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含喹唑啉-4-酮结构的芳氧苯氧丙酸二苯醚酯衍
生物的设计、合成及除草活性研究
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摘 要 为了开发新型芳氧苯氧丙酸酯类除草剂,以前期工作发现的QPP-I为先导化合物,采用活性亚结

构拼接法,设计、合成了19个含喹唑啉-4-酮结构的芳氧苯氧丙酸二苯醚酯衍生物,其结构经1H
 

NMR和13C
 

NMR确证。利用小杯平皿法初步测试除草活性发现,目标化合物对单子叶植物稗草具有较高的生长抑制

率。其中,化合物QPPD-16在10
 

g/mL浓度下对稗草的生长抑制率达到81.6%,与商品化除草剂-精喹禾

灵的抑制效果相当。利用温室盆栽法进一步测试除草活性发现,在土壤处理、750
 

g/hm2 施药量情况下,化
合物QPPD-16对稗草、马唐、狼尾草和狗尾草的生长抑制率分别为79.6%,83.1%,84.0%和70.0%。更重

要的是,化合物QPPD-16对农作物大豆和花生具有较高的安全性。该研究结果表明,化合物QPPD-16具有

作为芳氧苯氧丙酸酯类除草剂先导化合物的潜力。
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Abstract To
 

develop
 

a
 

new
 

aryloxyphenoxypropionate
 

herbicide,
 

a
 

total
 

of
 

19
 

diphenyl
 

ether
 

aryloxyphe-
noxypropionate

 

derivatives
 

containing
 

quinazolin-4-one
 

motif
 

were
 

designed
 

and
 

synthesized
 

using
 

sub-
structure

 

splicing
 

method
 

based
 

on
 

the
 

previous
 

discovered
 

QPP-I
 

as
 

the
 

lead
 

compound.
 

Their
 

structures
 

were
 

confirmed
 

by
 

1H
 

NMR
 

and
 

13C
 

NMR.
 

The
 

herbicidal
 

activity
 

of
 

the
 

target
 

compound
 

was
 

tested
 

by
 

small
 

cup
 

plate
 

method.
 

It
 

was
 

found
 

that
 

the
 

target
 

compound
 

had
 

higher
 

growth
 

inhibition
 

rate
 

against
 

the
 

monocotyledon
 

Echinochloa
 

crus-galli
 

with
 

the
 

growth
 

inhibition
 

rate
 

81.6%
 

at
 

the
 

concentration
 

of
 

10
 

g/mL,
 

which
 

was
 

similar
 

to
 

the
 

commercial
 

herbicide
 

quizalofop-p-ethyl.
 

The
 

results
 

in
 

a
 

greenhouse
 

test
 

showed
 

that
 

the
 

growth
 

inhibition
 

rates
 

of
 

compound
 

QPPD-16
 

on
 

Echinochloa
 

crus-galli,
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sanguinalis,
 

Pennisetum
 

alopecuroides
 

and
 

Setaria
 

viridis
 

were
 

79.6%,
 

83.1%,
 

84.0%
 

and
 

70.0%,
 

re-
spectively,

 

under
 

pre-emergence
 

conditions
 

at
 

a
 

dosage
 

of
 

750
 

g/hm2.
 

More
 

importantly,
 

the
 

compound
 

QPPD-16
 

has
 

a
 

high
 

safety
 

for
 

crops
 

such
 

as
 

soybean
 

and
 

peanut.
 

The
 

results
 

showed
 

that
 

compound
 

QP-
PD-16

 

has
 

the
 

potential
 

to
 

be
 

developed
 

as
 

a
 

novel
 

aryloxyphenoxypropionate
 

herbicide
 

and
 

can
 

be
 

further
 

optimized
 

as
 

a
 

lead
 

compound.
Key

 

words quinazolin-4-one;diphenyl
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aryloxyphenoxypropionate;synthesis;herbicidal
 

activity;lead
 

compounds

芳氧苯氧丙酸酯(Aryloxy
 

Phenoxy
 

Propionate,
 

APP)是一类防除禾本科杂草的除草剂,具有高效、低
毒、对后茬作物安全的优点[1]。研究表明,APP类除草剂能够抑制禾本科植物中乙酰辅酶A羧化酶(Acetyl

 

CoA
 

carboxylase,
 

ACCase)的活性,使植物脂肪酸的生物合成受阻,从而造成细胞膜系统受损,细胞代谢物

泄漏,最终导致植物死亡[2-4]。自1975年德国赫斯特公司开发出第一个APP类除草剂-禾草灵以来,目前已

有20多个商品化的除草剂品种[5],包括噁唑禾草灵、精喹禾灵和氟吡甲禾灵等,如图1(a)。这些除草剂品

种的销量一直保持在除草剂市场前10位,销量和市场规模仅次于磺脲类除草剂。然而,长期施用APP类除

草剂使杂草ACCase中的氨基酸发生突变,导致杂草对除草剂抗性增加[6-10]。如何克服和延缓杂草对APP
类除草剂的抗药性是农药研究者亟待解决的问题。目前,一个有效的解决方法就是开发结构新颖、具有更高

生物活性的APP类除草剂。

APP类除草剂的结构包括芳基部分和苯氧丙酸酯部分。对APP类除草剂的构效关系研究表明,改造

芳基部分是获得新型APP类除草剂的有效途径[11-16]。因此,在前期工作中,我们利用喹唑啉-4-酮结构取代

APP类除草剂的芳基部分,设计、合成了含喹唑啉-4-酮结构的芳氧苯氧丙酸酯化合物(QPP),通过构效关系

研究确定了QPP-I为潜在的除草先导化合物[17]。同时,大量的研究发现,对APP类除草剂的苯氧丙酸酯部

分的酯基进行结构改造可以提高除草活性[18-21]。基于上述,本文将在前期工作的基础上,对QPP的酯基部

分进行结构改造。经文献调研发现,二苯醚结构具有优异的除草活性,目前基于该结构已开发出二苯醚类除

草剂,如图1(b),如甲羧除草醚、乙氧氟草醚、三氟羧草醚和除草醚等商品化除草剂,并且研究发现二苯醚结

构具有较好的脂溶性,引入二苯醚结构可以改善化合物的脂溶性,促进植物对化合物的吸收[22]。因此,我们

通过活性亚结构拼接的方法,将二苯醚类除草剂中的硝基取代二苯醚结构引入QPP-I的酯基部分,设计、合
成含喹唑啉-4-酮结构的芳氧苯氧丙酸二苯醚酯类化合物QPPD,研究其除草活性及构效关系,以期发现一

种含喹唑啉-4-酮结构和二苯醚结构的新型APP类除草剂先导结构。

图1 目标化合物QPPD的设计

Fig.
 

1 Design
 

of
 

the
 

target
 

compounds
 

QPPD
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1 结果与讨论

1.1 目标化合物的合成

目标化合物按照图2所示的路线合成。首先,以2-氨基-5-氟苯甲酸(化合物1)为原料,在碱性条件下,
与异硫氰酸甲酯反应,经过关环反应得到3-甲基-5-氟2-硫代-2,

 

3-二氢喹唑啉-4-酮(化合物2)。化合物2与

磺酰氯在60
 

℃下反应得到2-氯-3-甲基-6-氟喹唑啉-4-酮(化合物3)。然后,化合物3经与(R)-2-(4-羟基苯

氧基)丙酸(化合物4)进行亲核取代反应得到重要中间体6-氟-喹唑啉-4-酮-2-氧-苯氧丙酸(化合物5)。最

后,化合物5经与草酰氯反应成6-氟-喹唑啉-4-酮-2-氧-苯氧丙酰氯(化合物6),并进一步与R取代的二苯醚

苄醇反应得到目标化合物QPPD-1~QPPD-19。所合成的19个目标化合物的结构经1H
 

NMR和13C
 

NMR
确证。

图2 目标化合物QPPD-1~QPPD-19的合成路线

Fig.
 

2 Synthetic
 

route
 

of
 

target
 

compounds
 

QPPD-1~QPPD-19

1.2 目标化合物的除草活性研究

首先利用小杯平皿法对目标化合物的除草活性进行了测试。如图3(a)所示,在100
 

g/mL的浓度下,

目标化合物对单子叶植物稗草具有较高的生长抑制率,其中,化合物QPPD-11和QPPD-16对稗草的生长抑

制率达到100%,与商品化的除草剂-精喹禾灵的抑制效果相同。然而,在10
 

g/mL的浓度下,如图3(b),大

部分化合物对稗草的生长抑制效果不理想,仅化合物QPPD-11和QPPD-16对稗草表现出较高的生长抑制

率,分别为78.4%和81.6%。此外,我们发现,在两种测试浓度下,目标化合物对单子叶植物稗草的抑制活

性均高于对双子叶植物油菜的抑制活性,这说明目标化合物对单子叶植物具有选择性。
通过分析化合物QPPD-1~QPPD-9在100

 

g/mL浓度下对稗草的生长抑制率发现,取代基R为氯原子的

化合物(即QPPD-1~QPPD-3)对稗草的生长抑制率高于R为三氟甲基的化合物(即QPPD-4~QPPD-6)和R
为甲氧基的化合物(即QPPD-7~QPPD-9),这说明在二苯醚的苯环上引入氯原子有利于提高除草活性。通

过分析取代基R为双氯原子的化合物QPPD-10~QPPD-13对稗草的生长抑制率发现,化合物QPPD-11的

除草活性高于化合物QPPD-10,
 

QPPD-12和QPPD-13,这说明R为2,
 

4位取代是最佳模式。分析R为2,
 

4取代模式的化合物(即QPPD-11,
 

QPPD-14~QPPD-18)对稗草的生长抑制率发现,将2位氯原子替代成

甲基或将4位氯原子替代成溴原子和叔丁基,化合物QPPD-14,
 

QPPD-15和QPPD-18的除草活性均低于

QPPD-11。然而,将4位氯原子替代成氟原子,化合物QPPD-16具有与QPPD-11相同的除草活性。同时,
通过比较QPPD-11和QPPD-16在10

 

g/mL浓度下对稗草的生长抑制率发现,化合物QPPD-16的除草活

性高于化合物QPPD-11,说明当R为2,
 

4位取代模式时,将4位氯原子替代成氟原子有利于提高除草活

性。此外,我们发现,当R为2,4,5位取代模式时,化合物QPPD-19的除草活性比QPPD-11的除草活性出

现大幅降低,这说明2,4,5位取代模式不利于提高化合物的除草活性。这些初步的构效关系分析为今后化

合物的结构优化提供了一些有用的信息。
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图3 目标化合物QPPD-1~QPPD-19平皿小杯法的除草活性〔抑制率(%)〕

Fig.
 

3 Herbicidal
 

activities
 

(percent
 

inhibition)
 

of
 

target
 

compounds
 

QPPD-1~QPPD-19

表1 化合物QPPD-11和QPPD-16温室盆栽法的除草活性〔抑制率(%)〕a

Table
 

1 Herbicidal
 

activities
 

of
 

compounds
 

QPPD-11
 

and
 

QPPD-16
 

in
 

greenhouse
 

testing
 

(percent
 

inhibition)a

化合物 剂量/(g-hm-2)
土壤处理(%) 茎叶处理(%)

油菜 苋菜 稗草 马唐 油菜 苋菜 稗草 马唐

QPPD-11

1
 

500 17.5±1.4 11.3±2.1 84.5±2.6 91.7±0.9 6.3±1.5 0.0 63.8±2.2 65.0±1.7

750 / / 61.4±1.7 73.3±2.0 / / 29.4±3.1 31.6±2.4

375 / / 28.2±1.3 30.6±1.5 / / 0.0 4.8±0.7

QPPD-16

1
 

500 13.2±2.3 16.7±3.3 95.0±0.5 100.0 0.0 0.0 69.2±2.6 88.5±2.0

750 / / 80.6±1.1 83.1±0.7 / / 37.2±2.1 51.7±3.3

375 / / 33.9±2.0 47.5±2.6 / / 10.6±1.0 16.3±0.5

精喹禾灵

1
 

500 45.6±1.1 50.0±1.7 100.0 100.0 11.5±2.1 19.0±3.3 100.0 100.0

750 38.6±2.0 31.2±2.5 100.0 100.0 / / 100.0 100.0

375 20.4±0.5 17.1±1.6 100.0 100.0 / / 100.0 100.0

   注:数据为三次平行实验的平均值±标准差;/:未测试。

随后,我们选取除草活性较高的化合物QPPD-11和QPPD-16进行温室盆栽实验。如表1所示,在土壤

处理、1
 

500
 

g/hm2的剂量条件下,化合物QPPD-11和QPPD-16对油菜、苋菜、稗草和马唐的生长均具有抑

制作用,并且对单子叶植物稗草和马唐的生长抑制率高于对双子叶植物油菜和苋菜的生长抑制率。例如,化
合物QPPD-11对稗草和马唐的生长抑制率分别为84.5%和91.7%,而对油菜和苋菜的生长抑制率分别为

17.5%和11.3%。这说明目标化合物对单子叶植物的生长抑制效果优于对双子叶植物的生长抑制效果,与
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上述小杯平皿实验结论一致。在茎叶处理、1
 

500
 

g/hm2的剂量条件下,化合物QPPD-11和QPPD-16的除

草活性均低于经土壤处理后的除草活性。例如,在土壤处理条件下,化合物QPPD-16对油菜,苋菜、稗草和

马唐的抑制率分别为13.2%,
 

16.7%,
 

95.0%和100.0%,而在茎叶处理条件下的抑制率分别为0.0%,
 

0.0%,
 

69.2%和88.5%。这说明目标化合物适用于土壤处理。这一现象可能是由于植物对化合物的吸收

传导方式不同造成的[23]。随着使用剂量的降低,化合物QPPD-11和QPPD-16对杂草的生长抑制活性显著

降低。然而,商品化的除草剂-精喹禾灵对单子叶植物稗草和马唐的除草活性并没有随着剂量的降低而下

降,甚至在375
 

g/hm2的剂量下,其对稗草和马唐的抑制率仍然为100.0%。虽然,化合物QPPD-11和QP-
PD-16的除草活性低于商品化除草剂-精喹禾灵,但有希望的是,在土壤处理、750

 

g/hm2 剂量条件下,化合

物QPPD-16对稗草和马唐的生长抑制率均小于80%,与商品化的除草剂-精喹禾灵的除草活性相当。

1.3 目标化合物的草谱和作物安全性研究

为了进一步评价化合物QPPD-16是否具有作为先导化合物开发除草剂的潜力,我们在土壤处理、750
 

g/hm2剂量条件下测试了其对单子叶植物的除草谱及作物安全性。除草谱实验结果表明(表2),化合物

QPPD-16对8种禾本科杂草中的6种具有小于50%的抑制作用,其中,对稗草、马唐、狼尾草和狗尾草表现

出良好的除草活性,生长抑制率分别为79.6%,
 

83.1,
 

84.0%和70.0%。这说明化合物QPPD-16具有较宽

的除草谱。此外,通过评价化合物QPPD-16的作物安全性发现(表3),化合物QPPD-16对玉米、小麦和大

豆具有较高的损伤率,分别为83.4%,
 

89.0%和86.1%,而对花生和大豆的损伤率均为0.0%。基于上述的

结果可以看出,化合物QPPD-16具有较宽的除草谱,且对作物花生和大豆安全,可以作为一个选择性的除草

剂先导化合物进行进一步的优化。
表2 在土壤处理、750

 

g/hm2 剂量条件下,化合物QPPD-16的除草谱测试活性〔抑制率(%)〕a

Table
 

2 Weed
 

control
 

spectrum
 

testing
 

of
 

compounds
 

QPPD-16
 

at
 

the
 

dosage
 

of
 

750
 

g/hm2
 

under
 

pre-emergence
 

condition
 

(percent
 

inhibition)a

化合物 稗草 马唐 狼尾草 狗尾草 牛筋草 野燕麦 披碱草 互花米草

QPPD-16 79.6±1.7 83.1±2.3 84.0±3.5 70.0±2.1 46.8±3.0 51.3±1.4 47.5±2.6 52.4±3.3

精喹禾灵 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

  注:数据为三次平行实验的平均值±标准差。

表3 在土壤处理、750
 

g/hm2 剂量条件下,化合物QPPD-16对作物的损伤率(损伤率(%))a

Table
 

3 Pre-emergence
 

crop
 

selectivity
 

of
 

QPPD-16
 

at
 

the
 

dosage
 

of
 

750
 

g/hm2
 

(Injury
 

inhibition)a

化合物 玉米 小麦 水稻 花生 大豆

QPPD-16 83.4±3.4 89.0±1.3 86.1±2.1 0.0 0.0

精喹禾灵 100.0 100.0 100.0 40.4±0.7 12.4±3.2

  注:数据为三次平行实验的平均值±标准差。

2 实验部分

2.1 仪器与试剂

本实验所用试剂均为分析纯或化学纯,购于安耐吉化学试剂有限公司和TCI化学试剂公司,使用前均

经过蒸馏并干燥;硅胶(200~300目)购于青岛海洋化工厂;核磁检测采用Bruker
 

500型核磁共振仪,TMS
为内标,氘代氯仿作溶剂;熔点测试采用北京台克熔点仪(X-4;北京泰克,北京,中国)。

2.2 实验方法

2.2.1 化合物2的合成。在100
 

mL圆底烧瓶中依次加入2-氨基-5-氟苯甲酸
 

(化合物1,
 

3.1
 

g,
 

20.0
 

mmol)、异硫氰酸甲酯(1.61
 

g,
 

22.0
 

mmol)、三乙胺(Et3N,
 

2.22
 

g,
 

22.0
 

mmol)和乙醇(EtOH,
 

30
 

mL)。
反应体系在80

 

℃下搅拌3
 

h,反应结束后冷却至室温,过滤得到的淡黄色沉淀物,用20
 

mL乙醇和20
 

mL正

己烷先后洗涤固体,干燥得到白色固体化合物2(3.5
 

g,
 

产率82.5%)。
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2.2.2 化合物3的合成。将化合物2(2.1
 

g,
 

10.0
 

mmol)溶于三氯甲烷(CHCl3,
 

25
 

mL)中,然后向溶液中

加入磺酰氯(SO2Cl2,
 

1.46
 

g,
 

11.0
 

mmol),反应体系在60
 

℃下搅拌2
 

h后冷却至室温.反应体系用二氯甲

烷(DCM,
 

30
 

mL)稀释,经过饱和氯化钠洗涤,无水硫酸钠干燥,减压浓缩,然后以石油醚/乙酸乙酯(V∶V
=20∶1)为洗脱剂,经硅胶色谱柱纯化,得到白色固体3(1.0

 

g,
 

产率48.9%)。

2.2.3 化合物5的合成。在100
 

mL三口烧瓶中依次加入化合物3(2.1
 

g,
 

10.0
 

mmol)、碳酸钾(K2CO3,
 

3.0
 

g,
 

22
 

mmol)和N,
 

N-二甲基甲酰胺(DMF,
 

20
 

mL),反应体系在70
 

℃下搅拌1
 

h,然后将(R)-2-(4-羟
基苯氧基)丙酸4

 

(1.82
 

g,
 

10
 

mmol)加入反应体系,继续在70
 

℃下搅拌2
 

h.待反应体系冷却至室温,加入

100
 

mL的水,并用1
 

mol·L-1的盐酸调pH
 

=
 

1.0,有大量固体析出。过滤收集析出的固体,用50
 

mL乙

醇和50
 

mL正己烷洗涤,干燥得到白色固体化合物5(2.0
 

g,
 

产率55.1%)。

2.2.4 目标化合物QPPD-1~QPPD-19的合成。将化合物5(358
 

mg,
 

1.0
 

mmol)溶于二氯甲烷(DCM,
 

30
 

mL),然后加入草酰氯(254
 

mg,
 

2.0
 

mmol)。反应体系在室温下搅拌12
 

h后,减压浓缩,得到的化合物6
不经纯化直接进行下一步反应。

将化合物6溶于二氯甲烷(DCM,
 

30
 

mL),然后依次加入三乙胺(151
 

mg,
 

1.5
 

mmol)、4-二甲氨基吡啶

(DMAP,
 

12.2
 

mg,
 

0.1
 

mmol)和
 

(5-(2-氯苯氧)-2-硝基苯基)甲醇7(279
 

mg,
 

1.0
 

mmol)。反应体系在室

温下搅拌12
 

h后,依次用30
 

mL
 

1
 

mol·L-1 的盐酸、水、饱和氯化钠溶液洗涤有机层,无水硫酸钠干燥,减
压浓缩,然后以石油醚/乙酸乙酯(V∶V为30∶1)为洗脱剂,经硅胶色谱柱纯化,得到白色固体QPPD-1
(354

 

mg,
 

产率57.2%)。其它目标化合物QPPD-2~QPPD-19的合成方法与QPPD-1相同。
(R)-3-甲基-6-氟-喹唑啉-4-酮-2-氧基苯氧-2-丙酸-[2-硝基-5-(2-氯苯氧基)]苯甲酯(QPPD-1):白色固

体;熔点136~139
 

℃;产率57.2%;1H
 

NMR
 

(500
 

MHz,
 

CDCl3)
 

δ:
 

8.17
 

(d,
 

J
 

=
 

9.1
 

Hz,
 

1H),
 

7.83
 

(d,
 

J
 

=
 

8.1
 

Hz,
 

1H),
 

7.50
 

(dd,
 

J
 

=
 

8.0,
 

1.3
 

Hz,
 

1H),
 

7.33~7.30
 

(m,
 

3H),
 

7.26~7.21
 

(m,
 

1H),
 

7.18
 

(d,
 

J
 

=
 

8.9
 

Hz,
 

2H),
 

7.13
 

(d,
 

J
 

=
 

8.0
 

Hz,
 

1H),
 

7.00
 

(d,
 

J
 

=
 

2.5
 

Hz,
 

1H),
 

6.95
 

(d,
 

J
 

=
 

8.9
 

Hz,
 

2H),
 

6.82
 

(dd,
 

J
 

=
 

9.1,
 

2.7
 

Hz,
 

1H),
 

5.63
 

(q,
 

J
 

=
 

15.4
 

Hz,
 

2H),
 

4.85
 

(q,
 

J
 

=
 

6.8
 

Hz,
 

1H),
 

3.64
 

(s,
 

3H),
 

1.63
 

(d,
 

J
 

=
 

6.8
 

Hz,
 

3H);13C
 

NMR
 

(125
 

MHz,
 

CDCl3)
 

δ:
 

171.22
 

(s),
 

162.29
 

(d,
 

J
 

=
 

3.3
 

Hz),
 

161.78
 

(s),
 

159.75
 

(d,
 

J
 

=
 

245.5
 

Hz),
 

155.23
 

(s),
 

152.14
 

(s),
 

149.86
 

(s),
 

146.03
 

(s),
 

143.07
 

(s),
 

141.53
 

(s),
 

135.10
 

(s),
 

131.30
 

(s),
 

128.59
 

(s),
 

128.15
 

(d,
 

J
 

=
 

8.1
 

Hz),
 

128.06
 

(s),
 

127.09
 

(s),
 

122.94
 

(s),
 

122.85
 

(s),
 

122.65
 

(s),
 

119.85
 

(d,
 

J
 

=
 

8.4
 

Hz),
 

115.87
 

(d,
 

J
 

=
 

23.0
 

Hz),
 

115.18
 

(s),
 

111.85
 

(d,
 

J
 

=
 

23.7
 

Hz),
 

73.10
 

(s),
 

63.71
 

(s),
 

28.89
 

(s),
 

18.54
 

(s)。
(R)-3-甲基-6-氟-喹唑啉-4-酮-2-氧基苯氧-2-丙酸-[2-硝基-5-(3-氯苯氧基)]苯甲酯(QPPD-2):白色固

体;熔点62~64
 

℃;产率51.4%;1H
 

NMR
 

(500
 

MHz,
 

CDCl3)
 

δ:
 

8.18
 

(d,
 

J
 

=
 

9.1
 

Hz,
 

1H),
 

7.81
 

(dt,
 

J
 

=
 

8.5,
 

1.7
 

Hz,
 

1H),
 

7.33
 

(t,
 

J
 

=
 

8.1
 

Hz,
 

1H),
 

7.30
 

(dd,
 

J
 

=
 

6.4,
 

1.6
 

Hz,
 

2H),
 

7.24
 

~
 

7.21
 

(m,
 

1H),
 

7.18
 

~
 

7.15
 

(m,
 

2H),
 

7.08
 

~
 

7.06
 

(m,
 

2H),
 

6.97
 

~
 

6.92
 

(m,
 

4H),
 

5.62
 

(q,
 

J
 

=
 

15.4
 

Hz,
 

2H),
 

4.87
 

(q,
 

J
 

=
 

6.8
 

Hz,
 

1H),
 

3.66
 

(s,
 

3H),
 

1.64
 

(d,
 

J
 

=
 

6.8
 

Hz,
 

3H);13C
 

NMR
 

(125
 

MHz,
 

CDCl3)
 

δ:
 

171.23
 

(s),
 

162.29
 

(d,
 

J
 

=
 

3.5
 

Hz),
 

161.79
 

(s),
 

159.76
 

(d,
 

J
 

=
 

245.4
 

Hz),
 

155.31
 

(s),
 

155.21
 

(s),
 

152.14
 

(s),
 

145.99
 

(s),
 

143.05
 

(s),
 

141.81
 

(s),
 

135.71
 

(s),
 

135.13
 

(s),
 

131.12
 

(s),
 

128.13
 

(d,
 

J
 

=
 

9.9
 

Hz),
 

125.72
 

(s),
 

122.82
 

(s),
 

122.77
 

(d,
 

J
 

=
 

23.8
 

Hz),
 

120.91
 

(s),
 

119.86
 

(d,
 

J
 

=
 

8.7
 

Hz),
 

118.54
 

(s),
 

116.93
 

(s),
 

116.56
 

(s),
 

115.91
 

(s),
 

111.88
 

(d,
 

J
 

=
 

23.8
 

Hz),
 

73.08
 

(s),
 

63.68
 

(s),
 

28.92
 

(s),
 

18.52
 

(s)。
(R)-3-甲基-6-氟-喹唑啉-4-酮-2-氧基苯氧-2-丙酸-[2-硝基-5-(4-氯苯氧基)苯基]甲酯(QPPD-3):白色固

体熔点64~67
 

℃;产率58.0%;1H
 

NMR
 

(500
 

MHz,
 

CDCl3)
 

δ:
 

8.17
 

(d,
 

J
 

=
 

9.1
 

Hz,
 

1H),
 

7.84~
7.80

 

(m,
 

1H),
 

7.40~7.35
 

(m,
 

2H),
 

7.31~7.30
 

(m,
 

2H),
 

7.18~7.15
 

(m,
 

2H),
 

7.05
 

(d,
 

J
 

=
 

2.6
 

Hz,
 

1H),
 

7.03~6.99
 

(m,
 

2H),
 

6.95~6.92
 

(m,
 

3H),
 

5.67~5.49
 

(m,
 

1H),
 

4.85
 

(q,
 

J
 

=
 

6.8
 

Hz,
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大
 

学
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科
 

学
 

版) 第1卷



1H),
 

3.66
 

(s,
 

3H),
 

1.62
 

(d,
 

J
 

=
 

6.8
 

Hz,
 

3H);13C
 

NMR
 

(125
 

MHz,
 

CDCl3)
 

δ:
 

171.24
 

(s),
 

162.26
 

(d,
 

J
 

=
 

3.5
 

Hz),
 

162.19
 

(s),
 

159.71
 

(d,
 

J
 

=
 

245.5
 

Hz),
 

155.22
 

(s),
 

153.09
 

(s),
 

152.14
 

(s),
 

145.98
 

(s),
 

143.06
 

(s),
 

141.57
 

(s),
 

135.09
 

(s),
 

130.88
 

(s),
 

130.45
 

(s),
 

128.13
 

(d,
 

J
 

=
 

7.9
 

Hz),
 

122.84
 

(s),
 

122.75
 

(d,
 

J
 

=
 

23.8
 

Hz),
 

121.87
 

(s),
 

119.84
 

(d,
 

J
 

=
 

8.4
 

Hz),
 

116.59
 

(s),
 

116.28
 

(s),
 

115.93
 

(s),
 

111.85
 

(d,
 

J
 

=
 

23.8
 

Hz),
 

73.10
 

(s),
 

63.73
 

(s),
 

28.93
 

(s),
 

18.49
 

(s)。
(R)-3-甲基-6-氟-喹唑啉-4-酮-2-氧基苯氧-2-丙酸-[2-硝基-5-(2-三氟甲基苯氧基)]苯甲酯(QPPD-4):

白色固体;
 

熔点71~73
 

℃;
 

产率41.6%;
 

1H
 

NMR
 

(500
 

MHz,
 

CDCl3)
 

δ:
 

8.09
 

(d,
 

J
 

=
 

9.1
 

Hz,
 

1H),
 

7.73
 

(d,
 

J
 

=
 

8.5
 

Hz,
 

1H),
 

7.66
 

(d,
 

J
 

=
 

7.8
 

Hz,
 

1H),
 

7.48
 

(t,
 

J
 

=
 

7.8
 

Hz,
 

1H),
 

7.27
 

(t,
 

J
 

=
 

7.6
 

Hz,
 

1H),
 

7.22
 

(d,
 

J
 

=
 

5.5
 

Hz,
 

2H),
 

7.08
 

(d,
 

J
 

=
 

8.9
 

Hz,
 

2H),
 

7.00
 

(dd,
 

J
 

=
 

12.9,
 

5.3
 

Hz,
 

2H),
 

6.86
 

(d,
 

J
 

=
 

8.9
 

Hz,
 

2H),
 

6.82
 

(dd,
 

J
 

=
 

9.1,
 

2.6
 

Hz,
 

1H),
 

5.61~5.44
 

(m,
 

2H),
 

4.78
 

(q,
 

J
 

=
 

6.7
 

Hz,
 

1H),
 

3.55
 

(s,
 

3H),
 

1.55
 

(d,
 

J
 

=
 

6.8
 

Hz,
 

3H);
 

13C
 

NMR
 

(125
 

MHz,
 

CDCl3)
 

δ:
 

171.24
 

(s),
 

162.28
 

(d,
 

J
 

=
 

3.5
 

Hz),
 

161.82
 

(s),
 

159.71
 

(d,
 

J
 

=
 

245.4
 

Hz),
 

155.19
 

(s),
 

152.23
 

(d,
 

J
 

=
 

21.9
 

Hz),
 

145.98
 

(s),
 

143.06
 

(s),
 

141.94
 

(s),
 

135.11
 

(s),
 

133.86
 

(s),
 

128.13
 

(d,
 

J
 

=
 

8.1
 

Hz),
 

128.03
 

(s),
 

127.78
 

(q,
 

J
 

=
 

4.8
 

Hz),
 

125.47
 

(s),
 

123.99
 

(s),
 

123.24
 

(s),
 

122.98
 

(s),
 

122.74
 

(d,
 

J
 

=
 

24.4
 

Hz),
 

121.84
 

(s),
 

119.82
 

(d,
 

J
 

=
 

8.8
 

Hz),
 

111.82
 

(d,
 

J
 

=
 

23.8
 

Hz),
 

73.02
 

(s),
 

63.64
 

(s),
 

28.87
 

(s),
 

18.50
 

(s).
(R)-3-甲基-6-氟-喹唑啉-4-酮-2-氧基苯氧-2-丙酸-[2-硝基-5-(3-三氟甲基苯氧基)]苯甲酯(QPPD-5):

白色固体;熔点63~66
 

℃;产率43.9%;1H
 

NMR
 

(500
 

MHz,
 

CDCl3)
 

δ:
 

8.20
 

(d,
 

J
 

=
 

9.1
 

Hz,
 

1H),
 

7.83
 

(dt,
 

J
 

=
 

8.5,
 

1.8
 

Hz,
 

1H),
 

7.58~7.48
 

(m,
 

2H),
 

7.34
 

(s,
 

1H),
 

7.32~7.29
 

(m,
 

2H),
 

7.25
 

(d,
 

J
 

=
 

7.7
 

Hz,
 

1H),
 

7.17~7.12
 

(m,
 

2H),
 

7.09
 

(d,
 

J
 

=
 

2.6
 

Hz,
 

1H),
 

6.96
 

(dd,
 

J
 

=
 

9.1,
 

2.7
 

Hz,
 

1H),
 

6.94~6.90
 

(m,
 

2H),
 

5.73~5.55
 

(m,
 

2H),
 

4.85
 

(q,
 

J
 

=
 

6.8
 

Hz,
 

1H),
 

3.66
 

(s,
 

3H),
 

1.61
 

(d,
 

J
 

=
 

6.8
 

Hz,
 

3H);
 

13C
 

NMR
 

(125
 

MHz,
 

CDCl3)
 

δ:
 

171.21
 

(s),
 

162.28
 

(d,
 

J
 

=
 

3.5
 

Hz),
 

161.59
 

(s),
 

159.74
 

(d,
 

J
 

=
 

245.4
 

Hz),
 

155.08
 

(d,
 

J
 

=
 

28.5
 

Hz),
 

152.14
 

(s),
 

145.98
 

(s),
 

143.05
 

(s),
 

141.97
 

(s),
 

135.21
 

(s),
 

132.98
 

(q,
 

J
 

=
 

66.1
 

Hz),
 

131.06
 

(s),
 

128.17
 

(s),
 

128.09
 

(s),
 

124.43
 

(s),
 

123.64
 

(s),
 

122.86
 

(s),
 

122.82
 

(s),
 

122.66
 

(s),
 

122.26
 

(s),
 

122.14
 

(q,
 

J
 

=
 

7.3
 

Hz),
 

119.85
 

(d,
 

J
 

=
 

8.4
 

Hz),
 

117.42
 

(q,
 

J
 

=
 

3.7
 

Hz),
 

117.05
 

(s),
 

116.64
 

(s),
 

115.90
 

(s),
 

111.86
 

(d,
 

J
 

=
 

23.7
 

Hz),
 

73.05
 

(s),
 

63.67
 

(s),
 

28.90
 

(s),
 

18.48
 

(s).
(R)-3-甲基-6-氟-喹唑啉-4-酮-2-氧基苯氧-2-丙酸-[2-硝基-5-(4-三氟甲基苯氧基)]苯甲酯(QPPD-6):

白色固体;熔点145~146
 

℃;产率47.2%;1H
 

NMR
 

(500
 

MHz,
 

CDCl3)
 

δ:
 

8.21
 

(d,
 

J
 

=
 

9.0
 

Hz,
 

1H),
 

7.83
 

(dt,
 

J
 

=
 

8.5,
 

1.7
 

Hz,
 

1H),
 

7.68
 

(d,
 

J
 

=
 

8.6
 

Hz,
 

2H),
 

7.31
 

(dd,
 

J
 

=
 

6.4,
 

1.6
 

Hz,
 

2H),
 

7.18
~7.12

 

(m,
 

4H),
 

7.11
 

(d,
 

J
 

=
 

2.6
 

Hz,
 

1H),
 

7.01
 

(dd,
 

J
 

=
 

9.0,
 

2.7
 

Hz,
 

1H),
 

6.95~6.90
 

(m,
 

2H),
 

5.69~5.52
 

(m,
 

2H),
 

4.84
 

(q,
 

J
 

=
 

6.8
 

Hz,
 

1H),
 

3.66
 

(s,
 

3H),
 

1.60
 

(d,
 

J
 

=
 

6.8
 

Hz,
 

3H);13C
 

NMR
 

(125
 

MHz,
 

CDCl3)
 

δ:
 

171.23
 

(s),
 

162.27
 

(d,
 

J
 

=
 

3.5
 

Hz),
 

161.24
 

(s),
 

159.74
 

(d,
 

J
 

=
 

245.4
 

Hz),
 

157.56
 

(s),
 

155.21
 

(s),
 

152.14
 

(s),
 

145.98
 

(s),
 

143.04
 

(s),
 

142.15
 

(s),
 

135.18
 

(s),
 

128.15
 

(s),
 

128.09
 

(s),
 

127.77
 

(q,
 

J
 

=
 

3.6
 

Hz),
 

127.48
 

(d,
 

J
 

=
 

33.0
 

Hz),
 

124.85
 

(s),
 

122.86
 

(s),
 

122.82
 

(s),
 

122.67
 

(s),
 

120.25
 

(s),
 

119.85
 

(d,
 

J
 

=
 

8.6
 

Hz),
 

117.32
 

(d,
 

J
 

=
 

33.2
 

Hz),
 

115.90
 

(s),
 

111.87
 

(d,
 

J
 

=
 

23.6
 

Hz),
 

73.08
 

(s),
 

63.66
 

(s),
 

28.91
 

(s),
 

18.48
 

(s)。
(R)-3-甲基-6-氟-喹唑啉-4-酮-2-氧基苯氧-2-丙酸-[2-硝基-5-(2-甲氧基苯氧基)]苯甲酯(QPPD-7):白

色固体;熔点138~139
 

℃;产率55.3%;1H
 

NMR
 

(500
 

MHz,
 

CDCl3)
 

δ:
 

8.15
 

(d,
 

J
 

=
 

9.1
 

Hz,
 

1H),
 

7.83
 

(dd,
 

J
 

=
 

8.4,
 

2.4
 

Hz,
 

1H),
 

7.36~7.28
 

(m,
 

2H),
 

7.28~7.24
 

(m,
 

1H),
 

7.17
 

(d,
 

J
 

=
 

9.0
 

Hz,
 

2H),
 

7.09
 

(dd,
 

J
 

=
 

7.9,
 

1.5
 

Hz,
 

1H),
 

7.06~7.02
 

(m,
 

1H),
 

6.99
 

(dt,
 

J
 

=
 

9.2,
 

2.1
 

Hz,
 

2H),
 

6.94
 

(d,
 

J
 

=
 

8.9
 

Hz,
 

2H),
 

6.82
 

(dd,
 

J
 

=
 

9.1,
 

2.7
 

Hz,
 

1H),
 

5.68~5.51
 

(m,
 

2H),
 

4.83
 

(q,
 

J
 

=
 

6.8
 

Hz,
 

1H),
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3.77
 

(s,
 

3H),
 

3.65
 

(s,
 

3H),
 

1.60
 

(d,
 

J
 

=
 

6.8
 

Hz,
 

3H);13C
 

NMR
 

(125
 

MHz,
 

CDCl3)
 

δ:
 

171.23
 

(s),
 

162.89
 

(s),
 

162.30
 

(d,
 

J
 

=
 

3.5
 

Hz),
 

159.75
 

(d,
 

J
 

=
 

245.5
 

Hz),
 

155.25
 

(s),
 

152.17
 

(s),
 

151.59
 

(s),
 

145.98
 

(s),
 

143.05
 

(s),
 

142.26
 

(s),
 

140.97
 

(s),
 

134.72
 

(s),
 

128.16
 

(d,
 

J
 

=
 

8.1
 

Hz),
 

127.95
 

(s),
 

127.07
 

(s),
 

122.80,
 

122.78
 

(d,
 

J
 

=
 

23.8
 

Hz),
 

122.65
 

(s),
 

121.51
 

(s),
 

119.84
 

(d,
 

J
 

=
 

8.6
 

Hz),
 

116.00
 

(s),
 

115.32
 

(s),
 

114.82
 

(s),
 

113.15
 

(s),
 

111.85
 

(d,
 

J
 

=
 

23.7
 

Hz),
 

73.08
 

(s),
 

63.92
 

(s),
 

55.84
 

(s),
 

28.91
 

(s),
 

18.52
 

(s)。
(R)-3-甲基-6-氟-喹唑啉-4-酮-2-氧基苯氧-2-丙酸-[2-硝基-5-(3-甲氧基苯氧基)]苯甲酯(QPPD-8):白

色固体;熔点79~82
 

℃;产率51.0%;1H
 

NMR
 

(500
 

MHz,
 

CDCl3)
 

δ:
 

8.16
 

(d,
 

J
 

=
 

9.1
 

Hz,
 

1H),
 

7.85~
7.81

 

(m,
 

1H),
 

7.34~7.28
 

(m,
 

3H),
 

7.16
 

(d,
 

J
 

=
 

8.9
 

Hz,
 

2H),
 

7.04
 

(d,
 

J
 

=
 

2.4
 

Hz,
 

1H),
 

6.97~
6.91

 

(m,
 

3H),
 

6.79
 

(dd,
 

J
 

=
 

8.3,
 

2.1
 

Hz,
 

1H),
 

6.63
 

(d,
 

J
 

=
 

8.0
 

Hz,
 

1H),
 

6.60
 

(t,
 

J
 

=
 

2.0
 

Hz,
 

1H),
 

5.62
 

(q,
 

J
 

=
 

15.3
 

Hz,
 

2H),
 

4.85
 

(q,
 

J
 

=
 

6.8
 

Hz,
 

1H),
 

3.79
 

(s,
 

3H),
 

3.65
 

(s,
 

3H),
 

1.62
 

(d,
 

J
 

=
 

6.8
 

Hz,
 

3H);13C
 

NMR
 

(125
 

MHz,
 

CDCl3)
 

δ:
 

171.27
 

(s),
 

162.51
 

(s),
 

162.30
 

(d,
 

J
 

=
 

3.3
 

Hz),
 

161.35
 

(s),
 

159.75
 

(d,
 

J
 

=
 

245.4
 

Hz),
 

155.50
 

(s),
 

155.22
 

(s),
 

152.12
 

(s),
 

145.98
 

(s),
 

143.05
 

(s),
 

141.32
 

(s),
 

134.94
 

(s),
 

130.79
 

(s),
 

128.15
 

(d,
 

J
 

=
 

8.0
 

Hz),
 

128.01
 

(s),
 

122.81
 

(s),
 

122.76
 

(d,
 

J
 

=
 

23.8
 

Hz),
 

119.85
 

(d,
 

J
 

=
 

8.5
 

Hz),
 

116.60,
 

116.18
 

(s),
 

115.91
 

(s),
 

112.51
 

(s),
 

111.84
 

(d,
 

J
 

=
 

23.8
 

Hz),
 

111.03
 

(s),
 

106.75
 

(s),
 

73.04
 

(s),
 

63.80
 

(s),
 

55.49
 

(s),
 

28.91
 

(s),
 

18.51
 

(s)。
(R)-3-甲基-6-氟-喹唑啉-4-酮-2-氧基苯氧-2-丙酸-[2-硝基-5-(4-甲氧基苯氧基)]苯甲酯(QPPD-9):白

色固体;熔点76~79
 

℃;产率53.8%;1H
 

NMR
 

(500
 

MHz,
 

CDCl3)
 

δ:
 

8.14
 

(d,
 

J
 

=
 

9.1
 

Hz,
 

1H),
 

7.84~7.79
 

(m,
 

1H),
 

7.34~7.28
 

(m,
 

2H),
 

7.17
 

(d,
 

J
 

=
 

9.0
 

Hz,
 

2H),
 

7.03~6.97
 

(m,
 

3H),
 

6.96~6.91
 

(m,
 

4H),
 

6.86
 

(dd,
 

J
 

=
 

9.1,
 

2.7
 

Hz,
 

1H),
 

5.67~5.51
 

(m,
 

2H),
 

4.85
 

(q,
 

J
 

=
 

6.8
 

Hz,
 

1H),
 

3.82
 

(s,
 

3H),
 

3.65
 

(s,
 

3H),
 

1.62
 

(d,
 

J
 

=
 

6.8
 

Hz,
 

3H);13C
 

NMR
 

(125
 

MHz,
 

CDCl3)
 

δ:
 

171.26
 

(s),
 

163.47
 

(s),
 

162.29
 

(d,
 

J
 

=
 

3.3
 

Hz),
 

159.75
 

(d,
 

J
 

=
 

245.4
 

Hz),
 

157.31
 

(s),
 

155.24
 

(s),
 

152.14
 

(s),
 

147.58
 

(s),
 

145.98
 

(s),
 

143.06
 

(s),
 

140.97
 

(s),
 

134.91
 

(s),
 

128.16
 

(d,
 

J
 

=
 

7.9
 

Hz),
 

128.05
 

(s),
 

122.80
 

(s),
 

122.77
 

(d,
 

J
 

=
 

23.8
 

Hz),
 

121.85
 

(s),
 

119.86
 

(d,
 

J
 

=
 

8.8
 

Hz),
 

115.94
 

(s),
 

115.92
 

(s),
 

115.39
 

(s),
 

115.36
 

(s),
 

111.85
 

(d,
 

J
 

=
 

23.7
 

Hz),
 

73.07
 

(s),
 

63.87
 

(s),
 

55.69
 

(s),
 

28.91
 

(s),
 

18.52
 

(s)。
(R)-3-甲基-6-氟-喹唑啉-4-酮-2-氧基苯氧-2-丙酸-[2-硝基-5-(2,

 

3-二氯苯氧基)]苯甲酯(QPPD-10):白
色固体;熔点117~119

 

℃;产率47.7%;1H
 

NMR
 

(500
 

MHz,
 

CDCl3)
 

δ:
 

8.17
 

(d,
 

J
 

=
 

9.1
 

Hz,
 

1H),
 

7.83
~7.79

 

(m,
 

1H),
 

7.40
 

(dd,
 

J
 

=
 

8.1,
 

1.3
 

Hz,
 

1H),
 

7.30
 

(dd,
 

J
 

=
 

6.2,
 

1.4
 

Hz,
 

2H),
 

7.25
 

(dd,
 

J
 

=
 

14.1,
 

6.0
 

Hz,
 

1H),
 

7.20~7.15
 

(m,
 

2H),
 

7.05
 

(dd,
 

J
 

=
 

8.2,
 

1.3
 

Hz,
 

1H),
 

7.01
 

(d,
 

J
 

=
 

2.7
 

Hz,
 

1H),
 

6.98~
6.92

 

(m,
 

2H),
 

6.85
 

(dd,
 

J
 

=
 

9.1,
 

2.7
 

Hz,
 

1H),
 

5.63
 

(q,
 

J
 

=
 

15.5
 

Hz,
 

2H),
 

4.87
 

(q,
 

J
 

=
 

6.8
 

Hz,
 

1H),
 

3.65
 

(s,
 

3H),
 

1.64
 

(d,
 

J
 

=
 

6.8
 

Hz,
 

3H);13C
 

NMR
 

(125
 

MHz,
 

CDCl3)
 

δ:
 

171.20
 

(s),
 

162.24
 

(d,
 

J
 

=
 

3.3
 

Hz),
 

161.25
 

(s),
 

159.70
 

(d,
 

J
 

=
 

245.4
 

Hz),
 

155.21
 

(s),
 

152.13
 

(s),
 

151.28
 

(s),
 

146.03
 

(s),
 

143.06
 

(s),
 

141.81
 

(s),
 

135.23
 

(s),
 

134.93
 

(s),
 

128.20
 

(s),
 

128.15
 

(s),
 

128.09
 

(s),
 

127.76
 

(s),
 

126.39
 

(s),
 

122.86
 

(s),
 

122.72
 

(d,
 

J
 

=
 

24.3
 

Hz),
 

120.83
 

(s),
 

119.82
 

(d,
 

J
 

=
 

8.5
 

Hz),
 

115.94
 

(s),
 

115.39
 

(s),
 

111.81
 

(d,
 

J
 

=
 

23.6
 

Hz),
 

73.10
 

(s),
 

63.62
 

(s),
 

28.89
 

(s),
 

18.52
 

(s)。
(R)-3-甲基-6-氟-喹唑啉-4-酮-2-氧基苯氧-2-丙酸-[2-硝基-5-(2,

 

4-二氯苯氧基)]苯甲酯(QPPD-11):白
色固体;熔点65~68

 

℃;产率45.1%;1H
 

NMR
 

(500
 

MHz,
 

CDCl3)
 

δ:
 

8.18
 

(d,
 

J
 

=
 

9.1
 

Hz,
 

1H),
 

7.83
 

(d,
 

J
 

=
 

8.3
 

Hz,
 

1H),
 

7.51
 

(d,
 

J
 

=
 

2.4
 

Hz,
 

1H),
 

7.34~7.27
 

(m,
 

3H),
 

7.18
 

(d,
 

J
 

=
 

8.8
 

Hz,
 

2H),
 

7.06
 

(d,
 

J
 

=
 

8.7
 

Hz,
 

1H),
 

7.01
 

(d,
 

J
 

=
 

2.5
 

Hz,
 

1H),
 

6.95
 

(d,
 

J
 

=
 

8.7
 

Hz,
 

2H),
 

6.84
 

(dd,
 

J
 

=
 

9.1,
 

2.6
 

Hz,
 

1H),
 

5.71~5.53
 

(m,
 

2H),
 

4.86
 

(q,
 

J
 

=
 

6.7
 

Hz,
 

1H),
 

3.66
 

(s,
 

3H),
 

1.64
 

(d,
 

J
 

=
 

6.8
 

Hz,
 

3H);13C
 

NMR
 

(125
 

MHz,
 

CDCl3)
 

δ:
 

171.21
 

(s),
 

162.28
 

(d,
 

J
 

=
 

3.2
 

Hz),
 

161.35
 

(s),
 

159.75
 

(d,
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J
 

=
 

245.8
 

Hz),
 

155.24
 

(s),
 

152.12
 

(s),
 

148.69
 

(s),
 

146.05
 

(s),
 

143.06
 

(s),
 

141.84
 

(s),
 

135.18
 

(s),
 

131.93
 

(s),
 

131.05
 

(s),
 

128.78
 

(s),
 

128.10
 

(s),
 

128.07
 

(d,
 

J
 

=
 

23.8
 

Hz),
 

123.63
 

(s),
 

122.85
 

(s),
 

122.66
 

(s),
 

119.86
 

(d,
 

J
 

=
 

8.6
 

Hz),
 

115.98
 

(s),
 

115.91
 

(s),
 

115.31
 

(s),
 

111.88
 

(d,
 

J
 

=
 

23.7
 

Hz),
 

73.19
 

(s),
 

63.65
 

(s),
 

28.91
 

(s),
 

18.50
 

(s)。
(R)-3-甲基-6-氟-喹唑啉-4-酮-2-氧基苯氧-2-丙酸-[2-硝基-5-(3,

 

4-二氯苯氧基)]苯甲酯(QPPD-12):白
色固体;熔点71~74

 

℃;产率42.5%;1H
 

NMR
 

(500
 

MHz,
 

CDCl3)
 

δ:
 

8.19
 

(d,
 

J
 

=
 

9.0
 

Hz,
 

1H),
 

7.82
 

(d,
 

J
 

=
 

8.0
 

Hz,
 

1H),
 

7.47
 

(d,
 

J
 

=
 

8.7
 

Hz,
 

1H),
 

7.30
 

(d,
 

J
 

=
 

6.2
 

Hz,
 

2H),
 

7.17
 

(dd,
 

J
 

=
 

12.6,
 

5.7
 

Hz,
 

3H),
 

7.08
 

(d,
 

J
 

=
 

2.1
 

Hz,
 

1H),
 

7.00~6.89
 

(m,
 

4H),
 

5.71~5.53
 

(m,
 

2H),
 

4.86
 

(q,
 

J
 

=
 

6.7
 

Hz,
 

1H),
 

3.67
 

(s,
 

3H),
 

1.64
 

(d,
 

J
 

=
 

6.8
 

Hz,
 

3H);13C
 

NMR
 

(125
 

MHz,
 

CDCl3)
 

δ:
 

171.21
 

(s),
 

162.25
 

(d,
 

J
 

=
 

3.3
 

Hz),
 

161.38
 

(s),
 

159.74
 

(d,
 

J
 

=
 

245.4
 

Hz),
 

155.22
 

(s),
 

153.62
 

(s),
 

152.12
 

(s),
 

146.02
 

(s),
 

143.05
 

(s),
 

142.10
 

(s),
 

135.20
 

(s),
 

133.97
 

(s),
 

131.65
 

(s),
 

129.26
 

(s),
 

128.12
 

(s),
 

128.08
 

(s),
 

122.82
 

(s),
 

122.64
 

(s),
 

122.38
 

(s),
 

119.86
 

(d,
 

J
 

=
 

8.7
 

Hz),
 

119.72
 

(s),
 

117.15
 

(s),
 

116.71
 

(s),
 

115.92
 

(s),
 

111.86
 

(d,
 

J
 

=
 

23.8
 

Hz),
 

73.15
 

(s),
 

63.61
 

(s),
 

28.92
 

(s),
 

18.48
 

(s)。
(R)-3-甲基-6-氟-喹唑啉-4-酮-2-氧基苯氧-2-丙酸-[2-硝基-5-(3,

 

5-二氯苯氧基)]苯甲酯(QPPD-13):白
色固体;熔点68~72

 

℃;产率49.3%;1H
 

NMR
 

(500
 

MHz,
 

CDCl3)
 

δ:
 

8.21
 

(d,
 

J
 

=
 

9.0
 

Hz,
 

1H),
 

7.85~
7.80

 

(m,
 

1H),
 

7.34~7.28
 

(m,
 

2H),
 

7.22
 

(t,
 

J
 

=
 

1.8
 

Hz,
 

1H),
 

7.18~7.13
 

(m,
 

2H),
 

7.09
 

(d,
 

J
 

=
 

2.6
 

Hz,
 

1H),
 

6.99
 

(dd,
 

J
 

=
 

9.0,
 

2.7
 

Hz,
 

1H),
 

6.97~6.91
 

(m,
 

4H),
 

5.63
 

(q,
 

J
 

=
 

15.5
 

Hz,
 

2H),
 

4.88
 

(q,
 

J
 

=
 

6.8
 

Hz,
 

1H),
 

3.68
 

(d,
 

J
 

=
 

9.6
 

Hz,
 

3H),
 

1.66
 

(d,
 

J
 

=
 

6.8
 

Hz,
 

3H);13C
 

NMR
 

(125
 

MHz,
 

CDCl3)
 

δ:
 

171.21
 

(s),
 

162.27
 

(d,
 

J
 

=
 

3.6
 

Hz),
 

160.85
 

(s),
 

159.74
 

(d,
 

J
 

=
 

245.5
 

Hz),
 

155.90
 

(s),
 

155.19
 

(s),
 

152.13
 

(s),
 

145.99
 

(s),
 

142.33
 

(s),
 

136.26
 

(s),
 

135.29
 

(s),
 

128.11
 

(d,
 

J
 

=
 

7.8
 

Hz),
 

125.58
 

(s),
 

125.58
 

(s),
 

122.75
 

(d,
 

J
 

=
 

22.2
 

Hz),
 

119.85
 

(d,
 

J
 

=
 

8.4
 

Hz),
 

118.90
 

(s),
 

117.50
 

(s),
 

117.13
 

(s),
 

115.88
 

(s),
 

111.87
 

(d,
 

J
 

=
 

23.8
 

Hz),
 

73.11
 

(s),
 

63.56
 

(s),
 

28.94
 

(s),
 

18.53
 

(s)。
(R)-3-甲基-6-氟-喹唑啉-4-酮-2-氧基苯氧-2-丙酸-[2-硝基-5-(2-氯-4-溴苯氧基)]苯甲酯(QPPD-14):白

色固体;熔点138~140
 

℃;产率53.3%;1H
 

NMR
 

(500
 

MHz,
 

CDCl3)
 

δ:
 

8.17
 

(d,
 

J
 

=
 

9.1
 

Hz,
 

1H),
 

7.82
 

(dt,
 

J
 

=
 

8.5,
 

1.7
 

Hz,
 

1H),
 

7.65
 

(d,
 

J
 

=
 

2.3
 

Hz,
 

1H),
 

7.44
 

(dd,
 

J
 

=
 

8.6,
 

2.3
 

Hz,
 

1H),
 

7.31
 

(dd,
 

J
 

=
 

6.4,
 

1.6
 

Hz,
 

2H),
 

7.21~7.16
 

(m,
 

2H),
 

7.00
 

(d,
 

J
 

=
 

8.6
 

Hz,
 

2H),
 

6.97~6.93
 

(m,
 

2H),
 

6.85
 

(dd,
 

J
 

=
 

9.1,
 

2.7
 

Hz,
 

1H),
 

5.70~5.53
 

(m,
 

2H),
 

4.86
 

(q,
 

J
 

=
 

6.8
 

Hz,
 

1H),
 

3.66
 

(s,
 

2H),
 

1.64
 

(d,
 

J
 

=
 

6.8
 

Hz,
 

3H);13C
 

NMR
 

(125
 

MHz,
 

CDCl3)
 

δ:
 

171.21
 

(s),
 

162.28
 

(d,
 

J
 

=
 

3.5
 

Hz),
 

161.24
 

(s),
 

159.75
 

(d,
 

J
 

=
 

245.4
 

Hz),
 

155.24
 

(s),
 

152.12
 

(s),
 

149.23
 

(s),
 

146.04
 

(s),
 

143.05
 

(s),
 

141.85
 

(s),
 

135.19
 

(s),
 

133.86
 

(s),
 

131.74
 

(s),
 

128.20
 

(d,
 

J
 

=
 

7.5
 

Hz),
 

128.11
 

(s),
 

123.99
 

(s),
 

122.76
 

(d,
 

J
 

=
 

24.9
 

Hz),
 

119.86
 

(d,
 

J
 

=
 

8.8
 

Hz),
 

119.15
 

(s),
 

115.37
 

(s),
 

111.88
 

(d,
 

J
 

=
 

23.6
 

Hz),
 

73.18
 

(s),
 

63.65
 

(s),
 

28.92
 

(s),
 

18.51
 

(s)。
(R)-3-甲基-6-氟-喹唑啉-4-酮-2-氧基苯氧-2-丙酸-[2-硝基-5-(2-氯-4-叔丁基苯氧基)]苯甲酯(QPPD-

15):白色固体;熔点75~76
 

℃;产率50.0%;1H
 

NMR
 

(500
 

MHz,
 

CDCl3)
 

δ:
 

8.16
 

(d,
 

J
 

=
 

9.1
 

Hz,
 

1H),
 

7.82
 

(dd,
 

J
 

=
 

8.4,
 

1.7
 

Hz,
 

1H),
 

7.50
 

(d,
 

J
 

=
 

2.3
 

Hz,
 

1H),
 

7.32
 

(dt,
 

J
 

=
 

9.4,
 

3.2
 

Hz,
 

3H),
 

7.18
 

(d,
 

J
 

=
 

8.8
 

Hz,
 

2H),
 

7.05
 

(d,
 

J
 

=
 

8.5
 

Hz,
 

1H),
 

6.98
 

(d,
 

J
 

=
 

2.6
 

Hz,
 

1H),
 

6.95
 

(d,
 

J
 

=
 

8.7
 

Hz,
 

2H),
 

6.81
 

(dd,
 

J
 

=
 

9.1,
 

2.7
 

Hz,
 

1H),
 

5.62
 

(q,
 

J
 

=
 

15.4
 

Hz,
 

2H),
 

4.86
 

(q,
 

J
 

=
 

6.8
 

Hz,
 

1H),
 

3.63
 

(s,
 

3H),
 

1.62
 

(d,
 

J
 

=
 

6.8
 

Hz,
 

3H),
 

1.34
 

(s,
 

9H);13C
 

NMR
 

(125
 

MHz,
 

CDCl3)
 

δ:
 

171.24
 

(s),
 

162.29
 

(d,
 

J
 

=
 

3.2
 

Hz),
 

162.07
 

(s),
 

159.74
 

(d,
 

J
 

=
 

245.4
 

Hz),
 

155.24
 

(s),
 

152.13
 

(s),
 

150.88
 

(s),
 

147.22
 

(s),
 

146.01
 

(s),
 

143.08
 

(s),
 

141.34
 

(s),
 

135.05
 

(s),
 

128.26
 

(s),
 

128.18
 

(d,
 

J
 

=
 

8.0
 

Hz),
 

128.05
 

(s),
 

126.41
 

(s),
 

125.64
 

(s),
 

122.86
 

(s),
 

122.53
 

(d,
 

J
 

=
 

23.7
 

Hz),
 

119.84
 

(d,
 

J
 

=
 

8.3
 

Hz),
 

115.89
 

(s),
 

115.59
 

(s),
 

114.98
 

(s),
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111.84
 

(d,
 

J
 

=
 

23.5
 

Hz),
 

73.03
 

(s),
 

63.76
 

(s),
 

34.78
 

(s),
 

31.26
 

(s),
 

28.87
 

(s),
 

18.62
 

(s)。
(R)-3-甲基-6-氟-喹唑啉-4-酮-2-氧基苯氧-2-丙酸-[2-硝基-5-(2-氯-4-氟苯氧基)]苯甲酯(QPPD-16):白

色固体;熔点69~73
 

℃;产率52.1%;1H
 

NMR
 

(500
 

MHz,
 

CDCl3)
 

δ:
 

8.17
 

(d,
 

J
 

=
 

9.1
 

Hz,
 

1H),
 

7.84~
7.79

 

(m,
 

1H),
 

7.31
 

(dd,
 

J
 

=
 

6.8,
 

2.0
 

Hz,
 

2H),
 

7.26
 

(dd,
 

J
 

=
 

7.9,
 

3.0
 

Hz,
 

1H),
 

7.21~7.16
 

(m,
 

2H),
 

7.13
 

(dd,
 

J
 

=
 

9.0,
 

5.1
 

Hz,
 

1H),
 

7.07~7.03
 

(m,
 

1H),
 

7.01
 

(d,
 

J
 

=
 

2.7
 

Hz,
 

1H),
 

6.98~6.93
 

(m,
 

2H),
 

6.82
 

(dd,
 

J
 

=
 

9.1,
 

2.8
 

Hz,
 

1H),
 

5.71~5.53
 

(m,
 

2H),
 

4.86
 

(q,
 

J
 

=
 

6.8
 

Hz,
 

1H),
 

3.66
 

(s,
 

3H),
 

1.64
 

(d,
 

J
 

=
 

6.8
 

Hz,
 

3H);13C
 

NMR
 

(125
 

MHz,
 

CDCl3)
 

δ:
 

171.20
 

(s),
 

162.29
 

(d,
 

J
 

=
 

3.4
 

Hz),
 

159.84
 

(d,
 

J
 

=
 

247.5
 

Hz),
 

159.75
 

(d,
 

J
 

=
 

247.5
 

Hz),
 

155.25
 

(s),
 

152.14
 

(s),
 

146.14
 

(d,
 

J
 

=
 

3.4
 

Hz),
 

146.04
 

(s),
 

143.07
 

(s),
 

141.68
 

(s),
 

135.13
 

(s),
 

128.16
 

(s),
 

128.11
 

(s),
 

128.04
 

(s),
 

123.90
 

(d,
 

J
 

=
 

9.1
 

Hz),
 

122.76
 

(d,
 

J
 

=
 

23.6
 

Hz),
 

119.85
 

(d,
 

J
 

=
 

8.4
 

Hz),
 

118.44
 

(d,
 

J
 

=
 

26.1
 

Hz),
 

116.01
 

(s),
 

115.67
 

(d,
 

J
 

=
 

9.5
 

Hz),
 

115.71
 

(s),
 

115.64
 

(s),
 

115.53
 

(s),
 

111.86
 

(d,
 

J
 

=
 

23.8
 

Hz),
 

73.18
 

(s),
 

63.69
 

(s),
 

28.90
 

(s),
 

18.52
 

(s)。
(R)-3-甲基-6-氟-喹唑啉-4-酮-2-氧基苯氧-2-丙酸-[2-硝基-5-(2,

 

4-二甲基苯氧基)]苯甲酯(QPPD-17):
白色固体;熔点64~67

 

℃;产率43.0%;1H
 

NMR
 

(500
 

MHz,
 

CDCl3)
 

δ:
 

8.14
 

(d,
 

J
 

=
 

9.1
 

Hz,
 

1H),
 

7.85
~7.78

 

(m,
 

1H),
 

7.34~7.28
 

(m,
 

2H),
 

7.17
 

(d,
 

J
 

=
 

9.0
 

Hz,
 

2H),
 

7.09
 

(s,
 

1H),
 

7.03
 

(d,
 

J
 

=
 

8.1
 

Hz,
 

1H),
 

6.94
 

(dd,
 

J
 

=
 

9.5,
 

5.8
 

Hz,
 

3H),
 

6.86
 

(d,
 

J
 

=
 

8.1
 

Hz,
 

1H),
 

6.79
 

(dd,
 

J
 

=
 

9.1,
 

2.7
 

Hz,
 

1H),
 

5.61
 

(q,
 

J
 

=
 

15.3
 

Hz,
 

2H),
 

4.84
 

(q,
 

J
 

=
 

6.8
 

Hz,
 

1H),
 

3.63
 

(s,
 

3H),
 

2.34
 

(s,
 

3H),
 

2.09
 

(s,
 

3H),
 

1.60
 

(d,
 

J
 

=
 

6.8
 

Hz,
 

3H);13C
 

NMR
 

(125
 

MHz,
 

CDCl3)
 

δ:
 

171.25
 

(s),
 

163.01
 

(s),
 

162.29
 

(d,
 

J
 

=
 

3.5
 

Hz),
 

159.75
 

(d,
 

J
 

=
 

245.5
 

Hz),
 

155.26
 

(s),
 

152.12
 

(s),
 

149.87
 

(s),
 

145.99
 

(s),
 

143.04
 

(s),
 

140.79
 

(s),
 

135.82
 

(s),
 

135.04
 

(s),
 

132.59
 

(s),
 

130.10
 

(s),
 

128.30
 

(s),
 

128.18
 

(s),
 

128.16
 

(s),
 

128.12
 

(s),
 

122.85
 

(s),
 

122.80
 

(s),
 

122.66
 

(s),
 

121.01
 

(s),
 

119.85
 

(d,
 

J
 

=
 

8.4
 

Hz),
 

115.94
 

(s),
 

115.23
 

(s),
 

114.80
 

(s),
 

111.85
 

(d,
 

J
 

=
 

23.8
 

Hz),
 

73.06
 

(s),
 

63.88
 

(s),
 

28.88
 

(s),
 

20.81
 

(s),
 

18.46
 

(s),
 

15.93
 

(s)。
(R)-3-甲基-6-氟-喹唑啉-4-酮-2-氧基苯氧-2-丙酸-[2-硝基-5-(2-甲基-4-氯苯氧基)]苯甲酯(QPPD-18):

白色固体;熔点67~70
 

℃;产率49.6%;1H
 

NMR
 

(500
 

MHz,
 

CDCl3)
 

δ:
 

8.17
 

(d,
 

J
 

=
 

9.1
 

Hz,
 

1H),
 

7.84
 

(d,
 

J
 

=
 

8.2
 

Hz,
 

1H),
 

7.34~7.28
 

(m,
 

3H),
 

7.21
 

(dd,
 

J
 

=
 

8.5,
 

2.5
 

Hz,
 

1H),
 

7.17
 

(d,
 

J
 

=
 

9.0
 

Hz,
 

2H),
 

6.99~6.90
 

(m,
 

4H),
 

6.83
 

(dd,
 

J
 

=
 

9.1,
 

2.7
 

Hz,
 

1H),
 

5.70~5.51
 

(m,
 

2H),
 

4.84
 

(q,
 

J
 

=
 

6.8
 

Hz,
 

1H),
 

3.66
 

(s,
 

3H),
 

2.14
 

(s,
 

3H),
 

1.61
 

(d,
 

J
 

=
 

6.8
 

Hz,
 

3H);13C
 

NMR
 

(125
 

MHz,
 

CDCl3)
 

δ:
 

171.21
 

(s),
 

162.28
 

(d,
 

J
 

=
 

3.3
 

Hz),
 

162.24
 

(s),
 

159.76
 

(d,
 

J
 

=
 

245.5
 

Hz),
 

155.25
 

(s),
 

152.13
 

(s),
 

150.81
 

(s),
 

146.02
 

(s),
 

143.06
 

(s),
 

141.28
 

(s),
 

135.18
 

(s),
 

132.44
 

(s),
 

131.84
 

(s),
 

131.17
 

(s),
 

128.21
 

(s),
 

128.13
 

(d,
 

J
 

=
 

8.1
 

Hz),
 

127.80
 

(s),
 

122.86
 

(s),
 

122.82
 

(s),
 

122.66
 

(s),
 

122.36
 

(s),
 

119.86
 

(d,
 

J
 

=
 

8.5
 

Hz),
 

1
15.99

 

(s),
 

115.44
 

(s),
 

115.17
 

(s),
 

111.88
 

(d,
 

J
 

=
 

23.8
 

Hz),
 

73.15
 

(s),
 

63.77
 

(s),
 

28.90
 

(s),
 

18.46
 

(s),
 

15.98
 

(s)。
(R)-3-甲基-6-氟-喹唑啉-4-酮-2-氧基苯氧-2-丙酸-[2-硝基-5-(2,

 

4,
 

5-三氯苯氧基)]苯甲酯(QPPD-
19):白色固体;熔点81~83

 

℃;产率35.4%;1H
 

NMR
 

(500
 

MHz,
 

CDCl3)
 

δ:
 

8.19
 

(d,
 

J
 

=
 

9.1
 

Hz,
 

1H),
 

7.82
 

(d,
 

J
 

=
 

8.0
 

Hz,
 

1H),
 

7.59
 

(s,
 

1H),
 

7.30
 

(d,
 

J
 

=
 

5.9
 

Hz,
 

2H),
 

7.22
 

(s,
 

1H),
 

7.18
 

(d,
 

J
 

=
 

8.6
 

Hz,
 

1H),
 

7.04
 

(s,
 

1H),
 

6.95
 

(d,
 

J
 

=
 

8.6
 

Hz,
 

2H),
 

6.87
 

(dd,
 

J
 

=
 

9.0,
 

1.9
 

Hz,
 

1H),
 

5.70~5.56
 

(m,
 

2H),
 

4.87
 

(q,
 

J
 

=
 

6.7
 

Hz,
 

1H),
 

3.67
 

(s,
 

3H),
 

1.66
 

(d,
 

J
 

=
 

6.7
 

Hz,
 

3H);13C
 

NMR
 

(125
 

MHz,
 

CDCl3)
 

δ:
 

171.21
 

(s),
 

162.27
 

(d,
 

J
 

=
 

3.5
 

Hz),
 

160.74
 

(s),
 

158.79
 

(s),
 

155.23
 

(s),
 

152.10
 

(s),
 

149.01
 

(s),
 

146.04
 

(s),
 

143.01
 

(s),
 

142.22
 

(s),
 

135.32
 

(s),
 

132.32
 

(s),
 

131.97
 

(s),
 

130.46
 

(s),
 

128.10
 

(d,
 

J
 

=
 

9.7
 

Hz),
 

126.02
 

(s),
 

123.98
 

(s),
 

122.76
 

(d,
 

J
 

=
 

25.0
 

Hz),
 

119.85
 

(d,
 

J
 

=
 

8.6
 

Hz),
 

116.30
 

(s),
 

115.95
 

(s),
 

115.56
 

(s),
 

111.88
 

(d,
 

J
 

=
 

23.6
 

Hz),
 

73.19
 

(s),
 

63.56
 

(s),
 

28.92
 

(s),
 

18.51
 

(s)。
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2.3 除草活性测定[24-26]

油菜平皿法:在直径6
 

cm的培养皿中铺一张直径5.6
 

cm的滤纸,加入2
 

mL一定浓度的供试化合物溶

液,并设置一个只加蒸馏水的空白对照。然后播种浸种4~6
 

h的油菜种子15粒,在(28±1)
 

℃下黑暗培养

66
 

h后测量胚根长度。通过黑暗条件下化合物对油菜胚根的生长抑制率来检测化合物的除草活性,每个实

验组设置三个平行。抑制率计算公式:抑制率(%)=(空白对照的根长-处理后的根长)/空白对照的根长×
100%。

稗草小杯法:在50
 

mL的烧杯底部铺满一层大小一致的玻璃球,然后放一张与杯底大小一致的滤纸,加
入配置好的待测化合物溶液,并设置一个只加蒸馏水的空白对照。然后播种出芽一致的稗草种子10粒,在
(28±1)

 

℃的光照培养室内培养66
 

h后测量稗草幼苗株高。通过光照条件下化合物对稗草幼苗的生长抑

制率来检测化合物的除草活性,每个实验组设置三个平行。抑制率计算公式:抑制率(%)=(空白对照的株

高-处理后株高)/空白对照的株高×100%。
土壤处理:将150

 

g砂质粘土置于直径为8
 

cm的塑料小杯中,用水湿润。然后将15颗发芽种子种植至

1~2
 

cm深,放置在温室中。所有目标化合物溶解于100%
 

DMF中,然后用吐温80(浓度:100
 

g/L)稀释。
使用前用水将所得溶液稀释至适当浓度。在1

 

000
 

L/hm2 体积中,以1
 

500
 

g/hm2 的剂量喷洒化合物的溶

液至土壤表面,以未经处理的幼苗为对照组。14天后称重每盆植株鲜重,以鲜重抑制百分数来表示药效,每
个实验组设置三个平行。此外,在1

 

500
 

g/hm2 浓度下表现出显著除草活性的化合物在750和375
 

g/hm2

浓度下进行进一步测试。抑制率计算公式:抑制率(%)=(空白对照草的鲜重-处理盆草的鲜重)/空白对照

草的鲜重×100%。
茎叶处理:将150

 

g砂质粘土置于直径为8
 

cm的塑料小杯中,用水湿润。然后将15颗发芽种子种植至

1~2
 

cm深,放置在温室中。当幼苗长到两叶一心期进行茎叶喷雾处理。在1
 

000
 

L/hm2 体积中,以1
 

500
 

g/hm2的剂量喷洒化合物的溶液至植物茎叶,以未经处理的幼苗为对照组。每个实验组设置三个平行。21
天后称重每盆植株地上部鲜重,以鲜重抑制百分数来表示药效。抑制率计算公式:抑制率(%)=(空白对照

草的鲜重-处理盆草的鲜重)/空白对照草的鲜重×100%。

3 结论

以2-氨基-5-氟苯甲酸为原料,经五步反应合成了19个含喹唑啉-4-酮结构的芳氧苯氧丙酸二苯醚酯化

合物,其结构经1H
 

NMR和13C
 

NMR确证。通过小杯平皿实验和温室盆栽实验发现,该类化合物对单子叶

植物具有较好的选择性。其中,化合物QPPD-16在土壤处理、750
 

g/hm2施药量情况下,对稗草、马唐、狼尾

草和狗尾草的生长抑制率分别为79.6%,83.1%,84.0%和70.0%。通过构效关系研究发现,化合物的二苯

醚苯环上取代基R为2,4取代模式是最佳构型,且R为2-Cl-4-F时的化合物活性最优。这些初步的构效关

系结果为今后化合物的改造提供了有用的信息。此外,通过作物安全性评价发现,化合物QPPD-16对花生

和大豆具有安全性。因此,化合物QPPD-16可以作为新型芳氧苯氧羧酸酯类除草剂先导化合物进行进一步

的优化。
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