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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). 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 (5 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. The high-resolution mass spectra were recorded on a BRUKER impact II. Preparative thin layer
chromatography was performed using Merck 60 F254 precoated silica gel plates (0.25 mm thickness). 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 SHIMAZU
Prominence series, UV detection monitored at appropriate wavelength respectively, using DAICEL Chiralpak

IC (0.46 cm x 25 cm) and DAICEL Chiralpak AS-H (0.46 cm X 25 cm).
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Preparation of thiomalonamate 9

X
N\//;l N™ N \:\/N KO,C._ CO,Me s O
/©\ANH2 - = /©?NCS Mot NMOMe
H
MeO OMe THF MeO OMe THF, 50 °C /@C
50 Ctort ' Meo oMe
s1 s2 9

82% (one pot operation)
To a solution of 1,1-thiocarbonyldiimidazole (9.09 g, 0.051 mol) in dry THF (170 mL), 2.4-
dimethoxybenzylamine (S1, 5.65 g, 0.034 mol) was added at 50 °C under Ar atmosphere. The reaction mixture
was stirred for 2 h at room temperature to provide 1-(isothiocyanatomethyl)-2,4-dimethoxybenzene (S2)
solution.

In another flask, to a solution of monomethyl potassium malonate (15.9 g, 0.102 mol) in dry THF (113 mL),
MgCl, (12.3 g, 0.129 mol) was added at 0 °C under Ar atmosphere. Et;:N (22.7 mL, 0.163 mol) was slowly
added to the resulting mixture at 0 °C. The resulting suspension mixture was stirred for 1 h at room temperature.
The resulting solution of S2 was added to the resulting monomethyl potassium malonate suspension. The
reaction mixture was stirred for 120 h at 50 °C under Ar atmosphere. The resulting mixture was slowly
quenched with excess amount of water at 0 °C. The yielded suspension was filtrated with Celite pad and the
aqueous layer was extracted three times with EtOAc. The combined organic layer was washed with saturated
aqueous NaCl solution, dried over MgSOs, and concentrated under reduced pressure. Flash chromatography

(Si03, 20% EtOAc / n-hexane) provided thiomalonamate 9 (7.87 g, 82%) as a pale yellow oil.

Thiomalonamate 9

"H NMR (500MHz, CDCl3) § 9.54 (br s, 1H), 7.25 (m, 1H, overlapped to CDCl3), 6.48 (s, 1H), 4.45 (d, J = 8.0 Hz,
1H), 4.81 (d, J= 5.5 Hz, 2H), 3.86 (s, 3H), 3.86 (s, 2H), 3.80 (s, 3H), 3.71 (s, 3H); *C NMR (125MHz, CDCl3) &
192.3,170.2, 161.1, 158.9, 131.3, 116.5, 104.1, 98.8, 55.5 (2C), 52.5, 48.4, 46.1; IR (neat) vmax 3194, 2964, 1734,
1608, 1558, 1506, 1456, 1423, 1346, 1265, 1213, 1155, 1116, 1031, 1008, 842, 812, 786, 696 cm™'; HRMS (ESI)
[M+H]" calculated for [C13H1sNO4S]" : 284.0951 found : 284.0950.

Organocatalytic formal aza [3+3] cycloaddition reaction and Strecker reaction

0.5 mol%
" Ph [ omeops | OTBDPS
OHC >\ OTBDPS N OsiPhMe TMSCN
8 PhCO,H, MeOH CO,Me BF3-Et,0 CO,Me
+
S O toluene, 30 °C HO™ SN s CHoCl NGNS
DMB\HJ\/U\OMG 20n L DMB | asthree dias?gré)omer mixture 161MB
9

Diphenylprolinol diphenylmethyl silyl ether (10, 2.0 mg, 0.0044 mmol) was added to the solution of a, B-
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unsaturated aldehyde 8°" (331 mg, 0.98 mmol), thiomalonamate 9 (252 mg, 0.89 mmol) and benzoic acid
(108.6 mg, 0.89 mmol) in toluene (1 mL) at 30 °C in open flask. To the resulting mixture, MeOH (108 uL,
2.67 mmol) was added. The reaction mixture was stirred for 20 h at 30 °C. The resulting mixture was slowly
quenched with saturated aqueous NaHCO; at 0 °C. The aqueous layer was extracted three times with CHCls.
The combined organic layer was dried over MgSQs, and concentrated under reduced pressure. To the crude
mixture, TMSCN (533 uL, 5.34 mmol) was added at room temperature under Ar atmosphere. The reaction
mixture was stirred for 30 min at room temperature. CH>Cl, was added to the resulting mixture and cooled at
—20 °C under Ar atmosphere. To the resulting mixture, BF;-Et,O (135 uL, 1.07 mmol) was slowly added at —
20 °C. The reaction mixture was stirred for 1.5 h at — 20 °C under Ar atmosphere before being quenched with
saturated aqueous NaHCOs. The aqueous layer was extracted three times with EtOAc. The combined organic
layer was washed with saturated aqueous NaCl solution, dried over MgSQOs, and concentrated under reduced
pressure. Flash chromatography (SiO,, 20% EtOAc / n-hexane) provided thiolactam 11 (508 mg, 90% as three

diastereomers mixture; dr =5 : 3 : 2) as a pale yellow oil.

Compound 11 (three diastereomer mixture)

'H NMR (500MHz, CDCls) § 7.58-7.67 (m), 7.34-7.46 (m), 7.29 (d, J = 9.0 Hz), 6.46-6.50 (m), 6.21 (d, J = 14.5
Hz), 6.11 (d, J = 14.5 Hz), 6.06 (d, J = 14.5 Hz), 4.69 (dd, J = 15.0, 1.5 Hz), 4.56-4.63 (m), 4.32 (1, J = 6.0 Hz),
4.26 (d,J = 6.0 Hz), 3.90 (d, J = 8.0 Hz), 3.85 (s), 3.84 (s), 3.82 (s), 3.82 (s), 3.81 (5), 3.78 (5), 3.77 (5), 3.70-3.80
(m), 3.70 (s), 2.68-2.81 (m), 2.39-2.50 (m), 2.22-2.28 (m), 2.12 (d, J = 13.5 Hz), 1.90 (dt, J = 13.5, 6.5 Hz), 1.73—
1.79 (m), 1.62-1.72 (m), 1.36-1.43 (m), 1.03-1.06 (m); *C NMR (125MHz, CDCls) & 197.7, 197.0 (2C), 191.8,
170.9, 170.6, 170.4, 161.7, 161.6, 161.5, 159.4, 159.2, 150.8, 135.9 (3C), 133.7 (2C), 133.6 (3C), 132.4, 131.8,
130.5, 130.2, 128.2, 128.1, 117.1, 116.9, 116.6, 114.5, 114.4, 114.3, 105.1, 105.0, 99.0 (2C), 91.8, 63.8, 62.3, 61.0,
60.9, 60.3,55.9 (2C), 53.2, 53.0, 52.9, 51.0, 50.8, 49.8, 47.7, 36.3,36.2, 35.0, 31.8, 31.3, 31.0, 30.1, 30.0, 28.3, 27.3,
27.2(2C), 19.6, 19.5 (2C); IR (neat) vaax 3070, 2931, 2856, 1732, 1612, 1587, 1508, 1463, 1427, 1290, 1207, 1157,
1109, 1033, 937, 821, 736 cm™'; HRMS (ESI) [M+H]" calculated for [C3sHasN205SSi]" : 631.2656 found : 631.2659.

Imidate formation

OTBDPS OTBDPS OTBDPS
CO,Me DBU WCO,Me CO,Me
+
. MeO__ .
NG ONT s MeOH,otquene MeO\[\\\ N \”\ N g
| 0°C I . !
DMB 79% NH DMB NH DMB
1 12a 12b

3 diastereomer mixture

To a solution of diastereomer mixture of 11 (100 mg, dr =5 : 3 : 2, 0.159 mmol) in toluene (159 uL) and
MeOH (634 pL), 1,8-diazabicyclo[5.4.0Jundec-7-ene (DBU, 47.4 mL, 0.317 mmol) was added at 0 °C under
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Ar atmosphere. The reaction mixture was stirred for 22 h at 0 °C under Ar atmosphere before being quenched
with aqueous NH4Cl. The aqueous layer was extracted three times with EtOAc. The combined organic layer
was washed with saturated aqueous NaCl solution, dried over MgSQs, and concentrated under reduced
pressure. Flash chromatography (SiO, 30-50% EtOAc / n-hexane gradient) provided imidate 12 (82.2 mg,
79% as two major diastereomers mixture; 12a : 12b = 3 : 1) as a pale yellow oil. The diastereomer mixture
was partially separated by PTLC (35% EtOAc / n-hexane). The relative stereochemistry of partially isolated
12a and 12b were determined by coupling constant in '"H-NMR. In addition, enantiomeric excess of 12a and
12b were determined by HPLC with DAICEL Chiralpak IC (each 94% ee). For 12a: 10% i-PrOH/n-hexane,
0.5 mL/min; major enantiomer fr = 53.2 min, minor enantiomer fz = 43.9 min (see page S18); For 12b: 20%
i-PrOH/n-hexane, 0.75 mL/min; major enantiomer #g = 13.7 min, minor enantiomer fz = 36.0 min (see page

S20).
2.09 (d, J = 12.0 Hz) 2.39 (td, J=13.5, 6.0 Hz)

4.26 (dd, J = 5.0, 2.0 Hz) ; 3.77 (d, J = 10.0 Hz) \ ’

\ H COzMe
H H OTBDPS H H s | —oTBDPS
! ~COo,M B H
Me DMB N

MeO MeO NH H 426, J=6.0Hz)

12a 4.35(d, J=5.5Hz) 12b

Imidate 12a

'HNMR (500MHz, CDCl3) § 7.75 (br s, 1H), 7.59-7.61 (m, 4H), 7.36-7.44 (m, 6H), 7.28 (d, J= 9.5 Hz, 1H), 6.43—
6.44 (m, 2H), 5.96 (d, J = 14.5 Hz, 1H), 4.47 (d, J= 14.5 Hz, 1H), 4.26 (dd, J = 5.0, 2.0 Hz, 1H), 3.80 (s, 3H), 3.79
(s, 3H), 3.77 (d, J= 10.0 Hz, 1H), 3.76 (s, 3H), 3.73 (s, 3H), 3.61-3.65 (m, 2H), 2.33-2.36 (m, 2H), 1.74-1.76 (m,
1H), 1.67 (br s, 1H), 1.59 (dt, J=6.5, 13.0 Hz, 1H), 1.39-1.41 (m, 1H), 1.01 (s, 9H); '*C NMR (125MHz, CDCl3)
§197.4,171.3, 168.9, 161.0, 158.9, 135.6, 135.5, 133.6, 133.4, 129.8, 127.8, 114.9, 104.5, 98.5, 63.7, 61.0, 60.7,
55.5,55.4,53.9,52.9, 51.1, 36.6, 30.6, 26.9, 19.2; IR (neat) vmax 2949, 2856, 1737, 1662, 1612, 1587, 1508, 1427,
1207, 1109, 1033, 970, 821, 750 cm™'; HRMS (ESI) [M+H]" calculated for [C36H47N206SSi]" : 663.2919 found :
663.2902; [a]*"p +103.5 (¢ 2.92, CHCL).

Imidate 12b

"H NMR (500MHz, CDCl3) § 7.64-7.67 (m, 4H), 7.40-7.49 (m, 6H), 7.31, (d, J = 8.5 Hz, 1H), 6.52 (dd, J = 8.5,
2.5 Hz, 1H), 6.49 (d,J=2.0 Hz, I1H), 6.18 (d, J= 15.5 Hz, 1H), 4.35 (d, /= 5.5 Hz, 1H), 4.30 (d, J=15.5 Hz, 1H),
4.26 (d,J=6.0Hz, 1H), 3.83 (s, 3H), 3.74 (s, 3H), 3.68 (s, 3H), 3.60-3.80 (m, 5H), 2.46 (m, 1H), 2.39 (td, /= 13.5,
6.0 Hz, 1H), 2.09 (d, J = 12.0 Hz, 1H), 1.57-1.63 (m, 1H), 1.30-1.38 (m, 1H), 1.06 (s, 9H); *C NMR (125MHz,
CDCl3) 6 197.6, 170.8, 160.9, 161.0, 158.9, 135.9, 135.8, 133.9, 133.7, 130.2, 130.1, 129.3, 128.2, 128.1, 115.0,
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104.7, 98.9, 62.5, 60.9, 60.5, 55.8, 55.7, 52.7, 51.6, 35.4, 28.5, 27.9, 27.2, 19.5; IR (neat) vmax 2931, 2856, 1732,
1652, 1614, 1589, 1508, 1456, 1427, 1207, 1157, 1109, 1033, 821, 750 cm™'; HRMS (ESI) [M+H]" calculated for
[C36H47N206SSi]" : 663.2919 found : 663.2908; [a]*'p +92.3 (¢ 1.34, CHCL).

Reduction of thiocarbonyl group

OTBDPS OTBDPS
NiCl,-gH,0
CO,Me NaBH, CO,Me
MeO SN Ss THF/MeOH MeOS SN
|
NH DMB 78% NH DMB
12 13
a-CO,Me (12a) : B-CO,Me (12b) =3 : 1 a-CO,Me (13a) : p-CO,Me (13b) =3 : 1

To a solution of 12 (12a : 12b =3 : 1, 211 mg, 0.318 mmol) in THF (5.3 mL) and MeOH (5.3 mL), NaBH4
(144 mg, 3.82 mmol) was added at —20 °C under Ar atmosphere. To the resulting mixture, NiCl, (227 mg,
0.955 mmol) was added at —20 °C. The reaction mixture was stirred for 5 min before being quenched with
saturated aqueous NaHCOs. The yielded suspension was filtrated with Celite pad and the aqueous layer was
extracted three times with CHCl;. The combined organic layer was washed with saturated aqueous NaCl
solution, dried over MgSQs, and concentrated under reduced pressure. Flash chromatography (SiO,, 30%
EtOAc / n-hexane) provided compound 13 (157.1 mg, 78% as two diastereomers mixture; 13a : 13b=3: 1)

as a pale yellow oil. The NMR chart of diastereomer mixture was shown in page S21.

Major piperidine 13a which was partially isolated by PTLC

"HNMR (500MHz, CDCl3) § 7.97 (br s, 1H), 7.65-7.67 (m, 4H), 7.36-7.43 (m, 6H), 7.20 (d, /= 8.0 Hz, 1H), 6.43—
6.47 (m, 2H), 3.80 (s, 3H), 3.79 (s, 3H), 3.64-3.76 (m, 7H), 3.60 (s, 3H), 3.54 (d, /= 14.0 Hz, 1H), 3.21-3.23 (m,
1H), 2.99 (dd, J=13.5, 8.5 Hz, 1H), 2.67 (dd, J = 13.5, 3.5 Hz, 1H), 2.43 (td, J = 4.0, 8.5 Hz, 1H), 20.7-2.11 (m,
1H), 1.42-1.53 (m, 2H), 1.04 (s, 9H); '*C NMR (125MHz, CDCl; major diastereomer) & 174.8, 173.9, 160.4, 159.1,
135.9 (2C), 134.2, 134.1, 130.9, 129.9 (2C), 128.0, 119.2, 104.3, 98.7, 61.7, 59.9, 55.7, 55.6, 53.6, 52.5, 51.8, 49.2,
44.3,36.8,31.2,28.3,27.1, 19.5; IR (neat) vmax 2931, 2854, 1732, 1651, 1612, 1587, 1506, 1427, 1290, 1207, 1155,
1105, 1035, 821, 752 cm™'; HRMS (ESI) [M+H]" calculated for [C3sH1oN206Si]" : 633.3554 found : 633.3341;
[a]**p —4.7 (c 5.35, CHCL).

S5



DIBAL reduction, isomerization, hydrolysis of imidate

OTBDPS OTBDPS OTBDPS
DIBAL-H AcOH, THF/H,0
COMe CHO CHO
CH,Cly, 95 °C
MeO__ .- MeO__ .
Meoﬁl‘“w N U \g EMB
NH DMB NH DMB
13 - S3 - 14

Single isomer determined by crude NMR
a-CO,Me (13a) : B-CO,Me (13b) =3 : 1

To a solution of 13 (265 mg, 0.419 mmol, 13a: 13b=3: 1) in CH,>Cl, (10 mL), DIBAL-H (1.0 M solution
in n-hexane, 2.1 mL, 2.1 mmol) was added slowly at —95 °C under Ar atmosphere. The reaction mixture was
stirred for 2 h before being quenched with dry MeOH (1.5 mL) at —95 °C. To the resulting mixture, saturated
aqueous Rochelle’s salt was added at room temperature. The aqueous layer was extracted six times with CHCl;.
The combined organic layer was washed with saturated aqueous NaCl solution, dried over MgSQOs, and
concentrated under reduced pressure. The crude materials of S3 was directly employed next hydrolysis.

To a solution of the crude materials of aldehyde S3 in THF (4.2 mL), acetic acid (0.14 mL) and H,O (0.84
mL) were added via syringe at room temperature under Ar atmosphere. The reaction mixture was stirred for 5
h at room temperature before being quenched with saturated aqueous NaHCO;. The aqueous layer was
extracted four times with EtOAc. The combined organic layer was washed with saturated aqueous NaCl
solution, dried over MgSQs, and concentrated under reduced pressure. Aldehyde 14 was unstable in silica gel
column chromatography, thus, the crude materials of 14 was directly employed to next Tebbe olefination. The
"H-NMR of the crude materials of 14 strongly indicated isomerization reaction on acid hydrolysis condition

to thermodynamically stable 14 (see page S23).

Tebbe olefination

OTBDPS OTBDPS

CHO Tebbe reagent |\|

MeO._ .- toluene, THF MeO_ .
O oN 70% (3 steps) N
O DMB O DMB
14 15

crude mixture

To a solution of the crude materials of 14 in dry toluene (4.2 mL) and dry THF (1.4 mL), pu-chlorobis(n’-
cyclopentadienyl)(dimethylaluminum)-p-methylenetitanium (Tebbe reagent, 0.5 M solution in toluene, 0.85
mL, 0.461 mmol) was added at 0 °C under Ar atmosphere. The reaction mixture was stirred for 2 h at room
temperature before being quenched with saturated aqueous Rochelle’s salt at 0 °C. The aqueous layer was
extracted three times with EtOAc. The combined organic layer was washed with saturated aqueous NaCl

solution, dried over MgSQs, and concentrated under reduced pressure. Flash chromatography (SiO,, 10%

S6



EtOAc / n-hexane) provided compound 15 (176 mg, 70%) as a pale yellow oil.

Piperidine 15 (single isomer)

"H NMR (500MHz, CDCl3) § 7.64-7.66 (m, 4H), 7.36-7.42 (m, 6H), 7.22 (d, J = 8.5 Hz, 1H), 6.43-6.47 (m, 2H),
5.51-5.59 (m, 1H), 4.98-5.01 (m, 2H), 3.80 (s, 3H), 3.77 (s, 3H), 3.65-3.80 (m, 3H), 3.66 (s, 6H), 3.52-3.62 (m,
1H), 3.01(t,J = 11.5 Hz, 1H), 2.62 (dd, /= 12.0, 4.5 Hz, 1H), 2.13-2.15 (m, 1H), 1.93-2.00 (m, 1H), 1.84-1.90 (m,
1H), 1.48-1.51 (m, 2H), 1.15-1.21 (m, 1H), 1.02-1.04 (m, 10H); *C NMR (125MHz, CDCls) §; 174.2, 159.9,
158.9,40.4, 135.7, 134.1, 134.0, 130.1, 129.6, 119.9,116.2, 104.1, 98.5, 61.7, 59.9, 58.5, 55.5, 55.4, 52.9,52.8,51.0,
47.1,36.3,33.2,32.6, 26.9, 19.3, 18.5; IR (neat) vmax 2929, 2856, 1734, 1612, 1587, 1506, 1563, 1427, 1292, 1207,
1155,1109, 1037, 1004,918, 821, 754 cm™'; HRMS (ESI) [M+H]" calculated for [C36H4sNOsSi]" : 602.3296 found :
602.3284; [a.]*'p 6.5 (¢ 1.29, CHCl;).

DIBAL reduction and isomerization

OTBDPS OTBDPS OTBDPS

- DIBAL-H |\| SiO, column ‘|
MeO\[\\w N CH,Cly, —95 °C H\”\\\»» N 83% H N
I

é DMB O DMB O DMB
15 B s4 i} 16

To a solution of ester 15 (1.05 g, 1.75 mmol) in CH>Cl» (25 mL), DIBAL-H (1.0 M solution in n-hexane,
5.2 mL, 5.2 mmol) was added slowly at —95 °C under Ar atmosphere. The reaction mixture was stirred for 2.5
h before being quenched with EtOAc (3.6 mL) followed by addition of MeOH (3.6 mL) at —95 °C. To the
resulting mixture, saturated aqueous Rochelle’s salt was added at room temperature. The aqueous layer was
extracted four times with CHCl;. The combined organic layer was washed with saturated aqueous NaCl
solution, dried over MgSQs, and concentrated under reduced pressure. Flash chromatography (SiOa, 1% Et;N/
20%EtOAc—n-hexane solution) provided compound 16 (826 mg, 83%) as a colorless oil. The 'H-NMR of
crude materials indicated S4. After SiO, column chromatography, C6 aldehyde was isomerized to
thermodynamically stable form. As a result, 16 was obtained as single isomer. "H-NMR of the crude mixture;

See page S25. '"H-NMR of isolated 16; see page S26.

Piperidine-2-carbaldehyde 16

'H NMR (500MHz, CDCls) § 9.47 (s, 1H), 7.62-7.64 (m, 4H), 7.36-7.42 (m, 6H), 7.15 (d, J = 8.0 Hz, 1H), 6.43—
6.46 (m, 2H), 5.41-5.48 (m, 1H), 4.98-5.02 (m, 2H), 3.80 (s, 3H), 3.77 (s, 3H), 3.61-3.68 (m, 3H), 3.58 (d, /=14.0
Hz, 1H), 3.45 (d,J=13.5 Hz, H), 2.85 (dd, J = 11.5, 3.5 Hz, 1H), 2.68-2.72 (m, 1H), 1.83-1.97 (m, 3H), 1.64-1.68
(m, 1H), 1.27-1.36 (m, 2H), 1.14-1.21 (m, 1H); 3C NMR (125MHz, CDCls) §; 204.1, 159.1, 139.6, 135.8, 135.7,
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134.0, 132.2,130.9, 129.8, 127.9, 116.9, 104.0, 98.1, 70.7, 61.6, 57.2, 55.4, 54.6, 52.9, 46.5, 36.7, 36.2, 35.7,31.9,
29.9, 27.0, 19.3; IR (neat) vmax 2929, 2856, 1730, 1614, 1506, 1463, 1427, 1290, 1263, 1209, 1157, 1110, 1039,
920, 823, 738, 702 cm™'; HRMS (ESI) [M+H]" calculated for [C3sH4sNO4Si]" : 572.3191 found : 572.3177; [a]**p
—6.4 (c 0.93, CHCl).

Coupling reaction with dihydroquinoline derivative 17

Br
MeO X OTBDPS OTBDPS
OTBDPS
N
| 17 SO,Ph
n-BuLi
H +
N THF, -80 °C MeO
O DMB 72% (BRSM 97%)

16

18a 18b

To a solution of dihydroquinoline 175? (79.9 mg, 0.21 mmol) in dry THF (1 mL), n-BuLi (2.5M solution in
n-hexane, 84 ulL, 0.21 mmol) was slowly added at —90 °C under Ar atmosphere. The reaction mixture was
stirred for 30 min at —90 °C. To the resulting mixture, a solution of aldehyde 16 (100 mg, 0.175 mmol) in dry
THF (1 mL) was slowly added at —90 °C under Ar atmosphere. The reaction mixture was stirred for 22 h at —
80 °C before being quenched with benzoic acid (26 mg, 0.21 mmol). To the resulting mixture, excess amount
of 20% aqueous NHj3 solution was added at 0 °C. The aqueous layer was extracted four times with EtOAc. The
combined organic layer was washed with H,O, dried over MgSQs, and concentrated under reduced pressure.
Flash chromatography (SiO, 1% Et;N/ 20%EtOAc—n-hexane solution to 1% Et:N/ 90%EtOAc—n-hexane
solution gradient) provided compound 19 (110.1 mg, 72%, 18a: 18b =1 : 1) as a pale yellow oil and 25.8 mg
of 16 was recovered (25%). The diastereomer mixture (18a and 18b) was partially separated by PTLC (35%
EtOAc / n-hexane).

Coupling product 18a

"H NMR (500MHz, CsDs, VT 70 °C) § 7.85 (d, J= 9.0 Hz, 1H), 7.75-7.77 (m, 4H), 7.62 (d, J = 9.0 Hz, 1H), 7.23—
7.27 (m, 6H), 6.95 (d, J= 7.5 Hz, 1H), 6.89 (t, /= 7.5 Hz, 1H), 6.63 (d, J = 9.5 Hz, 1H), 6.35-6.38 (m, 2H), 5.92
(brs, 1H), 5.26-5.35 (m, 1H), 4.85-4.89 (m, 2H), 4.35-4.39 (m, 2H), 4.24 (d, /= 18.0 Hz, 1H), 3.68-3.77 (m, 3H),
3.37-3.40 (m, 9H), 2.94 (d, J=9.5 Hz, 1H), 2.05-2.18 (m, 2H),1.83-1.87 (m, 1H), 1.43 (d, /= 11.6 Hz, 1H), 1.26—
1.30 (m, 3H), 1.18-1.25 (m, 2H), 1.15 (s, 9H); *C NMR (125MHz, C¢D¢, VT 70 °C) §; 159.6, 158.6, 141.6, 136.2,
134.9, 132.4, 131.6, 130.2, 129.8, 122.8 (br), 116.5 (br), 112.9, 111.8, 105.0, 99.7, 70.8 (br), 65.8, 62.5, 55.4, 55.3,
55.2,45.8, 42.3 (br), 37.9 (br), 37.6, 30.3 (br), 27.5, 19.7, several aromatic carbons were overlapped to CsDs; IR
(neat) vmax 2929, 2854, 1735, 1612, 1508, 1427, 1352, 1290, 1242, 1209, 1159, 1089, 1037, 918, 821, 727 cm™;
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HRMS (ESI) [M+H]" calculated for [Cs;HeN>O7SSi]" : 873.3963 found : 873.3944; [a]*°p —4.1 (c 0.76, CHCl5).

Coupling product 18b

"H NMR (500MHz, CDCl3) § 7.51-7.53 (m, 4H), 7.39 (d, J = 7.5 Hz, 2H), 7.29-7.32 (m, 3H), 7.22-7.25 (m, 3H),
6.95 (br s, 1H), 6.82 (br s, 1H), 6.71 (dd, J = 9.5, 3.5 Hz, 1H), 6.33-6.36 (m, 2H), 5.83 (br s, 1H), 5.20-5.27 (m,
1H), 4.82-4.85 8m, 2H), 4.39 (d, J = 18.0 Hz, 1H), 4.17-4.22 (m, 2H), 3.71 (s, 6H), 3.64 (s, 3H), 3.48-3.58 (m,
4H), 2.65 (d, J = 14.5 Hz, 1H), 2.50 (br s, 1H), 1.92-1.97 (m, 1H), 1.11-1.24 (m, 5H), 0.91 (s, 9H); *C NMR
(125MHz, CDCl3) 6 158.8,157.8, 140.1, 135.6, 134.0, 132.7, 131.9, 130.5, 129.9, 129.7, 129.1, 128.9, 128.2, 127.8,
127.4,122.8 (br), 116.5 (br), 112.2, 110.7, 104.0, 98.8, 70.8 (br), 65.4, 64.9, 61.7, 55.5, 55.4, 46.1(br), 45.3, 41.0,
37.3, 36.8 (br), 29.8 (br), 27.0, 19.2; IR (neat) vmax 2966, 2860, 1716, 1456, 1033, 871, 773 cm'; HRMS (ESI)
[M+H]" calculated for [CsiHeN>O7SSi]" : 873.3963 found : 873.3970; [a]**p +7.6 (c 0.05, CHCl5).

Optimization to complete total synthesis of (+)-quinine using isolated 19a

Acetylation and removal of TBDPS group

OTBDPS OTBDPS

Ac,0 HCI
MeO ridine MeOH/CH2C|2
e py MeO 81%
(2 steps)
S0,Ph
18a S5a 19a

To a solution of 18a (21.8 mg, 0.0259mmol) in pyridine (0.5 mL), acetic anhydride (5.5 pL, 0.059 mmol)
and dimethylaminopyridine (DMAP, 0.2 mg, 0.00016 mmol) were added at 0 °C under Ar atmosphere. The
reaction mixture was stirred for 68 h at room temperature before being quenched with saturated aqueous
NaHCO:s. The aqueous layer was extracted three times with CHCl;. The combined organic layer was washed
with H,O, dried over MgSQs, and concentrated under reduced pressure. The obtained crude material was
directly employed to next reaction.

To a solution of the crude mixture of S5a in CH»Cl, (160 pL) and MeOH (160 pL), 2M HC1/MeOH (82 uL,
0.16 mmol) was slowly added at 0 °C under Ar atmosphere. The reaction mixture was stirred for 6 h at room
temperature before being quenched with saturated aqueous NaHCOs. The aqueous layer was extracted three
times with CHCl;. The combined organic layer was washed with saturated aqueous NaCl, dried over MgSOs,
and concentrated under reduced pressure. Flash chromatography (SiO,, 40%EtOAc—n-hexane) provided

compound 19a (13.7 mg, 81%) as a pale yellow oil.
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Compound 19a

"H NMR (500MHz, CDCl3) § 7.63 (d, J = 7.5 Hz, 2H), 7.53 (t,J = 7.0 Hz, 1H), 7.40 (t, J = 7.5 Hz, 2H), 7.24-7.27
(m, 1H, overlapped to CDCl3), 7.20 (d, J = 8.0 Hz, 1H), 6.94 (s, 1H), 6.78 (dd, J = 8.5, 3.0 Hz, 1H), 6.43-6.45 (m,
2H), 6.25 (s, 1H), 5.93 (s, 1H), 5.40-5.47 (m, 1H), 4.96-4.99 (m, 2H), 4.50 (dd, /= 17.5, 4.5 Hz, 1H),4.22 (d,J =
15.5 Hz, 1H), 4.14 (d, J = 14.0 Hz, 1H), 3.81 (s, 3H), 3.80 (s, 3H), 3.78 (s, 3H), 3.63-3.69 (m, 2H), 3.22 (d, J =
13.5 Hz, 1H), 2.82 (d, J = 9.0 Hz, 1H), 2.38 (d, J = 10.5 Hz, 1H), 2.05 (s, 3H), 1.76-1.91 (m, 3H), 1.14-1.25 (m,
3H); *C NMR (125MHz, CDCl) §; 169.5, 159.9, 158.6, 158.3, 140.1, 139.7, 134.0, 133.1, 131.0, 130.1,.129.0
(20), 128.2, 127.6, 127.5, 122.5, 119.4, 116.5, 113.4, 109.3, 104.3, 98.5, 77.4 (2C), 77.2, 76.9, 70.7, 69.8, 63.5,
60.0,59.2,55.6,55.5,50.4,45.9,45.0,36.8,36.4,29.9,29.8,29.5,29.4,28.9, 21.3; IR (neat) vmax 2922, 2845, 1743,
1508, 1456, 1163, 1033 cm™!; HRMS (ESI) [M+H]" calculated for [C37H4sN2OsS]" : 677.2891 found : 677.2895;
[a]*"p +28.4(c 0.28, CHCL5).

Quinuclidine formation and complete total synthesis of (+)-quinine

OMs

anisole

MeO MeO

MeO
toluene
120 °C

t-BuOK

t-BuOH MeO
95% (3 steps)

(+)-quinine (2)

To a solution of 19a (9.5 mg, 0.014 mmol) and EtzN (20 pL, 0.14 mmol) in CH,CL, (0.3 mL),
methanesulfonyl chloride (MsCl, 4.4 uL, 0.056 mmol) was added at 0 °C under Ar atmosphere. The reaction
mixture was stirred for 20 min at 0 °C before being quenched with 20% aqueous NH; solution. The aqueous
layer was extracted three times with EtOAc. The combined organic layer was washed with saturated aqueous
NaCl, dried over MgSQOs, and concentrated under reduced pressure. The crude materials of S6a was directly
employed to the next quinuclidine formation.

To a solution of the crude materials of S6a in toluene (0.4 mL), anisole (4.9 uL, 0.042 mmol) was added at
room temperature under Ar atmosphere. The reaction mixture was refluxed for 21 h at 120 °C before being

quenched with 20% aqueous NH; solution. The aqueous layer was extracted four times with EtOAc. The
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combined organic layer was washed with saturated aqueous NaCl, dried over MgSQs, and concentrated under
reduced pressure. The crude materials of 20a was directly employed to the next reaction.

To a solution of the crude materials of 20a in -BuOH (0.6 mL), +-BuOK (7.6 mg, 0.33 mmol) was added at
room temperature under Ar atmosphere. The reaction mixture was stirred for 3 h at 60 °C before being
quenched with 20% aqueous NH; solution. The aqueous layer was extracted four times with EtOAc. The
combined organic layer was washed with H,O, dried over MgSQs, and concentrated under reduced pressure.
Flash chromatography (SiO,—NH, 1%MeOH—CHCI;) provided (+)-quinine (2, 4.3 mg, 95%) as white
amorphous powder. All spectral data of (+)-quinine (2) except sign of rotation were identified with authentic

(-)-quinine; see page S31, 32.

Unnatural (+)-quinine (2)

"H NMR (500MHz, CDCl3) § 8.58 (d, J= 5.0 Hz, 1H), 7.93 (d, J=9.0 Hz, 1H), 7.49 (d, J = 4.0 Hz, 1H), 7.28 (dd,

J=93,2.8 Hz, 1H), 7.19 (d, J= 2.5 Hz, 1H), 5.70 (ddd, J = 17.0, 10.5, 7.5 Hz, 1H), 5.54 (d, J = 3.5 Hz, 1H), 4.93
(dt,J=16.5, 1.5 Hz, 1H), 4.90 (br d, J = 15.5 Hz, 1H), 3.85 (s, 3H), 3.45-3.51 (m, 1H), 3.02-3.07 (m, 2H), 2.59—
2.64 (m, 2H), 2.25 (br s, 1H), 1.70-1.79 (m, 3H), 1.45-1.50 (m, 2H); '>*C NMR (125MHz, CDCl;) §; 158.2, 148.3,
147.9, 144.5,142.3,131.9, 126.7, 122.0, 118.9, 114.9, 101.7, 73.3, 60.3, 57.4, 56.1, 43.6, 40.4, 28.3, 28.0, 21.9; IR
(neat) Vmax 2935, 2862, 1622, 1508, 1240, 1031, 717 cm™'; HRMS (ESI) [M+H]" calculated for [C20H25N20,]" :
325.1911 found : 325.1902; [a]*°p +142.2 (c 1.18, EtOH), [natural (—)-quinine [a.]*p —150.0 (c 1.38, EtOH)].

Total syntheses of (+)-quinine and (-)-9-epi-quinine

Acetylation and removal of TBDPS group

OTBDPS OTBDPS

HCI
MeO MeO MeOH/CH,Cl, MeO
quant.
(2 steps)
]
SO,Ph SO,Ph
18 19
dr=1:1 dr=1:1

To a solution of 18 (9a-OH : 9B-OH =1 : 1, 2.10 g, 2.04 mmol) in acetic anhydride (24 mL),
dimethylaminopyridine (DMAP, 58.8 mg, 0.48 mmol) was added at 0 °C under Ar atmosphere. The reaction
mixture was stirred for 30 min at room temperature before being quenched with 15% aqueous NaOH solution
at 0 °C. The aqueous layer was extracted three times with CHCl;. The combined organic layer was washed
with H,O, dried over MgSQs, and concentrated under reduced pressure. The crude materials of S5 was directly

employed to next removal of TBDPS group.
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To a solution of the crude mixture of S5 in CH,Cl, (24 mL) and MeOH (24 mL), 2M HCI/MeOH (6.0 mL,
10.2 mmol) was slowly added at 0 °C under Ar atmosphere. The reaction mixture was stirred for 12 h at room
temperature before being quenched with saturated aqueous NaHCOs at 0 °C. The aqueous layer was extracted
three times with CHCls. The combined organic layer was washed with saturated aqueous NaCl, dried over
MgSO,, and concentrated under reduced pressure. Flash chromatography (SiO», 40%EtOAc—n-hexane)
provided compound 19 (9a-OH : 9B-OH =1 : 1, 1.67 g, quant.) as a pale yellow oil. The NMR chart of

diastereomer mixture 19 was shown page S30.

Quinuclidine formation and complete total synthesis of (+)-quinine and (-)-9-epi-quinine
OMs

anisole
______ ., MeO

toluene

120 °C

MeO MeO

t-BuOK

t-BuOH MeO
77% (3 steps)
2:3=11:1

(+)-quinine (2) (-)-9-epi-quinine (3)

To a solution of 19 (1.59 g, 2.35 mmol) and EtN (1.85 mL, 11.75 mmol) in CH>Cl, (29 mL),
methanesulfonyl chloride (MsCl, 273 pL, 3.53 mmol) was added at 0 °C under Ar atmosphere. The reaction
mixture was stirred for 5 min at 0 °C before being quenched with 20% aqueous NHj; solution. The aqueous
layer was extracted three times with EtOAc. The combined organic layer was washed with saturated aqueous
NaCl, dried over MgSQO., and concentrated under reduced pressure. The crude materials of S6 was directly
employed to the next quinuclidine formation.

To a solution of the crude materials of S6 in toluene (34 mL), anisole (798 pL, 7.05 mmol) was added at
room temperature under Ar atmosphere. The reaction mixture was refluxed for 7 h at 120 °C before being
quenched with 20% aqueous NH; solution. The aqueous layer was extracted four times with EtOAc. The
combined organic layer was washed with H,O, dried over MgSQs, and concentrated under reduced pressure.
The crude materials of 20 was directly employed to the next reaction.

To a solution of the crude materials of 20 in +-BuOH (34 mL), ~-BuOK (791 mg, 7.05 mmol) was added at

room temperature under Ar atmosphere. The reaction mixture was stirred for 1.5 h at 60 °C before being
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quenched with 20% aqueous NH; solution. The aqueous layer was extracted four times with EtOAc. The
combined organic layer was washed with H,O, dried over MgSQs, and concentrated under reduced pressure.
Flash chromatography (SiO>—NH, 1-10%MeOH—CHCI3) provided (+)-quinine (2, 310 mg, 41%) as a white
amorphous powder and (—)-9-epi-quinine (3, 272 mg, 36%) as a white amorphous powder. All spectral data of

(-)-9-epi-quinine (3) except sign of rotation were identified with reported data®?.

(=)-9-epi-quinine

"H NMR (500MHz, CDCls) § 8.71 (d, J= 4.0 Hz, 1H), 8.00 (d, J = 8.5 Hz, 1H), 7.63 (s, 1H), 7.35-7.39 (m,
2H), 5.72 (dt, J = 17.0, 9.0 Hz, 1H), 4.91-5.01 (m, 3H), 3.91 (s, 3H), 3.24 (dd, J = 13.0, 10.0 Hz, 1H), 3.16
(dt, J=14.0, 7.5 Hz, 1H), 3.09 (q, J = 8.5, 1H), 2.75-2.77 (m, 2H), 2.29 (br s, 1H), 1.58-1.69 (m, 3H), 1.43

(t, J=5.5, 1H), 0.93 (dd, J = 12.5, 7.5 Hz, 1H); °C NMR (125MHz, CDCL) &; 157.4, 147.5, 144.7, 144.4,
141.4, 131.5, 128.1, 121.3, 120.1, 114.6, 102.5, 71.3, 61.5, 55.9, 55.4, 40.7, 39.9, 27.9, 27.2, 25.1; IR (neat)
Vmax 2933, 2864, 1620, 1506, 1240, 1028, 852,715 cm™'; HRMS (ESI) [M+H]" calculated for [C20H2sN20,]" :
325.1911 found : 325.1903; [a]**» —29.3 (c 3.60, EtOH); [for (+)-9-epi-quinine: 1it™ [a]?» +23 (c 1.0,
EtOH)]

Synthetic (-)-9-epi-quinine Reported (+)-9-epi-quinine S30)

13C-NMR 13C-NMR
(125 MHz, CDCly) (100 MHz, CDCls)
157.4 157.6
147.5 147.5
144.7 144.8
144.4 143.9
141.4 140.3
131.5 131.6
128.1 128.0
121.3 1215
120.1 120.1
114.6 115.3
102.5 102.5
71.3 70.7
61.5 61.6
55.9 55.7
55.4 55.3
40.7 40.9
39.9 39.1
27.9 27.1
27.2 27.0
25.1 24.7
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Mitsunobu conversion from (-)-9-epi-quinine to (+)-quinine

DEAD, PhsP
p-nitrobenzoic acid;

MeO MeO

LiOH, H,0
78%

(-)-9-epi-quinine (3) (+)-quinine (2)

To a solution of (—)-9-epi-quinine (3, 25.5 mg, 0.079 mmol), triphenylphosphine (26.8 mg, 0.10 mmol) and
p-nitrobenzoic acid (PNBA, 14.4 mg, 0.087 mmol) in dry THF (786 uL), diethyl azodicarboxylate (DEAD,
39.3 ul, 0.087 mmol) at 0 °C under Ar atmosphere. The reaction mixture was stirred for 7 h at room
temperature. The resulting mixture was cooled at 0 °C, then aqueous 1M LiOH solution (393 pL) and MeOH
(79 uL) were added to the reaction mixture. The reaction mixture was stirred for 17 h at room temperature
under Ar atmosphere. The resulting mixture was extracted four times with CHCI;. The combined organic layer
was washed with H>O, dried over MgSOs, and concentrated under reduced pressure. Flash chromatography

(Si0,-NH, 1-10%MeOH—CHCIl;) provided (+)-quinine (2, 19.9 mg, 78%) as white amorphous powder.

Recrystallization of (+)-quinine

100 mg of (+)-quinine was dissolved to a solution of H,SO4 (14.8 mL, 0.28 mmol) in H,O (5 mL). After
colorless crystals were formed, the suspension was filtrated. As a result, (+)-quinine sulfate hydrate was
obtained in 76% yield (92.1 mg) as colorless crystals. The part of crystals was added to 20% aqueous NH3
solution and the resulting mixture was extracted with CHCls. The organic layer was concentrated and
enantiomeric excess was determined using the crude materials. The enantiomeric excess was over 99% ee.
DAICEL ChiralPak AS-H column; 10% i-PrOH/n-hexane, 0.25 mL/min; synthetic unnatural (+)-quinine #r =

32.7 min, natural (-)-quinine &z = 19.8 min (see page S34).

Reference;

S1) a) S. BouzBouz, C. Roche, J. Cossy, Synlett 2009, 5, 803—807; b) H. Zhang, X. Ma, H. Kang, R. Wang,
Chem. Asian. J. 2013, 8, 542-545.

S2) a) H. Murase, K. Senda, M. Senoo, T. Hata, H. Urabe, Chem. Eur. J. 2014, 20, 317-322; b) L. Alonso-
Maraiién, L. A. Sarandeses, M. M. Martinez, J. P. Sestelo, Org. Chem. Front. 2017, 4, 500-505.

S3) a) T. M. Lipinska, K. Piechocka, M. Denisiuk, B. Chmiel, A. Skorska-Stania, ARKIVOC 2012, 264-280;
b) A. P. Gorka, K. S. Sherlach, A. C. de Dios, P. D. Roepe, Antimicrob. Agents Chemother. 2013, 57,
365-364.
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=== Shimadzu LabSolutions Report ===

Sample Name : TKP33 ee major 4
Sample ID : kaneko
Data Filename : TKP33 ee major 4.1cd
Method Filename : 10%iPrOH-Hex-flow0.5.lem
Batch Filename 4
Vial# 11-1 Sample Type —£’m
Injection Volume : 2000 uL
Date Acquired :2018/04/23 18:08:49  Acquired by : System Administrator
Date Processed :2018/04/23 22:48:21  Processed by : System Administrator
<Chromatogram>
mAU
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- DI
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] ©
i 2
] =
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<Peak Table>
PDA Chl 216nm
Peak# | Ret. Time Area Height Conc. Name
1 43.896 2611281 44203 2.866
2 53.293 88506909 1032774 97.134
IE 91118190 1076977
Racemic 12a
mAU
] 2 PDA Multi 1 190nm,4nm
) : ~
g ]
150 @
100+
50—
0 J
e e e e e B ma e I I e I e
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DFILE 12b CNMR.als
COMNT single pulse decoupled gated NOE
DATIM 2019-05-30 10:50:50

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 21.8¢
SLVNT CDCL3
EXREF 77.16 ppm
BF 0.10 Hz
RGAIN 56

197.572
170.788 —
160.945 ——+
158.894 —

868

830

913

703

193

098

335

152

095
114.979 —+
104.669 —
98.888 —3|

19.510 —
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Shimadzu LabSolutions Report ===

Sample Name : compound 12b chiral IC
Sample ID : kaneko
Data Filename : compound 12b chiral IC.led
Method Filename : 20%iPrOH-Hex-flow0.75.lem
Batch Filename :
Vial# 11-1 Sample Type —’m
Injection Volume :20ul
Date Acquired :2019/07/12 16:34:38  Acquired by : System Administrator
Date Processed :2019/07/12 17:17:06  Processed by : System Administrator
<Chromatogram>
mAU
N ] PDA Multi 1 303nm,4nm
~
150 = OTBDPS
7 COzMe
100 MeO__ ..
‘ aoNe s
1 NH DMB
- 12b
50—
] =
8
1 &
O-F— S i —I
L s e e e o e e L e e e o e e
10 15 20 25 30 35 40
min
<Peak Table>
PDA Chl 303nm
Peak# | Ret. Time Area Height Conc. Name
1 13.729 3983503 156496 96.861
2 36.009 129109 2000 3.139
1E 4112611 158497
Racemic 12b
mAU
4 PDA Multi 1 303nm,4nm
100
75
50— -
1 s
7 &
25+
0 ,,—'A\/ \,/\_, N\ — SN VR A .~ 15N,
B I s B i s e e o e e e B e B S A e
10 15 20 2 30 35 40
min
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C:¥UsersYuser¥Documents¥NMRF —Z¥NMR data¥R1 M17 /L% ¥4 -3 B¥SI¥13 mix HNMR1 end’.als

DFILE 13 mix HNMRI end’.als 5
COMNT single_pulse OTBD PS %
DATIM 2019-06-05 22:36:59

OBNUC 1H

EXMOD smg]c_pulse ex2

OBFRQ 0.16 MHz CO M

OBSET 2 41 KHz e

OBFIN 6.01 Hz 2

POINT 13107

FREQU 7507.39 Hz .

SCANS 8 MeO e N

ACQTM 1.7459 sec | |

PD 5.0000 sec

PW1 5.95 usec NH DMB

IRNUC 1H

CTEMP 20.6 ¢ 13

SLVNT CDCL3

B o 7.26 pom a-CO,Me (13a) : B-CO,Me (13b) = 3 : 1 3
RGAIN 38 B

24.16

PPM
T T T T T T I
1 0

Nﬂoh—mv—‘-ﬂm?.'l‘:’}O—tlﬂ(‘O”)OWVNOVU}NOWQ@—‘NNI\:ho")w—'VT‘OC"JC’TQ—O&DN&Dv—"\IO}G\mmNMlD”)lDNlD—‘N—'O"O’OO\cQ‘EOv—‘NwNoﬁmN
S OO NN N—A T~ OO VOO TP OF ORI INNANNOD DI~ OO MM N — 3 =D D 00NN D G DNV ITN—ONRVUNNOCROFNT NN (=3
B N N N N T R R R A R e N e e e P e BB N b NS S8 g e e IO oo on NN IS8 ES
Ll el el ol o ol el ol ol ol el e e e el ol T ol S o VWO WWWWVONNINIMIMNMOMMMMNNMMMNMNMMMMMN NNNN YOOV vt v et vt v et vt et et 7t et et © O
C:¥Users¥user¥Documents¥NMRT—#¥NMR data¥R1 M17 4 /L4 ¥4 - H ¥SI¥13 mix CNMR-1 end.als

DFILE 13 mix CNMR-1 end.als

COMNT single pulse decoupled gated NOE

DATIM 2019-06-05 23:35:08

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 1200

ACQTM 0.8336 sec

PD 2.0000 sec

PW1 3.07 usec

IRNUC 1H

CTEMP 21.2¢

SLVNT CDCL3

EXREF 77.16 ppm

BF 0.10 Hz

RGAIN 58

PPM
T T | T T T T T T T T T T T T T T T
200 H Nl 150 T 1 a1

rff?‘mff%“'r%///

\
]
160.468 —\|
=
5 %
7
/

e N[z

i il N LIvwg -9~ CONTONTXALNOAIONNONND DT
s D% 3 SRR E e R eSS EE SR IO RRERE T CIRRERRERN
23S %= SHBN=RRS 3588 KIET8TToRCRRECERRRNEERIRR ISR 8S82 e Y
F¥o = o BUEBITISSORLOIRE Tl N S ORBIBIB T MO~ ~ R =BT O TS SS t= 05 0
SEE B2 SOnAfRAfSANIE CoBBRRRNCCERRARRRRRREITEIRISRIR385N2R
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C:¥Users¥user¥Documents¥NMR7 —Z¥NMR data¥R1 M17 4L 4" ¥4 TS H1¥SI¥13a HNMR.als
DFILE 13a HNMR.als

COMNT single_pulse OTB D PS
DATIM  2019-06-03 15:08:19
OBNUC  IH
EXMOD single_pulse.ex2
8355‘? 500.16 MHz
2.41 KHz
OBFIN 6.01 Hz CO,Me
ng\g‘ 13107
FREQU 7507.39 Hz
SCANS 8 MeO_ .. o
ACQTM 1.7459 sec \[\‘ N pt
;a“ 5.50(;00 sec | | ]
.95 usec
IRNUC ~ 1H NH DMB
CTEMP 212¢ 5
SLVNT  CDCL3 13a e
EXREF 7.26 ppm
BF 0.10 Hz
RGAIN 26

3.1847
3.00

2.25

— 4.53
—_— 644
—__ 1.05

— 216

—. .Y

— 100

M— 218

S~ 118

~ 102
—. .02
~— 1.04

C:¥UsersYuser¥Documents¥NMRT —Z¥NMR data¥R1 M17 4/L27¥ ¥S1¥13a CNMR.als

DFILE 13a CNMR.als

COMNT single pulse decoupled gated NOE

DATIM 2019-06-03 15:13:40

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 59

ACQTM 0.8336 sec

PD 2.0000 sec

PW1 3.07 usec

IRNUC 1H

CTEMP 215¢

SLVNT CDCL3

EXREF 77.16 ppm

BF 0.10 Hz

RGAIN 54

PPM
T T T T T T T T T T T T T T T T T T T T T
T AT T A AN TN

w0 =¥ PALOROQ— 2 ® ©wwD PO NOOND  H WOTOM @
=3 S8 BERESBRES & S 8 2532 BHB3UER]T 22858 ¢
g g3 85338838 2 g g SESE  Z3RERdZe¥ §S888 2
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C:¥Users¥user¥Documents¥NMR T —Z¥NMR data¥R1 M17 4-/L & ¥4 ¥SI¥14.als

-, 1.00

14.als

single_pulse
2019-02-21 13:14:55
1H

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

1H

214c
CDCL3
7.26 ppm
0.10 Hz
46

~ 1420

\ 8.19

. 1.84
N

S 612
\\ 9.26
ot

\\\ 3.17

o

— 123

~ L15

. 1.25

\\ 2.60

I | A

PPM

9.578 |
9572 —>

NOOMIOEMFN =Ko
FANHOROO =D ©
COIHEMOMAN— T

O DMB
14

Single isomer determined by crude 'H-NMR

S23

0.003



C:¥Users¥user¥Documents¥NMRF —Z¥NMR data¥R1 M17 4 /L5 ¥4 1K B ¥SI¥15 HNMR-1 end.als

DFILE 15 HNMR-1 end.als
COMNT single_pulse
DATIM 2019-06-10 10:37:18 OTBDPS
OBNUC 1H
EXMOD single_pulse.ex2
OBFRQ 500.16 MHz
OBSET 2.41 KHz | 3
OBFIN 6.01 Hz g
POINT 13107 o
FREQU 7507.39 Hz
SCANS 8
ACQTM 1.7459 sec
PD 5.0000 sec MeO W N
PW1 5.95 usec \“ 8]
IRNUC 1H . | o
CTEMP 2l4c 5]
SLVNT CDCL3 ® O DMB
EXREF 7.26 ppm
BF 0.10 Hz 1 5
RGAIN 24
©
<
. %
3
v} I
$0 o
N o & = px
. o
{ { g / 2 z 5 g7 &
- = — — -
S
/ AT R Ot
) b U P JL LJL. ) A
PPM
T T T T T T T T T T T T T T T T T I
10 0
T T M/ [erredl %% AT |
B B b b e R R R R I e b L E e R R R R I b bt p e e it R R bt et g
DOOWOFFFONOMMMONMNMANNN~OFFITTIOOLOLORD~CHNNR == == =D OOV ONVOLO NV FITFNNN~~—~OCO <
B T e = 0 B 0 b= B B B B = B [ (=t B = 0= (= (0 G G G GO B B BB B BB I T F F M 303 0 0303030303 030503 03 03 03 N O AN O O O AN ot ot ot od o ol et e e o el et ¢
C:¥UsersYuser¥Documents¥NMRT —Z¥NMR data¥R1 M174/L-5¥. ¥SI¥15 CNMR-1 end.als
DFILE 15 CNMR-1 end.als
COMNT single pulse decoupled gated NOE
DATIM 2019-06-10 11:04:01
OBNUC
EXMOD single_pulse_dec
OBFRQ 125.77 MHz
OBSET 7.87 KHz
OBFIN 4.21 Hz
POINT 26214
FREQU 31446.06 Hz
SCANS 516
ACQTM 0.8336 sec
PD 2.0000 sec
PW1 3.07 usec
IRNUC 1H
CTEMP 21.3¢
SLVNT CDCL3
EXREF 77.16 ppm
BF 0.10 Hz
RGAIN 56
1 -
PPM
T T I T T T T T T T T T T T T T T T T T T T
200 150 100 50
- wnw DODNORVOO™M N o w0 — —
5 38 Sgesssas 25 2 & 23585% 520838838 ERE 8 18
g 23 SE83I888 28 ER EEEEeE segsdddas 888 8§ 2%
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C:¥Users¥user¥Documents¥NMRF —Z¥NMR data¥R1 M17 /L5 ¥4 7 B ¥SI¥S4 crude.als

DFILE S4 crude.al
COMNT sin;l!:pteﬂges OTBDPS

DATIM 2018-10-24 16:46:13
1H

OBNUC

EXMOD single_pulse.ex2

OBFRQ 500.16 MHz

OBSET 2.41 KHz

OBFIN 6.01 Hz Kt

POINT 13107 o

FREQU 7507.39 Hz

SCANS 8

ACQTM 1.7459 sec H_ . E
PD 5.0000 sec N N o
PW1 5.95 usec ) 1
IRNUC IH

CTEMP 2.1 ¢ O DMB -

SLVNT CDCL326 2

EXREF 7.26 ppm 2

BF -0.10 Hz S4

RGAIN 52

8.79

before column chromatography

5.97

3.10

L . 100
-

P ~_ 121
f-— 265
E — 104
é\\s‘zs

2.75

PPM

=
=]
o
0o —

GO

—

% -
235 —
2739 —|
2.720 — |
2.070 —~_|
2.045 — |

1.848 —

D MWD~ RONOD w O WO~ 0 -0 N D
o~ ORI —~OXVI-OOMN [ r o] ND W MO WO-ID DN WO
~ LEOANAMNNNN ] ] KXOEQEORN R0 Soa6 WA SRR
o S e e e Y- pe 06 PR R e R K R K] PP - pa o e

-0.002 —F=—
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C:YUsers¥user¥Documents¥NMRT

—Z¥NMR data¥R1 M17 #/L5¥

16 HNMR-1lend’.als ]
single_pulse o~
2018-1 1-07 20:04:27

smg]e,pulse ex2
6 MHz
2.41 KHz
6.01 Hz
13107
7507.39 Hz
8

4.35
T

1.7459 sec
5.0000 sec
5.95 usec

219¢c
CDCL3
7.26 ppm
0.12 Hz
44

— 105
— 228

¥SI¥16 HNMR-1lend’.als

OTBDPS

11.04

3.50

3.00

=l
8

——

— 104
X
~— 160
—_— 208
— 113

S L14

JJMM

T T 1

PPﬂ

o—

9.477 L
9.470 — —

SN /\ M%WM%/%J///%N\
COW A~ TOWOD M DO TODONTOT RN TDNNONO OO T M= =N D00 —— D -
AIIOLODWIT BN SORINRICADVOORTNONDD MO F O~ —~0D nmmnq--«rooomvmommaoh =
QAN RONN== T USSR OAQQARQOOORNVNDRAQNEOONRQRNRQOQOANNmSOO0 <
[l el ol ol e e ©0 w0 WLV TFFOMOMNMMMMM M AN NN N NN~~~ —‘—‘—‘—‘—‘—"—"—"—‘—‘—‘—‘OOQ o
C:YUsersYuser¥DocumentsYNMRF —#¥NMR data¥R1 M172- )V 4 ¥4 T-ZE 1 ¥SI¥16 CNMR4 end.als
DFILE 16 CNMR4 end.als
COMNT single pulse decoupled gated NOE
DATIM 2019-06-28 03:09:17
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 7200
ACQTM 0.8336 sec
PD 2.0000 sec
PW1 3.07 usec
IRNUC 1H
CTEMP 20.8 ¢
SLVNT CDCL3
EXREF 77.16 ppm
BF 0.10 Hz
RGAIN 56
v !
PPM
T ‘ T T T T T T T [ T T T T ] T T T
200 1:10 100 50
o = o~ Lo N DMRNT =D T DNE=AOD = ®
= -] =) SOS N CASONR R VANV S 3
: 3 S S=S BNTNOR T B~BRRSS = 2
2 & ) ~—S S SIS 8 OB E o S
S i) & [ Sy S COWBWBOI F MOHONNA —
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C:¥Users¥user¥Documents¥NMR7*—Z¥NMR data¥R1 M174/L- &Y. ¥SI¥18a HNMR benzene-1-1 end.als
DFILE 18a HNMR benzene-1-1 end.als
COMNT  single_pulse OTBDPS
DATIM 2019-06-13 21:04:18
OBNUC  1H
EXMOD single_pulse.ex2
OBFRQ 6 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 g
PWI1 5.95 usec MeO d o
IRNUC 7
CTEMP 70.0 ¢ N
SLVNT C6D6
EXREF 7.24 ppm o
BF 0.10 Hz by
RGAIN 42
]
-
< 2 2
o = o
z Uz 5 3 5. R
8 s 8 2 P § 5 O8F
[ [ ]7 I
!
"
PPM
T T T T T T T T T T T T T T T
0 %/MM\ NI AT T
ml\ﬂNO\ﬂmﬂ‘Ol‘Nwmﬂ‘lﬂN@O - = O~ fal > rd DVO MO w0 w LN M - © MO~ WO T O
NN A FONRO-NOOFTN =3 O H o |, D~ 000w o = o~ DO W T WON O N
SRREBHNNIZERGEREIE 8 2%e S¥R ESSSY S8 = Saa g NBRONBIND
o=~ - O WO OOWWOO w0 ARk AR MmMmMmmm "|mm N e - ococooooCo

C:YUsersYuser¥Documents¥NMR7" —

BF
RGAIN

18a CNMR benzene-1-1 end.als
single pulse dc(,()upled gated NOE
2019-06-14 06:
13C
single_pulse_dec
125.77 MHz
7.87 KHz
4.21 Hz
26214
31446.06 Hz
12000
0.8336 sec
2.0000 sec
3.07 usec

128.06 ppm
0.10 Hz
54

HZ¥NMR data¥R1 M17 3 /V 5 ¥4 F-SEHIYSI¥ 18

CNMR benzene-1-1 end.als

PPM

37.856 —~_|

37.551 — |

27497 — [

29.958 — |
19.714 —

65.784 —
62.513 —
45.801 —
42,349 —
30.349 —_|
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C:YUsersYuserYDocuments¥NMRF — X ¥NMR data¥R1 M17 /L4 ¥4 12 ¥SI¥18b HNMR-1 end.als

DFILE 18b HNMR-1 end.als
COMNT single_pulse OTBDPS
2019-06-06 20:26:35
1H
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 Meo

19.9¢
CDCL3
7.26 ppm
0.10 Hz
40

1H

RGAIN

6.16

5.94

S~ 4.00
— L12
N~ 1.20

—_ 159
~ L4

M_JL_

PPM

T T T T T T

T T T ] T T T

E
S

1D 00 00
D0 =
S

C:YUsers¥user¥Documents¥NMRF —Z¥NMR data¥R1 M17 4L 4 ¥4 74 ¥S1¥18b CNMR-2 end.als

DFILE 18b CNMR-2 end.als
COMNT single pulse decoupled gated NOE
DATIM 2019-06-07 05:57:38

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 12000
ACQTM 0.8336 sec
PD 2.0000 sec
PW1 3.07 usec
IRNUC 1H

CTEMP 20.1¢
SLVNT CDCL3
EXREF 77.16 ppm
BF 0.10 Hz
RGAIN 58

PPM
T T T T T T T T T T T | T T T T I T T T T

- /\ - ////N\\/\\Hm /4\\\” (I\SOI 11T |

o O~ OTONOWVNO NWW —— —
IS SRR EERED 9SS 3T 233288 =2 s e 833 3 2I2y
™~ 1 QSQUISONN NN NER QN ETm Aot O & B =) =~ VO e N {I=2
og = LT NOSROP ==t NSX F oo D=t O Fed F ~ B3 w 5 ) R D

i SS9 8NaNSS 225 588 EEERESE 2 BRE ¢ 8 J8K =
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DFILE 19a HNMR end’.als
COMNT single_pulse OH
DATIM 2019 06 14 22:02:15
OBNUC
EXMOD sm(,lc,pulse ex2 |
OBFRQ 500.16 MHz
OBSET 2.41 KHz o
OBFIN 6.01 Hz
POINT 13107
FREQU 7507.39 Hz
SCANS 24
1.7459 sec
5.0000 sec
5.95 usec Meo
1H S
19.9¢ <
CDCL3
7.26 ppm s D
0.10 Hz E o Q= w
48 o) = R
]
:ﬁ
g 3 g
NN o~
. / e =3 [ g % 5 8 3
= ] - = - =
M |
PPM
T T T T T T T T T ‘ T T T I
0 2 0
ORI NTOORONTRNNR-NOONRO—=NNOD SN OO —00D0 D=0 =3 N =m
I RC I NIRRT RRGRIZIL RS —'\xmo B DL =D 10D D N I O ©3
Lo®nin : : TSR T TSRS SGRRISANS SRR COS0RONN BB HNCRBEENBAN—BB B3 SS
WIGLDLGU'}LQTT‘“I'"T‘ TN MMMMMNMM AN NNN— it rd el el =t = O O O O O?
C:¥Users¥user¥DocumentsYNMRF —Z¥NMR data¥R1 M17 4/ 5 ¥4 75 B ¥SI¥19a CNMR.als
DFILE 19a CNMR.als
COMNT single pulse decoupled gated NOE
DATIM 2019-06-15 07:18:12
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 11674
ACQTM 0.8336 sec
PD 2.0000 sec
PWI1 3.07 usec
IRNUC 1H
CTEMP 21.6 ¢
SLVNT CDCL3
EXREF 77.16 ppm
BF 0.10 Hz
RGAIN 56
PPM
T I T T T T | T T T T I T T T T | T T T T
200 150 10 50
N ///?/?M W] NN AN T/
=] e N T OO NNH ~ O NP ONDDNND N = D =
B SER $% 3 3 SRR R EE BRI REE e & B8
g 288 52 ¥ g SERESd 2SnREsEIssaRRRRANT = Ao
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C:¥Users¥user¥Documents¥NMRT —Z¥NMR data¥R1 M17 4L ¥& 73 H¥SI¥19 mix HNMR-2-2 end.als
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¥S1¥19 mix CNMR -1 end.als

C:¥Users¥user¥Documents¥NMR7 — X ¥NMR data¥R1 M174/L7¥

Jllll‘lﬂlml |

single pulse decoupled gated NOE
2019-06-08 07:25:05

19 mix CNMR -1 end.als
13C

DFILE
COMNT
DATIM
OBNUC

single_pulse_dec
125.77 MHz
7.87 KHz
4.21 Hz
26214
31446.06 Hz
10991
0.8336 sec
2.0000 sec
3.07 usec

EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD

PW1

|

oot

IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

u

Ll

PPM

|

|

25

1 (AN N

T

75
gty

TR

125
FTRRTRET "

A A

u

280
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C:¥Users¥user¥Documents¥NMRF —Z¥NMR data¥R1 M17 /L 2¥ ¥SI¥ent-quinine HNMR-1 end.als

DFILE ent— qumlne HNMR-1 end.als
COMNT single_pul
DATIM 2019 06- 28 07:33:25

OBNUC oW
EXMOD slng]e,pulse ex2
OBFRQ 500.16 MHz
OBSET 2.41 KHz
OBFIN 6.01 Hz
FREQU 750730 H
o Z
SCANS 8 MeO
ACQTM 1.7459 sec
PD 5.0000 sec
PW1 5.95 usec
IRNUC H
CTEMP 202 ¢
SLVNT ~ CDCL3 .
EXREF 1.26 pom synthetic unnatural
.10 Hz P
RGAIN 40 (+)-quinine (2)

3.06

— 220
— 27

—_ 121
T 328
— 219

100
099
— 102

1.0:
— 09
— 18
— 12
—_— 207

, . NAJJ |

PPM

T T T T T T T I T T T l

0 2 0
/h (%mﬁ%%&ﬁﬁ ﬂff???%ﬁf?ﬁ%ﬁKFLT?%%%%%%%%%?%ZJJ z%éﬁ M
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C:YUsers¥user¥Documents¥YNMRF —#¥NMR data¥R1 M17 4V ¥& 7 ¥SI¥ uinine HNMR end.als

DFILE K#quinine HNMR end.als
COMNT single_pulse
DATIM 2019-07-09 11:45:25

IH

OBNUC

EXMOD single_pulse.ex2

OBFRQ 500.16 MHz

OBSET 2.41 KHz

OBFIN 6.01 Hz

POINT 13107

ggiﬁg 7507é39 Hz

ACQTM 1.7459 sec Meo

PD 5.0000 sec

PW1 5.95 usec

IRNUC 1H

CTEMP 209 ¢

SLVNT CDCL3

EXREF 7.26 ppm .
BF 010 Hz natural (-=)-quinine (1)
RGAIN 42
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C:¥Users¥user¥Documents¥NMRF —#¥NMR data¥R1 M174-/L-2 ¥4 7% B ¥SI¥ent-quinine CNMR-1 end.als

DFILE ent—quinine CNMR-1 end.als
COMNT single pulse decoupled gated NOE

DATIM 2019-06-28 07:48:32
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 M O
ACQTM 0.8336 sec
PD 2.0000 sec e
PW1 3.07 usec
IRNUC 1H
CTEMP 205¢
SLVNT CDCL3
EXREF 77.16 ppm
BF 0.10 Hz 1
LR b synthetic unnatural
(+)-quinine (2)
PPM
T T | T T T T | T T T T [ T T T T | T T T T
200 150 100 50
2 23F 25538 8 3385 %38 38 8% 3
B gs3d g8 9% & SEES  grg 2% X% =
C:¥Users¥user¥DocumentsYNMRZ — Z¥NMR data¥R1 M1 7 4-/V 2/ ¥4 T-FE B ¥SIY K #quinine CNMR end.als
DFILE (#Rquinine CNMR end.als
COMNT single pulse decoupled gated NOE
DATIM 2019-07-09 09:48:28
OBNUC 13C
EXMOD single_pulse_dec
OBFRQ 125.77 MHz
OBSET 7.87 KHz
OBFIN 4.21 Hz
POINT 26214
FREQU 31446.06 Hz M
SCANS 686
ACQTM 0.8336 sec eo
PD 1.0000 sec
PW1 3.07 usec
IRNUC 1H
CTEMP 22.6¢c
SLVNT CDCL3
EXREF 77.16 ppm ..
BF 0.10 Hz natural (-=)-quinine (1)
RGAIN 50
PPM
T T | T T T T | T T T T I T T T | T T T T
200 15! 100 50
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C:¥Users¥user¥DocumentsYNMR7 —Z¥NMR data¥R1 M17 4 /L4’ ¥4 - B ¥SIYepi-quinine HNMR end.als

DFILE epi-quinine HNMR end.als |

COMNT single_pulse

DATIM 2019-06-21 15:40:31 \
OBNUC 1H Y
EXMOD single_pulse.ex2

OBFRQ 500.16 MHz

OBSET 2.41 KHz

OBFIN 6.01 Hz

POINT 13107

FREQU 7507.39 Hz

SCANS 8 MeO

ACQTM 1.7459 sec

PD 5.0000 sec

PW1 5.95 usec

IRNUC 1H

CTEMP 204 ¢

SLVNT CDCL3

EXREF 7.26 ppm _\-O-ani-atlini

X 1.26 por (—)-9-epi-quinine (3)
RGAIN 28 o
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C:¥Users¥user¥Documents¥NMRZ"—#¥NMR data¥R1 M17 4 /L4 ¥4 ¥%=— R¥SI¥epi quinine CNMR end.als
DFILE epi quinine CNMR end.als
COMNT single pulse decoupled gated NOE
DATIM 2019-06-28 07:25:31
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 20.5¢
SLVNT CDCL3
EXREF 77.00 ppm
BF 0.10 Hz
RGAIN 58
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=== Shimadzu LabSolutions Report ===

Sample Name < kini unnat 10 th
Sample ID : kaneko
Data Filename < kini unnat 10 ih.led
Method Filename : 10%iPrOH-Hex-floe0.25.lem
Batch Filename 3
Vial# 111 Sample Type 1 —’m
Injection Volume 120 ul.
Date Acquired :2019/07/16 19:41:38  Acquired by : System Administrator
Date Processed :2019/07/16 21:02:24  Processed by : System Administrator
<Chromatogram>
mAU
§ 2 PDA Multi 1 235nm,4nm
300~ | [
. MeO
200 \
| synthetic unnatural \
| (+)-quinine (2)
1004 After recrystallization
] N
J /e =]
0+——— P —_— S
T T T T l T T T T I T T T T ‘ T T | T | T T T I T T
0 10 20 30 40 50 60 70
min
<Peak Table>
PDA Chl 235nm
Peak# | Ret. Time Area Height Conc. Name
1 32.659| 144074762 313968 100.000
IEV 144074762 313968
mAU
1 3 PDA Multi 1 235nm,4nm|
1 =
1500
_ MeO
1000
] natural (-)-quinine (1)
500
| “
0 N o —
————— [ T [ T T[T T T T T T T
0 10 20 30 40 50 60 70
min
<Peak Table>
PDA Chl 235nm _
Peak# | Ret. Time Area Height Conc. Name
1 19.763| 351504692 1750259 100.000
IGEV 351504692 1750259
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