Research Topic Seminar 02/10/2018

Transition metal-catalyzed IMDAF for the synthesis of
3,4-substituted indole
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Introduction
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Indigo Isatin Dioxindole Oxindole

1868 — Adolf von Bayer prepared it from indigo
1869 — Bayer first proposed the currently accepted structure of indole

1883 — Fischer Indole Synthesis

COOH
NH,
NH, N\
N\ > — Indole alkaloids
N
N H
H
Tryptophan Tryptamine

esssential amino acid
available in plants via
the shikimic acid or
anthranilic acid 2
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Indole alkaloids

Strychnine
0 Ambiguine H y
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0 NJS{N)\"" ~ NH
QNJ(ES " gl
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Vinblastine 3

Ergotamine
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Indole containing drugs

@)

HO
OH
N
N
O Cl 0 H

Indometacin antiarthritis anti-hypertensive

antiinflamatory and analgesic

N —
RS
SN A\
H N
H
Sumitriptan Indoimycin
antimigraine antibiotic
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Fischer Indole Synthesis -
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NH H
E. Fischer and F. Jourdan, Berichte der Deutschen Chemischen Gesellschaft, 1883, 16, 2241-2245
5
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Japp-Klingemann modification

~
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N OH OH

COONa

yavs

Fluvastatin

F
COOMe F
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Base ZnCl,
+ Em—— N/ —
NH O N—cooMe
F @ ”

O. Repic, K. Prasad, and G. T. Lee , Org. Process Res. Dev. 2001, 5, 519-527
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Friedel-Craft reaction

1) MsCl EtO.__OEt N
Pyridine j/ TiCly N : "
y N
N >
NH

, 2) NaH | \
OFt SO,Me SO,Me

Bf\)\OEt 83% 62%

R.Sundberg and J. Laurino J. Org. Chem., 1984, 49, 249-254.

Oj/©/ F ZnCl, O O
CLN O S e >\ oon
PN ;\ = COONa

O. Repic, K. Prasad, and G. T. Lee , Org. Process Res. Dev. 2001, 5, 519-527.
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Intramolecular Heck reaction P
X
2 mol% Pd(OAc) @ N @
COOEt 4 mol% PPhy ° Et00C } i J
@ BfJ/ 2 eq TMEDA H
\ 125°C

A\
| 55h N\
Ac DMF A

Ir=z

C
43%

M. Mori et. al. Tetrahedron Lett. 1977, 18, 1037

1.25 mol% Pda(dba)s

~0 Y 5 mol% dppf
B 2.5 eq NaO(t-Bu)
ro. > A\
Toluene
| NH 140°C NH
2h

85%

M. Jorgensen et al, Angew. Chem. Int. Ed. 2008, 47, 888
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Radical method

o ‘ Oy = Ty
N.

Ac N
L Ac B 48%
A. L. Beckwith et al, J. Chem Soc. Chem Commun. 1981, 595.

l 1.5 eq BugSnH
C 0.4 eq AIBN N
)l >
N Toluene N

' 80°C

Boc
91%

L. Shun and R. P. Hsung, Org Lett, 2005, 7, 775.
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Hemetsberger Indole Synthesis

COOEt COOEt EtOOC —

\ N :
ZNs A N 7 mCOOEt
N

H

Hemetsberger, Monatshefte fur Chemie, 1970, 101, 161.

o) 1) KOH
I 2) Flash vacuum
PN COOEt -
N COOEt N pyrolysis
3 > _ Ay N—COOEt > N
NaOEt N3 N
H

cis-Trikentrin A

I=

L. Monahan and J.K. MaclLeod, Tetrahedron Lett. 1988, 29, 391
10

Dishit Jhaveri @ Wipf Group Page 10 of 36 6/24/2018



Research Topic Seminar 02/10/2018

Ulimann Coupling

COOMe COOMe
N R-NH
aH - . _OH 2 -
0”0~ MeOH
Br Br rt
R = alkyl and aryl
Cul
K3PO4
COOMe Solvent COOMe
~_NHR 75°C A\
—»
N
Br h

Moderate to high yields

R.Sundberg and J. Laurino J. Org. Chem. 1984, 49, 249-254.
11
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CbzHN
| Q | o COOMe CbzHN__COOMe
' Brp | (MeO),P | |
© AcOH © % o)
-
Cl) Cl) Br o By
87% 97%
MeOOC
I
1.5 eq Cul o)
CsOAc
- S—cooMe __5
C|) N — g O\
98% 3 (@)

(+) Duocarmysin SA
T. Fukuyama et al., J. Am. Chem. Soc. 2003, 125, 6630-6631
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Sundberg synthesis
N
= L,
J Oy
N H
° 81%

R. Sundberg et al., J. Heterocycl. Chem. 1969, 6, 441.

77%
R. Sundberg and T. Yamazaki, J. Org. Chem, 1967, 32, 290.
13
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b3
!
H

0 e
KOEt :tng N
EtOH c
@( - o~ _ AOH_ mCOOEt
"2 b i NO; H
t %OEt )

(@) 65% over 2 steps

2

A. Reisert and H. Heller, Chem. Ber. 1904, 37, 4364.

R, 5 mol% Pd(OAC), R
' 5 mol% PPhs N
= MCI (M = Li, B N)> e
1eq = Li, Bu N
NHR » BUg
3 Ro 5 eq base R
100°C, DMF 3

R. Larock and E. K. Yum J. Am. Chem Soc. 1991, 113, 6689-6690
14
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Madelung synthesis ]
©j§> — [ IN/
H

R

R2
R, NaNH,/NaOMe R4
Q > N\_g
S 200-400°C 3
N
H

Rs N

@) 2 eq n-BulLi
w0
N N

W. J. Houlihan et al., J. Org. Chem, 1981, 46, 4511.
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D — CL
N
H H
o cat. AcOH PPhgBr
PPhsBr X Microwave
10 mins t-BuOK O A\ O
+ - T e
=z N
(X e "

NH,
95% over 2 steps
G. A. Kraus and H. Guo, Org. Lett, 2008, 10, 3061-3063

O 1)NaOMe O

MeOH

o >
O 2) SOCl,, Py O N\_cn
N~ CN N

\

|
Ts Ts

91%

C.Jones, J. Org. Chem. 1972, 37, 3624-3625
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van Leusen synthesis

(o) (0]
Ts Ph Q
= _ — A Ph
a N ”
H
Ph

91 O/O 960/0

Ts Ts Ts
t-BuOK N
O%NC — NG -~ @ANC

o) o Ph o)
Ts Pha | - O 1o Ph
Z Ts -2H* =
~NC + — Ts N& — Y — I\
_ N
Ph

J. Moskal and A. van Leusen, J. Org Chem, 1986, 51, 4131-4139

U
2

I=

17
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U
!

0
_Ph 1) LIOH, H,0
7\ S 5 Tic, 0 — THF
N + )\/\W - —» >
SO,Ph 3 N
PhS  so,Ph
65%
0 OH
Cl SnCI4 mCPBA A
B -
N ) N
PhS  50,Ph SPh SOzPh 50,Ph
quant 86% 84%

H. Ishibashi et al., Tetrahedron Lett., 1993, 34, 489.
18
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Kanematsu synthesis

"\
S
N @ . D = D
| N
2

\H HCHO
= i-ProNH =
1 L 2 I-FTro
) =/ CuBr
e XN L |
2) CICOOEt = J
N, ZF
H EtOOC \/ EtOOC
160°C
9h - DDQ A\
> N -~ N
COOEt COOEt
quantitative 69%

K. Kanematsu et. al., Tetrahedron Lett., 1986, 27, 1837-1840
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IMDAF

To ot “

67% @)
dr 4:1
NO, NO,

——
0 ¢ $
HO F = f Toluene reflux
’ s ’
t-BuOK 0O

I. Namboothiri et. al., J. Org. Chem., 2005, 70, 2235-2243.

20

Page 20 of 36 6/24/2018



Research Topic Seminar 02/10/2018

IMDAF based Indoline synthesis

165°C
@) 24 h

4>
J\/ 77%
N ° N

t-BuOOC’ t-BuOOC’

| o

O OH

—

N; N
t-BuOOC t-BuOOC

A. Padwa et al.,J. Org. Chem., 1999, 64, 3595-3607
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Microwave assisted IMDAF indole synthesis

NaH o) Boc n-BuLi, -78°C 15 min
o Boc DMF [ ) then
[ - ) >

N Ph
1~ “SnBug Bu,SH ~FcHo
88% 66%
Toluene Ph
Boc OH LW 180°C

N Ay ——— \

@)

@/ 79% \
H

/ - Boc
\ '2H20
Ph H OH Ph OH

HO HO
—> ~ . —>
\N + I\l\
\ B

ocC

Ph - on

F. Petronijevic, C. Timmons, A. Cuzzuppe and P. Wipf, Chem. Commun., 2009, 104-106 22
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Application in total synthesis

O %;j 1)Toluene 1,
J N 135° 68h
N~ O
F 2) LiAlH,
O N THF reflux
— 48% over 2 steps

(-) Cycloclavine

F. Petronijevic and P. Wipf, J. Am. Chem. Soc., 2011, 133, 7704-7707.
S.R. McCabe and P. Wipf, Angew. Chem. Int. Ed. 2017, 56, 324-327.
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TT-allyl metal complexes

R\/\
R X Pd° | Nuc R~ Nuc
b —> N~
TN Oxidative addition P.d
X
HCOO-

R ~ Decarboxylation R ~

24
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3+2 cyclization
+ +
\)J\/ Ox. addition> J\ Pd™Ly )\/Pd Ln
TMS
T™MS OAc L.Pd _
"OAc \ /
—\
EWG
concerted or
stepwise
» + L,Pd

EWG

B. Trost, Angew. Chem. Int. Ed., 1986, 25, 1-114
25
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Pd-catalyzed IMDAF indole synthesis

5 mol% Pd(PPhj),
20 mol% PPhg

NaH, DMF o 5
o) Boc ar, - E/)—N @) NMP » N\
UNH o) \—<\JOJ< LW 180°C N
4>:f ):o 20 mins H
Br 78% 45%
NaH, DMF
MSO—/_\—OAC
OAc
5 mol% Pd(PPhg),
/ 20 mol% PPh3 9) Boc (@) Boc
NMP ' '
0 > UN OAc 4 UN + @ + RSM
UN LW 180°C \—& \:L N
Boc 20 mins — —
Mixture of products
60%

Dishit Jhaveri @ Wipf Group

J. Xu and P. Wipf, Org. and Biomol. Chem., 2017, 15, 7093.
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Pd-catalyzed IMDAF indole synthesis

N Boe PdL, WN'BOC ) [4+2] ,\%PdLn
@N > o PaL, — > [ 9
0] \ / = N‘
Boc
OAc
Friedel-Craft
athwa “
P y PdL, "
-PdLH*
e
N
Boc
-H,O
-Boc
A\
N
H

J. Xu and P. Wipf, Org. and Biomol. Chem., 2017, 15, 7093.
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5 mol% Pd(PPhs),
20 mol% Ligand

O Boc
UN' 0 NMP o A\
\—<\_/OA< LW 180°C N
20 mins H
Entry Ligand Yield Entry Ligand Yield
1 PPhs 45% 6 dppp 40%
2 PBn; 74% 7 dppb 59%
3 P(n-Bu)s 25% 8 P(OEt)s 71%
4 P(t-Bu)s 0% 9 P(Oi-Pr)s 83%
5 dppe 48% 10 P(OPh)s 27%

J.Xu and P. Wipf, Org. and Biomol. Chem., 2017, 15, 7093. 28
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= 5 mol% Pd(PPhs),
3 20 mol% P(Qi-Pr), R,
7 @) NMP - A\
R
2NN NN OAC UW 180°C R: N
R, éoc 20 mins R,
F
N\ THPO N\ O
N N O N\
H H N t-Bu
NV
86% 59% H AN
66% A\
N
H
MeO 52%
; g
R o cr
84% H N
77% 64%
J.Xu and P. Wipf, Org. and Biomol. Chem., 2017, 15, 7093. 29
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3,4-Substituted Indoles

0
Substitution pattern common in several alkaloids M~
(Ergot and Ambiguine) N
Few routes available to make them.

Several approved pharmaceuticals contain the | N~
3,4-substituted indole motif. |
Cabergoline
dopamine agonist
O<_N
A 1
6] NJS/ TS NH _~_NH
j\I/\ ~J N o A
HOH | H H 'Tl

Ergotamine Methysergide Lisuride
antimigraine antimigraine anti-Parkinson’s

30
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X
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Synthesis of 3,4-substituted indoles

1) NaNO, Br Br Br Br
HBr Br, 1) PPhg
' ? —_— X
2) CuBr (PhCO),0, 2) Et3N
NO, NO, CH,0 NO,

79% overall

1) Pd (Il
Br Br ) BQ( ) Br
Fe/AcOH TsCIl/Pyr 77%
» X O — X > A\
80% 2) NaOH N
NH, NHTs quant H
P. Harrington and L. Hegedus, J. Org. Chem., 1984, 49, 2657-2662 31
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Synthesis of 3,4-substituted indoles

Hg (Il Br  Hgcl (1) cat 5 /
Cat HCIO4 _~_-Cl r cat. Pd(PPhg), ‘
y ’
quant. 81% A\ 50% O
N NH
H
COOMe
Pd 0) cat
N\ »
0% N 81% A\
N
H
P. Harrington and L. Hegedus, J. Org. Chem., 1984, 49, 2657-2662 32
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Synthesis of 3,4-substituted indoles

N/ t-BuLi y N/
Et,0 l
N 0°C 1 h A
A\ > A\
N N
TIPS TIPS

M. lwao, Heterocycles, 1993, 36, 29.

X=Br, | +

V. Snieckus et al., Org. Lett., 2002, 4, 815-817.
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/ 1)t-BuLi / NBS e
N Et,0 E N_ CH,Cl,/MeOH Br
0°C1h rt
\ > \ > D
+ mins
N 2E N N
TIPS TIPS TIPS
1 2
Entry 1 E* E Yield (%) 1 Yield (%) 2
1 1a Cl3C-CCls cl 64 80
2 1b BrCH2CH2Br Br 56 84
3 1c DMF CHO 51 79
4 1d TMSCI T™MS 62 83

V. Snieckus et al., Org. Lett., 2002, 4, 815-817.
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Synthesis of 3,4-substituted indoles via transition
metal catalyzed IMDAF reaction

35
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