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前  言 

中国化学会第十九届全国金属有机化学学术讨论会于2016年10月28～31日

在浙江大学紫金港校区体育馆成功举行。本届会议由中国化学会主办，浙江大学

化学系、浙江省化学会和中国科学院上海有机化学研究所金属有机化学国家重点

实验室共同承办，并得到国家自然科学基金委与浙江省科协的资助。本届会议云

集了我国金属有机化学界的著名专家学者以及广大研究生约1500人，其中包括8

位院士、25位国家杰青等著名专家学者，另外，还邀请了美国、香港以及新加坡

的著名化学家。与会代表围绕金属有机化学研究的前沿科学问题展开热烈交流，

展示最新研究成果、展望学科未来，极大地促进了我国金属有机化学研究的进一

步发展。 

本届会议共收到会议论文549篇，参会代表们围绕金属有机化学研究的前沿

科学问题，以大会报告、邀请报告、口头报告和墙报展等进行了形式多样、丰富

多彩的交流。会议共安排了5个大会报告、1个黄耀曾金属有机化学终身成就奖获

奖报告、2个黄耀曾金属有机化学奖获奖报告、25个邀请报告、24个口头报告以

及317个墙报展。会议的成功举办，也获得中国化学会的赞誉，并授予本次会议

承办单位“优秀学术交流组织奖”。本届会议还得到了国家自然科学基金委员会、

浙江省科协和26家相关领域企业和公司的赞助与支持，在此表示衷心地感谢！ 

为了支持我国金属有机化学的发展，集中展示我国金属有机化学研究的最新

成果，《有机化学》编辑部于2017年5月出版一期“金属有机化学专辑”。该专

辑共录用稿件29篇，其中综述与进展8篇，研究论文14篇，研究简报6篇, 研究通

讯1篇。感谢《有机化学》编辑部对本专辑按时出版所付出的辛劳！萨恩化学技

术(上海)有限公司、苏州欣家园化学科技有限公司、江苏欣诺科催化剂有限公司、

三泰科技(常州)有限公司对本专辑印刷出版提供了大力支持，在此也深表感谢！ 
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不使用银氧化剂的噻唑/噁唑钯催化二聚反应 

李  瑶    马丽芳*    王晓姣    雷搏文    赵  怡     

杨嘉宇    李子元* 
(四川大学化学工程学院  制药与生物工程系  成都 610065) 

摘要  以 Oxone 作为氧化剂, 实现了基于钯催化 C—H 键活化的噻唑/噁唑二聚反应, 具有中等至优异的收率和理想的

官能团耐受性, 且无需添加其它添加剂或配体. 与本作者过去报道的二聚反应相比, 本反应避免使用化学当量的银盐

作为氧化剂, 使得本反应更具经济性和环境友好性. 此外, 初步提出了一条涉及二价钯/四价钯催化循环的反应机理. 

进一步将该环境友好的氧化剂应用于其他类型的偶联反应, 以及将其应用于含有噻唑/噁唑结构的天然产物结构修饰

上, 尚在进行中.  

关键词  噻唑; 噁唑; 二聚反应; C—H 键活化; Oxone 

Palladium(II)-Catalyzed Homocoupling of Oxazole/Thiazole in 
Absence of Silver Oxidant 

Li, Yao    Ma, Lifang*    Wang, Xiaojiao    Lei, Bowen    Zhao, Yi     

Yang, Jiayu    Li, Ziyuan* 
(Department of Pharmaceutical and Biological Engineering, School of Chemical Engineering,  

Sichuan University, Chengdu 610065) 

Abstract  Homocoupling of oxazole/thiazole via palladium-catalyzed C—H bond activation using oxone as an oxidant has 
been achieved in moderate to excellent yields with good functional group tolerance. No other additive or ligand was employed 
in this efficient reaction. Comparing to our previously reported homocoupling of oxazole/thiazole, the absence of stoichio-
metric silver oxidant renders this reaction more environment-benign and cost-effective. A preliminary mechanism involving a 
PdII/PdIV catalytic cycle is also proposed. Further exploration of this environmental-benign oxidant on other categories of cou-
pling reactions, as well as applications of this revised homocoupling to structural modification of oxazole/thiazole-containing 
natural products, are undergoing in our lab. 
Keywords  thiazole; oxazole; homocoupling; C—H bond activation; oxone 

 
Oxazole and thiazole are among the most significant 

heterocyclic moieties in a variety of marine natural products 
(Figure 1),[1] many of which, such as largazole, neopel-
tolide, epothilones and enigmazole A, possess promising 
biological activities. Since two natural amino acids, serine 
and cysteine, are utilized in the biosynthesis of oxa-
zole/thiazole,[2] most of the C(5)-position of these moieties 
in natural products, however, are unfunctionalized. On the 
contrary, in artificial synthetic bioactive molecules, mis-
cellaneous functionalizations on such position, including 
arylation, alkenylation, alkylation, amination or homocou-
pling, play important roles in enhancing and/or widening 
their bioactivities. Such circumstances render developing 

novel methodologies for the C(5)-functionalizations of 
oxazole/thiazole very desirable for the structural modifica-
tion of oxazole/thiazole-based natural products. 

During the past few decades, academic community has 
witnessed the major progress in transition-metal-catalyzed 
coupling reactions via C—H bond activation,[3] which has 
been becoming an exceedingly valuable and applicable 
process in modern organic synthesis, allowing concise and 
economical approaches to be applied to the preparation of 
natural or artificial bioactive molecules. In light of the ad-
vances in this realm, direct C—H functionalizations of 
oxazole/thiazole at C(2)-[4], C(4)-[5] and C(5)-position[6] via 
palladium catalysis have been independently reported by  
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Figure 1  Oxazole/thiazole-based bioactive natural products: the C5-positions are unfunctionalized

several groups. Beside these reports, we also have reported 
C(5)-homocoupling, alkenylation and arylation of oxa-
zole/thiazole via palladium(II)-catalyzed C—H bond acti-
vation,[7] including the first C(5)-homocoupling of oxazole 
and the first C(5)-arylation of oxazole/thiazole through 
double C—H activation or C—H/C—P cleavage. In our 
previously reported methodologies (Scheme 1a), stoichio-
metric amount (2～6 equiv.) of AgOAc was employed as 
the oxidant to regenerate the Pd(II) catalyst. However, the 
silver oxidant is expensive, and the insoluble residue gen-
erated from it during the reaction not only is difficult to be 
dealt with but also would bring about potential environ-
mental contamination, which make these methodologies 
using silver salts as the oxidant not appropriate for synthe-
sizing bioactive molecules on large scales  

As a continuation of our previous studies on Pd(II)-cat- 
alyzed C(5)—H activation of oxazole/thiazole, we focused 
our interests on replacement of the silver oxidant with better 
ones. Herein, we report a novel and additive/ligand-free 
method for the concise C(5)-homocoupling of oxazole/ 

thiazole using a more environment-benign and cost-effec- 
tive oxidant, oxone (potassium peroxymonosulfate),[8] 
which has not yet been utilized in C—H bond activation on 
oxazole/thiazole (Scheme 1b). To the best of our know- 
ledge, this is the first example for the C(5)-functionalization 
of oxazole/thiazole via palladium- catalyzed C—H bond 
activation using this green and economical oxidant. 

1  Results and discussion 

Our investigation was commenced with the optimization 
of reaction conditions using methyl 2-phenyloxazole- 
4-carboxylate (1a) as the model substrate as shown in Table 
1. Preliminary attempts employing the same amount (2 
equiv.) of oxone instead of AgOAc as the oxidant failed to 
provide the desired homocoupled product 2a either in di-
methyl formamide (DMF) or dimethyl sulfoxide (DMSO) 
(Entries 1～2), unlike our previous report[7d] in which 2a 
could be acquired in moderate yield in DMF. Subsequent 
screening of reaction condition emphasizing on the solvent 
showed that trace amount of 2a was generated in 1,4-

 

Scheme 1  C(5)-H functionalization of oxazole/thiazole using different oxidants 
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Table 1  Screening of reaction conditionsa 

 

Entry Oxone/equiv. Solvent Yieldb/%

1 2 DMF 0 
2 2 DMSO 0 
3 2 1,4-Dioxane Trace
4 2 H2O Trace
5 2 Chlorobenzene 37 
6 2 TCE 61 
7c 2 TCE 40 
8 4 TCE 76 
9d 4 TCE 82 
10e 4 TCE 0 

a Reaction conditions: methyl 2-phenyloxazole-4-carboxylate (1a, 0.3 mmol), 
Pd(OAc)2 (10 mol%) and oxone in solvent (2 mL) at 100 ℃ for 24 h. b Iso-
lated yields of 2a after column chromatography. c The reaction time is pro-
longed to 48 h. d With 15 mol% Pd(OAc)2. 

e Without Pd(OAc)2 catalyst. 

dioxane or in water (Entries 3～4), while both reactions in 
chlorobenzene and 1,1,2,2,-tetrachloroethane (TCE) could 
provide the desired 2a in moderate yields of 37% and 61%, 
respectively, and considerable amount of substrate 1a re-
mained unconverted (Entries 5～6). Although most 1a was 
converted while the reaction time was prolonged to 48 h, the 
yield of 2a was remarkably declined to 40% (Entry 7). 
Gratifyingly, increasing the loading of oxone to 4 equiv. 
provided product 2a in 76% yield (Entry 8), and the yield 
could be further elevated to 82% while the loading of the 
palladium catalyst was increased to 15 mol% (Entry 9). 
Control experiment without palladium catalyst did not give 
any homocoupling product 2a (Entry 10), indicating that 
oxone can not mediate this homocoupling reaction inde-
pendently, which coincides with our proposal that oxone 
serves as an oxidant in the catalytic cycle of palladium 
catalyzed C—H functionalization. Thus, the following 
reaction conditions were selected for further investigation 
on the substrate compatibility: 0.3 mmol of substrate with 
15 mol% of Pd(OAc)2 and 4 equiv. of oxone at 100 ℃ in 
TCE (2 mL). 

With the optimized conditions established, we subse-
quently explored the effect of substituents at the C(2)-posi- 
tion of oxazole-4-carboxylates. The results are summarized 
in Table 2. Generally, we were pleased to discover that a 
variety of substituents were well-tolerated under the opti-
mized conditions. Both electron-rich oxazoles 1b and 1c 
and electron-deficient oxazoles 1e～1g were completely 
converted in this reaction and provided corresponding ho-
mocoupled products in excellent yields, indicating that 
substrate electron density does not considerably affect the 
effectiveness of this homocoupling reaction. It is notewor-
thy that chloro- and bromo-substituted substrates could 
generate homocoupled products 2i and 2j in good or ex-

cellent yields. The satisfactory tolerance of these substitu-
ents provides an opportunity for further functionalization at 
the chloro- or bromo-substituted positions. In addition, the 
yields of sterically hindered products 2d and 2h declined to 
52% and 67%, respectively, which suggested that steric 
hindrance has an adverse impact on this reaction. Such 
impact could also be observed on ethyl and butyl carbox-
ylates, as these two hindered products, 2k and 2l, were 
acquired in moderate yields. 

Next, the effective conditions were extended to a variety 
of oxazole-4-formamides and thiazole-4-carboxylates as 
shown in Table 3. N-n-Butyl and N-t-butyl oxazole-4- 
formamides could provide homocoupled formamides 4a 
and 4b in good yields, yet the yield of N-ethyl homocoupled 
formamide 4c was remarkably declined although the cor-
responding substrates were fully converted, which might be 
induced by lower stability of N-ethyl formamide. Unlike 
oxazole-4-carboxylates that adapt well under the optimized 
reaction conditions, thiazole-4-carboxylates could only 
afford corresponding homocoupled thiazoles 4d～4g in 
moderate yields. Even increasing the loading of the palla-
dium catalyst and/or oxone failed to guarantee complete 
conversion of the substrate. Such differentiation on the 
effectiveness of this homocoupling reaction between oxa-
zole and thiazole might offer a potential approach to selec-
tive C—H functionalization for those natural products with 
both oxazole and thiazole moieties, such as bistratamides C, 
D, G and I.[9] In addition, when this homocoupling was 
conducted on 2-phenylthiazole without C(4) substitution, 
neither conversion nor selectivity was satisfactory, which 
indicated that the palladium induced C—H bond activation 
process might be originated from the C—H acidity on the 
C(5) position of oxazole/thiazole[7d] and the C(4)-carbox- 
ylate group serves as an electron-withdrawing group to 
guarantee adequate acidity for this process. 

On the basis of previous report[8a] and the result of control 
experiment, a tentative mechanism involving a PdII/PdIV 
catalytic cycle is illustrated in Scheme 2. Initially, C—H 
bond activation of oxazole/thiazole substrate 1 or 3 occurs 
by PdII catalysis, forming a dimeric intermediate A[7d]. The 
carboxylate or formamide moieties might serve as directing 
groups to facilitate this process. Then oxidative addition of 
potassium peroxymonosulfate (KOSO2OH), the active 
ingredient of oxone, to the PdII intermediate A affords a 
PdIV intermediate B[8a], which finally undergoes reductive 
elimination to give the desired homocoupled product 2 or 4 
with the regeneration of the PdII catalyst. Alternatively, the 
PdII/Pd0 catalytic cycle as proposed in our previous reported 
homocoupling using AgOAc as the oxidant could not be 
excluded.[7d] 

2  Conclusions 

In conclusion, we have developed a novel method for the 
C(5)-homocoupling of oxazole/thiazole via palladium-cata- 
lyzed C—H activation with good substituent tolerance. The 
cost-effective and environment-benign oxidant, oxone, was
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Table 2  Scope of oxazole-4-carboxylatesa 
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a Reaction conditions: oxazole-4-carboxylates (1a～1l, 0.3 mmol), Pd(OAc)2 (15 mol%) and Oxone (4 equiv.) in TCE (2 mL) at 100 ℃ for 24 h. Isolated 
yields of 2a～2l after column chromatography. b The loading of oxone was increased to 6 equiv. 

Table 3  Scope of oxazole-4-formamides and thiazolesa 
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a Reaction conditions: oxazole-4-formamides or thaizole-4-carboxylates (3a～3g, 0.3 mmol), Pd(OAc)2 (15 mol%) and oxone (4 equiv.) in TCE (2 mL) at 
100 ℃ for 24 h. Isolated yields of 4a～4g after column chromatography. b The loading of Pd(OAc)2 was increased to 20 mol%.
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Scheme 2  Proposed reaction mechanism 

employed in this efficient reaction instead of previously 
used silver oxidant, which makes this methodology more 
appropriate for large-scale synthesis than previous ones. 
Applications of this methodology to the synthesis of biva-
lent oxazole/thiazole-based bioactive compounds as well as 
the structural modification of oxazole/ thiazole-based nat-
ural products are currently undertaken in our laboratory. 

3  Experimental section 

3.1  Instruments and reagents 

All commercially available compounds were purchased 
from Alfa-Aesar, Acros, J&K Chemicals, Adamas and 
Aladdin Chemicals. Palladium(II) diacetate and Oxone 
were purchased from J&K Chemicals (CAS No. 3375-31-3 
and 37222-66-5, respectively). Unless otherwise noted, 
materials obtained from commercial suppliers were used 
without further purification. Oxazole/thiazole substrates 
were prepared from corresponding aldehydes or nitriles by 
our previous reported methods.[10] Products were purified 
by flash chromatography on silica gel. 1H NMR spectra 
were recorded on Bruker AVANCE III-400 spectrometers. 
Chemical shifts were referenced with TMS in CDCl3. 

13C 
NMR spectra were obtained by using the same NMR spec-
trometers and were calibrated with CDCl3 (δ 77.00). High 
resolution mass spectra were obtained with a Q-Tof Premier 
coupled with an ESI source (Micromass, Simonsway, 
Manchester, UK). 

3.2  Method for the homocoupling of thiazole/oxazole 

A sealed reaction tube was charged with oxazole/thi- 
azole-4-carboxylate/formamide substrate 1 or 3 (0.3 mmol), 
Pd(OAc)2 (10.1 mg, 0.045 mmol, 15 mol%), oxone (737.7 
mg, 1.2 mmol, 4 equiv.) and TCE (2 mL). After vigorously 
stirring at 100 ℃ (oil temperature) for 24 h, the mixture 
was concentrated in vacuo to give dark residue, which was 
purified by flash chromatography on silica gel to afford the 

homocoupled products 2 or 4. 
Dimethyl 2,2'-diphenyl-bis-5,5'-oxazole-4,4'-dicarbox- 

ylate (2a): Yield 82%. 1H NMR (400 MHz, CDCl3) δ: 
8.21～8.19 (m, 4H), 7.55～7.50 (m, 6H), 3.93 (s, 6H); 13C 
NMR (100 MHz, CDCl3) δ: 162.4, 161.0, 141.0, 133.9, 
131.7, 128.9, 127.1, 125.7, 52.5. HRMS (ESI) calcd for 
C22H17N2O6 [M＋H]＋ 405.1087, found 405.1087; calcd for 
C22H16N2NaO6 [M＋Na]＋ 427.0906, found 427.0901. 

Dimethyl 2,2'-di(4-methylphenyl)-bis-5,5'-oxazole-4,4'- 
dicarboxylate (2b): Yield 80% with 6 equiv. oxone. 1H 
NMR (400 MHz, CDCl3) δ: 8.08 (d, J＝8.0 Hz, 4H), 7.32 
(d, J＝8.0 Hz, 4H), 3.91 (s, 6H), 2.44 (s, 6H); 13C NMR 
(100 MHz, CDCl3) δ: 162.7, 161.2, 142.4, 140.9, 133.9, 
129.7, 127.2, 123.1, 52.5, 21.6. HRMS (ESI) calcd for 
C24H21N2O6 [M＋H]＋ 433.1400, found 433.1398; calcd for 
C24H20N2NaO6 [M＋Na]＋ 455.1219, found 455.1218. 

Dimethyl 2,2'-di(4-methoxylphenyl)-bis-5,5'-oxazole- 
4,4'-dicarboxylate (2c): Yield 91%. 1H NMR (400 MHz, 
CDCl3) δ: 8.13 (d, J＝8.7 Hz, 4H), 7.01 (d, J＝8.7 Hz, 4H), 
3.91 (s, 6H), 3.88 (s, 6H); 13C NMR (100 MHz, CDCl3) δ: 
162.5, 162.4, 161.3, 140.7, 133.7, 129.0, 118.4, 114.3, 55.4, 
52.4. HRMS (ESI) calcd for C24H21N2O8 [M ＋ H] ＋ 
465.1298, found 465.1299; calcd for C24H20N2NaO8 [M＋ 
Na]＋ 487.1118, found 487.1121. 

Dimethyl 2,2'-di(3-methoxylphenyl)-bis-5,5'-oxazole- 
4,4'-dicarboxylate (2d): Yield 52%. 1H NMR (400 MHz, 
CDCl3) δ: 7.78 (d, J＝8.0 Hz, 2H), 7.71 (s, 2H), 7.42 (t,    
J＝8.0 Hz, 2H), 7.09 (dd, J＝8.0, 2.0 Hz, 2H), 3.92 (s, 6H), 
3.91 (s, 6H); 13C NMR (100 MHz, CDCl3) δ: 162.4, 161.1, 
160.0, 141.0, 134.0, 130.1, 126.9, 119.7, 118.5, 111.7, 55.6, 
52.5. HRMS (ESI) calcd for C24H21N2O8 [M ＋ H] ＋ 
465.1298, found 465.1294; calcd for C24H20N2NaO8 [M＋
Na]＋ 487.1118, found 487.1115. 

Dimethyl 2,2'-di(4-trifluoromethylphenyl)-bis-5,5'-oxa- 
zole-4,4'-dicarboxylate (2e): Yield 91%. 1H NMR (400 
MHz, CDCl3) δ: 8.33 (d, 4H, J＝8.0 Hz), 7.80 (d, J＝8.0 
Hz, 4H), 3.95 (s, 6H); 13C NMR (100 MHz, CDCl3) δ: 
161.2, 160.7, 141.4, 134.6, 133.9, 133.6, 133.3, 133.0, 
128.8, 127.6, 126.1, 126.1, 126.0, 126.0, 124.9, 122.2, 52.7. 
HRMS (ESI) calcd for C24H15F6N2O6 [M＋H]＋ 541.0834, 
found 541.0825; calcd for C24H14F6N2NaO6 [M＋Na]＋ 
563.0654, found 563.0658. 

Dimethyl 2,2'-di(4-fluorophenyl)-bis-5,5'-oxazole-4,4'- 
dicarboxylate (2f): Yield 94%. 1H NMR (400 MHz, CDCl3) 
δ: 8.22～8.19 (m, 4H), 7.24～7.19 (m, 4H), 3.93 (s, 6H); 
13C NMR (100 MHz, CDCl3) δ: 166.2, 163.7, 161.7, 161.0, 
141.1, 134.1, 129.6, 129.6, 122.1, 122.1, 116.5, 116.3, 52.6. 
HRMS (ESI) calcd for C22H15F2N2O6 [M＋H]＋ 441.0898, 
found 441.0899; calcd for C22H14F2N2NaO6 [M＋Na]＋ 
463.0718, found 463.0724. 

Dimethyl 2,2'-di(3-fluorophenyl)-bis-5,5'-oxazole-4,4'- 
dicarboxylate (2g): Yield 91%. 1H NMR (400 MHz, CDCl3) 
δ: 8.00 (d, J＝8.0 Hz, 2H), 7.90 (d, J＝8.8 Hz, 2H), 7.54～
7.48 (m, 2H), 7.28～7.24 (m, 2H), 3.94 (s, 6H); 13C NMR 
(100 MHz, CDCl3) δ: 164.1, 161.6, 161.4, 161.3, 160.9, 
141.1, 134.3, 130.8, 130.8, 127.6, 127.5, 123.0, 123.0, 
119.1, 118.9, 114.4, 114.1, 52.6. HRMS (ESI) calcd for 
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C22H15F2N2O6 [M＋H]＋ 441.0898, found 441.0895; calcd 
for C22H14F2N2NaO6 [M ＋ Na] ＋  463.0718, found 
463.0717. 

Dimethyl 2,2'-di(2-fluorophenyl)-bis-5,5'-oxazole-4,4'- 
dicarboxylate (2h): Yield 67%. 1H NMR (400 MHz, CDCl3) 
δ: 8.00 (t, J＝7.6 Hz, 2H), 7.57～7.52 (m, 2H), 7.33～7.23 
(m, 4H), 3.93 (s, 6H); 13C NMR (100 MHz, CDCl3) δ: 
161.7, 160.9, 159.3, 159.2, 159.1, 141.2, 134.0, 133.6, 
133.5, 130.3, 124.5, 124.5, 117.1, 116.9, 114.2, 114.1, 52.5. 
HRMS (ESI) calcd for C22H15F2N2O6 [M＋H]＋ 441.0898, 
found 441.0891; calcd forC22H14F2N2NaO6 [M ＋ Na] ＋ 
463.0718, found 463.0717. 

Dimethyl 2,2'-di(4-chlorophenyl)-bis-5,5'-oxazole-4,4'- 
dicarboxylate (2i): Yield 92%. 1H NMR (400 MHz, CDCl3) 
δ: 8.13 (d, J＝8.4 Hz, 4H), 7.51 (d, J＝8.4 Hz, 4H), 3.93 (s, 
6H); 13C NMR (100 MHz, CDCl3) δ: 161.6, 160.9, 141.1, 
138.3, 134.2, 129.4, 128.5, 124.2, 52.6. HRMS (ESI) calcd 
for C22H14Cl2N2NaO6 [M ＋ Na] ＋  495.0127, found 
495.0130. 

Dimethyl 2,2'-di(4-bromophenyl)-bis-5,5'-oxazole-4,4'- 
dicarboxylate (2j): Yield 74%. 1H NMR (400 MHz, CDCl3) 
δ: 8.06 (d, J＝8.4 Hz, 4H), 7.67 (d, J＝8.4 Hz, 4H), 3.92 (s, 
6H); 13C NMR (100 MHz, CDCl3) δ: 161.7, 160.9, 141.1, 
134.3, 132.4, 128.7, 126.8, 124.6, 52.7. HRMS (ESI) calcd 
for C22H14Br2N2NaO6 [M ＋ Na] ＋  582.9116, found 
582.9119. 

Diethyl 2,2'-diphenyl-bis-5,5'-oxazole-4,4'-dicarboxyl- 
ate (2k): Yield 66%. 1H NMR (400 MHz, CDCl3) δ: 8.21～
8.19 (m, 4H), 7.53～7.50 (m, 6H), 4.38 (q, J＝6.8 Hz, 4H), 
1.30 (t, J＝6.8 Hz, 6H); 13C NMR (100 MHz, CDCl3) δ: 
162.4, 160.6, 141.0, 134.3, 131.7, 128.8, 127.1, 125.7, 61.6, 
14.0. HRMS (ESI) calcd for C24H21N2O6 [M ＋ H] ＋ 
433.1400, found 433.1393; calcd for C24H20N2NaO6 [M＋
Na]＋ 455.1219, found 455.1213. 

Di-n-butyl 2,2'-diphenyl-bis-5,5'-oxazole-4,4'-dicarbox- 
ylate (2l): Yield 48%. 1H NMR (400 MHz, CDCl3) δ: 
8.21～8.19 (m, 4H), 7.55～7.49 (m, 6H), 4.30 (t, J＝7.2 
Hz, 4H), 1.64～1.57 (m, 4H), 1.33～1.23 (m, 4H), 0.82 (t,  
J＝7.2 Hz, 6H); 13C NMR (100 MHz, CDCl3) δ: 162.5, 
160.7, 141.0, 134.5, 131.7, 128.9, 127.2, 125.8, 65.5, 30.4, 
18.9, 13.5. HRMS (ESI) calcd for C28H29N2O6 [M＋H]＋

489.2026, found 489.2022; calcd for C28H28N2NaO6 [M＋
Na]＋ 511.1845, found 511.1848. 

N,N'-Di-n-butyl 2,2'-diphenyl-bis-5,5'-oxazole-4,4'-di- 
formamide (4a): yield 72%. 1H NMR (400 MHz, CDCl3) δ: 
8.14～8.11 (m, 4H), 7.52～7.46 (m, 6H), 7.43 (t, J＝5.6 
Hz, 2H) 3.43 (t, J＝7.2 Hz, 4H), 1.65～1.58 (m, 4H), 
1.47～1.38 (m, 4H), 0.95 (t, J＝7.2 Hz, 6H); 13C NMR (100 
MHz, CDCl3) δ: 161.6, 160.1, 138.5, 136.9, 131.4, 128.9, 
127.1, 126.2, 39.1, 31.6, 20.1, 13.7. HRMS (ESI) calcd for 
C28H31N4O4 [M＋H]＋ 487.2345, found 487.2346; calcd for 
C28H30N4NaO4 [M＋Na]＋ 509.2165, found 509.2167. 

N,N'-Di-tert-butyl 2,2'-diphenyl-bis-5,5'-oxazole-4,4'-di- 
formamide (4b): Yield 61%. 1H NMR (400 MHz, CDCl3) δ: 
8.13～8.10 (m, 4H), 7.51～7.47 (m, 6H), 7.20 (s, 2H), 1.47 
(s, 18H); 13C NMR (100 MHz, CDCl3) δ: 161.2, 159.3, 
138.3, 137.8, 131.3, 128.8, 127.0, 126.3, 51.3, 28.8. HRMS 

(ESI) calcd for C28H31N4O4 [M＋H]＋  487.2345, found 
487.2347; calcd for C28H30N4NaO4 [M＋Na]＋ 509.2165, 
found 509.2167. 

N,N'-Diethyl 2,2'-diphenyl-bis-5,5'-oxazole-4,4'-diform- 
amide (4c): Yield 45%. 1H NMR (400 MHz, CDCl3) δ: 
8.14～8.12 (m, 4H), 7.52～7.49 (m, 6H), 7.40 (t, J＝6.0 
Hz, 2H), 3.51～3.44 (m, 4H), 1.26 (t, J＝7.2 Hz, 6H); 13C 
NMR (100 MHz, CDCl3) δ: 161.6, 160.0, 138.6, 136.9, 
131.4, 128.9, 127.1, 126.2, 34.2, 14.7. HRMS (ESI) calcd 
for C24H23N4O4 [M＋H]＋ 431.1719, found 431.1720; calcd 
for C24H22N4NaO4 [M＋Na]＋ 453.1539, found 453.1544. 

Dimethyl 2,2'-diphenyl-bis-5,5'-thiazole-4,4'-dicarboxy- 
late (4d): Yield 50% with 20 mol% Pd(OAc)2. 

1H NMR 
(400 MHz, CDCl3) δ: 7.95～8.05 (m, 4H), 7.43～7.53 (m, 
6H), 3.86 (s, 6H); 13C NMR (100 MHz, CDCl3) δ: 168.6, 
161.7, 144.4, 132.6, 132.2, 131.1, 129.0, 126.9, 52.5. 
HRMS (ESI) calcd for C22H17N2O4S2 [M＋H]＋ 437.0630, 
found 437.0636; calcd for C22H16N2NaO4S2 [M＋Na]＋

459.0449, found 459.0454. 
Dimethyl 2,2'-di(4-methoxylphenyl)-bis-5,5'-thiazole- 

4,4'-dicarboxylate (4e): Yield 51% with 20 mol% 
Pd(OAc)2. 

1H NMR (400 MHz, CDCl3) δ: 7.94 (d, 4H, J＝
8.4 Hz), 6.97 (d, J＝8.4 Hz, 4H), 3.88 (s, 6H), 3.84 (s, 6H); 
13C NMR (100 MHz, CDCl3) δ: 168.4, 162.0, 161.8, 144.1, 
131.8, 128.5, 125.1, 114.3, 55.4, 52.4. HRMS (ESI) calcd 
for C24H21N2O6S2 [M＋H]＋  497.0841, found 497.0845; 
calcd for C24H20N2O6NaS2 [M＋Na]＋  519.0661, found 
519.0670. 

Dimethyl 2,2'-di(4-fluorophenyl)-bis-5,5'-thiazole-4,4'- 
dicarboxylate (4f): Yield 52%. 1H NMR (400 MHz, CDCl3) 
δ: 8.01～7.98 (m, 4H), 7.19～7.15 (m, 4H), 3.86 (s, 6H); 
13C NMR (100 MHz, CDCl3) δ: 167.4, 165.7, 163.2, 161.6, 
144.4, 132.4, 129.0, 128.9, 128.6, 128.5, 116.4, 116.1, 52.5. 
HRMS (ESI) calcd for C22H14F2N2NaO4S2 [M＋Na] ＋ 
495.0261, found 495.0267. 

Dimethyl 2,2'-di(4-chlorophenyl)-bis-5,5'-thiazole-4,4'- 
dicarboxylate (4g): Yield 59%. 1H NMR (400 MHz, CDCl3) 
δ: 8.33 (d, J＝8.4 Hz, 4H), 7.80 (d, J＝8.4 Hz, 4H), 3.95 (s, 
6H); 13C NMR (100 MHz, CDCl3) δ: 167.3, 161.6, 144.6, 
137.3, 132.6, 130.7, 129.4, 128.1, 52.6. HRMS (ESI) 
C22H15Cl2N2NaO4S2 [M＋H]＋ 504.9850, found 504.9842; 
calcd for C22H14Cl2N2NaO4S2 [M＋Na]＋ 526.9670, found 
526.9674. 

 
Supporting Information  1H NMR and 13C NMR spectra 
for the homocoupling products 2 and 4. The Supporting 
Information is available free of charge via the Internet at 
http://sioc-journal.cn. 
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