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General Procedure. All solvents were reagent grade. Reactions were normally carried out
under nitrogen atmosphere in glassware. Merck silica gel 60 (particle size 0.04-0.063 mm)
was employed for flash chromatography. Melting points are uncorrected. 'H NMR spectra
were obtained in CDCIl; unless otherwise noted at 400 MHz (Bruker DPX-400) or 500 MHz
(Varian-Unity INOVA-500). *C NMR spectra were obtained at 100 MHz or 125 MHz. E.e.
values were measured by HPLC on a chiral column (chiralpak IA, or OD-H, 0.46 cm ID x 25
cm, particle size 5 p). The flow rate of the indicated elution solvent is maintained at 1
mL/min, and the retention time of a compound is recorded accordingly. HPLC was equipped
with the ultraviolet and refractive index detectors. The melting point was recorded on a
melting point apparatus (MPA100 — Automated melting point system, Stanford Research
Systems, Inc.) and is uncorrected. The optical rotation values were recorded with a

Jasco-P-2000 digital polarimeter.
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Representative Procedure for the preparation of catalyst IX.'
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To a solution of (1R,2R)-cyclohexane-1,2-diamine (160 mg, 1.40 mmol) in methanol (7
mL) was sequentially added acetic acid (80 pL, 1.40 mmol) and 1-phenylpentane-1,4-dione
(234 pL, 1.40 mmol). The solution was heated to reflux for 50 °C and stirred for 12 h,
followed by cooled to room temperature and concentrated in vacuo. The residue was diluted
with CH,Cl, (20 mL), and the solution was washed with an aqueous MeOH solution (4 M, 20
mL). The aqueous solution was extracted twice with CH,Cl, (50 mL). The combined organic
extracts were dried over MgSO,4 and concentrated in vacuo to give the crude product, which
was directly used for the next-step reaction without further purification.
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Step 1: To a suspension of (L)-(S)-Boc-tert-leucine (200 mg, 0.865 mmol) and
1-ethyl-3-(3-dimethylaminopropyl) carbodiimide (EDC, 148 mg, 0.95 mmol, 1.1 equiv) and
1-hydroxybenzotriazole (HOBt, 128 mg, 0.95 mmol, 1.1 equiv) in CH,Cl, (9 mL) was
sequentially added diisopropylethylamine (0.33 mL, 1.89 mmol, 2.2 equiv) and diallylamine
(0.12 mL, 0.95 mmol, 1.1 equiv) at room temperature. The reaction solution was stirred at

' Catalyst I was purchased from Alfa Aesar Chemicals Ltd. Catalyst II, X, and XI was purchased

from Sigma-Aldrich Co. LLC. Catalyst III was purchased from Strem Chemicals, Inc. Catalyst XII was
purchased from DAICEL Chiral Technologies Co., Ltd. Catalyst IV was prepared from the coupling reaction of
(1R,2R)-cyclohexane-1,2-diamine and (S)-tert-butyl- 2-(isothiocyanatomethyl)pyrrolidine-1-carboxylate,
followed by the deprotection of fert-butyl group; for reference, see: J.-R. Chen, Y.-J. Cao, Y.-Q. Zou, F. Tan, L.
Fu, X.-Y. Zhu, W.-J. Xiao, Org. Biomol. Chem., 2010, 8, 1275-1279. Catalyst V-IX was prepared according to
the literature procedure (catalyst V-VIII are known): (a) M. S.; Taylor, E. N. Jacobsen, J. Am. Chem. Soc., 2004,
126, 10558-10559. (b) I. T. Raheem, P. S. Thiara, E. A. Peterson, E. N. Jacobsen, J. Am. Chem. Soc., 2007, 129,
13404-13405. (c) A. R. Brown, C. Uyeda, C. A. Brotherton, E. N. Jacobsen, J. Am. Chem. Soc., 2013, 135,
6747—6749. Representative procedure for the synthesis of catalyst IX is shown herein.



room temperature for 36 h, then diluted with CH,Cl, (20 mL). The solution was washed
twice with 1N aqueous HCI solution (10 mL), twice with satuated aqueous NaHCOj3 solution
(20 mL), brine, and dried over MgSQ,. The solution was concentrated in vacuo to give the
crude product which was used in the following step without further purification.

Step 2: To a solution of the above crude product in CH,Cl, (2 mL) was added trifluroacetic
acid (330 pL, 4.32 mmol, excess), and the resulting solution was stirred at room temperature
for 2h. The solution was concentrated in vacuo to yield the crude product, which was used in
step 3 without further purification.

Step 3: To a solution of the above crude product in CH,Cl, (6 mL) was added a saturated
aqueous NaHCOssolution (6 mL) at 0 °C. The mixture was stirred for 5 mins, then stirring
was stopped, and thiophosgene (73 pL, 0.95 mmol, 1.1 equiv) was added to the organic
(lower) phase by syringe. The resulting orange mixture was restored to stir at 0 °C for 20
mins. To this mixture was added CH,Cl, (10 mL), and the organic layer was separated. The
aqueous layer was extracted twice with CH,Cl, (15 mL). The combined organic extracts were
dried over MgSO4 and concentrated in vacuo to give the crude product as a yellow oil, which
was used in step 4 immediately, without further purification.

Step 4: To a solution of the above crude product in CH,Cl, (1 mL) was added by syringe of a
solution of (1R,2R)-2-(2-methyl-5-phenyl-1H-pyrrol-1-yl)cyclohexanamine (283 mg, 1.11
mmol 1.3 equiv) in CH,Cl, solution (2 mL, including the rinsing of the round bottom flask) at
room temperature. The resulting solution was stirred at room temperature for 15 h, and then
concentrated in vacuo to give the residue. The crude product was purified by flash column
chromatography with 10% to 15% EtOAc-hexane (R,= 0.38 for IX in 20 % EtOAc-hexane)
to afford the product IX as a yellow foam (375 mg, 85% yield from Boc-tert-leucine).
Selected spectroscopic data for IX: IR (neat): 3297, 3075, 2936, 2861, 1629, 1521, 1446,
1416, 1364, 1321, 1231, 925, 755, 701 cm™; "H NMR (500 MHz, CDCl3): 6 7.42 — 7.39 (m,
2 H), 7.32 — 7.28 (m, 3 H), 5.99 (brs, 2 H), 5.84 — 5.67 (m, 3 H), 5.22 — 5.02 (m, 5 H), 4.48
(brs, 1 H), 4.22 —3.96 (m, 4 H), 3.72 — 3.65 (m, 1 H), 2.46 (s, 3 H), 2.28 — 2.16 (m, 3 H),
1.90 — 1.64 (m, 4 H), 1.42 — 1.20 (m, 2 H), 0.94 (s, 9 H); °C NMR (125 MHz, CDCls): ¢
181.9 (C), 171,5 (C), 135.8 (C), 134.3 (C), 133.4 (two CH), 132.7 (two CH), 130.0 (C), 129.5
(CH), 128.8 (CH), 127.0 (CH), 118.4 (CH,), 117.6 (CH>), 110.0 (CH), 108.7 (CH), 60.0 (CH),
59.6 (CH), 56.0 (CH), 50.3 (CH»), 47.3 (CH,), 36.1 (C), 33.7 (CH»), 32.3 (CH,), 26.7 (three
CH,), 25.7 (CH,), 24.6 (CH,), 15.4 (CH3); MS (m/z, relative intensity): 508 (M'+2, 4), 507
(M'+1, 14), 506 (M", 40), 411 (22), 410 (78), 409 (17), 348 (9), 297 (48), 253 (15), 237 (100),
157 (34), 86 (67); exact mass calculated for C30H4,N40S (M"): 506.3079; found: 506.3076.
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Preparation of adduct 6.
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To a solution of tryptamine (40 mg, 0.25 mmol) in CH,Cl, (6 mL) was added a solution
of aldehyde 2a' (36 mg, 0.25 mmol) in CH,Cl, (3 mL), followed by the addition of Et,O (3
mL). The solution was stirred at room temperature for 2 h, followed by the addition of
Na,SO04 (500 mg), and the mixture was vigorously stirred at the same temperature for an
additional 30 min. The resulting solution was filtered by cannula transfer, and the remaining
was rinsed twice with dichloromethane (2 x 5 mL). The combined solution was concentrated
in vacuo to give the crude imine as a pale yellow oil, which was immediately dissolved in
Et,0 (15 mL) for the next step reaction. To this solution was added catalyst IX (6.5 mg, 0.013
mmol, 5 mol %) and 2,6-lutidine (29 pL, 0.25 mmol, 1.0 equiv) at —78 °C, and the solution
was stirred for 5 min. To the reaction mixture was added acetyl chloride (18 pL, 0.25 mmol,
1.0 equiv), and the resulting solution was stirred at —78 °C for 10 min, followed by warming
to —60 °C and stirred at the same temperature for 37 h. The resulting heterogeneous mixture
was allowed to warm to room temperature and stirred for 30 mins followed by concentration
in vacuo. The crude product was purified by flash column chromatography with 50 to 60%
EtOAc-hexane (R,= 0.40 in 80% EtOAc-hexane) to afford product 6 (61 mg, 74% yield) as a
white solid. M.p. 169-170 °C; [o]p> 100.6 (¢ 1, CHCls). The enantiomeric excess was
determined to be 95 % by HPLC with chiral column CHIRALPAK"IA, 12%
i-PrOH/n-hexane, flow rate 1.0 mL, A = 254 nm (tmajor = 22.2 min, tminor = 25.0 min). IR
(neat): 3276, 3008, 2951, 2923, 2888, 1619, 1447, 1361, 1301, 1231, 1140, 1031, 945, 746
cm™; "H NMR (500 MHz, CDCls): the compound exists as a 4:1 mixture of amide rotamers,
signals corresponding to the major rotamer: ¢ 8.46 (brs, 1 H), 7.43 (d, /= 8.0 Hz, 1 H), 7.29
(d,/=8.0Hz, 1 H),7.16 — 7.04 (m, 2 H), 5.78 (t, /= 8.0 Hz, 1 H), 4.86 (t,J=4.5 Hz, 1 H),
4.00 —3.80 (m, 5 H), 3.56 —3.45 (m, 1 H), 2.86 —2.74 (m, 2 H), 2.21 (s, 3 H), 2.00 — 1.55 (m,
6 H); >C NMR (125 MHz, CDCls) signals corresponding to the major rotamer: ¢ 169.6 (C),
136.0 (C), 134.5 (C), 126.6 (C), 121.7 (CH), 119.4 (CH), 117.9 (CH), 110.9 (CH), 107.4 (C),
104.4 (CH), 64.84 (CH,), 64.78 (CH,), 48.6 (CH), 41.1 (CH>), 34.0 (CH,), 33.2 (CH>), 22.0
(CH,), 21.9 (CH3), 20.5 (CH,); MS (m/z, relative intensity): 329 (M'+1, 4), 328 (15), 285 (3),
213 (74), 171 (70), 101 (36), 73 (36), 58 (100); exact mass calculated for CoH4O3N, (M"):
328.1789; found: 328.1787.

' For best results, the aldehyde was used immediately after purification.
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One-pot operation of the preparation of adduct 6.
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To a solution of tryptamine (40 mg, 0.25 mmol) in CH,Cl, (6 mL) was added dropwise a
solution of aldehyde 2a (36 mg, 0.25 mmol) in CH,Cl, (3 mL), followed by the addition of
Et,0 (3 mL). The solution was stirred at room temperature for 2 h, followed by the addition
of Na,SO4 (500 mg), and the mixture was vigorously stirred at the same temperature for an
additional 30 min. The resulting solution was carefully concentrated in vacuo and applied in
high vacuum for complete removal of solvent. The crude imine, as a pale yellow oil, was
diluted with Et,O (15 mL). To this solution was added catalyst IX (6.5 mg, 0.013 mmol, 5
mol %) and 2,6-lutidine (29 pL, 0.25 mmol, 1.0 equiv) at —78 °C, and the solution was stirred
for 5 min. To the reaction mixture was added acetyl chloride (18 pL, 0.25 mmol, 1.0 equiv),
and the resulting solution was stirred at —78 °C for 10 min, followed by warming to —60 °C
and stirred at the same temperature for 35 h. The resulting heterogeneous mixture was
allowed to warm to room temperature and stirred for 30 mins followed by concentration in
vacuo. The crude product was purified by flash column chromatography with 50 to 60%
EtOAc-hexane (R,= 0.40 in 80% EtOAc-hexane) to afford product 6 (52 mg, 63% yield) as a
white solid. The enantiomeric excess was determined to be 93 % by chiral HPLC with chiral
column CHIRALPAK" IA.
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Preparation of amine 10.
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To a solution of diisopropylamine (0.61 mL, 4.35 mmol, 7.1 equiv) in THF (4.4 mL)
was added a solution of xn-butyllithium (2.04 mL, 2.15 M in hexane, 4.39 mmol, 7.2 equiv)
at —78 °C and stirred at the same temperature for 10 min, followed by warm up to 0 °C and
stirred for 15 min. To this solution was added borane-ammonia complex (118 mg, 90% purity,
3.44 mmol, 5.6 equiv), and the suspension solution was stirred at 0 °C for 15 min, followed
by warm up to room temperature and stirred for additional 10 min. To the solution was added
6 (200 mg, 0.609 mmol) at 0 °C and stirred for 2 min, followed by heating up to 60 °C and
stirred for 4 h. The resulting suspension was cooled to 0°C and the reaction was quenched by
dropwise addition of 2N aqueous HCI solution (10 mL), followed by stirring for 30 min. The
pH value of the solution was adjusted to 8 by the addition of saturated aqueous NaHCO:s.
The reaction mixture was extracted five times with ethyl acetate (5 x 20 mL), and the
combined organic extracts were dried over MgSO, and concentrated in vacuo to give the
residue. The crude product was purified by flash column chromatography with 5 to 10%
MeOH-CH,Cl, (Ry= 0.38 in 20% MeOH-CH,Cl,) to afford product 10 (120 mg, 69% yield)
as a colorless oil. Selected spectroscopic data for 10: [a]p® =51.2 (¢ 0.65, MeOH); IR (neat):
3169, 2922, 2767, 1583, 1456, 1307, 1140, 943, 741 cm™'; 'H NMR (500 MHz, CDCl3): ¢
7.93 (brs, 1 H), 7.46 (d, J=8.0 Hz, 1 H), 7.29 (d,J=7.5 Hz, 1 H), 7.14 — 7.05 (m, 2 H), 4.87
(t,J=4.5Hz 1 H), 4.08 —4.04 (m, 1 H), 3.98 — 3.95 (m, 2 H), 3.87 — 3.83 (m, 2 H), 3.35 -
3.30 (m, 1 H), 3.05 - 2.98 (m, 1 H), 2.75 — 2.69 (m, 2 H), 1.94 — 1.86 (m, 1 H), 1.78 — 1.60
(m, 6 H); °C NMR (125 MHz, CDCl5): 6 136.1 (C), 135.6 (C), 127.5 (C), 121.5 (CH), 119.3
(CH), 118.0 (CH), 110.7 (CH), 109.1 (C), 104.4 (CH), 64.88 (CH,), 64.86 (two CH,), 52.4
(CH) 42.5 (CHp), 34.6 (CH,), 33.4 (CH,), 22.7 (CH), 20.2 (CHy); MS (m/z, relative
intensity): 286 (M", 10), 285 (M'-1, 4), 241 (2), 184 (6), 172 (23), 171 (100), 144 (11), 115
(4), 99 (3), 73 (8); exact mass calculated for C;7H»0,N, (M"): 286.1681; found: 286.1681.
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Preparation of 5.
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To a solution of 10 (90 mg, 0.314 mmol) in methanol (3.2 mL) was added NaCNBHj;
(50 mg, 0.80 mmol) at 0 °C. The resulting solution was stirred at 0 °C for 5 min followed by
the addition of 37% aqueous HCHO solution (3 mL). The solution was stirred at room
temperature for 12 h until the completion of the reaction, as monitored by TLC. The solution
was concentrated in vacuo to give the residue. The residue was dissolved in THF (3.2 mL),
followed by the addition of an aqueous solution of 2N HCI (3 mL), and the reaction mixture
was stirred for 3 h at room temperature. The reaction was quenched with the addition of solid
NaHCO; and the pH value of the solution was adjusted to 8. The reaction mixture was
extracted with EtOAc (3 x 15 mL), and the combined organic extracts were dried over
MgSO;4 and concentrated in vacuo to give a residue. The crude product was purified by flash
column chromatography with 5 to 10% MeOH—CH,Cl, (Ry= 0.45 in 15% MeOH—-CH,CL,) to
afford product 5 (58 mg, 72% yield) as a white solid. M.p. 143—144 °C, lit.> 140-142 °C.
The enantiomeric excess was determined to be 97 % by HPLC analysis with chiral column
CHIRALCEL® OD-H, 10% (10% MeOH-EtOAc) / 90% Hexane, flow rate 1.0 mL, A = 280
nm (tmajor = 12.3 min, tminor = 19.2 min). Selected spectroscopic data for 10: [(x]D25 +3.0 (c 1,
CHCLy), lit. [a]p™ = +3.2; IR (neat): 3337, 3053, 2928, 2854, 1464, 1262, 1103, 1020, 802,
739 cm™'; "TH NMR (500 MHz, CDCls):  7.43 (d, J=7.5 Hz, 1 H), 7.25 (d, J = 8.5 Hz, 1 H),
7.14 (dd, J=7.5,8.5Hz, 1 H), 7.07 (dd, J= 7.5, 8.5 Hz, 1 H), 6.18 (d, J= 3.0 Hz, 1 H), 3.63
(d,J=11.5Hz, 1 H), 3.03 —2.96 (m, 1 H), 2.80 — 2.62 (m, 3 H), 2.47 (s, 3 H), 2.35 - 2.07 (m,
3 H), 1.82 — 1.75 (m, 1 H), 1.67 — 1.59 (m, 1 H), 1.47 — 1.37 (m, 1 H); °C NMR (125 MHz,
CDCl;): 0 137.4 (C), 136.0 (C), 126.7 (C), 121.2 (CH), 119.3 (CH), 118.2 (CH), 108.8 (C),
108.4 (CH), 76.4 (CH), 61.6 (CH), 50.9 (CH;) 42.7 (CH3), 34.3 (CH»), 32.7 (CH»), 20.4
(CHy), 20.2 (CH,); MS (m/z, relative intensity): 257 (M'+1, 20), 256 (100), 255 (68), 227
(11), 213 (98), 185 (63), 184 (80), 183 (60), 156 (40), 143 (30); exact mass calculated for
C16H200 N, (M"): 256.1576; found: 256.1575.

2 Pravat, M.; Argade, N. P. J. Org. Chem. 2013, 78, 6802 — 6808.
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Figure S1. ORTEP and Stereo plots for X-ray crystal structures of (+)-5.

CCDC 1523958 contains the supplementary crystallographic data for (+)-5. These data can
be obtained free of charge from the Cambridge Crystallographic Data Centre via

www.ccdc.cam.ac.uk/data_request/cif.
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Table S1. Crystal data and structure refinement for (+)-5, ic18036.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

4

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 67.679°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F?

Final R indices [I>2sigma(])]
R indices (all data)

Absolute structure parameter
Extinction coefficient

Largest diff. peak and hole

ic18036

Ci6H20NO

256.34

200(2) K

1.54178 A

Monoclinic

P2,

a=8.1090(2) A o= 90°.

b=9.1450(2) A B=96.4248(6)°.

c=9.2939(2) A v =90°.
684.88(3) A3

2

1.243 Mg/m?

0.614 mm'!

276

0.333 x 0.096 x 0.074 mm3
4.788 t0 69.997°.

-9<=h<=9, -11<=k<=11, -11<=I<=11
4672

2573 [R(int) = 0.0123]

100.0 %

Semi-empirical from equivalents
0.7533 and 0.5807

Full-matrix least-squares on F?
2573/1/175

1.045

R1=0.0254, wR2 = 0.0657
R1=0.0258, wR2 = 0.0662
0.05(6)

0.0119(13)

0.167 and -0.130 e.A3

S9



General procedure for Preparation of racemic compound (representative procedure for
the preparation of (+)-6 and (%)-5:

0]

1 I
(1) L \ A

CH,Clp, 0°Cto rt, 8h; 759
(2) Et3N, AcCl, CH,Cly, rt, 2 h; 63%

N
H

0
(o
(+)-6

Step 1:

A solution of tryptamine (30 mg, 0.187 mmol) and aldehyde 2a® (27 mg, 0.187 mmol)
in CH,Cl, (2 mL) was stirred at 0 °C, followed by the addition of a solution of trifluoroacetic
acid (32 mg, 0.28 mmol, 1.5 equiv) in CH,Cl, (0.5 mL) and sodium sulfate (100 mg). The
mixture was vigorously stirred at 0 °C and gradually warm up to room temperature for 8 h
until the completion of the reaction, monitored by TLC. The reaction was quenched by the
addition of saturated aqueous NaHCOj solution (10 mL). The reaction mixture was extracted
with CH,Cl, (5 mL x 3), and the combined organic extracts were dried over MgSO,4 and
concentrated in vacuo to give a residue. The crude product was purified by flash column
chromatography with 5 to 10% EtOAc-hexane (Ry= 0.38 in 20% MeOH-CH,Cl,) to afford
product 10 (40 mg, 75% yield).

Step 2:

To a solution of 10 (25 mg, 0.087 mmol) and triethylamine (36 pL, 0.26 mmol, 3 equiv)
in CH,Cl, (0.4 mL) was added acetyl chloride (12 pL, 0.17 mmol, 1.9 equiv) at room
temperature, and the solution was stirred for 2h until the completion of the reaction,
monitored by TLC. The reaction mixture was diluted with water and extracted with CH,Cl..
The organic layer was washed with brine and dried over MgSO4 to give the residue. The
crude product was purified by flash column chromatography with 50-60 % ethyl acetate in
hexane, (Ry= 0.40 in 80 % EtOAc-hexane) to afford 6 (18 mg, 63 % yield)

3 For best results, the aldehyde was used immediately after purification.
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0] 0

W}  TFA

(1) _
CH,Cl,, 0°Ctort, 8 h: 74% N\ N—Me
\ NH2
(2) NaCNBHj3, 37% HCHO, N

H MeOH,0°Ctort, 12 h

HO™
(3) ag. 2N HCI, THF, 3 h; 69%
(+)-5
Step 1:
Followed the same procedure as mentioned in the previous reaction to give 10.
Step 2:

To a solution of 10 (60 mg, 0.21 mmol) in MeOH (2.1 mL) was added NaCNBH3; (39
mg, 0.62 mmol, 3.0 equiv) at 0 °C, followed by the addition of 37% HCHO (2.1 mL). The
solution was gradually warm up to room temperature and stirred for 12 h. The solution was
concentrated in vacuo to give a residue.

Step 3:

To this residue was diluted with THF (2.1 mL) and added an aqueous 2N HCI solution
(2.1 mL). The resulting mixture was stirred at room temperature for 3 h. The reaction was
quenched by the addition of NaHCO; (solid), and the pH of the solution was adjusted to 8.
The mixture was extracted with EtOAc, and the combined organic extracts were dried over
MgSO, and concentrated in vacuo to give a residue. The crude product was purified by flash
column chromatography with 5 to 7% MeOH—-CH,Cl, (Ry= 0.45 in 15% MeOH-CH,Cl,) to
afford product 5 (37 mg, 69% yield).
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Preparation of 11.

A\ EtsN, MsCl A\

r
N CH,Cl, 2 h; 72% N

5 11

To a solution of 5 (30 mg, 0.117 mmol) and Et;N (46 pL, 0.33 mmol) in CH,Cl, (3.2
mL) was added methanesulfonyl chloride (14 pL, 0.18 mmol) at 0 °C. The resulting solution
was stirred at 0 °C to room temperature for 2h. The reaction was quenched by the addition of
water (2 mL), and the mixture was extracted with CH,Cl, (3 x 5 mL). The organic solution
was washed with saturated aqueous NaHCO; solution, brine, dried over Na;SOy4, and the
solution was concentrated in vacuo to give a residue. The crude product was purified by flash
column chromatography with 5 to 7% MeOH—-CH,Cl, (R;= 0.7 in 15% MeOH-CH,Cl,) to
afford product 11 (20 mg, 72% vyield) as a white solid. M.p. 99-100 °C; lit.* 98-100 °C.
Selected spectroscopic data for 11: [o]p +60.6 (¢ 1, CHCL), lit.” [a]p +61 (¢ 1, CHCLy), lit.*
[a]p® +62.1 (¢ 0.36, CHCL); IR (neat): 2956, 2920, 1459, 1378, 1260, 1092, 1022, 802 cm'';
'H NMR (500 MHz, CDCl;): 6 7.46 (d, J = 8.0 Hz, 1 H), 7.32 (d, /= 8.5 Hz, 1 H), 7.19 (dd,
J=1.5,75Hz 1H),7.12(dd, J=7.5,7.5 Hz, 1 H), 691 (d, J=10.0 Hz, 1 H), 5.07 — 5.02
(m, 1 H), 3.40 (d, J=10.0 Hz, 1 H), 3.16 — 3.10 (m, 1 H), 2.96 — 2.88 (m, 1 H), 2.75 — 2.66
(m, 2 H), 2.57 — 2.49 (m, 1 H), 2.53 (s, 3 H), 2.45 — 2.30 (m, 2 H), 1.92 — 1.83 (m, 1 H); °C
NMR (125 MHz, CDCl3):* § 137.3 (C), 136.1 (C), 126.9 (C), 122.0 (CH), 121.8 (CH), 120.1
(CH), 118.2 (CH), 110.0 (CH), 109.2 (C), 109.1 (CH), 62.5 (CH), 52.9 (CH,), 42.5 (CHj3),
30.0 (CH,), 28.0 (CHy), 20.7 (CH,); MS (m/z, relative intensity): 238 (M", 100), 237 (87),
209 (30), 195 (89), 194 (62), 180 (26), 167 (33), 71 (27); exact mass calculated for C;¢H;sN
(M"): 238.1470; found: 238.1472.

* Mondal, P.; Argade, N. P. J. Org. Chem. 2013, 78, 6802—6808.
3 Santos, L. S.; Theoduloz, C.; Pilli, R. A.; Rodriguez, J. Eur. J. Med. Chem. 2009, 44, 3810 — 3815.
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Another one-pot Preparation of 3.

OW\(O o)
0\7 s NaZSO4 N’<

(1) A\ OMe
CH2C|2—Et20 (31), 2h
\ NH; > ”
N (2) cat. 1e, 2,6-lutidine, MeOCOCI
H Et,0, —78 °C to °60 °C,
34 h; 64% 0
One-pot 74% ee K/O

3

To a solution of tryptamine (40 mg, 0.25 mmol) in CH,Cl, (6 mL) was added a solution
of aldehyde 2a° (36 mg, 0.25 mmol) in CH,Cl, (3 mL), followed by the addition of Et,O (3
mL). The solution was stirred at room temperature for 2 h, prior to the addition of Na,SO4
(500 mg), and the mixture was vigorously stirred at the same temperature for an additional 30
min. The resulting solution was filtered by cannula transfer, and the remaining was rinsed
twice with dichloromethane (2 x 5 mL). The combined solution was concentrated in vacuo to
give the crude imine as a pale yellow oil, which was immediately dissolved in Et,O (10 mL)
for the next step reaction. To this solution was added catalyst IX (6.5 mg, 0.013 mmol, 5 mol
%) and 2,6-lutidine (29 pL, 0.25 mmol, 1.0 equiv) at —78 °C, and the solution was stirred for
5 min. To the reaction mixture was added methyl choloroformate (19.3uL, 0.25 mmol), and
the resulting solution was stirred at —78 °C for 10 min, followed by warming to —60 °C and
stirred at the same temperature for 30 h. The resulting heterogeneous mixture was allowed to
warm to room temperature and stirred for 30 mins followed by concentration in vacuo. The
crude product was purified by flash column chromatography with 25 to 30% EtOAc-hexane
(Rr=0.35 in 50% EtOAc-hexane) to afford product 3 (55 mg, 64% yield) as a colorless oil;
[a]p®’ = +47.5 (¢ = 1 in CHCl;). The enantiomeric excess was determined to be 74 % by
HPLC with chiral column CHIRALPAK® IA, 15% i-PrOH/n-hexane, flow rate 1.0 mL, A =
254 nm (tmajor = 22.6 min, tminer = 12.7 min). IR (neat): 3321, 2958, 2924, 2856, 1680, 1450,
1410, 1261, 1229, 1110, 1029, 800, 745 cm'l; 'H NMR (500 MHz, CDCls): the compound
exists as a nearly 1.2:1 mixture of amide rotamers, signals corresponding to the major
rotamer: 0 8.23 (br s, 1 H), 7.45 (brs, 1 H), 7.28 (d, /= 8.5 Hz, 1 H), 7.16 — 7.04 (m, 2 H),
5.33 (brs, 1 H), 4.87 (t, J = 4.5 Hz, 1 H), 4.49 (d, J=10.5 Hz, 1 H), 4.03 — 3.92 (m, 2 H),
3.91 -3.80 (m, 2 H), 3.73 (brs, 3 H), 3.26 — 3.10 (m, 1 H), 2.88 —2.64 (m, 2 H), 1.94 — 1.55
(m, 6 H); >C NMR (125 MHz, CDCls) signals corresponding to the major rotamer: J 156.5
(C), 135.9 (C), 134.3 (C), 126.7 (C), 121.7 (CH), 119.4 (CH), 118.0 (CH), 110.8 (CH), 108.2
(C), 104.4 (CH), 64.8 (two CH»), 52.7 (CH3), 51.2 (CH), 38.6 (CH>), 34.2 (CH»), 33.2 (CH,),
21.0 (CH,), 20.4 (CH,); MS (m/z, relative intensity): 344 (M", 9), 299 (3), 245 (3), 229 (100),

% For best results, the aldehyde was used immediately after purification.
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169 (8), 149 (4), 97 (4); exact mass calculated for C;oH»4N,04 (M"): 344.1736; found:
344.1739.

Preparation of 4.

o)
N—Me
N’( \
A\ OMe

g LiAIH,, THF N
H

H rt, 12 h: 84%

o)
o)
O\) [\/O

3 4

To a solution of 3 (30 mg, 0.087 mmol) in THF (1 mL) was added LiAlH4 (8.3 mg, 0.22
mmol, 2.5 equiv) at 0 °C, and the reaction mixture was stirred for 12 h and gradually warm
up to room temperature. The reaction was quenched by the addition of EtOAc, followed by
the addition of water (1 mL) and 15 aqueous NaOH solution (1 mL), and the solution was
stirred at room temperature for 20 min. The mixture was extracted with EtOAc (2 x 5 mL),
and the combined organic solution was washed with brine (4 mL) and dried over MgSQOy4. The
solution was concentrated in vacuo to give the residue. The crude product was purified by
flash column chromatography with 2-5% MeOH-CH,Cl, (Ry= 0.36 in 2% MeOH-CH,CL,) to
afford product 4 (22 mg, 84% yield) as a colorless oil. Selected spectroscopic data for 4:
[a]p®’=+54.5 (¢ 1, CHCL); IR (neat): 3337, 2961, 2927, 1454, 1260, 1092, 1024, 800 cm™;
'H NMR (500 MHz, CDCl3): 6 7.99 (br's, 1 H), 7.46 (d, J=7.5 Hz, 1 H), 7.28 (d, J= 8.0 Hz,
1 H),7.12 (dd, J=17.5, 8.0 Hz, 1 H), 7.07 (dd, J= 7.5, 8.0 Hz, 1 H), 4.83 (t,J=4.5 Hz, 1 H),
3.99 - 3.93 (m, 2 H), 3.89 — 3.81 (m, 2 H), 3.51 (t, /= 5.5 Hz, 1 H), 3.18 — 3.12 (m, 1 H),
2.82 —2.68 (m, 3 H), 2.46 (s, 3 H), 1.95— 1.59 (m, 5 H), 1.52 — 1.44 (m, 1 H); >C NMR (125
MHz, CDCls): 0 136.0 (C), 134.8 (C), 127.3 (C), 121.3 (CH), 119.2 (CH), 118.0 (CH), 110.7
(CH), 108.3 (C), 104.7 (CH), 64.84 (CH,), 64.80 (CH,), 59.8 (CH), 49.6 (CH»), 41.9 (CH3),
33.4 (CH,), 32.5 (CHy), 19.9 (CH,), 19.0 (CH,); MS (m/z, relative intensity): 300 (M", 2),
299 (M'-1, 1), 255 (1), 200 (1), 186 (14), 185 (100), 144 (6), 129 (3), 73 (8); exact mass
calculated for CsH»4N>O» (M+): 300.1838; found: 300.1837.
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Preparation of 5

N N—Me H, N—Me
N aqg. 2 N HCl, THF‘
. 0, .
rt, 3 h; 80% HO"
(0]
l\/O 78% ee
4 5

To a solution of 4 (10 mg, 0.033 mmol) in THF (0.34 mL) was added an aqueous
solution of 2N HCI (0.34 mL), and the reaction mixture was stirred for 3 h at room
temperature. The reaction mixture was diluted with the addition of water (2 mL), and the
reaction was quenched by the addition of saturated aqueous NaHCOj solution (2 mL). The
reaction mixture was stirred for 10 min, followed by the extraction with EtOAc (2 x 10 mL).
The combined organic extracts were washed with brine, dried over MgSO4 and concentrated
in vacuo to give a residue. The crude product was purified by flash column chromatography
with 5 to 7% MeOH—-CH,Cl, (Ry= 0.45 in 15% MeOH-CH,Cl) to afford product 5 (6.8 mg,
80% yield) as a white solid. The enantiomeric excess was determined to be 78 % by HPLC
analysis with chiral column CHIRALCEL® OD-H, 10% (10% MeOH-EtOAc) / 90% Hexane,
flow rate 1.0 mL, A = 280 nm (tmajor = 12.5 min, tminor = 19.5 min).



Preparation of adduct 8.

O’> 0
" OMO , Na,SO, N’<

( N\
CH,Cl~Et,0 (3:1), 2h
\ NH2 > ”
N (2) cat. 1e, 2,6-lutidine, AcClI
H Et,0, =78 °C to °60 °C, 0
32 h; 74% 92%ee O )

8

To a solution of tryptamine (40 mg, 0.25 mmol) in CH,Cl, (6 mL) was added a solution
of aldehyde 2¢ (32.5 mg, 0.25 mmol in CH,Cl, (3 mL), followed by the addition of Et,O (3
mL). The solution was stirred at room temperature for 2 h, prior to the addition of Na,SO4
(500 mg), and the mixture was vigorously stirred at the same temperature for an additional 30
min. The resulting solution was filtered by cannula transfer to a flame dried 25 mL
round-bottomed flask, and the remaining was rinsed twice with dichloromethane (2 x 5 mL).
The combined solution was concentrated in vacuo to give the crude imine as a pale yellow oil,
which was immediately dissolved in Et;O (15 mL) for the next step reaction. To this solution
was added catalyst IX (6.5 mg, 0.0125 mmol, 5 mol %) and 2,6-lutidine (29 pL, 0.25 mmol,
1.0 equiv) at =78 °C, and the solution was stirred for 5 min. To the reaction mixture was
added acetyl chloride (18 pL, 0.25 mmol, 1.0 equiv), and the resulting solution was stirred
at —78 °C for 10 min, followed by warming to —60 °C and stirred at the same temperature for
32 h. The resulting heterogeneous mixture was then allowed to warm to room temperature
and stirred for 30 mins followed by concentration in vacuo. The crude product was purified
by flash column chromatography with 50 to 60% EtOAc-hexane (R, = 0.38 in 80%
EtOAc-hexane) to afford product 8 (58 mg, 74% yield) as a white solid. M.p. 187-188 °C;
[a]n’’ +94 (¢ 1, CHCls). The enantiomeric excess was determined to be 92 % by HPLC with
chiral column CHIRALPAK® IA, 12% i-PrOH/n-hexane, flow rate 1.0 mL, A = 275 nm (tmajor
= 25.1 min, tminor = 32.1 min). IR (neat): 3274, 2965, 2924, 2888, 1619, 1439, 1137, 1026,
800, 745 cm™; 'H NMR (500 MHz, CDCl3): the compound exists as a 3:1 mixture of amide
rotamers, signals corresponding to the major rotamer: ¢ 8.56 (brs, 1 H), 7.43 (d,J=7.5 Hz, 1
H), 7.30 (d, /= 7.5 Hz, 1 H), 7.18 — 7.03 (m, 2 H), 5.81 (t, /= 7.0 Hz, 1 H), 4.98 (brs, 1 H),
5.04 —4.89 (m, 1 H), 4.13 —3.82 (m, 4 H), 3.56 — 3.46 (m, 1 H), 2.89 —2.65 (m, 2 H), 2.19 (s,
3 H), 2.08 — 1.73 (m, 4 H).; C NMR (125 MHz, CDCls) signals corresponding to the major
rotamer: ¢ 169.4 (C), 135.9 (C), 134.3 (C), 126.6 (C), 121.7 (CH), 119.3 (CH), 117.9 (CH),
111.0 (CH), 107.4 (C), 104.1 (CH), 65.1 (CH,), 64.8 (CH,) 48.2 (CH), 40.8 (CH»), 29.8
(CHy), 28.2 (CH,), 22.0 (CH,), 21.8 (CH;); MS (m/z, relative intensity): 314 (M, 10), 271
(10), 226 (55), 213 (90), 183 (11), 171 (100), 169 (17), 144 (6), 115 (3), 73 (6); exact mass
calculated for C;gH»,N,05 (M+): 314.1630; found: 314.1631.
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Preparation of amine 17.

0
e
A NH
LiH,NBH, A\
N - N
H THF, 0 °C to 60 °C N
O 4h;61% 0
o 0.
8 17

To a solution of diisopropylamine (0.513 mL, 3.66 mmol, 7.2 equiv) in THF (3.6 mL)
was added a solution of n-butyllithium (1.46 mL, 2.5 M in hexane, 3.65 mmol, 7.2 equiv)
at —78 °C and stirred a the same temperature for 10 min, followed by warming up to 0 °C and
stirred for 15 min. To this solution was added borane-ammonia complex (98 mg, 90% purity,
2.86 mmol, 5.6 equiv), and the suspension solution was stirred at 0 °C for 15 min, followed
by warming up to room temperature and stirred for additional 10 min. To the solution was
added 8 (160 mg, 0.50 mmol) at 0 °C and stirred for 2 min, followed by heating up to 60 °C
and stirred for 4 h. The resulting suspension was cooled to 0°C and the reaction was
quenched by dropwise addition of 2N aqueous HCI solution (10 mL), followed by stirring for
30 min. The pH value of the solution was adjusted to 8 by the addition of saturated aqueous
NaHCO;. The reaction mixture was extracted five times with ethyl acetate (5 x 10 mL), and
the combined organic extracts were dried over sodium sulfate and concentrated in vacuo to
give the residue. The crude product was purified by flash column chromatography with 5 to
10% MeOH-CH,Cl, (Ry = 0.3 in 20% MeOH-CH,Cl,) to afford product 17 (85 mg, 61%
yield) as a colorless oil. Selected spectroscopic data for 17: [a]p>’ —19.9 (¢ 1, MeOH); IR
(neat): 3400, 3311, 3055, 2927, 2888, 1452, 1301, 1139, 1028, 945, 743 cm™'; 'H NMR (500
MHz, CDCls): 6 8.08 (brs, 1 H), 7.46 (d, /= 8.0 Hz, 1 H), 7.29 (d, J= 8.0 Hz, 1 H), 7.12 (dd,
J=17.5,75Hz,1H),7.07(dd,J=7.5,7.5Hz,1H),493 (t,J=4.0 Hz, | H), 4.15—-4.07 (m,
1 H), 4.03 — 3.94 (m, 2 H), 3.90 — 3.83 (m, 2 H), 3.35 - 3.28 (m, 1 H), 3.06 — 3.00 (m, 1 H),
2.77 - 2.66 (m, 2 H), 2.05 — 1.73 (m, 5 H); *C NMR (125 MHz, CDCl3): 6 136.0 (C), 135.7
(C), 127.5 (C), 121.5 (CH), 119.3 (CH), 118.0 (CH), 110.7 (CH), 109.1 (C), 104.3 (CH), 65.0
(two CHy), 52.0 (CH), 42.2 (CH»), 29.6 (CH>), 28.8 (CH,), 22.7 (CHz); MS (m/z, relative
intensity): 272 (M", 5), 271 (M'-1, 2), 184 (3), 172 (10), 171 (100), 169 (5), 144 (3), 115 (1),
99 (2); exact mass calculated for C;¢HyN,O> (M"): 272.1525; found: 272.1526.
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Preparation of 18 and 19.

NH
N\ (1) NaBH5CN, 37% HCHO
\ MeOH, 0 °C to rt, 12 h
H o (2)aq. 2NHCI B}
THF, 3 h; 70%
o\) °
17 18 19

To a solution of 17 (80 mg, 0.29 mmol) in methanol (3.0 mL) was added NaCNBH3; (46
mg, 0.73 mmol, 2.5 equiv) at 0 °C. The resulting solution was stirred at 0 °C for 5 min
followed by the addition of 37% aqueous HCHO solution (3 mL). The solution was stirred at
room temperature for 12 h until the completion of the reaction, as monitored by TLC. The
solution was concentrated in vacuo to give the residue, and the residue. To the solution of the
above residue in THF (3 mL) was added an aqueous solution of 2N HCI (3 mL), and the
reaction mixture was stirred for 3 h at room temperature. The reaction was quenched with
NaHCO; and the pH value of the solution was adjusted to 8 . The reaction mixture was
extracted with EtOAc (3 x 15 mL). The combined organic extracts were dried over Na,SO4
and concentrated in vacuo to give a residue. The crude product was purified by flash column
chromatography with 5 to 7% MeOH—-CH,Cl, (For 18: Ry = 0.45; for 19: Ry = 0.42 in 8%
MeOH-CH,Cl,, twice developing) to afford product 18 (28 mg, 39% yield) and 19 (22 mg,
31% yield) as white solids.

Selected data for 18: M.p. 187—189 °C. Lit.” 184-186 °C. [a]p*’ +12.7 (¢ 1, CHCl3); IR
(neat): 3343, 3050, 2956, 2923, 2852, 1457, 1375, 1310, 1266, 1086, 1015, 802, 746 cm™"; 'H
NMR (500 MHz, CDCls): 6 7.66 (d, J=7.0 Hz, 1 H), 7.44 (d, J= 7.0 Hz, 1 H), 7.18 — 7.05
(m, 2 H), 5.48 (dd, ] = 9.0, 5.5 Hz, 1 H), 3.18 — 3.02 (m, 2 H), 2.95 - 2.83 (m, 1 H), 2.73 —
2.66 (m, 1 H), 2.65 —-2.57 (m, 1 H), 2.55 —2.48 (m, 1 H), 2.43 (s, 3 H), 2.23 - 2.18 (m, 1 H),
1.80 — 1.70 (m, 2 H), 1.35 — 1.24 (m, 1 H); *C NMR (125 MHz, CDCl3): 6 137.9 (C), 135.1
(0), 128.2 (C), 121.6 (CH), 120.3 (CH), 118.1 (CH), 111.9 (CH), 107.1 (C), 78.8 (CH), 60.1
(CH), 54.3 (CH,), 42.3 (CH3), 33.3 (CH,), 26.1 (CHy), 21.5 (CH,); MS (m/z, relative
intensity): 242 (M", 26), 241 (M'-1, 19), 213 (9), 199 (100), 180 (25), 171 (17), 156 (17), 143
(27), 58 (38); exact mass calculated for C;sH;gN,O (M"): 242.1419; found: 242.1420.

Selected data for 19: M.p. 175-176 °C. Lit.” 174-176 °C. [a]p’’ —7.5 (¢ 1, CHCl;); IR
(neat): 3327, 3050, 2956, 2924, 2852, 1456, 1310, 1263, 1086, 1015, 801, 745 cm™; "H NMR
(500 MHz, CDCl3): 6 7.47 (d, J=7.5 Hz, 1 H), 7.41 (d,J=7.5Hz, 1 H), 7.15 (dd, J= 7.5,
7.5 Hz, 1 H), 7.09 (dd, J= 7.5, 7.5 Hz, 1 H), 5.81 (d, /= 2.5 Hz, 1 H), 3.05 - 3.00 (m, 1 H),
2.97-2.82 (m, 2 H), 2.71 — 2.63 (m, 1 H), 2.54 — 2.44 (m, 1 H), 2.13 —2.05 (m, 1 H), 2.02 (s,
3 H), 2.00 — 1.93 (m, 1 H), 1.58 — 1.48 (m, 1 H), 1.05 —0.95 (m, 1 H); °C NMR (125 MHz,
CDCl): 6 135.9 (C), 133.2 (C), 128.0 (C), 121.2 (CH), 119.9 (CH), 118.1 (CH), 111.2 (CH),

" Achenbach, H.; Diithorn, B.; Waibel, R. Liebigs Ann. Chem. 1992, 1159 — 1164.
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106.0 (C), 74.4 (CH), 60.6 (CH) 54.8 (CH,), 41.9 (CHs), 31.3 (CHa), 21.2 (CH,), 20.1 (CH,).

Preparation of 20.

N—Me
MsCl, Et;N N "H
> N
CH,Cly, 2 h; 78% —
18 19 20

To a solution of 18 and 19 (25 mg, 0.103 mmol) and Et;N (44 pL, 0.32 mmol) in
CHCl; (3.2 mL) was added methanesulfonyl chloride (12 pL, 0.155 mmol) at 0 °C. The
resulting solution was stirred at 0 °C to room temperature for 2 h. The reaction was quenched
by the addition of water (2 mL), and the mixture was extracted with CH,Cl, (3 x 5 mL). The
organic solution was washed with saturated aqueous NaHCOj; solution, brine, dried over
Na,S0s, and the solution was concentrated in vacuo to give a residue. The crude product was
purified by flash column chromatography with 5 to 7% MeOH—-CH,Cl, (R, = 0.5 in 10%
MeOH-CH,Cl,) to afford product 20 (18 mg, 78% yield) as a colorless oil. Selected
spectroscopic data for 20: [a]p®’ +47.0 (¢ 1, CHCl); IR (neat): 3050, 2923, 2848, 1644, 1462,
1304, 1263, 1060, 806, 739, 721 cm™'; '"H NMR (500 MHz, CDCls): 6 7.45 (d, J = 7.5 Hz, 1
H), 7.30 (d, /= 7.5 Hz, 1 H), 7.16 (dd, J= 7.5, 7.5 Hz, 1 H), 7.09 (dd, J= 7.5, 7.5 Hz, 1 H),
7.02 —7.00 (m, 1 H), 5.24 - 5.19 (m, 1 H), 3.44 —3.40 (m, 1 H), 3.20 — 3.16 (m, 1 H), 3.04 —
2.98 (m, 1 H), 2.78 — 2.60 (m, 3 H), 2.49 (s, 3 H), 2.20 — 2.12 (m, 1 H);* *C NMR (125
MHz, CDCls): 6 134.7 (C), 131.9 (C), 127.7 (C), 122.3 (CH), 121.7 (CH), 120.0 (CH), 118.6
(CH), 108.6 (CH), 107.8 (C), 105.4 (CH), 57.2 (CH), 55.0 (CH»), 42.5 (CH3), 26.4 (CH),
21.5 (CHy); MS (m/z, relative intensity): 224 (M", 23), 223 (M'-1, 18), 181 (36), 180 (100),
167 (2), 152 (2); exact mass calculated for C;sHisNa (M"): 224.1313; found: 224.1315.

8 Achenbach, H.; Diithorn, B.; Waibel, R. Liebigs Ann. Chem. 1992, 1159 — 1164.
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General procedure for the two-pot synthesis of (+)-5:

M 9 I o
1) LiHoNBHs, THF
NH, K/\/I\O 2a N’< (1) LiHaNBH;

0°Cto60°C,4h

Na,SO,, CH,Cl—Et,0 (3:1) A\ >

\ 1t, 2h _ H (2) NaBH5CN, 37% HCHO
() cat, 1e, 2,6-lutidine, AcCl MeOH, 0°Ctort, 12 h
N (3)aq. 2N HCI, THF,3h

H Et,0, —78 °C to —60 °C, 20 h o 5
(0.05 M conc.) 6 k/ POT-2, 45% yield
© Total yield: 33%, from tryptami 94% ee
POT-1, 70% yield; 93% ee otal yleld: SS%. from lryptamine

POT-1 as previously described:

To a solution of tryptamine (40 mg, 0.25 mmol) in CH,Cl, (6 mL) was added dropwise a
solution of aldehyde 2a (36 mg, 0.25 mmol) in CH,Cl, (3 mL), followed by the addition of
Et,0O (3 mL). The solution was stirred at room temperature for 2 h, followed by the addition
of Na,S04 (500 mg), and the mixture was vigorously stirred at the same temperature for an
additional 30 min. The resulting solution was carefully concentrated in vacuo and applied in
high vacuum for the complete removal of solvent. The crude imine, as a pale yellow oil, was
diluted with Et,O (5 mL). To this solution was added catalyst IX (6.5 mg, 0.013 mmol, 5 mol
%) and 2,6-lutidine (29 pL, 0.25 mmol, 1.0 equiv) at —78 °C, and the solution was stirred for
5 min. To the reaction mixture was added acetyl chloride (18 pL, 0.25 mmol, 1.0 equiv), and
the resulting solution was stirred at —78 °C for 10 min, followed by warming to —60 °C and
stirred at the same temperature for 20 h. The resulting heterogeneous mixture was allowed to
warm to room temperature and stirred for 30 mins followed by concentration in vacuo. The
crude product was purified by flash column chromatography with 50 to 60% EtOAc-hexane
(Rr=0.40 in 80% EtOAc-hexane) to afford product 6 (52 mg, 63% yield) as a white solid.
The enantiomeric excess was determined to be 93 % by chiral HPLC with chiral column
CHIRALPAK" IA.

POT-2:

To a solution of diisopropylamine (0.18 mL, 1.28 mmol, 7.0 equiv) in THF (1.3 mL)
was added a solution of n-butyllithium (0.52 mL, 2.5 M in hexane, 1.3 mmol, 7.1 equiv)
at —78 °C and stirred at the same temperature for 10 min, followed by warm up to 0 °C and
stirred for 15 min. To this solution was added borane-ammonia complex (35 mg, 90% purity,
1.02 mmol, 5.6 equiv), and the suspension solution was stirred at 0 °C for 15 min, followed
by warm up to room temperature and stirred for additional 10 min. To this solution was added
6 (60 mg, 0.183 mmol) at 0 °C and stirred for 2 min, followed by heating up to 60 °C and
stirred for 4 h. The resulting suspension was cooled to 0°C and the reaction was quenched by
dropwise addition of 6N aqueous HCI solution until the pH value of the reaction mixture
reached to 1-2, followed by stirring for 30 min. The pH value of the solution was adjusted to

8 by the addition of NaHCO;. The reaction mixture was then carefully concentrated in
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vacuo with a rotary evaporator, followed by connecting to high vacuum pump for 30 min.
The crude mixture was then dissolved in MeOH (1.8 mL), and the reaction mixture was
cooled to 0 °C for 5 min. To this solution was added NaCNBH;3; (46 mg, 0.753 mmol),
followed by the addition of 37% aqueous HCHO solution (1.8 mL). The solution was stirred
at room temperature for 12 h until the completion of the reaction, as monitored by TLC. The
methanol was removed in vacuo, and the crude mixture was dissolved in THF (1.8 mL). To
this solution was added an aqueous solution of 2N HCI (4 mL), and the reaction mixture was
stirred for 3 h at room temperature. The reaction was quenched with the addition of solid
NaHCOs; and the pH value of the solution was adjusted to 8 . The reaction mixture was
extracted with EtOAc (3 x 15 mL), and the combined organic extracts were dried over
Na,;SOy4 and concentrated in vacuo to give a residue. The crude product was purified by flash
column chromatography with 5 to 7% MeOH—-CH,Cl, (R;= 0.45 in 15% MeOH—-CH,Cl,) to
afford the product (+)-5 as a white solid (21 mg, 45% yield from 6, and 33% yield from the
starting tryptamine). The enantiomeric excess was determined to be 94 % by HPLC analysis
with chiral column CHIRALCEL® OD-H, 10% (10% MeOH-EtOAc)/90% Hexane.

General procedure for the one-pot synthesis of (+)-5:

Ao
o 2a
NH, 4 AMS, CH,ClL—Et,0 (3:1),rt, 2 h
(2) cat, 1e, 2,6-Iutidine, AcCl
A Et,0, —78 °C to —60 °C, 20 h
N (3) LiH,NBH3, THF, 0 °C to 60 °C, 4 h
(4) NaBH5CN, 37% HCHO, MeOH 5

0°Ctort,12h 91% ee
(5) ag. 2N HCI, THF, 3 h; 19%

-
-

In a flame-dried 20-mL pear-shaped flask, a solution of tryptamine (40 mg, 0.25 mmol,
1.0 eq) in CH,Cl, (6 mL) was prepared. To this solution was added dropwise via syringe a
solution of aldehyde 2a (36 mg, 0.25 mmol) in CH,ClI, (3 mL) at room temperature, followed
by the addition of Et;O (3 mL). The solution was stirred at room temperature for 2 h,
followed by the addition of 4 A molecular sieves (purchased from Aldrich®, beads, 4-8 mesh,
ca.500 mg, around 10-12 beads), and the mixture was vigorously stirred at the same
temperature for an additional 30 min. The molecular sieve beads were removed by forceps,
which were rinsed before removing from the flask (ca. 3 mL CH,Cl, for rinsing). The
resulting solution was concentrated in vacuo, yielding the imine as a pale yellow oil, which

was immediately dissolved in Et,O (5 mL) for the next-step reaction. To this solution was

S21



added catalyst IX (6.5 mg, 0.013 mmol, 5 mol %) and 2,6-lutidine (29 pL, 0.25 mmol, 1.0
equiv) at —78 °C, and the solution was stirred for 5 min. To the reaction mixture was added
dropwise acetyl chloride (18 pL, 0.25 mmol, 1.0 equiv), and the resulting solution was stirred
at —78 °C for 10 min, followed by warming to —60 °C and stirred at the same temperature for
20 h. The resulting heterogeneous mixture was allowed to warm to room temperature and
stirred for 30 mins followed by concentration in vacuo, furnishing crude 6.

In a separated round-bottom flask, to a solution of diisopropylamine (0.25 mL, 1.78
mmol, 7.1 equiv) in THF (0.5 mL) was added a solution of n-butyllithium (0.72 mL, 2.5 M in
hexane, 1.8 mmol, 7.2 equiv) at =78 °C and stirred at the same temperature for 10 min,
followed by warm up to 0 °C and stirred for 15 min. To this solution was added
borane-ammonia complex (48 mg, 90% purity, 1.40 mmol, 5.6 equiv), and the suspension
solution was stirred at 0 °C for 15 min, followed by warm up to room temperature and stirred
for additional 20 min. The lithium amidotrihydroborate (LiH,NBH3) solution was carefully
transferred under nitrogen pressure (rinsed with 0.5 mL THF) to pre-cooled flask containing a
solution of crude 6 in THF (0.5 mL) at 0 °C. The resulting solution was stirred for 2 min,
followed by heating up to 60 °C and stirred for 4 h. Subsequently, the resulting suspension
was cooled to 0°C, and the reaction was quenched by dropwise addition of 6N aqueous HCI
solution until the pH value of the reaction mixture reached to 1-2, followed by stirring for 30
min. Later, the pH value of the solution was adjusted to 8 by the addition of solid NaHCO:s.
The reaction mixture was then carefully concentrated in vacuo with arotary evaporator,
followed by connecting to high vacuum pump for 30 min. The crude mixture was then
dissolved in MeOH (1.6 mL), and the reaction mixture was cooled to 0 °C for 5 min. To this
solution was added NaCNBHj3; (47 mg, 0.75 mmol), followed by the addition of 37% aqueous
HCHO solution (1.6 mL). The solution was stirred at room temperature for 12 h until the
completion of the reaction, as monitored by TLC. The methanol was removed in vacuo, and
the crude mixture was dissolved in THF (1 mL). To this solution was added an aqueous
solution of 2N HCI (3 mL), and the reaction mixture was stirred for 3 h at room temperature.
The reaction was quenched with the addition of solid NaHCO; and the pH value of the
solution was adjusted to 8 . The reaction mixture was extracted with EtOAc (3 x 15 mL), and
the combined organic extracts were dried over MgSO, and concentrated in vacuo to give a
residue. The crude product was purified by flash column chromatography with 5 to 7%
MeOH-CH,Cl, (R = 0.45 in 15% MeOH—-CH,Cl,) to afford the product (+)-5 as a white
solid (12 mg, 19% yield from the starting tryptamine). The enantiomeric excess was
determined to be 91 % by HPLC analysis with chiral column CHIRALCEL® OD-H, 10%
(10% MeOH-EtOACc)/90% Hexane.
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Preparation of 13.

(0] (@]
LD ¥

Na2804, CH2C|2—Et20 (31) \
rt, 2h _ Br N
N () cat, 1e, 2,6-lutidine, AcCl
Br N Et,0—CH,Cl, (9:1) o
-78 °C to —60 °C 83% ee 0]
26 h; 54% k/
13

To a solution of 6-bromotryptamine (59.5 mg, 0.25 mmol) in CH,Cl, (6 mL) was added
a solution of aldehyde 2a (36 mg, 0.25 mmol) in CH,Cl, (3 mL), followed by the addition of
Et;0 (3 mL). The solution was stirred at room temperature for 2 h, prior to the addition of
Na,S0y4 (500 mg), and the mixture was vigorously stirred at the same temperature for an
additional 30 min. The resulting solution was filtered by cannula transfer, and the remaining
was rinsed twice with dichloromethane (2 x 5 mL). The combined solution was concentrated
in vacuo to give the crude imine as a pale yellow oil, which was immediately dissolved in
Et,0 (4.5 mL) and CH,Cl, (0.5 mL) for the next step reaction. To this solution was added
catalyst IX (6.5 mg, 0.013 mmol, 5 mol %) and 2,6-lutidine (29 uL, 0.25 mmol, 1.0 equiv)
at —78 °C, and the solution was stirred for 5 min. To the reaction mixture was added acetyl
chloride (18 pL, 0.25 mmol, 1.0 equiv), and the resulting solution was stirred at —78 °C for
10 min, followed by warming to —60 °C and stirred at the same temperature for 26 h. The
resulting heterogeneous mixture was allowed to warm to room temperature and stirred for 30
mins followed by concentration in vacuo. The crude product was purified by flash column
chromatography with 50 to 60% EtOAc-hexane (R, = 0.42 in 90% EtOAc-hexane) to afford
product 13 (55 mg, 54% yield) as a white solid. M.p. 143—144 °C; [a]p>” +20.3 (¢ 1, CHCLs).
The enantiomeric excess was determined to be 83 % by HPLC analysis with chiral column
CHIRALPAK® IA, 12% i-PrOH/n-hexane, flow rate 1.0 mL, A = 254 nm (tmajor = 29.9 min,
tminor = 22.6 min). IR (neat): 3281, 2961, 2924, 2854, 1630, 1614, 1446, 1262, 1095, 1022,
800 cm™; '"H NMR (500 MHz, CDCls): the compound exists as a 5:1 mixture of amide
rotamers, signals corresponding to the major rotamer: ¢ 8.66 (br s, 1 H), 7.42 (d, /= 1.7 Hz,1
H), 7.26 (d,J=8.5Hz, 1 H), 7.15 (dd, J=8.5, 1.7 Hz, 1 H), 5.75 (t, J=7.5 Hz, 1 H), 4.85 (t,
J=4.5Hz 1H),4.02-3.81 (m, 5 H),3.52 -3.44 (m, 1 H), 2.80 — 2.71 (m, 2 H), 2.20 (s, 3
H), 2.00 — 1.52 (m, 6 H); °C NMR (125 MHz, CDCl5) signals corresponding to the major
rotamer: 0 169.6 (C), 136.8 (C), 135.2 (C), 125.5 (C), 122.6 (CH), 119.1 (CH), 115.0 (C),
113.8 (CH), 107.6 (C), 104.4 (CH), 64.9 (CH,), 64.8 (CH>), 48.4 (CH), 41.0 (CH>), 33.8
(CH»), 33.1 (CH»), 22.0 (CH»), 21.9 (CHs3), 20.4 (CHy); MS (m/z, relative intensity): 408
(M2, 22), 406 (M", 22), 365 (22), 363 (27), 293 (96), 291 (100), 251 (78), 250 (17), 249
(90), 212 (8), 170 (15), 168 (11), 143 (9), 99 (6), 73 (24); exact mass calculated for
C19H23BrN,O;5 (M+): 406.0892; found: 406.0898.

S$23



Preparation of Bromoindole 14.

N//E NH
A\ A\

. \ LHNBHs g, N
H THF, 0 °C to 60 °C
4 h; 67%
0 0
(o P
13 14

To a solution of diisopropylamine (0.125 mL, 0.892 mmol, 6.6 equiv) in THF (1.2 mL)
was added a solution of n-butyllithium (0.35 mL, 2.5 M in hexane, 0.875 mmol, 6.5 equiv)
at —78 °C, and the solution was stirred at the same temperature for 10 min, followed by warm
up to 0 °C and stirred for 15 min. To this solution was added borane-ammonia complex (24
mg, 90% purity, 0.63 mmol, 4.7 equiv), and the suspension solution was stirred at 0 °C for 15
min, followed by warm up to room temperature and stirred for additional 10 min. To the
solution was added 13 (50 mg, 0.123 mmol) at 0 °C and stirred for 2 min, followed by
heating up to 60 °C and stirred for 4 h. The resulting suspension was cooled to 0°C and the
reaction was quenched by dropwise addition of 2N aqueous HCl solution (10 mL), followed
by stirring for 30 min. The pH value of the solution was adjusted to 8 by the addition of
saturated aqueous NaHCOs. The reaction mixture was extracted five times with ethyl acetate
(5 x 10 mL), and the combined organic extracts were dried over MgSO,4 and concentrated in
vacuo to give the residue. The crude product was purified by flash column chromatography
with 5 to 10% MeOH-CH,Cl, (R,= 0.36 in 20% MeOH-CH,Cl,) to afford product 14 (30 mg,
67% yield) as a colorless oil. Selected spectroscopic data for 14: [a]p?’ —13.1 (¢ 1, MeOH);
IR (neat): 3416, 3267, 2923, 2852, 2783, 1619, 1558, 1463, 1436, 1364, 1140, 1047, 800, 755
cm™; "TH NMR (500 MHz, CDCls): 6 8.07 (br s, 1 H), 7.42 (s, 1 H), 7.29 (d, J = 8.5 Hz, 1 H),
7.16 (d, J=8.5Hz, 1 H), 4.87 (t,J=4.5 Hz, 1 H), 4.05 - 4.02 (m, 1 H), 4.00 — 3.95 (m, 2 H),
3.88-3.82 (m, 2 H), 3.34 - 3.27 (m, 1 H), 3.03 —=2.96 (m, 1 H), 2.74 — 2.62 (m, 2 H), 1.90 —
1.55 (m, 7 H); °C NMR (125 MHz, CDCl3): 6 136.8 (C), 136.5 (C), 126.4 (C), 122.5 (CH),
119.2 (CH), 114.7 (C), 113.6 (CH), 109.2 (C), 104.4 (CH), 64.89 (CH,), 64.87 (CH,) 52.2
(CH) 42.2 (CHp), 34.4 (CH,), 33.3 (CH,), 22.5 (CH), 20.2 (CHy); MS (m/z, relative
intensity): 366 (M'+2, 7), 364 (M", 7), 264 (3), 262 (3), 251 (93), 249 (100), 234 (4), 170 (8),
143 (4), 99 (2), 73 (5); exact mass calculated for C;7;HyBrN,O, (M"): 364.0786; found:
364.0779.
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Preparation of arborescidine C (15).

NH

N\ (1) NaBHsCN, 37% HCHO
MeOH,0°Ctort, 12 h _
Br ” -
(2) ag. 2N HCIl, THF,3h;76% Br
0]
L_°
14 15

To a solution of 14 (20 mg, 0.055 mmol) in methanol (0.55 mL) was added NaCNBHj;
(9 mg, 0.143 mmol, 2.6 equiv) at 0 °C. The resulting solution was stirred at 0 °C for 5 min
followed by the addition of 37% aqueous HCHO solution (0.55 mL, excess). The solution
was stirred at room temperature for 12 h until the completion of the reaction, as monitored by
TLC. The solution was concentrated in vacuo to give the residue. The residue was dissolved
in THF (0.55 mL), followed by the addition of an aqueous solution of 2N HCI (0.55 mL), and
the reaction mixture was stirred for 3 h at room temperature. The reaction was quenched with
the addition of solid NaHCO; and the pH value of the solution was adjusted to 8. The
reaction mixture was extracted with EtOAc (3 x 5 mL), and the combined organic extracts
were dried over MgSO4 and concentrated in vacuo to give a residue. The crude product was
purified by flash column chromatography with 5 to 8% MeOH—-CH,Cl, (R = 0.47 in 15%
MeOH-CH,Cl,) to afford product 15 (14 mg, 76% yield) as a white solid. M.p. 173—-174 °C,
lit.> 172-173 °C. Selected spectroscopic data for 15: [a]p>’ +3.1 (¢ 1, CHCL), lit.” [a]p”
+3.0. 1it."’ [o]p +3.3 (¢ 1, CHCl;).The enantiomeric excess was determined to be 86 % by
HPLC analysis with chiral column CHIRALCEL® OD-H, 10% (10% MeOH-EtOAc) / 90%
Hexane, flow rate 0.5 mL, A = 280 nm (tmajor = 17.2 min, tminor = 19.5 min). IR (neat): 3319,
2924, 2852, 1609, 1469, 1439, 1314, 1106, 799, 756 cm™'; 'H NMR (500 MHz, CDCl3): ¢
742 (d,J=15Hz, 1H),7.25(d,/J=8.0Hz, 1 H),7.15(dd, J=8.0, 1.5 Hz, 1 H), 6.07 (dd, J
=4.8, 1.5 Hz, 1 H), 3.59 (d, /= 10.5 Hz, 1 H), 2.98 — 2.93 (m, 1 H), 2.70 — 2.63 (m, 3 H),
244 (s,3H),2.34—-2.26 (m, 1 H),2.24-2.17 (m, 1 H), 2.15-2.05 (m, 1 H), 1.82 — 1.74 (m,
1 H), 1.62 — 1.54 (m, 1 H), 1.44 — 1.34 (m, 1 H); ®C NMR (125 MHz, CDCLs): 6§ 138.2 (C),
136.8 (C), 125.6 (C), 122.5 (CH), 119.4 (CH), 114.8 (C), 111.6 (CH), 108.9 (C), 76.6 (CH),
61.2 (CH), 50.4 (CH,) 42.7 (CH3), 34.3 (CH>), 31.8 (CH>), 20.2 (CHa), 20.1 (CH); MS (m/z,
relative intensity): 336 (M'+2, 16), 334 (M", 16), 317 (15), 291 (17), 265 (85), 263 (100),
184 (8), 154 (9); exact mass calculated for C¢H oBrN,O (M"): 334.0681; found: 334.0674.

? Chbani, M.; Pais, M.; Delauneux, J.-M.; Debitus, C. J. Nat. Prod. 1993, 56, 99 — 104.
1% Santos, L. S.; Theoduloz, C.; Pilli, R. A.; Rodriguez, J. Eur. J. Med. Chem. 2009, 44, 3810-3815.
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Table S2. C NMR chemical shift
comparison of the synthetic 15 with the
natural product reported.

Synthetic Reported
138.2 137.5
136.8 136.9
125.6 125.2
122.4 122.1
119.4 119.1
114.7 114.5
111.6 111.6
108.8 108
76.7 77.2
61.1 61.2
50.3 50.2
42.6 42.1
34.2 34.2
31.8 32.1
20.1 20
20.1 19.5

Preparation of 16

N/Me N’Me
n\IH M CI Et N \ nIIH
sUl,
Br : > Br N
| CH,Cl,, 2 h; 79% ~
HO
15 16

To a solution of 15 (20 mg, 0.06 mmol) and Et;N (25 pL, 0.18 mmol) in CH,Cl, (0.6
mL) was added methanesulfonyl chloride (6.8 pL, 0.088 mmol) at 0 °C. The resulting
solution was stirred at 0 °C to room temperature for 2h. The reaction was quenched by the
addition of water (1 mL), and the mixture was extracted with CH,Cl, (2 x 5 mL). The organic

solution was washed with saturated aqueous NaHCOs3 solution (5 mL), brine (5 mL), dried



over MgSQOy, and the solution was concentrated in vacuo to give a residue. The crude product
was purified by flash column chromatography with 3 to 5% MeOH-CH,Cl, (R = 0.46 in
10% MeOH—-CH,Cl,) to afford product 16 (15 mg, 79% yield) as a colorless oil. Selected
spectroscopic data for 16: [a]lp?’ +63 (¢ 1, CHCL), lit."" [a]p +70 (¢ 0.6, CHCls); lit."
[a]p =70 (c 0.6, CHCl») for its enantiomer. IR (neat): 2924, 2852, 1608, 1468, 1314, 1222,
1106, 799, 756 cm™; "H NMR (500 MHz, CDCl3): 6 7.48 (d, J = 1.5 Hz, 1 H), 7.32 (d, J =
8.5 Hz, 1 H), 7.22 (dd, /= 8.5, 1.5 Hz, 1 H), 6.82 (dt,J=9.8, 2.0 Hz, 1 H), 5.13 - 5.07 (m, 1
H), 3.38 (d, /=10.0 Hz, 1 H), 3.17 = 3.10 (m, 1 H), 2.92 — 2.85 (m, 1 H), 2.75 — 2.65 (m, 2
H), 2.54 (s, 3 H), 2.58 —=2.50 (m, 1 H), 2.45 - 2.39 (m, 1 H), 2.38 —=2.32 (m, 1 H), 1.92 - 1.83
(m, 1 H); ®C NMR (125 MHz, CDCls): § 138.0 (C), 136.9 (C), 125.8 (C), 123.3 (CH), 121.7
(CH), 119.3 (CH), 115.3 (C), 112.4 (CH), 111.2 (CH), 109.3 (C), 62.4 (CH), 52.6 (CH,), 42.4
(CH3), 29.9 (CH,), 27.9 (CH>), 20.6 (CH,); MS (m/z, relative intensity): 318 (M'+2, 97), 317
(M", 100), 316 (99), 315 (89), 289 (34), 287 (34), 275 (80), 274 (55), 273 (83), 272 (41), 260
(23); exact mass calculated for C;cH;7BrN; (M+): 316.0575; found: 316.0582.

" Chbani, M.; Pais, M.; Delauneux, J.-M.; Debitus, C. J. Nat. Prod. 1993, 56, 99 — 104.
12 Santos, L. S.; Pilli, R. A.; Rawal, V. H. J. Org. Chem. 2004, 69, 1283 — 1289.
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Preparation of 7
o= O
O
(1) _\_<O] , Nast4 NJI\

Q—g\\ NH, CH,Cl-Et,0 (3:1), 2h

” (2) cat. 1e, 2,6-lutidine, AcClI ﬂ
Et,0, —78 °C to °60 °C, 9" %
28 h: 64% 86% ee L
7

To a solution of tryptamine (40 mg, 0.25 mmol) in CH,Cl, (6 mL) was added a solution
of aldehyde 2b (29 mg, 0.25 mmol)"* in CH,Cl, (3 mL), followed by the addition of Et;O (3
mL). The solution was stirred at room temperature for 2 h, prior to the addition of Na,SO4
(500 mg), and the mixture was vigorously stirred at the same temperature for an additional 30
min. The resulting solution was filtered by cannula transfer to a flame dried 25 mL
round-bottomed flask, and the remaining was rinsed twice with CH,Cl, (2 x 5 mL). The
combined solution was concentrated in vacuo to give the crude imine as a pale yellow oil,
which was immediately dissolved in Et;O (10 mL) for the next step reaction. To this solution
was added catalyst IX (6.5 mg, 0.0125 mmol, 5 mol %) and 2,6-lutidine (29 pL, 0.25 mmol,
1.0 equiv) at —78 °C, and the solution was stirred for 5 min. To the reaction mixture was
added acetyl chloride (18 pL, 0.25 mmol, 1.0 equiv), and the resulting solution was stirred
at —78 °C for 10 min, followed by warming to —60 °C and stirred at the same temperature for
28 h. The resulting heterogeneous mixture was then allowed to warm to room temperature
and stirred for 30 mins followed by concentration in vacuo. The crude product was purified
by flash column chromatography with 50 to 60% EtOAc-hexane (R; = 0.35 in 80%
EtOAc-hexane) to afford product 7 (48 mg, 64% yield) as a white solid. M.p. 197-198 °C;
[a]p®’ +125 (¢ 1, CHCls). The enantiomeric excess was determined to be 86 % by HPLC with
chiral column CHIRALPAK® IA, 12% i-PrOH/n-hexane, flow rate 1.0 mL, A = 280 nm (tmajor
= 27.1 min, tminor = 37.8 min). IR (neat): 3395, 3271, 2956, 2924, 2893, 2852, 1620, 1426,
1233, 1136, 1031, 746 cm'l; "H NMR (500 MHz, CDClIs): the compound exists as a 2:1
mixture of amide rotamers, signals corresponding to the major rotamer: ¢ 8.74 (br s, 1 H),
744 (d,J=7.5Hz, 1H),7.32(d,/J=8.0Hz, 1 H), 7.18 = 7.12 (m, 1 H), 7.11 — 7.05 (m, 1 H),
5.85(t,J=6.5Hz,1H),5.16 (t,J=5.0Hz, 1 H), 5.11 — 5.04 (m, 1 H), 4.14 — 3.88 (m, 4 H),
3.49 —3.41 (m, 1 H), 2.93 —2.66 (m, 2 H), 2.19 (s, 3 H), 2.30 — 2.14 (m, 2 H); >C NMR (125
MHz, CDCls): 0 169.1 (C), 136.0 (C), 134.0 (C), 126.5 (C), 121.7 (CH), 119.3 (CH), 117.9
(CH), 111.0 (CH), 107.5 (C), 102.7 (CH), 64.9 (OCHa), 64.9 (OCH,), 45.3 (CH), 41.5 (CH,),
39.0 (CHa), 22.0 (CH,), 21.8 (CH3); °C NMR (125 MHz, CDCls), signals corresponding to
the major rotamer: J 169.1 (C), 136.0 (C), 134.0 (C), 126.5 (C), 121.7 (CH), 119.3 (CH),

1 For best results, the aldehyde was used immediately after purification.
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117.9 (CH), 111.0 (CH), 107.5 (C), 102.7 (CH), 65.0 (two CH,), 45.3 (CH), 41.6 (CH,), 39.0
(CH>), 22.0 (CH>), 21.8 (CH3); MS (m/z, relative intensity): 300 (M, 77), 239 (7), 225 (10),
213 (100), 203 (31), 171 (94), 161 (40), 144 (38), 135 (75), 127 (39), 77 (38), 73 (42); exact
mass calculated for C;7H,9N,0O3 (M+): 300.1474; found: 300.1480.
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Figure S2. ORTEP and Stereo plots for X-ray crystal structures of (+)-7.

CCDC 1523959 contains the supplementary crystallographic data for (+)-7. These data can
be obtained free of charge from the Cambridge Crystallographic Data Centre via

www.ccdc.cam.ac.uk/data request/cif.



Table S3. Crystal data and structure refinement for (+)-7, ic17656.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

4

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 67.679°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F?

Final R indices [I>2sigma(])]
R indices (all data)

Absolute structure parameter
Extinction coefficient

Largest diff. peak and hole

ic17656
C17H20N,O5
300.35

200(2) K
1.54178 A
Orthorhombic
P2,2,2,

a=5.86390(10) A o= 90°.
b=8.5853(2) A B=90°.
c=29.2551(6) A v =90°.

1472.80(5) A3

4

1.355 Mg/m?

0.760 mm'!

640

0.270 x 0.220 x 0.040 mm3
3.021 to 69.983°.

-7<=h<=6, -10<=k<=10, -35<=1<=35
9796

2801 [R(int) = 0.0157]

100.0 %

Semi-empirical from equivalents
0.7533 and 0.5897

Full-matrix least-squares on F?
2801/2/207

1.253

R1=0.0354, wR2 = 0.0902
R1=0.0361, wR2 =0.0909
0.02(5)

n/a

0.295 and -0.271 e.A3
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Preparation of 7

)

NJ\ NH
A LiH,NBH; N\
N THF, - N
H o 0 °C to 60 °C; 64% 0\,
P L
7 21

To a solution of diisopropylamine (0.2 mL, 1.43 mmol, 7.1 equiv) in THF (2 mL) was
added a solution of n-butyllithium (0.57 mL, 2.5 M in hexane, 1.43 mmol, 7.1 equiv) at —78
°C and stirred a the same temperature for 10 min, followed by warming up to 0 °C and stirred
for 15 min. To this solution was added borane-ammonia complex (38 mg, 90% purity, 1.0
mmol, 5.0 equiv), and the suspension solution was stirred at 0 °C for 15 min, followed by
warming up to room temperature and stirred for additional 10 min. Subsequently, the solution
was cooled to 0 °C. To the solution was added 7 (60 mg, 0.20 mmol) at 0 °C and stirred for 2
min, followed by heating up to 60 °C and stirred for 4 h. The resulting suspension was cooled
to 0°C and the reaction was quenched by dropwise addition of 2N aqueous HCI solution (5
mL), followed by stirring for 30 min. The pH value of the solution was adjusted to 8 by the
addition of saturated aqueous NaHCOs. The reaction mixture was extracted five times with
ethyl acetate (5 x 10 mL), and the combined organic extracts were dried over sodium sulfate
and concentrated in vacuo to give the residue. The crude product was purified by flash
column chromatography with 5 to 10% MeOH-CH,Cl, (R = 0.4 in 20% MeOH-CH,Cl,) to
afford product 21 (33 mg, 64% yield) as a pale yellow oil. Selected spectroscopic data for 21:
[a]p®” —25.9 (¢ 1, MeOH); IR (neat): 3390, 2961, 2924, 2890, 1603, 1453, 1260, 1137, 1113,
1017, 799, 743 cm™; "H NMR (500 MHz, CDCl;): d 8.75 (br, s, 1 H), 7.46 (d, J= 8.0 Hz, 1
H), 7.30 (d, /= 8.0 Hz, 1H), 7.12 (dd, J= 7.5, 7.5 Hz, 1 H), 7.06 (dd, J= 7.5, 7.5 Hz, 1 H),
5.10 (t, J=3.8 Hz, 1 H), 4.30 (br. s, 1 H), 4.11 — 4.02 (m, 2 H), 3.98 — 3.90 (m, 2 H), 3.36 —
3.31 (m, 1 H), 3.08 — 3.00 (m, 1 H), 2.80 — 2.68 (m, 2 H), 2.38 — 2.15 (m, 3 H); °C NMR
(125 MHz, CDCl3): 6 135.6 (C), 135.5 (C), 127.3 (C), 121.4 (CH), 119.1 (CH), 118.0 (CH),
110.9 (CH), 108.5 (C), 102.8 (CH), 65.1 (CHy), 65.0 (CH»), 48.7 (CH) 42.9 (CH»), 39.1
(CH,), 22.4 (CH,); MS (m/z, relative intensity): 258 (M", 23), 213 (5), 172 (13), 171 (100),
156 (10), 144 (9), 135 (7), 115 (4), 73 (10); exact mass calculated for C;sH;sN>O, (M+):
258.1368; found: 258.1364.
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Preparation of 22

NH

N\ N—Me
NaBH,CN, 37% HCHO N\
N
H MeOH, 0 °C to rt N
C\)\/o 12h; 71% ?\/ -
21 22

To a solution of 21 (100 mg, 0.387 mmol) in methanol (3.8 mL) was added NaCNBHj;
(61 mg, 0.97 mmol) at 0 °C. The resulting solution was stirred at 0 °C for 5 min followed by
the addition of 37% aqueous HCHO solution (3 mL, excess). The solution was stirred at
room temperature for 12 h until the completion of the reaction, as monitored by TLC. The
solution was concentrated in vacuo to remove MeOH, and the residue was diluted with water.
The mixture was extracted with EtOAc (15 mL x 3), and the combined organic extracts were
dried over MgSO4 and concentrated in vacuo to give a residue. The crude product was
purified by flash column chromatography with 5 to 10% MeOH-CH,Cl, (Ry= 0.45 in 15%
MeOH-CH,Cl,) to afford product 22 (75 mg, 71% yield) as a colorless oil. Selected
spectroscopic data for 22: [a]p®’ +43.3 (¢ 1, CHCL); IR (neat): 3397, 3053, 2933, 2889, 1453,
1324, 1136, 1064, 1025, 944, 742 cm™; "H NMR (500 MHz, CDCls): § 8.75 (br s, 1 H), 7.47
(d,/J=8.0Hz, 1 H), 7.31 (d, /= 8.0 Hz, 1 H), 7.14 — 7.04 (m, 2 H), 5.09 (dd, J = 5.0, 3.0 Hz,
1 H), 4.14 — 4.06 (m, 2 H), 3.98 — 3.95 (m, 2 H), 3.68 — 3.65 (m, 1 H), 3.16 — 3.11 (m, 1 H),
2.80 —2.72 (m, 3 H), 2.48 (s, 3 H) 2.39 — 2.35 (m, 1 H), 2.14 — 2.09 (m, 1 H); °C NMR (125
MHz, CDCls): 6 135.8 (C), 135.4 (C), 126.9 (C), 121.2 (CH), 119.0 (CH), 118.0 (CH), 110.8
(CH), 107.3 (C), 103.0 (CH), 65.2 (CH>), 65.1 (CH;) 55.4 (CH), 50.9 (CH,), 42.1 (CHs3), 37.6
(CHy), 19.7 (CH,); MS (m/z, relative intensity): 272 (M", 4), 229 (1), 186 (10), 185 (100),
156 (4), 144 (2), 73 (7); exact mass calculated for C;cHy0N,O, (M+): 272.1525; found:
272.1522.

(Treatment of 22 with 2N HCI did not proceed the cyclization process as observed in the
prior examples, probably due to the difficulty in the ring-strain formation. Hence, the product

at this stage was isolated and characterized).
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Preparation of 9

0]

1) OV\/\/L}, Na,SO,

Q_{‘\ CH,Cl,—Et,0 (3:1), 2h
{ N —
(2) cat. 1e, 2,6-lutidine, AcCl
N Et,0, 78 °C to °60 °C,
34 h; 70%

To a solution of tryptamine (40 mg, 0.25 mmol) in CH,Cl, (6 mL) was added a solution
of aldehyde 2d'* (40 mg, 0.25 mmol) in CH,Cl, (3 mL), followed by the addition of Et,O (3
mL). The solution was stirred at room temperature for 2 h, prior to the addition of sodium
sulfate (500 mg), and the mixture was vigorously stirred at the same temperature for an
additional 30 min. The resulting solution was filtered by cannula transfer, and the remaining
was rinsed twice with dichloromethane (2 x 5 mL). The combined solution was concentrated
in vacuo to give the crude imine as a pale yellow oil, which was immediately dissolved in
Et,0 (15 mL) for the next step reaction. To this solution was added catalyst IX (6.5 mg, 0.013
mmol, 5 mol %) and 2,6-lutidine (29 pL, 0.25 mmol, 1.0 equiv) at —78 °C, and the solution
was stirred for 5 min. To the reaction mixture was added acetyl chloride (18 pL, 0.25 mmol,
1.0 equiv), and the resulting solution was stirred at —78 °C for 10 min, followed by warming
to —60 °C and stirred at the same temperature for 34 h. The resulting heterogeneous mixture
was allowed to warm to room temperature and stirred for 30 mins followed by concentration
in vacuo. The crude product was purified by flash column chromatography with 50 to 60%
EtOAc-hexane (Ry= 0.30 in 80% EtOAc-hexane) to afford product 9 (60 mg, 70% yield) as a
white solid. M.p. 154-155 °C; [a]p> 100.7 (¢ 1, CHCls). The enantiomeric excess was
determined to be 92 % by HPLC with chiral column CHIRALPAK®IA, 12%
i-PrOH/n-hexane, flow rate 1.0 mL, A = 254 nm (tmajor = 22.8 min, tminor = 31.5 min). IR
(neat): 3278, 3008, 2950, 2886, 1619, 1447, 1231, 1140, 1031, 945, 746 cm™; 'H NMR (500
MHz, CDCIl;): the compound exists as a 5:1 mixture of amide rotamers, signals
corresponding to the major rotamer: ¢ 8.47 (s, 1 H), 7.43 (d, /J=7.8 Hz, 1 H), 7.29 (d, /= 8.0
Hz, 1 H), 7.17 — 7.03 (m, 2 H), 5.76 (dd, J = 8.7, 5.6 Hz, 1 H), 4.81 (t, J = 4.8 Hz, 1 H),
4.01 —3.78 (m, 5 H), 3.53 — 3.44 (m, 1 H), 2.87 —2.64 (m, 2 H), 2.21 (s, 3 H), 1.94 — 1.40 (m,
8 H); °C NMR (125 MHz, CDCl;) signals corresponding to the major rotamer: 6 169.6 (C),
136.0 (C), 134.7 (C), 126.6 (C), 121.6 (CH), 119.4 (CH), 117.8 (CH), 110.9 (CH), 107.3 (C),
104.4 (CH), 64.8 (two CH,), 48.9 (CH), 41.0 (CH,), 34.3 (CH»), 33.5 (CH,), 26.0 (CH»), 23.9

' For best results, the aldehyde was used immediately after purification.
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S34

(CHy), 22.0 (CH,), 21.9 (CH3); MS (m/z, relative intensity): 342 (M", 23), 299 (4), 297 (3),
255 (5), 214 (11), 213 (100), 171 (65), 169 (10), 144 (5), 115 (5), 97 (7), 73 (11); exact mass
calculated for CyoHy6N,05 (M+): 342.1943; found: 342.1944.

Preparation of 23.

0
NJ]\ NH
A\ LiH,NBH; r}
—_—
N THF H
0 °C to 60 °C
4 h; 60% o
@) \)
o) 0
9 23

To a solution of diisopropylamine (0.50 mL, 3.57 mmol, 7.2 equiv) in THF (3.5 mL)
was added a solution of n-butyllithium (1.42 mL, 2.5 M in hexane, 3.55 mmol, 7.2 equiv)
at —78 °C and stirred at the same temperature for 10 min, followed by warm up to 0 °C and
stirred for 15 min. To this solution was added borane-ammonia complex (95.5 mg, 90% pure,
2.78 mmol, 5.6 equiv), and the suspension solution was stirred at 0 °C for 15 min, followed
by warm up to room temperature and stirred for additional 10 min. To the solution was added
9 (170 mg, 0.496 mmol) at 0 °C and stirred for 2 min, followed by heating up to 60 °C and
stirred for 4 h. The resulting suspension was cooled to 0°C and the reaction was quenched by
dropwise addition of 2N aqueous HCI solution (10 mL), followed by stirring for 30 min. The
pH value of the solution was adjusted to 8 by the addition of saturated aqueous NaHCO:3.
The reaction mixture was extracted five times with ethyl acetate (5 x 20 mL), and the
combined organic extracts were dried over sodium sulfate and concentrated in vacuo to give
the residue. The crude product was purified by flash column chromatography with 5 to 10%
MeOH-CH,Cl, (Rr= 0.4 in 20% MeOH-CH,Cl,) to afford product 23 (90 mg, 60% yield) as
a colorless oil. Selected spectroscopic data for 23: [a]p>’ —29.8 (¢ 1, MeOH); IR (neat): 3404,
3329, 2941, 2859, 1453, 1139, 1027, 945, 803, 743 cm™'; 'H NMR (500 MHz, CDCls): § 7.98
(br, s, 1 H), 7.46 (d, J= 8.0 Hz, 1 H), 7.28 (d, /= 8.0 Hz, 1 H), 7.15 —7.05 (m, 2 H), 4.85 (t,
J=4.7Hz, 1 H), 4.06 —4.01 (m, 1 H), 3.98 —3.95 (m, 2 H), 3.86 — 3.82 (m, 2 H), 3.36 — 3.30
(m, 1 H), 3.04 —2.96 (m, 1 H), 2.75 — 2.67 (m, 2 H), 1.96 — 1.80 (m, 2 H), 1.73 — 1.64 (m, 3
H), 1.60 — 1.45 (m, 4 H); °C NMR (125 MHz, CDCl3): § 136.2 (C), 135.6 (C), 127.4 (C),
121.4 (CH), 119.2 (CH), 118.0 (CH), 110.7 (CH), 108.9 (C), 104.4 (CH), 64.8 (two CH,),
52.4 (CH) 42.5 (CHy), 34.7 (CH,), 33.5 (CH>), 25.6 (CH>), 24.0 (CHa), 22.6 (CH,); MS (m/z,



relative intensity): 300 (M, 4), 299 (1), 198 (1), 184 (1), 172 (10), 171 (100), 144 (3), 73 (5);
exact mass calculated for C sHxN,O, (M"): 300.1838; found: 300.1838.

Preparation of indole 24.

N\ NaCNBH3, HCHO, A\
N MeOH N
H > H
0°Ctort, 12 h; 72%
0]
0]
O\) O\)
23 24

To a solution of 23 (90 mg, 0.3 mmol) in methanol (3.0 mL) was added NaCNBHj3 (50
mg, 0.796 mmol) at 0 °C. The resulting solution was stirred at 0 °C for 5 min followed by the
addition of 37% aqueous HCHO solution (3 mL, excess). The solution was stirred at room
temperature for 12 h until the completion of the reaction, as monitored by TLC. The solution
was concentrated in vacuo to remove MeOH. The residue was diluted with water, and the
reaction mixture was extracted with EtOAc (3 x 15 mL), and the combined organic extracts
were dried over Na,SO4 and concentrated in vacuo to give a residue. The crude product was
purified by flash column chromatography with 5 to 10% MeOH—-CH,Cl, (Ry= 0.4 in 15%
MeOH-CH,Cl,) to afford product 24 (68 mg, 72% yield) as a colorless oil. Selected
spectroscopic data for 24: [(1]])25 +4 (¢ 1, CHCl5); IR (neat): 3250, 3056, 2927, 2859, 1678,
1463, 1453, 1140, 1031, 745 cm™; "H NMR (500 MHz, CDCls): 6 7.86 (br's, 1 H), 7.47 (d, J
=8.0Hz, 1 H), 7.29 (d,J=8.0 Hz, 1 H), 7.15—7.06 (m, 2 H), 4.84 (t, J=4.5 Hz, 1H), 3.98 —
3.92 (m, 2 H), 3.87 —3.80 (m, 2 H), 3.49 (t, /= 5.0 Hz, 1H), 3.19-3.10 (m, 1 H), 2.80 - 2.70
(m, 3 H), 2.45 (s, 3 H), 1.95 — 1.84 (m, 1 H), 1.79 — 1.62 (m, 3 H), 1.56 — 1.30 (m, 4 H); "*C
NMR (125 MHz, CDCls): ¢ 135.9 (C), 134.9 (C), 127.3 (C), 121.2 (CH), 119.2 (CH), 118.0
(CH), 110.6 (CH), 108.3 (C), 104.5 (CH), 64.80 (CH,), 64.79 (CH,), 59.9 (CH), 49.9 (CH,),
42.0 (CH3), 33.5 (CHy), 32.7 (CHy), 25.0 (CHy), 24.1 (CHy), 19.2 (CH,); exact mass
calculated for C19H»sN>O» (M+):3 14.1994; found: 314.1987.

(Treatment of 24 with 2N HCI did not proceed the cyclization process as observed in the
prior examples, probably due to the difficulty in the formation of medium-size macrocycles.
Hence, the product at this stage was isolated and characterized).
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Vms-03-126

Study owner vamr2
Operator vnmr2

Temperature 25

Pulse sequence PROTON

Solvent cdcl3

Sampie Name Vms-03-126
Date collected 2016-05-25

Spectrometer Agilent-NMR-inova500
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Fig S36. 1H NMR (CDCI3, 500 MHz) of compound 3.
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Vms-03-126

Sample Name Vms-03-126 Pulse sequence CARBON Temperature 25 Study owner vamr2
Date collected 2016-05-31 Solvent cdcl3 Spectrometer Agilent-NMR-inova500 Operator vnmr2
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Fig S37. 13C NMR (CDCI3, 125 MHz) of compound 3.

Piot date 2016-08-01
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Vms-03-126

S38

Sample Name Vms-03-126 Pulse sequence DEPT Temperature 25 Study owner vnmr2
Date collected 2016-06-01 Solvent cdel3 Spectrometer Agilent-NMR-inova500 Operator vamr2

1A l J )

Nl J

1 l in M |

e I R

||Ill[ll|||IIII|Illl|Il|l|l||l|l||||l|III]ITI[TI1T]T1II|lIIllIlII[III||1lll]llllllll1]ll|llllll||ll|||ll||llI||

220 200 180 160 140 120 100 80 60 40 20

ppnm

Fig S38. DEPT of compound 3.

Data file /home/vnmr2ivnmrsys/datas511/Vms/Vms-03-126/DEPT_03 Plot date 2016-08-01



Vms-03-126 S$39

Sample Name Vms-03-126 Pulse sequence gCOSY Temperature 25 Study owner vamr2
Date coliected 2016-06-01 Solvent cdcl3 Spectrometer  Agilent-NMR-inova500 Operator vamr2
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Fig S39. COSY of compound 3.

Data file /homevnmr2/vnmrsys/data’s11/Vms/Vms-03-126/gCOSY_03 Piot date 2016-06-30



Vms-03-126 s4o

Sample Name Vms-03-126 Pulse sequence NOESY Temperature 25 Study owner vamr2
Date collected 2016-06-01 Solvent cdcl3 Spectiometer Agilent-NMR-inova500 Operator  vnmr2
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Fig S40. NOESY of compound 3.

Data file shome/vnmr2ivnmrsys/data’511/Vms/Vms-03-126/NOESY_03 Plot date 2016-06-30



Vms-03-126

S41
Sample Name Vms-03-126 Pulse sequence gHSQC Temperature 25 Study owner vnmr2
Date collected 2016-06-01 Solvent cdci3 Spectrometer Agilent-NMR-inova500 Operator  vnmr2
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Fig S41. HSQC of compound 3.

Data file /home/vnmr2ivnmrsys/data/511/Vms/Vims-03-126/gHSQC_03 Plot date 2016-06-30
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Vms-03-127

Study owner vnmr2
Operator  vamr2

Temperature 25

Pulse sequence PROTON

Solvent cdcl3

Sample Name Vms-03-127

Spectrometer  Agilent-NMR-inova500
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Fig S42. 1H NMR (CDCI3, 500 MHz) of compound 4.
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Vms-03-127

Sample Name Vms-03-127 Pulse sequence CARBON Temperature 25 Study owner vnmr2

Date collected 2016-05-29 Solvent cdcl3 Spectrometer Agilent-NMR-inova500 Operator vamr2
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Data file ‘home/vnmr2ivnmrsys/data/51 1/Vms/Vms-03-127/CARBON_01 fid

Fig S43. 13C NMR (CDCI3, 125 MHz) of compound 4.

Plot date 2016-06-30
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Vms-03-127

Sample Name Vms-03-127 Pulse sequence DEPT
Date collected 2016-05-29 Solvent cdcl3

Temperature 25

Spectiometer Agilent-NMR-inova500
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Fig S44. DEPT of compound 4.

Data file /homeivnmi2/vnmrsys:data/511/Vms/Vms-03-127/DEPT_01.fid
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Vms-03-127 s45

Sample Name Vms-03-127 Pulse sequence gCOSY Temperature 25 Study owner vnmr2
Date collected 2016-05-29 Solvent cdcl3 Spectrometer Agilent-NMR-inova500 Operator  vnmr2
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Fig S45. COSY of compound 4.

Data file /home/vnmr2ivnmrsys/data/511/Vms/Vms-03-127/gCOSY_01.fid Plot date 2016-06-30



Vms-03-127

Sample Name Vms-03-127

Pulse sequence NOESY

Temperature 25

Study owner vnmr2

Date collected 2016-05-29 Solvent cdcl3 Spectrometer  Agilent-NMR-inova500 Operator vnmr2
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Data file /home/vnmr2/vnmrsys/data/511/Vms/Vms-03-127/NOESY_01 fid

Fig S46. NOESY of compound 4.

Plot date 2016-06-30
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Vms-03-127

Sample Name Vms-03-127
Date coliected 2016-07-08

Pulse sequence gHSQC
Solvent cdcl3

Temperature 25
Spectrometer Agilent-NMR-inova500

Study owner vnmr2
Operator  vamr2
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Fig S47. HSQC of compound 4.
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Vms-02-212

Study owner vamr2

Operator  vamw2

=

Temperature 130

Pulse sequence s2pul

Solvent cdel3
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Fig S48. 1H NMR (CDCI3, 500 MHz) of compound 5.

Data file home/vnmr2ivnmrsys/data’s1 1/ Vms/Vms-02-212/H1.fid



Vms-02-212

Sample Name Vms-02-212 Pulse sequence s2pul Temperature 130 Study owner vnmr2

Date coliected 2015-03-07 Solvent cdel3 Spectiometer - Operator  vamr2
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Fig S49. 13C NMR (CDCI3, 125 MHz) of compound 5.

Plot date 2016-05-13
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Vms-02-212 S50

Sample Name Vms-02-212 Pulse sequence DEPT Temperature 130 Study owner  vamr2
Date collected  2015-03-07 Solvent cdcl3 Spectrometer — Operator  vamr2
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Fig S50. DEPT of compound 5.

Data file ‘homeivnmr2ivnmrsys/data/511/Vms/Vms-02-212/DEPT fid Piot date 2016-05-13



Vms-02-212 $51

Sample Name Vms-02-212 Pulse sequence gHSQC Temperature 130 Study owner  vmr2
Date collected  2015-03-07 Solvent D20 Spectiometer — Operator  vamr2
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Fig S51. HSQC of compound 5.

Data file ‘home/vnmr2/vnmrsys/data/’51 1/Vms/Vms-02-212/HSQC..fid Pilot date 2016-05-13
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Sample Name Vms-02-212 Pulse sequence gCOSY Temperature 130 Study owner  vamr2
Dale coliected 2015-03-07 Solvent cdci3 Specliometer — Operator  vamr2
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Data file /home/vnmr2vnmrsys/data’511/Vms/Vms-02-212/COSY fid
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Fig S52. COSY of compound 5.

Plot date 2016-05-13
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Vms-02-212

Sample Name Vms-02-212
Date coliected 2015-03-07

Pulse sequence NOESY
Solvent cdcl3

Temperature 130
Spectrometer —

Study owner vamr2
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Fig S53. NOESY of compound 5.

Data file /homeivnmr2/vnmrsys’data’511/Vms/Vms-02-212/NOESY.fid
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Fig S54 1H NMR (CDCI3, 500 MHz) of compound 6.

Data file /homeivnmr2ivnmrsys/data’511/Vms/Vms-02-185/H1.fid



Vms-02-185
Sample Name Vms-02-185 Pulse sequence s2pul Temperature 25 Study owner vamr2
Date collected 2014-12-17 Solvent cdcl3 Spectiometer — Operator  vnmr2
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Fig S55. 13C NMR (CDCI3, 125 MHz) of compound 6.

Data file /homesvnmr2ivnmrsys/data/511/Vms/Vins-02-185/C13 fid

Piot date 2016-05-13
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Vms-02-185 S$56

Sample Namie Vms-02-185 Pulse sequence DEPT Temperature 25 Study owner vnmr2
Date collected  2014-12-17 Solvent cdcl3 Spectiometer — Operator vamr2
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Fig S56. DEPT of compound 6.

Data file /home/vnmr2ivnmrsys:data’511/Vms/Vms-02-185/DEPT fid Plot date 2016-05-13



Vms-02-185
Sample Name Vms-02-185 Pulse sequence gCOSY Temperature 25 Study owner vamr2
Date collected 2014-12-17 Solvent cdci3 Spectrometer — Operator vamr2
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Fig S57. COSY of compound 6.

Data file ‘homeivnmr2ivnmrsys/data/51 1/Vms/Vms-02-185/COSY .fid Plot date 2016-05-13
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Vms-02-185

Sample Name Vms-02-185

Pulse sequence NOESY

Temperature 25

Study owner vamr2

Date coliected 2014-12-17 Specliometer — Operator vamr2
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Data file /home/vnmr2ivnmrsys/data/51 1/Vms/Vms-02-185/NOESY .fid

Fig S58. NOESY of compound 6.

Plot date 2016-05-13
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Vms-02185

S$59

Sample Name Vms-02185 Pulse sequence gHSQC Temperature 25
Date collected 2014-12-19 Sclvent cdci3 Spectiometer —

Study owner vamr2

Operator  vnmr2
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Fig S59. HSQC of compound 6.

Data file /home/vnmi2ivnmirsys/data/511/Vms/Vms-02-185/HSQQ. fid
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Vms-03-053

Study owner vnmr2

Temperature 25

Pulse sequence PROTON

Solvent cdel3

Sample Name Vms-03-053

Date collected

vamr2
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Spectrometer  Agilent-NMR-inova500
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Plot date 2016-05-10

Fig S60. 1H NMR (CDCI3, 500 MHz) of compound 7.

Data file /home/vnmr2ivnmrsys/data/511/Vms/Vms-03-083/PROTON_03 fid



Vms-03-053 S$61

Sampie Name Vms-03-053 Pulse sequence CARBON Temperature 25 Study owner vnmr2
Date collected 2016-01-05 Solvent cdci3 Spectrometer  Agilent-NMR-inova500 Opetator vamr2
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Fig S61. 13C NMR (CDCI3, 125 MHz) of compound 7.

Data file /home/vnmr2/ivnmrsys/datas511/Vms/Vms-03-053/CARBON_01 Plot date 2016-01-06



Vms-03-053 $62

Sample Name Vms-03-053 Pulse sequence DEPT Temperature 25 Study owner vnmr2
Date collected 2016-01-06 Solvent cdel3 Spectrometer  Agilent-NMR-inova500 Operator vnmr2
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Fig S62. DEPT of compound 7.

Data file /home/vnmr2ivnmrsys/data’511/Vms/Vms-03-053/DEPT_01 Plot date 2016-01-06



Vms-03-053 S63

Sample Name Vms-03-053 Pulse sequence gCOSY Temperature 25 Study owner vnmr2
Date coliected 2016-01-06 Solvent cdcl3 Spectrometer  Agilent-NMR-inova500 Operator  vamr2
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Fig S63 COSY of compound 7.

Data file /homeivnmr2ivnmrsys/data/51 1/Vms/Vms-03-053/gCOSY_01 Plot date 2016-01-06



Vms-03-053

S64

Sample Name Vms-03-053

Pulse sequence NOESY

Temperature 25

Study owner vnmr2

Date collected 2016-01-06 Solvent cdcl3 Spectrometer Agilent-NMR-inova500 Operator  vamr2
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Fig S64. NOESY of compound 7.

Data file /homeivnmr2/vnmrsys/datas511/Vms/Vims-03-053/NOESY_01

Plot date 2016-01-06



Vms-03-053 S65

Sample Name Vms-03-053 Pulse sequence gHSQC Temperature 25 Study owner vamr2
Date collected 2016-01-06 Solvent cdcl3 Spectrometer Agilent-NMR-inova500 Operator vnmr2
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Fig S65. HSQC of compound 7.

Data file /home/vnmr2ivnmrsys/data/511/Vms/Vms-03-053/gHSQC_01 Plot date 2016-01-06
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Vms-03-038

Study owner vnmr2
Operator vamr2

Temperature 25

Pulse sequence PROTON

Solvent cdci3

Sample Name Vms-03-038
Date coliected 2015-12-21
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Plot date 2016-05-10

Fig S66. 1H NMR (CDCI3, 500 MHz) of compound 8.

Data file /home/vnmr2ivnmrsys/data’s1 1/Vms/Vms-03-038/PROTON_08.fid



Vms-03-38

S67

Sample Name Vms-03-38 Pulse sequence CARBON Temperature 25 Study owner vnmr2
Date collected 2015-12-26 Solvent cdel3 Spectrometer Agilent-NMR-inova500 Operator  vnmr2
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Fig S67. 13C NMR (CDCI3, 125 MHz) of compound 8.

Data file /homeivnmr2ivnmrsys/data/511/Vms/Vms-03-38/CARBON_01.fid Plot date 2015-12-28
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Vms-03-38
Sample Name Vms-03-38 Pulse sequence DEPT Temperature 25 Study owner vnmr2
Date collected 2015-12-26 Solvent cdcl3 Spectrometer  Agilent-NMR-inova500 Operator vamr2
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Fig S68. DEPT of compound 8.

Data file ‘home/vnmr2vnmrsys/datas51 1/Vms/Vims-03-38/DEPT_01.fid

Plot date 2015-12-28
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Vms-03-38
Sample Name Vms-03-38 Pulse sequence gCOSY Temperature 25 Study owner vnmr2
Date collected 2015-12-27 Solvent cdcl3 Spectrometer  Agilent-NMR-inova500 Operator vamr2
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Fig S69. COSY of compound 8.

Data file /nome/vnmr2/vnmrsys/datas51 1/Vms:Vms-03-38/gCOSY_01.fid Plot date 2015-12-28



Vms-03-38
Sample Name Vms-03-38 Pulse sequence NOESY Temperature 25 Study owner vnmr2
Date collected 2015-12-27 Solvent cdcl3 Spectrometer Agilent-NMR-inova500 Operator vnmr2
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Fig S70. NOESY of compound 8.

Data file /home/vnmr2/vnmrsys/data/51 1/Vms/Vms-03-38/NOESY_01.fid

Plot date 2015-12-28
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Vms-03-38
Sample Name Vms-03-38 Pulse sequence gHSQC Temperature 25 Study owner vamr2
Date coliected 2015-12-27 Solvent cdcl3 Spectrometer  Agilent-NMR-inova500 Operator  vnmr2
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Fig S71. HSQC of compound 8.

Data file /home/vnmr2ivnmrsys/data/511/Vms/Vms-03-38/gHSQC_01.fid Piot date 2015-12-28
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Vms-03-046

vamr2
vnmr2

Study owner
Operator

Temperature 25

Pulse sequence PROTON

Solvent cdel3

Sample Name Vms-03-046
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Spectrometer  Agilent-NMR-inova500
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Fig S72. 1H NMR (CDCI3, 500 MHz) of compound 9.

s-03-046/PROTON_02 fid

Data file ‘homeivnmrzivnmrsys/data/51 1/Vms/Vm



Vms-03-046
Sample Name Vms-03-046 Pulse sequence CARBON Temperature 25 Study owner vnmr2
Date collected 2015-12-28 Solvent cdcl3 Spectiometer  Agilent-NMR-inova500 Operator vnmr2
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Fig S73. 13C NMR (CDCI3, 125 MHz) of compound 9.

Data file ‘homevnmr2/vnmrsys/data/511/Vms/Vims-03-046:CARBON_01

Plot date 2015-12-29
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Vms-03-046 S§74

Sample Name Vms-03-046 Pulse sequence DEPT Temperature 25 Study owner  vamr2
Date collected 2015-12-29 Solvent cdcl3 Spectrometer Agilent-NMR-inova500 Operator  vnmr2
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Fig S74. DEPT of compound 9.

Data file /homevnmr2ivnmrsys/data’s1 1/Vms/Vms-03-046/DEPT_01 Plot date 2015-12-29



Vms-03-046 S75

Sample Name Vms-03-046 Pulse sequence gHSQC Temperature 25 Study owner vnmr2
Date coliected 2015-12-29 Solvent cdcl3 Spectrometer  Agilent-NMR-inova500 Operator vnmr2
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Fig S75. HSQC of compound 9.

Data file /home/vnmr2ivnmrsys/data/51 1/Vms/Vms-03-046/gHSQC_01 Plot date 2015-12-29



Vms-03-046
Sample Name Vms-03-046 Pulse sequence gCOSY Temperature 25 Study owner vnmr2
Date collected 2015-12-29 Solvent cdcl3 Spectiometer  Agilent-NMR-inova500 Operator  vamr2
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Fig S76. COSY of compound 9.

Data file /home/ivnmr2ivnmrsys/data/51 1/Vms/Vms-03-046/gCOSY_01 Plot date 2015-12-28
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Data file /homeivnmr2ivnmrsys/data/511/Vms/Vms-03-046/NOESY_01

Vms-03-046
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Fig S77. NOESY of compound 9.

Plot date 2015-12-29
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Fig S78. 1H NMR (CDCI3, 500 MHz) of compound 10.

Data file homeivnmr2ivnnsys/data/S11/Vms/Vms-02-209/20150304/H1.fid
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Fig S79. 13C NMR (CDCI3, 125 MHz) of compound 10.

Data file /homeivnmr2ivnmrsys/data’511/Vms/Vms-02-209/20150304/C13.fid Plot date 2016-05-13
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Fig S80. DEPT of compound 10.

Data file ‘home/vnmr2ivnmrsys/data’S1 1/Vms/Vms-02-209/20150304/DEPT .fid Plot date 2016-05-13
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Fig S81. HSQC of compound 10.

Data file /home/vnmi2ivnmrsys/data’51 1/Vms/Vms-02-209/20150304/HSQC. lid Piot date 2016-05-13
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Fig S82. COSY of compound 10.

Data file homeivnmr2/vnmisys/data’S1 1/Vms/Vms-02-209/20150304/COSY fid Piot date 2016-05-13
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Fig S83. NOESY of compound 10.

Data file /homeivnmr2ivnmysys/data/51 1/Vms/Vms-02-209/20150304/NOESY .fid Plot date 2016-05-13
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Fig S84. 1H NMR (CDCI3, 500 MHz) of compound 11.

Data file /homeivnmr2ivnmrsys/data/s1 1/Vms/Vms-02-222/H1.fid
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Fig S85. 13C NMR (CDCI3, 125 MHz) of compound 11.

Data file shomeivnmr2vnmrsysidata’511/Vms/Vms-02-222/C13 fid Plot date 2016-05-13
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Fig S86. DEPT of compound 11.

Data file shomeivnmr2ivnmrsys/data’s11/VmsVms-02-222/DEPT fid Plot date 2016-05-13
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Fig S87. HSQC of compound 11.

Data file shome/vnmr2ivnmirsys/data’s1 1/Vms/Vms-02-222/HSQC fid Plot date 2016-05-13
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Fig S88. COSY of compound 11.

Piot date 2016-05-13
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Fig S89. NOESY of compound 11.

Data file /homevnmr2ivnmrsys/data’s1 1/Vms/Vms-02-222/NOESY. fid

Plot date 2016-05-13

S89



S90

Vms-03-131

Study owner vamr2
Operator vamr2

F

Temperature 25

Pulse sequence PROTON

Solvent cdcl3

Sample Name Vms-03-131

Date collected 2016-07-26

Spectrometer  Agilent-NMR-inova500

896°1T
08S°T
66S°T
T19°T
629°T
o't
199°T
169°1
80L"T
9zZL'T
LEL'T
SL°T
€IL'T
oLL't
o6L°T
S08°T
8’1
vES’T
188°T
006°T
TI6°1
ret'e
soz°T
9TZ°2
mwL'e
IsL°e
o9L°T
vLL T
€8L°T
SSV°€
VLY '€
1 4:1 A
Leév'¢
LOS €
€€E8°E
998°¢
6S8°€
288°¢€
v68°€
€S6°€
196°¢€
€L6°E
686°€
000° Y
e’y
€S8° VY
298P
268° ¥
orL’'s
€SL°S
89L’S
€EVI°L
09T°L
ove'L
SST°L
oLe’L
00€°L
LIv'L
Lev'L
099°8

BN

=

L

Fig S90. 1H NMR (CDCI3, 500 MHz) of compound 13.
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