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A. Introduction 1

A. Introduction
1. Anticancer drug discovery
The etymology of cancer is thought to be originated either from Karcinos and Karkinos in

Greek or Cancrum in Latin which means crabs. Figure 1 represents the cancer as a crab

which permeates and invades the surroundings.'

CANCER

THE KILLER

U.S. Cancer Deaths in 2002
(thousands)

U.S. Cancer Cases in 2002
(thousands)

Figure 1. [llustration Figure 2. The estimated number of new cancer cases and
of cancer as a crab.' deaths in the USA in 2002.”

Cancer is a genetic disease because it can be traced to alterations within specific genes.
Nevertheless, in most cases it is not an inherited disease.’ Cancer, so-called malignant tumor,
tends to metastasize from one organ to others through lymph or blood, whereas a benign one
has no ability to metastasize. The causes of cancer are various. There are external factors like
tobacco, chemicals, radiations, infectious organisms or internal factors such as inherited
mutation, hormones, immune conditions, or mutations that occur from metabolism.> Cancer
is a major cause of death in the developed countries. According to survey,” 1,284,900 of new
cancer cases and 555,500 of deaths were estimated in 2002 in the USA. This implies that
more than 1,500 people died per day due to cancerous diseases (Figure 2). Since the National
Cancer Institute (NCI) began in the 1960’s a search for plants with chemotherapeutic effects
for cancer, a lot of efforts have been made for the development of new anticancer agents. The
research, however, for new drugs is time consuming and expensive. For example, the drug
development process typically takes nearly 15 years and costs $500 million. On average,
starting from 5,000-10,000 of initial drug candidates, only one will be successfully developed
into a drug.*

2. The methodological advances of drug development process

The traditional drug development is a sequential process’ and it consist of discovery and
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validation of target, assay development, screening and hits to leads, lead optimization,
preclinical tests with animal, clinical trials with human, registration and finally approval.
Nowadays several new methodologies allow of getting drug candidates more efficiently
leading to cost-reduction and shortening of development time. Genomics, proteomics, and
functional genomics enable the identification and validation of targets effectively in an
interdisciplinary effort. HTS® (High Throughput Screening) helps rapid assay of a large
number of compounds on a given target. Computer-aided drug design (CADD) and structure-
based drug design (SBDD) give better chances to find lead compounds. QSAR’
(Quantitative Structure Activity Relationship), which is a tool based on the structural
knowledge of a target, helps to predict the activity of new compounds. Combinatorial
chemistry has led to large libraries of synthetic compounds for the screening. Upon getting
the structural information of a target protein by X-ray crystallography, the computer-aided (in
silico) virtual screening,® such as Docking and Scoring,” can help envision the structure of
ligand-target complex and the binding affinity. Combining these techniques active
compounds can be identified from huge chemical libraries. High bioavailability, metabolic
stability (sufficient #;, allowing only once or twice daily administrations), no significant
interaction with existing drugs and low toxicity to the normal cell are needed for drug
properties. In recent times in vitro ADMET ! (Absorption, Distribution, Metabolism,
Excretion, and Toxicology) is simultaneously considered at the optimization step of lead
compounds in order to allow early evaluation of drug-like properties. Nevertheless, although
great methodological advances of de novo drug development has been accomplished, natural
products still play a significant role as lead structures in the drug discovery process'' not
only because they can serve as starting point for diversity oriented synthesis but also because
they contain high similarities of gene families with organisms on earth.'””> Among all the
available anticancer drugs from the 1940’s to 2002, over 60% of them are originated from
natural sources.'' The recent development of anticancer drugs are directed mainly towards
target specific properties such as i) signal transduction pathway targets, e.g. growth factor
receptor tyrosine kinases (RTKs)," ii) cell cycle,' iii) apoptosis-related,'® iv) extracellular
matrix,'® V) angiogenesis, Vi) metastasis,’ vii) cell-lifespan (Table 1).

Novel cancer therapies are developed by using these target-specific drugs'® in different types
of cancers. Together with such target-specific drugs, diverse therapeutic methods are also
under development. Besides the common cancer therapies such as surgery, radiotherapy, and
chemotherapy, new approaches such as biological (immune) therapy,'” hormone therapy
especially for the treatment of prostate, breast and ovarian cancers, and vaccine therapy are
used to treat the cancers. Gene therapy’ is also under development since 1990’s through the
injection of normal-functioned genes into cancer cell via viral or nonviral vectors as

mediators leading the recovery of the genetic defects. Antisense therapy,”’

a kind of gene
therapy, is aimed to inhibit the translation of a targeted gene through complementary

oligonucleotide binding to target mRNA.
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Table 1. Some anticancer agents for novel cancer therapies.B'lS’ 18b. 22
Types of targets Drugs or candidates Mode of action

cell signal Iressa (AstraZeneca) RTK inhibitor

transduction Glivec (Novartis) RTK inhibitor

pathway Herceptin (Genentech) RTK inhibitor
Tarceva (Roche) EGEFR inhibitor
Erbitux (Merck) EGEFR inhibitor
R115777(Johnson & Johnson) FTIs
SCH66336(Schering-Plough) FTIs

cell cycle Cisplatin & Carboplatin Inhibit the repair of DNA damage
Efudix (5-FU, Roche) Preventing cell-division
Velcade (Jansen) Proteosome inhibitor
Camptothecin Topoisomease inhibitor

Paclitaxel (Bristol Myers Squibb) | Microtubule inhibitor

apoptosis Genasense (Genta Inc.) Bcl-2 antisense oligonucleotide
Affinitak (Eli Lilly & Co.) PKC-alpha antisense agent
angiogenesis Avastin (Genetech)
Thalidomide (Celgene) Inhibition of VEGF
Batimastat (British Biotech) Inhibition of VEGF/MMP inhibitor
Marimastat (British Biotech) MMP inhibitor
Endostatin (EntreMed) Inhibition of VEGF
Neovastat (Aeterna Lab.) For treatment of solid tumor

RTK: receptor tyrosine kinase, TKI: tyrosine kinase inhibitor, EGFR: endothelial growth factor receptor, FTT:
farnesyl transerase inhibitor, VEGF: vescular endothelial growth factor, MMP: matrix metallo proteinase.

3. FTIs (farnesyl transferase inhibitors) as novel anticancer therapeutic agents

One of the aspects being extensively investigated in anticancer drug development is the
intracellular signal transduction pathway. In signal transduction processes, several
components such as growth factor, transmembrane receptors, intracellular second messengers
and nuclear transcription factors are involved.'® In cancer cells any of these key components
may be altered by oncogenes, leading to dysregulated cell signaling. Ras protein regulated by
ras oncogene plays an important role in the posttranslational signal transduction cascade.
Mediated by the enzyme farnesyltransferase (FTase), Ras is modified via farnesylation at its
C-terminus to become a pivotal switch during the signal transduction cascade. Therefore the
inhibition of FTase may be a target for anticancer drug.

The FTase is a heterodimer comprised of two subunits, 48 kD (o) and 46 kD (). These o and

B subunits look like a helical hairpin and barrel respectively. They form two active binding
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sites, one for the COOH-terminal of CaaX peptide (C: cystein, a: aliphatic amino acids, X:
methionine or serine) and another for FPP (farnesyl pyrophosphate). A single Zn ion binds to
the B-subunit (Figure 3B). The one cleft runs parallel to the rim of the a-o barrel near the
subunit interface (Figure 3A). This active site is for the binding of C-terminus of CaaX
peptide. Another pocket is considered for the binding site for the FPP which is nearly
orthogonal to the peptide binding site. This hydrophobic active site shows 15-16 A in
diameter and 14 A of depth (Figure 3C). If the C-terminus of the FPP binds at the bottom of
the pocket, the length of FPP is so fair that the diphosphate moiety could well interact CaaX

moiety.”

[3 subunit (

YLV,

)
W \s-m.ocsubuni
| R

4t
COOH” “gl

Reprinted with permission from SCIENCE. Copyright 1997 AAAS.*

Figure 3. (A) Crystal structure of the heterodimeric rat FTase, sharing 97% identity with the
human enzyme. (B) The expanded diagram at highlighted region in Fig 3A; The COOH-
terminus with the six residues of the nonapeptide (Ala’-Val®*-Thr’-Ser®-Asp’-Pro*) are visible,
which is bound in one cleft being parallel to the rim of the o-o barrel subunit near the subunit
interface. (C) The putative FPP binding pocket (hydrophobic due to 10 highly conserved

aromatic residues) is nearly orthogonal to the peptide binding site.

Upon binding of the growth factor to the extracellular domain of the corresponding receptor
such as receptor tyrosine kinase (RTK), the dimerization of the receptor and the
transphosphorylation on the tyrosine residue in the cytoplasmic part occurs subsequently.
This phosphorylation leads to the binding of an adapter protein Grb2 (growth factor receptor
binding), and to subsequent translocation of SOS (son of sevenless) on Grb2. The
farnesylated Ras at the sulfur atom of Cys is transformed subsequently at the C-terminus by
the enzymes endoprotease and methyltransferase. It was known that such lipophilic
attachment of the C-terminus of the Ras protein not only by farnesylation but also by the
palmitoylation and the myristoylation at the N-terminus can contribute to the hydrophobic
interaction with the inner cell membrane. As a consequence the farnesylated Ras translocates

itself on the inner cell-membrane and interacts effectively with the Grb2-Sos complex
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(Figure 4). The GDP-bound inactive Ras is phosphorylated by the action of GEFs (guanine
nucleotide exchange factors) into the GTP-bound active state. The GTP-bound Ras interacts
with downstream effectors such as Raf and the subsequent downstream MAPK (Mitogen
Activated Protein Kinase) signal transduction cascade causes the transcription, replication of
DNA, the expression of genes and the proliferation of cells. At the end of signal transduction
pathway, the GTP-Ras is hydrolyzed into the inactive GDP-bound Ras by GAP (GTPase
activating protein).”* Caused by point mutation of the corresponding ras gene, the
unregulated GTPase activates the Ras protein permanently. This continuous stimulation

results in the overexpression of mutated genes and overproliferation of the tumor cells.

growth factor

- receptor tyrosine plasma
kinase membrane
......TTTTTTTTTTTTTT

LU

active
Ras

GTP i

MAP-kinase

] signal
. ] transduction
Ras g ceaX | E2@ ] cascade
}—» Ras CaaX
el esatmnnn
— &W‘%@@m@@m |
Cytosol ] g@@@@wﬁﬁwq
N@@W Gene Expression
N g (Nucleus)

Figure 4. The post-translational modification of Ras and signal transduction pathway through
MAP (Mitogen Activated Protein) kinase module.” (Modified from the reference)

Different kinds of FTIs (farnesyl transferase inhibitors) such as farnesyl diphosphate
analogues, CaaX tetrapeptides, CaaX peptidomimetics, non-peptide CaaX, peptidomimetics,
and natural products have been developed and clinically tested."*?® A natural product
Arglabin (96) was tested in Phase II showing good efficiency of even monochemotherapy.27
Arglabin belongs to the sesquiterpene lactones (SLs), guaiane lactones (guaianolide). Being
specifically to the characteristic constituents of the Asteraceae and Compositae, guaianolides

are biogenetically synthesized from trans farnesyl pyrophosphate 1 (Scheme 1).%
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NADPH NADP*

N Mg2* 0, H,O NAD(P)* NAD(P)H
N N
AN N 1 1 1
OPP OPP" CH,OH CHO
1. FPP 2, (+)-germacrene A 3 4
H,O
l [Ox] 2 » NAD(P)*
J NADP* NADPH NAD(P)H
H2180 1802
- _ AL
180 {
o HO COOH
6, (+)-costunolide v 5

\f:yclization

I: Cyclization of FPP by (+)-germacrene
A synthase

II:Hydroxylation of the isopropenyl side
chain by (+)-germarcrene A hydroxylase
III: Oxidation by NAD(P)* dependent
hydrogenase

IV: Hydroxylation and subsequent

Guaianolide I lactonization

Eudesmanolide I

Germacranolide I

Scheme 1. The proposed biosynthesis of guaianolides, eudesmanolides and germacranolides

in sprouts of chicory (Cichorium intybus).*®
Guaianolides and pseudoguaianolides are composed with 5,7,5-tricyclic system. Since the

guaianolides have methyl group in 4-position, while the pseudoguaianolides contain

quaternary carbon at the 5-position (Scheme 2), they are separately classified.”

AT JReS Qe

Guaiane Guaianolide Pseudoguaianolide

Scheme 2. The skeletal difference between guaianolide and pseudoguaianolide.

With only a few exceptions, guaianolides generally contain a 1,5-cis fused hydroazulene
skeleton, for the cases in which there is no sp” hybridization at 1-C. Moreover the -
butyrolactone ring is trans annulated at C-6 and C-7 in approximately 85% of all known

% and cytotoxic®' activities have been

guaianolides.”® Many guaianolides with anti-tumor’
reported.

4. The synthetic approaches towards guaianolides and pseudoguaianolides
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(cr)-santonin

Type 1“
© wer ({2
O 0] &— O

XH/ “E
=g = =t D

@) /4
Pseudoguaianolide g w<
| ol

Type :% Nype 4

——> Retrosynthetic aspect
——> Synthetic transformation

Scheme 3. Synthetic approaches towards guaianolide and pseudoguaianolide.

Largely, the synthetic approaches towards guaianolides and pseudoguaianolides can be
classified into 7 types as shown in Scheme 3. A classical and well established method starts
from (o)-Santonin, which is readily obtained naturally, or synthetically, by using a
photochemical rearrangement™ or a solvolytic rearrangement™ of the 5,6,6-tricyclic system
into the 5,7,5-tricyclic system (Type 1). The second approach is achieved by the formation of
Y-butyrolactone moiety from hydroazulene skeleton. This type of approach was already

1** The formation of the B-ring last from already containing

explored by Heathcock et a
rings AC substrates stands for type 3. Type 4 involves the concerted formation of B and C
ring from y-butyrolactone (ring A). The type 5 is the concerted A and B ring formation from

highly functionalized C-ring via radical cyclization. In type 6, the C ring is formed
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subsequently after the formation of A and B ring. Concerted A and C rings formation from 7-
membered B-ring represents type 7 approach.
As an example of type 1, a photochemical rearrangement can promote the transformation of

the 5,6,6-tricyclic system into the 5,7,5-tricyclic skeleton. Yuuya et al.

reported the
synthesis of guaianolide 13 and Mokko lactone (14) via solvolytic rearrangement of the
cationic intermediate 12 which is supposed to be an intermediate of the biosynthesis (Scheme

4).

9, (a)-Santonin

13 12 14, Mokko lactone

Scheme 4. Guaianolide synthesis from (a)-santonin via solvolytic rearrangement by Yuuya et

3
al.”™?

The most extensively developed method is the type 2 strategy using the B-C ring fused
hydroazulene as a prerequisite building block. The synthesis of the 6,7-cis ring fused
guaianolide 20 was reported by Metz et al.® They used hydroazulene 17°° containing a
carboxylic ester bridge as key intermediate which is prepared from 1-cyclopenten
carbaldehyde (15) and cyclopentenyl pyrollidine 16 in 20% yield (Scheme 5). Upon
epoxidation of olefine 18 using mCPBA, 19 was obtained as 2 diastereomers (a:p=1.7:1),

which was further transformed into 20 (18% yield).
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CHO { \ OMe
f N @ 11 steps \\\\/
+ — H—> /III-
6 ’ ~ EtO,C H
20% 7.5%
15 16 17 18
oM
H T
H -
g EtO,C
H
20 19

l'35

Scheme 5. Synthetic methodology for guaianolide 20 applied by Metz et a

The pseudoguaianolide Confertin (24) was synthesized by Marschall et al.”’ from 2-methyl-
1,3-cyclopentadione (21) to give the corresponding 3,6,5-tricyclic intermediate 22 through a
Simmons-Smith reaction (Scheme 6). The intermediate 22 was rearranged into hydroazulene
lactone 23 upon treatment with aqueous perchloric acid as key step. Herein, the 5,7,5-

tricyclic skeleton was achieved by concerted A and B ring formation.

O'Bu
0O OBu

HaC HO\\[(',,, H

O COH 0™ ™o
21 22 23 24, Confertin

Scheme 6. The synthesis of Confertin (24) from 21 reported by Marschall et al”’

Lansbury et al.®® synthesized Balduilin (30) and Fastigilin C (31) respectively. Fastigilin C
(31) is a highly bioactive compounds due to three electrophilic a, B-unsaturated double
bonds for trapping sulfhydryl enzymes. For the synthesis of 30 and 31, the hydroazulene 29
was used as a key intermediate. 29 is readily prepared in an overall yield of 10% in 15 steps
via a Beckman rearrangement of 9-acetoxycamphor derived oxime 25 and subsequent
intramolecular aldol cyclization (Scheme 7). The highly diastereoselective (dr=11:1)
nucleophilic addition of dithiane to the aldehyde group occurred predominantly from the re-

face due to the rigid lithium chelate depicted in the transition state.
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5 AcO\ & reattack H)
gé stCI H /
- \ -
M coun sV J :

25, oxime

OH
31, Fastigilin C 30, Balduilin 29 28 (B—OH:0—-OH=11:1)

Scheme 7. Synthesis of Balduilin (30) and Fastigilin C (31) by Lansbury et al® via

Beckman rearrangement of oxime 25.
Devreese et al.” synthesized Compressanolide (36) from diketohydroazulene 33 which is
readily available from 32.* The resulted guaianolide 35 contains a 1,5-cis hydroazulene ring

and a 6,7-trans fused y-butyrolactone ring as like most of guaianolides derived from nature.
Over the 6 steps the guaianolide 35 was achieved to synthesize in 9% yield from 33 (Scheme

8).
o] o >:\H O
& = S5 = T
O HO

32 33 34

35 36, Compressanolide

Scheme 8. Compressanolide (36) synthesis from diketohydroazulene (33) by Devreese et
al.®
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Ley et al.*! synthesized thapsigargin analogues 43 from highly functionalized cyclopentane
39 which is synthesized via a Favorskii rearrangement of (S)-carvone (37). 39 was further
transformed into 41, and RCM using Grubbs (II) catalyst led to 42 and 43 as precursor of 44.
The synthesis took 23 steps up to 43 in 11% yield overall. Just 5 steps of purification are
needed totally. In addition, this synthetic approach was amenable for scale-up, giving up to
30g of 43.

H

37, (S)-carvone

44, Thapsigargin
(R'=Oct, R?=But)

43 42 M

Scheme 9. The synthesis of Thapsigargin analogues (43) via Favorskii rearrangement and
RCM established by Ley et al.*!

The synthesis of 6,7-cis-annulated guaianolide 48 was reported by Posner et al*? starting

from 1,3-cyclohexanedione (45) via 19 steps in 8% overall yield. Key steps are the formation

of decalin moiety 46 and solvolytic rearrangement into hydroazulene 47 (Scheme 10).

O

10 steps 6 steps 3 steps
H .
27% 52% O 65%
45 47 48

Scheme 10. Total synthesis of 4,5-epoxyosmitopsin analogue (48) by Posner et al.?
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Kretchmer R. A. synthesized pseudoguaianolide (+)-Damsin (53) using hydroazulene 52
which is prepared from [4.4.0] bicyclic compound 49. Ozonolysis of 49 afforded 50 and the
transannulation of 51 gave intermediate 52 in 63% yield as 2:1 (B:0-R) mixture (Scheme

11).%

52

Scheme 11. Formation of hydroazulene 52 from hydronaphthalene 49 via transannular

cyclization as key step by Kretchmer R. A.*

Rigby et al. synthesized (+)-dehydrocostuslactone 58, ()-Grosshemin (94),45 and (%)-

Estafiatin ((+)-80)* from 2,4,6-cycloheptatrien-1-one (tropone, 54) via Lewis acid mediated

cyclization as key step (Scheme 12).

54 55
X
—_— H —_—

X
57

Scheme 12. Total synthesis of 58 from tropone 54 via BF;-Et,O mediated cyclization, Rigby

et al.**

53, (+)-Damsin

58, dehydrocostuslactone
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Acyclic triene 59 underwent cycloaddition to give the corresponding [5.3.1]-bicyclic
compound 60. 60 was subsequently transformed into the hydroazulene 33, being the same
building block as used by Devreese et al.”® (Scheme 8) and in the Vandewalle’s
Compressanolide (36) synthesis,46 via ozonolysis and intramolecular aldol cyclization
reaction of 61 (Scheme 13).

@] O
o o H
X
(0]
59 60 61

33 36, Compressanolide

Scheme 13. Intramolecular Diels-Alder reaction mediated guaianenolide synthesis reported
by Gwaltney et al.*’

With respect to type 3, Schultz et al.*® introduced a 7-membered ring annulation using an
intramolecular aldol reaction and subsequent dehydration of furan trione 64 towards the
synthesis of (+)-Confertin (24). The precursor 66 was prepared in 10 steps from 62 and 63
(Scheme 14).

| o)
it MeOC MeO,C
CH, / \ —_—
+ o Me ]\ 0]

62 63 64
o) OAc Q
MeOZC
— R AN
O O O G
65 66 24, Confertin
Scheme 14. The synthesis of pseudoguaianolide analogue 66 by Schultz et al.®

The antileukemia agent Rudmollin (71) is synthesized by Carroll et al.* (Scheme 15) from
diazene 68. When heated to reflux in toluene, 68 was efficiently (70%) converted to the
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desired tricyclic hydroazulene 70 via atom transfer and subsequent 1,7-diyl recombination
reaction. In the intermediate 69, the radical can be stabilized by the substituents X and Y. It
was also shown that the same reaction with the 2,3-frans substituted (epi)-diazene

corresponding to 68 led to a complex mixture of compounds instead of 70.

Q
o
Moo~ CO,Me H
: X
MeO 50 Y
67 68 L |
X= CO,Me, Y= OH l
~H-
HQ
o -— ?
H H X
0™ g MeO™ g X MeO™ o 'y

71, Rudmollin 70 69

Scheme 15. Carroll et al.’s synthetic approach for pseudoguaianolide Rudmollin (71) from

diazene 68 via hydrogen atom transfer-diyl recombination reaction.*’

Since the metathesis reaction had been known as a powerful C-C bond formation method,
ring closing metathesis (RCM) has been often used. Recently, Kaliappan et al.”® reported the
synthesis of guaianolide skeleton 72 via tandem domino enyne-RCM of the precursor 73
using Grubb’s catalyst. They started from the sugar derived ketone 75 as an example of the
type 4. This strategy can be useful to make just simple skeletal analogues of guaianolides

starting from various sugar moieties (Scheme 16).

Scheme 16. Tandem domino enyne-RCM approach towards guaianolide skeleton by

Kaliappan et al.™
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As an example of type 5 methodology, Lee et al.’' introduced 5-exo and 7-endo tandem
radical cyclization as a key step to build up guaianolide skeleton. They prepared the
bromoacetal 77 and subjected it to standard radical cyclization using Bu3SnH and AIBN
(Scheme 17).

H H Br
MeO,C - ., BusSnH, 5-exq. NN
EtO %o ’
R RO (0] 4 RO (0]
EtO EtO
76
7-end/c/

RO 0]

EtO

80, (-)-Estafiatin 79 78

Scheme 17. The total synthesis of (-)-Estafiatin (80) via 5-exo and 7-endo tandem radical

cyclization reaction by Lee et al.”!

In this way, the corresponding guaianolide 79 was obtained in 99% yield from 77. Looking in
detail, a 5-exo radical cyclization had occurred first, followed by a subsequent 7-endo
cyclization. During the B-ring cyclization, the 7-endo product was predominantly formed

rather than 6-exo cyclization mode.

o CO,Me
1. MeoNNH,/H*

CO=H COzMe 2. NaHMDS
1.LDA/ 86 COMe =2
Z/ \§ M 2M8 3 Mel/H,O/EtOH [ )
(@) 2. MeOH/HCI o W O

S6oL 34% o}
81 81 83
o)
SS%JLDA/ Br
87
0”00

HO  CO,Me

86
1. +BuOK

2. K,COg / Hy,O

54%
85, Gnididione 84

Scheme 18. Knight et al.’s synthetic approach towards Gnididione (85).%
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The synthesis of Gnididione (85) by Knight et al.’* is shown in Scheme 18. This method is
an example of type 6. Acylation of 2-furyllithium using LDA / 86 and esterification gave 82.
The protection of the ketone group using hydrazone and Dieckmann cyclization afforded 83,

then C-ring formation via aldol condensation of 84 led to Gnididione (85) in 5.6% overall

yield.
B H RE:
Mn(OAc)3 H
O OHp\, 5
E
E
88a (B-H4, a-Hy) 89, E=CO,Me
88b (B-H4, B-H7)
5-exo-trig
H
Cu(1m) H
Oxidative O™ “oOH
substitution E
E
91a 90
(86%; B-H1and 5, 0-Hgana7)
91b
(B-H1 6,7, 0-Hs : B-Hy 5.7, 0-Hg
= 52%:23%)

Scheme 19. Burton et al.’s synthetic approach towards guaianolide skeleton.>

As an example of type 7, Burton et al.> synthesized different tricyclic y-butyrolactones
(91a-b) via concerted formation of A and C-rings from 7-membered B-ring. Mn(OAc)3
played a role as mild one electron oxidant which generates electrophilic C-centered radical
from the malonates (88a-b). This radical intermediate underwent 5-exo-trig radical
cyclization and subsequent oxidative substitution by Cu(OTf), or Cu(BF,), to produce 91a
(86%) and diastereomeric mixture of 91b (52%:23%) starting from 88a and 88b respectively.
This synthetic approach using different size of B-ring can afford 5,5,5- and 5,6,5-tricyclic (i.e.
eudesmanolide) y-butyrolactone systems with high yields (71-94%) as well (Scheme 19).
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S. 2,3-anti substituted y-butyrolactone carbaldehyde as key building block for the

guaianolide synthesis

The guaianolide analogues could also be built up from the 2,3-anti substituted v-
butyrolactone carbaldehyde 92. Many biological active natural products based on guaianolide

skeleton are shown in Scheme 20. Most of all, they are 6,7-trans substituted guaianolides.

H HO o)
HO 0]
HO
HO
H
o) 95, Ixerin Y

CH,OH

OH
96, Arglabin 97, Cynaropicrin

Scheme 20. The possible natural target products from 2,3-anti substituted y-butyrolactone
carbaldehyde 92.

Ixerin Y (95), which was extracted from the Ixeris denticulate f. pinnatipartita plant, shows
good inhibitory effects against the growth of human breast cancer MCF7 and MDA468 cell
lines, with ICsy values of 6.36 pg/ml and 11.87 pg/ml, respectively.54 Arteminolide (93)
shows also very high inhibitory activity on farnesyltransferase (FTase) with ICsy values of
0.2-0.5 pg/ml.>®> Cynaropicrin (97) is extracted from Cynara scolymus L,*® so called
artichoke, and from Saussurea lappa as well.”’ Cynaropicrin is a useful agent not only for

treatment of inflammatory diseases but also for the suppression of the proliferation of human
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leucocyte cancer cells via induction of apoptosis.57 (+)-Arglabin (96) was extracted by from
aerial part of endemic plant Artemisia glabella Kar. et Kir. (Figure 5) in the early 1980s at
Karaganda region of Kazakstan.

Figure 5. Artemisia glabella Kar. et Kir.

Arglabin and its synthetic derivatives have been demonstrated to show good antitumor
activity and cytotoxicity against different tumor cell lines.”® The most promising
modification of Arglabin is dimethylamino arglabin hydrochloride (Arglabin-DMA) showing
inhibitory activity on FTase with ICs, value of 7.28 pg/ml.

98 99 100

Reagents and conditions: a) (Et,O)P(O)CH,CO,Et, NaH, Br,, THF, 0 °C, 1.5 h, 83% (E/Z=20:80); b) n-
Bu;SnH (1.5 eq.), AIBN, benzene, 80 °C, 2 h, 83% (cis/trans = 4:1).

Scheme 21. The synthesis of guaianolide analogue 100 via radical cyclization by Reiser et

59
al.

Reiser et al.”® has reported radical cyclization in order to make guaianolide analogue 100.
Horner-Wadsworth Emmons (i.e. HWE) reaction of 98 and the subsequent radical cyclization
of 99 afforded predominantly 100 in 83% yield as 7-endo-trig radical cyclization product
rather than 6-exo-trig cyclization (Scheme 21). This result is coincident with the results of
tandem radical cyclization of Lee et al.”’
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6. Aim of this work

The guaianolide analogues 100 was synthesized by using the simple allylsilane 103
(R=X=H)* which was readily prepared from corresponding silylenolether.®’ However in
order to build up guaianolides, the side C-ring containing a methyl group at 4-position is

essential.

Scheme 22. Retrosynthetic outline towards (+)-Arglabin (96).

In order to achieve this, the allylsilane 103 should be synthesized and used in the reaction
sequence, this way arriving at 92. Sakurai allylation adduct 102 should be subsequently
prepared. RCM of 102 should lead to the tricyclic guaianolide 101 as key step, which then
was envisioned to be converted to Arglabin (96) as the target molecule (Scheme 22).
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B. Main Part
1. Asymmetric synthesis of guaianolides towards Arglabin
1.1 Stereoselective synthesis of y-butyrolactones (GBLs)

Natural products containing a y-butyrolactone (i.e. GBL) moiety are abundant and they have
a wide range of biological profiles.®® Optical purity and absolute configuration of
functionalities on the GBL are important for biological activity. For example, in the case of
insect sex pheromones even small amounts of the opposite enantiomer can greatly reduce its
biological activity.® Therefore, stereoselective synthesis of GBLs has received great
attention in natural product synthesis. Most obvious, 4-hydroxycarbonyl compounds react as
acyclic synthons of GBL. The synthesis of 4-hydroxycarbonyl compounds can be achieved

by using carbonyl species (I or IV) having normal reactivity as electrophile