
QUINOLINE DERIVATIVES 

I. SYNTHESIS OF QUINOLINE DERIVATIVES VIA 

I, 2,3,4- TETRAHYDROQUINOLINE 

Ao Po Terenttev, Io G. lltina, 
Lo G. Yudin, N. B. Kazennova, 
and E. I. Levkoeva 

UDC 547.831+547. 
831.3+547.831.6 

A n u m b e r  of subst i tuted te t rahydroquinol ines  were  dehydrogenated for  the f i r s t  t i m e  to the 
co r respond ing  quinoline de r iva t ives  by means  of chloranil, and a cupr ic  c h l o r i d e - p y r i d i n e  
complex .  It is shown that the tendency for  dehydrogenation d e c r e a s e s  on pass ing f r o m  6- 
f o r m y l -  to 6 - b r o m o - ,  6 - n i t r o - ,  and 7-n i t ro te t rahydroquino l ines .  The ni t ra t ion of N-aey l -  
te t rahydroquinol ines  (where the acyl  g roup  is fo rmyl ,  acetyl ,  o r  benzoyl)  was studied in 
detail .  The poss ib le  fo rmat ion  of a 7-n i t ro  i s o m e r  in addition to a 6-n i t ro  i s o m e r  was 
demons t r a t ed ,  and conditions which make  it poss ib le  to va ry  the ra t io  of the y ie lds  of these  
i s o m e r s  were  found. 

The cons ide rab le  diff icul t ies  a s soc i a t ed  with the p repara t ion  of va r ious  subst i tu ted  quinolines and 
cons is t ing  in the e x t r e m e l y  low yie lds  of products  (5-10%) and the obtaining, as a ru le ,  of a d i f f icu l t - to-  
s e p a r a t e  m ix tu r e  of i s o m e r s  compel led  us  to s e a r c h  for  new routes  for  the synthes is  of these  compounds.  
The l a t t e r  compounds open up wide poss ib i l i t i es  fo r  the p repara t ion  of a n u m b e r  of new compounds - in- 
t e r m e d i a t e  in the syn thes i s  of physiological ly  ac t ive  substances~ 

A method of syn thes i s  of va r ious  subst i tu ted  indole via dehydrogenat ion of the co r respond ing  indoline 
de r iva t ives  has  b e c o m e  well  known in r ecen t  y e a r s  [1]. In this communicat ion  we p re sen t  some  data f r o m  
a study of the poss ibi l i ty  of the applicat ion of this method to the quinoline s e r i e s .  With this end in view, the 
s ta r t ing  quinoline was conver t ed  to 1 ,2 ,3 ,4- te t rahydroquinol ine  (THQ) by cata ly t ic  hydrogenat ion in an auto-  
c lave on an N i - C r 2 0 3  indust r ia l  ca ta lys t  [2]; acylat ion of the THQ gave  its N-acy l  de r iva t ives  (where the 
acyl group is ace ty l  o r  benzoyl) ,  and reduction of the quinoline with fo rmic  acid [3] gave  N - f o r m y l - T H Q .  
Since quinoline and THQ behave different ly  in e lec t rophi l ic  substi tut ion reac t ions  (the subs t i tuents  en te r  
the 5 and 8 posi t ions in quinoline and 6 and 7 posi t ions in THQ), finding effect ive media  for  the dehydroge-  
nation of these  de r iva t ives  would make  it poss ib le  to syn thes ize  the inacces s ib l e  6- and 7- subst i tu ted 
quinolines.  

The l i t e r a t u r e  contains an e x t r e m e l y  sma l l  amount  of informat ion on the dehydrogenat ion of subst i tu ted 
THQ: 6 ,8 -d in i t ro -THQ is dehydrogenated with ch romic  anhydride in sul fur ic  and acet ic  acid [4], while 6- 
a c e t y l - T H Q  is dehydrogenated with m e r c u r i c  ace ta te  [5]. In o r d e r  to study the possibi l i ty  of dehydrogenat ion 
of var ious  THQ de r iva t ives  we se lec ted  the following compounds:  2 -me thy l - ,  6 - b r o m o - ,  6 - f o r m y l - ,  and 6- 
and 7-n i t ro te t rahydroquinol ine .  6 - B r o m o - T H Q  was obtained by brominat ion  of THQ in c h l o r o f o r m  [6], and 
6 - f o r m y l - T H Q  was obtained by the r e a r r a n g e m e n t  of N - f o r m y l - T H Q  in the p r e s e n c e  of phosphorus  oxychlo-  
r ide  [7]. 7 - N i t r o - T H Q  was obtained by the action of a n i t ra t ing  mix tu re  on THQ [8] with a ce r ta in  change in 
the t r e a t m e n t  of the reac t ion  m a s s  which made it poss ib le  to r a i s e  the yield f r o m  66 to 88%. The N-a lkyl  
analogs  of THQ behave  s i m i l a r l y ,  while the N - a c e t y l - T H Q  behaves  di f ferent ly ,  s ince  n i t ra t ion  of it g ives  the 
6- and 7-n i t ro  i s o m e r s  in 37 and 20% yie lds ,  r e spec t i ve ly  [9]. 
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T A B L E  i .  

Starting 
compound 

N-FormyI-THQ* 

N-Aeetyl-THQ 

N-Benzoyl-THQ 

R e s u l t s  of  the  N i t r a t i o n  of N - A c y l - T H Q  

of nitrating 

1,35 
1,35 
1,35 
1,35 
1,45 
1,45 
1,35 
1,45 
1,45 
1,45 
1,45 

amount of 
nitrating 

I 
2 
2, 
1 
1 
2 
2 
1 
2 
1 
2 

HzS04 
COLIC., 

98 
91 
98 
93 
98 
98 
98 
98 
98 
98 
98 

Yield, % 
% 6-isomer 7-isomer 

48 6 
41 
53 13 

5 

64 3 
30 30 
55 --  
64 6 
50 
58 ~ 

*Only 6 - N i t r o - T H Q  was  o b t a i n e d  in 10% y i e l d  by n i t r a t i o n  with be nz oy l  
n i t r a t e  in a b s o l u t e  a c e t o n i t r i l e  [15]. 

T A B L E  2. R e s u l t s  of  t he  D e h y d r o g e n a t i o n  of  T e t r a h y d r o q u i n o l i n e  
D e r i v a t i v e s  

Compound 

Cupric c h l q r i d ~  
"= yield of recovery 

quinoline of THQ 
deriva- deriva- 
tive, % tive, % 

Chloranil 
yield of 

quiuoline 
deriva- 
tive, % 

recovery 
of THQ 
deriva- 
tive, % 

2-Me~hyl-THO 

6-Fc~myl-THQ 

6-Bromo-THQ 

7-Nitro-THQ 

6-Nttro-THQ 

3,0 

3,5 
6,5 

10 
10 
12 
5 

10 
10 
15 

41,5 

51,0 
11,4 
25,0 
38,73 
39,5 

23 6 

25,4 
6,4 

52,6 
25,4 
15,3 
74,0 
71,3 
73,0 
72,5 

5 15 

4 51,8 
8,5 45,4 

12,0 48,3_ 

175 66,6--71,1 

15 44,6~58,0 
7 

14 20--26 

Pronounced 
resinification 

II 
5 
5 

67,3 
Not detected 

67 
Not detected 

71,2 
20--30 

In o r d e r  to e l u c i d a t e  the  r e a s o n  fo r  the  f o r m a t i o n  of the  7 - n i t r o  i s o m e r ,  the  n i t r a t i o n  of  N - a e y l - T H Q  
(where  the  a c y l  g r o u p  i s  f o r m y l ,  a c e t y l ,  o r  benzoy l )  was  i n v e s t i g a t e d  in d e t a i l  a s  a funct ion of the  n i t r a t i n g  
agen t  [ c o n c e n t r a t e d  n i t r i c  a c i d  (sp~ g r .  1 .45 o r  1.35) o r  b e n z o y l  n i t r a t e ] ,  m e d i u m  ( c o n c e n t r a t e d  s u l f u r i c  
ac id ,  a c e t i c  a n h y d r i d e ,  o r  a c e t o n i t r i l e ) ,  t e m p e r a t u r e ,  and  r e a c t i o n  t i m e  (Table  1). 

I t  was  shown tha t  the  f o r m  of  the  a c y l  s h i e l d  on the  n i t r o g e n  a t o m  of the  THQ m o l e c u l e  has  l i t t l e  e f -  
fec t  on the  p r o d u c t  y i e l d s .  The m a x i m u m  y i e l d  of  the  6 - n i t r o  i s o m e r  (64-68%) is  a c h i e v e d  with a n i t r a t i n g  
m i x t u r e  c o n s i s t i n g  of c o n c e n t r a t e d  s u l f u r i c  a c i d  and  a twofo ld  e x c e s s  of n i t r i c  a c i d  (sp. g r .  1 .45);  in the  
p r o c e s s ,  the  y i e l d  of the  7 - n i t r o  i s o m e r  d e c r e a s e s  to 3 - 6 % .  

When a n i t r a t i n g  m i x t u r e  con ta in ing  l e s s  c o n c e n t r a t e d  n i t r i c  a c i d  (sp.  g r .  1.35) i s  u s e d ,  the  y i e l d  of 
t he  7 - n i t r o  i s o m e r  i n c r e a s e s  to 13 -30%,  whi le  the  y i e l d  of the  6 - n i t r o  i s o m e r  d e c r e a s e s  to 30-53%.  In 
each  c a s e ,  the  6 - n i t r o  d e r i v a t i v e s  a r e  i s o l a t e d  a s  t he  N - a c y l  d e r i v a t i v e s ,  whi le  the  7 - n i t r o  i s o m e r  i s  i s o l a -  
t ed  a s  an i n f u s i b l e  s u l f a t e  which  i s  s l i g h t l y  s o l u b l e  in o r g a n i c  s o l v e n t s .  

T h e s e  i n v e s t i g a t i o n s  p r o v i d e  a b a s i s  fo r  a s s u m i n g  tha t  the  y i e l d  of  7 - n i t r o - T H Q  d e p e n d s  d i r e c t l y  on 
the  p ro ton  c o n c e n t r a t i o n  in the  r e a c t i o n  m e d i u m .  This  s o r t  of th ink ing  is  in a g r e e m e n t  with the  r e s u l t s  ob -  
t a i n e d  in a s tudy  of  the  k i n e t i c s  and  m e c h a n i s m  of  the  a c i d  h y d r o l y s i s  of N - a c y l - T t t Q .  A s tudy  of  the  e f f ec t  
of s u l f u r i c  a c i d  c o n c e n t r a t i o n s  f r o m  0.96 to 69.79% at  25-94  deg on the  c o u r s e  of the  h y d r o l y s i s  i n d i c a t e d  
tha t  the  r a t e - d e t e r m i n i n g  s t e p  in the  h y d r o l y s i s  i s  b i m o l e c u l a r  and tha t  w a t e r  and  a p ro ton  e n t e r  a s  c a t a -  
l y s t s  into the  c o m p o s i t i o n  of  the  a c t i v a t e d  c o m p l e x .  In o t h e r  w o r d s ,  no t  only  N - a c y l - T H Q  but  a l s o  a c t i v a t e d  
c o m p l e x  [ N - a c y l - T H Q  + H30 +] e x i s t s  and  is  n i t r a t e d  In a so lu t i on  of  N - a c y l - T H Q  in s u l f u r i c  and n i t r i c  
a c i d s ,  i . e . ,  i t  can be  a s s u m e d  tha t  the  f o r m a t i o n  of  the  7 - n i t r o  i s o m e r  d e p e n d s  on the  e x i s t e n c e  of a h y d r o -  
n i u m  ion in the  r e a c t i o n  m e d i u m .  

We a l s o  a c c o m p l i s h e d  the  d e h y d r o g e n a t i o n  of  t he  s u b s t i t u t e d  THQ by m e a n s  of a c u p r i c  c h l o r i d e -  
p y r i d i n e  c o m p l e x  and c h l o r a n i l .  I t  was  e s t a b l i s h e d  tha t  the  r a t e  of  d e h y d r o g e n a t i o n  (Table  2) de pe nds  
s u b s t a n t i a l l y  on the  p r e s e n c e  of s u b s t i t u e n t s  in both  the  b e n z e n e  and p i p e r i d i n e  r i n g s .  
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Thus, while 2 - m e t h y l - T H Q  is dehydrogenated  quite readi ly  (50% yield a f t e r  3.5-4 h), the introduction of 
e l ec t ron -accep t ing  subst i tuents  into the benzene  r ing of THQ marked ly  inhibits dehydrogenat ion.  Moreover ,  
the tendency for  dehydrogenat ion d e c r e a s e s  with inc reas ing  e l ec t ron-accep t ing  p r o p e r t i e s  of these  subs t i t -  
uents on pass ing f r o m  2 -me thy l -  to 6 - f o r m y l - ,  6 - b r o m o - ,  7 -n i t ro - ,  and 6 -n i t ro -THQ.  Thus, using a cupr ic  
ch lo r ide -py r id ine  complex,  6 - f o r m y l - T H Q  and 7 -n i t r o -THQ a r e  conver ted  to 29% and 14 .25~,  r e spec t ive ly ,  
of the co r respond ing  quinoline de r iva t ives  a f t e r  10 h, while 6 -n i t ro -THQ is genera l ly  not dehydrogenated  
under  these  condit ions.  The above o r d e r  of subs t i tuents  a lso  holds for  the dehydrogenat ion with chlorani l .  
A compar i son  of these  two dehydrogenat ing agents  f avors  chlorani l ,  s ince the yie lds  of the co r respond ing  
quinolines a r e  somewhat  higher  when it is used.  

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

1 ,2 ,3 ,4 -Te t rahydroqu ino l ine  (THQ) [2], N - f o r m y l - T H Q  [3], 6 - b r o m o - T H Q  [6], and 6 - f o r m y l - T H Q  [7] 
were  obtained via  welt-known methods .  The cons tants  and yie lds  of these  compounds were  in a g r e e m e n t  
with the l i t e r a t u r e  data.  

7 -Ni t ro te t rahydroquinol ine .  A n i t ra t ing  mix tu re  consis t ing of 8.1 g (0.1 mole)  of concent ra ted  HNO 3 
(sp. gro 1.45) and 40 ml  of concent ra ted  tt2SO 4 was  added with cooling to a solution of 13.3 g (0.1 mole) of 
THQ in 100 ml  of concent ra ted  H2SO 4. The reac t ion  mix tu re  was held at - 1 0  to 0 deg fo r  3 h and then 
poured ove r  ice.  The d a r k - r e d  solution was made  alkal ine with a m m o n i u m  hydroxide while cooling with 
an i c e - s a l t  mix ture .  The resul t ing  p a l e - r o s e  p rec ip i ta te  of 7 -n i t ro -THQ contaminated with a m m o n i u m  su l -  
fa te  was f i l t e red  through a f i l t e r  with a porous  bot tom,  and the 7 -n i t ro -THQ was washed with ethanol.  The 
ethanol was r emoved  to give 11 g (62~) of o r a n g e - r e d  c r y s t a l s  with mp 63.5-64 deg ( f rom ethanol) (rap 63- 
64 deg [8])~ An additional amount  (4.7 g) of 7 - n i t r o - T H Q  was isolated by e ther  ext rac t ion f r o m  the alkal ine 
mo the r  l iquor.  The overa l l  y ie ld  was 15.7 g (88%). UV s p e c t r u m  (in ethanol), kmax,  nm (log e): 262 
(4.19), 405 (3.2). 

Ni t ra t ion of N-Acyl te t rahydroquinol ines  with a Nitrat ing Mixture - Synthesis of 6 - N i t r o t e t r a h y d r o -  
quinolines.  A solution of 1 mole  of N - a c y l - T H Q  in concent ra ted  sulfur ic  acid was added dropwise  to a 
n i t ra t ing  mix tu r e  consis t ing of 2 mole  of n i t r i c  acid {sp. gr .  1.45) and a threefold  excess  of concent ra ted  
sulfur ic  acid.  The resul t ing  yel low solution was poured ove r  ice,  and the pa le-yel low prec ip i ta te ,  which 
is a mix tu re  of 6 - n i t r o - N - a c y l - T H Q  and7-n i t ro -THQ sulfate ,  was f i l te red.  This mix tu re  was ref luxed with 
alcohol,  and the insoluble 7 -n i t r o -THQ sul fa te  was s epa ra t ed  in the f o r m  of pa le-ye l low c y r s t a l s  with mp  
220 deg (dec.); 6 - n i t r o - N - a c y l - T H Q  was isola ted f r o m  the mothe r  l iquor by evaporat ion of the alcohol.  

6 - N i t r o - N - f o r m y l - T H Q .  This was obtained in the f o r m  of gold pla tes  with mp 137-137.5 deg ( f rom 
ethanol). UV spec t rum,  )~max, nm (log e): 224 (4.12), 324 (5.13) (ethanol). Found ~:  C 57.47, 57.32; 
H4.94 ,  4.92. C10H~0N203. Calc. %: C 58.25; H 4.89. 

6 - N i t r o - N - a c e t y l - T H Q .  This was obtained as yel low c r y s t a l s  with mp 115-117 deg. Found ~:  
C 59.48, 59~ H 5.21, 5.15. CIlHI2N203. Calc. ~:  C 60.00; H 5.48. 

6 - N i t r o - N - b e n z o y l - T H Q .  This was obtained as white need les  with mp 134-135 deg {rap 135 deg [9]). 
UV s p e c t r u m  (ethanol), Xmax, n m  (log e): 326 (4.52). 

The p rec ip i t a te  of 7 - n i t r o - T H Q  sulfate  was d isso lved  in hot wa t e r  and made  a lkal ine  with a m m o n i u m  
hydroxide.  The resu l t ing  7 -n i t ro -THQ was isola ted by ext ract ion with e ther .  

6 - N i t r o - T H Q  was i so la ted  by ref luxing 6 - n i t r o - N - a c y l - T H Q  with concent ra ted  hydrochlor ic  acid for  
0.5-1 h. The solution wasmade  alkaline with ammon ium hydroxide and ex t rac ted  with ether~ Removal  of 
the e ther  yie lded brown c r y s t a l s  with mp 162-163 deg. UV s p e c t r u m  (ethanol),)~max, nm (log e); 269 
(3.61), 319 {3.69), 401 (4.21). According to [9], the mel t ing point is 161-162 deg. 

Dehydrogenat ion of subst i tu ted 1 ,2 ,3 ,4-Te t rahydroquinol ines .  A. A pyridine solution of 0.0135 mole  
of the compound to be dehydrogenated was added to a solution of 8~ g (0.06 mole)  of cupr ic  chlor ide  in 45 
m l o f  pyridine,  and the mix tu re  was ref luxed for  10-12 h. Af ter  cooling, the react ion  mix tu re  was poured 
into water ,  and the mix tu re  was neu t ra l i zed  with a m m o n i u m  hydroxide and ex t rac ted  with e ther .  The so l -  
vent was r emoved  by dis t i l la t ion f r o m  the dr ied e ther  solution, and the res idue  was dis t i l led  to co l lec t  the 
app rop r i a t e  quinoline de r iva t ives .  

B. A mix tu re  of 0~ mole  of the compound to be dehydrogenated and 4.92 g (0.02 mole)  of chlorani l  
in 75 ml  of absolute  p-xylene  was ref luxed for  10-15 h. Af te r  cooling, the xylene l a y e r  was s e p a r a t e d  f r o m  
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the precipitate, and the precipitate was washed several  t imes with 5% aqueous NaOH, water, and 

HC1 (1:1). The acid extracts were treated at 0 deg with a saturated aqueous sodium nitrate solution, the 
resulting white precipitate of the N-nitroso derivative of THQ was filtered, and the aqueous mother liquor 
was neutralized with 20?oaqueous NaOH. The dehydrogenation product was isolated by the usual method. 

The dehydrogenation and identification of the compounds obtained were monitored chromatographic- 
ally [on a loose layer  of aluminum oxide in alcohol-heptane (1: 3), development with iodine vapors] from the 
refract ive indexes and the melting points of the picrates.  Polarographic analysis (with a sodium te t ra-  
borate solution background) was used to determine the degree of dehydrogenation. 

The quinaldine obtained had bp 80 deg (1 mm) and nD 221.616 and gave a picrate with mp 191 deg 
(from a benzene) [bp 135.5 (26 mm), nD 241.6126, picrate mp 191 deg [10]]. The quinoline-6-aldehyde ob- 
tained had mp 74-75 deg (from heptane) [rap 75-76 deg [11]]. The 6-bromoquinoline obtained had bp 96-98 
deg (1 ram), mp 20-21 deg, and gave a picrate with mp 215-215.5 deg [bp 284 deg, mp 24 deg, picrate mp 
215-216 deg (from benzene) [12]]. The 6-nitroquinoline obtained had mp 148-149 deg [mp 150 deg (from 
ethanol) [13]]. The 7-nitropuinoline obtained had mp 132 deg Imp 133 deg (from ethanol) [14]]. 

1. 
2~ 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 
12, 
13. 
14. 
15. 
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