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ORGANIC P R E P A R A T I O N S  AND PROCEDURES I N T .  2 0 ( 3 ) ,  237-243 (1988)  

SYNTHESIS OF ALKYL INDOLIZINES FROM PYRYLIUM SALTS 

Antonie Dinculescu, Teodor-Si lv iu  Balaban and Alexandru T. Balaban * 
Poly technic  I n s t i t u t e ,  Organic Chemistry Department 
S p l a i u l  Independentei 313, 76206 Bucharest, ROUMANIA 

We have r e c e n t l y  shown t h a t  3 ~ - i n d o l i z i n i u m  perch lorates 4 can be 

prepared i n  good y i e l d s  s t a r t i n g  from pyry l ium s a l t s  (1) - w i t h  methyl ( R = H )  

or e t h y l  (R=Me) groups i n  the  2- and 6- pos i t i ons ,  by the f o l l o w i n g  

reac t i on  sequence.' 

CH(OA1 k )  , 
I 
CHz - 

CH,R 
CH,-CH=O 

CH,R 
I 
CH,-CH( O A I  k )  , 

RCH, CH,R NH, RCH, 

1 - 2 - 3 - 

+ HO- &R - b R = M e  

A A l k  = E t  - & R -  RCH, - H,O RCH, N \ - 

4 - - 5 - B Alk  = Me 

I n  view o f  t h e  i n t e r e s t  i n  i n d o l i z i n e  chemistry,' and the  a v a i l a b i l i t y  

of p y r y l  ium s a l t s ,  we r e p o r t  here the experimental de ta i  1 s associated w i t h  

the above r e a c t i o n  sequence. This  rou te  t o  s u b s t i t u t e d  i n d o l i z i n i u m  s a l t s  4 
and corresponding i n d o l i z i n e s  - 5 i s  a l so  app l i cab le  i n  those cases when the  

c l a s s i c a l  Chichibabin qua te rn i sa t i on  of py r id ines  w i t h  a-halogenated carbo- 

n y l  compounds f a i l s ,  i . e .  f o r  i n d o l i z i n e s  unsubst i tu ted i n  the  five-member- 

ed r i n g .  This  f a c t  expla ins why the  i n d o l i z i n i u m  s a l t s  - 4 and i n d o l i z i n e s  5 
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D I N C U L E S C U ,  B A I A B A N  AND BALABAN 

derived therefrom were unsynthesized t i l l  now, in  s p i t e  of the f a c t  t h a t  

numerous other, cons t i t u t iona l ly  isomeric, indol iz ine der iva t ives  a re  

known.  Furthermore, we show now t h a t  the  cyc l i sa t ion  of fl-pyridinium ace t -  

aldehydes - 3 proceeds w i t h  a high r eg iose l ec t iv i ty  when an ci-ethyl group 

competes with an a-methyl group. T h u s ,  from 2-(2-ethyl-4,6-dimethylpyridi- 

nium-1)-acetaldehyde c 3c,  only one c r y s t a l l i n e  indolizinium perchlorate  was 

obtained. namelv 4c. This f a c t  agrees with the observation' t h a t  cyc l i sa -  * -  

t ions  involving methyl 

cycl i s a t ions  involving 

groups proceed f a s t e r  and in  higher y ie lds  t h a n  

ethyl CH2 groups. 

Me 
1 

CH,-CH=O 

Me 

3c - 4c - 

EXPERIMENTAL SECTION 

Melting points were determined on a hot-stage apparatus and are uncorrected. 
Infrared spectra  were obtained in KBr pe l l e t s  on a Jena UR-20 spectrometer. 
' H - N M R  spectra  were r u n  e i t h e r  in  C D C 1 ,  o r  in  C F , C O O H  so lu t ions  with t e t r a -  
methylsilane as  in te rna l  s tandard,  on a Varian A-60A instrument. 

2 - (  2,4,6-Trimethyl pyridi  ni um-1)-acetal dehyLe diethyl acetal  Te t ra f l  uoroborate 

(2 aA). General Procedure.- In a three-necked 250 ml round-bottom f l a sk  

equipped with a magnetical s t i r r e r ,  dropping funnel and ref lux condenser, 

2,4,6-trimethylpyrylium tetraf luoroborate"  (la, 38 g ,  0.18 mol) was suspen- 

ded in  lOG ml dichloromethane. Aminoacetaldehyde diethylacetal  ( 2 4  g ,  24.8 

m l ,  0.18 m01, commercial product) was added dropwise so t h a t  a gent le  re f lux  

- 

was maintained. The deeply red solut ion was s t i r r e d  overnight a t  room tem- 

perature and e the r  (100 m l )  was added t o  p rec ip i t a t e  the product. I t  was 

co l lec ted ,  washed with e the r  and dr ied t o  y i e ld  53 g (90 % )  of - 2aA. 

'H-NMR ( C D C 1  3), 6 ( p p m )  : 1 . 2 1  (6H, t ,  J = 7 . 5  Hz, OCH,&), 2.60 (3H, s, 
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SYNTHESIS OF ALKYL 1NIX)LIZINES FROM PYRYLIUM SALTS 

4-Me), 2.93 (6H, s ,  2- and 6-Me), 3.70 and 3.80 (4H, m, nonequ iva len t  OCH,), 

4.70 (2H, d i s t o r t e d  d, N-CH,), 4.80 ( lH ,  d i s t o r t e d  t, CH,-CH=, - J = 4.5 Hz), 

7.61 (2H, s, 3- and 5-H) ; mp. 143-145'. 

- Anal. Calcd. f o r  C1,H,,BF,N02 : N, 4.31 

Found : N, 4.16 

+ 

The corresponding pe rch lo ra te ,  mp. 121-122', has an i d e n t i c a l  'H-NMR spec- 

t rum ; I R  (cm-') : 625, 1100, 1585, 1650. 

S i m i l a r l y ,  by us ing  aminoacetaldehyde d ime thy lace ta l  ( A l d r i c h )  and 

2 ,4 ,6 - t r imethy lpyry l  ium pe rch lo ra te , '  t h e  corresponding p y r i d i n i u m  d ime thy l -  

k e t a l  p e r c h l o r a t e  (2aB), - mp. 130-131" was ob ta ined  i n  94 % y i e l d  ; 'H-NMR 

(CDCl,), 6 (ppm) : 2.53 (3H, s ,  4-Me), 2.85 (6H, s ,  2- and 6-Me), 3.47 (6H, 

s, OMe), 4.72 (3Y, broad s ,  N-CH,-CJ=), 7.52 (2H, s ,  3- and 5-H). 

- 2-(  2,6-Diethy1-4-methyl p y r i  d i  n ium-1) -ace ta l  dehyde d imethy l  ace ta l  Perch1 o r a t e  

(2bB).- - S i m i l a r l y ,  (15 g, 60 mmol) and aminoacetaldehyde d ime thy lace ta l  

(6.3 g, 60 mmol) reac ted  i n  50 m l  d ichloromethane t o  a f f o r d  17 g (64 % )  o f  

- 268, mp. 65-67'. 'H-NMR (CDCl , ) ,  6 (ppm) : 1.45 (6H, t, J = 7.5 tiz, CH,&), 

2.63 (3H, s ,  4-Me), 3.22 (4H, q, J = 7.5 Hz, &Me), 3.47 (6H, s ,  OMe), 

4.77 (3H, m, CH,-E=), 7.63 (ZH, s,  3- and 5-H). 

- Anal. Calcd. f o r  C1,H,,C1N06 : N ,  4.15 ; C l ,  10.50 

Found : N ,  4.00 ; C1, 10.75 

- 2- ( 2- E t hy 1 -4,6 -d i met hy 1 p y r i  d i  n i  um- 1 ) -ace t a  1 de hyde d i  met hy 1 ace t a  1 Perc h l  o r a t e  

(2cB).- - 
m 0 1  ) and aminoacetal dehyde d imethy l  ace ta l  (1.25 g, 12 rnmol ) , mp. 95-96'. 

+ 

Analogously, 2.9 g (76 % )  o f  - 2cB were ob ta ined  from - l c  (2.6 g, 12 

'H-NMR (CDCI,), 6 (ppm) : 1.42 (3H, t, J = 7.5 Hz, 2-CHZE), 2.56 (3H, S ,  

4-Me), 2.86 (3H, s ,  6-Me), 3.18 (2H, q, J = 7.5 Hz, 2-%Me), 3.46 (6H, s, 

OMe), 4.72 (3H, m, E,-CJ=), 7.50 (2H, s ,  3- and 5-H). 

- Anal. Calcd. f o r  Cl,H,,C1N06 : N, 4.33 ; C1, 10.95 

Found : N, 4.60 ; C1, 10.71 
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DINCUI,ESCU, BALABAN AND BALABAN 

- 2-( 2 ,4 ,6 -T r ime thy lpy r id in i  urn-1)-acetaldehyde T e t r a f l  uorobora te  (3a ) .  - 

General Procedure.- I n  a round-bottom f l a s k  equipped w i t h  a r e f l u x  conden- 

se r  t h e  d i e t h y l a c e t a l  2aA (11 g, 34 mmol) was d i s s o l v e d  i n  33 ml a c e t i c  a c i d  

and 10 m l  48% t e t r a f l u o r o b o r i c  a c i d .  The mix tu rewas r e f l u x e d  f o r  4 h rs ,  

ther: e t h e r  was added t o  p r e c i p i t a t e  t h e  produc t .  F i l t r a t i o n  and a i r  d r y i n g  

gave 8.4 g (99 % )  of  crude - 3a, mp. 155-156". 'H-NMR (CF,COOti), 6 (ppm) : 

2.64 (3H, s ,  4-Me), 2.70 (6H, s ,  2- and 6-Me), 5.80 (2H, s ,  C H , - C H O ) ,  7.60 

(2H, s ,  3- and 5-H), 10.00 ( lH ,  s, C H , - K ) .  It i s  noteworthy t h a t  t h e  ab- 

sence o f  coup l i ng  between t h e  a ldehyd ic  and t h e  me thy len i c  v i c i n a l  p ro tons  

p e r s i s t s  a l s o  i n  o t h e r  so l ven ts  (CD,SOCD,, H2S0,, pyr id ine-d, ,  CD,COCD,). 

I n  py r id ine -d ,  an u p f i e l d  s h i f t  occured f o r  t h e  4-methyl s i g n a l  w h i l e  t h e  

2- and 6-methyl s i g n a l  was s h i f t e d  downf ie ld ,  i n c r e a s i n g  thus  t h e  chemical 

s h i f t  d i f f e r e n c e  between the  a- and y-methyl  groups from 0.08 pprn ( i n  o t h e r  

so l ven ts )  t o  0 .33  ppm i n  C,D,V. I n  C 5 D S Y  and acetone-d, about 10% o f  3a i s  

p resen t  as t h e  e n o l i c  tautomer.  

Anal. 

- 

- 

Calcd. f o r  C,,H,,BF,NO : N ,  5.58 

Found : N, 5.33 

The cor respond ing  p e r c h l o r a t e  was ob ta ined  s i m i l a r l y  by a c i d  h y d r o l y s i s  

(70% HC10,) o f  a c e t a l s  2aA o r  - 2aB, mp. 173-175" ; I R  

1588, 1650, 1735 ; i d e n t i c a l  'H-NKR spectrum w i t h  t h e  

(CF,COOH + CD,Cl,), 6 (ppm) : 21.98 (2 -  and 6-Me), 22 

130.27 (3- and 5-C), 157.02 (4-C), 162.88 (2 -  and 6-C 

- Anal.  Calcd. f o r  CloH,,CINO, : N ,  5.31  ; C1, 13.45 

Found : N, 5.33 ; C1, 13.60 

- 
- 1  

cm ) : 625, 1100, 

BF, s a l t  ; 1 3 C - N M R  

13 (4-Me), 62.60 (CH,) 

, 196.49 (CHO). 

- 2-( 2,6-Diethyl-4-methylpyridinium-l)-acetal dehyde Perch lo ra te  (s) . - The 

ace ta l  2bB (6 .7  g, 20 mmol) was hydro lysed as above w i t h  15 n i l  a c e t i c  a c i d  

and 1 m l  70% p e r c h l o r i c  ac id ,  g i v i n g  5.7 g (98 %) o f  - 3b, mp. 204-206". 

'H-NMR (CF,COOH), 6 (ppm) : 1.45 (6H, t, J = 7.5 Hz, CH&), 2.70 (3H, s ,  

4-Me), 2.98 (4H, q, J = 7.5 Hz, CH,Me), 6.00 (2H, s, N-CH,), 7.68 (ZH, s ,  
+ 
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SYNTHESIS OF ALKYL I N W L I Z I N E S  FROM PYRYLILJM SALTS 

3- and 5-H) 10.00 ( l h ,  s ,  CH=O). 

- Anal. Calcd. for C 1 , H l , C I N G ,  : N, 4.80 ; C 1 ,  12.16 

Found : N ,  5.00 ; C1, 12.40 

- 2-( 2-Ethyl -4,6-dimethylpyridi  nium-1) -acetaldehyde Pe rch lo ra t e  

Hydrolysis of 2.6 g (8  mnol) of 2cB i n  10 ml acetic ac id  and 0 . 5  ml 70% 

K10 ,  gave 1.8 g (61 % )  of &, rnp. 138-139". 'H-NMR (CF,COOH), 6 (ppm) : 

1.42 (3H, t ,  J = 7.5 Hz, Z-CH,Me), - 2.65 (6H, broad s ,  4 -  and 6-Me), 2.95 

(2H, q ,  J = 7.5 Hz, Z-CH,Me), - 5.75 ( Z H ,  s ,  N-CJ,), 7.65 ( Z H ,  s ,  3- and 5-H) , 

1 O . O C  (lH, S ,  C H = O ) .  

Anal. Calcd. f o r  C 1 , H 1 , C I N O ,  : N, 5.05 ; C 1 ,  12.77 

Found : N ,  5.30 ; C 1 ,  13.18 

(&) . - 

+ 

5,7-3imethyl-3a-indolizinium Perch lo ra t e  (4a). General Procedure.-  

I n  a 100 ml f l a s k  provided w i t h  a magnetic stirrer, the aldehyde - 3a (10 g,  

40 mmol) was d i s so lved  i n  25 ml of bo i l i ng  methancl and t r e a t e d  w i t h  KOH 

(2 .5  g ,  45 mmol) d i s so lved  i n  50 ml of bo i l ing  methanol. The f l a s k  was then 

stoppered and l e f t  for two days a t  room temperature w i t h  occasional s t i r -  

r i n g .  After f i l t r a t i o n  of the p r e c i p i t a t e d  KBF, ( 5  g ,  36 mmol), 70% HC10, 

was added dropwise t o  the c l e a r  s o l u t i o n  which was s t i r r e d  subsequently for 

3 hrs. The p r e c i p i t a t e d  - 4a was t h e n  f i l t e r e d  o f f  and d r i e d  t o  a f f o r d  9.3 g 

(95 % )  of crude product .  R e c r y s t a l l i z a t i o n  from bo i l ing  methanol con ta in ing  

charcoal gave a pure sample w i t h  mp. 219-221" ( d e c . ) .  

766, 878, 1100, 1560, 1637, 2955, 3075, 3100. 

2.69 (3H, s ,  7-Me), 2.83 (3H, s ,  5-Me), 5.28 (2H, s, 3-CH2), 7.16 (lH, d ,  

IR ( C R - ' )  : 625, 7G7, 

'H-NMR (CF,COOH) , 6 (ppm) : 

J = 6.5 H Z ,  1 - H ) ,  7.48 ( l H ,  d ,  J = 6 .5  H z ,  2 - H ) ,  7.51 (lH, S, 6-H), 7.77 

( l H ,  S ,  8-H). 

- Anal. Calcd. f o r  CloH,,CINO,, : N, 5.70 

Found : N ,  5.85 
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DINCULESCU,  BALABAN AND BALABAN 

lY7-Dimethyl-5-ethyl -3H-indol i z in ium Pe rch lo ra t e  (4b)  - .- Simi la r ly ,  2 
(11.8 g ,  45 m o l )  and 2 .5  g KOH were s t i r r e d  i n  methanol f o r  four  days 

a f t e r  which 4.0 ml 70% HC10, p r e c i p i t a t e d  the product (7 .4  g ,  60 % ) ,  mp. 

119-120". Il? (cm-') : 625, 800, 875, 1100, 1562, 1630, 2960, 3070, 3090. 

' H - N M R  ( C F , C O O H ) ,  6 (ppm)  : 1.58 (3H, t ,  J = 7.5 Hz, C H , K e ) ,  2.36 (3H, d ,  

J = 1.5 Hz, 1-Me), 2.78 (3H, s ,  7-Me), 3.13 (2H, q ,  J = 7.5 Hz, CH,Me), 

5.08 ( Z H ,  broad s ,  3-CH2), 7.12 ( l H ,  broad s ,  2 - H ) ,  7.58 ( l H ,  s ,  6-H), 
- 

7 .73  ( l H ,  S ,  8-H). 

Anal. Calcd. f o r  C1PH16C1N0, : N ,  5.12 

Found : N ,  5.04 

5-Ethyl-7-methyl-3H-indolizinium Perchlorate  ( 4 c ) . -  - Aldehyde - 3c (5 .0  g ,  

18 mmolj was s t i r r e d  i n  methanol w i t h  1.1 g KOH and then 2.0 ml 70% HC70, 

gave 2.9 g (62 %) cjf  s, mp.  188-189'. 

1555, 1600, 2965, 3070, 3095. 

= 7.5 Hz, 5-CH2Me), 2.73 (3H, s ,  7-Me), 3 13 ( 2 H ,  q, J = 7.5 Hz, 5-CH2Me), - 

I R  (cm-') : 625, 705, 880, 1100, 

' H - N M R  ( C F , C O O H ) ,  6 (ppm)  : 1.56 (3H, t ,  J = 

5.30 ( 2 H ,  S ,  3-CH,), 7.19 ( l H ,  d ,  J = 6.5 H z ,  1-H), 7.53 ( l H ,  d ,  J = 6 .5  H z ,  

2 - H ) ,  7.58 ( l H ,  S ,  6-H), 7.79 ( l H ,  S ,  8-H . 
Anal. Calcd. f o r  C I I H l , C I N O ,  : N ,  5.40 

Found : N ,  5.68 

5,7-Dimethylindolizine ( 5 a ) .  - General Procedure.-  ' H - N M R  Spectra  of f r e e  

bases could be conveniently recorded by d i s so lv ing  the corresponding indol i - 

zinium pe rch lo ra t e  i n  pyridine-d,  and f i l t e r i n g  d i r e c t l y  i n t o  the N M R  v i a l .  

A l t e r n a t i v e l y ,  f o r  p repa ra t ive  purposes,  the p u r i f i e d  indolizinium perchlo- 

r a t e s  were t r e a t e d  e i ther  w i t h  ( i f  aqueous sodium hydroxide, the i n d o l i z i n e  

was then e x t r a c t e d  i n t o  C C 1 ,  o r  E t , O  w h i c h  were d r i ed  and sut 'sequently eva- 

porated,  o r  ( i i )  sodium methoxide i n  methanol followed by add i t ion  of CCl,, 

azeo t rop ic  d i s t i l l a t i o n  of methanol, f i l t r a t i o n  of the p r e c i p i t a t e d  NaC10, 

and f i n a l  evaporation of CC1,. Remarkable aromatic solvent-induced sh i f t s  

were observed i n  the ' H - N M R  s p e c t r a  i n  pyridine-d,  and i n  CC1,  containing 

2 4 2  
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S Y N T H E S I S  OF ALKYL I N D O L I Z I N E S  FROM PYRYLIUM SALTS 

benzene-d6. 'H-NMR (CCl,), 6 (ppm) : 2.21 (3H, s, 7-Me), 2.41 (3H, s, 5-Me), 

6.20 ( lH ,  s,  6-H), 6.33 ( lH ,  d ,  J = 3 Hz, 2-H), 7.07 (2H, broad s, 3- and 

8-h) . 

1,7-Dimethyl-5-ethylindolizine 

t, J = 7.5 Hz, CH,Me), 2.27 (3H, 

J = 7.5 hz,  CH,Me), 6.04 ( IH ,  s,  

- 

- 

5 b ) . -  'H-NMR - 
s, 7-Me), 2.32 

6-H) , 6.49 (1H 

CCl,), 6 (ppm) : 1.36 (3h, 

(3H, s,  1-Me), 2.65 (2H, q, 

d, J = 3 Hz, 2-H), 6.93 

( l H ,  d ,  J = 3 Hz, 3-h, and l H ,  s,  8 - t i ) .  

5-Lthyl-7-methylindolizine ( 5 c ) . -  - 'H-NMR (CCl,), 6 (ppm) : 1.33 (3H, t, 

J = 7.5 Hz, 5-Ch,Me), - 2.23 (3H, s, 7-Me), 2.68 (2H, q, J = 7.5 Hz, 5-CH2Me), - 

6.06 ( lH ,  S ,  6-H), 6.20 ( l H ,  d, J = 3.5 Hz,  1-H), 6.65 ( l H ,  t, J = 3.5 Hz,  

2-H), 6.97 (2h, broad s,  3- and 8-H).  
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