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A number of 6- and 8-nitroindolizines were synthesized by quaternizat ion of i somer ic  2- 
methylni tropyridines by a-halo  ketones and subsequent eyclization. 

The known methods for the synthesis of indolizines in most  eases lead to pyr ro le - r ing-subs t i tu ted  de- 
r ivatives.  Synthetic methods have been proposed [1] only for cer ta in  s t ruc tures  that have, for example, a 
carbethoxy group in the 7 position, but there are  no available data on the possibil i ty of the prepara t ion  of 
indolizines with a nitro group in the pyridine ring. We have used the Chichibabin condensation [2] of the cor -  
responding 2-methylpyridines with a-halo  ketones for the synthesis of 6- and 8-nitroindolizines.  
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The 3-ni t ro-2-methylpyr id ine  ([) necessa ry  for this synthesis was obtained from 2,6-1utidine by nitration and 
subsequent oxidation of one of the methyl groups and decarboxylation [3]. The described synthesis of 5-n i t ro-  
2-methylpyridine (II) [4] s tar ts  from 2-chloro-5-ni t ropyr id ine ,  in which a malonic e s t e r  residue is introduced 
in place of the chlorine atom with subsequent hydrolysis  and decarboxylation. We modified the method: lI 
was purified by chromatography with a column filled with aluminum oxide ra ther  than by vacuum distillation. 
The synthesis of 4-n i t ro-2-methylpyr id ine  from the diff icult- to-obtain 4-amino-2-methylpyr id ine  has been 
described [5]. We therefore  chose a method consisting in nitration of 2-methylpyridine N-oxide [6] and sub- 
sequent deoxidation with phosphorus t r ichloride,  in analogy with the method described for 4-ni tropyridine N- 
oxide [7]. 

No difficulties were encountered in the prepara t ion of quaternary salts HI-IV f rom nitropyridines with a 
1.5-2-fold excess of bromo ketone, and their  purity was sufficient to allow their  use in the subsequent react ion 
without additional purification. However, we were able to synthesize 1-pinaeolonyl-5-ni t ro-2-methylpyr id ium 
bromide (IHc) only under severe  conditions. We were unable to isolate pure 1 -ace tony l -3 -n i t ro -2-methy l -  
pyridinium bromide (IVa) in the react ion of bromoacetone with 3-ni t ro-2-methylpyr idine ,  but the crude sub- 
stance was, nevertheless,  converted to the corresponding indolizine (Via). We were unable to bring about 
quaternizatton of 4-n i t ro-2-methylpyr id ine  under the influence of bromoacetone or bromoacetophenone in 
various solvents at 50 to 120 ~ The low nucleophilicity of the pyridine nitrogen atom in this case is explained 
by efficient t ransmiss ion  of the effect of the nitro group from the 3' position. 

Bromides HIa,e were cyelized by heating in absolute alcohol with the addition of solid sodium bicarbonate.  
The yield of 2- ter t -butyl -6-ni t ro indol iz ine  {Vc) was considerably lower for s ter ieal ly hindered model I I Ic than 
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Fig. 1. UV spect ra  of nitroindoliztnes (in ethanol): 1) 2- 
methyl-8-ni t roindol iz ine;  2) 2-phenyl-8-nitroindolizine;  3) 
2-methyl-6-ni t roindol iz ine;  4) 2-phenyl-6-ni troindolizine;  
5) 2 - te r t -bu ty l -  6-nitroindolizine. 

for Va~ A low yield in connection with res t r i c ted  s ter ic  accesibil i ty was noted in the synthesis of 2 - te r t -bu ty l -  
indolizine, which does not have a nitro group [8]. The cyclizat ion of salts IIlb and IVb, which have a phenyl 
group adjacent to the react ing carbonyl group, p roceeds  bet ter  when they are  heated in aqueous solution even 
at pH 2-3, where the cer ta in  excess acidity of the medium resulted in protonation of the carbonyl group; how- 
ever,  it was necessa ry  to neutral ize the mixture  in order  to complete the reaction. It is interesting that 2- 
phenyl -6-n i t ro -  (Vb) and 2-phenyl-8-ni t roindol izine (VIb) were obtained in almost identical yields (93 and 86~, 
respect ively) .  Consequently, the nitro in the ortho position group in s t ruc ture  IVb does not hinder cyclization, 
although the methyl group that par t ic ipates  in this reaction has substttuents on both sides. 

The UV spect ra  of the nitroindolizines contain three absorption bands; this is also charac te r i s t i c  for 
indolizine itself [8]. The f i rs t  long-wave band in the spec t ra  of our models is observed at f rom 480 to 430 am, 
the second higher- intensi ty  band is observed f rom 380 to 300 am, and the third intense band is observed f rom 
270 to 220 am. The long-wave absorption band in the spect ra  of 2-phenylnitroindolizines appears as an inflec- 
tion. Thus all of the absorpt ion bands in the spec t ra  of the nitroindolizines undergo a bathochromic shift as 
compared with unsubstituted indolizines (absorption bands at 330-360, 270-300, and 220-240 am [8]), and in the 
case of the 8-ni tro compounds WIa-b) all of the bands are  shifted to the long-wavelength region as compared 
with the 6 i somers  (Va-e) (Fig. 1). 

As one should have expected, the introduction of a nitro group in the pyridine ring of the indolizine in- 
c reases  the number of pathways of fragmentat ion of the molecular  ion in the mass  spectra,  and this leads to a 
decrease  in the stability (thus, for example, VIb has W M 16.2 and 2-phenylindolizine has WM 33.6 [9]). As in 
the case of many aromat ic  nitro compounds, n i t r i t e - n i t r a t e  rea r rangement  of the molecular  ion is recorded 
in the spec t ra  of these substances.  ~o2~R oNo~ 

�9 l.o  L.o 

*I-"CN 
C;H4 R+ 

Depending on the electronic configuration and s ter ic  effects, (M- NO) + and (~{ - NO2) + ions are formed 
with differing probabil i t ies for the i somers :  The relat ive intensity of the (M-NO) + ions changes in the case 
of nitroindolizines f rom zero [for 2-methyl-6-ni t roindol iz ine (Va)] to 9.6,~ [for 2-phenyl-8-nitroindolizine WIb)] 
f rom the intensity of the (M - NO2) + ions. The p r ima ry  pathway of f ragmentat ion of the molecular  ion consists 
in the success ive  loss of a nitro group and HCN molecules;  this is confirmed by the corresponding metastable 
t ransi t ions .  
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E X P E R I M E N T A L  

The PMR s p e c t r a  of ace ton i t r i l e  or  dimethyl  sulfoxide (DMSO) solut ions of the compounds we re  r eco rded  
with a T-60 s p e c t r o m e t e r  with hexamethyld is i loxane  as the in te rna l  s tandard .  The UV s pe c t r a  of ethanol so lu-  
t ions of the compounds were  r eco rded  with a Cary-15  spec t ropho tomete r .  The m a s s  s p e c t r a  were  r eco rded  
with an MKh-1303 s p e c t r o m e t e r  at an i on i z ing -e l ec t ron  energy of 50 eV and an e m i s s i o n  cu r r en t  of 1.5 mA 
with int roduct ion of the subs tances  t ~ o  the ionizat ion region at 50-150 ~ 

3 - N i t r o - 2 - m e t h y l p y r i d i n e  (I). This compound was obtained f rom 2,6-1utidtne [3]. 

5 - N i t r o - 2 - m e t h y l p y r t d i n e  ([[). Sodiomalonic e s t e r  [obtained by d isso lv ing  3.9 g (0.17 mole) of sodium 
in 27 g (O .17 mole) of malonic  e s t e r  and 340 ml of absolute  e ther  with subsequent  evapora t ion  of the mix ture  to drynes  s] 
was mixedwi th  27 g (0.17 mole) of 2 - e h l o r o - 5 - n i t  ropyr id ine ,  and the m i x t u r e w a s  heated at 120 ~ for  I h. The red  mel t  
was poured into 500 ml of water ,  andthe  mix tu re  was t r e a t e d  with excess  2 N NaOI-I. The resu l t ing  d a r k - r e d  solut ion 
was f i l t e r e d t o  r emove the  unchanged 2 - c h l o r o - 5 - n i t r o p y r i d t n e ,  and the f i l t r a t e  was neu t ra l i zed  to pH 7 with BC1. 
The resu l t ing  y e l l o w - r e d  p r e c i p i t a t e  of n i t ropyr tdy lmalon ie  e s t e r  was r emoved  by f i l t ra t ion ,  washed with water ,  
and dr ied  to give 19 g (39~) of 2 - (5 -n i t ropyr idy l )ma lon ic  e s t e r  with mp 97-99 ~ (from alcohol) (rap 97-99 ~ [4]). 

A 12-g (0.04 mole) sample  of 2 - (5 -n i t ropyr idy l )ma lon ic  e s t e r  was ref luxed with 100 ml of 30~ H2SO 4 for  
2 h, a f te r  which tbe solut ion was cooled,  made  a lkal ine  with sodium carbona te ,  and ex t rac ted  with e ther .  The 
e ther  was r emoved  by d is t i l l a t ion ,  and the r e s idue  was d i s so lved  in benzene and ch romatographed  with a eotumn 
f i l led with a luminum oxide with elut ion by benzene.  Re c r ys t a l l t z a t i on  of the p roduc t  f rom heptane gave 3.5 g 
(62%) of n i t ropyr id tne  II with mp 110- i12 ~ (rap 110-112 ~ [4]). 

4 - N i t r o - 2 - m e t h y l p y r i d i n e .  A 10-g (0.06 mole)  s ample  of 4 - n i t r o - 2 - m e t h y l p y r t d i n e  N-oxide [6] was su s -  
pended in 150 ml of ch lo roform,  and the suspens ion  was cooled to 0 ~ a f te r  which 18 ml of phosphorus  t r i c h l o -  
r ide  was added dropwise  with s t i r r i t tg .  The mix tu re  was then heated at 70-80 ~ for  1 h, a f te r  which it was cooled 
and poured into wa te r .  The aqueous mix tu re  was neu t ra l i zed  with sodium carbona te  and ex t rac ted  with ch lo ro-  
form.  The ch lo ro fo rm ex t rac t  was dr ied  with MgSO 4 and evapora ted ,  and the dry  r e s idue  was d i sso lved  in chlo-  
ro fo rm and ehromatographed  with a column f i l led with a luminum oxide by elutton with ch lo ro fo rm.  R e c r y s -  
t a l l i za t ion  of the product  f rom heptane gave 5 g (54~) of 4 -n i t rop ieo l ine  with mp 32-34 ~ (rap 32-34 ~ [5]). 

1 - A c e t o n y l - 2 - m e t h y l - 5 - n i t r o p y r i d i n i u m  Bromide  (IIIa). A solut ion of 1 g (7.2 mmole)  of 5 - n i t r o - 2 - m e t h -  
y lpyr id ine  and 1.5 g (10.8 mmole)  of f r e sh ly  d i s t i l l ed  (bp 40-43 ~ at 13 ram) b romoace tone  in 3 ml of acetone 
was refluxed for  14 h, and the resu l t ing  p r e c i p i t a t e  was removed by f i l t r a t ion  and washed with acetone to give 
1.1 g (55%) of b romide  IIIa.  Another  0.68 g (4.9 mmole)  of b romoace tone  was added to the f i l t r a t e ,  and the 
mix tu re  was heated again  for  18 h to give an addi t ional  0.45 g of sa l t  IIIa. The overa l l  y ie ld  of product  with 
mp 168-170 ~ (dec., f rom alcohol) was 1.55 g (78~). Found: C 39.3; H 4.1; Br  29.1%. C9HI1BrN203. Calcula ted:  
C 39.1; H 4.0; Br  29.3%. 

1 - P h e n a c y l - 2 - m e t h y l - 5 - n i t r o p y r i d i n i u m  Bromide  ([Ill)). This compound, with mp 190-192 ~ [dec., f rom 
e t h a n o l - m e t h a n o l  (1 : 1)], was obtained in 72~c yie ld  by the method used to p r e p a r e  IIIa. Found: C 49.8; H 3.9%. 

C14H13BrN203. Calcula ted:  C 49.7; I I 3.9~. 

1 - P i n a c o l o n y l - 2 - m e t h y l - 5 - n i t r o p y r i d i n i u m  Bromide  ([IIc). A solut ion of 0.2 g (1.44 mmole)  of 5 - n i t r o -  
2 -methy lpyr id ine  and 0.4 g (2.16 mmole)  of 4 - b r o m o - 2 , 2 - d i m e t h y l - 3 - b u t a n o n e  in 1 ml  of acetophenone was 
heated at 110 ~ for  18 h, and the resu l t ing  a c i c u l a r  c r y s t a l s  of IIIc were  removed  by f i l t r a t ion  and washed with 
acetone to give 0.13 g (28%) of a product  with mp 241-244 ~ Found. ~ C 45.3; H 5.5%. C12HtTBrN~O 3. Calcu la ted :  
C 45.3; H 5.4~. 

1 - P h e n a c y l - 2 - m e t h y l - 8 - n i t r o p y r i d i a i u m  Bromide  ([Vb). This compound, with mp 163-165 ~ (dec., f rom 
propanol)  was obtained in 80% yie ld  by heating the s t a r t i ng  m a t e r i a l s  in ethyl methyl  ketone at 80 ~ The p r o -  
cedure  was s i m i l a r  to that  used for  the p r e p a r a t i o n  of IIIa.  Found: C 49.7; H 4.0; Br 23.8~. CI4HI3BrN20~. 
Calcula ted:  C 49.7; H 3.9; Br  24.0%. 

2-Phenyl -6-n i t ro indol iz ines (Va) .  A mix tu re  of 1.4 g (5.1 mmole)  of b romide  IIIa and 1 g (11.9 mmole)  
of NaHCO 3 was ref luxed with vigorous s t i r r i n g  in 20 ml of absolute  alcohol in a s t r e a m  of a rgon for  1 h 45rain,  
a f te r  which the sodium bromide  was removed  by f i l t ra t ion ,  and the f i l t r a t e  was vacuum evapora ted .  The dry 
res idue  was t r ea t ed  with hot heptane,  and the heptane ex t rac t  was cooled to p r e c i p i t a t e  0.69 g of red c r y s t a l s  
of Va. 

2 -Phercc l -6 -n i t ro indo l iz ines  (Vb). A 1-g (2.96 mmole)  sample  of IIIb was heated with 100 ml  of wate r  
for  1 h, a f t e r  which the mix tu re  was neu t ra l ized  with a few drops of ammonium hydroxide and heated for  an- 
o ther  30 min.  The yel low p r e c i p i t a t e  of Vb was removed by f i l t r a t ion  and dr ied  to give 0.65 g of product .  
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T A B L E  1. P r o p e r t i e s  of the Compounds  Obtained 

V a  

\-b 

\c 

\ l a  

Vtb 

�9 Rf (Silu- 
mp, C fol, elu- 
(crystalliza-t!ionwith 
tion solvent I nenzene' 

87--90 
(heptane) 
206--208 
(ethyl 

acetate) 
95--97 

(heptane) 
103--104 

(heptane) 
172--173 

(ethyl 
acetate) 

0.64 

0,68 

0,80 

0.57 

0,57 

Color 

Red 

Yellow 

D a r k - r e d  

Dark-red 

Red 

Empirical 
formula 

C~H~N202 

C~H-:X202 

Found Calc. 

C:2H:4X202 

CoHsN20= 

C,4H:0N202 

61.4 4.6 176 

70,6 4,4 238 

66,(] 6,6 218 

61,5 4.8 176 

70,7 4.5 238 

61.4 4,6 

70,7 4.2 

66,0 6,4 

61,4 4.6 

70.7 4.2 

176 

236 

218 

176 

238 

4 
r 
;:,.., 

77 

93 

31 

36 

86 

T A B L E  2. UV and PMR S p e c t r a l  Data  

Corn- UV spectrum (in ethanol) Chemical shifts, 5, ppm 
pound z,..., nm I g 6  1-H 

Va 
Vb 

VC 
Via 

\ ! b  

225,300,434 
240, 312. sh 

350--450 
228,303,430 

256--264, 
350.475 

248. 375, sh 
450--500 

4.35: 429:3,16 
4.35; 4,26 
3,9--3,4 

4.30; 4,23:3,09 
3,79--3,81 
3,10:2.90 
4,62:3.85 

=3,4 

6.33 ~ 

6.53* 
6,85t 

7,951" 

6-I-t 

8.93 

9,07 
6,60 8,54 

7,05 8,98 

~n 3H I -H ] S-H 

7,13-- 7,26 

7.23--7,43 
7,54 7,84 -- 

855 8,28 

* In a c e t o n i t r i l e ~  

f i n  d ime thy l  su l fox ide .  

2 - t e r t - B u t y l - 6 - n i t r o i n d o l i z i n e  (Ve). Th is  compound was  obta ined by the me thod  used  to p r e p a r e  Va. 

2 - M e t h y l - 8 - n i t r o i n d o l t z i n e  (Via). A m i x t u r e  of 0.5 g (3.6 m m o l e )  of 3 - n i t r o - ? - m e t h y l p y r i d i n e  and 2 g 

(14.4 m m o l e )  of b r o m o a c e t o n e  was  hea ted  at 90 ~ fo r  6 h, and the r e s u l t i n g  sol id  r e s i n o u s  m a s s  was heated  with 

w a t e r  ac id i f i ed  to pH 2-3 with h y d r o c h l o r i c  ac id .  The  inso lub le  r e s i d u e  was  r e m o v e d  by f i l t r a t i on ,  and the 

f i l t r a t e  was  s a t u r a t e d  with  sod ium b i c a r b o n a t e .  The  m i x t u r e  was  then  hea ted  to the bo i l ing  point ,  cooled ,  and 
e x t r a c t e d  with c h l o r o f o r m .  The e x t r a c t  was  d r i ed  with MgSO 4 and e v a p o r a t e d .  The  indo l i z ine  was  pu r i f i ed  

with a c o l u m n  f i l l ed  with s i l i c a  ge l  (L 40/100  rim, c h l o r o f o r m )  to g ive  0.23 g of Via .  

2 - P h e n y l - 8 - n i t r o i n d o l i z i n e  (VIb). Th is  compound  was obtained by the  me thod  used  to p r e p a r e  Vb. 

Data  on i n d o l i z i n e s  V and VI a r e  p r e s e n t e d  in Tab le s  1 and 2. 

R e a c t i o n  of 4 - N i t r o - 2 - m e t h y l p y r i d i n e  with B r o m o a c e t o p h e n o n e .  A so lu t ion  of 0.12 g (0.72 m m o l e )  of 4-  

n t t r o - 2 - m e t h y l p y r i d i n e  and 0.2 g (1 m m o l e )  of b r o m o a c e t o p h e n o n e  in 1 ml  of ace topheaone  was  hea ted  at 110 ~ 

for  10 h, dur ing  which no p r e c i p i t a t i o n  was  o b s e r v e d .  The  m i x t u r e  was  then  pou red  into 10 ml  of wa te r ,  and 

the  aqueous  m i x t u r e  was hea ted  with e x c e s s  sod ium b i c a r b o n a t e  fo r  1 h. It was  then  e x t r a c t e d  with c h l o r o f o r m .  

2 - M e t h y l - 7 - n i t r o i n d o l [ z i n e  was  not de t ec t ed  ( E r H c h ' s  reagen t )  in the  r e a c t i o n  m i x t u r e  by T L C .  

i. 

3. 

3. 
4. 
5. 
6. 
7. 
8. 
9. 
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