
HETEROCYCLES, Yo1 27, No 5, I988 

PYRAZOLO[l,2-a]INDAZOLE AND ITS REACTION WITH DIMETHYL ACETYLENEDICARBOXYLATE 

Anqelo Albini, Gianfranco Bettinetti* and Giavanna Minoli 

Dipartimento di Chimica Organics, V . l e  Taramelli 10, 27100 Pavia, Italy 

Abstract - Pyrazolo[l,2-a]inslazole (2) is prepared by dehydrohalogenation o f  

2-bromo-2,3-dihydro-1H-pyrazolojl,Z-a]inda~olium bromide (7). This 

diazapentalene 2 reacts witt dimethyl acetylenedicarboxylate (DMAD) at room 

temperature. The main products in aprotic solvents a r e  

lOcH-l,2-dimethaxycarbonyl-1Oc-(l',2'-dimethoxycarbonylethenyl)-1,2-diazocino- 

[1,2,3-ab] indazole (15) and 11H-2,3-dimethoxycarbonyl-11-(1 ' ,2'-dimethoxy- 

carbonylethenyl)pyraz010[l.2,,3-ab]l,2-benzodiazocine ( 1 6 )  arising from a 

stepwise process involving addition of two molecules of DMAD and 

rearrangement. A minor product is 1,2-dimethoxycarbonyl-5.9c-diazapenta1eno- 

[1,7,6-ablindazole (9). In mtrthanol 1 to 2 addition and proton shift leads Lo 

2,3-dihydro-l,2,3,4-tetranethoxycarbonyl-7,lle-diazaaruleno[1,9,8-ab]indaz0- 

le (19) as the main reactions product. These processes a r e  discussed in the 

frame of the general mechanism f o r  heteropentalene addition reactions. 

We have been interested since some years in the chemistry of polyazapentalenes,' i.e. heterocycl~c 

mesoionic betaines, which a r e  isoelectronic analogues of the pentalene dianion, and particularly of 

derivatives having two nitrogen atoms at the bridged positions. These compounds pertain to class 0 

in Ramsden's class~fication of heteropentalenes2 and class C in Elguero's cla~sification.~ Within 

this class, many derivatives carrying one o r  two further nitrogen atoms at other posit~ons are 

known Including benro and dibenro derivatives, whereas, as far as 

compounds having the bridged nitrogens as the only heteroatoms are 

literature reports a r e  limited to the parent compound, 0 
pyrazolo[l,2-a]pyrarole (I), and some of its s m p l e   derivative^.^" In 

the present paper, the synthesis of pyrazolo[l,Z-alindazole (21 and the 
v 

eluc~dation of its chemistry with dimtsthyl acetylenedicaiboxylate are 1 

reported. 



I n  the  mean t ime, a paper by Fu j i nu ra  concerning heterocyc le  2 appeared repo r t i ng  

preparat ion and reac t i on  o f  t h i s  compound. No d e f i n i t e  r e s u l t s  were obtained f o r  the  reac t i on  

between heteropentalene 2 and dimethyl  acety lenedicarboxylate,  a l though adducts were obtained from 

the  corresponding 5-phenyl and 5-methyl de r i va t i ves .  
6 

I n  the  present paper, we r epo r t  d i f f e r e n t  techniques f o r  both the  prepara t ion  and the  reac t i on  o f  

heterocycle 2. 

RESULTS AND DISCUSSION 

F o r  the  synthesis o f  compound 2 we put  t o  use the  same s t ra tegy  employed f o r  the  synthesis o f  

compound 1. Thus, indazole was a l k y l a t e d  to y i e l d  the  two isomeric a l l y l i n d a z o l e s  3 and 4. 

These have been separately converted t o  t he  d ib ron ides  5 and 6 and cyc l i zed  t o  the  im in iun  s a l t  7 

(Scheme I ) .  There i s  no subs tan t i a l  d i f f e rence  i n  r e a c t i v i t y  between t he  isomers, and f a r  t he  

present purpose i t  i s  convenient t o  ca r r y  ou t  these steps on t he  isomeric mixture.  

Scheme 1 

7 .  The bromide 7 obtained i n  an o v e r a l l  y i e l d  of 74% (45 %) 1s r e a d i l y  dehydrohalogenated by s t rong 

bases i n  d i f f e r e n t  solvents,  e.g. by adding l i t h i u m  hydr ide  or l i t i u m  methoxide t o  a deaerated 

d i s e t h y l  su l f ox i de  (or  methanol) s o l u t i o n  of compound 7 a t  room temperature. Under these cond i t i ons  

a '~-nrnr spectrum f u l l y  compatible w i t h  s t r uc tu re  2 was obtained (see Experimental) bu t  we were 

unable t o  i s o l a t e  pure sample of t h i s  compound i n  t he  s o l i d  s ta te .  Dehydrohalogenation w i t h  KOH i n  

methanol g ives  bad r e s u l t s ,  w i t h  p r e c i p i t a t i o n  of a t a r r y  ma te r i a l .  

This heterapentalene 2 i s  e a s i l y  ox id ized i n  t he  Presence of a i r  (compare re f .  4-61 bu t  can be 

conserved f o r  severa l  hours i n  degassed s o l u t i o n  (- 0.5N). The r a t e  o f  decomposit ion i s  h igher  a t  

h igher concent ra t ion  and a po lymer iza t ion  reac t i on  leads t o  t a r s  when concent ra t ion  o f  t he  s o l u t i o n  

i s  attempted. At any r a t e  there  was no i n d i c a t i o n  f o r  the  format ion of  o ther  products dur ing  the  

dehydrohalogenation. 

I n  order t o  ob ta in  f u r t h e r  evidence f a r  the  format ion of compound 2 under these cond i t ions  and some 
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idea o f  i t s  chemistry , the react ion  w i th  dimethyl  acetylenedicarboxylate (OMAD) was 

invest iga ted.  Dehydrohalogenation by L iH  or LiOMe proceeded i n  severa l  

minutes and upon a d d i t i o n  of DMAD new products were formed. I n  the l a t t e r  

case, we found t h a t  a be t te r  y i e l d  o f  t h e  same products can be obtained by 

changing the order o f  a d d i t i o n  o f  the  reagents, v i r .  by adding l i t h i u m  

"'" KE 
$ 

methoxide t o  a deaerated s o l u t i o n  o f  7 and DMAD i n  N,N-dimethylformamide 
8 

(DMF). The methoxide i o n  reacts  instantaneously w i t h  DMAD and thus the E=COOMe 

a c t i v e  base under these cond i t ions  i s  anion 8 (indeed, a f t e r  work up, methoxy maleate and fumarate 

were i so la ted ) .  Dehydrohalogenation of 7 and fo l l ow ing  a d d i t i o n  between 2 and excess DMAD a r e  then 

f a s t e r  and more e f f e c t i v e  than by the  a l t e r n a t i v e  procedure (see the Table). 

Table. Preparat ive Resul ts from the Reaction o f  Heteropentalene 2 w i th  DMAD 

Solvent Ra t i o  Products (% Y ie ld )  

718MAD 15 ~6~ 9 19 

a The bromide 7 i s  dehydrohalogenated hn i n  the presence o f  DMAD by react ion  v i t h  2 males of 

LiOMe. 

As above; DMAD is added 30 nin a f t e r  t lre add i t i on  of the base. 
C 

Tuo phases react ion ;  the bromide i s  dehydrohalogenated by NaOH v h i l e  s t i r r i n g  v i t h  benzene 

conta in ing DMAD. 

Y i e l d  of product 16 r e f e r s  t o  the  present i s o l a t i o n  procedure. Due t o  the  scarce s t a b i l i t y  of 

t h i s  compound, y i e l d s  may change g rea t l y  under d i f f e r e n t  cond i t ions .  I t  appears l i k e l y  t h a t  

products 15 and 16 a r e  found i n  roughly the same amounts. 

Four products were separated from the react ion  mix ture  and character ized. The two main products a r e  

both 1 t o  2 adducts between DMAD and pentalene 2. O f  the  two minor products, t h e  red  c r y s t a l l i n e  

ma te r i a l  i s  again a 1 t o  2 adduct and the other one, a co laur less  mater ia l ,  was shown by ana lys is  

and mass spectrum t o  a r i s e  from the add i t i on  of one molecule o f  DMAD t o  2 w i t h  l o s s  af  two hydrogen 

atoms. Other spectroscopical  evidence i nc lud ing  s t rong fluorescence i n d i c a t i n g  t ha t  the  molecular 

frame i s  r i g i d ,  ascertained t h a t  t h i s  product i s  the f u l l y  aromatized diazapentaleno[l,7,6- 

ab] indarole 9. 



The s t r uc tu re  of t h e  two main adducts i s  n o t  s t ra igh t fo rward .  I n  the  f i r s t  e l u t i n g  product  (A), the  

th ree  protons i n  p o s i t i o n s  1,2,3 i n  t h e  s t a r t i n g  ma te r i a l  remain i n  t h e  same arrangement, as shown 
1 

by the  coup l ing  p a t t e r n  i n  the  H-nmr spectrum, and a re  s t r ong l y  sh ie lded compared w i t h  . t h e  

s t a r t i n g  ma te r i a l .  I n  the  s lower e l u t i n g  product  (B),  t h e  y i e l d  o f  which i s  s t r ong l y  dependent an 

the  i s o l a t i o n  method, on l y  two protons remain coupled and are  n o t  s u b s t a n t i a l l y  sh i f t ed .  

The s imp les t  r a t i o n a l i z a t i o n  would be t h a t  two molecules of DMAD a re  success ive ly  added t o  y i e l d  

e i t h e r  a seven-membered r i n g  (as  i n  formula 10, f o r  compound A) or  a double adduct t o  two d i f f e r e n t  

s i t e s  (as i n  formula 11, f o r  compound 8).  Both modes o f  a d d i t i o n  have precedents i n  the  

l i t e r a t u r e 1 "  b u t  i n  t h e  p resent  case the  f o l l o w i n g  exper imental  evidence, v a l i d  f o r  bo th  
3 compounds. m i l i t a t e s  aga ins t  t h i s  hypothesis:  i. t h e  13~-nmr spec t ra  show no sp carbon atoms, 

except f o r  the  es te r  methyl groups; ii. the re  i s  a 13c absorp t ion  a t  ca 95 6 , whlch f i t s  f o r  a 

N-C(COONe)=CHCOOMe group; iii, both compounds absorbed one molecule o f  hydrogen on c a t a l y t i c  
1 

hydrogenat ion and y i e l ded  products con ta i n i ng  a -N-CH -CH - group (as shown by H and 13C nmr) and 2 2 
shaving uv spec t ra  s i m i l a r  t o  products 15 and 16, thus i n d i c a t i n g  t h a t  there  i s  a N-v iny l  group, 

the  hydrogenat ion o f  which does n o t  i nee r rup t  conjugation of the  main chromophore. 

Although p o i n t  iii would per be acceptable f o r  formula 10, a l l  t h ree  p o i n t s  together exclude 

these a t t r i b u t i o n s  and l ead  t o  the  conc lus ion  t h a t  products A and B a r e  farmed an 

addi t ion-rearrangement process r a the r  than s imple add i t i on .  

The c o r r e c t  formulae can be a r r i v e d  a t  w i t h  t h e  f o l l ow ing  cons idera t ions .  Formation of t h e  

dehydro cycloadduct  9 may be taken as an i n d i c a t i o n  af  t h e  in te rmed ia te  cycloadduct  12 (vide 
i n f r a ) .  Cleavage o f  one of t h e  c e n t r a l  bonds a l ong  paths a o r  b (pa th  5 i s  thermodynamically 

excluded s ince  i t  b r i ngs  a p o s i t i v e  charge on a n i t r ogen  atom) leads t o  mesmer ic  r w i t t e r i o n s  13 

and 14. These are  t rapped by a second molecule of  OMAD, and subsequent p ro ton  s h i f t  leads  t o  t h e  

1 t o  2 adducts 15 and 16. The spectroscopic and chemical c h a r a c t e r i s t i c s  observed f o r  products A 

and B are i n  f a c t  those expected f o r  formulae 15 and 16, r espec t i ve l y  (see Exper imental  f o r  

spec t ra l  a t t r i b u t i o n ) .  I n  ba th  cases hydrogenat ion i nvo l ves  the  on l y  enamine double bond n o t  

c a r r y i n g  an e l e c t r o n  wi thdrawing group and y i e l d s  the  d ihydro  d e r i v a t i v e  17 and 18  respec t i ve l y .  

When the  r eac t i on  was c a r r i e d  ou t  i n  methanol product  d i s t r i b u t i o n  changed, w i t h  a drop i n  the  

y i e l d  of the  above mentioned products.  The main product  was t h e  r ed  m a t e r i a l  obtained on l y  i n  

t races  i n  DMF. Th i s  shows an AB system centered a t  5.8 and 6 6 a t t r i b u t a b l e  t o  s t r o n g l y  deshie lded 
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coupled t e r t i a r y  Protons ( t he  corresponding carbon absorp t ions  a re  a t  46.21 6 and 48.07). besides 

two coupled o l e f i n i c  p ro tons  a t  6.25 and 7.6 and t h e  aromat ic protons,  one be ing  s t r o n g l y  

deshielded. Formula 19 a r i s i n g  from sequen t i a l  a d d i t i o n  t o  form a seven-membered r i n g  and hydrogen 

s h i f t  w e l l  accounts f o r  these p rope r t i es .  The r i g i d  conjugated s t r u c t u r e  of  the  chromophare 

E 
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Scheme 2 



explains the red colour and the fluorescence. The A0 a l i p h a t i c  system corresponds t o  the s h i f t e d  

hydrogen atoms. 
6 

The types o f  products obtained a r e  d i f f e r e n t  from what reported by Fujimura on the 5-subst i tuted 

diazapentalene 20 (R=Me, Ph). I n  t h a t  case 1 t o  1 cycloadducts 21 were obtained and underwent 

c a t a l y t i c  hydrogenation o r  pro tanat ion  onto the enamine double band. I n  our case there 

i s  no i n d i c a t i o n  t h a t  a s i m i l a r  adduct i s  formed as a d i sc re te  intermediate,  and formula 12 i s  

ind ica ted i n  Scheme 2 on ly  as an a i d  f o r  understanding the pathways fo l lowed t o  the f i n a l  products. 

I n  order t o  check whether the d i f f e ren t  r e s u l t s  could be due t o  a d i f f e rence  i n  the experimental 

approach, the  react ion  was ca r r i ed  under cond i t ions  more s i m i l a r  t o  those o f  Fujimura, v i r .  + two  

phases react ion  by adding aqueous NaOH t o  a s t i r r e d  mixture o f  7 i n  water and DNAD i n  benzene. 

However, the prev ious ly  mentioned 1 t o  2 adducts were again obtained (see the Table), although i n  

much lower y i e l d s  due t o  extensive polymerizat ion.  Apparenlty, the  presence of a subst i tuent  i s  

required f o r  making 1 t o  1 adducts i so lab le .  

As discussed above, the add i t i on  react ion  o f  heteropentalene 2 takes an unexpected course, i n  t h a t  

the "normal" cycloadducts such a s  21 (R=H) or  10 (analogous t o  the products reported from the 

react ion  of other heteropentalenes v i t h  D M A D ) ~ ' ~ ' ~ "  were no t  found among the products desp i te  

accurate invest iga t ion .  The formation of the ac tua l  products ra the r  invo lves  complex 

rearrangements: tpus, products 15 and 16 a r i s e  from the  t rapp ing o f  unprecedented mesmeric 

betaines 1 3  and 14. However, when the broad features o f  the  process are considered, i t  can be seen 

t h a t  the present react ions  can be discussed w i t h i n  the  general frame we had prev ious ly  proposed for  

the r e a c t i v i t y  of heteropentalenes. 
1 

F i r s t ,  the great  r e a c t i v i t y  of diazapentalene 2 i s  due t o  i t s  h igh - l y i ng  HOMO. From PES 
1 

measurements on t r i a z a  and tetrazapentalenes the i o n i z a t i o n  p o t e n t i a l  o f  2 i s  expected t o  be 

5.5 eV, i .e .  1 eV l ove r  than t h a t  of 22. Therefore, add i t i on  t o  an e lec t ron  poor alkyne i s  expected 

t o  be easie,r, and indeed the react ion  w i th  DMAD i s  complete i n  minutes i n  the case of 2, i n  4 h i n  

the  case o f  t r ia rapenta lene 22 and i n  weeks i n  the case o f  t e t raazapen ta~enes .~  The greater  

e lec t ron  a v a i l a b i l i t y  l i kew ise  causes the easier ox idat ion  by a i r  and the eas ier  polymerizat ion of 

compound 2 compared v i t h  i t s  aza analogues. Second, two azomethin y l i d e  s i t e s  a r e  ind iv iduated i n  

diazapentalene 2, and we observe add i t i on  across pos i t i ons  3 and 5 bu t  no t  onto the  a l t e r n a t i v e  

1,3-dipole (across pos i t ions  1 and 9a). This i s  expected since the l a s t  process invo lves  l o s s  of 

the benzene aromat ic i ty .  
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Thi rd  we had r a t i o n a l i z e d  DMAD a d d i t i o n  w i t h  re la ted  heteropentalenes as a two steps react ion  

i nvo l v i ng  d i sc re te  d i r a d i c a l  or z w i t t e r i o n i c  intermediates ra the r  than a concerted 

cycloaddi t ion. '  Th is  ho lds  a l so  in t h e  present case and i s  apparent i n  the  react Ian i n  methanol. 

Not ice t h a t  product 19 does no t  a r i s e  by proton s h i f t  from the preformed cycloadduct 10, bu t  

proton s h i f t  takes place a t  an ea r l y  stage o f  the  react ion  (see Scheme 21, as shown by the f a c t  

t h a t  product 10 i s  no t  found even i n  ap ro t i c  solvent and format ion o f  products 15 and 16 i s  

quenched i n  methanol. The d r i v i n g  fo rce f o r  proton s h i f t  i s  probably format ion o f  a more 

conjugated intermediate.  We prev ious ly  repor ted both proton s h i f t  and solvent add i t i on  w i t h  

re la ted  zw i t t e r i ans  i n  methanol.' b u t  the course o f  the present react ion  i s  d i f f e ren t ,  s ince i t  

invo lves  a f u r t h e r  add i t i on  step. 

I n  conclusion the chemical behaviour o f  benzodiarapentalene 2 f o l l ows  the same t rend as the  
1  

prev ious ly  s tud ied benzotriaza- and tetraazapentalenes. The r a t e  o f  the f i r s t  step, a Michael 

type add i t i on  onto the  e lec t ron  poor alkyne, depends on the i o n i z a t i o n  p o t e n t i a l  of the e lec t ron  

r i c h  pentalene. The fo l l ow ing  course o f  the react ion  i s  however pecu l i a r  f o r  diazapentalene 2, i n  

the almost exclusive propensi ty t o  skeleton rearrangement (although rearrangement of a d i f f e r e n t  

type had been prev ious ly  observed w i th  po~~azapen ta lenes ) '  and t o  double ra ther  than simple 

add i t i on .  The l a t t e r  property r e f l e c t s  a  greater  r e a c t i v i t y  o f  the primary adducts, i n  comparison 

w i th  the greater stability imparted by m u l t i p l e  a m  s u b s t i t u t i o n  t o  s i m i l a r  s t ruc tures  obtained 

from the polyarapentalenes. 

EXPERIMENTAL 

The UV-vis ib le spectra were recorded on a  Perkin-Elmer 200 spectrophotometer, the nmr spectra on 

a Perkin-Elmer R12 o r  a Brucker WPBO instrument v i t h  (CH ) S i  as an i n t e r n a l  standard, i r  spectra 
3  4  

on a Perk in  Elmer 197 spectrophotometer, and mass spectra on a Du Pont 492 spectrometer. M e l t m g  

po in t s  are uncorrected. Spectroscopic grade solvents and dimethyl  acetylenedicarboxylate (DMADI 

were f r esh l y  d i s t i l l e d  before  use. 

Synthesis o f  2-bromo-2,3-dihydro-1H-py~a~01o~l,2-a~indazoli bromide (7). To a s o l u t i o n  o f  

sodium ethoxide ( f rom 1.52 g  o f  sodium and 45 m1 o f  anhydrous e thano l ) ,  3.6 g  of indazole was 

added a t  room temperature. To t h e  c lea r  so lu t i on ,  14.25 g  o f  a l l y 1  bromide was qu i ck l y  added a t  

7'C whi le  s t i r r i n g  and coo l i ng  v i t h  i c e .  A f t e r  the  end o f  the  a d d i t i o n  coo l i ng  was dismissed. The 

temperature r i s e d  t o  3B°C, and the s o l u t i o n  was re f l uxed  f o r  14 h .  No s t a r t i n g  ma te r i a l  remains 

under these cond i t ions .  Work up and chromatography on s i l i c a  g e l  e l u t i n g  v i t h  cyclohexane-ethyl 

acetate 9 : l  mixture,  y ie lded 1 -a l l y l i ndazo le  (3) (3  g, 63% y i e l d )  as an o i l  ( p i c r a t e  mp 

112.5-113.S0C, see r e f .  9) and 2 -a l l y l i ndazo le  (4) (1.3 g, 28% y i e l d )  as an o i l  ( p i c r a t e  np 

125-6'C, see re f .  9). The isomers could a l s o  be e a s i l y  d is t ingu ished by uv spectroscopy, see re f .  

10. 

Product 3  (1.58 g )  was suspended i n  10 r n l  o f  conc. HBr a t  - l O ° C ,  and Br (1.6 g) i n  0.5 rnl o f  HBr 
2  

was slowly added whi le  s t i r r i n g .  A f t e r  1  h  a t  -1O0C d i l u t i o n  v i t h  water, n e u t r a l i z a t i o n  v i t h  



Na CO and work up yielded 1-(1.2-dibromopropyl)indazole ( 5 )  2.85 g. 90% y i e l d )  as an orange o i l .  
2 3 

Product 4 was analogously brominated t o  y i e l d  6, an o i l ,  i n  90% y i e l d .  

Product 5 (2.7 g)  i n  50 r n l  of acetone was re f luxed and s t i r r e d  f a r  7 days t o  y i e l d  2.03 g (75% 

y i e l d )  of product  7, mp 172-173'C nmr (CD OD), 6 9.3 s ,  7.5-8.3 m (4H, a r m . ) ,  5.8 m ( lH ,  
-1 

CHBr), 5.35 rn (4H, CH2); i r ,  3130, 1620, 1530 cm . Anal. c a l c d  f o r  C H N Br : C 37.76%; H, 
10 10 2 2 

3.17; N ,  8.81. Found: C, 37.79%; H. 3.15; N, 8.78. 

Product 6 was analogously c y c l i z e d  t o  7 i n  80% y i e l d  i n  5 days. When t h e  t h ree  steps ( a l l y l a t i o n .  

brominat ion and c y c l i r a t i a n )  were c a r r i e d  ou t  w i thout  in te rmed ia te  separa t ion  o f  t h e  1- and 

2-subs t i tu ted  isomers, the  bromide 7 was obtained i n  74% o v e r a l l  y i e l d .  

Dehydrohalogenation of bromide 7, i n  an nmr tube. Two so lu t i ons ,  one con ta i n i ng  bromide 7 (85 mg) 

i n  0.5 m l  of CD OD and the  o ther  L iH (25 mg) i n  0.5 m l  o f  CD OD were deaerated by argon f l u sh ing  
3 3 

and mixed i n  an nmr tube. The nmr spectrum of t h e  green s o l u t i o n  showed a spectrum 

a t t r i b u t a b l e  t o  pyrazolo[ l ,2-aJindarole ( 2 ) , 6  9.1 d (J=3.5 Hz) and 8.8 d (HI  and H3). 7.17 t 

(HZ), 7.15 s (H5). The spectrum d i d  n o t  show appreciable change du r i ng  severa l  hours. S im i l a r  

r e s u l t s  were obtained in DM50. 

Dehydrohalogenation of bromide 7 i n  the  presence o f  DMAD. React ion o f  ~~raz010[- 

formed i n  s i t u .  

Procedure a (see corresponding no te  i n  the  Table) .  Bromide 7 (1.9 g )  and DMAD (3.68 g)  were 

d isso lved  i n  DMF o r  CH OH (150 ml )  and deaerated by f l u sh ing  w i t h  argon f o r  30 min. L i t h i um  
3 

methoxide (0.45 g) was added i n  p o r t i o n s  w h ~ l e  ma in ta in ing  t h e  temperature under 20%. A f t e r  15 

min the  s o l u t i o n  was poured i n  600 m l  of H 0 and ex t r ac ted  w i t h  benzene ( i n  the  DMF case) or  
2 

d i r e c t l y  evaporated and t h e  res idue t r e a t e d  w l t h  benzene-water ( i n  t h e  methanol case).  

Evaporat ion o f  t h e  benzene l a y e r  and chromatography on s i l i c a  g e l  ( e l u t i n g  w i t h  benzene-ethyl 

ace ta te  8:Z m i x tu re )  gave products 9-19 w i t h  the  y i e l d s  repor ted  i n  the  Table, accompanied w i t h  

considerable amounts o f  unreacted DMAD and d imethy l  2-rnethoxy fumarate and maleate. The 

c h a r a c t e r i s t i c s  o f  t h e  new products a re  r epo r t ed  i n  the  f o l l o w i n g  accord ing  t o  the  e l u t i o n  o rder .  

Fu r t he r  spectroscopic data ( i r ,  mass spectra.CO0Me and quaternary carbon absorp t ions  i n  13c nmr) 

a re  i n  accord and a r e  n o t  repor ted  f o r  t h e  sake o f  b r e v i t y .  

1OcH-1,2-dimethoxycarbonyl-1Oc-(l',2'-dimethoxycarbonylethenyl)-1.2-diazocino[l.2.3-ab]indazale 

(151, ye l low c r y s t a l s ,  rnp 140-141°C (MeOH); nmr (C6D6), 6 8.05 dd (1H) and 7.4-7.2 rn (3H, 

aromatic p ro tons) ,  7.1 d (1.7 Hz) and 6.65 d ( k 9 ,  H5 and H3), 5.3 s ( cha in  p ro ton) ,  5.2 dd (H4); 

1 3 C  nnr (CDC13),6 96.08 d, 109.80 d, 115.71 d, 126.28 d, 130.24 d, 130.82 d, 136.31 d, 148.06 d; 

Anal. ca l cd  f o r  C H N 0 . C, 60.00%; H, 4.58; N, 6.36. Found: C, 59.93%; H, 4.48; N, 6.29. 
22 20 2 8 '  

11H-2,3-dimethoxycarbonyl-ll-(1',2'-dimeth0xyca~b0ny1etheny1~pyraz010[1,2,3-ab]1,2-benz0diaz0cine 

(16),  ye l low c r y s t a l s ,  mp 130-131°C ( a f t e r  t reatment w i t h  MeOH i n  the  co l d ) ;  t h i s  product  is no t  

very s t ab le  i n  so l u t i on ,  and undergoes extensive decomposit ion du r i ng  chromatographic work up; 
1 

thus  y i e l d s  repor ted  r e fe r  on l y  t o  the  cond i t i ons  adopted; H nmr (C6D6), 6 7.6 s ( H l ) ,  7.47 d 

(1;4 Hz) and 6.8 d (H4 and H5), 7.1-7.4 m (48, aromat ic p ro tons) ,  5.35 (cha in  p ro ton) ;  13c nmr 

(CDC13), 6 94.20 d, 118.07 d, 122.55 d, 124.94 d, 129.97 d, 138.76 d, 142.48 d, 153.90 d. Anal.: 
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C. 59.84%; H. 4.63: N, 6.22. 

1.2-Dimethoxycarbonyl-5,9c-diazapentaleno[1,7,6-ab]indazole (91, colourless crystals, mp 187OC 
1 

(MeOH); H nmr ( c D c I ~ ) , ~  8.1 d (1.3 Hz) and 7.05d (H3 and H4), 8.4 dd (1H) and 8-7.5 m (3H, 

aromatic protons). Anal. calcd for C H N 0 . C, 64.86%; H, 4.08; N, 9.46. Found: C, 65.11%, 
16 12 2 4' 

H,3.91; N, 9.26. 

2,3-Dihydro-l.2,3,4-tetramethoxy~arbonyl-7,llc-diaraaleno[l,9,8-ab]indarole (19) red crystals, 
1 

mp 190DC (MeOH); H nmr (CDC1 ) ,  6 8.7 d (153 Hz, H6), 7.4 d (H5), 7.8-7.4 m (4H, aromatic 
3 

protons) 5.55 (A0 system, HZ and H3); 1 3 ~  nmr (CDC13),6 46.21 d, 48.07 d, 107.46 d, 107.13 d, 

123.00 d, 122.73 d, 128.55 d, 131.21 d. Anal.: C, 59.91%; H, 4.52, N, 6.55. 

Procedure b. Bromide 7 (1.9 g) in 150 ml of the solvent of choice was deaerated by flushing with 

argon for 30 min. Solid lithium methoxide (0.45 gl was added as above. The colour of the solution 

turned to wine-red. After 30 min 1.89 q o f  DNAD was added and the colour turned to brown-red. 

After 2 h work up followed as above. 

Procedure c. A two phases mixture of bromide 7 (1.9 g) in 80 ml of water and 80 ml of benzene was 

deaerated by flushing with argon for 3 h. DMAD (1.89 g) was added and argon flushing pursued for 

40 min, 5.5 m l  of a 3 M deaerated aqueous solution of NaOH was added while stirring. The benzene 

l a y e r  turned to yellow and then brown-red. After 3 h work up followed as above. 

Catalytic hydrogenation of compounds 15 a, Samples (100 mg) of the title compounds in 10 ml 

o f  solvent (ethanol f o r  15 and benzene f o r  16) vere  hydrogenated at room temperature and normal 

pressure. 1 Mole of hydrogen was absorbed yielding products 1 7  and 18 respectively. These were 

purified by chromatography and recrystallization. 

1OcH-4,5-dihydro-l,2-dimethoxycarbonyl-1Oc-(l',2'-dimethaxycarbonylethenyl)-1,Z-diazocino[l,2,3-ab] 
1 

indazole (171, yellow crystals, decomp 7 5 Y  (after treatment with hexane), 60% yield from 15; H 

nmr (C D ) .  6 6.45-7.2 rn (SH, aromatic and olefinic protons). 5.65 (chain proton), 3.4-3.6 rn (two 
6 6 

CH groups); 13c nmr (C6D6), 8 26.38 t, 27.65 t, 91.44 d, 115.59 d, 124.31 d, 126.46 d, 131.43 d, 
2 

146.39 d. Anal. calcd f o r  C H N 0 ' C, 59.72%; H, 5.01; N, 6.33. Found: C ,  59.62%; H, 4.80; N, 
22 22 2 8' 

6.20. Mf, 442 m/z.  

11H-4,5-dihydro-2,3-dimethoxycarbonyl-11-(1',2'-dimethoxycarbonylethenyl)pyrazolo[1,2.3-ab]1 ,Z-ben- 

zodiarocine (181, light yellow crystal:. mp 154'C (from benzene). 65% yield f r o m  16; nmr 

(CDC13).6 6.9-7.3 m (4H, aromatic protons) 7.65 s (HI), 5.15 s (chain proton), 3-3.2 m (two CH2 

group); 13c nmr (C6D6), 6 30.13 t, 61.91 c, 91.68 d, 121.88 d, 122.91 d, 129.70 d, 134.64 d, 

143.18 d. Anal.: C, 59.73%. H, 4.75; N 6.14. M', 442 m/r. 
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