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Ⅰ. X-ray diffraction analysis of compound 3ai 

The method for crystal growth is slow volatilization using EA (Ethyl 

acetate) as a solvent. 

The crystallographic data for the single crystal of the complex 3d was 

collected on a CrysAlis PRO 1.171.39.7a (Rigaku OD, 2015) employing 

graphite-monochromated MoKα radiation (λ = 0.71073 Å). Empirical 

absorption corrections were applied using the CrysAlisPro program at 

300 K and 293 K respectively. The structure was solved by direct method 

and refined by least-squares. Program used to solve structure is SHELXS 

(Sheldrick, 2008); program used to refine structure is SHELXH 

(Sheldrick, 2015). Hydrogen atoms of -CH, -CH2 , -CH3 , groups were 

placed in geometrically calculated positions and were included in the 

refinement process using riding model with isotropic thermal parameters. 

Crystallography data and structure refinement for 3ai (CCDC 2152821). 

Thermal ellipsoids are shown at 30% probability level.
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X-ray diffraction analysis of compound 5ag’ 

The method for crystal growth is slow volatilization using EA (Ethyl 

acetate) as a solvent. 

The crystallographic data for the single crystal of the complex 5ag’ was 

collected on a CrysAlis PRO 1.171.39.7a (Rigaku OD, 2015) employing 

graphite-monochromated MoKα radiation (λ = 0.71073 Å). Empirical 

absorption corrections were applied using the CrysAlisPro program at 

300 K and 293 K respectively. The structure was solved by direct method 

and refined by least-squares. Program used to solve structure is SHELXS 

(Sheldrick, 2008); program used to refine structure is SHELXH 

(Sheldrick, 2015). Hydrogen atoms of -CH, -CH2 , -CH3 , groups were 

placed in geometrically calculated positions and were included in the 

refinement process using riding model with isotropic thermal parameters. 

Crystallography data and structure refinement for 5ag’ (CCDC 2152790). 

Thermal ellipsoids are shown at 30% probability level. 
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Ⅱ.1H-NMR and 13C{1H}-NMR spectra of all products 
ethyl 3-(2-thioxobenzo[d]oxazol-3(2H)-yl)propanoate (3aa) 

 

 
1H NMR 

 
13C{1H} NMR 

3aa, 1H NMR, 
CDCl3, 400 MHz 

3aa, 13C{1H} NMR, 
CDCl3, 100 MHz 
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ethyl 3-(5-bromo-2-thioxobenzo[d]oxazol-3(2H)-yl)propanoate (3ab) 
 

 
1H NMR 

 
13C{1H} NMR 

3ab, 1H NMR, 
CDCl3, 400 MHz 

3ab, 13C{1H} NMR, 
CDCl3, 100 MHz 
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ethyl 3-(6-methyl-2-thioxobenzo[d]oxazol-3(2H)-yl)propanoate (3ac) 
 

 
1H NMR 

 
13C{1H} NMR 

 

3ac, 1H NMR, 
CDCl3, 400 MHz 

3ac, 13C{1H} NMR, 
CDCl3, 100 MHz 
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ethyl 3-(5-chloro-2-thioxobenzo[d]oxazol-3(2H)-yl)propanoate (3ad) 
 

 
1H NMR 

 
13C{1H} NMR

3ad, 1H NMR, 
CDCl3, 400 MHz 

3ad, 13C{1H} NMR, 
CDCl3, 100 MHz 
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ethyl 3-(5-(tert-butyl)-2-mercaptobenzo[d]oxazol-3(2H)-yl)propanoate (3ae) 
 

 
1H NMR 

 
13C{1H} NMR

3ae, 1H NMR, 
CDCl3, 400 MHz 

3ae, 13C{1H} NMR, 
CDCl3, 100 MHz 



 
 

Ｓ10 

ethyl 3-(6-chloro-2-thioxobenzo[d]oxazol-3(2H)-yl)propanoate (3af) 
 

 
1H NMR 

 
13C{1H} NMR 

3af, 1H NMR, 
CDCl3, 400 MHz 

3af, 13C{1H} NMR, 
CDCl3, 100 MHz 
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ethyl 3-(5-methyl-2-thioxobenzo[d]oxazol-3(2H)-yl)propanoate (3ag) 
 

 
1H NMR 

 
13C{1H} NMR 

 

3ag, 1H NMR, 
CDCl3, 400 MHz 

3ag, 13C{1H} NMR, 
CDCl3, 100 MHz 
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ethyl 3-(4-methyl-2-thioxobenzo[d]oxazol-3(2H)-yl)propanoate (3ah) 
 

 
1H NMR 

 
13C{1H} NMR 

 

3ah, 1H NMR, 
CDCl3, 400 MHz 

3ah, 13C{1H} NMR, 
CDCl3, 100 MHz 
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tert-butyl 3-(2-thioxobenzo[d]oxazol-3(2H)-yl)propanoate (3ai) 
 

 
1H NMR 

 
13C{1H} NMR

3ai, 1H NMR, 
CDCl3, 400 MHz 

3ai, 13C{1H} NMR, 
CDCl3, 100 MHz 
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tert-butyl 3-(4-methyl-2-thioxobenzo[d]oxazol-3(2H)-yl)propanoate (3aj) 
 

 
1H NMR 

 
13C{1H} NMR 

 

3aj, 1H NMR, 
CDCl3, 400 MHz 

3aj, 13C{1H} NMR, 
CDCl3, 100 MHz 
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tert-butyl 3-(6-methyl-2-thioxobenzo[d]oxazol-3(2H)-yl)propanoate (3ak) 
 

 
1H NMR 

 
13C{1H} NMR 

 

3ak, 1H NMR, 
CDCl3, 400 MHz 

3ak, 13C{1H} NMR, 
CDCl3, 100 MHz 
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tert-butyl 3-(5-(tert-butyl)-2-thioxobenzo[d]oxazol-3(2H)-yl)propanoate (3al) 
 

 
1H NMR 

 
13C{1H} NMR 

 

3al, 1H NMR, 
CDCl3, 400 MHz 

3al, 13C{1H} NMR, 
CDCl3, 100 MHz 
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tert-butyl 3-(5-bromo-2-thioxobenzo[d]oxazol-3(2H)-yl)propanoate (3am) 
 

 
1H NMR 

 
13C{1H} NMR 

 

3am, 1H NMR, 
CDCl3, 400 MHz 

3am, 13C{1H} NMR, 
CDCl3, 100 MHz 
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tert-butyl 3-(6-chloro-2-thioxobenzo[d]oxazol-3(2H)-yl)propanoate (3an) 
 

 
1H NMR 

 
13C{1H} NMR 

 
 

3an, 1H NMR, 
CDCl3, 400 MHz 

3an, 13C{1H} NMR, 
CDCl3, 100 MHz 
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cyclohexyl 3-(2-thioxobenzo[d]oxazol-3(2H)-yl)propanoate (3ao) 
 

 
1H NMR 

 
13C{1H} NMR 

 
 

3ao, 1H NMR, 
CDCl3, 400 MHz 

3ao, 13C{1H} NMR, 
CDCl3, 100 MHz 
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cyclohexyl 3-((6-methylbenzo[d]oxazol-2-yl)thio)propanoate (3ap) 
 

 
1H NMR 

 
13C{1H} NMR 

 
 

3ap, 1H NMR, 
CDCl3, 400 MHz 

3ap, 13C{1H} NMR, 
CDCl3, 100 MHz 
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cyclohexyl 3-(5-(tert-butyl)-2-thioxobenzo[d]oxazol-3(2H)-yl)propanoate (3aq) 
 

 
1H NMR 

 
13C{1H} NMR 

 
 

3aq, 1H NMR, 
CDCl3, 400 MHz 

3aq, 13C{1H} NMR, 
CDCl3, 100 MHz 



 
 

Ｓ22 

cyclohexyl 3-(4-methyl-2-thioxobenzo[d]oxazol-3(2H)-yl)propanoate (3ar) 
 

 
1H NMR 

 
13C{1H} NMR 

 
 

3ar, 1H NMR, 
CDCl3, 400 MHz 

3ar, 13C{1H} NMR, 
CDCl3, 100 MHz 
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cyclohexyl 3-(5-bromo-2-thioxobenzo[d]oxazol-3(2H)-yl)propanoate (3as) 
 

 
1H NMR 

 
13C{1H} NMR 

 
 

3as, 1H NMR, 
CDCl3, 400 MHz 

3as, 13C{1H} NMR, 
CDCl3, 100 MHz 
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cyclohexyl 3-(6-chloro-2-thioxobenzo[d]oxazol-3(2H)-yl)propanoate (3at) 
 

 
1H NMR 

 
13C{1H} NMR 

 
 

3at, 1H NMR, 
CDCl3, 400 MHz 

3at, 13C{1H} NMR, 
CDCl3, 100 MHz 
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cyclohexyl 3-(5-chloro-2-thioxobenzo[d]oxazol-3(2H)-yl)propanoate (3au) 
 

 
1H NMR 

 
13C{1H} NMR

3au, 1H NMR, 
CDCl3, 400 MHz 

3au, 13C{1H} NMR, 
CDCl3, 100 MHz 
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cyclohexyl 3-(5-methyl-2-thioxobenzo[d]oxazol-3(2H)-yl)propanoate (3av) 
 

 
1H NMR 

 
13C{1H} NMR

3av, 1H NMR, 
CDCl3, 400 MHz 

3av, 13C{1H} NMR, 
CDCl3, 100 MHz 
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ethyl 3-(benzo[d]thiazol-2-ylthio)propanoate (5aa) 
 

 
1H NMR 

 
13C{1H} NMR 

 

5aa, 1H NMR, 
CDCl3, 400 MHz 

5aa, 13C{1H} NMR, 
CDCl3, 100 MHz 
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tert-butyl 3-(benzo[d]thiazol-2-ylthio)propanoate (5ab) 
 

 
1H NMR 

 
13C{1H} NMR 

 

5ab, 1H NMR, 
CDCl3, 400 MHz 

5ab, 13C{1H} NMR, 
CDCl3, 100 MHz 
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cyclohexyl 3-(benzo[d]thiazol-2-ylthio)propanoate (5ac) 
 

 
1H NMR 

 
13C{1H} NMR 

 

5ac, 1H NMR, 
CDCl3, 400 MHz 

5ac, 13C{1H} NMR, 
CDCl3, 100 MHz 
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ethyl 3-((5-chlorobenzo[d]thiazol-2-yl)thio)propanoate (5ad) 
 

 
1H NMR 

 
13C{1H} NMR 

 

5ad, 1H NMR, 
CDCl3, 400 MHz 

5ad, 13C{1H} NMR, 
CDCl3, 100 MHz 
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tert-butyl 3-((5-chlorobenzo[d]thiazol-2-yl)thio)propanoate (5ae) 
 

 
1H NMR 

 
13C{1H} NMR 

 

5ae, 1H NMR, 
CDCl3, 400 MHz 

5ae, 13C{1H} NMR, 
CDCl3, 100 MHz 
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cyclohexyl 3-((5-chlorobenzo[d]thiazol-2-yl)thio)propanoate (5af) 
 

 
1H NMR 

 
13C{1H} NMR 

 

5af, 1H NMR, 
CDCl3, 400 MHz 

5af, 13C{1H} NMR, 
CDCl3, 100 MHz 
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tert-butyl 3-((6-methoxybenzo[d]thiazol-2-yl)thio)propanoate (5ag) 

1H NMR 

13C{1H} NMR 

 

5ag, 1H NMR, 
CDCl3, 400 MHz 

5ag, 13C{1H} NMR, 
CDCl3, 100 MHz 


