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Experimental section

All reagents were purchased either from Sigma Aldrich chemical Co., USA, Acros chemical
company or SRL India and were used as received unless otherwise specified. Commercially
supplied petroleum ether (60—80 °C) and ethyl acetate was distilled before use. Indole and
triethyl orthoformate were purchased from SRL, India; N-Methyl Indole, 2-Methyl Indole, 2-
Phenyl Indole, 5-Bromo Indole, 5-Methoxy Indole, 5-Nitro Indole, Benzaldehyde dimethyl
acetal and 4-Anisaldehyde dimethyl acetal were purchased from Spectrocem Pvt. Ltd. India;
2,2- Dimethoxypropane, carbohydrate derivatives 2a-b and 2g were purchased from Acros
Organics and used as received. Diethyl acetals (1c and 1d),! dimethyl acetal and other
protected compounds (1f, 1h, 1i)? and protected carbohydrates (2c-f and 2h)? 2 were prepared
according to the literature report. Column chromatography was performed on silica gel
(60—120 mesh, 0.12—0.25 mm) and silica gel 230-400 nesh was used for the preparation of
supported reagent. Analytical thin-layer chromatography (TLC) was performed on 0.25 mm
extra-hard silica gel plates with a UV2ss fluorescent indicator. The identity of known
synthesized products was confirmed by comparison with their melting points and spectral
data with those reported earlier. 'H NMR and *C NMR spectra were recorded at ambient
temperature using 400 MHz spectrometers (400 MHz for *H and 100 MHz for 3C). FTIR
spectra were recorded on Bruker Alpha Il FTIR spectrometer on Neat or KBr pellets. Mass
spectra (HRMS) were obtained from XEVO G2-XS QTOF (Waters) using 70 ev in positive
ion mode. Field-emission scanning electron microscope (FESEM) (model: Sigma 300, Carl
ZEISS Pvt., Ltd.) with 5 kV acceleration voltage was used to explore the surface morphology
and elemental analysis of silica supported ferric chloride.

Preparation of silica supported Ferric Chloride

Typically, to the slurry of silica gel (240-300 mesh, 40g) in acetone (80 mL), anhydrous
ferric chloride (5.0 g, 30.83 mmol) was added with vigorous stirring for 1hr. The excess
acetone was removed under reduced pressure and then the mixture was dried under vacuum
for 24 hrs to obtain a free flowing solid. The catalyst was stored in a brown colour bottle at
4°C for longer shelf life.

General procedure for the synthesis of BIMs/deprotection of protected carbohydrates.
In a glass vial, catalyst (FeClz/SiO2) (20 mg, 2 mol% of FeCls), acetal (1.0 mmol) and indole
(2.0 mmol) were added successively (for carbohydrate substrate, 0.2 to 0.3 mL alcohol was
needed). The reaction mixture was stirred for stipulated time mentioned in the Table 2 and 3.

After completion of reaction, the reaction mixture was diluted with EtOAc (5 mL) and
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filtered. The filtrate was evaporated under vacuum. The desired product was isolated either

by crystallization or by column chromatography using ethyl acetate-hexane (1:3 to 3:1).

Physical and Spectral data of Bis-indole products 4a-r and 4u-x:

(J
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3,3'-(phenyl methylene)bis(1H-indole) (4a):* Yield: 90%, light yellow solid, m. p. 150-152°C,
lit. m. p. 152 °C; IR (KBr) vmax 3394, 1596, 1452, 1417, 1355 cm™; 'H NMR (400 MHz,
CDCls) 8 7.90 (s, 2H), 7.42 (d, J = 8.0 Hz, 2H), 7.37 (d, J = 8.0 Hz, 4H), 7.33-7.18 (m, 5H),
7.06-7.02 (m, 2H), 6.66 (d, J = 1.6 Hz, 2H), 5.92 (s, 1H); 3C NMR (100 MHz, CDCl3)
0144.0, 136.7,128.7, 128.2,127.1, 126.2, 123.6, 121.9, 120.0, 119.7, 119.2, 111.1, 40.2.

C

3,3'-(phenyl methylene)bis(1-methyl-1H-indole) (4b):* Yield: 92%, light pink solid, m. p.
200-202 °C, lit. m. p. 200-201 °C; IR (KBr) vmax 1470, 1422, 1324, 1228, 1198, 1151, 1053
cm™; 'H NMR (400 MHz, CDCls) § 7.44-7.23 (m, 11H), 7.04 (t, J = 7.6 Hz, 2H), 6.58 (s,
2H), 5.93 (s,1H), 3.72 (s, 6H); *C NMR (100 MHz, CDCls) & 144.5, 137.4, 128.7, 128.3,
128.2,127.5, 126.1, 121.4, 120.1, 118.7, 118.3, 109.1, 40.1, 32.7.

3,3'-(phenyl methylene)bis(2-methyl-1H-indole) (4c):* Yield: 91%, light pink solid, m. p.
252-254 °C, lit. m. p. 257-258 °C; IR (KBr) vmax 3390, 1454, 1421, 1337, 1292, 1129, 1072
cml; TH NMR (400 MHz, CDCls) § 10.76 (s, 2H), 7.27-7.20 (m, 7H), 6.89 (t, J = 8.0 Hz,
2H), 6.80 (d, J = 8.0 Hz, 2H), 6.67 (t, J = 7.2 Hz, 2H), 5.93 (s, 1H), 2.07 (s, 6H); *C NMR
(100 MHz, CDCIs) 6 144.7, 135.5, 132.5, 129.2, 128.7, 128.4, 126.2, 120.0, 118.9, 118.4,
112.6, 110.8, 39.0, 12.4.

S3



3,3'-(phenyl methylene)bis(2-phenyl-1H-indole) (4d):® Yield: 70%, white solid, m. p. 252-
254 °C, lit. m. p. 260 °C; IR (KBr) vmax 3416, 1445, 1309, 1236, 1020, 740 cm™; 'H NMR
(400 MHz, DMSO-ds) & 11.37 (s, 2H), 7.39-7.15 (m, 17H), 7.02 (t, J = 7.6 Hz, 2H), 6.91 (d,
J = 8.0 Hz, 2H), 6.68 (t, J = 7.2 Hz, 2H), 5.99(s, 1H); 3C NMR (100MHz, DMSO-ds)
6145.0, 136.8, 135.8, 133.2, 129.2, 128.8, 128.7, 128.5, 127.7, 126.5, 121.4, 121.3, 119.00,
114.7,111.8, 55.4, 40. 3.
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3,3'-(phenyl methylene)bis(5-bromo-1H-indole) (4e):* Yield: 85 %, light pink solid, m. p.
250-252 °C, lit. m. p. 253-255 °C; IR (KBr) vmax 3410, 1593, 1554, 1445, 1325, 1213, 1173,
1029 cm™; 'H NMR (400 MHz, DMSO-ds) § 11.10 (s, 2H), 7.44 (s, 2H), 7.36-7.28 (m, 6H),
7.21 (d, J = 7.2 Hz, 1H), 7.18-7.15 (m, 2H), 6.90 (d, J = 2.0 Hz, 2H), 5.87 (s, 1H); 3C NMR
(100 MHz, DMSO-ds) 6 144.8, 135.7, 128.8, 128.7, 126.5, 125.7, 123.9, 121.7, 118.1, 114.1,
111.4,39.3.

3,3'-(phenyl methylene)bis(5-methoxy-1H-indole) (4f):® Yield: 90%, light pink solid, m. p.
214-216 °C, lit. m. p. 215-216 °C; IR (KBr) vmax 3389, 1483, 1445, 1206, 1169, 1029, 719
cm; 'H NMR (400 MHz, DMSO-ds) & 10.67 (s, 2H), 7.37 (d, J = 7.6 Hz, 2H), 7.29 (d, J =
7.6 Hz, 2H), -7.25 (d, J = 8.8 Hz, 2H), 7.18 (t, J = 7.2 Hz, 1H), 6.83 (d, J = 2.0 Hz, 2H), 6.74-
6.69 (m, 4H), 5.76 (s, 1H), 3.56 (s, 6H); *C NMR (100 MHz, DMSO-ds) & 153.1,
1455,132.2, 128.8, 128.4, 127.5, 126.2, 124.7, 118.1, 112.5, 111.0, 101.9, 55.7, 40.2.
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3,3'-((4-methoxy phenyl) methylene)bis(1H-indole) (4g):* Yield: 85%, white solid, m. p. 192-
194 °C, lit. m. p. 190-192 °C; IR (KBr) vmax 3391, 1506, 1451, 1246, 1016, 741 cm™; 'H
NMR (400 MHz, DMSO-dg) & 10.80 (s, 2H), 7.34 (d, J = 8.0 Hz, 2H), 7.27(d, J = 4.8Hz,
2H), 7.25 (d, J = 5.6 Hz, 2H), 7.03 (t, J = 7.6 Hz, 2H), 6.87-6.79 (m, 6H), 5.77 (s, 1H), 3.70
(s, 3H); *C NMR (100 MHz, DMSO-ds) & 157.8, 137.4, 137.0, 129.6, 127.1, 123.9, 121.3,
119.6, 118.9, 118.6, 113.8, 111.9, 55.4, 39.3.

3,3 -((2-nitrophenyl)methylene)bis(1H-indole) (4h):” Yield: 93%, light yellow solid, m. p.
138-140 °C, lit. m. p.; IR (KBr) vmax 3391, 1757, 1512, 1343, 1218, 1088, 740 cm; H
NMR (400 MHz, CDCl3) & 7.98 (s, 1H), 7.87 (d, J = 7.6 Hz, 1H), 7.44-7.37 (m, 4H), 7.20 (t,
J =8.0 Hz, 1H), 7.04 (t, J = 7.6 Hz, 1H), 6.70 (d, J = 6.4 Hz, 2H); 3C NMR (100 MHz,
CDCIs) 6 149.8, 138.0, 136.7, 132.3, 131.1, 127.2, 126.8, 124.4, 123.8, 122.2, 119.8, 119.6,
117.7,111.1, 76.7, 34.8.

3,3'-((2-nitrophenyl)methylene)bis(1-methyl-1H-indole) (4i): Yield: 91%, light yellow solid,
m. p. 160-162 °C; IR (KBr) vmax 3052, 1514, 1467, 1339, 1120, 781 cm™; 'H NMR (400
MHz, DMSO-ds) & 7.90 (d, J = 8.0 Hz, 1H), 7.58 (t, J = 8.8 Hz, 1H), 7.48 (t, J = 7.6 Hz, 1H),
7.41 (t, J = 8 Hz, 3H), 7.23 (d, J =7.6 Hz, 2H), 7.13 (t, J = 7.2 Hz, 2H), 6.94 (t, J = 7.6 Hz,
2H), 6.80 (s, 2H), 6.40 (s, 1H), 3.71 (s, 6H); 3C NMR (100 MHz, DMSO-ds) & 149.8, 138.1,
137.4,133.1, 131.0, 128.9, 128.1, 127.0, 124.5, 121.8, 119.2, 119.1, 115.7, 110.3, 34.2, 32.8;
HRMS calcd for (C2sHaiN302 + H*) 396.1712, found : 396.1692 (M + H*).

S5



NO,

>
L0
HN NH

3,3'-((4-nitrophenyl)methylene)bis(1H-indole) (4j):* Yield: 87%, light yellow solid, m. p.
220-222 °C, lit. m. p. 219-220 °C; IR (KBr) vmax 3453, 1504, 1453, 1337, 1097, 741 cm%; 'H
NMR (400 MHz, DMSO-ds) & 10.94 (s, 2H), 8.16 (d, J = 8.8 Hz, 2H), 7.61 (d, J = 8.8 Hz,
2H), 7.36 (d, J = 8.4 Hz, 2H), 7.29 (d, J = 8.0 Hz, 2H), 7.05 (t, J = 7.6 Hz, 2H), 6.88 (d, J =
7.6 Hz, 4H), 6.03 (s, 1H); 3C NMR (100 MHz, DMSO-ds) & 153.6, 146.2, 137.1, 129.9,
126.8,124.3, 123.9, 121.6, 119.4, 118.9, 117.1, 112.1, 39.4.

NO,

(J
I l

3,3'-((4-nitrophenyl)methylene)bis(1-methyl-1H-indole) (4k):®° Yield: 82%, light yellow
solid, m. p.236-238 °C, lit. m. p. 240-242 °C; IR (KBr) vmax 3733, 1506, 1469, 1331, 1007,
732 cm™; 'H NMR (400 MHz, DMSO-ds) & 8.16 (d, J = 8.8 Hz, 2H), 7.61 (d, J = 8.4 Hz,
2H), 7.40 (d, J = 8.0 Hz, 2H), 7.32 (d, J = 8.0 Hz, 2H), 7.13 (t, J = 7.6 Hz, 2H), 6.95-6.90 (m,
4H), 6.05 (s, 1H), 3.71 (s, 6H); 3C NMR (100 MHz, DMSO-ds) & 153.4, 146.3, 137.4, 129.9,
128.6,127.1, 124.0,121.7, 119.5, 119.1, 116.4, 110.2, 39.4, 32.8.

3,3'-(phenyl methylene)bis(5-nitro-1H-indole) (41):* Yield: 82 %, light yellow solid, m. p.
250-252 °C, lit. m. p. 253-255 °C; IR (KBr) vmax 3288, 1508, 1464, 1378, 1313, 1087 cm™;
IH NMR (400 MHz, DMDO-ds) § 11.98 (s, 2H), 8.32 (s, 2H), 7.99-7.96 (dd, J = 9.2, 2.0 Hz,
2H), 7.55 (d, J = 9.2 Hz, 2H), 7.40 (d, J = 7.6Hz, 2H), 7.33 (t, J = 7.6 Hz, 2H), 7.23 (d, J =
7.2 Hz, 1H), 7.14 (bs, 2H), 6.21 (s, 1H); 3C NMR (100 MHz, DMSO-ds) & 144.2, 140.7,
140.2,128.9, 128.7, 128.1, 126.9, 126.9, 126.5, 126.2, 121.0, 117.1, 112.6, 38.9.
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3,3'-(propane-2,2-diyl)bis(1H-indole) (4m):! Yield: 95%, white solid, m. p.156-158 °C, lit.
m. p. 160 °C; IR (KBr) vmax 3394, 2309, 1453, 1333, 1094, 1008, 738 cm™; 'H NMR (400
MHz, CDCls) & 7.89 (s, 2H), 7.47 (d, J = 8.0 Hz, 2H), 7.35 (d, J = 8.0 Hz, 2H), 7.15-7.11 (m,
2H), 7.07 (d, J = 2.4 Hz, 2H), 6.96-6.92 (m, 2H), 1.97 (s, 6H); **C NMR (100 MHz, CDCls)
6 137.1,126.3, 125.5, 121.4,121.3, 120.5, 118.7, 111.1, 34.9, 30.0.

3,3'-(propane-2,2-diyl)bis(1-methyl-1H-indole) (4n): Yield: 86%, white solid, m. p. 130 °C;
IR (KBr) vmax 3744, 1463, 1322, 1225, 1049, 734 cm-1; *H NMR (400 MHz, CDCls) & 7.49
(d, J = 8.4 Hz, 1H), 7.30 (d, J = 8.0 Hz, 2H), 7.17 (t, J = 8.4 Hz, 1H), 6.96 - 6.93 (m, 2H),
3.78 (s, 3H), 1.96 (s, 3H);1*C NMR (100 MHz, CDCls) & 137.8, 126.7, 125.5, 124.1, 121.5,
120.9, 118.1,109.1, 35.0, 32.7, 31.0, 30.3 HRMS calcd for (C21H22N2 + H*) 303.1861, found :
303.1849(M + H™).

3,3'-(propane-2,2-diyl)bis(2-methyl-1H-indole) (40): Yield: 83%, white solid, m. p. 130 °C;
IR (KBr) vmax 3378, 2310, 1546, 1453, 1340, 1014, 740 cm™; 'H NMR (400 MHz, DMSO-
de) 5 10.53 (s, 2H), 7.22 (d, J = 8.0 Hz, 2H), 7.16 (d, J = 8.0 Hz, 2H), 6.84 (t, J = 7.6 Hz,
2H), 6.67 (t, J = 8.0 Hz, 2H), 2.28 (s, 6H), 1.92 (s, 6H); 3C NMR (100 MHz, DMSO-ds)

5 135.4,130.1, 128.2,120.2, 119.6, 119.4, 118.0, 110.6, 37.7, 32.2, 14.5; HRMS calcd for
Ca1H22N2 302.1783, found : 302.1747 (M").

3-(1-(1H-indol-3-yl)cyclohexyl)-1H-indole (4p): *° Yield: 85 %; white solid, m. p. 117-119
°C; lit. 118-120 °C; FT-IR (KBr) vmax 3166, 2977, 2309, 1699, 1533, 1411, 1057, 738 cm™;
IH NMR (400 MHz, CDCls)  7.92 (s, 2H), 7.59 (d, J = 8.0 Hz, 2H), 7.32 (d, J = 8 Hz, 2H),
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7.09 (t, J = 8.8 Hz, 4H), 6.92 (t, J = 7.6 Hz, 2H), 2.57 (d, J = 6 Hz, 4H), 1.69-1.62 (M, 6H);
13C NMR (100 MHz, CDCI3) § 137.0, 126.3, 123.7, 122.0, 121.5, 121.2, 118.5, 111.1, 39.5,
36.8, 26.8, 23.0.

Tri(1H-indol-3-yl)methane (4q):* Yield: 91%, off-white solid, m.p. 248-250 °C, lit. m. p.
244-245 °C; IR (KBr) vmax 3386, 1454, 1336, 1216, 1086, 743 cm™; 'H NMR (400 MHz,
DMSO-ds) & 10.71 (s, 3H), 7.39 (d, J = 7.6 Hz, 3H), 7.33 (d, J = 8.0 Hz, 3H), 7.01 (t, J= 7.6
Hz, 3H), 6.93 (s, 3H), 6.85 (t, J = 7.2 Hz, 3H), 6.04 (s, 1H); 3C NMR (100 MHz, DMSO-ds)
6137.0,127.2,123.6, 121.1, 119.7, 118.7,118.4, 111.8, 31.4

3,3'-((4-chlorophenyl)methylene)bis(1H-indole) (4r):* Yield: 86%, light orange solid, m.
p.74-76 °C, lit. m. p. 75-76 °C ; IR (KBr) vmax 3733, 2309, 1693, 1516, 1219, 1089, 772 cm’
1 14 NMR (400 MHz, CDCl3) & 7.98 (s, 2H), 7.39 (d, J = 8.8 Hz, 4H), 7.31-7.25 (m, 5H),
7.22 (t, J = 8.0 Hz, 2H), 7.04 (t, = 7.6 Hz, 2H), 6.67 (d, J = 1,6 Hz, 2H), 5.89 (s, 1H); 13C
NMR (100 MHz, CDCIs) 6 142.5, 136.7, 131.8, 130.1, 128.4, 126.9, 123.6, 122.1, 119.8,
119.4,119.2, 111.1, 39.6

MeO O
SataY,
N N
H H
3-((1H-indol-3-yl)(phenyl)methyl)-5-methoxy-1H-indole (4u): Yield: 61%, off-white solid,
m. p. 156-158 °C; IR (KBr) vmax 3404, 1484, 1206, 1018 cm™; *H NMR (400 MHz, CDCls) &

7.93 (s, 1H), 7.83 (s, 1H), 7.42-7.20 (m, 10H), 7.03 (s, 1H), 6.86 (d, J = 8.0 Hz, 2H), 6.67 (d,
J = 12.0 Hz, 2H), 5.86 (s, 1H): 13C NMR (100 MHz, CDCls) & 153.7, 144.0, 136.8, 131.8,
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128.7, 128.2, 127.5, 127.1, 126.2, 124.4, 123.7, 121.9, 120.0, 119.6, 119.4, 119.2, 112.0,
111.7, 111.1, 101.9, 55.9, 40.3; HRMS calcd for (C2sH20NO—H*) 351.1497, found: 351.1516
(M — H").

NO,
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3-((1H-indol-3-yl)(4-nitrophenyl)methyl)-5-methoxy-1H-indole (4v): Yield: 70%, light
yellow solid, m. p. 180-182 °C; IR (KBr) vmax 3448, 1501, 1341, 1201, 1062, 920, cm™; H
NMR (400 MHz, CDCl3) § 8.17 ( d, J = 8.8 Hz, 2H), 8.06 (s, 1H), 7.95 (s, 1H), 7.52 (d, J =
8.8 Hz, 2H), 7.41 (d, J = 8.0 Hz, 1H), 7.42- 7.28 (m, 3H), 7.22 (t, J = 8.0 Hz, 1H), 7.06 (d, J
= 8.0 Hz, 1H), 6.89 (dd, J = 6.4, 2.4 Hz, 1H), 6.79 (d, J = 2.4 Hz, 1H), 6.71 (s, 1H), 6.67 (s,
1H), 5.96 (s, 1H), 3.73 (s, 3H); *C NMR (100 MHz, CDCls) & 154.0, 151.8, 146.6, 136.8,
131.8, 129.5, 127.1, 126.7, 124.4, 123.7, 123.6, 122.3, 119.6, 118.0, 117.8, 112.3, 112.0,
111.3, 101.6, 76.7, 55.9, 40.2; HRMS calcd for (C2sH19N303+H") 398.1505, found: 398.1513
(M +H"

3-(2-(1H-indol-3-yl)propan-2-yl)-1-methyl-1H-indole (4x): Yield: 51%, off-white solid, m. p.
102-104 °C; IR (KBr) vmax 3420, 1482, 1326, 1215, 1012 cm'}; *H NMR (400 MHz, CDCls)
§ 7.90 (s, 1H), 7.47 (q, J = 8.0 Hz, 1H), 7.34 (d, J = 8.0 Hz, 1H), 7.29 (d, J = 8.4 Hz, 1H),
7.18-7.11 (m, 2H), 7.06 (d, J = 2.4 Hz, 1H), 6.96-6.90 (m, 3H), 3.78 (s, 3H), 1.95 (s, 6H);

13C NMR (100 MHz, CDCls3) & 137.8, 137.1, 128.8, 126.7, 126.4, 125.6, 125.4, 124.0, 121.4,
121.3, 120.9, 120.6, 118.7, 118.1, 111.0, 109.2, 109.1, 100.9, 76.7, 34.9, 32.7, 30.2, 30.0;
HRMS calcd for (C20H20N2 + HY) 289.1705, found: 289.1718 (M + HY)
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Physical and Spectral data of deprotected carbohydrate products 5a-h:
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HO O
1-((3aR,6S,6aR)-6-hydroxy-2,2-dimethyltetrahydrofuro[2,3-d][1,3]dioxol-5-yl)ethane-1,2-
diol (5a):1° Yield: 87%, white solid, m. p. 159-160 °C; IR (KBr) vmax 3427, 3306, 2985,
2933, 1385, 1224, 1076, 1003, 857cm™; 'H NMR (400 MHz, DMSO-ds) & 5.79 (s, 1H), 5.13
(s, 1H), 4.64 (d, J = 5.2 Hz, 1H), 4.45 (s, 1H), 4.37 (s, 1H), 4.03 (s, 1H), 3.83 (d, J = 8.0 Hz,
1H), 3.69 (s, 1H), 3.54 (s, 1H), 3.34 (s, 3H), 1.37 (s, 3H), 1.23 (s, 3H); 3C NMR (100 MHz,
DMSO-ds) 6 110.8, 104.9, 85.2, 80.5, 73.7, 68.9, 64.1, 27.1, 26.6.

. o)
HORJ--.O

HO O

1-((32'R,6'S,6a'R)-6'-hydroxytetrahydrospiro[cyclohexane-1,2'-furo[2,3-d][1,3]dioxol]-5'-
yDethane-1,2-diol (5b):!! Yield: 80%, white solid, m. p. 165 °C: IR (KBr) vmax 3389, 3292,
2931, 1428, 1232, 1037, 957 cm®; *H NMR (400 MHz, DMSO-ds) §5.79 ( d, J = 3.6 Hz,
1H), 5.12 (d, J = 4.4 Hz, 1H), 4.64 (d, J = 6.0 Hz, 1H), 4.45 (t, J = 5.6 Hz, 1H), 4.36 (d, J =
3.6 Hz, 1H), 4.04 (s, 1H), 3.83 (dd, J = 6.4, 2.4 Hz, 1H), 3.68 (s, 1H), 3.54 (d, J = 11.2 Hz,
1H), 3.36 (d, J = 5.6 Hz, 1H), 1.56-1.33 (m, 10H); 3C NMR (100 MHz, DMSO-d6) & 111.3,
104.5, 84.7, 80.5, 73.8, 68.9, 64.1, 36.5, 35.7, 24.9, 24.1, 23.7.

HO

. 0
HOTKL?»-.O

~~d o
1-((3aR,6S,6aR)-6-(allyloxy)-2,2-dimethyltetrahydrofuro[2,3-d][1,3]dioxol-5-yl)ethane-1,2-
diol (5¢):? Yield: 85%, light yellow liquid; IR (KBr) vmax 2984, 2933, 1378, 1215, 1072,
1010, 855 cm™*; 'H NMR (400 MHz, CDCls) § 5.94-5.84 (m, 2H), 5.30 (d, J = 17.2 Hz, 1H),
5.20 (d, J = 10.4 Hz, 1H), 4.55 (d J = 3.6 Hz, 1H), 4.15 (dd, J = 7.6, 5.2 Hz, 1H), 4.10-4.04
(m, 2H), 4.01 (d, J = 3.2 Hz, 1H), 3.97 (d, J = 2.8 Hz, 1H), 3.79 (dd, J = 8.8, 2.8 Hz, 1H),
3.68 (dd, J = 6.0, 5.6 Hz, 1H), 1.47 (s, 3H), 1.29 (s, 3H); *C NMR (100 MHz, CDCls) &
133.9,117.9, 111.7,105.0, 82.1, 81.7, 79.8, 71.2, 69.0, 64.3, 26.6, 26.1.
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1-((3aR,6S,6aR)-6-(benzyloxy)-2,2-dimethyltetrahydrofuro[2,3-d][1,3]dioxol-5-yl)ethane-
1,2-diol (5d):? Yield: 85%, light yellow liquid; IR (KBr) vmax 2984, 2936, 1455, 1377, 1214,
1072, 1012, 857, 739 cm™; 'H NMR (400 MHz, CDCls) § 7.40-7.28 (m, 5H), 5.95 (d, J = 4.0
Hz, 1H), 4.74 (d, J = 12.0 Hz, 1H), 4.64 (d, J = 4.0 Hz, 1H), 4.58 (d, J = 12.0 Hz, 1H), 4.15-
4.11 (m, 1H), 4.05-4.01 (s, 1H), 3.81 (dd, J = 8.0 Hz, 3.6 Hz, 1H), 3.71 (dd, J = 6.0, 6.5 Hz,
1H), 1.50 (s, 3H), 1.33 (s, 3H); 3C NMR (100 MHz, CDCls) & 137.2, 128.7, 128.3, 127.9,
111.8,105.1, 82.1, 82.0, 79.9, 72.2, 69.2, 64.3, 26.7, 26.2

HO

o (0)
HO 0

H;COCO ’o)O

(3a'R,6 S,6a R)-5-(1,2-dihydroxyethyltetrahydrospiro  [cyclohexane-1,2 -furo[2,3-d][1,3]
dioxol]-6"-yl acetate (5e):2 Yield: 80%, light yellow liquid; IR (KBr) vmax 2936, 2860, 1736,
1371, 1232, 1016, 928 cm™; *H NMR (400 MHz, CDCls) § 5.93 (d, J = 3.6 Hz, 1H), 5.30 (d,
J=2.4Hz, 1H), 458 (d, J = 3.6 Hz, 1H), 4.19 (dd, J = 6.8, 2.4 Hz, 1H), 3.86 (dd, J = 8.0, 3.6
Hz, 1H), 3.75 (dd, J = 6.0, 5.6 Hz, 1H), 3.69-3.64 (m 1H), 2.17 (d, J = 5.2 Hz, 4H), 1.74 (d, J
= 6.0 Hz, 2H) 1.69-1.64 (m, 2H), 1.56 (d, J = 4.4 Hz, 5H), 1.54 (s, 2H); 13C NMR (100 MHz,
CDCI3) 6171.4,113.2,104.4,82.6,79.4, 76.9, 68.1, 64.1, 36.2, 35.7, 24.8, 23.8, 23.5, 20.8

(3aR,6S,6aR)-5-(1,2-dihydroxyethyl)-2,2-dimethyltetrahydrofuro[2,3-d][1,3]dioxol-6-yI
benzoate (5f):12 Yield: 87%, colourless liquid; IR (KBr) vmax 2988, 2937, 1718, 1452, 1265,
1067, 1015, 709 cm™; *H NMR (400 MHz, CDCls) § 8.05 (t, J = 7.2 Hz, 2H), 7.64 (t, ) = 7.6
Hz, 1H), 7.49 (t, J = 8.0 Hz, 2H), 6.03 (d, J = 3.6 Hz, 1H), 5.54 (d, J = 2.4 Hz, 1H), 4.74 (d, J
= 4.0 Hz, 1H), 4.34-4.31(m, 1H), 3.91-3.87 (m, 1H), 3.80-3.75 (M, 2H), 1.58 (s, 3H), 1.36 (s,
3H); ¥C NMR (100 MHz,CDCl3) § 166.6, 134.0, 130.0, 128.7, 128.6, 112.5, 105.0, 83.1,
79.7,76.7, 68.3, 64.2, 26.7, 26.2
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Spectral data of D-mannitol (5g)

OH OH

Z_ OH
HO™ X
HO  OH 5g

D-Mannitol (59):Yield: 92%, dirty white solid, m. p. 164-165 °C; IR vmax 3398, 2950, 1080,
1020 cm; H NMR (400 MHz, D,0) & 3.85 (m, 2H), 3.79-3.74 (m, 4H), 3.67 (m, 2H); 13C
NMR (100 MHz, D;0O) & 70.7, 69.1, 63.2. (Spectra was matched with the commercially
available compound)
Spectral data of 5h

(0]
10

Ho;%l]/o @

(3a’R, 5°R, 6’S, 6a’R)-5’-(hydroxymethyl)tetrahydrospiro[cyclohexane-1,2’-furo[2,3-
d][1,3]dioxol]-6’0l (5h): 2 Yield: white solid, m. p. 180-182 °C, IR(neat) ) vmax 3240, 2932,
1441, 1110, 1065, 1018, 940 cm™; *H NMR (400 MHz, CDCls) & 5.99 (d, J = 3.6 Hz, 1H),
4,51 (d, J = 3.6 Hz, 1H), 4.33 (bs, 1H), 4.18-4.01 (m, 3H), 3.19 (bs, 1H), 2.18 (bs, 1H), 1.72-
1.54 (m, 8H), 1.40 (m, 2H); **C NMR (100 MHz,CDCls) & 112.5,104.5, 85.2, 78.8, 76.9,
61.1, 36.4, 35.7, 24.9, 23.9, 23.6.
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'H and *C NMR spectra of bisindoles (4a-r and 4u-x)

'H NMR (400 MHz, CDCls) of 4a
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IH NMR (400 MHz, CDCls) of 4b
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'H NMR (400 MHz, DMSO-ds) of 4c
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'H NMR (400 MHz, DMSO-ds) of 4d
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13C NMR (100 MHz, DMSO-ds) of 4d
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'H NMR (400 MHz, DMSO-ds) of 4e
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'H NMR (400 MHz, DMSO-ds) of 4f
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IH NMR (400 MHz, DMSO-ds) of 4g
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IH NMR (400 MHz, CDCls) of 4h
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'H NMR (400 MHz, DMSO-ds) of 4i
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IH NMR (400 MHz, DMSO-ds) of 4
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'H NMR (400 MHz, DMSO-ds) of 4k
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IH NMR (400 MHz, DMSO-ds) of 41
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IH NMR (400 MHz, CDCls) of 4m
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IH NMR (400 MHz, CDCls) of 4n
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'H NMR (400 MHz, DMSO-ds) of 40
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'H NMR (400 MHz, CDCls) of 4p
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IH NMR (400 MHz, DMSO-ds) of 4q
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IH NMR (400 MHz, CDCls) of 4r
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IH NMR (400 MHz, CDCls) of 4u
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IH NMR (400 MHz, CDCls) of 4v
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IH NMR (400 MHz, CDCls) of 4x
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'H and ®* NMR spectra of 5
'H NMR (400 MHz, DMSO-ds) of 5a
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IH NMR (400 MHz, DMSO-ds) of 5b
13C NMR (100 MHz, DMSO-de) of 5b
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IH NMR (400 MHz, CDCls) of 5¢
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IH NMR (400 MHz, CDCls) of 5d

ppm

10

20

50 40 30

M PTAAB Ao N A AN A VP PR

60

70

80

S37

90

100

110

120

g
o
o
<ot
) 0t
1292~
3 w9z—" le)
N TAT - 0O
ZL°2 - S
o
O
=560 - A,
L. DXt o O N
= 20071
=661 T T o
66°0
=660 1€ p9 —
00°T
L& 12769~
9T 2L~
vL 9L
wo.iw
8€"LL
e~
e B 26
£1°28
e
J 6LV
¥T°50T—
o
8 TIT—
e
Kol
Y
o
o o) e “o 68-L21
- = sz-gzl
S Q elsz
()
e QO rzer—
N
I
L~ M
7 o
o
—i
N—r
o
|...u M
Z
O
™
L —

NP e
160 150 140 130

aaanl tig
170




IH NMR (400 MHz, CDCls) of 5e
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IH NMR (400 MHz, CDCls) of 5f
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IH NMR (400 MHz, D,0) of 59
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IH NMR (400 MHz, CDCls) of 5h
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HRMS spectra of 4i

Name

User Spectrum Plot Report

BD5-63_02 Rack Pos.

Inj. Val. {ul) 2 Flate Pos.
Data File BD5-63_02.d Method (Acg)

%108,

3.6
3.5
3.4

Direct M5.m

Agilent

Instrument DSHL-PCA-HRMS-01  Opaerator OQADMIN (OQADMIN]
IRM Status Success

Comment Acg. Time (Local) 7/2/2024 3:00:53 PM
{UTC+05:30)

[+EST Scan (rt: 0,308 min) Frag=175.0v BDS63_0Z.d

3.3 265.0967

3.2

HR

Name

1450029
036

s 2391
5 o | T O e

N

3781592

1961692 5272429
418.{.515
bl i

357.1590

100 120 %0 180 150 200 220 240 260 250 300 10 340 350 360 400 420 430 450 480 SUO 520 S0 SED SH0 600 620 G40 GO 6BO 70O 720 740 750
Counts vs., Mass-to-Charge (my'z)

MS spectra of 4n

User Spectrum Plot Report

BDS-20_02 Rack Pos.

Inj. Vel (ul} 2 Plate Pos.
Data File BDS-20_02.d Method (Acq)

x105

3.4
337
3.2
3.1

kS
291
2.8
2.7
267
257
2.4
2.3
2.2
2.1

2]
1.5
1.8
1.7
157
1.5]
1.4]
1.3
1.2
1.1

-
0.5
0.5
0.7
0.6
0.5
0.4
0.3
0.2
0.1

Direct M5.m

Agilent

Instrument DSNL-PCA-HRMS-01  Operator OQADMIN (OQADMIN)

IRM Siatus Success

Comment Acg. Time (Local) 7/2/2024 2:57:32 PM
(UTC+05:30)

o

+ESI Scan (rt: 0.347 min) Frag=175.0V BDS-20_02.d

172,1118

145.0230 3031849

'_'_B,])SG? . J

L

333,?409

L

—~Z
—Z

324381

100 120 120 150 180 200 220 240 260 250 300 320 330 3E0 360 400 420 450 460 430 500 520 540 SE0 580 600 620 64D GEO 680 700 720 740 760
Counts vs. Mass-to-Charge (m/z)

542



HRMS spectra of 40

[ Mass Spectrum )

Data : RN-HRE-004 Date : 01-Mar-2023 14.46

Instrument : MStation-JMS~-700,JEOLJAPAN

Sample : RN-BP-BDS21/HRMS: BHASWAT] PAUL/DI

Note : CSIR-INDIAN INSTITUTE OF CHEMICAL BIO:O’(‘E:AYAWAH
Inlet : Direct lon Mode : El+

Spectrum Type : Normal lon [MF-Linear)

RY : 1.52 min Scant : 49 Temp : 32767 deg C

BP : m/z 287.1401 Int. : 160000 (16777200)

Output m/z range : 302 to 302 Cut Level : 000 %

[%]
17129606

1004

302.1747

8

SO . . ST —

3
S, A

T T I T T g 5 T —
302,14 302.15 302.16 302.17 302.18 302.19 302.20 302.21 302.22 302.23

HRMS spectra of 4u

Elemental Composition Report Page 1

Single Mass Analysis MeQ

Tolerance = 5.0 mDa / DBE: min =-1.5, max = 50.0
Element prediction: Off \ /
Number of isotope peaks used for i-FIT = 3

N

Monoisotopic Mass, Even Electron lons H H
56 formula(e) evaluated with 1 results within limits (up to 50 closest resuits for each mass)
Elements Used:
C:0-25 H:0-50 N:0-3 0:0-3
240123_BDS_75 38 (0.400) IITRPR XEVO G2-XS QTOF
Test Name g 240123_BDS_75
1: TOF MS ES+

2.12e+006
10 236.1107

100 150 200 250 300 350 400 450 500 550 600 650 700
Minimum: 1.5
Maximum: 5.0 10.0 50.0
Mass Calc. Mass mDa PPM DBE i-FIT Norm  Conf(%) Formula
351.1516 351.1497 1.9 5.4 16.5 836.3 n/a n/a C24 H19 N2 O

543




HRMS spectra of 4v
Flemental Composition Report MeO l Page 1
Single Mass Analysis O \ i O
Tolerance = 5.0 mDa / DBE: min =-1.5, max = 50.0 N N
Element prediction: Off H H

Number of isotope peaks used for i-FIT = 3

Monoisotopic Mass, Even Electron lons

22 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:

C:0-25 H:0-50 N:0-3 0:0-3

240123_BDS_73 41 (0.437) IITRPR XEVO G2-XS QTOF
Test Name : 240123_BDS_73
1: TOF MS ES+

5.20e+005
1 281.0956

1121167 251.0857

42,0086 398.1513

3991589
3971430 5153967573805 19518 7010974 7295109 7859137

167.0161

100 150 200 250 300 350 400 450 500 550 600 650 700 750

Minimum: -1.5

Maximum: 5.0 10.0 50.0

Mass Calc. Mass mDa PEM DEE i-FIT Norm Conf (%) Formula

398.1513 398.1505 0.8 2.0 16.5 67€.4 n/a n/a C24 H20 N3 03

Mass Calc. Mass mDa PFM DBE i-FIT Norm Conf (%) Formula

358.1513 398.1505 0.8 2.0 16.5 676.4 n/a n/a C24 H20 N3 03
HRMS spectra of 4x

Elemental Composition Report Page 1
N/
N N

Single Mass Analysis

Tolerance = 5.0 mDa / DBE: min =-1.5, max = 50.0 H |
Element prediction: Off

Number of isotope peaks used for i-FIT = 3

Monoisotopic Mass, Even Electron lons

64 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:

C:0-25 H:0-50 N:0-3 0:0-3

240123_BDS_T6 79 (0.809) IITRPR XEVO G2-XS QTOF
Test Name : 240123_BDS_76
1: TOF MS ES+

1.04e+005
10 289.1718

2731419 327.1301

271775

36 5374227  579.5369

391.2688402.9562433 23g9 4982119 518.33
180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500 520 540 560 580 600 620

Minimum: -1.5

Maximum: 5.0 10.0 50.0

Mass Calc. Mass mDa PPM DBE i-FIT Norm Conf (%) Formula
289.1718 289.1705 1.3 4.5 11.5 738.9 n/a n/a C20 H21 N2
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