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SYNTHESIS AND NMR STUDY OF MANNICH BASES OF 8-ACETOXY-INDOLIZINES 

* 
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?brtract - crysta l l ized hydrochlorides of some unstable M-ich bases derived - 
from 8-acetoxyindolizine (1) and 3-acetyl-8-acetoxyindolizine (3 )  have been 

prepared by condensation of iminium s a l t s  an these subst ra tes .  The nmr study 

of the free bases and t he i r  hydrochlorides shows the se lec t iv i ty  of the 

reaction which introduces the aminomethyl side chain a t  positions 3 i n  1 and 

1 i n  3. The disappearance of the strong deshielding observed fo r  8-5, i n  the 

3-acetyl se r i e s ,  when one passes from the free base t o  the corresponding 

hydrochloride i s  discussed i n  terms of r e s t r i c t ed  rotation and dipolar 

interactions.  

I n  preceeding  paper^''^'^, we have developped the synthesis and react ivi ty  of 8-acetolryindolizine 

(11  which can be considered as the precursor of 8-hydroxyindolizine, an unstable new phenol. 

nky la t ion  of th i s  mmpomd was not yet  described. This report concerns the preparation and the 

nmr study of Mannich bases of t h i s  heremcycl ic  compound. 

since d i rec t  alkylation of indal i r ine  laads t o  a mixture of 1- and 3 - a ~ r y l i n d o l i z i n e s ~  the synthesis 

of alkylindolizines has been generally achieved by cycliration reactions performed on suitably 

subst i tv ted pyridines derivatives5. For instance, the most convenient preparation of substituted 

indolizines is t h a t  of Tschitschibabin which consists i n  base treatment of the adduct of 2-piooline 

and an a-halogeno-ketone . 6 
~y contras t ,  introduction of an amino-methyl side-chain by the Mannich reacticn has been currently 

used i n  indolizine chemistry especially hY Barrel and merge'  who prepared potent ia l  CNS 

depressants fmm 2-phenylindolizines and miscellaneous secondary amines. Further transformation 

of indolizine MaMich bases has a lso  been used i n  the preparation of fmct ionnal ized indolizine 

8 9 
derivatives as i s  exemplified by synttesisof substituted indolizinylalanine or ace t i c  acid . 
In  order t o  get the -ich base of 8 -a~ toxy indo l i r ine ,  we f i r s t  used the procedure described 

by Mannich." By action of a q l ~ o u s  formaldehyde and diethylamine on 8-acetolryindolizine m dioxan 



solution a t  room temperature (Scheme 11 we obtained 3-dimethylaminomethyl-8-acettxyindolizin (2) 

as a crude o i l ,  which was d i f f i c u l t  t o  purify,  owing to i ts  ins t ab i l i ty .  

Scheme 1 

This crude product has been h r a c t e r i z e d  by i ts  nmr spectrum which i s  ident ical  t o  tha t  described 

i n   able 2 fo r  th i s  free base prepared according t o  a d i f f e ren t  way (vide in f ra l .  By comparison 

1 
with the spectrum of 8-acetoxyindolizine we observe the disappearance of H-3 s ignal  a t  7.14-7.31 

ppm and a s l igh t  deahielding oe H-5 at 8 ppm (instead of 7.76 ppm i n  3. 

This r e su l t  shows t h a t  subst i tu t ion on indolizine nucleus too* place exclusively a t  3-position, 

which i s  known t o  be the mast reactive towards elect.glfliles i n  accordanae with e lect ronic  density 

calculations. 
11 

In order t o  obtain product eas i e r  t o  handle we applied a method which has been employed i n  the 

synthesis of unstable Mannich bases using the Eschenmoser salt .12 This reaction leads t o  the  

hydrochloride of the Mannich bases, which are generally more s table  than the f ree  bases. 

13e 
The methylene iminium s a l t  chemistry was dewlopped by mhme same years ago and has succeafully 

been applied t o  aminoalkylation of carbanions (Mannich react ion) ,  electron-rich "-systems (en01 

ethers, enamines, ynamines) and reactive arenes and heterenes (e.9. phenols or furan.). 
13 

8-~cetoxyindolizine (1) and 8-acetoxy-3-acetylindolizine (3) were allowed t o  react with the three 

fol lar ing iminium hydrochlorides (Scheme 2 ,  Table 1 ) .  

Generally the reaction was carried out in  aprotic medium by addition of an equimolecular amount of 

the iminium s a l t  t o  a solution of the indolizines L o r  2 in  acetoni t r i le  a t  room temperature 

followed i n  some cases by a gentle heating. After a variable time, the hydrochloride of the Hannich 

base precipitated on standing &t room temperature or by freezing the resul t ing mixture a t  ODC. 

Table 1 indicates the modifications t o  the general prooedure t h a t  have been introduced dependent 

on the d i r f e ren t  react iv i ty  of iminium s a l t s  towards the two indolizines studied. 

The hydrochlorides of the resul t ing Mannich bases have heen obtained i n  g o d  yields as crysta l l ized 

products. Attempts t o  i so la t e  the corresponding free bases have been successful only i n  tvo cases, . . 
the free base 12 isolated as a sol id  was s table  ; but  the free base L i sola ted as an o i l  appeared 

t o  be i t s e l f  very unstable, owlng t o  i t s  tendency t o  polymerize. This polymerization proceeded 

very rapidly i n  the case of a l l  other f ree  bases and occurred dvring evaporation of the solvent. 
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Table 1 

Reaction of iminivm s a l t s  with 8-acetoxyindolizine and 8-acetoxy-3-acetylindalirine 

Iminivm 
CI- 

4 - *' Cl- 5 =N 
+n +T 

aalts  - - N  - N, w0 cl- 

direct chloroformic 

OCOCH, 

R3 

Scheme 2 

Nevertheless, in  each case we were able t o  study the free base in  solution especially by nmr. 



NMR STUDY 

The r e su l t s  which are  summarized i n  the t ab l e  2 show the s e l e c t i v i t y  of the reac t ion .  

The Mannich bases derived from 8-acetaxyindolizine r e s u l t  from a subs t i t u t i on  which takes  place 

a t  the  3 pos i t ion  of the heterocycle.  Actually the nmr spec t r a  of the  free bases show the  disap- 

pearance of the E-3 s igna l  a t  7.3 ppm, and the existence of a zig-zag coupling between 8-5 and 

H-1 indica t ing  t h a t  this l a t t e r  ha. not  been ~ u b s t i t u t e d .  In the Mannich bases derived from 

3-acetyl-8-acetoxyindalizine the subs t i t uen t  has been introduced a t  pos i t ion  1,  as it is confirmed 

by the disappearance of the H-1 s igna l  and its coupling with 8-2 which gives r i s e  t o  a s i n g l e t .  

Comparison of the spec t r a  of the Mannich bases w i t h  those of t h e i r  hydrochlorides shows a deshieding 

(AS = 0.5 t o  1 ppm) f o r  the groups l inked ro the  nitrogen of the s i d e  chain i n  the s a l t s ,  from 

which i t  can be mncluded t h a t  protonation takes place at the  amino group intrcduced by 

SVbStitUtion. 

A p a r t i c u l a r i t y  concerning the  s igna l  of 8-5 appears i n  the nmr speotra.  In the Mannich oompounds 

which are not  ace ty la ted  e t  porritian 3, this s igna l  has approximatively the  same s h i f t  i n  the 

f r ee  base and i n  the corresponding hydrochloride. But i n  the 3-acetylated products a strong 

shie ld ing  (AS = 0.5 t o  1 ppm) is observed when one passer from the base t o  its s a l t .  I n  f a c t ,  

a deshielding e f f e c t  is shown by a l l  the 3-acetylated indol iz ines .  Since i n  the l i be ra t ed  bases,  

the s i gna l  of 8-5 appears i n  the s- region t h a t  i n  3-acetyl-8-acetoxyindolizine ( 6  = 9.65 ppm) , 

t h a t  means t h a t  the  deshielding e f f e c t  associated with a keto group i s  suppressed i n  the case of 

the hydrochlorides. An explanation fo r  this observation can be put  forwards, invoking a change 

from r e s t r i c t e d  t o  f r ee  ro t a t i on  of the 3-acetyl group, depending on the  protonation of the  amino 

funotion. The deshielding e f f e c t  on 8-5 observsd i n  3-acylindolir ines can be i n t e rp re t ed  by a 

s t ab l e  conformation which would place the carbonyl group i n  the plane of the indol iz ine  nucleus 

( a l l w i n g  conjugation) and i n  syn posi t ion  t w a r d s  R-5. In t h i s  conformation the 8-5 proton is 

more pa r t i cu l a r ly  deshielded,  owing t o  the diamagnetic anisatropy of the carbonyl group. Such a 

geometry has been described t o  explain the name observed deshielding e f f e c t  on 8-5 i n  3-formyl 

and 3-thioformylindolizines, and, i n  the  s- manner, on 8-8 i n  1-formyl and 1-thioformyl 

i n d o l i ~ i n e s . ' ~  From a var iable  temperature nmr study it has been mncluded t h a t  this syn 

conformation may be frozen out  as a mnsequence of favourable e l e c t r o s t a t i c  i n t e r ao t ions  i n  the 

d ipolar  form of these compounds ; i n  the 3-substi tuted s e r i e s ,  where a c lo se r  proximity of opposites 

charges is rea l ized  i n  the d ipolar  form, the  ro ta t ion  is s t i l l  r e s t r i c t e d  a t  12O0C. 
14 

A s imi l a r  phenomenon would be responsible fo r  the deshielding observed i n  the f r ee  bases which 

adopt a syn conformation f o r  t h e i r  3-acetyl subs t i tuent  (scheme 3.3). s ince  the chemical s h i f t  of 

8-5 is about the same i n  our compounds as i n  1,2-dimethyl-3-formylindolizine (6 = 9.66 ppm), this 
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syn cmformation can be considered as frozen out  i n  the f r ee  bases.  I n  the hydrochlorides the 

equil ibrium between syn and a n t i  conformatims would be res tored  as a consequence of a 

des t ab i l i z ing  e f f e c t  of the pos i t i ve  charge of the pmtonated  amino woup on the d ipolar  form of 

the 3-acetylindolizine moiety. Indeed, the  e n t i r e  charge borne by the  s ide  chain nitrogen would 

prevent important development of a p a r t i a l  pos i t ive  charge loca l ized  a t  the  nitrogen atom of the 

indol iz ine  nucleus (scheme 3b).  

Scheme 3 
b 

I n  this hypothesis one can Expect  a d i r e c t  r e l a t i o n i r l p  between the  obserwd shie ld ing  and the 

bas i c i t y  of the amino f m c t i o n  of the ~ a n n i c h  bares.   his appears t o  be the case i n  the s e r i e s  

15 -+=, 3 -10, and 12-8 fo r  which an increas ing  b a s i c i t y  can be predicted.  - 

me i r  study confirms the sbove assumptions s ince  the s t r e t ch ing  frequency of the carbonyl group 

occurs a t  higher wavelengths for  the f r ee  bases (1620 than f o r  the corresponding s a l t s  

(1635 - 1650 ~6 ' ) .  This r e s u l t  shows t h a t  conjugation of the carbonyl group with indol iz ine  

nucleus is l e s s  pmnounced i n  the s a l t s  than i n  the bases,  i n  r e l a t i on  with a decreased d ipolar  

character.  

EXPERIMENTAL SECTION 

Elemental ana lys is  were obtained fmm Central  Service of  MRS; a l l  melting and bo i l i ng  poin ts  are 

uncorrected. I n f l a R d  ( i r ~  spec t r a  were reoorded on a perkin-~lmer  337 spectrometer. nmr spec t r a  

were obtained from a A-60-A Varian or a WP 60 Bruker spectrormter. Chemical s h i f t s  a re  reported 

i n  p a r t s  per mi l l ion  (61 downfield from te t ramethyls i lane  used as i n t e r n a l  standard i n  deuterio- 

ch lomfa rm solu t ion  and as ex t e rna l  standard when D 0 was the solvent .  Mass spec t r a  were taken on 
2 

a R-10-10 Riber spectrometer mde r  70 ev. 

Biamo.tphoeitwmethane was prepared according t o  the procedure described by Schaeffer:  13b y i e ld  66%; 

b.p.o,2 71'C; n22'4 1.4804; i r  (film1 vcm-l 3003-2800 (C-HI;  nmr (CDCl31 6ppm 2.3-2.6 (5. 4H. 
D 

N ( C B ~ I ~ I ,  2.90 (8. 2H. N-M2-Nl , 3.6-3.8 (5, AH, (M21201. 

Bianathyhnbtomethane was purchased from Fluka. 

N,N-VinathyLnathytendminim hydnocheohide (4). TO 20 g of bismethylaminomethane (0.196 moll i n  
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200 m l  of anhydrous e + h l  e ther  s t i r r e d  under i n e r t  atmosphere IN2)  was added slowly acetyl  

chloride (13.9 m l ,  0.196 mol). After tw hows of reaction, the voluminous white preoipi ta te  w a s  

collected by f i l t r a t i o n  under i n e r t  atmosphere and rinsed largely with anhydrovs e thy l  ether. 

n f t e r  desiccation, the imtnim s a l t  weighted 19 g (1Wo yie ld) .  

Monphoe inodyLene i ln in iWn hydnoeheohide 1%) was q u a n t i t a t i e l y  obtained by the same procedure. 

Methyl 1-mnphoeino-1-doxgaeetate was obtained according t o  the  procedure of Gross and 

~ r e i b e r g ' ~ ~  : b . ~ . ~ . ~  75-7b°C; mi1'2 1.4584[7dt t . l~~:  68-70'C; 1.4562; yie ld  60.l; 

i r  (fi lm) ucml 2850 (CB30) , 1750 (CO2m3) , nmr lCDCl31 6ppm 2.5-2.9 (m, 411, CB2-N) , 3.45 15, 3". 

CH30), 3.65-3.90 1%. 4H. m2-01, 3.85 (s, 313, M301r 4.30 la, la ,  ml. 

MonphoeinonethoycanbonyenathyLeneiminiWn hydmckeohide (6) .  TO a so lu t io l  or 3.8 g of methyl 

1-morpholinwl-methoxyacetate i n  60 m l  of anhydrous e thy l  ether, w a s  added slowly u n b r  nitrogen 

thionyl chloride 11.8 m l l .  Wa* up iden t i ca l  t o  t h a t  described for  +y ie lded  quant i ta t ively  the 

compound 6. 

3-N,N-Vinethy~nodyLe8-acetoy&&eCz& hydmeheohide (11. TO a solution of 1.75 g of 

8-acetoxyindolizine 1 (10 -11 i n  20 m l  of freshly d i s t i l l e d  a c e t o l i t r i l e  0.9 equivalent (0.84 gl 

of iminivm s a l t  + w a s  added protionwise under i n e r t  atmosphere. The mixture was s t i r r e d  during 

6 hours a t  2O'C. Similar work up yielded quant i ta t ively  the compound z ( 2 . 4  g ) ,  m.p. 185'C; i r  IKBrI 

-1 
vcm 1765-1770 (OAcI, 2500-2680 (m); nmc (D20) see Table 2; ms 232 119.1%) M+' -8Cl; Anal. 

calcd. for  Cl3Hl7N2O2C1: C ,  58.10; a, 6.38; N ,  10.42; C1, 13.19. Found: C, 58.3; 8 ,  6.5; N ,  10.1; 

C1, 13.2. 

3 - N , N - V ~ n a t h y ~ o m e t h y e e 8 - a c e t o y i n d o ~ r i n e  13. TO a s t i r r e d  suspension of 2.94 of N ~ H C O ~  

135 -11 i n  200 m l  of anhydrous methylene chloride, was added under nitrogen 1.61 g of the 

hydrochloride 115 .99  -1). n f t e r  two hours of s t i r r i n g ,  the resul tant  mixture was f i l t e r e d  and 

the mother l iquor was evaporated under reduced pressure (0.1 mmg). 1.3 g (yield 93.5 % I  of the 

m i c h  base 2 w a s  obtained i n  the form of a very metable  o i l y  material: n g  1.5651) i r  (film) 

1760-1770 (OAd; nmr (CLCl31 see Table 2. This material  was also abtained by the c l a s s i ca l  

method of ~ a n n i c h  (action of aqvtous dimethylamine and f o m l  i n  dioxan tnrards 8-acetoxyindolizine) 

and presented the same spectrometric data. 

I - N , N - V ~ y ~ o d y L - 3 - ( 1 ~ e t y ~ - 8 - a c e t o x g i n d o e C ~  hydnockeohide l g  . me procedure previowly 

described for  compound 1 was modified i n  M e  following manner : 1 equivalent of iminim s a l t  + w a s  

used, the mixture was heated a t  80-C for  one hour and the precipi ta t ion w a s  achieved a t  -5°C. The 

overal l  y i e ld  was 82%: m.p. 183-190'C (dec.1; i r  (KBrl v&' 1770 IOAcI, 1635 13<DU131, 2450-2630 



+. 
l m ) ;  nmr lD201 See Table 2; ms 274 19.7%) M - H C l  -.N(CH312-CH2W, 187 (66 % I  M+'- HC1 

'N(M312 -CH2C0 - 8. Anal. Calcd. fo r  C15HlgN203C1: C, 57.97; H,  6.16; N ,  9.01; C1, 11.41. 

Fomd: C, 58.1; R ,  6.2; N ,  9.11 C1, 11.6. 

3-MonphohonathyL-8-acetoxyin&~i hydnocheDhide (9) was obtained i n  69% yield  by the procedure 

described for compound 1, m.p. 150-160'C; i r  IKBr) v a n 1  1770 IOALI ,  1635 (3-WM31, 2450-2630 

I-); nmr lD201 see  able 2; ms 274 110.6%) M+' -HCI. Anal. Calcd. for  c ~ ~ H ~ ~ N ~ o ~ c ~ :  C,  57.97; 

8 ,  6.16; N ,  9.01; C1, 11.41. Found: C .  58.1, 8 ,  5.91 N ,  9.1; 8 ,  11.95. 

3 - M o n f i o h o ~ y e - 8 - a c e t o x y i n d a U ~  113) was obtained by the procedure described f o r  compound 2, 

i n  a 94% y ie ld  a f t e r  addition of petroleum ether  t o  the o i l ,  precipitation and f i l t r a t i o n  under 

nitrosen, m.p. 109'C; i r  IKBr) v&' 1760-1770 IOAc); nmr (CDCl31 see Table 2 ;  ms s imilar  i n  a l l  

points t o  the spectrum of the corresponding hydrochloride. Anal. Calcd. fo r  C15H18N203: C,  65.68; 

8 ,  6.61; N. 10.21. Found: C, 65.5; H,  6.7; N ,  10.0. 

I -MonphohonathyL-3-aeetye-8-aceto~indoUzh hydnocheohide (lo) was suantitativrtiy obtained by 

the procedure described for  the compound 1 w i t h  the following modifications : the temperature 

(6oDc1 was maintained for  10 min, a f t e r  tha t  the solution was kept fo r  24 houm a t  20°C. n.p. 230'C; 

-1 
i r  ( m r )  vcm 1770 I O A C ) ,  1635 13-cm3) ,  2450-2630 I m l ;  nmr lD201 see Table 2; ms 316 (6.5%) 

M+'-BC~, 188 (IDOPI M+' -IIa-.NC H c-M2C0, 187 147%) M+' -HCl-.NC H C-C32CC-H. Anal. Calcd. for 
4 8 4 8 

c ~ $ ~ ~ N ~ O ~ C ~ :  C,  57.87; H,  6.00; N ,  7.94; C 1 ,  10.05. Found C,  58.0; H,  5.9; N ,  8.01 C1, 9.9. 

1-Mohpl to~~omethoxycanbonyenathyL-3 -acety i -B-acetoxy in&~~e hydmchiohide (9 was obtained i n  

a quantitative yield,  fo l l a r ing  the procedure described for  the preparation of 9. M.p. 176'C; i r  

(mr) y a - l  1770 (OAOI , 1770 ICO M I ,  1650 ( 3 - c m 3 ) ,  2450-2803 (~NH) i nmr I D ~ O )  See Table 2; 
2 3 

ms 374 (5.8%) M+' - H C ~ ;  anal. calcd. for  c ~ ~ H ~ ~ N ~ O ~ C ~ :  C,  55.55; H ,  5.64; N ,  6.82; Cl, 8.63. 

Fomd C, 55.4; H ,  5.7; N ,  6.8; C1, 8.6. 
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