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An a t tempt  to obtain Schiff b a s e s  of p- (n-a lkyl )benzaldehydes  with p -aminobenzon t r i l e  in 
the p r e s e n c e  of boron t r i f luor ide  e the ra te  unexpectedly gave mix tu re s  of 2 - [p - (n -a lkyD-  
phenyl] -6-cyanoquinol ines  and p - (n -a lky l )benzy l -p -aminobenzon t r i l e ;  the f o r m e r  have 
l iqu id-c rys ta l l ine  p r o p e r t i e s .  Unstable Schiff bases  can be obtained only when catalyt ic  
amounts  of p iper id ine  or  p- to luenesul fonic  acid a r e  used. 

Although Schiff bases  of p - (n-a lky l )benza ldehydes  with p -aminobenzon i t r i l e  (I) have l iqu id-c rys ta l  
p r o p e r t i e s  and can be used for  the c rea t ion  of low:- temperature  mix tu re s  with high d ie lec t r ic  an iso t ropies  [21], 
no informat ion regard ing  the synthes is  and physica l  constants  of these  compounds is avai lable .  We t h e r e -  
fore  accompl ished  a s e r i e s  of expe r imen t s  for  the select ion of the op t imum conditions fo r  t he i r  p r e p a r a -  
tion. Azomethines  I, which, accord ing  to IR spec t roscopy ,  contain admix tu res  of the s ta r t ing  amine,  we re  
actual ly  obtained in ~ 30% yields  in toluene in the p r e s e n c e  of catalyt ic  amounts  of piperidine or  p - to luene-  
sulfonic acid.  These compounds a r e  unstable  in a i r  and decompose  under  the influence of mo i s tu r e  and 
during ch romatography  on a luminum oxide or s i l i ca  gel .  They have the p r o p e r t i e s  of nemat ic  liquid c r y s -  
t a l s ,  but have a meso  phase  with low t he rm a l  s tabi l i ty  (T i) and a broad t e m p e r a t u r e  range over  which it 
exis ts  (AT) (Table 1). 

We hoped to_increase the y ie lds  of imines  I and obtain p u r e r  p roducts  using boron  t r i f l u o r i d e e t h e r a t e  
as the ca ta lys t .  According to the resu l t s  of t h in - l aye r  ch romatography  (TLC), no l e s s  than five react ion  
products  and the s ta r t ing  imine were  detected in the mix tu res  a f t e r  the reac t ions  in the p r e s e n c e  of this 
catalyst ;  we were  able to i so la te  and identify two bas ic  products .  

The f i r s t  of these  basic  products  proved to be 2 -a ry l -6 -eyanoquino l ines  II, which contain two m o r e  
carbon a toms  than the s ta r t ing  compounds,  as conf i rmed by m a s s - s p e c t r o m e t r i c  de terminat ion  of the 
m o l e c u l a r  weights (m/e  272 for  IIb). The IR spec t rum of IIb contains the absorp t ion  band of a n i t r i le  
group at 2230 c m - '  but the absorp t ion  of an NH group is not detected; the re  is a s e r i e s  of bands c h a r a c t e r -  
ist ic fo r  v ibra t ions  of 2- and 6-subst i tu ted  quinoline r ings (1620, 1425, and 1377 cm-1).  In addition the IR 
sp ec t r a  contain bands c h a r a c t e r i s t i c  fo r  the CH bonds of a quinoline ring containing hydrogen a toms in the 
5, 7, and 8 posi t ions  (1165, 1115, 896, and 848 cm -1) and at 1145, 945, and 814 cm -1 c h a r a c t e r i s t i c  for  the 
v ibra t ions  of the CH bonds of a quinoline ring containing hydrogen a toms  in the 3 and 4 posi t ions  [3]. The 
PMR s p e c t r u m  of IIe contains s ignals  of the protons  of a hexyl group [0.86 t (2H), 1.30 m (8H), and 2.61 t 
(3H}: ppm] and a mult iplet  of protons of an a r o m a t i c  r ing at 7.1-8.2 ppm. The absence  of the signal at 8.8 ppm 
pecu l ia r  to tmsubsti tuted quinoline p r o v e s  the p r e s e n c e  of a substi tuent  in the 2 posi t ion.  

Hydrogenation of quinoline IId and subsequent  hydrolys is  gave 2 ' [p - (n -amyl )pheny l ]  62formylquinoline,  
the s t r u c t u r e  of which was conf i rmed by the IR and PMR spec t ra l  data. Nitr i le  IId is hydrolyzed to 2- 
[p- (n-amyl)phenyl]quinol ine-6-carboxyl ic  acid.  

Compounds II, l ike p - subs t i tu ted  p-cyanodiphenyl  [4], have l iqu id -c rys ta l  p r o p e r t i e s  (Table 2). 

*See [1] for  communica t ion  I. 
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TABLE 2. 

TABLE 1. Temperatures  of the Phase  
Trans i t ions  of N-p-  {n-Alkyl)benzyl idene-  
p-  cyanoanilines 

R'-~CH=N-~CN 
I 

Compound Tn,* ~ -T i, ~ ! AT(Ti-T n) 
I i - 

Ia 63,0 
Ib 64,7 
Id 46,4 
Ie 45,8 

73,9 10,9 
75,5 10,8 
73,6 27,2 
68,0 22,2 

* S y m b o l s :  T n is the t e m p e r a t u r e  of f o r -  
mar ion  of the  nema t i c  l i q u i d - c r y s t a l  phase ,  
and T i is the t e m p e r a t u r e  of c o n v e r s i o n t o  
the i so t rop ic  l iquid.  

2-  [p- (n-Alkyl)p henyl ] -  6- cyanoquinol ines  (IT) 

Com:: i 
pound[: Tn' *C '] lIa 123,5--124,5 

lib 106,0--107,0 
IIc 96,0--97,0 
IId 91,0--91.,8 
IIe 85,7--86,3 

T A B L E  3. 

C o m  - 
pound 

Ti. ~ 

137.5--t38,0 
-146,0--146,5 
109.0--110,0 
135,0--135,5 
123,5--124,0 

IIla 

lllb 

lllc 

Illd 

llle 

Empirical 
formula 

CIsHI4N~ 
ClgHlsN2 
C2oHIsN2 
C=H2oN2 
C~HmN2 

Found, % i Calc., % 

C H N i C [ H 

83,8 5,4 11,1 83,7 5,5 
83,9 6,1 10,3 83,81 5,9 
84,1 6,4 9,8 83,9 ] 6,3 
83,8 6,6 9,4 84,0 6,7 
83,8 7,1 9,0 84,0 7,0 

/ 
N- ( p -A l ky l benzy l ) -p - aminobenzon i t r i l e s  {Ill) 

rap, ~ (solvent) 

129,7--130,0 
(hexane-dichloroethane) 

141,5--1423 
�9 (hexane -dichlozoethane ) 

103,0-- 103,8 
(hexane) 
57,2--58,0 

(hexane-ether) 
4/ ,5 - -48 ,~)  

(cyclohexane) 

Found, % Empirical 
formula 

C H N 

CI6H,6N2 81,4 6.7 I 11,9 

Cl~HisN~ 81.9 7.11 I1.1 

CIsH2oN2 81.9 7.5 t0.5 

CIoHmN2 81.9 8.0 10,2 

C2oH24N~ 81.9 8,2 9.7 

-Calc.. % 

81,3 

81.6 

81.8 J 

82,0 I 

82.21 

', YieId, 
s :% 

I0,9 8 
10,3 1 14 
9,8 17 

36 

I Yield, 
H N % 

6.8 l l,~ 27 

7,2 115 37 

7,6 I0,( 38 

8.0 I0:1 39 

8,3 9,6 59 

The second  g roup  of ba s i c  p r o d u c t s  i so la ted  f r o m  the r eac t ion  m i x t u r e s  a r e  N - [ p - ( n - a l k y l ) b e n z y l ] - p -  
aminobenzon i t r i l e s  III, the s t r u c t u r e  of which was  con f i rmed  by m a s s  s p e c t r o m e t r i c  de t e rmina t i on  of the  
m o l e c u l a r  weight  (m/e  250 f o r  IIIb) and by s p e c t r o s c o p i c  data  f o r  IlIe [CO group  at 2200 and NH group  at 
3350 c m  - t  in the  IR s p e c t r u m ;  0.85 t (3H), 1.27 m (8H), and 2.52 m (2H) fo r  a r o m a t i c  r ing  CH 2, 4.12 d (2H) 
f o r  CH2N, 4.99 s (1H) f o r  NH, and 6 .35-7 .35 m (8H) f o r  the  a r o m a t i c  p ro tons ] .  Compounds  III  (Table 3) do 
not have l i q u i d - c r y s t a l  p r o p e r t i e s .  

Ace ta ldehyde  is evident ly  f o r m e d  ini t ia l ly  in the r eac t ion  of d i sp ropo r t i ona t ion  of the a ldehyde  and 
ethanol  [5, 6], a f t e r  which  quinol ines  II  a r e  fo rmed  via  the  usual  D o e b n e r - - M i l l e r  r eac t ion ,  dur ing  which, 
as p r e v i o u s l y  shown in ano the r  c a s e  [7], the l ibera ted  hydrogen  is c o n s u m e d  in the r educ t ion  of the s i m u l -  
t aneous ly  f o r m e d  Schiff  b a s e s  to amines  III.  

p - A m i n o b e n z o n i t r i l e  r e a c t s  s i m i l a r l y  with 3 ,4 -e thy lened ioxybenza ldehyde  to g ive  2 - (3 ,4 - e thy l e n e -  
d ioxypheny l ) -6 -cyanoquino l ine  in 10% yield,  while the s a m e  a ldehyde r e a c t s  with p - (n -bu ty l )an i l ine  to g ive  
a Schiff  base  - 3 , 4 - e thy l ened ioxybenzy l idene -p -  (n-butyl)ani l ine.  

1 1 6 6  



R - ~ C H O  (CHaCHO) 
BF 3. (C2Hs)20 

I 

I N H 2 ~ C N  

R - - ~ C H  = N ' - - ~ C N  

I Et-C 

t +H 2 

111 a - e  

I 
i 

R 

1 -H2~ ] 

Nc .,~ 

I - H  

II a-e 

I - I I I  a R=C2Hs; b R=C3HT; C R=C4Hg; d R=CsHII; e R=C61"113 

E X P E R I M E N T A L  

The t empera tu res  of the phase t ransi t ions  of I were determined with a Mettler FP-5  optical r eco rd -  
ing apparatus with an FP-51  heating block. The PMR spect ra  were recorded  with a Tesla  BS-487C spec-  
t r ome te r .  The mass  spec t ra  were recorded with an MKh-1303 spec t romete r .  The IR spec t ra  were re-  
corded with a UR-20 spec t romete r .  Th in- layer  chromatography was ca r r i ed  out on activity II aluminum 
oxide with elution by pet ro leum e t h e r - d i e t h y l  e ther  (4 : 1). 

C 

N-[p-(n-Alkyl)benzyl idene-p:aminobenzoni t r i le  {I). A mixture of 15 mmole  of p-(n-alkyl)benzaldehyde, 
9 mmole  of p-aminobenzoni t r i le ,  and two to three  drops of piperidine (or a solution of 0,001 g of p- to luene-  
sulfonic acid in 0.5 ml of dioxane) was refluxed in 40 ml of anhydrous toluene for  3 h, af ter  which it was 
cooled and f i l tered.  The solvent was removed f rom the fi l trate by distillation, and the residue was r e c r y s -  
tal l ized f rom 20 ml of n-hexane.  The condensation product  (30%yield) was purified to remove the start ing 
amine by recrys ta l l iza t ion  f rom pet ro leum ether, heptane, an~] benzene -hep tane  (1 : 10) and fi l tration in 
absolute benzene through a l aye r  of s i l ica gel (Table 1). The IR spec t ra  of all of the compounds (in KBr 
pellets) contained bands at 1635-1640 (CH=N) and 2230-2234 cm -~ (CN). In addition to signals of aliphatic 
and a romat ic  protons,  the PMR spec t ra  of CC14 solutions of the compounds contained a singlet of an azo-  
methine group at 8.20-8.24 ppm. 

2-[p-  (n-Alkyl)phenyl]- 6-cyanoquinolines {II) and N- [p- (n-Alkyl)benzyl]-p-aminobenzonitr i les  ffII). 
A mixture  of 100 mmole  of p-(n-alkyl)benzaldehyde,  135 mmole of p-aminobenzonitr i le ,  10 ml of absolute 
ethanol, 75 ml of anhydrous toluene, and 16 mmole  (2 ml) of boron tr i f luoride etherate  was refluxed with a 
Dean--Stark trap for  ~ 30 h (until the s tar t ing  aldehyde had vanished according to TLC), af ter  which the 
mixture  was cooled to 20 ~ and the result ing precipi ta te  was fi l tered through a small  l ayer  of aluminum 
oxide. The solvent was removed f rom the fi l trate by distillation, the residue was dissolved in the minimum 
volume of benzene, and the benzene solution was chromatographed with a column filled with activity II alu- 
minum oxide by elution with pe t ro leum e the r -d i e thy l  ether  (4 : 1). Two basic f ract ions of the r eac t i on  ~ 
products  were isolated, the solvent was removed by distillation, and the react ion products  were  additionally 
purified by crysta l l izat ion.  The resul ts  of analysis  and the physical constants of II and III a re  presented 
in Tables 2 and 3. 

2-(3,4-Ethylenedioxyphenyl)-6-cyanoquinoline.  A mixture of 73 mmole  of 3,4-ethylenedioxybenzalde- 
hyde [8] and 99 mmole of p-aminobenzoni t r i le  was dissolved in 60 ml of anhydrous toluene, af ter  which 12 
mmole  of boron tr i f luoride etherate  and 20 ml of absolute ethanol were added, and the mixture was refluxed 
for  70 h with a Dean -S t a rk  trap,  during which another 30 ml of alcohol was added in port ions in o rder  to 
dissolve the precipi tated complex of the catalyst  with the s tar t ing amine. The cooled react ion mixture was 
f i l tered through a small  l ayer  of aluminum oxide, the f i l t rate was concentrated,  and the concentrated res i -  
due was chromatographed on aluminum oxide with elution initially with benzene and then with b e n z e n e -  
e ther  (1 : 1) to give 2 g (10g0) of a product  with mp 191-192 ~ ffrom isopropyl alcohol). UV spectrum, lmax  
(alcohol) (log e), nm: 234 (4.46), 265-270 (shoulder), 353 (1.19). IR spect rum:  2220 cm -~ (CN). Found: 
C 74.7; H 4.3; N 9.8%. C18H12N202. Calculated: C 75.0; H 4.2; N 9.7%. 

1167 



3,4-Ethylenedioxybenzylidene-p-(n-butyl)ani l ine.  A mixture  of 61 mmole  of 3 ,4-ethylenedioxybenz-  
aldehyde and 97 mmole  of p-(n-butyl)anil ine was dissolved in 65 ml of anhydrous toluene, 9.7 mmole  of 
boron t r i f luor ide  e thera te  was added, and the mixture  was refluxed for  25 h with a Dean--Stark t rap .  The 
mixture  was then worked up as descr ibed  above, and the react ion product  obtained a f te r  chromatography 
and removal  of the solvent by dist i l lat ion was vacuum dried at 70-80 ~ to give 10 g (50%) of a viscous liquid 
with n~ 1.1620, UV spectrum,  ~.max, nm (log e): 232 (4.32), 283 (3.96), and 317 (3.85) in alcohol. Found: 
C 77.3; H 7.2; N 4.4%. CtgH21NO 2. Calculated: C 77.2; H 7.2; N 4.7%. 

2- [p- (n-Amyl)phenyl] -6- formylquinol ine .  A 0.3-g sample of Raney nickel was added to a solution of 
1.3 g of IId in 25 ml of mois t  toluene, a f te r  which the mix ture  was hydrogenated in a long-necked hydrog-  
enation f lask.  The catalyst  was then �9 by fil tration, and the solvent was evaporated to give 0.35 g 
~(65%) of a product  with mp 71-72 ~ (from hexane). IR spectrum: 1710 cm -1 (CO). PMR spec t rum (CC14) , 
6, ppm: 1.20 t (3H) for  CH3, 1.48-2.17 m (6H) for  the CH 2 groups,  2.97 t (2H) for the a romat ic  ring CH 2 
groups,  7.52 d (J=8 Hz, 2H) for the a romat ic  protons adjacent to the CsHll group, 8.05-8.55 m (TH) for the 
a romat ic  protons,  and 10.35 s (1H) for the CHO groups.  Found: C 83.0; H 6.9; N 4.7~. C21H21NO. Calcu- 
lated: C 83.1; H 7.0; N 4.6%. 

2-[p-(n-Amylphenyl]quinol ine-6-carboxyl ic  Acid .  A mix ture  of 1 g of IId and 50 ml of hydrochlor ic  
acid (1 : 1) was ref luxed for  30 h, a f te r  which it was cooled, and the resul t ing prec ip i ta te  was r ec rys t a l l i z ed  
f rom alcohol to give 0.8 g (80%) of a product  with mp 245-247 ~ IR spec t rum (in minera l  oil): 1700 cm -1 
(CO). PMR spect rum (CF3COOH), 6, ppm: 0.77 t (3H) for  the CH 3 group, 1.0-1.75 m (6H) for  the CH 2 
groups,  2.68 t (2H) for the aromat ic  ring CH 2 groups,  and 7.45-9.03 m (9H) for the a romat ic  protons .  
Found: C 78.6; H 6,3; N 4.5%. C21H21NO2. Calculated: C 79.0; H 6,6; N 4.4To. 
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The d i rec t  hetarylat ion of cyclopentadiene,  indene, and azulene with severa l  benzopyridines 
i n t h e  p resence  of acyl halides was studied. It is shown that the most  e lectrophi l ic  N-benzoyl-  
isoquinol tnium salt  is capable of hetarylat ing CH acids with PKa< 21. 
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