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AbStract - (ZS,4R)-4-Hydroxyproline was elaborated i n t o  ( t1 -c ro tanec ine v i a  (lS,5R,8R)-8- 

hydroxy-2-oxa-6-azabicycloC3.3.0loctan-3-one. 

We repo r t  an enant iose lec t ive  f i r s t  synthesis of crotanecine: a p y r r o l  i z i d i n e - t r i o 1  o r i g i n a l l y  

i s o l a t e d  from the a l k a l o i d s  of some C r o t a l a r i a  species by Atal ,  Culvenor and co-workers', and shown 

by them t o  have the s t ruc tu re  1. 
Crotanecine m y  be viewed as a 6p-hydroxy d e r i v a t i v e  o f  retronecine and i t  seemed t o  us t h a t  our 

route2 t o  t h i s  l a t t e r  necine might be adapted t o  prov ide 1, i .e.  t h a t  (2S,4R)-4-hydroxyproline 12) 

might  be elaborated i n t o  the  hydroxy-lactone 131 and thence i n t o  1 (Scheme 11. Thus we hoped t h a t  

4, f o r  which we had established3 an e f f i c i e n t  synthesis from 2, might be transformed i n t o  2 by an - 
SN2 displacement of i od ide  by acetate. However, although we explored a va r i e t y  o f  cond i t ions  

involving s i l v e r  acetate i n  ace t i c  acid,  we were unable t o  e s t a b l i s h  a s a t i s f a c t o r y  procedure fo r  

t h i s  react ion :  a t  ambient temperature the displacement was extremely slow, and attempts t o  accel-  

e ra te  t h i s  by heat resu l t ed  i n  the formation of complex mixtures of products. Presumably the re-  

qu i red --approach of the  nucleophi le was too s t e r i c a l l y  hindered. 



We therefore decided t o  const ruc t  the  c i s - d i o l  system before making the b i c y c l i c  lactone. Af ter  

considerable experimentation. we achieved t h i s  as f o l l ows  (Scheme 11). A borane reduct ion  o f  

N-benzyloxycarbonyl-(2S,4R)-4-hydroxyproline ( 6 )  gave the d i o l  z4. The d i t o s y l a t e  _8 of t h i s  under- 

went se lec t i ve  displacement by cyanide t o  a f f o r d  the  t o s y l o x y - n i t r i l e  ?, and another displacement 

react ion then produced the pheny l se leno -n i t r i l e  g. Oxidat ive  e l i m i n a t i o n  o f  the  phenylseleno 

group from g was, as ant ic ipa teds,  h igh l y  reg iose lec t i ve  and c lean l y  gave the p y r r o l i n e - n i t r i l e  2 
(66% from 6 ) .  
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( i l  BH, .Me2S/THF/O'C; ( i i )  TsC1/Py/O°C; ( i i i )  NaCN/DMF/95T; ( i v )  PhSeNaITHF-MeOH/65T; ( v )  H202/ 

5°C ; n(R.T.); ( v i  1 NIS/AcOH/60°; ( v i i )  AcOH-H20 (4:l)-AgOAcI95'C; ( v i i i )  MeOH-HCl1R.T.; ( i x )  
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Exce l len t  r e g i o s e l e c t i v i t y  was a lso  observed i n  the next react ion,  i n  which 2 was t reated w i t h  N- 

iodosuccinimide i n  ace t i c  acid6 t o  y i e l d  the  iodo-acetate 2. When t h i s  compound was subjected t o  

so l vo l ys i s  i n  wet ace t i c  ac id  conta in ing s i l v e r  acetate7 the products were l a r g e l y  the G - d i o l  

monoacetates 113a,13b) accompanied by smal ler  amounts o f  the d i o l  i t s e l f  113c), and the correspond- 

i ng  =-din1 de r i va t i ves  I*,=). This mix ture  could be separated by column-chromatography b u t  

we found it more convenient t o  t r e a t  it w i t h  methanol containing hydrogen ch lor ide ;  thus conver t ing  

it, a f t e r  an aqueous workup, i n t o  a mix ture  of the hydrochlorides o f  the two hydroxy-lactones 1 and 

15 I=. 95:5). The pure hydrochlor ide of 3 cou ld  be obtained from t h i s  mix ture  by c r y s t a l l i s a t i o n  - 
but it again proved t o  be expedi t ious t o  delay t h i s  separation: u n t i l  a f t e r  N-a lky la t ion  o f  the 

lactones w i t h  e thy l  bromoacetate t o  g ive  16 and 2. Flash chromatography8 o f  t h i s  mix ture  then 

gave pure 16 (63% o v e r a l l  from 111. The r e l a t i v e  stereochemistry o f  16, o r i g i n a l l y  deduced from 

lH-nmr data9, was confirmed by an X-ray c r ys ta l l og raph i c  s t ruc tu re  determinat ion c a r r i e d  ou t  on 

i t s  hydrobromide s a l t l o .  

I n i t i a l  experiments revealed t h a t  the Dieckmann condensation o f  16 gave very po la r  products t h a t  

were d i f f i c u l t  t o  i so la te .  Accordingly 2 was converted i n t o  the s i l y l a t e d  de r i va t i ve  g, and then 

t rea ted  w i t h  potassium ethoxide i n  toluene. The hydrochlor ic ac id-so lub le  crude products of t h i s  

react ion  were then innnediately reduced w i t h  sodium cyanoborohydride, a t  pH 4. It proved best  t o  

acety la te  the  products from t h i s  react ion  w i thout  fu r ther  p u r i f i c a t i o n ,  and then sub jec t  them t o  a 

treatment w i t h  tetra-n-butylaminonium f l u o r i d e  i n  THF t o  which was subsequently added ace t i c  anhy- 

dr ide .  From the products o f  t h i s  sequence o f  reac t ions  (Scheme 111: g + ~ + ~ ~ g l  we then iso-  

l a t e d  by f lash chromatography 22 113% from 2 1 :  e l im inat ion  o f  the 2-acetoxy funct ion  apparent ly 

accompanied the des i l y l a t i on .  

Scheme 111 

lil KOEt/PhCH3/Oc+R.T.; ( i i l  NaBH3CN/H20/pH 4/R.T.; ( i i i l  Ac2O/OMF/65"C; l i v l  BUSNF/THF/R.T.; 

Ac20/R.T.; ( v )  Dibal/THF/-7a°C+R.T. 

F i n a l l y  d i isobuty la lumin ium hydr ide reduct ion  o f  22 gave ! 176%. 4% from 61, mp 190-193'C ( h o t  

stage),  tolD + 44 t 4* ( c  0.0048, EtOH) whose i r  and 'H-nmr spectra were superimposable upon 
1 1  

those of na tura l  crotanecine ( L i t .  mp 192'CH, 202-203.5'C1; CalD + 39.2" (c 1.3, EtOH) . 
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