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A NOVEL T H I A [ ~ . ~ ] M E T A C Y C L O P H A N - E N E  WITH AN UNEXPECTED 

PREFERENCE FOR THE CONFORMATION 

Yee -H ing  L a i  

D e p a r t m e n t  o f  C h e m i s t r y ,  N a t i o n a l  U n i v e r s i t y  o f  S i n g a p o r e  

K e n t  R i d g e ,  R e p u b l i c  o f  S i n g a p o r e  0 5 1 1  

Abs t rac t  - Phenanthro(l0,ll-4)-2-thia[3.2]metacyclophan-lO-e 6 - has been 

1 
found by H NMR s tud ies  t o  e x i s t  i n  the  unexpected nyn conformat ion.  

Comparison w i t h  conformat ional  b a r r i e r s  i n  r e l a t e d  systems suggest the  

absence o f  r i n g  f l i p p i n g  i n  6 .  - 

One o f  the  more i n t e r e s t i n g  aspects of  t h i a -  and d i th i r .2 tacyc lophane chemistry i s  t h e i r  nove l  

conformat ional  behaviour. '  The anti-an*i f l i p p i n g  process,  e.g. : j b  (Hi a t  65.431,' i s  the  

most commonly observed conformat io ra l  in te rconvers ion  i n  [m.n]rnetacyclophanes (m=n or mfn) wh i l e  

the  Ayn geometry i s  be l i eved  t o  be l e s s  p re fe r red  due t o  s t e r i c  r epu l s i on  between the two 

s tack ing  p a r a l l e l  aromat ic r i ngs .  The on ly  known examples o f  the  l a t t e r  are the  [3.3]metacyclo- 

phane e.9. Zg .- : Zb .- (Hi a t  66.82),3 i n  whjch t o r s i o n a l  s t r a i n s  i n  b r idges  i n  the d i  

conformation seems the  major cause f o r  the  p re fe r red  bun stereochemistry.  Examples o f  metacyclo- 

phan-ene a re  l e s s  w e l l  known; t h e  paren t  thia[3.2]metacyclophan-ene 2 i s  n o t  known bu t  the 

5 
synthes is  of  i t s  d e r i v a t i v e  3 - was repo r t ed  by ~ a g t l e . ~  'H NMR s tud ies  showed t h a t  9 . e x i s t s  i n  

an d i  s t r u c t u r e  (Hi a t  66.08) and undergoes the  conformat iona l  process s i m i l a r  t o  l g  -- : lQ .. 
i n v o l v i n g  bo th  r i n g  f l i p p i n g  and br idge  r o t a t i o n .  



2 9 - Z = S  6 . Z = S  

2 z = so, z = s o  
- - 

6 .  Our approach t o  the synthesis of a novel  phenanthrodihydropyrene involves, as a precursor, the 

thiametacyclophan-ene 6 which was i n i t i a l l y  expected t o  behave s i m i l a r l y  t o  4 i n  i t s  conforma- 
- . 

I t i o n a l  behaviour. Assignments o f  the  aromatic protons are poss ib le  i n  the H NMR spectrum o f  6 . 
(Figure 1)  which i s  c l e a r l y  of spec ia l  i n te res t s .  No d i s t i n c t  h i g h l y  shielded aromatic protons 

cha rac te r i s t i c  of the mii conformation are observed; instead, the  ' i n t e r n a l '  H9 and H29 (Hi) 

appear as a broad s i n g l e t  a t  67.36. This i s  c l e a r l y  cons is tent  w i t h  the nyn conformation 6_a 
-- 

(compare Hi o f  u n i i 9 ) .  Fur ther  evidence i s  provided by the presence of s i x  protons s h i f t e d  . 

r e l a t i v e l y  u p f i e l d  a t  66.6-7.1 (which appear as an ABX system)-a common consequence of super- 

imposing two p a r a l l e l  benzene r i ngs .7  The reason fo r  the pre fer red nyn Conformation can be 

r a t i o n a l i z e d  by the  presence o f  a d v e r s ~  s t e r i c  i n te rac t i ons  i n  the unti conformation gb. Mole- -. 

cula r  model c l e a r l y  shows t h a t  the me-br idg ing h a l f  of the  molecule 66 tends t o  achieve near -. .- 

p l a n a r i t y  thus forc ing the protons a t  C7 and C12, CZI and C25 t o  be i n  very close prox imi ty .  To 

our knowledge, 6_ i s  the  f i r s t  novel  example o f  the [m.n]metacyclophane de r i va t i ves  besides the 
- 

[3.3]-systems t o  e x i s t  i n  a .iyn conformation. The dyn conformation o f  6_ also serves as a model 
- 

FIGURE 'IH NMR spectrum o f  6 determined i n  C D p 2  a t  

35% on a Perk in  Elmer R32 (90 MHz) spectrometer. 
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to illustrate the anisotropy of the bridging double band, an effect still being disputed in a 

series of unii rnetacyclophane, u n i i  metacyclophan-ene and uni i  meta~yclo~hanediene.~ While the 

3 chemical shifts of Hi (66.82) and the other aromatic protons (66.92) of 2 are very ~irnilar,~ the . 

Hi protons (67.36) of 6 - are clearly significantly deshieloeo compared to thepeu-positioned H6 

and H26 at 66.76. We believe that this is due to the  anisotropic effect o f  the bridging phenan- 

threne moiety. Molecular models clearly suggest that the Hi protons are lying in vacinity of the 

deshielding zone of the 9,10-bond, whjch is well known to have a high n-bond order, of phenan- 

threne. 

The -CH 5- protons of 5 appear as a singlet at 63.98 (Figure 1) comparable to that reported for 
2 - 

$ (63.59).5 Low temperature 'H NMR studies, however, indicated only slight gradual broadening of 
- 

the signal without actual coalescence of the peak even at -70'~. Although 6 is believed to prefer . 

the 4 n  conformation different from the mii 9, ring flipping in 6 similar to 22 2 Zb is expected . - -- .. 

to involve a conformational barrier comparable to (or larger than; see below) that reported for 

T = -7%; AG* = 55 kJ mol In fact ring flipping in 6 would require pseudorotation of 
- C C - 

the aryl rings which will have to overcome the steric hindrance of the protons at C12 and C21 of 

the bridging phenanthrene. This process is expected to involve a high conformational barrier 

similar to rotation of aryl rings in 9,10-diar~lphenanthrenes.~~ The signal (63.98) for the 

-cH~S- protons of 6 (Figure 1) is in fact not very sharp suggesting a possibility that 6 does not 
- . 

undergo ring flipping but the AB protons Of the bridge have almost identical chemical shifts. 
11 

This is further supported by the conformational studies of the sulfoxide 1 obtained by oxidation 
- 

of 6 with bromine in bicarbonate solution.'' The bridging protons of appear as a clear A0 
- . 

system (SA&.55, SB4.35; J = 13.5 Hz; Av = 18.0 Hz). High temperature 'H NMR studies, however, 

showed no coalescence of the AS quartet ULI to 150'~. Although the sulfone 5 also showed a higher . 



conformational barrier (AG* = 68 kJ mol 1)5 than 4 ,  the hidh conformational rigidity of sulfovide C . 

(Tc 150'~; AG: > 89 kJ mol '1 clearly supports the absence of the ring flipping process in 
- 

both 6 and at room temperature. Our results presented, however, do not rule out the possibility - - 

that the signal at 63.98 in Figure 1 is an averaged signal resulting from fast wobbling of bridges 

$ g : t 6 & :  similar to that in cycloalkanes and thus is expected to involve a much lower conformational .-- --- 

barrier than ring flipping. This has also been observed in related processes in some metacyclo- 

phanes. 3,l3 

Although the synthesis of *yn[2.2]metacyclophane has recently been reported,'' it rapidly iso- 

rnerizes to the mii[2,2]rnetacyclophane above 0%. The lack of preference for the mii @ clearly .- 

suggests that the ~ y n  @ could be a potential precursor, through ring contraction reaction~,'~ to .- 

stable derivatives of ~ y n  [2.2]rnetacyclophane, ~yn[2.2]metacyclophan-ene and dyn [2.2]rnetacyclophane- 

diene (the later two are still unknown). These conversions are currently being investigated. 
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