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General Methods

All reactions were performed under a nitrogen atmosphere unless otherwise specified. NMR spectra were
recorded on JEOL 0400, INM-ECX 400 ('H/400 MHz, *C/100 MHz), and Bulker VSP 500 ('H/500 MHz,
3C/125 MHz) spectrometers. Chemical shifts are reported in & (ppm) using chloroform as an internal standard of
0 7.26, and 77.16, acetonitrile as an internal standard of & 1.94, and 118.26, methanol as an internal standard of &
3.31, and 49.00, and dimethyl sulfoxide as an internal standard of & 2.50, and 39.52 for 'H and “C NMR,
respectively. Data for 'H NMR are reported as follows: chemical shift (number of hydrogens, multiplicity,
coupling constant). Multiplicity is abbreviated as follows: s (singlet), d (doublet), t (triplet), q (quartet), quin
(quintet), m (multiplet), br (broad). ESI-Mass spectra were recorded on JEOL The AccuTOF LC-Plus
JMS-T100. Optical rotations were recorded on JASCO DIP-360 digital polarimeter. The medium pressure
liquid chromatography (MPLC) purifications were performed on a YAMAZEN YFLC-AI-580. Where
necessary, solvents were distilled from appropriate drying agents prior to use. Reactions were monitored by
thin layer chromatography using Merck Millipore TLC Silica gel Fs4 plates (0.25 mm) which were
visualized using UV light, p-anisaldehyde stain, and PMS stain. Flash column chromatography was

performed using Kanto Silica Gel 60N or Amino silica-gel [Kanto Silica Gel 60 (spherical) NH;].

Materials

NiCl, was purchased from Wako Pure Chemical Industries, Ltd. and used after vacuuming for 5 h. NiCl,-
6H,0, NiF,-4H,0, NiBr,, CuCl,, FeCl;, and CoCl, were purchased from Wako Pure Chemical Industries,
Ltd. and used as received. Nil, was purchased from Alfa Aesar and used as received. Nil,-6H,O was
purchased from Nacalai Tesque, Inc. and used as received. Manganese and InCl; were purchased from
Aldrich Chemical Co. and used as received. The ligands (SciOPP and TMS-SciOPP)' were provided through
the generous gift by Prof. Masaharu Nakamura (Kyoto Univ.) and Prof. Takuji Hatakeyama (Kwansei
Gakuin Univ.).
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Synthetic procedures

Screening of catalyst for reductive dimerization of 7 (€x0)

Ph,P PPh, Boc
o) (15 mol%) N (0] O
Metal

Br. OMe (15 mol%)

N‘Boc Mn (1.15 eq)

N H DMA
Boc rt.

General procedure

To a mixture of metal catalyst (0.120 mmol, 15 mol%) and DPPE (47.8 mg, 0.120 mmol, 15 mol%) in
DMA (650 pL) was added bromide 7 (398 mg, 0.800 mmol), and resulting mixture was purged with nitrogen.
After treatment with Mn (50.5 mg, 0.920 mmol, 1.15 eq), the resulting suspension was immediately purged
again with nitrogen and stirred at room temperature for 12 h. The mixture was diluted with AcOEt and
treated with 1 N HCI. After separation of aqueous phase, organic layer was washed with H,O x2, 1 N HCIl,
saturated aqueous solution of Na,SOs;, and brine, dried over Na,SO,, filtered, and concentrated under
reduced pressure. The residue was purified by silica-gel column chromatography to isolate dimer 8,

byproducts (9 and 10) and recovered substrate 7.

Procedure with pretreatment of anhydrous metal catalyst with H,O

Anhydrous metal catalyst (0.120 mmol, 15 mol%) and H,O (0.720 mmol, 90 mol%) were premixed, and
then DMA (650 puL) was added. To a resulting mixture of metal catalyst in DMA were added DPPE (47.8 mg,
0.120 mmol, 15 mol%) and bromide 7 (398 mg, 0.800 mmol), and resulting mixture was purged with
nitrogen. After addition of Mn (50.5 mg, 0.920 mmol, 1.15 eq), the resulting suspension was immediately
purged again with nitrogen and stirred at room temperature for 12 h. The mixture was diluted with AcOEt
and treated with 1 N HCI. After separation of aqueous phase, organic layer was washed with H,O x2, 1 N
HCI, saturated aqueous solution of Na,SOs, and brine, dried over Na,SO,, filtered, and concentrated under
reduced pressure. The residue was purified by silica-gel column chromatography to isolate dimer 8,

byproducts (9 and 10) and recovered substrate 7.
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Table S1: Screening of catalyst for reductive dimerization of 7 (€x0)
8 [%]* 10 [%]? 9[%]* 7 [%]?

Entry Metal (Co-dimer) (reduced) (cleaved) (recovery)
1 CuCl, trace trace 77 0
2 FeCl, trace 14 64 0
3 InCl; 12 <5 74 0
4 CoCl, 46 18 <5 0
5 NiCl,-6H,0 60 17 8 0
6 NiCl, trace trace 7 75
7 NiCl, + 6H,0O 52 13 5 0
8 NiF,-4H,0 trace <5 trace 83
9 NiBr,+6H,0 58 14 <5
10 Nil, + 6H,0 70 8 6
11 Nil,-6H,0 74 <5 13

a) Isolated yields, average of two trials.

Effects of ligand on nickel-catalyzed dimerization of 7 (ex0)

Ph,P  PPh,
0 (15 mol%)
NiCl,-6H,0

Br OMe (15 mol%)

N\Boc Mn (1.2 eq)
N H DMA
Boc rt.

Table S2: Screening of optimum ligands for nickel-catalyzed reductive dimerization of 7 (ex0)

. 8 [%]* 10 [%]? 9[%]* 7[%]?
Ent Metal L lvent

my et igand Solven (Co-dimer)  (reduced) (cleaved) (recovery)
1 PPh;" 11 10 19 36

2 DPPF 28 17 20 <5

3 ) DPPB 46 14 <5 <10

NiCl,-6H,0 DMA

4 DPPP 56 <5 <5 <5

5 DPPBz 55 19 trace <5

6 DPPE 60 17 8 0

a) Isolated yields, average of two trials. b) 30 mol%.
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Effects of solvent on nickel-catalyzed dimerization of 7 (e€x0)

Ph,P  PPh,
o (15 mol%)
NiCl,-6H,0 Boc-.

Br. OMe (15 mol%)

N - ' s MeO
“Boc Mn (1.2 eq)

N H Solvent

Boc rt.

Table S3: Screening of optimum solvents for nickel-catalyzed reductive dimerization of 7 (ex0)
8 [%]* 10 [%]? 9[%]* 7 [%]?

Ent Metal Ligand Solvent :
iy et 18an orven (Co-dimer)  (reduced) (cleaved) (recovery)
1 toluene trace <5 trace 82
2 CH;CN 41 10 9 0
3 THF 24 23 16
4 ) DMSO 41 11 trace <5
NiCl,-6H,0 DPPE
5 DMPU 23 31 28 0
6 NMP 51 19 14 0
7 DMF 60 5 10 0
8 DMA 60 17 8 0
a) Isolated yields, average of two trials.
Control experiments and reactions in the presence of either excess amounts of water or TEMPO
Table S4: Control experiments and reactions with water or TEMPO
Additive/ 8 [%]? 10 [%]* 9[%)* 7 [%]?
Ent Metal Reductant o
oy et eductan Conditions (Co-dimer)  (reduced) (cleaved) (recovery)
1 NiCl,-6H,0 - - - - - 95
2 - Mn - - - n.d.” 93
3¢ Nil,-6H,0 Mn under air n.dP n.dP n.d. 83
d . H,O
4 NiCl,-6H,0O Mn (10 eq. to 7) 19 45 trace 12
e jp— TEMPO
5 NiCl,-6H,0 Mn (47 mol%) - - - 91

a) Isolated yields. b) Analyzed by HPLC. n.d. (not determined). ¢) Average of two trials. d) H,O (144 uL, 10 eq. based
on 7) and DMA (600 pL) were used. e) A trace amount of TEMPO-adduct 14 (<2%) was obtained (see following
scheme).
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An attempt for nickel-catalyzed dimerization of 7 in the presence of TEMPO

Ph,P  PPh,
(15 mol%)
N|CI2 6H,0 N, o
14 mol%) [e) OMe
N.
Bo

Mn (1.2 eq) -
DMA N 'H
\
rt Boc
7 TEMPO 14 8
(47 mol%) (<2%) (not obtained)

To a mixture of NiCl,*6H,0 (26.5 mg, 0.111 mmol, 14 mol%) and DPPE (48.2 mmol, 0.121 mmol, 15
mol%) in DMA (650 pL) was added bromide 7 (396 mg, 0.796 mmol), and resulting mixture was purged
with nitrogen. After treatment with TEMPO (58.2 mg, 0.372 mmol, 47 mol%) and Mn (54.1 mg, 0.985 mmol,
1.2 eq.), the resulting suspension was immediately purged again with nitrogen and stirred at room
temperature for 12 h. The mixture was diluted with AcOEt and treated with 1 N HCI. After separation of
aqueous phase, organic layer was washed with H,O x2, 1 N HCI, and brine, dried over Na,SOy, filtered, and
concentrated under reduced pressure. The residue was purified by silica-gel column chromatography to

afford a trace amount of 14 (7.7 mg, 0.013 mmol, <2%) and recovered substrate 7 (363 mg, recovery 91%).

14: R¢ = 0.61 (Hex:AcOEt = 3:1); '"H NMR (400 MHz, CDCls, 45 °C): § 7.54 (1H, br-s), 7.37 (1H, d, J=7.5
Hz), 7.28 (1H, m), 7.07 (1H, t, J = 7.4 Hz), 6.61 (1H, s), 3.81 (1H, m), 3.72 (3H, d, J = 1.6 Hz), 2.76-2.64
(2H, m), 1.56 (9H, s), 1.40 (9H, s), 1.44-1.31 (5H, m), 1.29-1.21 (1H, m), 1.08-0.98 (6H, m), 0.94-0.70 (6H,
m); *C NMR (100 MHz, CDCl;, 45 °C): § 172.56, 152.63, 144.42, 132.86, 130.11, 125.57, 123.39, 117.96,
91.89, 81.39, 80.89, 79.67, 77.36, 60.66, 59.82, 59.64, 52.10, 41.16, 40.69, 40.61, 33.91, 33.14, 28.48, 28.41,
20.78, 20.71, 17.22; HR-MS (ESI): calcd. C3;HyN;0; [M+H]" 574.3487, found 574.3515; [U.]D27 -116 (c 1.0,
CHCly).

Synthesis of authentic 14

Bu Bu
G OMe
Cu/Cu OTf), N
“Boc
benzene N H
75 °C Boc

7 TEMPO 14

By adapting the protocol reported by Matyjaszewski,” a mixture of bromide 7 (499 mg, 1.00 mmol),
TEMPO (180 mg, 1.15 mmol), cupper shot (955 mg, 15.0 mmol), Cu(OTf), (37.9 mg, 0.105 mmol, 11
mol%) and (4,4’-di-tert-butyl)-2,2-bipyridine (116 mg, 0.432 mmol, 43 mol%) were suspended in benzene (6
mL) under nitrogen atmosphere. Resulting suspension was heated at 75 °C and stirred for 20 h. After being
cooled to room temperature, suspension was filtered through a pad of Celite, and concentrated under reduced
pressure. The residue was purified by silica-gel column chromatography to afford 14 (481 mg, 0.838 mmol,

84%) as a white amorphous.
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Effect of catalyst loading on Nil,-catalyzed dimerization of 7 (ex0)

/ N\
Ph,P PPh,
1) (X mol%)
Nil,-6H,0 Boc\N
OMe (X mol%)

N ~_* » MeO
“Boc Mn (Y eq)
N H DMA
Boc r.t.

Br,

To a solution of Nil,*6H,0 (X mol%) and DPPE (X mol%) in DMA (650 uL) was added bromide 7 (398
mg, 0.800 mmol), and resulting mixture was purged with nitrogen. After treatment with Mn (Y eq.), the
resulting suspension was immediately purged again with nitrogen and stirred at room temperature for 12—24
h as shown in Table S5. The mixture was diluted with AcOEt and treated with 1 N HCI. After separation of
aqueous phase, organic layer was washed with H,O x2, 1 N HCI, saturated aqueous solution of Na,SO;, and
brine, dried over Na,SO,, filtered, and concentrated under reduced pressure. The residue was purified by

silica-gel column chromatography to isolate dimer 8, byproducts (9 and 10).

Table S5: Effect of catalyst loading on Nil,-catalyzed dimerization of 7 (ex0)
Metal Ligand Mn Reaction 8 [%]* 10 [%]? 9 [%]? 7 [%]?

Entry [mol%] X [mol%] Y[eq] Time[h] (C,-dimer) (reduced) (cleaved) (recovery)
1 15 15 1.15 12 74 trace 13 0
2 4 4 1.1 14.5 67 11 3 0
3 2.5 2.5 1.05 24 63 17 <5 0

a) Isolated yields, average of two trials.
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Nickel-catalyzed dimerization of 16 with modification of catalyst and reaction conditions

7 Oy_OMe H,
Ar,P PAr; Boc H Y =
Br (15 mol%) O H N Boc, - N __’/NTOMe
NiX,-6H,0 M = NH§
MeO~ "N . \
_—~N.__OMe (15 mol%)
N I (£)-17 (reduced)
\ (o] Mn -
Boc DMA - NTOMe N. _OMe A\ HNTOMe
(%)-16 N H -, T N J
© o

Boc

N H \
i30c boc Boc
18 (rac-Cy) 19 (meso) 15 (cleaved)

To a mixture of NiX,*6H,0 (0.12 mmol, 15 mol%) and ligand (0.12 mmol, 15 mol%) in DMA (1000 pL)
was added 16 (318 mg, 0.800 mmol), and resulting mixture was purged with nitrogen. After treatment with
Mn (65.9 mg, 1.20 mmol, 1.5 eq.), the resulting suspension was immediately purged again with nitrogen and
stirred at either room temperature or 4 °C for 12—24 h as shown in Table S6. The mixture was diluted with
AcOEt and treated with 1 N HCI. After separation of aqueous phase, organic layer was washed with H,O x2,
1 N HCI, saturated aqueous solution of Na,SO;, and brine, dried over Na,SO,, filtered, and concentrated
under reduced pressure. The residue was purified by silica-gel column chromatography to isolate dimers

(C,-18 and meso0-19), byproducts (15 and 17) and recovered substrate 16.

Table S6: Nickel-catalyzed dimerization of 16 with modification of catalyst and reaction conditions

Temp. Time 18[%]° 19[%]° 17[%] 15[%]  16[%]

rac- 2 meso reduce cleave I'CCOVCI'y
Entry Ni(II) Ligand oC h c duced 1 d

12 ppE 12 8 8 11 9 35

2° NGO rt. 17 13 18 17 15 0

N3 T o NS
2 17 17 20 1 12 0
DPPBz ~ ------------

4° 4 19 18 22 11 8 trace

5¢  NiCl,'6H,0 DPPBz 4 20 25 30 11 7 trace

6° . 25 25 16 22 23 7° -
----- i SciOPP . )

7 ‘ 40 24 16 20 40 2 -
----- N 16 T B B e

8 , 40 19 9 17 25 10 3
----- i TMS-SciOPP ) )

9 60 12 15 20 29 6 -

a) Mn (1.2 eq.). b) Calculated yields based on 'H NMR. ¢) Average of two trials. d) 10 mol% of catalyst and ligand.

Structure of phosphine ligands' employed

Q Bu Q Bu T™S Q T™S
Q /N /0 @ /0 tBu/@ /@\fBu Tms/@ /@TMS
j PP i j PP i Bu. : PP : Bu  TMS. : P PQ ; TMS
Bu Bu T™S T™S
DPPE DPPBz SciOPP TMS-SciOPP
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Synthesis of methyl (2-(1H-indol-3-yl)ethyl)carbamate S-1.

CI-COOMe
C[CN . Et;N CE@H OMe
N CHCI3/CH,CN N g
H H 0
tryptamine S-1

A solution of tryptamine (4.01 g, 25.1 mmol) and triethyl amine (10.4 mL, 75.0 mmol) in 1:1 mixture of
chloroform and acetonitrile (170 mL) was added methyl chloroformate (2.30 mL, 30.0 mmol) at 0 °C and
stirred for 15 min. The solution was then heated to 35 °C and stirred for 1.5 h. After being cooled to 0 °C, the
resulting reaction mixture was diluted with chloroform and treated with 1 N HCl. The combined chloroform
extracts were washed with brine, dried over Na,SQ,, filtered, and concentrated under reduced pressure. The
residue was purified by silica-gel column chromatography to afford S-1 (4.29 g, 19.6 mmol, 78%) as a light

brown amorphous.

S-1: Ry = 0.64 (CHCI;:MeOH = 7:1); '"H NMR (500 MHz, CDCl;): § 8.10 (1H, br-s), 7.61 (1H, d, J = 7.8 Hz),
7.37 (1H, dd, J=8.1, 0.9 Hz), 7.21 (1H, m), 7.13 (1H, m), 7.03 (1H, s), 4.77 (1H, br-s), 3.67 (3H, s), 3.52
(2H, m), 2.98 (2H, t, J = 6.7 Hz); *C NMR (125 MHz, CDCl;):  157.23, 136.57, 127.45, 122.35, 122.18,
119.64, 118.88, 113.10, 111.36, 52.16, 41.42, 25.94; HR-MS (ESI): calcd. C;,H;sN,0,Na [M+Na]" 241.0947,
found 241.0954.

Synthesis of C,-dianiline S-2

HB°9 H

i L N i H N
MeO hL/>/\(> TEAICH,CL (171)  E© 'b/\(j
_—N.__OMe orclort C[Q\l OMe
N To( N H To(

Bo H
18 S-2

2

Trifluoroacetic acid (TFA, 3.7 mL) was slowly added to a stirred solution of C,-dimer 18 (236 mg, 0.372
mmol) in dichloromethane (3.7 mL) at 0 °C. The mixture was stirred for 15 min at 0 °C and then warm up to
room temperature. After being stirred for 2 h, the resulting mixture was concentrated under reduced pressure.
The residue was diluted with chloroform and then treated with saturated aqueous solution of NaHCO;. The
combined chloroform extracts were washed with brine, dried over Na,SQOy,, filtered, and concentrated under
reduced pressure. The residue was purified by silica-gel column chromatography to afford S-2 (131 mg,

0.301 mmol, 81%) as a white solid. The NMR spectra were identical to the literature data.’

S-2: Ry = 0.49 (Hex:AcOEt = 1:1); "H NMR (400 MHz, DMSO, 95 °C): & 7.23 (2H, d, J = 7.4 Hz), 7.02 (2H,
t,J=7.5Hz), 6.64 (2H, t, J = 7.4 Hz), 6.59 (2H, d, J = 7.8 Hz), 4.91 (2H, s), 3.61-3.45 (8H, m), 2.75 (2H, td,

9
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J=10.8, 5.9 Hz), 2.52 (2H, m), 2.12 (2H, dd, J = 12.4, 5.8 Hz); '*C NMR(100 MHz, DMSO, 95 °C): &
153.48, 150.45, 128.14, 128.01, 124.05, 116.98, 108.29, 77.48, 60.94, 51.34, 44.28, 31.78; HR-MS (ESI):
caled. for Cy4HagN;O;Na [M+Na]" 457.1846, found 457.1853.

Synthesis of meso-dianiline S-3

Oy _OMe
Y

H

TFA/CH,Cl, (1/1)
e

0°Ctor.t.
C[Q\l TrOMe
N //H

\ (@]
Boc

19 S-3

Trifluoroacetic acid (TFA, 7 mL) was slowly added to a stirred solution of meso-dimer 19 (442 mg, 0.696
mmol) in dichloromethane (7 mL) at 0 °C. The mixture was stirred for 10 min at 0 °C and then warm up to
room temperature. After being stirred for 1.5 h, the resulting mixture was concentrated under reduced
pressure. The residue was diluted with chloroform and then treated with saturated aqueous solution of
NaHCO;. The combined chloroform extracts were washed with brine, dried over Na,SO,, filtered, and
concentrated under reduced pressure. The residue was purified by silica-gel column chromatography to
afford S-3 (245 mg, 0.563 mmol, 81%) as a pale yellow amorphous. The NMR spectra were identical to the

literature data.’

S-3: Ry = 0.32 (Hex:AcOEt = 1:1); 'H NMR (400 MHz, DMSO, 100 °C): § 6.97 (2H, t, J = 7.7 Hz), 6.60 (2H,
m), 6.52-6.44 (4H, m), 6.01 (2H, s), 5.32 (2H, s), 3.70-3.59 (8H, m), 2.83 (2H, m), 2.34-2.16 (4H, m); "°C
NMR (100 MHz, DMSO, 100 °C): & 153.60, 150.32, 128.47, 127.92, 127.88, 123.20, 116.74, 107.80, 76.48,
61.46, 51.38, 44.27, 33.31; HR-MS (ESI): calcd. C4HxN;O;Na [M+Na]* 457.1846, found 457.1853.

Synthesis of tetra-amine S-4>

12 S-4

Iodotrimethylsilane (220 pL, 1.62 mmol, 10.6 eq.) was added dropwisely to a solution of the C,-dimer 12
(128 mg, 0.153 mmol) in acetonitrile (3.1 mL) at 0 °C. The resulting solution was stirred at 0 °C for 90 min
and then treated with saturated aqueous solution of Na,SOs;. The resulting mixture was extracted with

chloroform 4-5 times. Combined extracts were dried over Na,SO,, filtered, and concentrated under reduced

10
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pressure to afford crude tetra-amine S-4 (81.7 mg) as a yellow amorphous. The crude tetra-amine S-4 was

subjected to the next reaction without further purification.

S-4: R¢= 0.41 (CHCL;:MeOH = 9:1); "H NMR (500 MHz, CD;0D): & 7.19 (2H, d, J = 7.6 Hz), 7.03 (2H, td,
J=17.6,0.9 Hz), 6.67 (2H, td, J = 7.5, 0.9 Hz), 6.55 (2H, d, J = 7.8 Hz), 4.65 (2H, s), 3.74 (2H, dd, J = 8.0,
2.8 Hz), 3.26 (6H, s), 2.83 (2H, dd, J = 13.0, 8.0 Hz), 2.53 (2H, dd, J = 13.0, 2.8 Hz); *C NMR (125 MHz,
CD,0D): § 175.15, 152.84, 130.81, 130.11, 127.15, 119.13, 110.81, 81.85, 63.11, 60.86, 52.40, 39.29;
HR-MS (ESI): caled. for Co4Hy7N,O, [M+H] 435.2027, found 435.2046.

Synthesis of dipeptide S-5

H H Boc-Phe-OH (20)
HN— o HATU, .H'OAt Ph
MeO 2,6-lutidine BocHN
DMF

To a solution of Boc-Phe-OH (126 mg, 0.475 mmol, 3.1 eq.), HOAt (73 mg, 0.536 mmol, 3.5 eq.), HATU
(195 mg, 0.514 mmol, 3.4 eq.), and 2,6-lutidine (260 uL, 2.23 mmol, 14.6 eq.) in DMF (1.3 mL) was added
the solution of the crude tetra-amine S-4 (81.7 mg) in DMF (2 mL) at 0 °C. After being warmed up to room
temperature, the mixture was stirred for 7 h. The solution was diluted with AcOEt and treated with saturated
aqueous solution of NH4Cl. After separation of organic layer, the aqueous phase was extracted with AcOEt.
Combined organic extracts were washed with saturated aqueous solution of NaHCO;, H,O x3, and brine.
The extract was dried over Na,SQO,, filtered, and concentrated under reduced pressure. The residue was
purified by silica-gel column chromatography to afford dipeptide S-5 (108 mg, 0.116 mmol, 76% for 2
steps).

S-5: R =0.92 (CH,Cl;5:CH3CN = 4:1); NMR spectra were difficult to be characterized due to broadening of

signals even at elevated temperature; HR-MS (ESI): caled. for Cs;HgoNgO1oNa [M+Na]+ 951.4263, found
951.4252; [a]p>" +249 (¢ 1.0, CHCL;).

11
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The *H, **C NMR spectra of synthetic compounds
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Figure S1. A "H-NMR spectrum of S-1 in CDCl;
13



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

08l
NH Ny

GZIN€1900 ZHNGZ1 IS Jewouou (9g|

0
QWOJ\

3

157.23
=
o

j 136.57

| 127.45

| 7

S 119. 64

. 118. 88

. 113.10

. 111.36
<
55
3
o |
D.
o
o

| 52.16

] 41.42
O.

| 25.94
0|
o

o -

Figure S2. A "C-NMR spectrum of S-1 in CDCl;

14



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

=
i & %
= o
2 =
© =
15
T
8
=
-'ZL
-1 ' 0.8288 81261
g 7.5487
| k“ - i —
fe —um s
= 1 — 73386
& -17%7 7. 3241
4 7.3096
7. 2455
7.2312
c).
[=]
%U‘I
e | 47901
5 0.7479
=
| S _3.6726
- 30 315383
[
3. 5002
o L ‘ 29266
o ' 2.1199 291
N_.
= go017  +6718
e ,

Figure S3. A '"H-NMR spectrum of 15 in CDCl;
15



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

(y]
o
o .-
8
| E .z P>
=] 2
i ° I
3 o=
oo+ =
©g
.é‘
|
8
l%
53
°i= 157.16
:'g.
s 149. 85
&
I
E 331
o.
| 135.77
'. 130. 48
| 124. 67
| 123.38
o 122. 68
S| 119. 02
117.67
115.50
[=%]
23
3
j 83.76
8.
o
(=]
- 52,21
N 40. 80
| 28-38
| 25.79
N |
D.

Figure S4. A "C-NMR spectrum of 15 in CDCl;
16



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

© GZ3A£1009 ZHNOOS 2P 1W04g-0B4 (H]

- 1.0173
f—f—— 18387

A 1.0709

- 1.0

wdd ;¢
g

\
Y
i

1

1.034

3.0677

i

— 21315
= - 1.0543

I N

__,_,..UJ s i

f= PR R T I A O T A A [ O A P [ A [P P |

. 6456
. 6303

3761
3746
3610
3591
3200
3175
3049
3033
2888
2863
1205
1188
1054
1037
0904

. 0885
. 3838

7965
7153
7596
7416
8998
8897
8760
8679
8657
8506
8481
8295
8194
7824
7753
7631
7548
7390
1348

Figure S5. A "H-NMR spectrum of 16 in CDCl;

17

SN IR RN R R RN RN €360 G 60

1274

. 1149
. 5926



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

8
8
&
o
- = o
8g 3
|
S
=
.lﬁ
S
é'fs
-
M 154. 84
b 152.24
N ~ 142.10
I
O.
132. 46
130. 62
124.33
. 123. 82
M.
e — 117. 49
(=]
38
3
_ 84.16
o 82. 26
A §
o 62. 22
(=]
52. 85
46. 41
j
nl = 41. 21
o
| 28.38
o
O.

Figure S6. A *C-NMR spectrum of 16 in CDCl,

18



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

1. 6445
1.6294
1.2124
7.1970
7.1814
7.1544
1.1396
~—7.0239
]
1
1
6
6
6
6

|
|'.'
I

N

1.013

1

i

- 1.8988 =

1.0687

'gzid‘t|gﬂo‘éHwbqg;JaMOubm paohpal-oéJlkH{

Uy

. 0224
. 0091
.0074
. 9941
. 9927
. 3830
. 3702

".\
[

"1.0

wdd /@

4.0087
. 9946
9805
8534
8384
8311
8160
7263
9206
9092
8974
8861
8741
8629
1835
1684
1589
1536
1438
1345
1288
1195
1049
0863
0754
. 0619
. 0508
—1. 5681

1.0435

1.0255 N~
3.0746 :

!'|mh"ﬁ1(r |

—

1.1237

OIS RO NI RO IR RN RN RIS RO RO RO €9 60 ©9 60 60 69 6

ol == 19547 1

WV”“

e 93734

T

o

Figure S7. A '"H-NMR spectrum of 17 in CDCl;

19



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

8
3
|3
3
=
.I-“
8=
loF—— 155. 43
SF——— 152. 63
e
=
R 143.04
_h.
D.
= 131.94
128. 27
- 123. 91
N 123.33
B.
[ — 116. 34
(=]
co
T o
3
] 81.60
S
| = 76. 48
D |
o.
52.63
- 45. 49
~—— 45.11
B
o.
i,h.- 31.37
N
o.

Figure S8. A "C-NMR spectrum of 17 in CDCl,

20



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

6

0G3IA£1000 ZHNOOY 4euWIpzo-984 (H|

8

. 4501
. 4394
1111
0916
0879
0715
0686
8739
8719
8550
8532
. 8364
. 8342
. 3391

_J
SOOPDOD

| 2.0401

4.1814

NN

f 2.0767

2.0

wdd ¢
g

i 2.0343
{f‘ 6.1067

ST
=]
e
o
N

_”“ﬂ

12142

= - 2.0141 22500
2.2087 |\ 2971

Figure S9. A "H-NMR spectrum of 18 in CDCl;
21



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

8
|
2]
83
|
=11
=%
l(')
S
3 |
ol
[} - 154. 99
e ! 152.17
ﬁ 143.16
: |
' 131.44
i 129.18
o | 123.52
o 123 06
5
. == 116. 69
5 !
B3
3
3 81.97
S 1 79.13
o 3 60. 93
o
I = 52.70
| 45. 46
N
33. 44
S 28. 55
$
o 3
o: 3
k|
1

Figure S10. A *C-NMR spectrum of 18 in CDCl;

22



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

'G6IA 0SNG ZHWOOY Ul IUBlp Z0-9B4 (H|

e " B _7.0388
( 2.04 7.0200
[ 7.0008
o ) 0 66580
T 2.12 . 6.6394
6. 6210
6. 6004
6. 5808

— o 4.9107

wdd / @
g
—

8.01 =

__ . " 2.04
2.37

e 12,04

Figure S11. A "H-NMR spectrum of S-2 in DMSO

23



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

E
2
— o
S
5
.lm
=)
=
=3
=3
>
D 153. 48
D e — 150. 45
an
5
. 128.14
(— 128. 01
L 124. 05
g_ =
-k 116.98
L 108. 29
]
> |
o
8]
=
s
I 77.48
s 60. 94
L 51.34
' 44,28
=3 L’
31.78
.

Figure S12. A >C-NMR spectrum of S-2 in DMSO

24



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

Sl 2.0764 T
20 6.9767

. . - -6.9578
= e = ~ 2.0017 ——6.6707
= N6, 6521
2.0259 g8l

6. 5391

6.5197

053A"€1000° ZHNOOY (1) 2U1U3URUOWIYD 20 (HI

Y YaY cnnms

wdd /@
g

\FT___:__ ‘ | 4.3909
/ —4.2319

B ' 36137

|/
|
()
w
[}
©
=

|
I
=]
o
>}
<
=]

P
1 |

(g1

w

N

-

[=>]

v‘
I"‘"\
(o]

—

i

J &
)

B

©

~

w0

- - 2.0473

Ty
1
|

PN MO

o o

—lw©

o w

[=F= 371

o

Figure S13. A 'H-NMR spectrum of (+)-chimonanthine (+)-1 in CDCl;

25



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

8
I
|S
_\:é‘-‘
851
=
.é'
'I:
a8
8:§
_N
.lo
38— 150. 97
%)
.lfi-
=3
o k3
| 133. 61
[ 128.19
,. {f, 124.58
S| F 118.73
| ¥ 109. 35
o
oo
T o
3 |
. 85. 44
e |
O.
-
o 63. 70
8.
S 5287
N
° i _ 37.30
F 35. 91
I |
|
o

Figure S14. A >C-NMR spectrum of (+)-chimonanthine (+)-1 in CDCl;

26



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

(HI

6
(g) aulyueal o) g9

0S3A"€1900” ZHHOOY

41418

| 6

| 6

= - 6.

( 2.0158 - 6.9238
6

S ) n 4.4121
: 2.1054

—3.0027
o SRR — < 26698
6.6337 2. 4950
: 2.4816
. - 2.0176 2.4716
: —-2. 4581

4491
. 4381
ol L ~h2.40m
o v \ i

/ 2. 3562
[ \'—1.9861
| -1.9797
8 —1.9725
: ~1.9638
~1.9562
~1.9435

gy TN o ¥ T

© 10.4674\

e
AR CT G CY K )

|
;
|
i
|
i
i
i
f

Figure S15. A "H-NMR spectrum of (£)-folicanthine ()-3 in CDCl;

27



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

=3
Q
<
—l.é.
E3ER
-
s
l_.a
— 8‘
8 =
|
sf 153. 02
<
=
RS
= 3
o
iL 132.72
i;__ 128. 41
. 123.96
s 1
{- S — 116.98
: 106. 15
(=%
T o-
T o
3 i
‘ 92. 22
R
-
= 62. 90
[e)]
O.
| 52. 90
5 % 37.99
T 35.43
{ 35.35
N | 3
o

|

Figure S16. A >C-NMR spectrum of (+)-folicanthine (+)-3 in CDCl;
28



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry

This journal is © The Royal Society of Chemistry 2013

(HI

wdd / ¢

Figure S17. A 'H-NMR spectrum of 19 in CDCl;

053A"€1000 ZHNOOY 4ol p-0sal

L L
( 12,0

!

OO =l =] —i=—1

. 6366
.6175

2458
2274
2250
9720
9533

. 9351
. 7891

1677

+2.0017

. * 2.0307
[" o 2.0464
k-

b. UZ4Z

_

PRI RIS CIC2LIGO LI LI Lo

IR

(=]
[+ ]
(=]
P
op

29

—_— b b PO Y



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

(0€1

08l

0SIA €100 ZHWOO| 4w p-osau

§|
- 154. 90
- 151.94
— 143.93

=

O.
- 131.59
[-—— 129, 53
- 123.57

S [

Rt 117.32

(=]

23

3

g [ 81.78

[ S 78. 23

i

g ¢ 60. 49
S— 52. 60
S 45.82

B
f——— 33. 11

| & 28. 38
.
O.

Figure S18. A >C-NMR spectrum of 19 in CDCl;

30



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

N
awo’g

(0]

|
e

z
|8
&
E
|5
Im
L
8
=
.|g
Ifr
=
(=)
5 2.1428
S ——— -~ 2.1506
[ ' ' 4.0942
o e
2.0624
5 e 2.0
T
-
=
3
o
[#% B (__::-: —
& © 20571
e 4.236
S|

Figure S19. A 'H-NMR spectrum of S-3 in DMSO

31

[ Yo Yo Wo s Yo r WY e o Yo s Wa ¥ e

(RS CT )

9907
9711
9520
6164
5978
5070
4870
4787
4683
4583

. 0091

. 3238

_—3.6639
8.2726 3.

6410

. 8693
. 8429
. 8274

8169

2.8004

W,

3 PO 3 PO I M 3 PO N3

RRSY4:]
. 2985

2770
2710
2513
2264
2109
1947

. 1795



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

:\%[
2
3
'cla.v
> 5%
oS —i
3
>
e
'l‘:\l.l:_
_n'lg
g'lg
S 153. 60
SF—— 150. 32
=]
o.
128. 47
e < 127.92
i 127.88
IR summ 123.20
8.
L 116. 74
107. 80
O’) i
38
3
o]
o
= 76.48
o ¥ 61. 46
o
— 51.38
B o 44.27
3 J'_'_
_— 33. 31
[ E
o $
}
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Figure S36. A >C-NMR spectrum of 13 in CDCl;
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Figure S37. A "H-NMR spectrum of 12 in CDCl;
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Figure S38. A >C-NMR spectrum of 12 in CDCl;
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Figure S39. A 'H-NMR spectrum of S-4 in CD;0D
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Figure S40. A >C-NMR spectrum of S-4 in CD;0D
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Figure S41. A "H-NMR spectrum of (+)-WIN 64821 (+)-6 in CDsCN
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Figure S42. A *C-NMR spectrum of (+)-WIN 64821 (+)-6 in CD;CN
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