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A b s t r a c t :  Pa l ladacyc les  a r e  key i n te rmed ia tes  o f  ca ta lyzed 
domino p r o c e s s e s  t h a t  l ead  f r o m  s imp le  s t a r t i n g  m a t e r i a l s  t o  
po lycyc l i c  hyd roca rbons .  Annu la ted  fu lvenes ,  sesqu i fu lva lenes  
and benzople iad ienes as w e l l  as var ious  a r y l  annulated prope l -  
l anes  a r e  e f f i c i e n t l y  access ib le  by these  p rocesses .  

Pa l lad ium-cata lyzed r e a c t i o n s  can open up s h o r t  and e f f i c i e n t  pa thways  f r o m  
s imple s t a r t i n g  m a t e r i a l s  t o  complex t a r g e t  mo lecu les  ( r e f .  1 ) .  Very  o f t e n  
pa l ladacyc les  a r e  key i n t e r m e d i a t e s  o f  t hese  p rocesses .  I n  these cases  t h e  r i n g  
s ize  o f  t he  pa l ladacyc les  i s  o f  spec ia l  impor tance .  
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One o f  s e v e r a l  ways ( r e f .  21 a pal ladacyc le can be f o r m e d  i s  t h e  cyc lopa l la -  
da t ion  r e a c t i o n  o f  a s u b s t r a t e  1 w i t h  a r e a c t i v e  halogen a tom X and a hydrogen 
i n  a su i tab le  d i s tance .  Th is  i s  a very  genera l  r e a c t i o n  scheme:  i n  p r i n c i p l e  t h e  
c e n t r e s  connec ted  w i t h  bo ld l ines  can be sp2-hybr id ized as w e l l  as sp3 -hyb r i -  
dized. Both,  ca rbon  a t o m s  and he te roa toms  a r e  al lowed, bu t  i n  t h i s  b r i e f  ove r -  
view we w i l l  f o c u s  on hyd roca rbons  exc lus ive ly .  

A 6-membered pa l ladacyc le  2 rap id ly  t r a n s f o r m s  t o  a 5 -membered r i n g  2 by r e -  
duc t ive  e l im ina t i on  o f  PdO, t h a t  w i l l  r e e n t e r  and t h e r e f o r e  c lose  t h e  c a t a l y t i c  
cyc le .  5 -membered  pa l l adacyc les  3 behave d i f f e r e n t l y .  The f o r m a t i o n  o f  4-mem- 
be red  r i ngs  6 i s  un favourab le .  bu t  no t  imposs ib te  as we w i l l  see below.  The 
5-membered pa l ladacyc les  can be very u s e f u l  as r e a c t i v e  i n te rmed ia tes  be-  
cause they open up pa thways  t o  domino r e a c t i o n s  ( r e f .  3) by r e a c t i n g  w i t h  a 
second molecu le  o f  t h e  s u b s t r a t e  4 o r  w i t h  added reagents .  Th is  becomes poss ib le ,  
j us t  because t h e  compe t ing  reduc t i ve  e l im ina t ion  i s  re la t i ve l y  s low.  Va r ious  poly-  
cyc l ic  hydrocarbons  and even prope l lanes  a r e  eas i l y  access ib le  by such p rocesses .  
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The pheny l -subs t i tu ted  o le f i n i c  b romide 1 as w e l l  as t h e  cor respond ing  iod ide 
i s  e f f i c i en t l y  t r a n s f o r m e d  by a Pd-ca ta lyzed domino coupl ing p r o c e s s  t o  t h e  
annulated fu lvene a. 1 mol-X pal lad ium ace ta te  i s  s u f f i c i e n t .  The ac t ive  PdO-cata-  
l ys t  i s  f o r m e d  i n  s i t u  under  the  r e a c t i o n  cond i t i ons .  Acco rd ing  t o  our  mechan is t i c  
i n te rp re ta t i on ,  a cyc lometa l l a t i on  s t e p  leads  t o  t h e  5-membered pa l ladacyc le  9 
(Add i t i ona l  l igands  a r e  ommi ted  f o r  c l a r i t y ) .  The reduc t i ve  e l im ina t ion  o f  Pdo i s  
inh ib i ted  i n  t h i s  case,  because the  r e s u l t  would be a h igh ly  s t r a i n e d  and a n t i a r o -  
mat ic  benzocyc lobutad iene.  Ins tead,  t he  pal ladacyc le 9 adds another  equ iva len t  
s t a r t i n g  m a t e r i a l  p resumab ly  t o  give the Pd- in te rmed ia te  lo o r  i t s  reg io i somer  
w i th  the  pa l lad ium a t o m  a t  the  v iny l  pos i t ion .  The f i n a l  r i n g  c losu re  p roceeds  i n  
the sense o f  an i n t r a m o l e c u l a r  Heck r e a c t i o n  ( r e f .  1) .  

a 

X = Br: 94 5% 

X=I :92% 

- 

e 
a : 1 Mol - % Pd(OAc)2, K2CO3, n-Bu4NBr, 
DMF,N2,3d, 100°C. 
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W e  have t e s t e d  scope and l i m i t a t i o n s  o f  t h i s  new syn thes is  f o r  annulated fu lvenes  
by i n t roduc ing  a b r idge  be tween  t h e  phenyl  s u b s t i t u e n t s .  The s u b s t r a t e s  11 and 
12 w i t h  seven-membered and s ix -membered c e n t r a l  r i n g s  give the  same r e a c t i o n  
and lead t o  the  annu la ted  fu lvenes 14 and 13  w i t h  exce l l en t  y ie lds i n  t h e  range  
o f  90 X.  W i t h  the  f luorenone der ived  s u b s t r a t e  13  we have f ina l l y  r e a c h e d  t h e  
l i m i t  o f  t he  new annu la t ion  reac t i on .  I n  t h i s  case the  f o r m a t i o n  o f  an espec ia l l y  
s t r a i n e d  fu lvene does no t  occur ,  p robab ly  because t h e  cyc lopa l ladat ion  s tep  i s  
inh ib i ted .  Ins tead.  a pa l lad ium ca ta l yzed  Ul lmann coup l ing  r e a c t i o n  ( r e f .  4 )  t a k e s  
p lace  leading t o  p r o d u c t  13 .  

Through c r o s s  coup l ing  reac t i ons  o f  o le f in ic  b romides  w i t h  s u b s t i t u t e d  a lkynes  
( f o r  compar ison :  r e f .  5 )  some i n t e r e s t i n g  p r o d u c t s  become easi ly  access ib le .  By 
t h e  condensat ion  o f  t h e  suberenone der ived s u b s t r a t e  11 w i t h  d ipheny lace ty lene 
t w o  main p r o d u c t s  a r e  fo rmed.  t h e  sesqu i fu lva lene and t h e  benzople iad iene 1 1 .  
The p roduc t  r a t i o  i s  s t rong ly  i n f l uenced  by t h e  r e a c t i o n  cond i t ions .  A h ighe r  
concen t ra t i on  o f  t h e  bromide 1 w i t h  an excess  o f  t h e  a lkyne leads main ly  t o  t h e  
f o r m a t i o n  o f  p r o d u c t  (64 X I .  A h igher  d i l u t i on  and a one t o  one r a t i o  o f  t h e  
coup l ing  components,  cond i t ions  t h a t  favour  t h e  cyc lopa l l ada t ion  t o  20, a r e  g iv ing 
r i s e  t o  the  f o r m a t i o n  o f  t he  annu la t ion  p r o d u c t  le. I n  t h e  l a t t e r  case  1 3  i s  i so -  
l a t e d  w i t h  57  X yield, whereas  11 i s  a byp roduc t  w i t h  l e s s  t h a n  3 X y ie ld .  

The r e a c t i o n  o f  t h e  f l uo rene  s y s t e m  1 3  i s  once again a spec ia l  case.  S u r p r i -  
s ing ly  the  sp i rocyc le  19  i s  t he  main  p roduc t  c o n f i r m e d  by a x - ray  s t r u c t u r e .  On 
t h e  f i r s t  g l impse t h i s  s u b s t i t u t e d  cyc lopentad iene l o o k s  r a t h e r  comp l i ca te ,  bu t  
w i t h  pa l ladacyc les l i k e  21 as r e a c t i v e  i n t e r m e d i a t e s  i t s  f o r m a t i o n  i s  eas i l y  ex-  
p la ined.  Acco rd ing  t o  semiemp i r i ca l  ca l cu la t i ons  1_9 i s  indeed the  the rmodynami -  
ca l l y  mos t  s tab le  o f  t h e  f i ve  double bond i s o m e r s .  
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As an i n t e r e s t i n g  t a r g e t  mo lecu le  f o r  pa l lad ium ca ta lyzed p rocesses  we  have 
chosen the  annulated penta lene s y s t e m  25. Because o f  t h e  ted ious  and r a t h e r  
i n e f f i c i e n t  l i t e r a t u r e  p rocedure  ( r e f .  6 )  f o r  i t s  syn thes is  n o t  much was  known 
about  t h e  r e a c t i v i t y  o f  t h i s  molecule.  We have found  t h a t  i t  can  be syn thes i zed  
i n  a s ing le p r e p a r a t i v e  s t e p  by coup l ing  acenaphthy lene 22 w i t h  1,8-di iodonaph- 
tha lene 23. Also i n  t h i s  case a pal ladacy le (24) i s  assumed as an i n te rmed ia te .  

The c e n t r a l  double bond o f  25 o f f e r s  oppor tun i t i es  f o r  t h e  c o n s t r u c t i o n  o f  p r o -  
pe l lanes  by var ious  cyc loadd i t i on  r e a c t i o n s .  Su rp r i s ing l y  t h i s  double bond i s  r e -  
ac t i ve  enough t o  t a k e  p a r t  i n  pa l lad ium-cata lyzed annu la t ion  r e a c t i o n s  ( r e f .  7) .  
The p u r p l e  hexacyc l i c  hyd roca rbon  25 r e a c t s  w i t h  iodobenzene under  pa l lad ium 
ca ta l ys i s  t o  give t h e  C4.3.33propellane 26 w i t h  7 2  X y ie ld .  Th is  i s  qu i te  an unusua l  
reac t i on ,  i n  f a c t  i t s  t h e  f i r s t  example  o f  an i n te rmo lecu la r  Heck- type r e a c t i o n  a t  
a t e t r a s u b s t i t u t e d  double bond. Presumably  a pheny l -pa l lad ium-spec ies  adds t o  
the  double bond o f  25, f o l l owed  by a cyc lometa l l a t i on  t o  t h e  pa l ladaprope l lane 2. 
Add i t i on  o f  a second equiva lent  o f  iodobenzene f ina l l y  leads  t o  26. 

- 26 - 27 28 

The r e a c t i o n  w i t h  iodoprehn i tene (1- iodo-2,3,8,5- tetrarnethylbenzene)  t a k e s  a 
s u r p r i z i n g  cou rse ;  as  t h e  only  i s o l a t e d  p r o d u c t  we ob ta ined t h e  L3 .3 .2 lp rope l lane 
- 27 i n  2 2  X y ie ld .  Presumably  because o f  s t e r i c  h indrance t h e  add i t i on  o f  a second 
molecu le  a r y l  iod ide t o  t h e  pa l ladaprope l lane i n t e r m e d i a t e  30 i s  inh ib i ted .  I n  t h i s  
spec ia l  case  r e d u c t i v e  e l im ina t i on  t o  the  fou r -membered  r i n g  o c c u r s .  

A f a s c i n a t i n g  t a r g e t  i s  o f  c o u r s e  t h e  s y m m e t r i c a l  C3.3.3 lpropel lane 28. A s  i t  
t u r n e d  ou t ,  i t  i s  eas i l y  syn thes i zed  by the  pa l lad ium-cata lyzed r e a c t i o n  w i t h  l - i o d o -  
naphtha lene (37 X y ie ld ) .  I n  t h i s  case the  s ix -membered pa l ladacyc le  31 i s  p r o -  
bably an  i n t e r m e d i a t e .  
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The r i n g  s t r a i n  o f  t h e  C3.3.33propellane 28 i s  i l l u s t r a t e d  by t h e  x - ray  s t r u c t u r e  
w i t h  bond ang les  o f  109" a t  sp2-hybr id ized  ca rbon  c e n t r e s  and an e longated  cen-  
t r a l  bond w i t h  a l e n g t h  o f  162 pm, compared t o  154 pm o f  a n o r m a l  C - C  s ing le  
bond. F i g u r e  1 g ives impress ions  o f  t he  c r y s t a l  pack ing  o f  28: a pe rspec t i ve  o f  
t he  th ree -d imens iona l  l a t t i c e  and an overv iew o f  a space f i l l i n g  mono layer .  Two 
o f  t h r e e  naphtha lene u n i t s  have p a r a l l e l  s l i gh t l y  s h i f t e d  ne ighbours  i n  t h e  d i s tance  
o f  350 pm. t h e  t yp i ca l  van-der -Waals  d i s tance .  The t h i r d  one i s  d i r e c t e d  t o  the  
ax i s  of t h e  nex t  molecule.  Desp i te  o f  t he  impress i ve  bond l e n g t h  o f  t he  c e n t r a l  
s ing le  bond t h e  C3.3 .3 lp rope l lane 28 i s  thermodynamica l l y  very  s tab le .  U n t i l  
400 OC no change o f  t he  co lou r less  c r y s t a l s  o c c u r s .  C u r r e n t l y  the r e a c t i v i t y  o f  
t h e  syn thes i zed  prope l lanes  i s  s tud ied,  espec ia l l y  w i t h  r e g a r d  t o  t he  s t r a i n e d  
c e n t r a l  s ing le  bond. 

Fig. 1: Impress ions  o f  t h e  c r y s t a l  pack ing  o f  t h e  C3.3.3 lpropel lane 28. 

I n  summar i za t i on ,  we have desc r ibed  some domino coupl ing p rocesses  w i t h  pa l -  
ladacyc les  as  r e a c t i v e  i n t e r m e d i a t e s .  These p rocesses  a r e  u s e f u l  f o r  t h e  con-  
s t r u c t i o n  o f  annulated 4-, 5 -  and 6-membered r i n g s  w i t h  spec ia l  emphasis  on 
fu lvenes,  sesqu i fu lva lenes  and benzople iad ienes.  F ina l ly  we have i n t r o d u c e d  a 
new e n t r y  t o  s t ra ined  prope l lanes .  
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