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ABSTRACT 

1he synthesis of tr<;ms-10b,10c-dimethyl-10b,l0c-d~hyd~odibenzo­

[ad, Zm]perylene has been achieved in 22 steps start::fng from mes~tylene. 

Wittig rearrangement of qithiacyclophanes carrying electron~withdrawing 
r 

substituents ortho- or para- to the bridge was found to 'be influenced 

markedly by temperat.ure. Wittig rearrangement at elevated ~temperatures, 

or alternatively Stevens or Benzyne-Stevens, followed by sulfoxide-

thermo~ysis or sulfone~basic e~imination led 'to the co~respo~ding pyrene 

in disappoint1ngly
0

low yields, compounded by solubility problems. The 
# f " i • 

desired tetrahydropyrene, however, could be synthesized. from the pyro­

lysis of the br~dge sulfone, obtained by the oxidation of the dithia~ 

' 1 
cy~J.ophane~ and conversion of the resulting meta--cyclophane to the inter-

medi&te t~trahydropyrene in fairly good yi~lds. In addition, using the 

intermed~ate 1, 3-bis (bromomethyl)-2-methyl-4, 5, 9,, 10-tetrahydropyrene, 

' ( 
highly ann~lated tra:ns~l~c,14d-dimethyl~l4c,14d-dihydrobenzo[rst]-

dinaphtno[8,l,2-acle.:2' ,l' ,8'-kZm]pentaph~ne and trans-12c,12d-dimethyl-
. ""{ . 

12c, l 2d-dihydrobenzo·[rst ]naphtho-[ 8, 1, 2. :c:de] pentaphene have al.so been 

obtained. 'The first examples of benzannelateQ. cie-dihydropyren~ ·were 
" 

also ·~ynthesize,d.. Access ;o 11 benzannelated sygtem carrying a ·saturated 

bri4ge has ·been ,made po,s~.ib~e by means"' of par,tiai dehydrogenation of a 

·~aturated system •. 
\. 

The aromatl~ character .of t!1aJ18~10b,10c-di.methyl-10b,10c-dlhydro-
" ~ 

( dibenzo1ad,Jm]perylene has been substantiated by 'the classical concept . ' 
of efectroph~lic ar'!matic subst;J..tution as well .as by its diatr'opic 

nature. . . 
, . ' . 
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CHAPTER ONE ■

INTRODUCTION
t

1 .1  Prologue  ,
-

Changes i n  t h e  m eaning o f  w ords i s  a  p r o c e s s  t h a t  goes  on

c e a s e l e s s l y ,  i n e x o r a b ly  and i m p e r c e p t i b l y .  When f i r s t  u sed  a t  t h e

b e g in n in g  o f  t h e  n i n e t e e n t h  c e n t u r y ,  t h e  g e n e r i c  name arom atic  was g iv e n

o r i g i n a l l y  t o  a s t r u c t u r a l l y  d i v e r s e  c o l l e c t i o n  o f  compounds which had

one common p r o p e r t y ,  a  f r a g r a n t ^ o d o r .

The d e f i n i t i o n  o f  a r o m a t i c i t y  h as  a lw ays b e e n  one o f  t h e  most
*

" d i f f i c u l t  and y e t  one o f  t h e  m ost  f a s c i n a t i n g  p ro b lem s i n  c h e m is t r y .

The d i s c o v e r y  o f  b e n z e n e  byS paraday^ ' i n  1825 and i t s  s u b s e q u e n t  s y n t h e s i s  

by M i t s c h e r l i c h ^  i n . 1833 w ere  t h e  e a r l y  s i g n p o s t s  h e r a l d i n g  th e  ad v en t  

o f  arom atic  c h e m is t r y .  ' A s id e  from  t h e i r  v e ry  c o n s i d e r a b l e  com m erc ia l  

im p o r ta n c e ,  h y d r o c a r b o n s ^ , , b e  t h e y  s a t u r a t e d  o r  u n s a t u r a t ^ ,  have  r e a l l y  

c a p tu r e d  t h e  i m a g in a t io n  o f  t h e o r e t i c i a n s  and e x p e r i m e n t a l i s t s  a l i k e  I n  

; recen t  y e a r s 7 K e k u lé ' s ^  i n t u i t i v e - a s s i g n m e n t  o f  t h e  s t r u c t u r e  o f  b e n z en e  

l e d  t o  an  u n p re c e d e n te d  e x p a n s io n  i n  b o th  e x p e r i m e n t a l  and t h e o r e t i c a l  

a ro m a t ic  c h e m is t ry  and t h e  i n t e r p l a y  o f  t h e  two f i e l d s  p ro v id e d  th e  

n e c e s s a r y  f i l l i p  t o  c o n s i d e r a b l e  p r o g r e s s  i n  t h i s  a r e a .  The chang ing  

e m o t io n a l  c o n te n t  w i t h  w h ich  t h e  word arom atic  h a s  been  endowed i s  

in d e e d  a  f i n e  r e f l e c t i o n  o f  t h e  t e c h n o l ô g i c a l  r e v o l u t i o n  i n  t h e  t o o l i n g  

-o f  c h e m is t r y  w i th  t h e  w id e s p re a d  i n t r o d u c t i o n  o f ,  f o r  exam p le ,  s p e c t r o -  

scopy and ch ro m a to g rap h y  i n  many and v a r i e d  fo rm s .  The a d v e n t  o f  

h ig h -s p e e j i  e l e c t r o n i c  c o m p u te rs  i n f l u e n c e d  th e  i n t e r p r e t i v e  and 

p r e d i c t i v e  powers t o  a d e g re e  t h a t  c a n n o t  b e  o v e r - e m p h a s iz e d .



' ■ .   . 2

' '' ' '  ' ,  ' 'w hereas  the ire  r e m a in s  a fu n d a m e n ta l  and a s  «yùt « u n re so lv e d  prphl^em,,
'  /  \  . . ' ' 

i n  d e f i n i n g  t h e  te rm  arom atic  c h a ra c te r  c o m p x e h e n s iv e ly , q u a l i t a t i v e l y

 ̂  ̂5 '
t h e r e  h as  n e v e r  b e e n  r e a l  d i s a g r e e m e n t . .  I n  19*25, A rm it  and R ob inson

' r e c o g n iz e d  and r e e n u n c i a t e d  B a m b e rg e r 's  h e x a c e n t r i c  t h e o r y  s u g g e s t i n g

t h a t  t h e  a ro m a t i c  p r o p e r t i e s  o f  t h e  b e n z en e  r i n g  a r e  r e l a t e d  trb t h e  . •

p r e s e n c e  o f  a c los ,ed  loop, o f  e l e c t r o n s  • The r e m a rk a b le  f lo w e r in g  o f

• m o l e c u l a r  o r b i t a l  t h e o r y ,  p a r t i c u l a r l y  d e v e lo p e d  by HUckel^ .and i t s

3s
a p p l i c a t i o n  t o  b e n z e n e  d e p r iv e d  t h e  c o n c e p t  (if a r o m a t i c  s e x t e t  o f  i t s ^  ‘

prim acy  by p r e d i c t i n g  r e l a t i v e  e l e c t r o n  . s t a b i l i t y  to  b e  g e n e r a l  f o r  

p la n a r , m o n o cyc lic , f u l l y  co n ju g a ted  system s p o s se s s in g  a c lo s e d  s h e l l  

o f  (47^+2)n-electrons. W h i le 'H U c k e l 's  ( 4 n + 2 ) > - e l e c t r o n s  p o s t u l a t e  rem a in s

t h e  c e n t e r p i e c e  o f  any d i s c u s s i o n  o f  a r o m a t i c i t y , t h e  t h e o r e t i c a l  c o n c e p t s   ̂ ^

'   ̂ ' 7 »
o f  t h e  HUckel r u l e  w ere  weakened by t h e  bond a l t e r n a t i o n  c o n c e p t ;  f o r

exam ple ,  i n  a (4n+2) ti—e l e c t r o n  sy s te m  w i t h  ' n ' s u f f i c i e n t l y  l a r g e ^ b o n d  . ,

y
a l t e r n a t i o n  r a t h e r  t h a n  d e l o c a l i z a t i o n  s e t s  i n .  ^The in a d e q u a c y  o f  th e  

HUckel r u l e  becom es, e v id e n t  when one lo o k s  a t  t h e  tt—e l e c t r o n  sys tem ' i n  

p 0 # l e n e  1 and d i b e n z o ( e , J ) p y r e n e '2 ,  b o th  q f  w hich  a r e  ( 4 n )T r -e le c t ro n .

#

sy s tem s  b u t  v e ry  s t a b l e ,  a ijpm atic  compounds. I n  o r d e r  - to  b ro a d e n  

H U c k e l 's  r u l e , . t h e . p e r i p h e r y  m o d i f i c a t i o n  o f  P l a t t  , t h e  p o l y c y c l i c  , 

v e r s i o n  o f  V o lp in ^  and R a n d ic 's^ ®  e n u m e ra t io n  o f  c o n ju g a t e d  T r -e le c t ro n

i
<

\
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» <1

, '  T -

c i r c u i t s  have  e v o lv e d - o v e r  .a number o f  y e a r s .
. ' ' ' . ; * J '

The m a jo r  s t i m u l u s  f p r  t h e  p r o g r e s s  o f  a r o m a t i c  c h e m is t r y  was t h e  ,

dcve lppm ent o f  w av e -m ech an ic s  i n  t h e  1 9 2 0 's .  F o l lo w in g  H U c k e l 's  s im p le

• r- . , % . ' . . ■
. b u t  é l é g a n t  s o l u t i o n  t o . t h e  p rob lem  o f  b e n z e n e  by s e p a r a t i o n  o f  t h e  ïï-

I \  '  '
) , . e l e c t r o n s  from  o - e l e c t r o n s ,  i t  was j u s t  a  m a t t e r  o f  t im e  b e f o r e  one

. ' •  ' ■
 ̂ advanced., from  s i m p l e r  r e s o n a n c e - l i n e a r  C o m bina t ion  o f  Atomic O r b i t a l

■ -  '  '  * •  .

. (LCAOj t h e o r i e s  to  -n^Self C o n s i s t e n t  F ie ld -H U c k e l  M o le c u la r  O r b i t a l  ( tt-
• ‘ 11 

1  , I . .SCF^HMO) m ethods '. .

1.’ 2 -C r ite r ia  f o r  à r b m a tio itÿ  . , ' •
V '

The o l d e s t  o f  a l l  d e f i n i t i o n s  o f  a r o m a t i c i t y  i s  t h a t  a ro m a t ic
- , . ' , . . . .

m o le c u le s  h a v e  t h e 'a p p e a r a n c e  o f  be ir ig  u n s a t u r a t e d  b u t  n e v e r t h e l e s s

behave  c h e m ic a l ly  u n l i k e ‘a lk e n e s  o r  a lk y n e s .  I t  was r e c o g n iz e d  t h a t
. ■ ■ , ' '

I b e n z e n e ,  n a p h t h a l e n e ,  a n th r a c e n e  and r e l a t e d  compounds p o s s e s s e d  t h e

conmTcfn t r a i t s  o f  s t a b i l i t y  to  o x id a t io n . ,  r e l u c t a n c e  to  undergo  hyd 'ro-

g e n a t i o n  o r  h a lo g é n  a d d i t i o n  r e a c t i o n s  b u t  .a p r o n e n e s s  to  p l e c t r o p h i l i c  

. *

s u b s t i t u t i o n .  Thus ' s u b s t i t u t i o n ,  r a t h e r  th a n  a d d i t i o n ,  i s  c o n s id e r e d  to

IV ; ■ I .
be . a g u id e  t o  t h e  a r o m a t i c i t y  o f  th e  r e a c t a n t H o w e v e r ,  t h e  f a c t  t h a t  a

I .
■ '  '  '  , m o le c u le  ,does  n o t  undergo  e l e c t r o p h i l i c  s u b s t i t u t i o n . d o e s  n o t  n e c e s s a r i l y

mean i t  i s  n o t  a r o m a t i c ,  b u t  m ere ly  t h a t  o t h e r  e n e r g e t i c a l l y  more

’ f a v o r a b l e  pa thw ays  a r e  r e a d i l y  a v a i l a b l e  t o  t h e  m o le c u le  u n d e r  c o n s i d e r a -

■ ' ... '■ ■ ' ’ ‘ ‘ t i o n i  ,  I .

The d e l o c a l i z a t i o n  o f  T i - e le c t ro n s  lo w e rs  t h e  e n e rg y  c o n te n t  o f  t h e

a r o ^ t i c  n jo le c u l ’e' r ë l a t i v e  t o  t h é  h y p o t h e t i c a l ^ b o n d - l o c a l i z e d  s t r u c t u r e .

- ‘ • . 11 
The b e s t  a v a i l a b l e  a r o m a t i c i t y  v a lu e s  a r e  from  D e w ar 's  r e s o n a n c e  e n e rg y

12c a l c u l a t i o n s .  However, r e s o n a n c e  e n e rg y  c a l c u l a t e d  from bond e n e r g i e s  ,



KékuléVs s t r u c t u r e s ' ^  o r  g r a p h i c a l  m e t h o d s a r e  a l s o  a v a i l a b l e .  “To g e t
* ^  .

f
a n . \ e s t im a te  o f  t h e  r e s o n a n c e  e n e rg y  one  can  d e te r m in e  th e  h e a t s  o f  
' '  ' '  ,

co m b u s tio n  o r  h y d r o g é n a t io n  w h i c h 'a r e  m e a s u ra b le  q u a n t i t i e s .  But t h e  use

o f  r e s o n a n c e  as  a  c r i t e r i o n  f o r  a r o m a t i c i t y  i s  n o t  a lw ays s a t i s f a c t o r y

s i n c e  t h e  v a lu e s  o b t a i n e d  a r e  s e n s i t i v e  to  th e  i n i t i a l  c h o ic e  o f  m odel 
.  «

'compounds. S t e r i o  i n t e r a c t i o n  and a n g le  s t r a i n  i n  l a r g e r  r i n g s  can  

C om p lic a te  s t a b i l i t y  m ea su rem e n ts .

 ̂ . E x te n s iv e \ - e le c tr o n ,  delocalizatySrT 'îîts^n  arom atic system  req u ires

t h e  p l a n a r  m o le c u le  t o  have  s im i l a r " b o n d  l e n g t h s ,  a round  t h e  p e r i p h e r y .
* » ^

I n , a  l i n e a r  p o ly e n e  such  d e l o c a l i z a t i o n  does  n o t  o c c u r  and r e s u l t s

i n  u n e q u a l  bond lem g th s  a s  shown ( F ig u r e  I ) .  The a c t u a l  p h y s i c a l  con­

f i r m a t i o n  o f  such  e q u iv a l e n c e  o f  bond l e n g t h s , e . g .  i n  b e n z e n e  can  b e

1 .344  ' /

1 .395 ,467
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F i g . 1 . Bond l e n g t h s  (°A) i n  b e n z e n e ,  1 , 3 - b u t a d i e n e
'

and c y c l o o c t a t e t r a e n e .  

o b t a in e d  by e l e c t r o n  and n e u t r o n  d i f f r a c t i o n ^ ^ ,  s p e c t r o s c o p i c ^ ^  and  X- 

fay  c r y s t a l l o g r a p h i c ^ ^  m e th o d s .  I n  a z u le n e  a m o le c u le  w id e ly  r e g a r d e d  

as  a r o m a t i c ,  t h e  p e r i p h e r a l  bond l e n g t h s ^ ^ .  a r e  a l l  .n e a r ly  e q u a l ,  w h e re as  

t h e  t r a n s a n n u la r  bond i s  s l i g h t l y  l o n g e r .  E x t e n s i o n  o f  t h i s  d e f i n i t i o n

t o  a h e t e r o c y c l e , ' e . g .  p y r i d i n e  i s  a g a in  a  p ro b le m .

18
An X -ra y  a n a l y s i s  o f  1 ,6 - m e th a n o [ lO ja n n u le n e - r 2 -c a rb o X y l ic  a c i d  4

i n d i c a t e d  t h a t  t h e  p e r i m e t e r  i s  n o t  q u i t e  p l a n a r ,  'b u t  t h a t  t h e  bonds  a r e  

ty p ic a , l  b e n z e n o id  a ro m a t ic  b o n d s ,  t h e i r  l e n g t h s  v a r y in g  o n ly  be tw een
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1 .3 8  a n d '" O r2  ^°A. The s t r u c t u r e  r e p o r te 'd  f o r  [1 8 ]a n n u le n e  5 i h  th e  ^&

i COOH

r 1 .419
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*  ■ i

- s o l i d  S t a t e  i n d i c a t e d  o n ly  a  s m a l l  d e v i a t i o n  f r o m ^ p l a n a r i t y , b u t  two 

ty p e s  o f  .bonds o f  d i f f e r e n t ,  l e n g t h s ^ ^ .  H dw ever, such  s t u d i e s  in v o lv e  

. p r e p a r a t i o n  o f  s u i t a b l y  c r y s t a l s ,  and b e s i d e s ,  th e y  e n t a i l  - leng thy

p r o c e d u r e s  r e q u i r i n g  s p e c i a l i z e d  a p p a r a tu s '  and t e c h n i c a l  s k i l l  ^ d  hence

c a n n o t  be c o n s id e r e d  f o r  r o u t i n e  u s e .  . , ‘

I t  h a s  been  s u g g e s te d  t h a t  t h e  p o s i t i o n  o f  th e  u l t r a - y i o l e t  o r
'  ’ ■ 20 

v i s i b l e  maximum g iv e s  an i n d i c a t i o n  o f  t h e  a r o m a t i c i t y  o f  t h e  m o le c u le  .

The e l e c t r o n i c  s p e c tru m  th e  (4n) and (4n+2) s e r i e s  o f  c y c l i c  c o n ju

g a te d  sy s te m s  i s  n o t  so c l e a r .  A l l  l a r g e  r i n g  p o ly e n e s  a r e  c o lo r e d

•compounds w i t h  a b s o r p t i o n s  i n ’ th e  u l t r a - v i o l e t  and v i s i b l e  r e g i o n s .

The e l e c t r o n i c  s p e c t ru m , how evér ,  i s  n o t  s im p ly  a p r o p e r t y  o f  th e  ground 

s t a t e  o f  t h e  m o le c u le ,  b u t  d ep en d s  upon th e  d i f f e r e n c e s  i n  t h e  e n e rg y  

be tw een  th e  g round  s t a t e  add th e  e x c i t e d  s t a t e .  W ith in  a g roup  o f  m ole­

c u l e s ,  th e  e l e c t r o n i c  s p e c t r u m ' i s  o f t e n  an e x c e l l e n t ,  i n d i c a t o r  o f  th e  

v^ay i n  w hich  th e  sy s tem  h a s  been  p e r t u r b e d ,  b u t  i t  does  n o t  a p p e a r  to  b e  

a  u s e f u l  g e n e r a l  c r i t e r i o n  f o r  a r o m a t i c i t y .  W ith t h e  a d v e n t  o f  m a g n e t ic

t e c h n i q u e s ,  most n o t a b l y  ^Hmr s p e c t r o s c o p y ? ^ ’^ ^ ’ ^^ one can. d e te r m in e
» *

e x p e r i m e n t a l l y ,  w h e th e r  o r  n o t  a compound h as  a c lo s e d  r i n g  o f  i r - e l e c t r o n s  

and on t h i s  b a s i s  a ro m a tic ity  can be d e f i n e d  a s  th e  a b i l i t y  to  si4s ta in  

0 »  tM duogd rLMg c u r r e n t  C jta m o g n e ttc  c u r r e n t ;  c f  ? - e % e c tr c n e . A com pound
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w hich e x h i b i t s  t h i s  a b i l i t y  i s  c a l l e d  d i a t r o p i c .  A lth o u g h  t h i s

d e f i n i t i o n  i s  n o t  w i th o u t  i t s  f l a w s ,  i t  i s  t h e  one m‘6 s t  commonly

25 26 2'7a c c e p te d  to d a y .  T h e o r e t i c a l  and e x p e r i m e n t a l  ’ m ethods hhvje b e e n

■ A .d e v e lo p e d  u s in g  g a s - p h a s e  m icrow ave  s p e c t r a  t o  m e a su rè  t h e  m a g n e t ic  - 

s u s c e p t i b i l i t y  a n i s o t r o p y  i n  any m o le c u le  w h ich  has  a m icrow ave s p e c t ru m . 

The l a r g e  a n i s o t r o p y  i n  b e n z en e  compared t o  c y c l o h e x a - 1 , 3 - d ie n e  was 

i n t e r p r e t e d  as s t r o n g  e v id e n c e  f o r  t h e  e x i s t e n c e  o f  a  s u b s t a n t i a l  r i h g  

c u r r e n t  i n  a ro m a t ic  compounds. The a v a i l a b i l i t y  o f  more r e l i a b l e  v a lu e s  

f o r  t h e  P a s c a l  c o n s t a n t s  o f  t h e  s u s c e p t i b i l i t i e s  o f  t h e  component p a r t s  

has  l e d  to  more a c c u r a t e  e s t i m a t e s  o f  t h e  s u s c e p t i b i l i t i e s  o f  médel 

sy s te m s  and Daub en and co .-w orkers ‘ have  u sed  d i a m a g n e t i c  s u s c e p t i b i l i t y -

e x a l t a t i o n  as  a m epsure  o f  a r o m a t i c i t y .  A l th o u g h  a t t r a c t i v e ,  Such a 

d e t e r m i n a t i o n  r e q u i r e s  a c a l c u l a t e d  e s t i m a t e  o f  th e  e x p e c te d  s u s c e p t i ­

b i l i t y  i n  t h e  a b s e n c e  o f  e x a l t a t i o n ,  a p rob lem  r e m i n i s c e n t  o f  r e s o n a n c e  

e ne rgy  e s t i m a t i o n .

One o f  t h e  p r e d i c t i o n s  o f  t h e  HUckel th e o r y  i s  t h a t  t h e  T i -e le c t ro n s  

o f  t h e  a ro m a t ic  r i n g  w i l l  b e  i n  a d o u g h n u t -s h a p e d  c lo u d  above and below

t h e  p l a n e  o f  t h e  r i n g .  P re su m a b ly ,  t h e  c e n t e r  o r  c a v i t y , o f  t h i s
»

T i-e le c t ro n  c lo u d  s h o u ld  b e  .empty s p a c e ,  '^he A f f e c t  o f  an a p p l i e d  m a g n e t ic
>

f i e l d  p e r p e n d i c u l a r  to  t h e  p l a n e  o f  t h e  r i n g  i s  t o  in d u c e  a c i r c u l a t i o n

o f  e l e c t r o n s ,  a s  shown i n  f i g .  2 . T h is  e l e c t r o n  c u r r e n t ,  c a l l e d  a d iam ag- 
:

n e t i c  r i n g  c u r r e n t ,  g e n e r a t e s  an  in d u c e d  f i e l d ,  t h e  e f f e c t  o f  which i s

to  oppose  t h e  a p p l i e d  f i e l d  i n s i à e  t h e  r i n g  and to  r e i n f o r c e  i t  o u t s i d e

21
t h e  r i n g .  T h e r e f o r e ,  t h e  p r o to n s  o u t s i d e  t h e  r i n g  a r e  d e s h i e l d e d  and 

r e s o n a t e  a t  low f i e l d  com pared  t o  p r o to n s  n o t  u n d e r  t h e  i n f l u e n c e  o f  an 

in d u ce d  r i n g  c u r r e n t .  I n  c o n ju g a t e d  sy s te m s  e x h i b i t i n g  a d i a m a g n e t i c  r i n g



c u r r e n t ,  p r o to n s  w i t h i n  t h e  r i n g  a r e  s h i e l d e d  ^and a p p e a r  a t  h ig h  f i e l d .

Induced  m ag n e t ic

f i e l d  B.

Induced  c i r c u l a t i o n  

o f  ■ R -e lec trons

A p p l ie d  m a g n e t ic  f i e l d  

»

F i g .  2 An arom atic  h y d rogen  atam and th e  r i n g  c u r r e n t  e f f e c t .
I

<■;
In  c o n t r a s t  to  t h e  (4n+2) s y s te m s ,  (4 n )T i - e le c t r o n  sy s te m s  e x h i b i t  a

'

r e s u l t a n t  p a ra m a g n e t ic  r i n g  c u r r e n t  so  t h a t  th e  i n n e r  p r o to n s  a r e  

d e s h i e l d e d  w h i le  t h e  .o u t e r  ones  a r e  s h i e l d e d .  T h e s e , ( 4 n )  s y s te m s  a r e  

c a l l e d  a n t i - a r o m a t i c  o r  more c o r r e c t l y ,  p a r a t r o p i c .  However, a s  i n  t h e  

ca se  o f  a d ia m a g n e t i c  r i n g  c u r r e n t ,  n o n - p l a n a r i t y  and bond I 'eng th  a l t e r ­

n a t i o n  p a r t l y  i n h i b i t  t h e  p a ra m a g n e t ic  r i n g  c u r r e n t .  C y c l i c  c o n ju g a te d  

p o ly e n e s  i n  w hich t h e  p r o to n s  a p p e a r  a t  t h e  u s u a l ,  p o s i t i o n  a s  e x p e c te d  

f o r  a sy s tem  w i th o u t  s i g n i f i c a n t  d e l o c a l i z a t i o n  a r e  c a l l e d  n o n - a r o m a t ic  

o r  a t r o p i c .

I t  m ust b e  s a i d ,  h ow ever ,  t h a t  n o t  a  s i n g l e  one  o f  t h e s e  c r i t e r i a



can a lw ays be c o u n te d  on t o  c l a s s i f y  a  compound a s  a r o m a t i c ;  a l l  h ave

t h e i r  e x c e p t i o n a l  causes, and n o n e ,  when v i o l a t e d ' a r e  good enough by

th e m s e lv e s  t o  r u l e  o u t  a r o m a t i c i t y .  i t  h a s  even  been  p ro p o se d ^ ^  t h a t

t h e  use  o f  t h e  word arom atio  be  d i s c o n t i n u e d  A l t o g e t h e r .

■ What does  the" word a r o m a tic i ty  convey ? S im ply s t a t e d  -

30” When I  u se  a w o r d , ' Humpty Dumpty s a i d ,  r a t h e r  a s c o r n f u l  t o n e ,  

i t  m e a n s ' j u s t  w hat I  ch o o se  i t  t o  mean- n e i t h e r  more n o r  l e s s . "

" The q u e s t i o n  i s y " s a i d  A l i c e ,  " w h e th e r  you can make words mean 

so  many d i f f e r e n t  t h i n g s . "  ,  /y

1 .3  Annulenes to  Benzannutexieè.

A v e ty  l a r g e  p a r t  o f  c u r r e n t  a c t i v i t y  i n  t h e  w hole  s p h e r e  o f

a ro m a t ic  c h e m is t ry  i s  c o n c e rn e d  w i th  s y n t h e s i s .  H U c k e l 's  (4n+2)Tr-elec-^

t r o n  r u l e  s p u r r e d  t h e  s y n t h e s i s  o f  h i g h e r  homologs o f  b e n z en e  (mono-

31c y c l i c  p o ly e n e s  te rm ed  a n n u le n e  by Sondheim er ) .  At f i r s t  s i g h t  [ 1 0 ] -  

an n u le n e  8 s h o u ld  b e  t h e  f i r s t  c y c l i c  p o ly e n e  a f t e t  b e n z en e  t o  e x h i b i t  

d i a t r o p i c i t y .  Of t h e  t h r e e  g e o m e t r i c a l l y  p o s s ib l .e  iso m e rs  o f  [ 1 0 ] -

a n n u le n e ,  s t e r i c  i n t e r a c t i o n  o f  th e  two i n t e r n a l  h y d rogen  atoms

32 33 • * - 3 2
o c c u r s  ’ i n  ^  w h e re as  ^  i s  a f f e c t e d  by a n g le  s t r a i n .  Mislow

s u g g e s te d  t h a t  [30] annul'ehe  w ould b e  t h e  s m a l l e s t  p f a n a r  m a c r o c y c l i c
■

sy s te m  i n  w hich  bond a n g le  s t r a i n  and non-bonded  i n t e r a c t i o n  would be

s u f f i c i e n t l y  r e d u c e d  t o  a l l o w  s y n t h e s i s .  O th e r  a u th o r s  c o n te n d e d  t h a t
* ,  *

[ 1 8 ] a n n u le n e  ^  s h o u ld  b e  c a p a b l e  o f  e x i s t e n c e  i n  a p l a n a r  form . The

%
[ 18]a n n u le n e  ^  was t h e  f i r s t  n i a c r o c y c l i c  an n u le tfe  t o  be  p r e p a r e d  by

' '̂ 31' ’*Sondheim er and h i s  c o -w o rk e ra  , w hich"w as d i a t r o p i c  compared to  th e

n o n - a r o m a t ic  [ 8 ] a n n u le n e  c y c l o o c t a t e t r a e n e  ^  a s  s e e n  from t h e  c h e m ica l

s h i f t  o f  t h e  p r o to n s  ( s e e  T a b le  1) and c o u ld  b ^  a c e t y l a t e d  and n i t r a t e d



I

[ 6 ] a n n u le n e  [ 8 ] a n n u le n e [ 1 2 ] a n n u le n e [ 1 4 ] a n n u le n e

[1 0 ] a n n u le n e

[30 ]annulene[ 2 2 ] a n n u le n e[ 1 8 ] a n n u le n e

u n d a r  s p e c i f i c  c o n d i t i o n s .  The a l l  o is  %  and mono iro n s  ^  have  b een  

p r e p a r e d  a t  -  80 °0  and a r e ,  n o n - p l a n a r . W hereas [ 1 4 ] -  and [ 2 2 ] - a n n u ­

l e n e  (10 and 11 r e s p e c t i v e l y )  have been  p r e p a r e d ^ ^ ’ ^^ and a r e  d i a t r o p i c ,  

[2 6 ]a n n u lé ï ïe  i t s e l f  i s  y e t  to  be a y ^ h e s i z e d  and th e  ^ r  o f  [30] a n n u le n e  

12 c o u ld  n o t  be o b ta in e d ? ^  The (4tH*'2) a n n u le n e s  p o s s e s s i n g  14 t o  22 c a rb o n  

atoms a r e  a l l  d i a t r o p i c  sy s te m s  b u t  u n l i k e  b ê n z e n e ,  th e y  a r e  f l u x i o n a l
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‘ T a b le  1 . Com parison o f  c h e m ic a l  s h i f t s (6) f o r  i n n e r  and o u t e r

' .
p r o to n s  i n  ( 4 n + 2 )a n n u le n e s  and [ 8 ] a n n u l e n e , c y c l o o c t a -

t e t r a e n e . •

A nnulene I n n e r  H O y te r  H Ref.

; - 7 .2 4  ' 38

(31-7

[ 1 0 ] - ^

5 . 70 39

34b, d.......... 5 .8 4

8 . bé 34b, d

8 .0 6 .0 0 '  3 4 g ,h

0 .0 7 .6 0 ^ y - e 5

U 8 ] - ^ - 2 .9 9 9 .2 8 31 ,35

122)- t t  

, l 3 0 ) - t t

- 0 . 4 0 ,  - 1 .  

No

20 9 .6 5 - 9 .3 0 ,  
^ 9 .10--8 .85  

Hmr o b ta in e d

36

37

* S p e c t r a ru n  a t  d i f f e r e n t  t e m p e r a tu r e s SpU n-sp in  s p l i t t i n g

 ̂ p a t t e r n s  and c o u p l in g  c o n s t a n t s  w h e re v e r  a p p l i c a b l e  a r e

n o t  g iv e n .  '

m o le c u le s  which, undergo  c o n f o r m a t io n a l  changes  w i th  low i n v e r s i o n

b a r r i e r s ,  a s  shown in  T a b le  2 . .

The r e p la c e m e n t  o f  one o r  more o f  t h e  a l k e n i c  l i n k a g e s  i n  a n n u le n e

by a l k y n i c  l i n k a g e s  l e a d s  to  w hat a r e  known a s  d e h y d ro a n n u le n e s .  The

. t r i p l e  bond c o n t r i b u t e s  o n ly  two i r - e l e c t r o n s  to  t h e  r i n g  ti sys tem ,-  w i t h  .

th e  r e m a in in g  two i r - e l e c t r o j i s  o c c u p y in g  an o r th o g o n a l  o r b i t a l .  Thus t h e

d e h y d ro a n n u le n e s  w i l l  be  o f  t h e  same H ücke l  ty p e  a s  t h e ’ c o r r e s p o n d in g

42
a n n u le n e s .  Sondheim er and c o -w o rk e r s  have  p r e p a r e d  a number o f
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T a b le  2. I n v e r s i o n b a r r i e r s  to  p r o to n  exchange  i n t h e  a n n u le n e s

A nnulene (K J m o r^ ) R e f .

[ 1 2 ] - ^ ‘ 2 3 .0
•

35c

4 2 .4 3 ,  4 5 .2 35c , 40

[16] 3 6 .2 0 ,  3 6 .0 35 c ,  40

[18]-;^ 6 1 .5 0 ,  5 6 .1 35c , 40

[20] 4 1 .0  • 41

[ 2 2 ] - a 5 3 .6 40

[24] 4 6 .0 40

d e h y d ro a n n u le n e s .  The d e h y d ro a n n u le n e s  have  m a g n e t i c ' p r o p e r t i e s  s i m i l a r  

t o  t h e  a n n u le n e s  b u t  th e  t r i p l e  bond im poses  some c o n f o r m a t io n a l  i n t e ­

g r i t y  making th e  o—fram ew ork  more r i g i d  « C o n s e q u e n t ly  t h e  f l u x i o n a l

1 * 
b e h a v io u r  i s  damped and n o n -a v e ra g e d  Hmr s p e c t r a  a r e  o f t e n  o b t a i n e d  a t

room tem per  a y i r e  f o r  th*e (4n+2) d e h y d ro a n n u le n e s  u n l i k e  t h e  s p e c t r a  o f

some (4n+2)fennulenes  w hich have  been  found to  b e  t e m p e r a t u r e - d e p e n d a n t .

43
I n  a d d i t i f  to  m o n o d eh y d ro a n n u le n e s ,  d i - ^ ^ ,  t r i - ^  t e t r a - ^  and p e n t a -  

d e h y d rb a n n u le n e s  have  a l s o  b e e n  s y n t h e s i z e d .

A n o v e l  example i s  l , § - b i s d e h y d r o [ 1 4 ]a n n u le n e  ^

/
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U n l ik e  some o f  t h e  (4 n + 2 )d e h y d ro a n n u le n e s ,  ^  can  be w r i t t e n  a s  two

e q u i v a l e n t  K eku lé  s t r u c t u r e s  a s  i n  t h é  c a s e  o f  b e n z e n e .  I t  can  b e

42
r e a d i l y  n i t r a t e d ,  a c e t y l a t e d  and s u l f o n a t e d  u n d e r  c o n d i t i o n s  w hich

j  *
decompose [ 1 4 ]a n n u le n e .  Nakagawa and c o -w o rk e rs  have  d e v i s e d  a 

g e n e r a l  s y n t h e s i s  o f  d e h y d ro a n n u le n e s  w hich p r o c e e d s  i n  good y ie ld s ."

The' ' a c e t y l e n e - c u m u l e n e '  b i s d e h y d r o (4 n + 2 ) a n n u le n e s  ^  ( n = l - 5 )  c o n t a i n i n g

14 ,  18 , 22, 26 and 30 c a rb o n  atom s a s  w e l l  a s  t h e  t e t r a k i s d e h y d r o -
%

a n n u le n e  ^  ( n = l ,2 )  can be made s i m i l a r l y ,  a r e  c l e a r l y  sy m m e tr ic a l ' ,  

d e l o c a l i z e d  sy s te m s  and e x h i b i t  a  much s t r o n g e r  r i n g  c u r r e n t  t h a n  th e

c o r r e s p o n d in g  ' a c e t y l e n e '  d e h y d ro ( 4 n + 2 )a n n u le n e s .  The s u b s t i t u e n t s  R ,

2R -  o t h e r  t h a n  h y d ro g e n -  c a n  be  i d e n t i c a l  o r  d i f f e r e n t .

K
R

Rl / R

R

a

The Hmr s p e c t r a  o f  ^  ( n = l )  when R = P h ,  R‘ = Bu and R = Bu ,

R^= Ph a r e  i d e n t i c a l  im p ly in g  s y m m e tr ic a l  d e l o c a l i z e d  s y s te m s .  The ^

^Bmr s p e c t r a  o f  t h e s e  compounds s u g g e s t  t h a t  a l l  a r e  d i a t r o p i c .

A lth o u g h  t h e  d i a t r o p i c i t y  d e c r e a s e s  w i th  i n c r e a s i n g  r i n g  s i z e ,  i t  

i s  p e r t i n e n t  to  n o t e  t h a t  b i s d e h y d r o [ 3 0 ]a n n u le n e  ^  (n=5 ) i s  d e f i n i t e l y  

d i a t r o p i c  , i n  s p i t e  o f  b e in g  a 3 0 -c a rb o n  r i n g  s y s te m ,  w h e re as  i n  an
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u s u a l  [ 3 0 ] a n n u le n e ,  bond a l t e r n a t i o n  i s  b e l i e v e d  t o  s e t  i n  m aking i t
* V

n o n - a r o m a t ic (  s e e  T a b le  3 ) .  j

^ m r  Ô

■
»

T a b le  3. v a lu e s  o f some t e t r a - t - b u t y l - d e h y d r o a n n u l e n e s 44b

O u te r  H I n n e r  H 66

• ( O u t e r - I n n e r )
R ef .

D ehydro-
a n n u le n e

[14] n= l 9 .4 2 1 3 .8 1 47

[18] n=2 . 9 .5 7 * - 3 .6 4 1 3 # . 48

[22] n=3 8 .9 9 * 0 .8 2 8 .1 7 49

[26] n=4 8 .1 0 * ^ 2 .0 0 6 .1 0 50

[30] n=5 7 .5 0 3 .5 0 4 .0 0  . 51

T e t r a k i s ­
dehydro

[18] n = l 9 .9 8 - 4 . 9 2 1 4 .9 0 45

[22] n=2 9 .9 0 * - 3 . 4! 13 .34 46

^Average 5 v a lu e t a k e n  i n  

%

t h i s -  c a s e
%

We have s e e n  t h a t  t h e  i n t r o d u c t i o n  o f  a l k y n i c  f e a t u r e  i n  an  a n n u le n e  

t e n d s  to  im p a r t  some m easu re  o f  s t a b i l i t y  t o  t h e  a n n u le n e  p e r i m e t e r .  I n  

th o s e  a n n u le n e s  i n  w hich  t h e  i n t e r n a l  h y d ro g en  a tom s im pose  su c h  s t r a i n  

t h a t  t h e  compound i s  n o t  v e r y  p l a n a r  o r  o n ly  m a r g i n a l l y  s t a b l e ,  an  e l e g a n t  

way o f  overcom ing  o r  m in im iz in g  some o f  t h e  s t r a i n  i s  by r e p l a c i n g  t h o s e
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atoms by a  s i n g l e  b r i d g i n g  atom l e a d i n g  t o  a  r i g i d ,  p l a n a r  a n n u le n e  ^
^  •

p e r i m e t e r  i n  w hich  a l l  t h e  p e r i p h e r a l  bonds a r e  e q u i v a l e n t .  As d i s c u s s -

V 60 ’ed by Haddon, t h e s e  c r i t e r i a  a r e  b e s t  met i n  Some o f  t h e  b r id g e d

■■ • * 52 61a n n u le n e s ,  e . g .  ^  and ^  s y n t h e s i z e d  by Vogel and B o e k e lh e id e  .

Vogel e t  a l .  su c c e e d e d  i n  p r e p a r i n g  t h e  b r id g e d  [ 1 0 ] a n n u le n e  ^  and i t s

>

53 55 54

57 ' 56

' NH

57 23<vv
58 24w

5 8 ,5 9

1,a r o m a t i c  n a t u r e  was c o n f i rm e d  on  t h e  b a s i s  o f  i t s  Hmr, s t a b i l i t y  and
à

* L

s u s c e p t i b i l i t y  to  e l è c t r o p h i l i c  s u b s t i t u t i o n .  Such b r i d g i n g  i s  f e a s i b l e  

w i t h  atom s o t h e r  t h a n  c a rb o n ;  t h e  e p o x id e  ^  and amine ^  a r e  w e l l -
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d e f i n e d  a ro m a t ic  compounds s i m i l a r  i n  t h e i r  b e h a v io u r  to  1 ,6 -m e th a n o -

[10]annulene 1^. A number of bridged [14]annulenes have also been

s y n t h e s i z e d .  B r id g in g  i n  t h e  a n n u le n e  l e a d s  to  a more s t a b l e  s t r u c t u r e

w i t h . t h e  r e s u l t i n g  m o le c u le s  h a v in g  few er  non-bonded  i n t e r a c t i o n s  and

lih-ese compounds can be considered macrocyclic sÿstemS provided the

b r i d g e  i s  lo oked  u p o n -as  a m in o r  p e r t u r b a t i o n  o f  t h e  w hole  sy s te m .

Boekelheide and Phillips prepared trans-15,16-dimethyl-15,16-dihydro-

p y ren e ^ ^  ^  w hich  i s  a [1 4 ]a n n u le n e  b r id g e d  by a tw o -c a rb o n  u n i t  and i s  .

diatropic, n e a r l y  planar^^ w i t h  a lm o s t  e q u a l  bond l e n g t h s  and can be

subjected to electrophilic substitution^^ Incidentally, the protons of

t h e  i n t e r n a l  m e th y l  g roups  a p p e a r  a t  5 - 4 . 2 5 .  The d i e t h y l -  and d i -  n -

p r o p y l  io m o lo g s  o f  ^  have  a l s o  b e e n  shown t o  be  a r o m a t i c  and  have  been

u sed  t o  map t h e  m a g n e t ic  f i e l à  i n s i d e  t h e  r i n g .  E v e n t u a l ly
64

t h e  p a r e n t  compound ^  was r e p o r t e d  by M i t c h e l l  and B o e k e lh e id e  ; t h e  

i n n e r  p r o to n s  a p p e a r  a t '  5 , - 5 . 4 9 ,  i n d i c a t i n g  t h a t  i t  i s  t h e  m ost d i a t r o p i c  

o f  a l l  known [1 4 ]a n n u le n e  s y s te m s .  The im p o r ta n c e  o f  p l a n a r i t y  becomes 

e v i d e n t  when one n o t e s  t h a t  t h e  i n t e r n a l  m e th y l  p r o to n s  o f  t h e  aia  

compound ^  a p p e a r  a t  Ô - 2 . 0 6  i n d i c a t i n g  a r e d u c e d  d i a m a g n e t i c  r t n g  

c u r r e n t  compared to  2^ . W hereas t h e  m o n o c y c l ic  [1 8 ]a n n u le n e  h a s  i t s

i n t e r n a l  p r o to n s  a t  Ô -2.99 a t  -  70 °C, i n  t h e  b r id g e d  [ 1 8 ] a n n u le n e  %
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65two o f  t h e  s i x  i n t e r n a l  p r o to n s  a p p e a r  a t  ô - 7 . 8 8 ,  t h e  h i g h e s t  v a lu e
' ■

f o r  any o f  t h e  known (4h+2) u n ch a rg ed  s y s te m s .

S y n t h e t i c a l l y  tlfe  e a s i e s t  way to  s t a b i l i z e  an a n n u le n e  i s  t o  a n n e -  

l a t e  t h e  sy s tem  w i t h  b e n z e n e  r i n g s , e . g . ,  d i b e n z o c y c l o o c t a t e t r a e n e  ^

,66was f u l l y  c h a r a c t e r i z e d  b e f o r e  c y c l o o h t a t e t r a e n e  ^  i t s e l f .  The 

phenomenon, whereby i n  f u s e d  sy s te m s  some r i n g s  g iv e  up p a r t  o f  t h e i r  

a r o m a t i c i t y  to  a d j a c e n t  r i n g s ,  i s  c a l l e d  a n n é l a t i o n .  The e f f e c t  on NMR 

d a ta  when a n n u le n e s  -are b e n z a n n e la t e d  h as  been  rev ie w e d ^ ^  r e c e n t l y .  

T e t r a b e n z [ 1 6 ] a n n u le n e ^ ^  ^  and t e t r a b e n z [ 1 2 ] a n n u le n e ^ ^  ^  w ere  among

68

I I I

RO..C CO^R

70a

70c
a

70b 75

th e  e a r l i e s t  e x am p les  t o  be  made and b o th  a r e  n o n - p l a n a r  [ A n ] a n n u le n e s , 

whereby one c a n n o t  comment on th e  e f f e c t  o f  t h e  b e n z e n e  r i n g  on th e  

m a c r o c y c l ic  r i n g  sy s te m .
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H

36w
76

%
74

76

78 41 78 78

72

A c o n s i d e r a b l e  amount o f  e f f o r t  h a s  b e e n  d e v o te d  to  th e  s y n t h e s i s  

and s tu d y  o f  b e r iz a n n u le n e s  and  a n n e l a t e d  d e h y d ro a n n u le n e s  o f  b o th  t h e

( îh )  and (4n+2) e l e c t r o n  s e r i e s ,  e s p e c i a l l y  by Sondheim er^^  S ta ab ^
7 2  7  " 7A

B oekelheide ,-  Nakagawa, and M i t c h e l l  and i n  a l l  c a s e s  t h e  d i a t r o p i c i t y

o r  p a r a t r o p i c i t y  o f  t h e  m a c r o c y c l i c  r i n g  i s  r e d u c e d  (T a b le  4 ) /  The

e f f e c t  o f  a n n e l a t i n g  ^  by a n o th e r  m a c r o c y c le  t o  g iv e  i s  much

les-s compared t o  t h a t  o b s e rv e d  i n  t h e  b e n z a n n e l a t e d  p r o d u c t  ^4^^^

E x a m in a tio n  o f  t h e  i n n e r  p r o to n s  o f  th e  14-raembered r i n g  shows t h a t  i n

th e  c a s e  o f  t h e  16-membered r i n g  makes a p a r a t r o p i c  c o n t r i b u t i o n ,

th e  i n n e t  p r o to n s  b e in g  a t  h i g h e r  f i e l d  t h a n  i n  I n  t h e  b r id g e d
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/ ' T a b le  4 . ^Hmr tS v a lu e s  f o r  i n n e r  p r o to n s o r  m e th y l  g ro u p s  o f
t

some a n n u le n e s  and t h e i r  a n n e l a t e d  d e r i v a t i v e s .

A nnulene I n n e r  p r o to n  o r  m e th y l  g roup  , R ef .

[i4]-&% 0 .0 35*

- 2 .1 2 70a ,

3 .8 2 70b

- a 4 .9 9 70c

1 .42 75 , ,

- 4 .3 9 ; 76

- 2 .8 5 76

5 .2  -  4 .2 77

- 5 .4 9 64

- 1 .3 5 74

- 4 .2 5 61

. - 1 . 6 0 78

0 .0 2

- 3 .5 8
\

- 1 .8 5
■ ”  /

[ 1 8 ] - ^ - 1 . 1, —2 . 6 72

- 7 .8 8 65

m a c ro c y c le  ^  t h e  i n t e r n a l  p r o to n s  a p p e a r  a t  6 - 2 . 8 5  compared to

■ 76 '  '
6 - 4 .3 9  s e e n  i n  t h e  p a r e n t  T h is  s u g g e s t s  t h a t  ^  b e h a v e s  more l i k e

two [ 1 4 ] a n n u le n e s  sy s te m s  fu se d  t o g e t h e r  r a t h e r  t h a n  a [ 2 6 ] a n n u le n e  

•m oie ty  i n  w hich  t h e  b r id g e  i s  j u s t  a m ino r  p e r t u r b a t i o n .

W hile  b e n z a n n e l a t i o n  s t a b i l i z e s  i t  i n d u c e s  g r e a t e r  b o n d - l o c a l i -  

z a t i o n  o f  t h e  a n n u le n e  p e r i m e t e r  compared to  t h e  p a r e n t  [1 4 ]a n n u le n e  i 

I n t r o d u c t i o n  o f  an e t h a n o - b r i d g e  i n  ^  to  form  ^  h e l p s  h o ld  t h e  m o le c u le



i n  a p l a n a r  c o n f i g u r a t i o n ,  t h e r e b y  e n h a n c in g  i t s  d i a t r o p i c i t y .  Benz­

a n n e l a t i o n  o f  ^  to  form ^  r e s u l t s  i n  t h e  i n t e r n a l  p r o to n s  s h i f t i n g  

from 6 - 5 .4 9  i n  t o  - 1 .3 5  i #  a  d e f i n i t e  r e d u c t i o n  i n  d i a t r o p i c i t y  

o f  t h e  m a c r o c y c l i c  r i n g .  W hile  b e n z a n n e l a t e d  d im e fh y ld ih y d r o p y r e n e  ^  

i s  l e s s  d i a t r o p i c  th a n  t h e  p a r e n t  d im e th y ld ih y d ro p y r e n e  t h e  d ib e n z -  

a n n e l a t e d  c r i s o id - d im e th y ld ih y d r o p y r e n e  ^  i s  even  l e s s  so .  However i n  

42 , w hich  i s  a l s o  a d i b e n z a n n e la t e d  d e r i v a t i v e  o f  b u t  tT o n so id  

u n l i k e .4 ^ ,  t h e  i n t e r n a l  m e th y l  g ro u p s  a p p e a r  a t  h i g h e r  f i e l d  (6 - 3 .S 8 )  

s u g g e s t i n g  t h a t  t h e  d e g re e  t o  w hich  t h e  r i n g  c u r r e n t  ( o r  d i a t r o p i c i t y  

i n  t h i s  c a s e  ) i s  quenched  i s  i n f l u e n c e d  n o t  o n ly  by t h e  e x t e n t  b u t  a l s o  

by t h e  mode o f  a n n é l a t i o n .  B e n z a n n e la t i o n  o f  ^  to  ^  r e s u l t s  i n  t h e  

s i g n a l  due t o  t h e  i n t e r n a l  p r o to n s  moving from Ô - 7 . 8 8  i n  ^  t o  - 1 . 1  i n

We th u s  became i n t e r e s t e d  i n  t h e  f e a s i b i l i t y  o f  m aking d i a t r o p i c

»
2 .

^  : traMS-10b,10c-Dimethyl-10b,10c,13,14-tetrahydrodibenzo[cj,%m]- 
perylene. •

^  : tra»8-10b ,10c-D im ethyl-10b ,10c-d ihydrod ibenzo[cd j& m ]perylene.

/
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47 tr> ans-12c , 1 2 d - D im e th y l - 1 2 c , 1 2 d -d ih y d ro b e n z o  [^8 t ]n a p h C h o -  

[ 8 , 1 , 2 -ccfe ] p e n ta p h e n e .

-1 4 c ,1 4 d -D im e L h y l -1 4 c , 1 4 d - d i h y d r o b e n z o [ r s t ] d in ap h ç h o -  

[ 8 , 1 , 2-Ç ( ie :2 ' , 1 ' , 8 ' -k Z # ]p e n C a p h e n e .  1

( r e l a t i v e l y  s y m m e tr ic a l )  h i g h l y  a n n e l a t e d  d e r i v a t i v e s  o f  We were

a l s o  i n t e r e s t e d  i n  s e e i n g  w h e th e r  t h e r e  e x i s t e d  any c o r r e l a t i o n  

be tw een  th e  r i n g  c u r r e n t  d e s h i e l d i n g  and th e  d e g re e  o f  bond l o c a l i z a t i o n  

i n  such  a n n u le n e s .  W ith t h i s  i n  mind we d e c id e d  to  s y n t h e s i z e  t h e  

compounds 4%, 4&, 4% and 4%.
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CHAPTER TWO 

PREDICTED RELATIVE DIATROPICITY

ir

2 . 1  From Kekulê s tru a tn ï'e  to  Quantum Chem istry

The K ekulé  s t r u c t u r e s  o f  b e n z e n e ,  w h i le  a d m i t t e d ly  u n s a t i s f a c t o r y ,

were g e n e r a l l y  used b y ’c h e m is t s  a s  l a t e  a s  1945. The c u r r e n t l y  a c c e p te d
, ■

s t r u c t u r e  o f  benzene  i s  t h e  r e s u l t  o f  an e x t e n s i o n  o f  th e  s t r u c t u r a l  

t h e o r y ;  t h i s  e x t e n s i o n  i s  t h e  c o n c e p t  o f  resonance. HUckel d e te rm in e d ^ ^  

th e  e n e rg y  l e v e l s  f o r  th e  w - o r b i t a l s  o f  benzene  by a L in e a r  Com bination  

o f  Atomic O r b i t a l s  (LCAO) m ethod , i n t r o d u c i n g  a s e r i e s  o f  s i m p l i f y i n g  

a p p ro x im a t io n s  which c o n s t i t u t e  th e  fram ework o f  th e  H ückel M o le c u la r  

O r b i t a l  (HMO) m ethod. One o f  th e  b a s i c  a s su m p t io n s  i s  t h a t  th e  o -  

e l e c t r o n s  and n - e l e c t r o n s  i n  bonds a c t  i n d e p e n d e n t l y .  I n  o r d e r  t o  o v e r ­

come th e  w eakness i n h e r e n t  i n  H ü c k e l ' s  u se  o f  o n e - e l e c t r o n  H a m il to n ia n s

80
c o u p le d  w i th  t h e  n e g l e c t  o f  e l e c t r o n i c  i n t e r a c t i o n P o p l e , P a r i s e r  and 

81P a r r  p ro p o se d  th e  use  o f  m a n y - e le c t r o n  H a m il to n ia n s  w h e r e in  e l e c t r o n i c  

i n t e r a c t i o n s  were ta k e n  i n t o  a c c o u n t .  T h is  s e l f - c o n s i s t e n t - f i e l d ( S C F )  

a p p ro a c h  i s  known a s  t h e  P o p l e - P a r i s e r - P a r r  (PPP) a p p ro x im a t io n  and has

been used  to  c a l c u l a t e  a v a r i e t y  o f  m o le c u la r  p r o p e r t i e s .
i

A p r o p e r t y  t h a t  b e a r s  some r e l a t i o n  to  s t r u c t u r a l  f e a t u r e s  i s  t h e  

o r th o  H-^h c o u p l in g  c o n s t a n t  i n  ^Hmr s p e c tru m ? ^ ^  A l i n e a r  r e l a t i o n  e x i s t s  

be tw een  th e  o r f b o - c o u p l i n g  c o n s t a n t s ,  J ,  o f  fu se d  b e n z e n o id  h y d rô c a rb o n s  

and th e  n -bond o r d e r ,  P , as  g iv e n  by th e  e q u a t i o n

J  = 12 .7  P -  1 .1  Hz ----------  (1)

The n -bond  o r d e r ,  P , o f  th e  a p p r o p r i a t e  C-C bond can be c a l c u l a t e d  u s in g  

s im p le  m o le c u la r  o r b i t a l  t h e o r y .  The c a l c u l a t e d  v a lu e s  o f  th e  c o u p l in g  

c o n s t a n t  J  compared t o  t h e  e x p e r i m e n t a l l y  o b s e rv e d  v a lu e s  f o r  some
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h y d ro c a rb o n s  a r e  i n d i c a t e d  i n  T a b le  5»

T a b le  5 . • o r th o  C o u p l in g  c o n s t a n t s  i n  some

83
A ro m atic  H y d ro c a rb o n s .

P o l y c y c l i c

Compound C-C- P J exp ^ c a l
bond n-bond  o r d e r

Benzene 1 , 2  . 0 .6ÜÏ 8 . 0 7 . 4

N a p h th a le n e  1 ,2  . » 0*725 ■ 8 . 1 8.1

2 , 3  - 0 . 6 0 3 6 . 4 6 . 6

A n th rac e n e 1 , 2  0 . 7 3 8 8 . 3 8 . 3

2 , 3  '' 0 . 5 8 6 6 .5 6 . 3

P y re n e 1 ,2  0 .6 7 0  
'

'  7 .6 7 .4

On th e  b a s i s  o f  PPP-SCF c a l c u l a t i o n s ,  GUnther a t  h ave  shown

how t h e  r a t i o  o f  Tt-bond o r d e r ,  Q = ^ 2 3  ̂ ^ 3 4 ’ membered r in g

o f  b e n z a n n u le n e  ^  may be u sed  to  d e te r m in e  t h e  e l e c t r o n i c  g round  s t a t e  

p r o p e r t i e s  o f  . [n ]  a n n y le n e .  E s t im a te s  o f  bond o r d e r  ' P ' can be made

3
( n ja n n u le n e

4

from v i c i n a l  ü-H  c o u p l i n g  c o n s t a n t s  For b e n z e n o id  h y d r o c a r b o n s .
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one makes u sé  o f  t h e  e q u a t i o n  *(2) ».

P (£CF) = 0 .1 0 4  J  -  p . 120   (2 )  -
p ,v  P»v

The v a lu e  o f  'Q ' i s  u sed  as  a g u id e  to  t h e  d i a t r o p i c i t y  o f  t h é . r i n g .

For d e l o c a l i z e d  [4 n + 2 ]a n n u le n e s  th e  r a t i o  (Q) o f  ^23^^34 ^ 1 .1 0  and

f o r  d e l o c a l i z e d  [ 4 n ]a n n u le n e s  i t  i s  < 1 .0 4 ,  w h e re a s  t h e  l o c a l i z e d

sy s te m s  o f  e i t h e r  ty p e  e x h i b i t  v a lu e s  be tw een  1 .0 4  and  1 .1 0 .  Thus 

n a p h th a le n e  ^  h as  a Q -v a lu e  o f  1 .2 5 2 ,  b e n z o c y c l o h e p t a t r i e n e  ^  o f  

1 .0 7 6 ,  b e n z o t r o p y l iu m  c a t i o n  ^  o f  1 .2 2 3 ,  b e n z o c y c l o o c t a t e t r a e n e  ^  

o f  1 .072  and b e n z o c y c l o o c t a t e t r a e n y . l  d i a n i o n  ^  o f  1 .5 8 4 .

J = 8 .3 7  •

J = 8 .2 8 J= 7 .8 3

J = 7 .05
J= 7 .3 6

J= 6 .8 5

82b82b84

J= 7 .7 3

J - 7 . 2 9

J = 8 .5 1

J = 5 . 80

53 82b 54 82b

44b
A s e r i e s  o f  a n n e l a t e d  sy s te m s  have been  p r e p a r e d  by Nakagawa and 

i t  was s u g g e s te d  t h a t  th e  d i f f e r e n c e  i n  c h e m ic a l  s h i f t s  o f  t h e  i n n e r  and 

o u t e r  p r o t o n s ,  i . e .  A6 = |ô ^  -  6 j where 6^ arid 5^ a r e  th e  s h i f t s  o f  th e  

i n n e r  and o u t e r  p r o to n s  r e s p e c t i v e l y ,  i s  an i n d i c a t i o n  o f  th e  m a g n i tu d e  

o f  th e  d ia m a g n e t i c  r i n g  c u r r e n t .  A c u r s o r y  g la n c e  a t  T a b le  6 i n d i c a t e s



/  ■

24

t h e  e f f e c t  b e n z a n n e l a t i o n  h as  on d i a t r o p i c i t y .  Whereas a n n é l a t i o n  by  onç

a

c
%
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a .

Tj'able 6 .

--------------------------- f-

^Hmr Ô v a l u e s  o f i n n e r  a n ^ o u t e r  p r o to n s  and th e

p e r c e n ta g e  o f  r i n g  c u r r e n t i n  some a n n u le n e s and

a n n e la t e d  sy s te m s

Compound 5 .

in n e r

6
P

o u te r

66 = ( 6 6  ) 1 0 % RC

- 4 .3 9 9 .4 2 13 .81 100

0 .8 1 - 0 .7 1 8 .9 7 - 8 .3 0 7 .6 - 8 .2 57

' ' ^ - 2 . 8 5 , 1 0 .1 6 - 9 .6 1 V12.80 93

- 3 .4 7 9 .5 2 12 .99 (~100)

- 1 . 2 2 - 1 . 5 3 9 .8 0 - 9 ! 1 7 1 0 .6 - 1 1 .0 78

- 3 .4 5 10.22 ‘ 13 .67 100

* % RC = A6 ( a n n u le n e )  

AÔ ( p a r e n t )
■

b e n z en e  r i n g  in  ^  r e d u c e s  t h e  d i a t r o p i c i t y  c o n s i d e r a b l y  compared to  th e  

. p a r e n t  a n n u le n o a n n e la t i o n  i n  ^  does  n o t  c a u s e  bond l o c a l i z a t i o n  to  

t h e  same e x t e n t .  The m o n o ria p h th a n n e la ted  compound ^  i s  l e s s  d i a t r o p i c  

t h a n  th e  p a r e n t  b u t  th e  f u s i o n  o f  two n a p h th a l e n e  r i n g s  a s  i n  ^  -■ 

i n c r e a s e s  th e  d i a t r o p i c i t y  o v e r ' t h a t  o f  t h e  b i s d i h y d r o n a p h t h a l e n e

a n a lo g  T h is  can be a c c o u n te d  f o r  by a  co m p ar iso n  o f  t h e  K ekulé

'  ' '
s t r u c t u r e s .  Whereas ^ 8  h a s  two e q u i v a l e n t  K ekulé  s t r u c t u r e s  (as- in  

b e n z e n e )  th e y  # f e  n o t  e q u i v a l e n t  i n  c a s e  o f  Thtis, when f u s i o n
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o c c u r s  s u c h  t h a t  t h e  r e s u l t i n g  K eku lé  s t r u c t u r e s  a r e  s y m m e tr ic a l  and
V

i d e n t i c a l ,  i . e .  t h a t  no bond l o c a l i z i n g  e f f e c t s  a r e  c a u s e d ,  th e n  th e

r e s u l t i n g  a n n u le n e s  a r e  s t r o n g l y  d i a t r o p i c .
I

T u rn in g  o u r  a t t e n t i o n  t o  t h e  e th a n o - b r i d g e d  [ 1 4 ] a n n u l e n e , we can

h ave  b o th  t h e  i n t e r n a l  h y d ro g e n s  o r  t h e  i n t e r n a l  m e th y l  g ro u p s  i n  t h e  

s h i e l d i n g  r e g i o n  o f  th e  n - e l e c t r o n  c lo u d .  A s e r i e s  o f  such  a n n u le n e s

a lo n g  w i th  some o f  t h e i r  mono- and d i b e n z a n n e la t e d  a n a lo g s  have  been

63 85 74made, thanks to B oekelheide ’ a n d 'M itch e ll and the chem ical s h i f t s ,

a lo n g  w i th  th e  p e r c e n ta g e  o f  r i n g  c u r r e n t  r e t a i n e d  on a n n é l a t i o n ,  a r e

shown i n  T a b le  7. H e re ,  h o w ev er ,  i n s t e a d  o f  com paring  6 .  a n d . ô aV o

model n o n - a r o m a t ic  sy s te m  i s  u sed  a s  t h e " s t a n d a r d ,  e . g . ,  f o r  th e

i n t e r n a l  hydrogen  c a se  we u s e  9 ,1 0 - d ih y d r o n a p h th a le n e  ^  ^ s  t h e  model

and f o r  th e  i n t e r n a l  m e th y l  s i t u a t i o n  we c o n s id e r  é r a n s - 1 5 , 1 6 -d im e th y 1-

2 , 7 , 1 5 , 1 6 - t e t r a h y d r o p y r e n e  ^  a s  th e  s t a n d a r d .  As se e n  m ono b en zan n e la -

t i o n  o f  ^  t o  ^  r e d u c e s  t h e  r i n g  c u r r e n t  to  a b o u t  50 %. S i m i l a r l y ,

m o n o b e n z a n n e la t io n  o f  t r o n s - lO b ,1 0 c - d i m e th y l - 1 0 b ,1 0 c - d i h y d r o p y r e n e

( i . e . ,  t r a n s - 1 5 ,1 6 - d i m e t h y l d i h y d r o p y r e n e )  ^  t o  g iv e  o t  4^ a l s o

q u e n c h es  th e  r i n g  c u r r e n t  t o  a b o u t  50 %. However, t h e  e f f e c t  on

d ib en zan n ela ting  a su b stra te  depends on the way the a n n é la tio n  i s

e f f e c t e d .  An e x p l a n a t i o n  on th e  b a s i s  o f  e q u i v a l e n t  K dcu ll  s t r u c t u r e
78

h as  b een  advanced  b ^  M i t c h e l l ,  e . g . ,  l e t  us c o n s id e r  ^  and W hereas
■*

^  can  b e  w r i t t e n  a s  two p a i r s  o f  e q u i v a l e n t  K eku lé  s t r u c t u r e s  and

th o s e  f o r  ^  a r e  n o t  e q u i v a l e n t ,  a r e  p r o b a b ly  o f  d i f f e r e n t  e n e r g i e s  

^ d o m in a te d  by two b enzene  r i n g s )  and th u s  would  be  p r e d i c t e d  to  be l e s s  

d i a t r o p i c .  In  t h e  K eku lé  s t r u c t u r e  c o n t r i b u t i n g  t o  we s e e  t h a t  

t h e  bond a rrow ed  i s  a d o u b le  bond i n  two o u t  o f  a p o s s i b l e  f o u r  K ekulé
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C a l c u l a t i o n  o f  % RC of/ sonuz b e n z a n n e l a t e d  b r id g e dT a b le  7

[1 4 ] a n n u le n e s .

Ref% RCCompound

0 .9 7

8 5 a ,b

Model

34b2.86

Model

63a1008 .3 5- 5 . 4 9

J  (R=H) 85a

85b100- 5 . 2 2- 4 . 2 5
' (R= Me)

- 4 .2 1- 1 . 3 5

- 2 . 5 3- 1 . 6 0

c o n td .

♦
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T ab le  7. ( c o n t d . . )

Compound % RC R e f .èompd mode l

- 1 .8 5  ' - 2 . 8 2

0.02 - 0 . 18.

- 3 .5 8 - 4 .5 5

s t r u c t u r e s .  I n ' ^  , how ever ,  i t  i s  so  o n ly  i n  f o u r  o u t  o f  t h e  f i v e

p o s s i b l e  K ekulé  c o n t r i b u t o r s .  I n  o t h e r  w o rd s ,  bond l o c a l i z a t i o n  i s  more 

p red o m in a n t  I n  t h a n  i n  ^  l e a d i n g  t o  a  m arked r e d u c t i o n  i n  t h e  ■

(O''

___
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d i a t r o p i c i t y  o f  Hess and  Schaad  h a v e  a t t e m p te d  t o  d e r i v e  a

q u a l i t a t i v e  c o r r e l a t i o n  o f  HMO bond o rders^^*  and th e  c h e m ica l  s h i f t s

Lf o r  ^  and In  o r d e r  t o  a v o id  any l o c a l  s t r u c t u r a l  e f f e c t s

o f  th e  a n n e l a t i n g  b e n z en e  r in g ( s , ) . , t h e y  e x c lu d e d  fi^om th e  c a l c u l a t i o n s

th o s e  bonds t h a t  w ere  common t o  two r i n g s  and c o n c e n t r a t e d  on th e

a n n u le n e  p e r i m e t e r  bonds shown i n  heavy  l i n e s  i n  2^ . An i n h e r e n t
*. • ■ * 

s h o r tc o m in g  o f  such  a c h o ic e  i s  t h e  v i r t u a l  e x c l u s i o n  of*compounds

where t h o s e  bonds a r e  p a r t  o f  a n o t h e r  r i n g  as  i n  ^  and in  t h e  y e t  to

be s y n t h e s i z e d  and j ^ .

79
43 62w

87
%

A p l o t  o f  s t a n d a r d  d e v i a t i o n  (S) o f  t h e  bond o r d e r  a g a in s t*  t h e  

o b s e rv e d  c h e m ic q l  s h i f t s  o f  t h e  i n t e r n a l  m e th y l  p r o to n s  o f  1 5 , 1 6 -d im e th y l -  

d ih y d ro p y re n e  ^  and i t «  b e n z a n n e l a t e d  d e r i v a t i v e s  ^  and  ^  

e s t a b l i s h e s  a l i n e a r  r e l a t i o n s h i p  be tw een  th e  two ( s e e  P ig .  3 ) .  A p p l i ­

c a t i o n  o f  t h i s  t e c h n i q u e  t o  N akagaw a 's  compounds ^  and ^  l e a d s  

t o  an e x c e l l e n t  c o r r e l a t i o n  be tw een  t h e  s t a n d a r d  d e v i a t i o n  o f  HMO bond 

o r d e r  and th e  d i f f e r e n c e  i n  t h e  c h e m ic a l  s h i f t  A6 j o u t e r  — i n n e r  

p r o to n s  j. -
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F i g .  3 . A p l o t  o f  s t a n d a r d  d e v i a t i o n  (s) o f  HMO bond o r d e r s

v e r s u s  t h e  o b s e rv e d  .chem ica l  s h i f t  o f  t h é  i n t e r n a l

m e th y l  p r o to n s  o f  1 5 , 1 6 -d im e th y ld ih y d r o p y fe n e  and
67

some o f  i t s  b e n z a n n e l a t e d  d e r i v a t i v e s .

,2 .2  Standard  ix-SCF-HMO Bond O rder D ev ia tio n  -Chem ioal S h i f t  

C o rre la tio n .  ,

,T be  u se  o f  HMO c a l c u l a t i o n s ,  a s  s e e n  a b o v e ,  h a s  l i m i t a t i o n s  

b e c a u s e  t h e y  do n o t  d i f f e r e n t i a t e  .between i s o m e r i c  compounds a n d . j ^ .  

As s t a t e d  e a r l i e r ,  t h e  HMO a p p ro x im a t io n s  t e n d  to  i g n o r e  t h e  e l e c t r o n
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r e p u l s i o n  i n t e g r a l , ^  c o u p l a t e l y  and so u n d e r e s t im a t e  t h e  amount

o f  Ifohd l o c a l i z a t i o n  i n  a b e n z a n n u le n e  a s  compared t o  r e s u l t s  o b t a i n e d

88
by th e  u se  o f  ii-SCF m ethod. On t h e  f o u n d a t i o n s  l a i d  by P a u l i n g  and

L ondbnf^  p r o g r e s s  h as  been  n a d e  i n  t h e o r e t i c a l  c a l c u l a t i o n s  o f  t h e

90
n u c l e a r  m a g n e t ic  r e s o n a n c e  s p e c t r a  o f  a ro m a t i c  h y d r o c a r b o n s .  A l though

th e  . c o r r e l a t i o n  o f  r e s o n a n c  

91sh e d  and  bond f i x a t i o n  dc 

o b v io u s  t h a t  f o r  th e  p r a c t :

2 e n e r g i e s  and r i n g  c u r r e n t s - h a s  been  e s t a b l i — 

es  i n f l u e n c e  r e s o n a n c e  e n e r g i e s ,  i t  i s

u s in g  c h e A is t  i t  would be  i d e a l  t o  have  a 

fo rm a l  (even  i f  e m p i r i c a l l y \ d e r i v e d )  r e l a t i o n s h i p  be tw een  t h e  d e g re e  of 

bond^ l o c a l i z a t i o n  and th e  s t r e n g t h  o f  t h e  a n n u le n e  r i n g  c u r r e n t  shown 

by t h e  m o le c u le  u n d e r  c o n s i d e r a t i o n .
I

In  o r d e r  to  o b V ia te  t h e  d e f i c i e n c i e s  o f  u s in g  o n ly  s e l e c t e d  HMO

' 92bond o r d e r s  r e s o r t e d  t o  by Hess and S ch aad ,  we o p te d  t o  u s e  tt-SCF bond

o r d e r  c a l c u l a t i o n s  th ro u g h o u t  and e x c lu d e d  th o s e  bonds t h a t  w ere  common

to  two r i n g s .  The bond o r d e r s  w ere  c a l c u l a t e d  u s in g  P o p l e - P a r i s e r - P a r r

(PPP)-Ti-electron method, w ith  parameters s im ila r  to  th o se  used by 

/ 84
G U nther , ■. \

I n  o r d e r  to  u se  t h i s  a s  a  p r e d i c t i v e  t o o l ,  m o le c u le s  
■ ' . ' • .

^  and  4 ^ , whose c h e m ic a l  s h i f t s  a r e  known, w ere ch o sen  a s  t h e  s t a n d a r d

compounds. T a b le  8^^ p r e s e n t s  b o th  t h e  HMO as  w e l l  a s  t h e  tt-SCF bond

o r d e r s  f o r  t h e  compounds u se d  as  s t a n d a r d s .  The bond o r d e r s  f o r  ^

obtaiijned by b o th  t h e  PPP—SCF—ir—e l e c t r o n  method and th e  HMO t e c h n iq u e  

a r e  f a i r l y  c l o s e  to  e ach  o t h e r .
V

^ C o n s id e r in g  t h e  ' i d e a l '  o r  p e r f e c t l y  d e l o c a l i z e d  HUckel bond o r d e r  
»

as  0 .6 4 2  f o r  a [ l 4 ] a n n u l e n e ,  t h ç  sum (AP ) o f  t h e  q & d u li  o f  t h e  d e v i a t i o n  

o f  bond o r d e r  i s  g iv e n  f o r  t h e  m a c ro r in g  o f  th e  s t a n d a r d s  c h o s e n ,  b e a r i n g
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6 3 a ,8 5 a

78

79

6 3 a ,  85a

i n  mind t h a t  we e x c lu d e  bonds,common to  t h e  a n n u le n e  and th e  b e p z a n n e la -  

t i n g  r i n g ,  e . g . ,  ' s '  i n  ^  and ^  o r  ' w ' , ' x '  i n  ^  and T h i s  e x c lu ­

s i o n  i s  n o t  u n r e a s o n a b le  and i s  r e s o r t e d  to  i n  an a t t e m p t  to  m in im ize

% 95 . * ■
th e  s t r u c t u r a l  e f f e c t s  due to  t h e  r i n g  f u s i o n  a t  d i f f e r e n t  s i t e s ;

b e s i d e s ,  t h e  bonds i n v o lv e d  a r e  common t o  6ti and 1 4 n -sy s te m s  w hich  may

have o p p o s in g  r i n g  c u r r e n t s .  The i n d i v i d u a l  bond o r d e r  d i f f e r e n c e  was

ta k e n  a s  th e  a b s o l u t e  d i f f e r e n c e  betw een  th e  tt-SCF bond o r d e r  and th e

HMO bond o r d e r  and t h e  summation ta k e n  o v e r  a l l  'm . ' , w here  'm ' i s  th e
" a

number o f  bonds in v o lv e d ,  i n  th e  c a l c u l a t i o n ,  e . g ^ ,  m = 14 i n  c a s e  o f  ^  

b u t-m  = 13 f o r  W  and
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Thus AP = Z |( P  -  6 4 2 ) IW m' iJ ‘

The a v e ra g e  d e v i a t i o n  Ar was p l o t t e d  a g a i n s t  AÔ where

A6 = 6,CH. ( ^ )  ( a n n u le n e )
:3 ' ' ' “̂ 3

i . e ^ . , A6 i s  t h e  s h i e l d i n g  o f  th e  i n t e r n a l  m e th y l  p r o to n s  o f  th e  a n n u le n e

63acompared to  t h o s e  o f  t h e  n o n - c o n ju g a te d  model ^  used  by B o e k e lh e id e  

A r e a s o n a b ly  good l i n e a r  r e l a t i o n s h i p  was found  be tw een  AÔ and Ar ( s e e  

F ig .  4 ) .

A l e a s t  s q u a r e s  f i t  gave th e  e q u a t i o n
‘

AÔ = 5 .5 3 3  -  0 .02752  'Ar   (3) '

w i th  a c o r r e l a t i o n  c o e f f i c i e n t ,  p = 0 .9 9 0 2 .  U sing  e qn , ( 3 ) ,  th e  v a lu e s  

o f  AÔ were c a l c u l a t e d  (A6^^^^ i n  T ab le  8) and r e s u l t s  i n  'a r e a s o n a b ly

good a g re e m e n t .

r w

16040 80 - 120

F ig .  4 ;  P l o t  o f  c h e m ic a l  s h i f t  s h i e l d i n g  (A6) v e r s u s  a v e ra g e  bond

o r d e r  d e v i a t i o n  (Ar) f o r  known a n n u le n e s ,  and
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Tabla I .  M O .k e l  K.O. Iw iJ o t j r r a  (a 10*1 (f^ ) anJ i-JCT booJ o rJa ia  ( l  10 ) 

(o r eo*(«»"Ja % , y -

owrowDi 

lOXD (h)

& - « w

M])|"» • tl<

«r -

* * *fji (anoolona)

l i  -  o. t ;  -  I

% % % % % %

M3 (47 708 713 (98 (96 71( 735 597 550

M3 (39 ( I l (13 (31 (29 «  602 586 (7 ( 729

i43 (36 708 711 (97 694 716 734 (11 553

M3 (>0 571 '  574 583 596 561 545 669 713

M3 #3( 529 481 503 438 550 543 (14 5(7

M3 (39 704 745 735 794 , 674 (72 669 715

(43 M ) 597 553 557 489 (39 (35 (11 553

M3 (47 (7 ( 719 735 .7 9 4 (29 '  (21 (76 739

(43 (39 (11 558 503 438 (74 (80 597 550
y

(42 (36 (69 717 583 596 550 545 704 748

M2 (30 614 573 697 (94 561 545 529 477

(42 (36 (69 713 (21 (2 9 ^^ 716 735 571 580

(42 (39 (11 553 698 (96 602 586 >08 707

M3 (4 7 (7( 731 581 595 716 734 611 (17

597 538 507 443 561 • 545 708 707 ■

' 704 753 726 793 550 543 571 580

539 484 571 488 (74 (72 539 477

571 57) 704 - (39 (33 704 748

‘ 502 538 571 488 (39 (21 502 537

726 792 (74 (80

507 443 550 545

581 595 561 545

513 554 490 508

513 554 490 ■ 508

73
* 1379

'

2009 584

*

1303

14 15 12 12 13

3 .U 3 18.385 1(7.417 48.6(7 100.331

-4 .35 - 1 .(0 90.02 -3 .58 - 1 .8 )

5.33 3.57 0.95 .  4 M 3.82

5.39 3.83 0*93 4.19' 2,77

■

• ;
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2 .3  P r e d ic te d  R e la t iv e  D ia tr o p ic i ty  f o r  ^  ^  and

H aving  e s t a b l i s h e d  a fo rm a l  r e l a t i o n s h i p  be tw een  s t a n d a r d '  bond 

o r d e r  d e v i a t i o n  and ch e m ica l  s h i f t  on a  q u a n t i t a t i v e  f o o t i n g  f o r  known 

compounds, we c a l c u l a t e d  c h e m ic a l  s h i f t s  f o r  t h e  compounds ^

and ^  u s in g  s i m i l a r  c a l c u l a t i o n s  and t h e s e  a r e  i n d i c a t e d  i n  T a b le  9.

The c a l c u l a t e d  c h e m ic a l  s h i f t s  f o r  t h e  i n t e r n a l  m e th y l  p r o to n s  a r e  shown 

i n  f i g .  5 .

F ig .  5 : C a l c u l a t e d  c h e m ica l  s h i f t s  o f  t h e  i n t e r n a l  m e th y l  p r o to n s  

o f  48.

(CH^)

^C alc . - 2 .7 5 - 3 .9 7 - 1 .7 3

To c o n f i rm  t h e  v a l i d i t y  o f  t h e  c a l c u l a t e d  c h e m ic a l  s h i f t s  and

..(2,
h e n c e ' t h a t  o f  e q n .  ( 3 ) ,  we had  to  d e v i s e  an e f f e c t i v e  scheme t o  

s y n t h e s i z e  compounds ^  and
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Table 9. «-SÉF bond orders (x 10^), P^, and ring  curren t sh ie ld in g

c a lcu la tio n s  for compounds

CCWPOUND
BOND (m) . % 'w Pp

a 610 670 652 670

b 720 . 603 687 601

c 567 474 583 477

d 488 793 495 788

e 783 , 490 773 497

f 503 570 518 559

g • 520 667 495 683

h 714 629 749 605

i 583 646 532

i  ■ 692 632 757

k
M

648 473

*1 ■ # 531 579

B 599 . 525 708

D • 686 518 614

0 583 711

P 702 576

q 574 483

r 711 746 .

8 '  541 547

t 457 710 '
u 575 588

V 716 636

V 558 468

X 561 806,

y 454

* . 621

aa 526

bb À) ^534

cc 527

dd 560

ce 472

f t 538

%
m

854

1 3 -
260 » 

12
1)34

>/
I W  ,

570

10
Ar 65.692 21.667 103.091 57

A«calc 3.72 4.94 2.70 3.96
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CHAPTER THREE 

-V ■ AN APPROACH TQ THE SYSTEM

3.1  'P ossib le  s y n th e t i c  ro u te s

The t a f g e t  m o le c u le s  w hich  we a t t e m p te d  to  s y n t h e s i z e  a r e  c h a r a c t ­

e r i z e d  by one common, f e a t u r e ,  i . e .  a d ih y d ro p y r e n e  m o ie ty .  A d im e th y l s  

d ih y d ro p y re n e  s k e l e t o n  i s  d i f f i c u l t  t o  e n v is a g e  and s y n t h e s i z e .  A l th o u g h  

P e l l e g r i n ^ ^  has  c la im e d  th e  s y n t h e s i s  o f  [ 2 , 2 ] m e t a c y c l o p h a n e - l , 9 - d i e n e

2 6 ^  s u b s e q u e n t  a t t e m p t s  to  r e p e a t  h i s  p r e p a r a t i o n  have  b e e n  u n s u c c e s s -  

97f u l .  M é th y l a t i o n ,  u s in g  m e th y l  i o d i d e ,  o f  t h e  d i a n i o n  d e r i v e d  from  

p y re n e  c o u ld  c o n c e iv a b ly  l e a d  t o  t h e  f o r m a t io n  o f  A l th o u g h

' ' '

'
N e u n h o f fe r  and Woggon^^ have  c la im e d  t h a t  t r e a tm e n t  o f  ^  w i t h  sodium

97f o l lo w e d  by a c i d i f i c a t i o n  givfes 1 5 , 1 6 - d ih y d r o p y re n e  a l k y l a t i o n  * 

o f  t h e  d i a n i o n  o f  p y re n e  w i th  m e th y l  i o d i d e  d id  n o t  g i v e  t h e  d e s i r e d  

d im e th y ld ih y d ro p y r e n e
-

The f i ^ t  s u c c e s s f u l  s y n t h e s i s  o f  a 1 5 , 1 6 - d ih y d r o p y r e n e  d e r i v a t i v e  

r e s u l t e d  from an a p p ro a c h  c e n te r e d  a r o u n d  t h e  s y n t h e s i s  o f  [ 2 ,2 ] m e ta -

c y c lo p h a n e s .  Of th e  m ethods i n v e s t i g a t e d  up u n t i l  t h e  e a r l y  7 0 ' s  f o r

99 't h e  s y n t h e s i s  o f  c y c lo p h a n e s ,  t h e  W urtz r e a c t i o n  a lo n g  W ith  t h e
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9 9 c *M ü l le r - R ü s c h e is e n  m o d i f i c a t i o n  ( a d d i t i o n  o f  TPE) was a  f a v o r e d  r o u t e .
• '* \  %

The m odest y i e l d s ,  s e v e r i t y  o f  c o n d i t i o n s  h a r r o w in g  t h e  c h o ic e  o f

compounds and i t s  r e s t r i c t i o n ,  to  t h e  s y n t h e s i s  o f  s y m m e tr ic a l  c y c lo ­

p hanes  l i m i t  i t s  u s e .

Br N a/ d io x a n e
  ^  ,

Br »/

Br Na/THF/TPE
----------------

44 %

CH^Br

CH^Br

% (TPE =' T e t r a p h e n y le t h y le n e )

ac

The s y n t h e s i s  o f  1 5 , 1 6 - d im e th y ld ih y d r o p y re n e  ^  i t s e l f  was f i n a l l y

com p lish ed ^ b y  B o e k e lh e id e  and P h i l l i p s ^ ^ ^ ' ^ ^ ^  In  o r d e r  to  c i r c u m v e n t

th e  p rob lem  o f  i n t r o d u c i n g  th e  n e c e s s a r y  s i d e - c h a i n  u n s a t u r a t i o n ,  th e y
'  .

a l t e r e d  th e  s y n t h e t i c  pa thw éÿ to  i n t r o d u c e  th e  t r a n s a n n u l a r  l i n k a g e  a t  
'

an e a r l y  s t a g e .  T h is  th e y  a c h ie v e d  by p r e p a r i n g  5 ,1 3 - d im e th o x y - 8 ,16--

d i m e th y l [ 2 ,2 ] m e ta ’c y c lo p h a n e  ^  by t h e  s t e p w is e  W urtz s y n t h e s i s  o f  s u i t a b l y

s u b s t i t u t e d  b ro m id e s  and o x i d i z i n g  u s in g  ch rom ic  a c id  i n  a c e to n e  to

y i e l d  W  w itH * th e  t f h n s a n n u l a r  bond i n  p l a c e .  The b is -< f ie n o n e  ^  w^s

* >
OMe ' 0

0
OMe
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. c o n v e r te d  to  1 5 , 1 6 -d im e th y ld ih y d r o p y re n e  ^  i n  t h r e e  s t e p s  a s  f o l l o w s :  

i )  O x id a t io n  w i t h  N -b ro m o su cc in im id e  o r  by a i r  o x i d a t i o n  i n  an ' 

a l k a l i n e  s o l u t i o n  t o  t r a n 8 - 1 5 ,1 6 - d i m e t h y ld i h y d ' r o p y r e n e - 2 ,7 - q u in o n e ,  

i i )  L i th iu m  aluminum h y d r id e -a lu m in u m  c h l o r i d e  r e d u c t i o n  to  tr a n s -

1 5 .1 6 - d i m e t h y l - 2 , 7 , 1 5 , 1 6 - t e t r a h y d r o p y r e n e  and

i i i )  C a t a l y t i c  d e h y d ro g e n a t io n  (Pd-C) o r  d e h y d r o g e n a t io n  w i th

2 j3-d ich loro-5 ,6 -d icyan ob en zoq u in on e (DDQ) to

B o e k e lh e id e  e t  a l .  a l s o  r e p o r t e d  th e  c o n v e rg lo n ^ ^ ^  by v i s i b l e  l i g h t  of,

1 5 .1 6 -d im e th y ld ih y d r o p y re n e  ^  to  i t s  v a le n c e  ta u to m e r  h a v in g  t h e  m e ta -

c y c lo p h a n e - d i e n e  s t r u c t u r e  In  th e  d a r k  r e v e r t s  back  t o  th e

more s t a b l e  B e s i d e s ,  th e  i n t e r c o n v e r s i o n s ' c o u l d  be c a r r i e d  o u t

r e p e a t e d l y  w i th o u t  any d e t e r i o r a t i n g  o f  t h e  s a m p le .  However, t h i s  method 
»

o f  g e n e r a t i n g  th e  t r a n s a n n u l a r  l i n k a g e  by o x i d a t i o n 'w i t h  ch rom ic  a c id  

' - r e q u i r e d  th e  methoxy g ro u p s  p a r a -  to  th e  c a rb o n  a tom s to  be l i n k e d  

and hen ce  was n o t  s u i t a b l e  as  a g e n e r a l  method f o r  s y n t h e s i z i n g  s u i t a b l y  

s u b s t i t u t e d  d i a l k y I d i h y d r o p y r e n e s .
»

E a r l i e r  a t t e m p t s  w ere aimed a t  th e  s y n t h e s i s  o f  25 i n d i r e c t l y  th ro u g h  

g e n e r a t i n g  th e  c y c lo p h a n e -d ie n e  2 ^ ,  p o s s i b l y  by i n t r o d u c i n g  u n s a t u r a t i o n

101i n  Even th o u g h  t h e  e l e g a n t  s t u d i e s  o f  D ew h irg t  and Cram have



4 0

shown t h a t  [ 2 ,2 ] p a r a c y c l o p h a n e  can  be c o n v e r t e d  ' t o  t h é  c o r r e s p o n d in g  

mono- and d i o l e f i n s ,  a t t e m p t s  t o  i n t r o d u c e  u n s a t u r a t i o n  i n t o  t h e  b r i d g i n g  

e th a n o  g ro u p s  o f  m e ta c y c lo p h a n e  w ere  u n s u c c e s s f u l  and i t  was n o t  p o s s i b l e

to  o b t a i n  [ 2 ,2 ] m e ta c y c l o p h a n e - l , 9 - d i e n e  2 ^ ,  t h e  v a le n c e  ta u to m e r  o f
-

t r a n s - 1 5 , 1 6 - d im e th y ld ih y d r o p y re n e  So t h e  s p o t l i g h t  s h i f t e d  to

p r e p a r i n g  t h e  d i e n e s  w i th o u t  h a v in g  to  go th ro u g h  th e  m e ta c y c lo p h a n e s .

The b i s - W i t t i g ^ ^ ^ ^  r e a c t i o n  u se d  f o r  s y n t h e s i z i n g  b e n z a n n e la t e d

s y s te m s ,  e . g . ,  an a n n e l a t e d  [1 2 ]an n u len e -102b 70 f a i l s  however when a p p l i e d
'VX,

to  g e n e r a t e  t h e  [10]membered r i n g  sy s te m  o f  t h e  m e ta c y c lo p h a n e - d ie n e

0

CHO

CHO
+

Ph_P =■

s k e l p t p n . '  I t  i s  q u i te ,  u s e f u l  f o r  s y n t h e s i z i n g  some [1 0 ]a n n u le n e

■ system s, how ever .

102c ,102dP e r k in s ^ " ^ ^  c o n d e n s a t io n  and t h e ‘Râmberg-Bâ’ck lu n d  r e a c t i o n ,  

w hich  have  been  em ployed f o r  t h e  g e n e r a t i o n  o f  l a r g e r  c y c l i c  d i e n e  

s y s te m à ,  f a i l  when a p p l i e d  to  c r e a t i n g  t h e  c y c lo p h a n e - d i e n e  s y s te m . 

Through t h e  s a g a c i t y  o f  s u l f u r  c h e m i s t s ,  t h e  c a r b o n - c a r b o n  bonds w ere  

l i n k e d  th ro u g h  a , s u l f u r  atom w hich  c o u ld  t h e n  be  e x t r u d e d .  The s e l f ­

c o u p l in g  o f  64 w i t h  sodium  s u l f i d e ^ ^ ^ * ^ ^ ^  g i v e s  d i t h i a c y c l o p h a n e  72
<vv

,104and 7 ^ .  A r e c e n t  r e v ie w  by M i t c h e l l  h a s  h i g h l i g h t e d  t h e  u t i l i t y  o f
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V  ̂ Æ

t h i a c y c l o p h a n e s  as  a  p r e c u r s o r  to  b o th  c y c lo p h a n e s  and t h e  s y n t h e s i s  o f
# w «

■a v a r i e t y  o f  n o v e l ,  h i g h ly  c o n ju g a t e d  compounds. Im proved y i e l d s  ’ 

o f  d i t h i a c y c l o p h a n e s  and s y n t h e s i s  o f  u n s y m m e tr ic a l  d i t h i a c y c l o p h a n e s  

w ere  a c h ie v e d  by t h e  d ro p w ise  a d d i t i o n  o f  a  d i l u t e  s o l u t i o n  o f  a  m ix t u r e

KOH
Br

S S Na„S Q

o f  d i t h i o l  J1 and d i b r o m i d e i n  b e n z e n e  i n t o  a  s o l u t i o n  o f  a l c o h o l i c  

p o ta s s iu m  h y d r o x id e .  The a t t r a c t i v e n e s s  o f  t h e  t h i o l - b r o m i d e  c o u p l in g  

l i e s  i n  i t s  e a s e  o f  o p e r a t i o n ,  h ig h  y i e l d s  a s  w e l l  a s  i t s  a p p l i c a b i l i t y  

t o  o b t a i n  u n sy m m e tr ic a l  d i t h i a c y c l o p h a n e s .  U n l ik e  t h e  W urtz  c o u p l i n g ,  

t h e s e  m ethods u l t i m a t e l y  l e a d  t o  b o th  a n t i -  a s  w e l l  as  s j / n - [ 2 ,2 ] m e t a -  

c y c io p h a n e .  E x t r u s i o n  o f  s u l f u r  h a s  been  a c c o m p lish e d  i n  a  v a r i e t y  o f  

ways t o  y i e l d  e i t h e r  t h e  m e ta c y c lo p h a n e  o r  d im e th y ld ih y d r o p y r e n e  ( s e e  ■ 

-Scheme 1 ) .  .

The c o n c e p t  o f  making d i t h i a c y c l o p h a n e s  'fo l lo w e d  by o x i d a t i o n  and 

s u l f u r  d i o x id e  e x t r u s i o n  t o  y i e l d  t h e  o h t i - [ 2 , 2 ] m e ta c y c lo p h a n e s  was 

worked o u t  by V iJ g t le î^ ^  T h e se  m e ta c y c lo p h a n e s ,  a s  m e n t i o n e d . e a r l i e r ,  

c a n n o t  b e  c o n v e r t e d  to  d i m e th y l d i h y d r o p y r e n e a .  The t h i a c y c l o p h a n e  c o u ld



I

Hofmann

W i t t i g  o r

S t e v e n s

%

SMe
RaNi

MeO) P

[0 }

B r g / F e

(when R = H ) '

A o r  
hv

Scheme 1 .  D i t h i a c y c l o p h a n e - S u l f u r  e x t r u s i o n  schem e
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be s u b j e c t e d  to  S t e v e n s ^ ^ ’ ^ ^ ^ ’ ^ ^ ’^ ^ ^ 'o r  W i t t i g ^ ^ ^  r e a r r a n g e m e n t ,

fo l lo w e d  by a  Hofmann e l i m i n a t i o n  s t e p  t o  y i e l d  t h e  d i e n e  whicfi

v a l e n c e  t a i i t o m e r i z e s  t o  & ra % g -1 5 ,1 6 -d im e th y ld ih y d ro p y re n e .  O th e r

v a r i a t i o n s  i n c l u d e  p h o t o l y s e s  o f  s u l f o n e s ^ ^ ^ * ^ ^ ^  and s u l f i d e s ^ ^ ^ o r

Raney N ic k e l  d e ^ l f u r i z a t i o n  t o  g iv e  m e ta c y c lo p h a n e s ;  how ever ,  Benzyne-

S te v e n s  o e a r ra n g e m e n t^ ^ ^  fo l lo w e d  by b a s i c  e l i m i n a t i o n ^ ^ ^  o f  t h e  s u l f o n e

111
o r  th e rm o ly s e s  o f  s u l f o x i d e ,  a s  shown i n  Scheme 1 l e a d s  to  t h e  d ie n e  

s y s te m . T re a tm e n t  o f  m e ta c y c lo p h a n e  (R = H) w i th  b r b m i n e / i r o n  l e a d s  to  a 

t e t r a h y d r o p y r e n e  s y s te m ,  w hich  c o u ld  th e n  be o x i d i z e d  t o  t h e  p y re n e  

u s in g  DDQ.

/

As t h e  m e ta c y c lo p h a n e - d ie n e  46A can  be t r a n s f o r m e d  t o  46 , we p ro p o se d  th e'WV w  -

s y n t h e s i s  o f  46A a s  an- i n t e r m e d i a t e .■' w v
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3 .2  D esired  in te r m e d ia te s  in  th e  s y r i th e t io  pathway

On t h e  b a s i s  o f  e a r l i e r  e x a m p le s ,  t h e  d i è n e  . 4 ^  ,cou ld  b e  o b t a i n e d  

from d i t h i a c y c l o p h a n e  w hich  c o u ld  b e  p r e d a t e d  by t h e  coX ip ling”o f “

OIQ

Q

#

Ik
75 , X= Br w

CN

75B ,'X =  CHO
'W\,

75G, X= CH_OHy v b  ,2  , ,

75d , X= CH„SH'w v  Z

X

76, X= Br 

76A, X=CNVXAj

Ü -  Ü

77 , X= Br 78, X= Brr\/\j\ <V\, *

77a , X= CN 7BA, X= CN
VVX/ W V i
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t h e  b rom ide  and d i t h i o l  7^. So r e t r o s y n t h e t i c a l l y , t h e  s y n t h e s i s  o f

th e  a p p r o p r i a t e l y  s u b s t i t u t e d  p y r e n e  w h ich  c o u ld  b e  m o d if ie d  to  

becomes c r u c i a l .  A d ie n e  such  as  ^  c o u ld  b e  p r e p a r e d  from t h e  d i t h i a ­

c y c lo p h a n e  ^  by u s in g  some o f  t h e  m ethods i n d i c a t e d  i n  ScHeme 1. I n
* *

e f f e c t ,  i f  we s t a r t e d  w i th  a .d ib r o m id e  and a d i t h i o l ,  c a r r y i n g  s u i t a b l e
♦

f u n c t i o n a l i t i e s  r e c e p t i v e  to  m o d i f i c a t i o n ,  i t  would be f e a s i b j . e  t o  maipe 

t h e  p y re n e  and h e n c e  t h e  r e q u i r e d  b rom ide
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CHAPTER FOUR 

RESULTS AND DISCUSSION

4 .1  G enevdl v o u te s  to  k e y J in te rm e d ia te s  o r  2 ^ .

The d i t h i a c y c l o p h a n e  o r  c o u ld  b e  a c c e s s e d  from th e  

a l c o h o l i c  p o ta s s iu m  h y d ro x id e  c o u p l in g  o f  t h e  d i t h i o l  and

n - x y l y l e n e  d ib ro m id e  ^  o r  by th e  c o u p l in g  o f  t h e  d i t h i o l  ^  and t h e  

d ib ro m id e  ^ / 8 ^ .  A.p ^  i s  c o m m e rc ia l ly  a v a i l a b l e , ^ i t  was more p r a c t i ­

c a l  to  c o n v e r t  t h e  b rom ide  ^  t o  th e  c o r r e s p o n d in g  d i t h i o l  ^  r a t h e r  

th a n  t r a n s f o r m  t h e  l a b o r i o u s l y  p r e p a r e d  d ib fo m id e  t o  t h e  c o r r e s p o n d ­

in g  d i t h i o l

%

2%, X -  Br

X = ON

X = Br 

X = CN

2%, X .  Br

X = CN

Thus t h e  s y n t h e s i s  o f  h a s  been a t t e m p te d  by a v a r i e t y  o f  m e thods .

4.1.»1 S yr^ h ee is  o f  th e  re q u ire d  brom ide  ^ / 8 ^ .

An a p p ro a c h  t o  t h e  s y n t h e s i s  o f  ^  i s  i l l u s t r a t e d  i n  Scheme 2.

f 215
2 ,4 -D ib ro m o m e s i ty l ‘ene  ^  was p r e p a r e d  e a r l i e r  u s in g  n i t r i c  d c id  a s

a s o l v e n t  f o r  b r o m in a t io n ;  i n s t e a d  we b ro m in a te d  j n e s i t y l e n e  ^  i n
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c h lo r o f o r m  u s in g  b ro m in e ,  i n  th e  p r e s e n c e  o f  i r o n  powder and i o d i n e  a s  

c a t a l y s t ,  t o  o b t a i n  2 ,4 - d ib r o m o m e s i ty le n e  ^  a s  c o l o r l e s s  c r y s t a l s  (87% 

y i e l d ) ,  mp 62-64  °C [ l i t . ^ ^ ^  mp 62 ®C], I t s  ^Hmr s p e c t ru m  i n d i c a t e d  two 

d i f f e r e n t  ty p e s  o f  m e th y l  g ro u p s .  I t  was e x p e c te d  t h a t  f r e e  r a d i c a l  

b r o m in a t io n  o f  2 , 4 - d ib r o m o m e s i t y l e n e ',84 would l e a d  t o  t h e  d e s i r e d
Wf

brom ide  ^ , t h e  h i n d e r e d  m eth y l  group  on th e  c a rb o n  atom be tw een  t h e  ,

, MeOH/H

C —ORRO—C

HBr o r

B r . / F e / I g NBS, hv

p 'e rox ine(CHCI3 ) (37%)

NBS, h v ,  

p e r o x id e

Scheme 2

two b rom ine  s u b s t i t u e n t s  b e in g  s p a r e d  i n  t h e  p r o c e s s .  U n f o r t u n a t e l y ,

how ever ,  when t h e  r e a c t i o n  was c a r r i e d  o u t  i n  r e f l u x i n g  c a rb o n  t e t r a -
%

c h l o r i d e  by a d d in g  N -h ro m o su c c in im id e  i h  p o r t i o n s  i n  t h e  p r e s e n c e  o f  

c a t a l y t i c  am ounts o f  b e n z o y l  p e r o x i d e ,  a  complex m ix tu re  o f  p r o d u c t s  

was o b t a i n e d ,  from w hich  t h e  d e s i t e d  ^ o p i d e  c o u ld  n o t  be i s o l a t e d
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e i t h e r  by column ch ro m a to g rap h y  o r  c r y s t a l l i z a t i o n .  î h i s  i s  n o t  u n l i k e  

116t h e  r é d u i t s  o b t a i n e d  i n  t h e  f r e e  r a d i c a l  b r o m in a t io n  o f  w i th

N -b ro m o su cc in im id e  w h e re in  ' t h e  s e co n d  b rom ine  atom e n t e r s  t h e  h in d e r e d

r-Br

BrDIQ no no
I b ^   ̂ ’

m e th y l  to  g iv e  a s  t h e  m a jo r  p r o d u c t ,  w h e reas  o n ly  15% o f  th e  d e s i r e d

117brom ide  was o b t a i n e d .  Use o f  m e th y l  fo rm a te  a s  a  s o l v e n t  t o  •

im prove t h e  s e l e c t i v i t y  d id  n o t  p ro v e  b e n e f i c i a l  and b r o m in a t io n  o f  ^

118u s in g  b rom ine a t  e l e v a t e d  t e m p e r a t u r e s  (125 °C and 210 °C) l e d  t o  a 

m ix tu r e  o f  b ro m id e s .  In  o r d e r  t o  f o l lo w  th e  a c i d - e s t e r - a l c o h o l  r o u t e  

^ , s e l e c t i v e  o x i d a t i o n  o f  t h e  m e th y l  g ro u p s  o f  ^  was t r i e d .  

N i t r i c  a c id  o x i d a t i o n  gave  lo w  y i e l d s  and was n o t  s e l e c t i v e . ' P u r p l e
-

, , b e n z e n e '  o x i d a t i o n ,  on t h e  o t h e r  h â n d ,  was t r i e d  and p ro v ed  t o  be
)

t o t a l l y  i n e f f e c t i v e .  An a l t e r n a t i v e  r o u t e  w hich in v o lv e d  o b t a i n i n g  82« 'W'
from brom ide by e l e c t r o p h i l i c  a r o m a t i c  s u b s t i t u t i o n  was n e x t  t r i e d .

M e s i ty le n e  ^  was b ro m in a te d  u s in g  N -b ro m o su cc in im id e  i n  r e f l u x i n g  , \

c a rb o n  t e t r a c h l o r i d e  i n  t h e  p r e s e n c e  o f  b e n z o y l  p e r o x i d e  a s  c a t a l y s t  
- - ' 

t o  g iv e  3 , 5 - b is ( b r o m o m e th y l ) to lu e n e  (70% y i e l d ) .  B ro m in a t io n  o f  ^
I *

in  c h lo ro fo rm  u s in g  brom ine was a t t e m p te d  u n d e r  s e v e r a l  d i f f e r e n t  ,, 

r e a c t i o n  c o n d i t i o n s  i n  an e f f o r t  to  o b t a i n  t h e  B ro p id e  j ^ .  i n  a l l  c a s e s

* (a )  Fe pow der, 3 h ,  (b) Fe pow der, r e f l u x ' ,  24 h ,  (c )  c r y s t a l s ,  3 h ,  

(d> pow der, r e f l u x ,  24 h ,  (e )  A lB r^ ,  3 h ,  ( f )  AlBr^," r e f l iu ^ ,  24 h , .

; (g )  F e B r j ,  3. h and (h) F eB r^ , r e f l u x ,  24 h.
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t h e  d e s i r e d  brom ide ^  c o u ld  n o t  be  i s o l a t e d  from t h e , r e s u l t i n g  m ix tu re »

' * X2X "ôSfC hanging to  th e  p o l a r  s o l v e n t  N,N-dime thy  I f  ormami.de (IMF) ’ . ■ w i th

N -b ro m o su cc in im id e  (NBS) as  . th e  s o u r c e  o f  b ro m in e ,  d id  n o t  r e s u l t  in

p u re  ^  e i t h e r  a t  room t e m p e r a tu r e  o r  a t  r e f l u x  c o n d i t i o n .

A lthough  some brom om ethyl compounds have b e e n  o b t a i n e d  by t h e

122r e a c t i o n  o f  b e n z y lc o b a lo x im e s  w i th  h a lo g e n s  i n  a c e t i c  a c i d ,  i n  t h e  ••

(Co)H.C CHgCCo)

%% (70%) ( 430%)

c a s e  o f  ^  i t  l e a d s  to  b o th  and ^  s e p a r a t i o n  o f  w h ich ,  on t h e  b a s i s

o f  o u r  e a r l i e r  t r i a l s ,  m igh t  be r a t h e r  d i f f i c u l t .

In  an e f f o r t  t o  e x p l o r e  w h e th e r  t h e  p r e s e n c e  o f  a  cyano ^ o u p
■ '  (

m igh t  somehow i n f l u e n c e  th e  e n t r y  p f  b rom ine  i n  t h e  m p l e c u l e * ^ 2 ,4 - d i -  
■

b ro m o m e si ty le n e  ^  was t r e a t e d  ( s e e  Scheme 3) w i th  e x c e s s  o f  c o p p e r  ( I )

c y a n id e  i n  N - m e t h y l - 2 - p y r r o l i d i n o n e  u n d e r  r e f l u x i n g  c o n d i t i o n  t o  y i e l d

121
2 , 4 , 6 - t r i m e t h y l i s o p h t h a l o n i ’t r i l e  8 ^  (83% y i e l d ) ,  dp 144-146  ° C [ l i t .  

mp 142 ° C ] . . The d ^ n i t r i l e  showed th e  c h a r a c t e r i s t i c  -CN s t r e t c h

- NBS, hv.,^ .^  

p e r o x i d e

%

Scheme 3-
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a t  2228 cm-^ in  i t s  i r  s p e c t ru m . T re a tm e n t  o f  ^ 4 A w i t h  NBS i n  r e f l u x ­

in g  c a rb o n  t e t r a c h l o r i d e  u s in g -  b e n z o y l  p e r o x i d e  a s  t h e  i n i t i a t o r  gave 

a m ix tu re  o f  a t  l e a s t  f o u r  compounds, from  w hich p u re  c o u ld  n o t  be 

i s o l a t e d .  M e thy l  f o p n a t e  as  s o l v e n t  gave m o s t ly  u n c o n v e r te d  s t a r t i n g  

m a t e r i a l .

A s l i g h t l y  m o d i f ie d  a p p ro a c h  was c hosen  ( s e e  Scheme 4)-, w here  th e
■ - ...

a l k y l  g ro u p s  w ere  s e l e c t i v e l y  o x i d i z e d  t o  an a ld e h y d e  f u n c t i o n a l i t y .

B e n z y l ic  m e th y l  and m e th y le n e  g ro u p s  can  be c o n v e r t e d  t o  c a rb o n y l

f u n c t i o n s '  by t r e a t m e n t  w i th  e e r i e  ammonium n i t r a t e  i n  a c i d i c  m edia  '

'■124
( a c e t i c  a c i d ,  n i t r i c  a c i d  o r  p e r c h l o r i c  a c id )  . The r e a c t i o n  

n o rm a l ly  s t o p s  a t  t h e  m onocarbony l s t a g e .  However, .a  second  m e th y l  

group may undergo; o x i d a t i o n  u n d e r  more d r a s t i c  c o n d i t i o n s .  A lthough

Br Br

[ o r

CrOL

0 = =  0
( 22%)

%
Br

84
i\A/

Scheme 4 

Ï37

BrNaBH, 
 ^
( q u a n t . )

HBr

(87%)

Br Br

Br

Ce o x i d a t i o n  o f  ^  gave  some a ld e h y d e s ,  i t  was n o t  f e a s i b l e  to

i s o l a t e  t h e  d i a l d e h y d e  ^  from t h e  R e s u l t i n g  m ix t u r e .

A s o l u t i o n  o f  p - n i t r o t o l u e n e  i n  a  m ix tu re  o f  g l a c i a l  a c e t i c  a c id -

a c e t ic *  a n h y d r i d e - s u l f u r i c  a c i d , i s  o x i d i z e ^  u s in g  chromium t r i o x i d e  Co *
- ' ' 

t h e  a ld e h y d e  ( p r o t e c t e d  as  t h e  d ^ a c e t a t e )  w hich  can  be h y d r o ly s e d
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t o  th e  a ld e h y d e  by r e f l u x i n g  in , a l c o h o l -  d i l u t e  s u l f u r i c  a c id  m e d iu m . . A 

s i m i l a r  o x i d a t i o n  o f  d ib ro m id e  ^  i n '  g l a c i a l  a c e t i c  a c i d - a c e t i c  a n h y d r id e -  

s u l f u r i c  a c i d ,  k e p t  c o ld  u s in g  an  i c e - s a l t  b a t h ,  by th e  g r a d u a l  a d d i t i o n
S'

o f  chromium t r i o x i d e  so  t h a t  t h e  t e m p e r a tu r e  does  n o t  r i s e  above 15 C,

fo l lo w e d  by a c i d  h y d r o l y s i s  gave t h e  d i a ld e h y d e  R e c r y s t a l l i z a t i o n

from c a rb o n  t e t r a c h l o r i d e  gave t h e  p u re  d i a ld e h y d e  mp 172-174  °C;

t h é  s t r u c t u r e  o f  ^  waS e v id e n t  from t h e  a ld e h y d i c  p r o to n s  p r e s e n t  a t

■ -1<5 1 0 . 4 3 , ' t h e  C=Ol s t r e t c h  s e e n  a t  1686 cm and a  m o le c u la r  i o n  a t  m /e 

306 ( c o r r e c t  1 : 2 : 1  i s o t o p e  p a t t e r n )  i n  i t s  ^ m r ,  i r  and mass s p e c t r a '  

r e s p e c t i v e l y .  As w e l l ,  t h e  a ld e h y d ic  c a rb o n s  a p p e a re d  a round  Ô 1 ^ 0 .8  i n
13

i t s  Cmr s p e c t r a .  S ubsequen t  r e d u c t i o n  o f  t h e  d i a ld e h y d e  ^  w i t h  sodium

b o ro h y d e id e  i n  t e t r a h y d r o f u r a n  gave  t h e  d i a l c o h o l  ^  i n  q u a n t i t a t i v e

y i e l ( ^  mp'1 9 2 -1 9 4  °C ( m e th a n o l - b e n z e n e ) . A bsence  o f  t h e  .c a rb o n y l  s t r e t c h  

-1  'a t  1686 cm- ( se e n  i n  th e  ca se  o f  and t h e  a p p e a ra n c e  o f  t h e  -OH

-1a b s o r p t i o n  a t  3330 cm i n  i t s  i r  s p e c t ru m  i n d i c a t e d  t h e  s t r u c t u r e  o f  t h e  

d i a l c o h o l  a s  1 ^ ,  co n f i rm e d  by a s a t i s f a c t o r y  e l e m e n t a l  a n a l y s i s  c o u p le d  

w i th  t h e  m o le c u la r  io n  a t  m/e 310 ^ c o r r e c t  1 : 2 : 1  i s o t o p e  p a t t e f n  ) i n  i t s  

mass s p e c t ru m .  Ho ^Hmr sp e c t ru m  c o u ld  be o b t a i n e d  f o r  t h e  d i a l c o h o l

^  b e c a u s e  o f  i t s  n e a r  i n s o l u b i l i t y  i n  most o r g a n i c  s o l v e n t s .  A lc o h o l

■\ 225
^  on r e f l u x i n g  f o r  22 h w i th  h y d ro b ro m ic  a c i d  (48%) c o n t a i n i n g  a

s m a l l  amount o f  c o n c . s u l f u r i c  a c i d  gave 87% y i e l d  o f  t h e  b rom ide  J ^ ,  mp .

120-122 ®C. The m e th y le n e  p r o to n s  w ere  s e e n  a t  6 4 .5 6  i n  t h e  ^Hmr 
' . 

s p e c t ru m  and t h e  compound a l s o  gave t h e  c o r r e c t  m o le c u la r  i o n  a t  m/é*

■ 436 i n  i t s  m ass s p e ç t ru m  and CRN a n a l y s i s .  A lth o u g h  su c h  an a l c o h o l  to

brom ide c o n v e r s i o n  can  be e f f e c t e d  u s i n ^  p h o sp h o ro u s  t r i b ^ o m i d e ,  i t  was

f a r  more c o n v e n ie n t  t o  use  hyd ro b ro m ic  a c i d  f o r  s c a l i n g -  up e x p e r i m e n t s ,
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e s p e c i a l l y  b e c a u s e  o f  f h é  d i f f i c u l t y  o f  d r y in g  th e  a l c o h o l  ând t h e  l a r g e  

volum es o f  d r y . e t h e r  o r  benzene  r e q u i r e d  i n  t h e  p h o sp h o ro u s  t r i b r o m i d e  ^  

p r o c e s s .

The n e x t  o b j e c t i v e  was t o  c o n v e r t  2 ,6 - d ib f o m o - 3 ,5 - b is ( b ro m o m e th y lX -  

t o lu e n e  ^  ■i n t o  t h e  d i th i a c y c l o p h a f t e

4 . 1 . 2  • S y n th e s is  o f  S ,7 -d ib T o m o -6 -m e th y l-2 ^ 1 1 -d ith ia [2 ,Z ]-  

m etacyolophane

The c o u p l in g  o f  m -x y ly le n e  d i t h i o l ^ ^ ^  ^  and th e  d ib ro m id e  

^  unde r  h ig h  d i l u t i o n  c o n d i t i o n s  u s in g  p o ta s s iu m  h y d ro x id e  i n  e t h a n o l -

benzene  y i e l d e d ,  a f t e r  ch ro m a to g ra p h y  o v e r  s i l i c a  g e l ,  75% y i e l d  o f  th e

126  ̂d i t h i a c y c i g p h a n e  mp 172-173  °C (see*Schem e 5 ) .  The s t r u c t u r e  o f

80
>\Aj

[ ■

Br • Br

%

HS SH
+

Br

SH

EtOH, 
KOH

BrBr

EtOH,
KOH,

Br

(75%)

S S

Scheme 5
% TO

7^ was e s t a b l i s h e d  on  t h e  b a s i s  o f  t h e  b a s e  p e a k  m o le c u la r  i o n  a t  m/e
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444 i n  i t s  mass s p e c t ru m .  The Himr sp e c t ru m  o f  showed t h e  m e th y le n e

p r o to n s  a s  two s i n g l e t s  w hich  rem a ined  unchanged  when t h e  sam ple  was

c o o le d  to  -  90 °C. I t  was a s s i g n e d  th e  s y n - s t e r e o c h e m i s t r y  ^  ( s e e

1 '

below ) on t h e  b a s i s  o f  i t s  Hmr s p e c t ru m  by c o m p a r iso n  w i t h  t h e  known 

s y n -c y c lo p h a n e  ^  ( s e e  T a b le  10) s i n c e  t h e  9 -  and 1 8 -  a r y l  p r o t o n s  o f

*\ H.

%
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T a b le .  10. Simr d a t a  (6) f o r  s e l e c t e d  d e r i v a t i v e s

Compound H.% H
o r

R ef .

6 .8 2 6 .9 1 127

6 .5 8 6. 66 120b

u 6 .5 0 6 .5 8  ^ 128

7 .2 8

6 .6 2

(H—18) 

(H -  9) 7 .0  -  6 .9 T h is  work

127
^  a p p e a r  a t  6 6 .6 2  and 7 .2 8  ( t h o s e  f o r  ^  a p p e a r  a t  6 6 . 8 2 ) ,  w he reas  

i f  e x i s t e d  as t h e  a n t i - i s o m e r , t h e  9 -  and t h e  18 -  a r y l  p r o to n s  m igh t  

be  e x p e c te d  t o  be s h i e l d e d  by t h e  o p p o s i t e  b e n zen e  r i n g  t o  oa, 6 5 .0 .  

The c o n seq u e n c e  o f  f a c e  t o  f a c e  s t a c k i n g  b f  b e n z en e  r i n g s ^ ^ ^  i s  s e e n  i n  

t h e  s h i e l d i n g  o f  t h e  14 , 15 and 1 6 -  a r y l  p r o to n s  o f  ^  w hich  a p p e a r  a t  

6 - 7 .0  -  6 . 9 “

T a b le  11. ^^Cmr d a t a  (6 )  f o r some s e l e c t e d  d i th i a c y c l o p h a n e s

Compound S o lv e n t
' V  - Cl4 ^15 ^9 ,

Cl6 S  .

Ref.

22 CDgCl,

k

1 3 7 .7 127,. 3 1 2 8 .7 13 2 .1 3 8 .3 127

• 22 CD^Clg 1 3 6 .1 1 3 0 .6 1 2 5 .8 139 .4 *32.0 *a

2 2 . CDClg 1 3 5 .3 1 2 7 .3 1 2 8 .3 1 3 1 .1
1 3 5 .3

3 8 .2
3 8 .6

T h is
work.

*a : P r i v a t e  com m unica tion  from  Mr. W. A n k e r ,  D epa r tm en t  
C h e m is t ry , U n i v e r s i t y  o f  V i c t o r i a .

f

o f
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F u r th e r  c o n f i r m a t i o n  o f  t h e  a s s i g n e d  s t r u c t u r e  i s  p r o v id e d  by t h e

13 »
Cmr s p e c t ru m  o f  ^  w hich  shows t h e  b r i d g e  c a rb o n s  a t  oa, ô 38

s i m i l a r  to  t h o s e  o f  s y n - ^ ,  w h e re as  t h o s e  o f  t h e  a n t î - i s o m e r ' ^  a r e

a t  oa, 6 32, s h i e l d e d  by t h e  b e n z e n e  r i n g s  b e lo w  .(.see T a b le  1 1 ) .

4 . 1 , 3  A ttem p ted  oonvevaion o f  d ith ia a y e lc p h a n e  ^  to  dibrom o- 

pyren e o r  d icyanopyrene

Among t h e  m ethods a v a i l a b l e  f o r  t h e  e x t e n s i o n  o f  s u l f u r  from 

d i t h i a c y c l o p h a n e s ,  two o f  t h e  most w id e ly  u s e d  a p p ro a c h e s  i n  o u r  group 

a r e  t h e  W i t t i g ^ ^ ^  and t h e  S te v e n s ^ ^ ^  r e a r r a n g e m e n t .

R  ■
W i t t i g  r e a r ra n g e m e n t ;

1 .  n -B uL i o r  LDA
2. Mel__________  .

WITTIG
REARRANGEMENT

STEVENS
REARRANGEMENT

1 .  (MeO)2 CHBF,
2 .  KO-t-Bu o r  

NaH

SMe

SMe

Mel

S te v e n s  r e a r ra n g e m e n t :

Me

\

SMe



'*}

5 6

Wittig 
15 ° C o r  be low

WITTIG

Hgfmann

Mes

Br BrBr
■ STEVENS 2. t-BuOK

on
Br Br Br Br Br

Scheme 5

W i t t i g  r e a r r a n g e m e n t  o f  d i t h i a c y c l o p h a n e  ^  i n  d ry  THF u s in g  l i t h i u m  

d i i s o p r o p y la m id e  o r  n - B u L i , b o t h  a t  0 “C and a t  15 .°,C (room t e m p e ra tu re ) , ,  

f o l lo w e d  by t h e  a d d i t i o n  o f  m e th y l  i o d i d e  gave  t h e  a l k y l a t e d  d i t h i a c y c l o -  

phane  a s  t h e  m a jo r  p r o d u c t ,  a lo n g  w ith -so m e  o f  t h e  d e s i r e d  3 ^ ,  ( s e e

%

. \ ,
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Scheme 6 )  ̂ T h i s  a p p e a re d  r a t h e r  u n u s u a l  a s  W i t t i g  r e a r r a n g e m e n t s  o f  *

d i t h i a c y c l o p h a n e s  a r e  u s u a l l y  c a r r i e d  o u t  a t  room t e m p e r a t u r e  or- a t  0

®C. When t h e  r e a r r a n g e m e n t  was c a r r i e d  o u t  a t  22 °C and m e th y l  i o d i d e

a d d e d ,  t h e  d e s i r e d  c y c lo p h a n e  was o b t a i n e d ' a s  a  m ix tu r e  o f  s t e r e o -

• .
i so m e rs  i n  56% y i e l d .  I t  seems t h a t  t h e  r e a r r a n g e m e n t  o f  t h e  f i r s t - '

. ■
form ed a n io n  a t  o r  below  15 °C i s  r a t h e r  s l u g g i s h ,  p r o b a b l y  b e c a u s e  t h e

.
b rom ine  atoms w hich  a r e  o r t h o -  o r  p a r a -  t o  t h e  s i t e  of> t h e  ne’g a t i v e  

c h a rg e  can  s t a b i l i z e  t h i s -  a n io n  by i n d u p t i v e  e l e c t r o n  w i th d r a w l .  Re- 

a r ra n g e m e n t  a t  s t i l l  lo w e r  t e m p e r a t u r e s  ( -  5 °C, -  40 °C and -  78 °C) 

l e d  e s s e n t i a l l y  to  b r id g e  a l k y l a t i o n  r a t h e r  th a n  s u l f u r  e x t r u s i o n .  I t  

was a l s o  d i s c o v e r e d  t h a t  when t h e  r e a c t i o n  was s c a l e d - u p ,  a f t e r  th e

a d d i t i o n  o f  LDA was c o m p le te ,  t h e  r e a c t i o n  m ix tu re  w a s .h e a te d  under

r e f l u x  f o r  0 .5  h ,  c o o le d  and t h e n  m e th y l  i o d id e  was a d d e d ,  i t  gave
C*

77% y i e l d  o f  I W  a f t e r  c h ro m a to g ra p h y .  A t tem p ts  to  i s o l a t e  a  p u re  iso m er  

o f  1 ^  Jay r e c r y s t a l j f c ^ ^ ^ o n  from  v a r i o u s  s o l v e n t s  f a i l e d .  The c h a r a c t e r - »

i s t i c  -SCH^ p r o to n s  o f  a p p e a r e d  as  s h a rp  s i n g l e t s  a t  6 1 .8 8  and

■ 1 ■ ■.1 .8 5  i n  t h e  Hmr s p e c t ru m  and t h e  compound h a d  t h e  c o r r e c t  m o le c u la r
I

w e ig h t  a s  i n d i c a t e d  by mfe a t  472 .  ̂ %

A l t e r n a t i v e l y ,  t r e a t m e n t - o f  ^  w i t h  d im e th o x y ca rb o n iu m  f l u o r o -

„  ^  ■b o r a t e  gave t h e  S te v e n s  s a l t  mp 190-191  < C, a s  a w h i t e  powder

2BF,

SMe,

102 ( ^ ,  X = Br)
. WA)

2BF

Me

X

-  CN)



5 8

(86% y ie ld - ) .  .S t e v e n s  R ea rrangem en t o f  s a l t  w i th  p o t a s s iu m  t -

b u to x id e  i n  d ry  t e t ’r a h y d r o f u r a n  gave ^  m ix tu re  o f  s t e r e o i s o m e r s  o f  t h e

c y c lo p h a n e  I j ^  i n  86% y ie ld *  I t  was n o t  p o s s i b l e  t o  c r y s t a l l i z e  a-

s i n g l e  i s o m e r . f r o m  t h i s  m ix t u r e .  The pe^k-"at m/e 472 i n  t h e  mass

s p e c t ru m  a lo n g  w i th  t h e  s i g n a l  o f  th e  -SCri_ p r o t o n s  a t  6 2 .2  and 1 .1

s u g g e s t e d  as  t h e  c o r r e c t  s t r u c t u r e .  C o n v e rs io n  o f  t o  th e

b i s ( s u l f o n iu m ) s a l t  p ro c e e d e d  i n  p o o r  y i e l d  (22%) and s u b s e q u e n t

t r e a tm e n t  o f  w i th  p o ta s s iu m  t - b u t o x i d e  bp th , a t  r e f l u x  and room 
* \

t e m p e r a tu r e  d id  n o t  g iv e  a  p r o d u c t  t h a t  Could be p o s i t i v e l y  i d e n t i f i e d .

Hence t h i s  a p p ro a c h  w a s * - s l ig h t ly  .m o d if ied  t o  g e t  to  'compound

A lth o u g h  i n  th e  e a r l y  s t a g e s  o f  c y c lo p h a n e  c h e m is t r y  e f f e c t i v e

m ethods to  c o n v e r t  a  c y c lo p h a n e ,  e .p .* ,  104 to  t e t r a h y d r o p y r e n e

w ere  n o t  w e l l  e x p l o i t e d ,  i t  h a s  been  a c c o m p lis h e d  i n  e x c e l l e n t  y i e l d s
, *

114
by a  t r a n s a n n u l a r  r e a c t i o n  w i th  p y r id in iu m -h y d ro b ro m id e  p e rb ro m id e

#

113(P-y.HBr^) o r  w i th  F e -B r^ .  The s u b s t i t u t e d  p y re n e  ^  c o u ld  be o b t a i n e d

113by d e h y d ro g e n a t io n  o f  t e t r a h y d r o p y r e n e  105 w i th  DDQ i n  b o i l i n g
VWi

benzene  o r  t o lu e n e  ( s e e  Scheme 7 ) .  •

129D e s u l f u r i z a t i o n  o f  100 u s in g  Raney N i c k e r ,  w h ich  c o n t a i n s
I 'W V.

enough hydrogen  f o r  t h i s  r e a c t i o n ,  i s  an  i d e a l  way o f  c l e a v i n g  t h e  ^
'

C-S bond to  g e n e r a t e  th e* M e tac y c lo p h a n e  104 . However, when we
<VAA.

130
a t t e m p te d  to  c l e a v e  t h e  C-S l i n k a g e  u s in g  W-7 Raney N i c k e l  - 

c a t a l y s t ,  t h e  "Slmr s p e c t ru m  o f  t h e  p r o d u c t  and i t s  mass sp e c t ru m  

s u g g e s t e d  i t  t o  be m a in ly  103 a lo n g  w i th  some B i r c l t  r e d u c t i o n  p r o d u c t .
'VA/V, ■ * '

131Thus h y d r o g e n o ly s i s  o f  t h e  a r y l  h a l i d e  had o c c u re d  a lo n g  w i th

* 131c
d e s u l f u r i z a t i o n .  Use o f  Li-NH^ypr Al(Hg) to  e f f e c t  a  r e d u c t i v e
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•C-S bond f i s s i o n  f a i l e d  t o  g iv e  1 ^ .  So t h i s  a p p ro a c h  t o  t h e  p y re n e  

s k e l e t o n  was abandoned  f o r  t h e  moment.

» »

RaNi o r
MeS IMe

. . Li/NH
I

Br Br Br

RaNi

Br Br Br

DDQ

Ik

Scheme 7

&& , X = Br X .  CH^OR

, X .  CN X .  CR^SH

,  X .  CHO

As b o th  Hofmann e l i m i n a t i o n  and d e s u l f u r i z a t i o n  o f  100 t o  y i e l d  t h e
W V /

m eta cy c lo p h a n e  d l e n e ( o r  t h e  p y re n e )  and t h e  m e ta c y c lo p h a n e  

r e s p e c t i v e l y  f a i l e d ,  an  a l t e r n a t i v e  r o u t e  t o  c o n s t r u c t  t h e  p y re n e  

was a t t e m p t e d .  S u l f i n i c  a c i d  e l i m i n a t i o n ^ ^ ^  from  s u l f o n e s  to  g e n e r a t e  

t h e  a lk e n e  sy s te m  h a s  had some s u c c e s s .  Thus t h e  r e a r r a n g e d  p r o d u c t ,  

was o x i d i z e d  t o  t h e  s u l f o n e  by h e a t i n g  a  s o l u t i o n  o f  i n
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B e n z v n e -S te v e n s

BrBr

W i t t i g  o r  

S te v e n s
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Scheme 8
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b e n z e n e - a c e t i c  a c i d  ( 1 :1 )  -and hydr'ogen p e r o x i d e  (30%)' f o r  5 hr ( s e e

Scheme 8 ) .  T h i s  gave t h e  s u l f o n e  a s  .a m ix tu r e  o f  s t e r e o i s o m e r s ,  mp
J

120-141  °C. As i n  t h e  c a se  o f  100 , a  p u r e  isom&r o f  106 c o u ld  n o t  be 

o b t a i n e d  by r e c r y s t a l l i z a t i o n  p r o c e s s .  The e l i m i n a t i o n  o f  m e t h a n e s u l f i -  

n i c  a c i d  (MeSO.H) from 106 was a t t e m p te d  u s in g  p o ta s s iu m  t - b u t o x i d e  i n

r e f l u x i S g . t e t r a h y d r o ^ u r a n . ■ T h i s  d i d  n o t  g iv e  any p r o d u c t  t h a t  c o u l d 'b e

» ) ’ 132
a s s i g n e d * t h e  s t r u c t u r e  75 o r  77. Use o f  p o ta s s iu m  c a r b o n a te  i n  DMF

°  'V\j

d id  n o t  p ro v e  to  be any more u s e f u l .  Therm al e l i m i n a t i o n  o f  b e n z e n e -

s u l f f e n ic  a c i d  (PhSOH) t o  g e n e r a t e  t h e  'C=C bond h a s  been  r e p o r t e d  by

133 •  •

B o e k e lh e id e i  . We. t h u s  ' i n v e s t i g a t e d  su c h  an  e l i m i n a t i o n  on t h e

s u l f o x i d e  107 . The s e l e c t i v e  o x i d a t i o n  o f  a  s u l f i d e  to  t h e  c o r r e s p o n d -'W\;

i n g s u l f o x i d e  w i t h o u t  g e n e r a t i o n ,  o f  t h e  s u l f o n e s  h a s  b e e n 'e x p l o r e d
i \  ̂ f  ̂ '

r a t h e r  e x t e n s i v e l y  r e c e n t l y  u s ih g ^ b ro m ih e /p o t .a s s iu m  b i c a r b o n a t e  o r
» ' 134b

t i t a n i u m  ( I I I )  c h l o r i d e / h y d r o g e n - p e r o x i d e  a s  o x i d a n t s .  Thus

« o x i d a t i o n  o f  1 ^  w i th  brom ine i n  aqueous  b i c a r b o n a t e  s o l u t i o n  gave 77%

y i e l d  o f  t h e  s u l f o x i d e  107* as  a b u f f  c o lo r e d  p r o d u c t  ^ W hile  t h e  ^ m rw v  . ’ t

s p e c t ru m  c l e a r l y . i n d i c a t e d  a m ix tu r e  o f  s t e r e o i s o m e r s  w i t h  th e  -SOCH^ 

p r o to n s  a p p e a r in g  a s  s i n g l e t s ' a t  6 2 .7 7  and 2 .7 4 ,  i t s  i r  s p e c t ru m  showed 

th e  c h a r a c t e r i s t i c  S=0 s t r e t c h  a t , l 0 4 0  cm,^ and a  peak  a t  505 c o r r e s p o n d ­

in g  t o  c o n f i r m e d . t h e  s t r u c t u r e  a s  107 . . I n  an  e f f o r t  t o  c o n v e r t  th e '  \

s u l f o x i d e  107  t o  t h e  d ie n e  77 and* h en ce  f i n a l l y  ' t o  7 5 ,  a s o l u t i o n  o f  107<vw w  , w  w v

i n  N - m e t h y l - 2 - p y r r o l i d i n o n e .  was h e a t e d  t o  r e f l u x  f o r  20 h  and gave 65% 

y i e l d  o f  l ,3 - d ib r o m o - 2 - m e t h y l p y r e n e  7^  a s  a  y e l lo w  p r o d u c t ,  mp 2 3 8 -2 4 0

®C. The compound ^  p ro v ed  to  be h i g h l y  i n s o l u b l e  i n  .most o r g a h i c

s o l v e n t s ,  ^ m r  o f  t h e  compound, a lo n g  w i t h  t h e  p e a k  a t  m /e  c o r r e s p o n d -

i n  g to  MH , c o n f i rm e d  th e  s t r u c t u r e  o f  75. ’ ■
. . w  , .



62

8 .36  -  7.97

DIQ□
6 3 .1 3

8 .1 8

8 .5 1

N e i th e r  p y r o l y s i s  o f  a t  500 °C 'q o r  t h e r m o l y s i s  in. s u l f o l a n e  o r
‘ ' 

c h lo ro b e n z e n e  provQ^ e f f e c t i v e  t o  p r e p a r e  As an a l t e r n a t i v e ,  t h e

d i t h i a c y c l o p h a n e  ^  was c o n v e r t e d  tb ' v i a  a B e n z y n e -S te v e n s

re a r r a n g e m e n t  by e d d in g  a s o l u t i o n  o f  a n t h r a n i l i c  a c i d  i n  1 , 2 - ^

d i c h l o r o e t h a n e  to  a  r e f l u x i n g  m ix tu r e  o f  t h e  d i t h i a c y c l o p h a n e  and

iso a m y l  n i t r i t e  i n  1 , 2 - d i c k l o r o e t h a n e .  The B e n z y n e -S te v e n s  r e a r r a n g e à ^ ^

p r o d u c t  (73% y i e l d )  was a  p a l e  y e l lo w  s e m i - s o l i d  w hich  gave

a  s m a l l  peak  a t  m /e  597 c o r r e s p o n d in g  t'o MIT*'. W hile  m any, m ethods a r e
■

a v a i l a b l e  to  o x i d i z e  s u l f i d e s  t o  s u l f o n e s ,  i n c l u d i n g  t h e  c h e m o s e le c t iv e

135o x i d a t i o n  u s in g  p o ta s s iu m  h y d ro g en  p e r s u l f a t e  , iC was more

c o n v e n ie n t  t o  use  hy d ro g èn  p e r o x i d e - a c e t i c  a c id  a s  i n  t h e  e a r l i e r  c a s e .

T h is  gave s u l f o n e  (90% y i e l d ) , w hich  on r e c r y s t a l l i z a t i o n  from

b en zen e  gave c o l o r l e s s  c r y s t a l s ,  mp 308-311  °C and showed t h e  s t r o n g

-1  '  /

a b s o r p t i o n  due t o  s u l f o n e s  a t  1325 and 1160 cm . V arious- b a s e
*  ' 

e l i m i n a t i o n s  o f  b e n z en e ,  a u l f i n i c  a c id  from, w ere  ^ t e m p t e d  u s in g

* O th e r  t r i a l s  i n c l u d e  (a )  t -B uO K -d ig lym e , r e f l u x ,  .(b )  t-BuOK-DMF, 

r e f l u x ,  (c )  DBU- t-BuOK-THF, r e f l u x  and ( d j  NaH-EMF, r e f l u x .
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p o ta s s iu m  t - b u t o x i d e ,  b o th  w i t h  and w i th o u t  added 1 , 8 - d i a z a b i c y c l o -

[ 5 ,4 ,0 ] u n d e c - 7 - e n e  (DBU), i n  r e f l u x i n g  t e t r a h y d r o f u r a n ;  . t h i s  d id  n o t  ,

»
y i e l d  t h e  d ie n e  ]Ĵ  o r  t h e  p y re n e

Th^ r e d u c t i v e  e l i m i n a t i o n  o f  m e th a n e s u l f o n y l  g roup  h a s  been

136 *a c h ie v e d  by t h e  .use  o f  chromous ( I I )  s u l f a t e  . w hich  was found 

s u i t a b l e  as  a s e l e c t i v e  r e d u c i n g 'a g e n t  i n  t h e  c a s e  o f  compounds c a r r y i n g

h a lo g e n  group bound on t h e  a r y l  r i n g .  Corey e t  have  used

aluminum am a lg am .fo r  t h e  r e d u c t i o n  o f  g - k e t o s u l f o x i Ü e s ,  g - k n t o s u l f o n e s
* . •

and 6 - k e t o s u l f o n a m i d e s .  ' •

R

R = 2-OH, 3-OH, 4-OH, 2 - C l ,  3 - C l , 4 - C l ,  2-ObJe, 3-OMe, 4-OMe e t c .

H y d ro g e n o ly s i s  o f  p h e n y l  s u l f o n e  u s in g  chromous s u l f a t e  gave th e  

m e ta c y c lo p h a n e  a s  c o n f i rm e d  by  mass s p e c t ru m ,  b u t  i n  d i s a p p o i n t ­

i n g l y  low y i e l d s  (15-20% ). . Use o f  aluminum amalgam r e t u r n e d  u n c o n v e r t ­

ed  s t a r t i n g  m a t e r i a l .  To s e e  w h e th e r  th e  e l i m i n a t i o n  o f  b e n z e n e -  

s u l f e n i c  a c id  (PhSOH) was any é a s i e r ,  p h e n y l  s u l f i d e  was t r e a t e d

w i th  b fom ine  i n  t h e  p r e s e n c e  o f  aqueous p o ta s s iu m  b i c a r b o n a t e  to  g e t  

t h e  s u l f o x i d e  in  71% y i e l d ,  mp 243-246 °G; t h i s  was c o n f i rm e d  by 

th e  p e a k ^ a t ^ / e  629 i n  i t ’s  mass s p e c t ru m .  No i d e n t i f i a b l e  p r o d u c t s  

w ere  o b t a i n e d  by t h e r m o ly z in g .^ y ^  i n  N - m e t h y l - 2 - p y r r o l i d i n o n e .

Brbmobenzene can  be  e a s i l y  c o n v e r te d  t o  b e n z y l  a l c o h o l
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v i a  i t s  o r g a r t o - l i t h iu m  compopn
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' Br CHgOH

T re a tm e n t  o f  ^  i n  d ry  t e t r a h y d r o f u r a n  w i th  n -B u L i ,  f o l lo w e d  by a d d i -

Br

1 . n -B uL i

2 . HCHO

Scheme 9

, ' Cion of paraformaldehyde and then refluxing for 2 h did not yield
! '

âny of the dialcohol (se e  Scheme 9 ) .

A s e t  o f  r e a c t i o n s  s i m i l a r  t o  t h o s e  t r i e d  e a r l i e r  w ere  c a r r i e d  

o u t  u s in g  th e  d i n i t r i l e  ^ ^ 0 ^ ,  w hich  c o u ld  be p r e p a r e d  from t h e  d i t h i a -

■ . 138
c y c lo p h a n e  ^  i n  two ways ( s e e  Scheme 1 0 ) .  von B raun r e a c t i o n  o f  

100 ( p r e p a r e d  from  78 by S t e v e n s  r e a r r a n g e m e n t  a s  shown i n  Scheme 6) 

i n  c up rous  c y a n id e  i n  N - m e t h y l - 2 - p y r r o l i d i n o n e  u n d e r  r e f l u x  

c o n d i t i o n s  gave  t h e  d icyano-com pound  lOOA (38% y i e l d ) , t h e  o v e % -a l l
fVVXA/

T y ie ld ,& o m  78 b e ih g  28%. In  o r d e r  t o  im p r o v e . th e  y i e l d ,  78 w a s ~ £ i r s t

* ' ' , 
c o n v e r te d  to  t h e  d i n i t r i l e  78A w hich  c o u ld  t h e n  b e  s u b j e c t e d  to  t h e

W \/
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d e s i r e d  r e a r r a n g e m e n t .  H e a t in g  a s o l u t i o n  o f  ^  i n  N -m e th y l -2 % ^

p y r r o l i d i n o n e  u n d e r  r e f l u x  w i t h  an e x c e s s  o f  c o p p e r ( I )  c y a n id e  f o r  24 h
■

gave  a 77% y i e l d  o f  t h e  d i n i t r i l e  ^ ^ ^ , .m p  235-237  °C. The p r e s e n c e  o f

m o le c u la r  io n  a t  m/e 336 i n  i t s  mass s p e c t ru m  a lo n g  w i th  th e  s t r o n g
-1

a b s o r p t i o n  a t  2220 cm f o r  t h e  -CN s t r e t c h  i n  i t s  i r  sp e c tru m
I

c o n f i rm e d  i t s  s t r u c t u r e .  When a  s o l u t i o n  o f  i n  d ry  t e t r a h y d r o f u r a n
■

wa,s t r e a t e d  w i t h  l i t h i u m  d i i s o p r o p y la m id e  a t  15 ®C and th e

r e s u l t i n g  d i a n i o n  q u enched  w i th  m eth y l  i o d i d e ,  t h e  p r o d u c t  o b t a i n e d  i n

65% y i e l d  had a  m o le c u la r  i o n  a t  m/e 364 c o r r e s p o n d in g  t o  1 0 ^ .

However,’ i t s  ,^Hmr s p e c t ru m  i n d i c a t e d  i t  t o  be a s  shown by a  d o u b le t

a t  6 1 ,5 2  ( J  “  7 H z). T h is  was p ro b a b ly  p r e s e n t  a s  a  m ix tu re  o f  - iso m ers ,

a s  i n d i c a t e d  by t h e  mp r a n g e ,  d e p e n d in g  on t h e  p s e u d o - a x i a l  o r  p s e u d o -

e q u a t o r i a l  o r i e n t a t i o n  o f  t h e  e n t e r i n g  m e th y l  g ro u p .  T h i s  was s i m i l a r

t o  t h e  p r e v i o u s  c a s e  o f  C o n v e rs io n  o f  t o  t h e  c o r r e s p o n d in g

b i s ( ë u l f o n iu m ) s a l t  (93% y i e l d )  u s in g  d im e th o x y c a rb o n iu m  f l u o r o b o r a t e
*

and s u b s e q u e n t  t r e a t m e n t  w i th  p o ta s s iu m  t - b u t o x i d e  i n  d ry  t e t r a h y d r o ­

f u ra n  gave (25% y i e l d )  a s  a m ix tu re  o f  i s o m e r s ,  t h e  p r o to n s  o f  t h e
V/' '

-SCH^ group a p p e a r in g  a s  s i p g l e t s  a t  6 2 .0 5  and 1 .9 0 .  The m ix tu r e  o f  

i so m e rs  o f  o b t a i n e d  by t h e  von Bra'un r e a c t i o n  of- th e  b rom ide

was t r e a t e d  w i t h  d im e th o x y c a rb o n iu m  f l u o r o b o r a t e  t o  g iv e  t h e  s a l t  (83%). 

Hofmann e l i m i n a t i o n ,  by t r e a t i n g  w i th  p o t a s s iu m  t - b u tO x id e  i n  r e f l u x i n g  

t e t r a h y d r o f u r a n  d i d  n o t  g iv e  any i d e n t i f i a b l e  p r o d u c t s  t h a t  would  

c o r r e s p o n d  t o  o r \ ^ ^ .  The m ix tu r e  o f  i so m e rs  c o u ld  n o t

be c l e a n l y  d e s u l f u r i z e d  t o  by u s in g  W-7 Raney N ic k e l .

As t h e  Hofmann r o u t e  f a i l e d ,  s u l f o x i d e  t h e r m o l y s i s  was a t t e m p te d  

on t h e  d icyano -com pound  w hich was p r e p a r e d  a s  a  m ix tu re  o f
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s t e r e o i s o m e r s  from  l a  q u a n t i t a t i v e  y i e l d  u s i n g  ' faronti n e  i n  aqueous

p o ta s s iu m  b i c a r b o n a t e  ( s e e  ‘Scheme 1 1 ) .  The s u l f o x i d e  had  t h e

c h a r a c t e r i s t i c  -CN s t r e t c h  a t  2224 cm ^ w h e re a s  t h e  a b s o r p t i o n  a t
/  !

— 1 . '
1050 cm c o r r e s p o n d s  to  t h e  s u l f o x i d e  (8=0 s t r e t c h ) .  ̂ T h e r m o ly s i s  o f  a

. .
r e f l u x i n g  s o l u t i o n  o f  . s u l f o x i d e  i n  N - m e t h y l - 2 - p y r r o l i d l n o n e  d id  n o t

l e a d  to  t h e  d ic y a n o p y re n e  When t h e  d i p i t r i l e  was  ̂ r e d u c e d  w i th

d i i s o b u ty la lu m in u m  h y d r i d e ,  i t  gave  w hat a p p e a re d  t o  be  m o s t ly  t h e
• • . > 4.

s u l f i d e  J>QÛA w i th  t h e  rCN f u n c t i o n a l i t y  u n to u c h e d  a s  i n d i c a t e d  by t h e

M eO S^ H^ONe

Ù
OHC^ T  "CHO

m

lOOB/C

Î

> \ D I ^

MeOS^

V
UO

4 ------

CHO

CH.OH

NC

OHHO

Scheme 11

Br Br
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«
i r  s p e c t ru m .  No e v id e n c e  f o r  t h e  p r e s e n c e  of^ was o b t a i n e d .  As, *

t h e  r e d u c t i o n  ^  t h e  d i n i t r i l e  t o  t h e  d i a ld e h y d e  f a i l e d  i n  t h e  p r e s e n c e

o f  a s u l f o x i d e  f u n c t i o n a l i t y ,  d i i s o b u ty la lu m in u m  h y d r id e  was added  t o

a  s o l u t i o n  o f  t h e  d i n i t r i l e  i n  b e n z en e  t o  g iv e  t h e  d i a ld e h y d e

(97% y i e l d )  a s  a  m ix tu re  o f  s t e r e o i s o m e r s  w hich had t h e  a l d e h y d i c  p r o to n s  •

►
"at Ô 1 0 .7 2  and 1 0 .6 6 .  Sodium b o r o h y d r id e  r e d u c t i o n  o f  t h e  d i a ld e h y d e

; |^0^  i n  t e t r a h y d r o f u r a n  gave 91% y i e l d  o f  t h e  d i a l c o h o l  The
, . *

scheme e n v is a g e d  h y d r o g e n o l y s i s  o f  t h e  C-S l i n k a g e  o f  u s in g  Raney

N ic k e l  l e a d i n g  t o  w h ich  c o u ld  t h e n  be  c o n v e r te d  t o  t h e  t e t r a h y d r o -

p y re n e  v i a  t h e  m e ta c y c lo p h a n e  ^^^0^. However, Raney n i c k e l  t r e a t -  ,

ment o f  t h e  d i a l c o h o l  lOOC l e d  t o  t h e  r e d u c t i o n  o f  n o t  o n ly  t h e  C-S l i n k ,
'V W V  ' . ’

b u t  i t  a l s o  r e s u l t e d  i n  some r e d u c t i o n  o f  t h e  b e n z y l i c  a l c o h o l  t o t h f
% f

c o r r e s p o n d in g  t o l u e n e .  T h is  was c o n f i rm e d  by r e f l u x i n g  t h e  r e s u l t i n g  

a l c o h o l  w i t h  c o n c e n t r a t e d  h y d ro b ro m ic  a c i d  (48%) and t h e  \ lm r  s p e c t ru m  

o f  t h e  p r o d u c t  i n d i c a t e d  more than , one m e th y l  g ro u p .  So t h e  a p p ro a c h  

t o  b rom ide  from- t h e  d i a l c o h o l  ,^^0^ f a i l e d .

4.‘1 .4  ^ r o l y s i s  o f ‘s u lf o n e ' to  y i e l d  metaoyolophccne

The r o u t e s  a t t e m p te d  above i h  w h i c h .g e n e r a t i o n  o f  a  new C-C bond 

o r  C=C bond sy s te m s  from  tw o .C -S -C  bonds o f  a  d i t h i a c y c l o p h a n e  by c h e m ic a l  

r e a g e n t s  d i d  n o t  p ro v e  t o  be  p a r t i c u l a r l y  u s e f u l .  P y r o l y s i s ,  how ever ,  

i s  a  m ethod w hich  i s  o f t e n  n o t  e x p l o r e d .  I t  h a s ,  however', b e e n  u se d  as 

a  t e c h n i q u e  t o  g e n e r a t e  n o t  o n ly  C-C bonds b u t  a l s o  N-N bonds  i n  some 

c a s e s , . a s  shown be low  :
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• t
* i

CH

CH^ClCIH^C
700 °C (R é f .  ,139a)

ClHgC CH^Cl

CH

1 . ,  750 °C 

2 .  NaOH

, f h
P y r i d i n e ,  ^  
25 ° '

C
I

R3 / ^  '^NH P y r i d i n e  
90 °C

C I2SO

CIH

(R é f .  139b) ■

Ph

T o lu e n e (R e f .  139c)

t

Such th e r in o ly s e s  o r  even  p h o t o l y s e s  have  b e e n  a p p l i e d  t o  t h e  s y n t h e s i s

o f  c y c lo p h a n e s .  For e x a m p le ,  t h e  p h o t o e x t r u s i o n  o f  s 'u lfu r^ ^ ^ *

140 142 143as u l f u r  d io x id e  ’ o r  c a rb o n  d i o x i d e  from  t h e ' s u l f i d e ,  s u l f o n e

o r  e s t e r  p r e c u r s o r s  have  b e e n  u s e f u l  and r e s u l t  i n  h ig h  y i e l d s .

-  Zo az.- S, SOg, .

$  .

hv
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More g e n e r a l l y , h o w e v e r ,  p y r o l y s i s  h a s  b e e n  u s e d .  , T h is  h a s  b e e n  r e c e n t l y

rev lew ed ^ ^ ^^  The s u l f o n e  p y r o l y s i s  a p p ro a c h  r e s u l t s  f^om a  f a c i l e
'  '  '  ;  '  '  ^

e x t r u s i o n  .of s u l f u r  bondad t o  b e n z y l  g ro u p s  fo rm in g  r e l a t i v e l y  s t a b l e ,

' '  '

‘ r a d i c a l s  d u r in g  d e s u l f u r i z a t i o n , i n  c o n t r a s t  t o  s u l f u r  bohded t o  ^ I k y l

, g r o u p s .  W ith t h i s  i n  v ie w ,  d i t h i ^ y c l o p h a n e . w a s  o x i d i z e d  u s in g

»
h y d ro g en  p e t o x i d a  i n  a c e t i c  a c i d  t o  t h e  c o r r e s p o n d in g  s u l f o n e  i n  

9 2 % , y i e l d  ( s e e  Scheme 1 2 ) ,  The s t r u c t u r e  o f  126 , w h ich  was h i g h ly  

i n s o l u b l e  i n  c h lo ro fo ,rm , d i c h lo r p m e th a n e ,  b e n z e n e  e t c . ,  was confirm ed .
1 ? '

by Hmr i n  CF^CO^D.ias w e l l  a s  by t h e  p e a k - t h a t  was s e e n  a t  m/e 509

H Og/HAc

(92%) O S

n

■ Scheme l 2

.2 .. A ,650 °C 

(49%)

c o r r e s p o n d in g  t 6 ‘flH^'. ■ T h ^ o e x tr u s . io n  o f ' s u l f u r  d i o x i d e  from  d id

n o t . - g iv e  g o o d  y i e l d  o f  x 0 4  and i t  c o u ld  n p t  b e  s c a le d ^ u p  e a s i l y .  How- j
'  . / -  • •  .  c • )  '

■- e v e r *  . p ÿ t o l y s i s  o f  o n d g p lo w  p jr e s su r è  a t  6 5 0 - 7 0 0 .° C  g a v e  a  sm o o th

, w  • • * • , «
.* .  r e a c t  i o h  w h ic h ’w a s coiûpJLete i n  a b o u t  2 m in u t e s  a n d ‘ g a v e  49% y i e l d  o f  

.. , 6 - d iJ ) r o m o - 5 - A e t h y l[ 2 , 6 ] .m a ^ ^ y o lo p A a ^  j|jj04 a s . a  p a l e  y e l l o w  p o w d e r , mp

. 1 1 5 - 1 Ï 7  ®C. T he i n t e r n a l  p r^ t& n s a t  p o s i t i o n s *  8 ^ d  16  a r e  w e l l  s h i e l d e d

' . '  V  ' . '  ' ;  .

!.
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by t h e ^ o p p o s i t e  b e n z e n e  r i n g  as  t h e  c y c lo p h a n e  h a s  a n  a n t i - c o n f i g u r a t i o n

. and thfe i n t e r n a l  p r o to n s  a p p e a r  a s  s i n g l e t s  a t  6 4 .2 7  and 4 .4 1

r e s p e c t i v e l y , .  The p r o to n s  o f  t h e  e t h a n o - b r i d g e  a p p e a r  a s  a  com plex

■ AA’BB' sy s te m  and p r o to n s  o f  t h e  m e th y l  g roup  a p p e a r  a s  a  s h a rp  s i n g l e t .

• The compound d i d  n o t  e x h i b i t  any t e m p e r a tu r e - d e p e n d a n t  “Slmr

s p e c t r u m .*  T a b le  12 i n d i c a t e s  t h e  c h e m ic a l  s h i f t s  o f  t h e  i n t e r n a l  p r o to n s  
' ' ' * ' ' "

o f  c y c lo p h a n e  a lo n g  w i th  some o t h e r  c y c lo p h a n e s .

T a b le  12. "Sûnr d a t a  (6) f o r  t h e  i n t e r n a l  p r o to n ^  

•,of some m e ta c y c lo p h a n e s .  .

Compound

[ 2 ,2 ]m e ta c y c lb p h a n e  

i n t e r n a l ' ' H '

8 - m e t h y l [ 2 ,2 ]m e ta c y c lo p h a n e  

i n t e r n a l  *H'

i n t e r n a l  'Me'

4 , 6 -d ib ro m o -r5 -m e th y l-  

[2 ,2 1 m e ta c y c lo p h â n e

H-8

• . H-16

4 .1 7

3 .7 2

0 .4 8

R ef .

144

145

4 .2 7

4 .4 1

T h is
w ork .

"H aying  o b t a i n e d  4 ,6 - d ib r o m o - 5 - m e th y l [ 2 ,2 ] m e ta c y c lo p h a n e  1 ^ ,  t h e  n e x t  

o b je c t iv e "  was i t s  c o n v e r s io n  t o  .the  b is (b ro m o m e th y l)-c o m p o u n d  ^ ^ 0 ^  

o r  w h ic h ,  i t  was hoped , would  be  more s o l u b l e  t h a n  t h e  b rom opyrene

^  o r  t h e  b r o m o t n e t h y l p y r e n e ' - '  ' ■ .
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4 . 1 . 5  ConveTsion o f  m etaayotdphane to  lj3 -h i8 (b ro m o m e th y l)-  

2 -m e ih y l-4 j5 ^ 9 jl0 - te trà h y d x ‘opÿrene  ,{^0^

The tWo r o u t e s  f o r  t h e  c o n v e r s io n  o f  t h e  b rom ide  t o  ,^^0^ 

a r e  shown i n  Scheme 13. ' 4 ,6 - D ib ro m o -5 - m e th y l [ 2 ,2 ] m e ta c y c lo p h a n e  

i n  c a rb o n  t e t r a c h l o r i d e  wes t r e a t e d  w i th  b rom ine  i n  t h e  p r e s e n c e . o f  

i r o n  powder and t h i s  gave  98% y i e l d  o f  t h e  t e t r a h y d r o p y r e n e  w i t h  

t h e  t r a n s a n n u l a r  1 0 b ,1 0 c -b o n d  i n  p l a c e .  C o n v e rs io n  o f  t h e  b rom ide  

t o  t h e  d i n i t r i l e  was r e a d i l y  a c c o m p li s h e d  i n  41% y i e l d  by u s in g

c u p ro u s  c y a n id e  i n  N - m e t h y l - 2 - p y r r o l i d i n o n e .  The d i n i t r i l e  1 0 ^ ,  mp 

224-226 °C, showed _jLii i t a _ i r  s p e n t  rum  the-^=CN—st-retc-h  a t - 2230 cm ^ and 

i n  i t s  mass s p e c t ru m  th e  m o le c u la r  i o n  a t  m /e 270 c o r r e s p o n d in g  t o  t h e  

d i n i t r i l e .  R e d u c t io n  o f  th e  d i r j i t T i l e  t o  t h e  d i a ld e h y d e  was ^

a c h ie v e d  i n  80% y i e l d  by u s in g  d i i s o b u ty la lu m in u m  h y d r id e  i n  h e x a n e .

The d i a ld e h y d e  mp 147-149 °C, showed t h e  a ld e h y d e  p r o to n  a t  6 ■

,10.,72 i n  i t s  Hmr s p e c t ru m ,  th e  a ld e h y d i c  caçbon  , a t  1 9 4 .2  ppm i n  t h e .

13 -1  ■ 'Cmr s p e c t r u m ,  t h e  c a rb o n y l  s t r e t c h  a t  1682 cm I n , i t s  i r  s p e c t ru m

and t h e  m o le c u la r  i o n  a t  m/e 276 , w i t h  p eak s  i n d i c a t i n g  l o s s  o f  -CO

and -CHO g r o u p s ,  i n  i t s  mass s p e c t ru m .  The sod ium  b o r o h y d r id e

r e d u c t i o n  o f  t h e  d i a l d e h y d e i n  t e t r a h y d r o f u r a n  l e d  t o - t h e  r e q u i r e d .

b i s ‘(h y d ro x y m e th y i)  t e t r a h y d r o p y r e n e  mp 180-182  °'C, i n  92% y i e l d .

In  t h e  i r  s p e c t ru m  o f  t h e  .c a rb o n y l  a b s o r p t i o n  was a b s e n t  and  t h e

-OH s t r e t c h  o f  t h e  a l c o h o l  a p p e a re d  a t  3280 cm The d i a l c o h o l

on r e f l u x i n g  w i th  hyd ro b ro m ic  a c i d  (48%), gave l , 3 - b i s ( b r o m o m e th y l ) , - 2 -
• - . ■ - . • '  , ■ » 

< m e t h y l - 4 ,5 ,9 ,1 0 - t e t r a h y d r o p y r e n e  mp 208-210  °C, i n  74% y i e l d .

,The s t r u c t u r e  o f  was c l e a r  frpm  t h e  m ass  sp ec tru m , w i t h  t h e

V



1 .  CuÇN X=CN, 87%)

"2. D I B A L ( I ^ ,  X=CH.O,89%)

3 . N a B H ^ ( , |^ ,  X'CHgOH, 97%)

4 .  H B r ^ ^ ^ ,  X^CHgBr, 57%)

B rg /F e

(98%)

1. Wr^/Fe

2. T h i o u r e a , I

3 . oh'

Scheme

1 .  CuCN X=CN, 41%)

2 . D I B A L ( ,^ ^ ,  X=CHO, 80%)

3. N a B H ^ C ^ ' ,  X.CHzOH, 92%)

4 . HBr X=CH^Br, 74%)

5 .  i )  T h i o u r e a ,  11) OH

( ^ 1 ^  , X=CH^SH, q u a n t . )

13

73

m o le c u la r  Io n  a t  m /e  406 ( c o r r e c t  I s o t o p e  p a t t e r n )  and t h e  s i n g l e t  

e x p e c t e d  f o r  t h e  p r o to n s  o f  t h e  - Œ ^ B r  group  a t  6 4 .6 0  I n  I t s  ^Hmr

s p e c t ru m .  The o v e r a l l  y i e l d  f o r  t h e  c o n v e r s io n  o f  t o  was 22%.

•  '  ^  <

~ I n  o r d e r  t o  i n v e s t i g a t e  a  m ethod f o r  Im proved y i e l d ,  t h e  b rom ide

was c o n v e r t e d  t o  th e  d i n i t r i l e  1 ^ ^  I n  87% y i e l d  by u s in g  c u p ro u s

c y a n id e .  The d i n i t r i l e  . 1 0 ^ ,  mp 201-202  °C, showed t h e  -CN s t r e t c h  a t

-1  ’  ''N ^ 2 2 0  cm I n  I t s  1 ^  s p e c t ru m  and a  m o le c u la r  Io n  a t  m /e  272 w i t h  a

i  ̂ '
p e a k  i n d i c a t i n g  t h e  l o s s  o f  a  m e th y l  g ro u p .  R e d u c t io n  o f  d i n i t r i l e  1 0 ^

<0
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w i th  d i i s o b u ty la lu m ip u m  h y d r id e  i n  b e n z en e  a f f o r d e d  89% y i e l d  o f  t h e  *

d i a l d e h y d e  mp 128-130 °C;, t h e  s t r u c t u r e  o f  w h ich  was e v i d e n t  from
- 1

" t h e  a ld e h y d i c  p r o to n  a t  6 1 0 .7 0 ,  t h e  c a r b o n y l  s t r e t c h  a t  1690 cm and 

a  m o le c u la r  i o n  a t  m / e .278 i n  i t s  ^Hmr, i r  and m ass s p e c t r a  r e s p e c t i v e l y .  '' 

F u r t h e r  r e d u c t i o n  o f  w i t h  sod ium  b o r o h y d r id e  i n '  t e t r a h y d r o f u r a n

g a ^  t h e  d i a l c o h o l  i n  97% y i e l d .  The d i a l c o h o l  Jup 214-216  °C,

showed a  Ijcoad -OH a b s o r p t i o n  a t .  3400 cm ^ i n  i t s  i r  s p e c t r u m  and a 

m o le c u la r  io n  a t  m/e 382 i n  i t s  mass s p e c t ru m .  The d i a l c c h o l  104C g a v e ,  

on h e a t i n g  w i th  hyd rob rom ic  a c i d  (48%), 57% y i e l d  o f  t h e  b is (b ro m o m e th y l )  

co m p ound_ ;j£^ ,  mp 191-192 °C. I t s  s t r u c t u r e  was c o n f i rm e d  by a m ole­

c u l a r  i o n  a t  m/e 408 i n  i t s  mass s p e c t ru m  and t h e  p r o t o n s  o f  t h e  -CH„Br

146
group  c o u ld  be se en  a t  6 4 .6 5  i n  i t s  îhm r s p e c t fm n .  A l th o u g h  Misumi

h a s  r e p o r t e d  th e .  g e n e r a t i o n  o f  a t r a n s a n n u l a r  bond i n  m e ta c y c lo p h a n e

sy s te m s  c a r r y i n g  brom om ethyl s u b s t i t u e n t s  on t h e  a r y l  r i n g  a s  i n

and i t  was found  d i f f i c u l t  t o  o b t a i n  p u r e  ,{̂0^  by t r e a t i n g  ^̂ 0^
«

.w i t h  b rom ine  i n  p r e s e n c e  o f  i r o n  powder.

BrHgC
o >

CH„Br ■

128

O x i d a t i v e  c o u p l in g  r e a c t i o n s  have  a l s o  been  . c a r r i e d  o u t  u s in g  s i l i c a -  

bound f e r r i c  c h lo y id e ^ ^ ^  a s  w e l l  a s  by e l e c t r o c h e m i c a l  o x i d a t i o n s ^ ^ ^  

For ex am p le ,  5 ,1 3 - d im e th o x y [ 2 ,2 3 m e ta c y c lo p h a n e  can  b e  o x i d i z e d

y .
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t o  2 , 7 - d i m e t h ô x y - 4 ,5 ,9 > 1 0 - t e t r a h y d r o p y r e n e  130. A t tem p te d  o x i d a t i o n  o f

w i th  f e r r i c  c h l o r i d e  d id  n o t ,  how ever, g iv e  p u r e  
,

 ̂ The b ro m id e ,  1 - ,3 -b i s (b ro m o m e th y l ) -2 -m e th y  1 - 4 , 5 , 9 , 1 0 - t e t r a h y d r o -  

p y re n e  o b t a i n e d  by t l ie  a l t e r n a t i v e  r o u t e  i n d i c a t e d  e a r l i e r  was

c o n v e r t e d  q u a n t i t a t i v e l y  to  t h e  b i s - t h i o l  *Airough t h e  i n t e r ­

m e d ia te  b i s ( i s o t h i o u r o n i u m ) s a l t  u s in g  t h i o u r e a  and th e n  b a s e  i n  t h e
Q C ' * ' »

n o rm a l way. . The d i t h i o l  1 0 ^ , ,  mp 146-148  ®C, r e q u i r e d  f o r  s y n t h e s i ­

z in g  showed a  s t r o n g  m o le c u la r  i o n  a t  m/e 312 i n  i t s  mass sp e c t ru m

. Ar-CH2Br' H2N-C-NH2 Ar-CH -S-C-NH 

Br® © 2

Ar-CH„-SH
' ' ^

( i s ô t h io u r d n iu m  s a l t )
t h i o l

and t h e  s t r u c t u r e  o f  t h e  d i t h i o l  was e y i d è n t  from  i t s  "Simr s p e c t ru m .

5 The d o u b l e t  ( c o u p l i n g  c o n s t a n t , . J  = 6 .4  Hz) f o r  t h e  -CH --S p r o to n s  a t
■
6 3 .8 5  and t h e  -SH t r i p l e t  a t  6 1 .6 4  w ere  t y p i c a l  o f  a b e n z y l i c  

t h i o l .  The o t h e r  two t h i o l s  v i k . , l , 3 r b i s (  t h l o m e t h y l ) - 2 r m e t h y l -  

n a p h th a l e n e  and 2 , 6 - b i s ( t h i o m e t h y l ) t o l u e n e  ^  r e q u i r e d  t o  u l t f S & t e l y
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g e n e r a t e  ^  and ^  r e s p e c t i v e l y  w ere  p r e p a r e d  from  t h e  d ib ro m id e s  ^  

an 4  ^  by f o l l o w i n g  t h e  m ethod a d o p te d  , t o  co a v & rt  t h e  d ib ro m id e  t o

^  t h e  b i s - t h i o l  W ith a l l  t h e  d e s i r e d  t h i o l s  and b ro m id e s  a t  h a n d ,

t h e  c o u p l in g s  t o  o b t a i n  t h e  d i t h i a c y c l o p h a n e s , e n  r o u t e  t o  t h e  

^ b e n z a n n e l^ te d  s y s t a n s  ^  and w ere  n e x t  t r i e d .

4 .2  S y n th e s is  o f  t r a n s - lO b^lO c-dim ethyt-lO b^XOo-dihydrodùbenzo[cdj bn] -

■perylene  ^  cmd t r m s ' -lOb^ lO a-d im ethyl-lO bjlO e^  1 3_, 1 4 - t e t r a -

h ydrod iben zo [od jlm ]pe 2y l e n e  ^

_  _ C o u p l in g  o f  t h e  b rom ide  and 2 , 6 - b i s ( t h i o m e t h y l ) t o l u e n e ^ ^ *  ^

u n d e r  h ig h  d i l u t i o n  c o n d i t i o n s  u s in g  p o ta s s iu m  h y d r o x id e  i n  e t h a n o l -

b en zen e  y i e l d e d ,  a f t e r  c h ro m a to g ra p h y ,  67% y i e l d  o f  t h e  a n t i - 'isomex  
■ , ' -  

and 7.3% y i e l d  o f  t h e  syn -  i so m e r  ( s e e  Scheme 1 4 ) .

Br Br

u
85a

. KOH, E t  OH

S

Scheme 14
*  ̂( a n t i -%Bomer) Csyn-isom^r)

r
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The a n t i - i s o m e r  131À, w h ich  was e l u t e d  f i r s t ,  c r y s t a l l i z e d  e a s i l y  from

b e n z e n e -c y c lo h e x a n e  as  w h i te  n g e d le s  and jhad mp 252-254 °C. The 

s t r u c t u r e  o f  131A was e s t a b l i s h e d  on t h e  b a s i s  o f  t h e , m o l e c u l a r  i o n  a t  

m /e 428 i n  i t s  mass sp e c tru m  and by t h e  ^ümr s p e c t ru m  w h ich  showed t h e

*rf

/

7

85a 8 5 a
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85a 'i n t e r n a l  IS-CH^ ,a t  6 1 .3 8  and t h e  22-CHg a t  6 1 .1 8  ( c f .  anti^- 

-CHg a t  6 1 .3 0  w hereas  i n  t h e  c a s e  o f  a n t i -  t h e  i n t e r n a l

l l-C H g  i s  a t  6 1 .4 2  and th e  20-CHg i s  a t  6 0 . 9 2 ) .  However, t h e  13-CH^

(6  2 .4 8 )  and t h e  22-CH^ (% 2 .4 4 )  o f  t h e  8j /n - i s o m e r  a p p e a re d  l i k e

t th o se  o f  t h e  s y n -  (6  2 .5 4 )  a t  t h e  p o s i t i o n  u s u a l  f o r  an a r y l  m e th y l  

g ro u p .  In  th e  c a s e  o f  s y n -  t h e  l l -C H ^  a p p e a re d  a t  6 2 .6 2  w hereas

t h e  20 -08^  .ap p eared  a t  6 2 .4 5  i n  t h e  ^Hmr. The s y n - i s o m e r ,  w h ich  was 

o b t a i n e d  a s  c o l o r l e s s  c r y s t a l s ,  h ad  mp o f  198-200  “C. The 1 8 - , 1 9 -  and

2 0 -  a r y l  h y d r o g e n s (6  7 . 5 - 7 . 2 )  and t h e  7 - , 8-  dnd 9 -  a r y l  h y d ro g en s  o f  t h e
. .

a n t i -  (6  7 .1 2 )  a p p e a re d  a t  t h e  no rm al r e g i o n .  In  t h e  c a s e  o f  syn -

* how ever ,  t h e  1 8 - ,  1 9 -  and  2 0 -  a r y l  h y d ro g en s  w ere  s h i e l d e d  by t h e

o p p o s i t e  b e n z en e  r i n g  and a p p e a r e d  a t  6 6 .9 1  ( d ,  2H, J=  7 .2  Hz, H-18

• and H-20) and j  6 . 4 ( t ,  J J i ,  J=  7 .2  Hz, H-19) w hereas  t h e  a r y l  h y d ro g en s  

o f  t h e  t e t r a h y d r o p y r e n e  m o ie ty  w ere  s e e n  a s  an 'AgB' m u l t i p l e t  a t

6 7 .0 8 .  The m e th y le n e  b r i d g e  (CHL-S-CH.) p r o to n s  o f  t h e  o n t i - i s o m e r

a p p e a re d  a s  two s i n g l e t s  a t  6 3 .8 7  and  3 .6 7 ,  w h e re as  t h e  m e th y le n e
/

b r i d g e  o f  t h e  s y n - i s o m e r  a p p e a re d  as  an  'AB' d o u b le t  a t  6 4 .1 9

and 3 .7 7  ( J= 1 5 .3  Hz) and a s i n g l e t  a t  6 4 .0 1 .  The p r o t o n s  o f  t h e

-CHg-CHg- b r i d g e  i n  b o th  t h e  a n t i l^ i s o m e r  and th g ^ s y n - i s o m e r

■ a p p e a re d  a t  a b o u t  t h e  same r e g i o n .  The s h i e l d e d  o n t t - m e t h y l s  o f

13can a l s o  be  n o t i c e d  i n  th e  Cmr s p e c t ru m  atf 6 1 5 .7  and  1 5 .0 ,  w h e re as

t h o s e  f o r  t h e  s y n - i s o m e r  a p p e a r  a t  & 1 8 .5  an^ 16.8." The t r e n d

i s  s i m i l a r  t o  t h o s e  o f  t h e  an ifc t- isbm er (5 1 5 .3  and  1 4 .9 )  and

s y n - i s o m e r  ( 6 - 1 7 .6  and 1 7 . 3 ) .

105 *W i t t i g  r e a r r a n g e m e n t  o f  a n t i -  p r o c e e d e d  s m o o th ly  w i t h

n -B u L i ,  f o l lo w e d  by t r e a t m e n t  w i t h  m e th y l  i o d i d e  t o  y i e l d  q u a n t i t a t i v e l y
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a s  a m ix tu r e  o f  s t e r e o i s o m e r s  ( s e e  Scheme 1 5 ) .  . ^ h e  p r o t o n s  o f  

t h e  -SCHg g roup  o f  a p p e a re d  as a  s e r i e s  o f ^ s i n g l e t s  a t  6 2 . 6 0 ,

2 .1 2  and 2 .0 8  and t h e  m ix t u r e  o f  s t e r e o i s o m d r s  showed th e  m o le c u la r  

io n  a t  m/e 456 w i t h  peaks  c o r r e s p o n d i n g  t o  t h e  l o s s  o f  m e th y l  and

s u l f u r  f r a g m e n t s .  The m ix tu r e  o f  s t ^ e o i s o m e r s  o f  w e re  u sed

/  149d i r e c t l y  i n  a  Hofmann e l i m i n a t ^ n  s t e p  by f i r s t  t r e a t i n g  w i t h  Borch

r e a g e n t ,  i . e .  (MeO)^CHBF^ t o  y i e l d  t h e  g r e e n i s h - g r e y  s u l f o n i u m  s a l t s

mp 197-202 °C, i n  87% y i e l d .  On t r e a t m e n t  w i th  p o t a s s i u m  t -

b u t  o x id e  i n  t e f l u x i n g  t e t r a h y d r o f u r a n ,  t h e  s a l t  un d e rw e n t  Hofmann

. e l i m i n a t i o n  t o  g iv e  43% y i e l d  (from  ^ ^ ^ ^ )  o f  m a in ly  The

s h i e l d e d  i n t e r n a l  m e th y l  g roup  a p p e a r e d  a t  6 -  3 .8 1  and  -  3 .8 9  i n  t h e  

1Hmr s p e c t r u m .  The p r e s e n c e  o f  t h e  p a r t i a l l y  o x i d i z e d  p r o d u c t  ^
\ j  -

as  w e l l  a s  t h e  c o m p le te ly  d e h y d ro g è n a te d  p r o d u c t  ^  i n  t h e  r e s u l t i n g

m ix t u r e ,  a s  s e e n  i n  t h e  \ lm r  o f  t h e  p r o d u c t , s u g g e s t s  t h e  s u s c e p t i b i l i t y

150o f  t o  o x i d a t i o n .  A r e c e n t  r e v ie w  by Fu and Harvey d e a l s  w i t h

th e  d e h y d ro g e n a t io n  o f  p o l y c y c l i c  h y d r o a r o m a t ic  compounds. The u se

o f  2 , 3 - d i c h l o r o - 5 , 6 “ d ic y a n o q u in o n e  (DDQ) t o  a r o m a t i z e  d i h y d r o - s y s t e m s  

^  151
l i k e  1 ,4 - d ih y d r o b e n z o c y c lo a l k e n e s  o r  t e t r a h y d r o - s y s t e i p s  a s  i n  

te t r a h y d ro p y re n e ^ ^ ^ "  i s  w e l l  known. A t te m p ts  t o , o x i d i z e  a  r e f l u x i n g  

s o l u t i o n  o f  i n  b enzene  w i t h  DDQ gave t r a n s - l O b  ,-10c - d i m e t h y l -

10b , 1 0 c - d i h y d r o d ib e n 2o [ a j ,& # ] p e r y l e n e  ^  b u t  t h e  y i e l d s  w ere  p ç o r  

and v a r i a b l e  ( 3 — 20 %). However, th e  f a c t  t h a t  Hofmann e l i m i n a t i o n  

u s in g  p o ta s s iu m  t - b u t o x i d e  gave n o t  o n ly  b u t  a l s o  t h e  d e h y d ro -  ^

gen a t e  d  p r o d u c t s  ^  and ^  s u g g e s t e d  t h a t  we c o u ld  p r o b a b ly  c a r r y  o u t  

th e  d e h y d ro g e n a t io i?  o f  u s in g  t h e  m e ta l  a l k o x i d e  a s  t h e  r e a g e n t .

T hé  u t i l i t y  o f  m e ta l  a lk o x i d e s  f o r  d e h y d r o g e n a t io n ,  a l t h o u g h  l i t t l e
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u s e d ,  i s  n o t  w i t h o u t  p r e c e d e n c e .  Both  P i n e s • an d  B a r t b n ^ ^ ^ ’ ^ have 

u sed  a lk o x id e s  i n  s u i t a b l e  s o l v e n t s  t o  e f f e c t  d e h y d r o g e n a t io n .  With
I ' -*

t h i s  i n  mind d eh y d ro jg e n a t io n  o f  w hich  a l r e a d y  c o n t a i n e d  some

^  and was c ^ r i e d  o u t  by h e a t i n g  a  s o l u t i o n  o f  i n  t e t r a h y d r o ­

f u r a n  w i th  p o ta s s iu m  t - b u t o x i d e  when tvan^-  ^  was o b t a in e d ,  i n  71% 

y i e l d .  The p e r y l e n e  mp 198-199  °C, was o b t a i n e d  a s  o r a n g a - r e d

c r y s t a l s  on r e c r y s t a l l i z a t i o n  from  ra e th a n o l-b e n z e n e  and i t  was .

c h a r a c t e r i z e d  by i t s  m o le c u la r  i o n  a t  m/e 356 i n  i t s  mass s p e c t fu m  .

as  w e l l  a s  c o r r e c t  C H N 'a n a ly s i s . T h a t  was a c t u a l l y  t h e  produ 'c t

\  1 '  '  

i s o l a t e d , r a t h e r  th a n  t h e  c y c lo p h a n e -d ie n e  ;^ A ,  was c l e a r  from  th e  Hmr
. .

s p e c t ru m  o f  t h e  p r o d u c t  w hich  showed th e  p r o to n s  o f  t h e  i n t e r n a l  m e thy l

group  B e ing  h i g h l y  s h i e l d e d  a t  6 -  4 .1 9  and -• 4 .2 8  and by t h e  p r e s e n c e

» '
o f  th e  s h i e l d e d  b r i d g i n g  c a rb o n s  c a r r y i n g  t h e  m e th y l  g ro u p s  a p p e a r in g

13a t  ‘Ô, 3 0 .$  a n l  3 0 ,4  i n  t h e  Cmr s p e c t ru m .  I n  o r d e r  t o  o b t a i n  a p u re  

s a m p le - o f  . p a r t i a l  d e h y d ro g e n a t io n  o f  was n e c e s s a r y .  Use o f

N -b ro m o s u c c in im id e -b a s e ^ ^ ^  "br n - B u L i - C d ( I I ) ^ ^ ^  t o  e f f e c t  s u c h  p a r t i a l
^ '

d e h y d ro g e n a t io n  d id  n o t  p ro v e  t o  be  u s e f u l .  However, t h e  d e s i r e d
/  ' "  . . 

h y d r o a r o m a t ic  compound ^  was r e a d i l y  o b t a i n e d  a s  a  re d -b ro w n  p r o d u c t

i n  81% y i e l d  by  u s in g  1 .1  e q u i v a l e n t  o f  DDQ I n  b e n le n e  and f i n a l l y  •
V ,

» % • .  *

s e p a r a t i n g  th e  d e s i r e d  p r o d u c t  b y » us lirg  h ig h  p r e s s u r e  l i q u i d  ch rom ato ­

g ra p h y .  “ I t s  s t r u c t u r e  was c o n f i r m e d  by t h e  p e a k  s e e n  a t  m/-e 359

 ̂ (MH^)' i n  i t s  m ass s p e c t ru m  and t h e  i n î e r n d l  m e th y l  p ro to f tq  now
, » • /  ‘ . d

a p p e a re d  as  a s i n g l e t  a t  d - ^ 2 . 7 0 ,  a  d o w n f ie ld  s h i f t  o f  % 1 . 4  ppm from

. : ' . :  % . - . ' 
t h o s e  o f  t h é  c o n ç l e t e l y  d e h y d ro g è n a te d  p r o d u c t  , *

' ' ' ' '  . :  \

(

f
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4 . 2 . 1   ̂ S y n th e s is  o f  o i s - lO b^lO o-dim ethyl-lO b^ lO o-d ih ÿdrod ibén zç iod^ Im]- 

To e n s u re  t h a t  t h e  s ^ n - i s o m e r  d i d  n o t  u n d e rg o  any c o n fo r m a t io n -

• 103 e  ^
a l  i n t ç r c o n v e r s i o n  d u r in g  t h e  r e a r r a n g e m e n t  o f  t h e  d i t h i a c y c l o p h a n e ,

t

t h e  s ^ n - i s o m e r  was s u b j e c t e d  t o  a S te v e n s  r e a r r a n g e m e n t  r a t h e r

t h a n  a  W i t t i g  r e a r r a n g e m e n t .  T re a tm e n t  o f  w i t h  d im e thoxyca rbon ium

f l u o r o b o r a t e  gave  t h e  c o r r e s p o n d in g  S te v e n s  s a l t  i n  99% y i e l d  and 

s u b s e q u e n t  t r e a t m e n t  w i t h  spd ium  h y d r id e  i h  t e t r a h y d r o f u r a n  gaye the*

S te v e n s

1.(MeÙ)gCHBF^

2. NaH

( 37%')

SMeMeS

(MeO) CHBF^
( 84% )

<5

KD—t —Bu 2BP

& e%0  2»% ) * »

/
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r e a r r a n g e d  p r o d u c t  132B (37% y i e l d )  a s  a  m ix tu r e  o f  s t e r e o i s o m e r s .

( s e e  Scheme 1 6 ) .  The s i g n a l s  due t o  t h e  p r o t o n s  o (  t h e r S C H ^  g ro u p  and
y  • .

t h e  i n t e r n a l  m e th y l  group  o v e r l a p  and h e n c e  c a n n o t  be a s s ig n e d
'  ' , « 

d e f i n i t i v e l y .  However, t h e  m o le c u la r  i o n  a t  m / e '456 i s  e v id e n c e  t h a t

th e  r e a r r a n g e d  a n io n  h ad  beeg  a l k y l a t e d  s u c c e s s f u l l y .  As i n  t h e  '

e a r l i e r  c a s e ,  v^as r e m e th y l a t e d  u s in g  d im e th o x y ca rb o n iu m  f l u o r o -

b o r a t e  i n  84% y i e l d  and Hofmann e l i m i n a t i o n  .. u s in g  p o ta s s iu m  t - h n , to x id e

i n  t e t r a h y d r o f u r a n  gave 30% y i e l d  o f  The '^imr o f  showed t h e
/ T

. s h i e l d e d  i n t e r n a l  m e th y l  g ro u p s  a t  ô -  1 .8 2  and -  1 .8 9  and t h e  p r e s e n c e  

' o f  p a r t i a l l y  o x i d i z e d  p r o d u c t  was i n d i c a t e d  by t h e  s i n g l e t s  s e e n  a t  

.6 -  0 .9 9  and -  1 .4 4 .  D e h y d ro g e n a t io n  o f  was c a r r i e d  o u t  .by 

r e f l u x i n g  a s o l u t i o n  o f  in * b e n z e n e  w i t h  2 , 3 - d i c h l o r o - 5 , 6 - d i p y a n o -

qu in o n e  t o  g iv e  o ia -  4 ^  a s  a  p a l e  y e l lo w  g r e e n  s o l i d  ^  24% y i e l d .
. a  ,

The p r o to n s  o f  t h e  i n t e r n a l  m e th y ls  o f  a p p e a r  a t  Ô - -% 1 .85 _and ’

' - 2 . 1 4 ,  u n l i k e  t h e  i n t e r n a l  m e th y ls  o f  ; 4 ^  w h ich  . ^ r e  much more
. ' .

s h i e l d e d .
. ' ' ' ^  , .■ • • . . »'-,»■ .

V
4 . 2 . 2  Su nth ea is  o f  tran a~ 12c3 l2d -dù m th iil-12a^ l2d -d ihydP oben zo -

- .  - ' . '  .
i ï^ t ]n a p h th o [8 j l j2 -o d e ]p e n t 'a p h en e  ^  '

• . ' * ■ ' 153 *' ' • ■‘ The b i s - t h i o l  was o b t a i n e d  f ro m  2 ,3 - d im e th y l n a p h t h a l e n e

in -  7 s t e p s  i n  an  o v e r a l l  y i e l d  o f  a b o u t ' 7%. C o u p l in g  o f  t h e  b rom ide  , _
’ V

w i th  t h e  b i s - t h i o l  p r o c e e d e d  sm o o th ly  t o  g i v e ,  a f t e r  column- 

c h ro m a to g ra p h y , 62% y i e l d  o f  t h e  o n t i - ^ d i t h i a c y c lo p h a n e  and  1 1 % ,

■ y i e l d  o f  t h e  s ^ n - d i t h i a c y c l o p h a n e  ,(see  Scheme 1 7 ) .  " g. ' ,

The a n i i - i s p m e r  mp<'226-227  ° C , 's h o w e d  '

* a t  m/e 479 c o r r e s p o n d in g  t o  MH^. I t s ,  s t r u c t u r e  w a s ' è s t a b l i s h e d  b ^ ^ t s
Ï

'  "  . '  '

. \ %
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^ m r  s p e c t ru m  w hich  showed t h e  i n t e r n a l  m e th y l  ( ll '-CH^) a t  6 1 .5 0  and

24-CH, a t  6 0 .7 2  ( c f .  a n t i -  1316 ; 11-CH_ a t  6 1 .4 2  and 20-CH. a t  6 0 . 9 2 ) .  3 w w  J' . J

I n  c o n t r a s t ,  t h e  l l-C H ^  (8  2 .6 3 )  and t h e  2^~Cll^ (6 2 .4 9 )  o f  t h e  syn -
*

isom er , 3 ^ ^  l i k e  t h o s e  o f  t h e  8ÿM- 1 3 ^  ( l l -C H ^  a t  6 2 .6 2  and 20-CH^ a t  

6 2 .4 5 )  were n o rm a l  f o r  an  a r y l  m e th y l .  The s i /n - i s o m e r  was

r e c r y s t a l l i z e d  p u r e  from b e n z e n e - c y c lo h e x a n e ,  mp 204-206 °C, and o n ly  • 

H -9 , w hich  a p p e a re d  as  a d o u b le t  a t  6 8 .0  i n  t h e  ^Hmr, seemed to  be 

d e s h i e l d e d  b e c a u s e  o f  t h e  t h i a c y c l o p h a n e  b r i d g e ,  s i m i l a r  t o  t h e

1 , 8 -  i n t e r a c t i o n  i n  n a p h th a l e n e .  In  t h e  a n t i - i s o m e r  a g a in  th e

'
H-9 p r o to n  a t  6 8 .2 9  a p p e a re d  t o  be d e s h i e l d e d .  The p r o to n s  o f  t h e

* '
-CH2-S-CH2 b r i d g e s  a p p e a re d  s e p a r a t e  from  th e  -CH^-CH^ b r i d g e s  i n  t h e  

c a se  o f  t h e  syn - iso m e r  b u t  o v e r l a p p e d  i n  t h e  c a s e  o f  t h e  a n t i - i s o m e r .

The S h ie ld e d  m e th y ls  o f  th e  a n t i - i s o m e r  c a n ^ a l s o  be o b s e rv e d  i n

th e ^ c a r b o n , s p e c t r u m  a t  6 1 6 .3  and 1 5 .4 ,  w h ereas  t h o s e  f o r  t h e  syn - iso m er  

, |^3^  a r e  s e e n  a t  6 1 8 .8  and 1 8 .1 .

W i t t i g  r e a r r a n g e m e n t  o f  a n t i —)^^^  o c c u r r e d  w i th  n -B uL i a n d  tl je

a d d i t i o n  o f  m e th y l  i o d i d e  gave t h e  r e a r r a n g e d  p r p d u c t  in ' ab o u t

1 '*60% y i e l d ,  a s  a  m ix tu re  o f  s t e r e o i s b m e r s .  Hmr o f  showed t h e

p r o to n s  o f  t h e  -SCH. group a s  a s e r i e s  o f  s i n g l e t s  i n  th e  r e g i o n  6 2 .3 0
)

-  2 ,1 4  and t h e  s h i e l d e d  i n t e r n a l  m e th y l  group'h a p p e a r  »at 6 1 .6 2  -  0 .9 7 ,
L 149

a g a in  as  a s e r i e s  o f  s i n g l e t s .  T re a tm e n t  w i th  B orch r e a g e n t ' , i . e . ,
» *

d im e th o x y c a rb o n iu m  f l u o r o b o r a t e , gave t h e  s u l f o n iu m  s a l t s  137A i n  82%, • , 'k/xaaj 4

y i e l d  and s u b s e q u e n t  Hofmann e l i m i n a t i o n  w i t h  p o ta s s iu m  t - b u t o x i d e  i n

t e t r a h y d r o f u r a n  gave 12% y i e l d  o f  t h e  h y d r o a r o m a t ic  compound The

i n t e r n a l  m e th y l  p r o to n s  a p p e a r  a t  6 -  1 .4 1  i n  t h e  p a se  o f  ^ ^ 3 ^ , ,  c o n f i rm ­

in g  t h a t  i t  does  n o t  e x i s t  a s  t h e  open c y c lo p h a n e - d ie n e  v a le n c e  t a u to m e r .
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'
A s m a l l e r  s i n g l e t  a t _6 -  1 . 3 5 ,  p r o b a b ly  due t o  t h e  d e h y d ro g e n a te d

p r o d u c t ,  c o u ld  a l s o  be s e e n  i n  t h e  ^ m r  o f  As s e e n  i n  t h e  e a r l i e r
»

c a s e  o f  t r o n s - i s o m e r  o x i d a t i o n  o f  "With p o ta s s iu m  t - b u t p x i d e

• i n  r e f l u x i n g  t e t r a h y d r o f y r a n  gaye tvGcns- ^  i h  70% y i e l d ,  mp 219 

221 °C. The s h i e l d e d  i n t e r n a l  m e th y l  p r o to n s  a p p e a r e d  a t  6 -  1 .3 5  ahd

-  1 .4 1  i n  th e  fhmr sp e c t ru m  pnd t h e  p e a k  a t  m/e 407 (MH ) was • ,
« '

added  c o n f i r m a t i o n  o f  t h e  s t r u c t u r e  o f  i r o n s -

4-.2 .3  S y n th e s is  o f  o i s - 12Cj 1 2 4 - d im e th y l - 1 2 a ^ l2 d-d ih yd ro b ô n zo [rs t]r -  

■. ■ n a p h th o iS ll j  2-ode ]pentccphene ,

As shown i n  Scheme 17 ,  t h e  s y n - d i t h l a c y c l o p h a n e  was f i r s t  ’’

m e th y la t e d  u s in g  Borch r e a g e n t  and t h e  r e a r r a n g e m e n t  o f  t h e  su lfon i,um  

s a l t s  s u c c e s s f u l l y  a c c o m p lis h e d  by u s in g  sodium  h y d r id e  i n  d ry  

t e t r a h y d r o f u r a n .  T h i s  g a v e . , | _ ^  as  a  m ix tu re  o f  s t e r e o i s o m e r s  i n  ân

o v e r a l l  y i e l d  o f  ^77% from  .T h is  m ix tu r e  was u sed  d i r e c t l y  i n  th e

• ' • ' ' " ; "  149
• Hofmann e l i m i n a t i o n  s t e p ,  by f i r s t l y  r e a c t i n g 'w i t h  Borch r e a g e n t

t;o g e t  t h e  s u l f o n iu m  s a l t  (50% y i e l d )  and th e n  t r e a t m e n t  V i t h  -
V » \

p o ta s s iu m  t - b u t o x i d e  i n  d ry  t e t r a h y d r o f u r a n  atTroom  t e m p e r a t u r e  t o  g iv e
• * /

23% y i e l d  o f  as  a r e d  p r o d p c t . ,  The p r o td h s  o^f^the s h i e l d e d

i n t e r n a l  m e th y l  group a p p e a re d  a t  6 0 .0 5  and -  0 .0 8 .  ^ m r  a l s o

i n d i c a t e d  t h a t  some d e h y d ro g e n a t io n  had t a k e n , p l a c e ,  t h e  p e a k s  due to
»

t h e  p a r t i a l l y  d e h y d ro g e n a te d  sy s te m  a p p e a r in g  a t  6 0 .4 9  and 0 .4 5  

(CH g ro u p s  a t  p o s i t i o n ^  »12c and 1 2 d ) . D e h y d ro g e n a t io n  o f  w i th

p o ta s s iu m  t - b u t o x i d e  i n  d ry  t e t r a h y d r o f u r a n  gave", 'on  r e f l u x i n g  f o r  

0 .5  h undfer n i t r o g e n ,  30% y i e l d  o f  t h e  c t s - i s o m e r  4 ^ .  The s h i e l d e d -  

i n t e r n a l  m e th y l  p r o to n s  o f  c t s - i s d m e r  a p p e a re d  a t  6 -O .K ) and - 0 .1 4 .

' .•

/ ' I  ■ -

,  »
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4 . 2 . 4  S y n th e s is  o f  t r a n s - léa^J.4 d -d im eth y l-1 4 o ,  14 d -d ih y d r o b e n z o [ r s t ] -  

d in a p h th o [ 8 j l ,2 - a d e : 2 '^ 1 '^8'-klfn]pentaphene  

To g e t  t h e  t h i a c y c l o p h a n e s  and c o u p l in g  o f  t h e  .

b rom ide  and t h e  b i s - t h i o l \ ^ ^ ^  was c a r r i e d  olit  i h  a l c o h o l i c

p o ta s s iu m  h y d ro x id e  u n d e r  h ig h  d i l u t i o n  f t o n d i t i o n s ,  w hereby  th e  a n t i ­

isomer  139A was o b t a i n e d  p u re  i n  54% y i e l d  a f t e r  ch ro m a to g rap h y  ( s e e
»

Scheme 1 8 ) .  However, i t  was n o t  p o s s i b l e  to  g e t  a p u re  sam ple  o f  t h e
 ̂ ' 1

syn-risomer  f r e e  o f  t h e  a n t i - i s o m e r  ( a s  s e e n  by Hmr)

A sample o f  p u re  a n t i . - i s o m e r  r e c r y s t a l l i z e d  from b e n z e n e -

) ' c y c lo h e x a n e  had mp 289-291  °C. ];n i t s  ^Hmr s p e c t r u m ,  t h e  p r o to n s  H - 7 ,

H-8 , .H-9, H -20 , H-21 and H-22 a p p e a re d  as an 'A^B' m u l t i p l e t  a t  6 7 .12

and t h e  i n t e r n a l  m e th y l  p r o to n s  a p p e a re d  s h i e l d e d  a t  6 1 .3 2  ( c / .  6 1 ;3 0

• '
' f o r , - C H _ 'o f  a n t i - J ^  and t h e  compound had a p eak  a t  m /e 557

‘ *  "  '  ,
c o r r e s p o n d in g  to  (MH ) .  'The p r o to n s  o f  t h e  i n t e r n a l  m e th y ls  o f  t h e

i ■ ,  ' s y n - i s o m e r  139B a p p e a re d  a t  6 2 .1 4  (by s u b t r a c t i n g  th e  sp e c t ru m  o f  th e ,

' 13 ■ - ^. . o n t i - i s o m e r ) . I n  t h e  Cmr s p e c t ru m ,  th e  i n t e r n a l  m e th y l  c a rb o n s

■ appeared  a t  Ô 1 6 .0 .  T h is  was th e n  c o n v e r t e d  t o  a n t i - ^ A ^  ss  a m ix tu re

- o f  s t e r e o i s o m e r s  by S te v e n s  re a r ra n g e m e n t  i n  ab o u t  76% y i e l d  and ^ m r

o f  t h e  p ro d u c t .s h o w e d  th e  s i n g l e t s  due tô  -SMe g roups  a t  5 2 .8 2  and _

2%21. As i n  p r e v i o u s  c a s e s ,  was. r e m e th y la te d  fo  i n  57% y i e l d

'  '  -  ■  I  '

u s in g  B orch  r e a g e n t  and Hofmann e l i m i n a t i o n  w i f h  p o ta s s iu m  t - b u t o x i d e

'  '  '  .  '  1 '

i n  d ry  t e t r r a h y d r o f u r a n 'g a v e  tTans-,)^j\^, The Hmr o f  showed th e
ÿ , ^

• s h i e l d e d  i n t e r n a l  m e th y l  p r o t o n s  a t  6 -  4 .1 0  ( t f .  . t h o s e  f p r .  1 5 ,1 6 -

d im e th y ld ih y d ro p y r e n e  a p p e a r  a t ’d ' -  4 . 2 5 ) .  The p eak s  s e e n  a t  6 - 3 . 2 0

c o r re s p o n d e d  t o '  t h e  i n t e r n a l  m ô thy l  p r o to n s  o f  t h e  d e h y d ro g e n a te d

product*  t r a n s -  A t te m p ts  t o  d e h y d ro g e n a te  usJLng p o ta s s iu m  ■

, .  '



88

EtOH, KOH

BrHr SHSH

S te v e n s

' (54%)
-Me

2BF SMeMeS

\t  K'O-t-Bu, THF

E x cess  K'O-t-Bu, THF

Scheme 18



. ’ 89
A

t - b u t o x l d e  r e s u l t e d  » i n ' t h e  d i s a p p e a r a n c e  o f  th e  s i g n a l  a t  5 - 3 .2 0 -
»

l e a v i n g  b e h A d  th e  one a t  5 -  4 .1 1  t h a t  . a c t u a l l y  c o r r e s p o n d s  t o  t h e  

u n o x id iz e d  Hence a p u r e  sam ple  o f  ^  co u ld  n o t  be i s o l a t e d .  .

As t h e - c o u l d  n c ^  b e  o b t a in e d  p u r e ,  t h e  s e q u e n c e  l e a d i n g  

to  t h e  f o rm a t io n  o f  4 ^  c o u ld  n o t  be f o l lo w e d  up.

4 . 2 . 5  N i tr a t io n  o f  b'enzcmnelated ipej^lene ^

The n i t r a t i o n  o f  ^  was u n d e r ta k e n  to  examine w h e th e r  b e n z a n n e -  

l a t e d  p e r y l e n e  46 would e x h i b i t  th e  s u b s t i t u t i o n  r e a c t i o n  t y p i c a l l y  

a s s o c i a t e d  w i th  b e n z e n e .  Such e l e c t r o p h i l i c  s u b s t i t u t i o n s  h a v e  been  

c a r r i e d  o u t  on [1 8 ]a n n u le n e ^ ^ ^  l ,6 - m e th a n o [ 1 0 ] a n n h le n e ^ ^ ^

t ra % 8 -1 2 c ,1 2 d - d im e th y l -1 2 c ,1 2 d - d ih y d r o b e n z o [ e ]p y r e n e ^ 5 G d  u n d e r  v e ry

m ild  c o n d i t i o n s ,  c u p r i c  n i t r a t e  i n  a c e t i c  a n h y d r id e  a t  0 °C, n i t r a t i o n  

o f  ^  fo l lo w e d  by s e p a r a t i o n  on a V a r ia n  High P r e s s u r e  L iq u id .C h ro m a to ­

graph  u n i t  gave t h r e e  n i t r o  compounds, o f  w hich  two c o u ld  be  i d e n t i ­

f i e d  ( s e e  Scheme 1 9 ) .  . ^

The compound t h a t  came o f f  f i r s t  from  th e  column was o b t a i n e d  as

d a r k - r e d d i s h  b l a c k  c r y s t a l s  Ap 222-224 °C; t j ^ e ^ i t r o  compound

a l s o  I n d i c a t e d  a p e a k  a t  m/e 402. ( MĤ  ) and hepce  t h i s  was c l e a r l y  a 

J b n o n i t r o  d e r i v a t i v e . The secq n d  compound to  be e l u t e d  mp 228 -

23o '°C , '  had a s l i g h t  g r e e n i s h  t i n g e  and t h i s  a l s o  e x h i b i t e d  a  ppak_^ 

a t  m/e 402 (MH" )̂ . “ Thus b o th  t h e .  d e r i v a t i v e s  o b t a in e d  w ere  a c t u a l l y  

m o n o n it ro  compounds. In  th e  c a s e  o f  1 5 , 16 -d i 'm e th y ld ih ÿ d r a p y re n e  2%, 

T i i t r à t i o n  o c c u r s  a t  p o s i t i o n  C-2 w h e re as  i n  th e  c a s e  o f  p y r e n e  i t s e l f  

i t '  o c c u r s  a t  t h e  C-1 p o s i t i o n .  The d i b e n z a n n e la t e d  p é r y l e n e  ^  i s  

c h a r a c t e r i z e d  by b o th  a d im e th y ld ih y d ro p y r e n e  n u c le u s  as  w e l l  a s  a  .

I ' "
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11

CuCNO^)^, 

a c e t i c  a n h y d r id e   ̂ o ®C

NO,

144'W\,

Scheme 19
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■

p y r e n e 'n u c l e u s . . So one m ig h t  e x p e c t  t h e  incom ing  n i t r o  g roup  to  

a t t a c k  t h e  p o s i t i o n  C-1 o r  C-9 i n  such  a c a s e .  The '^Hmr o f  b o th  

and i n d i c a t e d  th e  p r o to n s  o f  t h e  i n t e r n a l  m e th y l  g ro u p s  a t  6
i  • ‘

-  3 .9 9 ,  -  4 .0 3  and - 3 . 9 2 ,  -  4 , 0 0  r e s p e c t i v e l y ,  w hgreas  t h e  i n t e r n a l

/
m e th y l  p r o to n s  o f  ;^6 appeared , a t  ô -  4 .1 9  a n d ' -  4 .2 8 .  T h i s  can  be

. « »

compared t o  th e  i n t e r n a l  m e th y l  p r o to n s  o f  t h e  2 - n i t r o - 4 ^  a t  6 -  1 .8 5
'

(6 f o r  i s  -  1 .8 5 )  and -  4 .0 3  f o r  2 - n i t r o - ^  (6 f o r  ^  i s  -  4 .2 5 ) .  

Thus -the e n t r y  o f  a n i t r o  g roup  does n o t  seem t o  a f f e c t  t h e  ch e m iça l  

s h i f t  o f  t h e  p r o to n s  o f  t h e  i n t e r n a l  m e th y l  g roup  a s  s e e n  by th e  

Hmr sp e c t ru m  o f  t h e  compounds u n d e r  c o n s i d e r a t i o n .  The low f i e l d  ■ 

■Simr s p e c tru m  o f  ( s e e  F ig .  12) h a s  a t r i p l e t  a t  8 .1 4  (1H) 

and a s h a rp  s i n g l e t  a t  9 .9 3  (2 ft) .  t h e  r e s t  a p p e a re d  as  d o u b l e t s ,  i n

f a c t  9 d o u b l e t s  ( one o f  t h e  d o u b l e t s  co rrespohçls  t o  2H) , and th y s

• 1 1
a c c o u n t s  f o r  13 h y d r o g e n s .  However, Hmr o f . .^^ ^  t s e e  F i g .  13) showed

/ ’ ' ! t* •L «
a s h a rp  s i n g l e t  a t ' 6 1 0 .5 4  (IH) and two t r i p l e t s  a t  6 8 .5 8  (IH) and

8 .1 4  (IH) a lo n g  w i th  n in e  d o u b l e t s  (, c o r r e s p o n d in g  t o  1(5 h y d ro g e n s ) . ,

The p a r e n t  compound i t s e l f  h a s  t h e  t r i p l e t s  e t  Ô 8 .2 8  (H-2) and 8 ,0 5

( H -9 ) .  So w hich  h as  o n ly  one t r i p l e t  I s  a b s ig n ^ d  t h e  s t r u c t u r e

i n d i c a t e d  w h e re in  t h e  n i t r o  groiip i s  a t  C -1, t h e  t ^ p l e t  due t o  H-9

a p p e a r in g  to. be  n e a r l y  u n a f f e c t e d  (from  t h e  p a r e n t  ^ )  due  t o  t h e

n i t r o - s U b s t i t u e n t . However, 145 shows two t r i p l e t s  and t h i s  i n d i c a t e s
.  “W \/ h

t h a t  t h e  n i t r o  g roup  h as  n o t  e n t e r e d  p o s i t i o n s  C -1 ,  C -2 , C-8 o r  C-9 as
' ' '

i t  would  l e a d  to  th e  d i s a p p e a r a n c e  o f  ohe o f  t h e  t r i p l e t s  s e e n  i n  t h e  

^ m r  o f  46. The Himr s u g g e s t ^  t h a t  i n  c a é e  o i  145 t h e  p o s i t i o n s
, ■ ^  • VVX/

'  '  .  '

C -4 , C-'5, C-6 or  C-7 t o  b e  t h e  m ost l i k e l y ' s i t e  o f  a t t a c k .  A l though

^  . '
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one can n o t  u n e q u iv o c a l ly  s t a t e  a s  t o  w hich  i s  t h e  a c t u a l  s i t e  o f  a t t a c k ,  .
*

• th e  p r e s e n c e  o f  t h e  h i g h l y  d e s h i e l d e d  s i n g l e t  a t  6 1 0 .5 4  (IH) l e a d s  one

' • "  4
• to  b e l i e v e  t h a t  t h e  n i t r o  g roup  i s  e i t h e r  a t  C-5 o r  a t  C -6 , w i th  a 

g r e a t e r  l i k e l i h o o d  o f  i t  b e in g  a t  C -5 .

4 . 2 . 6  . P hotochem istry  'o f

The UV s p e c t r a  o f  4 5 ,  46 , 46C, 47 , 47B and n i t r o -c o m p o u n d s
W  WVi 'W w v

145 and 147 w ere  d e te r m in e d  i n  c y c lo h e x a n e  a n d ' t h e  X a lo n g  w i th  t h e
v w  w v  . ^

e x t i n c t i o n  • c o e f f i c i e n t s  a r e  g iv e n  i n  T a b le  13. A l l  o f  them a b so rb

s t r o n g l y  i n  t h e  v i s i b l e  r e g i o n  o f  t h e  s p e c t ru m . As s e e n  e a r l i e r ,

1001 5 ,1 6 - d im e th y ld ih y d r o p y r e n e  ^  can be  c o n v e r te d  by v i s i b l e  l i g h t  to  

i t s  v a le n c e  t a u to m e r ,  t h e  m e ta c y c lo p h a n e - d ie n e  which does  n o t

8 . 55-

i n t e r n a l
-CHg

'* - 4 . ’20 %

6 .9 5

6 .5 6

6 .2 4

d a rk

-CH

1 .5 2

a b so rb  above 300 nm. T h is  c o u ld  be f o l l o w e d  by ^ m r  a s  t h e  ^ m r  r e -  

softanbe o f  d o e s 'n o t  o v e r l a p  w i th  t h a t  o f  W ith t h i s  i n  v iew ,

a s o l u t i o n  o f  ^  i n ] d y c l o h e x a n e  was . i r r a d i a t e d - u s i n g  a M ard i G ras  Movie 

l i g h t  ( G e n e r a l  E l e c t r i c ,  m odel MG, 650 W a tts )  lam p. The UV s p e c t ru m  o f

t h e  sam ple  b e f o r e  and a f t e r  i r r a d i a t i o n  showed no ch a n g e .  T h e r e f o r e ,
* ^

, '  i t  a p p e a r s  t h a t  ^  i s  more f a v o r e d  th a n  t h e  e n e rg y  r e q u i r e d  to
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Table 13. UV, (c) of aooe benzannelaced systems

Compound

max
and some n ltro d e rlv a tlv e s .

^max(mu)

trow- ^

trans- '

« a -  ^

trans- 4̂

*rana- ^

\

232 (12,615), 260 (5 .796), 301^(5,796), 

376' (31,879), 409 (10,910), 484 (3 ,068). 

and 514 (2,386) . .

254 (19,580), 272 (99,700). 306 (10,680), 

396 (53,408), 416 (202,920), 446 (29j'.04), 

465 (23,410) and 495 (26,344)

263 (5 ,461), 276 (4 ,854), 310 (2 ,832 ),

322 (3 ,155), 368 (sh , 3 ,317), 386 (9 ,142), 

40-7 (30,534), 432 (8 ,090). 437 (9 ,102),

468 (4,975) and 494 (3,326)

226 (26,64-3), '264 (13,956), 296 (11,419), 

410 <69,147), 427 (96,806), 505 (5,075), 

535 (6,724) and 575 (5,075)

252 (12,992), 262 (12,992), 283 (9,338), 

,295 (10,150), 335 (6 ,699), 352 (10,556), 

403 (35^728), 466 (7 ,308), 473 (7 ,511), 

487 (6009) and 520 (5,481)

254 (10,7-76), 298 (6 ,265), 373 (7 ,769), 

442 (48,019), 514 (9,524) and 557 (9,674) 

254 (6 ,874), 315 (5 ,156), 428 (30,361), 

440 (32,939), 470 (12,316), 508 (7,734), 

571 (3,720) and 774 (1145)
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hv

-

d i s r u p t ' ^ h e  b e n z en e  r i n g s  i n  b e in g  more t h a n  o f f s e t  by t h e  r e l i e f  

o f  s t r a i n  e n e rg y  t h a t  i s  p r e s e n t  i n ' t h e  c y c lo p h a n e -d ie n e

k

S

4 . 2 / 7  D iscu ss ion

The s h i e l d i n g  e f f e c t  o f  t h e  b e n z en e  r i n g  on t h e  .m e th y l  g roup

t h a t  i s  p o s i t i o n e d  above i t s  i r - e l e c t r o n  c lo u d  i s  s e e n  c l e a r l y  . in ’ t h e

"Hlmr s p e c t r a  o f  t h e  t h i a c y c l o p h a n e s .  The p r o to n s  o f  t h e  -CH^ g roup  i n

t h e  o n t i - i s o m e r  a p p e a r  i n  t h e  r e g i o n  6 1 .5 5 -  0 .7 6  w h e re as  t h o s e  f o r

t h e  s ^ n - i s o m e r  a p p e a r  a ro u n d  Ô 'V’ 2 . 5 ,  t h é  n o rm a l r e g i o n  f o r  t h e  m e th y l

g r o u t  o f  t o l u e n e  (.see T a b le  1 4 ) .  T h is  i s  f u r t h e r  c o n f i rm e d  from t h e

^^Cmr s p e c t r a  w here  f o r  t h e  a n t i - i s o m e r  t h e  i n t e r n a l  m e th y l  c a rb o n s

a p p e a r  a ro u n d  15- 16 ppm w h e re as  f o r  t h e  s t /n - iso i j ie r  th e y  a r e  s e e n

around  18 ppm. T h i s  t r e n d  i s  a l s o  s e e n  when one compares, t h e  c h e m ic a l
. .

s h i f t s  f o r  t h e  r - C H . - S - C H .  b r i d g e  o f  t h e  anti^- and syn -  d i t h i a c y c l o -
.

phanes  ( s e e  T a b le  1 5 ) .

/



Table 14. 4lmr (6) values fo r  some dith lacyclophanes

95

Compound

anti-

m -  Uk

In te rn a i -CH^ -CHg-S-CHY^

1.30

2.51

»

1.38, 1.18 

2 .48 , 2.44

1.55, 0.76 

2 .§5 , 2.51 

1.34

\

3.4 -

3.2 -

3.68

'AB' q u a rte t, 
4.00 (A) and 
3.80 (B)

2.6 3 .78, 3.67

2.6 4 .01 ,
'AB' q u a r te t, 

4.19 (A) and 
3.77 (B)

4.4  -  2.7 4.4 -  2.7

3/15 -  2.Ô3 4.8 -  3.53

3.4 -  3.25 3.85 (d) and

3.05 -  2.80 3.80 (d)

Table 15. chemical s h i f t s  (ppm) of some dith lacyclophanes

Compound 

onH- ^

eyn-
an ti- ^  

•J/n-

anti- ^

•y«-

15.1

17.7

15.7, 15.0 

18.5, 16.8 

16 .3 , 15.4

18.8 , 18.0 

16.0

31.9

37.3

28.0 , 25.8^ 32.4 , 28.4

27.9 , 25.5 31.1, 24.9

28 .0 , 26 .4 , 32 .4 , 28.6

26.0

35 .9 , 31.6, 31 .0 , 28 .0 , 

25 .9 , 25.2

28.7 26.4

■ M-

/

4L"
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The d i f f e r e n c e  i n  d i j s t t r o p ic i ty  o f  t h e  a n n e l a t e d  s y s te m s  s y n t h e s i z e d  

i s  shown i n  F ig .  5 ,  The c h e m i c a l ' s h i f t  o f  t h e  i n t e r n a l  m e th y l  p r o to n s  

o f  46 i s  v e r y  c l o s e  t o  t h a t  o f  t h e  i n t e r n a l  m e th y l  p r o t o n s  o f
'W  ' .

1 5 ,1 6 - d im e th y ld ih y d r o p y re n e  (5 -, 4 . 2 5 ) .  A d d i t io n  o f  one  r i n g  as 

i n  ^  r e d u c e s  n o t  o n ly  t h e  s h i e l d i n g  o f  t h e  i n t e r n a l  m e tj iy l  p r o to n s  b u t  

a l s o  t h o s e  'o f  t h e  i n t e r n a l  m e th y l  c a rb o n s  and t h e  b r i d g e  c a rb o n s  which 

' c a r r y  t h e  m e th y l  g r o u p s . When we go ' t o  a  much more a n n e l a t e d  System  

l i k e  t h e  s h i e l d i n g  e f f e c t  becomes p ron o u n ced  once  more a s  s e e i \  i n  

thje ^ m r  s p e c t ru m . .

F i g . * 6 C a l c u l a t e d  apd  d e te rm in e d  e h e m i c a l  s h i f t s  (Ô) ‘f o r  

t r o w -  ^  and

/

u

CH.

C a l c u l a t e d  . -  2 .7 5  

I

Found -  2 . 7 ?

-  3 .9 7

-  4 .1 9

-  4 .2 8

-  1 .7 3

1 .35

1.41

' ^  2 .9 9

3 ;2 0

»
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i n t e r n a l  b r i d g e  c a r r y in g  t h e  m e th y l  g ro u p s  from
* 13 ^t h e  Cmr o f  s e v e r a l  dime th y  I d ih y d r o p y r e n e s .

jd

#  Compound
0

I n t e r n a l
m e th y l

I n t e r n a l
b r i d g e

1 5 ,1 6 - d im e th y ld ih y d r o p y r e n e  ^
' ■

1 4 .0 • 30 .0

iS
'  m onobenz-^g ' 1 7 .0 ,  17 .7 3 5 .5 ,  36 .0

m o n o b e n z - ^ » 1 6 .8 35 .2

d i b e n z - ^ 1 9 .2 39 .5

dibenz-%% 1 5 .9 3 2 .8

'  tzw zs  , 1 6 .0 ,  1 6 .3 29 . 9 ,  30 .1

t r a n s - . 1 4 .3 3 0 .4 ,  3 0 .6

, »
e

1 7 .8 ,  1 7 .6 3 6 .9 ,  37 .2

\ /
/

From t h e  t r e n d  d e t e c t e d  i d  T a b le 16 , i t w ould b e  q u i t e r e a s o n a b le  t o

s u g g e s t  t h a t  t h e  i n t e r n a l  c a rb o n s  c a r r y i n g  t h e  m e th y l  s u b s t i t u e n t s  

and t h e  -CHg g ro u p s  w ould  b e  b o th  s h i e l d e d  i n  c a s e  o f  tva n s-!^ ^  w hich  

co u ld  have  b e e n  c o n f i rm e d  i f  s u f f i c i e n t  q u a n t i t i e s '  o f * t h e  compound w ere 

a v a i l a b l e  s u b s e q u e n t  t o  d e h y d ro g e n a t io n  o f  i t s  p r e c u r s o r

The d i a t r o p i c i t y  o f  ^  .can b e  r a t i o n a l i z e d ^ ^ ' o n  t f te  b a s i s  o f  t h e  

K eknlé  s t r u c t u r e s  i n v o l v e d . ' The a n n e l a t e d  s y s te m  ^  c o u ld  h e  c o n c e iv e d

' as  o r  i t s  K eku lé  • e q u i v a l e n t  among o th ier  K eku lé  c o n t r i b u t o r s .

* /  ' ■W hereas 46D i s  a  [22] a n n u le n e  w i t h  t h e  1 4 b ,1 4 c -b o n d  b e in g  j u s t  a  ’m in o r ’V\) » . * - , » ^

^ r t u r b a t i o n  o f  t h e  a n n u le n e  s y s te m ,  ^  c o u ld  be c o n s t r u e d  e i t h e r  a s  a 

[ 1 4 ]a n n u le n e  sy s te m  o f  t h e  f a m i l i a r  d i p e t h y lh i h y d r o p y r e n e  ty p e  w i t h  t h e

y
*>
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^ and 14  l i n k a g e  b e in g  fo rm a l  d o u b le  bonds o r  th e  d e l o c a l i z a t i o n  

e x te n d in g  o v e r  t o  t h e  b e n z en e  r i n g  may t e s u l t  i n  a  [ 2 2 ] a n n u le n e  w i t h  

the- ^ ( o r  a l t e r n a t i v e l y  l i n k  b e in g  a  f o rm a l  d o y b le 'b o n d .

46f\Aj

C o n s i d e r a t i o n  o f  a l l  t h e  K eku lé  s t r u c t u r e s  (u n ch a rg e d  and n o n -  

r a d i c a l o i d  s p e c i e s )  and g iv in g  e q u a l  w e i g h t i n g  t o  a l l  t h e  c o n t r i b u t o r s  

l e a d s  us t o  d e s i g n a t e  t h e  b o n d j o r d e r s  f o r  t h e  m o le c u la r  p e r i m e t e r - 

a s  shown i n  F ig .  7.
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2 /5

2 /5  

^  1/5

* /5
Saturated

bridge
1/5

3/3
2/ 5,

2/5

3/5
2/5

2 /5

3 /5
2 /5  ‘

S/6

1/6

1 /2

1/2 < -

1/2

1/2

4/9

7/98/9

2 /3

1/3

1/3

2/3

1/3

5 /6

1/2

r i j .  7 KakuU bond otdara'for 4J, 4i ,̂ ;^ a n d
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In. a similar way the Kekalé bond Orders for ^  and ^_iare also 

.determined and are shown along wijth'the, values obtained for . In

^  and ^  t h e  bonds arrow^e'd ^oth* h av e  bond o r d e r s  o f  0 . 5 ,  s i m i l a r  t o  t h a t

i n  b enzene  and th e y  s h o u ld  e x h i b i t  d i a t r o p i c i t y ,  a s  i s  t h e  c a s e .  So,

^  b eh av es  more l i k e  a  [lA*"]annulene s y s te m  w i th  t h e  i r - e l e c t r o n s  o f  t h e

b e n ^ a n h e l a t i n g  r i n g ' n c t  b e in g  d e l o c a l i z e d  o v e r  t h e  1 4 i r - e l e c t r o n

p e r i p h e r y .  To g e t  a l o c a l i z e d  bond i . a  a  fo rm a l  d o u b le  b ond , o n ly  a t

C, c. but not at C ,,  '-'would be at the expense of effective delocali- 
4-3* _ 14-15 Ti

' , ' . ■ 
z a t i o n  i n  b o th  t h e  ôti*- and t h e  1 4 n - e l e c t r o n  sy s te m s  o f  t h e  b e n z e n e  r i n g

and th e  d im e th y ld ih y d ro p y r e n e  s y s te m .  T h i s  would r e s u l t  i n  a 

s i g n i f i c a n t - r e d u c t i o n  o f  th e  d ia m a g n e t i c  r i n g  c u r r e n t .  Howevér, th e  

. e x t e n t  o f - s h i e l d i n g  r e t a i n e d  by ^  (of ,  i s  a  r e f l e c t i o n  o f  t h e

in d e p e n d e n t  d e l o c a l i z a t i o n  p r e v a l e n t  i n  t h e  6ir and t h e  14r  - e l e c t r o n  

s y s te m s ,  w i th  th e  at%d t h e  l i n k a g e s  b e in g  h i g h l y

l o c a l i z e d  b o n d s .  . - .

From Fig^ 6, we find that 'the predicted chemical shifts 

(calculated cbemical s’̂ffifts) agree reasonably well with the chemical

s h i f t s  e x p e r i m e n t a l l y  d e te rm in e d  and p r o v id e  c o n s i d e r a b l e  s u p p o r t  f o r
.. - 

the origjinal hypotheses. ̂  We,next attempted to see whether we could

r e l a t e  c a l c u l a t e d  bond o r d e r s  t o  t h e  e x p e r i m e n t a l l y  d e te r m in e d  Simr

’ l 'coupling*  c o n s t a n t s .  The 250 MHz Hmr s p e c t r a  o f  ^  ( s e e  f i g .  9 and 10) 

and o f  t h e  c o r r e s p o n d in g  c t s - i s o m e r  .4 i^  ( s e e  f i g .  11) can b e  u se d  t o  

-d e te rm in e  t h e  c o u p l in g  c ç n s t a n t s  i n  e a ch  c a s e  ( s e e  f i g .  8 f o r  v a l u e s ) .
f t

The a s s ig n m e n t  f o r  f|Te t r a n s - i s o m e r  ^  was worked o u t  as  f o l l o w s :  

Comparing t h e  ^ m r  o f ^  w i t h  t h e  v a l u e s  o b t a i n e d  f o r  t h e  h y d ro c a rb o n  

t h e  bay p r o to n s  o f  H -6 ,  H-12 and H -5 , H-13 a p p e a r  a s  d o u b l e t s  a t



/

101

-7

Q . 2 8 - S .

7 .6 9 . '

.- 8 . 1 17^62

7 .1 4

tvans-hQ  ( I n t . , - C H „  a t  - 1 . 6 0 )'V\, ' J -_____ '

tran s

^-»1
( I n t .  -Me ,8.67_>

' a t  - 4 .2 5 )

( I n t .  -CH3 a t

J= 8 .1 3

8 . 0 5 4 ^ J =  .7 .57

t ro n 8 - 4 6  ( I n t .  -CHo a t  - 4 . 1 4 ,
- 4 .2 4 )

8 .2 2 - 8 .1 8

J= 9.1Hz

J= 8.8Hz

' * ^ 8 . 9 6

• 7 .4  Hz

o i s -  4 ^  ( I n t . - C H ^  a t  

- 1 . 8 5 ,  - 1 .2 4 )-  2 .0 6 )

F i g .  8 C hem ical s h i f t  a s s ig n m e n t  o f  i r a n s - ^  and a is - ^ ^
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6 9 .7 4  ( J  = 8 .1  Hz) and 9 . 5 4 ^ w ^  9 . 3  Hz) r e s p e c t i v e l y ,  t h e  H-6 and

H-12 b e in g  m ore d e s h i e l d e d  b e c a u s e  o f  t h e  'p h e n a n th r e n e  typ’e '  s t e r i c  

co m p re ss io n  i n  a d d i t i o n  t o  t h e  d ia m a g n e t i c  r i n g  c u r r e n t  o f  t h e  . f l 4 ] -  

a n n u le n e  sy s te m . The d o u b l e t  a t  6 8 .9 4  i s  r e a d i l y ' a s s i g n e d . t o

H-7 and H-11 b e c a u s e  of t h e  c o u p l in g  c o n s t a n t  ( J  = 8 .1  H z) .  Th^e
1 ■

p r o to n s  H-8 and H-10 a p p e a r ' a s  a  d o u b l e t  a t  6 8 .7 9  ( J  = 7 .6  Hz) .
« .

and com paring o f  t h e  c o u p l in g  c o n s t a n t s  i d e n t i f i e s  t h e  t r i p l e t -  due t o  .

H-9 as b e in g  t h e  most s h i e l d e d  o f  a l l  t h e  a r o m a t i c  p r o to n s  o f  ^  and ^

H-9 a p p e a rs  a t  6 8 .0 5 .  The d o u b le t  a t  6 8 .3 3  (J  = 9 .3  Hz) i s  - - *

a s c r i b e d  to  H-4 and H-14 as th e y  a r e  c o u p le d  t o  H-5 and U-13 r e s p e c t i v e ­

l y .  T h is  l e a v e s  us w i th  t h e  p r o to n s  H -1 , H-2 and H-3,. i . e . ,  t h e
6 /

p r o to n s  o f  t h e  'b e n z e n e '  r i n g ,  as  an  ' '  s y s te m , t h e  p r o to n  H-2 b e in g

s e e n  a t  ô 8 .2 8  w h e re a s .H -1  and H-3 a p p e a r  a t  6 8 .2 7 .  The p r o t o n s  of

t h e  i n t e r n a l  m e th y l  g ro y p s  a p p e a r  a s  a s i n g l e t s  a t  6 -  4 .1 4  and -  4 . 2 4 ,

i n  t h e  "Sbnr sp e c t ru m  o f  t h e  compound t r a n s -  I n  a  s i m i l a r  f a s h i o n ,

t h e  a s s ig n m e n t  f o r  t h e  p r o to n s  o f  t h e  o i s - i s o m e r  -was done . W hile

t h e  i n f l u e n c e  o f  g eom etry  on t h e  m ag n i tu d e  o f  r i n g  c u r r e n t  and hence

t h e  e x t e n t  o f  s h i e l d i n g  a s  d e te r m in e d  by t h e  c h e m ic a l  s h i f t s ^  i s

e v id e n t  when One lo o k è  a t  t h e  c h e m ic a l  s h i f t s  o f  t h e  i n t e r n a l  m e th y l

p r o to n s  o f  (xls- 4^C a t  6 -  1 .8 5  and -  2 .1 4  {.of,- tra n s  a t  6 -  4 .1 4

and - 4 . 2 4 ) ,  t h e  e f f e c t  on t h e  p r o t o n s  l y i n g  on t h e  m o le c u la r  p e r i p h e r y

i s  n o t  so  p r o n o u n c e d y ^ T h i s  i s  n o t  u n l i k e  t h e  r e s u l t s  o b t a i n e d  i n  th e
>

c a s e  o f  t r a n s - 1 5 , 1 6 -d im e t l iy ld ih y d r o p y r e n e  a n d '<ît8-1 5 ,1 6 - d im e th y l ­

d ih y d ro p y re n e  w here  a g a in  o n ^  can s e e ^ t h e  c h e m ic a l  s h i f t  o f  t h e  i n t e r n a l  

m e th y l  p r o to n s  o f  t h e  c r i s - i s o m e r  moving d o w n f ie ld  by a b o u t  2 .2  ppm 

compared t o  t h e  t z w z s - i s o m e r  b u t  t h e  o u t e r  p r o to n s  seem l e s s  a f f e c t e d .
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' 84
As a l r e a d y  m e n tio n e d  in 'Chapter T w o ',  GUnther . e t  a l .  have,

•used t h e  b e n z en e  n u c le u s  o f  b e n z a n n u le n e s  as  a p ro b e  to  i n v e s t i g a t e  

t h e  i r - e l e c t r o n i c  s t r u c t u r e  o f  t h e  a n n u le n e  n u c le u s  i t s e l f .  The 

aZtgm oM oe ' 0 '  i s  t h e  q u o t i e n t  o f  t h e  bond o r d e r  (SCF)

i . e . ,  Q = P F o r  (4n+2) d e l o c a l i z e d  sy s te m s  Q > 1.10, and f o r

(4n) d e l o c a l i z e d  sy s te m s  Q < 1 .0 4 .  The bond o r d e r ,  P ,  i s  r e l a t e d  t o  

t h e  v i c i n a l  H-H c o u p l in g  c o n s t a n t s  by th e  e q u a t i o n  (2) m e n t io n e d

e a r l i e r .
p ‘ (SCF) = 0 .1 0 4  J  -  0 .1 2 0  . . .  (2) .

p , v  -

So, i f  t h e  c o u p l in g  c o n s t a n t s  a r e  known, we c o u ld  c a l c u l a t e  'Q ' v a lu e .

' Table 17. Calculated*^ bond Orders (P^ y ) ,  alternan ce
3

p a r a m e te r s  (Q) and c o u p l in g  c o n s t a n t s  f o r

P.V q . ( c a l c . ,

• JI2 ) c o r r e c t e d  f o r  Hz, ±.07Hz)

s t e r i c  e f f e c t ,

’hz)
g

9^8  A68 7 .3 8  7.,46 7 .5 7

• 8 ,7 a  

7 a , 7
4.

7 ,6

2 ,3  

3 ,3 a  

3 a , 4

4 ,5

] 1 .025

1.022

1.111

1 .272

Î 1 .6 7 3

7 .2 0  7 .5 8 ^  8 .1 3
a

7 .6 0  7 .6 8  7 .5 5

b
8 .7 8  9 .1 6  -  9 .2 7

a - c o r r e c t i o n  0 .0 8  Hz,- b « c o r r e c t i o n  0 .3 8  Hz
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A l t e r n a t i v e l y ,  n n e  co u ld  c a l c u l a t e  t h e  c o u p l in g  c o n s t a n t s  and s e e  how

w e l l  th e y  m atch  w i t h  e x p e r i m e n t a l l y  d e te rm in e d  v a l u e s .  T a b le  17

r e p r e s e n t s  t h e  c a l c u l a t e d  bond o r d e r s  (P^ , a l t e r n a n c e  p a r a m e te r  (Q)

3
and th e  c o u p l in g  c o n s t a n t s  ^ f o r  t h e  t r a n s - is o m e r  I n  o r d e r

t o  a c c o u n t  f o r  t h e  s t e r i c  c o m p re s s io n  o f  t h e  p r o to n s  5-6  and 7 -8  ,

c o u p l in g  c o n s t a n t s  c o r r e c t i o n s ^ ^ ^  o f  oa. + 0 .3 0  Hz (p h e n a n th re n e  ty p e )

and oa. + 0 .0 8  Hz ( n a p h t h a l e n e  ty p e )  s h o u ld  be  added t o  t h e  c a l c u l a t e d

v a lu e s  from  e q u a t i o n  (2) t o \ ^ e t  t h e  e s t i m a t e d  c o r r e c t e d  c a l c u l a t e d

v a lu e s  o f  t h e  c o u p l in g  c o n s t a n t s  f o r  t h e  s y s te m  u n d e r  c o n s i d e r a t i o n .

For c o r r e c t i n g  t h e  c a l c u l a t e d  6 - 7 ) ’ need  t o  t a k e  i n t o

a c c o u n t  t h e  f a c t  t h a t  t h e  5- and 6 -  p r o to n s  a r e  o f  t h e  p h e n a n th r e n e  ty p e

w h e r e ^  t h e  4 -  and 7 -  p r o to n s  a r e  o f  t h e  n a p h th a l e n e  t y p e .  Hence we

add b o th  t h e  c o r r e c t i o n  f a c t o r s  i . e . ,  0 .3 0  + 0 .0 8  I tz ,  t o  g e t  a t o t a l

c o r r e c t i o n  f a c t o r  o f  0 .3 8  Hz. The e s t i m a t e d  c o r r e c t e d  c a l c u l a t e d

c o u p l in g  c o n s t a n t s  and t h e  e x p e r i m e n t a l l y  d e te rm in e d  v a lu e s  seem to

be  i n  good a g reem en t  and t h e  v a lu e  o f  1 .6 7 3  ( 'Q ’ v a lu e )  f o r  th e

4 -5  p r o to n s  s u g g e s t s  a  g r e a t e r  l o c a l i z a t i o n  o r  d o u b le  bond c h a r a c t e r  f o r
/

t h e  l i n k a g e .

We have  s e e n  t h a t  i t  i s  p o s s i b l e  t o  d e r i v e  an e m p i r i c a l  r e l a t i o n ­

s h ip  be tw een  t h e  s t a n d a r d  bond o r d e r  d e v i a t i o n  (n-SCF bond o r d e r  v a lu e s  

t a k e n  i n t o  c o n s i d e r a t i o n )  from  th e  HUckel bond o r d e r  o f  0 .6 4 2  and t h e  

c h e m ica l  s h i f t  o f  t h e  i n t e r n a l  m e th y l  p r ô t o n s , r e l a t i v e  t o  some chosen  

s t a n d a r d  a s  t h e  m odel compound. The e q u a t i o n  d e r i v e d  e a r l i e r  

( s e e  eqn . 3) i n d i c a t e d  a  c l o s e  a g r e e m e n t 'b e tw e e n  t h e  c h e m ic a l  s h i f t s ,  

c a l c u l a t e d  and t h o s e  a c t u a l l y  o b s e rv e d  i n  th e  c a s e  o f  a s e r i e s  o f  

b e n z a n n e la t e d  t r a n s - 1 5 , 1 6 - d im e th y I d ih y d r o p y r e n e s .  The o b se rv e d  c h e m ic a l
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p h t f t s  f o r  t h e  c is -c ù m p o u n d s  and 4 ^  a r e  a t  v a r i a n c e  w i t h  t h e  

c a l c u l a t e d  c h e m ic a l  s h i f t s  f o r  t h e  t r a n s - s e r i e s  o f  compounds. T h e re  

a r e  n o t  s u f f i c i e n t  exam ples  o f  a n n e l a t e d  c i s - 1 5 ,1 6 - d i m e t h y I d i h y d r o ­

p y re n e s  a v a i l a b l e ,  w hich  c o u ld  b e  u sed  t o  d e r i v e  an e m p i r i c a l  

r e l a t i o n s h i p  be tw een  t h e  c a l c u l a t e d  c h e m ic a l  s h i f t s  o f  t h e  p r o t o n s  o f  

t h e  i n t e r n a l  m e th y l  g roup  and t h o s e  a c t u a l l y  o b s e rv e d  e x p e r i m e n t a l l y .  

B e s i d e s ,  one i s  ham pered by t h e  a b s e n c e  o£  t h e  known c h e m ic a l  s h i f t  

f o r  a  s t a n d a r d  l i k e  w here  t h e  m e th y l  g ro u p s  a r e  o r ie n t -e d  ,o is  t o

148VXA)
o t s - 1 5 , 1 6 - D im e th y l - 2 , 7 , 1 5 , 1 6 - t e t r a h y d r o p y r e n e

J th e r .  I n  t h e  t r a n s - sèx t& s,  w here  t h e  m odel t r a n s - ^  and  t h e  

p r o to n s  o f  t h ç  m enhyl g ro u p s  a p p e a r  a t  6 0 . 9 3 ,  t h e  c h o ic e  h a s  b een  

j u s t i f i e d  on t h e  g ro u n d s  o'f v i r t u a l l y  unchanged geom etry  of* t h e  m o le c u le  

i n  t h e  a b s e n c e  / f  an a ro m a t i c  r i n g  c u r r e n t ,  compared t o  t h e  g eo m etry  

o f  t h e  i n t e r n a l  fram ework o f  1 5 ,1 6 - d im e th y ld ih y d r o p y r e n e  ^  and i t s  

a n n e l a t e d  d e r i v a t i v e s .  I n  t h e  a b se n c e  o f  a v a i l a b l e  d a t a  a b o u t  o r  

a  s u b s t i t u t e  l i k e  ( b o th  t h e  o i s -  and t h e ' t r a n s -  i s o m è r s ) , t h e  

c h e m ic a l  s h i f t s  f o r  t h e  p r o to n s  o f  t h e  m e th y l  g ro u p  o f  t r a n s - ^  w e re  

t a k e n  f o r  c o m p a r is o n .  The e f f e c t  o f  s t e r i c  c o m p re s s io n  on t h e  c h e m ic a l  

s h i f t s  o f  t h e  m e th y l  p r o to n s  o f  i s  assumed t o  be  n e g l i g i b l e .  As
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t h e  s t a n d a r d  n -bond  o r d e r  (SCF) d e v i a t i o n s  f o r  t h e  m o le c u la r  p e r i p h e r y

o f  and ^  a r e  a l r e a d y  known, i t  would b e  r e l a t i v e l y  s im p le

to  c a l c u l a t e  t h e  c h e m ic a l  s h i f t s  o f  t h e  i n t e r n a l  m e th y l  p r o t o n s  o f  t h e
/ .

a n n e la t e d  o i s -  i s o m è r s .  However, a s  o i s - d i m e th y l d i h y d r o p y r e n e  i s  

t h e  on ly  known c^s-com pound  f o r  w h ich  t h e - c h e m i c a l  s h i f t  v a lu e s  o f  

t h e  i n t e r n a l  m e th y l  p r o t o n s  a r e  a v a i l a b l e ,  i t  becomes n e c e s s a r y  t o  

d e r i v e  an e m p i r i c a l  r e l a t i o n  u s in g  t h e  e x p e r i m e n t a l l y  d e te rm in e d  

c h e m ic a l  s h i f t s  o f  t h e  i n t e i m a l  m e th y l  p r o to n s  o f  4 j ^  and
».

T a b le  18. A verage  s t a n d a r d  w-gGF bond o r d e r  d e v i a t i o n  ( xlO ) 

Ar and  t h e  c a l c u l a t e d  AÔ f o r  o i s -  ^  ^

>

X

Compound Ar

5 .1 4 3

6 5 .6 9 2
(

2 1 .667

1 0 3 .0 9 1

A6 AÔ

Found

-  2 .0 6

-T 0 .9 9

-  1 .0 4

-  1 .8 5

-  2 .1 4

-  0.10  

-  0 .1 4

A verage  Found C a l c . ,

-  2 .0 6  3 .0 3  3 .17

-  1 .0 1  _ 1 .9 8  . 1 .9 2

-  2 .0 0  2 .9 7  2 .8 3

' -  0 .1 2  1 .0 9  , 1 .1 5

T a b le  18 i n d i c a t e s  t h e  a v e ra g e  s t a n d a r d  ïï-SCF bond o r d e r  d e v i a t i o n s  

Ar (  a s  i n d i c a t e d ,  i n  'C h a p t e r  Two.') a lo n g  w i t h  t h e  o b s e rv e d  c h e m ic a l  

s h i f t s  6 f o r  t h e  i n t e r n a l  m e th y l  p r o t o n s  and A6, w here
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Aô = 5 ^  (59) -  Ôq j  ( a n n u le n e )  ^

' =  0 .9 7  -  5 ^  ( a n n u le n e )  

and AÔ r e p r e s e n t s  t h e  s h i e l d i n g  o f  t h e  i n t e r n a l  m e th y l  p r o t o n s  o f  th e  

. a n n u le n e  from  th o s e  o f  t h e  u n c o n ju g a te d  model 5^ .  T h is  d e v i a t i o n  Ar 

was p l o t t e d  a g a i n s t  A 6 ( fo u n d ) .  A l e a s t  s q u a r e s  f i t  gave  t h e  e q u a t i o n

A6 = 3 .2757  -  0 .02062  Ar ------ (5)

w i t h  a c o r r e l a t i o n  c o e f f i c i e n t  o f  p = 0 .9 9 0 8 .  The c h e m ic a l  s h i f t s  

f o r  a  s e r i e s  o f  b e n z a n n e la t e d  1 5 , 16—d im e th y ld ih y d r o p y r e n e s ^ c a n  now 

* be c a l c u l a t e d  u s in g  th e  e q u a t i o n  (5) and t h e  r e s u l t s  f o r  some o f  them 

Are shown below  i n  T a b le  19. •

T a b le  19 . P r e d i c t e d  A{6 f o r  some b e n z a n n e l a t e d  <?is-dime th y  1 -

d ih y d ro p y r e n e s
Ar

98 .385

167 .417

48 .667

100 .231

AÔ , 6 1C a lc .  c a l c .

1 .2 5

-  0 .18-

2 .2 7

1 . 21

-  0 .2 8

1 .1 5

-  1 .3 0

-  0 .2 4  ’
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4 .2 ^ 8  Conclusion

We h a v e  shown t h e  f e a s i b i l i t y  o f  s y n t h e s i z i n g  h i g h l y  a n n e l a t e d  

d im e th y ld ih y d ro p y r e n e  s y s te m s .  I t  was a l s o  s e e n  t h a t  b e n z a n n u le n e  ^  

i s  d i a t r o p i c  and s t a b l e  enough t o  undergo  an  e l e c t r o p h i l i c  a ro m a t ic  

s u b s t i t u t i o n  r e a c t i o n .  We h av e  s u c c e s s f u l l y  s y n t h e s i z e d  t h e  f i r s t  

exam ples  o f  a n n e l a t e d  c i s - d i m e t h y l d i h y d r o p y r e n e s  and shown them t o  be  

d i a t r o p i c ^

A s im p le  l i n e a r  r e l a t i o n s h i p  b e tw een  t h e  d e g re e  o f  bond 

l o c a l i z a t i o n  i n  a s e r i e s  o f  b e n z a n n u le n e s  and th e  s t r e n g t h  o f  t h e  r i n g  

c u r r e n t  a s  m e a su re d  by t h e  c h e m ic a l  s h i f t s  h a s  b een  e s t a b l i s h e d  and i t s  

v a l i d i t y  c o n f i rm e d  f o r  a  s e r i e s  o f  t ra n s -c o m p o u n d s  t h a t  w ere  made. The 

r e s u l t s  o b t a i n e d  from t h e  c i s - s e r i e s  have  b e e n  used  to  d e r i v e  an 

a n a lo g o u s  r e l a t i o n s h i p  b e tw een  t h e  d e g re e  o f  bond l o c a l i z a t i o n  and . 

t h e  s t r e n g t h  o f  t h e  r i n g  c u r r e n t  as m easu red  by t h e  c h e m ic a l  s h i f t s  o f  

t h e  i n t e r n a l  m e th y l  p r o to n s  f o r  a s e r i e s  o f  < ? is-sys tem s and c o n f i rm ­

a t i o n  o f  t h e  v a l i d i t y  o f  t h i s  r e l a t i o n s h i p  i n  t h e  c i s - s e r i e s  a w a i t s  

t h e  a c t u a l  s y n t h e s i s  o f  t h e s e  compounds.
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EXPERIMENTAL

A i l  m e l t i n g  p o i n t s  w ere  d e te r m in e d  on a K o f l e r  h o t  s t a g e  and a r e

■ L  'u n c o r r e c t e d .  The Hmr s p e c t r a  w ere  d e te r m in e d  i n  CDCl^ ( u n l e s s  o t h e r ­

w is e  s t a t e d )  on a P e r k in - E lm e r  R12A (60  MHz), R12B (60 MHz) o r  R32 

% (90 MHz)- S p e c t r o m e te r  afid a r e  r e p o r t e d  i n  ppm d o w n f ie ld  f tom  t e t r a ^

m e t h y l s i l a n e  as i n t e r n a l  s t a n d a r d .  The v a r i a b l e - t e m p e r a t u r e  Hmr
/ r ■

s t u d i e s  w ere  c a r r i e d  o u t  on a R32 ( 9 0 'MHz) s p e c t r o m e t e r ,  u s in g  CDC1-,
*  '  • '

GDgClg, o r  CDClg:CD2C l 2 ' ( l : l )  a s . s o l v e n t  f o r  v a r i a b l e  t e m p e r a t u r e  ( -1 0 0

to  ' +  60 °C) s t u d i e s .  ’ Cmr s p e c t r a  w ere  d e te rm in e d  i n  CDCl^ on a

N i c o l e t  TT-14 F o u r i e r  T ra n s fo rm  s p e c t r o m e t e r  o p e r a t i n g  a t  15 .1  MHz o r  on.
-

a B ruker  WM-250 o p e r a t i n g ' a t  6 2 .9  MHz. U .v  s p e c t r a  w ere  r e c o r d e d  on a 

C ary-17  s p e c t r o p h o to m e t e r  o r  a Beckmann DU-8 s p e c t r o p h o to m e t e r .  The i r  

s p e c t r a  w ere  r e c b t d e d  on a Pye-Unicam  SP 1000 o r  on a P e r k in - E lm e r  283 

i n f r a r e d  s p e c t r o m e te r  [medium (m) and s t r o n g  ( s )  bands  a r e  g iv e n ;  weak 

(w) bands  a r e  g iv e n  o n ly  to  i n d i c a t e  s p e c i f i c  f u n c t i o n a l  g r o u p s ] .  Mass 

s p e c t r a  w ere  d e te rm in e d ^ o n  a  H i t a c h i  P e r k in - E lm e r  RMU-7E o r  F in n ig a n  

3300 mass s p e c t r o m e te r  a t  70 eV u s in g  e l e c t r o n  im p a c t  (E l)  o r  c h e m ic a l  

i o n i z a t i o n  (C l)  [m"̂  = m o le c u la r  i o n  i n  mass s p e c t r a ] .  Where mass s p e c t r a
«[V ^

o f  b rom ides  a r e  g i v e n ,  t h e  c o r r e c t  i s o t o p e  p a t t e r n s  w ere a lw a y s  fo u n d ,  

b u t  o n ly  t h e  m ost i n t e n s e  p e a k  o f  e a c h  m u l t i p l e t  i s  r e c o r d e d .  M icro ­

a n a ly s e s  were p e r fo rm e d .b y  t h i s  d e p a r tm e n t  o r  C anad ian  M i c r o a n a l y t i c a l

S e r v ic e  L td .  (V ancouver?  B .C . ) .  A l l  e v a p o r a t i o n s  were c a r r i e d  o u t  u n d e r
*

red u c e d  p r e s s u r e  on a  r o t a r y  e v a p o r a t o r  a t  oa.  40 °C. A l l  o r g a n i c  l a y e r s
I

were washed w i th  w a te r  ( u n l e s s  o t h e r w i s e  s t a t e d )  and d r i e d  o v e r  

a n h y d ro u s . sodium  s u l f a t g  o r  magnesium s u l f a t e .  A V a r ia n  Model 5000 

l i q u i d  ch ro m a to g ra p h  was employed f o r  s e m i - p r e p a r a t i v e  w ork . A l l
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column ch ro m a to g rap h y  was done by p r e a d s o r p t i o n  o f  t h e  m a t e r i a l  on s i l i c a
/

g e l  ( u n l e s s  o t h e r w i s e  s t a t e d )  and th e n  c h rom a tog raphed  o v e r  a column o f
4

s i l i c a  g e l  (D av ison  C h em ica l ,  60 -  200 mesh s i z e ) .

■

1. 2^4-I>ibromo-2y3_,5-trimethylbenzene

Bromine (680 g ,  218 m l,  4 .2 5  mol) w a s .a d d e d  d ro p w ise  o v e r  4 h t o  a 

m e c h a n ic a l ly  s t i r r e d  m ix tu re  o f  m e s i t y l e n e  ^  (250 g ,  290 mL, 2 .0 8  m o l ) ,  

s iron  pow der ( 7 .5  %) and i o d i n e  c r y s t a l s  (15 mg) i n  c h lo ro fo rm  (300 mL) 

i n  a f l a s k  -equipped w i th  a d r y f n g  t u b e .  At t h e  end o f  a d d i t i o n ,  th e  

r e a c t i o n  m ix t u r e  was s t i r r e d  f o r  an  a d d i t i o n a l  h o u r .  The c o n t e n t s  o f  t h e  

f l a s k  w ere  f i l t e r e d  o v e r  C e l i t e  which was t h e n  washed w i t h  c h lo r o f o rm  

(300 mL>'. The f i l t r a t e  was s u c c e s s i v e l y  washed w i th  w a t e r ,  aqueous  

sodium  b i s u l f i t e ,  aqueous sodium  t h i o s u l f a t e ,  aqueous sodium  b i c a r b o n a t e  

and f i n a l l y  w a t e r .  The o r g a n i c  l a y e r  was d r i e d  and c o n c e n t r a t e d  to  y i e l d

a r e d d i s h —g r e e n  p r o d u c t .  T h i s  was s u b j e c t e d  t o  f r a c t i o n a l  d i s t i l l a t i o n
1  ̂

u n d e r  r e d u c e d  p r e s s u r e  ( 0 .2  t o r r  Hg) t o  g i v e  ^  (506 g , 8 7 / )  as a

c o l o r l e s s  s o l i d .  A s*ample was r e c r y s t a l l i z e d  from e t h a n o l  to  g iv e

c o l o r l e s s  c r y s t a l s ,  mp 62-64  °C [ l i t .  mp 64 °C ];  Hmr, 6 , ' ( 9 0  MHz),

6 .9 8  ( s ,  1H„ A r-^ )  , 2 .6 0  ( s ,  3H, A r - C ^ ^ ( a ) ^ a n d .  2 .31  ( s ,  6H, A r -C H ^ (b ) ) ,

i r  (K Br), 2960 (w ) , 2920 ( w ) , 1450 (m ) , 1435 (m ) , 1394 ( w ) , 1376 (m ) ,

1215 ( w ) , #10%k5 (m ), 1030 (m ), 960 ( s ) , 850 ( m ) 692 ( w ) , 629 ( s )  ' a n d

5 1 8 '.(wi) c m " S  ms p e a k s  (E l)  a t  m /e ( r e l a t i v e  i n t e n s i t y )  278 (M ,

CgH^gBrg, lOO, c o r r e c t  i s o t o p e  p a t t e r n ) ,  199 ( 5 2 ) ,  197 ( 5 5 ) ,  118 ( 1 9 ) ,

117 (25) and 115 ( 2 5 ) ;  ^^Cmr (1 5 .1  MHz), 6 , 137 .1  ( C - 3 ) , 136 .7  (C-1 and

C - 5 ) ,  129 .6  ( C - 6 ) ,  124.7  (C-2 and C - 4 ) ,  2 4 .9  (CH^(a)) and 2 3 ,8  (C H ^ (b )) .



116
?

2. A ttem pted  s y n th e s i s  o f  4 ,6 -D ibrom o~S -m eth y li8oph tha lic  a o td  

A. Using, n i t r i c  a c i d ;

A m ix tu r e  o f  2 ,4 - d ib r o m o m e s i ty le n e  M  (3 g ,  10||8 mmol), cone , n i t r i c  

a c i d  (7 .7 6  g) and w a te r  (11 ml) was h e a t e d  u n d e r  r e f l u x  f o r  60 h .  I t  

was c o o le d ,  made a l k a l i n e  u s in g  sod ium  b i c a r b o n a t e  s o l u t i o n  t o  s e p a r a t e  

t h e  a c i d i c  component from  t h e  n o n - a c i d i c  compounds. ^Hmr o f  t h e  p r o d u c t s  

d id  n o t  i n d i c a t e  t h e  p r e s e n c e  o f  .

B. ’P u r p l e  b e n z e n e '  o x i d a t i o n :

P o ta s s iu m  p e rm angana te  ( 9 . 6  g ,  61 t o o l )  and w a te r  (100 M.) w ere  

s t i l l e d . v i g o r o u s l y  f o r  15 min and t h e n  c o o le d  i n  a  w a te r  b a t h  w h i le  

be n z en e  (60 mL), te t r a b u ty la m m o n iu m  i o d i d e  (1 .2 2  g ,  4 .6 8  mmol) ^ n d  

■ 2 , 4-d ib r o m o m e s i ty le n e  %  (2 g ,  7 .1 9  mmol) w ere added . The m ix t u r e  was 

s t i r r e d  f o r  12 h a t  am bien t  t e m p e r a t u r e  and w orked-up  by th e  a d d i t i o n  of

sodium  b i s u l f i t e ,  a c i d i f i c a t i o n  and d r y in g  o f  t h e  o r g a n i c  l a y e r  fo l lo w e d
] [■

by t h e  rem ova l o f  b e n z en e  u n d e r  re d u c e d  p r e s s u r e .  Hmr and t h i n  l a y e r  

ch ro m a to g rap h y  ( t i c )  o f  t h e  p r o d u c t  shôwed i t  t o  be  m a in ly  u n r e a c t e d

s t a r t i n g  m a t e r i a l .

3 .  2 ,4 ,6 - T r im e th y l i8 o p h th a lo n i t r i l e

Cuprous c y a n id e  (2 6 .1  g )  was added  to  a w e l l  s t i r r e d  s o l u t i o n  o f  

84 (30 g ,  0 .1 1  mol) i n  N - m e t h y l - 2 - p y t r o l i d i n o n e  (60 mL). T h i s  was 

h e a t e d  .'under r e f l u x  u n d e r  n i t r o g e n .  F u r t h e r  p o r t i o n s  o f  c u p ro u s  c y a n id e  

( 6 .5  g and 6 .5  g) were added  a t  t h e  end o f  8 h and 16 h and th e n  th e  

m ix t u r e  was h e a te d  f o r  art a d d i t i o n a l  8 h .  The m ix tu r e  was c o o le d  to  

100 ”0 and p o u r e d ' i n t o  a m ix t u r e  o f  co n c .  NH^OH-water ( 1 : 1 ,  300 mL).

T h i s  was f i l t e r e d ,  washed w e l l  w i t h  w a t e r  and d r i e d .  The s o l i d s  w ere  
.
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extracted using dichloromethane (5 x 200 mL) in a blender. The organic 

layers were combined, washed, dried and concentrated. This was next 

filtered through a short column of silica gel using dichloromethane as 

the eluant and gave 2 ,A,6-trimethylisophthalonitrile ^  ( 1 ^ .2  g, 83%) 

as pale yellow needles. Recrystallization from ethanol gave pure 

mp 144-146 °C [ l i t ^ ^ ^  mp 142 ° C ] ;  ̂ Hmr, 6 ,  (90 MHz), 7 .1 2  ( s ,  IH, A r-H ),

2 .6 9  (s, JH , Ar-CH^(a)) and 2 .5 2  ( s ,  6H, A r-C H ^ (b ) ) ; ir (KBr), 2962 (w),

2228 ( s ,  -CN s t r e t c h ) ,  1600 ( s ) ,  1462 (w ), 1458 (w ),  1440 (w ) ,  1384 ( s ) ,

1305 (w), 1028 (ra), 881 (s), 547 (ra) and 475 (m) cm ; ms peaks at m/e

( r e l a t i v e  i n t e n s i t y )  170 (M+, 1 ° ° ) ,  169 (22 )  and 155 ( 9 1 ) .

4 .  A t te m p te d  s y n t h e s i s  o f  4 ,g -B i8 (b ro m o m e th y Z )-2 -m e th y Z iso p h th a % e-

n i t r i l e  8 ^ .

N-Bromosucciniqide ( 3 .5 6  g ,  20 mmol) was added  in four portions

0 .5  h a p a r t  t o  a  s o l u t i o n  o f  2 , 4 , 6- t r i m e t h y l i s o p h t h a l o n i t r i l e  8 ^  d - 7  g ,  

10 mmol) in  r e f l u x i n g  c a rb o n  t e t r à c h l o r i d e  (45 mL), fo l lo w e d  a f t e r  each  

a d d i t i o n  by a few mg o f  b e n z o y l  p e r o x i d e .  A f t e r  a t o t a l  r e f l u x ,  o f  3 h ,  

t h e  r e a c t i o n  m ix tu re  was c o o le d  and s u c c in im id e  rem oved"by f i l t r a t i o n .

"  The f i l t r a t e  was washed once with water, d r i e d  and concentrated, ^imr 

^ n d  t i c  o f  t h e  p r o d u c t  i n d i c a t e d  i t  t o  be a m ix tu r e  o f  compounds from . 

which the desired compound could not be isolated in s a t i s f a c t o r y

yields by recrystallization and/or chromatography.

5. 4^6-Dibromo-S-methyU8ophthataldBhyde  ̂ _

_ IV.A. Attempted oxidation using Le

A s o l u t i o n  o f  e e r i e  ammonium n i t r a t e  ( 4 .3 8  g ,  8 mmol) i n  a c e t i c  

a c id  (50%, 20 mL) was added  d ro p w ise  a t  c o n s t a n t  t e m p e r a t u r e  w i th  

s t i r r i n g  to  a r e f l u x i n g  s o l u t i o n  o f  ^  (0 .5 6  g ,  2 mmol) i n  a c e t i c  a c id
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(50%, 10 mL) a t  such  a r a t e  t h a t  t h e  r e a c t i o n  m ix t u r e  became p a l e  

y e l lo w .  At t h e  end o f  th e  r e a c t i o n ,  i t  was n e a r l y  c o l o r l e s s .  T h is  

was h e a t e d  u n d e r  r e f l u x  o v e r n i g h t ,  c o o le d  t o  room t e m p e r a t u r e ,  d i l u t e d  

■ w i th  w a te r  (100 mL) and e x t r a c t e d  u s in g  e t h e r  (3  x 50 mL). The o r g a n ic

f 1
e x t r a c t s  w ere com bined , w ashed , d r i e d  and c o n c e n t r a t e d .  Hmr and t i c  

i n d i c a t e d  t h a t  a m a jo r  p r o p o r t i o n ,  o f  t h e  m ix t u r e  was u n r e a c t e d  s t a r t i n g  

m a t e r i a l  a lo n g  w i th  some a ld e h y d e .

B. O x id a t io n  w i th  chrom ic  a c i d :

A m ix tu r e  o f  2 , 4- d i b r o m o - l , 3 , 5 - t r i m e t h y l b e n z e n e  M  (100 g , 0 .3 6 0  

mol ) ,  g l a c i a l  a c e t i c  a c id  (1200 g ,  1144 mL) and  a c e t i c  a n h y d r id e  (1224 

g ,  1132 mL) was s t i r r e d  a t  room te m p e r a tu r e  f o r  0 .5  h .  T h is  was th e n  

c o o le d  t o  0 and conc . s u l f u r i c  a c id  (170 mL) was added d ro p w ise  o v e r  

1 h w i th  s t i r r i n g ,  m a i n t a i n in g  th e  t e m p e r a tu r e  below  5 ^C. When th e  

m ix tu r e  had c o o le d  to  0 °C, chromium t r i o x i d e  (200 g ,  2 mol) was added 

i n  p o r t i o n s  such  t h a t  th e  t e m p e r a tu r e  d id  n o t  r i s e  above 15 °C and 

m e c h a n ic a l  s t i r r i n g  was c o n t in u e d  f o r  an a d d i t i o n a l  15 min a f t e r  t h e  

a d d i t i o n  was c o m p le te .  The c o n te n t s  o f  t h e  f l a s k  w ere p o u re d  i n t o  t h r e e
I

4 L b e a k e r s  t w o - t h i r d s  f i l l e ^  w i th  c h ip p e d  i c e  and c o ld  w a t e r .  I t  was 

s t i r r e d ,  w e l l  and l e f t  to  s t a n d  f o r  4 h .  • The s o l i d s  w ere  s e p a r a t e d  by 

s u c t i o n  f i l t r a t i o n  and washed w i th  c o ld  w a te r  u n t i l  t h e  w a sh in g s  w ere 

c o l o r l e s s .  The p r o d u c t  was su sp en d ed  i n  1 L o f  2% aqueous  sodium 

b i c a r b o n a t e  and s t i r r e d  v i g o r o u s l y  f o r  0 .5  h .  I t  was t h e n  f i l t e r e d ,  

washed w e l l  w i th  w a t e r  and a l lo w e d  to  a i r - d r y .  T h is  gave  a b o u t  110 g

o f  a y e l lo w  pow der.

A m ix t u r e  o f  t h e  y e l lo w  powder (108 g ) , e t h a n o l  (400 mL), w a te r
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(350 mL) and c o n c .  s u l f u r i c  a c i d  (30 mL) was h e a t e d  u n d e r  r e f l u x ,  w i th  

s t i r r i n g  f o r  45 m in . T h is  was f i l t e r e d  h o t  and_ w ashed w e l l  w i th  w a te r^  

t i l l  n e u t r a l .  The p r o d u c t  was a i r - d r i e d  and e x t r a c t e d  w i t h  d i c h l o r o ­

m ethane (6  x200 m L). The o r g a n i c  l a y e r  was w ashed  w i th  w a t e r ,  d r i e d  . 

and c o n c e n t r a t e d  to  g iv e  a y e l l o w i s h  p r o d u c t .  T h i s  was f i l t e r e d  th ro u g h  

a s i l i c a  g e l  column i n  d ic h lo r o m e th a n e  and t h e n  r e c r y s t a l l i z e d  from 

c a r b o n  t e t r a c h l o r i d e  t o  g i v e  %% ( 2 4 . 2  g ,  22%) a s  p a l e  y e l l o w  n e e d l e s ,  

mp 172-174 °C; ^Hmr, 6 ,  (90 MHz), 1 0 .43  ( s ,  2H,. A r - Œ O ,  8 .2 3  (-s, IH,

Ar-H) and 2 .7 4  ( s ,  3H, A r-C H ^); i r  (K B r), 3060 ( w ) , 2880 (w ) , 1686 

(-CO s t r e t c h , i s ) ,  1565 ( s ) , 1380 (w ) , 1363 ( w ) , 1275 (m ) , 1170 (m ) ,

1053 (m ) ,  1015 (w ), 998 (m ), 990 (m ) , 942 ( w ) ,  902 Çw), 720 (w) and 

705 (w) cm ^ ; ms peaks  (E l)  a t  m /e ^ r e l a t i v e  i n t e n s i t y )  306 (M ,

C H 0 ^ B r _ ,  2 5 ) ,  305 ( 3 5 ) ,  277 ( 5 ) ,  2 4 9  ( 3 ) ,  19.6 ( 1 0 ) ,  170 ( 1 5 ) ,  145 ( 8 ) ,
9 6 2 2

118 ( 9 ) ,  90 (23) and 89 ( 1 0 0 ) ;  ^^Cmr (1 5 .1  MHz), 6 ,  1 9 0 . 8  (l-CHO and -  

3-GHO), 1 4 1 . 0  ( C - 5 ) ,  134 .5  (C-1 and C - 3 ) ,  1 3 3 .6  (C-4 and C - 6 ) ,  1 2 8 .3

(C-2) and 2 3 .4  (5 -C H ^).

A n a l .  C a lc d .  f o r  CgH^02Br2 : C 3 5 .3 3 ,  H 1 .98

Found • C 3 5 .5 1 ,  H 1 .99

6.  2 j6 - D ib r o m o - 2 j5 - b i8 ( h y d r o x y m e th y l ) t o lu e n e  ‘

A s o l u t i o n  o f  d i a l d e h y d e  %4 (6 2  g ,  0 . 2 0 3  m o l)  i n  t e t r a h y d r o f u r a n

(1900 mL) was added  d ro p w ise  t o  a s l u r r y  o f  sod ium  b o r o h y d r id e  ( 6 .3  g , 

0 .1 6 7  mol) i n  t e t r a h y d r o f u r a n  (50 mL) a t  ropm t e m p e r a t u r e .  A f t e r  20 h ,  

t h e  m ix tu re  was c o o le d  i n  an i c e - s a l t  b a th  and decomposed by  t | i e  .d ro p -  

w ise  a d d i t i o n  o f  c o n c .  h y d r o c h l o r i c  a c i d  -  w a t e r  ( 1 :1 )  u n t i l  t^ie 

r e s u l t i n g  s o l u t i o n  was s l i g h t l y  a c i d i c .  The a q u eo u s  l a y e r  was s a t u r a t e d  

w i th  sodium  c h l o r i d e  and e x t r a c t e d  w i t h  e t h e r  (8  x 200 mL). The o r g a n i c
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layers were combined, washed once with w a t e r , ' d r i e d  and concentrated 

to give a pale yellow,sticky product. Benzene (1200 ml) was added to 

this product in prder to remove water using a Dean-Stark trap (reflux 

was continued for about 2 h). Ho't filtration followed'by washing the 

residue with benzene (1 0 0  mL) gave the dialcohol ^  (63 g,- q u a n t . )  a s  a 

free-flowing white p o w d e r .  It was recrystallized.from methanol-benzene 

t o  g i v e  c o l o r l e s s  c r y s t a l s  o f  & f,"m p 1 9 2 - 1 9 4  °C. No lümr c o u l d  b e

o b t a i n e d  b e c a u s e  o f  i t s  n e a r  i n s o l u b i l i t y  i n  m o s t  o r g a n i c  s o l v e n t s ; '

ir (KBr), 3330 (broad,-OH stretch,s), 1575 (w), 1440 (w), 1392 (m),

1378 (w ),  1070 ( s ) ,  1038 (w ),  1022 (w ) ,  1005 (w ),  982 (w ), 962 (w ),

919 (m )-and  885 (m) cm"S ms p e a k s  (E l)  a t  m /e ( r e l a t i v e  i n t e n s i t y )

310 (M+, CgKiQOgBrg, 2 8 ) ,  293 ( 1 8 ) ,  278 ( 1 2 ) ,  262 ( 1 6 ) ,  251 ( 4 ) ,  231

( 2 3 )  and 91 ( 1 0 0 ) .

A n a l .  C a lc d .  f o r  CgH^Q02Br2 : C 3 4 .3 7 ,  H 3 .25

Found • ; C 3 4 .7 8 ,  H 3 .22

7. 2 , 6-I>ihvomo-2^S-bis(bromom ethyl)toluene

The d i o l  ^  (80 g ,  0 . 2 5 8  m ol) was added to  a w e l l  s t i r r e d  m ix tu r e  

o f  c o n c .  s u l f u r i c  a c i d  (7 mL) and h y d r o b r o m ic  a c i d  (48%, 300  m l ,  2 . 5 9 8  

mol) and t h e  m ix tu r e  was h e a t e d  u n d e r  r e f l u x  f o r  22 h. T h is  was c o o le d  

t o  room t e m p e r a t u r e  and  c o l d  w a t e r  ( 2 5 0  mL) w as ad d ed  and t h e n  i t  w as  

e x t r a c t e d  w e l l  w i t h  b e n z e n e  ( 6  x  2 5 0 . mL). T he o r g a n i c  Ï Ü ÿ e r s  w e r e  

com bined , w ashed w e l l  w i t h  w a t e r ,  10% aqueous  sodium  b i c a r b o n a t e  

. s o l u t i o n ,  w a t e r  t i l l  n e u t r a l ,  d r i e d  and c o n c e n t r a t e d  t o  y i e l d  t h e

brom ide  1% ( 9 7 .4  g ,  87%). A sam ple  was t h e n  r e c r y s t a l l i z e d  from c y c lo -  

h e x a n e  t o  g i v e  n e a r l y  c o l o r l e s s  c r y s t a l s  o f  mp 1 2 0 - 1 2 2  " C i'^ H m r, 6,"
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(90 MHz), 7 .42  ( s ,  IH, A r-H ) ,  4 .5 6  ( s ,  4H, -CH^Br) and 2 .6 4  ( s ,  3H,

A r-C H _); i r  (K B r), 1575 (w ),  1440 (m ), 1410 (w ),  1385 (w ),  1305 (w ),

1270 (w ), 1215 ( s ) ,  1040 (m ), 978 ( s ) ,  890 (w ),  882 (w ), 850 (w ), 725
1

(m ) , 680 (w) and 628 (m) cû ; ms p e a k s  (E l)  a t  m /e ( r e l a t i v e  i n t e n s i t y )  

436 (M^, CgHgBr^, 2 ,  c o r r e c t  i s o t o p e  p a t t e r n ) ,  357 ( 2 5 ) ,  355 ( 2 7 ) ,

276 ( 1 8 ) ,  197 ( 9 ) ,  195 ( 1 0 ) ,  116 (61) and 115 ( 1 0 0 ) ;  ^^Cmr (1 5 .1  MHz),. 

6 ,  140 .1  ( C - 1 ) ,  137 .0  (C-3 and C - 5 ) ,  1 3 0 :3  ( C - 4 ) ,  127 .4  (C-2 and C - 6 ) ,

3 3 .6  (3-ÇH^ and 5-CH ) and 2 5 .2  (1-ÇH_).

A n a l .  C a lc d .  f o r  CgHgBr^ : C 2 4 .8 0 ,  H 1 .85

Found : C 2 5 .1 2 ,  H 1 .81

8. 5 j7 -!> ibpom o-6-m eth yl-2 jll-d i th ia [3 ,3 ]rn ô^ aayo loph an e

A s o l u t i o n  o f  th e  b rom ide  ^  ( 2 1 .8  g ,  0 .0 5 0  mol) and m -x y ly le n e  

d i t h i o l ^ ^ ^  ^  ( 8 .5  g ,  0 .0 5 0  mol) i n  d e o x y g e n a te d  benzene  (900  ml) was 

added d ro p w ise  a t  room t e m p e r a t u r e  o v e r  60-70  h to  a  w e l l  s t i r r e d  

deoX ygenated  s o l u t i o n  o f  p o ta s s iu m  h y d r o x id e  [ p r e p a r e d  by d i s s o l v i n g  

KOH (85%, 8 .0  g ,  0 .121  mol) i n  w a te r  (80 mL) and a d d in g  e t h a n o l  (1900 

mL)]. When th e  ^ ad d it io n  was c o m p le te ,  t h e  s o l u t i o n  was s t i r r e d  f o r  an 

a d d i t i o n a l  2 h .  The s o l v e n t  was rfemoved u n d e r  re d u c e d  p r e s s u r e  and 

w a te r  (400 mL) was added t o  th e  r e s i d u e .  I t  was a c i d i f i e d  and e x t r a c t e d  

w i th  d ic h lo r o m e th a n e  (4 x 250 mL). The o r g a n i c  l a y e r s  w ere  com bined , 

washed w e l l  w i th  w a t e r ,  a queous  sodium  b i c a r b o n a t e  and w a te r  t i l l  n e u t r a l .  

I t  was d r i e d  and c o n c e n t r a t e d .  The r e s i d u e  was ch ro m a to g ra p h ed  o v e r  

s i l i c a  g e l  u s in g  d ic h lo r o m e th a n e  a s  e l u a n t .  R e c r y s t a l l i z a t i o h  from 

c y c lo h e x a n e  gave  ^  (1 6 ,6 5  g ,  75%), m pl72—173 Hmr, 6 , (90 MHz),

7 .2 8  (b ro a d  ë', IH, H -1 8 ) ,  7 . 0 - 6 . 9  (A B m u l t i p l e t ,  3H, A r -H ) ,  6 .6 2  ( s .
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IH, H - 9 ) , 3 .7 6  and 3 .7 3  ( s ,  e a c h  4H, -CHgS) and 2 .4 5  ( s , 5H, A r-C H ^);

i r  (K B r) , 1420 (m ) , 1222(m ), 1083 (w ) , 1048 (m ) , 1038 (m ) , 975 (m ) ,

945 (w) ,  895 (m),  875 ( w ) , 808 ( w ) , 800 ( s ) , 750 ( w ) , 732 ( w ) , 7 2 b ( s ) ,

"1
708 (m ), 698 ( s )  and 660 (w)‘ cm ; ms peaks  (E l)  a t  m /e ( r e l a t i v e  

i n t e n s i t y )  444 (M^, » 365 (63) and 277 ( 2 9 ) ;  Cmr

(1 5 .1  MHz), 6 ,  137 .2  (C -4 , C-6 and C - 8 ) , 1 35 .3  (C-13 and C-17) , 1 31 .9  

and 131.1 ' (C-g(^ and C -1 8 ) ,  1 2 8 .3  ( C - 1 5 ) ,  127 .3  (C-14 and C-16) , 1 2 4 .8  

(C-5 and C - 7 ) , 38 .6  and 38 .2  (C -1 ,  C-12 and C -3 , C-10) and 2 4 .6  (6-CH^). 

A n a l .  C a lc d .  f o r  : C 4 5 .9 6 ,  H 3 .6 3

Found : C 4 6 .3 6 ,  H 3 .57

9. W it t ig  re arrangement'^ f  d i th ia a y  otophone  ^  to

A s o l u t i o n  o f  l i t h i u m  d i i s o p r o p y la m i d e  [ p r e p a r e d  from  n-B uL i (6 .7 6

mmol) i n  hexane (4 ml) and d i i* so p ro p y lam in e  (0 .9 5  mL, 6 .7 6  mmol)] i n

d ry  THF (20 mL) was added d ro p w ise  ovei 10 min t o  a s o l u t i o n  o f  th e  

d i t h i a c y c l o p h a n e  ^  (1 g , 2 .2 5  m m ol)^ \m der i n  d ry  THF (20  mL) a t  

20-21  °C. The i n i t i a l l y  c o l o r l e s s  s o l u t i o n  tu r n e d  d a r k  brow n. A f t e r  

' s t i r r i n g  f o r  10 m in, mëth y 1 i o d i d e  (1 .9 2  g ,  1 3 .5 5  mmol) was added  

g r a d u a l l y  u s in g  a s ÿ r i n g e  and s t i r r e d  f o r  10 m in. W a te r ,  d i l i  HCl and 

d i c h lo r o m e th a n e  (30 mL) w ere th e n  added . The l a y e r s  w ere s e p a r a t e d  

' and th e  aqueous  l a y e r  was e x t r a c t e d  w i th  d ic h lo ro m e th a n e  (4 x 100 mL). 

The o r g a n i c  e x t r a c t s  w ere com bined , washed w i th  w a t e r ,  d r i e d  and 

c o n c e n ^ a t e d .  • I t  was c h ro m a to g ra p h ed  o v e r  s i l i c a  g e l  and e l u t e d  v?ith 

d i c b lo r b m e th a n e - p e n ta n e  ( 3 :7 )  to  y i e l d  ( 0 .6  g, 56%) a s  a  y e l lo w  

p r o d u c t ,  mp o f  t h e  m ix tu re  o f  s t e t e o i s o m e r s  80-109 °C: "htar i n d i c a t e d

i t  t o  be a m ix tu re  o f  i s o m e r s ,  6 , (60 MHz), 7 . 6 - 6 . 4  (m, a r o m a t i c  H s ) ,

5 , 4 - 4 . 3  (ra, i n t e r n a l  H 's  and - Œ S )  , 4 . 0 - 2 . 0  (m, -C H ^ ) , 2 .6 8  ( s ,  A r - Œ ^ )  ,
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and T..88 , 1 .8 5  ( s ,  -SC H ^).

N o te :  When th e  r e a c t i o n  was done u s in g  20 g o f  ih e  d i t h i a c y c l o p h a n e  ^

i t  was found a d v i s a b l e  Ito add l i t h i u m  d i i s o p r o p y la m i d e  t o  t h e  s o l u t i o n  

o f  t h e  d i t h i a c y c l o p l ^ e  h e a t e d  u n d e r  r e f l u x  o v e r  a  p e r i o d  o f  45 m in, 

c o n t in u e  r e f l u x  f o r  0 .5  h ,  c o o l  i t  t o  room te m p e r a tu r e  and quench  th e  

d i a n i o n  w i th  m e th y l  i o d i d e .  U su a l  w ork-up  f o l lo w e d  by ch ro m a to g rap h y  

gave th e  W i t t i g  r e a r r a n g e m e n t  p r o d u c t  ^  (1 6 .4 7  g ,  77%) a s  a  m ix tu re  o f  

s t e r e o i s o m e r s  as  i n d i c a t e d  by ^Hmr; m s ^ e a k s  (E l)  a t  m/e ( r e l a t i v e  

i n t e n s i t y )  472 ( 2 4 ) ,  425 (10) and 377 (1 0 0 ) .

10 . Stevens re arrangement o f  d i th ia cyc lo p h a n e  ^  to  1 ^ .

A. Bis (sulfonium) s a l t  of d ith iacyc loph ane

A s o l u t i o n  o f  t h e  d i t h i a c y c l o p h a n e  U  (1 g ,  2 .2 5  mmol) i n  d i c h l o r o -
149

m ethane (30 mL) was added  t o  a  s ' t i r r e d  s u s p e n s io n  o f  (Me0 ) 2CHBF^ (1 .0 2  

g ,  80% a s  o i l ,  5 .0 4  mmol) i n  d i c h lo r o m e th a n e  ^ 1 0  mL) a t  - 3 0  °C under  N^.
I

A f t e r  th e  a d d i t i o n ,  t h e  m ix tu r e  was a l lo w e d  to  warm to  room te m p e r a tu r e  

and s t i r r e d  f o r  4 h .  E t h y l  a c e t a t e  (30 mL) was added  and s t i r r i n g  

c o n t in u e d  f o r  0 .5  h .  T h is  was f i l t e r e d ,  washed w i t h  e t h y l  a c e t a t e  C30'mL) 

■ " ' and d r i e d  under  vacuum t o  g iv e  t h e  s a l t  ^  (1 .2 6  g ,  86%) a s  a  w h i te

pow der, mp 190-191  °C.

S.- S te v e n s  r e a r r a n g e m e n t  o f  th e  s u l fo n iu m  s a l t  t o  g iv e

»
The b i s ( s u l f o n iu m ) s a l t  ( 1 .2 6  g ,  1 .9 4  Émoi) was added  t o  a

s u s p e n s io n  .of an h y d ro u s  p o t a s s i u m  t - b u t o x i d e  ( 0 .6  g , 5 .3 5  mmol) i n  d ry  

THF (30 mL) u n d e r  and s t i r r e d  f o r  0 . 5 , h .  T h i s  was a c i d i f i e d  u s in g  

: d i l .  HCl and e x t r a c t e d  u s in g  d i c h lo r o m e th a n e  (4 x 50 mL). The o r g a n ic

l a y e r s  w ere com bined , w a sh e d ,  d r i e d  and c o n c e n t r a t e d  t o  y i e l d  a  y e l lo w
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p r o d u c t .  T h is  was ch ro m a to g ra p h ed  p ^ r  s i l i c a  g e l  u s i n é  d i c h lo r o m e th a n e -

p e n ta n e  ( 3 :7 )  a s  t h e  e l u a n t  to  g iv e  , ^ ^  ( 0 .7 9  g ,  86%) a s  a  m ix tu r e  o f  

s t e r e o i s o m e r s ;  Hmr, 6, (60 MHz), ^ 7 .8 -6 .3  (m, a r o m a t i c  H ' s ) ,  5 . 4 - 4 . 3  (m, 

i n t e r n a l  H 's  and -CHS), 4 . 3 - 1 . 8  (m, 2 .7 2  ( s ,  A r - Œ ^ ) , 2 .2  and

I . 9  ( s ,  SCH^); ms p e a k s  (E l)  a t  m/e ( r ^ a t i v e  i n t e n s i t y )  472 (M^,

3 8 ) ,  457 (50) and 377 (1 0 0 ) .

¥
I I .  Oxidaticm o f  t o  th e  su lfo n e  1 ^ .

Hydrogen p e r o x i d e  (30%, 2 mL) was added  t o  a  warm s o l u t i o n  o f  t h e

s u l f i d e  100 (0 .4 0 5  g ,  0 .8 6  mmol) i n . a c e t i c  a c i d  (7 mL) and b e n z en e  (14
wv- I

mL). The r e a c t i o n  m ix tu r e  was r e f ^ u x e d  f o r  5 h ,  c o o le d  and tlfe  l a y e r s  

s e p a r a t e d .  The aqueous  l a y e r  was e x t r a c t e d  w e l l  w i t h  d ic h lo r o m e th a n e .

The o r g a n i c  l a y e r s  w ere  com bined , washed w i t h  w a t e r ,  d r i e d  and c o n c e n t r a ­

t e d  t o  g iv e  t h e  s u l f o n e  ( 0 .4 5  g , 97%) a s  a y e l lo w  pow der ,  a m ix tu r e  

o f  s te r e o is o t t f e r s  w i t h  mp 120-141  °C; ^Hmr, 6 ,  (60 MHz), 8 . 0 - 6 . 3  (m, 

a ro m a t ic  H ' s ) ,  5.4-Z.-Q (m, -'CH2-C11-S02 and i n t e r n a l  H ' s ) ,  3 ^ 1 ,  2 .6 8

and 2 . 6 0 ( s ,  SO„-CH_ and A r-C H -) .I —j  —j

12. ^  S u lfo x id e s  o f  the  s te r e o iso m e r s  o f

A s o l u t i o n  o f  b rom ine  ” ( 1 . 34mmol) i n  d ic h lo r o m e th a n e  was added  

s lo w ly  u s in g  a s y r i n g e  to  a  s o l u t i o n  o f  10% aqueous  p o ta s s iu m  b i c a r b o n a t e  

(10 mL) and a  m ix tu re  o f  i s o m e rs  o f  ( 0 .3 2  g ,  0 .6 7  mmol) i n  d i c h l o r o ­

m ethane (15 mL). The m ix tu r e  was s t i r r e d  a t  room t e m p e r a t u r e  f o r  0 .5  h .  

D ich lofom ethane- '^ iO O  mL) «was added  and th e  o r g a n i c  l a y e r  s e p a r a t e d ,  

washed w i th  10% sodium  b i c a r b o n a t e  s o l u t i o n , w a t e r ,  d r i e d  and  c o n c e n t r a ­

t e d .  The r e s i d u e  was f i l t e r e d  th ro u g h  a  s h o r t  column o f  s i l i c a  g e l  * ,
u s in g  d i c h lo r o m e th a n e  f o l lo w e d  by m e th a n o l  to  y i e l d  the .  s u l f o x i d e

"N. .



(0 .2 6  g ,  77%) a s  a  b u f f  c o lo r e d  p r o d u c t ,  mp 89-98  °C; ^Hmr, 6, (60 

MHz), o n ly  phe s i n g l e t s  a t  2 .9 4  (Ar-CH^) and, 2 .7 7 ,  2 .7 4  (-SO Œ ^) w ere  

c l e a r l y  v i s i b l e ;  ms p e a k s  (C l)  a t  m/e ( r e l a t i v e  i n t e n s i t y )  505 (MH^, 

^19^20°2^2®’' 2 ’ 3 9 ) ,  4 2 5 ‘ ( 1 6 ) ,  377 (100) and  297 (5 2 ) .

13 . S y n th e s is  o f  l j3 -d ib ro m o -2 -m e th y lp yren e  ^  by th e r m o ly s is

A s o l u t i o n  d f  a  m ix tu re  o f  t h e  s t e r e o i s o m e r s  o f  ( 0 .6 2  g, 1 .2 3

mmol) i n  N - m ,e th y l - 2 - p y r r o l id in o n e  (20 mL) was h e a te d  a t  r e f l u x  u n d e r  N„

f o r  20 h .  The m ix tu re  was c o o le d  t o  room t e m p e r a t u r e ,  p o u re d  i n t o  d i l . ^

HCl and th e n  e x t r a c t e d  w i t h  d ic h lo r o m e th a n e  (3  x 100 mL). The o r g a n i c

l a y e r  was w ashed , d r i e d  a n d ^ o n c e n t r a t e d .  Chrom atography o f  t h e  r e s i d u e

o v e r  s i l i c a  g e l  u s in g - d i c h l o r o m e th a n e - p e n t a n e  (3 :7 )  gave (0 .3 0  g ,

65%) a s  a  y e l lo w  p r o d u c t .  R e c r y s t a l l i z a t i o n  from b e n z ^ m  gave p a l e

1 ^
y e l lo w  c r y s t a l s | o f  mp 238-240  °C; Hmr, 6 , (60 MHz), (CD2C I2 ) ,

, 8 . 5 1  ( d ,  2 H , ^ ^  9 .3  Hz, H-4 and H-LO) , 8 .1 8  ( d ,  2H, J  = 9 .3  Hz, H-5

and H -9 ) ,  8 . 3 6 -  7 .9 7  (m, 3H, H -6 , ,H -7  and H-8) and >‘3 .1 3  ( s f» 3 H , A r - Œ ^ )  5

i r  (K Br), 3040 (w ) , 1600 (w ) , 1582 ,(w ), 1575 (w ), 1456 (w ) , 1450 (w ) ,
I _ '

1415 (m l ,  13.72 (m ) , 1334 (m ) , 1129 (m) , 1080 ( s ) , 1024 (m ), 975 (m ) ,

833 ( s ) ,  815 ( s ) ,  790, (w ), 779 (w) , 747 (w) and 695 (s )  cm" j  ms’ p e a k s  

(C l)  a t  m /e ( r e l a t i v e  i n t e n s i t y )  375 (MH^, C^yH^QBr2 , 100 ) ,  296 (65)

and 294 ( 6 5 ) .

A n a l .  C a lc d .  f o r  C^yH^QBr2 : C 5 4 .5 8 ,  H 2 .7 0  

‘ K . . ' Found : C 5 4 . 6 3 , - H 2 .41

14. B e n z y l - i n d u c e d  S tev en s  ■'rearrangement o f  to
I*

A f i l t e r e d  and d e o x y g e n a te d  s o l u t i ô n  o f  a n t h r a n i l i c  a c i d  ( 1 .5 4  g ,
• 4

11 .25  mmol) i n  1 , 2 ^ d i c h l o r o e t h a n e  (100  mL), was added  d ro p w ise  u n d e r
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o v e r  10 h t o  a h o t  s o l u t i o n  o f  ^  (2 g ,  4 .5  mmol) and i s o - a m y l  n i t r i t e  ^

(4 .7 4  g ,  4 0 .5  mmol) i n  ClCH^CH^Cl (100 m l ) .  A f t # r  a  15 m in r e f l u x , " t h e

r e a c t i o n  m ix tu re  was c o n c e n t r a t e d  u n d e r  r ^ u c e d  p r e s s u r e  and  t h e  r e s i d u e  

t r a n s f e r r e d  to  a s i l i c a  g e l  column u s in g  d i c h lo r o m e th a n e - p e n ta n e  ( 1 : 1 ) .  

E l u t i o n  w i t h  d i c h lo r o m e th a n e - p e n ta n e  ( 1 :1 )  gave ^  ( 1 .9 6  g ,  73%) a s  a 

p a l e  y e l lo w  s e m i - s o l i d  m a t e r i a l ;  ^Hmr, 6 ,  (90 MHz), 7 . 7 - 6 . 9  (m, A r-H ) ,

6 .1-^5 .0  (m, -CHS and i n t e r n a l  H ' s ) ,  4 . 7 - 2 . 0  (m, -CH^) and 2 .6 2  ( s ,  

Ar-GH^); ms p eak s  (C l)  a t  m/e ( r e l a t i v e  i n t e n s i t y )  ^597' (MH+,

8) and 393 (1 0 0 ) .

15. O xidation  o f  Benzyne-induced S teven s  recœrangement. p ro d u c t  _

to  i t s  su lfon e

Hydrogen p e ro x id e  (30%, 60 mL)‘was added t o  a  warm s o l u t i o n  o f  

108 i n  a c e t i c  a c i d  ( 3 0 .mL) and b enzene  (60 mL). The r e a c t i o n  m ix tu re

was r e f l u x e d  f o r '5 h .  The p r o d u c t  was t r a n s f e r r e d  t o  a  s e p a r a t o r y

f u n n e l  and th e  l a y e r s  s e p a r a t e d .  The aqueous l a y e r  was n e u t r a l i z e d  

u s in g  sodium  b i c a r b o n a t e  s o l u t i o n  and e x t r a c t e d  u s in g  b e n z e n e  (3  x 

100 mL). The o r g a n i c  e x t r a c t s  w ere com bined , w ashed , d r i e d  and  th e n  

, c o n c e n t r a t e d .  T h is  was t h e n  f i l t e r e d  th ro u g h  a  s i l i c a  g e l  column u s in g  

b e n z e n e - d ic h lo ro m e th a n e  ( 1 :1 )  a s  t h e  e l u a n t  to. y i e l d  t h e  s u l f o n e  ^  

(1 .8 4  g ,  90%) a s  a  y e l lo w  s o l i d .  R e c r y s t a l l i z a t i o n  from b e n z e n e  gave ' 

a lm o s t  c o l o r l e s s  c r y s t a l s ,  mp 308-311 °C; i r  (K Br), 1325 ( -S O , s t r e t r ü ;  

s ) ,  1292 (m ), 1160 ( -  SO,, s ) , 1145 (m ) , 1092 (m ) , 728 ( s )  an d  695 (w) 

cm"^; m s ^ e a k s  (C l)  a t  m/e ( r e l a t i v e  i n t e n s i t y )  661 (Mh"^, C ,gH ,4 0 ^ S ,B r , ,  

3 0 ) ,  519 (18) and 379 ( 1 0 0 ) .
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16 . .. S u lfo x id e s  ^  o f  the  ̂ s t e r e o i s o m e r s - o f  '
. 7 '

A s o l u t i o n  o f  brom ine  ( 6 .4 3  mmol) i n  d i c h lo r o m e th a n e  was added
. f

s lo w ly  u s in g  a  d ro p p in g  f u n n e l  to  a  10% aqueous  s o l u t i o n  o f  p o ta s s iu m

b i c a r b o n a t e  (55 mL) and t h e  m ix t u r e  o f  s t e r e o i s o m e r s  o f  1 ^  (1 .  68 "g,

2 .8 1  mmol) i n  d ic h lo r o m e th a n e  (60 mL) and t h e  m ix tu r e  was s t i r r e d  a t

room t e m p e r a tu r e  f o r  0 .5  h . D ic h lo ro m e th a n e  (200 mL) was added  and t h e

o r g a n i c  l a y e r  s e p a r a t e d ,  w ashed w i t h  10% sodium  b ic a r b o n a t e ,  s o l u t i o n  and

w a t e r ,  d r i e d  and c o n c e n t r a t e d .  The r e s i d u e  w a s ’f i l t e r e d  th ro u g h  a

column o f  s i l i c a  g e l  u s in g  d ic h lo r o m e th a n e  and th e n  th e n  m e th a n o l  to

1 °
y i e l d  t h e  s u l f o x i d e  1 ^  (1 .2 5  g , 71%); mp 243-246 °C. In  t h e  Hmr 

s p e c t ru m  o n ly  t h e  a r y l  p r o t o n s  a t  6 7 .8  -  6 .9  and th e  a ry l-C H ^  a t  6
f *

^ 2 .6  w ere c l e a r l y  v i s i b l e ;  ms p eak s  a t  m/e ( r e l a t i v e  i n t e n s i t y )  629 

(MH" ,̂ CggHg^OgSgBrg, 2 2 ) ,  613 ( 6 4 ) ,  467 ( 2 5 ) ,  403 (24) and 377 (1 0 0 ) ,

17. A ttem pted  p r e p a r a t io n  o f  l ,Z ^ b is (h yd ro x ym e th y l) -2 -m e th y lp yren e  

. n-.BuLi (108 mg, 1 .6 9  mmol) i n  hexane (1 mL) was added  w i th

s t i r r i n g  t o  (147 mg, 0 .3 9  mmol) i n  d ry  THF (40 mL) u n d e r  Ng a t  room

t e m p e r a t u r e .  A f t e r  a  f u r t h e r  0 .5  h ,  powdered p a ra fo rm a ld e h y d e  (404 mg, 

1 3 .4 8  mmol , p r e v i o u s l y  d r i e d  i n  a  vacuum d e s i c c a t o r  o v e r  F^O^) was . 

added and th e  m ix tu re  was s t i r r e d  f o r  0 .5  h .  I t  was t h e n  r e f l u x e d  f o r  

2 h b e f o r e  b e in g  c o o le d ,  a c i d i f i e d  w i th  aqueous h y d r o c h lo r i c -  a c id  and 

e x t r a c t e d  w i t h  d i c h lo r o m e th a n e  (3 x 100 mL). T h is  was d r i e d  a'nd con­

c e n t r a t e d  t o  g iv e  a  d a r k ,  r e d d i s h -b r o w n  sem i—s o l i d  (121 mg) w hich  c o u ld  

n o t  be i d e n t i f i e d .
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18. Formation d f  d i n i t H l ç  v i a  von Braun r e a c t io n .

Cuprous c y a n id e  ( 3 .3  g ,  3 6 .8  mmol) was g r a d u a l l y  aBded to  a  s t i r r e d  

s o l u t i o n  o f  t h e  b rom ide  ^  ( 1 3 .1  g ,  2 7 .8  mmol) i n  N - m e t h y l - 2 - p y r r o l i d i - ,  

n o l le - (150  mL) and t h e  m ix tu r e  was h e a te d  u n d e r  r e f l u x .  F u r t h e r  a d d i t i o n s

o f  cuprous•c y a n id e  (2 g , 2 g and 2 .6  g) w ere made a t  t h e  end o f  3, 6 and
..

8 h and th e  r e a c t i o n  m ix tu re  was r e f l u x e d  f o r  a  t o t a l  o f  24 h . The 

m ix tu re  was c o o le d  t o  100 °C and p o u red  i n t o  water-NH^OH ( 1 : 1 ,  800 mL). 

A f t e r  s t i r r i n g  f o r  2 h ,  t h e  s o l i d s  w ere c o l l e c t e d  by f i l t r a t i o n  and 

a i r - d r i e d .  The s o l i d s  w ere e x t r a c t e d  u s in g  d i c h lo r o m e th a n e  (3 x 200 mL) 

i n  a b l e n d e r  and t h e  o r g a n i c  l a y e r s  were c om bined ,w ashed , d r i e d  and 

c o n c e n t r a t e d . ’ The r e s i d u e  was ch ro m a to g rap h ed  o v e r  s i l i c a  g e l  u s in g  

d ic h lo ro m e th a n e  'as an  e l u a n t  and gave ^^0^  ( 3 .8 8  g , 3 8 / )  a s  y e l lo w  

c r y s t a l s ;  ^Hmr, 6 ,  (60 MHz)',, 7 .8  -  7 .0  (m, a r o m a t i c  H ' s ) ,  5 .1  -  4 .3  

, (m, -CHS and i n t e r n a l  H ' s ) ,  4 . 1  -  2 .0  (in, —G H -- ) , 2 .8 7  ( s ,  A r-C ]l„ ) ,

2 .1 2  And 1 ,97  ( s ,  -SCH..) m s .p e a k s  (C l)  a t  m/e ( r e l a t i v e  i n t e n s i t y )  365 

(MH'*', C^^H^qN^S^, 100) gAd 270 ( 5 6 ) .

19. 5^?-D icyano-6-m ethyU 2j l l - d i th ia [3 ,3 ]m e ta c y a lo p h a n e

Cuprous c y a n id e  (4 g ,  44*7 mmol) was g r a d u a l l y  added  t o  a s t i r r e d  

s o l u t i o n  o f  t h e  brom ide  (2 ,  g ,  4 .5  mmol) i n  M r n ie th y l - 2 - p y r r o l id in o n e  

(50 mL) ,and t %  m ix tu re  was h e a t e d 'u n d e r  r e f l u x .  A se co n d  p o r t i o n  of, 

c u p ro u s  c y a n id e  ( 3 .3  g; 3 6 .8  mmol) was added a t  t h e  end o f  7 h and th e  

m ix tu re  was h e a te d  f o r  an a d d i t i o n a l  17 h . The m ix tu r e  was c o o le d  to  

a b o u t  100 °C and p o u re d  i n t o  water-NH^OH ( 1 : 1 ,  400 mL). A f t e r  Che mix­

t u r e  had been  s t i r r e d  w i t h  c o o l in g  f o r  1 h ,  t h e  s o l i d s  w ere c o l l e c t e d
A

bv f i l t r a t i o n  and a i r - d r i e d .  I t  was e x t r a c t e d  u s in g  d i c h lo r o m e th a n e  

(5 X 100 mL) i n  a  b l e n d e r  and th e  o r g a n i c  l a y e r s  w ere  com bined , w ashed .
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d r i e d  and c o n c e n t r a t e d .  The r e s i d u e  w as c h r o m a to g r a p h e d  o v e r  s i l i c a  

g e l  u s i n g  d i c h l o r o m e t h a n e  a s  e l u a n t  and g a v e  ^  ( I . l 7  g ,  77%) a s  a

p a l e  y e l l o w  p r o d u c t .  R e c r y s t a l l i z a t i o n  from  b e n z e n e  g a v e  n e a r l y  c o l o r ­

l e s s  c r y s t a l s ,  mp 235-237 °C; W ,  Ô, -C60 M Hz), 7 .4 1 ,  7 .3 4  ( b s ,  IH 

e a c h ,  H -9  and H - 1 8 ) ,  6 . 8 8  ( s ,  3H, H - 1 4 ,  H -15  and H - 1 6 ) ,  3 . 9 6  and .

3^86 ( s ,  e a c h  4H , -C H ^ -S -C H g-)  and 2 . 5 3  ( s ,  3H, Ar-C H ^); i r  (% Br), 2 2 2 0  

(-CN s t r e t c h . ,  s ) , 1 5 9 2  (m ), 1442 (m ), 1422 (w) , 1400 (w ) , 1222 (m) , 905 

( s ) ,  792 ( s ) ,  724 ( s )  and 698 ( s )  cm"^; ms peak's (E l)  a t  m/e ( r e l a t i v e

i n t e n s i t y )  336 (m" ,̂ ‘

-

20. A ttem pted  w i t t i g  rearrangement o f  d ithaoyolophane to

( ^  t o  ^ 7  .

A s o l u t i o n  o f  l i t h i u m - d i i s o p r o p y la m i d e  [ p r e p a r e d  from n -B u L i  (17.75-

mmol) i n  Hexane ( 8 . 1  mL) a n d  .d i i s o p r o p y la m i n e  (2 .4 8  mL, 1 7 . 7 5  mmol)l in

d ry  THF (50 mL) was added d r o p w i s e  o v e r  10 min t o  a s o l u t i o n  o f  th e

d i t h i a c y c l o p h a n e  ( 2 . 3 9  g ,  J . l  mmol) u n d er  Nz i n  dry/TH F ( 8 0  mL).

A f t e r  *  f u r t h e r  5 m i n u t e s  o f  s t i r r i n g ,  m e t h y l  i o d i d e  ( 3 . 0 1  g ,  2 1 . 2  mmol)

was ad ded  g r a d u a l l y .  W a te r ,  a q u e o u s  HCl and d i c h l o r o m e t h a n e  w e r e  t h e n

ad d ed  and t h e  o r g a n i c  l a y e r  w a s - t a s h e d ,  d r i e d  and c o n c e n t r a t e d .  . I t  w as

f i l t e r e d  th ro u g h  a s h o r t  column o f  s i l i c a  g e l  to  y i e l d  (1 .6 8  g , )

as  a  4 :1  m ix tu re  o f  two i s o m e r s ,  mp 165-193 °C; Hmr, 6 , ( 6 0  MHz), 7 .7

6 . 5  (m, 5H, A r - H ) ,  4 . 5  -  4 . 0  (m, 2H, -C H S ) ,  3 . 8  ( s ,  4H, A r - C g ^ - S ) ,  2 - 4 6 ,

2 . 4 3  ( s ,  3H t o t a l ,  A r - C H , ) ,  1 . 6 0  qnd 1 . 5 1  ( d ,  3H t o t a l ,  J  -  ^  Hz e a c h ,

CH -C H -S );  ms p e a k s  (E l)  a t  m/e ( r e l a t i v e  I n t e n s i t y )  364 (m"*",
—3

24), and 349 (100) . ^
or
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21. S t 0 veri8 r e a r r a n g e m e n t  o f  d iv h ia a y o to p h o n e  7̂  t o

A. B is  (sulfonium) s a l t  ^  of d ith iacyc lop h ane

A s o l u t i o n  o f  t h e  d i t h i a c y c l o p h a n e  ^  (1 .0 9  g ,  3 .2 4  mmol) i n

d ic h lo ro m e th a n e  (25 mL) -was added  t o  a  s t i r r e d  s u s p e n s io n  o f  (MeO)2 CHBF^

( 1 .3 7  g ,  60% as  o i l ,  7 .7 6  mmol) i n  d ic h lo r o m e th a n e  (15 mL) a t  - 3 0 -°C

u n d é r  N . A f t e r  t h e  a d d i t i o n ,  t h e  m ix tu r e  was a l lo w e d  t o  warm t o  room 
2 «

t e m p e ra tu re  and s t i r r e d  f o r  an a d d i t i o n a l  4 h .  E th y l  a c e t a t e  (20  mL) 

was ad ded  and t h f  m ix tu re  s t i r r e d  f o r  an a d d i t i o n a l  h o u r .  I t  was f i l t e r -  

e d ,  w a sh ed  w i t h  e t h y l  a c e t a t e  (1 5  mL) and d r i e d  u n d er  vacuum  t o  y i e l d  

t h e  s u l f o n i u m  s a l t  ( 1 . 6 3  g ,  93%) a s  a  n e a r l y  c o l o r l e s s  p o w d er .

B. Rearrangement of the sulfonium s a l t  1 0 ^  to  ^^0^.

* I h e  b i s ( s u l f o n i u m ) s a l t  ^  ( 1 . 6 3  g , 3 . 0 3  mmol) w as ad d ed  t o  a 

s u s p e n s i o n  o f  p o t a s s i u m  t - b u t o x i ' d e  ( 1 . 0 2  g ,  9 : 0 9  mmol) i n  d r y l H E '  u n d er  

N and s t i r r e d  f o r  0 .5  h a t  room t e m p e r a t u r e .  T h is  was a c i o i f i e d  u s in g

aqueous HCl and e x t r a c t e d  u s in g  d ic h lo r o m e th a n e  (4 x 75 mL). The o r g a n i c

l a y e r s  were com bined , w ashed , d r i e d  and c o n c e n t r a t e d .  T h is  was c h rom a to ­

g rap h e d  o v e r  s i l i c a  ge.L u s in g  d i c h lo r o m e th a n e - p e n ta n e  ( 8 :2 )  as  th e  

f e l u a n t  t o  g i v e  %%%& (2 7 4  mg, 25%) a s  a p a l e  y e l l o w  p r o d u c t ;  Hmr, 6 ,

"(60 MHz), 8 . 4  -  8 . 1  and 7 . 6  -  6 .9  ( a r o m a t ic  H'æ) , 4 .0  -  2 . 0  ( -CH^-CH 

and i n t e r n a l  H ' s ) ,  3 . 0 ,  2 . 7 5  ( A r - C H , ) ,  2 . 0 5  and 1 . 0 9  ( S - C H , ) .

22. A t t e m p te d  • Hofmcffvn e l i m v n a t i o n  t o  g i v e

A s o l u t i o n  o f  th e  mixed i s o m e r s  o f  from th e  von Braun r e a c t i o n

of ^  (330 mg, 0 .9 1  mmol) i n  d i c h lo r o m e th a n e  (20  mL) was added  t o  

(MeO)2CHBF^(0.44 g ,  80% 'as o i l ,  2 .1 7  mmol) i n  d ic h lo r o m e th a n e  (5 mL) 

s t i r r e d  a t  - 3 0  “ C u n d e r  N^. The d e e p - r e d  m ix tu r e  was t h e n  s t i r r e d  f o r  

4 h w i th o u t  f u r t h e r  c o o l i n g .  E t h y l  a c e t a t e  (25 mL) was t h e n  ad d ed  and
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s t i r r i n g  c o n t in u e d  f o r  0 .5  h .  The c re a m -y e l lo w  p r o d u c t  was c o l l e c t e d  

by f i l t r a t i o n  and d r i e d  under  s u c t i o n  t o  g iv e  t h e  b i s ( s u l f o n i u m ) s a l t s  

< 0 .424  g ,  83%). T hese  s a l t s  w ere su sp en d ed  i n  d ry  THF (25 mL) 

u n d e r  N_ and anhyd rous  p o ta s s iu m  t - b u t o x i d e  ( 0 .3 3  g , 2 .9 8  mmol) was 

added  t o  th e  s o l u t i o n .  T h is  was h e a t e d  t o  r e f l u x  w i th  s t i r r i n g  u n d e r  

4 h .  I t  was c o o le d ,  a c i d i f i e d  w i th  aqueous  HCl and e x t r a c t e d  

u s in g  d ic h lo r o m e th a n e  (4 x 100 mL). The o r g a n i c  l a y e r s  w ere com bined , 

w ashed , d r i e d  and c o n c e n t r a t e d .  ^Hmr o f  t h e  p r o d u c t  d id  n o t  i n d i c a t e  

th e  p r e s e n c e  o f  any

2 3 . Swlforrjeg o f  atereoisomgrs o f

A s o l u t i o n  o f  b rom ine  (1 .5 1  mmol) i n  d i c h lo r o m e th a n e  was added
> ■

s lo w ly  u s in g  a s y r i n g e  to  a 10% aqueous  s o l u t i o n  o f  p o ta s s iu m  b i c a r b o ­

n a t e  (15 mL) and th e  m ix tu re  o f  s t e r e o i s o m e r s  o f  (275 mg, 0 .7 6  mmol)

i n  d i c h lo r o m e th a n e  (15 mL) and t h e  m ix tu re  -was s t i r r e d  a t  room te m p e ra ­

t u r e  f o r  0 . 5  h .  D ic h lo ro m e th a n e  (50 mL) was added and t h e  o r g a n i c  

l a y e r  s e p a r a t e d ,  w ashed w i th  10% sodium  b i c a r b ç n a t e  s o l u t i o n  and w a t e r ,  

d r i e d  and c o n c e n t r a t e d .  The r e s i d p e  was f i l t e r e d  th ro u g h  a Column o f  

s i l i c a  g e l  u s in g  d ic h lo r o m e th a n e  and th e n  m e th a n o l  a s  e l u a n t  t o  y i e l d  

t h e  s u l f o x i d e  1 ^  as  a m i x t u t e  o f  s t e r e o i s o m e r s  (297 mg, 99%), mp 96 -  

118 »€; h m r ,  6 ,  (60 MHz), 7 .7  -  7 .0  (m, A r-H ) ,  5 .5  -  2 .5  (m ,.-C H , -CH^ 

and i n t e r n a l  H ' s ) ,  2 .8 5 ,  2 .8 0  ( s i n g l e t s ,  -S O C H ^ , 2 .5 6  and 2 .5 2  ( s i n g ­

l e t s ,  Ar-CH^); i r  (KBr), 2224 (-CN s t r e t c h ,  m ) , 1050 (S=0 s t r e t c h ,  m)

-1  • ’ 
and 775 (w) cm .
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24. A tte n p te d  th e r m o ly s is  o f  to '

A s o l u t i o n  o f  a  m ix tu r e  o f  t h e  s t e r e o i s o m e r s  o f  , |^0j^(276 mg,
.4
0 .7  mmol) i n  N - m e t h y l - 2 - p y r r o l i d i n o n e  (25 mL) was h e a te d  t o  r e f l u x

u n d e r  N_ f o r  24 h . A f t e r  c o o l i n g  t o  room t e m p e r a t u r e ,  t h e  m ix tu r e  was 
^ . »

po u red  i n t o  d i l .H C l  (100 mL) a n d - e x t r a c t e d  w i th  b e n z en e  (5 x 75 mL). .

The o r g a n i c  l a y e r s  w ere com bined , w ashed , d r i e d  and c o n c e n t r a t e d .  

C hrom atography o v e r  s i l i c a  g e l  and e l u t i o n  w i th  d i c h lo r o m e th a n e - p e n ta n e  

(1 :1 )  d id  n o t  g iv e  any

25. A ttem pted  re d u c tio n  o f  d i n i t r i l e  1 0 ^  t o  d ia ldeh yde

A s o l u t i o n  o f  d i l s o b u ty la lu m in u m  h y d r id e  ( 3 .2  g ,  2 2 .5  mmol) in  

hexane  (13 mL), was added d ro p w ise  w i th  s t i r r i n g  u n d e r  N_ t o  a s o l u t i o n  

o f  (3 .7 2  g ,  9 .3 9  m m o l)- in  d ry  b enzene  (250 mL) a t  room t e m p e r a tu r e .

A f t e r  th e  a d d i t i o n  was c o m p le te ,  th e  s o l u t i o n  was s t i r r e d  f o r  an a d d i ­

t i o n a l  4 h b e f o r e  b e in g  decomposed by th e  c a r e f u l  a d d i t i o n ,  w i th  i c e - b a t h  

c o o l i n g  when n e c e s s a r y ,  o f  m e th a n o l  (12 mL) , m e th a n o l - w a te r  (1:1", 20 mL) 

and f i n a l l y  w a te r - c o n c .  HCl ( 1 : 1 ,  20 mL). The aqueous  l a y e r  was e x t r a ­

c te d  u s in g  benzene  (5 x 100 mL) and th e  o r g a n i c  l a y e r s  w ere com bined , 

washed w i th  w a t e r ,  d r i e d  and c o n c e n t r a t e d  to  1 .6 6  g o f  a y e l lo w  p r o d u c t .  

^Hmr, 6 ,  (90 MHz), 7 .4  -  7 .2  (m, a ro m a t ic  H ' s ) ,  4 .4 0 ,  4 .2 8  ( s ,  i n t e r n a l  

H 's )  and 5 .2  -  1 .9  '(-CH^,-CH, S-CH^ and Ar-CH^) ; i r  (K Q r) , 2220 (-CN 

s t r e t c h ,  m) cm . [ N ote  : ^Hmr d id  n o t  i n d i c a t e  any a ld e h y d i c  p r o to n  

and no a b s o r p t i o n  due t o  -C=0 s t r e t c h  co u ld  be s e e n  i n  t h e  i r . ]

26. Reduction o f  d i n i t r i l e  ^ 0 ^  t o  d ia ldeh yde

A s o l u t i o n  o f  d i i s o b u ty la lu m in u m  h y d r id e  (0 .7 5  g ,  5 .2 8  mmol) i n  

 ̂ hexane  (3 mL) was added w i t h  s t i r r i n g  un d e r  N^ t o  a  s o l u t i o n  o f  t h e
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d i n i t r i l e ( 0 . 8  g ,  2 .2  mmol) i n  d ry  b enzène  (60  mL) a t  room tem p e ra ­

t u r e .  A f t e r  t h e  a d d i t i o n  was c o m p le te ,  t h e  s o l u t i o n  was a l lo w e d  to  

• s t i r  a t  room te m p e r a tu r e  f o r  6 h and th e n  i t  was decomposed by th e  

c a r e f u l  a d d i t i o n ,  w i t h  i c e - b a t h  c o o l in g  when n e c e s s a r y ,  o |  m e th a n o l  

(10 mL), m e th a n o l - w a te r  ( 1 : 1 ,  20 m t ) , c o n c .H C l-w a te r  ( 1 : 1 ,  20 mL) and 

benzene  (100 mL). The o r g a n i c  l a y e r  was s e p a r a t e d ,  w ashed , d r i e d  and 

c o n c e n t r a t e d  t o  g iv e  ( 0 .7 9  g , 97%) as  a m ix tu r e  o f  s t e r e o i s o m e r s ,

^Hmr, 6 ,  (60 MHz), 1 0 .7 2 ,  1 0 .6 6  ( s ,  2 H ' t o t a l ,  Ar-OTO), 7 .7  -  7 .0  (m,

A r - H ) ,5 .2  -  4 .0  (m, -CH-S and i n t e r n a l  H ' s ) ,  3 .9  -  2 .0  (m, -C H 2 > ,^ 2 .8 5 ,  

2 .7 8  ( s i n g l e t s ,  t , o t a l  3H, A r-C l i^ ) , 2 .2 2  and^ | ^ 9 6 ( s i n g l e t s ,  -S Œ ^ )*

' V
27. Sodi'm borohydride  r e d u c tio n  o f  to  the d ia la o h o l

A s o l u t i o n  o f  t h e  d i a ld e h y d e  (0 .7 9  g ,  2 .1 4  mmol), i n  THF

(30 mL) was added d ro p w ise  t o  a s l u r r y  o f  sodium  b o r o h y d r id e  (0 .1 2 5  g ,

3 .3  mmol) i n  THF 95 mL) w i th  s t i r r i n g  a t  room t e m p e r a t u r e .  A f t e r  th e

m ix tu re  had been  s t i r r e d  a t  room t e m p e ra tu re  f o r  3 h ,  i t  was c o o le d  to

0 and decomposed by th e  g r a d u a l  a d d i t i o n  o f  w a t e r —conc .H C l ( 1 . 1 ,  30

mL). The aqueous l a y e r  was s a t u r a t e d  w i th  sodium  c h l o r i d e  s o l u t i o n ,

d r i e d  and c o n c e n t r a t e d  t o  g iv e  t h e  d i a l c o h o l  1 0 ^  ( 0 .7 3  g ,  91%); S t a r ,

6 , (60 MHz), 7 .8  -  7 . 0  (m, A r-H ) ,  4 .8 3  ( b s ,  - Œ 2- O ) , 4 . 6  -  2 . 0  ( r C H , - ^ ^ ,

-CH„ and i n t e r n a l  H ' s ) ,  2 .1 5  and 1 .9 4  ( s ,-S C H _ ) .
—2

28. O xida tion  d f  d i th ia c y c lo p h a n e  ^  to  b ia  (su lfo n e )
- A -  j

Hydrogen p e r o x id e  (30%,50 mL) was added t o  a  s o l u t i o n  o f  th e
-isi

( J i th ia c y c lo p h a n e  7^ (5 g , 1 1 .2 6  mmol) i n  a c e t i c  a c i d  (150 mL, d i s s o l v e d  

h o t  and th e n  c o o l e d ) . T h is  was th e n  h e a te d  t o  r e f l u x  and s t i r r e d  f o r  

18 h .  The m ix tu re  was c o o le d ,  f i l t e r e d ,  washed w i t h  w a t e r ,  aqueous
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sodium  b i c a r b o n a t e  and f i n a l l y  w a te r  t i l l  n e u t r a l .  The p r o d u c t  was 

d r i e d  a t  80 °C u n d e r  vacuum f o r  6 h t o  y i e l d  t h e  b i s ' ( s u l f o n e )  .

, ( 5 . 2 8  g ,  92%) a s  a f r e e - f l o w i n g  s h in y  w h i t e  pow der, mp 325-327 \C ( d e c . ) ;

^Hmr, 6 , (90 MHz, CF^COOD), 7 . 3 8 „ 7 . 2 4  ( s ,  ~5H, Ar-H),  4 . 9 5 ,  4..70 ( s ,

-.4H e a c h ,  -CH^) and 2 . 5 9  ( s ,  ~3H , - ( ^ ) ;  i r  (K B r ) ,  1 4 0 5  ( s ) ,  1 3 1 5  ( -S O ^ ,.

■ s ) ,  1295 (-SOg, s ) ,  1230 (w ) , 1155 (-SQ ^, s ) , 1130 (w ) , 1105 ( s ) ,  1035

(m), 975 ( m ) f  910 (m ) , 884  (w ) , 848 (m ) ,  815 ( w ) , 694 ( s ) ,  535 (w ) , 495 

(m) a n d '4 6 8  /(m) c m " \  ms p e a k s  ( C l )  a t  m /e  ( r e l a t i v e  i n t e n s i t y )  509  

(MH+.'q^yH^^O^S^Br^, 1 0 0 ) ,  4 8 1  ( 3 5 ) ,  427  ( 2 8 ) ,  3 8 0  ( 4 0 ) ,  352  ( 6 8 )  and

300 ( 3 4 ) .

A nal.  C a lc d .  f o r  ^ ^ 0 .1 7 ,  H 3.17

Found : C 4 .0 .14, H 3 .06

o f  b i s  ( s u l fo n e )  ‘ • -

The b i s  ( s u l f o n e )  ( 1  g ,  1 . 9 7  mmol) i n  a p o r c e l a i n  b o a t  ( 9  x

1 .5  X 1 cm) w as p l a c e d  i n ' a  P y r e x  .Cube s e a l e d  a t  o n e  end  (31 cm l o n g  and

2 .5  cm in  d i a m e t e r ) .  The open end was c o n n e c t e d  t o  a c o ld  f i n g e r  w hich  

w as a t t a c h e d  t o  a  h i g h  vacuum s y s t e m .  The e n t i r e , s y s t h m  w as e v a c u a t e d  

t o  0 .0 5  t o r r  Hg p r e s s u r e .  The tu b e  was s l i d  s m o o t h ly  i n t o  a f u rn a c e  

(1 5  cm i n  l e n g t h  and p r e h e a t e d  t o  6 5 0  " O  i n  s u c h  a  way t h a t  t h e  p o r c e ­

l a i n  b o a t  c o u l d ' b e  m a i n t a i n e d  i n  6 h e  h o t  z o n e .  A s ' s o o h  a s  t h e  r e a c t i o n  

s t a r t e d  t h e , c o l o r l e s s  p r o d u c t  condensed  on th e  i c e - w a t e r  c o o le d  c o ld  

f i n g e r .  The r e a c t i o n  was c o m p le te  i n  a b o u t  2 m in. T-he e n t i r e  tu b e  

t h e  c o ld  f i n g e r  was washed w e l l  w i th  d i c h lo r o m e th a n e  and t h e  s o l v e n t  

s t r i p p e d  o f f .  The r e s i d u e  was e x t r a c t e d  w i t h  h o t  p e n ta n e  and th e
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p e n ta n e  e x t r a c t^ c h r o m a to g r a p h e d  o v e r  I s i l i c a  g e l  column t o  g iv e  t h e  

m e ta c y c lo p h a n e  ( 0 .3 6 6  g , 49%) a s  a p a l e  y e l lo w  pow der. A\ samp l e

was r e c r y s t a l l i z e d  from  b e n z e n e - e t h a n o l  a s  n e a r l y  c o l o r l e s s  c r y s t a l s ,
1 \  

mp 115-117 °C; Hmr, 6 ,  (90 MHz), 7 .4  -  7 . 0  (m, 3H, A r-H ) ,  4 .4 1  ( b s ,  IH,

H -1 6 ) ,  4 .2 7  ( s ,  IH, r i - 8 ) ,  3 .8  -  1 .7  (m, 8H,' -CH^-CH^) and 2 .68 , ( s ,  3H,

Ar-CH^) ; S h n r ,  6 ,  (250 MHz), 7 .3 0  - 7 . 2 0 ,  7 , .0 5 ' - 7 .0 2  (m, 3H, Ar-Il) , 4 .3 7

(bs,, IH, H -1 6 ) ,  4 .2 4  ( s ,  IH, H - 8 ) ,  3 .6 4  -  3 . 5 6 ,  3 .0 5  -  2 .9 7 ,  2 .2 7  -  2 .1 6 ,

1 .9 3  -  1 .8 3  ( m, t o t a l  8H, -CH^-CH^) and 2 .6 0  ( s ,  3H, A r-CH ^); i r  (K Br),

1482 ( m ) , 1440 (m ) , 1430 (w ) , 1400 ( w ) , 1380 ( w ) , 1333 ( w ) , 1178 ( s ) ,

1165 (m), 1078 (w ) , 1038 (w ) , 972 (m ) , 952 ( w ) , 947 (m ) , 869 ( s ) , 8 5 4  ,

(m), 833 (w) , 790 ( s ) , 727 ( s ) , 716 ( s ) , 708 (m ) , 620 (m) and 602 ( s )  .

cm ^ ; ms p^aks  (E l)  a t  m /e ( r e l a t i v e  i n t e n s i t y )  380 (M , C^yH^^Br2 » 5 ) ,

352 ( 7 ) ,  300 ( 4 ) ,  2 8 6 , ( 2 ) ,  220 ( 1 0 0 ) ,  205 ( 3 3 ) ,  192 (24),-  177 (5) and '

165 ( 9 ) ;  ^^Cmr (1 5 .1  MHz), 5 , 1 3 8 .5  ( C - 5 ) ,  1 3 7 .3 ,  137.1  (C -3 , C-7 and

C-11, C -1 5 ) ,  .136.1 (C-8 and C -1 6 ) ,  1 2 9 . 4 ' (C -1 3 ,  J  = 158 .5  H z) ,  125 .7

(C-12 and C -1 4 ) ,  1 2 3 .8  (C-4 and C - 6 ) ,  4 1 .8 ,  38 .1  (G -1 , C -10 , C-2 and

C -9 , = 128 .5  and J l „  = 1 3 0 .4 )  and 2 5 .3  ( 5-CH J  = 1 28 .6  H z).
CH^ ' 2 '

A na l .  C a lc d t  f o r  C^yH^^Br2 : C 5 3 .7 1 ,  H 4 .2 4

Found : C 5 3 .8 1 ,  H 4 .2 9
‘

30. i ,  Z-Dibrom o-2-m ethyl-4j  5 , 9^ 10-te tra h yd ro p yren e

A s o l u t i o n  p f  b rom ine  ( 5 .4 3  g ,  3 3 .9  mmol) i n  d ry  c a rb o n  t e t r a ­

c h l o r i d e  (125 mL) was added  t o  m a g n e t i c a l l y - s t i r f e d  m ix t u r e  o f  ^  (10 g ,  

26 .31  nmjol) and i r o n  powder ( 0 .5  g) i n  c a rb o n  t e t r a c h l o r i d e  (500 mL) .

u nder  N . . The m ix tu r e  was s t i r r e d  f o r  80 h i n  t h e  d a rk .  I t  was t h e n
' . , - 

f i l t e r e d  ancji t h e  s o l i d s  washed w i t h  c a rb o n  t e t r a c h l o r i d e  (100 mL). The
* '

f i l t r a t e - w a s  washed w i th  w a te r , ' ,  aqueous  sod ium  b i s u l f i t e ,  w a te r  , sodium
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b i c a r b o n a t e  s o l u t i o n  and f i n a l l y  w i t h  w a t e r .  I t  was d r i e d  and concen ­

t r a t e d  t o  g iv e  an o r a n g e - r e d  p r o d u c t .  Column ch rom atog raphy  o v e r  s i l i c a  

g e l  u s in g  p e n ta n e  a s  an e l u a n t  g a v e  l , 3 - d i b r o m o - 2 - m e t h y l - 4 , 5 , 9 , 1 0 - t e t r a -  

h y d ro p y re n e  ( 9 .7 4  g ,  98%) a^ a p a l e  y e l lo w  powder. A sam p le  was 

r e c r y s t a l l i z e d  from c y c lo h e x a n e  a s  p a l e  y e l lo w  c r y s t a l s ,  mp 128-130  ®C; 

^ m r ,  6 , (90 MHz), 7 ,3  -  7 .0  ^A2B m u l t i p l e t ,  3H, A r-^ )  , 3 .2  -  2 .7  (m,

8H, -CH2 -CH2 ) and 2 .6 8  ( s ,  3H; A r-C H ^); ms p e a k s  (E l)  a t  m /e ( r e l a t i v e  ^

, i n t e n s i t y ) '  378 (M^, C^^H^^Br2 > c o r r e c t  1 : 2 : 1  i s o t o p e  p a t t e r n ,  3 1 ) ,

298 ( 8 ) ,  218 (100) and 203 ( 6 5 ) .

31. I j  3 -D io y a n o -2 -m e th y l-4 j5 j9 j lO - te tra h y d ro p y re n e  1 0 ^ .
I ' . '

Cuprous c y a n id e  (3 g) was added to  a  s o l u t i o n  o f  t h e  d ibrom i.de

(1 0 .3 5  g ,  2 7 .3 8  mmol) i n  N - m e t h y l - 2 - p y r r o l i d i n o n e  (130 mL) and w as ,

, ,  ■ r e f l u x e d  u n d e r  N_. -F u r th e r  p o r t i o n s  o f  cu p ro u s  c y a n id e  (4 g ,  4 g and
2

'
6 .2  g) w ere  added a f t e r  4 h j  12 h and 25 h and th e  r e a c t i o n  m ix t u r e  was 

s t i r r e d  f o r  an a d d i t i o n a l  3 h .  The p r o d u c t  was c ^ l e d  t o  100 °C and 

p o u re d  i n t o  water-NH^OH ( 1 : 1 ,  600 mL),. A f t e r  t h e  s o l u t i o n  had  been  

s t i r r e d  f o r  24 h ,  t h e  s ô l i d s  w ere c o l l e c t e d  by f i l t r a t i o n  and a i r - d r i e d .  

The so l i (d s  w ere  e x t r a c t e d  u s in g  d ic h lo r o m e th a n e  (4 x 300 mL) i n  a  b lender ,  

and th e  o r g a n i c  l a y e r s  w ere  com bined , w ashed , d r i e d  and c o n c e n t r a t e d .

The r e s i d u e  was c h ro m a to g rap h ed  o v e r  s i l i c a  g e l  u s in g  d i c h lo r o m e th a n e -  

p e n ta n e  ( 1 :1 )  and gave (3 .0 2  g ,  41%) a s  a p a l e  y e l lo w  p r o d u c t .
I  N

R e c r y s t a l l i z a t i o n  from b e n z e n e - e t h a n o l  gave a s  c o l o r l e s é  c r y s t a l s ,

^  mp 224-226  °C; W ,  6 ,  (250 MHz), 7 .3  -  7 .0  (m, 3H, Ar-ri^), 3 .1 7 ,  2 .9 4  

(AA'BB' m u l t i p l e t ,  8H, and 2 .7 8  ( s ,  3H, Ar-^CH^) ; i r  (KBr) ,

2230 (-CN s t r e t c h ,  m ), 1437 ( s ) , 1413 ( w ) , 1248 (w ) , 1205 ( w ) , 860 ( w ) ,

798 ( s ) ,  772 ( s )  and  741 (w) cm ms peak s  ( E l )  a t  m /e ( r e l a t i v e
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13.
i n t e n s i t y )  270 (m’*', 100) and 255 ( 2 3 ) ;  Cmr ( 6 2 .9  MHz), 6,

1 4 4 .0  ( C - 2 ) ,  1 4 3 .2 ,  1 3 4 /9 ,  1 3 1 .0  ( 3 a ,  1 0 a # 5 a ,  8 a ,  10b and 1 0 c ) ,  1 2 9 .3

( C - 7 ) ,  1 2 6 .6  (C-6 and C - 8 ) , 1 1 5 .7  ( -C N ), 1 1 2 .5  (C-1 and C - 3 ) , 2 7 .5  and

2 7 .2  (C -4 ,  C -10 , C-5 and C-9) and 2 0 .2  ( - O l ^ ) .

A nal.  C a lc d .  f o r  ^ 8 4 .4 1 ,  H 5 .2 2 ,  N 1 0 .J 7

Found : C 8 4 .2 2 ,  H 5 .1 2 ,  N 1 0 .3 3  

* .

32. l^ 3 -D ifo rm y l-2 -m e th y l-4 ^ 5 ,9 ^ 1 0 - te tra h yd ro p yren e  1 ^ .

A s o l u t i o n  o f  d i i s o b u ty la lu m in u m  h y d r id e  (1 1 .2 5  g , 7 9 .2  mmol) i n  

hexane (75 mL) was added d ro p w ise  w i th  s t i r r i n g  u n d e r  a a tm o sp h e re

..to  a .  s o l u t i o n  o f  ^  (8 .4 7  g ,  3 1 .37  mmol) i n  b e n z en e  (250  mL) a t  room •
' *

t e m p e r a t u r e .  A f t e r  t h e  a d d i t i o n  was c o m p le te ,  t h e  s o l u t i o n  was a l lo w e d  

t o  s t i r  f o r  an a d d i t i o n a l  24 h b e f o r e  b e in g  decomposed by t h e  c a r e f u l  

■ s u c c e s s iv e  a d d i t i o n ,  w i t h  i c e - b a t h  c o o l i n g  when n e c e s s a r y ,  o f  m e th a n o l  

(100 mL), w a te r - c o n c .H C l  ( 1 : 1 ,  200 mL) and b enzene  (500 mL). The o r g a n i c  

l a y e r  was s e p a r a t e d ,  w ashed , d r i e d  and c o n c e n t r a t e d  to  g iv e  1 , 3 - d i f o r m y l -
V

2 - r a e t h y l - 4 , 5 , 9 , 1 0 - t e t r a h y d r o p y r e n e  ( 6 .9 3  g ,  80%). A sam ple

r e c r y s t a l l i z e d  from .-carbon  t e t r a c h l o r i d e  gave c o l o r l e s s  c r y s t a l s  o f  

105B. mp 147-149 °C; ^Hmr, 6 ,  (90  MHz), 1 0 .7 2  ( s ,  2H, Ar-CHO), 7 .2  -  7 .1  

(A_B m u l t i p l e t ,  3H, A r -H ) , 3 .4  -  2 .8  (m, 8H,

Ar-CH^); ^ m r ,  6 , (250 MHz), 1 0 .6 9  ( s ,  2H, Ar-CHO), 7 .2 0  (A^B m u l t i p l e t ,  

IH , J  = 7 H z, H - 7 ) ,  7 .1 0  (d ,  2H, J  = 7 Hz, H-6 and H-8) , 3 .2 3  -  3 .1 3 ,  

2 .9 3  -  2 .7 8  (m, 8H, -CH^-CH^) and 2 .7 4  ( s ,  3H, A r-CH ^); i r  (K B r) , 3010 

(w), 2940 (w), 2895 (w), 2840 (w), 1682 ( s ) , 1548 (m ) , 1430 (m ), 1420 

(m ), 1298 (m ), 1240 (w.), 1199 (w), 1065 (w), 875 (w), 858 (w), 825 (w) 

and 770 (w) cm "S  ms p e a k s  ( E l )  a t  m /e  ( r e l a t i v e  i n t e n s i t y )  276 (M ,
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^ I 9 ^ 1 6 ° 2 ’ 7 5 ) '  ^^7 ( 4 3 ) , 2 2 9  ( 2 5 ) ,  219 (1 0 0 ) ,  215 ( 4 5 ) ,  205 (36) and 

202 ( 9 2 ) ;  ^^cmr (6 2 .9  MHz), 6 ,  194 .2  (-CHO), 1 4 1 .2  ( C - 2 ) ,  1 3 9 .5 ,  1^5.3^, 

1 3 2 .9 ,  1 3 0 .9 ,  126 .1  (C -1 ,  C - 3 , .C - 3 a ,  C -lO a , C -5 a ,  C -8 a ,  C-lOb and  C - lO c ) ,  

128 .1  ( C - 7 ) ,  125 .8  (C-6 and C - 8 ) ,  ,2 7 .5 ,  2 5 .0  (C -4 ,  C -10 , C-5 and C^9)

and 1 5 .5  ( -C H ^ ) .

A na l .  C a lc d .  f o r  C^gH^^02 : 0 8 2 .5 8 ,  H 5 .8 4  ' .

Found : C 8 1 .7 9 ,  H 5 .9 0
«

A s o l u t i o n  o f  t h e  d i a l d e h y d e  1 0 ^  (6 .8 6  g ,  2 4 .8 6  mmol) i n  

THF (200 mL) was added d ro p w ise  t o  a s l u r r y  o f  sodium  b o r o h y d r i d e  ( 1 .8 8  

g 49  68 mmol)' i n  THF (50  mL) w i th  s t i r r i n g  a t  room t e m p e r a t u r e .  A f t e r  

t h e  m ix tu re  had been  s t i r r e d  a t .  room t e m p e r a tu r e  f o r  24 h ,  i t  was c o o le d  

t o  0 °C and decomposed by t h e  g r a d u a l  a d d i t i o n  o f  w a te r - c o n c .H C l  ( 1 : 1 ,

100 mL). The aqueous  l a y e r  was s a t u r a t e d  w i th  sodium  c h l o r i d e  and 

e x t r a c t e d  w i t h  e t h e r  ( 7 x 200 mL). The o r g a n i c  l a y e r s  w ere  com bined ,

d r i e d  and e v a p o r a te d  t o  g iv e  l , 3 - b i s ( h y d r o x y m e t h y l ) - 2 - m e t h y l - 4 , 5 , 9 , 1 0 -

cetrahydropytene &%%% ( 6 .3 9  g, 92%). Recrystallization from carbon

t e t r a c h l o r i d e  gave ^  as  c o l o r l e s s  c r y s t a l s ,  mp 180-182  °C; Hmr, 6 ,

(90 MHz), 7 .0 9  ( s ,  3 H , .A r-H ) ,  4 .8 0  ( s ,  4 H ,-C H 2 -0 ) , 3 .1  -  2 .7  ( m, 8H,

-CH -CH ) ,  2 .5 4  ( s ,  3H, -Ar-CH ) aAd 1 .5 2  ( s ,  2H, -OH, exchanged  w i t h  1^0) 
—2 —2

i r  (K B r), 3280 (-0H s t r e t c h ,  a ) ,  2920 ( s ) , 1465 (m ),1430  (m) ,• 1025 ( s ) , 

990 ( s ) , 765 ( s ) ,  752 (w) arid 714 -(w) cm ms p e a k s  (E I)^  a t  m/e

'  ( r e l a t i v e  i n t e n s i t y )  280 (M+, C^gH2o02, 6 0 ) ,  231 ( 1 0 0 ) ,  221 (52) and
\ .

202 ( 3 2 ) .

A na l .  C a lc d .  f o r  C^qH2Q02 : C 8 1 .3 9 ,  H 7 .1 9

Found : C 8 0 .8 6 ,  H 7 .3 9



0

%

13.9 •

It , 34 . l j3 -B i8 (b r o m m e th y l ) -2 -m e th y l -4 j5 j9 j l0 - te tr a h y d i> o p y r e n e
9" \

S' '  . • j i jg  d i a l c o h o l  ( '6 .34  g ,  2 2 .64  mmol) was added t o  a  m ix tu r e  o f

* • h y d ro b ro m ic  a c i d  (48%, 300 mL', 2 .6  mol) and conc .H .SO , (2  mL) and t h e  ,
to- _ ' (

m ix tu r ^ 'w a s  h e a t e d  u n d e r  r e f l u x  w i t h  s t i r r i n g  f o r  7 h .  The r e a c t i o n

m ix tu r e  was c o o le d  t o  room t e m p e r a t u r e ,  i c e - c o l d  w a t e r  (200 mL) added 
*

/ . a n d , t h e n  i t  was e x t r a c t e d  w i t h  d i c h lo r o m e th a n e  (6 x 200 mL). The o r g a n i c  
» . ^* y

l a y e r s  w ere  com bined , w ashed  w i t h  w a t e r ,  aqueous sodium  b i c a r b o n a t e

sd & u t io n ,  w a t e r  t i l l  n e u t r a l ,  d r i e d  and c o n c e n t r a t e d  t o  y i e l d  t h e  b rom ide  

** ^ y e l lo w  p r o d u c t .  T h is  g a v e ,  on ch ro m a to g rap h y  o v e r  s i l i c a  g e l

‘ u s in g  d i c h lo r o m e th a n e - p e n ta n e  ( 3 ;7 )  a s  t h e  e l u a n t i  t h e  d e s i r e d  1 , 3 - b i s -  

. \ ( b to m o in e t h y l ) - 2 - m e th y l - 4 ,5 ,9 l l t ) ' - ' t e t r a h y d r o p y r e n e  ( 6 .7 9  g , 73 .8% ).

4 A sam ple  r e C r y s t a l i i z e d  from  c y c lo h e x a n e .g a v e  n e a r l y  c o l o r l e s s  c r y s t a l s ,

mp 208-210 ®C; ^ r ,  6 ,  ( 90 M Hz)/ 7 .0 9  (m, 3H, A r-H ) ,  4 .6 0  ( s ,  4H,
'  . -  ■ 

-CH^Br), 2 .8 9  ( b s ,  8H, -CH ^^Œ ^) and 2 .4 8  ( s ,  3H, Ar-CH^) ; i r  (KBr),

*  1458 (m), 1203 ( s ) , 799 (w) , 7 6 3  ( s )  663 ^ w ) , 560 (m) and  550 (w) cm

ms p eak s  (E l)  a t  m/e ( r e l a t i v e  i n t e n s i t y )  406 (M , 4 2 ) ,  327

’ (1 0 0 ) ,  325 ( 1 0 0 ) ,  245 (36) 231 ( 3 4 ) ,  216 (52) ia d  202 ( 4 1 ) ;  . ^^Cmr

' ' , ( 1 5 .1 M H z ) ,  6 ,  1 3 5 .9 ,  1 3 5 .0 , .  1 3 1 .6 ,  1 3 0 .1 ,  1 2 9 .9  ( a i l  q u a t e r n a r y  . ^ - C )  ;

■ • ' 1 2 7 .3  ( C - 7 ) ,  1 2 5 .7  (C-6 a n ^ { - 8 ) , 2 9 .3 ,  2 7 .8  ( C - 4 , .C - 1 0  and C-5, C -9 ) ;

2 4 .7  (-CH^Br) and 1 5 .1  ( CH^-C^). • • -

• 'A n a l .  C a lc d ,  f o ^ ^ ^ ^ ^ 1 8 ^ ^ 2  ' ^ 56 .18 .,  ,H 4 .4 7 ' '

. ■ Found : C 5 6 .4 8 ,  H 4 .5 5

- • 35 . '■ 4y6-Viaycmo-S-methyl[2^2]metacyoloip'h(xne ^ ^ 0 ^ .  -

^ ■ Cuprous c y a n id e  ( 5 .2  g ,  58 mmol) was added  g r a d u a l l y  t o  a  s t i r r e d
. ' ' - . ' ,

s o l u t i o n  o f  t h e  b rom ide  ( 2 2 .8  g ,  60 mmol) i n ,N - m e t h y l ^ 2 - p y r r o l l d i n o n e
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■

(100 mL) and t h e  m ix tu r e  was h e a t e d  u n d e r  r e f l u x .  F u r th e r^  5 g a d d i t i o n s

o f  cu p ro u s  c y a n id e  w ere  done a t  t h e  end o f  4 h ,  8 h and 20 h  and t h e

m ix tu re  was r ^ f l u x e d  f o r  an  a d d i t i o n a l  6 h .  The p r o d u c t  was c o o le d  to

100 “ C and .poured  i n t o  a  m ix tu re  o f  water-NH^OH ( 1 : 1 ,  600 mL). A f t e r

t h e  s o l u t i o n  had  b een  s t i r r e d  f o r  2 4 .h ,  t h e  s o l i d s  w ere c o l l e c t e d  by  ̂ .

f i l t r a t i o n  and a i r - d r i è d .  T h p - s o l i d s  w ere  c o l l e c t e d  by f i l t r a t i o n  and

a i r - d r i e d .  The s o l i d s  w ere  e x t r a c t e d  u s in g  d ic h lo r o m e th a n e  (4 x 200 mL)

i n  a b l e n d e r  and t h e  o r g a n i c  l a y e r s  w ere  com bined , w ashed , d r i e d  and

c o n c e n t r a t e d .  The r e s i d u e  was c h ro m a to g ra p h ed  o v e r  s i l i c a  g e l  u s in g

d ic h lo ro m e th a n e  as  e l u a n t  and gave ( 1 4 .2 4  g ,  87%) a s  a  p a l e  y e l l o w .

p r o d u c t .  R e c r y s t a l l i z a t i o n  from  b e n z e n e - e t h a n o l  gave  1 ^  a s  c o l o r l e s s

c r y s t a l s ,  mp 201-202 °C; ^Hmr, 6 ,  (90 MHz), 7 .5  - 7 . 0  (m, 3H, A r-H ),

' 4 .3 0  ( b s ,  IH , H - 1 6 ) ,  4 .2 5  ( s ,  IH," H - 8 ) ,  3 .7  -  3 .0  , 2 .4  -  1 .9  (m, 4H .

(  e a c h ,  -CH g-Œ g) and 2 .7 9  ( s ,  3H, Ar-CH^) ; V r ,  6 ,  (250 MHz), 7 .3 8  ( t ;  .

■ IH, J  = 7 .5  Hz,' H -1 3 ) ,  7 .1 4  (d d ,  2H, H-12 and H-14) , 4 .3 3  ( b s ,  IH, H -1 6 ) ,

4 .2 8  ( 8 ,  IH, H - 8 ) ,  3 .7 0  -  3 . 5 6 ,  3 .3 7  -  3 .2 3 ,  2 .3 4  -  2 .8 6  (m, 8H t o t a l ,

-CH^-CHJ and 2 .8 3  ( s ,  3H, Ar-CH ) ;  i r  (K B r), 2220 (-CN s t r e t c h ,  s ) ,
—Z — L

1582 (m), 1480 ( s )  ,' 1455 (w) , 1435 (w ) , 1410 (w) , 1231 ( s )  , 1180 ( s ) ,

1170 ( 8 ) ,  1080 (m ), 1000 (w ) ,  952 (m ), 872 ( s ) ,  798 ( 8 ) ,  760 (w ) ,  720 (8) 

and 710 (w) cm“ ^ ;  ms p e a k s  ( E l )  a t  m /e  ( r e l a t i v e  i n t e n s i t y )  272 (M ,  ^

Cl 3^6^%, 1 0 0 ) ,  257 (4 ? )  and  244 ( 9 3 ) ;  l^Cmr ( 6 2 .9  MHz), 6 ,  1 4 6 .8 ,  1 4 6 .3 ,

1 3 7 .8  (C -3 ,  C -5 ,  C -7 ,  C-11 and C -1 5 ) ,  1 3 5 .7 ,  1 35 .6  (C-8 and  C -1 6 ) ,  1 3 0 . 2 ^  

(C -1 4 ) ,  126 .1  (G-12 and C - 1 4 ) , ^115.6 (-Ç N ) , 1 U . 3  (C-4 and C - 6 ) ,  4 0 .3 ,

3 9 .5  (C -1 ,  C -1 0 ,  C-2 and C-9) and 2 0 .1  (CH'^-C^).

A nal^  C a lc d .  f o r  CigH^gN^ : C 8 3 .7 9 ,  H 5 .9 2 ,  N 1 0 .29

Found : C 8 3 .5 9 ,  H 5 .9 0 ,  N 1 0 .22
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36. 4^6-D iform yt-5-m ethÿll2^2]m etaayolophane  ■ ’

A s o l u t i o n ' o f  d i i s o b u ty la lu m in u m  h y d r id e  ( 19 g ,  134 mmol) i n  

hexmie (127 mL) was added d ro p w ise  w i t h  s t i r r i n g  u n d e r  to .  a s p l u t i o n  

o f  t h e  d i n i t r i l e  ^  (14 g ,  5 1 .5  mmol) i n  d ry  benzene", (2 5 0 ;mL) -at room 

t e m p e r a t u r e .  A f t e r  t h e  a d d i t i o n  was c o m p le te ,  t h e  s o l u t i o n  was a l lo w e d  

to- s t i r  f o r  5 h' b e f o r e  b e in g  decomposed by th e  c a r e f u l  a d d i t i o n ,  w i th  

i c e - w a t e r  b a th  c o o l i n g  when n e c e s s a r y ,  o f  m e th a n o l  (40 mL), m é th a n o l-  

w a te r  ( i h ,  60 mL) , w a te r - c o n c .H C l  (140 mL: 80 mL) and b e n z e n e . (400  mL). 

The o r g a n i c  l a y e r  was s e p a r a t e d ,  w ash ed ,  d r i e d  and c o n c e n t r a t e d  t o  g iv e  

4 ,6 - d i f o r m y l - 5 - r a e th y l [ 2 ,2 ] m e ta c y c l o p h a n e  (1 2 .7 7  g ,  89%). A sam ple

was r e c r y s t a l l i z e d  from c a rb o n  t e t r a c h l o r i d e  and gave p a l e  ye-llow 

c r y s t a l s  o f  1 ^ ,  mp 128-130 “ C ; - ^ m r ,  6 , ( 90 MHz), 1 0 .7 0  ( s ,  2H,

Ar-CHO), 7 .3  -  7 .0  (m, 3H, H46; and  H - 8 ) , 4 .3 2  ( s ,  2H, H-8 and H -1 6 ) ,

4..1 - 3 . 9 ,  3 .3  -  3 . 1 ,  2 .4  -  1 .6  (m, 8H t o t a l ,  -CH^-CH2^ 2 .8 0  ( s ,  3h ,

Ar-CH^); ^Hmr, Ô, (250 MHz), 10 .71  ( s ,  2H, Ar-CHO), 7 .3 4  ( t ,  IH, J  = 7 .5  

Hz, H -1 3 ) ,  7 .1 0  (d d ,  2H, H-12 and H-14)-, 4 .3 5  ( b s ,  IH, H - 1 6 ) ,  4 .3 4  ( s ,

'• IH, H - 8 ) ,  4 . 0 9 , -  3 .9 6 ,  3 .2 9  -  3 .1 6 ,  2 .2 9  -  2 .1 1 ,  1 .9 2  -  1 .7 7  (m, t o t a l

8H, -C H .-C H J  and 2 .8 4  ( s ,  3H, Ar-CH ) ;  i r  (K B r), 1690 ( -0= 0  s t r e t c h ,
—2 —2 -  '  ' ,

s ) , 1182 (m) and 720 (m) cm ^ ; ms p e a k s  ( E l )  a t  m /e ( r e l a t i v e  i n t e n s i t y )  

278 (M ^^ .C ^gH ^gO g ,1 0 0 ) ,  249 (20) and 221 ( 3 2 ) ;   ̂ Cmr (6 2 .9  MHz), 6,

1 9 3 .0  (-CHO), 1 4 4 .9 ,  1 42 .7 , '  1 3 8 .7 ,  1 3 8 .2 ,  1 3 5 .3 ,  132 .1  (C -3 ,  C -4 , C -3 , . 

C -6 , '  C -7 ,  C -8 ,  C -1 1 ,  C-15 and C -1 6 ) ,  1 29 .7  (C -1 3 ) ,  125.‘7 (C-12 and 0 - 1 4 ) ,

4 0 .2 ,  3 8 .0  (C -1 ,  C -10 , and C -9 , C-2 ) a n d  1 5 .5  (A r-CH^).

A n a l .  C a lc d .  f o r  C^gH^gO^ /  ^  8 1 .9 8 ,  H 6 .5 2

Pound : C 7 9 .7 3 ,  H 6 .3 1  •
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37. ' ■ 4^6-Bis(hydjX)xymethyl)-5-met'hyl[2.^2]metaoyolophane

A s o l u t i o n  o f  t h e  d i a l d e h y d e  ( 1 2 . 6 3  g ,  4 5 . 4  nmiol) i n  THF

, (250 mL) was added d ro p w ise  t o  a . s t i r r e d  s l u r r y  o f  sodium  b o r o h y d r i

( 3 . 4 4  g ,  9 0 . 8 6  mm ol) i n  THF ( 5 0  m l)  a t  r o o à  t e m p e r a t u r e .  A f t e r  s t i r r i n g  

f o r  4 h ,  t h e  m i x t u r e  w as  c o o l e d  j p  P  °C and d e c o m p o se d  b y  t h e  g r a d u a l  

a d d i t i o n  o f  w a t e r - c o n c . H C l  ( 1 : 1 ,  1 0 0  m l ) .  The a q u e o u s  l a y e r  * a s  s a t u r a -  

c e d  w i t h  s o d iu m  c h l o r i d e  a d f  e x t r a c t e d  w i t h  e t h e r  (7  x  2 0 0  q l ) .  The  

o r g a n i c  l a y e r s  w ere com bined , d r i e d  and ç o n c e n t r a t e d  to  g iv e  4 ,6  b i s  

( h y d r o x y m e t h y l ) - 5 - m e t h y l [ 2 , 2 ] m e t a c y c l o p h a n e  ^  (1 2 .4 8  g ,  97%). 

R e c r y s t a l l i z a t i o n  from c a rb o n  t e t r a c h l o r i d e -  gave a s  c o l o r l e s s

c r y s t a l s ,  mp 2 1 4 - 2 1 6  °C; ^Hmr, 6 ,  ( 9 0  M Hz), 7 . 4  -  6 . 9  ( m , - - 3 H ,  A r - H ) ,

4 . 8 1  ( s , . - 4 H ,  -C H g -O ) ,  4 . 3 4 ,  4 : 2 3  ( s , - - l H  e a c h ,  i n t e r n a l  9 ' s , H - 8  and

h -1 6 )  '3 .7  -  2 . 8 ,  2 .5  -  1 .5  ( m , - 4 H  e a c h ,  -CH^-pHg) and  2 .5 5  ( s ,  3H,

. Ar-CH^); i r  (KBr), 3400 (-0H s t r e t c h ,  s ) , 1178 (w ) , 1070 ( w ) , 1000 (m ) , 

9 8 8  ( s ) ,  9 5 0  ( w ) ,  7 8 8  (w). and 715  (m) c m ' l ;  ms p e a k s  ( E l )  a t  m /e  

( r e l a t i v e  i n t e n s i t y )  282 (m"^, C^gHggO^^ 52) 234 ( 2 4 ) ,  222 (19)

221 ( 100) .  ' .

Anal; Calcd. for C^^HgzOg' ; C 80.81, H 7.86

Found : C 7 8 .3 3 ,  H 7 .8 6

38^ 4^6-Bi8(brom om ethyl)-5-m ethyl[2^2]m etacyolôphane  %%%-

The d i a l c o h o l  ( 1 2 . 3  g ,  4 3 . 6 2  mmol) w as added  t o  a m i x t u r e  o f

h y d r 6 b r o m ic  a c i d  ( 4 8 » ,  300  mL, ' 2 ,6  m o l)  ai4@ conc.H ^SO ^ and  t h e  m i x t u r e

' .w as  h e a te d  under  r e f l u x  w i t h  s t i r r i n g  f o r  9 h. The r e a c t i o n  m ix tu re

was c o o le d  to  room t e m p e r a t u r e ,  i c e - c o l d  w a te r  (200 mL) added  and i t

, was e x t r a c t e d  w i t h  d i c h lo r o m e th a n e  (7 x 200 m j.). The o r g a n i c  l a y e r s
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— ' % 
w ere  com bined , washed w i th  w a t e r ,  aqueous  sodium b i c a r b o n a t e  s o l u t i o n ,

w a te r  t i l l  n e u t r a l ,  d r i e d  and c o n c e n t r a t e d  t o  y i e l d  t h e  b rom ide

a s  a - y e l lo w  p r o d u c t .  T h i s , o n  c h rom a tog raphy  o y e r  s i l i c a  g e l  u s in g  v

d ic h lo r o m e th a n e - p e n ta n e  ( 3 : 7 ) ,  gave 4 ,6 - b i s ( b r o m o m e t h y l ) - 5 - m e t h y l [ 2 ,2 ] ?

m e ta c y c lo p h a n e  ^ ^ 0 ^  (1 0 .1 7  g ,  57%). A sam ple  r e c r y s t a l l i z e d  from

c y c lo h e x a n e  gave n e a r l y  c o l o r l e s s  c r y s t a l s ,  mp 191-192 ®C; ^ m r .  Ô,

(90 MHz), 7 .4  -  7 .0 ' ( m, 3H, A r-H ) ,  4 .6 5  ( s ,  4H, -C H ^B r), 4 .4 3  ( b s ,  IH,

H -1 6 ) ,  4.3-2 ( s ,  IH, H-8 ) ,  3 .6  -  3 . 0 ,  2 .4  -  1 .7  (m, 4H e a q h ,  -CA2~^2)  ̂ ^ '

and 2 .4 7  ( s ,  3H, A r-CH ^); i r  (K Br), 3048 (m ), 3010 (m ), 2950 ( s ) , 2924

(w ),  2850 (w), 1580 (m ) , 1557 ( w ) , 1482 (m ), 1472 (w ) , 1442 (m), 1430

( s ) ,  1372 (w), 1330 (m), 1268 (w ) , 1248 ( s ) , 1238 (w ) , 1209 ( ^ ) ,  1200 ( s ) ,

1175 ( s ) ;  1162 (w ), 1078 (m ) , 1 0 0 0 ' (w ), 955 ( s ) , 873. ( a ) y 788 ( s )  , 781

( s ) ,  760 (m ),715  ( s ) , y 0 6  ( a ) ,  682 (m ) , 615 ( a ) ,  578 ( a ) ,  543 ( s ) , 490

- » *4*
(m) and 46-^ (w) ; ms p eak s  ( E l )  a t  m /e ( r e l a t i v e  i n t e n s i t y )  4*08 (M ,

C^gHggBrg, 5 3 ) ,  329 ( 1 0 0 ) ,  327 (98) and 249 ( 3 4 ) ;  ^ \ m r  ( 6 2 .9  MHz), 6 ,

1 3 8 .6 ,  1 3 8 .4 ,  1 3 7 .5 ,  1 3 6 .5 ,  1 3 6 .2 ,  1 3 2 .0  ( C - 3 , 'C - 4 ,  C -5 , C - 6 , C -7 ,

C -8 , C -11 , C-15 and C -1 6 ) ,  1 2 9 .3  (C -1 3 ) ,  4 2 5 .6  (C-12 and C -1 4 ) ,  3 9 .3 ,

3 8 .0  (C -1 ,  C -10 , and C -2 , C - 9 ) ,  2 9 .0  (-ÇH Br) and 1 4 .9  (CH ^-C^).

A n a l .  C a lc d .  f o r  C^gH2gB r2 . g 5 5 . 9 0 , h 4 .9 4

Found : C 5 6 .4 5 ,  H 5 .2 0

39. l j3 -B i8 (m e ro a p to m e th y l ) -2 -m e th y l-4 fS ,9 f lO - te tra h y d p o p y i^ n e

A s t i r r e d  s o l u t i o n  o f  t h e  b rom ide  (2 .1  g ,  5 . 2  mmol) and
»

t h i o u r e a  (0 .9 8  g ,  1 2 .9  p n o l )  i n  95% e th a n o l  (40 mL) was h e a t e d  u n d e r  

r e f l u x  f o r  3 h .  A f t e r  c o o l i n g ,  a b o u t  h a M  o f  t h e  s o l v e n t  was rem oved
J

u n d e r  re d u c e d  p r e s s u r e  u s in g  a r o t a r y  e v a p o r a t o r .  Then , a f t e r  f u r t h e r
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c o o l i n g  i n  an i c § - b o x ,  t h e  p r e c i p i t a t e  ,o f  t h e  b i s - i s o t h i o u r o n i u m  s a l t  

was c o l l e c t e d  and d r i e d  u n d e r  vacuum t o  g iv e  t h e  s a l t  ( 2 .8 8  g ,  q u a n t . )

a s  a w h i t e  pow der. * ^

The s a l t  was t h e n  h e a tq d  u n d e r  r e f l u x  w i t h  a d e o x y g e n a te d  s o l u t i o n

o f  p o ta s s iu m  h y d r o x id e  (15 g ,  85%, 0 .2 3  mol) [deoxy,genated  by b u b b l in g

N f o r  0 .5  h] i n  w a te r  (50 mL) u n d e r  N f o r  7 h .  A f t e r  i c e - b a t h  c o o l i n g ,
2 • ^

c one . H -S O ,-w a te r  ( 1 : 1 ,  60 mL) was added  d ro p w ise .  The t h i o l  was th e n

'  '
j e x t r a c t e d j j u s i q g  e t l^ e r  ^(4 x 15p mL). j o r g a n i c  l a y e r s  w^r% com biped , ,

washed w i t h  w a t e r ,  s a t u r a t e d  sodium  b i c a r b o n a t e  s o l u t i o n ,  w a te r  t i l l

n e u t r a l ,  d r i e d  and  c o n c e n t r a t e d  t o  g iv e  th e  b i s - t h i o l  as  a  y e l lo w

p r o d u c t . T h is  wds c h ro m a to g ra p h ed  o v e r  s i l i c a  g e l  u s in g  i n i t i a l l y

p e n ta n e  as  th e  e l u a n t  and t h e n  d i c h l o r o m e th a n e - p e n ta n e  ( 1 :1 )  t o  g iv e

th e  b i s - t h i o l  ( 1 .6  g ,  q u a n t . )  a s  a cream c o lo r e d  p r o d u c t .  A sam ple '

was r e c r y s t a l l i z e d  from b e n z e n e -h e x a n e  m ix tu re  to  g iv e  t h e  t h i o l

mp 146-148 ®C; ^Hmr, 6 , (90 ,MHz), 7 .0 8  (A^B m u l t i p l e t ,  3H_, A r-H ),  3.79

(d ,  4H, J = 6 .9  Hz, -C H ^ S -) , 2 .8 6  ( b s , 8H, ' 2 .4 5  ($ ,  3H,

A r-C H J  and 1 .5 9  ( t ,  2H, J  = 6 .9  Hz, - S H ) ; ^Hmr, 5 ,  (250 MHz), 7 .1 1  (A^B

m u l t i p l e t ,  3H, A r-H ) ,  3 .8 5  ( d ,  4H, J  = 6 .4  Hz, -C H ^ -S ) , 2 . 9 4 ,  2 .9 0

(AA\BB' m u l t i p l e t ,  8H, ' ^ ' ^ l  ( s ,  3H, Ar-GH^) and 1 .6 4  ( t ,  2H, •

J  = 6 .4  Hz, -S H );  i r . ( K B r ) ,  2970 (w) , 2930 (m ), ,2885 (m), 2830 ( w ) , -

2555 (-SH s t r e t c h ,  w ) , 1465 (w ) , 1450 (m ) , 1440 ( s ) , 1245 (m ) , 1240 (m),«

-1
1*202 (w ),  798 (w) , 765 ( -C -S  s t r e t c h ,  ,s) and 680 (m) cm ; ma peaks  

(E l)  a t  m /e ( r e l a t i v e  i n t e n s i t y )  312 (M , ^]^9^20^2^ 1 0 0 ) ,  271 ( 2 9 ) ,  24-7 

( 2 6 ) ,  246 ( 3 4 ) ,  245 ( 9 8 ) ,  232 ( 2 0 ) ,  231 ( 6 2 ) ,  230 ( 3 4 ) ,  216 ( 3 1 ) ,  215 

(29) and 202 ( 2 3 ) ;  ^^Cmr ( 6 2 .9  MHz), 6 ,  1 3 5 .4 ,  1 3 5 .0 ,  1 3 3 .1  (C -1 , C-3, 

C -3 a ,  C - lO a ,  C-5a and C - 8 a ) , 1 3 3 .5 ,  1 3 1 .0 ,  1 2 9 ,9  (C -2 ,  C-lOb and C - lO c ) ,
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1 27 .2  ( C - 7 ) , 1 2 5 .8  (C-6 and C - 8 ) ,  2 8 .5 ,  25 .1  (C -4 ,  C -10 , and  C -5 ,  C - 9 ) ,

2 3 .4  (-ÇH2-S )  and 1 5 .7  (Ctt^-C^).

\

»,
Found : C 7 3 .3 0 ,  H 6 .3 8

A n a l .  C a lc d .  f o r  ^ 9^ 20^2  * ^ 7 3 .0 3 ,  H 6 .4 5

40. A n t i -  and 'Syn- d ith iaoyo loph an e  n i ^  a n d

A s o l u t i o n  o f  t h e  b rom ide  (3 g ,  7 .3 9  mmol) and 2 , 6 - b i s -

(m e rca p to m e th y l)  t o l u e n e  ^  ( 1 .3 6  g , 7 .3 9  mmol) i n  d e o x y g e n a te d

 ̂ ‘ benzene** (800 mL) was added d ro p w ise  w i th  s t i r r i n g  a t  room t e m p e r a tu r e

o v e r  75 h t o  a d e o x y g e n a te d  s o l u t i o n  o f  p o ta s s iu m  h y d r o x id e  [ p r e p a r e d

by d i s s o l v i n g  p o ta s s iu m  h y d r o x id e  (85%, 5 .1  g , 7 2 .11  mmol) in  w a te r

(84 mL) and a d d in g  e t h a n o l  (1916 mL)]. The s o l v e n t  was th e n  removed

u n d e r  r e d u c e d  p j r e s s u re .  The r e s i d u e  was a i c d i f i e d  w i th  w a te r -c o n c .H 2 S 0 ^

(50 mL : 15 mL) m ix tu re  and e x t r a c t e d  w i t h •d i c h l o r o m e th a n e ( 6 x 150 mL).

‘ The o r g a n ic  l a y e r s  w ere combined washed w i t h  w a t e r ,  aqueous  sodium

" b i c a r b o n a t e  and w a te r  t i l l  n e u t r a l .  . I t  was d r i e d  and c o n c e n t r a t e d  t o
» . '

g iv e  5 p a l e  y e l lo w  p r o d u c t  whose Hlmr s p e c t ru m  showed i t  t o  be a m ix tu r e

o f  a n t i -  and syn -  d i t h i a c y c l o p h a n e s . T h i s  was th e n  c h ro m a to g ra p h ed  o v e r

s i l i c a  g e l  u s in g  d i c h lo r o m e th a n e - p e n ta n e  ( 3 :7 )  aé  t h e  e l u a n t .

E lu te d  f i r s t  was t h e  o M ti - i s o m e r  ( 2 .1 1 3  g ,  67%) w hich  on

n e c r y s t a l l i z a t i o n  from b e n z e n e -c y c lo h e x a n e  gave  w h i t e  n e e d l e s ,  mp 252-

254 °C; ^ r ,  6 ,  (90 MHz), 7 .5  -  7 .2  (nt, 3H, H -18 , H-19 and H - 2 0 ) ,
, '

7 .1 2  ( '3H, H -7 , H-lB and  H - 9 ) ,  3 .7 8 ,  3 .6 7  ( s ,  ^ c h  4H, -CH^-S-CH^) ,

\  3 .4  -  2 . ^  (m, 8H-, -CH2-Ctt2 ) , ,  1. 38 and 1 .1 8  ( a ,  e a c h  3H, A r - Œ ^ )  ; i r  - /

■ (K Br), 3Q00(w),. 2930 (m ) , 2884 (m ) , 2830 (m ) , 1465 ( a ) ,  1455 ( a ) ,  1435 

( s ) , 1209  (m ), 1203 (m ) , 785 ( s ) , 768 ( s ) , 730 (a )  and 715 (m ) ; ms p e a k s  

(E l)  At m /e ( r e l a t i v e  i n t e n s i t y )  428" (M , ^ 2 8 ^ 2 8 ^ 2 ’ * ^^0 ( 1 ) ,  345 ( 2 ) ,
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' 330 C l ) ,  277 ( 8 ) ,  260 ( I ) ,  258 ( 1 ) ,  245 ( 4 6 ) ,  244 (1 0 0 ) ,  229 ( 6 8 ) ,

216 (47) and 202 ( 3 2 ) ;  Cmr ( 1 5 ,1  MHz), 5 , 1 3 9 .6 ,  1 3 7 .8 ,  1 3 5 .9 ,  1 3 5 .2 ,

1 3 5 .1 ,  1 3 0 .8 ,  1 3 0 .2 ,  1 2 9 :7 ,  1 2 8 .2 ,  1 2 6 .6 ,  1 25 .5  ( a l l  q u a t e r n a r y  Ar-C and"  

C-7 , C -8 , C -9 , C -1 8 ,  C-19 and C - 2 0 ) , 3 2 . 4 ,  2 8 . 4  ( 1 ,  3 , 14 and 16 -C H ^ -S ) , 

2 8 .0 ,  2 5 . 8  (5 ,  6 ,  10 and 11 -C H ^) , 1 5 .7  and 1 5 . 0  (A r-CH^).

A n a l .  C a lc d .  f o r  C2gH2gS2 : C 7 8 .4 6 ,  H 6 .5 8

Found*  : C 7 8 .0 8 ,  H 6 .6 3  . '

E lu te d  n e x t  was t h e  sy ? i- iso m er  1^^^ (231 mg, 7.3%) w hich  was o b t a i n ­

ed as c o l o r l e s s  c r y s t a l s ,  mp 198-200 ®C; Hmr, 6 ,  (90 MHz), 7 .0 8  (A^B 

m u l t i p l e t ,  3H, H -7 , H-8 and H -9 ) ,  6 .9 1  (d ,  2H, J  = 7 .2  Hz, H-18 and H -2 0 ) ,

6 .4  ( t,% ^H , J = 7 .2  Hz, H -1 9 ) ,  an AB q u a r t e t  w i th  th e  A -d o u b le t  a t  4 .1 9  

(2H, J =3-5 Hz, -C]^2 ^S) and B -d o u b le t  a t  3 .77  (2H, J = 15 Hz, -CH2- S ) ,

4 .0 1  ( s ,  4H, -CH2 -S )  , 3 .2  -  2 . 6  (m, 8H, - < ^ 2- ^ 2 ^» 2 .4 8  and 2 .4 4  ( s ,  e ach
-I-

3H, A r-C H ^); ms p e a k s  (E l)  a t  m/e ( r e l a t i v e  i n t e n s i t y )  428 (H , ^ 2 8 ^ 2 8 ^ 2 ’ 

6 ) ,  3 6 0  ( 4 ) ,  345  ( 5 ) ,  3 3 0  ( 2 ) ,  277  ( 1 8 ) ,  245  ( 5 2 ) ,  244  ( 1 0 0 ) ,  2 4 3  ( 4 5 ) ,

231 ( 3 4 ) ,  230 ( 2 8 ) ,  229 ( 5 5 ) ,  216 ( 3 8 ) ,  215 (37) and 202 ( 2 6 ) ;  Cmr 

( 1 5 .1  MHz), 6 ,  1 3 6 .3 ,  1 3 5 .3 ,  1 3 5 .0 ,  1 3 4 .0 ,  1 3 2 .8 ,  1 3 0 .9 ,  1 3 0 .7 ,  1 2 8 .5 ,
i *

1 2 8 .0 ,  1 2 6 .3 ,  1 2 5 .3  ( all quaternary Ar-C and C -7 ,  C-8, C -9 , C -1 8 ,  C-19 

and C -2 0 ) ,  3 4 . 9 ,  31 .1  ( 1, 3 ,  14 and 16 -C H ^ -S > , 2 7 .9 ,  25 .5  (5 ,  6 ,  10 and

11 -G H g), 1 8 .5  and 1 6 .8  ( A r -  Œ g ) .

A n a l .  C a lc d .  fo r ,  C^gHggSg : C 7 8 .4 6 ,  H 6 .5 8

Found : C 7 6 .7 0 ,  H 6 .1 2  j

' 4 1 . W it t ig  rearrangement o f  a n t i - d ith ia cyo lo p h a n e  to  ,

n-B uL i ( 0 .7 2 3  g ,  1 1 ,29  mmol) i n  h e x a n e  { 7 .1  mL) was added  u s in g  

a  s y r i n g e  i n t o  a . s t i r r e d  s o l u t i o n  o f  d i t h i a c y c l o p h a n e  131A (2 .0 7  g-, 4 .8 4y o W W  •
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nnnol) i n  d ry  THF (150 mL) u n d e r  Ng a t  room t e m p e r a t u r e .  A f t e r  a b o u t

10 m in , m e th y l  i o d i d e  ( 1 .5  mL, 2 4 .2  mmol) was added u n t i l  t h e  deep

r e d d i s h ’ c o l o r  was d i s c h a r g e d ,  f o l lo w e d  by w a t e r ,  aqueous HCl and

d ic h lo r o m e th a n e .  The l a y e r s  w ere  s e p a r a t e d  and th e  aqueous  l a y e r  was

e x t r a c t e d  w i th  d ic h lo ro m e th a n e  (5 x 150 mL). Thé o r g a n i c  l a y e r s  w ere

com bined, washed w i th  w a t e r ,  d r i e d  and c o n c e n t r a t e d  to  y i e l d  a y e l lo w -

orange product* Thisiwas chromatographed over silica gel and,, elution

w i th  d ic h lo r o m e th a n e - p e n ta n e  (3 :7 ) .  g av e  1 ^ ^  ( 2 .1 8  g ,  98.6%) as  a

m ix tu r e  o f  s t e r e o i s o m e r s ,  mp 95-128  °C; Hmr-, Ô, (90 MHz), 7 .9  -  6 .9

(m, 6H, A r-H ) ,  4 .2  -  1 .8  (m, 14H,‘ -CH^-CH2-  » -CH2-C H -S ) , 2 .2 6 ,  2 . 1 ,

2 .0 8  ( s i n g l e t s ,  t o t a l  6H, -SCH^) and 1 .0 3  -  0 .5 3  (a  s e r i e s  o f  s i n g l e t s ,
+

6H, A r - C H m s  peaks  (E l)  a t  m /e ( r e l a t i v e  i n t e n s i t y )  456 (M ,

C H3 2 S 2 , 6 4 ) ,  441 ( 1 9 ) ,  409 ( 1 ) ,  393 ( 1 9 f ,  361 ( 1 5 ) ,  345 ( 1 6 ) ,  331 ( 1 9 ) ,

' 275 (21) and 202 (1 0 0 ) ,

42. '  A n ti -b i 8 ( su lfon ium )s a l t  o f ' t h e  isom ers  o f  1 ^ ^ «

A s o l u t i o n  o i  t h e  m ix tu r e  o f  (1 .9 7  g ,  4 .3 3  mmol) i n

d ic h lo r o m e th a n e  (25 jnL) was added  d ro p w ise  w i th  s t i r r i n g  t o  a
■

s u s p e n s io n  of- (MeOOgCHBF^ ( 2 .4 6  gy 80% as  o i l , .  12 mmol) i n  d i c h l o r o r

methane (5 mL) held at -  30 “C under N^. The mixture was then allowed

to  warm t o  room te m p e r a tu r e  a n d  s t i r r e d  f p r  20 h .  T h e n . e t h y l  a c e t a t e

(40 mL) was' added  and th e  m i x t u r e  was s t i r r e d  f o r  Î-.5 h .  I t  waâ
♦

f i l t e r e d  and t h e  p r e c i p i t a t e  s t i r r e d  w i t h  an  a d d i t i o n a l  p o r t i o n  o f  

e t h y l  a c e t a t e  ( 5 0  mL) f o r  2 h .  : T h i s  on f i l t r a t i o n  gave  t h e  b i s ( s u l f o n i -  

uro) s a l t s  o f  a s  a -g re e n is h -^ g re y  powder ( 2 .4 8  g ,  87%), mp 197--202 C

.(•dec.) l o s i n g  d im e th y l  s u l f i d e  a n d  t u r n i n g  deep  r e d ,  on m e l t i n g .
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43. Eofinam e l im in a t io n  o f  t o  g iv e  i r o n s - 10b, lO c^dim ethul-  

lObj 100^4^5J 13^14-hexahydrodibenzo[od^lm ]perylene

A m ix t u r e  o f  a n é f - b i s ( s u l f o n i u m ) s a l t s  (2 .4 7  g ,  3 .7 5  mmol) was

added  to  p o ta s s iu m  t - b u t o x i d e  ( 1 .4 7  g , 1 3 .10  mmol) i n  f r e s h l y  d i s t i l l e d  

d ry  THF (100 mL) u n d e r  . T h is  was h e a te d  t o  r e f l u x  w i t h  s t i r r i n g  f o r  

1 h .  A f t e r  th e  m ix tu r e  had b e e n  c o o le d  to  room t e m p e r a t u r e ,  b enzene  

(250  ml') was added and th e  m ix tu r e  made a c i d i c  by th e  a d d i t i o n  o f  

d i l .H C l .  T he -aqueous  l a y e r  was s e p a r a t e d  and e x t r a c t e d  w i th  b e n z en e
V

(3 X 250 m l ) .  The o r g a n i c  e x t r a c t  was washed w i th  w a te r  and d r i e d  to  

g iv e  a d a rk  r e d  p r o d u c t .  T h i s  was ch ro jna tog raphed  o v e r  d e a c t i v a t e d  

s i l i c a  g e l  ( d e a c t i v a t e d  by a d d in g  45 mL o f  w a t e r /  Kg o f  s i l i c a  g e l )  

u s in g  p e n ta n e  as  an  e l u a n t  t o  y i e l d  m a in ly  1 3 ^  (579 mg, 43%) a s  a d a rk  

red -b ro w n  pow der. A sam ple  o f  was r e c r y s t a l l i z e d  from c y c lo h e x a n e

as d a rk  r e d d i s h - b l a c k  c r y s t a l s ,  mp ( d e c . ) ;  ms peaks  (E l)  a t  m /e 

( r e l a t i v e  i n t e n s i t y )  360 (m"^, 1 0 0 ) ,  345 (100) and 3 3 0 (3 3 ) ;  each

peak  a l s o  showed 4 peaks  o f  a lm o s t  e q u a l  i n t e n s i t y  c o r r e s p o n d in g  to
- 1  ' 

s e q u e n t i a l / l o s s  o f  4 H .-  Hmr, 6 ,  (90. MHz), 8 .81  (d ,  2H, J  = 8 .6  Hz,

H-6 and H -1 2 ) ,  8 .51  (d ,  2H, J  = 8 .6  Hz, H-7 and H - l l ) , . 8 . 4 1  (d ,  2H,
%

J  = 7 .5  Hz, H-8 and H - 1 0 ) , 7 .9 3  ( t ,  IH, J  = 7 .5  Hz, H -9 ) ,  1 .23  ( s ,  3H", 

H -1 , H-7  ̂ and H-3) , 4 .0  -  3 .7  and 3 .3  -  3 .0  (ABCD- m u l t i p l e t ,

- 3 .8 1  and - 3 . 8 9  ( s ,  each  3H, i n t e r n a l  CH^); a s  e l u t e d ,  c o n ta i n e d

some a s  e v id e n c e d  by t h e  Hmr p eak  a t  6 - 2 . 7 8  and t h i s  was a p p a r e n t l y  

o b t a i n e d  by  t h e  p a r t i a l  d e h y d ro g e n a t id n -  o f  134A to  g i v e  tra n a - lO b ,1 0 o -
'\AAf\j —  ' ■ '

d im e th y l -4  J 5 ,1 0 b jl0 Q rte tra h yd ro d ib en zo [o d ^  lm ]perylene
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44. O xidation  o f  t o  u sing  go tass iu m  t - b u to x id e :

^ n h y d ro u s  p o ta s s iu m  t - b u t o x i d e  (150 mg, 1 .3 4  mmol) was added to  

a s o l u t i o n  o f  (47 mg, 0 .1 3 1  mmol) i n  d ry  THF (60 mL) and t h e  m ix t u r e

was h e a te d  unde r  r e f l u x  u n d e r  w i t h  s t i r r i n g  f o r  2 h .  I t  was c o o le d  

to  room t e m p e r a t u r e ,  b e n z en e  (50 mL) was added and t h e  m ix t u r e  a c i d i f i e d  

w i th  d i l .H C l .  The l a y e r s  w e re  s e p a r a t e d  and t h e  aqueous  l a y e r  was 

e x t r a c t e d  u s in g - b e n z e n e  ( 2 'x 50 mL). T h e .o r g a n i c  l a y e r s  w e re  t h e n  

com bined, washed w i th  w a t e r ,  aqueous  sodium b i c a r b o n a t e  and w a te r  t i l l  

n e u t r a l ,  d r i e d  and c o n c e n t r a t e d .  The r e s i d u e  was p r e a d s o r b e d  on C e l i t e  

and c h rom a tog raphed  o v e r  s i l i c a  g e l  t o  g iv e  ^  (33 mg, 71,%) as  o r a n g e -  

red  s o l i d .  A sam ple  was r e c r y s t a l l i z e d  from  m e th a n o l- b e n z e n e  as  d a r k  

■ r e d  brown c r y s t a l s ,  mp 198—199 ,“C; Hmr, 6 ,  (250 MHz), 9 .7 4  ( d , ‘ 2H, J  =

8 .1 3  Hz, H-6 and H -1 2 ) ,  9 .5 4  ( d ,  2H, J  = 9 .2 7  Hz, H-5 and H -1 3 ) ,  8 .94  

(d ,  2Hj J  = 8 .1 3  Hz, H-7 and H-11) , 8 .7 9  (d ,  2H, J  = 7 .5 7  Hz, H-8 and 

H -1 0 ) ,  8 .3 3  (d ,  2H, J  = 9 .2 7  Hz, H-4 and H -1 4 ) ,  8 .2 8  ( t ,  IH, J  = 7 .55H z,

' H -2 ) ,  8 .2 7  ( d ,  2H, J  = 7 .5 5  Hz, H-1 and H -3 ) ,  8 .0 5  ( t ,  IH, J  = 7 .5 7  Hz, 

H - 9 ) , -  4 .1 4  and -  4 .2 4  ( s , e a ch  3H, i n t e r n a l  C H ^ 's ) ;  i n  t h e  90 MHz

s p e c t ru m , t h e  i n t e r n a l  m e th y l  g ro u p s  w ere  a t  5 - 4 . 1 9  and -  4 .2 8 ;  i r ( K B r ) ,

* —1 
1640 (m), 838 ( s ) , 815 < m ) ,  810 ( s )  and 630 (m) cm" ; ms p e a k s  (E l)  a t

m/e ( r e l a t i v e  i n t e n s i t y )  356 (M^, *^28^20’ ( 1 5 ) ,  327 ( 3 0 ) ,  326

(100) and 163 ( 4 3 ) ;  ^^Cmr ( 6 2 .9  MHz), 6 ,  1 3 6 ,9 ,  1 3 2 :3 ,  1 3 1 .5 ,  1 2 7 .0 ,

1 2 5 .4 ,  1 2 2 .3  (C -3 a , C -5a ,  C -5 b ,  C -7 a ,  C - lO a ,  C -1 2 a ,  C -12b , C - l4 a ,  C-14b

and C - 1 4 c ) ,1 2 7 . '5 ,  1 3 6 .4 ,  1 2 5 .5 ,  1 2 4 .4 ,  123 .8 ',  1 2 3 .3 ,  1 1 9 .2  (C -1 , C -2 , C -3 ,

C -4 ,  C -5 , & r6f C -7 , C -8 , C -9 , C -10 , C -11 , C -12 , C-13 and C - 1 4 ) ,  3 0 .6 ,

3 0 .4  ( C-lOb and C-lOc) and 1 4 .3  ( i n t e r n a l  - C l i p ' s ) ;  (e )

 ̂ 254 nm ( 1 9 ,8 5 0 ) ,  272 ( 9 9 ,7 0 0 ) ,  306 ( 1 0 ,6 8 0 ) ,  396 ( 5 3 ,4 0 8 ) ,  416 (2 0 2 ,9 2 0 ) ,
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446 ( 2 9 ,9 0 4 ) ,  465 (2 3 ,1 4 0 )  and  495 ( 2 6 ,3 4 4 ) .  i

A n a l .  C a lc d .  f o r  CggHgg : C 94%34, H 5 .6 6

Found : C 9 4 .3 3 ,  H 5 .7 0

Uote:  When t h e  d e h y d ro g e n a t io n  was c a r r i e d  o u t  u s in g  p o ta s s iu m  

t - b u to x id e 3 & 2 .6  g ,  23 mmol) and a s o l u t i o n  o f  (335 mg, 0 .9 3  mmol)

i n  d ry  THF (200 m L), w ork -up  a f t e r  8 f  i n d i c a t e d  t h a t  t h e  o x i d a t i o n  was 

in c o m p le t e .  O x i d a t i o n  was c o n t in u e d  by f u r t h e r  a d d i t i o n  o f  p o ta s s iu m  

t - b u t o x i d e  ( 2 .6  g) tô  t h e  s o l u t i o n  o f  t h e  m ix tu r e  i n  d ry  THF (2Ô0 mL) 

and h e a t i n g  t h e  m ix tu r e  u n d e r  r e f l u x  i n  an a tm o sp h e re  o f  f o r  an 

a d d i t i o n a l  9 h .  U su a l  w o rk -u p ,  fo l lo w e d  by c h ro m a to g rap h y  o v e r  s i l i c a  

g e l ,  g ave  p u re  ^  (270 mg, 82%), i d e n t i c a l  w i t h  t h e  p r o d u c t  o b t a i n e d  

e a r l i e r .

45 . Formation o f  i r o n s - 1 O b ^ l O o - d i m e th y l - lO c - d ih y d r o d ib e n z o io d ^  lm \-  

p e r y le n e  ^  by dehydrogenation  o f  w ith  DDQ.

" A m i x t u r e ' o f  134A -(134 mg, 0 .372  mmol) and 2 , 3 - d i c h l o r o - 5 , 6-
'W W

d ic y a n o b e n z o q u in o n e  (DDQ, 188 mg, 0 .828  mmol) i n  d ry  b e n z en e  (100 mL) 

was h e a te d  u n d e r  r e f l u x  w i t h  s t i r r i n g  f o r  3 h i n  an a tm o s p h e re  o f  N^. , 

The s o l u t i o n  was c o n c e n t r a t e d  and ch ro m a to g rap h ed  o v e r  s i l i c a  g e l  

u s in g  p e n ta n e  to  g iv e  ^  (4 mg > 3%) ,• i d e n t i c a l  t o  t h e  p r o d u c t  o b t a i n e d  

above a s  i n d i c a t e d  by ^Hmr,

46 . P a r t i a l  dehydrogena tion  o f  w ith  DDQ to

A m ix tu r e  o f  (62 mg, 0 .172  mmol) and  2 , 3 - d i c h l o r o - 5 , 6 - d i -

cyanobenzoqu inone  (DDQ, 43 mg, 0 .1 8 9  mmol) i n  d ry  b e n z e n e  (40 mL) was 

b o i l e d  u n d e r  r e f l u x  f o r  3 h u n d e r  N2 . The s o l u t i o n  was c o o le d .
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c o n c e n t r a t e d  and c h ro m a to g ra p h ed  o v e r  s i l i c a  g e l  u s in g  p e n ta n e  a s  an

e l u a n t  t o  g iv e  a  m ix t u r e  o f  s t a r t i n g  m a t e r i a l  t h e  f u l l y  d é h y d ro -

g e n a te d  ^  and t h e  p a r t i a l l y  d e h y d ro g e n a te d  (50  mg) as  a  r ed -b ro w n

product. This was separated usipg preparative HPLC on a Varian Model

5000 L i q u id  c h ro m a to g ra p h  u s in g  MCH-10 column [ r e v e r s e  p h a s e ,  CH^CN-

w a te r  (8 5 :1 5 ) ]  t o  o b t a i n  p u r e  ^  as  a re d -b ro w n  p r o d u c t ,  mp "v 120°C

( d e c . ) ;  ^Hmr, 6 ,  (90  MHz), 9 .1  -  7 .4  (m, 12H, A r-H ),.  3 .5  ( 'A B ' m u l t i p l e t ,

4H„ -CH2~*^^2  ̂ and -  2 .7 8  ( s ,  6H, i n t e r n a l  C H ^ 's)  : ms peaks  (C l)  a t  m /e

( r e l a t i v e  i n t e n s i t y )  359 (MH^, ^ 2 ^ 2 2 ’ and 343 ( 1 2 ) ;  ^Hmr, d ,  (250

MHz), 9 .0 8  -  7 .47  (m, 12H, A r -H ) ,  4 ,4 8  -  4 . 3 5 ,  3 .6 5  -  3 .3 2  (m, 4H,

-CH--CH-) and -  2 .7 6  (s, 6H, internal CH_'s); ^^Cmr, (6 2 .9  MHz), 6,—z —z —J

1 3 8 .6 ,  1 3 8 .1 ,  1 3 7 .2 ,  1 3 3 .4 ,  1 3 2 .4 ,  1 3 1 .0 ,  1 2 9 .4 ,  1 2 8 . 6 ,  1 2 8 .2 ,  1 2 5 .9 ,

( a l l  q u a t e r n a r y  Ar-C^ e x c lu d in g  C-lOb and C - lO c ) , 1 2 7 .1 ,  1 2 6 .4 ,  1 2 6 .2 ,  

1 2 5 .3 ,  1 2 5 .1 ,  1 2 5 .0 ,  1 2 3 .6 ,  1 2 2 . 6 ,  122.1,, 1 2 2 .0 ,  1 2 1 .9 ,  1 1 8 .0  ( a l l  a r y l  

C H 's ) ,  3 0 .1 ,  2 9 .9 ,  2 5 .3  (13 and 14 - tH ^ ,  C-lOb and C - lO c ) , 1 6 .3  and 1 6 .0  

( i n t e r n a l  C H ^ 's ) ;  UV, (e)  232 nm ( 1 2 ,6 1 5 ) ,  260 ( 5 ,7 9 6 ) ,

376 ( 3 1 ,8 7 9 ) ,  409 ( 1 0 ,9 1 0 ) ,  484 (3 ,0 6 8 )  and 514 ( 2 ,3 8 6 ) .

k
47 . A. Syn-b i?  ( s u l f o n i m )  s a l t  o f  d ith ia o yo lo p h a n e  1 ^ ^ .

A s o l u t i o n  o f  (210  mg, Ot49 mmol) i n  d ic h lo r o m e th a n e  (7 mL)

was added  s lo w ly  w i t h  s t i r r i n g  t o  a  s u s p e n s io n  o f  (CHgOXgCHBF^ (278  g ,

80% a s  o i l ,  1 .3 7  mmol) i n  d i c h lo r o m e th a n e  (2 mL) h e ld  a t  -  30 °C u n d e r  

. When t h e  a d d i t i o n  was c o m p le te ,  t h e  m ix t u r e  was a l lo w e d  t o  warm t o  

room te m p e r a tu r e  and was s t i r r e d  f o r  a n o th e r  5 h .  A f t e r  a d d i t i o n  o f  

e t h y l  a c e t a t e  (5 mL). t o  d i s s o l v e  e x c e s s  m e t h y l a t i n g  r e a g e n t  and s t i r r i n g  

f o r  0 .5  h ,  t h e  s o l i d  p r o d u c t  was c o l l e c t e d  by f i l t r a t i o n  t o  g i v e ' t h e
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s a l t  o f  1 ^  ( 3 0 6 ,mg, 99%) a s  a  w h i t e ,  g r a n u l a r  powder.

B. S teven s  rearrangement o f  sutfon-tvm s a l t s  t o  g i v e  1 ^ ^ .

The s y n - b i s ( s u l f o n iu m ) s a l t s  o b t a i n e d  above (306 mg, 0 .4 8  mmol) 

w ere  added  t o  a  s u s p e n s io n  o f  sodium  h y d r id e  (35 mg, 1 .4 6  mmol) i n  d ry  

THF (60 mL) u n d e r  and s t i r r e d  f o r  45 h .  T h is  was a c i d i f i e d  u s in g  

aqueous HCl and e x t r a c t e d  u s in g  d ic h lo r o m e th a n e  (4 x 50 mL). The o r g a n i c  

l a y e r  was w ash ed ,  d r i e d  and c h ro m a to g rap h ed  o v e r  s i l i c a  g e l  u s in g  

d i c h lo r o m e th a n e - p e n ta n e  (2 :8 )  t o  giv.e (81 mg, 37%) a s  a  m ix t u r e  o f

s t e r e o i s o m e r s ;  ^Hmr, 6 ,  (90 MHz), 7 .0 0  ( s ,  A r-H ) ,  6 .4  -  6 .2  (m, A r - ^ ) ,

5 .2  -  4 .7  (m, -S-CH-CHg), 4 .0  -  2 . 0  (m, -CH^-CH-S, -CH^-CH^), 2 . 3 2 ,  2 .31

/  and 2 .1 2  ( s ,  -SCH. and i n t e r n a l  C H . ' s ) ; ms p e a k s  (01) a t  m /e  ( r e l a t i v e
a .  ’ ;

i n t e n s i t y )  457 (MH ^ 30^ 32^ 2 ’ ( 6 3 ) ,  409 ( 2 0 ) ,  393 ( 5 7 ) ,

3 7 8 (1 3 ) ,  361 ( 3 9 ) ,  345 ( 3 2 ) ,  330 ( 2 8 ) ,  291 ( 2 9 ) ,  275 (18) and  202 ( 3 7 ) .

48^ ’  a .  S yn rb is  (s u l f o n i m ) s a l t  1 ^ *

A s o l u t i o n  o f ,  t h e  m ixpu re  o f  iso m e rs  (80 mg, 0 .1 7 5  mmol) i n

d ic h lo r o m e th a n e  (5 mL) was added  w i t h  s t i r r i h g  t o  a s u s p e n s i o n  o f

(MeO),CHBF, (99 mg, 80% as o i l ,  0 .4 9  mmol) i n  d i c h lo r o m e th a n e  (2  mL)
2 4

h e ld  a t  -  30 ° t  u n d e r  N_. The m ix tu r e  was a l lo w e d  t o  warm t o  room 

te m p e r a t u r e  and was s t i r r e d  f o r  an  a d d i t i o n a l  4 h .  Then e th y l ,  a c e t a t e  

(10 mL) was a d d e d ,  t h e  m ix t u r e  s t i r r e d  f o r  0 .5  h and t h e  s o l v e n t

d e c a n te d .  F r e s h  e t h y l  a c e t a t e  (10 mL) was added  t o  t h e  r e s i d u e  and i t

was s t i r r e d  f o r  an  a d d i t i o n a l  10 h .  The r e s u l t i n g  c r y s t a l l i n e  p r o d u c t  . 

was c o l l e c t e d ,  d r i e d  u n d e r  vacuum and", gave  (97 mg, 84%) a s  a f r è e -

f lo w in g  w h i t e  pow der.
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■B, Hàfihann elifrn-nation o f  io  g iv e  o i s - lO b j:^ a^ d im e th y t-

. 10bjl0Q^4j5jl3jl4~hexdhydrodibenzo[od^lm]perylene  _

Anhydrous p o t a s s iu m  t - b 'u t o x i d e • (57 tag, 0 .5 1  mmol) was addled

t o  a  s t i r r e d  s u s p e n s io n  o f  8 z /n - b i s ( s u l f o n i u m ) . s a l t s  (97 mg, 0 .1 4 7

nunol) i n  d ry  THF» (60 mL) . A f t e r  t h e  m ix tu r e  had  b e e n  s t i r r s d  f o r  1 h

u n d e r  room t e m p e r a t u r e ,  b e n z en e  (100 mL) w a s ^ a d d e ^ ^ n d  t h e  m ix t u r e

made a c i d f c . b y  t h e  a d d i t i o n  o f  d il.H C lg . The o r g a n i c  ] ^ y e r  was w ashed ,

d r i e d  and c o n c e n t r a t e d .  T h i s  was c h rom a tog raphed  o v e t  s i l i c a  g e l  us ing ,
 ̂ • /

p e n ta n e  a s  t h e  ^ u a n t  arid g a v e  (16 mg, 30%) as  b r o w n i s h - b l a c k  ^  ‘ /

1c r y s t a l s ,  mp 164-167 =C; H à r ,  6 , (90 'M H z), 8 .9 9  ( ^ 2 H ;  J  = 9 . 0  Hz,

H-6 a r i& H tlZ )  , 8 .6 8  ( d ,  2H, J  = 9 . 0  Hz/. H -7 'a n d  H - l i ) ,  8 .1 8  ( 'AB,* '
. • . .

d o u b l e t ,  2H, J  = 5 .7  Hz, H^8 and H-10)*, 7 .5 0  ('AB ' t r i p l e t ,  IH, J  =

'  \
' ^ . 7  Hz, H7 9 ),, 7 . U  ( s ,  3H, H -1 ,  H-2 and H - 3 ) ;  4 .2  -  2 .7  (m,» 8H,-CH^-CH^)^ ^

- i  . 82 and »-l»89 ( s ,  each  3H, i n t e r n a l  CH ^'s)  ; ms p e a k s  (C l)  a t  m /e

( r e l a t i v e  i n t e n s i t y )  361 (MH , .^23^ 2^» 3 5 ) ,  345 ( 9 4 ) ,  343 ( ^ ) , 330 ( 7 9 ) ,
' 1  f

328.. (9 3 )^ a n d  3 2 6 ' ( 1 0 0 ) ;  Hmr a l s o  i n d i c a t e d  some o f  t h e  c o r r e s p o n d in g

'p h e n a n t h r e n ê '  compound as  s e e n  by th e  s i n g l # t s  a t  6 ' -  0 .9 9  and  -  1 .0 4  
» ''

( s ,  ë a c h  3H, i n t e r n a l  C H ^ 's ) .  /

; A

49. D ehydrogenaUon^of \ ^  to  g iv e

'  A m ix tu r e  o f  (16  mg, 0 .0 4  mmol) arid, 2 , 3 - d i c h l o r o - 5 ^ 6 - d i c y a n o -

b e n z o q u ig o n e  (DDQ, 30-mg, 0 .1 3  mmol) i n  d ry  b e n z en e  (4 0  mL) was h e a te d

u n d e r  r e f l u x  f o r  2 h  u n d e r  N„. The s o l u t i o n  was c o o l e d ,  c o n c e n t r a t e d
2 • .  .

and c h rom a tog raphed  e v e r  s i l i c a  gel-, u s in g  p e n ta n e  a s  t h e  e l u a h t  t o  give-
'  ■ i  '  '

( 3 .8  mg, 28%) a s  a p a l e  g r e e n  s o l i d ;  Hmr, 6 , ( 250 MHz), 9 .7 1  ( d ,

2H, J  = 8 . 8  Hz, H- 6  and H - 1 2 ) ,  9.,31 ( d ,  2H, J  = 9 . 1 Hz, H-5 and H - 1 3 ) ;

%
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8 .9 6  (d ,  2H, J  = 8 .8  Hz, H-7 and H -1 1 ) ,  8 .4 5  ( d ,  2H, J  = 9 .1  Hz, H- 4

a n d 'H - 1 4 ) ,  8 .3 9  (d d ,  2H, J  = 7 .4  H z , H-8 and H -1 0 ) ,  8 .2 2  -  8 .1 8  (m, 3H,

* H -1 , H-2 and H - 3 ) ,  7 .9 6  ( t , . l H ,  J  = 7 .4  Hz, H - 9 ) ,  -  1 .8 5  and -  2 .1 4

( s ,  3H e a c h ,  i n t e r n a l  "CH^'s);  UV, W  263 n m (5 ,4 6 1 ) ,

276 ( 4 ,8 5 4 ) ,  310 ( 2 , 8 3 2 ) ,  322 ( 3 , 1 5 5 ) ,  368 ( s h ,  3 , 3 1 7 ) ,  386 ( 9 ,1 4 2 ) ,
■

407 ' ( 3 0 , 5 4 3 ) ,  432 ( 8 ,0 9 0 ) ,  437 ( 9 ,1 0 2 ) ,  468 ( 4 ,9 7 5 )  and 494 ( 3 ,2 3 6 ) .

♦

50.' A n ti -  and Si[n- d i th ia c y c lo p h a n e  qnd
*

A 's o l u t i o n  o f  t h e  b ro m id e  1 ^  (1 g ,  2 .4 6  mmol) arid 1 , 3 - b i s -

(mercaptomethyl)-2-methylnaphthalene (0.576 g, 2.463 mmol) in

N - d e g a s s e d  b e n z e n e  (900 mL) w a s ,a d d e d  dropw ise, o v e r  82 h w i th  x 
2 '

v ig o ro u s  s t i r r i n g  u n d e r  N2 t o  a  d e o x y g e n a te d  s o l u t i o n  o f  p o ta s s iu m  

h y d r o x id e  [ p r e p a r e d  by d i s s o l v i n g  p o ta s s iu m  h y d r o x id e  ( 1 .6 9  g ,  85%,

'  25.6^mmol) i n  w a te r  (96 mL) and ad^ding e t h a n o l  (800 m L)]. The r e a c t i o n  

mixture>xwas th e n  e v a p o r a te d  to  d r y . n e s s - j j j t t e r '  and aqbeous  HCl w ere  added .

T h is  was e x t r a c t e d  u s in g  b enzene  (5 x l ^ ^ n L ) . The combined o r g a n i c  

e x t r a c t s  w ere w ashed , d r i e d  and  c o n c e n t r a te d . -  T h i s  was chrom atograplaed  

o v e r  s i l i é a  g e l-a r id  e l u t e d  u s in g  d i c h lo r o m e th a n e - p e n ta n e  (% :8 ).  ^

E lp te d  f i r s t  was t h e  a n t i - i s o m e r  (0 .7 3  g ,  6 2 p  w h ich  on r e c r y s t a l ­

l i z a t i o n  from b e n z e n e -c y c lo h e x a n e  gave w h i t e  n e e d l e s ,  mp 226-227 

^ m t ,  6 ,  (90 MHz), 8 .2 6  «(d^ IH , H - 9 ) ,  7 .9 5  ( s ,  IH , H-5.), 7 .7 8  (d d ,  IH , ^ 

h- 6 ) ,  7 .6  -  7 .4  (m, 2H, H-7 and H-8);, 7 .1 4  ( s ,  3H, H -18 , H-19 and H -2 0 ) ,  

4 .5  -  2 .5  (m, 16H, -C H g '^ - Z '  *-  ̂ ^ ach  3H,

Ar-CH.) ; ^Hmr, 6 , (250  MHz), 8 .2 9  ( d ,  IH, J, « . ,8 .4  Hz, H - 9 ) ,  7 .9 7  ( s ,
- 3  ' , .

IH , H-5T^, 7 .8 1  (d d ,  IH , J  = 7 .9  Hz, H - 6 ) ,  7 .6 0  -  7 .4 0  (m, 2H, H-7 and 

h- 8 ) ,  7 .1 7  -  7 .1 2  (AgB m u l t i p l e t ,  3H, H -18 , 'H-19 and H -2 0 ) ,  4 .4 0  -

: ' ■ I . ■ "
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2 .7 0  (m, 16H, -CH^-CH^' -ÇH2- S - q ^ ) , 1 .5 5  and 0 .7 6  (s  , 3H e a c h ,  Ar-CH^) ;

ms p e a k s  (CI) a t  m /e ( r e l a t i v e  i n t e n s i t y )  479 (MH^, C^2H 3QS2,/49),

. 478 ( 8 7 ) ,  446 ( 3 4 ) ,  4 1 2 . ( 3 ) ,  309 ( 8 ) ,  277 ( 5 6 ) ,  245 ( 8 8 ) ,  229 (30)

arid 201 ( 1 0 0 ) ;  ^^Cmr, ( 6 2 .9  MHz) ,. 'Ô , 1 3 8 .1 ,  1 3 8 .0 ,  1 3 5 .6 ,  1 3 5 .3 ,  1 3 5 .2 ,

1 3 2 .7 ,  1 3 2 .2y 1 3 1 J o ,  1 3 0 .9 ,  1 3 0 .3 ,  1 2 9 .0 ,  1 2 8 .9  ( a i l  q u a t e r n a r y  Ar-Ç) ,

- '1 3 0 .2 ,  1 2 8 .2 ,  *12 6 .8 ,  1 2 6 .1 ,  1 2 5 .8 ,  1 2 5 ,2 ,  1 2 5 .0 ,  -123.9 ( a i l  C -H 's  i . e . ,
<

C-5 , C -6 ,  C -7 , C -8 ,  C -9 , C -18 , C-19 and C - 2 0 ) ,  3 2 .4 ,  2 8 .6  ( 1 , 3 ,  12

and 14 -C H ^ -S ) , 2 8 . 0 ,  2 6 .4 ,  2 6 . 0 ( 0 1 6 , 1 7 , 2 1  and 2 2 ) ,  1 6 .3  and  1 5 ,4  _
— Z '

(ArrcH.3) .

A n a l .  C a lc d .  f o r  C22H3QS2 : C 8 0 .2 5 ,  H 6 .3 1 ,  S 1 3 .40

Found : C 7 9 .9 5 ,  H 6 .0 5

E lu te d  n e x t  w as t h e  s i /n - i s o m e r  (130 mg, 11%)^ w h ith  was o b t a i n e d

as c o l o r l e s s  c r y s t a l s .  R e c r y s t a l l i z a t i o n  from  b e n z e n e - c y c lo h e x a n e  gave   ̂

p u r e  mp 204-206  °C; ^Hmr, 6 ,  ( 90 MHz), 8 .0 0  ( d ,  IH, H - 8 ) ,  7 .5  -

6 .7  (m, 7H, Ar-H e x c lu d in g  H - 8 ) ,  4 . 8  -  3 .5  (m, yCH^-S-CH^-, 8H ) , 3 .2

2 .0  (m, 8H, -CH^-CH^^), ,2*63 and 2 .4 9  (s., e a c h  3H, i n t e r n a l  C H ^ 's ) ;

^ r ,  6 , (2 5 0  MHz), 8 .0 1  (d ,  IH, J  = 8 .5  Hz, H - 9 ) ,  7 .8 0  -  7 .6 0  (m, IH, 

h - 6 ) ,  7 .3 9  ( s ,  IH , H - 5 ) ,  7 .2 2  -  6 .7 6  ^m, 5H, H -7 , H-8 , H -18 , H-19 and 

H -2 0 ) ,  4 .8 0  -  3 .5 3  (m, 8H, -CH^-S-CH ^), 3 .1 5  -  2 .0 3  (m, 8H, -CH2-CH2 ) , 

2 .6 5  and ',2 .5 1  ( s ,  3H e a c h ,  i n t e r n a l  CH ^'s  i / e  Ar-CH^); ms p e a k s  (C l)  

a t  m /e  ( r e l a t l y ^ i n t e n s i t y )  479 (MH^, 4 2 ) ,  446 - (2 5 ) ,  412 ( 1 4 ) ,

277 ( 5 3 ) ,  2^5 ( 7 4 ) ,  229 (28) and 201 ( 1 0 0 ) ;  ^^ C m r,(6 2 .9  MHz), 6 , 1 3 5 .4 ,

1 3 4 .7 ,  1 3 4 .5 ,  1 3 4 .2 ,  1 3 2 .6 ,  1 3 2 .2 ,  1 3 1 .9 ,  1 3 1 .2 ,  1 3 1 .0 ,  1 3 0 .3 ,1 2 9 .4 ,  ^

1 2 8 .5 ,  1 2 8 .3 ,  1 2 6 ,3 ,  1 2 5 .6 ( A l l  q u a t e r n a r y  A r - ^ ) , 1 2 7 ,9 ,  1 2 7 .4 ,  1 2 6 .2 ,

1 2 5 .0 ,  1 2 4 .9 ,  1 2 4 .6 ,  1 2 4 .5 ,  1 2 4 . 2 , (  a l l  a r y l  Ç - H ) , 3 5 .7 ,  3 1 .6 ,  3 1 .0 ,

2 8 .6 ,  2 8 .0 ,  2 5 .9 ,  2 5 .2  ( 1 , 3 ,1 2  and 14 -CH^-S and 1 6 ,1 7 ,2 1  and. 22
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-ÇH.) , . 1 8 . 8  and 18.^1 ( Ar-ÇH^) .

A n a l .  C a lc d .  f o r  ^22^ 39^2  : C 8 0 .2 9 ,  H 6 .3 1 ,  S 1 3 .4 0

Found : C 7 9 .7 0 ,  H 6 .3 2 ,
, ' *

51. - W it t ig  rearrangem ent o f  a n t i -d i th ia a y a lo p h a n e  to
'

n - B u l i  (220 mg, 3 .4 4  mmol) i n  h e x a n e  ( 1 .4 3  mj.) was added u s in g  

a s y r i n g e  t o  a s t i r r e d  s o l u t i o n  o f  d i t h i a c y c l o p h a n e  (705 mg, 1 .4 8

mmol) i n  d ry  THF (100. mL) u n d e r . a t  room t e m p e r a t u r e . .  The i n i t i a l l y  

c o l o r l e s s  s o l u t i o n  became d a rk  r e d —brown a f t e r  a b o u t  10 m in  o f  s t i r r i n g ,  

when m e th y l  I o d i d e  (0 .4 6  mL, 7 ,3 8  mmol) was added  u n t i l  t h e  s o l u t i o n  

became p a l e  r e d .  T h is  was w orked up by t h e  a d d i t i o n  o f  w a t e r ,  aqueous 

HCl a n d .d ic h lo r o m e th a n e .  The aqueous  l a y e r  was e x t r a c t e d  w i t h  d i c h l o r o ­

m e th a n e  (5 X  75 mL). The o r g a n i c  l a y e r s  w ere  com bined , washed w i th  

w a t e r ,  d r i e d  and c o n c e n t r a t e d  t o  g i v e  a  r e d  p r o d u c t .  T h is  was t h e n  

c h ro m a to g ra p h ed  o v e r  s i l i c q  g e l  and e l u t i o n  w i t h  d i c h lo r o m e th a n e -  

p e n ta n e  ( 3 :7 )  g av e  1^^^ (0 .4 3 6  g ,  58.5%) a s  a  m ix tu r e  o f  s t e r e o i s o m e r s ;  

^ H m r,  6 , (90 MHz), 8 . 4  -  7 .0  (m, A r-H ) ,  5 .9 3 ,  5 .7 9  ( s ,  ? ) ,  4 .4  -  2 .5  

(-CHg-CHg and -CH^-CH-S), 2 .3 0  - 2 . 1 4  ( a  s e r i e s  o f  s i n g l e t s ,  -SC H ^). and 

1 .62  -  Oi97 ( a  s e r i e s  o f  s i n g l e t s ,  6H t o t a l ,  Ar-CH^).

*

52 . Hofmann é l im in a t io n  o f  a n t i - ayalophane  1 ^  t o  tràn& -12o-  ̂12d- 

dim eth y l-12c^ l2dy  4 , 5 , 1 5 , 1 6 -hexahtjdrobenzolr8 t]n c^ h th o -  

[8 , l ,2 -o d e ] -p e n ta p h e n e  _ '

A s o l u t i o n  o f  t h e  m ixed i s o m e rs  o f  from t h e  W i t t i g  r e a r r a n g e ­

ment o f  1 ^ ^  (435 mg, 0 .8 6  mmol) i n  d i c h lo r o m e th a n e  (10 mL) was adde'd. t o  

(MeO)' CHBF, (608 mg, 80% as  o i l ,  3 .0  mmol) s t i r r e d  a t  -  30 °C u n d e r  N^. 

T h is  m ix t u r e  was t h e n  s t i r r e d  f o r  20 h w i t h o u t  f u r t h e r  c o o l i n g ,  e t h y l
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a c e t a t e  (10 mL) was added and s t i r r i n g  c o n t in u e d  f o r  0 .5  h .  T h i s  was

th e n  f i l t e r e d  and th e  p r e c i p i t a t e  t r i t u r a t e d  w i th  e t h y l  a c e t a t e  (30 mL)

for 20 h. Filtration gave the sulfonium salt (503 mg, 82%) as a

 ̂ g r e e n i s h  g rey  pow der, mp> 310 °C.
® ’

T h is  s a l t  was s u sp en d e d  i n  d ry  THF (50 mL) u n d e r  and th e n

■potassium t - b u t o x i d e  (278 mg,". 2 .4 8  mmol) was added . T h is  was^ h e a t e d  ■,

t o  r e f l u x  u n d e r  N_ w i th  s t i r r i n g  f o r  1 h .  A f t e r  c o o l in g ' ,  aqueous  HCl

and b e n z en e  (100 mL) w ere a d d e d .  The aqueous  l a y e r  was e x t r a c t e d  w i t h  .
> '  *

b e n z en e  ( 3 x 125 mL). The d a r k  r e d  o r g a n i c  l a y e r  was washed w i t h  w a t e r ,  

sod ium  b i c a r b o n a t e  s o l u t i o n ,  w a t e r ,  d r i e d . a n d  c o n c e n t r a t e d  t o  g iv e  

a  r e d -b ro w n  p r o d u c t .  T h is  was p r e —a d so rb e d  on C e l i t e  and ch ro m a to g rap h ed  

u s in g  p e n ta n e  as e lu a n t  t o  g iv e  (36 mg, 12%) as  a (dark r e d  p r o d u c t ,

^Hmr, 6 ,  (90 MHz), 8 .8  -  7 .0  (m| 12H, A r-H ) ,  4 .0  -  2 .8  (m, 8H, -CH^-CH^), 

-  1 .4 1  ( s ,  6H, i n t e r n a l  ' CH^’s ) ;  a s m a l l  s i n g l e t  a t . 6 - 1 . 3 5  was a l s o  

o b s e r v e d ,  p r o b a b ly  due t o  t h e  d e h y d ro g e n a te d  p r o d u c t  4^.

53 . i2o^l2drI>imethyl-12o,12d-dihydrobenzo[r8t]naphtho[8^1,2-ode]-

pentaphene ^  by oxidation o f

Anhydrous p o ta s s iu m  t - b u t o x i d e  (246 mg, 2 .2  mmol) was ad d ed  t o

a  s u s p e n s i o n  o f  (36 mg, 0 .0 9  mmol) i n  d ry  THF (70 mL) and t h e

m i x t u r e  was h e a t e d  u n d e r  r e f l u x  i n  an  a tm o sp h e re  o f  Ng w i t h  s t i r r i n g
'  '  .  «

f o r  6 h .  I t  was c o o le d  t o  room t e m p e r a t u r e  and th e  m ix t u r e  was^ t h e n
. . . "

a c i d i f i e d  w i t h  d i l . H C l .  The l a y e r s  w e r e . s e p a r a t e d  and t h e  aqueous  

l a y e r  was e x t r a c t e d  w i t h  b e n z e n e  (3 x  75 mL). The o r g a n i c  l a y e r s  w ere
" / A

'combined, washed with Water, aqueous sodium bicarbonate and watôr till 

neutral, dried and concentrated. It was preadsorbed on Celite and 

chromatographed over silica gel using pentane as an eluant to give ^
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'
(29 mg, 70%) a s  a  d a rk  r e d  p r o d u c t ,  mp 219-221 °C; MH^),

I \
8 .9  -  7 .2  (m, 16H, A r-H ),  -  1 .3 5  and -  1 .4 1  ( s ,  each*3H , i n t e r n a l  C H ^ s ) ^  

^ r ,  6 ,  (250 MHz), 8 .8  -  7 .4  (mj 16H, Ar-H),' -  1 .3 2  and -  1 .3 7  ( s ,  each  

3H, i n t e r n a l  C H . ' s ) ; ms p e a k s  (C l)  a t  m/e ( r e l a t i v e  i n t e n s i t y )  407 (MH ,
1 n

S 2 ^ 2 2 ’ 1 0 0 ) ,  406 (68) and 213 ( 9 2 ) ;  ^ ^ C m r,(6 2 .9  MHz), Ô, 1 3 7 .5 ,  1 3 5 .4 ,  

134.4-, 1 3 3 .1 ,  1 3 2 .7 ,  1 3 0 .6 ,  1 2 3 . 6 , 1 2 7 . 3  ( , a l l  q u a t e r n a r y  Ar-C e x c lu d in g -  

C-12C and 12W), 1 2 8 .4 ,  1 2 7 . 5 / 1 2 7 . 4 ,  1 2 7 .3 ,  157^2, 1 2 6 .5 ,  1 2 4 .7 ,  1 2 4 .4 ,  

'1 2 4 . -2 ,  1 2 3 .5 ,  1 2 3 .0 ,  1 2 1 .6 ,  117.% , 117 .1  ( a l l  a r y l  £ -H ) , 3 7 .2 ,  36 .9  

( i n t e r n a l  c a rb o n s  C-12c and C -1 2 d ) ,  29 .7  (?)  , 1 7 .8 ,  1 7 .6  ( i n t e r n a l

CH '8 ) " 'U V  'x 'cyc lohexane  226 nm ( 2 6 ,6 4 3 ) ;  234 (1 3 ,9 5 6 )  , 296 ( 1 1 ,4 1 9 ) ,
~  3■ ' m w
410 ( 6 9 ,1 4 7 ) ,  427 ( 9 6 ,8 0 6 ) ,  505 ( 5 , 0 7 5 ) ,  535 (6 ,7 2 4 )  and 575 ( 5 ,  0 7 5 ) .

• "  "  - ‘ V.
54. / .  Biè(8uJ,fon ivm )8alt o f  8m-dithiacyolop'Haxie \ ^

■ 'A solution o f  the dithiacyclophane (128 tog, 0 .2 6 8  mmol) in

dichloromethane (15 ml)'was added to a stirred Suspension of (MeO)

( 160 mg, 80% as o i l ,  0 .7 9  m m ol)« in  d i c h l o r o m e t h a n e , (5 mL) h e ld  a t  -  30*C

under N . After the addition, the mixture was allowed to warm to room
” 2

t e m p e r a t u r e  and s t i r r e d  f o r  an  a d d i t i o n a l  20 h .  . I t  was c o n c e n t r a t e d  t o   ̂

i h a l f  i t s  volump on a  r o t a r y  e v a p o r a t o r  and e t h y l  a c e t a t e  (2 0  mL) y a s  th e n  

■ added and th e  m ix tu re  s t i r r e d  f o r  1 h .  The w h i te  powder was f i l t e r e d  o f f ,  

washed w i th  e t h y l  a c e t a t e * (10  toL) and d r i e d  u n d e r  yacuum- t o  g iv e  th e  

• sd lfon ium  s a l t s  o f  (141  mg, 77%), mp > 300 C ( d e c . ) .

B, S teven s  vearrangement o f  th e  b i s  (sulfonium ) s a l t  t o

The 8 j / n - b i s ( s u l f o n iu m ) s a l t s  o f  (141 mg, 0 .2 0 7  mmol') was

added  t o . a  s u s p e n s io n  o f  NaH(915 mg, 0 .6 2 5 - mmol) i n  d r y  THF (80  mL) 

u n d e r  and s t i r r e d  a t  room t e m p e r a t u r e  f o r  10 h . T h i s  was a c i d i f i e d
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, u s in g  aqueous HCl and e x t r a c t e d  w i t h  b e n z en e  (3  x 75 m L). The o r g a n ic
,  . ' ' " .

l a y e r  was w ashed , d r i e d  a%d c o n c e n t r a t e d  to  yie^jd a  m ix t u r e  o f  s t e r e o -

' i so m e rs  o f  (105 mg, q u a n t . ) ;  nmr, .6 , (90 MHz), 8 .9 2  (d ,  IH, A r-ji)  ,

7 .8  r  6 .6  (m., 7H," A r - H ) , 5 .5  -  4 l 8 ,  4 . 0  -  1 . 8  i n c l u d i n g  m a jo r  s i n g l e t s
'  f  '  .  .  -  '

P a t  2 .5 5 ,  2 .4 0  and 2 ,2 2  ( -S C ^ ^ ,  -CH-S-Cjl^ and i n t e r n a l  C l i p ' s ) .

55 .  tiofmann ^elim ination  o f  ayn -ayolophane o i 8 - 12o^l2d~
* %

dimethyl-120jl2d^4^5jlS^l&--he(cahydrq[^et]napht}îo[8^1j2-QdB]-
i ' " • "

A s o l u t i o n  o f  t h e  m ixed  i s o m e r s , o f  136B from . t h e  S te v e n s  r e a r r a n -
VVAA,

gem ent o f  (108 mg, 0 .2 1 3  mmol) i n  d ic h lo r o m e th a n e  (10 mL) was added

tcC (NeO)^CHBF^ (150 mg, 80% as o i l ,  0 .7 4 1  n p o l )  h e ld  a t  -  30 ®C u n d e r

N„. T h i s 'w a s  c o n c e n t r a t e d  t o  h a l f  i t s  voiume u n d e r  r e d u c e d  p r e s s u r e  2
.  *
' and e t h y l " a c e t a t e  (15 mL) was added  and t h e  s t i r r i n g  c o n t i n u e d  f o r  JL.5 h. 

T h i s ’ was f i l t e r e d  and th e  p r e c i p i t a t e  washed w i th  e t h y l  a c e t a t e  (15 mL) 

The g r e e n i s h - b l a c k  powder was d r i e d  u n d e r  vacuum t o  g iv e  t h e  s u l fo n iu m  

s a l t  (76  mg, 50%). /  ,

The s a l t  was s u s p e n d e d  i n  d ry  THF (40 mL) u p d e r  and an h y d ro u s  

p o ta s s iu m  t - b u t o x i d e  (42 mg, 0 .3 8  mmol) was added . T h i s  was s t i r r e d  

a t  room t e m p e r a t u r e  f o r  2 h .  Benzene (40 mL), w a te r  (20  mL) and w a t e r -  

d i l . H C l  ( 1 : 1 ,  30 mL) was added . The o r g a n i c  l a y e r  was s e p a r a t e d  and 

t h e  aqueous  l a y e r  was e x t r a c t e d  w e l l 'w i t h  b ^ z e n e  ( 3 x  50 mL). The 

o r g a n i c  l a y e r s  w ere  com bined , washed w e l l  w i t h  w a t e r ,  d r i e d  and th e n  

c o n c e n t r a t e d  t o  g iv e  a  r e d  p r o d u c t .  T h is  was p r e a d s o r b e d  on C e l i t e  

and chVpm atographed o v e r . s i l i c a  g e l  u s in g  p e n ta n e  a s  e l u a n t  t o  g iv e

(10 mg, 23%) a s  a  r e d  p r o d u c t ;  ^ m r ,  .6 , ( 9 0 .MHz), 8 . 8  -  7 .0  (m,12H, 

A r-H ) ,  4 . 0  -  2 .0  (m, 8H,-CH2- (& 2 ) , 0 .0 5  and - 0 . 0 8  ( s , e a c h  3H, i n t e r n a l
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160,

CH ’ s ) ;  s m a l l  s i n g l e t s  a t  -6 0 .4 9  and 0 .4 5  w ere  a l s o  o b s e r v e d ,  p o s s i b l y  
— 3  • '

due th e  d e h y d ro g e n a te d  p r o d u c t ;  Hmr, 6 , (250 MHz), 8 .5 2  — 7 .0 0  (m,

12 H, A r-H ) ,  3 .8  -  2 .6  (m,  ̂ 8H, - C H ^ - Œ g ) , -  0 .0 8  .and -  0 . 2 1 . ( s ,  3H

e a c h ,  i n t e r n a l  C H ^ 's ) ;  s m a l l  s i n g l e t s  a t  Ô 0 .4 9  and 0 .4 5  were a l s o

o b s e r v e d ,  p o s s i b l y  due t o  t h e  d e h y d ro g e n a te d  p r o d u c t ;  Cmr, ( 6 2 .9  bpiz)

. 6 , 1 4 0 .0  - 1 2 1 .7  ( q u a t e r n a r y  A r - Q , 1 3 0 .8 »  1 2 7 .0 ,  1 2 6 .8 ,  1 2 6 .6 ,  1 2 6 .5 ,
V

1 2 6 .2 ,  1 2 5 .8 ,  1 2 4 .9 ,  1 2 0 .9 ,  1 2 0 .7 ,  1 1 9 . 3 ' ( a r y l  C - H 's ) ,  3 7 .6 ,  3 1 .3 ,

3 0 .2 ,  *29.9, 2 9 . 2 , 2 8 . 5  ( C -4 ,  C -5 ,  C-15 and C-16 and C -1 2 c ,  C r l2 d )  ,

2 6 .8  and 2 5 .0  ( i n t e r n a l  £ H ^ ' s ) .

56. (fi8 - 1 2 aj 1 2 d 'D im e th y l - 1 2 ô  12d -d ih yd ro b en zo [r8 t]h a p h th o -

[ 8 j l , 2 - a d e ]  'pentccphene ^  by o x id a t io n

Anhydrous p o t a s s iu m  t - b u t o x i d e  ( 100 mg, 0 .8 9  mmol) was addecj 

to  a s o l u t i o n  o f  (10  mg, 0 .0 2  mmol) i n  d ry  THF (30 mL) and t h e ,  ;

m ix tu re  was h e a te d  u n d e r  r e f l u x  w i t h  s t a r r i n g  i n  an a tm o sp h e re  o f  # 2 " '  

f o r  0 .5  h . I t  was c o o le d  t o  room te m p e r a tu r e »  b e n z en e  (40 mL) was addèd  

and t h e  m ix tu re  a c i d i f i e d  w i t h  d i l .H C l .  The l a y e r d  w ere S e p a r a t e d  and 

th e  aqueous  l ^ y e r  was e x t r a c t e d  w i t h  benzene  (2 x 30 mL). The combined

o r g a n i c  l a y e r s  w ere  washèd w i t h  w a t e r ,  aqueous  sod ium  b i c a r b o n a t e  and 

w a te r  t i l l  n e u t r a l ,  d r i e d  and c o n c e n t r a t e d .  -The r e s i d u e  was p r e a d s o r b e d

on C e l i t e  and c h ro m a to g ra p h e d  o v e r  s i l i c a  g e l  u s in g  p e n ta n e  a s  an  e l u a n t

1
.  t o  g iv e  ^  (3 mg,. 30%) a s ° a  r e d  p r o d u c t ;  Hmr, 6 ,  (250 MHz), 8 .4 2  -

7 .1 9  ( A r-H ),  -  0 .1 0  and  - 0 . 1 4  (s., 3H e a c h ,  i n t e r n a l  C H ^ 's ) ;  UV,

^ c y c lo h e x a n e  252 n m (1 2 ,992) , ^ 6 ^  (1 2 ,9 9 2 )  , 283 ( 9 ,3 3 8 ) ,2 9 5  ( 1 0 ,1 5 0 ) ,
max \ _

335 ( 6 , 6 9 9 ) ,  352 ( 1 0 ,5 5 6 ) ,  403 ( 3 5 ,7 2 8 ) ,  466 \ 7 , 3 0 8 ) ,  473 ( 7 ,5 1 1 ) ,

487 (6 ,0 0 9 )  and 520 ( 5 , 4 8 1 ) .  '
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57 .  a n t i -  and ew^Di'thiacsuolop'Ham  (oW . '  • -

A s o l u t i o n  o f  t h e  b rçm id e  1 0 ^ .  (2 g ,  4 .9 3  mmol) and t h e  

• b i s - t h i o l  (1 .5 4  g ,  4 .9 3  mmol) i n  N ^ -d e g a s s e d  b e n z e n e  (900 mL) was

added ^ ro p w is e  o v e r  80 h to  a d e o x y g e n a te d  s o l u t i o n  o f  p o ta s s iu m  

h y d ro x id e  [ p r e p a r e d  by d i s s o l v i n g  p o ta s s iu m  h y d r o x id e  ( 3 .3 8  g ,  85%,

5 1 .2 3  mmol) i n  w a te r  (190-mL) and a d d in g  e t h a n o l  (1610 m L)]. The 

r e a c t i o n  m ix tu re  was t h e n . e v a p o r a t e d  t o  d r y n e s s ,  w a te r  and aqueous  HCl

w ere t h e n  a d d e d .  T h is  w a s / ,e x t r a c t e d  u s in g  d ic h lo r o m e th a n e  (9 x 150 mL).

- ' • ,  ■

The o r g a n i c  e x t r a c t s  w ere  com bined , w ashed , d t i e d  and  c o n c e n t r a t e d .

T h is  was c h ro m a to g ra p h ed  o v e r  s i l i c a  g e l  u s i n g  d ic h lo r o m e th a n e - p e n ta n e

( 3 : 7 ) .  E lu te d  f i r s t  was t h e  a n t ^ - i s o m e r  (1 .4 9  g , 54%) w hich  on

r e q r y s t a l l i z a t i o n  from  b e n z e n e - c y c lo h e x a n e  gave  p a l e  y e l lo w  c r y s t a l s ,

mp. 289-291 ®C, t u r n i n g  y e l l o w i s h - o r a n g e ;  ^Hmr, 6 ,  (90  MHz) , 7 . I 2 .C A 2B'

m u l t i p l e t ,  6H, Ar~H), 3 .7 8  ( s ,  8H, -CH2 - S - Œ 2 ) » 3 .4  -  2 .5  (m, l^H ,

-CHY-CH.) and 1 .3 2  ( s ,  6H, A r - C H .) ; Hlmr, 6 , -(250M H z), 7 .1 5  ( 'A .B '

m u l t i p l e t ,  6H ,- A r - ] i ) ,  an 'AB' d o u b l e t  w i t h  t h e  'A ' d o u b l e t  a t  3 .8 5  (d ,

■ 4H, J  = 14 Hz, -CH2 ' - S ) , and th e  'B ' p a r t  a t  3 .’80 ( d ,  4H, J  = 14 Hz,

-CH2- S ) ,  3 .4 0  -  3 .2 5 ,  3 .05  -  2 .8 0  (m, 16h , -CH^-CH2 ) and 1 .3 4  ( s ,  6H,

: i r  (KBjr), 3005 (w ) , 2950 (m) ,  2935 ( s ) , 2890 (m ), 2830 (m ) ,

146.8 (m), 1438 ( s )  , 1428 ( s ) ,. 1412 (m ), 1208 (m ), 1202 (m ), 865 (w ),
V

802 (m), 788 (m ) , 769 ( s ) , 758 ( s )  and 730 ( w ) ; ms p e a k s  (C l)  a t  m /e

+ ■
( r e l a t i v e  i n t e n s i t y )  557 (MH ,C2 gH2gS2 , 1 0 0 ) , 498 (96) and 447 ( 5 9 ) ;

■ '  +  13
t h e  m a jo r  sp e c t ru m  peak  was a t  278 ('v 100 x  MH ) ; Cmr, ( 6 2 .9  MHz), 6 ,

1 3 9 .2  (C -13  and C - 2 6 ) , 1 3 5 .5 ,  1 3 1 .1 ,  1 3 0 .5 ,  1 2 9 .1  ( a l l  o t h e r  q u a t e r n a r y
*

A r-C ) ,  1 26 .9  (C- 8  and C - 2 1 ) , 1 2 5 .8  (C -7 , C -9 ,  C-20 and C - 2 2 ) , 2 8 .7  ( 5 , 6 ,

1 0 .1 1 .1 8 .1 9 .2 3  and 24 -  Ç H 2 " ^ 2 ^  '  2 6 .4  ( 1 , 3 , 1 4  and 16 -CH^-S) and
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1 6 .0  ( A r - C H J ,  ' . ' '
— 3

A n a l .  C a lc d .  f o r  : C 8 1 .9 7 ,  H ^ ^ 2 ,  S 1 1 .5 1

, * Found : C 8 0 .1 7 ,  H 6 .3 0  

S ubsequen t-  f r a c t i o n s  g a v e  a m ix t u r e  o f  a y n -^ ^ ^  and o n t i - 1 3 ^

. ( ^ 1 : 1  r a t i o ,  314 mg, 1 1 . 5%) from w h ich  t h e  s y n - i s o m e r  ^  c o u ld  n o t  , 

b e  i s o l a t e d  p u r e .  W ,  (9.0 M Hz),6 , [by s u b t r a c t i o n ]  gave  7 .0 5  ( s ,

A r-H ),  v 3 .7 5  ( s ,  -CH2- S ) , ~ 3 .5  -  2 .6  (m, -CĤ 2 -pM.2) 

n a l - C H g ’ s ) .

'

58 . Rearrangement o f  d ith ia cyo to p h o n e

A. B is (su tfo n 'iw n )sa tts  o f  a n t i - d i thi-aoyotophone 

A s o l u t i o n  o f  t h e  d i t h i a c y c l o p h a n è  (1 .1 4 6  g ,  2 .061  mmol) i n

d i c h lo r o m e th a n e  (250 ml) was added  t o  a s t i r r e d  s u s p e n s i o n  o f  

(MeO)2CHBF^ ( 1 .2 4 1  g ,  80% a s  o i l ,  6 .1 3  mmol) i n  d ic h lo r o m e th a n e  (20 mL) 

a t  - 3 0  ®C u n d e r  N2 . A f t e r  t h e  a d d i t i o n ,  t h e  m ix tu re  was a l lo w e d  to  

warm t o  room te m p e r a tu r e  and s t i r r e d  f o r  an a d d i t i o n a l  20 h . I t  was 

c o n c e n t r a t e d  t o  h a l f  i t s  volume on a r o t a r y  e v a p o r a to r  and th e n  e t h y l  

a c e t a t e  (40  mL) added  t o  d i s s o l v e  any e x c e s s  m # th y la t i n g  r e a g e n t  

.. p r e s e n t  and t h e  m ix tu re  was s t i r r e d  f o r  an h o u r .  The w h i te  powder o f  

t h e  b i s  ( s u l f o n iu m )  s a l t  o f  was f i l t e r e d ,  washed w i t h  e t h y l  a c e t a t e  .

(30 mL) and d r i e d  under  vacuum t o  g i v e  t h e  s a l t  ( 1 ,2 6 1  g ,  81%), mp

> 300 "C ( d e c . ) .

B. S te v e n s  ‘re a rvo ^ em en t o f  th e  b is is u tf o n iu m f s a t t s  to

The a n t i - b i s ( s u l f o n iu m ) s a l t s  ( 1 .2 6 1  g ,  1 .6 6  mmol) was added  to

p o ta s s iu m  t - b u t o x i d e  (0 .5 6  g ,  4 .9 9 ,  mmol) i n  d ry  THF u n d e r  N2 and 

s t i r r e d  f o r  1 h a t  room t e m p e r a t u r e .  T h is  was a c i d i f i e d  u s in g  d i l .H C l
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’ and e x t r a c t e d  u s in g  d i c h lo r o m e th a n e  (.6 x  100 mL). The o r g a n i c  l a y e r s  

w ere  com bined, washed w e l l  w i t h  w a t e r ,  d r i e d  and c o n c e n t r a t e d  t o  g iv e  

(914 mg, 94%) as  a d a r k  r e d  p f o d u c t ;  Hlmr, ô>, (90  MHz), 7 .0 6  

(A^B m u l t i p l e t ,  A r-H ) ,  3 .9  -  2 .5  (m, -CH^g-Œg, - C H ^ - Œ - S ) , 2 . 2 8 ,  2 .2 1  

( s ,  -SCH^) and 1 ,1  -  0 .7  ( a  s e r i e s  o f  s i n g l e t s ,  i n t e r n a l  Œ ^ ' s ) .

3 9 . Hoftnann e lim in a tio n  o f  a n t i - ayolophccne to  tran8^14o^l4d-

2- 1 4 , 5 , 6 , 9 ^ 1 3 , 1 4 , 1 7 J  [ r e t  ] -

A s o l u t i o n  o f  t h e  m ixed i s o m e rs  o f  from  t h e  S te v e n s

re a r r a n g e m e n t  o f  d i t h i a c y c l o p h a n è  (901 mg, 1 .5 4  mmol) i n  d i c h l o r o ­

m ethane  (80  mL) was added t o  (Me0 ) 2CHBF^ (924 mg, 80% a s  o i l ,  4 .5 7  mmol) 

and s t i r r e d  a t  -  30 °C u n d e r  T h i s  was t h e n  s t i r r e d  f o r  20 h

w i t h o u t  f a r t h e r  c o o l i n g  and t h e n  i t  was c o n c e n t r a t e d  t o  h a l f  i t s  

vo lum e. E t h y l  a c e t a t e  (40 mL) was added  and  s t i r r i n g  c o n t i n u e d  f o r  

5 h .  F i l t r a t i o n ,  fo l lo w e d  by w a sh in g  w i t h  e t h y l  a c e t a t e  (10  mL), gave

a  p i n k  r e d . s a l t  o f  j |^4^  (687 mg, 57%).

The s a l t  was s u sp en d e d  i n  d r y  THF (150 mL) u n d e r  and p o ta s s iu m

t - b u t o x i d e  (351 mg, 3 .1 3  mmol) was a d d e d .  T h is  was h e a t e d  to  i fe f lu x  

u n d e r  N, w i t h  s t i r r i n g  f o r  1  h .  A f t e r  c o o l i n g ,  aqueous  HCl and b e n z en e  . 

(100 mL) w ere  added.. The aqueous  l a y e r  was e x t r a c t e d  w i t h  ben zen e  

(4 X 150 mL). The o r g a n i c  l a y e r s  w ere  com bined , washed w i t h  w a t e r ,  

sodium  b i c a r b o n a t e  d O l u t lo n ,  w a t e r  t i l l  n e u t r a l ,  d r i e d  and c o n c e n t r a t e d  

t o  g iv e  a  r e d  p r o d u c t .  T h i s  was p r e a d s o r b e d  on C e l i t e  and ch rom ato ­

g ra p h e d  o v e r  s i l i c a  g e l  u s in g  p e n ta n e  a s  an  e l u a n t  t o  g i v e  (302 mg,

71%) a s  a  r e d  p r o d u c t ;  S im r ,  6 , (90  MHz), 1 0 .0  - . 7 . 1  (A r -H ) ,  4 . 0  -  2 .7
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^  -  4 .1 0  ( s ,  6H, i n t e r n a l  C H ^ 's ) ;  s m a l l  p e a k s  a t  6 -  3<20,

-  3 .5 6 ,  - 3 '.68  and. -  4 .1 5  c o r r e s p o n d in g  t b  t h e  d e h y d ro g e n a te d  p r o d u c t  ‘

w ere  a l s o  s e e n  i n  t h e  "Slmr s p e c t ru m  o f  t h e  p r o d u c t .

60 . -A ttem p ted  s y n th e s is  o f  48 by o x id a tio n  o f  u sin g

po tassiu m  t- b u to x id e .  /

Anhydrous p o ta s s iu m  t - b u t o x i d e  (1 ,7 2 5  g ,  15 .37  mmol) was added 

to  a  s u s p e n s io n  o f  (300 mg, 0 .6 1 5  mmol) i n  d r y  THF (150 ®L) and

t h e  m ix tu re  was h e a te d  unde r  r e f l u x  u n d e r  N_ w i t h  s t i r r i n g  f o r  21 h .

I t  was c o o le d  t o  room t e m p e r a t u r e ,  ben zen e  (150 mb) and d i l .H C l  w ere  ' 

a d d e d .  The l a y e r s  w ere  s e p a r a t e d  and t h é  aqueous l a y e r  was e x t r a c t e d  

w i t h  b e n z en e  (5  x 150 mL). The o r g a n i c  l a y e r s  w ere  com bined , washed •

w e l l  w i th  w a t e r ,  sodium  b i b a r b o n a t e  s o l u t i o n  and w a te r  t i l l  n e u t r # & ,
# %

d r i e d  and c o n c e n t r a t e d .  I t  was p r e a d s o r b e d  on C e l i t e  and c h ro m a to g ra p h ­

ed o y e r  s i l i c a  g e l  u s in g  p e n ta n e  as  e l u a n t  to  g iv e  »  d a r k  r e d  p ro d u c t ' ,

(25 mg, 8 .4 % );  ^ m r  o f  t h e  p r o d u c t  showed t h e  a r o m a t i c  H*s a t  6 9 .9 4 -  

7 . 9 8  i n  t h e  90 MHz s p e c t ru m  and t h e  i n t e r n a l  CH^'s w ere s e e n  a t  -  4 .0 6  

and - 4 .1 1  ( t h i s  a d t u a l l y  c o r r e s p o n d s  to  t h e  s a t u r a t e d  s y s t e m ) ;

^^Cmr, ( 6 2 .9 M H z ) ,  6 , 1 3 9 .9 ,  1 3 6 .9 ,  1 3 3 .0 ,  1 3 2 .9 ,  1 3 2 . 4 , 1 3 1 . 7 ,  1 2 9 .0 ,

1 26 .2  ( a l l  q u a t e r n a r y  A r - Q , 1 2 5 .6 ,  1 2 5 .2 ,  1 2 4 .7 ,  1 2 4 . 4 , 1 1 9 . 6 ,  118 .1  

( a l l  C j H ' s ) , 4 0 .2  and 3 7 .9  (C -14c  and C - I 4 d ) .

61 . E le o tr o p h i l io  s u b s t i tu t io n  o f

N i t r a t i o n  o f  Jjb. u s in g  c u p r i c  n i t r a t e  t r i h y d r a t e ;

Powdered c u p r i c  n i t r a t e  t r i h y d r a t e  (54 mg, 0 .2 2  mmol) was 
. *

added  t o  a  s o l u t i o n  o f  ^  (72 mg, 0 .2 0 2  mmol) i n  a t e t i c  a n h y d r id e  (50 mL) 

a t  0 °C. A f t e r  s t i r r i n g  f o r  2 h ,  t h e  d a r k  g r e e n i s h - r e d  s o l u t i o n  was
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<* ' ♦
p o u red  i n t o  i c e - w a t e r  m i x t u r e .  T h is  was s t i r r e d  w e l l  and e x t r a c t e d  

u s in g  b enzene  (4 x  100 mL). The o r g a n i c  e x t r a c t s  w ere  com bined , washed 

w i th  w a t e r ,  a q a eo u s  sodium  b i c a r b o n a t e  s o l u t i o n ,  w a t e r , ,  d r i e d  and th e n  

c o n c e n t r a t e d .  The r e s u l t i n g  b l u i s h - r e d  r e s i d u e  was ch ro m a to g ra p h ed  o v e r  

s i l i c a  g e l  u s i n g  i n i t i a l l y  p e n ta n e  t o  e l u t e  any u n r e a c t e d  s t a r t i n g

m a t e r i a l  4 6 , ( 2 6  mg,. 0 .0 7  mmol) and th e n  d ic h lo r o m e th a n e  - p e n t a n e  (2 :8 )
w '  -

t o  g.ive a  m ix tu re  o f  a t  l e a s t  two n i t r o  compounds, a s  i n d i c a t e d  by

?’Hmr. T h is  was s e p a r a t e d  by a  p r e p a r a t i v e  HPLC on a V a r ia n  Model 5000

L iq u id  c h ro m a to g ra p h [ s i l i c a - 1 0  colum n, 50 cm lo n g ,  S- mm i . d . , s o l v e n t
’

' s y s te m  : d ic h lo ro m e th a n e -H e x a n e  ( 3 5 : 6 5 ) ] ;

E lu te d  f i r s t  was a  d a r k  r e d  compound w h ich  on r e c r y s t a l l i z a t i o n  

from c y c lo h e x a n e  gave ^  a s  d a rk  r e d d i s h - b l a c k  c r y s t a l s ,  mp 222 -  

224 ®C; ^ m r ,  (250 MHz>) ,of* t h e  p r o d u c t  i n d i c a t e d  a t  6 9 .9 2  ( s ,  2H, A r-H ),  

9 .8 5  -  8 .3 5  i  a  s e t  o f  9 d o u b l e t s ,  lOH, A r-H ) ,  8 .1 4  ( t ,  IH , A r-H ), •

-  3 .9 9  and -  4 .0 3  ( i n t e r n a l  Œ ^ ' s )  ; ms p e a k s  (C l)  a t  m/e ( r e l a t i v e

i n t e n s i t y )  402 (MH \  C2gH^gN02,24), 223 (34) and 207 ( 1 0 0 ) ;

^ c y c lo h e x a n e  J 254  ^m ( 1 0 , 7 7 6 ) ,  2 9 8 , ( 6 , 2 6 5 ) ,  3 7 3  (% 7 6 9 ) ,  442  '
:■ - max ^

(4 8 ,  0 1 9 ) ,  514 ( 9 , y 4 )  and 557 ( 9 ,6 7 4 ) .  ,

E l u t e d  n e x t  was w h ich  was r e c r y s t a ^ i z e d  from  c y c lo h e x a n e

a s  d a rk  r e d  c r y s t a l s ,  mp 228—230 °C; Hmr, 6 , (25Ô MHz), 1 0 .54  ( s ,  IH, 

A r-H ) ,  9 .9  -  8 .3  ( a  s e t  o f  9 d o u b l e t s ,  lOH, Ar-11) , 8 .5 5  ( t ,  IH, A r-H ) ,  

8 .1 3  ( t ,  IH, Ar-H^), - 3 .9 2  and  - 4 . 0 0  ( s ,  e a c h  3 5 ,  i n t e r n a l  CH^’ s ) ;  

ms p e a k s  (C l)  a t  m/e ( r e l a t i v e  i n t e n s i t y )  402 (MH"*", C2 gH^gN0 2 , 2 8 ) ,

223 (50) and 207. ( 1 0 0 )  ; UV, ( e )  254 nm ( 6 , 8 9 4 ) ,



X
(

' ‘ ' 1 6 6  .

•3 1 5 ^ (5 ,1 5 6 ) . ,  428 ' ( 3 0 , ? 6 1 ) ,  440 ( 3 2 ,9 3 9 ) ,  470 (1 2 ,3 1 6 )»  508 ( 7 , 7 3 4 ) ,

571 (3 ,7 2 4 )  and 774 ( 1 ,1 4 5 ) .  .
• ® ' /  ’ • . 4.

, - E l u t e d  l a s t l y  was t h e  t h i r d  compound w h ich  was n o t  i d e n t i f i e d .

\ .

)
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