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Abstract - The synthesis of 4 , 7 : 1 0 , 1 3 - d i e p o x y - 2 - t ~ - 8 , 1 4 - d i - ~ - t h i a [ 1 5 ] a n n u 1 e n e  

(9)  and 4,7:10,13-diepoxy-2,8,14-tri-c>-thia[lS]annulene (10) i s  described. The 

'~-nrnr  spectrum of (9)  revealed the ex is tence o f  a paramagnetic r i n g  cu r ren t ,  show- 

ing  t h a t  (9)  has a p l a m r  and diminished bond a l t e r n a t e  r i g i d  frame, as expected 

f o ~  an a n t i - a r m a t i c  16" sys tm.  Conversely, the 'H-nmr spectrum of (10) revealed 

t h a t  (10) i s  a t r o p i c  and consequently "on-planar. 

A hypothet ica l  [15lannulenyl i o n  s y s t m  (1)  whose geometry i s  constructed formal ly  w i t h  regu la r  

pentadecagon seems t o  o f f e r  an angle-st ra in- f ree annulene frame, since a l l  the ins ide  and 

outs ide angles o f  ( I )  are conf ined t o  the ins ide  angle o f  cyclopentadienide anion, v i z .  108'. 

However, replacement of some o f  t h e  ins ide  hydrogen atoms w i t h  d i v a l e n t  atoms i s  necessary t o  re- 

a l i z e  a planar  15-membered molecular framework, because the non-bridged 15-membered r i n g  does n o t  

possess a s u f f i c i e n t  l a rge  c a v i t y  as t o  accommdate a l l  the inner  hydrogens wi thout  causing s e r i -  

ous H-H in te rac t ions .  This i s  the reason why t h a t  chemistry o f  pentadecagons made up o f  spa carbon 

skeleton and of i t s  h e t e r o a t m  incorporated va r ian ts  has been scarcely  s tud ies u n t i l  oxygen- 

bridged oxa[l5]annulene (?) 'and [15]annulenones (3 and 4)'were prepared as r e a l  members. Ava i l -  

ab le f i n d i n g s  so f a r  obtained revealed t h a t  the oxygen bridges keep the perimeters r e l a t i v e l y  



f l e x i b l e  as t o  a l l ow  t h e  un i -d i rec t i ona l  thermal i s m e r i z a t i o n s  both i n  the  [15lannulenone ( 3 - 4 )  

and t h e  corresponding [15]annulenyl i o n  (5  - 6 ) ,  r e s p e c t i ~ e l y , ~  whereas oxa[l5lannulene ( 2 )  adopts 

exc lus i ve l y  a l l  c i s  con f igu ra t i on  as a thermal ly  r i g i d  frame. 

We now r e p o r t  t h e  synthes is  o f  th ia [ l5 lannulenes ( 9  and l o ) ,  p o t e n t i a l  16n ant i -aromat ic  species, 

whore preparat ions were p rev ious l y  unsuccessful by us.* I n  terms o f  t he  successful sulphur i nco r -  

porat ion, al though i t  be s t i l l  i n  lower y ie lds ,  we became i n t r i g u e d  w i t h  f o l l o w i n g  two points :  

(1) Should the thia-annulenes be more para t rop ic  than oxa[l5]annulene (2) .  based on the  

increas ing a v a i l a b i l i t y  o f  t he  sulphur lone p a i r ?  

(2) What arranged geometry should have the  thia-annulene, i f  the  accession of t he  increased 

p a r a t r o p i c i t y  does ho ld  f o r  t he  molecule? 

The double W i t t i g  r e a c t i o n  of t he  dialdehyde ( 7 ) l  w i t h  the  phosphonium s a l t  (816 i n  OMF, a t  60•‹C. 

LiOMe as a base under an enforced h i g h - d i l u t i o n  condi t ion '  f o l l a r e d  by a subsequent low tem- 

perature work-up, and chromatographic separat ion on S i02  (n-hexane) gave mono-trans thia[15]- 

annulene (9) and all-cA counterpar t  (10) [ f o r  phys ica l  data , see Table 11. 
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LiOMe ( 1 2 )  

The 'H-nmr spectrum of (9 )  i nd i ca ted  t h a t  t he  proton w i t h i n  the  perimeter i s  deshielded, where- 

as those ou ts ide  a r e  shielded, i.e., a doublet a t  6 14.59 ppn f o r  t he  i nne r  proton on the 

m s  double bond and a doublet  a t  6 5.02 ppn fo r  t he  outer  proton on the  trans double bond, t o -  

gether w i t h  o ther  outer  protons a t  6 4.65 - 5.50 ppm (9H) [ i n  COC1, a t  25"C, F ig .  11. Thus it 

became c l e a r  t h a t  (91 i s  s t r o n g l y  parat rop ic .  I n  cont rast ,  t he  'H-nmr spectrum of (10) cons is ted 

on ly  o f  t h ree  s igna ls  appearing a t  t he  o rd ina ry  o l e f i n i c  reg ion  [S 6.26, s, 2H ( c i s  double bond), 

6.54, s, 4H ( fu rano id  H), and 6.57, AB system w i t h  J/v,6 > SaO ( c i s  double bonds ad jacent  t o  the  

s -a tm) ] ,  i n d i c a t i n g  t h a t  (10) i s  a t r o p i c  and consequently non-planar. 

A Comparis~n o f  t he  chemical s h i f t s  of t he  f i f t e e n  membered r i n g  protons i n  the r e l a t e d  system 

i s  shown i n  Table 11. Cruc ia l  r o l e  of the sulphur atom f o r  the demonstration of pa ra t rop ic  
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character  became ev ident  i n  (9 ) .  A con f i rna t i ve  evidence was given, which impl ies t h a t  f o r c i b l e  

p a r t i c i p a t i o n  of t h e  sulphur lone p a i r  occurred on ly  i n  the mono-trans geometry, n o t  i n  t h e  a l l -  

& geometry. Model examination shows t h a t  an extensive t w i s t i n g  o f  the c& double bonds 

of (10) hinders the e f f e c t i v e  overlap of the sulphur lone p a i r .  The d i f ference o f  chem- 

i c a l  s h i f t s  of the inner  and outer  proton resonances on the t rans  double bond o f  (9)  [AS = 

6 ,  - 60," = 9.6 ppm] gave the la rges t  value y e t  recorded i n  n u t r a l  hetero[ l5lannulenes so f a r  

prepared, and t h e  value i s  c lose t o  the corresponding value obtained frm di-oxygen-bridged 1161- 

annulene d iox ide ( 1 1 ) V A S  = 12.8 ppnl,  an i so -e lec t ron ic  16n annulene frame possessing same num- 

ber of oxygen-bridge [see Table 111. 

Fig. 1. 'H-Nmr Spectrum o f  (9) i n  CDC1, a t  25•‹C 

I n  agreement w i t h  the la rge  para t rop ic  s h i f t  of (91, e l e c t r o n i c  spectrum o f  ( 9 )  i n  n-hexane 

showed a very c lose resembrance i n  shape w i t h  t h a t  o f  [Fig. 21. Indeed, the p o s i t i o n  o f  

the longest wavelength bands of (9) and (10). which appeared a t  503 nm   log^= 2.57) and a t  530 

m   log^= 2.431, respect ive ly ,  i nd ica te  c l e a r l y  t h e  p a r t i c i p a t i o n  of lone p a i r  e lect rons o f  su l -  

phur a t m .  The 'H-nmr and e l e c t r o n i c  spectra l  p roper t i es  of (9 )  reveal t h a t  the molecule should 

be p lanar  w i t h  delocal ized 1 h - e l e c t r o n  system. I n  contrast ,  the e l e c t r o n i c  spectrum o f  (10) 

remains markedly d i f fe ren t  from those o f  ( 9 )  and (11 ) .  

It was found t h a t  no thermal i s m e r i m t i o n  occurred i n  bath thia-annulenes, since the 'H-nmr 

spectra d i d  no t  show s i g n i f i c a n t  changes i n  DMF-d,, up t o  150•‹C. I n  contrast ,  a  f a c i l e  isomer i -  

r a t i o n  (9)  - (10) occurred i n  the presence of H' (CF,COOH) a t  room temperature (uv and 'H-nmr 

spectroscapyl.  

I n t e r e s t i n g l y ,  ne i the r  the sulphone (12) nor sulphoxide (13) [obta inable by the ox ida t ion  o f  (9) 

and (10) w i t h  m-chlaroperbenraic ac id  i n  CH,Cl, a t  - 20-C f o r  2 h, respec t i ve ly ]  showed any 



tendency to exhibit diatropicity (14"), in agreement with the theoretical prediction, which 

implies that ring current intensity is substantially more higher for delocalized 4nn compounds 

than (4n+2)n cmpounds with same size, if pronounced bond alternation does not occur i n  the 4nn 

SYStm.B b , 8 c  

Table 11. 'H-Nmr Parameters of the Oxygen-bridged 16"- and related Compounds 
in COCl$ (6 values in ppm, J values in Hz, at 2 5 T )  
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Fig. 2. Electronic Spectra of 
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Table  I. Phys i ca l  Data o f  Compounds 

Th ia [ l5 ]annu lene d i o x i d e  (9) :  rnp 98 - 100DC (n-hexane); y i e l d  1 .6  %; MS: m/e 242 (M'); 

e l e c t r o n i c  spectrum Am, (n-hexane): 227 (107001, 280.5 (491W).  336 s h  (1700), 350 r h  (1000),  

380 sh  (480).  503 (370);  'H-rmr (CDC13) see Text ;  '%-nmr (CDC1,) 106.5 (d) ,  110.9 ( d ) ,  114.4 

( d l ,  114.5 ( d ) ,  115.8 ( d ) ,  116.2 (d),  116.5 ( d l ,  117.2 ( d l ,  120.4 ( d ) ,  129.8 (d) ;  s i g n a l s  

due t o  t h e  f ou r  s i n g l e t  carbons on t h e  furan r i n g s  were obscured i n  t h e  "C-nmr spectrum; 

ir (KBr) 1600, 1038, 1020, 933 cm?. 

Th ia [ lS l annu lene  d i o x i d e  (10): mp 92 - 93'C (n-hexane); y i e l d  5.5 %; MS: m/e 242 (Mt); 

e l e c t r o n i c  spectrum Amax (n-heuane): 228 (31400). 265 (ZNSO), 271 (22WO), 296 (31700). 425 

(2750); 'H-nmr (CDC13) see Text;  "C-nmr (CDC1,) 151.4 ( s ) ,  149.9 (s), 120.8 (d) ,  114.4 (d) ,  

113.5 (d) ,  111.4 ( d l ;  ir (KBr) 1330, 1182, 1030 cm-'. 

The sulphone (12):  mp 130DC (decomp) (EtOH); y i e l d  75 %; MS: mle 274 (M'); ' H -mr  (CDCl,) 

6.12 (d, J = 15 Hz, l H ) ,  6.17 (d, J = 13.5 Hz, l H ) ,  6.66 (8, 2H). 6.76 (d,  J = 3.2 Hz, lH ) ,  

6.78 (d, J = 13.5 Hz, IH ) ,  6.83 (d, J = 3.2 Hz, l H ) ,  6.93 (d,  J= 3.2 Hz, lH ) ,  7.04 (d, J = 

3.2 Hz, lH ) ,  7.57 (d, J = 15 Hz, 1H). 

The su lphox ide  (13):  mp 188 - 190•‹C (EtOH); y i e l d  90 %; MS: m l e  258 (M'); 'H-nmr (CDC~I) 

7.08 (s, ZH), 7.09 (d, J = 11 Hz, 2H). 7.26 (d, J = 3.5 Hz, ZH), 7.33 (d, J = 3.5 Hz, 2H), 

7.46 (d, J =  11 Hz, 2H). 
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