Electronic Effects in Oxidation Reactions Utilizing Dinuclear Copper Complexes with the Bis[3-(2-hydroxybenzylideneamino)phenyl] Sulfone Ligand
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Supporting Information Figure 1. Synthesis of 3-tert-butyl-2-hydroxy-5-methoxy-benzaldehyde
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3-tert-butyl-2-hydroxy-5-methoxybenzaldehyde
     Under an argon environment and with constant stirring, ethyl magnesium bromide was prepared in dry diethyl ether (30 mL) by the reaction of ethyl bromide (3.60 g, 33.0 mmol) and magnesium turnings (0.720 g, 30.0 mmol).  The reaction was cooled via ice bath when it became too rigorous. 2-tert-Butyl-4-methoxyphenol (5.40 g, 30.0 mmol) in dry THF (55 mL) was added dropwise to the EtMgBr solution and stirring was continued for 1 hour after everything had been combined.  Benzene (50 mL) is added after which distillation of THF/ether followed.  Paraformaldehyde (2.25 g, 75.0 mmol) and triethylamine (3.18 g, 31.5 mmol) were quickly introduced. Consequently, benzene (50 mL) was added again. This new solution was refluxed overnight. For the work-up: 10% HCl (300 mL) ether (50 mL, first extraction and 100 mL each, 3 more extractions) were used. The organic layer was washed with saturated NaCl and dried using magnesium sulfate.  The yield of the yellow liquid was 3.56 g, 57% after column chromatography.　
IR (neat, cm-1): 2957, 2837, 1655, 1614, 1431, 1329, 1231, 1194, 1146, 1061, 839, 795, 721

NMR (CDCl3):  1.44 (s, 9H, tert-butyl), 3.81 (s, 3H, OMe), 6.81 (d, J=3.05, 1H, Ar), 7.17 (d, J=3.05, 1H, Ar), 9.83 (s, 1H, CHO), 11.51 (s, 1H, OH)

Supporting Information Figure 2. Synthesis of BH(t-Bu)(OMe)BAPS
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BH(t-Bu)(OMe)BAPS

   3-tert-Butyl-2-hydroxy-5-methoxybenzaldehyde (0.39 g, 2 mmol) and bis(3-amino-phenyl) sulfone (0.25 g, 1 mmol) were refluxed in ethanol (10 mL) for 2 h. Recrystallization was done by dissolution of the crude product in warm EtOH and after cooling, 0.32 g, 50% yield was obtained.

IR (KBr, cm-1): 1059, 1151, 1213, 1300, 1464, 1574, 1618, 2953

NMR (CDCl3):  1.44 (s, 18H), 3.81 (s, 6H), 6.75 (d, J = 3.1, 2H), 7.08 (d, J = 3.1, 2H), 7.47-7.49 (m, 2H), 7.58 (t, J = 7.9, 2H), 7.86-7.87 (m, 4H), 8.63 (s, 2H), 13.02 (s, 2H)

UV-vis (nm (/M-1cm-1)): 241 (32000), 289 (23000), 302, 331, 382 (13000)

Anal. Calc. for C36H40N2O6S: C, 68.77; H, 6.41; N, 4.46. Found: C, 68.81; H, 6.42, 4.57%.
Supporting Information Figure 3. Synthesis of 3,5-di-tert-butyl-2-hydroxy-benzaldehyde
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3,5-di-tert-butyl-2-hydroxybenzaldehyde

     In an Ar atmosphere, ethyl bromide (5.2 g, 43 mmol) was added to magnesium turnings (1.0 g 43 mmol) in freshly distilled diethyl ether (30 mL). The resulting solution, after everything has dissolved, was cooled in an ice-bath.  Added dropwise to this with stirring was 2,4-di-tert-butylphenol (7.14 g, 34.0 mmol) dissolved in freshly distilled THF (40 mL).  When all the THF solution had been added, stirring was continued for an hour. Benzene (50 mL) was added and the THF and ether were removed by distillation.   Afterwards, paraformaldehyde (2.25 g, mmol) and triethylamine (3.18 g, 31.5 mmol) were added followed by additional benzene (50 mL).   This was refluxed overnight.  After the typical work-up, purification was done by column chromatography. The yield was 6.97 g, 86%. 
IR (KBr, cm-1): 644, 714, 737, 770, 800, 829, 895, 930, 964, 1024, 1169, 1200, 1227, 1250, 1271, 1323, 1362, 1381, 1439, 1612, 1651, 2959

NMR (CDCl3):  1.33 (s, 9H, tert-butyl), 1.43 (s, 9H, tert-butyl), 7.34 (d, J=2.44, 1H, Ar), 7.59 (d, J=2.44, 1H, Ar), 9.87 (s, 1H, CHO), 11.64 (s, 1H, OH)

Supporting Information Figure 4. Synthesis of BH(t-Bu)2BAPS
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Synthesis of BH(t-Bu)2BAPS

     Bis(3-aminophenyl) sulfone (0.25 g, 1.0 mmol) and  3,5-dtbp (2.0 mmol) were refluxed in ethanol (20 mL) overnight. Recrystallization was achieved by diffusion of ether to a dichloromethane solution of BH(t-Bu)2BAPS. The yield of the yellow crystals was 0.46 g, 68%.

IR (KBr, cm-1): 1150, 1302, 1474, 1582, 1618, 2957

NMR (CDCl3):  1.33 (s, 18H), 1.46 (s, 18H), 7.26 (d, J = 1.2, 2H), 7.47 (t, J = 1.1, 2H), 7.49 (d, J = 1.5, 2H), 7.57 (t, J = 7.5, 2H), 7.85 (s, 2H), 7.87 (s, 2H), 8.67 (s, 2H), 13.18 (s, 2H)

UV-vis (nm (M-1cm-1)): 237 (20000), 291 (16000), 305, 329, 360 (9100)

Anal. Calc. for C42H52N2O4S: C, 74.08; H, 7.78; N, 4.11. Found: C, 73.79; H, 7.77, 4.10%.
Supporting Information Figure 5. FT-IR spectra (cm-1) of 1-5.
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Supporting Information Table 1. IR spectroscopy results (cm-1) for 1-5.

	1
	2
	3
	4
	5
	Assignment

	
	2953*
	
	2953*
	2955*
	(C-H aliphatic)

	1616
	1606
	1614
	1603
	1605
	(C=N)

	1590
	1583
	1585
	1585
	1583
	(C=C aromatic)

	1470
	1474
	1474
	1468
	1479
	(C=C aromatic)

	1306
	1306
	1333
	1306
	1304
	as(SO2)

	
	
	
	1215
	
	(OCH3 aromatic)

	1150
	1146
	1165
	1157
	1155
	s(SO2)

	
	
	
	1058
	
	(OCH3 aromatic)


* not shown in Fig. 1

Supporting Information Figure 6. UV-vis spectra for 1-5. All spectra were taken at room temperature in CH2Cl2. (For 1: 2.4 mg in 100 mL; 2: 1.9 mg in 100 mL; 3: 1.8 mg in 100 mL; 4: 1.7 mg in 50 mL; 5: 0.4 mg in 50 mL)
[image: image6.png]Absorbance

NE/\WA
. LVA
NEAY, N\

AN BN\,

200 250 300 350 400 450 500 550 600

Wavelength /nm

2 3





Supporting Information Table 2. UV-vis peaks (nm) for 1-5.

	1 (/M-1cm-1)
	2 (/M-1cm-1)
	3 (/M-1cm-1)
	4 (/M-1cm-1)
	5 (/M-1cm-1)

	247 (36000)
	247 (46000)
	248 (36000)
	242 (41000)
	238 (150000)

	288 (27000)
	296 (36000)
	296 (21000)
	297 (33000)
	296 (130000)

	398 (14000)
	406 (19000)
	413 (11000)
	444 (17000)
	427 (47000)


    The FAB-MS assignments are shown in Table 3. 

Supporting Information Table 3. FAB-MS assignments for 1-5.

	1 (c = 1) 
	2 (c = 2)
	3 (c = 3)
	4 (c = 4)
	5 (c = 5)
	Assignment

	
	
	
	
	681
	[Lc +2H]

	519
	631
	
	
	742
	[Cu(Lc)]

	581
	692
	718
	754
	
	[Cu2(Lc)]

	
	
	
	
	805
	[Cu2(Lc)-H]

	645
	
	
	
	
	[Cu2(Lc)(CH3O)2]

	
	846
	
	
	
	[Cu2(Lc)(NBA+H)]

	
	
	870
	
	
	[Cu2(Lc)(NBA)]

	
	
	
	904
	
	[Cu2(Lc)(NBA-H)]

	
	
	
	1056
	
	[Cu2(Lc)(2NBA-2H)]

	
	
	
	
	1484
	[Cu2(Lc)2]


NBA = p-nitrobenzyl alcohol; L1 = BBAPS, L2 = B(t-Bu)BAPS, etc.
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