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General procedure for the preparation of allenylaniline derivatives 9a-g and 15.
To a solution of N-(fert-butoxycarbonyl)-2-[1-(fert-butyldimethylsilyl)-2,3-butadien-2-
yl]aniline derivatives’ (0.25 mmol), prepared from the Stille coupling reaction between
N-(tert-butoxycarbonyl)-2-iodoaniline derivatives and 1-(fert-butyldimethylsiloxy)-2-
tributylstannyl)-2,3-butadiene, in THF (2.5 mL) were added AcOH (0.17 mmol) and
TBAF (0.75 mmol) at 0 °C. The reaction mixture was stirred for 3 h, quenched by
addition of water, and extracted with AcOEt. The extract was washed with water and
brine, dried, and concentrated to dryness. The residue was chromatographed with
hexane-AcOEt (4:1) to give N-(tert-butoxycarbonyl)-2-(1-hydroxy-2,3-butadien-2-
yl)aniline derivatives (93%-quant.). To a solution of the alcohol derivatives (1.02 mmol)
in pyridine (3.0 mL) was added Ac,0 (5.29 mmol) at 0°C. The reaction mixture was
stirred for 1 h, quenched by addition of saturated aqueous NH,Cl, and extracted with
AcOEt. The extract was washed with water and brine, dried, and concentrated to
dryness. The residue was chromatographed with hexane-AcOEt (4:1) to give 9b-g and
15 (74-93%). The mesylate 9a (73%) was prepared from the alcohol compound by
treated with MsClI and Et;N.

MsO N-(tert-Butoxycarbonyl)-2-(1-methanesulfonyloxy-2,3-butadien-2-
yl)aniline (9a).

NHBoc Compound 9a was a colorless oil: IR 3429, 1973(sh), 1946, 1728 cm™;
'"HNMR 6 7.93 (1H, d, J = 8.3 Hz), 7.35-7.20 (2H, m), 7.10 (1H, dt, J = 1.3, 7.3 Hz),
6.87 (1H, brs), 5.17 (2H, t, J = 2.0 Hz), 5.01 (2H, t, J = 2.0 Hz), 2.88 (3H, s), 1.52 (9H,
s); "C NMR § 209.0, 153.0, 136.2, 129.0, 128.1, 123.7, 121.8, 96.8, 80.6, 78.3, 70.4,
38.0, 28.3; MS m/z 238 (M*-101, 15). Anal. Calcd for C,;H,,NO,S: C, 56.62; H, 6.24; N,
4.13. Found: C, 56.33; H, 6.26; N, 4.27.

AcO 2-(1-Acetoxy-2,3-butadien-2-yl)-N-(fert-butoxycarbonyl)aniline (9b).
Compound 9b was a colorless oil: IR 3427, 1948, 1728 cm™'; 'H NMR §
8.02 (1H, d, J =8.1 Hz), 7.33-7.12 (3H, m), 7.07-6.99 (1H, m), 5.07 (2H,
t, J = 2.6 Hz), 4.80 (2H, t, J = 2.6 Hz), 2.08 (3H, s), 1.52 (9H, s); °C
NMR 6 207.6, 170.5, 152.9, 136.2, 128.7, 123.3, 123.0, 120.4, 98.1, 80.4, 77.9, 64.5,
28.3, 20.8; MS m/z 303 (M', 1.0). HRMS calcd. for C;H,,NO, 303.1471, found
303.1470.

X
NHBoc
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SKAO 2-(1-Acetoxy-2,3-butadien-2-yl)-N-(tert-butoxycarbonyl)-3-
e

. methoxyaniline (9c).

SN

NHBoc Compound 9¢ was a colorless oil: IR 3423, 1954, 1728 cm’; '"H NMR

07.70 (1H, d, J = 8.4 Hz), 7.24 (1H, t, J = 8.2 Hz), 7.02 (1H, brs), 6.59 (1H, d, J = 8.2
Hz), 498 (2H, t, J = 2.7 Hz), 4.75 (2H, t, J = 2.7 Hz), 3.81 (3H, s), 2.04 (3H, s), 1.52
(9H, s); “C NMR & 207.0, 170.7, 157.0, 152.9, 137.7, 129.3, 112.0, 111.8, 105.1, 94.6,
80.3, 76.9, 64.3, 55.7, 28.3, 20.8; MS m/z 333 (M", 1.1). Anal. Calcd for C,;H,;NO;: C,

64.85; H, 6.95; N, 4.20. Found: C, 64.54; H, 7.01; N, 4.15.

AcO 2-(1-Acetoxy-2,3-butadien-2-yl)-N-(tert-butoxycarbonyl)-4-
MeO methoxyaniline (9d).
NH.BEZ Compound 9d was a colorless oil: IR 3429, 3354, 1950, 1724 cm’';
'HNMR 8 7.78 (1H, d, J = 8.6 Hz), 6.85-6.77 (3H, m), 5.07 (2H, t,
J=2.6Hz),4.81 (2H,t,J =2.6 Hz), 3.78 (3H, s), 2.08 (3H, s), 1.51 (9H, s); "C NMR §
207.9, 170.5, 155.7, 153.4, 129.2, 123.3, 113.8, 113.6, 98.2, 80.1, 77.9, 64.4, 55.5, 28.3,

20.9; MS m/z 333 (M, 20). HRMS calcd. for C,;H,,NO, 333.1576, found 333.1571.

2-(1-Acetoxy-2,3-butadien-2-yl)-N-(tert-butoxycarbonyl)-4,5-

AcO
o methylenedioxyaniline (9e).
( ~ Compound 9e was a colorless oil: IR 3427, 1950, 1724 cm’; 'H
O NHBoc

NMR & 7.58-7.42 (1H, m), 6.93 (1H, brs), 6.68 (1H, s), 5.93 (2H, s),
5.04 (2H, t, J = 2.6 Hz), 4.74 (2H, t, J = 2.6 Hz), 2.08 (3H, s), 1.51 (9H, s); °C NMR 6
207.9, 170.6, 153.1, 147.6, 143.6, 130.6, 116.7, 107.8, 103.3, 101.3, 98.1, 80.3, 77.7,
64.6, 28.3, 20.9; MS m/z 347 (M", 11). HRMS calcd. for C,;H,,NO, 347.1369, found
347.1372.

AcO 2-(1-Acetoxy-2,3-butadien-2-yl)-N-(tert-butoxycarbonyl)-4-

EtO,C ) (ethoxycarbonyl)aniline (9f).
x

NHBoc
Hexane-CH,Cl,); IR 3420, 1932, 1732, 1717(sh) cm™; '"H NMR & 8.22 (1H, d, J = 8.7

Hz), 7.97-7.88 (2H, m), 7.49 (1H, brs), 5.10 (2H, t, J = 2.7 Hz), 4.79 (2H, t, J = 2.7 Hz),
435 (2H, q, J = 7.1 Hz), 2.10 (3H, s), 1.54 (9H, s), 1.38 (3H, t, J = 7.1 Hz); °C NMR
§207.4, 170.5, 166.0, 152.4, 140.6, 130.4, 130.3, 124.4, 122.4, 118.5, 97.6, 81.1, 78.3,

Compound 9f was a colorless solid: mp 104-106 °C (from
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64.3, 60.8, 28.3, 20.8, 14.7; MS m/z 375 (M", 1.2). Anal. Calcd for C,,H,:NO,: C, 63.99;
H, 6.71; N, 3.73. Found: C, 63.96; H, 6.72; N, 3.80.

AcO 2-(1-Aceoxy-2,3-butadien-2-yl)-N-(fert-butoxycarbonyl)-4-
cl chloroaniline (9g).
. Compound 9g was a colorless oil: IR 3425, 1948, 1726 cm™'; '"H NMR
6 8.00 (1H, d, J = 8.9 Hz), 7.25-7.18 (3H, m), 5.10 (2H, t, J/ = 2.6 Hz),
4.76 (2H, t, J = 2.6 Hz), 2.09 (3H, s), 1.52 (9H, s); "C NMR § 207.6, 170.5, 152.7,
134.9, 128.5, 128.3, 127.9, 124.9, 121.5, 97.4, 80.7, 78.4, 64.1, 28.2, 20.8; MS m/z 337
(M*, 5.5). HRMS calcd. for C;;H,,CINO, 337.1081, found 337.1078.

NHBoc

co,Me (2R*3R*)-2,3-Bis(methoxycarbonyl)-9-(zert-

©\—/|©, butoxycarbonyl)-1,2,3,4-tetrahydrocarbazole (11a).
N COgMe

Boc Compound 11a was a colorless solid: mp 119-121 °C (from
Hexane-CH,Cl,); IR 1732 cm™; '"H NMR 6 8.09 (1H, d, J = 8.3 Hz), 7.37 (1H,d, J = 7.6
Hz), 7.29-7.20 (2H, m), 3.76 (3H, s), 3.75 (3H, s), 3.61-3.53 (1H, m), 3.23-3.09 (4H, m),
2.86-2.76 (1H, m), 1.67 (9H, s); "C NMR § 174.6, 174.3, 150.1, 135.7, 132.4, 128.4,
123.7,122.4, 117.4, 115.3, 114.1, 83.6, 51.9, 51.9, 42.2, 41.0, 28.0, 27.9, 13.6; MS m/z
387 (M, 5.1). Anal. Calcd for C, H,sNO: C, 65.10; H, 6.50; N, 3.62. Found: C, 64.81;
H, 6.53; N, 3.64.

OMe (2R*,3R*)-2,3-Bis(methoxycarbonyl)-9-(fert-
| CO,Me butoxycarbonyl)-5-methoxy-1,2,3,4-tetrahydrocarbazole
N “co,Me (11c).
Boc

Compound 11c¢ was a colorless solid: mp 138-152 °C (from
Hexane-AcOEt); IR 1728 cm™'; 'H NMR & 7.69 (1H, d, J = 8.2 Hz), 7.14 (1H, t, J = 8.2
Hz), 6.62 (1H, d, J = 8.2 Hz), 3.86 (3H, s), 3.76 (3H, s), 3.74 (3H, s), 3.58-3.40 (2H, m),
3.12-2.87 (4H, m), 1.65 (9H, s); "C NMR § 175.2, 174.7, 153.6, 150.4, 137.3, 130.6,
124.5, 118.3, 114.3, 108.6, 103.4, 83.8, 55.2, 52.1, 52.0, 42.2, 41.7, 28.2, 26.2; MS m/z
417 (M*, 10). Anal. Calcd for C,,H,-NO,: C, 63.30; H, 6.52; N, 3.36. Found: C, 63.11;
H, 6.56; N, 3.26.
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MeO CO,Me (2R*,3R*)-2,3-Bis(methoxycarbonyl)-9-(fert-
m butoxycarbonyl)-6-methoxy-1,2,3,4-

N ""CO,Me

Boc tetrahydrocarbazole (11d).
Compound 11d was a colorless solid: mp 128-138 °C (from Hexane-AcOEt); IR 1732
cm’; '"HNMR 6 7.96 (1H, d, J = 8.9 Hz), 6.88-6.82 (2H, m), 3.84 (3H, s), 3.76 (3H, s),
3.75 (3H, s), 3.59-3.51 (1H, m), 3.15-3.04 (4H, m), 2.80-2.72 (1H, m), 1.66 (9H, s); °C
NMR 0 174.8, 174.5, 155.9, 150.2, 133.3, 130.5, 129.4, 116.3, 114.1, 112.1, 100.5, 83.7,
55.6, 52.1, 52.1, 42.4, 41.2, 28.2, 28.1, 23.8; MS m/z 417 (M", 14). Anal. Calcd for
C,,H,-NO.: C, 63.30; H, 6.52; N, 3.36. Found: C, 63.08; H, 6.54; N, 3.44.

0 co,Me (2R*,3R*)-2,3-Bis(methoxycarbonyl)-9-(fert-
<0m002Me butoxycarbonyl)-6,7-methylendioxy-1,2,3,4-
Boc tetrahydrocarbazole (11e).

Compound 11e was a colorless solid: mp 168-170 °C (from Hexane- AcOEt); IR 1733
cm™; 'TH NMR 8 7.64 (1H, s), 6.75 (1H, s), 5.96 (2H, s), 3.76 (3H, s), 3.75 (3H, s), 3.53-
3.48 (1H, m), 3.16-2.98 (4H, m), 2.76-2.67 (1H, m), 1.65 (9H, s); "C NMR § 174.9,
174.6, 150.2, 145.7, 144.2, 131.2, 130.5, 122.7, 114.3, 101.0, 97.7, 96.8, 83.9, 52.1,
52.1,42.4,41.2,28.2, 23.8; MS m/z 431 (M", 19). Anal. Calcd for C,,H,;NOy: C, 61.25;
H, 5.84; N, 3.25. Found: C, 61.16; H, 5.90; N, 3.22.

£10,C CO,Me (2R*,3R*)-2,3-Bis(methoxycarbonyl)-9-(fert-
\©\—/|©, butoxycarbonyl)-6-ethoxycarbonyl-1,2,3,4-
EOC CO2Me tetrahydrocarbazole (11f).

Compound 11f was a colorless solid: mp 126-131 °C (from Hexane- AcOEt); IR 1732
cm’'; '"H NMR 6 8.14-8.08 (2H, m), 8.00-7.92 (1H, m), 4.40 (2H, q, J = 7.1 Hz), 3.76
(3H, s), 3.76 (3H, s), 3.60-3.52 (1H, m), 3.27-3.13 (4H, m), 2.91-2.82 (1H, m), 1.68 (9H,
s), 1.42 (3H, t, J = 7.1 Hz); "C NMR § 174.6, 174.3, 166.9, 150.0, 138.7, 134,0 128.4,
125.3, 124.9, 119.7, 115.1, 114.7, 84.5, 60.8, 52.2, 52.2, 42.2, 41.0, 28.2, 27.9, 23.5,
14.4; MS m/z 459 (M*, 5.0). Anal. Calcd for C,;H,,NOy: C, 62.73; H, 6.36; N, 3.05.
Found: C, 62.49; H, 6.43; N, 2.98.
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al co,Me (2R*3R*)-2,3-Bis(methoxycarbonyl)-9-(zert-
m butoxycarbonyl)-6-chloro-1,2,3,4-tetrahydrocarbazole

N ,002Me

Boc (llg).
Compound 11g was a colorless solid: mp 136-138 °C (from Hexane- AcOEt); IR 1732
cm’; '"H NMR 6 8.00 (1H, d, J = 8.9 Hz), 7.33-7.18 (2H, m), 3.76 (3H, s), 3.75 (3H, s),
3.56-3.49 (1H, m), 3.20-3.03 (4H, m), 2.81-2.73 (1H, m), 1.66 (9H, s); "C NMR &
174.6, 174.3, 150.0, 134.3, 134.1, 129.9, 128.3, 124.0, 117.4, 116.5, 113.7, 84.3, 52.2,
52.2,42.2,41.0,28.2,27.9, 23.4; MS m/z 421 (M", 24). Anal. Calcd for C,,H,,CINOq: C,
59.79; H, 5.73; N, 3.32. Found: C, 59.98; H, 5.78; N, 3.30.

Boc Dimer 12f was a colorless oil: IR 1728,

E0,C O 1710(sh) cm™; 'H NMR §8.20 (1H, s), 8.16

O \ ' COEL (1H, d, J = 8.6 Hz), 8.01 (1H, dd, J = 1.5, 8.9

Boc Hz),7.95 (1H, dd, J = 1.8, 8.5 Hz), 7.88 (1H, d,

J =8.5Hz),7.66 (1H, d, J = 1.2 Hz), 7.51 (1H, s), 4.66 (1H, d, J = 1.8 Hz), 4.42 (2H, q,

J = 7.1 Hz), 427-4.20 (2H, m), 3.41 (2H, dd, J = 18.6, 42.4 Hz), 3.02-2.83 (2H, m),

2.02-1.91 (2H, m), 1.66 (9H, s), 1.65 (9H, s), 1.43 3H, t, J = 7.0 Hz), 1.22 (3H, t, J =

7.0 Hz); “C NMR & 167.1, 166.2, 153.2, 151.4, 150.2, 144.9, 139.0, 136.4, 135.2, 130.3,

128.7,125.4, 125.3, 124.9, 124.2, 120.1, 116.7, 115.1, 115.0, 94.3, 84.5, 83.4, 60.8, 60.7,

46.6, 37.9, 34.8, 31.6, 28.3, 28.3, 22.6, 17.6, 14.4, 14.1, 0.0; MS m/z 630 (M", 1.1).
FABHRMS calcd. for C;H,,N,0, 630.2941, found 630.2922.

(2R*,35%)-2,3-Bis(methoxycarbonyl)-9-(tert-

COsMe
©\—/IO: butoxycarbonyl)-1,2,3,4-tetrahydrocarbazole (14a).
N COgMe

Boc Compound 14a was a colorless solid: mp 115-118 °C (from
Hexane-CH,Cl,); IR 1728 cm™; 'HNMR 8 8.11 (1H,d, J=7.9Hz),7.42 (1H,d, J=17.3
Hz), 7.28-7.20 (2H, m), 3.71 (3H, s), 3.70 (3H, s), 3.62-3.55 (1H, m), 3.41-3.29 (3H, m),
3.24-3.17 (1H, m), 3.03-2.96 (1H, m), 1.68 (9H, s); "C NMR § 173.3, 173.2, 150.4,
136.2, 133.2, 129.7, 129.0, 123.9, 122.6, 117.7, 115.5, 114.5, 83.7, 52.2, 52.1, 52.1, 41.1,
40.0, 28.3, 26.5, 21.9; MS m/z 387 (M*, 19). Anal. Calcd for C,H,sNO,: C, 65.10 H,
6.50; N, 3.62. Found: C, 64.85; H, 6.72; N, 3.61.
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Cone 2,3-Bis(methoxycarbonyl)-9-(tert-butoxycarbonyl)-1,4-
goc co,Me dihydrocarbazole (14d).

Compound 14d was a colorless solid: mp 133-137 °C (from
Hexane-CH,Cl,); IR 1724, 1664 cm™; '"H NMR 8 8.13 (1H, d, J = 7.3 Hz), 7.45-7.37
(1H, m), 7.35-7.22 (2H, m), 4.05 (2H, t, J = 7.9 Hz), 3.86 (3H, s), 3.85 (3H, s), 3.75-
3.67 (2H, m), 1.69 (9H, s); "C NMR § 173.3, 167.1, 150.2, 132.2, 130.2, 127.7, 126.1,
124.6, 123.3, 120.0, 119.4, 116.0, 84.5, 52.4, 52.0, 38.1, 28.3, 28.2, 22.9; MS m/z 385
(M*, 27). Anal. Calcd for C,,H,;NO,: C, 65.44 H, 6.02; N, 3.63. Found: C, 65.34; H,

6.08; N, 3.63.

Rr' 2-(Methoxycarbonyl)-9-(fert-butoxycarbonyl)-1,4-
R2 dihydrocarbazole (R'=H, R*=CO,Me) and
Boc 3-(Methoxycarbonyl)-9-(tert-butoxycarbonyl)-1,4-
dihydrocarbazole (R'=CO,Me, R>=H) (14e) .
Compound 14e was a colorless solid: mp 116-123 °C (from Hexane-CH,Cl,); IR 1724
cm™; "H NMR § 8.19 (1H, d, J = 8.5 Hz), 7.40 (1H, d, J = 7.3 Hz), 7.32-7.22 (3H, m),
3.93 (2H, dt, J = 1.8, 7.9 Hz), 3.84 (20/100 x 3H, brs), 3.83 (80/100 x 3H, brs), 3.63-
3.54 (2H, m), 1.72 (9H, brs); "C NMR § 167.4, 167.3, 150.8, 150.4, 139.0, 138.0, 135.8,
135.7, 129.6, 129.0, 128.5, 128.4, 128.4, 127.7, 123.3, 122.7, 120.4, 119.3, 118.1, 117.7,
115.6, 115.5, 113.2, 111.8, 84.5, 83.8, 52.2, 52.2, 28.3, 28.3, 28.3, 28.3, 27.1, 24.1; MS
m/z 327 (M*, 26). Anal. Calcd for C,;H,,NO,: C, 69.71 H, 6.47; N, 4.28. Found: C,
69.58; H, 6.50; N, 4.40.
AcO 2-(4-Acetoxy-1,2-pentadien-3-yl)-N-(tert-butoxycarbonyl)aniline (15).
" Compound 15 was a colorless oil: IR 3427, 3325, 1954, 1724 cm™; 'H
NHBoc NMR & 8.08 (1H, d, J = 8.3 Hz), 7.45 (1H, brs), 7.29-7.25 (1H, m), 7.15
(1H,dd, J=1.5,7.8,Hz), 7.00 (1H, dd, J = 1.1, 7.5, Hz), 5.45-5.39 (1H, m), 5.01 (2H, d,
J=2.4Hz),2.07 (3H,s), 1.53 (9H, s), 1.37 (3H, d, J = 6.3 Hz); "C NMR § 205.8, 170.4,
153.0, 136.6, 129.6, 128.7, 123.3, 122.6, 119.6, 103.8, 80.2, 78.2, 70.3, 28.3, 21.1, 29.1;
MS m/z 317 (M*, 2.6). HRMS Calcd for C,(H,;NO, 317.1627, found 317.1632.
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COM (2R* 3R*4R%) and (2R* 3R*,45%)-2,3-
Hivie
Bis(methoxycarbonyl)-9-(tert-butoxycarbonyl)-4-methyl-

'COMe  1,2,3 4-tetrahydrocarbazole (16).

N
Boc

Compound 16 was a colorless solid: mp 117-121 °C (from
Hexane-CH,Cl,); IR 1732 cm™; '"H NMR § 8.15-8.07 (1H, m), 7.52 (60/100H, d, J = 7.3
Hz), 7.43 (40/100H, d, J = 6.7 Hz), 7.29-7.19 (2H, m), 3.78-3.73 (6H, m), 3.65-3.06
(4H, m), 2.99-2.92 (40/100H, m), 2.78-2.73 (60/100H, m), 1.17 (40/100 x 9H, s), 1.16
(60/100 x 9H, s), 1.47 (60/100H x 3H, d, J = 7.3 Hz), 1.16 (40/100 x 3H, d, J = 6.7 Hz);
"C NMR § 175.4, 175.0, 174.1, 173.8, 150.4, 150.3, 136.3, 136.1, 132.4, 131.9, 128.2,
128.0, 123.9, 123.6, 122.6, 122.4, 120.0, 119.2, 119.1, 117.7, 115.7, 115.6, 83.9, 83.9,
52.1,52.1,50.8,45.9,43.1,37.9, 31.5,29.2, 28.2, 28.2, 28.2, 28.1, 19.6, 19.6, 16.8; MS
m/z 402 (M*+1, 8.4). Anal. Calcd for C,,H,,NOq: C, 65.82 H, 6.78; N, 3.49. Found: C,
65.75; H, 6.91; N, 3.46.
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