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Optimization of Reaction Conditions

EtO.C COLE catalyst (5 mol %) EIOC cogt
dppb (10 mol %) N 2
\ TsNH,, Cs,CO3 .
N / / solvent
H N
Cl H Ts
la 2a 3a
entry catalyst (mol %) (qul\:mg %23333 solvent (M)  temp. (°C) %
1 Pd(dba), (5) TsNH (1) Cs,CO3(2) THF (0.1) rt ca 72 3
2 Pd(dba), (5 TsNH5 (1) Cs,CO3 (2 dioxane (0.1) 70 cal3 <1
3 Pd(dba), (5) TsNH, (1)  Cs,CO3(2) DMF (0.1) rt ca59 <1
4 Pd(dba) (5) TsNH,, (1) Cs,C0O3(2) CH5CN (0.2) 40 ca 54 -
5 Pd(dba), (2.5) TsNH» (1) Cs,CO5(2) THF (0.2) rt 37 <5
6 Pd,(dba)3:CHCI; (2.5) TsNH 2 (1) Cs2CO3(2) THF (0.1) rt 59 7
7 Pd,(dba)3-CHCl3 (2.5)  TsNH, (1.5)  Cs,CO;3(2) THF (0.2) rt 68 4
8  Pdy(dba);-CHCl; (2.5)  TsNH,(1.5) Cs,COz () THF (0.1) rt 69 5
9 Pd,(dba)3-CHCI3 (2.5)  TsNH, (1.5) Cs,CO5(2) THF (0.067) rt 72 5
10  Pdy(dba)3:CHCl; (2.5)  TsNH, (1.5) Cs,CO3(1)  THF (0.067) rt 61 9
4 |solated yields.
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Experimental Section

General Methods.

All reactions under argon atmosphere were performed using syringe-septum cap techniques and all glassware
was dried in an oven at 80 °C for 2 h prior to use. For flash chromatography, silica gel (Wakosil C-200: Wako Pure
Chemical Industries, Ltd) or NH; silica gel (Chromatorex NH-DM1020: Fuji Silysia Chemical Ltd.) was employed.
Thin layer chromatography was performed on Merck TLC silica gel 60 F2s4 or Wako NH; silica gel 60 Fas4 plate
(layer thickness 0.25 mm), which were developed using standard visualizing agents: UV fluorescence (254 nm) and
anisaldehyde with heating. Melting points were measured by a hot stage melting point apparatus (uncorrected). 'H
NMR spectra were recorded using a JEOL AL-400 or JEOL ECA-500 spectrometer, and chemical shifts are
reported in & (ppm) relative to TMS as internal standard. '3C NMR spectra were recorded using a JEOL AL-400 or
JEOL ECA-500 spectrometer and referenced to the residual solvent signal. 'H NMR spectra are tabulated as
follows: chemical shift, multiplicity (b = broad, s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet),
number of protons, and coupling constant(s). Exact mass (HRMS) spectra were recorded on a IMS-HX/HX 110A
mass spectrometer. Infrared (IR) spectra were obtained on a JASCO FT/IR-4100 FT-IR spectrometer with JASCO
ATR PRO410-S.

Preparation of the Substrates.
The known compounds S1,' S6-8% and S9° were prepared according to the literature procedure.
1 Jones, D. T.; Artman, G. D.; Williams, R. M. Tetrahedron Lett. 2007, 48, 1291-1294.
2 Cera, G.; Crispino, P.; Monari, M.; Bandini, M. Chem. Commun. 2011, 47, 7803—7805.
3 Miyake, Y.; Endo, S.; Moriyama, T.; Sakata, K.; Nishibayashi, Y. Angew. Chem. Int. Ed. 2013, 52, 1758-1762.

EtO,C
. CO,Et = 27 _CO,Et
NaH
R \
N THF, 0°Ctort N
N H
S2 S3 S4 OTBS

Diethyl 2-[(5-Fluoro-1H-indol-3-yl)methyllmalonate (S2).

The malonate S2 was prepared by use of a slight modification of the Williams' procedure.! To a stirred
mixture of S1 (1.0 g, 5.20 mmol) and diethyl malonate (736 pL, 4.85 mmol) in Et;O (2.6 mL) was added dropwise
ethylpropiolate (529 uL, 5.20 mmol) at room temperature. The mixture was stirred for 45 min at this temperature,
followed by quenching with H,O. The whole was extracted with Et;O. The extract was washed successively with
H»0 and brine, and dried over MgSOs. The filtrate was concentrated under reduced pressure to give an oily residue,
which was purified by flash chromatography over silica gel with n-hexane—EtOAc (8:1) to give S2 as a pale yellow
needle (1.27 g, 77% yield): mp 60-61 °C; IR (neat): 3410 (NH), 1726 (C=0); '"H NMR (500 MHz, CDCl;) 5 1.21
(t,J=7.2Hz, 6H), 3.33 (d,J="7.7 Hz, 2H), 3.72 (t, J=7.7 Hz, 1H), 4.12-4.20 (m, 4H), 6.93 (ddd, J=9.2,9.2,2.5
Hz, 1H), 7.09 (d, J = 2.3 Hz, 1H), 7.23-7.26 (m, 2H), 8.00 (br s, 1H); '*C NMR (125 MHz, CDCl3) 6 13.9 (2C),
24.4,52.9,61.4 (2C), 103.5 (d, J=24.0 Hz), 110.4 (d, J =26.4 Hz), 111.8 (d, J=9.6 Hz), 112.3 (d, J=4.8 Hz) 124.4,
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127.5 (d, J=9.6 Hz), 132.6, 157.8 (d, J = 235 Hz), 169.2 (2C). Anal. Calcd for C;¢H;sFNO4: C, 62.53; H, 5.90; N,
4.56. Found: C, 62.41; H, 5.93; N, 4.50.

EtO,C

NaH
=~ ~omss __ < _ \
Oy o+ ™ /
THF, 0°C tort N
N H
S2 S3 S4 OTBS

Diethyl 2-{4-[(tert-Butyldimethylsilyl)oxy]but-2-yn-1-yl}-2-[(5-fluoro-1H-indol-3-yl)methylJmalonate (S4).

To a solution of S2 (1.14 g, 3.71 mmol) in THF was added NaH (60% suspension in mineral oil; 297 mg, 7.42
mmol) at 0 °C. The suspension was stirred for 30 min at 0 °C, then S3 (1.17 g, 4.45) in THF was added dropwise.
The reaction was warmed up to room temperature and stirred for 2 h, followed by quenching with H,O. The whole
was extracted with EtOAc. The extract was washed successively with H,O and brine, and dried over MgSOs. The
filtrate was concentrated under reduced pressure to give an oily residue, which was purified by flash
chromatography over silica gel with n-hexane—EtOAc (5:1) to give S4 as a colorless oil (682 mg, 38%): IR (neat):
3387 (NH), 2332 (C=C), 1736 (C=0); '"H NMR (500 MHz, CDCl;) §0.14 (s, 6H), 0.92 (s, 9H), 1.23 (t, J = 7.0 Hz,
6H), 2.81 (t, J = 2.1 Hz, 2H), 3.51 (s, 2H), 4.10-4.22 (m, 4H), 4.37 (t, J = 2.1 Hz, 2H), 6.90 (ddd, J =9.0, 9.0, 2.5
Hz, 1H), 7.09 (d, J = 2.4 Hz, 1H), 7.21 (dd, J = 9.0, 4.3 Hz, 1H), 7.29 (dd, J = 9.9, 2.5 Hz, 1H), 8.12 (br s, 1H); 1*C
NMR (125 MHz, CDCl3) 6 -5.2 (2C), 13.9 (20), 18.3, 23.1, 25.8 (3C), 27.3, 51.8, 58.0, 61.6 (2C), 80.2, 82.4,
103.8 (d, J=24.0 Hz), 110.0 (d, J=4.8 Hz), 110.4 (d, J =26.4 Hz), 111.6 (d, J =9.6 Hz), 125.3, 128.5 (d, J=9.6 Hz),
132.3, 157.9 (d, J = 234 Hz), 170.1 (2C). HRMS (FAB) calcd CyH3FNOsSi: [M'], 489.2347; found: [M'],

489.2350.
EtO,C EtO,C
F CO,Et F CO,Et
\ TBAF \
R —

N // THF, 0 °C N //

H H

S4 OTBS S5 OH

Diethyl 2-[(5-Fluoro-1H-indol-3-yl)methyl]-2-(4-hydroxybut-2yn-1-yl)malonate (S5).

To a stirred solution of S4 (638 mg, 1.30 mmol) in THF (6.5 mL) was added TBAF (1.00 M solution in THF;
1.43 mL, 1.43 mmol) at 0 °C. The mixture was stirred for 1.5 h at this temperature and quenched by addition of
saturated NH4Cl. The whole was extracted with EtOAc. The extract was washed with H,O and brine, and dried
over MgSQOy4. The filtrate was concentrated under reduced pressure to give an oily residue, which was purified by
flash chromatography over silica gel with n-hexane—EtOAc (3:1) to give S5 as a pale yellow oil (485 mg, 99%
yield): IR (neat): 3410 (NH), 3403 (OH), 2254 (C=C), 1720 (C=0); 'H NMR (500 MHz, CDCl3) §1.24 (t, J = 7.2
Hz, 6H), 1.97 (s, 1H), 2.80 (s, 2H), 3.51 (s, 2H), 4.11-4.25 (m, 4H), 4.31 (s, 2H), 6.90 (ddd, J = 8.9, 8.9, 2.5 Hz,
1H), 7.08 (d, J = 2.3 Hz, 1H), 7.22 (dd, J = 8.9, 4.4 Hz, 1H), 7.29 (dd, J = 10.0, 2.5 Hz, 1H), 8.19 (br s, 1H); *C
NMR (125 MHz, CDCl3) 613.9 (20), 23.1, 27.3, 51.2, 58.0, 61.7 (2C), 81.4, 82.2, 103.7 (d, J =23.0 Hz), 109.7 (d,
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J=48Hz), 1104 (d,J =

25.9 Hz), 111.7 (d, J = 10.5 Hz), 125.4, 128.5 (d, J = 11.5 Hz), 132.3, 157.9 (d, J = 235 Hz),

170.2 (2C). HRMS (FAB) calcd C20H22FNOs: [M'], 375.1482; found: [M'], 375.1478.

General procedure for the synthesis of propargyl chloride 1a and 1f-h.

EtO,C EtO,C
27 _CO,Et X 2 _CO,Et
\ // NCS, PPhy \ //
N N
N CH,Cl, N
OH cl
S6 (X = H) la (X = H)
S5 (X = F) 1f (X=F)
S7 (X =Br) 1g X =Br)
S8 (X = OMe) 1h (X = OMe)

To a stirred mixture of a propargyl alcohol (1.0 equiv) and PPhsz (1.5 equiv) in CH>Cl, was added NCS (1.2

equiv) in CHxCl, at room temperature. The mixture was stirred for 1.5-3 h at this temperature and quenched by

addition of H>O. The whole was extracted with EtOAc. The extract was washed with H>O, brine and dried over

MgSOs. The filtrate was concentrated under reduced pressure to give an oily residue, which was purified by flash

chromatography over silica gel to give the corresponding propargyl chloride.

EtO,C
2¥_CO,Et

\
N 7
H

Cl
la

CDCl;) & 14.0 (2C), 23.

Diethyl 2-[(1H-Indol-3-yl)methyl]-2-(4-chlorobut-2-yn-1-yl)malonate (1a).

Brown oil. Flash chromatography: n-hexane—EtOAc = 4:1. Yield = 90%.

IR (neat): 3409 (NH), 2242 (C=C), 1729 (C=0); '"H NMR (500 MHz, CDCl3) 6 1.23 (t, J
=7.3 Hz, 6H), 2.83 (t, J=2.2 Hz, 2H), 3.57 (s, 2H), 4.10-4.25 (m, 6H), 7.03 (d, J=2.4 Hz,
1H), 7.09 (ddd, J=8.0, 7.1, 1.0 Hz, 1H), 7.16 (ddd, J = 8.0, 7.1, 1.0 Hz, 1H), 7.32 (dd, J =
8.0, 1.0 Hz, 1H), 7.66 (dd, J = 8.0, 1.0 Hz, 1H), 8.08 (br s, 1H); *C NMR (125 MHz,
1, 27.3, 30.8, 58.2, 61.7 (2C), 78.3, 82.9, 109.6, 111.0, 118.9, 119.5, 122.0, 123.4, 128.1,

135.8, 170.1 (2C). HRMS (FAB) caled CaoHa CINOg: [M — HJ, 374.1165; found: [M — H], 374.1168.

Cl
1f

Diethyl 2-(4-Chlorobut-2-yn-1-yl)-2-[(5-fluoro-1H-indol-3-yl)methylJmalonate (1f).
Brown oil. Flash chromatography: n-hexane—EtOAc = 5:1. Yield = 87%.

IR (neat): 3407 (NH), 2238 (C=C), 1727 (C=0); '"H NMR (500 MHz, CDCls) 51.25 (t, J
= 7.4 Hz, 6H), 2.82 (t, J = 2.3 Hz, 2H), 3.51 (s, 2H), 4.13-4.24 (m, 6H), 6.90 (ddd, J =
9.0, 9.0, 2.5 Hz, 1H), 7.07 (d, J = 2.3 Hz, 1H), 7.21 (dd, J = 9.0, 4.3 Hz, 1H), 7.29 (dd, J
=9.0,2.5 Hz, 1H), 8.17 (br s, 1H); 3C NMR (125 MHz, CDCls) §13.9 (2C), 23.1, 27.4,

30.7, 58.0, 61.8 (2C), 78.6, 82.7, 103.8 (d, J =24.0 Hz), 109.7 (d, J = 4.8 Hz), 110.5 (d, J=26.4 Hz), 111.7 (d,J=9.6

Hz), 125.3, 128.5 (d, J =

9.6 Hz), 132.3, 157.9 (d, J = 235 Hz), 170.0 (2C). HRMS (FAB) caled CaoHa CIFNO4: [M'],

393.1143; found: [M ], 393.1147.

S5



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

Diethyl 2-[(5-Bromo-1H-indol-3-yl)methyl]-2-(4-chlorobut-2-yn-1-yl)malonate (1g).

Br i’ COEL Brown oil. Flash chromatography: n-hexane—EtOAc = 4:1. Yield = 73%.
\ IR (neat): 3384 (NH), 2238 (C=C), 1727 (C=0); '"H NMR (500 MHz, CDCl3) §1.27 (t,
H // J=7.2 Hz, 6H), 2.80 (t, J = 2.3 Hz, 2H), 3.52 (s, 2H), 4.15-4.25 (m, 6H), 7.06 (d, J =
Cl 2.4 Hz, 1H), 7.18 (d, J = 8.6 Hz, 1H), 7.23 (dd, J = 8.6, 1.9 Hz, 1H), 7.75 (d, J = 1.9 Hz,
1g 1H), 8.17 (br s, 1H); '*C NMR (125 MHz, CDCl3) § 14.0 (20), 23.1, 27.2, 30.7, 57.8,

61.9 (20), 78.7, 82.6, 109.3, 112.5, 112.9, 121.5, 124.8, 124.9, 129.7, 134.4, 169.9 (2C). HRMS (FAB) calcd
C20H2BrCINO4: [M*], 453.0342; found: [M'], 453.0345.

EtO,C Diethyl 2-(4-Chlorobut-2-yn-1-yl)-2-[(5-methoxy-1H-indol-3-yl)methyl]Jmalonate
MeO CO,Et
(1h).
\ // Brown oil. Flash chromatography: n-hexane—EtOAc = 4:1. Yield = 70%.
N
H IR (neat): 3417 (NH), 2239 (C=C), 1732 (C=0); 'H NMR (500 MHz, CDCl;) §1.23
Cl (t, J=7.0 Hz, 6H), 2.85 (t, J = 2.0 Hz, 2H), 3.53 (s, 2H), 3.86 (s, 3H), 4.14-4.24 (m,
1h 6H), 6.83 (dd, J = 8.9, 2.5 Hz, 1H), 6.97 (d, J = 2.5 Hz, 1H), 7.15 (d, J = 2.5 Hz, 1H),

7.20 (d, J = 8.9 Hz, 1H), 8.00 (br s, 1H); '*C NMR (125 MHz, CDCL) & 14.0 (2C), 23.1, 27.4, 30.7, 55.9, 58.5,
61.7 (2C), 78.3, 83.1, 100.5, 109.4, 111.8, 112.6, 124.1, 128.6, 131.0, 154.2, 170.0 (2C). HRMS (FAB) calcd
C21H24CINOs: [M*], 405.1343; found: [M'], 405.1345.

EtO,C EtO,C
CO,Et CICO ,Me CO.Et
\ pyridine \
_— >
N // CHClp, 0 °C N //
H H
OH OCOzMe
S6 1b

Diethyl 2-[(1H-Indol-3-yl)methyl]-2-{4-[(methoxycarbonyl)oxy]but-2-yn-1-yI}malonate (1b).

To a stirred mixture of S6 (50 mg, 0.135 mmol), pyridine (33 pL, 0.41 mmol) in CH2Cl, (675 pL) was added
CICO:Me (14 pL, 0.20 mmol) at 0 °C. The mixture was stirred for 30 min at this temperature and quenched by
addition of saturated NH4CI. The whole was extracted with Et,O. The extract was washed with H,O, 1N HCI, brine
and dried over MgSOs. The filtrate was concentrated under reduced pressure to give an oily residue, which was
purified by flash chromatography over silica gel with n-hexane-EtOAc (4:1) to give 1b as a brown oil (47.5 mg,
82% yield): IR (neat): 3407 (NH), 2252 (C=C), 1731 (C=0); 'H NMR (500 MHz, CDCl3) §1.22 (t, J = 6.8 Hz, 6H),
2.82 (t,J =2.3 Hz, 2H), 3.56 (s, 2H), 3.82 (s, 3H), 4.10-4.23 (m, 4H), 4.78 (t, J = 2.3 Hz, 2H), 7.01 (d, J = 2.3 Hz,
1H), 7.09 (ddd, J = 8.0, 8.0, 1.0 Hz, 1H), 7.15 (ddd, J = 8.0, 8.0, 1.0 Hz, 1H), 7.31 (d, J = 8.0 Hz, 1H), 7.63 (d, J =
8.0 Hz, 1H), 8.14 (br s, 1H); '*C NMR (125 MHz, CDCl3) 613.9 (2C), 23.0, 27.3, 55.1, 55.9, 58.1, 61.6 (2C), 77.3,
83.7,109.5, 110.0, 118.8, 119.4, 122.0, 123.5, 128.1, 135.8, 155.2, 170.0 (2C). HRMS (FAB) calcd C22H25sNO7: [M
—HJ, 414.1558; found: [M — HJ", 414.1564.
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i) TrisCl, DMAP
EtOz/C\jH\ CH.Cl, Etozjj\/\
N
Et0,C X' i) CuBr-Me,S,Lir  EtOLC B
THF, 50 °C
S9 S10

Diethyl 2-(4-Bromobuta-2,3-dien-1-yl)malonate (S10)

To a stirred mixture of S9 (410 mg, 1.8 mmol) and TrisCl (1.36 g, 4.5 mmol) in CH,Cl, (41 mL) was added
DMAP (770 mg, 6.3 mmol) at room temperature. The mixture was stirred for 3 h at this temperature. Concentration
of the mixture under reduced pressure followed by rapid filtration through a short pad of silica gel with Et;O to give
a crude sulfonate, which was used without further purification. CuBr-Me,S (1.10 g, 5.4 mmol) and LiBr (465 mg,
0.373 mmol) was dissolved in THF (18 mL) at room temperature under argon, and the mixture was stirred for 30
min at this temperature. To this mixture was added a solution of the above crude sulfonate in THF (26 mL) at room
temperature. The mixture was allowed to warm to 50 °C and stirred at this temperature for 1.5 h, which was
quenched by addition of saturated NH4Cl and 28% NH4OH. The whole was extracted with EtOAc. The extract was
washed with H>O and brine and dried over MgSOs. The filtrate was concentrated under reduced pressure to give an
oily residue, which was purified by flash chromatography over silica gel with n-hexane—EtOAc (30:1) to give S10
as a colorless oil (330 mg, 63% yield): IR (neat): 1958 (C=C=C), 1732 (C=0); 'H NMR (500 MHz, CDCl3) §1.26-
1.31 (m, 6H), 2.73-2.78 (m, 2H), 3.52 (t, J = 7.4 Hz, 1H), 4.18-4.27 (m, 4H), 5.45 (dd, J = 12.6, 5.7 Hz, 1H), 6.00
(ddd, J=5.7, 2.4, 2.4 Hz, 1H); *C NMR (125 MHz, CDCl3) § 14.0 (2C), 21.2, 50.8, 61.7 (2C), 73.7, 97.3, 168.4,
168.5, 202.3; HRMS (FAB) calcd C11H6BrNO4: [M + H] ¥, 291.0232; found: [M + H] ", 291.0227.

EtO,C
/ 9 1 _CO.Et
\ + N
\ EtOzc)\/\-wBr Et,0 NN
H H >\
s11 S10 lc Br

Diethyl 2-(4-Bromobuta-2,3-dien-1-yl)-2-[(1H-indol-3-yl)methyl]malonate (1c).

To a stirred mixture of S11 (286 mg, 1.13 mmol) and S10 (306 mg, 1.05 mmol) in Et,O (1.1 mL) was added
dropwise ethylpropiolate (115 pL, 1.13 mmol) at room temperature. The mixture was stirred for 5 h at this
temperature, followed by quenching with H,O. The whole was extracted with EtOAc. The extract was washed
successively with H,O and brine, and dried over MgSQOs. The filtrate was concentrated under reduced pressure to
give an oily residue, which was purified by flash chromatography over silica gel with n-hexane-EtOAc (8:1 to 5:1)
to give 1C as a brown oil (285 mg, 64% yield): IR (neat): 3393 (NH), 1957 (C=C=C), 1720 (C=0); '"H NMR (400
MHz, CDCl3) 6 1.18-1.24 (m, 6H), 2.75-2.77 (m, 2H), 3.42-3.52 (m, 2H), 4.10-4.22 (m, 4H), 5.34-5.41 (m, 1H),
5.92-5.97 (m, 1H), 7.03 (d, J = 2.3 Hz, 1H), 7.10 (dd, J = 8.0, 8.0 Hz, 1H), 7.17 (dd, J = 8.0, 8.0 Hz, 1H), 7.33 (d, J
= 8.0 Hz, 1H), 7.56 (d, J = 8.0 Hz, 1H), 8.05 (br s, 1H); 1*C NMR (125 MHz, CDCl;) §13.9 (2C), 28.0, 31.9, 58.6,
61.5 (2C), 72.4,95.7, 109.5, 111.1, 118.7, 119.4, 121.9, 123 .4, 128.0, 135.7, 170.7 (2C), 203.6. HRMS (FAB) calcd
C20H2»BrNO4: [M 1], 419.0732; found: [M ], 419.0724.
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EtO,C EtO,C
CO,Et Boc,0, EtsN CO,Et
\ DMAP \
B ——
N / / CH,CI, N / /
H Boc
Cl Cl
la 1d

Diethyl 2-{[1-(tert-Butoxycarbony)-1H-indol-3-ylJmethyl}-2-(4-chlorobut-2-yn-1-yl)malonate (1d).

To a stirred mixture of 1a (100 mg, 0.27 mmol), DMAP (3.2 mg, 0.027 mmol) and Et;N (46 pL, 0.32 mmol)
in CH,Cl, (2.6 mL) was added Boc,O (70 mg, 0.32 mmol) at room temperature. The mixture was stirred for 30 min
at this temperature and quenched by addition of H>O. The whole was extracted with EtOAc. The extract was
washed with H,O, brine and dried over MgSQjs. The filtrate was concentrated under reduced pressure to give an
oily residue, which was purified by flash chromatography over silica gel with n-hexane—EtOAc (10:1) to give 1d as
a colorless oil (91.0 mg, 72% yield): IR (neat): 1733 (C=0); 'H NMR (500 MHz, CDCl3) §1.26 (t, J = 7.3 Hz, 6H),
1.66 (s, 9H), 2.83 (t, J = 2.2 Hz, 2H), 3.49 (s, 2H), 4.14-4.25 (m, 6H), 7.22 (ddd, J = 7.6, 7.6, 1.0 Hz, 1H), 7.29
(ddd, J = 7.6, 7.6, 1.0 Hz, 1H), 7.41 (s, 1H), 7.63 (dd, J = 7.6, 1.0 Hz, 1H), 8.05-8.14 (br m, 1H); '3C NMR (125
MHz, CDCl3) 614.0 (2C), 23.2, 26.9, 28.2 (3C), 30.7, 57.9, 61.9 (2C), 78.7, 82.6, 83.7, 114.4, 115.2, 119.1, 122.5,
124.4, 124.9, 131.0, 135.1, 149.6, 169.7 (2C). HRMS (FAB) calcd C2sH30CINOg: [M], 475.1762; found: [M'],
475.1758.

EtO,C EtO,C
CO-Et Me,SO, CO-Et
\ KOH \
—_ >
N A N A
N DMF Me
Cl Cl
la le

Diethyl 2-(4-Chlorobut-2-yn-1-yI)-2-[(1-methyl-1H-indol-3-yl)methyl]malonate (1e).

To a stirred mixture of 1a (183 mg, 0.49 mmol) and KOH (64 mg, 0.97 mmol) in DMF (4.8 mL) was added
Me;SO4 (92 pL, 0.32 mmol) at room temperature. The mixture was stirred for 3.5 h at this temperature and
quenched by addition of H,O. The whole was extracted with EtOAc. The extract was washed with H,O, brine and
dried over MgSOs. The filtrate was concentrated under reduced pressure to give an oily residue, which was purified
by flash chromatography over silica gel with n-hexane-EtOAc (6:1) to give le as a pale yellow oil (100 mg, 53%
yield): IR (neat): 2252 (C=C), 1735 (C=0); '"H NMR (500 MHz, CDCl3) §1.24 (t, J = 7.2 Hz, 6H), 2.83 (t, J =2.3
Hz, 2H), 3.54 (s, 2H), 3.72 (s, 3H), 4.11-4.24 (m, 6H), 6.87 (s, 1H), 7.08 (ddd, J = 7.6, 7.6, 1.1 Hz, 1H), 7.18 (ddd,
J =176, 7.6, 1.1 Hz, 1H), 7.23-7.26 (m, 1H), 7.63 (d, J = 7.6 Hz, 1H); 3C NMR (125 MHz, CDCls) § 14.0 (2C),
23.1,27.3,30.8, 32.7, 58.2, 61.6 (2C), 78.2, 83.0, 107.8, 109.1, 118.9 (2C), 121.5, 128.1, 128.6, 136.6, 169.7 (2C).
HRMS (FAB) calcd C21H24CINO4: [M'], 389.1394; found: [M '], 389.1390.
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EtO,C
COEL by, (dba)s CHCI3, dppb
TsNH 5, Cs,CO3

\

N /) THF (0.067 M)

Cl
la 2a 3a

General Procedure for the Palladium-Catalyzed Cascade Cyclization of Propargyl Chlorides.

To a stirred mixture of la (30 mg, 0.080 mmol) and TsNH, (20.5 mg, 0.16 mmol) were added
Pdy(dba);-CHCl; (2.1 mg, 3.9 umol, 2.5 mol %), dppf (3.4 mg, 8.0 umol, 10 mol %), and Cs2CO3 (52 mg, 0.16
mmol) at room temperature under argon. The mixture was stirred for 3 h at this temperature, and H,O was added to
the mixture. The whole was extracted with EtOAc. The extract was washed with H,O, brine and dried over MgSQOs.
The filtrate was concentrated under reduced pressure to give an oily residue, which was purified by flash

chromatography over NHb silica gel with n-hexane—EtOAc (8:1) to give 2a (29.3 mg, 72% yield) and 3a (1.4 mg,

5.2% yield).
EtOC co,et Diethyl 11-Methylene-1-tosyl-2,3,10,10a-tetrahydro-1H-2,5a-methanoazepino[2,3-
i blindole-4,4(5H)-dicarboxylate (2a).
N Colorless solid; mp 164-165 °C; IR (neat): 3361 (NH), 1729 (C=0); 'H NMR (500 MHz,
H O Ts CDCly) §1.24 (t, = 7.1 Hz, 3H), 1.35 (t, J = 7.1 Hz, 3H), 2.38 (s, 3H), 2.40 (d, J = 13.7 Hz,
2a 1H), 2.48 (d, J = 13.7 Hz, 1H), 3.22 (d, J = 13.7 Hz, 2H), 4.09-4.10 (m, 1H), 4.13-4.39 (m,

4H), 4.44 (s, 1H), 4.66 (d, J = 4.1 Hz, 1H), 4.76 (s, 1H), 6.05 (d, J = 4.6 Hz, 1H), 6.64 (d, J
=7.8 Hz, 1H), 6.82 (dd, J = 7.8, 7.8 Hz, 1H), 7.07-7.15 (m, 2H), 7.25 (d, J = 8.2 Hz, 2H), 7.86 (d, J = 8.2 Hz, 2H);
13C NMR (125 MHz, CDCls) & 13.9 (2C), 21.4, 37.7, 39.9, 52.3, 57.7, 61.3, 62.1, 62.6, 84.0, 103.4, 110.7, 119.3,
122.9, 127.4 (3C), 129.0, 129.6 (2C), 137.6, 143.2, 148.8, 151.7, 170.9, 171.3. HRMS (FAB) calcd Ca7H3oN206S:
[M*], 510.1825; found: [M*], 510.1832.

EtO,C Diethyl 2-Methylenespiro[cyclohexane-1,3’-indol]-3-ene-5,5-dicarboxylate (3a).
Yellow oil; IR (neat): 1732 (C=0); '"H NMR (500 MHz, CDCl3) & 1.22-1.28 (m, 6H), 2.37 (d, J =
14.3 Hz, 1H), 2.72 (d, J = 14.3 Hz, 1H), 4.16-4.30 (m, 4H), 4.56 (s, 1H), 4.87 (s, 1H), 6.18 (d, J =
10.3 Hz, 1H), 6.57 (d, J = 10.3 Hz, 1H), 7.27-7.35 (m, 2H), 7.37-7.43 (m, 1H), 7.66 (d, J = 8.0 Hz,
3a 1H), 7.95 (s, 1H); '*C NMR (125 MHz, CDCls) & 13.9 (2C), 35.0, 55.5, 60.8, 62.3 (2C), 114.8,
121.5, 122.9, 125.4, 126.5, 128.5, 131.6, 137.6, 141.3, 155.4, 169.8, 170.1, 173.9. HRMS (FAB)
calcd CoH21NO4: [M ], 340.1549; found: [M*], 340.1555.

EtO2C co,et Diethyl 11-Methylene-1-(phenylsulfonyl)-2,3,10,10a-tetrahydro-1H-2,5a-methano-
i azepino[2,3-b]indole-4,4(5H)-dicarboxylate (2b).
K IR (neat): 3355 (NH), 1727 (C=0); 'H NMR (500 MHz, CDCl3) §1.24 (t, J = 7.2 Hz, 3H),
N 'SO,Ph  1.35 (t,J=7.2 Hz, 3H), 2.41 (d, J = 13.6 Hz, 1H), 2.49 (d, J = 13.6 Hz, 1H), 3.21-3.27 (m,
2b
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2H), 4.10-4.12 (m, 1H), 4.13-4.40 (m, 4H), 4.46 (s, 1H), 4.67 (d, I = 4.0 Hz, 1H), 4.77 (s, 1H), 6.07 (d, J = 4.0 Hz,
1H), 6.65 (d, J=7.7 Hz, 1H), 6.83 (dd, J= 7.7, 7.7 Hz, 1H), 7.09 (d, J = 7.7 Hz, 1H), 7.14 (dd, J = 7.7, 7.7 Hz, 1H),
7.43-7.55 (m, 3H), 7.99 (d, J = 8.0 Hz, 2H); 3C NMR (125 MHz, CDCls) §13.9 (2C), 37.7, 39.9, 52.3, 57.7, 61.3,
62.1, 62.6, 84.0, 103.6, 110.8, 119.4, 122.9, 127.3 (2C), 127.4, 128.9 (2C), 129.0, 132.5, 140.5, 148.8, 151.6, 170.9,
171.2. HRMS (FAB) calcd CasHasN2OsS: [M*], 496.1668; found: [M*], 496.1668.

EtOC co,et Diethyl 1-(Mesitylsulfonyl)-11-methylene-2,3,10,10a-tetrahydro-1H-2,5a-
1 methanoazepino[2,3-b]Jindole-4,4(5H)-dicarboxylate (2c).
N IR (neat): 3377 (NH), 1728 (C=0); '"H NMR (500 MHz, CDCls) & 1.22-1.28 (m, 6H), 2.31
H Mts (s, 3H), 2.38 (d, J = 14.5 Hz, 1H), 2.64 (s, 6H), 2.73 (dd, J = 13.7, 2.9 Hz, 1H), 3.08 (dd, J
2c =14.5,2.9 Hz, 1H), 3.21 (d, J = 13.7 Hz, 1H), 4.02 (d, J = 4.0 Hz, 1H), 4.10-4.33 (m, 4H),
4.37 (t,J =2.9 Hz, 1H), 4.52 (s, 1H), 4.92 (s, 1H), 5.98 (d, J = 4.0 Hz, 1H), 6.46 (d, J = 8.0 Hz, 1H), 6.76 (dd, J =
8.0, 8.0 Hz, 1H), 6.95 (s, 2H), 7.03-7.09 (m, 2H); '*C NMR (125 MHz, CDCls) §13.7, 13.9, 21.0, 23.1 (2C), 38.6,
39.4, 51.5, 58.0, 62.0, 62.3, 62.4, 82.8, 103.7, 109.9, 118.6, 122.8, 126.8, 128.9, 132.0 (2C), 133.9, 140.2 (2C),
142.6, 148.9, 151.4, 170.9, 171.5. HRMS (FAB) calcd C20H34N206S: [M '], 538.2138; found: [M'], 538.2142.

ELO.C Diethyl 11-Methylene-1-[(2-nitrophenyl)sulfonyl]-2,3,10,10a-tetrahydro-1H-2,5a-
2% CO,Et
u 2 methanoazepino[2,3-blindole-4,4(5H)-dicarboxylate (2d).

The reaction was performed for 2 h at 60 °C.

N N\Ns IR (neat): 3372 (NH), 1728 (C=0); '"H NMR (500 MHz, CDCl3) §1.24 (t, J = 7.2 Hz, 3H),
od 1.31 (t, J = 7.2 Hz, 3H), 2.46-2.51 (m, 2H), 3.23-3.32 (m, 2H), 4.10-4.40 (m, SH), 4.57 (s,

1H), 4.66 (d, J = 4.6 Hz, 1H), 4.95 (s, 1H), 6.07 (d, J = 4.6 Hz, 1H), 6.63 (d, J = 8.0 Hz,

1H), 6.86 (dd, J = 7.4, 7.4 Hz, 1H), 7.12-7.17 (m, 2H), 7.59-7.71 (m, 3H), 8.18 (dd, J = 7.4, 1.7 Hz, 1H); '*C NMR
(125 MHz, CDCl3) ¢ 13.8, 14.0, 37.8, 39.9, 52.3, 57.9, 62.3, 62.6, 62.8, 84.0, 104.3, 111.0, 119.8, 123.0, 124.4,
127.3,129.1, 129.5, 132.1, 133.1, 134.6, 148.5, 148.9, 151.5, 170.8, 171.1. HRMS (FAB) calcd C26H27N305S: [M],

541.1519; found: [M*], 541.1511.

EtO:C co.Et Diethyl 11-Methylene-1-(methylsulfonyl)-2,3,10,10a-tetrahydro-1H-2,5a-
2
i methanoazepino[2,3-b]indole-4,4(5H)-dicarboxylate (2e).

The reaction was performed for 24 h at 60 °C.
H N‘Ms IR (neat): 3345 (NH), 1728 (C=0); '"H NMR (500 MHz, CDCl3) §1.24 (t, J = 7.2 Hz, 3H),
2e 1.33 (t, J = 7.2 Hz, 3H), 2.43-2.48 (m, 2H), 2.98 (s, 3H), 3.20-3.26 (m, 2H), 4.11-4.33 (m,
4H), 4.35-4.37 (m, 1H), 4.50 (s, 1H), 4.55 (d, J = 4.6 Hz, 1H), 4.96 (s, 1H), 5.78 (d, J = 4.6
Hz, 1H), 6.67 (d, J = 7.4 Hz, 1H), 6.87 (dd, J = 7.4, 7.4 Hz, 1H), 7.10-7.17 (m, 2H); '*C NMR (125 MHz, CDCl;) &
13.9, 14.0, 37.5, 40.5, 40.6, 52.6, 58.2, 61.8, 62.2, 62.6, 84.0, 103.4, 111.2, 119.8, 122.9, 127.8, 129.1, 148.6, 152.1,

170.7, 171.2. HRMS (FAB) caled Ca1HagN206S: [M*], 434.1512; found: [M*], 434.1512.
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Et0:C co.Et Diethyl 7-Fluoro-11-methylene-1-tosyl-2,3,10,10a-tetrahydro-1H-2,5a-methanoazepi-
1 no[2,3-blindole-4,4(5H)-dicarboxylate (2K).

IR (neat): 3345 (NH), 1730 (C=0); 'H NMR (500 MHz, CDCl3) §1.24 (t, J = 7.7 Hz, 3H),

N N‘TS 1.35 (t,J = 7.7 Hz, 3H), 2.32 (d, J = 13.7 Hz, 1H), 2.39 (s, 3H), 2.48 (d, J = 14.9 Hz, 1H),

2K 3.20-3.23 (m, 2H), 4.09-4.11 (m, 1H), 4.13-4.41 (m, 4H), 4.46 (s, 1H), 4.55 (d, J = 4.0 Hz,

1H), 4.79 (s, 1H), 6.07 (d, J = 4.6 Hz, 1H), 6.55 (dd, J = 8.0, 4.3 Hz, 1H), 6.80-6.86 (m, 2H), 7.25 (d, J = 8.0 Hz,

2H), 7.85 (d, J = 8.0 Hz, 2H); 3C NMR (125 MHz, CDCl3) §13.8, 14.0, 21.5, 37.6, 39.9, 52.2, 57.7, 61.2, 62.2,

62.7, 84.4, 103.6, 110.6 (d, J = 22.8 Hz), 111.2 (d, J = 8.4 Hz), 115.1 (d, J = 25.2 Hz), 127.4 (2C), 128.9 (d, J =

10.8 Hz), 129.6 (2C), 137.5, 143.3, 144.7, 151.3, 157.1 (d, J = 243.5 Hz), 170.9, 171.11. HRMS (FAB) calcd
C27H20FN206S: [M ], 528.1730; found: [M*], 528.1724.

EtO:C co,kt Diethyl 7-Bromo-11-methylene-1-tosyl-2,3,10,10a-tetrahydro-1H-2,5a-

Br 0 methanoazepino[2,3-b]indole-4,4(5H)-dicarboxylate (21).

The reaction was performed for 3 h at 60 °C.

N IR (neat): 3364 (NH), 1730 (C=0); 'H NMR (500 MHz, CDCl5) § 1.25 (t, J = 7.2 Hz,
o) 3H), 1.34 (t, J = 7.2 Hz, 3H), 2.32 (d, J = 13.7 Hz, 1H), 2.39 (s, 3H), 2.48 (d, J = 12.6
Hz, 1H), 3.17-3.23 (m, 2H), 4.10 (s, 1H), 4.12-4.38 (m, 4H), 4.49 (s, 1H), 4.65 (d, J =
4.6 Hz, 1H), 4.79 (s, 1H), 6.06 (d, J =4.6 Hz, 1H), 6.52 (d, J= 8.3 Hz, 1H), 7.18 (d, J = 2.0 Hz, 1H), 7.23 (dd, J =
8.3, 2.0 Hz, 1H), 7.26 (d, J = 8.0 Hz, 2H), 7.83 (d, J = 8.0 Hz, 2H); '*C NMR (125 MHz, CDCl;) 513.8, 14.0, 21.5,
37.5,39.8,52.2,57.6,61.2,62.2,62.6,84.1,103.7, 111.0, 119.3, 126.0, 127.3 (2C), 129.0, 129.6 (2C), 129.7, 137.4,

143.3, 147.9, 151.1, 170.8, 171.0. HRMS (FAB) caled Co7HoBrN2OS: [M], 588.0930; found: [M*], 588.0926.

EtO:C co,Et Diethyl 7-Methoxy-11-methylene-1-tosyl-2,3,10,10a-tetrahydro-1H-2,5a-methano-
i azepino[2,3-blindole-4,4(5H)-dicarboxylate (2m).

IR (neat): 3352 (NH), 1731 (C=0); "H NMR (500 MHz, CDCl3) §1.24 (t, J = 7.2 Hz,
H N‘Ts 3H), 1.35 (t, J=7.2 Hz, 3H), 2.35 (d, J = 13.7 Hz, 1H), 2.38 (s, 3H), 2.46 (dd, J = 14.9,
om 1.7 Hz, 1H), 3.20-3.26 (m, 2H), 3.77 (s, 3H), 4.08-4.11 (m, 1H), 4.13-4.39 (m, 4H),

4.44 (d, J = 5.2 Hz, 1H), 4.47 (s, 1H), 4.77 (s, 1H), 6.03 (d, J = 5.2 Hz, 1H), 6.56 (d, J
= 8.0 Hz, 1H), 6.67-6.71 (m, 2H), 7.25 (d, J = 8.0 Hz, 2H), 7.87 (d, J = 8.0 Hz, 2H); '*C NMR (125 MHz, CDCLs) &
13.9, 14.0, 21.5, 37.7, 40.0, 52.3, 56.0, 57.9, 61.3, 62.1, 62.6, 84.3, 103.4, 110.1, 111.2, 113.6, 127.4 (2C), 128.8,
129.6 (2C), 137.6, 142.4, 143.1, 151.6, 153.7, 170.9, 171.3. HRMS (FAB) calcd C23H3N,07S: [M'], 540.1930;
found: [M*], 540.1935.

MeO,

Diethyl 5’-Methoxy-2-methylenespiro[cyclohexane-1,3’-indol]-3-ene-5,5-dicarboxylate
(3d).

IR (neat): 1732 (C=0); 'H NMR (500 MHz, CDCls) & 1.22-1.30 (m, 6H), 2.38 (d, J = 14.3
Hz, 1H), 2.68 (d, J = 14.3 Hz, 1H), 3.84 (s, 3H), 4.19-4.27 (m, 4H), 4.58 (s, 1H), 4.89 (s,
1H), 6.17 (d, J = 10.3 Hz, 1H), 6.56 (d, J=10.3 Hz, 1H), 6.86 (d, J = 2.6 Hz, 1H), 6.90 (dd,
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J=8.6,2.6 Hz, 1H), 7.56 (d, J = 8.6 Hz, 1H), 7.82 (s, 1H); '*C NMR (125 MHz, CDCL) & 13.9 (2C), 25.8, 35.2,
55.5, 55.7, 60.9, 62.3, 109.1, 113.6, 114.9, 121.9, 125.3, 131.6, 137.8, 143.0, 149.0, 158.9, 169.8, 170.1, 171.9.
HRMS (FAB) caled C2HxNOs: [M + H] %, 370.1654; found: [M + H]*, 370.1653.

2,2-Dimethyl 6,6-Dimethyl 3,5,6a,7-Tetrahydro-1H-indeno[1,7a-b]indole-2,2,6,6-
tetracarboxylate (4a).
OMe IR (neat): 1735 (C=0); 'H NMR (500 MHz, CDCl;) & 1.13 (t, J = 7.2 Hz, 3H), 1.23-
1.28 (m, 3H), 2.53 (d, J = 14.9 Hz, 1H), 2.66-2.90 (m, 5H), 3.68 (s, 3H), 3.73 (s, 3H),
Meo™ © 4.00-4.34 (m, 5H), 4.76 (s, 1H), 5.70-5.76 (m, 1H), 6.53 (d, J = 8.0 Hz, 1H), 6.67 (dd, J
4a = 8.0, 8.0 Hz, 1H), 6.90 (d, J = 8.0 Hz, 1H), 6.99 (dd, J = 8.0, 8.0 Hz, 1H); *C NMR
(125 MHz, CDCl3) 613.8, 13.9, 29.6, 29.7, 38.6, 39.9, 52.6, 52.9, 53.9, 54.7, 61.5, 65.6., 74.2, 109.4, 118.0, 119.4,
123.6, 128.2, 135.0, 140.9, 149.6, 169.3, 170.6, 171.0, 171.8. HRMS (FAB) calcd CosH20NOg: [M*], 471.1893;
found: [M'], 471.1901.

EtO,C
EtO,C

Diethyl 6,6-Diacetyl 5,6,6a,7-tetrahydro-1H-indeno[1,7a-b]indole-2,2(3H)-dicarbo-
xylate (4b).
IR (neat): 3406 (NH), 1728 (C=0); 'H NMR (500 MHz, CDCl3) §1.15 (t, J = 7.1 Hz, 3H),
1.25 (t,J = 7.1 Hz, 3H), 2.01 (s, 3H), 2.18 (s, 3H), 2.37 (d, J = 14.7 Hz, 1H), 2.64-2.73 (m,
3H), 2.84-2.91 (m, 2H), 4.04-4.20 (m, 4H), 4.43 (br s, 1H), 4.83 (s, 1H), 5.70-5.75 (m, 1H),
4b 6.55 (d, J=8.0 Hz, 1H), 6.70 (dd, J = 8.0, 8.0 Hz, 1H), 6.91 (dd, J= 8.0, 1.1 Hz, 1H), 7.00
(ddd, J = 8.0, 8.0, 1.1 Hz, 1H); '*C NMR (125 MHz, CDCl3) §13.8, 13.9, 26.3, 28.8, 29.5, 36.3, 40.4, 54.2, 55.0,
61.6 (20), 73.3., 79.5, 110.2, 117.6, 119.8, 123.4, 128.3, 136.0, 141.1, 149.4, 170.8, 171.7, 203.1, 204.8. HRMS
(FAB) calcd C2sH29NOg: [M ], 439.1995; found: [M ], 439.2000.
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data carbonate bcm-1.als
single pulse decoupled gated NOE
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50

DFILE
COMNT
DATIM
OBNUC
EXMOD
O0BFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD
PW1
IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

E

=f\,m, b, g\fuf f,fAfEf“@,r,P,0\F-105-data bcm-1.als

DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD
PW1
IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

F-105-data-1.als
single_pulse
2013-07-13 13:25:56
1H
single_pulse.ex2
500.16 MHz
2.41 KHz
6.01 Hz
52428
7507.39 Hz
4
6.9835 sec
5.0000 sec
6.50 usec
1H
25.0 ¢
CDCL3
0.00 ppm
0.12 Hz
40

Et0,C

0,C BT

F-105-data bcm-1.als

single pulse decoupled gated NOE
2013-07-13 13:42:20
13C
single_pulse_dec
125.77 MHz
7.87 KHz
4.21 Hz
26214
31446.06 Hz
333
0.8336 sec
2.0000 sec
3.73 usec
1H
25.4 ¢
CDCL3
77.00 ppm
0.12 Hz
52
EtO,C
EtO,C
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=0\,m, 1,q\fuf f,fAfEf*\E-179-2_Proton-1-1.als
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E EE § § Eg E E § E COMNT single_pulse
RN HRC I DATIM 2013-02-07 10:02:40
T W T 'W V osNuC 1
EXMOD proton. jxp
OBFRQ 399.78 MHz
S OBSET 4.19 KHz
B OBFIN 7.29 Hz
B POINT 13107
FREQU 7598.78 Hz
SCANS 8
ACQTM 1.7249 sec
PD 5.0000 sec
PW1 4.65 usec
IRNUC 1H
CTEMP 25.2 ¢
WW‘TW w ’TW W WW W SLVNT CDCL3
8.05 7.56.35 7.157.J10 2.78.251.20 EXREF 0.00 ppm
BF 0.12 Hz
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DFILE data E-179-2 sai bcm-1.als
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© ~ © ~NOYTOoOMOOo S ~ NON~Mm nwn © o o ©
3 So PR Nlen de e DATIM 2013-05-11 14:08:34
S 5S g§883958 @ RRRR 23 CR B OBNUC 13
EXMOD single_pulse_dec
OBFRQ 125.77 MHz
OBSET 7.87 KHz
OBFIN 4.21 Hz
POINT 26214
FREQU 31446.06 Hz
SCANS 344
ACQTM 0.8336 sec
PD 2.0000 sec
PW1 3.73 usec
IRNUC 1H
CTEMP 25.8 ¢
SLVNT CDCL3
EXREF 77.00 ppm
BF 0.12 Hz
RGAIN 56
EtO,C
CO,Et
\
NN
" el
lc Br
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A VUL e 1
2 : 3 EXMOD single_pulse.ex2
| ' ' ' LS vt I OBFRQ 500.16 MHz
< s s 2 s 2 |8 OBSET 2.41 KHz
s S B - - b OBFIN 6.01 Hz
A POINT 52428
FREQU 7507.39 Hz
SCANS 8
ACQTM 6.9835 sec
PD 5.0000 sec
PW1 6.50 usec
IRNUC 1H
CTEMP 24.8 ¢
SLVNT CDCL3
8.10 8.0565 7.60 7.40 7.30 7.20  4.20 3.50 2.85 1.65 1.25 EXREF 0.00 ppm
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FREQU 31446.06 Hz
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\
¥4
Bo
Cl
1d
|
|
|
|
|
|
| |
i |
| I
PPM
1T 1117 T T T r T T T T T T T T I
200 175 150 125 100 75 50 25 0

S17



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

C:\Documents and Settings\Hirotaka

Kamitani\fFFXfNFafbfV\fXfsf fCf

“fh If

=\,m,1,a\,1,

“1\data-E-119-1.als

dvw
IS8
NRE

N

—3.543

832

iﬁj§27

—1.239

@
3
«
3

Ne.823

T
WTTW TWTT TTWTT WTTW TTWTTT TWTTW
7.257.20 7.10 4.254.20 4.15 3.70 3.55 2.852.801.25
~
o e
)
: dq
©
v
[S
[
o 1)
=1 J
o o
LU e AL
PPM
8 6 4 2 0
C:\Documents and Settings\Hirotaka Kamitani\fffXfNfgfbfv\fXfsf fCf“fh [f<@ _=f\,m,1,q\,1,..“1\data-E-119 bcm-1.als
© W YTWwOdN NI~ do®mowN 0o QU@ N
o Q NN OO ©OWo W [=3%s) ©own W
] @ WHADO® O ONNO N~ © ©CoNO O
o © DOHDO DI~ NN~ O @ o~
~ M NNNA— OO @~ NN~ ©n mONN o
- PR RN pa REERE

S18

DFILE
COMNT
DATIM
OBNUC
EXMOD
O0BFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD
PW1
IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD
PW1
IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

data-E-119-1.als
single_pulse
2013-04-03 19:01:25
1H
single_pulse.ex2
500.16 MHz
2.41 KHz
6.01 Hz
13107
7507.39 Hz
8
1.7459 sec
5.0000 sec
6.50 usec

24.9 ¢
CDCL3
0.00 ppm
0.12 Hz
34

Et0,C
27 _CO,Et

\
v

Ci

data-E-119 bcm-1.als
single pulse decoupled gated NOE
2013-04-03 19:08:42
13C
single_pulse_dec
125.77 MHz
7.87 KHz
4.21 Hz
26214
31446.06 Hz
142
0.8336 sec
2.0000 sec
3.73 usec

25.2 ¢
CDCL3
77.00 ppm
0.12 Hz
54

EtO,C
27 _CO,Et

N
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DFILE dataE-158-sai-2.als
COMNT single_pulse
DATIM 2013-06-21 13:18:46
OBNUC 1H
EXMOD single_pulse.ex2
OBFRQ 500.16 MHz
OBSET 2.41 KHz
OBFIN 6.01 Hz
POINT 52428
FREQU 7507.39 Hz
SCANS 8
ACQTM 6.9835 sec
PD 5.0000 sec
PW1 6.50 usec
IRNUC 1H
CTEMP 25.4 ¢
SLVNT CDCL3
EXREF 0.00 ppm
BF 0.12 Hz
RGAIN 50

E CO,Et

WOZE(

N
H

S2

DFILE E-158--BCM-data-1.als
COMNT single pulse decoupled gated NOE
DATIM 2013-01-15 15:29:47
OBNUC 13C
EXMOD single_pulse_dec
OBFRQ 125.77 MHz
OBSET 7.87 KHz
OBFIN 4.21 Hz
POINT 26214
FREQU 31446.06 Hz
SCANS 688
ACQTM 0.8336 sec
PD 2.0000 sec
PW1 3.73 usec
IRNUC 1H
CTEMP 26.2 ¢
SLVNT CDCL3
EXREF 77.00 ppm
BF 0.12 Hz
RGAIN 58

E CO,Et

WOZE[

N
H

S2
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DFILE
COMNT
DATIM
OBNUC
EXMOD
O0BFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD
PW1
IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD
PW1
IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

data E-160-1
single_pulse

-als

2013-04-04 23:52:

1H

single_pulse.
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2.41
6.01

ex2
MHz
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8
6.9835
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6.50
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EtO,C
COsEt
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data E-160 bcm-1.als

single pulse decoupled gated NOE

2013-04-05 03:04:19
13C
single_pulse_dec

125.77
7.87
4.21
26214
31446.06
4048
0.8336
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3.73
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oTBsS
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C:\Documents and Settings\Hirotaka Kamitani\fffXfNfgfbfv\fXfsf fCf“fh [f .m,I,q\,e |,n,g\data E-162-1.als

DFILE data E-162-1.als

COMT  single_pulse
o O S 6w © $ ol o DATIM 2013-04-04 09:27:30
T \ \ \? VY W osNUC 1
EXMOD single_pulse.ex2
| . [ [ | O0BFRQ 500.16 MHz
4 3 ° e B OBSET 2.41 KHz
- ° OBFIN 6.01 Hz
POINT 52428
FREQU 7507.39 Hz
SCANS 8
ACQTM 6.9835 sec
PD 5.0000 sec
PW1 6.50 usec
IRNUC 1H
CTEMP 25.2 ¢
T SLVNT CDCL3
8.20 8.15 7.30 7.20 6.90 4.30 4.25 4.20 4.15 4.10  3.50 2.80 2.001.95 1.251.20 EXREF 0.00 ppm
BF 0.12 Hz
RGAIN 42
Et0,C
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b N v
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DFILE E-162_Carbon-1-1.als
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s sd N I Nd o DATIM 2013-01-17 10:23:53
5§ &% 888839538888 98kEr 88 D R oBNUC 13
EXMOD carbon. jxp
OBFRQ 100.53 MHz
OBSET 5.35 KHz
OBFIN 5.86 Hz
POINT 26214
FREQU 25125.63 Hz
SCANS 400
ACQTM 1.0433 sec
PD 2.0000 sec
PW1 3.00 usec
IRNUC 1H
CTEMP 26.3 ¢
SLVNT CDCL3
EXREF 77.00 ppm
BF 0.12 Hz
RGAIN 60
EtO,C
F COLEt
A\
N A
H
S5 OH
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DFILE
COMNT
DATIM
OBNUC
EXMOD
O0BFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM

PW1
IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD
PW1
IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

e-163-3-1.als

single_pulse

2013-01-23 15:50:
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single pulse decoupled gated NOE
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DFILE data-E-130-2-2.als
CONT single_pulse
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“ S EXMOD single_pulse.ex2
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3 g - Q OBSET 2.41 KHz
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SCANS 8
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CTEMP 25.1 ¢
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DFILE E-130-2 500mhz bcm-1.als
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SCANS 1024
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PD 2.0000 sec
PW1 3.73 usec
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RGAIN 54
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DFILE E-140-500mhz-1.als
COMNT single_pulse
DATIM 2012-12-10 09:49:60
OBNUC 1H
EXMOD single_pulse.ex2
OBFRQ 500.16 MHz
OBSET 2.41 KHz
OBFIN 6.01 Hz
POINT 13107
FREQU 7507.39 Hz
SCANS 8
ACQTM 1.7459 sec
PD 5.0000 sec
PW1 6.50 usec
IRNUC 1H
CTEMP 28.0 ¢
SLVNT CDCL3
EXREF 0.00 ppm
BF 0.12 Hz
RGAIN 40
EtO,C
MeO. CO,Et
\
v
H
Cl
1h
DFILE E-140-500mhz-bcm.als
COMNT single pulse decoupled gated NOE
DATIM 2012-12-10 10:39:54
OBNUC 13C
EXMOD single_pulse_dec
OBFRQ 125.77 MHz
OBSET 7.87 KHz
OBFIN 4.21 Hz
POINT 26214
FREQU 31446.06 Hz
SCANS 1024
ACQTM 0.8336 sec
PD 2.0000 sec
PW1 3.73 usec
IRNUC 1H
CTEMP 28.3 ¢
SLVNT CDCL3
EXREF 77.00 ppm
BF 0.12 Hz
RGAIN 56
EtO,C
MeO. CO,Et
\
N
H
Cl
1h
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AN\ I 1w T ITT N7 1e oBNUC 14
EXMOD proton. jxp
@ S e | " 0 58 0BFRQ 399.78 MHz
e © eOB 18 3 5 | rops ° OBSET 4.19 KHz
[ o o OBFIN 7.29 Hz
' de POINT 13107
FREQU 6002.40 Hz
SCANS 8
ACQTM 2.1837 sec
PD 5.0000 sec
9 N PW1 4.65 usec
@ © ©
8 o 9 IRNUC  1H
- = CTEMP 25.4 ¢
T I SLVNT CDCL3
TIZ 7.25 7.157.107.05 GTE ar.r[sm :‘;T 4.75@4& 354, 20415 ATIZ 3.253.202.502.452.40| 1.35 T EXREF 0.00 ppm
BF 0.12 Hz
RGAIN 38
EtO:G oyt
N
88 2 H Ts
— o 2a
)
PPM
} ! ! } }

C:\Documents and Settings\Hirotaka Kamitani\fffXfNfgfbfv\Sa“cE°\~_=1“Se\fXfsf fCf*fh [f< @ _=T\,m,1,q\SA%» @,9°1\E-146_Carbon-1-1-400mhz.als

8y S8FOI8SES § § 2988 TEREY 85 £ &Y COMNT Single pulse decoupled gated 102
a5 KR Hd@uasaen N3 8838 b3KEH oF S o DATIN 2019m12ma7 33 a0 00 e
<R 5% 95288882 g 8 BRI S8IHH 86 J 99 OBNUC 13C
S 25 39999997 2 3
| EXMOD carbon. jxp
OBFRQ 100.53 MHz
OBSET 5.35 KHz
OBFIN 5.86 Hz
POINT 26214
FREQU 25125.63 Hz
SCANS 512
ACQTM 1.0433 sec
PD 2.0000 sec
PW1 3.00 usec
IRNUC 1H
CTEMP 25.5 ¢
SLVNT CDCL3
EXREF 77.00 ppm
BF 0.12 Hz
RGAIN 60
5‘03 COLEt
N N
H Ts
2a

S25



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

C:\Documents and Settings\Hirotaka Kamitani\fffXfNfgfbfv\fXfsf fCf“fh [f =T\,m,1,g\fA .. “f’E-E\data F-46-twice-1.als
DFILE data F-46-twice-1.als
§ G2 8%% 838 8§ 35 & & ] 88 RES comt - single._pulse
PP 5o 5o : : N I DATIM 2013-04-22 20:26:03
T TT NVNT I T T TT (R oswuc 1
@ EXMOD single_pulse.ex2
" . [ ' ' © OBFRQ 500.16 MHz
1S B | s ‘ 3 3 - OBSET 2.41 KHz
- ° - OBFIN 6.01 Hz
POINT 13107
FREQU 7507.39 Hz
SCANS 8
ACQTM 1.7459 sec
PD 5.0000 sec
PW1 6.50 usec
IRNUC 1H
CTEMP 25.7 ¢
TTITTIT T TI[ T I TTTrTTim SLVNT CDCL3
7.30 6.60 6.556.20 4.90  4.60 4.55 4‘304‘254‘20 2‘752‘70 2‘402‘35 1. EXREF 0.00 ppm
BF 0.12 Hz
RGAIN 46

< =T -
o > o o &
o e o

S~
., 1.03

PPM

C:\Documents and Settings\Hirotaka Kamitani\fffXfNfgfbfv\fXfsf fCf“fh [f<@ _=9\,m,1,q\fA .. “f’E-£\data F-46 bcm_copy-1.als

DFILE data F-46 bcm_copy-1.als

838 b 888l BLTB Sgg o893 2 83 COMNT single pulse decoupled gated NOE

@ A~ < MWOWOWLDMmD D © NN mN®D o o ©

558 8 drdscsdds Nid g ;. 5 DATIM 2013-04-20 16:10:50

REE B SHSNSSNEY FRR BE8EH @ - OBNUC 13
EXMOD single_pulse_dec
OBFRQ 125.77 MHz
OBSET 7.87 KHz
OBFIN 4.21 Hz
POINT 26214
FREQU 31446.06 Hz
SCANS 417
ACQTM 0.8336 sec
PD 2.0000 sec
PW1 3.73 usec
IRNUC 1H
CTEMP 25.8 ¢
SLVNT CDCL3
EXREF 77.00 ppm
BF 0.12 Hz
RGAIN 54

|
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|
|
|
[ (I
[
PPM
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C:\Documents and Settings\Hirotaka Kamitani\fffXfNfgfbfv\Sa“cE°\~_=1“Se\fXfsf fCf“fh [f< @ _

A

=\, m, 1, a\SA%» Of xf“fLf“fXf<fzf* fAf fh\data F-29-2 RECRYSTALIZATION-2.a

ILE data F-29-2 RECRYSTALIZATION-2.al
CouT singleputse
oo 56 o : Dol e DATIM 2013-04-09 16:22:05
\/ W TT V I V TT i7 osNUC 1
EXMOD single_pulse.ex2
o ! 1 8 OBFRQ 500.16 MHz
E S o OBSET 2.41 KHz
- OBFIN 6.01 Hz
POINT 13107
FREQU 7507.39 Hz
SCANS 8
ACQTM 1.7459 sec
PD 5.0000 sec
PW1 6.50 usec
IRNUC 1H
CTEMP 26.1 ¢
TTTTTTT T[TTTT T T T I T T TTT 7T SLVNT CDCL3
8.00 7.557.507.457.207.157.10 6.856.806.65 4.804.75 4.‘70 4.‘65 4.1154.‘404.‘354.‘30 4.‘254.‘204.‘154.‘10 3A‘25 3A‘ 0| 2.502.45 2.40 1.3 EXREF 0.00 ppm
BF 0.12 Hz
RGAIN 42
coa
839
KT?‘ EIOQ\C COEt
1 8
3
N \
H SO.Ph
1
| Q 2b
I
=
oM
o
=
PPM
8 6 4 2 0

C:\Documents and Settings\Hirotaka Kamitani\fffXfNfgfbfv\Sa* “fh [f<@ _=M\,m, 1,q\SA%» @fxf“fLf“fXf<fzf* fAf fh\data F-29-2 RECRYSTALIZATION BCM-1

ILE data F-29-2 RECRYSTALIZATION BCM-

S27

vz 35 ﬁgg‘go‘_&ﬁ%g 8 3 5o (;uo COMNT single pulse decoupled gated NOE
e enniaanaen &8 an o DATIM 2013-04-09 17:00:06
Rg 4% SHE8NNNT § 8 85 449 oBNUC 13C
o IR RE R R R S S
EXMOD single_pulse_dec
OBFRQ 125.77 MHz
OBSET 7.87 KHz
OBFIN 4.21 Hz
POINT 26214
FREQU 31446.06 Hz
SCANS 792
ACQTM 0.8336 sec
PD 2.0000 sec
PW1 3.73 usec
IRNUC 1H
CTEMP 26.5 ¢
SLVNT CDCL3
EXREF 77.00 ppm
BF 0.12 Hz
RGAIN 54
E‘Of CO,Et
N
H SO.Ph
2b
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S eNfXfsf fCf“fh [f<@~

e\, m, 1, q\$A%» Of FVf FEF“FXf<fzf" fAf fh\data F-30-1-1.a

ILE data F-30-1-1.als
N ; s : ; TR oSS DATIM 2013-04-16 22:45:43
W B 111 VTTTT\M
3 o EXMOD single_pulse.ex2
, s e Y OBFRQ 500.16 MHz
] § OBSET 2.41 KHz
OBFIN 6.01 Hz
POINT 13107
FREQU 7507.39 Hz
SCANS 8
ACQTM 1.7459 sec
PD 5.0000 sec
PW1 6.50 usec
IRNUC 1H
3 CTEMP 25.5 ¢
T T T © SLVNT CDCL3
7056TZ :r[w . B . . Tmuos 2(8.10 3.05.75 2.40 ZTD 1.25 EXREF 0.00 ppm
< BF 0.12 Hz
o RGAIN 54
n
Et0:G co,Et
©
<
) N N
H Mts
S 2c
o~
—
o
0
N
o
88 8 g 538 |3 8% 38
o - bl = od |o co ol o
. l Lo L nLﬂ | k. L___
PPM
8 6 4 2 0

C:\Documents and Settings\Hirotaka Kamitani\fffXfNfgfbfv\Sa“cE°\~_=1“Se\fXfsf fCf“fh [f< @ _=N\,m,1,q\SA%» @f fVf fEf“fXf<fzf“fAf~fh\F-30-bcm.als
35 §59S58858% 58  3ESSYSSIES Fg  s33yy CONT Single. pules decoupled gated NOE
0 @ © o N~ @A~ Smo o T [Rr:] oo o~ single pulse decoupled gate
43 o s 3 o B N B L e DATIM 2013-03-14 15:52:37
DD 2 j 8 3 MM~~~ © ©n ;v ® oM NN - OBNUC 13C
EXMOD single_pulse_dec
OBFRQ 125.77 MHz
OBSET 7.87 KHz
OBFIN 4.21 Hz
! POINT 26214
FREQU 31446.06 Hz
SCANS 570
ACQTM 0.8336 sec
PD 2.0000 sec
PW1 3.73 usec
IRNUC 1H
CTEMP 26.2 ¢
SLVNT CDCL3
EXREF 77.00 ppm
BF 0.12 Hz
RGAIN 54
Et0:G co,Et
N~
H Mts
2c
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C:\Documents and Settings\Hirotaka Kamitani\fffXfNfgfbfv\Sa“cE°\~_=1“Se\fXfsf fCf*fh [f< @ _=T\,m,1,q\SA%» @fmfVf<fAf~fh\data F-32-2-1.als
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C:\Documents and Settings\Hirotaka

Kamitani\fFFXfNfgfbfv\Sa“cE°\"_=9“S e\fXfsf fCf“fh [f<

)

DFILE
COMNT
DATIM
OBNUC
EXMOD
O0BFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD
PW1
IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

data F-32-2-1.als

single_pulse

2013-04-17 02:30:

1H

single_pulse.

500.16
2.41
6.01

13107
7507.39
8

1.7459

5.0000
6.50

ex2
MHz
KHz
Hz

Hz
sec

sec
usec

45

1H
402.3 ¢
CDCL3
0.00
0.12
46

ppm

Et02C co,et

Iz

Ns
2d

~_ef\,m, 1,q\SA%» @fmfVf<fAf~fh\data F-32-2-bcm.als
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DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD
PW1
IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

data F-32-2-bcm.als

single pulse decoupled gated NOE
2013-04-17 05:59:09

13C

single_pulse_dec

125.77
7.87
4.21

26214
31446.06
4400

0.8336

2.0000
3.73

25.5
CDCL3
0.00
0.12
60

EtO;

I=z

Ns
2d

MHz
KHz
Hz

ppm
Hz

CO,Et
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C:\Documents and Settings\Hirotaka Kamitani\fffXfNfgfbfv\Sa“cE°\~_=1“S e\fXfsf fCf*fh [f< @ _=T\,m,1,q\SA%» @f fVf<fAf~fh\data F-31-2-1.als

oney owo Lo N® @ 9o o o wd no
2583 8838 £8 82 3 33 8 8 28 59
9S4 888 @8 KR o @8 B 9 a8 88
NAAIRAIRIER N\ 17
o g
oy " b I
3 P
[ & [ |F IF
‘ ‘ﬂni‘ nji | »ng /ﬁﬂ\ ’nl j%
7.157.10 6.85 6.65 5.754.95 4.55 4.50 4.354.30 4.25 4.20 4.15 3.25 3.26.00 2.451.35 1J30.25
N
3
<
o
g @
™ (";
o o o
=3 o o
N N N
o o o
83 <} <} 8§ 3
- O - -~ ot
LU “ A S
PPM
8 6 4 2 0

DFILE
COMNT
DATIM
0BNUC
EXMOD
O0BFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD
PW1
IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

data F-31-2-1.als

single_pulse

2013-04-16 22:53:32

1H
single_pulse.
500.16
2.41
6.01
13107
7507.39
8
1.7459
5.0000
6.50
1H
402.1
CDCL3
0.00
0.12
44

EtOy

Iz

Ms
2e

C:\Documents and Settings\Hirotaka Kamitani\fffXfNfgfbfv\Sa“cE°\~_=7“Se\fXfsf fCf*fh [f< @ _T\,m,1,q\SA%» @f fVf<fAf~fh\data F-31-2-bcm.als
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DFILE
COMNT
DATIM
0BNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD
PW1
IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

ex2
MHz
KHz
Hz

ppm
Hz

CO,Et

data F-31-2-bcm.als
single pulse decoupled gated NOE
2013-04-17 02:21:55
13C
single_pulse_dec
125.77 MHz
7.87 KHz
4.21 Hz
26214
31446.06 Hz
4400
0.8336
2.0000
3.73

26.1 ¢
CDCL3
0.00 ppm
0.12 Hz
54

Et0;C co,et

Iz

Ms

2e



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

C:\Documents and Settings\Hirotaka Kamitani\fffXfNfgfbfv\Sa“c€°\~_=1“Se\fXfsf fCf*

fh [f<@ _=1\,m,1,q\5A%»,eI\data F-34-2.als

——7.249
561
—6.554
536

—7842
=6.546
Ne.
—4.786
——4.464

o
3
Q

DFILE
COMNT
DATIM
OBNUC
EXMOD

—=2.330
—=2.303

data F-34-2.als
single_pulse
2013-04-09 16:16:
1H

single_pulse.ex2

1.05

OBFRQ
OBSET
OBFIN

500.16
2.41
6.01

MHz
KHz
Hz

HH‘HH‘T H‘HH‘H

7.85 7.8025 6.85 6.80

TW \‘HH‘\

6.55

.40 1.35 1.301.25

—_, 1.00

~—_ 2.01

-

6.10 6.05

POINT
FREQU
SCANS
ACQTM
PD
PW1
IRNUC
CTEMP

T TFF‘TFW

4.80

4.55

983

w410

. 1.00
_ 1.02
—
=

3

— —__ 2.01

!TWP \‘HH‘HH‘HH‘HH‘HH‘H\ T‘_W \‘HH‘H W HH‘HH ‘HH‘\H

4.451.40 4.35 4.30 4.25 4.20 4.15 4.10 3.25 3.20

05

3.

. 0.99
-

SLVNT
EXREF
BF

RGAIN

2.50 2.45 2.40 2.35 2.30

PPM

o—

C:\Documents and Settings\Hirotaka

Kamitani\fFfXfNfgfbfv\Sa

S\T_=1“S e\fXfsf fCf“fh [f< @ _=1\,

m

13107
7507.39
8
1.7459
5.0000
6.50

26.1
CDCL3
0.00
0.12
54

ppm
Hz

EtOC coset

Iz

Ts
2k

,1,q\8A%» ,e“I\data F-43-bcm twice-1.als

9% pSSBNBUBSNBBE8E83 339V g5eS8 B3 98% COMNT Single pulse decoupted gated OE
— 0 O NONSOOWOM—AON-OTW MmN G~ ©O© == ~N © n ow
LS 0 o D N D iede daged  an RS DATIN  2013-04-18 16:33:00
5% BRZIYRRRANAISHESE ERqR 88@G 8% & 49 oBC 13c
EXMOD single_pulse_dec
OBFRQ 125.77 MHz
OBSET 7.87 KHz
OBFIN 4.21 Hz
POINT 26214
FREQU 31446.06 Hz
SCANS 1024
ACQTM 0.8336 sec
PD 2.0000 sec
pPw1 3.73 usec
IRNUC 1H
CTEMP 401.8 c
SLVNT CDCL3
EXREF 77.00 ppm
BF 0.12 Hz
RGAIN 56
EtO:C coLEt
(O
NN
H Ts
2k
]
l ! |
|
|
|
[
PRI
T T ‘ T T T T T T ‘ T T T T T T T T 1T
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C:\Documents and Settings\Hirotaka Kamitani\fffXfNfgfbfv\Sa“cE°\~_=1“S e\fXfsf fCf“fh [f< @ _=T\,m,1,q\SA%»

,”“1\data F-36-2-1.als

DFILE data F-36-2-1.als
CONT single_pulse
N ; : e e DATIM 2013-04-12 11:19:40
VT TT § T V I 17117 oBNUC 1y
o b} EXMOD single_pulse.ex2
! ! [ ' o OBFRQ 500.16 MHz
OBSET 2.41 KHz
L OBFIN 6.01 Hz
POINT 13107
e FREQU 7507.39 Hz
SCANS 8
ACQTM 1.7459 sec
PD 5.0000 sec
PW1 6.50 usec
IRNUC 1H
CTEMP 137.3 ¢
mm mr m SLVNT CDCL3
W T TEOTWSA 80 4.65 4.50 4. 354 304.254.204.15 4 10 2.502.48.40 2.35 2.30 :IZ 1.25 EXREF 0.00 ppm
BF 0.12 Hz
RGAIN 56
o
wn
oo Et0:G coEt
N Br. \\
™
NN
g H Ts
o~ pil

= T

<
S
o
o
3 3
o -
©
4 2 2 no D <]
: < % 9 9 o
S o coo

C:\Documents and Settings\Hirotaka Kamitani\fffXfNfgfbfv\Sa“cE°\~"_=1“S e\fXfsf fCf“fh [f< @ _=T\,m,1,q\SA%»

1\E-142-1-500mhz BCM.als

88 023313838 FB 8 SESY 95838 23 & 3B COWNT single pulse aecoupted gated NOE
o © 00 m< OO 2] © o N ~ O 0N ~ o T o
a0 I PN o SEdS NNdNN @ R DATIM 2012-12-14 15:42:13
NN vy SO0y N S o~NN~ ©oownwb o m I OBNUC 13C
EXMOD single_pulse_dec
OBFRQ 125.77 MHz
OBSET 7.87 KHz
OBFIN 4.21 Hz
POINT 26214
FREQU 31446.06 Hz
SCANS 1024
ACQTM 0.8336 sec
PD 2.0000 sec
pPw1 3.73 usec
IRNUC 1H
CTEMP 27.4 ¢
SLVNT CDCL3
EXREF 77.00 ppm
BF 0.12 Hz
RGAIN 50
EtO:G co,Et
Br. =
NN
H Ts
2l
|
| | |
! |
PPM
L L L L L L e e e e e e e e e e B
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C:\Documents and Settings\Hirotaka Kamitani\fffXfNfgfbfv\Sa“cE°\~_=1“S e\fXfsf fCf“fh [f< @ _=T\,m,1,q\SA%»
om 9 9m o s o oo oy & @ Yux ©oe T ow on @9
28 % 88 PR &y B { 98 § 3 385 Lg8¢ I 28 8% 293
&8 & Rg by 88 R 5 3% g R 8 583 8 88 83 IN
U?WTT?TT? TTWT‘WNTTTVH\T
e o | 8 T IR
AEH N T T u
7
4
[T T
7.857.25 6.70 6.556.05 4.45  4.354.304.254.204.154.10 3.78.253.20 2.45 2.40 2.35 1.35 1.25
o
®
~
©
3 5 3
o« o o®
©
s 3 8 8
o~ N o~ ~
e S 8 B /8 B.'
— = [ )
| h 1 | lmm A i
PPM
8 6 4 2 0

C:\Documents and Settings\Hirotaka Kamitani\fffXfNfgfbfv\Sa“cE°\~"_=1“S e\fXfsf fCf“fh [f< @ _=T\,m,1,q\SA%»
© PO PHW T DT O M LEON N—HOOL® oo © N ©
> o QN NNY BN NodS O ®S8F 393898 5N S 0o
Qo ©©O HY¥G bNY bAA ® OABN BOA®BO® ON ¥ o®
— o M AN BN MHO ® SO dadNoa oN a4 mm
NS Bh Y90 ANN oo O ONNK ©CobwBL ®m IR
] Ad Sadddd 999 S
| ! | Il
| |
| ! \ | i ‘ ! \‘ |
u , " " § o mL V-
PPM
T T ‘ T T T T T T ‘ T T T T T T ‘ T T ‘ 1T
200 175 150 125 100 75 50 25 0

S33

n,le‘i\data F-35-2-1.als

DFILE data F-35-2-1.als
COMNT single_pulse
DATIM 2013-04-12 11:15:53
OBNUC 1H
EXMOD single_pulse.ex2
OBFRQ 500.16 MHz
OBSET 2.41 KHz
OBFIN 6.01 Hz
POINT 13107
FREQU 7507.39 Hz
SCANS 8
ACQTM 1.7459 sec
PD 5.0000 sec
PW1 6.50 usec
IRNUC 1H
CTEMP 117.5 ¢
SLVNT CDCL3
EXREF 0.00 ppm
BF 0.12 Hz
RGAIN 54

Et0G _co,et

MeO, o

NN

H Ts

2m

DFILE E-144-1-500mhz bcm-1.als
COMNT single pulse decoupled gated NOE
DATIM 2012-12-14 16:36:07
OBNUC 13C
EXMOD single_pulse_dec
OBFRQ 125.77 MHz
OBSET 7.87 KHz
OBFIN 4.21 Hz
POINT 26214
FREQU 31446.06 Hz
SCANS 1024
ACQTM 0.8336 sec
PD 2.0000 sec
PW1 3.73 usec
IRNUC 1H
CTEMP 27.5 ¢
SLVNT CDCL3
EXREF 77.00 ppm
BF 0.12 Hz
RGAIN 58

EtOG co.Et

MeO, o

NN

H Ts

2m

“1\E-144-1-500mhz bcm-1.als
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LO\fA ..“f’E—£ @0Me\data F-47-2.als

C:\Documents and Settings\Hirotaka Kamitani\fffXfNfgfbfv\fXfsf fCf“fh [f
]

[=) o DFILE data F-47-2.als
82§ 3gRdniR ER R COMNT  single_pulse
o~ N R R D Ll q aedddad DATIM 2013-04-20 14:35:47
T o1 S 1T v, oonve 1
o i EXMOD single_pulse.ex2
O ol @ e @ O0BFRQ 500.16 MHz
8 H 3 8 s o g - OBSET 2.41 KHz
- - - - - OBFIN 6.01 Hz
- ° = — POINT 13107
< ! FREQU 7507.39 Hz
° - | SCANS 8
£ I ACQTM 1.7459 sec
! 4 PD 5.0000 sec
© PW1 6.50 usec
IRNUC  1H
CTEMP 25.6 c
TTTTTITTTT TTTTTTTTTT UL L L AL LA L e A LA L T[T ITTTTT I SLVNT CDCL3
7A‘a5 7Lm 7.60 7.55 sA‘an 6.‘8 60 §.5%.20 6.15 AA‘an 4.‘35 4.‘50 AA‘55 .‘30 4.‘25 4.‘ o 3.‘35 3.Lo 2170 2165 an z.‘ss 1.‘3 1.L5 1.‘20 EXREF 0.00 ppm
BF 0.12 Hz
RGAIN 42
PPM
8 6 4 2 0

C:\Documents and Settings\Hirotaka Kamitani\fffXfNfgfbfv\fXfsf fCf“fh [f<@ _=T\,m,1,q\fA .“f’E-£ @OMe\data F-47 bcm-1.als

235 8 E 38 B S5 258 888 7383 8 2 33 COMNT Single pulse deceupled gated OE

5895 B G 38 %85 388 B82 H8R% 5 B 33

Dt s R i B T i I e S doww i & o DATIN  2013-04-20 14:32:47

FE8 B %95 8 &8 388 RER E888 8 & 49 oBC 13c
EXMOD single_pulse_dec
OBFRQ 125.77 MHz
OBSET 7.87 KHz
OBFIN 4.21 Hz
POINT 26214
FREQU 31446.06 Hz
SCANS 964
ACQTM 0.8336 sec
PD 2.0000 sec
pPw1 3.73 usec
IRNUC 1H
CTEMP 25.4 ¢
SLVNT CDCL3
EXREF 77.00 ppm
BF 0.12 Hz
RGAIN 54

3d
|
|
PRI
T T T T T T T T T T T T T T T T 1T
200 175 150 125 100 75 50 25 0
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C:\Documents and Settings\Hirotaka Kamitani\fffXfNfgfbfv\fXfsf fCf“fh [f LOq\SAk» @fWf f~f<f}f fI [fo\data E-26-2-1.als

DFILE data E-26-2-1.als
CONT single_pulse
Cleee  de o6 e o : N DATIM 2013-04-23 09:43:28
1 A A VA T osNUC 1
EXMOD single_pulse.ex2
' ' ' . " OBFRQ 500.16 MHz
8 e 5 8 5 8 OBSET 2.41 KHz
- o o o c o OBFIN 6.01 Hz
POINT 13107
FREQU 7507.39 Hz
SCANS 8
ACQTM 1.7459 sec
PD 5.0000 sec
PW1 6.50 usec
IRNUC 1H
CTEMP 25.3 ¢
‘HH‘HH‘ HH‘HH W \‘HH‘H HH‘HH‘HH \‘HH‘HH‘ H‘HH‘HH‘H \H‘HH‘HH‘HH‘HH‘HH‘\ SLVNT CDCL3
[7.05 7.00 6.95 6.90 6.70 6.656.55 6.50 5.755.70 4.80 4.75 4.2035 4.30 4.25 4.20 4.15 4.10 4.05 4.00 3.75 3.70 3.65 &90 2.85 2.80 2.75 2.70 2.65
<
<
IRV
@
S
8 N
N
4a
TIT SRy 5 Q 8
2.552.50 1.25 - Zd o o —
PPM
8 ‘6 4 2 0

C:\Documents and Settings\Hirotaka Kamitani\fffXfNfgfbfv\fXfsf fCf“fh [f<@ Wf f~f<f}f f1 [fo\data E-26-2 bcm-1.als

2288 £ 5 8 8883 o zdyszs §3 COMNT Single pulse decoupled gated OE

0o wN n o O N ©mOo < Ngm™~N o, o ©

4o oa o o 18 woowd o N PP P DATIM 2013-04-23 10:33:34

SEES S 58 §33% 8 FHERED = OBNUC 13
EXMOD single_pulse_dec
OBFRQ 125.77 MHz
OBSET 7.87 KHz
OBFIN 4.21 Hz
POINT 26214
FREQU 31446.06 Hz
SCANS 1024
ACQTM 0.8336 sec
PD 2.0000 sec
PW1 3.73 usec
IRNUC 1H
CTEMP 25.4 ¢
SLVNT CDCL3
EXREF 77.00 ppm
BF 0.12 Hz
RGAIN 54

da
[
N
"
I
PPM
L L L L L L e e e e e e e e e e B
200 175 150 125 100 75 50 25 0
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C:\Documents and Settings\Hirotaka Kamitani\fffXfNfgfbfv\fXfsf fCf“fh [, =\, m, 1,q\SA%» @fAfZf  f<fAfZfgf*“\dara-F-69-sai-2-1.als

DFILE dara-F-69-sai-2-1.als

o o T e e e e e ool G o G e DATIM 2013-06-26 10:00:38
VYTV T I NEZ NN T T T80 oBC 1
:‘ ™ N o 9 o EXMOD single_pulse.ex2
' [ o '3 2 [ OBFRQ 500.16 MHz
2 2 = 1 % < 2 1 4 OBSET 2.41 KHz
B . ° OBFIN 6.01 Hz
il POINT 65536
h FREQU 9384.38 Hz
SCANS 8
ACQTM 6.9835 sec
PD 5.0000 sec
PW1 6.50 usec
IRNUC 1H
CTEMP 26.4 ¢
I A A L A TTTTTTTT SLVNT CDCL3
T[; ’:TDTZIZ J;Zs.[gﬂarazwr AALD 4.‘A5 A.‘AO 4.‘20 4.‘15 AA‘ZLD A.LS 2.90 2.85 2.‘70 Z.LSTFZTaEm TZLU:I: 1.15 EXREF 0.00 ppm
BF 0.12 Hz
RGAIN 46
o
N
<
EtO,C
<
2

(0)
2.9

— 188

1.01

1.02

0.99

1.00
S~ 0.73
- 204

PPM

C:\Documents and Settings\Hirotaka Kamitani\fffXfNfgfbfv\fXfsf fCf“fh [f<@ “f<fAfZfgf*“\data F-66-2 bcm_copy-1.als

DFILE data F-66-2 bcm_copy-1.als

B [N 3 g e 893 8 gﬁgg S & COMNT single pulse decoupled gated NOE

52 an Sooa ann T aoan o DATIM 2013-05-22 16:19:03

ig Rg g 8 g835 § grye 59 OBNUC 130

&« o - o o HAddA o
EXMOD single_pulse_dec
OBFRQ 125.77 MHz
OBSET 7.87 KHz
OBFIN 4.21 Hz
POINT 26214
FREQU 31446.06 Hz
SCANS 92
ACQTM 0.8336 sec
PD 2.0000 sec
PW1 3.73 usec
IRNUC 1H
CTEMP 25.3 ¢
SLVNT CDCL3
EXREF 77.00 ppm
BF 0.12 Hz
RGAIN 50

4b
|
|
I
|
PPM
T T T T T T T T
200 150 100 50 0
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