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A. General Information

All the starting materials were obtained from commercial sources and used without
further purification unless otherwise stated. *H and *C NMR spectra were recorded on a
Bruker ACF300 or AMX500 (500 MHz) spectrometer. Chemical shifts were reported in parts
per million (ppm), and the residual solvent peak was used as an internal reference: proton
(chloroform & 7.26), carbon (chloroform & 77.0). Multiplicity was indicated as follows: s
(singlet), d (doublet), t (triplet), q (quartet), m (multiplet), dd (doublet of doublet), br s
(broad singlet). Coupling constants were reported in Hertz (Hz). Low resolution mass spectra
were obtained on a Finnigan/MAT LCQ spectrometer in ESI mode. All high resolution mass
spectra were obtained on a Finnigan/MAT 95XL-T spectrometer. Melting point (M.P.) was
mearsured using BUCHI Melting Point B-540. For thin layer chromatography (TLC), Merck
pre-coated TLC plates (Merck 60 F254) were used, and compounds were visualized with a
UV light at 254 nm. Further visualization was achieved by staining with iodine, or ceric
ammonium molybdate followed by heating on a hot plate. Flash chromatographic

separations were performed on Merck 60 (0.040-0.063 mm) mesh silica gel.

B. Preparation of Isatin Ketals.

O
RO OR
HC(OEt)3, TsOH
> O
N ROH, reflux, 3 h N
H H
la 1b R = Me,
1c R=Et

Isatin 1a (441.3 mg, 3 mmol) was suspended in alcochol (ROH, 15.0 mL) at room
temperature under an atmosphere of argon. Triethyl orthoformate (0.5 mL, 3 mmol) and
p-toluenesulfonic acid monohydrate (28.5 mg, 0.15 mmol) were added and the reaction
mixture was brought to reflux for 3 h. At the end of the reaction, excess solvent was
removed and the residue was purified by flash chromatography (hexane/ethyl acetate 2:1)

to provide ketals 1b or 1c as a white solid.

MeQ OMe 62% yield, a white solid; M.P. 74.7 °C; *H NMR (500 MHz, CDCl;) 6 3.57 (s,

O 6H),6.92(d,J=7.6Hz, 1H), 7.06 (t, J = 7.6 Hz, 1H), 7.29 (t, / = 7.6 Hz, 1H),
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7.39 (d, J = 6.9 Hz, 1H), 9.24 (br s, 1H); 3C NMR (125 MHz, CDCl;) & 50.81, 97.45, 111.06,
122.63, 124.98, 125.02, 130.70, 140.62, 173.39; HRMS (ESI) m/z calcd for CioH1oNO3 [M-H]

=192.0666, found =192.0659.

EtO OEt 56% yield, a white solid; M.P. 92.4 °C; 'H NMR (500 MHz, CDCl3) 6 1.24 (t,
O J=7.0Hz 6H), 3.72-3.83 (m, 2H), 3.90-3.96 (m, 2H), 6.91 (d, J = 7.6 Hz,

N
H 1H), 7.04 (t, J=7.6 HZ, 1H), 7.28 (t, J=6.3 HZ, 1H)’ 7.39 (d’ /=76 HZ, 1H),

1c

9.11 (br s, 1H); *C NMR (125 MHz, CDCl;) § 15.24, 58.89, 97.36, 110.93,
122.62, 125.03, 125.87, 130.47, 140.53, 173.90; HRMS (ESI) m/z calcd for C;,H14NOs [M-H]

=220.0979, found =220.0975.

0 o/\|

T Ethylene glycol, TsOH AN O
R O > R o)
Z =N toluene, reflux, 3 h "N

H
1d - 1i

Isatin (3 mmol) was suspended in toluene (15.0 mL) at room temperature under an
atmosphere of argon. Ethylene glycol (0.2 mL, 3.6 mmol) and p-toluenesulfonic acid
monohydrate (28.5 mg, 0.15 mmol) were added and the reaction mixture was brought to
reflux for 3 h. At the end of the reaction, excess solvent was removed and the residue was

purified by flash chromatography (hexane/ethyl acetate 2:1) to provide ketals.

O/\| 82% vyield, a white solid; M.P. 133.4 °C; 'H NMR (500 MHz, CDCl3) 6

o)
O\);O 4.29-4.36 (m, 2H), 4.53-4.60 (m, 2H), 6.82 (d, J = 7.6 Hz, 1H), 7.05 (t, J =
N

H 7.6 Hz, 1H), 7.27-7.30 (m, 1H), 7.35 (d, J = 7.6 Hz, 1H), 8.76 (br s, 1H); **C
1d NMR (125 MHz, CDCl;) 6 65.82, 102.40, 110.80, 123.28, 124.38, 125.05,
131.61, 141.87, 175.84; HRMS (ESI) m/z calcd for CioHsNO3; [M-H]” = 190.0510, found =

190.0501.
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o] 80% yield, a white solid; M.P. 179.3 °C; 'H NMR (500 MHz, CDCLs)5
C|\©f<;0 4.29-4.35 (m, 2H), 4.51-4.58 (m, 2H), 6.77 (d, J = 8.2 Hz, 1H),
N 7.26-7.28 (m, 1H), 7.32 (d, J = 2.6 Hz, 1H), 8.61 (br s, 1H); °C NMR

1t (125 MHz, CDCl;) § 65.98, 102.04, 111.81, 125.65, 126.07, 128.69,

131.48, 140.21, 175.40; HRMS (ESI) m/z calcd for CioH,CINO; [M-H]" = 224.0120, found =

224.0122.

Oﬁ 86% yield, a white solid; M.P. 174.5 °C; 'H NMR (500 MHz, CDCl;) &
F\@\)/Qo 4.29-4.36 (m, 2H), 4.53-4.59 (m, 2H), 6.77 (dd, J = 4.4 Hz, 6.3 Hz, 1H),
N 7.00-7.04 (m, 1H), 7.09 (dd, J = 2.6 Hz, 7.6 Hz, 1H), 8.11 (br s, 1H); ©*C

19 NMR (125 MHz, CDCl;) & 65.96, 102.12, 111.36, 111.42, 113.04,

113.24, 117.97, 118.16, 125.92, 125.99, 137.57, 158.38, 160.31, 175.40; HRMS (ESI) m/z

calcd for CyoH,CINO; [M-H] = 208.0415, found = 208.0414.

o/\| 82% yield, a white solid; M.P. 160.5 °C; *H NMR (500 MHz, CDCl;) &

MeO @)
o 3.76 (s, 3H), 4.29-4.35 (m, 2H), 4.53-4.60 (m, 2H), 6.73 (d, J = 8.3 Hz,
N

N 1H), 6.82-6.84 (m, 1H), 6.94 (d, J = 2.6 Hz, 1H), 8.53 (br s, 1H); 3C
1h NMR (125 MHz, CDCl;) &6 55.84, 65.89, 102.70, 111.21, 111.47,
117.12, 125.38, 135.08, 156.34, 175.85; HRMS (ESI) m/z calcd for CiHioNO, [M-H] =

220.0615, found = 220.0613.

O/\‘ 85% vyield, a white solid; M.P. 143.1 °C; "H NMR (500 MHz, CDCl;) &

M O
e\©\)<go 2.30 (s, 3H), 4.29-4.35 (m, 2H), 4.53-4.60 (m, 2H), 6.71 (d, J = 7.6 Hz,
N

H 1H), 7.09 (d, J = 8.2 Hz, 1H), 7.18 (s, 1H), 8.25 (br s, 1H); *C NMR
1 (125 MHz, CDCl5) 6 20.91, 65.82, 102.50, 110.46, 124.31, 125.75,
131.92, 132.98, 139.31, 175.53; HRMS (ESI) m/z calcd for C11H1oNO; [M-H] = 204.0666,

found = 204.0665.

C. Representative Procedure.

4f-Catalyzed addition of 1d to enal 2a.
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A®
N ores
o/\\ H F o/\\

o 1) 4f (20 mol %) o

[v)
0O+ \/\/\CH N32CO3 (100 mol A)) N (0]

N O 2)NaBH,, MeOH OH
1d H 2a /\)\/\
3a

Isatin ketal 1d (38.2 mg, 0.2 mmol), Na,CO; (21.2 mg, 0.2 mmol) and 4f (16.1 mg, 0.04
mmol) were suspended in CHCl; (1.0 mL) under an atmosphere of argon. Enal 2a (46.4 uL,
0.4 mmol) was added and the reaction mixture was stirred at room temperature for 3 d. At
the end of the reaction, the mixture was directly subject to a short pad of silica gel with
dichloromethane as eluent to get crude product, which was then dissolved in MeOH (2 mL)
and cooled to 0 °C. NaBH, (22.8 mg, 0.6 mmol) was added and the reaction was stirred at 0
°C for 15 min. The reaction solution was quenched by addition of 0.5 N HCI. The resulting
mixture was extracted with EtOAc several times (5 mLx3) and combined. Removal of the
organic phase and purification of the residue by flash chromatography (hexane/ethyl

acetate 2:1) afforded 3a as a colorless oil (42.5 mg, 73% yield).

Conversion of chiral isatin ketal 3 to indole 6.

o ]
O A
R'—\ o 1) 8N HCI, MeOH R I N
"N 2) BHySMe, Z >N

Y/ OH o o~ "

3 Rl R'

Isatin ketal 3 (0.1 mmol) was dissolved in MeOH (1.0 mL) and cooled to 0 °C, 8N HCI (1.0
mL) was then added and the resulting solution was stirred at room temperature for 16 h.
The reaction was then extracted with EtOAc (5 mLx3). The combined organic phases were
dried over anhydrous Na,SO,; and then concentrated under reduced pressure. The red
residue was then dissolved in THF (1.0 mL) under an atmosphere of argon and cooled to 0

°C, BH3-SMe, (0.3 mL, 2 M solution in THF) was then added and the resulting solution was
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stirred at room temperature for 12 h. MeOH (0.5 mL) and 1N HCI (2 mL) was added at 0 °C
to quench the reaction and the mixture was extracted with EtOAc (5 mLx3). Removal of
the organic phase and purification of the residue by flash chromatography (hexane/ethyl

acetate 2:1) afforded indole 6 as a colorless oil.

Diverse indole synthesis.

0 R R
1) x equiv. RMgBr \>
Ejg:o 2) BHz-SM - m o N )
3roMe;
/\SJ o /\)\f o /\)\F >

5a 7R=Me,x=22,78%yield 9 R=Me, x=8,72% yield
8 R=Ph, x=22,65%yield 10 R =Ph, x =8, 55% yield

Preparation of 7, 8: 5a (49.5 mg, 0.2 mmol) in THF (2.0 mL) was cooled to 0 °C under an

atmosphere of argon. Grignard reagent (0.44 mmol) was added in a dropwise manner.
After stirring at 0 °C for 1 h. The reaction was quenched by addition of 1N HCl and the
mixture was extracted with EtOAc (5 mLx3). The combined organic phases were dried over
anhydrous Na,SO,, filtered and concentrated to give the crude 3-hydroxy oxindole
intermediate, which was then dissolved THF (1.0 mL) and cooled to 0 °C. BH5-SMe, (0.5 mL,
2 M solution in THF) was added to the reaction solution, and the resulting reaction solution
was stirred at 0 °C to room temperature for 12 h. MeOH (0.5 mL) and 1N HCI (3 mL) were
added at 0 °C to quench the reaction and the mixture was extracted with EtOAc (6 mLx3).
Removal of the combined organic phase and purification of the residue by flash

chromatography (hexane/ethyl acetate 2:1) afforded indole 7 or 8 as a colorless oil.

7: A colorless oil; *H NMR (300 MHz, CDCl3) § 0.87 (t, J = 7.3 Hz, 3H), 1.08-1.28 (m, 2H),
1.73-1.99 (m, 2H), 2.00-2.12 (m, 2H), 2.35 (d, J = 1.0 Hz, 3H), 3.21-3.29 (m, 1H), 3.46-3.53
(m, 1H), 4.49-4.58 (m, 1H), 6.91 (s, 1H), 7.07-7.12 (m, 1H), 7.16-7.21 (m, 1H), 7.37 (d, J =
13.7 Hz, 1H), 7.55-7.58 (m, 1H); *C NMR (75 MHz, CDCl5) § 9.76, 13.80, 19.52, 38.11, 38.40,
52.07, 59.37, 109.21, 111.03, 118.45, 118.95, 121.27, 121.67, 128.32, 137.04; HRMS (ESI)

m/z calcd for CisH,,NO [M+H]" = 232.1696, found =232.1699.

S6



8: A colorless oil; "H NMR (300 MHz, CDCls) § 0.89 (t, J = 7.1 Hz, 3H), 1.14-1.31 (m, 2H),
1.83-2.04 (m, 2H), 2.08-2.16 (m, 2H), 3.28-3.36 (m, 1H), 3.52-3.59 (m, 1H), 4.61-4.71 (m,
1H), 7.16-7.33 (m, 4H), 7.43-7.50 (m, 3H), 7.70 (dd, J = 1.2 Hz, 8.3 Hz, 2H), 7.97 (dd, J = 1.2
Hz, 7.6 Hz, 1H); *C NMR (75 MHz, CDCl5) & 13.80, 19.52, 38.05, 38.35, 52.40, 59.18, 109.81,
117.56, 119.86, 119.96, 121.83, 121.97, 125.73, 125.85, 127.28, 128.72, 135.68, 137.61;

HRMS (ESI) m/z calcd for CyoH2NO [M+H]* = 294.1852, found =294.1855.

Preparation of 9, 10: 5a (49.5 mg, 0.2 mmol) in THF (1.0 mL) was cooled to 0 °C under an

atmosphere of argon. Grignard reagent (1.60 mmol) was then added in a dropwise manner.
After stirring at 0 °C for 2 h. BH3;-SMe, (0.5 mL, 2 M solution in THF) was added to the
reaction solution, and the resulting reaction solution was stirred at 0 °C to room
temperature (1h for MeMgBr, 6h for PhMgBr). MeOH (0.5 mL) and 1N HCI (3 mL) were
added at 0 °C to quench the reaction and the mixture was extracted with EtOAc (6 mLx3).
Removal of the combined organic phase and purification of the residue by flash

chromatography (hexane/ethyl acetate 2:1) afforded indole 9 or 10 as a colorless oil.

9: A colorless oil; 'H NMR (500 MHz, CDCl;)  0.87 (t, J = 7.3 Hz, 3H), 1.05-1.11 (m, 1H),
1.22-1.28 (m, 1H), 1.52 (br s, 1H), 1.77-1.84 (m, 1H), 2.00-2.07 (m, 1H), 2.27-2.29 (m, 4H),
2.38 (s, 3H), 2.46-2.51 (m, 1H), 3.19-3.24 (m, 1H), 3.46-3.50 (m, 1H), 4.45-4.51 (m, 1H),
7.07-7.11 (m, 2H), 7.41 (t, J = 4.4 Hz, 1H), 7.52 (t, J = 4.4 Hz, 1H); **C NMR (125 MHz, CDCl,)
5 9.09, 10.85, 13.98, 20.09, 36.25, 36.34, 52.54, 59.61, 105.89, 111.21, 118.23, 118.27,
119.90, 129.79, 133.78, 133.87; HRMS (ESI) m/z calcd for CiH,sNO [M+H]* = 246.1852,

found =246.1859.

10: A colorless oil; *H NMR (500 MHz, CDCl3) 6 0.83 (t, / = 7.3 Hz, 3H), 1.11-1.19 (m,
1H), 1.23-1.32 (m, 2H), 1.86-1.93 (m, 1H), 2.03-2.09 (m, 1H), 2.26-2.34 (m, 1H), 2.50-2.57
(m, 1H), 3.35-3.40 (m, 1H), 3.43-3.48 (m, 1H), 4.33-4.39 (m, 1H), 7.15-7.20 (m, 2H),
7.24-7.29 (m, 5H), 7.33-7.40 (m, 5H), 7.61 (d, J = 8.1 Hz, 1H), 7.82 (d, J = 7.6 Hz, 1H); 3C

NMR (75 MHz, CDCl;) 6 13.91, 19.97, 29.65, 36.53, 53.43, 59.74, 112.27, 115.15, 119.87,
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119.96, 121.58, 121.97, 125.39, 127.97, 128.21, 128.38, 129.85, 131.63, 132.48, 134.51,

135.04, 138.94; HRMS (ESI) m/z calcd for CogHpsNO [M+H]* = 370.2165, found =370.2168.

1) MsCl, Et3N KOtBu
A\ —— N — A\
2) Nal, acetone THF, RT
/\5\/\OH o /\5\/\| /\5\/
11

6a 12
91% ee 95% yield 93% yield, 91% ee

Preparation of 11: Indole 6a (20.3 mg, 0.1 mmol) was stirred in CH,Cl, (1.0 mL) at 0 °C

under an atmosphere of argon. EtsN (35 pL, 0.25 mmol) and MsCl (12 pL, 0.15 mmol) was
added and the reaction solution was stirred at 0 °C for 15 min. The reaction was directly
subject to a short pad of silica gel with dichloromethane as eluent. Removal of the solvent
afforded the crude mesylated product, which was used for next step without further
purification. The crude product was then dissolved in acetone (3.0 mL), followed by
addition of Nal (74.5 mg, 0.5 mmol). The resulting reaction mixture was brought to reflux
for 3 h. At the end of the reaction, the reaction solution was concentrated and purified by
flash chromatography (hexane/CH,Cl, 10:1) to provide indole 11 as a colorless oil (29.7 mg,

95% vyield for two steps).

11: A colorless oil; "H NMR (500 MHz, CDCl5) § 0.86 (t, J = 7.6 Hz, 3H), 1.10-1.14 (m, 1H),
1.20-1.26 (m, 1H), 1.78-1.85 (m, 1H), 1.92-1.99 (m, 1H), 2.29-2.36 (m, 1H), 2.41-2.48 (m,
1H), 2.78-2.83 (m, 1H), 3.00-3.04 (m, 1H), 4.49-4.55 (m, 1H), 6.57 (d, J = 3.2 Hz, 1H),
7.10-7.13 (m, 2H), 7.20-7.24 (m, 1H), 7.48 (d, J = 8.2 Hz, 1H), 7.64 (d, J = 8.2 Hz, 1H); *C
NMR (125 MHz, CDCls) & 2.37, 13.71, 19.43, 37.46, 39.66, 56.37, 102.33, 109.83, 119.43,

120.98, 121.48, 124.17, 128.41, 136.52; [0]*°,= -29.60 (c = 0.75, CHCl5).

Preparation of 12: Indole 11 (18.8 mg, 0.06 mmol) was stirred in THF (1.2 mL) at room

temperature under an atmosphere of argon. KO'Bu (33.6 mg, 0.3 mmol) was added and
the reaction mixture was stirred for 5 min before quenching with 1N HCIl. The resulting

mixture was extracted with EtOAc (5 mLx3). Removal of the combined organic phases and
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purification of the residue by flash chromatography (hexane/CH,Cl, 10:1) yielded indole 12

as a colorless oil (11.1 mg, 93% yield).

12: A colorless oil; *H NMR (500 MHz, CDCl;) § 0.93 (t, J = 7.6 Hz, 3H), 1.21-1.37 (m, 2H),
1.93-2.07 (m, 2H), 4.90 (dd, J = 6.3 Hz, 14.5Hz, 1H), 5.05 (dd, J = 1.3 Hz, 17.0Hz, 1H),
5.14-5.17 (m, 1H), 6.00-6.07 (m, 1H), 6.56 (d, J = 3.2 Hz, 1H), 7.10-7.13 (m, 1H), 7.17-7.22
(m, 2H), 7.37 (d, J = 8.2 Hz, 1H), 7.65 (d, J = 7.6 Hz, 1H); *C NMR (125 MHz, CDCl;) 6 13.78,
19.50, 36.40, 57.91, 101.54, 109.77, 115.91, 119.34, 120.94, 121.27, 125.00, 128.59,
136.14, 137.98; The ee value was 91%, tz (minor) = 5.55 min, tz (major) = 6.13 (Chiralcel
OD-H, A = 254 nm, 1% iPrOH/hexanes, flow rate = 1.0 mL/min);HRMS (EI) m/z calcd for

C1aHpsN (M*) = 199.1361, found =199.1362; [a]*°p= -7.38 (c = 1.00, CHCl,).

<Chromatogram:>
CLabSolutions\Data\Project NDXWW 2018R OD-H" lcd
™V 100
J DetACHI
1"‘5—_ @
1 T
w3
r‘I w
fl .
i A
504 A
] o
4 [
251 RYR
i [
A
\ y
o ~— / l N
T T T
0.0 25 50 75 10.0
min
1 Det ACh1254nm
PeakTatle
Detector A Chl 254nm
Pealg# Ret. Time Area Height Area% Height %
1 5446 1032677 64312 43.009 52349
2 5.986 1078757 5842 51.091 47.651
Total 2111434 121854 100.000 100.000

(racemic 12)
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<Chromatogram>

C:LabSolutions\Data\Project \DX W 2018C OD-H".lcd
my
J 0 Det ACh1
207 s
] i
] (!
150+ :
] \
]
100H [\
- ‘I
i | I'|
504 | \
T @ \
200\
T o \
0~ o — — f \ o
T T T T T T
0.0 25 50 75 10.0
min
1 Det ACh1254nm
PeakTatle
Detector A Chl 2540m
Peald Fet Tirne Area Height Area% Height %
1 5.49 194255 12830 4.651 5.838
2 6.125 3981047 07726 95340 94162
Totall 4176202 220606 100,000 100.000

(enantiomerically enriched 12)
The absolute configuration of 12 was determined to be R by comparison with the reported
compound[”. The absolute configurations of other chiral indoles and isatin ketal products

were assigned by analogy.

D. Analytical Data of the Products.

(R)-1'-(1-Hydroxyhexan-3-yl)spiro[[1,3]dioxolane-2,3'-indolin]-2'-one 3a

o}

3a

A colorless oil; *H NMR (500 MHz, CDCl3) & 0.89 (t, J = 7.6 Hz, 3H),
1.27-1.35 (m, 2H), 1.64-1.71 (m, 1H), 1.88-2.03 (m, 4H), 3.46-3.51
(m, 1H), 3.61 (t, J = 5.4 Hz, 1H), 4.28-4.33 (m, 2H), 4.52-4.60 (m, 2H),
6.95 (d, J = 8.2 Hz, 1H), 7.07 (t, J = 7.6 Hz, 1H), 7.30-7.33 (m, 1H),

7.36 (d, J = 7.6 Hz, 1H); ©*C NMR (125 MHz, CDCl;) & 13.68, 19.75,
33.79, 34.11, 59.03, 65.80, 65.88, 101.76, 123.05, 124.37, 125.03, 131.51, 174.51; The ee

value was 91%, tz (minor) = 25.08 min, tz (major) = 21.74 (Chiralcel ID, A = 254 nm, 10%
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iPrOH/hexanes, flow rate = 1.0 mL/min); HRMS (ESI) m/z calcd for C;¢H,:NNaO, [M+Na]" =

314.1361, found =314.1371; [0]*p= 1.48 (c = 1.03, CHCl5).

<Chromatogram>
CALabSolutions\zShimadzu\DXW 1891R 1D-10.lcd
mV 30
] Det.A Ch1
~ 2
4 - A
4 o ‘I |
4 ."n": | ‘I
4 I\ [
[ [
10 [ [
1 [ [
1 [\ | |
1 [\ [
4 | \ | \
(1 S S _ ) \_-__/_ —
o e 1 ——
10 15 20 25 30
min
1 Det.A Ch1/254nm
PeakTable
Detector A Chl 254nm
Peak# Ret. Time Area Height Area % Height %
1 22.715 785968 15890 49.672 45.462
2 25.813 796351 19062 50.328 54.538
Tota 1582319 34952 100.000 100.000
(racemic 3a)
<Chromatogram:>
ChLabhSolutions'zShimadzuhDxwWy 1891C 1D-100cd
™ 20
J [ Det A Chi
~
] it
1 I
1904 {
1 |
| [
100 |
] |
) |
) l
50 \
[\ &
f &
3 e NN
L e T B e e e o L A e e oo e T e e LI I S s o S
0 5 10 15 20 25 30 35
min
1 DetA Ch1/254nm
PeakTable
Detector & Chl 254nm
Peak# Ret Time Area Height Area% Height %
1 21.735 ga46626 184225 05 383 04 401
2 25.078 428187 10926 4.617 5.590
Total 9274812 195151 100.000 100.000

(enantiomerically enriched 3a)
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(R)-1'-(1-Hydroxypentan-3-yl)spiro[[1,3]dioxolane-2,3'-indolin]-2'-one 3b

o/\| A colorless oil; *H NMR (500 MHz, CDCl;) & 0.89 (t, J = 7.6 Hz, 3H),

O
@ﬁgzo 1.72-1.81 (m, 1H), 1.90-1.96 (m, 1H), 2.03-2.30 (m, 3H), 3.46-3.51
N

\)JOH (m, 1H), 3.58-3.63 (m, 1H), 4.27-4.32 (m, 2H), 4.51-4.59 (m, 2H),

6.94 (d, J = 7.6 Hz, 1H), 7.06 (t, J = 7.6 Hz, 1H), 7.29-7.32 (m, 1H),

3b

7.36 (d, J = 7.6 Hz, 1H); ©3C NMR (125 MHz, CDCl;) § 11.02, 24.83,

33.91, 51.02, 59.04, 65.78, 65.85, 101.76, 110.39, 123.02, 124.34, 125.01, 131.48, 174.55;

The ee value was 91%, tz (minor) = 27.60 min, tz (major) = 22.52 min (Chiralcel ID, A = 254

nm, 10% iPrOH/hexanes, flow rate = 1.0 mL/min); HRMS (ESI) m/z calcd for Ci5H1sNNaO,

[M+Na]" = 300.1206, found = 300.1209; [a.]*5= 29.73 (c = 1.20, CHCl5).

<Chromatogram>
ChLabSolutionsiz ShimadzuhDxW 1893R 1D-10 Jcd
LT
N Det.A Chi
&
y &
" [
o™
100+ { \
1 | |
|
‘} I
_ | | |
50 | \ ‘l
|
|' I" |
. N _
i . A s m e S . S A S M A A A e m S
0 5 10 15 20 25 30 35 40
min
1 Det.A Ch1/254nm
PeakTahle
Detector & Chl 25%4nm
Ret. Time Area Height Area % Height %
1 22.647 4369603 120236 49.045 53.804
2 27.261 4350441 102860 50.055 46.106
Total 0750134 223097 100.000 100.000

(racemic 3b)
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<Chromatogram>

CALabSolutions\zShimadzbDXWY 1893C 1D-10Jcd

mYy
150 = DetA Ch
1 in
p A
i I
1 |
100+ M
: |
] ||
504 ‘ ||
| | ’
| o™
- | (=]
| \ o
_ I\ K
— I M_A— —
— — — e ———— — |
0 ] 10 15 20 25 30 35
min
1 DetA Ch1/254nm
PeakTable
Detector & Chl 254nm
Pedld | Rel Time Erea Height Brea % Hegt %
] 71503 SI3013 126841 05604 05757
7 77602 15114 621 1376 7743
Total 5374627 132462 100,000 100.000

(enantiomerically enriched 3b)

(R)-1'-(1-Hydroxyheptan-3-yl)spiro[[1,3]dioxolane-2,3'-indolin]-2'-one 3¢

o 4
L
\/\)\ﬁ

3c

A colorless oil; '"H NMR (500 MHz, CDCl;) 6 0.83 (t, J = 6.9 Hz, 3H),

0.91 (t, J = 7.3 Hz, 2H), 1.25-1.40 (m, 5H), 1.53-1.59 (m, 1H),

oH 167-1.74 (m, 1H), 1.88-2.05 (m, 3H), 3.45-3.52 (m, 3H), 3.59-3.62

(m, 1H), 3.70 (t, J = 4.5 Hz, 1H), 4.27-4.32 (m, 2H), 4.53-4.58 (m,

2H), 6.94 (d, J = 7.6 Hz, 1H), 7.06 (t, J = 7.6 Hz, 1H), 7.31 (t, J = 7.6

Hz, 1H), 7.36 (d, J = 6.9 Hz, 1H); *C NMR (125 MHz, CDCl;) 6 13.81, 13.84, 19.22, 22.25,

28.59, 31.40, 31.65, 34.14, 59.00, 61.78, 65.78, 65.86, 71.05, 71.68, 101.76, 110.41, 123.02,

124.38, 125.01, 131.48, 174.47; The ee value was 91%, tz (minor) = 26.13 min, tz (major) =

21.06 min (Chiralcel ID, A = 254 nm, 10% iPrOH/hexanes, flow rate = 1.0 mL/min); HRMS

(ESI) m/z calcd for C17H,3NNaO, [M+Na]* = 328.1519, found = 328.1532; [a]**p= 2.70 (c=

1.02, CHCl3).
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<Chromatogram:

ChLabSolutions\Data\Proje ct 1\DXW 1904R 1D-10.lcd

my
150 o DetACh
- g
i ’E
| |
1 | g
1004 I P
1 | f
1 | \
] r I
o
] |' n
. J \ | \
\
D_-—.I'\.»\___ — e~ — J‘ L J \
L L L L L L L L L L
1] 5 10 15 20 25 30 35
ulyl
1 Det. ACh1254nm
PeakTahle
Detector AChl 254nm
P Ret. Tine Area Height Area % Height %
1 21.073 5372212 126578 49773 57416
2 15292 5471216 03878 50227 42534
Total 10793428 220457 100.000 100.000
(racemic 3c)
<Chromatogram:
C:iLabSolutions\D ata\Proje ct 1\DXW 1904C ID-10.led
MY 20p
] 2 Det ACHI1
| f=]
i &
] |'\
150+ I
1 [
] ‘ |
100+ }|
1 |
504 ' 1
] | g
: | o
(I U L
S e O
0 5 10 15 20 25 30
min
1 DetACh1/254nm
PeakTable
Detedor AChl 254nm
Peal## Ret. Time Area Heght Area% Height %
1 21.060 7420433 172359 95.391 95520
2 26.126 358553 3054 4.609 4480
Totall 7779036 180442 100.000 100.000

(enantiomerically enriched 3c)
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(R)-1'-(1-Hydroxy-5-phenylpentan-3-yl)spiro[[1,3]dioxolane-2,3'-indolin]-2'-one 3d

A colorless oil; '"H NMR (500 MHz, CDCl;) & 1.91-1.98 (m, 1H),

o

Ph (brs, 1H), 7.08-7.11 (m, 3H), 7.16 (t, J = 7.3 Hz, 1H), 7.22-7.26 (m,
3d

2.01-2.08 (m, 1H), 2.45 (br s, 1H), 2.55-2.64 (m, 2H), 3.47-3.52 (m,

1H), 3.62-3.64 (m, 1H), 4.30-4.36 (m, 2H), 4.55-4.63 (m, 2H), 6.91

2H), 7.32 (t, J = 7.9 Hz, 1H), 7.40 (d, J = 7.0 Hz, 1H); 3C NMR (125
MHz, CDCl5) 6 32.75, 33.60, 34.21, 58.99, 65.87, 65.94, 101.84, 123.21, 124.41, 125.16,
126.05, 128.42, 131.60, 140.98, 174.64; The ee value was 92%, tz (minor) = 19.64 min, tg
(major) = 16.07 min (Chiralcel IA, A = 254 nm, 10% iPrOH/hexanes, flow rate = 1.0 mL/min);
HRMS (ESI) m/z calcd for C1H,3NNaO, [M+Na]* = 376.1519, found = 376.1531; [a]**p= -4.10

(c = 1.53, CHCl,).

<Chromatogram>
ChLabSolutionsz ShimadzuhDXW 1834R 1A-10 lcd
my
1 o DetA Chi
50+ i< o
i "F >
| I
4 ' |
| I
([
25+ [ |
] | |
_ ' | ||
| \
i | ‘ | |
i ‘ | | l|I
| Pl
0 _ S _ e _Jr N _1" N _
T T T T T
u} a 10 19 20 28
min
1 DetA Ch1/254nm
PeakTahle
Detector A Chl 254rmm
Peald# Ret. Time Area Height Area% Height %
1 16.052 1563808 54170 40543 54.851
2 10.642 1502767 44588 50.457 45149
Total 3156666 08758 100.000 100.000

(racemic 3d)
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<Chromatogram>

'

C\LabSolutions\zS himadzuhOXW 1894C |A-10.Icd

1907 DetA Chi
g
e
100 I
] A
I
|
4 [ 1
50 || |‘
o |
35 | \
0 PR - AN [ N
T T T ' T
0 5 10 15 20
min
1 DetA Ch1/284nm
PeakTable
Detector A Chl 254nm
Pealdf Ret. Time Area Height Area % Height %
1 16.070 172807 6460 4.181 5562
2 19.640 3960312 109698 95819 94 438
Tota] 4133118 116158 100.000 100.000

(enantiomerically enriched 3d)

(S)-1'-(1-Cyclohexyl-3-hydroxypropyl)spiro[[1,3]dioxolane-2,3'-indolin]-2'-one 3e

g ]

3e

OH

A colorless oil; *H NMR (500 MHz, CDCl;) & 0.85-1.14 (m, 4H),

1.22-1.28 (m, 2H), 1.58-1.64 (m, 3H), 1.93 (s, 1H), 1.95-2.07 (m, 5H),

3.44-3.56 (m, 2H), 4.27-4.31 (m, 2H), 4.54-4.59 (m, 2H), 6.95 (br s,

1H), 7.07 (br s, 1H), 7.30-7.36 (m, 2H); *C NMR (125 MHz, CDCl5) &

13.90, 19.28, 25.70, 25.89, 26.15, 29.69, 30.82, 30.87, 31.72, 38.36,

53.70, 59.25, 61.84, 65.84, 65.95, 71.10, 71.73, 101.79, 111.23, 123.20, 124.42, 125.08,

131.54, 142.65, 174.84; The ee value was 95%, tz (minor) = 34.48 min, t; (major) = 27.24

min (Chiralcel ID, A = 254 nm, 10% iPrOH/hexanes, flow rate = 1.0 mL/min); HRMS (ESI) m/z

calcd for CioH,sNNaO, [M+Na]® = 354.1676, found = 354.1687; [a]*p= -3.51 (c = 1.13,

CHCI5).
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<Chromatogram>

C:LabSolutions'Data\Project! DWW 1905R 10-10 lcd

my
5 DetAChl
- pv_
] llﬁ
o™
7] !\ ‘9’-
J @
_ 1l \
J i , \
1 ) 1
25+ ‘ | |
J 5 '.
J ‘ |
1 | \
I I\
0+ IW\A R J i
T T T T | T T T T I T T T T | T T T T T T T T T T T T T T T T T T T T T T T | T T T T I
0 5 10 20 25 30 35 40 45
min
1 DetACh1/254nm
PeakTatle
Detector A Chl 254mm
Peale# Ret. Time Area Height Area% Height %
1 27 481 3996137 60874 50.079 58.187
2 33,302 3083505 43744 49.921 41.813
Tota] 7979641 104619 100.000 100.000
(racemic 3e)
<Chromatogram:
C:\LabSolutions\Data\Project 1N\DXWW 1905C 1D-10.Icd
mYy
{ DetACh1
1264 ®
R &
] &
100 P\
] (1
= |
1 ’ '
50 ‘|
1 [
] \
251 [ _
] | k 3
] . = —|
R T T r~r+ 1T T T T
] ) 10 15 20 25 35 40
min
1 Det ACh1254nm
PeakTahle
Detector A Chl 2%mm
Peald? Ret Time Aren Height Area % Height %
1 27.238 7444564 108671 97.337 07.559
2 34.451 203688 2710 2663 241
Total 7648252 111390 100.000 100.000

(enantiomerically enriched 3e)
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(R)-5'-Chloro-1'-(1-hydroxyhexan-3-yl)spiro[[1,3]dioxolane-2,3'-indolin]-2'-one 3f

o ]

Cl O
o)
N o4 203 (brs, 2H), 3.46-3.50 (m, 1H), 3.62 (t, J = 5.8 Hz, 1H),
/\)J 4.27-4.32 (m, 2H), 4.52-4.57 (m, 2H), 6.88 (d, J = 8.2 Hz, 1H),

3f

A colorless oil; *H NMR (500 MHz, CDCl;) 6 0.88 (t, J = 7.3 Hz,

3H), 1.25-1.32 (m, 2H), 1.62-1.70 (m, 1H), 1.87-1.94 (m, 1H),

7.26-7.29 (m, 1H), 7.33 (d, J = 1.9 Hz, 1H); 3C NMR (125 MHz,
CDCls) 6 13.65, 19.71, 33.72, 34.04, 58.97, 65.96, 66.03, 101.34, 125.58, 126.18, 128.57,
131.29, 174.04; The ee value was 89%, tz (minor) = 18.33 min, tz (major) = 15.31 min
(Chiralcel ID, A = 254 nm, 10% iPrOH/hexanes, flow rate = 1.0 mL/min); HRMS (ESI) m/z

calcd for CigHCINNaO, [M+Na]* = 348.0973, found = 348.0980; [0]*’p= 0.22 (c = 1.30,

CHCl).
<Chromatogram:
CLabSolutions\zS himadzuOXwW 1903R 1D-10.1cd
1\
. DetA Chi
] 5 B
150 o =
4 I} |n|
[ -
i |
100+ [ | | ».
] | | ‘
‘ |
i
501 P [\
[ [
[ [
— / \__ _J \\L o
— 7T T T T T T
0 ] 10 15 20
min
DetA Ch1/254nm
PeakTable
Detector & Chl 254nm
Pealdt Ret. Time Area Height Area% Height %
1 15.439 5450106 146219 49.636 50.634
2 18.096 5530027 142557 50.364 49 366
Total 10930134 288776 100.000 100.000

(racemic 3f)



<Chromatogram>»

CiLabSolutionsizShimadzuhDXW 1903C ID-10cd

my
5007 - Dt A Ch
] b
] :
400 h
|
] I
3001 |I
: i
1 1
200 [
J ]
] [ 1
1004 \ -
] B &
] [\ ®
U—- — _.'" \\
— - ‘
0 5 10 15 20 25
min
1 DetA Ch1/254nm
PeakTable
Detector & Chl 254nm
Peald | Rel Time Area Height Area % Heighi %
T 15312 15026116 407946 94553 94,128
2 12334 865686 75440 5447 5372
Tolal 15501302 433304 100.000 100.000

(enantiomerically enriched 3f)

(R)-5'-Fluoro-1'-(1-hydroxyhexan-3-yl)spiro[[1,3]dioxolane-2,3'-indolin]-2'-one 3g

o ]

F 0
0
N

"

39

CDCl3) & 13.65, 19.70,

A colorless oil; '"H NMR (500 MHz, CDCl3) 6 0.88 (t, J = 7.3 Hz, 3H),
1.24-1.33 (m, 2H), 1.62-1.69 (m, 1H), 1.87-1.94 (m, 1H), 2.03 (br
s, 2H), 3.45-3.50 (m, 1H), 3.61 (t, J = 5.7 Hz, 1H), 4.27-4.31 (m,
2H), 4.52-4.57 (m, 2H), 6.88 (dd, J = 3.8 Hz, 8.8 Hz, 1H), 6.99-7.03
(m, 1H), 7.09 (dd, J = 2.9 Hz, 7.3 Hz, 1H); *C NMR (125 MHz,

33.72, 34.05, 58.97, 65.92, 65.99, 101.40, 111.23, 112.98, 113.18,

117.61, 117.80, 126.16, 158.21, 160.15, 174.34; The ee value was 91%, tz (minor) = 20.62

min, tg (Major) = 17.77 min (Chiralcel ID, A = 254 nm, 10% iPrOH/hexanes, flow rate = 1.0

mL/min); HRMS (ESI) m/z caled for CigH,0FNNaO, [M+Na]™ = 332.1269, found = 332.1274;

[a]*°p= 0.97 (c = 1.17, CHCl;).
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<Chromatogram>

CiLabSolutions'zShimadzuDxWy 1902R 1D-10Icd
my

150+ - g DetA Chi
3 s
~ o™
100
50
0
— - r - 1T T T I T 1T T 1 T
0 5 10 15 20 25
min
1 Det.A Ch1/254nm
PeakTahble
Detector & Chl 254nm
Peald Fet. Time Brea Helght Area 76 Height %
1 17.891 5208066 1212097 40466 40.015
2 20405 5320617 126173 50.534 50.985
Total 10528683 247471 100.000 100.000
(racemic 3g)
<Chromatogram:
ChlLabSolutions'zShimadzuhDXyW 1902C 1D-10lcd
my
E Det.A Ch
1 =
150
100+
50
] >
4 @
| &
0
————————7F 7T T
0 5 10 15 20 25
min
1 DetA Ch1/254nm
PeakTable
Detector & Chl 2%4nm
Peald Ret. Time Area Height Area % Height %
1 17773 6334024 151709 05.342 94.676
P 20610 300426 3532 4658 534
Totall 6643450 160241 100.000 100.000

(enantiomerically enriched 3g)



(R)-1'-(1-Hydroxyhexan-3-yl)-5'-methoxyspiro[[1,3]dioxolane-2,3'-indolin]-2'-one 3h

0.1 _
O/\(‘) A colorless oil; "H NMR (500 MHz, CDCl3) 6 0.88 (t, J = 7.3 Hz,

MeO
e mo 3H), 1.28-1.33 (m, 2H), 1.62-1.69 (m, 1H), 1.88-1.93 (m, 1H),
N OH 2.03 (brs, 2H), 3.46-3.50 (m, 1H), 3.58-3.62 (m, 1H), 3.78 (s,
/\)\/\ 3H), 4.28-4.31 (m, 2H), 4.54-4.59 (m, 2H), 6.85 (dd, J = 8.8 Hz,

3h
16.4 Hz, 2H), 6.97 (s, 1H); *C NMR (125 MHz, CDCl5) 6 13.69,

19.74, 33.83, 34.18, 55.79, 59.02, 65.85, 65.93, 101.96, 111.44, 116.59, 125.60, 156.19,

174.44; The ee value was 92%, tz (minor) = 16.10 min, tz (major) = 17.75 min (Chiralcel IA, A

= 254 nm, 10% iPrOH/hexanes, flow rate = 1.0 mL/min); HRMS (ESI) m/z calcd for

Ci7H23NNaOs [M+Na]* = 344.1468, found = 344.1477; [a] b= 4.16 (c = 1.13, CHCI5).

<Chromatogram:
C:\LabSoltions\Data\Project\DXW 3HR 1A-10 lcd
mY 450
] DetACHI
100+ g o
J w =
1 ;n.‘ _.ﬂ:
] [ A
504 [ [
1 [ A
4 | \ | \
4 | ‘I"-. 'll ‘I"‘.\
' NSNS
—— T T T
10.0 125 15.0 175 200 225 250
miin
1 Det. ACh1254nm
PeakTatle
Detector & Chl 254mm
Peakd# Ret. Time Area Height Area % Height %
1 15.093 2073796 83351 40822 52.153
2 17710 2095023 76470 50.178 47.847
Total 5968519 159821 100.000 100.000

(racemic 3h)
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<Chromatogram>

C:MabSoltions\Data\ProjectNDXW 3HC 1A-10 lcd

mYy
200 i Det ACHI
=21
::
1 =
1580+ N
[
| 1
N | I»
100+ | ‘.}
b |
[
- J I'I
50 [\
g [\
s N\
™ — =~ =
— I T — T T
100 125 16.0 175 200 260
min
1 Det ACh1/254nm
PeakTahle
Detector & Chl 254mm
Peald Fet. Tire Area Height Area 7o Height %
1 16.103 753763 7713 3.976 4775
2 17.740 6127811 153803 06.024 05,125
Total 6381574 161516 100.000 100.000

(enantiomerically enriched 3h)

(R)-1'-(1-Hydroxyhexan-3-yl)-5'-methylspiro[[1,3]dioxolane-2,3'-indolin]-2'-one 3i

/)

Me OO
O

N

"

3i

A colorless oil; '"H NMR (500 MHz, CDCl5) & 0.88 (t, J = 7.3 Hz,
3H), 1.29-1.33 (m, 2H), 1.63-1.70 (m, 1H), 1.88-1.94 (m, 1H),
2.06 (br s, 2H), 2.30 (s, 3H), 3.46-3.51 (m, 1H), 3.59-3.62 (m,
1H), 3.78 (s, 3H), 4.28-4.31 (m, 2H), 4.54-4.59 (m, 2H), 6.84 (d,

J=7.6Hz, 1H), 7.11 (d, J = 7.6 Hz, 1H), 7.20 (s, 1H); *C NMR

(125 MHz, CDCl;) 6 13.69, 19.76, 20.77, 33.82, 34.17, 59.05, 65.82, 65.91, 101.96, 124.37,

125.77, 131.76, 132.82, 174.55; The ee value was 92%, tz (minor) = 23.09 min, tz (major) =

24.81 min (Chiralcel IA, A = 254 nm, 5% iPrOH/hexanes, flow rate = 1.0 mL/min); HRMS (ESI)

m/z calcd for Ci7H,3sNNaO, [M+Na]" = 328.1519, found = 328.1527; [a]*p= 4.51 (c = 1.13,

CHCl5).
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<Chromatogram>

CiLabSolutions\zShimadzuDXW 1898R 1A-Sicd

my'
507 - Det A Ch
4 8 @
o 8
40
] (.
] I i
30 | I
i H
2] i
: | \
104 | *
0 In _ J L N
S ———
] 5 10 15 20 25 a0 3
min
1 DetA Ch1/284nm
PeakTable
Detector & Chl 254nm
i | Rel Time Area Height Area % Height %
1 23.034 1300033 42357 40377 51458
2 24.823 1855508 39057 50.623 48.542
Tota 3665535 5514 T00.000 100 000
(racemic 3i)
<Chromatogram>
CALabSolutions\zShimadzutDXwW 1898C 1A-5lcd
my
j g Det A Chi
: b=
100 f\
} ||
. [
] ’.
75—_ |i 'I
] [ |
50 \
] [
] Il
257 . |
2 |
1 ]
D- /\j
———— T
10.0 125 150 175 20.0 225 25.0 275 30.0
min
1 DetA Ch1/254nm
PeakTable
Detector & Chl 254nm
Peal# | Ret Time Area Height Lrea % Height %
1 23.004 212580 5241 4112 4,695
2 24.305 405747 106324 95338 95.305
Total 5170014 111626 100.000 100.000

(enantiomerically enriched 3i)
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(R)-1-(1-Hydroxyhexan-3-yl)indoline-2,3-dione 5a

o) A red oil; *H NMR (500 MHz, CDCl;) 6 0.86 (t, J = 7.6 Hz, 3H),

@E/g:o 1.24-1.32 (m, 2H), 1.65-1.72 (m, 1H), 1.91-1.98 (m, 1H), 2.04 (br s,
N
/\)\ﬁOH 1H), 2.19 (br s, 1H), 2.53 (br s, 1H), 3.51-3.55 (m, 1H), 3.62-3.65 (m,

5a 1H), 4.38 (br s, 1H), 7.04 (t, J = 8.5 Hz, 1H), 7.50-7.54 (m, 2H); “*C
NMR (125 MHz, CDCls) & 13.54, 19.68, 33.71, 34.10, 50.46, 59.00, 111.47, 117.59, 123.31,
125.36, 138.28, 158.57, 183.44; HRMS (ESI) m/z calcd for CiaH:16NOs [M-H] = 246.1136,

found = 246.1138.

(R)-3-(1H-Indol-1-yl)hexan-1-ol 6a

@ A colorless oil; *H NMR (500 MHz, CDCl;) 6 0.87 (t, J = 7.6 Hz, 3H),

N oy 109-1.16 (m, 1H), 1.19-1.26 (m, 1H), 1.79-1.86 (m, 1H), 1.90-1.98

/\)J (m, 1H), 2.01-2.13 (m, 2H), 3.22-3.25 (m, 1H), 3.47-3.51 (m, 1H),
6a

4.57-4.63 (m, 1H), 6.57 (d, J = 3.2 Hz, 1H), 7.09-7.15 (m, 2H), 7.20 (t,
J=7.6Hz, 1H), 7.43 (d, J = 8.2 Hz, 1H), 7.63 (d, J = 8.2 Hz, 1H); *C NMR (125 MHz, CDCl;) &
13.84, 19.55, 38.11, 38.42, 52.47, 59.28, 101.95, 109.56, 119.28, 120.99, 121.39, 124.30,
128.28, 136.74; The ee value was 91%, tz (minor) = 6.87 min, tg (major) = 7.82 min
(Chiralcel ID, A = 254 nm, 5% iPrOH/hexanes, flow rate = 1.0 mL/min); HRMS (ESI) m/z calcd

for C14H,0NO [M+H]" = 218.1539, found = 218.1536; [a]®p= -10.93 (c = 1.00, CHCl,).
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<Chromatogram>

CLabSolutions\Data'\Project1\DXWW 1862R Icd

my
i Det. ACh1
150~ e
4 g -
- r E
- k i
i I
100+ | f
1 Il
| || |‘i
S0+ f I | [
| |
: ‘ |
o —A AR
— - 1 - - - 1 - - 1 - - 1T - 1
0.0 25 50 75 100 125
min
1 DetACh1254nm
PeakTatle
Detector AChl 254rm
Pealdf Ret. Time Area Height Area% Height %
1 6.935 1677794 131796 49967 53.700
2 7.914 1680017 113635 50033 46.300
Totall 3357811 245431 100.000 100.000
(racemic 6a)
<Chromatogram>
CLabSolutions'D ata\Project A\DXW 1862CH. Icd
™Y 4sp
] DetACHT
] 8
100+ f\"—
J I' \
|
504 'l \
] [
4 e
&
n =
0~H—
- - 1 - - - - 1 - - - - I - T T T I T T T
] B 7 8 9 10
min
1 Det ACh1/254nm
PeakTable
Detector & Chl 254mm
Peald# Re. Timne Area Height Area% Height %
1 0.674 65464 6202 4.624 5.0
2 7821 1350414 93053 05.376 094051
Total 14158738 104255 100.000 100.000

(enantiomerically enriched 6a)
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(R)-3-(1H-Indol-1-yl)pentan-1-ol 6b

@ A colorless oil; *"H NMR (500 MHz, CDCl;) § 0.79 (t, J = 7.3 Hz, 3H),
\5\/\OH 1.90-1.97 (m, 2H), 2.02-2.16 (m, 2H), 3.24-3.29 (m, 1H), 3.49-3.54

(m, 1H), 4.47-4.53 (m, 1H), 6.57 (d, J = 3.2 Hz, 1H), 7.10 (t, J = 6.9 Hz,

o 1H), 7.14-7.21 (m, 2H), 7.43 (d, J = 8.2 Hz, 1H), 7.63 (d, J = 8.2 Hz,
1H); 3C NMR (125 MHz, CDCl;) 6 10.94, 29.01, 38.08, 54.39, 59.33, 101.95, 109.57, 119.28,
120.98, 121.37, 124.28, 128.32, 136.82; The ee value was 91%, tz (minor) = 7.83 min, tg
(major) = 7.35 min (Chiralcel IC, A = 254 nm, 10% iPrOH/hexanes, flow rate = 1.0 mL/min);

HRMS (ESI) m/z calcd for Ci3HisNO [M+H]" = 204.1383, found = 204.1373; [a]*p=-0.37 (c =

1.30, CHCl3).
<Chromatogram>
C:ALabSolutions\Data\Project\DXW 1863R 1C10.Icd
mY
3004 ng 5 Det ACh1
i |||- 'ﬂr-
] “‘ |
| |
200+ ‘ i (|
; | iy
- | | '
i f l .
100 ‘ | |
: BB
| »l 1
- ‘ T \I
m JI ;\
nyk — — e — —
" i — 1 T 1 i L — 1
0.0 25 50 75 100
min
1 DetACh1254nm
PeakTable
Detedor A Chl 254mm
Peald# Ret. Time Area Height Are % Height %
1 7.446 4430047 303422 49.600 51627
2 | 4510023 Jo405 50.591 4535/3
Total 6949970 587717 100.000 100.000

(racemic 6b)
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<Chromatogram>

C:\LabSolutions\Data\Project1\DXW 1863C IC10 1cd

my
o Det. ACh1
Aoy
| |‘|r.'
300 i
] [
4 r i
200
] [ 1
[
] [
1004 |
4 | |
4 | | o
] @
] { A
B N N
o : . : : 2|5 : : : : 5'[! : : ' : ?7|5 r : : : 1[]|EI :
min
1 DetACh1/254nm
PeakTable
Detector & Chl 254nm
P ealc# Ret Time Area Height Area % Height %
1 7351 6234808 47606 05444 04 546
2 T.828 297640 20054 4.556 5454
Total] 6532449 367659 100.000 100.000

(enantiomerically enriched 6b)

(R)-3-(1H-Indol-1-yl)heptan-1-ol 6¢

@ A colorless oil; "H NMR (500 MHz, CDCl;) § 0.82 (t, J = 7.3 Hz, 3H),
N op L03-1.11(m, 1H), 1.18-135 (m, 4H), 1.83-1.98 (m, 2H), 2.01-2.14
\/\)J (m, 2H), 3.22-3.27 (m, 1H), 3.47-3.52 (m, 1H), 4.55-4.61 (m, 1H),

6¢c
6.56 (d, J = 3.2 Hz, 1H), 7.10 (t, J = 7.6 Hz, 1H), 7.15 (d, J = 8.2 Hz,

1H), 7.20 (t, J = 7.6 Hz, 1H), 7.42 (d, J = 8.2 Hz, 1H), 7.64 (d, J = 7.6 Hz, 1H); *C NMR (125
MHz, CDCl;) 6 13.84, 22.39, 28.40, 35.59, 38.41, 52.75, 59.26, 101.90, 109.50, 119.22,
120.92, 121.34, 124.23, 128.25, 136.67; The ee value was 91%, tz (minor) = 13.91 min, tz
(major) = 18.25 min (Chiralcel ID, A = 254 nm, 1% iPrOH/hexanes, flow rate = 1.0 mL/min);

HRMS (ESI) m/z calcd for CisH,,NO [M+H]' = 232.1696, found = 232.1703; [a]*°p=-9.91 (c =

1.10, CHCl5).
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<Chromatogram>

my
A = Detector A 254nm)
- ‘IAE -+
4 ] g
] [ =
at || N
1 /| /
20 [ / ‘1
] /
_ /] |
104 ‘ |\
: / | |
|\ /L
ol /
— T — T
0 5 10 15 20 25 30
min
<Peak Table>
Detector A 254nm
Peak# Ret. Time Area Height Conc. Unit Mark Name
1 13.724 4262365 39586 50.421
2 18.354 4191183 31060 49 579 Vv
Total 8453548 70646
(racemic 6c¢)
<Chromatogram:
L
50000 Detecor A 2540
4000H
: 7
1 =
300004
‘ A
] /)
20000 ‘|
4 |
1 |
10000+ o t
] = \
] = \
] I b
DJL],,\,\,
0 b5} 10 15 20 25 30
min
<Peak Table>
Detector A 254nm
Peak#{ Ret. Time Area Height Conc. Unit Mark Name
1 13.905 1828498 2287 4.439 ]
2 18.254 4152642 30150 95 561 VM
Total 4345540 32438

(enantiomerically enriched 6c)



(R)-3-(1H-Indol-1-yl)-5-phenylpentan-1-ol 6d

Co

Ph 6d

A colorless oil; '"H NMR (500 MHz, CDCl;) & 2.05-2.11 (m, 2H),

2.17-2.24 (m, 1H), 2.28-2.35 (m, 1H), 2.41-2.52 (m, 1H), 3.19-3.24

OH
/\)J (m, 1H), 3.45-3.49 (m, 1H), 4.57-4.63 (m, 1H), 6.63 (d, J = 3.2 Hz, 1H),

7.07 (d, J = 6.9 Hz, 2H), 7.13-7.29 (m, 6H), 7.37 (d, J = 8.2 Hz, 1H),

7.68 (d, J = 7.6 Hz, 1H); **C NMR (125 MHz, CDCls) & 32.38, 37.51, 38.40, 52.09, 59.08,

102.26, 109.66, 119.35, 120.97, 121.41, 124.13, 125.96, 128.35, 128.37, 136.64, 141.10;

The ee value was 91%, tz (minor) = 14.79 min, tz (major) = 23.89 min (Chiralcel ID, A = 254

nm, 2% iPrOH/hexanes, flow rate = 1.0 mL/min); HRMS (ESI) m/z calcd for C1oH,,NO [M+H]*

= 280.1696, found = 280.1700; [a]**p= -22.60 (c = 1.00, CHCl,).

<Chromatogram>
my
4 I ® Detector & 254nm|
(=]
30+ 3 i
4 A ‘
(| |
] 2 i
20+ [ ‘l
J [ |
J | |
| \ \
] | R
104 [ |
] | | f I".‘
; | /
| [\ [ / \
~— muf‘L —-/ ‘ —
— T e s e e L A e e e NN e s S S S
n] 5 10 15 20 25 30
min
<Peak Table>
Detector A 254nm
Peak# Ret. Time Area Height Conc. Unit M ark Name
1 14 807 1761261 27754 50 764
2 25.048 1708217 31735 49 236
Total 3469478 59489

(racemic 6d)
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<Chromatogram>

mv
] N Detector A 254nm)|
100H fles
4 =
|
i
_ [
75+ \
] |Il
1 | \
alH \
- ‘ IL
25 . A
] ~ | \
i | \
|
H j\\. —
—r— I e e e e e e e — T —
i] 5 10 15 20 25 30 35
min
<Peak Table>
Detector A 254nm i i
Peak# Ret. Time Area Height Conc Unit Mark Name
1 14.789 415861 7234 4.730 M
2 23.888 8376827 104037 95.270
Total 8752688 111271

(enantiomerically enriched 6d)

(S)-3-Cyclohexyl-3-(1H-indol-1-yl)propan-1-ol 6e

@E\> A colorless oil; *H NMR (500 MHz, CDCl;) & 0.84-0.91 (m, 1H),
N

oy L02-113 (m, 3H), 1.21-131 (m, 3H), 1.59-1.62 (m, 2H), 1.78-1.80

(m, 2H), 1.95-2.04 (m, 2H), 2.24-2.30 (m, 2H), 3.13-3.18 (m, 1H),

be 3.43-3.47 (m, 1H), 4.26-4.31 (m, 1H), 6.56 (d, J = 3.2 Hz, 1H),

7.08-7.11 (m, 2H), 7.19 (t, J = 7.6 Hz, 1H), 7.40 (d, J = 8.2 Hz, 1H), 7.63 (d, J = 8.2 Hz, 1H); 3C
NMR (125 MHz, CDCls) 6 25.96, 26.11, 26.27, 29.79, 30.74, 34.76, 43.38, 59.46, 101.78,
109.74, 119.24, 120.94, 121.38, 124.74, 128.11, 137.09; The ee value was 94%, tz (minor) =
24.67 min, tg (major) = 31.33 min (Chiralcel IA, A = 254 nm, 1.2% iPrOH/hexanes, flow rate
= 1.0 mL/min); HRMS (ESI) m/z calcd for C;7H,4NO [M+H]" = 258.1852, found = 258.1863;

[a]*°p= -30.90 (c = 1.00, CHCl;).
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<Chromatogram>

U
20000 Detector A 254nm
1 5
15000 & -
- o
: \ ;
. ' P
i f | f
10000 Hi /\
] | | [
E | \ | \
5000- [ [
i [\ ',l
| |
[ N ,/
—_——— T T
10 19 20 29 30 35 40
min
<Peak Table>
Detector A 254nm . _
Peak# Ret. Time Area Height Conc. Unit Mark Narme
1 25 311 718394 14584 50.036
2 32.832 717369 11498 49.964
Total 1435763 26082
(racemic 6e)
<Chromatogram>
L
= Detector A 254nm|
. «
50000+ /‘\m
- f ‘\
: [
|
- [
25000+ | ‘\
i | ||
] \
_ o K
0 ..,....A.‘f.,..,...,...
10 15 20 25 30 35 40
min
<Peak Table>
etector A 254nm
Peak# Ret. Time Area Height conc. Unit Mark Name
1 24 670 164346 1814 2.644 il
2 31.329 6052072 52405 97.356
Total 6216418 54219

(enantiomerically enriched 6e)
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(R)-3-(5-Chloro-1H-indol-1-yl)hexan-1-ol 6f

cl \ A colorless oil; *H NMR (500 MHz, CDCls) 6 0.85 (t, J = 7.6 Hz,

\CE,} 3H), 1.05-1.09 (m, 1H), 1.10-1.23 (m, 1H), 1.53 (br s, 1H),
OH

/\)\f 1.78-1.85 (m, 1H), 1.87-1.95 (m, 1H), 1.98-2.12 (m, 2H),

6f
3.19-3.24 (m, 1H), 3.49-3.53 (m, 1H), 4.53-4.59 (m, 1H), 6.49 (d,

J=3.2 Hz, 1H), 7.12-7.15 (m, 2H), 7.33 (d, J = 8.1 Hz, 1H), 7.58 (d, J = 1.9 Hz, 1H); *C NMR
(125 MHz, CDCl5) 6 13.72, 19.45, 37.97, 38.31, 52.71, 59.05, 101.61, 110.52, 120.23, 121.65,
124.86, 125.54, 129.12, 135.12; The ee value was 89%, tz (minor) = 16.73 min, tz (major) =
21.15 min (Chiralcel IB, A = 254 nm, 2% iPrOH/hexanes, flow rate = 1.0 mL/min); HRMS (ESI)

m/z calcd for Ci4H1sCINO [M+H]" = 252.1150, found = 252.1156; [0]*’p= -20.11 (c = 0.55,

CHCl).
<Chromatogram>
Ly
Detector & 254nm)
50000+ @
@
.-.: @
i =
(| P
| ‘n‘
, R i\
25000 | [
- | | | :
[ |
| [
I fo\
e /A_I — — _—KJ_| \--——
L B B e e e LA B e e e e e e O S o o ) AN e
10.0 125 18.0 175 200 225 250 275 300
min
<Peak Table>
Detector A 254nm
Peak# Ret. Time Area Height Conc Unit M ark MName
1 17.838 1215433 41268 49 827
2 22 485 1223889 33663 80173
Total 2439322 74031

(racemic 6f)

S32



<Chromatogram>

my
] 2 Detector A 254nm)
50+ =
] { ‘LN
] [}
4 \
] |
4 |
iy |
] |
4 |
pliy |
4 | |
- | ]
10 i [
. /o N S\
) T T T T I T T T I T T [ T T | T T T T T T
0 5 10 15 20 25
min
<Peak Table>
Detector A 254nm
Feak# Ret. Time Area Height Conc. Unit Mark Name
1 16.734 225664 3752 5487 M
2 21.150 3887223 52085 94 513
Total 4112887 55837

(enantiomerically enriched 6f)

(R)-3-(5-Fluoro-1H-indol-1-yl)hexan-1-ol 6g

F
m
N

A colorless oil; '"H NMR (500 MHz, CDCl3) 6 0.86 (t, J = 7.3 Hz, 3H),

1.06-1.13 (m, 1H), 1.15-1.24 (m, 1H), 1.78-1.85 (m, 1H),

OH
/\)\f 1.87-1.95 (m, 1H), 1.99-2.13 (m, 2H), 3.22-3.27 (m, 1H),

3.51-3.55 (m, 1H), 4.53-4.59 (m, 1H), 6.50 (d, J = 3.2 Hz, 1H),

6g

6.91-6.95 (m, 1H), 7.17 (d, J = 3.2 Hz, 1H), 7.25 (dd, J = 2.6 Hz, 9.5 Hz, 1H), 7.33 (dd, J = 4.4

Hz, 8.9 Hz, 1H); *C NMR (125 MHz, CDCl;) & 13.75, 19.48, 38.02, 38.37, 52.76, 59.16,

101.82, 101.85, 105.40, 105.58, 109.65, 109.86, 110.00, 110.08, 125.81, 128.26, 128.34,

133.34, 156.71, 158.57; The ee value was 90%, tz (minor) = 8.77 min, tz (major) = 9.54 min

(Chiralcel IC, A = 254 nm, 10% iPrOH/hexanes, flow rate = 1.0 mL/min); HRMS (ESI) m/z

calcd for C14H1oFNO [M+H]" = 236.1445, found = 236.1453; [a]*°p= -4.29 (c = 0.70, CHCl;).
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<Chromatogram>

C:\LabSolutions\Data\Project\DXW 1871 R ID-3.Icd

m'
3 Det ACh1
2004
] 2
] s =
1504 I S
. I "\
i I I‘l
i f{ | |
100+ 1 f |
: |
| i
501 ||
] [ ]
i I ‘!
R J U\
T I T T
oo 25 50 75 100 125
min
1 Det. ACh1254nm
PeakTable
Detector & Chl 254nm
Peald# Ret. Time Area Height Area %% Height %
1 8.888 2750285 150713 50.337 51.959
2 0.670 TI1HTT 130346 40,663 438.041
Total 5463762 290059 100.000 100.000
(racemic 6g)
<Chromatogram>
C:\LabSolutions\Data\Project 1\DXWW 1871 C 1D-3.lcd
mY Jsp
] DelACHI
1 w
] @
] [}
100+ r‘
' |
] [ l
50+ | *
_ n
1 B |
] s |
AV
T T T T T I T T |
0o 25 50 75 100 125 15.0 175
min
1 Det ACh1254nm
PeakTatle
Detector A Chl 254nm
Peald Fet Time Area Height Area% Height %
1 8.768 132378 7416 5.321 6.243
2 0535 2355425 111383 04.679 03757
Total 487803 118799 100.000 100.000

(enantiomerically enriched 6g)
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(R)-3-(5-Methoxy-1H-indol-1-yl)hexan-1-ol 6h

A colorless oil; *H NMR (500 MHz, CDCl3) 6 0.85 (t, J = 7.3 Hz,

MeO
T
N 3H), 1.05-1.17 (m, 1H), 1.18-1.26 (m, 1H), 1.77-1.83 (m, 1H),
OH
/\)J 1.88-1.96 (m, 1H), 2.01-2.12 (m, 2H), 3.23-3.28 (m, 1H),

oh 3.49-3.54 (m, 1H), 3.85 (s, 3H), 4.50-4.56 (m, 1H), 6.47 (d, J =
3.2 Hz, 1H), 6.85 (dd, J = 2.2 Hz, 9.1 Hz, 1H), 7.09 (dd, J = 2.8 Hz, 11.0 Hz, 1H), 7.31 (d, J =
8.0 Hz, 1H); *C NMR (125 MHz, CDCls) & 13.79, 19.50, 38.05, 38.39, 52.71, 55.79, 59.30,
101.37, 102.41, 110.24, 111.74, 124.87, 131.97, 153.81; The ee value was 92%, tz (minor) =
13.66 min, tg (major) = 15.27 min (Chiralcel ID, A = 254 nm, 5% iPrOH/hexanes, flow rate =

1.0 mL/min); HRMS (ESI) m/z calcd for CisH,,NO, [M+H]" = 248.1645, found = 248.1653;

[a]*p=-5.66 (c = 0.50, CHCl;).

<Chromatogram>
CALabSolutions\Data\Project! \DXW 1868R ID-5.1cd
™ 100
] e DetAChI
‘\2 A
- w
75 ‘| |
J I .
50 |‘ “
25; | [ {
1 EEa
] | ‘. | l{
g_-_ -~ NN R
7T T T T
u] ] 10 15 20 25 3C
lulg
1 DetACh1254nm
PeakTahle
Detector A Chl 254mm
Ret Time Area Height Area% Height %
1 13570 2101636 93630 49983 53.701
2 15352 2102667 0724 50012 46,299
Total 4204302 174354 100.000 100,000

(racemic 6h)
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<Chromatogram>
C:ALabSolutions\Data\Project\DXW 1868 C 1D-5.lcd

mYy
0o ] DetAChi
Q
:
200 N\
J [\
(.
| \
] .‘
100H | \
J |
2 -' \
= f )
o o = i \
T T T | T L T T
10 1 12 13 14 15 16 17
min
1 Det.ACh1/254nm
PeakTahle
Detedor A Chl 254rm
Pealc# R.d. Time Area Heght Area % Height %
1 13.658 236023 11935 3.064 5.221
2 15.273 5717447 217574 06.036 047790
Total 5053470 220550 100.000 100.000

(enantiomerically enriched 6h)

(R)-3-(5-Methyl-1H-indol-1-yl)hexan-1-ol 6i

A colorless oil; '"H NMR (500 MHz, CDCl5) & 0.86 (t, J = 7.3 Hz,

Me
D
N 3H), 1.08-1.16 (m, 1H), 1.18-1.25 (m, 1H), 1.77-1.84 (m, 1H),
OH
/\)\f 1.89-1.97 (m, 1H), 2.01-2.13 (m, 2H), 2.45 (s, 3H), 3.23-3.28 (m,
Gi
1H), 3.49-3.53 (m, 1H), 4.53-4.59 (m, 1H), 6.47 (d, J = 2.6 Hz,
1H), 7.02 (t, J = 5.1 Hz, 1H), 7.10 (d, J = 8.2 Hz, 1H), 7.32 (d, J = 8.8 Hz, 1H), 7.42 (s, 1H); °C

NMR (125 MHz, CDCl3) & 13.76, 19.48, 21.28, 38.05, 38.37, 52.55, 59.32, 101.31, 109.17,

120.59, 122.97, 124.36, 128.41, 128.51, 135.06; The ee value was 92%, tz (minor) = 13.69

min, tg (major) = 19.44 min (Chiralcel ID, A = 254 nm, 1% iPrOH/hexanes, flow rate = 1.0

mL/min); HRMS (ESI) m/z calcd for CisH,,NO [M+H]" = 232.1696, found = 232.1702; [a]*5=

-4.08 (c = 0.60, CHCl5).
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<Chromatogram>

my
] /E Detector A 254nm)
1 i
15—- |r | 3
] | 5
4 f -
] /|
10 [ | ‘
] / [ \,
4 1
7 ‘I{ l‘ \I
5] [ \
p \ I‘ l\
] |\ \ E
He—— — #.\: —_ — ]
r — |5 . — 1,0 — - 1|5 . 2,0 . . 2‘5 . .
min
<Peak Table>
etector A 254n
FPeak# Ret. Time Area Height Conc. Unit Mark Narme
1 13.832 2155388 18204 50 666
2 18.594 2098744 12864 49,334 W
Total 4254132 32168
(racemic 6i)
<Chromatogram>
Y
10000+ Detector A 254nm
7500 s
| /
50004 / \
2600 \
] - —f___L
L — T T T T T T T T T T T T T T T T T
5 10 15 20 25 30
min
<Peak Table>
etectnr A 254nm
Peak#| Ret. Time Area Height Conc. Unit Mark Name
1 13,6594 39167 421 3.847
2 19 441 978913 6231 96.153
Total 1018080 7251

Reference

(enantiomerically enriched 6i)

[1] W.-B. Liu, X. Zhang, L.-X. Dai, S.-L. You, Angew. Chem. Int. Ed. 2012, 51, 5183.
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E. NMR Spectra of the Substrates and Products.
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1H AMX500 dxw0721-3 5-OMe substrate

ve9LE

99827
9508
T81EY
902EY
o
Zeeey
PESEY
66257
10857
9SSy
12957
25957
S9.5°%
19657

962L9—=
29 —=

6918'9
61289
6689
£868'9
99869
L1969

90922

20858 ——

—
J— r
4
0000
60807
L 8802
g
[<
9982 @
S50\ rs
181€ QX [
90z€ q% o
15287 —E 0802 -2
zeeey —— L
PESEY —— L8
Ls
3
[<
r " ssse0
3
S e 12860
L §
8= N\ 68960
66257 —— < _
10557 —— 2
9SSy —= re
12957 % il
2595 q\\\ o
S90Sy re
1965 [
3
[<
@) e -
o g < e
Q
[<
ZT .
@)
fesbanuy [
Jeabawu)

MeO

(ppm)

13C AMX500 dxw0721-4 5-OMe-substrate

£EV8'SS ——

T168'69 ——

T618°9L
62L0° EH/I
19280 —=

0969201 ——

2502 TTT ——=

oortii—

£T2T LT ——

89L€'52T ——

9680'GET ——

6ipE 95T ——

L1698'SIT ——

MeO

(ppm)

S43



1H AMX500 dxw0324-2-5 1i

6.7046
46017

RIppiARS

¢

&

Iz

1i

Integral

22984

=J09720

2]
o

T T T T T T
110 100 90 80

13C AMX500 dxw0324-2-6 1i

Al hydr

1755290
—— 110.4601
—— 102.4950

——65.8249

Me @)

Iz

1i

20.9056

220

T T T
210 200 190 180 170 160 150 140 130 120 110
(ppm)

s44



1H AMX500 dxw0823-1 1891H

2978
60L7'E
Ly8Y°E
TI6°E
L805°E
S215°E

2009°€
8019°€ Nﬂ
2229t

EL

)

OH

1

3a

6L€0T
¢
——

L. 18907

L/ ea01
- 1
00007

88660

\ 16160

fesBa

70

75

(ppm)

13C AMX500 dxw0823-3 1891C

LE89ET ——

89pL'6T ——

968L €€
coTTvE =

8520'65 ——

1561'59
Zess) ——
180291
180021 N
885C°LL

6852101 ——

9280ETT ——
ITLEVTT
8YEO'SZT 7

090°TET ——

8805'%LT ——

OH

(ppm)

S45



1H AMX500 dxw0827-1 1893H

£9/80—
20680 —
£506'0 —
8vzLT

66£LT H“
8ESLT =
99,7
06201
LT
26037 —
51687
91067
yot6T—
2526'T —f
9926'T —
6T —
08567 —
£/96'T —
9820C —
6907 —|
61212 —|

50S2°C —
A

w6zT
YE0ET

—

[

809v'E
969v'€
SEBY'E
TI6V'E

23

P

LL
o

68SEL
T69€'L

@)

OH

3b

)/ o000t

9860

U 85007
\  sv060

esBau

(ppm)

13C AMX500 dxw0827-2 1893C

L620TT ——

66807 ——

VETEEE ——

891015 ——

2000'65 ——

T18L'59
covag

SBYL'IL
980021 W
85T 1L

885.'T0T ——

TLBEOTT ——

YEZ0'EST ——
TSEE VLT —F—
500°52T 7

L9LY'TET ——

255 pLT ——

i

ol

@)

OH

3b

T
140

T
150

T
160

170

180

T
190

T
200

210

220

(ppm)

S46



1H AMX500 dxw0906-1 1904H

6vESY —}
18857 —]
1055 —|
68957 —|
82LSY —|
£085'% —|
16€6'9 —|
£156'9 —
S2v0'L —
1150'L —
STL0°L —
90922
1262 L —
2082 —|
veze'L |

ILILLL

L

L

1258 —|
9082

@)

OH

JesBaiu

(ppm)

13C AMX500 dxw0906-2 1904C

6Y1BET
Trv8 €T P
ez 6t —
vovzze ——
166582

€668 M
YS9 TE ——
VEETVE ——

6£00'65 ——
V08L'T9 ——

218L'S9
£105'69 —/
66V0TL —=
oesoT. —

18909 —=
L800°LL &H
8852 LL

6852'T0T ——

060v'0TT ——

2910°€2T ——
68LEVCT ——
6210'S2T

T8y TET ——

£2UY'PIT ——

0 RS PO N1 oY A ——"

OH

(ppm)

S47



1H AMX500 dxw0218-1 1894H

7.4043
73904

E

Integral
0.8741
oo \ L
Ppyrram
177~
09495/
95
51 /4
1 0.9564
A
708294

46294

2118 5 8 23
5|3 (3|2 (R]8 S8 g 8 g (8
9‘5 9‘0 B‘ﬁ B‘D 7‘5 70 6.5 6.0 55 50 45 4.0 3. 30 2 0 1‘5 1‘0 0‘5 0‘0
(ppm)
13C AMX500 dxw0312-4 1894C
Al hydr
g IS k3 =8 ©
g 5 | g8g ¢
5 S g 88 8
( A I
T ] T T T T T T T T m‘h T T
220 210 200 190 180 170 160 150 140 130 120 110 100 % 80 0 60 50 40 30 20 10 -10
(ppm)

S48



1H AMX500
dxw

21121

Ll L L L L L L L L L L S%S 5 2
ST L e

OH

3e

Integral
[ E—
26752
o
e 3.0063

alls |e 3 o o |g
218|%8 8 8 52
R g & 3|5
RIS < & ale
T } T T
95 90 85 80 I 0 65 60 55 50 45 40 5 30 25 20 15 10 05 00
(ppm)
13C AMX500
dxw
§ g .-

——383643

D

N

OH

3e

(ppm)

S49



1H AMX500 dxw0904-3 1903H

6.8037
6.8774

PR R

AL

v

Cl @)

OH

Integral

95 9.0 85 80 65 6.0 55 50 4.0 30 25 2. 15 1 05 00
(ppm)
13C AMX500 dxw0904-4 1903C

8 o [P 2g & ea a o

g 8 588 28 § 28 2 g

3 o g8% 88 5 EA S

2‘20 ZiD 2‘00 1§D 1‘80 1‘70 IL‘SD 1‘50 130 1:‘%0 1%0 1‘10 160 9‘0 3‘0 7‘0 6‘0 5‘0 4‘0 3‘0 Z‘U 1‘0 0 -10

(ppm)

S50



1H AMX500 dxw0904-1 1902H

29980
|
£188'0 —
25680
et
0.8TT H“
22121
0982'T
zroeT—
9167 —
VIEET —f
92297 —
1289
81897 —
T6v9'T —
rs9'T —f
2199°T —

eg =
21689 —

88689 —

8066'9

6566'9 —

800°L
SET0L —
1920 —
21802
T80 —
70602 |
26602 |
evorL —|
909z,

OH

39

16960
21660

feabaiuy

/ 6ev60

—__ 10001

(ppm)

13C AMX500 dxw0904-2 1902C

2UYIET ——

080L'6T ——

WILEE—

6150'7E —=

71968 ——

S616'59
V2665

98yL'9L
9800°LL HK
1857 LL —=

L1010 ——

1522 TIT ——
$1862TT
T8LTETT
6809°LTT
£86L°LTT

YT ——

12851 ——
S25T'09T ——

TIE LT ——

OH

T
100

T
110

T
120

T
130

T
140

T
150

T
160

T
170

T
180

T
190

T
200

T
210

T
220

(ppm)

S51



1H AMX500 dxw0829-3 1899H

EE8EZ8a23ad5888E

P R L L

N REASAS A REREERAY R b

MeO O
0]
N

—

1.9403
" A

Integral
~Joo192 N\

2]
o]

13C AMX500 dxw0829-4 1899C

g 5 g g8 8 = d99 gy g9 Qw g 8
3 2 2 2 2 8 RIS &8 28 25 § g
g g § g3 38 RRE 88 g8 38 4 =
o
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 o -10
(ppm)

S52



1H AMX500 dxw0829-1 1898H

5017

8

mmmmmmmmmmmmmm

Me @)

OH

3i

S
= & 818|818 S 2
B EACEERE < &
T T T T T U T T y
95 90 85 8.0 75 70 65 60 55 30 25 20 15 10 05 00

13C AMX500 dxw0829-2 1898C

1745539
1019571

1328191

Me @)

OH

3i

T T T T T T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
(ppm)

S53



1H AMX500 dxw0911-1 1908H

SEVE0
19580

7

i
m=mm "

b

SL09E —=

£915°€
6825¢
6eE5E
SOVS'E
v985E
1729
T9E9E
9869
PLY9E \\\

ToLEY

PLL0L—=
8EV0L %
S190°L.

oozt

y10§°L
0v05°L
99152
6152
LTESL
SGES'L

OH

Jw

5a

19687

feabaiuy

(ppm)

13C AMX500 dxw0911-2 1908C

0885 €T ——

218967 ——

VOOLEE— E

620178 —=

Wi

TE9'0§ ——

660065 ——

98YL9L ——

1800 2L &l Eg
1852 1L ®

0ELYTTT ——

£Y6S'LTT ——

BYTEELT ——
1298°52T ——

W

2€87'88T ——

2145851 ——

OH

LSEV'ERT ——

LY.}

100

110

120

130

140

150

160

170

180

190

200

210

220

(ppm)

S54



1H AMX500 dxw0612-1 1862H

1980 —
280 —
91880 —
9580'T
9060'T
200TT
11T
YEZT'T
v8eTT
27T
£15TT ]
€T
PLATT

PLSTT —
8ELT'T —|
068T'T —
OV6T'T —

62027
19127

§
L
n

EEEH
ikl

=z

OH

©
©

02107

. LET0T

— 0000

JesBawu

/6ot
7wt

6050'T
vEVO'T
—~ 6920Tfe~

\  ueoz

|

~—

[

(ppm)

13C AMX500 dxw0612-2 1862C

£2Y8ET ——

87567 ——

260188
eaTreE ——

92Ly'es ——

06265 ——

0428°9L
T2800L =
usei—/

6856'TOT ——

6195'60T ——

2682611 ——
S886'02T

£68E TT
aszvzi—
eceTee —

S9EL'9ET ——

90

T
100

T
110

T
120

OH

6a

T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130

(ppm)

S55



1H AMX500 dxw0612-3 1863H

oz
23
©©

$580°L.

TEITL
96ETL
6SPTL
66LTL
T96T°L
68022
YIIZL
90922
ozer's
PEEY'L
18291
5092

e

pd

OH

6b

0000 |

/  19860[ v

feabaiuy

(ppm)

13C AMX500 dxw0612-4 1863C

61760 ——

9vT0'6 ——

108086 ——

268875 ——

00£€'65 ——

2508'9L
2000°LL HK

£STELL —=

99Y6'T0T ——

2695'60T ——

2682617 ——
2186021 —7—

LVIETET
veszvei—/
9618~

L9T8'9ET ——

OH

6b

T
100

T
110

T
120

T
130

T
140

T
150

T
160

T
170

T
180

T
190

T
200

T
210

T
220

(ppm)

S56



1H AMX500 dxw0318-1 indole 6¢

Z

6959 E—
l6959 —— £1860
S80°L
00T, %
9STT'L

— 060
2L % _
PBYTL —— 99560
awrL—= ~—
£96T'L S 960
STITL
9092 L
8L — 9160
aveyL—" —
0089, ——

15960

15091~ L

\/\)\ﬁoH
6¢Cc

jesBawu

(ppm)

13C AMX500 dxw0318-2 indole 6¢

Al hydr

ToYET ——
22667 ——
€908 ——

9685'5E ——
86078 ——

16028 ——

065265 ——

187091
LE00'LL H/I

8852 L —=

$268'T0T ——

186+'60T ——

S6TZ6TT ——
LV2602T —7—
TOvE'TZT %
2EETHTT

S8YzeeT —"

1209'98T ——

WWMMWWWWWWMW

pd

OH

6¢Cc

T
%

T
100

T
110

T
120

T
130

T
140

T
150

T
160

T
170

T
180

T
190

T
200

T
210

T
220

(ppm)

S57



1H AMX500 dxw0704-1 1877H

91657
£109°%
81197
90297
L0E9'Y

25157 w
606T'E
£202°€
£L02°€
y21ze
1812€
s2zze
slzze
88ETE
61SP'E
029t
EELT'E
YEBY'E
SEBY'E ‘

Uz —r—
0vEY'9

6890 ——
=
692T'L
EEVTL
2STL
8E6TZ
0022

-/ oet0z[ o

8800T
- vS20T
\ exoz[

16660

18007 [[10

0000'T

11860

— o
980T [

s

0LLT'9

T )

O
©
©
mww
e
o

— 0950T[

0260

fesBaju)

(ppm)

13C AMX500 dxw0704-2 1877C

150828 ——

EETS'LE
szores —=

0880°26 ——

992065 ——

895.'9L
9800°LL HK
9857 LL —=

9192201 ——

£899'60T ——

S0SE'6TT ——
£€896'02T —7—
821v 12T -
OTETPZT
T096'52T -
¥0SE 82T
2eLE 8T
T9E9'9ET ——
0960'TvT ——

OH

Ph

6d

T
%

T
100

T
110

T
120

T
130

T
140

T
150

T
160

T
170

T
180

T
190

T
200

T
210

T
220

(ppm)

S58



1H AMX500 dxw0704-3 1878H

‘?j

L90E7 —
9559
60959

9907 —
0860°L /]
T80T'L |
wITL—
TILTL
18T
1022 —|
90922 |
268¢"L —
95002 —|

1
=TT

L

L

IR

16292 —
Tov9 L~

L ——
51660

i‘

z

T\ 5660

92660

OH

6e

50860

fesba

(ppm)

13C AMX500 dxw0705-2 1878C

219652
690T mNMWl
2se9e

96162 —_
LIPL0E ——

025278 ——

08LE'EY ——

219’66 ——

906L'9L —=
9GK0'LL
LO0E'LL

06LLT0T ——

TrbL 60T ——

S6ET6TT ——
8YY6 02T —7=
0z8eTZT \\\
STYLYZT -
£80T'82T —

£980'LET ——

OH

6e

— -

T
110

T
120

T
130

T
140

T
150

T
160

T
170

T
180

T
190

T
200

T
210

T
220

(ppm)

S59



1H AMX500 dxw0318-3 indole 6f

UL

TL

£06v'9
a9679

»oNHH
m&i )l
mmmah
L Vl
[

SesT'L

9092L—""
L ——
seveL—

96L5L ——

vesss—

W\N
[$)

OH

S5V6°0

6f

670T'E

0EV0'T

|

VI60T

|

YSTTT [

|

TOPTT

|

2980T

F

1280

;

|

610

I

9920'T [

|

00007

fesBajuy

(ppm)

13C AMX500 dxw0318-4 indole 6f

Al hydr

202L'ET ——

T8YY6T ——

92L6'LE
810895

90025 ——

675065 ——

18vL°9L
18001 =
sgazss—

6509'T0T ——

RIS 0TT ——

665821 ——
6VPS'SCT -
0ezT6eT —"

S0ZT'SET ——

mInH/o

Cl

=z

OH

6f

-10

T
120

T
130

T
140

T
150

T
160

T
170

T
180

T
190

T
200

T
210

T
220

(ppm)

S60



1H AMX500 dxw0625-3 1871H 5-F

T 1

/09208

OH

6g

[eaBajuy

(ppm)

13C AMX500 dxw0625-4 1871C 5-F

67T ——

TLLY 6T ——
SE20°8E
os0 st —\—

985026 ——

695165 ——

987L°9L
L800'LL W
YISTLL

2L18'T0T
GEaBTOT

£S6850T ——
PLLS'S0T
T199'60T
7298'60T
60000TT
0180'0TT
Sp18'52T ——
1852'82T
69EE'8ZT
09EEEET ——

621L°95T ——
214585 —

MWWWMNLMWWWMMWWWWW

OH

69

T
110

T
120

T
130

T
140

T
150

T
160

T
170

T
180

T
190

T
200

T
210

T
220

(ppm)

S61



1H AMX500 dxw0620-1 1868H

T 1

3/ et

¥900'T [

SvS0'T

96507
—_—

= 60T[

\ 61T

MeO

=z

OH

6h

— €696

| ——

00007

45

esbau

(ppm)

13C AMX500 dxw0620-2 1868C

198L°8T ——

06667 ——

9250'8E
61858 ——

8128 ——
T06L'55 ——
£962'65 ——

9BYLIL —=
9800'LL
1852 1L

9UETOT —
vLovzot—"

£TH20TT ——
£SELTIT —

TL98'92T ——
£0LY'8ZT ——
0596'TET ——

2508'65T ——

N/ et -

MeO

=z

OH

6h

T
130

T
140

T
150

T
160

T
170

T
180

T
190

T
200

T
210

T
220

(ppm)

S62



1H AMX500 dxw0318-5 indole 6i

L

— 2960

'~ 8pl0T
T\ 09STT

.
L1480

~ a0t

88107

28907

1009
Zsire——

SET0°L
0910°L
LEE0L ——

9960°L —=
oz

90921 ——
8605 —=
veer—"

8L ——

o)
=

6i

O
\Nw

98260
11660
9960
TSL60
69260
JeaBaw

(ppm)

— 0000T

fesba

(ppm)

13C AMX500 dxw0318-6 indole 6i

Al hydr

669L°6T ——

SYBYET —
Sv8ZTe ——

125088~

PELEBE —=

99525 ——

£LTE'65 ——

TrEL9L
2686°9L W
[

TL0E'TOT ——

204T'60T ——

TSV~
6807821
a8z —/

2290'56T ——

Me

b4

OH

wmwmmmwmmmwwmwwmmm

6i

T
%

T
100

T
110

T
120

T
130

T
140

T
150

T
160

T
170

T
180

T
190

T
200

T
210

T
220

(ppm)

S63



1H normal range AC300 ma05dxw-3 2020H

I

S60TE

oz

]
—~

Pri a4
19/6'T
o —Ld

61169 ——

T690'L
v2L0°L

12602
560
28602
vITL
mere #

S695°L
26051
06852
8985,

-

024670 F

(]

SBT0'T

B

0ST0T ||

[

£286°0

[ ]

vLY6°0

T

JeaBaw

(ppm)

3 WISZ]

| ——

|
9810T [ 3

—_ 98107 |

IIM“ o000t [ ¥

JesBawu

(ppm)

13C Standard AC300 ma05dxw-4 2020C

19906 ——
2T08°ET ——

8LTS6T ——

6VIT'8E
aaeEsE

812026 ——

6EL8°65 ——

SPISIL—

9E00'LL —=

ssevii—

S80Z'60T ——
OPE0TTT ——

S2SvBTT —=
£v96'8TT —/—
1292121
¥pL9TET
0226821 ——

0SE0'26T ——

Z

OH

" (N

T
110

T
120

T
130

T
140

T
150

T
160

T
170

T
180

T
190

T
200

T
210

T
220

(ppm)

S64



1H normal range AC300 ma05dxw-1 2019-2H

89980
£068°0
79160
29vTT
269T'T
826T'T
$002°T
6127
L8 T
8927
$082'T
52621
81T
£828'7
19v8'T
ovse'T
eri8T
1v88'T
1068'T

1819
9Y69'Y
oTTLY

6ST'L
2891 —
0681’2 —
£98T°
S68T'L —
18022
TETC L
10822
0567 —
20922 ]
87—
15082 ]
ot ]
e ]
18282 ]
g6y’ ]
osev's ]
8s5v'L ]
689v'L ]
o8y’ —]
856v'L ]
92—
ot89'L |
svoz'L—|
680’2 —|
£vs6'L —|
9156'L |
0626 —|

22067 W
1906'T
S226'T
90v6'T
L£56'T
¥2L6'T
0986'T
9€00'2
8107
S1€0T
9670
1807
9560
LETTT
25T
12T
£09T'Z
6.2
S962°€
P90E°E
SETEE
yheee
T2EEE
PIVEE
S65E°E
Pv2SE
PISE
¥8SS°E
99.5°E
6265°€
0ET9w
169
$9v9'y
8299

mi

T

vE86°L —

zore

— e

12T

1980T
00112

91860

0v86°0

0000'T

OH

I

S620'7
w262 |-

v916'T
T~
B a—
e

feaBau)

(ppm)

13C Standard AC300 ma05dxw-2 2019-2C

L108°ET ——

81567 ——
66v0'8E
Tovees

66625 ——

08LT'65 ——

082592
TH00'LL H(

652y LL —=

$508'60T ——

¥85G°LTT ——
9958'6TT
9856'6TT
9.28'T12T

TEL6TZT %
0922°SZT
96v8'SZT
282121
251821 %

1289°SET
00T9°2€T

OH

-10

T
100

T
110

T
120

T
130

T
140

T
150

T
160

T
170

T
180

T
19

T
200

T
210

T
220

(ppm)

S65



1H AMX500 dxw0212-1 2006H

98580 —

91880 —

L rm =

—m

errTe
65960 [

080T
EEETT [

o

05207
7 owot
7 ouse

[ —

92897

\ 0680

11660
0000 |-

AA 26600 |-

) ——
TL9LT
— T
3 g
8180
N . sves0|

fesba

00

05

10

(ppm)

13C AMX500 dxw0212-4 2006C

60606 —__
7vS8°0T ——
L086'ET ——

518002 ——
605298
veeE o

286526 ——

251966 ——

9Tv8'9L
1960 ﬁw
L18€°LL

£968'S0T ——

8802 TTT ——

9922811 ——
sy

¥968'6TT

9162627 ——

BLLLEET ——
92L8°EET

Me

N Me
OH

Ll

200

210

220

(ppm)

S66



1H AMX500 indole 10

180
£2680
19v8°0
PETT'T
092T'T
9BET'T
00ST'T

25
53
1l
= mn

398
8§58
Ll

UL —
TI9T'L —
TUTL—
19872
2002°L —
667 —|
el —|
10972
697 —]
ovrz L]
1687
oge'L ]
osve'L —
sTse'L |
5588'L ]
69622 —]
sz19'L |
8829'L —
vS18'L —|
90g8°2 -

L i

]

Ph

0000

[
6VET'T

— s0zre

1
Y010

89660

06160

— 7

L1680

7 )
00860
— 8960

9768'0

— 6E05S

N—ph

OH

jesBoiu

(ppm)

13C Standard AC300 jI23dxw-2 10indole

YS06°ET ——

TIL66T ——

19962 ——

81659 ——

ZvEr'ES ——

66€L'65 ——

1995'9L
69.6'9L HK

090y 1L —=

82L22TT —~_
62ST'STT —_
8598'6TT
7096611
£285T2T ——
1986521 ——
0896221 ——=
0802821

£5L6'82T %
1158621
£929'TET
SYBr'ZET
$905'7ET

£LE0°SET
1586'8ET

Ph

N—ph

I

T
130

OH

10

90

T
100

T
110

T
120

T
140

T
150

T
160

T
170

T
180

T
190

T
200

T
210

T
220

(ppm)

S67



1H AMX500 dxw0320-1 2017H

SPOTT
00T'T M
wITT—
96TT'T—
veer T
58217
SeeT'T
SBET'T |
86T
12T
1972 —
€722 —
€622 —
6ECT—
SPPET—
€852 T—

8287
YS6LT
0£08'T
S508'T

L}

8

3

L
L)

g
g
L
m

3
2
L
T

EEE
a88
L

583
g2
Ll

g8
g8
Ll

£205°9
o159 —

TEOT'L
950T'L
L02T'L
[

SEETL —=

el —
2502°L

61060 | ©
[
[o
[ £
92067 g
.~
2se0 [~
[«
99960 |
s
2260
— 15660
|—
61060
/ "
92067
U 20560
mrgg -
\ 2vee0
-
-

feabaiug

(ppm)

13C AMX500 dxw0320-2 2017C

Al hydr

66L87 ——

0ETLET ——

£92y'6T ——

£95%'26 ——
0959'68 ——

099€'95 ——

88YL°9L
cop60L =
sz~

228201 ——

PEEB'B0T ——

60EY'6TT ——
8516021 —7—
Lot
LL9T'VTT

680v'82T —"

8615987 ——

T T T
100 % 80

T
110

11

-10

T
10

T
120

T
130

T
140

T
150

T
160

T
170

T
180

T
190

T
200

T
210

T
220

(ppm)

S68



1H AMX500 dxw0319-3 2018H

W60
26260 UA
60—
62121
2z
08221
81627
v6ez T —
zevz1—
10S2'T —
52T —
8527 —
65927 —
96927 —|
VELZT—
LT

8821

9862°T

V20E'T

00TE'T

SCIET

SITET

52ET

T08ET
20reT ]
opve'T |
or5e'T—
99587
T6SET |
arzeT

™

m

L

=z

12

I
0000'T

62260 [

\ 0860

£9Y6°0

1968'0
T~

— pvse0 [

T\ £806T
2860 [

T\ 9060

jesbaruy

6.0

65

75

(ppm)

13C AMX500 dxw0319-4 2018C

Al hydr

OvBLET ——

9905 6T ——

L196€°9E ——

0606°25 ——

£68L°9L
YBEO'LL
Ve6T LL —=

SBES'TOT ——

699.'60T ——

2606'STT ——
STPE'6IT ——
8YY50CT
Lozt
96621 —_
2685871 —

6BET'9ET ——
VSL6'LET —

12

T
100

T
110

T
120

T
130

T
140

T
150

T
160

T
170

T
180

T
190

T
200

T
210

T
220

(ppm)

S69



