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2 ,4 -Dihydroxy-3-  {3,3-dichloroallyl)quin oline, the cor responding  4-mono and 2 ,4-dichloro 
de r iva t ives ,  and subst i tuted f i -  (3-quinolyl)propionic acids were  synthes ized ,  f l -  (2-Hydroxy-  
4-ch loro-3-quinoly l )propio lac tone  was obtained f r o m  the la t t e r .  

3-Subst i tuted 2,4-dihydroxyquinolines are  obtained by heating subst i tuted malonic  e s t e r  with p r i m a r y  
a romat i c  amines  [1-3]. However ,  t he re  has been an indication that the reac t ion  does not p roceed  with a l ly l -  
malonic  e s t e r  [2] and is genera l ly  hindered with its analogs [4]. 

We were  able to obtain 2 ,4-dihydroxy-3-(3 ,3-dichloroal ly l )quinol ine  (II) in 50~ yield by the reac t ion  
of 3 ,3-d ich loroa l ly lmalonic  e s t e r  with aniline in a refluxing mix tu re  of diphenyl and diphenyl e ther .  The 
reac t ion  also gives  3 ,3-d ichloroa l ly lmalonic  acid dianilide CI), which is also conver ted  to II on heating in 
fused A1C13 and NaC1 [5]. The IR spec t rum of II contains absorpt ion bands c h a r a c t e r i s t i c  for NH (3300 
cm- l )  and NHCO (1675 cm -1) g roups .  In fact ,  II, like 3-subst i tu ted  4 -hyd roxyca rbos ty r i l ,  exis ts  as two 
t au tomer ic  f o r m s .  Compound II is t he re fo re  conver ted  to 2 ,4-dichloro-3-(3 ,3-dichloroal ly l )quinol ine  (III) 
on heating with phosphorus oxychlor ide.  When III is heated with 6 N hydrochlor ic  acid [6] or with g lac ia l  
acet ic  acid [7], it undergoes  par t ia l  hydro lys i s  to give 2 -hydroxy-4-ch loro-3- (3 ,3 -d ich loroa l ly l )qu ino l ine  
(Iv). 

When IV is heated with sulfur ic  acid, it is hydrolyzed to ~ -  (2-hydroxy-4-chloro-3-quinoly l )propionic  
acid (V). Under s i m i l a r  condit ions,  III f o rms  f i - (2 ,4-d ich loro-3-quinoly l )propionic  acid 0CI). It is i n t e r e s t -  
ing that  in this case  the chlor ine a toms r ema in  unaffected,  while V is fo rmed  when VI is ref luxed with g la -  
c ia l  acet ic  acid; i .e . ,  nucleophil ic  substi tution of the chlor ine in the 2 posit ion occu r s .  

The protonat ing action of concent ra ted  sulfur ic  acid (the - I  effect  of the ammonium cation formed)  
should faci l i ta te  nucleophil ic  substi tut ion of chlor ine  in the 2 posi t ion.  However ,  this does not occur ;  this 
so r t  of substi tut ion apparen t ly  counterac ts  the m e s o m e r i c  effect  of chlor ine .  

~ N I I  2 + CCI2=CHCIi2CH(COOC211~),. 
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In addition, it was expected that acid V should be converted to lactone VII in concentrated sulfuric 
acid, but acid V forms a lactone only when it is heated with acetic anhydride. Under the same conditions, 
acid VI also gives lactone VII. It might have been assumed that the OH group is f i r s t  acetylated followed 
by intramolecular  t ranses ter i f ica t ion  to give the lactone. However, no changes whatsoever occur  when 
quinolines III and IV are heated with acet ic  anhydride. 

In order  to ascer ta in the role of the anhydride in lactone formation,  we attempted to obtain the lactone 
in polar  solvents.  Thus acids V and VI undergo no change when they are heated in nitrobenzene to 140-150 ~ 
but when an equimolecular  amount of anhydride is added to this mixture,  lactone VII is formed in quantita- 
tive yield. Since the amount of anhydride was negligible in comparison with the quantity of nitrobenzene, it 
must  be assumed that it acts as a reagent  ra ther  than a medium. 

We assume that heating of acids V and VI in acetic anhydride gives mixed anhydrides A and B which, 
via cyclic t ransformat ion,  are  converted to the same lactone, with splitting out of acetic acid in the case of 
A and splitting out of acetyl chloride in the case  of B. 
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Lactone VII dissolves when it is heated in alkali. Acidification of the solution precipi tates acid V. 

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

2,4-Dihydroxy-3-(3,3-dichloroallyl)quinoline (II). A. A total of 9.3 g (0.1 mole) of aniline was added 
in the course  of 1 h to a refluxing mixture of 30 g (0.11 mole) of 3,3-dichloroallylmalonic es ter  [8], 75 g of 
diphenyl, and 75 g of diphenyl ether,  and the mixture was refluxed for 2 h and cooled. The mixture was 
diluted with petroleum ether ,  and the precipitate was removed by filtration and t rea ted  with 10% NaOH solu-  
tion. The insoluble portion was removed by fil tration and rec rys ta l l i zed  f rom alcohol to give 20% 3,3-di-  
chtoroallylmalonic acid dianilide (I) with mp 209-210 ~ . Found: C1 19.4; N 7.8%. C18HI6C12NO 2. Calculated: 
C1 19.6; N 7.7~c. 

The alkaline solution was t reated with charcoal  and neutral ized with hydrochlor ic  acid, and the p r e -  
cipitate was rec rys ta l l i zed  from alcohol to give 13.5 g (50%) of a product with mp 218-220 ~ . Found: C1 
26.4; N 5.3%. C12HgC12NO 2. Calculated:  C1 26.3; N 5.2%. 

B._~. A 12-g sample of dianilide I was added with s t i r r ing  to a mixture of 13.5 g of A1C13 and 4 g of 
NaC1 heated to 150 ~ and the mixture was heated to 200-210 ~ in the course  of 30 rain. The mixture was 
cooled, acidified with hydrochlor ic  acid, and, after 1 h, f i l tered.  The solid was dissolved in alkali, and the 
solution was fi l tered and acidified to give 7.6 g (86%) of II.  

2,4-Dichloro-3-(3,3-dichloroallyl)quinoline (III). A mixture of 8.1 g (0.03 mole) of II and 50 ml of 
phosphorus oxychloride was heated on a water  bath for 4 h. The POC13 was removed by distillation under 
reduced p r e s s u r e .  Ice water  was added to the residue,  and the mixture was allowed to stand overnight.  The 
precipi tate  was removed by filtration, washed with dilute alkali, and rec rys ta l l i zed  f rom 50qr alcohol to give 
8 g (87~ of a product with mp 54 ~ Found: C1 46.1; N 4.7%. CI2HTC14N. Calculated: C1 46.2; N 4.6~c. 

2-Hydroxy-3--(3,3-dichloroallyl)-4-chloroquinoline (IV). A mixture  of 3 g (0.01 mole) of IH and 30 ml 
of glacial  acetic acid was refluxed for 3 h and cooled. The precipitate was removed by fil tration. Removal  
of a portion of the solvent f rom the fil trate precipi tated a cer tain additional amount of product to give a 
total of 2.6 g (89%) of a product with mp 233 ~ Found: C1 36.7; N 4.7%. C12HsC13NO. Calculated: C1 36.9; 
N 4.8%. 

fl - (2-Hydroxy-4-chloro-3-quinolyl )propionic  Acid (V). A. A mixture of 1.5 g (0.05 mole) of IV and 
10 ml of sulfuric acid (sp. g r .  1.84) was heated on a water  bath until HC1 evolution ceased (about 4 h). The 
mixture was cooled and poured over ice, and the precipitate was removed by filtration and dissolved in al-  
kali .  The alkaline solution was fi l tered and acidified, and the precipitate was removed by filtration to give 
1.2 g (93%) of a product with mp 242-244 ~ Found: C1 14.3; N 5.7%. C12HIoC1NO 3. Calculated: C1 14.1; 
N 5 . ~ .  
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B. A mix tu re  of 1.35 g (0.005 mole) of VI and 15 ml  of glacia l  acet ic  acid was ref luxed for  3 h, and 
the acet ic  acid was r em oved  by dist i l lat ion under  reduced p r e s s u r e .  The res idue  was t r ea t ed  in the cold 
with dilute alkali,  and the mix tu re  was f i l te red .  The f i l t ra te  was ca re fu l ly  neu t ra l i zed  with dilute hydro -  
chlor ic  acid to prec ip i ta te  1.1 g (86%) of acid with mp 244 ~ which was identical  to acid V. 

/~ - (2 ,4-Dichloro-3-quinoly l )propionic  Acid (VI). This  compound, with mp  143-144 ~ (from alcohol), 
was obtained in 817c yield via the method used to p r epa re  acid V (method A). Found:  C126.4;  N 5.1%. 
Ct2HgC]2I~O 2. Calculated:  C126.3;  N 5.2%. 

f l -  (2 -Hydroxy-4-ch loro-3-quinoly l )propio lac tone  (VII). A....:. A mix tu re  of 2.7 g (0.01 mole) of VI and 
30 ml  of acet ic  anhydride was ref luxed for  2 h, and the anhydride was comple te ly  r emoved  by dist i l lat ion 
under  reduced p r e s s u r e .  The res idue  was cooled and washed with dilute a lkal i  and wate r  and r e c r y s t a l -  
l ized f r o m  carbon t e t r ach lo r ide  to give 1.9 g (84%) of a product  with mp 170-171 ~ Found: C115.3; N 5.7~c. 
C12HIsC1NO 2. Calculated:  C115.1;  N 6.0%. 

B__:. The same  method was used  to obtain 0.85 g (72%) of lactone VII by heating 1.25 g (0.005 mole) of 
V with acet ic  anhydride.  
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