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Typical procedure for asymmetric Michael Addition reaction:

To a stirred solution of B-nitrostyrene (0.2 mmol) and ketone (3 equiv.) in dry dichloromethane (0.25 ml),

15 mol% saccharide-based amine-thiourea organocatalyst and benzoic acid were added. The reaction

mixture was then stirred at room temperature for an appropriate reaction time, followed by concentration

under vacuum. The reaction mixture was then subjected to purification by column chromatography using

silica gel (60-120 mesh) with a hexane:EtOAc mixture as an eluent to obtain the desired product. The

enantiomeric excess values of the product were determined by HPLC analysis on a chiral column using a

mixture of n-hexane and iso-propanol as the mobile phase.

NO.

(S)-4-(4-bromophenyl)-5-nitropentan-2-one (7a): yield: 95% as yellow solid. [a]p® = -
12.1 (¢ = 0.068, CHCI3). Chiralpak AD-H, hexane/i-PrOH=85/15, UV 220 nm, flow rate
1.0 ml/min, trg=10.2 min (major, S), tr=12.6 (minor, R), ee: >99%. '"H NMR (400 MHz,
CDCI3): 6 7.40-7.36 (m, 2H), 7.04-7.02 (m, 2H), 4.63-4.47 (m, 2H), 3.94-3.87 (m, 1H),
2.82(d, 2H, J= 8 Hz), 2.06 (s, 3H) ppm. >*C NMR (100 MHz, CDCl3): § 204.95, 137.88,

132.21, 131.57, 131.18, 129.15, 121.87, 79.09, 45.91, 38.47, 30.37 ppm.
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(S)-4-(4-chlorophenyl)-5-nitropentan-2-one (7b): yield: 90% as yellow solid. [a]p? =
+5.9 (¢ = 0.052, CHCls). Chiralpak AD-H, hexane/i-PrOH=85/15, UV 220 nm, flow rate
1.0 ml/min, trg=9.8 min (major, S), te=11.5 (minor, R) ee: 91%. 'H NMR (400 MHz,
CDCl3): & 7.24-7.20 (m, 2H), 7.11-7.07 (m, 2H), 4.63-4.47 (m, 2H), 4.06-3.88 (m, 1H),
2.82(d, 2H, J= 8 Hz), 2.05 (s, 3H) ppm. >*C NMR (100 MHz, CDCl3): § 205.00, 137.36,

133.78, 130.86, 129.25, 128.82, 128.59, 79.18, 45.97, 38.41, 30.36 ppm.

NO

(S)-5-nitro-4-(p-tolyl)pentan-2-one (7¢): yield: 81% as white solid. [a]p®®> = +1.2 (¢ =
0.045, CHCIl3). Chiralpak AD-H, hexane/i-PrOH=85/15, UV 220 nm, flow rate 1.0
ml/min, tr=7.4 min (major, S), tr=8.2 (minor, R) ee:85%. 'H NMR (400 MHz, CDCIl3): &
7.20-7.07 (m, 4H), 4.69-4.54 (m, 2H), 4.00-3.93 (m, 1H), 2.89 (d, 2H, J= 8 Hz), 2.31 (s,
3H), 2.10 (s, 3H) ppm. *C NMR (100 MHz, CDCl3): § 204.56, 136.56, 134.75, 128.70,

12791, 126.51, 126.21, 78.60, 45.18, 37.73, 29.34, 19.99 ppm.

(S)-4-(2-chlorophenyl)-5-nitropentan-2-one (7d): yield: 88% as yellow oil. [a]p*’ =+6.8
(c = 0.062, CHCIl3). Chiralpak AD-H, hexane/i-PrOH=90/10, UV 210 nm, flow rate 1.0
ml/min, tr=9.817 min (major, S), tr=12.583 min (minor, R) ee:83%. '"H NMR (400 MHz,
CDCl): 6 7.34-7.12 (m, 4H), 4.73-4.64 (m, 2H), 4.43-4.36 (m, 1H), 3.02-2.86 (m, 2H),

2.09 (s, 3H) ppm. *C NMR (100 MHz, CDCl3): § 204.24, 134.97, 132.71, 129.41, 128.03, 127.40, 126.38,
76.41, 43.50, 34.78, 29.18 ppm.
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(5)-4-(2-methoxyphenyl)-5-nitropentan-2-one (7e): yield: 94% as pale-yellow oil.
[a]p?® = +15.3 (c = 0.034, CHCI3). Chiralpak AD-H, hexane/i-PrOH=48/2, UV 205
nm, flow rate 0.5 ml/min, tr=31.2 min (major, S), tr=32.7 (minor, R) ee: 81%. 'H
NMR (400 MHz, CDCl3): 6 7.17-7.15 (m, 1H), 7.07-7.05 (m, 1H), 6.84-6.80 (m, 2H),

4.69-4.63 (m, 2H), 4.17-4.12 (m, 1H), 3.78 (s, 3H), 2.98-2.84 (m, 2H), 2.04 (s, 3H) ppm. '*C NMR (100
MHz, CDCl3): § 205.15, 156.09, 128.27, 127.97, 125.45, 119.88, 109.99, 76.84, 54.32, 43.51, 34.34,29.18
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(S)-5-nitro-4-phenylpentane-2-one (7f): yield: 93% as white solid. [a]p® = +6.9 (c =
0.055, CHCI3). Chiralpak AD-H, hexane/i-PrOH=97/3, UV 220 nm, flow rate 1 ml/min,
tr=18.3 min (major, S), tr=21.4 (minor, R) ee: 95%. 'H NMR (400 MHz, CDCI3): § 7.37-
7.23 (m, 5H), 4.74-4.60 (m, 2H), 4.07-3.99 (m, 1H), 2.94 (d, J = 8 Hz, 2H), 2.14 (s, 3H)

ppm. *C NMR (100 MHz, CDCls): § 205.39, 138.82, 129.09, 127.92, 127.39, 79.46, 46.18, 39.05, 30.40
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(8)-3-(1-(4-chlorophenyl)-2-nitroethyl)pentane-2,4-dione (7g): yield: 80% as white solid.
[a]p® = +6.9 (c = 0.055, CHCI3). Chiralpak AD-H, hexane/i-PrOH=80/20, UV 205 nm,
flow rate 1 ml/min, tr=8.2 min (major, S), tr=22.0 (minor, R) ee: 84%. 'H NMR (400
MHz, CDCI3): & 7.32-7.29 (m, 2H), 7.15-7.11 (m, 2H), 4.65-4.58 (m, 2H), 4.34-4.20 (m,
2H), 2.30 (s, 3H), 1.97 (s, 3H) ppm. *C NMR (100 MHz, CDCls): & 201.38, 200.55,

134.58, 134.27, 133.22, 129.57, 129.33, 77.92, 70.56, 42.15, 30.41, 29.64 ppm.
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(S)-3-(2-nitro-1-(p-tolyl)ethyl)pentane-2,4-dione (7h): yield: 73% as white solid. [a]p? =
+91.3 (¢ =0.066, CHCIl3). Chiralpak AD-H, hexane/i-PrOH=90/10, UV 210 nm, flow rate
1 ml/min, t=10.0 min (major, S), trg=17.1 (minor, R) ee: 81%. 'H NMR (400 MHz,
CDCl): & 7.13-7.05 (m, 4H), 4.64-4.56 (m, 2H), 4.35 (d, 1H, J = 8 Hz), 4.23-4.17 (m,
1H), 2.30 (s, 3H), 2.29 (s, 3H), 1.94 (s, 3H) ppm. 1*C NMR (100 MHz, CDCl3): § 201.88,

201.08, 138.38, 132.85, 130.01, 127.78, 78.38, 70.88, 42.47, 30.38, 29.41, 21.05 ppm.

(8)-3-(1-(4-bromophenyl)-2-nitroethyl)pentane-2,4-dione (7i): yield: 78% as pale-yellow

solid. [a]p?® = +141.7 (¢ = 0.068, CHCI3). Chiralpak AD-H, hexane/i-PrOH=85/15, UV
210 nm, flow rate 1 ml/min, tr=10.6 min (major, S), te=29.8 (minor, R) ee: 81%. 'H NMR
(400 MHz, CDCls): 6 7.48-7.45 (m, 2H), 7.09-7.05 (m, 2H), 4.65-4.58 (m, 2H), 4.32 (d,
1H, J = 12 Hz), 4.24-4.18 (m, 1H), 2.30 (s, 3H), 1.98 (s, 3H) ppm. *C NMR (100 MHz,

CDCl): 6 201.40, 200.56, 135.11, 132.58, 129.68, 122.71, 77.87, 70.54, 42.22, 30.42, 29.64 ppm.



(8)-3-(1-(2-chlorophenyl)-2-nitroethyl)pentane-2,4-dione (7j): yield: 62% as pale-yellow
solid. [a]p®® = +200.1 (¢ = 0.048, CHCI3). Chiralpak AD-H, hexane/i-PrOH= 49/1, UV
205 nm, flow rate 0.5 ml/min, trg=33.9 min (major, S), tr=36.1 (minor, R) ee: 76%. 'H
NMR (400 MHz, CDCls): 6 7.38-7.07 (m, 4H), 4.79-4.75 (m, 1H), 4.70-4.65 (m, 1H),
4.61-4.52 (m, 2H), 2.23 (s, 3H), 1.97 (s, 3H) ppm. *C NMR (100 MHz, CDCl3): § 201.89,

200.83, 133.78, 133.45, 130.67, 129.73, 129.04, 127.67, 77.33, 69.02, 38.86, 30.88, 28.43 ppm.
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(5)-3-(1-(2-methoxyphenyl)-2-nitroethyl)pentane-2,4-dione (7k): yield: 52% as pale-
yellow oil. [a]p® = +196.8 (¢ = 0.055, CHCI3). Chiralpak AD-H, hexane/i-PrOH=
49/1, UV 210 nm, flow rate 0.5 ml/min, tr=36.6 min (major, S), tr=40.0 (minor, R)
ee: 71%. 'HNMR (400 MHz, CDCI3): § 7.22-7.17 (m, 1H), 7.02-7.00 (m, 1H), 6.84-

6.80 (m, 2H), 4.74-4.69 (m, 1H), 4.54-4.49 (m, 2H), 4.44-4.39 (m, 1H), 3.81 (s, 3H),

2.21 (s, 3H), 1.87 (s, 3H) ppm. '*C NMR (100 MHz, CDCls): & 203.08, 202.27, 158.11, 139.57, 134.04,
131.20, 128.98, 79.57, 60.27, 52.90, 31.58, 30.60, 22.24 ppm.
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(8)-3-(2-nitro-1-phenylethyl)pentane-2,4-dione (71): yield: 81% as pale-yellow solid.
[a]p® = +173.1 (c = 0.048, CHCl3). Chiralpak AD-H, hexane/i-PrOH=45/5, UV 210 nm,
flow rate 0.5 ml/min, tg=21.8 min (major, S), tr=29.5 (minor, R) ee: 74%. 'H NMR (400
MHz, CDCIl3): 6 7.40-7.10 (m, SH), 4.59-4.52 (m, 2H), 4.32-4.16 (m, 2H), 2.22 (s, 3H),

1.87 (s, 3H) ppm. *C NMR (100 MHz, CDCl3): § 201.80, 201.03, 135.99, 129.35, 129.17, 128.88, 128.57,
127.94, 78.19, 42.80, 30.44, 29.55 ppm.
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(R)-2-[(S)-1-(4-methylphenyl)-2-nitroethyl] cyclohexanone (7m): yield: 46% as yellow
solid. [a]p?® = +13.1 (¢ = 0.05, CHCI3). Chiralpak AD-H, hexane/i-PrOH=48/2, UV 254
nm, flow rate 0.5 ml/min, retention time: 25.0 min (major, syn), 29.7 min (minor, anti),
31.3 min (major, anti) 38.8 min (minor, syn). '"H NMR (400 MHz, CDCl3): § 7.15-7.03
(m, 4H), 4.96-4.80 (m, 1H), 4.65-4.60 (m, 1H) 4.01-3.96 (m, 1H for anti), 3.77-3.71 (m,

1H for syn), 2.76-2.66 (m, 1H), 2.52-1.20 (m, 11H). 3C NMR (100 MHz, CDCL3): & 212.08 (syn), 210.58
(anti), 137.46, 137.22, 135.22, 134.60, 129.63, 129.45, 128.24, 128.01, 79.03, 53.82, 52.59, 43.59, 42.76,
42.74,33.19, 30.03, 28.54, 27.36, 25.03, 25.01, 21.06 ppm.
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(8)-2-[(R)-1-(4-bromophenyl)-2-nitroethyl] cyclohexanone (7mn): yield: 55% as white
solid. Chiralpak AD-H, hexane/i-PrOH=90/10, UV 254 nm, flow rate 1 ml/min, retention
time: 11.9 min (minor, syn), 13.6 min (major, anti), 15.3 min (minor, anti) 18.7 min
(major, syn). 'TH NMR (400 MHz, CDCl3): § 7.65-7.44 (m, 2H), 7.18-7.06 (m, 2H), 4.97-
4.85 (m, 1H), 4.84-4.58 (m, 1H), 3.96-3.78 (m, 1H for anti), 3.77-3.73 (m, 1H for syn),

2.75-2.63 (m, 1H), 2.51-1.25 (m, 8H). '*C NMR (100 MHz, CDCL3): § 211.55 (syn), 210.30 (anti), 137.37,



136.86, 133.75, 132.10, 131.87, 130.23, 129.93, 128.51, 121.73, 78.52, 53.55, 52.35, 43.44, 42.90, 42.74,
33.17,30.32, 28.44, 27.35, 25.07 ppm.

[r"‘“b (S)-2-((R)-2-Nitro-1-phenylethyl)cyclohexan-1-one (70): yield: 42% as white solid. [a]p?
o =-6.1 (¢ =0.048, CHCIs). Chiralpak AD-H, hexane/i-PrOH=90/10, UV 254 nm, flow rate
T 1 ml/min, retention time: 12.6 min (minor, syn), 14.5 min (minor, anti), 19.1 min (major,
[mwj NO:z | gnti), 25.9 min (major, syn). '"H NMR (400 MHz, CDCl3): & 7.57-7.09 (m, SH), 4.89-4.74
(m, 1H), 4.59-4.53 (m, 1H), 3.96-3.72 (m, 1H for anti), 3.71-3.66 (m, 1H for syn), 2.69-2.58 (m, 1H), 2.44-
1.11 (m, 8H). 1*C NMR (100 MHz, CDCl3): § 212.00 (syn), 210.52 (anti), 128.95, 128.76, 128.50, 128.18,
127.79, 127.56, 78.90, 53.78, 52.55, 43.95, 43.08, 42.33, 33.22, 30.00, 28.54, 27.35, 25.04 ppm.

Typical procedure for the asymmetric Aldol reaction:

A solution of 20 mol% of the saccharide-based amine-thiourea organocatalyst 6a, 20 mol% of benzoic
acid, aldehydes (0.2 mmol), and ketone (4 equiv.) in water (0.5 ml) was stirred at 0 °C. The reaction mixture
was then concentrated under vacuum, followed by purification with column chromatography using silica
gel with hexane:EtOAc mixture. The enantiomeric excess values of the products were identified by HPLC

analysis on a chiral column using a mixture of n-hexane and iso-propanol as the mobile phase.

D DH (2R,1’R)-2-[Hydroxy-(4-nitro-phenyl)-methyl] cyclohexanone (8a): yield: 58%
[’ ™ ’ ““|’ T l as white solid. Chiralpak OD-H, hexane/i-PrOH=95/5, UV 254 nm, flow rate 0.5
ml/min, syn product tr (major) 56.6 min, tr(minor) 66.6 min, ee: 30%, anti product

tr (major) 71.3 min, tR(minor) 103.2 min, ee: 47%. 'H NMR (400 MHz, CDCl3): § 8.29-8.24 (m, 2H),
7.56-7.50 (m, 2H) 5.53 (d, 1H for syn, J = 2 Hz), 4.95 (d, 1H for anti, J = 8 Hz), 3.21 (s, 1H), 2.88-1.30
(m, 9H) ppm. 3C NMR (100 MHz, CDCls): § 214.65 (anti), 213.96 (syn), 142.25, 139.98, 130.69, 127.89,
126.63, 74.02 (anti), 70.15 (syn), 57.21 (anti), 56.82 (syn), 42.68, 40.44, 24.71, 23.77, 23.31 ppm.

ﬂ jJH (2R,1’R)-2-[Hydroxy-(3-nitro-phenyl)-methyl] cyclohexanone (8b): yield: 52%
P t T N'-:I‘: . . . .

[” b |’ = =| as white solid. Chiralpak OD-H, hexane/i-PrOH=95/5, UV 254 nm, flow rate 0.5
~ ~F ml/min, syn product tr (major) 35.9 min, tr(minor) 37.5 min, ee: 15%, anti product

tr (major) 42.6 min, tr(minor) 61.8 min, ee: 52%. 'H NMR (400 MHz, CDCI3): § 8.14-8.02 (m, 2H), 7.61-
7.38 (m, 2H), 5.40 (d, 1H for syn, J =2 Hz), 4.83 (d, 1H for anti, J = 8 Hz), 3.41 (s, 1H), 2.78-1.26 (m,
9H) ppm. *C NMR (100 MHz, CDCl3): § 214.82 (anti), 214.03 (syn), 143.98, 143.37, 132.44, 132.01,
124.39, 123.02, 122.84, 73.99 (anti), 65.90 (syn), 57.14 (anti), 56.78 (syn), 30.74,25.94,24.75, 24.66 ppm.

D DH NC" (2R,1’R)-2-[Hydroxy-(2-nitro-phenyl)-methyl] cyclohexanone (8¢): 46% as pale-
J # “T’“‘l yellow solid. Chiralpak OD-H, hexane/i-PrOH=95/5, UV 254 nm, flow rate 0.5 ml/min,

syn product tr (minor) 20.3 min, tr(major) 23.4 min, ee: 40%, anti product tr (major)




32.2 min, tr(minor) 38.6 min, ee: 67%. 'H NMR (400 MHz, CDCI3): § 7.93-7.32 (m, 4H), 5.89 (s, 1H for
syn), 5.37 (d, 1H for anti, J = 8 Hz), 3.27 (s, 1H), 2.82-0.81 (m, 9H) ppm. 1*C NMR (100 MHz, CDCl3): &
213.87 (anti), 212.91 (syn), 147.27, 146.14, 132.12, 132.02, 128.03, 127.92, 127.43, 126.91, 68.72 (anti),
65.59 (syn), 56.34 (anti), 53.86 (syn), 41.79, 41.52, 27.67, 26.93, 26.74 ppm.
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(2R,1’R)-2-[Hydroxy-(3-chloro-phenyl)-methyl] cyclohexanone (8d): 54% as
white solid. Chiralpak OD-H, hexane/i-PrOH=95/5, UV 220 nm, flow rate 0.5

ml/min, syn product tr (minor) 18.1 min, tr(major) 19.0 min, ee: 23%, anti product

tr (major) 22.7 min, tr(minor) 30.1 min, ee: 18%. '"H NMR (400 MHz, CDCIl3): § 7.33-7.15 (m, 4H), 5.35
(d, 1H for syn, J = 2 Hz), 4.74 (d, 1H for anti, J = 8 Hz), 2.60-1.25 (m, 9H) ppm. *C NMR (100 MHz,
CDCIl3): 6 215.20 (anti), 214.46 (syn), 143.71, 143.12, 129.86, 129.62, 128.48, 128.39, 128.07, 127.18,
74.30 (anti), 70.11 (syn), 57.30 (anti), 57.00 (syn), 30.81, 25.96, 24.73, 23.83, 23.36 ppm.

(2R,1’R)-2-[Hydroxy-(4-bromo-phenyl)-methyl] cyclohexanone (8e): yield: 50%
as white solid. Chiralpak OD-H, hexane/i-PrOH=90/10, UV 254 nm, flow rate 1

ml/min, syn product tr (minor) 6.6 min, tr(major) 7.8 min, ee: 69%, anti product tr

(major) 9.9 min, tr(minor) 13.5 min, ee: 73%. 'H NMR (400 MHz, CDCl3): § 7.57-7.49 (m, 2H), 7.29-
7.22 (m, 2H), 5.38 (d, 1H for syn, J = 4 Hz), 4.80 (d, 1H for anti, J = 8 Hz), 3.23 (s, 1H), 2.86-1.31 (m,
9H) ppm. *C NMR (100 MHz, CDCl3): § 215.23 (anti), 214.52 (syn), 140.58, 140.08, 134.53, 134.25,
131.76, 131.51, 128.77, 127.58, 74.21 (anti), 70.19 (syn), 57.36 (anti), 57.02 (syn), 42.68, 40.33, 27.94,
26.00, 24.74, 23.83, 23.34 ppm.



Figure S1: '"H NMR and '*C NMR of 3.
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'H NMR and *C NMR of 4.

Figure S2

LET
mv.H./.

L

05'7 =
Nm.Hkﬁ

—
—
-+
L
—

Feser

oo

Eoer

=000

7.5 7.0 6.5 6.0 5.3 5.0 4.5 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

8.0

S£'52
Am P6'SE
./. 8092

g96'lz

b,

Ll

H.A” T009
9009

e
“% sz

/- SoSL
S L g
.ﬂ 0sae

S6'94

— 20" E0T

——£5'60T
—B0°ETT

Ll

—F0'SET
3

150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

160




Figure S3: 'H NMR and '*C NMR of 5a.
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Figure S4: '"H NMR and '*C NMR of 5b.
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Figure S5: '"H NMR and *C NMR of Sc.
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"H NMR and *C NMR of 5d.

Figure S6

18000

17000

16000
15000

~14000

~13000
~12000

11000
10000

9000

8000

~7000

~6000

~5000

4000

3000

2000

1000

1000

00—

ST
hm,ﬁJ/

OF' 1
el
132

e
LR
lo'e
968
Lo'E
onuﬂ
00
a1t
LI
LEt
it
05

29—
STL
9L L
LTL
804
6L
08 L
e L
L
SEL
LEL

08082022-lalmaunpuia

dm-8

i

981

LLS

-1.0

1.0 0.5 0.0

1.5

2.0

2.5

3.0

3.5

4.3

3.0

5.5
f1 (ppm)

6.0

70

73

8.0

9.5 9.0 85

10.5

11.5

Am i
Ay

Op 9z
LPag

oy

G 19
0919
32l ool
=L
S6T 1L
P EL
la'ad
XA A
SSEL

1 A A

~~08'p01
W gl
P9I

18921
16921
£0'821
9r'sel
15'821
218zl
az6el
1801
N
pT6El
6L bl

—QrERl

170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

180

12



Figure S7: 'H NMR and *C NMR of 6a.
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"H NMR and *C NMR of 6b.

Figure S8
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Figure S9: HRMS data of 3.

Monoisotopic Mass, Even Electron lons
10 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:
C: 1313 H: 0100 N:1-1 ©:1-5 S:01
160523_8SS_7 16 (0.177) IITRPR XEVO G2-XS QTOF
Test Name : 160523_8S_7
1: TOF MS ES+
1.21e+006
100 313.2740
341.3055
338.3420
% 285.0910
302.1064
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Figure S10: HRMS data of 4.
Monoisotopic Mass, Even Electron lons
10 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:
C: 1313 H: 0100 N:1-1 O©:1-5 S:01
160523_SS_6 16 (0.177) IITRPR XEVO G2-XS QTOF
Test Name : 160523_SS_6
1: TOF MS ES+
1.21e+006
100 313.2741
341.3055
338.3420
% 285.0909
302.1083
314.2774
267 2686 2822800 | 286.0937 3011414 | 203.1088 331.2848 342.3090
. . - . _3151576.321.3157 | | s ( 343.3124
B L e e L B e T B NN i B e
270.0 280.0 290.0 300.0 310.0 320.0 330.0 340.0
Figure S11: HRMS data of 5a.
Monoisotopic Mass, Even Electron lons
31 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:
C: 1319 H: 0100 N:1-3 ©:1-5 S:01
160523_DM_1 53 (0.551) IITRPR XEVO G2-XS QTOF
Test Name : 160523_DM_1
1: TOF MS ES+
9.96e+006
100 3581807 4162222
%
ron 1178 3401693 417.2245
o ' 282127 | [ A182220545 4130537.3954 685.3489 (229080 8314366  gpq 3334 946.6119
R T T T e e T T T e e e e e e e e e
100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950

Figure S12: HRMS data of 5b.

Monoisotopic Mass, Even Electron lons

31 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:
C.1319 H. 0100 N:1-3 ©: 15 S:01

160523_DM_2 40 (0.417) IITRPR

XEVO G2-XS QTOF
Test Name : 160523_DM_2
1: TOF MS ES+
9.69e+006
%
2401695 417 2246
o 1941178 282.1274. | Latgomn 154147 685.3404 1223074 8314365393 3589 921.3320 987.4818
A S 78033969 921.3320.987
100 200 300 400 500 600 700 800 500 1000
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Figure S13: HRMS data of Sc.

Monoisotopic Mass, Even Electron lons
34 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:
C: 1327 H 0100 N:1-3 O:1-56 &0
160523_DM_7 38 (0.400) IITRPR XEVO G2-XS QTOF
Test Name : 160523_DM_7
1: TOF MS ES+
1.04e+007
100 456.1963 514.2386
Uy 515.2405
439.1736 516.2389
1027.4679
1780777 3631168 ) 602.2692 815.3382 854.5851 [ 10893903 13285676 .
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100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400
Figure S14: HRMS data of 5d.
Monoisotopic Mass, Even Electron lons
34 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:
C:13-27 H 0100 N:1-3 O 15 S:041
160523_DM_8 32 (0.337) IITRPR XEVO G2-XS QTOF
Test Name : 160523_DM_8
1: TOF MS ES+
9.72e+006
100 4561960 514.2384
% 516.2405
439.1736 516.2390
178.0776  363.1167. R | 502.2701 815.3381904.5134 1027L4683 1089.3500 13285695
R T e T T e R e I e T e e e e e e e
100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400
Figure S15: HRMS data of 6a.
Monoisotopic Mass, Even Electron lons
34 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:
C:13-27 H:0100 N:1-3 ©:1-5 S:01
160523_DM_5 32 (0.337) IITRPR XEVO G2-XS QTOF
Test Name : 160523_DM_5
1: TOF MS ES+
1.08e+007
100 514.2387
% 515.2405
16,2390 815.3362
4972116 - 816.3397
o 1941772241284 3811275 | | 699.2540 7572048 k 1027 4679 1083.3870 1176.6846 ,
DR B e e o e LN B B By B B B B S R R RS I B S e ANBEEEREREEE R e el 11174
100 200 300 400 500 600 700 800 900 1000 1100 1200
Figure S16: HRMS data of 6b.
Monoisotopic Mass, Even Electron lons
34 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:
C:13-27 H:0-100 N:1-3 ©:1-5 8§:01
160523_DM_6 38 (0.400) IITRPR XEVO G2-XS QTOF
Test Name : 160523_DM_6
1: TOF MS ES+
1.07e+007
100 514.2389
% 515 2408 815.3368
16 2301 816.3402
480.2498 :
. 194.1173 224.1283 5011279 N 6992538 7572050 | 818.3397 1027 4688 1176.6898,
L e e L B B L e 0174
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"H NMR and "*C NMR of 8a.

Figure S17
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"H NMR and *C NMR of 8b.

Figure S18
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"H NMR and *C NMR of 8c.

Figure S19
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"H NMR and *C NMR of 8d.

Figure S20
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"H NMR and *C NMR of 8e.

Figure S21
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Figure S22: '"H NMR and *C NMR of 8f.
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"H NMR and *C NMR of 8g.

Figure S23

La'l—

Oge—-—

o'y
1y
iy
[aay
£Ly
FT'r
Ay

9Tk
mm&%
FER

i
09
19
[ashy
£0p
SO

s
fA A
£l
FlIL
FI'L
SIé
GTL-F
6oL
Og'd
0e'L
el
[ANA

13032023-Lalmuanpuia-1H

MR-7

Cl

——

I N

7.3 7.2 71
f1 (ppm)

74

7.5

=0T

90

Fis

e

Fuss

10,5 100 9.5 9.0 8.5 8.0 73 7.0 6.5 6.0 3.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5]

11.0

f1 (ppm)

16032023-Lalmuanpuia-13c

MR-7

EELL
e

PG
N~ Ip0E
— si'er
9608
\ 0494
0L
12ed

erail
.\mh,@m_

—IroLl
- LTEE]
.”nm,wm_

BSPEL

88007
T-BET0T

-10

200 190 180 170 160 150 140 130 120 110 100 a0 80 70 1] 50 40 30 20 10
f1 (ppm)

210

23



"H NMR and *C NMR of 8h.

Figure S24
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"H NMR and *C NMR of 8i.

Figure S25
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"H NMR and *C NMR of 8j.

Figure S26
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"H NMR and *C NMR of 8k.

Figure S27

(81—
17e— \1_
Ty
L
ab'p —_
R— ; —=
s _ -3 _
55 GEP
. | Bk
3 __ s | g
1Lr _ wr——¢ ved ¥
i AR g
pip £ b= R
[ <+
089
129 | aF ' ——— -
89 / 07— <
£8'9 \ [ -0 g
' £5" —
] \ o nE
00'L N S
00°L o =
108 =
— [=3
oL ~ ]
AW +
81°L
a1 L2
127 <+
A y
EoXe o
F~
\ op—- sof
o ,f oLy
T (TR i
S -
N
a @)
5 zZ
g
C O
h
o
=
n (=11 O
=
a=

=LRT

=o'

=Rl

Fuwoe

=ar

Ky
=960
|

9.0 8.5 8.0 7.3 70 6.5 6.0 3.5 3.0 4.5 4.0 3.3 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

9.5

10.0

— ¥l

L2000
Bl

7N

— 06'IS

— LLP

[ES
0280
Jich- 1A
1A
is'6L

—86'8T1
~oziel
“popel
—(S6E]

— 1I'8s1

200 190 180 170 160 150 140 130 120 110 100 a0 80 70 60 50 40 30 20 10
f1 (ppm)

210

27



Figure S28: '"H NMR and '*C NMR of 8l.
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"H NMR and *C NMR of 8m.

Figure S29
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Figure 30: '"H NMR and '*C NMR of 8n.
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"H NMR and "*C NMR of 8o.

Figure S31
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Figure S32: HPLC data of enantioenriched and racemic of 8a.
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