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PYRIDOPYRIDAZINES . IV .l PYRID0[2,3-dlPYRIDAZINE N-OXIDES. 

A NOVEL RING-OPENING REACTION BY MEANS OF ACETIC ANHYDRIDE 

Ikutoshi Matsuura ------- ------- 

R~search Laboratories. Chueal Pharniaceutlcal Co. Ltd., 

Takada, Toshlma-icu, Tokyo, Japan 

Treatment of 5-alkoxypyrldo[2,3-d]pyrldazlnes wlth 

m-chloroperbenzolc acld afforded the 7-oxides a and 

2b, and the 1,7-dioxides la and jb. 8-Alkoxypyrldo- 

[2,3-dlpyrldazlnes however yielded the 6-oxides 2c and 

2d. Of the mono-oxides and 2d on treatment with - 
acetic anhydride gave the rlng-opened esters 51, and 2d 

and the ketoesters 6b and 66. 1-Methoxyphthalazine- 

3-oxlde similarly yielded benzoate 10, acetonylbenzoate 

11, and methyl stllbenedicarboxylate 12. 

Previously we reported some synthetic studies of pyrido- 

[2,3-dlpyridazines.' Thls paper deals with the N-oxidation of 

5- and 8-alkoxypyrido[2,3-alpyridazines and wlth the novel 

reactlons of 5-alkoxy-7-oxides and 8-alkoxy-6-oxldes with acetic 

anhydride involving cleavage of the pyrldazine ring accompanied 

by loss of the nitrogen atoms. 

5- And 8-alkoxypyrldo[2,3-dlpyrldazlnes (la,D,&c and ld) 



were prepared by treatment of the respective 5- and 8-chloro- 

derivatlves3 wlth the sultable alcoholic sodium alkoxide ( la, 

mp 132-134", 91% ; Lb, mp 113-114', 98% ; LC, mp 163-164", 77% ; 

Chart 1 

Oxldatlon of 5-rnethoxy- and 5-ethoxypgrido[2,3-d]pyri6azlnes 

(la and ib) with m-chloroperbenzoic acld in chloroform at room 

temperature afforded the corresponding 7-oxides ( a ,  mp 200- 

201°, 45% and 2b, rnp 170-17l0, 46% ) and 1,7-dloxides ( Ja, mp 

214-215" (decomp.), 13% and Jb, mp 192-193', 10% ) .  On the 

other hand, &allroxypyr~d0[2,3-d]~~ridaz~nes (LC and id) gave 

only 6-oxldes ( c ,  mp 213-214' (decomp.), 52% and 2d, mp 177- 

17a0, 71% ) under the same conditions ( Chart 1 ) .  N-Oxldatlon 

with 35% aq. hydrogen peroxide in acetic acid at 70' was also 

effective, but the products were contaminated with by-products. 
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The site of N-oxidation was confirmed by proton nmr spect- 
4 ral examinations. D. B. Paul and H. J. Rodda have reported 

that H of the pyrldo[2,3-d]pyrldaz1ne 7-oxide and Hz and H4 of 3 
the 6-oxlde all appeared at hlgher field than the equivalent 

protons of the parent heterocycle. The slmilar chemical shlft 

differences were observed between la-d and a - d  as shown in the 

followlngnmr data ( InCDCl ). ib: 6=9.20 (H~), 7.78 (H3), 
3 

-8.0, JZp4=1.8. Id: 6= 8.57 (H4), 9.45 (Ha), J2,3=4.7 Hz, Jj,4- 

9.29 (Hz), 7.83 (H3), 8.28 (H4), 9.26 (H5), JZ,3=4.3 Hz, J 3,4= 

8.3, J2,4=1.8. 2b: 6=9.05 (Hz), 7.53 (H3), 8.42 (H4), 8.50 (Ha), 

j2, 3=4.7 Hz, J3 ,4=8.0, JZy4=1.7, J4, 8=0.8. 2d: 6=9.01 (H~), 7.70 

-8.5, J2,4=1.8. (H3), 8.03 (H4), 8.36 (H5), J2,3=4.3 Hz, J3,4- 

The structure of the dioxides.)a and Jb was assigned on the 

basls that 3a and lb were formed the mono-oxides 2a and 2b - 
( tlc ) ,  respectively and that large hlgher fleld shift of He 

and H4 and change of J of 3a and Jb from La and b Indicated 
2,3 

the presence of N-oxlde at the pyridine moiety. lb: 6=8.52 (H2), 

7.36 (H3), 7.87 (H4), 8.89 (Ha), JZv3=6.4 Hz, J3,4=8.4, JZp4=1.0. 

The orientatlon of these Ii-oxidations can be explained by 

the steric hindrance of the alkoxy-group and the proton at the 

peri posltion. Such sterlc hindrance has been reported in the - 
5 case of the N-oxidation of 3-alkoxypyritiazines , l-alkoxyphthal- 

az~nes,~ and 8-alkoxyqulnol~nes. 6 

In the course of studles on the reactivity of the N-oxide 

functlor., reaction of 5-e:.hoxy-7-oxide ( z h )  and 8-ethoxy-6-oxlde 

(2dj with acetic arlhydri.de .vJas fonnd to proceed anomalously with 

1032 Of two nltrogen atoms. Thus zb (192 ing) was heated wlth 



a c e t i c  anhyd r ide  ( 1 . 9  fill) a t  35' f o r  1 2  h ,  end t h e  r e a c t i o n  

mix1;ure was t r e a t e d  wi th  s e r ~ ~ l c a r b a z ~ d e  t o  c l v e  e t h y l  2-acatoxy- 

:;;e~l;hylr~ico.Lillate ( 5 b )  a s  a n  o i l  ( p i c r r t t e ,  mp 113-114' ) and t i le  

s emca r?>azone  of e t h y l  2-(1-zcetuxy--2-oxopropyl)r~lcotlrl?~te ( L b ) ,  

mp 137-138", i n  53 m d  44% yie?.ds ,  r i3 : ;pec t lve ly .  P roduc i  6 b ,  

iny E?-83°, co:ilii be d l r e e t l y  i s o I a t ~ 6  by di11:ting t h e  r e a c t a n t s  

wit; 1 y c l o h e r a ~ ~ e .  However :.he fo rmer  procedure  1s more conve- 

n i e n t  f o r  t h e  q u a r i t ? t a i i v e  : ; epa r a i j~on  of  211 t n d  61,. Pyr ida7 , ln -  

one:; were n o t  fietec-led i n  s p i t e  of  d e t a l l e d  mnr exaiulnat ior , .  

H g d r n l y s : ~ ~  o f  2 b  wwl1.h 10% s u l f u r i c  a c l d  y i e l d e d  t h e  knowrl 2- 

7 h~rdrox~luet~~l~1cotriij.c a ~ l d  l a c t o n e  1 , mp 14Z0 ,  which was 

i d e n t i f  ed b;i i r  s j t : c t rum and m~::e% m e l t x g  p o i n t  conparxsorts.  

. 'P r ra taen t  of  6 b  w1t21  d l l .  h y d r o c h l ~ o r i c  a c i d  gave 2-(1-hydroxg-2- 

o x q p r o p y 1 ) n l c o t i n l c  aci.d l a c t o n e  h y d r o c h l o r i d e  2, decoa!p.p 3.,2' 

( wl-thout melt in^ ) ,  whlck was characterized by i r  and nmr 

s p e c t r a .  

A slrnilar react1.on of 8-ethoxy-6-oxlde (3)  a f f o r d e d  e t h y l  

3-acetoxymethylpicolina-te (Jd)  a? a n  0 1 3  ( 3 4 % )  ( t h e  p i c r a t e ,  

li'p 102-102' ) and e t h y l  3-(l-zcetoxy-2-oxopropyl)p~colinate (Gd) 

a:; a n  011 ( 3E,$ a s  si:micarb;i.zone, mp 1'76-1':7'). Proi iuct  2 2  was 

h v l r o l y z e d  w%th  10% h g d r o c h l o r l c  a c l d  t o  give t h e  known 3-hydro- 

xyme thy lp l co l l r i l c  a c i d  l a c t o n e  9,7 mp and o;ixed mp 166-167'. 

Reactj .ons of t h e  5- and 8-methoxyl d e r i v a t i v e s  ( z a  and ?_a) 

proceeded i n  a simllar way. 

I -Pkthoxyphtha. lez1ne-3-oxide (4) undergoes  t h e  same t y p e  

of r e a c t i o n .  Thus h e a t i n g  4 ( 2 . 0  g )  w l t h  a c e t i c  anhyd r ide  ( 5  ml) 

f o r  5 h produced methyl  2-acetoxymethylbenzoate  (10) as a n  o i l ,  
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methyl 2-(1-acetoxy-2-oxopropyl)benzoate (g) as an 011 ( the 

semlcarbazone, mp 161-164' ) ,  and dlmethyl stllbene-2,2'-di- 

carboxylate (G),' mp and mlxed mp 102-103', in ylelds of 10, 33 

and lo$, respectively. The benzoate 10 gave phthalide (u), mp 

and mlxed mp 7 j 0 ,  on refluxing with 10% hydrochloric acid in 

methanol. Product 11 was similarly hydrolyzed to give 3-acetyl- 

phthalide (g), mp C2' (lit.' mp 82' , in 40% yield. 

These results suggest that this type of cleavage reaction 

1s general to an appreciable degree in phthalazines and its aza- 

analogs. 

A likely mechanism of the reaction could lnvolve additlon 

of acetic anhydrlde to glve u, whlch gave a quinodimethane 

Intermealate 17 by ring-opening. The intermediate gave the 

benzoates 12 and 11 as shown in Chart 3.. Removal of acetic 

anhydrlde froln would then afford 1-methoxylsobenzofuran (u) 
as an unstable intermediate, whlch could be transformed into 

a dlnler such as 3 and then isoinerlzed Into the thermally stable 

dlcarhoxylate 2''. Closely related reactions of pyrldazme 

derivatives have been reported by Igeta an< his co-workers, 11 

involving the formation of 1,4-butadlenes by treatment of 

pyridazine-N-oxides 1~1th Grlgnard reagents. 
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