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1. GENERAL METHODS

All commercially obtained reagents/solvents were used as received; chemicals were
purchased from Alfa Aesar®, Sigma-Aldrich®, Acros organics®, TCI America®, Mallinckrodt®, and
Oakwood® Products, and were used as received without further purification. Unless otherwise
stated, reactions were conducted in oven-dried glassware under nitrogen atmosphere. Unless
otherwise state demineralized water (DM water) was used for work up procedures. "H-NMR and
*C-NMR spectra were recorded on Varian 400 MHz (100 MHz for **C) and on 500 MHz (125
MHz for *C) spectrometers. Data from the "H-NMR spectroscopy are reported as chemical shift
(& ppm) with the corresponding integration values. Coupling constants (J) are reported in hertz
(Hz). Standard abbreviations indicating multiplicity are used as follows: s (singlet), b (broad), d
(doublet), t (triplet), q (quartet), m (multiplet) and virt (virtual). Data for '>*C NMR spectra are
reported in terms of chemical shift (6 ppm). High-resolution mass spectrum data in Electrospray
lonization mode were recorded on a Bruker — Daltronics® BioTof mass spectrometer in positive
(ESI+) ion mode. HPLC analyses were performed on Waters® HPLC equipped with 2525 pump
or on Dionex® Ultimate 3000 HPLC. Waters® 2767 sample manager was used for automated
sample injection on Waters® HPLC or Ultimate 3000 sample injector was used for injection on
Dionex® HPLC. All HPLC injections on Waters® HPLC were monitored using a Waters® 2487
dual wavelength absorbance detector at 254 and 270 nm or on Dionex®. HPLC were monitored
using a diode array detector (DAD3000125). Analytical and semi-preparative injections were

performed on chiral stationary phase using various columns as indicated below.

i) Regis® PIRKLE COVALENT (R,R) WHELK-01

a) 25 cm x 4.6 mm column for analytical injections.

b) 25 cm x 10 mm column for semi-preparative injections.
i) CHIRACEL® OD-H

a) 0.46 cm x 25 cm column for analytical injections.

b) 10 mm x 25 cm column for semi-preparative injections.
i) CHIRALPAK®IC

a) 0.46 cm x 25 cm column for analytical injections.

b) 10 mm x 25 cm column for semi-preparative injections
iv) CHIRALPAK® AD-H

a) 0.46 cm x 15 cm column for analytical injections.

b) 10 mm x 25 cm column for semi-preparative injections.
v) CHIRALCEL - OD-3
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a) 0.46 cm x 15 cm column for analytical injections.
vi) CHIRAPAK — AD-3
a) 0.46 cm x 15 cm column for analytical injections.

Masslynx software version 4.1 was used to monitor/analyze the HPLC injections on
Waters® and to process HPLC traces. Chromeleon 7 software was used to monitor and process
HPLC injections on Dionex® HPLC. Igor Pro® Software version 6.0 was used to process the
HPLC graphics. UV-Vis spectra were recorded on Shimadzu 2501PC UV-Vis spectrometer
using UV quality fluorimeter cells (with range until 190 nm) purchased from Luzchem. Optical
activity values were recorded on JASCO® DIP — 370 digital polarimeter. When necessary, the
compounds were purified by combiflash equipped with dual wavelength UV-Vis absorbance
detector (Teledyn ISCO) using hexanes:ethyl acetate as the mobile phase and Redisep®
cartridge filled with silica (Teledyne ISCO) as stationary phase. In some cases, compounds
were purified by column chromatography on silica gel (Sorbent Technologies®, silica gel
standard grade: porosity 60 A, particle size: 230 x 400 mesh, surface area: 500 — 600 m?g, bulk
density: 0.4 g/mL, pH range: 6.5 — 7.5). Unless indicated, the Retardation Factor (Ry) values
were recorded using a 5-50% hexanes:ethyl acetate as mobile phase and on Sorbent

Technologies®, silica Gel TLC plates (200 mm thickness w/UVas).
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2. CHART AND SYNTHETIC PROTOCOLS

2.1 Chart
R3
R! R20 R!' @ = R20 R!' e
i “ 'a.R' = Me; R2=R3=Bu
N o N O : ' b. R" = Et; R%=Bu; R3=H. |
R2 o ! \ ! t c.R'=Ph; R=R%=Bu. !
o) R o pn R : d.R'=Me; R=R3=H. !
1a-d Ph 2ad 3d  ThrormmommmmTTeoYs
R3
R1
T L e
N“ 0 NH,
rz H HOOC” ~COOH
4a-d 6b-c 8a-d
6b. X=CH,
6¢c. X=0
2.2 Synthetic protocol for a-oxoamides 1a-d
R3 R3
R1 R1
. j: DCM, Et;N @I _DCM, EtN_ i
N,rt6-22h rtN,14h
NH, O 2 2 N0
R2 RZO (0]
8a-d 5a-c 4a-d Ph
1a-d

0
OH bem, DCM, (COCh,
0 " Nyrtzh >
6¢c
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3. GENERAL PROCEDURE FOR SYNTHESIS OF a.-OXOAMIDES 1a-d AND THEIR PRECURSORS

3.1 Synthesis of 2-methylenebutanoyl chloride 5b

1. Et;NH, 5-10 °C

(HCHO),,, reflux, 2 h
(o] >

HOOC

7 5b

Scheme S1: Synthesis of 2-methylenebutanoyl chloride 5b

2-methylenebutanoyl chloride was synthesized according to the literature reported
procedure.’ To a solution of ethyl malonic acid (1.85 g, 1.0 equiv) in dry ethyl acetate (40 mL) at
0 °C under N, atmosphere diethylamine (2.17 mL, 1.5 equiv) was added. The mixture was
stirred for 5 min followed by the addition of paraformaldehyde (0.67 g, 1.5 equiv) in 2 portions.
The resulting mixture was stirred for 5 mins and then moved to oil bath where it was refluxed for
2 h. The mixture was cooled to room temperature and quenched with water. The pH of the
solution was adjusted to 1 by carefully adding conc. HCI and extracted with ethyl acetate (3 X
15 mL). The combined organic layer was dried over anhy. Na,SOy, filtered and the solvent was
removed under reduced pressure to yield crude product as pale yellow oil. The crude product
was directly taken to next stage without further purification.
To the crude product under N, atmosphere added thionyl chloride (1.54 mL, 1.0 equiv). The
mixture was heated to 50 °C and maintained for 3 h. After 3 h, the excess thionyl chloride was
removed under reduced pressure while the temperature was maintained at 25 °C. The vacuum
was released under N, and the residue was taken up in DCM and directly taken to next step

without further analysis or purification.

3.2 Synthesis of 2-phenylacryloyl chloride derivatives 5¢

OH Cl
SOCI,, benzene

N
Z o) N, reflux, 3 h o)
6b 5c

Scheme S2: Synthesis of 2-phenylacryloyl chloride derivatives 5¢
To a solution of atropic acid 6b (1.0 g, 6.74 mmol, 1.0 equiv) in dry benzene (15 mL)
under N, atmosphere thionyl chloride (1 mL, 13.4 mmol, 2.0 equiv) was added and the resulting
mixture was refluxed for 3 h. After the reaction the solvent and the excess thionyl chloride was

removed under reduced pressure while the temperature was maintained at 25 °C. The vacuum
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was released under N, and the residue was taken up in DCM and directly taken to next step

without further analysis or purification.

3.3 Synthesis of phenylglyoxylyl chloride 5e

0 0
OH bewm, (cocl), cl
H
o Ny, rt, 1 h 0
6¢c 5e

Scheme S3: Synthesis of phenylglyoxylyl chloride 5e.

To a solution of phenylglyoxylic acid 6¢ (1.1 g, 7.33 mmol, 1.0 equiv) in DCM (10 mL) at
room temperature added a two drops of DMF (catalytic). To this solution oxalyl chloride (2.5
equiv) was slowly added during which white effervescence was observed. The mixture was
further stirred for 1 h and the solvent and excess oxalyl chloride was removed under reduced
pressure while the temperature was maintained at 25 °C. The vacuum was released under N,
and the residue was taken up in DCM and directly taken to next step without further analysis or
purification.

3.4 Synthesis of substituted amide derivatives 4a-d

R3
1 R1
R" pewm, _DCM,EtN
¥ N rt, 6 h
NH2 (o) 2
R2

8a-d 5a-c 4a-d
Scheme S4: Synthesis of substituted amide derivatives 4a-d.

To a solution of aniline (1.0 g, 1.0 equiv), triethylamine (2.0 equiv) in dry DCM (15 mL) at
0 °C under N, atmosphere corresponding acyl chloride (1.1 equiv) was added. The resulting
solution was slowly allowed to warm to room temperature over 6 h. After the reaction, water was
added, stirred and the layers were separated. The organic layer was washed with DM water (2
X 15 mL), dried over anhy. Na,SO,, filtered and the solvent was removed under reduced
pressure to yield crude product. The crude product was purified by combiflash using
hexanes:ethyl acetate mixture.
TLC condition - Rf= 0.32 (80% hexanes:20% ethyl acetate
TLC condition - Rf= 0.28 (50% hexanes:50% ethyl acetate
TLC condition - Rf= 0.30 (90% hexanes:10% ethyl acetate
TLC condition - Rf= 0.52 (50% hexanes:50% ethyl acetate

for 4a (Yield = 85 %)
for 4b (Yield = 76 %)
for 4c (Yield = 82 %)
for 4d (Yield = 93 %)

~— ~— ~— ~—
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"H-NMR (400 MHz, CDCls, & ppm): 7.76 (s, 1H), 7.57 (bs, 1H), 7.31-7.29 (m, 1H), 7.17-7.13 (m,
1H), 5.83 (s, 1H), 5.46 (s, 1H), 2.08 (s, 3H), 1.39 (s, 9H) and 1.297 (s, 9H).

0.5

1.0

:::::

Vi

P =

==

o o,
1.5

EBlE— —~ 5 00

tBu
tBu H
4a
4.0 35
t1 (ppm)

| uw
<
=
|
09’5 — ~ = 6602
oER'S— ~ ——=E 560
=
K
L w
w0
EEL'Lq
BEL'L =)
PSLL X ~
BSLL ‘~ - 060
882~ - =407
6O0E'L o
ELSL— \ Fegg ™~
sl — . =ZE0
La
-]
* = solvent

SI-8



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013

3C-NMR (100 MHz, CDCls, 5 ppm): 166.5, 149.9, 141.3, 138.9, 135.0, 126.3, 124.4, 122.9,
119.9, 34.5, 34.3, 31.4, 30.9 and 19.2.
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"H-NMR (400 MHz, CDCls, & ppm): 7.65-7.63 (m, 1H), 7.57 (bs, 1H), 7.38-7.36 (m, 1H), 7.23-
7.11 (m, 2H), 5.72 (s, 1H), 5.39 (s, 1H), 2.43 (q, J=7.2 Hz, 2H) 1.39 (s, 9H) and 1.13 (t, J=7.2

Hz, 3H).
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3C-NMR (100 MHz, CDCl;, 5 ppm): 167.2, 148.3, 142.4, 135.4, 127.7, 127.0, 126.7, 126.2,
116.7, 34.7, 30.8, 25.7 and 12.7.
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HRMS-ESI (m/z) (IM + Na]’):

Calculated :254.1515
Observed :254.1513
|Am]| : 0.8 ppm
Intens. 1.d: +MS, 100%=6708
40004
2000+ NS0
|| tBu H
/ F 4b
0_ & e —— m.-—N—""_'—M L. - —J"IIII — — . - - —
2500 7.d: C15H21NNaD ,254.15
ano] 254.1515
1500
1000
i’ 256.1548
o 256 1577
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"H-NMR (400 MHz, CDCls, & ppm): 8.05-8.04 (m, 1H), 7.49-7.42 (m, 6H), 7.27-7.26 (m, 1H),
7.16-7.13 (m, 1H), 6.49 (s, 1H), 5.72 (s, 1H), 1.35 (s, 9H) and 1.34 (s, 9H).
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3C-NMR (100 MHz, CDCls, 5 ppm): 164.6, 149.9, 145.5, 138.0, 137.2, 135.2, 129.2, 129.1,
128.99, 126.2, 124.4, 123.1, 122.6, 34.6, 33.8, 31.4 and 30.5.

- a
=]
=
- &
8 0E-, L
S LE— é :
CH'EE— =
igpe
-8
[=]
[Ty
L2
w
L2
=
*
L2
[+ ]
E
a
L =2
L
i b
L=]
.
=
L
d [=]
-~
=
e AR | o
ZLEELY o
SEFEL—
A
66821 T - -
| -
BLEEL—
L7 1 o
#O'BEL e
oL — -
19601 -—3 |3
n
[=]
e
POPoL— -—
[=]
- P=
~

Sl-14



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013

HRMS-ESI (m/z) (IM + Na]’):

Calculated
Observed
|Am|

: 358.2141
: 3568.2133
: 2.2 ppm
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"H-NMR (400 MHz, CDCls, 3 ppm): 7.69 (bs, 1H), 7.55-7.53 (m, 2H), 7.30-7.26 (m, 2H), 7.098-
7.06 (m, 1H), 5.75 (s, 1H), 5.40 (s, 1H) and 2.01 (s, 3H).
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'3C-NMR (100 MHz, CDCls, 5 ppm): 166.96, 141.1, 138.0, 129.1, 124.6, 120.3, 120.0 and
18.96.
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3.5 Synthesis of a-oxoamides derivatives 1a-d

R3
R1 R1
i ]/ _DCM.EtN i
Thaan o
N0
R2 o}

4a-d Se
1a-d Ph

Scheme S5: Synthesis of a-oxoamides derivatives 1a-d.

To a solution of corresponding amide (1.0 g, 1.0 equiv) in dry DCM (15 mL) at 0 °C
under N, atmosphere triethylamine (2.3 equiv) was added followed by the addition of
corresponding acid chloride (2.0 equiv). The resulting solution was slowly allowed to warm to
room temperature over 14 h. After the reaction, water was added, stirred and the layers were
separated. The organic layer was washed with DM water (2 X 15 mL), dried over anhy. Na,SQOy,
filtered and the solvent was removed under reduced pressure to yield crude product. The crude

product was purified by combiflash using hexanes:ethyl acetate mixture.

TLC condition - Rf= 0.43 (80% hexanes:20% ethyl acetate) for 1a (Yield = 84 %)
TLC condition - Rf=0.33 for 1b (Yield = 64 % )
TLC condition - Rf= 0.40 for 1¢ (Yield = 58 %)
TLC condition - Rf= 0.32 (50% hexanes:50% ethyl acetate) for 1d (Yield = 70 %)

50% hexanes:50% ethyl acetate

( )
( )
(90% hexanes:10% ethyl acetate)
( )
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"H-NMR (400 MHz, CDCls, & ppm): 8.01-7.98 (m, 2H), 7.62-7.59 (m, 1H), 7.52-7.48 (m, 3H),
7.41-7.38 (m, 1H), 5.42 (s, 1H), 5.28- 5.28 (m, 1H), 1.80-1.799 (m, 3H), 1.399 (s, 9H) and 1.29

(s, 9H).
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3C-NMR (100 MHz, CDCl;, 3 ppm): 186.7, 172.6, 170.96, 150.5, 144.8, 141.0, 135.9, 134.4,
133.3, 129.9, 129.4, 129.0, 128.7, 126.8, 125.7, 125.6, 125.2, 35.8, 34.4, 32.0, 31.3 and 19.9.
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HRMS-ESI (m/z) (IM + Na]*):

Calculated :428.2196
Observed : 428.2201
|Am]| : 1.2 ppm
intens 1 73 WS, T0%=TETZ T3

x104]

4282201

2.0, C26H31NNaO3 426.22)

2000] 428.2196

15001
1000

i 420.2220
500

0

HPLC analysis conditions:

For analytical conditions,

[). Column : (R,R) WHELK-01
Abs. detector wavelength 1254 nm and 270 nm
Mobile phase : Hexanes:2-propanol = 95:5
Flow rate : 1.0 mL/min
Retention times (min) i~ (-)-9.44 and ~ (+)-11.98

For preparative conditions,

[). Column : (R,R) WHELK-01
Abs. detector wavelength 1254 nm and 270 nm
Mobile phase : Hexanes:2-propanol = 95:5
Flow rate : 3.0 mL/min
Retention times (min) :~(-)-14.0 and ~ (+)-17.37

Optical rotation [a]p? :
HPLC retention time (R,R) WHELK-01 at ~ 9.44 min, (¢ = 0.772 %, MeOH) = -22.05 deg.
HPLC retention time (R,R) WHELK-01 at ~ 11.98 min, (¢ = 0.772 %, MeOH) = +22.91 deg.

SI-21



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013

'H-NMR (400 MHz, CDCls, & ppm): 8.01-7.99 (m, 2H), 7.61-7.59 (m, 2H), 7.51-7.47(m, 2H),
7.41-7.36 (m, 1H), 7.29-7.287 (m, 1H), 7.10-7.08 (m, 1H), 5.49 (s, 1H), 5.23 (t, J=1.6 Hz, 1H)
2.35-2.12 (m, 2H), 1.43 (s, 9H) and 0.92 (t, J= 7.4 Hz, 3H).
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3C-NMR (100 MHz, CDCls, 5 ppm): 186.6, 172.8, 170.7, 148.0, 147.0, 146.9, 135.1, 134.5,
133.3, 131.7, 129.9, 129.7, 129.1, 127.6, 122.7, 36.2, 31.98, 25.7 and 11.5.
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HRMS-ESI (m/z) (IM + Na]*):

Calculated : 386.1727
Observed : 386.1730
|Am]| : 0.8 ppm
MEHSA 1.d: +MS, 100%=60677
x120D
386.1730
15
1.0
05
25001 - 7.0 C23H25NNa03 386,17
2000 386:?27
1500 \‘ ‘I
|1
[
1000 ik
I
500 ‘|‘ ‘|‘ 387.’1‘760
. J \ ssy 170

HPLC analysis conditions:

For analytical conditions,

[). Column : CHIRALPAK-AD-H
Abs. detector wavelength 1254 nm and 270 nm
Mobile phase : Hexanes:2-propanol = 90:10
Flow rate : 1.0 mL/min
Retention times (min) 1 ~ 5.66 [M-(-)-1b] and 13.58 [P-(+)-1b]
For preparative conditions,
[). Column : CHIRALPAK-AD-H
Abs. detector wavelength 1254 nm and 270 nm
Mobile phase : Hexanes:2-propanol = 95:5
Flow rate : 3.0 mL/min
Retention times (min) : ~10.80 [M-(-)-1b] and ~ 29.77 [P-(+)-1b]

(The absolute crystal structure was obtained by single crystal XRD using Flack parameters)

Optical rotation [a]p?*:
HPLC retention time CHIRALPAK-AD-H at ~ 5.66 min, (¢ = 2.00 %, MeOH) = -65.06 deg.
HPLC retention time CHIRALPAK-AD-H at ~ 13.58 min, (¢ = 2.00 %, MeOH) = +64.08 deg.
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'H-NMR (400 MHz, CDCls, & ppm): 8.05-8.04 (m, 2H), 7.77-7.73 (m, 1H), 7.65-7.61 (m, 2H),
7.57-7.55 (m, 1H), 7.43-7.32 (m, 6H), 6.64-6.63 (m, 1H), 5.76 (s, 1H), 5.64 (s, 1H), 1.53 (s, 9H)
and 1.13 (s, 9H)

2
=]
]
(=]
L
oEL'L— — o6
j | w
05 ¢ =$06[
1
Lo
Ly |
(@) (o]
[+ ]
-0 g
i 4
= 30
aQ a 1) o
- o
uwy
|
- 2E
~a
=
=
LW
Lo
L=
[r]
IEES —
e * | n
[+]
o5 — — =680
9515 — — =060
L a
L=
L w
= R
o
(174 ] -
DIS“L'-';l ~
ZEE L
0% 4 e }sa's
b - e -
SEV LT -2 E oo
goss N § B0e
zeg s ek
-
ap0'e— ~ Fures

* = solvent

SI-25



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013

3C-NMR (100 MHz, CDCl;, 5 ppm): 187.4, 173.0, 170.6, 149.6, 145.4, 145.1, 136.0, 134.3,
133.2, 131.9, 129.98, 129.8, 129.2, 129.0, 129.1, 128.9, 128.4, 127.3, 126.6, 36.3, 34.0, 32.4

and 30.9.
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HRMS-ESI (m/z) (IM + Na]’):

Calculated :490.2353

Observed :490.2363

[Am]| :2.0 ppm

Intens. 1.d: +MS, 100%=1025
4490 2363
3000- ([ {Bu )
Ph__O
20001 NZO
tBu
(o)
1000 491.2382
1c
MPJ 4922430 L y,
0; 1.0. C31H33NO3Na 490 24
— 4902353
1500
1000+
491.2385
500 1
4922412
0 N
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"H-NMR (400 MHz, CDCls, & ppm): 7.99-7.97 (m, 2H), 7.598-7.58 (m, 1H), 7.50-7.38 (m, 5H),
7.23-7.21 (m, 2H), 5.55 (s, 1H), 5.38 (s, 1H) and 1.74 (m, 3H).
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'3C-NMR (100 MHz, CDCls, 5 ppm): 187.4, 173.2, 169.99, 139.3, 136.8, 134.5, 132.97, 130.0,
129.8, 129.0, 128.99, 127.9, 126.6 and 18.96.
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4. RACEMIZATION KINETICS OF NON-BIARYL AXIALLY CHIRAL a.-OXOAMIDES 1a-b

Racemization of optically pure non-biaryl axially chiral a-oxoamides 1a-b was followed at
50 °C in different solvents (benzene and acetonitrile). The racemization rate was followed by
HPLC analyses on a chiral stationary phase at different time intervals (Figures S1 and S2). The

activation energy (Table S1) for racemization was computed from equation 1.2

( )

Krac (s)
Ty72 (days)
AG#,, (kcal.mol1)

kpT _AG;‘H%
krac= K(L)e RT

h

AG;émc = —RT ln m)

| (M)-1somer [P):1somé@ll | “Tkp

The half-life of racemization, t,;, can be calculated using the rate constant of
racemization k. (assuming 1-P; = 0 at t = 0).

In Xeg =ln( R, ]=ln(R+S)=2kmmt Equation 1.

Xe™ X 2R - R, R-S§
R,
In|—Lo |-
RO— krac

Where, Krac = 2.kenant; Ro is the initial concentration of the (R)-enantiomer; x=Ry— R, S
(concentration of the racemate at time t); and k... is the rate constant for racemization.
Note: Rp=R+ S

At 50% ee, the equation becomes:

In2 or In2
tl/Z(enanl) = 171/2( ) =
2k rac k
enant

rac
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4.60 "
4.60
A4.55— - 450
8 4.50 3
g 2
£4.45 < 4401
£ 4.40| 12 Benzene, 50 °C = 1b, Benzene, 50 °C
) Kiac (5°1) =211 X106 | ko (s) . 381X 10
4.35_ T2 (days) =3.81 4.30 | v (days) =211
AGH,5¢ (kcal.mol ") = 27.35 AGH,; (kcal.mol!) = 26.97
4.30- T T T T T T T T T b T T T T T
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Figure S1: Racemization kinetics of axially chiral a-oxoamides 1a-b in benzene at 50 °C.

460_ 4.60_
455 4.55-
T % 4.50
3 3
< 4.50 2 4.45
= 1a, MeCN, 50 °C £ 4.401[1p, MeCN, 50 °C
4.45 ko () =1.26 X 10 4.35|Fac s =2.27 X106
T2 (days) =6.36 ) T2 (days) =353
AG?, . (kcal.mol!) = 27.68 4.30 | AG*4¢ (kcal.mol") = 27.30 x
4.404 T T T T T T T T T T T T T T T T
0.0 0.4 0.8 1.2 1.6 00 02 04 06 08 10 1.2 14
Time (days) Time (days)

Figure S2: Racemization kinetics of axially chiral a-oxoamides 1a-b in acetonitrile at 50 °C.

Table S1: Activation energy, rate and half-life for racemization of optically pure non-biaryl axially

chiral a-oxoamides 1a-b.

Physical parameters

(0]
Entry | T (*C) | Compound | Solvent Tomne (dayS) | AG . (kealemol ) Koo (5
1 50 i Benzene 3.81 27.35 2.11X10°
2 50 MeCN 6.36 27.68 1.26 X 10°
3 50 Benzene 2.11 26.97 3.81 X 10°
4 50 1o MeCN 3.53 27.30 2.27 X 10°

@Reported values carry an error of +5%. MeCN — acetonitrile.
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5. GENERAL IRRADIATION PROCEDURES AND CHARACTERIZATION OF PHOTOPRODUCTS

5a. Procedure for photoreaction of a-oxoamides 1a-d

R3
R? hv, solvent RZ0 R? R
I 25°C, 2-3h “
NSO s > NOo: *
R2 o & R!= Me; R2=R3=Bu. ] H )
o) 'b. R'= Et; R2=1Bu; R3=H.: R o pPh R
' 2ad 3a-d

Scheme S6: Photoreaction of a-oxoamides derivatives 1a-d.

A solution (~ 3 mM concentration/img in 1mL) of optically pure axially chiral a-
oxoamides 1a-b and 1¢-d (racemic 1¢ and achiral 1d) in benzene or acetonitrile were irradiated
at 25 °C for a given time interval in Pyrex tube with a 450 W medium pressure mercury lamp
placed inside a water cooled quartz well under a constant flow of nitrogen or in a rayonet reactor
equipped with 16 (12 Watt) ~350 nm bulbs under constant flow of nitrogen. After irradiation, the
solvent was evaporated under reduced pressure and the photoproducts were isolated by
preparative thin layer chromatography. For large scale reactions, the photosylate was purified
by combiflash using hexanes:ethyl acetate mixtures. The photoproducts were then
characterized by NMR spectroscopy, mass spectrometry, single crystal XRD, [o]"> and HPLC
analysis of the photosylate on a chiral stationary phase gave the optical purity of the

photoproducts.

Note: For some compounds (1a and 1c), the reaction was monitored by 'H-NMR
spectroscopy, as TLC monitoring was difficult due to the overlap of R for starting material and

the product.

TLC condition - Rf = 0.56 for 2a and 0.73 for 3a respectively (80% hexanes:20% ethyl acetate)
TLC condition - Rf = 0.46 for 2b and 0.59 for 3b respectively (80% hexanes:20% ethyl acetate)
TLC condition - Rf = 0.50 for 2¢ (50% hexanes:50% DCM)

TLC condition - Rf = 0.24 for 2d (50% hexanes:50% ethyl acetate)
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5b. Characterization of photoproducts 2 and 3
'H-NMR (400 MHz, CDCls, 5 ppm): 7.55-7.53 (m, 1H), 7.46-7.38 (m, 6H), 6.90 (d, J=2 Hz, 1H),
3.50-3.30 (ABq, 2H), 1.74 (s, 3H), 1.36 (s, 9H) and 1.34 (s, 9H).
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3C-NMR (100 MHz, CDCl;, 5 ppm): 173.7, 172.8, 150.4, 145.2, 136.0, 131.1, 129.1, 128.6,
128.5, 127.8, 126.9, 125.7, 84.8, 82.9, 48.3, 35.4, 34.4, 31.7, 31.5 and 20.3.
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HRMS-ESI (m/z) (IM + Na]*):

Calculated :428.2196
Observed :428.2184
|Am| 1 2.8 ppm
|ntem-.5 3.d. +MS, 100%=3092790
xlﬂs
4 428.2184
3
2
& “ 4202229
| |f|
/I L |‘
0 AN A
3.d: C26H31NNaO3 428.22
2500
2000 428, 2196
15004
10004
4202229
600
430.2259
o]

HPLC analysis conditions:
For analytical conditions,
[). Column
Abs. detector wavelength
Mobile phase
Flow rate
Retention times (min)
For preparative conditions,
[). Column
Abs. detector wavelength
Mobile phase
Flow rate
Retention times (min)

Optical rotation [a]p?*:

: CHIRALPAK-AD-H

1254 nm and 270 nm

: Hexanes:2-propanol = 98:2
: 1.0 mL/min

i~ (+)-4.64 and (-)-7.95

: CHIRALPAK-AD-H

1254 nm and 270 nm

: Hexanes:2-propanol = 99:1
: 3.0 mL/min

i~ (+)-7.53 and (-)-15.10

HPLC retention time CHIRALPAK-AD-H at ~ 4.64 min, (¢ = 1.10 %, MeOH) = +22.27 deg.
HPLC retention time CHIRALPAK-AD-H at ~ 7.95 min, (¢ = 1.10 %, MeOH) = -23.41 deg.
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"H-NMR (400 MHz, CDCls, & ppm): 7.53-7.50 (m, 1H), 7.46-7.38 (m, 6H), 6.92 (d, J=2 Hz, 1H),
3.40-3.339 (ABq, 2H), 1.74 (s, 3H), 1.35 (s, 9H) and 1.298 (s, 9H).
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3C-NMR (100 MHz, CDCl;, & ppm): 173.4, 172.4, 150.6, 144.9, 135.98, 131.1, 129.1, 128.7,
128.6, 127.8, 126.8, 125.6, 84.6, 82.7, 46.2, 35.6, 34.4, 31.96, 31.4 and 20.4.

-
=]
-
£V0E— —i =
L2
m
L2
=
L2
u
=
@
=]
=
=]
@
E
[=N
y=1-"
S=
=
=2
)
=
(=]
.
=
09521
64921 =
6L 2L -
Fi-g:rAl
69821 - = ]
O'6Z L e ———————— g
QL LEL-— —_ =
BESEL— —
- g
-
LEPFL— T —
£9'0G1L—  — ',E_
-
-
LR
QEZLL~ — -
el

*= solvent

SI-37



Electronic Supplementary Material (ESI) for Chemical Communications

This journal is © The Royal Society of Chemistry 2013

HRMS-ESI (m/z) (IM + Na]*):

Calculated :428.2196
Observed :428.2197
|Am]| :0.2 ppm
Intens. 3.d +MS, 100%=174821

X105

18 428.2107

1.0

0.6

4292234
| I
0.0 ] ) A

3.d: C26H31NNaO3 428.22

I 428.2196

1500

1000

4202229
500

430.2259

HPLC analysis conditions:

For analytical conditions,
[). Column 1 (R,R) WHELK-01

1254 nm and 270 nm

: Hexanes:2-propanol = 98:2

: 1.0 mL/min

: ~10.25 [PkA] and ~ 20.52 [PkB]

(PkA and PkB refers to the order of elution of the isomers in the HPLC on the chiral stationary

Abs. detector wavelength
Mobile phase
Flow rate

Retention times (min)

phase)
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'H-NMR (400 MHz, CDCls, 8 ppm): 7.61-7.59 (m, 1H), 7.46-7.38 (m, 6H), 7.32-7.30 (m, 1H),
6.98-6.96 (m, 1H), 3.47-3.14 (ABq, 2H), 2.16-2.03 (m, 2H), 1.36 (s, 9H) and 1.11 (t, J=7.46 Hz,
3H)

0.0
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1.0
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2.0
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0 a5
fi {ppm)

4.5

5.0

5.5
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6.5

* = solvent
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3C-NMR (100 MHz, CDCl;, 5 ppm): 173.5, 172.7, 148.5, 136.0, 131.7, 131.1, 129.7, 129.1,
128.8, 128.6, 127.5, 125.6, 85.4, 84.5, 46.2, 35.8, 31.6, 26.2 and 6.9.
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HRMS-ESI (m/z) (IM + Na]*):

Calculated : 386.1727
Observed : 386.1728
|Am]| :0.3 ppm
ntens T.d. +MS, 100%=29270
X
3 386.1728
[
2
I
1
387.1769
= 1.d. C23H25NaNO3 ,386.17|
00 3861727
|‘“‘|
1500 |l
|
i
1000 I| l
||
- ‘II I‘|I 387!(1.'?60
/" ".\ /a"' "'-.\ 388.1789
0 o = ey

HPLC analysis conditions:
For analytical conditions,
[). Column
Abs. detector wavelength
Mobile phase
Flow rate
Retention times (min)
For preparative conditions,
[). Column
Abs. detector wavelength
Mobile phase
Flow rate
Retention times (min)

Optical rotation [a]p?* :

: CHIRALPAK-AD-H

1254 nm and 270 nm

: Hexanes:2-propanol = 90:10
: 1.0 mL/min

i~ (-)-6.34 and (+)-10.92

1 (R,R) WHELK-01

1254 nm and 270 nm

: Hexanes:2-propanol = 98:2
: 3.0 mL/min

i~ (+)-21.00 and (-)-28.14

HPLC retention time CHIRALPAK-AD-H at ~ 6.34 min, (¢ = 1.83 %, CHCI;) =-11.91 deg.
HPLC retention time CHIRALPAK-AD-H at ~ 10.92 min, (¢ = 1.83 %, CHCI;) = +11.92 deg.
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"H-NMR (400 MHz, CDCls, & ppm): 7.59 (m, 1H), 7.43-7.35 (m, 6H), 7.27-7.23 (m, 1H), 6.999-
6.98 (m, 1H), 3.39-3.24 (ABq, 2H), 2.09-2.03 (m, 2H), 1.35 (s, 9H) and 1.08 (t, J= 7.6 Hz, 3H).
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3C-NMR (100 MHz, CDCl;, 5 ppm): 173.2, 172.4, 148.2, 135.9, 131.7, 131.1, 129.6, 129.0,
129.0, 128.5, 127.7, 125.6, 85.0, 84.4, 43.1, 36.0, 31.9, 25.9 and 6.94.
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HRMS-ESI (m/z) (IM + Na]*):

Calculated : 386.1727
Observed : 386.1731
|Am]| :1.0 ppm
Inkariey T.d: +MS, 100%=11286
10
o5 386.1731
06
[
0.4 '
|
|
2 387.1749
Ve I_ "
= — ] 1d. C23H25NaNO3 386.1
386.1727
2000 Il
" |
i
1500 [l
[
|
1000 I‘ |
]
|
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HPLC analysis conditions:

For analytical conditions,

1 (R,R) WHELK-01

1254 nm and 270 nm

: Hexanes:2-propanol = 90:10

: 1.0 mL/min

:~9.15 (PkA) and 11.72 (PkB)

[). Column
Abs. detector wavelength
Mobile phase
Flow rate
Retention times (min)

(PkA and PkB refers to the order of elution of the isomers in the HPLC on the chiral stationary

phase)
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"H-NMR (400 MHz, CDCls, & ppm): 7.74-7.38 (m, 12H), 6.92-6.91 (m, 1H), 3.87-3.68 (ABq, 2H),
1.35 (s, 9H) and 1.31 (s, 9H).
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3C-NMR (100 MHz, CDCl;, 5 ppm): 172.4, 150.3, 145.1, 135.7, 131.1, 129.2, 128.6, 128.4,
127.7,126.8, 125.8, 84.7, 48.0, 35.4, 34.4, 31.7 and 31.4.
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HRMS-ESI (m/z) (2M+Na]"):

Calculated :957.4813
Observed :957.4819
|Am]| : 0.6 ppm
Intens. 7.d: +MS, 100%=3895
957.4819
3000 s a
h tBu
] | 958.4863 Ph
| tBu
1000 | ||| (0]
| || I |I 959;:?924 L 2c 3 )
Py I L Y J \ 9604945
7.d: (C31H33N03)2Na 057 .48,
2000+ 957 4813
15007 958 4846
10001
5001 959.4878
960.4909
0 e
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'H-NMR (400 MHz, CDCls, d ppm): 7.49-7.34 (m, 8H), 7.27-7.25 (m, 2H), 3.42-3.31 (ABq, 2H)
and 1.72 (s, 3H).
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'3C-NMR (100 MHz, CDCls, 5 ppm): 172.9, 171.98, 135.8, 132.8, 129.4, 129.1, 129.09, 128.6,
128.4, 125.5, 84.7, 82.9, 48.2 and 20.3.
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6. UV-VIS SPECTRUM OF a-OXOAMIDES 1a-d AND ITS PHOTOPRODUCTS.

The UV-Vis spectra of oxoamides 1a-d and its photoproducts 2 and 3 were measured in

acetonitrile.
1.0 1.0+
— 1a (c=0.05 mM) — 1b (c=0.05 mM)
0.8 —— 2a (c=0.5 mM) 0.8 ——2b (c=0.5 mM)
3 — 3a (c=0.5 mM) 9 — 3b (c=0.5 mM)
5 0.6 £0.6]
£ 2
o o
2 0.4+ 2 0.4
< <
0.2+ 0.2
0.0 T — e 00— T T T 1
250 300 350 400 250 300 350 400

Absorbance

Wavelength (nm)

Wavelength (nm)

Figure S3: UV-Vis spectra of axially chiral oxoamides and its photoproducts in acetonitrile.

1.0
— 1c¢(c=0.05 mM) 1.2 — 1d (c=0.05 mM)
0.8+ —— 2c¢ (c=0.5 mM) 1.0- — 2d (¢c=0.5 mM)
3
0.6 £ 0.8
s 0.6
0.4} 2
< 0.4-
0.2_' 0.2_
0.0 ———— L 0.0-"———— T T
250 300 350 400 250 300 350 400
Wavelength Wavelength (nm)
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Figure S4: UV-Vis spectra of oxoamides and its photoproducts in acetonitrile.
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7. X-RAY STRUCTURES AND STRUCTURAL PARAMETERS:
7.1 X-ray structure of (-)-(M)-1b (Crystallized from: hexanes/2-propanol)

0o Ph
tBu ~>_\ {O
N

/
o

7.2 X-ray structure of (+)-(P)- 1b (Crystallized from: hexanes/chloroform)
Ph
.0
. tBu
A >
N
\
o

7.3 X-ray structure of (-)-(R,R,M)-2a (crystallized from: hexanes/chloroform)

O—\C’i& »\«@

7.4 X-ray structure of (+)-(S,S,P)-2a (crystallized from: hexanes/2-propanol)

tBu 0> ZO

d7) lf

O Ph

tBu
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7.5 X-ray structure of 3a (crystallized from: hexanes/chloroform)

tBu

P4

tBu
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7.6 Structural parameters table

TABLE S2: STRUCTURAL PARAMETERS OF COMPOUNDS (M)-1b, (P)-1b, (R, R, M)-2a, (S, S, P)-2a,

(R, R, M)-2b, 3a and 2c.

Crystals (M)_1b (P)_1b (R R,M)_2a | (S,S,P)_2a (RR,M)_2b 3a 2c
Formula 023H25NO3 C23H25NO3 C26H31NO3 C26H31NO3 C23H25NO3 026H31NO3 C31H33N03
FW 363.44 363.44 405.52 405.52 363.44 405.52 467.58
S.C"VSt' 24, 2406 | .18, .16, 12 | 25, .17, .07 | .25, .17, 07 | .24, 17, .07 | .16,06, .03 | .43, .21, .04

ize [mm]
G?gjg’ez P212:21,4 | P2.2:2, 4 P2, 2 P2, 2 P2, 2 P-1,4 Cc, 4
a (A) 7.6205(2) 7.6186(2) 9.4837(3) 9.4836(3) 8.4687(3) 9.7846(4) 11.5834(4)
b (A) 10.6084(3) | 10.6097(3) | 11.0800(3) | 11.0788(3) | 8.4682(3) 12.0025(6) | 22.5492(7)
c (A) 24.2862(7) | 24.3166(7) | 11.5198(3) | 11.5270(3) | 14.3425(5) | 20.5396(9) | 11.4549(4)
a ) 90 90 90 90 90 89.213(2) 90
B () 90 90 106.749(1) | 106.817(2) | 103.349(2) | 76.836(2) 120.314(2)
v ) 90 90 90 90 90 78.502(2) 90
V (A% 1963.33(9) | 1965.54(8) | 1159.14(6) | 1159.31(6) | 1000.78(6) | 2300.37(18) | 2582.89(15)
pealc 1.230 1.228 1.162 1.162 1.206 1171 1.202
[g/cm]
u [mm™] 646 645 594 594 633 599 603
Ra_lt_jiation Cu Cu Cu Cu Cu Cu Cu
ype
F(000) 776 776 436 436 388 872 1000
No of
measured 8473 15043 12752 16291 9615 27607 18163
refl.
No of
independe 3399 3429 3872 4117 3355 7861 3923
nt refl.
No of refl. 3337 3403 3856 3957 3282 6654 3087
(12 20)
512/\::\/?[%4(]' 2520640 | 2.56/658 | 564/14.36 | 513/11.00 | 3.12/8.27 3.68/9.02 | 6.95/117.74
R1/WR2
(all data) | 2.58/6.45 2.58/6.59 | 5.66/14.37 | 5.38/11.13 3.21/8.37 4.55/9.54 | 10.93/23.25

[%]
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