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General Methods: All NMR spectra, i.e., *H, **C, DEPT, gCOSY, gHSQC, gHMBC,
ROESY, were recorded on a Varian 600 or 400 MHz NMR spectrometer, which
provided all necessary data for the full assignment of each compound. Melting points
were measured on a Buchi 535 melting point apparatus and uncorrected. High-
resolution mass spectrometry (HRMS) analyses were conducted at the Instrument
Center of National Chung Hsing University. GC-MS analyses were performed on an
HP 5890 Series GC system equipped with an Rtx-®-5MS capillary column (50 m X
0.25 mm, 0.5 um). IR spectra were measured on a Bruker Equinox 55 or Bruker
Tensor 27 spectrophotometer. TLC analyses were performed on Merck DC-alufolien
with Kieselgel 60F-254, and were visualized with UV light, iodine chamber, 10%
sulfuric acid or 10% PMA solution. Purifications were performed by flash
chromatography on silica gel 60 (Merck, 230-400 mesh ASTM). Microwave reactions
were performed in a Discover system of CEM.

Materials: Chemicals, reagents and solvents were purchased from Sigma Aldrich
Company or Acros Organic Fischer Company. The reagents were used as received.
Dichloromethane, pyridine, triethylamine, acetonitrile, DMSO and methanol were
dried and distilled over calcium hydride under argon before use. Ether was dried and
distilled over sodium-benzophenone ketyl under argon before use. THF was dried and
distilled over potassium metal under argon before use. Toluene and benzene were
dried and distilled over sodium metal under argon or argon before use. The reaction
flasks were dried in a 110 °C oven and allowed to cool to room temperature in a

desiccator over “Drierite” (calcium sulfate) and assembled under argon atmosphere.
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ortho-nitrocinnamyl alcohol (1):

To a solution of 2-nitrocinnamaldehyde® (3.88 g, 21.7 mmol, . w2
3b
1.0 eq.) in MeOH (50 mL) in an ice bath, was added NaBH; s OH
6
(902 mg, 23.8 mmol, 1.1 eq.) in portions. The reaction mixture 7 " NO;

was allowed to be stirred for 30 min at room temperature. Upon completion of the
reaction monitored by TLC analysis, water (20 mL) was added, and the reaction
mixture was allowed to be stirred for 1 h. The reaction mixture was concentrated
under reduced pressure to remove excess MeOH, and then extracted with CH,Cl, (20
mL). The resulting aqueous layer was extracted with CH,Cl, (20 mL X4). The
combined organic layers were washed with brine (30 mL), dried over anhydrous
Na,SO,4, and then concentrated under reduced pressure to give a crude product.
Purification of the crude product by flash chromatography on silica gel, using
EtOAc/n-Hex as the eluant to give the titled product as a yellow solid (3.89 g, 21.7
mmol, 99%): mp 61-62 °C, [lit.2 56-57 °C]; R; = 0.16; EtOAc/n-Hex = 1/1; *H-NMR?®
(600 MHz, 25 °C, CDCls, 8): 2.29 (s, 1H, -OH), 4.36 (d, J = 4.8 Hz, 2H, H-2), 6.33
(ddd, J = 15.6, 5.4, 5.4 Hz, 1H, H-3), 7.06 (d, J = 15.6 Hz, 1H, H-3a), 7.37 (t, J = 8.4
Hz, 1H, H-6), 7.54 (t, J = 7.8 Hz, 1H, H-5), 7.58 (d, J = 6.6 Hz, 1H, H-4), 7.89 (d, J =
7.8 Hz, 1H, H-7); *C-NMR (150 MHz, 25 °C, CDCls, 8): 63.1 (t, C-2), 124.4 (d, C-7),
125.7 (d, C-3a), 128.0 (d, C-6), 128.7 (d, C-4), 132.5 (s, C-3b), 133.1 (d, C-5), 134.1
(d, C-3), 147.7 (s, C-7a). EI-HRMS (m/z): [M]" calcd for CogHgNO3", 179.0582; found,
179.0579 (A = 1.7 ppm).

! Preparation of o-nitrocinnamaldehyde, see R. E. Buckles and M. P. Bellis. Org. Synth. 1963, Coll. Vol.
4,722.

? Penjisevié, J., Sukalovi¢, V., Andri¢, D., Kostié-Rajacié, S., Soski¢, V. and Rogli¢, G. Arch. Pharm.
2007, 340, 456.

® The numbering for pyrrolidinoindolines was used throughout the article for consistency.
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(E)- 3-(2-methoxycarbonylaminophenyl)-2-propenol (2a):

To a solution of 2-nitrocinnamyl alcohol (1) (3.41 g, 19.0 mmol, s, B2
1.0 eq.) in MeOH (200 mL), was added concentrated ammonia SWOH
aqueous solution (28%, 160 mL), water (57.0 mL) and iron(l1) " NHCO,Me
sulfate heptahydrate (FeSO4. 7H,0, 39.1 g, 141 mmol, 7.4 eq.) in sequence. The
reaction mixture was allowed to be stirred at 80 °C for 4 h. Upon completion of the
reaction monitored by TLC analysis, the solution was cool down to room temperature,
and diluted with CH,Cl, (100 mL). The solid precipitate was filtered off by a short
celite column, to give a two-phased resulting filtrate. After separation of the organic
layer, the aqueous layer was extracted with CH,Cl, (70 mL X 4). The combined
organic layers were washed with brine (30 mL), dried over anhydrous Na,SO,, and
then concentrated under reduced pressure to give a crude product. The crude product

was used directly without further purification.

To a mixture of the crude product and NaHCO3; (3.197 g, 38.1 mmol, 2.0 eq.) in
acetone (38 mL) in an ice bath, methyl chloroformate (1.8 mL, 23.2 mmol 1.2 eq.)
was added slowly. The reaction mixture was allowed to be stirred for 2 h. Upon
completion of the reaction monitored by TLC analysis, the reaction mixture was
concentrated under reduced pressure to remove excess solvent, affording a crude
residue. The crude residue was partitioned with CH,Cl, (70 mL) and water (30 mL).
After separation of the organic layer, the aqueous layer was extracted with CH,Cl, (30
mL X 5) again. The combined organic layers were dried over anhydrous Na,SO,, and
then concentrated under reduced pressure to give a crude product. The crude product
was purified by flash chromatography on silica gel, using EtOAc/n-hex as the eluant
to give the titled product as a light yellow solid (3.31 g, 16.0 mmol, 84%): mp 100-
102 °C; Ry = 0.18; EtOAc/n-Hex = 1/1; *H-NMR (600 MHz, 25 °C, CDCls, 8): 2.12 (s,
1H, -OH), 3.77 (s, 3H, -OCHs), 4.33 (dd, J = 1.2, 4.8 Hz, 2H, H-2), 6.24 (ddd, J = 5.4,
5.4, 15.6 Hz, 1H, H-3), 6.70 (d, J = 15.6 Hz, 1H, H-3a), 6.71 (brs, 1H, NHCO,Me),
7.10 (t, J=7.2 Hz, 1H, H-5), 7.26 (t, J = 7.8 Hz, 1H, H-6), 7.36 (d, J = 7.2 Hz, 1H, H-
4), 7.73 (br, 1H, H-7); *C-NMR (150 MHz, 25 °C, CDCls, 5): 52.4 (g, -NHCO,CH),
63.2 (t, C-2), 122.3 (d, C-7), 124.7 (d, C-5), 125.3 (d, C-3a), 126.9 (d, C-4), 128.3 (d,
C-6), 129.0 (s, C-3b), 132.5 (d, C-3), 134.5 (s, C-7a), 154.7(s, -NHCO,Me). El-
HRMS (m/z): [M]" calcd for C11H13NO5", 207.0895; found, 207.0890 (A = 2.4 ppm).
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(E)-N-methoxycarbonyl-3-(2-methoxycarbonylaminophenyl)-2-propeneamine
(2b):

To a solution of alcohol 2a (707 mg, 3.41 mmol, 1.0 eq.) . a

in ether (35 mL) in an ice bath, was slowly added PBr; SWQHCOzMe
(130 pL, 1.36 mmol, 0.4 eq.). The reaction mixture was TN NHCO,Me
allowed to be stirred at room temperature for 30 min. Upon completion of the reaction
monitored by TLC analysis, the solution was quenched with sat. NaHCO3 (17 mL),
followed by addition of CH,Cl, (35 mL). After separation of the organic layer, the
aqueous layer was extracted with CH,Cl, (15 mL X 4). The combined organic layers
were dried over anhydrous Na,SO,, and then concentrated under reduced pressure to
give a brown crude solid. The crude bromide product was used directly without
further purification: Ry = 0.64; EtOAc/n-Hex = 1/1.

To a mixture of the crude bromide in acetone (11 mL) and water (4 mL) in an ice bath,
NaN3 (355 mg, 5.46 mmol, 1.6 eq.) was added. The reaction mixture was allowed to
be stirred at room temperature for 4 h. Upon completion of the reaction monitored by
TLC analysis, the reaction mixture was concentrated under reduced pressure to
remove excess solvent, affording a crude residue. The crude residue was partitioned
with CH,Cl, (15 mL) and water (15 mL). After separation of the organic layer, the
aqueous layer was extracted with CH,Cl, (15 mL X 4) again. The combined organic
layers were dried over anhydrous Na,SO,4, and then concentrated under reduced
pressure to give a crude product. The crude azide product was used directly without
further purification: R = 0.30; EtOAc/n-Hex = 1/5.

To the crude azide product in THF (17 mL) and water (3.5 mL) in an ice bath, PPhs
(2.93 g, 7.36 mmol, 2.2 eq.) was added. The reaction mixture was allowed to be
stirred at room temperature for 2 h. Upon completion of the reaction monitored by
TLC analysis, the reaction mixture was partitioned with CH,Cl, (30 mL) and HCl )
solution (1 N, 10 mL). After separation of the aqueous layer, the organic layer was
extracted with HCluqg (1 N, 10 mL X 3) again. The combined aqueous layers was
added with CH,CI; (25 mL) in an ice bath, and then adding NaOH solution (6 N, ~8
mL) until pH value had reached about 12. After separation of the organic layer, the
aqueous layer was extracted with CH,Cl, (15 mL X 5). The combined organic layers
were dried over anhydrous Na,SO,, and then concentrated under reduced pressure to
give a light brown crude solid. The crude amine product was used directly without
further purification: Ry = 0.27; MeOH/CH,CI,/EtsN = 1/20/0.02.
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To a mixture of the crude amine product and K,COj3 (943 mg, 6.82 mmol, 2.0 eq.) in
acetone (14 mL) in an ice bath, methyl chloroformate (264 uL, 3.41 mmol, 1.0 eq.)
was added slowly. The reaction mixture was allowed to be stirred at room temperature
for 5 h. Upon completion of the reaction monitored by TLC analysis, the reaction
mixture was concentrated under reduced pressure to remove excess solvent, affording
a crude residue. The crude residue was partitioned with CH,Cl, (15 mL) and water
(17 mL). After separation of the organic layer, the aqueous layer was extracted with
CH,Cl; (20 mL X 4) again. The combined organic layers were dried over anhydrous
Na,SO4, and then concentrated under reduced pressure to give a crude product. The
crude product was purified by flash chromatography on silica gel, using EtOAc/h-Hex
as the eluant to give the titled product as a white solid (747 mg, 2.83 mmol, 83% over
4 steps): mp 115-117 °C; R; = 0.31; EtOAc/n-Hex = 1/1; *H-NMR (600 MHz, 25 °C,
CDCls, 8): 3.70 (s, 3H, -NHCO,CH3; at N-1), 3.78 (s, 3H, -NHCO,CHjs at N-8), 4.00
(br, 2H, H-2), 5.06 (br, 1H, -NHCO,Me at N-1), 6.07 (ddd, J = 15.6, 5.4, 5.4 Hz, 1H,
H-3), 6.61 (d, J = 15.6 Hz, 1H, H-3a), 6.71 (brs, 1H, -NHCO,Me at N-8), 7.09 (dd, J
=7.2,7.2 Hz, 1H, H-5), 7.26 (dd, J = 7.8, 7.8 Hz, 1H, H-6), 7.33 (d, J = 7.2 Hz, 1H,
H-4), 7.73 (br, 1H, H-7); *C-NMR (150 MHz, 25 °C, CDCls, §): 43.1 (t, C-2), 52.2 (q,
-NHCO,CHj3 at N-1), 52.4 (g, -NHCO,CHj3 at N-8), 122.2 (d, C-7), 124.6 (d, C-5),
126.5 (d, C-3a), 127.0 (d, C-4), 128.4 (d, C-6), 128.8 (s, C-3b), 129.9 (d, C-3), 134.5
(s, C-7a), 154.5 (s, -NHCO,Me at N-8); 157.0 (s, -NHCO,Me at N-1), EI-HRMS
(m/z): [M]" calcd for C13H16N,0,4", 264.1110; found, 264.1105 (A = 1.9 ppm).
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General procedure of Bicyclization Reaction:

Rh(acac)(CO); (5.1 mg, 20 umol, 2 mol%) and P(OPh); (21 uL, 80 umol, 8 mol%)
were dissolved in the solvent (1 mL) under argon. The resulting catalyst solution was
degassed by a frozen-thawed procedure at least three times. Substrate carbamate 2 (2b,
261 mg, 0.98 mmol, 1.00 eq.) was placed in a 50 mL flask. The catalyst solution was
transferred to the reaction flask containing the substrate by a pipette, and the total
volume was adjusted to 20 mL with the solvent. The reaction flask was placed in a
300 mL stainless steel autoclave and then was pressurized up to desired pressure with
CO followed by H,. The reaction mixture was stirred at desired temperature. Upon
completion of the reaction, the gas was carefully released in a good ventilated hood
and the reaction mixture was concentrated under reduced pressure to give a crude
residue. The crude product was purified by flash chromatography on silica gel using
EtOAc/n-Hex as the eluant to give the product.

cis-3,3a,8,8a-tetrahydro-8-methoxycarbonyl-2H-furo[2,3-b]indole (3a): Yellow
solid (142 mg, 0.648 mmol, 65%); mp 93-95 °C; Ry = 0.21,
EtOAc/n-Hex = 1/3; *H-NMR (600 MHz, 25 °C, CDCls, 8): 2.10
(dd, J = 5.4, 12.0 Hz, 1H, H-3a), 2.33 (dddd, J = 7.8, 7.8, 12.6,
12.6 Hz, 1H, H-3p), 3.45 (ddd, J = 4.8, 8.4, 11.6 Hz, 1H, H-2a),
3.89 (s, 3H, - CO,CHjs at N-8), 3.94-4.01 (m, 2H, H-3a and H-2p),
6.17 (brs, 1H, H-8a), 7.02 (t, J = 7.2 Hz, 1H, H-5), 7.18 (d, J = 7.2 <& nOe Signals
Hz, 1H, H-4), 7.22 (t, J = 7.2 Hz, 1H, H-6), 7.84 (brs, 1H, H-7); *C-NMR (150 MHz,
25 °C, CDCls, 8): 33.5 (t, C-3), 44.9 (d, C-3a), 52.6 (q, -OCHs3), 66.2 (t, C-2), 92.9 (d,
C-8a), 114.0 (d, C-7), 123.0 (d, C-5), 124.1 (d, C-4), 128.0 (d, C-6), 130.8 (s, C-3h),
142.3 (s, C-7a), 153.2 (s, -CO,Me); EI-HRMS (m/z): [M]" calcd for C1,H13NO5",
219.0895; found, 219.0900 (A = 2.3 ppm).

N-methoxycarbonyltryptaphol (4a): Yellow oil (44 mg, 0.201 L 3

3 3a
mmol, 20%); R = 0.21; EtOAc/n-Hex = 1/3; 'H-NMR (400 MHz, : . \

7a 8a
25°C, CDCls, 8): 1.90 (brs, 1H, -OH), 2.97 (t, J = 6.4 Hz, 2H, H-3),  ° i

0~ "OMe

3.94 (t, J = 6.4 Hz, 2H, H-2), 4.02 (s, 3H, -CO,CHs at N-8), 7.28 (t,

J=7.6 Hz, 1H, H-5), 7.37 (t, J = 7.6 Hz, 1H, H-6), 7.50 (s, 1H, H-8a), 7.56 (d, J = 7.6
Hz, 1H, H-4), 8.18 (d, J = 5.2 Hz, 1H, H-7); *C-NMR (100 MHz, 25 °C, CDCls, 3):
28.3 (t, C-3), 53.6 (q, -CO,CHs at N-8), 61.7 (t, C-2), 115.1 (d, C-7), 118.0 (s, C-3a),
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118.9 (d, C-4), 122.7 (d, C-5), 122.9 (d, C-8a), 124.6 (d, C-6), 130.4 (s, C-3b), 135.5
(s, C-7a), 151.3 (s, -CO,CHs at N-8); EI-HRMS (m/z): [M]" calcd for C1,H13NO3",
219.0895; found, 219.0901 (A = 2.7 ppm).

cis-1,2,3,3a,8,8a-hexahydro-1,8-dimethoxycarbonyl-pyrrolo[2,3-b]indole (3b):
Yellow oil (217 mg, 0.785 mmol, 80%); R = 0.36; EtOAc/n-
Hex = 1/1; *H-NMR (600 MHz, 25 °C, CDCls, 8): 2.08 (dd, J =
6.0, 12.0 Hz, 1H, H-3a), 2.17 (dddd, J = 7.8, 7.8, 12.0, 12.0 Hz,
1H, H-3p), 2.91 (ddd, J = 6.0, 12.0, 12.0 Hz, 1H, H-2a), 3.73 (s, Meo/z b B/l\OMe
3H, - CO,CHj3 at N-1), 3.80-3.88 (m, 1H, H-2B), 3.85 (s, 3H, - 0 O
CO,CHs at N-8), 4.01 (dd, J = 7.2, 7.2 Hz, 1H, H-3a), 6.40 (d, J  Key nOe Signals

= 6.0 Hz, 1H, H-8a), 7.03 (t, J = 7.8 Hz, 1H, H-5), 7.16 (d, J = 7.2 Hz, 1H, H-4), 7.22
(t, J = 7.8 Hz, 1H, H-6), 7.69 (d, J = 7.2 Hz, 1H, H-7); *C-NMR (150 MHz, 25 °C,
CDCls, 3): 31.3 (t, C-3), 44.8 (t, C-2), 45.4 (d, C-3a), 52.6 (g, - CO,CH3 at N-1), 52.7
(9, - CO,CHg3 at N-8), 76.4 (d, C-8a), 115.9 (d, C-7), 123.5 (d, C-5), 123.9 (d, C-4),
128.3 (d, C-6), 131.5 (s, C-3b), 142.3 (s, C-7a), 154.0 (s, C-9), 155.2 (s, C-10); El-
HRMS (m/z): [M]" calcd for C14H16N20,4", 276.1110; found, 276.1116 (A = 2.2 ppm).

N,N-dimethoxycarbonyltryptamine (4b): white solid (45 .

mg, 0.163 mmol, 17%); mp 76-78 °C; R; = 0.48; EtOAc/n- || | | s
Hex = 1/1; *H-NMR (600 MHz, 25 °C, CDCl3, §): 2.91 (t, J 7 i *Y

= 6.0 Hz, 2H, H-3), 3.51 (q, J = 6.0 Hz, 2H, H-2), 3.67 (s,
3H, -CO,CHs at N-1), 4.02 (s, 3H, -CO,CHj at N-8), 4.84 (brs, 1H, NH), 7.26 (t, J =
7.2 Hz, 1H, H-5), 7.34 (t, J = 7.2 Hz, 1H, H-6), 7.43 (s, 1H, H-8a), 7.54 (d, J = 7.2 Hz,
1H, H-4), 8.16 (brs, 1H, H-7); *C-NMR (150 MHz, 25 °C, CDCls, §): 25.6 (t, C-3),
40.5 (t, C-2), 52.0 (q, -CO,CHj3 at N-1), 53.7 (g, -CO,CHs at N-8), 115.2 (d, C-7),
118.4 (s, C-3a), 118.9 (d, C-4), 122.7 (d, C-8a), 122.9 (d, C-5), 124.8 (d, C-6), 130.3
(s, C-3b), 135.6 (s, C-7a), 151.4 (s, -CO,CHj at N-8), 157.0 (s, -CO,CHjs at N-1); El-
HRMS (m/z): [M]" calcd for C14H16N204", 276.1110; found, 276.1104 (A = 2.2 ppm).
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General procedure of Benzylic Bromination:

A mixture of compound 3a (188 mg, 0.858 mmol, 1.0 eq.) and AIBN (14 mg, 0.053
mmol, 10 mol%), and 1,3-dibromo-5,5-dimethylhydantoin (DMHDT-Br,, 246 mg,
0.860 mmol, 1.0 eq.) in CCl, (20 mL) was allowed to be stirred at 80 °C. As a white
suspension has been observed, the reaction was cooled down to room temperature.
The reaction mixture was concentrated under reduced pressure to remove excess
volatile compounds, and then purified by flash chromatography on silica gel, using
EtOAc/n-Hex as the eluant to give the titled product.

cis-3,3a,8,8a-tetrahydro-3a-bromo-8-methoxycarbonyl-furo[2,3-b]indole  (5a):
Colorless oil, (190 mg, 0.637 mmol, 74%); R; = 0.68; EtOAc/n- 5

Hex = 1/2; 'H-NMR (600 MHz, 25 °C, CDCls, 8): 2.81 (dd, J = ° \ 3ZaBr s
4.2,13.2 Hz, 1H, H-3), 2.90 (ddd, J = 7.8, 10.8, 12.6 Hz, 1H, H-3), ' 7aBNJﬁol 2
3.50 (ddd, J = 4.8, 9.0, 13.2 Hz, 1H, H-2), 3.91 (s, 3H, -CO,CHs3), MGO&OH

4.02 (t,J =7.8 Hz, 1H, H-2), 6.23 (s, 1H, H-8a), 7.11 (t, J = 7.2 Hz, 1H, H-5), 7.31 (t,
J = 7.2 Hz, 1H, H-6), 7.42 (d, J = 7.2 Hz, 1H, H-4), 7.86 (brs, 1H, H-7); *C-NMR
(150 MHz, 25 °C, CDCls, 8): 44.9 (t, C-3), 53.2 (q, -CO,CH3), 61.6 (s, C-3a), 68.0 (t,
C-2), 100.6 (d, C-8a), 114.8 (d, C-7), 124.2 (d, C-5), 124.8 (d, C-4), 130.6 (d, C-6),
131.5 (s, C-3b), 141.4 (s, C-7a), 152.9 (s, -CO,Me); EI-HRMS (m/z): [M]" calcd for
C12H12BrNOs ¥, 297.0001; found, 296.9995 (A = 2.0 ppm).

cis-1,2,3,3a,8,8a-hexahydro-3a-bromo-1,8-dimethoxycarbonyl-pyrrolo[2,3-
b]indole (5b): Colorless oil, (89 mg, 0.25 mmol, 59%); R; =

5 4
0.27; EtOAc/n-Hex = 1/2; *H-NMR (600 MHz, 25 °C, CDCls, & Br

3b 3
3a

8): 2.76 (ddd, J = 8.4, 12.0, 12.0 Hz, 1H, H-3), 2.83-2.91 (m, - DN o’

2H, H-2 and H-3), 3.73 (s, 3H, -CO,CH; at N-1), 3.76-3.80 (m, &oHo I oMe
1H, H-2), 3.90 (s, 3H, -CO,CHs at N-8), 6.41 (s, 1H, H-8a),

7.12 (t, J = 7.8 Hz, 1H, H-5), 7.32 (t, J = 7.2 Hz, 1H, H-6), 7.38 (d, J = 7.8 Hz, 1H, H-
4),7.70 (d, J = 7.8 Hz, 1H, H-7); *C-NMR (150 MHz, 25 °C, CDCls, §): 41.1 (t, C-3),
46.2 (t, C-2), 52.8 (4, -CO,CHjs at N-1), 53.1 (g, -CO,CHj at N-8), 61.9 (s, C-3a),
84.1 (d, C-8a), 117.0 (d, C-7), 123.8 (d, C-4), 124.5 (d, C-5), 130.6 (d, C-6), 132.1 (s,

C-3b), 141.4 (s, C-7a), 153.7 (s, -CO,Me at N-8), 154.6 (s, -CO,Me at N-1); El-
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HRMS (m/z): [M]" calcd for C14H1sBrN,O4 ¥, 354.0215; found, 354.0222 (A = 2.0
ppm).
General procedure for Methylation of Bromides: 5 to 6.

To a solution of bromide 5 (5b, 275 mg, 0.750 mmol, 1.0 eq.) in toluene (16 mL), was
added Zn(CHgz), (1.2 M in ether, 2.9 mL, 3.48 mmol, 4.6 eq.) in an ice bath. The
reaction mixture was allowed to be stirred under reflux overnight. Upon completion
of the reaction monitored by TLC analysis, the reaction was quenched with saturated
NH,4CI solution (20 mL). After separation of the organic layer, the aqueous layer was
extracted with EtOAc (10 mL X 4) again. The combined organic layers were washed
with brine (15 mL), dried over anhydrous Na,SO4, and then concentrated under
reduced pressure to give a crude product. The crude product was purified by flash
chromatography on silica gel, using EtOAc/n-Hex as the eluant to give the titled

product.

cis-3,3a,8,8a-tetrahydro-8-methoxycarbonyl-3a-methyl-
furo[2,3-b]indole (6a): Colorless oil, (363 mg, 1.56 mmol, 69%);
Rf = 0.12; EtOAc/n-Hex = 1/4; *H-NMR (600 MHz, 25 °C, CDCls,
8): 1.49 (s, 3H, -CHs at C-3a), 2.12 (ddd, J = 7.2, 11.4, 11.4 Hz,
1H, H-3), 2.19 (dd, J = 4.8, 12.0 Hz, 1H, H-3), 3.47 (ddd, J = 4.8,
9.0, 13.8 Hz, 1H, H-2), 3.87 (s, 3H, -CO,CHs), 3.98 (t, J = 7.8 Hz, K&y NOE Signals
1H, H-2), 5.69 (s, 1H, H-8a), 7.03 (t, J = 7.8 Hz, 1H, H-5), 7.16 (d, J = 7.8 Hz, 1H, H-
4), 7.22 (t, J = 7.2 Hz, 1H, H-6), 7.84 (brs, 1H, H-7); *C-NMR (150 MHz, 25 °C,
CDCls, 8): 25.0 (q, -CHs at C-3a), 41.2 (t, C-3), 52.3 (s, C-3a), 52.8 (q, -CO,CH),
67.8 (t, C-2), 98.8 (d, C-8a), 114.2 (d, C-7), 122.8 (d, C-4), 123.3 (d, C-5), 128.2 (d,
C-6), 135.4 (s, C-3b), 141.8 (s, C-7a), 153.5 (s, -CO,Me); EI-HRMS (m/z): [M]"
caled for C13H1sN3O3", 233.1052; found, 233.1044 (A = 3.4 ppm).

cis-1,2,3,3a,8,8a-hexahydro-1,8-dimethoxycarbonyl-3a-methyl-pyrrolo[2,3-
b]indole (6b): Colorless oil, (165 mg, 0.570 mmol, 74%); Rs =
0.46; EtOAc/n-Hex = 1/1; *H-NMR (600 MHz, 25 °C, CDCls,
8): 1.40 (5, 3H, -CHs at C-3a), 1.96 (ddd, J = 7.8, 12.0, 120 Hz, 7 7\a | fes
1H, H-3p), 2.15 (dd, J = 6.0, 12.0 Hz, 1H, H-30), 2.89 (ddd, J MGO&OHO OMe
= 6.0, 12.0, 12.0 Hz, 1H, H-2a), 3.67 (s, 3H, -CO,CHj at N-1),

3.77 (t, J = 7.8 Hz, 1H, H-2B), 3.84 (s, 3H, -CO,CHj at N-8),

Key nOe Signals
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5.90 (s, 1H, H-8a), 7.02 (t, J = 7.2 Hz, 1H, H-5), 7.10 (d, J = 7.2 Hz, 1H, H-4), 7.20 (t,
J = 8.4 Hz, 1H, H-6), 7.66 (d, J = 7.8 Hz, 1H, H-7); *C-NMR (100 MHz, 25 °C,
CDCls, 8): 24.9 (q, -CH3 at C-3a), 37.7 (t, C-3), 46.0 (t, C-2), 52.5 (g, -CO,CHj3 at N-
1), 52.7 (g, -CO,CH3 at N-8), 52.7 (s, C-3a), 81.9 (d, C-8a), 116.1 (d, C-7), 122.3 (d,
C-4), 123.7 (d, C-5), 128.2 (d, C-6), 136.1 (s, C-3b), 141.4 (s, C-7a), 154.0 (s, -
CO,Me at N-8), 155.0 (s, -CO,Me at N-1); EI-HRMS (m/z): [M]* calcd for
CisH1gN204", 290.1267; found, 290.1258 (A = 3.1 ppm).
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General procedure for Methoxy Substitution of Bromides: 5 to 6°.

To a solution of bromide 5 (5b, 190 mg, 0.535 mmol, 1.0 eq.) in MeOH (12 mL), was
added Ti(O-'Pr)s (45 uL, 0.15 mmol, 25 mol%). The reaction mixture was allowed to
be stirred under reflux for 48 h. The reaction mixture was concentrated under reduced
pressure to remove excess volatile compounds, and then partitioned with CH,Cl, (15
mL) and saturated NaHCO3 (15 mL). After separation of the organic layer, the
aqueous layer was extracted with CH,Cl, (15 mL X 4) again. The combined organic
layers were dried over anhydrous Na,SO,4 and then concentrated under reduced
pressure to give a crude product. The crude product was purified by flash
chromatography on silica gel, using EtOAc/h-Hex as the eluant to give the titled

product.

cis-3,3a,8,8a-tetrahydro-8-methoxycarbonyl-3a-methoxy-furo[2,3-b]indole (6a”):

Colorless oil, (423 mg, 1.70 mmol, 87% brsm value); R; = 0.13;
EtOAc/n-Hex = 1/4; *H-NMR (600 MHz, 25 °C, CDCls, 8): 2.32 °
(dd, J = 4.8, 12.0 Hz, 1H, H-3), 2.52 (ddd, J = 7.2, 12.0, 12.0 Hz,
1H, H-3), 3.07 (s, 3H, -OCHs; at C-3a), 3.55 (ddd, J = 4.8, 9.0, Meo/g :
12.0 Hz, 1H, H-2), 3.89 (s, 3H, - CO,CH3 at N-8), 4.07 (ddd, J = 1.2, 9.0, 9.0 Hz, 1H,
H-2), 5.92 (s, 1H, H-8a), 7.11 (t, J = 7.2 Hz, 1H, H-5), 7.33 (d, J = 8.4 Hz, 1H, H-4),
7.35 (t, J = 7.2 Hz, 1H, H-6), 7.91 (brs, 1H, H-7); *C-NMR (150 MHz, 25 °C, CDCls,
d): 40.0 (t, C-3), 53.0 (q, -CO,CH3 at N-8), 53.2 (q, -OCHg; at C-3a), 67.6 (t, C-2),
92.4 (s, C-3a), 94.3 (d, C-8a), 114.7 (d, C-7), 123.5 (d, C-5), 124.6 (d, C-4), 127.8 (s,
C-3b), 130.6 (d, C-6), 143.7 (s, C-7a), 153.2 (s, -CO,Me at N-8); EI-HRMS (m/z):
[M] calcd for C13H15NO,", 249.1001; found, 249.1005 (A = 1.6 ppm).
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cis-1,2,3,3a,8,8a-hexahydro-1,8-dimethoxycarbonyl-3a-methoxy-pyrrolo[2,3-
blindole (6b’): Colorless oil, (133 mg, 0.434 mmol, 81%); R s 4
= 0.56; EtOAc/n-Hex = 1/1; *H-NMR (600 MHz, 25 °C,
CDCls, 8): 2.23-2.30 (m, 2H, H-3), 2.83 (ddd, J = 7.2, 12.0, NTT N1
12.0 Hz, 1H, H-2), 3.02 (s, 3H, -OCHjs at C-3a), 3.70 (s, 3H, - Meo/\k " J—ome

y 40, , y OH, Hs , » oM, 0O
CO,CHjs at N-1), 3.82 (s, 3H, -CO,CHj5 at N-8), 3.85-3.88 (m, 1H, H-2), 6.13 (s, 1H,
H-8a), 7.07 (t, J = 7.2 Hz, 1H, H-5), 7.24 (d, J = 7.2 Hz, 1H, H-4), 7.31 (t, J = 7.2 Hz,
1H, H-6), 7.73 (d, J = 8.4 Hz, 1H, H-7); **C-NMR (150 MHz, 25 °C, CDCls, 8): 37.2
(t, C-3), 45.2 (t, C-2), 52.62 (g, -CO,CHj3 at N-1), 52.72 (q, -OCHs at C-3a), 52.78 (q,
-CO,CHg; at N-8), 78.0 (d, C-8a), 91.7 (s, C-3a), 116.1 (d, C-7), 123.7 (d, C-5), 124.2
(d, C-4), 128.1 (s, C-3b), 130.5 (d, C-6), 143.6 (s, C-7a), 153.6 (s, -CO,Me at N-8),
155.1 (s, -CO,Me at N-1); EI-HRMS (m/z): [M]" calcd for C15H1sN20s", 306.1216;
found, 306.1205 (A = 3.6 ppm).
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General procedure of Hydrogenation Reduction: 6a to 7a and 6a’ to 7a’.

To a solution of carbamate 6a (101 mg, 0.433 mmol, 1.0 eqg.) in MeOH solution (1.5
mL), was added NaOH,q) solution (1 N, 4.3 mL) at room temperature. The reaction
mixture was allowed to be stirred under microwave reactor. Upon completion of the
reaction monitored by TLC analysis, the reaction mixture was cooled down to room
temperature, and then concentrated under reduced pressure to remove volatile
substances. The syrup was partitioned with EtOAc (10 mL) and saturated NH,CI
solution (10 mL). After separation of the organic layer, the aqueous layer was
extracted with EtOAc (10 mL X 4) again. The combined organic layers were washed
with brine (15 mL), dried over anhydrous Na,SO,4, and then concentrated under
reduced pressure to give a residue (~134 mg). To the residue in EtOAc (2 mL), was
added formalin solution (37%, 1.6 mL). After stirred at room temperature overnight,
the solution was transferred into a flask with activated Pd/C (9.1 mg, 20 mol/%) and
EtOAc (10 mL). The reaction mixture was allowed to be stirred under ambient
hydrogen pressure, and monitored by TLC analysis. As the starting material has been
disappeared (~ 2 d), the solid catalyst was removed by a short celite column, and the
reaction mixture was partitioned with EtOAc (5 mL). After separation of the organic
layer, the aqueous layer was extracted with EtOAc (15 mL X 4) again. The combined
organic layers were washed with brine (15 mL), dried over anhydrous Na,SO,, and
then concentrated under reduced pressure to give a crude product. The crude product
was purified by flash chromatography on silica gel, using EtOAc/n-Hex/Et;N as the

eluant to give the titled product.
cis-3,3a,8,8a-tetrahydro-3a,8-dimethylfuro[2,3-b]indole (7a)

Colorless oil, (52 mg, 0.275 mmol, 64%); R; = 0.54; EtOAc/Hex= . ,

1/2; *H-NMR (600 MHz, 25 °C, CDCls, 8): 1.47 (s, 3H, -CHs at ° \\3b/ Nf 3
C-3a), 2.06 (ddd, J = 7.2, 11.4, 11.4 Hz, 1H, H-3), 2.14 (ddd, J = " ™ {1%0"
1.2,4.8,12.0 Hz, 1H, H-3), 2.93 (s, 3H, -CH3 at N-8), 3.46 (ddd, J me H

= 4.8, 8.4, 11.4 Hz, 1H, H-2), 3.96 (ddd, J = 1.2, 8.4, 8.4 Hz, 1H, H-2), 5.08 (s, 1H,
H-8a), 6.38 (d, J = 7.8 Hz, 1H, H-7), 6.69 (t, J = 7.2 Hz, 1H, H-5), 7.05 (d, J = 7.2 Hz,
1H, H-4), 7.11 (ddd J = 1.2, 7.8, 7.8 Hz, 1H, H-6); **C-NMR (150 MHz, 25 °C,
CDCls, 8): 24.7 (q, -CH3 at C-3a), 30.8 (g, -CH3 at N-8), 41.7 (t, C-3), 52.3 (s, C-3a),
67.3 (t, C-2), 104.8 (d, C-7), 104.9 (d, C-8a), 117.2 (d, C-5), 122.4 (d, C-4), 128.1 (d,
C-6), 134.4 (s, C-3b), 150.4 (s, C-7a); EI-HRMS (m/z): [M]" calcd for C1,H;sNO ¥,
189.1154; found, 189.1151 (A = 1.6 ppm).

2
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cis-3,3a,8,8a-tetrahydro-3a-methoxy-8-methylfuro[2,3-b]indole (7a")

Colorless oil, (43 mg, 0.210 mmol, 70%), R; = 0.58; EtOAc/Hex = ¢ ,

1/2; *H-NMR (600 MHz, 25 °C, CDCls, 8): 2.27 (ddd, J = 1.8, 5.4, ° Q O:'es
12.0 Hz, 1H, H-3), 2.44 (ddd, J = 7.8, 12.0, 12.0 Hz, 1H, H-3), ' ™%120:
2.92 (5, 3H, -NCHa), 3.11 (5, 3H, -OCHz), 355 (ddd, J = 4.8, 90,  Mé "

11.4 Hz, 1H, H-2), 4.04 (ddd, J = 1.8, 7.8, 9.0 Hz, 1H, H-2), 5.32 (s, 1H, H-8a), 6.44
(d, J=7.8 Hz, 1H, H-7), 6.74 (t, J = 7.2 Hz, 1H, H-5), 7.19-7.23 (m, 2H, H-4 and H-
6); *C-NMR (150 MHz, 25 °C, CDCls, 8): 30.8 (q, -NCHs), 40.5 (t, C-3), 53.1 (q, -
OCH), 67.0 (t, C-2), 93.5 (s, C-3a), 100.0 (d, C-8a), 105.8 (d, C-7), 117.5 (d, C-5),
124.4 (d, C-4), 126.2 (s, C-3b), 130.2 (d, C-6), 152.0 (s, C-7a); EI-HRMS (m/z): [M]*
caled for C1oH1sNO ¥, 205.1103; found, 205.1102 (A = 0.5 ppm).

2
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General procedure of Red-Al Reduction of 6b to 7b and 6b’ to 7b’
Deoxyeseroline (7b):

To a solution of dicarbamate 6b (303 mg, 1.04 mmol, 1.0 eq.) in toluene (5.2 mL),
was added “Red-Al” (2.0 mL, 70% in toluene, 6.93 mmol, 6.9 eq.) via a syringe at
room temperature. The reaction mixture was allowed to be stirred under reflux for 1 h.
Upon completion of the reaction monitored by TLC analysis, the reaction mixture was
cooled down to room temperature, followed by addition of EtOAc (5 mL) and
saturated potassium sodium tartrate solution (7 mL). The reaction mixture was kept
stirring until the reaction mixture turned to be clear. After separation of the organic
layer, the aqueous layer was extracted with EtOAc (10 mL X 5) again. The combined
organic layers were washed with brine (15 mL), dried over anhydrous Na,SO,, and
then concentrated under reduced pressure to give a crude product. The crude product
was purified by flash chromatography on silica gel, using EtOAc/n-Hex/Et;N as the

eluant to give the titled product.

cis-1,2,3,3a,8,8a-hexahydro-1,3a,8-trimethylpyrrolo[2,3-b]indole ~ (7b):  Pale
yellow oil, (164 mg, 0.811 mmol, 78%); R; = 0.17; EtOAC/Et;N = 5_4 Ve
2/0.01; *H-NMR (600 MHz, 25 °C, CDCls, 3): 1.4 (s, 3H, -CHs  \ 7?8 ﬁz
at C-3a), 1.94-1.98 (m, 2H, H-3 X2), 2.55 (s, 3H, -CH; at N-1), N

2.63 (ddd, J=17.8, 7.8, 7.8 Hz, 1H, H-2), 2.72 (ddd, J = 5.4, 5.4,

9.6 Hz, 1H, H-2), 2.95 (s, 3H, -CHs at N-8), 4.11 (s, 1H, H-8a), 6.41 (d, J = 7.8 Hz,
1H, H-7), 6.68 (t, J = 7.2 Hz, 1H, H-5), 7.00 (d, J = 7.2 Hz, 1H, H-4), 7.08 (ddd J =
1.8, 7.2, 7.2 Hz, 1H, H-6); *C-NMR (150 MHz, 25 °C, CDCls, 5): 27.3 (q, -CHj3 at C-
3a), 36.5 (g, -CH5 at N-8), 38.4 (q, -CHz at N-1), 40.8 (t, C-3), 52.6 (s, C-3a), 53.2 (t,
C-2), 97.4 (d, C-8a), 106.5 (d, C-7), 117.4 (d, C-5), 122.2 (d, C-4), 127.6 (d, C-6),
136.6 (s, C-3b), 151.9 (s, C-7a); EI-HRMS (m/z): [M]" calcd for CyzHigNy *,
202.1470; found, 202.1473 (A = 1.5 ppm).

\Nl
\

/
Me HMe
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CPC-1 (7b’):
cis-1,2,3,3a,8,8a-hexahydro-3a-methoxy-1,8-dimethylpyrrolo[2,3-b]indole (7b’):

Yellow oil, (116 mg, 0.531 mmol, 71%): R; = 0.23; EtOAc/n- . ,

— oM
Hex/EtsN = 2/1/0.01; 'H-NMR (600 MHz, 25 °C, CDClj, §): 2.12 ° \ % . e3
a No
(ddd, J = 4.2, 6.0, 12.0 Hz, 1H, H-3a), 2.34 (ddd, J=7.2,8.4, 144 ™ &#Nl
/ H .
e Me

Hz, 1H, H-3pB), 2.56 (s, 3H, -CH3 at N-1), 2.61 (ddd, J = 6.0, 8.4, M
8.4 Hz, 1H, H-2a), 2.77 (ddd, J = 4.8, 7.2, 9.0 Hz, 1H, H-2B), 2.95 (s, 3H, -CH3 at N-
8), 3.03 (s, 3H, -OCHjs at C-3a), 4.33 (s, 1H, H-8a), 6.49 (d, J = 7.8 Hz, 1H, H-7),
6.73 (t, J =7.8 Hz, 1H, H-5), 7.14 (d, J = 7.8 Hz, 1H, H-4), 7.17 (t, J = 7.8 Hz, 1H, H-
6); *C-NMR (150 MHz, 25 °C, CDCls, 8): 36.1 (q, -CHs at N-8), 38.6 (q, -CH3 at N-
1), 39.2 (t, C-3), 52.31 (q, -OCHj3 at C-3a), 52.35 (t, C-2), 91.7 (d, C-8a), 94.0 (s, C-
3a), 107.7 (d, C-7), 117.8 (d, C-5), 123.9 (d, C-4), 128.0 (s, C-3b), 129.6 (d, C-6),
153.0 (s, C-7a); EI-HRMS (m/z): [M]" calcd for Cy3Hi1sN,O *, 218.1419; found,
218.1409 (A = 4.6 ppm).
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Computational Details: All calculations were performed at the level of B3LYP*/6-

31++G**, using Gausian 09.° Stationary points for each reaction, i.e. reactant and

product, were achieved by IRC calculation of the corresponding transition state,

followed by geometry optimization. All geometries have been confirmed as either

stationary points or saddle points by vibrational analyses at the same level. Thermal

corrections were calculated at 1 atm 298.15 K in the gas phase. The solvent

correlation were performed in the CPCM model.°

Four possible double cyclization pathways.

Pathway 4

Q1

ey g

% (i ., RAN Ay
i A ,{‘ 3
‘; ﬂ!‘ Il

R = CO,Me s,

A5 p,

Table 1: Calculated at the level of B3LYP/++G** in the gas phase.

Sum of the electric and thermal Free Energies Kcal/mol Imag.v
(Hartree)
Reactant TS Product AGH AG cm’
Indolinium, cis addn -953.720891 -953.716086 -953.719666 3.02 0.77 -169.66
Indolinium, trans addn -953.721041 -953.670089 -053.687583 | 31.97 20.99 -271.20
Pyrrolinium, cis addn -953.719000 -053.714217 -953.716313 3.00 1.69 -149.59
Pyrrolinium, trans addn -953.723692 -953.678685 -053.685888 | 28.24 23.72 -217.66
Table 2: Calculated at the level of B3LYP/++G** in the solvent of acetonitrile.
Sum of the electric and thermal Free Energies Kcal/mol Imag.v
(Hartree)
Reactant TS Product AGH AG cm?
Indolinium, cis addn -953.793000 -953.786101 -953.789229 4.33 2.37 -211.20
Indolinium, trans addn -953.791571 -953.740930 -053.758889 | 31.78 20.51 -295.23
Pyrrolinium, cis addn -953.793527 -953.784068 -953.785237 5.94 5.20 -202.17
Pyrrolinium, trans addn -953.793686 -953.748363 -953.753698 | 28.44 25.09 | -250.59

* (a) Becke, A. D. J. Chem. Phys. 1993, 98, 5648; (b) Lee C.; Yang, W.; Parr, R. G. Phys. Rev. B 1988,

37, 785.

> Gaussian 09, Gaussian, Inc.; 340 Quinnipiac St Bldg 40 Wallingford, CT 06492 USA.
6 Tomasi, B. Mennucci, and R. Cammi, “Quantum mechanical continuum solvation models,” Chem.

Rev., 2005, 105, 2999-3093.
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Scheme 1: PES diagrams of four pathways 1-4, and the TSs geometries in gas phase:
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Computed Cartesian Coordinates of All Geometries:
The cis addition of indolinium in acetonitrile:

j==Ri==Ri=-RioNi="RioNi--RoNi-:Noli--Mo el cloNeoNeli-Ai=R-l--Hlo Moo Ni-Ri-Ji-Hi-RioNiNi--NioNi=-RoNi=Rio]

Cyclization
Reactant

-0.0915199549
-1.0158250821
0.5241008856
0.7464095648
-0.4090626877
0.1474657088
-1.2402009949
-0.9489498108
-1.6283675899
-0.1350836176
-1.6427905635
-1.3470802617
-2.9680287617
-3.5760529286
-3.4912478961
-4.8713066879
-5.1028095009
-5.5148598394
-4.9890759786
0.7068284424
1.9077191077
1.8100789398
0.3059511449
-0.7417971404
1.2205914366
29958017946
3.0606368862
2.8328584272
2.7788306533
4.0136171986
4.8788344046
3.9364895317
4.7435852324
0.9493807584
1.8115499944
0.0330376816
0.8600715031

N

!

R

cl’Zh

B —

NHR
H

R = COOMe

of Indolinium  with alkylcarbamat in a cis manner

-0.1046809115
0.2049238001
-1.4530864455
-1.6570632903
-2.5961505679
-3.5366534978
-2.6779430068
-2.3743846657
-3.1943713177
-2.3721300256
-1.0900727554
-0.4697344265
-0.9800403874
-1.8013603335
0.1690257890
0.4280748158
13865248771
-0.3557384041
0.4897922194
0.7887420012
0.1584000568
-1.2056389522
2.1913961208
2.5406204201
29162885462
0.7073798261
17607597832
-2.0720741270
-3.1307033647
-0.1786645535
0.2084600027
-1.5456486212
-2.2051493696
4.3482909174
4.7538892039
4.5012862649
4.7694133793

11711784715
1.6399678669
1.1753377131
2.2389285653
0.7038674922
0.7449606812
14091155936
-0.7125751837
-0.9646150195
-1.4404146185
-0.8373892890
-1.5816726731
-0.4840063321
0.1891208500
-0.95481122717
-0.6139240699
-1.0772173166
-1.0160579338
0.4696727891
0.6259357140
0.1166096395
0.4244033173
0.5988908295
1.0819251185
0.0029213279
-0.5547050681
-0.7840944531
0.0532920545
0.2853259655
-0.9239185556
-1.4518361306
-0.6277126565
-0.9294352423
-0.0988089057
-0.6216967920
-0.6688098536
0.9025413317

j==Ri==Ri=-RioNi="RioNi--RoNi-:Noli--Mo el el oNeoNeli-Ai=R-l--Hlo Moo Ni-Ri-Ji-Hi--RioNiNi--NioNi=-RoNi=Rio]

Transition State
-0.2981958013
-1.1252493560

0.4753667208
0.6215866633
-0.3232657133
0.3110303112
-1.1220541898
-0.9132854170
-1.7275167569
-0.1507478059
-1.4150101200
-1.1809848420
-2.8027825899
-3.3959313347
-3.2725367393
-4.6540032294
-4.8370018637
-5.3128234424
-4.7693240291
0.5451034700
18116661101
17892565616
0.1382702420
-0.9801745829
11188248580
2.9050618167
29135483894
2.8897413764
2.8881464902
40064856697
4.8759258402
4.0045070339
4.8725465072
0.8219432805
17352162440
-0.0097854731
0.5803327017

in acetonitrile

-0.2593955290
0.0658926869
-1.5348401509
-1.6182163722
-2.7499890323
-3.6350435475
-2.9765965431
-2.3649220747
-3.0272445345
-2.3626363009
-0.9641096004
-0.3833109251
-0.8151851282
-1.6048917500
0.3036684375
0.6391663219
1.5748012555
-0.1485391956
0.7645288856
0.7038583278
0.1167550453
-1.2268199815
2.0642638555
2.3918904488
2.8615527211
0.6860669312
1.7224398896
-2.0413352567
-3.0833533458
-0.1463442157
0.2670200518
-1.4897029746
-2.1100577839
4.2857490871
4.7557533127
4.4810435790
4.6194194046

H
@

NHR

N H
R

0.8675072672
1.4850526395
1.1092688132
2.1958774164
0.6117963724
0.5257826310
13222423615
-0.7457114152
-1.0424457162
-1.5259892163
-0.6329198167
-1.4380939929
-0.3007968723
0.4000739808
-0.8327171836
-0.5247390851
-1.0477529035
-0.8917949685
0.5524675524
0.4022799012
0.0280098192
0.4223538893
0.4124252623
0.7513185458
0.0239662120
-0.6168545160
-0.9222708675
0.1791336308
0.4834882267
-0.8559654771
-1.3570828763
-0.4652251847
-0.6634680161
0.0103980188
-0.3469385952
-0.6671311051
1.0200662677

j==Ri==Ri="RioNi="RioNi--RoNi-:Noli--Mo ol ol oNeoNeli-Ai=R-l---HloNoMeclloNi-Ri-Ji-Ni-RioNiNi--NioNi=-RoNi-Ro]

Product
-0.3660101144
-0.9658921413

0.3997675499
0.4270158275
-0.3794243321
0.2667396488
-1.1661248927
-0.9793511918
-1.8514936919
-0.2435063350
-1.3894293984
-1.3187505868
-2.8025610848
-3.1002811311
-3.5465419917
-4.9804687786
-5.3996192852
-5.3837545651
-5.1294572404
0.5998683281
1.8714489762
17849160858
0.2080127530
-0.9650669462
1.2198108477
3.0497537345
3.1117835513
2.8929097498
2.8337423086
4.1583485075
5.0878427954
40886821503
4.9624942522
0.8817182286
1.8256178270
0.1722973310
04597992544

-0.2913372232
0.0473708571
-1.6212967556
-1.8816407326
-2.6879207615
-3.4951923795
-3.1242358008
-1.9278835727
-2.3923581335
-1.6963155502
-0.5756051194
0.1668878594
-0.5911827365
-1.1445921990
0.0515201751
0.1166774629
0.6847959606
-0.8952663224
0.6288150728
0.6880496728
0.0742630270
-1.2829689382
2.0150217790
2.3351614035
2.8498991587
0.6363996785
1.6835693056
-2.1110096879
-3.1633660950
-0.2089422680
0.2059785479
-1.5656201842
-2.1983600689
4.2583831344
4.7595378251
4.4222597863
4.5987678222

0.7093557193
15492091380
0.9093070260
19710668734
0.1107366013
-0.2395950527
0.7302088028
-1.0648494297
-1.5241944931
-1.8356040522
-0.4573112733
-1.1608479743
0.0308759247
1.0550529238
-0.8335403642
-0.5446414039
-1.3705473599
-0.5131328356
0.4056864157
0.2945213230
0.0633320348
0.3963765058
0.2646148785
0.4225207139
0.0393765761
-0.4243150302
-0.6847737018
0.2513477398
0.5134358833
-0.5666185254
-0.9440755854
-0.2342299221
-0.3516419549
-0.0470228538
-0.2513010490
-0.8593504524
0.8994692340
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The cis addition of indolinium in gas phase:

TITDITmOaOT@xao@Dnaoa@mnaoarnaoocooconnnazommITTtoooQmZITmOIImOmOmQ

Cyclization
Reactant

-0.1532913657
-1.0899782556
0.4903708332
0.6912146022
-0.4145052185
0.1597901421
-1.2464956521
-0.9608016353
-1.6903444372
-0.1569079350
-1.5723688212
-1.4026868586
-2.8700531946
-3.3560453557
-3.4493489827
-4.7842568244
-5.0880060207
-5.4533132788
-4.7577397010
0.6639341551
18863493887
1.7934928049
0.2420149131
-0.8397470396
1.1850845920
2.9898271691
3.0518369153
2.8374696880
2.7922438685
4.0276220564
4.9056497532
3.9560641816
47798056340
0.8870929952
1.7746135622
0.0082721074
0.7129212142

of Indolinium  with alkylcarbamate in a cis manner

-0.1394239951
0.1660969068
-1.4771131993
-1.6492862858
-2.6438884225
-3.5746446202
-2.7444577390
-2.4151830135
-3.1996412774
-2.4684845807
-1.0847250064
-0.6061308047
-0.8925843450
-1.5578141920
0.1428015064
0.4901792924
13209285499
-0.3622017120
0.7902278791
0.7671788988
0.1458624422
-1.2189964624
2.1646943805
2.4845438577
2.9214748731
0.7029210773
17570078702
-2.0747135832
-3.1331924616
-0.1735010382
0.2200935445
-1.5395106525
-2.1909044804
4.3534817405
4.7987646144
4.5104456869
47325737512

10658293010
15144711569
1.1243640295
2.1987314058
0.6613910582
0.6950292661
13626355915
-0.7511217516
-0.9798489972
-1.4895148751
-0.8814314535
-1.7598664870
-0.3966979421
0.4973337735
-1.0184155972
-0.5670066581
-1.2008368287
-0.6933224937
0.4820045454
0.5612291032
0.0931216704
0.4029441578
0.5303438067
0.9472497318
0.0132080770
-0.5456238080
-0.7739996161
0.0679059344
0.3050080300
-0.8805944118
-1.3818550904
-0.5814706961
-0.8541678482
-0.0537593171
-0.4968260394
-0.6796747686
0.9535280407

H
— ® NHR
@ FNHR B(
N™™H N H
R R
R = COOMe
in gas
Transition State

C 0.4721677658  0.0308625822  -0.2051102120 C
H  -0.5521050351  0.2803773231  0.0439535629 H
C 0.8605362875  -1.0489255711  -1.1893592843 C
H 0.2094689675  -1.9142664223  -0.9915866541 H
C 0.6281248792  -0.5648053018 = -2.6301246704 C
H 1.1337716568  -1.2087347121 = -3.3542540990 H
H  -04411816321 -0.5791697525 -2.8568007304 H
C 1.1603426727  0.8683518412  -2.7061744625 C
H 0.7708021148  1.4016135693  -3.5756498387 H
H 22519728502 0.8839053163  -2.7335935191 H
N 0.7498735469  1.5679789064  -1.4519533535 N
H 1.4866374647  2.1446364509  -1.0462383734 H
C  -0.4859511615  2.3098530361 -1.5171847886 C
O -1.4499193555  1.8909371090 -2.1104756347 O
O -0.3713703031  3.4254949116 -0.8135228827 O
C  -1.5754183938  4.2400474889  -0.6897829021 C
H  -1.2641782372  5.1091615640 -0.1151146722 H
H  -1.9270478830  4.5257835660 -1.6816470936 H
H  -2.3427877288  3.6731859349 -0.1611723573 H
N 1.3863153047  0.0835777870  0.7993523935 N
C 2.5599335861  -0.6840300800  0.4431999514 C
C 22820858464  -1.3508668126  -0.7574446528 C
C 1.0779420810  0.8187968590 19823334229 C
0 0.0689364020  1.4831648654  2.0591689702 O
0 2.0100686636  0.6576238659  2.9066177685 O
C 37832181020  -0.7970727507  1.0946664421 C
H 3.9862907849  -0.2827578676  2.0233155160 H
¢ 3.2479483802  -2.1665782577  -1.3371396716 C
H 3.0472495698  -2.7007774271  -2.2611311849 H
C 47469170971 -1.6191469107 04964795107 C
H 57126280412 -1.7312217870  0.9784353377 H
C 4.4883472916  -2.2955281493  -0.6999148402 C
H 52537626608  -2.9283290331  -1.1366707148 H
C 17736002596 1.3396694610  4.1745659910 C
H 2.6386250339  1.0939485705  4.7864742520 H
H 1.7011171013  2.4145899975  4.0055160013 H
H 0.8541188679  0.9638968994 = 4.6246087527 H

Product
-0.3600763316
-0.7996932164

0.2861649340
0.1227345674
-0.4283183924
0.2697373520
-1.1995274219
-1.0560637102
-1.9150697225
-0.3258318731
-1.4976914988
-1.5772474675
-2.8205885467
-2.8908537870
-3.7652947523
-5.1486046914
-5.7564246299
-5.3304595790
-5.3035936937
0.6711884091
1.9403132809
1.7495299144
0.3167943366
-0.8717425584
1.3458397774
3.2029366988
3.3486603405
2.8353131894
2.6973327921
4.2862632126
5.2811907400
41128208107
4.9710978835
1.0291993520
1.9964358004
0.4780788132
0.4402856677

-0.2274413681
0.0798714524
-1.6387095276
-2.1571310247
-2.4002492633
-3.0063077977
-3.0637946469
-1.3087329171
-1.6127595406
-0.8120179380
-0.2670706046
0.7044258090
-0.6107542590
-1.2098942042
-0.1561847113
-0.3847177030
0.0721649967
-1.4573559602
0.0995563479
0.6972678876
0.0317647047
-1.3313524031
2.0009657010
2.3249278161
2.8183096568
0.5627427985
16180244271
-2.2011036217
-3.2592081717
-0.3249825711
0.0641682786
-1.6893052271
-2.3527655442
4.1983098915
4.6869280243
4.2305592553
4.6501159577

0.6963478914
16452754705
0.6679451471
16153614508
-0.4903261721
-1.0714116477
-0.0902491113
-1.3584025980
-1.9572600185
-2.0006032835
-0.3331894049
-0.7023841543
0.2928807031
13283959726
-0.4956373789
-0.0617847897
-0.8385553017
0.0098935491
0.9025121009
0.2446816317
0.1827346899
0.4324989289
-0.0261305274
-0.1263383512
-0.1862794855
-0.0702160826
-0.2512049149
0.4349025544
0.6386043968
-0.0704174073
-0.2613627147
0.1792295619
0.1825577168
-0.5287409062
-0.6249459614
-1.4694139982
0.2699334440
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The trans addition of indolinium in acetonitrile:

T ITmOoI@m D IToo o@D oorrazZzmnoEDn o0 mOnnzZzZ0

Cyclization
Reactant

-0.6707930692
-0.8883515638
-2.0961936958
-0.0955723207
-1.9896460986
-0.8125761512
0.8420639983
-0.4916703540
0.2336830412
-0.3591096949
0.4287541689
1.5512633901
1.3693950981
19832103833
2.5258743449
3.3037092638
2.8841970188
0.5789992000
3.1378954061
-3.1945342807
-3.2625848301
-3.0182510559
-2.9596411176
-4.1365499831
-4.9512951542
-4.2192231794
-5.0948830893
4.2732463417
5.1433816503
5.8383144058
4.5683183855
5.6832427720
-1.4436059239
-1.1925749693
-2.0883911250
-0.3129411953
-1.0482450172

cl’Zh

N

!

R

H

—_—
NHR

R = COOMe

of Indolinium  with alkylcarbamate in a trans manne in acetonitrile

-1.3654905447
0.9067414202
0.3082937892

-0.0058393213

-1.0704751917

-1.7613620753
0.2804728264
2.3200520139

-2.3761686152

-3.2885066184

-1.9878161000

27474790661

-3.0745145560

-3.5930198065

-1.6588269967

-1.3495345799

-1.3827691515
2.6347780091

-1.7898419193
0.8955159187
1.9600179809

-1.9156086960

-2.9860623250

-1.3505225441

-1.9919196401
0.0311877047
0.4464244486

-0.4710209951

-0.0341937192
0.6619899208
0.4680225848

-0.8832011555
3.0758043759
4.5164770858
4.9504413900
4.7276312799
4.8528908683

-0.8564058873
-0.4887544467
0.0403802660
-0.9934027204
-0.1845430562
-1.8754989614
-1.4493639633
-0.5468183277
-0.0781095403
0.0362059601
0.9246974030
-0.7664820335
-1.7930975545
-0.2206813005
-0.8252314504
0.2520106412
-1.7298789188
-0.9979891840
1.3850751230
0.6608994866
0.8299140283
0.2176059486
0.0505413904
0.8414029817
11610246553
1.0595948556
15472343826
-0.0917760427
09734578548
0.5063329389
1.7540968866
1.3976956060
-0.0640245881
-0.0656608223
0.3703593718
0.5421279890
-1.0922499716

DT Tm Qo ImIEm T Qo@D aoamaIDn oo QZoDiImOmImaoOammannza

Transition State
-0.6319421416
-0.5707248871
-1.9631791060

0.1559130234
-2.0522215824
-0.4934648444

0.7760926306
-0.0342413964

0.0808084146
-0.3225724469

0.0318779952

1.5598463663

1.7990755635

2.2708940706

1.7802949387

2.9509514598

1.6708662154

1.1257282493

3.3952675011
-3.0775923173
-3.0046667952
-3.2835687576
-3.3601311347
-4.4291499782
-5.4055766174
-4.3218770164
-5.2149918124

34001617479

4.5221125188

4.7432210723

4.2295183902

5.3736280489
-0.9269983679
-0.4703910388
-1.3341475079
-0.1630854081

0.3579109500

-1.7375629114
0.5807555446
0.1796494598

-0.5180835727

-1.2139462395

-1.8391424673

-0.4211947923
1.8626214180

-2.9334411766

-3.8804515818

-2.9282410966

-2.7590362784

-3.4737804052

-2.8787937769

-1.3764892782

-0.6736694711

-1.3315645199
1.9863017773

-0.7490601999
0.9618187600
2.0282035643

-1.8482361514

-2.9229882935

-1.0663312667

-1.5396058925
0.3101233664
0.8984132271
0.0772867211
0.9502353131
1.4566382729
1.6646111709
0.3548105020
2.8201477699
41789181192
4.8051554321
4.2735637645
44169921885

0.0063748708
0.0285607294
-0.1508913572
0.3769177717
0.0417493000
-1.0826750195
12615081342
0.3197479190
0.6092774583
0.2491043284
17003920073
0.1126092213
-0.6748102843
0.9277036808
-0.4656662178
-0.0518528330
-1.4781916982
0.6581904637
1.0737415443
-0.4154275168
-0.5750556119
-0.0132305628
0.1146623163
-0.2336466586
-0.2502545265
-0.4430662523
-0.6273650888
-1.0485469955
-0.7456455737
-1.6823622696
0.0248937084
-0.4141910392
0.1512419723
0.4048380266
0.1945488454
1.4466632607
-0.2632850531

T ITmOoI@m @D IToo o@D aao@naoaoorrazZzmnoEDn oD maOnnz0

Product
-0.6622071808
-0.5644454112
-1.9484283978

0.1887569325
-2.0350102168
-0.5976160742

0.3306471751

0.0190580212

0.1421783253
-0.1126387046

0.0565470360

1.5813192476

1.9040528893

2.3275890156

1.5405636148

2.7096681708

1.5849005793

1.2269272052

2.7989147240
-3.0814750776
-3.0218784208
-3.2612906661
-3.3289294113
-4.4089463517
-5.3748720606
-4.3135462245
-5.2086027013

3.5360398601

47568026707

5.3081697734

4.4854553086

5.3132759654
-0.8483032607
-0.2979144596
-1.1540369023

0.1740464012

0.4258406060

-1.8002893713
0.5256835038
0.1263770792

-0.6674070261

-1.2853943817

-1.7522101155

-0.7394698039
17677687682

-3.0187347917

-3.9305810573

-3.2059483018

-2.5663766754

-2.9133320597

-2.8145509432

-0.9825263417

-0.3578726009

-0.7058999614
1.8917293027

-0.4038219710
0.9198326580
1.9991383062

-1.9147304667

-2.9979952870

-1.1254488063

-1.6008124905
0.2681919074
0.8698882713
0.0976296165
0.7337750968
1.0027051687
1.6170770715
0.0218097799
2.7694535273
4.1099565404
4.7699406774
4.2667868805
4.2602092971

-0.3973553995
-0.2005749253
-0.0549475324
0.1457042424
-0.0520096147
-1.4971077563
12301099434
-0.0628949507
0.0393786044
-0.5022856552
11123273766
-0.3341236219
-1.3140420594
0.4172861863
-0.4380921079
0.2746342603
-1.4254713642
0.1156293927
14696442657
0.0931477167
0.0884459225
0.1065159636
0.0972029551
0.2757219713
0.4126074665
0.2598476612
0.3840399177
-0.6302796311
-0.1370754701
-1.0339984322
0.4409880460
0.4721840896
-0.1939380791
-0.1196834613
-0.2437422060
0.8510792972
-0.9220220119
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The trans addition of indolinium in gas phase:

ToD Do IO aOa@DOoOErao@DnOooOIaZIDEOD @D OOO@DnDT OO0 ZA0

Cyclization
Reactant

-0.6723880374
-0.7257317297
-1.8320287961
-0.0311445730
-1.8278637604
-1.0477012698
0.7581195487
-0.3135243637
0.2308424584
-0.3356649779
0.3772832101
1.6049897164
1.6017551704
18128878293
2.7198627947
2.7524834199
3.5551862182
0.5534507082
1.8240604338
-2.7734339669
-2.7650763808
-2.7958629177
-2.8150077090
-3.7555946581
-4.5204356695
-3.7414944455
-4.4940624928
3.9024550871
4.0534875078
5.0459971443
3.9839417784
3.2891498769
-1.0121692198
-0.6942920872
-1.3636712866
0.3500509410
-0.8799355019

cl’Zh

N

!

R

H

—_—
NHR

R = COOMe

of Indolinium  with alkylcarbamat in a trans manne in gas

-1.4768162753
0.8129586703
02631721340

-0.1439494958

-1.1199561693

-1.7552142536
0.1197071993
2.1990143488

-2.6347272264

-3.5588094309

-2.5185783678

-2.7635301898

-2.2629473225

-3.8165455444

-2.2846487512

-1.0749660227

-2.8495721927
2.4779746291

-0.2516972577
0.8976933570
19656779637

-1.9171594722

-2.9910830872

-1.3026234955

-1.9072074169
0.0812892298
0.5374189799

-0.8724536260
0.3855818773
0.3392473618
1.2177243756
0.4803947385
3.0007195984
4.4237385243
4.9104873055
4.5820618492
4.7601914553

-1.0418901732
-0.6709687750
0.0882409502
-1.2484831895
-0.1324230352
-2.0441190942
-1.9359854443
-0.8649189616
-0.5384223877
-0.6843996443
0.5374308364
-1.2347053162
-2.2126338148
-1.4326545057
-0.4190738389
0.1833202159
-0.3499747751
-1.6497563538
0.1576283616
0.8900554530
1.0520687504
0.4679484187
0.3112253975
1.2815603286
17577053340
1.4864842902
2.1210897794
0.8334343488
1.5328175706
19769773341
0.8299895823
2.3062241356
-0.0892338575
-0.1972814341
0.5080955111
0.0730759691
-1.2177589661

TDoD Do IO aO@DOoOrao@DnOOooOIQaZIDEOD@oDOOO@DnD T 00 zZA0

Transition State
-0.6382700000
-0.5752040000
-1.9769180000

0.1602340000
-2.0594010000
-0.5275250000

0.7915020000
-0.0208970000

0.1019400000
-0.3185140000

0.1133160000

1.5482680000

17033060000

2.3101270000

17773820000

2.9362600000

17186690000

11559770000

3.2932630000
-3.0977270000
-3.0287490000
-3.2922820000
-3.3705580000
-4.4432390000
-5.4199770000
-4.3420310000
-5.2410610000

3.4445460000

4.5294830000

4.8421270000

41476710000

5.3421440000
-0.9213250000
-0.4422230000
-1.3168880000
-0.0591560000

0.3393660000

-1.7425360000
0.5767700000
0.1702210000

-0.5143320000

-1.2185710000

-1.8634800000

-0.4024120000
1.8629690000

-2.9208460000

-3.8840030000

-2.8755820000

-2.7700040000

-3.4565700000

-2.9554740000

-1.3682390000

-0.6737430000

-1.2922110000
19761780000

-0.7850090000
0.9479510000
2.0107930000

-1.8522320000

-2.9234720000

-1.0733980000

-1.5448570000
0.2969910000
0.8807930000
0.0854560000
0.9764330000
1.4604790000
1.7019920000
0.3938880000
2.8227540000
4.1788040000
4.8105080000
4.2531300000
4.4254880000

-0.0174060000
-0.0463790000
-0.1665490000
0.3096680000
0.0604960000
-1.1093530000
1.1868870000
0.2173130000
0.5897870000
0.2949640000
16819630000
0.0017110000
-0.8324340000
0.7577370000
-0.5280790000
-0.0286230000
-1.5428340000
0.4837810000
1.1188240000
-0.4113180000
-0.5954190000
0.0598620000
0.2162110000
-0.1394550000
-0.1120380000
-0.3832080000
-0.5511050000
-0.9860000000
-0.5897630000
-1.5121910000
0.1294660000
-0.1546590000
0.1089970000
0.3536790000
0.2160730000 H
1.3718850000 H
-0.3659300000 H

NoFEX@Dz@mooO@DOQOFXrOQOIDOQOTNMOoOODNOZIZZDOQOTIZOOQOD D OO0OZA0

Product
-0.6738285943
-0.5686378996
-1.9560419298

0.1750282468
-2.0451087293
-0.6113530842

0.3153506432

0.0385650276

0.1400274979
-0.1132955517

0.0611832629

1.5771015242

1.8938238919

2.3313398690

1.5344947311

2.6992734041

1.5867335951

12557950314

2.7608700055
-3.0824017059
-3.0186561239
-3.2714954966
-3.3477723536
-4.4121103227
-5.3777015625
-4.3126468402
-5.2050384488

3.5401951246

4.7170656872

5.3083504349

4.3804074181

5.2582825397
-0.8138578361
-0.2337291087
-1.0840146809

0.3011987141

04432156192

-1.8126199724
0.5122079393
0.1164335140

-0.6757433784

-1.2949223444

-1.7677730851

-0.7410588110
1.7496006123

-3.0265764808

-3.9475696211

-3.2081339623

-2.5667762365

-2.9163964432

-2.8217241972

-0.9911330404

-0.3599200381

-0.6900431337
1.8416242025

-0.4183578065
0.9145770273
19935927425

-1.9207257436

-3.0037016638

-1.1262536196

-1.5968268778
0.2664980135
0.8697991388
0.0843483465
0.7952539180
1.0161673088
17071035062
0.1506719098
2.7641769318
40964117481
4.7724384978
4.2266163434
4.2432857553

-0.4101499724
-0.2387731455
-0.0647859697
0.1256202563
-0.0528131546
-1.5133907607
12122891415
-0.1087060924
0.0285760497
-0.5000722292
1.1038977448
-0.3545425368
-1.3373112715
0.3886329846
-0.4468558757
0.2928626313
-1.4259756816
0.0109677644
1.4844898808
0.0931146370
0.0803123857
0.1221076663
0.1200448799
0.3019978068
0.4536908076
0.2783853289
04107363678
-0.6062307976
-0.0968471334
-0.9818776836
0.3966389152
0.5960095697
-0.1819285212
-0.1223628212
-0.1848530067
0.8191141690
-0.9651613335
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The cis addition of pyrrolinium in acetonitrile:

TD DD Zao@Dnoo@DonaoDnmom T aoooconaonzzmnmaoocooazzzaoomaomn

Cyclization of Pyrrolinium

Reactant
-0.4699000484
-0.4993451371

0.6909672924
0.7827679036
20118735201
2.0588359905
0.8225524735
0.5074865256
0.4526631611
0.8736717122
-0.4757882181
-1.0298606192
-1.7496326252
-0.2419667516
-1.5259098663
-1.5679808094
-1.3678041455
0.1648934184
-2.8489029908
-2.9477277021
-3.7909013353
-5.1550873058
-5.7659095058
-5.2221657371
-5.4264620384
3.2123070939
3.1858430308
3.2836087885
3.2997975656
4.4724141146
54214801121
4.4362253803
5.3580231637
0.5216273769
0.5065250721
-1.8138815563
-1.8761957041

-0.8488062480
-0.0505293399
-1.7194018165
-2.3908640837
-1.0012046147
0.2970841077
0.9347964962
0.8002548995
2.1536068534
2.5977543163
2.7409614486
3.9821881801
4.2919045794
4.7294915697
3.8176534371
-1.2580149444
-2.4490840847
-2.5253054418
-0.6450754585
0.3094470351
-1.2944521260
-0.8103893497
-1.4720213896
0.2203073777
-0.8811964186
-1.6410058119
-2.6445126768
0.9440265367
19479529278
0.2979128443
0.8039601415
-0.9974213329
-1.5038473837
-3.5552667565
-2.0553911471
-3.3112936792
-2.2802016470

@ N
R

with arylcarbamate in a cis manner in acetonitrile

0.7381936411
14715383281
0.4074693645
12771323501
0.2341966085
-0.2976376564
-0.6648963914
-1.6216238713
-0.1168913998
0.9388943262
-0.8912045943
-0.3961203714
-1.1515688586
-0.2876374995
0.5621283270
0.1742029756
-0.7128572969
-0.8204958164
0.4622649955
1.1938195022
-0.1846710066
-0.0031677777
-0.6118585520
-0.3519935690
10503078375
0.5687495999
0.9831992369
-0.4854646476
-0.8968598783
-0.1441978710
-0.2893039156
0.3808038025
0.6487228432
-0.8096406233
-1.7455137550
-0.2124913752
-1.6608700113

TTDT DD DO o@DnaoaDnoD @m0 zmmm oo mZOnmamn

Transition State
-0.3040611896
-0.4023799986
0.7538654861
0.7585891754
2.0779709435

19694952570
0.5817552332
0.2522573711
0.2359971787
0.6183922195
-0.5576452676
-1.0995773051
-1.6959921579
-0.2821470693
-1.7185281811
-1.4498509167
-1.2955490645
0.2260138205
-2.6656614213
-2.7384727696
-3.6725174341
-4.9929075681
-5.6622782378
-5.0137067809
-5.2494675555
3.3468792642
3.4534084333
3.0782425642
2.9702042501
4.3438958053
5.2273323804
44756615544
5.4647807631
0.4782733292
0.6716485795
-1.8462735533
-1.7070671377

-0.6790077258
-0.0624752789
-1.7586643863
-2.3039610533
-1.0896988328
0.2048739330
0.6436173231
0.5590948205
19581847096
2.3469178210
2.5672261603
3.8547665756
4.1891261223
4.5473032705
3.7169974893
-1.1256304075
-2.4360078892
-2.6638298466
-0.4586314646
0.6114255067
-1.1510146368
-0.5611206871
-1.2625389342
0.4103718949
-0.4555379394
-1.6408362319
-2.6441718274
0.9742008426
19785148721
0.4118066017
0.9896529010
-0.8843270505
-1.3058811164
-3.7121941863
-2.3552253835
-3.1911352288
-2.3776457367

0.6383474463
15262386706
0.5434923442
1.4944084848
0.2906845437
-0.2170762701
-0.3821385921
-1.3481876054
0.1331523984
12102936541
-0.7284116406
-0.3155046495
-1.1607514745
-0.1135792973
0.5717114228
0.0644169629
-0.6310172063
-0.6092470275
0.2706931552
0.8482352087
-0.2507835069
-0.1212566687
-0.6143266732
-0.6168639800
0.9336138134
0.4762276093
0.8762439213
-0.5554282945
-0.9511250542
-0.3657269358
-0.6160181831
0.1470392781
0.2945202350
-0.4459762568
-1.5586457038
-0.0651463602
-1.6388597684

TTDT DD DO Q@Do@DnaoDnoD om0z mm oo mZnmamn

Product
-0.2938692776
-0.4721595117

0.7583949938
0.7988913526
2.0450121703
18261335586
0.3730070097
-0.0051783013
0.0632129722
0.2334676838
-0.3513748822
-0.7076602710
-1.0120470772
0.1659936211
-1.5289329959
-1.4533696528
-1.2991396306
0.2236509855
-2.6391280652
-2.6954280844
-3.6762934353
-4.9674264330
-5.6645982863
-4.9459298030
-5.2323567168
3.3556569008
3.5631047239
2.8307826603
2.6244586372
41387712644
49582975878
4.3956490604
5.4182983455
0.5103808535
0.6239897296
-1.7903927420
-1.7587229452

-0.6608308188
-0.1803875725
-1.7811925451
-2.2328701841
-1.0915035426
0.1850335040
0.5121958748
0.4709786526
1.8734763144
2.1195601382
2.6339050170
40104717338
4.4596394537
45126516216
3.9955671914
-1.1901540581
-2.6086451982
-2.8007334392
-0.4993350852
0.6574916302
-1.2300019858
-0.5725765185
-1.3165538955
0.3036242225
-0.2807122341
-1.5668350989
-2.5566427209
10212276834
2.0088519596
0.5302218348
1.1506183005
-0.7474705365
-1.1071628865
-3.8237073728
-2.5671291868
-3.2557658578
-2.7701733946

0.6419572706
1.6028769726
0.6452514579
1.6401622637
0.2812762793
-0.2253049903
-0.2275350972
-1.1832471736
0.3301672606
14919169105
-0.6517438026
-0.3056916419
-1.2471416907
0.1094582079
0.4106258849
0.0285253373
-0.3825594984
-0.3996447064
0.1237984397
0.5298986862
-0.2953197009
-0.2864393835
-0.6667874057
-0.9364980286
0.7309159893
0.3428539675
0.7362323818
-0.6919527613
-1.0902205935
-0.6227012940
-0.9690561854
-0.1088120615
-0.0595020601
-0.1516128170
-1.3903694395
0.3508765976
-1.3581945750
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The cis addition of pyrrolinium in gas phase:

TD DD Zao@Dnoo@DonaoDnmom T aoooconaonzzmnmaoocooazzzaoomaomn

Cyclization
Reactant

-0.4820349478
-0.5158937377
0.6864698683
0.7764879596
20050432774
2.0396688628
0.7960933789
0.6590731489
0.3538407787
0.5292480757
-0.3365697699
-0.9652462974
-1.4467474297
-0.2085377027
-1.6984085736
-1.5720026573
-1.3516871934
0.1832720529
-2.8547896997
-2.9454358526
-3.7991328532
-5.1625085199
-5.7785726334
-5.2188255732
-5.4341703833
3.2107899328
3.1957619321
3.2621323023
3.2731838947
4.4576591900
54045041072
44312414784
5.3583741958
0.5614036595
0.5250486410
-1.7881540207
-1.8624378916

of Pyrrolinium

-0.7587219406
0.1267586589
-1.6577103243
-2.2155785673
-0.9565699322
0.2961466154
0.9366332690
1.0623468776
2.0466862943
2.1643699323
28791154830
4.0066929929
4.5699952083
4.6104722839
3.6463912821
-1.2463971777
-2.5473401315
-2.6101899126
-0.5813507712
0.4999013035
-1.3473119895
-0.8231881994
-1.5906107815
0.1167136748
-0.6713015239
-1.5753917597
-2.5396807317
0.9115545981
1.8864822855
0.2801750120
0.7630082642
-0.9638863117
-1.4544195900
-3.6267062068
-2.2327162761
-3.3412352403
-2.5291796680

@ N
R

with arylcarbamate in a cis manner in gas

0.6720503507
1.3026472543
0.4734815351
14218153095
0.2244006278
-0.4049068821
-0.7707196194
-1.7706978629
-0.0282706830
1.1677778103
-0.8152914119
-0.1494886284
-0.9464224533
0.3531351616
0.5742610853
0.1445140770
-0.5641553164
-0.6555741014
0.2979692271
0.8170492672
-0.2111487271
-0.1362010050
-0.5984482166
-0.6863004182
0.9088725799
0.5772289290
1.0779582985
-0.6877171220
-1.1659025735
-0.3444747790
-0.5628061664
0.2911168609
0.5690136100
-0.5387222682
-1.6230350024
0.0484308295
-1.5267825763

TTDT DD DO o@DnaoaDnoD @m0 zmmm oo mZOnmamn

Transition State
-0.3210277390
-0.4047849733
0.7529982253
0.7696065145
2.0786643823

19847521484
0.6135163051
0.2942121551
0.2551315906
0.6042267175
-0.5186074049
-1.1099985713
-1.6388619663
-0.3222478663
-1.7963922726
-1.4594149778
-1.3051756360
0.2208671054
-2.6824821409
-2.7285192606
-3.6908587703
-5.0162137287
-5.6909306874
-5.0509997878
-5.2436249343
3.3404222374
3.4366980378
3.1095120579
3.0169028483
4.3675779971
5.2596320171
4.4810170513
5.4638127517
0.4969331410
0.6474860193
-1.8364181233
-1.7469854625

-0.6923257382
-0.0204029162
-1.7501228668
-2.2968049963
-1.0783234758
0.2131621347
0.6769782293
0.6097833192
19738253084
2.3210672875
2.6090312971
3.8592178248
4.2554587804
4.5384296276
3.6430031953
-1.1424565261
-2.4599019064
-2.6621343226
-0.4489011998
0.6459626525
-1.1678277736
-0.5760418180
-1.3080432255
0.3678487025
-0.4118394569
-1.6362381911
-2.6350805346
0.9687966170
19763787652
0.3999236029
09711311154
-0.8928471059
-1.3203335719
-3.7080096313
-2.3381472288
-3.2155799006
-2.4242180732

0.6303288732
14794124007
0.5264446380
14790080481
0.2738309752
-0.2484228148
-0.4405714685
-1.4096338220
0.1081048888
12057502194
-0.7606705100
-0.2952823464
-1.1591226858
0.0317996887
0.5244307464
0.0682553784
-0.6141476035
-0.6208507251
02519757822
0.7688207915
-0.2215036891
-0.0931708920
-0.5312965813
-0.6387616953
0.9607971979
0.4857898695
0.9008830864
-0.5666541188
-0.9595078185
-0.3527414252
-0.5870024932
0.1698382393
0.3395899147
-0.4769752982
-1.5750833400
-0.0290136773
-1.6109467330

TTDT DD DO Q@Do@DnaoDnoD om0z mm oo mZnmamn

Product
-0.3096778468
-0.5281229353

0.7715712467
0.8574909420
2.0316046692
17724478367
0.3214893699
-0.1139685034
0.0403586153
0.1376404721
-0.2455346949
-0.6240924685
-0.7699367096
0.1795938347
-1.5480044986
-1.4391318710
-1.2901487773
0.2342118344
-2.6122980343
-2.6223966553
-3.6564347591
-4.9289126277
-5.6399560016
-4.8621725330
-5.2005384661
3.3495358569
3.5927861600
2.7430677496
2.5041103577
40575046166
4.8516297465
4.3550294264
5.3827804754
0.5413017091
0.6148861075
-1.7588637774
-1.7757038670

-0.6702926642
-0.1969083363
-1.7689480167
-2.1601967252
-1.0718637417
0.1885346260
0.5129364259
0.5137741664
1.8673882057
2.0370336033
2.6973361646
4.0563009384
4.5875878675
44972276799
4.0046503835
-1.2357077282
-2.6890262693
-2.8652517412
-0.5038887455
0.6946404998
-1.2458989031
-0.5533631210
-1.3227619260
0.2268363412
-0.1173588723
-1.5315909484
-2.5070095960
10205546246
1.9967120050
0.5434385809
1.1603645169
-0.7160362536
-1.0641349908
-3.8677772060
-2.6903881426
-3.2579515649
-2.9638301366

0.6734897315
1.6315243609
0.7113796633
17299440687
02671911569
-0.2607368475
-0.1754078861
-1.1060657782
0.4455492002
16235574482
-0.5299323263
-0.1298867599
-1.0670983124
0.4602181288
0.4465530284
0.0218396217
-0.2240493263
-0.2544142535
-0.0099608507
0.2435822984
-0.3714615099
-0.4840150412
-0.7778201259
-1.2439530461
0.4782438283
0.2719503432
0.6816515722
-0.8026568292
-1.2119319235
-0.7925589702
-1.1992375979
-0.2569476353
-0.2513696700
0.0493760931
-1.2657934175
0.5869610801
-1.1612545164
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The trans addition of pyrrolinium in acetonitrile:

T T ITm @D @D DT ITZ OO @ D@D oo@E@m@moooomazaonmEanonzZzZa

Cyclization
Reactant

0.2531110065
-1.8359904754
-1.6542798516
-0.8344136061
-0.1512725254
0.1379903743
-0.8456274212
-3.0291128064
1.6471940403
24626487074
1.9975568926
0.9923320891
2.6423221763
-3.1006732899
0.2279239793
0.9418498465
-0.1054644045
0.0184454199
-1.0849227147
0.0138828534
-3.9202630893
-5.1888439667
-5.7709130778
-5.0039314691
-5.6720372489
3.7749277054
2.1571291567
3.4598080956
42776743766
04017579780
0.0491990285
-2.2971760159
-1.9626099150
43915682824
52962331102
3.8334385459
1.5383592127

of Pyrrolinium

-0.6558317687
-1.2518733556
-2.1498118284
-0.4518684044
-1.9982874865
0.1634626470
0.2839761687
-1.1988606032
-0.5551782874
0.5667025998
16691652355
2.5063603321
2.0623058265
-0.4721662144
2.2806085753
3.5997379892
4.5509841847
5.3457675996
4.0810829408
4.9423457906
-2.0355013053
-2.1146352676
-2.8497978045
-2.4417382313
-1.1375768644
0.6035068720
-1.5914090593
-1.5479840532
-0.4537364222
-2.8312992207
-1.9811496307
-1.7731470861
-3.1595872046
14723670188
-0.4129119524
-2.3670365017
-2.4551222280

@ N
R

with arylcarbamate in a trans mannesin acetonitrile

0.6860161936
-0.1180586366
1.0686663882
-0.3067740968
1.3645358528
14106383543
-1.1026026046
-0.9505885285
0.0852933329
0.3307611508
11062857541
0.6936669784
1.7818564396
-1.9095471549
-0.2386223298
14771038646
11805361763
19140257644
12871351479
0.1686488420
-0.4712717790
-1.1888379800
-0.6394083474
-2.2121514994
-1.1751732029
-0.1580429724
-0.7115730010
-1.2083389383
-0.9151476485
0.9277918882
2.4357784662
1.8673156424
0.8033093483
0.0507859661
-1.2877624070
-1.8142821346
-0.9351512894

T T m D@D DT ITZ o@D @oDoo@E@m@mnoooomazaoonmEaaonzZzZa

Transition State
0.6893336250
-1.5172706641
-1.4877159360
-0.2624579536
-0.0734481900
0.6097791654
-0.1219663468
-2.6385956141
2.0516859392
2.0586365941
0.7456542616
0.3217363095
0.5948604667
-2.5443369548
0.5766084642
-0.3952861359
-1.0131034954
-1.5365502306
-1.7088275720
-0.2409339505
-3.7535629172
-4.9889149698
-5.7716915898
-4.9664470105
-5.1212401051
3.1983745380
3.2237152769
4.3827391690
4.3713358737
-0.0733620777
0.2889774172
-1.6181700192
-2.3037362067
3.1880469586
5.2772112532
5.3009482912
3.2380343363

-1.6823931118
-1.0823543335
-2.5200377797
-0.6735073243
-2.9876197725
-1.5510875332
-0.2477182648
-0.3925211907
-1.1737152232
0.2285850197
0.7773171143
2.0343687646
0.7792771576
0.7064015023
2.3416694388
2.6978082930
3.9334247693
4.3234134239
3.7079817956
4.6261887704
-1.0817096748
-0.4550280045
-1.1576053530
-0.3046258168
04976871572
0.9874353553
-1.8360638232
-1.0842067792
0.3086405866
-3.2782208317
-3.8204221095
-2.5706504749
-3.0511377146
2.0678732113
0.8762742688
-1.5913320735
-2.9174014392

NR
N H
/N
HR
Product
0.4641032017 C = 0.6976139204
0.1958088955 N -1.5075173199
0.6545896982 C = -1.5094057624
-0.1327336045 C = -0.1966063028
0.2086473197 C = -0.0624276458
1.5559205383 H  0.5822923165
-1.1234899189 H  -0.0872158419
-0.2855448413 C  -2.5941030295
0.0943210908 C = 2.0582793877
0.2114183202 C = 1.9423630366
0.6074106034 N 0.4945522956
0.0302311412 C = 0.0957823844
1.6208124563 H  0.2916463674
-0.8026397937 O -2.4886299850
-1.1094950551 O 0.2427804530
0.9201288346 O -0.3362869251
0.4601364830 C = -0.8209892482
1.3296340686 H  -1.0966897009
-0.3487723761 H = -1.6848564941
0.1245207783 H  -0.0208501928
-0.0754470898 O -3.7452087734
-0.5116283080 C = -4.9553446929
-0.2345855023 H  -5.7666348967
-1.5916578165 H  -4.9610372920
0.0028914251 H  -5.0301871425
-0.0136414269 C  3.0076061189
-0.2525885374 C  3.3187009021
04889646522 C  4.4193870176
-0.3692706317 C = 4.2698376567
-0.8460642468 H  0.0220969878
0.8133027181 H  0.2391531743
1.7383986992 H = -1.7445603101
0.1678310915 H  -2.2677564598
0.0757961344 H  2.8886782579
-0.5543386151 H  5.1363146178
-0.7675784796 H  5.4066469224
-0.3401316023 H  3.4462001988

-1.8082478108
-1.1188207535
-2.6260085303
-0.6986019166
-3.0405425806
-1.8053477001
-0.5358992541
-0.3478000939
-1.2294608598
0.1640258281
0.5522694110
18541185436
0.6240386084
0.8272502231
2.0214659683
2.6554616685
3.9651660302
44746462519
3.8212939746
44911136333
-1.0144010128
-0.2665236740
-0.9703548759
0.0761282970
0.5846763138
1.0416120494
-1.7783151144
-0.9158053121
0.4699454129
-3.1751289273
-3.9637523157
-2.9376692656
-3.0217407679
2.1159426167
1.1173308984
-1.3320219553
-2.8526590085

0.3853930231
0.2335697641
0.3055642955
-0.1461559979
-0.1004262196
1.4820437715
-1.2238615445
-0.0944300844
0.1132485746
0.2174947697
0.4466263086
-0.2071598980
1.4540485000
-0.4360047449
-1.3841851682
07311257487
0.2967884750
12161582812
-0.3519847464
-0.2236117595
0.0435347240
-0.2280384645
-0.0524212123
-1.2639680891
0.4506772591
0.1346365796
-0.0957415407
-0.2000576172
-0.0812741801
-1.1828435996
0.3961592332
1.3261211340
-0.3698450361
0.2214226057
-0.1615437669
-0.3724157639
-0.1741536139
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The trans addition of pyrrolinium in gas phase:

T T ITm @D @D DT ITZ OO @ D@D oo@E@m@moooomazaonmEanonzZzZa

Cyclization
Reactant

0.2500657288
-1.8309809169
-1.6588176177
-0.8340218459
-0.1587923023
0.1533888225
-0.8393791366
-3.0114673625
1.6343196225
2.4469600371
20064425837
0.9492706260
27127170235
-3.0640938847
0.0693049829
1.0081202758
-0.0558765617
0.1882221879
-1.0172074900
-0.0768534327
-3.9023631366
-5.1541715205
-5.7430758315
-4.9380335420
-5.6454761483
3.7453919740
2.1278129322
3.4151763473
42330777831
0.4070357369
0.0293049905
-2.3169436396
-1.9636926792
43655715367
5.2404930805
3.7774523669
1.5089394100

of Pyrrolinium

-0.6596700739
-1.2565070636
-2.1679667899
-0.4389046394
-2.0114285291
0.1536358243
0.3129142082
-1.2030094903
-0.5574868062
0.5731872684
1.6808213537
2.4952958995
2.1403889569
-0.4618658592
2.1907168432
3.6477462452
4.5981158731
5.4592556155
4.1718250657
4.8722006725
-2.0636719592
-2.1408199867
-2.8925300858
-2.4422908857
-1.1675189362
0.6076000271
-1.5955097435
-1.5520586195
-0.4515959762
-2.8383703689
-2.0093024634
-1.8106312933
-3.1766199899
14810958531
-0.4071506046
-2.3724725248
-2.4655540173

@ N
R

with arylcarbamate in a trans mannesin gas

0.7392302377
-0.0970907108
1.0804295610
-0.2553910483
1.3990897651
14719121047
-1.0375869370
-0.9610113882
0.1136778466
0.3294476804
11102607816
0.7554204922
1.6734107158
-1.9034912453
-0.0396300643
14360155077
11887739822
1.8079673246
1.4819660184
0.1327943619
-0.5137611071
-1.2686655363
-0.7489495055
-2.2940522537
-1.2514829449
-0.1959881629
-0.6917756964
-1.2233643537
-0.9581860408
0.9657300322
2.4736147510
1.8773189853
0.8031039616
-0.0170262691
-1.3588818590
-1.8338046465
-0.8932073399

T T m D@D DT ITZ o@D @oDoo@E@m@mnoooomazaoonmEaaonzZzZa

Transition State
0.6890995044
-1.5208266901
-1.4890924139
-0.2703020358
-0.0695095236
0.6052326564
-0.1303468508
-2.6500798491
2.0534856794
2.0702040314
0.7696632720
0.3379752966
0.6297747205
-2.5463416633
0.5882313631
-0.3746097233
-1.0286357267
-1.5142734266
-1.7559708696
-0.2811331146
-3.7554213020
-4.9930958822
-5.7696804967
-4.9399901335
-5.1517775480
3.2113196233
3.2162410279
43766844918
4.3745035360
-0.0632212866
0.2940218587
-1.6266998153
-2.3053135405
3.2066676734
5.2801317331
5.2876012120
3.2255392123

-1.6751677027
-1.0862307831
-2.5248133376
-0.6674746259
-2.9841921571
-1.5498008751
-0.2068504228
-0.3812801743
-1.1697628885
02330331715
0.7953154218
2.0511406703
0.8126897953
0.7377159676
2.3397855498
2.7170714617
3.9301254095
4.3501402236
3.6596705525
46141843861
-1.0982212256
-0.4650374403
-1.1956342319
-0.2495199792
0.4551586830
0.9825945236
-1.8405197938
-1.0970516997
0.2955264585
-3.2725206921
-3.8223860992
-2.5865556334
-3.0549389262
2.0646776236
0.8566122224
-1.6103965207
-2.9222299118

NR
N H
/N
HR
Product
0.4803198175 C  0.7014665607
0.2106387757 N -1.5027563013
0.6602813316 C = -1.5117592175
-0.1099931311 C = -0.1964058974
0.2195317137 C = -0.0487146971
1.5747123276 H  0.5682429093
-1.0859258658 H  -0.0869995155
-0.2654368848 C = -2.5912548553
0.1075394399 C  2.0628586017
0.2255555264 C = 1.9292681349
0.6365778564 N 0.4721356372
0.0437624372 C  0.0751900594
1.6504275520 H = 0.2330827027
-0.7212042057 O -2.4640009336
-1.0959637545 O 0.1644188185
0.9395325002 O -0.2598852774
0.4589729613 C = -0.8042540230
1.3368069025 H = -0.9489866298
-0.3074557881 H = -1.7499074882
0.0560269082 H  -0.0902260088
-0.1168241079 O -3.7410734026
-0.5522241601 C = -4.9517942457
-0.3371300679 H -5.7637022173
-1.6200567667 H = -4.9496983991
0.0116387289 H  -5.0214231911
-0.0244024499 C  2.9872442867
-0.2535202223 C = 3.3345757864
-0.5067475392 C  4.4277690746
-0.3934093833 C = 4.2604726774
-0.8368629480 H  0.0642014654
0.8175157000 H  0.2432780646
1.7439445891 H = -1.7889351106
0.1712138319 H  -2.2479328350
0.0465943421 H  2.8542232009
-0.5979343163 H  5.1218418938
-0.7969451545 H  5.4232405469
-0.3420374873 H  3.4798238253

-1.8310167765
-1.1480182705
-2.6550259527
-0.7186893179
-3.0533423549
-1.8601247085
-0.5532945356
-0.3365581559
-1.2328911876
0.1584789411
0.5353083239
18267632510
0.6365053899
0.8638336837
19236969972
2.6870243340
3.9641250498
4.5512059890
3.7657355729
4.4367667060
-1.0052580126
-0.2229733582
-0.9426283996
0.2513092665
0.5344274212
10478248080
-1.7640082459
-0.8886139402
0.4933004331
-3.1583304186
-3.9930081108
-3.0287702880
-3.0105102548
2.1209623471
11502615055
-1.2915980567
-2.8354856746

0.3637015217
0.2323777719
0.2101739262
-0.1536367977
-0.1700589424
1.4590426702
-1.2327385034
-0.0131367081
0.1255674265
0.2470345836
0.4327687968
-0.2728240361
14290912320
-0.2244666901
-1.4579212967
0.6570932680
0.1858274925
1.0892931641
-0.3189703717
-0.4888587179
0.0549623178
-0.1209933087
-0.0376996669
-1.1033915131
0.6614215544
0.1972503033
-0.0607840784
-0.1278274567
0.0049155629
-1.2538748251
0.3019789731
1.1993160528
-0.5121320412
0.2865372683
-0.0492896225
-0.2832193648
-0.1520399445
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Proton affinity calculations:’
(B-H)" — B + H"; Proton affinity = A Eget+ ZPVE + 5RT/2

For the cis tricyclic product: Proton affinity (Kcal/mol):

H H
e e L
N N +
N H COzMe = N H COzMe +H

\
co,Me CO,Me
PT1

P. A. = 627.5 * ((-953. 325218)-(-953.671746))+ 5/2*1.987*298.15/1000= 218.9

H H
X ] YA
N N,
(;@(H CO,Me CEN , COMe +H"

H co,Me COo,Me

PT3
P. A. = 627.5 * ((-953. 668688)-(-953.325218))+ 5/2*1.987*298.15/1000= 217.0

For the trans tricyclic product: Proton affinity (Kcal/mol):

H H
/ \ r.// N +
N 4y COzMe —~N 3y COMe +H

\
Cco,Me CO,Me

PT2

P. A. =627.5* ((-953. 640847)-(-953.288930))+ 5/2*1.987*298.15/1000= 222.3

H H
LY an
‘ @ g N\ @f ——/N\ +
N ?H CO,Me N ;H CO,Me +H

H \cone \COZMe

PT4

P. A. = 627.5 * ((-953. 638898)-(-953.288930))+ 5/2*1.987*298.15/1000= 221.1

Experimental proton affinity values: ®

Me,N-CO,Me : 210.1 Kcal/mol.
Glutamic acid: 218.4 Kcal/mol

7). S.Rao and G. N.Sastry, “Proton affinity of five-membered heterocyclic amines: Assessment of
computational procedures®, Int. J. Quantum Chem., 2006, 106, 5, 1217-1224.
® For an excellent reference for the experimental proton affinity values, see E. P. L. Hunter and S. G.
Lias, “Evaluated Gas Phase Basicities and Proton Affinities of Molecules: An Update”, J. Phys. Chem.
Ref. Data, 1998, 27, 3, 413-656.
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H

vV
L%

Ny COz2Me

Cco,Me

Cis in gas phase
X
-0.4260478711
-0.8244818227
0.2426534748
0.1872490293
-0.5748712992
0.0552681889
-1.3513078226
-1.2330241312
-2.1499904720
-0.5401322067
-1.5154915115
-2.7873748166
-3.0898464599
-3.6865540119
-5.0436452441
-5.6183976957
-5.4047139474
-5.1152604433
0.6601552539
1.8675110737
1.6714260529
0.4051360654
-0.6613942630
1.4707740415
3.1157355444
3.2731840079
2.7185980262
2.5618082643
4.1599658312
5.1337804336
3.9758510411
4.8022228229
1.2581013625
2.1977277047
0.4396721774
1.0242396223

TIToDITCTOozDaorrao@DnaorraooocoonazommnITE 00 ZDITaomIT O®maaXTa

-0.3813517695
-0.1123276183
-1.7938090579
-2.3259251481
-2.5337666497
-3.1809513486
-3.1523736651
-1.3967990663
-1.6835177172
-0.9771559630
-0.3926700531
-0.0620967131

0.3402653454

-0.2352747984

0.1007040272

-0.0869275969
-0.5243656165

1.1510604928
0.5670836741

-0.1182134292
-1.4978367446

1.9174148682
2.3830407456
2.6712568024
0.3819944685
14413964280

-2.3900930065
-3.4571105185
-0.5287361293
-0.1492992308
-1.9028436481
-2.5892041353

4.0938058346
4.5395710390
4.3925301818
4.3936047164

Sum of electronic and zero-point Energies
Sum of electronic and thermal Energies
Sum of electronic and thermal Enthalpies
Sum of electronic and thermal Free Energies

Z

0.7370383221
17144236059
0.6318395744
1.5864681296
-0.4641366683
-1.0805485317
-0.0009030389
-1.2648044326
-1.77759157072
-2.0038392414
-0.2258827453
0.1891127668
1.2982356713
-0.8181649601
-0.4814190416
-1.3886187763
0.3390487585
-0.1903263209
0.3637441098
0.0818169811
0.2487151612
04441497412
0.8027221469
0.0742617783
-0.3039673715
-0.4415070889
0.0465874674
0.1838000278
-0.5051731038
-0.8013105897
-0.3314573415
-0.4878870684
0.1477550004
-0.1788477513
-0.5108955213
1.1716540581

-953.325218
-953.307290
-953.306346
-953.372357

cis 1n acetonitrile

TID DT Q@D Q@ OO@Dnaa@DaoonnaonZnIm oo ZIn T Q@mITa@mama

X

0.4206966948
0.8361774930
-0.3315778359
-0.3161909848
0.4423730010
-0.2200342882
11882875336
1.1504761040
2.0422352247
0.4753704258
1.5030038841
2.71939276435
3.1400091119
3.6665959530
5.0595360117
5.5939641332
5.3760845318
5.2369612395
-0.6069782785
-1.8530146187
-1.7361372858
-0.3010502209
0.7877100655
-1.3232836229
-3.0659694540
-3.1657018898
-2.8302915410
-2.77344810211
-4.1593585706
-5.1062429759
-4.0542562332
-4.9161890761
-1.0774515191
-2.0033249144
-0.2501114305
-0.8526292897

-0.3249912649

0.0353804232

-1.6948836142
-2.0923392274
-2.6257848016
-3.3232248932
-3.2068023165
-1.6534725352
-2.0626213743
-1.2963943161
-0.5285179168
-0.2208486883

0.3409997818

-0.5995117325
-0.3470521365
-0.7229412590
-0.8794571682

0.72333822%94
0.6361701464

-0.0127659031
-1.3679528757

1.9727694543
2.4298205356
2.7270739740
0.5037857129
15431440934

-2.2206853567
-3.2684937083
-0.3665153596

0.0254395434

-1.7158575288
-2.3704922012

4.1487525419
4.5771327592
4.3599881090
4.5435628736

-0.7610621863
-1.6996439432
-0.8389069017
-1.8573734305

0.1333708047
0.6520431689

-0.4182501665

1.0881632618
1.5570934882
1.8737158858
0.1957688070

-0.1518547562
-1.1857757804

0.8133172809
0.5384983458
1.4100297359

-0.3608923283

0.4157871999

-0.2705816295
-0.0552559048
-0.3977587234
-0.2229245581
-0.5512588921

0.2291678773
0.4138719432
0.6893101226

-0.2916165171
-0.5631711726

0.5170506144
0.8769690397
0.1668269949
0.2506298334
02963032723
0.6767277572
0.9763485181

-0.6962650113

-953.341871
-953.323907
-953.322963
-953.389231

29



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013

H
vV
Suo
N 7y CO2Me

Cco,Me

trans in gas phase
X
-0.7091873496
-0.5253881921
-1.8984959184
0.2062510998
-2.0477247721
-0.6646546783
0.1736068040
0.0402342206
0.0763298317
-0.2629599302
0.0891279299
1.4774897362
1.5824006471
2.3057537668
1.5203122056
2.6051279754
1.2132401554
2.5401463080
-2.9904696369
-2.8821287126
-3.2846563413
-3.3992661237
-4.3862837456
-5.3584202844
-4.2334674885
-5.0915739982
3.7599223053
4,9519326483
5.7721823175
5.0591958436
4.9205727804
-0.8893231785
-0.3897170603
-1.2515187425
0.3932783900
0.0120141877

ToDITCTOoOo@m KT rraooonZornao@mnTDaoaomT O zZzZ0

-1.5328357786

0.71617796317
0.3483391343

-0.5633063355
-1.0493622487
-1.2336765238
-0.7330652472

19304380279

-2.8347472781
-3.6191590219
-3.2376731373
-2.2892938234
-2.2643993125
-2.8712361694
-0.8896386485
-0.4543507046

2.1077542701
0.2998364510
1.1325789194
2.1963075196

-1.6564985460
-2.7234341506
-0.8726790378
-1.3360977219

0.5011675588
1.1005005577

-0.9791517092
-0.5533178870
-1.0531578072

0.5316721869

-0.8490243473

29239714748
42199623207
4.8853274969
4.5429233348
4.1976432201

Sum of electronic and zero-point Energies
Sum of electronic and thermal Energies
Sum of electronic and thermal Enthalpies
Sum of electronic and thermal Free Energies

Z

-0.5190415361
0.0025720006
0.1819907628
0.2155288423

-0.0246415324

-1.5810460872
1.3031421012

-0.3006308627

-0.4265091275

-1.1082923233
0.5927311636

-0.8332593846

-1.9233324191

-0.4277767129

-0.2858123575
0.4521369505

-0.5696961467
1.4049889546
0.5464565680
0.7071588546
0.1303735748

-0.0396164639
0.5079128286
0.6456160305
0.70373972817
0.9940217939

-0.0288610681
0.6548797568
0.1395580633
0.5891558336
17064850206

-0.2902687556

-0.6657137190

-0.6092398490
0.0238911353

-1.6815706190

-953.288930
-953.270910
-953.269966
-953.335680

trans in acetonitrile

T ITm oo @mIET@D QoI Qo@D a@Qa@mn oo ZEE@Dao@mIE Q@D zZzZan

X

-0.4441489286
-0.5817007176
-1.8905880102
0.3246267869
-1.8365743599
-0.4443698368
0.3105869878
-0.2394891015
0.5109128365
0.2856132290
0.5729406145
18270789034
1.9370918127
2.7192407776
1.6752880065
2.6907654421
0.8968519799
25271476131
-3.0736359821
-3.1165739165
-2.9720978064
-2.9352195693
-4.1688494089
-5.0629238149
-4.2131894028
-5.1433326174
3.9017931333
5.0445269773
5.9119459967
5.0545926503
5.0302223747
-1.3238446833
-1.0776079273
-2.0543301724
-0.3979837916
-0.6569730754

-1.6049419736

0.6040378013
0.0216448134

-0.5773729838
-1.3579958824
-1.2239198292
-0.8410725983

1.8737102204

-2.71904574629
-3.5539866886
-3.2661385675
-2.0351751449
-1.9122050590
-2.5283228616
-0.6791085201
-0.1442248160

2.2478249962
0.5664007144
0.6091274552
1.6591786072

-2.1486215322
-3.2022780118
-1.5641670770
-2.1723922889
-0.2042718125

0.2374046120

04872948522

0.0051068825

-0.3834076801

1.0969269132

-0.3645152717

2.6833972833
40391708793
4.5211679207
4.5409079509
4.0531118643

-0.6190354835

0.0897286163
0.2263372049
02023141786

-0.0992333108
-1.6546466243

1.2698995428

-0.2845404219
-0.6122679184
-1.3599686671

0.3723230339

-0.9531584096
-2.0346794154
-0.5687679428
-0.3032945018

0.4545651576

-0.5480122932

1.4388430660
0.6664018079
0.9238664165
0.0059798651

-0.2544926380

0.4521813685
0.5494786982
0.7705599408
1.1157720181

-0.0362960574

0.6943633346
0.1626621601
0.6938127938
1.7217455689

-0.3343947721
-0.7615779068
-0.7510700890
-0.0698472413
-1.7691770790

-953.305808
-953.287784
-953.286839
-953.352565
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Calculations of the Energy changes in the neutralization in the gas phase:

(PT-H)* + OH™ — PT + H,0

@EXN\R +oH” — | Mg *HO
N H Z N H

PT1 R cis R
H H
vV
AN _H
\ \/"’/N\R +OH® —— @N\R +H,0
Z N H N H
pr2 R trans R

H
\/ﬁl\I 5 |
C@X R TOH P R TR0

N H N\ H
7\
pr3H R cis R
H H
vV 5 X
@y=N g TOHT — | >(N\R +H,0
N éH / l\l\ /H
7\
PT4 HR trans R
Protonated tricycl Hydroxide Sum Neutral tricycle water Sum AG, Kcal/mol
PT1 cis -953.719666 -75.811565  -1029.531231 -053.372357 -76.430498  -1029.802855 -170.4
PT2 trans -053.687583 -75.811565  -1029.499148 -953.335680 -76.430498  -1029.766178 -167.6
PT3 cis -953.716313 -75.811565  -1029.527878 -053.372357 -76.430498  -1029.802855 -172.5
PT4 trans -953.685888 -75.811565  -1029.497453 -953.335680 -76.430498  -1029.766178 -168.6
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1H-NMR

ortho=nitrocinnamyl

expavs  szpul

SAMPLE
date  May 30 2012
solvent dci13

1]

homoz
PROCESSING
wtfile

30 Seser e

Tt
not used
f
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2w
a8
J

—2.286

NO,

oISPLAY werr
~ wexp
wp 5996.5 wbs
vs wnt wrt
sc
we 2
hzmm 23.99
s 403,38
el 5345.2
rfp 435307
th
ins 1.000
ai ph
|-
—
] ——
5 pag 103 an
T | 27037 0.98 T [N T )
9 8 7 5 3 ppm
w oo we oo wow ~
ortho-nitrocfynamyl alconol 29 83 &% §3R 2
s Snd &% 8% b 5 NN
expanz szpuly 283 543R b 9
cadel) L
599.581
H
4
ys/dat~ 0
2/2010KaoCL/no_met~ dn
n§|/nmo A{ly\'ll(~ dne wi N02
oho)_c2.7id daf 14300
ACQUISITION
strq 150.801 1.0
tn c1 n
at .0
np DEC2
sw 34965.0
®
bs
tpwr
pw
d1
2 n
not used PROCESSING
b 1.00
- n wtfile
n 3
y not used
n f
1.2
H
1
—— T T T T T T T T T T T
150 140 130 120 110 100 S0 80 70 60 50

ppm

OH

OH
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2a 'H-NMR

2 R 2
new exper iment & mnen ~ \
~ Sses "
expala  s2pul | wJJ (:)I-i
SAMPLE DEC. & VT -
date Apr 24 2012 dfrq 150.803
solvent cdc13 dn c13
Tile /export/home/~ dpwr 30
wehiou/vnmrsys/dat~ dof 0
a/2010KaoCL/no_met~ dm nnn NHCOZMG
1/carbanate-ally~ dmm
ohol_h.fid dmf 200
ACQUISITION dseq
str 599.681 dres 1.0
M1 homo n "
at 1.832 temp 25.0
np 30272 (1353
sw 8000.0 dfrq2 ]
i) 4000 dn2
bs dpwr2 1
tpwr 60 dof2 0
pv 2.8 dm2 n
d 1.000 dmm2 c
tof 0 def2 200
nt 16 dseqz
t 16 dresz 1.0
alock y homoz n
gain not used PROCESSING
FLAGS wirile
i n proc e
in n fn not used
dp y math t
hs an
o1SPLAY werr
sp 0.3 wexp
wp 5996.6 wbs
vs 68 wnt vt
sc 0
we 250
hzam 23.99
s 1000.00
1 5345.7
rfp 4353.7
th i7
ins 2.000 Aend
Sens
o a8an
- <lge
H I*Li’
- ~
{
J )MJ 4 =
(R L. SRS S
LA L b e
. 088 1. 1.8 2.0 0,93
) 1703 0.97 0.95 | ! 3002 T T T 1
9 8 7 6 5 3 2 1 ppm
s 28 = ~ow “ -
g 2% 2 SE8 H] 3
3 38 8 RRE 2 b
‘ NN W
| ,
|
L ‘
U T T T T T T T T T T T T —
170 160 150 140 130 120 110- 100 90 80 70 60 50 ppm
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3a'H-NMR

»
2
JCT365-11 2 H
exp51  s2pul
SAMPLE DEC. & VT
date Oct 29 2012 dfrq 599.936
solvent c0C13  dn H1
file /export/home/~ dpwr 30 O
vnmr2/vomrsys/data~ dof 0
/Weh10u/JCT369_f1/~ dm nnn
JCT365-1-1H-600. F~ dem c N
id daf 200 H
ACQUISITION dseq |
sfrg 599.936 dres 1.0
2 * CO,Me
at 2.000 PROCESSING 2
32000 wtfile
sw 8000.0 proc
I not used fn not used
bs math f
tpwr 60
pw 5.8 werr
a1 1.000 wexp
tof 500.0 wbs
nt 64 wnt wrt
t 64
alock n
gain 30
FU
i n
in n
dp y
hs an
DISPLAY
p -0.2
wp 5998.9
vs 100
sc 0
hzmm 24.00
is 200000
rfl 4848.4
ofp 4355.5
. th
ins 1.000
o ph
e~ e 3 e
232 100 224 s 1
T T 1799 ) oTs1l L .ok T T !
9 8 6 5 4 ppm
] o o o Nne ® o < @
b4 ¢ a o RRR H 3 3 2
] s b U] H
r H
[ A l A A
I
A V- j\ l i
f T T =ET T T T T ™7 X 1
150 140 130 120 110 100 90 80 60 ppm

34



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013

4a *H-NMR

JCTS65_12

expaz  PROTON O H

SAMPLE PRESATURATION
date  Oct 1S 2012  satmods n

solvent cdc13  wet n
file_sexport/home/~ SPECIAL
vnar2/vnmrsys/data~ temp not used
/Mchiou/JCT36S_f2/~ gain
JCT385_f2_1H fid spin not used
ACQUISITION hst 0.008 N
sw 6410.3  pw30 13.400
at 256 aifa o 10.000 \
np
b 4000 11 n
B : : CO,Me
d1 1.000 “dp y
128 hs nn
ct PROCESSING
TRANSHITTER i 1.06
n fn 65536
sfra 399.757 DISPLAY
tof 393.7 sp -0.1
towr 50 wp 3997.5 ]
o 5.700 rfl 3788.8 g
DECOUPLER fp 2935.2 .
c13 rp -82.3
dof 0 1
nnn PLOT
decwave  W40_dnuc wc 248
dpwr sc 0
dmf 29412 vs 75
th 38
o ph
f T T T T T T T T 1 T —
9 8 7 6 5 4 3 2 1 ppm
kel bt L w
0.85 0.89.08 2.11 1.21
0.96.93 2.94 2.05
< 2 @ - ® °
E g CE ]
o 4 3 b 2 S
(I !

OH

] ‘ CO,Me

T T T T T T T T ™ T
160 140 120 100 80 60 40 20 ppm
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5a 'H-NMR

JCT-378
exp71  s2pul b3 Br
SANPLE DEC. & VT
date Nov 6 2012 dfrgq 599.936
solvent 13 dn "1
file sexport/home/~ dpwr 30
vnmr2/vnmrsys/data~ dof 0
/Weh10u/ICT-378-H1~ dm nnn
fld dem c

ACQUISITION i 200
sfrq 599.936 dseq N
tn H1 dres 1.0 H
at 2.000  homo n |
np 32000 PROCESSING
sw 8000.0 wtfile CO M
b not used proc t 2 e
bs 8 fn not used
towr 60 math f
o 5.8
d1 1.000 werr
tof 500.0 wexp -
nt 64 wbs °
ct 64 wnt wit o
alock n ~ e
gain 30 d

FLI

i n “
in n
dp y
hs nn

DISPLAY
sp =-0.2
wp 5998.9
vs 151
sc
we 250
h: 24.00
1s 13248.41
of 4848 .
rf] 43555
th 67
fns 3.000
na

T T T T T T T T T 1
9 8 7 6 5 4 3 2 1 ppm
—— — e
0.70 0.%8 0.84 3.00 1.08
1.06 0.98 1.17 1.11 1.10

5a *C-NMR

T o#E 3 4 GARIR I N B
N (0]
| H
l COzMe
Y
A I L .
T T T T T T T T T T T T T T T T
160 140 120 100 80 60 40 20 ppm
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6a 'H-NMR

JcT383

exps1  s2pul Me
SAMPLE DEC. & VT
date Nov 7 2012 dfrq 599.936
solvent CDC13  dn
File jexport/home/~ dpwr 30
vnmr2/vomrsys /data~ dof L
/Mch10u/JCT383-H1.~ dm nnn o)
]
ACQUISITION dnf 200
sfrq 599.936 dseq N
tn Hi dres 1.0 H
at 2.000 hmpnncesslno n |
np 32000
sw 8000.0 wifile CO Me
b not used proc "t 2
bs 8 fn not used
tpwr 50 math t
o 5.8
a1 1.000 werr
tof 500.0 wexp
nt 64 Wb
ct 64 wnt wit
alock
gain 30
1 n
in n
dp
hs
DISPLAY
sp -0.
wp 5998.8
vs 151
sc
we 250
hzam 24.00
is 2124.58
r 4848.0
rfp 43555
th 1i2
ins 3.000
nm ph
T T T T T T T T T e,
9 8 7 6 5 4 3 2 1 ppm
[a— w [ L i B
0.56 0.98 0.85 3.00 1.08 3.20
0.38.97 112 107 1.08
o s = - - - oo o s
g 2 2 g b £ 83 H H Me
» - - < ©® = e - <
2 g & 3 i & %5 < W
V' H
l | | .
&
4} | - . J
f T i T T T T T T T T T T T T T T =
160 140 120 100 80 60 40 20 ppm
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6a’ 'H-NMR

JCT380-12
exp?1  s2pul

SAMPLE DEC. & VT
date  Wov 18 2012 dfrq 599.93¢

3.885
3.068

{
{
Bl

MeO

N H
CO,Me

P

67.552
53.161
53.043
39.970

MeO

|
COzMe

solven dn
file sexport/home/~ dpwr 30
vnar2/vomrsys/data~ dof 0
/WCh10u/JCT380-f2-~ dm nnn
Hi.fid dem (3
ACQUISITION dmf 200
sfrq 599.936 dseq
n H1 dres 1.0
at 2.000 homo
np 32000 PROCESSING
W 8000.0 wtfile
b not used proc ft
bs 8 fn not used
tpwr 60 math f
pw S.
d1 1.000 werr
tof 500.0 wexp
nt 64 wbs
ct 64 wnt wft
alock n
in 30
FL
Il n
in n
dp
i B4
DISPLAY
P -0.2
wp 5998.9
vs 120
s
we 251
h: 24.
is 1565.19
rfl 4848.4
rfp 4355.5
ins 3.000
JJ { A
—— o ——
273 P
T I T T} d.87
9 7
62’ *C-NMR
e 5 zegy & 23 X1
3 = 2xsa R &% §s%
8 s SE3E 0§ X Sea
2 4 gasd 3 &3 RER
110 t w
A e A
T T T T T T T T T
160 140 120 100
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7a'H-NMR

5.078

s 2
JCT38a-f1 b b
o~ &
exps1 szpul Me
SAMPLE DEC. & VT
date Nov 12 2012 dfrq 599.936
solvent COC13  dn H1
file /export/home/~ dpwr 30
vnar2/vomrsys/data~ dof 0
/wehiou/JCT384_f1/~ dm nnn O
3CT384-F1-1H_680. 7~ dmm c
ig dmf 200
ACQUISITION dseq
frq 599.936 dres 1.0 ) H
H1 homo s | |
at 2.000 PROCESSIN
np 33000 wifile [
» o Me
o not used fn not used
bs math f
tpwr 60
o 5.8 werr
d1 1.000 wexp
tof 500.0 wbs
nt 64 wnt wit
ct 54
alock n
gain 30
FLAGS
i n
in n
dp y
hs nn
DISPLAY
sp -0.2
wp 4799.1
vs 151
sc
we
hznm 18.20
is 3814.70
ol 4848.4
rfp 43555
th
ins 3.000
o ph
[
( fr f
LL n‘ 1 ._l‘ _...UL_.<<,._LJ\‘_‘L~L.)\_,\_——L
o — e o e e
1 0.82 1.08 13 (3-3% T 1
T T 108 300 1.1 T
6 S 4 3 F & 1 ppm
= B o o~ e o cce - = = - =
H % B8 5 8 S §8% 8 8 2 g =
S s s & o~ < Kie o o - s <
2 5 g 8§ 5 33 rRR S b 2 a 3
] A G 22 117 f Me
i i U W
V' H
el .
| ‘
l 1A t 1 "
T T T T T T T T T T T T T T T ]
150 140 130 120 110 100 80 80 70 60 50 40 30 20 10 ppm
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7a’ 'H-NMR

3 14
JcT-401 2
w o o
expi0 sz MeO
SANPLE DEC. & VT
date Dec 11 2012 dfrq 599.936
solvent COC13  dn H1
file exp dpwr 30
ACQUISITION dof 0
sfrq 599.936 dm nnn
il i - : e}
at 2.000 dmf 200
np 32000 dseq N
sw 8000.0 dres 1.0
n: not use n |
e 0 arraz 0
pwr rq
pw 5.8 dn2 Me
d1 1.000 dpwr2 1
tof 500. dof2 0
nt dn2 n
t L dnn2 <
alock n daf2 200
qain 0 dseq2
FLAGS dres2 1.0
1 n  homo2 n
in n PROCESSING
dp y wtfile
hs nn  proc ft
DISPLAY n not used
sp -300.2 math 1
wp 6298
vs 381 werr
sc wexp
we wbs
h: 25 wnt wrt
is 5507.3
rfl 4843
rfp 4355
th
ins 100.00
nm cd
e L. \uw
T T T T T T T T 2 T =T |
5 4 3 2 1 0 ppm
9 8 o 7 o & W - b whe e
® - < w
2 R 3 a 3 H 25 =8
£ 6 ® - ~ ~ s o~

72’ *C-NMR

JCT-401
Pulse Sequence: s2pul

151.956
—99.961
—93.459
77.210
77.000
76.790
—66.966
53.088
40.509
30.835

MeO

=
\_7s.

—130.249
—126.203
—124.443
—117.529
—105.791

Me

r A T T T T T

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



2b 'H-NMR

dicarbamate
expaza szpul
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—7.260

—3.966

278
—3.702

" NHCO,Me

AMPLE EC. & VT
date Apr 14 2012 dfrq 150.803
solvent cdcl3  dn €13
file fexport/hom 30
S /otears e ; CcO
2/2010Ka0CL/no_met~ dm ann NH 2Me
hyl/dimethylcarban~ dmm c
ate_h.fid daf 200
ACQUISITION dseq
sfrq 599.681 dres 1.0
n 1 homo
at 1.892
np o
sw
L 1
bs 0
tpur n
pw c
1 200
tof o dseq2
nt 15 dres2 1.0
ct 16  homo2 n
alock y PROCESSING
gain not used wtfile
FLAGS proc ft
11 n n not used Ve
in n math t (
op y
hs nn  werr
oISPLAY wexp
-0.3 bs
wp 5996.6 wnt wrt
vs 7
sc
we
hzem
is
rfl
rfp
th
ins
ai ph
/
’
|
/ [ ([ f ff
/j f
|
I\ = | IS I =
S —
22 1.1s a7 Lo 2,07
T T T 1702 1.038 AT ! (X1] O 2 ! T
9 6 5 4 3 2 1 ppm
. v eagow Now en -
35 8 IRz338 Ns8 33 a
dicarbamateexit = % 3 emasal RS ] =
a3 3 SRSSIN NN a8 2
expaz2  s2zpul -5 2 S5333%9s 1 a1l 1
t ' L
SAMPLE 1 e, avr Q! N U
date Apr 1a 2012 dfrg 599,681
solvent c13  dn HL
file /export/home/~ dpwr s
wehiou/vanrsys/dat~ dof ]
a/2010KaoCL/no_met~ dm yyy
hyl/dimethy)carban~ dm v \
coursiisy |1* - NHCO,Me
ACQU! seq
sfrq 150.806 dres 1.0 2
tn €13 homo n
at 1.302 DEC2
np saitez drea 0
sw 4965.0  dn
b 18000 1 CO
; : ; NHCO,Me
tpwr 50 n
pw
d1 2. 10000
tof 3000.0 dseq2
nt 1024 dres2 1.0
ct 1024 homoz
alock n PROCESSING
gain not used 1b
FLAGS wtfile
1 proc e
in not used
dp y math f
hs nn
DISPLAY er
p -0.3 wexp
wp 27142.0 wbs
vs H t
sc
we
hzms 10
is 60155.90
rfl 126
rfp 11610.8
th
ins 100.000
at
T T T T ik T T T i 8 T T T - T T T T 1
160 140 100 80 60 a0 20 ppm
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3b 'H-NMR

Bicyclized Product
exps3s  szpul

SAMPLE DEC. & VT
date Jun 23 2012 dfrq 150.803
cacl3 dn c13

3.848
3.729

solvent
file /export/home/~ dpwr
wehiou/vnarsys/dat~ dof o
a/z010kacctycyel iz da nnn ~
ation/E55-ring_H_h~ dem c
916 dat 200 Cone
ACQUISITION dseq N H
sfrq 599.681 dres 1.0
tn H1 n \
at 1.832 tesp 25.0
np 30272 DEC2 CO Me
sw 8000.0 dfrqz 0 ( 2
b 4000 dn2
bs 4 dpwr2 1 |
tpwr 50 dof2 o
W 2.8 de2 n
a1 1.000 demz c
tof dnf2 200
nt 8 dseqz
8 dresz 1.0
alock y  homo; n
gain 30 PROCESSING
FLAGS wtf il
- 1 n proc
in n not used
dp y math
hs an
DISPLAY err
P 9.3 wexp
wp 4797.4  wbs
vs 90 wnt wrt
sc 0
we 250
hzen 19.1
is 000.00
54l 5346
rtp 4353.7
th
ins 1.000
ai  ph
/ i | 1
/ J J )
T T T T ]
8 7 4 3 ppm
e o L.—a
0.1 1.00 0.82 4.33 0.
0.991.00 1.01 2.98
e e . o ww = vomn Sw mw e
a8 2 32 3m = 8232 P 2
Bicyclized Product™ % ST - NeRS Re 8% <
“2 S a8 3% E] INNESS 2% 23 E
expa3z  szpul 2% 3 2823 H
] \ Y] Wy Uou |
SAMPLE 0 avr A =
date Jun 23 2012 dfr. 599.681
s0) cdcl
Tile Jexport/home/~ dpwr 4
wehfou/vamrsys/dat~ do o
/2010KaoCL/cyc] iz~ dm yyy
ation/655-r ing_H_c~ dmm w
Tfid der 14300
ACQUISITION dseq
strg 150.806 dres 1.0
tn Ci3  homo .
25.0
DEC2 N
[ N
y H CO,Me
o
: N
ar H \
dnf2 10000
dseqz
CO,Me
homo2 n
PROCESSING
1 1.00
. wifile
proc 1t
n not used
math f
werr
wexp
wbs
wnt
r T T T T T T T T T T T
160 140 120 100 80 60

ppm
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4b *H-NMR

= 3 s 233
Indole Product © ° @ inn
s 3 § G4
expasd  szpul | [} U
date Aug 21 2012
solvent cdc) d
S e, B NHCO,Me
wehiou/vnmrsys/dat~ dof 0
a/2010KaoCL/cycl iz~ dm nnn
ation/indoledicarb~ dmm 3
_h. T 1 mf 200
ACQUI: dseq
sfrq 5$99.681 dres 1.0
tn H1  homo n N
at 1.892 temp 25.0
np 30272 EC2
Sw 8000.0 dfrq2 0
% ey CO,Me
bs 4 dpwr2 1
tpwr 60 dof2 0
W 2.8 dm2 n
d1 1.000 dam2 3
tof 0 dmf2 200
nt 8 dseq2
t 8 dres2 1.0
aloc n homo2 n
gain not used PROCESSING
wtfile
i n proc ft
in n not used
dp y math Tt
hs n
DISPLAY werr
P 99.3  wexp
wp 4797.4 wbs
vs 327 wnt wit
s
we 250
hzem 19.19
s 73.66
i 5344.2
rfp 4353.7
ins 1.000
ai  pl [
({ ‘
IK ( ‘ // }
L g e JU& J A

T"T' l.ln.':;.'é,s :: 303 3.1'1..‘ ;_:
13
4b *C-NMR
33 i @

NHCOzMe
A\

N
COzMe

T T T ™~
100 80 60 40 20 ppm
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5b 'H-NMR

4 & w
5 : 8
K 5 bt Br
exptsa  s2pul L) i
SAMPLE DEC. & VT
date Ju) 7 2012 dfrq 150.803
:?:vl; ceécl3 dn ci3 N
e /export/home/~ dpwr 30 ~N
wchiou/vnmrsys/dat~ dof 0 CO Me
a/2010KkaoCL/cycl iz~ dm nnn 2
ation/655-r ing_Br_~ dmm < N H
h.fid  dmf 200
ACQUISITION dseq \
sfrg 599.681 dres 1.0
tn H1  homo n
at 1.892 temp 25.0 COzMe
np 30272 EC2
sw 8000.0 dfrq2 o
b 4000 n2
bs 4 dpwr2 1
tpwr 60 dofz o
v 2.8 dm2 n
1.000 dme2 <
tof 0 daf2 200
nt 8 dseqz
t 8 dres2 1.0
alock y homo2 n
gain 30 PROCESSING
FLAGS wtfile
1 n proc 1
in n n not used
dp y math t
hs nn
oiseLay were
sp -0.3 wexp
v 5996.6 wbs
Vs 105 wnt wit
sc 0
v
hzmn 23.99
is 1000.00
ad) 5346.2
rfp 4353.7
th
ins 1.000
af ph
[
r r (
| J | |
o )h )
L J SN L s
r T T T T T T T T T
9 8 7 6 5 a 3 2 1 ppm
R - e i
1.07 1.18 1.00 4.54 1.13
1.141.09 3.35 2.23
. " R - S s w5 o8 0%
a8 ¥ &d 3 £ Gt g 38 %8
8 ER z § H&% %85 5 Br
¥ ] i W L

N

CO,Me
l ’ j CO,Me

T T T T T T T T
160 140 120 100 80 60 a0 20 ppm
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6b 'H-NMR

.o o
23 H
s 2 H
R -
expasa  s2pul I
DEC. & VT
date Aug 27 2012 dfrq 150.803
solvent cdc13  dn €13 !
file /export/home/~ dpwr 30 M
wchiou/vamrsys/d of 0 e
2/2010KaoCL/cyc] nnn
ation/655-r ing_M
* 200
ACQUISITION AN
strq 593.681 1.0 N
tn 1 n ~
at 1.892 temp 25.0 CO Me
np 30272 Decz
sv 80 dfrqz ) P, H 2
5 : N
bs 1
tpwr ] \
v n
g : CO,Me
tof 0 def2 200
nt 8 dseq2
ct 8 dres2 1.0
alock n  homo2 n i
gain not used PROCESSING |
FLAGS wtfile
11 n proc t
in n fn not used
dp y math ¥
hs an
DISPLAY werr
sp 0.3 wexp
wp 5996.6 wbs
vs 120 wnt wrt
sc
we 250
hzne 23.99
is 955,84
rfl 534!
o 4353,7
th
ins 3.000
al ph
‘ ; g
[, ! | | |
(| | ||
. I
) / J .
- . I\ J 1J Y| GO
e T T T T T T T 1
9 7 6 5 a4 3 2 1 ppm
v e o ke —— S &
0.85 94 0.93 1.04 1.04 1.12
1.08.91 3.8.05 0.97 3.00

6b’ *C-NMR

as 2w g oasw s = s
82 88 s 5§38 2 8§ 2
v oa “nN® ae ® ~
explz DEPT— E1 88 = "'L"IJ b a
DEPT wsl )
date Sep 15 2012 jixh 6.0 1t
solvent cdcl3 mult arfayed 2
sample SPECIAL
ACQUISITION temp not| used it
sv 25510.2 gain 1
at 1.285 spin not! used 5
np 65536 PROCESSING
bs b 00
s n 65536
di 1 SPECTRUM " " i "
<0.4 i
-16.8
¢
cdc  ph
REFERENCE
17
pLOT
248 Me
12231
80.74
s
“CO,M
j \
. | 2
r—r T T T T T T T T T T T T = T )
180 160 140 120 100 80 60 40 20 ppm
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6b’ 'H-NMR

Y o
48 H
o s
"o -
expa7a szpul |
SAMPLE OEC. & VT
date Aug 21 2012 dfrg 150.803
solvent cdcl3 d c13
Tile /export/home/~ dpwr 30
wehiou/vnarsys/dat~ dof o
a/2010KaoCL/cycliz~ dm nnn Meo
ation/655-r ing_OMe~ dmm c
_hofid  daf 200
ACQUISITION dseq |
sfrq 599.681 dres 1.0
H1  homo n
at 1.892 temp 25.0 | N
np J2rz Ec2 5 N
sw 8000.0 rq2 CO M
I 4000 dn2 2 e
b: 4 dpwrz 1 / f N H
tpwr 60 dof2 o [
pw .8 dm2 n | \
d1 1.000 dmm2 c
tor o onrs 206 CO,M
nt 8 dseqz 2 e
ct 8 dres2 1.0
alock n  homoz n
gain not used PROCESSING
FLAGS wifile
i n proc "t
in n fn not used
dp y math 1
hs an
oISPLAY werr
sp -0.3 wexp
wp $996.6  wbs ¢
vs 110 wnt wft |
sc
we
hzm 23.99
is 279907
rn 5357.4
rfp 43537
th
ins 1.000
ai ph

iy ety oy
" T SR ST W Ay T S S T
9 Z 6 5 4 2 1 ppm

6b’ *C-NMR

MeO
N\Co M
N H To2Ne
\
i COzMe

T T T T T T -
160 140 120 100 a0 60 a0 20 ppm
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7b 'H-NMR

s 2 s
JcT-348 - E <
P -
exp20  52pul | ]
Sgep 23 2012 arra " 598.53
date Sep rq .
solvent €0C13  dn H1 Me
3 exp dpwr 30
ACQUISITION dof 0
strq 593936 da ann
tn <
at 200 N
W 1.0 ~
] n Me
bs oEC2 H
for ‘ N
o
d1 1 \
tof 0
nt 6 am2 n
ct 6 dmm2 3 Me
alock n daf2 200
gain 30 dseq2
FLAGS dres2 1.0
i n 2 n
in n PROCESSING
dp y -0.30
hs nn wtfile
. DISPLAY proc t
P =300, fn not used
wp 6298.8 math f
vs 15|
sc were
25! wexp
hzme .2 wbs
is 29329.64 wnt wrt
of 4843
fp 4355
th
ins 100.00
e cdc h
LS. T Y T T T T | P T T T
9 7 6 5 4 3 2 1 0 m
8 Cpb e - L . tips PP
an = o= s N ono ~ M
= % - = mmd = s
wn v oW w g cus o 5
s e o o= PE— ase ne oz 2
S 8 223 2 8 388 Rg I8 3
JCT-348 i3 s sE=w S o asn i e 7
by & S 8= g 5 RRE a8 888 S
exp21  s2pul 2 LR E o
T W g o1 oa Me

SAMPLE DEC. & V
date Sep 23 2012 dfrg 599.936
solvent coc13 dn H1
3 exp dpwr a1
ACQUISITION dof 0 N
sfrq 150.869  dm nyy N
n €13 dem
at 1.000 daf 14925 Me
e 400000 res 1.0 H
v o dres
- N
o I, v . \
pwr 6 T
3 an:
d1 0.500 dpwr2 1 Me
1:500 dof2 0
tor 2500.0 dm2 n
" 2000¢ dem2 3
112 daf2 10000
alock n dseqz
gain 58 dres? 1.0
FLAGs homo2
1 n PROCESSING
in n 3
dp y wtfile
» hs nn proc ft
DISPLAY n not used
-4046.5 mat f
wp 39999
ve 3 werr
sc wexp
e 250 wbs
hzam 2.5 wnt
is 500.0
1l 15662
fp 11615
th
ins 100.00
on cde ph
Jhok A J
TT T T T T T T T T TTYTYTT T T TT TT T T T T T T T T T T
220 200 180 160 140 120 100 80 60 40 20 0 ppm
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7b’ 'H-NMR

® s =
2 Sa M
: 5 MeO
expl  PROTON 1]
SANPLE PRESATURATION
date Sep 6 2012 satmode
solvent cdcl3  wet n N
ile Jexport/home/~ SPECIAL
vnar2/vomrsys/data~ temp not used ~
/wchi10usJCT340/9CT~ gain Me
340_1H.11d spin not used H
ACQUISITION s 3
W 6410.3 pwi0 13.400 N
2.556 aifa 101000 \
FLAGS M
w 6.700
DECOUPLER
n c13
dof ] pLOT
ann we 250
decwave  Wa0_dnuc sc 0
dpwt vs 143
23412 th 37
m ph
T T T T T T T T g T = T 3
9 8 7 6 4 3 2 1 ppm
o — ]
1,33 058 3.071.13 1.2
0.98 1.00 3.1 4.36  1.12
7b’ BC-NMR
- ne @& u - oo ase s owe
H 523 @ 2 22 s 25 323
cpe-1 : &3 = & 2 &3 qa8 2% sas
- an B N 2 5o Ree e sse
expesz szpul 2 g% 8 3 s 2 5 5 3% 0
s R i1 7 1 Me
date Sep 7 2012 dfr 599.681
solvent cdel3 dn 1
e exp dpwr aa
ACQUISITION dof L] N
strq 150.806 dm ywy R
tn c13 dan W
at % daf 14300 Me
M 3365 s dres 1.0 H
v “o dres 8
b homo n | N
bs temp 25.0 ‘ | \
tpvr Ec2 ‘
dfrqz 0
5 1 ‘ Me
tof dpwr2 1
nt dof2 0
ct a
aloc an < r
gain not used dmf2 10000
\GS dseq?
11 n dres2 1.0
in n homoz n
dp y PROCESSING
hs nn 1b 1
DISPLAY wtfile
-0.3 proc 1t
wp 27182.0 fn not used
vs 500 math r
s¢
we 25 werr
hzan 108.57 wexp
is 50155.30 wbs
e 12649.3 wnt
rip 11610.8
th
ins 100.000
aft  ph
1 T
| [ 1 |
T T T T T T T T T T T T T T T T
160 140 120 100 80 60 40 20 ppm
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