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Studies on Pyridine Derivatives (Û):

Synthesis and HerbicidalActivities of Both Enantiomers of

2-sec-Butylam ino-5-( 2-chloropyrid-4-yl)-1, 3, 4-thiodiazoles
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Abstract: Bo th enan tiom ers o f 2-sec-buty lam ino-5-( 2-ch loropy rid-4-y l)-1, 3, 4- th iod iazo les ( BCPT ), a

pow erful racem ic herb icida l compound w hich w as found in prev ious research, w ere synthesized from R-

and S-buty lam ine re spectively. The pre lim inary bioassay re sults show ed that three o f the thiodiazo les

( racemate and enant iom ers) w ere exce llent g row th inhibitors to bo th ro o ts and stem s o f barnyard g rass.

The S- ( + ) enan tiom er w a s the strongest fo r stem g row th inh ib it ion, and R-(-) enantiom er w as the

w eake st1But they had little inhibiting d if ference on roo t g row th.
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吡啶衍生物研究 (Û): 2-仲丁胺基-5-( 2-氯

吡啶-4-基 )-1, 3, 4-噻二唑对映异构体的合成及除草活性

冉兆晋,  车  超,  李  楠,  肖玉梅,  覃兆海*

(中国农业大学 理学院,北京 100094)

摘  要: 2-仲丁胺基-5-( 2-氯吡啶-4-基 )-1, 3, 4-噻二唑 ( BCPT )是早期发现的一个具有良好除草活

性的外消旋先导化合物, 报道了使用 R /S-仲丁胺为原料分别合成 BCPT的两个对映异构体的方

法。初步生测结果显示, 3种噻二唑化合物 (外消旋体和两个对映异构体 )对稗草的根和茎均表现

出较强的抑制作用,其中 S-( + )对映异构体对茎的抑制作用强于 R-(-)对映异构体和外消旋体,但

对根的生长抑制作用三者间没有显著差异。

关键词:吡啶衍生物; 仲丁胺; 1, 3, 4-噻二唑,除草活性
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1 Introduction

It is w ell know n that heterocyclic compounds

hav ing a 1, 3, 4- thiod iazo ly l or py ridy l g roup exh ib it

various b io lo g ica,l such a s antidepressan ,t insectic ida ,l

herb icida l and p lant g row th regulating act iv ities
[ 1~ 3]

.

A lo t o f com pounds conta in ing one o f the tw o

he terocyclic mo ie ties have been m arketed as plant

pro tecting agents.
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It is o f g reat interest to f ind w hether the

comb ination of these tw o heterocyc lic m o iet ies in a

same m o lecule can prov ide novel c lasses

ag rochem icals. A lthough Zhang et a l.
[ 4]

have repo rted

the syn thetic m ethod and p lan t g row th regulation

evaluation o f non-chlo ro substituted tit le mo lecu le s,

but the re sults w ere still uncertain.

In the course of our continuous stud ies on py rid ine

derivatives, w e have synthesized a series of 2-alky l

( ary l) am ino-5-( 2- chloropy rid-4-y l)-1, 3, 4-thiodia-

zo les
[ 5]
. P re lim inary bioassay show ed that they have

good herbic idal activ ity and the most active one is 2-

sec-buty lam ino-5-( 2- ch loropy rid-4-y l)-1, 3, 4-thiodia-

zo le ( BCPT ). W hen treated at a do se o f 375 g

a. .i /hm
2
in fo liarm ode on w eed s, the leaves becam e

deep green and w ithered at the edges several hours

later and exh ibited an 84% mean inhibiting rate to

B arnyard g rass, Am aranth, Rape and Lucem e af ter

72 hours of adm in istration. In considera tion o f that a

lo t o f pe sticides w ith a secondary am ine m o iety

exhibited interest ing bioactiv ity d ifference betw een

the ir enan tiom ers, fo r in stance, S- m eto lachlo r

dem onstra ted equiv alent eff icacy on m ajo r grass

w eeds and to lerance to dif ferent ma ize cu ltivars at

65% the use ra te of racem ized m eto lach lo r
[ 6]
, the

experim ent w as designed to te st the correlat ion o f

chira l factor o f side cha in on 2-po sition o f thiodiazo le

o f BCPT and herbic idal act iv ity. Here the synthe sis

and pre lim inary b io log ica l eva luation o f R-, S-

enant iomers and their racema te w ere repor.t

The compound w as prepared as the pro cedure o f

Schem e 1.

Schem e 1 Synthe tic pro cedure of target com pound

2 Materials andM ethods

2. 1 Synthetic procedures

M elting po intsw erem easured w ith anY anag im o to

m icrom elting po int apparatus and w ere unco rrected.
1
H NMR w as determ ined w ith a B ruker A vance

D PX 300 spectrom eter. Chem ical shif ts are g iv en in

parts per m illion re lative to tetram ethy lsilane as

standard. sec-Buty-l am ine andD /L- tartaric ac id w ere

purchased from ACRO S company ( purity 99% ); R-

B inaphtho l w as prepared by ourse lves and optical

pur ity w as over 99% ; 001 @ 7 @ 7 strong ac id ic ion

exchange resin ( exchange capacity: 4. 2 mm o l/g dry

resin ) w as purchased from N anka i U niversity,

T ian jing, P. R. Ch ina.

2. 2 Preparative resolution and enantiomeric

Purity assessm ent of sec-buty lam ine

Preparat iv e re so lution o f R-and S-sec- buty lam ine

w ere carried out acco rding to Ref.
[ 7]

by using D /L-

tartaric ac id a s reso lution agents.

2. 3 Preparation of 2-sec-butylam ino-5-( 2-chlorop-

yr id-4-y l)-1, 3, 4-thiodiazole

2. 3. 1 Preparat ion o f N-( 2-chlo ropy rid-4-y l) forma-

m ido-N c-sec-buty l thiourea
In a 50 mL fla sk w ere placed 3. 12 g o f 2-

ch lo ro ison ico tiny l hydrazide ( 18. 2mmo l) , 2. 20 g o f

sec-buty l iso th io cyanate ( 19. 1 mm o l)
[ 8]

and 35 mL

o f abso lute ethano .l Them ix ture w as ref luxed fo r 4 h.

A f ter coo ling, m ass cry sta ls precipitated and w ere

co llected, w ashed w ith ethano .l 4. 30 g o f pale ye llow

productw as obta ined w ith a y ie ld of 83%, m. p. 168-

170e .
2. 3. 2 Preparation o f 2-sec-buty lam ino-5-( 2-ch loro-

py rid-4-y l)-1, 3, 4-th iod iazo le

The thiourea obta ined above w as disso lv ed in 40 g

o f concentrated H2 SO 4 w ith stirring in an ice bath.

The m ix turew as stirred fo r 2 h at th is tem perature and

for ano ther 3 h at room tem perature. Them ix ture w as

poured into 100 g o f crashed ice and the pH w as

adjusted to 8 w ith concentra ted ammon ia. The

precipitates w ere f iltered o ff and w ashed w ith w ater to

g ive 3. 9 g o f crude produc.t Itw as recry sta llized from

ace tone to g ive 2. 8 g o f pure produc.t Phy sico-

chem ica l constants w a s in Tab le 1,
1
H NMR was in

T able 2 ,
13
C NMR w as in Table 3.

3 Herbicidal activities

3. 1 Materials

Racem ate, R-(-) and S-( + )-2-sec-buty-l am ino-5-

( 2-chloropy rid-4-y l)-1, 3, 4- thiodiazo le prepared above

w as fo rm ulated as emulsf iable concentrate respective ly

w h ich w as then d iluted to dif ferent concentrat ions

w ith w ater.
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Tab le 1 Physico-chem ica l con stants o f synthesized compounds

C om pound s M . p. /e
[A] 20D ( c = 2, E tOH )

/ ( b )

E lem en tal analysis( C alcd. , % )

C H N

(? )-BCPT [ 5] 140~ 142 -

S-(+)-BCPT 135~ 136 + 42. 5 49. 23( 49. 15) 4. 86 ( 4. 89) 20. 88( 20. 85)

R-(-)-BCPT 135~ 136 - 41. 7 49. 19( 49. 15) 4. 87 ( 4. 89) 20. 88( 20. 85)

Tab le 2 1
H NMR data o f synthesized com pounds ( so lv en:t CDC l3 )

C om pound s 1H NM R, D

S-(+)-BCPT 1. 01( ,t 3H, CH2CH 3 ) , 1. 35 ( d, 3H, CHCH 3 ) , 1. 63~ 1. 78 (m, 2H, CH2CH 3 ) , 3. 48~ 3. 54 ( m, 1H, CHCH 3 ) , 6. 53 ( s,

1H, N-H ) , 7. 62 ( dd, 1H, Py-B-H ) , 7. 70 ( dd, 1H, Py-Bc-H ) , 8. 44( dd, 1H, Py-A-H )

R-(-)-BCPT 1. 02( ,t 3H, CH
2
CH

3
) , 1. 35( d, 3H, CHCH

3
) , 1. 63~ 1. 78 (m, 2H, CH

2
CH

3
) , 3. 48~ 3. 54(m, 1H, CHCH

3
) , 6. 53 ( s, 1H,

N-H ) , 7. 62( dd, 1H, Py-B-H ) , 7. 70( dd, 1H, Py-Bc-H ), 8. 44( dd, 1H, Py-A-H )

Tab le 3 13
C NMR data o f synthe sized compounds ( so lven:t CDC l3 )

C om pound s 13C NM R, D

S-(+ )-BCPT 10. 35 ( CH
2
CH

3
) , 20. 01 ( CH

2
CH

3
) , 29. 48 ( CHCH

3
) , 56. 24 ( CHCH

3
) , 119. 09 ( Py-B-C ), 120. 66 ( Py-Bc-C ),

141. 15( Py-C-C ) , 150. 17( th iod iazo le-5-C ), 150. 18 ( Py-A-C ) , 152. 28( Py-Ac-C ) , 171. 28( thiodiazo le-2-C )

R-(-)-BCPT 10. 35( CH2CH 3 ) , 20. 01 ( CH 2CH3 ) , 29. 48 ( CH CH3 ) , 56. 24 ( CHCH 3 ), 119. 09 ( Py-B-C ) , 120. 66 ( Py-Bc-C ),

141. 15( Py-C-C ) , 150. 17( th iod iazo le-5-C ), 150. 18 ( Py-A-C ) , 152. 28( Py-Ac-C ) , 171. 28( thiodiazo le-2-C )

3. 2 Testingm ethod

A t the bo ttom o f a 50 mL o f cup w as p laced a

lay er o f g lass pearls w h ich d iam e ters w ere about 6

m illim e ters and a p iece o f f iltering paperw as covered

on them. 5 mL o f herb icide so lution w as added and

10 pieces o f bud s o f barnyard g rass w ere plan ted in.

A f ter 24 h o f adm inistra tion, reasonab le am oun t o f

distilled w a ter w as added to recuperate the lo ss o f

w a ter. 72 h later, the leng th o f bo th underground part

( roo t ) and above g round part ( stem ) w a s

m easured. LC50, LC90 and inh ib it ion ra tio s w ere

ca lculated and the results w ere listed in T ab le 4 and

Table 5.

4 Conclusion

From the pre lim inary bioa ssay re sults w e can

conclude that three of the th iodiazo le sw ere excellent

g row th inh ibitors to bo th roo ts and stem s o f barnyard

g rass. The S-(+ )-BCPT w as the strongest inh ib iting

on stem g row th, andR-(-)-BCPT w as the w eakes.t

B ut they had little inh ib iting d ifference on roo t

g row th. The results suggest that the ch ira l facto r o f

side chain on 2-po sition o f th iodiazo le ring corre la tes

to the herbic ida l activ ity w eak ly.

Table 4 Inh ib ition to stem grow th ( determ ined af ter 72 h o f adm inistra tion)

C om pounds C on cen trat ion / ( m g /L) Y = a + bX LC 50 / ( m g /L ) LC 90 / ( m g /L )

( ?)-BCPT 100 Y = 2. 16+ 2. 2 9X 17. 44 63. 20

50 r = 0. 991

25 [ > 0. 01 ( 0. 99) ]

12. 5

S-(+ )-BCPT 100 Y = 2. 83+ 2. 0 7X 11. 19 46. 57

50 r = 0. 988

25 [ > 0. 05 ( 0. 95) ]

12. 5

R-(-)-BCPT 100 Y = 2. 14+ 2. 2 1X 19. 63 74. 44

50 r = 0. 984

25 [ > 0. 05 ( 0. 95) ]

12. 5
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T ab le 5 Inh ibition to roo t g row th ( de term ined af ter 72 h o f adm in istration)

C om pounds
C oncen tration

/ (m g /L )

Inh ib ition activ ity

L eng th of root /mm Inh ib ition ratio (% )

CK 0 43. 5 0

( ? )-BCPT 100 U 1. 0 \ 98

50 U 1. 0 \ 98

25 2. 1 95. 2

12. 5 3. 7 91. 5

S-( + )-BCPT 100 U 1. 0 \ 98

50 U 1. 0 \ 98

25 U 1. 0 \ 98

12. 5 2. 03 95. 0

R-(-)-BCPT 100 U 1. 0 \ 98

50 U 1. 0 \ 98

25 2. 97 93. 2

12. 5 4. 8 89. 0
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公  告
据中国科学技术信息研究所 07年核心版 /中国科技期刊引证报告 0对核心库 1723种核心刊源

的统计分析, 5农药学学报6的影响因子为 0. 581, 比 06年 ( 0. 458)提高了 27%, 在全部 1723种核心

期刊中列第 388位,比 06年提升了 105位,在所属的化学工程类 77种期刊中列第 8位,比 06年提升

5位。

另据清华同方 /中国科学文献计量评价研究中心 0 2006年对该数据库 6500余种统计刊源统计

分析后颁布的 /中国学术期刊综合引证年度报告 ( 2007) 0数据, 5农药学学报6总被引频次为 440次,

影响因子为 0. 794, 比 06年 ( 0. 585)提高 36% , 5年影响因子为 0. 959, 比 06年 ( 0. 717)提高 34%,

网络即年下载率为 42. 0, 比 06年 ( 23. 2)提高 81%。
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