Total Synthesis of (x)-Communesin F via a
Cycloaddition with Indol-2-one

Johannes Belmar and Raymond L. Funk. J. Am. Chem. Soc. 2012, 134, 16941-16943
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Background

1570539

Penicillium Expansum Enteromorpha Intestinalis

e Communesin A and B were isolated from Penicillium sp. stuck on the
marine alga Enteromorpha Intestinalis in 1993 by Numata.

http://www.forestryimages.org/browse/detail.cfm?imgnum=1570539
http://nas.er.usgs.gov/XIMAGESERVERX/2009/20090611112410.j

Kerzaon, I., Pouchus, YF., Monteau, F. Le Bizec, B., Nourisson, MR., Biard, JF. and Grovel, O. Rapid Commun. Mass Spectrom. 2009,
23,3928-3938

Numata, A.; Takahashi, C.; Ito, Y.; Takada, T.; Kawai, K.; Usami, Y.; Matsumura, E.; Imachi, M.; Ito, T.; Hasegawa, T. Tetrahedron Lett.
1993, 34, 2355
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Background

* Indole polycyclic alkaloids with:

* Two contiguous quaternary R
~ M

centersatC7and C8
e Two aminal moieties

* Biological activity

* MOderate aCUVIty agamSt R = Me, R' = Me communesin A R = Me communesin B
H 1 1 R=Me, R"=H communasin E R = H communesin C
varl‘ous Ie-Uke_mla ce|| Ilnes R = Et, R' = Me communesin G R = CHO communesin D
* Antihelminthic acitivty R = Pr, R' = Me communesin H
* Insecticidal activity against

silkworm

e Communesin B: microfilament disruption
* Moderate cytotoxicity against cells:
P-388 (ED50 = 0.88 mM)
LoVo (MIC = 3.9 mM)
KB (MlC =8.8 ml\/l) communesin F perophoramidine

Kerzaon, |.; et al. Rapid Commun. Mass Spectrom. 2009, 23, 3928-3938

Numata, A.; et al. Tetrahedron Lett. 1993, 34, 2355

Hayashi, H.; Matsumoto, H.; Akiyama, K. Biosci., Biotechnol., Biochem. 2004, 68, 753

Dalsgaard, P. W.; Blunt, J. W.; Munro, M. H. G.; Frisvad, J. C.; Christophersen, C. J. Nat. Prod. 2005, 68, 258
Fuchs, J. R.; Funk, R. L. . Am. Chem. Soc. 2004, 126, 5068
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Proposed Biosynthetic Pathways

Stoltz and coworkers (2003):

H,N
H N
g/ exo Diels- tr.ans.-
Alder amidation
O = + A\ < N »
N N
H
guinone methide ction.
imine from aurantioclavine il alosure:
tryptamine epox@atlon;
oxidation acylation .-
"

communesin A

May, J. A.; eidan, R. K.; Stoltz, B. Tetrahedron Lett. 2003, 44, 1203
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Proposed Biosynthetic Pathways

Mantle and coworkers (2006); Stoltz and coworkers (2006):

NH; HH

tryptamine

Two tandem
cyclizations

|||“NH
N H
H

communesin F

Wigley, L. J.; Mantle, P. G.; Perry, D. A. Phytochemistry, 2006, 67, 561.
May, J. A.; Stoltz, B. M. , 2006, 62, 5262
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Previous Studies

Qin and coworkers (2007):

intramolecular 0 0 cyclopropane
cyclopropanation Br opening
OH HO cuott OF PBus
’ 88% N N aq. THF,
3 83%

1.CICO,Me, DMAP, 93%

1. amination
2. DMAP, 99% [3,3] 2.Boc,0, 50%
: — > —_
3. NaH, allyl bromide 3. Pd(OAc),
0, -
84% \ \COZMe P(o-Tol)s
_ il /\{
o OH
cyclization
via imidate
acid-catalyzed
cyclization 1. BF,OFEty 1. KOH
2. TFA 2. NaBHy,
PPTS 3. Si0, Ac,0
66% 77%
(with 21% diene
from dehydration) .
_ (+)-communesin F
30 steps, 1.2% overall yield

Yang, J.; Wu, H. X; Shen, L. Q.; Qin, Y. J. Am. Chem. Soc. 2007, 129, 13794
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Previous Studies

Weinreb and coworkers (2010):

tandem Heck
reaction/ER

hydride elimination CO,Et 1. H,, PY/C
OBOM Pd(OAc),, PPhs N ON 2. Boc,O
| EtOzC K,CO3, TBAB BOMO 2 3. AlH3-Me,NEt
NO, — | —_— >
Y
N N
COzEt Me
1. KOH 1. KOH
2. NCNs, :
MeCH 2. Boc,0 BOMO
—>
93%
H
Me [3+2] dipolar
cycloaddition |

1. MelLl

KO#Bu 2.PPTS
. 3. Me;OBF, Y
allyl iodide 4 TEA
—_—
87% — > dl
5. NaBH,
c AcO NH
6. TFA

_ (+)-communesin F
31 steps, 0.9% overall yield

Liu, P.; Seo, J. H.; Weinreb, S. M. Angew. Chem., Int. Ed. 2010, 49, 2000
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Previous Studies

Ma and coworkers (2010):

oxidative coupling nucleophilic cyclization
Ph via SET
@) Ph
oH TBSO\/\ TBSO/\‘\ TBSO/\l“Ph
— N LiIHMDS; N. _O 1. Fe,NH,CI N. .0
Br — Br I, Br 2.KOtBu, Mel
OoN > >
¢ ; CLy IC LS. 10
‘s
H H N O2N |'\\l/|e ”
50% (3 steps)
with 18% diastereomer
OH
aPh
1. KHMDS, Boc,0 HO/\N o R o on 7'\4 0 oOH
2. KOtBu, allyl iodide 5 yV/ Br Pd(OAC),, P(0-Tol)s
3. TBAF ' = 4 PMP, TBAB ,
» I'I/Q _> (4 —>
82% (3 steps) y " N N 80% b.r.s.m. e
Me Boc Me Boc Me
MsCl NaNs, P(nBu)s
EtsN TBAB_ _tolvene
o \\\N 78(y .\\N\ \\\N\
N H Boc N H Boc N H Boc
Me Me Me

15 steps, 5.6% overall yield

(-)-communesin F
Zuo, Z. W.; Xie, W. Q.; Ma, D. W. J. Am. Chem. Soc. 2010, 132, 13226
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Related Methodology

Methodology:
Indol-2-one from dehydrohalogenation of 3-alkyl-3-bromooxindoles

Br B 7 Br
C32CO3, Br
Br CH,Cl, Nu Nu
0 > “N—o0 > 0
N rt, 24 h =\ N
H ] | H

Evidence for an indol-2-one intermediate:

V4 - _

N
Br
Cs,COs, =\ 5 -CO N
0—"% - \— vl
CH,Cl,, N N o .

\

Irz
-
N
=
>

Fuchs, J. R.; Funk, R. L. Org. Lett. 2005, 7, 677
Funk, R. L.; Johannes, B. J. Am. Chem. Soc. 2012, 134, 16941

Liming Cao @ Wipf Group Page 9 of 14

11/4/2012



Title Paper

Perophoramidine: quick and stereoselective introduction of the vicinal quaternary centers

N3 _ Ny
5 TIPSO

O Cs,COs, '
Br CH,Cl,

rt, 48 h N
+ OTIPS N
/

Ir=z

communesin F perophoramidine

Fuchs, J. R.; Funk, R. L. Org. Lett. 2005, 7, 677
Funk, R. L.; Johannes, B. J. Am. Chem. Soc. 2012, 134, 16941
Fuchs, J. R.; Funk, R. L. J. Am. Chem. Soc. 2004, 126, 5068
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Retrosynthetic Analysis

Funk, R. L.; Johannes, B. J. Am. Chem. Soc. 2012, 134, 16941
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Title Paper

N3
. TsCl, NaH,
Br Br 0.8 equiv THE
AG2C0s, 0°C, 05 h;
N + o CHsCN » U9 1,
N N rt, 16 h MeOH,
H H 70% n, 16 h
61%
3-bromoindol-2-one
1. Pd(OAC),,
H \ K2CO3, H20, B
0 DMF, 90 °C, oc
1. MegOBF,, Cs,COs, BocN OH  93%
CHzclz, rt, 24 h 70% =
> —_—>
2. PtO,, H,, Boc,0,
Etoic, ?t, 6n 0% N, 2. Hg(OTf),,
3. Mg, MeOH, rt, 18 h 70% N HH CH,Cl,, NN
\ i, 20 h | H
86% X-ray

Funk, R. L.; Johannes, B. J. Am. Chem. Soc. 2012, 134, 16941
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Title Paper

KHMDS, THF, o
[o] .
1. TBSOTY, CH,Cl, -78°C,0.5h;
lutidine, 1t, 3 h; 949 ICH,CN, THF,
KF, MeOH, rt, 1h -78°C,0.5h
2. AlMe3, CH,Cly, 87% 77%
0°C,1h
R\
NHg, NH,C| >
: MeOH. t. 1 h: Ac0, E3N,
LiAIH,, THF, N DMAP, CH,Cl,,
60°C. 1.5h s ~ _ 05h

N
. 51% (three steps
N H ( ps)
\
R=Et (NaBH(OAC
R = Et (NaBH(OAc),)

15 steps, overall yield 6.7%

communesin F

Funk, R. L.; Johannes, B. J. Am. Chem. Soc. 2012, 134, 16941
Zuo, Z.; Ma, D. Angew. Chem., Int. Ed. 2011, 50, 12008
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Conclusion

* A concise total synthesis of (+)-communesin F has been completed in 15
linear steps from 4-bromotryptophol in an overall yield of 6.7%.

* Highlights of this synthesis include:
1) A stereoselective cycloaddition with the parent indol-2-one;

2) An underutilized intramolecular mercuric triflate catalyzed cyclization of a
carbamate with an allylic alcohol;

3) The preparation of a twisted, bridged lactam from an amino ester using
trimethylaluminum.

* This total synthesis further documents the value of indol-2-one
cycloadditions for the rapid construction of complex natural products that
embody indolines bearing C(3) quaternary carbons.

Funk, R. L.; Johannes, B. J. Am. Chem. Soc. 2012, 134, 16941
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