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1. General Information

Reagents and Solvents: Unless otherwise stated, all commercially available reagents and
solvents were employed for reactions as received without further purification. Dry solvents
refer to solvents freshly distilled over appropriate drying agents prior to use. All dry reactions
were carried out in oven-dried glassware and under nitrogen (N2) atmosphere sealed with
rubber septa (Aldrich). Commercially available solvents were used for column chromatography

without any further purification.

Purification of Synthesized Compounds: All reactions and fractions from column
chromatography were monitored by thin-layer chromatography (TLC). Commercial aluminum
sheets pre-coated (0.2mm layer thickness) with silica gel 60 F2s4 were used for this purpose.
Visualization of TLC plates was performed by UV fluorescence at 254 nm and/or by staining
with Iz vapor or by immersion in an ethanolic vanillin solution or by immersion in a KMnO4
solution followed by heating. Product purification by column chromatography was executed

using silica gel (100-200 mesh) procured from Merck.

Spectroscopy and Spectrometry: NMR spectra were recorded on JEOL 400 MHz and Bruker
400 MHz spectrometers. Chemical shifts (6) are quoted in parts per million (ppm) and are
referenced to residual CHCIs (7.26 or 7.27 ppm) or DMSO (2.50 ppm) for 1H NMR spectra and
for 13C spectra, 6 values were referenced to CDCI3 (77.00 or 77.16 ppm) or DMSO-ds (39.52
ppm) as the solvents. Coupling constants (/) are quoted in Hertz (Hz), rounded to the nearest
0.1 Hz. The 1H NMR spectra are reported as follows: ppm (multiplicity, coupling constants, and
number of protons). Multiplicities in 1TH NMR are abbreviated as follows: singlet (s), doublet (d),
triplet (t), quartet (q), doublet of doublets (dd), doublet of doublet of doublets (ddd), doublet of
triplets (dt), triplet of doublets (td), multiplet (m) and broad (br). All spectra were recorded at
25 °C. Spectra were analyzed using Mestrelab MestReNova 14.1 software. Low-resolution mass

spectra (LRMS) were recorded on an Agilent 6125 SQ LCMS system.

CHN content: The organic content (wt % C, H, N) in the synthesized compounds was

determined by combustion analysis using a PerkinElmer 20 CHN analyzer.

Stereochemical Notation and Naming of Compounds: Relative stereochemistry is indicated by
solid bold (—) and hatched bold (::::+) bonds according to the Maehr convention. Compound
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names were given following [UPAC nomenclature and are generated using ChemDraw 19.0

software.

2. Experimental Details and Characterization Data

General Procedure A for the synthesis of 2-(2-nitrophenyl)malonates (2a-f):

A mixture of 2-nitrofluorobemnezene (1.0 mmol, 1 equiv), diethyl malonate (400 mg, 2.5 mmo],
2.5 equiv) and K2COs3 (346 mg, 2.5 mmol, 2.5 equiv) in DMF (5 mL) was heated at 100 °C for 1.5
h. The crude reaction mixture was diluted with H20 (20 mL) and extracted with EtOAc (25 x 3
mL). The combined organic extracts were then washed with brine, dried (MgSO4), and
evaporated under reduced pressure. Purification of the crude product using a silica gel column

chromatography delivered the corresponding diethyl 2-(2-nitrophenyl)malonate in pure form.

Diethyl 2-(2-nitrophenyl)malonate (2a)
NO,
CO,Et
2a  CO,Et
Following the General Procedure A, compound 2a was prepared from 1a (141 mg, 1.0 mmol)
and diethyl malonate (400 mg, 2.5 mmol). Purification of the crude product through silica gel
chromatography (using 2-10% EtOAc in hexanes as eluents) afforded product 2a as a yellow
liquid (253 mg, 90% yield). 'H NMR (CDCls, 400 MHz): 6 8.08 (d, / = 7.3 Hz, 1H), 7.66 (t, /] = 7.3
Hz, 1H), 7.59-7.47 (m, 2H), 5.30 (s, 1H), 4.27 (q, / = 7.1 Hz, 4H), 1.29 (t, ] = 7.1 Hz, 6H). The

spectral data are in full agreement with the literature data.l

Diethyl 2-(5-chloro-2-nitrophenyl)malonate (2b)
NO,
a CO,Et

CO,Et
2b

Following the General Procedure A, compound 2b was prepared from 1b (175 mg, 1.0 mmol)
and diethyl malonate (400 mg, 2.5 mmol). Purification of the crude product through silica gel
chromatography (using 2-10% EtOAc in hexanes as eluents) afforded product 2b as a yellow
liquid (275 mg, 87% yield). 1H NMR (CDCls, 400 MHz): § 8.05 (d, ] = 8.7 Hz, 1H), 7.55-7.40 (m,
2H), 5.30 (s, 1H), 4.30 (q, / = 7.1 Hz, 4H), 1.31 (t, J = 7.1 Hz, 6H). The spectral data are in full

agreement with the literature data.2
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Diethyl 2-(4-chloro-2-nitrophenyl)malonate (2d)
cl NO,
CO,Et

CO,Et
2d

Following the General Procedure A, compound 2e was prepared from 1d (176 mg, 1.0 mmol)
and diethyl malonate (400 mg, 2.5 mmol). Purification of the crude product through silica gel
chromatography (using 2-10% EtOAc in hexanes as eluents) afforded product 2d as a yellow
liquid (290 mg, 91% yield). 1H NMR (CDCls, 400 MHz): § 8.05 (d, / = 2.2 Hz, 1H), 7.62 (dd, ] = 8.4,
2.2 Hz, 1H), 7.49 (d, ] = 8.5 Hz, 1H), 5.24 (s, 1H), 4.26 (q, / = 7.1 Hz, 4H), 1.28 (t, /] = 7.1 Hz, 6H).
13C NMR (CDClIs, 100 MHz): 6 167.0, 149.2, 135.3, 133.7, 132.7,127.8, 125.9, 62.6, 54.0, 14.1.

Diethyl 2-(2-nitro-4-(trifluoromethyl)phenyl)malonate (2e)
F5C NO,
CO,Et

2e CO,Et

Following the General Procedure A, compound 2e was prepared from 1e (209 mg, 1.0 mmol)
and diethyl malonate (400 mg, 2.5 mmol). Purification of the crude product through silica gel
chromatography (using 5-15% EtOAc in hexanes as eluents) afforded product 2e as a yellow
liquid (318 mg, 91% yield). 1H NMR (CDCls, 400 MHz): § 8.32 (d, J = 2.0 Hz, 1H), 7.89 (dd, J = 8.0,
2.0 Hz, 1H), 7.73 (d, ] = 8.4 Hz, 1H), 5.34 (s, 1H), 4.28 (dq, ] = 7.3, 2.0 Hz, 4H), 1.29 (t,] = 7.2 Hz,

6H). The spectral data are in full agreement with the literature data.3

Diethyl 2-(2,4-dinitrophenyl)malonate (2f)
0,N NO,
CO,Et

2f  CO,Et

Following the General Procedure A, compound 2f was prepared from 1f (186 mg, 1.0 mmol)
and diethyl malonate (400 mg, 2.5 mmol). Purification of the crude product through silica gel
chromatography (using 5-15% EtOAc in hexanes as eluents) afforded product 2f as a yellow
liquid (287 mg, 88% yield). 1H NMR (CDCls, 400 MHz): § 8.88 (d, ] = 2.4 Hz, 1H), 8.47 (dd, / = 8.4,
2.4 Hz, 1H), 7.82 (d, ] = 8.8 Hz, 1H), 5.36 (s, 1H), 4.29 (dq, ] = 7.0, 2.6 Hz, 4H), 1.29 (t, / = 7.2 Hz,

6H). The spectral data are in agreement with the literature data.3
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General Procedure B for the synthesis of spirooxindoles (5a-s):

To a solution of 2 (0.5 mmol, 1.0 equiv) in DMF (4 mL) were added K2C03(173 mg, 1.25
mmol, 2.5 equiv) and 3 (0.55 mmol, 1.1 equiv) sequentially. The resulting mixture was stirred
for 6 h at room temperature. The reaction mixture was then diluted with H20 (10 mL) and
extracted with EtOAc (10 x 3 mL). The combined organic extracts were dried over Na2SOs4,
filtered, and concentrated in vacuo and the resulting residue was passed through a short pad of
silica gel furnishing 4 in essentially pure form.

A mixture of 4 and Fe-powder (>100 mesh, 8.0 equiv) in AcOH (4 mL) was heated to 115°C
for 30 min. During this time, the color of the reaction mixture changed from black to tan. The
reaction mixture was cooled, diluted with H20 (10 mL), poured slowly into saturated agq.
NaHCOs3 (25 mL), and extracted with EtOAc (20 x 2 mL). The combined organic extracts were
dried over NazS0s4, filtered, and concentrated under reduced pressure. The crude residue was
purified by silica gel column chromatography to afford the corresponding spirooxindoles 5 in

pure form.

1',4'-Dihydro-2'H-spiro[indoline-3,3'-quinoline]-2,2'-dione (5a)

Product 5a was synthesized according to General Procedure B, starting from 2a (141 mg, 0.5
mmol) and 3a (118 mg, 0.55 mmol). Purification of the crude product on silica gel using a
gradient of 0-10% MeOH/CH2Clz afforded 5a as a white solid (90 mg, 68%). 1H NMR (400 MHz,
DMSO-ds): & 10.68 (s, 1H), 10.67 (s, 1H), 7.26 (t, / = 7.7 Hz, 1H), 7.19 (td, J = 7.7, 1.3 Hz, 2H),
7.02-6.99 (m, 2H), 6.89 (d, ] = 7.5 Hz, 1H), 6.77 (td, ] = 7.6, 1.1 Hz, 1H), 6.45 (d, J = 7.5 Hz, 1H),
3.45 (d,J = 15.9 Hz, 1H), 2.98 (d, / = 16.0 Hz, 1H). 13C NMR (100 MHz, DMSO-ds): 6 175.8, 167.2,
142.2, 137.6, 130.0, 129.0, 128.7, 127.9, 122.8, 122.6, 121.6, 120.7, 115.0, 110.0, 54.5, 34.0.
LRMS (ESI*) m/z 265.1 [M + H]J*. Anal. calcd. for C16H12N202: C, 72.72; H, 4.58; N, 10.60; found:
C,72.87; H, 4.62; N, 10.55.

7'-Fluoro-1',4'-dihydro-2'H-spiro[indoline-3,3'-quinoline]-2,2'-dione (5b)
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Product 5b was synthesized according to General Procedure B, starting from 2a (141 mg, 0.5
mmol) and 3b (129 mg, 0.55 mmol). Purification of the crude product on silica gel using a
gradient of 0-10% MeOH/CH2Clz afforded 5b as a white solid (92 mg, 65%). 1H NMR (400 MHz,
DMSO0-ds): § 10.79 (s, 1H), 10.71 (s, 1H), 7.26-7.19 (m, 2H), 6.89 (d, J = 7.6 Hz, 1H), 6.86-6.77
(m, 3H), 6.53 (d,J = 7.5 Hz, 1H), 3.39 (d, / = 16.0 Hz, 1H), 3.03 (d, / = 16.0 Hz, 1H). 13C NMR (100
MHz, DMSO-de): § 175.5, 167.2, 161.6 (d, ] = 241.6 Hz), 142.2, 139.1 (d, / = 11.1 Hz), 130.2,
129.7,129.1,122.7,121.7, 116.9 (d, ] = 2.9 Hz), 110.0, 109.0 (d, / = 21.3 Hz), 102.14 (d, ] = 25.8
Hz), 54.3, 33.3. LRMS (ESI*) m/z 283.1 [M + H]*. Anal. calcd. for C16H11FN202: C, 68.08; H, 3.93;
N, 9.92; found: C, 68.28; H, 3.97; N, 9.81.

6',7'-Dimethoxy-1',4"'-dihydro-2'H-spiro[indoline-3,3'-quinoline]-2,2'-dione (5c)

Product 5c¢ was synthesized according to General Procedure B, starting from 2a (141 mg, 0.5
mmol) and 3¢ (152 mg, 0.55 mmol). Purification of the crude product on silica gel using a
gradient of 0-10% MeOH/CH2Cl: afforded 5c as a white solid (99 mg, 61%). 'H NMR (400 MHz,
DMSO-ds): & 10.65 (s, 1H), 10.42 (s, 1H), 7.19 (t, J = 7.7 Hz, 1H), 6.89 (d, J = 7.7 Hz, 1H), 6.85 (s,
1H), 6.78 (t, ] = 7.6 Hz, 1H), 6.65 (s, 1H), 6.49 (d, / = 7.4 Hz, 1H), 3.76 (s, 3H), 3.69 (s, 3H), 3.42
(d, partially merged with water peak at 6 = 3.38), 2.85 (d, / = 15.9 Hz, 1H). 13C NMR (100 MHz,
DMSO-de): 6 176.0, 167.0, 148.3, 144.4, 142.1, 130.8, 130.2, 129.0, 122.7, 121.6, 112.8, 111.7,
109.9, 100.2, 55.9, 54.6, 33.7. LRMS (ESI*) m/z 325.1 [M + H]*. Anal. calcd. for C18H16N204: C,
66.66; H, 4.97; N, 8.64; found: C, 66.77; H, 5.06; N, 8.68.

6'-(Benzyloxy)-1',4'-dihydro-2'H-spiro[indoline-3,3'-quinoline]-2,2'-dione (5d)
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Product 5d was synthesized according to General Procedure B, starting from 2a (141 mg, 0.5
mmol) and 3d (177 mg, 0.55 mmol). Purification of the crude product on silica gel using a
gradient of 0-10% MeOH/CH2Cl: afforded 5d as a white solid (117 mg, 63%). 1TH NMR (400
MHz, DMSO-ds): 6 10.71 (s, 1H), 10.57 (s, 1H), 7.45-7.30 (m, 5H), 7.20 (t, ] = 7.7 Hz, 1H), 6.94 (s,
3H), 6.90 (d,J = 7.7 Hz, 1H), 6.78 (t,] = 7.6 Hz, 1H), 6.48 (d, ] = 7.6 Hz, 1H), 5.03 (s, 2H), 3.42 (d,
merged with water peak, 1H), 2.94 (d, J = 16.1 Hz, 1H). 13C NMR (100 MHz, DMSO0-ds): 6 176.0,
166.9, 154.1, 142.2, 137.1, 131.2, 130.1, 129.1, 128.5, 127.9, 122.7, 122.1, 121.7, 115.9, 115.3,
114.0, 110.0, 69.6, 54.4, 34.2. LRMS (ESI*) m/z 371.1 [M + H]*. Anal. calcd. for C23H1sN20s: C,
74.58; H, 4.90; N, 7.56; found: C, 74.45; H, 4.98; N, 7.50.

5-Chloro-1'4'-dihydro-2'H-spiro[indoline-3,3'-quinoline]-2,2'-dione (5e€)

Product 5e was synthesized according to General Procedure B, starting from 2b (158 mg, 0.5
mmol) and 3a (118 mg, 0.55 mmol). Purification of the crude product on silica gel using a
gradient of 0-10% MeOH/CH2Clz afforded 5e as a white solid (96 mg, 64%). 1H NMR (400 MHz,
DMSO0-ds): 6 10.83 (s, 1H), 10.76 (s, 1H), 7.29-7.26 (m, 2H), 7.22 (d, ] = 7.4 Hz, 1H), 7.04-6.98
(m, 2H), 6.90 (d, J = 8.4 Hz, 1H), 6.49 (d, ] = 2.2 Hz, 1H), 3.40 (d, / = 12.9 Hz, 2H, merged with
water peak), 3.13 (d, / = 16.3 Hz, 1H). 13C NMR (100 MHz, DMSO-ds): 6 175.4, 166.5, 141.3,
137.4, 131.9, 128.9, 128.7, 128.0, 125.4, 122.9, 122.8, 120.4, 115.1, 111.4, 54.7, 33.7. LRMS
(ESI*) m/z 299.1 [M + HJ*. Anal. calcd. for C16H11CIN202: C, 64.33; H, 3.71; N, 9.38; found: C,
64.47; H, 3.76; N, 9.45.

6-Fluoro-1'4'-dihydro-2'H-spiro[indoline-3,3'-quinoline]-2,2'-dione (5f)
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Product 5f was synthesized according to General Procedure B, starting from 2¢ (150 mg, 0.5
mmol) and 3a (118 mg, 0.55 mmol). Purification of the crude product on silica gel using a
gradient of 0-10% MeOH/CH2Cl: afforded 5f as a white solid (92 mg, 65%). 1H NMR (400 MHz,
DMSO0-ds): 6 10.84 (s, 1H), 10.70 (s, 1H), 7.26 (t, /= 7.7 Hz, 1H), 7.20 (d, ] = 7.3 Hz, 1H), 7.00 (t, ]
= 7.9 Hz, 2H), 6.72 (dd, ] = 9.2, 2.5 Hz, 1H), 6.61 (ddd, J = 9.8, 8.3, 2.5 Hz, 1H), 6.45 (dd, ] = 8.4,
5.5 Hz, 1H), 3.43 (d, / = 15.9 Hz, 1H), 3.02 (d, J = 16.3 Hz, 1H). 13C NMR (100 MHz, DMSO-ds): §
176.1, 167.0, 162.6 (d, ] = 242.9 Hz), 143.9 (d,J = 12.5 Hz), 137.5, 128.7, 128.0, 1259 (d, J = 2.7
Hz), 124.0, 122.9, 120.5, 115.1, 107.7 (d, J = 22.8 Hz), 98.23 (d, J = 27.0 Hz), 54.1, 33.8. LRMS
(ESI*) m/z 283.1 [M + H]*. Anal. calcd. for C16H11FN202: C, 68.08; H, 3.93; N, 9.92; found: C,
68.29; H, 3.89; N, 9.98.

6-Chloro-1',4'-dihydro-2'H-spiro[indoline-3,3'-quinoline]-2,2'-dione (5g)

Product 5g was synthesized according to General Procedure B, starting from 2d (158 mg, 0.5
mmol) and 3a (118 mg, 0.55 mmol). Purification of the crude product on silica gel using a
gradient of 0-10% MeOH/CH2Cl: afforded 5g as a white solid (94 mg, 63%). 1H NMR (400 MHz,
DMSO-ds): § 10.85 (s, 1H), 10.73 (s, 1H), 7.26 (t, / = 7.7 Hz, 1H), 7.20 (d, J = 6.4 Hz, 1H), 7.03-
6.98 (m, 2H), 6.91-6.85 (m, 2H), 6.46 (d, ] = 8.0 Hz, 1H), 3.43 (d, / = 15.9 Hz, 1H), 3.04 (d,/ = 16.1
Hz, 1H). 13C NMR (100 MHz, DMSO-ds): 6 175.7, 166.7, 143.8, 137.4, 133.4, 128.8, 128.7, 128.4,
124.1,122.9,121.4,120.4, 115.1, 110.0, 54.2, 33.7. LRMS (ESI*) m/z 299.1 [M + H]*. Anal. calcd.
for C16H11CIN202: C, 64.33; H, 3.71; N, 9.38; found: C, 64.42; H, 3.78; N, 9.32.

6-(Trifluoromethyl)-1',4'-dihydro-2'H-spiro[indoline-3,3'-quinoline]-2,2'-dione (5h)
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Product 5h was synthesized according to General Procedure B, starting from 2e (192 mg, 0.5
mmol) and 3a (118 mg, 0.55 mmol). Purification of the crude product on silica gel using a
gradient of 0-10% MeOH/CH2Cl: afforded 5h as a white solid (108 mg, 65%). 1TH NMR (400
MHz, DMSO-ds): 6 10.98 (s, 1H), 10.80 (s, 1H), 7.27 (t,/ = 7.7 Hz, 1H), 7.23-7.20 (m, 2H), 7.12 (d,
J = 1.7 Hz, 1H), 7.04-7.00 (m, 2H), 6.72 (d, ] = 7.8 Hz, 1H), 3.45 (d, / = 16.0 Hz, 1H), 3.13 (d, ] =
16.1 Hz, 1H). 13C NMR (100 MHz, DMSO-ds): § 175.5, 166.3, 143.2, 137.4, 134.3, 129.5 (q, ] =
31.7 Hz), 128.7, 128.0, 124.0 (q, / = 272.3 Hz), 123.5, 123.0, 120.3, 118.8 (d, J = 4.5 Hz), 115.1,
106.0 (d, J = 4.0 Hz), 54.6, 33.6. LRMS (ESI*) m/z 333.1 [M + H]*. Anal. calcd. for C17H11F3N202: C,
61.45; H, 3.34; N, 8.43; found: C, 61.52; H, 3.38; N, 8.33.

6-Amino-1',4'-dihydro-2'H-spiro[indoline-3,3'-quinoline]-2,2'-dione (5i)

Product 5i was synthesized according to General Procedure B, starting from 2f (163 mg, 0.5
mmol) and 3a (118 mg, 0.55 mmol). It should be noted that 12 equiv (instead of 8 equiv) of Fe-
powder was used in the double cyclization step. Purification of the crude product on silica gel
using a gradient of 0-10% MeOH/CH2Cl: afforded 5i as a brown semi solid (91 mg, 65%). 1H
NMR (400 MHz, DMSO-ds): & 10.49 (s, 1H), 10.41 (s, 1H), 7.23 (t, ] = 7.8 Hz, 1H), 7.18 (d, / = 7.8
Hz, 1H), 6.98-6.96 (m, 2H), 6.18-6.16 (m, 1H), 6.04-6.04 (m, 1H), 5.91 (d, J = 8.2 Hz, 1H), 5.17
(br. s, 2H), 3.41 (d, / = 15.8 Hz, 1H, partially merged with water peak), 2.81 (d, / = 15.8 Hz, 1H).
13C NMR (100 MHz, DMSO-ds): 6 176.9, 168.3, 149.9, 143.1, 137.8, 128.8, 127.9, 123.0, 122.8,
121.2, 117.0, 115.0, 106.6, 96.4, 54.1, 34.5. LRMS (ESI*) m/z 280.1 [M + H]*. Anal. calcd. for
C16H13N302: C, 68.81; H, 4.69; N, 15.05; found: C, 68.93; H, 4.75; N, 15.09.

6-Chloro-7'-fluoro-1',4'-dihydro-2'H-spiro[indoline-3,3'-quinoline]-2,2'-dione (5j)

S9



Product 5j was synthesized according to General Procedure B, starting from 2d (158 mg, 0.5
mmol) and 3b (129 mg, 0.55 mmol). Purification of the crude product on silica gel using a
gradient of 0-10% MeOH/CH2Cl: afforded 5j as a white solid (100 mg, 63%). 1H NMR (400 MHz,
DMSO-ds): & 10.86 (s, 1H), 10.84 (s, 1H), 7.23 (dd, J = 8.3, 6.1 Hz, 1H), 6.91-6.88 (m, 2H), 6.84
(td, J = 8.7, 2.6 Hz, 1H), 6.78 (dd, ] = 10.0, 2.6 Hz, 1H), 6.56 (d, J = 7.9 Hz, 1H), 3.37 (d, merged
with water peak 1H), 3.08 (d, / = 16.0 Hz, 1H). 13C NMR (100 MHz, DMSO-ds): 6 175.4, 166.7,
161.6 (d, /= 241.3 Hz), 143.8, 140.0 (d, /= 11.0 Hz), 133.5, 130.2, 128.6, 124.2, 121.5, 116.6 (d, J
= 2.9 Hz), 110.1, 109.2 (d, ] = 21.4 Hz), 102.2 (d, ] = 25.9 Hz), 54.1, 33.1. LRMS (ESI*) m/z 317.0
[M + H]*. Anal. calcd. for C16H10CIFN202: C, 60.68; H, 3.18; N, 8.85; found: C, 60.57; H, 3.22; N,
8.92.

6-Chloro-6',7'-dimethoxy-1',4'-dihydro-2'H-spiro[indoline-3,3'-quinoline]-2,2'-dione
(5k)

Product 5k was synthesized according to General Procedure B, starting from 2d (158 mg, 0.5
mmol) and 3¢ (152 mg, 0.55 mmol). Purification of the crude product on silica gel using a
gradient of 0-10% MeOH/CH:Cl: afforded 5k as a white solid (124 mg, 69%). 1TH NMR (400
MHz, DMSO-ds): & 10.82 (s, 1H), 10.48 (s, 1H), 6.91-6.86 (m, 2H), 6.84 (s, 1H), 6.64 (s, 1H), 6.48
(d, ] = 8.0 Hz, 1H), 3.75 (s, 3H), 3.69 (s, 3H), 3.37 (s, 1H, merged with water peak), 2.89 (d, ] =
15.9 Hz, 1H). 13C NMR (100 MHz, DMSO-ds): § 175.9, 166.5, 148.4, 144.4, 143.7, 133.3, 130.7,
129.0, 124.1,121.4,112.7, 111.3, 110.0, 100.2, 55.8, 55.5, 54.4, 33.5. LRMS (ESI*) m/z 359.1 [M
+ H]*. Anal. calcd. for C1sH15CIN20a4: C, 60.26; H, 4.21; N, 7.81; found: C, 60.43; H, 4.27; N, 7.75.

$10



6',7'-Dimethoxy-6-(trifluoromethyl)-1',4'-dihydro-2'H-spiro[indoline-3,3'-quinoline]-
2,2'-dione (51)

Product 51 was synthesized according to General Procedure B, starting from 2e (192 mg, 0.5
mmol) and 3¢ (152 mg, 0.55 mmol). Purification of the crude product on silica gel using a
gradient of 0-10% MeOH/CH2Cl: afforded 51 as a white solid (125 mg, 64%). 1H NMR (400 MHz,
DMSO0-ds): 6 10.97 (s, 1H), 10.57 (s, 1H), 7.22 (dd, J = 7.8, 1.0 Hz, 1H), 7.13 (d, J = 1.7 Hz, 1H),
6.85 (s, 1H), 6.74 (d, ] = 7.8 Hz, 1H), 6.67 (s, 1H), 3.76 (s, 3H), 3.69 (s, 3H), 3.42 (d, ] = 15.6 Hz,
1H, partially merged with water peak), 2.97 (d, / = 16.0 Hz, 1H). 13C NMR (100 MHz, DMSO-ds):
6 175.8, 166.2, 148.5, 144.6, 143.2, 134.5, 130.7, 129.7 (q, / = 31.8 Hz), 124.0 (q, / = 272.2 Hz)
123.6, 118.9, 111.3, 106.1, 100.4, 55.9, 55.6, 54.8, 33.4. LRMS (ESI*) m/z 393.1 [M + H]*. Anal.
calcd. for C19H15F3N204: C, 58.17; H, 3.85; N, 7.14; found: C, 58.39; H, 3.75; N, 7.23.

5-Chloro-6',7'-dimethoxy-1',4'-dihydro-2'H-spiro[indoline-3,3'-quinoline]-2,2'-dione
(5m)

Product 5m was synthesized according to General Procedure B, starting from 2b (158 mg, 0.5
mmol) and 3¢ (152 mg, 0.55 mmol). Purification of the crude product on silica gel using a
gradient of 0-10% MeOH/CH2Cl: afforded 5m as a white solid (118 mg, 66%). 'TH NMR (400
MHz, DMSO-ds): 6 10.79 (s, 1H), 10.49 (s, 1H), 7.28 (dd, J = 8.3, 2.2 Hz, 1H), 6.91 (d, J = 8.3 Hz,
1H), 6.86 (s, 1H), 6.65 (s, 1H), 6.50 (d, / = 2.2 Hz, 1H), 3.76 (s, 3H), 3.70 (s, 4H), 3.35 (d, merged
with water peak, 1H), 2.97 (d, /] = 16.0 Hz, 1H). 13C NMR (100 MHz, DMSO-ds): § 175.5, 166.2,

148.4,144.4,141.2,132.1,130.6, 128.8, 125.4, 122.7,112.7,111.4, 111.2, 100.2, 55.8, 55.5, 54.8,
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33.4. LRMS (ESI*) m/z 359.1 [M + H]*. Anal. calcd. for C1sH1sCIN204: C, 60.26; H, 4.21; N, 7.81;
found: C, 60.19; H, 4.27; N, 7.85.

6-Fluoro-6',7'-dimethoxy-1',4'-dihydro-2'H-spiro[indoline-3,3'-quinoline]-2,2'-dione
(5n)

Product 5n was synthesized according to General Procedure B, starting from 2c¢ (150 mg, 0.5
mmol) and 3¢ (152 mg, 0.55 mmol). Purification of the crude product on silica gel using a
gradient of 0-10% MeOH/CH:2Cl: afforded 5n as a white solid (116 mg, 68%). 1H NMR (400
MHz, DMSO-ds): 6 10.82 (s, 1H), 10.45 (s, 1H), 6.85 (s, 1H), 6.71 (dd, J = 9.1, 2.5 Hz, 1H), 6.65-
6.60 (m, 2H), 6.47 (dd, J = 8.3, 5.4 Hz, 1H), 3.75 (s, 3H), 3.69 (s, 3H), 3.35 (d, merged with water
peak, 1H,), 2.87 (d, / = 15.8 Hz, 1H). 13C NMR (100 MHz, DMSO-ds): § 176.3, 166.8, 162.6 (d, ] =
2429 Hz), 148.3,144.4, 1439 (d,/ = 12.5 Hz), 130.7, 126.1 (d, ] = 2.6 Hz), 124.1 (d, / = 10.2 Hz),
112.7,111.5,107.8 (d,J = 22.3 Hz), 100.2,98.2 (d, / = 27.0 Hz) 55.8, 55.5, 54.2, 33.6. LRMS (ESI*)
m/z 343.1 [M + H]*. Anal. calcd. for C1sH15sFN204: C, 63.16; H, 4.42; N, 8.18; found: C, 63.26; H,
4.47; N, 8.11.

6,7'-Difluoro-1',4'-dihydro-2'H-spiro[indoline-3,3'-quinoline]-2,2'-dione (50)

Product 50 was synthesized according to General Procedure B, starting from 2¢ (150 mg, 0.5

mmol) and 3b (129 mg, 0.55 mmol). Purification of the crude product on silica gel using a

gradient of 0-10% MeOH/CH2Cl:z afforded 50 as a white solid (98 mg, 65%). 1H NMR (400 MHz,

DMSO-ds): 6 10.88 (s, 1H), 10.83 (s, 1H), 7.25-7.22 (m, 1H), 6.86-6.77 (m, 2H), 6.72 (dd, ] = 9.2,
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2.5 Hz, 1H), 6.64 (ddd, J = 10.2, 8.3, 2.5 Hz, 1H), 6.55 (dd, J = 8.3, 5.5 Hz, 1H), 3.37 (d, / = 16.2 Hz,
2H), 3.06 (d, ] = 16.0 Hz, 1H). 13C NMR (100 MHz, DMSO0-ds): 6 175.9, 167.0, 163.4 (d, / = 103.0
Hz), 161.0 (d,J = 101.6 Hz), 144.0 (d, / = 12.5 Hz), 139.0 (d, / = 11.0 Hz), 130.3, 125.6 (d, / = 3.0
Hz), 124.3 (d, J = 10.1 Hz), 116.7 (d, J = 3.0 Hz), 109.2 (d, J = 21.3 Hz), 107.9 (d, J = 22.1 Hz),
102.3 (d, J = 25.7 Hz), 98.3 (d, J = 27.3 Hz), 54.0, 33.2. LRMS (ESI*) m/z 301.1 [M + H]*. Anal.
calcd. for Ci6H10F2N202: C, 64.00; H, 3.36; N, 9.33; found: C, 64.18; H, 3.47; N, 9.39.

6'-(Benzyloxy)-6-fluoro-1',4'-dihydro-2'H-spiro[indoline-3,3'-quinoline]-2,2'-dione (5p)

Product 5p was synthesized according to General Procedure B, starting from 2¢ (150 mg, 0.5
mmol) and 3d (177 mg, 0.55 mmol). Purification of the crude product on silica gel using a
gradient of 0-10% MeOH/CHzCl: afforded 5p as a white solid (118 mg, 61%). 1TH NMR (400
MHz, DMSO-ds): 6 10.84 (s, 1H), 10.58 (s, 1H), 7.45-7.30 (m, 5H), 6.96-6.91 (m, 3H), 6.72 (dd, J
= 9.1, 2.5 Hz, 1H), 6.62 (ddd, J = 9.8, 8.3, 2.4 Hz, 1H), 6.48 (dd, J = 8.3, 5.5 Hz, 1H), 5.03 (s, 2H),
3.43 (d, 1H, merged with water peak), 2.97 (d, / = 16.1 Hz, 1H). 13C NMR (100 MHz, DMSO-ds): 6
176.2, 166.6, 162.6 (d, ] = 243.0 Hz), 154.2, 144.0 (d, / = 12.0 Hz), 137.1, 131.1, 128.5, 128.4,
127.8, 126.0 (d, J = 2.8 Hz), 124.1, 121.9, 116.0, 115.3 (d, / = 6.2 Hz), 114.0, 107.8 (d, ] = 22.0
Hz), 98.23 (d, J = 27.7 Hz), 69.6, 54.0, 34.1. LRMS (ESI*) m/z 389.1 [M + H]*. Anal. calcd. for
C23H17FN203: C, 71.13; H, 4.41; N, 7.21; found: C, 71.29; H, 4.33; N, 7.14.

6'-(Benzyloxy)-5-chloro-1',4'-dihydro-2'H-spiro[indoline-3,3'-quinoline]-2,2'-dione (5q)

Product 5q was synthesized according to General Procedure B, starting from 2b (158 mg, 0.5

mmol) and 3d (177 mg, 0.55 mmol). Purification of the crude product on silica gel using a
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gradient of 0-10% MeOH/CH2Cl2 afforded 5q as a white solid (130 mg, 64%). 'TH NMR (400
MHz, DMSO-ds): § 10.80 (s, 1H), 10.60 (s, 1H), 7.45-7.42 (m, 2H), 7.40-7.36 (m, 2H), 7.34-7.32
(m, 1H), 7.28 (dd, J = 8.3, 2.2 Hz, 1H), 6.94-6.90 (m, 4H), 6.53 (d, J/ = 2.2 Hz, 1H), 5.05 (s, 2H),
3.38 (d, /= 16.2 Hz, 1H), 3.08 (d, J = 16.1 Hz, 1H). 13C NMR (100 MHz, DMSO-ds): § 175.9, 166.5,
154.6,141.8,137.6,132.5,131.5, 128.94, 128.90, 128.3, 125.9, 123.3, 122.2, 116.5, 115.9, 114.6,
111.9, 70.0, 55.1, 34.4. LRMS (ESI*) m/z 405.1 [M + H]*. Anal. calcd. for C23H17FN203: C, 68.24;
H, 4.23; N, 6.92; found: C, 68.05; H, 4.26; N, 6.88.

1',4'-dihydro-2'H-spiro[pyrrolo[2,3-b]pyridine-3,3'-quinoline]-2,2'(1H)-dione-dione (5r)

Product 5r was synthesized according to General Procedure B, starting from 2g (141 mg, 0.5
mmol) and 3a (118 mg, 0.55 mmol). Purification of the crude product on silica gel using a
gradient of 0-10% MeOH/CH2Cl: afforded 5r as a white solid (80 mg, 60%). 1H NMR (400 MHz,
DMSO-ds): § 10.86 (s, 1H), 10.70 (s, 1H), 7.96 (dd, J = 4.8, 1.6 Hz, 1H), 7.25-7.14 (m, 4H), 6.97-
6.92 (m, 2H), 3.41 (d, J = 16.5 Hz, 1H), 3.21 (d, J = 16.5 Hz, 1H). 13C NMR (100 MHz, DMSO-ds): 6
174.4, 165.8, 151.4, 142.1, 137.4, 137.3, 128.0, 127.3, 123.8, 122.5, 120.4, 116.2, 114.9, 55.2,
32.7. LRMS (ESI*) m/z 266.1 [M + H]*. Anal. calcd. for C1sH11N302: C, 67.92; H, 4.18; N, 15.84;
found: C, 67.79; H, 4.15; N, 15.88.

6',7'-Dimethoxy-1',4'-dihydro-2-spiro[pyrrolo[2,3-b]pyridine-3,3'-quinoline]-2,2'(1H)-
dione (5s)

OMe

OMe

Product 5s was synthesized according to General Procedure B, starting from 2g (141 mg, 0.5

mmol) and 3¢ (152 mg, 0.55 mmol). Purification of the crude product on silica gel using a
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gradient of 0-10% MeOH/CH2Cl: afforded 5s as a white solid (109 mg, 67%). 'H NMR (400
MHz, DMSO-ds): 6 10.82 (s, 1H), 10.44 (s, 1H), 7.97 (dd, ] = 4.51, 1.92 Hz, 1H), 7.24-7.18 (m,
2H), 6.79 (s, 1H), 6.58 (s, 1H), 3.73 (s, 3H), 3.68 (s, 3H), 3.17-3.07 (m, 2H). 13C NMR (100 MHz,
DMSO-de): 6 175.0, 165.9, 152.1, 148.4, 144.6, 142.5, 137.7, 131.2, 124.2, 116.6, 112.9, 111.9,
100.7, 56.3, 56.0, 55.7, 33.0. LRMS (ESI*) m/z 326.1 [M + H]*. Anal. calcd. for C17H15sN304: C,
62.76; H, 4.65; N, 12.92; found: C, 62.87; H, 4.61; N, 12.97.

1',4'-dihydro-2'H-spiro[indoline-3,3'-quinoline] (6a)

To a stirred suspension of LiAlH4 (22 mg, 0.9 mmol, 3.0 equiv) in anhydrous THF (2 mL) at 0 °C
was added a solution of 5a (79 mg, 0.3 mmol, 1.0 equiv) in anhydrous THF (2mL) under
nitrogen atmosphere. The resulting mixture was stirred at rt for 5 h. After completion the
reaction mixture was quenched with drop wise addition of ice-cold water (0.5 mL) and 20%
aqueous NaOH solution (0.5 mL) subsequently at 0 °C. and then extracted with ethyl acetate (5
x 3 mL). The combined organic extracts were washed with brine, dried over Na2SO0s4, filtered,
and concentrated and purified through silica gel column chromatography using a gradient of 0-
7% MeOH/CH2Clz to afford 6a as a semi solid (55 mg, 78%). 1TH NMR (400 MHz, CDCl3): 6 7.09
(td, J = 7.64, 1.34 Hz, 1H), 7.05-6.97 (m, 2H), 6.93 (dd, / = 7.48, 1.31 Hz, 1H), 6.80-6.68 (m, 2H),
6.64 (td, ] = 7.40, 1.24 Hz, 1H), 6.55 (dd, J = 7.95, 1.20 Hz, 1H), 3.56 (d, /] = 9.31 Hz, 1H), 3.36-
3.31 (m, 2H), 3.22 (dd, = 11.29, 2.18 Hz, 1H), 3.11 (d, / = 16.13 Hz, 1H), 2.82 (dd, / = 16.16, 2.13
Hz, 1H). 13C NMR (100 MHz, CDCls): 6 150.6, 143.8, 134.5, 130.2, 128.3, 127.2, 123.4, 119.8,
119.3,117.3, 113.9, 110.1, 57.1, 49.9, 42.9, 38.2. LRMS (ESI*) m/z 326.1 [M + H]*. Anal. Calcd.
For C17H15N304: C, 62.76; H, 4.65; N, 12.92; found: C, 62.76; H, 4.65; N, 12.92.

1,1'-Dimethyl-1',4'-dihydro-2'H-spiro[indoline-3,3'-quinoline]-2,2'-dione (6b)
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To a stirred solution of 5a (78 mg, 0.3 mmol, 1 equiv) in anhydrous DMF (2 mL) at 0 °C was
added NaH (22 mg, 0.9 mmol, 3 equiv) under nitrogen atmosphere. Next, a solution of methyl
iodide (107 mg, 0.8 mmol, 2.5 equiv) was added to it and the resulting mixture was stirred at rt
for 4 h. The reaction was quenched with saturated aqueous NH4Cl (2 mL) at 0 °C and then
extracted with ethyl acetate (5 x 3 mL). The combined organic extracts were washed with brine,
dried over Na2S0s4, filtered, and concentrated and purified through silica gel column
chromatography using a gradient of 0-7% MeOH/CH2Cl2 to afford 6b as a semi solid (61 mg,
70%). 'H NMR (400 MHz, CDCl3): 6 7.40-7.36 (m, 1H), 7.25-7.21 (m, 1H), 7.16-7.07 (m, 3H),
6.84 (dt,J = 7.8, 0.8 Hz, 1H), 6.75 (td, / = 7.6, 1.0 Hz, 1H), 6.34 (ddd, J = 7.5, 1.3, 0.6 Hz, 1H), 3.81
(d, J = 15.6 Hz, 1H), 3.42 (s, 3H), 3.28 (s, 3H), 2.83 (d, J = 15.5 Hz, 1H). 13C NMR (100 MHz,
CDCl3): 6 174.9,167.1,143.8,140.1, 129.3, 129.1, 128.9, 128.3, 123.6, 123.1, 122.9, 122.6, 114.8,
108.7, 55.1, 34.5, 30.3, 26.8. LRMS (ESI*) m/z 293.1 [M + H]*. Anal. calcd. for CisH16N202: C,
73.95; H, 5.52; N, 9.58; found: C, 73.81; H, 5.57; N, 9.52.

6-(2,5-dimethyl-1H-pyrrol-1-yl)-1',4'-dihydro-2'H-spiro[indoline-3,3'-quinoline]-2,2'-
dione (6¢)

A mixture of 5i (70 mg, 0.25 mmol) and hexane-2,5-dione (30 mg, 0.26 mmol) was stirred at rt

for 2 h. The mixture was concentrated under reduced pressure to obtain the crude product

which was purified by silica gel column chromatography using a solvent gradient of 0-5%

MeOH/CH2Clz to obtain 6c¢ as a brown solid (67 mg, 75%). 1H NMR (400 MHz, DMSO-ds): 6

10.82 (s, 1H), 10.73 (s, 1H), 7.29-7.25 (m, 2H), 7.04-7.00 (m, 2H), 6.71 (d, ] = 1.9 Hz, 1H), 6.68

(dd, J =7.9, 2.0 Hz, 1H), 6.55 (d, J = 7.9 Hz, 1H), 5.75 (s, 2H), 3.48 (d, / = 16.1 Hz, 1H, partially
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merged with water peak), 3.09 (d, / = 16.1 Hz, 1H), 1.93 (s, 6H). 13C NMR (100 MHz, DMSO-ds): 6
175.9, 166.9, 143.0, 139.0, 137.5, 129.1, 128.8, 128.1, 127.7, 123.2, 123.0, 121.3, 120.6, 115.2,
112.7 (d, ] = 4.3 Hz), 109.7, 106.1, 54.5, 33.7, 13.0. LRMS (ESI*) m/z 358.2 [M + H]*. Anal. calcd.
for C22H19N302: C, 73.93; H, 5.36; N, 11.76; found: C, 74.10; H, 5.44; N, 11.85.

3. X-Ray Crystallography Data

X-ray reflections were collected on a Bruker APEX-II, CCD diffractometer using Mo Ka (A =
0.71073 A) radiation. Data reduction was performed using Bruker SAINT Software.52 Intensities
for absorption were corrected using SADABS-2014/2. Structure was solved in Olex2-1.5-alpha
software®® using SHELXT 2018/2 and refined using 'SHELXL 2018/3 with anisotropic
displacement parameters for non-H atoms. A check of the final CIF file using PLATON did not
show any missed symmetry.>¢d The crystallographic parameters for the structure are

summarized in table SI-1

Table SI-1: Crystallographic data of 5a

Crystal Data ag453_a
Formula unit C16 H12 N2 O2
Formula wt. 264.28
Crystal system triclinic
T [K] 296
a [A] 5.713(2)
b [A] 9.479(4)
c [A] 12.310(5)
o] 102.192(10)
B°] 96.254(10)
7[°] 105.998(9)
Volume [A3] 616.4(4)
Space group P-1
Z 2
Dcaic [g cm3] 1.424
u/mm-1 0.096
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Reflns. Collected 3210

Observed reflns. 2172

R1 [[>26(1)], wR2 0.0534 (2172),0.1432(3210)

GOOF 1.020
Instrument Bruker APEX-II CCD
X-ray MoK\a
CCDC Reference No. 2364972
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Figure SI-1. ORTEP diagram of 5a with 50% probability ellipsoid.

. References

1. M. Ueno, M. Yonemoto, M. Hashimoto, A. E. H. Wheatley, H. Naka and Y. Kondo, Chem.
Commun., 2007, 2264-2266.

S$18



N

K. R. Batler et al., Substituted Pyrazoles, Pharmaceutical Composition Based on Thereof,
Using Pharmaceutical Composition and Method for Inhibition of Cathepsin S Activity. RU
2317988 C2, 2006.

3. C. Stuart, M. Neil, W. Simon, L. Graham, P. Michael and G. S. ]. Miguel, Spiroindoline for
treating or preventing respiratory syncytial virus infection (RSV). US Patent US-
10106539-B2, 2018.

4. S.Mondal, G. Dolai and B. Mandal, ACS Omega, 2023, 8, 1401-1409.

5. (a) SAINT Plus, Bruker AXS Inc.: Madison, WI, 2008; BRUKER AXS (v 6.14); (b)

Dolomanov, O. V.; Bourhis, L. |J.; Gildea, R. ].; Howard, J. A. K.; Puschmann, H. OLEX2: A

complete structure solution, refinement and analysis program. J. Appl. Cryst., 2009, 42,

339-341. (c) PLATON, A Multipurpose Crystallographic Tool; Spek, A. L. Utrecht

University: Utrecht, Netherland, 2002; (d) Spek, A. L. J. Appl. Crystallogr. 2003, 36, 7-13.

5. Copies of 1H and 13C NMR spectra of compounds

$19



16v'2
9612

9P-OSINA 0052
5052
6052
2962\
200~
9/£¢

oev'e 7
(OVA \

9ev'9
GSH9
9291
61279 1
G9/°91
19291
¥8.'9 1
182°91
188°9
006°91
986°9
6869
2002
500°2
600°L -
1zo 2 /f
v20'L
AW
GLL L
Z61°L1
g6l L
kA
AV
¥z L
AR
1927
28z

2.9°01
€89°01 v.

0L

0L

oL
H\69._‘

H\._‘o.v I

¥i0°'C

0'¢Ct

o'l

ooz |

12.0 11.5 11.0 10.5 10.0 9.5

55 50 45 40 35 3.0 25 20 15 1.0

6.0
f1 (ppm)

8.0

9.0 8.5

-0

0.0

0.5

7.0 6.5

7.5

1H NMR (DMSO-ds, 400 MHz) spectrum of compound 5a.

$20



G6'€EC
68'8¢€
oL'6¢€

L€'6¢€
9P-OSING-€5-6<

€.°6€
¥6°6¢€
SlL'ov
6v'¥G —

86°601

LosLL L
K.oﬁ/
zo'Lzh /
8gzzl

08'eL
26'L2L %
£9'8Z1
zo'6zL
00°0€L
LG'L€EL
8Lzyl

—Se—,

GC'/91 —

¥8'GLL —

30

40

180 170 160 150 140 130 120 100 9 80 70 60
f1 (ppm)

190

220 210 200

20

50

110

13C NMR (DMSO-ds, 100 MHz) spectrum of compound 5a.

S$21



L6v'C
9612

9P-OSINA 0052
052
605'C
LLO'E
160'€ ~
vSE'Ee
m@m.m\
60V'E

0259
6859 1
_Lm.mj
822791
98791
682°9
162791
£08°9 /W
508°9
8089
1189
/189
v28'9
128'9
ze8'9
6€8°9 1
¥68°9
198°9 1
£88°91
206°9
/8121
16172
1022
0Lz,
zzT L
92z,
622°L
1821
AR
85z, "
502701
062701

—

[ R

200°L
=80°L

=L0°L

e

(1

802 |

1oL |

0L

-1.

—7r7 1 '~ 1 1 1 ‘' 1 * 1 1 ‘T '~ 1 ‘* T ‘* 1T ‘' T ' T * T ' T T T ‘T T ‘' T ‘T T T T T
2.5 12.0 11.5 11.0 10.5 10.0 95 90 85 80 75 70 65 6.0 55 50 45 40 35 3.0 25 20

1.0 0.5 0.0

1.5

-0.5

f1 (ppm)
'H NMR (DMSO0-ds, 400 MHz) spectrum of compound 5b.

S22



€ee
_‘.mm/
m.mm%

9P-OSINQd G°6€

L6
6°6€

L0V
€vs —

7091 —
829l
/91—

G'GLL—

f1 (ppm)

13C NMR (DMSO-ds, 100 MHz) spectrum of compound 5b.

S$23



16V

9P-OSING oom.mw
0052
0882 —
o8z’
08e°€
vZr'e —
189°€ —
oss¢”

61179
8619

¥G9°9
@@N.o/
mmﬁ.o/
£08°9 ~\
168'9 T
1189
968°9
LIV L
1612
602,

9Ly’ oL —
8¥9°01L —

S5z |

L'

o¢g|

o

Foo'r |

T T T T T T T T T T
12.0 11.5 11.0 10.5 10.0 9.5 9.0 8.5

25 20 15 1.0

3.0

5.0 4.5

5.5

6.0

7.0 6.5

8.0

0.5

3.5

4.0

7.5

f1 (ppm)

1H NMR (DMSO0-ds, 400 MHz) spectrum of compound 5c.

S24



689°€€
€68'8€
€0lL'6€
olLe6¢€
9P-OSINQA 02¢S'6€
0€.L°6€
mmm.mmN
14014
€29'vS
ooo.mmW
168°G9

0€C’00L —

006°601
6L9°LLL —
v6szLL .
8€9°1LZ1
999221 —
086'8Z1 \_
602°0€) 7
L8 0EL /

6ELCYL ~
€9e vyl
cee syl —

v.6°991 —

€109 —

L

l

13C NMR (DMSO-ds, 100 MHz) spectrum of compound 5c.

20

50 30

T T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70
f1 (ppm)

210

—
220

$25



L6t'C
16¥'2

9pP-OSINd 005°2
€052
6052
816'Z ~
6562

98€°€ ~
65v'e

0€0°'G —

0.¥'9
6879
G929
¥8.°9
€089

988°9
mom.@/
L6'9

z81LL
1022~
ez L
G62°L
662°L
€0g’L
oLe L
11e 2
vze'L
Lee /o
Gee' s
6e€°L
85e"/ 1
2982 1
zLEL
1181
682 |
v6€°L
86¢°L |
AR
9zv'L |
0eyL |
8et L
St L
Lol -

01501

902701

h

A

=T

Fgoz

00'L
koot

f1 (ppm)

1H NMR (DMSO0-ds, 400 MHz) spectrum of compound 5d.

S$26



mv.vM/

Yy vs —

9669 —

00°0LL
S.ir/
wm.m:/
§.m:%
YARAD
0L'2zzL ~\
(WA
06°22L %
om.wmr\
60621
zZLoel
zz el
:Nmr\

eecevt
SLvSL —

18991 —

66°'GLL —

f1 (ppm)
13C NMR (DMSO-ds, 100 MHz) spectrum of compound 5d.

S$27



lev'¢
961°¢C
9P-OSINd 005°¢
G0G°¢C
60G°¢C
clLl’e
mmv.mV

INaYalial

Y -

)

mwm.m\
9lLv'e

68791
S61°9 1
689 1
51691
6.6'9 1
286'9 1
6669 1
100°2 ;

¥00°L
100°L
220°L
920°2
140" L
vv0°L
10Z°L
9zZ'.
9522 7
09Z°2
89Z°/
v12'L
6.2 L1
682,
v62 L

)

0920}~
€egoL

0L |

=98’L

=00"}
m\.ho.—.
790°¢

J20°L

se0'Z |

0L i

o'l

T T T T T T T T T T T T T T T T
5.5 3.0 25 20

6.0
f1 (ppm)

| : I I 9I.0 ' 8I.5 8 : 7I.0 6I.5
1H NMR (DMSO-ds, 400 MHz) spectrum of compound 5e.

12.0 11.5 11.0 10.5 10.0 9.5

0.0

1.0 0.5

1.5

50 45 4.0 3.5

8.0

7.5

$28



@@.MM/

0L'vG —

L LLL
80°'GlLL /
€voct /
NN.NNF/
€6'¢cl

1E°GCL ~
1082l &

Q.wﬁx
Nm.wwv\
Nw.::\

:\Nmr\

LZLvL

€699l —

Ge'GLL —

T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90

—
220

f1 (ppm)

13C NMR (DMSO-ds, 100 MHz) spectrum of compound 5e.

$29



L6v'2
G6v'2

9pP-OSINd 0052
G052
6052
G66'Z
gcoe”
0¥ €~
e

AR
orr'9 1
€S9 1
1979 1
859 1
16G°9 |
9099 1
0199 1
Z19'9
9199
1£9°9
1€9°9
oohi
1019

€229 ]
0€L°9

869
S00°L
€20°.
v6L° L
rAYAVN
Ve L
092,
182, "

=

=

—_—

10201 ~
Zr8’olL —

Fzo'L

=0'L

vi0'} |

5001

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
(2.0 11.5 11.0 10.5 10.0 9.5 8.0 6.5 5.0 3.5 2.0

1.0

2.5

3.0

4.0

4.5

5.5

6.0

8.5

9.0

0.5

1.5

7.0

7.5

f1 (ppm)
TH NMR (DMSO-ds, 400 MHz) spectrum of compound 5f.

S30



#vw.mm/

90'vG —

G60°86
¥9¢°86 7
L¥9°201
v28°201 A
6S0°SLL
Rm.oﬁW
698°2ZL \-
v16°€2) ~
€98°'52Z1
068521
996°/21
699821
L9V /€L

th.mv_‘x

L00'vvL

98€° 191 ~
c08'€9l —
196991

060921 —

20

50

70

—
100

2|00' 1|90' 1|80' 1I70' 1|60' 1|50' 1I40' 1I30' 1|20' 110
f1 (ppm)
13C NMR (DMSO-ds, 100 MHz) spectrum of compound 5f.

210

—
220

S31



L6¥°¢
9612
9pP-OSING 0052
$05°2
6052
L20°E ~\
z90'e
SOY'E ~
svre”

€G9v'9
€119 1
G689 1
098°9 1
G891
088'91
506'91
01691
8/6°9 .k
186°9
8869
166°9
8669 T
100°2 w W
100°.
0L0°Z
920°. 1
620°L
Nmri
8072
Ly L
192/ 1
08z,

e

62,01 ~
S¥8°0L

201
=80°L

¥€0'L
A

780¢

2071 |

53

T T T T T T T T T T T T T T T T T
5.0 4.5 3.0 2.5 20 0.0

5.5

T T T T T T T T T
85 80 75

0.5

1.0

1.5

3.5

12.0 11.5 11.0 10.5 10.0 9.5

4.0

6.5 6.0
f1 (ppm)
1H NMR (DMSO-ds, 400 MHz) spectrum of compound 5g.

7.0

9.0

S$32



69°€e

68°'8€
oL'6€
L€°6¢E
SRS E=ttatis

€.°6€
¥6°6€
SlLov
vevs —

LO°0OLL
vL'GLL /
€v'0Cl
Lv'Lch
g6'ccl V
Lvelr -

Lv'8CL 1
NN.wN_‘&

¢l 991 —

cL'SLL —

50 30

70

T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100

210

T
220

f1 (ppm)
13C NMR (DMSO-ds, 100 MHz) spectrum of compound 5g.

S33



L6t
961'C

9pP-OSINd 0052
¥05°2Z
8052
PLL'E L
¥sL'e "
ZEV'E~
zLre”

GL2'97
v€2°91
000°Z 1
61021
9€0°Z ]
6£0°Z 1
LIV LA
A P
mmv;

10Z°L
Y0z LA
9022 ~
802, 7
e1z2
12z L
€zz L
9722
8zzL ]
T
€12 L
g6z L]

T

70801 —
G86°0L —

0L |

0L

S0 |

0¢
IL0)
34

(O3

10.0

1.5 1.0 0.5 0.0

2.0

85 80 75 70 65 60 55 50 45 40 35 3.0 25
f1 (ppm)

9.0

9.5

11,5 11.0 10.5

12.0

'H NMR (DMSO0-ds, 400 MHz) spectrum of compound 5h.

S34



09'ce
68'8¢ /

S9'vSG —

€0°901
10901

9L'GLL ./.

08'8LL
G8'8LL
YA AR

65°¢ccl
86'¢cl
c¢sect
0e'scl
10'8cl
g0'8cl
99'8¢lt
cl'eclh
€v'6cl
gl'6¢cl
L0°0¢€L
€eveEL
6€°.€1
6lLEVL
v€991L /

8v'GLL —

| | R—

.

st
Lo

ol W
LA AL L ) L

N

WW#WMMWWMWMWJ I
W

-10

f1 (ppm)

13C NMR (DMSO-ds, 100 MHz) spectrum of compound 5h.

S35



9P-OSING 0052 ~
6612~
gzg'z”
66E°E€
gzvre”

ZL1'S —
206°S

m&.m/
120°9

L1409

BF.@\
¥81'9

16691
9969
6.6'9
6912
z81LL
vz L]
1221
ovz L

AR AN
s6v°0L 7

=

=l

4

|—|—|

\—'/H -—

I od

0L

9L |

0¢c

SS9
™ ™ -

SS9
- v N

0L

0L

f1 (ppm)

IH NMR (DMSO0-ds, 400 MHz) spectrum of compound 5i.

S36



LG Ve
ol'6€
vZ'6€

8€°6€
9P-OSINA ¢5'6€
99'6¢
08'6¢
¥6°6¢€
90'vS —

Lv'96 —

657901 —
66711

96911 -
£Z'1Z1
91221 ~
voezL
ggszL
8.°8Z1

grie1”
S0'EpL —
06'6%1

12'891 —

98'9/1 —

T T T T T T T T T T
190 180 160 150 130 120

210 200

100

110

140

170

f1 (ppm)
13C NMR (DMSO-ds, 100 MHz) spectrum of compound 5i.

S$37



lev'¢
g6v°¢C
9P-OSINA 00S°¢
¥0G°¢C
60G°¢C
¥90°¢
voL'€ V

Ak

255'9 1
12591
992°9 1
€LL°9
162°91
86,91
11891
81891
£€8'9
6£8'9

7689
198°9
0889

G889
006'9
G069
8069 1
0169
v16°9
€Lz
822 L1
6v2 .-

-

6€8°01 ~.
9801 7

001

el

SSE®S
©S9899
~ N ™« «

]
- -

0.5

12.0 11.5 11.0 10.5 10.0 9.5

3.0 2.0 1.0

6.0 55 50 45 4.0

6.5

8.0

8.5

9.0

0.0

1.5

2.5

3.5

7.0

7.5

f1 (ppm)
1H NMR (DMSO0-ds, 400 MHz) spectrum of compound 5j.

S38



80°€E
68'8¢€
0lL'6€

LE'6E
9P-OSING 29 6E

€.°6€
v6°6€
SlL'ov
PSS —

ZLzol
Nm.mor/
L0601

8Z'601L

90°0LL —
8591l

L9°9LL >
0s’LeL 7,
szl
15821
6L°0€L

9v'ecL
06°'8€1L \

_‘o.mm_‘\

9/L°€EVL

SCNN

cv'091 ~
28'c9lL —
99'991

Yy'GLL —

s

ML A

220 210 200

-10

30 20 10

40

180 170 160 150 140 130 120 100 90 80 70 60
f1 (ppm)

190

-20

0

50

110

13C NMR (DMSO0-ds, 100 MHz) spectrum of compound 5j.

S$39



L6v'Z
9612
9P-OSNAd 0052
5052
6052
1982~
10627
bSE'E
19€°€ \
vee's Uy

989°¢ \

8v.'€

199
18Yv'9
6€9°9

rvm.w/
vww@W
698°9

¥88°9
6889
006°9
G06°9

6.v°0L —
61801 —

L

.

N

Feo'L

262G |

o€

0¢ |

JHoL |

<0’}

(N
0¢c

Foo't

T T T T T T T T T T T T
-0.

—
6.0
f1 (ppm)

2.5 12.0 11.5 1|1.0 1(|).5' 1(I).0' 9I.5' 9I.0' 8I.5' 8I.0' 7I.5 7I.O 6I.5
1H NMR (DMSO0-ds, 400 MHz) spectrum of compound 5Kk.

1.0 0.5 0.0

1.5

2.0

50 45 40 35 3.0 25

5.5

$40



Ly'ee
06°8¢
LL°6€
L€°6€
9P-OSINa ¢S'6¢€

TZ oC
vm.mm*
SLov
LEVS \
617°GG W
18°GS

€2°00L —

66601 \_
veLLL —
orziL”’
A ATARN
80°'¥2L ~
00'6Z1 ~
19°0EL —
veeel

eLevl

vl
ocgvlL

9v'991 —

06'GLl —

20

50 30

70

100
f1 (ppm)
13C NMR (DMSO-ds, 100 MHz) spectrum of compound 5k.

T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110

210

—
220

S$41



L6¥'C
96¥'C

9pP-OSING 005°2
5052
60S°C
1S6°2
166
LOP'E N\
orvr'e —
689'€ —
09s¢”

2199
129
9.9
G189
9cl’L /
oglL’L
802°L
oLc'L
YR AAYA
oecL

69601 —

G601 —

o'l

0L+

Azo'L

0L |

co’L

F00°L
oo'L

1.0

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
12.0 11.5 11.0 10.5 10.0 9.5 9.0 8.5 7.0 6.5 6.0 4.0 3.5 1.5

0.5

2.0

3.0

4.5

8.0

2.5

5.0

5.5

7.5

f1 (ppm)
1H NMR (DMSO-ds, 400 MHz) spectrum of compound 51.

S$42



Lv'ee
68°8¢
oL'6¢€
1€°6€
9P-OSINd ¢5°6€
€.°6€
¥6°6€
GLov
G8'vG
mo.mmW
06°GS

LE°001
60°901 1
LT 1L
02°CLL ]
SL'ZLLY
16°8L1
96°611 1
L9221
8S€T1
8€'GZ1 1
60'82Z1
81621
05621
Z8'621
cLocl ¥
%.omrw
S YEL

6L EYL ~
LS vyl
6 8vL

[ e

=t

61991 —

L2°GL) —

40 30 20 10

50

220 210 200

180 170 160 150 140 130 120 110 100 90 80 70 60

190

-20

-10

f1 (ppm)
13C NMR (DMSO-ds, 100 MHz) spectrum of compound 51.

S$43



L6V°Z
2612
9P-OSINd 005°Z
5052
6052
€662 .
€667~
£ee'e ~
ziee”
002°€ —
85/°¢

L0G'9
£0S°9
9199
GG8'9

G689 W

9169~

€922
89¢°L
8¢ L

68C°L

—

881V°0L —
68201 —

0L

/C6°0 |

16°€

et

=¢0°}

=€0’L |

JfMo.v
o'l

2ZoL |

6oL

=0°L |

12.0 11.5 11.0 10.5 10.0 9.5 9.0 8.5

0.0 -0.5

1.0 0.5

1.5

2.0

3.0 2.5

50 45 4.0 3.5

5.5

7.0 6.5 6.0

8.0 7.5

f1 (ppm)
1H NMR (DMSO0-ds, 400 MHz) spectrum of compound 5m.

S44



Ly'ee
68'8¢€
0L'6¢€
LE'6E
9P-OSINd ¢S'6€

v/ bt
vm.mm\
v1'0¥
€8'vS
Nm.mmW
¥8°GS

¥Z'00L —

veiLl

mm._‘_‘_‘w
€L¢clLl

€L¢eh N\
9€'GCl ~.
€8'8C1 ~
19°0€L
oLcel /

ccivl —
Wyvl —
LE8Y1L —

91991 —

¥e'GLL —

40

50

70

80

— 1 -~ T T T ‘T "~ T T T " T T T T L
210 200 190 180 170 160 150 140 130 120 110 100

—
220

f1 (ppm)
13C NMR (DMSO-ds, 100 MHz) spectrum of compound 5m.

$45



L6v'2
16¥°2

9P-OSINA 005°2
€052
6052
S¥8'Z —
seez’
zZ5e°e~\
0.e€”
989°'€ ~
gvr e’

6v7°91
29791
6979 1
£87°9 1
1659
€099
L19°9
€299
829'9
6€9°9-
6v9°9
G699
1029
8129
v2L9 ]
1¥8°9

=

csvolL —

61801 —

"

ool |

=6 |

L0°€

L0°€ |

FoL

FooL |

0.5

12.0 11.5 11.0 10.5 10.0 9.5

1.0 0.0

2.0

2.5

4.5

55 5.0

6.0

8.5 8.0

9.0

1.5

3.5 3.0

4.0

6.5

7.0

7.5

f1 (ppm)
TH NMR (DMSO-ds, 400 MHz) spectrum of compound 5n.

$46



mm.mm/

¥G'GG ~—
¥8°GS /

80'86
5e'86
1zooL 7
02201
£6'201
o LLL 7
0LZhL
£0'vzL
eLvzl
90'9Z1
60921
Lrosr

ag8'eyvl
86°€Yl V.
or'vvi
Gge8rl /

0’19l ~
28'€9l —
GL°991

L€°921 —

o — WWW WWNWWWWWWW

Lh i

|
l, T TN WY
VWY

Ll

T
-20

-10

20

50 30

70

T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100
f1 (ppm)

T
220

13C NMR (DMSO-ds, 100 MHz) spectrum of compound 5n.

$47



L6v'C
s6v'C

9P-OSING 005°Z
S05°C
6E0°E "\
6.0°€—
1GE'E~
16€'€

0£5'9 |
€759 |
16591
9G°9 7
21991
61991
€€9'9 |
8£9'9 1
€v9°9 1
859'9 1
$99°9 1
8029
vLL9 /W
L€L°9 %
1829
029
1119
G6.°9
2089
808'9
v18°9
628°9 1
9€8'9 1
058'9 1
15891
912,
ez L]
1ETL
zs2L

82801 ~
2/80L 7

Foos

o) |

T
29999
- N - - -

0L

Lo’L

12.0 11.5 11.0 10.5 10.0 9.5

3.0

4.0

4.5

6.0
f1 (ppm)

1H NMR (DMSO-ds, 400 MHz) spectrum of compound 5o.

8.0

9.0

0.0

0.5

1.5 1.0

2.0

2.5

3.5

5.0

5.5

6.5

7.0

7.5

8.5

$48



vaee
68°8¢
oL'6¢€

1€°6¢
9P-OSINA ¢S'6¢€
€1°6€
76°6€
SL0ov
66°€G —

0286 1

L1861
¥1°201
0¥'201 1
28'201 1
0801 1
L0°601 1
62601

¢l 9Ll
mn.mr_\/
Lgvel
rm.¢Nr/
¥9°'G2l
N@.mN_‘W
82¢°0¢)
86°8¢1
60°6€) v
L6’ eVl
e0vvl N

L¥°091
81 L9L V
18291 1
mw.mo_‘*
167991
68°GLL —

———

—

f1 (ppm)
13C NMR (DMSO0-ds, 100 MHz) spectrum of compound 5o.

$49



L6121
961 1
9P-OSINA 00S°¢
G0G'C 1
60G°C 1
GY6°'C 1
G86°'C 1
89€°¢ 1
16E°E 1
YEV'€

L€0'S
L9¥°9

SL¥'9

Z8r'9

9679 1
8659 1
#09°9 1
61991
€299 1
$29'9 1
6299 1

¥¥9°9 1
059'9

ooﬁi
ZLL9
6229 1
S€L°9 ]
2169

916'9
6169
GE6'9
8€6°9
856°9
1621
Sm.L
S0€ L ]
zLe L
6lLeL]
9ze',
eeeL ]
Nmmi
ove L

19€° L 1
v9€"/ 1
GlE .
08€°. 1
b8E L 1
z6¢L
16€°L
00%2
LivL
zey L
9zv' .
AR
8ct/ |
Zhy L
Ly

]
]
]
]

T

R ]

@Nm.o:
€v8'0lL

i

F00°L

=€’}

rL0C

FzoL

Foort |

T T T T T T T T T T T T T T
5.5 4.0 3.5 25 2.0

T T T T T
9.0 8.5 7.5

12.0 11.5 11.0 10.5 10.0 9.5

0.0

1.0

1.5

3.0

50 4.5

6.0
f1 (ppm)

1H NMR (DMSO0-ds, 400 MHz) spectrum of compound 5p.

8.0

0.5

6.5

7.0

S50



60°vE

06'8¢€
oL'6€
LE'6E
SRS

€.°6¢€
¥6°6€
SlL'ov
LO'VvS —

9669 —

01L°86

1€°86
69°201
167201
vo'vilL
gc'GlhlL
ceSLl
86'GLl
88’Lcl
wo.vwr/
16°Gcl
66°GCl
¥8'/.¢CL

T
ﬁv.wwr\
05'8¢l
mo._.m_\\
80°L€L
om.mvr\
[N 44"
LLvSL
UAEI Y
28°€9l ~.
G999 ~

L2 9LL —

T

o

60 50

70

—
100

f1 (ppm)

200 190 180 170 160 150 140 130 120 110
13C NMR (DMSO0-ds, 100 MHz) spectrum of compound 5p.

210

—
220

S$51



16v°Z
96+°C
9P-OSING 0052
¥0S°Z
605°Z
650°€
00L'€ —
z9e€
zov'e”

¥G0°G —

G689
0169
9169
6269
€€6°9
Zv6'9
692,
viZL
682,
mmm.ixw
6LE L]
vee s
1€€° 2
Lye L
092 1
29€2 1
9/€'/ 1
08€L
86¢°L |
LoV L
SLyL
6Ly L
SZvL
62t L
€t/
9ct/ 1
Ot 1
St/
oSt L
965701
96201

T S R

Fo'L

1L

=€0'¢C

Z00°}b

ik

1€°C |

(A

-0.

0.0

12.0 11.5 11.0 10.5 10.0 9.5

1.0 0.5

6.0 55 50 45 4.0 3.0 25 2.0 15

7.0 6.5

8.0

9.0 8.5

3.5

7.5

f1 (ppm)
1H NMR (DMSO0-ds, 400 MHz) spectrum of compound 5q.

S$52



rve —

€166 —

G0°0L —

88°LiL
8&:/
S8'SLL /
or'9LL /
ezl \
62621\
06°GZ1 ~
Lz°82L
om.wwr\
6821
zs' el
6v'ZEL
65°LEL

6L Lvl
YoOvGlL —

€G°991 —

v6'GLL —

0

50 30

70

T T T L T T T T T T LI T T T T T
210 200 190 180 170 160 150 140 130 120 110 100

—
220

f1 (ppm)

13C NMR (DMSO0-ds, 100 MHz) spectrum of compound 5q.

S$53



6v'¢c
0s'¢
9P-OSINA 052
0S¢
LG'¢
6L°¢ L

€2 —

€2°L
Gc'L \
G2'L

G6°L
96°L
16°L
16°L

040} —
9801 —

A

A

Fo0'L |

'L

iox:] Ay 4

Fezy |

Feo'L

F00°L |

Foo0'L

10.5

12.0

12.5

40 35 3.0 25 20 1.5 1.0 0.5 0.0

4.5

6.0 55 5.0

6.5
Chemical shift (ppm)

95 90 85 80 75 7.0

10.0

11.0

11.5

1H NMR (DMSO0-ds, 400 MHz) spectrum of compound 5r.

S54



v.'ce
mw.wm/
0L'6€

L€6€
9P-OSNA ¢5'6¢€
€.'6€
¥6°6€
143014

€2'6S —

88vLL

pzoLL -
Zr0zh N
6v'2Z) ~
18621 =~
0e'LzL 7
€0'8z)

veLEL
cyLelL V.
80°¢rL

cyiSLt —

8.°G91 —

9€' VLl —

20 -10

50

T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90
Chemical shift (ppm)

T
200

13C NMR (DMSO0-ds, 100 MHz) spectrum of compound 5r.

S$55



15) x4
g6¥'¢
00S°¢

[efalod

605°Z
vL0°€
SiLeEg

oGl m\.\
eLre’
Sw.m\
LeLe

1159
1819
8817,
6617,
PAVIAVA
6LC’L
vee' L
€ec’,
6€C’L
vve' L

296'L
196°L
€.6°L

8/6°L

or¥' oL —
G280l —

OMe

)
=
o

i

|

Fog'L

e |

[OR

F00°L |

660

Chemical shift (ppm)

1H NMR (DMSO-ds, 400 MHz) spectrum of compound 5s.

S$56



o) =} NN NN o ~ <+ © O Y
o @ oMY~ — N 0 © ~N Mmoo @
< N N T AN — < O N - o M oanN &
N © NS M ™ N —_ ) [CRL R N
i i o i i v i mnwmuwmn (42}
NN I Y ~
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

Chemical shift (ppm)

13C NMR (DMSO0-ds, 100 MHz) spectrum of compound 5s.

S$57



0082
s08'z
ove'z
sv8'z
630°C
621'€
s0z'e
LZ'e
£ez'e
652°C
90€'e
oee'e
gee'e
09€°E
Svs'e
895°¢
1759 7
b6 1
1959 1
9591
£29°91
9299 1
1$9°9 1
59°9 1
099'9 1
£99'9
902°9 4
8029
6229
82,9
£e.'9
Ge.'9
162°9
¥G1'9
0229
2119
226'9
526'9
L1769 1
v6'9 ]
£16'9 1
1169
266'9
9669
866'9
200°L 1
01021
920°L 1
0£0°Z 1
Sv0'.
6v0°L
L20°L
¥20°L1
060°Z
£60°L
6012
ZLL L
Tl

L

Eg0'L |

»80°L

¥60°L |

Eorz
ES0°L

S
(=)

o

60
16°0
6'L |

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

T T T T T
6.0 5.5 5.0 4.5

Chemical shift (ppm)

T
6.5

7.0

T T T T
9.0 8.5 8.0 7.5

9.5

T
10.0

1H NMR (CDCls, 400 MHz) spectrum of compound 6a.

S58



gl'se
s6'zr
88'67

0L'LG —

d-Wd040dOTHD 08'92

WA

W

TIaoJ0aO 19 vF 22

A-WHO4O0HOTHD ¥ 2L

L0°0LL
6oE Ll "
8T LLL

0€'6LL M
8L6LL
LE€TL —
VeLeL —
828zl \
€z 0eL’y
8y el

8L'EVl —

79061 —

A ek AIIMJ

"

m i,

WIS

AW

T
-20

-10

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

—
220

13C NMR (CDCIs3, 100 MHz) spectrum of compound 6a.

$59



18'2 ~
gz
8z'¢ —
e —
08'€ ~L
g e

8¢/ 1
8€L -

0L |

F€0°C [

*€0'¢

1660 |

260 |

z00°}

60
roe

el ¢

5160

Chemical shift (ppm)

1H NMR (CDCls, 400 MHz) spectrum of compound 6b.
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