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Enzymatic Transformations ...

... can sometimes be emulated in the Iaboratory using fudiciously chosen reagents and
reaction conditions. In their Communication on page 68708, 1 C P Reyes and
D, Rome describe a biomspired synthetic roue to agelastatin A, a unique tetracycic
member of the pyrrole 2 aminoimidazele family of alkaleids The efficlency of the
developed route, in which the formation of the C-ring of the natural product precedes
that of the B-ring, suggests biosynthetic relevance.

WWILEY-VCH

Angewandte Chemie International Edition. 2012, 51(28), 6870-6873
DGena0EYAHre R ZH0959

Page 1 of 13

Bioinspired Total Synthesis of Agelastatin A

Jeremy Chris P. Reyes and Daniel Romo

Agelastatin A

Benjamin R. Eyer
Wipf Group-Current Literature

August 25, 2012
8/31/2012



Agelastatins: Isolation and Bioactivity

M o M O M (9] . . . .
Hﬂj‘m?fﬁ HD?H_“:‘ Hﬂj‘n—i * Tetracyclic pyrrole-2-aminoimidazole
H‘H QH‘H Q?DL” alkaloids (PAls) isolated from axinellid
H H H
Br J:;N B NTH Br I. N NIjH Br\E‘N)_«NTH SpongeS
Y s’ % 7 e 1993: Agelastatin A and B isolated from
(~)-agelastatin A (1) (~)-agelastatin B (2) (-)-agelastatin C (3) AgelaS dendromorpha
H, O Me, O i, O . ; :
o, N~ oo, N~ HDNN_{; o 1998: Agelastatin C and D isolated from
Mo Q:H ﬁ‘HﬂH Cymbastela sp.
Br H,? o e TSR e VW, ¢ 2010: Agelastatin E and F isolated from
\[/)—éo Dl arl{:/)_‘/‘o Agelas dendromorpha
(—i-agelastatin D (4) (—)-agelastatin E (5) (—}-agelastalin F (&)
H.N;{NHA o Agelastatin A
AN — Most bioactive of PAls
ae e — Highly cytotoxic to human-cancer cell lines
RI=R?=H clathrodin (7) |' E AE (IC50's 97-103 nm)
Santee e Br © — Potent inhibitor of osteopontin-mediated
Fraysooridn i) neoplastic transformation and metastasis
The molecular structures of all the agelastatin . . . . L .
alkaloids and biogenetically related naturally — Potentially antiangiogenic, antidiabetic, and
occurring simpler pyrrole imidazole alkaloids insecticidal
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Previous synthetic work on Agelastatin A

All th
12 total syntheses to date o Yeses
. - Weinreb = Maruoka
C-ring has all 4 stereogenic centers Feldman % | o' |
) . AN >~ N
in Agelastatin A Davis N ©
. Ichik NN PC \-
— Synthetic challenge v%;raﬁvéé‘ -7, NR
. Chida Y S H ot
— Previous syntheses focused on the B N N\
cyclopentane then late stage B and \ Feldman™_
. . y Trost *~— Movassaghi
D ring construction o ) Wardrop Maruoka
Tanaka
DuBois
Hale

Weinreb- JOC 1998, 63,7594 and JACS 1999, 121, 9574. (1st synthesis)
Feldman- JACS 2002, 124, 9060 and JOC 2002, 67, 7096. (1st asymmetric synthesis)
Hale- OL 2003, 5, 2927 and OL 2004, 6, 2615.

Davis- OL 2005, 7, 621 and Syn. Comm. 2009, 39, 1914.

(Wipf Group Current Lit. Feb. 2005)

Trost- JACS 2006, 128, 6054 and Chem. Eur. J. 2009, 15, 6910.
Ichikawa- OL 2007, 9, 2989.

Wardrop- OL 2009, 11, 1341.

Chida- OL 2009, 11, 2687.

Tanaka- OL 2008, 10, 5457 and OL 2009, 11, 3402.

DuBois- ACIE 2009, 48, 3802. (Wipf Group Current Lit. May 2009)
Movassaghi- Chem. Sci. 2010, 1, 561. (Wipf Group Current Lit. Aug. 2010)
Maruoka- JACS 2012, 134, 7516.
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Proposed biogenetic synthesis of Oroidin-based
pyrrole-imidazole alkaloids

R'=Me; RZ R* R*=H

(agelastatin A, 1)

R'=Me; R* R®=H; R*=Br
(agelastatin B, 2)

R'=Me; R2R*=H; R3=0H
(agelastatin C, 3) R?Q

BthenC/ U CthenB

= H i
N_< R5 Q-, NG NH,
. NH b—-’ 2
Br Br :
{ NHT E
7N / H
Brék\:rNH Br—N\ A NH
0 0
cyclooroidin (7) nagelamide J (8)

o 9
R5=HNWN N B
H
=N HN~4
HoN Br
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Eur. J. Org. Chem. 2001, 237-243.

RI'RZR¥R4=H
(agelastatin D, 4)
R"RZ=Me;R3RY=H
(agelastatin E, 5)
R"RZR3=H;R*=Br
(agelastatin F, 6)
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Movassaghi’s biosynthetic approach:
B-ring then C-ring

0
0O 0
o CISO,NCO, P
OMe
OMe MeCN,; Br = o NaBH4 MeOH;| Br E/U\OMe Br E/U\OMe

z Na(Hg), NaH,PO ' '

Br 0 (o) NarPO_ pon{ TSOHHO | Jy A0 L oy pove 110 g scale
N 0 — — —
C OMe © " v
H,N o) O 90%, 99% ee

Br \/é Br 7%
—NH NH o Br  f
7/ N H + 7/ N H :100 C; MeOH - OMe
ANNH g NN 71% /N
O O

M8803H, Hzo,
100°C; MeOH

66%
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Title Paper’s bioinspired approach:
C-ring then B-ring

NH»>
N\
N~
N H N |
R NS NH, \ o o
Br ll\l | R= HN)\/\/\N
/] NH Y 4 jNH =N NN
NH Br 4 NH H2N HN Y/ r
O nagelamide J O keramadine Br
@]

C-ring N
HO. l\\l 0 then N\J<

Br D B-ring
“»71 NR formation  Br | _OE HN-OMe
N —— / NH | /
NH hydration NH
o O
Agelastatin A Proposed bioinspired

cascade cyclizations
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Tetrahedron Lett. 2000, 41, 9917-9922. |
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Synthesis of the Coupling Partners

MeHN\(O 1. K,COg, Mel, then K,CO5
NH, TseOMs, DMF, 60°C
H,SO, O 2. DIBAL-H, DCM, -78°C 0
HOZCIOH 80°C _ \N//< 3. MnOZ, DCM, 23°C _ \N
> NH - NTse
54% S 85%, 3 steps
HO,C™ ~OH HOZC)\/ P OHCN
NaOMe, MeOH/CH,Cl,
o o
MeO_P\[HK -40°C to 23°C
MeO 56%
N>
Y
9] @)
\N/«NTse _Znl,, CH(OEt), \N/QNTse
< =~ 110°C /%/
co. 2 84% 7
OFEt
H H H
EN)—{:C'S NH,OMe-HCI ||/\|\>_|-%|\r0|\/|e NBS Br\EN)_I—%NfOMe
[0} - .
7\, “NEt,80°C 7N THF/MeOH 7
908% 95%
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Coupling of imidazolone alkynyl acetal
and pyrrole amide

H
Br\EN)_?'\N’OMe
2
0 Y 5 0

~ //( ~
— NTse SnCI4 - Br OM N\ NTse
DCM, -78°C to 23°C e
SN 23% @XN 7
OEt 37% rec. 1 O OEt
65% rec. 2

1. Sml,, THF, -20°C, 79%

2. H, (1 atm), Lindlar cat.

THF/MeOH (1:1), 23°C
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Biomimetic C-Ring Closure

TFA, DCM

-78°C to -30°C
80%

TFA, DCM

5-exo-trig
cyclization N

@Hf

-78°C to -30°C
80%

NTse
@;(

O

4r electro—
cyclization N

)\ NTse HO_

®%

Addition of a_variety of Lewis and Brgnsted

acids resulted in deer-red colored solution
Benjamin Eyer @ Wipf Group

Page 9 of 1

3

|
NG%O
Br NTse
yNH Y
— NH

|

HQ

O
Br. ?

NTse
) NH ’H
— NH

O
Single diastereomer

H,O: ~

ACIE. 2012, 51(?@?@&'}6—6873



Abs

Probing the Reaction Mechanism

absorbance maxima (nm)
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Completion of Synthesis: Closing the B-Ring

HO | HO | HO N__o
"0 KkHMDs "0 neaton Br < T
Br —NTse THF,60°C _ Br ——NH  silica gel _ N = NH
JNH T H 62% (N1 T H wsoc - N { :
A _NH ° A _NH =\ NH
@)
4,5-bis- ep/ agelastatin A Agelastatin A
13% 68%

« Tse group removed to allow greater confirmational mobility

» 4,5-bis-epi-agelastatin formed by retro-Nazarov reaction (retro-5-exo-trig)
then recyclization

* Absence of the Tse group, the C5 unprotected alcohol and the C13 bromine
in the pyrrole ring essential to cyclization
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Enantioselective Nazarov-type Cyclization

| HOl

o
ar \f

NS
Br. | OEt NTse —_—
J~NH -30°C to 20°C NH I NH H
NH

NH
DCM 81.5:18.5er

@)

* Preliminary Studies with (R)-TRIP hydrogen phosphate show promise for an
enantioselective route and further studies are currently underway
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Summary

» Concise total synthesis of agelastatin A that complements Movassaghi’'s
approach to the agelastatins (B-ring then C-ring)

« Completion of the total synthesis by two sequential, potentially biomimetic
cyclizations (C-ring then B-ring)
— C-ring: sets three contiguous centers diastereoselectively
— B-ring: unique solvent-free conditions on silica gel with mild heating

» Proposal for the biosynthesis of the agelastatins through a reaction
sequence leading from an oxidized keramadine analogue via a nagelamide
J like intermediate to agelastatin A

— The assembly of C followed by B rings provides evidence for the
proposed reactivity of a linear alkenyl imidazolone pyrrole

\ 2
~4 H N NeNH HO, N
R_C N N N
3 NH> Br \
ymest | NH o
N
’ NH Br—{
NH
/ H Br // NH — NH
NH
O nagelamide J O keramadine cyclooroidin agelastatlnA

O
R= HN)\/\/\
= N \=
H N HN Vi Br
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