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Abstract - The coupl ing of the  acetates o r  17a,b wi th  the  en01 s i l y l  ether 19 
i n  the presence of ZnC12 was shown t o  y i e l d  exclusively the  desired C.7 ax ia l  

products. The s te reose lec t i v i t y  a t  the  C.8 pos i t i on  was about 3.5:l favor ing the 

natural  conf igurat ion.  

E a r l i e r  work i n  our labora tor ies  l e d  t o  the  f i r s t  t o t a l  synthesis of polyether a n t i b i o t i c s  

narasin (&I and s a l i n m y c i n  (lbl.Z.3 A key step i n  t h i s  synthesis was a  s tereospec i f i c  

l a  : Narasin (R=Me) - 
I b  : Salinomycin (R=H) - 

crossed aldol  reac t ion  such as t 3 + & (Scheme 1). The synthesis of the  r i g h t  h a l f  

ketone 3 was e f f ec t i ve l y  executed as planned. However, the  synthesis o f  the  l e f t  ha l f  aldehyde 

2, p d r t i c u l a r l y  i n  the  narasin ser ies,  d i d  present a  problem. I n  t h i s  comnunication, we would - 
l i k e  t o  repor t  a  new, e f f i c i e n t  route  t o  t h e  aldehyde &. 

Scheme 1 

Reagents and condi t ions 

a. 1. anion formation o f  3 : 3/(~-hex)~NMgBrlTHF/-50DC. 2. Add i t ion  of 2 i n t o  t h e  anion 

so lu t i on  o f  2 : THFI-50°C. 3. (n-Bu)~NF/THF/RT. 4. T F A / C H ~ C ~ ~ I ~ F (  molecular sieves/RT. 
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We o r i g i n a l l y  planned t o  construct  the  tetrahydropyran r i n g  o f  2 from a su i t ab l y  func- 

t i o n a l i z e d  1,5-diol by an S@ displacement react ion  as depicted i n  Scheme 2. O f  t h e  two 

possible precursors and m, the  aldehydes a were chosen due t o  t h e i r  s t r u c t u r a l  s imi-  

l a r i t y  t o  t h e  C.ll-C.17 moiety o f  narasin and s a ~ i n o m y c i n . ~  Conformational analysis o f  t h e  

narasin aldehyde a i nd ica tes  t ha t  the proposed c y c l i z a t i o n  may be troublesome. The narasin 

aldehyde a i s  a s t e r i c a l l y  crowded molecule; ser ious s t e r i c  compressions e x i s t  i n  both confor-  

mations 2a-A and 2 a - ~ ~  due t o  the  two ax ia l  subst i tuents and a lso  due t o  the  i n t e r a c t i o n  be- 

tdeen the branched ax ia l  subst i tuent and the methyl group.5 Thus, t h e  t r a n s i t i o n  s ta te  lead ing 

t o  a i s  considered a l so  s t e r i c a l l y  crowded, S im i l a r  ana lys is  suggests t h a t  the  salinomycin 

aldehyde i s  s t e r i c a l l y  crowded but not as extensively as the  narasin aldehyde - compare 

2b-A f 2b-B w i t h  2a-A f +J. Thus, t h e  cycl  i r a t i o n  leading t o  3 may not be as d i f f i c u l t  as - 
that  t o  3. Nevertheless, hoping tha t  the  in t ramolecu lar  nature o f  t h e  displacement might 

o f f s e t  t h e  obvious s t e r i c  problems, c y c l i r a t i o n s  of two key substrates & and f& were examined 

i n  d e t a i l .  
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Cyc l i za t i on  was attempted under a  v a r i e t y  of condi t ions.  Only i n  very nonpolar so lven t  

systems was t h e  des i red  te t rahydropyran  formed t o  any appreciable extent .  When a  su i t ab l y  

ac t i va ted  subs t ra te  such as 3 was subjected t o  t h e  c l ass i ca l  cond i t i ons  f avo r i ng  s ~ 2  reac t i on  

w i t h  uncharged e l ec t r oph i l es ,  i.e., p o l a r  ap ro t i c  solvents,  on ly  e l i m i n a t i o n  was observed. 

The best  c y c l i r a t i o n  cond i t ions  e n t a i l e d  d i sso l v i ng  substrates w i t h  a  small amount o f  

18-crown-6 i n  a  mix tu re  o f  hexanes and to luene,  fo l lowed by a d d i t i o n  o f  o i l - f r e e  KH a t  O°C. 

I n  t h i s  manner, the  des i red  te t rahydropyran  3 could be i s o l a t e d  i n  59% y i e l d  i n  the  salinomy- 

c i n  ser ies.  However, i n  naras in  ser ies  t h e  des i red  tetrahydropyran & was obtained on ly  i n  

14% y i e l d  even under t h e  best  cond i t ions ;  t h e  major products (66% y i e l d )  were o l e f i n s  der ived  

from e l  im ina t ion .  

Reagents and cond i t ions  

a. KH ( o i l  free)/l8-crown-6ltoluene-hexanes ( l / l ) /O°C.  



I n  l i g h t  o f  these resu l t s ,  a  more e f f i c i e n t  synthesis o f  t he  narasin aldehyde g was 

invest igated.  Since t he  format ion o f  t he  f u l l y  subs t i t u ted  tetrahydropyran v i a  SNZ displace- 

ment proved t o  be d i f f i c u l t ,  t he  s tereocont ro l led  add i t i on  o f  an a l k y l  group t o  a  preformed 

tetrahydropyran nucleus was pursued; i n  pa r t i cu la r ,  we were i n te res ted  i n  apply ing t he  

s tereocont ro l led  C-glycosidat ion reac t i on  developed i n  our l abo ra to r i es  t o  t h i s  case (Schme 

5).6 Namely, we an t i c i pa ted  t h a t  t he  carbon-carbon bond format ion would p r e f e r e n t i a l l y  take  

place from the  ax ia l  d i r e c t i o n  on t he  conformer 9-A o f  t he  oxonium i o n  t o  y i e l d  t he  desired 

product 10 on t he  basis of ( 1 )  t he  s tereoe lec t ron ic  e f fec t ,  i .e. t he  C-NU bond i s  a n t i p e r i p l a -  

nar t o  one of t he  lone p a i r  e lec t rons  o f  oxygen i n  and 11, and ( 2 )  t he  s t e r i c  hindrance due 

t o  t he  R '  group i n  t he  conformer 9-B f o r  t he  incoming n ~ c l e o ~ h i l e . 7  

Scheme 5 

The tetrahydropyran acetates and 17a requ i red  f o r  t h i s  study were prepared from t h e  

aldehyde m, which was r e a d i l y  ava i l ab le  by thermal ly  induced re t ro -a ldo l  r eac t i on  o f  na tura l  

narasin (Scheme 6).839 The aldehyde g was converted t o  t he  o l e f i n  i n  5 steps i n  about 

65% ove ra l l  y i e l d .  Oronolysis of m, fo l lowed by Baeyer -V i l l iger  ox ida t ion ,  y ie lded t he  ax ia l  

acetate & i n  90% y ie l d .  Hydro lys is  o f  under bas ic  cond i t ions  gave a  mix ture  o f  a- and 

8 - l ac to l s  m, ace ty l a t i on  o f  which y i e l ded  almost exc lus i ve l y  t he  equator ia l  acetate 17a i n  

85% overa l l  y i e l d .  The tetrahydropyran acetates pJ and a were also prepared from salinomy- 

c i n  ( l b )1 °  i n  a comparable y i e l d  by using t he  same sequence o f  react ions.  

Among several obvious opt ions f o r  t he  nucleophi le,  t he  en01 s i l y l  e ther  19 seemed most 

a t t r a c t i v e  s ince t he  C.8 methyl group could d i r e c t l y  be introduced. The enol s i l y l  e t h e r s  

was prepared by re f l ux i ng  propionaldehyde and t r i m e t h y l s i l y l  ch lo r i de  i n  DMF conta in ing  

t r ie thy lamine.11 A f t e r  work-up, d i s t i l l a t i o n  furnished a  7:4 mix ture  o f  Z- and E-en01 s i l y l  

ethers 19-Z and E. This m ix tu re  was used i n  a l l  subsequent coupl ing reac t ions  unless 

otherwise noted. 
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Reagents and c o n d i t i o n s  

a. 1. NaBH4/MeOH/OoC. 2. 0-02NC6H4SeCNl(n-Bu)3P/THFIRT, f o l l o w e d  by Hz02 treatrnent1O'C , RT. 

3. LiA1HqlEt20/00C. 4. C6H~Ctl2BrIKHITHF-OMF (4/1)/ODC + RT. b. 03IMeOHl-7BPC, f o l l o w e d  

by (Me)$ work-up. c. MCPBA/Na2HP04/CH2C12/RT. d. NaOMeIMeOHlRT. e. AcpOlpylRT. 

Scheme 7  

Reagents and c o n d i t i o n s  

a. TMSC1/Et3N/DMF/reflux (19-Z:19-E = 7:4). b. TMSOTflEt3NlEt20/ODC+RT (19-Z:19-E = 4 : l ) .  

Among a  v a r i e t y  o f  c o n d i t i o n s  s tud ied ,  t h e  d e s i r e d  c o u p l i n g  was bes t  achieved b y  s t i r r i n g  

t h e  ace ta te  3 o r  &3 w i t h  t h e  en01 s i l y l  e t h e r s  19-L,E (4.5 eq) i n  a  1:l m i x t u r e  o f  methyl -  

ene c h l o r i d e  and e t h e r  i n  t h e  presence of z i n c  c h l o r i d e  (excess)  a t  0'c.12 The c o u p l i n g  

r e a c t i o n  o f  t h e  ace ta tes  3 and a under these  c o n d i t i o n s ,  f o l l o w e d  by NaBH4 reduc t ion ,  gave 

a  3.5: l  m i x t u r e  of and la (77% y i e l d )  and a  3.8:1 m i x t u r e  o f  and (79% y i e l d ) ,  

respect ive ly .13 The s t r u c t u r e  o f  major product & was e s t a b l i s h e d  by c o r r e l a t i o n  w i t h  t h e  

a lcoho l  a, one of t h e  in te rmed ia tes  used i n  t h e  p rev ious  ~ ~ n t h e s i s . 2  The s t r u c t u r e  o f  minor  

product  was e s t a b l i s h e d  by c o r r e l a t i o n  w i t h  t h e  o l e f i n  m. 



Reagents and c o n d i t i o n s  

a. 19-Z,E (ca. 4.5 e q ) l Z n C 1 ~ ( e x c e s s ) / C H 2 C 1 ~ / O o C C  f o l l o w e d  by NaBH4 work-up (MeOH/ODC). b. 

1. BrCH20Mel(i-Pr)2(Et)NICHZC12/RT. 2. H21Pd-C/MeOH/RT. c. 0-02NC,jH4SeCN/(n-Bu)p/THF/RT, 

f a l l o w e d  by HZ02 treatrnent/O0C +RT. d. 1. thexylborane/THF/O0C, fo l l owed  by H202/0H- work-up 

2. BrCH20Me/ ( i -Pr )2 (E t )N/CHzC12/RT.  3. H2/Pd-C/MeOH/RT. 

S u b s t a n t i a l  e f f o r t s  were made t o  i s o l a t e  and i d e n t i f y  by-products .  Most s i g n i f i c a n t ,  no 

e q u a t o r i a l  isomer c o u l d  be i s o l a t e d .  Thus, i t  i s  sa fe  t o  conclude t h a t  t h e  carbon-carbon bond 

fo rmat ion  a t  t h e  a n m e r i c  c e n t e r  t o o k  p l a c e  e x c l u s i v e l y l 4  as a n t i c i p a t e d .  I n  a d d i t i o n  t o  t h e  

d e s i r e d  p roduc ts  and la, a  by -p roduc t  was i s o l a t e d  i n  10 %15% y i e l d ,  t h e  spec t roscop ic  

d a t a  of which a r e  c o n s i s t e n t  w i t h  t h e  g l y c a l  s t r u c t u r e  G. Obv ious ly ,  was d e r i v e d  from 

t h e  proposed i n t e r m e d i a t e  9. i n  t h i s  connect ion,  i t  i s  i n t e r e s t i n g  t o  no te  t h a t  t h i s  by-  

p r o d u c t  was formed i n  much l a r g e r  e x t e n t  when one e q u i v a l e n t ,  i n s t e a d  o f  4 %5 e q u i v a l e n t s ,  Of 

t h e  en01 s i l y l  e t h e r s  i9-Z,E was used. I n  a d d i t i o n  t o  t h e  g l y c a l  G, a smal l  amount of t h e  

l a c t o l  && was a l s o  recovered  from t h e  c o u p l i n g  r e a c t i o n .  
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The coupl ing react ion  discussed above i s  not l i m i t e d  only t o  the narasin ser ies.  

Pa ra l l e l  r esu l t s  were observed i n  the salinomycin ser ies;  about a  3 : l  mixture o f  the  t e t r a -  

hydropyrans and were obtained from = or  i n  comparable chemical y i e l ds .  Again, 

no equator ia l  product was formed.14 It i s  i n t e r e s t i n g  t o  note the  fac t  t ha t  the coupl ing o f  

o r  a wi th  a l l y l t r i m e t h y l s i l a n e  resu l ted  i n  approximately a  10:l r a t i o  o f  ax ia l  t o  

equator ia l  products. This product r a t i o  i s  very c lose t o  t h a t  observed i n  the  carbohydrate 

examples .6 

As discussed, the  C.8 stereochemistry of the  major product 20a,b corresponds t o  the  

natural  conf igura t ion  o f  narasin and salinomycin. Based on t h e  fo l lowing two observations, i t  

seems safe t o  conclude t h a t  the  stereochemical outcome a t  t h i s  center i s  independent from the 

conf igura t ion  of t h e  s i l y l  en01 ether 19-Z,E. F i r s t ,  the  coupl ing experiment using a  4 : l  

mixture15 instead of a 7:4 mix ture  of the 2- and E - s i l y l  en01 ethers 19 furnished an i d e n t i c a l  

r a t i o  o f  products. Second, the coupling experiment using on ly  one equivalent of the  s i l y l  

en01 ether a lso  furnished the exact same r a t i o  of products. 

The alcohol der ived from the major product was an intermediate i n  the previous 

narasin synthesis.2 I n  add i t ion ,  an e f f i c i e n t  t ransformat ion o f  the  minor tetrahydropyran 

i n t o  the  same alcohol was successfully developed (Scheme 8). The key step i n  t h i s  t rans-  

formdtion was s tereose lec t ive  thexyl  borane hydroboration of &, y i e l d i n g  almost exc lus ive ly  

the  C.8 natural  isomer. 

Prel iminary studies have shown that  the  l a c t o l s  can be synthesized i n  a  s t ra igh t fo r -  

ward lnanner from an intermediate used i n  the  previous t o t a l  synthesis of n a r a ~ i n . ~  Thus, the 

coupl ing redct ion  reported i n  t h i s  paper furnishes a  new, e f f i c i e n t  synthesis o f  t h e  l e f t  h a l f  

o f  narasi n. 
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