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A re la t ive ly  s imple  method is  p roposed  for  the p repa ra t ion  of 4-hydroxyquinoline de r iva t ives  
f rom the cor responding  4 -oxo- l ,2 ,3 ,4 - te t rahydroqu ino l ine  de r iva t ives .  4 - H y d r o x y - 6 - c h l o r o -  
1,2,3,4- tetrahydrobenzo[h]quinol ine is r ead i ly  conver ted  to a mix tu re  of 6-chlorobenzo[h]-  
quinoline and 6 -ch lo ro - l , 2 ,3 ,4 - t e t r ahyd robenzo  [h]quinoline. 

Since the l i t e ra tu re  contains ve ry  li t t le data on 4 -oxo- l , 2 ,3 ,4 - t e t r ahydrobenzo  [h]quinoline (I), we in-  
ves t iga ted  s e v e r a l  of i ts  t r a n s f o r m a t i o n s .  A base  of the composi t ion CI~HgNO was obtained in ve ry  low 
yield when I was heated with plat inum black in a s t r e a m  of n i t rogen.  The base  was conver ted  to the benzoyl  
and chloro de r iva t ives  by the action of benzoyl  chlor ide and phosphorus oxychloride,  r e spec t ive ly .  On the 
bas i s  of the data obtained and the informat ion in the l i t e r a tu re  [3], i t  was es tab l i shed  that  the base  is 4-  
hydroxybenzo[h]quinoline (II) and that  the de r iva t ives  obtained are  4 -benzoxy-  {III) and 4-chlorobenzo[h]-  

'~ e quinoline (IV). 4-Hydroxybenzo[h]quinoline was also obtained in low yield f r o m  4 - h y d r o x y - l , 2 , ~ , 4 - t  t r a -  
hydrobenzo[h]quinoline (V) by heating the la t te r  in phenol in the p r e s e n c e  of Raney nickel .  Benzo[h]quino- 
line (VI), 1 ,2 ,3 ,4- te t rahydrobenzo [h]quinoline (VII), and a "d imer"  identical  to that p rev ious ly  obtained in 
[2] were  isola ted along with II .  I t  was found that II is fo rmed  in good yield (about 63%) along with a slight 
amount of VI when I is heated in phenol in the p re sence  of l~aney nickel .  

The scheme  of the format ion  of VI, VII, and the "d imer "  when V is heated in phenol in the p r e sen ce  
of Raney nickel  can apparent ly  be r e p r e s e n t e d  as follows, in addition to a romat iza t ion  of V to II,  V loses  a 
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* See [1] for communica t ion  XIV. 
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molecule  of wa te r  to give a dihydro der iva t ive  of benzo[h]quinoline, which is pa r t i a l ly  d ispropor t ionated  to 
VI and VII and par t i a l ly  "d imer i zed"  to give a compound of the C26H20N2: composi t ion .  

Under the reac t ion  condit ions,  I m a y  be found in equi l ibr ium with the enol fo rm (4 -hyd roxy - l , 2 -d i -  
hydrobenzo[h]quinoline),  which d i sp ropor t iona tes  to II and V. Hydroxy der iva t ive  V then r e a c t s  via the 
scheme  examined above.  The sma l l  amount of VII fo rmed  is dehydrogenated to VI under  the reac t ion  condi-  
t ions .  

Since the method for  the p repa ra t ion  of II f rom I proved  to be convenient,  we made  a t tempts  to use  it 
for  the p repa ra t ion  of other  4-hydroxyquinol ine de r iva t ives ,  e spec ia l ly  s ince the known methods for  the 
p repa ra t ion  of hydroxyquinolines [3-6] have s e v e r a l  d i sadvantages .  Thus 4-hydroxyquinol ines  X and XI 
were  obtained in good yie lds  f r o m  4 -oxo- l , 2 ,3 ,4 - t e t r ahydroqu ino l ines  VIII and IX. 

This  r e l a t ive ly  s imple  method is apparent ly  a genera l  method for  the p repara t ion  of 4-hydroxyquino-  
line de r iva t i ve s .  

0 OFI 

I t  

VIII, IX X, x l  

vI I I ,  X R,=tt; IX, XI R=OCH~ 

We made an a t tempt  to ch lor ina te  I with thionyl chlor ide under  the conditions of the p repara t ion  of 6- 
ch loro- l ,2 ,3 ,4 - te t rahydrobenzo[h]qu ino l ine  [7]. However ,  the expected 4 - o x o - 6 - c h l o r o - l , 2 , 3 , 4 - t e t r a h y d r o -  
benzo[h]quinoline (XII} could not be obtained. I t  was synthes ized  by chlorinat ion of 1 - a c e t y l - 4 - o x o - l , 2 , 3 , 4 -  
t e t rahydrobenzo  [h]quinoline (XIII) with sodium chlora te  in the p r e sence  of hydrochlor ic  acid with subsequent  
saponif icat ion of the 1 -ace ty l -4 -oxo-6 -ch lo ro - l , 2 ,3 ,4 - t e t r ahydrobenzo[h ]qu ino l ine  {XIV). Reduction of XII 
with sodium am a l gam  in alcohol gave 4 -hydroxy-6-ch lo ro - l ,2 ,3 ,4 - t e t r ahydrobenzo[h]qu ino l ine  (XV). As 
should have been expected,  XV is  conver ted  to 6-chlorobenzo[h]quinol ine (XVI) on heating with thionyl 
ch lor ide ,  while XVI and 6-ch loro- l ,2 ,3 ,4 - te t rahydrobenzo[h lqu ino l ine  (XVID a re  obtained at r o o m  t e m p e r a -  
t u r e .  In the la t ter  case ,  the sulfurous  acid e s t e r  of 4 -hydroxy-6-ch lo ro - l ,2 ,3 ,4 - t e t r ahydrobenzo[h]qu ino l ine  
(XVHI} was also i so la ted .  

The data obtained in the study of the reac t ion  of XV with thionyl chlor ide  d e m o n s t r a t e  that  in this 
case  the fo rmat ion  of XVI and XVII p roceeds  through a s tep involving the dihydro der iva t ive ,  which d i s p r o -  
por t iona tes  to XVI and XVII. At higher  t e m p e r a t u r e s ,  XVH is r emoved  f rom the reac t ion  m a s s  as the 
product  of the reac t ion  with thionyl ch lor ide .  

The benzoylat ion of XV in e the r  with benzoyl  chlor ide in the p r e sence  of pu lver ized  po tass ium c a r b o n -  
ate gave  XVI and 1 -benzoy l -6 -ch lo ro - l ,2 ,3 ,4 - t e t r ahydrobenzo[h]qu ino l ine  (XIX). The format ion  of the l a t t e r  
can apparen t ly  be explained by the fact  that  XV loses  a molecule  of wa te r  on refluxing in e the r  under  the 
indicated conditions to give the dihydro der iva t ive ,  which d i spropor t iona tes  to XVI and XVII. Compound 
XVII is then acylated to XIX. 

Hydroxy  der iva t ive  XV is  dehydrated with subsequent  d ispropor t ionat ion to a mix tu re  of XVI and 
XVII not only in the p r e s e n c e  of dehydrat ing agents but also without them,  even when s to red  at room t e m -  
p e r a t u r e .  

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

4-Hydroxybenzo  [h]quinoline (II), Ben zo [h]quinoline (VI), and 1 ,2 ,3 ,4 -Te t rahydrobenzo  [h]quinoline (VII). 
A.  A mix tu re  of 10.0 g (0.05 mole) of I and 0.15 g of plat inum black was heated in vacuo at 310" in a s t r e a m  
of ni t rogen for  3 h. The reac t ion  m a s s  was poured into a P e t r i  dish and worked up to give 1.1 g (12%) of II 
with mp 245-247 ~ (from methanol)  (rap 242-243 ~ [4]). 

B. A mix tu re  of 10.0 g (0.05 mole) of I, 2.0 g of Raney  nickel ,  and 39 g of phenol was ref luxed for  
10-12 h. It  was then cooled and diluted with e the r .  The c rys ta l l ine  prec ip i ta te  and the ca t a lys t  were  r e -  
moved  by f i l t ra t ion and washed thoroughly with e the r .  The 4-hydroxybenzo [h]quinoline was dissolved in 
2.5% sodium hydroxide,  and the ca t a lys t  was  r emoved  by f i l t ra t ion.  The f i l t ra te  was acidif ied with su l fu r -  
ous acid, and the resu l t ing  c rys t a l l i ne  p rec ip i ta te  was r emoved  by f i l t ra t ion to give 7.1 g (62~) of II  with 
rap 245-247 ~ The phenol was washed out of the e ther  f i l t ra te  with sodium hydroxide solution, and the e ther  
was r emoved  by dis t i l la t ion to give 0.4 g (3.5%) of VI  with mp 50-51 ~ (nap 52 ~ [8]7. 
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C. A mixture  of 2.0 g (0.01 mole) of V, 7.8 g of phenol, and 1.0 g of Raney nickel was refluxed for 6 
h and then extracted with hot 25% sodium hydroxide solution. The solution was cooled to give 0.3 g (15~c) 
of II with mp 245-247 ~ No melting-point  depression was observed for a mixture of this product with an 
authentic sample of II .  The residual  oil yielded 0.36 g (18%) of VI with mp 50-51 ~ 0.26 g (14%) of VII with 
rap 45-46 ~ (rap 46.5 ~ [9]), and 0.2 g (5.5%) of a base with a molecular  weight of 360 and mp 195-196.5 ~ (see 

[21). 

4-Benzoxybenzo[h]quinoline (III). A 1.75-ml (0.015 mole) sample of benzoyl chloride was added to a 
solution of 1.0 g (0.005 mole) of II in 5 ml of pyridine, and the mixture was heated at 95 ~ for 3 h. It was 
then t reated with 10 ml of 25% sulfuric acid and water .  The precipitate was removed by fil tration and r e -  
c rys ta l l ized  f rom methanol to give 0.7 g {46%) of a product with mp 117-118 ~ Found: N 4.8, 4.8%. 
C20HI3NO 2. Calculated: N 4.7%. 

4-Hydroxyquinoline {X). A mixture of 2.0 g (0.014 mole) of 4-oxo- l ,2 ,3 ,4- te t rahydroquinol ine  {VIII), 
1.0 g of Raney nickel, and 7.8 g of phenol was refluxed for 1 h. It was then cooled, 100 ml of e t h e r -  
petroleum ether  (1 : 1) was added, and the mixture was held at 3-5 ~ for 2-3 h. The crysta l l ine  precipi tate  
and catalyst  were removed by filtration, and the 4-hydroxyquinoline was dissolved in 24.5% sodium 
hydroxide solution. The cata lyst  was removed by filtration, and SO 2 was passed into the f i l t rate until the 
pH was 5-6.  Recrysta l l iza t ion of ' the result ing precipitate f rom petroleum e t h e r - e t h e r  (1:1) gave 1.5 g 
(74%) of co lor less  needles with mp 202-204 ~ (rap 201 ~ [5]). 

4-Hydroxy-6-methoxyquinol ine (XI). This compound was s imi lar ly  obtained in 73% yield as color less  
needles with mp 248.5-250 ~ (from methanol) (rap 245-247 ~ [6]). 

1-Acetyl -4-oxo- l ,2 ,3 ,4- te t rahydrobenzo[h]quinol ine  (XIII). A mixture of 20 g (0.1 mole) of I and 40 
ml of acetic anhydride was refluxed for 4 h. It was then cooled, diluted with water ,  neutral ized with sodium 
carbonate ,  and extracted with ether .  The solvent was removed,  and the residue was rec rys ta l l i zed  f rom 
methanol to give 14.6 g (61%) of a product with mp 130.5-131.5 ~ Found: N 6.1, 5.9%. C15HI3NO 2. Calcu-  
lated: N 5.9%. 

1 -Ace ty l -4 -oxo-6 -ch lo ro - l , 2 ,3 ,4 - t e t r ahydrobenzo  [h]quinoline (X-IV). Concentrated hydrochlor ic  acid 
(22 ml) was added to a solution of 11.95 g (0.05 mole) of XIII in 66 ml of glacial  acetic acid, the mixture 
was cooled to -5  to -10  ~ and a solution of 5.3 g (0.05 mole) of sodium chlorate  in 22 ml  of water  was added 
dropwise with s t i r r ing .  The mixture was s t i r red  at - 5  to 0 ~ for 3 h, and the result ing precipitate was r e -  
moved by fi l tration and rec rys ta l l i zed  f rom ethanol to give 6.8 g (48%) of a product with mp 212.5-214 ~ . 
Found: C1 12.9, 13.2; N 4.9, 4.8%. C15HI2CINO 2. Calculated: C1 13.0; N 5.1%. 

4-Oxo-6-chloro- l ,2 ,3 ,4- te t rahydrobenzo[h]quinol ine  {XII). A 4.8-g (0.017 mole) sample of XIV was 
added to a solution of 0.7 g (0.017 mole) of sodium hydroxide in 50 ml of ethanol and 2 ml of water ,  and the 
mixture was refluxed for 2 h. It was then diluted with water  and extracted with e ther .  The ether  was r e -  
moved, and t he  precipitated yellow needles were rec rys ta l l i zed  f rom ethanol to give 2.6 g (65%) of a p rod-  
uct with mp 159-160.5 ~ Foend: C1 14.9, 15.0; N 6.1, 6.3~c. CI3H~0C1NO. Calculated: C1 15.3; N 6.1~. 

4-Hydroxy-6-chloro- l ,2 ,3 ,4- te t rahydrobenzo[h]quinol ine  {X'V). A solution of 1.55 g (0.006 mole) of 
XII in 15 ml of ethanol was added to sodium amalgam prepared  f rom 0.6 g of sodium and 2 ml  of m e r c u r y .  
The flask was sealed and shaken, with periodic opening, at room tempera tu re  for 1 h. The m e r c u r y  was 
separated and washed with alcohol, and the alcohol solution was diluted with water  and extracted with ether .  
The ether was removed,  and the residual  mass  was t rea ted  with 0.5 ml of chlorobenzene.  It began to 
c rys ta l l i ze  in the course  of an hour.  The c rys ta l s  were removed by fil tration and rec rys ta l l i zed  from 
chlorobenzene to give 0.9 g (63%) of XV with mp 61.5 ~ (dec.). Found: C1 15.1, 15.1; N 5.9, 5.9%. 
C13H12C1NO. Calculated: C1 15.2; N 6.0%. 

6-Chlorobenzo [h]quinoline {XVI), 6 -Chloro- l ,2 ,3 ,4- te t rahydrobenzo  [h]quinoline (X'VII), Sulfurous 
Acid Es te r  of 4-Hydroxy-6-chlor0-1,2 ,3 ,4- te t rahydrobenzo[h]quinol ine  (X'VIII), and 1 -Benzoy l - l ,2 ,3 ,4 -  
tetrahydrobenzo[h]quinoline (XIX). A_... A mixture of 1.1 g (0.005 mole) of XV and 4 ml of thionyl chloride 
was heated at 75 ~ for 1 h, and the result ing precipitate was removed by fil tration and washed with 2 ml of 
thionyl chlor ide.  The 6-chlorobenzo [h]quinoline hydrochloride was dissolved in ethanol, t rea ted  with 20% 
sodium hydroxide solution, and diluted with water  to give 0.49 g (46%) of XVI with mp 99.5-100.5 ~ (rap 101 ~ 
[10]). 

B. A 1.1-g (0.005 mole) sample of XV was added to 4 ml of cooled (to - 5  ~ thionyl chloride,  and the 
mixture was held at 15-20 ~ for 15 rain. The mixture was then poured over crushed ice and t rea ted  with 
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sodium hydroxide solution.  The alkaline mix tu re  was then ex t rac ted  with e ther .  The e ther  was removed ,  
and the r e s idue  was ch roma tog raphed  on a luminum oxide with e t h e r - p e t r o l e u m  e ther  (1:4) to give 0~1 g 
(9.1%) of XVI with mp 99.5-100.5 ~ 0.07 g (6%) of XVII with mp 66-67.5 ~ (mp 67.5-68.5 ~ [7]), and 0.8 g (52~) 
of e s t e r  XVIII with mp 188.0 ~ (dec.) (mp 187.5 ~ (dec.) [2]). 

C .  A 2.0-g (0.015 mole) sample  of po tass ium carbona te  was added to a solution of 3.0 g (0.012 mole) 
of XV in 30 ml  of e ther ,  and the mix tu re  was ref luxed for  15 rain. A 2-ml (0.015 mole) Sample of benzoyl  
chlor ide  was added, and the mix tu re  was ref luxed for  another  5 h. The c rys ta l l ine  p rec ip i ta te  was r emoved  
by f i l t ra t ion,  and the po ta s s ium carbona te  was washed away with wa te r  to give 1.0 g (26~) of XIX with mp 
197-199 ~ (from ethan'ol). Found: N 4.3, 4.2%. C20Ht6C1NO. Calculated:  N 4.4%. The e ther  solution .yielded 
0.8 g (31%) of XVI with mp 99.5-100.5 ~ 

D. A 1 .1-g  (0.005 mole) sample  of XV was held at r o o m  t e m p e r a t u r e  for  5 days in a sea led  f lask.  
The c r y s t a l s  of XV decomposed  with the l iberat ion of wa te r  (drops fo rmed  on the walls  of the f lask) .  
Separat ion of the m a s s  on a luminum oxide with e t h e r - p e t r o l e u m  e ther  {1 : 4) gave 0.43 g (39~) of XVI with 
mp 99-100 ~ and 0.35 g (31%) of XVH with mp 66.5-67.5 ~ 

4 - O x o - l , 2 , 3 , 4 - t e t r a h y d r o b e n z o  [h]quinoline Phenylhydrazone .  A 0.6-g (5.5 mmole)  s ample  of phenyl-  
hydraz ine  was added to a solution of 1.0 g (5 mmole)  of I in 10 ml  of g lac ia l  acet ic  acid, and the mix tu re  
was held at 4 ~ for  12 h. The prec ip i ta te  was r emoved  by f i l t ra t ion and washed with dilute acet ic  acid to 
give 1.0 g (70%) of a product  with mp 178.5 ~ (dec.). Found: N 14.5, 14.3%. CtgHtTN 3. Calculated:  N 14.6%. 

1-Ni t roso- -4-oxo- l ,2 ,3 ,4- te t rahydrobenzo[h]quinol ine .  A solution of 4.0 g (0.021 mole) of I in 80 ml  
of g lac ia l  acet ic  acid was diluted with 20 ml  of wa te r  and cooled to 0 ~ A solution of 1.38 g (0.021 mole) of 
sodium n i t r i t e  in 40 ml  of wa te r  was then added with v igorous  s t i r r i ng .  The prec ip i ta te  was r emoved  by 
f i l t ra t ion to give 4.2 g (91%) of yel low needles  with mp 128 ~ (dec.). Found: N 12.4, 12.3~.  Ct3Ht0N202 . 
Calculated:  N 12.4%. 

1 -Ni t ros  o - 4 - o x o - 6 - c h l o r o - 1 , 2 , 3 , 4 - t e t r a h y d r o b e n z o  [h]quinoline. This  compound was s i m i l a r l y  ob-  
tained in 45% yield  and had mp 134 ~ (dec.). Found: C1 13.4, 13.2; N 10.5, 10.6%. CI3HgC1N202. Calculated:  
C1 13.6; N 10.8%. 
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