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水相中抗坏血酸钠促进铁催化合成含硫芳香伯胺化合物 

陈乡萍 a    孟晨湘 b    李梦娜 b    楚尚敏 b    朱欣欣 b    许  凯*,b 
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(b商丘师范学院化学化工学院  药物绿色合成河南省工程实验室  河南商丘 476000) 

(c郑州大学化学学院  郑州 450001) 

摘要  水相中在抗坏血酸钠的促进下, 铁催化硝基取代的芳基氟代物与硫酚合成含硫芳香伯胺化合物. 该方法可构建

C—S 键并原位还原硝基. 这种水相中“一锅”两步反应的显著特点包括直接使用毒性较低的铁催化剂和天然存在的抗

坏血酸钠添加剂, 得到中等至优秀的收率, 表现出良好的官能团耐受性以及可扩量能力. 
关键词  水相反应; 还原反应; 铁; 催化; 芳香伯胺  

Fe-Catalyzed Synthesis of Sulfide-Based Aromatic Primary Amines in 
Water Promoted by Sodium-Ascorbate 
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Abstract  A practical method for Fe-catalyzed and sodium-ascorbate-promoted synthesis of sulfide-based aromatic primary 
amines in water from nitroaryl fluorides and thiols has been established. This protocol enables the construction of C—S bonds 
and the reduction of nitro groups in situ. The remarkable features of this one-pot two-step reaction in water include the direct 
usage of both a less toxic iron catalyst and naturally occurring sodium-ascorbate as the additive, mostly decent to excellent 
yields, good functional group tolerance as well as the ability to be scaled up. 
Keywords  aqueous phase reaction; reduction reaction; iron; catalysis; aromatic primary amine  

 

1  Introduction 
One-pot syntheses involving the utilization of natural 

feedstocks and/or water as an environmentally innocuous 
solvent, are devoted to greener and more sustainable or-
ganic transformations, thus holding the paramount im-
portance in green synthetic chemistry.[1] Given the charac-
teristic of high abundance, low toxicity and cost, iron-cata- 

lyzed organic conversions have drawn more and more at-
tention.[2] Sulfide-based aromatic primary amines as valua-
ble motifs have greatly potential applications in the field of 
pharmaceutical drugs, material science and organic syn-
theses.[3] Over the past decades, besides the conventional 
stepwise procedure,[4] several efficient and ingenious 
works toward the direct generation of sulfide-based aro-
matic primary amines have been presented, either through 
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the construction of C—S bond[5] or through reduction of 
nitro compounds[6], while the pre-functionalization of sub-
strates was indispensable in these processes. In this con-
text, the former could be realized mainly depending on the 
cross-coupling originated from halogenated or pseudohal-
ogenated aromatic amine[5a-5i], as well as the C—H arylthi-
olation of anilines[5j-5o]. Based on the concept of green syn- 
theses, various reaction systems on microwave-assited,[5b] 
solvent-free[5f] or transition-metal-free[5l,5o] C—S bonds 
construction have been continuously explored. In particu-
lar, the challenging synthesis of sulfur-based aromatic 
primary amines in water was presented by Velmathi[5d] and 
Yi’[5k] groups separately. Until now, the latter involving the 
direct reduction of nitro compounds or the one with con-
comitant post-functionalization was still widely concerned. 
Despite the catalytic hydrogenation delivered the corre-
sponding amines fairly efficiently, it should be admitted 
that the transfer hydrogenation was an attractive alternative 
to avoid the utilization of the high-pressure instruments 
and potential toxic metals.[7] And a series of elegant re-
searches on transfer hydrogenation relied on the use of 
various reductants, such as no-noble metals,[8] silanes,[9] 
thiols,[10] phosphines,[11] borates,[12] 1,4-dihydropyri- 
dines,[13] vasicine[14] and D-glucose[15]. Herein, Helaja and 
coworkers[16] demonstrated the Ru-catalyzed and photoin-
duced reductions of N-heterocyclic nitroaryls to anilines 
assisted by the naturally abundant ascorbic acid. Intri-
guingly, Na-ascorbate exhibited no reduction capabilities 
(Scheme 1a). Furthermore, apart from the two strategies 
referring to C—S bond coupling or reduction of nitro  

Previous reports:
(a) Ru-catalyzed and photoinduced reductions of N-heterocyclic 

nitroaryls to anilines using AscH2

NR
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Scheme 1  One-pot synthesis of sulfide-based aromatic primary 
amines in a green manner 

compounds mentioned above, Liu’s groups[10a] disclosed 
one-pot synthesis of sulfur-based aromatic primary amines 
from nitroaryl halides with a combination of KOH and 
PEG-600, which highlights the advantages of no transition 
metal, low cost and easy operation. Unfortunately, it is not 
competent to use water as reaction solvent at all (Scheme 
1b). Therefore, one-pot synthesis of aromatic amines in 
aqueous phase with naturally abundant feedstocks as re-
ductants is still of great significance. 

With our ongoing interests in aqueous-phase reaction 
system[17] and organosulfur chemistry[18], from a green 
perspective, we envisioned that the Fe-catalyzed and so-
dium-ascorbate-promoted one-pot two-step synthesis of 
sulfide-based aromatic primary amines in water could be 
achieved (Scheme 1c). 

2  Results and discussion 
Firstly, the reaction with 4-nitrofluorobenzene (1a) and 

4-methylbenzenethiol (2a) in deionized water towards 
4-(p-tolylthio)aniline (3aa) was conducted as a model re-
action. After a detailed survey of reaction parameters, an 
isolated yield of 88% could be obtained in the presence of 
Fe(acac)3 (10 mol%), 2,2'-bipyridine (10 mol%), K2CO3 
(1.5 equiv.), Na-ascorbate (3 equiv.) and tetrabutylammo-
nium bromide (TBAB) (1 equiv.) in H2O (2 mL) at 110 ℃ 
under N2 for 16 h (Table 1, Entry 1). Halving the quantity 
of both Fe(acac)3 and 2,2'-bpy led to relatively poorer per-
formance, and the yield dropped sharply when the two was 
cut thoroughly (Table 1, Entries 2～3). Other metal salts 
such as FeCl2, FeCl3 or Fe(OAc)2 had a negative effect on 
this one-pot synthesis again (Table 1, Entries 4～6). Upon 
the replacement of 2,2'-bpy by 1,10-phenanthroline, an 
acceptable yield of 76% was afforded (Table 1, Entry 7). 
Then various bases were screened deliberately, the yields 
for 3aa had not been improved (Table 1, Entries 8～10).[19] 
Differ from the work by Helaja,[16] the usage of Na-ascor- 
bate as external reductant was really responsible for the 
high yield of this reaction. As expected, Na-erythorbate 
was also effective, albeit with a lower yield. In the case of 
AscH2, only a moderate yield was afforded, which could 
be attributed to its instability in water (Table 1, Entries 
11～13). Subsequently, analogous phase transfer catalysts 
were also examined, TBAI could deliver the target product 
3aa with a comparable yield (Table 1, Entries 14～15). 
Investigation of the solvents showed that other organic 
solvents were not superior to H2O (Table 1, Entries 16). 
Meanwhile, once the nitrogen atmosphere switched to air, 
the yield decreased, presumably due to the influence of 
oxygen on nitro reduction (Table 1, Entry 17). Moreover, 
the reaction was dramatically suppressed at room temper-
ature (Table 1, Entry 18). 

The scope of both nitroaryl fluorides and thiols in this 
one-pot two-step synthesis of sulfur-based aromatic pri-
mary amines was then investigated, as shown in Table 2. 
Generally, electron-donating (3aa～3ag), electron-neutral 
(3ah～3aj) or electron-withdrawing (3ak～3an) groups on  
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Table 1  Optimization of reaction conditiona 

 

Entry Deviation from the model conditions Yield b/% 
1 None 88 
2 Fe(acac)3 (5 mol%), 2,2'-bpy (5 mol%) 83 
3 No Fe(acac)3, no 2,2'-bpy 17 
4 FeCl2 instead of Fe(acac)3 75 
5 FeCl3 instead of Fe(acac)3 45 
6 Fe(OAc)2 instead of Fe(acac)3 72 
7 1,10-Phenanthroline instead of 2,2'-bpy 76 
8 Cs2CO3 instead of K2CO3 70 
9 K3PO4 instead of K2CO3 53 

10 KOAc instead of K2CO3 44 
11 No Na-ascorbate 20 
12 Na-erythorbate instead of Na-ascorbate 74 
13 AscH2 instead of Na-ascorbate 48 
14 TBAI instead of TBAB 86 
15 TBAC instead of TBAB 71 

16 
DMF, DMSO, toluene, 1,4-dioxane, CH3CN, 
DCE, CH3CH2OH instead of H2O 

62/61/27/ 
28/11/＜5/8 

17 Air atmosphere 69 
18 Room temperature ＜5 

a Reagents and conditions: 4-nitrofluorobenzene (0.4 mmol), 4-methylbenze- 
nethiol (0.6 mmol), Fe(acac)3 (10 mol%), 2,2'-bipyridine (10 mol%), K2CO3 
(0.6 mmol), Na-ascorbate (1.2 mmol) and TBAB (0.4 mmol) in H2O (2 mL) at 
110 ℃ under N2 for 16 h. b Isolated yield based on the amount of 4-nitro- 
fluorobenzene. 

the aromatic rings of thiols were well tolerated to deliver 
the corresponding products with yields ranging from 49% 
to 90%. Especially, several substituents such as condensed 
ring, fluorine, trifluoromethyl, nitryl and heteroaromatic 
groups could also survive in this transformation (3ai～ 
3an). The increased steric bulk with respect to thiols re-
sulted in a slight loss of efficiency (3aa vs 3ab, 3ae vs 3af 
and 3ag, 3ai vs 3aj). Next, when 4-methylbenzenethiol 
(2a) was set as the model partner, nitroaryl fluorides bear-
ing various groups including methyl, methoxy, fluorine, 
methoxy formyl, together with heteroaryl, could be mostly 
accommodated with the established conditions (3ba～3la). 
And nitroaryl fluorides containing electron donor groups 
showed relatively higher reactivity than substrates con-
taining electron acceptors (3da, 3fa vs 3ka, 3la). Notably, 
the fluorine atom located on the meta-position of nitro 
group would keep intact, while it seemed more inclined to 
be substituted by thiols when located on the ortho or pa-

ra-position resulting in the formation of sulfur-based aro-
matic primary amines. This rule, in agreement with Liu’s 
report,[10a] had been repeatedly confirmed in the given ex-
amples (3ca, 3ha～3ja). In addition, the steric hindrance 
effect of the substituent at the ortho position of the fluorine 
atom to be reacted was more obvious than that at the ortho 
position of the nitro group (3da vs 3ea, 3fa vs 3ga, 3ai vs 
3aj). Different from the previous report on cyclization 
synthesis of 2-arylbenzothiazole,[10a] a rather high yield of 
95% for 2-(benzylthio)aniline (3bo) could be afforded with 
2-nitrofluorobenzene and benzyl mercaptan as effective 
candidates. 

Subsequently, a set of reasonable controlling experi-
ments were conducted to make clear the reaction mecha-
nism referring to this one-pot two-step synthesis of sul-
fur-based aromatic primary amines. The reaction from 1a 
and 2a on a scale of 2.0 mmol was also performed to pro-
duce desired product 3aa with a comparable yield of 85% 
(Scheme 2a). Based on the observation that (4-nitrophen- 
yl)(p-tolyl)sulfane (4aa), rather than 4-fluoroaniline (1a'), 
was the key intermediate (Schemes 2b and 2c), we specu-
lated logically that the step involving the construction of  
C—S bond was prior to the reduction of nitro groups in 
situ. To determine the role of iron catalytic cycle in the two 
steps, 1a and 4aa were used separately as reaction sub-
strate in the absence of Fe(acac)3 and 2,2'-bpy. 1a was 
completely consumed and mostly converted into 4aa ac-
companied by the formation of few reduction products 
(Scheme 2d). The yield for 3aa was still not improved sig-
nificantly even from the intermediate 4aa (Scheme 2e). 
Therefore, the iron catalytic cycle was critical to the step of 
nitro group reduction, but had no obvious effect on C—S 
bond coupling. Meanwhile, since the replacement of 2a by 
2aa free of sulfhydryl hydrogen led to a sharply decreased 
yield of 39% for 3aa, it reflected that the resulted hydrogen 
atom on primary amine partly originated from thiols 
(Scheme 2f). To be clearer, 2a-d1 and D2O were further 
used as deuterium source, and 3aa-d2 could be afforded 
with 7% and 83% of deuterium incorporation, respectively, 
based on 1H NMR analysis. These results confirmed that 
both thiophenol and water might serve as the H-source for 
nitro reduction (Schemes 2g and 2h). Then commercially 
available diphenyl diselenide (2pp) was incidentally at-
tempted, and the corresponding selenide-based aromatic 
primary amines (3ap) could be afforded in a yield of 18% 
(Scheme 2i). 

Based on the aforementioned results and the related re-
ports,[2a-2e,10a] a plausible mechanism for the aqueous 
Fe-catalyzed synthesis of sulfide-based aromatic primary 
amines was proposed briefly in Scheme 3. Initially, the 
nucleophilic substitution of 2 towards 1 took place, gener-
ating the key intermediate 4. In parallel, Fe(III)-catalyst  
was reduced by Na-ascorbate and Ar2SH to provide lower 
valent iron species A, which would convert to activated Fe 
hydride species B assisted by H2O and Ar2SH. Fe hydride 
B was responsible for the reduction of nitroarene 4 to ni-
trosoarene 5 along with the regeneration of A and libera-  
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Table 2  Substrate scopea 

 

a Reagents and conditions: nitroaryl fluorides (0.4 mmol), thiols (0.6 mmol), Fe(acac)3 (10 mol%), 2,2'-bipyridine (10 mol%), K2CO3 (0.6 mmol), Na-ascorbate (1.2 
mmol) and TBAB (0.4 mmol) in H2O (2 mL) at 110 ℃ under N2 for 16 h. Isolated yield based on the amount of nitroaryl fluorides. 

O2N F + HS

H2N S

Me

Me

1a 
2.0 mmol

2a 
3.0 mmol 3aa

85%

(a)

H2N F +

1a'

2a 3aa 
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(b) standard condition

O2N S

CH3

+ 2a 3aa
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(c)

standard condition

4aa
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2aa
3aa
39%

(f)
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S
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+
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without Fe(acac)3 and 2,2'-bpy
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(e)

+
O2N S

CH3

4aa

standard condition
in D2O (2 mL)

1a

2a-d1

(g)

+ DS Me
N S

Me

3aa-d2
D
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63%
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Scheme 2  Controlling experiments 
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Scheme 3  Proposed mechanism

tion of H2O. Then through two more consecutive hydro-
genation cycle, nitrosoarene 5 proceeded to generate hy-
droxylamine 6 and finally gave rise to an amine 3. 

3  Conclusions 
In conclusion, a practical and green method for the 

one-pot two-step synthesis of sulfide-based aromatic pri-
mary amines in water via Fe-catalyzed C—S cross-coup- 
ling and sequential in situ nitro group reduction had been 
well-established. In this aqueous reaction, either a less 
toxic iron catalyst or naturally occurring sodium-ascorbate 
were essential, which especially conformed to the perspec-
tive of green synthesis. Also, it could be scaled up and the 
sequence of reaction steps was clarified by the controlling 
experiments. Further exploration of the substrate scope and 
synthetic applications of these methodologies are currently 
under way in our laboratory. 

4  Experimental section 
4.1  General information 

1H NMR, 13C NMR and 19F NMR spectra were recorded 
on a Bruker DPX-400 spectrometer at room temperature 
with CDCl3 as the solvent and TMS as an internal stand-
ard. GC-MS analysis was performed on an Agilent 7000D 
GC/TQ system. High-resolution mass spectra were col-
lected on a MALDI-FTMS. Melting points were measured 
using a XT4A microscopic apparatus. (4-nitrophenyl)(p-  
tolyl)sulfane (4aa) and deuterated 4-methylbenzenethiol 
(2a-d1) were synthesized according to the reported litera-
ture.[20,25] Solvents and chemicals were bought from com-
mercial sources and used directly unless otherwise stated. 
4.2  General procedure for the synthesis of sulfide- 
based aromatic primary amine 

A solution of nitroaryl fluorides (0.4 mmol), thiols (0.6 
mmol), Fe(acac)3 (10 mol%), 2,2'-bipyridine (10 mol%), 
K2CO3 (0.6 mmol), Na-ascorbate (1.2 mmol) and TBAB 

(0.4 mmol) in deionized H2O (2 mL) was stirred in a 10 
mL well-sealed thick-walled glass tube at 110 ℃ under 
N2 for 16 h. The reaction mixture was cooled down and 
extracted with dichloromethane (10 mL) for three times. 
Then the combined organic layer was dried over anhydrous 
Na2SO4 and filtered. The resulting filtrate was concentrated 
and purified by flash chromatography over silica gel (ethyl 
acetate/hexane) to give the pure product. 

4-(p-Tolylthio)aniline (3aa): Brown solid, yield 88%. 
m.p. 67～68 ℃ (lit.[5l] 70～71 ℃); 1H NMR (400 MHz, 
CDCl3) δ: 7.27 (d, J＝8.4 Hz, 2H), 7.05 (q, J＝8.0 Hz, 
4H), 6.64 (d, J＝8.8 Hz, 2H), 3.76 (s, 2H), 2.28 (s, 3H); 
13C NMR (CDCl3, 100 MHz) δ: 146.7, 135.6, 135.5, 135.4, 
129.7, 128.2, 121.7, 115.8, 21.0. 

4-(o-Tolylthio)aniline (3ab): Brown solid, yield 74%. 
m.p. 40～41 ℃ (lit.[5o] light-pink liquid); 1H NMR (400 
MHz, CDCl3) δ: 7.23～7.19 (m, 2H), 7.13～7.09 (m, 1H), 
7.04～6.97 (m, 2H), 6.90～6.87 (m, 1H), 6.62～6.58 (m, 
2H), 3.71 (s, 2H), 2.36 (s, 3H); 13C NMR (CDCl3, 100 
MHz) δ: 147.0, 138.5, 136.0, 135.8, 130.1, 127.7, 126.5, 
125.5, 120.3, 116.1, 20.3. 

4-((4-iso-Propylphenyl)thio)aniline (3ac):[4b] Brown oil, 
yield 85%. 1H NMR (400 MHz, CDCl3) δ: 7.30～7.26 (m, 
2H), 7.08 (s, 4H), 6.67～6.62 (m, 2H), 3.76 (s, 2H), 2.89～
2.77 (m, 1H), 1.21 (s, 3H), 1.19 (s, 3H); 13C NMR (CDCl3, 
100 MHz) δ: 146.8, 146.4, 136.1, 135.7, 127.9, 127.1, 
121.3, 115.9, 33.7, 24.0. 

4-((4-(tert-Butyl)phenyl)thio)aniline (3ad):[4b] Brown 
oil, yield 84%. 1H NMR (400 MHz, CDCl3) δ: 7.31～7.27 
(m, 2H), 7.26～7.22 (m, 2H), 7.10～7.06 (m, 2H), 6.66～
6.62 (m, 2H), 3.76 (s, 2H), 1.27 (s, 9H); 13C NMR (CDCl3, 
100 MHz) δ: 148.6, 146.9, 135.9, 135.8, 127.5, 125.9, 
121.1, 115.9, 34.4, 31.3. 

4-((4-Methoxyphenyl)thio)aniline (3ae):[21] Pale brown 
solid, yield 83%. m.p. 64～65 ℃ (lit.[26] yellow oil); 1H 
NMR (400 MHz, CDCl3) δ: 7.23～7.19 (m, 4H), 6.83～
6.78 (m, 2H), 6.64～6.59 (m, 2H), 3.77～3.72 (m, 5H); 
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13C NMR (CDCl3, 100 MHz) δ: 158.5, 146.2, 134.0, 131.5, 
128.8, 123.5, 115.8, 114.6, 55.4. 

4-((3-Methoxyphenyl)thio)aniline (3af):[21] Brown oil, 
yield 80%. 1H NMR (400 MHz, CDCl3) δ: 7.34～7.29 (m, 
2H), 7.12 (t, J＝8.0 Hz, 1H), 6.71～6.62 (m, 5H), 3.81～
3.72 (m, 5H); 13C NMR (CDCl3, 100 MHz) δ: 159.9, 
147.2, 141.3, 136.3, 129.6, 120.0, 119.4, 115.9, 112.6, 
110.9, 55.2. 

4-((2-Methoxyphenyl)thio)aniline (3ag):[5n] Pale brown 
solid, yield 78%. m.p. 59～60 ℃; 1H NMR (400 MHz, 
CDCl3) δ: 7.35～7.30 (m, 2H), 7.11～7.06 (m, 1H), 
6.84～6.76 (m, 2H), 6.73～6.67 (m, 3H), 3.90～3.82 (m, 
5H); 13C NMR (CDCl3, 100 MHz) δ: 155.2, 147.2, 136.9, 
128.6, 127.0, 125.9, 121.1, 118.8, 116.0, 110.2, 55.8. 

4-(Phenylthio)aniline (3ah):[5l] Pale brown solid, yield 
88%. m.p. 81～82 ℃ (lit.[5l] 92～93 ℃); 1H NMR (400 
MHz, CDCl3) δ: 7.28 (d, J＝8.4 Hz, 2H), 7.20～7.16 (m, 
2H), 7.13～7.04 (m, 3H), 6.63～6.59 (m, 2H), 3.75 (s, 
2H); 13C NMR (CDCl3, 100 MHz) δ: 147.2, 139.8, 136.2, 
128.9, 127.3, 125.4, 120.3, 115.9. 

4-(Naphthalen-2-ylthio)aniline (3ai):[21] Brown solid, 
yield 78%. m.p. 126～127 ℃ (lit.[5n] 132～138 ℃); 1H 
NMR (400 MHz, CDCl3) δ: 7.74 (d, J＝7.6 Hz, 1H), 7.68 
(d, J＝8.8 Hz, 1H), 7.64 (d, J＝8.0 Hz, 1H), 7.52 (s, 1H), 
7.44～7.33 (m, 4H), 7.28～7.25 (m, 1H), 6.71～6.66 (m, 
2H), 3.81 (s, 2H); 13C NMR (CDCl3, 100 MHz) δ: 147.1, 
137.1, 136.0, 133.8, 131.5, 128.4, 127.7, 127.1, 126.4, 
126.1, 125.4, 125.3, 120.6, 116.0. 

4-(Naphthalen-1-ylthio)aniline (3aj):[21] Pale brown sol-
id, yield 77%. m.p. 40～41 ℃; 1H NMR (400 MHz, 
CDCl3) δ: 8.35 (d, J＝8.0 Hz, 1H), 7.82～7.79 (m, 1H), 
7.64 (d, J＝8.0 Hz, 1H), 7.54～7.45 (m, 2H), 7.30～7.24 
(m, 3H), 7.19～7.16 (m, 1H), 6.63～6.59 (m, 2H), 3.71 (s, 
2H); 13C NMR (CDCl3, 100 MHz) δ: 146.8, 136.3, 135.3, 
133.9, 131.6, 128.5, 126.6, 126.5, 126.34, 126.30, 125.8, 
124.6, 120.8, 116.0. 

4-((4-Fluorophenyl)thio)aniline (3ak): Brown solid, 
yield 72%. m.p. 84～85 ℃ (lit.[5o] purple-black liquid); 
1H NMR (400 MHz, CDCl3) δ: 7.28～7.23 (m, 2H), 
7.16～7.10 (m, 2H), 6.95～6.88 (m, 2H), 6.66～6.61 (m, 
2H), 3.78 (s, 2H); 13C NMR (CDCl3, 100 MHz) δ: 161.3 
(d, J＝243.6 Hz), 147.0, 135.5, 134.3 (d, J＝3.2 Hz), 129.9 
(d, J＝7.9 Hz), 121.3, 116.0 (d, J＝13.8 Hz), 115.8 (d, J＝
8.0 Hz); 19F NMR (CDCl3, 376 MHz) δ: －117.1. 

4-((4-(Trifluoromethyl)phenyl)thio)aniline (3al): Brown 
solid, yield 90%. m.p. 40～41 ℃ (lit.[5n] 117～118 ℃); 
1H NMR (400 MHz, CDCl3) δ: 7.40 (d, J＝8.4 Hz, 2H), 
7.32 (d, J＝8.4 Hz, 2H), 7.10 (d, J＝8.4 Hz, 2H), 6.71～
6.67 (m, 2H), 3.88 (s, 2H); 13C NMR (CDCl3, 100 MHz) δ: 
147.9, 145.8, 137.1, 126.8 (q, J＝32.5 Hz), 125.8, 125.5 
(q, J＝3.9 Hz), 123.0 (t, J＝271.8 Hz), 117.8, 116.1; 19F 
NMR (CDCl3, 376 MHz) δ: －62.2. 

4-((4-Nitrophenyl)thio)aniline (3am):[5l] Yellow solid, 
yield 49%. m.p. 122～123 ℃ (lit.[5l] 137～138 ℃); 1H 
NMR (400 MHz, CDCl3) δ: 8.05～8.00 (m, 2H), 7.35～
7.31 (m, 2H), 7.11～7.06 (m, 2H), 6.76～6.72 (m, 2H), 
3.97 (s, 2H); 13C NMR (CDCl3, 100 MHz) δ: 151.0, 148.4, 

144.8, 137.2, 125.2, 123.9, 116.4, 116.1. 
4-(Thiophen-2-ylthio)aniline (3an):[21] Brown oil, yield 

77%. 1H NMR (400 MHz, CDCl3) δ: 7.30 (dd, J＝5.2, 1.2 
Hz, 1H), 7.23～7.18 (m, 2H), 7.14 (dd, J＝3.6, 1.2 Hz, 
1H), 6.95 (dd, J＝5.2, 3.6 Hz, 1H), 6.60～6.56 (m, 2H), 
3.68 (s, 2H); 13C NMR (CDCl3, 100 MHz) δ: 146.2, 135.9, 
132.7, 132.3, 129.3, 127.5, 124.9, 115.7. 

2-(p-Tolylthio)aniline (3ba):[22] Brown solid, yield 63%. 
m.p. 43～44 ℃ (lit.[27] 47～49 ℃); 1H NMR (400 MHz, 
CDCl3) δ: 7.41 (dd, J＝8.0, 1.6 Hz, 1H), 7.19～7.14 (m, 
1H), 7.00 (s, 4H), 6.73～6.68 (m, 2H), 4.21 (s, 2H), 2.24 
(s, 3H); 13C NMR (CDCl3, 100 MHz) δ: 148.7, 137.2, 
135.5, 133.1, 130.9, 129.9, 127.2, 118.8, 115.4, 115.3, 
21.0. 

2-Methyl-4-(p-tolylthio)aniline (3da):[21] Brown oil, 
yield 92%. 1H NMR (400 MHz, CDCl3) δ: 7.17 (s, 1H), 
7.16～7.12 (m, 1H), 7.07～7.04 (m, 2H), 7.01～6.98 (m, 
2H), 6.58 (d, J＝8.0 Hz, 1H), 3.66 (s, 2H), 2.25 (s, 3H), 
2.08 (s, 3H); 13C NMR (CDCl3, 100 MHz) δ: 145.2, 136.4, 
135.9, 135.4, 133.3, 129.7, 128.2, 123.3, 121.2, 115.7, 
21.0, 17.3. 

3-Methyl-4-(p-tolylthio)aniline (3ea):[5n] Brown oil, 
yield 76%. 1H NMR (400 MHz, CDCl3) δ: 7.28 (d, J＝8.4 
Hz, 1H), 7.01～6.92 (m, 4H), 6.57 (d, J＝2.4 Hz, 1H), 
6.47 (dd, J＝8.0, 2.4 Hz, 1H), 3.70 (s, 2H), 2.27 (s, 3H), 
2.25 (s, 3H); 13C NMR (CDCl3, 100 MHz) δ: 147.5, 143.5, 
137.5, 135.6, 134.8, 129.7, 126.9, 120.0, 117.2, 113.5, 
21.0, 20.9. 

2-Methoxy-4-(p-tolylthio)aniline (3fa):[5n] Brown oil, 
yield 82%. 1H NMR (400 MHz, CDCl3) δ: 7.08～7.00 (m, 
4H), 6.95～6.90 (m, 2H), 6.63 (d, J＝8.0 Hz, 1H), 3.89 (s, 
2H), 3.76 (s, 3H), 2.26 (s, 3H); 13C NMR (CDCl3, 100 
MHz) δ: 147.5, 136.9, 135.8, 135.4, 129.7, 128.0, 127.7, 
121.1, 116.2, 115.1, 55.6, 21.0. 

3-Methoxy-4-(p-tolylthio)aniline (3ga): Brown solid, 
yield 72%. m.p. 82～83 ℃; 1H NMR (400 MHz, CDCl3) 
δ: 7.18 (d, J＝8.4 Hz, 1H), 7.05～6.99 (m, 4H), 6.26～
6.23 (m, 2H), 3.81～3.76 (m, 5H), 2.27 (s, 3H); 13C NMR 
(CDCl3, 100 MHz) δ: 160.6, 149.0, 137.2, 135.0, 134.9, 
129.5, 127.7, 109.2, 107.8, 98.8, 55.8, 20.9; HRMS (ESI) 
calcd for C14H16NOS [M ＋ H] ＋  246.0947, found 
246.0943. 

3-Fluoro-4-(p-tolylthio)aniline (3ha): Brown solid, yield 
87%. m.p. 77～78 ℃; 1H NMR (400 MHz, CDCl3) δ: 
7.24～7.19 (m, 1H), 7.08～6.99 (m, 4H), 6.38～6.33 (m, 
2H), 3.86 (s, 2H), 2.24 (s, 3H); 13C NMR (CDCl3, 100 
MHz) δ: 163.7 (d, J＝243.9 Hz), 149.7 (d, J＝10.8 Hz), 
137.6 (d, J＝2.2 Hz), 135.8, 134.2, 129.8, 128.0, 111.5 (d, 
J＝2.3 Hz), 107.6 (d, J＝19.2 Hz), 102.5 (d, J＝26.3 Hz), 
21.0; 19F NMR (CDCl3, 376 MHz) δ: －106.7; HRMS 
(ESI) calcd for C13H13FNS [M＋H]＋ 234.0747, found 
234.0747. 

5-Fluoro-2-(p-tolylthio)aniline (3ia): Brown oil, yield 
85%. 1H NMR (400 MHz, CDCl3) δ: 7.41～7.35 (m, 1H), 
7.03～6.95 (m, 4H), 6.45～6.40 (m, 2H), 4.36 (s, 2H), 
2.25 (s, 3H); 13C NMR (CDCl3, 100 MHz) δ: 164.9 (d, J＝
245.5 Hz), 150.4 (d, J＝12.0 Hz), 139.1 (d, J＝10.2 Hz), 
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135.6, 133.1 (d, J＝1.2 Hz), 129.9, 126.7, 110.4 (d, J＝2.6 
Hz), 105.8 (d, J＝22.0 Hz), 101.8 (d, J＝25.1 Hz), 21.0; 
19F NMR (CDCl3, 376 MHz) δ: －110.1; HRMS (ESI) 
calcd for C13H13FNS [M＋H]＋ 234.0747, found 234.0744. 

3-Fluoro-2-(p-tolylthio)aniline (3ja): Pale brown oil, 
yield 20%. 1H NMR (400 MHz, CDCl3) δ: 7.13～7.07 (m, 
1H), 7.04～6.98 (m, 4H), 6.50～6.45 (m, 2H), 4.44 (s, 
2H), 2.23 (s, 3H); 13C NMR (CDCl3, 100 MHz) δ: 164.4 
(d, J＝243.5 Hz), 150.9 (d, J＝3.0 Hz), 135.8, 132.1, 131.6 
(d, J＝10.8 Hz), 129.9, 127.1, 110.5 (d, J＝2.9 Hz), 104.7 
(d, J＝24.0 Hz), 103.2 (d, J＝21.7 Hz), 21.0; 19F NMR 
(CDCl3, 376 MHz) δ: －105.5; HRMS (ESI) calcd for 
C13H13FNS [M＋H]＋ 234.0747, found 234.0746. 

Methyl 2-amino-5-(p-tolylthio)benzoate (3ka): Brown 
solid, yield 46%. m.p. 65～66 ℃; 1H NMR (400 MHz, 
CDCl3) δ: 8.06 (d, J＝2.0 Hz, 1H), 7.34 (dd, J＝8.8, 2.4 
Hz, 1H), 7.08～7.02 (m, 4H), 6.63 (d, J＝8.4 Hz, 1H), 
5.88 (s, 2H), 3.84 (s, 3H), 2.28 (s, 3H); 13C NMR (CDCl3, 
100 MHz) δ: 168.0, 150.6, 140.1, 137.6, 135.6, 135.3, 
129.7, 128.1, 119.3, 117.9, 111.3, 51.7, 20.9; HRMS (ESI) 
calcd for C15H16NO2S [M ＋ H] ＋  274.0896, found 
274.0905. 

6-(p-Tolylthio)pyridin-3-amine (3la): Brown solid, yield 
85%. m.p. 61～62 ℃; 1H NMR (400 MHz, CDCl3) δ: 
7.94 (d, J＝2.4 Hz, 1H), 7.32 (d, J＝8.0 Hz, 2H), 7.11 (d,  
J＝8.0 Hz, 2H), 6.92～6.88 (m, 1H), 6.82～6.78 (m, 1H), 
3.81 (s, 2H), 2.31 (s, 3H); 13C NMR (CDCl3, 100 MHz) δ: 
147.2, 141.1, 137.8, 137.3, 132.6, 130.7, 130.1, 125.0, 
123.2, 21.2; HRMS (ESI) calcd for C12H13N2S [M＋H]＋

217.0794, found 217.0792. 
2-(Benzylthio)aniline (3bo):[23] Pale brown solid, yield 

95%. m.p. 63～64 ℃ (lit.[28] 37～38 ℃); 1H NMR (400 
MHz, CDCl3) δ: 7.27～7.19 (m, 4H), 7.15～7.08 (m, 3H), 
6.69 (dd, J＝8.0, 0.8 Hz, 1H), 6.62 (dt, J＝7.8, 1.2 Hz, 
1H), 4.24 (s, 2H), 3.89 (s, 2H); 13C NMR (CDCl3, 100 
MHz) δ: 148.6, 138.3, 136.5, 130.1, 128.9, 128.4, 127.0, 
118.5, 117.4, 114.9, 39.6. 

4-(p-Tolylselanyl)aniline (3ap):[24] Yellow solid, yield 
18%. m.p. 75～76 ℃ (lit.[29] 87～91 ℃); 1H NMR (400 
MHz, CDCl3) δ: 7.40 (d, J＝8.8 Hz, 2H), 7.30～7.27 (m, 
2H), 7.21～7.11 (m, 3H), 6.62 (d, J＝8.8 Hz, 2H), 3.76 (s, 
2H); 13C NMR (CDCl3, 100 MHz) δ: 146.9, 137.2, 134.2, 
130.1, 129.1, 126.1, 116.4, 116.1. 

 
Supporting Information  1H NMR, 13C NMR and 19F 
NMR spectra of compounds 3aa～3an, 3ap, 3ba, 3da～
3la and 3bo. The Supporting Information is available free 
of charge via the Internet at http://sioc-journal.cn/. 
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