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上海麦恪林生化科技有限公司简介 

 

上海麦恪林生化科技有限公司（注册商标 ）是一家高端研发用试

剂产品的制造商与供应商，旨在为全球科技事业和工业领域客户提供系统的产品资源及

配套技术服务。 

麦克林成立于 2013 年，公司总部设在上海浦东新区张江高科技园区，在美国加州、

北京、广州、成都、济南、武汉、郑州等主要城市设立有分公司和办事处，可为全球客

户提供便捷全方位的服务。 

麦克林事业朝气蓬勃，在上海化工园区设有 20000 平方米的生产研发基地和庞大的

仓储物流中心，凭着一支富有创造天赋的专业团队，新技术、新产品层出不穷。 目前，

麦克林产品已达 20000 多种，并呈持续增长态势。产品包括通用试剂、药物合成试剂、

手性化合物、催化剂及配体、分析试剂、生物试剂等。麦克林的柔性生产线能够快速提

供小批量、多品种的产品，可以满足实验室研发、中试乃至规模化生产需要。 

麦克林秉承“商德唯信、利末义本”的经营理念，致力于与化学、医药、分析、食

品、能源、材料等领域的客户建立互信、长久的合作关系，为实现“服务于全球的科技

现代化，为人类科技事业繁荣提供营养品及催化剂”的使命而不懈努力！ 

 请点击以下网址了解更多麦克林品牌及产品信息 

http://www.macklin.cn/ 
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1．前言 

1771 年 Scheele 第一次报导了氟化氢，1836 年 Dumas 和 Peligot 报导了第一个有

机氟化合物：一氟甲烷的合成，而元素氟的制备则在 50 年后，1886 年 Henri Moissan 分

离到了氟气。 

 

Table 1  H，F，Cl 的比较 

 H F Cl 

电子排布 1s1 2s22p5 3s23p53d0 

电负性 2.1 4.0 3.0 

电离能(kcal/mol) 315 403 300 

键能 C-X (kcal/mol) 99 111 78 

键长 C-X (Å) 1.09 1.32 1.77 

 

氟原子半径小，是电负性最强的元素，这种极强烈的电负性增加了氟与碳的亲和力。

因此它们所形成的 C-F 键要比 C-H 键能大得多，明显地增强了含氟有机化合物的稳定

性。如下面三个聚合物，聚乙烯和聚四氟乙烯都很稳定，而聚四氯乙烯则不稳定。 

 

H2
C

C
H2

n

F2
C

C
F2

n

Cl2
C

C
Cl2

n

stable stable unstable  

 

氟原子的引入导致有机及无机化合物具有独特的物理、化学性能及生理活性。从二十世

纪三十年代初期氟里昂问世以来，氟化学一直表现出蓬勃发展的趋势。许多尖端技术（原

子能工业、火箭、宇航等），和一些重大的工业项目及药物都采用了含氟的化合物。如

235U 的浓缩，将铀转化为 UF6，通过气体扩散从 238U 中分离出同位素 235U，这是原子弹

制造的核心技术；在液晶材料中，用于 TFT-LCD 的高档液晶必须是对热化学、光、电

稳定性好，电荷保持中间、粘度低、电阻率大（ρ≥1.0×103Ωm）的高性能 TN 材料，以

往，含氰基和酯类化合物无法满足这些要求，只有含氟液晶材料才能适用于 TFT-LCD，

近十年来，几乎所有向列相材料的开发都是含氟液晶化合物；而号称塑料王的聚四氟乙
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烯现在正应用在各个工业领域中。 

在医药方面，含氟芳香族化合物为活性基团的一类药物有着举足轻重的作用。当氟

原子或含氟基团（尤其是 CF3 基团）引入化合物中，其电效应和模拟效应改变了分子内

部电子密度的分布，影响了化合物内部结构的酸碱性，进而改变了其活性，而且还能提

高化合物的脂溶性。氟原子取代了化合物中的氢原子，其类酯化合物在生物膜上的溶解

性得到了增强，促进其在生物体内吸收的传递速度，使生理作用发生变化。所以不少含

氟化合物比不含氟化合物在医药、农药等药物性能上具有用量少、毒性低、药效高、代

谢能力强的优点。 

比如氟喹诺酮类抗菌素，是 20 世纪 70 年代初发展起来的一类新型抗感染药。用量

最大、使用面最广的传统抗生素青霉素由于使用多年，已产生某些抗药性，导致部分人

群对它过敏而不能使用。而氟喹诺酮类抗菌素则杀菌谱较广、毒副作用较小，且价格适

中，是近年来发展较快的一类抗菌素。Lily 开发的氟西汀(Fluoxetine)，是全球第一个

上市的 SSRIs 抗抑郁症药物，由于三氟甲基的引入，使其具有独特的药理性质和临床疗

效，倍受医生患者的青睐。 

    因此，有机氟化合物的合成是有机合成领域的一个重要的分枝。 
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3． 2.  通过不饱和 C-C 键的加成合成氟化合物 

   对烯烃或炔烃的加成，是合成氟代烃最直接的方法。由于 F2 和 HF 的使用不便以及

反应放热严重，难以控制，限制了其在有机合成中的应用，但在工业上应用较多。 

   多种氟代试剂都能对烯烃加成，生成邻二氟代烷烃 1。 

Ph Ph Ph Ph

F F

                                       ref
F2/N2             60%            a  
XeF2              90%            b
CF3OF           41%           c
CsSO4F/HF   49%           d

 

 

而单氟代烷烃则是通过 HF 对烯烃的加成制备，反应遵循 Markovnikov 规则。由于

操作和控制不方便，一个替代方法是使用 Olah 试剂（HF/Pyridine）2。 

 

R3 R4 R3 R4

H FR1 R2

R1 R2
C5H5N(HF)x

THF, 0-20oC  

 

同样，Olah 试剂对炔烃的加成则生成二氟代烷烃 2。 

R1 R2

F
C5H5N(HF)x

R1 R2

F

THF, 0-20oC

R1=H, R2=C4H9        70%
R1=R2=C2H5            75%

 

 

AcOF， CF3OF，FOClO3，和 CsSO4F 等试剂对烯烃的加成会引入另一个官能团，

得到邻位取代的氟化物 3。 
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O O X

F

AcO

OAc

AcO

AcO

OAc

AcO

AcOF

X

OAc

CF3OF OCF3

78%

26%

RefYield

a

b  

 

NO2BF4 对烯烃加成得到邻硝基氟化物，引入一个含氮官能团 4。 

 

NO2

F

NO2BF4

44%  

 

邻卤氟化物可以通过不同试剂对烯烃的加成制得，如环己烯，在不同的条件下生成

邻氯，邻溴和邻碘的氟代环己烷。 

F

X
 

Reagent Condition X Yield(%) Ref 

CH3OCl, BF3 CCl4, rt Cl 77 7 

NCS, Et3N.3HF ether, rt Cl 82 8 

NCS, HF/Pyridine TMS, rt Cl 85 5 

Br2, F2 CCl3F, -78oC Br 61 6 

CH3OBr, BF3 CCl4, rt Br 63 7 

NBS, Et3N.3HF ether, rt Br 88 8 

NBS, HF/Pyridine TMS, rt Br 90 5 

I2, F2 CCl3F, -78oC I 64 6 

NIS, Et3N.3HF ether, rt I 75 8 

NIS, HF/Pyridine TMS, rt I 75 5 

AgF, I2 CH3CN I 60 9 
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反应示例 10：  

 

Br

FNBS, Et3N.3HF

 

 

1-Bromo-2-fluoro-2-phenylpropane. A magnetically stirred mixture of α-methylstyrene 

(7.1 g, 60 mmol), triethylamine trihydrofluoride and (14.7 mL, 90 mmol) and dichloro- methane  

(60 mL) contained in a 250 mL, single-necked, round-bottomed flask is treated with N-

bromosuccinimide (11.8 g, 66 mmol) at 0°C. After 15 min, the bath is removed, and stirring is 

continued at room temperature for 5 hr. The reaction mixture is poured into ice water (1000 

mL), made slightly basic with aqueous 28% ammonia, and extracted with dichloromethane (4 

× 150 mL). The combined extracts are washed with 0.1 N hydrochloric acid (2 × 150 mL) and 

5% sodium hydrogen carbonate solution (2 × 150 mL) and then dried over magnesium sulfate . 

After removal of the solvent by rotary evaporation, the crude product is distilled to give the 

product: 11.6 g (89%); bp 50-52°C (0.15 mm), n20 D 1.5370. 
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3．通过重氮盐合成氟化合物 

3.1 Balz-Schiemann 反应 

芳香胺类化合物通过重氮盐热解而得到相应的氟化物，是合成氟化合物的一个重要

方法，我们称为 Balz－Schiemann 反应。一般情况下将重氮盐转变为不溶于水的硼氟酸

盐 ArN2BF4，或直接在硼氟酸存在下重氮化，再加热分解重氮盐，便得到氟化物 11。 

 

NH2

NHAc

HBF4

NaNO2

N2BF4

NHAc

Cu

F

NHAc 

 

 对一些热稳定性差的化合物，也可以通过光解或超声波 12 分解得到相应的氟化物。 

用六氟磷酸代替氟硼酸，得到的重氮盐 ArN2PF6 溶解性更小，因此提高了反应产率

13。 

 

NH2

NaNO2

N2R F

Br Br Br

o-Br

p-Br

o-Br

p-Br

BF4

PF6

BF4

PF6

50%

97%

64%

100%

81%

77%

75%

79%

40.5%

74.7%

48%

79%

Overall yield

 

 

另外，其他重氮盐如 ArN2SbF6，ArN2AsF6，ArN2SiF6 也有报道。 

    这个方法的缺点是有时候硼氟酸盐 ArN2BF4 不太稳定，容易分解，其制备和分离比

较困难，反应的重复性较差。 

 



有机氟化合物的合成                                                      

                                                                  Page 9 of 47 

反应示例 13c： 

 

NaNO2

HPF6Br

NH2 N2PF6

Br Br

F

 

 

A. o-Bromobenzenediazonium hexafluorophosphate. A solution of 95 mL of 12N hydrochloric 

acid in 650 ml. of water is added with stirring to 60 g. of o-bromoaniline (0.35 mole; in a 2-L. 

three-necked flask equipped with stirrer and thermometer. Solution is effected by heating the 

mixture on a steam bath. A solution of 29 g. (0.42 mole) of sodium nitrite in 75 ml. of water is 

added with stirring while the mixture is maintained at −5° to −10° by means of a bath of ice 

and salt or of dry ice and acetone. At the end of the addition there is an excess of nitrous acid, 

which can be detected with starch iodide paper. Seventy-four milliliters (134 g., 0.60 mole) of 

65% hexafluorophosphoric acid is added in one portion, with vigorous stirring, to the cold 

solution of the diazonium salt. Cooling and slow stirring are continued for an additional 30 

minutes, and the precipitated diazonium hexafluorophosphate is then collected on a Büchner 

funnel. The diazonium salt is washed on the funnel with 300 ml. of cold water and with a 

solution of 80 ml. of methanol in 320 ml. of ether. The salt is partly dried by drawing air through 

the funnel for 2 hours. It is then transferred to a pile of several filter papers, powdered with a 

spatula, and dried at about 25°/1 mm. for at least 12 hours. The dried o-

bromobenzenediazonium hexafluorophosphate is cream-colored; weight 108–111 g. (94–97%); 

m.p. 151–156° (dec.). 

B. 1-Bromo-2-fluorobenzene. Caution! This step should be carried out in a hood because the 

PF5 evolved on thermal decomposition of the diazonium salt is poisonous. The apparatus 

consists of a 1-L, three-necked, round-bottomed flask equipped with a thermometer, a 

condenser, a magnetic stirrer (optional), and a 250-mL Erlenmeyer flask that is attached by 

means of a short rubber Gooch connecting tube. The dry powdered hexafluorophosphate salt is 

placed in the Erlenmeyer flask, and 300 mL of heavy mineral oil is placed in the round-

bottomed flask. The mineral oil is heated to 165–170° by means of an oil bath or electric heating 

mantle and maintained at this temperature while the salt is added rapidly in portions over a 
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period of 30 minutes. The flask is cooled rapidly to room temperature, the side flask is removed, 

and 400 mL of 10% aqueous sodium carbonate is added slowly through the condenser. The 

mixture is steam-distilled until no more oil is visible in the distillate. 

The oil, which is heavier than water, is separated, and the aqueous layer is extracted with three 

50-mL portions of methylene chloride. The oil and extracts are combined, dried over anhydrous 

sodium sulfate, and distilled from a Claisen flask with an indented neck. Colorless 1-bromo-2-

fluorobenzene is collected at 58–59°/17 mm. or 156–157°/760 mm.; weight 45–47 g. (73–75% 

based on o-bromoaniline); nD25 1.5320–1.5325. 

 

这个反应的另一个改进方法就是直接用HF/NaNO2进行重氮化，或在一些碱如吡啶，

2－羟基吡啶，哌啶等存在下重氮化，然后热解生成相应的氟化合物 14，苯胺类化合物和

氨基取代的杂环化合物，如吡啶，嘧啶等都能发生这种反应。 

 

NH2

NaNO2

N2F F

Me

86%

85%

91%

55%

 yield

R R R

R

H

Cl

NO2

HF

 

 

反应示例 14： 

N

1) HF/NaNO2

2) 60oC

NH2

N

F

 

 

In a 100-mL PFA made reactor equipped with a reflux condenser, 4-aminopyridine (470 mg, 

5mmol) was added to HF/Pyridine (70% HF, 10 mL) at 0oC.  The mixture was allowed to 

stand at room temperature until 4-aminopyridine was completely dissolved.  After cooling 

down to –78oC, NaNO2 (380 mg, 5.5 mmol) was added to a solution of 4-aminopyridine in HF, 
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the stirred solution was allowed to stand at 0oC for 30 min and then stand at 60oC for 15-30 

min.  By quenching the resultant solution with ice water, followed by the neutralization with 

cold saturated NaHCO3, the resulting mixture was extracted with CH2C12, the combined 

organic phase was dried over MgSO4, and evaporated under reduced pressure to give the crude 

product, which was distilled to give the desired product (460 mg, 95%). 

 

3.2 从α-氨基酸合成α-氟代羧酸 

在 Olah 试剂（HF/pyridine）存在下，α-氨基酸的氨基在重氮化后被氟取代，生成 

α-氟代羧酸。高 HF/pyridine 比例(70/30)可能导致重排生成β-氟代羧酸，通常情况下使

用的 HF/pyridine 比例为 48/52。α-氨基酸酯也能发生同样的反应。 

 

COOHR

NH2

NaNO2

HF/Py

COOHR

N2
+

F-
COOHR

F

28-88%  

RCH(NH2)COOH R HF : Pyridine 

(w/w) 

RCH(F)COOH 

Yield(%) 

Ref 

GLycine H 48 52 41 15 

Alanine CH3 48 52 76 15 

2-amino-butanoic 

acid 

C2H5 48 52 82 15 

Valine i-C3H7 48 52 75 15 

Leucine i-C4H9 70 30 88 16,17 

Isoleucine s-C4H9 48 52 71 15 

Phenylalanine PhCH2 48 52 86 16,17 

Tyrosine p-OHPhCH2 48 52 58(α:β

80/20) 

15 

Serine HOCH2 70 30 80 16 

Threonine CH3CH(OH) 48 52 43(α:β

80/15) 

15 

Aspartic acid HOOCCH2 70 30 52 16,17 
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Glutamic acid HOOC(CH2)2 70 30 28 16,17 

 

反应示例 15： 

 

COOH

NH2

NaNO2

HF/Py

COOH

F  

 

    To the alanine (1.74 g, 20 mmol) in pyridinium polyhydrogen fluoride (50 mL) in 

polyolefin bottle with good stirring at 0oC was added NaNO2 (2.1 g, 30 mmol) in three prortions 

over aperiod of 30 min.  Stirring was continued at room temperature for 5 h, then quenched 

with 100 mL of ice water and extracted with ether.  The organic layer was washed with brine 

and dried over Na2SO4.  The solvent was removed under reduced pressure, the residue was 

recrystallized to give the desired product (1.39 g, 76%) 
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4. 亲核氟代 

 亲核性的氟代试剂如 HF，包括 HF 的盐(HF/Pyridine，Bu4NH2F3，Et3N.3HF, 

Me3N.2HF)，SbF3, SbF5，FBr3，MF(M 为碱金属)，MoF6，SiF4，SF4，Ishikawa reagent 和

DAST 及其衍生物 Deoxo-Fluor 等，能对含氧和含硫底物（如环氧，醇，醛，酮，酸，

酯，硫醇，硫羰基化合物，磺酸酯）发生亲核取代，生成相应的氟化合物。 

 

4.1．环氧开环合成氟化合物 

    环氧化合物在 HF/Pyridine，Bu4NH2F3，Et3N.3HF，Me3N.2HF，SiF4，DAST 等亲核

试剂作用下开环，生成邻位氟代的醇。 

    HF/Pyridine 在温和的条件下高产率的使环氧开环，有些底物的区域选择性和立体选

择性也不错 18。 

 

O

R1

R2

R3Y 70%HF/Py, CH2Cl2

25oC, 1-4h

R1

R2
F R3Y

OH

R1 R2 R3 Y cis/trans % Yield % threo/erythro %

Ph H

-(CH2)5-

-(CH2)4-

Ph

Ph

Ph

Ph

Ph

Ph

H

H

H

H

H

CH3

H

H

H

H

H

H

CH3

H

CH3

H

COOEt

COOMe

COOMe

COOEt

CONH2

CN

CN

CN

CN

22/78

41/59

0/100

0/100

59/41

56/44

49/51

95

95

95

90

94

91

96

90

88

20/80

46/54

5/95

8/92

57/43

55/45

50/50

 

 

SiF4 是更温和的一个试剂，很多官能团如双键，醚键，C-Si 键在这个条件下也不会

断裂 19,20。 
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O
Ph(H2C)3

Me3Si

SiF4

iPr2NEt, ether

OH
Ph(H2C)3

Me3Si

F

O
H

C6H13

SiF4

iPr2NEt, ether

SiMe3

C6H13

H

C6H13

SiMe3

F

C6H13HO

 

 

反应示例 21： 

 

H3C

H3C

O

OH

H3C

Me3N.2HF

H3C

H3C
OH

F CH3

OH

 

 

The mixture of epoxide (1.56 g, 10 mmol) and Me3N.2HF (1.48 g, 15 mmol) in CH2Cl2 

(50 mL) was heated to reflux for 2 hours.  The resulting mixture was extracted with CH2Cl2 

and washed with aq. K2CO3 solution and brine, the organic phase was dried over Na2SO4 and 

the solvent was removed under reduced pressure.  The residue was purified by column 

chromatography on silica gel to give the desired product (1.1 g, 63%). 

 

4.2．氧被氟取代合成氟化合物 

    含氧官能团如羟基，醛，酮，羧酸及其衍生物在亲核氟代试剂作用下，氧原子被氟

原子取代，生成相应的氟化合物，是合成氟化合物最常用的方法之一。 常用试剂包括

HF/Pyridine，Bu4NH2F3，Et3N.3HF，SbF3, SbF5，FBr3，MoF6，SF4 等，最常用的有三种： 

Ishikawa reagent，SF4 和 DAST 及其衍生物如 Deoxo-Fluor 等，其中 DAST 的应用最为

广泛。 
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F

FF

F

F

N

F

1,1,2,3,3,3-hexafluoro-propyldiethylamine

Ishikawa reagent

N S

F

F

F

Diehtylaminosulfur trifluoride

DAST

N S

F

F

F

Bis(2-methoxyethyl)aminosulfurtrifluoride

Deoxo-Fluor (BAST)

MeO

MeO

O N S

F

F

F

Morpholinosulfur trifluoride

N S

F

F

F

Dimehtylaminosulfur trifluoride

Si

S
F

N

F

N
N

Tris(dimethylamino)sulfur
(trimethylsilyl)difluoride

N S

F

F

F

Piperidinosulfur trifluoride

N S

F

F

F

Pyrrolidinosulfur trifluoride

 

Ishikawa 试剂 

    Ishikawa 试剂能将伯醇，仲醇和叔醇转化为相应的氟化合物，对羰基没有影响。其

中伯醇反应性能比较好，仲醇和叔醇会有消除或偶联的副产物产生。反应通常在乙醚或

二氯甲烷中进行。 

 

Ishikawa reagent

R Yield % Reference

p-ClPhCH2

m-BrPhCH2

p-NO2PhCH2

C6H13CH(CH3)

(CH3)3C

64

50

55

87

48

38

60

62

78

22

22

22

22

22

23

24

ROH RF

solvent

ether

ether

ether

ether

DCM

DCM

DCM

ether

Cl(CH2)4

CH3CH2CHBrCH2

Br(CH2)8

CH3(CH2)7 22

CCl4 24

rt
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    用 Ishikawa 试剂氟代条件比较温和，选择性也很好，如下面这个分子的全合成中，

环氧，双键和保护基都没被破坏 25。 

 

S

N

CH3
CH3

O
HO

OTHP

CH3

Ishikawa reagent

ether, rt

S

N

CH3
CH3

O
F

OTHP

CH3

OTBS OTBS

O

OOHO

HO
N

S
O

F

26-Fluoroepothilone B

 

反应示例 23： 

 

CH2OH
Ishikawa reagent

CH2F

O2N O2N  

 

To a solution of Ishikawa reagent (3 g, 13.5 mmol) in dry dichloromethane (30 mL), a 

solution of 3-nitrobenzyl alcohol (1.5 g, 9.6 mmol) in dichloromethane (10 ml) vas added 

dropvise at room temperature.  After stirring for 6 h, the reaction mixture vas left overnight. 

It vas then poured into water and the oily product vas extracted with diisopropyl ether.  The 

ether extract vas washed with water, dried over anhydrous sodium carbonate, filtered, and 

evaporated to remove the solvent.  The residue was distilled to give the desired product (1 g, 

48%). 

 

DAST 

DAST 是液体，在干燥情况下室温或冰箱能长期保存，DAST 在 90oC 会分解，处理

不当会有爆炸的危险。但由于操作简单和通用性强，DAST 是使用得最广泛的氟代试剂
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之一。这个试剂能将羟基化合物转化为单氟代化合物，醛和酮转化为二氟代化合物 26，

而对羧酸及其衍生物的羰基则没有影响。 

 

N

Br Br

N

OH

N
Boc

DAST

DCM, 0oC

N

Br Br

N

F

N
Boc

N

Br Br

N

O

N
Boc

DAST

DCM, 0oC

N

Br Br

N

F

N
Boc

F

 

 

所以在羧酸及其衍生物如酯，内酯，酰胺，内酰胺等存在下，能选择性的取代羟基，

醛和酮 27。 

 

N O
O

OH

F3C CF3

DAST

DCM
N O

OH

F3C CF3

F

F

NH

F F

COOH

 

 

脂肪族和芳香族的伯，仲，叔醇都能高产率的转化为相应的氟化合物。反应通常用

二氯甲烷，一氟三氯甲烷等作溶剂，取代羟基通常在较低温度下反应（－78oC），取代羰

基一般在 0oC－40oC 反应。 
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R Yield % Reference

p-NO2PhCH2

i-C4H9

Ph3C

C2H5C(CH3)2

69

53

61

95

49

40

85

88

28

29

29

28

31

31

28

ROH RF

solvent

diglyme

DCM

DCM

DCM

DCM

DCM

DCM

DCM

Cl(CH2)2

Br(CH2)6

30

-78oC to RT

DAST

Br(CH2)8

Ph2CH

 

     

仲醇在取代时可能会发生碳正离子重排，所以异丁醇氟代后得到氟代异丁烷和氟代

叔丁烷的混合物。烯丙醇类化合物同样会发生重排 32： 

 

OH

DAST

-78oC-0oC F +

F

isooctane 36% 64%

diglyme 28% 72%

DAST

-78oC-0oC F +

F

isooctane 9% 91%

diglyme 22% 78%

OH

 

     

仲醇在取代的过程中会发生构型翻转，为手性合成提供了一个方法，如 (S)-2-辛醇

在反应中构型完全翻转，得到 (R)-2-氟辛 烷，ee％为 97.6%33。这个方法在糖类和甾体

的合成中应用较多 34。  

 

OH DAST F

ee% 97.6%  
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DAST 对羰基的亲核氟代反应，醛作为底物活性比酮的活性高，所以在酮存在下可

以选择性的取代醛基 35。 

除 了 DAST 以 外 ， 其 他 一 些 类 似 物 如 Dimehtylaminosulfur trifluoride ，

Diisopropylaminosulfur trifluoride ， Bis(2-methoxyethyl)aminosulfur trifluoride (Deoxo- 

Fluor)，Morpholinosulfur trifluoride，Tris(dimethylamino)sulfur(trimethylsilyl) difluoride，

Piperidinosulfur trifluoride，Pyrrolidinosulfur trifluoride 也能进行亲核氟代。特别是

Morpholinosulfur trifluoride 和 Deoxo-Fluor，其稳定性更好，所以反应能在较高的温度进

行。 

 

反应示例 36： 

 

O2N CH2OH
DAST

O2N CH2F
 

 

A dry, 1-L, three-necked, round-bottomed flask is fitted with a 500-mL dropping funnel, 

thermometer, a magnetic stirrer, and a reflux condenser protected from the atmosphere with a 

drying tube.  The apparatus is flushed with dry nitrogen, and 150 mL of dry dichloromethane 

and 21 mL (0.16 mole) of diethylaminosulfur trifluoride [Org. Synth., Coll. Vol. 6, 440 (1988)] 

are added to the flask.  The contents of the flask are cooled to 10°, and a solution of 23 g 

(0.150 mole) of 4-nitrobenzyl alcohol in 450 mL of dichloromethane is added dropwise at a fast 

rate (45 minutes).  The reaction mixture is allowed to come to room temperature and poured 

into a beaker containing 300 g of ice, decomposing any unreacted diethylaminosulfur trifluoride.  

The organic layer is separated, and the water layer is extracted twice with 45-mL portions of 

dichloromethane.  The organic layer and extracts are combined, washed with 150 mL of water, 

and dried over anhydrous magnesium sulfate.  Evaporation to dryness under reduced pressure 

gives 20.9–22.1 g (90–95%) of crude product.  Recrystallization from 500 mL of pentane 

yields 15.5 g. (67%) of 4-nitrobenzyl fluoride as colorless needle-shaped crystals, m.p. 36–37° 
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SF4 

SF4 是氟代能力很强的一种试剂，通常和 HF 一起使用。除了能把羟基化合物转化

为单氟代化合物，醛和酮转化为二氟代化合物之外，还能把羧基转化为三氟甲基，是合

成三氟甲基化合物的一个重要方法，特别是芳香类三氟甲基化合物。 

 

ROH RF

R R'

O

R R'

F F

RCOOH RCF3  

 

SF4 在氟化学的发展史上是很重要的一种氟代试剂，随着 DAST 等新型氟代试剂的

发展，SF4 在氟化学中的应用逐渐减少，对羟基化合物和醛酮的氟代反应基本已被 DAST

等试剂取代。 

SF4 最重要的应用就是从羧酸合成三氟甲基化合物。脂肪族羧酸为底物反应收率不

高，生成的副产物是醚 37。 

 

RCOOH
SF4

RCF3 + RCF2OCF2R

R

CH3

CH2F

CH2Cl

CH2Br

CH3CH2

CH3CHCl

CH3(CH2)4

c-C6H11

h Yield% Yield%

48

3

3

3

3

6

20

3

78 0

71 11

51 24

67 24

96 0

45 21

48 20

56 0

74 0

CH2ClCH2

20

 

 

芳香族羧酸底物的产率还可以，不过反应需要加入 20－30 当量的 HF38，反应操作 
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不方便。 

 

COOH CF3

SF4

HF, Benzene

R

R R

OMe Me H Cl F CF3 NO2 OH

Yield % 55 60 93 70 92 8025 61  

     

反应示例 39： 

 

CH3(CH2)5COOH CH3(CH2)5CF3

SF4

 

 

Twenty-six grams (0.20 mole) of heptanoic acid is placed in a 145-mL pressure vessel 

lined with Hastelloy-C.  The air in the vessel is displaced with nitrogen, and the head of the 

vessel is secured in place.  The vessel is cooled in a bath of acetone and solid carbon 

dioxide, and the nitrogen in the vessel is evacuated with a vacuum pump to a pressure of 0.5–

1.0 mm.  Sixty-five grams (95% pure, 0.57 mole) of sulfur tetrafluoride is transferred to the 

cold vessel.  This is conveniently done by connecting a cylinder containing 65 g of sulfur 

tetrafluoride to the pressure vessel by a length of copper tubing having a 1/16-in. bore and 

1/8-in. outside diameter. 

The pressure vessel is heated with agitation at 100° for 4 hours and at 130° for 6 hours. The 

vessel is allowed to cool to room temperature and the volatile by-products [ Caution! Toxic!] 

are vented.  The crude, fuming, liquid product is poured into a stirred suspension of 10 g. of 

finely divided sodium fluoride in 60 mL of pentane, the mixture is filtered, and the filtrate is 

fractionated through a 6-in. Vigreux column. 1,1,1-Trifluoroheptane is collected at 100–

101°/760 mm., nD25 1.3449. The yield is 21.7–24.6 g. (70–80%). 

 

4.3.  硫被氟取代合成氟化合物 

和氧一样，含硫化合物如硫醇，硫缩酮，硫缩醛以及硫羰基化合物在氟代试剂的作
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用下，碳硫键断裂，硫原子被氟取代，生成相应的氟化物。这个方法于 1976 年由

Kollonitsch 和 Marburg 首次报导。和氧相比，硫更容易被取代。常用的试剂包括 HF/CF3OF，

HF/F2，HF/Pyridine，Bu4NH2F3，Tol-IF2，SF4，FBr3，MoF6 和 DAST 等。 

硫醇被氟取代生成相应的一氟代化合物 40。 

 

COOH

SH

NH2

HF/CF3OF

-78oC
COOH

F

NH2

94%  

 

    而硫缩酮和硫缩醛则生成二氟代化合物，如果底物含有对酸敏感的基团，Bu4NH2F3

是很好的替代方法。 

 

S S

R2R1

F F

R2R1

R1 R2

C5H11

Ph

H C11H23

C5H11

Ph

Condition

1

1

1

Yield%

20

52

96

DBH= 1,3-dibromo-5, 5-dimethylhydantoin

Ref

41

41

41

Condition:

1 HF/Pyridine, [X+], CH2Cl2

2 BrF3

2 55-75H 42Ph

 

 

Tol-IF2 也能在温和地的条件下高产率的取代硫缩酮 43。 

 

S S Tol-IF2

X X

F F

X X

CH2Cl2

65-90%

n

n= 1-2, X= H, F, Cl, Me

Tol-IF2

I

F

F

 

 

硫羰基化合物，如硫酰氯，硫酯等经 HF/Pyridine，Bu4NH2F3，MoF6或 DAST 处理，
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也生成氟代化合物 44。 

 

OCCl

S

R

MoF6
OCF3

R

40-95%

R= H, 2-Me, 3-Me, 4-Me, 4-Br, 

     4-Cl, 3-F, 4-F, 3-CF3  

R1COR2

S DAST

CH2Cl2
R1CF2OR2

R1= C7H15, c-C6H11, adamantyl, Ph, PhCH=CH

R2= Me, Et, Me3SiCH2  

 

反应示例 44： 

 

OMe

S

OMe

F F

DAST

 

 

    To a solution of thioester (1.58 g, 10 mmol) in dry CH2Cl2 (20 mL) was dropped DAST in 

CH2Cl2 (1M, 20 mL, 20 mmol) at room temperature under nitrogen atmosphere.  The reaction 

mixture was stirred for 6 h, and then quenched by addition of saturated NaHCO3 (30 mL).  The 

organic layer was separated, and the aqueous phase was extracted with CH2Cl2.  The combined 

organic layer was dried over Na2SO4, concentrated under reduced pressure.  The residue was 

purified by column chromatography on silica gel to give the desired product (1.32 g, 81%).  

 

4.4．磺酸酯被氟取代合成氟化合物 

   磺酸酯，如甲磺酸酯，对甲苯磺酸酯在极性非质子溶剂（DMF，CH3CN, DMSO 等）

中与碱金属氟化物发生亲核取代反应，得到氟化合物。 

   碱金属氟化物在非质子溶剂中活性如下：CsF>KF>NaF>LiF。CsF 的活性最高，但由

于 KF 价格相对便宜，所以最常用。 

   反应体系中加入冠醚等相转移催化剂会加快反应进行，提高产率。 
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   有的底物在离子液体中进行反应，能得到很好得结果。如下这个反应在离子液体

[bmim]BF4 中进行，产率相当高 45。 

 

OMs 5eq MF, 100oC

CH3CN, [bmim]BF4

F

MF T(min) Y%

KF

CsF

90

20

93

95  

 

黄原酸酯也能被取代生成氟化物 46。 

 

  

O SMe
p-Tol-IF2 F

S

64%

 

 

反应示例 45： 

 

OMs CsF, 100oC

CH3CN, [bmim]BF4

F

 

 

CsF (760 mg, 5 mmol) was added to the mixture of 2-(3-methanesulfonyloxypropyl) 

naphthalene (264 mg, 1.0 mmol), [bmim]-[BF4] (3.0 mL), and H2O (90 íL, 5 mmol) in 

acetonitrile (3.0 mL).  The mixture was stirred at 100 °C for 20 min. The reaction was 

monitored by TLC.  The reaction mixture was extracted from the ionic liquid phase with ethyl 

ether (7mL× 3).  The ether layer was dried over Na2SO4 and evaporated under reduced 

pressure.  The residue was purified by flash column chromatography on silica gel (5% 

EtOAc/hexane) to give 2-(3-fluoropropyl)naphthalene (179 mg , 95%) as a colorless oil. 
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5．亲电氟代 

亲电性的氟代试剂对芳环，羰基化合物，烯醇醚，烯醇酯，烯胺，一些金属有机化

合物等底物发生亲电取代，生成氟化合物，是非常重要的合成氟化合物的方法。 

这些亲电氟代试剂主要包括如下几类： 

(1). F2, XeF2,  

(2). 含 O-F 键类试剂 

    包括 CF3OF，CH3COOF，CsSO4F 

(3). 含 N-F 键类试剂 

    这是最为庞大的一类亲电氟代试剂，大部分已经商业化。由于使用方便，对这一类

试剂的研究也很多，其在合成中的应用较为广泛。其中包括著名的 Selectfluor (F-TEDA-

BF4)。 

N

F

O N

F X-

1 X= F, OTf

2, 3

N

N

F X-

R

R= Me, CH2Cl, CH2CF3

X,Y= F, BF4, OTf, OTs

Y-

4-16

Selectfluor:
R= CH2Cl
X, Y= BF4

N

RY

R= Me, OMe, tBu, CH2OCH3, 
CN, CH3CO2, NO2, Cl, CF3, 
COCH3 (R often in position 2)

X= BF4, OTf, OSO2F, SbF6, 
ClO4, PhNB2F7

17-29

F
X-

Y= 1-5

N

F

30

 



有机氟化合物的合成                                                      

                                                                  Page 26 of 

47 

SO2NFR

R= CH3, C(CH3)3, C6H11

norbornyl, neopentyl

N NFSO2CF3

S
O2

NF

O2
S

(PhSO2)2NF

S
O2

NF(CF3SO2)2NF

NF

R'

R'

S
O O

R

31 R=R'= H
32 R=CH3, R'= H
33 R= H, R'= Cl
34 R= H, R'= OMe

31-34

35 36

37 38

39-43
44

 

(4). 含 X-F 键类试剂： 

    包括 FClO3, Tos-IF2 

 

5.1  芳环的亲电氟代 

    用硫酸或甲酸作溶剂，用氮气稀释的 F2 能直接对苯环发生亲电取代，生成氟代苯，

不过由于用到 F2，其操作不方便。 

 

NO2

OH

NO2

OH

NO2

OH

F F F

+

F2, N2

H2SO4, 0
oC

HCOOH, 0
oC

23% 8%

69% 11%  

 

前面列出的大多数试剂，都能对活化的芳环发生亲电取代，得到相应的氟化合物。

如下所示，但反应的选择性不是很好，产物主要是邻对位取代的混合物： 
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NHCOCH3 NHCOCH3

F

Reagent Yield%
(o:m:p)

Referance

CsSO4F

CH3COOF

74:0:11

48:0:7

49

48

XeF2 37:3:16 56

24:0:16 54

58:0:16 53

50:0:30 53

(PhSO2)2NF

N

Cl Cl

F OTf-

S
O2

NF

CF3OF 37:17:10 47

Cl

ClCl

Selectfluor 49:0:31 52

OH OH

F

Reagent Yield%
(o:m:p)

Referance

CsSO4F

CH3COOF

56:0:11

45:0:30

49

50

XeF2
19:19:9 55

60:0:40 51

84:0:10 53

61:0:30 52

(CF3SO2)2NF

N

Cl Cl

F
BF4

-

S
O2

NF

R

R

R
R

 

 

反应示例 53： 

 

OH OH OH

+

84% 10%

F

F

N

Cl Cl

F
BF4

-

reflux

 

     

 To the solution of phenol (0.94 g, 10 mmol) in dry CH2Cl2 (20 mL) was added N-

fluoropyridinium salt (2.54 g, 10 mmol), the mixture was stirred under reflux for 24 h.  The 

reaction was monitored by TLC.  Then 20 mL of water was added to the reaction mixture, the 

resulting mixture was extracted with CH2Cl2, the organic phase was dried over Na2SO4, the 

solvent was evaporated under reduced pressure, the residue was purified by flash column 
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chromatography on silica gel to give the mixture of two ismers (1.05 g , 94%, o:p = 84: 10) as 

a colorless oil. 

 

5.2  通过烯醇，烯醇醚，烯醇酯及烯胺合成α-氟代羰基化合物 

羰基化合物在碱性条件下烯醇化，或转化为烯醇醚，酯，烯胺，然后在亲电氟代试

剂的作用下，能制备相应的α-氟代羰基化合物，这是比较方便，也用的比较多的一种方

法，特别在甾体化合物的合成中用的比较多。所用的氟代试剂包括 CF3OF，CH3COOF，

CsSO4F，XeF2，Tos-IF2 以及以 Selectfluor 为主的大部分含 N-F 键的化合物等。 

 

CH3COOF 85 59

XeF2 88 58

CF3OF 85 59

Reagent Yield% Referance

CsSO4F

CH3COOF

70-80

70

61

60

XeF2
37-62 64

73 63

N

F
OTf-

OCOCH3

n

OCOCH3

n
n= 1-4

CF3OF 50-90 57

Reagent Yield% Referance

OSiMe3
O

F

n
n= 0-1

n

78 63

N

F
OTf-

Selectfluor 90 62
 

     

β－二羰基化合物直接氟代，往往得到一氟代和二氟代的混合物，如果延长时间，

生成的主产物是更稳定的二氟代产物，如果分步氟代，则能缩短时间，提高效率。 

 

Ph NMe2

O O Selectfluor, 3.2 eq

MeCN, 40oC, 27d Ph NMe2

O O

F F
91%

Ph NMe2

O O

F

1) NaH, THF
2) Selectfluor, rt

1) NaH, THF
2) Selectfluor, rt, 27 h
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如果想要得到单氟代的产物，Tos-IF2 是一个很好的选择。反应选择性很高，没有二

氟代的产物生成 65。 

 

R X

O O

X= R', OR', NR'2

Tos-IF2

R X

O O

F
 

 

反应示例 66： 

 

MeO

O

Me3SiOTf

TEA
MeO

OSiMe3

MeO

O

F
N

F

-OTf

 

3-Methoxy-17-trimethylsiloxy-1,3,5(10)-16-estratetraene. A 125-mL, two-necked round-

bottomed flask equipped with a reflux condenser and a magnetic stirrer is purged with argon 

and charged with 6.8 g (0.024 mol) of estrone 3-methyl ether, 50 mL of dry benzene, and 4.0 

mL (2.9 g, 0.029 mol) of triethylamine. The solution is stirred, 4.9 mL (5.6 g, 0.025 mol) of 

trimethylsilyl triflate is added through a syringe, and the mixture is refluxed for 1.5 hr. The 

reaction mixture is allowed to cool to room temperature, whereupon it separates into two layers. 

Dry hexane (40 mL) is added, and the upper hexane–benzene layer is separated, washed 

successively with saturated sodium bicarbonate and water, and then dried over magnesium 

sulfate. The drying agent is removed by filtration, and the filtrate is transferred to a 125-mL, 

round-bottomed, tared flask. The solution is evaporated to a constant weight with a rotary 

evaporator, initially at water-aspirator pressure and then at 0.5–1 mm, to leave 8.6 g (100%) of 

pale-yellow enol trimethylsilyl ether. This material is used immediately in Part C without 

purification. 

16α-Fluoro-3-methoxy-1,3,5(10)-estratrien-17-one (16α-fluoroestrone 3-methyl ether). 
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The 125-mL, round-bottomed flask containing the enol silyl ether from Part B is purged with 

argon, and 50 mL of dry dichloromethane is added. N-Fluoropyridinium triflate (6.5 g, 0.026 

mol) is added in one portion, and the mixture is stirred at 20–25°C for 8 hr. The reaction mixture 

is poured into water and extracted with three 60-mL portions of dichloromethane. The 

combined organic extracts are washed with saturated sodium bicarbonate and then with water, 

and dried over magnesium sulfate. The drying agent is removed by filtration and the solution is 

evaporated to dryness with a rotary evaporator. The resulting pale-yellow solid is column-

chromatographed on silica gel (250 g, 60 × 4.5-cm column) using dichloromethane eluant to 

give 950 mg (14%) of estrone 3-methyl ether starting material and 4.8 g (66%) of 16α-

fluoroestrone 3-methyl ether as a colorless solid, mp 157°C. 

 

5.3  有机金属化合物的氟代 

    格式试剂，有机汞化合物，有机锡化合物等底物在一些亲电氟代试剂作用下，能转

化为氟化合物 67。 

R

HgX

AcOF, CFCl3, AcOH

0oC, 1-10 min
R

F

R= OMe, OH, NHCOMe, Me, Cl, H
X= OAc, Cl  

 

其中格式试剂的应用最多，也容易操作，缺点就是产率比较低。 
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MgBr F

N

O

F

Reagent Yield Reference

20% 70

N

F F-

26% 71

N

F

O
15% 69

N

F

-OTf

22% 72

S
O2

NF 80% 68

 

 

反应示例 73： 

 

N

N

N
H

Br Cl

1) n-BuLi, THF, -78oC

2) Me3SnCl, THF, rt
N

N

N
H

Me3Sn Cl

Selectfluor

MeCN, rt
N

N

N
H

F Cl

 

 

To a solution of 4-chloro-5-bromo-7H-pyrrolo[2,3-d]pyrimidine (0.92 g, 4.0 mmol) in 

tetrahydrofuran (25 mL) was added n-BuLi (2.5 M solution in hexane, 3.48 mL) dropwise at –

78 °C, and the reaction mixture was stirred at -78 °C for an additional 30 min.  To this 

solution was added trimethylstannyl chloride (0.88 g, 4.4 mmol) in tetrahydrofuran (8 mL) 

dropwise over a period of 10 min.  The reaction mixture was allowed to warm to room 
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temperature and was stirred overnight.  Saturated aqueous ammonium chloride (60 mL) was 

added and extracted with ethyl acetate (3 ×70 mL).  The combined organic extracts were 

washed with brine, dried over Na2SO4, and evaporated to dryness.  The residue was purified 

over silica gel to give the desired stannane (0.80 g, 63%) as a colorless solid.   

To a solution of this compound (1.97 g, 6.20 mmol) in acetonitrile (60 mL) was added 1-

(chloromethyl)- 4-fluoro-1,4- diazoniabicyclo[2.2.2]octane bis(tetrafluoroborate) (Selectfluor, 

2.40 g, 6.5 mmol) in one portion, and the reaction mixture was stirred at room temperature for 

7 h.  The precipitate was filtered off, and the filtrate was evaporated in vacuo.  The residue 

was purified on silica gel using ethyl acetate/hexane (3:7) as the eluent to give the desired 

compound (0.22 g, 21%) as a colorless solid.  

 

5.4  不对称亲电氟代 

    化合物 31－34 作为氟代试剂，在碱性条件下作用于羰基化合物，由于立体位阻的

影响，往往能得到立体选择性的α-氟代羰基化合物，但其 ee%不是太高 74。 

 

NF

R'

R'

S
O O

R

31 R=R'= H

32 R=CH3, R'= H

33 R= H, R'= Cl

34 R= H, R'= OMe
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    如果底物是手性的，也能得到高选择性的对映异构体 75。 

 

O N

O O

Ph

O N

O O

Ph

F

1) LDA, THF

2)

S
O2

NF

O2
S

88%, 97% de

 

 

反应示例 74： 
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O

COOEt
(-)-31

NaH, ether

O

COOEt

F

70% ee  

 

Under an argon atmosphere, to a solution of 2-Oxo-cyclopentanecarboxylic acid ethyl 

ester (1.56 g, 10 mmol) in dry ether (20 mL) was added 60% NaH (0.48 g, 12 mmol) at 0oC, 

the mixture was stirred for 30 min, N-fluoro sultam (-)-31 (3.5 g, 15 mmol) was added in several 

portions.  The reaction mixture was stirred for another 1 h at room temperature, then quenched 

by saturated NH4Cl solution, and extracted with EA.  The combined organic layer was dried 

over Na2SO4, concentrated under reduced pressure.  The residue was purified by column 

chromatography on silica gel to give the desired product (1.09 g, 63%, 70% ee).  
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6．三氟甲基的引入（Trifluoromethylation） 

由于三氟甲基的强电负性，高稳定性和良好的脂溶性，三氟甲基的引入，往往使化

合物的性质，特别是其生理活性发生显著的改变，其在新药开发中越来越被关注。所以

如何将三氟甲基引入目标分子，成为氟化学中的一个重要的课题。经过多年的研究，已

经发展了许多引入三氟甲基的方法，如我们前面提到的用 SF4 将羧基转化为三氟甲基，

按照反应机理，三氟甲基的引入主要分为三大类：自由基三氟甲基化，亲核三氟甲基化

和亲电三氟甲基化 76。 

 

6.1 自由基三氟甲基化 

三氟甲基自由基能通过多种途径得到，由于其亲电性强，所以能与富电子的苯环发

生亲电加成反应。 

 

 

但这种方法产率低，选择性差，而且反应难于控制，所以在有机合成中的应用受到

限制。 

 

 

Cl

COOMe

XeF2

CF3COOH

Cl

COOMe

CF3

45%
2:3=1:3

Br

CF3I

Br

CF3

61%
(o:m:p=48:30:22)
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NH2

CF3Br, Zn, SO2

NH2

CF3

OH

CF3SO2Na

OH

CF3

45%
(o:m:p=4:1:6)

56%
(o:p=1.8:1)

tBuOOH

 

 

6.2 亲电三氟甲基化 

1990 年 Umemoto 报道了化合物 1 和 2 的合成及应用，这是第一种亲电性的三氟甲

基化试剂 77。随后 Umemoto 报道了化合物 3 和 4 的合成及应用 78。 

 

S

CF3 TfO-

S

CF3 BF4
-

S

CF3 C2H5OH

SO3
-

1 2 4

Se

CF3 TfO-

3  

 

    这几个化合物是稳定的晶体，具有良好的稳定性。苯并环是很好的离去基团，在取

代过程中容易离去，有利反应进行。反应易于处理，特别是化合物 4，反应生成后的磺

酸是水溶性的，极易除去。这种三氟甲基化并不是通过 CF3
＋进行，也不是 SN2 取代，可

能是通过 SET 机理产生三氟甲基自由基，然后对碳负离子的亲电加成。 

这种方法通用型强，通过这种方法，可以在多种亲核性化合物（anions of --diketones, 

--keto esters and malonates, acetylide ions, silyl enol ethers, enamines, activated aromatics, 

heteroaromatics, alkane- and arenethiolate anions, halide anions, and various enolate anions）

上引入三氟甲基。但这几个试剂制备困难，价格较高，限制了其应用。 

 

O

O

Na+
- DMF

-65oC-rt

O

O

CF3

reagent

1

2

3

4

Yield% ref

83

74

80

81

77

77

78a

78b  
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1) tBuOK, Me3SiCl

2) 1, DMF

O O

CF3

 

 

反应示例 78a： 

 

1) nBuLi

2) 1, THF

CF3

 

 

Under an argon atmosphere, to a solution of Ethynyl-benzene (1.02 g, 10 mmol) was 

dropped n-BuLi (2.5M, 6 mL, 15 mmol) at –78oC, the mixture was stirred for 1 h, 

trifluoromethyl onium salt 3 (11 mmol) was added in several portions.  The reaction mixture 

was stirred for another 1 h at room temperature, then quenched by saturated NH4Cl solution, 

and extracted with EA.  The combined organic layer was dried over Na2SO4, concentrated 

under reduced pressure.  The residue was purified by column chromatography on silica gel to 

give the desired product (0.58 g, 58%).  

 

6.3 亲核三氟甲基化 

在化合物中引入三氟甲基的另一类方法就是通过 CF3
-的亲核反应实现，主要包括两

大类：基于 CuCF3 对卤代苯的亲核取代和 TMSCF3 对羰基化合物的亲核取代。 

最早发现的方法是基于 CuCF3 作为 CF3
- 源对卤代苯（通常为溴代苯或碘代苯，后

者活性更高）的亲核取代，从而合成三氟甲基取代的芳基化合物。这个方法是由

McLoughlin 于 1969 年首先报导，经过多年的发展，成为三氟甲基化最主要的方法之一

79。 
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CuCF3 可以通过多种方法，在 Cu 的存在下现制现用。 

 

 

 

其中最常用的是 CuI/MeO2CCF2SO2F 和 CuI/KF/ClCF2CO2Me 这两个体系。反应操

作很简单，收率较高。需要注意的是产物和原料在 TLC 上有时不会有明显的差异，需要

做核磁来辨别（13C-NMR 和 19F-NMR）。 

 

反应示例： 

CuI/MeO2CCF2SO2F 体系 80 

 

PhI

MeO2CCF2SO2F

CuI
PhCF3

 

 

    The mixture of PhI (2.04 g, 10 mmol), CuI (3.83 g, 20 mmol) and MeO2CCF2SO2F (4.75 

g, 25 mmol) in dry DMF(50 mL) was stirred at 70oC overnight.  Then 50 mL water was added 

to the reaction mixture, the resulting mixture was extracted with EA, washed with water and 

brine, the organic phase was concentrated under reduced pressure.  The residue was purified 

by column chromatography on silica gel to give the desired product (1.22 g, 84%).  
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CuI/KF/ClCF2CO2Me 体系 81 

 

PhI
ClCF2CO2Me

CuI/KF
PhCF3

 

 

A mixture of dry KF (0.58 g, 10 mmol), CuI (2.0 g, 10 mmol), PhI (2.04 g, 10 mmol) and 

DMF (30 mL) was placed in a 50 mL three-necked round-bottomed flask fitted with stirrer bar, 

dry ice condenser and thermometer.  The solution was heated to 120 “C under an Nz 

atmosphere for 0.5 h.  Then ClCF2CO2Me (2.89 g, 10 mmol) was added over 3 h and the 

contents stirred for a further 4 h.  After reaction was completed, the reactants were poured into 

ice water (200 mL).  The solution was filtered and the residue washed with ethyl ether (3×20 

mL) and the aqueous layer was extracted with ethyl ether (3×20 mL).  The combined extract 

was washed with water (30 mL) and dried over Na2SO4.  After evaporation of the ether, 

distillation gave the desired product (1.3 g, 88%). 

 

另一个方法就是 TMSCF3（Prakash 试剂）对羰基化合物的亲核取代。此方法是

在 1984 年由 Ruppert 首先报道，随后 Prakash 对其应用做了大量的工作 82，这是从羰

基化合物合成三氟甲基化合物最便捷的方法，反应条件温和，操作方便，产率较高，

在有机合成中的应用也很广泛。 
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反应加入少量氟化物（如 TBAF, CsF 等）催化，TMSCF3 对羰基的缺电子碳进行亲

核取代，最后生成三氟甲基取代的化合物，如果是酯作为底物，水解后则生成三氟甲基

酮 83。 

 

RCOOMe
TMSCF3

TBAF
RCOCF3
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反应示例 83： 

 

PhCOOMe
TMSCF3

TBAF
PhCOCF3

 

 

To the solution of methyl benzoate (1.36 g, 10 mmol) and TMSCF3 (1.78g, 12.5 mmol) in 

dry toluene (20 mL) was added the initiator anhydrous tetrabutylammonium fluoride (TBAF; 

2.5 mol% in THF) -78oC, and the reaction mixture was then allowed to warm slowly to room 

temperature, stirred for 18 h.  The resulting mixture was treated with 2M hydrochloric acid (5 

mL), extracted with EA, washed with water and brine, the organic phase was concentrated 

under reduced pressure.  The residue was purified by column chromatography on silica gel to 
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give 1,1,1-trifluoroacetophenone (1.65 g, 95%). 

 

另外，近来 Dolbier 等使用 CF3I/TDAE 体系，在温和的条件下也成功地实现了对亲

电物种的三氟甲基化 84。 

 

CF3I +

Me2N

Me2N NMe2

NMe2

PhCHO

O
S

O

O O

OH

CF3
78%

HO

CF3

55%

PhS-SPh
PhS-CF3 95%

TDAE

 

 

 

The End 



有机氟化合物的合成                                                      

                                                                  Page 43 of 

47 

参考文献： 

  

1. (a) Rozen, S; Brand, N. J. Org. Chem, 1986, 51, 3607.   

(b) Zupan, M; Pollak, A. Tetrahedron. Lett. 1974, 1015.   

(c) Barton, D. H. R; Hesse, R. H. J. Chem. Soc. Perkin. Trans. 1. 1974, 739.   

(d) Stavber, S; Zupan, M. J. Org. Chem, 1987, 52, 919. 

2. Olah, G, A; Welch, J, T. J. Org. Chem. 1979, 44, 3872. 

3. (a) Einer, H, F; Kirk, R; Noftle, R, E.polyhedron. 1982, 1, 723. 

   (b) Ogura, E; Hatabu, K; Nomura, N. US patent, 3555102, 1971. 

4. Mursakulov, I, G; Talybov, A, H. Chem.Abstr, 1979, 90, 38561 

5. Olah, G, A; Welch, J, T. J. Org. Chem. 1979, 44, 3872.  

6. Rozen, S; Brand, M. J. Org. Chem, 1985, 50, 3342. 

7. Heasley, V. L;Gipe, R. K; Martin, J. L. J. Org. Chem. 1983, 48, 3195. 

8. Alvernhe, G; Laurent, A; Haufe, G. Synthesis. 1987, 562. 

9. Schmidt, H; Mernert, H. Angew. Chem. 1960, 72, 493. 

10. Haufe, G; Alvernhe, G; Laurent, A. Organic Syntheses. Coll. Vol. 10, 128. 

11. Bergmann, E, D; Bentov, M. J. Org. Chem. 1954, 19, 1594.  

12. (a) Kirk, K, L. Cohen, L, A. J. Am. Chem.Soc. 1971, 93, 3060.  

(b) Mueller, A. Roth, U. Chem. 1986, 26, 169. 

13. (a) Roe, A. Org. Reactions. 1949, 5, 193.   

(b) Rutherford, K, G. Redmond, W. J. Org. Chem. 1961, 26, 5149.   

(c) Rutherford, K, G. Redmond, W. Organic Syntheses. Coll. Vol. 5, 133. 

14. Yoneda, N; Fukuhara, T. Tetrahedron. 1996, 52, 23. 

15. Olah, G, A. Prakas, K, B, S. Chao, Y, L. Hel. Chim. Acta. 1981, 64, 2528. 

16. Olah, G, A. Welch, J, T. Synthesis. 1974, 65. 

17. Olah, G, A. Welch, J, T. J. Org. Chem. 1979, 44, 3872. 

18. (a) Ayi, A, I; Remli, M; Condom, R; Guedj,R. J. Fluorine. Chem. 1980, 17, 565. 

(b) Ayi, A, I; Remli, M; Guedj, R. Tetrahedron. Lett. 1981, 22, 1505. 

19. Begum, C, G; Charlon, C; Coulombeau, C; Luu, D, C. J. Fluorine. Chem. 1976, 8, 531. 

20. Kanemoto, S; Shimizu, M; Yoshioka, H. Tetrahedron. Lett. 1987, 28, 6313. 



有机氟化合物的合成                                                      

                                                                  Page 44 of 

47 

21. Amri, H; El Gaied, M, M. J. Fluorine. Chem. 1990, 46, 75. 

22. Watanabe, S; Fujita, T; Usui, Y. J. Fluorine. Chem. 1980, 31, 135.   

23. Watanabe, S; Fujita, T; Sakamoto, M; Endo, H. J. Fluorine. Chem. 1988, 38, 243. 

24. Takaoka, A; Hiroshi, I; Ishikawa, N. Bull. Chem. Soc. Jpn. 1979, 52, 3377. 

25. Koch,G. et al. Synlett. 2004, 693. 

26. Bombrun, A. et. al. J. Med. Chem. 2003, 46, 4365. 

27. Golubev, A, S. et. al. Tetrahedron. Lett. 2004, 45, 1455. 

28. Middleton, W, J. J. Org. Chem. 1975, 40, 574.   

29. Carvalho, W, J; Prestwich, G, D. J. Org. Chem. 1984, 49, 1251. 

30. Middleton, W, J; Bingham, E, M. Org. Synth. 1977, 57, 72.   

31. Johnson, A. L. J. Org. Chem. 1982, 47, 5520.  

32. Middleton, W, J. J. Org. Chem. 1975, 40, 574.  

33. Loroy, J; Hebert, E; Wakselman, C. J. Org. Chem. 1979, 44, 3406. 

34. (a) Rozen, S; Faust, Y; Ben-Yakov, H. Tetrahedron. Lett. 1979, 20, 1823.   

(b) Card, P, J. J. Org. Chem. 1983, 48, 393.   

(b) Card, P, J; Reddy, G, S. J. Org. Chem. 1983, 48, 4734.   

(c) Klemm, G, H; Kaufman, R, J; Sidhu, R. Tetrahedron. Lett. 1982, 23, 2927.   

(d) Bird, T, G, C; Fredericks, P, M; Jones, E, R, H. J. Chem. Soc. Chem. Commun. 1979, 65.   

35. Hundlicky, M. Org. React. 1988, 34, 513. 

36. Middleton, W. J; Bingham. E. M. Organic Syntheses. Coll. Vol. 6, 835. 

37. (a) Dmowski, W; Kolinski, R, A. J. Fluorine. Chem. 1973, 2, 210.   

(b) Dmowski, W; Kolinski, R, A. Pol. J. Chem. 1973, 47, 1211.   

(c) Dmowski, W; Kolinski, R, A. Pol. J. Chem. 1974, 48, 1697. 

38. (a) Kunshenko, B, V; Burmakov, A, I; Alekseeva, L, A; Yagupolskn, L, M. Zh. Org. Khim. 1974, 10, 

886.   

(b) Blakitnyi, A, N; Zalesskaya, I, M; Yagupolskn, L, M. Zh. Org. Khim. 1974, 10, 886. 

39. Hasek, W, R. Organic Synthese. Coll. Vol. 5, 1082. 

40. Kollonitsch, J; Marburg, S; Perkins, L. M. J. Org. Chem. 1976, 47, 3107. 

41. Sondej, S; Katzenellenbogen, J, A. J. Org. Chem. 1986, 51, 3508. 

42. Sasson, R; Hagooly, A; Rozen, S. Org. Lett. 2003, 59, 3635-3641. 



有机氟化合物的合成                                                      

                                                                  Page 45 of 

47 

43. Motherwell, W, B; Wilkinson, J, A. Synlett. 1991, 191. 

44. (a) Bunnelle, W, H; McKinms, B, R; Narayanan, B, A. J. Org. Chem., 1990, 55, 768.   

(b) Mathey, F; Bensoam, J. Tetrahedron. Lett. 1973, 2253. 

45. Kim, D, W. Song, C, E. Chi, D, Y. J. Org. Chem. 2003, 68, 4281-4285. 

46. Keon, M, J. LeGuyader, F. J. Chem. Soc.Chem.Commu. 1995, 25, 1241.   

47. Fifolt, M, J; Olczak, R, T; Mundhenke, R, F. J. Org. Chem. 1984, 50, 4576. 

48. Lerman, O; Tor, Y; Rozen, S. J. Org. Chem. 1981, 46, 4629. 

49. Stavber, S; Zupan, M. J. Chem Soc. Chem. Commun. 1981, 148. 

50. Visser, G, W, M; Bakker, C, N, M. J. Org. Chem., 1986, 51, 1886. 

51. Singh, S; DesMarteau, D, D; Zuberi, S, S. J. Org. Chem. 1992, 57, 1536. 

52. Banks, R, E; Besheesh, M, K; Sharif, I. J. Fluorine. Chem. 1991, 54, 208. 

53. Umemoto, T; Fukami, S. J. Am. Chem Soc. 1990, 112, 8563. 

54. Differding, E; Ofner, H. Synlett. 1981, 187. 

55. Anand, S, P; Quarterman, L, A; Hyman, H, H. J. Org. Chem. 1975, 40, 807. 

56. Anand, S, P; Filler, R. J. Fluorine. Chem. 1976, 7, 179.  

57. Hesse, R, H. Israel. J. Chem. 1978, 17, 60. 

58. Mulholland, G, K; Ehrenkaufer, R, E. J. Org. Chem. 1986, 51, 1482. 

59. Barnette, W, E; Wheland, R, C; Middleton, W, J. J. Org. Chem. 1985, 50, 3698. 

60. Rozen, S; Lerman, O; Kol, M; Hebel, D. J. Org. Chem. 1985, 50, 4753. 

61. Stavber, S; Zupan, M. Tetrahedron. 1985, 50, 4753. 

62. Banks, R, E; Besheesh, M, K; Sharif, I. J. Fluorine. Chem. 1991, 54, 208. 

63. Umemoto, T; Fukami, S. J. Am. Chem Soc. 1990, 112, 8563. 

64. Zajc, B; Zupan, M. J. Org. Chem. 1982, 47, 573. 

65. Yoshida, M. et al. ARKIVOC. 2003, (vi) 36. 

66. Umemoto,T; Tomita, K; Kawada, K. Organic Syntheses. Coll. Vol. 8, 286. 

67. Visser, G, W, M; Bakker, C, N, M; Halteren, B, W. J. Org. Chem. 1986, 51, 5731886.  

68. (a) Davis, F, A; Han, W. Tetrahedron. Lett. 1991, 32, 1631.   

(b) Davis, F, A; Han, W. Tetrahedron. Lett. 1992, 33, 1153. 

69. (a) Purrington, S, T; Johns, W, A. J. Org. Chem. 1983, 48, 761.   

(b) Purrington, S, T; Johns, W, A. J. Fluorine. Chem. 1984, 26, 43. 



有机氟化合物的合成                                                      

                                                                  Page 46 of 

47 

70. Satyamurthy, N; Bida, G, T; Phelps, M, E. J. Org. Chem. 1990, 55, 3373. 

71. Banks, R, E; du Boisson, R, A; Morton, W, D. J. Chem. Soc. Perkin. Trans 1. 1988, 2805. 

72. Umemoto, T; Fukami, S. J. Am. Chem Soc. 1990, 112, 8563. 

73. Eldrup, A. B. et al. J. Med. Chem. 2004, 47, 5284. 

74. Differding, E; Lang, R, W. Tetrahedron. Lett. 1988, 29, 6087. 

75. (a) Davis, F, A; Han, W. Tetrahedron. Lett. 1991, 32, 1631.   

(b) Davis, F, A; Han, W. Tetrahedron. Lett. 1992, 33, 1153. 

76. Trifluoromethylations and Related Reactions in Organic Chemistry, McClinton, D. A. Tetrahedron. 1992, 

48, 6555-6666. 

77. Umemoto, T; Ishihara, S. Tetrahedron Lett. 1990, 31, 3579. 

78. (a) Umemoto, T; Ishihara, S. J. Am. Chem. Soc. 1993, 115, 2156.   

(b) Umemoto, T; Ishihara, S; Adachi, K. J. Fluorine Chem. 1995, 74, 77. 

79. (a) McLoughlin, V, C, R; Thrower, J. Tetrahedron, 1969, 25, 5921   

(b) Kobayashi, K; Kumadaki, I; Sato, S. Chem. Pharm. Bull. 1970, 18, 2834 

(c) Burton, D, J; Wiemers, D, M. J. Am. Chem. Soc., 1986, 108, 832.  

80. Chen, Q, Y; Wu, S, W. J. Chem. Soc. Chem. Commun. 1989, 705. 

81. Duan, J, X; Su, D, B; Chen, Q, Y. J. Fluo. Chem. 1993, 21, 279. 

82. (a) Ruppert, I; Schlick, K; Volbach, W. Tetrahedron Lett. 1984, 25, 2195.  

(b) Prakash, G, K, S; Krishnamurti, R; Olah, G, A. J. Am. Chem. Soc. 1989, 111, 393.  

(c) Bellew, D, R; Krishnamurti, R; Prakash, G, K, S. J. Org. Chem. 1991, 56, 984.  

83. Wiedemann, J; Heiner, T; Prakash, G, K, S. Angew. Chem. Int. Ed. 1998, 37, 820. 

84. (a) Ait-Mohand, N, T; Medebielle, M; Dolbier, W, R, Jr. Tetrahedron Lett. 2002, 43, 4317. 

(b) Dolbier, W, R, Jr.; Medebielle, M; Pooput, C. Org. Lett. 2004, 6, 301. 

(c) Xu, W; Dolbier, W, R, Jr. J. Org. Chem. 2005, 70, 4741. 


