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f l - (2 -Carboxy-5-ch lo ropheny lamino)prop ion ic  acid eye l izes  in acet ic  anhydride to f o r m  4 -  
ch loro-2- (2 ,4-d ioxopiper id ino)benzoic  acid,  which subsequently undergoes  convers ion  into 
i ts  lactone.  Under the s ame  condit ions,  [3- [ace ty l (2 -carboxy-  5-chlorophenyl) amino ]- 
p ropioni t r f le  f o r m s  7 -ch lo ro -1 - /3 -cyanoe thy l - l , 2 ,3 ,4 - t e t r ahydroqu ino l ine -2 ,4 -d ione .  The 
s t r u c t u r e s  of the compounds obtained were  conf i rmed by the i r  IR, UV, and PMR spec t ra .  
An evaluat ion of the s tabi l i ty  of the ketonic and enolic f o r m s  of the compounds obtained on 
the bas i s  of ca lcula t ions  by H{ickel's method has  been made .  

One of us [1] has  p rev ious ly  es tab l i shed  that when f i - (2 -ca rboxy-5-ch lo ropheny lamino)prop ion ic  acid 
(I) is heated with acet ic  anhydride and p o t a s s i u m  ace ta te ,  1 - a c e t y l - 7 - c h l o r o - l , 2 , 3 , 4 - t e t r a h y d r o q u i n o l i n - 4 -  
one (II) is  obtained. 

In the p r e sen t  work  it has  been shown that  when I or  i ts  N-ace ty l  der iva t ive  (Ia) is  heated with acet ic  
anhydride in the absence  of p o t a s s i u m  ace ta te  no carbon dioxide is evolved and a substance with mp 250- 
251~ (IV) is fo rmed  which, according  to i ts  e l e m e n t a r y  ana lys i s  and IR s p e c t r u m ,  is not, as  might have 
been a s sumed ,  the in ternal  anhydride of the acid Ia.  When IV was  heated  with acet ic  anhydride and p o t a s -  
s ium ace ta te ,  it underwent no change,  while t r e a t m e n t  with aqueous alkal i  decomposed  it with the fo rmat ion  
of the acid n-I, d i f fer ing f r o m  i and Ia.  When 1TI was heated  with acet ic  anhydride and po t a s s ium aceta te ,  it 
was  conver ted  not into 1I but into IV; when III was  t r ea t ed  with hydroch lor ic  acid,  it underwent no hydrolyt ic  
or  o ther  change,  which indicates  that  the acetyl  group had become pa r t  of a r ing sys t em.  These  r e su l t s ,  
and also the absence  f r o m  the IR s pec t rum  of IV of the u CO bond at 1820 cm -I  cha r ac t e r i s t i c  for  the C O -  
O - C O  grouping, give grounds for  ascr ib ing  to it the s t ruc tu re  of the lactone IV (or V). * 
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The IR spec t rum  of IV in the f o r m  of c r y s t a l s  (Table 1) has  a s t rong absorpt ion  band at 1765 em "1, 
which may  be ass igned  to PCO of a 5 lactone in r ing b and a band at 1647 cm -1 r ep resen t ing  vCO in r ing e, 

* The poss ib le  s t ruc tu re  V a p p e a r s  l e s s  l ikely  because  of the pronounced s t e r i c  s t ra in  at the fourth carbon 
a tom of r ing b. 
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TABLE 1. Absorption Fre(!uencies  in the IR Spectra (em -t) 

Corn- Fgrm 
,Iol ,1 

pouna [sam. i 
I 

VII BA 

C 
Ia A 

IV A 

III A 
B 
C 

u A 
IX A 

B 

VOt:I 

2830 m2630m. 2500m 
2480 w 1900 m v.b. $ 
2475 1910m, v.b. 
3100m 2675rn 2600m 

2620--2500m 
2490m b. 1940wb. 
2600m 2500m 1960 w 

b. 
2580m 1900 w.b. 
3100m 2540 m2350m 

1860 w.b. 
2545 v.b. 1900 w b. 

v G=N ~C=O 

2270 w 11714 s 1626 v.s 
2255 w[1712s 1676 s 
2250 w 1704 1666s 

1725s 1710,s 

1765s 1647m 

1725s 1633 v.s 
1730s 1680s 1655m 
1710s 167~ 1647s 

2265 m 1646st 1632s~ 
1730~ 1709 st 1645 

1627T 
1715m 1645s 

"VC= C 

1594 s 1571m 1492 
1590w.b 1495 w 
1591 m 1565 w 1485w 
1624 m 1589v.s. 

1566 w 
1604 s 1584 v.s 1500 v.w 

1590m 1569 m 1493w 
1590s 1480 w 
1595m 1567w 1485 m 

1595s 1567s 1537s 
1595s 1567s 1535s 

1568w 1515 v.s 

*A) Mull  in pa r a f f i n  oi l ;  B) so lu t ion  in p y r i d i n e ;  C) so lu t ion  in DMSO. 

? Band spl i t  into two. 
$ v.b.)  Very  b road .  

TABLE 2. C h e m i c a l  Shifts of the P r o t o n s  of Compounds  III, IV, and 

IX 

Com- 
pound Solvent 8, ppm 

Ill TFA CH(3)* CH(5) CH(6) 

IV 

IX 

C6HsN 7,54 

1 N NaOD 7,29 

T FA CH (3) 
7,76 

TFA CH(8) 
7,59 

CsHsN 

7,66 8,33 3,20 
2,87 

7,33 7,45 2,41 

CH2(51) CH2(6 l) CH~(3 I) =CH(3 t) 
4,23 3,94 
4,00 3,80 5,58 
3,67 Deuterium 

exchange 
=CH(3Q 
5,93 
=CH(3) 
6,48 
6,21 

CH(5) CH(6) CH2(5 I) CH2(61) 
7,72 8,30 3,29 4,68 

CH(6) CH(5) CH2(21) CH2(P) 
7,25 7,97 2,7 l 4,54 

2,97 4,82 

*The pos i t ions  of the carbon atoms are shown in parentheses .  

and a l so  two v e r y  s t r o n g  bands  due to the s t r e t c h i n g  v i b r a t i o n s  of C ~ C bonds .  S i m i l a r  bands  a re  o b s e r v e d  

I [ I I 
in the spec t ra  of f i -ketones with the - - N - - C = C - - C = O  grouping [2, 3]. 

The PMR s p e c t r u m  of IV in  t r i f l u o r o a c e t i c  acid (TFA) has  a s igna l  at 5.93 ppm with an i n t e n s i t y  of 
one p ro ton  uni t  (p.u.) c o r r e s p o n d i n g  to the p ro ton  of the ~ CH group  in r i ng  c, and a l so  two t r i p l e t s  c o r r e -  
sponding  to the p r o t o n s  of m e t h y l e n e  g roups  (Table  2). Thus ,  the c h a r a c t e r i s t i c s  of the PMR a lso  c o n f i r m  
the l ac tone  s t r u c t u r e  IV. 

In aqueous  a lka l i ,  the r i n g  of l ac tone  IV opens  with the f o r m a t i o n  of 4 - c h l o r o - 2 - ( 2 ' , 4 ' - d i o x o p i p e r i d -  
ino)benzoic  ac id  (liD. The l a t t e r  t i t r a t e s  wi th  a lka l i  as  d ibas i c  (carboxyl  and hydroxy  g roups ) ;  with 2 ,4 -  
d i n i t r o p h e n y l h y d r a z i n e  it f o r m s  the c o r r e s p o n d i n g  h y d r a z o n e ;  and wi th  FeC13 it  g ives  a co lo ra t i on .  When 
III i s  hea ted  with ace t i c  anhydr ide  with o r  without  p o t a s s i u m  ace ta t e ,  it f o r m s  the l ac tone  IV. The c l o s u r e  
of the r i n g  in IV is  c l e a r l y  shown by i t s  UV s p e c t r a .  In d ioxane ,  the s p e c t r a  of IV and III d i f fe r  but ha 0.1 N 
a lka l i  they a r e  iden t i ca l  (Fig.  1). 

In the IR s p e c t r u m  of III in  the f o r m  of c r y s t a l s  t he r e  is  a band at 1725 c m  - i  (vCO of a c a r boxy  
group)  and a v e r y  s t rong  band at  1633 em - i  (u CO of r i n g  b), and a l so  POH a b s o r p t i o n  in the 2620-2500 cm - t  
r eg ion .  In the s p e c t r a  of c r y s t a l s  of IlI the bands  of the c a r b o n y l  of the amide  group  and p C = C of r i n g  b 
of the eno l ic  f o r m  a r e  a p p a r e n t l y  s u p e r i m p o s e d  to f o r m  a s ing le  s t rong  band at 1633 cm - i .  In so lu t ion  in 
d ime thy l  sul foxide (DMSO) in  addi t ion  to the uCO of the ca rboxy l  and UOH bands  at 1710 and 2600-2500 cm - i ,  
r e s p e c t i v e l y ,  t h e r e  a r e  a l so  a b s o r p t i o n  bands  at 1672 and 1647 c m  - t  (1680 and 1655 cm - i  in p y r i d i n e ) .  The 
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Fig. 1. UV spect ra :  1) 4 - c h l o r o - 2 -  
(2 ',4 '-dioxopiperidino) benzoic acid 

(III)  in dioxane; 2) III in 0.1 N NaOH; 
3) lactone of the acid HI (IV) in diox- 
a n e .  

high-frequency band at 1672 cm -1 must be ascr ibed to v CO of the 
amide grouping of ring b; there is an analogous band at 1666 cm -1 
(1672 cm -1 in pyridine,  1626 cm -I in the crystals)  in the spec t ra  
of the N-acetyl  derivative of VI (VII). The band at 1647 cm -1 may 
be connected with u CO of the carbonyl group in position 4 or  with 
u C = C of the enolic fo rm IIIa; it is difficult to make an unambigu- 
ous ass ignment  of this band because of the absence of suitable 
model compounds. 

The PMR spect ra  in pyridine show the presence  of two 
tautomeric  fo rms  of the acid, III and IIIa, with a considerable p r e -  
dominance of the diketo fo rm IlL At room tempera ture  signals of 
CH 2 groups (3') at 3.80 ppm with an intensity of 1.6 p.u. and of 
----CH (3') at 5.58 ppm with an intensity of 0.2 p.u. can be seen; the 
peaks of all the protons are  appreciably broadened. With a r i se  
in the t empera tu re  to 70~ there  is a fur ther  broadening of these 
signals,  which shows an exchange of protons  between these groups 
because of the equilibrium HI ~ IIIa. The mean life (~-) of the 
tan tomer ic  fo rms  existing in the equilibrium is approximately 
~/s00 sec at 60~ * The PMR spect rum of III in TFA shows the 
p resence  of only the diketonic form - 6CH 2 (3') 3.94 ppm (Table 2). 

The lactone IV and the acid III can be formed only as a r e -  
sult of the splitting out of water  in Ia during the interaction of the 

N-acetyl  group with the aliphatic carboxyl ,  which has a lower acidity than the aromat ic  carboxy group. 
When it is t rea ted  with acetic anhydride in the absence of potass ium acetate ,  /3- (2-carboxy-5-chlorophenyl-  
amino)propionitr i le  (VI), which has no aliphatic carboxy group,  fo rms  7 - c h l o r o - l - f l - c y a n o e t h y l - l , 2 , 3 , 4 -  
te t rahydroquinol ine-2,4-dione (VIII). 

/ ~ c o o .  ~cn~co~o f ~ T  "coo" ~c.~co~2o / ~ c o ~ n  2 
CI,"~',~,t"~ N H Ci "~...~.~k. N ..-COC H 3 .... = CI ~,,,.,,.~.#,~ N .~. C 0 

~H2CH2CN ~ I CH~CH2CN CH2CH2CN 
Vl VII VIII 

OH 0 0 

,v I . ~ N  j ~ ~ . , ~ . , : , , . ~ N  ~ 10% NaOH 
CI 0 CI OH CI 0 

I 
CH2CH2CN ~H2CH2CN I CH~CH2COOH 

Villa V l l l b  IX I p 2 s 

Compound IX, in analogy with VIII, may have s t ructure  IXa or  IXb. Both VIII and IX give a colorat ion 
with FeCI~, which is in ha rmony  with their  existence in the hydroxy form.  Similar cyclizat ion,  leading to 

TABLE 3. Energ ies  of the v Elec t rons  (E v) and De- 
local izat ion Energies  (Edeloc) of the Tautomeric  
F o r m s  of HI and IX (in /3 units) 

Structure E n E deloc Z~Edeloc r 

Ilia [ 37,758 
I IIb 37,655 
Ill 30,828 

(without E~ C=0) 

IXa 27,946 
IXb 27,928 
IX 26,396 

4,065 
4,012 

3,395 

3,903 
3,845 
3,113 

0,670 
0,617 

0,790 
0,732 

*The calculation was carried out by means of the formula [4]- t= 2~V0~A--~B ' where u 0 is the working fre- 

quency of the spec t romete r ,  and 6 A and 6 B are the chemical  shifts of the protons at C 3 in the ketonic and 
enolie fo rms ,  respect ively .  
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the formation of the corresponding N-substi tuted 4 -hydroxyca rbos ty ry l s ,  is known for  N-alkyl-  and N- 
arylanthrani l ic  acids [5, 6]. The nonidentity of the acids ]1-I and IX is a proof  of the interaction of the acetyl 
group in I with the aliphatic, and not the aromat ic ,  carboxyl ,  since otherwise the opening of the lactone IV 
would lead to IX. 

The IR spec t ra  of VIII and IX in the fo rm of c rys ta l s  show split vCO bands at 1646-1627 cm -1 .  and 
two broad absorption bands of VOH (1900 and 2580 cm -i  and 1860 and 2540 cm - i ,  respectively). The spec-  
t rum of I]l also ha s  a sharp VCN band at 2265 cm -1 and that of IX a s trong vCO band of a carboxyl at 1700 
cm -1 (with a shoulder  at 1730 cm-1). The presence  in the spec t rum of VIII of the bands of VOH stretching 
vibrat ions  and the absence of v CO absorption in the 1680-1700 cm -I region [7] does not agree with the di-  
keto s t ruc tures  VIII and IX. The existence of mixtures  of the two oxo-hydroxy tantomeric  fo rms  has been 
postulated for  analogous sys tems  (2,4-dihydroxypyridine and 2,4-dihydroxyquinoline) in the crysta l l ine  
state; in aqueous solutions, 2 ,4-dihydroxypyridine is ascr ibed the s t ructure  of 4-hydroxypyr id in-2-one  [7,8]. 
F r o m  a compar ison of our  resu l t s  and l i te ra ture  data it may be concluded that the compounds studied have 
a s imi la r  oxo-hydroxy s t ruc ture  in the crysta l l ine  state (VIIIa-VIIIb, IXa-IXb) and in solutions (VIIIa, IXa). 
In the PMR spect ra  of IX in TFA and pyridine,  the signal of a ~ CH proton is observed (Table 2) and peaks 
which could be ascr ibed  to the protons  of the CH 2 group in position 3 are  absent. This resul t  is in ha rmony  
with the hydroxy-oxo fo rms  of the compounds - IXa and IXb (VIIIa and VIIIb). 

It is interest ing to compare  the resu l t s  obtained on the keto-enol t au tomer i sm of IH and IX with the 
energet ic  advantage of the tau tomer ic  fo rms  evaluated by semiempir ica l  calculat ions (Table 3). It is obvi- 
ous that the amount of the enolic fo rm presen t  in the equil ibrium with the keto form is determined by the 
magnitude 

AEe-n = AEIo c e-~ + AEdeloce- ~, (1) 

where AElo c e -k  is the difference between the energies  of the enolic and ketonic fo rms  on the assumption 
that all the bonds are  local ized [9] and AEdeloe e -k  is the difference in the deloealization energ ies  of the 
e lec t rons  in each of the fo rms  [10, 11]: 

AEloc e-k=Eloc erml-Elcc ketone" (2) 

AEdeloc e-k = Edeloe enol -- E deloc ketone (3) 

The values of AEdelo c e -k  will be approximately  the same for  III and IX, since they are  determined 
only by the local ized bonds: 

AEtocl I ! a (b) -- AEtoc 1Xa (b) -- I X. (4) 

Since the keto fo rm is cha rac te r i zed  by a high internal stabili ty [12], AEloc e -k  < 0 (in the symbols  
that we have adopted). Conversely ,  the values of AEdelo c e -k  are  positive (Table 3), and 

AEdeloJXa (b) -- IX>AEdeloJ||a (b) -- |H. (5) 

On the basis  of (1), (4), and (5) we obtain AE IXa(b) - I X  > AE Ilia(b) - I I I ,  i .e.,  the enolic fo rms  of IX are 
more  favorable than the enolie fo rms  of ]lI: 

,x U . , '  

where ce and Ck are the concentrat ions of enolic and ketonic fo rms .  This resul t  is in ha rmony  with the 
facts  obtained f rom a study of the spectra .  

A s imi la r  considerat ion of the question of the g r e a t e r  stabili ty of one of the two tau tomer ic  enolic 
fo rms  IIIa-l l lb and IXa-IXb has shown that the delocalization energies  of s t ruc tu res  Ilia and IXa are  some-  
what g rea t e r  than those of ]lib and IXb. Thus, according to the calculation, the forms IIIa and IXa are  more  
stable than ]lib and IXb (AEloc = 0). However,  the differences in the delocalization energies  of the a and b 

*In the IR spec t rum of IX in pyridine,  there is a single strong unsplit band at 1645 c m  - i .  Analogous in- 
format ion could not be obtained for  VIII because of its poor  solubility. 
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f o r m s  do not exceed 0.06 13 (~1 k c a l / m o l e ) . *  Consequently,  a cons iderable  role  in the de te rmina t ion  of the 
equi l ibr ium constant  will be p layed by o ther  f ac to r s ,  as  well ,  such as in teract ion with the solvent o r  hydro -  
gen bonds.  

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

Lactone of 4 -Ch lo ro -2 - (2 ' , 4 ' -d ioxop ipe r id ino)benzo ic  Acid (IV). A mix tu re  of 4.5 g of I and 40 ml  of 
acet ic  anhydride was boiled for  30 rain. The p rec ip i t a t e  that s epa ra t ed  out on cooling was f i l tered off and 
washed with dioxane; yield 1.5 g (33%), mp 250-251~ (f rom dioxane). Light  yellow crys ta l l ine  powder  
soluble on heating in dioxane and acet ic  anhydride,  modera t e ly  soluble in ethanol,  and insoluble in wa te r .  
When Ia was  heated in acet ic  anhydride,  the yield of IV was 54.7%. Found %: C 57.6; H 3.4; N 6.0; C1 14.1. 
C12H~C1NO 3. Calculated %: C 57.7; H 3.2; N 5.6; C1 14.2. The reac t ion  of IV with 2 ,4-d in i t rophenylhydraz-  
ine in aqueous alcohol led to the opening of the lactone ring with the fo rmat ion  of a 2 ,4 -d in i t rophenylhydraz-  
one, mp 220-221~ (without dep res s ion  in a mix tu re  with the 2 ,4-dini t rophenylhydrazone of III).  

4 -Ch lo ro -2 - (2 ' , 4 ' -d ioxop ipe r id ino)benzo ic  Acid (In). With heating,  3 g of IV was dissolved in 10 ml  
of 5% NaOH, and then acidif icat ion with hydroch lor ic  acid prec ip i ta ted  2.9 g (93.5%) of III .  Co lo r l e s s  c r y s -  
t a l s ,  mp 188-188.5~ (decomp.,  f r o m  water ) ;  III is soluble in hot wa te r ,  w a r m  ethanol,  and cold acetone,  and 
is insoluble in e the r  and benzene;  an alcoholic solution of lii g ives  a reddish  brown colorat ion with a solu-  
tion of FeC13. Found %: C 54.0; H 3.5; N 5.6; C1 13.2; equiv. 263.8. C12H10C1NO 4. Calculated %: C 53.8; 
H 3.7; N 5.2; C1 13.2; equiv. 267.6. When 0.5 g of llI was  boiled with 15 ml of acet ic  anhydride,  0.4 g (87%) 
of IV was  obtained.  2 ,4-Dini t rophenylhydrazone of ]II: yellow crys ta l l ine  powder  with mp 220-221~ (de- 
comp. ,  f r o m  ethanol).  Found%.  N 15.5. C18H14C1NsOT. Calcula ted%:  N 15.6. 

1 - f i - (Cyanoe thy l ) -7 -ch lo ro - l , 2 ,3 ,4 - t e t r ahydroqu ino l ine -2 ,4 -d ione  (VIII). A mix tu re  of 11.2 g of VI 
and 50 ml  of acet ic  anhydride was heated at 120~ for  4 h. The acetyl  der iva t ive  of VI (VII) that deposi ted 
a f t e r  cooling was f i l t e red  off and washed with acetone;  yield 8.6 g, mp 208-209~ The f i l t ra te  was t r ea ted  
with wa te r ,  the brown res inous  p rec ip i t a te  that deposi ted was  dissolved in sodium carbonate  solution and 
the solution was  f i l te red ,  and the f i l t ra te  was acidified to give 1.1 g (8.8%) of VIII. Under s im i l a r  condit ions,  
the yield of VIII f r o m  VII was 51.3%, mp 292-293~ ( f rom acet ic  acid). L igh t -co lo red  c rys ta l l ine  powder ,  
soluble in ethanol,  ace t ic  acid,  solut ions of caust ic  a lkal is  and sodium carbonate ,  and insoluble in wate r ;  
with FeC13, an ethanolic solution f o r m s  a r edd i sh -b rown colorat ion.  Found %: N 11.2. C12HgC1N202. 
Calculated %: N 11.2. 

f i - (7 -Chlo ro -2 ,4 -d ioxoqu ino l in - l -y l )p rop ion ic  Acid (IX). 0.7 g of VIII was  boiled with 7 ml  of 10% 
NaOH until the evolution of ammonia  ceased  (14 h). Af ter  the usual  working up, 0.95 g (98%) of IX was ob- 
ta ined in the f o r m  of smal l  co lo r l e s s  c r y s t a l s ,  mp 276-277~ (decomp.,  f r o m  aqueous ethanol).  Compound 
IX is  soluble in w a r m  alcohol,  dioxane,  and glacia l  acet ic  acid,  and is insoluble in water;, with FeC13 solu-  
t ion an ethanolic solution of IX f o r m s  a r edd i sh -b rown  colora t ion.  Found %: C 53.8; H 3.7; N 5.5%. 
Ct2H10C1NO t. Calculated %: C 53.8; H 3.8; N 5.2. The IR spec t r a  of the compounds in the f o r m  of mul l s  in 
paraf f in  oil o r  of 4% solut ions in pyr id ine  and DMSO were  obtained on a UR-10 in f ra red  spec t ropho tomete r .  
The UV spec t r a  we re  obtained on a EPS-3  record ing  ul t raviole t  spec t ropho tomete r .  The PMR spec t r a  were  
obtained in pyr id ine  in TFA (with TMS as  in ternal  s tandard) ,  and in deutera ted  alkal i  (with dioxane as in-  
t e rna l  s tandard,  5 3.70 ppm) on a JNM-4H-100 s p e c t r o m e t e r .  
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