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Studies Toward the Total Synthesis of (x)-Noelaquinone
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WIPF GROUP

The Role of Natural Products in Drug Discovery

For thousands of years medicine and natural products have been closely linked through the use of
traditional medicines and natural poisons.

Which is the STATUS of NATURAL PRODUCTS in DRUG DISCOVERY today ?

Table 1. Top 35 Worldwide Ethical Drug Sales for 2000, 2001, and 2002 with Natural Product-Derived Drugs in Blue,’ Biologically

Derived Drugs in Magenta,® and Synthetically Derived Drugs in Black?

Rank 2000 2001 2002
1 Omeprazole Alorvastatin Alorvastatin
2 Atorvastatin Omeprazole Simvastatin
3 Simy Simvastatin Omeprazole
4 Amlodipine Lansoprazole rythropoictin (J&
5 Lansoprazole Amlodipine Amlodipine
6 Lonatadine Erythropoictin (J&J Lansoprazole
7 yihropoictin (J&J) Loratadine Olanzapine
8 Celecoxib Celecoxib Paroxetine
9 Fluoxetine Olanzapine Celecoxib
60% = 10 Olanzapine Paroxetine Sertraline
T H— 11 Paroxetine Sertraline nierferon a-2b+ribarvarin
50% 12 Sertraline Metformin/Metformin+Glyburide  Rofecoxib
y ] 13 Rofecoxib Rofecoxib Salmeterol+Fluticasone propionate
40%1° 14 thropoietin (Amgen) Erythropoietin (Amgen) bapentin
20% O Synthetic Derived 15 Metformin/Metformin+Glyburide ~ Pravastatin (BMS) Pravastatin (BMS)
B Biologic Derived 16 Estrone Estrone pvtheopoietin (Amgcn)
. 17 Amoxicillin + Clavulanic acid Amoxicillin + Clavulanic acid Alendronate Sodium
2% ONP/NP Derived 18 nalapril Fluosetine Losartan/Losartan+Hydrothiazide
19 ravastatin (BMS) Risperidone Risperidone
20 nsulir Losartan/L i
21 Ciprofloxacin Tnsulin Esomeprazole magnesium
2001 2002 22 Losartan/L v+Hydrot! Ci Fexofenadine
Year 23 Pravastatin (Sankyo) Gabapentin Clopidogrel bisulfate
24 Risperidone Alendronate sodium nsulin
25 Paclitaxcl Leuprolide acetate Estronc
2 cuprolide Acetate Fexofenadine Loratadine
27 Azithromycin Venlafaxine Amoxicillin+Clavulanic acid
28 nierferon a-2b+Ribarvarin Sidenafil Sidenafil
29 Sidenafil Azithromycin Valsartan
30 Gabapentin Interferon a-2b+Ribarvarin Citalopram hydrobromide
31 Fluticasone propionate Pravastatin (Sankyo) cuprolid "
32 Clarithromycin Filgrastim Oxycodone HCI
33 ilgrastim Fluticasone propionate Azithromycin
34 Cyclosporin Enoxapari Montelukast sodium
35 Lisinopril Vaccines (Aventis Ritu

@ Top 35 worldwide ethical drug sales data supplied by Wood Mackenzie, Boston, MA. ® NP-derived indicates that the drug is either a
NP, a semisynthetic derivative of a NP, or a synthetic drug that is modeled on a NP pharmacophore. ¢ Biologically derived indicates that
the drug is hormone or protein derived. ¢ Erythropoietin is sold by both Johnston & Johnston (J&J) and Amgen, while pravastatin is
marketed in Japan by Sankyo and the United States by Bristol-Myers Squibb (BMS).

Butler, M. S. J. Nat. Prod. 2004 67 2141.
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Understanding the Cell-Cycle with Natural Products

Und fina. Protein Function in Cell

@ Genetic Approach: making mutations in genes ® Chemical Approach: to alter the function of the
that alter the function of the encoded protein protein directly by using a cell - permeable ligand
that binds to the proteinin its intracellular environment

Small molecule natural products inhibit progression of the cell cycle
by binding to a protein required for cell division, thus helping to
determine the function of the protein

NATURAL PRODUCTS CHEMISTRY - > CELL BIOLOGY

An understanding of cell cycle events helps in understanding the
mechanisms of action of many cell - cycle inhibitors

Currently the most valuable collection of ligands for use in the study of protein function
are NATURAL PRODUCTS or compounds that are closely related to a NATURAL PRODUCT

Schreiber, S. L. et al Chem. Biol. 1996 3 623.

Relative Timing of Arrest by Different Cell-Cycle Arrest Agents
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Th; Viridin Family of Steroidal Antibiotic: The Furanosteroids
= - - >

Viridin Wortmannin
Isolated in 1945 from Gliocadium Virens Isolated in 1957 from Penicillium Wortmannii and in1972
structure determined in 1966 from Myrothecium Roridium, structure determined in 1972

[ ) Anti - Inflammatory Activity
[ ) Antibiotic Activity
[ ] Potent and Specific Phosphoinositide 3 - kinase (Pl 3K) Inhibitors

Demethoxyviridiol Wortmannolone

Wipf, P. and Halter, R. J. Org. Biomol. Chem. 2005 3 2053.

Squalene

Squalene 2,3-Epoxide

Lanosterol

Viridin Wortmannin

Hanson, J. R. Nat. Prod. Rep. 1995 12 381.
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Wortmannin Irreversible Inhibition of PI-3 Kinase

Wortmannin
= ICsg = 4600 "M

ICsp > 500 nM

ICs0 = 6.0 nM
Norman, C.S. J. Med. Chem.. 1996 39 1106.

Planar Polycyclics from the Marine Sponge Xestospongia

JDistribution of Marine Natural Products by Phylum|
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HT: monoterpene

ET: sesquiterpene

B T: diterpene

T: sesterterpene

T: triterpene/steroid

& T: meroterpene

A: polyketide

[ A: 3-alkylpyridine

E ﬁ: shikimz;:e

A A: tryptophan

B A: other

PK: polyketide

MPK: gatty acid/ceramide

@ PK: macrolide
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Planar Polycyclics from the Marine Sponge Xestospongia
<

(+)-Xestoquinone (+)-Halenaquinone (+)-Halenaquinol

Isolated from Xestospongia Sapra in 1960 Isolated from Xestospongia Exigua in 1983

[ ) Antibacterial Activity

[ ) Cardiotonic Properties

[ ) Inhibition of pp60 Kinase

@  Inhibition of EGF Kinase

[ ] Inhibition of the Dual Specificity Phosphatase Cdc25

Are These Compounds Triketides - Sesquiterpenes Hybrids?

Sesquiterpene Unit

Triketide Unit

Isozonarol Halenaquinone
(A Biosynthetic Link ?)

Protein Tyrosine Kinase (PTK) Inhibition
.

y / > -

IC5q values against ppgg

(+)-Xestoquinone (+)-Halenaquinone (+)-Halenaquinol
IC50 = 60 uM IC50= 1.5 pM IC50 = 0.6 uM
Meo- AcQ, 5

Viridin
IC50 = 30 pM ICs50 = 27 yM

= Crews’ Rrerat, Drg Crefi PR TR0,
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Synthetic Efforts Outline

Halenaquinone

[ oBenzoquinone monoketals Cascade Reactions)

ic Intramolecular C:

HARADA (Chiral building block)
RODRIGO
SHIBASAKI (Catalytic Asy

Viridin

SORENSEN

Wortmannin
o

SHIBASAKI
SHIBASAKI

(Diastereoselective |

(Chiral building block])

le Heck-Suzuki Couplings)

ntramolecular Heck Couplings and Diosphenol Claisen)

Synthesis of ()

- Halenaquinol

[Rodrigo]

(+) - Halenaquinol

e

16 Steps
25%

Harada, N. etal J Am. Chem. Soc 1988 110 8483.

e
2
~ 4 Phi(0oCCFg)e NaHCO3
Ph ‘OMe -
OH OH
; OMe

Toluene 120 °C
1.

94%

p-Chloranil

2. TiCls, AcOH - Hp0

29%

SPh i
M H M SPh
.
o OMe
OMe
o o

Trimethylbenzene 168 °C

o
Y

36%

1. NaOMe, MeOH
2. TFA, DCM
97%
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1. CAN, MeOH-Hz0 (+) - Halenaquinal
2. NapSz0,, Acetone-Ha0 10 steps
45% 4%
Rodrigo, R.G. A. etal J.Org. Chem. 2001 66 3638.
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Synthesis of (+) - Halenaquinol [Shibasaki]

M
OTBDPS
L o
. nor, 2 3
M OTf  Pd[OAc), (S}BINAP
€ 3 CrOg o Tf20 Py . OO [OAc)z (S} _
Me & KHMDS Mel - oTf  Toluene 120°C
5. Haz, Pd/C OMe
58% 99% 20%, (85% ee)
o }o
5 HO”™""oH
TBAF Tf20 Py 1 PTSA

Y

2. NaBHz, MeOH 2. nBuLi TIPSCI

96%

Nal CuSO4
1. DDG . TsOH, Acetone -Hz0 _

2. 0O, KOtBu

Pdg(dba)s CHCI3

. TBAF
76% 58%
1. CAN, MeOH -H0 [+]-Halenaquinnl
2. NagSp04, Acetone - HED' 21 steps

0.3%

45%

Shibasaki, M. etal J. Org. Chem. 1996 61 4876.

Synthesis of () - Viridin [Sorensen]

1. nBuli / DMF Il

TBS :Br y
.= Zn, HgCl> OTBS |
[RhCI(PPhg)], EtOH
Z NN Me > > N
™ KoCOgz, MeOH

TBS

3. H // M
85% (4 diastereoisomers) 88% OH
// Me
1. (COCl)z, DMSO TBS
MS
2.({ 5/ N\ BuLi
N> rBuli M 1. iPrEtN, Xylenes 140 °C 1L P\Br CsF
> R > >
3. TESCI, Imid., DMAP A OTES 2. DDa 2. Mesitylene, 160 °C
70% —~ = 83% 61%
™S

TBS
TBS
1.  Dess- Martin

1. Grubbs - Il 2.  NaBHg4, EtOH

2. SeOp, Dioxane 3. 0s04 TMEDA

57% 72%
TBS
1. LiOH
EE 2. TBSOTf, 2,6-Lutidine Viridi
. e ) &y +1.
1. Triphosgene, Py - 3. NaHMDS, MeOTf (2] o
- - steps
2. PPTS, EVE 4. TBAF ) P
d ~ o 5. Dess - Martin 5%
o 6.  PPTS, MeOH
86% 57%

Sorensen, E. J. et al Angew. Chem. Int. ed. 2004 43 1998.
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Synthesis of () - Wortmannin [Shibasaki]

MeO\AcQ B
T Me

Yy

Hydrocortisone

(+)-Wortmannin

35steps 0.02%

6141.

8 Steps

i 27%
Co,Me

(Racemic)

CsF, DMF
PDC, NaDAc

DIBAL-H
TBSCI, Imid.
39%

pwn =

1. Cr0Og, 3,5-diMe-Pyrazole

2. TMSOTf, Hunig base

3. DMDO, PPTS, MeOH _
4
5,

(COClp);, DMSO
. ~U-Br KoCOg
4%

1. SEMCI 2,6-Lutidine

Pd(OAc)z

M
3=\_ [PdClo(dppf]] BM
I

Y

9-BBN

65%

OBn
56%

0s04, NMO
LAH
Mel, Ag-0
Acz0, DMAP, Py
38%

1. Xylene, 200 °C
2.  NaBH, CeClz

>
3. HC[OMe)s, PPTS Ac

67%

OMe

Shibasaki, M. et al Angew. Chem. Int. Ed. 2002 41 4680.

1.  0s04 NMO

2. TBAIO,

3. KoCOs, MeOH

4. TPAP, NMO
44%

OMe

1. MegS04 KoCOg
2. 1N NaOH
3. PDC, NaOAc

55%

1N HCI

60%

(COCI),, DMSO

75%

1. HC(NMep)s, DMF

2. Phosphate Buffer pH 4-5

72%

EtoNH, DCM

HF - TEA

Acg0, Py
31%

0.04%

Yy

cat Pd(0)

TIPS
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Shibasaki, M. et al Angew. Chem. Int. Ed. 2002 41 4680.
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