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Experimental Section

General Information:

Unless otherwise noted, all the reagents were obtained from commercial supplier
and used without further purification. Solvents used in the reactions were distilled
from appropriate drying agents prior to use. *H NMR spectra and *C NMR spectra
were recorded in CDCI; on a spectrometer operating at 400 and 100 MHz,
respectively. Chemical shifts are reported in parts per million relative to the
appropriate standard: TMS for *H and **C NMR spectra. IR was recorded on the
Nicolet 6700. High resolution mass spectra were obtained on Bruker Daltonics
micrOTOF-Q 11 spect-rometer in ESI mode. Flash column chromatography was
performed using 200-300 mesh silica gel. ortho-hydroxyphenyl-substituted
para-quinone methides 1 with aryl sulfonyl indoles 2 used here are known
compounds and prepared according to the reported procedure. 2
General procedure for the Oxa-Michael/1,6-Conjugated Addition Reaction:

To a solution of ortho-hydroxyphenyl-substituted para-quinone methides 1 (0.1
mmol) and aryl sulfonyl indoles 2 (0.12 mmol) in CH3CN (2 mL) was added Cs,CO3
(0.3 mmol). The reaction mixture was stirred under argon atmosphere at room
temperature until the reaction completed (monitored by TLC), the reaction mixture
was extracted with ethyl acetate (2 < 10 mL). The combined organic layers were
washed twice by saturated sodium chloride solution and then dried over anhydrous
Na,SO,. After the removal of solvent under the reduced pressure, the residue was
purified through flash column chromatography on silica gel (petroleum ether: ethyl

acetate = 10:1 - 6:1) to afford the desired cyclization products 3 or 4.



Spectra data for compounds 3-4

2,6-di-tert-butyl-4-(2'-methyl-2-phenylspiro[chromane-3,3'-indol]-4-yl)phenol

OH (3a), (petroleum ether/ethyl acetate = 10:1), 49.5 mg, yield: 94%,
tBu tBu  white solid, mp 199-200 °C, dr >19:1, 'H NMR (400 MHz, CDCl3):

= d (ppm) 7.37 (d, J = 7.45 Hz, 1H), 7.30-7.26 (m, 1H), 7.24-7.22 (m,
©\/ij 1H), 7.16-7.11 (m, 3H), 7.09-7.03 (m, 3H), 6.91-6.87 (m, 3H), 6.78

0" "Ph  (d, J = 7.71 Hz, 1H), 5.97 (brs, 1H), 5.69 (s, 1H), 4.97 (s, 1H), 4.93
(s, 1H), 2.39 (s, 3H), 1.39 (s, 9H), 0.92 (s, 9H); **C NMR (100 MHz, CDCls): &
(ppm) 179.7, 156.1, 155.0, 152.9, 130.1, 128.8, 128.4, 128.3, 127.7, 127.1, 126.9,
126.0, 124.9, 124.5, 121.2, 119.8, 116.3, 82.6, 65.1, 50.3, 34.0, 30.2, 17.8; IR (KBr):
v 3435, 2954, 1625, 1484, 1435, 1376, 1230, 1050, 875, 769, 702; HRMS (ESI):
caled for C37H3gNO, [M+H]": 530.3053, found: 530.3051.

2,6-di-tert-butyl-4-(2'-ethyl-2-phenylspiro[chromane-3,3'-indol]-4-yl)phenol (3b),

OH (petroleum ether/ethyl acetate= 10:1), 45.6 mg, yield: 84%, white
Bu BY solid, mp 200-201 °C, dr > 19:1, *H NMR (400 MHz, CDCl5): §

2> (ppm) 7.38 (d, = 7.47Hz, 1H), 7.29-7.24 (m, 2H), 7.21-7.12 (m, 3H),
@fjf" 7.08-7.02 (m, 3H), 6.90-6.84 (M, 4H), 6.7 (d, J = 7.71 Hz, 1H), 5.95

0" PR (hrs, 1H), 5.68 (s, 1H), 4.98 (s, 1H), 4.93 (s, 1H), 2.88-2.62 (m, 2H),
1.38 (s, 9H), 1.20-1.17 (m, 3H), 0.92 (s, 9H); *C NMR (100 MHz, CDCls): & (ppm)
183.9, 156.2, 155.0, 153.0, 136.5, 135.7, 130.1, 128.9, 128.4, 128.3, 127.8, 127.2,
127.1, 126.0, 124.8, 124.8, 121.1, 120.0, 116.3, 83.0, 65.0, 50.7, 34.0, 30.1, 24.1, 9.8;
IR (KBr): y 3434, 2955, 1622, 1453, 1384, 1231, 1058, 763, 763, 700, 603; HRMS
(ESI): calcd for C3gHagNO, [M+H]":544.3210, found: 544.3214.

2,6-di-tert-butyl-4-(2,2'-diphenylspiro[chromane-3,3'-indol]-4-yl)phenol (3c),
OH (petroleum ether/ethyl acetate= 10:1), 54.9 mg, yield: 93%, white
’B“W@‘B“ solid, mp 218-219 °C, dr > 19:1, *H NMR 600 MHz, CDCls): &
: Q (ppm) 8.20 (d, J = 6.26 Hz, 2H), 7.57-7.52 (m, 2H), 7.47 (d, J = 7.45
@E@TN Hz, 1H), 7.33-7.30 (M, 1H), 7.23 (d, J = 7.44 Hz, 1H), 7.20-7.14 (m,
° 3H), 7.02-6.99 (m, 1H), 6.93 (d, J = 4.32 Hz, 2H), 6.91-6.88 (m, 2H),
6.84 (d, J = 7.80 Hz, 2H), 6.39 (s, 1H), 6.28 (brs, 1H), 6.03 (brs, 1H), 5.42 (s, 1H),
4.83 (s, 1H), 1.04 (s, 9H), 0.94 (s, 9H); *CNMR (150 MHz, CDCls): & (ppm) 175.9,
155.4, 155.3, 152.6, 137.6, 135.7, 134.4, 130.5, 130.2, 128.8, 128.3, 128.3, 128.1,



127.3, 126.8, 126.6, 126.5, 125.2, 124.4, 121.3, 120.7, 116.7, 81.4, 66.6, 50.2, 33.8,
29.9; IR (KBr): y 3436, 2955, 2921, 2860, 1630, 1443, 1385, 1234, 1114, 1027, 762,
700; HRMS (ESI): calcd for CyoHaiNO, [M+H]™: 592.3210, found: 592.3212.

2,6-di-tert-butyl-4-(2-(2-chlorophenyl)-2'-methylspiro[chromane-3,3'-indol]-4-yl)

o OH " phenol (3d), (petroleum ether/ethyl acetate= 10:1), 42.8 mg, yield:
u u

76%, white solid, mp 223-224 °C, dr > 19:1, *H NMR (400 MHz,

wN CDCly): & (ppm) 7.35-7.26 (m, 2H), 7.17-7.12 (m, 3H), 7.10-7.07
(o]

(m, 2H), 6.99-6.96 (m, 2H), 6.93-6.89 (M, 1H), 6.85-6.84 (m, 1H),

“ 6.79-6.76 (m, 2H), 5.97 (brs, 1H), 5.65 (s, 1H), 4.98 (s, 1H), 4.91 (s,

1H), 2.39 (s, 3H), 1.39 (s, 9H), 0.92 (s, 9H); *C NMR (100 MHz, CDCl5): & (ppm)
179.3, 156.0, 154.6, 153.0, 137.5, 135.9, 133.5, 130.1, 128.9, 128.6, 128.4, 127.2,
126.9, 125.9, 125.1, 125.0, 124.3, 121.4, 120.0, 116.3, 81.8, 65.1, 50.0, 34.0, 30.1,
17.7; IR (KBr): y 3436, 2956, 1628, 1435, 1382, 1231, 1116, 1054, 860, 772, 701;
HRMS (ESI): calcd for C3;H3sCINO, [M+H]": 564.2664, found: 564.2661.

4-(2-(2-bromophenyl)-2'-methylspiro[chromane-3,3'-indol]-4-yl)-2,6-di-tert-butyl
OH phenol (3e), (petroleum ether/ethyl acetate= 7:1), 48 mg, yield:
tB"j@(tB" 79%, white solid, mp 210-211 °C, dr > 19:1, *H NMR (600 MHz,
: @ CDCly): & (ppm) 7.51-7.49 (m, 1H), 7.39 (d, J = 7.52 Hz, 1H),
@fj\f" 7.32-7.26 (m, 2H), 7.21 (d, J = 7.62 Hz, 1H), 7.18-7.15 (m, 1H),
© D 7.07- 6.98 (m, 3H), 6.92-6.89 (m, 1H), 6.84-6.79 (m, 2H),
o 6.36-6.32 (M, 2H), 5.95 (brs, 1H), 5.03 (s, 1H), 4.97 (s, 1H), 2.41 (s,
3H), 1.39 (s, 9H), 0.94 (s, 9H); **C NMR (150 MHz, CDCls): & (ppm) 180.4, 156.2,
155.5, 153.0, 136.8, 134.8, 132.9, 130.5, 130.4, 128.6, 128.3, 127.4, 126.8, 126.1,
125.1, 124.6, 124.1, 121.3, 120.0, 116.4, 80.4, 64.7, 51.7, 34.0, 30.2, 18.1; IR (KBT¥):
v 3433, 2953, 1622, 1436, 1380, 1230, 1115, 882, 764, 730, HRMS (ESI): calcd for
C37H3sBrNO, [M+H]":608.2159, found: 608.2156.



2,6-di-tert-butyl-4-(2-(3-chlorophenyl)-2'-methylspiro[chromane-3,3'-indol]-4-yl)
OH phenol (3f), (petroleum ether/ethyl acetate= 8:1), 51 mg, yield:
tBu@tBu 91%, white solid, mp 226-227 °C, dr = 10:1, '"H NMR (400
: @ MHz, CDCls): & (ppm) 7.35-7.30 (m, 1H), 7.29-7.26 (m, 1H),
©\/j‘74N 7.17-7.12 (m, 3H), 7.10-7.07 (m, 2H), 6.99-6.96 (m, 2H),
0 ""@(C' 6.93-6.89 (m, 1H), 6.85-6.84 (M, 1H), 6.79-6.76 (m, 2H), 5.98
(brs, 1H), 5.65 (s, 1H), 4.98 (s, 1H), 4.91 (s, 1H), 2.39 (s, 3H),
1.39 (s, 9H), 0.92 (s, 9H); **C NMR (100 MHz, CDCl3): & (ppm) 179.3, 156.0, 154.6,
153.0, 137.5, 130.1, 128.9, 128.6, 128.4, 127.2, 126.9, 125.9, 125.1, 125.0, 124.3,
121.4,120.0, 116.3, 81.8, 65.1, 50.0, 34.0, 30.1, 17.7; IR (KBr): vy 3431, 2924, 2856,
1627, 1434, 1382, 1232, 1052, 772, 702; HRMS (ESI): calcd for C37H33CINO;
[M+H]*:564.2664, found: 564.2667.

4-(2-(3-bromophenyl)-2'-methylspiro[chromane-3,3'-8indol]-4-yl)-2,6-di-tert-but
OH ylphenol (3g), (petroleum ether/ethyl acetate= 10:1), 54 mg,
tBu@tBu yield: 89%, white solid, mp 234-235 °C, dr = 11:1, 'H NMR
: @ (400 MHz, CDCls): & (ppm) 7.34-7.30 (m, 1H), 7.28-7.24 (m,
@fj*” 3H), 7.16-7.13 (m, 2H), 7.07 (d, J = 8.06 Hz, 1H), 7.00 (s, 1H),
o @( ® 6.93-6.89 (m, 3H), 6.82-6.77 (m, 2H), 5.99 (brs, 1H), 5.63 (s,
1H), 4.98 (s, 1H), 4.90 (s, 3H), 2,39 (s, 3H), 1.39 (s, 9H), 0.92 (s,
9H); ¥C NMR (100 MHz, CDCls): & (ppm) 179.2, 155.0, 154.7, 153.0, 137.8, 135.9,
131.8, 130.2, 130.1, 129.1, 128.6, 128.4, 126.9, 125.9, 125.4, 125.0, 124.3, 121.7,
121.4, 120.0, 116.3, 81.7, 65.1, 49.9, 34.0, 30.1, 17.7; IR (KBr): y 3434, 2955, 1629,
1434, 1383, 1232, 1052, 762; HRMS (ESI): calcd for Ca;H3gBrNO, [M+H]":
608.2159, found: 608.2162.

2,6-di-tert-butyl-4-(2'-methyl-2-(3-nitrophenyl)spiro[chromane-3,3'-indol]-4-yl)p

OH henol (3h), (petroleum ether/ethyl acetate= 7:1), 47mg, yield:

tBu@tBu 82%, white solid, mp 222-223 °C, dr = 15:1, *H NMR (400
: @ MHz, CDCly): & (ppm) 7.99-7.69 (m, 1H), 7.81 (s, 1H),
@\/ji;N 7.38-7.28 (m, 2H), 7.24-7.21 (m, 2H), 7.19-7.16 (m, 2H),

¥ NO

° © * 7.11-7.06 (m, 2H), 6.99-6.91 (m, 2H), 6.80 (d, J = 7.74 Hz,

1H), 5.98 (brs, 1H), 5.79 (s, 1H), 5.11 (s, 1H), 4.93 (s, 1H),

2.45 (s, 3H), 1.38 (s, 9H), 0.89 (s, 9H); *C NMR (100 MHz, CDCl5): & (ppm) 179.1,



155.7, 154.2, 153.1, 147.3, 137.6, 135.4, 132,7, 130.1, 128.9, 128.6, 128.6, 126.7,
125.9, 125.3, 124.2, 123.6, 122.0, 121.7, 120.0, 116.2, 81.0, 65.1, 49.5, 34.0, 30.0,
17.9; IR (KBr): vy 3438, 2955, 2923, 2858, 1626, 1532, 1437, 1351, 1234, 1055, 804,
757, 715; HRMS (ESI): calcd for Cs7H3gN,04 [M+H]": 575.2904, found: 575.2909.

2,6-di-tert-butyl-4-(2'-methyl-2-(m-tolyl)spiro[chromane-3,3'-indol]-4-yl)phenol
OH (3i), (petroleum ether/ethyl acetate= 7:1), 43.8 mg, yield: 81%,
’B”jé(’au white solid, mp 228-230 °C, dr = 9:1, 'H NMR (400 MHz,
=) cDCl): & (ppm) 7.38-7.36 (m ,1H), 7.29-7.26 (m, 1H),
@\/\/DA 7.24-7.22 (m, 1H), 7.15-7.12 (m, 2H), 7.09-7.07 (m, 1H),
o 6.96-6.92 (m, 3H), 6.91-6.87 (m, 1H), 6.78 (d, J = 7.74 Hz, 1H),
6.68-6.66 (m, 1H), 6.62 (s, 1H), 5.99 (brs, 1H), 5.64 (m, 1H),
4.96 (s, 1H), 4.92 (s, 1H), 2.37 (s, 3H), 2.09 (s, 3H), 1.39 (s, 9H), 0.92 (s, 9H); *C
NMR (100 MHz, CDCls): & (ppm) 179.8, 156.1, 155.1, 152.9, 137.3, 136.5, 135.4,
130.1, 129.6, 128.3, 127.7, 127.6, 127.2, 126.0, 124.8, 124.5, 124.1, 121.1, 119.7,
116.3, 82.8, 65.1, 50.3, 34.0, 30.1, 21.2, 17.7; IR (KBr): y 3434, 2953, 1580, 1434,
1374, 1231, 1116, 1052, 836, 773, 713; HRMS (ESI): calcd for CagHsNO, [M+H]":

544.3210, found: 544.3213.

2,6-di-tert-butyl-4-(2-(3-methoxyphenyl)-2'-methylspiro[chromane-3,3'-indol]-4-
OH

Bu Bu yl)phenol (3j), (petroleum ether/ethyl acetate= 10:1), 52.9
\©/ myg, yield: 95%, white solid, mp 221-222 °C, dr > 19:1, 'H
: : NMR (400 MHz, CDCls): § (ppm) 7.39 (d, J = 7.38 Hz, 1H),

—N
%OCH3 7.29 (d, 1H), 7.17-7.13(m, 2H), 7.09 (d, J = 7.71 Hz, 1H),

7.04-6.96 (m, 2H), 6.92-6.88 (m, 1H), 6.79 (d, J = 7.71 Hz,
1H), 6.71-6.69 ( m, 1H), 6.62 (d, J = 7.60 Hz, 1H), 6.24 (s, 1H) ,5.97 (brs, 1H), 5.66
(s, 1H), 4.98 (s, 1H), 4.93 (s, 1H), 3.38 (s, 3H), 2.37 (s, 3H), 1.39 (s, 9H), 0.92 (s, 9H);
3C NMR (100 MHz, CDCls): & (ppm) 179.9, 158.8, 156.2, 155.0, 152.9, 136.9,
136.6, 130.2, 128.6, 128.3, 127.1, 126.0, 124.8, 124.5, 121.2, 119.9, 119.6, 116.3,
115.7, 111.2, 82.5, 65.1, 54.8, 50.4, 34.0, 30.3, 17.7; IR (KBr): y 3433, 2953, 1604,
1434, 1375, 1232, 1161, 1645, 863, 777, 661; HRMS (ESI): calcd for CssHaiNO3
[M+H]": 560.3108, found: 560.3104.



2,6-di-tert-butyl-4-(2-(4-fluorophenyl)-2'-methylspiro[chromane-3,3'-indol]-4-yl)

OH phenol (3Kk), (petroleum ether/ethyl acetate= 8:1), 52.1mg, yield:
‘B"©‘B“ 95%, white solid, mp 224-225 °C, dr > 19:1, '"H NMR (400

: Q MHz, CDCls): & (ppm) 7.35-7.33 (m, 1H), 7.30-7.23 (m, 2H),
@\/j’fN 7.15-7.12 (m, 2H), 7.08-6.97 (m, 2H), 6.92-6.84 (m, 3H),

0" 6.79-6.71 (m, 3H), 5.97 (brs, 1H), 5.68 (s, 1H), 4.99 (s, 1H),
4.91 (s, 1H), 2.39 (s, 3H), 1.39 (s, 9H), 0.92 (s, 9H); *C NMR
(100 MHz, CDCls): & (ppm) 179.5, 164.0, 161.5, 156.0, 154.8, 153.0, 136.1, 131.6,
131.5, 130.1, 128.7, 128.6, 128.5, 128.4, 127.0, 125.9, 124.9, 124.4, 119.9, 116.2,
114.8, 114.5, 81.8, 65.2, 50.1, 34.0, 30.1, 17.7; IR (KBr): vy 3433, 2956, 1607, 1512,
1435, 1377, 1228, 1157, 1052, 839, 768, 657; HRMS (ESI): calcd for C3;H3sFNO,
[M+H]": 548.2959, found: 548.2956.

F

2,6-di-tert-butyl-4-(2-(4-chlorophenyl)-2'-methylspiro[chromane-3,3'-indol]-4-yl)
o phenol (31), (petroleum ether/ethyl acetate= 8:1), 51.2 mg, yield:

tBu tBu 91%, white solid, mp 209-210 °C, dr = 8:1, *H NMR (400 MHz,
y @ CDCly): & (ppm) 7.35-7.26 (m, 2H), 7.25-7.23 (m, 1H),
©\/j‘7¢N 7.15-7.11 (m, 2H), 7.08-7.06 (m, 1H), 7.03-6.96 (m, 3H),
o ©\ 6.92-6.88 (m, 1H), 6.83-6.77 (m, 3H), 5.96 (brs, 1H), 5.67 (s,

€' 1H), 4.99 (s, 1H), 4.91 (s, 1H), 2.39 (s, 3H), 1.39 (s, 9H), 0.92 (s,

9H); *C NMR (100 MHz, CDCls): & (ppm) 179.4, 156.0, 154.7, 153.0, 136.0, 134.6,
134.1, 130.1, 1285, 128.4, 128.2, 127.9, 126.9, 125.9, 125.0, 124.4, 121.4, 120.0,
116.2, 81.8, 65.1, 50.0, 34.0, 30.0, 17.7; IR (KBr): y 3431, 2956, 2924, 2858, 1627,
1436, 1381, 1231, 1114, 1052, 802, 766; HRMS (ESI): calcd for C37H33CINO;

[M+H]": 564.2664, found: 564.2668.

4-(2-(4-bromophenyl)-2'-methylspiro[chromane-3,3'-indol]-4-yl)-2,6-di-tert-butyl
OH phenol (3m), (petroleum ether/ethyl acetate= 8:1), 56.2 mg,
tBu Bu yield: 93%, white solid, mp 230-231 °C, dr = >19:1, '"H NMR
< @ (400 MHz, CDCls): & (ppm) 7.37-7.33 (m, 1H), 7.31-7.26 (m,
@fj‘ﬁ" 2H), 7.21-7.14 (m, 4H), 7.09 (d, J = 7.70 Hz, 1H), 6.99-6.91 (m,
0" 2H), 6.82-6.77 (m, 3H), 5.99 (brs, 1H), 5.68 (s, 1H), 5.04 (s, 1H),
4.93 (s, 1H), 2.42 (s, 3H), 1.42 (s, 9H), 0.94 (s, 9H); *C NMR
(100 MHz, CDCls): § (ppm) 179.3, 156.0, 154.7, 153.0, 136.0, 134.7, 130.8, 130.1,

128.5, 128.5, 128.4, 126.9, 125.9, 125.0, 124.4, 122.9, 121.4, 120.0, 116.2, 81.8, 65.0,

Br



50.0, 34.0, 30.1, 17.7; IR (KBr): y 3436, 2957, 1581, 1484, 1436, 1231, 1113, 1052,
877, 766, 658, HRMS (ESI): calcd for Cz;H3sBrNO, [M+H]": 608.2159, found:
608.2163.

4-(4-(3,5-di-tert-butyl-4-hydroxyphenyl)-2'-methylspiro[chromane-3,3'-indol]-2-

OH yl)benzonitrile (3n), (petroleum ether/ethyl acetate= 7:1), 52.6
Bu Bu mg, yield: 95%, white solid, mp 231-232 °C, dr > 19:1, *H
2 Q NMR (400 MHz, CDClz): 6 (ppm) 7.34-7.28 (m, 4H),

@fjf" 7.24-7.22 (m, 1H), 7.16-7.12 (m, 2H), 7.10-7.07 (m, 2H), 7.30

o~ (d, J = 8.37 Hz, 2H), 6.94-6.90 (m, 1H), 6.79 (d, J = 7.77 Hz,
1H), 5.97 (brs, 1H), 5.74 (s, 1H), 5.01 (s, 1H), 4.92 (s, 1H),
2.44 (s, 3H), 1.39 (s, 9H), 0.91 (s, 9H); **C NMR (100 MHz, CDCls): & (ppm) 179.0,
155.8, 154.3, 153.1, 140.7, 135.6, 131.3, 130.1, 128.7, 128.5, 127.5, 126.6, 125.8,
125.1, 124.2, 121.6, 120.1, 118.3, 116.2, 112.4, 81.4, 65.1, 49.6, 34.0, 30.1, 17.9; IR
(KBr): y 3433, 2957, 2875, 2231, 1616, 1435, 1382, 1232, 1114, 1057, 805, 761, 694;
HRMS (ESI): calcd for CagHagN,0, [M+H]": 555.3006, found: 555.3002.

CN

2,6-di-tert-butyl-4-(2'-methyl-2-(4-nitrophenyl)spiro[chromane-3,3'-indol]-4-yl)p

OH henol (30), (petroleum ether/ethyl acetate= 10:1), 55.1 mg,
’B“@‘B“ yield: 96%, white solid, mp 243-244 °C, dr > 19:1, *H NMR
: @ (400 MHz, CDCls): & (ppm) 7.91-7.89 (m, 2H), 7.34-7.29 (m,
@\/j&fN 2H), 7.25-7.23 (M, 1H), 7.17-7.13 (m, 1H), 7.12-7.08 (m, 4H),
o~

6.99-6.92 (m, 2H), 6.80 (d, J = 7.74 Hz, 1H), 5.98 (brs, 1H),
5.81 (s, 1H), 4.99 (s, 1H), 4.94 (s, 1H), 2.46 (s, 3H), 1.39 (s,
9H), 0.92 (s, 9H); *C NMR (100 MHz, CDCls): & (ppm) 178.9, 155.8, 154.2, 153.1,
147.8, 142.6, 135.5, 130.1, 128.8, 127.7, 126.6, 125.8, 125.2, 124.2, 122.7, 121.7,
120.1, 116.2, 81.1, 65.1, 49.6, 34.0, 30.0, 17.9; IR (KBr): vy 3435, 2958, 1607, 1526,
1435, 1346, 1231, 1057, 860, 761, 708; HRMS (ESI): calcd for CsH3sN,04 [M+H]":
575.2904, found: 575.2907.

NO,



2,6-di-tert-butyl-4-(2'-methyl-2-(4-(trifluoromethyl)phenyl)spiro[chromane-3,3'-i

OH ndol]-4-yl)phenol (3p), (petroleum ether/ethyl acetate= 10:1),
Bu Bu 56.6 mg, yield: 95%, white solid, mp 216-217°C, dr >19:1, *H
Z Q NMR (400 MHz, CDCl3): 6 (ppm) 7.25-7.22 (m, 1H),

@fj‘fN 7.18-7.16 (m, 1H), 7.14-7.04 (m, 7H), 6.91 (d, J = 8.66 Hz,
o~

@L 1H), 6.69 (d, J = 2.33 Hz, 1H), 6.57-6.53 (M, 2H), 6.15 (brs,

CFs 1H), 5.67 (s, 1H), 5.01 (s, 1H), 4.99 (s, 1H), 3.85 (s, 3H), 1.39

(s, 9H), 0.99 (s, 9H). **C NMR (100 MHz, CDCls): & (ppm) 175.9, 159.9, 155.7,

153.2, 153.0, 135.3, 135.1, 130.9, 128.9, 128.7, 127.8, 127.3, 126.9, 126.8, 124.6,

124.6, 123.6, 115.1, 110.0, 108.6, 101.2, 81.8, 57.9, 55.3, 55.3, 34.0, 30.1; IR (KBr):

v 3436, 2959, 1626, 1435, 1382, 1326, 1232, 1127, 1068, 764; HRMS (ESI): calcd
for CagHagFsNO, [M+H]": 598.2927, found: 598.2924.

2,6-di-tert-butyl-4-(2'-methyl-2-(p-tolyl)spiro[chromane-3,3'-indol]-4-yl)phenol
OH (39), (petroleum ether/ethyl acetate= 10:1), 49.3 mg, yield: 91%,
‘B“@‘B“ white solid, mp 225-226 °C, dr > 19:1, 'H NMR (400 MHz,
: Q CDCls): & (ppm) 7.37 (d, J = 7.04 Hz, 1H), 7.28 (d, 1H), 7.24 (s,
@fjﬁd 1H), 7.16-7.12 (m, 2H), 7.07 (d, J = 7.60 Hz, 1H), 6.97 (s, 1H),
0 ©\ 6.91-6.84 (m, 3H), 6.78-6.74 (m, 3H), 5.96 (brs, 1H), 5.66 (s,
1H), 4.97 (s, 1H), 4.92 (s, 1H), 2.38 (s, 1H), 2.19 (s, 3H), 1.39 (s,
9H), 0.91 (s, 9H); *C NMR (100 MHz, CDCls): & (ppm) 179.9, 156.1, 155.1, 152.9,
138.6, 136.5, 132.6, 130.1, 128.5, 128.3, 128.3, 172.2, 126.8, 126.0, 124.9, 124.5,
121.1, 119.7, 116.3, 82.6, 65.1, 50.4, 34.0, 30.0, 21.1, 17.7; IR (KBr): y 3430, 2968,
1633, 1435, 1382, 1232, 1050, 880, 769, 659; HRMS (ESI): calcd for CsgHaNO,
[M+K]*: 582.3120, found: 582.3118.

2,6-di-tert-butyl-4-(2-(4-methoxyphenyl)-2'-methylspiro[chromane-3,3'-indol]-4-

OH yl)phenol (3r), (petroleum ether/ethyl acetate= 8:1), 48.6 mg,
‘B“j@ B yield: 87%, white solid, mp 221-222°C, dr = 9:1, *H NMR
? @ (400 MHz, CDCls): & (ppm) 7.36 (d, J = 7.38 Hz, 1H),

6.97-6.87 (m, 2H), 6.79-6.77 (m, 3H), 6.57 (d, J = 8.72 Hz,
2H), 5.96 (brs, 1H), 5.64 (s, 1H), 4.97 (s, 1H), 4.91 (s, 1H),
3.67 (s, 3H), 2.37 (s, 3H), 1.39 (s, 9H), 0.92 (s, 9H); *C NMR (100 MHz, CDCls): &
(ppm) 179.9, 159.8, 156.1, 155.1, 152.9, 136.5, 130.1, 128.3, 128.3, 128.2, 127.8,

@fj\f" 7.29-7.24 (m, 2H), 7.16-7.12 (m, 2H), 7.08-7.06 (m, 1H),
o ’©\

OCH,



127.2,126.0, 124.5, 121.1, 119.8, 116.3, 113.2, 82.3, 65.1, 55.0, 50.4, 34.0, 30.0, 17.7;
IR (KBr): y 3434, 2957, 1612, 1515, 1436, 1376, 1230, 1178, 1044, 835, 766, 606;
HRMS (ESI): calcd for CagH4NO3 [M+H]": 560.3159, found: 560.3162.

2,6-di-tert-butyl-4-(2'-methyl-2-(naphthalen-2-yl)spiro[chromane-3,3'-indol]-4-yI

OH )phenol (3s), (petroleum ether/ethyl acetate= 7:1), 49.8 mg,
Bu Bu yield: 86%, white solid, mp 222-223 °C, dr = 7:1, *H NMR
: @ (600 MHz, CDCls): § (ppm) 7.66-7.64 (m, 1H), 7.58-7.56 (m,

@fj’\;N 1H), 7.48-7.43 (m, 2H), 7.39-7.34 (m, 3H), 7.30-7.22 (m, 1H),
o 7.25-7.23 (m, 1H), 7.19-7.15 (m, 1H), 7.11-7.05 (m, 2H),
6.98-6.88 (m, 3H), 6.81 (d, J = 7.67 Hz, 1H), 5.99 (brs, 1H),
5.82 (s, 1H), 4.99 (s, 1H), 4.95 (s, 1H), 2.39 (s, 3H), 1.39 (s, 9H), 0.92 (s, 9H); “*C
NMR (150 MHz, CDCls): & (ppm) 179.6, 156.1, 155.1, 153.0, 136.5, 133.5, 133.2,
132.6, 130.2, 128.4, 128.4, 128.1, 127.4, 127.4, 127.1, 126.7, 126.2, 126.1, 125.9,
124.9, 124.6, 124.4, 121.2, 119.9, 116.4, 82.8, 65.2, 50.4, 34.0, 30.2, 17.7; IR (KBr):
vy 3433, 2955, 2922, 2860, 1580, 1454, 1381, 1230, 1158, 1053, 817, 753, 661;
HRMS (ESI): calcd for C41H4:NO, [M+H]": 580.3210, found: 580.3213.

2,6-di-tert-butyl-4-(2'-methyl-2-(3,4,5-trimethoxyphenyl)spiro[chromane-3,3'-ind

OH ol]-4-yhphenol (3t), (petroleum ether/ethyl acetate= 3:1),

tBu\©/tBu 60.5 mg, yield: 98%, white solid, mp 168-169°C, dr = 8:1, *H

: Q NMR (600 MHz, CDCl3): & (ppm) 7.38 (d, J = 7.44 Hz, 1H),

@%N 7.29-7.23 (m, 2H), 7.19 -7.13 (m, 2H), 7.09-7.08 (m, 1H),

o M §.96-6.88 (m, 2H), 6.81 (d, J = 7.78 Hz, 1H), 6.07 (s, 2H),

OCH;  5.99 (brs, 1H), 5.57 (s, 1H), 5.01 (s, 1H), 4.91 (s, 1H), 3.72 (s,

ot 3H), 3.49 (s, 6H), 2.36 (s, 3H), 1.39 (s, 9H), 0.93 (s, 9H); °C

NMR (150 MHz, CDCls): & (ppm) 179.8, 156.4, 155.0, 153.0, 152.5, 138.4, 136.9,

130.8, 130.2, 128.3, 127.0, 126.0, 124.8, 124.4, 121.3, 120.1, 116.4, 104.5, 82.8, 65.1,

60.6, 55.8, 50.6, 34.0, 30.1, 17.6; IR (KBr): y 3436, 2956, 2923, 1623, 1433, 1380,

1326.48, 1232, 846, 765; HRMS (ESI): calcd for CsHisNOs [M+H]": 620.3370,
found: 620.3374.



2,6-di-tert-butyl-4-(2'-methyl-2-(thiophen-3-yl)spiro[chromane-3,3'-indol]-4-yl)p
OH henol (3u), (petroleum ether/ethyl acetate= 8:1), 45.9 mg, yield:
'B“j@m” 86%, white solid, mp 219-220°C, dr = 10:1, 'H NMR (400 MHz,
: @ CDCls): & (ppm) 7.35 (d, J = 7.3 Hz, 1H), 7.29-7.25 (m, 2H),
@fj\f” 7.19-7.06 (m, 3H), 6.99-6.97 (M, 2H), 6.91-6.87 (M, 1H), 6.83-6.77
° @ (M, 2H), 6.40-6.39 (m, 1H), 5.96 (brs, 1H), 5.82 (s, 1H), 4.99 (s,
1H), 4.88 (s, 1H), 2.35 (s, 3H), 1.39 (s, 9H), 0.92 (s, 9H); °C NMR
(100 MHz, CDCls): & (ppm) 179.8, 156.1, 154.8, 152.9, 136.8, 136.7, 130.1, 128.5,
128.3, 127.0, 126.0, 125.7, 125.0, 124.4, 123.7, 121.2, 119.9, 116.3, 78.3, 64.6, 50.2,
34.0, 30.3, 17.4; IR (KBr): v 3438, 2957, 1629, 1436, 1382, 1230, 1118, 1050, 867,
767, 661; HRMS (ESI): calcd for C3sH37NO,S [M+H]": 536.2618, found: 536.2620.

2,6-di-tert-butyl-4-(2'-methyl-2-(pyridin-3-yl)spiro[chromane-3,3'-indol]-4-yl)ph
OH enol (3v), (petroleum ether/ethyl acetate= 2:1), 49.6 mg, yield: 94%,

‘B“WC(‘B” white solid, mp 231-232°C, dr > 19:1, *H NMR (400 MHz,
Z Q CDCl3): & (ppm) 8.38-8.33 (m, 2 H), 7.35 (d, J = 7.34 Hz, 1H),

@fj‘s;N 7.32-7.24 (m, 2H), 7.17-7.12 (m, 2H), 7.07 (d, J = 8.00 Hz, 1 H),
S ) 7.01-6.89 (m, 4H), 6.81 (d, J = 7.72 Hz, 1H), 5.98 (brs, 1H), 5.73 (s,

N" 1H), 5.04 (s, 1H), 4.94 (s, 1H), 2.42 (s, 3H), 1.39 (s, 9H), 0.92 (s,

9H); *C NMR (100 MHz, CDCl3): & (ppm) 179.2, 155.9, 154.6, 153.0, 150.1, 148.3,
135.7, 134.1, 131.4, 130.2, 128.7, 128.5, 126.8, 125.1, 124.3, 122.6, 121.5, 120.1,
116.2, 80.1, 65.0, 49.8, 34.0, 30.1, 17.7; IR (KBr): y 3431, 2959, 1579, 1484, 1435,
1373, 1231, 1116, 1056, 941, 890, 767, 658: HRMS (ESI): calcd for CssHasN20,

[M+H]*: 531.3006, found: 531.3002.

2,6-di-tert-butyl-4-(2'-methyl-2-propylspiro[chromane-3,3'-indol]-4-yl)phenol
. OH . (3w), (petroleum ether/ethyl acetate= 7:1), 29.6 mg, yield: 60%,
j@( white solid, mp 204-205°C, dr = 8:1, *"H NMR (600 MHz, CDCls):
: @ d (ppm) 7.29 (d, J = 7.63 Hz, 1H), 7.25-7.21 (m, 2H), 7.10 (d, J =
@fj%/" 7.09 Hz, 1H), 7.07-7.01 (m, 2H), 6.90 (s, 1H), 6.84-6.81 (m, 1H),
o7 6.74 (d, J = 7.67 Hz, 1H), 5.87 (brs, 1H), 4.94 (s, 1H), 4.71 (s, 1H),
4.62-4.59 (m, 1H), 2.35 (s, 3H), 1.65-1.59 (m, 2H), 1.39 (s, 9H), 1.03-0.97 (m, 2H),
0.92 (s, 9H), 0.85-0.83 (m, 3H); **C NMR (150 MHz, CDCls): § (ppm) 180.9, 155.9,
154.7, 152.8, 137.3, 130.0, 128.1, 128.0, 127.1, 125.2, 125.0, 124.3, 120.6, 119.7,

116.0, 79.0, 64.4, 49.9, 34.0, 32.2, 30.2, 18.8, 17.0, 13.7; IR (KBr): y 3439, 2958,



2873, 1581, 1437, 1379, 1234, 1122, 882, 766, 660; HRMS (ESI): calcd for
Cz4H41NO, [M+H]+: 496.3372, found: 496.3375.

2,6-di-tert-butyl-4-(2-isopropyl-2'-methylspiro[chromane-3,3'-indol]-4-yl)phenol
OH (3x), (petroleum ether/ethyl acetate= 10:1), 34.5 mg, yield: 70%,
o " \White solid, mp 211-212 °C, dr = 14:1, *H NMR (400 MHz, CDCly):
: @ 8 (ppm) 7.27-7.19 (m, 3H), 7.11 (d, J = 7.40Hz, 1H), 7.05-6.99 (m,

N 2H), 6.90 (s, 1H), 6.83-6.79 (m, 1H), 6.72 (d, J = 7.69 Hz, 1H), 5.80

(brs, 1H), 5.03 (s, 1H), 4.71 (s, 1H), 4.55 (d, J = 2.96 Hz, 1H), 2.37

(s, 3H), 1.51-1.46 (m, 1H), 1.39 (s, 9H), 0.98 (d, J = 6.81 Hz, 3H), 0.91 (s, 9H), 0.36
(d, J = 6.81 Hz, 3H); *C NMR (100 MHz, CDCls): & (ppm) 181.2, 155.7, 155.1,
152.9, 137.8, 134.5, 130.0, 128.1, 128.0, 127.1, 126.8, 125.8, 124.8, 124.5, 124.3,
120.6, 119.7, 116.0, 80.0, 77.4, 77.0, 76.7, 63.8, 51.1, 34.1, 33.8, 30.6, 30.0, 29.9,
22.0, 17.5, 16.9; IR (KBr): y 3434, 2960, 1579, 1437, 1387, 1234, 1120, 1038, 892,

762; HRMS (ESI): calcd for C34H4NO, [M+H]™: 496.3372, found: 496.3370.

o~

2,6-di-tert-butyl-4-(5'-methoxy-2'-methyl-2-phenylspiro[chromane-3,3'-indol]-4-

OH yl)phenol (3y), (petroleum ether/ethyl acetate= 5:1), 46.8 mg,
tB"j@(tB" yield: 84%, white solid, mp 214-215 °C, dr >19:1, '"H NMR

: (600 MHz, CDCly): & (ppm) 7.27-7.25 (m, 1H), 7.17-7.14 (m,
Wi@ 1H), 7.08-7.05 (m, 3H), 7.02 (d, J = 8.59 Hz, 1H), 6.97-6.93 (m,

0" "PhOCH; 41) 6.89-6.87 (m, 1H), 6.79-6.76 (m, 2H), 6.07 (brs, 1H), 5.67
(s, 1H), 4.96 (s, 1H), 4.91 (s, 1H), 3.70 (s, 3H), 2.36 (s, 3H), 1.39 (s, 9H), 0.96 (s, 9H);
3C NMR (150 MHz, CDCls): & (ppm) 177.4, 157.4, 155.0, 152.9, 150.1, 137.9,
135.7, 130.2, 128.8, 128.4, 127.7, 127.2, 127.0, 124.3, 121.2, 119.8, 116.3, 112.9,
112.9, 82.5, 65.2, 55.4, 50.2, 34.0, 30.1, 17.6; IR (KBr): y 3436, 2954, 2923, 2855.73,
1623, 1465, 1379, 1231, 1157, 1038, 807, 761, 699; HRMS (ESI): calcd for
CagHuNO3 [M+H]": 560.3159, found: 560.3155.

2,6-di-tert-butyl-4-(5'-chloro-2'-methyl-2-phenylspiro[chromane-3,3'-indol]-4-yl)
OH phenol (3z), (petroleum ether/ethyl acetate= 7:1), 44.9 mg, yield:

Bu Bu  80%, white solid, mp 206-207 °C, dr >19:1, *H NMR (400 MHz,
CDCly): 8 (ppm) 7.35-7.28 (m, 2H), 7.22-7.15 (m, 2H), 7.11-7.07

Wb (m, 3H), 7.01 (d, J = 8.29 Hz, 1H), 6.95-6.91 (m, 4H), 6.83 (d, J =
0" “PhEl 7.71 Hz, 1H), 6.07 (brs, 1H), 5.64 (s, 1H), 4.98 (s, 1H), 4.93 (s,



1H), 2.42 (s, 3H), 1.38 (s, 9H), 0.99 (s, 9H); 3C NMR (100 MHz, CDCl3): & (ppm)
180.4, 154.8, 154.5, 153.0, 138.5, 135.3, 130.6, 130.2, 128.9, 128.6, 128.4, 127.9,
126.9, 126.8, 126.2, 123.8, 121.5, 120.5, 116.6, 82.1, 66.1, 49.9, 34.0, 30.1, 17.8; IR
(KBFr): y 3430, 2950, 2924, 2855, 1628, 1436, 1381, 1230, 1055, 781, 765; HRMS
(ESI): calcd for C3;H3sCINO; [M+H]": 564.2664, found: 564.2661.

2,6-di-tert-butyl-4-(2',6-dimethyl-2-phenylspiro[chromane-3,3'-indol]-4-yl)pheno

OH | (4a), (petroleum ether/ethyl acetate= 7:1), 52.6 mg, yield: 97%,

Bu BU" \white solid, mp 218-229 °C, dr >19:1, '"H NMR (400 MHz,

: @ CDCls): & (ppm) 7.38 (d, J = 7.30 Hz, 1H), 7.25-7.21 (m, 1H),

m" 7.15-7.11 (m, 3H), 7.09-7.05 (m, 2H), 7.04-6.96 (M, 3H), 6.87 (d,

OTPh  3=7.44 Hz, 2H), 6.59 (s, 1H), 5.98 (brs, 1H), 5.65 (s, 1H), 4.96 (s,

1H), 4.89 (s, 1H), 2.39 (s, 3H), 2.19 (s, 3H), 1.40 (s, 9H), 0.93 (s, 9H); *C NMR (100

MHz, CDCl5): & (ppm) 179.8, 156.0, 152.9, 136.4, 135.7, 130.4, 130.2, 129.0, 128.8,

128.3, 127.7, 127.1, 126.9, 126.1, 124.8, 124.0, 119.7, 116.1, 82.5, 65.4, 50.3, 34.0,

30.1, 20.6, 17.7; IR (KBr): vy 3438, 2954, 2923, 2856, 1628, 1496, 1459, 1376, 1240,

814, 769, 700; HRMS (ESI): calcd for CsgHsiNO, [M+H]": 544.3210 found:
544.3213.

2,6-di-tert-butyl-4-(6-methoxy-2'-methyl-2-phenylspiro[chromane-3,3’-indol]-4-y
OH l)phenol (4b), (petroleum ether/ethyl acetate= 7:1), 50.2 mg,

Bu Bu  yvield: 90%, white solid, mp 208-209 °C, dr = 12:1, *H NMR

: @ (400 MHz, CDCls): & (ppm) 7.38 (d, J = 7.26 Hz, 1H),

“3°°©\/ij 7.25-7.22 (m, 1H), 7.16-7.11 (m, 3H), 7.05-7.01 (m, 3H), 6.95

0" “Ph (s, 1H), 6.88-6.83 (M, 3H), 6.30 (d, J = 2.24 Hz, 1H), 5.98
(brs, 1H), 5.64 (s, 1H), 4.97 (s, 1H), 4.89 (s, 1H), 3.63 (s, 3H), 2.38 (s, 3H), 1.39 (s,
9H), 0.92 (s, 9H): 3C NMR (100 MHz, CDCly): & (ppm) 179.7, 156.1, 153.8, 153.0,
149.1, 136.4, 135.8, 128.8, 128.3, 127.7, 127.2, 126.9, 126.0, 125.3, 124.8, 119.8,
116.9, 115.1, 114.1, 82.6, 65.2, 55.7, 50.5, 34.0, 30.2, 17.7; IR (KBr): v 3436, 2956,
2923, 1618.42, 1501, 1437, 1377, 1237, 1160, 1037, 835, 768, 702; HRMS (ESI):
calced for C3gHaNO3z [M+H]": 560.3159, found: 560.3163.



2,6-di-tert-butyl-4-(6-chloro-2'-methyl-2-phenylspiro[chromane-3,3'-indol]-4-yl)
OH phenol (4c), (petroleum ether/ethyl acetate= 7:1), 45.5 mg, yield:
B B4 819, white solid, mp 199-200 °C, dr >19:1, *H NMR (400 MHz,
o : @ CDCls): & (ppm) 7.34 (d, J = 7.38 Hz, 1H), 7.27-7.22 (m, 2H),
@\/j‘f" 7.17-7.11 (m, 3H), 7.06-7.00 (m, 3H), 6.95-6.85 (m. 3 H), 6.77 (d,
O Ph =149 Hz, 1H), 5.94 (brs, 1H), 5.66 (s, 1H), 5.03 (s, 1H), 4.86
(s, 1H), 2.37 (s, 3H), 1.39 (s, 9H), 0.93 (s, 9H); *C NMR (100 MHz, CDCls): &
(ppm) 179.3, 156.1, 153.6, 153.2, 136.0, 135.2, 129.6, 129.0, 128.6, 128.4, 127.8,
127.2,126.9, 126.4, 126.2, 126.1, 125.8, 125.0, 124.3, 119.9, 117.7, 82.8, 64.7, 50.25,
34.0, 30.1, 17.7; IR (KBr): v 3428, 2921, 2852, 1632, 1473, 1382, 1234, 1118, 815,
770, 701; HRMS (ESI): calcd for C3;H33CINO, [M+H]": 564.2664, found: 564.2668.

4-(6-bromo-2'-methyl-2-phenylspiro[chromane-3,3'-indol]-4-yl)-2,6-di-tert-butyl
OH phenol (4d), (petroleum ether/ethyl acetate= 7:1), 50.1 mg, yield:

o o 83%, white solid, mp 205-206 °C, dr >19:1, 'H NMR (400 MHz,
: @ CDCls): & (ppm) 7.38-7.32 (m, 2H), 7.27-7.23 (m, 1H), 7.17-7.10

Y (m, 3H), 7.06-7.02 (m, 2H), 6.97-6.91 (m, 3H), 6.86 (d, J = 7.32

Hz, 2H), 5.94 (brs, 1H), 5.65 (s, 1H), 5.04 (s, 1H), 4.86 (s, 1H),
2.37 (s, 3H), 1.39 (s, 9H), 0.93 (s, 9H); **C NMR (100 MHz, CDCls): & (ppm) 179.2,
156.1, 154.2, 153.2, 136.0, 135.2, 132.5, 131.4, 129.0, 128.6, 127.8, 127.2, 126.9,
126.8, 126.2, 125.7, 125.0, 124.4, 120.0, 118.2, 113.4, 82.8, 64.7, 50.1, 34.0, 30.1,
17.7; IR (KBr): vy 3438, 2954, 2921, 2853, 1634, 1471, 1381, 1235, 1117, 885, 818,
768, 703; HRMS (ESI): calcd for C37H3sBrNO, [M+H]": 608.2159, found: 608.2155.

Br.

0~ “Ph

2,6-di-tert-butyl-4-(7-methoxy-2'-methyl-2-phenylspiro[chromane-3,3’-indol]-4-y
OH )phenol (4e), (petroleum ether/ethyl acetate= 5:1), 47.9 mg,

Bu BU " yield: 86%, white solid, mp 227-228 °C, dr = 10:1, *H NMR

: @ (600 MHz, CDCls): & (ppm) 7.38 (d, J = 7.37 Hz, 1 H),

N 7.24-722 (m, 1H).7.16-7.11 (m, 3H), 7.06-7.02 (m, 2H),

HsCO O "Ph 956,86 (m, 3H), 6.68-6.64 (M, 2H), 6.49-6.47 (m, 1H), 5.97
(brs, 1H), 5.67 (s, 1H), 4.94 (s, 1H), 4.86 (s, 1H), 3.83 (s, 3H), 2.38 (s, 3H), 1.39 (s,
9H), 0.93 (s, 9H); *C NMR (150 MHz, CDCls): & (ppm) 179.7, 159.8, 156.1, 155.8,
152.9, 136.3, 135.6, 130.8, 128.8, 128.3, 127.7, 127.3, 126.9, 126.0, 124.8, 119.8,
116.6, 108.2, 100.9, 82.9, 65.4, 55.3, 49.90, 34.0, 30.1, 17.7; IR (KBr): y 3431, 2955,



2922, 2855, 1619, 1438, 1379, 1238, 1160, 1038, 836, 735, 702; HRMS (ESI): calcd
for CagH41NO3 [M+H]+: 560.3159, found: 560.3104.

2,6-di-tert-butyl-4-(2',7-dimethyl-2-phenylspiro[chromane-3,3'-indol]-4-yl)pheno

OH | (4f), (petroleum ether/ethyl acetate= 7:1), 44.3 mg, yield: 82%,

Bu BY white solid, mp 236-237 °C, dr = 10:1, ‘H NMR (400 MHz,

: @ CDCls): & (ppm); 7.38 (d, J = 7.35 Hz, 1 H), 7.24-7.21 (m, 1H),

/@fj\f“‘ 7.16-7.10 (m, 3H), 7.06-6.96 (m, 3H), 6.91-6.86 (m, 3H),

07 "Ph  571.6.63 (m, 2H), 5.97 (brs, 1H), 5.66 (s, 1H), 4.97 (s, 1H), 4.88

(s, 1H), 2.38 (s, 3H), 2.37 (s, 3H), 1.39 (s, 9H), 0.92 (s, 9H); *C NMR (100 MHz,

CDCls): & (ppm) 179.8, 156.09, 154.7, 152.9, 138.3, 136.4, 135.7, 129.9, 128.8,

128.2, 127.7, 127.2, 126.9, 126.0, 124.8, 122.1, 121.4, 119.7, 116.7, 82.6, 65.3, 50.1,

34.0, 30.2, 21.2, 17.8; IR (KBr): vy 3435, 2956, 2920, 2870, 1621, 1436, 1378, 1244,

892, 1124, 1049, 802, 736, 700; HRMS (ESI): calcd for CsgHsuNO, [M+H]":
544.3210, found: 544.3218.

Reference

1. Zhao, K.; Zhi. Y.; Shu T.; Valkonen, A.; Rissanen, K.; Enders, D. Angew. Chem.
Int. Ed. 2016, 55, 12104.

2. Liu, Z. S.; Li, W.K,; Kang, T. R.; He, L.; Liu Q.-Z. Org. Lett. 2015, 17, 150.



NMR spectra for compounds 3-4

2,6-di-tert-butyl-4-(2'-methyl-2-phenylspiro[chromane-3,3'-indol]-4-yl)phenol

(32)
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2,6-di-tert-butyl-4-(2'-ethyl-2-phenylspiro[chromane-3,3’-indol]-4-yl)phenol (3b)
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2,6-di-tert-butyl-4-(2,2'-diphenylspiro[chromane-3,3'-indol]-4-yl)phenol (3c)

HEOFOOME A OANNNOOTTMNMEH OO ARANTEHONDITNNOM DO
DO EHON A TOONMOWANTOOMNOODLMHMMOTHNOWOANMNMT 1O ONNDOMN
COVLOULULTONFLOLMHMANAAOTOHNANOFODLTNFAIMANOIITDTMOME-NANMM T
NHOOUOOUOOLTTOOMMOMNANNNNAAAAFHOCONNNNDDDOMNOTODON
®Xor-~-~CcCCCNCCCCEFECECEEEEEEEFFOVOVOVOVOVVVWOOWOOUN T O

|
i

OH NAME GOX-18 (38-48)
EXPNO 40
tBu tBu et 1
Date 20170730
Time 20.15
INSTRUM spect
PROBHD S mm PABBO BB/
PULPROG 2g30
™ 65536
SOLVENT cpC13
NS 16
ns 2
SWH 12019.230 Hz
FIDRES 0.183399 Hz
P} 2.7263477 sec
RG 69.12
oW 41.600 usec
DE 6.50 usec
TE 302.0 X
DL 1.00000000 sec
00 1
CHANNEL £1
SFOl €00.1337060 MHz
NUCL 18
128 12.36 usec
Ss1 65536
SF 600.1300219 MHz
WOW EM
ssB 0
L8 0.30 Hz
GB 0
BC 1.00

WA

10 9 4 3 2 1 0 ppm
(el )
(8] (8}
MNVWOrRrFOTDHRAANADACT - NDOAOO
OCHOEPNNDHOAMEEE AN CO R OAMOANANO - o
VDOV DOMANEETANN A DDA DTN T oW
A TMOOR TV ADOMMEAMODPNNTMIAFECON®DN® M
s e as s s . 8 s w's s w s e s s s s's-e._a »PeNOHCON @
MNUVACRNTOOVDDOXCLLONT AOW + + =+ =« o ..
COOVULMOMMOOINIANNNNNNNNANNANNNASNYYWO m o
HeE A A A A A A A A A A A A A A A A A A A A A DO O N m o
on Lo
tBu tBu NANE Sox-13C (38-48)
EXFNO 40
PROCNO 1
Date_ 20170730
Time 21.07
INSTRUM spact
FROBED S mm PAEBBO B3/
FULEROG 2gpg30
™ 65536
SOLVENT coci3
NS 1024
os 4
SwWH 36057.691 Hz
FIDRES 0.550197 Hz
AL 0.9088159 sec
RG 188.59
oW 13.867 usec
DE 6.50 usec
TE 302.8 x
D1 2.00000000 sec
D11 0.03000000 sec
™0 1
CHANNEL f1
SFO1 150.9178981 MHz
KUC1 13c
P1 13.76 usec
SI 32768
SF 150.9028090 Mz
WO N
S8 Q
18 1.00 Hz
G2 0
C 1.40
L ,

T 1 T T |l T |l T T T

T
200 180 160 140 120 100 80 60 40 20 0 ppm



2,6-di-tert-butyl-4-(2-(2-chlorophenyl)-2'-methylspiro[chromane-3,3'-indol]-4-yl)
phenol (3d)
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4-(2-(2-bromophenyl)-2'-methylspiro[chromane-3,3'-indol]-4-yl)-2,6-di-tert-butyl

phenol (3e)
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2,6-di-tert-butyl-4-(2-(3-chlorophenyl)-2'-methylspiro[chromane-3,3'-indol]-4-yl)

phenol (3f)
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4-(2-(3-bromophenyl)-2'-methylspiro[chromane-3,3'-8indol]-4-yl)-2,6-di-tert-but

ylphenol (3g)

O ANND AN TAT NPT ADLOO AT IO w v
HAAMNMANONAHUAN A A TN DOOH—AUNM ~ - w0
TONORLLNITVINDRDLOMNAOCOTDNOARA- DM DO o ® o
MOMMIANNNNNAA~AO0O0O0ONNNANAVDDXIC--ADLAN ™ m o
~re-cCcCCCCCCCCCECCCCCCCFYVYVOVOVYOVUOOROO T O o~ - © m
OH NAME 8-32r-1
*xgm18-32r-
tBu tBu EXENO 1
FROCNO 1
Date 20180423
Time 16.05
INSTRUM spect
PROBED 5 mm PABBO 33—
FULPROG zg30
55532
SOLVENT cocl
Br ns &
s 2
SWE 8223.685 Hz
FIDRES 0.125483 Hz
AQ 3.9846387 sec
RG 181
oW 60.800 usec
DE 6.50 usec
TE 300.8 X
D1 1.00000000 sec
™00 1
CHANNEL £1
KUC1 1K
Pl 13.00 usec
FL1 -2.60 aB
PL1W 17.82643830 w
sFo1 400.1524711 MEz
51 32768
SF 400.1500120 MEz
woW M
SSB o
18 0.30 Bz
G2 o
FC 1.00
A i
T T T T T T T T T 1) T
10 9 8 7 6 5 4 3 2 1 0 ppm
Sl Gl vl ed Gaad =2) Gl Sd 1 0 ol (=4 =3 ~| N
N|O|O|O|H D |~ o | | (=1 (=3 (=] Al I el
Sl e (S8 E] B (81 (o¥) (1 £ B £ B ™ o0
COoOOoOAYNDVWMOURrOOMAOAYo-O-O
NOOACCDNOCODTUNACRNANANNOANTNO - o o™
VO TOUNANLEFTUOUANLTAATNAUNAMDY -~ M < o
NOFOXADMN A~ LTANTOMNMETOMEMN AN T o o~ "3
R e e e R R g R S A e ol S iy o ™ 4 o= .
AVTN N ACONDVONNN T A HAOW + + o+ + o . .. . an
COVMOMOMMIMANNNNNNNNNNNAH - OY o T O -
P s Qo S A R e - T - S - -kl IR I N N SR - m® — L—N
NESTSSNe=="1¥"/ | |l = i
EXPNO 1
FROCNO 1
Date. 20180423
OH Tima 16.22
INSTRUM spect
tBu tBu FROBHD 5 mm PAREO BE-
PULFROG 2gpg30
Tl 65538
SOLVENT cocla
Z Q ns 247
H os 4
SWH 24036.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sac
Br RG 203
oW 20.800 usec
DE -50 usec
TE 302.2 X
DL 2.00000000 sec
D11 0.03000000 sec
00 1
CHANNEL £1
NuC1 13c
P1 11.50 usec
PL1 -3.00 d=
PLIW £8.16146088 W
sFO1 100.6278593 Mmz
CHANNEL £2
CPDFRG2 waltzlg
NUC2 1H
BCFD2 $0.00 usec
PL2 -2.60 d=
PL12 13.88 da
FL13 14.50 d=
FL2W 17.82643890 W
PL12W 0.40092635 w
PL13W 0.34758785 w
SFO2 400.1516006 Msiz
34 32788
F 100.6177980 MEiz
WOW EM
ss8 [
18 1.00 Hz
GB 0
£C 1.40
T T T T T T T T T T T
200 180 160 140 120 100 BO 60 40 20 0 ppm



2,6-di-tert-butyl-4-(2'-methyl-2-(3-nitrophenyl)spiro[chromane-3,3'-indol]-4-yl)p

henol (3h)
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2,6-di-tert-butyl-4-(2'-methyl-2-(m-tolyl)spiro[chromane-3,3'-indol]-4-yl)phenol

(3i)
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2,6-di-tert-butyl-4-(2-(3-methoxyphenyl)-2'-methylspiro[chromane-3,3'-indol]-4-
yl)phenol (3j)
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2,6-di-tert-butyl-4-(2-(4-fluorophenyl)-2'-methylspiro[chromane-3,3'-indol]-4-yl)

phenol (3k)
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2,6-di-tert-butyl-4-(2-(4-chlorophenyl)-2'-methylspiro[chromane-3,3'-indol]-4-yl)

phenol (3I)
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4-(2-(4-bromophenyl)-2'-methylspiro[chromane-3,3'-indol]-4-yl)-2,6-di-tert-butyl
phenol (3m)
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4-(4-(3,5-di-tert-butyl-4-hydroxyphenyl)-2'-methylspiro[chromane-3,3'-indol]-2-
yl)benzonitrile (3n)
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2,6-di-tert-butyl-4-(2'-methyl-2-(4-nitrophenyl)spiro[chromane-3,3'-indol]-4-yl)p
henol (30)
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2,6-di-tert-butyl-4-(2'-methyl-2-(4-(trifluoromethyl)phenyl)spiro[chromane-3,3’
ndol]-4-yl)phenol (3p)
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2,6-di-tert-butyl-4-(2'-methyl-2-(p-tolyl)spiro[chromane-3,3'-indol]-4-yl)phenol
(30)
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2,6-di-tert-butyl-4-(2-(4-methoxyphenyl)-2'-methylspiro[chromane-3,3'-indol]-4-
yl)phenol (3r)
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HAHE xqulB012T-40CKI-¢
EXPHG 1
PROCHG 1
Data, 20180127
OH Tima~ 17.18
IHSTROM PRt
tBu tBu FROEHD 5 mn PABBO BE-
2gpg3l
65536
COCl3
H 103
H 4

24038 461 H=z
0.36679E Hz
1.3621938 sas

m

203
20,800 usec
E.50 us&c
295.9
2.00000000 seo
003000000 See
1

=

OCH,

CHANMEL f1

13C
11.50 usec
-3.00 dB
PLIW 60.161450388
arol 100.6ZTE593 MHz

CHANMEL 2

S0.00 usac

- &l
13.28 dB
14.50 dE
17_B82643830
0.40032635

0.34TSE725
400.151 6006 MHE:
33768
100.6177980 MHE:
EM
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2,6-di-tert-butyl-4-(2'-methyl-2-(naphthalen-2-yl)spiro[chromane-3,3'-indol]-4-yI
)phenol (3s)

7.6612
7.6558
7.6395
7.5828
7.5660
7.5604
7.4823
7.4605
7.4535
7.4347
7.3896
7.3679
7.3630
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7.3036
7.2845
7.2635
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7.2246
7.2219
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6.9021
6.8843
6.8793
6.8202
6.8009
5.8152
4.9947
4.9454
2.,3907
1.3852
0.9204

NAME xgni8-2nai-1
OH EXPNO :
PROCNO
tBu tBu Date 2omouz
2
SHH 8223.685 Hz
FIDRES 0.125483 Hz
AQ 3.9846387 sac
RG 101
D €0.800 usec
DE 6.50 usec
TE 300.9 K
D1 1.00000000 sac
TDO 1
CHANNEL £1
NuC: 18
Pl 13 00 usec
PL1 .60 d=
PLIN 17 32643890
sFor 400.1524711 MHz
34 a27e8
sF 400.1500224 MHz
WON EM
SsSB 0
LB 0.30 Hz
GB
J PC 1.00
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9 5 4 3 2 1 0 ppm
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NAME xgml8-2nai-1-C
EXENO 1
FROCNO 1
Data_ 20180423
Time 16.33
OH INSTRUM spact
PROEED 5 mm PASS0 28—
tBu tBu FULPROG 2gpg30
™D 65536
SOLVENT cocil3
NS 155
Ds 4
SWH 24038.461 Hz
FIDRES 0.366798 Hz
R 1.3631988 sac
. RG 203
2 oW 20.800 usac
DE £.50 usac
TE 302.2 X
D1 2.00000000 sac
D11 0.03000000 sec
DO 1
CHANNEL £1
N¥UC1 13c
Pl 11.50 usec
PL1 -3.00 d=
PL1W €3.16146083 W
SFO1 100.6278593 Mz
CHANNEL £2
CPDPRG2 waltz1g
NuC2 1
PCPD2 90.00 usac
PL2 -2.60 d3
PL12 13.88 d2
PL13 14.50 d2
EL2W 17.82643390 W
PL12W 0.40092635 W
PL13W 0.34758785 W
SFO2 400.1516006 Mz
sI1 32768
SF 100.6177930 Mz
WO E
P - " SSE a
LE 1.00 Hz
GB [
BC 1.40

T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm



2,6-di-tert-butyl-4-(2'-methyl-2-(3,4,5-trimethoxyphenyl)spiro[chromane-3,3'-ind
ol]-4-yl)phenol (3t)
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EXPRO 2
tBu tBu EROCHO 1
Date 20180507
Time 18.25
INSTRUM spect
<z EECEHD 5 mm PABEQ BE-
H Q EULFROG zg30
~ IO 65536
~ SOLVENT cecly
a
OCH;,4 ns H
SHE B223_EBS Hz
FIDRES 0.125483 Hz
g 3.9846387 sec
OCH;,4 G 7.8
oW €0.800 usec
OCH;,3 DE 6.50 usec
TE 300.0 ®
ol 1.00000000 sec
OO 1
CHANMEL £1
1
13.00 usec
-2.60 dB
17.B2643890 W
400.1524711 mu=z
3276l
400.1500080 MHz
EM
a
“ | M 0.30 Hz
a
l L l 1 1.00

10 9 8 1 [ 5 4 3 2 1 0 ppm

N =1 e = ) = [ r-a§| =] =y
alo|o|o|@|lo|a|e||m] [@]e | =} o |
Slealeil=l=lmlodollo] lela eafun
Cd o= O3 WD 000 MO O3 D O
THANT T ORNMOTN A0 AT O AWM T OO o o
LHPOORMPNOMoAMW@ TN T T 2@ o0 ==
BT COMTTMHNMOONT M A TNON DT oo == ™
- L S ST R =N =T -] = -]
TV N DRSO ST ASW T -+ s s+ = s .. -
R L R L A R R R R R = N el R =R =] T2 -
A A A A A A A A A A A 0 W ™Mo — Bmﬂ
HAHE wqul BOS0T-2 4. S—pchi-1-¢
EXFHO 2
PROCHO 1
Data, 20120507
OH Tina™ 1B.4E
THSTROM spact
tBu Bu PAOEHD S mm PAEGO Ea-
PULFROG rpg30
b BEG3E
SOLVENT CcDC13
NS 11&
it} 4
aWE 24038461 Hz
FIDRES 0.36E738 Hz
RO 1. 3631988 swe
RC 203
oW Z0_B00 usac
LE £.50 usac
TE 301.7 B
Bl 2.00000000 Ses
D1l 0.03000000 Ses
TLO 1
memmem— CHANHEL [ se—————
HuCL 13c
Fl 11.50 usec
PL1 -2.00 dE
FLIN €B.16146038 W
SF01 100.62TES93 MHz
mmm—— CHANHEL £3 mmm——
CPDFREZ 1
HuCz
FCPO2 -
FL2 .
FL1Z 130
14.50 dB
3 17.E2643890 W
FL 0.40092635 W
PL13W 0.34T5E725 W
400°1516008 HHz
32768
100. 6177380 HHz
. ) EM
[
1.00 Hz
o
T T 1 L T T I 1.40
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2,6-di-tert-butyl-4-(2'-methyl-2-(thiophen-3-yl)spiro[chromane-3,3'-indol]-4-yl)p
henol (3u)
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EXEHO 1
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Date_ 20180306
Time 20.27
IHESTRUM spect
PROBHD 5 mm PABEO BE-
PULEROG zg30
D €5536
SOLVENT cocl3
NS B
ns 2
SWH B223_685 Hz
FIDRES 0.125483 Hz
AQ 3.9846387 sec
RG 203
] 60800 usec
DE £.50 usec
TE 234.7 K
DL 1.00000000 sec
TDO 1
CHANNEL £1
NOCL H
EL 13.00 usec
PL1 —2.60 4B
BLIW 1782643890 W
SFOL 400.1524711 MH=z
sI 32768
SF 400.1500123 MHz
WOW EM
558 [
LB 0.30 Hz
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E5538
SOLVENT cocla
HE a4
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RO 1.3631%988 sec
RG 203
oW 20,800 usec
DE £.50 usec
TE 285.7 B
D1 2.00000000 sec
Dll 0.03000000 sec
DO 1
CHANNEL £1
wUC1 13c
Pl 11.50 usec
FLL -3.00 48
ELIW 6816146088 W
sFo1 100.6274593 MEz
CHANNEL £2
CPOFRED waltzld
wUCZ 1
PCPD2 50.00 usec
PL2 -2.60 4B
PLiZ 13.88 48
FL13 14.50 dB
FLIW 17.B2643890 W
PLLIW 0.40082635 W
FLLIwW 0.34758785 W
_l sFoz 400.1516005 MEz
TS . Mo —— st £
e SF 100. 6177980 MEz
WDH EM
SEB [}
LE 1.00 Hz
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2,6-di-tert-butyl-4-(2'-methyl-2-(pyridin-3-yl)spiro[chromane-3,3'-indol]-4-yl)ph
enol (3v)
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HAME xqull-Ibiding-1-h
EXFNO 1
FROCHO 1
Data 201B0315
Tima™ 15.24
INSTRUM spect
PROBED 5 mm PAESO BE-
FULEROG zgal
TD E5538
SOLVENT cocll
us e
] 2
SWEH 8223.685 Hz
FIDRES 0.125483 Bz
AQ 3.98456387 sec
RG 203
oW €0.800 usec
DE &_50 usec
TE 296.6 K
o1 1.00000000 sec
OO 1
CHANNEL £1
18
13.00 usec
-2.60 da
17. 82643890 W
400.1524711 MAz
32768
F 400.1500076 MHz
WOW E
=58 [
LB 0.30 Bz
GB o
BC 1.00

xqmlE-3biding-1

7403E.461 Hz
0.366798 Hz
1.3631988 sec
03
Z0.B00 usec
6.350 usec
2979 K
2.00000000 sec
0.03000000 sec
CHANHEL f1
WUC1 13C
E1 11.850 usec
FL1 -3.00 dB
EL1W 65.16146088 W
SFO1 100.62TES33 MHz
CHANNEL fZ
CPDFAGZ wal
HUCZ
ECFDZ 90.00 usec
FLZ -Z.80 dB
EL1Z 13.88 dB
FL13 14.%0 dB
FLZW 17.62643830 W
EL1ZW 0.4009263% W
FL13W D.34THETES W
SFO2 400.1316006 MEZ
51 32788
8F 100.51TTSED MHz
o EM
538 []
a 1.00 Bz
[ o
EC L.40



2,6-di-tert-butyl-4-(2'-methyl-2-propylspiro[chromane-3,3'-indol]-4-yl)phenol
(3w)
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Tima 18.24
INSTRIM spect
FROEED & mm FARBO BE/
FULE! EEEL]
™ 65536
SOLVENT cocll
S 18
oS 2
SWEH 12019230 Hz
FIDAES . 183399 Hz
g 2.7263477 sec
HG 54.75
oW 41,800 usec
DE 6. 50 usec
TE 300.5
ol 1. 00000000 sec
E] 1
=====s=s CHANNEL #1 msss=s==x
SFO1 600.133T060 MEz
HUC1 18
F1
51
S
WoW
558
1=
GE a
A FC 1.00
J
T T T T T T T T T
g 8 7 & 5 4 3 2 1 0 ppm
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OH GOX-13C [38-4E)
kL)
tBu tBu 1
201709730
19.1
or
% mm EASBO BB/
zgpaan
Bh535
cocid
1024
4
36057.691 Bz
0550197 Hz
0.3088159 sec
188.5%
13.867 usec
6.30 usec
027 K
2.00000000 sec
0.03000000 sec
CHANMEL £1
SFO1 1%0.91789E1 MHz
wuc1 13C
F1 13.76 usee
51 A2TEE
SF 1%0.9028030 MHz
WOW EM
538 ]
L2 1.00 Hz
[~] ]
FC 1.40
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2,6-di-tert-butyl-4-(2-isopropyl-2'-methylspiro[chromane-3,3'-indol]-4-yl)phenol
(3x)

7.2720
7.2527
7.2314
7.2126
7.1934
7.1911
7.1231
7.1047
7.0526
7.0514
7.0301
7.0106
€.92923
6.9032
6.8306
6.8289
6.8112
6.7934
6.7257
&.7065
5.8034
5.0289
4.7085
4.5552
4.5474
2.3680
1.5149
1.5069
1.4979
1.4901
1.4808
1.4731
1.4¢638
1.4561
1.3924
0.9954
0.9781
0.2113
0.3746
0.3578

e N R VP

OH
tBu tBu HAME xqmlE0104-1-ER
EXERD 1
FROCND 1
Data 20180315
Tima 15.29
INSTRUM spact
FROBHD & mm FABBO BE-
FULFROG 230
TD 65536
SOLVENT cocla
H B
oE 2
SWE 8221 GBS Hz
FIDRES 0.125483 Hz
RQ 33846387 sec
AG £
oW 44,400 usec
DE &.80 usec
TE i96.6 K
ol 1.00009900 sec
TON 1
CHANMKEL £1
NUCL ]
F1 13.00 usec
FLL -2.ED dB
FLLW 17.B2643850 W
3FOL 400.1524711 MEz
34 327eR
5F 400.1304122 MAZ
WO =11
S5B [
LE 4.30 Bz
e —— GE o
FC 1.00
T
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NAME xgml80104-1-cc
EXPNO 1
R 1
OH Date_ 20180338
Time 16.
tBu tBu INSTRUM spact
FROBED S mm PABBO BE8-
PULPROG z 30
™ e
SOLVENT cocll
NS
] ‘
SWH 24038.461 Hz
FIDRES 0.366798 Kz
AQ 1.3531988 sec
a6 203
o 20.800 usec
o2 6.50 usec
TE 297.3 ¥
D1 2.00000000 sec
D11 0.03000000 sec
™00 1
CHANNEL f1
NuC1
123 usec
PL1 .00 aB
FL1W 68.16146088 W
s¥01 100.6278593 Mz
CHANNEL £2
CFDPRG2 waltzlé
NUC2 b
ECED2 90.00 usec
FL2 -2.60 a8
FL12 3.88 a8
FL13 14.50 a8
PL2W 17.62643890 W
PL12W 0.40092635 W
PL13W 0.34758785 W
5F02 400.1516006 MHz
e JH aka
sF 100.6177980 Mz
D! EN
sse o
1= 1.00 Bz
T T T T T T T T T G2 o

T T
200 180 160 140 120 100 80 60 40 20 0 ppm °° pa



2,6-di-tert-butyl-4-(5'-methoxy-2'-methyl-2-phenylspiro[chromane-3,3'-indol]-4-
yl)phenol (3y)

TTONVT AN ACFLAN AN DOEEGNTOO OO T ™ M 0
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OH
NAME XOM-E
tBu tBu EXENO 2 2
PROCNO 1
Date. 20171001
Time™
INSTRUM spact
PROEHD 5 mm PABEO BB/
PULEROG 2g30
™D 65236
SOLVENT coc1l
NS 16
DS 2
SWHE 12019.230 Hz
FIDRES 0.183399 Hz
AQ 2.7263477 sec
RG 54.75
o 41.600 usec
DE 6.50 usec
TE 301.5 K
D1 1.00000000 sec
TDO 1
CHAMNEL £1
SFO1 €00.1337060 MHz
NocL 1K
Pl 12.36 usec
-3¢ 655136
SF 600.130018% MHz
wWoW b>7]
5SB 0
LB 0.30 Hz
= 3
BC >
A v,
T T T T T T T T T
10 9 6 5 B 3 2 1 0 ppm
oo | [y - o o
| | {=1 (<)} o (=3 - O
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HeA A A A A A A A A A A A A A A A A A OO 0N m ™ — : ;
OH NAME XQM-C
= 1
tBu tBu ﬁ?.?,o 1
Date_ 20171001
Time 13.50
INSTRUM spact
< FROBED & mm PAEBO 53/
R FULPROG zgpg30
™D 65536
SOLVENT cocla
NS 1024
5 4
SWHE 36057.691 Hz
FIDRES 0.550197 Ez
A2 0.9088159 sac
RG 184.59
oW 13.467 usec
DE £.50 usec
T= 302.8 x
D1 2.00000000 sec
D11 0.03000000 sac
D0 1
CHANNEL f1
SFO1 150.9178981 MHz
NUC1 13c
F1 13.76 usec
51 32768
SF 150.9028090 MEz
wou =™
SSE [
1a 1.00 Hz
G2 a
‘| L FC 1.40
| 1

T T T T T T T T T T T
200 180 160 140 120 100 BO 60 40 20 0 ppm



2,6-di-tert-butyl-4-(5'-chloro-2'-methyl-2-phenylspiro[chromane-3,3'-indol]-4-yl)

phenol (3z)

DONMNMMADDNOTHMODITOTD-NDO~T-OAHN
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NANE xqm-S-cl-1
EXFNO 2
PROCNO 1
Date_ 20180510
Time 0.1
INSTRUM spect
PROBHD 5 nm FAEEO BB-
PULFROG 2g30
65538
SOLVENT cocll
NS
DS 2
SNH 8223._685 Hz
FIDRES 0.125483 =z
A0 3.9846387 sac
RG 101
oW €0.800 usec
DE 6.50 usec
TE 298.7 X
D1 1.00000000 sec
D0 1
CHANNEL f1

Nuc1 18
Pl 13.00 usec
PL1 -2.60 d2
PLIW 17.82643890 W
SFO1 400.1524711 MEz
st 32768

F 400.1500117 MEz
WOW
ssB
1B
GE
BC 1.00

o
wm
IS

[

10 9 8 7 3 2 0 ppm
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NAME xgr-5-cl-1-C-1
EXENO 2
PROCNO 1
Date 20180510
OH Tine™ 20.36
INSTRUM spect
tBu tBu PROBHD 5 mm PABEO BE-
PULPROG gpg.
™D £553¢
SOLVENT cocll
= NS 375
B oS 4
SWH 24038.461 Ez
FIDRES 0.366798 Kz
20 1.3631988 sec
RG E]
o 20.800 usec
oE 6.50 usec
TE 100.0 K
D1 2.00000000 sec
D1t 0.03000000 sec
TDO 1
======== CHANNEL £] ========
wuct 13
31 11.50 usec
PL1 -3.00 a8
PLIN 68.16146088 W
sFOL 100.6278593 MHz
CHANNEL £2
CPDPRG2 waltzié
wUC2 18
PCFD2 90.00 usec
PL. -2.60 a8
PL12 13.88 dB
PL13 14.50 de
L. 17.82643890 W
PL12W 0.40092635 W
PL13W 0.34758785 W
sFO2 400.1516006 MHz
s1 12768
J SF 100.6177980 MHz
WDK EM
5SB 0
LB 1.00 Bz
GB 0
T T T T T T T T T T T e 1.40
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2,6-di-tert-butyl-4-(2',6-dimethyl-2-phenylspiro[chromane-3,3'-indol]-4-yl)pheno

| (4a)
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2,6-di-tert-butyl-4-(6-methoxy-2'-methyl-2-phenylspiro[chromane-3,3'-indol]-4-y

l)phenol (4b)
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2,6-di-tert-butyl-4-(6-chloro-2'-methyl-2-phenylspiro[chromane-3,3'-indol]-4-yl)

phenol (4c)
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4-(6-bromo-2'-methyl-2-phenylspiro[chromane-3,3'-indol]-4-yl)-2,6-di-tert-butyl

phenol (4d)
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2,6-di-tert-butyl-4-(7-methoxy-2'-methyl-2-phenylspiro[chromane-3,3'-indol]-4-y

l)phenol (4e)
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2,6-di-tert-butyl-4-(2',7-dimethyl-2-phenylspiro[chromane-3,3'-indol]-4-yl)pheno

| (4T)
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