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The reductive cyclisation of aromatic axo compounds leading to hexahydropyridazine 
1-3 

derivatives is known . A synthesis of hexahydro-1,2-diohenyl-pyridazine by chemical 
I,2 

or electrochemical 
3 
reduction of azobenzene la in the presence of 1,4-dibromobutane has been = 

performed. 

The synthesis of tetrahydro-l,2-substituted 3-pyridazinones 2 and 3,6_pyridazinedio- 

nes 1 by chemical or electrochemical reduction of aromatic azo compounds i in the presence 

of 4-bromobutyryl chloride 2 and succinyl chloride 2 (scheme I) has never been described. 

Scheme I 

-T- ,z;: o~o;y(+; 

M = Alkali metal 
5, 

We describe here the one step electrochemical synthesis, according to the scheme 1, 

of 5 and 2 derivatives. They are obtained by electrochemical reduction, in D.M.F., on a 

mercury pool electrode, of azobenzene la, = cinnoline Lb and benzo(c)cinnoline AC in the 

presence of acid chlorides g and 2. 

In D.M.F., the electrochemical reduction of azobenzene La occurs in two one-elec- 

tron steps (waves A and B) 435 . First, azobenzene is reduced in a rapid one-electron transfer 

reaction, to a stable anion radica15. The behaviour in aprotic media of lb6 and Lc J,8 , is 

similar to that of azobenzene. The half-wave potentials in D.M.F. of waves A and B (EA and 

.EB) are given in table I. In the presence of acid chloride 2 or 2, two more waves C and D 

are observed at more positive potentials. C is a kinetic wave. Their heights increase with 

increasing concentrations of acid chloride 2 or 3 = _. Their half-wave potentials EC and ED are 

given in Table 1 in the case of succinyl chloride 2. The EC and ED values are similar in 

the case of 2. = 
In the presence of acid chloride 1 or 2, the polarographic modifications are the 

same as the ones observed by LUND and SIMONET 
9 
when acetyl chloride is added to cinnoline 

and pyridazine derivatives. The wave C has been attributed to the reduction of the kineti- ’ 
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tally generated N-acylium species 
9 . A N,N’-diacylated compound 

corresponds to the reversible formation of a radical anion, then 

reduction. 

Table 1 

I a,b 
EA EB 

a,b 
EC 

a,b 

No= 49 

is usually obtained. D 

its acylation and further 

ED 
a,b 

ia + 2 - 1.30 - 2.00 - 0.20 - 1.10 

lb + 1 - 1.49 - 2.44 - 0.32 - 1.30 

1c + a - 1.40 - 2.40 - 0.28 - 1.30 

a : V vs SCE ; b : Bu4NPF6 - 0.1 M as supporting electrolyte. 

In Table 2 are given the experimental conditions and the results of a series of 

preparative electrolyses. After dilution of the catholyte with water, neutralization, extrac- 

tion with ether or benzene, and evaporation of the solvent in vacua, the electrolysis pro- 

ducts are purified by column chromatography on silica. 

The yields of the N,N ‘-succinyl-dihydrazo derivatives za 
10 , 5b and zc which are 

obtained when azo compounds are reduced in the presence of 2, are very little modified by 

an increase of the acid chloride 3 concentration (see V and VI). “hen a large excess of 2 

is present, the number of F.mol 
_1= 

consumed is much larger than 2 (see I and VI) due to the 

reduction of 2 (E l/2 = - 1.4 V). 

In the presence of 2., mono and diacylated hydrazo compounds 2 and $ are obtained 

when the electrolysis is run at a potential corresponding to the plateau of C (see II and 

VII). No cyclisation is observed. 2 and i may be prepared in almost quantitative yields 

in the presence of a large excess of i during the electrolysis. If the applied potential 

corresponds to the plateau of D, tetrahydro pyridazinones ia and SC are obtained (see III 

and VIII). At potentials of D, there is a competit‘ion between the reduction into &I of the 

kinetically generated species 2 (path A of scheme 2) and the direct reduction to a radical 

anion 1’ = of ! (path B). Since the final compounds of both paths are different (7 and 8 in = = 

the case of A and cyclic compounds ia and ic in the case of B), we suggest that the radical 

anion 1’ may lead to the anion Al= which isable to cyclise, on as opposed to 10. An in- == 
crease of the concentration of !’ shouldfavor the path B and the formation of 4. = 

Scheme 2 

Path A (wave C) : _______________ cyclis. 
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Table 2 

Azo 
Compound 

!a 

Lb 

lc = 

I 

I 

Slectrolysis Azo 2 3 
Applied 

no mm01 m&l mm;1 
Pot. 

F Isolated Yield 

Wa 
consumed Compounds (2) 

I 11 89 -1.2b 3.6 5," 49 

II 2.75 2.75 -0.6' 1.3 ia 30 
! 30 

ia 21 
III 2.75 2.75 -I.3c 2.0 Hydrazobenzene 12 

qa 8 

22 - IV 3.8 1.3b 2.8 Ib 26 

V 2.8 2.8 -l.zc 2.3 5,C 49 

VI II.1 89 -l.zb 4.3 ZC 54 

VII 2.8 5.6d -0.5c 2.1 I 30 = 
8 40 = 

20 
VIII \ f.8 ,2.8 -1.5' 2.2 , , , , g , ‘1; 

a : vs SCE ; b : Bu4NI 0.1 M ; c : Bu4NPF6 0.1 M ; - d : added dropwise during the 
electrolysis. 

w 0 0 

C-P 
Qv@) q-p 

I- 
(f*2)3 

N--N 

Br o=F/ 'y=o 
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A high yield of 4,~ (62 X) was thus obtained in the following experimental condi- 

tions : stable dark green radical anion 
II,12 

of benzocinnoline Lc was generated in the elec- 

trolysis cell in the absence of acid chloride 1. A solution of 2 in D.M.F. was added drop- 

wise until depletion of the green color. Faradaic current was passed again until the dark 

green coloration appears again. Addition of 1 was thus repeated again several times, as 

previously, until total depletion of the faradaic current (2.8 F mole 
-1 

consumed). 
IO 

Except in the case of za , the compounds mentioned in table 2 are new. 
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13. ia m = EEOC. IR(film) : 1680-1700 cm-' (C=O). NMR (CDC13) 

6.J-;.45 (m,EH), 7.7-7.9 (m,2H). 

: 2-2.5 (m,4H), 3.7-3.95 (t,2H) 

14. $c m = 16J°C (ether-petroleum ether). NMR (CDC13) 

3.7-!.95 (m,2H), 6.7-7.75 (m,EH). Mass (m/e) 

: 2-2.4 (m,2H), 2.5-2.8 (m,2H), 

: 250 (M+', 37 %), 194 (100 X). 

15. i m = 134'C. IR(KBr) : 3300 cm-' (NH), 1650 cm-' (C=O). NMR (CDC13) : 2-2.4 (m,2H), 

2.J5'(t, J = 7 Hz, 2H), 3.6 (t, J = 6 Hz, 2H), 6.6-7.6 (m, IlH). Mass (m/e) : 334 (M+', 

1 X), 332 (M+., 1 Z), 184 (100 X), 183 (100 X). 

A partial substitution in the electrolysis mixture of a bromide by a chloride was 

observed in the case of 2 and 8, which leads to chloroa- dichloro derivatives of 7 and 8. = = 
16. p m -' = 12O'C (ether-petroleum ether). IR(KBr) : 1690-1710 cm (C=O). NMR (CDC13) : 

1.9-;.25 (m, 4H), 2.6-2.9 (m, 4H), 3.5 (t, J = 6 Hz, 4H), 7.2-7.85 (m, 8H). 

17. zb IR(KBr) : 1650-90 cm-' (C--O). NMR (CDC13) : 2,72 (s, 4H), 5.9 (d, J = 8 Hz), 

7.1 (d, J = 8 Hz), 6.9-7.2 (m, 4H). Mass (m/e), chemical ionisation 

18. ic m = 161' 

7.15f17.45 ( 

(ethanol). IR(KBr) : 1690-1710 cm-' (C-O). NMR (CDC13) 

m, 4H), 7.6-7.9 (m, 4H). Mass (m/e), chemical ionisation 

: 215 (M+l+', 100 %). 

: 2.8 (broad s, 4H), 

: 265 (M+l+', 100 X). 
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