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The ca!c&Zed heac.tiwLty i n d i c u  and bond di&anceh dun Zhiena- 

[2 ,3 -c lpy4 idaz ine ,  an unknown h e t ~ a c y d e ,  ahe p i iuen ted .  

Thieno[2,3-c lpyr idaz ine (1) remains one o f  the  two unknown t h i e n o p y r i -  

daz ines. '  However, i n  view o f  i t s  s t r u c t u r a l  r e l a t i o n s h i p  w i t h  c i n n o l i n e  and 

i t s  i somer ic  r e l a t i o n s h i p  w i t h  t h e  remaining th ienopyr idaz ines  and t h e  th ieno-  

pyraz ines and th ienopyr im id ines ,  a  t h e o r e t i c a l  p i c t u r e  of becomes c r u c i a l  t o  

des igning research o b j e c t i v e s  which w i l l  revea l  i t s  chemical p r o p e r t i e s .  I n  

t h i s  d i r e c t i o n  t h e  c a l c u l a t e d  r e a c t i v i t y  i n d i c e s  and bond d is tances  f o r  1 have 

been performed and a r e  presented i n  t h e  Table. The methods employed f o r  these 

c a l c u l a t i o n s  have been discussed i n  d e t a i l  elsewhere. 2  



Bond Distances. The bond d is tances i nd i ca te  t h a t  a  c e r t a i n  amount of 

bond f i x a t i o n  p reva i l s  f o r  A and t h a t  s t r uc tu re  Q best  represents th ieno- 

[2,3-c lpyr idazine.  This i s  a  su rp r i s i ng  r e s u l t  s ince (a)  the  isomer ic  th ieno- 

[ 3 , 2 - ~ ] p y r i d a z i n e l ' ~  e x i s t s  predominantly i n  the  form i l l u s t r a t e d  by s t r uc tu re  

iii i n  reference 1  and (b )  2 imposes a  r a t h e r  u n l i k e l y  &-quinoid - 
s t r u c t u r a l  s i t u a t i o n  around the  thiophene nucleus. The r a t i o n a l e  f o r  t h i s  

bonding p i c t u r e  i s  puzzl ing.  

R e a c t i v i t i e s .  The ease w i t h  which an aromatic he te rocyc l i c  molecule 

i n t e r a c t s  w i t h  var ious reac t i ve  species (k, f ree rad i ca l s ,  e l ec t roph i l es ,  

and nucleophi les)  can be expressed i n  terms o f  r e a c t i v i t y  ind ices .  Such 

2  r e a d i l y  der ived ind ices  are the f r o n t i e r  r a d i c a l  dens i ty  (FRO), an index f o r  

r ad i ca l  subs t i t u t i on ;  the f r o n t i e r  o r b i t a l  dens i ty  (FOD), an index f o r  nucleo- 

p h i l i c  subs t i t u t i on ;  and the  f r o n t i e r  e l ec t ron  dens i ty  (FED), an index f o r  

e l e c t r o p h i l  i c  subs t i t u t i on .  

As revealed by the FRD and FED ind ices  compound A should undergo f ree  

rad i ca l  reac t ions  and e l e c t r o p h i l i c  subs t i t u t i ons  a t  C-5. This r e s u l t  i s  t o  

be an t i c i pa ted  i n  view o f  the  chemical p roper t ies  which have been reported fo r  

s i m i l a r l y  fused thiophene compounds ( f o r  example, benz~ [b ] t h i ophene ,~  various 

4 5 th ienopyr id ines  and th ienopyr imid ines ) .  On the other  hand, the  FOD index 

ind ica tes  t h a t  nuc leoph i l i c  s u b s t i t u t i o n  w i l l  occur p r e f e r e n t i a l l y  a t  C - 6 .  

This p red ic ted  occurrence can be explained as being due t o  the  extended v i n y l -  

ogous r e l a t i o n s h i p  o f  C - 6  w i t h  N-2 i n  compound i .  This, i n  tu rn ,  imp l ies  
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(a) that a polarized species (&, 2) is significant for when it i s  

subjected to nucleophilic reaction conditions and (b) that H-6 of should 

be sufficiently acidic to react with a judiciously chosen base. 

TABLE 

Molecular Orbital Data for Thieno[2,3-clpyridazine 
7 1 

6, 5 4 y h N  2 

5 4a 

Bond -~~ Di stanc.es 

1.426 A 

1.296 

1.447 

4-4a 1.372 

4a-5 1.457 

1.352 

6-7 1.733 

7-7a 1.730 

7a-1 1.306 

4a-7a I 1.455 



REFERENCES 

1. Thieno[2,3-dlp~ridazine ( J ) , ~  thieno[3,4-dlpyridazine ( ~ 1 , ~  and thieno- 
8 [3,2-clpyridazine (jjj,) are known whi le thieno[2,3-clpyridazine (k) and 

thieno[3,4-clp~ridazine (x) remain unreported in the literature. 

k X. 

2 .  A. Helland and P.N. Skancke, Acta Chem. Scand., 1972, &, 2601. 
3. B. Iddon and R.M. Scrowston in "Advances in Heterocyclic Chemistry," 

Vol. 11, A.R. Katritzky and A.J. Boulton, Eds., Academic Press, New York, 

N.Y., 1970, pp. 244-247. 

4. (a) Thieno[2,3-bl- and thieno[3,2-blpyridine: L.H. Klemm, C.E. 

Klopfenstein, R. Zell, D.R. McCoy, and R.A. Klemm, m g .  Chem., 1969, 

34, 347; L.H. Klemm, R. Zell, I.T. Barnish, R.A. Klemm, C.E. Klopfenstein, rn 

and D.R. McCoy, J. Heterocycl. Chem., 1970, z, 373 ; (b) Thieno[2,3-cl- 

and thienoL3,2-clpyridine: F. Eloy and A. Deryckere, Bull. Sac. Chim. 

m, 1970, 2, 407; S. Gronowitz and A. Sandberg, Arkiv Kemi, 1970, 
z, 249; M.L. Dressler and M.M. Joullie, J. Heterocycl. Chem., 1970, i ,  
1257. 

5. Thieno[3,2-dlpyrimidine: M. Robba, J.-M. Lecomte, and M. Cugnon de 

Sevricourt, Tetrahedron, 1971, xz, 487. 
6. M. Robba, R.C. Moreau, and B. Roques, C. R. Acad. Sci. Paris, 1964, m, 

4726. 



HETEROCYCLES, Vol. 4, No. 1 ,  1976 

7. M. Robba, B. Roques, and M. Bonbomme, B u l l .  Soc. Chim. F r . ,  1967, 2495. 

8. A.J. Poole and F.L. Rose, J .  Chem. Soc. ( C ) ,  1971, 1285. 


