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VERSATILE SYNTHESES OF HETEROCYCLIC [n,3,4lPROPELLANES 
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P e r i c y c l i c  r eac t i ons  of N-phenyl p-benzoquinone-2,3-dicarboxylic imide(PB1) w i t h  

homo-diene and conjugated medium-ring polyenes have been examined. The h i gh  p e r i -  and 

s t e r e o s p e c i f i c i t y  observed w i t h  d ienes i s  exp la ined us ing  the  f r o n t i e r  o r b i t a l  model 

where the  diene HOMO-PBI LUMO i n t e r a c t i o n  predominates. 

The cycloadducts o f  p-benzoquinone(BQ) w i t h  p o l y o l e f i n s  a re  a n t i c i p a t e d  t o  be s u i t a b l e  

1 )  p recursors  f o r  the  p repa ra t i on  o f  [2n t 2nlphotocage compounds . However, BQ i s  we l l  known t o  a c t  

as a  weaker d i enoph i l e  i n  p e r i c y c l i c  r eac t i on .  I n  f ac t ,  BQ i s  proved t o  be i n e r t  t o  r e a c t i o n  w i t h  

homo-diene and conjugated medium-ring polyenes such as norbornadiene, cyc l ohep ta t r i ene  and t ropone 

even a t  e leva ted  temperature2). Recent ly  we have repor ted2)  t h a t  p-benzoquinone-2,3-dicarboxylic 

anhydride(P0A) behaves as a  h i g h l y  r e a c t i v e  d i enoph i l e  i n  p e r i c y c l i c  r e a c t i o n  and a l s o  p rov ides  

a sim"1e s y n t h e t i c  r o u t e  t o  new prope l lane  molecule3).  Tn " rov ide  some a d d i t i o n a l  data f o r  under- 

s tand ing  these r e a c t i o n  modes, N-phenyl p-benzoquinone-2,3-dicarboxylic imide(PB1) as w e l l  as PBA 

seemed t o  be a  h i g h l y  r e a c t i v e  synthon f o r  the  p e r i c y c l i c  syntheses. Furthermore, the  med ic ina l  

i n t e r e s t 4 )  has prompted us t o  prepare the  he te rocyc l i c  p rope l lanes  by t h e  r e a c t i o n  o f  PBI. 

I n  t h i s  communication, we present  the  r e s u l t s  o f  our  s t ud ies  o f  the  c y c l o a d d i t i o n  r eac t i ons  

of PBI w i t h  severa l  p o l y o l e f i n s .  

The LUMO energy of PBI was est imated 0.7 eV lower than t h a t  of  BQ by means of Par iser -Par r -  
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Figu re  1. n Molecu la r  o r b i t a l s  o f  BQ and PBI. 
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Pople MO Ca lcu la t ion5)  as shown i n  F i gu re  1. It i s  p red i c t ed  by us ing  t h e  energy and t h e  

r e l a t i v e  c o e f f i c i e n t  magnitudes o f  LUMO t h a t  PBI behaves as h i g h l y  r e a c t i v e  and LUMO c o n t r o l l e d  

d ienoph i le  i n  the  p e r i c y c l i c  r eac t i ons  and a l s o  reac ts  predominant ly  a t  t h e  s i t e s  o f  C2-C3 

towards p o l y o l e f i n s .  

Heat ing hydroquinone-2.3-dicarboxylic anhydr ide6) w i t h  an equimolor  amount o f  a n i l i n e  i n  

a c e t i c  a c i d  f o r  2 h r  gave N-phenyl hydroquinone-2,3-dicarboxylic im ide  i n  75 % y i e l d ,  whose 

t reatment w i t h  n i t r ogen  d i ox i de  i n  carbon t e t r a c h l o r i d e  a t  room temperature f o r  20 min afforded 

PBI[ mp 235-23E0(acetone), i r ( c m - l ,  n u j o l )  1730,1660, nmr(acetone-d6, 6) 7.12(s) ,  7.02-7,70( 

phenyl-H), mass(m/e) 2 5 3 ( ~ ~ )  1 i n  q u a n t i t a t i v e  y i e l d .  

When norbornadiene was added t o  PBI suspended i n  so lven ts  such as nonpolar benzene and 

chloroform, and p o l a r  a c e t o n i t r i l e  a t  r e f l u x  temperature, Only a homo-Diels-Alder adduct 1 

was formed i n  90 % y i e l d .  It i s  t o  be noted t h a t  t h e  exc l us i ve  f o rma t i on  of  t h e  adduct 1 cou ld  

be explained as t h e  r e s u l t  o f  the  concerted fash ion ,  since t h e  reac t i on  o f  norbornadiene 

w i t h  s u b s t i t u t e d  ace t y l en i c  d i enoph i l e  a f f o rded  homo-Diels-Alder adduct toge ther  w i t h  [2n + 2x1 

7)  cycloadduct  and Wagner-Meetwein rearrangement p roduc t  via an i o n i c  i n t e rmed ia te  . 
I n  t h e  s i m i l a r  manner, the  r eac t i ons  o f  quadr icyclane,  6.6-dimethyl fu lvene and cyc l o -  

hep ta t r i ene  w i t h  PBI a t  room temperature gave the  corresponding 1 : l  adducts, 2, 2 and 4, i n  

n e a r l y  q u a n t i t a t i v e y i e l d s .  By con t ras t ,  more v igorous cond i t i ons  were r equ i r ed  f o r  t h e  r e a c t i o n  

o f  t ropone w i t h  PBI. 

The r e s u l t s  of t h e  c y c l o a d d i t i o n  r eac t i ons  a r e  summarized i n  Table 1. 

The s te reochemis t ry  o f  these adducts, 1-5, fo l lows from the  s i m i l a r i t y  of t h e i r  NMR 

2) spectra(Tab1e 1 )  t o  corresponding PEA adducts as p rev i ous l y  r epo r t ed  by us . Fur ther ,  t h e  endo 

stereochemistry8) of 3 and 5 was confirmed by chemical t ransformat ion:  i r r a d i a t i o n s  of  3 and 4 
i n  benzene s o l u t i o n  formed the  corresponding [2n t 2nlphotocage compounds i n  e x c e l l e n t  y i e l d s .  

The d e t a i l s  about these photocage compounds w i l l  be mentioned i n  subsequent paper. On the  o the r  

hand, the  t ropone adduct 5 was concluded t o  be normal [4n + 2nlcycloadduct :  t h e  NMR spectrum 

9 of 5 e x h i b i t s  a c h a r a c t e r i s t i c  p a t t e r n  of the  [4n t Zn l t ropone adducts . Al though no chemical 

evidence e x i s t s  a? t o  t h e  endo o r  exo na tu re  of the  enedione moiety8) i n  5 a t  t h e  p resent  

stage, the  HOMO-LUMO i n t e r a c t i o n s  and the  secondary i n t e rac t i ons10 )  as dep i c t ed  i n  F i gu re  2 

should f avo r  the  endo o r i e n t a t i o n .  
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LUMO 
F igu re  2. HOMO-LUMO i n t e r a c t i o n s  and secondary 

i n t e r a c t i o n s  f o r  the  cyc l oadd i t i on  

o f  t ropone w i t h  PBI. 

Other aspects of t h e  chemis t ry  of PBI a re  c u r r e n t l y  under i n v e s t i g a t i o n  i n  our  l abo ra to r y .  

Table 1. Cyc loadd i t i on  o f  PBI w i t h  po l yo l e f i ns  

Addend Cond i t ion  
employed P ~ o d u c t  mp,'C Y i e l d  ' H  NMR spectrum(C0Cl3,6) 

CHC1 218 90 % 

r e f u x  (decomp. ) 

40 min. 

258 quant. 

room temp. 

20 min. 

CHC13 

% 3  

214 quant. 

room temp. (decomp. ) 

10 min.  

CHCI3 & 210 

quant. 

room temp. 

30 mi". 

0 4 

205 76 % 

(decamp.) 

2 h r .  5 
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