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IV.* SYNTHESIS OF 1 ,2 ,3 ,4 -TETRAHYDRO-4-OXO-6-  

CHLOROQUINOLINE-7- CARBOXYLIC ACID 
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The p repa ra t ion  of 2 - am i no -5 -eh l o ro t e r eph tha l i c  acid and the synthes is  f r o m  it of 1,2,3,4- 
t e t r ahyd ro -4 -oxo -6 -ch l o roqu i no l i ne - 7 - ca rboxy l i c  acid a re  descr ibed .  

This study is devoted to the synthes is  of 1 ,2 ,3 ,4 - t e t r ahydro -4 -oxo-6 -ch lo roqu ino l ine -7 -ca rboxy l i c  
acid (V) by the method developed in [1-3]. 

The ni t r i le  of N- (2 ,5 -d ica rboxy-4 -ch lo ropheny l ) - f l - a l an ine  (I1), obtained by  the cyanoethylat ion of 2-  
amino-5 -ch lo ro te reph tha l i c  acid (1), is conver ted  by saponif icat ion in alkali  to N - ( 2 , 5 - d i c a r b o x y - 4 - c h l o r o -  
phenyl ) - f l -a lan ine  (IE). The la t te r  is cycl ized in acet ic  anhydride in the p r e s e n c e  of po tass ium aceta te  to 
N - a c e t y l - l , 2 , 3 , 4 - t e t r a h y d r o - 4 - o x o - 6 - c h l o r o q u i n o l i n e - 7 - c a r b o x y l i c  acid (IV), which was conver ted ,  without 
isolation, to V by  acid hydro lys i s .  
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The s t ruc tu re  of V was conf i rmed  by the p repa ra t ion  of de r iva t ives  of the functional groups and by 
the IR and UV spec t r a .  The IR s p e c t r u m  of acid V contains intense absorpt ion bands at 3380 cm -1 (N-H) 
and 1722 cm -1 (carboxyl CO) and a spl i t  band at 1613-1643 cm - I  (CO). The IR spec t rum of the e s t e r  c~ V 
(V1) contains bands at  3374 cm - I  (NH), 1723 cm - I  (COOC2H~) , and 1684 em -1 (CO). The UV s p e c t r a  of V and 
VI were  c lose  to the s p e c t r a  of o ther  1 ,2 ,3 ,4 - t e t rahydroqu ino lones  [4]. 

The s ta r t ing  acid (which is not desc r ibed  in the l i terat trre)  was obtained via  the s cheme :  dimethyl  
ch loro te rephtha la te  ~ dimethyl  2 - ch l o ro -5 -n i t r o t e r eph tha l a t e  ~ dimethyl  2 - a m i n o - 6 - c h l o r o t e r e p h t h a l a t e  
~ I .  The posi t ion of the amino group in the dimethyl  e s t e r  of I was proved  by r e p l a c e m e n t  of it by  chlor ine 
v ia  the Sandmeyer  reac t ion;  the dimethyl  2 ,5 -d ich loro te reph tha la te  thus obtained has  physica l  constants  
which agree  with the da ta  in [5]. 

EXPERIMENTAL 

The IR spectra of crystals and mineral oil pastes of the compounds were obtained with a UR-20 spec- 
trometer. The UV spectra of alcohol solutions were obtained with an EPS-3 recording spectrophotometer. 

Dimethyl Chloroterephthalate. Dimethyl aminoterephthalate [209 g (I mole)] in 700 ml of water and 
200 ml of concentrated HCI was diazotized at 0 deg with a solution of 80 g of NaNO 2 in 250 ml of water. The 
resulting solution of diazonium salt was added to a solution of copper catalyst in 540 ml of concentrated 

* See [7] fo r  communica t ion  III. 
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HC1. (The ca t a lys t  was obtained according to [6] f r o m  320 g of CuSO 4 �9 5 t t20  , 117 g of NaC1, and 85 g of 
Na2803. ) The reac t ion  m a s s  was kept  on a bo i l ing-wate r  bath for  0.5 h and cooled, the solids were  s e p a r a -  
ted, and the res idue  was vacuum-dis t i l led  at 136-166 deg (1 mm) to give 170 g (78.5%) of co lo r l e s s  c r y s t a l s  
with mp 59-60 deg (from alcohol), in ag reemen t  with the da ta  in [5]. 

Dimethyl 2 -Ch lo ro -5 -n i t ro t e reph tha la t e .  A nitrat ing mix ture  (60 ml  of concentra ted  H2SO 4 and 60 ml  
of concent ra ted  HNO3) was added to a solution of 114 g (0.5 mole) of dimethyl  ch loro terephtha ia te  in 120 ml  
of concent ra ted  H2SO 4 at 20-25 deg. The reac t ion  m a s s  was s t i r r ed  at this t e m p e r a t u r e  for  another 30 rain 
and poured into 2 l i te r  of an i c e - w a t e r  mix ture .  The resul t ing  solid p rec ip i ta te  was f i l t e red  and washed 
with water ,  5% sodium carbonate ,  and water  to give 116.5 g (85%) of co lo r l e s s  c r y s t a l s  with mp 112-113 deg 
~from alcohol). Found%:  C1 13.0; N 5.2. CIoHsC1NO 6. Calc. %: C1 13.0; N 5.1. 

Dimethyl  2 -Amino-5 -ch lo ro te reph tha la t e .  Dimethyl 2 -ch lo ro -5 -n i t ro t e r eph tha i a t e  [137 g (0.5 mole)] 
was added with s t i r r ing  to a solution of 500 g of stannous chlor ide  in 1 l i te r  of methanol  containing 200 g 
of hydrogen chlor ide,  and the mix tu re  was ref luxed fo r  30 min. The solution was cooled and poured into 
2.5 l i t e r  of water .  The resu l t ing  prec ip i ta te  was f i l te red,  washed with water ,  and c rys ta l l i zed  f r o m  alcohol 
to give 108.5 g (89%) of c o l o r l e s s  c r y s t a l s  with mp 100-101 deg. Found %: C1 14.3; N 5.7. C10H10C1NO r 
C1 14.6; N 5.7. 

Dimethyl 2 ,5-Dichloro terephtha ia te .  This was obtained in the s a m e  way as dimethyl  ch loro te reph tha i -  
ate and had mp 137-138 deg, which was in ag reemen t  with the data in [5]. 

2 -Amino-5 -ch lo ro te reph tha l i c  Acid (I). A total  of 100 ml  of 40% sodium hydroxide was added to a 
solution of 87.5 g (0.36 mole) of dimethyl  2 - amino -5 -ch lo ro t e r eph tha l a t e  in 100 ml  of alcohol. The mix tu re  
was ref luxed for  30 rain, the alcohol was r emoved  by  dist i l lat ion,  and the  res idue  was dissolved in water .  
Acidification of the aqueous solution with 20% sulfuric acid gave a quanti tat ive yield of l emon-ye l low c r y s -  
ta ls  with mp 305-306 deg (dec., f r o m  water) .  Found %: C 44.8; H 2.9; C1 16.6; N 6.5; acid equivalent 219.0 
(by t i t rat ion).  CsH~C1NO 4. Calc. %: C 44.6; H 2.8; C1 16.5; N 6.5; acid equivalent  215.6. 

Nit-rile of N- (2 ,5 -Dica rboxy-4-ch lo ropheny l ) - f l - a l an ine  (I1). Cupric aceta te  (0.3 g) and 31.8 g ( 0 . 6  
mole) of ac ry lon i t r i l e  were  added to a solution of 32.4 g (0.15 mole) of 2 -amino-5 -ch lo ro t e reph tha l i c  acid 
and 12 g (0.33 mole) of NaOH in 100 ml  of water ,  and the mix tu re  was s t i r r e d  at 100 deg until a sample  of 
the reac t ion  mix tu re  no longer  gave a posi t ive  reac t ion  fo r  the p r e s e n c e  of a p r i m a r y  amino group (~ 36 h ) .  
After  this ,  the reac t ion  m a s s  was diluted with water  and acidified with 20% H2SO 4. The l ibe ra ted  product  
was sepa ra ted  and washed with water  to give 34 g (85%) of yellow c r y s t a l s  with mp 258-259 deg (dec., f r o m  
aqueous alcohol). Found %: C1 13.1; N 10.3; acid equivalent  272.0. CtlHgC1N204. Calc. %: C1 13.2; N 10.4; 
acid equivalent 268.7. 

2 ,5 -Dica rboxy-4 -ch lo ropheny l - f i - a l an ine  (IH). A solution of 26.9 g (0.1 mole) of II and 16 g (0.4 mole) 
of NaOH in 45 ml  of water  was ref luxed until ammonia  evolution ceased .  The mix tu re  was then acidified 
with 20% H2SO4, and the resu l t ing  p rec ip i t a te  was f i l te red,  washed with water ,  and dried to give 25.5 g (95%) 
of a yellow product  with mp 263-264 deg (dec., f r o m  aqueous alcohol). Found % : C1 12.6; N 4.8; acid equi-  
valent  291. CllHIoC1NO 6. Calc. % : C1 12.3; N 4.9; acid equivalent 287.7. 

1 ,2 ,3 ,4 -Te t r ahydro -4 -oxo-6 -ch lo roqu ino l ine -7 -ca rboxy l i c  Acid (V). A mix tu re  of 20 g (0.075 mole) 
of HI, 20 g (0.22 mole) of f r e s h l y  fused  po ta s s ium acetate ,  and 100 ml  of acetic anhydride was s t i r r e d  at 
100 deg until CO 2 evolution had ceased .  The solid res idue  remain ing  a f te r  in vacuo r emova l  of the volat i le  
products  was dissolved in water ,  and the solution was t r ea t ed  with charcoa l  and acidified with 40 ml  of con-  
cen t ra ted  HC1. After  15 min  at 90 deg the reac t ion  m a s s  was concentrated,  and the resu l t ing  prec ip i ta te  
was sepa ra t ed  and washed with cold water .  The reac t ion  produc t  was r ep ree ip i t a t ed  f r o m  an alkaline solu-  
tion with hydrochlor ic  acid and washed with water  to give 9 g (52.6%) of o r a n g e - r e d  c r y s t a l s  with m p >  340 deg 
(dec., f r c ~  water) .  Found %: C 53.4; H 3.6; C1 15.5; N 6.0. C10H8C1NO 3. Calc. %: C 53.2; H 3.6; C1 15.7; 
N 6.2. UV spec t rum,  Xmax,  n m  {log e ) :  246 (4.27), 327 (3.00), 341 (3.09), 367 (3.29). 

Ethyl 1 ,2 ,3 ,4 -Te t r ahydro -4 -oxo-6 -ch lo roqu ino l ine -7 -ca rboxy la t e  (V1). A mix tu re  of 2.26 g (0.01 mole) 
of acid V, 0.8 ml  of sulfur ic  acid (sp. gr  1.84), and 25 ml  of absolute alcohol was ref luxed until all of the 
acid d issolved (3-4 h); the solvent  was r e m o v e d  by vacuum dist i l lat ion; and a sa tu ra ted  solution of Na2CO 3 
was added to the res idue .  The oily product  thus l ibe ra ted  was ex t rac ted  with e ther .  The ether  ex t r ac t  was 
dr ied  with Na2SO4, pur i f ied  on a column f i l led with A1203, and evapora ted  to d rynes s  to give 1.38 g (54.3%) 
of a reddish  oil that  c rys t a l l i zed  on standing to give lemon-ye l low c r y s t a l s  with mp 101-102 deg ~from 
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aqueous acetone). Found ~o: C1 13.8; N 5.8. CI2H12C1NO 3. Calc. %: C1 14.0; N 5.6. UV spectrum,  Xmax, 
nm (log e ) :  244 (4.37), 262-268 (shoulder) (3.95), 374 (3.77). The p-ni t rophenylhydrazone was obtained as 
d a r k - c h e r r y  c rys t a l s  with mp 255-256 deg (dec., f rom aqueous alcohol). Found %: C1 9.0; N 14.6. 
C~8H17C1N404. Calc. ~o: C1 9.1; N 14.4. 

Ethyl N-Benz oyl- 1 ,2 ,3 ,4 - te t rahydro-4-  oxo-6-chloroquinol ine-7-carb  oxylate. Benz oyl chlor ide (0.18 
g) was added to a solution of 0.25 g (0.001 mole) of e s t e r  VI in 3 ml of dichloroethane and 0.5 ml of pyridine.  
The mix ture  was ref luxed for  3 h, and the solvent was removed  by vacuum disti l lation. The res idue  was 
c rys ta l l i zed  f rom aqueous alcohol to give 0.22 g (61%) of l ight-yel low c rys t a l s  with mp 103-104 deg. This 
product  depressed  the melt ing point of the s tar t ing VI to 77 deg. Found % : C1 10.0; N 3.9. C~sHI~C1NO4. 
Calc. ~0:C1 9.9; N3.9 .  

1. 
2. 

3. 

4. 
5. 
6. 
7. 

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

A. F. Bekhli, F. S. Mildaailitsyn, and I. V. Pers ianova ,  Zh. Organ. Khim., 4, 2255 (1968). 
A. F. Bekhli and F. S. Mikhailitsyn, USSR Author 's  Cert if icate No. 210,164 (1966); Byull. Izobr.,  No. 
6, 26 (1968). 
A. F. Bekhli and F. S. Mikhailitsyn, USSR Author 's  Cert i f icate  No. 237,898; Byull. Izobr. ,  No. 9, 26 
(1969). 
J. Allison, J. Braunholtz,  and F. Mann, J. Chem. Soc., 403 (1954). 
H. A. Bruson and C. A. Mason, U. S. Patent  No. 3,037,964; Chem. Abstr. ,  57, 16,878 (1962). 
N. S. Vul'fson (editor), P r epa ra t i ve  Organic Chemis t ry  [in Russian], Moscow (1959), p. 170. 
A. F. Bekhli and F. S. Mikhailitsyn, Khim. Geterotsikl .  Soedin., 1115 (1970). 

219 


