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General Methods

All reactions were carried out in oven dried glassware with magnetic stirring. All solvents
were purified and dried according to standard methods prior to use. Catalysts 3a-¢, 3,5-
dimethylpyrazole and a,B-unsaturated aldehydes are commercially available and used without
further purification. Starting materials pyrazoleamides (1a-f) were prepared by earlier reported
methods.! 'H spectra were recorded on 400 MHz or 500 or 700 MHz in CDCl; and '*C NMR
spectra were recorded on 100 or 125 or 175 MHz in CDCl; using TMS or residual protio solvent
signals as internal standard. Data for '"H NMR are recorded as follows: chemical shift (5, ppm),
multiplicity (s = singlet, d = doublet, t = triplet, ¢ = quartet, m = multiplet or unresolved,
coupling constant(s) in Hz, integration). Data for 3C NMR are reported in terms of chemical
shift (8, ppm). High resolution mass spectra (HRMS) were obtained by the ESI (Q-TOF)
ionization sources. IR spectra were measured with Bruker FT/IR Vector 22 spectrometer. Optical
rotations were measured on a commercial automatic polarimeter and reported as follows: [a] Tp
(c = g/100 mL, solvent). Routine monitoring of reactions were performed using precoated silica
gel TLC plates from E-Merck. All the chromatographic separations were carried out by using
silica gel (Acme’s, 100-200 mesh). Melting points were recorded by using a melting point
apparatus and are uncorrected. The enantioselectivity was determined by chiral HPLC analysis
using chiralpak IA, IB, IC and OJH columns with a 200 UV-detector by using iso-propanol and

n-hexane as eluents at 25 °C
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Table S1. Optimization of reaction conditions for Michael-cyclization cascade®.

Ph
O‘Q"h
H

N OTMS
NO, ',\13 3a (10 mol%) @
N . PhMo 4-NBA (20 mol%) (0] )
o solvent (0.5 mL) Ph N~

tempt. °C, \Q\)
1a 2a 4a
Entry Solvent Tempt. (°C) Time (h) Yield® (%) ee® (%)
1 Toluene 35 12 89 85
2 Water 35 12 15 88
3 Tolune:water | 35 12 87 82
4 Acetonitrile | 35 12 74 72
5 1,4-dioxane | 35 12 79 85
6 Chloroform | 35 12 79 80
7 Mesitylene 35 12 88 88
8 Toluene 25 24 85 94
9 Toluene 0 24 40 96
10 Mesitylene 25 24 88 96

2All reactions were carried out using 0.2 mmol of 1a and 0.3 mmol of 2a. ® Isolated yield after column
chromatography as single diastereomer (dr was determined by 'H NMR ). ¢ Determined by HPLC using
Diacel chiralpak IC column.

General Procedure for the Synthesis of highly substituted lactones:

The pyrazoleamide 1 (0.2 mmol) was added to a mixture of a,f—unsaturated aldehyde 3
(0.3 mmol) and the catalyst 3a (6.5 mg, 0.02 mmol) and 4-NBA (0.04 mmol) in mesitylene (0.5
mL) at room temperature. The reaction mixture was stirred at 25 °C and the progress of the
reaction was monitored by TLC (40% ethyl acetate in hexane). After complete conversion of the
pyrazoleamide, the reaction mixture was diluted with CH,Cl, and washed with saturated aq

NaHCOj; (2 times). Organic layer was dried over anhydrous NaSQ,, filtered and concentrated
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under reduced pressure. The product was purified by column chromatography over silica gel.
(40% ethyl acetate in hexane). Enantiomeric excess of the lactones was determined by chiral

HPLC analysis.

(3BR,4R,6R)-3-(2-nitrophenyl)-4-phenyl-6-(1H-pyrazol-1-yl)tetrahydro-2H-pyran-2-one
(4a):

The compound 4a was obtained as a white solid in 88% yield and 95.5%
ee. The optical purity was determined by chiral HPLC on Chiralpak IC
column [n-hexane/2-propanol 60:40]; flow rate 1 mL/min; A = 254 nm;
tr(major) = 27.14 min, tgx(minor) = 34.32 min, [a]p? = -157.6 (¢ 0.25 in
CHCl3); '"H NMR (400 MHz, CDCl3) 6 8.21 (d, /= 8.0 Hz, 1H), 7.73 (d, J
=2.4 Hz, 1H), 7.66 (d, J= 1.3 Hz, 1H), 7.42 — 7.35 (m, 1H), 7.30 (t, /= 7.2 Hz, 1H), 7.26 — 7.18
(m, 4H), 7.06 — 6.98 (m, 2H), 6.64 (dd, J = 11.1, 2.6 Hz, 2H), 6.40 — 6.34 (m, 1H), 3.92 (d, J =
61.3 Hz, 1H), 3.73 — 3.63 (m, 1H), 3.30 (td, J = 13.6, 11.3 Hz, 1H), 2.61 (dt, J = 14.1, 2.9 Hz,
1H); 13C NMR (175 MHz, CDCl;) 6 168.2, 146.5, 141.3, 139.9, 135.3, 133.8, 132.8, 130.3,
129.0, 128.9, 127.8, 127.3, 126.2, 107.0, 87.0, 56.1, 43.4, 34.4; IR (film): 2920, 2856, 1737,
1604, 1527, 1349, 1198, 1076 cm'; HRMS (ES+) calc. for CyoHgN;O, [M+H]" : 364.1292
found: 364.1317

(3R,4R,6R)-4-(2-methoxyphenyl)-3-(2-nitrophenyl)-6-(1H-pyrazol-1-yl)tetrahydro-2H-
pyran-2-one (4b):

The compound 4b was obtained as a pale yellow solid in 84% yield and

85% ee. The optical purity was determined by chiral HPLC on Chiralpak

N OJH column [n-hexane/2-propanol 70:30]; flow rate 1 mL/min; A = 254
D nm; fr(major) = 19.91 min, #zx(minor) = 45.62 min, [a]p® = -131.20 (¢
0.25 in CHCl3); '"H NMR (400 MHz, CDCl3) 6 8.19 (d, J = 7.9 Hz, 1H),

7.73 (d, J= 2.3 Hz, 1H), 7.66 (d, /= 0.9 Hz, 1H), 7.39 — 7.26 (m, 2H), 7.17 — 7.11 (m, 1H), 6.89
(bs, 1H), 6.75 (d, J = 6.6 Hz, 1H), 6.63 (dd, J = 11.1, 2.5 Hz, 2H), 6.39 — 6.35 (m, 1H), 4.37 —
3.71 (m, 2H), 3.40 (bs, 4H), 2.47 (dt, J = 13.9, 2.6 Hz, 1H); 3C NMR (176 MHz, CDCls) 6
168.6, 156.4, 146.9, 141.2, 134.9, 133.6, 133.1, 130.2, 128.8, 125.7, 121.1, 110.4, 106.9, 87.4,
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56.99, 54.85, 33.04; IR (film): 2930, 2851, 1738, 1599, 1525, 1387, 1344, 1246, 1081 cm’!;
HRMS (ES+) calc. for Cy1HyoN305 [M+H]*: 394.1397 found: 394.1424

(3R,4R,6R)-3,4-bis(2-nitrophenyl)-6-(1H-pyrazol-1-yl)tetrahydro-2H-pyran-2-one (4¢):

The compound 4¢ was obtained as a pale yellow solid in 81% yield and
95% ee. The optical purity was determined by chiral HPLC on Chiralpak
N OJH column [nr-hexane/2-propanol 60:40]; flow rate 1 mL/min; A = 254
L\) nm; fr(major) = 33.57 min, fgx(minor) = 51.07 min, [a]p> = -38.4 (¢ 0.25

in CHCl3); '"H NMR (400 MHz, CDCl;) 5 8.22 (s, 1H), 7.79 (d, J = 7.5 Hz,
1H), 7.73 (d, J = 2.3 Hz, 1H), 7.69 (t, J = 7.6 Hz, 1H), 7.65 (d, /= 1.3 Hz, 1H), 7.56 (d, J = 8.1
Hz, 1H), 7.45 — 7.35 (m, 2H), 7.30 (t, J = 7.4 Hz, 1H), 6.67 (dd, J = 10.8, 2.4 Hz, 2H), 6.38 —
6.34 (m, 1H), 4.66 (t, J = 11.1 Hz, 1H), 4.05 (s, 1H), 3.43 — 3.27 (m, 1H), 2.71 — 2.55 (m, 1H);
13C NMR (101 MHz, CDCl3) 6 167.5, 149.9, 141.4, 134.3, 134.0, 133.4, 131.6, 130.7, 129.5,
128.7, 128.0, 126.6, 124.5, 107.1, 86.6, 53.4, 36.0, 34.1; IR (film): 2931, 2851, 1734, 1525,

1346, 1195, 1079 cm!; HRMS: calculated for C,oH;7N4O [M+H]*: 409.1143 found: 409.1166

(BR,4R,6R)-4-(4-methoxyphenyl)-3-(2-nitrophenyl)-6-(1H-pyrazol-1-yl)tetrahydro-2H-
pyran-2-one (4d):

The compound 4d was obtained as a pale yellow solid in 90% yield
and 91% ee. The optical purity was determined by chiral HPLC on
Chiralpak IC column [n-hexane/2-propanol 60:40]; flow rate 1
mL/min; A = 254 nm; fg(major) = 30.45 min, tx(minor) = 36.57 min,
[a]p?® = -159.3 (¢ 0.15 in CHCl3); 'H NMR (400 MHz, CDCl3) &
8.19 (d, J=17.7 Hz, 1H), 7.73 (bs, 1H), 7.65 (bs, 1H), 7.39 (t, /= 7.8 Hz, 1H), 7.31 (t,J= 7.4 Hz,
1H), 6.93 (d, J = 8.5 Hz, 2H), 6.76 — 6.66 (m, 3H), 6.63 (dd, J=11.1, 2.4 Hz, 1H), 6.36 (d, J =
1.8 Hz, 1H), 3.85 (bs, 1H), 3.74 (s, 3H), 3.67 — 3.57 (m, 1H), 3.38 — 3.12 (m, 1H), 2.59 — 2.51
(m, 1H); 3C NMR (100 MHz, CDCl;) & 168.2, 158.9, 141.1, 135.2, 133.8, 132.9, 132.0, 130.4,
128.9, 128.3, 126.2, 114.2, 107.0, 87.0, 56.2, 55.2, 42.6, 34.6, 31.5; IR (film): 2967, 2847, 1732,
1609, 1519, 1344, 1253, 1041, 953 cm™!'; HRMS (ES+) calc. for C;H,0N305 [M+H]": 394.1397
found: 394.1419

MeO
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(3R,4R,6R)-3-(2-nitrophenyl)-4-(4-nitrophenyl)-6-(1H-pyrazol-1-yl)tetrahydro-2H-pyran-2-

one (4e):

NO, The compound 4e was obtained as a white solid in 75% yield and 89%
ee. The optical purity was determined by chiral HPLC on Chiralpak IC
column [n-hexane/2-propanol 60:40]; flow rate 1 mL/min; A = 254 nm;
tr(major) = 30.79 min, fr(minor) = 53.37 min, [a]p? = -138.8 (¢ 0.17
in CHCl;); '"H NMR (400 MHz, CDCls3) 6 8.23 (d, J = 7.2 Hz, 1H),
8.08 (d, J=8.7 Hz, 2H), 7.71 (d, J = 2.3 Hz, 1H), 7.63 (t, J = 3.0 Hz, 1H), 7.45 — 7.39 (m, 1H),
7.32 (t,J="7.3 Hz, 1H), 7.23 (d, J= 8.7 Hz, 2H), 6.66 (dd, J = 10.8, 2.4 Hz, 2H), 6.36 — 6.33 (m,
1H), 4.05 (bs, 1H), 3.94 — 3.82 (m, 1H), 3.43 — 3.31 (m, 1H), 2.60 (dt, /= 13.8, 2.7 Hz, 1H); 3C
NMR (100 MHz, CDCly) & 167.4, 147.4, 147.3, 146.6, 141.4, 135.0, 134.2, 131.9, 130.5, 129.5,
128.5, 126.5, 124.1, 107.2, 86.7, 43.2, 33.9, 31.5; IR (film): 2883, 1731, 1609, 1519, 1349, 1193,
950 cm!; HRMS: calc. for CooH7N4Og [M+H]*: 409.1143 found: 409.1160

O,N

(3BR,4R,6R)-4-(4-chlorophenyl)-3-(2-nitrophenyl)-6-(1H-pyrazol-1-yl)tetrahydro-2H-pyran-
2-one (4f):

The compound 4f was obtained as a pale yellow solid in 89% yield and

91% ee. The optical purity was determined by chiral HPLC on

N Chiralpak IC column [n-hexane/2-propanol 60:40]; flow rate 1

N@ mL/min; A = 254 nm; fr(major) = 20.47 min, tr(minor) = 35.28 min,

[a]p?® = -142.7 (¢ 0.11 in CHCI3); 'TH NMR (400 MHz, CDCl;) 6 8.21

(d, J=7.7 Hz, 1H), 7.71 (d, J = 2.1 Hz, 1H), 7.64 (s, 1H), 7.41 (t, J = 7.4 Hz, 1H), 7.34 (t, J =

7.3 Hz, 1H), 7.20 (d, J = 8.3 Hz, 2H), 6.96 (d, J = 8.4 Hz, 2H), 6.72 — 6.53 (m, 2H), 6.36 (s, 1H),

3.94 (bs, 1H), 3.73 — 3.64 (m, 1H), 3.33 — 3.21 (m, 1H), 2.62 — 2.53 (m, 1H); 13C NMR (175

MHz, CDCl3) 6 167.9, 146.4, 141.4, 138.5, 135.3, 134.1, 133.6, 132.4, 130.4, 129.2, 129.1,

129.1, 128.7, 126.4, 107.1, 86.8, 56.1, 42.8, 34.2; IR (film): 3085, 2857, 1732, 1522, 1344, 1193,
1088 cm!; HRMS (ES+) calc. for C0H;7CIN3O4 [M+H]*: 398.0902 found: 398.0932

(3R,4R,6R)-3-(4-nitrophenyl)-4-phenyl-6-(1H-pyrazol-1-yl)tetrahydro-2H-pyran-2-one
(5a):
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The compound 5a was obtained as a pale yellow solid in 80% yield
and 92% ee. The optical purity was determined by chiral HPLC on
Chiralpak OJH column [r-hexane/2-propanol 70:30]; flow rate 1
mL/min; A = 254 nm; fgr(minor) = 33.73 min, fr(major) = 40.49
min, [a]p® = -196.6 (¢ 0.14 in CHCl;); 'H NMR (400 MHz,
CDCl) 6 8.03 (d, J = 8.5 Hz, 2H), 7.67 (bs, 2H), 7.27 — 7.11 (m, 5H), 7.07 — 7.01 (m, 2H), 6.53
(dd, J=10.3, 4.1 Hz, 1H), 6.38 (bs, 1H), 4.16 (d, J = 12.0 Hz, 1H), 3.44 (td, J = 12.6, 2.8 Hz,
1H), 3.35 — 3.24 (m, 1H), 2.70 — 2.62 (m, 1H); 13C NMR (100 MHz, CDCl;) & 169.3, 147.1,
144.2, 141.4, 139.0, 130.0, 129.9, 129.0, 127.9, 127.0, 123.7, 107.4, 87.1, 55.0, 44.7, 35.0; IR
(film): 2924, 1732, 1517, 1349, 1182, 952 cm’'; HRMS (ES+) calc. for CyHgN3;O05; [M+H]*:
364.1292 found: 364.1296

(BR,4R,6R)-4-(2-methoxyphenyl)-3-(4-nitrophenyl)-6-(1H-pyrazol-1-yl)tetrahydro-2H-
pyran-2-one (5b):

ON The compound Sb was obtained as a pale yellow solid in 89% yield
2
O
\©0 and 91% ee. The optical purity was determined by chiral HPLC on

Chiralpak OJH column [n-hexane/2-propanol 60:40]; flow rate 1
D mL/min; A = 254 nm; tg(minor) = 25.76 min, fr(major) = 32.79 min,

[a]p? = -70.0 (¢ 0.15 in CHCl3); '"H NMR (400 MHz, CDCl3) & 8.03
(d, J=8.7 Hz, 2H), 7.69 — 7.63 (m, 2H), 7.21 (d, J= 8.7 Hz, 1H), 7.18 - 7.12 (m, 1H), 7.09 (d, J
=17.3 Hz, 1H), 6.84 (t,J= 7.4 Hz, 1H), 6.74 (d, J = 8.2 Hz, 1H), 6.50 (dd, /= 10.7, 4.0 Hz, 1H),
6.38 — 6.36 (m, 1H), 4.39 (d, /= 12.1 Hz, 1H), 3.97 — 3.87 (m, 1H), 3.68 (s, 3H), 3.31 (dd, J =
24.5,13.3 Hz, 1H), 2.57 (dt, J = 14.1, 3.5 Hz, 1H); 3C NMR (101 MHz, CDCl3) § 169.6, 156.6,
147.0, 144.6, 141.3, 130.5, 129.9, 129.6, 128.9, 127.9, 126.9, 123.4, 122.9, 121.1, 110.9, 107.2,
87.5,55.2,53.1, 33.9; IR (film): 2918, 1739, 1522, 1346, 1246, 952 cm™'; HRMS (ES+) calc. for
Cy1H0N305 [M+H]™: 394.1397 found: 394.1409

(3R,4R,6R)-4-(2-nitrophenyl)-3-(4-nitrophenyl)-6-(1H-pyrazol-1-yl)tetrahydro-2H-pyran-2-

one (5¢):

O:N o The compound Sc¢ was obtained as a white solid in 85% yield and
\©/ 92% ee. The optical purity was determined by chiral HPLC on
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Chiralpak OJH column [n-hexane/2-propanol 60:40]; flow rate 1 mL/min; A = 254 nm; fr(major)
= 96.24 min, tx(minor) = 145.23 min, [a]p?® = +26.6 (¢ 0.15 in CHCl;);'H NMR (400 MHz,
CDCl) 6 8.02 (d, J= 8.7 Hz, 2H), 7.75 — 7.53 (m, 5H), 7.40 — 7.29 (m, 1H), 7.17 (d, /= 8.7 Hz,
2H), 6.54 (dd, J=9.5, 4.9 Hz, 1H), 6.38 (t,J=2.0 Hz, 1H), 4.42 — 4.26 (m, 2H), 3.38 — 3.20 (m,
1H), 2.92 — 2.77 (m, 1H); 3C NMR (100 MHz, CDCl;) 6 168.7, 149.8, 147.4, 142.8, 141.7,
133.6, 133.4, 130.6, 129.8, 128.7, 127.8, 124.8, 123.9, 107.4, 86.3, 53.6, 37.3, 34.6; IR (film):
2919, 1731, 1599, 1525, 1348, 1182, 949 cm'; HRMS (ES+) calc. for C;;H7N4O¢ [M+H]":
394.1397 found: 394.1403

(3R,4R,6R)-4-(4-methoxyphenyl)-3-(4-nitrophenyl)-6-(1H-pyrazol-1-yl)tetrahydro-2H-
pyran-2-one (5d):

ON 5 The compound 5d was obtained as a pale yellow solid in 74% yield
\©~, and 92% ee. The optical purity was determined by chiral HPLC on
' '~ Chiralpak OJH column [n-hexane/2-propanol 70:30]; flow rate 1
L\) mL/min; A = 254 nm; tr(minor) = 69.74 min, txg(major) = §1.69 min,
[a]p® = -157.62 (c 0.42 in CHCl3); '"H NMR (400 MHz, CDCl;) 6
8.05 (d, J=8.7 Hz, 2H), 7.67 (d, J = 2.7 Hz, 2H), 7.15 (d, J = 8.6 Hz, 2H), 6.95 (d, J = 8.7 Hz,
2H), 6.73 (d, J = 8.6 Hz, 2H), 6.51 (dd, J=10.4, 4.1 Hz, 1H), 6.39 — 6.36 (m, 1H), 4.09 (d, J =
12.0 Hz, 1H), 3.72 (s, 3H), 3.39 (td, J = 12.6, 2.8 Hz, 1H), 3.27 — 3.18 (m, 1H), 2.63 (dt, J =
14.1, 3.4 Hz, 1H); 3C NMR (100 MHz, CDCl;) & 169.3, 159.0, 147.1, 144.4, 141.4, 131.0,
130.0, 129.8, 128.1, 123.7, 114.3, 107.3, 87.1, 55.3, 55.2, 44.0, 35.1, 31.5; IR (film): 2929, 2854,
1732, 1611, 1516, 1348, 1249, 1180, 1041, 952 cm’'; HRMS (ES+) calc. for C,1HpN;Os
[M-+H]*: 394.1397 found: 394.1403

MeO

(3R,4R,6R)-3,4-bis(4-nitrophenyl)-6-(1H-pyrazol-1-yl)tetrahydro-2H-pyran-2-one (5e):

0N 5 The compound 5e was obtained as a pale yellow solid in 65% yield
\©'~. and 91% ee. The optical purity was determined by chiral HPLC on

N Chiralpak OJH column [n-hexane/2-propanol 60:40]; flow rate 1
L\) mL/min; A = 254 nm; fg(minor) = 67.32 min, tg(major) = 91.97 min,
[a]p® = -160.0 (¢ 0.10 in CHCI3); '"H NMR (400 MHz, CDCl;) 8 8.16

—8.03 (m, 4H), 7.69 (bs, 1H), 7.30 (d, J = 8.6 Hz, 2H), 7.18 (d, J = 8.6 Hz, 2H), 6.52 (dd, J =

O,N
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9.3, 4.8 Hz, 1H), 6.41 (bs, 1H), 4.26 (d, J= 12.3 Hz, 1H), 3.63 (td, J = 12.5, 3.6 Hz, 1H), 3.44 —
3.31 (m, 1H), 2.76 (dt, J = 14.2, 4.2 Hz, 1H); 3C NMR (175 MHz, CDCl;) & 168.5, 147.5,
147.4, 146.4, 143.1, 141.7, 130.3, 129.9, 129.6, 128.2, 124.3, 124.0, 123.9, 107.6, 86.4, 54.3,
443, 34.3; IR (film): 2839, 1730, 1516, 1347, 1158, 1040 cm!; HRMS (ES+) calc. for
CaoH17N4Og [M+H]*: 409.1143 found: 409.1133

(3R,4R,6R)-4-(4-chlorophenyl)-3-(4-nitrophenyl)-6-(1H-pyrazol-1-yl)tetrahydro-2H-pyran-
2-one (51):

N The compound Sf was obtained as a pale yellow solid in 90% yield
\©/ o and 90% ee. The optical purity was determined by chiral HPLC on
Chiralpak OJH column [n-hexane/2-propanol 70:30]; flow rate 1
N@ mL/min; A = 254 nm; fg(minor) = 44.47 min, fr(major) = 58.11 min,
[a]p?® = -165.2 (¢ 0.17 in CHCl;); 'H NMR (400 MHz, CDCl;)
8.06 (d, /= 8.7 Hz, 2H), 7.69 — 7.65 (m, 2H), 7.22 — 7.13 (m, 4H), 6.99 (d, J = 8.4 Hz, 2H), 6.49
(dd, /=10.1, 4.4 Hz, 1H), 6.39 — 6.37 (m, 1H), 4.12 (d, /= 12.1 Hz, 1H), 3.44 (td, J=12.6, 3.1
Hz, 1H), 3.33 — 3.20 (m, 1H), 2.66 (dt, J = 14.1, 3.8 Hz, 1H); 13C NMR (101 MHz, CDCl;)
168.9, 147.2, 143.8, 141.5, 137.6, 133.8, 130.0, 129.9, 129.3, 128.4, 123.8, 107.4, 86.8, 54.9,
44.1, 34.7; IR (film): 3085, 2852, 1739, 1520, 1344, 1178, 1090, 950 cm''; HRMS (ES+) calc.
for CyoH;7CIN;04 [M+H]": 398.0902 found: 398.0918

Cl

(3R,4R,6R)-4-(4-hydroxy-3-methoxyphenyl)-3-(4-nitrophenyl)-6-(1H-pyrazol-1-
yhtetrahydro-2H-pyran-2-one (5g):

O,N o The compound 5g was obtained as a pale yellow solid in 59% yield
\©,,,' and 72% ee. The optical purity was determined by chiral HPLC on
NN Chiralpak OJH column [n-hexane/2-propanol 60:40]; flow rate 1
\Q) mL/min; A = 254 nm; fr(minor) = 44.89 min, fg(major) = 65.52 min,
OMe [a]p?® = -95.5 (¢ 0.18 in CHCl;); 'H NMR (400 MHz, CDCl;) 4 8.06

(d, J= 8.6 Hz, 2H), 7.67 (d, J = 1.9 Hz, 2H), 7.16 (d, J = 8.7 Hz, 2H), 6.74 (d, J = 8.1 Hz, 1H),
6.54 — 6.45 (m, 3H), 6.38 (t, J = 2.0 Hz, 1H), 5.56 (s, 1H), 4.08 (d, J = 11.8 Hz, 1H), 3.75 (s,
3H), 3.39 — 3.21 (m, 2H), 2.69 — 2.62 (m, 1H); *C NMR (100 MHz, CDCl;) & 169.2, 147.1,
146.8, 145.1, 144.4, 141.5, 130.9, 130.0, 123.7, 120.0, 114.8, 109.2, 107.4, 87.0, 55.9, 55.4, 44.5,

HO
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35.0; IR (film): 3015, 2901, 1739, 1519, 1347, 1247, 1158, 1014, 950 cm™!'; HRMS (ES+) calc.
for C21H20N306 [M+H]+: 410.1347 found: 410.1360

(3R,4R,6R)-3-(4-bromophenyl)-4-(4-methoxyphenyl)-6-(1H-pyrazol-1-yl)tetrahydro-2H-
pyran-2-one (6a):

Br The compound 6a was obtained as a pale yellow solid in 75% yield
\©,, and 96.7% ee. The optical purity was determined by chiral HPLC
on Chiralpak IC column [n-hexane/2-propanol 70:30]; flow rate 1

mL/min; A = 254 nm; fg(major) = 20.71 min, fg(minor) = 23.13
min, [a]p® = -204.4 (¢ 0.25 in CHCl3); 'H NMR (400 MHz,
CDCl;) 6 7.65 (dd, J=17.5, 1.9 Hz, 2H), 7.34 (t, J = 7.6 Hz, 2H), 6.94 (d, J = 8.6 Hz, 2H), 6.85
(d, J = 8.4 Hz, 2H), 6.75 (d, J = 8.6 Hz, 2H), 6.46 (dd, J = 10.6, 3.8 Hz, 1H), 6.39 — 6.33 (m,
1H), 3.87 (d,J=11.8 Hz, 1H), 3.74 (s, 1H), 3.33 (td, J = 12.8, 2.8 Hz, 1H), 3.20 — 3.10 (m, 1H),
2.60 (dt, J= 14.0, 3.3 Hz, 1H); 3*C NMR (100 MHz, CDCl3) 3 169.9, 158.8, 141.2, 136.1, 131.7,
130.5, 129.5, 128.1, 121.4, 114.2, 107.2, 87.2, 55.2, 55.1, 44.0, 35.3; IR (film): 3028, 2924,
2843, 1731, 1612, 1515, 1388, 1041 cm™'; HRMS (ES+) calc. for C,H,,BrN,O; [M+H]" :
427.0652, found: 429.0621

MeO

(3R,4R,6R)-3-(4-chlorophenyl)-4-(4-methoxyphenyl)-6-(1H-pyrazol-1-yl)tetrahydro-2H-
pyran-2-one (7a):

The compound 7a was obtained as a pale yellow solid in 85% yield and 97% ee. The optical
purity was determined by chiral HPLC on Chiralpak IC column [n-hexane/2-propanol 70:30];
cl flow rate 1 mL/min; A = 254 nm; tr(major) = 20.36 min, fr(minor) =
\©,,,' 22.90 min, [a]p® = -182.4 (¢ 0.25 in CHCI;); 'H NMR (400 MHz,
CDCl3) 6 7.65 (dd, J= 6.1, 1.7 Hz, 2H), 7.17 (d, J = 8.4 Hz, 2H), 6.96
MeO —6.89 (m, 4H), 6.74 (d, J = 8.6 Hz, 2H), 6.46 (dd, J = 10.6, 3.8 Hz,
1H), 6.37 - 6.35 (m, 1H), 3.88 (d, J = 11.8 Hz, 1H), 3.73 (s, 3H), 3.33 (td, /= 12.6, 2.9 Hz, 1H),
3.21 — 3.10 (m, 1H), 2.59 (dt, J = 14.0, 3.3 Hz, 1H); 3C NMR (100 MHz, CDCl;) é 170.0,
158.8, 141.2, 135.7, 133.3, 131.7, 130.2, 129.6, 128.7, 128.1, 114.2, 107.2, 87.2, 55.2, 55.1, 44.1,
35.3; IR (film): 2909, 1745, 1513, 1265, 1088, 947 cm’'; HRMS: calculated for C,;H,,CIN,O5
[M+H]" expected: 383.1157 found: 383.1163
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(3S,4R,6R)-4-(4-methoxyphenyl)-6-(1H-pyrazol-1-yl)-3-(thiophen-2-yl)tetrahydro-2H-
pyran-2-one (8a):

The compound 8a was obtained as a yellow solid in 74% yield and
94% ee. The optical purity was determined by chiral HPLC on
-N ' Chiralpak IC column [n-hexane/2-propanol 70:30]; flow rate 1

MeO mL/min; A = 254 nm; tg(major) = 27.77 min, fg(minor) = 33.29 min,
[a]p® = -128.6 (¢ 0.15 in CHCl;); 'H NMR (400 MHz, CDCl;) 8 7.68 — 7.62 (m, 2H), 7.15 (d, J
= 5.1 Hz, 1H), 7.07 (d, J = 8.7 Hz, 2H), 6.85 — 6.71 (m, 4H), 6.45 (dd, J = 10.7, 3.6 Hz, 1H),
6.37 (d, J= 1.7 Hz, 1H), 4.26 (d, J=11.5 Hz, 1H), 3.74 (s, 3H), 3.44 (td, /= 12.7, 3.2 Hz, 1H),
3.17 — 3.07 (m, 1H), 2.61 (dt, J = 14.2, 3.4 Hz, 1H); 3C NMR (100 MHz, CDCl3) 8 169.0,
158.8, 141.1, 138.5, 132.3, 129.6, 128.0, 127.5, 126.7, 125.0, 114.2, 107.2, 87.0, 55.2, 50.0, 44.5,
35.8; IR (film): 2909, 2844, 1738, 1613, 1515, 1388, 1251, 1041, 949 cm'; HRMS (ES+) calc.

for C19H;sN,O3S [M+H]": 355.1111 found: 355.1103

(3R,4R,6R)-4-(4-methoxyphenyl)-3-(naphthalen-1-yl)-6-(1H-pyrazol-1-yl)tetrahydro-2H-
pyran-2-one (9a):

The compound 9a was obtained as a white solid in 61% yield and 93%
ee. The optical purity was determined by chiral HPLC on Chiralpak IC
column [n-hexane/2-propanol 70:30]; flow rate 1 mL/min; A = 254 nm;
tr(major) = 28.33 min, fr(minor) = 44.05 min, [a]p?® = -208.0 (¢ 0.15
in CHCl3); 'TH NMR (400 MHz, CDCl;) 8 7.85 — 7.80 (m, 1H), 7.75 (d,
J=2.1Hz, 1H), 7.73 — 7.66 (m, 3H), 7.46 (td, J = 13.5, 6.6 Hz, 2H), 7.28 — 7.19 (m, 2H), 7.03
(d, J=6.5 Hz, 1H), 6.81 (d, J = 8.5 Hz, 2H), 6.69 (dd, J=10.9, 3.1 Hz, 1H), 6.62 (d, /= 8.6 Hz,
2H), 6.40 (bs, 1H), 4.40 (d, /= 11.2 Hz, 1H), 3.77 — 3.70 (m, 1H), 3.67 (s, 3H), 3.30 — 3.19 (m,
1H), 2.67 (dt, J = 14.0, 2.9 Hz, 1H); 3C NMR (100 MHz, CDCls) $ 170.1, 158.6, 141.1, 134.2,
133.2, 132.3, 129.4, 129.3, 128.5, 127.9, 126.4, 125.5, 125.1, 123.2, 113.9, 107.3, 87.4, 55.1,
42.8, 35.5; IR (film): 2941, 1738, 1514, 1387, 1250, 1182, 1040, 950 cm'; HRMS (ES+) calc.
for C;5H,3N,05 [M+H]*: 399.1703 found: 399.1726

MeO

(3R,4R,6R)-3-(4-nitrophenyl)-4-phenyl-6-(3-phenyl-1H-pyrazol-1-yl)tetrahydro-2H-pyran-
2-one (11a):
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The compound 11a was obtained as a white solid in 89% yield and 93.5% ee. The optical purity
was determined by chiral HPLC on Chiralpak IC column [n#-hexane/2-propanol 60:40]; flow rate
ON 5 1 mL/min; A = 254 nm; tx(minor) = 16.20 min, tx(major) = 49.60

\©M min, [a]p® = -113.20 (¢ 0.14 in CHCl3); 'H NMR (400 MHz,
| CDCl) 6 8.06 (d, J = 8.7 Hz, 2H), 7.87 — 7.81 (m, 2H), 7.71 (d, J
P 05 Hy 1H), 7.46 - 732 (m, 3H), 7.28 - 7.19 (m, 3H). 7.16 (d. J
= 8.7 Hz, 2H), 7.10 — 7.04 (m, 2H), 6.68 (d, J = 2.5 Hz, 1H), 6.51 (dd, J=9.9, 4.2 Hz, 1H), 4.20
(d, J=11.7 Hz, 1H), 3.49 — 3.42 (m, 1H), 3.36 (td, J = 13.2, 9.9 Hz, 1H), 2.77 — 2.70 (m, 1H);
13C NMR (100 MHz, CDCl3) 6 169.2, 153.4, 147.1, 144.2, 139.1, 132.7, 131.1, 129.9, 129.1,
128.7, 128.4, 127.9, 127.1, 126.0, 123.7, 104.8, 87.4, 55.0, 44.8, 34.9. IR (film): 3027, 2936,
2856, 1738, 1604, 1519, 1348, 1265, 1073 cm™'; HRMS (ES+) calc. for CysHN;0,4 [M+H]*:
440.1605 found: 440.1605

(3R,4R,6R)-4-(2-nitrophenyl)-3-(4-nitrophenyl)-6-(3-phenyl-1H-pyrazol-1-yl)tetrahydro-
2H-pyran-2-one (11¢):

The compound 11¢ was obtained as a white solid in 78% yield

O,N
0]
\©,,, and 92% ee. The optical purity was determined by chiral HPLC

N on Chiralpak IA column [n-hexane/2-propanol 60:40]; flow rate
Uph I mL/min; A = 254 nm; tz(major) = 25.07 min, tr(minor) =
R

50.90 min, [a]p?® = +37.8 (¢ 0.14 in CHCl;); 'H NMR (400

MHz, CDCl;) 6 8.04 (d, J = 8.5 Hz, 2H), 7.86 — 7.80 (m, 2H), 7.78 — 7.57 (m, 4H), 7.46 — 7.34

(m, 4H), 7.17 (d, J = 8.7 Hz, 2H), 6.68 (d, J = 2.3 Hz, 1H), 6.54 (dd, J=9.3, 4.9 Hz, 1H), 4.46 —

4.31 (m, 2H), 3.46 — 3.32 (m, 1H), 2.92 (dd, /= 10.5, 5.8 Hz, 1H); *C NMR (100 MHz, CDCls)

0 168.7, 153.7, 149.8, 147.4, 142.8, 133.7, 133.4, 132.7, 131.9, 129.7, 128.7, 128.4, 127.9, 126.0,

124.8, 123.9, 104.9, 86.6, 53.6, 37.4, 34.5; IR (film): 3027, 2941, 2856, 1737, 1601, 1522, 1349,
1071 cm'; HRMS (ES+) cale. for CygHyN4Og [M+H]': 485.1456 found: 485.1456

(3R,4R,6R)-4-(4-methoxyphenyl)-3-(4-nitrophenyl)-6-(3-phenyl-1H-pyrazol-1-
yDtetrahydro-2H-pyran-2-one (11d):

The compound 11d was obtained as a white solid in 88% yield and 87% ee. The optical purity
was determined by chiral HPLC on Chiralpak IA column [r-hexane/2-propanol 60:40]; flow rate
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ON 1 mL/min; A = 254 nm; fg(minor) = 42.54 min, fr(major) = 46.55

\©0 min, [a]p? = +27.2 (¢ 0.25 in CHCl;); 'H NMR (400 MHz,

’ N CDCl;) 6 8.07 (d, J = 8.4 Hz, 2H), 7.86 — 7.81 (m, 2H), 7.70 (d,

L\)' Ph o J=123Hz 1H), 743 (t, J = 7.4 Hz, 2H), 7.35 (t, J = 7.3 Hz,

1H), 7.16 (d, J= 8.6 Hz, 2H), 6.98 (d, J = 8.5 Hz, 2H), 6.75 (d, J

= 8.6 Hz, 2H), 6.68 (d, J = 2.3 Hz, 1H), 6.49 (dd, /= 9.8, 4.2 Hz, 1H), 4.14 (d, /= 11.6 Hz, 1H),

3.73 (s, 2H), 3.46 — 3.24 (m, 2H), 2.71 (d, J = 13.5 Hz, 1H); 3C NMR (100 MHz, CDCl;) §

169.3, 159.0, 153.4, 147.3, 147.1, 144.4, 132.7, 131.1, 130.0, 128.7, 128.3, 128.1, 126.0, 123.7,

114.4, 104.8, 87.4, 55.3, 55.2, 44.1, 35.0; IR (film): 3028, 2926, 2856, 1734, 1601, 1495, 1347,
1073 cml; HRMS (ES+) cale. for Cy7Hp4N305 [M+H]": 470.1710 found: 470.1712

MeO

(3R,4R,6R)-3,4-bis(4-nitrophenyl)-6-(3-phenyl-1H-pyrazol-1-yl)tetrahydro-2H-pyran-2-one
(11e):

O,N o The compound 11e was obtained as a pale yellow solid in 80%

\©~,, yield and 89.7% ee. The optical purity was determined by chiral

N HPLC on Chiralpak IC column [r-hexane/2-propanol 60:40];

NJPh flow rate 1 mL/min; A = 254 nm; fr(minor) = 20.60 min

; , IR )

tr(major) = 41.19 min, [a]p® = -204.2 (¢ 0.26 in CHCl3); 'H

NMR (400 MHz, CDCl;) 6 8.13 — 8.07 (m, 4H), 7.86 — 7.81 (m, 2H), 7.71 (d, J = 2.5 Hz, 1H),

7.45 (t, J= 7.4 Hz, 2H), 7.40 — 7.29 (m, 3H), 7.19 (d, J = 8.7 Hz, 2H), 6.70 (d, J = 2.5 Hz, 1H),

6.53 (dd, J=9.3, 4.8 Hz, 1H), 4.31 (d, J = 12.2 Hz, 1H), 3.65 (td, J = 12.4, 3.8 Hz, 1H), 3.52 —

3.38 (m, 1H), 2.80 (dt, J = 14.3, 4.3 Hz, 1H); 3C NMR (100 MHz, CDCl;) & 168.5, 153.7,

147.5, 146.5, 143.1, 132.5, 131.6, 129.9, 128.8, 128.6, 128.2, 126.0, 124.3, 124.0, 105.1, 86.7,

54.3, 44.4, 34.2; IR (film): 2936, 2856, 1734, 1604, 1517, 1344, 1158 cm™'; HRMS (ES+) calc.
for Co6H,1N4Og [M+H]": 485.1456 found: 485.1470

O,N

(3R,4R,6R)-4-(4-chlorophenyl)-3-(4-nitrophenyl)-6-(3-phenyl-1H-pyrazol-1-yl)tetrahydro-
2H-pyran-2-one (11f):

ON The compound 11f was obtained as a white solid in 83% yield
2
O
\©0 and 91% ee. The optical purity was determined by chiral HPLC
on Chiralpak IC column [n-hexane/2-propanol 60:40]; flow rate 1

Cl
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mL/min; A = 254 nm; tzx(minor) = 13.30 min, fr(major) = 32.97 min, [a]p> = -183.2 (¢ 0.12 in
CHCLy); 'H NMR (400 MHz, CDCl;) & 8.08 (d, J = 8.7 Hz, 2H), 7.86 — 7.80 (m, 2H), 7.69 (d, J
=2.5Hz, 1H), 7.43 (t, J = 7.4 Hz, 2H), 7.36 (dd, J = 8.3, 6.3 Hz, 1H), 7.28 — 7.11 (m, 5H), 7.02
(d, J= 8.4 Hz, 2H), 6.68 (d, J = 2.5 Hz, 1H), 6.49 (dd, J = 9.7, 4.4 Hz, 1H), 4.17 (d, J= 11.9 Hz,
1H), 3.45 (td, J = 12.3, 3.0 Hz, 1H), 3.39 — 3.28 (m, 1H), 2.75 — 2.68 (m, 1H); 13C NMR (101
MHz, CDCl3) & 169.0, 153.5, 147.3, 143.8, 137.7, 133.8, 132.6, 131.3, 129.9, 129.3, 128.7,
128.4, 126.0, 123.8, 104.9, 87.1, 54.9, 44.2, 34.6; IR (film): 2936, 2856, 1737, 1604, 1522, 1453,
1347, 1084 cm™'; HRMS (ES+) calc. for C,sH,1N4Og [M+H]": 485.1456 found: 485.1470

(3R,4R,6R)-6-(3,5-dimethyl-1H-pyrazol-1-yl)-3-(4-nitrophenyl)-4-phenyltetrahydro-2H-
pyran-2-one (12):

O,N o The compound 12 was obtained as a white solid in 35% yield and
\©,,,' 94% ee. The optical purity was determined by chiral HPLC on
Chiralpak IB column [n-hexane/2-propanol 80:20]; flow rate 1
)J/ mL/min; A = 254 nm; fg(minor) = 27.01 min, fgx(major) = 37.19
min, [a]p?> = -135.0 (¢ 0.10 in CHCl3); 'H NMR (400 MHz, CDCl3) 6 8.04 (d, J = 8.7 Hz, 2H),
7.24 —7.12 (m, 5H), 7.10 — 7.04 (m, 2H), 6.37 (dd, J = 9.9, 4.1 Hz, 1H), 5.91 (s, 1H), 4.13 (dd, J
= 12.0, 5.5 Hz, 1H), 3.57 — 3.37 (m, 2H), 2.60 — 2.51 (m, 1H), 2.39 (s, 3H), 2.25 (s, 3H); *C
NMR (100 MHz, CDCls) & 169.7, 150.1, 147.1, 144.5, 140.9, 139.3, 130.0, 128.9, 127.8, 127.1,
123.6, 107.5, 83.8, 55.2, 45.0, 34.2, 13.7, 10.7; IR (film): 2944, 2852, 1728, 1653, 1601, 1515,
1344, 1171, 1053 cm!; HRMS (ES+) calc. for CH,,N;0,4 [M+H]*: 392.1605 found: 392.1617

Procedure for the Cleavage of pyrazole and Synthesis Lactone (13): -2

To a 5 mL round bottom flask with magnetic stirring bar was added the lactone (0.2 mmol, 1.0
equiv) in CHCI; (1.6 mL) and MeOH (0.8 mL) at room temperature, then 20 mol% DABCO
(0.04 mmol) was added to the solution. After 72 hours, evaporate the solvent and the crude
reaction mixture was dissolved in MeOH (4.2 mL) and reaction mixture cooled to 0 °C. Then
NaBH, (0.44 mmol) was added to the reaction mixture and stirred at this temperature for 10

minutes, then reaction mixture warmed to room temperature and allowed to stir for 1.30 hours,
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then reaction mixture was quenched with ice cold water and extracted with DCM (thrice). The
combined organic layers were washed with 10% HCI. Then organic layer dried over Na,SOy,
filtered and concentrated in vacuo gave a crude product. The crude product was dissolved in
DCM (8.0 mL) was added TFA (8 drops) and the solution stirred at room temperature for 1.30
hours. Then evaporate under vacuo and gave crude product. The crude product was purified by
flash chromatography using 230-400 silica gel (25% EtOAc in hexane as an eluent) gave a

colorless solid in 65% yield.

(3R,4R)-4-(4-chlorophenyl)-3-(2-nitrophenyl)tetrahydro-2H-pyran-2-one (13):

The compound 13 was obtained as a white solid in 65% yield and 92% ee.
The optical purity was determined by chiral HPLC on Chiralpak OJH
column [r-hexane/2-propanol 70:30]; flow rate 1 mL/min; A = 254 nm;
tr(major) = 28.60 min, fr(minor) = 62.77 min, [a]p>® = -165.6 (¢ 0.16 in
CHCl3); '"H NMR (400 MHz, CDCl;) 6 8.15 (d, /J=7.9 Hz, 1H), 7.40 — 7.28
(m, 2H), 7.18 (d, J = 8.4 Hz, 2H), 6.89 (d, J = 8.4 Hz, 2H), 6.67 (s, 1H), 4.76 (td, J=11.9, 2.5
Hz, 1H), 4.63 (ddd, J=11.4, 4.5, 2.3 Hz, 1H), 3.89 (s, 1H), 3.51 (td, /= 11.8, 3.7 Hz, 1H), 2.43
—2.30 (m, 1H), 2.20 — 2.12 (m, 1H); 3C NMR (175 MHz, CDCl3) § 169.4, 146.8, 139.7, 134.7,
133.7, 133.2, 132.9, 129.0, 128.9, 128.6, 126.1, 68.7, 56.4, 44.7, 30.4; IR (film): 2930, 1724,
1586, 1530, 1344, 1262, 954 cm’'; HRMS (ES+) calc. for C;H;sCINO, [M+H]": 332.0684
found: 332.0705

Procedure for the Synthesis of Benzazapine derivative (14):!3

To a 5 mL round bottom flask with magnetic stirring bar was added the lactone (0.2 mmol, 1.0
equiv) in CHCI; (1.6 mL) and MeOH (0.8 mL) at room temperature, then 20 mol% DABCO
(0.04 mmol) was added to the solution. After 48 hours, evaporate the solvent and the crude
reaction mixture was dissolved in THF/ACOH(10:1) 3.85 mL. To a stirred solution of ester in

THF/ACOH was added Zn dust. Saturated aq. CuSO4 solution was added slowly at 0 °C and
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then warm to RT. After 1.5 hours, the mixture was filtered, diluted with EtOAc, and washed
twice with sat. aq. NaHCOj; solution. The combined organic layers were dried over Na2S04,
filtered and concentrated in vacuo gave a crude product. The crude product was purified by flash
chromatography using 230-400 silica gel (15% EtOAc in hexane as a eluent) gave a colorless

semi solid in 50% yield.

methyl (4R,5R)-4-phenyl-2,3,4,5-tetrahydro-1H-benzo[b]azepine-5-carboxylate (13):

H The compound 14 was obtained as a colorless semisolid in 50% yield and 92%

N
@g} ee. The optical purity was determined by chiral HPLC on Chiralpak IC column
P

h [n-hexane/2-propanol 97:03]; flow rate 1 mL/min; A = 254 nm; fr(minor) =

Me0:C 44.47 min, fr(major) = 58.11 min, [a]p>® = 25.88 (¢ 0.34 in CHCl;); '"H NMR
(400 MHz, CDCl3) 6 7.39 — 7.28 (m, 4H), 7.27 — 7.08 (m, 3H), 6.87 (t,J = 7.4 Hz, 1H), 6.78 (d,
J=7.8Hz, 1H), 4.02 (d, /= 1.9 Hz, 1H), 3.61 — 3.56 (m, 1H), 3.53 (s, 3H), 3.35 — 3.28 (m, 1H),
3.14 — 3.06 (m, 1H), 2.96 — 2.82 (m, 1H), 2.06 — 1.93 (m, 1H); 13C NMR (100 MHz, CDCl;) 6
172.7, 149.8, 145.0, 132.3, 128.3, 128.1, 128.1, 127.9, 126.5, 120.8, 120.1, 57.0, 51.6, 47.8, 45 .4,
31.7; IR (film): 3372, 2911, 1731, 1601, 1474, 1365, 1265, 1158, 1004 cm'; HRMS (ES+) calc.

for CigHyoNO, [M+H]": 282.1489 found: 282.1510
References:
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Figure 1. Molecular structure of 7a shown with 50% ellipsoidal probability. (CCDC 1045015)
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Table S2.

Experimental details

Crystal data
Chemical formula

M

Crystal system, space
group

Temperature (K)

a, b, c(A)

V(&)

Z

Radiation type

p (mm-)

Crystal size (mm)
Data collection
Diffractometer
Absorption correction

No. of measured,
independent and
observed [/ > 20(/)]
reflections

Rint
(sin 0/A). (A")

Refinement

R[F: > 20(F)], wR(F), S

No. of reflections
No. of parameters
H-atom treatment
Ap., Ap.. (e A)
Absolute structure

Absolute structure
parameter

382.83
Orthorhombic, P22,2,

296

6.1999 (5), 13.2765 (11), 23.277 (2)
1916.0 (3)

4

Mo Ka

0.22

X X

?

11558, 3390, 2041

0.051
0.595

0.054, 0.152, 1.03

3390

245

H-atom parameters constrained
0.19,-0.28

Flack x determined using 643 quotients [(I+)-(I-)]/[(I+)+(I-)] (Parsons,
Flack and Wagner, Acta Cryst. B69 (2013) 249-259).

0.07 (7)

Computer programs: SHELXL2014/6 (Sheldrick, 2014).
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Cross over experiment
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500 MHz 'H NMR spectra of crude reaction mixture in CDCl;
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175 MHz 3C NMR spectra of compound 4a in CDCl;

DAD1 A, Sig=254,4 Ref=360,100 (SANTOSH\SA-246-1C-40-1-254-RACEMIC-01-2014-11-0417-56-22.D)

mAU | 2
4 @
1400-]
1200+
] o
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] b3
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600 -
400
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0 . T
T T T T T T T T T "
5 10 15 20 25 30 35 40 45 mir
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %
) R P |--mmmmeees R R |
1 26.329 BB 0.9348 9.37363e4 1538.60864 50.2765
2 31.350 BB 1.4930 9.27051e4  920.45233 49.7235
HPLC graph of compound 4a (racemic)
DAD1 A, Sig=254,4 Ref=360,100 (SANTOSH\SA-247-1C-40-1-254-CHIRAL-01-2014-11-0416-57-44 D)
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5 10 15 20 25 30 35 40 45  mir
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

R R P P |--nneennee |=-mneeees |--nnmes |
1 27.148 BB 1.0085 1.15733e5 1752.48999 97.7295
2 34.321 BB 1.5475 2688.78125 26.37119 2.27@5
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HPLC graph of compound 4a (enantioenriched)
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400 MHz "H NMR spectra of compound 4b in CDCls

SSTOTE ~ i

95b0°€E — O

N
0TP8bS — _—

OMe

LE88'9L
L9vTLL

€8LY'(8 — -
5086'90T —
PIOVOTT — 3
99ETTZT —

1290521 — —
2960821 — —
TSLTEET — [ER——
revesr/ =
T THT — -
6698°9%T — ~
HOTS9ST — -3

8159891 — —

170 160 150 140 130 120 110 100 90
f1 (ppm)

180

175 MHz 3C NMR spectra of compound 4b in CDCl;

S22



DAD1 A, Sig=254,4 Ref=360,100 (NAGARAJUINRM-305-OJH-30-1-254- RACEMIC-01-2014-11-1020-50-51.0)
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T T T T T T
10 20 30 40 50 60_min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
] A S P |=mmmmmmeee |=mmmmmmeee |=eeeeen [
1 20.173 BB 1.4220 1.44722e4 154.04675 48.8925
2 45.327 BB 3.7677 1.51279e4 53.45546 51.1075
HPLC graph of compound 4b (racemic)
DAD1 A, Sig=254,4 Ref=360,100 (NAGARAJUINRM-308-OJH-30-1-254 CHIRAL-01-2014-11-1021-56-19.D)
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10 20 30 40 50 60 min
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s ] [mAU] %

S — [N P—— Jommmmmnnee Jommmmeee |
1 19.918 MM 1.6552 4.55400e4 458.55286 92.3232
2 45.625 MM 4.4947 3786.73706 14.04163 7.6768

HPLC graph of compound 4b (enantioenriched)
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DADT A, Sig=254,4 Rel=360,100 (NAGARAJU\NRM-304-OJH-40-1-254-RACEMIC-01-2014-11-1016-20-27 D)
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Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %
e R |=-eef-mmeee- |--mmmmeee | -mmmeeeees [ -mmmmee |
1 35.790 MM 4.1238 6.34585e4  256.47290 49.6591
2 52.976 MM 5.8814 6.43298e4 182.29631 50.3409
HPLC graph of compound 4c¢ (racemic)
DAD1 A, Sig=254,4 Ref=360,100 (SANTOSH\SA-247-IC-40-1-254-CHIRAL-01-2014-11-0416-57-44.D)
mAU | <
%
8
1600 |1"
\
1400 H NO,
|| Q
1200 ‘ \ ‘4,
' (¢}
|
1000 || _N
i Ly
800 ‘ ‘| S
[ NO,
600 | \
|
|
400 l |
[
200 I -
| &
| k P
i (]
0 2 T L T
T T T T T T T T T
5 10 15 20 25 30 35 40 45  mir
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

R R P P |--nneennee |=-mneeees |--nnmes |
1 27.148 BB 1.0085 1.15733e5 1752.48999 97.7295
2 34.321 BB 1.5475 2688.78125 26.37119 2.27@5
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HPLC graph of compound 4¢ (enantioenriched)
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400 MHz 'H NMR spectra of compound 4d in CDCls
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100 MHz 'H NMR spectra of compound 4d in CDCls

DAD1 A, Sig=254,4 Ref=360,100 (NAGARAJU\SA-147-40-1-254-IC-RACEMIC-012014-07-21 12-28-34.D)
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10 20 30 40 50 min
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s ] [mAU] %
e R |---emmeee |--mmmmeeee |---eee |
1 30.889 BB 1.8715 3.43396e4 494.93640 49.8486
2 36.443 BB 1.4625 3.45482e4 361.64319 560.1514
HPLC graph of compound 4d (racemic)
DAD1 A, Sig=254 4 Re‘f=§,60,1 00 (NAG;\RAJU‘\NLI‘%I\-‘I—224—40—'I—2547IC7CHIRAL701 2014-07-21 17-05-22.D)
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Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
) [ e P |-mmmee e |-=mmee e |-=mmeeee |
1 30.450 BB 1.8372 3.24136e4 482.84222 95.3344
2 36.575 BB 1.4395 1586.31470 16.83162 4.6656

HPLC graph of compound 4d (enantioenriched)
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400 MHz 'H NMR spectra of compound 4e in CDCl;
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100 MHz 'H NMR spectra of compound 4e in CDCls

DAD1 A, Sig=254,4 Ref=360,100 (NAGARAJU\SA-150-40-1-254-IC-RACEMIC-012014-07-22 13-15-02.D)
mAU < 2

300
200
100

10 20 30 40 50
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

] R R R |--mmmmeee |-ommmmnee |--mmm e |
1 32.463 BB 1.3431 6.65318e4 761.62653 48.8802
2 57.172 MM 3.8136 6.95791e4 304.08118 51.1198

HPLC graph of compound 4e (racemic)

DAD1 A, Sig=254,4 Ref=360,100 (NAGARAJU\NRM-225-40-1-254-IC-CHIRAL-012014-07-21 19-28-07.D)
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# [min] [min] [mAU*s] [mAU] %

Seeefennnees |+ erees | <eeee |+ |+oeeees |
1 30.790 MM 1.3953 5.10744e4 610.09161 94.6484
2 53.372 MM 3.1000 2887.85010 15.52612 5.3516

HPLC graph of compound 4e (enantioenriched)
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175 MHz 3C NMR spectra of compound 4f in CDCl;

DAD1 A, Sig=254 4 Ref=360,100 (NAGARAJU\SA-169-40-1-254-IC-RACEMIC-01-09-34-18.D)
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Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
e B R R |--mmmmeee s |--emeeee !
1 20.442 BB ©.8097 5.4766%9e4 1021.168571 53.2279
2 33.422 BB 2.8298 4.81245e4  239.75557 46.7721

HPLC graph of compound 4f (racemic)

DAD1 A, Sig=254,4 Ref=360,100 (NAGARAJU'NRM-271-40-1-254-IC-CHIRAL-01-10-41-50.D)
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Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
) EE R O |--mmmmeeee |---mee !
1 26.474 BB 0.7808 2.12224e4  417.67935 96.4753

2 35.283 MM 2.6813 775.35168 4.81957 3.5247

HPLC graph of compound 4f (enantioenriched)
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100 MHz 3C NMR spectra of compound 5a in CDCl;

DAD1 A, Sig=254,4 Ref=360,100 (NAGARAJU\SA-151-30-1-254-0J-H-RACEMIC-012014-07-25 21-22-01.D)
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Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
e R o e R R |---m- |
1 32.958 MM 2.8008 1.18257e4 65.61076 49.5185
2 41.866 MM 3.0475 1.12401e4 61.47256 50.4815

HPLC graph of compound 5a (racemic)

DADT A, Sig=254 4 Ref=360,100 (NAGARAJU'NRM-228-30-1-254-0OJH-CHIRAL-012014-07-26 11-31-31.D)

mAU >
140
i |
4 ‘ |
120 I \
T |
] |
100 — \
] |
4 |
80— |‘

20_, 3 »\,\03 ‘
] i :-,ﬁ;?se?' ]
B N
0 _— S~ ~_
-_—_—TV ¥ 71— 1 ! .
10 20 30 40 50 60 70 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
e EEeEe | menfome e |--mmmmeee s | --emeeee |
1 33.734 MM 1.9986 1151.33185 6.76537 3.9098
2 409.497 BB 2.6859 2.82961e4 153.69820 96.8982
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HPLC graph of compound Sa (enantioenriched)
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100 MHz '3C NMR spectra of compound 5b in CDCl;

DAD1 A, Sig=254,4 Ref=360,100 (NAGARAJU\SA-157-40-1-254--OJH-RACEMIC-02-2014-08-11 11-43-30.D)
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Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
e AR e e |--mme e |-=--o- !
1 25.05@ BB 1.8573 2.21975e4 178.69200 48.1841
2 32.711 MM 2.5100 2.38706e4 158.50026 51.8159
HPLC graph of compound S5b (racemic)
DAD1 A, Sig=254,4 Ref=360,100 (NAGARAJU\NRM-258-40-1-254—0JH-CHIRAL-01-2014-08-11 10-48-29.D)
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10 20 30 40 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 25.763 BB 1.9850 2660.49976 19.63227 6.7036
2 32.793 MM 2.4986 3.70274e4  246.98943 93.2964

HPLC graph of compound 5b (enantioenriched)
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100 MHz '*C NMR spectra of compound 5¢ in CDCl;
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DAD1 A, Sig=254,4 Ref=360,100 (NAGARAJU\SAJ55-40-1-254-OJH-RACEMIC-022014-08-09 16-12-27.D)
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Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %

e [ P |-eeeees |--emmee |==mmee- !
1 96.665 MM 10.8175 1.72269%e4 26.54159 51.2360
2 137.334 MM 21.7938 1.63997e4 12.54156 48.7760

HPLC graph of compound Se (racemic)

DAD1 A, Sig=254,4 Ref=360,100 (NAGARAJUINRM-254-40-1-254-OJH-CHIRAL-022014-08-09 19-49-54.D)
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Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s ] [mAU] %
O R R P |- emmmeees R l-mmmnee |

1 96.246 MM  11.0113 3.37540e4 51.98987 97.0918
2 145.234 MM 25.3842 1011.03809 6.63825e-1  2.9082

HPLC graph of compound Sc (enantioenriched)
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400 MHz "H NMR spectra of compound 5d in CDCls

P8LTSE—

8000%F —

01255~

SLLESS

6v1L9L
9TE0'LL

O,N
MeO

20S€°LL 7

95§T°£8 —

S6LE°L0T—
EEBEPTT —

P90L'ELT —

2560821 —
886t

6TE00€T \
8THOTET

68SPTHT —
SLTHPYT —
£9PT LT —

Y620'65T —

20££%69T —

120

130

140

150

160

170

180

190

100 MHz 3C NMR spectra of compound 5d in CDCls

S39



DAD1 A, Sig=254,4 Ref=360,100 (NAGARAJU\SA-153-11-30-1-254-0JH-RACEMIC-01-2015-01-0518-33-44.D)

mAU 1 = ?
1 ) S
] ﬁg\ &
304 f’ «
E |
1 [ \
20 |
: |
10
] J
1 /
0 —-‘MLA_V A Mf "‘??‘-\__?ﬁ‘
h T " " T " T T T T T T - " T " T " T " " "
20 40 60 80 100 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
Rl R e R |<mmme e R |-mmeeee |
1 70.211 MM 7.0998 1.93588e4 45.44457 49.1785
2 88.537 MM 9.8741 2.00055e4 33.76781 50.8215

HPLC graph of compound 5d (racemic)

DAD1 A, Sig=254,4 Ref=360,100 (NAGARAJU\SA-323-30-1-254-OJH-CHIRAL-01-2015-01-0517-40-00.D)

mAU
175 ON o}
150

125
100 N7
75 MeO Lt)
50
25
0
20 ' ‘ ‘ 40 ' ‘ ‘ 60 80 ' ‘ 100 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
R EEETRE R RRa R | -mmmemeee | eemeeee |
1 69.742 MM 3.9893 4131.79688 12.13707 4.0321
2 81.696 MM 8.8554 9.83412e4  185.08794 95.9679

HPLC graph of compound 5d (enantioenriched)
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DAD1 A, Sig=254,4 Ref=360,100 (NAGARAJU\SA-166-40-1-254-OJH-RACEMIC-02-2015-01-0411-26-02.D)
mAU

©
I
60 % . @0
50 ’ ?Vsef"'
40 R
30
20 }
TN
e — T
0 i ’\—\ —
20 40 120 140 min
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %
Rl BECREE R e |--memeee |--me oo |
1 82.263 MM 8.2526 4.54514e4 64.42590 50.1799
2 115.658 MM 20.2442 4.51256e4 37.15102 49.8201
HPLC graph of compound Se (racemic)
DAD1 A, Sig=254.4 Ref=360,100 (NAGARAJUNRM-270-40-1-254-OJH-CHIRAL-02-2015-01-0414-05-42.D)
mAU
20

&

[
@]
N

6
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5,: M OaN Q‘éﬁb‘
1 5 o
O—:~ } lA\-j F\ 8?39‘@-
1 -/ — P W
- ~ 1 - - - 1 - - T I T T T 1 T T 1 T T T 1 T T T T T T T 1
20 40 60 80 100 120 140 min
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %

1 80.591 MM 11.6038 970.65424 1.39416  3.1403
2 110.452 MM 20.5841 2.99385e4 24.24086 96.8597

HPLC graph of compound 5e (enantioenriched)
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DAD1 A, Sig=254,4 Ref=360,100 (NAGARAJU\SA-154-30-1-254-OJH-RACEMIC-022014-07-26 22-09-40.D)

20 40 60 80 100 min
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %

—eeefemneees O P |- eemes |- mmees |-mmmne |
1 44.328 MM 4,6932 1.37083e4 48.68120 49.5677
2 58.895 MM 7.3850 1.39474e4 31.47661 50.4323

HPLC graph of compound 5f (racemic)

DAD1 A, Sig=254,4 Ref=360,100 (NAGARAJU\NRM-237-30-1-254-OJH-CHIRAL-012014-07-26 20-20-32.D)

~
mAU _| = ,\Cb’-\

1 3

] .rf°

J &
50

] \

|

\

] oo

1 |
304

4 I
204
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T T T T T
20 40 60 80 mir|
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %

o R |- fenmee- e |-mmnme e |-menee- |
1 44.471 MM 4.8775 1422.69238 4.86136 5.0268
2 58.117 MM 7.6999 2.68797e4 58.18158 94.9732

HPLC graph of compound 5f (enantioenriched)
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DAD1 A, Sig=254,4 Ref=360,100 (NAGARAJU\SA-156-40-1-254-OJH-RACEMIC-02-2014-08-17 15-37-07 D)

mAU
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@

100

Z%:

20 40 60 80 100 mir
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

R — [ — [ [ [ |
1 43.0e1 BB 4.0849 2.91866e4 95.78594 49,9824
2 64.695 MM 6.6468 2.92872e4 73.23571 50.0176

HPLC graph of compound 5¢g (racemic)

DAD1 A, Sig=254 4 Ref=360,100 (NAGARAJU\NRM-269-40-1-254-0JH-CHIRAL-01-2014-08-17 13-43-52.D)

3

>

c
4

6552
%

5. =]
o o

w
o

]
o

s
o
IARRTRY RRNR NRRTE ATRR] RRTRI ATRR1RRTRURARTA N
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o

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
S P S P |--mmmmees |-=memmmee- |-=mmeee |

1 44.8990 MM 3.8820 6308.30859 19.07043 13.7768
2 65.524 MM 7.6467 3.94809%e4 86.05203 86.2232

HPLC graph of compound 5¢g (enantioenriched)
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DAD1 A, Sig=254,4 Ref=360,100 (NAGARAJU\SA-192-30-1-254-IC-RACEMIC-01-2014-09-0817-29-34 D)

| ﬁ\

|’I
Ly

100 ] ‘.|
0,: f‘[ Lw‘- N "\[\ D R | / \V‘ — —
4 II‘ T
] |
100 |
100 |
] I
-200 +— ; : — — o R o : . —
5 10 15 20 25 30 35 40 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
e e |- mmmeeee |-=mmmmeeee |--- e |
1 26.840 BV 9.9112 1.52855e4 268.08002 49.6953
2 22.953 VB @.7757 1.54729%e4 306.12219 50.3047
HPLC graph of compound 6a (racemic)
DAD1 A, Sig=254,4 Ref=360,100 (NAGARAJU\SA-193-30-1-254-1C-CHIRAL-01-2014-09-0818-20-53.D)
mAU =
120 ‘g Br
100 |' ‘I
80 ‘ |‘|
|
80 | |
‘|| I‘ | rb,'\@'\
40 | ' \ g8 MeO
20 ‘IL ‘. ) | =
0 —‘—J\ —‘AU\"_J‘ ./ Lk_(\ﬁi'— _ _
v
-20 V
: o o e o e o . —
5 10 15 20 25 30 35 mir|
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
T PR | === ] meee |-=memmeee |=mmmmmeee |--nnee !
1 20.711 BB 0.6707 6164.95313 140.83859 98.3542
2 23.136 MM 9.8354 183.16142 2.085809 1.6458

HPLC graph of compound 6a (enantioenriched)
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DAD1 A, Sig=254,4 Ref=360,100 (NAGARAJU\SA-197-30-1-254-IC-RACEMIC-01-2014-09-0912-30-15.D)

mAU
100
50
0
-50]
100
150
-200
250
300 T T T T T T T T
5 10 15 20 25 30 35 min
Peak RetTime Type Width Area Height Area
#  [min] [min]  [mAU*s] [mAU] %
S P [ P |-mmmnneen |-nmmeeeee |=nnneeee !
1 20.349 MM ©.7194 3934.63296 91.14014 48.8226
2 22.742 MM ©.8145 4123.78516  84.38293 51.1774
HPLC graph of compound 7a (racemic)
DAD1 A, Sig=254,4 Ref=360,100 (NAGARAJU\SA-194-30-1-254-IC-CHIRAL-01-2014-09-0914-02-12.D)
mAU o
1 2
300 ﬁ
zsn—i
200
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100—:
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i | 3
b @
] /\U j 8
0 [—A*}ﬁ — — —
-50
e e e s O S Sy F SR S Sy R L S B I
5 10 15 20 25 30 min
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %

O P [ P |-smmmmeeee |-esemmens |=sseen |
1 20.362 BB ©.6800 1.43320e4 324.02551 98.67608
2 22.9@3 BB 0.6638 193.87199 4.48895 1.3292

HPLC graph of compound 7a (enantioenriched)
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100 MHz 3C NMR spectra of compound 8a in CDCl;
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DADT A, Sig=254,4 Ref=360,100 (NAGARAJUVSA-196-30-1-254-IC-RACEMIC-01-2014-09-0819-12-53.D)

n'lAU_i P g 2
] “ kY <
60 1 el
] 1 \
40 | /‘. /r\
20 [ A ' / [\
I~ | o/ R N .
. |
20 ||
-0 |
_60; T I T T T ‘ I. T T T I T T T I T T T ‘ T T T I T T T I T T T I T T T ‘ T T T
5 10 15 20 25 30 35 40 45 mir
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

R R E— |-mmmnes |+eeees |--eeeees |
1 28.053 BB 0.7798 2810.26440 56.94290 47.1477
2 33.409 BB 1.e€93 3150.28516 47.77688 52.8523

HPLC graph of compound 8a (racemic)

DAD1 A, Sig=254,4 Ref=360,100 (NAGARAJU\SA-195-30-1-254-1C-CHIRAL-01-2014-09-0820-05-57.D)
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10 20 30 40 50 mir

Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %

1 27.771 BB 0.7719 1.09614e4  222.82465 96.9673
2 33.296 BB 0.9804 342.81912 5.09867 3.0327

HPLC graph of compound 8a (enantioenriched)
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DAD1 A, Sig=254,4 Ref=360,100 (NAGARAJU\NRM-289-30-1-254-IC-RACEMIC-012014-09-1612-38-41.D)

Z
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200 /\
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| |

42.947

o \
| 1V

I [ P |--nemmmen |-mmmmmen |=-mnen !
1 28.339 BB 1.0716 2.27390e4 326.07532 96.5892
2 44,656 MM 2.1239 802.96448 6.30090 3.4108

HPLC graph of compound 9a (enantioenriched)
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10 20 30 40 50 min
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s ] [mAU] %
e R P |--mmmmeees |=nmmmmeee |---mmee- |
1 28.495 BB 1.0905 3.30943e4 465.99896 48.6040
2 42.947 BBA  2.0320 3.49954e4  251.41054 51.3960
HPLC graph of compound 9a (racemic)
DAD1 A, Sig=254,4 Ref=360,100 (NAGARAJU\NRM-287-30-1-254-IC-CHIRAL-012014-09-1613-42-53.D)
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DAD1 A, Sig=254 4 Ref=360.100 (SNAPSHOT D)

mAU J
400
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] S
] e %
2004 f A
: \ g S
7 &
100 / . (8
03—~ PN - w ,
— — T — — | — ‘ .
10 20 30 40 50 60 70 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
) N |-=mmmeees |-mmmmmmees |-=m e !
1 16.070 BB 0.7722 1.07350e4 212.94171 49.9841
2 49.667 MM 2.4013 1.07418e4 74.55523 50.0159
HPLC graph of compound 11a (racemic)
DAD1 A, Sig=254,4 Ref=360,100 (SNAPSHOT D)
mAU 3
350 o
7 a3
3003
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10 20 30 40 50 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

R — [ — [ [ [ |
1 16.203 BB 0.7739 1875.61011 37.34915 3.2756
2 49.607 BBA 2.1235 5.53851e4 386.58389 96.7244

HPLC graph of compound 11a (enantioenriched)
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DAD1 A, Sig=254 4 Ref=360,100 (SNAPSHOT D)

mAU 8
500 -
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B 1
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L T T T T T N
10 20 30 40 50 mir]
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %

R P [ -meeeenes |-emmneee |=-nennee !
1 26.106 BB 0.9283 3.14569e4  510.94553 49.9772
2 52.212 BBA 1.6859 3.14856e4 284.32440 50.0228

HPLC graph of compound 11¢ (racemic)

DAD1 A, Sig=254,4 Ref=360,100 (SANTOSH\SA-244-1A-40-1-254-CHIRAL-01-2014-10-2212-03-29.D)
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g

TN T T TN I T T I T T N TS T SO S S |

5

Y
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5]

o

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
ol et P |--memeeee |--meeeee |--mnneem |
1 25.671 BB 0.8803 9607.15918 164.28012 95.8933
2 50.907 MM 2.0265 411.43637 3.38387 4.1067

HPLC graph of compound 11¢ (enantioenriched)
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DAD1 A, Sig=254,4 Ref=360,100 (SNAPSHOT D)
mAU
100 |
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A S
T T T T T
10 20 30 40 50 min|
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
e |--=n|-memee R s R |---mmeee |
1 406.827 BB 1.39068 7699.03271 77.63568 50.9865
2 46.144 BB 1.9891 6825.96631 50.81886 49.0195
HPLC graph of compound 11d (racemic)
DAD1 A, Sig=254,4 Ref=360,100 (SANTOSH\SA-241-1A-40-1-254-CHIRAL-01-2014-10-2117-38-49.D)
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Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %

1 42.547 BB 1.3940 1.01566e4 111.78680 6.5777
2 46.552 BB 1.9505 1.44252e5 1071.61877 93.4223

HPLC graph of compound 11d (enantioenriched)
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DAD1 A, Sig=254,4 Ref=360,100 (SNAPSHOT.D)
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Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s ] [mAU] %
e ] P | -mmmmmmnee J-mmmmmmnn |-mmmmee |
1 21.230 BB 1.4450 3966.74512 40.55978 50.6689
2 43.5706 MM 3.2267 3862.00928  19.94848 49.3311

HPLC graph of compound 11e (racemic)

DAD1 A, Sig=254 4 Ref=360,100 (SNAPSHOT D}
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Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
] R O |--nmmmeee |-=mmmeees |-nmeeeee |
1 20.604 BB 1.3947 5379.58789 57.22547 5.1861
2 41.198 MM 2.9963 9.83514e4  547.07758 94.8139

HPLC graph of compound 11e (enantioenriched)
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DAD1 A, Sig=254.4 Ref=360,100 (SNAPSHOT.D)

mAU 7
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o

i

25 30 35 min|
Peak RetTime Type Width Area Height Area

# [min] [min] [mAU*s] [mAU] %
e EORTERS | ee ] emeeee | memeee R |-mmeeee |

1 12.867 BB 0.6234 1.09882e4  268.54688 50.6048

2 31.131 BB 1.3356 1.97256e4 123.79191 49.3952

HPLC graph of compound 11f (racemic)

DAD1 A, Sig=254,4 Ref=360,100 (SNAPSHOT.D)
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Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %
el R R R O R [--emee |
1 13.364 BB 9.7136 4191.96729 88.99218 5.0052

2 32.971 BBA  1.511@ 7.956@5e4 810.68866 94.9948

HPLC graph of compound 11f (enantioenriched)
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DAD1 A, Sig=254.4 Réf=360.100 (NAGARAJU\N&M-SSG»ZO—1-254—IB—RACEMIC—U1—2015—02»2315»23—44.D)

mAU ] 3 8
250 =
200} ?\
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150 \ \
100—f , \ \
5::—E F | \
g_i‘,J‘A\,—:-—_.J /‘J" \/\_ /
T L e T A —
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s ] [mAU] %

S P [ P |=mmmmmnnes |-mmmmnees |=-mnnne- |
1 28.499 BB 1.2724 1.84248e4  223.34415 42.5153
2 40.092 BB 1.2882 2.49120e4  283.21628 57.4847

HPLC graph of compound 12 (racemic)

DAD1 A, Sig=254,4 Ref=360,100 (NAGARAJUINRM-352A-20-1-254-IB-CHIRAL-01-2015-02-2317-23-23.D)
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Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %

Y R [ P |-mmmmee- |=ommnnee- |-nmnee- |
1 27.016 BB 1.2160 1916.48901 23.14667 3.1179
2 37.193 BB 1.2250 5.95500e4 696.82025 96.8821

HPLC graph of compound 12 (enantioenriched)
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DAD1 A, Sig=254,4 Ref=360,100 (NAGARAJU\NRM-323A-30-1-254-0JH-RACEMIC-01-2015-01-0721-22-13.D)

AU 2
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Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
e B R e R |-mmmem e |-omeeee |
1 28.360 MM 2.0510 2.02720e4 164.73222 50.7689
2 59.659 MM 8.2977 1.96579%e4 39.48466 49.2311
HPLC graph of compound 13 (racemic)
DAD1 A, Sig=254,4 Ref=360,100 (NAGARAJU\NRM-324A-30-1-254-OJH-CHIRAL-01-2015-01-0722-49-42.D)
- <
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Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

Seen e | =omn - mmeee- |-mmmemees |==mmmmmee |+-eemees |
1 28.604 MM 2.1538 2.90309e4 224.64540 96.0036
2 62.774 MM 7.8945 1208.50012 2.55136 3.9964

HPLC graph of compound 13 (enantioenriched)
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DAD1 A, Sig=254,4 Ref=360,100 (NAGARAJU\NRM-302-IC-3-1-254-RACEMIC-022014-12-3114-51-49.D)
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5 10 15 20 25 min
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s ] [mAU] %
N e P |-mmmmeeee | mmmeeees |-nmmeees |
1 18.454 BV 0.4526 1.24673e4 427.06335 49.7048
2 19.657 VB 0.6128 1.26154e4 315.26758 50.2952
HPLC graph of compound 14 (racemic)
DAD1 A, Sig=254,4 Ref=360,100 (NAGARAJUINRM-303-IC-3-1-254-CHIRAL-012014-12-3115-23-14.D)
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Peak RetTime Type Width Area Height Area
# [min] [min]  [mAU*s] [mAU] %

P [ P |-meemeeees | -mmmmen e |- |
1 18.562 BV 9.4728 472.79605 15.20524 3.1301
2 19.673 VB 0.6101 1.46320e4 367.85938 96.8699

HPLC graph of compound 14 (enantioenriched)
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