
I N V E S T I G A T I O N  O F  T H E  P R O D U C T S  O F  T H E  R E A C T I O N  

O F  E P I C H L O R O H Y D R I N  W I T H  A R O M A T I C  A M I N E S  

VII.* 1,2,3,4-TETRAHYDRO-3-HYDROXYBENZO[f]QUINOLINE 

S. I .  K u t k e v i c h u s  a n d  K.  S. S h e r e n a s  UDC 547.832:542.95 

Benzo[f]quinoline and its 1 ,2 ,3 ,4- te t rahydro der ivat ive  are  obtained in almost  equal quantities 
by heating 1 ,2 ,3 ,4- te t rahydro-3-hydroxybenzo [f]quinoline with polyphosphoric or  phosphoric  
acids at 200-205~ at 270-280 ~ only benzo[f]quinoline is obtained. 6-Chlorobenzo[f]quinoline 
is obtained by the action of thionyl chloride on 1,2 ,3 ,4- te t rahydro-3-chlorobenzo[f]quinol ine,  
while reac t ion  of the l a t t e r  with potass ium cyanide gives the ni tr i le  of 1 ,2 ,3 ,4- te t rahydro-  
benzo[f]quinol ine-3-carboxylic  acid. The l a t t e r  is conver ted to 1,2 ,3 ,4- te t rahydrobenzo [f]- 
quinol ine-3-earboxamide and to 1 ,2 ,3 ,4- te t rahydrobenza[f]quinol ine-3-carboxyl ic  acid. 

As noted in [1], a mixture  of benzo[f]quinoline (I1) and its 1 ,2 ,3 ,4- te t rahydro der ivat ive  is  obtained by 
heating 1 ,2 ,3 ,4- te t rahydro-3-hydroxybenzo [f]quinoline (I) with concentra ted hydrochlor ic  acid. A more  con- 
venient method for  obtaining benzo[f]quinoline and 1,2 ,3 ,4- te t rahydrobenzo [f]quinoline (Ill) was heating of I 
with polyphosphoric acid (PPA) [2,3], but the p roces s  for  the format ion of II and Ill was elucidated incor -  
rec t ly .  In a study of this reac t ion  it was revealed  that a complex or  a mixture  of II and III [which gives a 
melting-point depress ion  with II and III (see Fig. 1), and is readi ly  formed by mixing II with III in solvents] 
r a the r  than dihydrobenzo[f]quinoline is isolated f rom the react ion mass  on heating of I with PPA. The 
substance obtained is only separated into II and III by the action of hydrochlor ic  acid. The corresponding 
derivat ive of III and benzo [f]quinoline are  obtained by the react ion of this substance with benzoyl chloride,  
epichlorohydrin,  and ethylene oxide. 

In o r d e r  to simplify the p roces s  for  prepar ing  II and IlI, we heated 1 ,2 ,3 ,4 - te t rahydro-3-hydroxy-  
benzo[f]quinoline hydrochlor ide  [which is obtained by heating 1-naphthylamine with epichlorohydrin [4]] 
r a the r  than the f ree  base with PPA. A more  convenient and more  economical  method for obtaining II and 
III was heating of 1 ,2 ,3 ,4- te t rahydro-3-hydroxybenzo [f]quinoline hydroehlor ide  with or thophosphoric  acid 
since PPA is obtained f rom orthophosphoric  acid and phosphorus pentoxide. In addition, it was found that 
II and III can be obtained by heating I not only in the p resence  of acidic reagents  but also with powdered 
sodium hydroxide.  In this p roces s ,  the yields of II and Ill  a re  somewhat lower than those obtained by heat-  
ing I with polyphosphoric or  or thophosphoric  acids.  

Only benzo [f]quinoline is obtained in 85% yield by heating the hydrochlor ide  of I with or thophosphoric  
acid at higher  t empe ra tu r e s  (270-280~ Compound II can also be obtained f rom III by heating it with or tho-  
phosphoric acid under the same conditions, but the yield of II is somewhat lower.  

The mechanism for  the format ion of II and III by heating I with sodium hydroxide can apparent ly be 
explained by the fact that a dihydrobenzo[f]quinoline der ivat ive is init ially formed and then d ispropor t ion-  
ares into II and III. In the case of the prepara t ion  of II by heating I with orthophosphoric  acid at 270-280 ~ 
the format ion of II is apparent ly explained by dehydrogenation of the dihydro der ivat ive  as well as of III, 
which can par t ia l ly  fo rm by heating I with orthophosphoric  acid at lower t rans i t ion t empera tu res .  

F o r  the synthesis  of a number  of other  der ivat ives  of 1 ,2 ,3 ,4- te t rahydrobenzo [f]quinoline we thought 
it would be in teres t ing to replace  the hydroxyl group in I with a chlorine atom and c a r r y  out severa l  t r ans -  

*See [8] for  Communication VI. 
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Fig. 1. Phase d iagram of a b inary mixture  
of benzo [f]quinoline (II) and 1 ,2 ,3 ,4 - te t ra -  
hydrobenzo [f]quinoline (III). 

format ions  of the chloro der ivat ive .  Heating of the hydro-  
chloride of I with phosphorus oxychloride gave 1,2,3,4- 
t e t r ahydro-3-ch lo robenzo  [f]quinoline (IV), which on benzo-  
ylation is  conver ted  to N-benzoy l - l , 2 ,3 ,4 - t e t r ahydro -3 -  
chlorobenzo [f]quinoline (V) and to 6-chlorobenzo [f]quinoline 
(VI) by heating with thionyl chlor ide.  

Consequently, both the t e t r ahydro -3 -hydroxy-  and 
t e t r ahydro-3 -ch lo ropyr id ine  r ings undergo a romat iza t ion  
under  the influence of thionyl chlor ide.  

Reaction of IV with potass ium cyanide in dimethyl 
sulfoxide gives the ni t r i le  of 1 ,2 ,3 ,4- te t rahydrobenzo [f]- 
quinol ine-3-carboxyl ic  acid (VII), which is conver ted to 
1 ,2 ,3 ,4- te t rahydrobenzo [f]quinoline-3-carboxamide (VIII) 
by heating with polyphosphoric acid. 
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1,2 ,3 ,4-Tet rahydrobenzo [f]quinoline-3-carboxylic  acid (IX) is obtained by heating VII o r  VIII with hydro-  
chlor ic  acid. The N-benzoyl der ivat ive  of the n i t r i le  of 1 ,2 ,3 ,4- te t rahydrobenzo [f]quinoline-3-carboxylic 
acid is obtained by acylat ion of VII. 

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

Benzo [f]quinoline (II) and 1 ,2 ,3 ,4-Tet rahydrobenzo [f]quinoline (liD. A. The hydrochlor ide  of I [470.0 
g (2.0 mole)] was added gradual ly  with s t i r r ing  to 1665 g of polyphosphoric acid heated to 170-180 ~ The 
hydrogen chloride evolved was evacuated with a wa te r  a sp i ra to r .  The reac t ion  mixture  was s t i r r ed  for 2 h 
at 200-205 ~ and poured into 8000 ml of wa te r  cooled to 3 ~ The resul t ing mixture  was neut ra l ized  with 50% 
aqueous sodium hydroxide or  25% ammonium hydroxide.  The resul t ing oil was separated,  the aqueous 
l aye r  was ex t rac ted  with e the r ,  the oil was dissolved in the ext rac t ,  and the solution was washed th ree  
t imes  with water .  The solution was dr ied with magnes ium sulfate,  the e ther  was removed ,  and the residue 
was vacuum dist i l led under ni t rogen.  The ma jo r  port ion dist i l led at 146.0-147.0 ~ (3-4 mm) and had mp 
49.5-51.0 ~ (from ethanol or  pe t ro leum ether) .  The dist i l late obtained was poured with s t i r r ing  into 2000 ml 
of 10% hydrochlor ic  acid. The resul t ing  c rys t a l s  of III hydrochlor ide  were  f i l te red  and washed with 5% 
hydrochlor ic  acid in wate r  to give 180.5 g (41.2%) of a product  with mp 259.0 ~ (decomp.). Reerys ta l l iza t ion  
f rom ethanol gave c rys t a l s  with mp 262.0 ~ (decomp.) [1]. 

The f ree  base (Ill) was obtained by reac t ion  of the hydroehlor ide  with aqueous sodium hydroxide in 
the p resence  of e ther .  The product  (147.4 g) had mp 45.6-46.3 ~ (from ethanol) [6]. N- Benzoyl - l  ,2 ,3 ,4- 
tetrahydrobenzo[f]quinoline had mp 195.0-195.5 ~ (from ethanol) (rap 191.5-192.0 ~ [1]). 
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The f i l t ra te  a f te r  separa t ion  of III  hydrochlor ide  was t r ea t ed  with sodium ni t r i te  to r emove  t r a c e s  of 
HI, made alkaline with sodium hydroxide,  and ex t rac ted  with e ther .  Af ter  r emova l  of the e ther ,  the res idue  
was vacuum dist i l led under  ni t rogen.  The m a j o r  f rac t ion  had bp 158.0-160.0 (2-3 mm) .  The yield of 11 
was 146.2 g (40.8%), and it had nap 49.0-50.0 ~ Af ter  r ec rys t a l l i za t ion  f r o m  ethanol,  the product  had mp 
51.5-52.0 ~ [71. 

B. Compound Ill hydrochloride [19.0 g (43.5%)] and 15.1 g (42.1%) of II were similarly isolated from 
47.0 g (0.2 mole) of I hydrochloride after stirring for 2 h with 150 ml of 85% H3PO 4 at 200-205 ~ 

C. A flask with a fractionating column was charged with 20.0 g (0.1 mole) of I and 10.0 g (0.25 mole) 
of powdered sodium hydroxide and placed in a bath heated to 120-130 ~ The mass was rapidly distilled in 
vacuo (3-4 ram) under nitrogen. The distillate was treated with dilute hydrochloric acid (5%) and the re- 
sulting precipitate was filtered. After recrystallization from ethanol 2.6 g (11.8%) of Ill hydrocMoride with 
mp 261.5 ~ (decomp.) was obtained. Benz0[f]quinoline was isolated from the filtrate after removal of III 
hydrochloride, as indicated in experiment A. The yield was 2.7 g (14.8%), and the product had mp 51.5- 
52.0 ~ (from ethanol). 

Benzo[f]quinoline (II). A. A mixture of 23.6 g (0.I mole) of I hydrochloride and 75 ml of 85% 1-13PO 4 
was stirred for 3 h at 270-280 ~ The reaction mass was poured into 400 ml of water and neutralized (to 
litmus) with sodium hydroxide. The resulting base (If) was purified by extraction with ether and vacuum 
distillation. The fraction [15.0 g (83.8%)] boiling at 158.0-160.0 ~ (2-3 ram) was collected and had mp 51.5- 
52.0 ~ (from ethanol). 

B. A mixture of 9.2 g (0.05 mole) of III and 37 ml of 85% 1-13PO 4 was stirred for 3 h at 270-280 ~ to 
give 6.0 g (67.0%) of If. 

1,2,3,4-Tetrahydro-3-chlorobenzo[f]quinoline (IV). A mixture of 100.0 g (0.425 mole) of I hydrochlor- 
ide and 100 ml (1.09 mole) of phosphorus oxychloride was heated for 2 h with stirring at 70-75 ~ and then 
for 3 h at 105-110~ �9 The reaction mass was transferred to a separatory funnel, the excess phosphorus oxy- 
chloride was cautiously decomposed with 1500 g of ice, 400 ml of ether was added, and the mixture was 
shaken. After 2 h, the resulting crystals of 1,2,3,4-tetrahydro-3-cMorobenzo[f]quinoline hydrochloride 
were filtered, washed with water, acetone, and ethanol, and recrystallized from ethanol to give a product 
with mp 181.0 ~ (decomp. from ethanol). Found %: N 5.6, 5.5; CI 28.2, 28.1. Ci3HI2CIN �9 HCI. Calculated %: 
N 5.5; CI 27.9. 

The hydrochloride of IV was treated with 20% aqueous potassium carbonate, and the free base (IV) 
was extracted with ether. The ether solution was washed with water, dried, and the ether was removed to 
give 52.8 g (57.2%) of colorless plates of IV with mp 92.7-94 ~ (from ether). Found %: N 6.8, 6.7; C1 16.4, 
16.3. Ci3HI2CIN. Calculated%: N 6.5; CI 16.3. 

N-Benzoyl-l,2,3,4-tetrahydro-3-chlorobenzo [f]quinoline (V). A mixture of 2.0 g (9.2 mmole) of IV, 
9 ml of pyridine, and 1.6 g (11.0 mmole) of benzoyl chloride was heated for 2.5 h at 80 ~ After cooling, the 
reac t ion  m a s s  was t r ea ted  with 30 ml of 25% aqueous H2SO 4 and diluted with 60 ml  of wa te r .  The resul t ing  
oil was  washed with wa te r  and d isso lved  in 20 ml  of methanol .  The resul t ing  co lo r l e s s  c r y s t a l s  we re  
f i l te red  and washed with methanol  to give 2.0 g (66.2%) of a product  with mp 172.0-173.0 ( f rom methanol) .  
Found %: N 4.7, 4.6; C1 11.1, 11.1. C20H16C1NO. Calculated %: N 4.4; C1 11.0. 

6-Chlorobenzo[f]quinoline (VI). A mix tu re  of 2.2 g (0.01 mole) of IV and 8 ml  of thionyl chloride was 
heated fo r  1.5 h at 80 ~ The cooled m a s s  was poured over  100 g of ice ,  and the resul t ing  mix tu re  was  
made alkaline with sodium hydroxide and ex t rac ted  with e ther .  After  r emova l  of the e ther  and r e c r y s t a l -  
l izat ion f r o m  pe t ro l eum e ther ,  0.9 g (42.2%) of 6-chlorobenzo[f]quinoline with mp 99.5-100.5 ~ ( f rom ethanol) 
[5] was  obtained. 

Nitr i le  of 1 ,2 ,3 ,4-Tet rahydrobenzo[f ]quinol ine-3-carboxyl ie  Acid (VII). A mix tu re  of 18.5 g (0.0845 
mole) of IV, 11.0 g (0.169 mole) of po t a s s ium cyanide, and 70 ml  of dimethyl  sulfoxide was heated with s t i r -  
r ing for  1.5-2 h at 150 ~ The reac t ion  m a s s  was diluted with 800 ml of wa te r  and ex t rac ted  with e ther .  The 
e ther  solution was  washed with wa te r ,  dr ied,  and the e the r  was  r emoved  to give 14.0 g (79.7%) of a product  
with mp 96.5-97.5 ~ [from e t h a n o l - e t h e r  (1:2)].  Found %: N 13.4, 13.2. C14H12N 2. Calculated %: N 13.4. 

The ni t r i le  of N-benzoyl -1 ,2 ,3 ,4 - te t rahydrobenzo  [f]quinol ine-3-carboxylic  acid mel t  s at 170.2-171.2 ~ 
(from methanol) .  Found %: N 9.0, 9.1. C21H16N20. Calculated %: N 9.0. 
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1 ,2 ,3 ,4 -Te t rahydrobenzo[ f ]qu ino l ine -3-ca rboxamide  (VIII). A mix tu re  of 4.0 g (19.2 mmole)  of VII 
and 22.5 g of polyphosphor ic  acid was  heated fo r  1 h at 110 ~ The reac t ion  m a s s  was  poured into 200 ml  
of wa te r ,  and the mix tu re  was f i l t e red .  The f i l t ra te  was made alkaline with sodium hydroxide and ex-  
t r a c t ed  with e ther .  Af ter  r e m o v a l  of the e the r ,  2.7 g (62.3%) of VIII with mp 124.0-125.0 ~ ( f rom absolute 
ethanol) was  obtained. Found %: N 12.2, 12.4. Ci4Hi4N20. Calculated %: N 12.4. 

1 ,2 ,3 ,4 -Te t rahydrobenzo[ f ]qu ino l ine-3-carboxyl ie  Acid (IX}. A. A mix tu re  of 2.1 g (0.01 mole) of 
VII and 20 ml  of hydrochlor ic  acid (sp. g r .  1.17) was  ref luxed fo r  1 h. The reac t ion  m a s s  was  cooled to 
- 5  to - 1 0  ~ and the resu l t ing  hydrochlor ide  of IX was  f i l t e red  and washed with w a t e r  to give 2.4 g (91.0%) 
of a product  with mp 238.0 ~ (decomp.,  f r o m  ethanol).  Found %: N 5.4, 5.3; C1 13.2, 13.4. CI4H13NO 2 �9 HC1. 
Calcula ted %: N 5.3; C1 13.5. 

The hydrochlor ide  of IX [0.9 g (3.4 mmole)]  was  d isso lved  in wa t e r  and 0.4 g (5.1 mmole)  of sodium 
aceta te  was  added. The resu l t ing  v i scous  oil was  washed with wa te r .  The m a s s  began to c rys t a l l i ze  a f te r  
th ree  days  in a de s i cca to r  ove r  n-butanol  to give 0.7 g (91.0%) of a product  with mp 108.0-109.3 ~ [from 
e t h a n o l - n - h e x a n e  (1:9)] .  Found %: N 6.3, 6.4. CI4HI3NO2. Calculated %: N 6.2. 

B. Compound VIII [0.5 g (2.2 mmole)]  was  ref luxed with 4 ml  of hydrochlor ic  acid (sp. g r .  1.17) for  
I h. Af te r  evapora t ion  of the hydroch lor ic  acid,  0.58 g (100%) of IX hydrochlor ide  was obtained. Af ter  r e -  
c rys ta l l i za t ion  f r o m  ethanol the hydrochlor ide  had mp 238.0 ~ (decomp.).  

1. 
2. 

3. 

4. 
5. 
6. 
7. 
8. 

L I T E R A T U R E  C I T E D  

N. N. Vorozhtsov,  J r .  and S. I. Kutkevichus,  Zh. Obshch.  Khim.,  28, 2682 (1958). 
S. I .  Kutkevichus and M. R. Pes i t e ,  Author ' s  Cer t i f ica te  No. 203,686 (1967); Byull. I zobr . ,  No. 21, 30 
(1967). 
S. I. Kutkevichus and M. R. Pesite, Author's Certificate No. 207,914 (1967); Byull. Izobr., No. 2, 18 
(1968). 
N. N. Vorozhtsov, Jr. and S. I. Kutkevichus, Zh. Obshch. Khim., 27, 2521 (1957). 
If. Kuczynski, E. Sucharda, and A. Surminski, Roczn. Chem., 16, 509 (1936). 
E. Bamberger and L. Stettenheimer, Bet., 24, 2475 (1891). 
J. Stewart, J. Chem. Sot., 1332 (1925). 
S. I. Kutkevichus and R. I. Shablinskas, Khim. Geterotsikl. So,din., 1515 (1970). 

1427 


