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PERFLUO Rl NATEV ALKY L- AND A LKOXY- GROU PS 

LM YAGUPOLSKS, S V  SHELYAZHENKO, VM YURCHENKO, and 
Y u A  FZALKOV 
Zn6Li.tute 06 Ohganic Ch&d&y, A c a d e m y  0 6  SC iQMCQA 0 6  
,the Uhtr SSR, K i e v ,  USSR 

(Submitted f o r  pub l i ca t ion :  31 October,  1979; i n  f i n a l  
form, 2 0  December, 1979) 

A b h m o t  
comprising of per f  l uo r ina t ed  methoxy- and/or 
n-butyl groups have been synthes ized  and t h e i r  
mesomorphic p r o p e r t i e s  have been s tud ied .  I t  has been 
shown t h a t  i n t roduc t ion  of f l u o r i n e  atoms i n t o  a t  
l e a s t  one of t he  s u b s t i t u e n t s  causes  the  appearance of 
a smect ic  mesophase, and t h a t  t he  compound comprised 
of bo th  CF3O and n-CbF9- groups possesses  no 
mesomorphic p r o p e r t i e s .  

For t h e  f i r s t  time t h e  MBBA analogues 

4-Me thoxyben zy 1 idene- 4 ' -n-buty 1 an i  1 i n e  (MBB A) i s  one of 
t he  most thoroughly s tud ied  compounds of t he  S c h i f f ' s  base 
series;' i t  forms a nematic  mesophase wi th in  the  
temperature  range of 22-48OC. 

Recently t h e  series of 4-alkoxybenzylidene-4'-trif luoro- 
methylan i l ines  has  been synthes ized  and s tudied .  The 
4-methoxy d e r i v a t i v e ,  which can be considered as a lower 
homologue of MBBA, proved t o  be a non-mesomorphic compound. 
With e longa t ion  of t he  alkoxy-group, beginning a t  C 3 ,  t he  
smectic B phase appears  and i t  has been not iced  t h a t  
compounds of t h i s  s e r i e s  promote smect ic  A phase formation 
i n  b inary  l i q u i d  c r y s t a l  systems. 

It was of i n t e r e s t  t o  ob ta in  the  f l u o r i n a t e d  analogues 
of MBBA and t o  make c l e a r  t h e  e f f e c t  t h a t  s u b s t i t u t i o n  of 
hydrogen atoms by f l u o r i n e  (both i n  t h e  a lkyl -  and alkoxy- 

209 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 0

4:
02

 2
3 

Fe
br

ua
ry

 2
01

3 



210 L. M. YAGUPOLSKI, S. V. SHELYAZHENKO, V. M. YURCHENKO, and Y. FIALKOV 

groups) has  on the  mesomorphic p r o p e r t i e s  of the  compounds. 
The syn thes i s  of these  subs tances  has  been c a r r i e d  out  by 
condensing equimolar amounts of t he  aldehydes wi th  a n i l i n e  
d e r i v a t i v e s  i n  abso lu t e  e thano l .  

( 1 ) a  R1 = 
( 1 I ) a  R2 = 

( 1 I I ) a  R1 = 
R2 = 

CH30, (1)b R1 = CF30; 
CqHq-n, (1I )b  R2 = C4F9-n; 
CF30, R2 = CI+H~-n; ( 1 I I ) b  R1 = CH30, 
C4Fg-n; ( 1 I I ) c  R1 = CF30, R2 = CkF9-n. 

The 4- t r i f  luoromethoxybenzaldehyde ((I)  b ,  R1 = CF3O) 
w a s  obtained according t o  r e f  ’, and 4-n-perf l uo robu ty lan i l i ne  
( ( I I ) b ,  R2 = C4F9) by condensing n-perf luorobut  1 iod ide6  
with 4- iodoace tan i l ide  i n  DMSO according t o  ref’ wi th  
subsequent hydro lys i s  of t he  a c e t y l  d e r i v a t i v e  wi th  
hydrochlor ic  a c i d  i n  a lcohol .  The p u r i f i c a t i o n  of t he  
f l u o r i n a t e d  MBBA analogues w a s  c a r r i e d  ou t  by mul t ip l e  
f r a c t i o n a l  d i s t i l l a t i o n  i n  vacuum o r  by c r y s t a l l i z a t i o n  t o  
cons tan t  temperatures  f o r  t he  phase t r a n s i t i o n s .  The p u r i t y  
of compound ( 1 I I ) a  was checked by a n a l y t i c a l  g lc .  Only 
a n a l y t i c a l l y  pure materials were used throughout t h e  
i n v e s t i g a t i o n ,  and the  y i e l d s  , p r o p e r t i e s ,  and a n a l y t i c a l  
d a t a  f o r  t he  compounds prepared are presented  i n  Table 1. 

The s t r u c t u r e s  of t he  subs tances  (111) a-c were confirmed 
by t h e i r  ’H  NMR s p e c t r a  (Table 2 )  as w e l l  as by u l t r a v i o l e t  
(F igure  1 )  and i n f r a r e d  spec t roscop ic  d a t a .  The absorp t ion  
maxima i n  the  e l e c t r o n i c  s p e c t r a  are i n  agreement wi th  those 
s p e c i f i e d  f o r  MBBA* and o t h e r  compounds of t he  S c h i f f ’ s  base  
type.  

9 

While i n v e s t i g a t i n g  t h e  mesomorphic p r o p e r t i e s  of the  
f l u o r i n a t e d  MBBA analogues i t  has  been found t h a t  compounds 
comprised of a t  least one f l u o r i n a t e d  s u b s t i t u e n t ,  ie, t h e  
OCF3 ( 1 I I ) a  group o r  C4F9 ( I I I ) b ,  form no t  nematic  bu t  
smect ic  mesophases wi th  temperature  ranges K 38O, S 54O, I 
and K 78O,  S 94O, I r e spec t ive ly .  
compounds (1II)a-b appear t o  possess  the  confocal  t e x t u r e  
on mel t ing  the  c r y s t a l s ,  and t h e  mosaic o r  polygonal  t e x t u r e  

The mesophases formed by 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 0

4:
02

 2
3 

Fe
br

ua
ry

 2
01

3 



Bo
il

in
g 

A
n

al
y

si
s 

re
su

lt
s 

O
b

ta
in

ed
 

%
F

 
C

a
lc

u
la

te
d

 
%

F
 

F 
or

m
u 1

 a 
t e

ni
p e

r a
 tu

re
 

Y
ie

ld
 

% 
C

om
po

un
d 

(P
 
m

) 

(1
1

) b
 

80
 

84
-8

5'
 

(3
 m

) 
54

.5
2 

c1
 O

H
6F

qN
 

5
4

.9
8

 
t 

54
.6

7 

(1
1

1
) a

 
70

 
14

9.
15

0'
 

(0
.3

 n
un

) 
1

7
.2

4
 

c 1
 8H

18
F3

N
O

 
17

.7
5 

17
.3

6 

(1
II

)b
 

74
.5

 
I
 

39
.2

9 
C

lB
H

IZ
F9

N
O

 
39

.8
5 

39
.4

2 

(1
1

1
) c

 
80

.7
 

13
0°

 
(0

.3
 m

m
) 

46
.7

6 
C

18
H

9F
1 Z

NO
 

47
.2

0 
4

6
.9

1
 

0
 

TA
BL

E 
1
 
' n

? 
1

.4
1

8
0

; 
a

c
e

ty
l 

d
e

ri
v

a
ti

v
e

 h
a

s 
m

p 
99

 C
. 

O
b

ta
in

ed
 X

: 
F 

4
8

.3
5

, 
48

.4
0.

 
C

~
~

H
B

F
~

N
O

. 
C

a
lc

u
la

te
d

 %
: 

F 
4

8
.4

4
. 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 0

4:
02

 2
3 

Fe
br

ua
ry

 2
01

3 



212 L. M. YAGUPOLSKI, S. V. SHELYAZHENKO, V. M. YURCHENKO and Y. FIALKOV 

Compound 

MBBA 

(111) a 

(111) b 

(111) c 

TABLE 2 

8.53 4.06 8.10-7.20 2.86 1.50 
8.33 - 8.10-7.10 2.63 1.63 

8.46 4.00 8.00-7.10 - - 
8.50 - 8.00-7.20 - - 

Data from t h e  'H NMR s p e c t r a  of MBBA and i t s  
f l u o r i n a t e d  analogues (111) a-c. 

FIGURE 1 E l e c t r o n i c  s p e c t r a  Of R ~ C ~ H I + - C H = N - C ~ H I + R ~  : 
R i  = CF30, R2 = C4Hg-n ( 1 I I ) a  
R i  = C H 3 0 ,  R2 = C4Fg-n ( 1 I I ) b  
RI = CF30, R7. = C4Fg-n ( 1 I I ) c  
R1 = C H B O ,  R2 = C4H9-n (MBBA) 

on cool ing the  i s o t r o p i c  l i q u i d  (Figure 2).  
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FLUORINATED ANALOGUES OF LIQUID CRYSTALS 213 

FIGURE 2 Photomicrograph of 4-me thoxyb enzyl  idene- 4 ' -per- 
f l uo robu ty lan i l i ne  a t  85OC (a) : 4- t r i f  luoro- 
methoxybenzylidene-4'-butylaniline a t  45OC (b)  . 

It  i s  i n t e r e s t i n g  t o  n o t i c e  t h a t  substance ( 1 I I ) c  
conta in ing  both f l u o r i n a t e d  groups i s  non-mesomorphic and 
has the  lowest mel t ing  temperature  of t h i s  s e r i e s  (mp 2 8 O C ) .  
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Comparing the  t r a n s i t i o n  temperatures  f o r  compounds 
(1II)a-b wi th  those f o r  MBBA, one can see t h a t  s u b s t i t u t i o n  
of hydrogen atoms by f l u o r i n e  i n  the  s i d e  chains  causes 
r ises i n  these  temperatures .  Moreover, t he  g r e a t e s t  e f f e c t  
i s  observed when f l u o r i n e  i s  introduced i n t o  t h e  a l k y l  
group. 

These s u r p r i s i n g  e f f e c t s  which s u b s t i t u t i o n  of hydrogen 
atoms by f l u o r i n e  atoms i n  t h e  s ide  chains  of t he  MBBA 
molecule have on t h e  mesomorphic p r o p e r t i e s  are apparent ly  
caused by changes i n  t h e  packing of t he  molecules i n  the  
c r y s t a l s  as w e l l  as by changes i n  the  cha rac t e r  of t he  
in te rmolecular  i n t e r a c t i o n s .  Furthermore , t he  in t roduc t ion  
of the  f l u o r i n e  atoms i n t o  t h e  CH3O- and C4H9-  s u b s t i t u e n t s  
considerably a l te rs  t h e i r  e l e c t r o n i c  n a t u r e ;  t h i s  i n  tu rn  
in f luences  the  conformations of t he  compounds formed. l o  y 1 1 7 1 2  

We s h a l l  cont inue i n v e s t i g a t i o n s  of t he  f l u o r i n a t e d  
analogues of MBBA t o  make c l e a r  the  na tu re  of t he  e f f e c t s  
discovered.  We propose t o  synthes ize  and s tudy t h e  
p r o p e r t i e s  of a wider  s e r i e s  of compounds, inc luding  
p a r t i a l l y  f l u o r i n a t e d  systems. I n  t h i s  work, t he  smectic 
phases de t ec t ed  w i l l  be  c a r e f u l l y  i n v e s t i g a t e d  and 
c l a s s i f i e d .  

Expc~rnenXcd The i n v e s t i g a t i o n  of t he  mesomorphic 
p r o p e r t i e s  w a s  c a r r i e d  ou t  u s ing  a Kof le r  h o t  s t a g e  wi th  a 
Reicher t  p o l a r i z i n g  microscope. 
recorded us ing  a "Tesla  BS-467" ins t rument  of 60 MHz 
frequency wi th  t h e  GMDS i n t e r n a l  s tandard.  The u l t r a - v i o l e t  
s p e c t r a  were recorded us ing  a "Specord UV-VIS" spectrometer  
(heptane as  s o l v e n t ) ,  and i n f r a r e d  s p e c t r a  by means of a 
UR-20 ins t rument  (CC14 as  s o l v e n t ,  concent ra t ion  0 .1  mol/l). 
Analy t i ca l  gas chromatography was c a r r i e d  out  using a 
"TSVET-4" ins t rument  wi th  a flame i o n i z a t i o n  d e t e c t o r  
( i n e r t i a l  c a r r i e r  - spherochrome; mobile phase - polymethyl- 
s i loxan-4 (11% of carrier weight ) ;  c a r r i e r  gas - n i t rogen  a t  
24 ml/min; program 150-250OC). 

The 'H NMR s p e c t r a  w e r e  
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