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1. 背景

➢ Charge-transfer-directed radical substitution;
➢ Giving a para:ortho ratio of p:o > 99:1;
➢ Aryl-TEDAs are of low synthetic value.

Nature Chemistry, 8, 810–815 (2016)

Nature.2019, 567, 223–228
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Background



Proposed Mechanism

1. TFT 氧化物1和TFT 2歧化产生自由基阳离子

2. 自由基加成生成过渡态II

3. II歧化或II被I单电子氧化后脱质子化
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Scope of substrates
Cu

Pd
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噻吩取代
基的氧化
加成更快



J. Am. Chem. Soc. 2021, 143, 16041−16054

在不可逆脱质子化之前，不同的惠兰型中间体的
可逆相互转化是高区域选择性的原因

1. 背景
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传统方法：
Buchwald−Hartwig couplings
Ullmann-type couplings
Chan−Lam couplings
Minisci reaction 
选择性差

J. Am. Chem. Soc. 2019, 141, 13346−13351

2. 光参与的芳基硫盐的官能化反应
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➢ 伯烷基胺

➢ 仲烷基胺

➢ 芳基胺

➢ 酰胺

➢ 氨基酯类

➢ 含氮杂环

Scope of Substrates

当量铜
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Angew. Chem. Int. Ed. 2019, 58, 14615 –14619 

2. 光参与的芳基硫盐的官能化反应
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Reaction conditions for the second step:
CuSCN (1.5 equiv), CsF (2.0 equiv), TMSCF3 (1.5 equiv) in DMF (c = 0.3m) at 23℃ for 30 min, 
followed by addition of aryl (tetrafluoro)thianthrenium salts (0.2–0.3 mmol), 
Ru(bipy)3(PF6)2 (2 mol %) in MeCN (c = 0.2m), blue LED (34 W), 30℃, 3 h.             当量Cu

Proposed Mechanism
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➢ Stern–Volmer analysis

➢ TEMPO trapping experiments

➢ Biaryl formation from aryl thianthrenium salt

without TEMPO   33, 77%

光激发的PC催化剂被
[CuCF3]试剂猝灭得更快

Mechanistic Investigation
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Angew. Chem. Int. Ed. 2019, 58, 16161 –16166

thianthrenium salt (1.0 equiv), [Ir[dF(CF3)ppy]2(dtbpy)PF6] (1 mol %), CuTC (1.5 equiv), H2O (20 equiv), 
MeCN, blue LED(34 W), 30oC, 16 h. 

2. 光参与的芳基硫盐的官能化反应
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◆ Radical trapping experiment

Stern–Volmer实验显示，噻蒽对激发态PC的还原猝灭比噻蒽盐的氧化猝灭快。
并且，形成的铱（II）对于芳基噻蒽鎓盐的还原具有合适的还原电位。

Proposed Mechanism
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◆ Site-selective etherification of arenes

◆ Site-selective thioetherification of arenes

醚化反应和硫醚化反应
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Ritter.NC.2020.56-62

2. 光参与的芳基硫盐的官能化反应
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Nature Chemistry.14.2022.898–904

2. 光参与的芳基硫盐的官能化反应
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伯胺

酰氯

芳基氯

亚胺类化合物的合成
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Proposed Mechanism
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A：循环伏安法，1+Bi(OTf)3在Ep=−0.4V vs.Ag/AgCl有峰；

B：紫外-可见光谱326 nm处有吸收峰，证明加合物A的存在；

C：自由基钟实验证明氮自由基的存在。

Mechanistic Investigations
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Angew. Chem. Int. Ed. 2020, 59, 1956 –1960

3. 无光参与的芳基硫盐的官能化反应

无金属参与的芳基硫盐氟化反应
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无金属参与的芳基硫盐氟化反应
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Angew. Chem. Int. Ed. 2020, 59, 5616 –5620

3. 无光参与的芳基硫盐的官能化反应



29

Regioselective C(sp2)-H thianthrenation of unactivated alkenes
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Consistent with all data is an E1cBirr（单分子共轭碱消除） mechanism 
where rate-determining deprotonation is followed by a rapid elimination.

构型完全保留

构型完全保留

噻蒽二价离子or噻蒽自由基阳离子？
如何环加成？
如何消除？

E2？
不符合反式共平面规则

E1？
构型完全保留

Proposed Mechanism
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Derivatizations of alkenyl thianthrenium salts
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◆ Vinylation of N-Heterocycles

◆ The Annulation of Heterocycles.

◆ Suzuki-Type Vinylation

J. Am. Chem. Soc. 2021, 143, 12992−12998

multigram scale

3. 无光参与的芳基硫盐的官能化反应
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3. 无光参与的芳基硫盐后期官能化反应
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E = -1.12 V vs SCE

过硫酸钠是一种单电子氧化剂

Proposed Mechanism
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J. Am. Chem. Soc. 2021, 143, 7909−7914

3. 无光参与的芳基硫盐的官能化反应
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E(PhTT+/PhTT•) = −1.5 V vs SCE

E(Zn2+/Zn) = −0.76 V vs SCE

E(n-BuI/BuI•) = −2.5 V vs SCE

锌存在下烷基碘在5分钟内加氢脱卤，

转化率为90%

Mechanistic Investigation and Proposed Mechanism
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➢ 氚标记是研究药物的药代动力学和药效学特性、放射
自显影、受体结合和受体占有率研究的关键工具；

➢ 氚气是制备标记分子的首选氚源；
➢ 均相钯催化剂用于氢解反应；
➢ 不需要惰性气氛或干燥条件。

3. 无光参与的芳基硫盐的官能化反应
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◆ Reductive deuteration of thianthrenium salts

◆ Reductive tritiation of thianthrenium salts

Scope of Substrates
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B, K3PO4

Proposed Mechanism
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Angew. Chem. Int. Ed. 2022, 61, e202208978

α-噻蒽羰基化合物

α-羰基碳阳离子

等价物

3. 无光参与的芳基硫盐的官能化反应
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1,2-芳基迁移

Scope of Substrates
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Org. Lett. 2020, 22, 4593−4596

Org. Lett. 2020, 22, 5671−5674

亲核试剂：

酰亚胺、三唑、吡唑、咪
唑、乙内酰脲和吡啶酮

3. 无光参与的芳基硫盐的官能化反应
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4. 其他课题组的相关工作

Cu-catalyzed Sonogashira-type reaction

Lei Liang,* Hai-Ming Guo. Org. Lett. 2020, 22, 6842−6846
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Proposed Mechanism

Lei Liang,* Hai-Ming Guo. Org. Lett. 2020, 22, 6842−6846
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Yue Zhao, Congjun Yu, Wenjing Liang, and Frederic W. Patureau. Org. Lett. 2021, 23, 6232−6236

Proposed Mechanism

4. 其他课题组的相关工作

UV light 激发芳基

硫盐发生均裂，并
未发生单电子还原
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4. 其他课题组的相关工作

Angew. Chem. Int. Ed. 2022, e202212975
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Proposed Mechanism

Angew. Chem. Int. Ed. 2022, e202212975
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5.总结



Thanks!


