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Liqu id -c rys t a l  2 -cyano-  5- [p-a lkyl  (alkoxy) phenyl ] pyr id ines  were  synthes ized  by the reac t ion  
of 1 -d ime thy l am i no -3 -d i m e t hy l i m m on ia -2 - [p - a lky l  (alkoxy)phenyl]propene p e r c h l o r a t e s  with 
2 -ace ty l fu ran  and subsequent ly  through 2 - f u r y l - 5 -  [p-a lky l  (a lkoxy)phenyl ]pyry l ium p e r c b l o r -  
a tes  and 2 - ( 2 - f u r y l ) - 5 - [ p - a l k y l  (a lkoxy)phenyl ]pyr id ines  by convers ion  of the l a t t e r  to 5- 
a lky l ( a lkoxy)pheny lpyr id ine -2 -ca rboxy l i c  acids,  f rom which the cyano de r iva t ives  were  ob- 
tained by the usual  scheme  through the amides .  The in te rmedia te  a ry l fu ry lpyr id ines  and 
a ry lpy r id ine -2 - ca rboxy l i c  acid imides  also display l iqu id -c rys ta l  p rope r t i e s .  

In connection with the wide applicat ion of liquid c r y s t a l s  of the p -a lky l  ( a lkoxy) -p ' - cyanob ipheny l  s e r i e s  
in technology, the ef fec t  of the r e p l a c e m e n t  of a benzene r ing in them by a pyridine ring, specif ical ly ,  the 
synthes is  of 2 - cyano -5 - (p -a lky lpheny l ) -  and 2 -cyano-5 - (p -a lkoxypheny l )pyr id ines  (I),  on the mesomorph ic  
p r o p e r t i e s  s e e m s  of in te res t .  The he t e roa tom in these compounds,  which is in the a posi t ion re la t ive  to the 
cyano group,  should not have a substant ia l  effect  on the pos i t ive  d ie lec t r ic  an iso t ropy  of the liquid c r y s t a l  as 
a consequence of the approx imate ly  equal contr ibut ions to the longitudinal and t r a n s v e r s e  components  of  the 
dipole momen t  of the molecule .  

f l -Pheny l - subs t i tu ted  pyr id ines  a re  r e la t ive ly  d i f f icul t - to-obta in  compounds.  The known methods for  
the i r  synthes is ,  viz. ,  by the reac t ion  of f i -v inylpyr id ines  with i soprene  [1],  through organol i th ium compounds 
[ 2], via  the Chichibabin reac t ion  f r o m  phenylaceta ldehyde [3],  by the condensation of phenyl f i -chlorovinyl  
ketones with a -pheny lcyanoace t i c  e s t e r  [4],  and by  the Jutz method [5], a re  unsuitable in a p r e p a r a t i v e  r e -  
spec t  because  of the i r  l abor iousness  and the low yields  of products .  

We have accompl i shed  the synthes is  of I a -k  (Table  1) via the following scheme:  

RC, H4CH,COO" ~ RC6H,c,~CHN(+CHa)2 2-acetylfuran RCJI,~CHN(CH3) 2 
II a-k ,CH =N (CH~)2CIO~- CH~ONa pTr id ine  C H = C H ~  

III a - k  o 
Iv a-k 

C _O .c,o, �9 c. cooN., 
EH30 H : RCGH 4 CH3CO0 H RC6H4-- - CH3COO H 

C HaO---'T--~ 
H ClO~ 

V a-k V! a-k 

/ = ~  ~ " ~  KMnO 4 RC6H4_~ '~COO H 
- -  R C6 H 4 -~r K O ~  ~---N 

VII a - k  VIII a - k  

l , P O C I 3  RC6H4--~N CN 
I a -k  

I, PCI S 
2.-N H40 H RCGH 4 O N H ~  

Ix a - k  

i-IX a R=H; b - f  R=4-p-AIk; ~ -k  R=4-p-A|k0 
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TAB LE 1. 2 - C y a n o -  5 - / p - a l k y l  (alkoxy) pheny l /pyr id ines  

C o m -  

p o u n d  

I a  
Ib 
I C  
Id 
Ie 
If 

Ii 
Ii 
lk 

H 
C41-I9 
CsH,, 
CsH,~ 
C7H,s 
CsHj7 
C4I-I90 
CsHHO 
C611~30 
CvI-t~60 
C811j70 

Temp. of the phase 
transition, *C* 

C-N (S) ,srN, N--I or mp ,~ ' )  

95 
-64 
73 
58 
66 
6l 
97 
69 
80 
61 
84 

4~  
~,. 66"f" 

87* 
82 
9O 

8~ 91 
97 

Found, % 
Empirical 
formula 

C H N 

80,2 4,3 15,5 CI~HaN2 
81,2{6,8{ 12,0 CI~H~N2 
81,317,1 11,6 C~THtsN2 
81,517,91 10,61 CtsH2oN2 
82,217,61 10,2 C~gH~2N2 
82,118,5[ 9,4 C2oH24N2 
76,116,51 11,1} Ct6H~6N20 
76,517,1 I 10,4[ CITHI8N20 
77,017,1 I 10,3[ C,8H2oN20 
77,5[7,81 9,6[ C~gHmN~O 
78,017,9' 9131 C2oH24N20 

talc.  % 

C H N 

80,0 4,5 15.5 
81,316,8 I1,9 
81,6 7,2 I1,2 
81,817,6 10,6 
82,0]7,9 10,1 
82,l~8,3 9,6 
76,216A 11,1 
76,7[6,8 10,~ 
77,1 ~7,2 lO,C 
77,517,5 9,5 
77,917,8 9,1 

* Symbols :  C - N  (S) p e r t a i n s  to the t e m p e r a t u r e  of  mel t ing  with 
the f o r m a t i o n  of, r e s p e c t i v e l y ,  a nema t i c  o r  s m e c t i c  m e s o p h a s e ,  
S - N  ( S - I )  p e r t a i n s  to the t e m p e r a t u r e  of  the t r ans i t i on  f r o m  a 
s m e c t i c  m e s o p h a s e  to a nemat i c  o r  i s o t r o p i c  liquid, and N - I  
p e r t a i n s  to the t e m p e r a t u r e  of the t r ans i t i on  f r o m  a nema t i c  
m e s o p h a s e  to an i so t rop i c  liquid. 

The mono t rop i c  l iquid c r y s t a l .  

Yield 
% 

80 
76 
79 
91 
83 
80 
85 
79 
77 
75 
80 

Fu ry l  ke tones  IV w e r e  obta ined  by condensa t ion  of  t r ime thy l i dyne  sa l t s  III [6] with ace ty l fu ran  via  the 
we l l -known method.  The ke tones  a r e  usua l ly  c o n v e r t e d  to pheny lpy r id ines  th rough  sa l t s  of  the X type 

+ 
(Me2NCH = CRCH = CHCR = NMe2BF 4 ) obtained by r e a c t i o n  with t r i e thy loxon ium t e t r a f l u o r o b o r a t e ,  work  with 
which is diff icul t  b e c a u s e  of  i ts  high hyg rosc op i c i t y .  It  has  been  shown [7] in the c a s e  of the ace tophenone  
analog  of IV that  2 - m e t h o x y - 2 H - p y r a n ,  which  is c o n v e r t e d  quan t i t a t ive ly  to a pyry l iu rn  sa l t  on t r e a t m e n t  with 
p e r c h l o r i c  ac id  in ace t i c  acid ,  is f o r m e d  in high yie ld  by  i ts  p ro tona t ion  in methanol .  We have p r e v i o u s l y  used 
this me thod  fo r  the p r e p a r a t i o n  of p - s u b s t i t u t e d  2, 5 -d ipheny lpyr id ines  and 2-  ( 2 - t h i e n y l ) -  5- (p-a lkylphenyl )  
py r id ines  [8] .  The r e a c t i o n  was  found to be s imp le  in a p r e p a r a t i v e  r e s p e c t  a l so  fo r  the syn thes i s  of furan  
de r iva t i ve s ,  and sa l t s  VI w e r e  obta ined in 60-70% o v e r a l l  y ie lds  wi thout  i so la t ion  of i n t e r m e d i a t e s  V. 2- 
F u r y l - 5 - a r y l p y r i d i n e s  (VII) w e r e  obta ined by  ref luxing sa l t s  VI in ace t i c  ac id  with a m m o n i u m  ace ta te ;  p r o -  
nounced r e s in i f i c a t i on  is o b s e r v e d  in the c a s e  of  sma l l  vo lumes  of  ace t ic  acid ,  and the y ie lds  of  VII d e c r e a s e  
sha rp ly .  5 -Ary lp i co l iu i c  ac ids  (VIII) w e r e  obta ined in low y ie lds  (~5%) by oxidat ion of  VII in an aqueous neu-  
t r a l  med ium,  in ana logy  with f u r y l p y r a z o l e s  [9] ,  and a l so  in an aqueous  d ioxane med ium;  we obta ined ac ids  
VI I Ia -k  in ~ 80% y ie lds  only in an a lkal ine  med ium,  which is  usua l ly  employed  for  the oxidat ion of  the pyr id ine  
r ing  (Table 2). 5 -Pheny lp ico l in i c  acid,  which,  with r e s p e c t  to i ts  mel t ing  point  and IR s p e c t r u m  was  ident ica l  
to the compound  d e s c r i b e d  in [3] ,  is  f o r m e d  in the c a s e  o f  VIIa (R = H).  

In c o n t r a s t  to the benzene  ana logs ,  ac ids  VIII do not  d i sp lay  l i q u i d - c r y s t a l  p r o p e r t i e s .  We a s s u m e  that,  
as  in the c a s e  o f  5 -a lkoxypico l in ic  ac ids  [ 10, 11], the i r  b e h a v i o r  is  due to the f o r m a t i o n  of  an i n t r a m o l e c u l a r  
h y d r o g e n  bond that  p r e v e n t s  the ex i s t ence  of  the l i nea r  d i m e r s  that  a r e  n e c e s s a r y  for  the man i f e s t a t i on  of 
m e s o m o r p h i c  p r o p e r t i e s .  This  is c o n f i r m e d  by a s tudy  of  the IR s p e c t r a  of the ac ids  in c a r b o n  t e t r a ch lo r i d e ,  
in which an in tense  abso rp t i on  b a n d i n t h e  r eg ion  of the s t r e t c h i n g  v ib ra t ions  of  the O - H  bond is o b s e r v e d  at  
3340 c m  -t, and in which  a n a r r o w  in tense  band is o b s e r v e d  in the reg ion  of  the s t r e t ch ing  v ib ra t ions  of  the 
c a r b o n y t  g roup  a t  1772 c m  -1. 

Ac ids  VII Ia -k  a r e  c o n v e r t e d  via  the usua l  s c h e m e  to amides  ( IXa-k)  and then to n i t r i l e s  ( I a -k ) ,  the 
s t r u c t u r e s  of  which  a r e  c o n f i r m e d  by the PMR s p e c t r a .  The t e m p e r a t u r e s  of  the phase  t r ans i t i ons  of I (Table 
1) a r e  subs tan t i a l ly  h ighe r  than those  of  the b iphenyl  ana logs .  Since the t h e r m a l  s tabi l i ty  of  the m e s o  phase  
depends  on the cop l a ua r i t y  of  the m e s o g e n i c  mo lecu l e ,  we d e t e r m i n e d  the angles  of  ro t a t ion  between the phenyl  
and pyr id ine  r ings  in compounds  with a lkyl  ( Ib-f)  and a lkoxy ( Ig-k)  g roups  us ing the method  we d e s c r i b e d  in 
[ 12] on the bas i s  of  the data  f r o m  UV s p e c t r o s c o p y  and the appl ica t ion  of  p e r t u r b a t i o n  t heo ry  within the f r a m e -  
w o r k  of  the H'uckel MO method.  

The m a x i m a  of  the long-wave  a b s o r p t i o n  bands  of  Ib - f  and I g - k  a r e  found a t  293 ( e 2.2-  104) and 314 nm 
( e 2.9" 104), as  c o m p a r e d  with 263, 271, and 268 nm,  r e s p e c t i v e l y ,  fo r  a lky lbenzenes ,  a lkoxybenzenes ,  and a -  
cyanopyr id ine  [ 12]. It  fol lows f r o m  an ana lys i s  of the ca l cu la t ed  e n e r g i e s  of  the upper  occup ied  and lower  
vacan t  m o l e c u l a r  o rb i t a l s  of the a lkylphenyl ,  a ikoxyphenyl ,  and 2 - c y a n o p y r i d i n e  f r a g m e n t s  [ 12] tha t  the ab-  
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TABLE 2. T e m p e r a t u r e s  of the P ha se  T r a n s i t i o n s  (~ and Yields  
(%) of Vi - Ix  

H 

C4H9 
CsHu 
C6HI3 
CTHIs 
CsH~v 
C4H90 
CsHIIO 
C6H130 
CvH~O 
C8H170 

VI 

mp ]yield 
VII 

C-s I S - t  lyield 

200 58 80 

70 65 
119 64 55 
151 70 48 
127 61 42 
176 71 t06 
164 56 62 
172 44 76 
166 61 63 
157 60 54 

- -  51 

96 52 
106 50 
103 49 
107 54 
102 54 
136 47 
133 51 
138 48 
136 50 
137 51 

VIII 

mp [yield 

157 76 

160 78 
164 70 
160 83 
159 76 
158 85 
178 79 
167 75 
161 81 
162 84 
160 86 

IX 

183 - -  90 

174 196 88 
160 183 93 
176 180 81 
164 180 91 
172 180 90 
190 212 85 
190 204 81 
190 t89" 84 
134 192 86 
148 t92 80 

* The mono t rop i e  l iqu id  c r y s t a l .  

s o r p t i o n  m a x i m u m  of the l ong -wave  band  in  the e l e c t r o n i c  s p e c t r a  of Ib - f  and Ig -k  is  due to cha rge  t r a n s f e r  
f r o m  the u p p e r  occupied  m o l e c u l a r  o r b i t a l  (UOMO) of the a lky lpheny l  or  a lkoxyphenyl  f r a g m e n t ,  r e s p e c t i v e l y ,  
to the lower  v a c a n t  m o l e c u l a r  o r b i t a l  (LVMO) of the 2 - c y a n o p y r i d i n e  f r a gme n t .  The c a l c u l a t i on  shows that  
the ang les  a r e  75 and 64 ~ r e s p e c t i v e l y ,  fo r  Ib - f  and Ig-k.  The con juga t ion  of the 7r s y s t e m s  of the f r a g m e n t s  
in  m o l e c u l e s  with alkoxy groups  is c o n s e q u e n t l y  g r e a t e r  than in  m o l e c u l e s  with a lkyl  g roups ,  which a lso  ex -  
p l a in s  the h ighe r  t h e r m a l  s t a b i l i t y  of the m e s o  phase  f o r m e d  by the f i r s t  g roup  of compounds .  

EXPERIMENTAL 

The electronic spectra of solutions of the compounds (10 -4-10 -5 M) were recorded with a Hitachi EPS- 
3T spectrophotometer. The IR spectra of KBr pellets and CCI 4 solutions (3.10-3-5 �9 10 TM M) of the Compounds 
were recorded with a UR-20 spectrometer in the 400-4000 cm -i region. The PMR spectra of solutions of the 
compounds in CCI 4 were recorded with a Varian-100 spectrometer at 20~ with tetramethylsilane as the in- 
ternal standard. 

2-Furyl-5-(p-pentylphenyl)pyrylium Perchlorate (VIc). A 20-ml (0.06 mole) sample of a 3 M solution 
of sodium methoxide was added drepwise with vigorous stirring at 40~ to a solution of 22.4 g (0.06 mole) of 
1-dimethylamino- 3-dimethylimmonia- 2-(p-pentylphenyl) propene perchlorate and 6.6 g (0.06 mole) of 2- 
acetylfuran in 50 ml of anhydrous pyridine, and the solvent was removed by vacuum distillation after I0 h. 
Water (I00 ml) was added to the residue, and the aqueous mixture was extracted with 300 ml of chloroform. 
The organic layer was washed with water and chromatographed on activity II aluminum oxide (elution with 
chloroform). The chloroform was removed by vacuum distillation, and 50 ml of methanol and 10-15 ml of 
10% hydrochloric acid were added to the residue (IVc) without prior purification. After 20 rain, the reaction 
mixture was diluted with 300 rnl of water and extracted with ether. The extract was washed twice with water, 
and the ether was removed by distillation. Glacial acetic acid (I0 ml), I0 ml of 57% perehlorie acid, and, 
after 15 rain, 150 ml of absolute ether were added to the residue (Vc), and the precipitated pyrylium salt VIc 
was removed by filtration with a glass filter and washed with absolute ether to give 16.8 g (70%) of VIc with 
mp 146~ ( f rom ace t i c  ac id ) .  

The o the r  VI w e r e  s i m i l a r l y  ob ta ined  (Tab le  2).  

2 - ( 2 - F u r y l ) - 5 - ( p - p e n t y l p h e n y l ) p y r i d i n e  (VIIc) .  A m i x t u r e  of 19 g (0.0485 mole )  of c rude  p y r y l i u m  sa l t  
Vie, 40 g (0.52 mole )  of a m m o n i u m  ace ta te ,  and 210 ml  of ace t i c  ac id  was re f iuxed  for  3 h, a f t e r  which i t  was 
cooled and pou red  into 700 ml  of wa te r .  The p r e c i p i t a t e  was  r e m o v e d  by f i l t r a t i on ,  washed  with wa te r ,  d r i e d  
in  a i r ,  and r e c r y s t a l l i z e d  f r o m  hexane  with the addi t ion  of a l u m i n u m  oxide to give 7 g (49.5%) of VIIc with 
C - S  65~ and S - I  106~ Found:  C 82.5; H 7.4; N 4.7%. C20H21NO. Ca lcu la ted :  C 82.4; H 7.3; N 4.8%. 

The r e m a i n i n g  VII w e r e  s i m i l a r l y  ob ta ined  (Table  2). 

5 - ( p - P e n t y l p h e n y t ) p y r i d i n e - 2 - c a r b o x y l i c  Acid  ( v i I I c ) .  An 8.44-g (0~ s a m p l e  of p o t a s s i u m  
p e r m a n g a n a t e  was  added with v igo rous  s t i r r i n g  at 25-40~ in the cou r se  of 1 h to a so lu t ion  of 2.91 g 
(0.01 mole)  of VIIc and 2.9 g (0.052 mole )  of p o t a s s i u m  hydrox ide  in  40 ml  of w a t e r  and 70 ml  of d ioxane,  and 
the m i x t u r e  was  s t i r r e d  at  this  t e m p e r a t u r e  for  3 h. I t  was  then  re f luxed  for  20 rain,  and the hot m i x t u r e  was  
f i l t e red .  The r e s i d u e  was  t r e a t e d  s e v e r a l  t i m e s  with bo i l i ng  w a t e r  to c o m p l e t e l y  e x t r a c t  the p o t a s s i u m  s a l t  
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Of acid VIIIc, a n d t h e  f i l t r a tes  we re  combined  and acidif ied with hydrochlor ic  acid. The p rec ip i t a te  was r e -  
moved by f i l t ra t ion,  washed with water ,  dried,  and r e c r y s t a l l i z e d  f r o m  b e n z e n e - h e x a n e  (1 .4 )  to give 1.9 g 
(70%) of acid VIIIc with mp 164~ Found: C 75.9; H 7.3; N 5.0%. C17HigNO 2. Calculated: C 75.8; H 7.1, 
N 5.2%. 

The other  VIII we re  s i m i l a r l y  obtained (Table 2). 

5 - (p -Pen ty lpheny l )py r id ine -2 -ca rboxamide  (IXc). A 1.9-g (0.09-mole) sample  of phosphorus  penta-  
chloride was added with s t i r r ing  to a mix tu re  of 1.6 g (0.06 mole)  of acid VIIIc in 10 ml  of methylene chloride,  
and the mix tu re  was s t i r r e d  for  3 h. It  was  then poured slowly into 30 ml  of ammonium hydroxide at 0~ and 
the mix tu re  was s t i r r e d  for  1 h. The methylene chlor ide  was r emoved  by dist i l lat ion,  and the p rec ip i t a te  was 
r emoved  by f i l t ra t ion and washed with wa te r  and acetone to give 1.5 g (93%) of amide IXc. Recrys ta l l i za t ion  
f r o m  benzene gave a product  with C - S  160~ and S - I  183~ 

The o ther  IX were  s i m i l a r l y  obtained (Table 2). 

2 -Cyano-5- (p -pen ty lpheny l )pyr id ine  (Ic).  A mix tu re  of 1.5 g of crude amide IXc and 15 ml  of phos-  
phorus  oxychlor ide was ref iuxed for  1.5 h, a f te r  which i t  was  evapora ted  in vacuo, and 50 ml of benzene was 
added to the res idue .  The resul t ing  mix ture  was cooled and neut ra l ized  with ammonium hydroxide,  and the 
benzene l a y e r  was washed with wate r ,  dr ied  with  anhydrous sodium sulfate,  and chromatographed  on act ivi ty 
II a luminum oxide (elution with benzene) .  The benzene was r emoved  by dist i l lat ion,  and the res idue  was r e -  
c rys t a l l i zed  f r o m  hexane with ac t ivated charcoa l  to give 1.1 g (78.5%) of ni t r i le  Ic with mp 73~ PMR spec-  
t r u m  (CC14): 0.85 (3H, m,  Ctt3) , 1.3-1.6 [6H, m, (CH2)3] , 2.65 (2H, t, J = 6 Hz, Ctt2Ph), 7.7 (1H, d, J34 = 8 Hz, 
3-H) ,  7.98 (1H, dd, J4~ = 2 Hz, J34 = 8 Hz, 4 -H) ,  and 8.84 ppm (1H, d, J46 = 2 Hz, 6-H) .  
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