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It is  shown that  cyc l iza t ion  of 3 - ( 2 - c a r b o x y a r y l ) a m i n o p r o p i o n i c  ac ids  to 1,2,  3 , 4 - t e t r a h y d r o - 4 - o x o q u i n o -  
l ines  in the p r e s e n c e  of ace t ic  anhydr ide  and a lka l i  meta l  ace ta te s  p roceeds  via the in t e rmed ia te  fo rmat ion  
of the N-ace ty l  de r iva t ive  of the monopo tass ium sa l t  of the s t a r t i ng  acid,  which undergoes  fu r the r  c onve r -  
s ion into the cycl ic  mixed anhydride .  The l a t t e r  decomposes  with loss  of CO z to give the co r respond ing  1,2,  
3, 4 - t e t r ahydro -4 -oxoqu ino l ine .  

It has  been shown p rev ious ly  [1] that  f i - (2 - ca rboxya ry l ) aminoprop ion i c  ac ids  (I), on heat ing in ace t ic  anhydr ide  
in the p r e s e n c e  of a l k a l i - m e t a l  ace t a t e s ,  undergo cyc l iza t ion  to 1 ,2 ,  3, 4 - t e t r ahydro -4 -oxoqu ino l ines  IlL 
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The suggest ion that the fo rma t ion  of II f rom I p roceeds  by e l imina t ion  of water  between the a r o m a t i c  carboxyl  group 
and the o~-methylene group in I, followed by deca rboxy la t ion  of the resu l t ing  1, 2, 3, 4 - t e t r a h y d r o - 4 - o x o q u i n o l i n e - 3 -  
ca rboxy l i c  acid is  not suppor ted  by exper iment .  If, ins tead of the acid I, i ts  a l iphat ic  carboxy  de r iva t i ve s  a r e  used in 
the reac t ion ,  for  ins tance  the e s t e r ,  o r  even the n i t r i l e ,  which is  a s t r o n g e r  e l e c t r o n  accep to r ,  cyc l iza t ion  does  not 
occur ,  only the co r r e spond ing  N-acy l  de r iva t ive  V being formed.  
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Negative r e s u l t s  were  obtained even when concent ra ted  su l fur ic  acid was used for  the cyc l iza t ion  of I and IV. These  
r e s u l t s  show that  the hydrogen on the u - m e t h y l e n e  group of I is  insuff ic ient ly  r eac t ive ,  and that the p r e s e n c e  of a f ree  
carboxyl  group is n e c e s s a r y  for  the convers ion  of I into II. It is found that  po t a s s ium ace ta te  is a n e c e s s a r y  ingredient ,  
s ince  cyc l iza t ion  of I in ace t i c  anhydr ide  in the absence  of po t a s s ium ace ta te  takes  another  path [2]. Examinat ion of the 
conver s ion  of I into II r e su l t ed  in the i so la t ion  of the i n t e rmed ia t e  monopo tass ium sa l t  of N-ace ty l  I (VI). Salt f o r m a -  
tion in the l a t t e r  occu r r ed  at the a r o m a t i c  carboxyl  group on account of i ts  g r e a t e r  acidi ty .  On heat ing this sa l t  in 
ace t i c  anhydride ,  CO z was evolved,  and II was formed in 82% yield.  On heat ing the sa l t  VI in other  solvents  (glacia l  
ace t i c  acid,  i sopentyl  alcohol),  cyc l iza t ion  fa i led  to occur .  These  expe r imen t s  demons t r a t e  that the ace t ic  anhydride 
p lays  an ac t ive  pa r t  in the cyel iza t ion .  The r eac t ion  appea r s  to p roceed  by the following route :  
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The monopotass ium sa l t  VI, r e a c t i n g  fu r the r  with ace t ic  anhydride ,  g ives  the mixed anydr ide  VII involving the a l iphat ic  
ca rboxy l  group. Bear ing  in mind work  on acyla t ion  with mixed anhydr ides  [3], it  may be a s sumed  that the acy l ium 
cat ion is fo rmed  at the a l iphat ic  ca rboxy l  group (VIII) in the p o l a r  solvent  ace t ic  anhydr ide .  Alkal i  me ta l  ca t ions  
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fac i l i ta te  ionization of a romat i c  groups with fo rmat ion  of the carboxylate  ion. Subsequent r eac t ion  of the acyl ium 
cation with the a roma t i c  carboxyla te  anion gives  the mixed cycl ic  anhydride IX. The poss ibi l i ty  of the format ion of 
such a s e v e n - m e m b e r e d  r ing  is supported by a cons idera t ion  of spatial  models .  Under the reac t ion  conditions, IX 
decomposes  fu r the r  into II and CO 2. It has been found that, if the mixture  is heated gradual ly  until evolution of CO 2 
has just  s tar ted ,  the reac t ion  mixture  contains mainly  the monopotass ium sal t  VI and sma l l  amounts of II. A s imi l a r  
decomposi t ion  has been desc r ibed  for  the in ternal  anhydrides of adipie and p imel ic  acids,  carbon dioxide being evolved 
to f o r m  the f i v e -  and s i x - m e m b e r e d  cycl ic  ketones [4]. In a few other  cases  desc r ibed  in the l i t e r a tu re  [5], cycl ic  
s e v e n - m e m b e r e d  mixed anhydrides a re  more  stable,  and can be isolated.  

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

Monopotasslum sal t  of N-ace tyI - f l - (2 -carboxy-5-ch lorophenyl )aminopropfonlc  acid (VI). A mixture  of 2.5 g (0.01 
mole)  of I [6], 2 g (0.02 mole)  of po tass ium acetate  and 10 ml of ace t ic  anhydride were  heated gradual ly  with s t i r r ing .  
A c l ea r  solution was obtained at 60 ~ C, and at the same t ime the sal t  VI began to separa te .  The l a t t e r  was f i l te red  off 
and washed with acetone to give 3.1 g (94%) of VI, mp 253-254 ~ C (decomp., f rom water) ,  as a l igh t -co lo red  crys ta l l ine  
powder,  so luble  in water  and ace t ic  acid,  but insoluble in alcohol,  acetone,  and benzene. Aqueous solutions of VI had 
an acid reac t ion  (pH ~ 5). Found, %: K 11.65; 11.76; N 4.77; equiv. 323.1; 323.6. Calculated for C12HllCIKNOs, %: 
K 12.07; N 4.32; equiv. 323.5. On boiling VI in glacia l  ace t ic  acid or in isopentanol for  3 hr ,  no carbon dioxide was 
evolved,  and d is t i l la t ion  of the solvent  left  unchanged VI (rap 251-253 ~ C). 

N - A c e t y l - 7 - c h l o r o - 1 ,  2, 3, 4- te t rahydro-4-oxoquino l ine  (II), A) Eight g rams  of VI and 40 ml of ace t ic  anhydride 
were  boiled until  the evolut ion of CO 2 ceased  (30 rain). The solution was worked up in the usual  way to give 1.6 g (82%) 
of II, mp 140 ~ C (from water).  

B) A mixture  of 24.4 g (0.1 mole) of I, 9.8 g (0.1 mole)  of potass ium aceta te ,  and 50 ml of acet ic  anhydride were  
heated gradual ly  with s t i r r i n g  to 60 ~ C, complete  solution being obtained at this t empera tu re ,  followed quickly by 
separa t ion  of the sal t  VL On r a i s ing  the t empera tu re  to 110 ~ C, evolution of CO 2 began and VI dissolved.  The mixture  
was heated to 135 ~ C until evolution of CO~ was complete .  Yield of II, 13.5 g (60.3%), mp 140 ~ C (from water).  

Ethyl f l - (2 -carboxy-5-ch lorophenyl )amlnoproptona te  (IVa). A mixture  of 60.0 g (0.35 mole) of 4 -ch loroan thran i l i c  
acid, a solution of 14 g (0.35 mole) of NaOH in 90 ml of water ,  42.5 g (0.42 mole) of ethyl ac ry la te ,  and 0.5 g of copper 
aceta te  was boiled for 17 hr.  After  working up and purifying in the usual manner ,  there  was obtained 40.0 g (42%) of 
IVa, mp 121.5-122 ~ C (from alcohol). Found, %: N 5.56, 5.58. Calculated for CnHI4C1NO4, %: N 5.15. 

Ethyl e s t e r  and n i t r i l e  of N-ace ty l -~ - (2 -ca rboxy-5 -ch lo ropheny l )aminoprop ion ic  acid (Va and Vb).  A mix ture  of 
5.9 g (0.021 mole) of IVa, 2.5 g (0.25 mole) of po tass ium acetate ,  and 15 ml of acet ic  anhydride was heated at 100 ~ C 
for  30 rain to give 5.4 g (79%) of Va, mp 95-97  ~ C (from benzene - l i gh t  pe t ro leum);  read i ly  soluble in most  organic 
solvents ,  and modera te ly  soluble in water .  Found, %: N 4.84, 4.88. Calculated for C14HI6C1NOs, %: N 4.46. 

Under the same conditions,  the yield of Vb was 91%, mp 210-211 ~ C (decomp., f rom alcohol).  Found, %: N 10.64, 
10.73. Calculated for  C~HllC1N203, %. N 10.50. 

Heating fl-(2-carboxy-5-ohlorophenyl)amfnopropionic acid (I) with conc 1-12SO 4. A mixture  of 4.9 g of I and 13 ml 
of conc H2SO 4 was heated for 30 rain at 120-130 ~ C. Dilution of the cooled mixture  with water  prec ip i ta ted  2.8 g of 
s ta r t ing  m a t e r i a l  I, mp 188-189 ~ C. If I is heated at 150 ~ C, f i - format ion  of 4 -ch loroan thran i l i c  acid occurs .  

fl-(2-Carboxy-5-chlorophenyl)aminopropionaralde (X), 4.8 g of IVb and 40 ml  of conc H2SO 4 were  heated for  4 hr  
at 100 ~ C. The mix tu re  of amides  X and I obtained was separa ted  by f rac t iona l  prec ip i ta t ion  f rom caust ic  alkali solution 
The amide X separa ted  at pH ~ 6 as co lo r l e s s  cy r s t a l s ,  mp 200 ~ C (decomp.,  f rom alcohol).  Found, %: N 11.95, 11.44. 
Calculated for  C10HtlN20~, % N 11.55. Acidif icat ion of the f i l t ra te  to pH ~4 prec ip i ta ted  I, mp 189-190 ~ C. 
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