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Experimental section

General methods: *H NMR and **C NMR spectra were recorded on 700, 500, 300, or 200 MHz
spectrometers. NMR spectra were recorded in CDCI3 solutions, except were otherwise stated.
Chemical shifts are given in ppm relative to TMS (*H, 0.0 ppm) or CDCls (**C, 76.9 ppm). Low-
and high-resolution mass spectra were taken on a QTOF LC-MS spectrometer using the electronic
impact (El) or electrospray modes (ES) unless otherwise stated. Specific rotation [o]p is given in
10t deg cm? g at 20 °C, and the concentration (c) is expressed in grams per 100 mL. All

commercially available compounds were used without further purification.

General procedure for the synthesis of tert-butyl (prop-2-ynyl)carbamates 1la—g. A solution of
propargylamine (1.0 mmol) in CH,Cl, (0.1 mL) was added to a well stirred suspension of the
corresponding aldehyde (1.0 mmol) and MgSO, (8.0 mmol) in CH,CIl, (1.0 mL) at RT. After
disappearance of the starting material (TLC, typically 20 h), the solid was removed by filtration.

The organic filtrate was concentrated under reduced pressure and used for the next step.

Sodium borohydride (2.0 mmol) was slowly added over a solution of the appropriate propargylic
imine (1.0 mmol) in methanol (10.0 mL) at —20 °C. The reaction mixture was stirred at —20 °C until
disappearance of the starting material (TLC, typically 30 min). The crude was diluted with acetone
(10.0 mL). The resulting mixture was filtered through a pad of celite and the filtrate was extracted
with dichloromethane (4 x 20 mL). The organic layer was washed with brine, dried (MgSO,),

concentrated under reduced pressure, and used for the next step.

A solution of di-tert-butyl dicarbonate (1.1 mmol) in CH,CI, (1.0 mL) was added to a solution of
the appropriate propargylic amine (1.0 mmol) and triethylamine (1.1 mmol) in CH,Cl, (5.0 mL) at
0 °C. The mixture was stirred until disappearance of the starting material (TLC, 2-20 h) at RT.
Afterwards the resulting mixture was extracted with DCM (4 x 20 mL), washed with brine, dried
(MgSO,) and concentrated under reduced pressure. Chromatography of the residue using ethyl
acetate/hexanes or ethyl acetate/dichloromethane mixtures gave analytically pure compounds 1.

Spectroscopic and analytical data for tert-butyl (prop-2-ynyl)carbamates 1a—g follow.

la. From 500 mg (4.71 mmol) of the appropriate aldehyde, and after chromatography of the

residue using hexanes/ethyl acetate (4:1) as eluent gave compound 1a (589 mg, 51%) as a pale
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yellow oil; '"H NMR (300 MHz, CDCls, 25 °C): & = 1.50 (s, 9H, 3CH; Boc), 2.21 (t, 1H, J =
2.5 Hz, C=CH), 4.02 (br s, 2H, NCH,), 4.56 (s, 2H, CH,-C=CH), 7.32 (m, 5H, ArH); '*C NMR
(75 MHz, CDCls, 25 °C): & = 155.0 (C=0), 136.6 (C%), 128.5 (4CH PMP), 127.4 (CH Ph), 85.2
(=CH), 80.6 (C? Boc), 79.3 (=C), 49.2 (NCH,), 35.0 (NCH,), 28.4 (3CH; Boc); IR (CHCl;): v =
2362 (=CH), 1700 (C=0) em'; HRMS (ES): caled for Ci4H;sNO [M]: 213.1154; found:
213.1157.

1b. From 1.0 g (7.35 mmol) of the appropriate aldehyde, and after chromatography of the
residue using hexanes/ethyl acetate (6:1) as eluent gave compound 1b (1.44 g, 71%) as a pale
yellow oil; '"H NMR (300 MHz, CDCls, 25 °C): 6 = 1.50 (s, 9H, 3CH3 Boc), 2.21 (t, 1H, J =
2.3 Hz, C=CH), 3.80 (s, 3H, OCH3), 3.96 (br s, 2H, NCH,), 4.49 (s, 2H, CH,-C=CH), 6.86 (d, 2H,
J=8.7Hz, ArH), 7.21 (d, 2H, J = 8.4 Hz, ArH); °C NMR (75 MHz, CDCl;, 25 °C): 8 = 158.9 (O-
C%, 154.9 (C=0), 129.4 (C%), 129.2 (2 CH PMP), 113.9 (2CH PMP), 80.4 (C? Boc), 79.4 (=CH),
71.5 (=C), 55.2 (OCH,), 48.4 (NCH;), 34.8 (NCH,), 28.3 (3CH3 Boc); IR (CHCl3): v = 2360
(=CH), 1698 (C=0) cm '; HRMS (ES): calcd for C¢H, NO3 [M]™: 275.1521; found: 275.1507.

(+)-1c. From 396 mg (3.05 mmol) of the appropriate aldehyde, and after chromatography of
the residue using dichloromethane/ethyl acetate (9:1) as eluent gave compound (+)-1¢ (599 mg,
77%) as a pale yellow oil; [a]p +1.60 (c 1.4, CHCl3); 'H NMR (300 MHz, CDCl;, 25 °C): & = 1.38
(s, 3H, CH3), 1.45 (s, 3H, CHs3), 1.50 (s, 9H, 3CH3 Boc), 2.23 (t, 1H, J = 2.2 Hz, C=CH), 3.5 (m,
2H, NCHy), 3.71 (m, 1H, OCHH), 4.07 (dd, 1H, J = 8.4, 6.2 Hz, OCHH), 4.20 (br s, 1H, NCHH-
alkyne), 4.32 (m, 1H, NCHH-alkyne); >*C NMR (75 MHz, CDCls, 25 °C): & = 157.1 (C=0), 109.3
(C? acetonide), 86.3 (=CH), 80.6 (C? Boc), 75.6 (=C), 73.9 (OCH), 67.2 (OCH), 48.3 (NCH,),
37.5 (NCHs-alkyne), 28.3 (3CH3 Boc), 26.8 (CH3), 25.5 (CHs); IR (CHCLs): v = 2358 (=CH), 1696
(C=0) cm™'; HRMS (ES): calcd for C14H23NO, [M]": 269.1627; found: 269.1636.

(+)-1d. From 500 mg (2.12 mmol) of the appropriate aldehyde, and after chromatography of
the residue using hexanes/ethyl acetate (5:1) as eluent gave compound (+)-1d (437 mg, 57%) as a
pale yellow oil; [a]p +37.2 (¢ 0.8, CHCly); 'H NMR (300 MHz, CDCls, 25 °C): & = 1.52 (s, 9H, 3
CHj; Boc), 2.18 (s, 1H, C=CH), 3.40 (br s, 1H, NCHH), 3.68 (s, 3H, OCH3), 3.79 (s, 3H, OCH3),
3.96 (d, 1H, J = 4.1 Hz, CHH-C=CH), 4.01 (d, 1H, J = 4.1 Hz, CHH-C=CH), 4.09 (br s, 1H,
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NCHH), 4.47 (br s, 1H, H4), 4.59 (d, 1H, J = 5.1 Hz, H3), 6.88 (d, 2H, J = 8.1 Hz, ArH), 7.47 (m,
2H, ArH); '*C NMR (75 MHz, CDCls, 25 °C): & = 164.5 (C=0 lactam), 154.8 (O-CY), 153.0 (C=0
Boc), 130.4 (CY), 118.7 (2CH ArH), 114.5 (2CH ArH), 82.7 (=CH), 80.2 (C-H3), 80.2 (CY), 75.3
(=C), 59.2 (OCHs), 55.5 (OCH3), 53.3 (C-H4), 44.7 (2NCH,), 28.4 (3CH; Boc); IR (CHCLy): v =
1745 (C=0 lactam), 2354 (=CH), 1693 (C=0) cm'; HRMS (ES): caled for C1oH24N,O5 [M]":
360.1685; found: 360.1691.

(+)-1e. From 912 mg (4.16 mmol) of the appropriate aldehyde, and after chromatography of
the residue using hexanes/ethyl acetate (2:1) as eluent gave compound (+)-1e (860 mg, 60%) as a
colorless oil; [a]p +39.6 (¢ 0.7, CHCls); "H NMR (300 MHz, CDCls, 25 °C): & = 1.45 (s, 9H, 3
CHs; Boc), 2.15 (t, 1H, J = 2.1 Hz, C=CH), 3.34 (dd, 1H, J = 14.7, 6.3 Hz, NCHH), 3.59 (s, 3H,
OCHs), 3.68 (dd, 1H, J = 14.9, 4.9 Hz, NCHH), 3.86 (m, 3H, CH,-C=CH + H4), 4.14 (br s, 1H,
CHH-Ph), 4.48 (d, 1H, J = 3.9 Hz, H3), 4.66 (br s, |H, CHH-Ph), 7.31 (m, 5H, ArH); *C NMR (75
MHz, CDCl3, 25 °C): 8 = 167.6 (C=0 lactam), 155.1 (C=0O Boc), 136.5 (C%), 128.8 (2CH Ph),
128.4 (2CH Ph), 128.2 (CH Ph), 83.6 (=CH), 80.8 (C-H3), 80.5 (C%), 76.0 (=C), 65.8(CH,-Ph),
64.5 (C-H4), 59.1 (OCHs), 45.5 (NCH,), 44.5 (NCH,), 28.3 (3CHj3 Boc); IR (CHCl;): v = 1746
(C=0 lactam), 2355 (=CH), 1692 (C=0) cm™'; HRMS (ES): calcd for C20H2¢N,O4 [M]": 358.1893;
found: 358.1887.

(+)-1f. From 640 mg (2.32 mmol) of the appropriate aldehyde, and after chromatography of
the residue using hexanes/ethyl acetate (6:1) as eluent gave compound (+)-1f (670 mg, 72%) as a
colorless oil; [a]p +56.0 (¢ 1.6, CHCls); 'H NMR (300 MHz, CDCls, 25 °C): & = 1.52 (s, 9H, 3
CH; Boc), 1.81 (s, 3H, Me), 2.18 (2, 1H, C=CH), 3.48 (br s, 1H, NCHH), 3.79 (s, 1H, OCH3), 3.98
(m, 1H, H4), 4.01 (dd, 1H, J = 14.8, 4.1, NCHH), 4.17 (br s, 1H, NCHH-alkyne), 4.20 (d, 1H, J =
12.2 Hz, OCHH), 4.36 (d, 1H, J = 12.3 Hz, OCHH), 4.49 (br s, |H, NCHH-alkyne), 4.73 (d, 1H, J
= 5.0 Hz, H3), 4.98 (s, IH, =CHH), 5.07 (s, IH, =CHH), 6.89 (m, 2H, ArH), 7.49 (m, 2H, ArH);
B3C NMR (75 MHz, CDCls, 25 °C): & = 164.6 (C=0O lactam), 155.5 (C=0 Boc + O-CY%), 141.0
(=C%, 130.5 (C%), 118.7 (2CH PMP), 114.5 (2CH PMP), 113.3 (=CH,), 82.6 (=CH), 80.4 (C-H3),
79.5 (CY), 76.0 (=C), 75.1 (OCH,), 63.3 (C-H4), 55.5 (OCH3;), 44.8 (NCH>), 34.7 (NCH), 28.4
(3CH; Boc), 19.6 (CH3); IR (CHCly): v = 1747 (C=0 lactam), 2356 (=CH), 1694 (C=0) cm ';
HRMS (ES): calcd for C3H30N,05 [M]+: 414.2155; found: 414.2148.
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1g. From 500 mg (3.73 mmol) of the appropriate aldehyde, and after chromatography of the
residue using hexanes/ethyl acetate (6:1) as eluent gave compound 1g (624 mg, 38%) as a pale
yellow oil; "H NMR (300 MHz, CDCls, 25 °C): & = 1.49 (s, 18H, 6CH; Boc), 2.21 (t, 2H, J = 2.4
Hz, 2C=CH), 4.00 (br s, 4H, 2NCHy), 4.54 (s, 4H, 2CH,-C=CH), 7.23 (s, 4H, ArH); >C NMR (75
MHz, CDCl;, 25 °C): 6 = 155.1 (2C=0), 136.7 (2C%), 128.0 (4CH Ar), 85.2 (2=CH), 80.6 (2C1
Boc), 79.3 (2=C), 49.5 (2NCH,), 34.9 (2NCH,), 28.4 (6CH3 Boc); IR (CHCls): v = 2365 (=CH),
1701 (C=0) cm™'; HRMS (ES): caled for Co4H3:N,04 [M]: 412.2362; found: 412.2355.

1j. The Ohira—Bestmann reagent (1.76 mmol) was added to a well stirred suspension of 3-
bromo-1H-indole-2-carbaldehyde (330 mg, 1.47 mmol) and K,CO;3; (2.94 mmol) in anhydrous
methanol (22 mL) at RT. After disappearance of the starting material (TLC, 15 h), the solid was
removed by filtration, and the filtrate was diluted with diethyl ether (15 mL). The organic extract
was washed with NaHCO; (5% agq.), dried (MgSO4), and concentrated under reduced pressure.
Chromatography of the residue using hexanes/ethyl acetate (5:1) as eluent gave 3-bromo-2-ethynyl-
1 H-indole (228 mg, 63%) as a pale brown oil; 'H NMR (300 MHz, CDCls;, 25 °C): 6 =3.59 (s, 1H,
=CH), 7.23 (m, 1H, indole), 7.32 (d, 2H, J = 3.6 Hz, indole), 7.56 (dd, 1H, J = 7.9, 0.8 Hz, indole),
8.34 (br s, 1H, NH); >C NMR (75 MHz, CDCl;, 25 °C): & = 135.0 (CY), 126.6 (C%), 125.0 (CH
indole), 121.3 (CH indole), 119.7 (CH indole), 117.3 (C%), 111.2 (CH indole), 99.1 (C%), 84.6
(=CH), 74.25 (=C); HRMS (ES): calcd for C;sH;4BrNO, [M]": 319.0208; found: 319.0200.

A solution of di-fert-butyl dicarbonate (0.902 mmol) in acetonitrile (0.82 mL) was added to a
solution of 3-bromo-2-ethynyl-1H-indole (180 mg, 0.82 mmol) and DMAP (0.902 mmol) in
acetonitrile (4.1 mL) at 0 °C. The mixture was stirred until disappearance of the starting material
(TLC, 2 h) at RT. Afterwards the resulting mixture was extracted with ethyl acetate (4 x 15 mL),
washed with brine, dried (MgSO,4) and concentrated under reduced pressure. Chromatography of
the residue using hexanes/ethyl acetate (4:1) as eluent gave compound 1j (224 mg, 86%) as a pale
brown solid; mp 177-178 °C; '"H NMR (300 MHz, CDCl3, 25 °C): 6 = 1.70 (s, 9H, 3CH3 Boc),
3.79 (s, 1H, =CH), 7.34 (m, 1H, CH indole), 7.43 (m, 1H, CH indole), 7.54 (ddd, 1H, J= 7.7, 1.5,
0.8 Hz, CH indole), 8.16 (dt, 1H, J = 8.3, 0.9 Hz, CH indole); *C NMR (75 MHz, CDCl;, 25 °C):
3 =148.8 (C=0), 135.0 (C%), 127.9 (C%), 127.1 (CH indole), 123.9 (CH indole), 119.9 (CH indole),
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115.7 (CH indole), 109.0 (C%), 87.8 (=CH), 85.5 (C% Boc), 74.8 (=C), 28.1 (3CH; Boc); IR
(CHCLy): v = 2356 (=CH), 1692 (C=0) cm .

General procedure for the synthesis of allenic carbamates 2a—i. CuBr (0.50 mmol),
(CH;0), (2.55 mmol), and diisopropylamine (1.80 mmol) were sequentially added under an argon
atmosphere to a solution of the corresponding alkynylcarbamate 1 (1.0 mmol) in dioxane (5.0 mL).
The mixture was stirred under reflux until disappearance of the starting material (TLC, typically 1
h). Afterwards, it was cooled to RT and diluted with water (5.0 mL). The resulting mixture was
extracted with ethyl acetate (4 x 15 mL), washed with brine, dried (MgSQO4) and concentrated under
reduced pressure. Chromatography of the residue using ethyl acetate/hexanes mixtures gave
analytically pure compounds 2. Spectroscopic and analytical data for allenic carbamates 2a-i

follow.

2a. From 395 mg (1.61 mmol) of the (prop-2-ynyl)carbamate 1a, and after chromatography of
the residue using hexanes/ethyl acetate (5:1) as eluent gave compound 2a (238 mg, 57%) as a
colorless oil; 'H NMR (300 MHz, CDCl;, 25 °C): 6 = 1.51 (s, 9H, 3CH;3; Boc), 3.79 (br s, 2H,
NCH;), 4.48 (s, 2H, CH,-C=-=), 4.78 (dt, 2H, J = 6.6, 2.6 Hz, ==CH,), 5.12 (br s, 1H, CH="=),
7.34 (m, 5H, ArH); >C NMR (75 MHz, CDCl;, 25 °C): § = 202.1 (==), 158.9 (C=0), 130.8 (C9),
128.4 (4CH Ph), 127.1 (CH Ph), 86.9 (CH=-=), 80.0 (C? Boc), 76.1 (=-=CH,), 49.4 (NCH,), 44.9
(NCH,), 28.4 (3CH; Boc); IR (CHCIL3): v = 1955 (=-=), 1692 (C=0) cm™'; HRMS (ES): calcd for
C16H21nO02 [M]': 259.1572; found: 259.1579.

2b. From 664 mg (2.41 mmol) of the (prop-2-ynyl)carbamate 1b, and after chromatography of
the residue using hexanes/ethyl acetate (4:1) as eluent gave compound 2b (624 mg, 89%) as a pale
yellow oil; "H NMR (300 MHz, CDCl3, 25 °C): 8 = 1.49 (s, 9H, 3CH; Boc), 3.76 (br s, 2H, NCH,),
3.80 (s, 3H, OCH3), 4.38 (s, 2H, CH,-C="=), 4.75 (dt, 2H, J = 6.6, 2.8 Hz, ==CH,), 5.08 (br s, 1H,
CH="=), 6.86 (d, 2H, J = 8.7 Hz, ArH), 7.19 (d, 2H, J = 8.1 Hz, ArH); *C NMR (75 MHz, CDCl;,
25 °C): & = 206.3 (='=), 158.8 (O-C%), 158.8 (C=0), 130.3 (C%), 129.4 (2CH PMP), 113.9 (2CH
PMP), 86.9 (CH="=), 79.8 (C? Boc), 76.1 (==CH,), 55.2 (OCH3), 48.9 (NCH>), 44.6 (NCH,), 28.4
(3CH; Boc); IR (CHCLy): v = 1954 (==), 1692 (C=0) cm '; HRMS (ES): calcd for C;7H,3NO;
[M]": 289.1678; found: 289.1675.
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(+)-2¢. From 329 mg (1.22 mmol) of the (prop-2-ynyl)carbamate (+)-1c¢, and after
chromatography of the residue using hexanes/ethyl acetate (4:1) as eluent gave compound (+)-2¢
(238 mg, 69%) as a colorless oil; [o]p +14.6 (¢ 1.2, in CHCls); 'H NMR (300 MHz, CDCl3, 25 °C):
6 =1.34 and 1.41 (s, each 3H, 2CHs;), 1.45 (s, 9H, 3CH3 Boc), 3.39 (m, 2H, NCHy), 3.67 (m, 1H,
NCHH-allene), 3.93 (m, 2H, OCHH + NCHH-allene), 4.02 (dd, 1H, J = 8.3, 6.2 Hz, OCHH), 4.25
(br s, 1H, OCH), 4.77 (dt, 2H, J = 6.6, 2.8 Hz, CH="=CH,), 5.12 (q, 1H, J = 6.4 Hz, CH=-=CH,);
BC NMR (75 MHz, CDCls, 25 °C): & = 208.8 (==), 151.8 (C=0), 109.1 (C? acetonide), 87.1
(CH="=CH,), 79.9 (C% Boc), 76.3 (CH="=CH,), 75.3 (OCH), 67.3 (OCH,), 49.1 (NCH,), 47.3
(NCH;-allene), 28.4 (3CHs Boc), 26.8 (CH3), 25.5 (CH3); IR (CHCL3): v = 1957 (==), 1694 (C=0)
cm '; HRMS (ES): caled for C;sH,sNO,4 [M]": 283.1784; found: 283.1786.

(+)-2d. From 200 mg (0.53 mmol) of the (prop-2-ynyl)carbamate (+)-1d, and after
chromatography of the residue using hexanes/ethyl acetate (4:1) as eluent gave compound (+)-2d
(168 mg, 81%) as a pale yellow oil; [a]p +15.6 (¢ 0.7, CHCl3); 'H NMR (300 MHz, CDCls, 25 °C):
0 =1.49 (s, 9H, 3CH3 Boc), 3.35 (dd, 1H, J = 14.4, 7.2 Hz, NCHH), 3.63 (s, 3H, OCH3), 3.74 (m,
1H, NCHH), 3.77 (s, 3H, OCH3), 3.78 (m, 1H, CHH-C="=), 3.82 (d, 1H, J = 4.4 Hz, H4), 4.46 (m,
1H, CHH-C="=), 4.56 (d, 1H, J = 5.1 Hz, H3), 4.76 (m, 2H, ==CH,), 5.03 (br s, 1H, CH="=), 6.85
(d, 2H, J = 8.3 Hz, ArH), 7.44 (m, 2H, ArH); *C NMR (75 MHz, CDCls, 25 °C): § = 208.5 (=-=),
164.5 (C=0 lactam), 155.7 (C=0 Boc), 130.4 (C%, 118.7 (2CH PMP), 114.3 (2CH PMP), 87.4
(CH="=), 82.5 (C-H3), 80.5 (O-C%), 79.9 (=-=CH,), 59.1 (OCHj3), 55.9 (C-H4), 55.4 (OCHj3), 47.4
(NCH,), 45.1 (NCH), 28.4 (3CH; Boc); IR (CHCL): v = 1957 (==), 1754 (C=0), 1694 (C=0)
cm '; HRMS (ES): caled for Co1HosN>Os [M]': 388.1998; found: 388.2021.

(+)-2e. From 209 mg (0.58 mmol) of the (prop-2-ynyl)carbamate (+)-le, and after
chromatography of the residue using hexanes/ethyl acetate (4:1) as eluent gave compound (+)-2e
(154 mg, 71%) as a colorless oil; [a]p +13.9 (¢ 1.1, in CHCI3); "H NMR (300 MHz, CDCl5, 25 °C):
& =1.45 (s, 9H, 3CH; Boc), 3.28 (dd, 1H, J = 14.3, 5.3 Hz, NCHH), 3.57 (s, 3H, OCH3), 3.57 (m,
1H, NCHH), 3.78 (m, 3H, NCH,-C=-= + H4), 4.12 (m, 1H, CHH-Ph), 4.45 (d, 1H, J = 4.2 Hz,
H3), 4.67 (m, 1H, CHH-Ph), 4.75 (m, 2H, =-=CH), 5.04 (br s, 1H, CH="=CH,), 7.31 (m, 5H,
ArH); ®C NMR (75 MHz, CDCls, 25 °C): § = 205.3 (=-=), 169.8 (C=0 lactam), 155.9 (C=0 Boc),

135.4 (CY), 128.8 (2CH Ph), 128.5 (2CH Ph), 128.0 (CH Ph), 91.8 (CH="=), 84.5 (O-CY), 83.5 (C-
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H3), 76.7 (==CH,), 64.8 (C-H4), 59.1 (OCH3), 46.2 (NCH,), 44.6 (NCH,), 28.4 (3CH; Boc); IR
(CHCL): v = 1956 (==), 1755 (C=0), 1693 (C=0) cm™'; HRMS (ES): caled for Ca;HasN204 [M] ™
372.2049; found: 372.2041.

(+)-2f. From 359 mg (0.87 mmol) of the (prop-2-ynyl)carbamate (+)-1f, and after
chromatography of the residue using hexanes/ethyl acetate (4:1) as eluent gave compound (+)-2f
(237 mg, 64%) as a colorless oil; [a]p +105.5 (¢ 0.5, CHCl;); "H NMR (300 MHz, CDCls, 25 °C):
0 =1.50 (s, 9H, 3CHj; Boc), 1.79 (s, 3H, Me), 3.42 (dd, 1H, J = 14.6, 7.4 Hz, NCHH), 3.79 (s, 3H,
OCHj3), 3.84 (m, 1H, NCHH-C=-=+ NCHH), 3.85 (d, 1H, J = 4.2 Hz, H4), 4.17 (d, 1H, J = 12.5
Hz, OCHH), 4.31 (d, 1H, J = 12.4 Hz, OCHH), 4.50 (m, 1H, NCHH-C==),4.72 (d, 1H, J = 5.2
Hz, H3), 4.77 (m, 2H, =-=CH,), 4.97 (br s, 1H, =CHH), 5.06 (br s, 1H, CH=-=CH, + =CHH), 6.88
(d, 2H, J = 7.9 Hz, ArH), 7.46 (m, 2H, ArH); *C NMR (75 MHz, CDCls, 25 °C): § = 208.7 (==),
164.7 (C=0 lactam), 156.4 (C=0 Boc + O-C%), 140.7 (=C%), 130.7 (C%), 118.7 (2CH PMP), 114.4
(2CH PMP), 114.0 (=CH,), 94.5 (CH="=), 81.0 (O-C?), 80.2 (C-H3), 76.7 (=-=CH,), 75.0 (OCH,),
64.0 (C-H4), 55.5 (OCH3;), 45.1 (NCH,), 44.1 (NCH,), 28.4 (3CH3 Boc), 19.5 (CHj3); IR (CHCI3):
v = 1955 (==), 1755 (C=0), 1694 (C=0) cm'; HRMS (ES): caled for C,4H3;»N,Os [M]:
428.2311; found: 428.2328.

2g. From 310 mg (0.80 mmol) of the (prop-2-ynyl)carbamate 1g, and after chromatography of
the residue using hexanes/ethyl acetate (4:1) as eluent gave compound 2g (191 mg, 45%) as a
colorless oil; "H NMR (300 MHz, CDCl3, 25 °C): & = 1.48 (s, 18H, 6CH; Boc), 3.76 (br s, 4H,
2NCH,), 4.43 (s, 4H, 2CH,-C==), 4.76 (dt, 4H, J = 6.6, 2.5 Hz, 2==CH,), 5.09 (br s, 2H,
2CH=-=), 7.20 (s, 4H, ArH); *C NMR (75 MHz, CDCls, 25 °C): & = 209.0 (=-=), 155.4 (C=0),
137.2 (CY), 128.1 (4CH Ph), 86.9 (2CH="=), 79.9 (2C" Boc), 76.2 (2=-=CH,), 49.3 (2NCH,), 44.9
(2NCH,), 28.4 (6CH; Boc); IR (CHCLs): v = 1955 (=-=), 1692 (C=0) cm'; HRMS (ES): calcd for
CasH36N204 [M]": 440.2675; found: 440.2677.

(-)-2h. From 313 mg (1.40 mmol) of the (prop-2-ynyl)carbamate (—)-1h, and after
chromatography of the residue using hexanes/ethyl acetate (8:1) as eluent gave compound (-)-2h
(207 mg, 62%) as a colorless oil; [a]p —34.1 (¢ 1.0, CHCL); 'H NMR (300 MHz, CDCL,-CDCL,
70 °C): 8 = 1.45 (s, 9H, 3CHj3 Boc), 1.47 (s, 3H, CHs), 1.55 (s, 3H, CH3), 3.84 (dd, 1H, J = 8.8, 2.1
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Hz, OCHH), 3.99 (dd, 1H, J = 8.7, 5.9 Hz, OCHH), 4.38 (br s, 1H, NCH), 4.82 (dd, 2H, J = 6.6,
2.4 Hz, ==CH,), 5.25 (q, 1H, J = 6.3 Hz, CH="=); >C NMR (75 MHz, CDCl,-CDCl,, 70 °C): § =
209.4 (='=), 153.2 (C=0), 95.4 (N-C*-0), 95.4 (CH="=), 81.3 (OC"), 79.2 (=-=CHy), 69.5 (OCH,),
57.4 (NCH), 30.1 (3CH3 Boc), 28.3 (2CH3); IR (CHCls): v = 1958 (==), 1698 (C=0) cm'; HRMS
(ES): calcd for C13H,NO; [M]™: 239.1521; found: 239.1532.

(-)-2i. From 150 mg (0.77 mmol) of the (prop-2-ynyl)carbamate (—)-1i, and after
chromatography of the residue using hexanes/ethyl acetate (4:1) as eluent gave compound (-)-2i
(127 mg, 79%) as a colorless oil; [a]p —64.3 (c 0.7, CHCl3); 'H NMR (300 MHz, CDCl,-CDCl,, 70
°C): & = 1.43 (s, 9H, 3CHj3 Boc), 1.87 (m, 4H, 2CH,), 3.32 (m, 2H, NCH,), 4.31 (br s, 1H, NCH),
4.77 (dd, 2H, J = 6.7, 2.8 Hz, ==CH,), 5.22 (td, 1H, J = 6.6, 5.2 Hz, CH="=); >C NMR (75 MHz,
CDCl,-CDCl,, 70 °C): & = 208.7 (='=), 155.7 (C=0O Boc), 94.6 (CH="=), 80.5 (C? Boc), 75.9
(=-=CH,), 56.8 (NCH), 47.6 (NCH,), 32.9 (CH,), 30.2 (3CH3 Boc), 24.8 (CH,); IR (CHCL): v =
1957 (=-=), 1696 (C=0) cm '; HRMS (ES): calcd for C,HoNO, [M]": 209.1416; found: 209.1409.

Preparation of 2j. From 224 mg (0.70 mmol) of the (prop-2-ynyl)carbamate 1j, and after
chromatography of the residue using hexanes/ethyl acetate (8:1) as eluent gave compound 2j (183
mg, 77%) as a colorless oil. After the standard treatment for 1 h, a 1:1 mixture of the intermediate
alkyne fert-butyl 3-bromo-2-[3-(diisopropylamino)prop-1-ynyl]-1H-indole-1-carboxylate and allene
2j were obtained. The alkyne was resubmitted to the standard Crabbé conditions for an additional
hour in order to get the optimal yield. tert-Butyl 3-bromo-2-[3-(diisopropylamino)prop-1-ynyl]-1H-
indole-1-carboxylate: 'H NMR (300 MHz, CDCl3, 25 °C): 6 = 1.20 (d, 12H, J = 6.5 Hz, 4CH,),
1.69 (s, 9H, 3CH;3 Boc), 3.37 (m, 2H, J = 6.6 Hz, 2CH iPr), 3.81 (s, 2H, CH»-N), 7.34 (m, 2H,
indole), 7.50 (m, 1H, indole), 8.13 (d, 1H, J = 8.3 Hz, indole); '>*C NMR (75 MHz, CDCl;, 25 °C):
8 = 148.8 (C=0), 134.8 (C"), 128.1 (C"), 126.3 (CH indole), 123.5 (CH indole), 120.2 (C%), 119.4
(CH indole), 115.5 (CH indole), 107.1 (C%Br), 99.7 (O-C?), 84.5 (C=C), 74.9 (C=C), 48.5 (2NCH),
35.2 (NCH,), 28.1 (3CHj3 Boc), 20.8 (2CH3). tert-Butyl 3-bromo-2-(propa-1,2-dienyl)-1H-indole-1-
carboxylate 2j: "H NMR (300 MHz, CDCls, 25 °C): 6 =5.18 (d, 2H, J = 7.1 Hz, ==CH,), 6.74 (t,
1H, J = 7.0 Hz, CH="=), 7.31 (m, 2H, Ar), 7.52 (m, 1H, Ar), 8.07 (m, 1H, Ar); °C NMR (75 MHz,
CDCls, 25 °C): 6 = 210.7 (==), 151.4 (C=0), 136.6 (C%, 135.3 (C%), 128.9 (C%, 125.2 (CH
indole), 123.4 (CH indole), 119.2 (CH indole), 115.44 (CH indole), 105.1 (C%), 85.4 (CH="=), 84.9
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(C? Boc), 78.9 (=-=CH,), 28.2 (3CH3 Boc); IR (CHCLs): v = 1954 (=-=), 1690 (C=0) cm'; HRMS
(ES): calcd for C¢HsBrNO, [M]": 333.0364; found: 333.0365.

General procedure for the gold-catalyzed heterocyclisation reaction of allenic
carbamates 2 to 1,3-oxazinan-2-ones 3. [AuCIPPh;] (0.025 mmol), AgOTf (0.025 mmol), and p-
toluenesulfonic acid (0.1 mmol) were sequentially added to a stirred solution of the corresponding
allenic carbamate 2 (1.0 mmol) in dichloromethane (10 mL). The resulting mixture was stirred at
RT until disappearance of the starting material (TLC, 2—8 h). Next, the reaction was filtered
through a pack of celite. The filtrate was extracted with dichloromethane (3 x 25 mL), and the
combined extracts were washed twice with brine. The organic layer was dried (MgSO,) and
concentrated under reduced pressure. Chromatography of the residue gave analytically pure adducts

3. Spectroscopic and analytical data for pure forms of 3 follow.

3a. From 50 mg (0.19 mmol) of the allenic carbamate 2a, and after chromatography of the
residue using hexanes/ethyl acetate (4:1) as eluent gave compound 3a (30 mg, 77%) as a colorless
oil; "H NMR (300 MHz, CDCl;, 25 °C): & = 2.55 (t, 2H, J = 6.2 Hz, CH,-CH=), 3.22 (t, 2H, J =
6.2 Hz, NCH,), 4.24 (dt, 1H, J = 1.8, 1.0 Hz, NCHH-Ph), 4.59 (s, 2H, =CH,), 4.67 (d, IH, J = 1.6
Hz, NCHH-Ph), 7.32 (m, 5H, Ph); *C NMR (75 MHz, CDCl;, 25 °C): & = 152.7 (C=0), 151.1
(C%), 136.1 (C), 128.8 (2CH Ph), 128.0 (2CH Ph), 127.9 (CH Ph), 92.8 (=CH,), 52.7 (NCH,-Ph),
43.1 (NCH,), 26.2 (CH;); IR (CHCI): v = 1694 (C=0) cm '; HRMS (ES): calcd for C,H3NO,
[M]": 203.0946; found: 203.0952.

3b. From 50 mg (0.17 mmol) of the allenic carbamate 2b, and after chromatography of the
residue using hexanes/ethyl acetate (4:1) as eluent gave compound 3a (37 mg, 94%) as a pale
brown solid; mp 48-49 °C; '"H NMR (300 MHz, CDCls, 25 °C): 6 =2.53 (t, 2H, J = 6.2 Hz, CH,-
CH=), 3.20 (t, 2H, J = 6.2 Hz, NCH»), 3.81 (s, 3H, OMe), 4.23 (dt, 1H, J = 1.5, 1.0 Hz, NCHH-
Ar), 4.53 (s, 2H, =CH»), 4.66 (d, 1H, J = 1.5 Hz, NCHH-Ar), 6.88 (d, 2H, J = 8.7 Hz, ArH), 7.24
(d, 2H, J = 8.7 Hz, ArH); >C NMR (75 MHz, CDCl;, 25 °C): & = 159.4 (CY), 152.7 (C=0), 129.6
(2 CH Ar), 129.5 (C%), 128.2 (C%, 114.1 (2CH Ar), 92.7 (=CH,), 55.3 (OCH3), 52.1 (NCH;-Ar),
42.8 (NCH,), 26.2 (CH,); IR (CHCLs): v = 1690 (C=0) cm'; HRMS (ES): caled for C3H;sNO;
[M]": 233.1052; found: 233.1048.
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(+)-3d. From 45 mg (0.12 mmol) of the allenic carbamate (+)-2d, and after chromatography
of the residue using hexanes/ethyl acetate (4:1) as eluent gave compound (+)-3d (25 mg, 64%) as a
pale brown solid; mp 89-90 °C; [a]p +15.6 (¢ 1.2, CHCls); '"H NMR (300 MHz, CDCls, 25 °C): &
=2.43 (m, 2H, CH,-CH=), 3.16 (m, 1H, NCHH-CH,), 3.44 (m, 1H, NCHH-CH,), 3.48 (dd, 1H, J =
14.2, 6.7 Hz, NCHH), 3.66 (s, 3H, OCH3), 3.78 (s, 3H, OCHs), 3.91 (dd, 1H, J = 14.3, 4.3 Hz,
NCHH), 4.24 (s, 1H, H4), 4.62 (m, 2H, =CH,), 4.66 (m, 1H, H3), 6.89 (d, 2H, J = 9.1 Hz, ArH),
7.49 (d, 2H, J = 9.0 Hz, ArH); °C NMR (75 MHz, CDCl;, 25 °C): & = 164.2 (C=0 lactam), 156.6
(C%), 152.5 (C=0), 151.2 (CY), 130.1 (CY), 118.8 (2CH Ar), 114.6 (2CH Ar), 93.1 (=CH,), 82.4 (C-
H3), 59.2 (OMe), 55.5 (OMe Ar), 54.9 (C-H4), 48.1 (NCH,), 46.2 (NCH;), 26.1 (CHy); IR
(CHCL): v = 1754 (C=O lactam), 1690 (C=O oxazinanone) cm '; HRMS (ES): calcd for
C17H20N,05 [M]": 332.1372; found: 332.1381.

(+)-3e. From 100 mg (0.27 mmol) of the allenic carbamate (+)-2e, and after chromatography
of the residue using hexanes/ethyl acetate (2:1) as eluent gave compound (+)-3e (60 mg, 70%) as a
pale brown solid; mp 83—-84 °C; [a]p +49.8 (¢ 2.6, in CHCl3); 'H NMR (300 MHz, CDCl;, 25 °C):
8 = 2.43 (m, 2H, CH»), 3.16 (m, 3H, NCH, + NCHH), 3.59 (s, 3H, OMe), 3.82 (m, 1H, NCHH),
3.91 (dt, 1H, J = 6.2, 5.0 Hz, H4), 4.23 (d, 1H, J = 1.5 Hz, =CHH), 4.24 (d, 1H, J = 15.0 Hz,
CHH-Ph), 4.49 (d, 1H, J = 5.0 Hz, H3), 4.59 (d, 1H, J = 15.0 Hz, CHH-Ph), 4.64 (d, 1H, J = 1.3
Hz, =CHH), 7.30 (m, 5H, Ph); *C NMR (75 MHz, CDCls, 25 °C): & = 167.3 (C=0 lactam), 152.5
(C=0), 150.7 (=C%), 135.3 (C Ph), 128.9 (2CH Ph), 128.4 (2CH Ph), 127.8 (CH Ph), 92.9 (=CH>),
83.2 (C-H3), 59.0 (C-H4), 55.2 (OMe), 48.3 (CH,-Ph), 45.3 (NCH,). 44.5 (CH,-C=), 26.1 (CH,);
IR (CHCL): v = 1752 (C=0O lactam), 1691 (C=O oxazinanone) cm ; HRMS (ES): calcd for
C17H20N,04 [M]": 316.1423; found: 316.1421.

(+)-3f. From 60 mg (0.14 mmol) of the allenic carbamate (+)-2f, and after chromatography of

the residue using hexanes/ethyl acetate (5:1) as eluent gave compound (+)-3f (35 mg, 67%) as a
brown solid; mp 96-97 °C; [a]p +39.5 (¢ 1.5, CHCl,); 'H NMR (300 MHz, CDCls, 25 °C): & =
1.78 (s, 3H, CH3), 2.41 (m, 2H, CH,-C=), 3.16 (ddd, 1H, J = 11.8, 6.8, 5.3 Hz, NCHH-CH,), 3.46
(ddd, 1H, J = 12.8, 7.7, 5.3 Hz, NCHH-CH)), 3.55 (dd, 1H, J = 14.3, 7.2 Hz, CHHN), 3.79 (s, 3H,
OCH;3), 3.91 (dd, 1H, J = 14.2, 4.8 Hz, CHHN), 4.24 (d, 1H, J = 1.4 Hz, =CHH oxazinan-2-one),
4.25 (m, 2H, OCH,), 4.67 (d, 1H, J = 1.3 Hz, =CHH oxazinan-2-one), 4.68 (m, 1H, H4), 4.76 (d,
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1H, J = 5.2 Hz, H3), 4.98 (s, IH, =CHH), 5.04 (s, 1H, =CHH), 6.89 (d, 2H, J = 9.0 Hz, ArH), 7.50
(d, 2H, J = 9.0 Hz, ArH); °*C NMR (75 MHz, CDCls, 25 °C): & = 164.4 (C=0 lactam), 156.6 (O-
C? Ar), 152.4 (C=0), 151.2 (=C" oxazinan-2-one), 140.7 (=C%), 130.2 (C? Ar), 118.8 (2CH Ar),
114.6 (2CH Ar), 113.4 (=CH,), 93.2 (=CH; oxazinan-2-one), 80.1 (C-H3), 75.0 (OCH,), 55.5
(OMe Ar), 54.9 (C-H4), 48.4 (NCHa;), 46.3 (NCH3), 26.1 (CHy), 19.5 (CH3); IR (CHCl3): v =1752
(C=0 lactam), 1688 (C=0 oxazinanone) cm '; HRMS (ES): calcd for C20H,4N,Os [M]": 372.1685;
found: 372.1670.

3g. From 75 mg (0.18 mmol) of the bis(allenic carbamate) 2g, and after chromatography of
the residue using hexanes/ethyl acetate (4:1) as eluent gave compound 3g (30 mg, 50%) as a brown
solid; mp 93-94 °C; 'H NMR (300 MHz, CDCls;, 25 °C): 6 = 2.57 (t, 4H, J = 6.2 Hz, CH,-CH=),
3.24 (td, 4H, J = 6.3, 1.8 Hz, CH,N), 4.26 (m, 4H, NCHH-Ar), 4.58 (s, 4H, =CH,), 4.68 (s, 2H,
NCHH-Ar), 7.28 (s, 4H, ArH); *C NMR (75 MHz, CDCls, 25 °C): § = 152.6 (2C=0), 151.1 (2CY),
135.8 (2C*9), 128.4 (4CH Ar), 93.0 (2=CH,), 52.4 (2NCH,-Ar), 43.3 (2 CH,N), 26.1 (2CH,); IR
(CHCl3): v = 1687 (C=0) cm '; HRMS (ES): caled for CigHy0N,O4 [M]™: 328.1423; found:
328.1439.

(-)-3h. From 90 mg (0.38 mmol) of the allenic carbamate (—)-2h, and after chromatography
of the residue using hexanes/ethyl acetate (4:1) as eluent gave compound (—)-3h (36 mg, 52%) as a
colorless oil; [a]p —16.4 (¢ 0.6, CHCl5); 'H NMR (300 MHz, CDCl3, 25 °C): 6 = 1.61 (s, 3H, Me),
1.65 (s, 3H, Me), 2.23 (ddt, 1H, J = 13.8, 11.9, 1.9 Hz, NCH-CHH), 2.75 (dd, 1H, J = 13.8, 3.4 Hz,
NCH-CHH), 3.57 (dd, 1H, J = 9.5, 8.8 Hz, OCHH), 3.77 (m, 1H, NCH), 4.24 (dd, 1H, J = 8.7, 5.7
Hz, OCHH), 4.28 (t, 1H, J = 1.8 Hz, =CHH), 4.72 (t, 1H, J = 1.4 Hz, =CHH); *C NMR (75 MHz,
CDCls, 25 °C): 8 = 151.7 (C=0), 146.7 (=C), 95.2 (C), 93.5 (=CHa), 69.3 (OCH>), 53.6 (NCH),
30.1 (CH,), 25.7 (CH3), 23.7 (CHs); IR (CHCly): v = 1712 (C=0), 1216 (C-O) cm™'; HRMS (ES):
caled for CoH 3NO3; [M]": 183.0895; found: 183.0902.

(-)-3i. From 50 mg (0.24 mmol) of the allenic carbamate (—)-2i, and after chromatography of
the residue using hexanes/ethyl acetate (3:1) as eluent gave compound (-)-3i (30 mg, 82%) as a

pale brown solid; mp 134135 °C; [a]p —22.9 (¢ 1.4 in CHCl;); '"H NMR (300 MHz, CDCls, 25
°C): 6 = 1.52 (m, 1H, CHH), 1.84 (m, 1H, CHH), 2.02 (m, 1H, CHH), 2.19 (m, 2H, CHH + =C-
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CHH), 2.78 (dd, 1H, J = 13.9, 3.6 Hz, =C-CHH), 3.49 (1H, CHN), 3.55 (dd, 2H, J = 9.7, 5.1 Hz,
NCH,), 4.24 (t, 1H, J = 1.7 Hz, =CHH), 4.66 (t, 1H, J = 1.7 Hz, =CHH); *C NMR (75 MHz,
CDCl, 25 °C): & = 152.5 (C=0), 150.0 (=C%), 92.8 (=CH,), 55.2 (CHN), 46.4(NCH,), 33.2 (=C-
CH,), 32.8 (CHN-CH,), 22.9 (NCH,-CH,); IR (CHCl;): v = 1705 (C=0) cm'; HRMS (ES): calcd
for CsH;1NO, [M]": 153.0790; found: 153.0788.

3j. From 70 mg (0.21 mmol) of the allenic carbamate 2j, and after chromatography of the
residue using hexanes/ethyl acetate (6:1) as eluent gave an inseparable mixture (30:70) of
compounds 3j and 4j (34 mg, 58%) as a yellow solid; mp 133-134 °C; 'H NMR (300 MHz, CDCls,
25°C): 6=2.30(d, 3H,J = 1.0 Hz, Me M), 3.86 (t, 2H, J = 1.2 Hz, CH, m), 4.73 (dt, 1H, J = 2.5,
1.4 Hz, =CHH m), 5.05 (dt, 1H, J = 2.2, 1.0 Hz, =CHH m), 6.35 (q, 1H, J = 1.1 Hz, =CH M), 7.48
(m, 6H, 3 CH indole M + 3 CH indole m), 8.27 (m, 1H, CH indole m), 8.40 (m, 1H, CH indole M);
BC NMR (75 MHz, CDCl3, 25 °C): & = 152.3 (=C% M), 152.2 (=C% m), 143.2 (C=0 m), 143.2
(C=0 M), 132.5 (CT m), 132.1 (C* M), 131.0 (C? m), 130.3 (C? M), 130.2 (CT m), 129.7 (C? M),
125.8 (CH indole m), 125.2 (CH indole M), 125.2 (CH indole M), 124.8 (CH indole m), 119.0 (CH
indole m), 118.8 (CH indole M), 115.5 (CH indole M), 115.2 (CH indole m), 98.6 (=CH; m), 95.7
(=CH M), 93.2 (C? m), 90.2 (C? M), 25.8 (CH; m), 19.0 (CH; M); IR (CHCl3): v = 1693 (C=0),
751 (C-Br) cm '; HRMS (ES): calcd for C,HsBrNO, [M]": 276.9738; found: 276.9737.

General procedure for the gold-catalyzed heterocyclisation reaction of allenic
carbamates 2 to 1,3-oxazin-2-ones 4. [AuCIPPh;] (0.025 mmol), AgOTf (0.025 mmol), and p-
toluenesulfonic acid (0.1 mmol) were sequentially added to a stirred solution of the corresponding
allenic carbamate 2 (1.0 mmol) in dichloromethane (10 mL). The resulting mixture was heated in a
sealed tube at 130 °C until disappearance of the starting material (TLC, 0.5—6 h). The reaction was
allowed to cool to room temperature and filtered through a pack of celite. The filtrate was extracted
with dichloromethane (3 x 25 mL), and the combined extracts were washed twice with brine. The
organic layer was dried (MgSO4) and concentrated under reduced pressure. Chromatography of the
residue gave analytically pure adducts 4. Spectroscopic and analytical data for pure forms of 4

follow.
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4a. From 50 mg (0.19 mmol) of the allenic carbamate 2a, and after chromatography of the
residue using hexanes/ethyl acetate (4:1) as eluent gave compound 4a (27 mg, 70%) as a colorless
oil; "H NMR (300 MHz, CDCls, 25 °C): & = 1.86 (td, 3H, J = 1.9, 1.2 Hz, CH3), 3.68 (dq, 2H, J =
3.2, 1.9 Hz, NCH,), 4.58 (s, 2H, Ph-CH,-N), 4.76 (m, 1H, =CH), 7.33 (m, 2H, ArH); °C NMR (75
MHz, CDCl3, 25 °C): 8 = 150.9 (C=0), 148.1 (C%), 135.6 (C), 128.7 (2CH Ar), 128.2 (2CH Ar),
127.9 (CH Ar), 94.4 (=CH), 52.1 (CH,), 44.6 (CHy), 18.3 (CHj3); IR (CHCI3): v = 1685 (C=0)
cmfl; HRMS (ES): calcd for C;,H3NO, [M]+: 203.0946; found: 203.0952.

4b. From 50 mg (0.17 mmol) of the allenic carbamate 2b, and after chromatography of the
residue using hexanes/ethyl acetate (4:1) as eluent gave compound 4b (28 mg, 70%) as a pale
brown solid; mp 105-106 °C; "H NMR (300 MHz, CDCl;, 25 °C): 8 =1.85 (td, 3H, J = 1.7, 1.3
Hz, CHs3), 3.66 (dq, 2H, J = 3.8, 1.9 Hz, NCH,), 3.81 (s, 3H, OCH3), 4.52 (s, 2H, Ar-CH;-N), 4.75
(m, 1H, =CH), 6.88 (d, 2H, J = 8.8 Hz, ArH), 7.26 (d, 2H, J = 8.8 Hz, ArH); °C NMR (75 MHz,
CDCls, 25 °C): 8 = 159.4 (CY), 150.9 (C=0), 148.0 (C%), 129.7 (2CH Ar), 127.7 (C%), 114.1 2CH
Ar), 944 (=CH), 55.3 (OMe), 51.5 (CH,), 44.4 (CH,), 18.3 (CHj); IR (CHCI3): v = 1681
(C=0) cm'; HRMS (ES): caled for C3H;sNO; [M]": 233.1052; found: 233.1052.

(+)-4c. From 45 mg (0.16 mmol) of the allenic carbamate (+)-2¢, and after chromatography of
the residue using hexanes/ethyl acetate (5:1) as eluent gave compound (+)-4¢ (26 mg, 70%) as a
colorless oil; [a]p +23.4 (¢ 0.8, CHCl5); 'H NMR (300 MHz, CDCls, 25 °C): 6 = 1.35 (s, 3H, Me),
1.43 (s, 3H, Me), 1.85 (m, 3H, Me), 3.17 (dd, 1H, J = 14.3, 7.2 Hz, NCHH), 3.67 (dd, 1H, J = 8.5,
6.6 Hz, NCHH), 3.78 (dd, 1H, J = 14.3, 3.3 Hz, OCHH), 3.93 (dm, 1H, J = 14.8 1.9 Hz, OCHH)),
4.10 (m, 2H, CH,N), (qd, 1H, J = 6.7, 3.2 Hz, OCH), 4.80 (m, 1H, =CH); ">C NMR (75 MHz,
CDCls, 25 °C): 6 = 150.9 (C%), 148.0 (C=0), 109.5 (C? acetonide), 94.9 (=CH), 74.7 (OCH), 67.1
(OCHy), 51.6 (NCH,), 47.4 (NCH,). 26.8 (CHj3 acetonide), 25.4 (CH; acetonide), 18.3 (CH3); IR
(CHCLy): v = 1689 (C=0) cm'; HRMS (ES): caled for C;1H;7NO4 [M]": 227.1158; found:
227.1162.

(+)-4d. From 45 mg (0.12 mmol) of the allenic carbamate (+)-2d, and after chromatography
of the residue using hexanes/ethyl acetate (4:1) as eluent gave compound (+)-4d (22 mg, 57%) as a

pale brown oil; [a]p +5.6 (¢ 0.5 in CHCl3); 'H NMR (300 MHz, CDCls, 25 °C): & = 1.85 (d, 3H, J
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= 1.1 Hz, CHs3), 3.38 (dd, 1H, J = 14.1, 7.0 Hz, NCHH), 3.67 (m, 1H, NCHH), 3.67 (s, 3H, OCH3),
3.79 (s, 3H, Ar-OCHs), 3.96 (dd, 2H, J = 14.2, 3.7 Hz, CH,N), 4.62 (s, 1H, H3), 4.64 (m, 1H, H4),
4.72 (m, 1H, =CH), 6.90 (d, 2H, J = 9.0 Hz, ArH), 7.54 (d, 2H, J = 9.0 Hz, ArH); °C NMR (75
MHz, CDCls, 25 °C): 8 = 164.1 (C=0 lactam), 156.6 (C%), 156.6 (C=0), 148.0 (C%), 130.2 (CY),
118.8 (2CH Ar), 114.6 (2CH Ar), 94.9 (=CH), 82.4 (C-H3), 59.2 (OMe), 55.5 (OMe Ar), 54.9 (C-
H4), 47.3 (CH,), 46.8 (CHy). 18.3 (CH3); IR (CHCl3): v = 1752 (C=0O lactam), 1692 (C=0
oxazinone) cm'; HRMS (ES): calcd for C17H20N20s [M]": 332.1372; found: 332.1379.

(+)-4e. From 45 mg (0.12 mmol) of the allenic carbamate (+)-2e, and after chromatography of
the residue using hexanes/ethyl acetate (4:1) as eluent gave compound (+)-4e (26 mg, 68%) as a
pale brown oil; [o]p +20.3 (¢ 0.7, CHCL3); 'H NMR (300 MHz, CDCls, 25 °C): & = 1.85 (m, 3H,
CHs), 3.20 (dd, 1H, J = 14.3, 6.3 Hz, NCHH), 3.59 (s, 3H, OCH3), 3.63 (m, 1H, NCHH), 3.74 (m,
2H, CH;,N), 3.97 (q, 1H, J = 5.5 Hz, H4), 4.23 (d, 1H, J = 14.9 Hz, CHH-Ph), 4.48 (d, 1H, J = 5.5
Hz, H3), 4.61 (d, 1H, J = 14.9 Hz, CHH-Ph), 4.72 (m, 1H, =CH), 7.37 (m, 5H, ArH); >C NMR (75
MHz, CDCls, 25 °C): 8 = 167.4 (C=0 lactam), 150.8 (C=0), 148.1 (C%), 135.5 (C%), 128.9 (2CH
Ar), 128.5 (2CH Ar), 127.9 (CH Ar), 94.8 (=CH), 83.4 (C-H3), 59.0 (OMe), 55.1 (C-H4), 47.6
(NCH;), 46.8 (CH,N), 44.8 (CH,-Ph), 18.3 (CH3); IR (CHCIl3): v = 1752 (C=0 lactam), 1690 (C=0
oxazinone) cm'; HRMS (ES): calcd for C17H20N204 [M]": 316.1423; found: 316.1436.

(+)-4f. From 34 mg (0.08 mmol) of the allenic carbamate (+)-2f, and after chromatography of
the residue using hexanes/ethyl acetate (4:1) as eluent gave compound (+)-4f (20 mg, 66%) as a
brown oil; [a]p +41.2 (¢ 0.8, CHCl3); '"H NMR (300 MHz, CDCls, 25 °C): & = 1.78 (s, 3H, =C-
CHs3), 1.85 (d, 3H, J = 1.1 Hz, CH3), 3.44 (dd, 1H, J = 14.2, 7.6 Hz, B-lact-NCHH), 3.68 (dm, 1H,
J = 14.8 Hz, NCHH-CH=), 3.79 (s, 3H, OCH3), 3.97 (dd, 2H, J = 14.1, 4.2 Hz, B-lact-NCHH),
4.00 (dm, 1H, J = 13.3 Hz, NCHH-CH=), 4.26 (m, 2H, OCH,), 4.66 (m, 1H, H4), 4.71 (m, 1H,
=CH), 4.75 (d, 1H, J = 5.2 Hz, H3), 4.97 (s, 1H, =CHH), 5.04 (s, 1H, =CHH), 6.90 (d. 2H, J = 9.0
Hz, ArH), 7.54 (d, 2H, J = 9.0 Hz, ArH); *C NMR (75 MHz, CDCl, 25 °C): § = 164.4 (C=0
lactam), 156.5 (0-C%), 151.2 (C=0), 148.0 (=C%), 140.8 (=C?), 130.2 (C), 118.7 (2CH Ar), 114.5
(2CH Ar), 113.3 (=CH,), 94.9 (=CH), 80.0 (C-H3), 74.9 (OCH;), 55.5 (OMe Ar), 54.9 (C-H4),
47.3 (B-lact-CH,), 46.9 (NCH,). 19.5 (CH3), 18.3 (CH3); IR (CHCIs): v = 1755 (C=O0 lactam), 1686
(C=0 oxazinone) cm‘l; HRMS (ES): calced for CyoH24N,05 [M]+: 372.1685; found: 372.1704.
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4g. From 75 mg (0.18 mmol) of the bis(allenic carbamate) 2g, and after chromatography of
the residue using hexanes/ethyl acetate (4:1) as eluent gave compound 4g (31 mg, 54%) as a brown
solid; mp 144-145 °C; '"H NMR (300 MHz, CDCls, 25 °C): & = 1.86 (td, 6H, J = 1.8, 1.2 Hz, CH3),
3.69 (dq, 4H, J = 3.3, 2.0 Hz, CH;,N), 4.56 (s, 4H, Ph-CH,-N), 4.77 (m, 2H, =CH), 7.31 (s, 4H,
ArH); °C NMR (75 MHz, CDCls, 25 °C): § = 150.9 (2C=0), 148.1 (2C9), 135.4 (2CY), 128.5 (4CH
Ar), 94.4 (2=CH), 51.8 (CH,), 44.7 (CH,). 18.4 (CH3); IR (CHCI3): v = 1685 (C=0) cm'; HRMS
(ES): calced for CigHy9N,O4 [M]+: 328.1423; found: 328.1425.

(-)-4i. From 50 mg (0.24 mmol) of the allenic carbamate (—)-2i, and after chromatography of
the residue using hexanes/ethyl acetate (4:1) as eluent gave compound (—)-4i (25 mg, 67%) as a
yellow oil; [a]p —35.3 (¢ 0.8, CHCly); 'H NMR (300 MHz, CDCls, 25 °C): 8 = 1.55 (qd, 1H, J =
11.4,7.7 Hz, NCH,-CHH), 1.86 (m, 1H, NCH-CHH), 1.87 (dd, 3H, J = 1.9, 1.2 Hz, CH3), 2.02 (m,
2H, NCH,-CHH + NCH-CHH), 3.45 (ddd, 1H, J = 11.5, 9.8, 2.9 Hz, NCHH), 3.71 (dt, 1H, J =
11.5, 8.7 Hz, NCHH), 4.02 (m, 1H, NCH), 4.93 (t, 1H, J = 1.3 Hz, =CH); "*C NMR (75 MHz,
CDCl;, 25 °C): & = 150.2 (C=0), 148.2 (=C%), 98.64 (=CH), 56.0 (NCH), 45.6 (NCH,), 33.3
(NCH,-CH»), 21.9 (NCH-CH,), 18.3 (CH3); IR (CHCls): v = 1687 (C=0) cm '; HRMS (ES): calcd
for CsH;;NO, [M]": 153.0790; found: 153.0786.

4j. From 50 mg (0.15 mmol) of the allenic carbamate 2j, and after chromatography of the
residue using hexanes/ethyl acetate (5:1) as eluent gave compound 4j (28 mg, 66%) as a yellow
solid; mp 141142 °C; "H NMR (300 MHz, CDCls, 25 °C): & = 2.30 (d, 3H, J = 1.0 Hz, Me), 6.35
(g, 1H, J = 1.1 Hz, =CH), 7.45 (m, 2H, CH indole), 7.57 (m, 1H, CH indole), 8.40 (m, 1H, CH
indole); >C NMR (75 MHz, CDCls, 25 °C): & = 152.3 (=C%), 143.2 (C=0), 132.1 (C%), 130.3 (CY),
129.7 (CY%), 125.2 (CH indole), 125.2 (CH indole), 118.8 (CH indole), 115.5 (CH indole), 95.7
(=CH), 90.2 (C9), 19.0 (CH3); IR (CHCl3): v = 1723 (C=0), 751 (C-Br) cm'; HRMS (ES): calcd
for C1,HgBrNO, [M]": 276.9738; found: 276.9756.
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Computational details

All the calculations reported in this paper were obtained with the GAUSSIAN 09 suite of programs
[1]. Electron correlation was partially taken into account using the hybrid functional usually denoted
as B3LYP [2] using the double-C quality plus polarization def2-SVP basis set [3] for all atoms.
Reactants and products were characterized by frequency calculations [4], and have positive definite
Hessian matrices. Transition structures (TS’s) show only one negative eigenvalue in their
diagonalized force constant matrices, and their associated eigenvectors were confirmed to
correspond to the motion along the reaction coordinate under consideration using the Intrinsic
Reaction Coordinate (IRC) method [5]. Solvents effects were taken into account using the
Polarizable Continuum Model (PCM) [6]. Single point calculations (PCM-MO06/def2-SVP) on the
gas-phase-optimized geometries were performed to estimate the change in the Gibbs energies in the
presence of CH,Cl, as solvent using the dispersion corrected M06 [7] functional. This level is

denoted PCM-MO06/def2-SVP//B3LYP/def2-SVP.
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Cartesian coordinates (in A) and free energies (in a. u., solvent corrected) of all the stationary points

discussed in the text. All calculations have been performed at the PCM-MO06/def2-

SVP//B3LYP/def2-SVP level of theory.
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