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Materials and Methods

Unless otherwise stated, reactions were performed in oven-dried glassware fitted
with rubber septa under a nitrogen atmosphere and were stirred with Teflon-coated
magnetic stirring bars. Liquid reagents and solvents were transferred via syringe using
standard Schlenk techniques. Tetrahydrofuran (THF), diethyl ether (Et,O) was distilled
over sodium/benzophenone ketyl. Acetonitrile, dichloromethane (CH,Cl,), toluene, and
benzene were distilled over calcium hydride. All other solvents such as chloroform,
methanol, ethanol, DMSO and reagents such as tryptamine, phthalic anhydride, succinic
anhydride, sodium borohydride, methyl chloroformate, benzyl chloroformate,p-
toluenesulfonyl chloride, LiAlH,, triethylamine, acetic acid, Di-tert-butyl dicarbonate,
paraformaldehyde, etc. were used as received, unless otherwise noted.Thin layer
chromatography was performed using Merck Silicagel 60 F-254 precoated plates (0.25
mm) and visualized by UV irradiation, 2,4-DNP, anisaldehyde stain and other stains.
Silicagel (particle size 100-200 mesh) was used for flash chromatography. Melting points
were recorded on a digital melting point apparatus and are uncorrected. *H and **C NMR
spectra were recorded 400, 500 MHz spectrometers with *3C operating frequencies of
100, 125 MHz, respectively. Chemical shifts (5) are reported in ppm relative to the
residual solvent signal (5 = 7.24 for 'H NMR and & = 77.0 for 3C NMR). Data for *H
NMR spectra are reported as follows: chemical shift (multiplicity, coupling constants,
and number of hydrogen). Abbreviations are as follows: s (singlet), d (doublet), t (triplet),
g (quartet), m (multiplet), br (broad). IR spectra were recorded on a FT-IR system
(Spectrum BX) and are reported in frequency of absorption (cm™). Only selected IR
absorbencies are reported. High-resolution mass spectrometry (HRMS) data were
recorded on MicrOTOF-Q-1I mass spectrometer using methanol as solvent. High
resolution mass spectra and NMR data were obtained from the Central Instrumentation
Facility (CIF) at the Indian Institute of Science Education and Research (IISER) Bhopal.
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Synthesis of compound 15:

Step 1: In a resealable round-bottom flask, 4-bromoindole 14 (25.0 g, 127.52 mmol; 1.0
equiv) was taken in dry THF (200 mL) and degassed under argon atmosphere for 10
minutes. To this solution allyl alcohol (8.7 mL, 127.52 mmol; 1.0 equiv), triethyl borane
[1(M) in hehane)] (38.3 mL, 38.3 mmol; 0.3equiv), and Pd(PPh3), (2.95 gm, 2.55 mmol;
0.02 equiv) were added successively and stirred the reaction mixture after placing in an
oil bath maintain 50 °C for 12 h. Upon completion of the reaction, (TLC showed
complete consumption of starting material) the reaction mixture was concentrated under
reduced pressure to afford crude allylated product 26 as brown oil, which was used for

next step without purification.

Step 2: To the stirred solution of 3-allylated-4-bromo indole 26 (~30.1 g, 127.52 mmol;
1.0 equiv) in CH,CI; (250 mL), p-TsCl (26.7 g, 140.3 mmol; 1.1 equiv), NaOH (10.2 gm,
255.0 mmol; 2 equiv) in 5 mL water, and BusNHSO, (865 mg, 2.55 mmol; 0.02 equiv)
were added respectively at RT and stirred vigorously for 1h. Upon completion of
reaction, the organic layer was washed with water (2 X 100 mL), dried over Na,SO,4 and
concentrated under vacco to get white solid, which was purified by column

chromatography with n-Hexane-EtOAc (9:1) to afford compound (15) as colorless solid.

er)/
TsN |

(15)

3-Allyl-4-bromo-1-tosyl-1H-indole (15): 43.3 g (87% yield) as colorless solid. R¢= 0.45
(5% EtOAc in hexane). *H NMR(400 MHz, CDCls) § 7.94 (d, J = 8.2 Hz, 1H), 7.71 (m,
2H), 7.39 (s, 1H), 7.34 (d, J = 7.7 Hz, 1H), 7.19 (m, 2H), 7.09 (t, J = 8.0 Hz, 1H), 6.02 -
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6.12 (M, 1H), 5.03 - 5.14 (m, 2H), 3.69-3.17 (M, 2H), 2.31 (s, 3H): 3C NMR (100 MHz,
CDClIy) o: 145.2, 136.6, 135.8, 134.9, 128.8, 127.8, 126.8, 125.0, 122.0, 116.8, 114.6,
112.9, 30.9, 21.6; IR (film) vmax 2920, 2725, 1596, 1411, 1372, 1189, 1172, 1087, 982,
773 cm™.

OH
Br (a) BH; DMS (1.2 equiv) Me._OH

THF, 0-25 °C Br| 4 Br

(b) H,0,, ag. NaOH | |
—_—_—

TsN | TsN TsN
(15) (27a) (27b)
88% 10%

Synthesis of primary alcohol 27a: In an oven dried round-bottom flask, the compound
15 (22.0 g, 56.4 mmol; 1.0 equiv) was taken in dry THF (250 mL) under argon
atmosphere at 0 °C. To this solution, BH3.SMe; [5 M in Et;0] (6.4 mL, 67.6 mmol; 1.2
equiv) was added drop wise for 15 minutes and stirring was continued for 12 h
[temperature gradually increases to 25 °C]. Upon completion of the reaction (judged by
running TLC) the reaction mixture was placed over an ice bath and excess borane was
quenched by careful addition of EtOH (50 mL), then 10% (W/V) aqueous NaOH (30 mL)
and followed by 30 % (W/V) H,0, (30 mL). Then the mixture was stirred for another 6 h
at 25 °C and was diluted with CH,Cl, (250 mL) and water (200 mL). The organic layer
was separated through separatory funnel, washed with water twice and dried over
anhydrous Na,SO,. The organic layer was concentrated under reduced pressure. The
crude mixtures were purified by column chromatography by using n-Hexane/EtOAc (3:2)
mixture as eluent to afford 27a as colorless solid.

OH
Br

TsN l
(27a)

3-(4-Bromo-1-tosyl-1H-indol-3-yl)propan-1-ol (27a): 20.3 g (88% yield) as colorless
solid. Ry = 0.45 (40% EtOAc in hexane). *H NMR (500 MHz, CDCls) &: 7.98 (dd, J =
8.3, 0.8 Hz, 1H), 7.74 (m, 2H), 7.40 (s, 1H), 7.39 (dd, J = 7.8, 0.8 Hz, 1H), 7.25 (m, 2H),

S4



7.3 (t, J = 8.1 Hz, 1H), 3.76 (t, J = 6.3 Hz, 2H), 3.04 (m, 2H), 2.36 (s, 3H), 1.96-2.01
(m, 2H); BC NMR (125 MHz, CDCl3) 6: 145.2, 136.6, 134.9, 129.9, 128.9, 127.8, 126.8,
125.4, 124.6, 123.1, 114.6, 112.9, 62.2, 33.1, 22.6, 21.6; IR (film) vmax 3374, 2928, 1595,
1412, 1244, 1172, 1088, 979, 776 cm™; MP143-145°C; HRMS (ESI) m/z 408.0217 [M
+ H]"; calculated for [C1gH1gBrNOsS + H]": 408.0264.

Me OH
%ﬂ/
TsN l

(27b)

1-(4-Bromo-1-tosyl-1H-indol-3-yl)propan-2-ol (27b): 2.3 g (10% yield) as brownish
gel. Ry = 0.50 (40% EtOAc in hexane). *H NMR (400 MHz, CDCls) &: 7.99 (d, J = 8.3
Hz, 1H), 7.79 — 7.70 (m, 2H), 7.53 (s, 1H), 7.41 — 7.32 (m, 1H), 7.24 — 7.17 (m, 2H), 7.16
—7.09 (m, 1H), 4.17 (ddd, J = 8.6, 6.4, 4.7 Hz, 1H), 3.80 — 3.48 (m, 1H), 3.20 (dt, J =
14.7, 3.7 Hz, 1H), 2.42 — 2.17 (m, 4H), 1.28 (dd, J = 6.2, 1.9 Hz, 3H); **C NMR (100
MHz, CDCls;) &: 145.3, 136.6, 134.7, 130.0, 128.7, 128.0, 126.8, 126.2, 125.5, 119.9,
114.5, 113.0, 67.5, 35.9, 22.7, 21.6; IR (film) vmax 3365, 2965, 2901, 1576, 1452, 1270,
1135, 1098, 985, 779 cm™; HRMS (ESI) m/z 430.0109 [M + Na]; calculated for
[C1sH18BrNOsS + Na]™: 430.0083.

OH O

(COCl),, DMSO, -78 °C
Br then Et3N, -78 °C to rt, 6h Br

TsN TsN
(27a) (10)

Synthesis of aldehyde 10: In an oven-dried long neck round-bottom flask, DMSO (11.2
mL, 156.3 mmol; 5.0 equiv) was charged in dry CH,Cl, (100 mL) and the reaction vessel
was cooled to -78 °C. To that solution oxalyl chloride (4.0 mL, 46.9 mmol, 1.5 equiv) in
20 mL CH,CI, was transferred drop-wise over a period of 15 minutes and stirring was
continued for additional 30 minutes at same temperature. After that, a solution of alcohol
27a (12.7 g, 31.3 mmol; 1.0 equiv) in CH,Cl, (80 mL) was added to the reaction mixture
drop-wise through a syringe and stirring was continued at same temperature for another
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additional 2 h. Next, Et;N (22.0 mL, 156.3 mmol, 5.0 equiv) was added to the reaction
mixture at -78 °C and allowed to increase the temperature gradually to 25 °C. Upon
completion of reaction, (TLC showed complete consumption of starting material) the
reaction mixture was quenched with water and diluted with CH,Cl,. The organic layer
was separated, washed with brine and dried over anhydrous Na,SO,.The organic layer
was concentrated under reduced pressure and the crude was then purified by flash
chromatography by using n-Hexane/EtOAc (17:3) as eluent to afford the desired
aldehyde (10) as yellow solid.

(0]
|
Br

TsN
(10)

3-(4-Bromo-1-tosyl-1H-indol-3-yl)propanal (10): The compound was obtained as
yellow solid in 12.1 g (95% yield). R; = 0.50 (20% EtOAc in hexane). *H NMR (400
MHz, CDCl3) &: 9.85 (t, J = 1.2 Hz, 1H), 7.79 (dd, J = 8.4, 0.7 Hz, 1H), 7.74 (m, 2H),
7.40 (s, 1H), 7.39 (dd, J = 7.8, 0.7 Hz, 1H), 7.25 (m, 2H), 7.14 (t, J = 8.1 Hz, 1H), 3.29
(td, J = 7.5, 0.7 H, 2H), 2.87-2.91 (td, J = 7.6, 1.0 Hz, 2H), 2.40 (s, 3H); *C NMR (100
MHz, CDCls3) &: 201.1, 145.3, 136.6, 134.8, 130.0, 128.6, 127.8, 126.8, 125.6, 125.1,
121.6, 114.4, 113.0, 44.4, 21.6, 18.9; IR (film) vmax 2920, 1716, 1595, 1558, 1412, 1372,
1172, 1131, 1087, 982, 745 cm™; MP 136-138°C, HRMS (ESI) m/z 406.0093 [M + H]*;
calculated for [C1gH16BrNO3S + H]*: 406.0107.

(a) D-proline o
PhNO, 25 °C "
o () COOEt EtO | ©
PhsP - LONHPh
Br Me Br
| 85%
TsN 2 steps TeN |
(10) 96% ee (16)

Synthesis of (—)-(16): In an oven-dried round-bottom flask was charged with aldehyde
(10) (8.0 g, 19.9 mmol, 1.0 equiv) in DMSO (50 mL) under argon atmosphere. To this
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solution, nitrosobenzene (2.1 g, 19.9 mmol, 1.0equiv) and D-proline (918 mg, 7.97
mmol, 0.4 equiv) were added successively and stirred for 10 minutes at 25 °C until color
of the solution changed from green to yellow (color change is indicated the completion of
reaction). Upon completion of the reaction, (judged by running a TLC) a solution of
stabilized Wittig salt (10.8 g, 35.9 mmol, 1.5 equiv) and anhydrous LiCl (1.5 g, 35.9
mmol, 1.5 equiv) in 100 mL MeCN was transferred to the reaction mixture at once at 0
°C and continued for another additional 2 h at same temperature. Upon completion of the
reactions (judged by TLC analysis), the reaction mixture was quenched by addition of
water and the reaction mixture was partitioned between water and EtOAc. Then organic
layer was separated through separatory funnel and water layer was washed twice with
EtOAc (100 mL). The combined organic layer was washed with brine, dried over Na;SO4
and concentrated under reduced pressure. The crude was then purified by flash
chromatography by using n-Hexane/EtOAc (4:1) as eluents to afford compound (16) as

yellow gel.

Ethyl (S,E)-5-(4-bromo-1-tosyl-1H-indol-3-yl)-2-methyl-4-((phenylamino)oxy)pent-
2-enoate (-)-16: 10.1 g (85% vyields) as yellow gel. Ry= 0.52 (20% EtOAc in hexane). 'H
NMR (400 MHz, CDCls3) 6 7.95 (d, J = 8.5 Hz, 1H), 7.68 (m, 2H), 7.50 (s, 1H), 7.36 (d,
J=7.7 Hz, 1H), 7.15 (m, 2H), 7.08-7.13 (m, 2H), 6.88 (m, 2H), 6.72-6.78 (m, 3H), 5.00-
5.06 (m, 1H), 4.22 (q, J = 7.1 Hz, 2H), 3.47 (dd, J = 14.5, 7.0 Hz, 1H), 3.20 (dd, J = 14.5,
6.6 Hz, 1H), 2.30 (s, 3H), 1.58 (d, J = 1.3 Hz, 3H), 1.31 (t, J = 7.05 Hz, 3H); *C NMR
(100 MHz, CDCI3) &: 167.6, 148.2, 145.3, 139.1, 136.3, 134.8, 132.1, 130.0, 128.8,
128.6, 127.9, 126.9, 126.8, 125.4, 122.0, 117.6, 1145, 114.3, 112.9, 79.3, 60.9, 29.9,
21.5, 14.3, 13.2; IR (film) vmax3392, 1705, 1596, 1436, 1373, 1174, 1120, 721 cm’
LHRMS (ESI) m/z 597.1000 [M + H]"; calculated for [CooH29BrN,OsS + H]*: 597.1053.
Enantiomeric excess was determined to be 96% ee via HPLC analysis using a Chiralpak

AD-H column; solvent: 2-propanol/ hexane = 1/3; flow rate: 1.0 mL/min; detection: at
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254 nm): tz major = 16.19 min, tg minor = 24.23 min.;[o]sse 2> © = — 84.0 (c = 0.10,
CH,CL).

[Compound (+)-16 was synthesized in 86% yield from the compound 10 using L-proline
as catalyst by using the similar procedure as explained above. Rotation of the compound
(+)-16; [o]sge **° = +80 (¢ = 0.15, CH,Cl>) ]

= _ONHPh CU(OAC)Z, EtOH
25°C,2h

B —

86%

Synthesis of allylic alcohol (-)-(8): In an oven-dried round-bottom flask, compound 16
(7.0 g, 11.7mmol, 1.0 equiv) was dissolved in 70 mL of EtOH under argon atmosphere at
0 °C. To that solution anhydrous Cu(OAc); (319 mg, 1.76 mmol, 0.15 equiv) was added.
Then the reaction mixture was stirred at same for 2 h until starting material completely
consumed (judged by running TLC). After that, the reaction mixture was concentrated
under reduced pressure and the crude mixture was directly purified through column
chromatography using n-Hexane/EtOAc (7:3) as eluents to afford the compound (8) as

yellow gel.

Ethyl (S,E)-5-(4-bromo-1-tosyl-1H-indol-3-yl)-4-hydroxy-2-methylpent-2-enoate (8):
5.1 g (86% yield) as yellow gel. R = 0.3 (20% EtOAc in hexane). *H NMR (400 MHz,
CDCl3) § 7.93 (d, J = 8.2 Hz, 1H), 7.69 (m, 2H), 7.47 (s, 1H), 7.35 (d, J = 7.5 Hz, 1H),
7.21 (m, 2H), 7.10 (t, J = 8.1 Hz, 1H), 6.68 (m, 1H), 4.81 (m, 1H), 4.19 (g, J = 7.2 Hz,
2H), 3.11- 3.24 (m, 2H), 2.32 (s, 3H), 1.79 (brs, 1H), 1.64 (d, J = 1.1 Hz, 3H), 1.28 (t, J =
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7.0 Hz, 3H); *C NMR (100 MHz, CDCls) & 167.7, 145.4, 141.1, 136.4, 134.7, 130.0,
129.9, 129.7, 128.5, 127.9, 126.8, 125.5, 117.8, 114.3, 113.0, 68.1, 60.9, 33.4, 21.6, 14.2,
13.1; IR (film) vmax3375, 2929, 1717, 1412, 1373, 1248, 1174, 983, 949 cm ™ HRMS
(ESI) m/z 506.0612 [M + H]*; calculated for [C,3H24BrNOsS+ H]*": 506.0631.
Enantiomeric excess was determined to be 96.5% ee via HPLC analysis using a
Chiralpak AD-H column; solvent: 2-propanol/ hexane = 1/3; flow rate: 1.0 mL/min;
detection: at 254 nm): tz major = 9.62 min, tz minor = 15.90 min.; [a]sge *** “=-9.2 (c =
0.53, CHCly).

[Compound (+)-8 was synthesized from (+)-16 in 84% vyield, by using the similar
procedure as described above. Rotation of the compound (+)-8; [a]sse 2! = +10.1 (¢ =
0.42, CH,Cl,).]

0 o)
EtO Me  (@MsCLEGN g Me
| H oH (b) NaNg, DMF | H
T 0°C,2h N3
Br ’
—_— Br
| 95% I
TsN over 2 steps ToN
(8) (7

Synthesis of azide (+)-(17):

Step 1: The enantioenriched compound 8 (3.5 g, 6.9 mmol, 1.0 equiv) was charged in 40
mL CH.CIl, under argon atmosphere and EtsN (1.2 mL, 8.53 mmol, 1.2 equiv) and
DMAP (88 mg, 0.72 mmol, 0.1 equiv) were added at 0 °C. To this solution, MsCI (0.67
mL, 8.53 mmol, 1.2 equiv.) was added dropwise over 2 minutes. The reaction mixture
was then allowed to stir at same temperature for 30 minutes. After complete consumption
of starting material (judged by running TLC), the reaction mixture was quenched with 30
mL water and diluted with 50 mL CH,Cl,, The organic layer was separated through
separatory funnel, dried over Na,SO,4 and concentrated under reduced pressure. The crude

product was directly treated for next step without further purification.

Step 2: The crude mixtures were dissolved in DMF (20 mL) under argon atmosphere. To

this reaction solution, NaN3 (2.30 g, 35.55 mmol, 5 equiv.) was added at 0 °C and stirred
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the reaction mixture for 2 h. Upon completion of the reactions, (TLC showed complete
consumption of starting material) the reaction mixture was diluted with 60 mL EtOAc
and water (60 mL). The organic layer was separated and washed the aqueous layer with 2
X 30 mL EtOAc. The combined organic layer was washed with brine, dried over
anhydrous Na,SO, and evaporated under reduced pressure. The crude reaction mixture
was purified by flash chromatography with n-Hexane/EtOAc (9:1) to afford azide 17 as
colourless gel.

EtO

TsN
(7)

Ethyl (R,E)-4-azido-5-(4-bromo-1-tosyl-1H-indol-3-yl)-2-methylpent-2-enoate (17):
3.5 g (95% yields) as colourless gel. R; = 0.4 (10% EtOAc in hexane).'H NMR (400
MHz, CDCl3) & 7.94, (d, J = 8.3 Hz, 1H), 7.69 (m, 2H), 7.46 (s, 1H), 7.37 (d, J = 8.0 Hz,
1H), 7.20 (m, 2H), 7.11 (t, J = 7.9 Hz, 1H), 6.61 (d, J = 9.7 Hz, 1H), 4.61-4.67 (m, 1H),
4.23 (9, J =7.1 Hz, 2H), 3.17 (d, J = 6.8 Hz, 2H), 2.32 (s, 3H), 1.67 (s, 3H), 1.31 (t, J =
7.1 Hz, 3H); *C NMR (100 MHz, CDCls) & 167.2, 145.4, 136.4, 134.7, 132.1, 130.0,
128.3, 127.9, 127.1, 126.8, 125.6, 117.3, 114.1, 113.1, 61.1, 59.6, 31.1, 21.6, 14.2, 13.2;
IR (film) vnax2928, 2097, 1712, 1596, 1412, 1373, 1248, 1174, 1097, 984, 749 cm™;
HRMS (ESI) m/z 553.0545 [M + Na]"; calculated for [C,3H23BrN4O4S + Na]*: 553.0516
 [a]sse 2+° "© = +10.0 (c = 0.23, CHClIs).

[Compound (-)-17 was synthesized in 93% vyield from (+)-8 applying similar procedure
as described above. Rotation of the compound (-)-17; [a]ssse 22 = —8.9 (c = 0.12,
CH.Cly).]
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o O

M
Eo” o Me EtO ©
[§ . (@PPhy HO [N NHBoc
8 (b) (Boc),0 )
Br _— Br
87% |
o | over 2 steps TN
(7 (18)

Synthesis of compound (+)-(18): In a round-bottom flask, the compound 17 (2.8 g, 5.27
mmol, 1.0 equiv) was taken THF (30 mL) at 25 °C. To this solution, PPhs (1.7 g, 6.33
mmol, 1.2 equiv) and 2 mL water were added. Then the reaction mixture was heated to
70 °C for 3 h. Upon completion of the reactions (judged by TLC analysis), the reaction
mixture was concentrated under vacuo. The reaction mixture was diluted with 15 mL of
CH.Cl, and Na,SO,4 (~2 g) was added to remove majority of water. The organic layer
was transferred to another round-bottom flask. To this solution was added EtzN (1.1 mL,
7.90 mmol, 1.5 equiv) followed by (Boc);O (1.5 mL, 6.33 mmol, 1.2 equiv)
simultaneously at 25 °C. It was stirred for 30 minutes for completion of the reaction
(judged by TLC analysis). The crude reaction was then concentrated under reduced
pressure and purified by flash chromatography with n-hexane-EtOAc (4:1) to afford Boc-

protected amine 18 as yellow gel.

TsN
(18)

Ethyl (R,E)-5-(4-bromo-1-tosyl-1H-indol-3-yl)-4-((tert-butoxycarbonyl)amino)-2-
methylpent-2-enoate (18): 2.78 g (87% vyields) as yellow gel. Rt = 0.4 (20% EtOAc in
hexane). *"H NMR (400 MHz, CDCl3) & 7.89 (d, J = 8.3 Hz, 1H), 7.68 (m, 2H), 7.44 (s,
1H), 7.33 (d, J = 7.8 Hz, 1H), 7.19 (m, 2H), 7.07 (t, J = 8.2 Hz, 1H), 6.58 (d, J = 8.8 Hz,
1H), 4.76 (m, 2H), 4.17 (g, J = 6.9 Hz, 2H), 3.17 (m, 2H), 2.30 (s, 3H), 1.70 (s, 3H), 1.26
(m, 12H); *C NMR (100 MHz, CDCls) & 167.8, 154.9, 145.3, 130.0, 129.7, 128.7,
127.9, 126.8, 126.3, 125.4, 118.1, 114.4, 112.8, 79.7, 60.8, 49.4, 31.4, 28.2, 21.6, 14.2,
13.0; IR (film) vmax3366, 2978, 2928, 1703, 1505, 1367, 1174, 1097, 982, 737 cm™;
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HRMS (ESI) m/z 605.1288 [M + H]"; calculated for [C2sH33BrN,OgS + H]*: 605.1315.
Enantiomeric excess was determined to be 96% ee via HPLC analysis using a Chiralpak
AD-H column; solvent: 2-propanol/ hexane = 1/3; flow rate: 1.0 mL/min; detection: at
254 nm): tg minor = 9.50 min, tz major = 13.08 min.; [o]sss =° “= +3.9 (c = 0.28,
CHCly).

[Compound (—)-18 was synthesized in 88% overall yield in 2 steps from (-)-17, applying
similar procedure as described above. Rotation of the compound (-)-18; [o]sge > = —3.5
(c=0.20, CH,Cly).]

Me Me
EtO | EtO | H Boc

H
wNHBoc NaH, Mel WNL

Br _— Me

99%

Synthesis of compound (+)-(19): In an oven dried round-bottom flask compound 18 (2.0
g, 3.30 mmol, 1.0 equiv) was dissolved in dry DMF (12 mL) under nitrogen atmosphere
at 0 °C. To this solution, NaH (264 mg, 6.60 mmol, 1.2 equiv) was added pinch wise and
stirred for 5 minutes. After stirring for 5 minutes, Mel (454 pL, 7.26 mmol, 1.1 equiv)
was added to the reaction mixture drop wise at 0 °C and stirring continued for another 30
minutes. After complete consumption of starting material, reaction was quenched with
water and partitioned between water and EtAOc. Then organic layer was separated
through separatory funnel and aqueous layer was washed twice with EtOAc. The
combined organic layer was washed with brine, dried over anhydrous Na,SO, and
concentrated under reduced pressure. The crude product was then purified by flash
chromatography using n-hexane-EtOAc (3:1) mixture as eluent to afford compound 19 as

yellow gel.
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Me
Boc
l H‘\N\
) Me

EtO
Br

TsN l
(19)

Ethyl (R,E)-5-(4-bromo-1-tosyl-1H-indol-3-yl)-4-((tert-
butoxycarbonyl)(methyl)amino)-2-methylpent-2-enoate (19): 2.02 g (99% vyield) as
yellow gel. R; = 0.42 (20% EtOAc in hexane).'"H NMR (400 MHz, CDCls) & 7.88 (d, J
=8.4 Hz, 1H), 7.67 (m, 2H), 7.40 (brs, 1H), 7.34 (d, J = 7.6 Hz, 1H), 7.21 (m, 2H), 7.10
(t, J = 8.1 Hz, 1H), 6.74 (brs, 1H), 5.29 (m, 1H), 3.08- 3.23 (m, 2H), 2.71 (s, 1H), 2.30 (s,
3H), 1.78 (s, 3H), 1.29 (t, J = 7.1 Hz, 3H), 1.01 (brs, 9H); *C NMR (100 MHz, CDCls) &
167.8, 154.9, 145.2, 138.1, 136.3, 134.7, 131.3, 130.1, 128.8, 127.7, 126.9, 126.2, 125.4,
118.2, 114.4, 112.9, 79.7, 60.9, 53.6, 29.1, 29.0, 27.9, 21.5, 14.3, 13.1; IR (film)
vmax2914, 1690, 1457, 1368, 1248, 1174, 1123, 1022, 983, 750 cm™; HRMS (ESI) m/z
619.1477 [M + H]"; calculated for [CagHasBrN,OgS + H]": 619.1472; [a]sge - = + 37.9
(c =0.38, CHCly).

[Compound (-)-19 was synthesized in 98% yield from (—)-18, applying similar procedure

as described above. Rotation of the compound (-)-19; [a]sse 22 = —23.4 (c = 0.15,
CH,Cl) ]

o o)
Me
EtO M
| H Boc  Pd(OAc), PPhy C°© Hoe
5| Me KeCOs DMF “\N\Boc
r
| 87%
TsN TsN |
(19) (20)

Procedure for unprecedented Heck cyclization (-)-20: In a re-sealable tube, compound
19 (1.6 g, 2.58 mmol, 1.0 equiv) was charged in dry DMF (8 mL) and degassed by using
argon balloon. To this solution, anhydrous K,COs; (1.1 g, 7.75 mmol, 3.0 equiv),
Pd(OACc), (58 mg, 0.26 mmol, 0.1 equiv) and PPh3 (203 mg, 0.77 mmol, 0.3 equiv) were
added successively under argon atmosphere at 25 °C. Then the reaction mixture was
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sealed and placed over an oil bath maintaining temperature 110 °C for 12 h. Upon
completion of the reaction (monitoring by TLC), reaction mixture was diluted with 30
mL EtOAc and partitioned between EtOAc and H,O. The organic layer was then
separated, dried over anhydrous Na,SOg, and concentrated under reduced pressure. The
crude material was directly purified through column chromatography using n-

hexane/EtOAc (4:1) as eluents to afford the desired product 20 as colorless gel.

(0]

EtO Me
H |
R

(L)
TsN |

(20)

Ethyl 2-((4R,5S)-4-((tert-butoxycarbonyl)(methyl)amino)-1-tosyl-1,3,4,5-

tetrahydrobenzo[cd]indol-5-yl)acrylate (-)-20: 1.20 g (87% yield) as colourless gel. Rs
= 0.4 (20% EtOAc in hexane). *H NMR (400 MHz, CDCl3) & 7.73 (m, 3H), 7.13 (m,
4H), 6.74 (brs, 1H), 4.47 (d, J = 10.9 Hz, 1H), 5.70 (s, 1H), 4.70 (brs, 1H), 4.08-4.26 (m,
3H), 2.88 (m, 2H), 2.76 (m, 3H), 2.28 (s, 3H), 1.38 (m, 9H), 1.03 (t, J = 6.4 Hz, 3H); *°C
NMR (100 MHz, CDClg) (rotamer) 6 166.5, 166.1, 155.5, 155.4, 144.7, 139.1, 135.4,
13.9, 133.6, 133.2, 133.1, 129.8, 129.7, 128.4, 128.3, 126.8, 126.6, 125.6, 119.8, 119.5,
113.5, 111.5, 79.9, 79.5, 61.4, 60.7, 53.5, 43.5, 43.2, 28.5, 28.3, 25.5, 25.4, 21.9, 17.9,
13.9; IR (film) vmax2977, 1692, 1363, 1301, 1253, 1177, 1116, 1088, 1024 cm™;HRMS
(ESI) m/z 539.2240 [M + H]"; calculated for [CooH34N206S + H]": 539.2210 ;[a]sge 2-*
= _33.7 (c = 0.27, CHCl5).

[Compound (+)-20 was synthesized in 84% yield from (-)-19, applying similar procedure
as described above. Rotation of the compound (+)-20; [a]o %2 = +30.2 (c = 0.10,
CH,Cl,).]
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o)
EtO EtO
H g PhMe H
~NBoc 223%04?: WNH | 110°C,2h ©
O =28 | o] e
88% I
over 2 steps
TsN | TSN | PS  ToN
(20) ) - (®)

Synthesis of lactone (-)-(5): To a round-bottom flask, Boc-protected amine 20 (1.0 g,
1.86 mmol; 1.0 equiv.) was reacted with CF;CO,H (8 mL) at 25 °C until starting material
fully consumed (monitored by TLC analysis). Upon completion of reaction, the excess
acid was removed under reduced pressure and diluted with CHCI3.The organic layer was
washed with saturated NaHCOg3, dried over anhydrous Na,SO,4 and evaporated to dryness
under reduced pressure. The crude was then dissolved in toluene and transferred the
solution to a re-sealable tube and heated to 110 °C for 24 h until starting material fully
consumed (judged by TLC analysis). Then the reaction mixture was concentrated under
reduced pressure and purified through column chromatography using n-hexane/EtOAC

(1:3) to afford tetracyclic y-lactam 5 as colorless gel.

(6aR,9aS)-7-Methyl-9-methylene-4-tosyl-4,6,6a,7,9,9a-hexahydro-8H-indolo[6,5,4-
cd]indol-8-one (5): 662 mg (88% overall yield) as colourless gel. Ry=0.35 (75% EtOAc
in hexane)."H NMR (400 MHz, CDCls) § 7.77 (d, J = 7.7 Hz, 1H), 7.74 (m, 2H), 7.24-
7.31 (m, 3H), 7.18 (m, 2H), 6.16 (d, J = 3.4 Hz, 1H), 5.85 (d, J = 3.0 Hz, 1H), 3.86 (m,
1H), 3.35 (m, 1H), 3.29 (m, 1H), 2.95 (s, 3H), 2.71 (m, 1H), 2.29 (s, 3H); *C NMR (100
MHz, CDCl3) & 169.8, 145.0, 139.7, 135.4, 133.2, 130.1, 130.0, 129.7, 126.8, 125.7,
121.1, 117.4, 116.9, 114.7, 112.4, 61.6, 45.6, 27.8, 27.1, 21.6; IR (film) vmax2921, 1682,
1430, 1373, 1358, 1178, 1112, 1089, 968, 768 cm™;HRMS (ESI) m/z 293.1295 [M +
H]": calculated for [CaHxoN203S + H]™: 293.1267 ; [a]sse 2° “°= —56.7 (c = 0.18,
CH,Cl,).
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[Compound (+)-5 was synthesized in 90% overall yield in 2 steps from (+)-20, applying
similar procedure as described above. Rotation of the compound (+)-5; [a]sgs 2% = +52.9
(c =0.20, CH,Cly) ]

0
Me 0
H Cs,CO
N-Me 23 5\
THF 25 °C N-Me
_—
Ool 94%
TsN TsN |
®) (23)

Isomerization of double bond (+)-(23): An oven dried round-bottom flask was charged
with compound (5) (200 mg, 0.51 mmol, 1.0 equiv) in dry THF (7 mL). To this solution,
anhydrous Cs,COj3 (497 mg, 1.53 mmol, 3.0 equiv) was added at rt and stirred the
reaction mixture for 1 h, until the starting material fully consumed. Upon completion of
the reaction (monitoring by TLC), it was filtered through celite pad and washed with
EtOAc. The combined organic layers were concentrated under vacco and crude was
purified through column chromatography using hexane/EtOAc (1:3) to afford the desired

product 23 as colorless gel.

Me O

& N-Me

TsN l
(23)

(R)-7,9-Dimethyl-4-tosyl-4,6,6a,7-tetrahydro-8H-indolo[6,5,4-cd]indol-8-one  (23):
188 mg (94% yield) as colorless gel. Ry = 0.3 (75% EtOAc in hexane)."H NMR (400
MHz, CDCls) § 7.85 (dd, J = 7.5, 1.2 Hz, 1H), 7.75 (m, 2H), 7.34-7.40 (m, 2H), 7.30 (d,
J=1.7 Hz, 1H), 7.20 (m, 2H), 4.08 (m, 1H), 3.47 (dd, J = 14.7, 6.3 Hz, 1H), 3.05 (s, 3H),
2.46(m, 1H), 2.31 (s, 3H), 2.14 (d, J = 1.5 Hz, 1H); *C NMR (100 MHz, CDCls) &
172.4,145.2, 144.4, 135.4, 133.5, 130.1, 129.9, 128.7, 126.9, 126.1, 124.9, 121.6, 119.7,
116.3, 114.1, 60.6, 27.5, 26.7, 21.7, 10.1; IR (film) vmax2919, 1683, 1436, 1373, 117,
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1112, 1088, 986 cm™ HRMS (ESI) m/z 393.1274 [M + H]"; calculated for
[C2oH20N203S + H]*: 393.1267 ;[0]s80 *° = +28.0 (¢ = 0.10, CHCls).

[Compound (-)-23 was synthesized from (+)-5 in ~94% yield, applying similar procedure
as described above. Rotation of the compound, (-)-23; [o]sse =% = —27.5 (c = 0.25,

CH.Cl,).]

Me Me
THY,. AICl3, LiAlH,4 THN\,.
N-Me THF, 70 °C N-Me
—_—
89%
TsN l TsN l
(23) (24)

Synthesis of cyclic allyl amine (+)-(24): To an oven dried round-bottom flask,
suspension of LiAlIH, (73 mg, 1.90 mmol, 5.0 equiv) in dry THF (3 mL) was cooled at
0°C. To that a solution of anhydrous AICI; (51 mg, 0.38 mmol; 1.0 equiv.) in THF (2
mL) was added drop-wise at same temperature and stirring was continued for 30 minutes.
Afterwards a solution of (23) (150 mg, 0.38 mmol, 1.0 equiv.) in THF (3 mL) drop wise.
After that stirring was continued for another 1.5 h at 0 °C. Upon completion of reaction,
reaction mixture was quenched by careful addition of ethyl acetate and followed by
addition of water. Then the whole mixture was filtered through a celite pad. The clear
organic layer was dried over anhydrous Na,SQ,, concentrated under reduced pressure and
then purified through column chromatography using methanol/ethyl acetate (1:9) mixture
as eluents to afford the desired product (24) as yellow gel.

TsN
(24)

(R)-7,9-Dimethyl-4-tosyl-6,6a,7,8-tetrahydro-4H-indolo[6,5,4-cd]indole (24): 127 mg

(89% vyield) as colourless gel. Rf = 0.3 (10% MeOH in EtOAc). *H NMR (400 MHz,

CDCl3) 6 7.69-7.75 (m, 3H), 7.26-7.34 (m, 2H), 3.19 (m, 3H), 3.85 (dd, J = 14.3, 3.3 Hz,
S17




1H), 3.55 (m, 1H), 3.46 (m, 1H), 3.21 (dd, J = 14.9, 6.0 Hz, 1H), 2.51-2.56 (s, 3H; m,
1H), 2.30 (s, 3H), 2.05 (s, 3H); **C NMR (100 MHz, CDCls) &: 144.7, 135.5, 133.6,
132.2, 129.8, 129.7, 128.6, 126.7, 126.6, 125.6, 119.9, 118.8, 118.7, 112.0, 71.4, 68.2,
40.4, 29.0, 215, 13.5;IR (film) vmx2918, 2852, 1558, 1357, 1165, 1112, 763 cm™:;
HRMS (ESI) m/z 379.1499 [M + H]"; calculated for [CyH2N,0,S + H]™: 379.1475;
[]s80 24 ©= +48.8 (c = 0.86, CHClIs).

[Compound (-)-24 was synthesized from (—)-23 in 87% vyield, applying similar procedure
as described above. Rotation of the compound (-)-24; [a]sse 2% = —50.0 (¢ = 0.10,
CH,Cl,).]

Synthesis of (+)-25 [Formal total synthesis of (+)-cycloclavine (1)]:

Me Me

/M N-Me Mg, MeOH /M N-Me
rt, 30 min

—_—
| 92% |
TsN HN
(24) (25)

To an oven dried screw capped vial, compound 24 (15 mg, 0.039 mmol; 1.0 equiv.) was
dissolved in 1.5 mL dry MeOH and dry Mg powder (38 mg, 1.58 mmol; 40.0 equiv.) was
added to it at 25 °C. The reaction was stirred vigorously for 30 minutes. Upon completion
of de-tosylation (monitoring by running TLC), dichloromethane (5 mL) and water (2 mL)
were added to the reaction mixture and it was poured into a separatory funnel. The
organic layer was separated, dried over K,CO3 and concentrated under reduced pressure.
The crude was purified by column chromatography with methanol-ethyl acetate (1: 9) to
afford 25 as brown gel.

/N NiMe

HN (25)
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(R)-7,9-dimethyl-6,6a,7,8-tetrahydro-4H-indolo[6,5,4-cd]indole (25): 8.0 mg (92%
yield) as colourless solid. Rf= 0.2 (10% MeOH in EtOAc).*H NMR (700 MHz, CDCl5)
d: 8.03 (brs, 1H), 7.26 (m, 1H), 7.20 (m, 2H), 6.90 (t, J = 1.8 Hz, 1H), 3.90 (dd, J = 13.6,
3.1 Hz, 1H), 3.68 (m, 1H), 3.50 (m,1H), 3.34 (dd, J = 14.3, 6.2 Hz, 1H), 2.68 (m, 1H),
2.58 (s, 3H), 2.14 (s, 3H); *C NMR (100 MHz, CDCls) &: 134.1, 130.8, 130.2, 127.3,
126.0, 123.0, 118.3, 114.7, 112.3, 109.2, 72.3, 68.3, 40.3, 29.5, 13.7; IR (film) vmax 3048,
2972, 1642, 1545, 1520, 1312, 1032, 936, 745 cm™; HRMS (ESI) m/z 225.1386 [M +
H]": calculated for [CisH16N, + H]*: 225.1386; [0]ss0 22 = +57.0 (c = 0.8, CHCl5).

ompound (-)-25 was synthesized from (-)-24 in 94% vyield, applying similar procedure
[C d (-)-25 hesized from (-)-24 in 94% vield, applying simil d

as described above. Rotation of the compound (-)-25; [o]sss 2> = —54.0 (¢ = 0.18,
CH,Cl) ]
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3C NMR (100 MHz, CDClI3) of compound (15)
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Comment

Acquisition Parameter
Source Type
Focus

Scan Begin
Scan End

ESI

Not active
50 m/z
3000 m/z

Paositive
4500 V
-500 v
600.0 Vpp

lon Polarity

Set Capillary

Set End Plate Offset
Set Collision Cell RF

1.2 Bar
200°C
7.0 /min
Waste

Set Nebulizer
Set Dry Heater
Set Dry Gas
Set Divert Valve

Intens. 3
x1063
0.753
0509 |
0259 %

o
\

Dr.A.Bisai-SG8-136R_1-B,5_01_4692.d: TIC +All MS

IR0 T
[mAUY]
x104]
27

04

B

SO
>

Dr.A.Bisaii-gGg-TéBﬁ]-783_701_;1592.d: UV Chromatogram, 200-400 nm
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Intend]
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+MS, 4.4-4.5min #(263-268)
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20004
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10004

5007

406.0107

408.0087

407.0140

AN
C18H16BrNO3S, M+nH ,406.01

409.0120
410.0046
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Bruker Compass DataAnalysis 4.0 printed:  12/22/2015 5:10:40 PM Page 1 of 1

Scanned copy of mass spectrum of (10)
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Display Report

Analysis Info
Analysis Name

Acquisition Date  12/11/2015 2:27:55 PM
D:\Data\user data\2015\December-2015\11-DEC-2015\Dr.A.Bisai-SC-03-253_1-B,3_01_4522.d

Method HRLCMS-20 Sept tune wide.m Operator RUCHI
Sample Name Dr.A Bisai-SC-03-253 Instrument micrOTOF-Q Il 10330
Comment

Acquisitio; Paramertrer

Source Type ESI lon Polarity Positive Set Nebulizer 1.2 Bar
Focus Not active Set Capillary 4500 V Set Dry Heater 200 °C
Scan Begin 50 miz Set End Plate Offset -500 v Set Dry Gas 7.0 limin
Scan End 3000 m/z Set Collision Cell RF 600.0 Vpp Set Divert Valve Waste
Intensﬁ.; Dr.A Bisai-SC-03-253_1-B,3_01_4522.d: TIC +All MS
x10°3
0.753 l'\" n
b
0.503 oY
i ¥ N &
0.25]
] g 0y )
InfA0] B O A Bisa-SC-03-253_1-8.3_01_4522.d; UV Chromatogram, 200400 nm
[mAU] S
x103 ]
% TS [\fl
{ Wa
04 Pk
4 \\‘___/\_,‘_‘__. - ‘,/r'/ T—— .
R 2 ‘ 3 4 5 6 Time [min]
2{.]0 2?0 24}0 2?0 2?0 390 3?0 34}0 3§O IWavel}ength [nm]
Intens. UV, 4.8-4,9min #(2828-2902), |
[mAU] {
200
Inten%; TMS, 4.64.9min #(264-290]
X0 567.0729
13 599.1013
ol N N 6756690
525 550 575 600 625 650 675 700 m/z
Intens. +MS, 4.8-4.9min #(264-290)
8000+ 599,1013
6000 597.1000
40004
600.1037
2000+ 598.1029 601.1070
0
2500 C29H29BrN205S, M+nH ,597.11
20004 597.1053 pEISe
15001
10007
598.1087 600.1066
5004
601.1098
597.0 597.5 598.0 598.5 599.0 599.5 600.0 600.5 601.0 8015  miz
Bruker Compass DataAnalysis 4.0 - printed:  12/11/2015 3:43:43 PM Page 1 of 1

Scanned copy of mass spectrum of (+)-16
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Display Report

Analysis Info Acquisition Date  12/8/2015 1:16:42 PM
Analysis Name  D:\Data\user data\2015\December-2015\08-DEC-2015\Dr.A Bisai-SB7-160_1 -A,5_01_44644d

Method HRLCMS-20 Sept tune wide.m Operator RUCHI

Sample Name Dr.A.Bisai-SB7-160 Instrument micrOTOF-Q 11 10330
Comment

Acquisition Parameter

Source Type ESI lon Polarity Positive Set Nebulizer 1.2 Bar
Focus Not active Set Capillary 4500 Vv Set Dry Heater 200°C
Scan Begin 50 m/z Set End Plate Offset  -500 V Set Dry Gas 7.0 /min
Scan End 3000 m/z Set Collision Cell RF 600.0 Vpp Set Divert Valve Waste
Jmens6 Dr.A Bisai-SB7-160_1-A5_01_4464.d: TIC +All MS
x106] !
05] ot \\\D“
1 AR
Intdh. Dr A Eisa-SB7-160_1-A.5_01_4464.d. UV Chromatogram, 200-400 nm
[mAUJ -~
x1043 N _
0 o TS
% ()
0 2 4 6 8 10 Time [min]
200 220 240 260 280 300 320 340 360 Wavelength [nm]
intens. ] UV, 4.4-4 5min #(2588-2652),
[mAUJ]
1001
04
|ntens4.; +MS, 4.4-4.4min #(260-265)
X 5250889
1 4
) 338.3370 “ N 744.5458 977.0776 i
100 "200 "300 400 500 600 700 800 900 1000  mhz
Intens +MS, 4.4-4 4min #(260-265)
3000 508.0634
20001 506.0612
10005 510.0706
] 507.0603 5090666
2508: C23H24BrNO5S, M+nH 506.06
i 508.0612
2000 506.0631
1500§
1000
] 44
500] 507.0665 509.06:
] 510.0570
—r e B A S s e T T T T T ‘/\ —
506.0 506.5 507.0 507.5 508.0 508.5 509.0 509.5 5100 510.5 miz
Bruker Compass DataAnalysis 4.0 © printed:  12/8/2015 2:40:18 PM  Page 1 of 1

Scanned copy of mass spectrum of (+)-8
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Analysis Info
Analysis Name

Method HRLCMS-20 Sept tune wide.m
Sample Name  Dr.A.Bisai-SC-04-125
Comment

Acquisition Parameter

Display Report

Acquisition Date
D:\Data\user data\2015\December-2015\11-DEC-2015\Dr.A Bisai-SC-04-125_1-B,2_01_4521.d

Operator

Instrument

12/11/2015 2:15:47 PM

RUCHI
micrOTOF-Q Il 10330

Source Type ESI lon Polarity Positive Set Nebulizer 1.2 Bar
Focus Not active Set Capillary 4500 V Set Dry Heater 200 °C
Scan Begin 50 m/z Set End Plate Offset  -500 V Set Dry Gas 7.0 V/min
Scan End 3000 m/z Set Collision Cell RF 600.0 Vpp Set Divert Valve Waste
lmens6 Dr.A Bisai-SC-04-125_1-B,2_01_4521.d: TIC +All M|
x10%9
0.5
Inteh€ ] Dr.ABisal-5C-04-125_1-B,2_01_4521.d: UV Chromatogram, 200-400 nm
[MmAU]]
x104]
0 7 et
Intens. ] Dr.A Bisai-SC-04-125_1-B,2_01_4521.d: EIC 553.038420.2 +All MS
4000+ A
2000+ PN
0 ‘ - L + o —
0 4 6 8 10 Time [min]
290 2?0 2?0 2@0 2§O ‘ 3(1)0 3?0 3?0 350 ‘Wavel‘ength an]
Intens.] UV, 5.2-5.4min #(3103-3199),
[mAU];
04 |
Intens +MS, 5.2-5.4min #(311-319)
x108 505.0654
1.0 .
0.59 555.0518
0.01 [ 675.6761 870.4073
‘ 500 550 600 650 700 750 800 850 miz
Intens. +MS, 5.2-5.4min #(311-319)|
1 |
§53.0545 555.0518
3000+
20001
10003 554.0550 556.0566
] 557.0581
AN
2508- C23H23BrN404S, M+nNa ,553.05
20007 553.0516 555.0496
1500
10004
5001 554.0549 556.0528
] 557.0455
553.0 553.5 554.0 554.5 555.0 555.5 556.0 556.5 557.0 5575 miz
Bruker Compass DataAnalysis 40 T printed:  12/11/2015 3:49:22 PM Page 1 of 1

Scanned copy of mass spectrum of (—-)-17
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Display Report

Analysis Info Acquisition Date  12/8/2015 1:49:18 PM
Analysis Name  D:\Data\user data\2015\December-2015\08-DEC-2015\Dr.A Bisai-SC-04-265_1-A,7_01_4467 d
Method HRLCMS-20 Sept tune wide.m Operator RUCHI
Sample Name  Dr.A Bisai-SC-04-265 Instrument micrOTOF-Q Il 10330
Comment
Acquisition Parameter
Source Type ESI lon Polarity Positive Set Nebulizer 1.2 Bar
Focus Not active Set Capillary 4500 V Set Dry Heater 200 °C
Scan Begin 50 m/z Set End Plate Offset  -500 V Set Dry Gas 7.0 I/min
Scan End 3000 m/z Set Collision Cell RF 600.0 Vpp Set Divert Valve Waste
\ntensé Dr.A.Bisai-SC-04-265_1-A,7_01_4467.d: TIC +All MS
x10°4
N “
05]/! ™ Ncig
A ol ,
L B & Ve _ .
Intéhd ] S Dr.A Bisai-SC-04-265_1-A.7_01_4467.d. UV Chromatogram, 200-400 nm
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x104] AN
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Intens . UV, 4.9min #2910,
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50+
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0 = - - T T r ey o ; )
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Intens.i +MS, 4.8-4.9min #(285-293)
i 607.1273
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01 VANE
25001 C28H33BrN2086S, M+nH ,605.13
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Bruker Compass DataAnalysis 4.0 ~ printed:  12/8/20152:46:30 PM ~ Page 10of 1

Scanned copy of mass spectrum of (—)-18
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'Di_sélray Report

Analysis Info Acquisition Date  12/8/2015 1:37:08 PM
Analysis Name  D:\Dataluser data\2015\December-2015\08-DEC-2015\Dr.A.Bisai-SC-04-266_1-A,6_01_4466.d

Method HRLCMS-20 Sept tune wide.m Operator RUCHI

Sample Name Dr.A.Bisai-SC-04-266 Instrument micrOTOF-Q Il 10330
Comment

Acquisition Péraméfﬁ-r -

Source Type ESI lon Polarity Positive Set Nebulizer 1.2 Bar
Focus Not active Set Capillary 4500 vV Set Dry Heater 200 °C
Scan Begin 50 m/z Set End Plate Offset  -500V Set Dry Gas 7.0 I/min
Scan End 3000 m/z Set Collision CellRF  600.0 Vpp Set Divert Valve Waste
Intensé Dr.A.Bisal-SC-04-266_1-A 6_01_4466.d: TIC +All MS
x10
1n w0
057 we
Y LT\, 20N
IFtti%; Or.A Bisai-SC-04-266_1-A,6_01_4466.d. UV Chromalogram, 200-400 nm
mAUH
x104] ~ ‘
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1 A% \ /
-14 -f) —~— -~
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Intens. UV, 5.0-5.3min #(2967-3127),
[MAUJ
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lntens4. +MS, 5.0-5.3min #{298-313)
x10%,] 521.0870
24 638.1755
0 N N 786.6001
200 400 600 800 1000 1200 miz
Intens. +MS, 5.0-5.3min #(298-313)
25001 4
619.1477 6211480
20001
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10001
3 §20.1504 6221527
500 623.1547
04
25001 C29H35BrN206S, M+nH ,619.15
20003 g19 1472 621.1453
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5004
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T T Y T T T T T T T T T T /\ T T
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Bruker Compass DataAnalysis 4.0 ' printed:  12/8/2015 2:48:48 PM " Page 1of 1

Scanned copy of mass spectrum of (—)-19
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Display Report

Analysis Info Acquisition Date  4/28/2015 3:18:48 PM
Analysis Name  D:\Data\user data\2015\April-2015\28-April-2015\Dr.A BISAI-AB-SG9-195_1-B,4_01_2313.d

Method HRLCMS-20 Sept tune wide.m Operator RUCHI

Sample Name  Dr.A.BISAI-AB-SG9-195 Instrument micrOTOF-Q Il 10330
Comment

Acquisition Parameter

Source Type ESI lon Polarity Positive Set Nebulizer 1.2 Bar
Focus Not active Set Capillary 4500 vV Set Dry Heater 200 °C
Scan Begin 50 m/z Set End Plate Offset  -500 V Set Dry Gas 7.0 Vmin
Scan End 3000 m/z Set Collision Cell RF 600.0 Vpp Set Divert Valve Waste

Intensﬁ.; Dr.A BISAI-AB-SG9-195_1-B,4_01_2313.d: TIC +All MS
%1097

1.003
Elps \
0759 ¢ 9 e me . “\
0507 \
0.253 N
i Wi _— . e
InfeA9 3 Dr A BISAI-AB-6G0-195 1-B.4_01_2313.d UV Chromalogram, 200400 nm
[mAU]] =
x104] A

T A NN

0 2 ‘ 4 ) 6 8 ' 10 12 14 Time [min]

200 ) 2?0 ) 240 ‘ 2§0 ) 2{?0 ) 300 ) 3?0 . 340 3@0 ‘ Welwelength [nm]l
Intens UV, 7.2min #4280,

In1enssé +MS, 7.2min #428
x10%3 439.1720

539.2240

000 334.0893 R L |
‘ 100 200 300 400 500 500 700 800 900 1000 miz

rnlena.; +MS, 7.2min #428
X104 539.2240

1] 540.2256
1 /\ 541,2236

C29H34N206S, M+nH ,539.22
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10007 540.2243
541.2274
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Bruker Compass DataAnalysis 40 ~ printed:  4/28/2015 3:48:03 PM Page 1 of 1

Scanned copy of mass spectrum of (+)-20
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Display Report

Analysis Info Acquisition Date  12/8/2015 1:04:34 PM
Analysis Name  D:\Data\user data\2015\December-2015\08-DEC-2015\Dr.A.Bisai-SB7-120_1-A,4_01_4463.d

Method HRLCMS-20 Sept tune wide.m Operator RUCHI

Sample Name Dr.A.Bisai-SB7-120 Instrument micrOTOF-Q Il 10330
Comment

Acquisition Parameter

Source Type ESI lon Polarity Positive Set Nebulizer 1.2 Bar
Focus Not active Set Capillary 4500 V Set Dry Heater 200 °C
Scan Begin 50 miz Set End Plate Offset  -500 V Set Dry Gas 7.0 I/min
Scan End 3000 m/z Set Collision Cell RF 600.0 Vpp Set Divert Valve Waste
Intensa. Dr.A Bisai-SB7-120_1-A,4_01_4463.d: TIC +All MS
x10094
] 0
0.5 "‘r\" e
A N
|\ o R -
Intetd’3 ' - Dr.A Bisai-SB7-120_1-A,4_01_4463.d: UV Chromatogram, 200-400 nm
[MAUN ) ~
xm;g . NS .
] s
| 2 | 4 ‘ 6 8 ' 10 Time [min]
200 . 2?0 . 27&0 . 2t§0 2§L 390 320 340 . 360 ) Walvelenglh [nm]
Intens.3 UV, 3.8min #2260,
[MAU]3
503
0
Intens;t +MS, 3.8min #227
x10 ] 393.1295
1 o
o | | 707.3536 807.2252
200 400 600 800 1000 1200 miz
kntens‘}. +MS, 3.8min #227
x10°4 393.1205
1.007
0'75j
0.504
] 394.1322
0.253 395.1347
0.007
] C22H20N203S, M+nH ,393.13
20001 393.1267
15001
10004
5004 394.1300
395.1228
393.0 393.5 394.0 394.5 395.0 395.5 miz
Bruker Compass DataAnalysis 4.0 printed:  12/8/2015 2:39:01 PM ' Page 1 of 1

Scanned copy of mass spectrum of (+)-5
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~ Display Report

Analysis Info

Acquisition Date  11/16/2015 2:28:07 PM
Analysis Name  D:\Dataluser data\2015\NOV-2015\16-Nov-2015\Dr. A.Bisai-AB-SB7-132_1-B,6_01_4240.d

Method HRLCMS-20 Sept.m Operator
Sample Name Dr. A Bisai-AB-SB7-132 Instrument
Comment

Acquisition Paréméfer

RUCHI
micrOTOF-Q Il 10330

Source Type ESI lon Polarity Positive Set Nebulizer 1.2 Bar
Focus Active Set Capillary 4500 v Set Dry Heater 200 °C
Scan Begin 50 m/z Set End Plate Offset  -500 V Set Dry Gas 7.0 I/min
Scan End 3000 m/z Set Collision CellRF 130.0 Vpp Set Divert Valve Waste
Inlent’g Dr. A Bisai-AB-SB7-132_1-B,6_01_4240.d: TIC +All MS]
x1077
4_
24 0 1Y 2
W
IFI?A”L%- Dr. A Bisai-AB-SB7-132_1-B,6_01_4240.d: UV Chromatogram, 200-400 nm
m 4
x104] ‘_:\ . _
] ~ TS f\\
—_— _ o e [P
T~ N~
1 2 3 4 5 6 Time [min]
200 2?0 24‘10 . 2§0 ) 2§0 ‘ 3(‘)0 . 3.?0 ) 3§O 360 ) ngelengjh [ﬂm]I
Intens. UV, 4.3-4.4min #(2524-2599), |
[mAUT]
1004
0
Intenss- +MS, 4.3-4.4min #(255-261)
X10°3 393.1274
11
0: 239.1157 807.2252
200 400 600 800 1000 1200 14'00 1600 miz
Fnle{ass. +MS. 4.3-4.4min #(255-261)
X 3
1.25 393.1274
1.00:
0.753
0.504
0.251 394.1269
00 ] 395.1268
003 C22H20N203S, M+nH 39313
20003 3931267
15004
1*.’J00i
5007 394.1300
’ — v 395)1\228 396.1259
393.0 393.5 394.0 3945 395.0 3955 396.0 m/z
Bruker Compass DataAnalysis 4.0 ' printed:  11/16/2015 4:05:37 PM ~ Page 1 of 1

Scanned copy of mass spectrum of (-)-23
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Display Report

Analysis Info

Analysis Name

Method HRLCMS-20 Sept.m
Sample Name  Dr.A.Bisai-SB7-149PS
Comment

Acquisition Parameter
Source Type ESI
Focus Active
Scan Begin 50 m/z
Scan End 3000 m/z

lon Polarity

Set Capillary

Set End Plate Offset
Set Collision Cell RF

Acquisition Date  12/2/2015 12:23:06 PM

D:\Data\user data\2015\DEC-2015\02-DEC-2015\Dr.A.Bisai-SB7-149PS_1-A,2_01_4408.d

RUCHI
micrOTOF-Q Il 10330

Operator
Instrument

1.2 Bar
200°C
7.0 l/min
Waste

Set Nebulizer
Set Dry Heater
Set Dry Gas
Set Divert Valve

Positive
4500 V
-500 vV
130.0 Vpp

Intens.
x1051

Dr.A Bisai-SB7-149PS_1-A,2_01_4408.d: TIC +All MS

//\/. N

Dr A Bisa-SB7-149PS_1-A.2_01_4408.d. UV Chromatogram, 200-400 nm

220 240 260 280

" Time [min]

=N
w
fo B

3§O W@veleng;h [nm]

Intens.3
[mAUN
1DOU§

5001

UV, 4.4min #2608,

Inlens.f
x1053
1.04

0.57

379.1499

+MS, 4.4min #262

00 246.2449 [
' 100 200 300

500 600 "miz

Intens. |
x1091
1.0
0.8+
0.6
0.4

0.2

379.1499

380.1496

+MS, 4.4min #262|

381.1499

0.01

20001 379.1475

15001
10001

5001 380.1508

C22H22N2025, M+nH ,379.15

381.1435

379.0 3795 380.0

380.5 381.0 3815 " miz

Bruker Compass DataAnalysis 4.0

printed:

12/3/2015 3:43:35 PM Page 1of 1

Scanned copy of mass spectrum of (—)-24
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Analysis Info
Analysis Name
Method
Sample Name
Comment

Display Report

Acquisition Date  12/11/2015 1:59:26 PM
D:\Data\user data\2015\December-2015\11-DEC-2015\Dr.A.Bisai-SB7-164_1-B,1_01_4519.d
HRLCMS-20 Sept.m Operator RUCHI
Dr.A.Bisai-SB7-164 Instrument micrOQTOF-Q Il 10330

Acquisiiion Pérarh;ier

Source Type
Focus

Scan Begin
Scan End

Set Nebulizer
Set Dry Heater
Set Dry Gas
Set Divert Valve

1.2 Bar
200 °C
7.0 I/min
Waste

ESI
Active

50 m/z
3000 m/z

Positive
4500 V
-500 Vv
130.0 Vpp

lon Polarity

Set Capillary

Set End Plate Offset
Set Collision Cell RF

Intens.
x105]

A\

Dr.A.Bisai-SB7-164_1-B,1_01_4519.d: TIC +All MS

intend]
(mAU)
X104,

P
Dr.A Bisai-SB7-164_1-B,1_01_4519.d: UV Chromatogram, 200-400 nm

Intens.{
x104§

0.53
0.0

Dr.A.Bisai-SB7-164_1-B,1_01_4519.d: EIC 225.134010.2 +All MS

200

" Time [min]

320 340 360 Wavelength [nm]

Intens. ]
[mAU]A
0 B

=204

UV, 1.5-7.6min #(866-927),

401
Intens. ]
x104
0.54

0.0

+MS, 1.5-1.6min #(89-94)
679.5106

“ 453.3422
, \L l il l

225.1386 340.2583

150.1284

T T

200 500 600 " 700 m/z

Intens. ]

5000
4000
3000
2000
1000

+MS, 1.5-1.6min #(89-94)
225.1386

226.1410
227.1543

0
20005
1500:
1{}005

5007

0

C15H16N2, M+nH ,225.14)

225.1386

226.1419

" 2250 225.5 226.0 226.5 227.0 miz

Bruker Compass DataAnalysis 4.0

printed:  12/11/2015 4:49:07 PM Page 1of1

Scanned copy of mass spectrum of (—)-25
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HPLC Trace

HPLC data of compound (+)-16:

Data File C:\CHEM32\1\DATA\SAIKAT\AB-SC-04-160-ADH-25-1-60-25420615-12-89.D
Sample Name: AB-SC-04-160-ADH-25-1-60-254
DAD1 A, Sig=254,4 Ref=360,100 (SAIKAT\AB-SC-04-160-ADH-25-1-60-2542015-12-09.D)
mAU E @ o
200 Ifgl g
150—2 \ (:I\
] [ ‘s'
100 \
50; A~ /\ ,‘“\f\ | ‘.\\ \ | | \
Oé AN ‘-J\-—/ S — N *"*“‘u";, —— f\f\r/\‘*\lﬁ _ \,\\:-xrfi —
‘ |5 ‘ ‘ ‘ ‘ 10 15 2‘0 ‘ I ‘ I 25 ‘ ‘ min|
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
-------- |

0.7615 1.16828e4 222.17804 51.7444

1 15.551 BB
2 20.640 BB ©.9870 1.08951e4 162.33562 48.2556
Totals 2.25778e4 384.51366
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HPLC data of compound (-)-16:

Data File C:\CHEM32\1\DATA\SAIKAT\2016-08-03AB-SC-05-836-ADH-25-1-210-254-60.D

Sample Name: AB-SC-085-036-ADH-25-1-210-254-60
DAD1 A, Sig=254 4 Ref=360,100 (SAIKAT\2016-08-03AB-SC-05-036-ADH-25-1-210-254-60.D)
mAU 3 o)
35 13
303 ™
25 F
20—3 \‘n" !I \
15 | \ . @@b ‘. \‘
10 | '\ . 8 @"@. j \
2:% A r\.‘_,-‘f‘ .‘l‘\"‘r\/f\"m, — /\/\/ \_7_ o ),4_/?_35‘:,/_'\ —_— o o
R T T T
Signal 1: DAD1 A, Sig=254,4 Ref=360,108
Peak RetTime Type Width Area Height Area

# [min] [min] [mAU*s] [maU] 4

1.11287 1.5586

1 16.239 MM 8.6091 48.66863
37.25185 ©98.4494

2 28,269 BB l.e@27 2582.18376

Totals : 2622.77239 38.36392

HPLC data of compound (+)-16:

Br

TsN l
(+)-16

'WONHPh

Data File C:\CHEM32\1\DATA\SAIKAT\AB-SC-04-164R-ADH-25-1-60-2542015-12-21.D
Sample Name: AB-SC-04-164R-ADH-25-1-60-254
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DAD1 A, Sig=254 4 Ref=560,100 (SAIKAT\AB-S(S-O4-164R-ADH-25-1-60-2542015-12-2‘1.D)

mAU ] @
14o—§ P
120 H
100 |
80 [
60 [ o
40 ' o ,gﬁ’h
20 ~ ) | S
Déi NS N AVA S~ . 7:(‘{&&7__‘;
] ‘5 - 1|0 - ‘ 15 20 - o 25 ‘ SIO min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
S R === [ ommee |==mmmeee [=mmmmm e |==mmmee-
1 16.191 BB 0.7829 9143.63477 170.15610 98.5275
2 24.232 MM 1.1993 136.64833 1.89893 1.4725
Totals 9280.28310 172.05503
HPLC data of compound (+)-8:
Data File C:\CHEM32\1\DATA\SAIKAT\2015-@5-25AB-SC-03-257-ADH-25-1-254-60.D
Sample Name: AB-SC-©3-257-ADH-25-1-254-60
DAD1 A, Sig=254,4 Ref=560,100 (SAIKAT\ZO‘I5-65-25AB-SC-03-257-ADH-25-1-254-60.D)
mAU 1 o )
1 % 9 @,{9"
1200 [ A
1000 [ v‘”&
800; ‘ ‘\" ‘
600 | \
400—3 Fo | \\
20072 N ;" \\ o A‘J"L 7\ o
0oF—— — ———
2!5 ‘ 5‘ I 7‘.5 1‘0 12‘.5‘ “ 1‘5 ‘ I17.5‘ 2|0 “ min)
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Peak RetTime Type Width Area
it [min] [min] [mAU*s ]
] R R |=mmmmmees | -mmmmmees |==mm e |
1 9.621 BV
2 15.965 MM 0.7714 4.62328e4
Totals :

HPLC data of compound (-)-8:

8.99618e4 2409.85773

0.4496 4.37290e4 1410.99182 48.6084
998.86591 51.3916

Data File C:\CHEM32\1\DATA\ARMAB\AB-SC-85-837R-ADH-25-1-254-3820817-86-8523-55-56.D
Sample Mame: AB-SC-85-@37R-ADH-25-1-254-30

DAD1 A, Sig=254 4 Ref=360,100 (ARNAB\AB-SC-05-037R-ADH-25-1-254-302017-06-0523-55-56.D)

mAUE e
400 | 6_»555}
't
] |
2004 JI
E e II Ill
100 5 [
{J—E_ I A ,—_ﬁ_—_____—d’\& _,;/"I \_ _
ErEN RN R PR P
Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [malU]
] EESEERE R R e R <= eme e |
1 18.593 MM ©.3039 613.44250 33.0d4640  3.2386
2 17.238 MM B.6266 1.83282ed 487.46713 96.7614
Totals : 1.89416e4d 521.11353

S50



HPLC data of compound (+)-8:

(0]
Me

| Hﬂ\\\o H

EtO
Br

TsN |
(+)-8

Data File C:\CHEM32\1\DATA\SAIKAT\AB-SB-07-160-ADH-25-1-60-2542015-12-08.D

Sample Name: AB-SB-07-160-ADH-25-1-60-254
DADT A, Sig=254,4 Ref=360,100 (SAIKAT\AB-5B-07-160-ADH-25-1-60-2542015-12-08 D)

?%

|
i

] |\
300 M
] |
‘

mAU -

400 |

200 I

] | \, D>
100 L\ © ‘,,3?’@
] | \ ;\0@
0 S SR/ =~
R N T T
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

1 9.387 BV 0.4584 1.57166e4  4955.02777 98.2270
2 15.446 MM 1.1425 283.68088 4.13844 1.7730

Totals : 1.60003e4  499.16621

HPLC data of compound (+)-18:

Data File C:\CHEM32\1\DATA\SAIKAT\2015-05-27AB-SC-83-261(RACEMIC)-ADH-25-1-254-68.D
Sample Name: AB-SC-83-261(Racemic)-ADH-25-1-254-60

S51



DAD1 A, Sig=254.4 Ref=360,100 (SAIKAT\ZCH5-65-27AB-SC-03-261(RACEMIC)-ADH-ZS-1-254-60.D)
mAU % @i’
5007: “,s?’ ?
400 [ [ \"\
300 “ “‘-‘\
200 I\ | \\
100 RN /
E ——— AN W S~
2‘.5 ‘ 5 ‘ 7[5 10 12‘.5 I 1|5 17.5 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
I EECEEES [<=om e me |--mmeeeee [ememe e | --mmme e |
1 9.500 MM 0.6141 2.47408e4 671.42346 51.6950
2 13.083 BB 0.7228 2.31183e4  459.61568 48.3050
Totals 4.78591e4 1131.03854
HPLC data of compound (+)-18:
o)
Me
EtO H
wNHBoc
Br
TsN |
(+)-18
Data File C:\CHEM32\1\DATA\SAIKAT\2016-07-20AB-5C-04-256-ADH-25-1-254-60.D
Sample Name: AB-S5C-84-256-ADH-25-1-254-60
DAD1 A, Sig=254,4 Réf:éBUJOO (SAIK.AT\ZOWE—B?-ZOAB-SC—M-256—ADH-25-1—254-60.D)
mAU 7 g >
40_: ol éb%'
] I| '%Be;-
30 |
a
k | A
107 I o r§;5°
f i
00—+ _ — _ - _A_,-L \:"* = %"T‘——— o .
I I‘QI,SIIII‘% I7|,5llll1‘0‘ I‘125IIII1‘5 ‘17|,5IIII2|0‘I‘mIi
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Signal 1: DAD1 A, Sig=254,4 Ref=360,100

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

Height

1 9.822 MM 0.6727 1938.63586 48.03125 98.0112
1.9888

2 12.446 MM 0.6658 39.33714 9.84652e-1

Totals

HPLC data of compound (-)-18:

1977.97300  49.01590

Data File C:\CHEM32\1\DATA\SAIKAT\2015-65-27AB-SG-09-185-ADH-25-1-254-60.D

Sample Name: AB-S5G-09-185-ADH-25-1-254-60

DAD1 A, Sig=254 4 Ref=360,100 (SAIKAT\2015-05-27AB-5G-00- 185-ADH-25-1-254-60.D)
mAU 5
600

400
|

500 ‘
] |

300 )
200—2 . _@m'-\,\ “ \
100—E g‘i@% [ \
0 - —
é £‘1 é 8 1|0 12 ‘ 1I4 - 16 1|8 min)
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] ps
e EeREEE [<-m ] ome e | em e <o mmemee [--mee |
1 9.680 MM ©.5584 682.77289 20.37837 1.9527

2 13.011 BB

Totals :

S53

3.49655e4 709.58924

0.7203 3.42828e4 689.21688 98.0473



