
A General Procedure for the Synthesis of Epoxy-alkylated

and Acylated Heterocycles. 

Edward C. Taylor Michael L. Chittenden, and Stephen F. Martin

Department of Chemistry, Princeton University
Princeton, New Jersey 08544, U.S.A.

We have recent ly  reported1 a new procedure for  the d i r ec t  

introduction of a lky l  and alkenyl subs t i tuen ts  i n to  heterocyclic 

nuc l e i  - via nucleophi l ic  displacement of su i t ab l e  leaving groups 

by Wittig reagents. The new heterocyclic yl ides  thus formed 

were then subjected ( in  s i t u )  t o  the  normal react ions  of Wittig -- 
reagents (hydrolysis t o  a lkyl-subst i tuted heterocycles,  reaction 

with carbonyl compounds t o  give alkenyl-substi tuted heterocycles,  

e t c . ) .  Further,  we have u t i l i z e d 2  t h i s  procedure f o r  a f a c i l e  

synthesis  o f  quinine and re la ted  Cinchona alkaloids .  We now r e -  

por t  an extension of t h i s  method which employs su l fu r  yl ides  f o r  

the d i r e c t  introduction of epoxy and acyl subst i tuents  in to  

heterocyclic nuc le i .  ..,. . 

Although some methods a r e  avai lable  f o r  the introduction of 

oxygenated-alkyl subs t i tuen ts  in to  heterocyclic nuc le i  [ fo r  

example, react ions  of heterocyclic N-oxides with alkyll i thium 

compounds followed by addi t ion of e s t e r s , 3  the Emnert react ion, '  

homolytic acylation of heterocycles by acyl r ad i ca l s ,=  base- 

catalyzed react ion of ketones with N-alkoxy  heterocycle^,^ 

d i r e c t  acylation of heterocycles containing a replaceable hydro- 

gen with an e s t e r  and aluminum amalgam,' reaction of 2 - l i t h io -  

1 ,3-di thianes  with a-halo heterocycle^,^ and treatment of tri- 

methylsilylated heterocycles with aldehydes, acid chlorides and 

acid anhydrides9], they a l l  possess l imi ta t ions  which severely 

l i m i t  t h e i r  scope. In addi t ion,  it should be noted tha t  epoxy 

subst i tuents  a r e  not  generally obtainable by peracid oxidation 



o f  o l e f i n s  i f  a r ing  ni t rogen atom i s  pt--ent.1Â Al terna te  

routes  t o  epoxy-substituted heterocycles involve mul t i - s tep ,  

complicated procedures.l l  

The use of  sulfonium y l ides  f o r  the  preparat ion of  hetero-  

cycles  with oxygenated a l k y l  subs t i tuen t s  i s  depicted i n  general  

terms below: 

(am -X + 2 CHÃˆ=SR - HET -CH=SRo 0 

Treatment of a heterocycle  possessing an appropriate  leaving 

group with two equivalents of  a sulfonium y l i d e  generates  a new 

y l i d e  (1) - which, when t r ea t ed  i n  s i t u  with a carbonyl compound, -- 
y ie lds  an epoxide (2) .12 - Moreover, the  epoxide may, without i so -  

l a t i o n ,  be rearranged with l i thium diethylamide13 t o  give an 

acyl  der iva t ive  (3) .  - Typical conversions a r e  summarized i n  

Tables I and 11. 

The general experimental procedure i s  i l l u s t r a t e d  a s  f o l -  

lows. To a suspension of diphenylmethylsulfonium te t r a f luo ro -  

bora te  o r  perchlorate  (2.5 equiv) i n  anhydrous 1,2-dimethoxy- 

ethane (DME) under dry ni t rogen a t  -70Â was added 2 .5  equiv of 

l i thium diisopropylaciide, t he  reac t ion  mixture s t i r r e d  f o r  1 h r ,  

and the  appropriate  heterocycle added (1 equiv) .  The reac t ion  

mixture was allowed t o  warm t o  -35O where it was maintained u n t i l  



formation of the  new heterocycl ic  y l i d e  (1) - was complete (usual- 

l y  requir ing 2-4 h r s ,  the  reac t ion  course being monitored by 

TLC) . 
The reac t ion  mixture was then t r ea t ed  with an excess (4-5 

equiv) of  the  appropriate  aldehyde o r  ketone i n  anhydrous DME, 

allowed to  come t o  room temperature, and s t i r r e d  f o r  18 h r .  

Excess solvent  was removed under reduced pressure and the  residue 

t r ea t ed  by e i t h e r  of  the  following procedures. (a) To obtain 

epoxy-substituted heterocycles ,  the  residue was suspended i n  

water and ext rac ted  with e t h e r ,  the combined dr ied  ex t r ac t s  con- 

centrated under reduced pressure,  and the  res idual  mater ia l  

added t o  an excess of  mercuric chlor ide i n  25% aqueous ethanol.  

The p rec ip i t a t ed  s o l i d  was col lected by f i l t r a t i o n  and washed, 

and the  heterocycle  was freed by treatment of the  s a l t  with an 

excess of  diisopropylethylamine in ethanol-hexane so lu t ion ,  f i l -  

t r a t i o n ,  and concentration of  the  f i l t r a t e  under reduced pres-  

sure.  The product was pur i f i ed  by d i s t i l l a t i o n  o r  r e c r y s t a l l i -  

zat ion.  (b) To obta in  acylated heterocycles ,  the residue was 

taken up i n  anhydrous e the r  and added t o  a solut ion of  l i thium 

diethylamide i n  anhydrous e the r  under dry ni t rogen a t  -20Â° The 

mixture was allowed to  warm t o  room temperature, refluxed f o r  

1 h r ,  and then hydrolyzed by pouring in to  water. The organic 

layer  was separated and the  aqueous layer  extracted with ether .  

The combined e the r  ex t r ac t s  were e i t h e r  t rea ted  with mercuric 

chlor ide a s  above o r  extracted with d i l u t e  aqueous ac id ,  the 

aqueous layer  made a lka l ine  and the  r e su l t ing  solut ion extracted 

with e ther .  The combined e the r  ex t r ac t s  were dr ied ,  evaporated 

under reduced pressure,  and the  product pu r i f i ed  by d i s t i l l a t i o n  

o r  r e c r y s t a l l i z a t i o n .  

Thus, by a proper choice of the  s t a r t i n g  y l i d e ,  heterocycle,  



TABLE I. Synthesis of Epoxy-Alkyl Substituted Heterocycles 

Starting Material 

2-Methylsulfonyl- 
quinoline 

4-Methylsulfonyl- 
quinoline 

v ,  

I 1-~eth~lsulfon~liso- 
0) 

N 
quinoline 

I ,, 

1,3-Dimethyl-6-chloro- 
uracil 

Carbonyl Compound 

Propionaldehyde 

Benzaldehyde 

Acetone 

Propionaldehyde 

Benzaldehyde 

Propionaldehyde 

Benzaldehyde 

Propionaldehyde 

Benzaldehyde 

Propionaldehyde 

Propionaldehyde 

Benzaldehyde 

Benzaldehyde 

Product Yield $, 
l-Ethyl-2-(2-q~inol~l)- 
oxirane 

1-Phenyl-2-(2-quinolyl) - 
oxirane 

1,l-~lmethyl-2- (2-quinolyl) - 
oxirane 

1-Ethyl-2-(4-quinolyl)- 
oxirane 

1-phenyl-2-(4-quinolyl) - 
oxiranfi 

1-Ethyl-2- (1-isoquinolyl) - 
oxirane 

1-phenyl-2- (1-isoquinolyl) - 
oxirane 

l-Ethyl-2-(4-quinaZolinyl) - 
oxirane 

1 -Phenyl-2 - (4-quinazolinyl 
oxirane 

1 -Ethyl-2 - (2 -quinoxalinyl) 
oxirane 

1-Ethyl-2-(2-benzoxazoyl) - 
oxirane 

1 -Phenyl-2 - (2 -benzoxazoyl) - 
oxirane 





and carbonyl compound, a wide va r i e ty  of oxygenated-alkyl sub- 

s t i t u t e d  heterocycles  may be prepared. The synthe t ic  p o t e n t i a l  

o f  t h i s  d i r e c t  and unequivocal method f o r  heterocycle  funct ion-  

a l i z a t i o n  was recent ly  i l l u s t r a t e d  by " one-pot" syntheses of 

racemic erythro-rubanol,  c i ~ c h o n i d i n e ,  and c i n c h ~ n i n e . ~  
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