
HETEROCYCLES. Val 22, No 7, 1984 

MODIFIED POLONOVSKI REACTION, A VERSATILE SYNTHETIC TOOL 

Mauri Lounasmaa* and Ari Koskinen 

Technical University of Helsinki, Department of Chemistry 

SF-02150 Espoo 15, Finland 

Abstract - Recent synthetic applications of' the modified Polonovski reaction 

are reviewed. In particular, the mechanistic consequences of the reaction are 

discussed. 

Designing the synthesis of a complex organic molecule such as several alkaloids often involves the 

strategist in questions of formidable difficulty. It can be argued that many of the greatest 

achievements of synthetic organic chemistry have come within the past two decades, and one can 

only presume that an increasing rate of new syntheses (sensu stricto, see ref. 1) will be achieved 

in the future. Of vital importance to the development of new efficient and elegant syntheses is the 

discovery of new selective chemical transformations, the unit processes which the organic chemist 

uses as "building blocks" in designing and executing a synthetic strategy and plan in detail. 

Piperidine unit is an abundant feature of several natural products, as exemplified by corynanthe- 

idine 1, (2)-20-epiuleine 3, histrionicotoxin 3, Y-pelletierine 4 and morphine 5 in Chart 1. 
Beyond doubt, the achievement of the correct substitution pattern in the piperidine ring has been 

3 a vexed problm2 The development of the modified Polonovski reaction has provided a versatile 

approach to various substituted piperidine systems, in offering a general method of constructing 

a 5,6-dihydropyridinium system 5 which is susceptible to the attack of carbon nucleophiles in a 
desired conjugated addition manner. In addition to being a useful means of preparing the dihgdro- 

pyridine equivalent 5, the modified Polonovski reaction is also amenable to generating cr-amino- 
nitriles, srnthons of wide applicability in both nucleophilic and electrophilic reactions. 

I POLONOVSKI REACTION 

1-1 Mechanism 

Already in 1927,Max and Michel Polonovski observed that tertiary amines can be demethylated 

by treating the corresponding N-oxide L with acid anh~dride.~ The main products of the reaction 

were found to be the N-acylated N-demethylamine 8 and formaldehyde (Equation 1). 



Chort 1 

0- 
R, I+,CH3 CH3 R, ,CH3 

CH-N C = O +  AC-N' + C H - N  + CH20 
R' 'CH3 R' ' C H ~  6' 'AC 

Equation 1 
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Scheme 1 

5 
Only nea r l y  t h ree  decades l a t e r ,  i n  1954, Wenkert proposed a  mechanism f o r  th'e reac t i on .  Th is  

p ropns i t i on  was based on t h e o r e t i c a l  considerat ions:  t o  exp la in  the  fo rmat ion  o f  the Polonovski 

products from compounds w i t h  the n i t rogen a t  a  bridgehead ~ o s i t i o n , ~  an y l i d e  mechanism was needed 

so as t o  avoid v i o l a t i o n  o f  the  B red t ' s  r u l e  (Scheme 1). 
7 Huisgen et undertook a  more careful  study on t h e  mechanism o f  the  Polonovski r e a c t i o n  and 

were able t o  prov ide substant ia l  evidence i n  favor of the mechanism o u t l i n e d  i n  Scheme 2. They 

a l so  considered a  r a d i c a l  mechanism p o s s i b i l i t y ,  as the Polonovski r eac t i on  o f  N,N-dimethyl a r y l  

amine N-oxides had been repor ted t o  induce po1,vmerization of ~ t y r e n e . ~  However, t h i s  phenomenon 

7 
was a t t r i b u t e d  t o  a  s ide  reac t i on  w i t h  h igh  temperature c o e f f i c i e n t .  The in t ramolecu lar  y l i d e  

5 mechanism o f  Wenkert was a lso  cas t  aside, because the react ion  was observed t o  f o l l o w  a  base- 

catalyzed E2-e l iminat ion  scheme. 

9 Later,  Huisgen and Kolbeck were ab le  t o  show tha t ,  a t  least i n  the  case o f  qu inuc l i d i ne  N-oxide 

11, the  B r e d t ' s  r u l e  was not v i o l a ted .  The on ly  product i so la ted  ( i n  nea r l y  q u a n t i t a t i v e  y i e l d )  - 
was the remarkably s tab le  N-acyloxyquinucl id in ium s a l t .  The benzoy lqu inuc l id in ium compound r e s i s t -  

ed f u r t h e r  r e a c t i o n  t o  g ive  the  Polonovski r eac t i on  products. 



Scheme 2 

As prev ious ly  mentioned, on the bas is  of the  observat ion  t h a t  the  rearrangement of N,N-dimethyl- 

an i l i ne  N-oxide i n  b o i l i n g  benzene i s  e f f e c t i v e  i n  causing styrene ~ o l y m e r i z a t i o n , ~  a r a d i c a l  

mechanism f o r  t h e  Polonovski r eac t i on  was advanced. Thus, the  y l i d e  12 was supposed t o  be cleaved 

homoly t ica l ly  i n t o  the r a d i c a l  p a i r  1J which would then re-combine t o  form the aminomethylene es- 

t e r  10. Refer r ing  t o  the  c l a s s i c a l  W of the tua Polonovskis, Cra ig  considered the exo- 

thermic nature  o f  the reac t i on  a lso  suppor t ive  o f  a f r ee - rad i ca l  mechanism. 

I n  the course o f  a ra the r  extensive study o f  t h e  mechanism of the  Polonovski rearrangement by  

means of 180 labeled ace t i c  anhydride, Oae et1l f i r s t  proposed t h a t  the  r e a c t i o n  invo lves  rad i -  

cal mecha:iism i n  solvent cage, i n  accordance w i t h  the  f a c t  t h a t  the  acetoxy r a d i c a l  i s  extremely 

unstable and short-lived. The fac ts  t h a t  the  reac t i on  was not a f f ec ted  by the  amount o r  k i n d  of 

solvents and the add i t i on  of r a d i c a l  scavengers, were thought s t rong l y  t o  suggest t h a t  the  main 

react ion proceeds through the " rad i ca l  p a i r "  process shown i n  Scheme 3. 
Later i n  t h e i r  studies,'' the  Osaka group came t o  the  conclusion that ,  i n  the  rearrangements o f  y- 

picol ine,  acr id ine,  a,N-diphenylnitrone, lep id ine,  qu ina ld ine and I - rnethy l isoqu ino l ine  N-oxides, 

the reac t i ons  i nvo l ve  a t  l e a s t  preponderately an i o n i c  mechanism. I t  should be po in ted ou t  a t  t h i s  

point t h a t ,  although an in t ramolecu lar  i o n i c  mechanism has o f ten  been favored t o  represent the  

4 Polonovski rearrangement, using N -oxides o f  1.4-benzodiazepines SunjiC e t 1 3  unambiguously 

showed t h e  reac t i on  t o  proceed i n  a non-concerted manner. 

Conclusive evidence f o r  the  mechanism of t h e  Polonovski r eac t i on  was obtained by t h e  French group. 

1 Studying t h e  reac t i on  by means o f  H NMR spectroscopy, ~ i c h e l o t ' ~  was able t o  i d e n t i f y  several  

c ruc ia l  in termedia tes  i n  favor  o f  the  mechanism o u t l i n e d  i n  Scheme 4. The mechanism i s  e s s e n t i a l l y  - 
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i den t i ca l  w i t h  the one proposed by Huisgen s7 Fur ther  evidence t o  support t h i s  mechanism was 

gained by Volz and ~ i l t z ' ~ ~ ,  a n d  Volz and ~ u c h t i " ~ ,  who succeededtin i s o l a t i n i  the  methylene- 

iminium species 141 and ca r r y i ng  t h i s  in termedia te  on t o  g i i e  the  Polonovski r eac t i on  products 

Qu i te  recent ly ,  ~ a r t n e r ' ~  has i s o l a t e d  and f u l l y  character ized a l so  t h e  acetoxyamonium i n t e r -  

mediates 2 as we l l  as the  methyleneiminium species 2. 

1-2 Acy la t i ng  reagents' - the modi f ied  Polonovski r eac t i on  

The o r i g i n a l  Polonovski r eac t i on  was conducted using ace t i c  anhydride. It was observed t h a t  a lso  

other acy la t i ng  agents can be used i n  the  reac t i on .  CavC and ~ i c h e l o t l ~  po in ted ou t  t h a t  the  

acy la t ing  reagent has a  dramat ic e f fec t  on t h e  regiochemical course o f  the  Polonovski reac t ion .  

Thus, i n  t h e  reac t i on  t r i f l u o r o a c e t i c  anhydride and acety l  c h l o r i d e  l i b e r a t e  s t rong acids, which 

convert t h e  es ters  o f  gem-amino almhols t o  the  corresponding iminium ion  species. 

I n  the modi f ied  Polonovski react ion,"  were the amine N-oxide i s  t r ea ted  w i t h  t r i f l u o r o a c e t i c  

anhydride,'' the  diminished n u c l e o p h i l i c i t y  and enhanced b a s i c i t y  o f  the  t r i f l u o r o a c e t a t e  i on  

disfavours the formation o f  the  aminomethylene es te r  =.I6 Two formal pathways f o r  the  reac t i on  

can thus be expected: 20 

i )  an e l im ina t i on  react ion ,  i n  which on l y  the  C-H bond adjacent to tk C - N h d  i s  broken, 

and thus "normal" Polonovski in termedia tes  are formed. 

i i )  a  fragmentation reac t i on ,  i n  which the C - C  bond adjacent t o  t h e  C-N bond i s  

cleaved. Examples of t h i s  mode abound i n  the  l i t e r a t u r e ,  mainly i n  connect ion w i t h  the  biomimetic 

21 syntheses of i ndo le  a l ka lo ids .  

The f a c t o r s  c o n t r o l l i n g  t h e  course o f  the  modified Polonovski reac t ion ,  i . e .  e l i m i n a t i o n  vs. i r a g -  

mentation, can he sumnarired as f o l l ows :  

i )  i n  the  case o f  e l im ina t i on ,  the  most ac id i c  pro ton a t o  the  n i t r ogen  i s  abstracted. 

It has no t  been e x p l i c i t l y  s tud ied whether the  deprotonat ion occurs under k i n e t i c  o r  thermodynamic 

condi t ions but i t  seems t h a t  a t  l e a s t  w i t h  t r i f l u o r o a c e t i c  anhydride as the  acy la t i ng  reagent, i t  

i s  the thermodvnamica1,ly m o s t a c i d i c  pro ton t h a t  i s  cleaved. Thus the f o l l o w i n g  reac t i ons  are 

observed (Equations 2, 2, 4, 5): 
Chevolot sZ2 d i d  i n  f a c t  c l a im  t o  have produced the iminium ion  from j&. However, we have 

shownz3 t h a t  the  prop ion ic  ac id  d e r i v a t i v e  d i d  lead t o  the endoc.vclic iminium ion  18. Fur ther -  

more, observat ion t h a t  the  N - b e n z y l p i p e r i d i n e  N-oxide forms the endocycl ic iminium species, 24 

i s  also i n  con t rad i c t i on  w i t h  t h e  exp lanat ion  of the  French group. 

~ a r t n e r l ~  has a l so  observed t h a t ,  w i t h  a c e t i c  anhydride as acy la t i ng  reagent, the course of the  

react ion on cyclohexyldimethylamine N-oxide i s  temperawe-dependnt: a t  low temperatures ( - 7 0 ' ~ )  

only k i n e t i c  deprotonat ion (g) i s  observed, whereas higher temperatures (+8O0C) lead t o  a  
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s t a t i s t i c a l  6 : l  m i x t u r e  o f  20 and t h e  thermodynamic product 2. 

i i )  i n  the  case o f  f ragmentat ion,  th,? C-C bond t o  be c leaved must be a n t i p e r i p l a n a r  t o  

t h e  N-0 bond.20 Th i s  reasoning i s  based on a  cons idera t ion  of t h e  r e a c t i o n  i n  t h e  l i g h t  of Grob's 

r u l e s z 5  f o r  heteroatomic f ragmentat ion r eac t i ons .  A dextrous man i f es ta t i on  o f  t h i s  requirement )!as 

ohserved and e x p l o i t e d  i n  t h e  b iomimet ic  syn thes is  o f  v i nb l as t i ne - t ype  a l k a l o i d s  b y  P o t i e r ' 3  

group. 
20 

The ques t i on  of c i s l t r a n s - d i s p o s i t i o n  of t h e  N-0 bond and t h e  C-H o r  C-C bond t o  be c leaved has 

rece i ved  scanty  exper imental  cons ide ra t i on .  Al though prev ious ly  considered t o  proceed by C is -  

e ~ i m i n a t i o n , ~ ~  LaLonde aZ7 showed t h a t  i n  f a c t  a  t rans-e l im ina t ion  took  p l ace  i n  t h e  Po lo -  

novsk i  r e a c t i o n .  Thus, t reatment of nuphar id ine  11 w i t h  ace t ic  anhydr ide led,  p robab ly  v i a  t h e  

corresponding im in ium i o n  ( no te  t h e  o r i e n t a t i o n  of the e l i m i n a t i o n  w i t h  r espec t  t o  t h e  fu ry1  



Chart 2 

subst i tuent ! ) ,  t o  the enamine 2. With app rop r i a te l y  deuterated s t a r t i n g  ma te r i a l  they  were able 

t o  v e r i f y  t h a t  t h e  pro ton abst rac ted i s  i n  f a c t  an t i - pe r i p l ana r  t o  the  N-0 bond. 

Recently, Nakagawa sZ8 have s tud ied t h e  stereochemical requirements f o r  the  generat ion of an 

lmlnlum-ion from c y c l i c  amine N-oxide. As s t a r t i n g  mater ia ls ,  they  used t h e  % and --indolo- 

qu lno l i z i d i nes  and a. I n  the case o f  the  cis-N-oxide 2, e i t h e r  the  s t rong ac id  present 

(CF3COOH) could f a c i l i t a t e  the  isomer iza t ion  of 3 o r  6 t o  4, o r  p a r t i a l  %-e l iminat ion  i n  

(CF3C0)20/CF3C02H could lead d i r e c t l y  t o  24. Furthermore, t h e  authors s t a t e  t h a t  " t reatment of 

e i ther  o r  3 w i t h  (CF3CO)20 i n  methylene c h l o r i d e . a t  room temperature af forded 24 i n  50 % 

y ie ld" .  Somewhat su rp r i s i ng l y ,  they  end up concluding " t h a t  the  reac t i ons  proceed probably by 

t rans-el iminat ion".  28 
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An important extension o f  the  modi f ied  Polonovski react ion o f  sundry syn the t i c  app l ica t ions  i s  th? 

cyanotrapping method. 23'29 I n  t h i s  method, the iminium ion 6, generated by  means of the  modif ied 

Polonovski reac t ion ,  i s  converted t o  the a - a m i n o n i t r i l e  g s imply  by t reatment o f  the  react ionmix.  

t u r e  w i t h  an aqueous so lu t i on  of KCN. The a -am inon i t r i l e  2 i s  i t s e l f  an extremely v e r s a t i l e  syn- 

t h e t i c  in termedia te  p e r m i t t i n g  both  nuc leoph i l i c  and e l e c t r o p h i l i c  r eac t i ons  t o  be conducted on 

the compound (some o f  the react ions  are dep ic ted i n  Scheme 5). 

Scheme 5 

Already p r i o r  t o  the  unsaturated am inon i t r i l es  3, the saturated am inon i t r i l es  o f  the type 28 have 

es tab l ished t h e i r  v e r s a t i l i t y  as syn the t i c  intermediates: the  carbon atom a t o  the n i t rogen being 

e a s i l y  transformable t o  e i t h e r  nuc leoph i l i c  o r  e l e c t r o p h i l i c  a t  w i l l ,  t h i s  func t iona l  u n i t  provides 

easy access t o  a  masked carbonyl equ iva lent  o r  an iminium i o n  ( through l o s s  of cyanide i on ) .  The 

f u n c t i o n a l i t y  has a lso  been shown t o  be dehydrocyanated to t h e  corresponding enamine o r  decyanated 

r e d u c t i v e l y  t o  t h e  amine. 30 

Chort - 3 



I n  the p ip& id ine  ser ies,  we have shownz3 t h a t  a l l  th ree re i i o i somer i c  a -am inon i t r i l es  29, 30 and 

31 can be s e l e c t i v e l y  prepared - 23,31 from t h e  same s t a r t i n g  ma te r i a l  i n  short ,  h i g h - y i e l d  syn- 

thsses thus  g i v i n g  access t o  a  wide ar ray  of va r i ous l y  subs t i t u ted  p i p e r i d i n e  synthons. We have 

also shown t h a t  t h e  unsaturated a m i n o n i t r i l e s  o f  the  type are best  a l ky la ted  a t  the  4 -pos i t i on  

using s i l y l  enol e thers  as nucleophi les and employing m i l d  Lewis ac id  c a t a l y s i s  cond i t ions .  32 

I 1  SYNTHETIC APPLICATlONS 

Some syn the t i c  app l i ca t i ons  o f  the  Polonovski r eac t i on  have been reviewed bu t  because o f  the  

l im i t ed  scope o r  ava i lah i l i t yo f  these accounts, a  more extensive and up-to-date review i s  presented 

below. The examples w i l l  be presented main ly  i n  p i c t o r i a l  language, as f low char ts .  

As one can e a s i l y  an t i c i pa te ,  most of the  app l i ca t i ons  come from a l k a l o i d  chemistry.  Thus, t h i s  

chapter i s  d iv ided i n  sect ions dea l ing  w i t h  s t e r o i d  a lka lo ids ,  i ndo le  a lka lo ids ,  s imple p i p e r i d i n e  

derived a l ka lo ids  ( i n c l u d i n g  some f rog  tox ins  and ada l ine  type a l ka lo ids ) ,  benzodiazepines and 

f i n a l l y  o the r  app l ica t ions  o f  more general i n t e r e s t .  A  spec ia l  sec t ion  i s  devoted t o  the  syn the t i c  

t ransformat ions towards the important c lass  of ant i - tumor a l ka lo ids  of the  v i n b l a s t i n e  type.  

11-1 S te ro id  a l ka lo ids  

The modif ied Polonovski r eac t i on  was f i r s t  introduced t o  synthesis i n  connect ion w i t h  s tud ies  con- 

cerning s t e r o i d  a l k a l o i d   transformation^.^^ Typ i ca l l y ,  N-methyldihydroparavallarine 32 was o x i -  

da t i ve l y  deaminated t o  the  corresponding 3-0x0 compound. Also s te reose lec t i ve  hyd roxy la t i on  a t  C-5 

5  could be conducted on A s t e r o i d a l  3n o r  3R amides o r  g. 
11-2 Indo le  a l ka lo ids  

An unexpected fragmentat ion observed i n  the  modified Polonovski r eac t i on  o f  3  8-N,N-dimethylamino- 

5  A -androstene N-oxide l e d  Ahond et3' t o  study the fa te  o f  N,N-dimethyltryptamine N-oxide under 

s imi la r  r eac t i on  cond i t ions .  The fragmentat ion found i t s  app l i ca t i ons i f i a  p a r t i a l  synthes is  o f  

ervatamine-type a l ka lo ids  Jb from those of vobasine type (dregamine, 34). The o r i g i n a l  idea pre- 

sented by  the  French group35 had t o  await  u n t i l  Scot t  et36 i n  1978 r e a l i z e d  a  t rans format ion  o f  

stemmademine 37 t o  vallesamine 2. 

Hugel et37 observed a  novel rearrangement of 1.2-dehydroaspidospermine N-oxide under t h e  modi- 

f i e d  Polonovski r eac t i on  cond i t ions .  

dl-18,19-Dihydroantirhin? 2 was synthesized by Chevolot et3* i n  a s t ra igh t fo rward  manner. 

14 . . A - \ ' inc ine has been converted t o  craspidospermine 5. 22,39 

Uslng a  somewhat a l t e r e d  strategy, the  French group devised a  t o t a l  synthes is  of t h e  ant i - tumor 

a lka lo id  e l l i p t i c i n e  g.40 The s t ra tegy  c o n s i s t i n g  of s i x  steps and g i v i n g  a  t o t a l  y i e l d  o f  18 % ' 

i s  presented i n  Scheme 6. 
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20 ~ a n g e n e y ~ '  has converted dregamine 34 t o  A -dregamine 2 w i t h  ace t i c  anhydride o r  acety l  c h l o r i h ,  

i n  con t ras t  t o  the  modif ied Polonovski r eac t i on  of 2 with t r i f l u o r o a c e t i c  anhydride o r  t r i f l u o r o -  

acety l  acetate,  where 20-epiervatamine 36 was formed. 

7 A -Lysergic ac id  de r i va t i ves  are convenient ly prepared i n  a  one-pot reac t i on  f rom 9,lO-dihydro- 

l y s e r g i c  ac id  methyl es ter  i n  f a i r  y i e l d .  A 2  

Takano e t O 3  have devised a  new e n t r y  t o  the  Strychnos a l ka lo ids .  I n t e r e s t i n g l y ,  treatment o f  

the  unsaturated amine oxide 44 w i t h  t r i f l u o r o a c e t i c  anhydride l e d  t o  the  i s o l a t i o n  of on l y  the  

Strychnos framework 45. The format ion of t h e  a l t e r n a t i v e  aspidospermatidine ske le ton 46 could no t  

be observed. 

CH302C C02CH3 

50 - 
Chart 6 





HETEROCYCLES, Vol 22, No 7, 1984 

44a 
Recently, the  French group has presented a  synthesis o f  the e r v i t s i n e  type compound 5 , a  t o t a l  

synthes is  o f  (2 ) -20-ep iu le ine 4844b, a  synthet ic  approach t o  the  novel d imer ic  e rva fo l i ne  se r i es  

4344c'd and a  syn the t i c  approach t o  the " i ns ide "  Corynanthe a l ka lo ids  5044e, a l l  s t ra teg ies  - 

employing the a -am inon i t r i l e  synthon generated by means of t h e  modi f ied  Polonovski r eac t i on .  

11-3 V inb las t i ne  type a l ka lo ids  

The p a r t i a l  synthes is  of the  a n t i - t m o r  a l ka lo ids  of v inb las t ine- type was f i r s t  r e a l i z e d  by P o t i e r  

et,1.45 i n  1975. This Important body of a l ka lo ids  soon had several  research groups working on i t: 

48 those o f  ~ o t i e r ~ ~ ,  ~ u t n e y ~ ' ,  Ban and~tta-ur-.Qahnan~~.~ince two f i n e  reviews by ~ o t i e r ~ ~  have been de- 

voted t o  the  sub jec t  we s h a l l  leave i t  t o  present the  synthesis o f  v i n b l a s t i n e  51 i t s e l f  i n S c k l .  

11-4 P ipe r i d i ne  analogues 

The n - a m i n o n i t r i l e  approach has l e d  t o  s t r i k i n g l y  many synthet ic  app l ica t ions .  Thus, a  2-sp i ro-  

subs t i t u ted  p i p e r i d i n e  model 52 of the  f r og  t o x i n  h i s t r l o n i c o t o x i n  3 was synthesized using t h i s  

approach. 50 

A lso  t h e  2 ,6-d ia lky lp iper id ines  (2 ) -d ihyd rop in id ine  53 and (+)-selenopsin A 5451, the  poison-dart  

f r o g  t o x i n  gephyrotoxin model s5' and the ladybug alkaloids and o f  the adal ine se r i es  

have r e c e n t l y  f a l l e n  t o  synthesis by  t h i s  methodology.53 The modi f ied  Polonovski r eac t i on  approach 

has a lso  been employed by us i n  t h e  synthesis o f  deoxygirgensonine 57.23 The achievements of the  

French group have r e c e n t l y  been reviewed by  Husson. 
54 
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11-5 Benzodiazepines 

Since the Polonovski r eac t i on  o f  benzodiazepine N-oxides very  c l o s e l y  resembles t h a t  o f  a,N-di- 

phenylni t rone i t  i s  worthwhi le t o  n o t i c e  t h a t ,  according t o  Oae et,I2 the rearrangement occurs 

v i a  the competing br idged model (path  a) and the c y c l i c  m ig ra t i on  model presented by Hanama - 

(path b) (Scheme E ) . ~ ~  O f  the  two paths, the  br idged model seems t o  be the favored one and the re -  - 

arrangement of the  acetoxy gmup has been suggested t o  be the rate-determing step. 

The Hoffmam-La ~ o c h e ~ ~  groub has used t h e  Polonovski r eac t i on  cond i t ions  t o  transform 1,4-benzo- 

diazepine 4-oxide 58 t o  p y r r o l o  [2,1-c]-1,4-benzodiazepine 2. 
11-6 Other app l ica t ions  

One o f  t h e  e a r l i e s t  app l i ca t i ons  of the  Polonovski r eac t i on  was the synthesis of N -a l ky lpy r ro les  

3 from the corresponding A - p y r r o l i d i n e  N-oxides. 57 

A i - e thy l i dene  double bond a t  the  3 -pos i t i on  i n  p ipe r i d i nes  can be i nve r ted  t o  the  na tu ra l  E-con- 

f i gu ra t i on  by means o f  the  modi f ied  Polonovski r eac t i on  (e.9. 60 t o  c). 58 

Wenkert et5' have suggested use o f  the  modif ied Polonovski r eac t i on  f o r  ep imer isa t ion  of C-3 

i n  geissoschizine. This approach gives high1.v improved y i e l d s  over those n f  t h e  p rev ious l y  em- 

ployed ox idat ion- reduct ion  sequence. 

When the N-oxides o f  62a and were subjected t o  the  modi f ied  Polonovski r eac t i on  fo l lowed by 

aqueous KCN treatment, two reg io isomer ic  a -am inon i t r i l es  were obtained.60 Compound 62a w i t h  equa- 

t o r i a l  methyl group a t  C-4 furnished expectedly the  endocycl ic a -am inon i t r i l e  63, whereas s, 
where the endocycl ic iminium ion  format ion  i s  blocked by  the  a x i a l  4-methyl group, was transformed 

t o  the 3-cyanomethyl benzazocine jj. 
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Chart - 8 

An ingenious but  neglected use o f  t he  modi f ied Polonovski r eac t i on  comes f rom an area r a t h e r  

d i s t a n t  t o  a l k a l o i d  chemistry, v l z .  t h a t  o f  macrol ide a n t i b i o t i c s !  The amino sugar mo ie t i es  have 

thus been cleaved under cond i t i ons  m i l d  enough not  t o  destroy t h e  a g l y ~ o n e . ~ '  The example chosen 
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I11 CONCLUSIONS 

A t r i s u b s t i t u t e d  n i t rogen atom i s  an essen t i a l  f ea tu re  o f  a lka lo ids ,  a l k a l o i d  analogues and syn- 

t h e t i c  intermediates on the way t o  a l k a l o i d a l  compounds. With the  Polonovski r e a c t i o n  and i t s  

recent  modi f ica t ions  the f u n c t i o n a l i t y  i s  amenable t o  a  plethora of usefu l  syn the t i c  transforma- 

t i o n s .  As the examples i n  t h i s  Review show, a l k a l o i d  synthesis has already gained from the app l i -  

ca t i ons  of t h i s  react ion .  And as we have shown, i t s  usefulness has spread beyond the area o f  a l -  

k a l o i d  chemistry, i n t e r  a l i a  t o  the  important f i e l d  of macrolide chemistry.  

The mechanist ic bas is  of the  modif ied Polonovski react ion,  and the va r i ab les  governing i t s  reg io-  

chemical outcome, are a t  present s u f f i c i e n t l y  we l l  understood so t h a t  the  reac t i on  can be inc luded 

i n  the  chemical arsenal  o f  the  syn the t i c i an  working i n  natural  products f i e l d .  
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