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General Remarks: All reactions were monitored by thin-layer chromatography using Merck 60 F254
precoated silica gel plates (0.25 mm thickness). Melting points were measured by Yanagimoto micromelting
point apparatus. Specific optical rotations were measured using a JASCO P-1020 polarimeter. FT-IR spectra
were recorded on a SHIMADZU IR Affinity-IS. "H and *C NMR spectra were recorded on a JEOL ECX 500
FT-NMR spectrometer (500 MHz for '"H NMR, 125 MHz for °C NMR) instrument. Data for 'H NMR are
reported as chemical shift (6 ppm), multiplicity (s = singlet, d = doublet, t = triplet, dd = doubledoublet, ddd =
doubledoubledoublet, dt = doubletriplet, q = quartet, quint. = quintet, m = multiplet, br = broad), coupling
constant (Hz), integration, and assignment. Data for *C NMR are reported as chemical shift. X-ray
crystallographic analysis: conducted on a Bruker smart APEX-II diffractometer with graphite-monochromated
Mo Ka radiation. The high-resolution mass spectra were recorded on a BRUKER impact II. Preparative thin
layer chromatography was performed using Wakogel B-5F purchased from Wako Pure Chemical Industries,
Tokyo, Japan. Flash chromatography was performed using silica gel 60N of Kanto Chemical Co. Int., Tokyo,
Japan and amino silica gel (SiO,—NH) of Fuji Silysia Co. Int., Japan. HPLC analysis was performed on a
SHIMADZU Prominence series, UV detection monitored at appropriate wavelength respectively, using

DAICEL Chiralpak IC (0.46 cm X 25 cm) or DAICEL Chiralcel OD-H (0.46 cm X 25 cm).
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Figure S1: ORTEP view of compounds 4 and 5.

ORTEP view of 4

ORTEP view of 5

Table S1: Solvent screening of catalytic Diels—Alder reaction with 5-nitro-2,3-dihydro-4-pyridone and

5-methyl-2,4-hexadienal in the presence of secondary amine organocatalyst.!!

Ph
Ph (20 mol%)
N OsiPhMe
o
o) B D
Q | solvent (0.4 M) o NO; o
NO, rt, time
| + +
N then ethylene glycol
Boc TsOH-H20 ’T‘ H
0°Ctort,3h Boc
3 4 5
(1.5 equiv.)
) . dribl ee of ee of
entry solvent time yield 4:5 4 5
(2 steps)

1 CH,ClI, 27 h 66 % 1:1 50% ee 61% ee

2 EtOAc 79h 58 % 0.9:1 81% ee 69% ee

3 THF 173 h 51 % 09:1 74% ee 61% ee

4 DMF 173 h n.d. 0.7 :1 52% ee 54% ee

5 MeOH 164 h n.d. 0.35:1 76% ee 64% ee

6 MeCN 144 h n.d. 0.7 :1 49% ee 63% ee

7 toluene 19h 61% 1.2:1 87%ee 41% ee

g lcl toluene 6.5h 85 % 16:1 87% ee 40% ee

n.d.; not determined

[a] Reaction conditions for Diels—Alder reaction: aldehyde 2 (0.15 mmol), 5-nitro-2,3-dihydro-4-pyridone 3 (0.1 mmol), catalyst B (0.02

mmol), in toluene (0.25 mL) at 23 °C in open flask; Reaction condition for acetal protection reaction: p-toluenesulfonic acid (0.1 mmol)

and ethylene glycol (1.5 mmol) at 23 °C for 5 h in one pot. [b] Diastereomeric ratio was determined by 'H-NMR spectra of the crude

mixture. [c] 2 equivalents of aldehyde 2 was employed.
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Table S2: Acid screening of catalytic Diels—Alder reaction with 5-nitro-2,3-dihydro-4-pyridone and 5-

methyl-2,4-hexadienal in the presence of secondary amine organocatalyst.®

TBSO Ph
Ph (20 mol%)
N OsiPh,Me
D
o 0 additive 03
| toluene (0.4 M) o VO2~g
NO; rt, ime
| + | +
N | then ethylene glycol
Boc TSOH'HzO N H
0°Ctort,3h Boc
3 2 4 5
(2.0 equiv.)
equiv. of ee of

entry adittive (pKa) o time yield drie! major

additive isomer

1 o-nitorobenzoic acid (2.17) 100 mol% >7h 29 % 26:1 95% ee

2 m-anisic acid (4.09) 100 mol% 3h 78 % 46:1 95% ee

3 benzoic acid (4.20) 200 mol% 3h 88 % 40:1 97% ee

4 " 100 mol% 25h 96 % 46:1 96% ee

5 " 50 mol% 3h 83 % 4.7 :1 95% ee

6 " 20 mol% 3h 71% 3.7:1 95% ee

7 acetic acid (4.76) 100 mol% 45h 79 % 48:1 94% ee

[a] Reaction conditions for Diels—Alder reaction: aldehyde 2 (0.2 mmol), 5-nitro-2,3-dihydro-4-pyridone 3 (0.1 mmol), catalyst D (0.02
mmol), in toluene (0.25 mL) at 23 °C in open flask; Reaction condition for acetal protection reaction: p-toluenesulfonic acid (0.1 mmol)
and ethylene glycol (1.5 mmol) at 23 °C for 3 h in one pot. [b] Diastereomeric ratio was determined by 'H-NMR spectra of the crude

mixture.
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Synthesis of 5-nitro-2,3-dihydropyridone derivative 3

0 1)CDI, THF 0 DMFDMA
BocHN"™~ 0 BocHN/\)J\/Noz

2) CH3NO,, DBU, THF THF
. rt
one-pot operation s1
O
0 TFA NO,
BocHN NO; THE | 58%
| N (4 steps, two one-pot operations)
NMe, rt B
) oc
one-pot operation
3

To a solution of N-(tert-butoxycarbonyl)-f-alanine (3.0 g, 16 mmol) in dry THF (20 mL), 1,1-
dicarbonyldiimidazole (CDI, 3.09 g, 19 mmol) was added at at room temperature under Ar atmosphere. The
resulting mixture was stirred for 2 h. In another flask, to a solution of DBU (3.70 g, 24 mmol) in dry THF (10
mL), nitromethane (1.3 mL, 24 mmol) was slowly added at room temperature and stirred for 1 h. After 1 h
stirred, the reaction mixture of starting material and CDI was slowly added to this activated nitromethane
solution at room temperature. After 14 h stirred, the resulting mixture was quenched with 1M aqueous HCI
solution at 0 °C and extracted three times with EtOAc. The combined organic phases were washed with brine
and dried over MgSOs, and concentrated under reduced pressure. The resulting white solids (S1) were directly
used to next reaction.

The crude materials of S1 were dissolved in anhydrous THF (15 mL) and it was added to a solution of N,N-
dimethylformamide dimethyl acetal (DMFDMA, 2.5 mL, 19 mmol) at room temperature under Ar atmosphere.
After 15 min stirred at ambient temperature, excess amount of trifluorocaetic acid (TFA, 12 mL, 160 mmol)
was slowly added to reaction mixture at 0 °C. The reaction mixture was stirred for additional 2 h at room
temperature. The resulting mixture was concentrated under reduced pressure to remove TFA. The crude
materials were directly purified by flash chromatography (SiO,, 50% Et,O/n-hexane). Then, obtained solids
were recrystallized with mixed solution of n-hexane and dichloromethane. As a result, 5-nitro-2,3-

dihydropyridone derivative 3 was obtained as yellow crystal (2.22 g, 58% over 2 pot operation).

5-Nitro-2.3-dihydropyridone derivative 3

Yellow crystals; "H NMR (500 MHz, CDCls) § 9.16 (s, 1H), 4.05 (t, J = 7.5 Hz, 2H), 2.68 (t, J = 7.5 Hz, 2H),
1.56 (s, 9H);°C NMR (125 MHz, CDCls) § 181.2, 149.2, 148.6, 127.7, 86.9, 42.4, 35.3, 27.6; IR (neat) Vimax
1747, 1695, 1589, 1352, 1273, 1238, 1145, 1118, 1031, 839, 759, cm™'; HRMS (ESI) [M+Na]" calculated for
[C10H14N2Na,05]": 265.0795, found : 265.0783; mp 118-119 °C.
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Svynthesis of cis-hydroxy proline derivative (catalyst D)
TBSCI TBSO

Ph
HOWO Imidazole mo PhMgBr TBSOmPh
N OMe N OMe N
DMF THF OH
cbz 23°C, 1h Cbz 0°C,3h Cbz
78% 43%
S2 s3
Ph,MeSiCl
iPr,NEt
PAOHL  1gs0 Ph D:\2/I \E TBSO Ph
H, mph Ph
THE N OH CHCl, N OSiPhoMe
23°C, 3h H 23°C, 24 h
75% s4 86% D

Synthesis of S2
To a solution of N-Cbz-cis-4-hydroxy-L-proline methyl ester (5.72 g, 20.5 mmol) in DMF (20 mL), TBSCI

(4.63 g, 30.7 mmol) and imidazole (4.88 g, 71.8 mmol) were added at room temperature under Ar atmosphere.
After the reaction mixture was stirred for 1 h, the resulting mixture was quenched with brine. The aqueous
layer was extracted three times with EtOAc. To the combined organic layer was washed with cold 2M aqueous
HCI solution, saturated brine, and concentrated under reduced pressure. The crude materials were purified by
flash chromatography (SiO,, 14% EtOAc/n-hexane) to provide N-Cbz-cis-4-[(tert-butyldimethylsilyl)oxy]-L-
proline methyl ester S2 (6.26 g, 78%) as a colorless amorphous powder. The 'H-NMR of S2 seems complex
mixture, because it is observed as a rotamer mixture. Thus, the structure elucidation was carried out after

conversion to S3.

Synthesis of S3
To a solution of N-Cbz-cis-4-[(tert-butyldimethylsilyl)oxy]-L-proline methyl ester S2 (1.15 g, 2.92 mmol)

in THF (3 mL), 1M phenylmagnesium bromide in THF solution (10 mL, 10 mmol) was slowly added at 0 °C
under Ar atmosphere. After the reaction mixture was stirred for 3 h at 0 °C, the resulting mixture was quenched
with saturated aqueous NH4CI at 0 °C and filtrated with Celite pad. The aqueous layer was extracted three
times with EtOAc. The combined organic layer was washed saturated brine and concentrated under reduced
pressure. The crude materials were purified by flash chromatography (SiO», 10% EtOAc/r-hexane) to afford
S3 (0.66 g, 43%) as a white solid.

Benzyl(25.45)-4-((tert-butyldimethylsilyl)oxy)-2-(hydroxydiphenylmethyl)pyrrolidine-1-carboxylate (S3)

White solid; "H NMR (500 MHz, DMSO-ds, VT 90 °C) § 7.56 (d, J = 8.0 Hz, 2H), 7.43 (d, J = 8.0 Hz, 2H),
7.27-7.35 (m, 5H), 7.24 (t, J = 7.5 Hz, 1H), 7.07-7.15 (m, 5 H), 5.56 (s, 1H), 5.10 (q, J = 4.5 Hz, 1H), 4.87
(d, /= 13.0 Hz, 1H), 4.32-4.37 (m, 1H), 3.96 (dd, J=11.0, 7.0 Hz, 1H), 3.21 (q, J = 11.0 Hz, 1H), 3.05 (s,
1H), 2.35 (dt, J = 14.0, 8.0 Hz, 1H), 1.73 (dt, J = 14.0, 4.0 Hz, 1H), 0.85 (s, 9H), 0.06 (s, 3H), 0.00 (s, 3H) ;
C NMR (125 MHz, DMSO-ds, VT 90 °C) § 154.4, 145.9, 145.2, 136.5, 127.7-125.7(15C), 79.7, 69.9, 63.7,
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63.5,55.0,36.9,25.1, 17.1, -5.8, =5.5; IR (neat) vmax 3388, 1697, 1411, 1116, 1043, 1014, 893, 837, 752 cm
' HRMS (ESI) [M+Na]" calculated for [C31H30NiNa;04Si;]" : 540.2541, found : 540.2514; [a]**p +118 (c 1.9,
CHCls); mp 103-106 °C.

Synthesis of S4
To a solution of S3 (1.49 g, 2.88 mmol) in THF (17 mL), palladium hydroxide (0.15 g, 10 w/w%) was added

at ambient temperature. After the reaction mixture was stirred for 3 h under H, atmosphere, the resulting
mixture was filtrated with Celite pad and amino silica gel pad. The resulting solution was concentrated under
reduced pressure. The crude materials were purified by flash chromatography (SiO., 50% EtOAc/n-hexane)
to provide S4 (0.83 g, 75%) as a white solid.

((25.45)-4-((tert-Butyldimethylsilyl)oxy)pyrrolidin-2-yl)diphenylmethanol (S4)

White solid; "H NMR (500 MHz, CDCL3) & 7.61 (d, J= 9.0 Hz, 2H), 7.50 (d, J = 8.5 Hz, 2H), 7.26-7.31 (m,
4H), 7.16 (t, J= 7.0 Hz, 2H), 4.71 (br. s, 1H), 4.41 (dd, J = 9.0, 5.5 Hz, 1H), 4.27-4.30 (m, 1H), 2.96 (d, J =
3.0 Hz, 1H), 1.85-1.90 (m, 1H), 1.80 (br. s, 1H), 1.65 (dq, J = 14.0, 5.0 Hz, 1H), 0.91 (s, 9H), 0.07 (s, 6H);
“C NMR (125 MHz, CDCls) § 146.9, 146.6, 128.2, 128.0, 126.4, 126.3, 126.2, 125.6, 77.6, 72.5, 64.1, 55.8,
36.7,25.8, 18.1,-4.9; IR (neat) vmax 3356, 1247, 1110, 1058, 871, 867, 839, 777 cm™'; HRMS (ESI) [M+Na]"
calculated for [C23H33N1Na;0,Si]" : 406.2173, found : 406.2155; [a]**p —47 (c 0.9, CHCls); mp 92-95 °C.

Synthesis of catalyst D
To a solution of S4 (2.57 g, 6.70 mmol) in CH>Cl, (17 mL), chloromethyldiphenylsilane (1.4 mL, 6.7 mmol),

'ProNEt, (2.3 mL, 13 mmol), and N,N-dimethyl-4-aminopyridine (163 mg, 1.34 mmol) were added at room
temperature under Ar atmosphere. After the reaction mixture was stirred for 48 h, the resulting mixture was

concentrated under reduced pressure. The crude materials were directly purified by flash chromatography

(Si0,, 10% EtOAc/n-hexane) to afford catalyst D (2.32 g, 86%) as a colorless oil.

(25.45)-4-((tert-Butyldimethylsilyl)oxy)-2-(((methyldiphenylsilyl)oxy)diphenylmethyl)pyrrolidine  (catalyst
D)

Colorless oil; 'H NMR (500 MHz, CDCl3) § 7.47-7.51 (m, 4H), 7.41-7.44 (m, 2H), 7.33-7.36 (m, 4H), 7.27—
7.32 (m, 4H), 7.20-7.24 (m, 6H), 4.17 (br. t, J= 6.0 Hz, 1H), 3.90 (br. t, J = 8.0 Hz, 1H), 2.78-2.82 (m, 1H),
2.41-2.45 (m, 1H), 1.62-1.74 (m, 3H), 0.81 (s, 9H), 0.24 (s, 3H), 0.06 (s, 6H); *C NMR (125 MHz, CDCl;)
0 146.0, 144.7, 138.5, 134.4, 134.2, 129.1, 128.8, 127.8, 127.5, 127.4, 127.2, 126.9, 83.7, 72.3, 64.6, 55.1,
37.9, 25.8, 18.0, —1.0, 4.7, —4.8; IR (neat) vma 3066, 1427, 1251, 1110, 1068, 835, 775 cm™'; HRMS (ESI)
[M+Na]" calculated for [C3sHasN1Na;0,Si>]" : 602.2881, found : 602.2847; [a]*®*p —25 (c 0.69, CHCL;).
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General procedure of the Diels—Alder reaction using 5-nitro-2,3-dihydropyridone (Table 1, entry 6)

TBSO, Ph
Ph (20 mol%)
N OsiPh,Me
D o
o 0 toluene (0.4 M) />
| PhCOOH o NO2~g
NO; r,2.5h
| + | +
N ] then ethylene glycol
Boc TsOH-H,O N H
0°Ctort,3h Boc
3 2 4 5

(2.0 equiv.)

cis-Hydroxy proline derivative D (catalyst D, 11.6 mg, 0.020 mmol) was added to a solution of 5-nitro-2,3-
dihydropyridone 3 (24.2 mg, 0.10 mmol), 5-methylhexa-2 .4-dienal (2) (22 mg, 0.20 mmol) and benzoic acid
(12.2 mg, 0.1 mmol) in toluene (250 xL) at 23 °C in open flask. The reaction mixture was stirred for 2.5 h. To
the resulting mixture, ethylene glycol (84 pL, 1.5 mmol) and TsOH-H,O (21 mg, 0.11 mmol) was added at
0 °C. The reaction mixture was stirred for additional 3 h at room temperature. The resulting mixture was slowly
quenched with saturated aqueous NH.CI at 0 °C. The aqueous layer was extracted three times with CH,Cl..
The combined organic layer was washed with saturated aqueous NaHCOs, dried over MgSQs, and
concentrated under reduced pressure. The crude materials were purified by flash chromatography (SiO», 12.5%
EtOAc/n-hexane) to provide major cycloadduct 4 (31.0 mg, 79%) as white solid, and minor cycloadduct 5 (6.7
mg, 17%) as white solid (2 steps, total yield 96%, dr = 4.6 : 1). Recrystallization of 4 and 5 were performed
with n-hexane and dichloromethane to provide colorless crystals. Enantiomeric excess of major cycloadduct 4
(96% ee) and 5 (40% ee) were determined by HPLC with ChiralPak IC column. For major isomer 4: 10% i-
PrOH/n-hexane, 0.5 mL/min; major enantiomer: fr = 19.1 min, minor enantiomer: fr = 25.3 min. For minor
isomer 5: 10% i-PrOH/n-hexane, 0.5 mL/min; major enantiomer: fr = 21.7 min, minor enantiomer: fr = 20.2

min.

tert-Butyl(4a R.5.5.8a R)-5-((1,3-dioxolan-2-y)methyl)-7-methyl-4a-nitro-4-oxo-3,4,4a,5.8,8a-

hexahydroquinoline-1(2H)-carboxylate (4)

Colorless crystals; 'H NMR (500 MHz, DMSO-ds, VT 80 °C) 8 4.81 (s, 1H), 4.69 (br. t, J=10.0 Hz, 1H), 4.23
(t, J=4.0 Hz, 1H), 3.93 (br. s, 1H), 3.26 (td, J = 12.0, 4.5 Hz, 2H), 3.16 (td, J = 12.0, 5.5 Hz, 2H), 2.84-2.89
(m, 1H), 2.36 (br. d, /= 8.5 Hz, 1H), 2.28 (quint., J= 8.5 Hz, 1H), 1.93 (dt, J= 16.0 Hz, 5.0 Hz, 1H), 1.76 (br.
dd, J=13.5, 7.5 Hz, 1H), 1.67 (br. d, J=10.0 Hz, 1H), 1.57-1.63 (m, 1H), 1.04 (s, 3H), 0.99 (dd, J = 10.0,

4.8 Hz, 1H), 0.84 (s, 9H); *C NMR (125 MHz, DMSO-ds, VT 80 °C) § 196.1, 153.1, 130.2, 121.4, 101.8,
96.5, 80.0, 64.2, 64.9, 55.6, 38.8, 38.1, 36.9, 33.3, 30.2, 27.5, 21.4; IR (neat) vmax 2976, 1736, 1697, 1547,
1406, 1159, 1115 cm™'; HRMS (ESI) [M+Na]" calculated for [C19H2sN>Na;O7]" : 419.1789, found : 419.1763;
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[a]**p =58 (¢ 0.51, CHCl3); mp 113—117 °C.

tert-Butyl(4aS,5S.8a5)-5-((1,3-dioxolan-2-yl)methyl)-7-methyl-4a-nitro-4-oxo-3.4.4a.5.8.8a-

hexahydroquinoline-1(2H)-carboxylate (5)

Colorless crystals; "H NMR (500 MHz, benzene-ds, VT 78 °C) § 5.62 (s, 1H), 5.50 (br. s, 1H), 4.81-4.84 (m,
1H), 4.03 (br. s, 1H), 3.73-3.77 (m, 1H), 3.39-3.45 (m, 2H), 3.27-3.33 (m, 2H), 2.84-2.90 (m, 1H), 2.29-2.36
(m, 1H), 2.08 (dd, J = 18.0, 7.0 Hz, 1H), 1.90-1.95 (m, 1H), 1.63-1.76 (m, 3H), 1.48 (s, 9H), 1.31 (s, 3H);"°C
NMR (125 MHz, benzene-ds, VT 78 “C) § 194.2, 154.3, 129.6, 122.9, 102.7, 97.4, 80.8, 65.0, 64.8, 51.9, 39.1,
37.3,36.9,35.4,31.1, 28.4, 22.2; IR (neat) vma 2976, 1738, 1697, 1151, 1395, 1153, 1033 cm™'; HRMS (ESI)
[M+Na]" calculated for [C1oH2sN2Na;O7]" : 419.1789, found : 419.1770; [a.]*p +40 (c 0.75, CHCl3); mp 143—

146 °C; Crystals of 5 were obtained as racemic mixture.

Gram-scale synthesis of 4 (Table 1, entry 8)

Benzoic acid (378.1 mg, 3.01 mmol) was added to a solution of 5-nitro-2,3-dihydropyridone 3 (1.0 g, 4.13
mmol), 5-methylhexa-2,4-dienal (2, 902 mg, 8.24 mmol) and catalyst D (119 mg, 0.21 mmol) in toluene (15
mL) at 23 °C under Ar atmosphere. The reaction mixture was stirred for 15 h. To the resulting mixture, ethylene
glycol (3.46 mL, 61.8 mmol) and TSOH-H,O (864 mg, 4.5 mmol) was added at 0 °C. The reaction mixture
was stirred for additional 5 h at 23 °C. The resulting mixture was slowly quenched with saturated aqueous
NH4CI at 0 °C. The aqueous layer was extracted three times with CH>Cl,. The combined organic layer was
washed with saturated aqueous NaHCOs, dried over MgSQOs, and concentrated under reduced pressure. The
crude materials were purified by flash chromatography (SiO, 12.5% EtOAc/n-hexane gradient) to provide
major cycloadduct 4 (1.18 g, 72%) and minor cycloadduct 5 (266 mg, 16%). Enantiomeric excess of major

cycloadduct 4 (96% ee) were determined by HPLC with ChiralPak IC column.

Substrate scope:; Preparation of substituted 2,4-dienal.

Aldehydes as starting materials of compounds 2, 7, 8, 10, 14 were prepared by reported protocolsS"$?- 5354

S5)

General procedure of aldehydes as starting materials to prepare cycloadducts 9, 11 and 12.

O (0]

1]
EtoJ\/\/ P(OEt), ? OH ?
j\ NaH | 0~ ™  DIBAL-H | MnO, |
_— —_—
Ar THF | CH,Cly | CH,Cl, |
0°Cto23°C 78 ° o
Ar 78°C Ar 23°C Ar
Ar = 4-NO,Ph, Ar = 4-NO,Ph, Ar = 4-NO,Ph S5, Ar = 4-NO,Ph S6,
3,5-(CF3),Ph or 3,5-(CF3),Ph or 3,5-(CF3),Ph S7 or 3,5-(CF3),Ph S8 or
3,5-(OMe),Ph 3,5-(OMe),Ph S9 3,5-(OMe),Ph S10 3,5-(OMe),Ph S11
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Horner-Wadsworth-Emmons (HWE) Reaction of ketones.

NaH (60% in mineral oil, 1.8 equiv.) was slowly added to solution of triethyl-4-phosphonocrotonate (1.2
equiv.) in THF (0.125 M) at 0 °C under Ar atmosphere. The reaction mixture was stirred for 30 min at room
temperature. 4-Nitroacetophenone [or 3,5-bis-(trifluoromethyl)acetophenone or 3,5-dimethoxyacetophenone]
(1.0 equiv.) was carefully added to the mixture at 0 °C and the reaction mixture was stirred for 2 h at room
temperature. The resulting mixture was quenched with water at 0 °C. The aqueous layer was extracted three
times with EtOAc. The combined organic layer was dried over MgSQs, and concentrated under reduced
pressure. The resulting mixture was passed through silica gel pad with CHCI; and concentrated under reduced
pressure. To synthesis of S5 and S7, the crude materials were not purified and directly used to next reduction.
To synthesis of S10, the crude materials were purified by flash chromatography (SiO», 12.5% EtOAc/n-hexane)

to provide o, 3, v, 0-unsaturated ethyl ester S9 (14 mmol scale, 33% as E/Z mixture).

Ethyl-5-(3,5-dimethoxyphenyl)hexa-2,4-dienoate (S9) (as £/Z mixture; see page S29)

Pale yellow oil; "H NMR (500 MHz, CDCls,) § 7.71 (dd, J = 15.0, 12.0 Hz), 7.37 (dd, J = 15.0, 12.0 Hz), 6.60
(d, J=2.5 Hz), 6.54 (d, /= 12.0 Hz), 6.41 (d, J = 2.5 Hz), 6.21 (d, J = 12.0 Hz), 5.97 (d, J = 15.0 Hz), 5.83
(d, J=15.0 Hz), 4.22 (q, J= 7.0 Hz), 4.13 (q, /= 7.0 Hz), 3.79 (s), 3.77 (s), 2.25 (s), 2.16 (s), 1.30 (t, J= 7.0
Hz), 1.23 (t,J = 7.0 Hz);"C NMR (125 MHz, CDCls,) § 167.2, 167.1, 160.6, 160.5, 148.2, 145.2, 144.1, 142.2,
141.9, 140.3, 125.3, 124.8, 121.4, 120.2, 106.2, 104.5, 104.3, 100.0, 99.7, 60.2, 59.9, 55.2, 25.8, 16.6, 14.2,
14.1; IR (neat) vmax 2937, 1705, 1618, 1585, 1422, 1267, 1204, 1153, 1136, 1043, 977 cm™'; HRMS (ESI)
[M+H]" calculated for [Ci6H2104]" : 277.1434, found : 277.1419.

DIBAL reduction.

DIBAL (1.03 M in hexane, 2.5 equiv.) was slowly added to solution of the crude materials [or purified S9]
in CH,CL, (0.3 M) at —78 °C under Ar atmosphere. The reaction mixture was stirred for 1.5 h. The resulting
mixture was quenched with EtOAc at —78 °C. After an addition of excess amount of 20% aqueous potassium
sodium (+)-tartrate at room temperature, it was stirred for additional 1 h at ambient temperature. The aqueous
layer was extracted three times with EtOAc. The combined organic layer was dried over MgSO4, and
concentrated under reduced pressure. The crude materials were purified by flash chromatography (SiO», 20%
EtOAc/n-hexane) to provide desired allyl alcohols; S5 (18 mmol scale, 2 steps 45% as E/Z mixture), and S10
(4.5 mmol scale, 98% as £/Z mixture mixture). S7 was through a silica gel pad, and it was employed as crude

materials.

5-(4-Nitrophenyl)hexa-2,4-dien-1-0l (S5) (as £/Z mixture; see page S30)
Yellow solids; "H NMR (500 MHz, CDCls) § 8.19 (d, J = 9.0 Hz), 8.16 (d, J = 9.0 Hz), 7.54-7.56 (m), 6.66—
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6.71 (m), 6.57-6.60 (d, J = 10.0 Hz), 6.22-6.25 (m), 6.17-6.19 (m), 6.06 (dt, J = 15.0, 6.0 Hz), 5.89 (dt, J =
15.0, 6.0 Hz), 4.30 (d, J = 5.0 Hz), 4.13 (d, J= 6.0 Hz), 2.19 (s), 2.13 (s);°C NMR (125 MHz, CDCl3) § 149.3,
146.5, 135.5, 134.2, 133.3,129.6, 129.1, 128.5, 127.4, 126.9, 126.3, 126.1, 123.6, 123.5, 63.2, 63.1,24.9, 15.7,
IR (neat) Vmax 3321, 2998, 1589, 1512, 1336, 1089, 1082, 966 cm'; HRMS (ESI) [M+Na]" calculated for
[C12H 13N 1Na;05]" : 242.0788, found : 242.0774; mp 56-59 °C.

5-(3,5-Dimethoxyphenyl)hexa-2,4-dien-1-ol (S10) (as £/Z mixture; see page S31)

Colorless oil; '"H NMR (500 MHz, CDCls) § 6.61-6.66 (m), 6.58 (d, J= 2.5 Hz), 6.45 (d, J = 11.0 Hz), 6.37—
6.38 (m), 6.30-6.35 (m), 6.09 (d, /= 11.0 Hz), 5.93 (dt, /= 15.0, 6.0 Hz), 5.78 (dt, J=15.0, 6.0 Hz), 4.23 (d,
J=6.0 Hz), 4.08 (d, J= 5.0 Hz), 3.78 (s), 3.76 (s), 2.79 (br. 5), 2.12 (s), 2.08 (s);°C NMR (125 MHz, CDCl3)
3 160.3, 145.0, 143.3, 139.0, 136.2, 132.9, 131.0, 128.7, 127.5, 126.4, 126.3, 106.2, 103.9, 98.9, 98.6, 63.1,
55.1,25.2, 15.9; IR (neat) vimax 3350, 2935, 1585, 1452, 1421, 1204, 1151, 1064, 1045, 966 cm™'; HRMS (ESI)
[M+Na]" calculated for [C14H sNa;Os]" : 257.1148, found : 257.1142.

Oxidation of allylic alcohol S5, S7. S10.

Manganese (IV) oxide (10 equiv.) was added to a solution of allyl alcohol S5 or S7 (crude materials) or S10 in
CH,Cl, at room temperature under Ar atmosphere. The reaction mixture was stirred for 10 h at ambient
temperature. The resulting mixture was filtrated with Celite pad and concentrated under reduced pressure.
Flash chromatography (Si0», 12.5% EtOAc/n-hexane) provided a, B, v, d-unsaturated aldehyde S6 (6.4 mmol
scale, 89%), or S8 (3.2 mmol scale, 29% over three steps), or S11 (4.3 mmol scale, 99%).

5-(4-Nitrophenyl)hexa-2.4-dienal (S6)

Yellow crystals; "H NMR (500 MHz, CDCls) § 9.69 (dd, J = 8.0, 2.5 Hz, 1H), 8.21-8.23 (m, 2H), 7.65 (d, J
= 8.0 Hz, 2H), 7.55 (dd, /= 15.0, 11.5 Hz, 1H), 6.77 (d, /= 11.5 Hz, 1H), 6.32 (qd, /= 8.0, 3.0 Hz, 1H) 2.38
(s, 3H);”C NMR (125 MHz, CDCl;) § 193.4, 147.8, 146.4, 144.9, 133.5, 129.0, 127.7, 126.9, 126.9, 123.8,
16.7; IR (neat) vimax 1662, 1614, 1597, 1506, 1342, 1118, 974, 850 cm™'; HRMS (ESI) [M+Na]" calculated for
[C12Hi1N|Na;Os]" : 240.0631, found : 240.0627; mp 129-131 °C.

5-(3.5-Bis(trifluoromethyl)phenyl)hexa-2.4-dienal (S8)

Pale yellow crystals; 'H NMR (500 MHz, CDCl;) § 9.70 (d, J = 8.0 Hz 1H), 7.92 (s, 2H), 7.84 (s, 1H), 7.55
(dd, J=15.0, 11.5 Hz, 1H), 6.76 (d, J= 11.5 Hz, 1H), 6.35 (dd, J = 15.0, 8.0 Hz, 1H), 2.40 (s, 3H);"°C NMR
(125 MHz, CDCls,) 6 193.4, 146.1, 143.9, 143.7, 133.6, 132.0 (q, J = 133.0 Hz), 127.4, 126.1, 126.0, 124.2,
122.1,16.7; IR (neat) vmax 1674, 1616, 1377, 1271, 1118, 966, 871, 842 cm™'; HRMS (ESI) [M+Na]" calculated
for [C14H10F6Na;O4]" : 331.0528, found : 331.0528; mp 110113 °C.
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5-(3.5-Dimethoxyphenyl)hexa-2.4-dienal (S11)

White solids; 'H NMR (500 MHz, CDCl3) § 9.65 (d, J = 8.0 Hz, 1H), 7.53-7.58 (m, 1H), 6.64-6.70 (m, 3H),
6.47 (s, 1H), 6.26 (dd, J = 15.0, 7.0 Hz, 1H), 3.83 (s, 6H), 2.31 (s, 3H);*C NMR (125 MHz, CDCl;) § 193.7,
160.8, 147.8, 143.7, 132.0, 125.1, 106.3, 104.5, 100.6, 554, 16.9; IR (neat) vmax 1660, 1589, 1425, 1205, 1153,
1157, 1120, 974, 833 cm™'; HRMS (ESI) [M+H]" calculated for [C14H;705]" : 233.1172, found : 233.1162; mp
75-80 °C.

Synthesis of S16.
OH Ph3P CO " CO,Et ?
MnO
| nO, 2 | DIBAL-H Mno, _ |
CH.CI
2Cl CH,Cl, | (i';éc(lf CH,Cl, |
70%
(4 steps)
S12 S13 S14 S15

To a solution of (E)-4,4-dimethylpent-2-en-1-ol (S12, 773.5 mg, 6.03 mmol)*® in CH,Cl, (20 mL), manganese
(IV) oxide (5.2g, 60.3 mmol) was added at room temperature. The reaction mixture was stirred for 12 h at
room temperature under Ar atmosphere. The resulting mixture was filtrated with Celite pad and concentrated

under reduced pressure. The obtained crude materials of S13 was directly employed to next Wittig reaction.

To a solution of the crude materials of S13 in CH>Cl» (20 mL), ethyl(triphenylphosphoranylidene)acetate (5.3
g, 15.1 mmol) was added at room temperature. The reaction mixture was stirred for 12 h under Ar atmosphere
before removal of CH>Cl, under reduced pressure. The resulting solid was suspended with n—hexane/Et,O
(7/1), then it was filtrated with silica-gel pad eluted with n—hexane/Et,O (7/1) to provide 1.23 g of crude
materials of S14. The obtained crude materials of S14 was directly employed to next DIBAL-H reduction.

To a solution of the crude materials of S14 in CH>Cl, (20 mL), DIBAL (1.03M in hexane, 15.1 mL, 15.1
mmol) was added dropwise via syringe at —78 °C under Ar atmosphere. The reaction mixture was stirred for
1.5 h at =78 °C under Ar atmosphere. The resulting mixture was quenched with EtOAc at —78 °C. After an
addition of excess amount of 20% aqueous potassium sodium (+)-tartrate at room temperature, it was stirred
for additional 1 h at ambient temperature. The aqueous layer was extracted three times with EtOAc. The
combined organic layer was dried over MgSQs, and concentrated under reduced pressure. The crude materials

of S15 was directly employed to next oxidation.

To a solution of the crude materials of S15 in CH,Cl, (20 mL), manganese (IV) oxide (5.2g, 60.3 mmol) was
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added at room temperature. The reaction mixture was stirred for 14 h at room temperature under Ar atmosphere.
The resulting mixture was filtrated with Celite pad and concentrated under reduced pressure. The obtained
crude materials were purified by flash chromatography (SiO,, 5% EtOAc/n-hexane) to provide desired
aldehyde S16 (643.5 mg, 70%, 4 steps) as pale yellow oil.

5.6.6-Trimethylhepta-2.4-dienal (S16)

Pale yellow oil; 'H NMR (500 MHz, CDCL3) 6 9.56 (d, J = 8.0 Hz, 1H), 7.44 (dd, J = 15.0, 11.0 Hz, 1H), 6.21
(d, J=11.0 Hz, 1H), 6.11 (dd, J = 15.0, 8.0 Hz, 1H), 1.94 (s, 3H) 1.12 (s, 9H);*C NMR (125 MHz, CDCl,)
0 194.2, 160.7, 149.6, 130.6, 120.4, 37.6, 28.7, 14.2; IR (neat) vmax 2965, 1678, 1620, 1169, 1124, 968, 889
cm'; HRMS (ESI) [M+Na]" calculated for [C1oH1sNa;O1]" : 175.1093, found : 175.1082.

General procedure for substrate scope

Hexa-2,4-dienal (28.8 mg, 0.30 mmol) was added to a solution of 5-nitro-2,3-dihydropyridone 3 (24.2 mg,
0.10 mmol), benzoic acid (12 mg, 0.1 mmol) and catalyst D (11.6 mg, 0.020 mmol) in toluene (250 uL) at
23 °C under Ar atmosphere. The reaction mixture was stirred until consumption of 5-nitro-2,3-
dihydropyridone 3 monitored by TLC analysis. To the resulting mixture, ethylene glycol (84 uL, 1.5 mmol)
and TsOH-H>O (21 mg, 0.11 mmol) were added at 0 °C. The reaction mixture was stirred for 3 h at 23 °C. The
resulting mixture was slowly quenched with saturated aqueous NH4ClI at 0 °C. The aqueous layer was extracted
three times with CH,Cl,. The combined organic layer was washed with saturated aqueous NaHCQOs, dried over
MgSOs, and concentrated under reduced pressure. The crude materials were purified by flash chromatography
(S10,, 12.5% EtOAc/n-hexane) to provide 6 (23.7 mg as separatable diastereomer mixture, 62%) as colorless

amorphous powder.

tert-Butyl(4aR.5S5.8aR)-5-((1.3-dioxolan-2-yl)methyl)-4a-nitro-4-ox0-3.4.4a.5.8 .8a-hexahydroquinoline-
1(2H)-carboxylate (6)

0/> In general procedure; 5 h, yield 62% (0.1 mmol scale, 24 mg), dr =3 : 1, 91% ee. Major

O diastereomer was separated by flash chromatography (SiO,, 12% EtOAc/n-hexane).
Enantiomeric excess was determined by HPLC with ChiralCel IC column. 10% i-PrOH/n-
L';,OC':' hexane, 0.5 mL/min; major enantiomer fz = 23.0 min, minor enantiomer fz = 29.2 min.

Colorless oil; "HNMR (500 MHz, CDCl;, VT 55 °C) § 5.77 (d, J = 10.0 Hz 1H), 5.54 (br. d, J=10.0 Hz, 1H),
5.43 (br. s, 1H), 4.89 (1, J=4.0 Hz, 1H), 4.30 (br. s, 1H), 3.93 (td, J=12.5, 5.0 Hz, 2H), 3.82 (td, J=12.5, 5.5
Hz, 1H), 3.34 (br. s, 9H), 2.99-3.06 (m, 2H), 2.42-2.47 (m, 2H), 2.33-2.38 (m, 1H), 2.21 (br. s, 1H), 1.85 (d,
J=13.0 Hz, 2H), 1.50 (s, 1H); °C NMR (125 MHz, CDCls, VT 55 °C) § 196.2, 153.9, 128.8, 121.8, 103.1,
97.5, 81.4, 65.1, 64.9, 56.4, 39.4, 39.1, 38.0, 33.5, 28.3, 26.0; IR (neat) vma 2978, 1734, 1697, 1547, 1406,
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1365, 1157, 1115 cm™'; HRMS (ESI) [M+Na]" calculated for [C1sH2sN>Na;O7]" : 405.1632, found : 405.1608;
[0]p —42 (¢ 1.0, CHCl3).

tert-Butyl(4aR.55.8aR)-5-((1.3-dioxolan-2-yl)methyl)-4a-nitro-4-oxo-7-phenyl-3 4 4a.5.8.8a-

hexahydroquinoline-1(2H)-carboxylate (7)

Ly

5-Phenylhexa-2,4-dienal was used as diene in general procedure; reaction was performed

at 0 °C, 36 h, yield 74% (0.1 mmol scale, 34 mg), dr =10 : 1, 95% ee. Major diastereomer
was separated by flash chromatography (SiO-, 11% EtOAc/n-hexane). Enantiomeric excess
was determined by HPLC with ChiralCel IC column. 10% i-PrOH/n-hexane, 0.5 mL/min; major enantiomer
fr = 18.4 min, minor enantiomer fr = 23.3 min.

Pale yellow oil; "H NMR (500 MHz, benzene-ds, VT 78 °C) § 7.08-7.12 (m, 5H), 6.18 (s, 1H), 5.79 (br. s,
1H), 4.72-4.76 (m, 1H), 4.08 (br. s, 1H), 3.39-3.48 (m, 2H), 3.24-3.32 (m, 3H), 2.93 (br. s, 1H), 262-2.75 (m,
3H), 2.27 (br. t, J= 14.0 Hz, 1H), 2.18 (dd, J = 15.0, 2.0 Hz, 1H), 1.98 (br. d, /= 15.0 Hz, 1H), 1.45 (s, 9H);
3C NMR (125 MHz, benzene-ds, VT 78 °C) § 196.0, 154.1, 140.1, 132.9, 128.7, 126.2, 126.2, 125.9, 103.5,
97.8, 81.1, 65.1, 64.8, 57.7, 40.3, 39.4, 38.1, 34.5, 29.0, 28.3; IR (neat) vmax 2976, 1734, 1697, 1549, 1406,
1366, 1159, 1117 cm™'; HRMS (ESI) [M+Na]" calculated for [C24H30N>Na;O7]" : 481.1945, found : 481.1931;
[a]b =73 (¢ 1.5, CHCL).

tert-Butyl(4aR.5S5.8aR)-5-((1.3-dioxolan-2-yl)methyl)-7-(naphthalen-2-yl)-4a-nitro-4-oxo-3.4 .4a.5.8 .8a-

hexahydroquinoline-1(2H)-carboxylate (8)

Ly

5-(Naphthalen-2-yl)hexa-2,4-dienal was used as diene in general procedure; 5 h, yield
73% (0.1 mmol scale, 37 mg), dr= 7.8 : 1, 95% ee. Major diastereomer was separated
by flash chromatography (SiO., 11% EtOAc/n-hexane). Enantiomeric excess was
determined by HPLC with ChiralCel IC column. 10% i-PrOH/n-hexane, 0.5 mL/min; major enantiomer tgr =
24.0 min, minor enantiomer fr = 33.8 min.

Colorless oil ; '"H NMR (500MHz, benzene-ds, VT 78 °C) § 7.61 (d, J= 7.0 Hz, 2H), 7.56-7.58 (m, 2H), 7.36
(d, /=9.0 Hz, 1H), 7.23-7.29 (m, 2H), 6.36 (s, 1H), 5.87 (br. s, 1H), 4.78 (t, J= 4.0 Hz, 1H), 4.12 (br. s, 1H),
3.41-3.47 (m, 3H), 3.28-3.32 (m, 2H), 2.97 (br. t, J = 12.0 Hz, 1H), 2.87 (br. d, /= 15.0 Hz, 1H), 2.69-2.78
(m, 2H), 2.41 (t, J = 14.0 Hz, 1H), 2.24 (dt, J = 15.0, 2.0 Hz, 1H), 1.99-2.03 (m, 1H), 1.47 (s, 9H); °C NMR
(125MHz, benzene-ds, VT 78 C)3196.0, 154.1,137.3,134.1, 133.6, 132.8, 128.5, 127.0, 126.9, 126.5, 126.3,
124.7, 124.6, 124.3, 103.6, 97.9, 81.2, 65.1, 64.8, 57.3, 40.4, 39.4, 38.2, 34.5, 29.0, 28.4; IR (neat) Vmax 2976,
1734, 1697, 1558, 1549, 1406, 1363, 1219, 1159 cm™'; HRMS (ESI) [M+Na]" calculated for
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[C2sH3N>Na 04]" 1 531.2102, found : 531.2079; [a]**» —92 (c 0.4, CHCl;).

tert-Butyl(4aR.55.8aR)-5-((1.3-dioxolan-2-yl)methyl)-4a-nitro-7-(4-nitrophenyl)-4-oxo0-3.4 .4a.5.8 .8a-

hexahydroquinoline-1(2H)-carboxylate (9)

Ly

5-(4-Nitrophenyl)hexa-2,4-dienal was used as diene in general procedure; 2.5 mL of

toluene was employed. 18 h, yield 71% (0.1 mmol scale, 36 mg), dr=9.5: 1, 97% ee.
NO, Major diastereomer was separated by flash chromatography (SiO,, 12% EtOAc/n-

hexane). Enantiomeric excess was determined by HPLC with ChiralCel IC column.
40% i-PrOH/n-hexane, 0.5 mL/min; major enantiomer fz = 34.2 min, minor enantiomer fr = 41.4 min.
Colorless oil; '"H NMR (500 MHz, benzene-ds, VT 78 °C) § 7.82 (d, J = 8.0 Hz, 2H), 6.81 (d, J = 8.0 Hz, 2H),
6.17 (s, 1H), 5.75 (br. s, 1H), 4.71 (t, J=3.0 Hz, 1H), 4.08 (br. s, 1H), 3.42-3.49 (m, 2H), 3.27-3.34 (m, 3H),
2.95 (br. t, J = 12.0 Hz, 1H), 2.69-2.75 (m, 1H), 2.50-2.61 (m, 2H), 2.08-2.17 (m, 2H), 1.97-2.01 (m, 1H)
1.46 (s, 9H); °C NMR (125 MHz, benzene-ds, VT 78 °C) § 196.0, 154.0, 147.8, 145.3, 131.1, 129.9, 126.1,
123.7, 103.3, 97.6, 81.5, 65.2, 64.9, 56.9, 40.1, 39.5, 38.1, 34.1, 28.3(2C) ; IR (neat) vmax 2980, 1734, 1697,
1595, 1549, 1516, 1406, 1341, 1159, 1111 cm™'; HRMS (ESI) [M+Na]" calculated for [C24H20N3Na;Oo]" :

526.1796, found : 526.1774; [a]**p ~72 (c 1.9, CHCL).

tert-Butyl(4aR .55.8aR)-5-((1.3-dioxolan-2-yl)methyl)-7-(4-bromophenyl)-4a-nitro-4-oxo0-3.4.4a.5.8 .8a-

hexahydroquinoline-1(2H)-carboxylate (10)

5-(4-Bromophenyl)hexa-2,4-dienal was used as diene in general procedure; 4 h, yield

84% (0.1 mmol scale, 45 mg), dr = 4.6 : 1, 95% ee. Major diastereomer was separated

by flash chromatography (SiO,, 9% EtOAc/n-hexane). Enantiomeric excess was
determined by HPLC with ChiralCel IC column. 10% i-PrOH/n-hexane, 0.5 mL/min;
major enantiomer #r = 21.9 min, minor enantiomer ¢r = 27.4 min.

Pale yellow oil ; '"H NMR (500MHz, benzene-ds, VT 78 °C) & 7.22 (d, J = 8.0 Hz, 2H), 6.78 (d, J = 8.0 Hz,
2H), 6.09 (s, 1H), 5.75 (br. s, 1H), 4.71-4.73 (m, 1H), 4.08 (br. s, 1H), 3.40-3.47 (m, 2H), 3.27-3.33 (m, 3H),
2.92 (br. t,J=12.0 Hz, 1H), 2.71 (dt, J = 15.0, 9.0 Hz, 1H), 2.55-2.64 (m, 2H), 2.11-2.18 (m, 2H), 1.95-2.00
(m, 1H), 1.45 (s, 9H); °C NMR (125MHz, benzene-ds, VT 78 °C) & 195.9, 154.0, 138.8, 131.8, 131.7, 127.4,
126.9, 122.0, 103.4, 97.7, 81.3, 65.1, 64.8, 57.1, 40.2, 39.4, 38.1, 34.3, 28.6, 28.3; IR (neat) vmax 2978, 1734,
1695, 1547, 1404, 1365, 1157, 1009 cm'; HRMS (ESI) [M+Na]" calculated for [C2sH2oBriN2Na;O7]" :
559.1050, found : 559.1034; [a]**» ~73 (c 1.4, CHCL).
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tert-Butyl(4aR.55.8aR)-5-((1.3-dioxolan-2-yl)methyl)-7-(3.5-bis(trifluoromethyl)phenyl)-4a-nitro-4-oxo-
3.4.4a.5.8.8a-hexahydroquinoline-1(2H)-carboxylate (11)

Ly

5-(3,5-Bis(trifluoromethyl)phenyl)hexa-2,4-dienal was used as diene in general
CF, procedure; 11 h, yield 68% (0.1 mmol, 40 mg), dr=4.5: 1, 91% ee. Major diastercomer
was separated by flash chromatography (SiO,, 12% EtOAc/n-hexane). Enantiomeric
CFs3 excess was determined by HPLC with ChiralCel IC column. 2% i-PrOH/n-hexane, 0.2
mL/min; major enantiomer fr = 23.4 min, minor enantiomer fz = 25.8 min.
Colorless oil ; '"H NMR (500MHz, benzene-ds, VT 78 °C) & 7.68 (s, 1H), 7.50 (s, 2H), 6.18 (s, 1H), 5.77 (br.
s, 1H), 4.66 (t, J= 3.0 Hz, 1H), 4.07 (br. s, 1H), 3.38-3.45 (m, 2H), 3.22-3.31 (m, 3H), 2.87-2.80 (m, 1H),
2.67-2.74 (m, 1H), 2.53-2.58 (m,1H), 2.45 (br. d, J = 17.0 Hz, 1H), 2.12-2.17 (m, 2H), 1.92-1.97 (m, 1H),
1.45 (s, 9H); "C NMR (125MHz, benzene-ds, VT 78 °C) & 196.0, 153.9, 142.3, 132.4 (q, J = 134.0 Hz), 130.3,
125.7,125.0, 122.8, 121.4, 103.2, 97.6, 81.6, 65.1, 64.9, 56.8, 40.1, 39.5, 38.1, 33.9, 28.3, 28.2; IR (neat) Vmax
2980, 1734, 1699, 1551, 1277, 1165, 1126 cm™'; HRMS (ESI) [M+Na]" calculated for [C2sH2sFsN2Na;O7]" :
617.1693, found : 617.1677; [a]**p —62 (c 0.33, CHCl).

tert-Butyl(4aR 55.8aR)-5-((1.3-dioxolan-2-yl)methyl)-7-(3.5-dimethoxyphenyl)-4a-nitro-4-oxo-

3.4.4a.5.8.8a-hexahydroquinoline-1(2H)-carboxylate (12)

5-(3,5-Dimethoxyphenyl)hexa-2,4-dienal was used as diene in general procedure; 4 h,
yield 78% (0.1 mmol scale, 36 mg), dr = 5 : 1, 94% ee. Major diastereomer was
separated by flash chromatography (SiO», 3 to 12% EtOAc/n-hexane gradient).

OMe Enantiomeric excess was determined by HPLC with ChiralCel IC column. 20% i-
PrOH/n-hexane, 0.5 mL/min; major enantiomer ¢z = 23.4 min, minor enantiomer fz = 28.5 min.
Pale yellow oil,; "H NMR (500 MHz, CDCls, VT 55 °C) & 6.46 (s, 2H), 6.40 (s, 1H), 6.11 (s, 1H), 5.58 (br. s,
1H), 4.95 (t, J=4.0 Hz, 1H), 4.36 (br. s, 1H), 3.95 (td, J = 12.5, 5.0 Hz, 2H), 3.80-3.87 (m, 8H), 3.40 (br. s,
1H), 3.21 (br. d, /= 10.0 Hz, 1H), 3.05 (dt,J=16.0, 9.0 Hz, 1H), 2.83 (br. s, 1H), 2.42-2.58 (m, 3H), 1.93 (br.
d,J=15.0 Hz, 1H), 1.51 (s, 9H); *C NMR (125 MHz, CDCls, VT 55 °C) § 196.2, 161.0, 154.0, 141.6, 132.4,
125.8, 104.2, 103.1, 99.7, 97.3, 81.6, 65.2, 64.9, 56.8, 55.5, 39.6, 39.0, 38.1, 33.7, 28.5, 28.3; IR (neat) Vimax
2976, 1734, 1697, 1591, 1549, 1408, 1366, 1204, 1153, 1064 cm'; HRMS (ESI) [M+Na]" calculated for
[Ca6H34N2Na O9]" : 541.2157, found : 541.2124; [a]*’p —64 (c 0.61, CHCl5).

tert-Butyl(4aR.55.8aR)-5-((1.3-dioxolan-2-yl)methyl)-7-(tert-butyl)-4a-nitro-4-oxo-3 .4 .4a.5.8 .8a-

hexahydroquinoline-1(2H)-carboxylate (13)
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5,6,6-Trimethylhepta-2,4-dienal was used as diene in general procedure; 32 h, yield 52% (0.1

mmol scale, 23 mg), dr = 2.8 : 1, 92% ee. Major diastercomer was separated by flash

Boe chromatography (SiO2, 10 to 12% EtOAc/n-hexane gradient). Enantiomeric excess was
determined by HPLC with ChiralCel IC column. 10% i-PrOH/n-hexane, 0.5 mL/min; major enantiomer tgr =
13.9 min, minor enantiomer ¢z = 20.2 min.

Colorless oil ; "H NMR (500 MHz, benzene-ds, VT 78 °C) 8 5.67 (s, 1H), 5.64 (br. s, 1H), 4.75 (t, J= 4.0 Hz,
1H), 4.06 (br. s, 1H), 3.43 (td, J = 13.5, 6.0 Hz, 2H), 3.23-3.31 (m, 3H), 3.00-3.05 (m, 1H), 2.65-2.72 (m,
1H), 2.56-2.61 (m, 1H), 2.43 (br. d, J=18.0 Hz, 1H), 2.18 (dd, /= 10.0, 3.0 Hz, 1H), 1.96-2.03 (m, 2H), 1.44
(s, 9H), 0.89 (s, 9H); >C NMR (125 MHz, benzene-ds, VT 78 °C) § 196.0, 154.2, 141.3, 121.1, 103.6, 98.1,
80.1, 65.1, 64.8, 57.5, 40.1, 39.5, 38.1, 35.0, 34.8, 28.9, 28.4, 26.5; IR (neat) vmax 2967, 1736, 1697, 1546,
1406, 1392, 1366, 1159, 983 cm™'; HRMS (ESI) [M+Na]" calculated for [C22H34N>Na;O7]" : 461.2258, found :

461.2229; [a]*®*p 33 (c 0.50, CHCl3).

tert-Butyl(4aR 55.8aR)-5-((1.3-dioxolan-2-yl)methyl)-6.7-dimethyl-4a-nitro-4-oxo-3.4 4a.5 .8 .8a-

hexahydroquinoline-1(2H)-carboxylate (14)

r

4,5-Dimethylhexa-2,4-dienal was used as diene in general procedure; 5 h, yield 71% (0.1
mmol, 29 mg), dr = 3.5 : 1, 90% ee. Major diastercomer was separated by flash

Nz
Bob chromatography (SiO,, 1 to 13% EtOAc/n-hexane gradient). Enantiomeric excess was

determined by HPLC with ChiralCel OD-H column. 10% i-PrOH/n-hexane, 0.5 mL/min; major enantiomer r
= 13.6 min, minor enantiomer fg = 15.8 min.

Colorless oil ; '"H NMR (500MHz, benzene-ds, VT 78 °C) § 5.46 (t,J=10.0 Hz, 1H), 4.76-4.78 (m, 1H), 4.05
(br. s, 1H), 3.43-3.50 (m, 2H), 3.13-3.28 (m, 2H), 3.12 (br. s, 1H), 2.88-2.94 (m, 1H), 2.70-2.77 (m, 1H),
2.53 (ddd, J=16.0, 7.0, 4.0 Hz, 1H), 2.23 (dq, J = 16.0, 2.5 Hz, 1H), 1.94-2.06 (m, 2H), 1.85-1.90 (m, 1H),
1.61 (s, 3H), 1.45 (s, 9H), 1.29 (s, 3H); >C NMR (125MHz, benzene-ds, VT 78 °C) & 196.5 154.1, 127.3,
122.9, 103.8, 99.4, 80.8, 65.0, 64.9, 56.7, 42.9, 38.0, 33.4, 32.5, 28.4, 28.3, 19.2, 16.1; IR (neat) vmax 2978,
2887, 1734, 1697, 1549, 1408, 1365, 1159, 1033 cm'; HRMS (ESI) [M+Na]" calculated for
[C20H30N2Na O7]" : 433.1945, found : 433.1924; [a]**p —82 (c 0.3, CHCl;).
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Derivatization of cycloadduct 4 toward total synthesis of Lycopodium alkaloids (Scheme 1).

O’“> O’“> O’i>
o AIBN o 0

n-BuzSnH

benzene
N A reﬂux, 2h N A N B
H uant. H I H
éoc g éoc Boc
4 15 16

DBU, MeOH E 15:16=3:1
quant. 15:16=1:5

Denitration of cycloadduct 4.

Tributyltin hydride (429 uL, 0.42 mmol) was added to a solution of cycloadduct 4 (161 mg, 0.41 mmol) and
azobisisobutyronitrile (AIBN, 20.2 mg, 0.12 mmol) in benzene (4.06 mL) at room temperature under Ar
atmosphere. The reaction mixture was stirred for 2 h at 80 °C under Ar atmosphere. After cooling to room
temperature, the resulting mixture was concentrated under reduced pressure. The crude materials was purified
by flash chromatography (SiO,, 20% EtOAc/n-hexane) to provide compound 15 and 16 as diastereomer
mixture (143 mg, quant., dr = 3 : 1). These diasterecomers could be partially separated by careful flash
chromatography (SiO, 17% EtOAc/n-hexane).

Isomerization of from 15 to 16.

1,8-Diazabicyclo[5.4.0Jundec-7-ene (DBU, 89 uL, 0.58 mmol) was added to a solution of the diastereomer
mixture of 15 and 16 (102 mg, 0.29 mmol) in MeOH (1 mL) at room temperature under Ar atmosphere. The
reaction mixture was stirred for 24h at room temperature. The resulting mixture was quenched with saturated
aqueous NH4Cl solution. The aqueous layer was extracted three times with EtOAc. The combined organic
layer was dried over MgSQs, and concentrated under reduced pressure. The crude mixture was purified by
flash chromatography (Si0O», 20% EtOAc/n-hexane) to provide compound 15 and 16 as diastereomer mixture
(102 mg, quant., dr=1:5).

tert-Butyl(4aS.5S5.8aR)-5-((1.3-dioxolan-2-yl)methyl)-7-methyl-4-0x0-3.4.4a.5.8 .8a-hexahydroquinoline-
1(2H)-carboxylate (15)

Colorless oil, 'H NMR (500 MHz, benzene-ds, VT 78 °C) § 5.34 (s, 1H), 4.82 (br. s, 1H), 4.81 (t, J= 5.0 Hz,
1H), 4.00 (br. s, 1H), 3.52-3.56 (m, 2H), 3.37-3.42 (m, 2H), 3.20-3.25 (m, 1H), 2.90 (t, /= 5.0 Hz, 1H), 2.52
(br. s, 1H), 2.35 (ddd, J=14.3, 7.3, 5.5 Hz, 1H), 2.21 (ddd, J = 14.0, 7.0, 4.5 Hz, 1H),2.03-2.13 (m, 2H), 1.95
(dt, J=14.0, 4.5 Hz, 1H), 1.80 (br. t, J = 14.5 Hz, 1H), 1.46 (s, 12 H); *C NMR (125 MHz, benzene-ds, VT
78 °C) 8 205.8, 154.6, 129.8, 125.1, 104.9, 79.8, 64.83, 64.78, 54.9, 51.4, 41.1(2C), 36.7, 34.2, 31.9, 28.6,
22.9; IR (neat) vmax 2972, 2886, 1721, 1688, 1393, 1364, 1157 cm™'; HRMS (ESI) [M+Na]" calculated for
[C1oH29NNa;Os]" : 374.1938, found : 374.1923; [a]*'p —16 (c 2.2, CHCl;).
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tert-Butyl(4aR.55.8aR)-5-((1.3-dioxolan-2-yl)methyl)-7-methyl-4-ox0-3 .4 .4a.5 .8 .8a-hexahydroquinoline-

1(2H)-carboxylate (16)

Colorless oil, '"H NMR (500 MHz, CDCl3) § 5.35 (s, 1H), 4.91 (dd, J = 5.5, 4.0 Hz, 1H), 4.27 (q, J = 7.0 Hz,
1H), 3.90-3.94 (m, 2H), 3.75-3.85 (m, 3H), 3.53-3.59 (m, 1H), 2.77-2.81 (m, 2H), 2.51-2.59 (m, 1H), 2.40—
2.45 (m, 2H), 2.12 (dd, J = 16.0, 11.0 Hz, 1H), 1.82-1.86 (m, 1H), 1.69-1.75 (m, 4H), 1.45 (s, 9H); 'H NMR
(500MHz, DMSO-ds) 6 4.57 (s, 1H), 4.01 (t, J= 4.8 Hz, 1H), 3.19 (dd, J = 14.0, 6.8 Hz, 1H), 2.99-3.05 (m,
2H), 2.87-2.94 (m, 2H), 2.73-2.83 (m, 2H), 2.04 (t, J = 11.0 Hz, 1H), 1.73 (br. s, 1H), 1.63-1.67 (m, 1H),
1.44-1.51 (m, 2H), 1.31-1.36 (m, 1H), 0.96 (dt, J = 13.5, 4.0 Hz, 1H), 0.81 (s, 3H), 0.55-0.68 (m, 10H); °C
NMR (125 MHz, CDCls) § 209.7, 154.4, 132.0, 124.1, 103.3, 80.2, 64.8, 64.4, 54.9, 51.5, 41.5, 38.1, 37.7,
36.3,32.0, 28.4, 23.4; IR (neat) Vmax 2972, 1722, 1688, 1404, 1366, 1169, 1144 cm™'; HRMS (ESI) [M+Na]"

calculated for [C19H2oNNa;Os]" : 374.1938, found : 374.1925; [a]*'p —105 (c 0.38, CHCL;).

Stereoselective reduction of 15.

Crabtree's cat.
Ha

CH,Cl,
12h
91%

Crabtree’s catalyst (1.7 mg, 0.002 mmol) was added to a solution of compound 15 (14 mg, 0.04 mmol) in
CH>Cl, (1.33 mL) at room temperature under Ar atmosphere. The reaction mixture was stirred for 12 h under
H, atmosphere. The resulting mixture was directly concentrated under reduced pressure and purified by flash

chromatography (Si0O», 25% EtOAc/n-hexane) to afford compound 17 (13 mg, 91%) as colorless oil.

tert-Butyl(4aS.,5R.7S5.8aR)-5-((1,3-dioxolan-2-yl)methy])-7-methyl-4-oxooctahydroquinoline-1(2H)-

carboxylate (17)

Colorless oil; '"H NMR (500 MHz, benzene-ds, VT 78 °C) § 4.70 (br. s, 1H), 4.80 (br. t, J = 5.0 Hz, 1H), 4.01
(br. s, 1H), 3.50-3.57 (m, 2H), 3.35-3.41 (m, 2H), 3.10 (br. t, J=12.5 Hz, 1H), 2.80 (br. s, 1H), 2.22-2.27 (m,
1H), 1.90-2.11 (m, 6H), 1.38-1.47 (m, 11H), 1.29 (br. d, J= 13.0 Hz, 1H), 0.99 (d, /= 7.5 Hz, 3H); '"H NMR
(500MHz, pyridine-ds, VT 95 °C) & 4.89 (t, J = 4.0 Hz, 1H), 4.72 (br. s, 1H), 4.13-4.17 (m, 1H), 3.74-3.81
(m, 2H), 3.61-3.68 (m, 2H), 3.30-3.36 (m, 1H), 3.02 (br. s, 1H), 2.39-2.45 (m, 1H), 2.17-2.23 (m, 1H), 2.13
(dt, J=14.0, 4.0 Hz, 1H), 1.99-2.06 (m, 3H), 1.94 (td, /= 13.0, 4.7 Hz, 1H), 1.44-1.51 (m, 11H), 1.31 (br. d,
J=13.5Hz, 1H), 1.00 (d, J = 7.0 Hz, 3H);"*C NMR (125 MHz, benzene-ds, VT 78 °C) § 207.7, 154.5, 104.8,
79.6,64.9,64.8,53.0,52.7,41.7,40.5, 38.1, 33.4, 30.3, 28.7, 28.6, 28.2; IR (neat) vmax 2922, 2880, 1715, 1687,
1393, 1364, 1159, 1122 cm™'; HRMS (ESI) [M+Na]" calculated for [C19H3NiNa;Os]" : 376.2094, found :
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376.2078; [0]**p +3.3 (c 1.3, CHCls).

MeOH/AcOEt
23°C
82%

Pd/C (2 mg, 10 w/w%) was added to a solution of compound 16 (20 mg, 0.04 mmol) in MeOH/AcOEt (1 : 1,
1.2 mL) at room temperature under Ar atmosphere. The reaction mixture was stirred for 6 h at room
temperature under H, atmosphere. The resulting mixture was filtrated with amino silica pad and concentrated
under reduced pressure. Flash chromatography (SiO», 20% EtOAc/n-hexane) provided compound 18 (16 mg,

82%) as colorless crystals.

tert-Butyl(4aR.5R.75.8aR)-5-((1.3-dioxolan-2-yl)methy])-7-methyl-4-oxooctahydroquinoline-1(2H)-

carboxylate (18)

Colorless crystals; '"H NMR (500 MHz, CDCl3) § 4.98 (dd, J = 6.0, 4.5 Hz, 1H), 4.25-4.29 (dd, J = 14.0, 6.5
Hz, 1H), 3.90-3.95 (m, 2H), 3.78-3.84 (m, 2H), 3.74 (td, J = 12.0, 3.5Hz, 1H), 3.57 (ddd, J = 14.0, 12.0, 5.0
Hz, 1H), 2.59 (t, J=11.5 Hz, 1H), 2.50-2.57 (m, 1H), 2.37 (dd, J=18.0, 4.5 Hz, 1H), 2.10-2.18 (m, 2H), 2.04
(br. d, J=11.5 Hz, 1H), 1.93 (ddd, J = 14.0, 4.5, 3.0 Hz, 1H), 1.73-1.77 (m, 1H), 1.54-1.63 (m, 2H), 1.39—

1.46 (m, 10H), 1.04 (d, J = 7.5 Hz, 3H); 3C NMR (125 MHz, CDCl3) § 210.2, 154.5, 103.3, 80.0, 64.8, 64.4,
55.4,53.7, 41.9, 38.3, 37.7, 37.3, 37.0, 28.4, 27.5, 27.4, 18.2; IR (neat) vma 2922, 1707, 1693, 1396, 1364,
1168, 1139 cm™'; HRMS (ESI) [M+Na]" calculated for [C19H3:N;Na;Os]" : 376.2094, found : 376.2084; [a.]*'p
—91 (c 0.3, CHCl3); mp 102-104 °C.

Mn(dpm)s
PhSiH3
TBHP

iPrOH
N 23°C,6h N
H
éOEi 64% éOC
16 19

Tris(2,2,6,6-tetramethyl-3,5-heptanedionato)manganese (I11I) (4.8 mg, 0.006 mmol) was added to a solution of
compound 16 (20 mg, 0.04 mmol), phenylsilane (8 uL, 0.05 mmol) and TBHP (in decane solution, 15.6 uL,
0.06 mmol) in ‘PrOH (284 pL) which was carefully degassed by Ar bubbling, at room temperature under Ar
atmosphere. The reaction mixture was stirred for 6 h at room temperature. The resulting mixture was filtrated

with amino silica pad and concentrated under reduced pressure. Flash chromatography (SiO,, 17% EtOAc/n-
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hexane) provided compound 19 (13 mg, 64%) as white solid.

tert-Butyl(4aR.5R. 7R 8aR)-5-((1 ,3-dioxolan-2-yl)methyl)-7-methyl-4-oxooctahydroquinoline-1(2H)-

carboxylate (19)

White solid; "H NMR (500 MHz, CDCls) § 4.99 (dd, J = 6.0, 4.5 Hz, 1H), 423 (dd, J = 14.0, 7.0 Hz, 1H),
3.89-3.98 (m, 2H), 3.78-3.85 (m, 2H), 3.59 (ddd, J = 14.5, 12.0, 5.0 Hz, 1H), 3.48 (td, J= 11.5, 3.5 Hz, 1H),
2.57 (t, J = 11.0 Hz, 1H), 2.47-2.55 (m, 1H), 2.36 (dd, J = 18.0, 4.0 Hz, 1H), 2.21 (br. d, J = 12.0 Hz, 1H),
1.90-1.97 (m, 3H), 1.50-1.61 (m, 2H), 1.43 (s, 9H), 1.05 (q, J = 12.0 Hz, 1H), 0.94 (d, J = 7.0 Hz, 3H), 0.82
(q, J = 13.0 Hz, 1H); >C NMR (125 MHz, CDCl;) & 210.0, 154.5, 103.3, 80.0, 64.8, 64.4, 58.4, 54.7, 41.9,
40.6, 40.3, 38.8, 37.3, 31.9, 30.4, 28.4; IR (neat) vmax 2914, 1709, 1691, 1396, 11366, 1151, 1170, 1120, 1043
cm'; HRMS (ESI) [M+Na]" calculated for [C19H3:NNa;Os]" : 376.2094, found : 376.2079; [a]*'p—96 (c 0.6,
CHCl3) ; mp 79-84 °C.

Stereochemistry determination of compounds 15 — 19

Coupling constants indicated that compound 15 is cis-fused ring system, and compound 16 is trans-fused ring

TH NMR § 2.04 (t, J = 11.0 Hz)
in DMSO-dg
o Me /
0
0 H
0

system.

H
"THNMR 6 2.90 (t, J = 5.0 Hz) N
in benzene-dg, VT 78 °C \\J @ \B
oC
15 16
Cis-fused Trans-fused

NOEDF supported our proposed stereochemistry; see Page S57 to S62.

--- NOEDF
H .-~. O
i D% - ot )
> H-- Boc/N " N Me
ILN‘BOC H i /Me Boc H i H
17 18 19
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DFILE dihydropyridone h-end.als
COMNT single_pulse

DATIM  2019-01-09 20:24:57 0]
OBNUC  1H

EXMOD single_pulse.ex2 .

OBFRQ 500.16 MHz _ NO,
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OBFIN 60lHz |
POINT 13107

FREQU 7507.39 Hz

SCANS 8 N
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DFILE dihydro p C-end.als E
COMNT  single pulse decoupled gated NOE
DATIM 2019-01-09 20:31:14

OBNUC 13C

EXMOD single_pulse_dec
OBFRQ 125.77 MHz
OBSET 7.87 KHz
OBFIN 4.21 Hz
POINT 26214
FREQU 31446.06 Hz
SCANS 60
ACQTM 0.8336 sec
PD 2.0000 sec
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BF -0.10 Hz
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FREQU 7507.39 Hz
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ACQTM 1.7459 sec &
PD 5.0000 sec . S3 bed
PW1 5.95 usec
IRNUC 1H
CTEMP 90.0 ¢
SLVNT ~ DMSO
EXREF 2.50 ppm
F 0.10 Hz
RGAIN 48 2
g
}-n
a8
o«
, S}Tﬁ 8 8g / 8 2 g g
1 s =g S s / S
| L A N |
PP|
T T T I T T T l T T 1 [ T 1 T T T T ] T T T T
12 10 . !% N 5 s . 2 . A
mmn Iﬂ oo, W - o~ Nl‘”@h(ﬁ—'—'@mv‘m g 24 w N w o - il
§B23345RN53RI228898 225200503000 INR0ECRRUNIATNERNEE £ &8
C:¥Users¥user¥DocumentsYNMRT —Z¥NMR data¥H30 M1 Z4 /-5 ¥3 FYRIA 7 —# (FHEFo¥ oY) Year S3¥cat s3 dmso vt90 c-2 end.s
DFILE cat s3 dmso vt90 c-2 end.als .
COMNT  single pulse decoupled gated NOE
DATIM  2019-01-28 22:17:21 .
OBNUC  13C
EXMOD  single_pulse_dec
OBFRQ 125.77 MHz
OBSET 7.87 KHz
OBFIN 4.21 Hz
POINT 26214
FREQU 31446.06 Hz
SCANS 542
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DFILE  cat s4 h-end.als
COMNT  single_pulse
DATIM  2019-01-11 18:52:24 ) TBSO, Ph
OBNUC  IH
EXMOD single_pulse.ex2 . Ph
OBFRQ 500.16 MHz
OBSET 2.41 KHz
OBFIN 6.01 Hz N OH
POINT 13107 H
FREQU 7507.39 Hz
Rl <
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DFILE cat s4 c-end.als
COMNT single pulse decoupled gated NOE
DATIM 2019-01-11 18:58:11

OBNUC X
EXMOD single_pulse_dec ~
OBFRQ 125.77 MHz
OBSET 7.87 KHz
OBFIN 4.21 Hz
POINT 26214
FREQU 31446.06 Hz
SCANS 104
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CTEMP 21.7¢
SLVNT CDCL3
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DFILE cat CC-end.als
COMNT  single pulse decoupled gated NOE
DATIM 2019-01-22 14:24:43
OBNUC 13C
EXMOD  single_pulse_dec
OBFRQ 125,77 MHz
OBSET 7.87 KHz
OBFIN 4.21 Hz
POINT 26224
FREQU 31446.06 Hz
SCANS 102
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DFILE goshi major dmso VT80 hnmr—end.als -y
COMNT  single_pulse o |®
DATIM 2015-06-17 19:10:50 s
OBNUC  IH «
EXMOD single_pulse.ex2
OBFRQ 500.16 MHz
OBSET 2.41 KHz
OBFIN 6.01 Hz
POINT 16384
FREQU 9384.38 Hz
SCANS 16
ACQTM 1.7459 sec
PD 5.0000 sec =0
PW1 6.25 usec o]
IRNUC IH e
CTEMP 80.0c
SLVNT DMSO
EXREF 2.50 ppm 4
F 0.12Hz
RGAIN 40
& b
@ - B
8g 8 gl 8 8 53 /
T - s o —] / -
T T T [ T
1p 8
C:¥Users¥user¥Documents¥NMRZ—#¥NMR date¥H30 M) 72t /4/ V3t TYMSUR T —# (F el a% o)) Ymajor¥goshi bmas comr keivend.sls
DFILE goshi hmgc comr kai-end.als .

COMNT  single pulse decoupled gated NOE
DATIM 2015-06-22 11:34:51

OBNUC 13C
EXMOD  single_pulse_dec

OBFRQ 125.77 MHz

OBSET 7.87 KHz

OBFIN 4.21 Hz

POINT 26224

FREQU 31446.06 Hz

SCANS 300

ACQTM 0.8336 sec

PD 2.0000 sec

PW1 3.33 usec N
IRNUC IH

CTEMP 80.0 ¢

SLVNT DMSO

EXREF 39.52 ppm

BF 1.20 Hz

RGAIN 52

pog—
S

= B | | il i i
> w w -

] I @ Y © 8 4

< < <« « s = >

o @ - = © o

g 8 8§ 8§ g s e

2
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1



=== Shimadzu LabSolutions Report ===

Sample Name : CBA79 major
: umeda

Data Filename : CBA 79 major.led
Method Filename : 10%iPrOH-Hex-floe0.5 lem

Yt 1 Sample Type #'m

12000 ul,
Date Acquired :2016/12/08 13:45:26  Acquired by : System Administrator
Date Processed :2019/03/13 21:23:02  Processed by : System Administrator 4

<Chromatogram>

PDA Multi 1 190nm,4nm

[~
O
9

19.069

25333

<Peak Table>
DA Chl 190nm
Peak# | Ret. Time Area Height Conc. Name
1 9.069 133 246730 97.943
2 25.333 949 4603 2.057
1EV 082 251333

w00

g

<Chromatogram>
mAU

PDA Multi 1 190nm,4nm|

19.030

1 racemic mixture

25.271

S26



C:¥Users¥user¥YDocumentsYNMR7 — Z¥NMR data¥H30 M1 74V ¥ ¥3f F¥$ A7 —% (F A Ko a) ) ¥minor¥Mi -end.als

DFILE Minor H-end als O

COMNT  single_pul

DATIM 2019-03-09 22:59:12 b
OBNUC  IH NO, o
EXMOD  single_pulse.ex2 O O

OBFRQ 500.16 MHz

OBSET 2.41 KHz

OBFIN 6.01 Hz

POINT 13107

FREQU 7507.39 Hz

SCANS 8

ACQTM 1.7459 sec

PD 5.0000 sec

PW1 5.95 usec I H

IRNUC  1H Boc

CTEMP 78.0¢

SLVNT  C8D6

EXREF 7.16 ppm 5

BF 0.10 Hz

RGAIN 46

3.40

1.06
S— 0.99
—_ 108

2

2.21
— 108
—_— 110

1.09

—_ L1
— 332

lF 10
lomﬁ'l\ DRV ONDMNOD WD~ - e 00 » Rl hvmmlnmu 00 vt vt PN D WO~ N (2]
23 .§.8.qssas i R e L e P BN P e R b b L
OO TTTTTONOMOOOMON MO NNNNNNNNNNNON NI~ vt gt o gt o ol ot et - O
C:¥Users¥user¥DocumentsYNMRF—#¥NMR data¥H30 M1 74 A Y3 YL 7 —2 (7 H ek a%rl) ¥minor¥Minor C-end.als
DFILE Minor C-end.als
COMNT  single pulse decoupled gated NOE
DATIM 2019-03-10 00:48:38
OBNUC 13C
EXMOD  single_pulse_dec
OBFRQ 125.77 MHz
OBSET 7.87 KHz
OBFIN 4.2] Hz
POINT 26214
FREQU 31446.06 Hz
SCANS 2262
ACQTM 0.8336 sec
PD 2.0000 sec
PW1 3.07 usec . N
IRNUC 1H
CTEMP 78.0c
SLVNT C6D6
EXREF 128.06 ppm
BF 0.10 Hz
RGAIN 56
1 I T T T T ] T T ]
200 150 . 100 50
— ~OOW=OT DN w 0 Lmowwm W
8 8 888228584 g 8 8 g8 & 8833s§ £
3 z SEEEEEREE g5 g § @ 95885% §



=== Shimadzu LabSolutions Report === O
N : i
Sample Dame : CBA79 minor 15mol%
Data Filename : CBA79 minor 15mol%.led N
Method Filename : 10%iPrOH-Hex-flow0.5.lem
satf”hl’ih\mm : . é H
i 11 Sample 1"
§WV9IW %8?2/‘;[7:113 16:30:05  Acquired Synan‘l?:mxmmwr - o
te B 230+ :
Date Processed :2016/12/13 17:02:24 Prmsed?v : System Administrator 5
<Chromatogram>
mAU o
| ¢ PDAMulti 1 242nm,4nm
_ s
20~
) w
1 q
| ]
10
o
——— —————
0 5 10 15 20 25 30
min
<Peak Table>
A Chl 242nm
Peak# | Ret. Time Area Height Conc. Name
1 20.235 22838 13098 29.967
2 21.662 754488 28098 70.033
iE 1077325 41196
<Chromatogram>
mAU
] 2 o PDAMulti1242nm,4m-1
. . Ial )
7.5 racemic mixture & 3
5.0-
2.5
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— 0 M1 ZaAHy3 vaf—f(fﬂtb’ﬂi—wm;ﬂ}dmmg ester H-end.als

DFILE dimethoxy ester H-end.als 0
COMNT  single_pulse
DATIM 2019-02-15 23:49:44
OBNUC 1H
EXMOD single_pulse.ex2
OBFRQ 500.16 MHz
OBSET 2.41 KHz
OBFIN 6.01 Hz
A,

. z
SCANS 8 MeO
ACQTM 1.7459 sec
PD 5.0000 sec
PW1 5.95 usec
IRNUC 1H
CTEMP 226¢c
SLVNT CDCL3
EXREF 7.26 ppm
BF 0.10 Hz
RGAIN 30

j e o ll L N L
T T T T T T T T T T T T T T T T T
12 10 6, 0

.rrrmeW\

CNEOIVA-TOVLONRIRN-D
i e S b pnimpe g Eo i o ]
mmmvvvvﬂe’:u-—-mmmw

«#ﬁw\

DFILE dimehtoxy ester C-end.als
COMNT  single pulse decoupled gated NOE
ATIM 2019-02-15 23:59:14
OBNUC 13C -
EXMOD smgle_pulse dec
OBFRQ 125.77 MHz
OBSET 7.87 KHz
OBFIN 4.21 Hz
POINT 26214
FREQU 31446.06 Hz
SCANS 182
ACQTM 0.8336 sec
PD 2.0000 sec
PW1 3.07 usec
IRNUC 1H
CTEMP 22.1c¢
SLVNT CDCL3
EXREF 77.00 ppm
BF 0.10 Hz
RGAIN 50
-J‘ Ll \
PP!
T T T T T T T T T T T T T T I T T T M]
) AN AT A AAT IR

nw o DN ;W OO —

S288 SEESS33 RE98§%  FESEs g3 8%3 - § 388

B 8% $E¥¥sT 8358 83339 g8 g8 q 233



C:¥Users¥user¥DocumentsYNMRZ—Z¥NMR data¥H30 M1 744 ¥ F¥8 WAl 57— (FheFo¥ayy) Y=hB7/ba—/\¥nitro alcohol H-end.als

DFILE nitro alcohol H-end.als

COMNT  single_pulse
DATIM 2018-12-25 15:27:30
OBNUC  IH
EXMOD single_pulse.ex2
OBFRQ 500.16 MHz
OBSET 2.41 KHz .
OBFIN 6.01 Hz
POINT 13107 |
FREQU 7507.39 Hz
SCANS 8
ACQTM 1.7459 sec
PD. 5.0000 sec
PW1 5.95 usec
IRNUC  IH O,N
CTEMP 21.0¢
SLVNT CDCL3
EXREF 7.26 ppm
F -0.10 Hz
RGAIN 36

S5

OH

L 10 8 L . o5 . p2
S25237488°82328083528822838 3888 § B85 8 3
................................ S 22 8 g

DocumentsYNMRF—2%

DFILE nitro alcohol C-end.als
COMNT  single pulse decoupled gated NOE
DATIM 23&8-]2-25 15:38:36

1

OBNUC
EXMOD single_pulse_dec
OBFRQ 125.77 MHz
OBSET 7.87 KHz
OBFIN 4.21 Hz
POINT 26214
FREQU 31446.06 Hz
SCANS 200
ACQT™ 0.8336 sec
PD 2.0000 sec
PW1 3.07 usec
IRNUC 1H
CTEMP 2l4c
SLVNT CDCL3
EXREF 77.00 ppm
F 0.10 Hz
RGAIN 56

S30




A7 —2(FAaeFexa) ) ¥V Ab%y Fa—/L¥OMe alcohol H-end.als

COMNT  single_pulse OH
DATIM  2019-01-29 00:24:51
OBNUC  IH
MO single_pulse.ex2 |
OBFRQ 500.16 MHz
OBSET 2.41 KHz
OBFIN 6.01 Hz
POINT 13107 |
FREQU 7507.39 Hz MeO
SCANS 8
ACQT™M 1.7459 sec
PD 5.0000 sec
PW1 5.95 usec
ICRNUCP H
TEM| 21.7¢
SLVNT  CDCL3. OMe S10
EXREF 7.26 ppm
BF -0.10 Hz
RGAIN 24
| i l,A_._A Lo J___J L
. PP
1 1 1 . | T T T l T T T l 1 I 1 I 1 T 1 | T 1 T
) ] rrms 7 (6.| S | \2
OO O NINTONDIDTOON o - =23 — =34 ~~nooMm ot
8238328 REI285882888883552858588858888¢8 g 3g
OB OO COCCCOCCCCCCCCCR VBB BBBEBVBE ST T o ey
C:¥UsersYuser¥Documents¥NMRF— AT 2 (FHeFaxal) ) YO RS FA-a—/L¥OMe alcohol C end.als
DFILE OMe aleohol C end.als
COMNT  single pulse decoupled gated NOE
DATIM  2019-01-29 00:28:17
OBNUC  13C
EXMOD single_pulse_dec
OBFRQ 125.77 MHz
OBSET 7.87 KHz
OBFIN 4.21 Hz
POINT 26214
FREQU 31446.06 Hz
-SCANS 42
ACQTM 0.8336 sec
PD 2.0000 sec
PW1 3.07 usec :
IRNUC 1H
CTEMP 213¢
SLVNT ~ CDCL3
EXREF 77.00 ppm
F -0.10 Hz
RGAIN 52
| l ‘ .
PPM
T l T T T T I T T T ] T T T 1 l ]
200 . W 10 . NI . , 0
no €O =+ 0O WD) I 0O 00w [ g o~ w0 o~
8% 83383388383 5823 28 % g g 5
88 2988858588 £2 88 EEE 3 8 g =
S31



C:¥Users¥user¥DocumentsYNMR— Z¥NMR data¥H30 M1 741 %' ¥3 FYRSCH 7 — % (F AR a% Y2 ) Y=o F R Ynitro aldehyde H-end.sls

DFILE nitro aldehyde H-end.als .
COMNT  single_pulse (0]
DATIM  2018-12-21 13:17:23 |
OBNUC IH
EXMOD single_pulse.ex2
OBFRQ 500.16 MHz |
OBSET 2.41 KHz
OBFIN 6.01 Hz
POINT 13107 |
7507.39 Hz

SCANS 8
ACQTM 1.7459 sec
Wi 53195 uses

. .99 usec
IRNUC  IH O,N
CTEMP 2l.1c
SLVNT  CDCL3
EXREF 7.26 ppm S6

F 0.10 Hz

RGAIN 38

2.00
2.06
311

1.03

—_— L0

I3RS PR8N RHABSEIRER34288 =8

£ QYNSEIRBRRITEAIARIRIS 88

oo, LR -l ol ol ol ol ol T T T T T R e oo
Documents¥NMRT —% R dats LT ¥4 QXA F—# (FhekaXaly)¥=ba7 /L7 R nitro aldehyde C-end.als

DFILE nitro aldehyde C-end.als
COMNT  single pulse decoupled gated NOE

DATIM 2018-12-21 13:07:44
OBNUC 13C
EXMOD single_pulse_dec
OBFRQ 125.77 MHz
OBSET 7.87 KHz
OBFIN 4.21 Hz
POINT 26214
FREQU 31446.06 Hz
SCANS 81
ACQTM 0.8336 sec
PD 2.0000 sec
PW1 3.07 usec
IRNUC 1
CTEMP 213¢
SLVNT CDCL3
EXREF 77.00

F 0.10 Hz
RGAIN

P
T I T T T T I T T T T I T T T T I T T T 1 I
200 il lsolll 1 TR lm A 50 4 o
3 £88 $3288 283 g
E s¢3 @S RRe E

S32



C:¥UsersYuser¥Documents¥NMR T — j s —S(FhtkoXxu) ) ¥poita FAFERYCF3 e H-end.

DFILE CF3 aldehyde H-end.als
COMNT  single_pulse )
DATIM  2018-12-25 09:36:26
OBNUC 1H |
EXMOD single_pulse.ex2
OBFRQ 500.16 MHz .
OBSET 2.41 KHz |
OBFIN 6.01 Hz
POINT 13107
FREQU 750739 He |
ACQTM 17459 sec FsC
PD 5.0000 sec
PW1 5.95 usec
IRNUC  1IH
CTEMP 208 ¢
SLVNT  CDCL3
EXREF 7.26 ppm CF3 S8
BF 0.10 Hz
RGAIN 36
]
d
[
S g g
o 2 2
[ A
| . J
P
1 1 T ‘ T T T [ T 1 T I I 1 T I 1 1 T I T ' T
1 10 | 8., . 6 4 L2 0
=3 LN nowuan g
S8 S5BEES  EEEB88 g 3
oo PSS NSNS PR gr- Rt o ¢

DFILE CF3 aldehyde C-end.als
COMNT  single pulse decoupled gated NOE
DATIM 2018-12-25 09:43:35
OBNUC  13C
EXMOD  single_pulse_dec
OBFRQ 125.77 MHz
OBSET 7.87 KHz
OBFIN 4.21 Hz
POINT 26214
FREQU 31446.06 Hz
SCANS 124
ACQT™ 0.8336 sec
PD 2.0000 sec
PW1 3.07 usec . *
IRNUC 1H
CTEMP 21.8¢
SLVNT CDCL3
EXREF 77.00 ppm
F 0.10 Hz
RGAIN
T T T T T T T T T T T T T [ T
200 150 e 100 50 X

410 —_|
A
>t ]

193.377
77.248
77.000
76.742

S33
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C:¥Users¥user¥Documents¥YNMRZ —Z¥NMR data¥H30 M1 74/ & ¥# FYS YA 7 —# (F AR ooy ) ¥Jh%y FAFERYOMe aldehyde H-end.als
DFILE OMe aldehyde H-end.als
COMNT  single_pulse
DATIM  2018-12-25 14:17:53 (@]
OBNUC IH |
EXMOD single_pulse.ex2
OBFRQ 500.16 MHz
OBSET 2.41 KHz |
OBFIN 6.01 Hz
POINT 13107
o |
ACQTM 1.7459 sec MeO
PD 5.0000 sec
PWI 5.95 usec
IRNUC H
CTEMP 2l.1¢c
S O om
.26 ppm
BF 4.20 Hz € s1
RGAIN 40
=
wy
P g
o
3
g g =3
PP
T T T ] T T T I T T T I T T T I T T T T T
12 10. 8 , oo 4 2
-y o — - @0 -
g2 ZHRERCERREET 8 28 g
oo ~ O OOOOOOOO - NN ?

COMNT  single pulse decoupled gated NOE
DATIM 2018-12-25 14:30:45
OBNUC 13C
EXMOD  single_pulse_dec
OBFRQ 125.77 MHz
OBSET 7.87 KHz
OBFIN 4.21 Hz
POINT 26214
FREQU 31446.06 Hz
SCANS 172
ACQTM 0.8336 sec
PD 2.0000 sec
PWI1 3.07 usec *
IRNUC H '
CTEMP 216¢
SLVNT CDCL3 .
EXREF 77.00 ppm
F 4.20 Hz
RGAIN 56
N . . b N S . N
Wity bty e ) " W Wy 'ty A L) iy v y
PPM
T T T T T T I T T T T I T T T T T T T T
200 . 150, — L 100 2 , 50 . 0
<o w m @ @ o w0 o 0 o~
g E 8% g g 258 g8e E g
g g s2 3 8 238 mee > .
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C:¥Users¥user¥Documents¥YNMR7—#¥NMR data¥H30 M1 74 A5 ¥3 FYMX AT —# (FHEF 2% 0V ) Yhnk169¥hmk169 h-end.als

DFILE  hmk169 h-end.als .
COMNT single_pulse (0]
DATIM  2019-03-12 09:26:48 |
OBNUC ~ IH
EXMOD single_pulse.ex2
OBFRQ 500,16 MHz |
OBSET 2.41 KHz
OBFIN 6.01 Hz
POINT 13107
FREQU 7507.39 Hz
SCANS 8
ACQTM 1.7459 sec
PD 5.0000 sec
PW1 5.95 usec
IRNUC ~ 1H :
CTEMP 21.0c $16
SLVNT  CDCL3
EXREF 7.26 ppm
BF . 0.12 Hz
RGAIN 34
g
L=
b=
o
8 g &
— . - —
PP
T T T [ T T T I T T T l T 1 T l 1 T 1 I' T T T I I
12 0, 8 o 3 4 2 ; 0

28 58382 [EFI=F g 23

66 SITEN 88I==S h =8

o Ll ol COOOOO — "

:¥Users¥user¥DocumentsYNMRF — ¥¥NMR data¥H30 M1 Z4/L. BT 4 (FHekFa%xa)) hnkl69¥hmk169 C-end.als

DFILE hmk169 C-end.als
COMNT single pulse decoupled gated NOE
DATIM 2019-03-12 09:30:53

OBNUC  13C
EXMOD  single_pulse_dec
- OBFRQ 125.77 MHz
OBSET 7.87 KHz
OBFIN 4.21 Hz
POINT 26214
FREQU 31446.06 Hz
SCANS 62
ACQTM 0.8336 sec
PD 2.0000 sec
PW1 3.07 usec
IRNUC 1H
CTEM 219c¢
SLVNT CDCL3
EXREF 77.00 ppm
BF 0.12 Hz
RGAIN 56

@ o - @0 o~ o™ [=3

~ @® -

= g 3 g 3 g8¢% g g g
- o L@ [=3 o =t~ O o~ -] -
. g g g 8 ERE & 8 =
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OBSET .
OBFIN 6.01 Hz
POINT 13120
FREQU 7507.39 Hz
SCANS 8
ACQTM 1.7459 sec
PD 5.0000 sec
PW1 5.95 usec
IRNUC  IH .
CTEMP 55.0 ¢
SLVNT  CDCL3
EXREF 7.26 ppm
BF . 420 Hz
RGAIN 42
b
of
33g 8
- - d -
PPM
1 T 1 ‘l’ I 1 I T I
12 10 8 \ g o0 R A
e Y] VOTHAOTNOD noo 0 o
R PEEE R EER P R i e e e R ]
FOLLOBITFTOOOAOMMOMOMIMOIIM OGO NN NN NN OO NN O N OIO]
YNMRT —Z¥NMR data¥H30 M1 7414 ¥ F¥SR Y A7 —# (FHeFadayy) Yhmk11,12¥hmk11,12 c-end 2.als
FILE hmk11,12 c-end 2.als .
COMNT  Single pulse decoupled gated NOE
DATIM  2019-02-04 06:47:43
OBNUC  13C
EXMOD single_pulse_dec
OBFRQ 125.77 MHz
OBSET 7.87 KHz
OBFIN 4.2 Hz
POINT 26224
FREQU 31446.06 Hz
SCANS - 842
ACQTM 0.8336 sec
PD 2.0000 sec
PW1 3.07 usec
IRNUC  1H
CTEMP 55.0 ¢
SLVNT  CDCL3
EXREF .00 ppm
F 4.20 Hz
RGAIN
| | - | I L . L
PPM
T T T T T T T T T : .
] im J i imr /m I , /T\i “
S = FORM o L) o= ot
£ & g & g g 3382 88 ¢ 3258 8%
8 2 & & g s s=sg 83 8 8859 88
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=== Shimadzu LabSolutions Report ===

le N : CBAS7 20mol% major right”*
Samp Tame : major right
Deta Filename : CBA87 20mol% major right"* led
Method Filename : 10%iPrOH-Hex-flow0.5.lem
\Br‘lfﬁh Filename :l ) ,
H O H m
B O e
: /1 :03: I H Administrator
Date Processed :2017/01/19 16:43:40 anedtgv : System Administrator
<Chromatogram>
mAU
g PDAMulti 1 190nm,4nn|
i o
500
250
o_
L | T L R AL B T
0 5 10 15 20 25 30
min
<Peak Table>
DA Chl 1
Peak# . Time Area Height Conc. Name
1 22.960 23290468 614438 98.590
2 29.211 332999 9988 1.410
1GEV 23623466 624426
mAUlZS
ZPDA Multi 1 190nm,4nn]
racemic mixture 8 "
S

S37



C:¥UsersYuser¥DocumentsYNMRF —Z¥NMR data¥H30 M1 Z4/L 5 Y3 T, T tFo¥ayy H re -end.als

DFILE hmk40 H re -end.als

COMNT  single_pulse

DATIM 22{19-03-08 22:45:07
1

OBNUC

EXMOD  single_pulse.ex2
OBFRQ 500.16 MHz
OBSET 2.41 KHz
OBFIN 6.01 Hz
POINT 13107
FREQU 7507.39 Hz
SCANS 8
ACQTM 1.7459 sec
PD 5.0000 sec
PW1 5.95 usec
IRNUC 1H

CTEMP 78.0¢
SLVNT C6D6

EXREF 7.16 ppm
BF 0.10 Hz
RGAIN 56

.13

2.41

= 0%

~— LI0

L 100

>

e 1.06
\uz
——
S~ LI13
S 3.15

~~ 1.00

PPM
T T T T T T T T T T T T T T T T T T T T T T T I T
: i : A o N ﬂ% . _ o0
SB32858 8 8 ¥ & J3RJ°ZBR8/[[=} ¥ g
LU - bl -« Moo NN~ - =)
s¥us ntsYNMRF — S ¥NI ta¥H30 M1 74 /LY. L o tFoXoly 40¥hmk40 C-end.als
DFILE hmk40 C-end.als
COMNT  single pulse decoupled gated NOE
DATIM 2019-02-12 03:51:58
OBNUC  13C
EXMOD single_pulse_dec
OBFRQ 125.77 MHz
OBSET - 7.87 KHz
OBFIN 4.21 Hz
POINT 26214
FREQU 31446.06 Hz
SCANS 1502
ACQTM 0.8336 sec
PD 2.0000 sec
PW1 3.07 usec
IRNUC H
CTEMP 78.0¢
SLVNT C6D6
EXREF 128.06 ppm
BF 0.10 Hz
RGAIN 56
T T T T T T T T T
SRS 1T AT AN
z g Z3gfcfBsgEN=g § g 8 55 B SEEREE
E 3 ¢ossssssssss8 g 5 s g2 5 543 &8

2
[OV]
o]



=== Shimadzu LabSolutions Report ===

Sample Name . HMK30 ee frl4
Sample ID - inoshita
Data Filename :HMK30 ee fr14.led
Method Filename - 10%iPrOH-Hex-flow0.5.lem
e o
o Aoqlmed' oo ;gg(l’g/‘l‘ldlsow”u Acquired S;mp -T;mmm o
: 139 H tor
Date Processed :2019/03/13 20:08:39 Pmeessedl:?yv S\'yml\dmmuullm
<Chromatogram>
mAU
] z PDA Multi 1 254nm,4nm
4 =
20+ -
15-
10-
5
] 8
o Q
e ——— 71—
0 5 10 15 20 25 30
min
<Peak Table>
DA Chl 254nm
Peak# | Ret. Time Area Height Conc. Name
1 8381 673004 22008 97.688
2 23.285 15929 462 2312
iE 688933 22470
mAU
i = PPA Multi 1 254nm,4nm|
- S
20 racemic mixture = q
154
104
5
o_
7 T T T T T T T T T T l T T T T T T T T T T
0 5 10 15 20 25 30
min
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— T —Z(FheFaxaly) Yhmk]139¥hmk139 H re-end.als
DFILE hmk139 H re-end.als S
COMNT  single_pulse @
DATIM 2019-03-08 20:30:28
OBNUC IH
EXMOD single_pulse.ex2
OBFRQ 500.16 MHz
OBSET 2.41 KHz
OBFIN 6.01 Hz
POINT 13107
FREQU 7507.39 Hz
SCANS 8
ACQTM 1.7459 sec
PD 5.0000 sec
PW1 5.95 usec
IRNUC 1H
CTEMP 78.0c
SLVNT D6
EXREF 7.16 ppm -
BF 0.10 Hz N
RGAIN 52 . o
o & ] ]
= oS
g g8 g g 3 B 388
| ‘ [ / } /
' ‘ L Jl A A Ml M‘\ NE ‘JULJ._ Jo
PPM]
T T T T T T T T T T T T T T T T T T T T T T T
10 8 B 1Bl 1 6 1 } 4 M P L 4 'l L 0

] N r-ON-N - N oo - MNMOOUVSTOON~ - O fond

ZE888SRERERR2 8 3 BR=Ee8RcsRBRR8R8RT388 68 88 €

e A A A e N A N ] w T FommosaNadadddaNNNNN~ - -~ OS ©

NMRT — ¥H30 M1 74 45¥ YViRXAT—2(F, “o¥ o)) ¥hmkl =
DFILE  hmk139 C-end.als '
COMNT  single pulse decoupled gated NOE
DATIM 2019-03-08 03:20:24
OBNUC 13C .
EXMOD  single_pulse_dec
OBFRQ 125.77 MHz
OBSET 7.87 KHz
OBFIN 4.21 Hz
POINT 26214
FREQU 31446.06 Hz
SCANS 6822
ACQTM 0.8336 sec
PD 2.0000 sec
PW1 3.07 usec
IRNUC 1H
CTEMP 78.0¢c
SLVNT C6D6
EXREF 128.06 ppm
BF 0.10 Hz
RGAIN 56
T T T T T T T T T T T
] G NS T T A T AT 0
g ZH8H22IRSSSECEARERTE 3 g 23 5  §33B3EI & 2
e F53EHS388N85NS5883338 5 . €3 8  ¢esssssd 3



=== Shimadzu LabSolutions Report ===

Sample N: - hmk140 j
Samplele - inoshita oo mer
Data Filename : hmk 140 ee majori.led
Method Filename - 10%iPrOH-Hex-flow0.5.lem
3‘.."1? F 11 Sample ’
D Acquv:lelsm ;ggstmmnmss Acquired 8 T;:mm o
te : 01: : System istrator
Date Processed : 2019/03/13 20:40:55 Pmoessedtg'v :Sz:tunAdminismm
<Chromatogram>
mAU
1 i PDA Multi 1 254nm,4nm|
] g
750+
500+
250+
~
' h\ :
- -
i} A j\ NG
e B e s B e e B e e o e I e e s e s S

0 10 15 20 25 30 35 40
min
<Peak Table>
Do R Ares | Heght | Coms N
et. Time it onc. ame
1 23.954| 29999969 916988 97.472
2 33.847 777959 8340 2.528
TEY 30777929 935327
mAU
2 PDA Multi 1 254nm,4nn]
E racemic mixture 8
500 §
1 o
250
MR ' T — LI | T U A | 1
0 5 10 15 20 25 30 35 40

S41



single_pulse
2019-02-15 22:07:34
1H

single_pulse.ex2
500.16 MHz
2.41 KHz
6.01 Hz
13107
1507é39 Hz

1.7459 sec
5.0000 sec
5.95 usec

/74

@
S
o

~— 1] 504

~— 0.91

\ 0.82
—_— 210
— 3.3
. 0.98

~ 1.04
T 2.03

L. 100

X |)

hmk57 C benz-end.als

single pulse decoupled gated NOE
2019-02-15 23:22:08

13C

single_pulse_dec
125.77 MHz
7.87 KHz
4.21 Hz

26214
31446.06 Hz
1550
0.8336 sec

2.0000 sec
3.07 usec

PP

o—

195.982 ——

i
34.050 —

28.337 —t

e

103.337

103.298 >+ o
97.505 ——|-S
81.475 —+
56.914 —+
40.136

39.525

38.104

154.033 —

N
W~




=== Shimadzu LabSolutions Report ===

- hmk56 ee major 40%
* inoshi

Sample ID : ta
Data Filename - hmkS56 ee major 40%.lcd
Method Filename - 40%i Alow0)..lom
&T}’IFA 11 Sample Type -+
Iﬁ’:’? vadm Egg?oa/glfm 16:52:25  Acquired System Administra "
H Y H tor
Date Processed : 2018/01/23 20:55:51 Ptoceswdl::yv - Svstem Adminisrator
<Chromatogram>
mAU
] PDA Malti 1 302nm,4nmj
i 3
300+
200+
100
] 2
1 3
0 —'—v
———y ——— — | ———
0 10 20 30 40 50
min
<Peak Table>
DA Chl 302nm
Peak# | Ret. Time Area Height Conc. Name
34.199 422568 8244 1.680
2 41377 24735839 356995 98.320
1GE 25158407 365239
mAU
1507 §  PDAMulti1302nm,4nn]
] racemic mixture P 3
- -
100
50+
0 ‘—I-V
7 T T l T T T T T T T T T T T T T
0 10 20 30 40 50
min

S43



DFILE hmk70 H-end.als
COMNT single_pulse
DATIM 2019-02-22 03:45:57
OBNUC  1H
EXMOD single_pulse.ex2
OBFRQ 500.16 MHz
OBSET 2.41 KHz
OBFIN 6.01 Hz
POINT 13107
FREQU 7507.39 Hz
SCANS 8
ACQTM 1.7459 sec
PD 5.0000 sec
PWI 5.95 usec
IRNUC
78.0¢c
SLVNT
EXREF 7.16 ppm
BF 0.10 Hz
RGAIN 4
9
ol
8
gl 8 = g 3
il 5 s s 3 y " 8
. PPM|
T T T T T T T T T T T T T T T T T T T T T T
'P '° A
O =0 aa hOQ’OﬁlDN |~ -0 O D= OM=ONNOODOVRLDOD
R P R SRR P LR R P b EE T
OO OONTTMMNNMNMM OO NNNNNNNNNNNNNOIOI NN O] OO w ot ot d ot
C:¥Users¥user¥Documents¥NMRF'— Z¥NMR data¥H30 M1 7 #/L-5¥ ¥ 15 —# (FHelFaxaly) thmk70¥hmk70 C
DFILE hmk70 C-end.als
COMNT  single pulse dacouplod gated NOE
DATIM 2019-02-22 05:3
OBNUC 13C
EXMOD single_pulse_dec
OBFRQ 125.77 MHz
OBSET 7.87 KHz
OBFIN 4.21 Hz
POINT 26214
FREQU 31446.06 Hz
SCANS 2302
ACQTM 0.8336 sec
PD 2.0000 sec .
PW1 3.07 usec
IRNUC 1H
CTEMP 78.0¢c
SLVNT C6D6
EXREF 128.06 ppm
BF 0.10 Hz
RGAIN 56
[ | I - | 1|
P
T T T T T T T T T T T T T T T T T T T
200 150 100 50 0
g g C3E3gEsEsgesg I 2 8 8% £ £885 28
5 I #$ooSSSEENNNSS B 5 = 83 B $883 &8

N
>
S




=== Shimadzu LabSolutions Report ===

Sample Name : hmk70 ji
Sample ID inoshita
Data Filename : hmk70 ee major.led
Method Filename  10%iPrOH-Hex-flow0.5 lem
g . -
MmO iy smemnaio
te f 1201 08 I H inistrator
Date Processed £ 2019/03/13 23:20:41 Pmeasedt':ryv : System Administrator
<Chromatogram>
mAU
] ) PDA Multi 1 254nm,4nm
300 3
d o
200+
100
- 3
] o S
V-
L S R —— — —— ’
0 5 10 15 20 25 30 35 40
min
<Peak Table>
DA Chl 254nm
Peak# | Ret. Time Area Height Conc. Name
1 21913 9391132 306629 97.296
2 27.360 260957 7640 2.704
1GEV 9652089 314269
mAU
i ] PDA Multi 1 254nm,4nm|
] racemic mixture a 8
150+ b
100
50—
T T T T T T T T T T T T T T l T T T T T T T T T T T T T T T T T T T T T T
0 5 10 15 20 25 30 35 40
min

S45



C:¥Users¥user¥Documents¥NMR T — Z¥NMR data¥H30 M1 74 A5 ¥3 FYM T 7 —# (FHEFa% ol ) ¥hmk]35¥hmk135 H-end.als
DFILE |'Emkl35 H-end.als

COMNT  single_pulse
DATIM 2019-02-22 00:46:30
OBNUC 1H
EXMOD single_pulse.ex2
OBFRQ 500.16 MHz
OBSET 2.41 KHz
OBFIN 6.01 Hz
POINT 13107
FREQU 7507.39 Hz
SCANS 8
ACQTM 1.7459 sec
PD 5.0000 sec
3 5.95 usec
IRNUC IH
CTEMP 78.0¢c
SLVNT C6D6
EXREF 7.16 ppm
BF 0.10 Hz
RGAIN 50 1 CF 3

B65

2

E
Z

1.00

e 095
~ 0.90

T T T T T T T
P 10

C:¥Users¥userY! F— 0 M1 74/, Y& S 7 — 4 (F AR a¥al) Yhmk]35¥hmk135 C-end.als
DFILE hmk135 C-end.als '
COMNT  single pulse decoupled gated NOE
DATIM 2019-02-22 03:33:53
OBNUC 13C
EXMOD single_pulse_dec
OBFRQ 125.77 MHz
OBSET 7.87 KHz
OBFIN 4.21 Hz
POINT < 26214
FREQU 31446.06 Hz
SCANS 3270
ACQTM 0.8336 sec
PD 2.0000 sec .
1 3.07 usec
IRNUC H
CTEMP 78.0¢
LVNT C8D6
EXREF 128.06 ppm
BF 0.10 Hz
RGAIN 60
T T T T T T
200
” D= T OO T-OTN Mmmuno i
g S82588K88SNSIERR8ET 3 g 88 § 8238 5%
£ BESNNCRSNNISSREINGIE 5 S 823 8 823 8%



=== Shimadzu LabSolutions Report ===

Sample Name : hmk133 ee major 3
Sample ID : inoshita
Deata Filename + hmk133 ee major 3.led
Method Filename : 2%iPrOH-Hex-flow0.2.lem
&%Fikﬂm f” s
g:.j Aoqmed‘ b ;ggl"s}'mrzsml 33 Acquired Sym-'Ay:nmum o
te : :19: i S ini
Date Processed : 2018/07/25 16:53:03 Pmmsed}gv  System Administrator
<Chromatogram>
mAU
4 PD;\MultilZSOnmA
200 S
150+
100+
50
0 5 10 15
<Peak Table>
ﬁbéfa&“m
P Ret. Time Area Height Conc. Name
1 23.493 8798419 205986 95.528
2 25.764 411904 10598 4472
1E: 9210324 216584
mAU
125+ PD@ Multi 250nm.4nm!
] racemic mixture G
100
75
50-
25—_
— T
0 5 10 15 20 25 30
min

S47



DFILE hmk92 H-end als
COMNT  single_pul
DATIM 2019-02-07 07:05:15
OBNUC
EXMOD smgle_pulse ex2
OBFRQ 500.16 MHz
OBSET 2.41 KHz
OBFIN 6.01 Hz
POINT 13107
FREQU 7507.39 Hz
SCANS 8
ACQTM 1.7459 sec
PD 5.0000 sec
PW1 5.95 usec
IRNUC
CTEMP 55.0 ¢
SLVNT CDCL3
BBéREF 528 ppm
.10 Hz
RGAIN 46 12 OMe
b= 8
o od
-1
e 5 =
H o
: ] g
PP
T T T T T T T T T T
10 ™
miﬂhOtln—‘—"OhNNInm OO U DO LD O N KD rt vt vt ot vt OO O N —
3 .3353335353333 $28S52828232098883TRST =
l\ DOONTITITFTNMOMNNNMOMMNMNNMOMMMIMMONNNNN NN~~~ o
C:¥Users¥userY| MR —. FAcFo¥a)y C kaj-end.als
DFILE hmk92 C kai-end.als
COMNT  single pulse deooupled gated NOE
DATIM 2019-02-11 21:49:
OBNUC  13C
EXMOD single_pulse_dec
OBFRQ 125.77 MHz
OBSET 7.87 KHz
OBFIN 4.21 Hz
POINT 26214
FREQU 31446.06 Hz
SCANS 4406
ACQTM 0.8336 sec
PD 2.0000 sec
PW1 3.07 usec
IRNUC 1H
CTEMP 55.0 ¢
SLVNT CDCL3
EXREF 77.00 ppm
BF 0.10 Hz
RGAIN 60

200 100
> K 8 e g T ORoOoN NW o =
= g g é § S85xe 538889 {12 33 ]
e S 2 ;% 2 q283 BREGISS = =% 3
= @~ T -] <
o e B = a8 §Emm BEEERR 83 B8 T

N
>
Qo




=== Shimadzu LabSolutions Report ===

Sample Name +hmk92 ee major 3
Sample ID : inoshita
Data Filename : hmk92 ee major 3.led
Method Filename : 20%iPrOH-Hex-flow0.5 lem
‘B’nf‘hl-'ilmme 5“ e
l[l)]n:onq\nmd ;gg?gnﬂi/w 15:10:16  Acquired S - o OMe
te : :10: i : Administraf
Date Processed :2019/03/14 16:24:25 Pmouaed?v s&ﬁmmg 12
<Chromatogram>
mAU
150+ PIZA Multi 1 225nm,4nm
9
100
50~
] g
i ]
0_
T I s e e e e S e 2 o S B A e
0 5 10 15 20 25 30
min
<Peak Table>
A Chl 22
Peak# | Ret. Time Area _Height Conc. Name
1 23.406 5002570 143002 97.397
2 28.479 133699 3475 2.603
1EV 5136268 146476
mAU
] PBIA Multi 1 225nm,4m£1
400{ racemic mixture & g
300+
200
100
o0~
A e s S A e S—
0 5 10 15 20 25 30
min

S49



C:¥UsersYuser¥Documents¥NMR 7 — Z¥NMR data¥H30 M1 7 4/L ¥ FYR XA 7 —# (FAEFo%al ) ¥hnk]66¥hmk166 H-end.als

DFILE hmk166 H-end.als
COMNT  single pulse
DATIM 2019-02-20 04:42:46
OBNUC  IH
EXMOD single_pulse.ex2
OBFRQ 500.16 MHz
OBSET © 2.41 KHz
OBFIN 6.01 Hz
POINT 13107
FREQU 7507.39 Hz
SCANS 8
ACQT™ 1.7459 sec
PD 5.0000 sec
PW1 5.95 usec
IRNUC 1H
CTEMP 8.0 c
SLVNT C6D6
EX 7.16 ppm
F 0.10 Hz
RGAIN 50
T T T T T T | T
1 10 8

C:¥UsersYuser¥DocumentsYNMRZ—FYNMR data¥H30 M1 74/0-5¥3t Fyis 7 —4 (F Ak o) yhmk166¥hmk166 C-end.als

7.160 ——t

NN -y W) - hm (=T (=R ‘@" nomem DO e o~
azs#is%%%#%%%aa,.338%%..3##7%&3;3.§;$2§§3$sia
OO MM NNNNNNNNNN NANNNNNNN O

|
200

DFILE hmk166 C-end.als
COMNT  single pulse decoupled gated NOE
DATIM 2019-02-20 07:08:36
OBNUC  13C
EXMOD  single_pulse_dec
OBFRQ 125.77 MHz
OBSET 7.87 KHz
OBFIN 4.21 Hz
POINT 26214
FREQU 31446.06 Hz
SCANS 3062
ACQTM 0.8336 sec
PD 2.0000 sec .
PW1 3.07 usec
IRNUC
CTEMP 78.0c
SL 6D6
EXREF 128.06 ppm
BF 0.10 Hz
RGAIN 56
T T T T

195.973

154.185 ——+

141.347 ——+




=== Shimadzu LabSolutions Report ===

Sample Name : hmk 166 ee major
: inoshita
Data Filename : hmk 166 ee major.led
Method Filename : 10%iPrOH-Hex-flow0.5.lem
s'ﬁah Filename 1 Sample Type ed
H 5 : m
D; &w :m"slh 4:38:31 System Adminis
te i : 2018/10/15 4:38: Acquired : System inistrator
Date Processed 1 2018/10/15 5:11:29 Pmemedbgv : System Administrator
<Chromatogram>
mAU —
i = PDA Multi 1 222nm,4
150- 8 s
100
50
T H
8
0
—r—r——r— T

0 5 10 15 20 25
min
<Peak Table>
DA Chl 222nm
Peak# | Ret. Time Area Height Conc. Name
1 3.937| 2946738 152526 96.042
2 20.241 121450 4663 3.958
TGy 3068189 157189
mAU
/ . g PDA Multi 1 222nm,4nm
250+ racemic mixture =
] ©
1 -
200 |
150
100
507
o
R -
S — —
0 5 10 15 20

ER

S51



C:¥UsersYuser¥Documents¥YNMRT— 30 M1 ZANVFYHTY - eFo¥ o)) ¥hmk203¥hmk203 h-end.als
DFILE hmk203 h-end.als :
COMNT single_pulse o
DATIM  2019-03-10 01:37:60 0] 3
OBNch)C IH NO “
EXMOD single_pulse.ex2
OBFRQ 500,16 MHz S22
OBSET 2.41 KHz z
OBFIN ~ 6.01 Hz z
POINT 13107 :
FREQU 7507.39 Hz
SCANS 8
ACQTM 1.7459 sec
PD 5.0000 sec A
PWI1 5.95 usec N =z
IRNUC IH I H
CTEMP 78.0 ¢ B
SLVNT  C6D6 ocC
EXREF 7.16 ppm 1 4
F 0.10 Hz
RGAIN 50
g |s
& |
o
S
e ©
™ -
o~
5 g 8 5288 & [C
s -t S S ~—~c o /
A L
P
T T T T T T T T T T T I
1 10 8 i
2
o
user¥Documents' — I YR YAT—Z(FheFaixa)y vl
DFILE hmk203 C-end.als
COMNT  single pulse decoupled gated NOE
DATIM 2019-03-10 05:32:30
OBNUC 13C
EXMOD single_pulse_dec
OBFRQ 125.77 MHz
OBSET 7.87 KHz
OBFIN 4.21 Hz
POINT 26214
FREQU 31446.06 Hz
SCANS 4942
ACQTM 0.8336 sec
PD 2.0000 sec
PW1 3.07 usec A
IRNUC 1H
CTEMP 78.0¢c
SLVNT C6D6
EXREF 128.06 ppm
BF 0.10 Hz
RGAIN 56
T T T T T T T T T T T T T T T T T T T T T T
20, , 160 " , 190 . , . %0 T ey 0
© O =Dt~ O =D WO —e o w P o o -
g 8 882285838 538 F: 88 8 33358338 =
g Z EEERESE I g £ - deghmdANs 22
S52



=== Shimadzu LabSolutions Report ===

Sample Name f!.nkqlmnlkﬂxijS

Data Filename  hmk83 mouikkai ce major OD-H.lod
Method Filename - 10%iPrOH-Hex-flow0.5.lem
Vialif 1l —¢'m
B At ity e s

te i : 19 1:24: f : System inistrator
Date Processed :2018/10/19 2:38:58  Processed by : System Administrator

<Chromatogram>

PDA Multi 1 226nm,4nm|

T

<Peak Table>

DA Chl 22

Peak# Ret. Time Area Height

1 3.627 2310619 105867
2 5.790 126348 465

TEM 2436967 11052

'S

] PDA Multi 1 226nm,4nm]

] racemic mixture

15.785

L1

L AL L A S S AL B S S S B S S B S B S s e e

0.0 25 5.0 75 10.0 125 15.0 17.5 20._0

S53



- DFILE hmkdenitro H end.als

e
COMNT  single_pulse B
DATIM 2018-10-20 18:58:29 =
OBNUC 1H
EXMOD  single_pulse.ex2
OBFRQ 500.16 MHz
OBSET 2.41 KHz -
OBFIN 6.01 Hz
POINT 13120 -
FREQU 7507.39 Hz
SCANS 8
ACQTM 1.7459 sec
PD 5.0000 sec
PW1 5.95 usec
IRNUC
CTEMP 78.0¢
SLVNT Cé6D6
EXREF 7.16 ppm
4.20 Hz
RGAIN 38
T T T I T T
1p 10
ts —. YH. % y ik tFaXxolyy 6 cis itro C-end..
DFILE hmkdenitro C-end.als
COMNT  single pulse decoupled gated NOE
DATIM 2018-10-20 19:14:29
OBNUC  13C
EXMOD  single_pulse_dec
OBFRQ 125.77 MHz
OBSET 7.87 KHz
OBFIN 4.21 Hz
POINT 26214
FREQU 31446,06 Hz
SCANS 300
ACQTM 0.8336 sec
PD 2.0000 sec
PW1 3.07 usec
IRNUC 1H
CTEMP 78.0¢c
SLVNT C6D6
EXREF 128.06 ppm
F 4.20 Hz
RGAIN 56
b ——n
L NV NI R
T T I T T T T T T T T T T T T T l"IPM
, 200 , 150 e , 100 " . L L
@ -« T O —en —
& g ggsgxc 28 EE 28 2§ 88338 8
g z SRR ¢+ g8 3F 35 <83:8 §




H-end.als
gle_pulse
2019-01-29 00:34:29
IH

single_pulse.ex2

500.16 MHz
2.41 KHz
6.01 Hz
13107

7507.39 Hz

8

1.7459 sec
5.0000 sec
6.95 usec

215¢
DCL3
7.26 ppm
0.10 Hz
46

1.15
112

1.00
102
1.02

1.04
1.04

4.03
8.95

o—

hmk206 trans kitai C-end.als
single pulse decoupled gated NOE
2%9-01-29 02:10:27

1

single_pulse_dec
125.77 MHz
7.87 KHz
4.21 Hz
26214
31446.06 Hz
2002
0.8336 sec
2.0000 sec
3.07 usec

209.688 —

154.404
132.027 ——+
124.072 —+
80.167

77.258

77.010

76.752

54.871 —t
51.523 ——t_|

23.395 —



single_pulse
2018-10-30 12:48:08
IH

single_pulse.ex2
500.16 MHz
2.41 KHz
6.01 Hz
13107
7507.39 Hz
8

1.7459 sec
5.0000 sec
5.95 usec

H

220c
DMSO
2.50 ppm
0.10 Hz
40

hmkxxx bkue DMSO-end.als

16
in DMSO-dg

1048

S56




hmk189 H benz-end.als

DFILE
COMNT single_pulse (e s
DATIM  2019-02-11 22:19:48 ‘ZE
OBNUC  1H T
EXMOD single_pulse.ex2
OBFRQ 500.16 MHz
OBSET 2.41 KHz
OBFIN 6.01 Hz
POINT 13107
FREQU 7507.39 Hz
SCANS 8
ACQ 1.7459 sec
PD 5.0000 sec
PW1 5.95 usec
IRNUC
CTEMP 78.0c
SLVNT  C6D6
EXREF 7.16 ppm
BF 0.10 Hz =
RGAIN 44 °
o
P s
F [ j 58 .8 iy
s - = v-/- /
T T T I T T T I T
10 8

DATIM

ngle
2019-02-11 23:29:26
13C

7.160

C:¥UsersYuserYl — Z4 YR YR T —F(Fhekaxa)y 9¥hmk 189 C benz-end.
DFILE hmk189 C benz-end.als .
COMNT i pulse decoupled gated NOE -

D bt

SX]RG

OBNUC
EXMOD single_pulse_dec
OBFR 125.77 MHz
OBSET 7.87 KHz
OBFIN 4.21 Hz
POINT 26214
FREQU 31446.06 Hz
SCANS 1442
ACQTM 0.8336 sec
PD 2.0000 sec
PW1 3.07 usec
IRNUC
CTEMP 78.0 ¢
SLVNT C6l
EXREF 128.06 ppm
BF 0.10 Hz
RGAIN .
| | 1
T ] T T T T T T T T
200 150 N

207.734 ——+

154.529 ——+

79.586 ——

18.150 —




:¥ F—5Yy ta¥H30 M1 741 ri¥hmk208 pyri 95-end.als

DFILE hmk208 pyri 95-end.als
COMNT  single_pulse §
DATIM  2019-02-28 21:34:28 o
OBNUC  IH
EXMOD single_pulse.ex2
OBFRQ 500.16 MHz
OBSET 2.41 KHz
OBFIN 6.01 Hz
POINT 13107
FREQU 7507.39 Hz
SCANS 8
ACQTM 1.7459 sec
PD 5.0000 sec
PW1 5.95 usec | H
IRNUC 1H
CTEMP 95.0c Boc
SLVNT  CS5D5N
EXREF 8.60 ppm 17
ESA]N 0. 13 Hz
4 . 'R
in pyridine-ds
3 2
”
S5
i
gg 4 gz sFL |
1 I I | T T T | 1 1 T ]
12 10 8 6

- - el ol o~ M T AT O NOS~DO~NOOW Q§
D—~D N NOF O - -
EEREREER ISR ERE BRI S e e b

8.600 ——+
7.479 —
7.104 ——

DFILE hmk208 pyri noe Me2-end.als
COMNT  DPFGSE NOE 1d
DATIM f&lsm—m 06:08:09

OBNUC

EXMOD noe_ld_dpfgse.ex
OBFRQ 500.16 MHz
OBSET 2.41 KHz
OBFIN 6.01 Hz
POINT 13107
FREQU 7507.39 Hz
SCANS 3240
ACQT™ 1.7459 sec
PD 7.0000 sec

“—, -100.00

LB

558




hmk200 whitere-end.als

single_pulse
2018-12-24 18:34:16
IH

single_pulse.ex2
500.16 MHz
2.41 KHz
6.01 Hz
13107
750; .39 Hz

4
1.7459 sec
5.0000 sec
5.95 usec
1H
216¢
CDCL3
7.26 ppm
0.10 Hz
46

— L.00

~— L02

i

—
=
~. 109

990

3.06

hmk200 white C-end.als
. single pulse decoupled gated NOE
2018-12-24 19:00:05
13C
single_pulse_dec
125,77 MHz
7.87 KHz
4.21 Hz
26214
31446.06 Hz
520
0.8336 sec

T T T T T T T T |
i 200 4 ]50 llo0 43 L1 50 i i i L 0
o =] o ) o 0o DN O Qe

] g § g8 8% gasgcsgs £

] 3 3 SEEE BF FBEEER/8E 2

2
(o)
©




DFILE
COMNT

hmk200 noe acetal sokusa kaibdudha-end.als
DPFGSE NOE 1d

2019-01-15 04:46:05

IH

noe_ld_dpfgse.ex
500.16 MHz
2.41 KHz
6.01 Hz
13107
7507.39 Hz
14

62 /
1.7459 sec Boc

7.0000 sec
11.90 usec
1H
2l4c
CDCL3
1.92 ppm
-0.10 Hz
46

C:¥Users¥user¥DocumentsYNMRF"—Z¥NMR data¥H30 M1 74 A3 ¥3¢ FYRIA 7 —4 (FHERo%a ) vhmk200¥hmk200 noe acetal sokusa kaibdudha-end.als

v 101

T T T T T T T T T T v - T T T T T T - T T T T T T T
1 10 8 6 4 p. 0
C:¥UsersYuser¥Docu| —Z¥NMR data¥H Z ¥192¥hmk 192 ~end.al:
DFILE hmk192 191 noe Me-end.als :
COMNT  DPFGSE NOE 1d
DATIM 2018-11-28 03:40:33
OBNUC IH
EXMOD  noe_ld_dpfgse.ex
OBFRQ 500.16 MHz
OBSET 2.41 KHz
OBFIN 6.01 Hz
POINT 13107
FREQU 7507.39 Hz
SCANS 720 8
ACQT™M 1.7459 sec =1
PD 7.0000 sec N
PW1 11.90 usec
IRNUC IH ™
CTEMP 21.8¢
SLVNT CDCL3
EXREF 1.01 ppm ';
BF 0.10 Hz -
RGAIN 48 -
PPM
T r T T T T r T T T . v r T T - T T T T
10 8 6 4 2 0

S60



F—#(FheFuxaly) ¥hmk205¥hmk205 ue-end.als

:¥Users¥user¥| —Z¥NMR ZANTY:
DFILE hmk205 ue-end.als
COMNT  single.pulse : 0] o
DATIM 2019-01-22 23:28:28 i
S T °
single_pulse.ex2
OBFRQ 500.16 MHz O
OBSET 2.4] KHz
OBFIN 6.01 Hz
POINT 13107
FREQU 7507.39 Hz
SCANS "8
ACQTM 1.7459 sec A
PD 5.0000 sec N =
PW1 5.95 usec I H
IRNUC 1H
CTEMP 205¢ Boc
SLVNT CDCL3
EXREF 7.26 ppm 1 9
BF 0.10 Hz
RGAIN 38
] 3
- -
2
8 ) &
T T | l T T T r I I T I T T T I T T T I T T T PPM-‘
P 10 C . 6 , L 2

C:¥Users¥user¥DocumentsYNMRF — 2 ¥NMR data¥H30 M1 74/ 4 ¥ FYR AT —4 (F HEFaxal ) ¥hmk205¥hmk205 ve C-end.als
DFILE hmk205 ue C-end.als
COMNT  single pulse decoupled gated NOE
DATIM 2019-01-30 01:04:07
OBNUC  13C
EXMOD single_pulse_dec
OBFRQ 125.77 MHz
OBSET 7.87 KHz
OBFIN 4.21 Hz
POINT 26214
FREQU 31446.06 Hz
SCANS . 2002
ACQTM 0.8336 sec
PD 2.0000 sec
PW1 3.07 usec
IRNUC 1H
CTEMP 224c¢
SLVNT CDCL3
EXREF 77.00 ppm "
BF 0.10 Hz
RGAIN 54
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DFILE hmk205 ue noe Nyoko-end.als
COMNT  DPFGSE NOE 1d
DATIM 2?{]9-01-30 03:15:07

1
EXMOD  noe_ld dpfgse.ex

¥205¥hmk205 ue noe Nyoko-

OBFRQ 500.16 MHz
OBSET 2.41 KHz
OBFIN 6.01 Hz
POINT 13107
FREQU 7507.39 Hz
SCANS 582 -
ACQTM 1.7459 sec ~_.- -
PD 7.0000 sec S -
PW1 11.90 usec 8 &
IRNUC  1H 19 Q Rl
CTEMP 220¢ ~
SLVNT  CDCL3
EXREF 3.48 ppm
BF 0.10 H
. PP
- - - - : T - - T - . . .
10 8 6 0
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