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Penicillium

«  Emerging class of metabolites isolated from
different marine and terrestrial species of the
genus Penicillium.

«  Communesins A and B first identified in 1993 by
Numata from a strain of Penicillium sp. isolated
from the marine algae Enteromorpha intestinalis.

« 8 members disclosed to date (communesins A-H).

diMe epoxide diMe vinyl

« Indole polycyclic alkaloids with: R Rz Rs
— 2 vicinal quaternary centers at C7/8 Communesin A Me Me  diMe epoxide
— 2 aminal moieties. Communesin B \/\/\/ Me diMe epoxide
* Biological activity: Communesin C \/W H  diMe epoxide
— moderate antiproliferative activity against Communesin D \{\/\/ CHO  diMe epoxide
several human leukemia cell lines ] _ _
. . . . Communesin E Me H diMe epoxide
— active against brine shrimps _ o
—  antihelmintic activity Communesin F Me Me  diMe vinyl
— insecticidal activity against silkworms CommunesinG Et Me  diMe epoxide
— microfilaments disruption. Communesin H n-Pr Me diMe epoxide

Numata, A.; Takahashi, C.; lto, Y.; Takada, T.; Kawai, K.; Usami, Y.; Matsumura, E.; Imachi, M.; Ito, T.; Hasegawa, T. Tetrahedron Lett. 1993, 34, 2355.
Jadulco, R.; Edrada, R. A.; Ebel, R.; Berg, A.; Schauman, K.; Wray, V.; Steube, K.; Proksch, P. J. Nat. Prod. 2004, 67, 78. 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. Kerzaon, I.; Pouchus, Y. F.; Monteau, F.; Le Bizec, B.; Nourrisson, M. R.; Biard, J. F.; Grovel, O. Rapid Commun. Mass Spectrom. 2009, 23,
3928.
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Communesins: Proposed Biosynthetic Pathways

«  Stoltz and co-workers (2003)

HoN
H N ?
7 exo Diels- trans-
S8 Alder amidation
\ + O | | emeeeeem» o AKXz T e >
N N
H . .
tioclavi quinone methide
aurantioclavine imine from
tryptamine oxidation Communesin A

*  Mantle and co-workers (2006), further developed by Stoltz and May (2006)

NH,

Iz _

tryptamine

2 tandem
cyclizations

Communesin F

May, J. A.; Zeidan, R. K.; Stoltz, B. M. Tetrahedron Lett. 2003, 44, 1203. Wigley, L. J.; Mantle, P. G.; Perry, D. A. Phytochemistry 2006, 67, 561. May,
J. A,; Stoltz, B. M. Tetrahedron 2006, 62, 5262.
For a short review: Siengalewicz, P.; Gaich, T.; Mulzer, J. Angew. Chem. Int. Ed. 2008, 47, 8170.
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Communesins: Synthetic Studies

«  Stoltz and May (2006): Biomimetic model study of inverse-demand Diels-Alder
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* Funk and Crawley (2006): Fluoride-promoted ring opening of aziridine followed by intramolecular
hetero-Diels-Alder cycloaddition

MeO,C_ \Br H, ,COMe H/S)H H ,CO,Me
NH, Br N H N H
I [ l v
TeocHN
A\ Cs,CO;5 \y, HN TBAF \ H\N}
N o o N O/go o N O/go -
Me 45% Me K/TMS 61% Me 2 A
AuCI(PPh3)
AgOTf
B
May, J. A,; Stoltz, B. M. Tetrahedron 2006, 62, 5262. 89%

Crawley, S. L.; Funk, R. L. Org. Lett. 2006, 8, 3995.

For other studies: Crawley, S. L.; Funk, R. L. Org. Lett. 2003, 5, 3169.
George, J. H.; Adlington, R. M. Synlett 2008, 2093.

For total synthesis of related alkaloids: Artman lll, G. D.; Weinreb, S. M.

Org. Lett. 2003, 5, 1523. Fuchs, J. R.; Funk, R. L. J. Am. Chem. Soc. 2004, 126, 5068. Sabahi, A.; Novikov, A.; Rainier, J. D. Angew. Chem. Int. Ed. 2006,

45,4317. Shen, L.; Zhang, M.; Wu, Y.; Qin, Y. Angew. Chem. Int. Ed. 2008, 47, 3618.
For a short review: Siengalewicz, P.; Gaich, T.; Mulzer, J. Angew. Chem. Int. Ed. 2008, 47, 8170.
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(£)-Communesin F: Qin's synthesis (2007)

SN1—type cyclopropane

intramolecular
opening
O\&O

cyclopropanatlon

OH HO
Br PBU3
CuOTf o aq. THF
E\ N — > R itk
88% 83%

1.6.1 dr

(]

5 steps from 3 steps from

4-bromoindole isatin
shielded
[ face "4| ] .0]
o] .
e ) 0. 0 // 2. amination 1. amination
2. C8 epimerization [3,3] 3. lactamization 2. Heck (uw)
> R — s >
3. NaH, /\/Br 84%
N N
O-allylation |
Yl Me  to,me
isolated
acid-catalyzed cyclization
cyclization via imidate
1. BF,OFEt;
2. TFA
3. SiO,

(+)-Communesin F

N
|
Me CoMe  (+21% diene)

- 30 steps (longest linear sequence) from commercially available material

- 1.2% overall yield
Yang, J.; Wu, H.; Shen, L.; Qin, Y. J. Am. Chem. Soc. 2007, 129, 13794.
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(£)-Communesin F: Weinreb's synthesis (2010)

tandem intramolecular Heck/

OBOM B-hydride elimination C.:O?Et
OH BOMO N 1. Hy, PY/C
o Pd(OACc),, PPhs, DMA, | NO, 2 Boc,0
o, Etozc\é O2  K,CO3, NBuyNBr, 150 C 3. AlH*Me,NEt
NO, NB 90% @ N @ . |
C O, Me lactame partial reduction

then cyclization

[3+2] dipolar [
EtO,C, cycloaddition

stereoselective
a-allylation

KOtBu

acid-catalyzed _ .
cyclization =>Gring

1 KOH cross-aldol ; I\P/IIS'IL'IS

2.[0] 1. Me,CO, 3. Me;OBF,

3. NaBH, aq. NaOH 4. TFA

> —_— —_—

4. MsCl 2. Boc,O 5. NaBH,,

5. H,, Pt(OH),/C 3. PMe, N Ac,O

6. DMP Me , Ve 6. TFA
tandem Staudinger/ cyclization _ _ e " E
translactamization Vs imidate => B ring (+)-Communesin

- 31 steps (longest linear sequence) from commercially available material
- 0.9% overall yield

Liu, P.; Seo, J. H.; Weinreb, S. M. Angew. Chem., Int. Ed. 2010, 49, 2000.
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Title Paper: Communesin F Retrosynthetic Analysis

Communesin F

nucleophilic
cyclization

TBSO__T TBSO, ' 0O TBSOY \Ph

w \/\N/K/Q BrN
B ©

— &R T G

, ~

N  oxidative coupling N O.N

Zuo, Z.; Xie, W.; Ma, D. J. Am. Chem. Soc. 2010, 132, 13226.
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Oxidative coupling of indoles and pyrroles

Baran's Mechanistic Rationale in Developing the Oxidative Application to the Total Synthesis of
Indole (and Pyrrole) Coupling Reaction . Hapalindole-type Alkaloids
_ - - _ T
@ @ indole,
N : LiIHMDS;
, H N : then Cu(ll)
indole S) : e
+ base + [O] . H 49-53%
o) - o2 - carvone
SET
hapalindol
H H H carsgr? Isle?e?on
carvone — — — — :

Application by Ma: Model Reaction for Intramolecular
Oxidative Coupling

Ph
Ph/\ LiIHMDS;
then I2
/
N X
38%

X NHBoc 0%
X =NO, 83%, 2:1 dr
fischerindole G fischerindole | welwitindolinone A
Zuo, Z.; Xie, W.; Ma, D. J. Am. Chem. Soc. 2010, 132, 13226.

Baran, P. S.; Richter, J. M. J. Am. Chem. Soc. 2004, 126, 7450. Baran, P. S.; Richter, J. M. J. Am. Chem. Soc. 2005, 127, 15394. Baran, P. S. Angew.
Chem. Int. Ed. 2005, 44, 609. Baran, P. S.; DeMartino, M. P. Angew. Chem. Int. Ed. 2006, 45, 7083. Richter, J. M.; Whitefield, B. W.; Maimone, T. J.;
Lin, D. W.; Castroviejo, M. P.; Baran, P. S. J. Am. Chem. Soc. 2007, 129, 12875. Richter, J. M.; Idhihara, Y.; Masuda, T.; Whitefield, B. W.; Llamas, T ;
Pohjakallio, A.; Baran, P. S. J. Am. Chem. Soc. 2008, 130, 17938.
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(—)-Communesin F Total Synthesis: Title Paper

1 IBX, DMSO TBSO Ph O oxidative coupling nucleophilic cyclization Ph
Br TBso/\ AN TBso/\ TBso/\
NH, LiIHMDS; 1. Fe/NH,CI
§ NaBH(OAC); _thenl, L \f 2. KOtBu, Mel
3. CO H
: : ‘7’)
4-bromotryptophol N02 50% (3 steps)
BOPCI, Et3N + 16% diastereomer
65% (3 steps)
stereoselective allylation Ph 1. LIOH, DMSO, 100 °C Heck ﬂ\/
1. KHMDS, Boc,0O Ho/ﬁ‘ 2. aqg. HCI, THF, 60 °C H HO
2. KOtBuU, /\/l N _O 3. NalO4, K,0SO,4, NMO N_. _O oOH Pd(OAc),, P(o-Tol)s
3. TBAF - / 4. NaBH, e PMP, nBuyNBr, uw
82% (3 steps) /@ 88% (4 steps) /@ 80% b.r.s.m.
N N

N N
Me Boc Me Boc
X-ray: 6S,7R,8R
tandem Staudinger/intramolecular

Sn2'-type cyclization aza-Wittig cyclization OYMe
OMs
NaN, H
MsCI nBuyNBr >
Et;N 90 °C
63% N 78%

(-)-Communesin F

- 19 steps (longest linear sequence) from commercially available material
- 5.6% overall yield
- Absolute configuration of natural Communesin F assigned: 6R,7R,8R,9S,11R.

Zuo, Z.; Xie, W.; Ma, D. J. Am. Chem. Soc. 2010, 132, 13226.
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Conclusion and Perspectives

Concise asymmetric total synthesis of (—)-Communesin F.
Absolute stereochemical assignment of natural Communesin F.

Key steps:

Final-stage introduction of A ring Unprecedented intramolecular oxidative coupling strategy

via tandem Staudinger/intramolecular and use of TBS-protected (S)-phenylglycinol as a chiral auxiliary
aza-Wittig reaction with twisted amide for asymmetric formation of the spiro-fused indoline moiety (B ring)

Mesilate-mediated
formation of G ring

Comparison of synthetic routes (from commercially available materials):

Qin Weinreb Ma
Longest linear sequence (steps) 30 31 19
Overall yield (%) 1.2 0.9 5.6

Perspectives: further applications of the spiro-fused indoline formation via an intramolecular
oxidative coupling to the synthesis of related indole alkaloids.
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