM R, IR, ES I2M S and elem enta l

ana lysis. B is2im azap ic com pounds d isp layed po ten tia l

herb ic ida l ac tiv ity in vivo. H ow ever, the d im eric

com pounds exp ressed w eak aff in ity to p lan t A HA S.

The resu lts suggested tha t these b iva len t m olecu les

m aybe have d iffe ren t physio log ica l ac tions on w eeds

and fu rthe r research is needed.
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