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Abstract - A series of o-mono and dialkyl-li-oxygenated (hydroxyl and alkyl ester) 

tertiary amides were subjected t o  iodalactonization and it was observed that with only 

1 exception, (u llb), all of the compounds cyclized with useful levels of 

stereoselection (at least 3 : l ) .  While the origin of this effect is obscure, these 

results suggest that in such amide substrates with at least one substituent larger 

than methyl o to the amide, iodalactonization is a viable strategy for the 

stereocontrolled preparation of highly substituted v-butyrolactones. 

INTRODUCTION: 

Electrophilic cycliration of unsaturated carboxylic acids and derivatives thereof i s  a useful 

method for stereocantrolled carbon-oxygen' and m o r e  recently carbon-nitrogen2 bond formation with 

selected diastereamers of the acyclic precursor (equations 1 and 2, respectively). We were 

attracted to this strategy far the efficient and stereocantrolled preparation of a ser ies  of 

trisubstituted y-butyrolactones of general structures 6 and 7 to be employed as mechanistic 

probes for the enzyme phosphalipase A, [(Figure l)]." 
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Figure 1: 



In p a r t i c u l a r ,  we were i n t e r e s t e d  i n  i n v e s t i g a t i n g  t h e  h a l o l a c t o n i r a t i o n  o f  a-a lky l -R-oxy-4-  

pentenamides because such molecules w e r e  p r e v i o u s l y  repor ted"  t o  c y c l i r e  w i t h  a h i g h e r  degree o f  

s t e r e o c o n t r o l  and/or g r e a t e r  y i e l d ,  compared t a  t h e  analogous c a r b o x y l a t e  system5 [ F i g u r e  2 ) .  

Fur thermore,  we sought  t a  i n v e s t i g a t e  i n  g r e a t e r  d e t a i l  t h e  e f f e c t  of a and R s u b s t i t u e n t s  on t h e  

iod ine -med ia ted  amide v a r i a n t  of t h i s  r e a c t i o n  i n  o r d e r  t o  t e s t  and d e f i n e  t h e  l e v e l  of 

s t e r e o c o n t r o l  p o s s i b l e  w i t h  s u b s t r a t e s  11 and 1 2  ( F i g u r e  3 )  t o  expand an t h e  s e r i e s  and r e s u l t s  

r e p o r t e d  by Tamaru and coworkers." 

F i g u r e  2:  

F i g u r e  3:  
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RESULTS AND DISCUSSION: 

The and three p a i r  o f  d i a s t e r e o m e r i c  amides l l a  were p repared  i n  e x c e l l e n t  y i e l d  by 

s t r a i g h t f o r w a r d  a d a p t a t i o n  o f  t h e  method employed by Tamaru e t  al,"." as o u t l i n e d  i n  Scheme 1. 

A f t e r  ca re fu l  s e p a r a t i o n  o f  these isomers by f l a s h  chromatography, t h e  h y d r o x y l  group was 

conver ted  t o  t h e  hexanayl  e s t e r  ( I l b )  by s tandard  procedures. '  T h i s  p a r t i c u l a r  e s t e r  was chosen 

because t h i s  s i d e  c h a i n  war needed f a r  t h e  b i o l o g i c a l  s t u d i e s  t o  be conducted w i t h  these  

compounds. The s y n t h e s i s  o f  1Za and 12b was achieved i n  a  s i m i l a r  manner beg inn ing  w i t h  N , N ' -  

di rnethy lpropionamide (Scheme 2)  and as be fo re ,  t h e  d i a s t e r e o m e r i c  a c r a l e i n  adducts were p u r i f i e d  

by f l a s h  chromatography, p r i o r  t o  hexanay la t ian .  
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Scheme 1: 

llengcnts: a) i) LDA/THF,-20°C. 1  h; i i )  nC6H13Br,-7R°C to roam temperature, 2 h; b) i) LDAITHF, 20°C.  

1 11; ii) acrolein, -78'C to room temperature, 2 h; c) (nC5HI ,C0)20 ,  DMAP, TEA, CH2CI2, room 
temperature, I h . 

I o d o l a c t a n i z a t i o n  of pu re  d iastereomers of 11 and 12 was c a r r i e d  o u t  a t  room temperature i n  THF 

c o n t a i n i n g  2 0  e q u i v a l e n t s  of H,O and 1.5 e q u i v a l e n t s  o f  I, i n  a  f l a s k  p r o t e c t e d  f rom l i g h t  

(Scheme 3 ) .  A f t e r  s t i r r i n g  f o r  16-20 hours,  t h e  r e a c t i o n  was g e n e r a l l y  complete and the 

p r o d u c t l s )  was ( w e r e )  p u r i f i e d  by f l a s h  chromatography. The r e s u l t s  are g i v e n  i n  Tab le  1. 

Produc t  r a t i o s  w e r e  determined by i n t e g r a t i o n  of t h e  resonance s i g n a l s  f o r  t h e  hydrogens a t  C3 

and C4 when t h e  d ias te reo isomers  w e r e  i n s e p a r a b l e  or by chromatographic  s e p a r a t i o n  when poss ib le .  

I n  genera l ,  t h e  t o t a l  y i e l d  o f  i o d o l a c t o n e  p r o d u c t s  was e x c e l l e n t  and w i t h  o n l y  one except ion 

(M l l b ) ,  each isomer c y c l i z e d  w i t h  a use fu l  degree ( a t  l e a s t  4 : l )  of s t e r e a s e l e c t i o n .  I t  i s  

s i g n i f i c a n t  t h a t  i n  t h e  m a j o r i t y  of cases, b o t h  isomers o f  a g i v e n  mo lecu le  c y c l i z e d  w i t h  a 

h i g h e r  l e v e l  of s t e r e o c o n t r o l  than  had been observed i n  o t h e r  sys temat i c  s t u d i e s  w i t h  r e l a t e d  

The genera l  tendency" f o r  t h e  newly c r e a t e d  s te reocen te r  a t  C4 t o  b e  fi t o  the 

oxygen s u b s t i t u e n t  a t  C3 was fo l l owed  i n  every  i n s t a n c e  except  f o r  l l a .  The b a s i s  f o r  t h i s  

r e v e r s a l  i s  unknown a t  t h e  p r e s e n t  t ime .  The s te reochemis t ry  o f  t h e  p r o d u c t s  was determined 

p r i m a r i l y  by a  combinat ion o f  300 MHz NOESY d a t a  and t h e  v i c i n a l  c o u p l i n g  cons tan ts  of the 

b u t r y a l a c t o n e  r i n g  p ro tons .  I t  was observed t h a t  i n  cases where v i c i n a l  hydrogens were G, the 

J v a l u e  f o r  t h e  i n t e r a c t i o n  was a t  l e a s t  3 Hz; w h i l e  i n  a trans r e l a t i o n s h i p ,  J va lues  ranged 

from ca .  1 t o  2 Hz. St rong  NOESY i n t e r a c t i o n s  w e r e  e v i d e n t  between hydrogen atoms and i n  the 

case o f  t h e  g e m i n a l l y  s u b s t i t u t e d  l a c t a n e s  d e r i v e d  f rom 12, b a t h  H-3 and H-4 c l e a r l y  showed cross 

peaks w i t h  t h e  C-2 methy l  group when t h a t  s u b s t i t u e n t  was G, as i n  i a d o l a c t a n e s  15 (R,=CH,, 

R,=OH or nC,H,,CO,; R,=H). In a d d i t i o n ,  mo lecu les  hav ing  a f r e e  hydraxy l  group were converted7 

t o  t h e i r  co r respond ing  hexanoyl e s t e r s  and compared t o  p r e v i o u s l y  c h a r a c t e r i z e d  a u t h e n t i c  samples 

p repared  independen t l y  by i o d o l a c t a n i z a t i o n .  



R , , R =  CIH, 0; ~nC6Hl, 
12, aq .  THF * I?],&= 1-1 or OR' 
room icmpcr:stwc IH (SW ' ~ J U I G  I ror I ~ C ~ L ~ I ~ S )  

IZ:,) I<'=lH 
b) R'=nCs1ll ,CO 15 I6 

Table 1: iodolactonizatioi~ Results (see Scheme 3) 

Olcfin Product(s)d 

major (13 or 15) 

a) elythro l l a  R~=alkyl; R2=H 
R3=011; K4=H 

C) ezythro l l b  R~=alkyl; R2=H 
R3=ester; R4=H 

d) thrco l l b  Ri=alkyl: R2=H 
R3=H: Rq=cster 

fl thrco 12a Ri=CI-13; Rz=alkyl 
R3=OH; R4=H 

minor (14 or 16) 

Ri=alkyl: R2=H 
R3=OH; R4=M 

Ri=alkyl; Rz=!-I 
&=OH; R4=Hb 

none isolated 

Ri=H; Il~=alkyl 
R3=H; Rq=ester 

nonc isolatcd 

Ri=CH3; R2=alkyi 
R3=OH; R4=H 

none isolated 

RI=CI-13; Rz=alkyl 
R3=ester: R4=11 

Ratirjl Yield lo 

7:1 (ii) 

6: 1 (ii) 

>95:5 (1,ii) 

2:l (i) 

>95:5 (ii) 

10:l (i) 

>955 (i) 

4: l (i) 

a) ns dctemined by n m  (i) and or isolated yield (ii) 
b) major product=14, minor product=l3 
c) corrcctcd for recovered olefin (44%) after 16 h 
d) alkyl=nC6!113; ester=nC5HllCOO 
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A comparison of these  r e s u l t s  w i t h  those  o b t a i n e d  e a r l i e r R  w i t h  a-CH, and 8-OH or  OAc s u b s t i t u t e d  

o l e f i n s  r e v e a l s  t h a t  o f  t h e  two a c y c l i c  d ias te reamers ,  t h e  erythro isomer c y c l i z e s  w i t h  g rea te r  

s e l e c t i v i t y .  However i n  t h e  p r e s e n t  s tudy ,  t h e  three o l e f i n s  l l a  and 12a d i s p l a y  g rea te r  

s t e r e o c o n t r o l  than  t h e  methy la ted  analogues i n  t h e  e a r l i e r  wo rk .  T h i s  o b s e r v a t i o n  prompted us t o  

t e s t  t h e  e f f e c t  o f  t h e  hydraxy l  s u b s t i t u e n t  on t h e  degree of s t e r e o s e l e c t i o n  u s i n g  hexanoylated 

d e r i v a t i v e s  17 and 1 8  af and three a-methyl-8-hydroxy-4-pentenamide, compared t o  the 

a c e t y l a t e d  spec ies  employed p r e v i o u s l y n  (Scheme 4 ) .  I n  t h e  p r e s e n t  case, t h e  erythro amide 

a f fo rded  a t  l e a s t  a 2O:l r a t i o  ( b y  nmr) of  p r o d u c t s  i n  87% y i e l d  where t h e  e s t e r  and iodomethyl 

m o i e t i e s  are & and t o  t h e  methy l  s u b s t i t u e n t .  T h i s  compares w e l l  w i t h  b o t h  t h e  s tereo-  

chemis t ry  and r a t i o  o f  p r o d u c t s  produced by a c e t a t e  23. The t h r e o  d ias te reomer  18 a f f o r d e d  a 7 7 1  

y i e l d  of a 3:l r a t i o  ( b y  nmr) o f  i a d o l a c t o n e s  epi rner ic  a t  C4, w i t h  t h e  major isomer 2 1  hav ing  a l l  

t h r e e  nonhydragen s u b s t i t u e n t s  &. I n  c o n t r a s t ,  t h e  i o d a l a c t o n i r a t i o n  o f  a c e t a t e  24 was 

r e p o r t e d  t o  be n e a r l y  s tereorandam 155:45) w i t h  t h e  m a j o r  component a l s o  hav ing  a l l  

s te reochemis t ry  

Scheme 4: 
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The r e s u l t s  o b t a i n e d  w i t h  12a and 12b ex tend  t h e  s t r u c t u r e - s t e r e o c h e m i s t r y  r e l a t i o n s h i p  repor ted  

by Tarnaru e t  31." t o  i n c l u d e  a -gemina l l y  s u b s t i t u t e d  subs t ra tes .  The d a t a  suggests t h a t  moderate 

( 4 : l )  t o  h i g h  l e v e l s  ( a t  l e a s t  1 0 : l )  of s t e r e o c o n t r o l  are p o s s i b l e  i n  b o t h  e s t e r i f i e d  and 

u n p r o t e c t e d  hydroxy l  systems. I n  each i n s t a n c e  s t u d i e d  except  _three l l a  t h e  new s te reocen te r  

c r e a t e d  a t  C4 has t h e  iodomethy l  group & t o  t h e  oxygen s u b s t i t u e n t ,  a  t r e n d  t h a t  was noted b y  

A t  t h i s  p a i n t ,  t h e  b a s i s  f a r  t h e  inc reased  s t e r e o s e l e c t i v i t y  of t h e  three d e r i v a t i v e s  of t h e  

hexanoy la ted  amides i s  unc lea r .  i t  does n o t  appear t o  be a  f u n c t i o n  o f  e i t h e r  t h e  amount of 

water  p r e s e n t  or  t h e  e t h e r e a l  s o l v e n t  employed, because analogous r e s u l t s  w e r e  o b t a i n e d  when 



e t h e r  was s u b s t i t u t e d  f o r  THF, o r  when the  amount o f  water  was increased t o  40 e q u i v a l e n t s  or 

decreased t o  5  e q u i v a l e n t s  i n  THF. I t  i s  p o s s i b l e  t h a t  t h e r e  are s u b t l e  changes induced by t h e  

l i p a p h i l i c  s u b s t i t u e n t s  a t  C2 and/or C3 t h a t  s u f f i c i e n t l y  i n f l u e n c e  t h e  con fo rmat iona l  b i a s  (and 

hence lower  t h e  E.,,) i n  favor  of one of t h e  ratamers, l e a d i n g  t o  t h e  observed r e s u l t s .  T h i s  

s e l e c t i v i t y  i s  even more pronounced i n  a s i m i l a r  s e r i e s  of o l e f i n s  having a  C,, a l k y l  group o t o  

the  ca rbony l .  Based on t h e  da ta  i n  Table 1, i t  i s  d i f f i c u l t  t o  p i n p o i n t  the  sources ( c f .  l l a ,  

l l b ,  and 18)  f o r  t h i s  e f f e c t .  However, our observa t ions  suggest t h a t  hexanoy la t ian  reduces 

s t e r e o s e l e c t i v i t y  i n  t h e  three isomers of 11 and 12, i n  p a r t i c u l a r  l l b .  T h i s  i s  t h e  o n l y  

i n s t a n c e  where we observed such a s i g n i f i c a n t  e r o s i o n  of t h e  d ias te reomer ic  outcome and cannot 

e x p l a i n  t h i s  r e s u l t  a t  t h e  p resen t  t ime.  We do know t h a t  a l l  o f  t h e  p roduc t  ioda lac tones  are 

c o n f i g u r a t i o n a l l y  s t a b l e  upon resubmiss ion t o  t h e  r e a c t i o n  c o n d i t i o n s ,  r u l i n g  o u t  e p i m e r i z a t i o n  

o f  t h e  a l k y l  group. The demonstrat ion o f  improved s t e r e o c o n t r o l  by systems such as 18  compared 

t o  24 as w e l l  as t h e  e x c e l l e n t  s e l e c t i v i t y  of gemina l l y  d i s u b s t i t u t e d  s u b s t r a t e s  lZa examined 

makes t h i s  v a r i a n t  of amide i o d o l a c t o n i r a t i o n  s t r a t e g y  a  more general  and usefu l  approach f o r  the  

c o n s t r u c t i o n  of densely s u b s t i t u t e d  oxygenated he te rocyc les .  
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