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SUMMARY 

Reactions of polyfluorobenzotrichlorides, benzotrichloride 

and d,&-dichl oroperfluoroethylbenzene with sources of difluoro- 

carbene and other dihalocarbenes lead to the formation of poly- 

fluorostyrenes. Formation of polyfluorostyrenes is shown to pro- 

ceed possibly by initial dihalocarbene insertion into the C-Cl 

bond of the benzylic position with subsequent dechlorination of 

the resulting product, 

INTRODUCTION 

Earlier, we have found various types of reactions of com- 

pounds C6F5CX3 (X=F,Cl,H) with the difluorocarbene source - tetra- 

fluoroethylene. Thus, in octafluorotoluene the CF3-group remains 

unchanged in the course of the reaction [21. At the same time, 

in pentafluorobenzotrichloride and pentafluorotoluene the side 

chain reacts with tetrafluoroethylene [3,41. In pentafluorobenzo- 

trichloride the Ccl3 -group undergoes an unusual transformation 

to form the halogeno-vinyl group -CC1=CF2. Such a route to give 

&,-chloroperfluorostyrene is of both theoretical and synthetic 

* Ref. XXVIII, 

0022-1139/85/$3.30 

see [ll. 
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interest. The process may formally be regarded as a reaction of 

difluorocarbene with pentafluorobenzotrichloride involving the 

benzyl position Such transformations in the aromatic series are 

practically uninvestigated and their regularities are unknown. 

To study the general consistencies in the behaviour of 

benzotrichlorides and related compounds in these reactions with 

dihalocarbene sources, we investigated copyrolysis of the latter 

with pentafluorobenzotrichloride, a number of its d; and para- 

substituted derivatives and benzotrichloride. As dihalocarbene 

sources we took tetrafluoroethylene (TFE) and CHClF2(:CF2), 

CHC12F(:CFCl), CHC13(:CC12) [5]. 

RESULTS AND DISCUSSION 

We have found that copyrolysis of pentafluorobenzotrichlo- 

ride (I) with chlorodifluoromethane gives, as in the case of 

tetrafluoroethylene [3], d-chloroperfluorostyrene (II) as the 

main product. 

II III 

When the temperature of copyrolysis of compound (I) with 

CHC1F2 was lowered to 450°C, the reaction was sluggish and gave 

small amounts of styrene (II) and $,&a-trichloroperfluoro- 

ethylbenzene (III). Experimental conditions of the reactions of 

polyfluoroaromatic compounds with difluorocarbene sources are 

given in Table 1. 

Formation of polyfluorostyrenes may proceed also in similar 

reactions of benzotrichlorides, containing substituents in the 

pentafluorophenyl ring. Thus copyrolysis of e-chlorotetrafluoro- 

benzotrichloride (IV) with TFE and CHC1F2 and of perfluoro- 
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E-isopropylbenzotrichloride (V) with CHClF2 gave &-chloro-p- - 

chloroperfluorostyrene (VI) and &-chloroperfluoro-p-isopropyl- 

styrene (VII) respectively. 

:CF2 

X 
62O'c 

X 

X=Cl IV VI 

X=C3F7 V VII 

It is preferable to use difluorochloromethane rather than 

TFE to obtain polyfluorostyrenes (II) and (VI), since the reac- 

tions with difluorochloromethane give higer yields of the poly- 

fluorostyrenes The reaction mixtures contain smaller amounts 

of by-products. For the preparation of other polyfluorostyrenes, 

difluorochloromethane may also appear to be more preferable 

than tetrafluoroethylene. 

Substitution of one chlorine atom in the trichloromethyl 

group by a trifluorcmethyl group did not change the main path- 

way found for benzotrichloride (I). The reaction of J,&di- 

chloroperfluoroethylbenzene (VIII) with difluorochloromethane 

led to the formation of perfluoro-.&-methylstyrene (IX). The 

reaction mixture contained also styrene (II), J.-hydro-,&chloro- 

octafluoroethylbenzene (X) and traces of pentafluorochloro- 

benzene (XI). 

VIII 

One of the routes to styrene (II) may involve dechloro- 

fluorination of the starting ethylbenzene (VIII), and compound 

(X) may be formed by substitution of the chlorine atom in the 
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starting product by hydrogen, for example, by the radical mecha- 

nism. Substitution of the chlorine atom in compound (I) by the 

difluorochloromethyl group changed the course of the reaction. 

Copyrolysis of compound (III) with TFE [3) and CHClF2 gave 

styrene (II). 

CHClF2 
+ XI 

620°C 
III II 

The same route occurs in the thermolysis of ethylbenzene (III) 

in the absence of a difluorocarbene source [31. Dechlorination 

proceeds smoothly even at 45O'C. These data indicate that dechlor- 

ination of compound (III) occurs before its interaction with 

difluorocarbene, 

Substitution of chlorine by fluorine in the trichloro- 

methyl group of compound (I) led in the reactions with CHClF2 

and TFE [31 to a sharp decrease in the yield of perfluorostyrene 

in comparison with the yield of styrene(I1) in the reaction of 

compound (I) with CHC1F2. 

The reaction of hexafluorobenzalchloride (XII) with CHClF2 

gave, apart from perfluorostyrene (XIII), styrene (II) and small 

amounts of perfluoroindan (XIV) and 1-chloroperfluoroindan (XV), 

as well as compounds (XI). 

CHClF 
CF=CF2 

650'c2 _ 6 + g-':'m +d + XI 

XII XIII II XIV xv 

Styrene (II) in this reaction is formed possibly via formation 

of benzotrichloride (I), which may be represented in a similar 

way as the transformation of pentafluorobenzylfluoride to penta- 

fluorobenzylchloride [3]. 

At the same time, the reaction of benzalchloride (XII) 

with TFE gives predominantly perfluoroindan (XIV) [3]. 

,I,,&Chlorobromohexafluorotoluene (XVI) reacted with TFE to give 

also mainly perfluoroindan. Substitution of two chlorine atoms 
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by the two fluorine ones in benzotrichloride (I) did not allow 

us to synthesize perfluorostyrene. Thus in the reaction of 

heptafluorobenzylchloride (XVII) and TFE, perfluoroindan is 

practically the only reaction product. 

Transformations of benzotrichlorides to polyfluorostyrenes 

are of quite a general character. These reactions take place 

also in the non-fluorinated series. The reaction of benzotri- 

chloride (XVIII) with difluorochloromethane afforded A-chloro- 

fi,/+difluorostyrene (XIX) and a small amount of &&,I-trichloro- 

fi,/j-difluoroethylbenzene (XX). 

cc13 

a 0 
CHClF2 + 

635'C 

XVIII XIX xx 

When the temperature was lowered to 575'C, compounds (XIX) and 

(XX) were formed in comparable quantities, and at 535°C the 

reaction gave predominantly ethylbenzene (XX), see Table 2 

Apart from the reactions with difluorocarbene sources, 

polyfluorostyrenes may also be formed by the reactions with 

fluorochloro- and dichloro-carbene sources. Thus copyrolysis of 

compounds (I) and (XVIII) with fluorodichloromethane gave cis- 

and trans-d,p-dichloroperfluorostyrene (XXI) and d/3-dichloro- 

..plfluorostyrene (XXII) respectively, in about equal amounts 

(Table 2). 

jF Cl 
CCl=C CCl=C' 

CHC12F 'Cl 'F 
+ 

580,620'c 

X=F I zl 1 XXI 

X=H XVIII -1 1 XXII 

The reaction of pentafluorobenzotrichloride (I) with 

chloroform yielded J,p,,,&t richloropentafluorostyrene (XXIII), 

together with pentafluorobenzalchloride (XXIV) and compound 

(XI), see Table 3. 
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CHCl 
CHC13 2 

+ + XI 

550°c 

I XXIII XXIV 

The yield of compound (XXIV) is increased by lowering the temp- 

erature. Raising the temperature of copyrolysis (,550°C) led 

to resinification of the product and, as a consequence, to a 

decreased yield of styrene (XXIII). Benzalchloride (XXIV) is 

possibly formed in a similar way as ethylbenzene (X). The sources 

of hydrogen may be chloroform [6] and hydrogen chloride formed 

by its thermolysis [7], 

One of the possible mechanisms of formation of polyfluoro- 

styrenes is the initial insertion of dihalocarbenes into the 

C-Cl bonds of the benzyl position to give as intermediates ethyl 

derivatives of benzene, followed by their subsequent dehalogena- 

tion. This mechanism is supported by data on the reaction of 

benzotrichloride (I) and its non-fluorinated analogue with 

difluorochloromethane, which gave products which formally cor- 

respond to the products of difluorocarbene insertion into the 

C-Cl bond. Formation of ethylbenzenes (III) and (XX) in these 

reactions cannot occur by chlorination of the styrenes, since 

copyrolysis of styrene (XIX) with benzotrichloride (XVIII) as 

a potential chlorinating agent under conditions of interaction 

of the latter with CHClF2 did not give ethylbenzene (XX). At:the 

same time, thermolysis of ethylbenzenes (III) and (XX) under 

conditions of the reactions of benzotrichlorides (I) and (XVIII) 

with difluorocarbene sources proceeds smoothly with their de- 

chlorination. 

CF2r A ‘A 
-- 

-Cl2 

I III II X=F 

XVIII xx XIX X=H 
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The possibility of difluorocarbene insertion into C-Cl bonds 

at the benzylic position has been shown also for the reaction 

of 1,1-dichloroperfluoroindan with CHClF2 [El. 

The observed decrease in the yield of perfluorostyrene 

from compound (XII) and CHClF2, as compared to the yield of 

styrene (II) from benzotrichloride (I) and CHClF2, was unexpec- 

ted and it is difficult at present to offer an adequate explana- 

tion for this phenomenon. Nevertheless, taking into account the 

mechanism for the insertion of singlet methylene and similar 

carbenes into the C-Cl bonds of chloroalkanes, which has been 

assumed in ref. [91, it is possible to suggest the reason for 

the difference in these processes. The side-chain fluorine atom, 

due to its stronger I G' effect (0.52) as compared to GI(O.47) of 

chlorine [lo], may be assumed to hinder the electrophilic attack 

by difluorocarbene on the C-Cl bond in compound (XII) more than 

in benzotrichloride (I). This may lead to the decreased yield 

of perfluorostyrene, This suggestion is supported also by the 

behaviour of compound (XVII) with the source of :CF2. 

In the case of the reaction of compound (IX) with difluoro- 

chloromethane, apart from the inductive effect of the CF3-group, 

its steric effect on the process of :CF 
2 

insertion into the 

C-Cl bond should also be taken into account 

Other routes leading to the formation of polyfluorostyrenes 

cannot be completely rejected. As in ref. [3], polyfluorosty- 

renes may be assumed to be formed by recombination of carbenes. 

Thus styrene (IX) could be formed by the recombination of 

difluorocarbene with perfluorophenylmethylcarbene. 

A 
-Cl2 
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Generation of the latter may explain the formation of styrene 

(XIII) by the thermolysis of ethylbenzene (VIII). 

CF=CF 

@ 2 + g=cF2 + XI 

VIII XIII II 

Yields of polyfluorostyrenes in the reactions of polyfluoro- 

benzotrichlorides with difluorochloromethane and tetrafluoro- 

ethylene are different. This may result from the different 

ratios of :CF2 and TFE in these reactions. 

Formation of polyfluoroindanes by copyrolysis of polyfluoro- 

benzotrihalogenides with difluorocarbene sources possibly 

proceeds with participation of radicals of the benzylic type [ll]. 

Formation of compound (XI) in the reactions studied may 

proceed by substitution of the side chain by chlorine [31. 

EXPERIMENTAL 

19 
F and 'H NMR spectra were recorded on a Varian A-56/60A 

at 56,4 and 60 MHz for compounds and reaction mixtures.withaut 

a solvent. Chemical shifts are quoted in s ppm down-field from 

C6F6 and TMS as external standards. IR spectra were obtained 

on a UR-20 spectrometer for solutions in CC14" UV spectra were 

recorded on a Specord UV-VIS instrument for solutions in heptane, 

10-4-10-3 mol/l. Mass-spectra were obtained on an AEI-MS 902. 

Elementa 

styrenes 

given in 

Copyroly 

analysis data, IR and UV spectral data of polyfluoro- 

obtained in the work, and compounds (X) and (XX) are 

Table 4, 

is of polyfluorobenzotrihalogenides and related 

compounds with haloform and tetrafluoroethylene 

The aromatic compound was passed at the rate of 25 g/h, 

in a flow of TFE (15 l/h) or a haloform (23 l/h) through a 

quartz tube (400x20 mm) placed in an electric furnace. In the 



111 

b N 

‘2 

cl 

x ‘I 

0 

0 

r.u 

a E 

z 

2 

a 

9 

i 

. 

z 

. 

H 

2 

. 

2 

. 

=1 

E 

8 

2 
cl 
(0 

w 
0 

:: 

‘: 

s 

u-l 

s 
s 

I$ mh 
w - 

2 
. 

t: 
; 
d 
z 4 
E d v 

0 
I 
N 

e 
>1 

N 

:, 

N 

h 

x 

0 

a 

E 

0-l 
. 

LD 

0 . 
f-4 

ul 
m 
N 

0 
I 

z 

-=I 
. 

03 

I 

v . 

: 

-r 
. 

c-4 

m 
. 

rd 

:: 

u-l . 
r- 

r- 
. 

0 . 
m 
N 

N 
m 
P 

-J 

z 

I 

ul 
. 

-r 
l-4 

0 . 
P 

0 
. 

0 
. 

z 

w . 

2 

cr 
. 

m 
ccl 

I 

* . 
co 
N 

a 
UT- . 0 
mm 
-0J 
I 

co l-7 
. . 

N z 

0 

w 

In 

r-4 
. 

: 

0 

In 
OY 

u-l 
. 

-r 
0 

In 
0 

E 

m 
. 

m 

. 
m 

a . 
II 

In 

N 

0 . 

2 

0 . 

2 

p1 

m 
. 

m 

00 
. 

N 

a 
Y 

#  

- 
. 

In 
r- 

m 

I 

z 
2 E 
In 2 4 x ln v-4 

E 
2 4 .lJ a 
v-4 

-2 

R 
. 

m 

l 

v-! 

: 

c 

4 

5 

2 

2 

i? 

z 

5 

4 

3 

$ 

3 
ifi 
2 
c: 
4 

.I: 

E 
: 
5 
(0 

E 
c, 
u-l 
0 

5 

2 

fii 

4 

z 

a 

; 

m 
. 

0 

II 
N 
I 

rlx 

. 
07 

II 

P 

bX 

0 

-& 

$ 
. 

F 
B ‘;1 

a 
2 

5 $ 

c-4 E 

r-l 

b 
i 

51 

I E 
- a 

4 
0-l 

B 
,’ 

F * 

r( 3 

2 
z 

X 
E - 

e al 

.I: * 

B I: 

s 

G 
is 

?I 
.I: 

a & 

t 
2 cl 
.lJ (0 

w ‘;I 0 



112 

case of chloroform, a solution of the aromatic compound in it 

(mole ratio 1:lO) was passed in a flow of argon (15 l/h). The 

reaction mixture was steam-distilled, dried over MgS04 and anal- 

ysed by GLC. The mixtures ob ained by several similar proced- 

ures were combined and fract i onated. When the reactions were 

conducted with small amounts of reagents, individual styrenes 

were isolated by preparative GLC. The presence of the styrenes 

(II), (X111),(xX) and (XXIII , indanes (XIV) (XV), ethylbenzene 

(III) and compound (X) in the mixtures was confirmed by compari- 

son of the IR and 
19 F NMR spectra of the reaction mixtures of 

fractions enriched with the compounds, with those of individual 

products and by GLC. The 
19 

F NMR spectral data are given in 

Table 5. 

The fluorine signals in the 
19 F NMR spectra of the styr- 

enes and ethylbenzenes were assigned on the basis of the chemical 

shifts, spin-spin coupling constants (SSCC) and integral inten- 

sities. 

When the signals of the vinyl fluorine atoms in polyfluoro- 

styrenes were assigned, their SSCC were additionally compared 

with those for the vinyl fluorine atoms of other polyfluorosty- 

renes [3,12,131. For the difluoromethylene group of fluorine- 

containing styrenes and olefins, the presence of the m-system is 

typical. Its value varies from 5.5 to 87 Hz [12,13,14]. 

Styrenes (II), (VI) and (VII) have close Jz'F values, 

which may result from the presence of a -CCl=CF 2 group in them. 

JzzF of styrene (IX) proved to be small (~1-5 Hz), which is 

in agreement with the J gem 
F-F 

value for perfluoro-p-&dimethyl- 

styrene (5.5 Hz) [13]. 

Ethylbenzene (XI): 
19 

F NMR spectrum, 2.9 (2Fm, J =19.5 

Hz), 11.7 (IF', J 
P-0 

=4.5), 
1 

24.8 (2F"), 91.5 (CF3, Jo-E;m=ll Hz); 

H NMR- one signal at 5.5, J H-F =7.5 Hz (cf.13). 
3 

CF3 

Ethylbenzene (XX): 19 
F NMR spectrum, 103.8 (CF2); 

1 
H NMR 

spectrum - a multiplet at s 7.8 (aromatic ring), 
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