CHAPTER 1II

HISTORICAL

1. Chemistry of Sesquiterpene Lactones

Sesquiterpene .

compounds (41, 42).

belong to a group of te

Terpenoids are forme isoprene units 1 (42).

The term sesquiterp >roup of natural products

containing 15 carb Lyve \\\.. three isoprene units

to form various ty and the y-lactone ring.

Numbering of the ba is generally found to

be consistent in this »n of C-14 and C-15 which

are frequently intercha gej?r‘ ot haft 9 pw 37 (43)s

Most sesquitérpene lactones | have thi gefacdtone ring either cls-
\"F RY |
or trans-fused to de C, of the carbocyclic
il | < |

i¥ |
skeleton. If the lactone ring is the exocycllc a, R-unsaturated

lactone or aﬁ %ﬁ ?%%ﬂ?w\ﬂqﬂﬁal group" 2, it

can react withikthiols via Mlchael addition reaction, and shows

o RIRARE NI AT B o o
basic teapene skeleton involve the incorporation of an epoxide ring,
hydroxyl groups, O-acyl groups, side chain esters and a conjugated

cyclopentenone (44, 45).

CH3

H,C=C—CH=CH 0

1 isoprene unit 2 a-methylene y-lactone



2. Classification of Sesquiterpene lactones

The classification of sesquiterpene lactones is based on
their carbocyclic skeletons as germacranolides, asudesmanolides,
guaianolides, xanthanolides, elemanolides, pseudoguaianolides,

eremophilanolides and bakke o lide he suffix "olide'" refers to the

lactone group (43, 44).

o |

_of Germacranolides
" ;
"

"
‘epresent the largest

\"m

group of sesquiterpeg 300 known naturally

occuring members (44) “}-n; a 1(10), 4-

cyclodecadiene, has foh onal isomers as shown in

chart 1 3-6 (p. 20 ).
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5 heliangolide € eis,cis-germacranclice

Chart 1. Configurational types of germacranolides
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The majority of the germacranolide subgroup represents germacrolides 3,
although an increasing number of melampolides 4 and heliangolides 5
have been isolated, and the smallest group is cis, cis-germacranolides
6 (43). Most of germacranolides have a trans-7, 6 or trans-7, 8

lactone ring fusion and the C -and C8—oxygens are alpha configuration

(43).
Sy ; :
Llhemical Trdnstfon ions of Germacranolides
g lactonization
dé"chains attached to a
germacranolide ca s ‘Bysalka _ th a distinet

o f K2C03 in methanol-

2-methylbut-2-enoate

difference in eases
water at room tempe.

in 20 to 30 minutes e, a-methyl-n-butyrate,

tiglate and angelate g the same conditions (43).

zation rule for

germacranolides -;’, Iing c-0 ,7‘ nctions depends

upon strong alkaliﬂ trea owed by ac fication; this type

i

of germacranolide always, relactonizeg/to C-8 (43, 47).

Pl U8 INELI WL
U
- 7 ~ Géherall , cabalytic hydré&génation of
sesqui@ﬁe’lﬁcﬁﬂﬁﬁmﬂﬁ :12)11] EJ ia ﬂchemical
reductioqn with NaBHa in methanol proceed with ease under saturation
of the lactonic exocyclic methylene group to form the 11, 13-dihydro
derivatives (43).
Reductive transformations of epoxides
to alkenes have been used either zinc-copper couple (49) or CrCl2 (43)

as reducing agents.



Oxidation reactions have been frequently
applied in structural elucidations of various types of germacranolides.
MnO2 oxidations generally transform primary allylic alcohols into
a ,B-unsaturated aldehydes, a reaction that can be of considerable

use for making.configurational assignments to double bonds in the

siting OH groups at C,, and/or

cyclodecadiene skeleton as we 14

c 5 (43).

yel iz~ ion™Reagtion of Germacranolides

\\_\

ratalyzed cyclization

reactions of the e " 4,5-epoxide derivatives

have been studied germacra-1,5-dienes
provides eudesmanolides L "L e L E nolide 7, when treated
with a cation exchang » e ‘:: HCi\k OH (52), undergoes an

i 4 )
acid-initiated cycliza 10'?r§1' B on 8 to give a mixture of the
eudesmanolides 9 and

L\ . ﬁﬂ’ the conversion of

1, 10—epoxygermacrfﬁoli&- olideg|include the derivatives

of costunolide 7 (52),sepitulipinolide 11 (53), tanacin 12 (54),

rervnsee » WHARENINENT

) - fn contrastgmBF. -catalys@d reaction of
oo «AIAARND I UANIN DA B v
9
the loss of a proton from C-1 now forms the guaianolides 17 (57)

(chart 3 p.24 ).
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Further examples of cyclization reaction
of 4,5-epoxides which result in formation of guaianolides include

parthenolide 18, lanuginolide 19 and derivatives (58).

9 ﬂ:,.-;'# 10 B-cyclocostunolide

A

.1' —. Costunolide
- ¥

AULINENINYINT
MANTUININGAY

1l Tulipinolide, epi; R1=H,R2=8—0Ac 12 Tanacin; R =H,R_=OAng

1

2
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O
13 Herbolide B 14 Eri‘ofertin; R1=OH,R2=x-OAng,R3=OH
'V;, l“' d
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R,
q Ry R,
=
R
O
(0]
i . = =R = [s] : . =P = =
18 Parthenolide; R1 R2 R3 H 19 Lanuginolide; R1 R2 R& l-I,R3

a-CAc
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d. Cope Rearrangements of Germacranolides

In general, thermal rearrangements of
trans ;trans-cyclodeca 1,5-dienic sesquiterpenes proceed in a highly
stereospecific manner through a chair-like transition state resulting

in a divinylcyclohexane skeleto elemadiene skeleton.

hotochehifal Reactions of Germacranolides
'|||l,"/ -

Doskotch-dndwebworkers (59) isolated the

first hydroperoxide actones peroxyferolide

20, peroxycostunolid de" 22, compounds of

unexpected high thé coworkers (43) were

able to prepare th y a common

L
| \
photooxygenation pre 2t oxygen generated by

methylene blue sensi

i uiwﬂwiwawn?\

o
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2.2 Eudesmanolides and Biogenetic Derivatives

2.2.1 Structure of Eudesmanolides and Biogenetic

Derivatives

The eudesmanolides (selinanolides) are based

‘on the eudesmane (selinane) skeleton, most of members containing trans-

. —
4,5-and 4,15 double b epoxide derivatives and hydroxyl

and/or ketonic OoXy ' vk};wﬁﬁ‘ at Cl’ C3 and C8 (43).

various taxa of the

Hepaticae produce lverworts Frullania

tamariset (60) and esmanolides such as

(-)-frullanolide 23, 1 type commonly found in

higher plants. Howeve , Other 1ive : 61) produce the ent-

eudesmanolides (+)-fru ated compounds.

“ The biopenetiec deri -.."» of eudesmanolides

;;% '!"

are three 1,10-sec ﬁu-* i eriolangin 26 and
Vi is -

ivangulin 27; lumisaaﬁagin 28 and th%iphenyl containing vernodesmine

2 e UHARBRING N
RN TN INIAY

24 (4) Frullanolide
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LoLangin ;. _::,a--i! =0Ang,R3=0H

R,=OMac, R,=OH
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2.2.2 Chemical Transformation of Eudesmanolides

a. Dehydrogenation and Hydrogenation

Pyrolysis of alantolactone 30 and
o
isoalantolactone 31 at 350 C in the presence of Pd-C or Se results in

the naphthalene derivative eudalene 32 with loss of the C,  methyl

10

methylene-y-lactone

results hydroderiv

I~
| \

-

AY J
30 alantolact@ne r
‘! N ¥

AULINGRIAROINS
QRIANNT B

31l isoalantolactone

2 eudalene

Chart 4. Debydrogenation of alantolactone and isoalantolactone
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b. Selected Chemical and Photochemical

Modifications and Transformations of

Eudesmanolides

Eudesmanolides have been frequently used

as starting material for chemical and photochemical rearrangement

processes which lead to othe types of sesquiterpenes
guaianolides, pseudogu ‘ nolides and their derivatives
(43).

2.3 Gu ides (Xanthanolides)

ther with their seco-

derivatives, the #a- afio W des) "re ser ne éf the largest groups
of sesquiterpene 1éc € % ' naturally occuring
compounds (43). The s féﬂﬁiplll f guaianolides contains the
5,7-ring system apd xantg#gggi;;jﬁé ring at C4—C5. Most of
members contain -'""*——ﬂ—v—m—r;“r*r“r‘*ff—'i"ﬂ;nes or their 11,13-
dihydroderivativési Te groups may occur as

eits-and trans- y—lact?nes.

ﬂ unggi{}ﬂ%tions of Guaianolides

and ig hanolide

QR AN FUHAI R AR e v

frequengly used in structure elucidation and making stereochemical

assignment (43). Examples are epoxidation, catalytic hydrogenation,

relactonization, oxidation, reduction and hydrolysis (43).



30

2.4 Elemanolides

2.4,1 Structure of Elemanolides

Elemanolides most likely involve Cope
rearrangements of germacranolides which occur under laboratory reactions.

It has been suggested that elémanolides isolated from plants are the

procedure (43). The structu 4, #is.divinylcyclohexane.

e, | -

ansformations of Elemanolides

artifact which formed from the g nolides during the isolation

2.4,

described monoepoxidations

of saussurea lactone atalyzed cyclization of the

resulting monoepoxides . 1,2-epoxide 34 with BF

3

results in the formatiom o iihydrosantamarin 36 and

its 4, 15-double bond i , “d1h i . The cyclization of the

3,4-epoxide 35 is more in 1'EME, OS] 2 the epoxide ring is
isomerized first with formatd oF 1yde at C-3 which is subsequently

attacked by C-2 of  ‘ -------- e ift from C-10 to C-1

and 1,10-double bon; F‘ohol 38 (chart 5 p.3dl)

AULINENINYINT
AN TUNMINGAY
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i
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ANEN3

mwa@% AlaINg

hydrosantamarln

7 dihydrosantamarin:4.15-d.b.

.—

Chart 5. Lewis acid catalysed cyclization of elemanolide monoepoxides
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2.5 Pseudoguaianolides and Biogenetic Derivatives

The pseudoguaianolides are based on the 5,7-ring
skeleton which typically contain a methyl group at the C-5 ring junction.
Formulae 39 and 40 illustrate the two major types of pseudoguaianolides

both of which posses a trans-fusion of the 5,7-ring system. In the

ambrosanolides 39, which usually’ fngthe subtribe Ambrosiinae and

predominantly toward 6-R- ‘ ': he other hand, in the helenanolides,

the typé usually fo e lactone ring is closed

toward C-8 with the a or B(43).

39 ambrosandid

L7

ﬁ?ﬂ? helenanolide

; |

ﬂUU?ﬂUﬂiWﬂ?ﬂ‘i

. Eremophilanol%des and Bakkenolides

Q) AT WD ARG e

migration ’rom C-10 to C-5 (43). Bakkenolides are being considered as

derivatives of the eremophilanolides which result from ring contraction
of ring B of the eremophilanolane skeleton followed by biomodification

(43, 65).
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3. Biosynthesis (Biogenesis) of Sesquiterpene Lactones

3.1 Biosynthesis of Germacranolides

The formation of germacranolides derived from trans,
trans-farnesylpyrophosphate occurs through three principles stages

a. trans, trans-Farnesylpyrophosphate Biosynthesis

The fp tlon O&F trans, trans-farnesylpyrophosphate

is through the pathw. f ;I - lrigetoacetyl CoA 42, 3-hydroxy
----.'

methyl glutaryl CoA ' ; » evalonic acid pyrophosphate
45, isopentenylpyrg 3 r‘ kb\ lylpyrophosphate 47,

geranylpyrophosphate 48" : G sylpyrophosphate 49

| »\"_\\

;rophOSphate group of the

(chart 6 p. 34

trans, trans-farnesylpyrophesphate ectly forms trans, trans-

U -gﬁyi,l,L' e 50 may be stabilized by

germacradiene cation

elimination of ' e ,m_- ’

43, 66) (chart 7,p 35 )

Ji )
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CH3—C—S—C0A + CH3—C-CH2—C—S—COA

|
CH -C—CH-CH —0P206H3 47

AUEINENENEINI
A RIATHAURIIREAE e

CH3 CH3 CH3

| I
CH3-C=CH-CH2-CH2—C=CH-CH2—CH2-C=CH2CH2—OP206H3

Chart 6 trans,trans-farnesylpyrophosphate biosynthesis

49

34
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various skele

LA T 7 costunolide

- |
-
A

. iy
Ch3 7. Biogenesis of the germacranolide skeleton

—_——

‘ a o/ | |
AU NENIWENT
U
ssiblefbiogenetie®route has bdef suggested for

o ARANTIDEIAT AN

Introduction of an oxygen function at C-12 in 51 to give alcohol 54

could either proceed through epoxide intermediate 52 or could involve

the hydroperoxide 53, the latter being formed by an enzymatically-
mediated reaction mimicking the reaction of singlet oxygen with
olefins. 1In either case the process involves migration of a double
bond from what was originally C-11, C-13 to C-11, C-12. Further

oxidative modifications of 54 through aldehyde 55 and 56 and

i1 nmh L
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hydroxylations at C-6 or C-8 would after lactonization give costunolide
_7 inunolide 57 respectively (chart 8 p. 36 )
Other skeletal types of sesquiterpene lactones different

from the germacradienes are shown in chart 9 (p. 37 )

O.enzyme
! 4

)
qutAnEm Ny

PWIRINTRBMINYTRE

el

s HO

oxidat..
TactEiies lactonizat.
O
57 inunolide 7 costunolide’

chart 8. PBiogenesis of the lactone ring



Elemanolide

Bakkenclide

(Fukinanolide)

Germacranolide

Seco-Pseudo-
guaianolide

aianolide
anthanolide)

ﬂuﬁi?ﬂ*fﬁig

Seco-Pseudo-

CURERGETI plot DY Yt

Cadinanolide Chrymoranolide

Chart 9. Types and biogenetic relationships of germacranolide-deriver

cecniiternene lactenas ((after Ws Hetz)
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3.2 Biogenesis of Fudesmanolides

The biogenesis of eudesmanolides undergoes cyclization
of germacranolides (chart 2 p. 23) and their epoxide derivatives (50).
The acid-catalyzed cyclization of costunolide-1,l0-epoxide 58 gives

the eudesmanolides reynosin 59 and santamarin 60 through the

intermediate cation 61 (7@)." Ivangul s 1,10-seco-eudesmanolides,

could be derived from.a _eudesn 1 peroxide 62 which by a

fragmentation reac ehyde 63. Further

oxidative biomodifs ester formation would

result in ivangul

3.3 3 ‘n- Xanthanolides

\\

the guaianolide skeleton 66

on of germacrolide-4,5-

epoxide 64 in a cha ould lead to the cis-
fused guaianolide_cation
would be formed by a take ‘NR' gmegtation of the 4,5-bond

and H-12 to C-10Qgk ' ﬁ?‘ e the xanthanolide

skeleton 67. TheBiol 66 after water elimina! ion and oxidation at

C-8 would pr ﬂ nol 6 ecular substitution,
C-5 to C-1 @ﬁ jﬁﬂﬂmﬂﬁﬁﬁprovide the

cyclo ﬁf ﬁﬁﬁﬁr{lﬁ ﬁ(gin 70 might

be d;?irj}i%.tjii\arfj'il ELI

3.4 Biogenesis of Eleman©lides

The biogenesis of elemanolides most likely involves
Cope rearrangements of germacranolides which occur under laboratory
with great ease. The thermal rearrangements of trans, trans-cyclodeca-

l,5-dienic sesquiterpenes proceed in a highly stereospecific manner
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through a chair-like transition state resulting in a divinylcyclohexane
skeleton. Short term thermolysis of dihydrotamaulipin A acetate 71

at ZZd,C gives an 2 : 3 equilibrium mixture of starting material 71
and the divinylcyclohexane derivative 73, the reaction proceeding

with high stereospecific through the chair-like transition state 12

(71) (chart 12 p.41)

CH,0,C o)

\

27 ivangulin

Chart 10. Biogenesis of eudesmanolides and 1,10-seco-Fudesmanolides
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4 ,5-bond
cleavage
~1 te C=10 shife

YOH,

RANIAYNINGIAY

70 ivaxillarin

Chart 1l. Biogenesis of guaianolides and xanthanolides



71 dihydrotamaulipin A

acetate

41

Chare 12, ¢ rearran t of dihydrotamaulipin A acetate

3.5, DLl O

V _‘ skeleton 75 from

- i
the germacrolide il 5-epoxide 64 will initialdy undergo Markovnikov

cyclizatio Aﬁ f upon double
hydride an Ouﬂh wgﬂ ﬁﬂ ﬂ$6 @is-lactone
TARTRY RINYIA Y

q ' Th ﬂogengetsl of helenanolides ske@aton 40, acid-
induced cyclization of the melampolide-4,5-epoxide 77 and 77 would
give cation 78 from which by the indicated shifts the skeleton 40

results, showing a stereochemical arrangement typical for most

naturally occuring helenanolides (chart 14 p. 42)



42

AUL NN

ARIAINTOLS

5_9

Chart !4. Biogenesis of helenanolides
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3.6 Biogenesis of Eremophilanolides and Bakkenolides

" Reactions mimicking the postulated methyl migration
from C-10 to C-5 of a eudesmanolides 79 lead to an eremophilanolide 80
(65). For example, in a biogenetic-type conversion dihydroalantolactone

epoxide 79 was transformed to the e

emophilanolide 80 upon treatment

with formic acid in acetone '(7: chaft P« 43)

éion of furanoeremophilane

Nrivative 83 which can
Y
\

be transformed in v \\f rough the intermediate

82 (73). The photosens he furanolactone 85 leads

to the dilactone 864 \f (chart 16 p. 44)

Bakke S :’i’{ ng considered as derivatives of

\}

the eremophilanolides ontraction of ring B of

7z
the eremophilane skeleton fé&ilcwed | Omodifications (65). Epoxidation

of fukinone 87 gaveythel@ ,B-époxike *r_, pon treatment with

base underwent a Fguorsl 54!ing after methylation
'!

the ring contractionlﬂroduct 39 l-sequent e-J-ination SeO -oxidation

arid. epontanesug 1accog§:ﬂ ﬁﬁ %Weﬁyfﬁ\ ? (43) (chart 17 p. 44)
AR ﬁﬂim UAIINYIA El

Chart 15. Transformation of a eudesmanolide to an eremophilanolide



H H OCH,

0} O H
2CH,0OH

| / . 0,

H o,/ou-

*‘w nEnsne
amﬁﬁn‘sﬁuumm

(.
E H L. SOCl,/py

2. Se¢0O,, AcOH

Chart 17. Synthesis of bakkenolide A from fukinene
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