
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  OF 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  

VIII.* SYNTHESIS AND INVESTIGATION 

OF 3-HYDROXY-1,2,3,4-TETRAHYDROBENZO[f]QUINOLINE DERIVATIVES 
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5,6-Dichlorobenzo[f]quinoline is f o r m e d  by the action of thionyl chloride on 3 - h y d r o x y - 5 -  
ch loro- l ,2 ,3 ,4- te t rahydrobenzo[ f ]qu ino l ine  hydrochlor ide .  7-Chlorobenzo[f]quinoline and 
7-ch loro- l ,2 ,3 ,4 - te t rahydrobenzo[ f ]qu ino l ine  a re  obtained in good yields by heating 3- 
hydroxy-7-eh lo ro - l ,2 ,3 ,4 - t e t r ahydrobenzo[ f ]qu ino l ine  with or thophosphoric  acid, while 
benzo[f]quinoline is a l so  obtained by heat ing it with polyphosphoric  acid.  

In a continuation of our  invest igat ions [2-6] we have studied the react ion  of thionyl chloride with 3-  
hydroxy-5-ch lo ro - l ,2 ,3 ,4 - t e t r ahydrobenzo[ f ]qu ino l ine  hydrochlor ide  (I). The l a t t e r  was obtained e i ther  by 
heat ing 3 - c h l o r o - l - n a p h t h y l a m i n e  (II) with epichlorohydr in  or  by heating N - ( 3 - c h l o r o - 2 - h y d r o x y p r o p y l ) - 3 -  
c h l o r o - l - n a p h t h y l a m i n e  (III) in chlorobenzene at 150-155 ~ The format ion  of a benzoic  acid e s t e r  and N- 
benzoy l -3 -hydroxy-5 -ch lo ro - l , 2 ,3 ,4 - t e t r ahydrobenzo[ f ]qu ino l ine  (IV) may  se rve  as a conf i rmat ion  of s t r u c -  
ture  I. T r e a t m e n t  of I with thionyl chloride at 75-80 ~ leads not only to a romat iza t ion  of the t e t r a h y d r o p y r i -  
dine r ing  but a lso  to chlor inat ion of I to fo rm 5,6-dichlorobenzo[f]quinoline (V). Consequently, the in t roduc-  
tion of a methyl  group [4] as well  as a chlor ine a tom into the 5 posit ion of I does not hinder chlorinat ion.  

N-Mono or  N,N-bis(2 ,3-epoxypropyl)  der iva t ives  of a roma t i c  amines  a r e  used to dye natural  and 
chemica l  f ibe r s  [7-10 ]. N-(2 ,3-Epoxypropyl)  der iva t ives  of 1,2,3,4-tetrahydrobenzo[f]quinoline [11] a re  
used to obtain d a r k e r  dyes,  but the photostabi l i ty  of such dyes is low. In o rde r  to inc rease  the photostabi l i ty  
of the dyes we have synthes ized  N, (2 ,3 -epoxypropy l ) -5 -ch lo ro - l ,2 ,3 ,4 - t e t r ahydrobenzo[ f ]qu ino l ine  (VI) and 
N- (2 ,3 -epoxypropy l ) -7 -ch lo ro - l ,2 ,3 ,4 - t e t r ahydrobenzo[ f ]qu ino l ine  (VII). Fo r  the synthes is  of VI, 5 - c h l o r o -  
benzo[f]quinoline (VIII) was obtained by the Skraup method f rom II and was then reduced  to 5 - c h l o r o - l , 2 , 3 , 4 -  
te t rahydrobenzo[f]quinol ine (IX). Heat ing of IX with epichlorohydr in  gives N - ( 3 - c h l o r o - 2 - h y d r o x y p r o p y l ) - 5 -  
ch loro- l ,2 ,3 ,4 - te t rahydrobenzo[ f ]qu ino l ine  (X), which was conver ted  to VI by t r e a t m e n t  with aqueous sodium 
hydroxide .  The reac t ion  of 3 -hydroxy-7-ch lo ro - l ,2 ,3 ,4 - t e t r ahydrobenzo[ f ]qu ino l ine  (XI) with polyphosphoric  
or  or thophosphor ic  acid was inves t igated to obtain VII. As was demons t ra t ed  in [1], benzo[f]quinoline and 
its 1 ,2 ,3 ,4 - te t rahydro  der iva t ive  a re  obtained in good yields  when 3 - h y d r o x y - l , 2 , 3 , 4 - t e t r a h y d r o b e n z o [ f ] q u i n  
oline is heated with polyphosphoric  or  or thophosphor ic  acid;  it could the re fo re  be a s sumed  that 7 -ch lo ro -  
benzo[f]quinoline (XII) and 7-ch loro- l ,2 ,3 ,4 - te t rahydrobenzo[ f ]qu ino l ine  (XIII) would fo rm when XI was heated 
with the indicated ac ids .  

*See [1] for  communica t ion  VIIo 
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In fact, XII and XIII a re  formed in good yields when XI is heated with orthophosphoric acid, while benzo[f]-  
quinoline (XIV) is formed along with XII and XIII when XI is t rea ted  with polyphosphoric acid, i.e., in this 
case, cleavage of a chlorine atom is observed.  The products of the react ion of XI with the phosphoric acids 
were identified by compar ison with XII and XIII, obtained by well-known methods.  XII was synthesized f rom 
5-ch lo ro - l -naph thy lamine  (XV) [12], while XIII was synthesized by reduction of XII [13]. N-Benzoyl -7 -  
chloro- l ,2 ,3 ,4- te t rahydrobenzo[f]quinol ine  (XVI) was obtained by acylation of XIII, while the react ion of 
XIII with epichlorohydrin gives N-(3-ch loro-2-hydroxypropyl ) -7-ch lore- l ,2 ,3 ,4- te t rahydrobenzo[ f ]qu inol ine  
(X-VII), which is converted to VII by t rea tment  with aqueous sodium hydroxide~ 
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E X P E R I M E N T A L  

3-Hydroxy-5-ch loro- l ,2 ,3 ,4- te t rahydrobenzo[f ]quinol ine  Hydrochloride (I). A) A mixture of 6.7 g 
(0o025 mole) of III and 6 ml of chlorobenzene was heated at 150-155 ~ for 4 h. The resul t ing precipi tate  was 
fi l tered,  washed with chlorobenzene and chloroform,  and rec rys ta l l i zed  f rom alcohol to give 3.8 g (56%) of 
I with mp 229o5-231 ~ . Found %: C1 26~ 26.4. Cz~H12C1NO'HCl. Calc. %: C1 26.2~ 

B) A mixture of 2.3 g (0~ mole) of 3 -ch lo ro - l -naph thy lamine  (II), 1.2 g (0.013 mole) of epichloro-  
hydrin, and 2 ml of chlorobenzene was heated at 150-155 ~ for 6 h. Workup as in method (A) gave 1.2 g (3270) 
of I~ This product  did not depress  the mel t ing point of the product obtained in (A). 

N- (3 -Chlo ro -2 -hydroxypropy l ) -3 -ch lo ro - l -naph thy lamine  (III). A mixture of 8.9 g (0.05 mole) of II, 
4.6 g (0.05 mole) of epichlorohydrin,  and 2 ml of glacial acetic acid was thermosta ted  at 40-45 ~ for  two days. 
The mass  was t rea ted  with 10 ml of chloroform,  and the resul t ing  precipitate was f i l tered and rec rys ta l l i zed  
f rom hexane to give 8.1 g (60%) of III with mp 99-99.5~176 Found ~- C1 25.9, 25.8. Cz3H~CIzNO. Calc~ %: 
C1 26.2. 

N-Benzoyl-3-benzoyloxy-5-chloro-l,2,3,4-tetrahydrobenzo[f]quinoline (IV). I [1.3 g (0.005 mole)] was 
dissolved in 5 ml of pyridine, 4.2 g (0.04 mole) of benzoyl chloride was added, and the mixture was heated 
on a boiling-water bath for I h. The mixture was cooled, treated with 50 ml of 25%H2SO o and diluted with 
40 ml of water. The viscous oil remaining after decantation of the water layer was dissolved in chloroform 
and washed with sodium bicarbonate solution. After removal of the solvent by distillation, the residue was 
reerystallized from methanol to give 0.9 g (43%) of IV with mp 176o5-177.5 ~ Found %: CI 8~ 8.0. 
CzTH20CINO3~ Calc.%: CI 8o0. 

5,6-Diehlorobenzo[f]quinoline (V)~ A mixture of Io4 g (0.005 mole) of I and 6 ml of thionyl chloride 
was heated at 75-80 ~ for 1 h. The reaction mass was then treated with water. The resulting precipitate 
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was f i l tered and dissolved in 30 ml of alcohol.  The alcohol solution was made alkaline with 25% sodium 
hydroxide and diluted with 30 ml of water .  The resul t ing precipitate was f i l tered and rec rys ta l l i zed  f rom 
alcohol to give 0.6 g ( 4 9 ~ ) o f V w i t h m p  ]47-148.5~ Found%: C1 28.2, 28.3. Cl~H~C12N. Calc .%:  C1 28.50 

5-Chlorobenzo[f]quinoline (VIII) o This compound was obtained via the Skraup method [12] and had mp 
110.5-111.5 ~ (from alcohol).  Found %: C1 ]6.2, 15.9. C~HsCIN. Calc. %: C1 ]6~ 

P ic ra te  of 5-Chloro- l ,2 ,3 ,4- te t rahydrobenzo[f]quinol ine  {IX). A mixture of 1o6 g (0.007 mole) of VIII, 
5.0 g of tin, and 25 ml of concentrated hydrochlor ic  acid was refluxed at 140-145 ~ for 25 h. The resul t ing 
precipi ta te  was fi l tered,  t rea ted  with aqueous sodium hydroxide, and extracted with ether .  After removal  
of the solvent, the oily substance was dissolved in 50 ml Of alcohol and mixed with a solution of 1.4 g (0.007 
mole) of pier ic  acid in alcohol.  The resul t ing  precipi ta te  was f i l tered and rec rys ta l l i zed  f rom alcohol to 
give 1.5 g (46%) of the picrate of IX with mp 142 ~ (dec.). Found %: N ]2.3, 12.6. CnH~zC1N oC6H~NsO 7. 
Calco%: N12 .5 .  

N-(3-Chloro-2-hydroxypropyl) -5-chloro- l ,2 ,3 ,4- te t rahydrobenzo[f ]c lu inol ine  (X)o A mixture of 3.2 g 
(0.015 mole) of VIII, 10.0 g of tin, and 50 ml of concentrated hydrochloric  acid was refluxed at 140-145 ~ for 
25 h. The subsequent workup was the same as indicated for the prepara t ion of IX. A mixture of 2.2 g of 
the oily substance obtained, 1.4 g of epiehlorohydrin,  and 0.8 g of glacial acetic acid was heated at 45-50 ~ 
for  3 days.  After cooling, the resul t ing precipi tate  was fi l tered,  washed with acetic acid, and rec rys ta l l i zed  
f rom alcohol to give 2.0 g (66%) of X with mp 119-120 ~ Found %: C1 22.6, 22.5. C16H17C12NO. Calc. %: 
C1 22~176 

N- (2,3-Epoxypropyl) -5-chloro- l ,2 ,3 ,4- te t rahydrobenzo[f ]quinol ine  (VI). X [1.2 g (0.004 mole) ] was 
dissolved in 30 ml of absolute ether,  0.2 g (0~ mole) of pulverized sodium hydroxide was added, and the 
mixture was heated at 40-45 ~ for 3 h. The mixture was then washed with water until it no longer gave a r e -  
action for chloride and hydroxyl ions. After removal  of the e ther  by distillation, the residue was r e c r y s t a l -  
l ized f rom methanol to give 0o7 g (64%) of VI with mp 81-82 ~ Found %: C1 12.7, 13.0. C16H10C1NO. Calc. 
%: C1 12.9. 

Reaction of 3-Hydroxy-7-chloro- l ,2 ,3 ,4- te t rahydrobenzo[f ]quinol ine  (XI) with Orthophosphoric Acid. 
A mixture of 4.7 g (0.02 mole) of XI and 20 ml of orthophosphoric acid was heated at 200-205 ~ for 1.5 h. 
The react ion m a s s  was poured into 200 ml of water ,  and the mixture was neutral ized with 25% aqueous NaOH 
and extracted with e ther .  After removal  of the solvent, the residue was dissolved in 30 ml of absolute 
ether,  3.0 g of potassium carbonate and 1.5 g of benzoyl chloride were added, and the mixture was refluxed 
for  4 h~ The precipi tate  was fi l tered,  washed with water,  and rec rys ta l l i zed  f rom alcohol to give 1o4 g 
(34%) of XVI with mp 172-173 ~ Found %: C1 11.3, 11.3 C20H16ClNO. Calc. %: CI 11ol. This product did 
not depress  the mel t ing point of XVI obtained by benzoylation of pure XIII. 

The ether  f i l trate af ter  removal  of the c rys ta l s  of XVI was washed with water  and aqueous sodium 
carbonate.  The e ther  was removed by distillation, and the residue was rec rys ta l l i zed  from alcohol to give 
1.0 g (25%) of XII with mp 100-]01 ~ Found %: C1 16o6, 16.4. C~HsC1No Cale. %: C1 16.6. 

Reaction of 3-Hydroxy-7-chloro- l ,2 ,3~4-te t rahydrobenzo[f]quinol ine  (XI) with Polyphosphorie Acid. 
A mixture of 10.0 g (0.04 mole) of XI and 40 ml of polyphosphoric acid was heated at 200-205 ~ for 1o5 h. 
rhe mass  was then poured into 500 ml of water ,  and the mixture was neutral ized with 25% aqueous NaOH 
and extracted with e ther .  After  removal  of the solvent, the oily residual  substance was vacuum-disti l led 
and then subjected to fractional crys ta l l iza t ion f rom alcohol and petroleum ether  to give lol g (13%) of XIII 
with mp 65o5-66.5 ~ Found %: C1 16.4, 16.6; N 6.1, 6o0~ C~H12CIN. Cale. %: C1 16.3; N 604. This prod-  
uct did not depress  the melt ing point of XIII obtained by reduction of XII [13]. Also obtained were 1.3 g 
{15%) of XII with mp 100-101 ~ (did not depress  the melt ing point of XII obtained in the previous experiment 
and via the Skraup method from 5-eh loro- l -naphthy lamine  [12]) and 0.3 g (4%) of XIV with mp 51-52 ~ [12]. 

N-(3 -Chloro-3 -hydroxypropyl ) -7-chloro- l ,2 ,3 ,4- te t rahydrobenzo[f ]quinol ine  (XVII). A mixture of 1.5 
g (0.006 mole) of XIII, 0.8 g (0.009 mole) of epichlorohydrin,  and 0.8 g of glacial acetic acid was heated at 
40-50 ~ for 3 days. The resul t ing  precipi tate  was fi l tered,  washed with acetic acid, and rec rys ta l l i zed  f rom 
alcohol to give 1.3 g (72%) of XVII with mp 97-98% Found %: CI 22.9, 22.7. C16H17Cl~NO. Cale. %: C1 22.9. 

N-(2 ,3-EpoxypropyD-7-ehloro- l ,2 ,3 ,4- te t rahydrobenzo[f ]quino[ ine  (VII)o XVII [1.5 g (0~ mole)] 
was dissolved in 30 ml of absolute ether,  0.8 g (0.02 mole) of pulverized sodium hydroxide was added, and 
the mixture was refluxed for  3 h. The react ion mixture was washed with water  until it no longer gave a 
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reac t ion  for chloride and hydroxyl ions. After  removal  of the e ther  by distillation, the res idue  was vacuura-  
disti l led under ni t rogen to give 1o0 g (71%) of a f ract ion with bp 185-186 ~ (2 ram). Found %: CI 13.2, 13.2; 
N 4.8, 4.7. C15H16C1NO. Calco %: CI 13o0; N 5.1. 
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