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The previously unknown 2-substi tuted indol iz ine-7-earboxyl ic  acids and their  derivatives 
were synthesized,  and some of their  proper t ies  were studied. 

A communicat ion regarding  the synthesis of 2-methyl-8-ethoxycarbonyl indol iz ine appeared in 1972 
[1], but the propert ies  and t ransformat ions .of  this compound have not been studied. 

F r o m  the point of view of the mutual effect of the pyrro le  and pyridine rings in the condensed sys tems 
on the react ivi t tes  of the compounds obtained it seemed of interest  to us to synthesize the previously  un- 
known es ters  of 2-subst i tuted indol iz ine-7-carboxyt ic  acids and investigate some of their nueleophilic and 
electrophil ic subst [tution reac t  ions. 

Indolizines III were obtained via the following scheme:  

COOC2H ~ COOC2H 5 COOC2H S 

] B 7  I 
CH2COR CH =C--R COR' 

I III Vl-Vl! o- 

R"oo~-~_ R ~"~"~~ R 
IV V 

I, If, Il l, V a R=CH3; bR=C6Hs; IV a R=CsH~, R"=Na; bR=C6Hs, R"=H; VI a R=R'= 
=CH3; b R=CH3, R'=C6FIs; c R=CH3, R'=C6H4CI-p; VII a R=C6Hs, R'=CH3; b R=R'= 
=C6H5; c R=C6H~, R'=C~H4CI-p 

Ethyl 2-methylisonicotinate was converted to quaternary  pyridinium salts I by react ion with bromoacetone 
and phenacyl bromide.  Cyclization of salts  t by the s tandard Chichibabtn method by heating with aqueous 
sodium bicarbonate solution gave a negative resul t  for salt  Ia (the react ion proceeded with pronounced 
resinif icat ion),  while sodium 2-phenyl indol iz ine-7-carboxylate  was obtained in 60.7% yield f rom salt  Ib un- 
der these conditions. As a consequence of the ex t remely  low solubility of the sodium salt in water  and o r -  
ganic solvents,  fur ther  t ransformat ions  of it proved to be difficult, and this r e s t r i c t ed  the pract ical  poss i -  
bilities of this synthetic method. Other methods for the conversion of quaternary  salts Ia and Ib to [ndol- 
[zincs were studied. The most efficient method for  the synthesis of ethyl 2-phenyl indol iz ine-7-carboxylate  
glib) was conversion of salt  Ib to anhydro base IIb by the action of ammonium hydroxide or aqueous sodium 
carbonate solution and subsequent cyclization of lib by heating in an organic solvent. However, we were un- 
able to synthesize indolizine IIIa by means of this method. As in the f i rs t  case ,  the formation of a br ight -  
colored allhydro base,  which, in the case of IIa, was not isolated because of its high solubility in water ,  was 
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TABLE 1. Chemical  Shifts of the P ro tons  of 2 -Methy l (phenyl ) -3 -  
a cy l -7 - e thoxyca rbony l i nd o l i z i ne s  

Corn- H, Hs H6 H, CH2 I~ 
pound 

Via 
VIb 
VIe 

Vlla 
Vllb 
Vllc 

6,50 
6,53 
6,53 
6,66 
6,8 l 
6,81 

9,86 
9,53 
9,55 
9,88 
9,53 
9,54 

7,28 
7,31 
7,28 
7,33 
7,30 

~7,35 

8,08 
8,15 
8,16 
8,20 
8,28 
8,28 

4,39 
4,40 
4,39 
4,40 
4,42 
4,42 

CH~ R, 

1,40 2,59 
1,40 1,95 
1,42 1,98 
1,41 ~ 7,40 
1,43 ~ 7,00 
1,42 ~ 7,05 

2,56 
7,00--7,70 
7,35--7,70 

2,08 
6,80--7,50 
6,90--7,50 

obse rved  dur ing the act ion of ammonium hydroxide or  an equivalent  amount of sod ium hydroxide on sa l t  Ia. 
A s m a l l  amount of 2 - m e t h y l i n d o l t z i n e - 7 - c a r b o x a m t d e  was formed on subsequent  heat ing of the ammonia  so -  
lut ion.  Ethyl 2 - m e t h y l i n d o l t z i n e - 7 - c a r b o x y l a t e  (Ilia) was obtained by heat ing qua t e r na r y  sa l t  Ia in absolute  
ethanol in the p r e s e n c e  of sodium b ica rbona te .  

The hydraz tna t ion  of e s t e r s  IIIa  and IIIb was studied.  React ion  with hydraz ine  hydra te  p roceeded  only 
on pro longed  ref luxing  of IIIa and IIIb with a s l ight  excess  of hydraz ine  hydra te .  The cons ide rab ly  more  
s e v e r e  condit ions n e c e s s a r y  for the p r e p a r a t i o n  of hyd raz ides  of 2 - subs t i tu t ed  i ndo l i z i ne - 7 - c a r boxy l t c  ac ids  
f rom the i r  e s t e r s  as c o m p a r e d  with the condit ions for the convers ion  of the e s t e r s  of isonicot intc  ac id  to its 
hydraz ide  a t t e s t  to the subs tan t ia l  effect  of the r - e l e c t r o n  s y s t e m  of indoliztne [2] on the ca rbe thoxy  group,  
which l eads  to an i n c r e a s e  in the e l ec t ron  dens i ty  on the carbonyl  carbon.  

The acyla t ion  of indol iz ines  I I I -  an e l ec t roph t l i c  subs t i tu t ion  r eac t i on  - p roceeds  quite comple te ly  un- 
der  mi ld  condit ions to give 3 -acy l indo l i z ines .  The pos i t ion  of the acyl  r e s i d u e s  was unambiguously e s t a b -  
l i shed  f r o m  PM1R s p e c t r a l  data. 

The chemica l  shif ts  of the protons  o f V I a - c a n d  Vi la-c  a r e  p r e s e n t e d  in Table 1. The s ignals  were  a s -  
s igned to the pro tons  of the indolizine r ing  on the b a s i s  of a compar i son  of the obse rved  s p i n - s p i n  coupling 

constants  (JH,H- ~ 0.8 Hz, JH1H6, JH1H 8 -< 0.4 Hz, JHsH6 ~ 7.5 Hz, JH5H8 ~ 1 Hz, and JH6H8 ~ 1.9 Hz) with the 
co r re spond ing  h t e r a t u r e  data [3]. 

Ana lys i s  of the data  in Table 1 shows that  the s ignal  of the H 5 proton in al l  of the inves t iga ted  com-  
pounds is o b s e r v e d  at  ve ry  weak f ie ld  (9.5 ,~ 9.9 ppm) as compared  with unsubst i tuted indolizine (7.76 ppm 
[3]). A number  of i nves t iga to r s  have noted that  e s t e r ,  a ldehyde,  th ioaldehyde,  and acyl  subs t i tuents  in the 
3 pos i t ion  s t rong ly  deshte ld  the protons  a t tached to C 5 of the indolizine r ing  [1, 4, 5]. The indicated weak-  
f i e ld  shift  of the H 5 s ignal  in the s p e c t r a  of VIa-e and VIIa-c t he r e fo re  unambiguously  a t t e s t s  to the p r e s -  
ence of an acyl  subs t i tuent  in the 3 pos i t ion  in these  compounds.  

EXPERIMENTAL 

The PMR spectra of deuterochloroform solutions of the compounds were recorded with a JNM-4H- 
i00 spectrometer with hexamethyldisiloxane as the internal standard (5 0.04 ppm). 

l-Acetonyl-2-methyl-4-ethoxycarbonylpyridinium Bromide (fa). A solution of i0 g (60 mmole) of 
ethyl 2-methylisonieotinate and 8.3 g (60 mmole) of bromoaeetone in 25 ml of acetone was refluxed for 12 h. 
It was then cooled, and the resulting precipitate was removed by filtration and washed with acetone to give 
16.8 g (91.5%) of a product with mp 105-107 ~ (from acetone). Found: C 47.2; H 5.4; Br 26.0%. CI2HIGBrNO 3. 

Calculated: C 47.6; H 5.4; Br 26.3%. 

A similar procedure was used to prepare l-aeetonyl-2-methyl-4-methoxycarbonylpyridinium bro- 
mide, with mp 107-109 ~ (from acetone-ethanol), in 52.5% yield from methyl 2-methylisonicotinate and bro- 
moaeetone. Found: C 45.5, H 5.0; Br 27.7%. CIIHI4BrNO 3. Calculated: C 45.8; H 4.9; Br 27.8%. 

l-Phenaeyl-2-methyl-4-ethoxyearbonylpyridinium Bromide (Ib). This compound, with mp 138-139 ~ 
(from acetone), was obtained in 78% yield by the method used to prepare la. Found: Br 22.0%. CITHIsBrNO 3. 

Calculated: Br 21.9%. 

l-Phenacyl-2-methyl-4-ethoxyearbonylpyridinium Anhydro Base (fib). A 15-ml sample of a 25% am- 
monium hydroxide solution was added to a solution of I0 g (27.4 mmole) of ib in 75 ml of water. A copious 
orange precipitate of the anhydro base formed. The mixture was cooled for 1 h at 0 deg, and the precipitate 
was removed by suction filtration, washed with water, and dried to give 7.4 g (95%) of Iib. Found: C 71.9; 

H 6.0%. CITHITNO 3. Calculated: C 72.1; H 6.0%. 
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2-Methyl indol tz ine-7-carboxamide.  A solution of 5 g (33 mmole) of methyl 2-methylisonicotinate and 
4.5 g (33 mmole) of bromoacetone  in 30 ml of acetone was refluxed for 12 h, after which the mixture was 
vacuum evaporated,  and the res idue  was dissolved in 50 ml of water .  The aqueous solution was extracted 
with ether and t rea ted  with 15 ml of 25% ammonium hydroxide. Cooling of the solution precipi tated the 
b r igh t - r ed  anhydro base (0.2 g), which was removed  by fi l trat ion and washed with a smal l  amount of cold 
water .  The substance decomposed on standing in air  and also in a vacuum desiccator .  The aqueous ammo-  
nia solution Was heated for 3 h on a water  bath, and the precipi ta ted crys ta ls  were removed  by fi l tration and 
r ec rys t a l l i zed  f rom ethanol to give a product  with mp 209-210 ~ Found: C 69.2; H 5.8; N 16.0%. Ci0H10N20. 
Calculated: C 69.3; H 5.8; N 16.1%. 

Ethyl 2-methyl indol iz[ne-7-carboxyla te  (IIIa). A mixture of 9.2 g (30 mmole) of In, 5.1 g (60 mmole) 
of sod[urn bicarbonate,  and 120 ml of absolute ethanol was refluxed with vigorous s t i r r ing  for 3 ho The 
ethanolwas then removed by vacuum distillation, and the residue was dissolved in 60 ml of water.  The 
aqueous solution was extracted with ether to give 3 g (49%) of a product with mp 55-57 ~ (from hexane). 
Found: C 70.6; H 6.3; N 7.0%. C12Ht3NO 2. Calculated: C 70.6; H 6.4; N 6.9%. Methyl 2-methyl indol iz-  
ine-7-carboxyla te ,  with mp 74-76 ~ (from hexane), was s imi lar ly  obtained in 28% yield f rom 1-acetonyl-  
2 -methyl -4-methoxycarbonylpyr id in ium bromide.  Found: C 69.6; H 5.9; N 7.4%. CllHltNO 2. Calcu- 
lated: C 69.9; H 5.9; N 7_.4%. 

Ethyl 2-Phenyl indol iz ine-7-carboxyla te  (IIIb). A) A 7.4-g (26 mmole) sample of IIa was dissolved by 
heating in 70 ml of 2-propanol ,  and the solution was ref luxed for 10 rain. It was then cooled at 4 ~ for 24 h, 
and the precipi tated color less  c rys ta ls  were removed  by suction fi l trat ion and washed with 2-propanol to 
give 5.8 g (83.5%) of a product with mp 142-143 ~ (from acetone). Found: C 77.0; H 5.9%. C17HlsNO 2. Cal- 
culated: C 77.0; H 5.7%. 

B) A 7.4-g (70 mmole) sample of sodium bicarbonate was added to a solution of 12 g (33 mmole) of 
IIa in 70 ml of water .  A br ight -orange  precipi tate  of the anhydro base formed. The react ion mass was 
heated on a boi l ing-water  bath for 4 h, during which the color  of the precipitate changed f rom orange to 
greenish.  The mixture was cooled, and the precipi tate  was removed  by fi l trat ion and washed with water to 
give 5.2 g (60.7%) of sodium 2-phenyl indol[z ine-7-carboxylate  (IVa), which was prac t ica l ly  insoluble in cold 
and hot water .  The product  did not melt on heating to 350 ~ . 

2-Phenyl indol iz ine-7-earboxyl ic  Acid (IVb). A) A suspension of 0.5 g (20 mmole) of sodium salt IVa 
in 30 ml of concentrated hydrochlor ic  acid was refluxed for 4 h, during which the color of the precipitate 
changed f rom l igh t -green  to l ight-yellow, but it did not dissolve. The mixture was cooled, and the p rec ip -  
itate was removed  by fi l tration and washed with water  to give 0.4 g (89%) of a product with mp 274-276 ~ 
(dec., f rom ethanol). Found: C 75.9; H 4.8; N 5.8%. CIsHIiNO 2. Calculated: C 75.9; H 4.7; N 5.9%. 

B) A suspension of 0.5 g (19 mmole) of IIIb in 50 ml of concentrated hydrochlor ic  acid was refluxed 
for 3 h, after  which it was cooled, and the resul t ing precipitate was removed  by fil tration and washed with 
water  to give 0.4 g (87%) of a product with mp 274-276 ~ (dec.). The acids obtained by the two methods were 
identical according to their  IR spectra .  A homogeneous solution was formed by heating a suspension of acid 
IVb in a 20-fold amount of 10% ethaaolic hydrogen chloride solution for 10 h. Cooling of this solution p re -  
cipitated es ter  IIIb with mp 137-139 ~ (from acetone). The es te r s  obtained by esterif icat ion of acid IVb and 
cyclizat ion of anhydro base lib were identical. 

2-Methyl indol iz ine-7-carboxyl ic  Acid Hydrazide (Va). A suspension of 0.5 g (2.46 mmole) of es ter  
IIIa in 6 ml of hydrazine hydrate was refluxed for 20 h. The resul t ing precipi ta te  was removed  by suction 
fi l tration and washed repeatedly  with water  to give 0.4 g (84%) of a product with mp 158-159 ~ (from water).  
Found~ C 63.2; H 5.8; N 22.2%. Ci0HilN30. Calculated: C 63.5; H 5.8; N 22.2%. 

2-Phenyl indol iz ine-7-carboxyl ic  Acid Hydrazide (Vb). This compound, with mp 224-225 ~ (dec.), was 
obtained in 93% yield by the method used to prepare  Va. The product was obtained as l ight -green  crys ta ls  
that were insoluble in water ,  acids,  and ord inary  organic solvents.  Found: C 71.7; H 5.2; N 16.3%. 
CisH13N30. Calculated: C 71.7; H 5.2; N 16.7%. 

2-Phenyl indol iz ine-7-carboxyl ic  acid N-acetylhydrazide ,  with mp 273-274 ~ (dec.), was formed when 
the hydrazide was heated in glacial acetic acid until all of the solid had dissolved. Found: C 69.2; H 5.2; 
N 14.2%. C17Hi5N302. Calculated: C 69.6; H 5.1; N 14.3%. 

Ethyl 2-Methyl -3-ace ty l indol iz ine-7-carboxyla te .  A mixture of 0.5 g (2.46 mmole) of IIIa and 5 ml of 
acet ic  anhydride was refluxed for 14 h, after which the solution was vacuum evaporated,  and the res idue 
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was r e c r y s t a l l i z e d  f r o m  e t h e r - p e t r o l e u m  ether  to give 0.4 g (67%) of a product  with mp 104-106 ~ Found: 
C 68.5; H 6.1%. Ct4Hi~NO3. Calculated:  C 68.5; H 6.2%. 

Ethyl 2 -Pheny l -3 - ace ty l i ndo l i z ine -7 -ea rboxy la t e  (VIIa). A mixture  of 2 g (7.5 mmole)  of IIIb and 40 
ml of acet ic  anhydride was re f laxed  for  30 h. The acet ic  anhydride was then r e m o v e d  by vacuum dis t i l la -  
tion, and the res idue  was mixed with 25% po ta s s ium carbonate  solution. The carbonate  solution was ex-  
t r a c t ed  with e ther  to give 2 g (85%) of a product  with mp 104-106 ~ (from hexane). Found: C 74.4; H 5.5%. 
CigH17NO3. Calculated:  C 74.3; H 5.6%. 

Ethyl 2 -Methy l -3 -benzoy l indo l i z ine -7 -ca rboxy la t e  (VIb). A solution of 1.2 g (6 mmole)  of IIIa and 0.83 
g (6 mmole)  of benzoyl  chlor ide in 8 ml of benzene was held at r o o m  t e m p e r a t u r e  for 48 h, and the p r e c i p -  
i tated c r y s t a l s  w e r e  r e m o v e d  by  suct ion f i l t ra t ion  and washed  with benzene to give 1.4 g (77%) of a product  
with mp 147-148 ~ ( f rom e t h e r - a c e t o n e ) .  Found: C 73.8; H 5.5%. C19H17NO 3. Calculated.  ~ C 74.3; H 5.5%. 

Ethyl 2 -Pheny l -3 -benozy l i ndo l i z i ne -7 - ca rboxy l a t e  (VIIb) o A mixture  of 2 g (7.5 mmole)  of Il lb and 10 
ml of benzoyl  chlor ide was heated at 70-80 ~ for 1 h. The reac t ion  mixture  was then poured into 150 ml of 
p e t r o l e u m  e ther ,  and the s t a r t ing  mate r i a l  was r e m o v e d  by fi l trat ion.  The p e t r o l e u m  ether  and excess  ben-  
zoyl chloride were  r e m o v e d  by vacuum dist i l lat ion,  and the res idue  was r e c r y s t a l l i z e d  f r o m  ethanol to give 
1.4 g (50%) of a product  with mp 93-94 ~ Found: C 77.8; H 5.3%. C24HigNO 3. C a l c ~ a t e d :  C 78.0; H 5.2%. 

Ethyl 2 -Methy l -3 - (p -ch lo robenzoy l ) indo l i z ine -7 -ca rboxy la te  (VIc). This compound, with mp 137-139 ~ 
( f rom e ther ) ,  was  obtained in 73% yield by the method used to p r e p a r e  VIb. Found- C 67.0; H4.8;  C1 10.4%. 
CIgH16C1NO 3. Calculated:  C 66.7; H 4.7; C1 10.4%. 

2 -Methy l -3 - (p -ch lo robenzoy l ) indo l i z ine -7 -ca rboxy l i c  Acid. A solution of 0.31 g (7.8 mmole)  of so -  
dium hydroxide in 10 ml of ethanol was added to a solution of 2.6 g (7.8 mmole)  of VIb in 150 ml of ethanol,  
and the mixture  was ref luxed for  10 h. It was then cooled, and the resu l t ing  prec ip i ta ted  sodium sa l t  was 
r e m o v e d  by  suct ion f i l t ra t ion,  washed  with alcohol,  and dissolved in 100 ml of water .  The aqueous solution 
was acidif ied with acet ic  acid,  and the p rec ip i t a te  was r e m o v e d  by  suction f i l t ra t ion and washed with water  
to give 2.2 g (88%) of a product  with mp 177-179 ~ Found: C 64.8; H 4.0; C1 11.1%. C17HI2C1NO 3. Calcu-  
la ted:  C 65.1; H 3.9; C1 11.3%. 

Ethyl 2 -Pheny l -3 - (p -ch lo robenzoy l ) indo l i z ine -7 -ea rboxy la t e  (VIIc). A mixture  of 2 g (7.5 mmole)  of 
IIIb and 8 ml of p -eh lo robenzoy l  chlor ide was heated at 80-90 ~ for 5 h, a f te r  which it was cooled and mixed 
with 150 ml of p e t r o l e u m  ether .  The resu l t ing  prec ip i ta te  was r e m o v e d  by suction f i l t ra t ion and washed 
with p e t r o l e u m  ether  to give 2.45 g (77.53%) of a product  with mp 108-110 ~ ( f rom ethanol). Found: C 71.3; 
H 4.6; C1 8.6%. C24HisC1NO3. Calculated." C 71.4; H 4.5; C1 8.8%. 
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