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Dithia-[3.3]cyclophanes a r e  eas i ly  r i n g  contracted t o  cyclo- 

phanes containing a thia-subs t i t u e n t  on the  bridge.  This 

subs t i tuen t  can then be  eliminated to g ive  a conjugated aromatic 

system. This a r t i c l e  gives a survey of t h e  use of t h i s  sequence 

to prepare novel systems. 

1. Preparation of thiacyclophanes 

2 .  Ring cantrac  t i a n  methods 

3. Elimination o f  thio-substi tuent 

4. Examples of conjugated systems 

4 .1  Hydrocarbons with subs t i tuen t s  within the n-cavity 

4 . 2  Cyclophane-enes 

4.3 Polycyclic aromatics 

1. Dithia[3.3]cyclophanes a r e  very eas i ly  prepared i n  high ~ i e l d  by react ion 

of a b e n z ~ l l i c  ha l ide  with a b e n z ~ l l i c  th io l :  f o r  example r eac t ion  of m- 

xylylene dihramide (1) with m-xylylene d i t h i o l  (2) y i e lds  2J-dithiaL3.31 

metacyclophane (3) i n  82% The reac t ion  is  b e s t  af fec ted  by very 



slow add i t i on  a t  room temperature of a s o l u t i o n  of t he  bromide and t h i o l  

mixed i n  benzene to  a d i l u t e  s o l u t i o n  of KOH i n  90% ethanol  (Method A ) .  
2 

I n  our  experience t h i s  technique provides t he  h ighes t  y i e l d s  us ing  simple 

3 4 
procedure and makes s p e c i a l  appara tus  'unnecessary. Method A is  

super ior  t o  adding sepa ra t e  so lu t ions  of t h i o l  ( o r  t h i o l a t e )  and bromide 

through two dropping funnels  (Method B) o r  by using bromide i n  one funnel  

and a s o l u t i o n  of sodium sulphide  i n  t h e  o ther  (Method C ) .  Severa l  

examples of each method can be found i n  t h e  t ab l e s  below. Other more 

spec i a l i s ed  methods of coupling have a l s o  been described.  
5 

6 
2. There a r e  a number of methods a v a i l a b l e  t o  r i n g  con t r ac t  ttiiacyclo- 

phanes such t h a t  t h e  sulphur atom($) is  extruded t o  g i v e  a cyclophane. A 
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myriad of t he se  molecules has been p r e ~ a r e d . ~ "  Unfortunately i t  is  not 

pos s ib l e  t o  f u n c t i o n a l i s e  t he  br idges  of [Z.Zlmetacyclophane (4) i n  order  

t o  in t roduce  unsa tu ra t i an  t o  y i e l d  t he  cyclophanediene (5).  Thus, i n  

order  t o  produce molecules such a s  (51, r i n g  con t r ac t ion  of t he  th ia-  

cyclophane leaving  a subs t i t uen t  on t h e  b r idge  i s  des i red ,  such t h a t  t he  

s u b s t i t u e n t  could be el iminated t o  in t roduce  the  unsa tura t ion  i n  t he  br idge .  

8 .  This  was f i r s t  achieved by Mitchel l  and Boekelheide m 1970 us ing  a Stevens 

rearrangement: t he  thiacyclophane ( 6 )  was q u a n t i t a t i v e l y  methylated by 

dimethoxycarbonium f luorobora te9  t o  g ive  t h e  sulphonium s a l t  (7)  which 

r e a d i l y  underwent rearrangement wi th  base  t o  g i v e  t he  thiomethyl s u b s t i t u t e d  

cyclophane (8) i n  almost q u a n t i t a t i v e  y i e l d .  

- S t  
PES 

6 7 8 
I n  t h e  ca se  of (7)  t h e  choice  of base  is q u i t e  wide, potassium t-butoxide 

i n  THF probably being most convenient. I n  some cases t he  choice  of base  i s  

q u i t e  c r i t i c a l ,  s i n c e  i n  some cyclaphanes o t h e r  a l t e r n a t i v e s  a r e  poss ib le :  

e.g. i n  paracyclophanes s c i s s i o n  of t he  molecule can occur:  



iIeiss4 has a l so  observed similar resu l t s .  Under these circumstances sodium 

4,10 
hydride i n  THF often g ives  best resu l t s ,  e . g .  treatment of  ( 9 )  with 

NaHITHF gave 42% y ie ld  of  the desired (10) whereas use of N~HIDMSO gave 

ent ire ly  unwanted (11).  

9 10 11 
More recently the Wittig rearrangement o f  thiacyclophanes has been 

developed. 
2 - 
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This o f t e n  g i v e s  higher y i e l d s  than t h e  Stevens rearrangement and is 

c e r t a i n l y  more convenient  s i u c e  i t  i s  not  necessary t o  prepare t h e  i n t e r  

mediate sulphonium s a l t .  

I n  some cases ,  e .g.  i n  t h e  paracyclophane (12) ,  Wi t t i g  rearrangement 

works whereas Stevens does not . '  Lithium diisapropylamide i n  THF i s  

probably t h e  b e s t  ba se  t o  use.  Many examples of ba th  t h e  Stevens and 

Wit t ig  rearrangements a re  presented i n  t h e  t a b l e s  below. 

Both t h e  Stevens and Wi t t i g  rearrangements mentioned above produce 

a t h ioa lky l  s u b s t i t u e n t .  Boekelheide and Otsubol' introduced a u se fu l  

v a r i a n t ,  t h e  henzyne induced Stevens rearrangement which produces a 

t h i o a r y l  s u b s t i t u e n t ,  and i n  some cases ,  e .g.  (12) above works b e t t e r  

(45%) than e i t h e r  t h e  Wit t ig  (24%) o r  Stevens (0%) rearrangements.  

3. El imina t ion  of t h e  t h i o s u h s t i t u e n t  ha s  been a f f e c t e d  i n  a number of 

ways, t h e  most o f t e n  used being a Hofmam e l imina t ion:  



H O ~ ~ N  ELIrlINATIOtl 
Thi s  works extremely we l l  i n  some ca se s ,  e . g .  (13) wi th  t-RuOK/THF 

8 
a t  r e f l u x  g i v e s  a n  85% y i e l d  of t he  b i s -e l imina ted  product  (14) .  

THF 

2E4- 

However t h e  y i e l d  and na tu r e  of t h e  product  does depend very  much on 

t h e  geometry o f  t h e  molecule under i n v e s t i g a t i o n  and on t he  base-solvent  

system. For example (15) which is  analogous t o  (13) b u t  has  i n t e r n a l  H 

1 
atoms only g i v e s  35%,bis -e l imina t ion  t o  ( H a ) ,  35% mano-elimination-mono 

Stevens t o  (17) and 30% b i s  Stevens t o  (18). 
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~ e i s s ' ~  ha s  obta ined .  s i m i l a r  r e s u l t s  i n  t h e  naphthalene s e r i e s  where 

(19) i n  f a c t  only g ives  (20) w i th  NaH/THF o r  potassium 2,6-di-t-butyl- 

phenoxide i n  THF, whereas gives13 t h e  de s i r ed  (21) wi th  KOH i n  e thano l  

i n  25% y i e l d .  Whereas t-BuOKITHF has  been the  most widely used base- 

so lven t ,  sometimes o t h e r  combinations e .g .  Nan-THF, amber l i t e  IRA-400, 

OH-/THF work b e t t e r .  The t a b l e s  below g ive  s eve ra l  examples of such cases .  

Unfortunately d e s p i t e  much work by my group the re  a r e  very few 

a l t e r n a t i v e s  t o  t h e  Hofmann e l imina t i on .  ~oekelheide' '  has found one, 

a  thermal sulphoxide e l im ina t i on  which can b e  performed e i t h e r  a t  E. 

300 '~  under vacuum o r  i n  r e f l ux ing  xylene,  e.g. (22) g ives  54% y i e l d  of the  

pa racyc lophaned iene  (23) i n  xylene.  



This method o f f e r s  some advantage f o r  pa r a - subs t i t u t ed  systems where 

under ba se  cond i t i ons  t he  molecule o f t e n  s p l i t s  (1.6-el iminat ion) ,  

We have had some success  r e cen t l y  i n  b a s e  induced s u l p h i n a t e  e l imina t ions :  

The benzocyclophane (24) r e a d i l y  forms t he  sulphone (25) wi th  H 0 1 
2 2 

a c e t i c  a c i d  which on t rea tment  wi th  t-BuOK/THF gave  a n  85% y i e ld14  of  

(26) .  Our pre l iminary  r e s u l t s  sugges t  t h a t  t h i s  e l im ina t i on  is f a i r l y  

genera l ,  however t h e  y i e l d s  are r a t h e r  v a r i a b l e  and depend very much on 

b a s e s o l v e n t  used. 

4. A wide v a r i e t y  of novel  conjugated systems have now been prepared 

from t h i a ~ ~ c l o p h a n e s  by u se  of one of t h e  above sequences. These are 

s e t  o u t  i n  t h e  t a b l e s  below under t h r e e  c l a s s e s .  Table 4 . 1  g ive s  examples 

8 
of  molecules which have s u b s t i t u e n t s  w i t h i n  t h e  n-cavity. Th@ f i r s t  t o  

b e  prepared by t h i s  method was trans-lOb.10~-dimethyl-10b,lOc-dihydropyrene 

(14b). Eleven analogues of (14b) have now been prepared i n  t h i s  way, a s  

we l l  a s  a f u r t h e r  e leven  examples of l a r g e r  systems der ived  from t h e  hexa- 

hydrocoronene ske l e ton .  Table 4.2 g ive s  examples of cyclophane-enes such 

a s  metaparacyclophane-diene (27) and t h e  t r i s -b r i dged  cyclophane-tr iene (28) .  

Table 4 . 3  provides same examples whereby l a r g e  po lycyc l i c  hydrocarbons 

have been prepared,  e . g .  t he  navel  coronene syntheses  of  ~ e i s s ' ~  where 
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cyclophanes (29) and (30) both yielded coronene (31) through the dienes 

(21) and (32) respect ive ly .  

The most recent and perhaps most spectacular demonstration of the power 

o f  the thiacyclophane route i s  staab's16 synthesis of  Kekulene (33) from 

thiacyclophane ( 3 4 ) .  



ABBREVIATIONS USED I N  TABLES 

Method A,B,C See t e x t  p . 1  

Method S S tevens  rearrangement 

W W i t t i g  rearrangement  

B Benzyne induced Stevens 

H Hofmann e l i m i n a t i o n  

P P y r o l y s i s  of su lphaxide  

Table 4.1. P r e p a r a t i o n  of  Hydrocarbons w i t h  

S u b s t i t u e n t s  w i t h i n  t h e  n-cav i ty .  

I a  Method Rearrangement E l i m i n a t i o n  Produc t  Ref. 
(Yield)  Method(Yie1d) Method(Yie1d) 

R=R1=CH3 A(65%) S: t-BuOK/TfiF(99%) H: ~-BUOK/THF IC 
ANTI B(16%) 

1 , 2 , 8  
NaH/THF (99%) (80%) 

W: I-Pr2NLi/THF(99%) 
B: (76%) P: vac(34%) 11 

R=R1=CH3 A(11%) S: NaH/THF (25% c i s )  H: t-BuOK/THF I c  1 ,2 ,17  
SYN B(2%) W: i-Pr2NLi/THF (10% c i s )  

(59% c i s )  

R.R~ =H ~ ( 8 2 % )  S: t-BUOK~THF (93%) H: t-BUOK~THF I b  1.2.18 
ANTI B(80%) (35%) 

C(48X) W: i-Pr2NLi/THF(94%) 
B: (78%) P: vac(37% pyrene) 11 
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Table 4 . 1  cont inued 

I a  Method Rearrangement E l iminat ion  Product R e f .  
(Y ie ld )  Methad(Yie1d) Method(Yie1d) 

R=R '=F C(37%) S:  ~-BuOK/~HF 
SYN (50%) 

R=H,R1=Me B(38%) S:  t-BuOKITHF H: t-BuOKITHF Pyrene 20 
ANTI (65%) (40%) 

R = M ~ , R ' = B U  A(80%) W: BuLi/THF(80%) H: NaHITHF Ic 21 
ANTI (68%) 

OTHER DERIVATIVES OF I .  



R=H A(40%) 
+ o t h e r  

isomer 

R=CH3 A(40%) 
+ other 

isomer 

R=H A(40Z) W: i-Pr2NLi/lllF(90%) H: t-BuOKITHF A 24 
+ o t h e r  (1.20%) 

isomer 

R=CH A(40%) W: i-Pr2NLi/ltIF(90%) H :  t-BUOKITHF B 24 
+ other (1.60%) 

isomer 
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Table 4.2. Preparation of Cyclophane-enes 

X=H A(81%) S: NaH-DMS0(67%) H: NaH/THF(72%) 
B(43Z) S: IRA 400-OH-/THF(45%) H: BuLi/Et20(50%) 

W: i-Pr2NLi/nlF(65%) 
B: (70%) P: xylene(24%) 2,11,30 



SYN ~ ( 1 1 % )  B: (64%) 

ANTI ~ ( 5 3 % )  B: (58%) 
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Table 4 . 3 .  Preparation of polycyclic aromatic hydrocarbons. 
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