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SPECTROSCOPY LETTERS, 15(12) ,  963-967 (1982) 

ON T H E  TWIST-BOAT CONFORMATION OF THE TETRA- 

HYDROPYRAN CYCLE IN THE TRIOXA-BIS-SPIROKETAL SERIES 

K e y  words : IH and I3C NMR, X-rays, twis t ,  boat  conformat ion  
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INTRODUCTION 

In t h e  solid s t a t e  t h e  trioxa-bis-spiroketal 2 (fig.1) has  a twist-  

boat conformation ( te t rahydropyran  cycle) and i t s  infrared absorpt ion 

and nuclear  magnet ic  resonance ( H a t  250 MHz, 13C a t  15,06 MHz) 

s p e c t r a  l e t  forsee  t h e  s a m e  conformat ion  in solution . 
1 

1 

So, molecule  2 is a par t icular ly  interest ing model for  es tabl ishing 

s t r u c t u r e  spectroscopic  propert ies  relationships, by comparison with i ts  

diastereoisomer 1 which h a s  a cha i r  conformation2.  Besides, compounds 

such 1 and 2 which have a bis-spiroketal s t r u c t u r e  c a n  be  considered 

as synthons for  synthesis of new ionophore polyethers. This  h a s  led us 

t o  study more  thoroughly t h e s e  t w o  molecules  by I H  NMR at 500 

MHz. I f  for  1 o n e  could analyse en t i re ly  t h e  spec t rum,  t h e  8 3 '  and 

10,lO' proton signals have been only analysed for 2". 

* A t  500 M H z  t h e  9 , 9 '  n u c l e i  s i g n a l s  o f  t h e  t e t r a h y d r o p y r a n  c y c l e  

a n d  t h e  3 , 3 '  n u c l e i  s i g n a l  o f  t h e  t e t r a h y d r o f u r a n  c y c l e s  s t i l l  r e s o n e  

a t  n e a r l y  t h e  s a m e  f r e q u e n c y .  

9 6 3  
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F iqure 1- Conformations and dihedral angles of  trioxa-bis-spiroketals 1 and 2 

RESULTS AND DISCUSSION 

The coupling cons tan ts  observed a f t e r  a LACOON 111 t y p e  cal- 

culat ion (Table  I), very d i f fe ren t  for L and 2, ind ica te  s t rong  s t ruc-  

t u r e s  modif icat ions be tween these  t w o  molecules  and a r e  cons is ten t  
with an impor tan t  f la t ten ing  of t h e  dihedral  angles  $ (8,9) and 
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TWIST-BOAT CONFORMATION 965 

TABLE I- H NMR spec t ra  at 500 MHz of trioxa-bis-spiro- I 

ketals I and 2. Solvent DMSO (Concentration 10 %). 

Coupling constants (Hz). 

Compounds H8H9 H8H91 H8,H9 H8SH91 H8H8t %H9t R $ 

- 1 I 3,O I 4,52 5,20 3,65 -13,6 -12,9 1,71 54 
* - 2 0986 9,81 10,27 7,62 -13,4 0,42 25 

- I 13,Ol 4752 5,20 3,65 -1396 -12,9 1,71 54 
2 7762 9981 10727 0,86 -13,4 * 0,42 25 - 

* n o  d e t e r m i n e d  

TABLE 11- 13C NMR spectra a t  15,06 MHz of trioxa-bis-spiro- 

ketals I and 2. Solvent DMSO (Concentration 10 %) 

Chemical shifts / TMS (ppm). 

1 63,5 38,O 79,3 21,4 106,8 106,8 26,O 15,8 26,O 

2 63,2 37,8 78,5 21,5 107,3 107,3 20,5 12,2 20,5 
- 

- 

$ (9,101 on passing from 1 to 2. These dihedral angles calculated fol- 

lowing the  R ratio method proposed by G.B. Larnbert' are in good 

agreement for 1. with t h e  cristallographic da ta  I$ ( N M R )  = 25", 

$(X-ray)*= 27'51 and so confirm the transferability from solid 

s t a t e  to  solution of the  twist-boat conformation of 2. 

* A r i t h m e t i c  a v e r a g e  o f  t h e  d i h e d r a l  a n g l e  v a l u e s $  ( 8 , 9 ) =  3 2 O  a n d  

$ ( 9 , l O )  = 2 3 "  o b t a i n e d  f o r  2 i n  s o l i d  s t a t e  b y  X - r a y  d i f f r a c t i o n  . 
I t  i s  l i k e l y  t h a t  m o l e c u l e  - 2 s l i g h t l y  r e a r r a n g e s  f r o m  s o l i d  s t a t e  t o  

s o l u t i o n  w h e r e  i t  a d m i t s  a C 2  a x i s  o f  s y m e t r y  p a s s i n g  b y  O 6  a n d  

C a t o m s .  

1 

9 
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T h e s e  r e s u l t s  also a l low to c o n f i r m  t h a t  t h e  s t r o n g  shielding 

effect  (-5,5 6 A 6  I 3 C <  -3,6) o b s e r v e d  in I 3 C  NMR (Tab le  11) on  t h e  
C8, C9 a n d  C l 0  nuclei  of I a n d  2 is a c a r a c t e r i s t i c  i n f o r m a t i o n  of 

a t w i s t  b o a t  c o n f o r m a t i o n .  Such a n  obse rva t ion  had a l r e a d y  b e e n  

m a d e  by R o b e r t s  a n d  a ~ ~ ,  Boo th  a n d  al. in c y c l o h e x a n e  se r i e s ,  bu t ,  

in o u r  knowledge,  i t  I S  t h e  f i r s t  t i m e  t h a t  i t  is m a d e  upon a m o l e c u l e  

whose  tw i s t -boa t  c o n f o r m a t i o n  is d e m o n s t r a t e d  in sol id  s t a t e .  

In t h e  cons ide red  t r ioxa-bis-spiroketal  s e r i e s ,  six d i a s t e r e o -  

i somers  a m o n g  which  t h e  c o m p o u n d s  I a n d  2 f o r s e e a b l e  a n d  h a v e  

been  i s o l a t e d ' .  T h r e e  of t h e m ,  a m o n g  which  I, h a v e  t h e  c h a i r  c o n f o r -  

ma t ion ,  t h e  t h r e e  o t h e r s ,  a m o n g  which  2, a d o p t i n g  t h e  t w i s t - b o a t  

confo rma t ion .  By c o m p a r i s o n  wi th  a n  h y p o t h e t i c  c h a i r  f o r m  (fig. 

2)  t h e  c o n f o r m a t i o n a l  r e a r r a g m e n t  of t h e  t y p e  2 i s o m e r s  i n t o  a t w i s t  

b o a t  c o n f o r m a t i o n  favours ,  on  o n e  hand,  t h e  lower ing  of r epu l s ive  

Van d e r  Waals i n t e r a c t i o n s  b e t w e e n  t h e  0 ,  a t o m  a n d  t h e  C H  

OH groups  l inked to t h e  C 4 ,  a t o m ,  on  t h e  o t h e r  hand,  t h e  s t ab i l i z ing  

a n o m e r  effect 0 6 / C 7 0 1  ,. 

4 

a n d 3 
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