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Polycyclic Polyprenylated Acylphloroglucinol
(PPAP) Natural Products

Hyperforin Garsubellin A Clusianone Nemorosone

e Bicyclo[3.3.1]nonanone core O
— Highly oxygenated @
— Dense prenyl and/or geranyl side chain substitution
« Biological activity
— Antimicrobial
— Antidepressant
— Antioxidant
— Cytotoxic
— Anti-HIV

Chem. Rev. 2006, 106, 3963.



Isolation and Structural Confirmation

Hyperforin

* Firstisolated in 1971 from St. John’s Wort (Hypericum
perforatum)

e Characterized by NMR and X-ray
« Relative and absolute stereochemistry determined by

an X-ray crystal structure of the 3,5-dinitrobenzoate
ester

Antibiotiki 1971, 16, 510.
Tetrahedron Lett. 1975, 16, 2791.
Tetrahedron Lett. 1982, 23, 1299.
Acta Chem. Scand. A 1983, 37, 263.



Biological Activity and Stability

« Constituent of St. John’s Wort responsible "?“V'TA"‘"NWO"LD

for antidepressant activities S, o' o308 mg S s 10 G
— Blocks reuptake of neurotransmitters R

— Possible MOA: selective activation of TRPC6
(classical transient receptor potential protein)
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— Possible treatment of depression and other
diseases |
r Add to fa'v'-:lri;a 7

« Therapeutic potential limited
— Poor water solubility
— Facile oxidation when exposed to light and air
— Potent activation of pregnane X receptor

— Limited ability to manipulate isolated material
(semisynthetic analogs)

Hyperforin
Biological Actitity:
Psychopharmacology 2001, 153, 402. Stability:
Trends Pharmacol. Sci. 2001, 22, 292. Phytochemistry 1998, 49, 1305.
Pharmacol. Res. 2003, 47, 101. Phytochem. Anal. 2003, 14, 290.
Komplementmed. 2009, 16, 146. Eur. J. Org. Chem. 2004, 1193.
Life Sci. 1998, 63, 499. J. Agric. Food Chem. 2004, 52, 6156.

FASEB J. 2007, 21, 4101. Lett. Org. Chem. 2008, 5, 583.



Structural Modification of Hyperforin

R =

Me, 65%
2,4-(NO,),Ph, 58%
(2,4,6)-(OMe)sPh, 81%

10-fold or greater decrease
In the inhibition of
neurotransmitter reuptake

~_DDQ or activated MnO,
~ ~23%, major prod.

J. Nat. Prod. 2002, 65, 433



Structural Modification of Hyperforin Cont.

* Increased solubility
e Stable in solution for a

PAIC, Ho, MeOH o OH week (DMSO and HZO)
80% . e Aristoforin: anti-tumor
activity in-vitro and in-
VIVO

BrCH,COOEt,
K,CO3, acetone

Y

Pd/C, Hy, MeOH
1 bar

78%

1 M NaOH,q
MeOH

78%

Y

Aristoforin )
ChemBioChem 2005, 6, 171



Synthesis of ent-hyperforin

allylic oxidation

RCM

Claisen rearrangement

ent-hyperforin

oTIPS FeBrs (10 mol %)
OTIPS AgSbFg (20 mol %)
A* (12 mol %)

N
N 2V12
gt

O

93%, 96% ee
exo selective (dr > 33:1)

X
O\”INJ\WO .
A 51 steps from propargyl bromide!!!
T
; Org. Lett. 2004, 6, 4387.
EtO OEt Angew. Chem., Int. Ed. 2010, 49, 1103.

Tetrahedron 2010, 66, 6569.



Bio-synthesis

GPP

| |
3 CoAS
I cooH HO OH HO OH
O Ho@ DMAPP DMAPP
+ — e —_—
CoAst\ OH O OH O ~ OH O

Hyperforin

J. Med. Chem. 2002, 45, 4786.
Phytochemistry 2005, 66, 51.
Phytochemistry 2005, 66, 139.
Phytochemistry 2007, 68, 1038.



Title Paper: Retrosynthetic analysis

HO OH

- TESO OMe
=/ O 10H —opp 5 OMe
.
nature title paper




Title Paper: Synthesis of Coupling Partners

t-BuLi, THF, pentane;

Bal,, THF;
OMe OMe C'\/Y OMe
Na, NH;  THE
Et,0, EtOH 85% o
OMe 95% OMe OMe

Ti(Oi-Pr)4, L-DET 1. MsCl, NEts, CH,Cl,

_ _~_OH TBHP s 0 oy 2 LiBr, acetone Ny O Br
W CHCl, 91% over two steps
geraniol 92%, 91% ee 91% ee
1. Hg(OAc),, THF, Hy0;
3M NaOH,;

NaBH,4, 3M NaOH
2. TESCI, imidazole, DMF

88% over two steps

Y

TESO><\/\?>\/ Br



Title Paper: Synthesis of Bicyclic Core

OMe MeO @ OMe
s-BuLi, THF, cHex; _lutidi =
N TESO (@) TMSOTS, 2,6-lutidine g
0 CH,Cl, TESO (L
OMe TESO Br OMe 0 o
THF | 79%

Y

85% 60.0 g produced!
?ESO oMe | E OMe OMe
= % —\ not -
prostereogenic  diastereotopic Sm > 55 5 oH
MeO oMe 0
o) k) 1A  favored only product
TESO Lewis ﬂ observed
acid
OMe
| TESO
NG OMe MeO @
LA ~ -
,/O T ‘ ||
LA OMe o) 5
disfavored




Title Paper: Functionalization of the Core

1. BrBMez, NEtg CH2C|2,

OMe PhI(O,CCF3),, TBHP O OMe NEts, NaHCOj3, H,0 o OMe
@ = Cs,CO3, O, _ @ S5 2. LITMP, THF _ =SS
TESO .’ EtOAc, nonane TESO .' 55% over two steps Tl
| 44% | O OH
@) 0]
TESO
CIC(S)OCgFs5
[\ 82% | NHS, pyr
Mes~ N\ N-Mes Toluene
Ll
/R|U— o OMe
Cl 0 A ~-SnBug
~_-Pr BEts, air
- ~ O O«
/Y benzene C(S)OCgFs
, CH,Cl, 2% TESO

86%

1. LITMP, TMSCI, THF
. ' ! 44% over two steps
2. LiITMP, i-PrC(O)CN, | **° P
THF

p-TsOH in AcOH

pwave, Toluene -
65%




Title Paper: Completion of the Synthesis

LDA, Li(2-Th)CuCN;

Br\/Y
THF
98%

Hyperforin

« Enantioselective total synthesis
— 18 steps longest linear sequence from geraniol

— Highly scalable: 40 mg of Hyperforin prepared at publication

— Key step: Latent symmetry elements to set two quaternary
stereocenters and access the bicyclic core

 Modular route
— Diverse analog synthesis in-progress

— New analogs will be tested to probe mechanism(s) of bioactivity
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