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General Information: 'H and "C NMR spectra were recorded on a JEOL ECX-500 and a JEOL
ECX-600 in CDCl;. Chemical shifts were reported in parts per million (ppm) from
tetramethylsilane using the solvent resonance as the internal standard. IR spectra were measured on
a JASCO FT/IR-610 spectrometer. High-resolution mass spectrometry was carried out using a
JEOL JMS-T100TD (DART). Preparative thin-layer chromatography (PTLC) was carried out
using Wakogel B-5F from Wako Pure Chemical Industries, Ltd.

Reagents: Unless stated otherwise, commercial reagents were used as received. All organic
solvents were purified by distillation under dry argon atmosphere. 7-Bromoindole," 1H-
benzo[gJindole, and 4-benzyloxy-1H-indole* were prepared according to literature procedures.

Part I: Optimization of reaction conditions

Previous results using metal as catalyst

Table 1. Screening catalyst and base“

COOH
E?E\» catalyst (10 mol%) \
Z =N  base, CO, (1 atm)
H " DMF 100°C, 24 h N
1a 2a
entry catalyst base (equiv) yield (%)
1 Pd(OAc), Cs,CO,(2) 49
3 Pd(OAc), - -
4 Pd(OAc), Cs,CO, (1) 16
5 Pd(OAc), Cs,CO; (3) 70
6 Pd(OAc), Cs,CO, (4) 75
7 PdCl, Cs,CO; (3) 48
8 Pd(acac), Cs,CO, (3) 52
9 Ni(OAc)*4H,0 Cs,CO; (3) <5
10 Cu(OAc),*H,O Cs,CO; (3) 73
11 AgOAc Cs,CO; (3) 49
12 Fe(OAc), Cs,CO; (3) 51
13¢ Pd(OAc), Cs,CO; (3) -
14 - Cs,CO; (3) 25
15 - LiO'Bu (3) 38

“ All the reactions were carried under a balloon pressure of CO, in DMF at 100 °C for
24 h. ’ Yield based on 1a and determined by 'H NMR analysis using 1,1,2,2-
tetrachloroethane as internal standard. ¢ Under argon.

Comparison between entry 5 and entry 14, it is clear that Pd(OAc), enhances the direct
carboxylation reaction of indoles. However, due to cost and problems of removing trace amounts
of palladium from the final product, it is beneficial to perform the reaction under transition metal-
free conditions.



We also examined the effect of different solvents in order to improve the yield of the reaction
(Table 2).

Table 2. Solvent Screening*

COOH
[:ij:f§ Pd(OAc), (10 mol%) [::I:%§
Z N Cs,CO5 (3 equiv), CO, (1 atm)
H solvent, 100 °C, 24 h N
1a 2a
entry" solvent yield (%)
1 DMF 70
2 DMA 45
3 DMSO 34
4 NMP 20
5 toluene trace
6 1,4-dioxane trace
7 CPME trace
8 PhCF; trace

“ All reactions were carried with 0.4 mmol of indole 1a, 3 equivalence
of Cs,CO; and 10 mol% Pd(OAc), under a balloon pressure of CO, at
100 °C for 24 h.” Yield based on la and determined by 'H NMR
analysis using 1,1,2,2-tetrachloroethane as internal standard

We could not improve the reaction by changing the solvent system. Most of CO, fixation reactions
were carried in DMF.’

The problem of using 3 equivalence of base was the side reaction (decarboxylation) decreased the
conversion of 3-indole carboxylic acid (Table 3).

Table 3. Conversion of Product verses Time*

COOH
[::I:§§ Pd(OAC), (10 mol%) [::I:<>
N LiOBu (3 equiv), CO, (1 atm)
H DMF, 100 °C, time N
1a 2a
entry time (h) conv. (%)’
1 4 55
2 8 71
3 9 75
4 10 80
5 15 88
6 24 66
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“ All reactions were carried with 0.4 mmol of indole 1a, 3 equivalence of
LiO'Bu and 10 mol% Pd(OAc), under a balloon pressure of CO, at 100 °C.”
Yield based on 1 and determined by 'H NMR analysis using 1,1,2,2-
tetrachloroethane as internal standard

Screening of the reaction without metal. Using less base in the reaction (entries 2, 3) gave poor
conversion in the desired product after 24 h at 100°C. Low temperatures decrease of yields (entries
4.5). The more suitable solvent was the DMF that has been demonstrated in the previous results
with metal.

COOH
Eif\x LiO®Bu (X equiv), CO, (1 atm)

Z N DMF, 100 °C, time (;E\g

H N

H

1a 2a

Table 4. Screening of reaction without metal
entry” base (X eq) solvent T (°C) conv.(%)"

1 2 DMF 100 36
2 3 DMF 100 47
3 4 DMF 100 60
4 5 DMF 100 99
5 5 DMF 80 80
6 5 DMF 50 10
7 5 THF 60 20
7 5 DMF/H,0 (1:1) - -

“ All reactions were carried with 0.4 mmol of indole 1la, X
equivalence of LiO'Bu under a balloon pressure of CO, at Y °C.”
Yield based on 1 and determined by 'H NMR analysis using
1,1,2,2-tetrachloroethane as internal standard

Importance to use excess of base to avoid the side reaction (decarboxylation)

Table 5. Conversion of product versus time

entry” base (X eq) time (h) Conv. (%)

1 3 5 40
2 5 5 50
3 3 10 30
4 5 10 80
5 3 24 47
6 5 24 99

“ All reactions were carried with 0.4 mmol of indole
la, X equivalence of LiO'Bu under a balloon
pressure of CO, at Y °C.” Yield based on 1 and
determined by 'H NMR analysis using 1,1,2,2-
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tetrachloroethane as internal standard

Study about mechanism

Procedure for the isolation of methyl indole 1-carboxylate intermediate in the hypothesized
mechanism.

A In a dried two-necked test tube was charged with LiO'Bu (160 mg, 2 mmol, 5
@ equiv) and indole (1a) (23.4 mg, 0.4 mmol, 1 equiv). The reaction vessel was
N evacuated under high vacuum and the atmosphere was replace with a balloon of
CO?Me CO,. Then DMF (2 mL) was added. The reaction was run at r.t for 15 hours, then
worked up with iodomethane (25pL, 1mmol, leq). The mixture was concentrated under reduce
pressure. The residue was extracted with EtOAc and brine (3times). The combined organic phase
were dry over MgSO4 and concentrated under reduce pressure and the residue was purified by
preparative TLC (n-hexane:EtOAc = 7:3) affording the desired product methyl indole 1-
carboxylate in 15 % yield. 'H NMR (CD;Cl, 600 MHz): 6 8.11 (d, 1H,J = 6 Hz), 7.53 (d, 1H,J =
34Hz),7.50 (d, 1H,J=75Hz),7.26 (t,1H,J =82 Hz),7.17 (t, 1H,J =82 Hz),6.53 (d, 1H,J =
3.4 Hz), 397 (s, 3H).”C NMR (CD;Cl, 100 MHz): 6 151.1, 134.8, 130.2, 125.2, 124.0, 122.7,
120.6,114.8,107.9, 53.4. This is a known compound reported in the literature..*

Part II: Substrate scope for the direct carboxylation of indoles derivatives

General procedure for the direct carboxylation of indole

3-Indole carboxylic acid (2a)

co,H In adried two-necked test tube was charged with LiO'Bu (160 mg, 2 mmol, 5 equiv)
N and indole (1a) (23.4 mg, 0.4 mmol, 1 equiv). The reaction vessel was evacuated
N under high vacuum and the atmosphere was replace with a balloon of CO,. Then
H DMF (2 mL) was added and the mixture was stirred for 24 h at 100 °C. Then the
result mixture was cooled and carefully quenched a solution of HCI1 (2 N) and extracted with EtOAc
(5x). The combined organic layers were washed with water (2x), brine (1x) and dry over MgSO,.
The dried organics were concentrated under reduce pressure and the residue was purified by
preparative TLC (hexane:acetone = 1:1) to afford the desired product 2a in 95% yield as a white
solid. '"H NMR (DMSO-d,, 400 MHz): 6 11.87 (bs, 1H), 11.7 (bs, 1H), 7.99-7.92 (m, 2H), 7.43-
7.38 (m, 1H), 7.18-7.06 (m, 2H). "C NMR (DMSO-d,, 100 MHz): § 165.9, 136.4, 132.2, 125.9,
122.0,120.9,120.5,112.1, 107.3. This is a known compound reported in the literature.’

Methyl 5-methyl-3-indolecarboxylate (7a)

CO,Me The 3-indole carboxylate was generated following the above the general

Me N procedure. Isolation of the carboxylic acid was achieved by derivatization to the
methyl ester. The crude mixture was diluted with MeOH and cooled to 0 °C.
H SOCI, (1.2 eq, 0.5mmol) was added and stirred for 3 hours at room temperature.

Then MeOH (1 mL) was added and the reaction mixture was heated to reflux for 6 hours. The
resulting mixture was quenched with water and extracted with EtOAc (3x). The combined organic
layers were dried over MgSO, and concentrated under reduce pressure. The resulting residue was
purified by preparative TLC (hexane:EtOAc = 7:3) to afford the desired product 7a in 90% yield as
a white solid. 'H NMR (CDCl;, 400 MHz): 6 8.68 (bs, 1H), 7.98 (s, 1H), 7.77 (s, 1H), 7.20 (d, 1H,J
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=6.4Hz),6.99 (d, 1H,J = 8.2 Hz), 3.84 (s, 3H), 2.40 (s, 3H); *C NMR (CDCl,, 100 MHz): 6 166.0,
1343, 1314, 131.1, 126.1, 124.7, 1290, 111.1, 108.0, 51.0, 21.5. This is a known compound
reported in the literature.’

5-Methoxy-1-H-indole-3-carboxylic acid (2¢)

co,H Following the above the general procedure with a slight modification of the
N purification method. After pouring into a cold solution of HCI (2N), the organic
N layer was extracted with EtOAc (5x). The combined organic layers were
H basified with an aqueous solution of NaOH (0.5 M). The aqueous layer was
extracted with water and the combined aqueous layers were acidified with a solution of HCI (2N).
The desired product 2¢ was extracted with EtOAc (5x) and dried over MgSO, to afford the desired
product 2¢ in 92% yield as a white solid. 'H NMR ((CD,),CO, 400 MHz): & 10.86 (bs, 1H), 7.9 (d,
1H,J=2.7Hz),7.63 (d,1H,J =3.6 Hz), 7.36 (d, 1H,J =82 Hz),6.82 (dd, 1H,J =8.7Hz,J = 2.7
Hz), 3.79 (s, 3H); "C NMR ((CD;),CO, 100 MHz): & 167.5, 156.5, 133.3, 132.5, 128.1, 113.6,
113.5,108.0, 103.4,55.7. This is a known compound reported in the literature.’

MeO

AN
=

5-Cyanoindole-3-carboxylic acid (2d)

NC\CE\iOZH Following the same procedure described for the 2¢ afforded the desired product 2d

\ in 90% yield as a white solid. 'H NMR (DMSO-d,, 400 MHz): 6 12.30 (bs, 1H),

H 12.29 (bs, 1H), 8.35 (s, 1H), 8.18 (s, 1H), 7.64 (d, 1H,J =7.3 Hz), 7.54 (d, I1H,J =
7.7 Hz); "C NMR (DMSO-d,, 100 MHz): 6 165.3, 138.2, 134.6, 125.7, 125.6, 124.9, 1200, 113.9,
108.0, 103 4. This is a known compound to those reported in the literature.®

5-Fluoroindole-3-carboxylic acid (2e)
COLH

Following the same procedure described for the 2¢ afforded the desired product 2e
N in 94% yield as a white solid. 'H NMR ((CD,),CO, 400 MHz): 6 11.02 (bs, 1H),
H 8.12 (d, 1H, J = 3.6 Hz), 7.80 (dd, 1H,J = 10.5 Hz, J = 2.8 Hz), 7.51 (dd, 1H,J =
8.7Hz,J =8.7Hz),7.01 (td, 1H,J = 9.6 Hz, ] = 2.7 Hz); "C NMR ((CD,),CO, 100 MHz): § 166.7,
161.0,158.6,1344 (J=46.7 Hz), 128.1,114.1 J =95 Hz), 111.5 (J =25.6 Hz), 108.6, 106.6 (J =
24.7 Hz). This is a known compound available from Sigma-Aldrich.

5-Bromoindole-3-carboxylic acid (2f)

co,n Following the same procedure described for the 2¢ afforded the desired product 2f

Bre_ { in 96% yield as a brown solid. 'H NMR ((CD,),CO, 400 MHz): 6 11.08 (bs, 1H),

| N 8.31(d, 1H,J=23Hz),8.09 (d, 1H,J =32 Hz),748 (d, 1H,J =7.3 Hz), 7.33 (d,

H 1H, J = 82 Hz, J = 1.3 Hz); "C NMR ((CD,),CO, 100 MHz): & 166.1, 136.3,

1342, 129.0, 126.2, 1243, 1153, 114.8, 108.2. This is a known compound reported in the
literature”

4-Methoxy-1H-indole-3-carboxylic acid (2g)

M pozH Following the same procedure described for the 2a. The desired product was isolated

N by preparative TLC (DCM:MeOH = 9:1) to afford the desired product 2g in 30%

N yield. '"H NMR (CD,CN, 400 MHz): 6 11.57 (bs, 1H), 10.08 (bs, 1H), 7.97 (d, IH,J =

3.2 Hz), 722 (d, 2H, J = 3.6 Hz), 6.81 (d, 1H, J = 4.1 Hz), 4.08 (s, 3H). "C NMR

(CD,CN, 100 MHz): 6 164.5,151.7,139.1, 134.6, 1250, 114 .4, 108.9, 108.1, 103.5, 57.3. This is a
known compound reported in the literature."

4-(Benzyloxy)-1H-indole-3-carboxylate (2h)
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Following the same procedure described for the 2a. The product was isolated by
preparative TLC (DCM:MeOH = 9:1) to afford 2h in 19% yield as white solid. 'H
NMR (DMSO-d,, 400 MHz): 8 11.89 (bs, 1H), 11.6 (bs, 1H), 7.94 (s, 1H), 7.63 (d,
2H, J = 6.8 Hz), 7.40-7.30 (m, 3H), 7.15-7.09 (m, 2H), 6.82 (1H,dd,J =64 Hz,J =
2.3 Hz), 5.2 (s, 2H). "C NMR (DMSO-d,, 100 MHz): 6 164.3, 151.3, 138.5, 136.7, 132.7, 128 2,
127.6,127.5 (2C), 123.2,114.6, 107.8, 106.2, 103.6, 70.0 (2C). This is a known compound reported
in the literature."
OH  co,H
A 4-Hydroxy-indole-3-carboxylic acid (2i)

OBn co,H

Iz /i

3¢

H Following the same procedure described for the 2¢ affording the desired product 2i in

83% yield as a brown solid. 'H NMR ((CD;),CO, 400 MHz): 6 12.10 (s, 1H), 11.4 (s, 1H), 7.45 (1H,

d,J=9.1Hz),7.28-7.27 (m, 1H), 6.91 (1H,d, J = 8.2 Hz), 6.56-6.54 (1H, m); °C NMR ((CD;),CO,

100 MHz): 6 173.8, 159.3, 141.5, 1254, 123.7, 118.3, 104.8, 102.3, 101.5. This is a known
CO,Me compound reported in the literature."

O h\l Methyl benzo[g]lindole-3-indolecarboxylate (7b)

O 4 Following the same procedure described for the 2b. The product was isolated by
preparative TLC (hexane: EtOAc = 7:3) to afford 2j in 51% yield as a white solid.
'H NMR ((CD,),CO, 500 MHz): & 11.8 (bs, 1H), 8.36 (d, 1H,J = 9.7 Hz), 8.25 (d, 1H,J = 9.2 Hz),
805, 1H,J =23 Hz), 797 (d, 1H,J = 8.05), 7.66 (d, 1H,J = 6.4 Hz) 7.56 (t, 1H,J = 6.9 Hz),
7.46 (t, 1H,] = 7.4 Hz), 3.90 (s, 3H). “C NMR ((CD,),CO, 125 MHz): 6 165.7,132.3,131.5, 130.1,
1294 (2C), 126.7, 125.2, 1234, 123.0, 121.3, 121.1, 110.2, 51.1 This is a known compound
reported in the literature

COLH

A\ 7-Bromo-1H-indole-3-carboxylic acid (2k)

N Following the same procedure described for the 2¢ afforded the desired product 2k in

88% yield as a black solid (mp = 215-217 °C). 'H NMR ((CD,),CO, 400 MHz): 6
11.07 (bs, 1H), 8.14 (d, 1H,J =7.3 Hz), 8.07 (s, 1H), 743 (d, IH,J =73 Hz), 7.15 (t, 1H,J =7.7
Hz); "C NMR ((CD,),CO, 100 MHz): § 165.8, 136.1, 133.5, 128.8, 126.0, 123.5, 121.4, 110.0,
105.4. IR (cm™): 3421 (O-H, strong broad), 1648 (C=0, strong stretch), 1444 (C=C, stretch band).
HMRS calcd for CoH7BrNO; [(M+H)]: 239.96602, found: 239.96552.

Br

co,H 2-Methyl-1H-indole-3-carboxylic acid (21)

Y—Me  Following the same procedure described for the 2¢ afforded the desired product 21 in
N 80% yield as a white solid.'H NMR ((CD,),CO, 400 MHz): 6 10.7 (bs, 1H), 8.08-

8.06 (m, 1H), 7.36-7.34 (m, 1H), 7.12-7.10 (m, 2H), 2.73 (s, 3H); "C NMR
((CD,),CO, 100 MHz): 6 168.2, 145.6,136.2,129.0,122.5,121.9 (2C), 111.6,104.4, 14.0. This is a

known compound reported in the literature."

2-Phenyl-indole-3-carboxylic acid (2m)

Following the same procedure described for the 2¢ afforded the desired product 2m

in 31% yield as a yellow solid. 'H NMR ((CD,),CO, 400 MHz): 6 109 (bs, 1H),
’\\l Ph 822- 821 (1H, m), 7.74- 7.72 (2H, m), 7.47-7.39 (4H, m), 7.20-7.16 (2H, m)."”C
H NMR ((CD,),CO, 100 MHz): 6 167.2, 145.8, 136.7, 133.3, 130.7, 129.6, 129.1, 128.7,

125.9,123.5,122.8,122.3,104.4,99.5. This is a known compound reported in the literature."”

CO,H
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Part III: 'H and *C NMR Spectra of 2a-m

S-8



end

1.80103

i

194972
2.02873

1,00000

CO,H

CND: and Setti FARY ¥

24-08-2012 21:41:06
1H

single_pulse.ex2
389.78 MHz

quau.woa Hz
2.1837 sec

2.0000 sec
6.50 usec

0.12 Hz

Hi

S-9



FRIMuV

and

.C2

165.90940

136.41896

132.21421

125.95953
122.05989
120.90621

120.52482

—_
e

112,12486

107.35757

CO,H

2a

75

50

25

C¥Documents and Settings ¥delta¥ 725 k- F¥acidindole.C2

25-D8-2012 12:54:17
13c
single_pulse_dec
100.53 MHz
5.35 KHz

31407.03 Hz
108
1.0433 sec
2.0000 sec
3.50 usec

S-10



C:¥Documents and Settings¥delta¥%7T A4 b F¥mogu126_ester_H.1

DFILE  G:¥D ts and Settings¥delta¥7° A% ko F¥mogul

8 g% chsss g 8 comnT
2 Qe Spore 2 5 DATIM 10-08-2012 09:01:31
@ ary N=—g& * = OBNUG  1H
«© PSP~ © « o~ EXMOD single_pulse.ex2
OBFRQ 399.78 MHz
OBSET 4.18 KHz
OBFIN 7.29 Hz
POINT 16384
FREQU 7503.00 Hz
SCANS 8
ACQTM 2.1837 sec
PD 2.0000 sec
PW1 6.50 usec
IRNUC 1H
CTEMP 4078 ¢
CO,Me SLVNT  CDCL3
Me EXREF 0.00 ppm
H H /w BF 0.12 Hz
RGAIN 34
N
7a
©
g
5 =
3 "
v
©
2 g 3
g B8 &%
3 22 -~ =
ro s j
| B
|
I
PPM
! T T ﬁ T ﬁ I T i T T 1
_ﬂ 10 8 6 4 2

S-11




C:¥Documents and Settings¥delta¥7 X4 kv F¥mogu126_ester_ C.1

166.02437

€000 W oW
W — @ = P~ 10
No@N~N
CRACN D
L Rl -1
-

12
120

111.11473
108.06366

77.42908
77.18116
76.69489

__/_
T~

51.06594

21.53735

75

50

25

DFILE
GCOMNT
DATIM
OBNUGC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM

PW1
IRNUC
CTEMP
SLVNT
EXREF

RGAIN

C:¥Documents and Settings¥delta¥7T X & by F¥mogt

10-08-2012 09:10:54
13C
single_pulse_dec
100.53 MHz
5.35 KHz
5.86 Hz
32768
31407.03 Hz
111
1.0433 sec
2.0000 sec
3.50 usec
1H
4079 c
CDCL3
77.00 ppm
0.12 Hz
58

S-12



and Settings¥delta¥ 7 X4 kv 7 ¥5methoxicarboxylic.1

C:¥D
©
-4 = I NN — @
s g539888:58 £ 2
b1 WO OANMSIDCN—O @ @
3 BB )60 600D m
=] X - ] Ld
f COLH
MeO
A\
N
H
2¢c
) 2
8 & “
8zg &
-3¢
°a
g ﬂ 2/
1=y
«
=
\ | ] J
\
|
AL LA h f
PPM
I I _ T I 1 I _ I T _ T I I _ll_
5.0 25 0.0 -2

C:¥Documents and Settings¥delta¥F 2% b F¥Smeth

01-08-2012 14:52:47
1H
single_pulse.ex2
399.78 MHz
4.19 KHz
7.29 Hz
16384
.\momwoc Hz

2.1837 sec
2.0000 sec
6.50 usec
1H
4093 ¢
ACETN
2.04 ppm

0.12 Hz
32

S-13



C:¥Dacuments and Settings¥delta¥7 X% by ¥5methoxycarboxilicindoleC.1

206.49499
167.54620
156.57189
128.14928

———133.37423
13257333

108.08850
103.45469

113.63764
—<113.60903

MeO.

2¢C

55.78175
55.76268

—

50

C:¥Documents and Settings¥delta¥F X4 v F¥5meth

01-08-2012 14:57:49
13C¢
single_pulse_dec
100.53 MHz
5.35 KHz
5.86 Hz
32768
31407.03 Hz
30
1.0433 sec
2.0000 sec
3.50 usec
1H

409.3 ¢
ACETN
29.80 ppm
0.12Hz
58

S-14



C:¥Documents and Settings¥delta¥7 X & b F¥mogu80p_1

12.30227

™ 2.62202

8.35720
8.18882

1.00000

S 1.14647

_; 7.65044
7.63211
ct 7.65536

7.5358%

2.76020

3.29184

2.48542

NC

PPM

5.0

C:¥Documents and Settings¥delta¥5 X% v F¥mogut

30-07-2012 19:15:22
1H
single_pulse.ex2
399.78 MHz
4.19 KHz
7.29 Hz
16384
7503.00 Hz
8

2.1837 sec
2.0000 sec
6.50 usec

S-15



C:¥Documents and Settings¥delta¥T X4 b f¥mogu8le.1

DFILE C:¥Documents and Settings¥delta¥ T X 47 F¥mogut

b g2 RBRRS8 ¢ 88 .~ COMNT
« 8% cRBR2 & § & 3 DATIM 31-07-2012 09:34:28
&5 & RB[E R 8¢ s OBNUG  13C
w oY WLES 6 @ o3 N EXMOD  single_pulse_dec
- =8 SRS T 22 i OBFRQ 100.53 MHz
OBSET 5.35 KHz
OBFIN 5.86 Hz
POINT 32768
FREQU 31407.03 Hz
SCANS 248
| ACQTM 1.0433 sec
I PD 2.0000 sec
: PW1 3.50 usec
NG COH IRNUC  1H
CTEMP 408.6 ¢
\ SLVNT ° DMSO
- EXREF 39.50 ppm
SN | -BF 0.12 Hz
e TTTH RGAIN 60

S-16




a

FAZLYI¥  H.I

1103325

0.67981

DFILE  C¥Documents and Settings¥dels¥F Rty ¥mogu1 00a_H.1

B8E8TL8E 288 RS : DATIM  25-08-2012 13:06:45
PEEReREES8228528] 05
ssggsraiongscgsd oBNUC K
pepa PPkl b pv EXMOD  single pulse.ex2
OBFRQ 399,78 MHz
. . . OBSET 419 KHz
OBFIN 729 Hz
. POINT 16384
FREQU 7503.00 Hz
SCANS 6
ACQTM 2.1837 sec
PD 2.0000 sec
PW1 6.50 usec
IRNUC  1H
CTEMP 4092 ¢
N SLVNT ACETN
EXREF 2.04 ppm
N BF 012 Hz
RGAIN 38
|
COH -
F i

1.00000
098223
1.00647
1.03029

S-17




C:¥Documents and Settings¥delta¥ T A% b F¥5fuorocarboxilicindoleC.1

DFILE C:¥Documents and Settings¥delta¥F 24k F¥5fluor

5 8 58 32 2 EeN3Rss 888538 BATM.
o - o w @M W nwouO~oOOY MODO D v =
] N 8w BN = . —OMY¥ONIn M R0 o N OBNUC 13¢c
s 8 oz Ix = ¥¥--esgs ocoana o EXMOD single_pulse_dec
& - e - = papapapad—p-2 PONNNNN OBFRQ 100.53 MHz
OBSET 5.35 KHz
OBFIN 5.86 Hz
POINT 32768
FREQU 31407.03 Hz
SCANS 104
ACQTM 1.0433 sec
PD 2.0000 sec
PW1 3.50 usec
| .IRNUC 1H P .
! . CTEMP 2¢c
COH - SLVNT  ACETN
E ! EXREF 29.80 ppm
N i BF 0.12 Hz
: RGAIN 54
N .
H

2e

. PP
L e e L L O ) O

S-18




%

ar

Hdd

1.03898

D.74192

0.17673

830240

8.26345 |

8.25887
825314
8.21420

8.07788

7.2B406
7.27833

19

i

IZ o

e . 277082
' f 208353

. 2.07666

. 207322

. 204687

204000

. 203313

/— 202855

2,01365

00507

HI

129061 Z10Z-80-¥2
ard

¥8E91
ZH 6T'L

ZHA 6L'F
ZxoIsNTFUIS

3% L2812
8
ZH 00'C0SL

ZHN BL'G6E

pur

INCAAGL L

THP

g puv

‘

REAAGE.

S-19



C:¥Documents and Settings¥delta¥T X % v ¥5bromocarboxylicindoleC.1

DFILE C:¥Documents and Settings¥delta¥7 X% by f¥5brom

o~ ~ =N M@ I~ COMNT
3 =8 898 &3 3 DATIM  01-08-2012 18:36:52
by 38 388 &8 & OBNUC  13C g
<o o Nw we o EXMOD ~single_pulse_dec
€ of 888 =2 9 OBFRQ 100.63 MHz
OBSET 5.35 KHz .
. OBFIN 5.86 Hz
POINT 32768
FREQU 31407.03 Hz
| SCANS 44
| ACQTM 1.0433 sec
L ) PD m%cﬂo sec
' PW1 .50 usec
Br COH IRNUC  1H
H CTEMP 4090 ¢
N\ , SLVNT  ACETN
EXREF 29.80 ppm
N . . BF 0.12 Hz
H | RGAIN 58

PPM

S-20




and Setti FRI IV id 2H.1
3 3 Sa 45 38 3
= s ~R RR 33 3
OMe CO,H
29
8§
z .
"
u
S
I
\.l .
g g "
8 S S =
= 2 - )
. S
i
_ J
|
A J LW ke
Peu
_ [ I T _ _
12 i 8 ‘

C¥D. and ings’ TATrYN iacid 2H.1

24-08-2012 17:04:56 N
1H

single pulse.ex2

7503.00 Hz
8

2.1837 sec
2.0000 sec
6.50 usec
H
408.1 ¢
€D3CN
1.99 ppm
0.12 Hz
38

S-21



and

FAIEII

 C.i

164.59531

151,70454

139.10935

134.61856

12501723

118.22860

114.42430

108.13147

——————108.93238

103.53580

57.35978

7%

25

2 and

24-08-2012 18:22:26

13C

single_pulse dec
100.53 MHz

31407.03 Hz
173
1.0433 sec
2.0000 sec
3.50 usec

TAT YT

S-22



C:¥Documents and Settings¥delta¥ 7 X b F¥mogul 18app.1

11.89219

091083

11.61613

092319

9.99984
94826
85433
84700
62982
40530
38697

1.00000

201205

T 204865

103916

5.27698

2.19443

ePM

C:¥Documents and Settings¥delta¥ 7 22 v ¥mogu1 18app.1
23-08-2012 19:48:23
1H

single_pulse.ex2

399.78 MHz

7503.00 Hz
B
2.1837 sec
2.0000 sec
6.50 usec

S-23



and Setti F A7y Vmon 2l

or @ aan - 0 oo & i &

8 2 S8 883 R 2 883 e 2EsIEy

2 bid S 2 gRg Z GRS =1 588838

@ S o® 8 8570 8 SN ¥ 2 22BESER

& 2 wE S Nenh o @ 25 & S “aREIBG

= S8 o RN o ~ S8 g Sacasas

2 s 88 & &8 & = S8 38 4 I8paA8s

a8

OBn  co,H

2h

PPM

50

25

C:¥Documents and Settings¥delta¥ 7 A7 kv MNmogul42c.1

27-08-2012 07.06:11

13C

single_pulse_dec
10053 MHz

31407.03 Hz
12103
1.0433 sec
2.0000 sec

3.50 usec

S-24



C:¥Documents and Settings¥delta¥T R4 b F¥mogul19.2

12.10525
11.41108

0.96495

0.88676

1.00000
0.93715
0.89645

0.83507

PPM

12

C:¥Documents and Settings¥delta¥ 7 X7 by F¥mogul

wnncwlmo; 08:55:20
single_pulse.ex2
399.78 MHz
4.19 KHz
7.29 Hz
16384
7503.00 Hz
8

2.1837 sec
2.0000 sec
6.50 usec

1H

408.2 ¢

" DMSO

2.49 ppm
0.12 Hz
40

S-25



C:¥Documents and Settings¥delta¥T X% % /¥mogu132_C.1

o o o~ © wm O 0 P o
=3 ~ e © NN © M- 2
S 2 © ] TR & 82 5
= © 8 B IR 4 280 2
o ™ @ = 1B © < o= ]
& = E A L 222 8§
OH " coH
A\
N
H
2i /
PPM
T T T _ _ T 7 T T
200 150 100 50 0

i

C:¥Documents and Settings¥delta¥T X% b F¥mogul

09-08-2012 12:53:48
13¢C
single_pulse_dec
100.53 MHz
5.35 KHz
5.86 Hz
32768
31407.03 Hz
120
1.0433 sec
2.0000 sec
3.50 usec
1H

408.1 ¢
ACETN
29.80 ppm
0.12 Hz
58

S-26



D:\D and P 124h-1.jdf
~ w
R WNN <+ 3
e Ian @
2 e E:
o NS N
- NNNNN [
-4
=3
=3
e
-
-]
-]
o
@
-]
~N
=+
o
©
o
|
i
]
1
A ML ‘ :
PPM
T T T w T _ T
125 10.0 7.5 5.0 2.5 0.0

DFILE
COMNT
DATIM
0BNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM

PW1

IRNUC
CTEMP
SLVNT
EXREF

RGAIN

D:\ and i yashilab\| P 12

05-08-2012 10:23:57
1H
1H NMR.ex2
495,13 MHz
4.38 KHz
9.64 Hz
16384
9286.78 Hz
8
1.7642 sec
5.0000 sec
3.65 usec
1iH
309¢
ACETN
2.04 ppm
0.12 Hz
34

S-27



[*BY and il ilab\D p\mogul24c-1.jdf

DFILE D:\D: and i ilab\D: \mogu12
) MEYRONEND®D ® o COMNT )
m m m M m m m mm m m m a DATIM  05-08-2012 10:28:56
: - OBNUC  13C
4 HRERSYRARS ¢ 3
- HrHE A " EXMOD  13C NMR.ex2
i OBFRQ 124.51 MHz
x OBSET 3.45 KHz
OBFIN 6.00 Hz
POINT 32768
FREQU 39062.50 Hz
SCANS 84
ACQTM 0.8389 sec
PD 2.0000 sec
PWL 3.42 usec
IRNUC 1iH
‘ CTEMP 31.tc
| SLVNT  ACETN
L EXREF 29.80 ppm
- - COMe' | BF 0.12 Hz
/ RGAIN 58
: N
H

_____4_,___‘____f_a___%_,_‘_g_g____a
200 175 150 125 100 75 50 25

S-28




C:¥Documents and Settings¥delta¥ 7 X4 b f¥mogu1 18BH.1

2.00000

0.99518

©
@
o
®
~
S

-PPM

5.0

25

0.0

IRNUC
CTEMP
SLVNT
EXREF

BF
RGAIN

C:¥Documents and Settings¥delta¥7 X% v f¥mogul
10-08-2012 14:16:44
1H

single_pulse.ex2
399.78 MHz
4.19 KHz
7.29 Hz
16384
7503.00 Hz
8
2.1837 sec
2.0000 sec
6.50 usec
1H
408.2 ¢
ACETN
2.04 ppm
0.12 Hz
38

S-29



C:¥Documents and Settings¥delta¥5F X4 b F¥mogul18bC.1

DFILE C:¥Documents and Settings¥delta¥T R4 hw F¥mogul

w EE AR ] o~ COMNT
] SRSNBS =B DATIM  10-08-2012 18:39:13
3 25E3E¢ 8% osNUG 186
w0 0030800 S o single_pulse_dec
e b lifadd -2 OBFRQ 100.53 MHz
OBSET 5.35 KHz
OBFIN 5.86 Hz
POINT - 32768
FREQU 31407.03 Hz
SCANS 353
ACQTM 1.0433 sec
PD 2.0000 sec
PWI1 3.50 usec
IRNUC  1H
CTEMP 4078 ¢
SLVNT  ACETN
| EXREF 29.80 ppm
, BF 0.12 Hz
CO,H RGAIN 56
N
R i
Br ,
A
2k

200 150 100 ! S0 0

S-30




C:¥Documents and Settings¥deita¥7 X% v ¥mogul131_H.1

DFILE C:¥Documents and Settings¥delta¥ 7 X7 b+ ¥mogut

-] QOIS NYE = 0© ~ COMNT
8¢ ZoEEaLIRCERE 3z DATIM  09-08-2012 11:30:27
i EB8EBRJNCC R 2 OBNUC  1H
ee E T o o~ EXMOD  single_pulse.ex2
OBFRQ 399.78 MHz
OBSET 4.19 KHz
OBFIN 7.29 Hz
\ POINT 16384
FREQU 7503.00 Hz
COH .. SCANS ) 8
ACQTM 2.1837 sec
A\ M PD 2.0000 sec
e t PW1 6.50 usec
- i N | IRNUC 1H
- : H | CTEMP 407.9 ¢
P SLVNT  ACETN
i EXREF 2.04 ppm
2l BF 0.12 Hz
RGAIN 38

7 1.89759
) 3.30250

1.00000

S 1.02194
L
A

"0
e
ES

S-31




C:¥Documents and Settings¥delta¥F X% F¥mogu13i1C.2

168.21362
145.66432

136.20601

129.00738

__—122.56201

TTT——121.92320
111.60677

104.40816

COH

Me

14.08793

200 175 150

125 100 75 50

DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM

PW1
iIRNUC
CTEMP
SLVNT
EXREF

RGAIN

C:¥Documents and Settings¥delta¥T 2 7 vy F¥mogul

08-08-2012 12:14:28
13C
single_pulse_dec
100.53 MHz
5.35 KHz
5.86 Hz
32768
31407.03 Hz
340
1.0433 sec
2.0000 sec
3.50 usec
1H

408.0 ¢
ACETN
29.80 ppm
0.12 Hz
58

S-32



C:¥Documents and Settings¥delta¥ T X4 b F¥mogul29H.1

10.97483

0.91804

\Z 1.00000

2.03603

CO,H

2m

DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM

PW1
IRNUC
CTEMP
SLVNT
EXREF

RGAIN

C:¥Documents and Settings¥delta¥ 7 A% by F¥mogul -

07-08-2012 21:59:25
1H
single_pulse.ex2
399.78 MHz
4.19 KHz
7.29 Hz
16384
qmouwoo Hz
2.1837 sec
2.0000 sec
6.50 usec

-1H

4088 ¢
ACETN
2.04 ppm
0.12 Hz
34

S-33



.

C:¥Documents and Settings¥delta¥ 7 X7k F¥mogu129C.1

206.14221

167.14575

145.87408

85436
30749
83803
60807
15995
66415
89912
52500
80991

———112.32186
_ 104.41769
~loa41769

CO,H

2m

Ph

29.97162

75

50

25

DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ

C:¥Documents and Settings¥delta¥F X% kv F¥mogul

© 07-08-2012 22:08:28

13C
single_pulse_dec
100.53 MHz

31407.03 Hz
120
1.0433 sec
2.0000 sec
3.50 usec

S-34



D:\Pacuments and Settings\Kobayashilab\Desktop\moguh.1
single_pulse )

5358
—~—6.5301

2.8824

1.0861

S—0u . 1.0000
S 23064

— | 11385

L _
S
\

3.9728

— 37277

CQ

,OONZ_m

indole 1-carboxylate

PPM

DFILE
COMNT
DATIM
OBNUC
EXMOD

~OBFRQ

OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD
PW1
IRNUC
CTEMP
SLVNT
EXREF

RGAIN

D:\Documents and Settings\Kobayashilab\Desktop\
single_pulse
09-09-2012 19:59:55
1H
single_puise.ex2
600.17 MHz
5.30 KHz
5.47 Hz
16384
11261.26 Hz
8

1.4549 sec
2.0000 sec
6.50 usec
1H
27.5¢
cDCL3
0.00 ppm
0.52 Hz
44

S-35



D:\Documents and Settings\

d

v
r
-
-

Y

<

-1.jdf

151,1485
134.8998

130.2368

124.0705

___—125.2770
T T—122.7970
T T—120.6140

107.9750

76:9234—

L i bk

53.4552

AP AT

_ [ T T
150

I [
125

1

100

75

50

25

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

RGAIN

D:\Decuments and Settings\Kobayashilab\Desktop\

11-09-2012 07:33:08
13C
13C NMR.ex2
124.51 MHz
3.45 KHz
6.00 Hz
32768
39062.50 Hz
11981
0.8389 sec
2.0000 sec
3.42 usec
1H
29.6¢c
CDCL3
77.00 ppm
0.52 Hz
50

S-36




Part IV: References

Bartoli, G.; Palmiere, G. Tetrahedron Lett. 1989, 16,2129.

Smart, P. B.; Oslund, C. R.; Walsh, A.L.; Gelb, H. M. J. Med. Chem. 2006, 49, 2858.

Kobayashi, K.; Kondo, Y. Org. Lett. 2009, 11, 2035.

Kawamorita, S., Ohmiya, H., Sawamura, M. J.Org. Chem. 2010, 75, 3855

Wang, Y.; Haemaelaeinen, A.; Tois, J.; Franzen, R. Tetrahedron. Asymm. 2010, 21, 2376.

Yamazaki, K.; Nakamura, Y.; Kondo, Y. J. Org. Chem. 2003, 68, 6011.

Park, C. M.; Kim, S. Y .; Park, N. S.; Seong, C. M.; Park, W. K. Bioorg. Med. Chem. Lett. 2008, 18,

3844,

8. Sall,D.J.; Arfsten, A. E.; Berry, D. R.; Denney, M. L.; Harms, C. S. Bioorg. Med. Chem. Lett.
1996, 6, 81.

9. Kumar, D.; Maruthi Kumar, N.; Chang, K-H.; Shah, K. Eur. J. Med. Chem. 2010, 45, 4664.

10. Pedras, M. S. C.; Hossain, S. Phytochemistry 2011, 72, 2308.

11. Honda, T.; Mogi, H.; Ban, M.; Aono, H., Nagahara, H. Bioor. Med. Chem. Lett. 2011, 21, 1782.

12. Marchelli, R.; Hutzinger, O.; Heacock, R. A. Can. J. Chem. 1969, 47,4375.

13. Pinna, G. A.; Curzu, M. M.; Sechi, M.; Chelucci, G.; Vianello, P.; Maciocco, E. Il Farmaco
1998 .53, 684.

14. Bevk, D.; Svete, J.; Stanovnik, B. J. Heterocyclic. Chem. 2005 42,1413

15. Bergman, J.; Carlsson, R.; Sjoberg, B. J. Heterocyclic. Chem. 1977, 14, 1123.

NN DN RN -

S-37



