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Abstract 
Quinolinium tribromide has been used for the symmetric oxidation of anilines and thiols to the 
corresponding hydrazines and disulfides, respectively. This oxidant shows an excellent reactivity 
and selectivity in mild reaction conditions. 
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Introduction 
 
Since the early introduction of quinolinium- and pyridinium tribromides as reagents for the 
bromination of double bonds,1 the application of this new category of the reagent was limited to 
pyridinium tribromide 2-4 and no further example of the application of quinolinium tribromide 
has been recorded.  
 The oxidation of amines is a useful way for the synthesis of a variety of nitrogen-containing 
organic compounds. The reaction leads to different products depending on the nature of the 
oxidizing agents and type of amines.5 Azo derivatives are among the most common products 
obtained from the corresponding anilines using oxidizing agents such as diacetoxyiodobenzene,6 
manganese dioxide,7 or silver(II) oxide.8 It is suggested that the reaction proceeds via a free 
radical mechanism, where the aniline is converted into a symmetrical N,N’-diarylhydrazine and 
subsequently yields the corresponding azo compound on further oxidation.9 However, there is no 
report of the isolation of a hydrazine intermediate. 
 Recently, we reported that bipyridinium tribromide (BPHP), is a versatile oxidizing agent for 
the selective oxidative coupling of thiols.10 BPHP has two nitrogen atoms but CHN elemental 
analysis and also potentiometric studies showed that only one nitrogen atom is protonated. In 
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order to check the effects of the protonated heterocyclic nitrogen atom of BPHP on the rate of 
conversion and selectivity, we decided to extend our study to a structure analogous to BPHP, 
with only one nitrogen atom. We now report the use of quinolinium tribromide (QTB) as an 
excellent oxidant in the oxidation of anilines and thiols to the corresponding coupling products, 
as shown in Scheme 1. 
 

NH2

R

 QTB
N N

H
N

H
N

+

R R R R
a b

CH3CN

RSH
 QTB

CH3CN
RSSR

 
 
Scheme 1 
 
 
Results and Discussion 
 
Oxidation of anilines 
The early application of QTB was limited to bromination of double bonds.1 In continuation of 
our interest in the potential of tribromide oxidants, we found that QTB could selectively oxidize 
anilines. Initial optimization was carried out using aniline for which most expected products 
were commercially available. Three products were obtained; two of them were characterized as 
azobenzene and N,N’-diphenylhydrazine using TLC and GC chromatography. The third product 
was isolated carefully using plate chromatography and characterized as p-anilinoaniline (Scheme 
2, compound c). In its IR spectrum, two strong and medium peaks at 3320 and 3415 cm-1 were 
assigned for the ν(N-H) of N-H and NH2 groups. CHN elemental analysis was also aided for 
determining the molecular formula of this product. Because of the protection of the para position 
in para-substituted anilines and probably steric effects of other positions, the latter product was 
not observed in the substituted anilines. 
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Scheme 2 
 
 The oxidation of substituted anilines with this reagent is summarized in Table 1. A series of 
substituted anilines was reacted with equimolar amounts of the reagent to afford the 
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corresponding azo- and hydrazine products within 40 min. The products were characterized 
using 1H-NMR and IR spectra and comparison with authentic samples.11-14  
 
Table 1. Oxidation of anilines by QTB a 

Yield (%)b 
Entry Aniline 

Azo (a) Hydrazine (b) Amine (c) 

1 NH2  55 20 15 

2 NHPh  - 35  

3 NMe2  - - - 

4 NHMe - 55  

5 NH2

Et  
65   

6 NH2F
 45 40  

7 NH2
O2N  

55 30  

8 NH2
Br  

50 30  

9  NH2
MeO

MeO
 

75   

10 
NH2

 
80   

a All reactions were carried out at room temperature using equimolar amounts of oxidant and 
substrate in acetonitrile. All products were identified by their IR and NMR spectral data and 
comparison of their mp with published data.11-14 
b Isolated yields. 
 
 All hydrazine products were characterized as being similar to N,N’-diphenylhydrazine by a 
broad to sharp singlet in their 1H NMR spectra at about 3.5-4.5 ppm with relative intensity equal 
to 2 protons.11 Some hydrazine products had an additional characterized signal; for example, a 
sharp singlet at 2.81 ppm with relative intensity of 6 protons was a assigned for two methyl 
groups attached to nitrogen in methylphenylhydrazine (Table 1, entry 4). For bis-(2-
ethylphenyl)hydrazine (Table 1, entry 5), the ethyl group has well-known triplet and quartet 
signals at 1.33 and 2.62 ppm due to methyl and methylene protons, respectively. Such additional 
characterization peaks was observed in bis-(3,4-dimethoxyphenyl)hydrazine (Table 1, entry 9) at 
3.78 ppm with relative intensity equal to 12 protons which was assigned for methyl protons of 
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methoxy groups. IR spectra of the aromatic hydrazines show a strong peak at about 3250-3400 
cm-1 due to stretching frequency of N-H groups and a strong signal about 1350 cm-1 due to ν(N-
N) stretching frequency. Reactivity of the hydrazine products toward common oxidants to 
producing the corresponding orange-red azo compounds was also chosen as another decisive 
factor for their characterization.15 UV-vis spectra of the azo products showed a characterized 
broad peak at about 450-500 nm. A medium to strong peak at about 1500 cm-1 in the IR spectra 
was also assigned for the stretching frequency of N=N bond.  
 Wang et al.9 proposed a free radical mechanism, in which the aniline is converted into a 
symmetrical N,N`-diarylhydrazine and subsequently yields the corresponding azo compound on 
further oxidation. Although the preparation of hydrazine- and azo- derivatives is a good criterion 
for a free radical pathway, we decided to check the mechanism. The reaction was completely 
inhibited in the presence of acrylonitrile as radical scavenger. Also, the same products were 
obtained in dried acetonitrile and an inert atmosphere of nitrogen. These results, and the absence 
of oxo- products strongly supported a free radical mechanism for the oxidation of anilines using 
QTB. 
 
Oxidation of thiols 
Selective oxidative coupling of thiols to the corresponding disulfides is of practical importance 
both in biochemistry and in synthetic chemistry. 16 The utility of the BPHP 10 in the oxidation of 
thiols to the corresponding disulfides encouraged us to test similar reactions using QTB as 
oxidant in acetonitrile, as well as in solvent-free conditions. In the 1H NMR and IR spectra of the 
disulfides, the signals belongs to the S-H group was absent which is a good criterion for 
complete reaction of the initial thiols. The 1H NMR and IR spectra as well as melting points of 
disulfides are similar to those reported in the literature.16-21 
 The results are shown in Table 2. Aromatic and aliphatic thiols react well to afford the 
corresponding disulfides in high- to excellent yields, independent of electronic and steric effects 
of the substituents, (Table 2, entries 1–9). Interestingly, no oxidation of the amine group was 
observed in the case of entry 9. Therefore, the high selectivity and ease of oxidation are 
remarkable advantages of this reagent. 
 Another important advantage of this reagent is seen in the oxidation of the 
mercaptobenzimidazole, and 2-mercaptothiobenzimidazole (Table 2, entries 12,13) to their 
corresponding disulfides in only 5 minutes at room temperature, in excellent yields. This 
oxidation was also performed under solvent-free conditions, where the disulfides were obtained 
completely within 5–10 min. The results show that under solvent free conditions, the reaction 
times are shorter. This advantage, and also the cheaper and environmentally cleaner reaction in 
the absence of organic volatile solvents make this a valuable method for the preparation of 
disulfides. In recent years, much effort has been invested in the preparation of disulfides in 
solvent- free conditions, but most of them have employed some volatile organic solvents such as 
dichloromethane in the work-up step.22 The green chemistry with ether as a work- up solvent is 
an advantage of our work. In addition, in comparison with two structurally analogous 
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tribromides, PHP (pyridinium hydrobromide perbromide) and BPHP (bipyridinium 
hydrobromide perbromide), this reagent is more reactive and oxidize thiols in shorter reaction 
time. 
 
Table 2. Oxidation of thiols by QTB under solvent free conditions a 

Entry RS-H Time (min) RS-SR Yield (%)b 

1 SH  10 (10) 95 (95) 

2 SHCl
 10 (15) 95 (90) 

3 SHMe  10 (20) 88 (70) 

4 
SH

 
10 (20) 95 (90) 

5 CH2 SH  5 (15) 95 (90) 
6 n- C4H 9 SH 5 (20) 95 (90) 
7 n- C8H17 SH 5 (15) 95 (90) 

8  
H2C-CH2 SH

OH

 
5 (20) 92 (95) 

9 C

NH2

SHHOOC
H  

10 (15) 95 (95) 

10 SH
 5 (15) 92 (92) 

11 O SH  
10 (10) - 

12 
N

N
H

SH

 
5 (10) 100 (95) 

13 
N

S
SH

 
5 (5) 100 (95) 

a All reactions were carried out at room temperature using an oxidant-to-substrate molar ratio of 
1:2. The values in the parentheses are from the reaction in acetonitrile. All products were 
identified by their IR and NMR spectral data and comparison of their mp with published data.16-

21 
b Isolated yields. 
 
 Finally, the selectivity of the reagent was investigated using equimolar amounts of two thiols 
with one molar equivalent of the reagent in solution and the solid phase (Table 2). In acetonitrile 
solution (Table 3, entries 1–4), only one of the starting thiols was converted into the 
corresponding symmetrical disulfides and the other could be isolated almost in quantitative yield 
while in the solid phase, both thiols were oxidized to the corresponding symmetrical disulfide 
(Table 3, entries 5–8). In neither conditions was cross-coupling observed. 
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Table 3. Competitive oxidative coupling of thiols with QTB a 

Entry Substrate (1:1) Product Time (min) Yield RS-SR, %b 

1 

SH

N
H

N
SH

 

S S

N
H

N
SH

 

10 

95 
 
 
 

98 

2 

SHCl

N
H

N
SH

 

SCl S Cl

N
H

N
SH

 

10 

92 
 
 
 

98 

3 

SHMe

N
H

N
SH

 

SMe S Me

N
H

N
SH

 

20 

92 
 
 
 

95 

4 
SHCl

SHMe
 

SCl S Cl

SHMe
 

10 

90 
 
 

95 

5 
SHCl

SH

 

SCl S Cl

S S

 

5 

90 
 
 

90 

6 
SHCl

SHMe
 

SCl S Cl

SMe S Me
 

15 

90 
 
 

90 

7 SH

SHMe

 

 S S

SMe S Me

 

20 

95 
 
 

90 

8 
SH

N
H

N
SH

 

S
N
H

N
S

H
N

N

S S

 

10 

98 
 
 
 

98 

a All reactions carried out at RT with oxidant: substrate molar ratio 1:2. Entries 1–4 carried out in 
CH3CN solution; entries 5–8, solvent-free conditions. All products identified by IR and NMR 
data, and comparison of mp with published data. b Isolated yields. 
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Conclusions 
 
The oxidation of anilines and thiols to the corresponding symmetrical azo- and hydrazine 
derivatives and disulfides using QTB takes place in high to excellent yields under mild 
conditions and very short reaction times. It also should be emphasized that the reactions could be 
performed cleanly, and stopped at the desired stage, without any over-oxidation, even in the 
presence of other potentially oxidizable functional groups. Compared to BPHP, the QTB shows 
shorter and cleaner reactions, which may be due to inductive effects of the free nitrogen of 
BPHP.10 Because of wide application of pyridinium hydrobromide perbromide in organic 
synthesis, QTB can be potentially a well alternative. 
 
 
Experimental Section 
 
General Procedures. Melting points were recorded on an Electrothermal apparatus and are 
uncorrected. All chemicals are commercially available and used without further purification 
except for liquid anilines, which were distilled before use. 1H NMR spectra were recorded on a 
Bruker Avance 200 MHz NMR spectrometer. Elemental analysis was performed using a CHN 
Heraus Rapid model. UV–visible spectra were recorded using an Agilent 8453 UV–visible diode 
array spectrometer in 1 cm matched silica cells. Thin layer chromatography was performed using 
silica gel Fluorescent 254 nm (0.2 mm) on precoated aluminum plates. 
 
Preparation of quinolinium hydrobromide perbromide (QTB). To a flask containing 
quinoline (5 ml, 42 mmol) cooled in an ice-salt bath, hydrobromic acid (7 ml, 62 mmol) was 
added slowly. The reaction was stirred for about 5 min, and then bromine (3.2 ml, 62 mmol) was 
added dropwise. The temperature was maintained at about –5 °C. A bulky orange solid was 
formed immediately which was dried in vacuo, mp 140-143 °C (decomp.). Yield 10.9 g (70 %). 
Anal. Calc. For C9H8NBr3: C, 29.19 %; H, 2.16 %; N, 3.78 %. Found: C, 29.52 %; H, 2.33 %; N, 
3.58 %. 
 
General procedure for oxidation of anilines (Table 1, entry 1). To a stirred solution of the 
aniline (0.3 ml, 3.0 mmol) in acetonitrile (5 ml), QTB (1.0 g, 3.0 mmol) was added, and the 
mixture was stirred at RT for 40 min. The reaction mixture was treated with a 1:1 mixture of 
ether and water (2 ml). The organic phase was extracted with ether (3 × 10 ml). The organic 
layers were combined and dried over anhydrous MgSO4. The products were isolated using plate 
chromatography. The crude third product was chromatographed on silica gel (hexane: ethyl 
acetate 6:1) to give P-anilinoaniline which was characterized using CHN elemental analysis and 
1H NMR [(CCl4), δ (ppm): 3.6-3.9 (2H, bs, NH2), 4.1(1H, s, NH), 6.2 (4H, s, aromatic protons), 
6.4-6.6 (3H, m, aromatic protons), 7.0-7.3(2H, m, aromatic protons). Azobenzene was 
chromatographed on silica gel (benzene) and was characterized using 1H NMR, IR and UV-vis 
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spectroscopies.16-21 Diphenylhydrazine was chromatographed in a similar way using ethyl 
acetate: n-heptane (1:2). 
 
General procedure for oxidation of thiols in acetonitrile solution (Table 2, entry 2). To a 
stirred solution of 4-chlorothiophenol (0.29 g, 2.0 mmol) in acetonitrile (5 ml), QTB (0.33 g, 1.0 
mmol) was added, and the mixture was stirred at RT for 10 min. A yellowish solid was formed 
and was treated with a 1:1 mixture of ether and water (2 ml). The reaction mixture was extracted 
with ether (3 × 10 ml). The organic layers were combined and dried over anhydrous MgSO4. The 
solvent was removed by rotary evaporator to afford the corresponding disulfide in 100% (0.26 g) 
yield, IR (KBr), ν (cm-1): 3050(w), 1560(m), 1450(s), 1370(s), 1080(s), 1000(s), 810(s), 770(m), 
730(s). 1H NMR (CCl4), δ (ppm): 7.4 (4H, s). mp 72 °C (lit.23 mp 74 °C).  

 
General procedure for oxidative coupling of thiols under solvent-free conditions. A mixture 
of 1.0 mmol of thiols and 0.5 mmol of the reagent in a mortar was ground with a pestle for the 
length of time according to Table 2. After completion of the reaction, the mixture was extracted 
with ether. The solvent was evaporated and the crude product was either recrystallized or 
subjected to chromatography on silica gel to afford the pure product. 
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