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三氟甲磺酸铜(II)催化的硫醇对烯酮的共轭加成反应 

张同飞    陈逸波    高振博* 
(南京农业大学理学院  南京 210095) 

摘要  硫醚是一类具有重要生物和生理活性的化合物, 常见于药物以及天然产物中, 其高效合成方法是有机化学研究

热点之一. 硫-共轭加成特别是有机小分子催化的加成反应的研究比较充分, 已被证明是一种合成硫醚分子的有效手

段. 然而, 科研工作者对于过渡金属催化的硫-共轭加成反应的研究相对较少, 仍需要大量探索. 本工作通过借助三氟

甲磺酸铜的催化, 实现了多类硫醇分子在环型、线型等多种迈克尔受体上的共轭加成反应, 高效合成了 42 种硫醚分子

(产率最高可达 99%). 该方法具有反应条件温和、底物广泛、操作简单以及产率优秀等众多优点, 为硫醚类分子的合成

提供了新的方法.  
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Cu(OTf)2 Catalyzed Conjugate Addition of Mercaptans to Enones 

Zhang, Tongfei    Chen, Yibo    Gao, Zhenbo* 
(College of Sciences, Nanjing Agricultural University, Nanjing 210095) 

Abstract  Thioether is a class of compounds with important biological and physiological activities, especially for drugs and 
natural products, and its efficient synthesis method is one of the research hotspots in organic chemistry. Thia-Michael addition, 
especially the addition catalyzed by small organic molecules has been widely proved to be an effective method for synthesizing 
thioether molecules. However, very few studies on transition metal-catalyzed thia-Michael addition have been published and 
further exploration in this area is needed. In this work, different types of thiol molecules have been effectively added to various 
cyclic and linear Michael acceptors through the catalysis of copper(II) triflate. To our delight, 42 kinds of sulfide molecules (up 
to 99% yield) have been efficiently synthesized. This method has many advantages such as mild reaction conditions, wide 
substrates, simple operation and excellent yield, providing a new method for the preparation of various thioether molecules. 
Keywords  copper catalysis; conjugate addition; mercaptan  

 
硫醚分子在自然界中广泛存在, 具有重要的生物生

理活性[1], 是药物分子设计中一种富有价值的分子工 
具[2], 广泛应用于香精香料的制作过程[3], 其合成研究

对于新型药物和香精香料等的研发具有重要意义.  
硫-迈克尔加成反应特别是通过有机小分子催化的

硫-迈克尔加成反应是合成 γ-羰基硫醚的一种有效手段, 
国内的科研工作者在这一领域做出了重要贡献[4-10], 其
通过多类小分子催化体系实现了硫醇与烯酮、硝基烯

烃、不饱和酯等多类迈克尔受体的手性加成或者外消旋

加成. 其中包括但不限于肖文精[4]、陈甫雪[5]和王春江课

题组[6]报道的硫脲分子催化剂, 何林[7]和黄湧课题组[8]

提出的卡宾小分子催化体系, 江智勇[9]和杜大明课题 
组[10]构建的四方酰胺催化体系等. 国外的 Wang[11]、

Singh[12-13]、Dixon[14]、Johnson[15]、Ender[16]、Takemoto
课题组[17]等也在小分子催化的硫醇对迈克尔受体的共

轭加成反应中做出了重要贡献.  
与小分子催化的硫醇对迈克尔受体的共轭加成反

应相比, 有关过渡金属催化的共轭加成反应的报道则较

少[18], 部分原因是硫原子对金属催化剂有毒化作用, 导
致催化反应难以进行. 目前, 过渡金属催化的手性加成

反应仅有几例的报道, 如 White 课题组[19]的铁金属催化

体系、Vaccaro 课题组[20]的钪金属催化体系、龚磊课题
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组[21]的铱金属催化体系和 2020 年谭蓉课题组[22]报道的

铁纳米粒子催化体系等. 过渡金属催化的外消旋加成反

应可以追溯到 1949 年 Kipnis 课题组[23]的工作, 之后的

发展主要分为两类: 一类是过渡金属与外消旋配体相结

合进行的催化反应[24-27], 另一类是直接使用过渡金属盐

进行催化反应 [28-30]. 其中 Chakraborti 课题组 [28]使用

Cu(BF4)2•xH2O, Yao 课题组[29]使用 FeCl3以及Ollevier课
题组[30]使用 Fe(OTf)2, 分别实现了外消旋的硫醇对迈克

尔受体的共轭加成反应(Scheme 1). 无配体的外消旋反

应避免了配体的合成工作, 降低了反应成本, 但这些催

化反应在适用的底物范围和反应的产率方面均有进一

步提升的空间. 这里发现了一种使用Cu(OTf)2的催化体

系(Scheme 1), 可在线型和环型等多类烯酮分子上加成

多种硫醇分子, 拓宽了外消旋硫醇对烯酮的共轭加成反

应中烯酮与硫醇的范围, 合成了多个新型 γ-羰基硫醚, 
同时进一步提高了反应产率.  

 

图式 1  过渡金属催化的硫-共轭加成反应 
Scheme 1  Transitional metal catalyzed sulfa-conjugate addi-
tions 

1  结果与讨论 

1.1  反应条件的优化 

选用反式-4-苯基-3-丁烯-2-酮(1a)和己硫醇(2a)的
加成反应作为模板反应, 对金属催化剂、反应溶剂等条

件进行了优化(表1). 在室温条件下, 用二氯甲烷作为溶

剂进行催化剂筛选, 发现在无催化剂的条件下, 反应无

法自动发生(Entry 1). 接着尝试了 Ru、Pd、Zr、Rh 等金

属催化剂, 均没有产物生成(Entries 2～5). 随后研究转

向了加成反应中常见的金属Cu, 经过多重尝试, 发现在

Cu(OTf)2 作为催化剂的反应体系中, 反应产率可以达到

81%(Entries 6～11). 之后又筛选了 N,N-二甲基甲酰胺

(DMF)、四氢呋喃(THF)、Et2O、MeCN、EtOH、MeOH
等溶剂, 均没有得到更优秀的产率(Entries 12～17). 因
此, 选用 Cu(OTf)2 (10 mol%)作为催化剂, 以二氯甲烷

作为反应溶剂, 在室温下进行反应的进一步探究.  

表 1  反应条件优化 
Table 1  Optimization of reaction conditions 

 
Entrya Catalyst Solvent Yield/%b 

1 None DCM 0 
2c [Ru(p-cymene)Cl2]2 DCM Tiny 
3c PdCl2(PPh3)2 DCM 0 
4c Cp2ZrCl2 DCM 0 
5c Rh2(OAc)4 DCM 0 
6 Cu2(OH)2CO3 DCM 0 
7 CuI DCM 0 
8 CuCl DCM Tiny 
9 CuSCN DCM 0 

10 Cu(OAc)2•H2O DCM 0 
11 Cu(OTf)2 DCM 81 
12 Cu(OTf)2 DMF 0 
13 Cu(OTf)2 THF 72 
14 Cu(OTf)2 Et2O 74 
15 Cu(OTf)2 MeCN 72 
16 Cu(OTf)2 EtOH 36 
17 Cu(OTf)2 MeOH 63 

a All reactions were carried out with 0.2 mmol of 1 and 2, 10 mol% of catalyst 
in 1 mL of solvent at room temperature for 12 h; b Isolated yield; c 5 mol% 
catalyst was applied. 

1.2  底物普适性研究 

1.2.1  硫醇底物范围的研究 
底物的普适性研究中, 选择了加成反应中最常见的

查尔酮 1b 作为硫醇底物范围研究中的标准烯酮. 首先

尝试了只带有烷烃基的硫醇, 发现己硫醇的产率最高, 
达到 97% (Scheme 2, 3b), 而且增加硫醇上烷烃基长度

仍可实现较高产率(3c, 87%), 即便是加成过程中空间位

阻较大的 2-丙硫醇, 也可以达到 82%的产率(3d). 随后, 
在硫醇上引入苯基(3e)、对甲氧苯基(3f)、邻氯苯基(3g)、 
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图式 2  硫醇底物范围 
Scheme 2  Thiol substrate scope 

2-呋喃基(3h)、不饱和碳碳双键(3i)等基团, 均取得了较

高的收率, 显示了该方法对硫醇分子体积以及官能团的

高兼容性. 
1.2.2  烯酮底物范围的研究 

接着对其他线型烯酮底物进行了探索研究(Scheme 
3), 鉴于氯原子在有机反应中的广泛应用, 使用 2-氯苄

硫醇(2b)作为模板硫醇.  
通过改变底物 1 中 R2和 R3取代基, 在 13 种烯酮底

物上进行了拓展研究. 首先对烷基取代的烯酮进行尝

试, 均取得 90%左右的产率(3j～3l); 之后对芳基取代的

烯酮进行探索, 在苯基(3m, 90%)、对甲苯基(3n, 95%)、
对氯苯基(3o, 97%)、对溴苯基(3p, 93%)、对乙氧苯基(3q, 
71%)取代的烯酮上均取得较好收率. 对于三取代烯酮

也适用, 得到中等产率(3r, 52%). 实验发现引入卤原子

氟和氯的查尔酮衍生物与 2b 进行反应, 均取得 90%以

上的产率(3s 和 3t), 引入甲氧基等供电子基团会导致产

率下降(3u, 76%). 惊喜的是, 羟基查尔酮也可以参与反

应, 取得 62%产率(3v).  
1.2.3  查尔酮衍生物反应的研究 

鉴于查尔酮及其衍生物在医药中的重要作用, 进一

步探索了查尔酮衍生物上硫醇的加成效果(Scheme 4). 
在多种衍生物中顺利引入了多个具有烷烃取代基的硫

醇(3w, 3x, 3za, 3zb, 3zd), 对于大位阻的环己基硫醇也

可以取得 80%的产率. 多个带有芳香环的硫醇也被顺利

加成到查尔酮衍生物上, 得到较好的产率(3y, 3zc, 3ze, 

3zf).  
1.2.4  硫醇分子大小对反应的影响 

同时还研究了不同体积的硫醇分子对反应活性的

影响. 选取反式-4-苯基-3-丁烯-2-酮和 3-戊烯-2-酮两种

常见烯酮作为研究目标, 分别与几种体积不同的硫醇反

应, 对比其结果, 发现在反式-4-苯基-3-丁烯-2-酮上加

成 2-丙硫醇和苯硫代乙醇两种体积差异较大的硫醇时, 
几乎没有产率的差异(Scheme 5, 3zg, 76%; 3zh, 77%); 
而对于 3-戊烯-2-酮, 不同体积的硫醇对反应影响较大, 
对于大位阻的硫醇, 3zi 只有 52%的收率, 而对于线型的

硫醇, 产率为 86% (3zj)和 90% (3zk). 造成该差异的部

分原因可能是反应烯醇底物中芳香环电子参与了共轭, 
从而降低了反应活性. 体积大的硫醇由于空间位阻, 其
反应活性低于体积小的硫醇, 对于活性较好的烯酮底

物, 硫醇活性的差异对反应产率影响明显; 而对于活性

稍差的烯酮底物中, 硫醇活性的差异对反应产率影响不

明显. 
1.2.5  环型烯酮底物的探索 

将催化体系应用到环型烯酮底物中, 探索了环己烯

酮和环戊烯酮两种受体的反应情况(Scheme 6). 对于六

元环的烯酮, 尝试了具有烷烃基和芳香基团的硫醇, 取
得了 80%以上的产率(5a～5d). 对于五元环烯酮, 目前

的反应体系只能取得中等的结果(5e～5f), 尝试了己硫

醇(2a)和 2-氯苄硫醇(2b)两种硫醇进行加成反应, 分别

取得了 37%和 61%的产率, 低于线型烯酮底物的一般结  
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图式 3  线型烯酮底物范围 
Scheme 3  Linear enone substrate scope 
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图式 4  查尔酮衍生物的加成反应 

Scheme 4  Additions on chalcone derivatives 
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图式 5  空间位阻对反应的影响 
Scheme 5  Effects of steric hindrance on reactions 

果. 目前, 对于环型底物的反应条件还在进一步的优化

中.  
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图式 6  环型烯酮的加成 
Scheme 6  Additions on cyclic enones 

2  结论 

发现了一种铜金属催化的硫醇对烯酮的共轭加成

反应, 仅使用 10 mol%的 Cu(OTf)2作为催化剂, 以二氯

甲烷作为反应溶剂, 在多种线型烯酮和环型烯酮上实现

多类硫醇的外消旋共轭加成. 其中, 大部分 γ-羰基硫醚

产率达到 80%以上; 同时在未经进一步优化的情况下, 
叔硫醚的产率也超过 50%. 在广泛的底物拓展研究中发

现: 本方法的溶剂兼容性较好, 不仅可以使用卤代烃作

为溶剂, 而且使用多种醚类作为反应溶剂, 也能保证较

高产率. 反应物硫醇的官能团兼容性好, 囊括了芳基、

卤素原子、甲氧基、不饱和碳碳双键等多种官能团. 此
外, 多种带官能团的烯酮底物也适用于此体系, 取得较

高产率. 下一步, 将研究不对称催化的硫-共轭加成反

应, 通过引入手性配体, 高效合成手性硫醚, 为有机硫

化学提供更多更好的合成手性 γ-羰基硫醚的方法.  

3  实验部分 

3.1  仪器与试剂 
1H NMR和 13C NMR用 JEOL ECZ500R核磁共振波

谱仪(内标为 TMS, 溶剂为 CDCl3)测定, 熔点使用上海

申光 WRS-1B 数字熔点仪测定, MS 使用 Bruker Micro 
TOF ESI 高分辨质谱仪测定. 试剂均从阿拉丁、安耐吉、

伊诺凯等试剂公司购买, 未经进一步纯化处理. 分离纯

化化合物用 200～300 目硅胶(青岛海洋化工生产), 沸点

60～90 ℃的石油醚(上海凌峰)与精馏级乙酸乙酯(上海

凌峰).  

3.2  实验方法 

3.2.1  化合物 3a～3ze 和 5a～5f 的合成 
以 3a 为例, 用烘箱将反应用试管烘至滚烫以除去

水汽, 迅速抽真空后氮气保护. 待冷却后向氮气保护的

试管中依次加入 Cu(OTf)2 (7.2 mg, 0.02 mmol), 二氯甲

烷(1 mL), 反式-4-苯基-3-丁烯-2-酮(29.2 mg, 0.2 mmol)
和己硫醇(23.6 mg, 0.2 mmol), 反应 12 h. 反应结束后, 
加入 2 mL 饱和氯化铵溶液淬灭反应, 用乙酸乙酯萃取

(10 mL×3), 合并有机相, 用无水 Na2SO4干燥, 减压浓

缩后的混合物经硅胶柱柱层析(石油醚/乙酸乙酯为洗脱

剂)得到最终产物 3a 42.7 mg, 产率 81%.  
产物 3h、3r、3v、3x、3zd、3zf、3zi、5e、5f 的反

应时间为 15 h, 其余产物的反应时间均为 12 h.  
4-(己基硫基)-4-苯基丁烷-2-酮(3a)[31]: 淡黄色油状

液体(42.7 mg, 产率 81%). 1H NMR (500 MHz, CDCl3) δ: 
7.38～7.25 (m, 4H, ArH), 7.27～7.17 (m, 1H, ArH), 4.31 
(t, J＝7.3 Hz, 1H, CHS), 2.97 (d, J＝7.3 Hz, 2H, CH2CO), 
2.40～2.16 (m, 2H, CH2S), 2.08 (s, 3H, COCH3), 1.56～
1.36 (m, 2H, CH2CH2S), 1.38～1.11 (m, 6H, CH3CH2- 
CH2CH2), 0.85 (t, J＝7.1 Hz, 3H, CH3CH2); 13C NMR 
(126 MHz, CDCl3) δ: 205.7, 142.1, 128.6 (2C), 127.8 (2C), 
127.3, 50.2, 44.2, 31.4 (2C), 30.8, 29.2, 28.6, 22.6, 14.1; 
HRMS (ESI) calcd for C16H25OS [M＋H]＋  265.1621, 
found 265.1621.  

3-(己基硫基)-1,3-二苯基丙烷-1-酮(3b): 淡黄色油

状液体(63.1 mg, 产率 97%). 1H NMR (500 MHz, CDCl3) 
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δ: 7.93～7.88 (m, 2H, ArH), 7.56～7.50 (m, 1H, ArH), 
7.46～7.38 (m, 4H, ArH), 7.29 (dd, J＝8.4, 6.9 Hz, 2H, 
ArH), 7.23～7.17 (m, 1H, ArH), 4.55 (t, J＝7.0 Hz, 1H, 
CHS), 3.53 (dd, J＝7.1, 2.2 Hz, 2H, CH2CO), 2.42～2.23 
(m, 2H, CH2S), 1.57～1.41 (m, 2H, CH2CH2S), 1.35～
1.13 (m, 6H, CH3CH2CH2CH2), 0.90～ 0.80 (m, 3H, 
CH3CH2); 13C NMR (126 MHz, CDCl3) δ: 197.1, 142.4, 
136.9, 133.3, 128.7 (2C), 128.6 (2C), 128.2 (2C), 128.0 
(2C), 127.3, 45.5, 44.4, 31.6, 31.4, 29.2, 28.6, 22.6, 14.1; 
HRMS (ESI) calcd for C21H27OS [M＋H]＋  327.1777, 
found 327.1777. 

3-(十二烷基硫基)-1,3-二苯基丙烷-1-酮(3c): 淡黄

色固体(71.7 mg, 产率 87%), m.p. 54.1～56.4 ℃. 1H 
NMR (500 MHz, CDCl3) δ: 7.94～7.88 (m, 2H, ArH), 
7.58～7.51 (m, 1H, ArH), 7.47～7.38 (m, 4H, ArH), 7.30 
(dd, J＝8.4, 6.9 Hz, 2H, ArH), 7.24～7.18 (m, 1H, ArH), 
4.55 (t,  J＝7.0 Hz, 1H, CHS), 3.61～3.46 (m, 2H, 
CH2CO), 2.41～2.22 (m, 2H, CH2S), 1.56～1.39 (m, 2H, 
CH2CH2S), 1.32～1.16 (m, 18H, CH3(CH2)9), 0.88 (t, J＝
6.9 Hz, 3H, CH2CH3); 13C NMR (126 MHz, CDCl3) δ: 
197.1, 142.4, 136.9, 133.3, 128.7 (2C), 128.6 (2C), 128.2 
(2C), 127.9 (2C), 127.3, 45.5, 44.4, 32.0, 31.6, 29.7, 29.7 
(2C), 29.6, 29.4, 29.3, 29.2, 28.9, 22.8, 14.2; HRMS (ESI) 
calcd for C27H39OS [M＋H]＋ 411.2716, found 411.2722. 

3-(异丙基硫基)-1,3-二苯基丙烷-1-酮(3d)[27]: 淡黄

色油状液体(46.5 mg, 产率 82%). 1H NMR (500 MHz, 
CDCl3) δ: 7.92～7.88 (m, 2H, ArH), 7.56～7.50 (m, 1H, 
ArH), 7.47～7.39 (m, 4H, ArH), 7.29 (dd, J＝8.4, 6.9 Hz, 
2H, ArH), 7.23～7.17 (m, 1H, ArH), 4.63 (t, J＝7.0 Hz, 
1H, PhCHS), 3.56～3.45 (m, 2H, CH2CO), 2.63 (hept, J＝
6.7 Hz, 1H, CH3CHS), 1.27 (d, J＝6.6 Hz, 3H, CH3CH), 
1.12 (d, J＝6.9 Hz, 3H, CH3CH); 13C NMR (126 MHz, 
CDCl3) δ: 197.1, 142.8, 136.9, 133.3, 128.7 (2C), 128.6 
(2C), 128.2 (2C), 127.9 (2C), 127.2, 45.8, 43.5, 34.7, 23.5, 
23.1; HRMS (ESI) calcd for C18H21OS [M ＋ H] ＋ 
285.1308, found 285.1301. 

3-(苯乙硫基)-1,3-二苯基丙烷-1-酮(3e)[32]: 白色固

体(59.1 mg, 产率 85%), m.p. 87.0～87.5 ℃. 1H NMR 
(500 MHz, CDCl3) δ: 7.92～7.88 (m, 2H, ArH), 7.56～
7.51 (m, 1H, ArH), 7.46～7.38 (m, 4H, ArH), 7.30 (dd, J＝
8.4, 6.9 Hz, 2H, ArH), 7.26～7.14 (m, 4H, ArH), 7.09～
7.04 (m, 2H, ArH), 4.60 (t, J＝7.0 Hz, 1H, CHS), 3.58～
3.48 (m, 2H, CH2CO), 2.84～2.68 (m, 2H, CH2S), 2.64～
2.51 (m, 2H, CH2CH2S); 13C NMR (126 MHz, CDCl3) δ: 
197.0, 142.2, 140.6, 136.9, 133.4, 128.7 (2C), 128.7 (2C), 

128.6 (2C), 128.5 (2C), 128.2 (2C), 128.1 (2C), 127.5, 
126.4, 45.5, 44.5, 36.0, 33.0; HRMS (ESI) calcd for 
C23H23OS [M＋H]＋ 347.1464, found 347.1462. 

3-((4-甲氧基苄基)硫代)-1,3-二苯丙-1-酮(3f)[33]: 淡
黄色油状液体(65.2 mg, 产率 90%). 1H NMR (500 MHz, 
CDCl3) δ: 7.88～7.81 (m, 2H, ArH), 7.56～7.48 (m, 1H, 
ArH), 7.44～7.35 (m, 4H, ArH), 7.34～7.28 (m, 2H, ArH), 
7.26～7.18 (m, 1H, ArH), 7.15～7.09 (m, 2H, ArH), 
6.83～6.77 (m, 2H, ArH), 4.44 (dd, J＝8.0, 6.2 Hz, 1H, 
CHS), 3.78 (s, 3H, OCH3), 3.56～3.50 (m, 2H, CH2S), 
3.49～3.43 (m, 2H, CH2CO); 13C NMR (126 MHz, CDCl3) 
δ: 196.9, 158.7, 142.0, 136.8, 133.3, 130.1 (2C), 129.9, 
128.7 (2C), 128.6 (2C), 128.2 (4C), 127.4, 113.9 (2C), 
55.4, 45.4, 44.2, 35.4; HRMS (ESI) calcd for C23H23O2S 
[M＋H]＋ 363.1414, found 363.1410. 

3-((2-氯苄基)硫代)-1,3-二苯丙-1-酮(3g): 白色固体

(69.1 mg, 产率 94%), m.p. 88.0～89.1 ℃. 1H NMR (500 
MHz, CDCl3) δ: 7.88～7.84 (m, 2H, ArH), 7.55～7.50 (m, 
1H, ArH), 7.44～7.38 (m, 4H, ArH), 7.33～7.28 (m, 3H, 
ArH), 7.24～7.19 (m, 2H, ArH), 7.17～7.12 (m, 2H, ArH), 
4.55 (dd, J＝8.1, 6.0 Hz, 1H, CHS), 3.66 (s, 2H, CH2S), 
3.60～3.46 (m, 2H, CH2CO); 13C NMR (126 MHz, CDCl3) 
δ: 196.8, 141.7, 136.8, 135.7, 134.2, 133.3, 130.8, 129.8, 
128.7 (4C), 128.5, 128.2 (2C), 128.2 (2C), 127.5, 126.9, 
45.4, 44.7, 33.6; HRMS (ESI) calcd for C22H20ClOS [M＋

H]＋ 367.0918, found 367.0913. 
3-((呋喃 -2-基甲基 )硫代 )-1,3-二苯基丙烷 -1-酮

(3h)[33]: 棕色油状液体(41.8 mg, 产率 65%). 1H NMR 
(500 MHz, CDCl3) δ: 7.89～7.84 (m, 2H, ArH), 7.57～
7.50 (m, 1H, ArH), 7.46～7.38 (m, 4H, ArH), 7.34～7.28 
(m, 3H, ArH), 7.26～7.19 (m, 1H, OCH), 6.28 (dd, J＝3.2, 
1.8 Hz, 1H, OCHCH), 6.11 (dd, J＝3.2, 0.8 Hz, 1H, OC＝
CH), 4.57 (dd, J＝8.3, 5.9 Hz, 1H, CHS), 3.62～3.53 (m, 
2H, CH2S), 3.53～3.44 (m, 2H, CH2CO); 13C NMR (126 
MHz, CDCl3) δ: 196.7, 151.4, 142.2, 141.5, 136.8, 133.3, 
128.7 (2C), 128.7 (2C), 128.2 (2C), 128.2 (2C), 127.5, 
110.5, 107.7, 45.1, 44.2, 28.0; HRMS (ESI) calcd for 
C20H19O2S [M＋H]＋ 323.1101, found 323.1103. 

3-(烯丙基硫基)-1,3-二苯基丙烷-1-酮(3i)[34]: 淡黄

色油状液体(41.1 mg, 产率 73%). 1H NMR (500 MHz, 
CDCl3) δ: 7.93～7.87 (m, 2H, ArH), 7.58～7.51 (m, 1H, 
ArH), 7.45～7.39 (m, 4H, ArH), 7.32～7.28 (m, 2H, ArH), 
7.23～7.19 (m, 1H, ArH), 5.84～5.67 (m, 1H, CHCH2S), 
5.12～4.99 (m, 2H, CH2CHCH2), 4.54 (t, J＝7.1 Hz, 1H, 
CHS), 3.60～3.47 (m, 2H, CH2CO), 3.04～2.89 (m, 2H, 
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CH2S); 13C NMR (126 MHz, CDCl3) δ: 196.9, 142.0, 
136.9, 134.2, 133.3, 128.7 (2C), 128.6 (2C), 128.2 (2C), 
128.2 (2C), 127.4, 117.5, 45.4, 43.5, 34.5; HRMS (ESI) 
calcd for C18H19OS [M＋H]＋ 283.1151, found 283.1147. 

4-((2-氯苄基)硫代)戊烷-2-酮(3j): 淡黄色油状液体

(46.3 mg, 产率 96%). 1H NMR (500 MHz, CDCl3) δ: 
7.41～7.34 (m, 2H, ArH), 7.25～7.16 (m, 2H, ArH), 3.88 
(s, 2H, CH2S), 3.24 (p, J＝7.0 Hz, 1H, CHS), 2.80～2.51 
(m, 2H, CH2CO), 2.11 (s, 3H, COCH3), 1.30 (d, J＝6.7 Hz, 
3H, CH3CH); 13C NMR (126 MHz, CDCl3) δ: 206.6, 
136.2, 134.0, 130.9, 129.8, 128.6, 127.0, 50.9, 35.4, 32.9, 
30.6, 21.6; HRMS (ESI) calcd for C12H16ClOS [M＋H]＋ 
243.0605, found 243.0606. 

5-((2-氯苄基)硫代)己烷-3-酮(3k): 淡黄色油状液体

(50.8 mg, 产率 99%). 1H NMR (500 MHz, CDCl3) δ: 7.35 
(ddd, J＝14.2, 7.6, 1.8 Hz, 2H, ArH), 7.23～7.14 (m, 2H, 
ArH), 3.85 (s, 2H, CH2S), 3.24 (dqd, J＝8.2, 6.7, 5.7 Hz, 
1H, CHS), 2.74～2.48 (m, 2H, CHCH2CO), 2.37 (qd, J＝
7.3, 5.5 Hz, 2H, CH3CH2CO), 1.27 (d, J＝6.7 Hz, 3H, 
CHCH3), 1.02 (t, J＝7.3 Hz, 3H, CH2CH3); 13C NMR (126 
MHz, CDCl3) δ: 209.4, 136.2, 133.9, 130.9, 129.8, 128.6, 
127.0, 49.7, 36.7, 35.5, 33.0, 21.7, 7.7; HRMS (ESI) calcd 
for C13H18ClOS [M＋H]＋ 257.0762, found 257.0760. 

4-((2-氯苄基)硫代)-6-苯基己-2-酮(3l): 淡黄色油状

液体(58.9mg, 产率 89%). 1H NMR (500 MHz, CDCl3) δ: 
7.37～7.31 (m, 2H, ArH), 7.27～7.23 (m, 2H, ArH), 
7.22～7.14 (m, 3H, ArH), 7.12～7.08 (m, 2H, ArH), 
3.89～3.79 (m, 2H, CH2S), 3.10 (dtd, J＝8.3, 6.9, 5.1 Hz, 
1H, CHS), 2.81～2.56 (m, 4H, CH2Ph, CH2CO), 2.06 (s, 
3H, COCH3), 1.90～1.73 (m, 2H, CH2CHS); 13C NMR 
(126 MHz, CDCl3) δ: 206.9, 141.7, 136.2, 134.0, 131.2, 
129.9, 128.7, 128.6(2C), 128.5(2C), 127.1, 126.1, 49.9, 
40.4, 36.9, 33.1, 33.0, 30.7; HRMS (ESI) calcd for 
C19H22ClOS [M＋H]＋ 333.1075, found 333.1080. 

4-((2-氯苄基)硫代)-4-苯基丁烷-2-酮(3m): 淡黄色

油状液体(54.7 mg, 产率 90%). 1H NMR (500 MHz, 
CDCl3) δ: 7.36 (dd, J＝8.0, 1.6 Hz, 2H, ArH), 7.34～7.29 
(m, 3H, ArH), 7.28～7.13 (m, 4H, ArH), 4.31 (t, J＝7.3 
Hz, 1H, CHS), 3.61 (d, J＝1.9 Hz, 2H, CH2CO), 3.03～
2.90 (m, 2H, CH2S), 2.03 (s, 3H, COCH3); 13C NMR (126 
MHz, CDCl3) δ: 205.4, 141.5, 135.7, 134.1, 130.8, 129.8, 
128.7 (2C), 128.5, 128.1 (2C), 127.6, 126.9, 50.1, 44.5, 
33.5, 30.7; HRMS (ESI) calcd for C17H18ClOS [M＋H]＋

305.0762, found 305.0762. 
4-((2-氯苄基)硫代)-4-(对甲苯基)丁-2-酮(3n): 淡黄

色油状液体(60.6 mg, 产率 95%). 1H NMR (500 MHz, 
CDCl3) δ: 7.34～7.30 (m, 1H, ArH), 7.27～7.23 (m, 2H, 
ArH), 7.22～7.19 (m, 1H, ArH), 7.19～7.15 (m, 2H, ArH), 
7.14～7.10 (m, 2H, ArH), 4.27 (dd, J＝8.0, 6.6 Hz, 1H, 
CHS), 3.64～3.54 (m, 2H, CH2S), 3.01～2.89 (m, 2H, 
CH2CO), 2.32 (s, 3H, CCH3), 2.02 (s, 3H, COCH3); 13C 
NMR (126 MHz, CDCl3) δ: 205.6, 138.4, 137.3, 135.8, 
134.2, 130.8, 129.8, 129.4(2C), 128.5, 128.0(2C), 126.9, 
50.1, 44.1, 33.4, 30.8, 21.3; HRMS (ESI) calcd for 
C18H20ClOS [M＋H]＋ 319.0918, found 319.0920. 

4-((2-氯苄基)硫代)-4-(4-氯苯基)丁-2-酮(3o): 淡黄

色油状液体(65.4 mg, 产率 97%). 1H NMR (500 MHz, 
CDCl3) δ: 7.35～7.25 (m, 5H, ArH), 7.21～7.15 (m, 3H, 
ArH), 4.27 (t, J＝7.2 Hz, 1H, CHS), 3.64～3.54 (m, 2H, 
CH2S), 2.93 (d, J＝7.3 Hz, 2H, CH2CO), 2.04 (s, 3H, 
COCH3); 13C NMR (126 MHz, CDCl3) δ: 205.1, 140.2, 
135.4, 134.1, 133.1, 130.8, 129.9, 129.5(2C), 128.9(2C), 
128.7, 126.9, 50.0, 43.6, 33.5, 30.7; HRMS (ESI) calcd for 
C17H17Cl2OS [M＋H]＋ 339.0372, found 339.0370. 

4-(4-溴苯基)-4-((2-氯苄基)硫代)丁-2-酮(3p): 淡黄

色油状液体(71.2 mg, 产率 93%). 1H NMR (500 MHz, 
CDCl3) δ: 7.44～7.41 (m, 2H, ArH), 7.34～7.30 (m, 1H, 
ArH), 7.26～7.23 (m, 2H, ArH), 7.19～7.15 (m, 3H, ArH), 
4.26 (t, J＝7.2 Hz, 1H, CHS), 3.64～3.55 (m, 2H, CH2S), 
2.93 (d, J＝7.3 Hz, 2H, CH2CO), 2.04 (s, 3H, COCH3); 
13C NMR (126 MHz, CDCl3) δ: 205.0, 140.7, 135.4, 134.1, 
131.8(2C), 130.8, 129.9(3C), 128.7, 126.9, 121.3, 49.9, 
43.7, 33.5, 30.7; HRMS (ESI) calcd for C17H17BrClOS  
[M＋H]＋ 382.9867, found 382.9865. 

4-((2-氯苄基)硫代)-4-(4-乙氧基苯基)丁-2-酮(3q): 
淡黄色油状液体(49.5 mg, 产率 71%). 1H NMR (500 
MHz, CDCl3) δ: 7.35～7.30 (m, 1H, ArH), 7.29～7.25 (m, 
2H, ArH), 7.22～7.13 (m, 3H, ArH), 6.86～6.81 (m, 2H, 
ArH), 4.26 (dd, J＝8.2, 6.5 Hz, 1H, CHS), 4.02 (q, J＝7.0 
Hz, 2H, CH2S), 3.64～3.54 (m, 2H, CH2CH3), 3.00～2.87 
(m, 2H, CH2CO), 2.02 (s, 3H, COCH3), 1.41 (t, J＝7.0 Hz, 
3H, CH2CH3); 13C NMR (126 MHz, CDCl3) δ: 158.3, 
135.8, 134.1, 133.1, 130.8, 129.8, 129.2(2C), 128.5, 126.9, 
114.6(2C), 63.5, 50.2, 43.9, 33.4, 30.8, 15.0; HRMS (ESI) 
calcd for C19H21ClO2SNa [M＋Na]＋  371.0843, found 
371.0846. 

4-((2-氯苄基)硫代)-4-苯基戊烷-2-酮(3r): 淡黄色油

状液体(33.2 mg, 产率 52%). 1H NMR (500 MHz, CDCl3) 
δ: 7.58～7.54 (m, 2H, ArH), 7.37～7.32 (m, 2H, ArH), 
7.30～7.22 (m, 2H, ArH), 7.15～7.03 (m, 3H, ArH), 3.63 
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(d, J＝11.9 Hz, 1H, CH2S), 3.41 (d, J＝11.9 Hz, 1H, 
CH2S), 3.30 (d, J＝15.2 Hz, 1H, CH2CO), 2.97 (d, J＝15.2 
Hz, 1H, CH2CO), 1.95 (s, 3H, COCH3), 1.92 (s, 3H, 
CCH3); 13C NMR (126 MHz, CDCl3) δ: 205.6, 143.5, 
135.4, 134.1, 131.2, 129.7, 128.5, 128.4 (2C), 127.1, 127.0 
(2C), 126.9, 55.0, 50.4, 31.9, 31.5, 26.1; HRMS (ESI) 
calcd for C18H20ClOS [M ＋ H] ＋  319.0918, found 
319.0924. 

3-((2-氯苄基)硫代)-1-(4-氟苯基)-3-苯基丙烷-1-酮
(3s): 淡黄色油状液体(70.7 mg, 产率 92%). 1H NMR 
(500 MHz, CDCl3) δ: 7.92～7.85 (m, 2H, ArH), 7.44～
7.40 (m, 2H, ArH), 7.34～7.28 (m, 3H, ArH), 7.28～7.20 
(m, 2H, ArH), 7.19～7.13 (m, 2H, ArH), 7.11～7.04 (m, 
2H, ArH), 4.52 (dd, J＝8.0, 6.1 Hz, 1H, CHS), 3.65 (d, J＝
1.6 Hz, 2H, CH2S), 3.56～3.42 (m, 2H, CH2CO); 13C 
NMR (126 MHz, CDCl3) δ: 195.3, 165.9 (d, J＝255.0 Hz), 
141.6, 135.7, 134.2, 133.2, 130.9～130.7 (3C) (m), 129.8, 
128.7 (2C), 128.5, 128.2 (2C), 127.6, 126.9, 115.9, 115.7, 
45.3, 44.7, 33.6; 19F NMR (471 MHz, CDCl3) δ: －104.6 
(m, 1F); HRMS (ESI) calcd for C22H19ClFOS [M＋H]＋ 
385.0824, found 385.0824. 

3-((2-氯苄基)硫代)-1-(4-氯苯基)-3-苯丙-1-酮(3t): 
淡黄色油状液体(73.8 mg, 产率 92%). 1H NMR (500 
MHz, CDCl3) δ: 7.81～7.76 (m, 2H, ArH), 7.44～7.35 (m, 
4H, ArH), 7.33～7.28 (m, 3H, ArH), 7.26～7.19 (m, 2H, 
ArH), 7.15 (dd, J＝5.9, 3.5 Hz, 2H, ArH), 4.51 (dd, J＝
8.0, 6.1 Hz, 1H, CHS), 3.65 (d, J＝2.4 Hz, 2H, CH2S), 
3.54～3.41 (m, 2H, CH2CO); 13C NMR (126 MHz, CDCl3) 
δ: 195.7, 141.5, 139.8, 135.6, 135.1, 134.2, 130.8, 129.8, 
129.6 (2C), 129.0 (2C), 128.7 (2C), 128.5, 128.1 (2C), 
127.6, 126.9, 45.4, 44.7, 33.6; HRMS (ESI) calcd for 
C22H19Cl2OS [M＋H]＋ 401.0528, found 401.0533. 

3-((2-氯苄基)硫代)-3-(4-甲氧基苯基)-1-苯基丙烷- 
1-酮(3u): 淡黄色固体(60.3 mg, 产率 76%), m.p. 102.8～
103.6 ℃. 1H NMR (500 MHz, CDCl3) δ: 7.88～7.83 (m, 
2H, ArH), 7.55～7.50 (m, 1H, ArH), 7.44～7.38 (m, 2H, 
ArH), 7.36～7.29 (m, 3H, ArH), 7.27～7.21 (m, 1H, ArH), 
7.20～7.11 (m, 2H, ArH), 6.86～6.80 (m, 2H, ArH), 4.52 
(dd, J＝8.4, 5.7 Hz, 1H, CHS), 3.78 (s, 3H, OCH3), 3.65 
(d, J＝2.2 Hz, 2H, CH2S), 3.58～3.42 (m, 2H, CH2CO); 
13C NMR (126 MHz, CDCl3) δ: 197.0, 158.8, 136.8, 135.8, 
134.2, 133.6, 133.3, 130.8, 129.8, 129.3 (2C), 128.7 (2C), 
128.5, 128.2 (2C), 126.9, 114.0 (2C), 55.4, 45.5, 44.2, 
33.6; HRMS (ESI) calcd for C23H22ClO2S [M＋H] ＋ 
397.1024, found 397.1022. 

3-((2-氯苄基)硫代)-1-(2-羟基苯基)-3-苯基丙烷-1-
酮(3v): 淡黄色油状液体(47.3 mg, 产率 62%). 1H NMR 
(500 MHz, CDCl3) δ: 12.04 (s, 1H, PhOH), 7.67 (dd, J＝
8.1, 1.6 Hz, 1H, ArH), 7.47～7.38 (m, 3H, ArH), 7.34～
7.29 (m, 3H, ArH), 7.27～7.20 (m, 2H, ArH), 7.19～7.13 
(m, 2H, ArH), 6.93 (dd, J＝8.4, 1.2 Hz, 1H, ArH), 6.90～
6.82 (m, 1H, ArH), 4.51 (dd, J＝7.9, 6.2 Hz, 1H, CHS), 
3.66 (s, 2H, CH2S), 3.61～3.49 (m, 2H, CH2CO); 13C 
NMR (126 MHz, CDCl3) δ: 202.7, 162.5, 141.3, 136.7, 
135.6, 134.2, 130.8, 129.8 (2C), 128.8 (2C), 128.6, 128.1 
(2C), 127.7, 126.9, 119.4, 119.1, 118.6, 44.9, 44.6, 33.6; 
HRMS (ESI) calcd for C22H20ClO2S [M＋H]＋ 383.0867, 
found 383.0860. 

1-(4-氟苯基)-3-(己基硫基)-3-苯丙-1-酮(3w): 淡黄

色油状液体(58.0 mg, 产率 84%). 1H NMR (500 MHz, 
CDCl3) δ: 7.96～7.90 (m, 2H, ArH), 7.44～7.38 (m, 2H, 
ArH), 7.35～7.27 (m, 2H, ArH), 7.25～7.18 (m, 1H, ArH), 
7.14～7.06 (m, 2H, ArH), 4.52 (t, J＝7.1 Hz, 1H, CHS), 
3.54～3.44 (m, 2H, CH2CO), 2.46～2.17 (m, 2H, CH2S), 
1.57～1.38 (m, 2H, CH2CH2S), 1.34～ 1.13 (m, 6H, 
CH2CH2CH2CH3), 0.85 (t, J＝7.1 Hz, 3H, CH2CH3); 13C 
NMR (126 MHz, CDCl3) δ: 195.6, 165.9 (d, J＝255.0 Hz), 
142.3, 133.4 (d, J＝4.0 Hz), 130.9 (2C) (d, J＝9.7 Hz), 
128.6 (2C), 127.9 (2C), 127.3, 115.9, 115.7, 45.5, 44.4, 
31.6, 31.4, 29.2, 28.6, 22.6, 14.1; 19F NMR (471 MHz, 
CDCl3) δ: － 104.7 (m, 1F); HRMS (ESI) calcd for 
C21H26FOS [M＋H]＋ 345.1683, found 345.1678. 

1-(4-氟苯基)-3-(异丙基硫基)-3-苯基丙烷-1-酮(3x): 
淡黄色油状液体(42.0 mg, 产率 70%). 1H NMR (500 
MHz, CDCl3) δ: 7.98～7.88 (m, 2H, ArH), 7.47～7.39 (m, 
2H, ArH), 7.35～7.24 (m, 2H, ArH), 7.27～7.16 (m, 1H, 
ArH), 7.15～7.04 (m, 2H, ArH), 4.60 (t, J＝7.0 Hz, 1H, 
PhCHS), 3.46 (dd, J＝7.0, 1.1 Hz, 2H, CH2CO), 2.63 
(hept, J＝6.7 Hz, 1H, CH3CHS), 1.27 (d, J＝6.6 Hz, 3H, 
CH3CHS), 1.12 (d, J＝6.8 Hz, 3H, CH3CHS); 13C NMR 
(126 MHz, CDCl3) δ: 195.6, 165.9 (d, J＝255.2 Hz), 
142.7, 133.4, 130.9, 130.8, 128.6 (2C), 127.9 (2C), 127.3, 
115.9, 115.7, 45.7, 43.5, 34.7, 23.5, 23.0; 19F NMR NMR 
(471 MHz, CDCl3) δ: －104.7 (m, 1F); HRMS (ESI) calcd 
for C18H20FOS [M＋H]＋ 303.1214, found 303.1210. 

1-(4-氟苯基)-3-(苯乙硫基)-3-苯丙-1-酮(3y): 淡黄

色油状液体(67.2 mg, 产率 92%). 1H NMR (500 MHz, 
CDCl3) δ: 7.96～7.90 (m, 2H, ArH), 7.44～7.38 (m, 2H, 
ArH), 7.34～7.28 (m, 2H, ArH), 7.28～7.14 (m, 4H, ArH), 
7.14～7.04 (m, 4H, ArH), 4.57 (t, J＝7.0 Hz, 1H, CHS), 
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3.49 (dd, J＝7.0, 1.3 Hz, 2H, CH2CO), 2.88～2.67 (m, 2H, 
CH2S), 2.65～2.49 (m, 2H, CH2Ph); 13C NMR(126 MHz, 
CDCl3) δ: 195.4, 165.9 (d, J＝254.9 Hz), 142.0, 140.5, 
133.3, 130.9, 130.8, 128.7 (2C), 128.6 (2C), 128.5 (2C), 
128.0 (2C), 127.5, 126.4, 115.9, 115.8, 45.4, 44.6, 36.0, 
33.0; 19F NMR (471 MHz, CDCl3) δ: －104.6 (m, 1F); 
HRMS (ESI) calcd for C23H22FOS [M＋H]＋ 365.1370, 
found 365.1369. 

3-(乙硫基 )-3-(4-甲氧基苯基 )-1-苯基丙烷 -1-酮
(3za)[34]: 淡黄色油状液体(43.5 mg, 产率 72%). 1H NMR 
(500 MHz, CDCl3) δ: 7.93～7.89 (m, 2H, ArH), 7.57～
7.51 (m, 1H, ArH), 7.46～7.40 (m, 2H, ArH), 7.36～7.31 
(m, 2H, ArH), 6.86～6.81 (m, 2H, ArH), 4.56 (dd, J＝7.6, 
6.5 Hz, 1H, CHS), 3.77 (s, 3H, OCH3), 3.58～3.43 (m, 2H, 
CH2CO), 2.43～2.25 (m, 2H, CH2S), 1.17 (t, J＝7.4 Hz, 
3H, CH2CH3); 13C NMR (126 MHz, CDCl3) δ: 197.2, 
158.7, 136.9, 134.2, 133.3, 129.0 (2C), 128.7 (2C), 128.2 
(2C), 113.9 (2C), 55.3, 45.6, 43.5, 25.5, 14.5; HRMS (ESI) 
calcd for C18H21O2S [M＋H]＋ 301.1257, found 301.1258. 

3-(环己基硫基 )-1-(4-氟苯基 )-3-苯基丙烷 -1-酮
(3zb): 淡黄色油状液体(54.5 mg, 产率 80%). 1H NMR 
(500 MHz, CDCl3) δ: 7.95～7.90 (m, 2H, ArH), 7.44～
7.39 (m, 2H, ArH), 7.34～7.24 (m, 2H, ArH), 7.24～7.18 
(m, 1H, ArH), 7.13～7.05 (m, 2H, ArH), 4.62 (t, J＝7.1 
Hz, 1H, CHS), 3.51～3.41 (m, 2H, CH2CO), 2.42 (tt, J＝
10.5, 3.6 Hz, 1H, CH2CH2CHS), 2.06～1.94 (m, 1H, 
CH2CHS), 1.77～1.68 (m, 2H, CH2CHS), 1.68～1.61 (m, 
1H, CH2CHS), 1.57～1.50 (m, 1H, CH2CH2CHS), 1.39～
1.13 (m, 5H, CH2CH2CH2CH2CHS); 13C NMR (126 MHz, 
CDCl3) δ: 195.7, 166.9, 142.9, 133.4, 130.9, 130.8, 128.6 
(2C), 127.8 (2C), 127.2, 115.9, 115.7, 45.9, 43.3, 42.9, 
33.7, 33.3, 26.0, 25.8 (2C) (d, J＝4.1 Hz); 19F NMR (471 
MHz, CDCl3) δ: －104.8 (m, 1F); HRMS (ESI) calcd for 
C21H24FOS [M＋H]＋ 343.1527, found 343.1520. 

3-(4-甲氧基苯基)-3-(苯乙硫基)-1-苯丙-1-酮(3zc): 
淡黄色油固体(60.0 mg, 产率 80%). m.p. 85.8～86.1 ℃ 
1H NMR (500 MHz, CDCl3) δ: 7.93～7.87 (m, 2H, ArH), 
7.57～7.51 (m, 1H, ArH), 7.47～7.39 (m, 2H, ArH), 
7.35～7.30 (m, 2H, ArH), 7.27～7.21 (m, 2H, ArH), 
7.21～7.14 (m, 1H, ArH), 7.12～7.04 (m, 2H, ArH), 
6.86～6.81 (m, 2H, ArH), 4.57 (dd, J＝7.7, 6.4 Hz, 1H, 
CHS), 3.77 (s, 3H, OCH3), 3.56～3.44 (m, 2H, CH2CO), 
2.86～2.68 (m, 2H, CH2S), 2.63～2.48 (m, 2H, CH2Ph); 
13C NMR (126 MHz, CDCl3) δ: 197.1, 158.8, 140.6, 136.9, 
134.0, 133.3, 129.1 (2C), 128.7 (2C), 128.6 (2C), 128.5 

(2C), 128.2 (2C), 126.4, 114.0 (2C), 55.4, 45.6, 44.0, 36.0, 
33.0; HRMS (ESI) calcd for C24H25O2S [M ＋ H] ＋ 
377.1570, found 377.1567. 

3-(己基硫基)-3-(4-甲氧基苯基)-1-苯基丙烷-1-酮
(3zd): 淡黄色油状液体(48.2 mg, 产率 68%). 1H NMR 
(500 MHz, CDCl3) δ: 7.95～7.84 (m, 2H, ArH), 7.61～
7.47 (m, 1H, ArH), 7.43 (dd, J＝8.5, 7.1 Hz, 2H, ArH), 
7.40～7.25 (m, 2H, ArH), 6.90～6.77 (m, 2H, ArH), 4.52 
(dd, J＝7.7, 6.4 Hz, 1H, CHS), 3.77 (s, 3H, OCH3), 3.58～
3.43 (m, 2H, CH2CO), 2.44～2.20 (m, 2H, CH2S), 1.58～
1.38 (m, 2H, CH2CH2S), 1.36 ～ 1.14 (m, 6H, 
CH3CH2CH2CH2), 0.85 (t, J＝7.1 Hz, 3H, CH2CH3); 13C 
NMR (126 MHz, CDCl3) δ: 197.3, 158.7, 136.9, 134.3, 
133.3, 129.0 (2C), 128.7 (2C), 128.2 (2C), 113.9 (2C), 
55.3, 45.7, 43.8, 31.5, 31.4, 29.3, 28.6, 22.6, 14.1; HRMS 
(ESI) calcd for C22H29O2S [M＋H]＋  357.1883, found 
357.1880. 

1-(4-氯苯基)-3-((4-甲氧基苄基)硫代)-3-苯丙-1-酮
(3ze): 白色固体 (67.5 mg, 产率 85%), m.p. 90.7～
91.3 ℃. 1H NMR (500 MHz, CDCl3) δ: 7.80～7.74 (m, 
2H, ArH), 7.39～7.34 (m, 4H, ArH), 7.31 (dd, J＝8.5, 6.8 
Hz, 2H, ArH), 7.25～7.20 (m, 1H, ArH), 7.13～7.08 (m, 
2H, ArH), 6.83～6.77 (m, 2H, ArH), 4.39 (dd, J＝7.8, 6.4 
Hz, 1H, CHS), 3.78 (s, 3H, OCH3), 3.53～3.46 (m, 2H, 
CH2CO), 3.46～3.38 (m, 2H, CH2S); 13C NMR (126 MHz, 
CDCl3) δ: 195.8, 158.7, 141.8, 139.7, 135.1, 130.1 (2C), 
129.8, 129.6 (2C), 129.0 (2C), 128.7 (2C), 128.1 (2C), 
127.5, 113.9 (2C), 55.4, 45.4, 44.2, 35.3; HRMS (ESI) 
calcd for C23H22ClO2S [M ＋ H] ＋  397.1024, found 
397.1028. 

1-(2-羟基苯基)-3-(苯乙硫基)-3-苯丙-1-酮(3zf): 淡
黄色固体(40.5 mg, 产率 56%), m.p. 111.9～112.7 ℃. 1H 
NMR (500 MHz, CDCl3) δ: 12.10 (s, 1H, PhOH), 7.72 (dd, 
J＝8.1, 1.7 Hz, 1H, ArH), 7.45 (ddd, J＝8.6, 7.1, 1.6 Hz, 
1H, ArH), 7.42～7.38 (m, 2H, ArH), 7.32 (dd, J＝8.4, 6.8 
Hz, 2H, ArH), 7.27～7.21 (m, 3H, ArH), 7.20～7.15 (m, 
1H, ArH), 7.10～7.03 (m, 2H, ArH), 6.98～6.85 (m, 2H, 
ArH), 4.55 (t, J＝7.1 Hz, 1H, CHS), 3.54 (dd, J＝7.0, 1.1 
Hz, 2H, CH2CO), 2.87～2.67 (m, 2H, CH2CH2S), 2.66～
2.51 (m, 2H, CH2Ph); 13C NMR (126 MHz, CDCl3) δ: 
202.8, 162.6, 141.7, 140.4, 136.7, 129.9, 128.8 (2C), 128.6 
(4C) (d, J＝7.4 Hz), 128.0 (2C), 127.6, 126.4, 119.4, 
119.1, 118.7, 44.9, 44.4, 36.0, 33.0; HRMS (ESI) calcd for 
C23H23O2S [M＋H]＋ 363.1414, found 363.1418. 

4-(异丙基硫基)-4-苯基丁烷-2-酮(3zg)[27]: 淡黄色油
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状液体(33.7 mg, 产率 76%). 1H NMR (500 MHz, CDCl3) 
δ: 7.37～7.33 (m, 2H, ArH), 7.31～7.26 (m, 2H, ArH), 
7.22～7.18 (m, 1H, ArH), 4.37 (t, J＝7.3 Hz, 1H, PhCHS), 
2.92 (d, J＝7.3 Hz, 2H, CH2CO), 2.57 (hept, J＝6.7 Hz, 
1H, CH3CHS), 2.06 (s, 3H, CH3CO), 1.23 (d, J＝6.6 Hz, 
3H, CH3CHS), 1.08 (d, J＝6.9 Hz, 3H, CH3CHS); 13C 
NMR (126 MHz, CDCl3) δ: 205.7, 142.5, 128.6 (2C), 
127.8 (2C), 127.3, 50.5, 43.4, 34.6, 30.9, 23.5, 23.0; 
HRMS (ESI) calcd for C13H19OS [M＋H]＋  223.1151, 
found 223.1147. 

4-(苯乙硫基)-4-苯基丁烷-2-酮(3zh): 淡黄色油状液

体(43.9 mg, 产率 77%). 1H NMR (500 MHz, CDCl3) δ: 
7.36～7.28 (m, 4H, ArH), 7.27～7.21 (m, 3H, ArH), 
7.20～7.15 (m, 1H, ArH), 7.09～7.05 (m, 2H, ArH), 4.35 
(t, J＝7.3 Hz, 1H, CHS), 2.96 (d, J＝7.3 Hz, 2H, CH2CO), 
2.82～2.66 (m, 2H, CH2S), 2.59～2.47 (m, 2H, CH2Ph), 
2.07 (s, 3H, COCH3); 13C NMR (126 MHz, CDCl3) δ: 
205.6, 141.9, 140.5, 128.7 (2C), 128.6 (2C), 128.5 (2C), 
127.9 (2C), 127.5, 126.4, 50.2, 44.3, 36.0, 32.9, 30.8; 
HRMS (ESI) calcd for C18H21OS [M＋H]＋  285.1308, 
found 285.1305. 

4-(异丙基硫基)戊烷-2-酮(3zi): 淡黄色油状液体 
(16.5 mg, 产率 52%). 1H NMR (500 MHz, CDCl3) δ: 
3.34～3.24 (m, 1H, CHS), 2.98 (h, J＝6.7 Hz, 1H, CHS), 
2.72 (dd, J＝16.8, 5.9 Hz, 1H, CH2CO), 2.56 (dd, J＝16.8, 
8.0 Hz, 1H, CH2CO), 2.17 (s, 3H, CH3CO), 1.31～1.23 
(m, 9H, CH3CHCH3, CH3CHS); 13C NMR (126 MHz, 
CDCl3) δ: 207.0, 51.3, 34.3, 33.9, 30.9, 23.7, 23.6, 22.2; 
HRMS (ESI) calcd for C8H17OS [M＋H]＋  161.0995, 
found 161.0994. 

4-(己基硫基 )戊烷 -2-酮 (3zj): 淡黄色油状液体 
(34.8 mg, 产率 86%). 1H NMR (500 MHz, CDCl3) δ: 
3.29～3.18 (m, 1H, CHS), 2.74 (dd, J＝16.8, 5.8 Hz, 1H, 
CH2CO), 2.60～2.50 (m, 3H, CH2SCHCH2), 2.17 (s, 3H, 
COCH3), 1.62～1.53 (m, 2H, CH2CH2S), 1.41～1.34 (m, 
2H, CH2CH2CH2S), 1.32～1.25 (m, 7H, CH2CH2CH3, 
CHCH3), 0.89 (t, J＝7.0 Hz, 3H, CH2CH3); 13C NMR (126 
MHz, CDCl3) δ: 206.9, 51.1, 35.0, 31.5, 30.8, 30.7, 29.7, 
28.7, 22.6, 21.7, 14.1; HRMS (ESI) calcd for C11H23OS  
[M＋H]＋ 203.1464, found 203.1460. 

4-(苯乙硫基)戊烷-2-酮(3zk): 淡黄色油状液体(40.0 
mg, 产率 90%). 1H NMR (500 MHz, CDCl3) δ: 7.32～
7.27 (m, 2H, ArH), 7.23～7.19 (m, 3H, ArH), 3.32～3.22 
(m, 1H, CHS), 2.92～2.85 (m, 2H, CH2S), 2.82～2.76 (m, 
2H, CH2Ph), 2.72 (dd, J＝16.9, 5.9 Hz, 1H, CH2CO), 2.55 

(dd, J＝16.9, 7.9 Hz, 1H, CH2CO), 2.14 (s, 3H, COCH3), 
1.29 (d, J＝6.7 Hz, 3H, CH3CHS); 13C NMR (126 MHz, 
CDCl3) δ: 206.8, 140.6, 128.6 (4C), 126.5, 51.0, 36.4, 
35.2, 32.4, 30.8, 21.7; HRMS (ESI) calcd for C13H19OS  
[M＋H]＋ 223.1151, found 223.1155. 

3-(己基硫)环己烯-1-酮(5a)[35]: 淡黄色油状液体

(34.5 mg, 产率 81%). 1H NMR (500 MHz, CDCl3) δ: 
3.12～3.00 (m, 1H, CHS), 2.79～2.64 (m, 1H, COCH2- 
CHS), 2.61～2.49 (m, 2H, CH2S), 2.43～2.27 (m, 3H, 
CH2COCH2CHS), 2.20～2.08 (m, 2H, COCH2CH2CH2- 
CHS), 1.80～1.65 (m, 2H, COCH2CH2CH2CHS), 1.63～
1.51 (m, 2H, CH2CH2CH2CH2CH3), 1.41～1.34 (m, 2H, 
CH2CH2CH2CH2CH3), 1.34～1.25 (m, 4H, CH2CH2CH3), 
0.89 (t, J＝7.0 Hz, 3H, CH2CH3); 13C NMR (126 MHz, 
CDCl3) δ: 209.1, 48.3, 42.8, 41.0, 31.7, 31.5, 30.6, 29.8, 
28.7, 24.3, 22.6, 14.1; HRMS (ESI) calcd for C12H23OS  
[M＋H]＋ 215.1464, found 215.1460. 

3-(苯乙硫基)环己酮(5b)[25]: 淡黄色油状液体(40.6 
mg, 产率 87%). 1H NMR (500 MHz, CDCl3) δ: 7.32～
7.27 (m, 2H, ArH), 7.24～7.18 (m, 3H, ArH), 3.11～2.97 
(m, 1H, CHS), 2.92～2.76 (m, 4H, CH2CH2S), 2.75～2.65 
(m, 1H, COCH2CHS), 2.43 ～ 2.24 (m, 3H, 
CH2COCH2CHS), 2.21 ～ 2.05 (m, 2H, CH2CH2- 
CH2CHS), 1.80～1.58 (m, 2H, CH2CH2CH2CHS); 13C 
NMR (126 MHz, CDCl3) δ: 209.0, 140.4, 128.6 (2C), 
128.6 (2C), 126.6, 48.3, 43.1, 41.0, 36.4, 32.1, 31.7, 24.3; 
HRMS (ESI) calcd for C14H19OS [M＋H]＋  235.1151, 
found 235.1153. 

3-((2-氯苄基)硫代)环己酮(5c): 淡黄色油状液体

(47.3 mg, 产率 93%). 1H NMR (500 MHz, CDCl3) δ: 7.36 
(dd, J＝7.4, 1.9 Hz, 2H, ArH), 7.21 (pd, J＝7.4, 1.8 Hz, 
2H, ArH), 3.94～3.82 (m, 2H, CH2S), 3.02 (tt, J＝10.2, 4.2 
Hz, 1H, CHS), 2.77～2.65 (m, 1H, COCH2), 2.45～2.40 
(m, 1H, COCH2), 2.39～2.27 (m, 2H, CH2COCH2CHS), 
2.22～2.06 (m, 2H, CH2CH2CHS), 1.78～1.63 (m, 2H, 
CH2CH2CHS); 13C NMR (126 MHz, CDCl3) δ: 208.8, 
136.0, 134.0, 130.8, 129.9, 128.7, 127.1, 48.1, 42.7, 41.0, 
32.5, 31.7, 24.3; HRMS (ESI) calcd for C13H16ClOS [M＋

H]＋ 255.0605, found 255.0599. 
3-(异丙基硫代)环己酮(5d): 淡黄色油状液体(26.7 

mg, 产率 78%). 1H NMR (500 MHz, CDCl3) δ: 3.12 (dp,  
J＝11.2, 3.5, 2.6 Hz, 1H, CH2CHS), 3.01 (pd, J＝6.7, 1.0 
Hz, 1H, CH3CHS), 2.75～2.66 (m, 1H, CO- CH2CHS), 
2.43～2.28 (m, 3H, COCH2CHS, CH2CH2- CH2CHS), 
2.19～2.10 (m, 2H, CH2CH2CHS), 1.80～1.66 (m, 2H, 
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CH2CH2CHS), 1.27 (dd, J＝6.7, 1.1 Hz, 6H, CH3CHCH3); 
13C NMR (126 MHz, CDCl3) δ: 209.2, 48.7, 41.6, 41.1, 
33.8, 32.1, 24.4, 23.7, 23.6; HRMS (ESI) calcd for 
C9H17OS [M＋H]＋ 173.0995, found 173.0990. 

3-(己基硫)环戊烷-1-酮(5e)[36]: 淡黄色油状液体

(14.9 mg, 产率 37%). 1H NMR (500 MHz, CDCl3) δ: 
3.50～3.42 (m, 1H, CHS), 2.66～2.41 (m, 4H, CH2S, 
COCH2CHS), 2.41 ～ 2.32 (m, 1H, CH2COCH2CHS), 
2.26～2.16 (m, 2H, CH2CH2CHS), 2.01～1.91 (m, 1H, 
CH2COCH2CHS), 1.66～1.56 (m, 2H, CH2CH2S), 1.44～
1.35 (m, 2H, CH2CH2CH2CH3), 1.33～ 1.24 (m, 4H, 
CH2CH2CH3), 0.92～0.87 (m, 3H, CH2CH3); 13C NMR 
(126 MHz, CDCl3) δ: 217.1, 45.9, 40.5, 37.3, 31.5 (2C), 
30.0, 29.7, 28.7, 22.6, 14.1; HRMS (ESI) calcd for 
C11H21OS [M＋H]＋ 201.1308, found 201.1300. 

3-((2-氯苄基)硫代)环戊烷-1-酮(5f): 淡黄色油状液

体(29.5 mg, 产率 61%). 1H NMR (500 MHz, CDCl3) δ: 
7.38 (dd, J＝7.3, 2.0 Hz, 2H, ArH), 7.26～7.18 (m, 2H, 
ArH), 3.97～3.84 (m, 2H, CH2S), 3.44～3.34 (m, 1H, 
CHS), 2.62～2.54 (m, 1H, COCH2CHS), 2.49～2.40 (m, 
1H, COCH2CHS), 2.39～2.30 (m, 1H, CH2CH2CHS), 
2.25～2.15 (m, 2H, CH2COCH2CHS), 2.02～1.92 (m, 1H, 
CH2CH2CHS); 13C NMR (126 MHz, CDCl3) δ: 216.8, 
136.0, 130.8, 130.0 (2C), 128.7, 127.1, 45.8, 40.3, 37.3, 
33.4, 29.9; HRMS (ESI) calcd for C12H14ClOS [M＋H]＋ 
241.0449, found 241.0441. 

 
辅助材料 (Supporting Information)  提供了化合物

3a～5f的 1H NMR和 13C NMR图谱. 这些材料可以免费

从本刊网站(http://sioc-journal.cn/)上下载. 
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