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GENERAL EXPERIMENTAL DETAILS

All chemicals and reagents were used as received unless otherwise noted. Solutions for
electrochemical experiments were made using MilliQ water (18.2 Qecm) and HPLC grade
CH3CN (Sigma Aldrich), with LiClO4 (98%, Sigma Aldrich) as the supporting electrolyte.
Substrates 1a-I,' 1k*> and 2a-g® were synthesized following literature procedures and
spectroscopic data matched that reported. Substrate 1j was prepared as described below,
and full characterized by multinuclear NMR, HR-MS and single-crystal X-ray diffraction.
The substrates were used in 1 to 15 mM concentrations in mixed solutions (10% (v/v)
H>O/CH3CN. Acetic acid (AA; Fischer Scientific) was used as received in 3 to 30 mM
concentrations. NMR spectra were recorded on a Bruker Avance 300 MHz or Bruker
Avance-III 500 MHz spectrometer as noted. High-resolution mass spectra were collected

on a Bruker microOTOF-QIII.
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CYCLIC VOLTAMMETRY

CV experiments were performed using a CHI 760c bipotentiostat, freshly polished (0.05
um alumina paste) glassy carbon (GCE) disc working electrodes, a Pt wire counter
electrode, and a Ag/AgCl aqueous quasi-reference electrode. Electrochemical grade
nBusNPFs was used as electrolyte (Sigma Aldrich, 0.1 M). Ferrocene (FcH) was added as
an internal standard to each solution upon completion of each set of cyclic voltammetry
experiments, allowing potentials to be referenced to the ferrocene/ferrocenium (FcH?™")

redox couple.*

Table S1. Tabulated Cyclic Voltammetry (CV) Data®

Compound E/V (iafic)’ E 'V (iu/i.)* AE (conditions b vs ¢)
la -1.66 (0.50), -2.58 -1.61 0.05
1b -1.79 (0.81) -1.66 0.13
lc -1.84 (0.59), -3.03 -1.66 0.19
1d -1.87(0.19), -2.75 -1.81 0.06
le -1.69 (0.47), -2.45 -1.55 0.14
1f -1.69 (0.29), -2.50 -1.54 0.15
1g -1.60 (0.023) -1.54 0.06
1h -1.77 (0.79), -2.73 -1.53 0.24
1i -1.87 (0.018), -2.82 -1.86 0.01
1j -1.75 (0.88), -2.57 -1.52 0.23
1k -2.10 (0.21) -1.907 0.20
2a -1.54 (0.81), -2.27 -1.24 0.30
2b -1.65 (0.082) -1.40 0.25
2c -1.66 (0.76) -1.31 0.35
2d -1.59 (0.98), -2.27 -1.34 0.26
2e -1.56 (0.94) -1.14 0.42
2f -1.57 (0.91) -1.18 0.38
2g -1.46 (0.48) -1.30 0.16

¢ Cyclic voltammograms were performed in CH3CN with 0.1 M nBuNPFs both before
(conditions b) and after (conditions c) the addition of 30 mM aqueous CH3;COOH. GCE
disk working electrode, Ag/AgCl reference electrode, Pt wire counter electrode, scan rate
=100 mV s’'. All reported E1/» values are referenced to the FcH”" (FcH = ferrocene) redox
couple.

4 Small shoulder on larger reduction peak of CH;COOH.
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E/V vs. FCcHY*

Figure S1. CV of 10 mM 1a before (red) and after (black) the addition of 3 equivalents of
acetic acid, taken at 100 mVs™! in CH3CN containing 0.1 M nBusNPF.

—1b
—1b + 3eq. AA

3 25 2 A5 A 05 0
E/V vs. FcHY*

Figure S2. CV of 8 mM 1b before (red) and after (black) the addition of 3 equivalents of
acetic acid, taken at 100 mVs™! in CH3CN containing 0.1 M nBusNPF.
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Figure S3. CV of 8 mM 1c¢ before (red) and after (black) the addition of 3 equivalents of
acetic acid, taken at 100 mVs™! in CH3CN containing 0.1 M nBusNPF.
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Figure S4. CV of 15 mM 1d before (red) and after (black) the addition of 3 equivalents of
acetic acid, taken at 100 mVs™! in CH3CN containing 0.1 M nBusNPF.
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Figure S5. CV of 4 mM 1e before (red) and after (black) the addition of 3 equivalents of
acetic acid, taken at 100 mVs™! in CH3CN containing 0.1 M nBusNPF.
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-3 -2.5 -2 1.5 -1 -0.5 0
E/V vs. FcHY

Figure S6. CV of 3 mM 1f before (red) and after (black) the addition of 3 equivalents of
acetic acid, taken at 100 mVs™! in CH3CN containing 0.1 M nBusNPF.
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E/V vs. FCcHY*

Figure S7.CV of 10 mM 1g before (red) and after (black) the addition of 3 equivalents of
acetic acid, taken at 100 mVs™! in CH3CN containing 0.1 M nBusNPF.
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Figure S8. CV of 10 mM 1h before (red) and after (black) the addition of 3 equivalents
of acetic acid, taken at 100 mVs™! in CH3CN containing 0.1 M nBusNPF.

SI-11



—1i
—1i+ 3eq AA

J/ mA cm2

35 3 25 2 15 R -0.5 0
E/V vs. FcHY*

Figure S9. CV of 15 mM 1i before (red) and after (black) the addition of 3 equivalents of
acetic acid, taken at 100 mVs™! in CH3CN containing 0.1 M nBusNPF.

o
L

]
-_
L

1
N

—1j + 3eq. AA

J/ mA cm-2
A &
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Figure S10. CV of 6 mM 1j before (red) and after (black) the addition of 3 equivalents of
acetic acid, taken at 100 mVs™! in CH3CN containing 0.1 M nBusNPF.
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E/V vs. FcHY+

Figure S11. CV of 10 mM 1k before (red) and after (black) the addition of 3 equivalents
of acetic acid, taken at 100 mVs™! in CH3CN containing 0.1 M nBusNPF.
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Figure S12. CV of 15 mM 2a before (red) and after (black) the addition of 3 equivalents
of acetic acid, taken at 100 mVs™! in CH3CN containing 0.1 M nBusNPF.
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Figure S13. CV of 3 mM 2b before (red) and after (black) the addition of 3 equivalents of
acetic acid, taken at 100 mVs™! in CH3CN containing 0.1 M nBusNPF.
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Figure S14. CV of 1 mM 2c¢ before (red) and after (black) the addition of 3 equivalents of
acetic acid, taken at 100 mVs™! in CH3CN containing 0.1 M nBusNPF.
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Figure S15. CV of 3 mM 2d before (red) and after (black) the addition of 3 equivalents of
acetic acid, taken at 100 mVs™! in CH3CN containing 0.1 M nBusNPF.
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Figure S16. CV of 2 mM 2e before (red) and after (black) the addition of 3 equivalents of
acetic acid, taken at 100 mVs™! in CH3CN containing 0.1 M nBusNPF.
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Figure S17. CV of 4 mM 2f before (red) and after (black) the addition of 3 equivalents of
acetic acid, taken at 100 mVs™! in CH3CN containing 0.1 M nBusNPF.
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Figure S18. CV of 8 mM 2g before (red) and after (black) the addition of 3 equivalents of
acetic acid, taken at 100 mVs™! in CH3CN containing 0.1 M nBusNPF.
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POTENTIOSTATIC ELECTROLYSIS

Potentiostatic electrolyses were conducted using a reticulated vitreous carbon (RVC)
working electrode (~ 700 ¢cm?) placed in a glass cylindrical chamber (85 mL), with Ar
constantly bubbled into the solution in the chamber (1 atm) and the solution in the chamber
stirred. A 0.60 cm diameter graphite rod counter electrode (submerged length = 5.00 cm;
active surface area = 9.42 cm?) was placed in a fritted tube (10 mL), separating the working
and counter electrode chambers in order to minimize product crossover, and a Ag/AgCl
quasi-reference electrode placed into the working electrode chamber. A photograph of the

assembly is shown below with distances between electrodes in our set-up as follows:

Parameter Distance
Centre of reference electrode to centre of counter electrode 1.35cm
Interior edge of reference electrode to interior edge of counter electrode 0.50 cm
Centre of working electrode to centre of counter electrode 1.00 cm
Edge of working electrode to edge of counter electrode 0.10 cm
Centre of working electrode to centre of reference electrode 0.80 cm
Edge of reference electrode to edge of working electrode 0.30 cm

Figure S19. Photographs showing three views of the electrochemical set-up.
The applied potential was kept constant at -0.90 V vs. Ag/AgCl (-1.15 V vs. FcHY")

for all compounds investigated. Upon completion of electrolysis, the RVC electrode was
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cleaned via sonication in 6 M HCI, distilled water, and acetonitrile, and heating to 100 °C

before subsequent re-use.

CONTROLLED POTENTIAL ELECTROLYSIS PLOTS
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Figure S20. CPE plot for hydrogenation of 1a.
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Figure S21. CPE plot for hydrogenation of 1b.
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Figure S22. CPE plot for hydrogenation of 1c.
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Figure S23. CPE plot for hydrogenation of 1d.
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Figure S24. CPE plot for hydrogenation of 1e.
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Figure S25. CPE plot for hydrogenation of 1f.
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Figure S26. CPE plot for hydrogenation of 1g.
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Figure S27. CPE plot for hydrogenation of 1h.
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Figure S28. CPE plot for hydrogenation of 1i.
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Figure S29. CPE plot for hydrogenation of 1j.
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Figure S30. CPE plot for hydrogenation of 2a.
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Figure S31. CPE plot for hydrogenation of 2b.
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Figure S32. CPE plot for hydrogenation of 2c.
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Figure S33. CPE plot for hydrogenation of 2d.
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Figure S34. CPE plot for hydrogenation of 2e.
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Figure S35. CPE plot for hydrogenation of 2f.

Charge/C

-100

-120

-140

-160

0.5 1 15 2
Time / h

Figure S36. CPE plot for hydrogenation of 2g.
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Figure S37. Charge vs. time plots of controlled potential electrolysis of 1a. Conditions:
3.5 mM 1a, Eapp = -0.90 vs Ag/AgCl (-1.23 V vs FcH”*"), 90% v/v CH;CN/H,0, 0.1 M
LiClOs4, reticulated vitreous carbon (RVC) working electrode (~ 700 cm?), graphite rod
counter electrode in a fritted tube, Ag/AgCl quasi-reference electrode, constant sparge with
Ar (1 atm).

Table S2. Average current consumption during controlled potential electrolysis of 1d in
90% v/v CH3CN/H20 compared with in neat CH3CN.

Solvent” Time (s) Average Current (mA)
1800 27.0
90% v/v CH3CN/H20 3600 25.8
7200 23.8
1800 21.6
Neat CH3CN 3600 18.3
7200 16.1

4 Conditions were otherwise as described above.
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Preparation of Novel Ketoester and Benzoxazinone Substrates

(3,5-Dimethylcyclohexane)benzoylformate (1j): To a o)
1.6 lls 09 13 16
2 7
solution of phenylglyoxylic acid (1.15 g, 7.66 mmol) in dry
3 5 O 10 12
CH>Cl; containing one drop of DMF, a CHCl solution of 4 15

oxalyl chloride (750. ul, 8.80 mmol) was added dropwise over 20 minutes under an Ar
atmosphere. The mixture was left to stir over 3 h, following which all solvent was removed
under reduced pressure. The residue was then re-dissolved in dry CH>Cl> and a CH>Cl»
solution containing 3,5-dimethylcyclohexanol (1.13 g, 8.81 mmol) and dry triethylamine
(3.20 ml, 22.9 mmol) was added dropwise over 20 minutes. The resulting mixture was left
to stir overnight. Solvent was then removed via reduced pressure, and the residue washed
with brine and dried under vacuum. The crude mixture was purified using flash
chromatography (9:1, hexanes:EtOAc), followed by recrystallization from a solution of
diethylether layered with hexanes. Clear, needle-like crystals deposited and were washed
with cold hexanes. Yield = 0.755 g (38%). '"H NMR (300 MHz, CDCl3,22 °C): § 8.03-7.96
(m, 2H,C15) 7.70-7.62 (m, 1H, C3), 7.55-7.48 (m, 2H, C>4), 5.12-4.99 (m, 1H, Cy), 2.16-
2.15 (m, 2H, Ci0,14), 1.72-1.55 (m, 3H, Ci1,12,13), 1.17-1.04 (q, J = 12.0, 2H, Ci0,14), 1.01-
0.93 (d, J=6.4, 6H, Ci5,16), 0.67-0.54 ppm (q, J = 12.0, 1H, C;2). *C{'H} NMR (75 MHz,
CDCl3,22 °C): 8 186.9 (C7), 163.8 (Cs), 134.9 (C3), 132.7 (Cs), 130.1 (Cy1,5), 129.0 (C24),
75.8 (Co), 42.9 (C12), 39.8 (C14), 30.8 (Ci1.13), 22.2 ppm (Cs,16). HR-MS (ESI-TOF/MS,

m/z) calcd. for CisH2003 [M+Na]*, 283.1305; found 283.1299.
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tert-Butyl 2-oxopropanoate (1k): This compound has been reported in

the literature?; a modified procedure for its synthesis is reported here. A )kfo(o%
stirred suspension of sodium pyruvate (1.000 g, 9.091 mmol) in tert-butyl alcohol (10 mL)
was cooled in an ice bath, and concentrated hydrochloric acid (830 puL, 10 mmol) added
dropwise. The reaction mixture was allowed to warm to room temperature, then heated at
reflux for 24 h. After cooling back to room temperature, the solvent was removed under
reduced pressure using a rotary evaporator. The residue was then dissolved in
dichloromethane (10 mL) and washed three times with brine (10 mL). The organic layer
was concentrated under reduced pressure, then passed through a short plug of silica (~ lcm)
using dichloromethane as eluent. Isolated yield = 0.390 g (30%). The '"H NMR of the
product matched that in the literature.? 'H NMR (300 MHz, CDCls, 22 °C): § 2.40 (s, 3H),

1.53 ppm (s, 9H).

3-(4-Biphenyl)-benzo[b][1,4]oxazine-2-one (2e¢): In a
25 mL Teflon-stoppered flask, (4'-

bipheny)benzoylformate (0.740 g, 2.91 mmol) was added

to a solution of 2-aminophenol (0.349 g, 3.20 mmol) in
anhydrous EtOH (12 mL) and the mixture heated to reflux in an oil bath set to 110 °C for
24 h. The mixture was then cooled, and the solvent removed under reduced pressure. The
crude residue was purified using flash chromatography (silica; 20:1 hexanes:EtOAc). Yield
=0.610 g (70 %). '"H NMR (300 MHz, CDCls, 22 °C): 5 8.46 (d, /=9 Hz, C12,16), 7.88 (dd,
J=9Hz,J=1.8 Hz, 1H, C3), 7.76-7.72 (m, 2H, C;3,5), 7.69-7.66 (m, 2H, C; ), 7.56-7.46

(m, 3H, C3.19.25), 7.44-7.33 ppm (m, 3H, C20,21.22). *C{'H} NMR (75 MHz, CDCls, 22 °C):
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5 152.51 (Cv), 150.46 (Cs), 146.57 (Cy), 144.23 (Cs), 140.27 (C1)), 133.14 (C1s), 131.87
(C19.23), 131.23 (Ca0.22), 130.09 (C12.16), 129.57 (C3), 129.05 (Cis), 128.14 (Cs), 127.35
(Ca1), 127.19 (Ci3,15), 125.75 (C3) , 116.32 ppm (C7). HR-MS (ESI-TOF/MS, m/z) caled.

for C20H13NO2 [M+nH]", 300.1019; found 300.1019.

3-(4-Trifluoromethyl)-benzo[b][1,4]0xazine-2-one (2g): In 6 g 18 9 517
]

a 25 mL Teflon-stoppered flask, “- PRI
S 4 N”s 15
7
trifluoromethyl)benzoylformate (0.280 g, 1.20 mmol) was 12 s ;;8F3

added to a solution of 2-aminophenol (0.144 g, 1.32 mmol) in anhydrous EtOH (12 mL)
and the reaction mixture was heated to reflux in an oil bath set to 110 °C for 24 h. The
mixture was then cooled, and the solvent removed under reduced pressure. The crude
residue was purified using flash chromatography (silica; 20:1 hexanes:EtOAc). Yield =
0.210 g (60 %). 'H NMR (300 MHz, CDCl3, 22 °C): § 8.48 (d, J= 9 Hz, 2H, C;2.6), 7.88
(dd, /=9 Hz, J= 1.7 Hz, 1H, C3), 7.75 Hz (d, J= 9 Hz, 2H, Ci3,5), 7.60-54 (m, 1H, Cp),
7.45-7.40 (m, 1H, C>), 7.37-7.34 ppm (m, 1H, C;). BC{'H} NMR (75 MHz, CDCls, 22
°C): 6 152.20 (Co), 149.50 (Cs), 146.67 (Cy), 137.34 (C14), 133.11(Cs), 132.68 (C11), 132.09
(Cs), 131.59(C13,15), 129.92 (C12.16), 129.87 (C3), 125.97(C>), 125.41 (q, Cis), 116.43 ppm
(C1). F NMR (282 MHz, CDCl3, 22 °C): 6 -62.94 ppm (s). HR-MS (ESI-TOF/MS, m/z)

calcd. for C;sHsFsNO, [M+nH]*, 292.0580; found 292.0581.
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General Procedure for Electrochemical Hydrogenation and Product Isolation

A solution of LiClOj electrolyte, substrate and acetic acid using the amounts noted below
was prepared in 20 mL of 10% (v/v) H2O/CH3CN and added to an electrochemical cell
equipped with an RVC working electrode, graphite counter electrode, and Ag/AgCl
reference electrode. An additional volume of the solvent mixture was added to bring the
total volume of the solution to 85 mL. The solution was sparged with argon gas for 5
minutes with stirring, then subjected to a controlled potential (Eapp=-0.9 V vs. Ag/AgCl)
until the current passed had slowed significantly (see Figures S1-S17). Once stopped, the
organic solvent was then removed in vacuo and the remaining slurry extracted with CH>Cl,
(3 x 15 mL) and washed with brine (3 x 10 mL). The organic phase was separated, filtered
and the solvent removed to give the isolated product, which was then analyzed as described

above.

Hydrogenated Product Characterization

Ethyl 2-(4-chlorophenyl)-2-hydroxyacetate (1a-Hz): The OH
general procedure was followed using LiClOs4 (1.30 g, 12.2 M O~
mmol), ethyl 4-chlorobenzoylformate (0.075 g, 0.19 mmol), and cl 7

acetic acid (0.155 mL, 2.55 mmol); Eapp=-0.9 V vs. Ag/AgCl, 3.3 h. Colorless solid. Yield
=56 mg (69 % yield). Spectroscopic data of the hydrogenated product was matched to
literature.> '"H NMR (300 MHz, CDCl3, 22 °C): § 7.39-7.29 (m, 4H; Ar-H), 5.13 (s, 1H,
CH-OH), 4.30-4.11 (m, 2H, CH>CH3), 3.69 (s, 1H, CH-OH), 1.21 ppm (t, J = 7.1, 3H,
CH2CH3). BC{'H} NMR (75 MHz, CDCl3,22 °C): § 173.4 (C=0), 136.92 (4r-CH-OH),
134.29 (4r-Cl), 128.8 (4r-H), 128.0 (4r-H), 72.3 (C-OH), 62.6 (CH.CH3), 14.1 ppm

(CH2CH3).
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Ethyl 2-hydroxy-2-(para-tolyl)acetate (1b-H:): The general
procedure was followed using LiClO4 (1.20 g, 11.3 mmol), ethyl 4- wov
methylbenzoylformate (0.075 g, 0.390 mmol), and acetic acid °

(0.160 mL, 2.63 mmol); Eapp=-0.9 V vs. Ag/AgCl, 4.2 h. Yellow oil. Yield =73 mg (89 %
yield). Spectroscopic data of the hydrogenated product was matched to literature.” '"H NMR
(300 MHz, CDCl3,22 °C): 6 7.34-7.27 (d, J = 8.1, 2H; Ar CH), 7.20-7.14 (d, J = 8.1, 2H;
Ar-H), 5.12 (s, 1H, CH-OH), 4.35-4.05 (m, 2H, CH>CH3), 3.48 (s, IH, CH-OH), 2.34 (s,
3H, Ar-CHs3), 1.22 ppm (t, J= 7.2, 3H, CH.CH3). C{'H} NMR (75 MHz, CDCl3,22 °C):
0 173.9 (C=0), 138.2 (Ar CH), 135.6 (Ar CH), 128.6 (Ar CH), 128.5 (Ar-CH), 126.6 (Ar-

CH), 73.0 (C-OH), 62.3 (CH2CHs), 14.1 ppm (CH2CHs).

Ethyl 2-hydroxy-2(4-methoxyphenyl)acetate (1c-Hz): The OHH

general procedure was followed using LiClO4 (1.21 g, 11.4 /@)S(OV
mmol), ethyl 4-methoxybenzoylformate (0.107 g, 0.513 mmol), MeO 7

and acetic acid (0.085 mL, 1.4 mmol); Eapp=-0.9 V vs. Ag/AgCl, 4.1 h. Colorless semi-
solid. Yield = 81 mg (72 % yield). Spectroscopic data of the hydrogenated product was
matched to literature.’ 'H NMR (300 MHz, CDCl3,22 °C): & 7.36-7.28 (d, J= 8.8, 2H; Ar-
H), 6.91-6.84 (d, J = 8.8, 2H; Ar-H), 5.10 (s, 1H, CH-OH), 4.29-4.10 (m, 2H, CH>CH3),
3.78 (s, 3H, Ar-O-CHs), 3.55 (s, 1H, CH-OH), 1.21 ppm (t, J= 7.2, 3H, CH,CH3). C{'H}
NMR (75 MHz, CDCI3,22 °C): 6 173.9 (C=0), 159.7 (4r), 130.8 (4r), 127.9 (Ar-H), 114.0

(4r-H), 72.6 (C-OH), 62.1 (CH,CHs), 55.32 (Ar-O-CHs), 14.1 ppm (CH2CHz).

SI-32



Ethyl 2-hydroxy-2-phenylacetate (1d-H:): The general procedure OH

was followed using LiClO4 (1.20 g, 11.3 mmol), ethyl-benzoylformate w o~
(0.094 g, 0.527 mmol), and acetic acid (0.094 mL, 1.6 mmol); Eapp= - °

0.9 V vs. Ag/AgCl, 3.3 h. Light yellow oil. Yield = 65 mg (68% yield). Spectroscopic data
of the hydrogenated product was matched to literature.’> '"H NMR (300 MHz, CDCls, 22
°C): 6 7.45-7.40 (m, 2H; Ar CH), 7.40-7.30 (m, 3H; Ar CH) 5.16 (s, 1H, CH-OH), 4.29-
4.14 (m, 2H, CH>CHs), 3.61 (s, 1H, CH-OH), 1.22 ppm (t, J= 7.2, 3H, CH2,CH3). BC{'H}
NMR (75 MHz, CDCl3, 22 °C): 6 173.8 (C=0), 138.6 (Ar CH), 128.6 (Ar CH), 128.5 (Ar-

CH), 126.6 (Ar-CH), 73.0 (C-OH), 62.3 (CH,CHs), 14.1 ppm (CH2CHs).

Ethyl 2-hydroxy-2(4-biphenyl)acetate (1e-H:): The general
procedure was followed using LiClO4 (1.20 g, 11.3 mmol), /@)Ql:(o\/
ethyl-4-phenylbenzoylformate (0.108 g, 0.42 mmol), and acetic Ph °

acid (71 pl, 1.0 mmol); Eapp=-0.9 V vs. Ag/AgCl, 4.5 h. Colorless solid. Yield = 85 mg
(73 % yield). Spectroscopic data of the hydrogenated product was matched to literature.®
"H NMR (300 MHz, CDCl3,22 °C): § 7.64-7.58 (m, 5H, Ar-H),7.55-7.36 (m, 5H, Ar-H),
5.23 (s, 1H, CH-OH), 4.35-4.18 (m, 2H, CH>CH3), 3.63 (s, 1H, CH-OH), 1.27 ppm (t, J =
7.1, 3H, CH,CH3). BC{'H} NMR (75 MHz, CDCl3, 22 °C): § 173.7 (C=0), 141.4 (Ar-
Ar), 140.7 (Ar-Ar), 137.5 (Ar-CH-OH), 128.9 (4r-H), 127.5(4r-H), 127.4 (Ar-H), 127.2

(Ar-H), 127.1(4r-H), 72.8 (C-OH), 62.4(CH,CHs), 14.2 ppm (CH2CHs).
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Ethyl 2-hydroxy-2(naphthalen-2-yl)acetate (1f-Hz): The OH

H
general procedure was followed using LiClO4 (1.20 g, 11.3 OO o~
O

mmol), ethyl-3,4-naphthylbenzoylformate (0.063 g, 0.29

mmol), and acetic acid (61 pl, 0.87 mmol); E.pp= -0.9 V vs. Ag/AgCl, 4.3 h. Colorless
solid. Yield = 43 mg (96 % conversion, 68 % mass recovery). Spectroscopic data of the
hydrogenated product was matched to literature.” '"H NMR (300 MHz, CDCl3, 22 °C):
7.92 (s, 1H, Ar-CH), 7.87-7.82 (m, 3H, Ar-CH), 7.55-7.46 (m, 3H, Ar-CH), 5.34 (s, 1H,
CH-OH), 4.35-4.10 (m, 2H, CH>CH3), 3.68 (s, 1H, CH-OH), 1.22 ppm (t, J = 7.1, 3H,
CH>CH3). BC{'H} NMR (75 MHz, CDCl3, 22 °C): § 173.77 (C=0), 135.92, 133.39,
133.30, 128.50, 128.23, 127.79, 126.40, 125.98, 124.26, 73.17 (C-OH), 62.40 (CH2CH3),

14.122 ppm (CH2CH3).

Ethyl 2-hydroxy-2(4-(trifluoromethyl)phenyl)acetate (1g- OH
H3): The general procedure was followed using LiCIO4 (1.20 g,

11.3 mmol), ethyl-4-(trifluoromethyl)benzoylformate (0.0610 g, FsC
0.248 mmol), and acetic acid (150 pl, 2.62 mmol); E.pp= -0.9 V vs. Ag/AgCl, 3.3 h.
Colorless solid. Yield = 39 mg (60 % yield). Spectroscopic data of the hydrogenated
product was matched to literature.’ "H NMR (300 MHz, CDCl3,22 °C): ): 8 7.65-7. 52 (m,
4H, Ar-H), 5.23 (s, 1H, CH-OH), 4.34-4.12 (m, 2H, CH>CH3), 3.90 (s, 1H, CH-OH), 1.24
ppm (t,J=7.2, 3H, CH,CH3).3C{'H} NMR (75 MHz, CDCl3,22 °C): ): § 173.18 (C=0),
142.24, 130.68 (q, J = 32.0), 126.98, 125.61 (q, J = 3.9), 124.13 (q, J = 270.0 Hz), 72.39

(C-OH), 62.87, 14.12 ppm.
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Ethyl 2-(4-(tert-butyl)phenyl)-2-hydroxyacetate (1h-Hz): The OH
general procedure was followed using LiClO4 (1.20 g, 11.3 mmol), /@)i‘/ ONGF S
ethyl-4-fert-butyl-benzoylformate (0.102 g, 0.435 mmol), and Bu

acetic acid (74 pl, 1.3 mmol); Eapp=-0.9 V vs. Ag/AgCl, 5.1 h. Clear oil. Yield = 74 mg
(72 % yield). Spectroscopic data of the hydrogenated product was matched to literature.’
'"H NMR (300 MHz, CDCl3, 22 °C): 8 7.41-7.31 (m, 4H; Ar-CH) 5.15 (s, 1H, CH-OH),
4.32-4.10 (m, 2H, CH>CH3), 3.62 (s, 1H, CH-OH), 1.32 (s, 9H, (C(CH3))), 1.24 ppm (t, J
=7.1, 3H, CH,CH3). *C{'H} NMR (75 MHz, CDCl3,22 °C):  173.9 (C=0), 151.4 ppm
(4r-CH-OH), 135.5(4r-(C(CHs)3)), 126.3 (4r-H), 125.6 (4r-H), 72.8 (C-OH), 62.3

(CH,CHs), 34.7 (C(CHs)), 31.4 (C(CHs)), 14.2 ppm (CH2CHs).

Methyl (2-hydroxy-2-phenyl)acetate (1i-Hz): The general procedure OH

was followed using LiClO4 (1.25 g, 11.8 mmol), methyl-benzoylformate @ASH( RN
(0.104 g, 0.634 mmol), and acetic acid (0.105 mL, 1.79 mmol); Eapp= - °

0.9 V vs. Ag/AgCl, 5.2 h. Colorless semi-solid. Yield = 56 mg (45% yield). Spectroscopic
data of the hydrogenated product was matched to literature.® '"H NMR (300 MHz, CDCls,
22 °C): 6 7.45-7.31 (m, 5H; Ar-H) 5.18 (s, 1H, CH-OH), 3.75 (s, 3H,0-CH3), 3.56 ppm (s,
1H, CH-OH), *C{'H} NMR (75 MHz, CDCl3, 22 °C): § 174.5 (C=0), 138.3 (Ar CH),

128.7 (Ar CH), 128.6 (Ar-CH), 126.7 (Ar-CH), 73.0 (C-OH), 53.2 ppm (O-CHs).
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(3,5-Dimethylcyclohexane)(2-hydroxy)(2-phenyl)acetate 17

OH
) , , 1.6 s 0.9 %13 16
(1j-Hz): The general procedure was followed using LiClO4 2 7
3 5 O 10 12
(1.301 g, 12.22 mmol), (3,5- 4

15

dimethylcyclohexane)benzoylformate (0.1221 g, 0.467 mmol), and acetic acid (155 pl,
2.55 mmol); Eapp=-0.9 V vs. Ag/AgCl, 3.1 h. Yellow oil. Yield = 122 mg (61% conversion
by '"H NMR, 60.5% yield). 'H NMR (300 MHz, CDCl3,22 °C): § 7.46-7.30 (m, 5H; C;.5)
5.15-5.10 (J=6.0, d, 1H,C7), 4.85-4.73 (m, 1H, Cy), 3.55 (J= 6.0, d, 1H, O;7), 2.05-1.94
(m, 1H, Ci4), 1.80-1.69 (m, 1H, Cyp), 1.64-1.41(m, 3H, Cis1213), 1.00-0.75 (m, 8H,
C10,14,15,16), 0.59-0.44 ppm (q, J = 12.0, 1H, C;2). PC{'H} NMR (75 MHz, CDCl3,22 °C):
0 173.4 (Cs), 138.7 (Cs), 128.6 (Cy15), 128.3 (C3), 126.5 (C24), 75.3 (Co), 73.0 (C7), 42.9
(C12),39.8(C14),39.4 (C10),30.7(C11),30.6 (C13),22.2 (Ci6), 22.1 ppm (C;5). HR-MS (ESI-

TOF/MS, m/z) calcd. for CisH2203 [M+Na]", 285.1461; found 285.1459.

3-(4-Chlorophenyl)-3,4-dihydrobenzo|b]|[1,4]oxazine-2-one 0_0
(2a-H»): The general procedure was followed using LiClO4 (1.301 ©ill>l| ’

g, 12.22 mmol), 3-(4-chlorophenyl)-2H-benzo[b][1,4]oxazine-2- Cl
one (0.0985 g, 0.379 mmol), acetic acid (150 pl, 2.62 mmol); Eapp=-0.9 V vs. Ag/AgCl,
3.4 h. Off-white solid (0.126 g, 90% yield). Spectroscopic data of the hydrogenated product
was matched to literature.” '"H NMR (300 MHz, CDCls, 22 °C): 6 7.38-7.31 (m, 4H, Ar-
CH), 7.08-7.01 (m, 2H, Ar H), 6.93-6.80 (m, 2H, Ar H), 5.01 (s, 1H, NHCH), 4.33 ppm (s,
1H, NHCH). BC{'H} NMR (75 MHz, CDCls, 22 °C): § 165.10 (C=0), 140.87, 135.01,

134.75, 132.22, 129.22, 129.00, 125.41, 120.70, 117.06, 115.11, 58.72 ppm (NHCH).
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3-Para-tolyl-3,4-dihydrobenzo[b][1,4]oxazin-2-one (2b-H3): The O. .0
general procedure was followed using LiClO4 (1.320 g, 12.41 ©:N §
mmol), 3-para-tolyl-2H-benzo[b][1,4]oxazin-2-one (0.120 g, 0.506 "

mmol), acetic acid (150 pl, 2.62 mmol); Eapp=-0.9 V vs. Ag/AgCl, 5.1 h. Off-white solid
(0.120 g, 96% yield). Spectroscopic data of the hydrogenated product was matched to
literature.® '"H NMR (300 MHz, CDCl3, 22 °C): § 7.30-7.24 (m, 2H, Ar-CH) 7.19-7.14 (m,
2H, Ar-H), 7.09-6.99 (m, 2H, Ar-H), 6.90-6.77 (m, 2H, Ar-H), 4.96 (s, 1H, NHCH), 4.39
(s, IH, NHCH), 2.34 ppm (s, 3H, CH3). *C{'H} NMR (75 MHz, CDCls, 22 °C): § 165.65

(C=0), 140.87, 138.83, 133.39, 132.58, 129.63, 127.36, 125.18, 120.18, 116.83, 114.97,

58.94 (NHCH), 21.18 ppm (Ph-CH3).

3-(4-Methoxyphenyl)-3,4-dihydrobenzo|b][1,4]oxazine-2- o._0
one (2¢-Hz): The general procedure was followed using LiClO4 ©i” g
(1.310 g, 1231 mmol), 3-(4-methoxyphenyl)-2H- OMe
benzo[b][1,4]oxazine-2-one (0.1000 g, 0.395 mmol), acetic acid (160 pl, 2.79 mmol); Eapp=
-0.9 V vs. Ag/AgCl, 2.7 h. Off-white solid (0.099 g, 97% yield). Spectroscopic data of the
hydrogenated product was matched to literature.” '"H NMR (300 MHz, CDCls, 22 °C):
7.34-7.30 (d, J = 8.3, 2H, Ar-H), 7.07-6.99 (m, 4H, Ar-H), 6.92-6.78 (m, 4H, Ar-H), 5.00
(s, 1H, NHCH), 4.20 (s, 1H, NHCH), 3.80 ppm (s, 3H, O-CH3). *C{'H} NMR (75 MHz,

CDCl, 22 °C): 8 165.66 (C=0), 160.19, 141.11, 132.68, 128.93, 128.50, 125.26, 120.51,

117.11, 114.97, 114.51, 58.96 (NHCH), 55.47 ppm.
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3-Phenyl-3,4-dihydrobenzo|b][1,4]oxazin-2-one (2d-H:): The O. .0
general procedure was followed using LiClO4 (1.285 g, 12.07 mmol), ©i” §
3-phenyl-2H-benzo[b][1,4]oxazin-2-one (0.120 g, 0.538 mmol),

acetic acid (150 pl, 2.62 mmol); Eapp=-0.9 V vs. Ag/AgCl, 3.2 h. Off-white solid (0.121 g,
98% yield). Spectroscopic data of the hydrogenated product was matched to literature.” 'H
NMR (300 MHz, CDCls, 22 °C): § 7.34-7.42 (m, 5H, Ar-CH) 7.00-7.07 (m, 2H, Ar H),
6.80-6.87 (m, 2H, Ar H), 5.01 (s, 1H, NHCH), 4.38 ppm (s, 1H, NHCH). 3C{'H} NMR
(75 MHz, CDCl3, 22 °C): 8 165.52 (C=0), 140.96, 136.4, 132.5, 129.1, 129.0, 127.6, 125.3,

120.4, 117.0, 115.0, 59.3 ppm (NHCH).

3-(4-Biphenyl)-3,4-dihydrobenzo|b][1,4]oxazine-2-one
(2e-Hz): The general procedure was followed using

LiClOs (1.310 g 12.31 mmol), 3-(4-biphenyl)-2H-

benzo[b][1,4]oxazine-2-one (0.110 g, 0.367 mmol), acetic
acid (160 pl, 2.97 mmol); Eapp=-0.9 V vs. Ag/AgCl, 2.5 h. Yellow solid (0.105 g, 93.0%
yield). 'H NMR (300 MHz, CDCls, 22 °C): & 7.63-7.53 (m, 4H, Ci2.13,15.16), 7.52-7.40 (m,
4H, C19,20.22,23), 7.39-7.42 (m, 1H, C2;), 7.10-7.01 (m, 2H, C:3), 6.94-6.80 (m, 2H, C; ),
5.12 (s, 1H, Cs), 4.27 ppm (s, 1H, N7). *C{'H} NMR (75 MHz, CDCl3, 22 °C): 4 165.33
(Co), 142.15 (C11), 141.09 (C14), 140.46 (C1s), 135.36, 132.50 (C21), 128.99 (Ci2,16), 128.10
(Ci3.15), 127.88 (Ci19,23), 127.77, 127.27 (C20,22), 125.36 (C2), 120.65 (Cs), 117.20 (C3),
115.04 (C), 59.24 ppm (N7). HR-MS (ESI-TOF/MS, m/z) calcd. for CisH20NO> [M+Na]",

324.0995; found 324.0995.
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3-(Naphthalen-2-yl)-3,4-dihydrobenzo|[b][1,4]oxazine-2-one o. .0

H

(2f-H3): The general procedure was followed using LiClO4 ©iN
NO®

(1.285 g, 12.43 mmol), 3-(2-napthyl)-2H-benzo[ ][ 1,4]oxazine-

2-one (0.100 g, 0.363 mmol), acetic acid (150 pl, 2.62 mmol); Eapp=-0.9 V vs. Ag/AgCl,
0.8 h. Off-white solid (0.096 g, 93 % yield). Spectroscopic data of the hydrogenated
product was matched to literature.!® 'H NMR (300 MHz, CDCls, 22 °C): § 7.54-7.46 (m,
3H, Ar-CH) 7.09-7.00 (m, 2H, Ar H), 6.92-6.80 (m, 2H, Ar H), 5.18 (s, I|H, NHCH), 4.35
ppm (s, 1H, NHCH). BC{'H} NMR (75 MHz, CDCls, 22 °C): § 165.34 (C=0), 140.30,
133.71, 133.49, 133.16, 132.48, 129.07, 128.19, 127.85, 127.03, 126.79, 126.67, 125.33,

124.93, 120.53, 117.09, 115.04, 59.51 ppm (NHCH).

3-(4-Trifluoromethyl)-3,4-dihydro-2H-benzo[1,4]oxazine

(2g-H»): The general procedure was followed using LiClO4 , ©i sl _H 16
4NN 15
(1.285 g, 12.43 mmol), 3-(4-(trifluoromethyl)phenyl)-2H- ® ';' 12 -
13 3
18

benzo[b][1,4]oxazin-2-one (0.0985 g, 0.336 mmol), acetic acid

(150 pl, 2.62 mmol); Eqpp=-0.9 V vs. Ag/AgCl, 3.0 h. Off-white solid (0.0779. g, 86.4%
yield). 'H NMR (300 MHz, CDCls, 22 °C): § 7.66-7.53 (m, 4H, C2,13,15,16), 7.09-7.01 (m,
2H, C>3), 6.93-6.83 (m, 2H, C1), 5.13 (s, 1H, Cs), 4.34 ppm (s, 1H, N). BC{'H} NMR
(75 MHz, CDCl3, 22 °C): 8 164.71(Cy), 140.92 (Cy), 140.14 (Cs), 132.01 (Ci), 131.30
(C14), 128.14 (C12,16), 126.05 (J=3.82, C13,15), 125.54 (C2), 123.91 (J=272.2, C1s), 120.96
(Cs), 117.20 (C3), 115.20 (Cy), 58.99 ppm (Cs). HR-MS (ESI, m/z) calcd. for CisH2203

[M+H]", 294.0736; found 294.0672.
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Figure S38. 'H NMR (300 MHz, 22 °C, CDCl;3) of 1a-Ha. Unreacted starting material 1a
is denoted with an asterisk (*).
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Figure S39. 3C{'H} NMR (75 MHz, 22 °C, CDCls) of 1a-H;. Unreacted starting
material 1a is denoted with an asterisk (*).
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Figure S45. 3C{'H} NMR (75 MHz, 22 °C, CDCls) of 1d-H,. Unreacted starting
material 1d is denoted with an asterisk (*).
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Figure S47. 3C{'H} NMR (75 MHz, 22 °C, CDCls) of 1e-H>. Unreacted starting
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Figure S49. 3C{'H} NMR (75 MHz, 22 °C, CDC]ls) of 1f-H>. Unreacted starting
material 1f is denoted with an asterisk (*).
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Figure S51. 3C{'H} NMR (75 MHz, 22 °C, CDCls) of 1g-H;. Unreacted starting
material 1g is denoted with an asterisk (*).
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Figure S53. °C NMR (75 MHz, 22 °C, CDCl;3) of 1h-H;. Unreacted starting material 1h
is denoted with an asterisk (*).
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Figure S63. °C{'H} NMR (126 MHz, 22 °C, CDCls) of 2b-Ha.
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Figure S67. 3C{'H} NMR (126 MHz, 22 °C, CDCl;) of 2d-H,. Unreacted starting
material 2d is denoted with an asterisk (*).
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Figure S68. 'H NMR (300 MHz, 22 °C, CDCl3) of 2e.
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Figure $69. '>C{'H} NMR (75 MHz, 22 °C, CDCls) of 2e.
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Figure S70. 'H NMR (300 MHz, 22 °C, CDCl;) of 2e-H..
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Figure S71. *C{'H} NMR (75 MHz, 22 °C, CDCls) of 2e-H.
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Figure S72. '"H NMR (300 MHz, 22 °C, CDCls) of 2f-H;. Unreacted starting material 2f
is denoted with an asterisk (*).

<

8 SO ENGBNN OGS T SN N a

g InooadaasaaNaNgn 8

| SN e
| ‘L ﬂ
- A

T ; ; ; T ; T ; T T T ; T T T T T T T T T ; T
210 200 190 180 170 160 150 140 130 120 110 100 9 8 70 60 50 40 30 20 10 0o -10

f1 (ppm)

Figure S73. 3C{'H} NMR (75 MHz, 22 °C, CDCl) of 2f-Ha.
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Figure S74. 'H NMR (300 MHz, 22 °C, CDCl;) of 2g.
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Figure S75. 3C{'H} NMR (75 MHz, 22 °C, CDCL) of 2g.
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Figure S76. °F NMR (282 MHz, 22 °C, CDCls) of 2g.
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Figure S77. 'H NMR (300 MHz, 22 °C, CDCls) of 2g-H,. Unreacted starting material 2g
is denoted with an asterisk (*)
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ADDITIONAL EXPERIMENTS

Electrolysis Using a Pt Mesh Working Electrode

Using a Pt working electrode, but otherwise following the general procedure, a bulk
electrolysis was performed using LiClOs (1.285 g, 12.07 mmol), 3-phenyl-2H-
benzo[b][1,4]oxazin-2-one (2d; 0.120 g, 0.538 mmol), acetic acid (150 ul, 2.62 mmol);
Eapp=-0.9 V vs. Ag/AgCl, 3.2 h. No hydrogenated product was observed. Charge passed =
323 C.

Similarly, using a Pt working electrode, but otherwise following the general procedure a
bulk electrolysis was performed using LiClO4 (1.285 g, 12.07 mmol), ethyl-
benzoylformate (1d; 0.095 g, 0.533 mmol), acetic acid (150 pl, 2.62 mmol); Eapp=-0.9 V

vs. Ag/AgCl, 3.3 h. No hydrogenated product was observed. Charge passed =316 C.
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Figure S79. CPE plot of 2d using the standard electrochemical hydrogenation
conditions and a Pt mesh working electrode.
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Figure S80. 'H NMR (300 MHz, 22 °C, CDCl3) of 2d using a Pt mesh working electrode.
No conversion to product is observed.
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Figure S81. CPE plot for attempted hydrogenation of 1d using a Pt mesh working
electrode.
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Figure S82. 1H NMR (300 MHz, 22 °C, CDCI3) of 1d using a Pt mesh working
electrode. No conversion to product is observed.
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Electrochemical Hydrogenation of 1d in Neat CH3CN
The general procedure was followed but in neat CH3CN (no added water) using LiClO4

(1.285 g, 12.07 mmol), ethyl-benzoylformate (1d; 0.095 g, 0.533 mmol), and acetic acid
(150 uL, 2.62 mmol); Eapp= -0.9 V vs. Ag/AgCl, 3.3 h. Slightly-yellow oil. NMR
conversion to 1d-Hz = 64 %. Yield = 0.069 g (46 % yield). Charge passed = 183 C (%FE

=26 %).
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Figure S83. CPE plot for hydrogenation of 1d in neat CH3CN.
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Figure S84. 'H NMR (500 MHz, 22 °C, CDCl;) of 1d-H; produced in neat CH3CN.
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pH Changes During Electrolytic Hydrogenation of 1b

For the bulk electrolysis of 1b performed using the standard hydrogenation conditions
noted above, the pH was measured before and after the run using a digital pH meter. The
initial pH was measured to be pHinitiat = 2.60 and had risen to pHpna = 6.20 after the
electrolysis was stopped. The difference in solution pH can be used to estimate proportion
of the charge that led to the consumption of additional protons for hydrogen gas evolution.
While the pKa of an acid is dependent on the solution conditions, the measured pH for the
mixed CH3CN/H>O medium used here is on the order of what would be expected for in
water alone.!! After accounting for the protons consumed in the hydrogenation of the
organic substrate, the difference between initial protons added to solution (in the form of
acetic acid) and the excess protons remaining in solution upon completion of electrolysis
was calculated using the observed pH changes. This can be done through summing the
proton containing molecules on both sides of the acetic acid equilibrium (pH measurement
and Henderson-Hasselbalch equation). This calculation indicates that for the
hydrogenation of 1b (%FE for production of 1b-H, =25 %, Table 1), 193 C (or 72.5 % of
the overall charge passed) can be attributed to the consumption of H" in an HER type

process, in excellent agreement with the unassigned charge of 200 C.

Electrochemical Hydrogenation of 1a at Lower Electrolyte Concentration

Using a lower concentration of electrolyte (1.1 M), but otherwise following the general
procedure, electrochemical hydrogenation was performed using LiClO4 (1.000 g, 9.4
mmol), 1a (0.088 g, 0.0.410 mmol), acetic acid (150 ul, 2.62 mmol); Eapp= -0.9 V vs.
Ag/AgCl, 3.2 h. '"H NMR analysis shows 73% conversion to hydrogenated product 1a-Hb.

Charge passed = 252 C.
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Figure S85. CPE plot for electrochemical hydrogenation of 1a using the standard
electrochemical hydrogenation conditions but with 1.1 M LiClOa.
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Figure S86. 'H NMR (300 MHz, 22 °C, CDCl;) of 1a, using the standard electrochemical

hydrogenation conditions but with 1.1 M LiClO4. Unreacted starting material 1a is denoted
with an asterisk (*).
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Electrochemical Hydrogenation Using Alternative Electrolytes

Using electrochemical grade LiCl as electrolyte in place of LiClOs, the CH3CN and water
fractions of the solution were observed to partition and become immiscible, resulting in
insufficient charge passage within the electrochemical cell for meaningful electrochemistry
to occur. We also attempted replacing LiClO4 with the common organic electrolyte
[nBusN][PFs]. Under otherwise identical general experimental conditions, the run of 2d
was replicated. In comparison with the general conditions, 32% lower conversion to 2d-H>
was observed, and isolation of the hydrogenated product was complicated by the similar

solubility of [nBusN][PFs] and substrate/product.

Electrochemical Production of 2d-H; Using Alternate Electrolyte: Using [nBusN][PFs]
instead of LiClO4 as the electrolyte, but otherwise following the general procedure a bulk
electrolysis was performed using [#BusN][PFs] (3.250 g, 8.390 mmol), 3-phenyl-2H-
benzo[b][1,4]oxazin-2-one (0.120 g, 0.538 mmol), acetic acid (150 pl, 2.62 mmol); Eapp=
-0.9 V vs. Ag/AgCl, 3.2 h. 'H NMR analysis shows 66% conversion to hydrogenated

product. Charge passed = 340 C.
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Figure S87. CPE plot of 2d, using the standard electrochemical hydrogenation conditions
but with [nBusN][PFs] as the electrolyte.
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Figure S88. 'H NMR (500 MHz, 22 °C, CDCl3) of 2d, using the standard electrochemical
hydrogenation conditions but with [#BusN][PF¢] as the electrolyte. Unreacted starting
material 1a is denoted with an asterisk (*). The major species present is [#BusN][PFs].
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Attempted Electrochemical Hydrogenation of Alkylated Ketoester 1k

The general procedure was followed using LiClO4 (1.30 g, 12.2 mmol), fert-butyl 2-
oxopropanoate (1k; 0.065 g, 0.451 mmol), and acetic acid (0.146 mL, 2.54 mmol); Eapp= -
0.9 V vs. Ag/AgCl, 6.0 h. No significant amount of hydrogenated product could be

observed in, nor isolated from, the crude reaction mixture. Charge passed = 515 C.
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Figure S89. CPE plot of the attempted formation of zert-butyl 2-hydroxypropanoate 1k.
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Figure S90. 'H NMR (300 MHz, 22 °C, CDCl;) of 1k.
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Figure S91. 'H NMR (600 MHz, 22 °C, CDCI3) of aliquot from attempted
electrochemical hydrogenation of 1k.
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X-RAY CRYSTALLOGRAPHY EXPERIMENTAL

Crystal structure data was using collected from multi-faceted crystals of suitable size and
quality selected from a representative sample of crystals of the same habit using an optical
microscope. In each case, crystals were mounted on MiTiGen loops and data collection
carried out in a cold stream of nitrogen (150 K; Bruker D8 QUEST ECO). All
diffractometer manipulations were carried out using Bruker APEX3 software.'? Absorption
corrections were applied using SADABS.!3 Structure solution and refinement was carried
out using XS, XT and XL programs,'* embedded within the OLEX2 software suite.'> For
each structure, the absence of additional symmetry was confirmed using ADDSYM
incorporated in the PLATON program.'® CCDC Nos. 2024461-2024463 and 2026013-
2026014 contain the supplementary crystallographic data for this paper. The data can be
obtained free of charge from The Cambridge Crystallographic Data Centre via

www.ccdc.cam.ac.uk/structures.

Crystal structure data for 2g (CCDC 2024461): X-ray quality crystals were grown by slow
evaporation of a chloroform solution. Crystal structure parameters: colourless plate;
Ci5sHsF3NO, 291.22 g mol’!, monoclinic, space group P2i/n ; a = 7.6065(4) A, b =
5.8376(3) A, c=27.3880(14) A, a = y = 90°, B = 96.766(2)°, V =1207.66(11) A%; Z =4,
Pealed = 1.602 g cm™3; crystal dimensions 0.450 x 0.160 x 0.060 mm; 26max = 55.88°; 36910
reflections, 2889 independent (Rin = 0.0690, intrinsic phasing; absorption coeff (u=10.138
mm '), absorption correction semi-empirical from equivalents (SADABS); refinement
(against Fo?) with SHELXTL V6.1, 190 parameters, 0 restraints, R; = 0.0443 (I > 20) and

wR> = 0.1108 (all data), Goof = 1.027, residual electron density 0.29/~0.37 A3,
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Crystal structure data for 2g-Hz (CCDC 2024462): X-ray quality crystals were grown by
slow evaporation of a chloroform solution. Crystal structure parameters: Colourless blocks;
Ci5sH10F3NO2 293.24 g mol’!, monoclinic, space group Cc; a = 24.5598(16) A, b =
4.6673(3) A, ¢ =11.1063(7) A, o = y = 90°, B = 92.835(2)°, V = 1271.53(14) A3; Z = 4,
Pealed = 1.532 g cm3; crystal dimensions 0.310 x 0.120 x 0.030 mm; 20max = 55.034°; 18036
reflections, 2901 independent (Rin = 0.0565), intrinsic phasing; absorption coeff (u=0.131
mm '), absorption correction semi-empirical from equivalents (SADABS); refinement
(against Fo?) with SHELXTL V6.1, 222 parameters, 2 restraints, R; = 0.0395 (I > 20) and

wR> = 0.0830 (all data), Goof = 1.063, residual electron density 0.18/—0.21 A3,

Crystal structure data for 1j (CCDC 2024463): X-ray quality crystals were grown by the
layering of a CH2Cl; solution with diethylether solution. Colourless needles; CisH2003
260.32 g/mol, monoclinic, space group P2i/c; a = 8.0826(3) A, b = 22.3489(9) A, ¢ =
8.09493) A, a=y=190°, f=107.167(2)°, V =1397.09(9) A%; Z =4, peatca = 1.238 g cm™>;
crystal dimensions 0.210 x 0.150 x 0.120 mm; 26max = 48.12°; 31846 reflections, 2489
independent (Rinx = 0.0680), intrinsic phasing; absorption coeff (u = 0.084 mm™),
absorption correction semi-empirical from equivalents (SADABS); refinement (against
Fo?) with SHELXTL V6.1, 174 parameters, 0 restraints, R; = 0.0373 (I > 20) and wR; =

0.0874 (all data), Goof = 1.044, residual electron density 0.13/—0.19 A3,
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Crystal structure data for 2a (CCDC 2026013): X-ray quality crystals were grown by slow
evaporation of a CHCI3 solution. Colourless blocks; Ci4HgCINO, 257.66 g/mol,
monoclinic, space group P2i/n ; a = 3.8058(2) A, b =21.9865(13) A, c = 13.2467(8) A, a
= y= 90° B =94.488(2)°, V = 1105.04(11) A3; Z = 4, peatca = 1.549 g cm3; crystal
dimensions 0.630 x 0.180 x 0.160 mm; 26max = 55.15°; 2522 reflections, 2522 independent
(Rint = 0.1095, intrinsic phasing; absorption coeff (u = 0.336 mm™'), absorption correction
semi-empirical from equivalents (SADABS); refinement (against F,?) with SHELXTL
V6.1, 164 parameters, 0 restraints, R; = 0.0695 (I > 2¢) and wR> = 0.1556 (all data), Goof
= 1.299, residual electron density 0.37/~0.36 A™. A two-component twin was found
(79:21) and treated with the appropriate twin law found using TWINROTMAT embedded

in the PLATON program.!”

Crystal structure data for 2b (CCDC 2026014): X-ray quality crystals were grown by slow
evaporation of a CHCls solution. Pink needles; CisH11NO; 237.25 g/mol, orthorhombic,
space group P21212;1 ; a =7.0081(3) A, b =12.2782(6) A, c = 13.4697(6) A, a = =y =
90°, V = 1159.03(9) A% Z = 4, peatca = 1.360 g cm3; crystal dimensions 0.490 x 0.110 x
0.070 mm; 260max = 55.546°; 30662 reflections, 2728 independent (Rin: = 0.0726, intrinsic
phasing; absorption coeff (u = 0.091 mm™!), absorption correction semi-empirical from
equivalents (SADABS); refinement (against F,?) with SHELXTL V6.1, 164 parameters, 0
restraints, R; = 0.0410 (/> 20) and wR> = 0.0921 (all data), Goof = 1.040, residual electron

density 0.24/-0.21 A3,
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Figure S92. Solid-state structure of 1j (CCDC 2024463) with thermal ellipsoids shown at
50% probability levels. Selected bond distances (A) and angles (°): C1-C7 1.4789(19), C7-
C8 1.531(2), C7-01 1.2147(17), C8-02 1.1999(17), C8-O3 1.3290(16), C9-0O3
1.4728(17); C1-C7-C8 119.33(12), O1-C7-C1 122.85(13), O1-C7-C8 117.73(13), O2-C8-
C7 122.96(13), 02-C8-03 126.18(13), O3-C8-C7 110.67(11).

v

v

Figure S93. (a) Solid-state structure of 2a (CCDC 2026013) with thermal ellipsoids shown
at 50% probability levels. Selected bond distances (A) and angles (°): N(1)-C(7) 1.292(5),
N(1)-C(4) 1.394(5), C(7)-C(8) 1.494(5), C(7)-C(9) 1.475(6); C(4)-N(1)-C(7) 118.2(3),
N(1)-C(7)-C(8) 122.9(3), N(1)-C(7)-C(9) 119.8(3), C(9)-C(7)-C(8) 117.3(3). (b) View
along N1-O1 vector showing the 43° angle between the plane formed by C1-C8/O1/N1
and the plane formed by C9-C14.
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Figure S94. (a) Solid-state structure of 2b (CCDC 2026014) with thermal ellipsoids shown
at 50% probability levels. Selected bond distances (A) and angles (°): N(1)-C(7) 1.290(3),
N(1)-C(4) 1.393(3), C(7)-C(8) 1.500(3), C(7)-C(9) 1.484(3); C(4)-N(1)-C(7) 119.27(18),
N(1)-C(7)-C(8) 122.43(19), N(1)-C(7)-C(9) 118.47(19), C(9)-C(7)-C(8) 119.07(19). (b)
View along N1-O1 vector showing the 29° angle between the plane formed by Cl-
C8/O1/N1 and the plane formed by C9-C14.
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