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List of starting compounds:

R2 s -NO2
R1
1

1a, R' = F, R? = 4-CI-CgH,- 1j, R! = Me, R? = 4-CI-CgH,-
1b, R = F, R% = 2-Br-CgH,- 1k, R' = H, R? = 4-CI-CgH,-
1c, R'=F, R2= 4-F-CgH,- 11,R"=Me, R2=H
1d, R' = F, R? = 4-Br-CgHy- 1m,R'=Et, R2=H
1e, R' = F, R% = 4-Me-CgHy- 1n, R' = iPr, R2 = Me
1f, R' = F, R? = 4-CN-CgH,- 10, R! = CI, R2 = 4-OMe-CgH,-

19, R'=F, R?=4-CO,Me-CgHy-  1p, R = CO,Et, R2 = 4-Cl-CgHy-
1h, R' = F, R? = 4-NO,-CgHy-
1i, R = F, R? = 4-OMe-CgH,-
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Extended Table 1. Optimization of the reaction ¢boals.

F

Ar | N
. _F + conditions =~ =
? Eto,C CO,Et
1a 2a 3a
Ar = 4-CF-CgH4-
Entry | Oxidant (equiv.) Base (equiv.) Solvent Yidd’, %
1 - EgN (1.5) CHCl, trace
2 Cu(OAcYH,0 (1.5) | EsN (1.5) CHCl, 23
3 Cu(OAc)H,0 (1.5) | DBU (1.5) CHCl, 33
4 Cu(OAc)H,0 (1.5) | DIPEA (1.5) ChCl, 26
5 Cu(OAc)H,0 (1.5) | Py (1.5) ChbCly 24(50¥
6 Cu(OAcyH,0 (1.5) | Py (5) CHLCl, 48
7 Cu(OAcyH,0 (1.5) | Py (5) MeCN 38
8 Cu(OAc)H,0 (1.5) | Py (5) DMF 17
9 Cu(OAcyH,0 (1.5) | Py (5) DCE 52
10 | Cu(OAcyH,0 (1.5) | KCO;(2.5) DMSO 15
117 | Cu(OAcy'H.0 (1.5) | Py (5) DCE 61
12 | Cu(OAcky'H,O (1.5) | DMAP (5) DCE 24
13" | Cu(OAcy'H,0 (1.5) | 2,6-lutidine (5) DCE 63
14° | Cu(OAcyH,0 (1.0) | 2,6-lutidine (5) DCE 45
15" | Cu(OAcky'H,0 (2.0) | 2,6-lutidine (6) DCE 56
16" | Cu(NQG;)»-3H,0 (1.5) | 2,6-lutidine (5) DCE 53
17 | Cu(OTf) (1.5) 2,6-lutidine (5) DCE 57
18" | CuCh (1.5) 2,6-lutidine (5) DCE n%.
19" | FeCk (1.5) 2,6-lutidine (5) DCE 0
20" | MnO;, (1.5) 2,6-lutidine (5) DCE 0
219 | (NH4)-Ce(NQ)s 2,6-lutidine (5) DCE trace
(1.5)
22" | DDQ (1.5) 2,6-lutidine (5) DCE 0
23 | Ag,CO; (2) - THF 45
24" | Cu(OAcky'H,O (1.5),| 2,6-lutidine (5) DCE 20
TEMPO (1)
257 | Cu(OAcky'H.O (1.5),| 2,6-lutidine (5) DCE 34
BHT (2)
26%" | Cu(OAC)»H,0 (1.5) | 2,6-lutidine (5) DCE 69
279 | Cu(OAQ)2>H,0 (1.5) | 2,6-lutidine (5) DCE 77
28" | Cu(OAcHH,0 (1.5) | 2,6-lutidine (5) DCE 40

Typical experimentla (0.1 mmol, 1.0 equiv.)2a (1.2 equiv.), oxidant , base, solvent (0.1
M), MS4A (50 mg), r. t., 2-10 h (TLC monitoring)

2Yields were determined byF NMR with PhCF as internal standarBYield of recoveredla

in brackets‘ n. r. = no reactionl@ was recovered)’ The reagents were mixed at 0°C, then
stirred at r. t.£ 65 °C. Optimal conditions from réf. " 1.5 equiv. of2a; ¢ 2.0 equiv. ofa. "
Without molecular sieves.

TEMPO = 2,2,6,6-tetramethylpiperidinne 1-oxyl; BH12,6-ditert-butyl-4-methylphenol.



Copies of'H, **C and"F NMR spectra
1-(ethyloxycar bonylmethyl)-3-(phthalimidomethyl)pyridinium bromide 2j
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13C NMR

= 1EEI]
e =7

Yy
HJG
: %

Chs

%UMWW o

s o e s i S S S E

210 200 1% 180 1M 16D 15D

BT
e D

— 146G

350

250




13C DEPT-135 NMR
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1-fluoro-2-(4-chlorophenyl)-3-(ethyloxycarbonyl)-indolizine 3a
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FE NMR
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1-fluoro-2-(4-chlorophenyl)-indolizine-3-carbonitrile 3b

'H NMR
5 BErm@saiang
= LIRS P B
e F
o |
Sy AN I

——— - ' - " - 1
it M5 100 95 S0 B 8D A WD &E 6

10



3¢ NMR

BE'S

&..mwuv
ZRETT-
BLGTT
EZslT
EF DZT
55 021
BETET
ELTET
BLELT
_.u.vﬁuf
S bETf
9E 214
ok £2 1
DE 621
9k BZ T
05 621
BEPET
25 95T
9cBET-

T

7

R

i

1l LM 1 M

T

T
140 1310 120

—
[i]

r—p—=
110

"1

60 150

S— e e —————
150 180 17

——
200

11



FE NMR
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1-fluoro-2-(4-chlorophenyl)-3-(methylcarbonyl)-indolizine 3c

'H NMR
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3¢ NMR
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FE NMR
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1-fluoro-2-(4-chlorophenyl)-3-(phenylcarbonyl)-indolizine 3d

'H NMR
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3¢ NMR
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FE NMR
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1-fluoro-2-(4-chlorophenyl)-3-(benzyloxycarbonyl)-indolizine 3e

'H NMR
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3¢ NMR
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FE NMR
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1-fluor 0-2-(4-chlor ophenyl)-7-methyl-indolizine-3-car bonitrile 3f

'H NMR
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F NMR
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1-fluor 0-2-(4-chlor ophenyl)-5-methyl-indolizine-3-car bonitrile 3g

'H NMR
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13C NMR
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1-fluor o-2-(4-chlor ophenyl)-8-methyl-indolizine-3-car bonitrile and 1-fluor o-2-(4-chlor ophenyl)-6-methyl-indolizine-3-car bonitrile 3h

'H NMR
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13C NMR
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F NMR
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1-fluoro-2-(4-chlorophenyl)-8-bromo-indolizine-3-carbonitrile 3i

'H NMR
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3¢ NMR
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FE NMR
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1-fluor o-2-(4-chlor ophenyl)- 3-(ethyloxycar bonyl)-6-(phthalimidomethyl)-indolizine 3j

'H NMR
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13C NMR
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F NMR
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2-(4-chlorophenyl)-1-fluoropyrrolo[2,1-alisoquinoline-3-carbonitrile 3k

'H NMR
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3¢ NMR
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FE NMR
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1-fluoro-2-(2-bromophenyl)-indolizine-3-carbonitrile 3|

'H NMR
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3¢ NMR
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FE NMR
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1-fluoro-2-(4-fluorophenyl)-indolizine-3-carbonitrile 3m

'H NMR
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3¢ NMR
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FE NMR
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1-fluoro-2-(4-bromophenyl)-indolizine-3-carbonitrile 3n

'H NMR
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3¢ NMR
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FE NMR
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1-fluoro-2-(4-methylphenyl)-indolizine-3-carbonitrile 30

'H NMR
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1-fluoro-2-(4-cyanophenyl)-indolizine-3-carbonitrile 3p

'H NMR
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FE NMR
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1-fluoro-2-(4-(methyloxycarbonyl)phenyl)-indolizine-3-carbonitrile 3q

'H NMR
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3¢ NMR
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FE NMR

—1ag

e e T e

180 160 140 1@ M B0 & 4D 20

T

e B s S dors B s yo s S s Sy S oo e s S B |
-4 40 &0 8D -1DD -120 -140 -1680 -1BD -0 -220 -240 -260 -ZED

-

700

550

450

300

250

200

|50

57



'H-'H cosy

i I
O—=CH, . I
al | | i o
|J | | J ||.__ _| |.||\|.__ , ' |I|‘ | . JI|| |"L_.

I
_-'” — __._.-'l._ - I”!- _

| |
Wi

rrs+ -+, r,,n.rrrr g2 ?tyrtyrrrr rrrn,.nn.,nnrr,rsm 77, r . J]rxriTrrr.. ..

6 55 B4 B3 B2 B1 BO Y5 TR A7 76 A5 T4 T3 T 71 7D &9 6B 6T 66 65 64 63 62

g
60
6.2

6.4

HBu 6

58



'H-Bc HsQC
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1-fluoro-2-(4-nitrophenyl)-indolizine-3-carbonitrile 3r

'H NMR
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3¢ NMR
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1-fluoro-2-(4-methoxyphenyl)-indolizine-3-carbonitrile 3s

'H NMR
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3¢ NMR
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1-methyl-2-(4-chlorophenyl)-indolizine-3-carbonitrile 4

'H NMR
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2-(4-chlorophenyl)-indolizine-3-carbonitrile 5
'H NMR
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3¢ NMR
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'H-Bc HsQC
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'H-Bc HMBC
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1-methyl-indolizine-3-carbonitrile 6a

'H NMR
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1-ethyl-indolizine-3-carbonitrile 6b

'H NMR
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3¢ NMR
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1-methyl-2-isopropyl-indolizine-3-carbonitrile 7

'H NMR
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3¢ NMR
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1-chloro-2-(4-methoxyphenyl)-indolizine-3-carbonitrile 8

'H NMR
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1-(ethyloxycarbonyl)-2-(4-chlorophenyl)-indolizine-3-carbonitrile 9

'H NMR
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1-fluoro-2-(4-bromophenyl)-indolizine 10n

1
H NMR
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3¢ NMR
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FE NMR
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'H-Bc HsQC
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'H-Bc HMBC

aa—
T /H }

Br

I

wmwwwLLIWULWLL

105

F110

F115

F120

125

F130

135

140

|H| | ' ]
fifi !‘|i | 1 1 I
= LA ‘|L MM
0 0
| i
f\ a,'ﬁ, ':-;' n‘|
all l"”l! IJI".I |'I::|\.JEI .r 0
o)
el
o JRRERE ﬁﬂi
L |'.'| I.'F| W
YA A
J\f
il
g o
N 2
| II‘J_] 'JUI
Y
m1
il
AR
i
e e L L s B S By B L L s s e s By By By B B S
8.3 8.1 9 78 77 76 7 4 73 72 71 70 6.8 6.6 6.4 6.2 6.0 5.8

F145

87



1-fluoro-2-(4-methoxyphenyl)-indolizine 10s

'H NMR
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3¢ NMR
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FE NMR
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Diethyl 3-(4-chlorophenyl)-4-fluoro-pyrrolo[2,1,5-cd]indolizine-1,2-dicarboxylate 11n

'H NMR
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FE NMR
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Diethyl 3-(4-methoxyphenyl)-4-fluoro-pyrrolo[2,1,5-cd]indolizine-1,2-dicarboxylate 11s

'H NMR
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FE NMR
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