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[bookmark: _Toc211341306]Table S1. Gradient elution of the mobile phase for the synthetic compounds using HPLC
The mobile phase consisted of solvent A (0.1% acetic acid in water) and solvent B (acetonitrile). Gradient elution was performed at a flow rate of 1.0 mL/min. 

	Time
	Solution (A) %
	Solution (B) %

	0 to 10 min
	90
	10

	10 to 20 min
	60
	40

	20 to 28 min
	30
	70

	28 to 30 min
	5
	95

	30 to 40 min
	90
	10



[bookmark: _Toc211341307]Table S2. The stability of the synthesized compounds in aqueous solution 
Each compound was dissolved in an acetonitrile–water (1:1, v/v) mixture, followed by sonication and filtration through a 0.22 μm membrane filter prior to analysis. The detection wavelength was set at 248 nm. Peak areas were quantified using the minimum area integration method.

	Compounds
	0 day
	1 month
	Degradation
(%)

	
	RT (min)
	Area (%)
	RT (min)
	Area (%)
	

	3a
	30.837
	95.60
	30.862
	87.50
	8.10

	3b
	30.462
	95.36
	30.482
	85.48
	9.88

	3c
	26.237
	96.93
	26.205
	87.31
	9.62

	3d
	31.912
	97.44
	31.875
	85.36
	12.08

	3e
	26.813
	96.73
	26.780
	85.21
	11.52

	3f
	31.265
	95.59
	31.213
	88.81
	6.78

	3g
	32.185
	96.68
	32.184
	84.32
	12.36

	3h
	28.815
	94.80
	28.775
	88.46
	6.36
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[bookmark: _Toc211341308][bookmark: OLE_LINK1]Figure S1. 1H NMR of the 4-phenyl-2-(2-(propan-2-ylidene)hydrazineyl)thiazole (3a)
[image: 1-3a]
[bookmark: _Toc211341309]Figure S2. 13C NMR of the 4-phenyl-2-(2-(propan-2-ylidene)hydrazineyl)thiazole (3a)
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[bookmark: _Toc211341310]Figure S3. HRMS of the 4-phenyl-2-(2-(propan-2-ylidene)hydrazineyl)thiazole (3a)
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Figure S4. 1H NMR of the 4-(4-methoxyphenyl)-2-(2-(propan-2-ylidene)hydrazineyl)thiazole (3b)

[image: 2-3b]
[bookmark: _Toc211341312]Figure S5. 13C NMR of the 4-(4-methoxyphenyl)-2-(2-(propan-2-ylidene)hydrazineyl)thiazole (3b)
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[bookmark: _Toc211341313]Figure S6. HRMS of the 4-(4-methoxyphenyl)-2-(2-(propan-2-ylidene)hydrazineyl)thiazole (3b)
[image: ]

[bookmark: _Toc211341314]Figure S7. 1H NMR of the 4-(2-(2-(propan-2-ylidene)hydrazineyl)thiazol-4-yl)phenol (3c)
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[bookmark: _Toc211341315]Figure S8. 13C NMR of the 4-(2-(2-(propan-2-ylidene)hydrazineyl)thiazol-4-yl)phenol (3c)
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[bookmark: _Toc211341316]Figure S9. HRMS of the 4-(2-(2-(propan-2-ylidene)hydrazineyl)thiazol-4-yl)phenol (3c)
[image: ]

[bookmark: _Toc211341317]Figure S10. 1H NMR of the 3-(2-(2-(propan-2-ylidene)hydrazineyl)thiazol-4-yl)phenol (3d)
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[bookmark: _Toc211341318]Figure S11. 13C NMR of the 3-(2-(2-(propan-2-ylidene)hydrazineyl)thiazol-4-yl)phenol (3d)
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[bookmark: _Toc211341319]Figure S12. HRMS of the 3-(2-(2-(propan-2-ylidene)hydrazineyl)thiazol-4-yl)phenol (3d)
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[bookmark: _Toc211341320]Figure S13. 1H NMR of the 2-(2-(2-(propan-2-ylidene)hydrazineyl)thiazol-4-yl)phenol (3e)
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[bookmark: _Toc211341321]Figure S14. 13C NMR of the 2-(2-(2-(propan-2-ylidene)hydrazineyl)thiazol-4-yl)phenol (3e)
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[bookmark: _Toc211341322]Figure S15. HRMS of the  2-(2-(2-(propan-2-ylidene)hydrazineyl)thiazol-4-yl)phenol (3e)
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[bookmark: _Toc211341323]Figure S16. 1H NMR of the 4-(4-fluorophenyl)-2-(2-(propan-2-ylidene)hydrazineyl)thiazole (3f)
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[bookmark: _Toc211341324]Figure S17. 13C NMR of the 4-(4-fluorophenyl)-2-(2-(propan-2-ylidene)hydrazineyl)thiazole (3f)
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[bookmark: _Toc211341325]Figure S18. HRMS of the 4-(4-fluorophenyl)-2-(2-(propan-2-ylidene)hydrazineyl)thiazole (3f)
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[bookmark: _Toc211341326]Figure S19. 1H NMR of the 4-fluoro-2-(2-(2-(propan-2-ylidene)hydrazineyl)thiazol-4-yl)phenol (3g)
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[bookmark: _Toc211341327]Figure S20. 13C NMR of the 4-fluoro-2-(2-(2-(propan-2-ylidene)hydrazineyl)thiazol-4-yl)phenol (3g)
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[bookmark: _Toc211341328]Figure S21. HRMS of the 4-fluoro-2-(2-(2-(propan-2-ylidene)hydrazineyl)thiazol-4-yl)phenol (3g)
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[bookmark: _Toc211341329]Figure S22. 1H NMR of the 4-(3,4-dimethoxyphenyl)-2-(2-(propan-2-ylidene)hydrazineyl)thiazole (3h)
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[bookmark: _Toc211341330]Figure S23. 13C NMR of the 4-(3,4-dimethoxyphenyl)-2-(2-(propan-2-ylidene)hydrazineyl)thiazole (3h)
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[bookmark: _Toc211341331]Figure S24. HRMS of the 4-(3,4-dimethoxyphenyl)-2-(2-(propan-2-ylidene)hydrazineyl)thiazole (3h)
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[bookmark: _Toc211341332]Figure S25. Antimelanogenic effects of compounds in B16F10 melanoma cells. (A) 3a; (B) 3b; (C) 3e; (D) 3g; (E) 3h. Cells were stimulated with 100 nM α-MSH, and arbutin (100 μM) served as the positive control. Data are presented as mean ± SD from three independent experiments. Values are the mean SEM of triplicate experiments. *p < 0.05; **p < 0.01.
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[bookmark: _Toc211341333]Figure S26. Synthesis compounds 3a-3h on NO producton and cell viability in LPS-induced RAW 264.7macrophage cells. The cells were stimulated with 1 μg /mL of LPS only, or with LPS plus 3a-3h and L-NIL (positive control, 40 μM) for 24 h. The data represent the mean ±SD of triplicate experiments. Values are the mean SEM of triplicate experiments. *p < 0.05; **p < 0.01
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[bookmark: _Toc211341334]Figure S27. The inhibition percentage of DPPH by the synthesized compounds
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[bookmark: _Toc211341335]Figure S28. HPLC chromatograms for stability evaluation of the synthesized compounds
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		Experiment File Path:

		Protocol File Path:

		Plate Number		Plate 4

		Date		6/15/24

		Time		오전 10:29:19

		Reader Type:		Epoch

		Reader Serial Number:		20120120

		Reading Type		Reader

		Procedure Details

		Plate Type		96 WELL PLATE (Use plate lid)

		Eject plate on completion

		Read		Absorbance Endpoint

				Full Plate

				Wavelengths:  490

				Read Speed: Normal,  Delay: 100 msec,  Measurements/Data Point: 8

		Results

		Actual Temperature:		0

						1		2		3		4		5		6		7		8		9		10		11		12

				A		0.114		0.108		0.106		0.109		0.106		0.104		0.11		0.104		0.105		0.112		0.102		0.102		490

				B		0.096		0.099		0.098		0.104		0.107		0.107		0.106		0.105		0.103		0.107		0.101		0.113		490

				C		0.09		0.09		0.09		0.092		0.101		0.101		0.107		0.103		0.103		0.105		0.104		0.11		490

				D		0.082		0.08		0.083		0.084		0.1		0.097		0.1		0.094		0.109		0.104		0.103		0.099		490

				E		0.071		0.072		0.073		0.073		0.089		0.089		0.098		0.091		0.101		0.103		0.106		0.102		490

				F		0.062		0.067		0.065		0.064		0.085		0.085		0.092		0.084		0.099		0.106		0.105		0.102		490

				G		0.055		0.054		0.058		0.062		0.072		0.067		0.083		0.071		0.099		0.106		0.105		0.102		490

				H		0.052		0.053		0.055		0.054		0.058		0.06		0.061		0.063		0.094		0.102		0.105		0.117		490

						1		2		3		4		5		6		7		8		9		10		11		12

				A		0.04		0.038		0.036		0.036		0.037		0.04		0.037		0.037		0.04		0.039		0.038		0.036

				B		0.037		0.038		0.039		0.041		0.042		0.039		0.037		0.039		0.037		0.037		0.037		0.037

				C		0.037		0.039		0.037		0.039		0.038		0.037		0.038		0.038		0.036		0.037		0.037		0.037

				D		0.037		0.037		0.038		0.039		0.044		0.037		0.038		0.036		0.037		0.037		0.039		0.037

				E		0.037		0.037		0.037		0.037		0.039		0.037		0.039		0.04		0.038		0.039		0.04		0.037

				F		0.037		0.037		0.038		0.037		0.041		0.046		0.038		0.038		0.037		0.039		0.039		0.037

				G		0.037		0.037		0.039		0.04		0.038		0.037		0.04		0.04		0.036		0.038		0.04		0.037

				H		0.04		0.039		0.041		0.041		0.04		0.038		0.038		0.041		0.038		0.037		0.039		0.039

		A5 		농도(μg/mL)		1차		2차		3차		4차		blank						AVE		Data - Blank						D-B 평균		백분율								표준편차		평균		저해율

				Control		0.114		0.108		0.106				0.04		0.038		0.036		0.0380		0.0760		0.0700		0.0680		0.0713

				3.91		0.096		0.099		0.098				0.037		0.038		0.039		0.0380		0.0580		0.0610		0.0600		0.0597		81.3084		85.5140		84.1121				2.1414		83.6449		16.3551

				7.8125		0.09		0.09		0.09				0.037		0.039		0.037		0.0377		0.0523		0.0523		0.0523		0.0523		73.3645		73.3645		73.3645				0.0000		73.3645		26.6355

				15.625		0.082		0.08		0.083				0.037		0.037		0.038		0.0373		0.0447		0.0427		0.0457		0.0443		62.6168		59.8131		64.0187				2.1414		62.1495		37.8505

				31.25		0.071		0.072		0.073				0.037		0.037		0.037		0.0370		0.0340		0.0350		0.0360		0.0350		47.6636		49.0654		50.4673				1.4019		49.0654		50.9346		1.77

				62.5		0.062		0.067		0.065				0.037		0.037		0.038		0.0373		0.0247		0.0297		0.0277		0.0273		34.5794		41.5888		38.7850				3.5280		38.3178		61.6822

				125		0.055		0.054		0.058				0.037		0.037		0.039		0.0377		0.0173		0.0163		0.0203		0.0180		24.2991		22.8972		28.5047				2.9182		25.2336		74.7664

				250		0.052		0.053		0.055				0.04		0.039		0.041		0.0400		0.0120		0.0130		0.0150		0.0133		16.8224		18.2243		21.0280				2.1414		18.6916		81.3084

		A6		농도(μg/mL)		1차		2차		3차		4차		blank						AVE		Data - Blank						D-B 평균		백분율								표준편차		평균		저해율

				Control		0.106		0.104		0.11				0.037		0.04		0.037		0.0380		0.0680		0.0660		0.0720		0.0687

				3.91		0.107		0.107		0.106				0.042		0.039		0.037		0.0393		0.0677		0.0677		0.0667		0.0673		98.5437		98.5437		97.0874				0.8408		98.0583		1.9417

				7.8125		0.101		0.101		0.103				0.038		0.037		0.038		0.0377		0.0633		0.0633		0.0653		0.0640		92.2330		92.2330		95.1456				1.6816		93.2039		6.7961

				15.625		0.1		0.097		0.1				0.044		0.037		0.038		0.0397		0.0603		0.0573		0.0603		0.0593		87.8641		83.4951		87.8641				2.5224		86.4078		13.5922

				31.25		0.089		0.089		0.091				0.039		0.037		0.039		0.0383		0.0507		0.0507		0.0527		0.0513		73.7864		73.7864		76.6990				1.6816		74.7573		25.2427

				62.5		0.085		0.085		0.084				0.041		0.046		0.038		0.0417		0.0433		0.0433		0.0423		0.0430		63.1068		63.1068		61.6505				0.8408		62.6214		37.3786

				125		0.072		0.067		0.071				0.038		0.037		0.04		0.0383		0.0337		0.0287		0.0327		0.0317		49.0291		41.7476		47.5728				3.8530		46.1165		53.8835

				250		0.058		0.06		0.061				0.04		0.038		0.038		0.0387		0.0193		0.0213		0.0223		0.0210		28.1553		31.0680		32.5243				2.2246		30.5825		69.4175

		熊果苷		농도(μg/mL)		1차		2차		3차		4차		blank						AVE		Data - Blank						D-B 평균		백분율								표준편차		평균		저해율

				Control		0.105		0.112		0.102				0.04		0.039		0.038		0.0390		0.0660		0.0730		0.0630		0.0673

				3.91		0.103		0.107		0.101				0.037		0.037		0.037		0.0370		0.0660		0.0700		0.0640		0.0667		98.0198		103.9604		95.0495				4.5372		99.0099		0.9901

				7.8125		0.103		0.105		0.104				0.036		0.037		0.037		0.0367		0.0663		0.0683		0.0673		0.0673		98.5149		101.4851		100.0000				1.4851		100.0000		0.0000

				15.625		0.109		0.104		0.103				0.037		0.037		0.039		0.0377		0.0713		0.0663		0.0653		0.0677		105.9406		98.5149		97.0297				4.7741		100.4950		-0.4950

				31.25		0.101		0.103		0.106				0.038		0.039		0.04		0.0390		0.0620		0.0640		0.0670		0.0643		92.0792		95.0495		99.5050				3.7375		95.5446		4.4554

				62.5		0.099		0.106		0.105				0.037		0.039		0.039		0.0383		0.0607		0.0677		0.0667		0.0650		90.0990		100.4950		99.0099				5.6227		96.5347		3.4653

				125		0.099		0.106		0.105				0.036		0.038		0.04		0.0380		0.0610		0.0680		0.0670		0.0653		90.5941		100.9901		99.5050				5.6227		97.0297		2.9703

				250		0.094		0.102		0.105				0.038		0.037		0.039		0.0380		0.0560		0.0640		0.0670		0.0623		83.1683		95.0495		99.5050				8.4449		92.5743		7.4257

				62.5		37.3786				A5 		30.1

				125		53.8835				A6		110.3







62.5	125	37.378640776699	53.8834951456311	
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Spectrum from 20241031_01_B1_JJU_pos_2.wiff (sample 1) - 20241031_01_B1_JJU_pos_2, +TOF MS (50 - 1200) from 2.892 min


Microsoft_Excel_Worksheet1.xlsx
Plate 4 - Sheet1

		Software Version		3.10.06

		Experiment File Path:

		Protocol File Path:

		Plate Number		Plate 4

		Date		6/15/24

		Time		오전 10:29:19

		Reader Type:		Epoch

		Reader Serial Number:		20120120

		Reading Type		Reader

		Procedure Details

		Plate Type		96 WELL PLATE (Use plate lid)

		Eject plate on completion

		Read		Absorbance Endpoint

				Full Plate

				Wavelengths:  490

				Read Speed: Normal,  Delay: 100 msec,  Measurements/Data Point: 8

		Results

		Actual Temperature:		0

						1		2		3		4		5		6		7		8		9		10		11		12

				A		0.114		0.108		0.106		0.109		0.106		0.104		0.11		0.104		0.105		0.112		0.102		0.102		490

				B		0.096		0.099		0.098		0.104		0.107		0.107		0.106		0.105		0.103		0.107		0.101		0.113		490

				C		0.09		0.09		0.09		0.092		0.101		0.101		0.107		0.103		0.103		0.105		0.104		0.11		490

				D		0.082		0.08		0.083		0.084		0.1		0.097		0.1		0.094		0.109		0.104		0.103		0.099		490

				E		0.071		0.072		0.073		0.073		0.089		0.089		0.098		0.091		0.101		0.103		0.106		0.102		490

				F		0.062		0.067		0.065		0.064		0.085		0.085		0.092		0.084		0.099		0.106		0.105		0.102		490

				G		0.055		0.054		0.058		0.062		0.072		0.067		0.083		0.071		0.099		0.106		0.105		0.102		490

				H		0.052		0.053		0.055		0.054		0.058		0.06		0.061		0.063		0.094		0.102		0.105		0.117		490

						1		2		3		4		5		6		7		8		9		10		11		12

				A		0.04		0.038		0.036		0.036		0.037		0.04		0.037		0.037		0.04		0.039		0.038		0.036

				B		0.037		0.038		0.039		0.041		0.042		0.039		0.037		0.039		0.037		0.037		0.037		0.037

				C		0.037		0.039		0.037		0.039		0.038		0.037		0.038		0.038		0.036		0.037		0.037		0.037

				D		0.037		0.037		0.038		0.039		0.044		0.037		0.038		0.036		0.037		0.037		0.039		0.037

				E		0.037		0.037		0.037		0.037		0.039		0.037		0.039		0.04		0.038		0.039		0.04		0.037

				F		0.037		0.037		0.038		0.037		0.041		0.046		0.038		0.038		0.037		0.039		0.039		0.037

				G		0.037		0.037		0.039		0.04		0.038		0.037		0.04		0.04		0.036		0.038		0.04		0.037

				H		0.04		0.039		0.041		0.041		0.04		0.038		0.038		0.041		0.038		0.037		0.039		0.039

		A5 		농도(μg/mL)		1차		2차		3차		4차		blank						AVE		Data - Blank						D-B 평균		백분율								표준편차		평균		저해율

				Control		0.114		0.108		0.106				0.04		0.038		0.036		0.0380		0.0760		0.0700		0.0680		0.0713

				3.91		0.096		0.099		0.098				0.037		0.038		0.039		0.0380		0.0580		0.0610		0.0600		0.0597		81.3084		85.5140		84.1121				2.1414		83.6449		16.3551

				7.8125		0.09		0.09		0.09				0.037		0.039		0.037		0.0377		0.0523		0.0523		0.0523		0.0523		73.3645		73.3645		73.3645				0.0000		73.3645		26.6355

				15.625		0.082		0.08		0.083				0.037		0.037		0.038		0.0373		0.0447		0.0427		0.0457		0.0443		62.6168		59.8131		64.0187				2.1414		62.1495		37.8505

				31.25		0.071		0.072		0.073				0.037		0.037		0.037		0.0370		0.0340		0.0350		0.0360		0.0350		47.6636		49.0654		50.4673				1.4019		49.0654		50.9346		1.77

				62.5		0.062		0.067		0.065				0.037		0.037		0.038		0.0373		0.0247		0.0297		0.0277		0.0273		34.5794		41.5888		38.7850				3.5280		38.3178		61.6822

				125		0.055		0.054		0.058				0.037		0.037		0.039		0.0377		0.0173		0.0163		0.0203		0.0180		24.2991		22.8972		28.5047				2.9182		25.2336		74.7664

				250		0.052		0.053		0.055				0.04		0.039		0.041		0.0400		0.0120		0.0130		0.0150		0.0133		16.8224		18.2243		21.0280				2.1414		18.6916		81.3084

		A6		농도(μg/mL)		1차		2차		3차		4차		blank						AVE		Data - Blank						D-B 평균		백분율								표준편차		평균		저해율

				Control		0.106		0.104		0.11				0.037		0.04		0.037		0.0380		0.0680		0.0660		0.0720		0.0687

				3.91		0.107		0.107		0.106				0.042		0.039		0.037		0.0393		0.0677		0.0677		0.0667		0.0673		98.5437		98.5437		97.0874				0.8408		98.0583		1.9417

				7.8125		0.101		0.101		0.103				0.038		0.037		0.038		0.0377		0.0633		0.0633		0.0653		0.0640		92.2330		92.2330		95.1456				1.6816		93.2039		6.7961

				15.625		0.1		0.097		0.1				0.044		0.037		0.038		0.0397		0.0603		0.0573		0.0603		0.0593		87.8641		83.4951		87.8641				2.5224		86.4078		13.5922

				31.25		0.089		0.089		0.091				0.039		0.037		0.039		0.0383		0.0507		0.0507		0.0527		0.0513		73.7864		73.7864		76.6990				1.6816		74.7573		25.2427

				62.5		0.085		0.085		0.084				0.041		0.046		0.038		0.0417		0.0433		0.0433		0.0423		0.0430		63.1068		63.1068		61.6505				0.8408		62.6214		37.3786

				125		0.072		0.067		0.071				0.038		0.037		0.04		0.0383		0.0337		0.0287		0.0327		0.0317		49.0291		41.7476		47.5728				3.8530		46.1165		53.8835

				250		0.058		0.06		0.061				0.04		0.038		0.038		0.0387		0.0193		0.0213		0.0223		0.0210		28.1553		31.0680		32.5243				2.2246		30.5825		69.4175

		熊果苷		농도(μg/mL)		1차		2차		3차		4차		blank						AVE		Data - Blank						D-B 평균		백분율								표준편차		평균		저해율

				Control		0.105		0.112		0.102				0.04		0.039		0.038		0.0390		0.0660		0.0730		0.0630		0.0673

				3.91		0.103		0.107		0.101				0.037		0.037		0.037		0.0370		0.0660		0.0700		0.0640		0.0667		98.0198		103.9604		95.0495				4.5372		99.0099		0.9901

				7.8125		0.103		0.105		0.104				0.036		0.037		0.037		0.0367		0.0663		0.0683		0.0673		0.0673		98.5149		101.4851		100.0000				1.4851		100.0000		0.0000

				15.625		0.109		0.104		0.103				0.037		0.037		0.039		0.0377		0.0713		0.0663		0.0653		0.0677		105.9406		98.5149		97.0297				4.7741		100.4950		-0.4950

				31.25		0.101		0.103		0.106				0.038		0.039		0.04		0.0390		0.0620		0.0640		0.0670		0.0643		92.0792		95.0495		99.5050				3.7375		95.5446		4.4554

				62.5		0.099		0.106		0.105				0.037		0.039		0.039		0.0383		0.0607		0.0677		0.0667		0.0650		90.0990		100.4950		99.0099				5.6227		96.5347		3.4653

				125		0.099		0.106		0.105				0.036		0.038		0.04		0.0380		0.0610		0.0680		0.0670		0.0653		90.5941		100.9901		99.5050				5.6227		97.0297		2.9703

				250		0.094		0.102		0.105				0.038		0.037		0.039		0.0380		0.0560		0.0640		0.0670		0.0623		83.1683		95.0495		99.5050				8.4449		92.5743		7.4257

				62.5		37.3786				A5 		30.1

				125		53.8835				A6		110.3







62.5	125	37.378640776699	53.8834951456311	
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Spectrum from 20241031_02_B2_JJU_pos_2.wiff (sample 1) - 20241031_02_B2_JJU_pos_2, +TOF MS (50 - 1200) from 2.799 min
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Spectrum from 20241031_03_B3_JJU_pos_2.wiff (sample 1) - 20241031_03_B3_JJU_pos_2, +TOF MS (50 - 1200) from 3.120 min
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Spectrum from 20241031_04_B4_JJU_pos_2.wiff (sample 1) - 20241031_04_B4_JJU_pos_2, +TOF MS (50 - 1200) from 3.060 min
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Spectrum from 20241031_05_B5_JJU_pos_2.wiff (sample 1) - 20241031_05_B5_JJU_pos_2, +TOF MS (50 - 1200) from 3.274 min
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Spectrum from 20241031_06_B6_JJU_pos_2.wiff (sample 1) - 20241031_06_B6_JJU_pos_2, +TOF MS (50 - 1200) from 1.911 min
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Spectrum from 20241031_07_B7_JJU_pos_2.wiff (sample 1) - 20241031_07_B7_JJU_pos_2, +TOF MS (50 - 1200) from 2.669 min
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Spectrum from 20241031_08_B8_JJU_pos_2.wiff (sample 1) - 20241031_08_B8_JJU_pos_2, +TOF MS (50 - 1200) from 3.102 min
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