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III.* SOME ELECTROPHILIC SUBSTITUTION REACTIONS 

IN THE 2-METHYL(ARYL)-7-ETHOXYCARBONYLINDOLIZINE 
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A comparat ive  study was made of electrophil ic  substitution react ions  of i somer ic  2-methyl(aryl ) -  
7-e thoxycarbonyl-  and 2-methyl(axyl)-6-ethoxycarbonyl indol iz ines ,  and it was shown that 6- 
ethoxycarbonylindoliztnes have higher reaet ivi t ies .  

In order  to make a comparat ive  study of the electrophtl ic  substitution of two i somer ic  se r ies  - 2 -methyl -  
(aryl}-6-ethoxycarbonylindolizines I and 2-methyl(aryl}-7-ethoxycarbonylindol izines (IV) - w e  additionally oh- 
tained some new 2,7-disubsti tuted indolizines (IVc-e) via the scheme descr ibed in [21. 

COOC2H 5 

] 
Br ~n,COR c,2=~--R 

o -  

I a - d  i l a - e  I I I  a - e  i v  a - r  

. , . C2HsOOC L . ~ . . / l ~ . , ~  R 

R' 
V-XIV 

I, II, III, IV a R=CH3; b R=C6Hs; c R=p-C6H4OCH3; d R=p-C~H4NO2; e R=p-C6H4Br 

Anhydro bases  m e - e ,  which were isolated f rom 1-phenacyl-2-methyl -4-e thoxyearbonylpyr id in ium b ro -  
mides Tic, e and were previously descr ibed in [2], proved to be considerably more  stable compounds than the 
i somer ic  1-phenacyl -2-methyl -5-e thoxycarbonylpyr id in ium unhydro bases .  In contrast  to the lat ter ,  which 
undergoes eyclizatton at an appreciable ra te  even at r o o m  tempera ture  [1], anhydro bases IIIb-e can be s tored 
for a long time without undergoing apparent  convers ion to [ndolizines. The 2-substi tuted 7-ethoxycarbonyl-  
indolizines (IVa-e) proved to be considerably less react ive  than indol~zines I. This was demonstrated in the 
case of aeylation, Vilsmeier ,  and Mannich react ions .  Thus the react ion of tndoltzines !Vb,e with acetic anhy- 
dride is complete only after  prolonged (20-40 h) refluxing, and the corresponding indoltzines Ib,c are  acety-  
luted after  10 h. The decrease  in the react ivi t ies  of the tndolizines when the ethoxycarbonyl group is t r ans -  
fe r red  f rom the 6 position to the 7 position of the two-r ing  compounds shows up even more c lear ly  in the acyla-  
tion of the 2-methyl  derivatives (Ia and IVa). Whereas the react ion of IVa with acetic anhydride and benzoyl 
chloride proceeds smoothly when the reagents  are  heated, under s imilar  conditions indolizine Ia reac t s  vio- 
lently with resinif ieat ion of the react ion products,  and the desired compounds were not isolated when this 
method was used. Only benzoylation of Ia at r o o m  tempera tu re  in the presence  of t r ie thylamine made it p o s -  

*See [1] for communication II. 
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sible to obtain 2-methyl -3-benzoyl-6-e thoxycarbonyl indol iz ine  [1]. The Vilsmeier  formylat ion of indoli- 
zincs Ia and IVa is also i l lustrat ive.  Monoformyl der ivat ive VI is formed under the same conditions f rom 
IVa, whereas  a 1 ,3-diformyl  der ivat ive  is obtained f rom Ia. The Mannich dimethylaminomethylat ion of 
indolizines I proceeds  even more  readi ly ,  and mainly 1,3-bis (dimethylamkuomcthyl) der ivat ives  a re  formed 
in this case [1]. At the same t ime,  only a monosubstitution product  (XIII) was obtained in the Mannichreac-  
tlon f r om 2-phenyl-7-ethoxycarbonyl indol iz ine gVb). 

The dec rease  in the reac t iv i t i es  of 7-ethoxycarbonylindolizines with r e spec t  to e lect rophi l ic  reagents  
as compared  with 6-ethoxycarbonylindolizines is evidently associa ted  with the large acceptor  effect  of the 
es te r  group attached to C(7) in the para  position to the nitrogen a tom on the dec rease  in the e lec t ron  density 
on the C(1 } and C(3 ) a toms of the pyr ro le  f ragment  as compared  with the meta effect of an ethoxycarbonyl  
group with r e spec t  to the ni trogen atom of 6-ethoxycarbonylindolizines.  The e lec t ron-donor  methyl group 
attached to C(~)to a cer ta in  degree  compensates  the effect  of the es te r  group, and 2-methylindolizines a re  
more  reac t ive  than 2-aryl indol iz ines .  On the other hand, the introduction in the para  position of the aryl  
substi tuent at tached to C(~) of a halo or ni t ro  group appreciably reduces  the e lec t ron  density on the CO) and 
C(3 ) a toms,  and indolizine Id behaves like 2-ary l -7-e thoxycarbonyl indol iz ines  in e lectrophi l ic  substitution 
reac t ions .  

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

The synthesis  of I I - l~a,b was descr ibed  in [2]. 

1-(p-Methoxyphenacyl)-2-methyl-4--ethoxycarbonylpyridinium Bromide(IIc) .  A solution of 2.4 g (14.5 
mmole) of 2-methyl -4-e thoxycarbonylpyr id ine  and 3.3 g (14.5 mmole) of p-methoxyphenacyl  bromide  in 7 
ml of acetone was ref luxed for 3 h, a f te r  which it was cooled, and the precipi ta te  was removed  by f i l t rat ion 
and washed with acetone to give 4.9 g (86%) of a product  with mp 160-161 ~ (from ethanol). Found: Br 
20.2%. C18H20BrNO4 .H20. Calculated: Br20.3%. Compounds IId, e w e re  s imi la r ly  obtained. 

1- (p-N[t rophenacyI) -2-methyl-4-c thoxycarbonylpyr id in ium Bromide (IId). This compound, with mp 
148-150 ~ (dec., f rom ethanol), was obtained in 64.6% yield.  Found: Br  19.8%. Cl?H17BrN205. Calculated: 
Br 19.5%. 

1- (p-Bromophenacyl ) -2-methyl -4-e thoxycarbonylpyr id in ium Bromide (lie). This compound, with mp 
190-192 ~ [dec., f rom e thano l -ace tone] ,  was obtained in 60% yield. Found: Br 36.3%. C17Hl?Br2NO 3. Cal- 
culated: Br 36.1%. 

1-(p-Methoxyphenacyl) -2-methyl-4-e thoxycarbonylpyr id inium Anhydro Base (IHc). A total of 16 ml 
of 25% ammonium hydroxide was added with cooling to a solution of 8.2 g (21 mmole) of IIc in 130 ml of 
water ,  and the mixture  was allowed to stand for 30 min. Br ight -orange  precipi ta te  was removed  by f i l t ra -  
tion, washed with water ,  and dr ied to give 6.5 g (100%) of a product  with mp 101-103 ~ Found: C 68.8; H 
6.0%. C18HlsNO 4. Calculated: C 69.0; H 6.1%. 

1- (p-Ni t rophenacyl) -2-mcthyl-4-e thoxycarbonylpyr id inium Anhydro Base (IIId). 
mp 166-168 ~ was obtained in 93.6% yield. Found: C 62.0; H 4.9; N 8.4%. Cl?H16N2Os. 
H 4.9; N 8.5%. 

1- (p-Bromophenacyl ) -2-methyl -4-e thoxycarbonylpyr id in ium Anhydro Base (IIIe). This compound, 
with mp 103-104 ~ was obtained in 95.5% yield.  Found: C 56.2; H 4.5; Br 22.3%. C17H16BrNO 3. Calculated: 
C 56.4; H 4.6; Br 22.1%. 

2-(P-Methoxyphenyl)-7-ethoxycarbonylindol izine (IVc). A 13.4-g (43 re_mole) sample of anhydro base  
IIIc was dissolved by boiling in 90 ml of isopropyl alcohol,  and the resu l t ing  solution was ref luxed for 2 h, 
a f te r  which it was allowed to stand at 4 ~ for 24 h. Workup gave 11 g (85.7%) of a product with mp 169-171 ~ 
(from acetone). Found: C 73.1; H 5.9%. CIsHI?NO 3. Calculated: C 73.2; H 5.8%. 

2-(p-Bromophenyl)-7-ethoxycarbonyl indol iz ine  (IVe).. This compound, with mp 156-157 ~ [from etha-  
no l -d ime thy l fo rmamide  (DMF)], was s imi la r ly  obtained in 97.5% yield. Found: C 59.3; H 4.0%. 
C17H14BrNO 4. Calculated: C 59.3; H 4.1%. 

2-(p-Nitrophenyl)-7-ethoxyearbonyl indol iz ine (IVd). A suspension of 5.9 g (18 mmole) of anhydro 
base ]lid in 10 ml of DMF was ref luxed for 30 rain, during which the color  of the solid mater ia l  changed 
f rom br igh t - red  to yellow. The mixture  was then cooled, and the c rys ta l s  were  r emoved  by f i l t rat ion to 
give 4 g (72%) of a product  with mp 176-177 ~ (from e thano l -DMF) .  Fotmd: C 65.7; H 4.6; N 9.2%. 
C17HlcN204. Calculated: C 65.8; H 4.6; N 9.0%. 

This compound, with 
Calculated: C 62.2; 
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2_(p_Methoxyphenyl) indol iz ine-7-carboxyl ic  Acid Hydrazide.  A suspension of 1 g (3.4 mmole)  of 
IVc in 10 ml  of hydraz ine  hydra te  was ref luxed for 15 h, a f ter  which the solid m a t e r i a l  was r emoved  by 
f i l t ra t ion and washed thoroughly with wa te r  to give 0.9 g (95%) of a product  with mp 253-255 ~ Found: 
C 68.2; H 5.4; N 15.0%. Ct6HtsN302. Calculated:  C 68.3; H 5.4; N 14.9%. 

2_Pheny l -3 - fo rmyl -7 -e thoxycarbony l indo l i z ine  (V). A 0.58-g (3.8 mmole)  s amp le  of phosphorus oxy-  
chlor ide was added to 1.1 g of DMF, and the r e su l t i ng  solution was allowed to stand at 18-20 ~ for 15 min,  
a f te r  which the t e m p e r a t u r e  was lowered to 2-5 ~ and a solution of i g (3.8 mmole)  of IVb in 20 ml  of DMF 
was added. The mix tu re  was then s t i r r e d  at 20 ~ for 4h, a f t e r  which it was poured over  ice.  The resu l t ing  
mix ture  was neut ra l ized  with 2 N sodium hydroxide solution, and the prec ip i ta te  was sepa ra t ed  to give 
0.95 g (86%) of a product  with mp 138-140 ~ (from isopropyl  alcohol). Found: C 73.8; H 5.2; N 4.7%. 

CtsH15NO 3. Calculated:  C 73.7; H 5.2; N 4.8%. 

2 -Methy l -3 - fo rmyl -7 -e thoxycarbony l indo l i z ine  (VI). This compound, with mp 71-73 ~ ( f rom heptane), 
was s i m i l a r l y  obtained in 42% yield.  Found: C 66.9; H 5.5%. Ci3H13NO 3. Calculated:  C 67.1; H 5.7~c. 

2 - (p-Methoxyphenyl ) -3-ace ty l -7 -e thoxycarbonyl indol iz ine  (VII). A solution of 1.7 g (5.8 mmole)  of 
IVc in 30 ml  of acet ic  anhydride was ref luxed for  20 h, a f te r  which the mix ture  was vacuum evaporated,  
and the res idue  was mixed with 25% po ta s s ium carbonate  solution. The po t a s s ium carbonate  solution was 
then ex t rac ted  with e ther  to give 1.7 g (88%) of a product  with mp 133-135 ~ (from heptane). Found: C 71.2; 
H 5.6%. C20H�94 4. Calculated:  C 71.2; H 5.7%. 

2_(p-Methoxyphenyl ) -3-benzoyl -7-e thoxycarbonyl indol iz ine  (VIII). A 1.5-g (5 mmole)  s ample  of IVc 
was heated with 10 ml of benzoyl  chloride at 80-900 for 2 h, a f te r  which the mix ture  was d i spersed  in 150 
ml  of pe t ro l eum ether .  The re su l t ing  prec ip i ta te  was r e m o v e d  by f i l t ra t ion and washed with pe t ro leum 
ether  to give 1.5 g (74%) of a product  with mp 104-105 ~ (from ethanol). Found: C 75.1; H 5.3%. C25H21NO 4. 
Calculated:  C 75.2; H 5.3%. 

Compounds IX-XII  were  s i m i l a r l y  obtained. 

2 - (p -Bromopheny l ) -3 -benzoy l -7 -e thoxycarbony l indo l i z ine  (IX). This compound, with mp 128-130 ~ 
(from ethanol),  was s i m i l a r l y  obtained in 82%yield af ter  reac t ion  for 4 h. Found: C 63.9; H 3.9; Br 17.4%. 
C24HIsBrNO ~. Calculated: C 64.2; H 4.0; Br 17.8%. 

2- (l>-Methoxyphenyl)-3- (p-chlorobenzoyl) -7-e thoxycarbonyl indol iz ine  (X). This compound, with mp 
150-151 ~ (from ethanol),  was s i m i l a r l y  obtained in 78.5% yield af ter  reac t ion  for 5 h. Found: C 69.0; 
H 4.7; C1 8.1%. C2~H20C1NO 4. Calculated: C 69.2; H 4.7; C1 8.2%. 

2- (p -Bromophenyl -3 -  (p-ehlorobenzoyl) -7-e thoxycarbonyl indol iz ine  (XI). This compound, with mp 
158-159 ~ (from ethanol),  was s i m i l a r l y  obtained in 95% yield af ter  reac t ion  for 8 h. Found: C 59.5; H 3.5%. 
C~.4H17BrC1NO 3. Calculated:  C 59.7; H 3.6%. 

2- (p-Ni t rophenyl) -3-  (p-chlorobenzoyl) -7-e thoxycarbonyl indol iz ine  (XII). This compound, with mp 
168-169 ~ (from ethanol), was s i m i l a r l y  obtained in 82.5% yield af ter  reac t ion  for 8 h. Found: C 64.3; 
H 3.9; C1 7.9; N 6.2%. C24H17C1N2Os. Calculated:  C 64.2; H 3.8; C1 7.9; N 6.3%. 

2_I)henyl_3_dimethylaminomethyl-7-e thoxycarbonyl indol iz ine  (XIII). A solution of 2 g (7.5 mmole)  
of IVb and 2.14 g (21 mmole)  of bis (dimethylamino)methane in 50 ml of dioxane was ref luxed for  40 h, a f ter  
which it was vacuum evapora ted ,  and the res idue  was dissolved in ether  - p e t r o l e u m  ether (1 : 1). The solu-  
tion was then allowed to stand at 40 for 3 days,  a f ter  which it was worked up to give 1.7 g (70%) of a product 
with mp 59-60 ~ ( f rom pe t ro l eum ether) .  Found: C 74.5; H 6.9; N 8.6%. C20H22N202. Calculated: C 74.5; 
H 6.9; N 8.7%. 

2 -Pheny l -3 -n i t roso -6 -e thoxyca rbony l indo l i z ine  (XIV). A 1 .4-ml  sample  of a 20% alcohol solution of 
hydrogen chlor ide was added to a solution of 1 g (3.8 mmole)  of IVb in 50 ml of DMF, af ter  which the t e m -  
pe ra tu re  was lowered to 0 to 5 ~ and 0.66 g (5.6 mmole)  of i soamyl  ni t r i te  was added. The mix ture  was 
then s t i r r e d  at 20 ~ for 1 h, a f t e r  which it was cooled and diluted with a double volume of water .  The r e -  
sult ing prec ip i ta te  was r e m o v e d  by f i l t ra t ion and washed with water  to give 0.95 g (86%) of a product  with 
mp 153-155 ~ (from isopropyl  alcohol).  Found: C 69.4; H 4.8; N 9.4%. C1yH14N203. Calculated: C 69.4; 
H 4.8; N 9.3%. 
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S Y N T H E S I S  AND P R O P E R T I E S  OF N I C O T I N I C  ACID 
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N 1- (Nicotinoyl)-N2-4 - (2,2,6,6-tetramethyl-4-hydroxypiperidine-l-oxyl)hydraxine was obtained 
by condensation of nicotinoyl hydrazide with 2,2,6,6-tetramethyl-4-oxopiperidine 1-oxyl. Acyla- 
tion of 2,2,6,6-tetramethyl-4-hydroxypiperidine 1-oxyl with nicotinoyl chloride gives nicotinic 
acid 2,2,6,6-tetraznethyl-l-oxyl 4-piperidyl ester .  A spin-labeled analog of nicotinamide was 
obtained by condensation of nicotinoyl azide with 4-amino-2,2,6,6-tetramethylpiperidine 1-oxyl. 
The synthesis of l -N-  ( fl -D-ribofur anoside)- 3'-N [4- (2,2,6,6-tetr amethylpiperidine- 1-oxyl) ]pyri- 
dinecarboxamide from 2,2,6,6-tetramethyl-4-nicotinoylaminopiperidine 1-oxyl and 2,3,5-tr i-O- 
benzoyl-fl-D-ribofuranosyl bromide proceeds without damage to the iminoxyl radical.  The prep- 
aration of the corresponding spin-labeled nucleotide is hindered by destruction of the iminoxyl 
radical during ion-exchange chromatography. 

A number of authors has shown the possibility of the synthesis of various compounds containing a stable 
iminoxyl radical [1]. The synthesis of spin-labeled derivatives of a biologically active substance such as nico- 
tinic acid seems of undoubted interest.  Compounds II and IV were synthesized by traditional methods in 33 and 
64.5% yields, respectively. 
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The starting compound for the synthesis of IV is 2,2,6,6-tetramethyl-4-aminopiperidine 1-oxyl (V),which 
is obtained by the method in [2]. Replacement of the steam-distillation step in the isolation of 2,2,6,6-tetra- 
methyl-4-aminopiperidine by extraction with ether f rom a saturated alkaline solution made it possible to con- 
siderably shorten the synthesis time and ra ise  the yield of the product from 29% to 70%. 
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