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无碱条件下直接多组分反应选择性合成非对称含氮杂芳基硫醚 

王  琦 a    朱柏燃 a    杨  光 a    马献涛*,a,b    徐  清*,a,c 

(a扬州大学化学化工学院  江苏扬州 225002) 

(b信阳师范学院化学化工学院  河南信阳 464000) 

(c温州大学化学与材料工程学院  浙江温州 325035) 

摘要  杂芳基硫醚, 尤其是烷基杂芳基硫醚, 一般通过强碱性条件下的催化或非催化偶联方法来合成, 缺点多, 废弃

物多. 本文报道一种卤代含氮杂芳烃、硫脲及溴代烷烃在无碱、无添加剂及无溶剂条件下的一锅多组分反应直接合成

杂芳基硫醚的新方法. 本方法以硫脲为硫源, 并可兼容各种卤代含氮杂芳烃和溴代烷烃, 提供了一种含氮杂芳基硫醚

的简洁、高效、选择性合成新方法. 

关键词  含氮杂芳基硫醚; 无碱; 硫脲; 硫转移; 多组分反应 

Selective Synthesis of Unsymmetrical N-Heteroaryl Thioethers by 
Base-Free Direct Multi-Component Reaction 

Wang, Qia    Zhu, Borana    Yang, Guanga    Ma, Xiantao*,a,b    Xu, Qing*,a,c 
(a School of Chemistry and Chemical Engineering, Yangzhou University, Yangzhou, Jiangsu 225002) 

(b College of Chemistry and Chemical Engineering, Xinyang Normal University, Xinyang, Henan 464000) 
(c College of Chemistry and Materials Engineering, Wenzhou University, Wenzhou, Zhejiang 325035) 

Abstract  Heteroaryl thioethers, especially alkyl heteroaryl thioethers, were usually obtained by catalytic or non-catalytic 
coupling reactions under strong basic conditions, but these methods usually have many drawbacks such as generation of large 
amounts of wastes. In this work, a new method for the direct synthesis of N-heteroaryl thioethers through a base-, additive-, 
and solvent-free one-pot multi-component reaction of N-heteroaryl halides, thiourea, and alkyl bromides was reported. This 
method can employ thiourea as the sulfur surrogate and tolerate various alkyl bromides and N-heteroaryl halides, providing a
concise, selective, and efficient new method for heteroaryl thioether synthesis. 
Keywords  N-heteroaryl thioethers; base-free; thiourea; sulfur transfer; multi-component reaction 

 

1  Introduction 

Heteroaryl thioether structures are significant motifs in 
various natural products and bioactive molecules having 
unique antibacterial, antimycobacterial, anticancer and 
anti-inflammatory activities (Scheme 1).[1] Therefore, the 
synthesis and applications of heteroaryl thioethers have 
received much attention among the organic and pharma-
ceutical chemists in the past decades.[2] Traditionally, het-
eroaryl thioethers were obtained by catalytic or non-cataly- 
tic cross-coupling reactions of organohalides with the 
smelly, toxic, sensitive, and commercially less available 
organosulfur compounds (such as thiols, In(SR)3, disul-

fides or PhSSiMe3, etc.) in the presence of at least stoi-
chiometric amounts of bases (Scheme 2A).[3-7] Clearly 
these methods have many limitations. To overcome those 
drawbacks, sulfur-transfer reactions using various inor-
ganic sulfur compounds or even elemental sulfur (S8) as 
the sulfur surrogates have aroused much interest among the 
synthetic chemists in recent years (Scheme 2B),[8] becom-
ing a more preferable alternative mostly due to the high 
availability of those odorless sulfur surrogates and their 
much less smelly and toxic nature than the conventional 
organic organosulfur compounds. 

We have also long been interested in the synthesis and 
applications of thioether compounds[9] and recently devel- 
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Scheme 1  Bioactive molecules with heteroaryl thioether motifs 
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Scheme 2  Methods for heteroaryl thioether synthesis. 

oped multi-component sulfur transfer reactions for direct 
synthesis of N-heteroaryl thioethers starting from alcohols 
using thiourea or sodium thiosulfate as the sulfur surro-
gates.[10] Despite the advantages by using alcohols as the 
alkylating reagents, these methods are mainly limited to 
the more reactive benzylic, heterobenzylic, and allylic al-
cohols. As to the aliphatic alcohols, due to their much 
lower reactivity, the corresponding aliphatic alkyl het-
eroaryl thioethers could not be obtained satisfactorily by 
using aliphatic alcohols. To overcome these drawbacks of 
the known sulfur transfer methods (Scheme 2B)[8] and de-
velop a complementary method for aliphatic alkyl N-hete- 
roaryl thioether synthesis, herein we report a one-pot syn-
thesis of aliphatic alkyl N-heteroaryl thioethers by a direct 
reaction of N-heteroaryl halides, thiourea and aliphatic 
alkyl bromides (Scheme 2C). Different to the known 
base-mediated methods,[8] this new sulfur transfer reaction 
can proceed effectively under base-free conditions. 

2  Results and discussion 

Initially, various bases were added to promote the 
one-pot three component reaction of 2-bromopyridine (1a), 
thiourea, and 1-bromodecane (2a). However, the target 
cross-coupled 2-(decylthio)pyridine (3aa) could only be 
obtained in low yields (Table 1, Entry 1). Interestingly, a 
reaction without the base could also afford 3aa in 33% 

yield (Entry 2). Considering that directly heating the mix-
ture of the three components may lead to a mixture of ho-
mo- and cross-coupled thioethers and consequently low 
yield of the target 3aa, and inspired by the base-free result, 
stepwise addition of the substrates was adopted under 
base-free conditions. Indeed, heating 1a and thiourea at 
80 ℃ for 1 h prior to their further reaction with 2a at 
140 ℃ for 24 h could improve the yield of 3aa to 43% 
(Entry 3, method A). The yield of 3aa could be further 
improved to 69% by heating at a higher temperature (Entry 
4) and using more thiourea (Entry 5). Organic solvents 
were also tested in the reaction, but only led to much lower 
yields of 3aa (Entries 6～7). Finally, reversed sequence of 
the substrate addition was also investigated. Thus, by first-
ly heating the mixture of thiourea and 2a at 80 ℃ for 1 h 
followed by addition of 1a and then heating at 170 ℃ for 
24 h, the reaction could afford 3aa in 61% yield (Entry 8, 
method B). It means that method B is comparable with 
method A (Entry 5). 

Table 1  Optimization of the reaction conditionsa 

 

Entry
Base 

(equiv.) 
Solvent 

(mL) 
T., t Yieldb/%

1 Basesc (2) None 140 ℃, 24 h Trace～35
2 None None 140 ℃, 24 h 33 

3 None None 
(i) 80 ℃, 1 h; 
(ii) 140 ℃, 24 h

43 (A)d 

4 None None 
(i) 80 ℃, 1 h; 
(ii) 170 ℃, 24 h

59 (A)d 

5 None None 
(i) 80 ℃, 1 h; 
(i) 170 ℃, 24 h 

69 (A)d,e 

6 None CH3CN (1) 
(i) 80 ℃, 1 h; 
(ii) 170 ℃, 24 h

21 (A)d,e 

7 None EtOH (1) 
(i) 80 ℃, 1 h; 
(ii) 170 ℃, 24 h

10 (A)d,e 

8 None None 
(i) 80 ℃, 1 h; 
(ii) 170 ℃, 24 h

61 (B)e,f 

a The mixture of 1a (1 mmol), thiourea (1.2 mmol), and 2a (1.2 mmol) sealed 
under air in a Schlenk tube was heated and monitored by GC-MS/TLC.      
b Isolated yields based on 1a. c Usual bases such as NaOH, t-BuOK, Et3N, or 
DBU. d Method A: Heating 1a (1 mmol) and thiourea (1.2 mmol) at 80 ℃ for 
1 h followed by further reaction with 2a (1.2 mmol) at 140 ℃ or 170 ℃ for 
24 h. e 2.0 equiv. thiourea was used. f Method B (reversed addition sequence): 
Heating 2a (1.2 mmol) and thiourea (2.0 mmol) at 80 ℃ for 1 h followed by 
further reaction with 1a (1 mmol) at 170 ℃ for 24 h. 

Various alkyl bromides and N-heteroaryl halides were 
then tested by employing methods A to extend the scope of 
this base-free stepwise three component reaction. In some 
cases that method A did not work very well, method B was 
adopted to obtain better results. Thus, as shown in Table 2, 
like the model reaction (Table 2, Entry 1), primary alkyl 
bromides including aliphatic alkyl, functionalized aliphatic 
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alkyl, and allylic bromides reacted effectively with 1a and 
thiourea to afford the desired products in moderate to good 
yields (Entries 2～8). In several cases (Entries 5～8), es-
pecially the more reactive cinnamyl bromide (Entry 8), the 
reaction temperature in the second step could be reduced to 
140 ℃ even 100 ℃. Besides, in the reaction of cinnamyl 
bromide (Entry 8), addition of 2.0 equiv. H2O was found to 
be able to facilitate the reaction.[11] In comparison with our 
previous sulfur transfer method starting from alcohols,[10a] 
except few cases, the present method using alkyl bromides 
as the stating material usually gave higher yields of prod-
ucts, revealing the advantages of this method by using al-
kyl bromides than out previous method using aliphatic 
alcohols. For sterically more bulky secondary and tertiary 
alkyl bromides, this new method could also afford products 
in moderate yields (Entries 9～13), which are also more 
satisfactory results than those starting from the corre-
sponding alcohols,[10a] revealing again the advantage of the 
present method regarding the synthesis of aliphatic alkyl 
thioethers.  

This new method could also be extended to various 
electron-rich or electron-deficient benzylic bromides, all 
giving moderate to high yields of the target products (En-
tries 14～21). Similarly, substituted 2-pyridyl, 4-pyridyl, 

and other N-heteroaryl halides also reacted to give the tar-
get N-heteroaryl thioethers in moderate to good yields (En-
tries 22～26). In these cases, the reactions could all be 
performed at 140 ℃ using only 1.2 equiv. of thiourea, 
which may be due to the more reactive nature of the ben-
zylic bromides. Selenourea could also be used for the syn-
thesis of N-heteroaryl selenides, but the yield of product 
was not high at present (Entry 27).  

Based on above results and the literature knowledge,[3,10] 
possible reaction pathways for this sulfur transfer reaction 
are depicted in Scheme 3. With method A, N-heteroaryl 
halides 1 may firstly react with thiourea to afford ionic 
intermediates 4, which can then be hydrolyzed by contam-
inant water in substrates or reaction vessel to afford het-
eroarylthiols 5.[11] Then, the final nucleophilic substitution 
reaction of alkyl halides 2 by heteroarylthiols 5 can lead to 
the target heteroaryl alkyl thioethers 3. Vice versa, alkyl 
halides 2 may react with thiourea first (method B) in a 
similar way via the generation of ionic termediate 6, thiols 
7 and thioethers 3. Therefore, by sequential addition of 
N-heteroaryl halides or alkyl halides, this method can se-
lectively produce the target thioethers in satisfactory re-
sults under base-, solvent-, and additive-free conditions. 

Table 2  One-pot base-free synthesis of alkyl N-heteroaryl thioethersa,b 

N S
t-Bu

(13) 3am: 43% (A)c

N S

(8) 3ah: 61% (B)d

N S

(7) 3ag: 53% (A)c

N S

(9) 3ai: 48% (A)c

N S
O

(5) 3ae: 16% (A)c

N S
n-C4H9

(2) 3ab: 61% (B)

N S
n-C6H13

(3) 3ac: 58% (A)
N S

n-C8H17

(4) 3ad: 63% (A)

N S N S N S

(10) 3aj: 61% (A)
(11) 3ak: 37% (A) (12) 3al: 41% (A)

N S

(6) 3af: 42% (A)c

N S
n-C10H21

(1) 3aa: 69% (A)
61% (B)

(Ref. [10a]: 45%)

H2N NH2

S (i) 80 C, 1 h

3

S RNFGR1 X
method A or B

+
(ii) R2X, 170 oC, 24 h

(Ref. [10a]: 49%) (Ref. [10a]: 41%) (Ref. [10a]: 52%) (Ref. [10a]: 22%)
(Ref. [10a]: 35%)

(Ref. 10a: 67%) (Ref. 10a: 60%) (Ref. [10a]: trace)

(Ref. 10a: 31%)

N S

N S

(21) 3au: 66% (B)c

(14) 3an: 76% (A)c

N S

Me

(15) 3ao: 75% (A)c

N S
Me

(16) 3ap: 72% (B)c

N S

Me
(17) 3aq: 63% (A)c

N S
OMe

(18) 3ar: 46% (A)c

N S

NO2(19) 3as: 43% (A)c

N S

Cl
(20) 3at: 71% (B)c,e

N S
Ph

Ph

(25) 3ea: 58% (A)c,f

N S Ph

(26) 3fa: 37% (B)c,f

N Se Ph

(27) 3ga: 23% (A)c

N S Ph

Me

(22) 3ba: 82% (A)c,f

N S Ph

Me

(23) 3ca: 62% (A)c,f

N S Ph

Cl

(24) 3da: 77% (B)c

 
a Unless otherwise noted, see Entry 5 (method A) or Entry 8 (method B) of Table 1 for details. b Isolated yield. c The reaction temperature in the second step is 
140 ℃. 1.2 equiv. thiourea was used. d The reaction temperature in the second step is 100 ℃. 2.0 equiv. H2O was added. e 30 h. f The reaction temperature in the first 
step is 120 ℃.  
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Scheme 3  Possible reaction paths. 

3  Conclusions 

In summary, we developed a one-pot and selective sul-
fur transfer reaction for direct synthesis of N-heteroaryl 
alkyl thioethers from the readily available N-heteroaryl 
halides, thiourea, and alkyl bromides under base-, addi-
tive-, and solvent-free conditions. Different to sulfur trans-
fer reactions in the literature that usually require transition 
metal catalysis and bases,[8] and different to our own alco-
hol-based sulfur transfer method that is not suitable for the 
less reactive aliphatic alcohols,[10] this method is more ap-
plicable for the synthesis of aliphatic alkyl N-heteroaryl 
thioethers by using the aliphatic alkyl halides through a 
one-pot stepwise addition method. Further extension and 
applications of the sulfur transfer reactions in synthesis of 
organosulfur compounds are still underway in this group. 

4  Experimental 

4.1  General methods 

Unless otherwise noted, all chemicals were purchased 
and used without further purification. Unless otherwise 
specified, all reactions were carried out in sealed Schlenk 
tubes under air and then monitored by thin-layer chroma-
tography (TLC) and/or GC-MS. Products were purified by 
column chromatography on silica gel using petroleum 
ether and ethyl acetate as the eluent. 1H NMR and 13C 
NMR spectra were recorded on an Agilent instrument (400 
MHz for 1H NMR and 100 MHz for 13C NMR spectrosco-
py) by using CDCl3 as the solvent and Me4Si as the inter-
nal standard. Mass spectra were measured on an Agilent 
GC-MS 7890B-5977A Plus spectrometer (EI). HRMS 
(ESI) analysis was measured on a Bruker Dalton maXis 
instrument. 
4.2  Typical procedure for the synthesis of alkyl 
N-heteroaryl thioethers 

Method A: The mixture of 2-bromopyridine (1a) (158.0 
mg, 1.0 mmol) and thiourea (152.2 mg, 2.0 mmol, 2.0 
equiv.) was directly sealed in a Schlenk tube under air and 
stirred at 80 ℃ for 1 h. 1-Bromodecane (2a) (265.2 mg, 
1.2 mmol, 1.2 equiv.) was then added and the mixture 
stirred at 170 ℃ for more 24 h and monitored by TLC 

and/or GC-MS. After completion of the reaction, the reac-
tion mixture was purified by flash column chromatography 
on silica gel using petroleum ether and ethyl acetate 
(V∶V＝50∶1) as the eluent, giving 3aa in 69% isolated 
yield. 

Method B: The mixture of thiourea (152.2 mg, 2.0 
mmol, 2.0 equiv.) and 1-bromodecane (2a, 265.2 mg, 1.2 
mmol, 1.2 equiv.) was directly sealed in a Schlenk tube 
under air and stirred at 80 ℃ for 1 h. 2-Bromopyridine 
(1a, 158.0 mg, 1.0 mmol) was then added and the mixture 
stirred at 170 ℃ for more 24 h and monitored by TLC 
and/or GC-MS. After completion of the reaction, the reac-
tion mixture was purified by flash column chromatography 
on silica gel using petroleum ether and ethyl acetate 
(V∶V＝50∶1) as the eluent, giving 3aa in 61% isolated 
yield. 

2-(Decylthio)pyridine (3aa):[12] Colourless oil, 69% 
yield. 1H NMR (400 MHz, CDCl3) δ: 8.37 (d, J＝3.6 Hz, 
1H), 7.39 (t, J＝7.8 Hz, 1H), 7.10 (d, J＝8.1 Hz, 1H), 6.89 
(t, J＝6.1 Hz, 1H), 3.12 (t, J＝7.4 Hz, 2H), 1.70～1.63 (m, 
2H), 1.44～1.36 (m, 2H), 1.30～1.18 (m, 12H), 0.84 (t,   
J＝6.2 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ: 159.6, 
149.3, 135.6, 122.0, 119.0, 31.8, 30.0, 29.5, 29.4, 29.3, 
29.2, 29.1, 28.9, 22.6, 14.0; MS (EI) m/z (%): 251 (6), 218 
(4), 204 (6), 190 (4), 138 (54), 125 (94), 111 (100), 78 
(46), 67 (26), 55 (18). 

2-(Butylthio)pyridine (3ab):[13] Colourless oil, 61% 
yield. 1H NMR (400 MHz, CDCl3) δ: 8.39 (d, J＝4.3 Hz, 
1H), 7.43 (t, J＝7.7 Hz, 1H), 7.13 (d, J＝8.1 Hz, 1H), 6.93 
(t, J＝6.1 Hz, 1H), 3.14 (t, J＝7.3 Hz, 2H), 1.70～1.63 (m, 
2H), 1.49～1,41 (m, 2H), 0.92 (t, J＝7.3 Hz, 3H); 13C 
NMR (100 MHz, CDCl3) δ: 159.6, 149.3, 135.7, 122.0, 
119.0, 31.4, 29.8, 22.0, 13.6; MS (EI) m/z (%): 167 (21), 
138 (64), 125 (100), 111 (74), 78 (88), 67 (66), 51 (32). 

2-(Hexylthio)pyridine (3ac):[14] Colourless oil, 58% 
yield. 1H NMR (400 MHz, CDCl3) δ: 8.39 (d, J＝4.6 Hz, 
1H), 7.42 (t, J＝7.7 Hz, 1H), 7.13 (d, J＝8.0 Hz, 1H), 6.95 
(t, J＝6.2 Hz, 1H), 3.13 (t, J＝7.4 Hz, 2H), 1.71～1.65 (m, 
2H), 1.46～1.39 (m, 2H), 1.28～1.23 (s, 4H), 0.87～0.86 
(s, 3H); 13C NMR (100 MHz, CDCl3) δ: 159.5, 149.3, 
135.7, 122.0, 119.0, 31.3, 30.1, 29.2, 28.6, 22.5, 14.0; MS 
(EI) m/z (%): 195 (40), 138 (94), 125 (100), 111 (100), 78 
(58), 67 (42), 51 (14). 

2-(Octylthio)pyridine (3ad):[15] Colourless oil, 63% 
yield. 1H NMR (400 MHz, CDCl3) δ: 8.38 (d, J＝4.0 Hz, 
1H), 7.41 (t, J＝7.6 Hz, 1H), 7.12 (d, J＝8.1 Hz, 1H), 6.91 
(t, J＝6.1 Hz, 1H), 3.13 (t, J＝7.3 Hz, 2H), 1.69～1.63 (m, 
2H), 1.45～1.39 (m, 2H), 1.30～1.23 (m, 8H), 0.85 (t, J＝
6.1 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ: 159.6, 149.3, 
135.6, 122.0, 119.0, 31.7, 30.1, 29.3, 29.1, 28.9, 22.6, 14.0; 
MS (EI) m/z (%): 223 (26), 190 (10), 176 (13), 138 (58), 
125 (95), 111 (100), 106 (18), 78 (31), 67 (22), 55 (7). 

2-(2-Ethoxyethyl)thio)pyridine (3ae):[10a] Colourless oil, 
16% yield. 1H NMR (400 MHz, CDCl3) δ: 8.38 (d, J＝4.0 
Hz, 1H), 7.43 (t, J＝7.7 Hz, 1H), 7.15 (d, J＝8.0 Hz, 1H), 
6.93 (t, J＝6.0 Hz, 1H), 3.67 (t, J＝6.6 Hz, 2H), 3.54～
3.50 (m, 2H), 3.37 (t, J＝6.6 Hz, 2H), 1.19 (t, J＝6.9 Hz, 
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3H); 13C NMR (100 MHz, CDCl3) δ: 158.5, 149.3, 135.7, 
122.2, 119.3, 69.3, 66.2, 29.3, 15.1. HRMS (ESI) calcd for 
C9H14NOS (M＋H)＋ 184.0796; found 184.0799. 

2-(Cyclohexylmethyl)thio)pyridine (3af):[10a] Colourless 
oil, 42% yield. 1H NMR (400 MHz, CDCl3) δ: 8.38 (d, J＝
4.3 Hz, 1H), 7.42 (t, J＝7.7 Hz, 1H), 7.14 (d, J＝8.1 Hz, 
1H), 6.94 (t, J＝6.4 Hz, 1H), 3.06 (d, J＝6.8 Hz, 2H), 1.88 
(d, J＝12.8 Hz, 2H), 1.72～1.59 (m, 4H), 1.25～1.13 (m, 
3H), 1.04～0.95 (m, 2H); 13C NMR (100 MHz, CDCl3) δ: 
159.8, 149.2, 135.7, 122.0, 119.0, 37.7, 37.0, 32.7, 26.3, 
26.0; MS (EI) m/z (%): 207 (10), 174 (22), 160 (21), 125 
(86), 111 (100), 78 (25), 67 (26), 55 (20). 

2-(Phenethylthio)pyridine (3ag):[10a] Colourless oil, 53% 
yield. 1H NMR (400 MHz, CDCl3) δ: 8.48 (d, J＝4.6 Hz, 
1H), 7.46 (t, J＝7.7 Hz, 1H), 7.37～7.15 (m, 6H), 7.00～
6.95 (m, 1H), 3.48 (t, J＝7.8 Hz, 2H), 3.05 (t, J＝7.8 Hz, 
2H); 13C NMR (100 MHz, CDCl3) δ: 158.9, 149.5, 140.5, 
135.8, 128.6, 128.4, 126.3, 122.3, 119.3, 35.8, 31.4; MS 
(EI) m/z (%): 215(6), 124 (100), 111 (100), 91 (48), 78 
(100), 67 (52), 51 (38). 

2-(Cinnamylthio)pyridine (3ah):[10a] Colourless oil, 61% 
yield. 1H NMR (400 MHz, CDCl3) δ: 8.46 (d, J＝4.1 Hz, 
1H), 7.50～7.44 (m, 1H), 7.35～7.19 (m, 6H), 7.01～6.96 
(m, 1H), 6.62 (d, J＝6.0 Hz, 1H), 6.39～6.30 (m, 1H), 
4.02 (d, J＝7.2 Hz, 2H); 13C NMR (100 MHz, CDCl3) δ: 
158.8, 149.8, 137.2, 136.3, 133.0, 128.8, 127.8, 126.7, 
125.7, 122.7, 119.9, 33.0; MS (EI) m/z (%): 227 (56), 212 
(38), 194 (92), 167 (4), 136 (32), 115 (100), 91 (35), 65 
(8), 51 (8). 

2-(1-Phenylethyl)thio)pyridine (3ai):[10a] Colourless oil, 
48% yield. 1H NMR (400 MHz, CDCl3) δ: 8.45 (d, J＝4.2 
Hz, 1H), 7.46～7.39 (m, 3H), 7.31 (t, J＝7.5 Hz, 2H), 
7.24～7.20 (m, 1H), 7.10 (d, J＝8.0 Hz, 1H), 6.97～6.93 
(m, 1H), 5.12 (q, J＝7.0 Hz, 1H), 1.76 (d, J＝7.5 Hz, 3H). 
13C NMR (100 MHz, CDCl3) δ: 158.8, 149.4, 143.2, 135.9, 
128.4, 127.3, 122.7, 119.6, 43.5, 22.6; MS (EI) m/z (%): 
215 (23), 182 (18), 105 (100), 77 (36), 51 (16). 

2-(Cyclopentylthio)pyridine (3aj): Colourless oil, 61% 
yield. 1H NMR (400 MHz, CDCl3) δ: 8.43～8.39 (m, 1H), 
7.45 (t, J＝7.2 Hz, 1H), 7.15 (d, J＝7.9 Hz, 1H), 6.97～
6.92 (m, 1H), 4.04～3.99 (m, 1H), 2.18～2.10 (m, 2H), 
1.79～1.59 (m, 6H); 13C NMR (100 MHz, CDCl3) δ: 
160.4, 149.4, 135.7, 122.1, 119.0, 42.9, 33.4, 24.8. HRMS 
(ESI) calcd for C10H14NS (M＋H) ＋  180.0847; found 
180.0866. 

2-(Cyclohexylthio)pyridine (3ak):[16] Colourless oil, 
37% yield. 1H NMR (400 MHz, CDCl3) δ: 8.44 (d, J＝3.2 
Hz, 1H), 7.45 (t, J＝6.9 Hz, 1H), 7.15 (d, J＝8.0 Hz, 1H), 
6.98～6.93 (m, 1H), 3.86～3.77 (m, 1H), 2.07～2.05 (m, 
2H), 1.82～1.39 (m, 8H); 13C NMR (100 MHz, CDCl3) δ: 
149.4, 135.8, 122.8, 119.2, 42.9, 33.2, 25.9; MS (EI) m/z 
(%): 193 (4), 160 (22), 138 (20), 111 (100), 78 (52), 67 
(88), 55 (56), 51(48), 41(82). 

2-(Cycloheptylthio)pyridine (3al): Colourless oil, 41% 
yield. 1H NMR (400 MHz, CDCl3) δ: 8.39 (d, J＝4.6 Hz, 
1H), 7.43～7.39 (m, 1H), 7.10 (d, J＝8.1 Hz, 1H), 6.92～
6.89 (m, 1H), 3.97～3.90 (m, 1H), 2.08～2.01 (m, 2H), 

1.70～1.54 (m, 10H); 13C NMR (100 MHz, CDCl3) δ: 
159.6, 149.4, 135.7, 122.7, 119.1, 44.5, 34.8, 28.3, 25.9. 
HRMS (ESI) calcd for C12H18NS (M＋H)＋  208.1160; 
found 208.1155. 

2-(tert-Butylthio)pyridine (3am):[10a] Colourless oil, 
43% yield. 1H NMR (400 MHz, CDCl3) δ: 8.48 (d, J＝4.4 
Hz, 1H), 7.47 (t, J＝7.7 Hz, 1H), 7.29 (d, J＝7.9 Hz, 1H), 
7.05 (t, J＝6.0 Hz, 1H), 1.48 (s, 9H); 13C NMR (100 MHz, 
CDCl3) δ: 158.5, 149.4, 135.8, 127.3, 120.7, 47.5, 31.0; 
MS (EI) m/z (%): 167 (9), 152 (1), 111 (100), 167 (100), 
86 (4), 67 (32), 57 (8), 51 (6). 

2-(Benzylthio)pyridine (3an):[10a] Colourless oil, 76% 
yield. 1H NMR (400 MHz, CDCl3) δ: 8.47 (d, J＝4.3 Hz, 
1H), 7.47～7.41 (m, 3H), 7.31 (t, J＝7.4 Hz, 2H), 7.28～
7.25 (m, 1H), 7.15 (d, J＝8.1 Hz, 1H), 6.99～6.94 (m, 
1H), 4.46 (s, 2H); 13C NMR (100 MHz, CDCl3) δ: 158.4, 
149.3, 135.9, 128.9, 128.4, 127.1, 122.0, 119.5, 34.4; MS 
(EI) m/z (%): 201 (48), 168 (100), 154 (2), 124 (10), 121 
(4), 91 (58), 65 (24), 51 (8). 

2-(2-Methylbenzyl)thio)pyridine (3ao):[10a] Colourless 
oil, 75% yield. 1H NMR (400 MHz, CDCl3) δ: 8.50 (d, J＝
4.8 Hz, 1H), 7.46 (t, J＝7.7 Hz, 1H), 7.41 (d, J＝7.1 Hz, 
1H), 7.21～7.14 (m, 4H), 7.02～6.96 (m, 1H), 4.49 (s, 
2H), 2.45 (s, 3H); 13C NMR (100 MHz, CDCl3) δ: 159.1, 
149.4, 136.9, 135.9, 135.4, 130.4, 129.9, 127.4, 126.1, 
122.1, 119.5, 32.6, 19.3; MS (EI) m/z (%): 215 (91), 182 
(100), 167 (70), 105 (100), 79 (71), 51 (22). 

2-(3-Methylbenzyl)thio)pyridine (3ap):[10a] Colourless 
oil, 72% yield. 1H NMR (400 MHz, CDCl3) δ: 8.46 (d, J＝
4.6 Hz, 1H), 7.48～7.44 (m, 1H), 7.24～7.13 (m, 4H), 7.05 
(d, J＝6.7 Hz, 1H), 7.01～6.95 (m, 1H), 4.41 (s, 2H), 2.32 
(s, 3H); 13C NMR (100 MHz, CDCl3) δ: 158.9, 149.3, 
138.1, 137.6, 135.9, 129.6, 128.3, 127.8, 125.9, 122.0, 
119.5, 34.4, 21.3; MS (EI) m/z (%): 215 (30), 181 (68), 
167 (23), 105 (100), 79 (68), 51 (32). 

2-(4-Methylbenzyl)thio) pyridine (3aq):[10a] Colourless 
oil, 63% yield. 1H NMR (400 MHz, CDCl3) δ: 8.46 (d, J＝
4.7 Hz, 1H), 7.44 (t, J＝7.7 Hz, 1H), 7.31 (d, J＝7.7 Hz, 
2H), 7.13 (m, 3H), 6.99～6.95 (m, 1H), 4.42 (s, 2H), 2.33 
(s, 3H); 13C NMR (100 MHz, CDCl3) δ: 159.0, 149.3, 
135.9, 134.7, 129.1, 128.8, 122.0, 119.5, 34.2, 21.1; MS 
(EI) m/z (%): 215 (68), 182 (85), 167 (30), 105 (100), 79 
(45), 51 (15). 

2-(3-Methoxybenzyl)thio)pyridine (3ar):[17] Colourless 
oil, 46% yield. 1H NMR (400 MHz, CDCl3) δ: 8.45 (d, J＝
4.8 Hz, 1H), 7.44 (t, J＝7.7 Hz, 1H), 7.18 (t, J＝8.2 Hz, 
1H), 7.14 (d, J＝8.0 Hz, 1H), 6.99～6.95 (m, 3H), 6.77 (d, 
J＝8.3 Hz, 1H), 4.42 (s, 2H), 3.76 (s, 3H); 13C NMR (100 
MHz, CDCl3) δ: 159.2,158.7, 149.3, 139.5, 135.9, 129.4, 
122.0, 121.2, 119.5, 114.4, 112.7, 55.1, 34.4; MS (EI) m/z 
(%): 231 (30), 198 (100), 183 (31), 121 (68), 91 (58), 78 
(75), 65 (32), 51 (34). 

2-(4-Nitrobenzyl)thio)pyridine (3as): Light yellow solid, 
m.p. 61～62 ℃, 43% yield. 1H NMR (400 MHz, CDCl3) 
δ: 8.44 (d, J＝4.1 Hz, 1H), 8.12 (d, J＝8.5 Hz, 2H), 7.57 
(d, J＝8.4 Hz, 2H), 7.49 (t, J＝7.3 Hz, 1H), 7.16 (d, J＝8.0 
Hz, 1H), 7.05～6.97 (m, 1H), 4.51 (s, 2H); 13C NMR (100 
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MHz, CDCl3) δ: 157.1, 149.3, 146.5, 136.1, 129.7, 123.5, 
122.3, 119.9, 33.2. HRMS (ESI) calcd for C12H11N2O2S 
(M＋H)＋ 247.0541; found 247.0529. 

2-(4-Chlorobenzyl) thio)pyridine (3at):[10a] Colourless 
oil, 71% yield. 1H NMR (400 MHz, CDCl3) δ: 8.43 (d, J＝
4.0 Hz, 1H), 7.44 (t, J＝7.7 Hz, 1H), 7.33 (d, J＝8.0 Hz, 
2H), 7.23 (d, J＝8.2 Hz, 2H), 7.13 (d, J＝8.1 Hz, 1H), 6.97 
(t, J＝6.1 Hz, 1H), 4.39 (s, 2H); 13C NMR (100 MHz, 
CDCl3) δ: 158.1, 149.3, 136.8, 135.9, 132.7, 130.2, 128.5, 
122.1, 119.7, 33.5. HRMS (ESI) calcd for C12H11NSCl  
(M＋H)＋ 236.0301; found 236.0315. 

2-(Naphthalen-1-ylmethyl)thio)pyridine (3au):[10a] Col-
ourless oil, 61% yield. 1H NMR (400 MHz, CDCl3) δ: 
8.57～8.52 (m, 1H), 8.19 (d, J＝8.2 Hz, 1H), 7.87 (d, J＝
7.9 Hz, 1H), 7.78 (d, J＝8.2 Hz, 1H), 7.62 (d, J＝6.9 Hz, 
1H), 7.57～7.49 (m, 2H), 7.47～7.36 (m, 2H), 7.16 (d, J＝
8.0 Hz, 1H), 7.02 (t, J＝6.4 Hz, 1H), 4.96 (s, 2H); 13C 
NMR (100 MHz, CDCl3) δ: 159.0, 149.4, 135.9, 133.2, 
131.7, 128.7, 128.1, 127.5, 126.2, 125.8, 125.4, 123.9, 
122.2, 119.5, 32.2. HRMS (ESI) calcd for C16H14NS (M＋
H)＋ 252.0847; found 252.0862. 

2-(Benzylthio)-5-methylpyridine (3ba):[10a] Colourless 
oil, 82% yield. 1H NMR (400 MHz, CDCl3) δ: 8.30 (s, 
1H), 7.40 (d, J＝7.6 Hz, 2H), 7.29 (t, J＝7.2 Hz, 3H), 
7.24～7.20 (m, 1H), 7.06 (d, J＝8.1 Hz, 1H), 4.42 (s, 2H), 
2.26 (s, 3H); 13C NMR (100 MHz, CDCl3) δ: 155.2, 149.6, 
138.1, 136.9, 128.9, 128.4, 127.0, 121.7, 34.7, 17.8; MS 
(EI) m/z (%): 215 (100), 182 (100), 167 (28), 138 (46), 91 
(100), 65 (74), 53 (14). 

2-(Benzylthio)-4-methylpyridine (3ca):[10a] Colourless 
oil, 62% yield. 1H NMR (400 MHz, CDCl3) δ: 8.32 (d, J＝
5.1 Hz, 1H), 7.40 (d, J＝7.4 Hz, 2H), 7.29 (t, J＝7.4 Hz, 
2H), 7.23 (d, J＝7.2 Hz, 1H), 6.99 (s, 1H), 6.81 (d, J＝4.9 
Hz, 1H), 4.44 (s, 2H), 2.25 (s, 3H); 13C NMR (100 MHz, 
CDCl3) δ: 158.4, 148.9, 147.1, 138.0, 128.9, 128.4, 127.0, 
122.5, 121.0, 34.4, 20.8; MS (EI) m/z (%): 215 (82), 182 
(100), 181 (5), 154 (3), 138 (5), 91 (60), 65 (44), 53 (5). 

2-(Benzylthio)-5-chloropyridine (3da):[10a] Colourless 
oil, 77% yield. 1H NMR (400 MHz, CDCl3) δ: 8.42 (s, 
1H), 7.44～7.38 (m, 3H), 7.31 (t, J＝7.2 Hz, 2H), 7.25 (d, 
J＝6.5 Hz, 1H), 7.09 (d, J＝8.5 Hz, 1H), 4.41 (s, 2H); 13C 
NMR (100 MHz, CDCl3) δ: 156.9, 148.0, 137.6, 135.8, 
128.9, 128.5, 127.2, 122.6, 34.6; MS (EI) m/z (%): 235 
(35), 202 (58), 167 (7), 144 (3), 113 (3), 91 (100), 65 (26), 
51 (4). 

4-(Benzhydrylthio)pyridine (3ea):[10a] White solid, m.p. 
68～70 ℃, 58% yield. 1H NMR (400 MHz, CDCl3) δ: 
8.27 (d, J＝5.3 Hz, 2H), 7.44 (d, J＝7.4 Hz, 4H), 7.30 (t,  
J＝7.7 Hz, 4H), 7.26～7.19 (m, 2H), 6.99 (d, J＝5.9 Hz, 
2H), 5.76 (s, 1H); 13C NMR (100 MHz, CDCl3) δ: 149.21, 
148.68, 139.58, 128.93, 128.34, 127.81, 121.17, 54.34; MS 
(EI) m/z (%): 277 (49), 244 (5), 200 (2), 167 (100), 152 
(25), 115 (4), 99 (3), 63 (2), 51 (2). 

2-(Benzylthio)quinolone (3fa):[10a] Colourless oil, 37% 
yield. 1H NMR (400 MHz, CDCl3): δ 8.01 (d, J＝8.4 Hz, 
1H), 7.87 (d, J＝8.6 Hz, 1H), 7.73～7.65 (m, 2H), 7.51 (d, 
J＝7.0 Hz, 2H), 7.46～7.42 (m, 1H), 7.31 (t, J＝7.3 Hz, 

2H), 7.26～7.24 (m, 1H), 7.20 (d, J＝8.6 Hz, 1H), 4.64 (s, 
2H); 13C NMR (100 MHz, CDCl3) δ: 158.8, 148.2, 138.3, 
135.4, 129.6, 129.1, 128.4, 127.9, 127.6, 127.0, 126.0, 
125.2, 120.7, 33.9; MS (EI) m/z (%): 251 (24), 217 (38), 
174 (16), 160 (12), 129 (48), 116 (16), 102 (18), 91 (100), 
75 (14), 65 (46), 51 (14). 

2-(Benzylselanyl)pyridine (3ga):[10a] Colourless oil, 23% 
yield. 1H NMR (400 MHz, CDCl3) δ: 8.50 (d, J＝4.3 Hz, 
1H), 7.45～7.37 (m, 3H), 7.27 (t, J＝8.9 Hz, 3H), 7.20 (t,  
J＝7.2 Hz, 1H), 7.05 (t, J＝6.0 Hz, 1H), 4.47 (s, 2H); 13C 
NMR (100 MHz, CDCl3) δ: 155.6, 150.0, 139.0, 135.9, 
129.0, 128.5, 126.8, 125.4, 120.4, 29.3; MS (EI) m/z (%): 
249 (18), 168 (100), 91 (100), 65 (54), 51 (18). 
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