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Abst ract  - 3,4-Dihydro-2H-pyran was a lky la ted,  v i a  i t s  2 - l i t h i o  d e r i v a t i v e ,  w i t h  se- 

vera l  0-protected 6- o r  y - i odo  a lcohols  i n  exce l lent  y i e l d s .  Ac id i c  t reatment  of t he  

r e s u l t a n t  2 -subs t i t u ted  dihydropyrans produced both the  deprotect ion o f  the hydroxyl  

group and the  c y c l i z a t i o n  t o  s p i r o k e t a l s .  

The synthes is  o f  sp i roke ta l s  has been o f  con t inu ing  i n t e r e s t  over the  recent  years owing t o  the  

presence o f  t h i s  type o f  s t r u c t u r e  i n  b i o l o g i c a l l y  act ive n a t u r a l  products i n c l u d i n g  several  i n -  

s e c t  and po lyether  ionophore  antibiotic^^-^' Recently, a  new methodology us ing 

s p i r o k e t a l s  as key in termediates f o r  the  synthes is  o f  natura l  macrol ides has brought i nc reas ing  

8 i n t e r e s t  t o  t h i s  c lass o f  compounds . 
A v a r i e t y  of syn the t i c  routes t o  dioxaspiroalkanes have been repor ted.  Most of them u t i l i z e  l a c -  

tones as s t a r t i n g  ma te r ia l s  439,14 o r  keto  d i o l s  and t h e i r  equ iva lents  as in termediates 5,6,15,17 

3 
However, some less  c l a s s i c a l  methods have been described : c y c l i z a t i o n  o f  f u r a n  d e r i v a t i v e s  , 

pho tocyc l i za t i on  o f  aldehydo-ketalslB, hetero-Diels-Alder condensation7, organoselenium mediated 

20 c y c l i z a t i o n  o f  unsaturated keto  alcohols19 and f i n a l l y  an electrochemical synthes is  . 
We propose here a  new approach f o r  the  c o n s t r u c t i o n  o f  sp i roke ta l  s t ruc tu res  us ing a  simple and 

s t r a i g h t f o r n a r d  synthesis g i v i n g  b e t t e r  y i e l d s  than most o f  t he  repor ted methods. The two-step 

procedure s t a r t s  w i t h  the condensation o f  t he  pyrany l  or t - b u t y l d i m e t h y l s i l y l  e the r  o f  a  6- o r  

y- iodo a lcohol  w i t h  3.4-dihydro-2H-pyranyll ithium i (scheme I ) .  Ac id i c  t reatment  of t he  r e s u l -  

t i n g  s u b s t i t u t e d  dihydropyran promotes both the deprotect ion o f  t he  hydroxyl  group and the  sub- 

28 sequent c y c l i z a t i o n  of dioxaspiroalkane . We appl ied t h i s  method t o  the  p repara t ion  o f  t he  f o l -  

lowing known s p i r o k e t a l s  : 1 , 6 - d i o x a s p i r 0 [ 4 , 5 ] d e c a n e ~ ~ ' ~ ~ ,  1.7-dioxaspiro[5,gundecane 4,12,26 

(major component o f  the sex pheromone o f  the  o l i v e  f l y )  and 2-methyl-1,7-dioxaspiro[~,S] unde- 

cane 12,26, The l i t h i a t i o n  o f  3,4-dihydro-2H-pyran exc lus ive ly  a t  t he  6 -pos i t i on  ( v i n y l i c  carbon 



a to oxygen atom) i s  wel l  d ~ c u m e n t e d ~ ~ , ~ ~ .  For instance, select ive metalat ion of dihydropyran 

can be achieved w i th  t - bu t y l l i t h i um i n  a pentane-tetrahydrofuran mixture a t  -78TZ1 o r  w i th  

n-butyl l i thium i n  hexane and a ca ta l y t i c  amount o f  tetramethylethylenediamine (TMEDA) a t  room 

temperaturez2. An a l te rna t ive  route consist o f  adding n-bu ty l l i th ium i n  hexane t o  a so lu t ion  

23 of dihydropyran i n  tetrahydrofuran a t  0°C and then heatinq the mixture a t  50°C f o r  l h  . We 

chose t h i s  l a s t  metalat ion procedure with, however, a s l i g h t  modif icat ion. I n  prel iminary essays 

carried ou t  under the reported conditionsZ3, we observed side reactions i n  the a l ky l a t i on  step 

(condensation o f  n-buty l l i th ium wi th  the iodide and coupling react ion o f  the iodide chain), due 

probably t o  the presence of an excess o f  n-buty l l i th ium. Therefore we decided t o  use rather  an 

24 excess of dihydropyran(l.2 equivalent) w i th  respect t o  n -bu ty l l i th ium . The a l ky l a t i on  was 

performed by adding a solut ion of the protected iodo alcohol (0.8 equivalent) i n  tetrahydrofuran 

t o  the so lu t ion  o f  dihydropyranyl l i thium cooled a t  -1O0C. A t  the end of the addi t ion,  the mix- 

ture was warmed a t  50°C. The react ion was general ly complete a f t e r  1 h and y i e l ds  o f  a lky la ted  

dihydropyrans z-2 exceeded 90% based upon the iodide. The crude products were pure enough t o  be 

involved.d i rect ly  i n  the deprotection-cyclization step. The a l ky l a t i on  can be carr ied out  w i th  

0.4 equivalent o f  an unprotected 8-iodo alcohol ( i .e .  2_c from 3-iodo-1-propanol). On the other 

hand protect ion o f  y-iodo alcohols i s  essential,  since these compounds undergo a spontaneous 

r ing  closure t o  tetrahydrofurans under basic condit ions. 

Scheme I 

I(CHJ,OR 

2a : R = Si Me,tEu - 
2_b : R R  THP 

5 
u 

2c : R = H  
-4 

I(CH,h OSiMe,tBu H* 

1 Lo&+ N 3 I - 88 % 

4b : R = THP 
4 



HETEROCYCLES. Vol. 22. No. 7, 1984 

C y c l i z a t i o n  of compounds L-5 sp i roke ta l s  have been effected by var ious a c i d i c  agents depending 

29 on the  p r o t e c t i o n  mode of the  hydroxyl  group . The alcohol z5 s t i r r e d  w i t h  a c a t a l y t i c  amount 

of py r id in ium para-toluenesulfonate (PPTS) i n  dichloromethane affords the  1,6 dioxaspiro[4,5] 

decane 2 i n  78% o v e r a l l  y i e l d  of p u r i f i e d  product.  The t - b u t y l d i m e t h y l s i l y l  e thers  La, 3, 4a ., 
are cleaved and cyc l i zed  i n  a c e t o n i t r i l e  w i t h  a small quan t i t y  o f  aqueous hyd ro f l uo r i c  ac id  l ea -  

d ing  t o  t h e  s p i r o k e t a l s  ?, 5 and (66, 67 and 63 overa l l  y i e l d s  respec t i ve l y ) .  The sp i roke ta l s  

5 and 1 are  a l s o  obtained from the  cleavage and c y c l i z a t i o n  o f  pyranyl  e thers  Lb and $b w i t h  hy- 
+" 

d r o c h l o r i c  a c i d  i n  e ther  ( respec t i ve l y :  69 and 74% y ie lds ) .  Although 2-methyl-1.7-dioxaspirop,q 

undecane can e x i s t  i n  two d iastereo isomer ic  forms, formation o f  o n l y  one isomer o f  I f rom La o r  

$b i s  ev iden t  from 13c NMR analys is .  Th is  r e s u l t  i s  i n  accord w i t h  the  p r e d i c t i o n  o f  Deslong- 

champs e t  a1.12, s ince the  ac id  promoted c y c l i z a t i o n  occurs probably under thermodynamic condi-  

t i o n s .  Owing t o  t h e  anomeric and usual s t e r i c  e f f e c t s ,  t he  con f igu ra t i on  o f  the s p i r o t a l  

should be t rans  i n  the  conformation where t h e  two oxygen atoms are a x i a l  and the  methyl group 

12 equa to r ia l  . 
I n  a d d i t i o n  t o  the  good y i e l d s  observed, the  ready a c c e s s i b i l i t y  o f  t he  iodo a lcohols  and t h e i r  

corresponding e the rs  makes t h i s  dioxaspiroalkanes synthesis very convenient. The 3- iodo-I-pro- 

pan01 was prepared from the  comnerc ia l ly  a v a i l a b l e  ch lor ide (sodium iod ide  i n  methyl e thy l  ke- 

tone, 8h a r  r e f l u x ) .  The t - b u t y l d i m e t h y l s i l y l  e thers  o f  3-iodo-I-propanol, 4-iodo-2-pentanol 

was obta ined d i r e c t l y  by r i n g  opening of oxetane, te t rahydrofuran and 2-methyl tetrahydrofuran 

respec t i ve l y  w i t h  t - b u t y l d i m e t h y s i l y l  c h l o r i d e  and sodium i o d i d e  i n  a c e t o n i t r i l e .  Likewise t h e  

r i n g  opening o f  2-methyl tetrahydrofuran by ch lo ro t r ime thy l s i l ane  and sodium i o d i d e  afforded, 

a f t e r  hyd ro l ys i s ,  4-iodo-2-pentanol. The r e g i o s e l e c t i v i t y  o f  2-subst i tu ted heterocycles r i n g  

cleavage by " i n  s i t u "  i odoa lky l s i l anes  i s  c u r r e n t l y  under i n v e s t i g a t i o n  i n  our  l abo ra to ry  and 

w i l l  be publ ished i n  a separate paper. Conversion o f  iodo a lcohols  t o  te t rahydropyrany l  e thers  

27 was c a r r i e d  o u t  i n  dichloromethane w i t h  py r id in ium para-toluenesulfonate as c a t a l y s t  . 
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