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Abstract--Sarre new phthalazine- and p~idazino[4,5-g]@thalazine derivatives have been - 
prepared through diethyl phthalazine-6,7-dicarlmqlate (51, obtained by regioselective 

reduction of the tetraester  (1) with sodium a l W m  hydride a t  -50•‹C, and treatrrent 

of the intermediate d i f o q l  derivative (2) with hydrazine. Tne tautcmeric tehaviour of 

toth 1,4-dihyhxypyridazim @,5-g] phthalazine (5) and the N-n'ethyl derivative (14) 
\ e r e  also investigated by ccmparisan of the i r  s ~ t r o s m p i c  p ropr t i e s  with those of 

the nrdel cmpunds (2) and (161. 

1 
After the f i r s t  researches a t  the teginning of the th i r t ies ,  the interest  in the chemistry of 

pyridszino[4,5-g]phthalazine ring systen increased in the subsequent years especially w i t h  regards 
2 ' to sore peculiar features such a s  chemillrminescence and to the psssibil i ty of obtaining new heat- 

3,4 resistant p s l p r i c  materials. mever, although the  parent canpound (9) as  w e l l  as the c o m e  

wnding  1 ,4,6,9-tetrahydmxy-, d ,6-, and 1.9-dihydroxy derivatives (10) , ( 1 1 1  , and ( 1 1 1  have been 

repsrted in the l i terature,  5'6 1,4-dihydraxy~ridazino[4,5-g]phthalazine (21 r a i n e d ,  to our 

h l e d g e ,  yet unlrnm. Whereas the former cmpunds were obtained f r m  knzene derivatives, suit-  

ably 6.7-disubstituted phthalazines appeared nore attractive as start ing m t e r i a l s  for the synthe- 

sis of the l a t t e r .  

Sweral  attempts to prepare c m p u n d  (5) by selective redwtim of the tetraester  (11 with l i t h i m  

aluninim hydride (LMH 1 in anhydrous tetrahydrofuran (THF) a t  different temperatures, follarRd 
4 

by treatment with hydrazine, waze wuccessful .  Conversely, when the reduction of (1) was carried 

out with sodium aluninirrm hydride ( N d H  i n  the s . 3 ~  solvent a t  -50•‹c, diethyl 1.2-difowl-4.5- 
4 1 

tenzeredi~arlmx~late (1) was obtained as the w i n  product. Its H-RaR spec- (Table l ) ,  c h a c t e r -  

ized by a singlet  a t  6 8.25 for tuo equivalent aruMtic ring protons, Nled out the i-ric struc- 

tule (11, whereas the alternative regioisoner ( 4 1  ras discarded since the crude product of the abve 

reaction afforded predominantly (t.1.c. and H-&I diethyl phthalazine6.7-dicarboxylate (5) by 

treatment with hydrazlne. Reduction of (2) with LiAlH and A l C l  a t  60'~ gave the corresponding 6.7- 
4 3 

dihydroxyrethyl derivative (5) ;  on the contrary, when the s m  v u n d  was treated with NaAIHp a t  



-65-c and the reduction products allaved to react with hwazine, pyridazino[4,5q]phthalazine (9) 
w obtained in 38% yield. 

3 R Z O H  
15  R : OMe - 

Since the mst weac ted  starting material could ke easily recovered, this method represented a ~os- 

sible alternative mute to the synthesis of (2) f m  1,2,4 ,5-tetrafomy1benzenee5 available frm 

the mrrespnding tetr-thy1 derivative by a four-steps p m e d m .  
7 

The ester (5) reacted w i t h  hydrazine hydrate in toiling methanol to give a red-orange solid which 

afforded 1 ,4-dihydrmidazim[4,5-glphthalazine (11) in 80.2% yield by heating at 220-230'~ un- 
der vacuum (15-20 mn Hg): the s- c-md (13) was also obtained in very gccd yield (84.1%) by 
refluxing phthalazine6,7-dicarboxylic acid anhydride (8) with anhwous hybzine in glacial acetic 

acid. Caqmund (8) ms synthesized by dehydration (refluxing acetic'anhydride, 2 h) of the corre- 

-"ding acid (7) , prepared by a&aline hydrolysis (Ba(OH)2, H'O: 80-90•‹C, 1 h) of (?). According 
2 

to the behaviour of pyrazine and pyridazinedicarboxylic anhydrides mder electron lmpa~t,~" the 

-s spectmm of (8) exhibited, beside peaks at d e  200 (M) and 156 ( M a 2 ) ,  a signal at m/e 128 

(ESm and CO) probably due to a sFecles having the -sition of 6,7-didehydrophthalazine mlecu- 
2 

lar ion. Conpound (2) , for which three taut-ic • ’ o m  (-1 could be considered, reacted with 

an excess of diaz-thane (methanol-ether: 24 h) to give l-rrethoxy-3-rrethy1-3H-pyridazim[4,5-3] 

phthalazin-Gone (2) as the largely predominant product which was separated f m  a very m l l  

munt of the N,N'--thy1 derivative (16) by preparative layer chrcnntcqraphy (chlorofonrrmtha- 
no1 25:l v/v); on the other hand (16) was obtained m 78.58 yield frm the anhydride (8) and N,NS- 
dimthylhyclxazue in refluxing glacial acetic acid. 

Methylation under the sane conditions of 3-methyl-2H,3~-pyrida~i~r4,5q]phthalazine1 ,4-dione 

(141, prepared f m  (8) and N-m~thylhydrazine in 83% yield, gave similar results. 
1 

The H - W m  values (Table 1) and the 1.r. frequencies (see below and the mrimental Section) 

strongly supported the assigned structures of all new praducts, for &~ch satisfactory rmcrcnndlyt- 
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i ca l  data were obtained. 

rn regar& the t a u w i c  tehaviour of (11) and (141, w t r ied  to throw sme l ight  u p n  th i s  prob- 

lem by ccmparisan of their  sp2ctroscopic properties with those of the e l  ccnpunds (15) and (16). 
The I.r. spectra of the fomer mnpum3.s shaved a strong band a t  1670 and 1650 kl, re-tively, 

for an amidic CO group, s t r i c t ly  -able to that  of the N,O-diirethyl derivative (15) (1650 4 ' 1 ;  

this finding d e d  out the dihydroxy structure (>), whereas the dim0 fonns (G) and (9) were 

discarded on the basis of the sprtnm of the N,N'-dinethyl derivative (3) h e r e  the CO group gave 

r i se  to a characteristic double band a t  1-r frequencies (1 620 and 1640 k1 I .  

Firth-=,sincein the same spectra were also present tva broad structural  bands a t  2700-2000 and 
+ 

1900-1700 ah1 (NH ) and a band a t  1610-1600 cml ( 6 1 ,  w2 reached the conclusion that  the corr 

pounds wder investigation exis t  i n  the solid s t a t e  in the mixed hydrw-0x0 f o m  and (El, 

r e s F t i v e l y ,  as  d i p l a r  ions; such nvitterionic structures were probably fawured by the presence 

in the tr icyclic ring s y s m  of a s-nd fully hetenammtic  ~ r i d a z i n e  m i e t y  containing tva ba- 
1 

s i c  nitrogen atcms. Whereas the H - D m  spec- of the s p m t r i c a l  N,N'-dimthy1 derivative (16) i n  

D4.92-d (Table 1) displayed a singlet  a t  6 9.02 fo r  the m t i c  ring protons a t  the p s i t i o n  5 and 
6 

10, the resonances of the s m  protons appsared well s e p ~ a t e d  (A6 = 0.29 ppn) i n  the spec- of 

the N,C-iscmzr (151; the renarkable difference of the chemical sh i f t  of 5- and 10-H protons for  a m -  

pound (141 (AS = 0.46 p) led u s  t o  argue that it exists preddnan t ly  in salution tm i n  the form 

(E). The behaviour of this c-und did not change in methanol solution since its U.V. pattern in 

this solvent was a h s t  identical, apart sare -11 differences i n  the relat ive intensit ies of the 

absorption rrraxkra (Eqxriirental Section), to that  of N,&rrodel conpound (151.  
1 

for the H-WR -trm of the dihydroxy derivative (z) i n  m6, only a singlet was detect- 

able a t  6 8.96 for the 5- and 10-H ring protons and, unfortunately, this result  did not allow an 

unambigwus decision since also the as-tr ial  structure (D) could narr f i t  the s p x t r a l  data i f  

a rapid proton exchange between oxygen and nitrogen a t m  was present i n  this solvent. 



T a b l e  1 .  'H-NMR data (ppm from tetramethylsilane, J in Hz1 

Compound s o l v e n t  

2xMe 

2xOCH 

3- an3 6-H 

2xCHO 

2xMe 

2xOCH 

5- an2 8-H 

1- and 4-H 

2xcn 

2xOH 
2 

5- and 8-H 

1- and 4-H 

5- and 10-H 

1-,4--6-,and 9-H 

5- and 10-H 

6- and 9-H 

N-Me 

10-H 

5-H 

6- and 9-H 

N-Me 

0-Me 

10-H 

5-H 

6- and 9-H 

2xN-Me 

5- and 10-H 

6- and 9-H 

b 
a ~ i g n a l  c o l l a p s e s  to a s i n g l e t  on  d e u t e r i a t i o n .  S igna l  d i s a p p e a r s  o n  d e u t e r i a t i o n .  '~hese s i g n a l s  

appear s l i g h t l y  broadened probably due t o  long range couplings. 

EXPERIMENTAL SECTION 

unless otherwise stated, 1.r. spectra were measured for potassium bromide discs w i t h  a P e r k i n - E h r  
1 

283 spectrareter and U.V. spectra for solutions in rrethanol on a Cary 14 spectrophatoreter. H-IN? 

S p z t r a  were recorded with a Perkin-Ehr R32 instiwent and -s spectra ere taken with a Perkin- 

Elmr 270 spectroneter. Silica-gel plates (Merck F254) and sxlica-gel 60 (Merck: 230-400 msh) were 

used for analytical and preparative t.1.c.. and for m l m  chr-tography, respectively. 

A solution of the ester in THP was added drowse under nitrogen to a stirred suspension of the re- 

ducing agent in the - solvent and stming was mntinued for several hours. The reaction mxture 

was then hydrolysed very slowly wi th  aqueous acetic acid (50%) in THF and filtered through a sin- 
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tered glass funnel. For the synthesis of (?I and (9) the f i l t r a t e  was allo- to react with an ex- 

cess of hydrazine in mthanol  a t  -60•‹C under nitrogen for 1 h and s e t  aside overnight. 

Diethyl 1,2-difoq1-4,5-benzenedicar~late (2) 
10 

?he es te r  (1) (4 gl was reacted with NaAlH4  11.17 gl in TFZ (Y) mll a t  -50•‹C f o r  6 h to give a 

&-solid residue (2.1 g)  containing the d i f o q l  derivative (2) a s  the main prcduct [( 60- 65%; 

'H-WR and GZC (3% OV 17 on 100-120 m s h  Gas<hrcm Q)]. Preparative layer chrcmatography (chlom- 

fomacetone  10: 1 v/v) follcwed by sublimation a t  130 '~  and 0.05 mn Hg afforded (21 as a waxy mite 
solid;  1.r. 1725 and 1700 GI .  

Diethyl phthalazine6,7-~licarbaxylate 15) 

Reduction of (1) (4 g) with NaRlH carr ied out as  &me, f o l l w d  by t r ea tmn t  with hydrazine (95%: 
4 

2.6 ml) afforded V u n d  (51 mich  was purified by c o l m  chroMtography lchlomform) and v a c m  
-1 

sublinntion (1 g; y 33.3%); mp 81-82•‹C ( f r m  l igroinl ;  1.r. 3040, 2990, 1745, 1725, and 1045 an ; 

U.V. IMX (lq E I :  222 (4.75), 306 13.311, and 317 rm (3.31). 

Treahrent of conpund (5) (1 g)  with LiAlH4 (0.34 gland UC1 (0 3 gl in THF (100 ml) a t  60•‹C for  24 
3 ' 

h, gave m d  (6) (0.4 g; y 57.7%); mp 254-256•‹C ( f m  ethanol); 1.r. 3300, 3050, 2880, 2720,and 

1430 6'. 

P y r i d a z i m [ B ]  phthalazine (2) 

Reduction of (51 (0.8 g) with NaA1H4 (0.5 9) i n  THF (50 ml) a t  -6S•‹C for  6 h, follcnued by reaction 

with hydrazine (95%; 1.3 mll yielded a so l id  which was washed with TFZ (3  x 10 mll and water (3 x 

10 mll to give rmpound (9) (0.2 g; y 38%) a s  a yel lmbravn product, mp > 350-c (fmn lMS9) ; 1.r. 

3060, 3030, 3000, 1585, 1510, 1155, 945, and 895 kl; U.V. (W) IMX (log = I :  305 (3.71), 317 
+ 

(3.771, 331 (3.76). and 338sh m (3.65); M.S.: Me (relative in tens i ty) :  182 (M , 1001. 

The original  f i l t r a t e  and the tetrahydxmfuran washings were carS3ined and evapra ted  to dryness; the 

s ta r t ing  nnterial (21 (0.4 gl was recovered fmn  the  residue by extraction with ether (3 x 20 mll. 

Fhthalazine6,7-dicarboxllic acid (z) 
CcnFolind (11 (y 84.8%) had mp > 330DC (a f t e r  purification by dissolution i n  aqueous NaOH and repre- 

c ip i ta t ion  with conc. HC1); 1.r. 3060, 3040, 3000-2100vb1, 2100-1770vbr, 1695, and 1275 kl. 

Fhthalazine-6,7-dicarhoxylic acid anhydride (8) 

me anhydride (8) (y 78%) gradually darkened abave 200'~ and d e c a p s e d  a t  a b u t  260 '~  ( a f t e r  subli- 
-1 

mt ion  a t  120 ' )~  and 0.02 m n H ~ ) ;  1.r. 1860, 1785, and 1700 an . 
1,4-Dihvdroxypyridazina L4.5-gIphthalazine (5) 

Ccmpound (12) had mp > 3 5 0 ' ~  ( f - m ) ;  U.V. mx (log f l :  232 (4.49), 263 13.721, 291sh (3.65), 

am3 3 3 3 m  (3.69). 



me rsthyl derivative (2) (y 83%) had  mp > 300•‹C (fm m); U.V. rn (log €1: 234 (4.70), 263 

(3.61), 274 (3.63), 291 (3.53), and 340 m (3.68). 

cmpund (15) (Y 70.8%) had np 249-251'~ (franmethanol); U.V. ~ B X  (log E): 234 (4.49), 264 (3.70), 

274 (3.74). 291 (3.64), and 338 m (3.81). 

2,3-Dimthyl-2H.3H-pyridazina phthalazinel,4-dione (16) C I 
 he d e r i v a t i v e  (16) had  np > 320•‹c (h DM%?); U.V. rn (log E): 232 (4.69). 238 (4.67). 270 (3.591, 

and 334 m (3.62). 
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