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Abs t rac t -  The t r app ing  o f  the  2,3-dinitrosoquinoxa7ine by r e a c t i o n  

o f  furazano[3,4-bIquinoxa7ine 1 -ox ide  w i t h  cyc lopentadiene i s  

repor ted .  

The ex is tence  o f  c i s -d i n i t r osoa l kenes  o r  1,2-d in i t rosoarenes as in te rmed ia tes  i n  the  

i n te r conve rs i on  of t he  two isomer ic  forms of furazan N-oxides and t h e i r  fused 

d e r i v a t i v e s 1  was a  reasonable hypothesis be fo re  1,2-dinitrosobenzene was i s o l a t e d  and 

charac te r ised2 i n  Argon mat r i ces  a t  12-14 K. However, these d i n i t r o s o  in te rmed ia tes  have 

n o t  been t rapped by butadienes i n  attempted he tero-D ie ls -A lder  r eac t i ons  of 

n i t r o - s u b s t i t u t e d  benzofurazan ~ - o x i d e s ~  desp i t e  t he  s t rong  d i e n o p h i l i c  r e a c t i v i t y  o f  t he  

n i t r o s o  group,4 t he  products obta ined being cycloadducts t o  the  p a r t i a l l y  l o c a l i z e d  

double bonds o f  t he  benzene r i n g .  

I n  case o f  furazano[3,4-blquinoxaline 1-ox ide  (1 ) ,5  t he  s t rong  e l e c t r o n  wi thdrawing 

a b i l i t y  o f  t h e  qu inoxa l ine  group increases t he  d i e n o p h i l i c  charac te r  o f  t he  n i t r o s o  

groups i n  t he  2,3-dinitrosoquinoxaline i n t e rmed ia te  (2). Furthermore, t he  l e s s  l o c a l i z e d  

carbon-carbon double bonds i n  1, compared t o  those o f  benzofurazan N-oxides, overcome the  

problem o f  a  poss ib l e  a d d i t i o n  o f  t h e  d iene  t o  these double bonds. 

When an excess o f  f r esh l y  d i s t i l l e d  cyc lopentadiene was added t o  an i c e - c o l d  s o l u t i o n  of 
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1 i n  d r y  methylene d i c h l o r i d e ,  a r e a c t i o n  occurred r a p i d l y  and t he  r e d  co lo red  s o l u t i o n  

changed immediate ly  t o  da rk  yel low-orange. Careful chromatographic separa t ion  o f  t he  

m ix tu re  on s i l i c a  g e l  us ing  e t h y l  ace ta te  as t h e  e l uan t  y i e l d e d  two main f r a c t i o n s .  

The f i r s t  product ,  w i t h  Rf 0.55 ( i n  e t h y l  acetate)  and mp 88-90 OC, i s o l a t e d  i n  10% 

y i e l d ,  was an adduct o f  cyc lopentadiene t o  furazano[3,4-blquinoxaline 1-ox ide  (1)  i n  

r a t i o  2:1, as shown by i t s  mass spectrum and t h e  exact molecular  weight  measurement, 

whereas bo th  IH- and 13c-nmr spectra,  recorded i n  t he  Table, a re  cons i s ten t  w i t h  t he  

s t r u c t u r e  ( 4 ) .  The aromatic p ro ton  and carbon chemical s h i f t s  a re  remin iscent  o f  an 

o-phenylenediamine s t r uc tu re ,  namely, t h e  pyraz ine  r i n g  has been changed t o  a 

1.4-di hydropyrazine d e r i v a t i v e .  The o l e f i n i c ,  CH2, -CHO- and -CHN- groups o f  t he  

cyclopentene r i n g s  g i v e  c h a r a c t e r i s t i c  s i gna l&  i n  bo th  the  IH- and 13c-nmr spec t ra  and 

revea l  t h a t  they  can no t  belong t o  b i c y c l i c  oxazine systems as i n  3. I n  t he  lH-nmr 

spec t ra  o f  s imp le  b i c y c l i c  oxazines analogous t o  3 i n  t h e  t h e  CH2 s igna l  

appeared a t  ca. 6 2.0, t he  -CHO- and -CHN- p ro tons  a t  ca. 6 5.5 and t h e  o l e f i n i c  protons 

a t  ca. 6 6.5. 

Table. Proton (300 MHz) and Carbon (75 MHz) S h i f t s  Assignement o f  Adduct (4) 
( 6 ,  ppm, CDC13). 

-CH=CH- -CHO- -CHN- -CH2- Aromatic Ringa 

aThe four quaternary sp2 carbon signals d id  not appear c l e a r l y .  

The reverse  reg io i somer i c  s t r u c t u r e  ( t he  double bond o f  the  cyclopentene r i n g s  c l ose  t o  

t he  -CHO- group) should be r a t h e r  excluded, s i nce  t h e  p ro ton  -CHO- s i g n a l s  i n  t h a t  case 

are  expected t o  appear downf ie ld  ( c a .  6 5.5)  and t he  -CHN- protons ~ ~ f i e l d . ~ * ~ > g  Although 

t he  complete stereochemistry  o f  t h i s  compound can n o t  be unequ ivoca l l y  deduced from the  

a v a i l a b l e  exper imental  data, i t  i s  apparent f rom t h e  nmr spectra t h a t  a d ias te reomer ic  

m i x tu re  o f  a couple of enantiomers and t h e  meso compound i s  present, t he  cyclopentene 
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bis-[3,3]-Aza- Cope 
rearrangement / \ 

r i n g s  be ing  i n  trans and c i s  p o s i t i o n s ,  r e s p e c t i v e l y .  

The second f r a c t i o n ,  i s o l a t e d  as c o l o r l e s s  gum w i t h  Rf 0 .5  ( i n  e t h y l  a c e t a t e )  i n  21% 
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y i e l d ,  was a l so  an adduct of cyc lopentadiene t o  1 i n  r a t i o  2:1, as shown by t he  

mic roana lys is  and t he  mass spectrum. However, bo th  I H -  and 13c-nmr spec t ra  i nd i ca ted  

t h a t  t h i s  was a mix tu re ,  which we were unable t o  analyse and p u r i f y  by t he  

convent ional  methods wh i l e ,  fur thermore,  we found t h a t  i t  i s  r e l a t i v e l y  unstable,  

decomposing i n  attempted c r y s t a l l i z a t i o n  o r  f u r t he r  chromatographic separa t ion .  The nmr 

spectra of t he  mix tu re ,  however, show t h a t  t he  main component o f  t h i s  f r a c t i o n  i s ,  most 

l i k e l y ,  t h e  bis-epoxyepimine (518 i n  t h e  form o f  m i x tu re  o f  diastereomers. The 

m u l t i p l e t s  a t  6 3.3-3.8 and 6 2.0 cou ld  be assighed t o  t h e  ox i r ane /az i r i d i ne  and 

methylene protons,  r espec t i ve l y ,  w h i l e  t h e  groups o f  carbon peaks appeared a t  6 29, 48, 

54, 55 and 67 are  t he  expected ones f o r  t he  epoxyepimine systems.10 I t  should be noted 

here t h a t  o the r  dienes, such as 2.3-dimethylbutadiene, d i d  n o t  g i v e  analogous r e a c t i o n  

w i t h  1, t he  products p r e c i p i t a t e d  being unmelted s o l i d s  o f  po lymer ic  nature.  

The f a t e  o f  s imple b i c y c l i c  oxazines prepared from he te ro -D ie l s -A lde r  r eac t i ons  of 

n i t r o s o  compounds w i t h  cyc lopentadiene has been ex tens i ve l y  s tud ied  l a s t  years, t h e i r  

s t a b i l i t y  be ing  s t r o n g l y  dependent on the  na tu re  o f  t he  N - l i n k i n g  group. They can 

undergo r e t r o - D i e l s - A l d e r  r eac t i on11  o r  homolyt ic  breaking12 o f  t he  N-0 bond towards 

epoxyepimines8> lo o r  y ,&epiminopentadienal der iva t i ves .10  w h i l e  i n  t h e  cases o f  the  

adducts of C-n i t rosocarbony l  compounds t o  cyclopentadiene, a [3,3]-Cope rearrangement 

o f ten  appears.6, 13 

It i s  apparent i n  t h e  p resent  case, t h a t  t h e  cyclopentadiene i s  added t o  t h e  two n i t r o s o  

groups of 2 and t he  r e s u l t i n g  b is -adduc t  ( 3 ) ,  being unstable,  e i t h e r  isomer ises t o  4 v i a  

a bis-Aza-Cope metathesis o r  rearranges t o  5 through a b i r a d i c a l  N-0 cleavage. An 

a l t e r n a t i v e  r e a c t i o n  pathway f o r  the  fo rmat ion  o f  4, i n v o l v i n g  a d i r e c t  double 

he tero-D ie ls -A lder  a d d i t i o n  of cyclopentadiene t o  species ( Z ) ,  t he  former a c t i n g  as 

d i e n ~ p h i l e , ~  does n o t  seem l i k e l y ,  s ince  simple alkenes r e a c t  w i t h  1 i n  a d i f f e r e n t  

manner.14 i n  bo th  cases, however, t he  r e a c t i o n  proceeds through t he  2 ,3 -d in i t rosoqu ino-  

x a l i n e  (21 ,  demonstrat ing thus chemica l l y  t h e  ex is tence  o f  furoxans d i n i t r o s o  equ iva len t .  

Fur ther  s tud ies  on t he  r e a c t i o n  o f  furazan N-oxides w i t h  d ienes are  i n  progress. 
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