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It has been es tabl ished that the cycl izat ion of f l - (2-carboxy-3-naphthylamino)propionic  acid into N-ace ty l -4 -  
oxo-1, 2, 3, 4- te t rahydrobenzo[g]quinol ine takes place with the par t ic ipat ion of acetic anhydride and an alkali 
metal  acetate.  In the absence of the alkali  metal  acetate cyclization takes place in a different  direct ion.  A 
mechan i sm for this reac t ion  has been proposed as taking place through the format ion of an in terna l  mixed 
anhydride,  which decomposes under  the reac t ion  conditions into N-ace ty l -4-oxo-1 ,  2, 3, 4- te t rahydrobenzo[g]-  
quinoline and carbon dioxide. 

We have previous ly  demonst ra ted  the convers ion of f l - (2-carboxy-3-naphthylamino)propionic  acid (I) into N- 
ace tyI -4-oxo-1 ,  2, 3, 4- te t rahydrobenzo[g]quinol ine (II), which takes place when I is heated with acetic anhydride and 
potass ium acetate [2]. In this paper  some quest ions connected with the mechanism of this reac t ion  are  considered.  

The poss ib i l i ty  of in te rac t ion  between the aromat ic  carboxyl and the hydrogen atom attached to the s - c a r b o n  
atom of acid ! was rejected,  s ince it  was found that the reac t ion  does not take place with other dehydrating agents 
(concentrated sulfur ic  acid) or with f l - (2-carboxy-3-naphthylamino)propioni t r i le ,  which contains a n i t r i l e  group in 
place of the aliphatic carboxyl.  In the n i t r i le ,  only its N-acetyl  der ivat ive (VI) is formed,  and when this is heated with 
sulfur ic  acid, ins tead of cyclization,  saponificat ion of the n i t r i l e  group takes place with the formation of I. Thus, for 
the cycl izat ion react ion to occur an aliphatic carboxyl group is necessa ry .  In at tempts to pe r fo rm this react ion in 
other solvents  in the p resence  of potass ium acetate (glacial acet ic  acid and isopentyl  alcohol), the s ta r t ing  ma te r i a l s  
were recovered;  this showed the active role  of the acetic anhydride.  
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To elucidate the impor tance  of the alkali metal  cation, acid I was heated with acetic anhydride in the absence of 
potass ium acetate; this led to substance V, the proper t ies  of which were very  different  f rom those of II. 

The proposed s t ruc tu re  of V as the lactone of 3-(2, 4-dioxopiperidyl)-2-naphthoic  acid is confirmed by cleavage 
of i ts  r ing  in an alkaline medium to form acid IV, which on heating with acetic anhydride was reconver ted  into the 
lactone. The I R s p e e t r a o f t h e e r y s t a l s * *  (vCO of a 5-1actone at 1755 cm -1, and ~CO of r ing  a at 1655 cm -1) also 
confirm the s t ruc tu re  of the lactone as shown by formula  V (figure). 

The IR spec t rum of acid IV has bands for the s t re tching v ibra t ions  of the hydroxyl and carbonyl of a carboxyl 

*For  par t  V, see [1]. 

*Because of the poor solubi l i ty  of the compounds, their  spec t ra  were not studied in solution. 
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group (2610, 1720 cm - l )  and a l so  a s t rong  b road  band at  1625 cm -1 appa ren t ly  due to the over lapp ing  of the uCO and 
v C = C  bands of the enol ic  fo rm (IVa) (figure).  
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IR s p e c t r a  in c r y s t a l s :  1) lae tone  of 3-(2,  4 - d i o x o p i p e r i d y l ) - 2 -  
naphthoie acid (V), 2) 3-(2,  4 -d ioxop ipe r idy l ) -3 -naph tho i c  acid  
(IV), 3) 1 - f i -cyanoe thy l -2 ,  4 -d ioxo-1 ,  2, 3, 4 - t e t rahydrobenzo[g]  
quinoline (VII), and 4) 1 - f l - ca rboxye thy l -2 ,  4 -d ioxo-1 ,  2, 3, 4 -  
t e t rahydrobenzo[  g]quinoline (VIII). 

To conf i rm the pa r t i c i pa t i on  of the a l iphat ic  carboxyl  in the fo rma t ion  of V, we s tudied the r e a c t i o n  of VI with 
ace t i c  anhydr ide  and found that  cyc l i za t ion  took p lace  with the a r o m a t i c  ca rboxyl .  
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Simi l a r  r eac t i ons  have been d e s c r i b e d  for  N - m e t h y l - ,  N-phenyl - ,  and 4 - ch lo roan th ran i l i c  acid  [3, 4], and a l so  
fo r  f l - ( 2 - ca rboxy -5 -ch lo ropheny lamino )p rop ion i c  ac id  [5]. The 1- ( f l -cyanoethyl ) -2 ,  4 - i o x o - 1 ,  2, 3, 4 - t e t r ahyd robenzo [g ] -  
quinoline (VII) fo rmed  i s  so luble  in di lute  so lu t ions  of a lka l i s  in the t au tomer i c  enol ic  fo rm,  and i t  can be i so la ted  f rom 
these  solu t ions  by ac id i f ica t ion .  

The IR s p e c t r u m  of VII has bands for  the s t r e t ch ing  v ib ra t ions  of hydroxyl ,  n i t r i l e ,  and carbonyl  groups (2750, 
2630, 2270, and 1645 c m - l ) .  On saponif ica t ion,  VII is  conver ted  into the co r re spond ing  acid  (VIII), whose IR s p e c t r u m  
has bands s i m i l a r  to those  of VII (2760, 2640, and 1645 cm -1) and a l so  the PCO band of a carboxyt  group at  1706 cm - l  
(figure).  The a g r e e m e n t  of the s p e c t r a l  c h a r a c t e r i s t i c s  of VII and VIII with those  of s i m i l a r  d e r i v a t i v e s  in the benzoic  
ac id  s e r i e s  and with l i t e r a t u r e  da ta  [6, 7] g ives  suppor t  to our  a s sumpt ion  that  the compounds under  inves t iga t ion  e x i s t  
as  mix tu re s  of the hydroxy  and oxo f o r m s  (VIIa and VIIb, and VIIIa and VIIIb). The d i f fe rence  in the p r o p e r t i e s  of 
compounds IV and VIII shows that  IV was fo rmed  by the r eac t i on  of the hydrogen of the acetyl  group with the a l iphat ic  
hydroxyl ,  and VIII by i t s  r e a c t i o n  with the a r o m a t i c  carboxyl .  

In view of the d i f fe rence  in the r eac t i ons  of I with ace t i c  anhydr ide  when p o t a s s i u m  ace ta te  i s  p r e s e n t  and when 
i t  i s  not as  d e s c r i b e d  above,  and a l so  the analogy with our  p rev ious  inves t iga t ions  in the co r r e spond ing  benzoic  ac id  
s e r i e s  [8], we a s s u m e  that  the cyc l i za t ion  of I t akes  p lace  in the following manne r .  

When the cyc l i za t ion  p r o c e s s  was c a r r i e d  out under  mi ld  condit ions by heat ing 1 mole  of I with 2 moles  of 
p o t a s s i u m  ace ta te ,  we were  able  to i so la t e  the i n t e r m e d i a t e  monopo tas s ium s a l t  of N - a c e t y l - f l - ( 2 - c a r b o x y - 3 - n a p h t h y l  
naph thy lamino)prop ion ic  ac id  (IX). Apparent ly ,  the fo rma t ion  of the mono-  and not  the d ipo tas s ium sa l t ,  in sp i te  of the 
p r e s e n c e  of 2 mo les  of p o t a s s i u m  ace ta te ,  involves  only the a r o m a t i c  carboxyl  be c a use  of i t s  g r e a t e r  ac id i ty .  F r o m  
IX we obtained the N - a c e t y l  de r iva t ive  of I (HI). When IX was heated with ace t ic  anhydr ide ,  ca rbon  dioxide  sp l i t  out 
and II was formed,  i . e . ,  IX is  an i n t e r m e d i a t e  in this  reac t ion .  The subsequent  c o u r s e  of the p r o c e s s  is  accompanied  
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by the gradual  d issolut ion of the IX, which or ig inal ly  separa ted  out, and the format ion of the mixed anhydride (X) by 
the reac t ion  of the al iphatic  carboxyI group with acet ic  anhydride.  The p resence  of a par t ia l  posit ive charge on the 
carbonyl  carbon of the aliphatic carboxyl group and the ionized aromat ic  carboxyl promotes  the format ion of the 
in te rna l  mixed anhydride (XI), accompanied by the spli t t ing out of potass ium acetate.  The cyclic anhydride (XI) is 
unstable ,  and decomposes under  the reac t ion  conditions with the format ion of II and the l ibera t ion  of carbon dioxide. 

S imi la r  convers ions  into cyclic ketones via  an e igh t -membered  in te rna l  mixed anhydride with the spl i t t ing out of 
carbon dioxide have been descr ibed  in the l i t e r a tu re  in individual cases  [9]. When the s ta r t ing  mate r ia l  had a different  
s t ruc tu re  and the reac t ion  conditions were somewhat different,  this cyclic compound proved to be stable and could be 
isolated f rom the react ion mixture  [10]. 

Thus, the cycl izat ion of f l - (2-carboxy-5-chlorophenylamino)propionic  acid [5] and that of f l - (2-carboxy-3-  
naphthylamino)propionic acid in acetic anhydride in  the presence  or in the absence of potass ium acetate take place in 
a s im i l a r  manner .  

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

The IR spec t ra  of the compounds in  the form of mul ls  in  paraff in oil were recorded on a UR-10 ins t rument .  

N-Acety l - f i - (2-carboxy-3-naphthylamino)propioni t r l l e  (VI). A mixture  of 12 g (0.05 mole) of f l - (2-carboxy-3-  
naphthylamino)propioni t r i le ,  9.8 g (0.1 mole) of potass ium acetate,  and 30 ml  of acetic anhydride was heated with 
s t i r r i n g  for I hr, the t empera tu re  being r a i sed  gradually to 100 ~ C, and then at 130 ~ C for 30 rain. The excess acetic 
anhydride was dis t i l led off in vacuo, and water was added to the res idue .  The precipi ta te  that deposited was f i l te red  
off and washed with water .  The yield of VI was 13.2 g (94%), mp 219-220 ~ C (from water); smal l  lus t rous  c r e a m -  
colored c rys ta l s  soluble in benzene,  ethanol,  acetone, and hot water .  Found, %: N 10.0. Calculated for C16HI4N203, %: 
N 9.9. 

Lactone of 3-(2, 4-dioxopiper idyl) -2-naphthoic  acid (V). A) i mix ture  of 5.2 g (0.02 mole) of I and 50 ml  of acet ic  
anhydride was boiled with s t i r r i n g  for  30 rain and cooled, and the precipi ta te  that deposited was f i l tered off. The yield 
of V was 2.5 g (47%), mp 261-262 ~ C (decomp, f rom aqueous dioxane); yellow powder readi ly  soluble in hot dioxane, 
benzene,  and acetone. A quali tat ive t e s t  with 2, 4-din i t rophenylhydrazine  and a test  for the format ion of hydroxamic 
acid were posi t ive.  Found, %: C 72.6; H 4.5; N 5.2. Calculated for C16HllNO3, %: C 72.4; H 4.2; N 5.3. B) A mixture  of 
0.1 g of IV and 3 ml of acetic anhydride was boiled for 3 hr and cooled, and the precipi ta te  that deposited was f i l tered 
off. The yield of V was 0.08 g (85?0), mp 261-262 ~ C (decomp, f rom aqueous dioxane); it  was identical  with the 
ma te r i a l  obtained by method A. 

3-(2, 4-Dioxopiper idyl)-2-naphthoic  acid (IV). A solution of 1.5 g of V in 15 ml of 10% NaOH was f i l tered with 
activated carbon and acidified; the oil that separa ted  out was boiled with heptane, whereupon i t  solidified. The yield 
of IV was 1.0 g, mp 202-203 ~ C (decomp, f rom water);  smal l  co lor less  c rys ta l s  soluble in  ethanol, acetone, dioxane, 
and hot water,  giving a posi t ive tes t  for carbonyl  group with 2, 4-dini t rophenylhydrazine .  Found, %: C 67.5; H 4.7; 
N 4.9. Calculated for CI~H13NO4, ~: C 67.8; H 4.6; N 4.9. 

1-( f l -Cyanoethyl-2 ,  4-dloxo-1,  2, 3, 4- tetrahydrobenzo[g]quinol ine (VII). A mixture  of 9.0 g of VI and 45 ml of 
acet ic  anhydride was heated at 115-120 ~ C for  4 hr. The excess  acet ic  anhydride was dis t i l led  off in  vacuo, and the 
res inous  res idue  was washed with water .  After  two reprec ip i ta t ions  f rom dilute alkali ,  the yield of VII was 2.7 g 
(29%), mp 285-287 ~ C (from ethanol); c r eam-co lo red  powder soluble in hot ethanol and dioxane, and spar ingly  soluble 
in water.  Found, %: C 72.5; H 5.0; N 10.5. Calculated for C16HI2N202, %: C 72.7; H 4.6; N 10.6. The mother  l iquor 
f rom the f i r s t  reprec ip i ta t ion ,  on acidif icat ion to pH 2, yielded 3.3 g of VI with mp 218-219 ~ C. 
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1-(fl-Carboxyethyl)-2,  4-dioxo-1,  2, 3, 4- te t rahydrobenzo[g]quinol ine (VIII). A mixture  of 1.8 g (0.007 mole) of VII, 
0.7 g (0.017 mole) of caust ic  soda, and 5 ml of water was boiled until  the evolution of ammonia  ceased (10 hr), then it  
was acidified and the product  that separated out was f i l tered off, reprec ip i ta ted  twice from dilute alkali ,  and 
crys ta l l ized  f rom water to give 0.5 g (26%) of VIII, mp 227-228 ~ C; c r e a m- c o l o r e d  powder soluble in hot ethanol, 
acetone, dioxane, and boil ing water.  Found, %: C 67.9; H 5.1; N 4.9. Calculated for Ct6H13NO4, %: C 67.8; H 4.6; N 4.9. 

N-Acety l - f l - (2-carboxy-3-naphthylamtno)propionic  acid (HI) and its monopotassium sa l t  (IX). With a s t i r r ing ,  a 
mixture  of 9.8 g (0.38 mole) of I, 7.4 g (0.76 mole) of potass ium acetate,  and 23 ml  of acetic anhydride was heated to 
85 ~ C, and then kept at 85 ~ C for 15 min. The substance IX that deposited was f i l te red  off and washed with dry acetone; 
yield 8.2 g mp 290-291 ~ C (from aqueous acetone); c r e a m- c o l o r e d  powder insoluble  in organic solvents ,  readi ly  
soluble in water.  Found, %: N 4.3. Calculated for C15HI4NOsK, %: N 4.1. 

A mixture  of 6.0 g of IX and 18 ml of acetic anhydride was heated for 1 hr 30 min,  the t empera ture  being ra i sed  
slowly to 130 ~ C; there was a vigorous evolution of carbon dioxide. The volati le products  were dis t i l led off in vacuo 
and the res idue was t rea ted with water,  made alkaline,  and extracted with benzene;  and the benzene extract  was 
evaporated.  This gave 2.5 g (58%) of II, mp 148-149 ~ C (from aqueous acetone). 

A solution of 5.0 g of IX in water was acidified, and the oily product  that separated out crys ta l l ized  after  being 
heated in water.  This gave 2.0 g of III, mp 182-183 ~ C (from water); white c rys ta l l ine  powder readi ly  soluble in 
ethanol, acetone, and hot water .  Found, %: N 5.1. Calculated for C16H15NOs, %: N 4.6. 
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