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Abstract

Flourination of Ethyl, a, ^-dichloro-p-phenyl propionate, Ethyl a, i3-dibromo /3-phenyl propionate, Ethyl a, 
/3-dichloro /S-(p-chloro-phenyl) propionate, and dibromostyrene by potassium fluoride were investigated in presence- 
of dimethyl formamide, diethylene glycol, and diethylene glycol monomethyl-ether. The reactivity of these organic 
halogen esters and hydrocarbons towards potassium fluoride was checked further by means of radioactive fluorine-18- 
tracer.

Generally, the reaction gave monofluoride together with dehalogenated olefin. The formation of olefine was 
increased when the reaction was done at high reaction temperature in presence of diethylene glycol, whereas 
the lower reaction temperature in presence of diethyleneglycol monomthyl ether favored the formation of mono 
fluoride in a good yield. The procedures and methods of the identification of monofluorides were described and 
the feasibility of this reaction of fluorine containning ester in시uding the F-18 labelled compounds was discussed.

要 約

a, p-dichlorc-p-phenyl propionate, Ethyl a, ^-dibromo-^-phenyl propionate, Ethyl a, /3-dichloro-p-Cp-chloro - 
phenyl) propionate, 딫 dibromo-styrene 等의 化合物을 各種溶媒 (dimethyl formamide, diethylene glycol, 및 

diethylene glycol monomethyl ethei• 等) 存在下에서 弗化反應을 시 켜 보았으며 放射性弗素一18 을 追跡子로 使用 

하시 서 위 의 化合物들의 弗化키리에 對힌 反應度를 檢査하여 보았다.

一般的으로 弗化反應 生成物은 모노弗化物과 脫할로겐된 二重結合物을 生成하였 다. diethylglycol 存在下에 서 

高溫反應시 킨 條件下에서 는 二重結合生成物이 많았고, diethylene glycol-monome由미 ether 存在下에 서 低溫反應 

시킨 條件下에서는 弗化物이 多量生成하였다.

모노弗化物의 合成方式 및 確認方法에 關하여 說明하였으며 本反應•의 合成上의 用途 (F*  ** 標識化合物包含)에) 

言及하였다.

* Presented at the 21st Annual Meeting of Korean Chemical Society (April, 1968)

** (I); This Journal, 189 (1952), (H)； This Journal 135 (19&1)
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Introduction

In the previous series of this investigation"，。the 
.author had reported that the fluorination of organic 
chlorine compounds by means of potassium fluoride 
had proceeded at low reaction temperature in presence 
of such polar solvent as dimethyl formamide. Especially 
the flourination could occur under /-ray irradiation in 
case of aliphatic halides (2). In continuation of this 
investigation the author had encountered to the fluo
rination of aromatic side chain vic-dihalides such as 
ethyl a, ^-dichloro-p-phenyl propionate. The vic-diha- 
lide o£ this type is usually decomposed to the corres
ponding unsaturated compounds when it is subjected 
to an exchange reaction of iodide or bromide, because 
the resulting dihalides decompose to an unsaturated 
compound stabilized by a conjugated double bond. It 
is, therefore, essential for this compound to be fluo 
rinated at mild reaction condition so that the fluorinated 
product could stand against the decomposition⑴. In 
case of fluorides of this type the decomposition of the 
product is, however, less expected because of the 
stronger bond formed between carbon and fluorine. 
According to literature the fluorination of organic ch
lorine compounds by potassium fluoride could be 
achieved at relatively low reaction temperature and 
mild reaction condition when the reaction is done in 
prerence of polar solvents such as 2~methyl-pyroli- 
done, dimethyl sulfone, (4,5) diethylene glycol(6,7), 
sulfuric acid。)(mainly catalysis) and solvents having 
a high dieiectric constant (more than 20)⑴.It is the 

-author's attempt to achieve an efficient fluorination of 
vic-dihalides by applying a polar solvent in the fluori 
nation reaction. The reaction sequence will further be 
checked by means of F-18 radioactive tracer, and 
radioactivation and instrumental methods of the iden
tification of the products will also be surveyed throug
hout the reaction.

Experimental

Starting Materials: Ethyl a, ^-dichloro-^-phenyl 
propionate (mp. 30°C) was obtained by esterification 
of the acid which was prepared by chlorination of 
cinnamic acid in carbon disulfide solvent under radiation 
Ethyl a, ^-dibromo-/3-phenyI propionate (mp. 74°C) 
was obtained by bromination of ethyl cinnamate.
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Ethyl p-chlorophenyl propionate was abtained by este
rification of p-chloro cinnamic acid which was prepared 
by the Knoevenagel condensation of p-chloro-benzal- 
dehyde (Matheson Cleman & Hall) and malonic acid. 
Ethyl a, j火dichloro”5-(pr：hloro-phenyl) propionate was 
obtained by chlorination of ethyl cinnamate in presence 
of carbon tetrachoride.

Fluorination of aromatic side chain vic-dihalides 
(F-18 labelling)

According to the procedure described in the previous 
series investigation^5 potassium fluoride F-18 was pre
pared. Fluorination was then done in presence of 
various polar solvent by refluxing the reaction mixture 
for four hours. The reaction mixture was distilled at 
atmospheric pressure and the radioactivity of each 
fraction and the distillation residue were compared. 
The labelling yield of the fluorination product was 
calculated and listed in the table 1.

Fluorination of vic-dihalides by potassium fluo
rides in presence of various polar solvents.

a. Fluorination. ...The appropriate quantity of or
ganic halogen compounds was dissolved in the definite 
quantity of a polar solvent. The solution was placed 
in three necked round bottom flask equipped with a 
stirrer, cooler, and thermometer. Anhydrous potas
sium fluoride was added to the solution in one portion 
and the resulting suspension was refluxed for 20〜26 
hours under vigorous stirring. After completing the 
reaction, the reaction mixture was cooled and the 
unreacted potassium fluoride was filtered off. The 

filtrate was distilled and the distillate was examined 
by gas chromatography and a thin-layer chromatogra
phy.

b. Gas chromatographical analysis. ...The frac
tion of distillation was examined by gas chromatog
raphy (Beckmann G. C. -2, Apizeon-L-1. 5, column, 
Temp. 220°C, Flow rate, 30 p. s. i. ) Separately, the 
dehalogenated olefin obatined from the starting ma

terials was prepared and the retention time of this 
olefine was compared to that of the reaction products 
By comparing the peak area of each resolved peaks 
the fluorination yield was calculated. The results 
were summarized in the table 2- The identification 
of the product was done by 사linJayer-chromatograph- 
ical separation, infra-red spectrophotometry, and 
activation analysis as follows:
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c. Ipentification of the fluorinated product by 
thin-layer chromtogrphy.. .The fraction of the disti
llate was irradiated in the pneumatic tube system of 
Korean Research Reactor (Triga Mark-II, Neutron Flux： 
1. 5x 1012 n. /cm7sec. ) and the irradiated sample 
was dissolved in methanol. The portion of the solution 
was spotted on the thin-layer chromatographical plate 
(Eastman Kodak-6060, silica gel) and developed by 
methanol. The developed thin-layer plate was treated 
as descrided in the previous works of authors. (ID) The 
developed spot of the fluorination product was cut 
out and this portion of the plate was checked for its 
halogen content (chlorine and bromine) by radioac
tivation analysis。'〉and it was further checked for 
its chemical structure by infrared spectrophotometry. 
The result was summarized in the table 2.

Dehalogenation of the starting vic-dihaMdes by 
heating hi presence of ethylene-glycohol mono
methyl ether.

Ethyl-a, ^-dichloro-phenyl prop ionate w거s refluxed 
for 20 hours in presence cf diethylene-glycohol mono

methyl ether and the resulting reaction mixture was 
distilled to 응ive ethyl cinnamate. The structure of 
the product was chcked by infrared spectrophotometry. 
Ethyl。，^-dibromo-(S-phenyl propionate was treated in 
the same way. The result was summarized in the 
table 3.

Iodide exchange of the monofluoro derivatives 
of the starting materials.

The mono fluoride and sodium iodide (Nal131) were 
dissolved in acetone and the the resulting solution 
was refluxed for 6 hours. The precipitate formed was- 
filtered off and the filtrate was examined by thin-layer 
chromatography. The product was identified by che
cking Rf value of the developed spot. Separately, 
the same reaction was done using non active sodium 
iodide in a large scale reaction run and the exchanged 
product was isolated by crystallization. The chemical 
structure was further checked by means o£ infrared 
spectrophotometry. The physical constants and Rf 
value were listed in the table 4.

Table 1. Fluorination of aromatic vic-dihalides by radioactive fluorination agent (KF18)

---------------- ---------------

moles of 
compd

fluorination Solvent Reaction

Labelling yieldsRun No, Compds. agent KF 
+ KF

財 .

volume temp. time

1. ＜〉—C — C—CQC2H5 0. 01 0- 02 D. M. F. ** 25ml 150°C 4 hrs 6.5%

2. ” 0. 01 0. 02 D. G. *** u 180—190 〃 4.0

3. 〈C — C—CMM 0- 02 0. 04 D. M. F. h 150 〃 7. a

4. “ 0. 02 0. 04 D. G. 〃 180—190 〃 1^

Cl Cl

5. / — CO2C2H5

、一./ \ 1
0. 01 0- 02

D. G. mono 
methyl ether 〃 125—130 〃 16

H H

Br Br
__ 1 I

6. 〈_〉一〔、一 C—CO2GH5 0.01 0. 02 t! 〃 〃 〃 15

7 /  _________ ____
/. 、、=/ V y 11 0. 01 0. 02 〃 tl 〃 〃 14

H II

* Prepared by this laboratory； Irradiated target of eLi2CO3 was treated by potassium hydroxide.

** Dimethyl formamide.

*** Diethylene glycol.



Vol. 13, No. 1, 1969 有機할로겐化合物과 KF의 反應 （第3報） 71

Table 2- Fluorination of aromatic vic-dihalides by potassium fluoride.

No. Dompds

mole of mole Solvent Reaction Product 綽烘저) Rf value (g)

fluoride
C°mpd of KF name volume 瀏 閔따) (b) 。%)眼 product 훔黙器

Cl Cl
D. G. mono-

0.20 methyl ether 80m! 125—130 201. \ f一C — C—CO2C2H5
、=/ i 1

0.10

H H

Br Br

2- ( 一C — C —CO2C2H5 0. 11
、W \ I

H H

CI Cl
一 ! I

3.《 '一C — C—COnCaHg 0. 10 

、=/ \ I
H H

0.22 〃 〃 〃 〃

0.22 〃

Br Br

4.
《 3—C —C—COK2H5

H H

CI Cl

0- 11

5.

._ 1
/C — C—CO2CH3

\=/ 1 1

H H

Br Br
— I I

0. 07

6.
< S-C—C-H

'一/ I 1
0. 065

— 1 1
H H

0. 13

D. G. mono-
0. 14 methyl ether 〃 -------  20

0.20 D. G. 〃 180—190 6

59(d) 19 0. 64 0. 67

13(e) 75 0. 79 0. 77

trace trace 0. 64 0. 67

23 11 0. 79 0. 77

17(r) 10(f) 0 50 0. 81

(4g) (h)

(a) Product yields were calculated on the basis of gas chromatographical data. (Beckman GC-2, Apizeon-L-1.5 column. Temp.； 

220°C)

(b) Based on the monofluorinated product.

一 CHCHCO2C2H5)Based on the gas chromatograph[cal data(〈〉
(d) Monofiuoride； CI%; Calc., 15%, found, 16% (Analyzed by radioactivation method. fll))

(e) Monofluoride; Br%: calc., 29%, found, 28%

(f) Monofluoride； Cl%: dale., 29%, found, 28%

Products were identified by radio thinlayer chromatography Ry value of CI—〈 〉一CH=CH—CO2CH3 was 0.29)

(g) Solvent； methanol, Temp.； 23°C(siIica gel coated thin-layer plate)

F Br

夕一%, i I
(h) Br% calc, for ( /—C —  ---  44%, found 41%

' =/ I 丨
H H

Table 3- Aromatic vic-dihalides heated in the solvent of ethylene glycol monomethyl ether.

Compds. Solvent Reaction temp. (°C) Reaction time, (hrs) Olefine yield(%)

Cl Cl
/一、 ! 1 D. G. monomethyl

x /— C — C —CO2C2H5
\=/ 1 1

H H

Br Br

ether 125—133 20 13

C,一C一C—CO2C2H5

、=/ 丨 1

H H

〃 f! ft 23

* The olefin is ethyl cinnamate.
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Table 4, Iodide exchange of fluorination product (proposed)

2.

3.

Cl F

^~">-c-c-co2c,h5
、=/ 1 !

H H

Nal, Na卩由 
acetone, 60°C, 6hrs

牛

！C

——H
 
a

i

e

—H
 
B
I
C
I
H
 

- 

- 

- 

x
z
 

x
z
 

\
/
 

_ 

= 

_ 

_
一
 

一
一
一 

z
\
 

z
\
 

z
\

F
I
C
I
H
 
F
I
C
I
H
 
F
I
C
I
H

Nal__________

acetone, 60°C, 6hrs

I131 F

'/一 C — C —CO2C2H5
=/ I I

H H

I131 F

}— C — C —CO2C2H5

= I
H II

(Rf=O. 65)

(Rf=O. 65)

I F
X i i

< /—C — C—CO2C2H5
'=/ \

H H

I F

《 S-c-c-co2c2h 
、、=/ 「丨

H H

(mp=45°C)

(mp 43—4°C)

* Developed on the Eastman Kodak 6060, Silica plate by methanol.

Table 5. Fluorination sequence.
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<〉—C—C一CO2C2H5

—C — C 一CO2C2H5

^-c-c-co2ch3

Results and Discussion

The fluorination of aromatic side chain vic-dihalides 
in various polar solvents system gave the corresponding 
dehalogenated olefin in a considerable yield together 
with the monofluoride as shown in the table 2. The 
identification of the product was mainly done by tracer 
technique applying a thin layer technique and radioac
tivation method. In case of dichlorides the high reac
tion temperature in presence of diethylene glycohol 
could not afford the high yield of monofluorides 
whereas the lower reaction temperature in presence 
of diethylene glycol monomethyl ether could afford 
high yield of the monofluoride. In case of dibromides, 
the reaction in diethylene glycol for shorter reaction 
time could afford high yield of the monofluoride, 
whereas the longer reaction time in presence of ethy- 
leneglycohol monomethyl ether diminish the yield of 
the monofluoride and increase the yield of the olefin. 
These observations could give the following concep

tions:
(1) The polarity of the solvent is sometimes more 

important to obtain the fluoride by potassium 
fluoride procedures than the reaction temperature 
or time.

(2) Potassium fluoride being a strong base could 
act as the dehalogenation reagents as shown in 
the table 2. In case of dibromides which is more 
reactive to the dehalogenation reagents than the 
dichloride, the fluorination reaction by potassium 
fluoride at a relatively long reaction temperature 
could give a high yield of the dehalogenated 
product.

The former conceptions were already :confirmed by 
several workers who had adopted polar solvents 
rather than the modifications of reaction parameters 
to increase the fluorinated products. The present in
vestigation was, however, limited for a few cases of 
vic-dihalides and for a few solvent systems and there 

fore it will be reasonable to say that the fluorination 
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Teaction of aromatic side chain vic-dihalides by potas
sium fluoride is liable to be influenced by the solvent 
system. The later conceptions were partly observed 
by another workers when they fluorinated various 
'dihalides by potassium fluoride. 어) However, the yield 
of the olefin in the present cases was rather high.
This will be due to the stablity of the dehalogenated 

■olefins of the present reaction system. The double 
bond of a cinnamic system is proved to be stablizcd 
by the conjugation of the aromatic ring in many aspects 
of organic chemistry, The role of potassium fluoride 
as a strong base was also observed in the Knoevenagel 
reaction and condensation reaction of an active me
thylene system. G2) The formation of the olefin in 
both cases of the dichloride and dibromide in absence 
•of potassium fluoride was shown in the table 3.

According to this result the influence of potassium 
fluoride in the formation of the dehalogenated product 
is apparent when the data in the table 2 is considered. 
The same type of the reaction was applied for label
ling the system by radioactive fhiorine、18. The result 
was shown in the table 1. Again the formation of 
the fluorination product was more efficient in case of 
♦ethylene glycohol monomethyl ether, even though the 
reaction temperature in the diethylene glycohol and 
•dimethyl formamide system was higher than that of 
ethylene glycohol monomethyl ether.

The fluorination reaction of ethyl a, ^3-dichloro- 
.j3-(p-chloro-phenyl) propionate could afford the mono 
fluoride, the dehalogenated olefin, and the unreacted 
starting ester as shown in the table 2. However, the 
yield of the monofluoride was little low when it is 
■compared to ethyl-a,缶-dich!oro-/3-phenyl propionate. 
■Since there was no indication of the fluorination of 
-aromatic bound chlorine in the observation of a thin 
layer chromatography, the yield of the fluoride in 
these two reaction systems should be the same or 
should not be much differ each other. The present 
observation is, therefore, further reviewed in this 
-aspect.

In the table 4 the iodide exchange reaction of the 
monofluoride was summarized. According to this result 
the monofluoride could be iodinated at the expense 

■of the chlorine by iodide exchange reaction. This will 
be one way to prepare the monoiodide of this system. 
The radio act' 3 iodide exchange reaction was also 

successful. In table 5 the proposed scheme of the 
present reaction was described.

The structure of the monofluoride was said to be 
a-fluorinated product judging from the electronic struc
ture of the starting ester. Thus, the ^-chlorine of 
the starting ester will be more activated by the neigh
boring carboethoxy group than that of 疗-chlorine. 
The inductive effect of phenyl group is weaker than 
that of carboethcxy which was observed in many 
cases of organic chemistry.

Furthermore, the resornance contribution of electron 
from the phenyl ring will strengthen the carbon
chlorine bond in ^-position of the starting ester. The 
potassium fluoride induced fluoride exchange reaction 
was considered as a nucleophilic bimolecular displa
cement reaction, and therefore, the fluorination should 
be subjected to the steric hindrance of the reaction 
system. Probably, the steric hindrance at ct-position 
of the starting ester is surpassed by the activated 
sequence of the carbon-chlorine bond of electronic 
nature. This consideration was further verified by 
the ease of iodine exchange of the monofluoride. 
However, the experimental prove of this consideration 
will be better clarified by nuclear magnetic resornance 
spectrometry or a degradation study. The authors 
have proposed the structure of the reaction product 
as a a-fluorinated product according to the results 
obtained so far.

In conclusion, the fluorination of aromatic side 
chain vic-dihalide by potassium fluoride could afford 
a procedure for labelling of the starting materials 
by radioactive fluorine-18 and iodine-131, even though 
the yield was pretty low. The fluorination sequence 
studied so far could afford an efficient solvent system 
for obtaining a high yield of the monofluoride of 
the present systems.
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