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Wallach Rearrangement in Sulfuric Acid—Methyl Alcohol System
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Abstract

We authors mainly studied Wallach rearrangement reaction of azoxybenzene
using methyl alcohol as a solveunt, and obtained interesting results as compared
with sulfuric acid—water system hitherto investigated.

(1) The yield of o-hydroxyazobenzene was reported to be about 295 in sulfuric
acid—water system, but we obtained as much as 15% yield from azoxybenzene
in sulfuric acid —methyl alcohol system under reaction temperature 80°C and
time 7hr.

(2) The Wallach rearrangement reaction in sulfuric acid—water system formed
a considerable amount of tarry product with high concentration of sulfuric
acid under elevated reaction temperature, but in case of methyl alcohol system
the reaction proceeded smoothly even in 9095 sulfuric acid or under reaction
temperature 100°C.

(3) With increasing quantity of the medium, the yield of o-hydroxyazobenzene
decreased and that of p-hydroxyazobenzene increased. Treating o-hydroxyazobe-
nzene in sulfuric acid-—methyl alcohol system at 80°C, we obtained both p-
hydroxyazobenzene and azobenzene instead. So we assume a new migration re-
action that o-hydroxyazobenzene converts to p-hydroxyazobenzene during re-
arrangement.

(4) Using dioxane as a solvent on Wallach rearrangement reaction, we obtained
a large amount of azobenzene in only short reaction time. This fact seems to
indicate that a dication was formed as an intermediate product in Wallach
rearrangement reaction. So we found that azobenzene converts to p-hydroxyazo-
benzene under this rearrangement condition as reaction time is prolonged.
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Table 1. Wallach rearrangement of azoxybenzene in methyl alcohol-
sulfuric acid system 1, Effeect of reaction time

No. | ik | % Gk | N ok i | B N P
1 10 s 2.8 12.2 65.0
2 40 ” 3.8 : 16.2 66.5
3 1 KR 4.2 27.2 52.1
4 2 7 6.2 43.7 25.7
5 3 7 7.0 47.1 24.7
6 4 ” 8.8 54.7 24.0
7 5 ” 10.3 55.6 23.8
8 7 ” 15.0 60.0 15.0
9 8 ” 9.3 55.3 18.2
10 10 ” 9.0 51.0 21.0

Reaction condition. Reaction temperature : 80°C
Azoxybenzene : 104 (0.054mol)
Medium; MeOH ; HpSO, (1 : 4) ,409.

Table 2. Wallach rearrangement of azoxybenzene in methyl alcohol-
sulfuric acid system 2. Effect of reaction temperature

No. | BUSHE |o-k Fufy7y | Pk Fodkyyy o E K

(C) | NV, WHE) | ~vEy, WREG) (B X (D)
1 50 ® B ® B 91.6
12 60 0.80 54.0 30.8
13 70 7.00 54.2 27.3
14 80 8.80 55.0 22.0
15 90 10.10 55.0 23.0
16 100 9.0 53.0 22.1

Reaction condijion, Reaction time : 4 hr
Azoxybenzene ; 10¢ (0.054mol)
Medium ; MeOH ; HySO4 (1 : 4) ,404.

Table 3. Wallach rearrengement of azoxybenzene in methyl alcohol-
sulfuric acid system 3. Effect of sulfuric acid concentration

No, | BRERRIE |o-kimf ¥ 7y I P-k Fu vy im g 7 R
(@) | ~vey, RRG) | ~vEy, [WRG) |H 0 (%)

17 60 OB w58 93.2
18 70 1.90 13.5 72.2
19 80 8.80 54.7 24.0
20 90 7.80 53.4 24.7

Reaction condition. Reaction time : 4 hr
Azoxybenzene ; 104 (0.054mol)
Reaction temperature ; 80°C.
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Table 4. Wallach rearrangement of azoxybenzene in methyl alcohol-

sulfuric acid system 4. Effet of medium weight

T B ——
No. | BB 0SS el
21 20 B
22 40 7.0
23 50 6.7
24 a0 6.5
25 100 4.9
26 120 4.6

P-t Fof vy i@ I FH OB

RyEy, WG (B (G
7.3 72.4
54.2 27.3
50.0 22.4
47.2 20.6 .
56.1 23.3
58.3 17.4

Reaction condition, Reaction time . 4 hr

Azoxybenzene ; 104 (0.054mol)
Reaction temperature ; 80°C
Medium ; MeOH : HySO4 (1 : 4) ,409.

50 60 70 80 90 100
—Reaction temperature (°C)

Reaction condition, Reaction temperature ; 80°C.

Fig. 1

Azoxybenzene ; 10g (0.054mol)
Medium ; MeOH : Hp,S804 (1:
4), 40g.

—/A\-— ; P-Hydroxy azobenzene
—X— ; o-Hydroxy azobenzene
»+(D+++ 3 Azoxybenzene

Wallach rearrangement of sulfuric acid-
methyl! alcohol system. Effect of reaction
temperature.
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Table 7. Wallach rearrangement of azoxybenzene in organic solvents-sulfuric acid
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Table 5. Wallach rearrangement of azoxybenzene in ethyl alcohol-

sulfuric acid system. Effect of reaction time

No. | FUBKH o-bFoEy 7o Pk fnk vy m L E R
) G | RvEy, WRGD) | ~vEy, W) I #(%)
27 10 7.4 23.0 34.0
28 30 13.2 38.8 25.0
29 60 11.5 54.5 20.0
30 120 10.9 44.1 17.0
31 270 7.9 16.2 15.0

Reaction condition, Reaction temperature ; 80°C
Azoxybenzene ;: 104 (0.054mol)
Medium; EtOH : HpSO4 (1 : 4) ,30¢.

Table 6. Wallach rearrangement of azoxybenzene in dioxane-sulfuric

acid system. Effect of reaction time

No. | FUGKH lo-tFmeyr /Pty | 7Ny
G3) | Rvey, W) | ~vey, WD) | WG
32 10 6.6 53.0 30.0
33 30 6.2 61.0 29.0
34 60 6.4 72.0 19.0
35 90 7.8 65.0 19.5
36 120 6.3 62.5 22.0

Reaction condition, Reaction temperature ; 80°C
Azoxybenzene : 104 (0.054mol)
Medium; C4HgOy—H,80, (1 : 4) ,30¢.

system

No - g 1O ENBRE YT P-k Fot 27 S TNy | E IR OR
: o SNy, (D) | ~vey, (%) | R(%) | EE (%
20 | MeOH 7.8 } 53.4 M= 24.7
37 EtOH 2.4 ' 47.0 p 23.0
38 & F Yoy 0.7 | 36.0 40.5 )
39 FrFerRr7S Y 0.5 | 43.3 40.0 ”
40 | xFrey LT 0.7 [ 40.0 40.0 ”

Reaction condition, Reaction temperature : 90°C

Azoxybenzene : 104 (0.054mol)
Reaction time : 1hr
Medium; Solvent : HoSO4 (1 : 9) ,40¢.
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30 60 120 280 260 20 e T
— Reaction time (Min.)
Reaction condition, Reaction temperature ; 80°C. 10
Azoxybenzene ; 10g (0.054mol) - x x
Medium ; EtoH : HS04 (1 : 4),
40g.
—/A— ; P-Hydroxy azobenzene 1o 30 60 ) ?O o 120
—X—; o-Hydroxy azobenzene ~ Reactiontime (Min.)".
<+ ; Azoxybenzene Reaction condition, Reaction temperature ;
80°C.
Fig. 2 Wallach rearrangement of sulfuric acid- Azoxybenzene ; 10g (0.0
e.thyl alcohel system. Effect of Reaction 54mol)
time, Medium ; dioxame-HyS0y4
(1 :4),30g.
o HEYDREERRER IR, —A-— ; P-Hydroxy azobenzene
—X—; o-Hydroxy azobenzene

«:(D+++ ; Azobenzene

Fig. 3 Wallach rearrangement of sulfuric acid-
dioxane system. Effect of reaction time.

Table 8. Characteristics of azoxybenzene and reaction products
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Fig. 4 Rearrangement mechanism of azoxybenzene in MeOH-H,S0O, system
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Fig. 5 Isomerization mechanism from o-hydroxy azobenzene to p-hydroxy azobenzene
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Fig. 6 Rearrangement mechanism of azoxybenzene in dioxane-H,SO, system,
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