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1. General.
Chemicals. Anhydrous THF, Et,0, toluene and CH>Cl, were dried with Glass Contour solvent

purification system. Dry acetonitrile, EtOH, MeOH, and n-hexane were purchased from
WAKO chemicals and used as received. All other chemicals were purchased from their
commercial sources and used as it received.

Analytics.

NMR spectra were recorded on a JEOL JNM LA-400 (400 MHz for '"H NMR and 100 MHz
for 13C NMR). Chemical shifts were reported in ppm on the § scale relative to solvent residual
signal CDCl;s (8 = 7.26 '"H NMR and for 77.2 for 3C NMR), DMSO (8§ = 2.50 'H NMR and
for 39.5 for 3C NMR), a,o.a-trifluorotoluene (8 = —63.72 for '°’F NMR) as an internal
reference. Multiplicities are indicated as: br (broad), s (singlet), d (doublet), t (triplet), dd
(doublet of doublet), spt (septate), td (triplet of doublet), or m (multiplet). Coupling constants
(/) are reported in Hertz (Hz). High performance liquid chromatography (HPLC) was
performed on Agilent Technologies 1220 Inifinity LC instruments using Daicel Chiralpak AD-
H, OD-H, OJ-H and AS-H 4.6 mm X 25 cm column or Shimadzu HPLC instrument using IA-
3, IB-3, IC-3 4.6 mm X 25 cm column. Optical rotations were measured on an ATAGO CO.,
LTD AP-300 polarimeter. Low temperature reactions were performed on UC reactor from
Techno Signa. Column chromatography was conducted with silica gel 60 N (KANTO
CHEMICAL, spherical, neutral, 40-50 or 63-210 um). For thin-layer chromatography (TLC)
analysis Merck precoated TLC plates (silica gel 60 F254 0.25 mm) were used. Visualization
was accomplished by UV light (254 nm), I, KMnOs4, and cerium molybdate.
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2. Enantioselective nitroso Diels-Alder reaction with symmetrical dienes 2a—
h.

0 0 Cu(CHsCN),BF, (10 mol%) R
(S)-DTBM-Segphos (11 mol%)
QHR ¢ Nt NNy 0
| or | THF, -85 to —40 °C AN
N~ NS

n=1-4 overnight PG

2a-h 1c, pyM-NO  1j, pyD-NO 3, PG = pyM or pyD
General procedure 1:
Cu(CH3CN)4BF4 (3.1 mg, 0.010 mmol) and (S)-DTBM-Segphos (13.0 mg, 0.011 mmol) were
taken in an oven dried 16 x 150 mm test tube equipped with a magnetic stir bar and a rubber
septum. The test tube was evacuated and carefully purged with nitrogen. THF (1 mL) was
added to it and the mixture was stirred for 1 h. After that the catalyst solution was placed on a
—85 °C bath. The nitroso compound 1c,j (0.1 mmol) was then added and the wall of the test
tube was rinsed with THF (0.5 mL). The mixture was further stirred for 10 min before the diene
2a—h (0.12 mmol) was added. Then the reaction mixture was warmed to —40 °C over ~2 h and
stirred at —40 °C overnight. It was then allowed to warm to 0 °C before directly loaded into a
column packed with silica gel and purified using EtOAc/n-hexane (1:1 to 3:1), Acetone/n-
hexane (1:4 to 1:3) as eluent to afford the nitroso Diels-Alder adducts 3.

All the racemic samples were prepared by mixing the nitroso compounds 1c,j (0.1 mmol) with
the dienes 2a—h (0.12 mmol) in CH2Cl; at 0 °C.

.

N)\\/)\

3ac: According to GP 1. 21 mg, 97%. [a]3* —73.3 (c = 1.5, CHCls, 1.6:98.4 e.r.).

'H NMR (CDCl3, 400MHz): & = 6.44 - 6.58 (m, 2 H), 6.41 (s, 1 H), 5.43 — 5.46 (m, 1 H), 4.84
—4.87m, 1H),2.10-2.40 (m, 8 H), 1.47 - 1.62 (m, 1 H), 1.37 - 1.47 (m, 1 H) ppm. *C NMR
(CDCls, 101 MHz): 6 = 167.4, 165.4, 132.3, 132.0, 112.4, 112.4, 70.7, 50.4, 24.2, 24.0, 23.9,
21.1 ppm. HRMS (ESI): Calculated for C12H1sNsNaiO: ([M + Na]*) is 240.1121, found
240.1113. HLPC analysis: Daicel Chiralpak AD-H, hexane/i-PrOH = 96/4, flow rate = 1.0
mL/min, A = 267 nm, retention time; tr(mMinor) = 16.5 min, tr(major) = 17.4 min.

A,o
N

N

3aj: According to GP 1. 20.3 mg, 99%. [a]® —164.3 (c = 1.4, CHCl3, 99.3:0.7 e.r.).
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IH NMR (CDCls, 400MHz): § = 7.12 (d, J = 8.9 Hz, 1 H), 7.05 (d, J = 8.9 Hz, 1 H), 6.53 - 6.36
(m, 2 H), 5.51 (dd, J = 2.5, 5.3 Hz, 1 H), 4.74 - 4.61 (m, 1 H), 2.56 (s, 3 H), 2.32 - 2.17 (m, 2
H), 1.69 - 1.54 (m, 1 H), 1.51 - 1.35 (m, 1 H) ppm. 3C NMR (CDCls, 101 MHz): & = 164.9,
154.2, 133.3, 131.0, 128.2, 117.4, 70.1, 51.8, 24.5, 21.6, 20.3. HRMS (ESI): Calculated for
C11H14N301 ([M + H]*) is 204.1131, found 204.1124. HLPC analysis: Daicel Chiralpak AD-
H, hexane/i-PrOH = 96/4, flow rate = 1.0 mL/min, A =267 nm, retention time; tr(major) = 21.8
min, tr(minor) = 24.0 min.

ﬁfo
N

J

3bc: According to GP 1. 19 mg, 93%. [a]3* —154.6 (c = 1.5, CHCls, 2.3:97.7 e.r.).

'H NMR (CDCls, 400MHz): & = 6.48 (s, 1 H), 6.36 (dt, J=5.6, 1.9 Hz, 1 H), 6.28 (dt, J=5.5,
1.9 Hz, 1 H), 5.47 - 5.57 (m, 1 H), 5.24 - 5.36 (m, 1 H), 2.35 (s, 6 H), 2.15 (dt, J=8.5, 1.8 Hz,
1 H), 1.80 (d, J=8.5 Hz, 1 H) ppm. *C NMR (CDCls, 101 MHz): § = 167.6, 166.2, 135.3,
133.4, 113.4, 83.7, 65.8, 48.0, 24.2 ppm. HRMS (ESI): Calculated for C11H13N3Na1O1 ([M +
Na]™) is 226.0951, found 226.0942. HLPC analysis: Daicel Chiralpak AD-H, hexane/i-PrOH
= 96/4, flow rate = 1.0 mL/min, A = 267 nm, retention time; tr(minor) = 17.1 min, tr(major) =
22.2 min,

3bj: According to GP 1. 18 mg, 95%. [a]3* —6.7 (c = 0.60, CHClI3, 95.0:5.0 e.r.).

!H NMR (CDCls, 400MHz): § = 7.14 (d, J=8.9 Hz, 1 H), 7.00 (d, J=8.9 Hz, 1 H), 6.29 (t, J=1.9
Hz, 1 H), 5.70 (t, J=1.6 Hz, 1 H), 5.15 - 5.28 (m, 1 H), 2.18 (dt, J=8.5, 1.9 Hz, 1 H), 1.89 (d,
J=8.7 Hz, 1 H) ppm. *C NMR (CDCls, 101 MHz): § = 164.5, 154.7, 136.6, 132.9, 128.2, 118.1,
83.0,66.6,48.6,21.6. HRMS (FAB): Calculated for C10H12N301 ([M + H]") is 190.0980, found
190.0975. HLPC analysis: Daicel Chiralpak AD-H, hexane/i-PrOH = 97/3, flow rate = 1.0
mL/min, A = 267 nm, retention time; tr(major) = 26.7 min, tr(minor) = 30.3 min.

N)\\/)\

3cc: According to GP 1. 22 mg, 96%. [a]3* —50.8 (c = 1.2, CHCls, 2.6:97.4 e.r.).

!H NMR (CDCls, 400MHz): 8 = 6.38 (s, 1 H), 6.31 (ddd, J=9.1, 6.9, 0.9 Hz, 1 H), 6.15 (ddd,
J=9.2,6.2,1.4 Hz, 1 H),5.44 - 558 (m, 1 H), 4.91 (t, J=5.2 Hz, 1 H), 2.33 (s, 6 H), 1.86 - 2.06
(m,3H),1.71-1.84 (m, 1H), 1.53-1.65(m, 1 H), 1.36 - 1.52 (m, 1 H) ppm. 2*C NMR (CDCls,
101 MHz): 6 =167.5, 164.3, 130.0, 127.9, 111.5, 74.8,54.8, 31.1, 28.0, 24.3, 18.9 ppm. HRMS
(ESI): Calculated for C13Hi17N3Na1O1 ([M + Na]®) is 254.1264, found 254.1259. HLPC
analysis: Daicel Chiralpak AD-H, hexane/i-PrOH = 96/4, flow rate = 1.0 mL/min, A =267 nm,
retention time; tr(minor) = 12.2 min, tr(major) = 16.4 min.
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3cj: According to GP 1. 21 mg, 97%. [«]%® —138.0 (c = 1.0, CHCl3, 98.1:1.9 e.r.).

'H NMR (CDCls, 400MHz): & = 7.21 - 7.10 (m, 2 H), 6.33 — 6.35 (m, 1 H), 5.99 - 6.03 (m, 1
H), 5.68 - 5.53 (m, 1 H), 4.75 — 4.78 (m, 1 H), 2.56 (s, 3 H), 2.15 - 1.87 (m, 3 H), 1.85 - 1.70
(m, 2 H), 1.68 - 1.56 (m, 1 H), 1.53 - 1.36 (m, 1 H) ppm. *C NMR (CDCls, 101 MHz): § =
164.2, 153.6, 132.0, 128.4, 126.0, 116.7, 74.3, 56.3, 31.8, 27.2, 21.5, 18.9. HRMS (FAB):
Calculated for C12H16N301 ([M + H]") is 218.1293, found 218.1292. HLPC analysis: Daicel
Chiralpak IB-3, hexane/i-PrOH = 96/4, flow rate = 1.0 mL/min, A = 254 nm, retention time;
tr(major) = 29.7 min, tr(minor) = 39.1 min.

-
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3dc: According to GP 1. 22 mg, 90%. [a]%> +90.0 (c = 1.0, CHCl3, 2.0:98.0 e.r.).

IH NMR (CDCls, 400MHz): & = 6.44 (s, 1 H), 6.30 (dd, J=9.8, 6.6 Hz, 1 H), 5.71 (dd, J=10.1,
4.4 Hz, 1 H), 5.19 — 5.22 (m, 1 H), 5.01 - 5.11 (m, 1 H), 2.34 (s, 6 H), 2.09 - 2.32 (m, 3 H),
1.79 - 1.87 (m, 1 H), 1.56 - 1.78 (m, 4 H) ppm. 3C NMR (CDCls, 101 MHz): § = 167.7, 166.3,
132.1,126.8,112.4,74.5,55.1, 34.4,32.1, 26.4, 24.3, 22.6, 22.6 ppm. HRMS (ESI): Calculated
for C1sH19N3NaiO1 ([M + Na]*) is 268.1434, found 268.1430. HLPC analysis: Daicel
Chiralpak AD-H, hexane/i-PrOH = 96/4, flow rate = 1.0 mL/min, A = 267 nm, retention time;
tr(minor) = 7.5 min, tr(major) = 10.2 min.

3dj: According to GP 1. 21 mg, 91%. [a]4* +95.0 (c = 1.0, CHCl3, 99.9:0.1 e.r.).

'H NMR (CDCls, 400MHz): § = 7.25 (d, J=9.2 Hz, 1 H), 7.16 (d, J = 9.2 Hz, 1 H), 6.39 (dd,
J=6.8,10.2 Hz, 1 H), 5.67 (dd, J = 4.6, 10.1 Hz, 1 H), 5.52 - 5.37 (m, 1 H), 4.85 (t, J = 4.1
Hz, 1 H), 2.57 (s, 3 H), 2.25-2.32 (m, 1 H), 2.17 - 2.00 (m, 2 H), 1.89 (tt, J=4.5,9.1 Hz, 1
H), 1.80 - 1.56 (m, 5 H) ppm. *C NMR (CDCls, 101 MHz): § = 163.7, 153.7, 133.1, 128.6,
125.5,116.1, 74.1, 54.3, 35.0, 31.8, 26.3, 22.0. HRMS (FAB): Calculated for C13H1gN301 ([M
+ H]") is 231.1450, found 231.1446. HLPC analysis: Daicel Chiralpak 1B-3, hexane/i-PrOH =
96/4, flow rate = 1.0 mL/min, A = 254 nm, retention time; tr(major) = 26.4 min, tr(minor) =
28.9 min.
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3ej: According to GP 1. 37 mg, 94%. [a]%® — 82.7 (c = 1.5, CHCl3, 99.4:0.6 e.r.).

'H NMR (CDCls, 400MHz): § =7.43 - 7.28 (m, 5 H), 7.11 (d, J = 8.9 Hz, 1 H), 6.93 (d, J =
89 Hz, 1H),6.29-6.14 (m, 2 H), 5.32 (s, 1 H), 5.14 (s, 2 H), 4.73 (s, 1 H), 3.70 - 3.57 (m, 1
H), 3.57 - 3.43 (m, 2 H), 3.41 - 3.29 (m, 1 H), 2.57 (s, 3H), 2.04 (br. s., 1 H), 1.91 (br. s., 1 H),
1.64 (br.s., 1 H), 1.61 - 1.48 (m, 1 H) ppm. *C NMR (CDCls, 101 MHz): & = 154.6, 136.9,
135.9, 131.0, 128.6, 128.2, 128.1, 128.0, 117.6, 86.4, 70.0, 67.2, 60.8, 42.4, 41.7, 29.3, 29.2,
21.6. HRMS (FAB): Calculated for C22H2sN4O3z ([M + H]Y) is 393.1927, found 393.1933.
HLPC analysis: Daicel Chiralpak AD-H, hexane/i-PrOH = 80/20, flow rate = 1.0 mL/min, A =
267 nm, retention time; tr(major) = 34.9 min, tr(minor) = 37.8 min.

Boc
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N
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3fj: According to GP 1. 33 mg, 92%. [a]3® — 93.3 (c = 1.5, CHCl3, 99.0:1.0 e.r.).

IH NMR (CDCls, 400MHz): & = 7.10 (d, J=8.9 Hz, 1 H), 6.92 (d, J=8.9 Hz, 1 H), 6.11 - 6.26
(M, 2 H), 5.29 (s, 1 H), 4.71 (s, 1 H), 3.47 - 3.60 (m, 1 H), 3.34 - 3.45 (m, 2 H), 3.21 - 3.32 (m,
1 H), 2.56 (s, 3 H), 1.96 - 2.07 (m, 1 H), 1.85 — 1.91 (m, 1 H), 1.48 - 1.67 (m, 2 H), 1.45 (s, 9
H) ppm. *C NMR (CDCls, 101 MHz): & = 164.3, 154.9, 154.5, 135.9, 131.0, 128.2, 128.1,
117.6, 86.4, 79.7, 70.1, 61.0, 29.3, 28.6, 28.6, 21.6 ppm. HRMS (FAB): Calculated for
C19H27N4O3 ([M + H]¥) is 359.2083, found 359.2070. HLPC analysis: Daicel Chiralpak AD-
H, hexane/i-PrOH = 85/15, flow rate = 1.0 mL/min, A = 267 nm, retention time; tr(mMajor) =
11.1 min, tr(minor) = 13.0 min.

3gj: According to GP 1. 23 mg, 95%. [a]%®> — 216.7 (c = 1.7, CHCls, 98.7:1.3 e.r.).

IH NMR (CDCls, 400MHz): & = 7.10 (d, J=8.9 Hz, 1 H), 6.94 (d, J=8.9 Hz, 1 H), 6.10 - 6.29
(m, 2 H), 5.10 (s, 1 H), 4.47 - 4.62 (m, 1 H), 2.56 (s, 3 H), 1.81 - 1.89 (m, 2 H), 1.49 - 1.75 (m,
5 H), 1.37 - 1.49 (m, 1 H) ppm. *C NMR (CDCls, 101 MHz): 5 = 164.4, 154.3, 137.7, 133.4,
128.1, 117.6, 88.1, 73.0, 68.6, 31.9, 31.4, 26.6, 26.3, 21.6 ppm. HRMS (FAB): Calculated for
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C14H18N3O01 ([M + H]") is 244.1450, found 244.1451. HLPC analysis: Daicel Chiralpak AD-
H, hexane/i-PrOH =95/5, flow rate = 1.0 mL/min, A =267 nm, retention time; tr(major) = 15.7
min, tr(minor) = 18.7 min.

3hj: According to GP 1. With 5 mol% catalyst loading and 0.2 mmol of 1j. 54.5 mg, 99%.
[a]3° —130.8 (c = 1.3 CHCl3, 0.1:99.9 e.r.).

'H NMR (CDCls, 400MHz): & = 7.16 (d, J=8.9 Hz, 1 H), 7.09 (d, J=9.2 Hz, 1 H), 6.21 - 6.41
(m, 2 H),5.82 -5.84 (m, 1 H), 4.83 -4.86 (m, 1 H), 4.70 (dd, J=6.9, 4.1 Hz, 1 H), 4.56 - 4.66
(m, 1 H), 2.58 (s, 3 H), 1.34 (s, 6 H) ppm. 3C NMR (CDCls, 101 MHz): § = 163.7, 155.0,
132.0, 128.7, 128.4, 128.4, 117.9, 110.9, 73.8, 73.3, 73.2, 70.4, 54.8, 25.8, 25.5, 21.6 ppm.
HRMS (FAB): Calculated for C14H1sN303 ([M + H]") is 276.1348, found 276.1346. HLPC
analysis: Daicel Chiralpak 1B-3, hexane/i-PrOH = 93/7, flow rate = 1.0 mL/min, A = 254 nm,
retention time; tr(minor) = 19.3 min, tr(major) = 35.6 min.

3. Enantioselective nitroso Diels-Alder reaction with unsymmetrical dienes

2i—p.
R Cu(CH3CN),BF,4 (10 mol%) , gt
R2 N (S)-DTBM-Segphos (11 mol%) RZ%O
) + = \N > /
" | THF, -85 to ~40 °C TN
R3 overnight PG
2i-p 1c, pyM-NO  1j, pyD-NO 3, PG = pyM or pyD

General procedure 2:

Cu(CHsCN)4BF4 (3.1 mg, 0.010 mmol) and (S)-DTBM-Segphos (13.0 mg, 0.011 mmol) were
taken in an oven dried 16 x 150 mm test tube equipped with a magnetic stir bar and a rubber
septum. The test tube was evacuated and carefully purged with nitrogen. THF (1 mL) was
added to it and the mixture was stirred for 1 h. After that the catalyst solution was placed on a
—85 °C bath. Nitroso compound 1c,j (0.1 mmol) was then added and the wall of the test tube
was rinsed with THF (0.5 mL). The mixture was further stirred for 10 min before the diene 2i—
p (0.12 mmol) was added. Then the reaction mixture was warmed to —40 °C over ~2 h and
stirred at —40 °C overnight. It was then allowed to warm to 0 °C before directly loaded into a
column packed with silica gel and purified using EtOAc/n-hexane (1:1 to 3:1), Acetone/n-
hexane (1:4 to 1:3), or EtOAc/n-hexane/NEts (10:40/1 to 10:20:1) as eluent to afford the nitroso
Diels-Alder adducts 3.
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All the racemic samples were prepared by mixing the nitroso compounds 1c,j (0.1 mmol) with
the dienes 2i—p (0.12 mmol) in CH2Cl; at =20 to 0°C.

3ij: According to GP 2. 25.5 mg, 98%. [a]3° — 74.3 (c = 1.4 CHCl3, 0.4:99.6 e.r.).

'H NMR (CDCls, 400MHz): § = 7.09 - 7.13 (m, 1 H), 7.04 - 7.09 (m, 1 H), 5.93 - 6.07 (m, 1
H), 5.28 - 5.42 (m, 1 H), 4.70 — 4.72 (m, 1 H), 2.56 (s, 3 H), 2.00 - 2.30 (m, 4 H), 1.48 - 1.65
(m, 1 H), 1.13 - 1.42 (m, 5 H), 0.80 (t, J=7.3 Hz, 3 H) ppm. *C NMR (CDCls, 101 MHz): § =
165.0,153.9,146.8,128.1, 122.1, 116.9, 71.0, 55.9, 34.5, 28.8, 25.5, 22.3, 21.6, 20.8, 14.0 ppm.
HRMS (FAB): Calculated for C15sH22N30:1 ([M + H]") is 260.1763, found 260.1764. HLPC
analysis: Daicel Chiralpak 1B-3, hexane/i-PrOH = 95/5, flow rate = 1.0 mL/min, A = 254 nm,
retention time; tr(minor) = 18.1 min, tr(major) = 25.3 min.

3jj: According to GP 2. 29 mg, 99%. [a]Z® — 68.0 (c = 1.1 CHCls, 0.3:99.7 e.r.).

!H NMR (CDCl3, 400MHz): § = 7.01 - 7.30 (m, 8 H), 5.87 - 5.98 (m, 1 H), 5.30 - 5.43 (m, 1
H), 4.62 - 4.76 (m, 1 H), 3.35 - 3.49 (m, 2 H), 2.61 (s, 3 H), 2.07 - 2.28 (m, 2 H), 1.28 - 1.48
(m, 2 H) ppm. 3C NMR (CDCls, 101 MHz): § = 165.0, 154.2, 145.9, 137.7, 129.4, 128.5,
128.5, 128.1, 126.4, 123.4, 117.3, 71.2, 55.4, 41.6, 25.5, 21.6, 20.8 ppm. HRMS (FAB):
Calculated for C1gH20N301 ([M + H]") is 294.1606, found 294.1610. HLPC analysis: Daicel
Chiralpak IB-3, hexane/i-PrOH = 95/5, flow rate = 1.0 mL/min, A = 254 nm, retention time;
tr(minor) = 21.8 min, tr(major) = 28.7 min.

e,
N
Ph ju

N\/

3kc: According to GP 2. 26 mg, 89%. [«]3° +208.3 (¢ = 1.2, CHCls, 96.6:3.4 e.r.).

!H NMR (CDCl3, 400MHz): § = 7.66 - 7.74 (m, 2 H), 7.30 - 7.37 (m, 2 H), 7.23 - 7.30 (m, 1
H), 6.75 (dd, J=6.0, 2.3 Hz, 1 H), 6.39 (s, 1 H), 5.96 (g, J=2.6 Hz, 1 H), 5.05 - 5.08 (m, 1 H),
2.29 - 2.45 (m, 9 H), 1.60 - 1.75 (m, 1 H), 1.44 - 1.57 (m, 1 H) ppm. *C NMR (CDCls, 101
MHz): 6 = 167.4, 143.7, 136.1, 128.5, 128.1, 125.8, 123.7, 112.6, 71.1, 52.3, 24.4, 24.1, 21.6
ppm. HRMS (ESI): Calculated for C1sH19N3Nai1O1 ([M + Na]*) is 316.1420, found 316.1433.
HLPC analysis: Daicel Chiralpak AD-H, hexane/i-PrOH = 96/4, flow rate = 1.0 mL/min, A =
267 nm, retention time; tr(major) = 18.9 min, tr(minor) = 23.0 min.
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3kj: According to GP 2. 27.5 mg, 99%. [a]Z®> + 140.0 (c = 1.5 CHCl3, 0.1:99.9 e.r.).

'H NMR (CDCls, 400MHz): § = 7.51 - 7.70 (m, 2 H), 7.29 - 7.37 (m, 2 H), 7.20 - 7.28 (m, 1
H), 7.02 - 7.15 (m, 2 H), 6.67 (dd, J=6.2, 2.3 Hz, 1 H), 5.98 (q, J=2.7 Hz, 1 H), 4.91 — 4.93 (m,
1H), 252 (s, 3 H),2.27 - 2.47 (m, 2 H), 1.57 - 1.84 (m, 2 H), 1.42 - 1.57 (m, 1 H) ppm. 13C
NMR (CDCls, 101 MHz): & = 164.3, 154.0, 144.0, 135.9, 128.8, 128.3, 128.2, 125.8, 122.9,
116.5, 70.5, 54.5, 24.7, 21.5, 21.1 ppm. HRMS (FAB): Calculated for C17H1sN3O1 ([M + H]*)
is 280.1450, found 280.1458. HLPC analysis: Daicel Chiralpak IB-3, hexane/i-PrOH = 96/4,
flow rate = 1.0 mL/min, A = 254 nm, retention time; tr(minor) = 31.1 min, tr(major) = 43.5

min.
%EL °
N
TBSO .

NG

3lc: According to GP 2. 32 mg, 92%. [a]&® +30.0 (c = 1.0, CHCls, 1.9:98.1 e.r.).

IH NMR (CDCls, 400MHz): § = 6.43 (s, 1 H), 5.20 - 5.32 (m, 2 H), 4.96 — 4.99 (m, 1 H), 2.33
(s, 6 H),2.11-2.29 (m, 2 H), 1.71 - 1.83 (m, 1 H), 1.38 - 1.49 (m, 1 H), 0.85 (s, 10 H), 0.09 (s,
3 H), -0.11 (s, 3 H) ppm. 3C NMR (CDCls, 101 MHz): & = 167.4, 154.6, 112.5, 102.0, 72.8,
56.3, 25.9, 25.6, 25.6, 24.2, 21.6, 18.0, -4.3, -5.3 ppm. HRMS (ESI): Calculated for
C18H29N3Na10,Si1 ([M + Na]™) is 370.1921, found 370.1936. HLPC analysis: Daicel Chiralpak
AD-H, hexane/i-PrOH = 96/4, flow rate = 1.0 mL/min, A = 267 nm, retention time; tr(Minor)
= 7.0 min, tr(major) = 7.7 min.

3lj: According to GP 2. 30 mg, 90%. [a]3® — 22.2 (¢ = 0.9 CHCls, 99.9:0.1 e.r.).

IH NMR (CDCls, 400MHz): 8 = 7.12 (s, 2 H), 5.27 (q, J=2.8 Hz, 1 H), 5.17 (dd, J=6.6, 2.7 Hz,
1 H),4.77 - 4.88 (m, 1 H), 2.57 (s, 3 H), 2.08 - 2.29 (m, 2 H), 1.65 - 1.85 (m, 2 H), 1.38 - 1.48
(M, 2H), 1.24 - 1.34 (m, 2 H), 0.81 (s, 9 H), 0.02 (s, 3 H), -0.15 (s, 3 H) ppm. 3C NMR (CDCls,
101 MHz): 6 = 165.0, 154.7, 154.0, 127.9, 116.6, 100.9, 72.4, 58.3, 26.3, 25.6, 21.5, 20.8, 18.1,
-4.5, -5.2 ppm. HRMS (FAB): Calculated for C17H2gN302Si1 ([M + H]*) is 334.1951, found
334.1945. HLPC analysis: Daicel Chiralpak 1A-3, hexane/i-PrOH = 97/3, flow rate = 1.0
mL/min, A = 254 nm, retention time; tr(mMajor) = 12.5 min, tr(minor) = 15.9 min.
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3mc: According to GP 2. 30 mg, 83%. 97.8:2.2 e.r.

'H NMR (CDCls, 400MHz): 8 =6.39 (s, 1 H), 5.28 —5.29 (m, 1 H), 4.98 — 5.01 (m, 1 H), 4.89
(dd, J=6.9, 2.5 Hz, 1 H), 2.33 (s, 6 H), 2.00 - 2.11 (m, 1 H), 1.88 - 1.98 (m, 1 H), 1.76 - 1.88
(m, 1 H), 1.67 - 1.76 (m, 1 H), 1.55 - 1.65 (m, 1 H), 1.41 — 1.52 (m, 1 H), 0.88 (s, 9 H), 0.11
(s, 3 H), -0.02 (s, 3 H) ppm. *C NMR (CDCl3, 101 MHz): § = 167.4, 164.7, 153.6, 111.8, 97.9,
74.9, 60.7, 32.4, 26.5, 25.6, 24.3, 18.9, 18.0, -4.5, -4.9 ppm. HRMS (ESI): Calculated for
C19H31N3Na10,Sis ([M + Na]™) is 384.2078, found 374.2083. HLPC analysis: Daicel Chiralpak
AD-H, hexane/i-PrOH = 90/10, flow rate = 1.0 mL/min, A = 254 nm, retention time; tr(Major)
= 20.6 min, tr(minor) = 21.9 min.

3mj: According to GP 2. 32 mg, 92%. [«]3° + 57.1 (c = 1.4 CHCls3, 99.9:0.1 e.r.).

'H NMR (CDCls, 400MHz): § = 7.18 (d, J=8.9 Hz, 1 H), 7.12 (d, J=9.2 Hz, 1 H), 5.35 (dd,
J=7.3,2.1 Hz, 1 H), 4.86 - 4.93 (m, 1 H), 4.80 (dd, J=7.1, 2.5 Hz, 1 H), 2.56 (s, 3 H), 2.06 -
2.22(m,1H),1.82-1.95(m,2H),1.68-1.78(m,1H),157-167(m,1H), 1.41-1.55(m,
1 H), 0.83 (s, 9 H), 0.03 (s, 3 H), -0.08 (s, 3 H) ppm. $3C NMR (CDCls, 101 MHz): § = 164.1,
154.1, 153.4, 128.1, 116.1, 96.5, 74.9, 62.6, 33.2, 26.0, 25.6, 21.5, 18.8, 18.1, -4.5, -4.9 ppm.
HRMS (FAB): Calculated for C1gH30N302Si1 ([M + H]") is 348.2107, found 248.2103. HLPC
analysis: Daicel Chiralpak AD-H, hexane/i-PrOH = 99/1, flow rate = 1.0 mL/min, A =267 nm,
retention time; tr(major) = 15.2 min, tr(minor) = 21.9 min.

/ELMG
7 O
N

3nj: According to GP 2. 31 mg, 89%. [«]3® + 30.0 (c = 1.0 CHCls, 99.8:0.2 e.r.).

'H NMR (CDCls, 400MHz): § = 7.07 - 7.14 (m, 2 H), 5.29 (s, 1 H), 5.24 (q, J=3.1 Hz, 1 H),
4.94 (d, J=2.5 Hz, 1 H), 2.57 (s, 3 H), 2.20 - 2.32 (m, 1 H), 1.99 — 1.92 (m, 1 H), 1.74 - 1.85
(m, 2 H),1.48-1.52 (m, 3H), 0.81 (s, 9 H), 0.02 (s, 3 H), -0.16 (s, 3 H) ppm. 1*C NMR (CDCls,
101 MHz): 6 =165.1, 154.7, 153.9, 127.9, 116.6, 105.0, 78.0, 58.4, 32.7, 25.6, 23.7, 22.0, 21.5,
18.1, -4.4, -5.1 ppm. HRMS (FAB): Calculated for C1sH30N302Si: ([M + H]") is 348.2107,
found 248.2103. HLPC analysis: Daicel Chiralpak 1A-3, hexane/i-PrOH = 99/1, flow rate = 1.0
mL/min, A = 254 nm, retention time; tr(mMajor) = 9.3 min, tr(minor) = 12.6 min.
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30j: According to GP 2. 31 mg, 89%. [«a]3° — 55.0 (¢ = 1.2 CHCls, 98.5:1.5 e.r.).
'H NMR (CDCls, 400MHz): § = 7.02 - 7.17 (m, 2 H), 5.22 (t, J=3.0 Hz, 1 H), 4.63 (dd, J=3.7,
1.4 Hz, 1 H), 2.57 (s, 3H), 2.14 - 2.28 (m, 1 H), 2.00 - 2.14 (m, 1 H), 1.60 - 1.74 (m, 4 H), 1.44
-1.52 (m, 1 H), 0.89 (s, 9 H), 0.14 (s, 3 H), 0.05 (s, 3 H) ppm. *C NMR (CDCls, 101 MHz):
d=164.3,153.9, 147.3, 128.2, 116.4, 113.3, 57.6, 25.7, 25.3, 21.6, 21.6, 18.3, 12.1, -4.0, -4.2
ppm. HRMS (FAB): Calculated for C18H30N302Si1 ([M + H]") is 348.2107, found 248.2103.
HLPC analysis: Daicel Chiralpak AD-H, hexane/i-PrOH = 99/1, flow rate = 1.0 mL/min, A =
267 nm, retention time; tr(major) = 14.6 min, tr(minor) = 30.7 min.

/COzMe

N

N
)=N
)
Mixture of product (>10:1 ratio).
3pc: According to GP 2. 23 mg, 83%. [a]3* —53.3 (¢ = 1.1 CHCls, 99.4:0.6 e.r.).
IH NMR (CD3CN,400MHz): § = 6.57 - 6.71 (m, 2 H), 6.46 - 6.56 (m, 1 H), 6.05 - 6.19 (m, 1
H), 5.52 (br. s., 1 H), 3.62 - 3.88 (m, 4 H), 3.16 - 3.32 (m, 1 H), 2.30 (s, 6 H) ppm. 13C NMR
(CDsCN, 101 MHz): 6 = 168.8, 166.2, 131.6, 131.4, 131.0, 114.5, 77.3, 76.8, 53.3, 52.4, 45.5,
24.1 ppm. HRMS (ESI): Calculated for Ci3H1eN4sNaiO2 ([M + Na]*) is 299.1115, found
299.1122. HLPC analysis: Daicel Chiralpak AD-H, hexane/i-PrOH = 90/10, flow rate = 1.0
mL/min, A = 254 nm, retention time; tr(mMajor) = 35.6 min, tr(minor) = 40.6 min.

CO,Me

N

ALN,O

\N\
N

Mixture of product (2:1 ratio).

3pj: According to GP 2.12 mg, 46%. [a]3° — 83.5 (c = 0.8 CHCl3, 97.8:2.2 e.r.).

IH NMR (CDCls, 400MHz): & = 7.15 - 7.22 (m, 1 H), 7.04 - 7.14 (m, 1 H), 6.44 - 6.64 (m, 2
H), 6.03 - 6.28 (m, 1 H), 5.61 - 5.79 (m, 1 H), 3.98 — 3.94 (m, 1 H), 3.72 - 3.83 (m, 3 H), 3.23
-3.39 (m, 1 H), 2.60 (s, 3 H) ppm. 3C NMR (CDCl3, 101 MHz): & = d = 163.3, 155.3, 130.6,
130.3, 129.8, 128.6, 117.7, 76.0, 75.5, 53.0, 51.9, 51.8, 44.4, 21.6 ppm. HRMS (FAB):
Calculated for C12H15N4O3 ([M + H]") is 263.1144, found 263.1134. HLPC analysis: Daicel
Chiralpak AD-H, hexane/i-PrOH = 90/10, flow rate = 1.0 mL/min, A = 260 nm, retention time;
tr(major) = 39.2 min, tr(minor) = 45.4 min.

S12



4. Enantioselective nitroso Diels-Alder reaction with racemic 2,6-
disubstituted 1,3-cyclohexadienes 2g-u.

o CU(CHCN),BF, (10 mols) 1y,
Q N_ N (S)-DTBM-Segphos (11 mol%) -“~0

. N - AN

B3O = | THF, -850 40°C  1ps0 N

X overnight pyD
rac-2q-u (2.3 eq) 1j, pyD-NO 3

General procedure 3:

Cu(CHsCN)4BF4 (3.1 mg, 0.010 mmol) and (S)-DTBM-Segphos (13.0 mg, 0.011 mmol) were
taken in an oven dried 16 x 150 mm test tube equipped with a magnetic stir bar and a rubber
septum. The test tube was evacuated and carefully purged with nitrogen. THF (1 mL) was
added to it and the mixture was stirred for 1 h. After that the catalyst solution was placed on a
—85 °C bath. The nitroso compound 1j (12.3 mg, 0.1 mmol) was then added and the wall of the
test tube was rinsed with THF (0.5 mL). The mixture was further stirred for 10 min before the
diene 2g—u (0.23 mmol) was added. Then the reaction mixture was warmed to —40 °C over ~2
h and stirred at —40 °C overnight. It was then allowed to warm to 0 °C before directly loaded
into a column packed with silica gel and purified using EtOAc/n-hexane/NEts (10:50/1 to
10:25:1) as eluent to afford the nitroso Diels-Alder adducts 3.

All the racemic samples were prepared by mixing the nitroso compound 1j (0.1 mmol) with
the diene 2g—u (0.12 mmol) in CH.CI; at —20 to 0°C.

TBSO

3qj: According to GP 3. 40 mg, 98%. [a]3° + 31.0 (c = 2.0 CHCls, 99.6:0.4 e.r.).

IH NMR (CDCls, 400MHz): § = 7.25 - 7.33 (m, 4 H), 7.11 - 7.24 (m, 3 H), 5.33 (t, J=2.7 Hz,
1 H), 5.25 (dd, J=6.6, 2.7 Hz, 1 H), 4.91 - 5.00 (m, 1 H), 3.66 —3.70 (m, 1 H), 2.65—3.72 (m,
1 H), 2.58 (s, 3 H), 1.66 — 1.71 (m, 1 H), 0.69 (s, 9 H), -0.07 (s, 3 H), -0.21 (s, 3 H) ppm. 13C
NMR (CDCls, 101 MHz): 6 =d =164.8, 154.3, 153.1, 142.7,128.5, 128.0, 128.0, 127.9, 126.8,
116.8, 100.4, 72.2, 63.7, 38.2, 35.3, 25.3, 21.5, 17.9, -4.8, -5.3 ppm. HRMS (ESI): Calculated
for C23H32N302Si1 ([M + H]") is 410.2258, found 410.2254. HLPC analysis: Daicel Chiralpak
AD-H, hexane/i-PrOH = 99/1, flow rate = 1.0 mL/min, A = 260 nm, retention time; tr(mMajor)
= 24.7 min, tr(minor) = 28.7 min.
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3rj: According to GP 3. 42 mg, 93%. [a]%® + 22.2 (c = 1.8 CHCl3, 99.7:0.3 e.r.).

'H NMR (CDCls, 400MHz): § = 7.11 - 7.18 (m, 2 H), 6.69 - 6.78 (m, 3 H), 5.85 - 5.94 (m, 2
H), 5.20 - 5.27 (m, 2 H), 4.89 - 4.96 (m, 1 H), 3.56 — 3.70 (m, 1 H), 2.61 — 2.68 (m, 1 H), 2.57
(s,3H),1.56—1.60 (m, 1 H), 0.71 (s, 9 H), -0.05 (s, 3 H), -0.19 (s, 3 H) ppm. 1*C NMR (CDCls,
101 MHz): 6 = 164.8, 154.2, 153.1, 147.8, 146.3, 136.8, 127.9, 121.2, 116.8, 108.3, 108.2,
108.1,101.0, 100.3, 72.1, 63.8, 38.0, 35.7, 25.6, 25.3, 21.5, 17.9, -4.9, -5.3 ppm. HRMS (FAB):
Calculated for C24H32N304Si1 ([M + H]") is 454.2162, found 454.2169. HLPC analysis: Daicel
Chiralpak AD-H, hexane/i-PrOH = 99/1, flow rate = 1.0 mL/min, A = 260 nm, retention time;
tr(major) = 59.2 min, tr(minor) = 67.4 min.

F

J\H
7. O

TBSO

a

3sj: According to GP 3. 39 mg, 91%. [a]3° + 11.1 (c = 1.8 CHCl3, 99.3:0.7 e.r.).

'H NMR (CDCls, 400MHz): § = 7.20 - 7.26 (m, 2 H), 7.16 (d, J=1.4 Hz, 2 H), 6.92 - 7.01 (m,
2 H), 5.22 -5.31 (m, 2 H), 4.93 —4.95 (m, 1 H), 3.61 - 3.70 (m, 1 H), 2.64 — 2.70 (m, 1 H),
2.58 (s, 3 H), 1.60 — 1.74 (m, 1 H), 0.69 (s, 9 H), -0.07 (s, 3 H), -0.21 (s, 3 H) ppm. 1*C NMR
(CDCls, 101 MHz): 6 = 164.7, 163.1, 160.6, 154.3, 153.0, 138.5, 138.4, 129.5, 129.4, 127.9,
116.8, 115.3, 115.1, 100.5, 72.1, 63.6, 37.5, 35.4, 25.3, 21.5, 17.8, -4.8, -5.3 ppm. °F NMR
(CDCls, 376 MHz): 6 = —=116.51 ppm. HRMS (ESI): Calculated for C23H31F1N302Si1 ([M +
H]") is 428.2164, found 428.2168. HLPC analysis: Daicel Chiralpak AD-H, hexane/i-PrOH =
99/1, flow rate = 1.0 mL/min, A = 260 nm, retention time; tr(major) = 27.2 min, tr(minor) =
31.8 min.

T\ 44
0 “~0
/ ’
TBSO N
\N\
\ N

3tj: According to GP 3. 37 mg, 93%. [a]%® — 17.5 (c = 0.8 CHCl3, 99.5:0.5 e.r.).

H NMR (CDCl3, 400MHz): § = 7.31 (d, J=1.1 Hz, 1 H), 7.15 (s, 2 H), 6.27 (dd, J=3.2, 2.1 Hz,
1 H), 6.04 -6.11 (m, 1 H), 5.51 (t, J=2.9 Hz, 1 H), 5.15 (dd, J=6.8, 2.6 Hz, 1 H), 4.89 — 4.91
(m, 1 H), 3.69 - 3.77 (m, 1 H), 2.56 - 2.63 (m, 4 H), 1.64 — 1.68 (m, 1 H), 0.73 (s, 9 H), -0.09
(s, 3 H), -0.18 (s, 3 H) ppm. 3C NMR (CDCls, 101 MHz): & = 164.7, 155.9, 154.3, 153.0,
141.6,127.9, 116.8, 110.2, 105.5, 100.1, 71.9, 61.5, 32.7, 32.3, 25.4, 21.5, 17.9, -4.9, -5.2 ppm.
HRMS (FAB): Calculated for C21H30N303Si1 ([M + H]") is 400.2056, found 400.2042. HLPC
analysis: Daicel Chiralpak AD-H, hexane/i-PrOH = 99/1, flow rate = 1.0 mL/min, A =260 nm,
retention time; tr(major) = 27.7 min, tr(minor) = 32.1 min.
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Mixture of products (4:1 ratio).

3uj: According to GP 3. 24 mg, 69%. [a]%® — 36.4 (c = 1.1 CHCl3, 99.9:0.1 e.r.).

'H NMR (CDCls, 400MHz): § = 7.12 (s, 2 H), 5.04 - 5.13 (m, 2 H), 4.73 - 4.80 (m, 1 H), 2.57
(s, 3H), 2.40-2.50 (m, 1 H), 2.31 - 2.40 (m, 1 H), 1.00 (d, J=7.1 Hz, 3 H), 0.90 - 0.97 (m, 1
H), 0.80 (s, 9 H), 0.01 (s, 3 H), -0.15 (s, 3 H) ppm. **C NMR (CDCls, 101 MHz): § = 164.9,
154.0, 153.4, 127.9, 116.6, 99.5, 72.1, 63.8, 35.2, 27.1, 25.5, 25.5, 21.5, 20.5, 18.0, -4.6, -5.2
ppm. HRMS (FAB): Calculated for C1sH30N302Si1 ([M + H]") is 348.2107, found 248.2107.
HLPC analysis: Daicel Chiralpak AD-H, hexane/i-PrOH = 99/1, flow rate = 1.0 mL/min, A =
260 nm, retention time; tr(major) = 12.6 min, tr(minor) = 14.9 min

S15



5. Kinetic resolution of racemic diene 2r via enantioselective NDA reaction.

O

o)
0o 4H
TBSO ] O 3rj, 46%, 99% ee

rac-2r (1.0 eq) O Cu(CH3CN),BF4 (10 mol%)

(S)-DTBM-Segphos (11 mol%) TBSO byD 0—
o * o o)
4N THF, -85 to 40 °C pYDNO
~ N overnight H
! TBSO “CHCl, o[
X -20°C N
1j, pyD-NO (0.5 eq) Jo pyD OTBS
(S)-2r,47% O ent-3rj, 90%, 85% ee

Cu(CHsCN)4BF4 (3.1 mg, 0.010 mmol) and (S)-DTBM-Segphos (13.0 mg, 0.011 mmol) were
taken in an oven dried 16 x 150 mm test tube equipped with a magnetic stir bar and a rubber
septum. The test tube was evacuated and carefully purged with nitrogen. THF (1 mL) was
added to it and the mixture was stirred for 1 h. After that the catalyst solution was placed on a
—85 °C bath. Nitroso compound 1j (12.3 mg, 0.1 mmol) was then added and the wall of the test
tube was rinsed with THF (0.5 mL). The mixture was further stirred for 10 min before the diene
2r (0.20 mmol) was added. Then the reaction mixture was warmed to —40 °C over ~2 h and
stirred at —40 °C overnight. It was then allowed to warm to 0 °C before directly loaded into a
column packed with silica gel and purified using EtOAc/n-hexane/NEtz (10:40/1 to 10:20:1)
as eluent to afford the nitroso Diels-Alder adduct 3rj (41.7 mg, 46% yield, 99% ee) and the
yield of the unreacted diene (S)-2r was 32 mg (47%).

To a CH2Cl; solution (2 mL) of the diene (S)-2r (32 mg, 0.094 mmol) at —20 °C, the nitroso
compound 1j (12.3 mg, 0.1 mmol) was added and the mixture was stirred at that temperature
for 16 h before purified by column chromatography using EtOAc/n-hexane/NEts (10:40/1 to
10:20:1) to yield ent-3rj (38.4 mg, 90% yield, 85% ee).

Calculation of the selectivity factor (s):

ees ees = ee of the recovered substrate

conversion ¢ = “eesteep =0.4619 eep = ee of the product

;eli"tizi;y_ In[(1-c)(1-ces)]  In[(1-0.462)(1-0.85)]  1n0.0807  -2.517
O T M [(-o)(1tees)]  In[(1-0.462)(110.85)]  In0.9953  -0.0047

=534
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6. Enantioselective NDA reaction of rac-2v,w.

CI<
O e}
<o O Cu(CH3CN),BF, (10 mol%)

rac-2v,w (2.3 eq) (S)-DTBM-Segphos (11 mol%)

R

+ THF, -85 to —40 °C
It overnight
N_ _N.
2N
- 3vj, R = OMe, 92%, 99% ee
, 3wj, R = H, 96%, 98% ee
1j, pyD-NO

General procedure 4:

Cu(CHsCN)4BF4 (3.1 mg, 0.010 mmol) and (S)-DTBM-Segphos (13.0 mg, 0.011 mmol) were
taken in an oven dried 16 x 150 mm test tube equipped with a magnetic stir bar and a rubber
septum. The test tube was evacuated and carefully purged with nitrogen. THF (1 mL) was
added to it and the mixture was stirred for 1 h. After that the catalyst solution was placed on a
—85 °C bath. The nitroso compound 1j (12.3 mg, 0.1 mmol) was then added and the wall of the
test tube was rinsed with THF (0.5 mL). The mixture was further stirred for 10 min before the
dienes 2v,w (0.23 mmol) was added. Then the reaction mixture was warmed to —40 °C over ~2
h and stirred at —40 °C overnight. It was then allowed to warm to —20 °C before directly loaded
into a column packed with silica gel and purified using EtOAc/n-hexane/NEts (10:40/1 to
10:20:1) as eluent to afford the nitroso Diels-Alder adducts 3.

All the racemic samples were prepared by mixing the nitroso compounds 1j (0.1 mmol) with
the dienes 2v,w (0.12 mmol) in CH2Cl, at —20 to 0°C.

AFOHH
OJ\

20

N
C =N
(@] \ /N

OMe

3vj: According to GP 4. 39 mg, 92%. [«]3° + 195.0 (c = 1.0 CHCls, 0.6:99.4 e.r.).

!H NMR (CDCls, 400MHz): 8 = 7.10 - 7.17 (m, 2 H), 6.91 (d, J=1.4 Hz, 1 H), 6.67 (d, J=1.4
Hz, 1 H), 6.36 (dd, J=6.2, 2.1 Hz, 1 H), 6.16 (dd, J=4.4, 2.5 Hz, 1 H), 5.92 (dd, J=7.1, 1.4 Hz,
2 H), 5.03 (dd, J=6.2, 4.4 Hz, 1 H), 4.85 (dd, J=7.1, 4.4 Hz, 1 H), 4.57 - 4.76 (m, 1 H), 3.94 (s,
3 H), 2.55 (s, 3 H), 1.34 (s, 3 H), 1.27 (s, 3 H) ppm. **C NMR (CDCls, 101 MHz): & = 163.5,
154.9, 149.1, 143.8, 142.6, 135.7, 132.1, 128.4, 119.5, 116.9, 111.1, 106.0, 101.7, 99.9, 73.6,
73.5, 70.7, 58.3, 56.6, 26.0, 25.5, 21.6 ppm. HRMS (FAB): Calculated for C22H24N30¢ ([M +
H]") is 426.1659, found 426.1667. HLPC analysis: Daicel Chiralpak AD-H, hexane/i-PrOH =
80/20, flow rate = 1.0 mL/min, A = 260 nm, retention time; tr(minor) = 13.5 min, tr(major) =
22.6 min.
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3wj: According to GP 4. 38 mg, 96%. [«]3° + 170.59 (c = 1.7 CHCls, 1.2:98.8 e.r.).

'H NMR (CDCls, 400MHz): § = 7.06 - 7.19 (m, 3 H), 7.00 (d, J=1.8 Hz, 1 H), 6.77 (d, J=8.0
Hz, 1 H), 6.37 (dd, J=6.1, 2.2 Hz, 1 H), 6.18 (dd, J=4.4, 2.5 Hz, 1 H), 5.91 (dd, J=6.1, 1.5 Hz,
2 H), 5.02 (dd, J=6.2, 4.4 Hz, 1 H), 4.84 (dd, J=6.9, 4.4 Hz, 1 H), 4.68 (dd, J=6.9, 3.9 Hz, 1
H), 2.54 (s, 3 H), 1.34 (s, 3 H), 1.24 (s, 3 H) ppm. *C NMR (CDCls, 101 MHz): § = 163.3,
154.7,148.1, 148.1, 142.4, 131.4, 128.4, 120.2, 118.8, 117.0, 111.1, 108.6, 106.0, 101.2, 73.6,
70.7, 57.8, 26.0, 25.5, 21.5 ppm. HRMS (ESI): Calculated for C21H22N30s5 ([M + H]") is
396.1554, found 396.1547. HLPC analysis: Daicel Chiralpak AD-H, hexane/i-PrOH = 80/20,
flow rate = 1.0 mL/min, A = 254 nm, retention time; tr(minor) = 18.4 min, tr(major) = 34.7
min.

7. Synthesis of benzyl ((1S,4R)-4-((tert-butyldiphenylsilyl)oxy)cyclohex-2-en-1-
yl)carbamate 4a.

Mo(CO)q OH TBDPS-CI orgpps  LHMDS OTBDPS
NaBH,4 B imidazole B Cbz-ClI B
770 CHyCN-H;0 @ DMF, rt. @ THF
N% 65°C, 12 h . 20h . ~78°Ctorr.t.
N z —_— z —_— i
% N N
N N 90% | NS osn | e 83% S Mobz
— _N _N | N
4 9
3ac, 97% ee
MeOTf

CH,CI,, 0°C, 24 h
then NaOH, MeOH
50°C, 5h

86%

OTBDPS

Mo(CO)s (177 mg, 0.67 mmol) followed by NaBH4 (30 mg, 0.79 mmol) were added to a
solution (CH3CN-H20, 9:1, 10 mL) of 3ac (145 mg, 0.67 mmol) and the mixture was heated
to 65 °C and stirred at that temperature for 12 h. It was then evaporated and the crude residue
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was purified by column chromatography using acetone/n-hexane (1:1) as eluent to obtain
(1R,45)-4-((4,6-dimethylpyrimidin-2-yl)amino)cyclohex-2-en-1-ol (133 mg, 90%).
[a]3° —55.0 (¢ = 1.6 CHCl3).
'H NMR (CDCls, 400MHz): § = 6.28 (s, 1 H), 5.85 - 5.97 (m, 1 H), 5.74 - 5.85 (m, 1 H), 5.15
(d, J=8.5 Hz, 1 H), 4.52 — 456 (m, 1 H), 4.10 - 4.25 (m, 1 H), 3.22 (br. s., 1 H), 2.25 (s, 6 H),
1.66 - 1.96 (m, 4 H) ppm. *C NMR (CDCls, 101 MHz): § = 167.6, 161.6, 132.3, 131.7, 131.7,
109.9, 64.7, 46.1, 29.3, 25.4, 24.0 ppm. HRMS (ESI): Calculated for C12H37N3Na1O1 ([M +
Na]") is 242.1264, found 242.1260.

OTBDPS

N f%lH
Y
_N

Imidazole (125 mg, 1.82 mmol) and TBDPS-CI (204 uL, 217 mg, 0.788 mmol) were added to
a solution (DMF, 2 mL) of (1R,4S)-4-((4,6-dimethylpyrimidin-2-yl)amino)cyclohex-2-en-1-ol
(133 mg, 0.61 mmol) and the mixture was allowed to stir at room temperature for 20 h.
Saturated NaHCO3 (5 mL) was then added and the mixture was extracted in EtOAc. Combined
organic layer was washed with water, dried over Na>SOa, evaporated and then purified by
column chromatography using EtOAc/n-hexane (3/1) as eluent to yield N-((1S,4R)-4-((tert-
butyldiphenylsilyl)oxy)cyclohex-2-en-1-yl)-4,6-dimethylpyrimidin-2-amine (273 mg, 98%).
[a]3° —5.88 (¢ = 1.7, CHCI3). *H NMR (CDCls, 400MHz): 8 = 7.62 - 7.76 (m, 4 H), 7.33 - 7.52
(m, 6 H), 6.30 (s, 1 H), 5.72 (s, 2 H), 5.06 (d, J=8.7 Hz, 1 H), 4.43 - 4.60 (m, 1 H), 4.12 - 4.27
(m, 1 H), 2.27 (s, 6 H), 1.62 - 1.90 (m, 4 H), 1.08 (s, 9 H) ppm. *C NMR (CDCls, 101 MHz):
5 =167.6,161.8, 136.0, 135.9, 134.5, 133.1, 130.3, 129.7, 127.7, 109.8, 66.6, 45.8, 29.3, 27.1,
25.8, 24.1, 19.3 ppm. HRMS (FAB): Calculated for C2sH3sN301Si1 ([M + H]) is 458.2628,
found 458.2626.
OTBDPS

\EN;(N\Cbz
_N
9

To asolution (THF, 6 mL) of N-((1S,4R)-4-((tert-butyldiphenylsilyl)oxy)cyclohex-2-en-1-yl)-
4,6-dimethylpyrimidin-2-amine (273 mg, 0.596 mmol) at —78 °C, LiIHMDS (0.89 mL, 1 M in
THF) was added dropwise and the mixture was allowed to stir at =78 °C for 10 min. Then Cbz-
Cl (0.17 mL, 203 mg, 1.19 mmol) was added and the mixture was allowed to warm to room
temperature. The reaction was quenched with saturated NaHCO3 solution (5 mL), extracted in
CH:Cly, dried over Na>SO4, and purified by column chromatography using EtOAc/n-hexane
(3/1) as eluent to yield 9 (293 mg, 83%).

[a]Z® +8.57 (¢ = 2.7, CHCI3). 'H NMR (CDCls, 400MHz): 8 =7.80 - 8.07 (m, 4 H), 7.53 - 7.78
(m, 12 H), 6.10 (dd, J=10.2, 2.4 Hz, 1 H), 5.85 — 5.89 (m, 1 H), 5.41 - 5.62 (m, 2 H), 5.13 -
5.33 (m, 1 H), 4.39 (d, J=3.4 Hz, 1 H), 2.82 (5, 6 H), 2.61 - 2.76 (m, 1 H), 2.11 - 2.29 (m, 2 H),
1.80 - 1.94 (m, 1 H), 1.33 (s, 9 H) ppm. *C NMR (CDCls, 101 MHz): § = 168.4, 159.0, 155.0,
136.7,135.9, 135.9, 134.6, 134.4, 131.0, 130.7, 129.7, 129.6, 128.4, 127.8, 127.7, 127 .6, 118.3,
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77.5,77.2, 76.8, 67.4, 64.5, 54.8, 30.3, 27.0, 24.0, 23.4, 19.3 ppm. HRMS (FABY): Calculated
for CasHaaN3sOsSiz ([M + H]*) is 592.2995, found 592.2988.
(:)TBDPS

o

HN
Cbz

MeOTf (13.1 mL, 19.7 mg, 0.12 mmol) was added to a solution (CH2Cl,, 2 mL) of 9 (59.2 mg,
0.10 mmol) at 0 °C and the reaction mixture was stirred at that temperature for 20 h. Then the
solvent was evaporated and added MeOH (1 mL) and NaOH (0.8 mL, 2 M solution in water)
and the mixture was then heated to 50 °C and stirred at that temperature for 5 h. Then MeOH
was evaporated and the organics were extracted in CH2Cly, dried over Na>SO4, concentrated,
and purified by column chromatography using EtOAc/n-hexane (4/1) as eluent to yield 4a (42
mg, 86%).

[a]Z® =5.0 (c = 2.0, CHCI3). *H NMR (CDCls, 400MHz): 8 = 7.62 - 7.74 (m, 4 H), 7.29 - 7.49
(m, 11 H), 5.72 (d, J=9.8 Hz, 1 H), 5.60 (dd, J=10.1, 2.7 Hz, 1 H), 5.03 - 5.20 (m, 2 H), 4.78
(d, J=8.5Hz, 1 H), 4.17 (br.s., 1 H), 4.04 - 4.14 (m, 1 H), 1.62 - 1.84 (m, 4 H), 1.07 (s, 9 H)
ppm. *C NMR (CDCls, 101 MHz): § = 155.8, 136.7, 136.0, 135.9, 134.3, 134.3, 133.9, 129.8,
129.2,128.7,128.3,127.7,77.5,77.2,76.8, 66.8, 66.4, 46.2, 29.0, 27.1, 26.1, 19.3 ppm. HRMS
(ESI): Calculated for C3oH3sN103Sis ([M + H]") is 486.2464, found 486.2479.

8. Formal synthesis tetraacetylated conduramine A-1 (5).
)(o Mo(CO)g TBS-CI oTBS
0 NaBH, imidazole
7o CH5CN-H,0 @: >< DMF, rt. @: N
N 65°C, 12h 20 h

le

Y 98% N 96% N NS
N= l I LiIHMDS
CICO,Me
3hj, >99% ee THF
—-78100°C
76%
I(CH,)30Tf, CH,Cl, ot

0 °C, 12 h, then

then NaOH, MeOH

OAc AcCl, Nal NaBH,4, MeOH, 0°C 1 h @: ><
©:0Ac MeCN, 60 °C @: >< then CH3CN, 50 °C, 4 h

OAc -N
ﬁHAC 50 OC, 8 h N| N COzMe
cone 67% Z
5 10
No _NH
N N
| P

Mo(CO)s (116 mg, 0.44 mmol) followed by NaBH4 (17 mg, 0.45 mmol) were added to a
solution (CH3CN-H20, 9:1, 6 mL) of 3hj (110 mg, 0.4 mmol) and the mixture was heated to
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65 °C and stirred at that temperature for 12 h. Then the mixture was evaporated and the crude
residue was purified by column chromatography using acetone/n-hexane (1:1) as eluent to
obtain (3aR,4S,7R,7aS)-2,2-dimethyl-7-((6-methylpyridazin-3-yl)amino)-3a,4,7,7a-
tetrahydrobenzo[d][1,3]dioxol-4-0l (109 mg, 98%).

'H NMR (CDCls, 400MHz): 6 = 7.08 (d, J=8.9 Hz, 1 H), 6.73 (d, J=8.7 Hz, 1 H), 5.95 - 6.09
(m, 1 H), 5.83-5.86 (m, 1 H), 5.69 (br. s., 1 H), 4.21 - 4.42 (m, 4 H), 2.51 (s, 3 H), 1.46 (s, 3
H), 1.35 (s, 3 H) ppm. *C NMR (CDCls, 101 MHz): § = 157.5, 151.6, 131.3, 129.3, 128.9,
114.8,109.2, 79.5, 68.8, 52.5, 27.3, 25.0, 21.3 ppm. HRMS (FAB): Calculated for C1aH20N303
(IM + H]") is 278.1505, found 278.1499.

OTBS

P

. (@)
N,N\ NH

oI

Imidazole (41 mg, 0.60 mmol) and TBS-CI (38 mg, 0.25 mmol) were added to a solution (DMF,
1 mL) of (3aR,4S,7R,7aS)-2,2-dimethyl-7-((6-methylpyridazin-3-yl)amino)-3a,4,7,7a-
tetrahydrobenzo [d][1,3]dioxol-4-ol (55 mg, 0.20 mmol) and the mixture was allowed to stir at
room temperature for 20 h. Saturated NaHCOs (2 mL) was then added and the mixture was
extracted in EtOAc. Combined organic layer was washed with water, dried over Na>SOa,
evaporated and then purified by column chromatography using EtOAc/n-hexane (3/1) as eluent
to yield N-((3aS,4R,7S,7aS)-7-((tert-butyldimethylsilyl)oxy)-2,2-dimethyl-3a,4,7,7a-
tetrahydrobenzo[d][1,3]dioxol-4-yl)-6-methylpyridazin-3-amine (75 mg, 96%).

[a]3* —17.65 (c = 1.7, CHClI3). *H NMR (CDCls, 400MHz): & = 7.00 (d, J=9.2 Hz, 1 H), 6.58
(d, J=9.2 Hz, 1 H), 5.87 - 6.02 (m, 2 H), 5.09 (d, J=8.5 Hz, 1 H), 4.56 - 4.69 (m, 1 H), 4.35 (dd,
J=6.8, 4.5 Hz, 1 H), 4.17 - 4.29 (m, 2 H), 2.50 (s, 3 H), 1.40 (s, 3 H), 1.30 (s, 3 H), 0.92 (s, 10
H), 0.07 - 0.18 (m, 6 H) ppm. *C NMR (CDCls, 101 MHz): § = 157.1, 151.7, 132.5, 130.5,
128.3,114.8, 108.7, 79.5, 69.1, 50.1, 26.9, 26.0, 24.7, 21.5, 18.2, -4.6, -4.6 ppm. m/z = HRMS
(ESI): Calculated for C20H32N303Si1 ([M + H]*) is 392.2369, found 392.2363.

OTBS

P
. O
_N_ _N_
NI X CO,Me
=

10

LiHMDS (0.24 mL, 1 M in THF) was added dropwise to a stirred THF solution (1 mL) N-
((3aS,4R,7S,7aS)-7-((tert-butyldimethylsilyl)oxy)-2,2-dimethyl-3a,4,7,7a-tetrahydrobenzo[d]
[1,3]dioxol-4-yl)-6-methylpyridazin-3-amine (65 mg, 0.17 mmol) at —78 °C and the mixture
was allowed to stir at =78 °C for another 10 min. Then CICO2Me (14 uL, 17 mg, 0.18 mmol)
was added and the mixture was then allowed to warm to 0 °C and stirred at 0 °C for 10 h. The
reaction was quenched with saturated NaHCO3 solution (5 mL), extracted in EtOAc, dried over
Na2S0s, and purified by column chromatography using EtOAc/n-hexane (3/1) as eluent to
yield 10 (57 mg, 76%).

[a]3° —6.45 (¢ = 1.5, CHCI3). *H NMR (CDCls, 400MHz): § = 7.61 (d, J=8.9 Hz, 1 H), 7.30
(d, J=8.9 Hz, 1 H), 5.78 — 5.82 (m, 1 H), 5.60 - 5.67 (m, 1 H), 5.04 (dd, J=6.0, 2.7 Hz, 1 H),
450 -4.58 (m, 1 H), 4.18 -4.21 (m, 1 H), 4.08 (dd, J=7.3, 5.3 Hz, 1 H), 3.76 (s, 3 H), 2.67 (s,
3 H), 1.37 (s, 3 H), 1.29 (s, 3 H), 0.90 (m, 9 H), 0.11 (s, 3 H), 0.10 (s, 3 H) ppm. ¥C NMR
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(CDCls, 101 MHz): 6 =158.1, 156.3, 155.3, 131.5, 128.0, 127.9, 125.9, 108.7, 80.5, 71.7, 59.6,
534, 27.6, 26.0, 25.6, 219, 18.3, -4.4, -48 ppm. HRMS (ESI): Calculated for
C22H3sN3Na10sSis ([M + Na]*) is 472.2238, found 472.2231.

OH
LK
0
HN. 11
CO,Me
I(CH2)30Tf (35 mg, 0.11 mmol) was added to a stirred solution (CH2Cl,, 1 mL) of 10 (33 mg,
0.073 mmol) at 0 °C and the reaction mixture stirred at 0 °C for 12 h. NaBH4 (13 mg, 0.35
mmol) and MeOH (1 mL) were then added and it was stirred at 0 °C for another 1 h before
warm to r.t. The solvent was evaporated. CH3CN was added and the mixture was heated to 50
°C for 4 h. Then NaOH (0.7 mL, 2 M in water) and MeOH (1 mL) were added and the heating
continued for another 8 h. Then the organic solvents were evaporated and the residue was
extracted in CH2Cl,, dried over Na,SOs, purified by column chromatography using 1:1

acetone/n-hexane as eluent to yield 11 (12 mg, 67%).
[a]3* —58.0 (¢ = 1.0, CHCIs). NMR spectra matches with those in literature.

9. Formal synthesis of narciclasine 6a.

o Mo(CO)g TBSOTf
)( HH NaBH,4 : NEt;
CH3CN-H,0 CH,Cl,, 0 °C
65°C, 12 h 1h
<O —N 96% 99%
o] \ N I
OMe OMe S
3vj .
99% ee LiHMDS
CICO,Me 72%
THF

1) I(CH,)3;0Tf, CH,Cl,  —78t00°C
0°C, 12 h, then
NaBH,, MeOH, 0°C 1 h

then CH3CN, 50 °C, 4 h
then NaOH, MeOH

50 °C, 8 h
2) BzCl, DMAP
NEts, CH,Cl,
17, 61% (2 steps) 40°C, 16 h

OMe NN

15

Mo(CO)s (29 mg, 0.11 mmol) followed by NaBH4 (5.7 mg, 0.15 mmol) were added to a
solution (CH3CN-H20, 9:1, 3 mL) of 3vj (43 mg, 0.1 mmol) and the mixture was heated to 65
°C and stirred at that temperature for 12 h. Then the mixture was evaporated and the crude
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residue was purified by column chromatography using acetone/n-hexane (1:1) as eluent to
obtain 15 (41 mg, 96%).

[a]Z®> —200.0 (c = 0.5, CHCl3). *H NMR (CDCls, 400MHz): § = 6.95 - 7.07 (m, 1 H), 6.54 -
6.68 (m, 3 H), 6.27 - 6.45 (m, 1 H), 6.06 (d, J=8.7 Hz, 1 H), 5.88 - 5.95 (m, 2 H), 5.05 - 5.20
(m, 1 H), 4.62 - 4.85 (m, 2 H), 4.39 - 4.62 (m, 2 H), 3.65 - 3.82 (m, 3 H), 2.50 (s, 3 H), 1.28 (s,
3 H), 1.32 (s, 3 H) ppm. **C NMR (CDCls, 101 MHz): & = 156.9, 151.3, 151.2, 149.0, 143.6,
143.0, 142.7, 135.3, 135.1, 128.9, 126.1, 114.8, 108.2, 106.0, 101.6, 100.2, 77.4, 76.8, 65.7,
56.6, 51.5, 26.7, 24.6, 21.3 ppm. HRMS (ESI): Calculated for C22H3sN3Os ([M + H]) is
428.1816, found 428.1822.

OMe ™

NEts (21 ul, 15 mg, 0.15 mmol) followed by TBSOTf (17.2 ul, 20 mg, 0.075 mmol) were
added to a stirred CH2Cl; solution (1 mL) of 15 at 0 °C stirred for 30 min. The ice bath was
then removed and the mixture was stirred for 30 min before directly transferred to a column
packed with SiO; and purified using 1:1 EtOAc/n-hexane as eluent to yield 15-TBS (27 mg,
99%).

[a]3® —125.0 (¢ = 1.2, CHCls3). *H NMR (CDCls, 400MHz): & = 6.99 (d, J=8.9 Hz, 1 H), 6.75
(d, J=1.6 Hz, 1 H), 6.69 (d, J=1.6 Hz, 1 H), 6.44 (d, J=8.9 Hz, 1 H), 6.32 (d, J=6.2 Hz, 1 H),
5.93 (q, J=1.5 Hz, 2 H), 5.56 (dd, J=10.1, 1.8 Hz, 1 H), 5.45 (d, J=10.1 Hz, 1 H), 4.73 (dd,
J=6.9, 2.1 Hz, 1 H), 4.34-4.49 (m, 2 H), 3.83 (s, 3 H), 2.52 (s, 3H), 1.25 - 1.35 (m, 6 H), 0.95
(s,9H),0.19 (s, 3H), 0.16 (s, 3 H) ppm. 13C NMR (CDCls, 101 MHz): § = 156.3, 151.5, 149.1,
143.9, 143.7, 135.4, 135.0, 128.4, 125.0, 115.0, 108.2, 106.2, 101.6, 100.2, 77.6, 76.8, 67.1,
56.8, 49.9, 26.5, 26.1, 24.5, 21.5, 18.3, -4.3, -4.7 ppm. HRMS (ESI): Calculated for
C28Ha0N306Si1 ([M + H]) is 542.2681, found 542.2680.

OTBS

LiHMDS (75 pL, 1 M in THF) was added dropwise to a stirred THF solution (1 mL) 15-TBS
(27 mg, 0.05 mmol) at =78 °C and the mixture was allowed to stir at =78 °C for another 10 min.
Then CICO2Me (5.8 pL, 7.1 mg, 0.075 mmol) was added and the mixture was then allowed to
warm to 0 °C and stirred at 0 °C for 10 h. The reaction was quenched with saturated NaHCO3
solution (1 mL), extracted in EtOAc, dried over NaxSOs, and purified by column
chromatography using EtOAc/n-hexane (2/1) as eluent to yield 16 (22 mg, 72%).

[a]3® —28.57 (¢ = 0.9, CHCls3). *H NMR (CDCls, 400MHz): & = 7.24 (br. s., 1 H), 7.13 (d,
J=9.2 Hz, 1 H), 6.47 (br. s., 1 H), 6.39 (s, 1 H), 5.90 (dd, J=4.9, 1.5 Hz, 2 H), 5.77 - 5.85 (m,
1 H), 5.65 (t, J=2.5 Hz, 1 H), 4.86 - 5.02 (m, 1 H), 4.28 - 4.33 (m, 1 H), 4.22 - 4.27 (m, 1 H),
3.67 (s, 3 H), 3.63 (s, 3 H), 2.64 (s, 3 H), 1.36 (d, J=8.0 Hz, 6 H), 0.92 (s, 9 H), 0.14 (s, 3 H),
0.12 (s, 3 H) ppm. 3C NMR (CDCls, 101 MHz): § = 157.3, 155.0, 148.5, 143.2, 134.5, 133.6,
130.6, 127.5, 125.1, 108.5, 106.5, 101.5, 101.5, 77.7, 76.8, 71.2, 59.4, 56.4, 53.4, 28.0, 26.1,
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21.8,18.4,-4.3, -4.6 ppm. HRMS (FAB): Calculated for C3oH41N30sgSi1 ([M + H]") is 600.2741,
found 600.2731.

OMe

17, 61% (2 steps)

I(CH2)30Tf (19 mg, 0.06 mmol) was added to a stirred solution (CH2Cl,, 1 mL) of 16 (30 mg,
0.05 mmol) at 0 °C and the reaction mixture stirred at 0 °C for 12 h. NaBH4 (9.5 mg, 0.25
mmol) and MeOH (1 mL) were then added and it was stirred at 0 °C for another 1 h before
warm to r.t. The solvent was evaporated. CH3CN was added and the mixture was heated to 50
°C for 4 h. Then NaOH (0.6 mL, 2 M in water) and MeOH (1 mL) were added and the heating
continued for another 8 h. Then the organic solvents were evaporated and the residue was
extracted in CHxCly, dried over Na,SOg4, and filtered through a small pad of SiO> using 1:1
acetone/n-hexane as eluent. The filtrate was then concentrated and the residue was dissolved
in CH.Cl,. DMAP (1.2 mg, 0.01 mmol), NEts (21 uL, 15 mg, 0.15 mmol) and PhCOCI (14 mg,
11.6 mL) were then added and the mixture was heated to 40 °C for 16 h. After cooling down
to room temperature, NaHCO3 solution (1mL) was added and the organics were extracted in
CHClIy, dried over Na,SOs4, concentrated and purified using EtOAc/n-hexane (1/1) as eluent
to yield 17 (15.2 mg, 61% 2 steps).

[a]3® —11.5 (¢ = 1.0, CHCls). *H NMR (CsDs, 400MHz): & = 8.09 (d, J=6.9 Hz, 2 H), 7.04 -
7.15 (m, 3 H), 6.90 - 6.94 (m, 1 H), 6.78 - 6.83 (m, 1 H), 6.28 (d, J=6.6 Hz, 1 H), 5.86 (dd,
J=6.5,1.5Hz, 1 H), 5.36 - 5.47 (m, 2 H), 5.26 (q, J=1.3 Hz, 2 H), 4.55 (d, J=5.7 Hz, 1 H), 4.36
(d, J=6.9 Hz, 1 H), 3.49 (s, 3 H), 3.39 (s, 3 H), 1.30 (s, 4 H), 1.13 (s, 3 H) ppm. ¥C NMR
(CDCl3, 101 MHz): 6 = 165.3, 156.5, 150.3, 145.9, 144.7, 136.9, 134.0, 133.7, 130.6, 130.3,
129.2, 121.6, 109.0, 107.4, 101.8, 100.8, 78.3, 75.3, 69.4, 56.6, 52.4, 50.8, 26.9, 24.8 ppm.
HRMS (FAB): Calculated for C26H27N10g ([M]*) is 497.1686, found 497.1678.

10. Effect of steric and electronic properties of nitroso compounds on nitroso Diels-Alder
reaction.

o Cu(CH3CN),BF, (10 mol%)
n (S)-DTBM-Segphos (11 mol%) 7 0
+ N N N
\/’:) THF, -85 to —40 °C %N
overnight u

2a 1b—q 3ab-3aq

General procedure 5:

Cu(CHsCN)4BF4 (3.1 mg, 0.010 mmol) and (S)-DTBM-Segphos (13.0 mg, 0.011 mmol) were
taken in an oven dried 16 x 150 mm test tube equipped with a magnetic stir bar and a rubber
septum. The test tube was evacuated and carefully purged with nitrogen. THF (1 mL) was
added to it and the mixture was stirred for 1 h. After that the catalyst solution was placed on a
—85 °C bath. Nitroso compound 1b—q (0.1 mmol) was then added and the wall of the test tube
was rinsed with THF (0.5 mL). The mixture was further stirred for 10 min before 2a (11.5 uL,
0.12 mmol) was added. Then the reaction mixture was warmed to —40 °C over ~2 h and stirred
at —40 °C overnight. The mixture was then allowed to warm to 0 °C before it was directly
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loaded into a column packed with silica gel and purified using EtOAc/n-hexane (1:1 to 3:1) to
afford the nitroso Diels-Alder adducts 3.

All the racemic samples were prepared by mixing the nitroso compounds 1b—qg (0.1 mmol)
with the dienes 2a (11.5 pL, 0.12 mmol) in CH2Cl; at 0 °C.

7 O

Z\

=N
7
3ab: According to GP 5. 18.7 mg, 99%, 97:3 e.r.
NMR spectra matches with those reported in the literature.

zELP
N

J

\g\\/)\<

3ad: According to GP 5. 20 mg, 77%. 54.6:45.6 e.r.

!H NMR (CDCls, 400MHz): § = 6.48 - 6.54 (m, 2 H), 6.46 (s, 1 H), 5.41 - 5.53 (m, 1 H), 4.82
—4.85 (m, 1 H), 2.87 (spt, J=6.9 Hz, 2 H), 2.18 - 2.34 (m, 2 H), 1.53 - 1.63 (m, 1 H), 1.37 -
1.46 (m, 1 H), 1.22 (dd, J=6.9, 1.4 Hz, 12 H) ppm. 3C NMR (CDCls, 101 MHz): § = 176.5,
165.7, 132.8, 132.0, 106.5, 70.5, 50.4, 36.1, 24.2, 22.3, 21.8, 21.0 ppm. m/z = 273. HLPC
analysis: Daicel Chiralpak AD-H, hexane/i-PrOH = 96/4, flow rate = 1.0 mL/min, A =267 nm,
retention time; tr(minor) = 16.5 min, tr(major) = 17.4 min.

Ao
N

)=N

N )—ph

Ph

3ae: According to GP 5. 31 mg, 91%. 67.6:32.4 e.r.
!H NMR (CDCls, 400MHz): § = 8.08 - 8.16 (m, 4 H), 7.55 (s, 1 H), 7.45 - 7.53 (m, 6 H), 6.62
—6.66 (m, 1 H), 6.56 — 6.60 (m, 1 H), 5.64 - 5.75 (m, 1 H), 4.85 - 4.97 (m, 1 H), 2.28 - 2.46
(m, 2 H), 1.62 - 1.72 (m, 1 H), 1.44 - 1.56 (m, 1 H) ppm. 3C NMR (CDCls, 101 MHz): § =
166.4, 165.7, 137.9, 132.7, 132.2, 130.6, 128.8, 127.4, 105.6, 70.9, 50.5, 24.2, 21.1 ppm. m/z
=341. HLPC analysis: Daicel Chiralpak AD-H, hexane/i-PrOH = 95/5, flow rate = 1.0 mL/min,
A =275 nm, retention time; tr(major) = 20.1 min, tr(minor) = 41.2 min.

ﬁEL/O
N

)=N
AW
3af: According to GP 5. 17 mg, 90%. 91.9:8.1 e.r.
!H NMR (CDCl3, 400MHz): § = 8.41 (d, J=4.8 Hz, 2 H), 6.68 (t, J=4.7 Hz, 1 H), 6.41 - 6.59
(m, 2 H),5.37-5.40 (m, 1 H), 4.85-4.88 (m, 1 H), 2.15 - 2.40 (m, 2 H), 1.56 — 1.63 (m, 1 H),
1.35-1.52 (m, 1 H) ppm. *C NMR (CDCls, 101 MHz): § = 165.7, 157.9, 132.2, 132.1, 113.3,
71.0,50.9, 24.0, 20.8 ppm. m/z = 189. HLPC analysis: Daicel Chiralpak OD-H, hexane/i-PrOH

S25



= 85/15, flow rate = 1.0 mL/min, A = 254 nm, retention time; tr(major) = 26.8 min, tr(minor)
=44.1 min.

ﬁELP
N

)=N

N \\\%

3ag: According to GP 5. 19 mg, 94%. 3.1:96.9 e.r.

'H NMR (CDCl3, 400MHz): § = 8.25 (s, 2 H), 6.50 — 6.54 (m, 1 H), 6.43 — 6.47 (m, 1 H), 5.29
-5.36 (M, 1 H), 4.71 - 4.93 (m, 1 H), 2.19 - 2.38 (m, 2 H), 2.15 (s, 3 H), 1.53 - 1.64 (m, 1 H),
1.32 - 1.48 (m, 1 H) ppm. *C NMR (CDCls, 101 MHz): § = 164.8, 157.9, 132.2, 132.1, 132.0,
132.0, 122.4, 70.7, 51.4, 24.1, 20.8, 14.9 ppm. m/z = 203. HLPC analysis: Daicel Chiralpak

AD-H, hexane/i-PrOH = 90/10, flow rate = 1.0 mL/min, A = 267 nm, retention time; tr(mMinor)
= 10.2 min, tr(major) = 12.0 min.

ﬁELP
N
Q\N
\ /)—ph
N

Ph

3ah: According to GP 5. 34 mg, 99%. Racemic.

H NMR (CDCl3, 400MHz): § = 8.47 - 8.65 (m, 2 H), 8.12 - 8.27 (m, 2 H), 7.38 - 7.58 (m, 6
H), 7.17 (s, 1 H), 6.44 - 6.59 (m, 2 H), 5.66 — 5.69 (M, 1 H), 4.72 - 4.92 (m, 1 H), 2.24 - 2.40
(m, 2 H), 1.61 - 1.74 (m, 1 H), 1.43 - 1.55 (m, 1 H) ppm. C NMR (CDCls, 101 MHz): § =
169.5, 164.3,163.1, 138.4,138.1, 132.6, 131.3, 130.4, 130.4, 128.8, 128.4, 128.4, 127.4, 127 .4,
127.3, 100.7, 70.9, 51.2, 24.3, 20.6 ppm. m/z = 341. HLPC analysis: Daicel Chiralpak AD-H,
hexane/i-PrOH = 99/1, flow rate = 1.0 mL/min, A = 260 nm, retention time; tr = 18.5 min, tr =

26.7 min.

zELP
N

=N
{N)\OMG
MeO

3ai: According to GP 5. 24 mg, 96%. 40.9:59.1 e.r.

!H NMR (CDCl3, 400MHz): § = 6.45 - 6.49 (m, 1 H), 6.37 — 6.39 (m, 1 H), 5.82 (s, 1 H), 5.23
-5.35(m,1H),4.71-4.73 (m, 1 H), 3.90 (s, 3 H), 3.87 (s, 3H), 2.10 - 2.29 (m, 2 H), 1.47 -
1.61 (m, 1 H), 1.34 - 1.45 (m, 1 H) ppm. $3C NMR (CDCls, 101 MHz): § =172.7,171.1, 164.4,
131.7, 131.0, 84.8, 70.6, 54.5, 53.9, 53.8, 51.4, 51.4, 24.2, 20.4 ppm. m/z = 249. HLPC
analysis: Daicel Chiralpak AD-H, hexane/i-PrOH = 95/5, flow rate = 1.0 mL/min, A =275 nm,
retention time; tr(minor) = 56.0 min, tr(major) = 69.1 min.
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Cl

3ak: According to GP 5. 19 mg, 85%. 98.9:1.1 e.r.

'H NMR (CDCls, 400MHz): 6 = 7.27 (d, J=9.2 Hz, 1 H), 7.11 (d, J=9.2 Hz, 1 H), 6.36 - 6.62
(m,2H),5.49-553(m,1H),473-4.75(m,1H),2.14-2.36 (m,2H),1.59-1.71 (m, 1 H),
1.33 - 1.54 (m, 1 H) ppm. 3C NMR (CDCls, 101 MHz): & = 165.4, 149.8, 133.3, 131.2, 129.1,
119.6, 70.6, 70.6, 51.7, 24.3, 20.2, 20.2 ppm. m/z = 223. HLPC analysis: Daicel Chiralpak AD-
H, hexane/i-PrOH =98/2, flow rate = 1.0 mL/min, A =267 nm, retention time; tr(major) = 21.1
min, tr(minor) = 25.0 min.

ﬁEL/O
N

den

N\ /%NQ

PN
O
3am: According to GP 5. 28 mg, 85%. 65.4:34.6 e.r.
!H NMR (CDCl3, 400MHz): § = 6.43 - 6.57 (m, 2 H), 5.29 - 5.42 (m, 1 H), 4.61 - 4.79 (m, 1
H), 3.50 (br. s., 8 H), 2.21 - 2.34 (m, 1 H), 2.10 - 2.20 (m, 1 H), 1.77 - 1.93 (m, 8 H), 1.50 (tt,
J=12.0,3.0 Hz, 1 H), 1.29 - 1.42 (m, 1 H) ppm. *C NMR (CDCls, 101 MHz): & = 169.6, 163.6,
132.5, 131.7, 70.6, 49.3, 46.0, 25.3, 24.0, 21.0 ppm. m/z = 328. HLPC analysis: Daicel

Chiralpak OD-H, hexane/i-PrOH = 90/10, flow rate = 1.0 mL/min, A = 254 nm, retention time;
tr(major) = 13.3 min, tr(minor) = 20.5 min.

3an: According to GP 5. 18 mg, 94%. 61.9:38.1 e.r.

'H NMR (CDCls, 400MHz): § = 6.46 - 6.54 (m, 2 H), 5.70 (d, J=0.7 Hz, 1 H), 4.58 - 4.65 (m,
2 H),2.29 (s, 3H),2.16 - 2.26 (m, 2 H), 1.48 - 1.59 (m, 1 H), 1.35 - 1.43 (m, 1 H) ppm. 3C
NMR (CDCls, 101 MHz): 6 = 170.8, 169.4, 132.4, 131.4, 95.8, 69.5, 69.5, 53.3, 24.0, 24.0,
20.6, 12.7 ppm. m/z = 192. HLPC analysis: Daicel Chiralpak AS-H, hexane/i-PrOH = 98/2,
flow rate = 1.0 mL/min, A = 254 nm, retention time; tr(major) = 15.4 min, tr(minor) = 22.6
min.
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3a0: According to GP 5. 22 mg, 96%. Racemic.

'H NMR (CDCls, 400MHz): § = 7.42 - 7.59 (m, 1 H), 7.31 - 7.42 (m, 1 H), 7.06 - 7.30 (m, 2
H), 6.52 - 6.70 (m, 2 H), 4.92 - 5.12 (m, 1 H), 4.75-4.92 (m, 1 H), 2.16 - 2.46 (m, 2 H), 1.53
-1.73 (m, 1 H), 1.36 - 1.53 (m, 1 H) ppm. 3C NMR (CDCls, 101 MHz): § = 164.3, 149.4,
141.7, 132.2, 132.1, 132.0, 124.3, 122.6, 118.2, 109.7, 70.9, 52.9, 23.6, 20.2 ppm. m/z = 228.
HLPC analysis: Daicel Chiralpak AD-H, hexane/i-PrOH = 98/2, flow rate = 1.0 mL/min, A =
254 nm, retention time; tr = 25.8 min, tr = 28.9 min.

LEL/O
N

s
N

3ap: According to GP 5. 21 mg, 86%. Racemic.

!H NMR (CDCls, 400MHz): 8 = 7.48 - 7.62 (m, 1 H), 7.10 - 7.25 (m, 3 H), 6.77 - 6.81 (m, 1
H), 6.14 - 6.18 (m, 1 H), 4.65 - 4.77 (m, 1 H), 4.02 - 4.13 (m, 1 H), 2.14 - 2.41 (m, 2 H), 1.48
-1.61 (m, 1 H), 1.37 - 1.47 (m, 1 H) ppm. 3C NMR (CDClz, 101 MHz): § = 147.8, 133.6,
129.1, 128.2, 127.0, 126.9, 123.3, 119.7, 111.1, 69.8, 55.9, 23.3, 22.1 ppm. m/z = 244. HLPC
analysis: Daicel Chiralpak AD-H, hexane/i-PrOH = 99/1, flow rate = 1.0 mL/min, A =254 nm,
retention time; tr = 13.9 min, tr = 16.7 min.

3aq: According to GP 5. 23 mg, 95%. Racemic.

'H NMR (CDCls, 400MHz): § = 7.52 - 7.62 (m, 1 H), 7.12 - 7.21 (m, 3 H), 6.86 (dd, J=7.6,
6.4 Hz, 1 H), 6.47 - 6.55 (m, 1 H), 4.86 - 4.97 (m, 1 H), 4.54 - 4.68 (m, 1 H), 3.72 (s, 3H), 2.18
-2.35(m, 2 H), 1.56 - 1.70 (m, 1 H), 1.39 - 1.54 (m, 1 H) ppm. 3C NMR (CDCls, 101 MHz):
5 =156.9, 141.0, 136.0, 134.6, 130.9, 121.7, 121.5, 118.6, 108.5, 70.0, 51.8, 31.1, 24.2, 20.9
ppm. m/z = 241. HLPC analysis: Daicel Chiralpak AD-H, hexane/i-PrOH = 98/2, flow rate =
1.0 mL/min, A = 254 nm, retention time; tr = 18.1 min, tr = 19.7 min.
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11. Competition experiment.

Cu(CHsCN)4BF4 (3.1 mg, 0.010 mmol) and (S)-DTBM-Segphos (13.0 mg, 0.011 mmol) were
taken in an oven dried 16 x 150 mm test tube equipped with a magnetic stir bar and a rubber
septum. The test tube was evacuated and carefully purged with nitrogen. THF (1 mL) was
added to it and the mixture was stirred for 1 h. After that the catalyst solution was placed on a
—85 °C bath. Nitroso compounds 1b,c,j (0.1 mmol each) was added (as mixture at one time)
and the wall of the test tube was rinsed with THF (1 mL). The mixture was further stirred for
10 min before the dienes 2a (10 pL, 0.1 mmol) was added. Then the reaction mixture was
warmed to —40 °C over ~2 h and stirred at —40 °C overnight. The mixture was then allowed to
warm to 0 °C before water was added. The organic mixture was extracted in EtOAc, dried over
Na2S04, evaporated and the ratio of the product was determined by *H NMR.

Ratio of 3ab:3ac:3aj = 17:17:66

3ab \ /  3aj Y 3ac '\
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12. Synthesis of nitroso compounds.

The nitroso compounds 1c—n were prepared by the oxidation of the corresponding aryl
hydroxyl amines following the modified literature procedure by Moskalenko and coworkers.52
Synthesis of aryl hydroxyl amines.S*® Aryl chloride (10 mmol) and NH,OH.HCI (2.38 g, 40
mmol) was taken in a to a two necked round bottom flask equipped with a reflux condenser. It
was then added EtOH (20 mL) and NEtsz (5.62 mL, 40 mmol) and the mixture was refluxed at
90 °C. The reaction was monitored by TLC. After complete consumption, ethanol was
evaporated and water (5 mL) was added. The organics were extracted in EtOAc, dried over
Na>SOj4, concentrated and purified by column chromatography.
OH
HN

)=N

N\/

1.00 g, 72%. *H NMR (DMSO-ds, 400MHz): & = 9.16 (s, 1 H), 8.57 (s, 1 H), 6.49 (s, 1 H),
2.23 (s, 6 H) ppm. *C NMR (DMSO-ds, 101MHz): & = 166.8, 165.6, 110.9, 23.4 ppm. m/z =
139. 5%

OH

HN
J

N\/

1.56 g, 80%. H NMR (CDCls, 400MHz): § = 9.80 (br. s., 1 H), 7.55 (br. s., 1 H), 6.53 (s, 1 H),
2.93 (spt, J=6.9 Hz, 2 H), 1.26 (d, J=6.9 Hz, 12 H) ppm. 3C NMR (CDCls, 101 MHz): & =
177.3, 165.9, 107.0, 35.9, 21.9 ppm. m/z = 195,
/OH
HN

)=N
N\ / Ph
Ph
2.02 g, 77%. 'H NMR (CDCls, 400MHz): & = 8.03 - 8.17 (m, 4 H), 7.62 - 7.67 (m, 1 H), 7.45

-7.60 (m, 7 H), 6.92 - 7.15 (m, 1 H) ppm. m/z = 263. 5%
OH

)=N
N
/)
0.50 g, 45%. 'H NMR (DMSO-ds, 400MHz): & = 9.38 (s, 1 H), 8.61 (5, 1 H), 8.36 (d, J=4.6
Hz, 2 H), 6.71 ppm (t, J=4.7 Hz, 1 H). 3C NMR (DMSO-ds, 101MHz): = 165.6, 157.8, 112.1
ppm. m/z = 111.5°
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0.81 g, 65%. *H NMR (DMSO-ds, 400MHz): & = 9.10 (s, 1 H), 8.51 (s, 1 H), 8.16 - 8.28 (m, 2
H), 2.10 (s, 3 H) ppm. 3C NMR (DMSO-ds, 101MHz): & = 164.5, 157.5, 120.6, 14.2 ppm. m/z
=125,
/OH
HN

=N
§ -
N

Ph
1.92 g, 73%. 'H NMR (DMSO-ds, 400MHz): & = 10.01 (s, 1 H), 9.20 (s, 1 H), 8.34 - 8.53 (m,
2 H), 8.22 (dd, J=7.6, 1.8 Hz, 2 H), 7.41 - 7.65 (m, 6 H), 7.16 (s, 1 H) ppm. *C NMR (DMSO-
ds, 101MH2z): 6 = 167.8, 162.5, 162.4, 137.9, 137.4, 130.4, 130.4, 128.9, 128.4, 127.8, 126.7,
95.4, 40.1, 39.9, 39.7, 39.3, 39.1, 38.9 ppm. m/z = 263, 5°

OH
HN

=N
\ />\OMe
N

MeO
1.12 g, 66%. *H NMR (DMSO-ds, 400MHz): § = 9.51 (s, 1 H), 8.88 (s, 1 H), 5.66 (s, 1 H),
3.79 (s, 3 H), 3.76 (s, 3 H) ppm. 3C NMR (DMSO-ds, 101MHz): § = 171.7, 169.7, 164.2, 78.2,
53.9,53.3 ppm. m/z = 171.

OH
HN

NN

0.96 g, 77%. *H NMR (CDCls, 400MHz): & = 7.15 (d, J=9.6 Hz, 1 H), 6.91 (d, J=9.6 Hz, 1 H),
2.33 (s, 3 H) ppm. *3C NMR (CDCls, 101 MHz): § = 161.2, 145.5, 134.9, 130.2, 20.7 ppm. m/z
=125.
OH
HN

)=N
N>L )\NQ
N

O
1.65 g, 66%. *H NMR (DMSO-ds, 400MHz): § = 8.91 (s, 1 H), 8.24 (br. s., 1 H), 3.41 (br. s.,
8 H), 1.83 ppm (t, J=6.6 Hz, 8 H) ppm. *3C NMR (DMSO-ds, 101MHz): & = 169.0, 163.0, 45.6,
24.7 ppm. m/z = 250.
Synthesis of nitroso compounds.S* To a round bottom flash charged with MnO2 (3.5 g) was
added dry CH2Cl> (50 mL) and the black suspension was stirred for 20 min at room temperature
before 0.5 mL MeOH was added. It was then cooled to —10 °C and corresponding hydroxyl
amine (2 mmol) was added in two equal portion (as solid). The mixture was then stirred at —10
°C for 30 min and then at r.t. for 30 min. It was then filtered over a small pad of celite and
thoroughly washed with CH.Cl,. Then the solution was evaporated on a rotary evaporator (bath
temperature <20 °C). Then the solid residue was washed with dry ether (3 mL) to obtain the
nitroso compounds 1c—n.

1b,n,0,q were prepared similar to method described by Rampal®® and Miller.5¢ 1p was
prepared according to the report by Almeida.5®
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2

)=N

N\/

1c. 260 mg, 95%. Mixture of monomer and dimer (1:10 ratio).
'H NMR (CDCls, 400MHz): § = 7.35 (s, 1 H)*, 7.05 (s, 1 H), 2.69 (s, 6 H)*, 2.39 (s, 6 H) ppm.
* = minor. 3C NMR (CDCls, 101 MHz): & = 169.6, 159.8, 121.1, 23.8 ppm. m/z = 137. IR
(ATR): 1602.3, 1525.3, 1430.6, 1396.0, 1372.2, 1290.5, 819.1. 52
0
N//
)=N
N\ y

1d. 378 mg, 98%. H NMR (CDCls, 400MHz): & = 6.98 (s, 1 H), 2.91 (spt, J=6.8 Hz, 2 H),
1.08 (d, J=6.9 Hz, 12 H) ppm. *C NMR (CDCls, 101 MHz): & = 178.8, 160.2, 116.4, 35.8,
21.6 ppm. m/z = 193. IR (ATR): 1595.6, 1523.2, 1471.7, 1399.3, 1390.4, 1372.8, 1328.5,
1296.6, 1282.1, 793.7.

N’
D=N
N)\\/\Ph
PH
le. 511 mg, 98%. 'H NMR (CDCls, 400MHz): 5 = 8.62 (s, 1 H), 8.16 (d, J=7.6 Hz, 4 H), 7.56
(t, J=7.3 Hz, 2 H), 7.42 (t, J=7.7 Hz, 4 H) ppm. 23C NMR (CDCls, 101 MHz): 5 = 166.7, 160.1,
134.1, 132.5, 129.1, 127.6, 113.5 ppm. m/z = 261. IR (ATR): 1591.5, 1576.7, 1510.0, 1439.1,

1397.7, 1366.1, 1323.8, 1306.1, 1267.2, 1239.4, 786.1, 687.0. 52
0]

/7

)=N
"/
1f. 209 mg, 96%. Mixture of monomer and dimer (1:3 ratio)
'H NMR (CDCls, 400MHz): & = d = 9.10 (d, J=4.6 Hz, 2 H)*, 8.70 (d, J=4.8 Hz, 2 H), 7.65 (t,
J=4.8 Hz, 1 H)*, 7.41 (t, J=4.8 Hz, 1 H) ppm. * = minor. 3C NMR (CDCls, 101 MHz): & =
159.4, 159.2, 122.6 ppm. m/z = 109. IR (ATR): 1576.3, 1444.3, 1377.3, 1238.5, 998.4, 978.1,
785.4, 717.3.512

0

N’
-
N \\\/6
1g. 229 mg, 93%. Mixture of monomer and dimer (1:6 ratio)
H NMR (CDCls, 400MHz): & = 8.86 (s, 2 H) *, 8.47 (s, 2 H), 2.48 (s, 3 H) *, 2.37 (s, 3 H)

ppm. * = minor. 33C NMR (CDCls, 101 MHz): § = 158.9, 158.5, 132.9, 15.6 ppm. m/z = 123.
IR (ATR): 1572.5, 1395.2, 1290.4, 1253.1, 982.2, 787.5, 775.8, 651.0.
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2

N

=N
§ -

N
Ph
1h. 506 mg, 97%. 'H NMR (CDCls, 400MHz): 5 = 8.30 (dd, J=7.7, 1.9 Hz, 2 H), 8.21 (s, 1 H),
7.99 (d, J=7.3 Hz, 2 H), 7.54 - 7.68 (M, 3 H), 7.34 (t, J=7.4 Hz, 1 H), 7.19 (t, J=7.8 Hz, 2 H)
ppm. 3C NMR (CDCls, 101 MHz): § = 168.6, 163.9, 163.4, 135.8, 135.6, 132.4, 131.9, 129.4,
128.7,128.4,127.8, 106.8 ppm. m/z = 261. IR (ATR): 1589.0, 1571.1, 1532.2, 1493.6, 1413.2,
1369.0, 1339.4, 1287.8, 1177.4, 776.6, 759.3, 690.4. 5%

@)

/7

=N
\ />\OMe
N
MeO

1i. 318 mg, 94%. Mixture of monomer and dimer (1:3 ratio)

'H NMR (CDCls3, 400MHz): 8 = 6.85 (s, 1 H), 6.79 (s., 1 H)*, 4.10 (s., 6 H)*, 4.03 (s, 3 H),
3.63 (s, 3 H) ppm. * = minor. 3C NMR (CDCls, 101 MHz): § =173.5, 164.0, 163.3, 95.1, 55.5,
55.3 ppm. m/z = 169. IR (ATR): 1609.6, 1567.5, 1490.0, 1470.0, 1411.0, 1357.5, 1206.7,

1100.5, 1055.3, 831.8.
O

2

NN

1j. 234 mg, 95%. *H NMR (CDCls, 400MHz): & = 7.99 (d, J=8.9 Hz, 1 H), 7.61 (d, J=8.9 Hz,
1 H), 7.13 (d, J=9.7 Hz, 1 H)*, 6.87 (d, J=9.6 Hz, 1 H)*, 2.68 (s, 3 H), 2.30 (s, 3 H)* ppm. * =
minor. 3C NMR (CDCls, 101 MHz): & = 20.6,* 22.2, 123.6, 129.3, 130.1*, 130.6, 134.8*,
158.5, 161.2*, 162.8, 165.2* ppm. * = minor. m/z = 123. IR (ATR): 1654.5, 1550.5, 1395.8,
1247.2, 1097.9, 947.7, 834.2, 807.6.

(0]

2

N

Cl
1k. 260 mg, 91%. H NMR (CDCls, 400MHz): & = 8.11 (d, J=7.8 Hz, 6 H), 7.84 (d, J=8.1 Hz,
6 H), 7.74 (d, J=9.2 Hz, 8 H), 6.63 (d, J=8.5 Hz, 7 H) ppm. m/z = 143. IR (ATR): 1651.1,
1551.8, 1410.6, 1384.5, 1245.9, 1137.8, 1082.3, 946.2, 862.4, 843.7, 764.1.

1m. 468 mg, 94%. *H NMR (CDCls, 400MHz): & = 3.34 - 3.61 (m, 8 H), 1.75 - 2.05 (m, 8 H)
ppm. 3C NMR (CDCls, 101 MHz): & = 166.6, 163.1, 46.5, 46.4, 25.3, 25.2 ppm. m/z = 249.
IR (ATR): 2970.6, 2873.9, 1591.1, 1514.7, 1478.3, 1457.5, 1345.0, 727.9.
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10. 298 mg, 20% (10 mmol scale). *H NMR (CDCls, 400MHz): § = 8.12 - 8.27 (m, 1 H), 7.66
-7.77 (m, 1 H), 7.51 - 7.65 (m, 2 H) ppm. 3C NMR (CDCls, 101 MHz): § = 168.1, 146.6,
140.6,132.5,127.5,125.3,112.9, 77.5, 76.8 ppm. m/z = 149. IR (ATR): 1452.0, 1431.5, 1419.6,
1274.2,1218.3, 1117.3, 1100.4, 943.0, 832.6, 765.3, 751.2.

0

N’
>/\NMe
N

1q. 354 mg, 22% (10 mmol scale). *H NMR (CDCls, 400MHz): § = 8.01 (d, J=8.5 Hz, 1 H),
7.58 - 7.71 (m, 2 H), 7.48 (ddd, J=8.4, 5.3, 3.1 Hz, 1 H), 4.62 (s, 3 H) ppm. $3C NMR (CDCls,
101 MHz): 6 = 165.3, 140.5, 134.1, 129.2, 126.8, 125.7, 111.8, 31.2 ppm. m/z = 161. IR (ATR):
1572.0, 1509.2, 1410.4, 1269.1, 1238.0, 1161.4, 1117.0, 1079.5, 884.4, 856.5, 777.5, 745.5.

13. Synthesis of the dienes 2qg-u.

LiAlH,
o TsOH.H O (cat) THF-Et,0 LIHMDS
EtOH, Toluene oG to rt., 2h Q TBSOTf Q
—_—
125 °C then 2 M HCI o) R THF TBSO R
o R Dean-Stark, 14 h 0°Ctort., 2h -78to 0 °C
3h rac-2q-u
0]
R = P < 4-F-CeH, @% Me
@]
2q 2r 2s 2t 2u
Yield (%)
(3 steps) & 08 o 0

General procedure 6:

To a two-necked round bottom flask equipped with Dean-Stark apparatus and a magnetic stir
bar was charged with the 5-substituted cyclohexane-1,3-dione (5 mmol), TSOH.H>O (19 mg,
0.1 mmol), EtOH (2.5 mL) and toluene (10 mL) and the mixture was heated to 125 °C for 14
h. After cooling down to room temperature 1 mL NaOH solution (2 M in H20) was added and
the organic phase was separated. The aqueous layer was extracted with EtOAc. Combined layer
were washed with brine solution and then dried over Na>SOs, filtered, concentrated and the
residue was used for next step without purification.

The residue was dissolved in THF (10 mL) and was added drop wise to a stirred suspension of
LiAlH4 (190 mg, 5 mmol) in Et,0 (10 mL) at 0 °C. After 20 min the ice bath was removed and
the mixture was allowed to stir at r.t. for another 2 h. It was cooled to 0 °C again and 12 mL aqg.
HCI (2 M) was carefully added. Then the ice bath was removed and the mixture was stirred for
another 1 h. The organic layer was then separated and the ag. layer was extracted with ether.
Combined layer was washed with saturated NaHCOs solution, dried over Na>SOs, concentrated,
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and purified by column chromatography using EtOAc/n-hexane (1/4) as eluent to yield 5-
substituted cyclohex-2-en-1-ones.

0] : Ph

According to GP 6 on 10 mmol scale. 1.25 g, 79%.
NMR spectra in accord with the literature.>2

o

According to GP 6 on 10 mmol scale. 1.65 g, 76%.
NMR spectra in accord with the literature.S3

OQQF

According to GP 6. 815 mg, 86%.
NMR spectra in accord with the literature.>

OL lq 0)
L
According to GP 6. 649 mg, 80%.
'H NMR (CDCls3, 400MHz): 6 = 7.34 (dd, J=1.8, 0.9 Hz, 1 H), 7.00 (ddd, J=10.1, 5.3, 3.0 Hz,
1 H), 6.30 (dd, J=3.2, 1.8 Hz, 1 H), 5.99 - 6.17 (m, 2 H), 3.33 - 3.55 (m, 1 H), 2.69 - 2.83 (m,

2 H), 2.53 - 2.68 (m, 2 H) ppm. 3C NMR (CDCl3, 101 MHz): § = 198.3, 156.4, 148.7, 141.7,
130.0, 110.3, 104.8, 42.4, 34.3, 30.8 ppm. m/z = 162.

AL

According to GP 6. 402 mg, 73%.
NMR spectra in accord with the literature.S®

General procedure 7:

LiIHMDS (3 mL, 1 M in THF) was added dropwise to a THF solution (3 mL) of 5-substituted
cyclohex-2-en-1-one (2 mmol) at —78 °C and the mixture was stirred at that temperature for
another 1 h before TBSOTT (0.69 mL, 794 mg, 3 mmol) was added. The mixture was the slowly
warm to 0 °C for 3 h and quenched with 3 mL saturated NaHCO3 solution. The organic layer
was extracted with ether, dried over Na;SOs4, concentrated, and purified by column
chromatography using EtoO/NEts/-pentane (1/2/50) as eluent to yield the dienes 2g-u.

TBSO : Ph

29, According to GP 7. 516 mg, 90%.

H NMR (CDCl3, 400MHz): § = 7.27 - 7.34 (m, 4 H), 7.18 - 7.25 (m, 1 H), 5.75 - 5.87 (m, 2
H), 4.89 - 499 (m, 1 H), 3.67 —3.71 (m, 1 H), 2.40 - 2.54 (m, 1 H), 2.17 - 2.31 (m, 1 H), 0.95
(s, 9 H), 0.18 - 0.17 (2 s, 6 H) ppm. C NMR (CDCls, 101 MHz): & = 128.5, 127.7, 127.7,
126.5, 126.4, 106.8, 40.3, 32.5, 25.9, -4.3 ppm. m/z = 286.
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2r, According to GP 7. 635 mg, 96%.

'H NMR (CDCls, 400MHz): § = 6.83 (s, 1 H), 6.74 (s, 2 H), 5.93 (q, J=1.4 Hz, 2 H), 5.72 -
5.87 (m, 2 H), 4.81 - 4.94 (m, 1 H), 3.59 - 3.65 (m, 1 H), 2.38 - 2.51 (m, 1 H), 2.17 - 2.28 (m,
1H),0.96 (s, 10 H), 0.18 (2 s, 7 H) ppm. *C NMR (CDCl3, 101 MHz): 6 = 149.1, 147.6, 146.0,
140.3, 127.7, 126.4, 120.4, 108.2, 106.9, 100.9, 39.9, 32.7, 25.8, 18.2, -4.3 ppm. m/z = 330.

J@Q

2s, According to GP 7. 482 mg, 79%.

IH NMR (CDCls, 400MHz): & = 7.46 - 7.60 (m, 2 H), 7.17 - 7.34 (m, 2 H), 5.90 - 6.19 (m, 2
H), 5.20 (d, J=4.1 Hz, 1 H), 3.92 - 4.04 (m, 1 H), 2.68 - 2.86 (m, 1 H), 2.44 - 2.59 (m, 1 H),
1.24 (s, 9 H), 0.46 (2 s, 6 H) ppm. *C NMR (CDCls, 101 MHz): & = 161.6 (d, J=244.4 Hz),
149.3, 141.8 (d, J=2.0 Hz), 129.0 (d, J=9.1 Hz), 127.6, 126.5, 115.2 (d, J=21.2 Hz), 106.6,
39.4, 32.5, 26.1, 25.8, 18.3, -4.3 ppm. °F NMR (CDCls, 376 MHz): § = —117.1 ppm. m/z =
304.

TBSOQ©

2t, According to GP 7. 448 mg, 81%.

!H NMR (CDCl3, 400MHz): § = 7.30 - 7.37 (m, 1 H), 6.26 - 6.36 (m, 1 H), 6.00 - 6.12 (m, 1
H), 5.81-5.94 (m, 1 H), 5.72 - 5.81 (m, 1 H), 5.00 (dd, J=4.1, 2.1 Hz, 1 H), 3.68 - 3.83 (m, 1
H), 2.31 - 2.58 (m, 2 H), 0.97 (s, 10 H), 0.19 (2 s Hz, 6 H) ppm. 1*C NMR (CDCls, 101 MHz):
8 =158.3,149.4,141.2,127.8,126.4, 110.1, 104.5, 103.4, 33.1, 28.5, 25.8, 18.2, -4.3 ppm. m/z
= 276.

TBSO : v

2u, According to GP 7. 431 mg, 96%.

'H NMR (CDCls, 400MHz): & = 5.75 - 5.86 (m, 1 H), 5.63 - 5.72 (m, 1 H), 4.77 (dd, J=3.8,
1.9 Hz, 1 H), 2.40 - 2.56 (m, 1 H), 2.18 - 2.21 (m, 1 H), 1.77 - 1.92 (m, 1 H), 1.00 (d, J=6.9 Hz,
3 H), 0.93 (s, 9 H), 0.14 (s, 6 H) ppm. 3C NMR (CDCls, 101 MHz): § = 148.0, 128.0, 126.1,
109.7, 31.3, 28.3, 26.1, 25.9, 20.9, 18.2, -4.4 ppm. m/z = 224.
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14. Synthesis of the dienes 2v,w.
LiIHMDS

: P L
ref S6 NTf, O><
-78 to -50 °C TfO 0

20 h
rac-13, 39% rac-14, 51%
MgBr
< Cul (10 mol%)
THF, -10to 0 0C ><
o< —=
fO o
rac-14 rac-2v, R = OMe, 70%

Rcealiest

_ o
rac-14 THF, ;Ohto 0°C rac-2w, R =H, 65%

rac-13 was prepared in 5 steps from 1,4-cyclohexadine according to the literature procedure.S®

rac-14. LIHMDS (1.5 mL, 1 M in THF) was added dropwise to a THF solution (3 mL) of rac-
15 (168 mg, 1 mmol) at =78 °C. The mixture was stirred at that temperature for 75 min before
CI-PyNTf, (698 mg, 1.5 mmol) was added. The mixture was stirred at —78 °C for another 10 h
before warm to =50 °C and stirred for 10 h. Then the reaction was quenched with saturated
NH4ClI, extracted in CH2Cly, dried over NaxSOa, purified by column chromatography using
EtOAc/n-hexane (10/1) as eluent to yield rac-14 (153 mg, 51%).

'H NMR (CDCls, 400MHz): & = 6.11 (ddd, J=10.2, 3.7, 0.9 Hz, 1 H), 5.91 - 6.00 (m, 1 H),
5.83 - 5.90 (m, 1 H), 4.89 (dd, J=8.9, 4.4 Hz, 1 H), 4.72 - 4.70 (m, 1 H), 1.41 (2 s, 6 H) ppm.
13C NMR (CDCls, 101 MHz): & = 145.7, 130.4, 121.3, 120.2, 118.6 (¢, J=322 Hz), 106.3, 70.9,
69.7, 26.7, 24.8 ppm. *°F NMR (CDCls, 376 MHz): § = —=73.3 ppm. m/z = 300.

rac-2v. (7-methoxybenzo[d][1,3]dioxol-5-yl)magnesium bromide (0.75 mmol, 0.5 M in THF)
was added dropwise over 20 min to a suspension of rac-14 (0.5 mmol) and Cul (9.5 mg, 0.05
mmol) in THF (1 mL) at =10 °C. The mixture was stirred for 2 h maintaining temperature
below 0 °C before quenched with saturated NH4Cl, extracted in CH2Cl», dried over NazSOa,
purified by column chromatography using EtOAc/n-hexane (10/1) as eluent to yield rac-2v
(106 mg, 70%).

'H NMR (CDCl3, 400MHz): § = 6.57 - 6.63 (m, 2 H), 6.28 - 6.31 (m, 1 H), 5.95 - 6.05 (m, 4
H), 4.77 - 4.82 (m, 1 H), 4.70 - 4.76 (m, 1 H), 3.91 (s, 3 H), 1.43 (2 s, 6 H) ppm. °C NMR
(CDCl3, 101 MHz): 6 = 149.1, 143.6, 135.5, 135.3, 134.7, 127.0, 125.9, 120.2, 106.0, 105.3,
101.7, 100.6, 71.1, 70.5, 56.8, 26.9, 25.0 ppm. m/z = 302.

rac-2w. benzo[d][1,3]dioxol-5-ylmagnesium bromide (0.75 mmol, 0.5 M in THF) was added
dropwise over 20 min to a suspension of rac-14 (0.5 mmol) and Cul (9.5 mg, 0.05 mmol) in
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THF (1 mL) at =10 °C. The mixture was stirred for 2 h maintaining temperature below 0 °C
before quenched with saturated NH4Cl, extracted in CH2Cly, dried over Na>SOg, purified by
column chromatography using EtOAc/n-hexane (10/1) as eluent to yield rac-2w (89 mg, 65%).
!H NMR (CDCl3, 400MHz): § = 6.87 - 6.94 (m, 2 H), 6.77 - 6.83 (m, 1 H), 6.30 - 6.34 (m, 1
H), 5.92 - 6.08 (m, 4 H), 4.80 (dd, J=8.7, 4.1 Hz, 1 H), 4.70 — 4.73 (m, 1 H), 1.43 (m, 6 H)
ppm. *C NMR (CDCls, 101 MHz): § = 148.0, 147.6, 135.3, 134.0, 126.9, 125.9, 119.9, 119.8,
108.4, 106.7, 105.3, 101.3, 71.2, 70.5, 27.0, 25.1 ppm. m/z = 272.

15. References

(S1) (a) Moskalenko, G. G.; Sedova, V. F.; Mamaev, V. P. Chem. Heterocycl. Compd. 1989,
25, 805. (b) Moskalenko, G. G.; Sedova, V. F.; Mamaev, V. P. Chem. Heterocycl. Compd.
1986, 22, 1232. (c) Taylor, E. C.; Tseng, C. P.; Rampal, J. B. J. Org. Chem. 1982, 47, 552. (d)
Li, F.; Yang, B.; Miller, M. J.; Zajicek, J.; Noll, B. C.; Méllmann, U.; Dahse, H.-M.; Miller, P.
A. Org. Lett. 2007, 9, 2923. (e) Faustino, H.; EI-Shishtawy, R. M.; Reis, L. V. R.; Santos, P. F.
S.; Almeida, P. A. Tetrahedron Lett. 2008, 49, 6907.

(S2) Kryshtal, G. V.; Kulganek, V. V.; Kucherov, V. F.; Yanovskaya, L. A. Synthesis 1979,
1979, 107.

(S3) Poe, S. L.; Morken, J. P. Angew. Chem. Int. Ed. 2011, 50, 4189.

(S4) Carlone, A.; Marigo, M.; North, C.; Landa, A.; Jorgensen, K. A. Chem. Commun. 2006,
4928.

(S5) Fleming, I.; Maiti, P.; Ramarao, C. Org. Biomol. Chem. 2003, 1, 3989.

(S6) Krow, G. R.; Carmosin, R.; Mancuso, A. Org. Prep. Proced. Int. 1977, 9, 285.

S38



N A A WA A A AN AN

Fo
o
Fo
°
Wl Fe Lz
1L 3 mmmuw
o 29 Ea A -
o1t — — 2k,
21 — 5"
S8 E
0T
122 io
€2z I 0
vZT = SIE
Tz J
2T Ee - 8L 05—
2T o
2ET L
o
Ces
© 99'0/—
— Fo
N - v8'9L
T — 3 . AN
oLuLy
x = WL
=8 e
o = g
zZ3 &
I o E e
ES =
vey [®] Fo®
S8t [a} < g
@® S8 O o b 5§
s sev —— 0 87 §
fra) o
8% =z Fo
C £ G \ /
[«B] vb'g [oN _ 3
o G z . - b rrei—
— e
Sb's -JE
(5] ora © Py
x ) ‘ .
=
W'e F3 DMu —
M b9 Lozek o
N wm m 8qF erras W -
< s o o
1o ——————=37'2 235
O : 3
z59 E
™ 259 (@]
i vg'o [o
N
© z
8T i— - £ ‘
C O.
© B 7
E PrGOI
H - Wy i9L— X
— Fo
Y E
o L
wn ©
[«B] E
" —
O T T T T 3 T T T T T T T T T T T
2 © ° 2 - o o o ~ o o < o o -
C a3 S S 2 < S o S b= S o S o S
s 31 pa |ew s 8 pe |ew

86
Chemical Shift (ppm)

104

S39



80

88

96
Chemical Shift (ppm)

S40

104

12

120

Fo -
MN
o 3
Fo
3 YE02—
fo 18127
- v vz
6L E 3
o % [ 5
vl 4 —=
1L == &,
v -t e :
65 L == 2 3
19k —F
2y
99} °
e Fa
¥z -
S22 s =. S e lG—
9T o
0z 3
iz | 87FS 4
ecz/ N oo
[o
© oLos— ]
3
F 98'9L 3
ERW ]
Lo o g
o E 3
g 3
g
F =
£
o2
=3
E
4 Loz
5]
ear &
°
oy = =]
~N
I Fo
s o
o seiLl— —
s 9 E N
05's zZ 2 I 2
1SG 3 R x = 3
et I o e ST]ES s -
[0 O el — Z o
=] E LoleL— =
o<
®) zeeel— S
fo - O
.Z © [a]
s =
Qm% o i N L o
o X 3
o z = VVA\N Fo .z
mwdﬁ —8_[eo N‘ X
or's S
[oX
&'o X s f £2heL— = =
S
0L °_Fo
A R < 3
1L = 8 i3
€12 eIk 98 p9l— 3
mw
o 3
[
T T T T T T T T T T i AN T adaiaian T T T T T
o o © ~ © o < © o - o o o ~ © o < © o -
-~ [=} (=} o o o [=} (=} o o © -~ o o o o [=] o o o o

us 3 pa Iew ys 3 2 ew



|

hemical Shift {(ppm)
S41

L00— -t Fo
o
Fo
o
1 £ LT [W\
Fo
6.1 -
1g'h o
(%4 —= 21
(5 Fo
Q1T o
oz == S
91T - .
twmg\ pel| 66'L1
32 Fa
. i
Fe
£ [£:3-CE
o
o3 Y88
oL LL
£ wis W
\M\m, 0288— -
3
E &
E=4
£
w0
S5
]
E e
2
5]
62 Fa
0eS
oe — [—
Mmm m mg - 6eell—
= 270
zse 2
x =
=] F —
iz zZ 3 Fo W
gz T o f©
: FE s 2
j— E _
se a 84 o W 5 - =
9 o SR - il P 0e'sel— - M
oc0 I o o< E
2 ° 5
€9 £ o W
Ce ZTN A 3
o__ll e o
~> _ 3
9T I— =z _ E
=z
~ Fo | N
~ (@)
~> _
E 61991 z
. o5 8L —
@ NS
o
oo
o
o
AR Ay i atad sias ettt s L NSt AL LS A M lhasad 1 T T ; 1 T 5 ;
o o © ~ © o < o o - - Q 2 3 9 2 ) =) 2
2 3 3 S 3 3 S 3 S 5 3 it o a 8 5 pad =

ys 3 pa Iew ¥s 31 pa few



00— R Fo
o
Fo
o
J £
s
88k E
061 b=
it VU OH\C
DN% Fo
21T = 87
EN% # °F
61Z
o
612 N QqFa
65/ oJ
T o
)
o
Fes
fo
<
o
F <
[o
1z E°
Emw. —— 5
s ©
Fo
s “
org} [ S—; mg
el e
N Fe
@
620, z o
mmmw = \Lllﬂ, mg\
oe'e 08 o
[ ©
8« :
sy s - 81t o
yas = \hj =
el i I | @
sy < J Ehild
.z £
N\ X
[oN 3
z = o
)
~ £
o
Feo
T T T T T T T T T T ~
o o © ~ © o < © o -
-~ [=} (=} o o o (=] o o o °

YSUSI pa IfewWIoN

Chemical Shift (ppm)

- vele—

- 858y —

- 95'89—

- sges—
e

- €0'€8—

oLgrl—

228el—

S6TEL—
85'8EL—

0LpSL—

8y POl —

3C NMR
CDCl; (101 MHz)

=N

WL

T
88

|
‘
o
WUALLw
36 128 120 112 104

!
T T T
176 168 160 152 144

T
72

T
96

0.65

0603

0.55

0.504

0,45

L A
o o
i ]
3] o
USIU P3 [BULION

T
o
o
o

T
0
~
o

0207

0154

0.104

0.053

!

Chemical Shift (ppm)

S42



00—

W
LS
PAR%

08l
€6l
¥6'L
g6k
G681
96')
961
886l

SN%
€T

8Ti—

Chemical Shift (ppm)

H NMR
CDCl; (400 MHz)

0
N
=N
N
W

v6'8l—

reEvYZ—

S0'8c—
20—

S8PS—

G h—

T8 LT~
G6'62L—

9TYoL—
05291 —

3¢ NMR
CDCl3 (101 MHz)

0
=N
\

N
N

_

0.40

0.359
0.304
0.254
015
0104
0.054

0.45
0.404
0.25-]
0.20]
0.154
0.10
0.05

2

S43

Chemical Shift (ppm)




Loo—

"H NMR
CDCl; (400 MHz)

3.131.501.04 1.02
s ey

3.01
=

T
4.0

45
Chemical Shift (ppm)

0703
0.654
0.603

2
i
o
us 9

T
o
<
o
pa Iew

0.305
0254
0.205
0153
0.104
0.053

35

88'8L—
PS'LT

9L 12—

- p8lE—

- 62°9%

Eevi—
- 889l

OLLL

8y L.

696LL—

66'GCl—
6E'8CL—

£0TEL—

8G€Sl—

oLvoL

3C NMR
CDCl3 (101 MHz)

0.704
0.65
0.604
085+

0.504

¥s 9

0.454

T
=
<
S
3 |ew

0.303

Chemical Shift (ppm)

S44



Fo
Fo
] W
Le 8GCC-_
- 62—
181 97—
o i o W
o1 Fo S02Ze—
ol —_— \HU{\M% - Opre—
oL — sJE
VL = d]
VoL £S
ziL - e ﬂ_
—_— ===
LT = a4t
612 M/wg -
0TT Foi - 90'65—
2T
peT E
o
Fe
- Shrin _
o S =
- ol L
E 8y 12-
=
s
F 5 W
=
2
L9 g
]
90 L5
Bm# 3§
806G @
e S| 2
e ~S1F orzi—
127G 2
G ©
s Fo
G @
69 e STl
0l ~
Ve N ‘o zg'9TL .
[ s N
829 x = ~ 8k 60Z€1— T
0e'9 =38 = S x S E
1£'9 zZ 3 5 fo s =
z69 < 34Fae =53
o = nlwo £ =
5 - ® g
o e T
b a
E (@]
N\ N fo
2
(O ZTN\\
z N7 E PEYGL |
02'281— O, _
o z7N
R o
F NS
w
Feo
°
Fo
T T T T T T T T T SRR el Mt s i el Al s M el ek M el
A o 2 N o & 5 5 A e
Q 9 8 3 & Q 2 2 8 o g 8 ¢ 28 8 8 & 8 ¢
S S S S o P S S s S o © o© © S o o o©

1

s

St

P lew

¥s 31 pa jew

T T
104 96 88
Chemical Shift (ppm)

T
112

T
120

S45



100~

"H NMR
CDClj (400 MHz)
‘ﬂﬂk

104
09
04
03 4
024
01

JSUSIU pa |jew ON

35
Chemical Shift (ppm)

4.0

45

9612~
G 20—

- 829C—

SLLe—

- 86PE—

- TEPS—

oLobl—

vesTl—
95’82l

80°€EL

L9'€81—

€L'egl—

Ry

ol

3¢ NMR
CDCl; (101 MHz)

=N
Y,

T

Lkl il

b

T T T T
112 104 96 88
Chemical Shift (ppm})

T
120

T
128

0903

0.853

0.804

075

o
Q
o

0 o o
© ® 9

o o o
JSUSIU pa flew oN

o
B
=1

0
K
o

o
i
3]

0.35

0.30

0.25

0.20

0.15

010

0.05

S46



vLe—
°eG—

6L'S
(4 mu

62 L
A

o)

,

Cbz

CDCly
"H NMR (400 MHz)

N

\N\
\ N

35

45

=
8

o

104

09 5

JSUSIU pa [lewioN

0.4

03 o

024

40

50

Chemical Shift (ppm}

- 28—

- ST62—

L vLWr—
sczy/

- G8'09—

2CL9—
- €00L—

S8 mm/

REOYAS
wid

- vhog—

voLLl—

coecl
eLect
ozecl

zo'sTl
LoLEL
06'gel-f
26'6EL

65751—
sesgl

LEYSL

Cbz

3C NMR
CDCly (101 MHz)

0.603

0.55

0.504

T
Iy
i

=

RN
o 0
< a

S o
YSUSIU pa |jewWioN

T
o
o
o

0.254

0.205

0153

0104

Chemical Shift (ppm)

S47



200 —

P>

LSE

Liy—

6T6—

pAR:S

8Le
69
6L'S
oTe
128
1ze

069
€6 wW

60—
il

Boc

CDCly
"H NMR (400 MHz)

=N
Y

40

Chemical Shift (ppm)

104

0.9 o

T
©
=1

LAAAR RN AR R
7 5 5
D

JSUSIU PR [lBulON

0.4

034

024

0145

- 68'LT—

. 8682—

szez)

8Lp—

S6'09—

80°04—

¥8'9.:
8L 22

i

19607

- G¥'98—

68 Lbl—

riegl—
66°0EL

68 GEL—

LS PSl—
L4120

SEVIL—

Boc

3C NMR
CDCl; (101 MHz)

=N
Y

I Wy g

(ol

3
3

T
80

T T
6 88
Chemical Shift (ppm)

el

0.80

075

070

o v o 0
© 8w B ¥
o © o o
JSUSIU PR JlBULON

0.40

0.35

0.30

S48



00—

vSv
S8 vu‘

0L'6—

Il
M‘\k
230 623

=]

CDClg
"H NMR (400 MHz)

=N
/N

0
N
\

10 o

0.9 4

038 3

07

JSUSIU pa [lBwoN

034

024

01+

)
Y

55

6.0

865

70

75

80

Chemical Shift (ppm})

- 29le—

LE'ST
65 QNV

L erle—
os1e/

- 90'88—

29—

£0'8C1—

LEEEL—

Liiel—

B2Y¥SL—

rrol—

3C NMR
CDCly (101 MHz)

o o

& ©

o o
Jsusju

0805
0.75
0.70
0.65

o v o u
s & ¥ @
o ©o o o
p3 |jewioN

0.30
0257
0.20
1
010

0.05

T UARAAAA aana ks
104 9 88 80
Chemical Shift (ppm}

S49



200—

veEl—

86—

CDCl,

N
T
=
o
o
A
o
=
z
T

=3
3

)
o

104

09

0.8

USUSU pa [lewioN

034

024

015

Chemical Shift (ppm)

8517~
$5'52
=

;8YS—

8€°0L
praATEN,
¥8'€L

mmmmH
me h&%
8y LL

680LL—

S8 ibl—

or'8Zl—
1282 —S
86'LEL

L67SL—

€LE9L—

P

3¢ NMR
CDCl3 (101 MHz)

T
104

Jsusiu pa

IlewoN

06 5

Chemical Shift (ppm})

S50



00—

00's

o's
09
o's

"H NMR
CDCl; (400 MHz)

=N
/

n-Bu

===
=

g

o
S0

o
S

10 o

0.9 4

038 3

07

JSUSIU pa [lBwoN

034

024
01+

05

10

Chemical Shift (ppm})

- G86G—

- €0Li—

§8'9.-
pad NNW

268LL—

80—

10821—

o8 orlL—

68 E€S1—

96V9L—

I

|

3¢ NMR
CDCl; (101 MHz)

n-Bu

]

_

we

T
88
Chemical Shift (ppm})

96

0759

0703

0.65

o
ot
o

A N
v o 0w o
6 8 ¥ ¥
o ©o o o
YSUSIU Pa I[BULION

0353

0.304

0.254
0.203
0153
00573
o Mt

S51



el

el
€1
8el
6el

L
1424
8Le

8Le
61T
oze
x4

19T

8EE
8e'E:
e
[ >
e
Sre;

0L
0LV
LY
244
(724

)

h

U

H NMR
CDCl; (400 MHz)

=N

Bn

A

S

ﬂIL,A

0
5}
o

7.44
[

104

09

0.8

074

usuau pa

I[ewlioN

03 -

024

01+

Chemical Shift (ppm)

- ¥8 om\ﬁ
912/
€6°6T—

- 98—

- LE65—

- BLLi—
789/

oL
e

8T LLL—

T
Th'9TL
€821~
0S8zl
S€6ZL

88 /E1—

06 SrL—

SLPSl—

Logol—

i)

3C NMR
CDCl; (101 MHz)

Bn

A

=N
Y,

AL

0
2
=

<}
iS4
o

0 o
¢ @
o o

ysusiu

0 o
08 B
o o

P lewioN

Jre}
<
5

=}
<
S

0
1
o

0.30

0.25

0.20

0.15

0.10

0.05

hemical Shift (ppm)

)

S52



n

L

MLLWWNWWW

L

b

96
Chemnical Shift (opm)
S53

00'0—
- 851z—
PLYT—
05’k orve]
£5'1
€5l
91
o Ls
291
291
£€2,
S€T
982
67
Py - veTe—
8z
6T
or'z
zVii—
¥89L
onil
v
=
5
s
&
£
@
g
S0'% £
90' g
90
206
20
20¢! £92LI—
N
—_
T N
$6' s 69521~ T
96'C x PESTI xr s
96 s o 01821~ >
664 o 68zl zZ 5
seoy zZ < Q
WM m‘ I o 80°9EL— qm.v =
Sz Lr m -~ S
9294
O 19Erh— o
9z 1 (@]
8 M
[y
zeL _—
£624
YL A ZTN
SE'L |
o€ > —
90'891—
69'2] bl
9 % 1€79b—
VL]
Fo
Kl @ Kl
o E o
o
Fo
T T T T T T T T AR MR AR At M
© ° 9 ) © o © ° 0 © ) © )
2 2 8 3 & ] 2 2 8 o 2 2 3 3
o S o 5 o o S S S o o 5 5

¥s 31 pa jewl us 31 pa jewl

025+
020+
015+
0104
005



000— \|L Fo
o
Fao
80"k~
£e vz
. - 0lve
1§ vw. £
151 o
L.
191 e 82
89'L - = 3
0L - F
L'l
SeT FS
%€
8T ok
662 ez 8
(22 = [
oz J#mg o - 05 PS—
EVT
€' 3
28T o
Foo
- - 0g'0L—
Fa vg'oL
811
E - Lt
foE
Sk
&
E =
£
2]
Lew
< 2
L6t E M
161 o o
[2%¢ —_— &
6 oaww
€6t
6 E
e —_
o N
—_
16 N £ s olL— z
865 W . W =
86'¢ s[ﬂL 2L 06221 —
65/ DMu o e e 61521y Zz ©
S
09 S E el o<
hde zZ 3 eesel L =
89'9 = © 6282} o =
890 I o ok ® (6]
802 Q = wg\ og'geL PDV
602 a -
1L O ke
S22 - = o b g5'Erl— Z
2 T i Z7 X
\ei— 4 —— — ©
mm@ Z7 X LOE @) /
ez o / — ~5TET L0 PSL— z =
652 < _ 2
652 4 E
19'L
X
182 \N
NS EEPSL—
£ =
Nt Fo o
o ©

80

hemical Shift (ppm)

S54

S 1

LA M L
0 =] 0
< < ]
S

104
09 -
0

0.555
0.503

S o
JSUSIU Pa JlBWON USUSIU PR [[BWON

0.303

0253

0.2043

01543

0103

0.0543
¢}



Wo—
600—

H NMR

0
N

NS

CDCl; (400 MHz)

=N
Y

TBSO

\

N

0.45+

040

0.354

us

030+

3

0.254

pe Jew)

020

0154

010+

0.05-
&)

-10

05

05

45 40 35 30

50

6.0

Chemical Shift (ppm)

s 9Ts
Ceer -

- LEeS—

v8'Cl—
-G89l

9l Nm%w
8y’ LL

v020L—

6vZhl—

SSPSL

29°G81-_
8eL8l—

i

Ll

0

NS

3C NMR

N

CDCly (101 MHz)

=N
W

N

TBSO

e

|

i

0457

T
9
@
o
us 31 pa jewl

020

015+

010+
0.05
]

hemical Shift (ppm)

S55



SLo—
200—

TVi—
8T 1l—

0O

"H NMR
=N CDCl; (400 MHz)

N

TBSO

e

10 4

09 <

08 5

0743

us 3

T
©
o

0
o

po lew

0.4 -

03 -

025
015

Chemical Shift (ppm)

L ele

Wy —

- TE8G—

ErTL—
§8°9L

- 91 NNW
pid NNA\

16°00L—

€90l —

L8'221—

00PGL—
z9v51)

0069L—

i

0

3¢ NMR
=N CDCl; (101 MHz)

N

TBSO

o Y

¥

0254

0203

0157

0.105

0.054

168

176

hemical Shift (ppm)

S56



-10

10

20

40 30

50

Ui

Chemical Shift (opm)

e

120 110 100
S57

ik

o
E * 68
Cappt
o
Fo
ok
00— oo
1o 3
= F €08l
- S eE
Fo praca
£ 09'52—
880~ - veoz/
[ £e - Wwze—
'
8cl E
681
65l £o
vl
oAl E
8l
232 2
€81
61 N - 89°09—
6L
mDN;\ &
€T 06
3 mmmh%
fo oL 1L
- " 9eLL
£ o
0~
FsE
5
&
Eoe
o - 1626
N
F 5
88 Y 00
potd F< SrLb—
6P —F
06t ~ Lrod
867~ T - ko
66/ hedfe —
g = _ )&t N
5s o == 21 I
62 ) fo s
0e's x = o
0e'S ~ =
= © £ x =
2
zZz 0O o Z
[a] © = 5
Lo g Z0
a
629 —— 21, 95'€GL— [O ¥
fo 2 0O
Z / j
€Lp9L—
O/N l _ E2 \poL— =z
z I ]
(ON
X 2 P =
3 N
o] fo
S ©
m E o]
= 1993
Fo m
T
o
Fo
T T T T T T T T T T T T T T T T T T T LR Ll L) Ll Bl R Rl L L L R R
© S PN S o o © S o STE e e G e G
2 ? 8 3 & 5 2 = [ o 2 8 38 8 3 ¢ 9
S S 3 3 o s S S 3 S 3 8 o o o o

us 31 pa euu us 3} pa el

0353
0303
0253
0203
0.0575



80'0—
£0°0—

(%
mvn%

6l hﬂ

"H NMR
CDCl; (400 MHz)

TBSO

I 1)

/
il

e

1

v .
1.042131.061.061.04

-
1.010.99

o

9.31

02
S|

3

o =

—

10 <

093

08 -

T
~

o
us 9

A
©
o

pa Jlew

T
I
=

044

03+

02+

013

e
S leh

9081
zgel "
6'1z—

- T9ST+

Lo @N.\v

- ghee—

- £€9°C6—

S8V
A

T8V
eviL

- 6’96

ZLol—

oLszl—

SEeSl—
s0vsL/

S0v9l—

3C NMR

CDCl (101 MHz)

TBSO

po

|
% ’ “ ‘
ARBLAALA LA A LRSI A LA A
68 160 152 144 136

0.80

0.75

0.70

0
©
o

0.60

us 3

0 o
e}
o o

po Jew

e}
<
o

=}
<
S

0
1
o

0.30

0.25

0.20

0.10

0.05

hemical Shift (ppm)

S58



o
Fo
P
oLo— - \&H
200— - Sapo
o
3
-
1g0— — !
fo
L -
bl E
gL
15l = Sobe
- =F
vl @ F-
Sl s
ou1f =2 1F
6.1 = o4t
6L =270
96'L J e
861 = 8
vzT -
92T [N R - T
RN% a7
18T 4
o
Fem
o
M Ees
o
Es
Lo
<
€67 £
v6P. I
£z -— 37kg
Z'G —_ 5
sz N _ —==/ ST b
mmm T AR
B
4 s Fe
o
o
x I Fo
S o ¢
pd m 3
T o
< O ©
Z 3
Z7 L fe
oLy L o | Saf"
49 = S > £
Lo
2
N £
B
o Feo
7] £
m
F e
o
Fo
T T T T T T T T T T T T T
o o © ~ o o < © -
- (=] [=} (=} o o o o [=] @
s 31 pe llew

Chemical Shift (pom)

s TLs
e

wom,\

- 29 vu/
86'LT
L€~
LG'ST

- G1Te—

- Wes—

S8'0L

- OVLL
8 LL
S0'8L

100 —
658LL—

L6221—

88'€SL
172 2° vV

L0'691—

o

A

3¢ NMR
CDCl; (101 MHz)

Me

0

TBSO

8

T
88
hemical Shift (ppm)

T T T
168 160 152

T
176

0.75

0.70

It
@
o

o
o
o

0
9
o

us 3

o
B
=1

0
<

S

pa Jew

0.35

0.30

0.25

0.20

0.15

0.10

0.05
0

S59



S0°0—
vLos

9
€8P

1245
[24 mW
eTs

60°L
b NV

[A2
4%

H NMR

CDCl3 (400 MHz)

O

/

=z

TBSO

Lak

3k

o
]
5

104

09 -

085

07 -4

06—

3t

po lew

04 -

037

02

01~

50

6.0

6.5

7.0

8.0

hemical Shift (ppm)

- 0Z-
66'€-

90721—

- GT8l—
851
€6

89'GT—

18L5—

.
a8 er

I
i ““L
ity

,MLLMJMMMMWMWWWMWW

il Ll

W

i) il H\\H

"
e

- 8ViL
i NNA\

0EELL—
EreLl—

ozetl—

3¢ NMR
CDCl3 (101 MHz)

0

/

leivl— =z

18'€SL—

1Zvel— s

TBSO

|

‘

bk

L Ll

i,
Lkl

y

i i

!

T
72 64

T
80
Chemical Shift (ppm)

~

10 <
09 3
084

us 3}

04

034

o iy

S60



| ] - 0% W
6L £ 3
¥6' L S|
veL o a3
5L 5 ;
S6'L _t ES
0ez— ~ & E
© - sr— = :
e =]
& 2
[ £ L avze— - - g
rees’ Eg
\w E
1ze
e 8¢ £2
el ) - E

fo
89°¢ | i ER
el . — © . E

SLEf T—= s 7 =

are = o vers) Es
6. - <.

zge

7 PSrLl— -

1]
T T T T T
5 5.0 45
Chemical Shift (ppm]
1]
12 104 96 88

[ (J elts gegll—
806 , 3
mom% | Fo
b 86061
j463 ~N = 5] oe el .
8’9 I E 9g'1el N Eg
059 = | 2-f T E
99+ o Te—==—cFg = 3
299 S = ‘\,J,%u_ - EY
8@% 3 21 b 3
996 g £
x > fo x = ]
=0 ~ s z -
Z ™ Z O E
T 0 E ™ £3
< O o n<m.v [m)] E-
~ 61991 — - © - Fa
W A L 08’891 — - =
(]
] [ Fo s ZTN\ £
o) O. _ R | ET
C:N\m z z E (o) O/N _ -
o O-z{ z 3
N Feo E
£ N ES
Le 3
> E
T T T T T T T T T T T T T o
S o o o S o o S &
3 ] 5 2 2 3 ° 2 2 8 o
3 S s S S S S S 3

us 3 pe fewl ¥s 31 pa lewl

hemical Shift (ppm)

S61



te sit

mali ed

te sit

mali ed

SEREEE LT TP P EE LR L1 855323385 8 s
S T T L L CEPOES BOTT o 2
104
09 =
08 -
] CO,Me
07 N
E N "H NMR
06 4 / p
N CDCl3 (400 MHz)
=N
054 \
E \ N
0.4
034
02+
0.1 o 1
3 il u’_[ IS |
(i | f
. . L ‘ - . A
59098 1989 098 1.00 1.043.05 1.00 296
[
UUMBRIE IR IS I A I IS R L I IR R IR A AR IS LR IR LIRS RN IR IS AR RN IS RN SRR MR IR RN LR R LA
8.0 70 40 35 30 25 20 15 10 0.5
Chemical Shift (ppmy)
8 3 33k83 e . che @ 0
8 3 RS B o350 R 8
& 8 8888 ¢ NS gnn ¥ 5
AR L VRO
0.35+
0.304 ,COZMe
E N
Lo ™cNMR
0.257 7 /
N CDCl3 (101 MHz)
‘N\
0.20+
\ N
3 /
0154
0.10+
0.05-
0

T T T T T T T T T T T T T T T T
9% 83 80
Chemical Shift (ppm}

72

S62



hemical Shift (opm)
S63

)
£ T lEs-
Lo " gt
L E7
10— sl
200— MA%Q o
o
Fo
69°0— 57 ° e
R 05'12—
Ee STese— -
9L E
69'1
601 F2 - eTee—
oLl [ 5] 61'8e—
Ll - F
o
o
85T E
moumrﬁ - fe
99T S0
192 /u%&m o
89T == 84
69T - . —
g Eo 59'€9
2T
99°¢ E
19¢ - 42
19°€ — Fop 58'92
£ e
89e N = 87 g - 9L
89°¢ I R 8r' L1
b
69°¢ = o
69°¢ = FQo
[ S E]
x 5
= © Q0
S6- Z O
961 Tr Q £ SE001—
6% - O ) 87f
vz = Sdte
T |83
RTG . Z = STk
oz ZT oTf —
ze o \ R N
€€ T OJ £8'94L— T
€€ P4 = E s
o 9L'9zL
ES 68'221 p
X 16121 x 2
E 00'8Z1 s <
o 05'82L o
@] FS Z 5
(2] £ O A
oLz m LS
L = fo 69Thl—
612 J e
122 —— .Z
al - == 8, FASIN
oz 1- < Fo LLEGH o |
8C'L E~ STYSL— T N
622 3 |« z =
fo
@ v8r9l— N
© O
e &
E m
T
o
Fo
T T T T T T T T
o © ° © ° 0 e o B o b o
3 & & 2 2 8 ° £ R 8 8 8§ 8
o P o S S S S 6 o o o o

us 31 ps W ¥s 3 pa lew

0.40
0.35
0.30
0.25
0.20
0.15
0.10
0.05



5]

288283
d

1

9
o

6

AL
0229
[

1

hemical Shift (ppm)

S64

1.00
iy s
45

192

¢

92 2.0
U d

1

Eo W e
3 eze ‘W Eo
Es <oyt —_—F ]
Saf £ o 1zo—
o N 3 100—
S00— = Bofe 3
o oo
[0 o
o 2 £e
s0 M I 18 21— % ¢ 69°0—
e oTF - Br— ——%
F2 legz— — .
E o'l
ol £ % fo 09'L
ey © E @ 19'L
et == 87F7 9966~ BE— o'l
gl = - - 96 s6— —= P _.w.
08’1 g Es ¥9' L
fo E S
o =
15 £ E B 85T
18C E E Qmw
97 s fe o4
€97 27Fa s o —
$9Z- TEENEgE s e
97 2 E S 89
99T fo - o8'E9— - > 69T
892 © £ | uz
eg'e
e 3 ZLzi— - o poe
Pt o [0= = roe
gge ‘e 87w E osgen -5 443
85 -F 8 oLuf - e
69°E e 8Ll L 99'€
6gc Fobh E o 9
0ge S g Fo8 19°¢
8 g3
F 5 5
E 2
.
Q
£Q o g 6P —
L6 g6t N
267 — E 62001 — B £ s N
6 N g 00101~ N - < el s
s I = 2TEe I Ee e
veq = e 91’80l = - E czel =3 _
¥es o - - 27f zes0l) - o % s g
ves o T le o £ Zs rx 3
525 v I £ X — E 8z S o
%8s = s 1goLl— s — - 2 -
& & =2 g s o E] z0
68'g zZz O _ _J o= 1112 — I3 g
S, £
S0 I a Wlbe O A Lo
©
mmm = O 3 1921— 2 0O 2] N\N
65 > > \ N
e =- Lo = ] 6
o mM | N - F¢ 9L'98L— i N @ 44 T O/N -
ze e o :nd E 6 IA
44 5 O/N = ° T O/N = S 66'9-L R
o |« SR Leopl |« Es 9 ~
B == 37 €8 71— E TT i~ J——
o - S o €22
vrd X [N TR X ] %
e £o vZreL— E el %
ny i
92 2 O E @) Eg @
(] 0 - [
_nm ES 6LboL— _nm E J
© E o 2
o o/ 3
L ©
< Ee
T T T T T T T T T T T T T T T T T T T T T T T 2 T T T T T T T T T T T T F T :,J T ,O T :,J T N T ,.T ,O :,d ,G :,J
2 2 2 g
8 3 @ < 8 2 & & 2 = 8 . 2 2 @ S @ ° s g g 8 8 8 8 2 2 g
s 38 & &5 8 6 8 o & © 8

¥s 81 pa lew us 81 pe jew ¥s 81 pa |ew




- EEG—+
e

- P8iL—
05'1e—
- 826t

Irge~
- 1Sie—

- 6G€9—

Sy’ 00L—

ZLSLL
Ve m:w/\
8oL

622l
Lb'621
6¥'62 vN‘

Sh'gel

00°€sL—
EPSl

29'081~
SO'ESL-
eLrSl—

3C NMR

CDCl; (101 MHz)

TBSO

lsob—

9F NMR

CDCl, (376 MHz)

TBSO

T
-200

T
-180

—
-60

T T T
160 140 120

T
180

0603

05543

T
=}
B
=

us a1

0.455

0.4043

pa Ilew

0.35

0.304

104

084

us 3

T
©
o

po Jew

05 4

043

034

024

014

Chemical Shift (pom)

S65



810~
800 —

€L0—

25>
TLE

sli—
92 L—
et

5

307314
5]

8.96
S|

CDCl, (400 MHz)

TBSO

i JL_M LJ

:

S|

1.011.05
S

1
I
097
d

0.30+

0.254

0207

us 3} pa jlew

015

0.10+

0.05
)

hemical Shift (ppm)

615

- v

- €6 L—
€5'1e—
- 6E€'ST—

S leTe—
rrzes

- 2§19 —

Ve'hi—

S8'9L
o
o

£0'00L—

§G'60L—

vZOoLL—

9L¢LL—

£6'Lcl

09'lpL—

66254
ZEYSL—
£6'651

89Y9L—

CDCl; (101 MHz)

TBSO

0553

0503

0.453

us 31

0.403
0353

pa Iew

0303

0253

0203

0153

0103

S66




Fe e
£ . K
o
ES LShe—
' _\mv‘\
s F o
57
SLo— - —3
00— " R,fo
L] =]
0g ©
60 Fo 9621~ ©
£6 & AN
ve > F 05'1Z~=
g6 | o'ST S
60 - e _epaz
96 el vigs
00’k ~TE .
L
it - Bl'ge—
o
E 2
veT o
S€T Fai
9T b ¢
€8T i
8ET 8F .
6£Z _ 2lke 9
Y84
vz wTE
sre ~ - 1gge— 3
152 N a ©
I
= 802s— - o
Fo 5892
m ® 5 mvkw
=4 E 2 pan ]
x < &
s o Fo®
Z O V8 3
T Q "
oL (@) 0 0O ©
oL¥ - E< 8
LY [=3 - lr86—
11 N J mu”_\ \m_l <
05 - o Fe
% Z75N S W 2 T
906 | o =
E o
bed T O =
ob = = - —
s Fo poGLL— x S
= Z 8
X o Z o
[} © 08221 — O PDV g
= o 3 ¢ 0
(7] fo Eg
[an] © o
[ E .z 3
ke N\ N £
s PR
ZVi— o7
I T O Fou
E LEES1A ~ B
© 96'€5L— z = -
E~
8
E ~ @
fo S6F9L— [} .
° = o e
3 (7] g
© m e
T
3 <
2
T T T T T T T T T T = T T T T T T T T T T T T
2 ] 8 8 8 2 2 2 o 2 2 8 8 & §
S S S S S S S S S S S S s o

us 31 pa jew us 3} pa Iew

hemical Shift (ppm)
S67



£ Eo
o E
o
Fo
- 1512 -
F2 shse Ex
2q Rreeeas B o
- \ ek g
yELS 3
@ =R Fa
— £ F
g
. ES 3
&
o fo
sez— L 2
D ~l 8596 - E8
£ - peee - £
o
Fo £3
oo - N
- - E
Fo 85'€s> - =
T E
E Sl :
vee o £8
€ E
e 3
g0t =
ot ® E
et i} o
mmLf £ g
991} 8 o - £
f
2897 © 69°10L— —_ - <«
10G — N 3
20 N 16901 — T - e
£0'G I F = E
P0G = © 90 LLL—
266 =3 —
=4 o
goe S 3 £6°9LL— X < f
or's x I B o 6 6LL— s < E
e@w s o - adbg zZ35
al'e . 3
2084 zZ 9 = e O A
IO T Q _ 8yt er'ezl— T 0
mmm% = O “he Lz — .
oo
Jes L 87 69'GEL— pd - -
»m&s N\N a f Z7 X
e [ N N 2o eozrl o |
169 o fr~ \ IT
- - N o <
et HH.«O,N = D— - e [ 7FF
€Lz pLorL—
9T o fo (@)
~ X
N 8avel— o
o E o
2 =
= F3 Iresl— o
o
fFo
3 o
o
Fo
T T T T T T T T T T T T T T T T T T T T T LR A LAl R A L R | ,ﬁ LR L L L Sl Bl L) Ll Rl S R R KA i R LA
o 3 s 5 g = 3 o oo 5 g © 8 8 8 8 2 2 8 3 8 8 2 2 8
- o o o o o o o o o o o o o o o o o o o o o o o

us 3 pa lew ¥s 31 pa few

hemical Shift (pom)
S68



000—

21—
veL

ree—

"H NMR
CDCl; (400 MHz)

70

104

09 4

HEEY

06

pe few

04

034

02+

01+

Chemical Shift (ppm)

vS 1z~
6152
- 96°52—=

- 2846

2200
09 €L
AR

S oVl
i

YT Lol—
66'60L—
£€9'801—
90 bh—
LWL

6L8LL—
61021

or'8Zl—
vrLEL—

vy ivl—

508l
overl/

0LYGL—

oe'esl

3C NMR

CDCl, (101 MHz)

0.454

0.40+

AR R R
0 o
1 &

0.254
020

o o
us 91 ps jew

0.154

010+

hemical Shift (ppm)

S69



00—

Te—

8T l—

CDCl; (400 MHz)

1.00

o
3

o

87

=

2]

- LB'ET—
'
pracras

- 0L'Sr—

@ - 0Lbo—

T
35

§8'9L
R=1% NNP

jal

Ll

L pad h,\.\\‘

40
)

hemical Shift (ppm)

88'601—

LLLEL
E oe va\/

SS'lol—

85491

0.45+

0.40-

0.354

&
&
o
us 3

T
0
&
=
pa el

0.20+

0154

0.104

0.05

3C NMR

CDCl; (101 MHz)

T

bl

A i

ik
U

105

09 -4

084

us 3

o

pa ew

054

043

034

024
01+

3

hemical Shift (ppm}

)

S70



Loo— — Fo E
o
Fo
E 3
fo - 1EBl— —3
goi— Mg - S0¥e- _ 3
8oL £ o6z~ [ —
9Lk 8057 3
. 80487 - 5
oL Eo rz6e i
0 .
821 = Oﬁ\ 3
6.1 = -
191 o 3
8l o 3
gl | w esor
Zes ol
o 3
Eo 3
e —_ W
a N 1
- 2999— W 3
3
@ 3
Feo m E
~ 989/ F 3
N 3 SeLLLf X -
Z 3
I b Ll = 5 3
= 2= Z < 3
8Ly o EYE O 3
A o LS & [N a *
1zv/ o 7 ol 2 " s 9 k3
[ < £ © 3
as .\W xr Lo m Mﬁ o 3
Lt = o g a 1
Zz O ] m E3
T Q o ba® = T E3
$0'G— (7] = O 2= 8fe (o]l Iz k
108! o E i
o €8'60L— \le —
om Fuo A\ E
@ - o pd 3
- . . _ L _
s on nZ = Sk 3
v\l Fe 3
o 4
89221
z © Lezi -
— sy 1 4
oe's 2] 17081
Fo Q0eEl— E
@ Lrvel— P —
16581 1
E 906Gl 2
oz [o 3
8EL ~ 1
8eL 3
o —] £ i
o' == 2Tk
Vp L ) e dER
[ _ )y
89L = <lf
89/ SL191L—
892 fo 3
3 3
0zz 85201 — 5
o 3
F 3
Le =
@ =
T T T T
8 8 € R 8 8 B3 ¢ 8 8 & 8 ¢ 2 8 4 o @ ~ - o
o o o o o o o o [=} [=} [=} [=} o [=} o - o o o
Y o1 pa ews ys o1 pa ew

Chemical Shift (ppm})

S71



o i-
Fo
o
Ee 3
F e
. oEBl— - E
= 8662
- 86— - ES
cel— ﬁ‘\ 20—
8 E
Eo - ge0e— -
61 = Fa
v6'l K
8Le 2 | E
61T g
6LT ° P N
12T 87 E
2T -
€T e
°9T Lo
19T 5 3
G0z = 61¥S Fo
(4 8
02 o re 3
11T ”
o 25v9— - o
- 8el0— - E
o
Fo N
N
£ S8~ E
oL
g fo 8Ll 8
N M) :
oevy I sab =
eer - c 8
= glt.5 ®
2 ‘
s 3 Eos £8
s r < 5
S o £3 E
g = ~ 3
1e'g zZ PDV - 5E 3
55 g e 3
85'S T O == Q7fw S
98 (7] A\ = Sl N 433
88°C o N £ I :
8¢ o N 9 bEBLI = - :
o Py 2
pod m &) P 99221 — F=
609 = / = 2 z8'12k o E
600 [e]lB -4 or'8zl X — ©
o momﬁv S = - = = sl
et =z o 162 =z 2 -
7 R Kom% &) 3
E 66°0€1 - = £8
z LEvEL nﬁwu w B -
gL F2 16 SEL (] - E
s ; 89061 o N s
297 - 3 m Q e
€92 O
a0z _J kR = / £8
MWMM = = 1% cossl— Qi Iz -
wm M( glto 20661 — V = _ ‘g
62 SE® / \ 3
v62 £ z g
43 1rgoL— — - 8
\M E
©
£ EQ
o E
Fo
,0 T :,J ,0 Lu ,0 5, ,O r,d T T :,a T ,0 T T T T T T T T T F
2 o o o o o o
: & &8 & & 5 5 &8 - g § &8 8 8 8 % £ &8 o
s o pa fews ¥s o pa fews

Chemical Shift (ppm})

S72



00—

I
N

Ly
aRan
s 28

OTBDPS

4a, '"H NMR

CDCl3 (400 MHz)

o
9.35
—

e ©

<

.
[
2

b oo
NJ\ &
o

Q
Lo/ wg
S 87

= &

\\L mg

0.45+

0.40

0354

A
3
s
is o

T
)
&
o

pa ljeus

0.20+

015+

0104

0054

35

Chemical Shift (ppm})

- 6261—

60°92+_

60°L¢—
- 006z

- 8L'or—

- EV'98—+
08'9g/

98'9L

-8Vl
pad NNL\

[ A
9z'8zh
19 mNLW
0z'6z1-¢
z8'62L
TEEEI~
LeveLf
SEveL)
06'SEL
s6'gel
L

GLGGL—

OTBDPS

4a, 3C NMR

CDCl; (101 MHz)

Cbz

/
Nz
I

0.65

0.60

[
88
o o
us 3} pa

Jlews

0.35

0.30

0.25

T
16

T T
168 160

T
176

hemical Shift (ppm)

)

S73



Lo ©
S
Fo
re -
£ - 0e'hz— -
SE1— 2052— - F&
= Fe - 8Zit— - E
£ it}
o £
-3 Foi
_ fo
£ S
/ Qe 3
167— SFe Fo
3 =2
3 - p6Ts 3
ke F8
Es
N £ :
I £ - z8'89— - E
o
2 = o vao: R
o S E oVLL w\
e S 5 iyt
ZE Y- < (. ok £ . . _
ot x I o = ,og = ey e
s S o 3 ok £
i z2
- E o
I F e ©
< O o r
fo
© —
T =
K I H
69 s E
8 Lo
et o O oF - Fs
S8 @ o -
08’ S41F X - E
$ I e 0Z'60L— s = -
2 S o i .
y Loy © -8 Fz
oom% 21 SivLL O nDu
10 E 3
(2}
£0'G 7 / - 0O o
EQ
N, Lo &
gt p— aJ 3
(23 Sk
5 692l K
° 9z BTL
901 \J e~ 82 1eL— (@) O
602 °
o I T
~ O Tz
3 7
. 2\
95 ISL— o —=
P4
o 8y ISL— - r
© £8
©
£ wm
B e e e 00 10 S A M M T T T
o o © ~ © o < © o - - ] © 2 2 -
2 3 s S 3 3 S 3 S S jal S b =

us 31 pa jewl ¥s 31 pa jewl

hemical Shift (ppm)

S74



2o \¢ L Fo F
zL'o 3
m_ow Pl
vio v _
©
Fo
o
z6'0 — olfo
IR
)Muj
N

@
oe'L— a3
or'l— © vZ'8l— —
29w 3
alpe g .
LIV -
16'62— —=
88'9z/
©
Fa
L 8
05— —< 518 3
Chros— -
°
Fes
©
Fes
£ €169 B
v 089/
s o = ¥8'9L
vz v F~ EIY

hemical Shift (ppm)
S75

5
= o
v it e n
Se B =N |
22
9E P _ a8
0ob-f = | =
zst — [ o
€9 U7n_ .
vor w1 F
80 s = il |
oLe £
(=3 —
= fo N
x 3 @ 29'801— W -
769 ) £
.\mLﬁ W O g 1871l -
96'0F SN [ _ S
o] T Q albe x 2
66'C = O £ =3
Z <
159 o Fo o (@]
659~ = Sfe - O N
2 S 0EL P
o O £ z5zeL - < O
(2]
66'9— m — 8o
o2 - T TF
e o ] £
(o] 4 o Yo :
Fo @
2
N\ N\ 99 IGL— = T _
/Nl 90'251— O "z -
Fa
7 N\
P4
\
Lo ==
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
¢ g 88 8 & 8§ = 2 8 o e e T T T T T
> S 3 3 S S = b 2 2 3 3 5 3 3 S 3 S S

s 3} ps lew s 81 pa lew



ooy
oo o Fo
Lol - —J 85
b
o
Fo
Q 3.f
060— o fFo
9
5
621— _ Fauil
€1 - 5oL,
S3E
o
Fev
4 Fo
o S
192~
ol
o
Feo
o
oLE Fo
| e
807 afo
607 L Jseafe
8L = o
6LY 81
ea2 T
oy - fo
€Sy —= WH: ~
vet £
i 2
£0G ~_fo
voo T - == 2]te
foe N 3
99G W -
S8 o Fw
99 o e 20
99G o -t
8LS xrx I =2
616 Lo
6.¢ = @ <
18°G z m E
I
< O Fo
@
M2 °
9Tl s ~
62L o O ] _ o |
[y = 3
L % (] o a
° = g [2
09— = / . 2
i}
eos) O 4 o f
o
4 / B
b4
L E
P4 Fo
Fo
o
>
T T T T T T T T T T T T
L A L
2 8 8 8§ 8 ¢ 8 8 8 § 8§ ¢ 2 8 4
5 3 © 6 o6 © © 8 ©6 o o o© & o

us el pe jew

nemical Shift (ppm)

D 8Lp-
- eept

- 98'€6—

15'65—

z0801—

06'SZ1~
88421

5121
151l

ZE°GG L
sz'ogl—
20'651/

136 NMR
CDCl3 (101 MHz)

<

0
0]

OTBS

N.
COZMe
10

e

]

i

0553
0503
0453
0.40%
0353

us 3} o Jew

0.303

"

0.254
0203
0154
01043
0.054

hemical Shift (ppm)

S76



100~
10 o‘H
00

8Tl
ze v‘/

0§T—

H NMR

CDCl, (400 MHz)

o)

4

15

OMe

0]

3.00 103 0.752.19

—

391

e ud

07043
0.653

0.603

0553

0.5043

T T
0
<

=
us 31 pa jew

T
=)
<
]

03543
0.303
0.2573
0203
0155
0103
0.053

45 40
hemical Shift (ppm)

veIZ—
09vZ—

- 99'9c—

°8'e—

- 29'86—

- 0469—

8L°00L-_
¥9'L0L—

S0'90L—
1z'80l—

esril—

s0'9zL—
76'821—

80'SEL—+
8C'se e\

m»ui
B TviF
25°epL
$0'6FL—
1Z'1s)
cerar)

06'8S1—

3¢ NMR

OH

CDCl3 (101 MHz)

<

O
o

)

0]

OMe

15

0.40+
0357

0.30

us 3

T
0
&
o
P lew

0.20+

015+
0.10

72

80

88

hemical Shift (ppm}

S77



00— \L
<
90— =7
srol ©
~
96'0— =g
STl R
s .
5
ek el
«
87— =~ wg
J e
€8¢ — 5J
or't-
13
zr't- .
P 5
e m |
Srb- L
[IR > S 5]
[INe o -
vLY S
YL <
L x <
o J5¢)
PSS = m o8
ety z — o
18 T~ 0 20
186 - O
6 ]
ey S
€6 o
g9 8
ecot Z— - m&
€8+ = DQ
gl \ o
69 \ - S
oL - b
Sz &1
9L NH >
mmﬁﬁ mg
00°2-
=
T T T T T T
° © ° © ° 0
3 ] 5 2 2 8 -
o o o S S o

us 3 pa lew

05

10

 89b—
- gyt

8L'00L—
€910V

6L°80L—
11'801—

vOGLL—

86 ¥TlL—
8E'8TI—
96 VEL—

eroel)

L9°erLn
veepL-

cLerl—
0g'1G1—

62°9G1—

~N
T
=
o
o
@)
a
o

OMe

0.555

0.503

T T T

03043
02543
0.204

T T T
0 =] 0
< < ]
o 3] o
1 el

us 3} pa lew

0154

0.104

hemical Shift (ppm)

S78



000 DR
SDM - L - Fe - 9T~
pLo ;o E
o
L 3
«
26'0— Saf o
J - - 88—
el B NH\ 28—
1 o g S0
- - 86t
o
&
o
o_Fa
voz— . 87
£ ceee—
o - eros— -
Fe 2r'65—
g Fo
£9'€ _ ralEe AV
29— 8o F $8'9/+
€T - B 811z
=
e — S8 - gy
TP N I zL1L
62 T - = z
62 TTTN8ap 2 e —
et = R N
LEY w ¥ E T
e E S =
6 N
gt x < L= 8o —
sl = .© e v'loL o
T X «
vo's zZQ E 1s'1o1 =
toc T Q0 S5'90L— = 5
99's = O o 6/'801— zZ )
0g's @ O A
18 mw £ 2 0
L8's -
68'¢ fo
06'G ©
16' £ 1Lzl
16c b LTl—
689 o
¢ = 09051 —
e c9'eel
£ sy vl
493 Lo
Pl ~ 1z erl—
YT I~ £
5g'2 Sp'8rL—
o
E~
P0'SSh—
o S iG1—
o
Feo
o
Fo
T T T T T T T T T T 2 T T T T T T T T T T T T
S o & o o o S A S A &5 @ o o S &
2 8 3 ] I 2 2 8 o 2 3 3 & 5 2 = 3 -
S 3 3 S P S S S S 3 3 s s S S =

us 91 pa jlew us 3} pa el

hemical Shift (ppm)
S79



(ppm}

88

Eo i
o
] ;
08v— —
g 2 - 88'97— —
el 03 3
_ _ . o F —
el 33 N
Lo T
xr =
£ s o
£e P4 m
r <
— E 6205~ - © _
W Lrze— ) -
) ~ ©
x S o - 65°96— - O —
= o 3 -3
z 2 fo
S °
= © 5F - 5E'69— -
e ~ aQ —_— 3
3 - 8 b
e - O 87 sToL— —
£ - peBL— -
3 fof
<8
Sev K 2 ~_F =
oA = el B 2 [}
YSH ] % 02 U yu_\s g =
— =) SqF9E
= &) - 2 (@)
/
82001
9z . s
Joa "z o 62101~
Zs T °
£ |84 5e'201
or'gL m \VU #mg £0'601
g = P4
]
s o)
58S
%8'e = 87
28 mL% 09°1Z1~
18'G O O €L221
o < - & |
929 T =
£9'82L = —
18's - sL6z)
28 &f = 9z 0el
165G - S $9'0EL
s - Saf €L'EEL
101~ \ a_Fx 86°€EL
502 =7 v6'9€l
WL 69 vrL—
o 06'5p 1"
L o
vhL ~ €808l —
s0'e o 8r'9SL—
<
obeL _ ENIE
se'goL—
o
©
AR R : |
T 1 ki IARARS ATy AR s s & o &b
o ° o o o o ° 0 5 B 8
2 2 3 & 5 2 2 8 o S 3 8
S S S o B s S E = S s
¥s 2} pa |ew s 8} pe |ew

96
Chemical Shift

S80



hemical Shift (ppm)

)

S81

_ fo Fo
- Fo
fao 3
o 6602
12L 2
e - e
Wk 3, 1£22
k44 _‘W. = LT
oL 27 :
el u_
mm T 27 zLoe—
02z
722
£z =
T
2T or0s
e
622
o€z
ve T
S8z
182
68C oo
062 S =
S8 3
7S
1w
e
5
3
E=S
ot
8t <G5
2R 8
e 2
€
MMW ok 55901 —
se ~ 5
'S
1 mw. I
s = © —_
6v'G = @ N
67'G 1SS I
x 3 = ]
Lo — -
@
= < @ 16'1EL— x 2 -= E
z O E zgzeL/ D @
@) 2 = Fe
T &) LL\ = Z 2 -
= =15 % O e
- [O e} 3
E ) I
< 0 E
o
E~
Fe Z7N
3 £L591— o. \F _
z
- P4
Fwo
3 £56/1— <
o
Fwo
o
Fo
T T T T T T T T T T T T T T T T T T
o o © ~ o o < © o - - 9 2 2 3 9 2
2 3 s S 3 3 S 3 S S 3 3 b e a8 g

us 3} pa lew ¥s 31 pa lew



00—

25

hemical Shift (ppm}

50

55

80

75

80

85

90

95

N
I
=
o
o
x I
= @
23
T
= 0 -
o
N\ AN
(ON
Z7 N7
N
T T T T T T T T T T
2 a3 3 a a p a3 a8 b °
s 31 pe lew

80'1C—
- L YT—

- 08°05—

Y60L—

LRI
-8V ilF
1wt

€9'60L—

b U2l
18'821—
850EL—
Y2 ZEL
692EL
182€L

99'501—
ge 99l

3C NMR
CDCl; (101 MHz)

103
09 3
083

us 3

pa Jew

(ppm)

S82

Chemical Shift

128

144 136

168 160 18

176

184

054
044
034
024
014



00—

G8'P-
987
98P
98P

88'P-

8E'G
8E'S
BE'G
or's
or'G

&r'o
1S9
59
€SS

8s'e
896
89'¢
689G

ovm\
34 m\\‘

"H NMR
CDCls (400 MHz)

-0.5

95

1.0 3
09 3
08
074

06

us 3

pe Jew

044
037
027
017

hemical Shift (ppm}

C

P

§8'02—
- 66°€C—

- T605—

- 20—

8 @NW
- OViL
pad wn%

YEELL—

£02eL
ozzel

68451 —

GL691—

3C NMR
CDCl3 (101 MHz)

A AR A

0.7043
0653
0.603
0553

0.503

us 3

0.453

pa Jew

0.404
0.35
0.30
0.254
0.203
0,15
0.104
0.05

16

72

S83

168 160 152

176




IR e oo AN Wmmmmwwmwwm

200— - Eo W
o
o
Lo © - 8YL—
vl -
'L o E 08'02—
gl | 8 . -
891 —= P 80%T
65 q — By
651
SLZ
2T
YTy -
Tzt
122
62T
0ET
ogzd
- gele—
o
Fe
o
Fo
TL0L~
2 ¥8'9L
oLy
E St
€8 ~ o=
€87 m 4%
ey R
8- = - og =
mmim e
sgv o b ~
o £ T
Le's < g F 5
o x I T s
s s o Fe =
€€'G
veS z m E xr 2
T fo s <
' < O © ™
o E 4 o
9’9 89
Lo ZTN “MLf Fe S Q
059 \ TS84 2 0O
59 N _ = F 6£7ZL— -
z5's =z
259 =z fo N\ AN
~ Lozel
E pLzeit O, \P _
NS 4 =z
o
F~
E NS
o
Feo
~
SZ8— @ e
5 2]
fo
© 8846L—
[o 8 Y9L— -
>
o
Fo
T T T T T T T T T T T T LA A T T T e T T T T T T ey
o o @ ~ © 0 s Jul a = o 2 8 8 8 8 ¢ ¢ § 8 & & @€ 2 8§
- o o o o o o o o o o o o o o o o o o o o o o o
IS 8 pa |ew s 3} pa |ew

T T
104 96 88 80 72
hemical Shift (ppm}

T
12

T
120

S84



te sit

mali ed

te sit

mali ed

BBEBBBIR2LE 32255 -8B B532388588 883 IITBNISR 388333
R RCIDBRRS Y CBBDODBY8EB08E 283 133G dditibdad:
[ i g g L M s 6 . ey e [ [y e b WV I B BV
10 4 !
09+
08 -
3 7170 "H NMR
074 N CDCl3 (400 MHz)
] =N
067 \ />\Ph
E N
os ] Ph
0.4
[l I
034 I~
E| |
024 |
014
| !
] ) ! j Ji
, | -
202 202 614 1.00 202 1.09 1.00 2.04 1.071.01
= = H == = = = =
T T T T T T T T T T T T T T T T T T T T T T T T T
95 9.0 85 8.0 75 7.0 865 8.0 55 5.0 45 40 35 30 25 20 15 1.0 05 o}
Chemical Shift (ppm)
- (=] ITTOOND =0 1) I ! ' ! !
0 - TrCNTONTO « ~NOown o [l o Q
[ < WONTOO 000 M [=} Yo 0 o o a
[} 0o MOMOOONNN o (=] N O - < o
- T TTTTTTTLT T - [N N N 10 o N
B L AT R i
770 3C NMR
N CDCl3 (101 MHz)|,
=N
\ /)—ph
N
Ph
|
| |
|
| I
|
Ll | TAYP Al ke L
L I AW il i VoAt M s b .
184 175 168 16C 152 144 136 128 123 112 102 9% 86 80 72 64 88 48 40 32 24 15 3 0

Chermisal Shifz {[par;

S85



00—

R s

= o
===-97

— 0
S

81—

H NMR

CDCl3 (400 MHz)

10 -

09 -

084

T
©
=}

us 3

T
)
=

pe Jew

043

033

02+

01+

Chemical Shift (ppm)

v 0—
- 9Lve—

815
P85~
X

- £90/—
¥8'84
aviL
il

- 6.98—

ZOLEL—
erier

vy ol—

vLLLL-C
VLTI —

il

W

PR e

o

HIEY
T

3¢ NMR

CDCI3 (101 MHz)

T
o

T
o
=1

T
0
=}

us 3

T
~
o

e
©
o

pa ew

oo

184

192

hemical Shift (ppm)

S86



hemical Shift (ppm)

S87

200— - Eo
o
Fo
o )
MM” - ¥O'LZ—
o 8]F 2072
o'l == YE'GZ—
S =z b P
ve'l =-ar-
98k
S8l _ o
98'L N
ey IR A &
9Lz~ __ 2]
11T = pata
612 2] sEah—
WWW \M - Se6h—
62T y
o
Fes
0g'e— 8 ke - 950/~
© 8oL
E m—NNH%
RIOTA
o
F2e
5
s
957 £
(73 Fob
S 8§
€L _ )5 E
Vi Og\ 2
(22 .0
)
reS
oG ~F
9E'G et 2]
Rm% Lo .
8
gec - N
m E I
= ES =
@ —
o o
oo S 3 eLel £
Ommw. R M-\ Bg 0 NmNm_‘V w @
159 — ) 8k i
ze9d = ~dpe (@]
z O £ L na
T8 2 O
o ° 3 )
) 7
E P
z Fo \F
A )
Z N
ZN F z
z 16°€91— @) \
| o N _
O. _ © zZ =z
Z" N> > £ 15601 — z
o NS
NS Fo
T T T T T T T T T T T T T 2 T T T T T
o Ey © ~ o o < o o - - o * o ~ ©
2 3 3 3 3 3 S 3 S 5 2 3 3 S 3

¥s 3 @ e

®

31 8 jewl

05
0.4
034
024
014



o
Fo
£ 89T—
seL °
8EL - 1502~ -
WL
[ 00z —
0gh 2
3 = |
E1h =
—+ = 8l
€51 2
og) = 3
e
0T Fo
12T 2F
12z e 2]
we — .84
e P ™
ez 3 o
pead zeee—

6Y'69—

35

G8'9L
SbLLL

8’11

)

£266—

5.

|
1.00
=

0L'6— Q

hemical Shift (ppm)
S88

DoNNCo00
BBYL383
TETF TS T
(eSS

|
|
192
u
T T T T
0 45 40
Chemical Shift (ppm)

—_ o
N 3
& z £ PrLEL
6’9 = s Ly zel— ~
059 ez 30
150 w —— 2Ife W
e x 3
re'o S o fo S
z m ~ DM“ m
9T 1— ——
Io ) zZg
WIO £ qmu A
oM )~ g ® 0
z % o z-0
© Zr 60— [oR \C/ - -
— £ z80/1 =z
® N

152 144 136

160

T
It =)
< <

T T T T T T T T T T T T
v o W o W 9 W O W 9 W O W O W o 0 =) 0 o It =) 0 =) 0 o w0 o w0
X B N K 8 B 9 B ¥ ¥ ¥ o® & & e 2 8 o ~ © o v ot ] @ & S < S
o o ©o o ©o ©o o ©o ©o ©o o ©o ©o ©o © o o o o o o o ] o o o o o o S o

S 81 p3 llew us 3} pa lewu



hemical Shift (ppm)
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17. Copies HPLC chromatogram

3ac

Daicel Chiralpak AD-H, hexane/i-PrOH = 96/4, flow rate = 1.0 mL/min, A = 267 nm,

retention time; tr(minor) = 16.5 min, tr(major) = 17.4 min.

2 YT A i o ~feo
g 10 ;{ Fi0
R P8 :
0 o i Lo
7 N ! i
10. 1‘2. 1‘4 1‘6 1‘8 2‘0 2‘2 2‘4 2‘6 2‘8 . 30
DAD: &JF)b A, 267 nm/ 3 Fig4 nm UFFL YA
360 rmv JA FiB:100 nm #53R
UTviayi4h %
16.060 50.282
22367 49718
ST
100.000
200 200
2 100 F 100
2 P
= [
= 5 ,
10. 1‘2. 1‘4 1‘6 1‘8 2‘0 2‘2 2‘4 2‘6 2‘8 . 30
DAD: ¥JF)b A, 267 nmv/ 3 Figd nm UZPL YA
360 nm/ /3 FI2:100 nm &R
UTviay84h Ei5%
17.060 2378
22207 97.622
=5
100.000
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33aj

Daicel Chiralpak AD-H, hexane/i-PrOH = 96/4, flow rate = 1.0 mL/min, A = 267 nm,

retention time; tr(major) = 21.8 min, tr(minor) = 24.0 min.

Y7y |
40 Fa0
R L po -
! 2. ;’:‘ 2
0 E > E 7 0
1‘6 1‘8 2‘0 ‘ 2‘2 ‘ 2‘4 ‘ 2‘6 ‘ ‘ 2‘8 o 30
DAD: ¥47F)b A, 267 nmv /3 FigA nm UZ7L A
360 nmy /N Fi8:100 nm 53R
Uroiaya4h E#E%
21.760 49.930
23780 50.070
=
100.000
300 - * 300
200 — 200
100 P . k100
[ 8
0 o Lo
1‘6 1‘8 2‘0 2‘2 2‘4 2‘6 ‘ 2‘8 B 30
DAD: ¥47F)L A, 267 nmv /3 KA nm U772
360 nm/ /1 FI2:100 nm &R
eV EIN EiE%
21.807 99.343
24027 0.657
=
100.000
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3bc

Daicel Chiralpak AD-H, hexane/i-PrOH = 96/4, flow rate = 1.0 mL/min, A = 267 nm,

retention time; tr(minor) = 17.1 min, tr(major) = 22.2 min.

20 1)7_-‘/55')»»5»4»4 ; - Lo
% 10 l{ F1o
gt e
P8 |8
01 o ,LE o m i o]
TO. 1‘2‘ 14 T‘B 1‘8 2‘0 2‘2 2‘4 2‘6 . 2‘8 o 30
DAD: ¥ F)b A, 267 nm/ I8 B4 nm U7PL U2
360 nm/ {2 F48:100 nm $55
YT iavSqh Ei5%
16.060 50.282
22367 49.718
=
100.000
200 200
YT ans L
il 009 - e
2
= s ,
ol Loy o
10‘ ‘ 1‘2‘ ‘ ‘1‘4 T‘B 1‘8 20‘ ‘ ‘ ‘2‘2 ‘ 24 2‘6 o 2‘8‘ o ‘SO
DAD: Y7L A, 267 nmv /3 FigA nm U774
360 nmy /N Fi8:100 nm 53R
UFoaysqh 1%
17.060 2378
22207 97.622
BaT
100.000
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3bj

Daicel Chiralpak AD-H, hexane/i-PrOH = 97/3, flow rate = 1.0 mL/min, A = 267 nm, retention
time; tr(major) = 26.7 min, tr(minor) = 30.3 min.

50 p 6
5 25 r2s H
0 ; & g ! 0
20 2‘2 ‘ 2‘4 . 2‘6 2‘8 . 3‘0 3‘2 . 3‘4
DAD: ¥457F)L A, 267 nmv /3 FigA nm U771
360 nm/ /1 FI2:100 nm &R
JEPVEVEEIN EiE%
26.333 50.531
29.840 49.469
=
100.000
204 - r20
% 104 1o %
| i g
BN 8
p=
0 R s Fo
20 2‘2 2‘4 2‘6 2‘8 . 3‘0 3‘2 . 1;4
DAD: ¥ F)b A, 267 nm/ I8 FiE4 nm UTPL U2
360 nm/ /1 F12:100 nm §&5R
UToiaviAlh EiE%
26.667 94.965
30.267 5.035
=
100.000
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3cc
Daicel Chiralpak AD-H, hexane/i-PrOH = 96/4, flow rate = 1.0 mL/min, A = 267 nm, retention
time; tr(minor) = 12.2 min, tr(major) = 16.4 min.

100 4 - 160
£ o fo 8
v\ © \\
P20 S8
0 Lol N - UTERURTRVNEE § TN Fo
é ;5 1‘0 1‘2 “ 1‘4 T‘B ‘ 1‘8 20
DAD: ¥JF)b A, 267 nm/ I3 K4 nm UFPL U2
360 nm/ /Y FIE100 nm 5 5R
UToiaviqh HE%
2107 a9.887
16.333 50.113
=
100.000
300 i I 300
200 - : F 200
100 o j; ;mo
g g
0 S 8 Co
é ;3 1‘0 ‘ 1‘2 ) 1‘4 T‘B ‘ 1‘8 20
DAD: F)b A, 267 nm/ I3 K4 nm UF7L 2
360 nm/ /¥ FIE100 nm 5 5
e D N H#E%
12.153 2.550
16.360 97.450
=
100.000
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3cj
Daicel Chiralpak IB-3, hexane/i-PrOH = 96/4, flow rate = 1.0 mL/min, A = 254 nm, retention
time; tr(major) = 29.7 min, tr(minor) = 39.1 min.

mAU
15+ g PDA Multi 1 254nmdnm
] 3
] b
10+
57
0,
-5
i T T L L A R 1 T L A
250 275 30.0 325 35.0 375 400 425 450
min
<E—HLK— >
PDA Ch1 254nm _
=74 RI5SE = Eia%
1 30.625 17910 50433
2 38.947 15472 49.567
Total 33382 100.000
mAU
| = PDA Multi 1 254nmdnm
] g
500
250+
i T T L L A R 1 T L D A
250 275 30.0 325 35.0 375 40.0 425 450
min
PDA Ch1 254nm _
[ aVEARES 51510 i =S miEY
1 29.674 27212735 593773 98.064
2 39.111 537315 13746 1.936
Total 27750050 607519 100.000
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3dc

Daicel Chiralpak AD-H, hexane/i-PrOH = 96/4, flow rate = 1.0 mL/min, A = 267 nm,

retention time; tr(minor) = 7.5 min, tr(major) = 10.2 min.

154 r15
104 [1e
~ 8
0 S G Mo
5 é ‘7 ‘ %; ; 1‘0 1‘1 1‘2 1‘3 1‘4 15
DAD: ¥47F)L A, 267 nmv /3 KA nm U772
360 nm/ /1 FI2:100 nm &R
UToayad i EfE%
7527 49.949
10.233 50.051
=Hi
100.000
80 T S e e A R R R e
UFY YIS I o
i 10 if L1
= g 3
. =N Lo
5 (; ‘7 %; &‘3 1‘0‘ ‘ 1‘1 1‘2 1‘3 1‘4 ‘15
DAD: %4971 A, 267 nmv /3 Fig4A nm UZ7L A
360 nmy /N Fi8:100 nm 53R
UFriavsqh %
7513 1.991
10193 98.009
BaT
100.000
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3dj
Daicel Chiralpak 1B-3, hexane/i-PrOH = 96/4, flow rate = 1.0 mL/min, A = 254 nm, retention
time; tr(major) = 26.4 min, tr(minor) = 28.9 min.

mAU
30 3 = PDA MUt T 254nmann]
20
101
07
e e L L L s B S
200 25 250 275 300 25 350 375 400
min
<E—YLiR—b
PDA Chi 254nm _
[AVEARES 5151 mis = Y
1 26804 872611 29693 49.965
2] 28511 873831 27942 50.035
Total 1746442 57635 100.000
mAU
] 3 PDA Mult T 25dnmdnn]
400+ :
300
200/
1004
T M~
i &
] %
07
i —— T R S L I e
200 25 250 275 300 05 350 375 400
min
<= LR-k
PDA Ch1 254nm _
- 54 FIESE Ei= =1 SR
1 26435] 23462447 427765 99.919
2| 28907 18906 804 0.081
Total 23481353 478560 100.000
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3ej

Daicel Chiralpak AD-H, hexane/i-PrOH = 80/20, flow rate = 1.0 mL/min, A =267 nm, retention

time; tr(major) = 34.9 min, tr(minor) = 37.8 min.

8 i
4 . e
R R U SR SNSRI SO N s
| \\ "
M~ N L
04 B . E o~ . ~ = Fo
,,,,,,,,,,,,,,,,,,,,,,,,,,, : g ; '
30 3‘2 3‘4 . 3‘6 3‘8 4‘0 4‘2 4‘4
DAD: ¥47F)L A, 267 nmv /3 Fig:A nm U772
360 nm/ /1Y FI2:100 nm §&R
JEVEVEEIN Ei5%
35.707 49.942
38.207 50.058
=i
100.000
1 usvomman ]
6 6
P £*
23 2 ‘ 2
| ~ % ~
& a ”
I o S0
30 3‘2 3‘4 . 3‘6 3‘8 4‘0 4‘2 . 4‘4
DAD: ¥JF)b A, 267 nm/ I8 K4 nm UFPL U2
360 nm/ /1Y FI:100 nm §&R
UToiaviAlh Ei5%
34.907 99.444
37.760 0.556
=i
100.000
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3fj

Daicel Chiralpak AD-H, hexane/i-PrOH = 85/15, flow rate = 1.0 mL/min, A =267 nm,

retention time; tr(major) = 11.1 min, tr(minor) = 13.0 min.

754 T hn F75
DESIEVLEIN
50 ﬁl“ ,“: 50
25 “\‘ 25
g I
0 = o Lo
é é 1‘0 ‘ 1‘2 ) 1‘4 1‘6 1‘8 20
DAD: ¥ F)b A, 267 nm/ I8 B4 nm U7PL U2
360 nm/ /1 F12:100 nm §&58R
UToiaviAlh EiE%
11047 50.103
12.867 49.897
=
100.000
IEIEVLEEN I ]
754 - ‘- -75
E 50 F 50
254 - e ‘\\. 8 res
g g '
S Lz - Lo
é ;S 1‘0 ‘ 1‘2 1‘4 1‘6 1‘8 20
DAD: %4971 A, 267 nmv /3 Fig4A nm UZ7L YA
360 nmy /N Fi8:100 nm 53R
U=V LN E#E%
o657 99.035
12.980 0.965
=
100.000
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Volts.



30j
Daicel Chiralpak AD-H, hexane/i-PrOH = 95/5, flow rate = 1.0 mL/min, A = 267 nm, retention
time; tr(major) = 15.7 min, tr(minor) = 18.7 min.

1004 YT ;'i‘ - 160
0 it N ; et e etsenannan e s Lo
10 1‘2 1 ‘4 T‘S 1‘8 2‘0 2‘2 2‘4

DAD: ¥JF)b A, 267 nm/ I8 K4 nm UFPL U2
360 nm/ /1Y FI:100 nm §&R

YT iaviqi EiE%

15.747 50.032

18.700 49.968

=
100.000
40 - 40
S F 20 E
fe ®
0 L P freomaeeeess ro
10 1‘2 ‘ 1‘4 1‘6 1‘8 2‘0 2‘2 2‘4

DAD: ¥ F)b A, 267 nmv/ S Fig4 nm UTPL YA
360 nm/ /3 FI2:100 nm &R

UToiayB4h EiE%

5713 98.658

18.693 1.342

=53
100.000
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3hj
Daicel Chiralpak 1B-3, hexane/i-PrOH = 93/7, flow rate = 1.0 mL/min, A = 254 nm, retention
time; tr(minor) = 19.3 min, tr(major) = 35.6 min.

mAU
1 = FDA Multi 1 254nmanm)
100 g
1 r~
75 5
] A
50
25
o] A
= T T L ) O L A B
0 5 10 15 20 25 30 35 40
min
<=4 LiR— >
PDA Ch1 254nm _
=74 55 mis Bo i
1 19.181 2310640 108502 50.122
2| 35577 2299430 66476 49.878
Total 4610070 174978 100.000
mAU
1 FDA Multj @ Z54nmanm)
]
75
50
25
) wy
] @
1 @
0
I T T T T L L E L F
0 5 10 15 20 25 30 35 40
min
<E=JLiR—-t
PDA Ch1 254nm
[VEARES E1E1] miE s g%
1 19345 3247 7 0.099
2| 35562| 3267939 92141 99.901
Total 3271181 92312 100.000
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3ij

Daicel Chiralpak 1B-3, hexane/i-PrOH = 95/5, flow rate = 1.0 mL/min, A = 254 nm, retention

time; tr(minor) = 18.1 min, tr(major) = 25.3 min.

mAU

P Bt PDA MUt 1 2540mAnn
O S ) S
- N L
obo N N
- | |
150 175 25
<=7 LR-k
PDA Ch1 254nm _
[V E RS 1] mis = iy
10 18274] 1304782 75965 50.104
2] 25555 1299368 57218 49.896
Total 2604150 133183 100.000
mAU
60 S PDA Mui 1 254nmdnm
] 9
50+
40+
30
20
10
] 3
1 =
0
T T I I I T T
150 175 200 25 250 275 300
mn
<=y LiR—-b
PDA Ch1 254nm _
[V E IR E1iE ] mi= a5 (B
1] 18.184 1830 300 0371
2] 25347] 1297362 57091 99.629
Total 1302192 57390 100.000
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3ij
Daicel Chiralpak 1B-3, hexane/i-PrOH = 95/5, flow rate = 1.0 mL/min, A = 254 nm, retention
time; tr(minor) = 21.8 min, tr(major) = 28.7 min.

s
- R ‘ ‘
504 R [ N L RS STt PO L so
E e - - o oo et - Les 2
=
04 ‘, ;:: Y \\ Lo
1‘5 ; w‘s ‘ ‘2|0 ‘ ‘2‘2 ‘ ‘2‘4' o ‘2‘5‘ o ‘2‘8‘ o ‘30
DAD: F)b A, 267 nm/ I3 K4 nm UF7L 2
360 nm/ /¥ FIE100 nm 5 5
e D N HiE%
18.807 50.142
22.867 49.858
=
100.000
o EYIAVAAL L o0
s 50 : : : : : Lso g
P g
0 T ;: N Lo
1‘6 I w‘s ‘2|0 ‘ .‘2‘2 ‘ ‘2‘4' o ‘2‘5‘ o ‘2‘8‘ o ‘30
DAD: F)b A, 267 nm/ I3 K4 nm UF7L 2
360 nm/ /¥ FIE100 nm 5 5
e D N H#E%
18.873 96.560
23.007 3.440
=
100.000
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3kce

Daicel Chiralpak AD-H, hexane/i-PrOH = 96/4, flow rate = 1.0 mL/min, A = 267 nm, retention

time; tr(major) = 18.9 min, tr(minor) = 23.0 min.

3 5:_/
«Q
50 -| N I 50
S PR U SRS RN SUU AU SUROR SR SNSRI SRR -
R g Lo
1‘6 1‘8 2‘0 ‘ 2‘2 ) 2‘4 2‘6 2‘8 ‘ 30
DAD: Y4F)b A, 267 nmv /3 FigA nm UZ7L U2
360 nmv /N Fi8:100 nm 53R
=N LN H#E%
18.807 50.142
22867 49.858
=
100.000
100 5 | - 100
s 50 [ %6
5
{ E \‘ m
0 | N S OOV DY PR SO PP Lo
1 ‘6 1‘8 ‘ 2‘0 ‘ 2‘2 2‘4 2‘6 2‘8 30
DAD: ¥457F)L A, 267 nmv /3 FigA nm U771
360 nm/ /1 FI2:100 nm &R
eV EIN EiE%
18.873 96.560
23.007 3.440
BaT
100.000
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Volts



3Kj
Daicel Chiralpak 1B-3, hexane/i-PrOH = 96/4, flow rate = 1.0 mL/min, A = 254 nm, retention

time; tr(minor) = 31.1 min, tr(major) = 43.5 min.
mAU

<E=ULR-b

PDA Ch1254nm _
E-74#] RIS [k B EiEY%
1 30247 7144850 186378 49.727
2| 43426] 7223297 152007 50273
Total 14368147 338985 100.000
mAU
] g PDA Multi 1 254nmdnn]
250 3 m
] &
200
150
100
50
] i
i g
0 d
0 L E
25 30 35 40 45 50

min

<E=ULR-b

PDA Ch1 254nm _
E- 4] RISRSE miE B iy
1 31.065 13765 400 0.109
2| 43490 12571889 252645 99.891
Total 12585654 253044 100.000

S107



3lc

Daicel Chiralpak AD-H, hexane/i-PrOH = 96/4, flow rate = 1.0 mL/min, A = 267 nm,

retention time; tr(minor) = 7.0 min, tr(major) = 7.7 min.

40 \ Fao
Z 204 - 20
g s
e < R Fo
50 5‘5 6‘0 6‘5 7‘0 7‘5 8‘() 8‘5 9‘0 9‘5 . 10.0

DAD: ¥07F)L A, 267 nmv /3 FigA nm U772

360 nm/ /1 FI2:100 nm &R
JEVEVEEIN EiE%
6.653 50.558
7.487 49.442

a1
100.000
U U avh A L
504 T 50
- 26 - - ra2s
50 5‘5 6‘0 6‘5 7‘0 7‘5 8‘(] 8‘5 9‘0 9‘5 . 10.0
DAD: 3L A, 267 nmv /3 KigA nm U77L YA

360 nm/ /3 FI2:100 nm &R
UToiavidh EiE%
7.047 1.926
7,660 98.074

8&T

100.000
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3lj

Daicel Chiralpak 1A-3, hexane/i-PrOH = 97/3, flow rate = 1.0 mL/min, A = 254 nm, retention

time; tr(major) = 12.5 min, tr(minor) = 15.9 min.

mAU

] m PDA Multi 1 254nmann]
] o
100+
75
0
25
0
[ T I
0 5 10 20
min
<E=JLiR-t>
PDA Ch1 254nm
-4 R [EEC B EigY
1] 12365]  1720929| 114770 51.877
2| 15904 1596372 93682 48,123
Total 3317301 208452] 100000
mAU
2 PDA Multi T 254nmdnn]
| o
50
25
) ~M
1 &
n
07
T T T T T T T T T
0 5 10 15 25 30
rmin
<E-ULR-
PDA Ch1 254nm _
b= 4] fRISHSE [k =] EraY
1] 12546] 869455 61222 99.868
2] 15943 1147 90 0.132
Total 870642 61312 100.000
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3mc
Daicel Chiralpak AD-H, hexane/i-PrOH = 90/10, flow rate = 1.0 mL/min, A = 254 nm,

retention time; tr(major) = 20.6 min, tr(minor) = 21.9 min.

100 100
- 504 - ; - 50 2
0 8 = 0
15 1‘6 1‘7 1‘8 1‘9 2‘0‘ ‘ ‘ 2‘1 2‘2 2‘3 2‘4 25
DAD: 4971 A, 259 nmv /3 Fig4 nm UZ7L YA
360 nmy /A FiB:100 nm &R
UFiavsqi %
20633 50472
21673 49528
=5
100.000
2000 I 2000
Y5 YA
2 1000 1000 2
g
. & a
i & 0
15. ‘ 1‘6 1‘7 18 1‘9 o 2‘0 ‘2‘1 ‘ 2‘2 2‘3 o 2‘4‘ s ‘25
DAD: Y7L A, 259 nmv /3 FigA nm UZ7L A
360 nmy /N Fi8:100 nm 53R
UFoaysqh Ei%
20573 97.834
21.940 2.166
BaT
100.000
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3mj

Daicel Chiralpak AD-H, hexane/i-PrOH = 99/1, flow rate = 1.0 mL/min, A = 267 nm,
retention time; tr(major) = 15.2 min, tr(minor) = 21.9 min.

150 - 8 [ 150
5
1004 - ’5‘\\,, - - 100
50 i T 50
0 " : 0
10 ‘1‘2 1‘4‘ . 1‘6 ) ‘1‘8‘ o ‘2‘(}‘ S ‘2‘2‘ - l2‘4‘
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3nj
Daicel Chiralpak 1A-3, hexane/i-PrOH = 99/1, flow rate = 1.0 mL/min, A = 254 nm, retention
time; tr(major) = 9.3 min, tr(minor) = 12.6 min.
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30j

Daicel Chiralpak AD-H, hexane/i-PrOH = 99/1, flow rate = 1.0 mL/min, A = 267 nm,

retention time; tr(major) = 14.6 min, tr(minor) = 30.7 min.
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3pc

Daicel Chiralpak AD-H, hexane/i-PrOH = 90/10, flow rate = 1.0 mL/min, A =254 nm, retention

time; tr(major) = 35.6 min, tr(minor) = 40.6 min.
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3pj
Daicel Chiralpak AD-H, hexane/i-PrOH = 90/10, flow rate = 1.0 mL/min, A = 260 nm,
retention time; tr(major) = 39.2 min, tr(minor) = 45.4 min.
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3qj

Daicel Chiralpak AD-H, hexane/i-PrOH = 99/1, flow rate = 1.0 mL/min, A = 260 nm,
retention time; tr(major) = 24.7 min, tr(minor) = 28.7 min.
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3rj

Daicel Chiralpak AD-H, hexane/i-PrOH = 99/1, flow rate = 1.0 mL/min, A = 260 nm,
retention time; tr(major) = 59.2 min, tr(minor) = 67.4 min.
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3sj

Daicel Chiralpak AD-H, hexane/i-PrOH = 99/1, flow rate = 1.0 mL/min, A = 260 nm,

retention time; tr(major) = 27.2 min, tr(minor) = 31.8 min.

,,,,,,, ¢l i
5 YT IYaEA L P r7s
o
50 e A 80
25 4 ‘\— b T 2s
\\ N g \\
0 s = & . e Fo
20‘ ‘ 2‘2. ‘ 2‘4 ‘ 2‘6 2‘8 ‘ 3‘0 3‘2 3‘4 3‘6 . 3‘8 40
DAD: ¥JF)b A, 260 nmv /3 Fig4 nm UZPL YA
360 nm/ /3 FI2:100 nm &R
UToiaviAh EiE%
28213 49,572
32.060 50.428
=5
100.000
1504 =180
1004 L 100
B 50 N ; k50
! N 8
~ \ «
a N N &
0 N s R 0
20'” 2‘2“ “‘2‘4 ““2‘5 2‘8”‘ a‘o“ ‘ “3‘2 Ima‘q a‘s a‘s” ‘ ‘40
DAD: ¥JF)b A, 260 nm/ 3 K4 nm UF7L 2
360 nmv /N FI8:100 nm #5232
Uroyayaqh HE%
27.247 99.320
31827 0.680
=
100.000

S118

Volts.

Valts



3t]

Daicel Chiralpak AD-H, hexane/i-PrOH = 99/1, flow rate = 1.0 mL/min, A = 260 nm, retention

time; tr(major) = 27.7 min, tr(minor) = 32.1 min.
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3uj

Daicel Chiralpak AD-H, hexane/i-PrOH = 99/1, flow rate = 1.0 mL/min, A = 260 nm,

retention time; tr(major) = 12.6 min, tr(minor) = 14.9 min.
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3vj

Daicel Chiralpak AD-H, hexane/i-PrOH = 80/20, flow rate = 1.0 mL/min, A = 260 nm,

retention time; tr(minor) = 13.5 min, tr(major) = 22.6 min.
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3wj

Daicel Chiralpak AD-H, hexane/i-PrOH = 80/20, flow rate = 1.0 mL/min, A = 254 nm,

retention time; tr(minor) = 18.4 min, tr(major) = 34.7 min.
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3ad

Daicel Chiralpak AD-H, hexane/i-PrOH = 96/4, flow rate = 1.0 mL/min, A = 267 nm,

retention time; tr(minor) = 16.5 min, tr(major) = 17.4 min.
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3ae
Daicel Chiralpak AD-H, hexane/i-PrOH = 95/5, flow rate = 1.0 mL/min, A = 275 nm, retention
time; tr(major) = 20.1 min, tr(minor) = 41.2 min.
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3af

Daicel Chiralpak OD-H, hexane/i-PrOH = 85/15, flow rate = 1.0 mL/min, A = 254 nm,

retention time; tr(major) = 26.8 min, tr(minor) = 44.1 min.
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3ag

Daicel Chiralpak AD-H, hexane/i-PrOH = 90/10, flow rate = 1.0 mL/min, A =267 nm,

retention time; tr(minor) = 10.2 min, tr(major) = 12.0 min.
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3ah

Daicel Chiralpak AD-H, hexane/i-PrOH = 99/1, flow rate = 1.0 mL/min, A = 260 nm,

retention time; tr = 18.5 min, tr = 26.7 min.
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3ai

Daicel Chiralpak AD-H, hexane/i-PrOH = 95/5, flow rate = 1.0 mL/min, A = 275 nm,

retention time; tr(minor) = 56.0 min, tr(major) = 69.1 min.
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3ak
Daicel Chiralpak AD-H, hexane/i-PrOH = 98/2, flow rate = 1.0 mL/min, A = 267 nm,
retention time; tr(major) = 21.1 min, tr(minor) = 25.0 min.
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3am
Daicel Chiralpak OD-H, hexane/i-PrOH = 90/10, flow rate = 1.0 mL/min, A = 254 nm,
retention time; tr(major) = 13.3 min, tr(minor) = 20.5 min.
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3an

Daicel Chiralpak AS-H, hexane/i-PrOH = 98/2, flow rate = 1.0 mL/min, A = 254 nm,
retention time; tr(major) = 15.4 min, tr(minor) = 22.6 min.
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3ao

Daicel Chiralpak AD-H, hexane/i-PrOH = 98/2, flow rate = 1.0 mL/min, A = 254 nm,

retention time; tr = 25.8 min, tr = 28.9 min.
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3ap

Daicel Chiralpak AD-H, hexane/i-PrOH = 99/1, flow rate = 1.0 mL/min, A = 254 nm,

retention time; tr = 13.9 min, tr = 16.7 min.
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3aq

Daicel Chiralpak AD-H, hexane/i-PrOH = 98/2, flow rate = 1.0 mL/min, A = 254 nm,
retention time; tr = 18.1 min, tr = 19.7 min.
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