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General Experimental Procedures:

All reactions were carried out under an atmosphere of argon unless otherwise specified.
Anhydrous solvents were transferred via syringe to flame-dried glassware, which had been cooled
under a stream of dry nitrogen. Ethereal solvents and dichloromethane (anhydrous; Kanto Chemical
Co., Inc) were used as received. All other solvents were dried and distilled by standard procedures.
Yields refer to chromatographically and spectroscopically ("H NMR) homogeneous materials unless
otherwise stated. Reagents were purchased at the highest commercial quality and used without
further purification unless otherwise stated.

Reactions were monitored by thin-layer chromatography (TLC) carried out on 0.25 mm Merck
silica gel plates (60F-254) using UV light as visualizing agent and p-anisaldehyde in ethanol/aqueous
H,S0,/CH;CO,H for staining. Column chromatography was performed using silica gel 60 particle
size 0.063-0.210 mm. The eluents employed are reported as volume : volume percentages.

Proton nuclear magnetic resonance ('H NMR) spectra were recorded using a JEOL JMN-AL400
(400 MHz), and a JEOL 500 (500 MHz) spectrometers. For "H-NMR spectra, chemical shift (8) are
given from TMS (0.00 ppm) in CDCl; and from residual non-deuterated solvent peak in other solvent
(DMSO-dg: 2.49 ppm, methanol-ds: 3.30 ppm) as internal standard. Coupling constants (J) are
reported in Hz. Multiplicities are reported using the following abbreviations: s, singlet; d. doublet; t,
triplet; q, quartet; m, multiplet; br, broad; app, Apparent. Carbon-13 nuclear magnetic resonance c
NMR) spectra were recorded using a JEOL JMN-AL400 spectrometer at 100 MHz, and JEOL
JNM-ECP-500 at 125 MHz. For C-NMR spectra, chemical shift (8) are given from CDCl; (77.0
ppm), DMSO-ds (39.5 ppm), methanol-d, (49.0 ppm) as internal standard.

Melting points were determined using Yazawa BY-2 melting point apparatus and are reported
uncorrected. Infrared spectra were obtained on a JASCO FT-IR-410 at 4.0 cm™ resolution and are
reported in wavenumbers. High resolution mass spectra (HRMS) were recorded on a JMS-AX500 or
JMS-700 using electron impact (EI). Low resolution mass spectra (MS) were recorded on JEOL
JMS-DX303. Elemental analyses were performed using Yanaco CHN CORDER MT-6. Analytical
chiral HPLC was performed on CHIRALPAK AD-H obtained from Daicel Chemical Industries, Itd.
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Preparation of indoyl carbamates and sulfamate esters

Preparation of 2a and 2b
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Ethyl (1-zert-butoxycarbonyl-1H-indol-3-yl)-acetate (S2) : To a solution of indole S1 (500 mg, 2.46
mmol) in CH,Cl, (4.9 ml) at rt was added Et;N (0.52 ml, 3.69 mmol, 1.5 eq.), Boc,O (0.85 ml, 3.69
mmol, 1.5 eq.) and DMAP (30 mg, 0.25 mmol, 10 mol%). After the reaction mixture was stirred for
10 min, water was added and the resultant solution was extracted with AcOEt. The organic layer was
washed with brine, dried over MgSQO,, concentrated in vacuo to provide a Boc-protected product that
was carried on without further purification. To a solution of LiAIH, (112 mg, 2.95 mmol, 1.2 eq.) in
THF (2.4 ml) at 0 °C was added a solution of the crude mixture in THF (2.5 ml). After the reaction
mixture was stirred for 5 min, the reaction was quenched with HO (10 ml), filtered through Celite,
and concentrated in vacuo. The resulting mixture was extracted with AcOEt. The organic layer
was washed with brine, dried over MgSO,, concentrated in vacuo. The residue was purified by
column chromatography (1:2 AcOEt:hexane) to give alcohol S2 as yellow oil (493 mg, 1.89 mmol,
77% for 2 steps).

IR (neat) : 3429, 2979, 2933, 1731, 1454, 1380 cm™ ; '"H-NMR (400 MHz, CDCly) &: 8.14 (d,J=7.6
Hz, 1H), 7.54 (d, J = 7.8 Hz, 1H), 7.47 (s, 1H), 7.33 (dd, J= 7.1, 7.1 Hz, 1H), 7.24 — 7.22 (m, 1H),
3.93 (t,J = 6.4 Hz, 2H), 2.97 (t, J = 6.4 Hz, 2H), 1.67 (s, 9H); "C-NMR (100 MHz, CDCl;) &: 149.7,
135.6, 130.5, 124.5, 123.6, 122.5, 118.9, 117.0, 115.3, 83.5, 62.0, 28.5, 28.2 ; MS m/z : 261 (M"), 130
(100%) ; HRMS Calcd. C;5sH;9O3N : 261.1365, Found : 261.1367

1]
OH o+
NH,
CI3CONCO, CHyCI

N\ 3 2Ch N\

N ; K2CO3, MeOH N

Boc 95% Boc

S2 2b

1-tert-Butoxycarbonyl-3-(2-carbamoyloxy-ethyl)-1H-indole (2b) : To a solution of alcohol S2 (473

mg, 1.81 mmol) in CH,Cl, (9 ml) at 0 "~ C was added trichloroacetyl isocyanate (0.26 ml, 2.17 mmol,
S-3
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1.2 eq.) and the mixture was stirred for 5 min. When TLC indicated consumption of the alcohol,
MeOH (9 ml) and K,CO; (50 mg, 138.21 mmol, 0.2 eq.) was added to the reaction mixture. The
mixture was allowed to warm to rt and stirred for 4 h. Then, water was added and the resultant
solution was extracted with AcOEt. The organic layer was washed with brine, dried over MgSO,,
concentrated in vacuo, and the crude products was purified by recrystallization from MeOH/ Hexane
to give carbamate 2b as colorless solid (523 mg, 1.72 mmol, 95%). An analytical sample was
obtained by recrystallization from MeOH./hexane;

Mp = 102 - 103°C (MeOH/ Hexane, plate). ; IR (neat) : 3470, 3366, 2979, 1730, 1604, 1454, 1371
cm” ; 'TH-NMR (400 MHz, CDCl;) 8: 8.11 (d, J=6.3 Hz, 1H ), 7.54 (d, J = 7.6 Hz, 1H), 7.44 (s, 1H),
7.33 = 7.29 (m, 1H), 7.25 — 7.22 (m, 1H), 4.59 (br, 2H ), 4.36 (t, J = 7.0 Hz, 2H), 3.03 (t, /= 7.0 Hz,
2H), 1.67 (s, 9H) ; "C-NMR (100 MHz, CDCl;) 8: 156.8, 149.7, 135.4, 130.5, 124.4, 123.3, 122.4,
118.9, 116.7, 115.3, 83.5, 64.3, 28.2, 24.8 ; MS m/z : 304 (M"), 143 (100%) ; HRMS Calcd.
Ci16H2004N, : 304.1423, Found : 304.1438

(o] o]
o~ o~
NH, NH,
\ T \
N ) CH2C|2 N
Boc 90% H
2b 2a

3-(2-Carbamoyloxy-ethyl)-1H-indole (2a) : To a solution of indole 2b (37 mg, 0.120 mmol) in
CH,Cl, (0.6 ml) at 0 °C was added TFA (0.36 mmol, 4.8 mmol, 40 eq.). After the reaction mixture
was stirred for 2.5 h, benzene was added and the resultant solution was concentrated in vacuo. After
this manipulation was repeated three times, the product was collected and washed with methanol,
benzene, CH,Cl, to give carbamate 2a as white solid (22 mg, 0.108 mmol, 90%).

mp = 132 - 133°C ( MeOH ). IR (neat) : 3448, 3213, 1719, 1455, 1429 cm™ ; "H-NMR (400 MHz,
DMDO-dy) &: 8.08 (d, J =8.3 Hz, 1H ), 7.62 (d, J = 7.8 Hz, 1H), 7.52 (s, 1H), 7.32 — 7.28 (m, 1H),
7.25-7.21 (m, 1H), 6.47 (br, 2H ), 4.18 (t, J= 6.8 Hz, 2H), 2.94 (t, J= 6.8 Hz, 2H ) ; >C-NMR (100
MHz, CDCl;) &: 156.8, 136.1, 127.1, 123.0, 120.9, 118.2, 111.3, 110.3, 63.5, 24.9 ; MS m/z : 204 (M),
143 (100%) ; HRMS Calcd. C;1H1,0,N, : 204.0899, Found : 204.0893
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Preparation of 2¢
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2-(1-tert-Butoxycarbonyl-2-methyl-1H-indol-3-yl)-ethanol (S3) : To a solution of indole $3' (21.2 g,
97.6 mmol) in CH,Cl, (97.6 ml) at rt was added Et;N (34.1 ml, 243.9 mmol, 2.5 eq.), Boc,O (29.1 ml,
126.8 mmol, 1.3 eq.) and DMAP (596 mg, 4.88 mmol, 5 mol%). After the reaction mixture was
stirred for 30 min, water was added and the resultant solution was extracted with AcOEt. The
organic layer was washed with brine, dried over MgSO,, concentrated in vacuo to provide a
Boc-protected product that was carried on without further purification. To a solution of LiAlH, (3.70
g, 97.6 mmol, 1.0 eq.) in THF (97.6 ml) at 0 °C was added a solution of the crude mixture in THF
(97.6 ml). After the reaction mixture was stirred for 5 min, the reaction was quenched with H,O (50
ml), filtered through Celite, and concentrated in vacuo. The resulting mixture was extracted with
AcOEt. The organic layer was washed with brine, dried over MgSO,, concentrated in vacuo. The
residue was purified by column chromatography (1:2 AcOEt:hexane) to give alcohol S4 as yellow oil
(26.4 g, 95.9 mmol, 98% for 2 steps).

IR (neat) : 3366, 2978, 2932, 1730 cm™ ; "H-NMR (400 MHz, CDCl;) &: 8.09 (d, J = 7.1 Hz, 1H), 7.45
(d,J=7.3 Hz, 1H), 7.26 — 7.18 (m, 2H), 3.82 (t, J = 6.3 Hz, 2H), 2.95 (t, J = 6.6 Hz, 2H), 2.57 (s, 3H),
1.68 (s, 9H); "C-NMR (100 MHz, CDCl;) &: 150.6, 135.7, 134.5, 129.8, 123.4, 122.4, 117.7, 115 .4,
114.3, 83.6, 62.4, 28.4, 27.6, 14.1 ; MS m/z : 275 (M"), 144 (100%) ; HRMS Calcd. C;sH, O:N :
275.1521, Found : 275.1503

Ref.1) Sengupta, A.K.; Gupta, A. A. Indian J. Chem. 1983, 22B, 263.

o)
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1-tert-Butoxycarbonyl-3-(2-carbamoyloxy-ethyl)-2-methyl-1H-indole (2¢) : To a solution of
alcohol S4 (7.26 g, 26.1 mmol) in CH,Cl, (52 ml) at 0 "~ C was added trichloroacetyl isocyanate (3.74
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ml, 31.3 mmol, 1.2 eq.) and the mixture was stirred for 5 min. When TLC indicated consumption of
the alcohol, MeOH (52 ml) and K,CO; (723 mg, 5.22 mmol, 0.2 eq.) was added to the reaction
mixture. The mixture was allowed to warm to rt and stirred for 4 h. Then, water was added and the
resultant solution was extracted with AcOEt. The organic layer was washed with brine, dried over
MgSO,, concentrated in vacuo, and the crude products was purified by recrystallization from MeOH
to give carbamate 2c¢ as colorless needle (5.78 g, 18.2 mmol, 69%); mp = 150 - 152°C ( MeOH ).

IR (neat) : 3424, 3330, 3272, 2970, 1723, 1701, 1607 cm™ ; "H-NMR (400 MHz, CDCl;) &: 8.09 (dd, J
=2.0,6.7Hz, 1H ), 7.45 (dd, J = 2.0, 6.5 Hz, 1H), 7.24 — 7.20 (m, 2H), 4.77 (br, 2H ), 4.20 (t, /= 7.3
Hz, 2H), 3.00 (t, J= 7.1 Hz, 2H ), 2.55 (s, 3H), 1.68 (s, 9H) ; “C-NMR (100 MHz, CDCl) &: 156.9,
150.7, 135.6, 1, 34.4, 129.8, 123.4, 122.4, 117.6, 115.4, 113.9, 83.5, 64.3, 28.2,23.9, 13.9 ; MS m/z :
318 (M"), 201 (100%) ; HRMS Caled. C17H,,04N, : 318.1580, Found : 318.1593

Preparation of 2d

CO,Et NBS CO,Et Boc,0 CO,Et
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Ethyl (2-bromo-1H-indol-3yl)-acetate (S5) : To a solution of indole S1 (3.0 g, 14.8 mmol) in CCly
(29.5 ml) at 0 °C was added recrystallized NBS (2.63 g, 14.8 mmol, 1.0 eq.) in 5 portions. ~After the
reaction mixture was stirred for 2 h, the precipitate was filtered and the filtrate was concentrated in
vacuo. The residue was purified by column chromatography (1:6 AcOEt:hexane) to give bromo indole
SS as purple oil (3.77 g, 13.4 mmol, 91%).

IR (neat) : 3330, 2981, 1722 cm™ ; H-NMR (400 MHz, CDCl;) &: 8.25 (br, 1H), 7.51 (d, J = 7.5 Hz,
1H), 7.17 — 7.08 (m, 3H), 4.16 (q, J = 7.2 Hz, 2H), 3.72 (s, 2H), 1.24 (t, J = 7.1 Hz, 3H) ; "C-NMR
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(100 MHz, CDCl) 6:171.1, 136.0, 127.5, 122.4, 120.3, 118.3, 110.5, 110.3, 110.0, 108.6, 61.0, 31.1,
14.2 ; MS m/z : 281 (M"), 208 (100%) ; HRMS Calcd. C;,H;,BrO,N : 281.0051, Found : 281.003

CO,Et CO,Et
Boc,0
N EtsN, DMAP N
H CH2C|2 Boc

Ethyl (1-tert-butoxycarbonyl-2-bromo-1H-indol-3-yl) acetate (S6) : To a solution of indole S5
(3.77 g, 13.4 mmol) in CH,Cl, (26.7 ml) at rt was added Et;N (4.9 ml, 34.8 mmol, 2.5 eq.), Boc,0 (4.0
ml, 17.4 mmol, 1.3 eq.) and DMAP (82 mg, 0.669 mmol, 5 mol%). After the reaction mixture was
stirred for 30 min, water was added and the resultant solution was extracted with AcOEt. The
organic layer was washed with brine, dried over MgSQ,, concentrated in vacuo, and the crude
products was purified by column chromatography (1:20 AcOEt-Hexane) to give indole S6 as yellow
oil (5.11 g, 13.4 mmol, 100%);

IR (neat) : 2980, 1738cm™ ; H-NMR (400 MHz, CDCl;) &: 8.08 (d, J= 8.3 Hz, 1H), 7.47 (d, J = 7.6
Hz, 1H), 7.31 — 7.21 (m, 2H), 4.16 (q, J = 7.1 Hz, 2H), 3.76 (s, 2H), 1.70 (s, 9H), 1.24 (t, /= 7.1 Hz,
3H) ; "C-NMR (100 MHz, CDCL;) &: 169.9, 148.9, 136.3, 128.5, 124.5, 122.9, 118.2, 116.4, 115.3,
110.8, 85.0, 61.1, 31.6, 28.2, 14.3 ; MS m/z : 381 (M), 57 (100%) ; HRMS Calcd. C;7H,,BrOyN :
381.0576, Found : 381.0587

CO,Et — TMS CO,Et
Pd(PPh3)s
EI\QBF _ S——=—1Ms
N Cul, 'PrNH, N
Boc TBAI, DME Boc
S6 70°C, 76% s7

Ethyl (1-tert-butoxycarbonyl-2-trimethylsilylethynyl-1H-indol-3-yl) acetate (S7) : To a 2-necked
flask were added tetrabutylammonium iodide (2.90 g, 7.86 mmol, 3.0 eq.), Cul (249 mg, 1.31 mmol,
0.5 eq.) and Pd(PPh3)4 (907 mg, 0.786 mmol, 0.3 eq.) and then was degassed. To this flask were
added DME (3 ml), ‘PrNH, (2.25 ml, 26.2 mmol, 10 eq.), bromo indole S6 (1.0 g, 2.62 mmol) in DME
(10 ml) and trimethylsilyl acetylene (0.56 ml, 3.93 mmol, 1.5 eq.). After the reaction mixture was
stirred for 1 h at 70 °C, Et,O was added and filtered through Celite. H,O was added to the filtrate and
the resultant solution was extracted with Et;0. The organic layer was washed with brine, dried over
MgSQO,, concentrated in vacuo, and the crude products was purified by column chromatography (1:30
AcOEt-Hexane) to give indole S7 as purple oil (790 mg, 1.98 mmol, 76%)
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IR (neat) : 2980, 2148, 1736 cm™ ; 'H-NMR (400 MHz, CDCls) &: 8.21 (d, J= 8.3 Hz, 1H), 7.51 (d, J
=7.8 Hz, 1H), 7.37 (ddd, J= 1.2, 7.6, 7.6 Hz, 1H), 7.26 — 7.23 (m, 1H), 4.16 (q, J = 7.2 Hz, 2H), 3.83
(s, 2H), 1.69 (s, 9H), 1.24 (t, J = 7.1 Hz, 3H), 0.28 (s, 9H) ; *C-NMR (100 MHz, CDCl;) &: 170.3,
149.4, 135.8, 128.4, 126.0, 123.1, 122.9, 119.3, 119.2, 115.6, 104.8, 95.9, 84.5, 60.9, 31.4, 28.1, 14.2 ;
MS m/z : 399 (M), 226 (100%) ; HRMS Calcd. C5,H,004NSi : 306.1866, Found : 399.1860

CO,Et CO,Et
K,CO3
C[\( ——TMS N =
N EtOH N
Boc 87% Boc
S7 S8

Ethyl (1-tert-butoxycarbonyl-2-ethynyl-1H-indol-3-yl)-acetate (S8) : To a solution of acetylene S7
(790 mg, 1.98 mmol) in EtOH (9.9 ml) at rt was added K,CO; (410 mg, 2.97 mmol, 1.5 eq.). After
the reaction mixture was stirred for 2 h, water was added and the resultant solution was extracted with
AcOEt. The organic layer was washed with brine, dried over MgSO,, concentrated in vacuo, and the
crude products was purified by column chromatography (1:30 AcOEt-Hexane) to give indole S8 as
purple oil (562 mg, 1.72 mmol 87%)

IR (neat) : 3273, 2987, 1734 cm™ ; '"H-NMR (400 MHz, CDCl;) &: 8.14 (d, J= 8.5 Hz, 1H), 7.52 (d, J
=8.0 Hz, 1H), 7.37 (ddd, /= 1.2, 8.0, 8.5 Hz, 1H), 7.28 — 7.24 (m, 1H), 4.16 (q, J = 7.1 Hz, 2H), 3.86
(s, 2H), 3.67 (s, 1H), 1.68 (s, 9H), 1.24 (t, J = 7.1 Hz, 3H) ; "C-NMR (100 MHz, CDCl;) &: 170.3,
149.3, 135.7, 128.3, 126.1, 123.2, 122.9, 119.4, 118.5, 115.7, 86.7, 84.8, 75.0, 61.0, 31.2, 28.1 ; MS
m/z : 327 (M+), 154 (100 %) ; HRMS Calcd. Ci9H,;O4N : 327.1471, Found : 327.1451

OH
COoE 1. Hy, Pd/C
N\ AcOEt N
N 2. LiAlHg, THF N
Boc 93% (2 steps) Boc
S8 S9

2-(1-tert-Butoxycarbonyl-2-ethyl-1H-indol-3-yl)-ethanol (S9) : A solution of acetylene S8 (579
mg, 1.77mmol) in AcOEt (8.9 ml) was hydrogenated in the presence of 10% Pd/C (58 mg) under
atmospheric pressure of H,. After the reaction mixture was stirred for 5 h, the mixture was filtered
through Celite. The filtrate was concentrated in vacuo to provide an alkane product that was carried
on without further purification. To a solution of crude product in THF (8.9 ml) at 0 °C was added
LiAlH, (67.1 mg, 1.77 mmol, 1.0 eq.). After the reaction mixture was stirred for 5 min, the reaction
was quenched with H,O, filtered through Celite, and concentrated in vacuo. The resulting mixture

was extracted with AcOEt. The organic layer was washed with brine, dried over MgSO,,
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concentrated in vacuo. The residue was purified by column chromatography (1:4 AcOEt:hexane) to
give alcohol S9 as yellow oil (475 mg, 1.64 mmol, 93% for 2 steps).

IR (neat) : 3349, 2978, 2934, 1730 cm™ ; '"H-NMR (400 MHz, CDCl;) &: 811 (dd, J= 1.3, 7.4 Hz, 1H),
7.49 —7.47 (m, 1H), 7.25 (ddd, J=1.4, 7.5, 8.0 Hz, 1H), 7.23 -7.19 (d, /= 1.4, 7.5, 8.0 Hz, 1H), 3.84
(br, 2H), 3.05 (q, J = 7.6 Hz, 2H), 2.96 (t, J = 6.6 Hz, 2H), 1.69 (s, 9H), 1.23 (t, J = 7.6 Hz, 3H) ;
BC-NMR (100 MHz, CDCls) &: 140.5, 136.0, 129.9, 123.6, 122.5, 117.9, 116.9, 115.6, 113.8, 83.6,
62.5,28.2,27.6, 20.1, 15.1 ; MS m/z : 289 (M"), 158 (100%) ; HRMS Calcd. C,;H,;0;N : 289.1678,
Found : 289.1668

(0]
OH o<
CI3CCONCO NH>
N CH,Cl, {
N N K2003, MeOH N
Boc 98% Boc
S9 2d

1-tert-Butoxycarbonyl-3-(2-carbamoyloxy-ethyl)-2-ethyl-1H-indole (2d) : To a solution of alcohol
S9 (395 mg, 1.37 mmol) in CH,Cl, (6.8 ml) at 0 *C was added trichloroacetyl isocyanate (0.195 ml,
1.64 mmol, 1.2 eq.) and the mixture was stirred for 5 min. When TLC indicated consumption of the
alcohol, MeOH (6.8 ml) and K,CO; (19 mg, 0.137 mmol, 0.2 eq.) was added to the reaction mixture.
The mixture was allowed to warm to rt and stirred for 10 h. Then, water was added and the resultant
solution was extracted with AcOEt. The organic layer was washed with brine, dried over MgSOy,,
concentrated in vacuo, and the residue was purified by column chromatography (1:3 AcOEt:hexane) to
give carbamate 2d as colorless solid (432 mg, 1.34 mmol, 98%). An analytical sample was obtained
by recrystallization from AcOEt/hexane;

mp = 132-134°C ( AcOEt/ Hexane, needle) ; IR (neat) : 3491, 3364, 2978, 1731, 1601 cm’ ; 'TH-NMR
(400 MHz, CDCl,) 6: 8.11 (dd, J=1.8, 7.1 Hz, 1H), 7.50 — 7.48 (m, 1H), 7.26 — 7.18 (m, 2H), 4.77 (br,
2H), 4.23 (t, J = 7.2 Hz, 2H), 3.04 (t, J= 7.5 Hz, 2H), 3.00 (q, J = 7.2 Hz, 2H), 1.68 (s, 9H), 1.24 (t, J
=7.2 Hz, 3H) ; "C-NMR (100 MHz, CDCL;) 8: 156.7, 150.4, 140.2, 135.9, 129.8, 123.5,22.5, 117.9,
115.6, 113.5, 83.6, 64.6, 28.2, 24.0, 20.0, 15.1 ; MS m/z : 332 (M"), 215 (100%) ; HRMS Calcd.
CisH2404N, : 332.1736, Found : 332.1733

Preparation of 2e and 2f

COLEL =" CO,Et
2 Pd(PPhs), A DIBAL-H
e re—— :7: Ph T -~
H—8r Cul, 'PrNH, N THF
N TBAI, DME Boc -78°C to 0°C
oC, 859 $10
6 70°C, 85%
o 0
o)
oH Cl,CCONCO 0J<NH H, J<NHZ
CH,Cl, 2 ~
D N\ Lindlar's cat. N
[ IN; =i + K3C0q, MeOH = Ph toluene NN
- 85% g‘oc 100% Boc pyf
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CO,Et = Fh CO,Et
Pd(PPhs)s
N Cul, 'PrNH, N
Boc TBAI, DME Boc
S6 70 °C, 85% S10

Ethyl (1-tert-butoxycarbonyl-2-phenylethynyl-1H-indol-3-yl) acetate (S10) : To a 2-necked flask
were added tetrabutylammonium iodide (2.90 g, 7.86 mmol, 3.0 eq.), Cul (149 mg, 0.786 mmol, 0.3
eq.) and Pd(PPh;), (302 mg, 0.39 mmol, 0.1 eq.) and then was degassed. To this flask were added
DME (3 ml), 'PrNH, (2.25 ml, 26.2 mmol, 10 eq.), bromo indole S6 (1.0 g, 2.62 mmol) in DME (10
ml) and phenyl acetylene (0.43 ml, 3.93 mmol, 1.5 eq.). After the reaction mixture was stirred for 1
h at 70 °C, Et,0 was added and filtered through Celite. H,O was added to the filtrate and the
resultant solution was extracted with Et,0O. The organic layer was washed with brine, dried over
MgSQO,, concentrated in vacuo, and the crude products was purified by column chromatography (1:30
AcOEt-Hexane) to give indole S10 as purple oil (898 mg, 2.22 mmol, 85%).

IR (neat) : 2980, 2930, 1732cm™ ; "H-NMR (400 MHz, CDCl;) &: 8.20 (d, J = 8.6 Hz, 1H), 7.58 — 7.52
(m, 3H), 7.38 — 7.34 (m, 4H), 7.26 — 7.25 (m, 1H), 4.15 (q, J = 7.1 Hz, 2H), 3.91 (s, 2H), 1.68 (s, 9H),
1.22 (t, J = 7.0 Hz, 3H) ; "C-NMR (100 MHz, CDCl;) &: 170.4, 149.5, 136.0, 131.4, 128.6, 128.4,
125.8,123.1, 121.6, 119.4, 119.1, 115.6, 98.3, 84.2, 81.0, 61.0, 31.4, 28.2, 14.1 ; MS m/z : 403 (M"),
230 (100%) ; HRMS Calcd. CpsH,504N : 403.1784, Found : 403.1785

CO,Et
N DIBAL-H

= pPHh —— ~ N—
N THF N
Boc -78°Ct00°C Boc
$10 s11

2-(1-tert-Butoxycarbonyl-2-phenylethynyl-1H-indol-3-yl)-ethanol (S11) :To a solution of ester S10
(162 mg, 0.402 mmol) in THF (3.0 ml) at -78 °C was added DIBAL-H (1.0 M in toluene, 1.21 ml,
1.21 mmol, 3.0 eq.) dropwise over 10 min. After the reaction mixture was stirred for 1 h, the
reaction mixtuere was gradually allowed to warm up to 0 °C. Then, the reaction was quenched with
satirated NH4Cl and MeOH. The resultant solution was filtered through Celite, and concentrated in
vacuo. The resulting mixture was extracted with AcOEt. The organic layer was washed with brine,
dried over MgSO,, concentrated in vacuo. The residue was purified by column chromatography (1:4
AcOEt:hexane) to give alcohol S11 as yellow oil (119 mg, 0.329 mmol, 82%).

IR (neat) : 3390, 2980, 1731 cm™' ; "H-NMR (400 MHz, CDCl;) &: 8.20 (d, J = 8.3 Hz, 1H), 7.59 —
7.55 (m, 3H), 7.38 — 7.36 (m, 4H), 7.29 — 7.26 (m, 1H), 3.98 (t, J = 6.6 Hz, 2H), 3.19 (t, J = 6.6 Hz,
2H), 1.69 (s, 9H) ; PC-NMR (100 MHz, CDCl;) &: 149.5, 130.1, 131.4, 129.1, 128.5, 128.4, 125.8,
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125.6, 123.1, 123.0, 118.9, 118.7, 115.7, 84.1, 81.4, 62.3, 28.8, 28.3 ; MS m/z : 361 (M"), 361
(100%) ; HRMS Caled. Co3Hy;05N : 361.1678, Found : 361.1660

OH O%
CCI3COCNO NH,
CH,Cl
N—=—pn 22 N
N : KoCO3, MeOH N Ph
0,
2e

1-tert-Butoxycarbonyl-3-(2-carbamoyloxy-ethyl)-2-phenylethynyl-1H-indole (2¢) : To a solution
of alcohol S11 (117 mg, 0.324 mmol) in CH,CI, (1.6 ml) at 0 " C was added trichloroacetyl isocyanate
(0.058 ml, 0.486 mmol, 1.2 eq.) and the mixture was stirred for 5 min. When TLC indicated
consumption of the alcohol, MeOH (1.6 ml) and K,COj; (8.9 mg, 0.0648 mmol, 0.2 eq.) was added to
the reaction mixture. The mixture was allowed to warm to rt and stirred for 5 h. Then, water was
added and the resultant solution was extracted with AcOEt. The organic layer was washed with brine,
dried over MgSQO,, concentrated in vacuo, and the residue was purified by column chromatography
(1:2 AcOEt:hexane) to give carbamate 2e as colorless solid (125 mg, 0.309 mmol, 96%). An
analytical sample was obtained by recrystallization from AcOEt/hexane.;

mp = 154-156 °C ( AcOEt/ Hexane, plate) ; IR (neat) : 3514, 3384, 3340, 1731, 1715, 1702, 1580
cm’ ; "H-NMR (400 MHz, CDCl;) &: 8.20 (d, J = 8.3 Hz, 1H), 7.58 — 7.57 (m, 3H), 7.37 — 7.34 (m,
4H), 7.28 — 7.25 (m, 1H), 4.71 (br, 2H), 4.37 (t, J = 7.1 Hz, 2H), 3.23 (t, J = 7.1 Hz, 2H), 1.69 (s,
9H) ; "C-NMR (100 MHz, CDCL;) &: 156.8, 149.5, 136.0, 131.4, 129.0, 128.5, 128.4, 125.7, 125.0,
123.1, 118.9, 118.8, 115.7, 97.9, 84.1, 81.2, 63.9, 28.3, 25.1 ; MS m/z : 404 (M"), 243 (100%) ;
HRMS Calcd. CpsH,404N; : 404.1736, Found : 404.1744

O o)
o+ o4
NH, Hy NH,
Lindlar's cat.

N—=—pn N\

N toluene N N\

Boc 100% Boc py

2e 2f

(1’Z)-1-tert-Butoxycarbonyl-3-(2-carbamoyloxy-ethyl)-2-phenylvinyl-1H-indole (2f) : A solution
of acetylene 2e (45 mg, 0.111 mmol) in toluene (1.1 ml) was hydrogenated in the presence of 5%
Lindlar’s cat. (9.0 mg) under atmospheric pressure of H,.  After the reaction mixture was stirred for 8

h, the mixture was filtered through Celite. The filtrate was concentrated in vacuo, and the residue
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was purified by column chromatography (1:2 AcOEt:hexane) to give alkene 2f as colorless amorphous
(45 mg, 0.111 mmol, 100%).

IR (neat) : 3485, 3380, 2979, 1729, 1599 cm™ ; 'TH-NMR (400 MHz, CDCl;) &: 8.19 (d, J = 8.3 Hz,
1H), 7.52 (d, J = 7.7 Hz, 1H), 7.33 — 7.15 (m, 7H), 6.73 (d, J = 11.8 Hz, 1H), 6.62 (d, J = 11.8 Hz,
1H), 4.52 (br, 2H), 3.85 (t, J = 7.1 Hz, 2H), 2.67 (t, J = 7.2 Hz, 2H), 1.62 (s, 9H) ; "C-NMR (100
MHz, CDCl) 8: 156.7, 150.2, 136.9, 136.1, 133.6, 131.8, 130.0, 128.3, 127.6, 124.3, 122.6, 121.7,
119.0, 115.5, 114.9, 84.0, 63.5, 28.1, 24.3 ; MS m/z : 406 (M"), 232 (100%) ; HRMS Calcd.
Cy4H,604N, : 406.1893, Found : 406.1882

Preparation of sulfamate esters 2g and 2h

OH Q\ _0
0-§
NH,

\ CISO,NCO

N HCO,H >

Boc DMA/ CH,CN N

s2 73% ¢
2g

1-tert-Butoxycarbonyl-3-(2-sulfamoyloxy-ethyl)-1H-indole (2g) : Formic acid (0.18 ml, 4.78 mmol,
2.5 eq.) was added dropwise to neat chlorosulfonylisocyanate (0.42 ml, 4.78 mmol, 2.5 eq) at 0 °C
with rapid stirring.  Vigorous gas evolution was observed during the addition process. MeCN (5.0
ml) was added and the solution was stirred 8 h at rt. The reaction mixture was cooled to 0°C and a
solution of alcohol S2 (500 mg, 1.91 mmol) in DMA (5.0 ml) was added dropwise. The reaction
mixture was warmed to 25 °C.  After the reaction mixture was stirred for 30 min, saturated NaHCO;
was added and the resultant solvent was extracted with AcOEt. The organic layer was washed with
brine, dried over MgSO,, concentrated in vacuo. The residue was purified by column
chromatography (1:1 AcOEt:hexane) to give sulfamate ester 2g as white solid (476 mg, 1.40 mmol,
73%). An analytical sample was obtained by recrystallization from CHCls/hexane.

Mp : 124 — 125 °C (CHCls/Hexane, needle) ; IR (neat) : 3353, 3259, 1721, 1455, 1363, 1346 cem’ ;
'H-NMR (400 MHz, CDCl;) 8:8.13 (d, J = 8.1 Hz, 1H), 7.53 (d, J= 7.3 Hz, 1H), 7.49 (s, 1H), 7.35 —
7.31 (m, 1H), 7.28 — 7.24 (m, 1H), 4.65 (s, 2H), 4.48 (t, J = 6.8 Hz, 2H), 3.16 (dt, J = 0.97, 6.8 Hz,
2H), 1.67 (s, 9H) ; PC-NMR (100 MHz, CDCl;) &: 149.7, 135.4, 130.1, 124.6, 123.8, 122.6, 118.6,
115.4, 115.3, 83.9, 70.0, 28.2, 24.8 ; MS m/z : 340 (M"), 143 (100%) ; HRMS Calcd. C;5sHOsN,S :
340.3947, Found : 340.1100
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OH o 9\3//0
NH,
N Me CISO,NCO
_ ESPY N
Noc HCOLH Me
DMA/ CH3CN go .
S4 76%

2h

1-tert-Butoxycarbonyl-3-(2-carbamoyloxy-ethyl)-2-methyl-1H-indole (2h) : Formic acid (0.034 ml,
0.907 mmol, 2.5 eq.) was added dropwise to neat chlorosulfonylisocyanate (0.079 ml, 0.907 mmol, 2.5
eq) at 0 °C with rapid stirring. Vigorous gas evolution was observed during the addition process.
MeCN (1.8 ml) was added and the solution was stirred 8 h at rt. The reaction mixture was cooled to
0°C and a solution of alcohol S4 (100 mg, 0.363 mmol) in DMA was added dropwise. The reaction
mixture was warmed to 25 °C.  After the reaction mixture was stirred for 30 min, saturated NaHCO;
was added and the resultant solvent was extracted with AcOEt. The organic layer was washed with
brine, dried over MgSO,, concentrated in vacuo. The residue was purified by column
chromatography (1:1 AcOEt:hexane) to give sulfamate ester 2h as white solid (98 mg, 0.277 mmol,
76%). An analytical sample was obtained by recrystallization from CHCls/hexane.

Mp 124 — 125 °C (CHCly/hexane, powder) : IR (neat) :3724, 3271, 1709, 1463, 1364 cm™ ; 'H-NMR
(400 MHz, CDCl;) 6:8.09 (d, J = 8.8 Hz, 1H), 7.42 (d, /= 7.1 Hz, 1H), 7.25 - 7.19 (m, 2H), 4.79 (s,
2H), 4.28 (t,J = 7.3 Hz, 2H), 3.10 (t, J = 7.3 Hz, 2H), 2.54 (s, 3H), 1.67 (s, 9H) ; "C-NMR (100 MHz,
CDCl,) &: 150.6, 135.7, 135.0, 129.3, 123.6, 122.6, 117.4, 115.5, 112.5, 83.4, 70.0, 28.2, 24.0, 13.9 ;
MS m/z : 354 (M), 144 (100%) ; HRMS Calcd. C1sH2O5N,S : 354.1249, Found : 354.1252

Spirocyclization of indoyl carbamates and sulfamate esters with Rhy(OAc)y4

P X
o< s O%O HN Yo
NH, Rh,(OAc), 3
{ ~aNH
N PhlI(OAc),, MgO ®OAC N\
N
N e CH,Cl,, reflux N . N
2b
8b (61%) 9b (26%)

1-tert-Butoxycarbonyl-2-(methylcarbonyloxy)-spiro[3H-indol-3,6°-[1°,3’|oxazinan-2’-one  (8b)
and 4-(1-tert-Butoxycarbonyl-1H-indol-3-yl)-oxazolidin-2-one (9b) : To a solution of carbamate 2b
(88 mg, 0.289 mmol) in CH,Cl, (2.9 ml) at rt was added MgO (29.1 mg, 0.723 mmol, 2.5 eq.),
PhI(OAc), (130 mg, 0.405 mmol, 1.4 eq.) and Rhy(OAc), (6.4 mg, 0.014 mmol, 5 mol%). The
reaction mixture was stirred vigorously at reflux for 10 h. The mixture was allowed to cool to rt and
filtered through Celite. The filtrate was concentrated in vacuo, and the residue was purified by
column chromatography (1:1 AcOEt:hexane) to give cyclic carbamate 9b as colorless oil (23 mg,

0.075 mmol, 26%) and cyclic carbamate 8b as white amorphous (64 mg, 0.177 mmol, 61%).
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8b : IR (neat) : 3238, 3130, 2979, 2930, 1744, 1712, 1604, 1481, 1387 cm™ ; '"H-NMR (400 MHz,
CDCls) &: 7.83 (br, 1H), 7.35 (dd, J = 6.2, 6.2 Hz, 1H), 7.30 (d, J= 6.2 Hz, 1H), 7.12 (dd, J= 6.1, 6.1
Hz, 1H), 6.55 (s, 1H), 5.69 (br, 1H), 4.68 - 4.62 (m, 1H), 4.37 (dt, J= 3.4, 11.7 Hz, 1H), 2.13 (s, 3H),
2.13 —2.10 (m, 2H), 1.55 (s, 9H); "C-NMR (100 MHz, CDCl) &: 169.9, 153.3, 151.1, 131.5, 130.5,
124.1,123.0, 115.2, 86.6, 82.9, 63.7, 62.5, 32.3, 28.1, 20.7 ; MS m/z : 362 (M"), 202 (100 %) ; HRMS
Caled. C1¢H,05N, : 362.1478, Found : 362.1454

9b : IR (neat) : 3281, 2979, 2931, 1757, 1737, 1454, 1371 cm™ ; '"H-NMR (400 MHz, CDCl;) 8: 8.17
(d, J = 8.3 Hz, 1H), 7.61 (s, 1H), 7.54 (d, J = 8.0 Hz, 1H), 7.37 (dd, J = 8.3, 8.3 Hz, 1H), 7.28 - 7.24
(m, 1H), 6. 00 (br, 1H), 5.20 (dd, J= 7.8, 7.8 Hz, 1H), 4.76 (dd, J= 8.8, 8.8 Hz, 1H), 4.41 (dd, J=6.7,
8.5 Hz, 1H), 1.67 (s, 9H) ; "C-NMR (100 MHz, CDCl;) &: 159.4, 149.3, 136.2, 127.2, 123.7, 123.0,
118.8, 118.6, 115.7, 84.3, 70.4, 49.6, 28.1 ; MS m/z : 302 (M), 57 (100%) ; HRMS Calcd.
C16H 50,N, : 302.3942, Found : 302.1249

4 o,
NH,
NH
C[\g; . Rh,(OAC),
N PhI(OAc),, Mgo N
Boc CH,Cl,, reflux Boc
2c 91% 8c

(3R)-1-tert-Butoxycarbonyl-2-methylen-spiro[3H-indol-3,6’-[1’,3’|oxazinan-2’-one (8c) : To a
solution of carbamate 2¢ (5 g, 15.7 mmol) in CH,Cl, (157 ml) at rt was added MgO (1.58 g, 39.3
mmol, 2.5 eq.), PhI(OAc), (7.08 g, 22.0 mmol, 1.4 eq.) and Rhy(OAc), (347 mg, 0.785 mmol, 5
mol%). The reaction mixture was stirred vigorously at reflux for 10 h. The mixture was allowed to
cool to rt and filterd through Celite. The filtrate was concentrated in vacuo, and the residue was
purified by column chromatography (1:1 AcOEt:hexane) to give cyclic carbamate 8c as white
amorphous (4.52 g, 14.3 mmol, 91% ).

IR (neat) : 2979, 2933, 1788, 1716, 1654, 1604 cm™ ; 'H-NMR (400 MHz, CDCl;) &: 7.79 (d, J= 8.8
Hz, 1H), 7.34 — 7.30 (m, 2H), 7.12 (dd, /= 7.5, 7.5 Hz, 1H), 5.82 (d, J = 1.4 Hz, 1H), 5.64 (br, 1H),
5.00 (d, J= 1.7 Hz, 1H), 4.56 — 4.50 (m, 1H), 4.41 — 4.36 (m, 1H), 2.08 (t, J = 5.8 Hz, 2H), 1.64 (s,
9H); "C-NMR (100 MHz, CDCL;) &: 153.2, 151.1, 150.6, 140.3, 132.0, 130.0, 124.0, 122.6, 116.0,
97.4, 83.4, 62.5, 62.2, 35.5, 28.3 ; MS m/z : 316 (M"), 57 (100 %) ; HRMS Calcd. Cj;Hy 04N, :
316.3518, Found : 316.1402
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p X
o~ 0
HN O
NH, PO
NH
A\ Rhy(OAC), o {
N PhI(OAG),, MgO N N
Boc CH,Cly, reflux Boc Boc
2d 8d (85%) 9d (10%)

(2E/Z)-1-tert-Butoxycarbonyl-2-ethyliden-spiro[3H-indol-3,6’-[1°,3’|oxazinan-2’-one (8d) and
4-(1-tert-Butoxycarbonyl-2-ethyl-1H-indol-3-yl-oxazolidin-2-one (9d) : To a solution of carbamate
2d (105 mg, 0.316 mmol) in CH,Cl, (3.2 ml) at rt was added MgO (31.8 mg, 0.79 mmol, 2.5 eq.),
PhI(OAc), (142 mg, 0.442 mmol, 1.4 eq.) and Rhy(OAc), (7.7 mg, 0.0158 mmol, 5 mol%). The
reaction mixture was stirred vigorously at reflux for 18 h. The mixture was allowed to cool to rt and
filterd through Celite. The filtrate was concentrated in vacuo, and the residue was purified by
column chromatography (1:2 AcOEt:hexane) to give cyclic carbamate 9d as colorless oil (10.7 mg,
0.0323 mmol, 10% ) and . cyclic carbamate 8d as white amorphous (87.9 mg, 0.267 mmol, 85%).

9d : IR (neat) : 3269, 2979, 2933, 1735, 1604 cm™ ; '"H-NMR (400 MHz, CDCl;) &: 8.12 (d, J = 8.3
Hz, 1H), 7.63 (d, J = 7.8 Hz, 1H), 7.30 — 7.20 (m, 2H), 5.49 (br, 1H), 5.31 — 5.27 (m, 1H), 4.71 — 4.67
(m, 1H), 4.51 — 4.47 (m, 1H), 3.11 (dt, J = 14.5, 7.4 Hz, 1H), 3.00 (dt, J = 14.5, 7.4 Hz, 1H), 1.72 (s,
9H), 1.22 (t,J = 7.4 Hz, 3H) ; "C-NMR (100 MHz, CDCl;) &: 159.1, 149.9, 141.5, 136.2, 126.3, 124.1,
123.0, 118.6, 115.8, 113.4, 84.5, 69.7, 48.9, 28.2, 19.8, 15.8 ; MS m/z : 330 (M"), 57 (100%) ;
HRMS Calcd. CisH»,04N, : 330.1580, Found : 330.1582

8d : IR (neat) : 3244, 2979, 2927, 1707 cm™ ; "H-NMR (400 MHz, CDCl;) &: 7.68 (d, J = 8.5 Hz, 1H),
7.59 (d, J = 8.0 Hz, 0.9H), 7.33 — 7.27 (m, 3.8H), 7.15 - 7.08 (m, 1.9H), 6.52 (q,J = 7.7 Hz, 1H), 5.66
(br, 1H), 5.45 (q, J = 7.0 Hz, 0.9H) , 5.36 (br, 0.9H), 4.54 (dt, J = 16.0, 5.6 Hz, 1H), 4.48 — 4.39 (m.
1.9H), 4.31 (dt, 11.2, 4.0 Hz, 0.9 H), 2.53 — 2.45 (m, 1H), 1.95 (d, J = 7.7 Hz, 3H), 1.74 (d, J = 7.7 Hz,
2.8H), 1.62 (s, 9H), 1.58 (s, 8.1 H) ; "C-NMR (100 MHz, CDCl;) 5:153.9, 153.5, 151.8, 150.8, 143.2,
141.5, 141.5, 140.0, 134.1, 133.3, 129.5, 129.4, 124.4, 123.5, 122.8, 122.0, 117.2, 116.5, 112.4, 111.7,
82.8, 82.4, 63.3, 62.7, 61.6, 60.3, 33.3, 33.1, 28.3, 28.1, 14.4, 11.7 ; MS m/z : 330 (M"), 57 (100 %) ;
HRMS Calcd. C;3H,,04N5 : 330.1580, Found : 330.1588

(0]

o]
=4 HN)kO
NH,
N Rhy(OACc)4
=—Ph N—=pn
'g' PhI(OAc),, MgO N
0oC CHyCly, reflux
15 Boc
2e 9e

4-(1-tert-Butoxycarbonyl-2-phenylethynyl-1H-indol-3-yl)-oxazolidin-2-one (9¢) : To a solution of
carbamate 2e (70 mg, 0.173 mmol) in CH,Cl, (1.7 ml) at rt was added MgO (17.4 mg, 0.435 mmol,
2.5 eq.), PhI(OAc), (78 mg, 0.242 mmol, 1.4 eq.) and Rhy(OAc), (3.8 mg, 8.7 umol, 5 mol%). The
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reaction mixture was stirred vigorously at reflux for 24 h. The mixture was allowed to cool to rt and
filterd through Celite. The filtrate was concentrated in vacuo, and the residue was purified by
column chromatography (1:1 AcOEt:hexane) to give cyclic carbamate 9e as brown oil (32.9 mg, 0.109
mmol, 47% ).

IR (neat) : 3272, 2981, 1747 cm™ ; "H-NMR (400 MHz, CDCls) &: 8.22 (d, J= 8.6 Hz, 1H), 7.68 (d, J
=17.8 Hz, 1H), 7.56 — 7.53 (m, 2H), 7.41 — 7.39 (m, 4H), 7.31 — 7.27 (m, 2H), 5.57 - 5.53 (dd, J = 7.0,
9.0 Hz, 1H), 5.36 (br, 1H), 4.81 (t, J = 9.0 Hz, 1H), 4.55 (dd, J = 7.0, 8.8 Hz, 1H), 1.68 (s, 9H) ;
PC-NMR (100 MHz, CDCl;) 8: 158.9, 149.0, 136.0, 131.4, 129.1, 126.3, 125.6, 124.1, 123.6, 122.1,
119.4, 119.1, 115.9, 99.3, 84.9, 79.6, 69.6, 49.5, 28.3 ; MS m/z : 402 (M"), 41 (100%) ; HRMS Calcd.
C14H,,04N, : 402.1580, Found : 402.1587

Qo
0-s7 o 0
NH, Rh,(OAc S
{ 2 )a NH o
y PhI(OAc),, Mgo N OAc
0
N CH,Cl,, 26 % N
2g 10b

1-tert-Butoxycarbonyl-2-(methylcarbonyloxy)-spiro[3H-indol-3,4’-[1°,2°,3’|oxathiazinan-2’,2’-di

one (10b) : To a solution of sulfamate ester 2g (70 mg, 0.206 mmol) in CH,Cl, (2.1 ml) at rt was
added MgO (19 mg, 0.473 mmol, 2.3 eq.), PhI(OAc), (73 mg, 0.226 mmol, 1.1 eq.) and Rhy(OAc),
(1.8 mg, 4.1 umol, 2 mol%). The reaction mixture was stirred vigorously at rt for 2 h. The mixture
was filterd through Celite. The filtrate was concentrated in vacuo, and the residue was purified by
column chromatography (1:2 AcOEt:hexane) to give cyclic sulfamate ester 10b as colorless oil (21 mg,
0.0527 mmol, 26%).

IR (neat) : 3267, 2980, 1763, 1718, 1605, 1483, 1389, 1308 cm” ; 'H-NMR (400 MHz, CDCl;)
8:7.79 (d, J = 7.3 Hz, 1H), 7.45 — 7.43 (m, 1H), 7.37 — 7.33 (m, 1H), 7.13 (dd, J = 7.6, 7.6 Hz, 1H),
6.93 (s, 1H), 5.02 (s, 1H), 4.97 (ddd, J= 2.4, 12, 12 Hz, 1H), 4.63 (ddd, J = 2.4, 4.9, 12 Hz, 1H), 2.31
(ddd, J=4.9 , 12.0, 15.0 Hz, 1H), 2.10 (s, 3H), 2.05 — 2.01 (m, 1H), 1.56 (s, 9H) ; “C-NMR (100
MHz, CDCly) &: 167.9, 151.1, 139.9, 131.1, 130.8, 124.2, 123.1, 115.6, 83.3, 83.1, 69.8, 66.7, 32.5,
28.2,20.9 ; MS m/z : 398 (M"), 144 (100 %) ; HRMS Calcd. Cj7H,,05N,0-S : 398.1148, Found :
3398.1150
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00 o_Q
NH; S30
Cf\g; . Rhy(OAC), C&i‘
i
2h 44% 10c
1-tert-Butoxycarbonyl-2-methylen-spiro[3H-indol-3,4’-[1°,2°,3’]oxathiazinan-2’,2’-dione (10c¢) :
To a solution of sulfamate ester 2h (50 mg, 0.141 mmol) in CH,Cl, (1.4 ml) at rt was added MgO (13
mg, 0.324 mmol, 2.3 eq.), PhI(OAc), (50 mg, 0.156 mmol, 1.1 eq.) and Rhy(OAc), (1.2 mg, 2.8 pmol,
2 mol%). The reaction mixture was stirred vigorously at rt for 2 h. The mixture was filterd through
Celite. The filtrate was concentrated in vacuo, and the residue was purified by column
chromatography (1:2 AcOEt:hexane) to give cyclic sulfamate ester 10¢ as white amorphous (22 mg,
0.0624 mmol, 44%)
IR (neat) : 3272, 2979, 2930, 1715, 1480, 1355 cm™ ; "H-NMR (400 MHz, CDCl) &: 7.82 (m, 2H),
7.37-7.33 (m, 2H), 7.15 (dd, J= 7.6, 7.6 Hz, 1H), 5.94 (d, /= 2.1 Hz, 1H), 5.27 (d, /= 2.1 Hz, 1H),
4.87 (ddd, J=4.3, 8.7, 11.6 Hz, 1H), 4.81 — 4.69 (m, 1H), 2.40 (ddd, /= 5.1, 8.7, 15.0 Hz, 1H), 2.30
(ddd, J = 4.5, 5.6, 15.0 Hz, 1H), 1.64 (s, 9H) ; "C-NMR (100 MHz, CDCl;) &: 151.0, 150.4, 140.3,
130.7, 130.2, 124.2, 124.1, 116.0, 97.6, 83.7, 68.3, 65.4, 34.5, 28.3 ; MS m/z : 352 (M), 57 (100 %) ;
HRMS Calcd. CisH00sN,S : 352.1093, Found : 352.1084

Preparation of acetamide S13 and reaction of S13 with Rh;(OAc)sand PhI(OAc),

O o)
CO2Et 1. NHg/MeOH >\R
reflux NH,  Rhz(OAc), NH
N 2. Boc,0, EtsN N Phi(OAc), N\
Boc DMAP, CH,Cl, Boc MgO, CH,Cl, Me
40% (2 steps) reflux N
s3 S12 90% Boc
S13

2-(1-tert-Butoxycarbonyl-2-methyl-1H-indol-3-yl)-acetamide (S12) : To a sealed-tube was added
ester S3 (1.4 g, 4.41 mmol) in saturated NH3/MeOH. The reaction mixture was stirred at reflux for 5
days. The mixture was allowed to cool to rt and the solvent was removed in vacuo to provide a amide
product that was carried on without further purification. To a solution of crude mixture in CH,Cl,
(54 ml) at rt was added Et;N (1.9 ml, 13.4 mmol, 2.5 eq.), Boc,O (1.9 ml, 8.1 mmol, 1.5 eq.) and
DMAP (66 mg, 0.54 mmol, 10 mol%). After the reaction mixture was stirred for 30 min, water was
added and the resultant solution was extracted with AcOEt. The organic layer was washed with brine,
dried over MgSQ,, concentrated in vacuo, and the crude products was purified by column
chromatography (2:1 AcOEt-Hexane) to give acetamide S12 as yellow oil (514 mg, 1.78 mmol, 40%
for 2 steps):

IR (neat) :3355, 3272, 3260, 2986, 1720, 1646, 1455, 1363, 1347 cm™ ; '"H-NMR (400 MHz, CDCL)
o: 8.11 (d, J= 7.8 Hz, 1H), 7.44 (d, J= 7.1 Hz, 1H), 7.30 — 7.22 (m, 2H), 5.50 (br, 2H), 3.64 (s, 2H),
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2.58 (s, 3H), 1.69 (s, 9H) ; *C-NMR (100 MHz, CDCls) &: 172.9, 150.5, 135.8, 135.4, 129.1, 124.1,
123.0, 117.7, 115.6, 111.8, 84.1, 31.8, 28.3, 14.0 ; MS m/z : 288.1 (M"), 144.1 (100 %) ; HRMS Calcd.
C16H2003N2 . 2881474, Found : 288.1460

N-(1-tert-Butoxycarbonyl-2-methylindol-3-yl)-methylacetamide (S13) : To a solution of acetamide
S12 (25 mg, 0.0867 mmol) in CH,Cl, (2.0 ml) at rt was added MgO (8.7 mg, 0.217 mmol, 2.5 eq.),
PhI(OAc), (39.1 mg, 0.121 mmol, 1.4 eq.) and Rhy(OAc),s (1.9 mg, 4.3 pmol, 5 mol%). The reaction
mixture was stirred vigorously at reflux for 10 h. The mixture was allowed to cool to rt and filterd
through Celite. The filtrate was concentrated in vacuo, and the residue was purified by column
chromatography (2:1 AcOEt:hexane) to give acetamide S13 as yellow oil (23.6 mg, 0.0824 mmol,
90% ) :

IR (neat) :3463, 3336, 3196, 2979, 2931, 1730, 1668, 1457, 1357, 1324 cm™ ; "H-NMR (400 MHz,
CDCl,) 6: 8.10 (d, J="7.7 Hz, 1H), 7.49 (d, /= 7.0 Hz, 1H), 7.29 — 7.21 (m, 2H), 5.48 (br, 1H), 4.54 (s,
1H), 4.52 (s, 1H), 2.60 (s, 3H), 2.00 (s, 3H), 1.68 (s, 9H) ; *C-NMR (100 MHz, CDCl;) &: 169.7,
150.4, 135.6, 135.5, 128.7, 123.8, 122.8, 117.7, 115.5, 114.4, 84.0, 33.6, 28.3, 23.3, 14.0 ; MS m/z :
302.2 (M), 143.1 (100 %) ; HRMS Calcd. C,7H,,0:N, : 302.1630, Found : 302.1630

Enantioselective spirocyclization

o~ 0 M

NH, f =0 HN™ 0

N PhI(OAG),, MgO N S—Me
Boc CH,Cly, reflux Boc N
2c 8¢ (34%) Boc

9c (46%)
4-(1-tert-Butoxycarbonyl-2-methyl-1H-indol-3-yl)-oxazolidin-2-one (9¢) : To a solution of
carbamate 2¢ (100 mg, 0.314 mmol) in CH,Cl, (3.1 ml) at rt was added MgO (31.7 mg, 0.785 mmol,
2.5 eq.), PhI(OAc), (142 mg, 0.440 mmol, 1.4 eq.) and Rhy(S-PTTL)4 (19.6 mg, 15.7 pmol, 5 mol%).
The reaction mixture was stirred vigorously at reflux for 21 h. The mixture was allowed to cool to rt
and filterd through Celite. The filtrate was concentrated in vacuo, and the residue was purified by
column chromatography (1:1 AcOEt:hexane) to give oxazolidinone 9¢ as white amorphous (46.2 mg,
0.146 mmol, 46%) and cyclic carbamate 8c as white amorphous (33.9 mg, 0.107 mmol, 34%).

8¢ : [a]p™ + 82.9° (¢ 0.44, CHCLy)

9¢c : IR (neat) : 3237, 2979, 2932, 1768, 1717, 1606 cm™ ; 'H-NMR (400 MHz, CDCl;) : 8.12 (d, J=
8.5 Hz, 1H), 7.60 (d, J = 7.7 Hz, 1H), 7.31 — 7.29 (m, 1H), 7.22 (dd, J = 7.6, 7.6 Hz, 1H), 5.62 (br,
1H), 5.29 (dd, J = 8.3, 8.3 Hz, 1H), 4.69 (dd, J=9.1, 9.1 Hz, 1H), 4.48 (dd, /= 8.1, 8.1 Hz, 1H), 2.57
(s, 3H), 1.69 (s, 9H) ; "C-NMR (100 MHz, CDCL)§: 159.3, 150.3, 136.1, 135.6, 126.5, 123.0, 118 4,
1157, 114.4, 84.4, 69.6, 48.8, 282, 13.8 ; MS m/z : 316 (M), 260 (100%) ; HRMS Calcd.
Ci7H2004N, : 316.3518, Found : 316.1401
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Determination of enantio excess

(0] o]
// \FO // \/\;o
~ =NH Boc,0 ~~=NBoc
(IN EtsN, DMAP (IN
Boc CH,Cl, Boc
8¢ 100% s14

(3R)-1,1’-Di-tert-butoxycarbonyl-2-methylene-spiro[3H-indole-3,6’-[1°,3’Joxazinan]-2’-one

(S14) : To a solution of cyclic carbamate 8¢ (80 mg, 0.253 mmol) in CH,Cl, (1.3 ml) at rt was added
Et;N (0.11 ml, 0.759 mmol, 3 eq.), Boc,O (0.083 ml, 0.380 mmol, 1.5 eq.) and DMAP (3.1 mg, 25.3
pmol, 10 mol%). After the reaction mixture was stirred for 1 h, water was added and the resultant
solution was extracted with AcOEt. The organic layer was washed with brine, dried over MgSOy,
concentrated in vacuo. The residue was purified by column chromatography (1:2 AcOEt:hexane) to
give cyclic carbamate S14 as white amorphous (105 mg, 0.253 mmol 100%).

[o]p! -5.6° (¢ 0.50, CHCL;) ; IR (neat) : 2979, 1788, 1716, 1654, 1604 cm™ ; "H-NMR (400 MHz,
CDCl,) 6: 7.84 (d,J=8.5Hz, 1H), 7.33 — 7.27 (m, 2H), 7.10 (dd, J= 7.6, 7.6 Hz, 1H), 5.78 (d, J = 2.2
Hz, 1H), 4.88 (d, /= 2.2 Hz, 1H), 4.56 — 4.51 (m, 1H), 4.42 — 4.36 (m, 1H), 2.25 (dd, J= 5.1, 5.5 Hz,
2H), 1.65 (s, 9H), 1.12 (s, 9H) ; PC-NMR (100 MHz, CDCls) &: 151.2, 150.0, 149.9, 140.1, 132.9,
129.3, 123.8, 121.3, 116.0, 94.3, 84.1, 83.5, 66.5, 61.5, 38.9, 28.3, 27.2 ; MS m/z : 416 (M), 216
(100%) ; HRMS Calcd. CH,506N, : 416.1947, Found : 416.1959 ; HPLC: column, Daicel Chiralpak
AD-H; eluent, n-hexane:i-PrOH 10:1; flow rate, 0.5 ml/min; retention time 24.9 min [(R)-S14] and
37.9 min [(S)-S15]

o)

o~
NH, f O
NH
Rhy(S-TCPTTL),4
N pe  _R02(STCPTTL) CE/L \ Me
N Phl OAc),, Mgo
Boc Boc Boc

CHZCIZ reflux
2c c (53%) (20%)

(1-tert-Butoxycarbonyl-2-methyl-1H-indol-3-yl)-formaldehyde (11) : To a solution of carbamate 2¢
(70 mg, 0.220 mmol) in CH,Cl, (22 ml) at rt was added MgO (22.2 mg, 0.55 mmol, 2.5 eq.),
PhI(OAc), (145 mg, 0.462 mmol, 2.1eq.) and Rhy(S-TCPTTL), (27.7 mg, 0.0154 mmol, 7 mol%). The
reaction mixture was stirred vigorously at reflux for 48 h. The mixture was allowed to cool to rt and
filterd through Celite. The filtrate was concentrated in vacuo, and the residue was purified by

column chromatography (1:6 AcOEt:hexane) to give aldehyde 11 as brown oil (12.0 mg, 0.0439 mmol,
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20%) and elution of the column of with AcOEt:hexane (1:1) gave cyclic carbamate 8¢ (36.8 mg, 0.116
mmol, 53%).

11 : IR (neat) : 3051, 2932, 1728 cm™ ; "H-NMR (400 MHz, CDCl;) 8: 9.65 (t, J=2.2 H, 1H), 8.12 (d,
J=8.3 Hz, 1H), 7.37 (d, /= 7.8 Hz, 1H), 7.29 — 7.21 (m, 2H), 3.71 (d, J = 2.2 Hz, 2H), 2.56 (s, 3H),
1.69 (s, 9H) ; "C-NMR (100 MHz, CDCl3) &: 198.4, 150.5, 135.8, 135.7, 129.5, 123.9, 122.8, 117.4,
115.6, 108.7, 84.0, 39.3, 28.3, 14.1 ; MS m/z : 273 (M"), 144 (100%) ; HRMS Calcd. C;sH,oOsN :
273.1365, Found : 273.1351

CO4Et CO,Et
Boc,0
N Et3;N, DMAP N
H CH,Cl, Boc

s3 100% s15

Ethyl (1-fert-butoxycarbonyl-2-methyl-1H-indol-3-yl)-acetate (S15): To a solution of indole S3
(1.81 g, 8.43 mmol) in CH,Cl, (21.1 ml) at rt was added Et;N (3.54 ml, 25.3 mmol, 3 eq.), Boc,O
(2.90 ml, 12.6 mmol, 1.5 eq.) and DMAP (51.5 mg, 0.422 mmol, 5 mol%). After the reaction
mixture was stirred for 30 min, water was added and the resultant solution was extracted with AcOEt.
The organic layer was washed with brine, dried over MgSQ,, concentrated in vacuo. The residue
was purified by column chromatography (1:10 AcOEt:hexane) to give indole S15 as yellow oil (2.67 g,
8.43 mmol 100%).

IR (neat) : 2979, 2933, 1733 cm™ ; '"H-NMR (400 MHz, CDCl;) &: 8.09 (d, J = 7.5 Hz, 1H), 7.48 —
7.46 (m, 1H), 7.25 — 7.19 (m, 2H), 4.12 (q, J = 7.2 Hz, 2H), 3.66 (s, 2H), 2.58 (s, 3H), 1.68 (s, 9H),
1.23 (t,J = 7.1 Hz, 3H) ; "C-NMR (100 MHz, CDCl;) &: 171.1, 150.6, 135.6, 135.1, 129.6, 123.5,
122.5,117.9, 115.4, 111.4, 83.7, 60.9, 30.3, 28.3, 14.2, 14.1 ; MS m/z : 317 (M"), 144 (100%) ; HRMS
Caled. CsH;04N : 317.1627, Found : 317.1635

OH
CO,Et D
LIAID, D
N THF N
Boc 90% Boc
S15 516

2-(1-tert-Butoxycarbonyl-2-methyl-1H-indol-3-yl)-[1,1-’H,]-ethanol (S16) : To a solution of
LiAID; (94 mg, 2.23 mmol, 1.0 eq.) in THF (5.5 ml) at 0 °C was added a solution of indole S15 (708
mg, 2,23 mmol) in THF (5.5 ml). After the reaction mixture was stirred for 5 min, the reaction was

quenched with H,O. The resultant mixture was filtered through Celite, and concentrated in vacuo.

S-20



Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2009

The resulting mixture was extracted with AcOEt, washed brine, dried over MgSQO,, concentrated in
vacuo. The residue was purified by column chromatography (1:2 AcOEt:hexane) to give alcohol S16
as yellow oil (557 mg, 2.01 mmol, 90%).

IR (neat) : 3366, 2978, 2931, 1729 cm™ ; "H-NMR (400 MHz, CDCl;) &: 8.10 (d, J = 7.7 Hz, 1H), 7.45
(d, J=7.3 Hz, 1H), 7.25 — 7.19 (m, 2H), 2.93 (m, 2H), 2.56 (s, 3H), 1.68 (s, 9H) ; *C-NMR (100
MHz, CDCl,) 6: 150.7, 135.8, 134.5, 129.9, 123.5, 122.5, 117.7, 115.4, 114.3, 83.6, 28.3, 27.3, 14.0 ;
MS m/z : 277 (M), 144 (100%) ; HRMS Calcd. C;6H,9D,O3N : 277.1645, Found : 277.1642

o}
OH o+
D D NH,

R D CI3CONCO, CH,Cl, D

Me ——— N Me
N ; KoCO3, MeOH N
Boc 83% Boc
S$16 2i

1-tert-Butoxy-3-(2-carbamoyloxy-[2,2-’H,]-ethyl)-2-methyl-1H-indole (2i) : To a solution of
alcohol S16 (557 mg, 1.98 mmol) in CH,Cl, (9.9 ml) at 0 °C was added trichloroacetyl isocyanate
(0.284 ml, 2.38 mmol, 1.2 eq.) and the mixture was stirred for 5 min. When TLC indicated
consumption of the alcohol, MeOH (9.9 ml) and K,CO; (27.4 mg, 0.198 mmol, 0.1 eq.) was added to
the reaction mixture. The mixture was allowed to warm to rt and stirred for 8 h. Then, water was
added and the resultant solution was extracted with AcOEt. The organic layer was washed with brine,
dried over MgSQ,, concentrated in vacuo, and the crude products was purified by column
chromatography (1:2 AcOEt:hexane) to give carbamate 2i as colorless needle (547 mg, 1.71 mmol,
86%). An analytical sample was obtained by recrystallization from MeOH.

mp = 150 — 151 °C (MeOH) ; IR (neat) : 3421, 3332, 3272, 2979, 1722, 1699, 1605 cm™ ; "H-NMR
(400 MHz, CDCly) 6: 8.09 (d, J=7.3 Hz, 1H), 7.48 (d, /= 6.3 Hz, 1H), 7.26 — 7.22 (m, 2H), 4.54 (br,
2H), 3.00 (s, 2H), 2.56 (s, 3H), 1.68 (s, 9H) ; PC-NMR (100 MHz, CDCls) &: 156.8, 150.7, 135.7,
134.4, 129.9, 123.4, 122.5, 117.6, 115.4, 114.0, 83.6, 28.3, 23.8, 13.9 ; MS m/z : 277 (M"), 144
(100%) ; HRMS Calcd. CsH;9D,O3N : 277.1645, Found : 277.1639

o)

D
o4 5 %o o
D NH, /
{ o Rhy(S-TCPTTL), “ aNH
N Me PhI(OAC),, MgO @L/Ng:

Boc CHZ(%;,/:eﬂ“X Boc
2i 8i

(3R)-1-tert—Butoxycarb0nyl-2-methylen-spiro[3H-indol-3,6’-[4’,4’-2H2]-[1’,3’]0xazinan-2’-0ne
(8i) : To a solution of carbamate 2i (70 mg, 0.218 mmol) in CH,Cl, (21.8 ml) at rt was added MgO
(26.4 mg, 0.655 mmol, 3 eq.), PhI(OAc), (113 mg, 0.351 mmol, 1.6 eq.) and Rhy(S-TCPTTL), (27.5
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mg, 0.153 pumol, 7 mol%). The reaction mixture was stirred vigorously at reflux for 48 h. The
mixture was allowed to cool to rt and filterd through Celite. The filtrate was concentrate in vacuo,
and the residue was purified by column chromatography (1:2 AcOEt:hexane) to give cyclic carbamate
8i as white amorphous (48.5 mg, 0.152 mmol, 70%).

[o]p” +52.7° (¢ 0.93, CHCI;) ; IR (neat) : 3242, 3120, 2979, 1713, 1605 cm™ ; 'H-NMR (400 MHz,
CDCl) 6: 7.79 (d, J= 8.6 Hz, 1H), 7.34 — 7.30 (m, 2H), 7.12 (dd, J= 7.4, 7.4 Hz, 1H), 5.82 (d,J = 1.7
Hz, 1H), 5.26 (br, 1H), 5.00 (d, J = 1.6 Hz, 1H), 2.08 (s, 2H), 1.64 (s, 9H) ; "C-NMR (100 MHz,
CDCl,) 6: 153.4, 151.0, 150.6, 140.2, 132.0, 129.9, 123.9, 122.6, 115.9, 97.2, 83.3, 62.3, 35.3, 28.2 ;
MS m/z : 318 (M), 57 (100%) ; HRMS Calcd. C;7HsD,O4N, : 318.1547, Found : 318.1538

Synthesis of chiral spiro-p-lactam 23

D

D
o o)
D% =0 D% =0
A 1. 03, CHoClo/MeOH 4

“=NH 5

S "~ =NBoc
QL e L
N 2. Bocy, DMAP N

Boc CH,Clp Boc
8i 65% for 2 steps 17

1,1'-Di-tert-butoxycarbonyl-spiro[2,3-dihydr0-1H-indol-3,6'-[4',4'-2H2]-[1',3']0xazinan]-2,2'-di0n
e (17) : Cyclic carbamate 8i (1.134 g, 3.56 mmol) was dissolved in CH,Cl,/MeOH (1:1 178 ml). The
solution was cooled at -78 °C and ozone was introduced for 5 min and followed by argon gas for 20
min. The mixture was added Me,S (2.62 ml, 35.6 ml, 10 eq.), allowed to warm slowly at rt and
stirred for overnight. The solution was concentrated in vacuo. To the crude mixture in CH,Cl,
(35.6 ml) was added Boc,O (1.23 ml, 5.34 mmol, 1.5 eq.) and DMAP (43.5 mg, 0.356 mmol, 10
mol%). After the reaction mixture was stirred for 10 min, water was added and the resultant solvent
was extracted with AcOEt. The organic layer was washed with brine, dried over MgSOy,
concentrated in vacuo. The residue was purified by column chromatography (1:2 AcOEt:hexane) to
give amide 17 as white amorphous (980 mg, 2.33 mmol, 65% for 2 steps)

[a]p™ +37.2° (¢ 1.19, CHCL;) ; IR (neat) : 2982, 1794, 1733, 1608 cm™ ; "H-NMR (400 MHz, CDCl;)
5: 793 (d, J=8.2 Hz, 1H), 7.42 (ddd, J=1.2, 7.5, 8.2 Hz, 1H), 7.33 (dd, J = 1.2, 7.5 Hz, 1H), 7.24
(ddd, J=1.0,7.5,7.5 Hz, 1H), 2.34 (d, J = 14.8 Hz, 1H), 2.24 (d, J = 14.8 Hz, 1H), 1.66 (s, 9H), 1.15
(s, 9H) ; "C-NMR (100 MHz, CDCly) &: 173.1, 149.1, 148.8, 148.6, 138.3, 129.8, 129.1, 125.0, 121.4,
115.4, 85.1, 84.9, 63.4, 33.6, 27.9, 26.9 ; MS m/z : 420 (M"), 220 (100%) ; HRMS Calcd.
Cy1H4D,ON, : 420.1864, Found : 420.1862

D D

o o o "

- NBoc K,COs3 . «NHBoc
O —(—~ o]
N MeOH N
Boc 81% H
17 s17
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(3R)-3-tert-Butoxycarbonylamino-3-(2-hydroxy-[2,2-’H2]-ethyl)-2,3-dihydo-1H-indol-2-one
(S17) : To a solution of cyclic carbamate 17 (980 mg, 2.33 mmol) in MeOH (23.3 ml) was added
K,CO; (64.4 mg, 0.466 mmol, 0.2 eq.) at rt, and stirred for 13 h. The reaction was poured into
saturated NH,4Cl, extracted with AcOEt, washed with brine, dried over MgSO, and concentrated in
vacuo. The residue was purified by column chromatography (2:1 AcOEt:hexane) to give alcohol 18 as
white amorphous (554 mg, 1.88 mmol, 81% );

[o]p” + 15.9° (¢ 0.60, CHCI;) ; IR (neat) : 3314, 2979, 1722, 1621cm™ ; 'TH-NMR (400 MHz, CDCl;)
6:9.23 (br, 1H), 7.28 (d, /= 7.5 Hz, 1H), 7.18 (dd, J = 7.5, 7.5 Hz, 1H), 7.01 (dd, J= 7.5, 7.7 Hz, 1H),
6.90 (br, 1H), 6.88 (d, J=17.5 Hz, 1H), 2.10 (d, J = 14.7 Hz, 2H), 1.98 (d, J = 14.7 Hz, 1H), 1.26 (br,
9H) ; "C-NMR (100 MHz, CDCl;) &: 180.1, 154.4, 140.4, 131.6, 128.6, 122.7, 122.5, 110.5, 80.4,
62.0,57.2,38.6,28.0 ;MS m/z:294 (M), 147 (100%) ; HRMS Calcd. C;sH,;sD,04N, : 294.1547,
Found : 294.1567

(3R)-3-tert-Butoxycarbonylamino-3-(2-hydroxy-[2,2-’H2]-ethyl)-1-methyl-2,3-dihyrdo-1H-indol-
2-one (18) : To a solution of alcohol S17 (550 mg, 1.87 mmol) in acetone (9.3 ml) at rt was added
K,COs (387 mg, 2.81 mmol, 1.5 eq.), and Me,SO, (0.266 ml, 2.81 mmol, 1.5 eq.). The reaction
mixture was stirred at reflux for 2 h. The mixture was allowed to cool to rt and poured into saturated
NH,CI, extracted with AcOEt, washed with brine, dried over MgSO,4 and concentrated in vacuo. The
residue was purified by column chromatography (2:1 AcOEt:hexane) to give alcohol 18 as white
amorphous (525 mg, 1.70 mmol, 91% );

[o]p* + 28.4° (¢ 0.805, CHCI;) ; IR (neat) : 3354, 2978, 2933, 1712, 1614cm™ ; "H-NMR (400 MHz,
CDCl;) &: 7.32 - 7.28 (m, 2H), 7.07 (dd, J = 7.6, 7.6 Hz, 1H), 6.83 (d, J = 7.8 Hz, 1H), 6.32 (br, 1H),
3.24 (s, 3H), 1.98 (s, 2H), 1.23 (br, 9H) ; "C-NMR (100 MHz, CDCl;) 8: 177.6, 154.1, 142.6, 131.2,
128.4, 122.5, 122.5, 108.0, 79.9, 61.5, 38.5, 27.8, 26.3 ; MS m/z : 308 (M"), 161 (100 %) ; HRMS
Calcd. Ci4H0D,04N; : 308.1703, Found : 308.1686
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D o}
OH OH
D 1. 1-MeAZADOCI, NaClO,
~, MeCN .,
CESEHBOC sodium phosphate buffer @EﬁHOz
o

N 2. TFA, CH,Cl, N

Me 78% for 2 steps Me

18 21

(3R)-(3-Amino-1-methyl-2-0x0-2,3-dihydro-1H-indol-3-yl)-acetic acid (20) : To a solution of
alcohol 18 (173 mg, 0.565 mmol) in MeCN (2.8 ml) and sodium phosphate buffer (pH 6.8, 1.0 M, 2.8
ml) was added NaClO, (80%, 192 mg, 1.70 mmol, 3.0 eq.) and 1-MeAZADOCI (19) (5.7 mg, 28.3
pmol, 5 mol%) at rt, and stirred for 1 h. The reaction was quenched with 2-methyl-2-butene, and the
aqueous solution basified to pH 9 with 5% NaOH. The basic solution was washed with ether and then
acidified to pH 5 with 10% HCI. The acidic solution was extracted with CHCl;, washed with brine,
dried over MgSO, and concentrated in vacuo. To a solution of crude mixture in CH,Cl, (2.8 ml) at 0
°C was added TFA (0.419 ml, 5.65, 10 eq.) and allowed to warm at rt. After the reaction was stirred for
3 h, benzene was added and concentrated in vacuo. This manipulation was repeated three times. The
residue was neutralized with saturated NaHCO; and purified by ion-exchange resin (DOWEX,
50WX8, 200-400) to give B-amino acid 21 as white powder (97 mg, 0.440 mmol, 78% for 2 steps);
Mp : 123 - 126 °C (MeCN) ; [o]p> + 76.0° (¢ 0.380, CHCL;) ; IR (neat) : 2935, 1714, 1612cm™ ;
'H-NMR (500 MHz, D,0) &: 7.40 (d, J = 7.6 Hz, 1H), 7.37 (dd, J = 7.6, 7.8 Hz, 1H), 7.10 (dd, J = 7.6,
7.6 Hz, 1H), 7.00 (d, J = 7.8 Hz, 1H), 3.14 (s, 3H), 2.84 (d, J = 15.6 Hz, 1H), 2.76 (d, J = 15.6 Hz,
1H) ; "C-NMR (125 MHz, D,0): 177.9, 176.3, 144.1, 131.1, 128.4, 124.4, 124.2, 110.5, 59.3, 43 .4,
27.1 ; FAB nv/z : 221 (M+1)", 221 (100 %) ; HRFAB Calcd. C;;H;;O3N; : 221.0926, Found :
221.0926

o) o i o
U
7\,0H b N0 //<
“. aNH, - NH
N M
Me Et3N, MeCN e
21 reflux, 47% 23

(3R)-1-Methyl-spiro[2,3-dihydro-1H-3,4’-azelidin]-2,2’-dione (23) : To a solution of 21 B-amino
acid (30 mg, 0.136 mmol) in MeCN (13.6 ml) at rt was added Et;N (0.057 ml, 0.408 mmol, 3.0 eq.),
and 22 (91.8 mg, 0.204 mmol, 1.5 eq.). The reaction mixture was stirred at reflux for 6 h. The mixture
was allowed to cool to rt and concentrated in vacuo. The residue was purified by column
chromatography (1:1 AcOEt:hexane) to give B-lactam 23 as white powder (13 mg, 0.0643 mmol,
47% ); Mp : 236 — 238 °C (CHCls/hexane) ;

[o]p> + 46.0° (¢ 0.470, CHCL;) ; IR (neat) : 3276, 1774, 1686, 1616 cm™ ; '"H-NMR (400 MHz,
CDCl;) &: 7.46 (dd, J=0.7, 7.5 Hz, 1H), 7.39 (dt, J= 1.2, 7.7 Hz, 1H), 7.15 (dt, J = 0.7, 7.5 Hz, 1H),
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6.88 (d, J = 8.0 Hz, 1H), 6.09 (br, 1H), 3.49 (dd, J = 2.2, 14.5 Hz, 1H), 3.25 (s, 3H), 3.24 (dd, J= 1.2,
14.5 Hz, 1H) ; "C-NMR (125 MHz, CDCl;) : 175.1, 166.4, 143.5, 130.4, 126.7, 123.4, 123.3, 108.7,
55.9, 50.9, 26.6 ; MS m/z : 202 (M"), 202 (100 %) ; HRMS Caled. C;,;H;00,N; : 202.0742, Found :
202.0724

Preparation of imidazole 28 and Sonogashira couping

‘ Bn OsO, ? Bn ethylene glycol
N NalO, N TsOH- H,O
‘ N/> 2,6-lutidine | N/> benzene
EtO,C dioxane/H,0 EtO,C reflux
96%
S18 S$19
o & : :
1. LiAIH,, THF (o o )ST"LOMQ (o o | @\ |
0°cC o N N OMe o | N> 3 N-O" i
—_— 2 / | 1
2. 1-MeAZADO H ‘N/> _ N ! 1-MeAZADO !
NaCIO K,COs, MeOH = R :
TBAB, KBr o 72% (4 steps)
sat.NaHCO,/ CH,Cl, 520 28
(o}
‘ Bn 0OsOy4 | Bn
N NalOy4 N
| ) —— | )
N 2,6-lutidine
EtO,C dioxane/ H,O EtO,C
96%
S18 S$19

$19 : To a solution of imidazole $18> (1.0 g, 3.35 mmol) in dioxane (24 ml) and H,O (8 ml) at rt were
added 2,6-lutidine (0.78 ml, 6.70 mmol, 2.0 eq.), OsO, (0.1965 M in THF, 0.512 ml, 0.101 mmol, 3.0
mol%) and NalO, (2.87 g, 13.4 mmol, 4.0 eq.). After the reaction mixture was stirred for 2 h, water
was added and the resultant solution was extracted with AcOEt. The organic layer was washed with
2% HCI and brine, dried over MgSO,, concentrated in vacuo. The residue was purified by column
chromatography (1:1 AcOEt:hexane) to give aldehyde S19 as yellow oil (965 mg, 3.21 mmol 96%).

IR (neat) : 2982, 2937, 1730, 1666, 1519, 1499, 1455, 1353, 1323 cm™ ; '"H-NMR (400 MHz, CDCL;)
5: 9.85 (s, 1H), 7.53 (s, 1H), 7.37 — 7.30 (m, 3H), 7.17 — 7.15 (m, 2H), 5.49 (s, 2H), 4.15 (q, /= 7.3 Hz,
2H), 1.68 (s, 6H), 1.18 (t, J= 7.3 Hz, 3H) ; "C-NMR (100 MHz, CDCl;) &: 179.3, 175.9, 158.1, 140.7,
135.6, 128.9, 128.2, 127.3, 125.7, 61.3, 50.8, 44.6, 27.0, 13.9 ; MS m/z : 300 (M"), 271 (100 %) ;
HRMS Calcd. Cy7H,500;3N; : 300.1474, Found : 300.1485

ref. 2) Korakas, P.; Chaffee, S.; Shotwell, J. B.; Duque, P.; Wood, J. L. Proc. Natl. Acad. Sci. USA,
2004, /01, 12054.
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o (0]
I
? Bn ethylene glycol 1. LiAIH,, THF (\0 BN )S(F"*OMe
N TsOH- H,0 0°C o N N OMe
2
| N/> benzene 2.  1-MeAZADO H | N/>
EtO,C reflux NaCIO K,CO3, MeOH
TBAB, KBr o 72% (4 steps)
s19 sat.NaHCO4/ CH,Cl, $20 28

28 : To a mixture of aldehyde S19 (349 mg, 1.16 mmol) and ethylene glycol (0.32 ml, 5.81 mmol, 5.0
eq) in benzene (10 ml) was added p-TsOH:H,O (44 mg, 0.232 mmol, 0.2 eq.) and the mixture was
heated to reflux for 36 h with azetropic removal of water. After being cooled to rt, the reaction
mixture was quenched with saturated NaHCO; and the resultant solution was extracted with AcOEt.
The organic layer was washed with brine, dried over MgSO,, concentrated in vacuo to give
corresponding crude acetal, which was used in the next step without further purification.

To a solution of crude product in THF (12 ml) at 0 °C was added LiAlH, (53 mg, 1.39 mmol, 1.2 eq.).
After the reaction mixture was stirred for 20 min, the reaction was quenched with H,O, filtered
through Celite, and concentrated in vacuo. The resulting mixture was extracted with AcOEt. The
organic layer was washed with brine, dried over MgSO,, concentrated in vacuo to afford
corresponding crude alcohol, which was used in the next step without further purification.

To a stirring mixture of crude alcohol and 1-Me-AZADO (5.8 mg, 3.5 umol, 3 mol%) in CH,Cl,
(3.9 mL) and aqueous saturated NaHCO; (2.0 mL) containing KBr (14 mg, 0.12 mmol, 10 mol%)
and By NBr (19 mg, 0.058 mmol, 5 mol%) was added dropwise a premixed solutionof aqueous
NaOCl (2.45 M in H,0, 0.95 ml) and aqueous saturated NaHCO; (2.0 mL) at 0 °C over 5 min.
The mixture was vigorously stirred for 5 min at 0 °C, then quenched with aqueous Na,SO;. The
aqueous layer was separated and extracted with CH,Cl,. The combined organic layers were
washed with brine, dried over MgSQO,, and concentrated in vacuo to give corresponding crude
aldehyde, which was used in the next step without further purification.

To a solution of crude aldehyde in MeOH (3 ml) at rt were added
dimethyl-1-diazo-2-oxopropylphosphonate (223 mg, 1.16 mmol, 1.0 eq.) in MeOH (3 ml) and K,CO;
(240 mg, 1.74 mmol, 1.5 eq.). After the reaction mixture was stirred for 10 min, water was added
and the resultant solution was extracted with AcOEt. The organic layer was washed with brine, dried
over MgSO,, concentrated in vacuo. The residue was purified by column chromatography (1:2
AcOEt:hexane) to give alkyne 28 as colorless oil (249 mg, 0.84 mmol 72% for 4 steps).

IR (neat) : 3286, 2979, 2932, 2893, 2108, 1719, 1568, 1501, 1455, 1395 cm™ ; 'H-NMR (400 MHz,
CDCl) 6: 7.35 — 7.27 (m, 4H), 7.20 — 7.18 (m, 2H), 6.67 (s, 1H), 5.21 (s, 2H), 4.03- 3.93 (m, 4H),
2.29 (s, 1H), 1.66 (s, 6H) ; >C-NMR (100 MHz, CDCl;) &: 147.1, 137.2, 136.4, 128.6, 127.8, 127.5,
120.2,97.3,91.0, 68.8, 64.7,49.9,31.2 ; MS m/z : 296 (M), 91 (100 %) ; HRMS Calcd. C;5H,00,N; :
296.1525, Found : 296.1522
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S - =NBoc
L aeam 0
N 2. Bocy, DMAP N

Boc CH,Cl, Boc
8c 86% for 2 steps 24

O o)
F ,\\{H; © 1. Og, CH,Cly/MeOH f 7O
: DM

1,1’-Di-tert-butoxycarbonyl-spiro[2,3-dihydro-1H-indol-3,6’-[1°,3’|oxazinan|2,2’-dione  (24)
Cyclic carbamate 8¢ (100 mg, 0.316 mmol) was dissolved in CH,Cl,/MeOH (1:1 15.8 ml). The
solution was cooled at -78 °C and ozone was introduced for 1 min and followed by argon gas for 5 min.
The mixture was added Me,S (0.232 ml, 3.16 ml, 10 eq.), allowed to warm slowly at rt and stirred for
overnight. The solution was concentrated in vacuo. To the crude mixture was added Boc,O (0.109
ml, 0.474 mmol, 1.5 eq.) and DMAP (3.9 mg, 31.6 pmol, 10 mol%). After the reaction mixture was
stirred for 30 min, water was added and the resultant mixture was extracted with AcOEt. The
organic layer was washed with brine, dried over MgSQO,, concentrated in vacuo. The residue was
purified by column chromatography (1:2 AcOEt:hexane) to give amide 24 as white amorphous (114
mg, 0.272 mmol 86%).

IR (neat) : 2980 cm™, 2924 cm™, 1793cm™, 1733 cm™ ; 'TH-NMR (400 MHz, CDCl;) 8: 7.92 (d, /= 8.3
Hz, 1H), 7.40 (dd, J = 7.6, 8.3 Hz, 1H), 7.31 (d, /= 7.6 Hz, 1H), 7.22 (dd, J = 7.6, 7.6 Hz. 1H), 4.73
(ddd, J=12.9, 8.5, 11.5 Hz, 1H), 4.32 (ddd, J=3.4,9.0, 11.5 Hz, 1H), 2.32 (ddd, J=2.9, 5.9, 14.1 Hz,
1H), 2.23 (ddd, J= 3.4, 9.0, 14.1 Hz, 1H), 1.65 (s, 9H), 1.16 (s, 9H) ; "C-NMR (100 MHz, CDCl;) &:
173.2, 149.3, 149.0, 148.8, 138.4, 130.0, 129.3, 125.1, 121.5, 115.6, 85.3, 85.0, 63.5, 61.7, 34.0, 28.0,
27.1 ; MS m/z : 418 (M"), 218 (100%) ; HRMS Caled. CyHy607N, : 418.1740, Found : 418.1748

(0]
[ )Fo "
- =NBoc KoCO3 . =NHBoc
O —— o}
N MeOH N
Boc 88% N
24 25

3-tert-Butoxycarbonylamino-3-(2-hydroxyethyl)-2,3-dihydro-1H-indol-2-one (25) : To a solution
of cyclic carbamate 24 (235 mg, 0.562 mmol) in MeOH (5.6 ml) was added K,CO; (77.6 mg, 0.562
mmol, 1.0 eq.) atrt.  After the reaction mixture was stirred for 10 h, the reaction was quenched with a
saturated aqueous solution of NH,Cl. The mixture was extracted with AcOEt, washed with brine,
dried over MgSO, and concentrated in vacuo. The residue was purified by column chromatography
(2:1 AcOEt:hexane) to give alcohol 25 as white amorphous (145 mg, 0.496 mmol, 88%).

IR (neat) : 3323, 2978, 2930, 1722, 1621 cm™ ; 'H-NMR (400 MHz, CDCl;) &: 8.13 (br, 1H), 7.29 —
7.26 (m, 1H), 7.22 (dd, J = 7.3, 7.6 Hz, 1H), 7.05 (dd, /= 7.3, 7.6 Hz, 1H), 6.86 (dd, /= 7.6, 7.6 Hz,
1H), 6.55 (br, 1H), 3.96 (br, 1H), 3.86 (br, 1H), 2.06 — 2.00 (m, 2H), 1.26 (br, 9H) ; “C-NMR (100
MHz, CDCl) é: 180.2, 154.4, 140.4, 131.7 (br), 128.6, 122.7, 122.4, 110.5 (br), 80.3 (br), 62.0 (br),
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57.7,38.8, 28.0 (br) ; MS m/z : 292 (M), 147 (100%) ; HRMS Caled. C1sHa004N, : 292.1423, Found :
292.1418

fOH //OTBS
“ aNHBoc TBSOTF “. «NHBoc
‘ﬁo e o
N 2,6-lutidine ©[NS:

H CH,Clp H

25 -40 °C, 91% 26

3-tert-Butoxycarbonylamino-3-(2-tert-buthyl-dimethylsiloxyethyl)-2,3-dihydro-1H-indol-2-one
(26) : To a solution of alcohol 25 (503 mg, 1.72 mmol) in CH,Cl, (8.6 ml) were added 2,6-lutidine
(0.60 ml, 5.16 mmol, 3.0 eq.) at - 40 °C.  After the reaction mixture was stirred for 8 h, the reaction
was quenched with a saturated NaHCO;. The mixture was extracted with AcOEt, washed with
10% HCI and brine, dried over MgSO, and concentrated in vacuo. The residue was purified by column
chromatography (1:2 AcOEt:hexane) to give TBS ether 26 as white amorphous (640 mg, 1.57 mmol,
91%).

IR (neat) : 3374, 3292, 2954, 2929, 2857, 1724, 1622, 1472 cm™ ; "H-NMR (400 MHz, CDCl;) 8: 8.21
(br, 1H), 7.25 (d, J= 7.5 Hz), 7.20 (d, /= 7.5 Hz, 1H), 7.12 (br, 1H), 7.03 (dd, J = 7.2, 7.2 Hz), 6.85
(d,J =7.5Hz 1H), 4.03 - 3.98 (m, 1H), 3.91 — 3.85 (m, 1H), 2.11 (ddd, J= 3.1, 8.9, 14.7 Hz), 1.75 —
1.69 (m, 1H), 1.32 (br, 9H), 0.98 (s, 9H), 0.16 (s, 3H), 0.14 (s, 3H) ; *C-NMR (100 MHz, CDCL,) &:
179.0, 154.0, 140.4, 128.5, 122.9, 122.2, 112.7, 110.4, 79.6, 61.8, 59.0, 38.3, 28.2, 26.4, 25.8, 18.0, -
5.7 ; MS m/z : 349 (M" - 57), 293 (100%) ; HRMS Calcd. C;7H,504N,Si : 349.1584, Found : 349.1566

e

o

//OTBS oTBS | » [
/ THO 2 _ /N o18s OO gn
~aNHBoc 22 “. aNHBoc — 28 [ N

o 2,6-lutidine mmf _ " aNHBoc || 2
N CH,Cly N Pd(PPhs), — N
H _78°C 27 Cul, EtsN N
26 THF 29

90%

29 : To a mixture of lactam 26 (190 mg, 0.467 mmol) and 2,6-lutidine (0.16 ml, 1.40 mmol, 3.0 eq.) in
CH,Cl, (4.7 ml) were added Tf,0 (0.12 ml, 0.70 mmol, 1.5 eq.) at - 78 °C.  After the reaction mixture
was stirred for 1 h, 2-propanol (0.36 ml, 4.7 mmol, 10 eq.) was added and stirred for 30 min. The
reaction was quenched with a saturated NaHCO;. The mixture was extracted with AcOEt, washed
with brine, dried over MgSO, and concentrated in vacuo. The residue was purified by column
chromatography (Merck Silica gel 60 Fys4, 1:2 AcOEt:hexane) to give triflate 00 as colorless oil,

which was not fully characterized because of instability of triflate 27. (caution : After the column
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chromatography, the solvent must not completely be removed. If the solvent was completely
concentrated, triflate 27 was decomposed to lactam 26).

To a solution of colorless oil of 27 in degassed THF (4.7 ml) were added Et;N (0.65 ml, 4.7 mmol,

10 eq.), alkyne 28 (125 mg, 0.420 mmol, 0.90 eq.), Cul (27 mg, 0.14 mmol, 30 mol%) and Pd(PPh;),
(54 mg, 47 umol, 10 mol%) at rt.  After the reaction mixture was stirred for 2 h, water was added and
the resultant mixture was extracted with AcOEt. The organic layer was washed with brine, dried
over MgSO,, concentrated in vacuo. The residue was purified by column chromatography (1:1
AcOEt:hexane) to give coupling product 29 as white amorphous (288 mg, 0.421 mmol, 90%).
IR (neat) : 3378, 2953, 2929, 2886, 2220, 1716, 1500, 1455 cm™ ; "H-NMR (500 MHz, CDCl5) &: 7.53
(d, J=6.2 Hz, 1H), 7.35 - 7.21 (m, 10H), 6.69 (s, 1H), 5.23 (s, 2H), 4.01 — 3.96 (m, 4H), 3.78 (br, 2H),
2.27 (m, 1H), 1.77 (s, 6H), 1.46 (d, J = 11.4 Hz, 1H), 1.26 (br, 9H), 0.95 (s, 9H), 0.10 (s, 3H), 0.06 (s,
3H) ; "C-NMR (125 MHz, CDCL;) &: 168.9, 153.7, 146.3, 139.5, 137.3, 136.4, 128.8, 128.7, 127.9,
127.7,126.4, 121.9, 121.7, 120.9, 107.8, 97.3, 79.9, 75.6, 71.9, 64.9, 64.8, 59.7, 50.0, 37.8, 32.5, 30.8,
28.0, 26.0, 25.9, 18.0, - 5.58, - 5.60 ; MS (FAB) m/z : 685 (M" ), 91 (100%) ; HRMS Calcd.
C30Hs5,06N,Si : 685.3785, Found : 685.3792

Synthesis of (+)-AG-041R and determination of absolute configuration

2 o)
D?/OH },OMe >\,0Me

5 1.3 mol% 1-MeAZADOCI 1. TFA, CH,CI,

~=NHBoc — NHBoc
mo NaClO,, MeCN @[\/; @o N@

N CH,CO,H/CH,CO,Na buffer
i 2. CH,N,, MeOH

S17 quant (2 steps) MeCN

§ o o
N

H

OEt Q 1. KOH i N

Br/\gEt 0}/,\, EtOH/H,0

o

“ _.NH 2. p-toluidine OEt
BUOK, TBAI : EDC-HCI
DMA o CH,CI, OEt
0,
23% (3 steps) N ort 81% (2 steps) (+)-AG-041R (S24)
823 oy [al? + 30.6 ° (¢ 0.76, CHCI,)

i [a],?+ 27.9°° (¢ 3.05, CHCL,)

D%OH o}/OMe
2 1. 3 mol% 1-MeAZADOCI /
* «aNHBoc —Mm™ "~ «NHBoc
@o NaClO,, MeCN @o
N CH,CO,H/CH,CO,Na buffer N
H 2. CH,N,, MeOH H
S17 quant. (2 steps) s21

Methyl (3R)-(3-tert-butoxycarbonyl-amino-2-o0xo0-2,3-dihydro-1H-indoyl-3-yl)- acetate (S21) : To
a solution of alchol S17 (147 mg, 0.50 mmol) in MeCN (1.6 ml) and CH;CO,H/CH;CO,Na buffer (1.6
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ml) was added NaClO, (80%, 170 mg, 1.50 mmol, 3.0 eq.) and 1-MeAZADOCI (3.0 mg, 15 pmol, 3
mol%) at rt, and stirred for 2 h. The reaction was quenched with 2-methyl-2-butene, and water was
added and the resultant solution was extracted with AcOEt. The organic layer was washed with brine,
dried over MgSQ,, concentrated in vacuo. To a solution of crude mixture in MeOH (1.0 ml) at 0 °C
was added a solution of CH,N;in Et,O (2.0 ml). The reaction was allowed to warm to rt and stirred
for 1 h. The mixture was concentrated in vacuo. The residue was purified by column
chromatography (1:2 AcOEt:hexane) to give methyl ester S21 as white amorphous (160 mg, 0.50
mmol, 100% for 2 steps ) ;

[a]p® +46.5° (¢ 1.38, CHCI;) ; IR (neat) : 3285, 2979, 1726, 1622cm-1 ; '"H-NMR (400 MHz,
CDCI3) &: 8.63 (br, 1H), 7.24 —7.19 (m, 2H), 7.00 (dd, J= 7.5, 7.5 Hz, 1H), 6.84 (d, J = 7.7 Hz, 1H),
6.45 (br, 1H), 3.71 (s, 3H), 2.93 (d, J = 15.1 Hz, 1H), 2.62 (d, J = 15.1 Hz, 1H), 1.30 (br, 9H) ;
BC-NMR (100 MHz, CDCI3) &: 177.3, 170.3, 153.9, 140.5, 129.9, 129.2, 123.1, 122.6, 110.4, 80.6,
59.5, 52.2, 40.5, 28.0 ; MS m/z : 320 (M+), 264 (100%) ; HRMS Calcd. C;6H»0sN, : 320.1372,
Found : 320.1349

Me
o 0 {7
7/0Me OMe Br/YOEt o
/ 1. TFA, CH,C, [ 4 o L N
“oNHBoe ~ N4 7\/ V=0
2. Me —_—
H NCO H A N
s21 MeCN S22 b (3 steps) OEt
s23 g

3-(4-Methoxyphenyl)-1°’-(2,2-diethoxyethyl)-spiro[5,6-dihydroprymidin-6,3°-2’,3’-dihydro-1H-in
doyl]-2,2’ 4-trione (S23) : To a solution of methyl ester S21 (35 mg, 0.109 mmol) in CH,Cl, (1.0 ml)
was added TFA (0.112 ml, 1.51 mmol, 14 eq.) at 0 °C, the mixture warmed to rt. The reaction was
allowed to warm to rt and stirred for 2 h. The reaction was poured into H,O (5 ml), washed with Et,0,
and the aqueous solution basified with saturated NaHCO;. The basic solution was extracted with
CHCI; (3 x 20 ml), washed with brine, dried over MgSO,4 and concentrated in vacuo. To a solution
of crude mixture in MeCN (1.0 ml) was added p-tosyl isocyanate (10.2 pl, 0.120 mmol, 1.1 eq.) at rt.
After the reaction was stirred for 1h, the precipitation was collected, washed with MeCN, and dried
under reduced pressure. To a solution of crude mixture in DMA (1.4 ml) was added potassium
tert-butoxide (26.7 mg, 0.218 mmol, 2.0 eq), bromoacetaldehyde diethylacetal (19.7 ul, 0.131 mmol,
1.2 eq.), tetrabuthylammonium iodide (10.1 mg , 27.3 umol, 25 mol%). The mixture was maintained
at 80 °C for 4 h then cooled to ambient temperature. Saturated NH,CI (3 ml) was added and
extracted with Et,0. The combined organic layers were washed with brine, dried over MgSO, and
concentrated in vacuo. The residue was purified by column chromatography (1:1 AcOEt:hexane) to
give cyclic urea S23 as yellowish oil (15 mg, 0.0343 mmol, 23% for 3 steps ) ;

[a]p>* +61.3° (¢ 1.28, CHCly) ; IR (neat) : 3272, 2977, 1737, 1689, 1614 cm™ ; '"H-NMR (400 MHz,

CDCLy) &: 7.42 — 7.38 (m, 2H), 7.30 — 7.23 (m, 4H), 7.18 — 7.12 (m, 2H), 5.57 (br, 1H), 4.71 (t, J= 5.3
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Hz, 1H), 4.12 (dd, J = 5.3, 14.5 Hz, 1H), 3.39 — 3.71 (m, 3H), 3.55 — 3.48 (m, 2H), 3.22 (d, J = 16.4
Hz, 1H), 2.89 (dd, J = 1.7, 16.4 Hz, 1H), 2.39 (s, 3H), 1.15 (t, J = 7.0 Hz, 3H), 1.15 (t, J = 7.0 Hz,
3H) ; *C-NMR (100 MHz, CDCly) &: 175.3, 167.1, 154.3, 143.0, 138.6, 132.1, 130.8, 129.9, 128.4,
126.5, 123.7, 123.3, 111.0, 100.2, 63.7, 63.6, 43.6, 39.9, 21.3, 15.3, 15.2 ; MS m/z : 437 (M"), 103
(100%) ; HRMS Calcd. C2Hy,0sN; : 437.1951, Found : 437.1940

1. KOH HR
N EtOH/H,0 Y
>/ \FO N 00 Me
“ 2. p-toluidine OEt
~=NH EDC-HCl
o) CH,CI, OFEt

81% (2 steps) (+)-AG-041R (S24)

$23 ot [a]o® + 30.6 ° (¢ 0.76, CHCI,)
it [a],25+ 27.9 ° (¢ 3.05, CHCI,)

2-[(R)-1-(2,2-Diethoxyethyl)-2-0x0-3-(3-p-tolylureido)-2,3-dihydro-1H-indol-3-yl]-N-p-tolylaceta
mide (AG-041R) (S24) : To a solution of cyclic urea S23 (15 mg, 0.0343 mmol) in EtOH/H,0O (10:1,
1.9 ml) at 0 °C was added KOH (4.8 mg, 0.0858 mmol, 2.5 eq.) and the mixture was allowed to warm
to rt and stirred for 10 h. The reaction was poured onto H,O and 10% HCI (5 ml), extracted with
CHCI;, washed with brine, dried over MgSO,, concentrated in vacuo. To a solution of crude mixture
in CH,Cl, (1.0 ml) at 0 °C was added EDC-HCI (8.5 mg, 0.0446 mmol, 1.3 eq.) and p-toluidine (4.8
mg, 0.0446 mmol, 1.3 eq.) at 0 °C. The mixture was stirred for 40 min at 0 °C. The reaction was
poured onto H,O and 10% HCI (5 ml), extracted with CHCl;, washed with brine, dried over MgSOy,,
concentrated in vacuo. The residue was purified by column chromatography (1:1 AcOEt:hexane) to
give AG-041R 1 as white crystal (15.2 mg, 0.0279 mmol, 81% for 2 steps ) ;

[a]p™ +30.6° (¢ 0.760, CHCLy) ; IR (neat) : 3319, 2974, 2921, 1698, 1686, 1663, 1608 cm™ ; "H-NMR
(400 MHz, CDCI;) 8: 8.51 (s, 1H), 7.29 —7.21 (m, 5H), 7.17 (s, 1H), 7.07 — 6.96 (m, 6H), 6.89 (d, J =
8.2 Hz, 2H), 4.75 (dd, J=4.6, 5.5 Hz, 1H), 3.97 (dd, J= 5.9, 14.4 Hz, 1H), 3.78 (dd, J=4.2, 14.5 Hz,
1H), 3.72 — 3.48 (m, 4H), 2.97 (d, J = 14.7 Hz, 1H), 2.63 (dd, J = 14.7 Hz, 1H), 2.28 (s, 3H), 2.20 (s,
3H), 1.13 (t, J = 7.0 Hz, 3H), 1.09 (t, J = 7.0 Hz, 3H) ; "C-NMR (100 MHz, CDCl;) &: 177.6, 167.3,
154.0, 142.5, 135.9, 134.7, 134.5, 132.3, 130.0, 129.4, 129.2, 128.8, 122.9, 122.8, 120.7, 119.8, 110.2,
100.6, 63.4, 59.7, 43.9, 20.9, 20.7, 15.3 ; MS m/z : 544 (M"), 103 (100 %) ; HRMS Calcd.
C31H3605N, : 544.2686, Found : 544.2704
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