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Materials and methods.

'H NMR spectra were recorded at 600 and 500 MHz, **C NMR spectra were recorded at
150 and 125 MHz. Chemical shifts were reported in units (ppm) by assigning TMS
resonance in the 'H NMR spectrum as 0.00 ppm (chloroform, 7.26 ppm; dimethyl
sulfoxide-ds 2.50 ppm, acetonitrile-ds, 1.93 ppm). Data were reported as follows:
chemical shift, multiplicity (s = singlet, d = doublet, t = triplet, g = quartet, quin =
quintuplet, sex = sextet, dd = double doublet, ddd = double double doublet, m =multiplet,
dt = doublet triplet and br = broad), coupling constant (J values) in Hz and integration.
Chemical shifts for 3C NMR spectra were recorded in ppm from tetramethylsilane using
the central peak of CDClI3 (77.0 ppm), dimethyl sulfoxide (39.5 ppm) and methanol (49.0
ppm) as the internal standard. Accurate mass (HRMS) were determined by electrospray
ionization (ESI-TOF) and electronic impact (EI-TOF). Flash column chromatography
was performed using silica gel, 60 A and 0.2-0.5 mm with the indicated solvent system
according to standard techniques. Compounds were visualized on TLC plates by use of
UV light, or vanillin with acetic and sulfuric acid in ethanol with heating. Boronic acids
were purchased from commercial suppliers and used without further purification. All the
solvents were treated according to general methods. L-Sodium Ascorbate, BioXtra
>99.0% from ALDRICH was employed. NaHCOz BioXtra, 99.5-100.5% from
ALDRICH was employed. For detection of peroxymonocarbonate by NMR, NaH*3CO3
98 atom % **C from ALDRICH was employed. Reactions were performed protected from

light. Anhydrous magnesium sulfate was used for drying solutions.

General Procedures

General procedure for oxidation (optimized conditions).

Arylboronic acid (1 mmol) (or arylboronic ester or potassium aryltrifluroborate salt or
alkylboronic acid) and sodium ascorbate (2 mmol) were added to a mixture 1:1 (1M
solution NaHCO3/EtOH) at room temperature protected from light. Then the quinone (0.1
mmol) was added. The reaction was stirred open-flask at room temperature until the
starting material disappeared. The progress of the reaction was monitored by TLC. The
reaction mixture was poured into saturated aqueous NH4Cl (10 mL, saturated solution)

and extracted with ethyl acetate (4 x 20 mL). The combined extract was dried over
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anhydrous MgSOg4. After evaporation of the solvent under reduced pressure, the residue

was chromatographed by silica gel to obtain the desired products.

General Procedures for epoxidation of a,#-unsaturated aldehydes.

A mixture of a,f-unsaturated aldehyde (1 mmol) and sodium ascorbate (2 mmol) was
stirred in a 1:1 mixture of solvents (1M solution NaHCO3:EtOH). Then pyrrolidine (0.2
mmol) was added and finally menadione (0.1 mmol) was added. The reaction was stirred
at room temperature protected from light. The progress of the reaction was monitored by
TLC until the starting material disappeared. The mixture was poured into saturated NH4Cl
(10 mL, saturated solution) and extracted with ethyl acetate (4 x 20 mL). The combined
extract was dried over MgSQOas. After evaporation of the solvent under reduced pressure,
the residue was chromatographed by silica gel to obtain the desired products.

For the over-oxidation to benzaldehyde: Similar procedure than above was followed,

although 4mmol of ascorbate and 0.4mmol of menadione were employed.

Characterization of products

Benzaldehyde 5, catechol 7 and benzoic acid 9, were compared to commercial samples

and they were completely identical.

OH
O/za 'H NMR (500 MHz, CDCls, 298 K): 8 ppm 7.19-7.16 (m, 2H), 6.86
(t, J=7.4 Hz, 1H), 6.77-6.75 (m, 2H), 4.82 (br, 1H).
13C NMR (125 MHz, CDCls, 298 K): & ppm 155.4, 129.7, 120.9, 115.4
LRMS (El) m/z (relative intensity): 94.0 [M*] (100.0) HRMS (EI): m/z: calcd for
CsHeO [M™]: 94.0419, found: 94.0415.
Column Chromatography: Gradient (95:5-80:20) (Hex-AcOEt)
Yield: 89 %

OH

MeO 2b 1 NMR (500 MHz, CDCls, 298 K): & ppm 6.81-6.77 (m, 4H),

5.45 (br, 1H), 3.77 (s, 3H).
13C NMR (125 MHz, CDCl3, 298 K): & ppm 153.5, 149.7, 116.3, 115.1, 56.0
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LRMS (El) m/z (relative intensity): 124.1 [M*] (95.1); HRMS (EI): m/z: calcd for
C7HgO2 [M™]: 124.0524, found: 124.0522.

Column Chromatography: Gradient (95:5-80:20) (Hex-AcOEt)

Yield: 99 %

@CH
2¢ 14 NMR (500 MHz, CDCls, 298 K): & ppm 7.00 (d, J = 7.5 Hz, 2H),

6.78 (t, J = 7.5 Hz, 1H), 4.63 (br, 1H), 2.27 (s, 6H).

13C NMR (125 MHz, CDCls, 298 K): & ppm 152.2, 128.6, 123.0, 120.2, 15.8
LRMS (EI) m/z (relative intensity): 122.1 [M*] (10.4) HRMS (El): m/z:
calcd for CgH100 [M™] : 122.0732; found: 122.0732.

Column Chromatography: (99:1) (Hex:AcOEt)

Yield: 64 %

Br
©/OH
2d 1 NMR (500 MHz, CDCl3, 298 K): & ppm 7.45 (dd, J1 = 1.1; J2= 8.0
Hz, 1H), 7.24-7.21 (m, 1H), 7.02 (dd, J1=1.1; J>=8.0 Hz, 1H) 5.49 (br, 1H)
13C NMR (125 MHz, CDCls, 298 K): & ppm 152.3, 132.0, 129.2, 121.8, 116.1, 110.3
Column Chromatography: : (99:1) (Hex:AcOEt)
Yield: 90 %

Y@“
2

o ° 'H NMR (500 MHz, CDCls, 298 K): 8 ppm 7.91 (d, J = 8.5 Hz, 2H),
6.88 (d, J = 8.5 Hz, 2H), 5.56 (br, 1H), 2.56 (s, 3H)
13C NMR (125 MHz, CDCls, 298 K): & ppm 198.8, 161.6, 131.2, 129.5, 115.6, 26.3
LRMS (EIl) m/z (relative intensity): 136.0 [M*] (46.0); HRMS (EI): m/z: calcd for
CsHsO2 [M]*: 136.0524, found: 136.0522.
Column Chromatography: Gradient (95:5-80:20) (Hex-AcOEt)
Yield: 98 %
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OH

HO 2f 1 NMR (500 MHz, DMSO-ds, 298 K): & ppm 6.55 (m, 4H)

13C NMR (125 MHz, DMSO-ds, 298 K): 6 ppm 149.7, 115.6

LRMS (EI) m/z (relative intensity): 110.0 [M*] (98.6) HRMS (El): m/z:
calcd for CeHsO2 [M]*: 110.0368; found: 110.0369.

Column Chromatography: Gradient (95:5-80:20) (Hex-AcOEt)

Yield: 86 %

OH

F 29 14 NMR (500 MHz, CDCl3, 298 K): & ppm 6.92 (t, J = 8.4 Hz, 2H),

6.79-6.76 (m, 2H), 5.15 (br, 1H)

13C NMR (125 MHz, CDClz, 298 K): & ppm 158.2, 156.4, 151.5, 151.5, 116.3, 116.2,
116.1, 115.8

Column Chromatography: (99:1) (Hex:AcOEt)

Yield: 95 %

OH

MeS 2h 1) NMR (500 MHz, CDCls, 298 K): & ppm 7.21 (d, J = 8.2 Hz, 2H),

6.78 (d, J = 8.2 Hz, 2H), 5.27 (br, 1H), 2.44 (s, 3H).

13C NMR (125 MHz, CDCls, 298 K): & ppm 154.1, 130.4, 128.9, 116.1, 18.1
LRMS (El) m/z (relative intensity): 140.0 [M*] (100.0); HRMS (EI): m/z: calcd
for C7HsOS [M]*: 140.0296; found: 140.0298.

Column Chromatography: (95:5) (Hex:AcOEt)

Yield: 89 %

OH

H;COCO 2l 14 NMR (500 MHz, CDCl3, 298 K): & ppm 7.94 (d, J = 8.6 Hz,

2H), 6.90 (d, 2H, J = 8.6 Hz), 3.90 (s, 3H).
13C NMR (125 MHz, CDCls, 298 K): & ppm 167.5, 160.3, 131.9, 122.3, 115.3, 52.1.
LRMS (EIl) m/z (relative intensity): 152.0 [M*] (71.5); HRMS (EI): m/z: calcd for
CgHsO3 [M*]: 152.0473; found: 152.0469.
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Column Chromatography: (95:5) (Hex:AcOEt)
Yield: 98 %

e

2] 1H NMR (500 MHz, CDCls, 298 K): & ppm 7.05 (d, J = 8.2 Hz,
2H), 6.76 (d, J = 8.2 Hz, 2H), 5.06 (br, 1H), 2.58 (t, J = 7.6 Hz, 2H), 1.57 (quin, J =
7.6 Hz, 2H), 1.36 (sex, J = 7.3 Hz, 2H), 0.93 (t, J =7.3, 3H).
13C NMR (125 MHz, CDCls, 298 K): & ppm 153.4, 135.2, 129.5, 115.1, 34.7, 33.9,
22.3,13.9.
LRMS (EIl) m/z (relative intensity): 150.1 [M*] (18.5) HRMS (El): m/z: calcd
for C10H140 [M™]: 150.1045; found: 152.1039.
Column Chromatography: (99:1) (Hex:AcOEt)
Yield: 76 %

OH
2k
'H NMR (600 MHz, CDCls, 298 K): 6 ppm 6.82 (d, 2H, J = 8.4 Hz),

5.11 (br, 1H), 1.33 (s, 9H).
13C NMR (125 MHz, CDCls, 298 K): é ppm 153.1, 143.6, 126.5, 114.8, 34.1,31.6.
LRMS (EIl) m/z (relative intensity): 149.1 [M - 1H*] (100.0) HRMS (EI):
m/z: calcd for: C1oH130 [M — 1H*]: 149.0966; found: 149.0969.
Column Chromatography: gradient (99:1, 95:5) (Hex-AcOEt)
Yield: 85%

\OH

CJ
N 2 'H NMR (600 MHz, CDsOD, 298 K): ¢ ppm 8.10 (s, 1H), 8.01 (d, 1H, J

= 1.8 Hz), 7.26 (s, 2H), 5.08 (br, 1H).

13C NMR (125 MHz, CDsOD, 298 K): 6 ppm 154.6, 139.4, 136.8, 124.5, 123.1.

LRMS (EIl) m/z (relative intensity): 94.0 [M - 1H*] (100.0) HRMS (El): m/z:

calcd for: CsHsO [M — 1H]: 94.0293; found: 94.0295.

Column Chromatography: gradient (80:20, 50:50, AcOEt) (Hex-AcOEt)

Yield: 83%
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o,
HOOC

2m 11 NMR (600 MHz, DMSO-ds, 298 K): 6 ppm 7.79 (d, 2H, J = 8.4
Hz), 6.83 (d, 2H, J = 8.4 Hz), 3.41 (br, 1H).
13C NMR (125 MHz, DMSO-d6, 298 K): 6 ppm 167.6, 162.1, 132.0, 121.8, 115.6.
Column Chromatography: gradient (95:5, 75:25, 50:50) (Hex-AcOEt)
Yield: 98%

™ on

8
2N 114 NMR (600 MHz, CDCls, 298 K): & ppm 3.61 (t, 2H, J = 6.7 Hz), 1.74

(br, 1H), 1.56-1.51 (m, 2H), 1.34-1.25 (m, 14H), 0.86 (t, 3H, J = 6.7 Hz).

13C NMR (125 MHz, CDCls, 298 K): 6 ppm 63.0, 32.8, 31.9, 29.6, 29.5, 29.4, 29.3,
25.7,22.6, 14.0.

Column Chromatography: (20:80) (Hex-AcOEt)

Yield: 83%

o)

(0]
©MH
4 'H NMR (400 MHz, CDCls, 298 K): & ppm 3.45 (dt, 1H,J=6.1, 2.1

Hz,), 4.19 (m, 1H), 7.29-7.40 (m, 5H), 9.21 (dd, J = 1.2, 6.0 H2).

13C NMR (100 MHz, CDCls, 298 K): & ppm 56.6, 62.9, 125.7 (x 2), 128.8 (x 2), 129.2,
134.2, 196.8.

Column Chromatography: 95:5 (Hex-AcOEt)

Yield: 40%

CN
OH

' 14 NMR (500 MHz, CDCl3, 298 K): & ppm 7.50-7.44 (m, 2H), 7.03 (d, J
= 8.3 Hz, 1H), 6.96 (t, J = 7.7 Hz, 1H), 6.46 (br, 1H)
13C NMR (125 MHz, CDCl3, 298 K): & ppm 159.0, 134.8, 133.0, 120.8, 116.7, 116.6,
99.3
LRMS (EI) m/z (relative intensity): 119.0 [M*] (54.4); HRMS (EI): m/z: calcd for
C7HsNO [M™]: 119.0371; found: 119.0373.
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Column Chromatography: Gradient (95:5-70:30) (Hex-AcOEt)
Yield: 50 %

Os__NH,
OH

12 1 NMR (500 MHz, CDCls-DMSO-ds, 298 K): & ppm 12.9, (br, 1H),
8.27 (br, 1H), 7.79 (d, J = 7.00 Hz, 1H), 7.71 (br, 1H), 7.33 (t, J = 8.00 Hz, 1H), 6.83-
6.78 (m, 2H)
13C NMR (125 MHz, CDCls, 298 K): 6 ppm 172.1, 161.2, 133.6, 127.9, 118.0, 117.2,
114.3.
LRMS (EI) m/z (relative intensity): 137.0 [M*] (38.8); HRMS (EI): m/z: calcd
for: CsH/NO2 [M*]: 137.0477; found: 137.0482.
Column Chromatography: Gradient (95:5-70:30) (Hex-AcOEt)
Yield: 44 %
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180 Labelling experiment.

A mixture of phenylboronic acid (1 mmol) and sodium ascorbate (2 mmol) was stirred
in a 1:1 mixture of solvents (1M solution NaHCO3/EtOH) at room temperature
protected from light. The reaction was stirred under nitrogen for 15 minutes and then
menadione (0.1mmol) was added. The reaction was then stirred at room temperature
under 80, atmosphere. The progress of the reaction was monitored by TLC, until the
starting material disappeared. The mixture was poured into saturated aqueous NH4Cl
(10 mL, saturated solution) and extracted with ethyl acetate (4 x 20 mL). The combined
extract was dried over anhydrous MgSOs. After evaporation of the solvent under
reduced pressure, the residue was chromatographed by silica gel to obtain the desired
product 2a’.

18

OH
©/Za' IH NMR (500 MHz, CDCl3, 298 K): & ppm 7.19-7.16 (m, 2H), 6.86
(t, J = 7.4 Hz, 1H), 6.77-6.75 (m, 2H), 4.82 (br, 1H).
13C NMR (125 MHz, CDCIs, 298 K): & ppm 155.4, 129.7, 120.9, 115.4
LRMS (EI) m/z (relative intensity): 96.0 [M*] (100.0) HRMS (El): m/z: calcd for
CesHs 80 [M*]: 96.0461, found: 96.0463.
Column Chromatography: Gradient (95:5-80:20) (Hex-AcOEt)
Yield: 89 %
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76.0319 13.15 76.0313 0.6 7.9 5.0 2773100.0 C6 H4
75.0224 4.16 75.0235 -1.1 -14.7 5.5 949.5 c6 H3
74.0161 4.07 74.0157 0.4 5.4 6.0 352.0 Cc6 H2
73.0072 0.85 73.0078 -0.6 -8.2 6.5 502.5 C6 H
70.0303 0.92 70.0305 -0.2 -2.9 3.0 0.0 C4 H4 180
66.0469 36.42 66.0470 -0.1 -1.5 3.0 2773024.3 C5 H6
65.0385 22.63 65.0391 -0.6 -9.2 3.5 2195.1 c5 H5
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Figure S1
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Detection of peroxymonocarbonate

The bicarbonate activated peroxide is a known method for activating H.O2. The actual
oxidant is not hydrogen peroxide, but peroxymonocarbonate ion (HCO4) formed by the
equilibrium reaction between bicarbonate ion and H20-:

HCOs3 + H,02, & HCO4 + H20

Peroxymonocarbonate ion is a reactive species but it can be detected by several
techniques, such as 3C NMR. We prepared a 1:1 solution of methanol-ds and sodium
bicarbonate (1M) in deuterated water, analogous to the solution used in the reactions. We
used 99% !3C-enriched NaHCO3; (SIGMA-Aldrich). Sodium ascorbate (100 mg) was
added to 1 mL of the solvent mixture. Finally, 5 mg of menadione were added. After 10
minutes stirring under air, the *C NMR experiment at 25 °C was submitted. In the NMR
spectrum it is clearly seen three peaks. The peak at 161.4 ppm was assigned to HCOs',
while the peak at 159.9 ppm corresponds to peroxymonocarbonate HCO4. Primary
alcohols, such as methanol, also react with bicarbonate to form alkyl carbonate esters,
RCOs 7, and a third peak at 161.1 ppm is observed in the NMR spectrum.

HCO3s + MeOH &< MeOCO; + H,0

[rel]

15
161.3663
161.0762
159.9235

HCOs

10

MeOCOy
HCO4

161.5 161.0 160.5 160.0 [ppm]

Figure S2

The small peak of peroxymonocarbonate is not only due to its intrinsically instable nature,
but also because hydrogen peroxide is generated progressively in situ in small amounts,
compared to previously reported experiments where a high concentration of peroxide is
employed. Worth to mention, the experiment without ascorbate or menadione displays no
peroxymonocarbonate peak.
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NMR Spectra.
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Figure S3. ™H (500 MHz) and *3C (125 MHz) NMR spectra of 2a in CDCl3
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Figure S11. *H (500 MHz) and *3C (125 MHz) NMR spectra of 2i in CDCls3
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Figure S12. 'H (500 MHz) and 3C (125 MHz) NMR spectra of 2j in CDCls
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Figure S13. 'H (500 MHz) and *3C (125 MHz) NMR spectra of 2k in CDCl3
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Figure S14. *H (500 MHz) and *3C (125 MHz) NMR spectra of 2| in CDs;0D
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Figure S15. *H (500 MHz) and *3C (125 MHz) NMR spectra of 2m in DMSO-ds
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Figure S18. *H (500 MHz) and *3C (125 MHz) NMR spectra of 11 in CDCl3
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Figure S19. *H (500 MHz) and *3C (125 MHz) NMR spectra of 12 in CDCIls/DMSO-ds
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