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Abstract - 5-0xo-1,7-dioxasp~lrol5,5]undecanes can be prepared from 

y-butyrolactones and dihydropyran i n  a two-step process. Condensation of 

2- l i thiodihydropyran w i th  the appropriate lactone, followed by acid-catalyzed 

cyc l izat ion,  affords the spiroketal .  

A number o f  reports concerning the synthesis o f  sp i roketa ls  have appeared i n  recent  year^.^ 

These approaches provide en t ry  t o  is var ie ty  o f  b i o l o g i c a l l y  ac t i ve  compounds such as 

avencectins, m i l  bemycins, i nsec t  pheromones, the talaromycins, and polyether an t ib io t i cs .  

Sore of these methodologies make use o f  lactones3 t o  construct the appropriate spiroketals,  

whereas others requi re  funct ional ized c y c l i c   ether^.^ We now wish t o  repor t  a method t h a t  

u t i l i z e s  both a lactone and a c y c l i c  e ther  f o r  the preparation o f  spiroketals,  and a lso 

complements the e x i s t i n g  l i t e r a t u r e .  As a resu l t ,  carbonyl-containing derivat ives, such as 

5-0x0-1.7-dioxaspiroC5.5lundecanes W, are amenable by t h i s  procedure. The carbony1 moiety 

should provide a "handle" fo r  f u r t h e r  elaborat ion o f  the molecule. 



The fo l lowing procedure i s  t yp i ca l  of the preparat ion of sp i roketa ls  & - g. To a so lu t ton 

of dihydropyran i n  THF ( r a t i o  of 10 m o l e s :  1 ml), cooled t o  -65'C and under ni t rogen, was 

added 1 equivalent of t-BuLi i n  pentane such t h a t  the temperature d i d  no t  r i s e  above -55'C. 

Following the addi t ion,  the i n t e r n a l  temperature was then allowed t o  c a r e f u l l y  r i s e  t o  OT. 

The so lu t i on  i s  s t i r r e d  a t  - 5  t o  O'C f o r  1 h and cooled t o  -65'C. A so lu t i on  o f  the 

r-butyrolactone (2; 1 equivalent)  i n  THF was added t o  the 2- l i th iodihydropyran (2)s 

whi le maintaining the temperature below -45'C. A f t e r  s t i r r i n g  a t  -65'C f o r  1 h, the 

react ion was s t i r r e d  overnight a t  room temperature. and then quenched w i t h  20% aq. NH4Cl. 

Ethereal work-up and bulb-to-bulb d i s t i l l a t i o n  afforded 4 as a clear, viscous o i l .  Cyc l izat ion 

was effected by s t i r r i n g  a so lu t i on  o f  4, conc. HCI, water, and THF ( r a t i o  o f  10 moles:0.88 

ml:4.4 ml:18.4 m l ,  respect ive ly)  a t  room temperature fo r  24 t o  48 h t o  provide sp i roketa l  

1. Yields are summarized i n  the Table. - 

Table. Preparation of 5-oxo-1,7-dioxaspiroC5.5lundecanes (1) 

SERIES R1 R2 - 4 FROM 2 1 FROM 4 
- - - - -  

a H H 33 82 
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The cyc l i za t i on  o f  t o  3 was slow, requ i r i ng  24 h for  completion. Cyc l izat ion o f  Qd 

t o  Id occurred a t  approximately the same rate. However, f o m t i o n  o f  e i t h e r  2 o r  & was 

much slower, requ i r i ng  twice as long t o  reach completion. The slower r a t e  of sp i roke ta l i za t i on  

f o r  % o r  & as compared t o  o r  24 i s  l i k e l y  due t o  the greater s t e r i c  hindrance of the 

secondary alcohols 9 and $ upon cycl ' izat ion. 

The genera l ly  slow r a t e  of conversion f o r  a l l  the alcohols (2 - Qd) t o  t h e i r  respect ive 

sp i roketa ls  ( 3  - Id) may be p a r t l y  due t o  charge des tab i l i za t i on .  The process presumably 

proceeds through an i n t e m d i a t e  w l t h  the  charge l o c a l i z e d  on the  oxygen o f  t he  pyranyl  r i n g  

(see Scheme). The carbonyl should des tab i l i ze  t h i s  intermediate, r e s u l t i n g  i n  a higher 

t r a n s i t i o n  s ta te  energy and a slower react ion ra te .  Another fac tor  t h a t  may a l so  con t r i bu te  

t o  the slow c y c l i z a t i o n  process i s  the rap id  product ion o f  o ther  products i n  the react ion. 

Production o f  o ther  components could e f f e c t i v e l y  decrease s t a r t i n g  mater ia l  concentrat ion 

and thus decrease the r a t e  of conversia~n o f  4 t o  1. 

To study t h i s  phenomenon the react ion was monitored by c a p i l l a r y  GC. For a l l  f ou r  cyc l i za t i ons  

(a-d) the rap id  product ion of product!; o ther  than 1 was observed. As the  react ion proceeded 

these mater ia ls  diminished i n  amount as the desired sp i roketa l  accumulated. These products 

were i d e n t i f i e d  by quenching a l i quo ts  o f  the conversion of Qb t o  g w i t h  potassium carbonate. 

Samples obtained 1-4 h a f t e r  the  s t a r t  o f  the react ion showed the highest concentrations 

of these products and were used f o r  analysis by GCHS which was done a f t e r  t r i m e t h y l s i l y l a t i o n  

t o  prevent dehydration o f  the t e r t i a r , ~  alcohols on GC. The proposed s t ructures (a, & and 

7b) are shown i n  the scheme. The composition o f  these compounds was establ ished by observat ion - 
of molecular ions of reasonable i n t e n s i t y  i n  t h e i r  E l  mass spectra. An i o n  w i t h  an m/z of 

117 corresponding t o  [(CH3)3SiOCHCH3]+ was d iagnost ic  f o r  d i s t i ngu ish ing  the cyc l ized and 

uncycl ized conpounds. 

Under aqueous and ac id i c  condit ions, the product ion o f  such hydrated der ivat ives and hemiketals 

i s  no t  surpr is ing. To minimize t h e i r  product ion we attempted t o  e f f e c t  sp i roke ta l i za t i on  

under non-aqueous condit ions by treatment o f  Qb w i t h  pyr id in ium p to luenesu l fona te  i n  

dichloromthane. Although 3 was obtained, the y i e l d  was low and a large amount o f  i n t rac tab le  

residue a l s o  resulted. 



SCHEME 

Spiroketals &, & and ld were each i so la ted  as predominantly one diastereomer as shown by 

the 1 3 ~ - n ~ r  spectra (see Figure). The diastereomeric r a t i o s  obtained from c a p i l l a r y  GC analyses 

were 95:5, 88:12 and 83:17 fo r  2. & and g, respect ive ly .  Stereochemistry was assigned 

by 200 MHz 1~-nmr6 using the v i c i n a l  coupl ing constants found fo r  the  methine proton of & 

and and i s  shown below. The r e s u l t  i s  no t  unexpected. Under themdynamic c y c l l z a t i o n  

condit ions, the anomeric effect should exclude an equator ial  o r i e n t a t i o n  of t he  ethereal 

oxygens. This phenomenon, coupled w i t h  the s t e r i c a l l y  preferred equator ia l  o r i en ta t i on  of 

the methyl group, support the stereochemical assignments f o r  the  major diastereomers of 2, 
l c  and id. This f i nd ing  i s  a lso consistent w i th  the repor t  o f  Amoroux4C concerning the - 
preparat ion and stereochemistry of a sp i roke ta l  s i m i l a r  t o  2 bu t  lack ing the carbonyl 

funct iona l i ty .  

lb,  R1 = H, R2 = CH3 - 
lc,  R1 = H, Rp = n-CqHg - 
Id. R1 = CH3. Rp = H - 
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FIGURE. ' 3 ~ - ~ ~ ~  SPECTRA OF =(TOP) AND (BOTTOM) 
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I n  conclusion, we have developed a ready synthesis of subst i tu ted 1.7-dioxaspiro[5,5lundecanes 

which may be added t o  the growing arsenal o f  synthet ic  methodologies f o r  the preparat ion of 

splroketals.  
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(a) 200 MHz l ~ - n m r  spectral  data f o r  (major diastereomer): (CDCI3) 6 4.24 

(ddq, J = 11.1, 2.8, 6.3 Hz, lH), 3.72 (m, 2H). 2.82 (ddd, J - 14.3, 13.4, 6.6 Hz, 

lH), 2.19 (ddd, J = 14.3, 4.7, 2.5 Hz, lH),  2.03 (m, lH), 1.72-1.89 (m, 3H), 1.49-1.62 

(m, 4H), 1.20 (d, J = 6.3 Hz, 3H). The v i c i n a l  coupl ing constants (11.1 and 2.8 Hz) 

of t he  methine proton (4.24 ppm) are consistent w i t h  an ax ia l  o r i en ta t i on  of t he  methlne 

proton and an equator ia l  o r i en ta t i on  of the methyl group. (b) 200 MHz 1~-NMR spectral  

data f o r  id: The methine proton of the major diastereomer appears as a doublet o f  

qu in te ts  ( J  = 12.8 and 6.4 Hz) a t  2.99 ppm which suggests an a x i a l  proton and an 

equator ia l  methyl group. The methine proton o f  the minor diastereomer appears a t  2.68 

ppm as a doublet o f  qu in te ts  ( J  = 9.3 and 6.9 Hz). The magnitude o f  these coupl ing 

constants suggests a d i s to r ted  cha i r  confonnation. 
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