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Fischer Indole Synthesis
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Retrosynthetic Analysis
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Synthesis Strategy

1. 'BUOH, cat. TsOH
PhMe, A, 95%

CN
o o 2. LDA, AllocClI, THF O Ly (4 mol%)
-78°C to RT . o  Pda(dba)s (1 mol"/ﬁ
3. acrylonitrile, K,CO4 Et,O
MeCN, A RO OAlIl 85%, 91% ee RO
19 82% (2 steps) 18 decagram scale 17
(R ='Bu)
DIBAL-H
then LiAlIH,4
NsCI, EtsN
o DCM Dean-Stark
\\> - O°CtoRT Apparatus
PPh2 N 3 then aq. HCI
L, Bu 69%
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Reaction Optimization
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E ntrylel Cat Ligand Solvent T (°C) Yield (%) ee (%)<
1 Pdz(dba): L1 THF 65 77 -
2 Pdz(dba): L2 THF 65 93 68
3 Pdz(dba)s L3 THF 65 92 81
4 Pd:(dba)s L4 THF 65 94 81
5 Pdz(dba)s L5 THF 65 92 -53
6 Pdz(dba): L6 THF 65 a7 2
7 Pdz(dba)s L7 THF 65 92 9
8 Pdz(dba): L8 THF 65 81 4
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Reaction Optimization
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Entry!=! Cat Ligand Solvent T (°C) Yield (%)™ ee (%) Y\:/
Ph,P  PPh, PPh; PPh;
9 Pd:(dba)s L9 THF 65 08 1
L11 L12
10 Pd:(dba)s L10 THF 65 85 -6
11 Pd:(dba): L11 THF 65 80 1 .
><D ~PPh,
12 Pdz{dba): L12 THF 65 90 1
E{ Elh Dj\, F'F'hg
13 Pdz(dba): L13 THF 65 69 -5
14 Pdz(dba): L14 THF 65 77 0

L13 L14




Reaction Optimization
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Entrylsl Cat Ligand Solvent T (°C) Yield (%)" ee (%)~
15 Pdz({dba): L15 THF 65 97 -10
16 Pd:{dba): L16 THF 65 no conv.® -
17 Pdz{dba): L17 THF 65 no cony.™ -
18 Pdz{dba): L18 THF 65 no cony.™ -
19 Pdz({dba): L3 toluene RT 35 87
20 Pd:(dba): L4 toluene RT 40 90
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Reaction Optimization
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Entrys! Cat Ligand Solvent T(°C) Yield (%) ee (%)«
21 Pdz(dba): L3 toluene 65 a7 83

22 Pdz(dba): L4 toluene 65 46 89

23 Pd:z{dba): L3 1,.4-dioxane RT no conv.®

24 Pdz(dba): L4 1,4-dioxane RT 36 90

25 Pdz(dba): L3 1,4-dioxane 80 66 80

26 Pdz(dba)z L4 1,4-dioxane 80 no conv.”

27 Pd:z{dba): L3 diethyl ether RT 84 91

28 Pdz(dba): L4 diethyl ether RT 86 90

2g° Pdz{dba): L3 diethyl ether RT 96 91
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Stork-Danheiser Reaction
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Reaction Optimization
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Table 52. List of condiions testad.

Entry Sohvent C5xC05 (ed.) Temparature (* C) Time (h) Electrophile {edq) Conversion ¥ield of 25a H
of 16
1 acetonitrile 3 B0 18 No Full Miotuire!™
2 DMSO 3 B0 18 No Full Mixture ¥
3 DMSO 2 B0 18 Na Full Mixture ¥
4 DMSO 1 B0 18 Na Full Mixture ¥
5 DMF 3 B0 18 Mo Full Mixture
G acalone 2 56 18 Mo Full it e e
7 THF 2 B0 18 No Slow Mixture I




Reaction Optimization
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Tabla 52. List of condiions tested.

Entry Solvent CsC0; (eq.) Tempearature (* C) Timea (h) Electrophile {eq ) Conversian Yiald of 25a H
of 16

8 chioroform 2 80 18 Mo Mo 0fo

9 DMSO 2 100 18 No Full Mixture I

10 DMSO 2 B0 18 YES Fiill 0

11 acatonilrila 2 B0 18 YES Fiill 17%

12 DMF 2 B0 18 YES Full 17%0

13 acetana 2 56 18 yes Full 50%, (48%0T)

14 acelona 2 1001 3 yes Full 9%
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acetone, reflux

> Ar A
then O Ij/”
25a-h
NOZ N02 N02 NOZ
25a 25b 25¢c 25d
48% (18 h) 50% (3 h) 60% (3 h) 21% (2 h)
MeO
MeO
NO, NO, NO, CN
25e 25f 25¢g 25h

44% (72 h) no conv. 0% no conv.



Fe, AcOH

Nal, acetone
80 °C, 62% then AgOTf -
81%
LiAIH,, THF
99%
(89% from 27)
Y
HCI, MeOH

then O3, MeOH/DCM
then NaBH,4, 59%

(-)-limaspermidine (ent-2)
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1. LDA, then NCCO,Me
THF, -78 °C, 37% (52% brsm)
2. Boc,O, DMAP, DMF, quant.

1. 03, MeOH/DCM, -78 °C
then NaBH, , -78 °C to RT, 97%
l,, PPh3, Im., DCM, 85%

-
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1. Sml,, THF/HMPA
2. TFA/DCM
91% (2 steps)

1. Lawesson's reagent
toluene, 90 °C, 85%

Q 2. Raney Ni, EtOH, reflux, 50% Q N
& 0

CO,Me

COzMe
(-)-kopsinine (3) (-)-kopsiniliam (31)

1. Lawesson's reagent
toluene, 90 °C, 48%
2. Raney Ni, EtOH, A, 76%

1. TFA/DCM, then
i-Pr,NEt, DCM, 59%
2. NaBH,4, MeOH, 27%

Y

HpHy ™"
CO,Me

33
(tetrahydrokopsifoline D)




