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Synthetic Approaches to Pyrroloindoline Natural Products
Introduction

B Diverse biological activity of pyrroloindolines

H
R MeN N R

Me \
RO
™ Q
N
Me NMe

NMe
N N
calabar alkaloids flustramines and pseudophyrnamines calycanthaceous alkaloids
Alzheimer's anticancer activity analgesic
anticholinergic muscle relaxant antibacterial
organophosphate poisoning cholecystokinin antagonist somatostatin agoinst

ardeemins and amauromine echitamine alkaloids
reverse multi-drug resistance in cancer cells anticancer
vasodilator

B Pyrroloindolines are isolated from amphibians, marine organisms and plant sources
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Introduction

B Substitution pattern around central pyrroloindoline varies greatly

H
R MeN N R

Me \
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o Q
N
Me NMe

NMe
N N
R R R H
calabar alkaloids flustramines and pseudophyrnamines calycanthaceous alkaloids
esermethole R = Me chimonanthine R =H

physostigmine R = CONMe
phenserine R = CONPh

ardeemins and amauromine echitamine alkaloids

echitamine
vincorine



Synthetic Approaches to Pyrroloindoline Natural Products
Biomimetic Approach

B Perceived to arise via electrophilic attack at indole C-3 position of tryptophan or tryptamine
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Biomimetic Approach

B Perceived to arise via electrophilic attack at indole C-3 position of tryptophan or tryptamine

E E
E NH,
A\ — +/rNH2 . NH
N'2 N H
N N N
tryptamine B B

B Alkylative cyclization allows rapid access to racemic flustramines

Br\/\|/ — —
N/COQEt

N\ H Zn(OTf),, i-ProNEt N Red-Al
' N _— N\
COQEt Me
H BuyNI N Toluene N

Toluene, r.t. 96 %
70 % >\)
B a——

(x) debromoflustramine B

Tan, G. H.; Zhu, X.; Ganesan, A. Org. Lett. 2003, 5, 1801.
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Biomimetic Approach

B Menéndez used a similar strategy to access the flustramine core

_COLE i. ICH,TMS, EtgN
N— OO i. LIHMDS
AN iii. prenyl bromlde
COQEt

one-pot 86%

Ir=

JQM* P gﬁ

Lépez-Alvarado, P.; Caballero, E.; Avendarno, C.; Menéndez, C. J. Org. Lett. 2006, 8, 4303.
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Biomimetic Approach

B Tryptophan derivitaves give rise to possible diastereomers

CO,Me - -
E COQMG
E R
N—"2 e
H —_— N ——
N +/ s “R;
N \
h g
! B N exo endo
(kinetic) (thermodynamic)
Combined Yield (%) electrophile R, Ro endo:exo
85 H H CO,Me 9:1
65 PhthSePh Boc Boc 1:9
76 PhthSePh CO,Bn CO,Me 1:12
83 PhthSePh CO,Me CO.Me 1:11
40 PhthSePh SO,Ph CO,Me <2:98
31 PhthSePh SO,PMP CO,Me <2:98
0 PhthSePh H CO,Me --

Crich, D.; Huang, X. J. Org. Chem. 1999, 64, 7218.



Synthetic Approaches to Pyrroloindoline Natural Products
Biomimetic Approach

B Application in Danishefsky's synthesis of amauromine and acetylardeemin

COzMe
Phth—SePh PhSe COMe . MeOTT Bu.S T oM
. MeOTf{, prenyl Bu,Sn

NHBoc pTSA, Na,SO, NBoc breny ° '

A\ > 2. NaOH NH
CH,Cl, N H 3. TMSI
N 78 % Boc N H
Boc H
9:1 d.r.

Marsden, S. P.; Depew, K. M.; Danishefsky, S. J. J. Am. Chem. Soc. 1994, 116, 11143.
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Biomimetic Approach

B Application in Danishefsky's synthesis of amauromine and acetylardeemin

COzMe oMo
Phth—SePh PhSe 2 —
NHB 1. MeOTH{, prenyl BugSn COzH
oc pTSA, Na,SO, NBoc .
A\ > 2. NaOH NH
ChoCl, N H 3. TMSI
N 78 % Boc N
OC H
9:1 d.r.
CO,H HN
— 9y
NBoc
N T N TMSI
Boc NBoc — >
> CO,H
BOP-CI goc : amauromine

Marsden, S. P.; Depew, K. M.; Danishefsky, S. J. J. Am. Chem. Soc. 1994, 116, 11143.
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Biomimetic Approach

B Application in Danishefsky's synthesis of amauromine and acetylardeemin

COzMe __
Phih=SePh PhSe ooelfe 1. MeOTf | Bu,S CO-H
. e , pren u n

NHBoc pTSA, Na2804 NBoc preny 3 -

A\ > 2. NaOH NH
CH,Cl, N H 3. TMSI
N 78 % Boc N H
Boc H
9:1 d.r.
— 9y
NBoc
N M N TMSI
Boc NBoc E—
' COQH
BOP-CI Noh
N3
__ 0 cloc
CO,H
NBoc 1. D-Ala-OMe-HCI 1. KHMDS
Y
N 2. TMSI 2. PBuj
3. LDA, AcCl he

5-N-acetylardeemin

Marsden, S. P.; Depew, K. M.; Danishefsky, S. J. J. Am. Chem. Soc. 1994, 116, 11143.
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Biomimetic Approach
B The Joullié group synthesis of roquefortine C uses the same strategy as Danishefsky
HO
M N
— eOQC y \>
COLH =\
NH, NBoc NH
NBoc 1. HATU, i-Pr,NEt
> X
N H 2. EDC CuCl, (syn elim)
Boc 3. TMSI, MeCN NN
4. NHz°H,0 \

roquefortine C isoroquefortine C

more stable by 14kJd/mol
not found in nature

Shangguan, N.; Hehre, W. J.; Ohlinger, W. S.; Beavers, M. P. Joullié, M. M. J. Am. Chem. Soc. 2008, 130, 6281.
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Biomimetic Approach

B The Joullié group synthesis of roquefortine C uses the same strategy as Danishefsky
HO

MeO,C N 0 0
- \>
COLH \/\E -
NH NBoc . :

2 NH NH NH
NBoc 1. HATU, i-Pr,NEt _ Q MN/}
Mz ERC oy omelm) LI :
4. NHg+H,0 N

roquefortine C isoroquefortine C

more stable by 14kJd/mol
not found in nature

Shangguan, N.; Hehre, W. J.; Ohlinger, W. S.; Beavers, M. P. Joullié, M. M. J. Am. Chem. Soc. 2008, 130, 6281.

B Other electrophiles are also competent for pyrroloindoline formation

0
Me
COzMe /
— - SM
N S\'-:-A cl °  coMe 1. Raney Ni, HCHO,q Me,
e NHCO,Me \ e MeO 2. Red-Al .~ MeO iy
e
A\ - > NCOMe 5 i swem
N FPraNEY, CHoCly N ii. NH,SO5H N
H 92 % iii. NaBH,
1:1dr. (—)-esermethole

Kawahara, M.; Nishida, A.; Nakagawa, M. Org. Lett. 2000, 2, 675.
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Biomimetic Approach

B Danishefsky used a slight variation to construct the Himastatin core

COgtBU
COQtBU COgtBU

HQ
NBS, Et;N DMDO
NHSOanth > N\ ~NHSOanth ———> NHSOanth
N\ 80 % " NaBH, NA T
s N 75 % N

Kamanecka, T. M.; Danishefsky, S. J. Angew. Chem. Int. Ed. 1998, 37, 2993 and 2995.
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Biomimetic Approach

B Danishefsky used a slight variation to construct the Himastatin core

COgtBU
COQtBU H COgtBU

0
NBS, Et;N DMDO
NHSOanth > N\ ~NHSOanth ———> NHSOanth
A\ 80 % NaBH,
N 75 % N H

N H
H

1. 1. Al(Hg) TBSO
ii. CbzCl Me3Sn
iii. TBSCI

> N
2. 1Cl
3. SnZMe6 Cbz
Pd(PPh3),

P himastatin OH

Kamanecka, T. M.; Danishefsky, S. J. Angew. Chem. Int. Ed. 1998, 37, 2993 and 2995.
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Biomimetic Approach

Bl Electophilic sources of nitrogen have also been shown to work efficiently

NHCO,Me
| NHCO,Me
NIS, EtsN L N\
NHCO,Me > =—=—TMS

N\ (:E ! HN Pd(OAC), N
—»
N NCO-M NCO,Me
H NH, 2vie 85% ?
o N N
Br 67% N N
Br Br

Also works with tryptophan derivatives (45%)

Newhouse, T.; Baran, P. S. J. Am. Chem. Soc. 2008, 130, 10886.
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Biomimetic Approach

Bl Electophilic sources of nitrogen have also been shown to work efficiently
NIS, Etz;N

NHCO,Me
< NHCO,Me

NHCO,Me > =——TMS
{ L — :
N NCO,Me NCO,Me
H NH, 2 85% ?

Br 67%

Also works with tryptophan derivatives (45%)

NHCO,Me NHMe
NHCO,Me

A\

N

H NCO,Me

CUl, KQCO3 Red-Al
> >
O\\\‘NHMe 89%
NHMe MeO,CHN MeHN
89%

(x)-psychotrimine

Newhouse, T.; Baran, P. S. J. Am. Chem. Soc. 2008, 130, 10886.



Synthetic Approaches to Pyrroloindoline Natural Products
Biomimetic Approach

B Dimerization of benzylic radicals allows access to dimeric structures

N/ SO,Ph
>=O .
. b ., [CoCI(PPhs)4]

NCO,Me - NCO,Me » MeO,C

N N
SO,Ph SO,Ph

cyclized with HzPO,
4 steps to (+)-chimonanthine

Movassaghi, M.; Schmidt, M. A. Angew. Chem. Int. Ed. 2007, 46, 3725.



Synthetic Approaches to Pyrroloindoline Natural Products
Biomimetic Approach

B Dimerization of benzylic radicals allows access to dimeric structures

SO,Ph
>=O .

[CoCI(PPh3)s]
NCO,Me NCO,Me » MeO,C

SOzPh SOZPh
cyclized with H3PO,

H NMe
N<
AcOH HCOHaq
Nl NaBH(OAC)s
—»
HN 85:15 100%
Me
(-)-calycanthine (+)-chimonanthine (+)-folicanthine

Movassaghi, M.; Schmidt, M. A. Angew. Chem. Int. Ed. 2007, 46, 3725.
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Biomimetic Approach

B Tryptophan derivatives will react with carbenes to give the pyrroloindoline core upon cyclization

VR o) Cu(OTf)
15 steps
'
e

EtO,C

N
\ HN\<O

Me

EtO,C

N
Me

S
+/ HN\(

@)

(-)-ardeemin, R = H
(-)-acetylardeemin R = Ac

CO,Et
O
N\<
N
Me O

87%, 16:1 dr (-30 °C)
73%, 1.6:1 dr (r.t.)

He, B.; Song, H.; Du, Y.; Qin, Y. J. Org. Chem. 2009, 74, 298.
Shen, L.; Zhang, M.; Wu, Y.; Qin, Y. Angew. Chem. Int. Ed. 2008, 47, 3618.
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Biomimetic Approach

B Tryptophan derivatives will react with carbenes to give the pyrroloindoline core upon cyclization

o EtO,C EtO,C CO,Et

Ny HN \(\o \ \(\o N

—_— HN 4+, HN — \<
N o) Cu(OTf) N N N 5
Me (0] Me (@] Me

— - 87%, 16:1 dr (-30 °C)
73%, 1.6:1 dr (r.t.)

(-)-ardeemin, R = H

15 steps (—)-acetylardeemin R = Ac

NHTs
N, CuOTf 9 steps
\ —_— _ >
81%
N
Me CO,Me
O
(10 steps)

(x)-minfiensine

He, B.; Song, H.; Du, Y.; Qin, Y. J. Org. Chem. 2009, 74, 298.
Shen, L.; Zhang, M.; Wu, Y.; Qin, Y. Angew. Chem. Int. Ed. 2008, 47, 3618.
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Biomimetic Approach

Bl Catalytic asymmetric approach to the flustramines by the MacMillan group

/
N
HX
an)\ Bu RMO

enantioinriched
pyrroloindoline

(@) /Me
HX IN
‘Bu Bn I-\il-)\ By

\ 0 Me RJl)I X_
Bni;)wau %NHR

=z

Austin, J. F.; Kim, S-G.; Sinz, C. J.; Xiao, W-J.; MacMillan, D. W. C. Proc. Natl. Acad. Sci. 2004, 101, 5482.
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Biomimetic Approach

B Catalytic asymmetric approach to the flustramines by the MacMillan group

NHBoc
A 0
N\F

NBoc

Br N
)§)

Austin, J. F.; Kim, S-G.; Sinz, C. J.; Xiao, W-J.; MacMillan, D. W. C. Proc. Natl. Acad. Sci. 2004, 101, 5482.

OH

Br N

1. 20 mol %
'
—
2. NaBH, >\)
78% yield
90% ee
Y\
NBoc 1. TMSI
_—
Grubbs Br N 2. (CHO),

metathesis NaBH,
94% — 89%

1. MsCl

O Me
I N)\/
* p-TSA
Bn N By NBoc
H

>

2. NO,PhSeCN
H2O2
89%

NMe
N

.

(—)-flustramine B



Synthetic Approaches to Pyrroloindoline Natural Products
The 2-Oxoindole Approach

B The pyrroloindoline core can also readily be attained through a suitable 2-oxoindole

alkylation : amination _ .
0 > o reduction N
N N H
H H

generic 2-oxoindole

Julian, P. L.; Pikl. J.; Boggess. D. J. Am. Chem. Soc. 1934, 56, 1797.
B Similarities to biomimetic approach but different oxidation state utilized
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The 2-Oxoindole Approach

B The pyrroloindoline core can also readily be attained through a suitable 2-oxoindole

alkylation : amination _ .
o > o reduction N
N N H
H H

generic 2-oxoindole

Julian, P. L.; Pikl. J.; Boggess. D. J. Am. Chem. Soc. 1934, 56, 1797.
B Similarities to biomimetic approach but different oxidation state utilized

N’NS Br N/NS Ns
\ V¢ NBS,tBuOH Me Cs,CO0q Ne
> @)
Br H THF, HZO

SnBU3
83% w/\/

\ /
N’NS NHMe
—_— Me 1. alane NMe
O —_—
Br 2. Cs,COg, PhSH 62% Br N
>\) )

I=

Ir=

73%

(x)-flustramine A

Fuchs, J. R.; Funk, R. L. Org. Lett. 2005, 7, 677.
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The 2-Oxoindole Approach

B Evidence for the indole-2-one intermediate

o)
Br. — |

CSQCOg = -CO

0 _— — O\\ -
\ “ LI N

Fuchs, J. R.; Funk, R. L. Org. Lett. 2005, 7, 677.

/

\
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The 2-Oxoindole Approach

B Evidence for the indole-2-one intermediate

Br

—
e

CSQCOg

—_—

—_—
~
N

i
0 \\ — ’\’? —CO @({;9

Fuchs, J. R.; Funk, R. L. Org. Lett. 2005, 7, 677.

B Dalko invokes the same intermediate in the synthesis of meso-chimonanthine

Br
N3
N N
H H

H H
N N
NCO,Me NMe
NHCO,Me / 4
Cs2C0s : Red-Al :
_— : —_— :
75% 95:5 d.r. 57%
O N3 NH
N N
H

H

— desmethyl-meso-chemonanthine
N

3 \Z NCHO,Me
©jgN3
N

H
— Menozzi, C.; Dalko, P. I.; Cossy, J. Chem. Commun. 2006, 4638.
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The 2-Oxoindole Approach

B Radical cyclization to provide the oxoindole by Ishibashi

Me
MeO Br MeO Br BuSn;H M
9 HWE O AIBN e0 CN
Me — > Me > 0]
N 72% N 98% N
Me Me || Me
© CN
3 steps mix E/Z
Me Me
MeO CN LAH MeO
—_— NMe (%)-esermethole
O HCOH (formal synthesis)
N
N NaBH, N

Ishibashi, H.; Kobayashi, T.; Machida, N.; Tamura, O. Tetrahedron 2000, 56, 1469.
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The 2-Oxoindole Approach

B Fujisawa pharmaceuticals thio-Claisen route to flustramine C core

CO,Me CO.Me )\/\
PSs, pyr \ X Br
0 - S\ >
N KQCO3, Mel N Me 30%
H H
2 steps not isolated B
z CO,Me Z
4 steps
S -
7 A
N Me N

R %/
N \Me
H

NMe

(+)-debromo-8,8a-dihydroflustramine C

Takase, S.; Uchida, |.; Tanaka, H.; Aoki, H. Tetrahedron 1986, 42, 5879.
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The 2-Oxoindole Approach

B Domino olefination/isomerization/Claisen rearrangement sequence to flustramines A and B

NC / NC /
g\\Hex EtO/P CN / g_\nHex g_\‘\Hex
o H —— \ o H
70% yleld Br N\ Br N\
Ac Ac

98% ee
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The 2-Oxoindole Approach

B Domino olefination/isomerization/Claisen rearrangement sequence to flustramines A and B

: ,/{ g\"HeX EtO/P CN

Hex

WT~CN

o
.vHex
3 H
N
Br \
Ac

70% yleld
98% ee

O3, PPhs \
then PhzPCMe, S—CN 5 steps

> —_—
54% o)

ﬁ Hex \
Eto—P: CN
EtO/ ~ W~TCN 7 steps
> —_—
70% yield O
98% ee Br ”

Kawasaki, T.; Shinada, M.; Kamimura, D.; Ohzono, M.; Ogawa, A. Chem. Commun. 2006, 420.

NC / NC /
/ g_\nHex g_\‘\Hex
o H ——— \ S H
N N
Br \ Br \
Ac Ac

NMe

(-)-flustramine B

\

NMe

Br N
)§)

(-)-flustramine A
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The 2-Oxoindole Approach

B Overman uses two basic strategies to access the pyrroloindoline core

Strategy 1:
Intramolecular Heck reaction

NR,

J\%/ Pd(1l) Ligand Qfg reduction QfQ\]R
N }

N
| N H

OoTf R R
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The 2-Oxoindole Approach

B Overman uses two basic strategies to access the pyrroloindoline core

Strategy 1:
Intramolecular Heck reaction

NR,

Strategy 2:
oxoindole alkylation

R

NR,

R ~
Pd(Il) Ligand
N
R

o/
@)
N
R

d.r. depends on
R groups, base, additives
solvent and temp

R
reduction ©f<;‘\m
N
R

1. H* R
2. NaIO4

3. NH,R
LAH

NR
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The 2-Oxoindole Approach

B Possible alkylation transition states proposed by Overman

Si faqe Re face
e;lal‘(‘yllléart;%n alkylation
H
H
TiO. - TiO N
s
@)
O N H (@) 3 R H
H H
TfO
IO RN R

C, minor C,

Huang, A.; Kodanko, J. J.; Overman, L. E.J. Am. Chem. Soc. 2004, 126, 14043.
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M Bisalkylation strategy in the synthesis of (—)-phenserine

Me Q O

- Me
MeO 4/_(_ 1 TSA MeO W“T=CHO
o TO OTf _PeR 0
o
N 2. NalO N
N 72% 104 M
© 89:11:<1 92% °
Me | MeNH,HCI Me, Me
MeO ~YTTCHO LiAIH, MeO 1. BBr3 PhNHCO,
o > NMe > NMe
MaSO 2. PHNCO
N 9oL N 75% N
Me 90% Me Me

(-)-phenserine

Huang, A.; Kodanko, J. J.; Overman, L. E.J. Am. Chem. Soc. 2004, 126, 14043.
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B Heck cascade to chimonanthine

BnO, OBn
BnO, OBn LDA y AlMe,
3 MeO,C -~ —_— —_—
_/_<_ CO-Me LDA, 1 iodoanaline
! ' 33% 92%

MeOQC COQMe

1. NaH, BnBr

CSA, NaBH,4
2. BCly (PH3P)2PdCl, >
- > Pb(OAc),
3. 2,2-DMP, CSA 90% NaBH,
49% 88%
I BnN NBn I
H N
6 steps A cOH l:l
> AN H
68%
N H
(-)- ch/monanth/ne (+)-calycanthine

Overman, L. E.; Paone, D. V.; Stearns, B. A. J. Am. Chem. Soc. 1999, 121, 7702.
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The 2-Oxoindole Approach

B Combination of alkylation and Heck reaction in Overman synthesis of idiospermuline

Me
o o >< H N
Q_ 0 MeN
MeN NBn A 10 steps
TfO OTf M —_—
> NMe
LHMDS A
75%
4 steps Bn
|\N/|e Me Me
MeN MeN MeN
5 steps Pd(OAc), 1. Hp, Pd(OH),
—_— NM ' '
® (S)-Tol-BINAP NMe 2. Red-Al NMe
e
N \ NMeTs
N~ O N
NMeTs Me Me
idiospermuline

Overman, L. E.; Peterson, E. A. Angew. Chem. Int. Ed. 2003, 42, 2525.
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The 2-Oxoindole Approach

B Zhu uses a domino Heck-cyanation sequence to obtain the oxoindole

Pd(OAC),

Me base L )
CN
¢ PdOL, NMe
M
Me 0
PdL,CN
O NMe
N
PdiL,

PdL,|

Me /
O
N
Me

Pinto, A.; Jia, Y.; Neuville, L.; Zhu, J. Chem. Eur. J. 2007, 13, 961.
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The 2-Oxoindole Approach

B Zhu uses a domino Heck-cyanation sequence to obtain the oxoindole

MeO | Me . Me
\©: Q [Pd(dba),] MeO ~*SCN 1. LAH MeO
0 ' NMe
me)kf (S)-DIFLUORPHOS y 2. HCHO, NaBH, y

78% yield, 72%ee Me 60% Me

e

X
"o PPh,
e PPh,
>

(S)-DIFLUORPHOS

2 steps esermethole

Pinto, A.; Jia, Y.; Neuville, L.; Zhu, J. Chem. Eur. J. 2007, 13, 961.
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The 2-Oxoindole Approach

B Zhu uses a domino Heck-cyanation sequence to obtain the oxoindole

MeO |
\©: 0 [Pd(dba),] MeO
y
Ne)l\f (S)-DIFLUORPHOS

M 78% yield, 72%ee

2 steps

Me
MeO
NMe

N
Me

esermethole

Me
“\\CN
0]
N
Me

Me
1. LAH MeO
NMe
2. HCHO, NaBH, \©f§j‘
Me

60%

esermethole

Me

MeNC02

NMe

N
Me

physostigmine

Pinto, A.; Jia, Y.; Neuville, L.; Zhu, J. Chem. Eur. J. 2007, 13, 961.
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The 2-Oxoindole Approach

B Trost asymmetric allylation in the synthesis of (—)-physostigmine

0 \ o)
NH HN
_ 7/
R \ /N N N R,
— MINF
Mo(0), Base
N allyl carbonate N
Re 92-99% yield R,
74-95% ee
B Proposed model for enantiodescrimination
N | N |
Ar _ Ar | _
O%O N R; O%O N
NHN: . | 1CO NNF NHN: . ] .\CO
Mo o Mo o )
o” | v, favored 0 o” | v, disfavored
coff| 2, \ co) 2
Ri~? N \ Re< " N—R
1 N=R, R, N 1

Trost. B. M. Zhang, Y. J. Am. Chem. Soc. 2006, 128, 4590.
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The 2-Oxoindole Approach

B Trost asymmetric allylation in the synthesis of (—)-esermethole and (-)-physostigmine

0
\/\O)J\O/BU
e Mo(C-Hg)(CO)s, L* Mg
o , o
o) - o)

I\N/Ie THF N Nalo4

98% yield Me 92%
2 steps 82% ee

recrystalllze to 99% ee

Mo . Me Me
. s MeO PhHNCO
eO0 A MeNH,, Et3N © 2 steps 2
o LiATH, NMe _~ "7 e
N : N N
Me Me

(-)-esermethole (—)-physostigmine

Trost. B. M. Zhang, Y. J. Am. Chem. Soc. 2006, 128, 4590.
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Other Methods

B Bis-enamine rearrangement to pyrroloindoline core of calabar alkaloids

Me '\|;||02C H HO,C
200 °C N MR/
\ 2, ~ . 1
N 91% /. NMe ©

Santos. P. F.; Srinivasan, N.; Almeida, P. S.; Lobo, A. M.; Prabhakar, S. Tetrahedron 2005, 61, 9147.
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B Bis-enamine rearrangement to pyrroloindoline core of calabar alkaloids

Me HO,C  H HOQ

M
200 °C NP M /=
\ . ~ . 1
N 91% /. NMe ©

Santos. P. F.; Srinivasan, N.; Almeida, P. S.; Lobo, A. M.; Prabhakar, S. Tetrahedron 2005, 61, 9147.

Bl Dimethallyl rearrangement to flustramine C

NHMe — -

NHMe \
NBS, r.t. Br =\ Ve | 1.8l
N T oo - =~ N NMe
N 90% / NN /

(x)-flustramine C

Lindel, T.; Brauchle, L.; Golz, G.; Béhrer, P. Org. Lett. 2007, 9, 283.
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M [4+1] cyclization of a bis(alkylthio)carbene and indole isocyanate

PrS 0 Me

Me )( VLM
MeO PrS =N e
N CONg PhClI, reflux
N ’
Me then LAH

72%

Me

A4
MeO o Me
N\ N=C=0 NH
N

Me

PrS. SPr P"S«, SPr

Rigby, J. H.; Sidique, S. Org. Lett. 2007, 9, 1219.



Synthetic Approaches to Pyrroloindoline Natural Products
Other Methods

M [4+1] cyclization of a bis(alkylthio)carbene and indole isocyanate

Me Me PrS_ ,SPr S,
P Me AV . O
N CONj4 PhCl, reflux N N=C=0 NH
N > N
Me then LAH Me Il\\l/le
72% | _

Rigby, J. H.; Sidique, S. Org. Lett. 2007, 9, 1219.

B Aza-Pauson-Khand-type reaction of alkynecarbodiimides

™S ™S ™
Pz Co,(CO)q O  NaCNBH,3 HO 0
MeO Z TMTU MeO Vi HCOH  MeO
NMe - NMe —————> NMe
4 % %
NP 74% K 9% N °H
Me
3 steps 3 steps to
esermethole

Aburano, D.; Yoshida, T.; Miyakoshi, N.; Mukai, C. J. Org. Chem. 2007, 72, 6878.
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B Asymmetric synthesis of calabar alkaloids by Ogasawara

Q NHNH,
0 Me /©/
/Q MeO
o -

71%

3 steps
Me o) HCI, HCOH,q
MeO NaBH(OAc),
0 ?
NalO
N OH 4
H 52% (one pot)

MeO

Me

CHO

)

OMe

MeNH,*HClI
—»
LiAIH,
54%

MeO

Me

NMe

N
Me

(-)-esermethole

-«1Me

OMe

Tanaka, K.; Taniguchi, T.; Ogasawara, K. Tetrahedron Letters 2001, 42, 1049.
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B Overman synthesis of (+)-minfiensine

BocHN
Pd(OAc),, L* TFA
> —_— §
85% yield NB
99% ee N oc
N /
| MeO,C
OTf CO,Me
@)
|\>
PPh, N
"t-Bu

Dounay, A. B.; Humphreys, P. G.; Overman. L. E.; Wrobleski, A. D. J. Am. Chem. Soc. 2008, 130, 5368.
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B Overman synthesis of (+)-minfiensine

BocHN
Pd(OAc),, L* TFA
> —_— §
85% yield NB
N 99% ee ;\l oc
| MeO,C
OTf CO,Me
1. 9-BBN 1. TFA >0 ~
H,0,, NaOH o > ) PdCly(dppf) 70
> / 2. | N N —_— X
2. TPAP, NMO n-7INBoc \=<‘ ool | I\/;e40/H N
63% / 8 2 % MeO,C XN
25% isomer MeO,C 65% “—Br | 2
1. NaHMDS
Comins' reagent _
> 1. LIAIH,
2. Pd(OAc),, PPh, —>
CO, MeOH 2. NaOH

77%

(+)-minfiensine

Dounay, A. B.; Humphreys, P. G.; Overman. L. E.; Wrobleski, A. D. J. Am. Chem. Soc. 2008, 130, 5368.



Conclusions

B Each method has its strengths and weaknesses

B Biomimetic approach is rapid and tryptophan is an abundant source of chiral material

B Few enantioselective methods for pyrroloindoline construction have been developed

M Efficiently obtaining fully-substituted vicinal stereocenters of the

pyrroloindoline core remains a challenge



