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Experimental

General Information: Standard inert atmosphere techniques were used in handling all air and moisture sensitive reagents.
Reactions were carried out under an Argon atmosphere in oven dried glassware. All solvents were dried according to
standard procedures and techniques before use. Reactions were monitored by thin-layer chromatography (TLC Silica gel
60 F254from Merck), visualised under dual short/long wave UV fluorescence (Amax= 254 and 365 nm) and developed with
p—anisaldehyde stains, followed by heating. Column chromatography was performed on silica (60-120, 100-200 and 230-
400 mesh size). Melting Points were measured and are uncorrected. NMR spectroscopy: *H NMR spectroscopy
measurements were carried out on 400 and 500 MHz NMR spectrometers with CDCl; (6 7.27) as an internal standard
unless otherwise stated. The 3C NMR spectra were recorded on at 400 (100 MHz) or 500 (125 MHz) NMR spectrometer
with CDCl3 (6 77.0) as an internal standard unless otherwise stated. Chemical shifts (&) are given in ppm downfield from
TMS, and coupling constants (J) are in Hertz (Hz). The 'H NMR spectra are reported as follows: §/ppm (multiplicity,
coupling constant followed by number of protons). Multiplicity of 'H NMR is abbreviated as follows: s = singlet, d = doublet,
dd = doublet of doublets, t = triplet, dt = doublet of triplet, q = quartet, dg = doublet of quartet, m = multiplet. The
multiplicity of 3C NMR signals was assigned with the help of DEPT spectra and the abbreviations used: s = singlet, d =
doublet, t = triplet, g = quartet represents C (quaternary), CH, CH, and CHs; respectively. High Resolution Mass Spectra

(HRMS) were recorded on a Q Exactive Hybrid Quadrupole Orbitrap Mass Spectrometer.

2-(Hept-6-en-3-yn-1-yloxy)tetrahydro-2H-pyran (6):* At rt, a solution of THP-protected but-3-ynol (8.0 g, 51.9 mmol) in

DMF (60 ml) was treated with allyl bromide (8.97 mL, 103.8 mmol), K,CO3 (10.75 g, 77.8 mmol),
— =
Na,S0s (3.27 g, 25.9 mmol), Cul (988 mg, 5.2 mmol), and cat. DBU sequentially and the reaction THPOW

6

mixture was stirred for 12 h at rt. The reaction mixture was filtered through celite pad (washed with
EtOAc), diluted with EtOAc (200 mL X 2), washed with water (2 x 100 mL), brine (50 mL), dried (Na,SO4) and concentrated
under reduced pressure. The resulting crude was purified by column chromatography to afford alkene 6 (9.2 g, 91% vyield)
as a colourless liquid. Rf = 0.8 (10% ethyl acetate in petroleum ether); *H NMR (400 MHz, CDCls): 6 1.49-1.65 (m, 4H), 1.71
(tt, J=13.1, 3.5 Hz, 1H), 1.80-1.88 (m, 1H), 2.50 (tt, J = 7.1, 2.3 Hz, 2H), 2.89-2.98 (m, 2H), 3.45-3.60 (m, 2H), 3.77-3.94 (m,
2H), 4.65 (t, J = 3.0 Hz, 1H), 5.05 (dq, J = 10.0, 1.6 Hz, 1H), 5.32 (dq, J = 10.0, 1.6 Hz, 1H), 5.81 (ddt, J = 10.0, 5.0, 1.6 Hz, 1H);
13C{1H} NMR (100 MHz, CDCl3): & 19.4 (t), 20.2 (t), 23.1 (t), 25.4 (t), 30.6 (t), 62.2 (t), 66.1 (t), 77.7 (s), 79.4 (s), 98.7 (d),
115.7 (t), 133.1 (d) ppm; HRMS (ESI) calcd for C1,HisNaO,: 217.1199 [M + NaJ*; found 217.1197.

7-((Tetrahydro-2H-pyran-2-yl)oxy)hept-4-yn-1-ol (7):> A mixture of alkene 6 (9.2 g, 47.36 mmol) and 9-BBN dimer (5.78 g,
23.7 mmol) was heated at 50 °C for 10 min. The contents were cooled to 0 °C, diluted with THF

=
(100 mL) and stirred at rt for 5 h. The reaction mixture was treated with 30% H,0; (37.0 mL, THPOWOH

~

473.6 mmol) and 3M NaOH (157.8 mL, 473.6 mmol) and stirring was continued at rt for 12 h.

The reaction mixture was diluted with cold water (200 mL) and was extracted with EtOAc (200 mL X 2). The combined
organic layer was washed with brine (100 mL), dried (Na;SO,) and concentrated under reduced pressure. Purification of the
resulting crude by column chromatography gave the alcohol 7 (4.94 g, 76% yield brsm) as colourless liquid along with the

starting olefin 6 (3.3 g). Ry = 0.4 (50% ethyl acetate in petroleum ether); *H NMR (400 MHz, CDCl3): § 1.49-1.64 (m, 4H),
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1.69-1.77 (m, 4H), 1.80-1.88 (m, 1H), 2.28 (tt, J = 6.8, 2.3 Hz, 2H), 2.46 (tt, J = 6.8, 2.4 Hz, 2H), 3.53 (dt, / = 9.6, 7.1 Hz, 2H),
3.74-3.83 (m, 3H), 3.89 (tt, J = 8.3, 3.0 Hz, 1H), 4.64 (t, J = 4.6 Hz, 1Hz); 3C{*H} NMR (100 MHz, CDCl): & 15.5 (t), 19.4 (t),
20.2 (t), 25.4 (t), 30.6 (t), 31.4 (t), 62.0 (t), 62.3 (t), 66.1 (t), 77.7 (s), 80.4 (s), 98.8 (d) ppm; HRMS (ESI) calcd for
C12H20NNaO3: 235.1305 [M + Na]*; found 235.1299.

7-((Tetrahydro-2H-pyran-2-yl)oxy)hept-4-ynoic acid (5):> A solution of alcohol 7 (4.9 g, 23.1 mmol) in CH,Cl, (100 mL)

was treated with PCC (9.95 g, 46.2 mmol) and stirred for 12 h at rt. The reaction mixture was o

filtered through silica bed using CH,Cl, as eluent to obtain the crude aldehyde as colourless THPOWO

5

liquid which was used directly for the next step. The above crude aldehyde was dissolved in a
1:1 CH3CN/H,0 (50 mL) and treated with NaClO; (1.88 g, 20.8 mmol), NaH,PO, (2.5 g, 20.8 mmol) and 30% H,0, (1.63 mL,
20.8 mmol) and the contents were stirred at rt for 2 h. The reaction mixture was quenched by adding Na,SO; (2.63 g, 20.8
mmol) and then extracted with EtOAc (100 X 2 mL). The combined organic layer was washed with water (50 mL), brine (50
mL), dried (Na,SO;) and concentrated under reduced pressure. The resulting crude was purified by column
chromatography to afford acid 5 as colourless liquid (3.62 g, 69% vyield, 2 steps). R¢= 0.3 (50% ethyl acetate in petroleum
ether); 'H NMR (400 MHz, CDCls): 6 1.47-1.65 (m, 4H), 1.72 (tt, J = 13.0, 3.1 Hz, 1H), 1.79-1.88 (m, 1H), 2.43-2.49 (m, 4H),
2.56 (td, J = 8.2, 7.5 Hz, 2H), 3.49-3.55 (m, 2H), 3.78 (dt, J = 9.7, 7.1 Hz, 1H), 3.89 (tt, J = 8.2, 3.0 Hz, 1H), 4.65 (t, J = 3.0 Hz,
1H); 3C{*H} NMR (100 MHz, CDCls): & 14.5 (t), 19.4 (t), 20.2 (t), 25.4 (t), 30.5 (t), 33.7 (t), 62.2 (t), 66.0 (t), 78.0 (s), 78.9 (s),
98.7 (d), 177.4 (s) ppm; HRMS (ESI) calcd for C1oH1gNaO4: 249.1097 [M + Na]*; found 249.1091

8-((Tetrahydro-2H-pyran-2-yl)oxy)oct-4-ynoic acid (5a): prepared by employing OTHP-pent-4- v\/\ﬂ
THPO = o)
ynol (2.0 g, 10.97 mmol) following 4 steps.!™ Acid 5a (720 mg, 61% yield, 2 steps) was

5a

obtained as a colourless liquid; Rs= 0.3 (30% ethyl acetate in petroleum ether); 'H NMR (400 MHz, CDCl3): § 1.47-1.62 (m,
4H), 1.67-1.85 (m, 4H), 2.25 (tt, J = 6.9, 2.2 Hz, 2H), 2.42-2.50 (m, 2H), 2.50-2.58 (m, 2H), 3.46 (dt, J = 9.7, 6.2 Hz, 1H),
3.50-3.55 (m, 1H), 3.80 (dt, J = 9.7, 6.3 Hz, 1H), 3.84-3.90 (m, 1H), 4.62 (t, J = 3.3 Hz, 1H); 13C{*H} NMR (100 MHz, CDCls): &
14.5 (t), 15.5 (t), 19.3 (t), 25.4 (t), 28.9 (t), 30.6 (t), 33.8 (t), 62.0 (t), 66.0 (t), 78.2 (s), 80.5 (s), 98.7 (d), 177.3 (s) ppm; HRMS
(ESI) calcd for Ci3H0NaO4: 241.1434 [M + Na]*; found 241.1428.

Scheme S1. Synthesis of Acid 5b

o]

1) 3,4-DHP, cat. PTSA oTHP 1) PC[1C,1§;{20I2

TBSO OH CH,Cly, 1t, 12 h 3

/\/\/i H ON > Ho OTHP

Me 2) TBAF, THF, 0°C - 1t e 2 NaClO,, NaH,PO, \\
s1.4 2 h (30% 2 steps) s1.2 30% H,0,, Na,S03 b

CH3CN/H,0 (1:1), 1t Me
2 h (54% 2 steps)

A solution of alcohol $1.1* (1.5 g, 5.85 mmol), 3,4-dihydropyran (0.64 mL, 7.02 mmol) and pTSA (100 mg, 0.58 mmol) in
CH,Cl; (30 mL) was stirred at rt for 12 h. After completion of the reaction (indicated by TLC), the reaction mixture was
neutralised with the addition of EtsN. The volatiles were removed under reduced pressure. The resulting crude was
dissolved in THF (50 mL) and cooled to 0 °C. To this, tetra-n-butyl ammonium fluoride (TBAF 1.38 g, 5.29 mmol) was added
at stirred at rt for 2 h. After completion of reaction (indicated by TLC), the reaction was diluted with water (20 mL) and
extracted with EtOAc (50 mL X 2), dried (Na,SO4) and concentrated under reduced pressure. The crude was purified by
column chromatography to afford alkynol S1.2 (400 mg, 30% yield, 2 steps) as colourless liquid.

7-((Tetrahydro-2H-pyran-2-yl)oxy)oct-4-yn-1-ol (S1.2): Colourless liquid (400 mg, 40%); Rs = 0.2 (20% ethyl acetate in

petroleum ether); *H NMR (500 MHz, CDCl3): 6 1.21 (d, J = 6.1 Hz, 3H), 1.29 (d, J = 6.1 Hz, 3H),
1.47-1.59 (m, 8H), 1.66-1.76 (m, 6H), 1.78-1.86 (m, 2H), 1.96 (br. s. 2H), 2.23-2.31 (m, 5.6H),

2.32-2.39 (m, 1.6H), 2.45-2.53 (m, 1H), 3.45-3.53 (m, 2H), 3.69-3.77 (m, 4H), 3.83-3.96 (m, 4H),
4.69 (s, 1H), 4.74 (s, 1H); 3C{*H} NMR (125 MHz, CDCl3): & 15.4 (t), 15.4 (t), 18.9 (q), 19.6 (t), 19.7 (t), 21.0 (q), 25.4 (t), 25.4
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(t), 26.0 (t), 27.4 (t), 30.9 (t), 31.0 (t), 31.4 (t), 31.5 (t), 61.8 (t), 62.4 (t), 62.6 (t), 71.0 (d), 71.3 (d), 77.4 (s), 77.8 (s), 80.9 (s),
80.9 (s), 96.7 (d), 97.7 (d) ppm; HRMS (ESI) calcd for C13H22NaOs: 249.1461 [M + Na]*; found 249.1459.

7-((Tetrahydro-2H-pyran-2-yl)oxy)oct-4-ynoic acid (5b): The alcohol $1.2 was oxidised to corresponding acid 5b by
following the established procedure?= (54% yield, 2 steps). Colourless liquid; R¢= 0.2 (30% ethyl

o
acetate in petroleum ether); *H NMR (500 MHz, CDCl3): 6 1.22 (d, J = 6.1 Hz, 2.37H), 1.29 (d, J = HONHP
A
Me

6.1 Hz, 3H), 1.48-1.61 (m, 7.5H), 1.69-1.75 (m, 2H), 1.80-1.87 (m, 2H), 2.20-2.39 (m, 3H), "

2.44-2.52 (m, 4H), 2.53-2.60 (m, 4H), 3.47-3.54 (m, 2H), 3.85-3.98 (m, 3.71H), 4.72 (t, J = 4.2 Hz, 1H), 4.76 (m, 1H); 3C{*H}
NMR (125 MHz, CDCls): 6 14.5 (t), 19.0 (q), 19.5 (t), 19.8 (t), 21.1 (q), 25.4 (t), 26.1 (t), 27.4 (t), 30.9 (t), 31.0 (t), 33.6 (t),
62.4 (t), 62.7 (t), 71.1 (d), 71.5 (d), 78.0 (s), 78.3 (s), 79.4 (s, 2C), 96.7 (d), 97.8 (d), 176.7 (s) ppm; HRMS (ESI) calcd for
Ci3H20Na04: 263.1254 [M +Nal*; found 263.1246.

Scheme S2. Synthesis of alkynylamine 1t

Ts

Boc\ _Ts N \
::\2 \3 H Qj H E‘;oc (COCI),, MeOH % H H
—_—
N

DIAD, PPh3 0-rt,2h,84%
THF, it, 1h
91% o

tert-Butyl (7-(1H-indol-1-yl)-7-oxohept-3-yn-1-yl)(tosyl)carbamate (8t):> At 0 °C, a solution of alcohol 1a (100 mg, 0.42
mmol), TsNHBoc (146 mg, 0.54 mmol), PPh; (141 mg, 0.54 mmol) in THF (10 mL) was treated with DIAD (106 uL, 0.54
mmol) and stirring was continued at rt for 1 h. The reaction mixture was and purified by column chromatography to afford
alkynylamine 8t (188 mg, 91% yield) as a colourless syrup colourless sticky liquid (188 mg, 91%); R¢=0.7 (40% ethyl acetate
in petroleum ether); *H NMR (400 MHz, CDCls): 6 1.34 (s, 9H), 2.43 (s, 3H), 2.62 (tt, J = 7.3, 2.2 Hz, 2H), 2.69 (tt, J = 7.8, 2.1
Hz, 2H), 3.16 (dd, J = 8.4, 6.5 Hz, 2H), 3.93-3.98 (m, 2H), 6.66 (d, J = 3.3 Hz, 1H), 7.26-7.32 (m, 3H), 7.36 (td, J = 8.3, 1.1 Hz,
1H), 7.49 (d, J = 3.7 Hz, 1H), 7.57 (d, J = 7.6 Hz, 1H), 7.80 (d, J = 8.3 Hz, 2H), 8.46 (d, J = 8.2 Hz, 1H); 3C{*H} NMR (100 MHz,
CDCls): 6 14.2 (t), 20.2 (t), 21.6 (q), 27.8 (g, 3C), 35.2 (t), 45.6 (t), 77.5 (s), 80.4 (s), 84.4 (s), 109.3 (d), 116.5 (d), 120.8 (d),
123.7 (d), 124.5 (d), 125.1 (d), 127.8 (d, 2C), 129.2 (d, 2C), 130.3 (s), 135.5 (s), 137.3 (s), 144.2 (s), 150.7 (s), 169.8 (s) ppm;
HRMS (ESI) caled for C7H30N,0sSNa: 517.1768 [M + Na]*; found 517.1758.

Scheme S3. Synthesis of Alkynol 1u

OH
@_U OEt % H DIBAL-H, THF % H

CO,Et

N . N
Cul, CchN i, 12h 0°C-t,2h, 77%

8u 1u

Ethyl 7-(1H-indol-1-yl)hept-3-ynoate (8u):® A solution of alkyne $3.17 (1 g, 5.46 mmol), ethyl diazoacetate (3.11 g, 27.28
mmol) and Cul (519 mg, 2.73 mmol) in CH3CN (30 mL) was stirred at rt for 12 h. After completion of reaction (indicated by
TLC), the reaction mixture was filtered through celite and washed with EtOAc (30 mL X 2). The combined organic layer was
washed with water (2 x 25 mL), brine (25 mL), dried (Na;SO4) and concentrated under reduced pressure. The crude was
purified by column chromatography to afford alkyne 8u (1.27 g, 86% yield) as a colourless liquid. Rf= 0.5 (10% ethyl acetate
in petroleum ether); *H NMR (400 MHz, CDCls): & 1.20 (t, J = 7.1 Hz, 3H), 1.92 (quin, J = 6.6 Hz, 2H), 2.02-2.09 (m, 2H), 3.19
(t,J=2.3 Hz, 2H), 4.12 (q, J = 7.1 Hz, 2H), 4.19 (t, J = 6.6 Hz, 2H), 6.39 (d, J = 3.0 Hz, 1H), 7.0 (t, J = 7.7 Hz, 1H), 7.05-7.14 (m,
2H), 7.29 (d, J = 8.1 Hz, 1H), 7.54 (d, J = 7.8 Hz, 1H); 13C{*H} NMR (100 MHz, CDCl3): & 14.1 (q), 16.0 (t), 26.0 (t), 28.7 (t), 44.6
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(t), 61.4 (t), 73.1 (s), 82.1 (s), 100.9 (d), 109.3 (d), 119.2 (d), 120.8 (d), 121.3 (d), 128.1 (d), 128.6 (s), 135.8 (s), 168.7 (s)
ppm; HRMS (ESI) caled for C17H20N20,: 270.1489 [M + H]*; found 270.1484.

General Procedure for Coupling of Indoles and Acid 5:2

oTHP N A
AR
Indole, Boczo DMAP — ‘ ‘
A\ oH N
2,6- Lu!|d|ne CH3CN rt
N o

The coupling reactions are carried out employing the acid 0.5 (200 mg, 0.88 mmol) and used the corresponding indole in
excess (2.21 mmol, 2.5 equiv). A representative coupling procedure as follows. To a solution of acid 5 (1 equiv) and indole 4
(2.5 equiv) in CH3CN (5 mL) were added Boc,0 (2.5 equiv), DMAP (0.15 equiv), and 2,6-lutidine (0.5 equiv) sequentially at rt
and the stirring was continued for additional12 h. After completion of reaction as indicated by TLC, the reaction mixture
was concentrated under reduced pressure and the crude was purified by column chromatography to afford THP protected
alkynol 8.

1-(1H-indol-1-yl)-7-((tetrahydro-2H-pyran-2-yl)oxy)hept-4-yn-1-one (8a): Following the general procedure, the coupling of
indole 4a (258 mg, 2.21 mmol) and acid 5 (200 mg, 0.88 mmol) afforded compound 8a (219 mg,

76%) as a colourless solid. Rg= 0.2 (10% ethyl acetate in petroleum ether); mp: 8890 °C; *H NMR % I o
(400 MHz, CDCl3): & 1.46-1.61 (m, 4H), 1.63-1.71 (m, 1H), 1.81 (dt, J = 13.0, 3.8 Hz, 1H), 2.47 (tt, J = .

7.1, 2.3 Hz, 2H), 2.71 (tt, J = 7.2, 2.3 Hz, 2H), 3.14 (dd, J = 8.1, 6.9 Hz, 2H), 3.44-3.56 (dt, J = 9.6, 7.1 s

Hz, 2H), 3.79 (dt, J = 9.6, 7.1 Hz, 1H), 3.87 (td, J = 8.2, 3.0 Hz, 1H), 4.62 (t, J = 3.0 Hz, 1H), 6.66 (dd, J = 3.8, 0.4 Hz, 1H), 7.28
(td, J = 7.4, 1.0 Hz, 1H), 7.36 (td, J = 7.7, 1.2 Hz, 1H), 7.47 (d, J = 3.7 Hz, 1H), 7.57 (d, J = 7.7 Hz, 1H), 8.47 (d, J = 8.2 Hz, 1H);
13¢{IH} NMR (100 MHz, CDCl5): 6 14.3 (t), 19.4 (t), 20.2 (t), 25.4 (t), 30.5 (t), 35.4 (t), 62.2 (t), 65.9 (t), 78.2 (s), 79.0 (s), 98.8
(d), 109.3 (d), 116.6 (d), 120.8 (d), 123.7 (d), 124.4 (d), 125.2 (d), 130.3 (s), 135.6 (s), 169.7 (s) ppm; HRMS (ESI) calcd for
Ca0H23NNa0s: 348.1570 [M + Na]*; found 348.1560.

1-(5-Methoxy-1H-indol-1-yl)-7-((tetrahydro-2H-pyran-2-yl)oxy)hept-4-yn-1-one (8b): Following the procedure, the
coupling of indole 4b (325 mg, 2.21 mmol) and acid 5 (200 mg, 0.88 mmol) afforded compound 8b

(213 mg, 67%) as a pale yellow solid. Rr= 0.2 (30% ethyl acetate in petroleum ether); mp: 64-66 Q_} OTHP
\

°C; 'H NMR (400 MHz, CDCl3): 6§ 1.44-1.58 (m, 4H), 1.71 (tt, J = 13.0, 3.6 Hz, 1H), 1.78-1.87 (m, N Il

1H), 2.46 (tt, J = 7.1, 2.3 Hz, 2H), 2.69 (tt, J = 7.6, 2.3 Hz, 2H), 3.11 (dd, J = 8.1, 6.6 Hz, 2H), 3.46— o

8b

3.55 (m, 2H), 3.79 (dt, J = 9.6, 7.1 Hz, 1H), 3.84-3.91 (m, 4H), 4.62 (dd, J = 4.0, 3.0 Hz, 1H), 6.59

(dd, J=3.7, 0.6 Hz, 1H), 6.96 (dd, J = 9.0, 2.5 Hz, 1H), 7.03 (d, J = 2.5 Hz, 1H), 7.44 (d, J = 3.7 Hz, 1H), 8.35 (d, J = 8.8 Hz, 1H);
13C{*H} NMR (100 MHz, CDCl3): 6 14.3 (t), 19.4 (t), 20.2 (t), 25.4 (t), 30.6 (t), 35.1 (t), 55.6 (q), 62.3 (t), 65.9 (t), 78.2 (s), 79.1
(s), 98.8 (d), 103.6 (d), 109.2 (d), 113.5 (d), 117.3 (d), 125.0 (d), 130.3 (s), 131.3 (s), 156.5 (s), 169.33 (s) ppm; HRMS (ESI)
calcd for C31HsNNaQ4: 378.1676 [M + Nal*; found 378.1660.

1-(5-Methyl-1H-indol-1-yl)-7-((tetrahydro-2H-pyran-2-yl)oxy)hept-4-yn-1-one (8c): Following the general procedure, the

coupling of indole 4c (289 mg, 2.21 mmol) and acid 5 (200 mg, 0.88 mmol) afforded compound 8c

Me.
(199 mg, 66%) as a colourless liquid. R¢= 0.3 (20% ethyl acetate in petroleum ether); 'H NMR (400 CU OTHP
W
(o]
8c

MHz, CDCl3): & 1.45-1.59 (m, 4H), 1.66-1.75 (tt, J = 13.0, 3.1 Hz, 1H), 1.82 (dd, J = 9.2, 3.6 Hz, 1H),
2.45 (s, 3H), 2.46-2.49 (m, 2H), 2.70 (tt, J = 7.8, 2.2 Hz, 2H), 3.12 (dd, J = 8.1, 6.6 Hz, 2H) 3.52 (dt, J

=9.6,7.1 Hz, 2H), 3.79 (dt, J = 9.6, 7.1 Hz, 1H), 3.85-3.90 (m, 1H), 4.62 (t, J = 3.1 Hz, 1H), 6.59 (d, J
=3.7 Hz, 1H), 7.18 (dd, J = 8.3, 1.2 Hz, 1H), 7.36 (s, 1H), 7.44 (d, J = 3.7 Hz, 1H), 8.32 (d, J = 8.3 Hz, 1H); 3C{*H} NMR (100
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MHz, CDCls): 6 14.3 (t), 19.5 (t), 20.2 (t), 21.3 (q), 25.4 (t), 30.5 (t), 35.3 (t), 62.3 (t), 66.0 (t), 78.2 (s), 79.1 (s), 98.8 (d), 109.1
(d), 116.2 (d), 120.8 (d), 124.4 (d), 126.5 (d), 130.6 (s), 133.3 (s), 133.8 (s), 169.5 (s) ppm; HRMS (ESI) calcd for C;H2sNNaOs:
362.1727 [M + Na]*; found 362.1715.

1-(5-Fluoro-1H-indol-1-yl)-7-((tetrahydro-2H-pyran-2-yl)oxy)hept-4-yn-1-one (8d): Following the general procedure, the

coupling of indole 4d (298 mg, 2.21 mmol) and acid 5 (200 mg, 0.88 mmol) afforded 8d (203 mg,
67%) as a colourless solid. Rf= 0.5 (40% ethyl acetate in petroleum ether); mp: 68-70 °C; 'H NMR OTHP
(400 MHz, CDCls): 6 1.48-1.56 (m, 4H), 1.70 (tt, J = 12.8, 3.1 Hz, 1H), 1.78-1.84 (m, 1H), 2.46 (tt, J = N
7.2, 2.2 Hz, 1H), 2.70 (tt, J = 7.8, 2.2 Hz, 2H), 3.13 (dd, J = 7.0, 1.5 Hz, 2H), 3.47-3.54 (m, 2H), 3.71— 8d

3.82 (m, 2H), 3.87 (ddd, J=11.1, 8.1, 3.2 Hz, 1H), 4.62 (t, J = 3.0 Hz, 1H), 6.63 (d, J = 3.7 Hz, 1H), 7.08 (td, J = 9.1, 2.6 Hz, 1H),
7.22 (dd, J = 8.6, 2.5 Hz, 1H), 7.52 (d, J = 3.7 Hz, 1H), 8.43 (dd, J = 9.0, 4.7 Hz, 1H); 3C{*H} NMR (100 MHz, CDCl3): § 14.3 (t),
19.5 (t), 20.2 (t), 25.4 (t), 30.6 (t), 35.1 (t), 62.3 (t), 65.9 (t), 78.4 (s), 78.9 (s), 98.8 (d), 106.3 (dd, Jcr = 24.4 Hz), 109.5 (dd, Jc.
¢ = 3.8 Hz), 112.9 (dd, Jes = 25.1 Hz), 117.6 (dd, Jer = 9.1 Hz), 125.9 (d), 131.3 (sd, Jer = 9.9 Hz), 132.0 (s), 159.7 (sd, Jes =
240.3 Hz), 169.5 (s); °F NMR (376 MHz, CDCl3): 6 —119.25 ppm; HRMS (ESI) calcd for CyoH2,NFNaOs: 366.1476 [M + Nal*;
found 366.1462.

1-(5-Chloro-1H-indol-1-yl)-7-((tetrahydro-2H-pyran-2-yl)oxy)hept-4-yn-1-one (8e): Following the general procedure, the
coupling of indole 4e (335 mg, 2.21 mmol) and acid 5 (200 mg, 0.88 mmol) afforded compound 8e

Cl
(253 mg, 83%) as a colourless liquid. Rg= 0.5 (30% ethyl acetate in petroleum ether); *H NMR (400 CU oTHP
W
[¢]
8e

MHz, CDCl3): & 1.48-1.60 (m, 4H), 1.69 (tt, J = 13.0, 3.1 Hz, 1H) 1.78-1.83 (m, 1H), 2.46 (tt, J = 7.1,
2.3 Hz, 2H), 2.70 (tt, J = 7.6, 2.3 Hz, 2H), 3.12 (dd, J = 8.0, 6.6 Hz, 2H), 3.46-3.55 (m, 2H), 3.78 (dt, J

=9.6,7.1 Hz, 1H), 3.83-3.91 (m, 1H), 4.62 (dd, J = 2.8, 1.0 Hz, 1H), 6.60 (dd, J = 3.8, 0.6 Hz, 1H), 7.31 (dd, J = 8.7, 2.0 Hz, 1H),
7.49 (d, J = 3.7 Hz, 1H), 7.54 (d, J = 1.7 Hz, 1H), 8.40 (d, J = 8.8 Hz, 1H); 3C{'H} NMR (100 MHz, CDCl3): & 14.3 (t), 19.5 (t),
20.2 (t), 25.4 (t), 30.5 (t), 35.2 (t), 62.3 (t), 65.9 (t), 78.4 (s), 78.9 (s), 98.8 (d), 108.6 (d), 117.6 (d), 120.5 (d), 125.3 (d), 125.6
(d), 129.3 (s), 131.5 (s), 133.9 (s), 169.6 (s) ppm; HRMS (ESI) calcd for C30H2,NCINaOs: 382.1180 [M + Nal*; found 382.1169.

1-(5-Bromo-1H-indol-1-yl)-7-((tetrahydro-2H-pyran-2-yl)oxy)hept-4-yn-1-one (8f): Following the general procedure, the

coupling indole 4f (433 mg, 2.21 mmol) and acid 5 (200 mg, 0.88 mmol) afforded compound 8f =
(306 mg, 85%) as a colourless solid. R¢= 0.5 (30% ethyl acetate in petroleum ether); mp: 78-80 °C; Q}ifomp
'H NMR (400 MHz, CDCl5): 6 1.48-1.60 (m, 4H), 1.70 (tt, J = 13.0, 3.1 Hz, 1H), 1.77-1.88 (m, 1H), N

2.46 (tt, J = 7.1, 2.3 Hz, 2H), 2.65-2.75 (m, 2H), 3.12 (dd, J = 8.1, 6.6 Hz, 2H), 3.46-3.55 (m, 2H), ¢ 8f

3.78 (dt, J = 9.7, 7.1 Hz, 1H), 3.83-3.92 (m, 1H), 4.61 (dd, J = 2.8, 1.3 Hz, 1H), 6.60 (dd, J = 3.8, 0.6 Hz, 1H), 7.45 (dd, J = 8.8,

2.0 Hz, 1H), 7.48 (d, J = 3.7 Hz, 1H), 7.70 (d, J = 1.7 Hz, 1H), 8.35 (d, J = 8.8 Hz, 1H); 13C{*H} NMR (100 MHz, CDCls): & 14.3
(t), 19.5 (t), 20.2 (t), 25.4 (t), 30.5 (t), 35.2 (t), 62.3 (t), 65.9 (t), 78.4 (s), 78.8 (s), 98.8 (d), 108.4 (d), 117.0 (s), 118.0 (d),
123.5 (d), 125.5 (d), 128.0 (d), 132.0 (s), 134.3 (s), 169.6 (s) ppm; HRMS (ESI) calcd for CyoH2NBrNaOs: 426.0675 [M + Na]*;
found 426.0667.

1-(5-lodo-1H-indol-1-yl)-7-((tetrahydro-2H-pyran-2-yl)oxy)hept-4-yn-1-one (8g): Following the general procedure, the
coupling of indole 4g (537 mg, 2.21 mmol) and acid 5 (200 mg, 0.88 mmol) provided compound 8g
(245 mg, 61%) as a pale yellow liquid. R¢= 0.3 (20% ethyl acetate in petroleum ether); *H NMR (400
MHz, CDCl3): & 1.48-1.57 (m, 4H), 1.66-1.74 (m, 1H), 1.77-1.85 (m, 1H), 2.46 (tt, J = 7.1, 2.2 Hz,

2H), 2.67-2.73 (m, 2H), 3.12 (t, J = 7.3 Hz, 2H), 3.46-3.55 (m, 2H), 3.77 (td, J = 9.6, 2.5 Hz, 1H),
3.82-3.91 (m, 1H), 4.61 (t, J = 3.0 Hz 1H), 6.59 (d, J = 3.7 Hz, 1H), 7.45 (d, J = 3.7 Hz, 1H), 7.63 (dd, J = 8.6, 1.6 Hz, 1H), 7.92
(d, J = 1.6 Hz, 1H), 8.24 (d, J = 8.7 Hz, 1H); 3C{*H} NMR (100 MHz, CDCls): & 14.3 (t), 19.5 (t), 20.2 (t), 25.4 (t), 30.5 (t), 35.3
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(t), 62.3 (t), 65.9 (t), 78.4 (s), 78.8 (s), 87.9 (s), 98.8 (d), 108.2 (d), 118.4 (d), 125.1 (d), 129.7 (d), 132.6 (s), 133.7 (d), 134.9
(s), 169.7 (s) ppm; HRMS (ESI) calcd for CaoH22NINaOs: 474.0537 [M + Nal*; found 474.0521.

1-(5-Nitro-1H-indol-1-yl)-7-((tetrahydro-2H-pyran-2-yl)oxy)hept-4-yn-1-one (8h): Following the general procedure, the
coupling of indole 4h (358 mg, 2.21 mmol) and acid 5 (200 mg, 0.88 mmol) gave compound 8h

ON
(197 mg, 60%) as an yellow solid. Rf= 0.3 (40% ethyl acetate in petroleum ether); mp: 80 °C; 'H @ oTHP
W
[e]
8h

NMR (400 MHz, CDCl3): & 1.46-1.59 (m, 4H), 1.70 (tt, J = 12.88, 3.50 Hz, 1H), 1.76-1.87 (m, 1H),
2.46 (tt, J = 7.13, 2.38 Hz, 2H), 2.73 (tt, J = 7.63, 2.38 Hz, 2H), 3.18 (dd, J = 7.88, 6.63 Hz, 2H), 3.51

(dt, J=9.76, 7.13 Hz, 2H), 3.78 (dt, J = 9.69, 7.16 Hz, 1H), 3.87 (ddd, / = 11.29, 8.10, 3.25 Hz, 1H), 4.62 (dd, J = 2.88, 1.21 Hz,
1H), 6.82 (dd, J = 3.88, 0.63 Hz, 1H), 7.65 (d, J = 3.88 Hz, 1H), 8.25 (dd, J = 9.19, 2.31 Hz, 1H), 8.50 (d, J = 2.13 Hz, 1H), 8.60
(d, J = 9.13 Hz, 1H); 13C{*H} NMR (100 MHz, CDCl3): & 14.2 (t), 19.5 (t), 20.16 (t), 25.4 (t), 30.5 (t), 35.4 (t), 62.3 (t), 65.9 (t),
78.5 (s), 78.7 (s), 98.8 (d), 109.7 (d), 116.8 (d), 117.1 (d), 120.5 (d), 127.2 (d), 130.2 (s), 138.6 (s), 144.3 (s), 169.9 (s) ppm;
HRMS (ESI) calcd for CyoH25N;NaOs: 393.1421 [M + Nal*; found 393.1411.

1-(6-Fluoro-1H-indol-1-yl)-7-((tetrahydro-2H-pyran-2-yl)oxy)hept-4-yn-1-one (8i): Following the general procedure, the

coupling of indole 4i (298 mg, 2.21) and acid 5 (200 mg, 0.88 mmol) provided compound 8i (167
mg, 55%) as a colourless syrup. Rg= 0.2 (10% ethyl acetate in petroleum ether); *H NMR (400 MHz, F/CU Il o
CDCl3): 6 1.48-1.60 (m, 4H), 1.71 (tt, J = 13.0, 3.2 Hz, 1H), 1.77-1.85 (m, 1H), 2.46 (tt, J = 7.1, 2.3
Hz, 2H), 2.70 (ddt, J = 8.3, 6.3, 2.3 Hz, 2H), 3.12 (dd, J = 8.1, 6.6 Hz, 2H), 3.47-3.54 (m, 2H), 3.79

(dt, J = 9.6, 7.1 Hz, 1H), 3.87 (ddd, J = 11.1, 8.0, 3.1 Hz, 1H), 4.62 (t, J = 3.0 Hz, 1H), 6.62 (d, J = 3.8 Hz, 1H), 7.03 (td, J = 8.8,
2.3 Hz, 1H), 7.44-7.50 (m, 2H), 8.22 (dd, J = 10.3, 2.1 Hz, 1H); 3C{*H} NMR (100 MHz, CDCl3): & 14.2 (t), 19.5 (t), 20.2 (t),
25.4 (t), 30.5 (t), 35.2 (t), 62.3 (t), 65.9 (), 78.4 (s), 78.9 (s), 98.8 (d), 104.0 (dd, Jc.r = 28.9 Hz), 109.0 (d), 111.9 (dd, Jer = 24.4
Hz), 121.3 (dd, Jor = 9.9 Hz), 124.6 (dd, Jcr = 3.8 Hz), 126.5 (s), 135.7 (sd, Jer = 12.9 Hz),161.3 (sd, Jer = 241.0 Hz), 169.8 (s);
19F NMR (376 MHz, CDCls): 6 —116.35 ppm; HRMS (ESI) calcd for CooH2:NFNaOs: 366.1476 [M + Na]*; found 366.1467.

1-(6-Chloro-1H-indol-1-yl)-7-((tetrahydro-2H-pyran-2-yl)oxy)hept-4-yn-1-one (8j): Following the general procedure, the
coupling of indole 4j (335 mg, 2.21 mmol) and acid 5 (200 mg, 0.88 mmol) gave compound 8j (217

OTHP
mg, 68%) as a pale yellow liquid. Ry = 0.4 (10% ethyl acetate in petroleum ether); *H NMR (400 C‘/CU I

N

MHz, CDCls): & 1.45-1.62 (m, 4H), 1.63-1.74 (m, 1H), 1.76-1.87 (m, 1H), 2.46 (tt, J = 7.1, 2.3 Hz, .
2H), 2.70 (tt, J = 7.7, 2.2 Hz, 2H), 3.11 (t, J = 7.3 Hz, 2H), 3.52 (dt, J = 9.7, 7.1 Hz, 2H), 3.78 (dt, J = A

9.6, 7.1 Hz, 1H), 3.87 (ddd, J = 11.1, 8.0, 3.2 Hz, 1H), 4.58-4.65 (m, 1H), 6.62 (d, J = 3.8 Hz, 1H), 7.22-7.30 (m, 1H), 7.42—
7.50 (m, 2H), 8.53 (s, 1H); 13C{H} NMR (100 MHz, CDCls): & 14.3 (t), 19.4 (t), 20.2 (t), 25.4 (t), 30.5 (t), 35.3 (t), 62.3 (t), 65.9
(t), 78.4 (s), 78.8 (s), 98.8 (d), 109.0 (d), 116.9 (d), 121.4 (d), 124.3 (d), 124.9 (d), 128.7 (s), 131.1 (s), 135.9 (s), 169.7 (s)
ppm; HRMS (ESI) calcd for C3oH2,NCINaOs: 382.1180 [M + Nal*; found 382.1185.

1-(6-Bromo-1H-indol-1-yl)-7-((tetrahydro-2H-pyran-2-yl)oxy)hept-4-yn-1-one (8k): Following the procedure, the coupling

of indole 4k (433 mg, 2.21 mmol) and acid 5 (200 mg, 0.88 mmol) gave compound 8k (201 mg,
OTHP
56%) as a colourless syrup. Ry= 0.2 (10% ethyl acetate in petroleum ether); 'H NMR (400 MHz, Br/@m I
N
CDCl3): 6 1.48-1.60 (m, 4H), 1.740 (tt, J = 12.8, 3.2 Hz, 1H), 1.768-1.86 (m, 1H), 2.46 (tt, J = 7.1, 5

8k

2.2 Hz, 2H), 2.69 (tt, J = 7.3, 2.3 Hz, 2H), 3.11 (t, J = 7.3 Hz, 2H), 3.44-3.56 (m, 2H), 3.78 (dt, J =

9.6, 7.1 Hz, 1H), 3.87 (ddd, J = 11.1, 8.0, 3.1 Hz, 1H), 4.62 (t, J = 3.0 Hz, 1H), 6.62 (d, J = 3.8 Hz, 1H), 7.36-7.42 (m, 2H), 7.43
(d, J=3.7 Hz, 1H), 8.70 (s, 1H); 3C{*H} NMR (100 MHz, CDCls): & 14.2 (t), 19.4 (t), 20.2 (t), 25.4 (t), 30.5 (t), 35.2 (t), 62.3 (t),
65.9 (t), 78.4 (s), 78.8 (s), 98.8 (d), 109.0 (d), 118.9 (s), 119.7 (d), 121.8 (d), 124.8 (d), 127.0 (d), 129.1 (s), 136.2 (s), 169.7 (s)
ppm; HRMS (ESI) calcd for C3oH2,NBrNaOs: 426.0675 [M + Na]*; found 426.0663.
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1-(4-Bromo-1H-indol-1-yl)-7-((tetrahydro-2H-pyran-2-yl)oxy)hept-4-yn-1-one (8l): Prepared by following procedure of
coupling indole 4l (433 mg, 2.21 mmol) and acid 5 (200 mg, 0.88 mmol) afforded compound 8l as
colourless sticky liquid (210 mg, 58%); Rs= 0.2 (10% ethyl acetate in petroleum ether); *H NMR (400
MHz, CDCl3): 6 1.48-1.55 (m, 4H), 1.71 (tt, J = 12.8, 3.2 Hz, 1H), 1.83 (dd, J = 9.8, 3.1 Hz, 1H), 2.47 (tt, J
= 7.1, 2.3 Hz, 2H), 2.72 (ddt, J = 8.3, 6.3, 2.3 Hz, 2H), 3.15 (dd, J = 8.0, 6.6 Hz, 2H), 3.46-3.56 (m, 2H),

3.80 (dt, J = 9.6, 7.1 Hz, 1H), 3.84-3.94 (m, 1H), 4.62 (dd, J = 4.0, 3.0 Hz, 1H), 6.73 (d, J = 3.8 Hz, 1H),

7.22 (t,J = 8.0 Hz, 1H), 7.45 (dd, J = 7.7, 0.5 Hz, 1H), 7.54 (d, J = 3.7 Hz, 1H), 8.44 (d, J = 8.3 Hz, 1H); 13C{*H} NMR (100 MHz,
CDCl3): 6 14.3 (t), 19.5 (t), 20.2 (t), 25.4 (t), 30.5 (t), 35.4 (t), 62.3 (t), 65.9 (t), 78.4 (s), 78.8 (s), 98.8 (d), 109.1 (d), 114.6 (s),
115.6 (d), 124.9 (d), 126.2 (d), 126.7 (d), 131.0 (s), 135.9 (s), 169.8 (s) ppm; HRMS (ESI) calcd for CaoH22NBrNaOs: 426.0675
[M + Na]*; found 426.0666.

1-(7-Methyl-1H-indol-1-yl)-7-((tetrahydro-2H-pyran-2-yl)oxy)hept-4-yn-1-one (8m): Following the general procedure, the
coupling of indole 4m (290 mg, 2.21 mmol) and acid 5 (200 mg, 0.88 mmol) afforded compound
8m (107 mg, 35%) as a colourless oil; Rr= 0.3 (10% ethyl acetate in petroleum ether); *H NMR
(400 MHz, CDCls): 6 1.49-1.57 (m, 4H), 1.70 (tt, J = 9.8, 3.1 Hz, 1H), 1.81 (dd, J = 9.1, 3.5 Hz, 1H),

2.46 (tt, J = 7.2, 2.3 Hz, 2H), 2.56 (s, 3H), 2.71 (tt, J = 7.9, 2.3 Hz, 2H), 3.15 (t, J = 7.2 Hz, 2H), 3.4-
3.54 (m, 2H), 3.78 (dt, J = 9.6, 7.1 Hz, 1H), 3.86 (ddd, J = 11.1, 7.8, 3.1 Hz, 1H), 4.6 (dd, J = 3.0, 1.5 Hz, 1H), 6.65 (d,/=3.8
Hz, 1H), 7.15 (d, J = 7.3 Hz, 1H), 7.21 (t, J = 7.5 Hz, 1H), 7.41 (d, J = 7.3 Hz, 1H), 7.44 (d, J = 3.7 Hz, 1H); 3C{*H} NMR (100
MHz, CDCl3): 6 15.1 (t), 19.4 (t), 20.15 (t), 22.6 (q), 25.4 (t), 30.5 (t), 36.1 (t), 62.3 (t), 65.9 (t), 78.4 (s), 79.0 (s), 98.8 (d),
109.2 (d), 118.5 (d), 124.1 (d), 125.7 (d), 126.7 (s), 128.2 (d), 131.9 (s), 135.1 (s), 169.2 (s) ppm; HRMS (ESI) calcd for
Ca1H2sNNaOs: 362.1727 [M + NaJ*; found 362.1717.

1-(3-Methyl-1H-indol-1-yl)-7-((tetrahydro-2H-pyran-2-yl)oxy)hept-4-yn-1-one (8n): Following the general procedure,
coupling of indole 4n (290 mg, 2.21 mmol) and acid 5 (200 mg, 0.88 mmol) afforded compound 8n
(183 mg, 61%) as a colourless syrup. Rg= 0.8 (30% ethyl acetate in petroleum ether); *H NMR (400
MHz, CDCls): & 1.48-1.52 (m, 4H), 1.70 (tt, J = 12.8, 3.2 Hz, 1H), 1.78-1.87 (m, 1H), 2.29 (d, J = 1.2 Hz,

3H), 2.47 (tt, J = 7.1, 2.3 Hz, 2H), 2.69 (tt, J = 7.4, 2.3 Hz, 2H), 3.09 (dd, J = 8.3, 6.6 Hz, 2H), 3.46-3.56
(m, 2H), 3.80 (ddd, J = 9.6, 7.2, 2.3 Hz, 1H), 3.88 (ddd, J = 11.1, 8.0, 3.1 Hz, 1H), 4.62 (t, J = 3.1 Hz, 1H), 7.23 (s, 1H), 7.30 (td,
J=7.4,1.1Hz, 1H), 7.36 (td, J = 7.6, 1.3 Hz, 1H), 7.50 (dd, J = 7.6, 0.6 Hz, 1H), 8.44 (d, J = 7.7 Hz, 1H); 3C{'H} NMR (100 MHz,
CDCl3): 6 9.7 (q), 14.3 (d), 19.4 (d), 20.2 (d), 25.4 (d), 30.5 (d), 35.4 (d), 62.2 (d), 65.9 (d), 78.1 (s), 79.2 (s), 98.7 (d), 116.6
(d), 118.6 (s), 118.8 (d), 121.3 (d), 123.4 (d), 125.2 (d), 131.3 (s), 135.8 (s), 169.3 (s) ppm; HRMS (ESI) calcd for C1H2sNNaOs:
362.1737 [M + Na]*; found 362.1718.

1-(3-Acetyl-1H-indol-1-yl)-7-((tetrahydro-2H-pyran-2-yl)oxy)hept-4-yn-1-one (80): Following the general procedure, the
coupling of indole 40 (351 mg, 2.21 mmol) and acid 5 (200 mg, 0.88 mmol) gave the compound 8o
(179 mg, 55%) as a pale yellow oil. R¢= 0.6 (40% ethyl acetate in petroleum ether); *H NMR (400 MHz,
CDCls): 6 1.46-1.60 (m, 4H), 1.69 (dt, J = 8.7, 3.3 Hz, 1H), 1.75-1.85 (m, 1H), 2.46 (tt, J = 7.1, 2.3 Hz,

2H), 2.58 (s, 3H), 2.73 (tt, J = 7.6, 2.3 Hz, 2H), 3.19 (dd, J = 8.0, 6.6 Hz, 2H), 3.50 (dt, J = 9.6, 7.1 Hz, 2H),
3.79 (dt, J = 9.7, 7.1 Hz, 1H), 3.86 (ddd, J = 11.2, 8.0, 3.2 Hz, 1H), 4.56-4.64 (dd, J = 2.8, 1.5 Hz, 1H), 7.36=7.46 (m, 2H), 8.07
(s, 1H), 8.34 (ddd, J = 6.3, 2.6, 0.6 Hz, 1H), 8.39 (ddd, J = 7.0, 2.6, 0.6 Hz, 1H); 3C{*H} NMR (100 MHz, CDCls): & 14.2 (t), 19.4
(t), 20.14 (t), 25.3 (t), 27.9 (q), 30.5 (t), 35.4 (t), 62.3 (t), 65.9 (t), 78.6 (s), 78.7 (s), 98.8 (d), 116.1 (d), 121.9 (s), 122.5 (d),
125.2 (d), 126.3 (d), 127.1 (s), 130.4 (d), 136.0 (s), 169.9 (s), 193.6 (s) ppm; HRMS (ESI) calcd for Ca;H,sNNaO4: 390.1676 [M
+ Na]*; found 390.1663.
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Methyl 2-(1-(7-((tetrahydro-2H-pyran-2-yl)oxy)hept-4-ynoyl)-1H-indol-3-yl)acetate (8p): Following the procedure, the
coupling of indole 4p (418 mg, 2.21 mmol) and acid 5 (200 mg, 0.88 mmol) afforded compound 8p
(162 mg, 46%) as a colourless syrup. Rs= 0.3 (10% ethyl acetate in petroleum ether); *H NMR (400
MHz, CDCl3): 6 1.45-1.62 (m, 5H), 1.67-1.69 (m, 1H), 1.69-1.74 (m, 1H), 1.77-1.86 (m, 1H), 2.46 (tt, J
= 7.1, 2.3 Hz, 2H), 2.66-2.73 (m, 2H), 3.13 (dd, J = 8.2, 6.6 Hz, 2H), 3.47-3.55 (m, 2H), 3.74 (s, 3H),

3.78 (dt, J = 9.7, 7.2 Hz, 1H), 3.87 (ddd, J = 11.2, 8.0, 3.2 Hz, 1H), 4.62 (t, J = 2.8 Hz, 1H), 7.31 (td, J = 7.4, 1.0 Hz, 1H), 7.38
(td, J = 7.7, 1.3 Hz, 1H), 7.49-7.55 (m, 2H), 8.45 (d, J = 8.1 Hz, 1H); 3C{*H} NMR (100 MHz, CDCl3): & 14.2 (t), 19.4 (t), 20.2
(t), 25.4 (t), 30.5 (t), 30.7 (t), 35.3 (t), 52.2 (q), 62.2 (t), 65.9 (t), 78.2 (s), 79.0 (s), 98.7 (d), 115.1 (s), 116.7 (d), 118.8 (d),
122.9 (d), 123.7 (d), 125.5 (d), 129.9 (s), 135.7 (s), 169.5 (s), 171.2 (s) ppm; HRMS (ESI) calcd for CasH,7NNaOs: 420.1781 [M
+ Na]*; found 420.1778.

1-(1H-Pyrrol-1-yl)-7-((tetrahydro-2H-pyran-2-yl)oxy)hept-4-yn-1-one (8q): Following the procedure, the coupling of
pyrrole 4q (148 mg, 2.21 mmol) and acid 5 (200 mg, 0.88 mmol) gave compound 8q (80 mg, 33%) as a
colourless syrup. Rg= 0.6 (30% ethyl acetate in petroleum ether); 'H NMR (400 MHz, CDCl3): § 1.45-1.65
(m, 4H), 1.65-1.75 (m, 1H), 1.76-1.89 (m, 1H), 2.45 (tt, J = 7.1, 2.3 Hz, 2H), 2.64 (ddt, J = 8.4, 6.4, 2.3 Hz,

2H), 3.04 (dd, J = 8.1, 6.6 Hz, 2H), 3.45-3.57 (m, 2H), 3.78 (dt, J = 9.6, 7.1 Hz, 1H), 3.87 (tt, J = 8.3, 3.0 Hz,
1H), 4.60-4.65 (m, 1H), 6.30 (t, J = 2.3 Hz, 2H), 7.32 (br. s., 2H); 3C{*H} NMR (100 MHz, CDCl3): § 14.1 (t), 19.4 (t), 20.1 (t),
25.4 (t), 30.5 (t), 34.2 (), 62.2 (t), 65.9 (t), 78.2 (s), 78.8 (s), 98.7 (d), 113.2 (d, 2C), 118.9 (d, 2C), 168.9 (s) ppm; HRMS (ESI)
calcd for Ci6H2:N Na O3: 298.1414 [M + Na]*; found 298.1406.

1-(1H-Indol-1-yl)-7-((tetrahydro-2H-pyran-2-yl)oxy)oct-4-yn-1-one (8r): Following the procedure, the coupling of indole 4a
(244 mg, 2.08 mmol) and acid 5b (200 mg, 0.83 mmol) gave compound 8r (198 mg, 70%) as a
colourless oil; Re= 0.5 (10% ethyl acetate in petroleum ether); *H NMR (500 MHz, CDCl3): § 1.23 (d, J =
6.1 Hz, 3H), 1.31 (d, J = 6.4 Hz, 2.85H), 1.47-1.61 (m, 8H), 1.68-1.76 (m, 3H), 1.78-1.89 (m, 2H), 2.26—

2.33 (m, 1.5H), 2.35-2.45 (m, 1.5H), 2.53-2.57 (m, 1H), 2.73 (tt, J = 8.6, 2.5 Hz, 3.8H), 3.16 (td, J= 7.3,
3.6 Hz, 3.7H), 3.46-3.55 (m, 1.95H), 3.85-4.00 (m, 3.79H), 4.71-4.76 (m, 1.87H), 6.68 (d, J = 3.8 Hz, 1.79H), 7.30 (t, J = 7.6
Hz, 2H), 7.38 (7.6 Hz, 1.82H), 7.49 (m, 1.76H), 7.59 (d, J = 7.6 Hz, 1.77H), 8.48 (d, J = 8.3 Hz, 1.75H); 3C{*H} NMR (125 MHz,
CDCls): 6 14.3 (t), 14.4 (t), 19.0 (q), 19.5 (t), 19.8 (t), 21.1 (q), 25.4 (t), 25.5 (t), 26.1 (t), 27.5 (t), 30.9 (t), 31.0 (t), 35.4 (t),
62.4 (t), 62.7 (t), 71.0 (d), 71.4 (d), 78.2 (s), 78.5 (s), 79.5 (s) 96.7 (d), 97.8 (d), 109.3 (d), 116.6 (d), 120.8 (d), 123.7 (d),
124.4 (d), 125.2 (d), 130.3 (s), 135.6 (s), 169.7 (s), 169.7 (s) ppm; HRMS (ESI) calcd for Cy1H>sN Na Os: 362.1727 [M + Na]*;
found 362.1720.

1-(1H-Indol-1-yl)-8-((tetrahydro-2H-pyran-2-yl)oxy)oct-4-yn-1-one (8s): Following the procedure, the coupling of indole 4a
(244 mg, 2.08 mmol) and acid 5a (200 mg, 0.83 mmol) gave compound 8s (117 mg, 41%) as a

colourless oil. Re= 0.5 (10% ethyl acetate in petroleum ether); *H NMR (400 MHz, CDCl3): § 1.45-1.61 \ ll OTHP
(m, 4H), 1.66-1.85 (m, 4H), 2.22-2.31 (m, 2H), 2.70 (tt, J = 7.8, 2.3 Hz, 2H), 3.14 (dd, J = 8.2, 6.6 Hz,
2H), 3.41-3.53 (m, 2H), 3.79 (dt, J = 9.7, 3.3 Hz, 1H), 3.6 (tt, J = 11.2, 3.2 Hz, 1H), 4.57 (t, J = 3.4 Hz,
1H), 6.66 (d, J = 3.7 Hz, 1H), 7.24-7.32 (m, 1H), 7.33-7.40 (m, 1H), 7.48 (d, J = 3.8 Hz, 1H), 7.57 (d, J = 7.6 Hz, 1H), 8.47 (d, J
= 8.2 Hz, 1H); 13C{*H} NMR (100 MHz, CDCls): & 14.3 (t), 15.6 (t), 19.5 (t), 25.4 (t), 29.0 (t), 30.7 (t), 35.5 (t), 62.2 (t), 66.0 (t),
78.2 (s), 80.9 (s), 98.8 (d), 109.3 (d), 116.6 (d), 120.8 (d), 123.7 (d), 124.4 (d), 125.2 (d), 130.3 (s), 135.6 (s), 169.8 (s) ppm;
HRMS (ESI) calcd for Ca3HasN Na Os: 362.1727 [M + Nal*; found 362.1717.
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1-(1H-Indol-1-yl)-3-(2-methoxytetrahydrofuran-2-yl)propan-1-one (9a): Cyclization of alkynol 1a (30 mg, 0.12 mmol) in
the presence of methanol (10 pL, 0.24 mmol) provided compound 9a (22.5 mg, 66%) as a colourless

syrup. Re= 0.5 (20% ethyl acetate in petroleum ether); *H NMR (400 MHz, CDCl5): § 1.68-1.73 (m, 1H), m ZMe
1.81-1.91 (m, 1H), 1.92-2.02 (m, 2H), 2.11 (ddd, J = 6.7, 14.3, 9.0 Hz, 1H), 2.32 (ddd, J = 14.5, 8.9, 7.0 & e

Hz, 1H), 2.92-2.96 (m, 2H), 3.15 (s, 3H), 3.81-3.90 (m, 2H), 6.56 (dd, J = 3.9, 0.5 Hz, 1H), 7.20 (td, J = 7.5, 1.1 Hz, 1H), 7.28
(td, J = 7.7, 1.3 Hz, 1H), 7.44 (d, J = 3.8 Hz, 1H), 7.49 (d, J = 7.7 Hz, 1H), 8.39 (d, J = 8.2 Hz, 1H); 3C{*H} NMR (100 MHz,
CDCls): 6 24.5 (t), 29.8 (1), 31.2 (t), 35.0 (t), 48.4 (q), 67.9 (t), 108.7 (s), 109.1 (d), 116.6 (d), 120.8 (d), 123.6 (d), 124.7 (d),
125.1 (d), 130.3 (s), 135.6 (s), 171.2 (s) ppm; HRMS (ESI) calcd for C1gH1sNNaOs: 296.1257 [M + Nal*; found 296.1252.

3-(2-Allyltetrahydrofuran-2-yl)-1-(1H-indol-1-yl)propan-1-one (10a): Cyclization of alkynol 1a (30 mg, 0.12 mmol) in the
presence of trimethylallyl silane (0.2 mL, 1.2 mmol) gave compound 10a (22.2 mg, 63%)as a
colourless liquid. Re= 0.8 (40% ethyl acetate in petroleum ether); *H NMR (400 MHz, CDCl;): 6 1.73
(dt, J =12.5, 6.6 Hz, 1H), 1.84-1.92 (m, 1H), 1.92-2.00 (m, 2H), 2.05 (t, J = 8.0 Hz, 2H), 2.30-2.41 (m,

2H), 3.02 (dt, J = 13.3, 7.8 Hz, 2H), 3.87 (t, J = 6.6 Hz, 2H), 5.08-5.19 (m, 2H), 5.83 (ddt, J = 17.1, 10.1, 7.2 Hz, 1H), 6.65 (dd, J
=3.7, 0.6 Hz, 1H), 7.24-7.31 (m, 1H), 7.36 (td, J = 7.7, 1.3 Hz, 1H), 7.49-7.60 (m, 2H), 8.47 (d, J = 8.2 Hz, 1H); 3C{*H} NMR
(100 MHz, CDCl3): 6 26.4 (t), 31.1 (t), 33.6 (t), 35.1 (t), 43.7 (t), 68.1 (t), 83.8 (s), 109.4 (d), 116.9 (d), 118.4 (t), 121.1 (d),
123.9 (d), 125.1 (d), 125.4 (d), 130.7 (s), 134.5 (d), 135.9 (s), 172.1 (s) ppm; HRMS (ESI) calcd for C15H,:NNaO,: 306.1465 [M
+ Na]*; found 306.1472.

3-(2-(1H-Indol-3-yl)tetrahydrofuran-2-yl)-1-(1H-indol-1-yl)propan-1-one (11a): Cyclization of alkynol 1a (30 mg, 0.12

mmol) in the presence of indole 4a (15 mg, 0.13 mmol) gave compound 11a as colourless syrup

N o
(32.1 mg, 72%); Re= 0.7 (40% ethyl acetate in petroleum ether); 'H NMR (400 MHz, CDCl3): 6 1.89— @E}
2.00 (m, 1H), 2.00-2.11 (m, 1H), 2.22 (dt, J = 12.0, 7.8 Hz, 1H), 2.39-2.48 (m, 2H), 2.59-2.74 (m, o 11a

|

NH

2H), 3.10 (tt, J = 12.0, 5.0 Hz, 1H), 3.97-4.06 (m, 2H), 6.51 (dd, J = 3.7, 0.5 Hz, 1H), 7.11-7.16 (m, 1H), 7.18 (d, J = 2.3 Hz,
1H), 7.19-7.26 (m, 2H), 7.27-7.33 (m, 2H), 7.35-7.40 (m, 1H), 7.48-7.54 (m, 1H), 7.71 (d, J = 8.0 Hz, 1H), 8.07 (br. s., 1H),
8.38 (d, J = 8.1 Hz, 1H); 3C{*H} NMR (100 MHz, CDCl3): § 25.9 (t), 31.9 (t), 35.6 (t), 38.3 (t), 67.5 (t), 83.7 (s), 108.6 (d),
111.3 (d), 116.5 (d), 119.7 (d), 120.0 (d), 120.6 (d), 120.7 (s), 121.5 (d), 122.1 (d), 123.4 (d), 124.8 (s), 124.9 (d), 124.9 (s),
130.3 (s), 135.5(s), 137.1 (s), 172.0 (s) ppm; HRMS (ESI) calcd for C3H2,N,NaO,: 381.1573 [M + Na]*; found 381.12585.

9-(3-Hydroxypropyl)-9-(1H-indol-3-yl)-8,9-dihydropyrido[1,2-a]indol-6(7H)-one (12a): Cyclization of alkynol 1a (30 mg,

0.12 mmol) in the presence of indole 4a (15 mg, 0.13 mmol) in CH3CN solvent gave compound 12a
as pale brown gum (33 mg, 74%); R¢= 0.2 (50% ethyl acetate in petroleum ether); 'H NMR (400
MHz, DMSO-dg): 6 1.47 -1.64 (m, 2H), 2.13 -2.31 (m, 2H), 2.34-2.49 (m, 2H), 2.69 (dt, J = 13.2, 4.9
Hz, 1H), 2.80 (dt, J = 17.7, 5.0 Hz, 1H), 3.42 (q, J = 6.0 Hz, 2H), 4.45 (t, J = 5.0 Hz, 1H), 6.56 (s, 1H),

6.72 (d, J = 2.2 Hz, 1H), 6.88-6.95 (m, 1H), 7.06 (t, J = 7.3 Hz, 1H), 7.25-7.31 (m, 2H), 7.37 (d, J = 8.1

Hz, 1H), 7.53 (d, J = 8.0 Hz, 1H), 7.56=7.61 (m, 1H), 8.35 (dd, J = 6.3, 2.0 Hz, 1H), 10.92 (s, 1H); 3C{*H} NMR (100 MHz,
DMSO-de): 6 28.1 (s), 30.3 (s), 31.0 (s), 35.2 (s), 39.6 (s), 61.1 (s), 105.0 (d), 112.0 (d), 115.7 (d), 117.9 (s), 118.5 (d), 119.9
(d), 120.3 (d), 120.9 (d), 123.7 (d), 123.9 (d), 124.9 (s), 129.2 (s), 134.4 (s), 137.2 (s), 144.7 (s), 169.2 (s), ppm; HRMS (ESI)
calcd for Cy3H2,N;Na0;: 381.1573 [M + Nal*; found 381.1583.
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7-Hydroxy-1-(1H-indol-1-yl)heptane-1,4-dione (3a): Colourless syrup (5 mg, 15%); Re= 0.2 (40% ethyl acetate in petroleum
ether); 'H NMR (400 MHz, CDCl3): & 1.82 (br. s., 1H), 1.92 (quin, J = 6.5 Hz, 2H), 2.73 (t, J = 6.9 Hz, 2H),
2.97 (t,J = 6.2 Hz, 2H), 3.26 (t, J = 6.2 Hz, 2H), 3.69 (t, J = 6.0 Hz, 2H), 6.66 (d, J = 3.7 Hz, 1H), 7.23-7.29
(m, 1H) 7.31-7.37 (m, 1H), 7.53 (d, J = 3.7 Hz, 1H), 7.57 (d, J = 7.5 Hz, 1H), 8.40 (d, J = 8.1 Hz, 1H); 3C{*H}

NMR (100 MHz, CDCls): & 26.5 (t), 29.7 (t), 36.5 (t), 39.5 (t), 62.1 (t), 109.4 (d), 116.5 (d), 120.9 (d), 123.7
(d), 124.4 (d), 125.1 (d), 130.3 (s), 135.6 (s), 170.3 (s), 209.4 (s) ppm; HRMS (ESI) calcd for CisHiyNNaOs: 282.1101 [M +
Na]*; found 282.1106.

Methyl 2-(1-(7-hydroxy-4-oxoheptanoyl)-1H-indol-3-yl)acetate (3p): Colourless liquid (12 mg, 37%); Rf= 0.1 (50% ethyl
acetate in petroleum ether); *H NMR (400 MHz, CDCls): 6 1.83-1.96 (m, 2H), 2.73 (t, J = 6.9 Hz, 2H), 2.96
(t, J = 6.1 Hz, 2H), 3.25 (t, J = 6.2 Hz, 2H), 3.67-3.71 (m, 2H), 3.71-3.76 (m, 5H), 7.28-7.33 (m, 1H), 7.33-
7.39 (m, 1H), 7.49-7.57 (m, 2H), 8.39 (d, J = 8.1 Hz, 1H); 3C{*H} NMR (100 MHz, CDCls): & 26.5 (t), 29.7 (t),
30.8 (t), 36.5 (t), 39.5 (t), 52.2 (q), 62.1 (t), 115.2 (s), 116.6 (d), 118.8 (d), 123.1 (d), 123.7 (d), 125.5 (d),
130.0 (s), 135.8 (s), 170.1 (s), 171.3 (s), 209.3 (s) ppm; HRMS (ESI) calcd for CigH,1NNaOs: 354.1312 [M + Nal*; found

354.1307.

8-Hydroxy-1-(1H-indol-1-yl)octane-1,4-dione (3s): Colourless oil (24.5 mg, 76%); Rf= 0.2 (40% ethyl acetate in petroleum
ether); 'H NMR (400 MHz, CDCls): & 1.63 (br. s., 1H), 1.82-1.91 (m, 2H), 2.13 (quin, J = 6.9 Hz, 2H), 2.59
(t,J=6.8 Hz, 2H), 2.68 (t, J = 6.8 Hz, 2H), 2.98 (t, J = 7.0 Hz, 2H), 3.67 (t, J = 6.0 Hz, 2H), 6.65 (d, J = 3.7 Hz,
1H), 7.28 (td, J = 1.0, 7.4 Hz, 1H), 7.34-7.39 (m, 1H), 7.51 (d, J = 3.8 Hz, 1H), 7.57 (d, J = 7.6 Hz, 1H), 8.46

(d, J = 8.2 Hz, 1H); 13C{*H} NMR (100 MHz, CDCls): & 18.6 (t), 26.5 (t), 34.7 (t), 39.6 (t), 41.3 (t), 62.2 (t),
109.3 (d), 116.5 (d), 120.8 (d), 123.7 (d), 124.7 (d), 125.1 (d), 130.4 (s), 135.6 (s), 171.1 (s), 210.8 (s) ppm; HRMS (ESI) calcd
for C16H19NNaOs3: 296.1257 [M + Na]*; found 296.1252.

N-(7-(1H-indol-1-yl)-4,7-dioxoheptyl)-4-methylbenzenesulfonamide (3t): Prepared from alkynylamine
1t (50 mg, 0.12 mmol). Pale brown solid (31 mg, 60%); Rf= 0.5 (40% ethyl acetate in petroleum ether);
mp: 94-96 °C; H NMR (400 MHz, CDCls): & 1.83 (quin, J = 6.6 Hz, 1H), 2.41 (s, 3H), 2.69 (t, J = 6.6 Hz,

2H), 2.91 (dd, J = 6.7, 5.8 Hz, 2H), 2.99 (q, J = 6.4 Hz, 2H) 3.19-3.30 (m, 2H), 4.72 (t, / = 6.3 Hz, 1H), 6.67
(d, J = 3.7 Hz, 1H), 7.28-7.32 (m, 3H), 7.32—7.37 (m, 1H), 7.50-7.60 (m, 2H), 7.74 (d, J = 8.2 Hz, 2H), 8.38 (d, J = 8.1 Hz, 1H);
13C{1H} NMR (100 MHz, CDCls): 6 21.5 (q), 23.3 (t), 29.8 (t), 36.5 (t), 39.4 (t), 42.4 (t), 109.5 (d), 116.5 (d), 120.9 (d), 123.7
(d), 124.5 (d), 125.1 (d), 127.0 (d, 2C), 129.7 (d, 2C), 130.3 (s), 135.6 (s), 137.0 (s), 143.4 (s), 170.3 (s), 208.7 (s) ppm; HRMS
(ESI) calcd for Ca2H24N2SNaO4: 435.1349 [M + Na]*; found 435.1360.

References

1 L. W.Bieber, M. F. da Silva, Tetrahedron Lett., 2007, 48, 7088—7090.

2 J. Adrian, C. B. W. Stark, Eur. J. Org. Chem., 2016, 4607-4610.

3 E. Dalcanale, F. Montanari, J. Org. Chem., 1986, 51, 567-569.

4  T. Yamauchi, J. -I. Takidaira, K. Okamoto, T. Sugiura, H. Horikoshi, S. Kudo, S. Sasaki, N. Mizushima, K. Higashiyamaa,
Heterocycles, 2014, 88, 1175-1189.

B. R. D’Souza, T. K. Lane, J. Louie, Org. Lett., 2011, 13, 2936-2939.

A. Suarez, G. C. Fu, Angew. Chem. Int. Ed., 2004, 43, 3580-3582.

A. Hajra, J. A. Kephart, A. Velian, G. Lalic, J. Am. Chem. Soc., 2021, 143, 7903-7908.

00 N o U

Umehara, H. Ueda, H. Tokuyama, J. Org. Chem., 2016, 81, 11444-11453.



S12

0G'¢—

0g’1L
1GL

W

caq'l
LG
€ag’1 ./w
e l—

99'l—

61°C
0S¢~

THPO

. 15C
€60\ 29T g6z

VLV Tor
Ly .\w
8L
o758’}

€G°Z
262~

AR
va'e ./.
9G'c— At

V'€

6v'E

166
6LE

18 ¢—
mw.mn\- 68

g /
16°¢
¢6'€

P9r~

S9'v—

80°G
or.m)u/

L0°G

L1'SHg G

ve's

¥E'S
o BI LLG

owm @@m
Nwm
G8'g

LT l—

S

/
1.00 1.041.05 1.08

< 4 4

U

7 6 5 4 3 2 1 0
Chemical Shift (ppm)

8

9



THPO N\ = =
6

77.32
77.00
76.68

\

2 3 o
3y N s &
I | e o
i i 25 i
o v
©o N ;
i *E
lllllll|llllIllll|lllllllll|llll|llll|llll| m NC’)'
79.5 79.0 78.5 78.0 @ N '\.c?
Chemical Shift (ppm) = N
© | 8 |
o
o~
(s0]
o
<t
o
N~
N
e L i iy i NSy I* o d

S13

200

180

160

140

120

100

Chemical Shift (ppm)

80

60

40

20

0



S14

98.71

THPO \_ = =
6

133.06

69'GLL
o

A TSN
80°€Cc—

1Z4Y
6€61

80'99—

91°¢9—
GG 0€—

200 180 160 140 120 100 80 60 40 20 0
Chemical Shift (ppm)



S15

M-1#522 RT: 3.03 AV: 1 NL: 1.04E8
T: FTMS + p ESI Full ms [100.0000-1500.0000]
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R=77907
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M-2 #458 RT: 2.62 AV: 1 NL: 3.97E8
T: FTMS + p ESIFull ms [100.0000-1500.0000]
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M-4 #447 RT: 260 AV:1 NL: 2.41E8
T: FTMS + p ESIFull ms [100.0000-1500.0000]
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MSH-44 #308 RT: 1.67 AV: 1 NL: 2.05E6
T: FTMS + p ESI Full ms [100.0000-1500.0000]
241.1428
R=71407
C13H21 04=241.1434

100 -2.7967 ppm
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MSH-101 #339 RT: 1.83 AV: 1 NL: 2.19E9
T: FTMS + p ESI Full ms [100.0000-1500.0000]
249.1459
R=72507
C13H22 O3 Na =249.1461

100 -0.9090 ppm
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MSH-45 #269 RT: 1.47 AV:1 NL: 7.55E8
T: FTMS + p ESI Full ms [100.0000-1500.0000]

Relative Abundance
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M-5#498 RT: 2.92 AV:1 NL: 9.09E7
T: FTMS + p ESIFull ms [100.0000-1500.0000]

Relative Abundance
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MSH-3 #298 RT: 1.62 AV:1 NL: 4.35E8
T: FTMS + p ESIFull ms [100.0000-1500.0000]
378.1660
R=58707
C21H25 04 NNa=378.1676

100 -4.2967 ppm
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MSH-2 #322 RT: 1.74 AV: 1 NL: 1.31E8
T: FTMS + p ESIFull ms [100.0000-1500.0000]
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MSH-4 #305 RT: 1.66 AV: 1 NL: 3.00E8
T: FTMS + p ESIFull ms [100.0000-1500.0000]

Relative Abundance

-
(=2

[6,]

324.0776
R=62207

344.1646
R=59702
C20H23 O3 NF =344.1656
-3.188‘9 ppm

366.1462
R=59307

C20H2203NF Na=366.1476

-3.6945 ppm

361.1917
R=59807

375.2065
R=57807

OTHP

8d

382.1203
R=58207

389.2223

R=56507 400.2685

S52

4121394

R=54007
)

o

310

—
3

20

-
330

P
340

R ARIRAN
350

e
370
m/z

R=52907
kA

L

ABARARRIRARE
390

400

| |
AR AR RS LA RS A AR AR EARS AR ERAN

410 420



S53

0

1

2

3

5 4

Chemical Shift (ppm)

6

7

LG’ 8V L
LG L1 L _
o zsL ™ ]
H .
5 2G|~ I >
EH S A |
. = ~
— ey L 4¥ 54
_ 8 vy Cgg L8t >
z Y op7— Sh'e €81 ) 21
0,2~.892\29¢ —J _©
P . vzl [ 2Lz I~
: AW 2
vL'e m o N
: i =
05 e—r SvE . e
zse R.m.l\.mm £\ . o
7 6.¢ ,g¢ 69°C %u_
06°€ -
0€'L o 19'Y
om.mw N NG 29— \ =t MU
. o ~ |\w -
AWEN = 29'Y
ee /—
Tp]
o
N~
c
o
og
I =
~ £ 65"
2 09'9 o
8 09'9 5 2=
N~ . o
S 1T/
- 6vin L I3
| AN mﬁl S
6% L— S Fo ¥S'L T ==
. 1 5 .
0 /.— ~ G/ 1 m _
b 1— 3
o - e 6€8— e |
¥S'L 0 el =

8

9

10



77.32
77.00
76.69

st

S54

g S
0 N
N~
Cl
OTHP
Ziz \)
f
O
789 788 787 786 785 784 8e
Chemical Shift (ppm)
<
0 0 O
N L o M~
™ 0 e} N~ -~ ® o 0
z83g 5 R R
- SO | T o ~ 3
9 3 Y |7 Q2 3
D S < ¢ o © |
3T Ty
QN
—
S MJ Nledvianamoie
lllllllll|llll|llll|llll|llll|llll|llll|llll|llll|llll|llll|lllllllll|llll|llll|llll|llll|llll|llll|llll|
200 180 160 140 120 100 80 60 40 20 0

Chemical Shift (ppm)



S55

Cl

Qj OTHP
3

8e

—125.31
—120.45
—98.77

—117.59
—108.58

125.61

¥G 0€—

6€'GC~

RAE
81°02~

GvreL—

L2°C9—
LCVI—

16'G9—

200 180 160 140 120 100 80 60 40 20 0
Chemical Shift (ppm)



S56

MSH-5#342 RT: 1.86 AV: 1 NL: 1.42E8
T: FTMS + p ESI Full ms [100.0000-1500.0000]
382.1169
R=58406
C20H22 O3 NCINa=382.1180
-2.9562 ppm

90

[
[$)]

2]
o

Cl

~
a

OTHP

~
o

2]
a

[e2]
o

[¢)]
a

377.1624
R=58306

Relative Abundance
N o
()] o

N
o

384.1135
R=57702

w
[$)]

w
o

N
a

398.0908
R=56706

N
o

379.1590
R=57902

-
(¢}

360.1351 z;{o_ogggg
R=59206 391.1768 =5
353.0512 C20H2303NCI=360.1361 366.1468 371.1201 387.9915 R=56806

-
(=)

a

R=56606 -2.8517 ppm R=57907 R=51606 1.1, , R=38700 L ‘ |
T TTTTTTTTrrrTrTT T TTTTTTTTyTT IR R R

355 360 365 370 375 380 385 390 395 400
m/z

o
w
a1 —
o



S57

OTHP

Br

0S'} s
1G°)
1671 o
Al LA %mu_
e ©
gg'1 Tz
6914 |81 S
'z 0L'1-18°L -
Sh'z even ) 34
: 72-87'¢C D
0L T B N e 8
0LC 2LT ~
2LT <
— |
AN
0S¢ 8 €\ LY'C -
Nm.mv MN‘.M I\.Mu
LLS— e = ©7
6L°€ 19 . -1 | -
69°C S
06°¢ -
) ™
:wvbmﬂuv < °©3
29"
65"
09'9 = muu

1T I~ -
. AN
0L 1— 2L ~So
149 wln\- = S |
9¢'8 -

0

3 2 1

4

8 7 6

9

Illll|lllllllll|lllllllll|lllllllll|llllIllll|lllllllll|lllllllll|lllllllll|lllllllll|llll|llll|llll|
5

Chemical Shift (ppm)



S58

o
NN
2R o
~ 5
L
<
= S
- 2
Br
OTHP
\
QQH
o
8f
78.9 78.8 78.7 78.6 78.5 78.4 78.3
Chemical Shift (ppm)
- g 3
S ° < SN 88 %0
) © @ © O N | 1 S
L =T <o§ ™ T\—ﬁ'
o)) - I
™ ‘_'\‘cL‘\I)u) ~o | > < I o — J
< 02 |T] =R | o 7
8 DY | = R |
| ©7 ~ E
5
L e oyl ’ M- ATty W“n b s ayolbive
lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll
200 180 160 140 120 100 80 60 40 20 0

Chemical Shift (ppm)



~128.00

—125.47

-123.51
—98.77

—117.98
—108.46

Br.

Oy

8f

OTHP

16°'G9—

L2°C9—

v Ge—

¥G'0€—
8€'GC—
11°0¢

S59

o1

o7y — SY6L

200

180

160

140

120 100
Chemical Shift (ppm)

80

60

40

20 0



MSH-6 #378 RT: 2.05 AV: 1 NL: 9.54E7
T: FTMS + p ESI Full ms [100.0000-1500.0000]
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MSH-7 #364 RT: 1.97 AV:1 NL: 3.37E8
T: FTMS + p ESIFull ms [100.0000-1500.0000]
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MSH-8 #302 RT: 1.64 AV: 1 NL: 3.56E8
T: FTMS + p ESIFull ms [100.0000-1500.0000]
393.1411
R=57507
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MSH-4a #367 RT: 1.99 AV:1 NL: 8.95E7
T: FTMS + p ESI Full ms [100.0000-1500.0000]
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MSH-51 #337 RT: 1.83 AV: 1 NL: 6.15E8
T: FTMS + p ESIFull ms [100.0000-1500.0000]
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MSH-6a #329 RT: 1.79 AV:1 NL: 9.79E7
T: FTMS + p ESI Full ms [100.0000-1500.0000]
426.0663
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MSH-11#352 RT: 1.90 AV: 1 NL: 2.06E7
T: FTMS + p ESIFull ms [100.0000-1500.0000]
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MSH-33 #347 RT: 1.88 AV:1 NL: 2.80E8
T: FTMS + p ESIFull ms [100.0000-1500.0000]
362.1717
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MSH-10 #330 RT: 1.79 AV:1 NL: 1.90E5
T: FTMS + p ESI Full ms [100.0000-1500.0000]

Relative Abundance
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MSH-9 #311 RT: 1.69 AV: 1 NL: 2.61E8
T: FTMS + p ESIFull ms [100.0000-1500.0000]
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MSH-47 #437 RT: 2.37 AV: 1 NL: 3.32E6
T: FTMS + p ESIFull ms [100.0000-1500.0000]
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MSH-16 #330 RT: 1.78 AV: 1 NL: 2.69E8
T: FTMS + p ESI Full ms [100.0000-1500.0000]
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MSH-32 #382 RT: 2.07 AV:1 NL: 1.32E8
T: FTMS + p ESIFull ms [100.0000-1500.0000]

Relative Abundance
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MSH-31#335 RT: 1.82 AV:1 NL: 4.36E8
T: FTMS + p ESIFull ms [100.0000-1500.0000]

Relative Abundance
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MSH-12 #303 RT: 1.64 AV: 1 NL: 145E7
T: FTMS + p ESI Full ms [100.0000-1500.0000]
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MSH-46 #299 RT: 1.63 AV:1 NL: 2.63E9
T: FTMS + p ESIFull ms [100.0000-1500.0000]
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M-6 #445 RT: 262 AV:1 NL: 1.34E9
T: FTMS + p ESIFull ms [100.0000-1500.0000]
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MS-3 #263 RT: 141 AV: 1 NL: 3.55E8
T: FTMS + p ESIFull ms [100.0000-1500.0000]

Relative Abundance

100

= - N N w w H H a [6)] (o] [o)] ~ ~ (0] (o] © ©
2?2 2t P 2 2 S B P P B T
N N I N NN N |

o

2491577
R=71607

|

2555939 261.1313
R=69007 R=70307

272.1285
R=68607

1.5438 ppm

C16H1g8 O3 N=272.1281

279.1207
R=67807

Il
11

285.0651
R=6?907

294.1106
R=66407
C16 H17 O3 N Na =294.1101
1.9095 ppm

291.1029
R=64207

|
T T

301.1412
R=65407

P
T

310.0843
R=64507

|

317.1863
R=63407

S129

327.2211
R=56407

250

;
I L

255 260

I
265

!
T

270

T
2

|
I

75

I
280

]
285

290
m/z

I
295

T
300

310

315 320

T T T T ]
325 330



Me
OH <
\ o
QQ I |
] |
1c
™
<
< S I RN =
sNoNRST-Ro NIV B
NN - oN NSNS \ /
2.19 3.16 2.30

I ' I 1|
2.75 2.70 2.65 2.60 2.55 2.50 2.45 2.40
Chemical Shift (ppm)

S130

2.45

N~
Q
~
|
3 CRCRE
% )
II[gex 2
P |
o = (TS
|l
-

1
1.05 1.001.031.06 1.08
w0 U

L 5

g
242  2.192.193.16 2.30
L u o o1

10 9 8 7 6 5
Chemical Shift (ppm)

4 3 2 1 0



Oy [
3

77.32
77.00
76.68

S131

N
0]
1c
B 3 N
€93 o g
3 T < ~ N ©
ol S pE M=
- | Y
L) | L
-"I e o S s o o
128 120 112 104 96 88 80
Chemical Shift (ppm) o
= 0
2 5 3 i Rl
Sus o RN
¥8Q Sy
< . “ﬁ‘; o |
AN
o 2 N7 = 3 %
S 3B |8 2 T
o | & T N
™ — |
]/
lllllll|llll|llll|lllllllll|llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll
200 180 160 140 120 100 80 60 40 20 0

Chemical Shift (ppm)



S132

Me
OH
3
N
&
5 &8 o 0 &
© o o -
N o N ~ 1c N
N2y
S o
- | =
/| ©
=
I
w
3
N
o
b
o » |
—
. @ N
S IN
N
N

180 160 140 120 100 80 60 40 20 0
Chemical Shift (ppm)



MS-2 #286 RT: 1.53 AV: 1 NL: 2.78E8
T: FTMS + p ESIFull ms [100.0000-1500.0000]
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MS-4 #266 RT: 142 AV:1 NL: 2.80E8
T: FTMS + p ESIFull ms [100.0000-1500.0000]
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MSH-52 #248 RT: 1.35 AV:1 NL: 1.57E8
T: FTMS + p ESI Full ms [100.0000-1500.0000]
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MS-6 #282 RT: 1.51 AV: 1 NL: 7.17E7
T: FTMS + p ESI Full ms [100.0000-1500.0000]
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MS-7 #305 RT: 1.63 AV: 1 NL: 9.82E6
T: FTMS + p ESI Full ms [100.0000-1500.0000]

Relative Abundance
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MS-8 #268 RT: 1.44 AV: 1 NL: 549E7
T: FTMS + p ESI Full ms [100.0000-1500.0000]

Relative Abundance
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MSH-42 #260 RT: 1.42 AV:1 NL: 8.17E7
T: FTMS + p ESI Full ms [100.0000-1500.0000]
260.1074 282.0892
R=70307 R=67603
C15H15 02 NF =260.1081 C15H14 O2 NF Na =282.0901
100~ -2.7357 ppm -3.2109 ppm
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MSH-52 #248 RT: 1.35 AV:1 NL: 1.57E8
T: FTMS + p ESI Full ms [100.0000-1500.0000]
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R=65306
C15H14 O2 N CINa =298.0605
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MSH-40 #290 RT: 1.58 AV:1 NL: 4.28E8
T: FTMS + p ESIFull ms [100.0000-1500.0000]
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MS-11#297 RT: 1.59 AV:1 NL: 6.04E7
T: FTMS + p ESI Full ms [100.0000-1500.0000]
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MSH-36 #288 RT: 1.57 AV: 1 NL: 9.59E8
T: FTMS + p ESI Full ms [100.0000-1500.0000]

Relative Abundance
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MS-10 #275 RT: 147 AV: 1 NL: 1.83E8
T: FTMS + p ESI Full ms [100.0000-1500.0000]
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MS-9#268 RT: 143 AV:1 NL: 3.62E8
T: FTMS + p ESI Full ms [100.0000-1500.0000]
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S187

MSH-39 #267 RT: 1.46 AV:1 NL: 541E8
T: FTMS + p ESI Full ms [100.0000-1500.0000]
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MS-14 #257 RT: 1.38 AV: 1 NL: 2.98E8
T: FTMS + p ESIFull ms [100.0000-1500.0000]
214.0846
R=78507
C11H1302NNa=214.0838
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S195

MSH-35#272 RT: 1.49 AV: 1 NL: 1.40E9
T: FTMS + p ESIFull ms [100.0000-1500.0000]
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MSH-34 #265 RT: 1.45 AV:1 NL: 3.27E8
T: FTMS + p ESIFull ms [100.0000-1500.0000]

Relative Abundance
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S203

MS-12 #266 RT: 142 AV: 1 NL: 5.96E7
T: FTMS + p ESIFull ms [100.0000-1500.0000]
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MS-13#277 RT: 148 AV:1 NL: 1.16E8

T: FTMS + p ESIFull ms [100.0000-1500.0000]
228.1390
R=74907
C15H1g ON=228.1383
2.9414 ppm
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S211

M-8 #457 RT: 2.75 AV:1 NL: 4.62E8
T: FTMS + p ESIFull ms [100.0000-1500.0000]
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MS-3a#250 RT: 1.34 AV:1 NL: 3.72E7
T: FTMS + p ESIFull ms [100.0000-1500.0000]
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MS-2a#302 RT: 1.61 AV:1 NL: 9.27E7

T: FTMS + p ESI Full ms [100.0000-1500.0000]
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MS-4a#253 RT:1.35 AV:1 NL:3.65E7

T: FTMS + p ESIFullms [100.0000-1500.0000]
282.0907
R=68007
C15H14 O2 NF Na =282.0901

100 2.3065 ppm

Relative Abundance
an
T

304 260.1088 301.1417
3 R=70707 R=65407

257 239.0686 C15H1s 02 NF =260.1081 285.0651 298.0647

E 74007 249.1579 2.4267 ppm R=67307 -
207 R=71807 Re08007
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MS-5a #274 RT: 147 AV:1 NL: 4.56E7
T: FTMS + p ESI Full ms [100.0000-1500.0000]
298.0615
R=65606
C 15 H14 O2 N ClI Na = 298.0605
3.3410 ppm
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MS-6a #275 RT: 1.47 AV: 1

NL: 2.85E7

T: FTMS + p ESIFull ms [100.0000-1500.0000]
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Relative Abundance
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MS-7a#327 RT: 1.75 AV:1 NL: 5.81E5
T: FTMS + p ESIFull ms [100.0000-1500.0000]

Relative Abundance
(¢
7
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R=58707
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C15H15 02 N1=368.0142
3.5452 ppm
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R=43600 A
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MSH-43 #275 RT: 1.50 AV: 1 NL: 1.11E9
T: FTMS + p ESI Full ms [100.0000-1500.0000]
260.1075
R=70107
C15H15 O2 NF =260.1081
-2.5010 ppm

3 282.0890
70 R=67607 . )
B C15H14 O2 NF Na =282.0901

657 -3.7518 ppm N o

Relative Abundance
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R=74807 298.0628
C14 Ho O2 N =223.0628 R=65907
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MSH-53 #308 RT: 1.67 AV: 1 NL: 5.54E8
T: FTMS + p ESIFull ms [100.0000-1500.0000]
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MSH-41 #333 RT: 1.81 AV: 1 NL: 7.76E7
T: FTMS + p ESIFull ms [100.0000-1500.0000]

Relative Abundance
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MS-11a#313 RT: 1.68 AV:1 NL: 2.30E7
T: FTMS + p ESIFull ms [100.0000-1500.0000]

Relative Abundance
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MSH-38 #292 RT: 1.59 AV:1 NL: 7.47E8
T: FTMS + p ESIFull ms [100.0000-1500.0000]
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Relative Abundance
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MS-10a#312 RT: 1.67 AV:1 NL: 4.32E7
T: FTMS + p ESIFull ms [100.0000-1500.0000]

Relative Abundance
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MS-14a #276 RT: 1.48 AV:1 NL: 1.26E8
T: FTMS + p ESI Full ms [100.0000-1500.0000]
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MSH-37 #374 RT: 2.03 AV: 1 NL: 3.36E7
T: FTMS + p ESIFull ms [100.0000-1500.0000]
256.1326
R=71507
C16 H1g O2 N=256.1332

100, -2.2486 ppm
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MSH-1#318 RT: 1.71 AV:1 NL: 3.59E8
T: FTMS + p ESIFull ms [100.0000-1500.0000]
296.1252
R=65807
C16H19 O3 N Na =296.1257

100, -1.8981 ppm
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MS-16 #316 RT: 1.69 AV: 1 NL: 1.45E8
T: FTMS + p ESI Full ms [100.0000-1500.0000]
306.1472
R=65407
C1gH21 O2 NNa=306.1465
2.5042 ppm

90

[
[$)]

2]
o

~
a

~
o

10a

2]
a

[e2]
o

[¢)]
a

284.1653
R=67207
C1g H22 O2 N =284.1645
2.6295 ppm

Relative Abundance
N o
()] o

N
o

w
[$)]

w
o

322.1214
R=63107

N
a

N
o

326.1369
301.1421 R=62607
R=64507

-
(¢}

-
(=)

3101417 347 1158
261.1317 269.0876 288.1601 2951955 R=64007  R=g3007 332.1628 337.2355
R=68802 ,  R=67907 R=65907  R=65207 ol b T ‘ R=59807 R=57302

C | | \ ; ; i
T 1T T 1T ] T 1T T ] T 1T 1T 1 [ T 1T T 1T 1T T 1T 1] 1T T T 1T ] T 1T 1T 1T 1 T 1T T 1T 1 1T T 1T 1T ] 1T 1T ] 1T 1T 7 1T 1T T 111717 B

\ T 1 T
255 260 265 270 275 280 285 290 295 300 305 310 315 320 325 330 335
m/z

a

o



S$278

yee—

09

0G¢—

1Gz-

9G'9—

1.09
—

7.4

1.031.07
[ —

7.6

6.9 6.8 6.7 6.6

7.0

7.1

7.2
Chemical Shift (ppm)

7.3

7.5

i

L

U

6 0l————

51.031.071.092.101.151.16 1.00 1.01
i u v u u

0
U

1.

10 9 8 7 6 5 4 3 2 1 0
Chemical Shift (ppm)

11



N M~ OO ©
TONIMO®©
[@Ne)Ne)NerNerNe) Mool
STOOOOMOOM

NG ™ (a2]

s N~
~ I8 D _2_ 5 5
3 o OT oRBs® - 9 S

2 @ N ol ovocr | &

~
N I Y &Y57 T =
T 7 I < ~

T

YT P AR [ I TIF TP L[ TR IR YRS STV NUSPIPCTISLE 1 11 ) .‘ulﬂ I.hll LIuilnLAL MLILI ko waldid o bt o

145 140 135 130 125 120 115 110 105
Chemical Shift (ppm)

3 ST I P P s
3 JogR8 8585398 5 o
T ST == ks
\—\—‘_ - gg
=TT S
lllllllll|llll|llll|llll|llll|lllllllll|llll|llll|llll|llll|llll|llll|lllllllll|llll|llll|llll|llll|llll|
200 180 160 140 120 100 80 60 40 20 0

Chemical Shift (ppm)



o
N
(<2)] <
o 2§R
2 oW
8| 5788
(s
| 0y
— /
©
N
(o}
o™
.)
2N,
GoS®
523

90'19—

180 160 140 120 100 80 60 40 20 0
Chemical Shift (ppm)



MS-15#320 RT: 1.71 AV:1 NL: 3.19E6
T: FTMS + p ESIFull ms [100.0000-1500.0000]

Relative Abundance
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MS-15a#310 RT: 1.66 AV:1 NL: 2.58E6
T: FTMS + p ESIFull ms [100.0000-1500.0000]
381.1583
R=57807
C23H22 O2 N2 Na=381.1573
2.4006 ppm
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MS-17 #267 RT: 1.43 AV:1 NL: 7.22E8
T: FTMS + p ESIFullms [100.0000-1500.0000]

Relative Abundance

- - N N w w S B (o)) [6)] [o)] [o)] ~ ~ (o] (o] [(e]
NP P P P 2 2 o P P S B T
N N N NN N |

a

o

269.087

3 271.1132
2 R=62‘3507

C1s5Hq7

279.1030
2731002 2751100 277.1784 R=67307

282.1106

R=67707
O3NNa=282.1101
1.7744 ppm

OH

283.1119
R=67502

284.1149

R=62102 287.0878 289.1194 291.1704 293.1521

296.1264

S$289

298.0843
R=66307

299.0874
R=65602

R=7010
T

‘ -
270 2

R=64102 R=70002 R=67202 | |
B I A D R R B A B R BN AR N
72 274 276 278 280

R=63202 R=71700 R=60207
T T T T T T T
288 290

286

T [ [
284 292 294
m/z

T
282

R=66600
NN AN R AN

R=6§402
A s
296

e
298



S$290

<
N~
o
N~
(q\]
N~
0
10
Ne B oo
IE,T- 8%33%22 MeO,C
N~ :
! N { oH
N
2.00 1.05 1.11 0
L | L ] | 3p O
7.60 7.55 7.50 7.45 7.40 7.35 7.30 2
Chemical Shift (ppm) ",;
| CHLOROFORM-d
2 &
o) N
AR g/ &
% o oY —
© o \
SN
oo
2]
} ] .
0.80 5.241.611.381.411.43 2.03
[N 1] U U gy 4 [

10 9 8 7 6 5 4 3 2 1 0
Chemical Shift (ppm)



S291

| CHLOROFORM-d

=

77.32
77.00
76.68

o
BN 6 3
0 & g&o © <
N3 © 5 ‘-T&’ T8 MeO,C
g 5 & ||° | Ze
- - 1= OH
|.) o | |) \
N
bt 0]
168 160 152 144 136 128 120 3p O
Chemical Shift (ppm)
~ N
2 - 5 o
“o?;m§ SR %z or =
O LN “f o - ©
8 o) Ne=mn®+ Y] Q| ©
X N g 5 TN T S g bt
S s Ra 1107 25
15 g N T = |
™7 —
lll|llll|llll|lllllllll|llllIllll|lllllllll|lllllllll|llllIllll|llll|llll|llll|llll|llll|llll|llll|llll|llll|
200 180 160 140 120 100 80 60 40 20 0

Chemical Shift (ppm)



52.22

MeO,C

—125.49

\-123.69
-118.84

—116.63
)

LL'6¢—

' 9e—
1G'9¢—

[ANA
€G'6E—

6.°0€—

180 160 140 120 100 80 60 40 20 0
Chemical Shift (ppm)



S$293

MSH-102 #334 RT: 1.81 AV:1 NL: 1.12E8
T: FTMS + p ESI Full ms [100.0000-1500.0000]
354.1307
R=60807
C1gH21 Os5 NNa=354.1312
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S$297

MSH-59 #322 RT: 1.75 AV:1 NL: 1.86E8
T: FTMS + p ESIFull ms [100.0000-1500.0000]
296.1256
R=65807
C16 H19 O3 N Na =296.1257

100, -0.3523 ppm
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MS-18 #253 RT: 1.35 AV: 1 NL: 6.78E7
T: FTMS + p ESIFull ms [100.0000-1500.0000]
435.1360
R=53907
C22H24 04 N2 Na S =435.1349

100 2.4284 ppm
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